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ONCOLYTIC VIRAL VECTORS AND USES THEREOF

REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Application No.
62/537,359, filed July 26, 2017; and U.S. Provisional Application No. 62/686,802, filed June 19,

2018, the disclosures of which are each incorporated herein by reference in their entireties.

STATEMENT REGARDING SEQUENCE LISTING
[0002] The Sequence Listing associated with this application is provided in text
format in lieu of a paper copy, and is hereby incorporated by reference into the specification. The
name of the text file containing the Sequence Listing is ONCR_010 02WO_ST25.txt. The text
file 1s 500 KB, created on July 26, 2018, and is being submitted electronically via EFS-Web.

FIELD
[0003] The present disclosure relates to recombinant viral vectors for the treatment

and prevention of cancer. In particular, the disclosure relates to oncolytic viral vectors.

BACKGROUND

[0004] Current targeted cancer therapeutics are efficacious in only a narrow range
of cancers due to the heterogeneity of tumor protein expression profiles. Furthermore, many cancer
treatments, including existing viral vectors, chemotherapy, radiation, and surgery lack the
specificity to selectively treat cancerous cells, while maintaining the health and viability of normal,
non-cancerous cells and can produce undesirable off-target effects. As such, there is a need in the
art for cancer therapies that are broadly efficacious in multiple cancers and are capable of
selectively eliminating cancerous cells.

[0005] Oncolytic viruses are viruses that preferentially infect cancer cells and have
been used in multiple pre-clinical and clinical studies for cancer treatment. Use of oncolytic viruses
carries the risk of non-specific viral infection of healthy cells, leading to the death of non-cancerous

cells and tissues. However, genetic manipulation of the viruses to exploit pathways, proteins, and
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genes that are differentially expressed in normal vs. cancerous tissue can increase the specificity
of these viruses and limit off-target infection and cell death.

[0006] MicroRNAs (miRNAs or miRs) are small non-coding endogenous RNAs
that regulate gene expression by directing their target messenger RNAs for degradation or
translational repression. miRs are intimately associated with normal cellular processes and
therefore, deregulation of miRNAs contributes to a wide array of diseases including cancer. Many
miR genes are located in cancer associated genomic regions, or in fragile sites, further
strengthening the evidence that miRs play a pivotal role in cancer. miRs are differentially
expressed in cancer tissues compared to normal tissues and can have a causative relationship to
tumorigenesis. By exploiting this differential miR expression in diverse tumor types, the cancer
therapeutics described herein possess a broad spectrum safety and efficacy profile, wherein
oncolytic viral replication is regulated based on the expression of a particular miR or group of
miRs. Further, the oncolytic viruses described herein may also express proteins that facilitate viral
spread throughout a tumor, such as those altering the expression of genes and proteins that regulate
the extracellular matrix, thereby increasing their therapeutic efficacy.

[0007] There remains a need in the art for improved oncolytic viral vectors. The

present disclosure provides such improved oncolytic viral vectors, and more.

SUMMARY

[0008] The present disclosure provides oncolytic viral vectors that exhibit
improved technical effects compared to the prior art. The present inventors have designed various
oncolytic viral vectors and performed extensive experiments, described herein, to identify
oncolytic viral vectors with superior properties for clinical use in treatment of cancer.

[0009] The invention relates to recombinant viral vectors that are useful for the
treatment and prevention of cancer. The oncolytic viral vectors described herein are capable of
restricting viral vector replication to cancer or tumor cells by virtue of microRNA (miR) target
sequences that are inserted into the viral genome. In particular embodiments described herein, the
viral vectors comprise two, three, four or more copies of a miR target sequence incorporated into
one or more essential viral genes. In further embodiments, the viral vectors comprise incorporation

of one or more polynucleotide sequences into the viral genome whose product(s) disrupt the
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function of an oncogenic miR and/or alter the extracellular matrix. In further embodiments, the
viral vectors comprise protease-activated antibodies incorporated into the viral particle, thereby
allowing forhighly selective targeting of the vectors to cancer/tumor cells. Compositions of the
viral vectors and methods of use in killing of cancerous cells and the treatment of cancer are further
provided herein.

[0010] In an embodiment, the present disclosure provides a recombinant oncolytic
herpes simplex virus (HSV) comprising at least two micro-RNA (miRNA) target sequence inserted
into a locus of one or more essential viral genes, wherein the one or more viral genes are selected
from the group consisting of ICP4, ICP27, ICP8, ICP22, ICP34.5, ULS, UL8, UL9, UL30,
UL39/40, and UL42. In an embodiment, the replication of the recombinant HSV is reduced in a
non-cancerous cell compared to the replication of the the recombinant HSV in a cancerous cell of
the same cell type. In an embodiment, the one or more viral genes are selected from the group
consisting of ICP8, ICP22, ICP34.5, ULS, ULS8, UL9, UL30, UL39/40, and UL42. In an
embodiment, the one or more viral genes are selected from the group consisting of UL8, ICP8, and
UL30. In an embodiment, the one or more viral genes are selected from the group consisting of
ICP27 and ICP4. In an embodiment, the one or more viral genes are selected from the group
consisting of ICP4, ICP27, ULS, UL42, and ICP34.5.

[0011] In an embodiment, the cell is selected from the group consisting of a
neuronal cell, a cardiac cell, a muscle cell, and a liver cell. In an embodiment, the neuronal cell is
a a central nervous system cell, a peripheral nervous system cell, a brain cell, or a spinal cord cell.
In an embodiment, the muscle cell is a striated muscle cell or a smooth muscle cell. In an
embodiment, the non-cancerous cell and the cancerous cell are brain cells, and the at least two
miRNA target sequences are target sequences for an miRNA selected from the group consisting
of miR-137, miR-219a, miR-124, miR-9, miR-487b, and miR-128. In an embodiment, the at least
two miRNA target sequences are target sequences for an miRNA selected from the group
consisting of miR-137, miR-219a, miR-124, and miR-128 In an embodiment, the non-cancerous
cell and the cancerous cell are cardiac or striated muscle cells, and the at least two miRNA target
sequences are target sequences for an miRNA selected from the group consisting of miR-208b,
miR-1, miR-208a, miR-133a, miR-4284, miR-499a, miR-126, miR-30e, miR-378i, miR-30b, and

miR-378. In an embodiment, the at least two miRNA target sequences are target sequences for an

3



WO 2019/023483 PCT/US2018/043938

miRNA selected from the group consisting of miR-208b, miR-1, and miR-208a In an embodiment,
the non-cancerous cell and the cancerous cell are spinal cord cells, and the at least two miRNA
target sequences are target sequences for an miRNA selected from the group consisting of miR-
219a, miR-9, miR-204, miR-577, miR-99a, miR-100, miR-132, and miR-135. In an embodiment,
the at least two miRNA target sequences are target sequences for an miRNA selected from the
group consisting of miR-219a, miR-9, and miR-204. In an embodiment, the non-cancerous cell
and the cancerous cell are peripheral nervous system cells, and the at least two miRNA target
sequences are target sequences for an miRNA selected from the group consisting of miR-204,
miR-1, miR-206, miR-9, miR-99a, miR-199b, miR-145, miR-100, miR-574. In an embodiment,
the non-cancerous cell and the cancerous cell are liver cells, and the at least two miRNA target
sequences are target sequences for an miRNA selected from the group consisting of miR-122 and
miR-126. In an embodiment, the non-cancerous cell and the cancerous cell are smooth muscle
cells, and the at least two miRNA target sequences are target sequences for an miRNA selected
from the group consisting of miR-143 and miR-145.

[0012] In an embodiment, the two or more miR target sequences are incorporated
into a miR-T cassette that is inserted in the 5’ untranslated region (UTR) or 3> UTR of the one or
more essential viral genes. In an embodiment, the miR-T cassette comprises a length of less than
1000 nucleotides. In an embodiment, the miR-T cassette comprises a length of between about 25
and about 500 nucleotides. In an embodiment, the miR-T cassette comprises a length of between
about 100 and about 500 nucleotides.

[0013] In an embodiment, the present disclosure provides a recombinant oncolytic
herpes simplex virus (HSV) comprising: (1) a first microRNA (miRNA) target sequence cassette
(miR-TS cassette) inserted into a first viral gene and comprising at least 2 target sequences for
each of miR-124, miR-1, and miR-143; (i1) a second miR-TS cassette inserted into a second viral
gene and comprising at least 2 target sequences for each of miR-128, miR-219a, and miR-122; and
(111) a third miR-TS cassette inserted into a third viral gene and comprising at least 2 target
sequences for each of miR-219a, miR-204, and miR-128. In an embodiment, the receombinant
HSV further comprises a fourth miR-TS cassette inserted into a fourth viral gene, wherein the
fourth miR-TS cassette comprises: (a) at least 2 target sequences for each of miR-137, miR-208b-
3p, and miR-126; or (b) at least 2 target sequences for each of miR-137, miR-217, and miR-126.

4



WO 2019/023483 PCT/US2018/043938

[0014] In an embodiment, each of the miR-TS cassettes comprises 4 target
sequences for each of the respectively miRNAs. In an embodiment, the first viral gene is ICP4. In
an embodiment, the second viral gene is ICP27. In an embodiment, the third viral gene is ICP34.5.
In an embodiment, the fourth viral gene is UL8. In an embodiment, the replication of the
recombinant HSV is reduced in a non-cancerous cell compared to the replication of the the
recombinant HSV in a cancerous cell of the same cell type, wherein the cell is selected from the
group consisting of a neuronal cell, a cardiac cell, a muscle cell, and a liver cell.

[0015] In an embodiment, the first miR-TS cassette comprises a nucleic acid
sequence that is at least 95% identical to SEQ ID NO: 852. In an embodiment, the first miR-TS
cassette comprises or consists of the nucleic acid sequence of SEQ ID NO: 852. In an embodiment,
the second miR-TS cassette comprises a nucleic acid sequence that is at least 95% identical to SEQ
ID NO: 853. In an embodiment, the second miR-TS cassette comprises or consists of the nucleic
acid sequence of SEQ ID NO: 853. In an embodiment, the third miR-TS cassette comprises a
nucleic acid sequence that is at least 95% identical to SEQ ID NO: 854. In an embodiment, the
third miR-TS cassette comprises or consists of the nucleic acid sequence of SEQ ID NO: 854. In
an embodiment, the fourth miR-TS cassette comprises a nucleic acid sequence that is at least 95%
identical to SEQ ID NO: 855. In an embodiment, the fourth miR-TS cassette comprises or consists
of the nucleic acid sequence of SEQ ID NO: 855.

[0016] In an embodiment, the recombinant HSV further comprises a heterologous
polynucleotide sequence encoding one or more payload molecules. In an embodiment, the
heterologous polynucleotide sequence encodes a payload selected from the group consisting of IL-
12, CCL4, and CXCLI10. In an embodiment, the heterologous polynucleotide sequence encodes
two or more payloads selected from the group consisting of IL-12, CCL4, and CXCL10. In an
embodiment, the heterologous polynucleotide sequence encodes three payloads comprising IL-12,
CCL4, and CXCL10.

[0017] In an embodiment, the present disclosure provides a recombinant oncolytic
virus comprising one or more micro-RNA (miR) target sequences inserted into a locus of one or
more viral genes required for viral replication, wherein the virus is herpes simplex virus (HSV),
and wherein the one or more viral genes are selected from the group consisting of ULS, ICP34.5,

UL42, UL19, ICP4, and ICP27. In an embodiment, the one or more miR target sequences is
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incorporated into the 5° untranslated region (UTR) or 3 UTR of the one or more viral genes
required for viral replication. In an embodiment, the miR target sequence is a target sequence for
a miR selected from the group consisting of miR-122, miR-184, miR-34a, let7a, miR-145-5p, miR-
199a-5p, miR-451a, miR-125a, miR-125a-5p, miR-126-3p, miR-233-3p, miR-143-3p, miR-1-3p,
miR-133a-3p, miR-127a-3p, miR-133b, miR-134-3p, miR-124, miR-101, miR-125b, miR-145,
miR-559, miR-213, miR-31-5p, and miR-205p.

[0018] In an embodiment, one or more copies of the one or more miR target
sequences are inserted into a locus of one or more viral genes. In an embodiment, two, three, four,
or more copies of the one or more miR target sequences are inserted into a locus of one or more
viral genes. In an embodiment, replication of the virus is reduced or attenuated in a first cell
compared to replication of the virus in a second cell, wherein the first cell has an increased
expression of a miR capable of binding to the one or more miR target sequences compared to the
expression of the miR in the second cell. In an embodiment, the expression level of the miR in the
first cell is at least 5% greater than the expression level of the miR in the second cell. In an
embodiment, the first cell is a non-cancerous cell. In an embodiment, the second cell has a reduced
expression of a miR capable of binding to the one or more miR target sequences compared to the
expression of the miR in the first cell. In an embodiment, the expression level of the miR in the
second cell 1s at least 5% less than the expression level of the miR in the first cell. In an
embodiment, the second cell is a cancerous cell.

[0019] In an embodiment, one copy of a miR-122 target sequence is inserted into
the locus of one or more viral genes required for viral replication. In an embodiment, four copies
of the miR-122 target sequence are inserted into the locus of one or more viral genes required for
viral replication. In an embodiment, the one or more viral genes is ICP27. In an embodiment, one
copy of a miR-125a target sequence inserted into the locus of one or more viral genes required for
viral replication. In an embodiment, four copies of the miR-125a target sequence are inserted into
the locus of one or more viral genes required for viral replication. In an embodiment, the one or
more viral genes is UL42. In an embodiment, four copies of a miR-122 target sequence are inserted
into the locus of ICP27 and one copy of a miR-125a target sequence is inserted into the locus of
UL42. In an embodiment, one copy of a miR-122 target sequence is inserted into the locus of

ICP27 and one copy of a miR-125a target sequence is inserted into the locus of UL42. In an
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embodiment, one copy of a miR-122 target sequence is inserted into the locus of ICP27 and three
copies of a miR-125a target sequence are inserted into the locus of UL42. In an embodiment, four
copies of a miR-122 target sequence are inserted into the locus of ICP27 and four copies of a miR-
125a target sequence are inserted into the locus of UL42.

[0020] In an embodiment, the present disclosure provides a recombinant oncolytic
virus comprising: (a) one or more micro-RNA (miR) target sequences inserted into a locus of one
or more viral genes required for viral replication; and (b) one or more polynucleotides encoding
(1) one or more proteins or oligonucleotides, wherein the proteins or oligonucleotides reduce the
expression or inhibit the function of a miR, a gene, or a tissue inhibitor of metalloproteinases
(TIMP); or (11) a protease-activated antibody; wherein the virus 1s an HSV, wherein the one or
more viral genes are selected from the group consisting of UL42, UL19, ICP4, and ICP27. In an
embodiment, the miR is an oncogenic miR or a microenvironment remodeling miR. In an
embodiment, oncogenic miR is selected from the miRs listed in Table 4. In an embodiment,the
gene is an oncogenic gene. In an embodiment, the oncogenic gene is selected from the genes listed
in Table 7. In an embodiment, the microenvironment remodeling miR is selected from the miRs
listed in Table 5. In an embodiment, the one or more miR target sequences is incorporated into the
5” untranslated region (UTR) or 3° UTR of the one or more viral genes required for viral
replication. In an embodiment, the miR target sequence is a target sequence for a miR selected
from the group consisting of miR-122, miR-184, miR-34a, let7a, miR-145-5p, miR-199a-5p, miR-
451a, miR-125a, miR-125a-5p, miR-126-3p, miR-233-3p, miR-143-3p, miR-1-3p, miR-133a-3p,
miR-127a-3p, miR-133b, miR-134-3p, miR-124, miR-101, miR-125b, miR-145, miR-559, miR-
213, miR-31-5p, and miR-205p.

[0021] In an embodiment, one or more copies of the one or more miR target
sequences are inserted into a locus of one or more viral genes. In an embodiment, two, three, four,
or more copies of the one or more miR target sequences are inserted into a locus of one or more
viral genes. In an embodiment, one copy of a miR-122 target sequence is inserted into the locus of
one or more viral genes required for viral replication. In an embodiment, four copies of the miR-
122 target sequence are inserted into the locus of one or more viral genes required for viral
replication. In an embodiment, the one or more viral genes is ICP27. In an embodiment, one copy

of a miR-125a target sequence is inserted into the locus of one or more viral genes required for
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viral replication. In an embodiment, four copies of the miR-125a target sequence are inserted into
the locus of one or more viral genes required for viral replication. In an embodiment, the one or
more viral genes is UL42. In an embodiment, four copies of a miR-122 target sequence are inserted
into the locus of ICP27 and one copy of a miR-125a target sequence is inserted into the locus of
UL42. In an embodiment, one copy of a miR-122 target sequence is inserted into the locus of
ICP27 and one copy of a miR-125a target sequence is inserted into the locus of UL42. In an
embodiment, one copy of a miR-122 target sequence is inserted into the locus of ICP27 and three
copies of a miR-125a target sequence are inserted into the locus of UL42. In an embodiment, four
copies of a miR-122 target sequence are inserted into the locus of ICP27 and four copies of a miR-
125a target sequence are inserted into the locus of UL42.

[0022] In an embodiment, the TIMP is selected from TIMP1, TIMP2, TIMP3 and
TIMP4. In an embodiment, the oligonucleotide is an shRNA or a decoy oligonucleotide. In an
embodiment, the protein 1s a nuclease, a bispecific T-cell engager (BiTE), an anti-
immunosuppressive protein, or an immunogenic antigen. In an embodiment, the nuclease is
selected from a Clustered Regulatory Interspaced Short Palindromic Repeats (CRISPR)-associated
endonuclease, a zinc-finger nuclease (ZFN) or a transcription activator-like effector nuclease
(TALEN). In an embodiment, the CRISPR-associated endonuclease is selected from SpCas9,
SpCas9-HF1, SpCas9-HF2, SpCas9-HF3, SpCas9-HF4, SaCas9, FnCpf, FnCas9, eSpCas9, C2C1,
C2C3, Cpfl, Casl, CaslB, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8, Cas9, Casl0, Csyl, Csy2,
Csy3, Csel, Cse2, Cscl, Csc2, Csa5, Csn2, Csm2, Csm3, Csm4, Csm5, Csm6, Cmrl, Cmr3, Cmr4,
CmrS, Cmr6, Csbl, Csb2, Csb3, Csx17, Csxl4, Csx10, Csx16, CsaX, Csx3, Csxl, Csxl15, Csfl, Csf2,
Csf3, and Csf4. In an embodiment, the recombinant virus further comprises a heterologous
polynucleotide encoding an tracr-RNA (trRNA) and a crispr-RNA (crRNA), wherein the crRNA
is targeted to a genomic DNA sequence encoding a miR or a TIMP and wherein the trRNA
facilitates binding and activation of a CRISPR-associated endonuclease.

[0023] In an embodiment, the anti-immunosuppressive protein is an anti-regulatory
T-cell (Treg) protein or an anti-myeloid-derived suppressor cell (MDSC) protein. In an
embodiment, the anti-immunosuppressive protein is a VHH-derived blocker or a VHH-derived
BiTE. In an embodiment, the protein induces an anti-tumor immune response. In an

embodiment,the protein binds to an antigen expressed on a cell surface, wherein the antigen is
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selected from the group consisting of EpCAM, CTLA-4, PD1, FGF2, FGFR/FGFR2b, endothelin
B Receptor, and SEMA4D. In an embodiment, the protein is selected from, folate, IFNf, , A2A, ,
CCL5, CD137, CD200, CD38, CD44, CSF-1R, CXCL10, CXCL13, IL-12, TL-15, IL-2, TL-21, TL-
35, ISRE7, LFA-1, NG2 (also known as SPEG4), a SMAD protein, STING, TGFf, and VCAMI.
In an embodiment, the at least one protease-activated antibody is incorporated into a viral
glycoprotein envelope. In an embodiment, the protease-activated antibody is activated by a
protease selected from a cysteine cathepsin, an aspartic cathepsin, a kallikrein (hK), a serine
protease, a caspase, a matrix metalloproteinase (MMP), and a disintegrin metalloproteinase
(ADAM). In an embodiment, the protease is selected from cathepsin K, cathepsin B, cathepsin L,
cathepsin E, cathepsin D, hK1, PSA (hK3), hK10, hK15, uPA, uPAR, MMP-1, MMP-2, MMP-3,
MMP-7, MMP-8, MMP-9, MMP-10, MMP-11, MMP-12, MMP-13, MMP-14, MMP-15, MMP-
16, MMP-17, MMP-18, MMP-19, MMP-20, MMP-21, MMP-23 A, MMP-23B, MMP-24, MMP-
25, MMP-26, MMP-27, MMP-28, or a protease listed in Table 6. In an embodiment, the protease-
activated antibody binds to a protein expressed more highly by a cancer cell or in a cancer
microenvironment than by a non-cancer cell or in a non-cancer microenvironment. In an
embodiment, the protease-activated antibody binds NKG2D, c-met, HGFR, CD8, heparan sulfate,
VSPG4 (also known as NG2), EGFR, EGFRvVIII, CD133, CXCR4, carcinoembryonic antigen
(CEA), CLC-3, annexin II, human transferrin receptor, or EpCAM.

[0024] In an embodiment,one or more polynucleotides are inserted into a gene
locus of the viral genome, or inserted between two gene loci of the viral genome. In an
embodiment, the viral gene loci are selected from the group consisting of the internal repeat joint
region (comprising one copy each of the diploid genes ICPO, ICP34.5, LAT, ICP4, and the ICP47
promoter), ICPO, LAT, UL1, ULS, UL6, UL7, UL8, UL9, UL11, UL12, UL14, UL1S5, UL17,
UL18, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, UL30, UL31, UL32,
UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL48, UL49, UL52, UL53, UL54,
ICPO, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3, US4, USS, US6, US7, US8, US9, USI10,
US11, and US12.

[0025] In an embodiment, the present disclosure provides a nucleic acid molecule
encoding an oncolytic virus described herein. In an embodiment, the present disclosure provides a

viral stock comprising an oncolytic virus described herein. In an embodiment, the present
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disclosure provides a composition comprising an oncolytic virus described herein and a
pharmaceutically-acceptable carrier.

[0026] In an embodiment, the present disclosure provides a method of killing a
cancerous cell, comprising exposing the cancerous cell to an oncolytic virus described herein or
compositions thereof under conditions sufficient for the oncolytic virus to infect and replicate
within said cancerous cell, and wherein replication of the oncolytic virus within the cancerous cell
results in cell death. In an embodiment, the cancerous cell has a reduced expression of a miR
capable of binding to the one or more miR-target sequences compared to the expression of the miR
in a non-cancerous cell. In an embodiment, the expression level of the miR in the cancerous cell
is at least 5% less than the expression level the miR in the non-cancerous cell. In an embodiment,
replication of the oncolytic virus is increased or maintained in cancerous cells with a reduced
expression of the miR capable of binding to the one or more miR-target sequences. In an
embodiment, the viral replication is at least 5% greater in the cancerous cells compared to the viral
replication in the non-cancerous cell. In an embodiment, the cell is in vivo. In an embodiment, the
cell 1s within a tumor.

[0027] In an embodiment, the present disclosure provides a method of treating
cancer in a subject in need thereof, comprising administering an oncolytic virus described herein
or compositions thereof to a subject in need thereof. In an embodiment, the subject is a mouse, a
rat, a rabbit, a cat, a dog, a horse, a non-human primate, or a human. In an embodiment, the
oncolytic virus or compositions thereof are administered intravenously, subcutaneously,
intratumorally, intramuscularly, or intranasally. In an embodiment, the cancer is selected from lung
cancer, breast cancer, ovarian cancer, cervical cancer, prostate cancer, testicular cancer, colorectal
cancer, colon cancer, pancreatic cancer, liver cancer, gastric cancer, head and neck cancer, thyroid
cancer, malignant glioma, glioblastoma, melanoma, B-cell chronic lymphocytic leukemia, diffuse
large B-cell lymphoma (DLBCL), and marginal zone lymphoma (MZL). In an embodiment, the
lung cancer 1s small cell lung cancer or non-small cell lung cancer. In an embodiment, the liver
cancer is hepatocellular carcinoma (HCC).

[0028] In an embodiment, a recombinant oncolytic virus described herein further
comprises a payload molecule, wherein the payload molecule or protein is an anti-FAP/anti-CD3

bispecific T cell engager. In an embodiment, a recombinant oncolytic virus described herein
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further comprises a payload molecule, wherein the payload molecule or protein is an anti-PD1-Fc-

41BBL protein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Fig. 1 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous brain tissue corresponding to 25 selected miRNAs.

[0030] Fig. 2 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous bladder tissue corresponding to 25 selected miRNAs.

[0031] Fig. 3 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous breast tissue corresponding to 25 selected miRNAs.

[0032] Fig. 4 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous colon tissue corresponding to 25 selected miRNAs.

[0033] Fig. 5 illustrates a heat map of an miRNA expression profile in glioblastoma
and non-cancerous brain tissue corresponding to 25 selected miRNAs.

[0034] Fig. 6 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous head and neck tissue corresponding to 25 selected miRNAs.

[0035] Fig. 7 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous lung tissue corresponding to 25 selected miRNAs.

[0036] Fig. 8 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous pancreatic tissue corresponding to 25 selected miRNAs.

[0037] Fig. 9 illustrates a heat map of an miRNA expression profile in schwannoma
and non-schwannoma tissue corresponding to 25 selected miRNAs.

[0038] Fig. 10A — Fig. 10C illustrate an miRNA expression and attenuation
reporter gene system described in Example 2. Fig. 10A shows a schematic of a pTetR tet repressor
plasmid that induces expression of an miRNA expression plasmid. Fig. 10B shows a schematic of
a pTF-002 miRNA expression plasmid containing a tet-inducible mCherry and miRNA expression
cassette. Fig. 10C shows a schematic of a pTF-004 miRNA attenuation reporter enabling the read-
out of destabilized GFP (dsGFP).

[0039] Fig. 11 illustrates miR-122 expression and attenuation using the reporter

system shown in Fig. 10 and described in Example 2.
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[0040]

PCT/US2018/043938

Fig. 12 illustrates miR-122, miR-184, miR-34a, and Let7a-mediated GFP

attenuation using the reporter system shown in Fig. 10 and described in Example 2. Circled wells

indicate reduced GFP expression levels.

[0041]

Fig. 13 illustrates expression of miR-122, miR-184, miR-34a, and Let7a,

indicated by mCherry expression, using the reporter system shown in Fig. 10 and described in

Example 2.
[0042]

Fig. 14 illustrates miR-122, miR-124, miR-145, miR-199, and miR-451-

mediated GFP attenuation using the reporter system shown in Fig. 10 and described in Example

2. Circled wells indicate reduced GFP expression levels.

Fig. 15 illustrates expression of miR-122, miR-124, miR-145, miR-199, and

[0043]

miR-451, indicated by mCherry expression, using the reporter system shown in Fig. 10 and

described in Example 2.

[0044]
fluorescence.
[0045]
fluorescence.
[0046]
fluorescence.
[0047]
fluorescence.
[0048]
fluorescence.
[0049]
fluorescence.
[0050]
fluorescence.
[0051]
fluorescence.
[0052]

fluorescence.
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[0053] Fig. 25 shows quantitation of miR-133 and miR-451-attenuated GFP
fluorescence.

[0054] Fig. 26 shows quantitation of miR-223 and miR-451-attenuated GFP
fluorescence.

[0055] Fig. 27A — Fig. 27D illustrate fluorescence-based quantitation of HSV

attenuation by miR-125 in non-cancerous post-mitotic lung cells and cancerous A253 cells. Fig.
27A shows fluorescence-based quantitation of HSV attenuation in post-mitotic lung cells. Fig.
27B shows fluorescence-based quantitation of HSV attenuation in A253 cells. Fig. 27C shows
qPCR-based quantitation of HSV attenuation in post-mitotic lung cells. Fig. 27D shows qPCR-
based quantitation of HSV attenuation in A253 cells.

[0056] Fig. 28A — Fig. 28B illustrate fluorescence-based (Fig. 28A) and qPCR-
based (Fig. 28B) quantitation of HSV attenuation by miR-145 in HCC1395 vs. A253 cells.
[0057] Fig. 29A — Fig. 29B illustrates fluorescence-based (Fig. 29A) and qPCR-

based (Fig. 29B) quantitation of HSV attenuation by miR-199a-5p vs. miR-143-3p in normal lung
cells.

[0058] Fig. 30A — Fig. 30C illustrate miRNA-125a (Fig. 30A) and miRNA-122
(Fig. 30B) expression and effect on viral replication (Fig. 30C) in A253, Huh7, and Hep3B cell
lines.

[0059] Fig. 31 shows a Western blot illustrating reduced viral spread and protein
expression after infection with miR-T122 and/or miR-T125a containing HSV in cells expressing
miR-122 and miR-125a.

[0060] Fig. 32A — Fig. 32D illustrate effects of miRNA expression on miR-
attenuated HSV replication. Fig. 32A — Fig. 32B shows increased intracellular expression of miR-
125a and mir-122 after transfection with a miR-125a mimic (Fig. 32A) or a miR-122 mimic (Fig.
32B). Fig. 32C shows attenuation of replication of oncolytic HSV vectors with cognate miR target
sequences at distinct genetic loci shown by fluorescence images and quantification of GFP
fluorescence (Fig. 32D).

[0061] Fig. 33 illustrates a schematic of an ICP4-TmiRNA-attenuated HSV vector
for the treatment of cancer or benign hyper-proliferative disorders. gB:NT: virus entry-enhancing

double mutation in gB gene; BAC: loxP-flanked choramphenicol-resistance and lacZ sequences;
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Ajoint: deletion of the complete internal repeat region including one copy of the ICP4 gene;
ICP4: TmiRNA: insertion of miRNA target sequences (e.g. let-7, miR-34a, miR-101, miR-125b,
miR-145, etc.) into the 3° UTR of the remaining ICP4 gene (also may be placed in 5> UTR)

[0062] Fig. 34 shows a schematic of an ICP27-TmiRNA-attenuated HSV vector
for the treatment of cancer or benign hyper-proliferative disorders. gB:NT: virus entry-enhancing
double mutation in gB gene; BAC: loxP-flanked choramphenicol-resistance and lacZ sequences;
Ajoint: deletion of the complete internal repeat region including one copy of the ICP4 gene;
ICP27:TmiRNA: insertion of miRNA target sequences (e.g. let-7, miR-34a, miR-101, miR-125b,
miR-145, etc.) into the 3° UTR of the ICP27 gene (also may be placed in 5 UTR)

[0063] Fig. 35 shows a schematic of a UL19-TmiRNA-attenuated HSV vector for
the treatment of cancer or benign hyper-proliferative disorders. gB:NT: virus entry-enhancing
double mutation in gB gene; BAC: loxP-flanked choramphenicol-resistance and lacZ sequences;
Ajoint: deletion of the complete internal repeat region including one copy of the ICP4 gene;
UL19:TmiRNA: insertion of miRNA target sequences (e.g. let-7, miR-34a, miR-101, miR-125b,
miR-145, etc.) into the 3° UTR of the UL19 gene (also may be placed in 5 UTR).

[0064] Fig. 36 shows a schematic of an UL19-TmiRNA and ICP27-TmiRNA-
attenuated HSV vector for the treatment of cancer or benign hyper-proliferative disorders. gB:NT:
virus entry-enhancing double mutation in gB gene; BAC: loxP-flanked choramphenicol-resistance
and lacZ sequences; Ajoint: deletion of the complete internal repeat region including one copy of
the ICP4 gene; UL19: TmiRNA & ICP27: TmiRNA: insertion of miRNA target sequences (e.g. let-
7, miR-34a, miR-101, miR-125b, miR-145, etc.) into the 3 UTR of the UL19 and ICP27 genes
(also may be placed in 5> UTR)

[0065] Fig. 37 shows a schematic of an UL19-TmiRNA and ICP4-TmiRNA-
attenuated HSV vector for the treatment of cancer or benign hyper-proliferative disorders. gB:NT:
virus entry-enhancing double mutation in gB gene; BAC: loxP-flanked choramphenicol-resistance
and lacZ sequences; Ajoint: deletion of the complete internal repeat region including one copy of
the ICP4 gene; UL19:TmiRNA & ICP4. TmiRNA: insertion of miRNA target sequences (e.g. let-
7, miR-34a, miR-101, miR-125b, miR-145, etc.) into the 3’ UTR of the UL19 and ICP4 genes
(also may be placed in 5° UTR).
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[0066] Fig. 38 shows a schematic of an UL19-TmiRNA, ICP27-TmiRNA, and
ICP4-TmiRNA-attenuated HSV vector for the treatment of cancer or benign hyper-proliferative
disorders. gB:NT: virus entry-enhancing double mutation in gB gene; BAC: loxP-flanked
choramphenicol-resistance and lacZ sequences; Ajoint: deletion of the complete internal repeat
region including one copy of the ICP4 gene; UL19: TmiRNA, ICP27: TmiRNA, & ICP4: TmiRNA:
insertion of mRNA target sequences (e.g. let-7, miR-34a, miR-101, miR-125b, miR-145, etc.)
into the 3° UTR of the UL19, ICP27, and ICP4 genes (also may be placed in 5° UTR).

[0067] Fig. 39 shows a schematic of an ICP4-TmiRNA-attenuated, genome-editing
HSYV vector for the treatment of cancer. gB:NT: virus entry-enhancing double mutation in gB gene;
BAC: loxP-flanked choramphenicol-resistance and lacZ sequences, Ajoint: deletion of the
complete internal repeat region including one copy of the ICP4 gene; ICP4: TmiRNA: insertion of
miRNA target sequences (e.g. let-7, miR-34a, miR-101, miR-125b, miR-145) into the 3’ UTR of
the remaining ICP4 gene (also may be placed in 5° UTR); Pol II promoter: Constitutive (CAG,
UbC, EFla, PGK) or cell-specific (e.g. TRPV1, Navl.7, hSYN);, Endonuclease: CRISPR
associated endonuclease (e.g. SpCas9, SaCas9, FnCpf1, FnCas9, etc.); Poly(A): polyadenylation
signal (e.g. bGH); gRNA: Single crRNA-trRNA fusion (DR-crRNA-DR-trRNA); crRNA targeted
to oncogenic microRNA (e.g. miR-17, miR-21, miR-155); Pol III promoter: E.g. U6, H1, 7SK.

[0068] Fig. 40 shows a schematic of an ICP4-TmiRNA-attenuated, genome-
editing, microenvironment-remodeling HSV vector for the treatment of cancer. gB:NT: virus
entry-enhancing double mutation in gB gene; BAC: loxP-flanked choramphenicol-resistance and
lacZ sequences; Ajoint: deletion of the complete internal repeat region including one copy of the
ICP4 gene; ICP4: TmiRNA: insertion of miRNA target sequences (e.g. let-7, miR-34a, miR-101,
miR-125b, miR-145) into the 3’ UTR of the remaining ICP4 gene (also may be placed in 5 UTR);
Pol II promoter: Constitutive (CAG, UbC, EFla, PGK) or cell-specific (e.g. TRPV1, Navl.7,
hSYN); Endonuclease: CRISPR associated endonuclease (e.g. SpCas9, SaCas9, FnCpfl, FnCas9,
etc.); Poly(A): polyadenylation signal (e.g. bGH); gRNA2: crRNA targeted to microenvironment
remodeling miRNA (e.g. miR-143, miR-218) or TIMP (e.g. TIMP1, TIMP2); Pol III promoter:
E.g. U6, H1, 7SK.

[0069] Fig. 41 shows a schematic of an ICP4-TmiRNA and ICP27-TmiRNA-

attenuated HSV vector for the treatment of pancreatic, lung, and colon cancer. gB:NT: virus entry-
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enhancing double mutation in gB gene; BAC: loxP-flanked choramphenicol-resistance and lacZ
sequences; Ajoint: deletion of the complete internal repeat region including one copy of the ICP4
gene; ICP4:TmiRNA: insertion of miR-124 target sequence cassette into the 3> UTR of the
remaining ICP4 gene (also may be placed in 5 UTR); ICP27: TmiRNA: insertion of miR-451a,
miR-143-3p, and miR-559 target sequence cassettes into the 3° UTR of the ICP-27 gene (also may
be placed in 5° UTR).

[0070] Fig. 42 shows a schematic of an ICP4-TmiRNA and ICP27-TmiRNA-
attenuated HSV vector for the treatment of multiple cancer types. gB:NT: virus entry-enhancing
double mutation in gB gene; BAC: loxP-flanked choramphenicol-resistance and lacZ sequences;
Ajoint: deletion of the complete internal repeat region including one copy of the ICP4 gene;
ICP4:TmiRNA: insertion of miR-124 target sequence cassette into the 3’ UTR of the remaining
ICP4 gene (also may be placed in 5> UTR); ICP27: TmiRNA: insertion of miR-451a, miR-145-5p,
and miR-559 target sequence cassettes into the 3’ UTR of the ICP-27 gene (also may be placed in
5’ UTR).

[0071] Fig. 43 shows a schematic of an ICP4-TmiRNA and ICP27-TmiRNA-
attenuated HSV vector for the treatment of schwannoma. gB:NT: virus entry-enhancing double
mutation in gB gene; BAC: loxP-flanked choramphenicol-resistance and lacZ sequences; Ajoint:
deletion of the complete internal repeat region including one copy of the ICP4 gene;
ICP4:TmiRNA: insertion of miR-124 target sequence cassette into the 3’ UTR of the remaining
ICP4 gene (also may be placed in 5 UTR); ICP27: TmiRNA: insertion of miR-205p, miR-141-5p,
and miR-31-5p target sequence cassettes into the 3 UTR of the ICP-27 gene (also may be placed
in 5’ UTR).

[0072] Fig. 44 shows a schematic of a miR-attenuated HSV virus, wherein multiple
copies of miR-122, miR-125a, and/or miR-124 target sites are inserted into ICP27, UL42 and/or
ICP4.

[0073] Fig. 45 shows a schematic of a miR-attenuated HSV virus (ONCR-157),
wherein miR target site cassettes are inserted into ULS, ICP12, ICP4, and ICP34.5
[0074] Fig. 46 shows a schematic of a miR-attenuated HSV virus (ONCR-159),

wherein miR target site cassettes are inserted into UL8, ICP12, ICP4, and ICP34.5.
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[0075] Fig. 47A shows GFP intensity generated by a reporter virus engineered to
expression GFP in cells treated with pooled siRNAs against various viral genes. Fig. 47B shows
results in the same assay for individual siRNAs.

[0076] Figs. 48A and 48B shows GFP intensity generated by a reporter virus
engineered to expression GFP in cells treated with pooled siRNAs against various viral genes using
the HSV vector ONCR-003 (left) or ONCR-010 (right).

[0077] Fig. 49 shows a Western blot to detect expression of viral proteins in cells
infected with HSV vector and treated with siRNA against viral genes as indicated. Beta-actin is a
positive control for the Western blot.

[0078] Figs. S0A and SOB show Nanostring assay data for normal brain tissue
compared to malignant tissue as ratio of miRNA expression (Fig. S0A) and normalized counts
(Fig. 50B).

[0079] Figs. S1A and S51B show Nanostring assay data for normal heart tissue
compared to malignant tissue as ratio of miRNA expression (Fig. 51A) and normalized counts
(Fig. 51B).

[0080] Figs. 52A shows Nanostring assay data for normal spinal-cord tissue
compared to malignant tissue as ratio of miRNA expression. Figs. 52A and 52B show Nanostring
assay data for normal nerve or ganglion tissue compared to malignant tissue as ratio of miRNA
expression (Fig. 52A) and normalized counts (Fig. 52C).

[0081] Figs. S3A and 53B show luciferase assay testing of miR-TS cassettes for
cassette 1 (Fig. 53A) or cassette 2 (Fig. 53B)

[0082] Fig. 54A — Fig. 54G show cytotoxicity of oncolytic HSV viral vectors
ONCR-125, ONCR-131, ONCR-142, and ONCR-157 in cancer cell lies SW837 (Fig. 54A),
SKMEL28 (Fig. 54B), COLO 205 (Fig. 54C), A375 (Fig. 54D), H446 (Fig. 54E), BXPC3 (Fig.
54F), and BT549 (Fig. 54G).

[0083] Fig. 55 shows tumor growth inhibitor effect of vehicle compared to virus
(as indicated in legend) in a mouse xenograph experiment. The increase in tumor volume of the
injected tumor is compared to the increase in tumor volume of the non-injected tumor. ONCR-133

significantly inhibited tumor growth of injected tumors compared to vehicle treated controls (p <
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0.0001). ONCR-133 treatment also significantly inhibited tumor growth of non-injected tumors (p
< 0.005), indicating an enhanced abscopal effect.

[0084] Fig. 56 shows tumor growth inhibitor effect of vehicle compared to virus
(as indicated in legend) in a mouse xenograph experiment. The increase in tumor volume of the
injected tumor is compared to the increase in tumor volume of the non-injected tumor. Mice treated
with ONCR-133 + ONCR-007 (an HSV construct expressing ULBP3) or ONCR-133 + ONCR-
002 (an HSV construct that does not express any additional payload molecules) both demonstrated
a significant inhibition of tumor growth compared to vehicle treated controls.

[0085] Fig. 57 shows tumor growth inhibitor effect of vehicle compared to virus
(as indicated in legend) in a mouse xenograph experiment. The increase in tumor volume of the
injected tumor is compared to the increase in tumor volume of the non-injected tumor. The
additional expression of CXCL10 in the ONCR-106 + ONCR-113 treated group did not enhance
the inhibition of tumor growth in either injected or non-injected tumors compared to mice treated
with ONCR-031 + ONCR-113.

[0086] Fig. 58 shows tumor growth inhibitor effect of vehicle compared to virus
(as indicated in legend) in a mouse xenograph experiment. The increase in tumor volume of the
injected tumor is compared to the increase in tumor volume of the non-injected tumor. the
additional expression of CXCL10 in the ONCR-106 + ONCR-113 treated group did not enhance
the inhibition of tumor growth in either injected or non-injected tumors compared to mice treated
with ONCR-031 + ONCR-113.

[0087] Fig. S9A — Fig. S9B show replication of injected virus occurs only in the
injected tumor, not in the non-injected tumor, suggesting that the anti-tumor effect observed in the
non-injected tumor is immune-mediated. Data is ploted as raw genome copies per microgram DNA
(Fig. 59A) or as normalized expression (Fig. 59B). HSV was detected in the injected tumors, but
not in the non-injected tumors, indicating that the tumor growth inhibition observed in the non-
injected tumors was not due to viral spread, but rather the abscopal effects of virus administration.

[0088] Fig. 60A — Fig. 60C show payload expression peaked in the injected tumors
at 24-hours post-treatment and decreased thereafter.

[0089] Fig. 61A — Fig. 61C shows levels of the payloads in the serum of mice
treated with ONCR-153, where only CXCL10 expression was observed.
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[0090] Fig. 62A shows the expression level of interferon gamma in the injected
and non-injected tumors. Treatment of mice with ONCR-153 induced an intra-tumoral IFNy
response in both injected and non-injected tumors. Fig. 62B shows the expression level of
interferon gamma in the plasma of the host animal.

[0091] Fig. 63 shows tumor growth inhibitor effect of vehicle compared to virus
(as indicated in legend) in a mouse xenograph experiment. The increase in tumor volume of the
injected tumor is compared to the increase in tumor volume of the non-injected tumor.

[0092] Fig. 64 shows tumor growth inhibitor effect of vehicle compared to virus
(as indicated in legend) in a mouse xenograph experiment. The increase in tumor volume of the
injected tumor is compared to the increase in tumor volume of the non-injected tumor.

[0093] Fig. 65 shows tumor growth inhibitor effect of vehicle compared to virus
(as indicated in legend) in a mouse xenograph experiment. The increase in tumor volume of the
injected tumor is compared to the increase in tumor volume of the non-injected tumor.

[0094] Fig. 66A shows tumor growth inhibitor effect of vehicle compared to virus
(as indicated in legend) in a mouse xenograph experiment. Fig. 66B shows decreased incident of
metasteses to the lung. Fig. 66C shows images of lung tissue from vehicle (PBS) control or vector-
treated animals.

[0095] Fig. 67 shows tumor growth inhibitor effect of vehicle compared to virus
(as indicated in legend) in a mouse xenograph experiment. The increase in tumor volume of the
injected tumor is compared to the increase in tumor volume of the non-injected tumor. Treatment
with ONCR-152 and -139 demonstrated an enhanced effect in tumor growth inhibition compared
to treatment with ONCR-139 alone.

DETAILED DESCRIPTION
[0096] In some aspects, the present invention utilizes differential miR expression
profiles to effectively restrict viral vector replication to tumor cells by incorporating miR target
sequences into one or more genes required for viral replication. In particular embodiments, the
viral vectors described herein comprise two, three, four or more copies of a miR target sequence
incorporated into one or more viral genes. In some embodiments, the viral vectors described herein

also disrupt the expression of specific miRNAs for reduced tumor proliferation, metastasis, and/or
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remodeling of the tumor microenvironment to enable enhanced viral spread. In some
embodiments, the viral vectors described herein encompass the use of surface molecules on viral
vectors to facilitate targeting to tumor cells. These aspects can be applied individually or in
combination to develop viral vectors potentially capable of treating a wide array of cancer types
with a single viral vector. As such, the invention further encompasses recombinant oncolytic viral
vectors for use in the treatment and prevention of diseases and disorders (e.g., cancer). In some
embodiments, this invention utilizes endogenous microRNA (miR) expression to enable a safe and
efficacious recombinant viral vector suitable to treat a broad array of cancers.

[0097] The section headings used herein are for organizational purposes only and
are not to be construed as limiting the subject matter described. All documents, or portions of
documents, cited herein, including but not limited to patents, patent applications, articles, books,
and treatises, are hereby expressly incorporated by reference in their entirety for any purpose. In
the event that one or more of the incorporated documents or portions of documents define a term
that contradicts that term’s definition in the application, the definition that appears in this
application controls. However, mention of any reference, article, publication, patent, patent
publication, and patent application cited herein is not, and should not be taken as an
acknowledgment, or any form of suggestion, that they constitute valid prior art or form part of the

common general knowledge in any country in the world.

Definitions

[0098] In the present description, any concentration range, percentage range, ratio
range, or integer range is to be understood to include the value of any integer within the recited
range and, when appropriate, fractions thereof (such as one tenth and one hundredth of an integer),
unless otherwise indicated. It should be understood that the terms "a" and "an" as used herein refer
to "one or more" of the enumerated components unless otherwise indicated. The use of the
alternative (e.g., "or") should be understood to mean either one, both, or any combination thereof
of the alternatives. As used herein, the terms "include" and "comprise" are used synonymously.
As used herein, “plurality” may refer to one or more components (e.g., one or more miRNA target

sequences).
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[0099] As used in this application, the terms “about” and “approximately” are used
as equivalents. Any numerals used in this application with or without about/approximately are
meant to cover any normal fluctuations appreciated by one of ordinary skill in the relevant art._In
certain embodiments, the term “approximately” or “about” refers to a range of values that fall
within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, 1%, or less in either direction (greater than or less than) of the stated reference
value unless otherwise stated or otherwise evident from the context (except where such number
would exceed 100% of a possible value).

[00100] “Decrease” or “reduce” refers to a decrease or a reduction in a particular
value of at least 5%, for example, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 99 or 100% as compared to a reference value. A decrease or reduction in a particular
value may also be represented as a fold-change in the value compared to a reference value, for
example, at least 1,2, 3,4, 5, 6,7, 8,9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500, 1000-
fold, or more, decrease as compared to a reference value.

[00101] “Increase” refers to an increase in a particular value of at least 5%, for
example, 5, 6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 99, 100,
200, 300, 400, 500% or more as compared to a reference value. An increase in a particular value
may also be represented as a fold-change in the value compared to a reference value, for example,
at least 1-fold, 2, 3, 4, 5,6,7, 8,9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500, 1000-fold
or more, increase as compared to the level of a reference value.

[00102] The term “sequence identity” refers to the percentage of bases or amino
acids between two polynucleotide or polypeptide sequences that are the same, and in the same
relative position. As such one polynucleotide or polypeptide sequence has a certain percentage of
sequence identity compared to another polynucleotide or polypeptide sequence. For sequence
comparison, typically one sequence acts as a reference sequence, to which test sequences are
compared. The term “reference sequence” refers to a molecule to which a test sequence is
compared.

[00103] “Complementary” refers to the capacity for pairing, through base stacking
and specific hydrogen bonding, between two sequences comprising naturally or non-naturally

occurring (e.g., modified as described above) bases (nucleosides) or analogs thereof. For example,

21



WO 2019/023483 PCT/US2018/043938

if a base at one position of a nucleic acid is capable of hydrogen bonding with a base at the
corresponding position of a target, then the bases are considered to be complementary to each other
at that position. Nucleic acids can comprise universal bases, or inert abasic spacers that provide no
positive or negative contribution to hydrogen bonding. Base pairings may include both canonical
Watson-Crick base pairing and non-Watson-Crick base pairing (e.g., Wobble base pairing and
Hoogsteen base pairing). It is understood that for complementary base pairings, adenosine-type
bases (A) are complementary to thymidine-type bases (T) or uracil-type bases (U), that cytosine-
type bases (C) are complementary to guanosine-type bases (G), and that universal bases such as
such as 3-nitropyrrole or S-nitroindole can hybridize to and are considered complementary to any
A, C, U, or T. Nichols et al., Nature, 1994;369:492-493 and Loakes ef al., Nucleic Acids Res.,
1994;22:4039-4043. Inosine (I) has also been considered in the art to be a universal base and 1s
considered complementary to any A, C, U, or T. See Watkins and SantalLucia, Nucl. Acids
Research, 2005; 33 (19): 6258-6267.

[00104] “Operably linked” refers to a juxtaposition wherein the components so
described are in a relationship permitting them to function in their intended manner. For instance,
a promoter is operably linked to a polynucleotide sequence if the promoter affects the transcription
or expression of the polynucleotide sequence.

[00105] The term “subject” includes animals, such as e.g. mammals. In some
embodiments, the mammal is a primate. In some embodiments, the mammal is a human. In some
embodiments, subjects are livestock such as cattle, sheep, goats, cows, swine, and the like; or
domesticated animals such as dogs and cats. In some embodiments (e.g., particularly in research
contexts) subjects are rodents (e.g., mice, rats, hamsters), rabbits, primates, or swine such as inbred
pigs and the like. The terms “subject” and “patient” are used interchangeably herein.

[00106] The term “effective amount” refers to the minimum amount of an agent or
composition required to result in a particular physiological effect (e.g., an amount required to
increase, activate, and/or enhance a particular physiological effect). The effective amount of a
particular agent may be represented in a variety of ways based on the nature of the agent, such as
mass/volume, # of cells/volume, particles/volume, (mass of the agent)/(mass of the subject), # of
cells/(mass of subject), or particles/(mass of subject). The effective amount of a particular agent

may also be expressed as the half-maximal effective concentration (ECso), which refers to the
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concentration of an agent that results in a magnitude of a particular physiological response that is
half-way between a reference level and a maximum response level.

[00107] The phrase “pharmaceutically acceptable” is employed herein to refer to
those compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.

[00108] As used herein “pharmaceutically acceptable carrier, diluent or excipient”
includes without limitation any adjuvant, carrier, excipient, glidant, sweetening agent, diluent,
preservative, dye/colorant, flavor enhancer, surfactant, wetting agent, dispersing agent, suspending
agent, stabilizer, isotonic agent, solvent, surfactant, and/or emulsifier which has been approved by
the United States Food and Drug Administration as being acceptable for use in humans and/or
domestic animals.

[00109] As used herein, the term “oncolytic virus” refers to a virus that has been
modified to, or naturally, preferentially infect cancer cells.

[00110] The terms “microRNA,” “miRNA,” and “miR” are used interchangeably
herein and refer to small non-coding endogenous RNAs of about 21-25 nucleotides in length that
regulate gene expression by directing their target messenger RNAs (mRNA) for degradation or
translational repression.

[00111] “Essential viral gene” as used herein refers to a viral gene that is required
for one or more essential viral function, such as viral replication, viral packaging, or viral
infectivity.

[00112] The term “vector” is used herein to refer to a nucleic acid molecule capable
transferring or transporting another nucleic acid molecule. The transferred nucleic acid is generally
linked to, e.g., inserted into, the vector nucleic acid molecule. A vector may include sequences that
direct autonomous replication in a cell, or may include sequences sufficient to allow integration
into host cell DNA.

[00113] General methods in molecular and cellular biochemistry can be found in
such standard textbooks as Molecular Cloning: A Laboratory Manual, 3rd Ed. (Sambrook ef al.,
HaRBor Laboratory Press 2001 ); Short Protocols in Molecular Biology, 4th Ed. (Ausubel et al.
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eds., John Wiley & Sons 1999); Protein Methods (Bollag et al., John Wiley & Sons 1996);
Nonviral Vectors for Gene Therapy (Wagner et al. eds., Academic Press 1999); Viral Vectors
(Kaplift & Loewy eds., Academic Press 1995); Immunology Methods Manual (I. Lefkovits ed.,
Academic Press 1997); and Cell and Tissue Culture: Laboratory Procedures in Biotechnology
(Doyle & Griffiths, John Wiley & Sons 1998), the disclosures of which are incorporated herein by

reference.

Oncobtic Viruses

[00114] In some embodiments, the present invention provides for recombinant
oncolytic viruses, wherein one or more copies of one or more micro-RNA (miRNA) target
sequences are inserted into a locus of one or more essential viral genes required for viral
replication. Examples of oncolytic viruses are known in the art including, but not limited to, herpes
simplex virus (HSV), an adenovirus, a polio virus, a vaccinia virus, a measles virus, a vesicular
stomatitis virus, an orthomyxovirus, a parvovirus, a maraba virus or a coxsackievirus. In some
embodiments, the oncolytic viruses described herein are referred to as recombinant viral vectors
or oncolytic vectors.

[00115] In certain embodiments, an oncolytic virus described herein is a herpesvirus
(for example, herpes simplex virus (e.g., HSV-1 or HSV-2)), an adenovirus, a polio virus, a
vaccinia virus, a measles virus, a vesicular stomatitis virus, an orthomyxovirus, a parvovirus, a
maraba virus or a coxsackievirus. In particular embodiments, the recombinant viral vector is an
HSYV capable of tumor-selective vector replication as described in International PCT Publication
No. WO 2015/066042, which is incorporated by reference in its entirety.

[00116] HSV-based vectors and methods for their construction are described in, for
example, U.S. Pat. Nos. 7,078,029, 6,261,552, 5,998,174, 5,879,934, 5,849,572, 5,849,571,
5,837,532, 5,804,413, and 5,658,724, and International Patent Applications WO 91/02788, WO
96/04394, WO 98/15637, and WO 99/06583, which are incorporated herein by reference in their
entireties. The sequence of HSV is published (NCBI Accession No. NC 001806; see also
McGoech etal., J. Gen. Virol, 69 (PT 7), 1531-1574 (1988)), which may facilitate designing HSV-
based vectors of the invention. In some cases, the oncolytic virus of the invention is a herpes

simplex virus (HSV) and comprises a deletion of the internal repeat (joint) region comprising one
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copy each of the diploid genes ICPO, ICP34.5, LAT, and ICP4 along with the promoter for the
ICP47 gene.

[00117] In certain embodiments, the recombinant viral vector of the invention is an
HSYV that exhibits enhanced entry into cells, either through direct infection and/or lateral spread.
In one aspect, HSV vectors of the present invention can directly infect cells through interaction
with cell proteins other than typical mediators of HSV infection (e.g., other than nectin-1, HVEM,
or heparan sulfate/chondroitin sulfate proteoglycans). In certain embodiments, the recombinant
viral vector of the invention is an HSV and further comprises a mutation of the gB or gH gene that
facilitates vector entry through non-canonical receptors. In another aspect, the invention provides
an HSV vector further comprising mutant gH glycoproteins that exhibit lateral spread in cells
typically resistant to HSV lateral spread, such as cells lacking gD receptors. In some embodiments,
an HSV vector of the invention comprises one or more of the mutant gB or gH proteins as described
in U.S. Patent Publication No. 2013/0096186, which is incorporated herein by reference in its
entirety. In certain aspects, the mutant entry protein within an HSV vector is a glycoprotein
involved with viral entry, such as gB, gH, and the mutant HSV vector can comprise mutated
versions of both. However, the mutant entry protein can be any protein effecting entry of the HSV
vector into cells. In certain embodiments, the mutant entry protein is other than gD, although the
HSV vector can additionally comprise a mutant gD, such as containing a ligand or other desired
mutation. Non-limiting mutations of gB or gH glycoprotein for use in the inventive HSV vector
occur at one or more of the following residues: gB:D285, gB:A549, ¢B:S668, gH:N753, and
gH:A778. In some embodiments, the inventive HSV vector comprises mutations at both gB:D285
and gB:A549, at both gH:N753 and gH: A778, and/or at each of gB:S668, gH:N753, and gH: A778.
In certain embodiments, the HSV vector contains two or more of such mutations (e.g., 3 or more,
4 or more), and the HSV vector can comprise mutations in all five of these residues. In one
embodiment, an HSV vector has mutations at gB:285, gB;549, gH:753, and gH:778. The mutations
are referred to herein relative to the codon (amino acid) numbering of the gD, gB, and gH genes
of the HSV-1 strain KOS derivative K26GFP. The sequences for gB and gH of K26GFP differ
from the sequences for gB as disclosed in GenBank (#AF311740 (incorporated herein by
reference)) and for gH (GenBank #X03896 (incorporated herein by reference)) as reflected in
Table 9 below.
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Table 9:

Amino acid AF311740 K26GFP Nucleotide | AF311740 | K26GFP
position position(s)

eB [ 313 T S 938-939 ACG AGC
315 A T 943 GCC ACC
515 H R 1,544 CAC CGC

X03896 X03896

egH |12 1 L 1,011 ATT CTT
110 P S 1,305 CCG TCG
127 T 1 1,357 ACC ATC
138 S A 1,389 TCG GCG
150 A T 1,425 GCC ACC
532 A A 2,573 GCT GCG
633 R R 2,876 CGT CGC
[00118] However, K26GFP may contain additional differences in the region of the

gene corresponding to nucleotides 2,079-2,102 of GenBank X03896. Thus, it will be understood
that the sequence of either KOS derivative K26 GFP or GenBank Accession No. AF311740 can
serve as a reference sequence for the gB mutations discussed herein. Also, the sequence of either
KOS derivative K26GFP or GenBank Accession No. X03896 can serve as a reference sequence
for the gH mutations discussed herein. However, HSV vectors of the invention may include
homologous mutations in gB and gH of any HSV strain.

[00119] In some aspects, the mutation of the entry protein for inclusion in an HSV
vector 1s a substitution mutation; however, mutations are not limited to substitution mutants. In
certain embodiments, mutant gB or gH glycoproteins for use in an HSV vector are selected from
the group of substitution mutations consisting of gB:D285N, gB:A549T, gB:S668N, gH:N753K,
gH:A778V. In certain aspects, an HSV vector includes combinations of these substitutions (such
as two or more of such substitutions (e.g., 3 or more, 4 or more, or all)), with the
gB:D285N/gB:A549T double mutant, the gH:N753K/gH:A778V double mutant, and the
¢B:S668N/gH:N753K/gH:A778V triple mutant being examples of embodiments. In one
embodiment, an HSV vector comprises gB:D285N/gB:A549T/gH:N753K/gH:A778V.

[00120] In certain aspects, an HSV vector comprises a mutant gB and/or a mutant

gH glycoprotein, wherein the mutations in the glycoproteins are substitution mutations in at least

two residues, wherein, when the vector i1s HSV-1 K26GFP, the at least two residues are selected
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from the group consisting of gB:D285, gB:A549, gB:S668, gH:N753, and gH:A778, or wherein
when the vector is a homologous HSV, the at least two residues are selected from amino acids that
correlate to gB: D285, gB:A549, gB:S668, gH:N753, and gH:A778 wherein the gB: D285 residue
correlates to X in VYPYXEFVL (SEQ ID NO: 838), the gB:A549 residue correlates to X in
KLNPNXIAS (SEQ ID NO: 839), the gB:S668 residue correlates to X in ITTVXTFID (SEQ ID
NO: 840) the gH:N753 residue correlates to X in VDTDXTQQQ (SEQ ID NO: 841), and the
gH:A778 residue correlates to X in VPSTXLLLF (SEQ ID NO: 842); and wherein the HSV vector
is an HSV-1 or HSV-2 vector.

[00121] In some embodiments, the oncolytic HSV viruses described herein
comprise one or more mutations in the UL37 gene that reduce HSV infection of neuronal cells,
such as those described in International PCT Publication No. WO 2016/141320 and Richard ez al.,
Plos Pathogens, 2017, 13(12), e1006741.

miRNA-attenuated Oncolytic Viruses

[00122] miRs are differentially expressed in a broad array of disease states,
including multiple types of cancer. Importantly, miRNAs are differentially expressed in cancer
tissues compared to normal tissues, enabling them to serve as a targeting mechanism in a broad
variety of cancers. miRNAs that are associated (either positively or negatively) with
carcinogenesis, malignant transformation, or metastasis are known as “oncomiRs”.

[00123] In some aspects, the expression level of a particular oncomiR is positively
associated with the development or maintenance of a particular cancer. Such miRs are referred to
herein as “oncogenic miRs.” In some embodiments, the expression of an oncogenic miR is
increased in cancerous cells or tissues compared to the expression level observed in non-cancerous
controls cells (i.e., normal or healthy controls) or is increased compared to the expression level
observed in cancerous cells derived from a different cancer type. In some embodiments, the
expression of an oncogenic miR is increased by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 300%, 400%, 500%, 1000% or more
compared to the expression of the oncogenic miR in a non-cancerous control cell or a cancerous

cell derived from a different cancer type. In some aspects, a cancerous cell or tissue may express
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an oncogenic miR that is not expressed in non-cancerous control cells or tissues. Examples of
oncogenic miRNAs that are frequently over-expressed in cancer tissues include, but are not limited
to, miR-21, miR-155 and miR-17-92. Additional examples of oncogenic miRs are listed in Table
4,

[00124] In some embodiments, the expression of a particular oncomiR is negatively
associated with the development or maintenance of a particular cancer and/or metastasis. Such
oncomiRs are referred to herein as “tumor-suppressor miRs” or “tumor-suppressive miRs,” as their
expression prevents or suppresses the development of cancer. In some embodiments, the
expression of a tumor-suppressor miRNA is decreased in cancerous cells or tissues compared to
the expression level observed in non-cancerous control cells (i.e., normal or healthy controls), or
is decreased compared to the expression level of the tumor-suppressor miRNA observed in
cancerous cells derived from a different cancer type. For example, the expression of a tumor-
suppressor miRNA 1in a cancerous cell may be decreased by at least 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, or 100% compared to the expression of the
tumor-suppressor miRNA in a non-cancerous control cell or a cancerous cell derived from a
different cancer type. In some aspects, a non-cancerous control cell may express a tumor-
suppressor miRNA that is not expressed in cancerous cells. Examples of tumor-suppressive
miRNAs include, but are not limited to, miR-122, miR-184, miR-34a, let7a, miR-145-5p, miR-
199a-5p, miR-451a, miR-125a, miR-125a-5p, miR-126-3p, miR-233-3p, miR-143-3p, miR-1-3p,
miR-133a-3p, miR-127a-3p, miR-133b, miR-134-3p, miR-124, miR-101, miR-125b, miR-145,
miR-559, miR-213, miR-31-5p, miR-205p, miR-15a, miR-16-1, miR-34, as well as miRNAs of
the let-7 family. Additional examples of tumor-suppressive miRs are listed in Table 3 and Table
8.

[00125] Cancer pathogenesis is a heterogeneous and multigenic process. As such,
activation of particular pathways and the expression of particular genes may lead to cancer
development in one context, and result in distinct or opposing results when activated or expressed
in a different context. Therefore, the characterization of a particular gene or miR as an “oncogene”
or “oncogenic miR” or as a “tumor-suppressor” or “tumor-suppressive miR” is not a binary
distinction and will vary according to the type of cancer. For example, the expression of one

miRNA may be increased in a particular cancer and associated with the development of that cancer,
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while the expression of the same miRNA may be decreased in a different cancer and associated
with prevention of the development of that cancer. However, some miRNAs may function as
oncogenic miRNAs independent of the type of cancer. For example, some miRNAs target mRNA
transcripts of tumor suppressor genes for degradation, thereby reducing expression of the tumor
suppressor protein. For example, miR-152b functions as an oncogenic miR in the vast majority of
hematologic malignancies, but functions as a tumor-suppressive miR in many solid tumors.
Further, a particular miR may be highly expressed in both cancerous and non-cancerous cells. For
example, miR-155 is highly expressed in normal cells, playing an essential role in macrophage
polarization, and is also highly expressed in cancer cells. As such, the development of the miR-
attenuated, genome-editing, and microenvironment-remodeling oncolytic viruses described herein
is based on the differential expression of a particular miR or group of miRs in one cell population
or tissue compared to another cell population or tissue. One of skill in the art will understand that
the term tumor-suppressive miR generally refers to a miR that is more highly expressed in a non-
cancerous cell or tissue compared to a cancerous cell or tissue, and that the term oncogenic miR
generally refers to a miR that is more highly expressed in a cancerous cell or tissue compared to a
non-cancerous cell or tissue. One of skill in the art will further understand that a miR characterized
as a tumor-suppressive miR in one type of cancer may or more may not function as a tumor-
suppressive miR 1n a different type of cancer, and that a miR characterized as an oncogenic miR
in one type of cancer may or more may not function as an oncogenic miR in a different type of
cancer.

[00126] Table 1 shows the relationship between 12 select oncomiRs (9 tumor
suppressors and 3 oncogenic miRNAs) and numerous cancers. A list of 3,410 oncomiR-cancer
relationships 1s shown in Table 2. miRNAs regulate many transcripts of proteins that are involved
in the control of cellular proliferation and apoptosis. Regulated proteins include conventional
proto-oncoproteins and tumor suppressors such as Ras, Myc, Bcl2, PTEN and p53. Aberrant
expression of miRNAs therefore often is involved in development of cancer and can
therapeutically be corrected by either inhibiting oncogenic miRNAs or replacing the depleted
tumor suppressor miRNA. Further, the differential expression of particular oncomiRs in cancerous
vs. non-cancerous cells can be exploited as a means to target cancer therapeutics specifically to

cancer cells. As such, in some embodiments, the oncolytic viral vectors described herein can
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comprise the following properties individually or in combination: insertion of miRNA target
sequences into the viral genome, thereby restricting viral vector replication to cancer or tumor
cells; one or more polynucleotides incorporated into the viral genome whose product(s) disrupt the
function of an oncogenic miRNA, modulate the cancer extracellular matrix, and/or enhance or
activate an anti-cancer immune response; and/or protease-activated antibodies incorporated into
the viral particle in order to selectively target the vectors to cancer and/or tumor cells.

[00127] One aspect of the invention comprises a recombinant oncolytic virus (or
viral vector) comprising a plurality of copies of one or more miRNA target sequences inserted into
a locus of one or more essential viral genes. In certain embodiments, a recombinant oncolytic virus
may comprise miRNA target sequences inserted into a locus of at least one, at least two, at least
three, at least four, at least five, at least six, at least seven, at least eight, at least nine, or at least
ten essential viral genes. miRNAs expressed in normal (non-cancerous) cells can bind to such
target sequences and suppress expression of the viral gene containing the miRNA target sequence,
thereby limiting viral replication in healthy, non-cancerous cells. Such recombinant oncolytic
viruses are referred to herein as “miR-attenuated” or “replication-restricted” as they demonstrate
reduced or attenuated viral replication in cells that express one or more miRNAs capable of binding
to the incorporated miR target sequences compared to cells that do not express, or have reduced
expression of, the miR. By incorporating miRNA target sequences into key genes required for viral
replication, viral replication can be conditionally suppressed in normal diploid cells expressing the
miRNAs and can proceed normally in cells that do not express themiRNAs. In such embodiments,
healthy, non-cancerous cells are protected from the normal cells from lytic effects of infection by
the recombinant viral vector.

[00128] In certain embodiments, the one or more miRNA target sequences is
incorporated into the 5° untranslated region (UTR) and/or 3 UTR of one or more essential viral
genes. In some embodiments, the oncolytic virus is a herpes simplex virus (HSV), and the viral
genes required for viral replication include any of UL1, ULS, UL6, UL7, UL8, UL9, UL11, UL12,
UL14, UL15, UL17, UL18, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29,
UL30, UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL48, ULA49,
ULS52, ULS3, UL54, ICPO, ICP4, ICP22, ICP27, ICP34.5, ICP47, gamma-34.5, US3, US4, USS,
US6, US7, US8, US9, US10, US11, and/or US12. In certain embodiments, the oncolytic virus is
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HSV and comprises one or more miRNA target sequences incorporated into the 5* or 3> UTR of
one or more essential viral genes. In some embodiments, the oncolytic virus is HSV, and the one
or more miRNA target sequences is incorporated into one or more of ICP4, ICP27, UL8, UL42,
UL19, and ICP34.5. In some embodiments, the oncolytic virus is HSV, and the one or more
miRNA target sequences is incorporated into the 5° or 3 UTR of one or more of ICP4, ICP27,
ULS, UL42, UL19, and ICP34.5

miRNA Target Sequence Cassettes

[00129] In animals, genes for miRNAs are transcribed to a primary miRNA (pri-
miRNA), which is then processed in the nucleus by Drosha, a class 2 RNase III enzyme, to form
a precursor miRNA (pre-miRNA) hairpin. The pre-miRNA hairpin are transported to the
cytoplasm, where they are cleaved by the RNase III enzyme Dicer. This endoribonuclease interacts
with 5' and 3' ends of the hairpin and cuts away the loop joining the 3' and 5' arms, yielding a
duplex RNA molecule about 22 nucleotides in length. Although either strand of the duplex may
potentially act as a functional miRNA, typically one strand of the miRNA is degraded and only
one strand is loaded onto the Argonaute (Ago) protein to produce the effector RNA-induced
silencing complex (RISC) where the miRNA and its mRNA target interact (Wahid ez al., 1803:11,
2010, 1231-1243).

[00130] Herein, the gene encoding a particular miRNA is referenced as “MIR”
followed by the miRNA number. The intermediate hairpin pre-miRNA molecules are referenced
as “mir-" followed by the miRNA number, while the mature single-stranded miRNA molecule is
referenced as “miR-" followed by the miRNA numer. For example, “MIR122” refers to the gene
encoding a hairpin mir-122 pre-miRNA molecule, which is then processed into a mature miR-122
molecule. Due to the hairpin structure of the pre-miRNA, it 1s possible that two mature microRNAs
can originate from opposite arms of the same pre-miRNA. In some instances, expression data
clearly indentify one strand as the predominantly expressed miRNA and the other as the minor
product. In such instances, the mature miRNA sequences are assigned names of the form miR-##
(the predominant product) and miR-##* (minor product from the opposite arm of the precursor).
For example, the major and minor products of mir-56 are denoted as miR-56 and miR-56%*,

respectively. When the existing data are not sufficient to determine which sequence is the
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predominant one, or when they are found in roughly similar amounts, the two mature miRNA
products are denoted as miR-##-5p (from the 5' arm of the pre-miRNA hairpin) and miR-##-3p
(from the 3' arm of the pre-miRNA hairpin). For example, the two mature miRNA products of mir-
142 are denoted as miR-142-5p and miR-142-3p. Because they originate from opposite ends of
the pre-miRNA hairpin, the -3p and -5p products of a particular miRNA will comprise different
RNA sequences and will therefore recognize different target sequences.

[00131] Herein, miRNA target sequences are inserted into the locus of one or more
essential viral genes in the form of a “miR target sequence cassette” or “miR-TS cassette.” A miR-
TS cassette which refers to a polynucleotide sequence comprising one or more miRNA target
sequences and capable of being inserted into a specific locus of a viral gene. When transcribed,
the mRNA transcripts of a viral gene comprising a miR-TS cassette will comprise one or more
miRNA target sequences. In some embodiments, the miR-TS cassettes described herein comprise
at least one miRNA target sequence. In some embodiments, the miR-TS cassettes described herein
comprise a plurality of miRNA target sequences. For example, in some embodiments, the miR-TS
cassettes described herein comprise 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
or more miRNA target sequences. In such embodiments, wherein the miR-TS cassettes comprise
two or more miRNA target sequences, the two or more target sequences are arranged such that the
total length of the miR-TS cassette (m) is less than or equal to the average length of the miRNA
target sequences (n) multiplied by the total number of miRNA target sequences in the cassette ()
plus the average length of a linker sequence (/) multiplied by the total number of miRNA target
sequences in the cassette plus 1 (y + 1). Thus, the length of a miR-TS cassette (m) can be
represented by the formula: m < (n * y) + (/ * (y +1)), wherein n = the average length of the miRNA
target sequences, / = the average length of the linker sequences, and y = the total number of target
sequences in the miR-TS cassette). As an illustrative example, if a miR-TS cassettes comprises 4
miRNA target sequences (y) with an average length of 21 nt (n), and the average length of the
linker sequences is between 4 and 25 nt (/), the length of the miR-TS cassette (m) is between about
104 nt and about 205 nt.

[00132] As used herein, the “length” of a miR-TS cassette is defined as the total
number of nucleotides (basepairs for double-stranded polynucleotides) from the 5° nucleotide of

the first miR-TS to the 3’ nucleotide of the last miR-TS in the polynucleotide, inclusive of any
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intervening sequences. For non-overlapping miR-TSs, the minimum length of a miR-TS cassette
will be the sum of the lengths of the miR-TSs. Spacers increase the length. The choice of spacer
length determines the number of additional nucleotides in the cassette. Longer spacers increase the
length of the cassette more than shorter spacers. By recognizing that shorter spacers (as short as O,
1,2,3,4,5, or 6 nt) can be used when miR-TSs are interleaved (minimizing the number of mi-
TSs for the same miRNA that are adjacent to one another)—the interleaved miR-TSs serving to
increase the space between the other miR-TSs—the present inventors have determined that it is
possible to generate shorter miR-TS cassettes than is possible in miR-TS cassettes in which miR-
TSs for the same miRNA are arrayed in tandem, e.g. four of one type followed by four of the next
type. In some embodiments, the the length of the miR-TS cassette is less than 1000 nt. In some
embodiments, the length of the miR-TS cassette is less than 900 nt, less than 800 nt, less than 700
nt, less than 600 nt, less than 500 nt, less than 400 nt, less than 300 nt, less than 200 nt, less than
100 nt, or less than 50 nt. In some embodiments, the length of the miR-TS cassette is less than 26,
27, 28, 29, or 30 nt times the number of miR-TS sites, less than about 30 nt times the number of
miR-TS sites, less than about 35 nt times the number of miR-TS sites, or less than about 40 nt
times the number of miR-TS sites.

[00133] In some embodiments, the miR-TS cassettes comprise a plurality miRNA
target sequences, wherein each miRNA target sequence in the plurality is a target sequence for the
same miRNA. For example, the miR-TS cassettes may comprise 2, 3, 4, 5, 6, 7, 8, 9, 10 or more
copies of the same miR target sequence. In some embodiments, the miR-TS cassettes comprise
between 2 to 6 copies of the same miR target sequence. In some embodiments, the miR-TS
cassettes comprise 3 copies of the same miR target sequence. In some embodiments, the miR-TS
cassettes comprise 4 copies of the same miR target sequence.

[00134] In some embodiments, the miR-TS cassettes described herein comprise a
plurality of miRNA target sequences, wherein the plurality comprises at least two different miRNA
target sequences. In some embodiments, the miR-TS cassettes described herein comprise 2, 3, 4,
5,6,7,8,9, or 10 different miRNA target sequences. For example, in some embodiments, the
miR-TS cassette may one or more copies of a first miRNA target sequence and one or more copies
of a second miRNA target sequence. In some embodiments, the miR-TS cassette comprises at least

2,3,4,5,6,7,8,9, 10, or more copies of a first miR target sequence and at least 2, 3, 4, 5,6, 7, 8,
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9, 10, or more copies of a second miR target sequence. In some embodiments, the miR-TS cassette
comprises 3 or 4 copies of a first miR target sequence and 3 or 4 copies of a second miR target
sequence. In some embodiments, the plurality of miRNA target sequences comprises at least 3
different miRNA target sequences. For example, in some embodiments, the miR-TS cassette
comprises one or more copies of a first miR target sequence, one or more copies of a second miR
target sequence, and one or more copies of a third miR target sequence. In some embodiments, the
miR-TS cassette comprises at least 2, 3, 4, 5, 6, 7, 8, 9, 10, or more copies of a first miR target
sequence, at least 2, 3,4, 5, 6,7, 8, 9, 10, or more copies of a second miR target sequence, and at
least2,3,4,5,6,7, 8,9, 10, or more copies of a third miR target sequence. In some embodiments,
the miR-TS cassette comprises 3 or 4 copies of a first miR target sequence, 3 or 4 copies of a
second miR target sequence, and 3 or 4 copies of a third miR target sequence. In some
embodiments, the plurality of miRNA target sequences comprises at least 4 different miRNA
target sequences. For example, in some embodiments, the miR-TS cassette comprises one or more
copies of a first miR target sequence, one or more copies of a second miR target sequence, one or
more copies of a third miR target sequence, and one or more copies of a fourth miR target
sequence. In some embodiments, the miR-TS cassette comprises at least 2, 3, 4, 5, 6, 7, 8, 9, 10,
or more copies of a first miR target sequence, at least 2, 3,4, 5,6, 7, 8, 9, 10, or more copies of a
second miR target sequence, at least 2, 3, 4, 5, 6, 7, 8, 9, 10, or more copies of a third miR target
sequence, and at least 2, 3,4, 5, 6, 7, 8, 9, 10, or more copies of a fourth miR target sequence. In
some embodiments, the miR-TS cassette comprises 3 or 4 copies of a first miR target sequence, 3
or 4 copies of a second miR target sequence, 3 or 4 copies of a third miR target sequence, and 3 or
4 copies of a fourth miR target sequence. In some embodiments, the miR-TS cassettes described
herein comprise a plurality of miRNA target sequences, wherein

[00135] In some aspects, wherein the miR-TS cassettes comprise a plurality of
miRNA target sequences, the plurality of miRNA target sequences may arranged in tandem,
without any intervening nucleic acid sequences. In some aspects, the plurality of miRNA target
sequences may be separated by a linker sequence. In some embodiments, the linker sequence
comprises 2, 3,4,5,6,7,8,9,10, 15, 20, 25, or more nucleotides. In some embodiments, the linker
sequence comprises about 4 to about 20 nucleotides. In further embodiments, the linker sequence

comprises about 4 to about 16 nucleotides. As an illustrative embodiment, a miR-TS cassette may
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comprise 1, 2, 3,4, 5,6, 7,8, 9, 10, or more of the following subunits: (a) a first miRNA target
sequence — linker — a second miRNA target sequence, wherein adjacent subunits are separated by
an additional linker sequence. In some embodiments, the first and the second miRNA target
sequence are targets of the same miRNA. In some embodiments, the first and the second miRNA
target sequence are targets of different miRNAs.

[00136] In some embodiments, miR-TS cassettes described herein comprise a
miRNA target sequence that is at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% 1dentical to the reverse complement of a sequence selected from SEQ ID NOs: 1 — 803. In
some embodiments, miR-TS cassettes described herein comprise a miRNA target sequence that
comprises or consists of the reverse complement of a sequence selected from SEQ ID NOs: 1 —
803.

[00137] In some embodiments, the miR-TS cassettes described herein comprise at
least 1, at least 2, at least 3, or at least 4 miR-122-5p target sequences. In some embodiments, the
miR-122-5p target sequences are at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical to SEQ ID NO: 804. In some embodiments, the miR-122-5p target sequences
comprise or consist of SEQ ID NO: 804. In some embodiments, the miR-TS cassettes described
herein comprise at least 1, at least 2, at least 3, or at least 4 miR-124-3p target sequences. In some
embodiments, the miR-124-3p target sequences are at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical to SEQ ID NO: 805. In some embodiments, the miR-124-3p
target sequences comprise or consist of SEQ ID NO: 805. In some embodiments, the miR-TS
cassettes described herein comprise at least 1, at least 2, at least 3, or at least 4 miR-125a-5p target
sequences. In some embodiments, the miR-125a-5p target sequences are at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identical to SEQ ID NO: 806. In some embodiments,
the miR-125a-5p target sequences comprise or consist of SEQ ID NO: 806.

[00138] In some embodiments, the miR-TS cassettes described herein comprise at
least 1, at least 2, at least 3, or at least 4 miR-126-3p target sequences. In some embodiments, the
miR-126-3p target sequences are at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% 1dentical to SEQ ID NO: 807 or SEQ ID NO: 808. In some embodiments, the miR-126-3p
target sequences comprise or consist of SEQ ID NO: 807 or SEQ ID NO: 808. In some

embodiments, the miR-TS cassettes described herein comprise at least 1, at least 2, at least 3, or at
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least 4 miR-127a-3p target sequences. In some embodiments, the miR-127a-3p target sequences
are at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO:
809. In some embodiments, the miR-127a-3p target sequences comprise or consist of SEQ ID NO:
809.

[00139] In some embodiments, the miR-TS cassettes described herein comprise at
least 1, at least 2, at least 3, or at least 4 miR-128-3p target sequences. In some embodiments, the
miR-128-3p target sequences are at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% 1identical to SEQ ID NO: 810 or SEQ ID NO: 811. In some embodiments, the miR-128-3p
target sequences comprise or consist of SEQ ID NO: 810 or SEQ ID NO: 811. In some
embodiments, the miR-TS cassettes described herein comprise at least 1, at least 2, at least 3, or at
least 4 miR-129-3p target sequences. In some embodiments, the miR-129-3p target sequences are
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO: 812.
In some embodiments, the miR-129-3p target sequences comprise or consist of SEQ ID NO: 812.

[00140] In some embodiments, the miR-TS cassettes described herein comprise at
least 1, at least 2, at least 3, or at least 4 miR-129-5p target sequences. In some embodiments, the
miR-129-5p target sequences are at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical to SEQ ID NO: 813. In some embodiments, the miR-129-5p target sequences
comprise or consist of SEQ ID NO: 813. In some embodiments, the miR-TS cassettes described
herein comprise at least 1, at least 2, at least 3, or at least 4 miR-130b-3p target sequences. In some
embodiments, the miR-130b-3p target sequences are at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical to SEQ ID NO: 814. In some embodiments, the miR-130b-3p
target sequences comprise or consist of SEQ ID NO: 814. In some embodiments, the miR-TS
cassettes described herein comprise at least 1, at least 2, at least 3, or at least 4 miR-130b-5p target
sequences. In some embodiments, the miR-130b-5p target sequences are at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO: 815. In some
embodiments, the miR-130b-5p target sequences comprise or consist of SEQ ID NO: 815.

[00141] In some embodiments, the miR-TS cassettes described herein comprise at
least 1, at least 2, at least 3, or at least 4 miR-133a-3p target sequences. In some embodiments, the
miR-133a-3p target sequences are at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical to SEQ ID NO: 816. In some embodiments, the miR-133a-3p target sequences
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comprise or consist of SEQ ID NO: 816. In some embodiments, the miR-TS cassettes described
herein comprise at least 1, at least 2, at least 3, or at least 4 miR-133b-3p target sequences. In some
embodiments, the miR-133b-3p target sequences are at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical to SEQ ID NO: 817. In some embodiments, the miR-133b-3p
target sequences comprise or consist of SEQ ID NO: 817. In some embodiments, the miR-TS
cassettes described herein comprise at least 1, at least 2, at least 3, or at least 4 miR-134-3p target
sequences. In some embodiments, the miR-134-3p target sequences are at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identical to SEQ ID NO: 818. In some embodiments,
the miR-134-3p target sequences comprise or consist of SEQ ID NO: 818.

[00142] In some embodiments, the miR-TS cassettes described herein comprise at
least 1, at least 2, at least 3, or at least 4 miR-137-3p target sequences. In some embodiments, the
miR-137-3p target sequences are at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical to SEQ ID NO: 819. In some embodiments, the miR-137-3p target sequences
comprise or consist of SEQ ID NO: 819. In some embodiments, the miR-TS cassettes described
herein comprise at least 1, at least 2, at least 3, or at least 4 miR-1-3p target sequences. In some
embodiments, the miR-1-3p target sequences are at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identical to SEQ ID NO: 820. In some embodiments, the miR-1-3p target
sequences comprise or consist of SEQ ID NO: 820. In some embodiments, the miR-TS cassettes
described herein comprise at least 1, at least 2, at least 3, or at least 4 miR-143-3p target sequences.
In some embodiments, the miR-143-3p target sequences are at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identical to SEQ ID NO: 821. In some embodiments, miR-143-
3p target sequences comprise or consist of SEQ ID NO: 821.

[00143] In some embodiments, the miR-TS cassettes described herein comprise at
least 1, at least 2, at least 3, or at least 4 miR-145-3p target sequences. In some embodiments, the
miR-145-3p target sequences are at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical to SEQ ID NO: 822. In some embodiments, the miR-145-3p target sequences
comprise or consist of SEQ ID NO: 822. In some embodiments, the miR-TS cassettes described
herein comprise at least 1, at least 2, at least 3, or at least 4 miR-145-5p target sequences. In some
embodiments, the miR-145-5p target sequences are at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical to SEQ ID NO: 823. In some embodiments, the miR-145-5p
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target sequences comprise or consist of SEQ ID NO: 823. In some embodiments, the miR-TS
cassettes described herein comprise at least 1, at least 2, at least 3, or at least 4 miR-184-3p target
sequences. In some embodiments, the miR-184-3p target sequences are at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identical to SEQ ID NO: 824. In some embodiments,
the miR-184-3p target sequences comprise or consist of SEQ ID NO: 824.

[00144] In some embodiments, the miR-TS cassettes described herein comprise at
least 1, at least 2, at least 3, or at least 4 miR-199a-3p target sequences. In some embodiments, the
miR-199a-3p target sequences are at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical to SEQ ID NO: 825. In some embodiments, the miR-199a-3p target sequences
comprise or consist of SEQ ID NO: 825. In some embodiments, the miR-TS cassettes described
herein comprise at least 1, at least 2, at least 3, or at least 4 miR-199a-5p target sequences. In some
embodiments, the miR-199a-5p target sequences are at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical to SEQ ID NO: 826. In some embodiments, the miR-199a-5p
target sequences comprise or consist of SEQ ID NO: 826. In some embodiments, the miR-TS
cassettes described herein comprise at least 1, at least 2, at least 3, or at least 4 miR-204-5p target
sequences. In some embodiments, the miR-204-5p target sequences are at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identical to SEQ ID NO: 827. In some embodiments,
the miR-204-5p target sequences comprise or consist of SEQ ID NO: 827.

[00145] In some embodiments, the miR-TS cassettes described herein comprise at
least 1, at least 2, at least 3, or at least 4 miR-208b-3p target sequences. In some embodiments, the
miR-208b-3p target sequences are at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical to SEQ ID NO: 828. In some embodiments, the miR-208b-3p target sequences
comprise or consist of SEQ ID NO: 828. In some embodiments, the miR-TS cassettes described
herein comprise at least 1, at least 2, at least 3, or at least 4 miR-214-3p target sequences. In some
embodiments, the miR-214-3p target sequences are at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical to SEQ ID NO: 829. In some embodiments, the miR-214-3p
target sequences comprise or consist of SEQ ID NO: 829. In some embodiments, the miR-TS
cassettes described herein comprise at least 1, at least 2, at least 3, or at least 4 miR-217-5p target

sequences. In some embodiments, the miR-217-5p target sequences are at least 95%, at least 96%,
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at least 97%, at least 98%, or at least 99% identical to SEQ ID NO: 830. In some embodiments,
the miR-217-5p target sequences comprise or consist of SEQ ID NO: 830.

[00146] In some embodiments, the miR-TS cassettes described herein comprise at
least 1, at least 2, at least 3, or at least 4 miR-219a-5p target sequences. In some embodiments, the
miR-219a-5p target sequences are at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical to SEQ ID NO: 831. In some embodiments, the miR-219a-5p target sequences
comprise or consist of SEQ ID NO: 831. In some embodiments, the miR-TS cassettes described
herein comprise at least 1, at least 2, at least 3, or at least 4 miR-223-3p target sequences. In some
embodiments, the miR-223-3p target sequences are at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical to SEQ ID NO: 832. In some embodiments, the miR-223-3p
target sequences comprise or consist of SEQ ID NO: 832. In some embodiments, the miR-TS
cassettes described herein comprise at least 1, at least 2, at least 3, or at least 4 miR-34a-5p target
sequences. In some embodiments, the miR-34a-5p target sequences are at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identical to SEQ ID NO: 833. In some embodiments,
the miR-34a-5p target sequences comprise or consist of SEQ ID NO: 833.

[00147] n some embodiments, the miR-TS cassettes described herein comprise at
least 1, at least 2, at least 3, or at least 4 miR-451a target sequences. In some embodiments, the
miR-451a target sequences are at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% 1dentical to SEQ ID NO: 834. In some embodiments, the miR-451a target sequences comprise
or consist of SEQ ID NO: 834. In some embodiments, the miR-TS cassettes described herein
comprise at least 1, at least 2, at least 3, or at least 4 miR-559-5p target sequences. In some
embodiments, the miR-559-5p target sequences are at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical to SEQ ID NO: 835. In some embodiments, the miR-559-5p
target sequences comprise or consist of SEQ ID NO: 835. In some embodiments, the miR-TS
cassettes described herein comprise at least 1, at least 2, at least 3, or at least 4 miR-Let-7a-5p
target sequences. In some embodiments, the miR-Let-7a-5p target sequences are at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO: 836. In some
embodiments, the miR-Let-7a-5p target sequences comprise or consist of SEQ ID NO: 836. In
some embodiments, the miR-TS cassettes described herein comprise at least 1, at least 2, at least

3, or at least 4 miR-9-5p target sequences. In some embodiments, the miR-9-5p target sequences
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are at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO:

837. In some embodiments, the miR-9-5p target sequences comprise or consist of SEQ ID NO:

837.

[00148]

Table 10 below provides sequences of exemplary miRNAs that can bind to

the miRNA target sequences in the oncolytic viruses described herein. Additional miRNA
sequences are provided in SEQ ID NOs: 33 — 803.

Table 10: Exemplary miRNAs and Target Sequences

miRNA | miRNA Sequence SEQ | miR-TS SEQ
ID: ID:
]22_5p uggagugugacaaugguguuug 1 caaacaccattgtcacactcca 804
]24_3p uaaggcacgcggugaaugcc 2 ggcattcaccgcgtgcctta 805
125a-5p ucccugagacccuuuaaccuguga 3 tcacaggttaaagggtctcaggga 806
126-3p ucguaccgugaguaauaaugcg 4 cgcattattactcacggtacga 807
cacattattactcacggtacga 808
127a-3p ucggauccgucugagcuuggcu 5 agccaagctcagacggatccga 809
128-3p ucacagugaaccggucucuuu 6 aaagagaccgdttcactgtga 810
aaadgagaccggttcactgtgg 811
]29_3p aagcccuuaccccaaaaaguau 7 atactttttggggtaagggctt 812
]29_5p cuuuuugcggucugggcuugce 8 gcaagcccagaccgcaaaaad 813
130b-3p cagugcaaugaugaaagggcau 9 atgccctttcatcattgcactg 814
130b-5p acucuuucccuguugcacuac 10 gtagtgcaacagggaaagagt 815
]33a,3p uuugguccccuucaaccagcug 11 cagctggttgaaggggaccaaa 816
133b-3p uuugguccccuucaaccagcua 12 tagctggttgaaggggaccaaa 817
]34_3p ccugugggccaccuagucaccaa 13 ttggtgactaggtggcccacagg 818
]37_3p uuauugcuuaagaauacgcguadg 14 ctacgcgtattcttaagcaataa 819
1_3p uggaauguaaadaaguauguau 15 atacatacttctttacattcca 820
]43_3p ugagaugaagcacuguagcuc 16 gagctacagtgcttcatctca 821
]45_3p ggauuccuggaaauacuguucu 17 agaacagtatttccaggaatcc 822
]45_5p guccaguuuucccaggaaucccu 18 agggattcctgggaaaactggac 823
184-3p uggacggagaacugauaagggu 19 acccttatcagttcteccecgteca 824
199a-3p acaguagucugcacauugguua 20 taaccaatgtgcagactactgt 825
199a-5p cccaguguucagacuaccuguuc 21 gaacaggtagtctgaacactggg 826
204_5p uucccuuugucauccuaugccu 22 aggcataggatgacaaagggaa 827
208b-3p auaagacgaacaaaagguuugu 23 acaaaccttttgttcgtettat 828
2]4_3p acagcaggcacagacaggcagu 24 actgcctgtectgtgecctgetgt 829
2]7_5p uacugcaucaggaacugauugga 25 tccaatcagttecctgatgcagta 830
219a-5p ugauuguccaaacgcaauucu 26 agaattgcgtttggacaatca 831
223_3p ugucaguuugucaaauacccca 27 tggggtatttgacaaactgaca 832
34a-5p uggcagugucuuagcugguugu 28 acaaccagctaagacactgcca 833
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451a aaaccguuaccauuacugaguu 29 aactcagtaatggtaacggttt 834

559_5p uaaaguaaauaugcaccaaaa 30 ttttggtgcatatttacttta 835

Let7a- ugagguaguagguuguauaguu 31 aactatacaacctactacctca 836

5p

9_5p ucuuugguuaucuagcuguauga 32 tcatacagctagataaccaaadga 837
[00149] In some embodiments, the miR-TS cassettes comprise one or more

additional polynucleotide sequences that enable the cassette to be inserted into the locus of a viral
gene. For example, a miR-TS cassette may further comprise short polynucleotide sequence on the
57 and 3’ ends that are complementary to a nucleic acid sequence at a desired location in the viral
genome. Such sequences are referred to herein as “homology arms” and facilitate the insertion of
a miR-TS cassette into a specific locaton in the viral genome.

[00150] In some embodiments, the miR-TS cassettes disclosed comprise two or
more pluralities of miR-TSs each corresponding to a different miRNA and the miR-TSs are
selected to protect diverse cell types or organs from an oncolytic virus. In some embodiments, the
pluralities of miR-TSs are interleaved rather than in tandem to one another. In some embodiments,
the miR-TS cassettes have short (e.g., 4 — 15 nt in length) spacers, resulting in a more compact
cassette. In some embodiments, the miR-TS cassettes are free from (or have reduced) RNA
secondary structures that inhibit activity of the miR-TSs. In some embodiments, the miR-TS
cassettes are free from (or have reduced) seed sequences for miRNAs associated with
carcinogenesis, malignant transformation, or metastasis (i.e., “oncomiRs”). In some embodiments,

the miR-TS cassettes are free from (or have reduced) polyadenylation sites.

Oncolytic viruses comprising miR-1S Cassettes

[00151] In some embodiments, a recombinant oncolytic virus may comprise one
miR-TS cassette incorporated into a locus of one essential viral gene, wherein the miR-TS cassette
comprises a plurality of miRNA target sequences, such that the recombinant oncolytic virus
comprises a plurality of miRNA target sequences incorporated into a locus of one essential viral
gene. In some aspects, the miR-TS cassette may comprise a plurality of miRNA target sequences,
wherein each miRNA target sequence of the plurality is a target for the same miRNA, such that
the recombinant oncolytic virus comprises a plurality (e.g., 2, 3,4, 5, 6,7, 8, 9, 10 or more) copies
of the same miRNA target sequence incorporated into a locus of an essential viral gene. For
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example, in some embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette
comprising 2, 3, 4, 5, 6 or more target sequences inserted into one of ICP4, ICP27, ICPS8, ICP22,
ICP34.5, ULS5, ULS8, UL9, UL30, UL39/40, or UL42. In some embodiments, a recombinant
oncolytic HSV may comprise a miR-TS cassette comprising 2, 3, 4, or more target sequences
inserted into one of ICP8, ICP22, ICP34.5, ULS, ULS8, UL9, UL30, UL39/40, or UL42. In some
embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette comprising 2, 3, 4,
S, 6 or more target sequence inserted into one of ICP4, ICP27, ICP34.5, ULS, or UL9.

[00152] In some aspects, the plurality of miRNA target sequences comprises at least
two different miRNA target sequences, at least three different miRNA target sequences, or at least
four different miRNA target sequences, such that the recombinant oncolytic virus comprises one
or more copies of at least 2, 3, or 4 different miRNA target sequence incorporated into a locus of
an essential viral gene. For example, in some embodiments, a recombinant oncolytic HSV may
comprise a miR-TS cassette comprising one or more target sequences for miR-122-5p, miR-34a-
5p, and miR-Let-7a-5p inserted into one of ICP4, ICP27, ICPS8, ICP22, ICP34.5, ULS, ULS8, UL9,
UL30, UL39/40, or UL42. In some embodiments, a recombinant oncolytic HSV may comprise a
miR-TS cassette comprising one or more target sequences for miR-122-5p, miR-34a-5p, and miR-
Let-7a-5p inserted into one of ICP8, ICP22, ICP34.5, ULS, ULS, UL9, UL30, UL39/40, or UL42.
In some embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette comprising
one or more target sequences for miR-122-5p, miR-34a-5p, and miR-Let-7a-5p inserted into one
of ICP4, ICP27,1CP34.5, ULS, or UL9. In some embodiments, a recombinant oncolytic HSV may
comprise a miR-TS cassette comprising one or more target sequences for miR-122-5p, miR-184-
3p, and miR-Let-7a-5p inserted into one of ICP4, ICP27, ICP8, ICP22, ICP34.5, ULS5, ULS, UL9,
UL30, UL39/40, or UL42. In some embodiments, a recombinant oncolytic HSV may comprise a
miR-TS cassette comprising one or more target sequences for miR-122-5p, miR-184-3p, and miR-
Let-7a-5p inserted into one of ICP8, ICP22, ICP34.5, ULS, ULS, UL9, UL30, UL39/40, or UL42.
In some embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette comprising
one or more target sequences for miR-122-5p, miR-184-3p, and miR-Let-7a-5p inserted into one
of ICP4, ICP27, ICP34.5, ULS, or ULO9.

[00153] In some embodiments, a recombinant oncolytic HSV may comprise a miR-

TS cassette comprising one or more target sequences for miR-122-5p and miR-Let-7a-5p inserted
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into one of ICP4, ICP27, ICPS8, ICP22, ICP34.5, ULS5, UL8, UL9, UL30, UL39/40, or UL42. In
some embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette comprising
one or more target sequences for miR-122-5p and miR-Let-7a-5p inserted into one of ICP8, ICP22,
ICP34.5, ULS5, ULS8, UL9, UL30, UL39/40, or UL42. In some embodiments, a recombinant
oncolytic HSV may comprise a miR-TS cassette comprising one or more target sequences for miR-
122-5p and miR-Let-7a-5p inserted into one of ICP4, ICP27, ICP34.5, ULS, or UL9. In some
embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette comprising one or
more target sequences for miR-145-5p, miR-199a-5p, and miR-599-5p inserted into one of ICP4,
ICP27,1ICP8, ICP22, ICP34.5, ULS, UL, UL9, UL30, UL39/40, or UL42. In some embodiments,
a recombinant oncolytic HSV may comprise a miR-TS cassette comprising one or more target
sequences for miR-145-5p, miR-199a-5p, and miR-599-5p inserted into one of ICP8, ICP22,
ICP34.5, ULS5, ULS8, UL9, UL30, UL39/40, or UL42. In some embodiments, a recombinant
oncolytic HSV may comprise a miR-TS cassette comprising one or more target sequences for miR-
145-5p, miR-199a-5p, and miR-599-5p inserted into one of ICP4, ICP27, ICP34.5, ULS, or UL9.

[00154] In some embodiments, a recombinant oncolytic HSV may comprise a miR-
TS cassette comprising one or more target sequences for miR-124-3p, miR-1-3p, and miR-124-3p
inserted into one of ICP4, ICP27, ICP8, ICP22, ICP34.5, ULS, ULS, UL9, UL30, UL39/40, or
UL42. In some embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette
comprising one or more target sequences for miR-124-3p, miR-1-3p, and miR-124-3p inserted
into one of ICP8, ICP22, ICP34.5, UL5, UL8, UL9, UL30, UL39/40, or UL42. In some
embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette comprising one or
more target sequences for miR-124-3p, miR-1-3p, and miR-124-3p inserted into one of ICP4,
ICP27,1CP34.5, ULS, or UL9. In some embodiments, a recombinant oncolytic HSV may comprise
a miR-TS cassette comprising one or more target sequences for miR-219a-5p, miR-122-5p, and
miR-128-3p inserted into one of ICP4, ICP27, ICP8, ICP22, ICP34.5, UL5, UL8, UL9, UL30,
UL39/40, or UL42. In some embodiments, a recombinant oncolytic HSV may comprise a miR-TS
cassette comprising one or more target sequences for miR-219a-5p, miR-122-5p, and miR-128-3p
inserted into one of ICP8, ICP22, ICP34.5, ULS, ULS8, UL9, UL30, UL39/40, or UL42. In some

embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette comprising one or
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more target sequences for miR-219a-5p, miR-122-5p, and miR-128-3p inserted into one of ICP4,
ICP27,1CP34.5, ULS, or UL9.

[00155] In some embodiments, a recombinant oncolytic HSV may comprise a miR-
TS cassette comprising one or more target sequences for miR-137-3p, miR-208b-3p, and miR-
126-3p inserted into one of ICP4, ICP27, ICP8, ICP22, ICP34.5, ULS, ULS, UL9, UL30, UL39/40,
or UL42. In some embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette
comprising one or more target sequences for miR-137-3p, miR-208b-3p, and miR-126-3p inserted
into one of ICP8, ICP22, ICP34.5, UL5, UL8, UL9, UL30, UL39/40, or UL42. In some
embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette comprising one or
more target sequences for miR-137-3p, miR-208b-3p, and miR-126-3p inserted into one of ICP4,
ICP27,1CP34.5, ULS, or UL9. In some embodiments, a recombinant oncolytic HSV may comprise
a miR-TS cassette comprising one or more target sequences for miR-137-3p, miR-217-3p, and
miR-126-3p inserted into one of ICP4, ICP27, ICP8, ICP22, ICP34.5, UL5, UL8, UL9, UL30,
UL39/40, or UL42. In some embodiments, a recombinant oncolytic HSV may comprise a miR-TS
cassette comprising one or more target sequences for miR-137-3p, miR-217-3p, and miR-126-3p
inserted into one of ICP8, ICP22, ICP34.5, ULS, ULS8, UL9, UL30, UL39/40, or UL42. In some
embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette comprising one or
more target sequences for miR-137-3p, miR-217-3p, and miR-126-3p inserted into one of ICP4,
ICP27,1CP34.5, ULS, or UL9.

[00156] In some embodiments, a recombinant oncolytic HSV may comprise a miR-
TS cassette comprising one or more target sequences for miR-128-3p, miR-204-5p, and miR-219-
Sp inserted into one of ICP4, ICP27, ICP8, ICP22, ICP34.5, ULS, UL8, UL9, UL30, UL39/40, or
UL42. In some embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette
comprising one or more target sequences for miR-128-3p, miR-204-5p, and miR-219-5p inserted
into one of ICP8, ICP22, ICP34.5, UL5, UL8, UL9, UL30, UL39/40, or UL42. In some
embodiments, a recombinant oncolytic HSV may comprise a miR-TS cassette comprising one or
more target sequences for miR-128-3p, miR-204-5p, and miR-219-5p inserted into one of ICP4,
ICP27,1CP34.5, ULS, or UL9.

[00157] In some embodiments, a recombinant oncolytic virus may comprise one

miR-TS cassette incorporated into the 3 or 5° untranslated region (UTR) of the viral genome. In
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such embodiments, the miR-TS cassette may comprise one copy of a miRNA target sequence,
such that the recombinant oncolytic virus comprises one copy of a miRNA target sequence
incorporated into the 3° or 5> UTR of the viral genome. For example, in some embodiments, a
recombinant polio virus, SVV, or Coxsackievirus may comprise a miR-TS cassette comprising a
miRNA target sequence shown in Table 10 inserted into the 3’ or 5> UTR of the viral genome. In
some embodiments, a recombinant oncolytic virus may comprise one miR-TS cassette
incorporated into the 3” or 5 UTR of the viral genome, wherein the miR-TS cassette comprises a
plurality of miRNA target sequences shown in Table 10, such that the recombinant oncolytic virus
comprises a plurality of miRNA target sequences incorporated into the 3” or 5> UTR of the viral
genome.

[00158] In some aspects, the plurality of miRNA target sequences comprises at least
two different miRNA target sequences, at least three different miRNA target sequences, or at least
four different miRNA target sequences, such that the recombinant oncolytic virus comprises one
or more copies of at least 2, 3, or 4 different miRNA target sequence incorporated into the 3’ or 5’
UTR of the viral genome. For example, in some embodiments, a recombinant polio virus, SVV,
or Coxsackievirus may comprise a miR-TS cassette comprising one or more copies of at least 2,
3, or 4 different miRNA target sequences selected from Table 10 inserted into the 3* or 5° UTR of
the viral genome.

[00159] In some embodiments, a recombinant oncolytic virus may comprise a miR-
TS cassette incorporated into a locus of two or more essential viral genes. In some embodiments,
the recombinant oncolytic virus i1s an HSV virus and the two or more essential viral genes are
selected from the group consisting of ICP4, ICP27, ICPS8, ICP22, ICP34.5, ULS, ULS, UL9, UL30,
UL39/40, or UL42. In some embodiments, the recombinant oncolytic virus is an HSV virus and
the two or more essential viral genes are selected from the group consisting of ICP8, ICP22,
ICP34.5, UL5, UL, UL9, UL30, UL39/40, or UL42. In some embodiments, the recombinant
oncolytic virus is an HSV virus and the two or more essential viral genes are selected from the
group consisting of ICP4, ICP27, ICP34.5, ULS, or UL9. In some embodiments, the recombinant
oncolytic virus is an HSV virus and the two or more essential viral genes are selected from the

group consisting of ICP27, ICP4, ICP34.5, ULS, and UL42.
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[00160] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette comprising a plurality of miRNA target sequences inserted
into a locus of ICP4 and a second miR-TS cassette comprising a plurality of miRNA target
sequences into a locus of ICP27. In some embodiments, the first miR-TS cassette is inserted into
a locus of ICP4 and comprises 1, 2, 3, or 4 copies of a target sequence for miR-124. In some
embodiments, the first miR-TS cassette is inserted into a locus of ICP4 and comprises 1, 2, 3, or 4
copies of a target sequence for miR-124; 1, 2, 3, or 4 copies of a target sequence for miR-1-3p;
and 1, 2, 3, or 4 copies of a target sequence for miR-143-3p. In some embodiments, the plurality
of miRNA target sequences in the first miR-TS cassettes are arranged as follows:

(a)  (124-3p) — (124-3p) — (124-3p) — (124-3p);
(b)  (124-3p) — (124-3p) — (124-3p) — (124-3p) — (1-3p) — (143-3p) — (1-3p) —
(143-3p) — (1-3p) — (143-3p) — (1-3p) — (143-3p).

[00161] In some embodiments, the second miR-TS cassette is inserted into a locus
of ICP27 and comprises 1, 2, 3, or 4 copies of a target sequence for miR-1-3p; 1, 2, 3, or 4 copies
of a target sequence for miR-145-5p; 1, 2, 3, or 4 copies of a target sequence for miR-199-5p; and
1, 2, 3, or 4 copies of a target sequence for miR-559. In some embodiments, the second miR-TS
cassette 1s inserted into a locus of ICP27 and comprises 1, 2, 3, or 4 copies of a target sequence for
miR-219a-5p; 1, 2, 3, or 4 copies of a target sequence for miR-122-5p; and 1, 2, 3, or 4 copies of
a target sequence for miR-128.

[00162] In some embodiments, the first miR-TS cassette comprises 4 copies of a
target sequence for miR-124 and the second miR-TS cassette comprises 2, 3, or more copies of a
target sequence for each of 1-3p, 145-5p, 199a-5p, and 559. In some embodiments, the first miR-
TS cassette comprises 4 copies of a target sequence for miR-124 and the second miR-TS cassette
comprises 4 copies of a target sequence for each of 219a-5p, 122-5p, 128T.

[00163] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette comprising a plurality of miRNA target sequences inserted
into a locus of ICP4; and (i1) a second miR-TS cassette comprising a plurality of miRNA target
sequences inserted into a locus of UL42. In some embodiments, the first miR-TS cassette is

inserted into a locus of ICP4 and comprises 1, 2, 3, or 4 copies of a target sequence for miR-124.
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In some embodiments, the plurality of miRNA target sequences in the second miR-TS cassettes
are arranged as follows:
(a)  (124-3p) — (124-3p) — (124-3p) — (124-3p).

[00164] In some embodiments, the second miR-TS cassette is inserted into a locus
of UL42 comprises 1, 2, 3, or 4 copies of a target sequence for miR-122-5p. In some embodiments,
the plurality of miRNA target sequences in the second miR-TS cassettes are arranged as follows:

(a)  (122-5p) — (122-5p) — (122-5p).

[00165] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (i) a first miR-TS cassette comprising 4 copies of a target sequence for miR-124
inserted into a locus of ICP4; and (i1) a second miR-TS cassette comprising 3 copies of a target
sequence for miR-122-5p inserted into a locus of UL42.

[00166] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette comprising a plurality of miRNA target sequences inserted
into a locus of ICP4; (i1) a second miR-TS cassette comprising a plurality of miRNA target
sequences inserted into a locus of ICP27; and (ii1) a third miR-TS cassette comprising a plurality
of miRNA target sequences is inserted into a locus of UL42. In some embodiments, the first miR-
TS cassette is inserted into a locus of ICP4 and comprises 1, 2, 3, or 4 copies of a target sequence
for miR-124. In some embodiments, the plurality of miRNA target sequences in the second miR-
TS cassettes are arranged as follows:

(a)  (124-3p) — (124-3p) — (124-3p) — (124-3p).

[00167] In some embodiments, the second miR-TS cassette is inserted into a locus
of ICP27 and comprises 1, 2, 3, or 4 copies of a target sequence for miR-122. In some
embodiments, the plurality of miRNA target sequences in the second miR-TS cassettes are
arranged according to one of the following:

(@)  (122-5p);
(b)  (122-5p) — (122-5p) — (122-5p) — (122-5p);
(€0 (122-5p) — (122-5p) — (122-5p).
[00168] In some embodiments, the third miR-TS cassette is inserted into a locus of

UL42 and comprises 1, 2, 3, or 4 copies of a target sequence for miR-125-5p. In some
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embodiments, the plurality of miRNA target sequences in the third miR-TS cassettes are arranged
according to one of the following:

(@)  (122-5p);

(b)  (122-5p) — (122-5p) — (122-5p) — (122-5p);

(€0 (122-5p) — (122-5p) — (122-5p).

[00169] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette inserted into a locus of ICP4 and comprising 4 copies of a
target sequence for miRNA-124-3p; (i1) a second miR-TS cassette inserted into a locus of ICP27
and comprising 1, 2, 3, or 4 copies of a target sequence for miR-122-5p; and (ii1) a third miR-TS
cassette inserted into a locus of UL42 and comprising 4 copies of a target sequence for miR-125-
5p. In some embodiments, the recombinant oncolytic virus is an HSV virus comprising (1) a first
miR-TS cassette inserted into a locus of ICP4 and comprising 4 copies of a target sequence for
miRNA-124; (i1) a second miR-TS cassette inserted into a locus of ICP27 and comprising 4 copies
of a target sequence for miR-122; and (ii1) a third miR-TS cassette inserted into a locus of UL42
and comprising 1, 2, 3, or 4 copies of a target sequence for miR-125-5p.. In some embodiments,
the recombinant oncolytic virus is an HSV virus comprising (i) a first miR-TS cassette inserted
into a locus of ICP4 and comprising 4 copies of a target sequence for miRNA-124; (ii) a second
miR-TS cassette inserted into a locus of ICP27 and comprising 4 copies of a target sequence for
miR-122-3p; and (i11) a third miR-TS cassette inserted into a locus of UL42 and comprising 4
copies of a target sequence for miR-125-5p. In some embodiments, the recombinant oncolytic
virus 1s an HSV virus comprising (i) a first miR-TS cassette inserted into a locus of ICP4 and
comprising 4 copies of a target sequence for miRNA-124-3p; (i1) a second miR-TS cassette
inserted into a locus of ICP27 and comprising 3 copies of a target sequence for miR-122-3p; and
(111) a third miR-TS cassette inserted into a locus of UL42 and comprising 4 copies of a target
sequence for miR-125-5p.

[00170] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette comprising a plurality of miRNA target sequences inserted
into a locus of ICP4; (i1) a second miR-TS cassette a plurality of miRNA target sequences inserted

into a locus of ULS8. In some embodiments, the first miR-TS cassette 1s inserted into a locus of
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ICP4 and comprises 1, 2, 3, or 4 copies of a target sequence for miR-124. In some embodiments,
the plurality of miRNA target sequences in the second miR-TS cassettes are arranged as follows:
(a)  (124-3p) — (124-3p) — (124-3p) — (124-3p).

[00171] In some embodiments, the second miR-TS cassette is inserted into a locus
of UL8 and comprises 1, 2, 3, or 4 copies of a target sequence for each of miR-137, miR-208b-3p,
and miR-126. In some embodiments, the plurality of miRNA target sequences in the second miR-
TS cassettes are arranged as follows:

(a)  (208b-3p) - (126-3p) - (137-3p) - (208b-3p) - (137-3p) - (126-3p) - (208b-
3p) - (137-3p) - (126-3p) - (137-3p) - (126-3p) - (208b-3p).

[00172] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette inserted into a locus of ICP4 and comprising 4 copies of a
target sequence for miR-124; (i1) a second miR-TS cassette inserted into a locus of ULS8 and
comprising 4 copies of a miR-137 target sequence, 4 copies of a miR-208b-3p target sequence,
and 4 copies of a miR-126-3p target sequence.

[00173] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette comprising a plurality of miRNA target sequences inserted
into a locus of ICP4; (i1) a second miR-TS cassette comprising a plurality of miRNA target
sequences inserted into a locus of ICP27; and (ii1) a third miR-TS cassette comprising a plurality
of miRNA target sequences inserted into a locus of UL8. In some embodiments, the first miR-TS
cassette 1s inserted into a locus of ICP4 and comprises 1, 2, 3, or 4 copies of a target sequence for
each of miR-124, miR-1-3p, and miR-143-3p. In some embodiments, the plurality of miRNA
target sequences in the first miR-TS cassette are arranged as follows:

(a)  (124-3p) — (124-3p) — (124-3p) — (124-3p) — (1-3p) — (143-3p) — (1-3p) —
(143-3p) — (1-3p) — (143-3p) — (1-3p) — (143-3p).

[00174] In some embodiments, the second miR-TS cassette is inserted into a locus
of ICP27 and comprises 1, 2, 3, or 4 copies of a target sequence for each of miR-219a-5p, miR-
122-5p, and miR-128. In some embodiments, the plurality of miRNA target sequences in the
second miR-TS cassette are arranged as follows:

(a)  (219a-5p) - (122-5p) - (128-3p) - (122-5p) - (219a-5p) - (128-3p) - (122-5p)
- (128-3p) - (219a-5p) - (128-3p) - (122-5p) - (219a-5p).
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[00175] In some embodiments, the third miR-TS cassette is inserted into a locus of
ULS8 and comprises 1, 2, 3, or 4 copies of a target sequence for each of miR-137, miR-208a, and
miR-126. In some embodiments, the plurality of miRNA target sequences in the third miR-TS
cassette are arranged as follows:

(a)  (208b-3p) - (126-3p) - (137-3p) - (208b-3p) - (137-3p) - (126-3p) - (208b-
3p) - (137-3p) - (126-3p) - (137-3p) - (126-3p) - (208b-3p).

[00176] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette inserted into a locus of ICP4 and comprising 4 copies of a
target sequence for each of miR-124, miR-1-3p, and miR-143-3p; (i1) a second miR-TS cassette
inserted into a locus of ICP27 and comprising 4 copies of a target sequence for miR-219a-5p, 4
copies of a target sequence for miR-122-5p, and 4 copies of a target sequence for miR-128; and
(111) a third miR-TS cassette inserted into a locus of UL8 and comprising 4 copies of a target
sequence for miR-137, 4 copies of a target sequence for miR-208a, and 4 copies of a target
sequence for miR-126.

[00177] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette comprising a plurality of miRNA target sequences inserted
into a locus of ICP4; (i1) a second miR-TS cassette comprising a plurality of miRNA target
sequences inserted into a locus of ICP27; (ii1) a third miR-TS cassette comprising a plurality of
miRNA target sequences inserted into a locus of ULS8; and (iv) a fourth miR-TS cassette
comprising a plurality of miRNA target sequences inserted into a locus of ICP34.5. In some
embodiments, the first miR-TS cassette is inserted into a locus of ICP4 and comprises 1, 2, 3, or 4
copies of a target sequence for each of miR-124, miR-1-3p, and miR-143-3p. In some
embodiments, the plurality of miRNA target sequences in the first miR-TS cassette are arranged
as follows:

(a)  (124-3p) — (124-3p) — (124-3p) — (124-3p) — (1-3p) — (143-3p) — (1-3p) —
(143-3p) — (1-3p) — (143-3p) — (1-3p) — (143-3p).

[00178] In some embodiments, the second miR-TS cassette is inserted into a locus
of ICP27 and comprises 1, 2, 3, or 4 copies of a target sequence for each of miRNA 219a-5p,
miRNA 122-5p, and miRNA 128. In some embodiments, the plurality of miRNA target sequences

in the second miR-TS cassette are arranged as follows:
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(a)  (219a-5p) - (122-5p) - (128-3p) - (122-5p) - (219a-5p) - (128-3p) - (122-5p)
- (128-3p) - (219a-5p) - (128-3p) - (122-5p) - (219a-5p).
[00179] In some embodiments, the third miR-TS cassette is inserted into a locus of
ULS8 and comprises 1, 2, 3, or 4 copies of a target sequence for each of miR-137, miR-208a, and
miR-126. In some embodiments, the plurality of miRNA target sequences in the third miR-TS
cassette are arranged as follows:
(a)  (208b-3p) - (126-3p) - (137-3p) - (208b-3p) - (137-3p) - (126-3p) - (208b-
3p) - (137-3p) - (126-3p) - (137-3p) - (126-3p) - (208b-3p).
[00180] In some embodiments, the third miR-TS cassette is inserted into a locus of
ULS and comprises 1, 2, 3, or 4 copies of a target sequence for each of miR137, miR-217-5p, and
miR-126. In some embodiments, the plurality of miRNA target sequences in the third miR-TS
cassette are arranged as follows:
(a)  (137-3p) - (126-3p) - (217-5p) - (126-3p) - (217-5p) - (137-3p) - (217-5p) -
(126-3p) - (137-3p) - (126-3p) - (217-5p) - (137-3p).
[00181] In some embodiments, the third miR-TS cassette is inserted into a locus of
ULS8 and comprises 1, 2, 3, or 4 copies of a target sequence for each of miR-137, miR-217-5p, and
miR-127. In some embodiments, the plurality of miRNA target sequences in the third miR-TS
cassette are arranged as follows:
(a)  (137-3p) - (127-3p) - (217-5p) - (127-3p) - (217-5p) - (137-3p) - (217-5p) -
(127-3p) - (137-3p) - (127-3p) - (217-5p) - (137-3p).
[00182] In some embodiments, the third miR-TS cassette is inserted into a locus of
ULS8 and comprises 1, 2, 3, or 4 copies of a target sequence for each of miR-137, miR-217-5p, and
miR-128. In some embodiments, the plurality of miRNA target sequences in the third miR-TS
cassette are arranged as follows:
(a)  (137-3p) - (128-3p) - (217-5p) - (128-3p) - (217-5p) - (137-3p) - (217-5p) -
(128-3p) - (137-3p) - (128-3p) - (217-5p) - (137-3p).
[00183] In some embodiments, the third miR-TS cassette is inserted into a locus of
ULS8 and comprises 1, 2, 3, or 4 copies of a target sequence for each of miR-137, miR-217-5p, and
miR-129. In some embodiments, the plurality of miRNA target sequences in the third miR-TS

cassette are arranged as follows:
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(@)  (137-3p) - (129-3p) - (217-5p) - (129-3p) - (217-5p) - (137-3p) - (217-5p) -
(129-3p) - (137-3p) - (129-3p) - (219-5p) - (137-3p).

[00184] In some embodiments, the third miR-TS cassette is inserted into a locus of
ULS8 and comprises 1, 2, 3, or 4 copies of a target sequence for each of miR-137, miR-217-5p, and
miR-130. In some embodiments, the plurality of miRNA target sequences in the third miR-TS
cassette are arranged as follows:

(a)  (137-3p) - (130-3p) - (217-5p) - (130-3p) - (217-5p) - (130-3p) - (217-5p) -
(127-3p) - (137-3p) - (130-3p) - (217-5p) - (137-3p).

[00185] In some embodiments, the fourth miR-TS cassette is inserted into a locus of
ICP34.5 and comprises 1, 2, 3, or 4 copies of a target sequence for each of miRNA 128M, miRNA
204, and miRNA 219-3p. In some embodiments, the plurality of miRNA target sequences in the
fourth miR-TS cassette are arranged as follows:

(a)  (128-3p) - (219a-5p) - (204-5p) - (128-3p) - (219a-5p) - (204-5p) - (128-3p)
- (219a-5p) - (204-5p) - (128-3p) - (219a-5p) - (204-5p).

[00186] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette inserted into a locus of ICP4 and comprising four copies of
a target sequence for each of miR-124, miR-1-3p, and miR-14; (i1) a second miR-TS cassette
inserted into a locus of ICP27 and comprising 4 of a target sequence for each of miR-219a-5p,
miR-122-5p, and miR-128; (ii1) a third miR-TS cassette inserted into a locus of ULS8 and
comprising4 of a target sequence for each of miR-137, miR-208b-3p, and miR-126; and (iv) a
fourth miR-TS cassette inserted into a locus of ICP34.5 and comprising 4 of a target sequence for
miR-128, 4 copies of a target sequence for miR-204, and 4 copies of a target sequence for miR-
219-3p. In some embodiments, the recombinant oncolytic virus is an HSV virus comprising (i) a
first miR-TS cassette inserted into a locus of ICP4 and comprising four copies of a target sequence
for each of miR-124, miR-1-3p, and miR-14; (i1) a second miR-TS cassette inserted into a locus
of ICP27 and comprising 4of a target sequence for each of miR-219a-5p, miR-122-5p, and miR-
128; and (1i1) a third miR-TS cassette inserted into a locus of UL8 and comprising 4 of a target
sequence for each of miR-137, miR-208a, and miR-126.

[00187] In some embodiments, the recombinant oncolytic virus is an HSV virus

comprising (1) a first miR-TS cassette inserted into a locus of ICP4 and comprising four copies of
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a target sequence for each of miR-124, miR-1-3p, and miR-14; (i1) a second miR-TS cassette
inserted into a locus of ICP27 and comprising 4 of a target sequence for each of miR-219a-5p,
miR-122-5p, and miR-128; (i1) a third miR-TS cassette inserted into a locus of ULS8 and
comprising4 of a target sequence for miR-137-3p, 4 of a target sequence for miR-217-5p, and 4 of
a target sequence for miR-126-3p; and (iv) a fourth miR-TS cassette inserted into a locus of
ICP34.5 and comprising 4 of a target sequence for miR-128, 4 copies of a target sequence for miR-
204, and 4 copies of a target sequence for miR-219-3p.

[00188] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette inserted into a locus of ICP4 and comprising four copies of
a target sequence for each of miR-124, miR-1-3p, and miR-14; (i1) a second miR-TS cassette
inserted into a locus of ICP27 and comprising 4 of a target sequence for each of miR-219a-5p,
miR-122-5p, and miR-128; (i1) a third miR-TS cassette inserted into a locus of ULS8 and
comprising 4 of a target sequence for miR-137-3p, 4 of a target sequence for miR-217-5p, and 4
of a target sequence for miR-127; and (iv) a fourth miR-TS cassette inserted into a locus of ICP34.5
and comprising 4 of a target sequence for miR-128, 3 copies of a target sequence for miR-204, and
3 copies of a target sequence for miR-219-5p.

[00189] In some embodiments, the recombinant oncolytic virus is an HSV virus
comprising (1) a first miR-TS cassette inserted into a locus of ICP4 and comprising four copies of
a target sequence for each of miR-124, miR-1-3p, and miR-14; (i1) a second miR-TS cassette
inserted into a locus of ICP27 and comprising 4 of a target sequence for each of miR-219a-5p,
miR-122-5p, and miR-128; (i1) a third miR-TS cassette inserted into a locus of ULS8 and
comprising 4 of a target sequence for miR-137-3p, 4 of a target sequence for miR-217-5p, and4
of a target sequence for miR-128; and (iv) a fourth miR-TS cassette inserted into a locus of ICP34.5
and comprising 4 of a target sequence for miR-128, 3 copies of a target sequence for miR-204, and
3 copies of a target sequence for miR-219-5p. In some embodiments, the recombinant oncolytic
virus 1s an HSV virus comprising (i) a first miR-TS cassette inserted into a locus of ICP4 and
comprising four copies of a target sequence for each of miR-124, miR-1-3p, and miR-14; (i1) a
second miR-TS cassette inserted into a locus of ICP27 and comprising 4 of a target sequence for
each of miR-219a-5p, miR-122-5p, and miR-128; (ii1) a third miR-TS cassette inserted into a locus
of UL8 and comprising 4 of a target sequence for miR-137-3p, 4 of a target sequence for miR-
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217-5p, and 4 of a target sequence for miR-129; and (iv) a fourth miR-TS cassette inserted into a
locus of ICP34.5 and comprising4 of a target sequence for miR-128, 3 copies of a target sequence
for miR-204, and 3 copies of a target sequence for miR-219-5p In some embodiments, the
recombinant oncolytic virus is an HSV virus comprising (1) a first miR-TS cassette inserted into a
locus of ICP4 and comprising four copies of a target sequence for each of miR-124, miR-1-3p,
and miR-14; (i1) a second miR-TS cassette inserted into a locus of ICP27 and comprising 4 of a
target sequence for each of miR-219a-5p, miR-122-5p, and miR-128; (ii1) a third miR-TS cassette
inserted into a locus of UL8 and comprising 4 of a target sequence for miR-137-3p, 4 of a target
sequence for miR-217-5p, and 4 of a target sequence for miR-130; and (iv) a fourth miR-TS
cassette inserted into a locus of ICP34.5 and comprising 4 of a target sequence for miR-128, 3
copies of a target sequence for miR-204, and 3 copies of a target sequence for miR-219-5p.

[00190] In some embodiments, the viral vectors described herein comprise one copy
of a miR-125a target sequence incorporated into one essential viral gene. In some embodiments,
the viral vectors described herein comprise one copy of a miR-125a target sequence incorporated
into the UL42 locus. In some embodiments, the viral vectors described herein comprise one copy
of a miR-122 target sequence incorporated into one essential viral gene. In some embodiments,
the viral vectors described herein comprise one copy of a miR-122 target sequence incorporated
into the ICP27 locus (e.g., ONCR-036).

[00191] In further embodiments, the viral vectors described herein comprise 3
copies of a miR-125a target sequence incorporated a viral gene required for viral replication. In
further embodiments, the viral vectors described herein may comprise 3 copies of a miR-125a
target sequence incorporated into the UL42 locus. In some embodiments, 4 copies of a miR target
sequence are incorporated into the 3’ UTR of an essential viral gene. In further embodiments, the
viral vectors described herein may comprise 4 copies of a miR-125a target sequence incorporated
into an essential viral gene. In further embodiments, the viral vectors described herein may
comprise 4 copies of a miR-125a target sequence incorporated into the UL42 locus. In some
embodiments, the viral vectors described herein may comprise 4 copies of a miR-122 target
sequence incorporated into an essential viral gene. In further embodiments, the viral vectors
described herein may comprise 4 copies of a miR-122 target sequence incorporated into the ICP27

locus (e.g., ONCR-063).
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[00192] In some embodiments, 1 copy of a miR-122 target sequence is incorporated
into the 3> UTR of a first essential viral gene, and 1 copy of a miR-125a target sequence is
incorporated into the 3° UTR of a second essential viral gene. In some embodiments, 1 copy of a
miR-122 target sequence is incorporated into the 3’ UTR of the ICP27 locus, and 1 copy of a miR-
125a target sequence is incorporated into the 3° UTR of the UL42 locus (e.g., ONCR-094).

[00193] In some embodiments, 1 copy of a miR-122 target sequence is incorporated
into the 3> UTR of a first essential viral gene, and 3 copies of a miR-125a target sequence are
incorporated into the 3° UTR of a second essential viral gene. In some embodiments, 1 copy of a
miR-122 target sequence is incorporated into the 3° UTR of the ICP27 locus, and 3 copies of a
miR-125a target sequence are incorporated into the 3’ UTR of the UL42 locus (e.g., ONCR-095).

[00194] In some embodiments, 4 copies of a first miR target sequence are
incorporated into the 3 UTR of a first essential viral gene, and 1 copy of a second miR target
sequence 1s incorporated into the 3’ UTR of a second essential viral gene. In some embodiments,
4 copies of a miR-122 target sequence are incorporated into the 3> UTR of a first essential viral
gene, and 1 copy of a miR-125a target sequence is incorporated into the 3 UTR of a second
essential viral gene. In some embodiments, 4 copies of a miR-122 target sequence are incorporated
into the 3° UTR of the ICP27 locus, and 1 copy of a miR-125a target sequence is incorporated into
the 3° UTR of the UL42 locus (e.g., ONCR-093).

[00195] In some embodiments, 4 copies of a first miR target sequence are
incorporated into the 3 UTR of a first essential viral gene, and 4 copies of a second miR target
sequence are incorporated into the 3° UTR of a second essential viral gene. In some embodiments,
4 copies of a miR-122 target sequence are incorporated into the 3> UTR of a first essential viral
gene, and 4 copies of a miR-125a target sequence are incorporated into the 3° UTR of a second
essential viral gene. In some embodiments, 4 copies of a miR-122 target sequence are incorporated
into the 3> UTR of the ICP27 locus, and 4 copies of a miR-125a target sequence is incorporated
into the 3> UTR of the UL42 locus (e.g., ONCR-096).

[00196] In some embodiments, the miR-attenuated oncolytic viruses described
herein result in reduced viral replication in a cell that expresses a miR capable of binding to one
or more of the incorporated miR-target sequences. “Viral replication” refers to the total number of

viral replication cycles that occur in a particular cell or population of cells during a given amount
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of time. In some embodiments, viral replication can be measured directly by assessing the total
viral titer present over the course of the given amount of time, or by assessing the number of viral
genome copies present (e.g., by sequencing). In some embodiments, the viral vector may
additionally comprise a detectable label, such as a fluorescent reporter. In such embodiments, viral
replication may be assessed by measuring the fluorescence intensity of the reporter, or the number
of cells that express the reporter. In some embodiments, viral replication can be measured
indirectly by assessing the number of viable cells over the course of the given amount of time. For
example, the level of viral replication would be expected to inversely correlate with the number of
viable cells over time.

[00197] “Reduced viral replication” as used herein, refers to a level of wviral
replication that is lower in a first cell or first population of cells compared to a second cell or a
second population of cells. In some embodiments, the level of viral replication in the first cell or
first population of cells is reduced by at least 5% compared to the level of viral replication in the
second cell or population of cells. In some embodiments, the level of viral replication in the first
cell or first population of cells is reduced by at least 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 50%, 60%, 70%, 80%, 90% or more compared to the level of viral replication in
the second cell or population of cells. In some embodiments, viral replication in the first cell or
first population of cells is completely inhibited compared to the viral replication in the second cell
or population of cells.

[00198] In some embodiments, the reduced viral replication in the first cell or first
population of cells correlates with the expression of a miR capable of binding to the one or more
miR-target sequences incorporated into one or more viral genes required for replication. In some
embodiments, expression of a miR corresponding to the incorporated miR-target sequence
therefore inhibits or reduces the expression of the replication gene, thereby inhibiting or reducing
viral replication. In some embodiments, the second cell or second population of cells does not
express, or has a reduced expression level, of the t miR. In some embodiments, absent or reduced
expression of a miR (e.g., in a cancer cell) corresponding to the incorporated miR-target sequence
allows for viral replication to proceed. In some embodiments, the expression level of the miR in
the second cell or population of cells is at least 5% lower than the expression level of the miR in

the first cell or population. In some embodiments, the expression level of the miR in the second
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cell or population of cells is reduced at least 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 50%, 60%, 70%, 80%, 90% or more compared to the expression level of the miR in
the first cell or population. In some embodiments, the second cell does not express the miR. In
particular embodiments, the first cell is a non-cancerous cell and the second cell is a cancerous
cell.

[00199] In some embodiments, a replication-restricted viral vector (e.g., a miR-
attenuated viral vector) comprises at least one let-7 target sequence and is used to treat lung cancer.
In some embodiments, a replication-restricted viral vector comprises at least one miR-15a and/or
at least one miR-16A target sequences and is used to treat B-cell chronic lymphocytic leukemia.
In some embodiments, a replication-restricted viral vector comprises at least one miR-125b, at
least one miR-145, at least one miR-21, and/or at least one miR-155 target sequences and is used
to treat breast cancer. In other embodiments, a replication-restricted viral vector comprises at least
one miR-143 and/or at least one miR-145 target sequences and is used to treat colorectal cancer.
In certain embodiments, a replication-restricted viral vector comprises at least one miR-181a, at
least one miR-181b, and/or at least one miR-181¢ target sequences and is used to treat
glioblastoma. In some embodiments, a replication-restricted viral vector comprises at least one
miR-199a*, at least one miR-195, at least one miR-199a, at least one miR-200a, and/or at least
one miR-125a target sequences and is used to treat liver cancer (e.g., hepatocellular carcinoma).

[00200] In particular embodiments, a replication-restricted viral vector comprises at
least one miR-451a target sequence, at least one miR-143-3p target sequence, at least one miR-
559 target sequence, and at least one miR-124 target sequence and is used for the treatment of
pancreatic, lung, and/or colon cancer. In such embodiments, the target sequences for miR-451a,
miR-143-3p, miR-559, and miR-124 are incorporated into two or more genes required for viral
replication (e.g., ICP4 and ICP27). In further particular embodiments, a replication-restricted viral
vector comprises at least one miR-451a target sequence, at least one miR-145-5p target sequence,
at least one miR-559 target sequence, and at least one miR-124 target sequence and is used for the
treatment of any type of cancer described herein. In such embodiments, the target sequences for
miR-451a, miR-145-5p, miR-559, and miR-124 are incorporated into two or more genes required
for viral replication (e.g., ICP4 and ICP27). In further particular embodiments, a replication-

restricted viral vector comprises at least one miR-205p target sequence, at least one miR-141-5p
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target sequence, at least one miR-31-5p target sequence, and at least one miR-124 target sequence
and is used for the treatment of schwannoma. In such embodiments, the target sequences for miR-
205p, miR-141-5p, miR-31-5p, and miR-124 are incorporated into two or more genes required for
viral replication (e.g., ICP4 and ICP27).

[00201] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for miR-136-3p, miR-432-5p, miR-1-3p, miR-
127-3p, miR-379-5p, miR-493-5p, miR-223-5p, miR-223-5p, miR-136-5p, miR-451a, miR-487b-
3p, miR-370-3p, miR-410-3p, miR-431-3p, miR-4485-3p, miR-4485-5p, miR-127-5p, miR-409-
3p, miR-338-3p, miR-559, miR-411-5p, miR-133a-5p, miR-143-3p, miR-376b-3p, miR-758-3p,
miR-1, miR-101, miR-1180, miR-1236, miR-124-3p, miR-125b, miR-126, miR-1280, miR-133a,
miR-133b, miR-141, miR-143, miR-144, miR-145, miR-155, miR-16, miR-18a, miR-192, miR-
195, miR-200a, miR-200b, miR-200¢c, miR-203, miR-205, miR-214, miR-218, miR-23b, miR-
26a, miR-29¢, miR-320¢, miR-34a, miR-370, miR-409-3p, miR-429, miR-451, miR-490-5p, miR-
493, miR-576-3p, and/or miR-99a inserted into the 5> UTR or 3” UTR of one or more viral genes
required for viral replication. This oncolytic virus may be used in methods and compositions for
treating bladder cancer.

[00202] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for miR-1251-5p, miR-219a-5p, miR-219a-2-
3p, miR-124-3p, miR-448, miR-138-2-3p, miR-490-5p, miR-129-1-3p, miR-1264, miR-3943,
miR-490-3p, miR-383-5p, miR-133b, miR-129-2-3p, miR-128-2-5p, miR-133a-3p, miR-129-5p,
miR-1-3p, miR-885-3p, miR-124-5p, miR-759, miR-7158-3p, miR-770-5p, miR-135a-5p, miR-
885-5p, let-7g-5p, miR-100, miR-101, miR-106a, miR-124, miR-124a, miR-125a, miR-125a-5p,
miR-125b, miR-127-3p, miR-128, miR-129, miR-136, miR-137, miR-139-5p, miR-142-3p, miR-
143, miR-145, miR-146b-5p, miR-149, miR-152, miR-153, miR-195, miR-21, miR-212-3p, miR-
219-5p, miR-222, miR-29b, miR-31, miR-3189-3p, miR-320, miR-320a, miR-326, miR-330,
miR-331-3p, miR-340, miR-342, miR-34a, miR-376a, miR-449a, miR-483-5p, miR-503, miR-
577, miR-663, miR-7, miR-7-5p, miR-873, let-7a, let-7f, miR-107, miR-122, miR-124-5p, miR-
139, miR-146a, miR-146b, miR-15b, miR-16, miR-181a, miR-181a-1, miR-181a-2, miR-181b,
miR-181b-1, miR-181b-2, miR-181c, miR-181d, miR-184, miR-185, miR-199a-3p, miR-200a,
miR-200b, miR-203, miR-204, miR-205, miR-218, miR-23b, miR-26b, miR-27a, miR-29¢, miR-
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328, miR-34c-3p, miR-34c-5p, miR-375, miR-383, miR-451, miR-452, miR-495, miR-584, miR-
622, miR-656, miR-98, miR-124-3p, miR-181b-5p, miR-200b, and/or miR-3189-3p inserted into
the 5 UTR or 3° UTR of one or more viral genes required for viral replication. This oncolytic
virus may be used in methods and compositions for treating brain cancer. In certain embodiments,
the brain cancer is astrocytoma, glioblastoma, or glioma.

[00203] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for miR-10b-5p, miR-126-3p, miR-145-3p,
miR-451a, miR-199b-5p, miR-5683, miR-3195, miR-3182, miR-1271-5p, miR-204-5p, miR-409-
5p, miR-136-5p, miR-514a-5p, miR-559, miR-483-3p, miR-1-3p, miR-6080, miR-144-3p, miR-
10b-3p, miR-6130, miR-6089, miR-203b-5p, miR-4266, miR-4327, miR-5694, miR-193b, let-7a,
let-7a-1, let-7a-2, let-7a-3, let-7b, let-7¢, let-7d, let-7e, let-7f-1, let-7f-2, let-7g, let-71, miR-100,
miR-107, miR-10a, miR-10b, miR-122, miR-124, miR-1258, miR-125a-5p, miR-125b, miR-126,
miR-127, miR-129, miR-130a, miR-132, miR-133a, miR-143, miR-145, miR-146a, miR-146b,
miR-147, miR-148a, miR-149, miR-152, miR-153, miR-15a, miR-16, miR-17-5p, miR-181a,
miR-1826, miR-183, miR-185, miR-191, miR-193a-3p, miR-195, miR-199b-5p, miR-19a-3p,
miR-200a, miR-200b, miR-200¢c, miR-205, miR-206, miR-211, miR-216b, miR-218, miR-22,
miR-26a, miR-26b, miR-300, miR-30a, miR-31, miR-335, miR-339-5p, miR-33b, miR-34a, miR-
34b, miR-34c, miR-374a, miR-379, miR-381, miR-383, miR-425, miR-429, miR-450b-3p, miR-
494, miR-495, miR-497, miR-502-5p, miR-517a, miR-574-3p, miR-638, miR-7, miR-720, miR-
873, miR-874, miR-92a, miR-98, miR-99a, mmu-miR-290-3p, and/or mmu-miR-290-5p inserted
into the 5 UTR or 3 UTR of one or more viral genes required for viral replication. This oncolytic
virus may be used in methods and compositions for treating breast cancer.

[00204] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for miR-143, miR-145, miR-17-5p, miR-203,
miR-214, miR-218, miR-335, miR-342-3p, miR-372, miR-424, miR-491-5p, miR-497, miR-7,
miR-99a, miR-99b, miR-100, miR-101, miR-15a, miR-16, miR-34a, miR-886-5p, miR-106a,
miR-124, miR-148a, miR-29a, and/or miR-375 inserted into the 5> UTR or 3 UTR of one or more
viral genes required for viral replication. This oncolytic virus may be used in methods and

compositions for treating cervical cancer.
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[00205] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for miR-133a-5p, miR-490-5p, miR-124-3p,
miR-137, miR-655-3p, miR-376¢-3p, miR-369-5p, miR-490-3p, miR-432-5p, miR-487b-3p, miR-
342-3p, miR-223-3p, miR-136-3p, miR-136-3p, miR-143-5p, miR-1-3p, miR-214-3p, miR-143-
3p, miR-199a-3p, miR-199b-3p, miR-451a, miR-127-3p, miR-133a-3p, miR-145-5p, miR-145-
3p, miR-199a-5p, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c¢, let-7d, let-7e, let-7f-1, let-7f-2, let-7g,
let-7i, miR-100, miR-101, miR-126, miR-142-3p, miR-143, miR-145, miR-192, miR-200c, miR-
21, miR-214, miR-215, miR-22, miR-25, miR-302a, miR-320, miR-320a, miR-34a, miR-34c,
miR-365, miR-373, miR-424, miR-429, miR-455, miR-484, miR-502, miR-503, miR-93, miR-98,
miR-186, miR-30a-5p, miR-627, let-7a, miR-1, miR-124, miR-125a, miR-129, miR-1295b-3p,
miR-1307, miR-130b, miR-132, miR-133a, miR-133b, miR-137, miR-138, miR-139, miR-139-
5p, miR-140-5p, miR-148a, miR-148b, miR-149, miR-150-5p, miR-154, miR-15a, miR-15b, miR-
16, miR-18a, miR-191, miR-193a-5p, miR-194, miR-195, miR-196a, miR-198, miR-199a-5p,
miR-203, miR-204-5p, miR-206, miR-212, miR-218, miR-224, miR-24-3p, miR-26b, miR-27a,
miR-28-3p, miR-28-5p, miR-29b, miR-30a-3p, miR-30b, miR-328, miR-338-3p, miR-342, miR-
345, miR-34a-5p, miR-361-5p, miR-375, miR-378, miR-378a-3p, miR-378a-5p, miR-409-3p,
miR-422a, miR-4487, miR-483, miR-497, miR-498, miR-518a-3p, miR-551a, miR-574-5p, miR-
625, miR-638, miR-7, miR-96-5p, miR-202-3p, miR-30a, and/or miR-451 inserted into the 5’
UTR or 3 UTR of one or more viral genes required for viral replication. This oncolytic virus may
be used in methods and compositions for treating colon or colorectal cancer.

[002006] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for miR-101, miR-130a, miR-130b, miR-134,
miR-143, miR-145, miR-152, miR-205, miR-223, miR-301a, miR-301b, miR-30c, miR-34a, miR-
34¢, miR-424, miR-449a, miR-543, and/or miR-34b inserted into the 5> UTR or 3 UTR of one or
more viral genes required for viral replication. This oncolytic virus may be used in methods and
compositions for treating endometrial cancer.

[00207] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for miR-125b, miR-138, miR-15a, miR-15b,
miR-16, miR-16-1, miR-16-1-3p, miR-16-2, miR-181a, miR-181b, miR-195, miR-223, miR-29b,
miR-34b, miR-34c, miR-424, miR-10a, miR-146a, miR-150, miR-151, miR-155, miR-2278, miR-
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26a, miR-30e, miR-31, miR-326, miR-564, miR-27a, let-7b, miR-124a, miR-142-3p, let-7¢, miR-
17, miR-20a, miR-29a, miR-30¢c, miR-720, miR-107, miR-342, miR-34a, miR-202, miR-142-5p,
miR-29¢, miR-145, miR-193b, miR-199a, miR-214, miR-22, miR-137, and/or miR-197 inserted
into the 5 UTR or 3 UTR of one or more viral genes required for viral replication. This oncolytic
virus may be used in methods and compositions for treating hematologic cancer. In some
embodiments, the hematologic cancer is leukemia, lymphoma, or myeloma.

[00208] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for miR-1, miR-145, miR-1826, miR-199a,
miR-199a-3p, miR-203, miR-205, miR-497, miR-508-3p, miR-509-3p, let-7a, let-7d, miR-106a*,
miR-126, miR-1285, miR-129-3p, miR-1291, miR-133a, miR-135a, miR-138, miR-141, miR-143,
miR-182-5p, miR-200a, miR-218, miR-28-5p, miR-30a, miR-30c, miR-30d, miR-34a, miR-378,
miR-429, miR-509-5p, miR-646, miR-133b, let-7b, let-7¢c, miR-200¢c, miR-204, miR-335, miR-
377, and/or miR-506 inserted into the 5> UTR or 3 UTR of one or more viral genes required for
viral replication. This oncolytic virus may be used in methods and compositions for treating kidney
cancer.

[00209] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c¢, let-
7d, let-7e, let-7f, let-7f-1, let-7f-2, let-7g, let-71, miR-1, miR-100, miR-101, miR-105, miR-122,
miR-122a, miR-1236, miR-124, miR-125b, miR-126, miR-127, miR-1271, miR-128-3p, miR-
129-5p, miR-130a, miR-130b, miR-133a, miR-134, miR-137, miR-138, miR-139, miR-139-5p,
miR-140-5p, miR-141, miR-142-3p, miR-143, miR-144, miR-145, miR-146a, miR-148a, miR-
148b, miR-150-5p, miR-15b, miR-16, miR-181a-5p, miR-185, miR-188-5p, miR-193b, miR-195,
miR-195-5p, miR-197, miR-198, miR-199a, miR-199a-5p, miR-199b, miR-199b-5p, miR-200a,
miR-200b, miR-200¢, miR-202, miR-203, miR-204-3p, miR-205, miR-206, miR-20a, miR-21,
miR-21-3p, miR-211, miR-212, miR-214, miR-217, miR-218, miR-219-5p, miR-22, miR-223,
miR-26a, miR-26b, miR-29a, miR-29b-1, miR-29b-2, miR-29¢, miR-302b, miR-302¢, miR-30a,
miR-30a-3p, miR-335, miR-338-3p, miR-33a, miR-34a, miR-34b, miR-365, miR-370, miR-372,
miR-375, miR-376a, miR-377, miR-422a, miR-424, miR-424-5p, miR-433, miR-4458, miR-448,
miR-450a, miR-451, miR-485-5p, miR-486-5p, miR-497, miR-503, miR-506, miR-519d, miR-
520a, miR-520b, miR-520c-3p, miR-582-5p, miR-590-5p, miR-610, miR-612, miR-625, miR-
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637, miR-675, miR-7, miR-877, miR-940, miR-941, miR-98, miR-99a, miR-132, and/or miR-31
inserted into the 5> UTR or 3° UTR of one or more viral genes required for viral replication. This
oncolytic virus may be used in methods and compositions for treating liver cancer. In some
embodiments, the liver cancer is hepatocellular carcinoma.

[00210] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for miR-143-3p, miR-126-3p, miR-126-5p,
miR-1266-3p, miR-6130, miR-6080, miR-511-5p, miR-143-5p, miR-223-5p, miR-199b-5p, miR-
199a-3p, miR-199b-3p, miR-451a, miR-142-5p, miR-144, miR-150-5p, miR-142-3p, miR-214-
3p, miR-214-5p, miR-199a-5p, miR-145-3p, miR-145-5p, miR-1297, miR-141, miR-145, miR-
16, miR-200a, miR-200b, miR-200c, miR-29b, miR-381, miR-409-3p, miR-429, miR-451, miR-
511, miR-99a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-7f-2, let-7g, let-
7i, miR-1, miR-101, miR-133b, miR-138, miR-142-5p, miR-144, miR-1469, miR-146a, miR-153,
miR-15a, miR-15b, miR-16-1, miR-16-2, miR-182, miR-192, miR-193a-3p, miR-194, miR-195,
miR-198, miR-203, miR-217, miR-218, miR-22, miR-223, miR-26a, miR-26b, miR-29¢, miR-
33a, miR-34a, miR-34b, miR-34c, miR-365, miR-449a, miR-449b, miR-486-5p, miR-545, miR-
610, miR-614, miR-630, miR-660, miR-7515, miR-9500, miR-98, miR-99b, miR-133a, let-7a,
miR-100, miR-106a, miR-107, miR-124, miR-125a-3p, miR-125a-5p, miR-126, miR-126*, miR-
129, miR-137, miR-140, miR-143, miR-146b, miR-148a, miR-148b, miR-149, miR-152, miR-
154, miR-155, miR-17-5p, miR-181a-1, miR-181a-2, miR-181b, miR-181b-1, miR-181b-2, miR-
181c, miR-181d, miR-184, miR-186, miR-193b, miR-199a, miR-204, miR-212, miR-221, miR-
224, miR-27a, miR-27b, miR-29a, miR-30a, miR-30b, miR-30c¢, miR-30d, miR-30d-5p, miR-30e-
5p, miR-32, miR-335, miR-338-3p, miR-340, miR-342-3p, miR-361-3p, miR-373, miR-375, miR-
4500, miR-4782-3p, miR-497, miR-503, miR-512-3p, miR-520a-3p, miR-526b, miR-625%*, and/or
miR-96 inserted into the 5 UTR or 3 UTR of one or more viral genes required for viral
replication. This oncolytic virus may be used in methods and compositions for treating lung cancer.

[00211] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for let-7b, miR-101, miR-125b, miR-1280, miR-
143, miR-146a, miR-146b, miR-155, miR-17, miR-184, miR-185, miR-18b, miR-193b, miR-
200c, miR-203, miR-204, miR-205, miR-206, miR-20a, miR-211, miR-218, miR-26a, miR-31,
miR-33a, miR-34a, miR-34c, miR-376a, miR-376¢, miR-573, miR-7-5p, miR-9, and/or miR-98
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inserted into the 5> UTR or 3° UTR of one or more viral genes required for viral replication. This
oncolytic virus may be used in methods and compositions for treating melanoma.

[00212] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for let-7d, miR-218, miR-34a, miR-375, miR-
494, miR-100, miR-124, miR-1250, miR-125b, miR-126, miR-1271, miR-136, miR-138, miR-
145, miR-147, miR-148a, miR-181a, miR-206, miR-220a, miR-26a, miR-26b, miR-29a, miR-32,
miR-323-5p, miR-329, miR-338, miR-370, miR-410, miR-429, miR-433, miR-499a-5p, miR-503,
miR-506, miR-632, miR-646, miR-668, miR-877, and/or miR-9inserted into the 5> UTR or 3’
UTR of one or more viral genes required for viral replication. This oncolytic virus may be used in
methods and compositions for treating oral cancer.

[00213] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for let-71, miR-100, miR-124, miR-125b, miR-
129-5p, miR-130b, miR-133a, miR-137, miR-138, miR-141, miR-145, miR-148a, miR-152, miR-
153, miR-155, miR-199a, miR-200a, miR-200b, miR-200¢c, miR-212, miR-335, miR-34a, miR-
34b, miR-34c, miR-409-3p, miR-411, miR-429, miR-432, miR-449a, miR-494, miR-497, miR-
498, miR-519d, miR-655, miR-9, miR-98, miR-101, miR-532-5p, miR-124a, miR-192, miR-193a,
and/or miR-7 inserted into the 5> UTR or 3 UTR of one or more viral genes required for viral
replication. This oncolytic virus may be used in methods and compositions for treating ovarian
cancer.

[00214] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for miR-216a-5p, miR-802, miR-217, miR-145-
3p, miR-143-3p, miR-451a, miR-375, miR-214-3p, miR-216b-3p, miR-432-5p, miR-216a-3p,
miR-199b-5p, miR-199a-5p, miR-136-3p, miR-216b-5p, miR-136-5p, miR-145-5p, miR-127-3p,
miR-199a-3p, miR-199b-3p, miR-559, miR-129-2-3p, miR-4507, miR-1-3p, miR-148a-3p, miR-
101, miR-1181, miR-124, miR-1247, miR-133a, miR-141, miR-145, miR-146a, miR-148a, miR-
148b, miR-150*, miR-150-5p, miR-152, miR-15a, miR-198, miR-203, miR-214, miR-216a, miR-
29¢, miR-335, miR-34a, miR-34b, miR-34c, miR-373, miR-375, miR-410, miR-497, miR-615-5p,
miR-630, miR-96, miR-132, let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-71-
1, let-7f-2, let-7g, let-71, miR-126, miR-135a, miR-143, miR-144, miR-150, miR-16, miR-200a,
miR-200b, miR-200¢, miR-217, miR-218, miR-337, miR-494, and/or miR-98 inserted into the 5’
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UTR or 3 UTR of one or more viral genes required for viral replication. This oncolytic virus may
be used in methods and compositions for treating pancreatic cancer.

[00215] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for let-7a-3p, let-7¢c, miR-100, miR-101, miR-
105, miR-124, miR-128, miR-1296, miR-130b, miR-133a-1, miR-133a-2, miR-133b, miR-135a,
miR-143, miR-145, miR-146a, miR-154, miR-15a, miR-187, miR-188-5p, miR-199b, miR-200b,
miR-203, miR-205, miR-212, miR-218, miR-221, miR-224, miR-23a, miR-23b, miR-25, miR-
26a, miR-26b, miR-29b, miR-302a, miR-30a, miR-30b, miR-30¢c-1, miR-30¢-2, miR-30d, miR-
30e, miR-31, miR-330, miR-331-3p, miR-34a, miR-34b, miR-34c, miR-374b, miR-449a, miR-
4723-5p, miR-497, miR-628-5p, miR-642a-5p, miR-765, and/or miR-940 inserted into the 5> UTR
or 3° UTR of one or more viral genes required for viral replication. This oncolytic virus may be
used in methods and compositions for treating prostate cancer.

[00216] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more miRNA target sequences for miR-101, miR-183, miR-204, miR-34a,
miR-365b-3p, miR-486-3p, and/or miR-532-5p inserted into the 5> UTR or 3 UTR of one or more
viral genes required for viral replication. This oncolytic virus may be used in methods and
compositions for treating retinoblastoma.

[00217] In some embodiments, an oncolytic virus described herein is a herpes
simplex virus and wherein the one or more viral genes required for viral replication is selected
from the group consisting of UL1, ULS, UL6, UL7, UL8, UL9, UL11, UL12, UL14, UL15, UL17,
UL18, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, UL30, UL31, UL32,
UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL48, UL49, UL52, ULS53, UL54,
ICPO, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3, US4, USS, US6, US7, US8, US9, USI10,
US11, and US12.

Payload Molecules

[00218] In some embodiments, the oncolytic viruses described herein comprise a
nucleic acid sequence encoding a payload molecule. As used herein, a “payload molecule” refers
to a molecule capable of further enhancing the therapeutic efficacy of a virus. Payload molecules

suitable for use in the present disclosure include antigen-binding molecules such as antibodies or
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antigen binding fragments thereof, cytokines, chemokines, soluble receptors, cell-surface receptor
ligands, bipartite peptides, enzymes, and nucleic acids (e.g., shRNAs, siRNAs, antisense RNAs,
antagomirs, ribozymes, apatamers, a decoy oligonucleotide, or an antagomir). The nature of the
payload molecule will vary with the disease type and desired therapeutic outcome. In some
embodiments, one or more miRNA target sequences is incorporated in to the 3’ or 5 UTR of a
polynucleotide sequence encoding a payload molecule. In such embodiments, translation and
subsequent expression of the payload does not occur, or is substantially reduced, in cells where
the corresponding miRNA is expressed. In some embodiments, one or more mRNA target
sequences are inserted into the 3’ and/or 5> UTR of the polynucleotide sequence encoding the
therapeutic polypeptide.

[00219] In some embodiments, the recombinant oncolytic viruses described herein
comprise at least one polynucleotide encoding a payload molecule that that reduces the expression
or inhibits the function of an endogenous miRNA, a gene, or a tissue inhibitor of
metalloproteinases (TIMP). Such recombinant oncolytic viruses are referred to herein as “genome-
editing” or “microenvironment-remodeling” viruses or vectors. The encoded protein or
oligonucleotide may reduce expression or inhibit the function of a miRNA, gene, or TIMP in any
number of ways including targeting the protein (e.g., a TIMP) for degradation (e.g., by
ubiquitination and proteosomal degradation or targeting for lysosomal degradation), blocking
interactions with cognate receptors (e.g., blocking antibodies or antigen binding fragments thereof
or peptide inhibitors), degrading messenger RNA transcripts (e.g., a short interfering RNA or short
hairpin RNA), and/or altering the genomic DNA sequence encoding the specific miRNA, gene, or
protein (e.g., by an endonuclease).

[00220] In particular embodiments, the protein or oligonucleotide reduces the
expression of a miR or a gene involved in carcinogenesis or metastasis (e.g., an oncogenic miR or
an oncogene). In some embodiments, a recombinant oncolytic virus comprises at least one
polynucleotide encoding a payload molecule that reduces the expression or function of a miRNA
that 1s an oncogenic miRNA (e.g., one or more of the miRNAs listed in Table 4). In some
embodiments, the recombinant oncolytic virus comprises at least 1,2, 3,4, 5, 6, 7, 8,9, 10 or more
polynucleotides encoding for a protein or oligonucleotide that reduces the expression or function

of an oncogenic miRNA. In some embodiments, the recombinant oncolytic virus comprises at least
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1, 2,3, 4,5,6,7, 8,9, 10 or more polynucleotides encoding for a plurality of proteins or
oligonucleotides that reduce the expression or function of a plurality of oncogenic miRNAs. In
some embodiments, the protein or oligonucleotide reduces the expression of miR-17-92 and is
used to treat lung cancer (e.g., small-cell lung cancer). In other embodiments, the protein or
oligonucleotide reduces the expression of miR-221 and/or miR-21 and is used to treat
glioblastoma. In certain embodiments, the protein or oligonucleotide reduces the expression of
miR-155 and/or miR-17-92 and is used to treat lymphoma (e.g., Burkitt's lymphoma, diffuse large
B cell lymphoma, marginal zone lymphoma, or chronic lymphocytic leukemia). In some
embodiments, the protein or oligonucleotide reduces the expression of miR-221, miR-222, and/or
miR-146 and is used to treat thyroid cancer. In some embodiments, the protein or oligonucleotide
reduces the expression of miR-372 and/or miR-373 and is used to treat testicular cancer (e.g.,
testicular germ cell tumors). In some embodiments, the protein or oligonucleotide reduces the
expression of miR-18 and/or miR-224 and is used to treat liver cancer (e.g., hepatocellular
carcinoma).

[00221] In some embodiments, a recombinant viral vectors described herein
comprise a polynucleotide encoding a payload molecule that degrades the tumor extracellular
matrix (ECM), which in some aspects leads to enhanced viral spread. Matrix metalloproteinases
(MMPs) are zinc-dependent proteases that are classified, based on their activity, into collagenases,
gelatinases, stromelysins and matrilysins. These proteases are generally secreted as pro-enzymes
(zymogens) and are activated by proteolytic removal of the pro-peptide pro-domain. The primary
role that MMPs play in cancer is in the degradation of the ECM, which facilitates tumor invasion
and metastasis. MMPs are also involved in tumor progression, epithelial to mesenchymal transition
(EMT), and angiogenesis. MMPs are regulated by miRs as well as TIMPs, which comprise a
family of four protease inhibitors (TIMP1, TIMP2, TIMP3, and TIMP4). A broad array of tumor
microenvironments can be degraded by disrupting miRNAs or TIMPs that negatively regulate the
MMP family with the recombinant viral vectors of the invention. Examples of miR/MMP
interactions are shown in Table 5. Many of these interactions show that multiple MMPs are
regulated by a single miRNA: e.g let-7 regulates MMP-2, MMP-9, and MMP-14; miR-143
regulates MMP-2, MMP-9, and MMP-13; miR-218 regulates MMP-2, MMP-7, and MMP-9.
Furthermore, the vast majority of MMPs may be regulated by a single TIMP master switch: e.g.
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TIMP1 is known to inhibit most all of the known MMPs and also promotes cell proliferation in a
wide range of cell types; TIMP2 interacts with MMP-14 and MMP-2.

[00222] In some embodiments, the recombinant oncolytic viruses described herin
comprise at least one polynucleotide encoding a protein or an oligonucleotide that reduces the
expression or function of a miRNA that is capable of altering the extracellular matrix or capable
of modulating a pathway that alters the extracellular matrix, particularly in a tumor
microenvironment (e.g., one or more of the miRNAs listed in Table 5). A microenvironment
remodeling miR, as used herein, refers to a miR. In some embodiments, the protein or
oligonucleotide reduces the expression or function of one microenvironment remodeling miR. In
some embodiments, the protein or oligonucleotide reduces the expression or function of at least 2,
3,4,5,6,7, 8,9, or 10 or more microenvironment remodeling miRs. In some embodiments, the
recombinant oncolytic virus comprises a plurality of polynucleotides encoding a plurality of
protein or oligonucleotides that reduce the expression or function of a plurality of
microenvironment remodeling miRs. In some embodiments, strategies described herein may be
utilized by recombinant viral vectors of the present invention to knockdown or disrupt expression
or function of miRs or TIMPs which negatively regulate MMPs. In some embodiments, a
recombinant oncolytic virus reduces the expression of a TIMP selected from TIMP1, TIMP2,
TIMP3 and TIMP4.

[00223] In some embodiments, the recombinant oncolytic viruses described herein
comprise at least one polynucleotide encoding a protein or an oligonucleotide that reduces the
expression or function of a gene in the host cell genome. In some aspects, the gene is an oncogenic
gene (e.g., a gene selected from the genes listed in Table 7). In some aspects, the gene encodes an
oncogenic miR (e.g., a miRNA listed in Table 4), a microenvironment remodeling miR (e.g., a
miRNA listed in Table 5), or a negative regulator of ECM-degradation (e.g., a TIMP). Reduction
of gene expression and/or function may be accomplished by at the level of transcription (e.g.,
mutating, deleting, or silencing the genomic DNA sequence) or at the level of translation (e.g., by
inhibiting the production of the gene product through mRNA degradation). In some embodiments,
the recombinant oncolytic viruses described herein comprise one or more polynucleotides that
encode for nucleases that reduce the expression or function of a gene by enabling the mutation,

deletion, or repression of transcription of a gene sequence. In specific embodiments, the nuclease

67



WO 2019/023483 PCT/US2018/043938

is selected from a Clustered Regulatory Interspaced Short Palindromic Repeats (CRISPR)-
associated endonuclease, a zinc-finger nuclease (ZFN) or a Transcription activator-like effector
nuclease (TALEN). In non-limiting examples, a CRISPR-associated endonuclease is selected from
SpCas9, SpCas9-HF1, SpCas9-HF2, SpCas9-HF3, SpCas9-HF4, SaCas9, FnCpf, FnCas9,
eSpCas9, C2C1, C2C3, Cpfl, Casl, CaslB, Cas2, Cas3, Cas4, CasS, Cas6, Cas7, Cas8, Cas9 (also
known as Csnl and Csx12), Cas10, Csyl, Csy2, Csy3, Csel, Cse2, Cscl, Csc2, Csa5, Csn2, Csm2,
Csm3, Csm4, Csm5, Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csbl, Csb2, Csb3, Csxl7, Csxl4,
Csx10, Csx16, CsaX, Csx3, Csxl, Csxl5, Csfl, Csf2, Csf3, and Csf4.

[00224] Recombinant viral vectors of the invention may utilize the CRISPR
(Clustered Regularly Interspaced Short Palindromic Repeats)/Cas (CRISPR Associated) nuclease
system, which is an engineered nuclease system based on a bacterial system that can be used for
mammalian genome engineering. Generally, the system comprises a Cas nuclease and a guide
RNA (gRNA). The gRNA is comprised of two parts; a crispr-RNA (crRNA) that is specific for a
target genomic DNA sequence, and a tracr RNA (trRNA) that facilitates Cas binding. The crRNA
and trRNA may be present as separate RNA oligonucleotides, or may be present in the same RNA
oligonucleotide, referred to as a single guide-RNA (sgRNA). As used herein, the term “guide
RNA” or “gRNA” refers to either the combination of an individual trRNA and an individual
crRNA oran sgRNA. See, e.g., Jinek et al. (2012) Science 337:816-821; Cong et al. (2013) Science
339:819-823; Mali et al. (2013) Science 339:823-826; Q1 et al. (2013) Cell 152:1173-1183; Jinek
et al. (2013), eLife 2:e00471; David Segal (2013) elLife 2:e00563; Ran et al. (2013) Nature
Protocols 8(11):2281-2308; Zetsche et al. (2015) Cell 163(3):759-771; PCT Publication Nos. WO
2007/025097, WO 2008/021207, WO 2010/011961, WO 2010/054108, WO 2010/054154, WO
2012/054726, WO 2012/149470, WO 2012/164565, WO 2013/098244, WO 2013/126794, WO
2013/141680, and WO 2013/142578; U.S. Patent Publication Nos. 2010-0093617, 2013-0011828,
2010-0257638, 2010-0076057, 2011-0217739, 2011-0300538, 2013-0288251, and 2012-
0277120; and U.S. Patent No. 8,546,553, each of which is incorporated herein by reference in its
entirety.

[00225] Multiple class 1 CRISPR-Cas systems, which include the type I and type 111
systems, have been identified and functionally characterized in detail, revealing the complex

architecture and dynamics of the effector complexes (Brouns ef al., 2008, Marraffini and
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Sontheimer, 2008, Hale ef al., 2009, Sinkunas et al., 2013, Jackson et al., 2014, Mulepati et al.,
2014). In addition, several class 2-type II CRISPR-Cas systems that employ homologous RNA-
guided endonucleases of the Cas9 family as effectors have also been identified and experimentally
characterized (Barrangou et al., 2007, Garneau ef al., 2010, Deltcheva et al., 2011, Sapranauskas
etal., 2011, Jinek et al., 2012, Gasiunas et al., 2012). A second, putative class 2-type V CRISPR-
Cas system has been recently identified in several bacterial genomes. The putative type V
CRISPR-Cas systems contain a large, ~1,300 amino acid protein called Cpfl (CRISPR from
Prevotella and Francisella 1).

[00226] In some embodiments, an oncolytic virus described herein further
comprises at least one polynucleotide encoding a trRNA and crRNA targeted to the miRNA or the
TIMP. In some cases, the at least one polynucleotide encoding a trRNA and crRNA 1is inserted
into a locus on the viral genome. In some embodiments, the polynucleotide is an insulated
sequence comprising a synthetic insulator or a native viral (e.g., HSV) insulator. In certain
embodiments, an oncolytic virus is a herpes simplex virus and the at least one polynucleotide
encoding an RNA binding site is inserted into or between one or more loci including the internal
repeat joint region (comprising one copy each of the diploid genes ICPO, ICP34.5, LAT, ICP4,
and the ICP47 promoter), ICPO, LAT, UL1, ULS, UL6, UL7, UL8, UL9, ULI11, UL12, UL14,
UL15, UL17, UL18, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, UL30,
UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL38§, UL39, UL40, UL42, UL48, UL49, UL52,
ULS3, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3, US4, USS, US6, US7, USS,
US9, US10, USI11, and US12. In one embodiment, an oncolytic virus is a herpes simplex virus
(HSV) and the at least one polynucleotide encoding an RNA binding site is inserted into a locus
between the UL3 and the UL4 open reading frames (e.g., Fig. 39 and Fig. 40).

[00227] In some embodiments, the recombinant oncolytic virus comprises at least
one polynucleotide encoding a payload molecule that activate or inhances an anti-tumor immune
response. In some embodiments, the payload molecule is a cytokine, a chemokine, an antibody or
antigen binding fragment thereof, a bispecific T-cell engager (BiTE). For example, in some
embodiments, the payload molecule is an antibody or antigen binding fragments thereof that bind
to and inhibit immune checkpoint receptors (e.g. CTLA4, LAG3, PD1, PDL1, and others). In some

embodiments, the payload molecule is an anti-PD1 antibody or antigen-binding fragement thereof,
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an anti-PDL1 antibody or antigen-binding fragement thereof, or an anti-CTLA4 antibody or
antigen-binding fragement thereof.

[00228] In some embodiments, the payload molecule is a protein that binds to and
activates a cell-surface receptor. For example, in some embodiments, payload molecule comprises
an endogenous cell-surface ligand, such as the extracellular domain of 41BBL, the extracellular
domain of CD40L, FLT3L. In some embodiments, the payload molecule is a cytokine (e.g., IFNy,
IFNo, IFNB, TNFa, IL-12, IL-2, IL-6, IL-8, IL-15, GM-CSF, IL-21, IL-35, TGF, and others) or
chemokine (e.g., CCL4, CXCL10, CCLS5, CXCL13, or XCL1).

[00229] In some embodiments, the payload molecule is a protein that binding to
and activate an activating receptor (e.g., FcyRI, Fcylla, Fcyllla, costimulatory receptors, and
others). In particular embodiments, the protein is selected from EpCAM, folate, A2A, anti-FGF2,
anti-FGFR/FGFR2b, anti-SEMA4D, CD137, CD200, CD38, CD44, CSF-1R, endothelin B
Receptor, ISRE7, LFA-1, NG2 (also known as SPEG4), SMADs, STING, , and VCAMI.

[00230] In certain embodiments, a polynucleotide encoding a protein or an
oligonucleotide targeted to reduce expression of an miRNA, a gene, or a TIMP is inserted into a
locus on the viral genome of a recombinant oncolytic virus. In some embodiments, the
polynucleotide is an insulated sequence comprising a synthetic insulator or a native viral (e.g.,
HSV) insulator. In certain embodiments, the oncolytic virus is a herpes simplex virus and the at
least one polynucleotide encoding an RNA binding site is inserted into or between one or more
loci including the internal repeat joint region (comprising one copy each of the diploid genes ICPO,
ICP34.5, LAT, ICP4, and the ICP47 promoter), ICPO, LAT, UL1, ULS, UL6, UL7, ULS, UL9,
UL11, UL12, UL14, UL15, UL17, UL18, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27,
UL28, UL29, UL30, UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42,
UL48, UL49, ULS52, ULS3, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3, US4,
USS, USe6, US7, US8, US9, US10, US11, and US12.. In one embodiment, the virus is a herpes
simplex virus (HSV) and the at least one polynucleotide is inserted into a locus between the UL3
and the UL4 open reading frames (see, e.g., Fig. 39 and Fig. 40).

[00231] In some embodiments, the recombinant oncolytic virus comprises at least
one protease-activated antibody. Protease-activated antibodies, such as those described by Metz et

al. (Protein Eng Des Sel, 25(10):571-80, 2012) are activated and bind only to targets following
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protease cleavage of a protective cap. In some instances, tumor microenvironments possess an
array of proteases that are well differentiated from surrounding healthy tissues. For example, the
protease cathepsin B is overexpressed in numerous cancers, including breast, cervix, colon,
colorectal, gastric, head and neck, liver, lung, melanoma, ovarian, pancreatic, prostate, and thyroid
cancer. The human degradome, comprised of a complete list of proteases synthesized by human
cells, is made up of at least 569 proteases that are distributed into five broad classes (in order from
greatest to least number): metalloproteinases (MMPs), serine, cysteine, threonine, and aspartic
proteases (Lopez-Otin et al., Nat Rev Cancer, 7(10):800-8, 2007). In particular, protease antibodies
specifically cleaved by MMPs can serve as an excellent means of targeting the recombinant viral
vectors described herein to the tumor microenvironment, as MMPs are found in the extracellular
and pericellular areas of the cell. Table 6 summarizes proteases that are overexpressed in cancers
which can be exploited to enable specific binding of recombinant viral vectors pseudotyped with
protease-activated antibodies.

[00232] In certain embodiments, the protease-activated antibody is incorporated into
the viral glycoprotein envelope. Protease-activated antibodies can be incorporated into the
glycoprotein envelope of a recombinant viral vector of the invention (e.g., an HSV vector) to
increase the therapeutic index and reduce off-target infection. In the case of an HSV vector, in
some embodiments, the glycoprotein may be gC or gD. In some embodiments, the recombinant
oncolytic viruses described herein comprise at least one polynucleotide encoding a protease-
activated antibody. In certain embodiments, a protease-activated antibody is activated by a
protease selected from a cysteine cathepsin, an aspartic cathepsin, a kallikrein (hK), a serine
protease, a caspase, a matrix metalloproteinase (MMP), and a disintegrin and metalloproteinase
(ADAM). In some embodiments, a protease is selected from cathepsin K, cathepsin B, cathepsin
L, cathepsin E, cathepsin D, hK1, PSA (hK3), hK10, hK15, uPA, uPAR, MMP-1, MMP-2, MMP-
3, MMP-7, MMP-8, MMP-9, MMP-10, MMP-11, MMP-12, MMP-13, MMP-14, MMP-15,
MMP-16, MMP-17, MMP-18, MMP-19, MMP-20, MMP-21, MMP-23A, MMP-23B, MMP-24,
MMP-25, MMP-26, MMP-27, MMP-28, or a protease listed in Table 6.

[00233] In some embodiments, the protease-activated antibody binds a protein
expressed more highly by cancer cells or in cancer microenvironments than by non-cancer cells or

in non-cancer microenvironments. In certain aspects, a protease-activated antibody binds NKG2D,
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c-met, HGFR, CDS8, heparan sulfate, VSPG4 (also known as NG2), EGFR, EGFRVIII, CD133,
CXCR4, carcinoembryonic antigen (CEA), CLC-3, annexin II, human transferrin receptor, or
EpCAM. In certain instances, multiple protease activated antibodies may be incorporated into a
single viral vector particle to ensure that diverse tumor histotypes are targeted. For example, at
least 1, 2, 3,4, 6,7,8,9, 10, or more protease activated antibodies may be incorporated into the
viral glycoprotein envelope. In some embodiments, the recombinant oncolytic virus comprises at
least 1,2,3,4,5,6,7, 8,9, 10, or more polynucleotides that encodes for atleast 1, 2, 3,4, 5, 6, 7,
8,9, 10, or more protease activated antibodies. In some embodiments, an oncolytic virus comprises
a first protease-activated antibody that binds a first protein expressed more highly by cancer cells
or in cancer microenvironments than by non-cancer cells or in non-cancer microenvironments, and
a second protease-activated antibody that binds a second protein expressed more highly by cancer
cells or in cancer microenvironments than by non-cancer cells or in non-cancer
microenvironments. In further embodiments, an oncolytic virus comprises a plurality of protease-
activated antibodies binding a plurality of protein expressed more highly by cancer cells or in
cancer microenvironments than by non-cancer cells or in non-cancer microenvironments. An
oncolytic virus comprises, for example, a protease-activated antibody that is a human antibody, a
humanized antibody or a chimeric antibody. In some embodiments, an oncolytic virus comprises
an antibody that is a full-length immunoglobulin, an scFv, a Fab, a Fab', an F(ab')2, an Fv, a
diabody, a triabody, a minibody, a single-domain antibody, or a multispecific antibody.

[00234] In some embodiments, a recombinant oncolytic virus comprises one or
more of: one or more micro-RNA (miR) target sequences inserted into a locus of one or more viral
genes required for viral replication; one or more polynucleotides encoding one or more proteins or
oligonucleotides, wherein the proteins or oligonucleotides reduce the expression or inhibit the
function of a miR, a gene, or a TIMP; at least one protease-activated antibody; and/or a
polynucleotide encoding at least one protease activated antibody. In some embodiments, a
recombinant oncolytic virus comprises: a plurality of copies of one or more miRNA target
sequences inserted into a locus of a viral gene required for viral replication in non-cancerous cells;
and/or a first polynucleotide encoding a protein or an oligonucleotide targeted to reduce expression
of an oncogenic miRNA or an oncogenic gene; and/or a second polynucleotide encoding a protein

or an oligonucleotide targeted to reduce expression of a microenvironment remodeling miRNA or
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a TIMP. In some embodiments, a recombinant oncolytic virus comprises: a plurality of copies of
one or more miRNA target sequences inserted into a locus of a viral gene required for viral
replication in non-cancerous cells; and/or a polynucleotide encoding a protein or an
oligonucleotide targeted to reduce expression of an oncogenic miRNA or an oncogenic gene;
and/or at least one protease-activated antibody. In further embodiments, a recombinant oncolytic
virus comprises a plurality of copies of one or more miRNA target sequences inserted into a locus
of a viral gene required for viral replication in non-cancerous cells; and/or a polynucleotide
encoding a protein or an oligonucleotide targeted to reduce expression of a microenvironment
remodeling miRNA or a TIMP, and/or at least one protease-activated antibody. In one
embodiment, a recombinant oncolytic virus comprises a plurality of copies of one or more miRNA
target sequences inserted into a locus of a viral gene required for viral replication in non-cancerous
cells; and/or a first polynucleotide encoding a protein or an oligonucleotide targeted to reduce
expression of an oncogenic miRNA or an oncogenic gene, and/or a second polynucleotide
encoding a protein or an oligonucleotide targeted to reduce expression of a microenvironment
remodeling miRNA or a TIMP; and/or at least one protease-activated antibody. In some specific
embodiments, an oncolytic virus described in this paragraph is a herpes simplex virus and the viral
gene required for viral replication in non-cancerous cells is UL1, ULS5, UL6, UL7, ULS8, UL9,
ULI11, UL12, UL14, UL15, UL17, UL18, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27,
UL28, UL29, UL30, UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42,
UL48, UL49, ULS52, ULS3, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3, US4,
USS, USe, US7, US8, US9, US10, US11, and US12.

[00235] In certain aspects, the invention relates to a recombinant oncolytic virus
comprising a first polynucleotide encoding a protein or an oligonucleotide targeted to reduce
expression of an oncogenic miRNA or an oncogenic gene; and a second polynucleotide encoding
a protein or an oligonucleotide targeted to reduce expression of a microenvironment remodeling
miRNA or a TIMP. In other embodiments, a recombinant oncolytic virus comprises a
polynucleotide encoding a protein or an oligonucleotide targeted to reduce expression of an
oncogenic miRNA or an oncogenic gene; and at least one protease-activated antibody. In some
embodiments, a recombinant oncolytic virus comprises a polynucleotide encoding a protein or an

oligonucleotide targeted to reduce expression of a microenvironment remodeling miRNA or a
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TIMP; and at least one protease-activated antibody. In one embodiment, a recombinant oncolytic
virus comprises a first polynucleotide encoding a protein or an oligonucleotide targeted to reduce
expression of an oncogenic miRNA or an oncogenic gene, and/or a second polynucleotide
encoding a protein or an oligonucleotide targeted to reduce expression of a microenvironment

remodeling miRNA or a TIMP; and/or at least one protease-activated antibody.

[00236] In some embodiments, the oncolytic virus i1s an HSV virus comprising a
first miR-TS cassette inserted into the 3° UTR of ICP4 comprising 4 target sequences for each of
miR-124-3p, miR-1-3p, and miR-143-3p; a second miR-TS cassette inserted into the 3> UTR of
ICP27 comprising 4 target sequences for each of miR-219a-5p, miR-122-5p, and miR128-3p; and
a third miR-TS cassette inserted into the 3> UTR of UL8 comprising 4 target sequences for each
of miR-137-3p, miR-208b-3p, and miR-126-3p. In some embodiments, the oncolytic virus further
comprises a polynucleotide sequence encoding IL-12. In some embodiments, the oncolytic virus
further comprises a polynucleotide sequence encoding IL-12 and MMP9. In some embodiments,
the oncolytic virus further comprises a polynucleotide sequence encoding CXCL10. In some
embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding IL-12 and
CXCL10. In some embodiments, the oncolytic virus further comprises a polynucleotide sequence
encoding CXCL10 and MMP9. In some embodiments, the oncolytic virus further comprises a
polynucleotide sequence encoding IL-12, CXCL10, and XCL1. In some embodiments, the
oncolytic virus further comprises a polynucleotide sequence encoding IL-12, CXCL10, and CCLA4.
In some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding
IL-12, CXCL10, and FLT3L. In some embodiments, the oncolytic virus further comprises a
polynucleotide sequence encoding IL-12 and 41BBL. In some embodiments, the oncolytic virus
further comprises a polynucleotide sequence encoding IL-12 and CD40L. In some embodiments,
the oncolytic virus further comprises a polynucleotide sequence encoding 41BBL and CD40L. In
some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding an
anti-CTLA4 antibody or antigen binding fragment thereof. In some embodiments, the oncolytic
virus further comprises a polynucleotide sequence encoding an anti-PD1 or anti-PDL1 antibody
or antigen binding fragment thereof. In some embodiments, the oncolytic virus comprises a nucleic

acid sequence that is at least 95%, 96%, 97%, 98%, or 99% identical to one of SEQ ID NOs: 843,

74



WO 2019/023483 PCT/US2018/043938

844,847, or 848. In some embodiments, the the oncolytic virus comprises or consists of the nucleic
acid sequence of one of SEQ ID NOs: 843, 844, 847, or 848.

[00237] In some embodiments, the oncolytic virus i1s an HSV virus comprising a
first miR-TS cassette inserted into the 3° UTR of ICP4 comprising 4 target sequences for each of
miR-124-3p, miR-1-3p, and miR-143-3p; a second miR-TS cassette inserted into the 3> UTR of
ICP27 comprising 4 target sequences for each of miR-219a-5p, miR-122-5p, and miR128-3p; a
third miR-TS cassette inserted into the 3 UTR of UL8 comprising 4 target sequences for each of
miR-137-3p, miR-208b-3p, and miR-126-3p. In some embodiments, the oncolytic virus further
comprises a polynucleotide sequence encoding IL-12. In some embodiments, the oncolytic virus
further comprises a polynucleotide sequence encoding IL-12. In some embodiments, the oncolytic
virus further comprises a polynucleotide sequence encoding IL-12 and MMP9. In some
embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding CXCL10.
In some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding
IL-12 and CXCL10. In some embodiments, the oncolytic virus further comprises a polynucleotide
sequence encoding CXCL10 and MMP9. In some embodiments, the oncolytic virus further
comprises a polynucleotide sequence encoding IL-12, CXCL10, and XCL1. In some
embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding IL-12,
CXCL10, and CCLA4. In some embodiments, the oncolytic virus further comprises a polynucleotide
sequence encoding IL-12, CXCL10, and FLT3L. In some embodiments, the oncolytic virus further
comprises a polynucleotide sequence encoding IL-12 and 41BBL. In some embodiments, the
oncolytic virus further comprises a polynucleotide sequence encoding IL-12 and CD40L. In some
embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding 41BBL
and CD40L. In some embodiments, the oncolytic virus further comprises a polynucleotide
sequence encoding an anti-CTLA4 antibody or antigen binding fragment thereof. In some
embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding an anti-
PD1 or anti-PDL1 antibody or antigen binding fragment thereof. In some embodiments, the
oncolytic virus comprises a nucleic acid sequence that is at least 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NO: 845 or 846. In some embodiments, the the oncolytic virus comprises or

consists of the nucleic acid sequence of one of SEQ ID NOs: 845 or 846.
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[00238] In some embodiments, the oncolytic virus i1s an HSV virus comprising a
first miR-TS cassette inserted into the 3° UTR of ICP4 comprising 4 target sequences for each of
miR-124-3p, miR-1-3p, and miR-143-3p; a second miR-TS cassette inserted into the 3> UTR of
ICP27 comprising 4 target sequences for each of miR-219a-5p, miR-122-5p, and miR128-3p; a
third miR-TS cassette inserted into the 3 UTR of UL8 comprising 4 target sequences for each of
miR-137-3p, miR-208b-3p, and miR-126-3p; and a fourth miR-TS cassette inserted into the 3’
UTR of ICP34.5 comprising 4 target sequences for each of miR-128-3p, miR-204-5p, and miR-
219a-5p. In some embodiments, the oncolytic virus further comprises a polynucleotide sequence
encoding IL-12. In some embodiments, the oncolytic virus further comprises a polynucleotide
sequence encoding IL-12. In some embodiments, the oncolytic virus further comprises a
polynucleotide sequence encoding IL-12 and MMP9. In some embodiments, the oncolytic virus
further comprises a polynucleotide sequence encoding CXCL10. In some embodiments, the
oncolytic virus further comprises a polynucleotide sequence encoding IL-12 and CXCL10. In
some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding
CXCL10 and MMP9. In some embodiments, the oncolytic virus further comprises a
polynucleotide sequence encoding IL-12, CXCL10, and XCL1. In some embodiments, the
oncolytic virus further comprises a polynucleotide sequence encoding IL-12, CXCL10, and CCLA4.
In some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding
IL-12, CXCL10, and FLT3L. In some embodiments, the oncolytic virus further comprises a
polynucleotide sequence encoding IL-12 and 41BBL. In some embodiments, the oncolytic virus
further comprises a polynucleotide sequence encoding IL-12 and CD40L. In some embodiments,
the oncolytic virus further comprises a polynucleotide sequence encoding 41 BBL and CD40L. In
some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding an
anti-CTLA4 antibody or antigen binding fragment thereof. In some embodiments, the oncolytic
virus further comprises a polynucleotide sequence encoding an anti-PD1 or anti-PDL1 antibody
or antigen binding fragment thereof. In some embodiments, the oncolytic virus comprises a nucleic
acid sequence that is at least 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 850. In some
embodiments, the the oncolytic virus comprises or consists of the nucleic acid sequence of SEQ

ID NO: 850.
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[00239] In some embodiments, the oncolytic virus i1s an HSV virus comprising a
first miR-TS cassette inserted into the 3° UTR of ICP4 comprising 4 target sequences for each of
miR-124-3p, miR-1-3p, and miR-143-3p; a second miR-TS cassette inserted into the 3> UTR of
ICP27 comprising 4 target sequences for each of miR-219a-5p, miR-122-5p, and miR128-3p; a
third miR-TS cassette inserted into the 3 UTR of UL8 comprising 4 target sequences for each of
miR-137-3p, miR-217-5p, and miR-126-3p; and a fourth miR-TS cassette inserted into the 3° UTR
of ICP34.5 comprising 4 target sequences for each of miR-128-3p, miR-204-5p, and miR-219a-
S5p. In some embodiments, the oncolytic virus further comprises a polynucleotide sequence
encoding IL-12. In some embodiments, the oncolytic virus further comprises a polynucleotide
sequence encoding IL-12. In some embodiments, the oncolytic virus further comprises a
polynucleotide sequence encoding IL-12 and MMP9. In some embodiments, the oncolytic virus
further comprises a polynucleotide sequence encoding CXCL10. In some embodiments, the
oncolytic virus further comprises a polynucleotide sequence encoding IL-12 and CXCL10. In
some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding
CXCL10 and MMP9. In some embodiments, the oncolytic virus further comprises a
polynucleotide sequence encoding IL-12, CXCL10, and XCL1. In some embodiments, the
oncolytic virus further comprises a polynucleotide sequence encoding IL-12, CXCL10, and CCLA4.
In some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding
IL-12, CXCL10, and FLT3L. In some embodiments, the oncolytic virus further comprises a
polynucleotide sequence encoding IL-12 and 41BBL. In some embodiments, the oncolytic virus
further comprises a polynucleotide sequence encoding IL-12 and CD40L. In some embodiments,
the oncolytic virus further comprises a polynucleotide sequence encoding 41 BBL and CD40L. In
some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding an
anti-CTLA4 antibody or antigen binding fragment thereof. In some embodiments, the oncolytic
virus further comprises a polynucleotide sequence encoding an anti-PD1 or anti-PDL1 antibody
or antigen binding fragment thereof. In some embodiments, the oncolytic virus comprises a nucleic
acid sequence that is at least 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 849. In some
embodiments, the the oncolytic virus comprises or consists of the nucleic acid sequence of SEQ

ID NO: 849.
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[00240] In some embodiments, the oncolytic virus i1s an HSV virus comprising a
first miR-TS cassette inserted into the 3° UTR of ICP4 comprising 4 target sequences for each of
miR-124-3p, miR-1-3p, and miR-143-3p; a second miR-TS cassette inserted into the 3> UTR of
ICP27 comprising 4 target sequences for each of miR-219a-5p, miR-122-5p, and miR128-3p; a
third miR-TS cassette inserted into the 3 UTR of UL8 comprising 4 target sequences for each of
miR-137-3p, miR-217-5p, and miR-126-3p; and a fourth miR-TS cassette inserted into the 3° UTR
of ICP34.5 comprising 4 target sequences for each of miR-128-3p, miR-204-5p, and miR-219a-
S5p. In some embodiments, the oncolytic virus further comprises a polynucleotide sequence
encoding IL-12. In some embodiments, the oncolytic virus further comprises a polynucleotide
sequence encoding IL-12. In some embodiments, the oncolytic virus further comprises a
polynucleotide sequence encoding IL-12 and MMP9. In some embodiments, the oncolytic virus
further comprises a polynucleotide sequence encoding CXCL10. In some embodiments, the
oncolytic virus further comprises a polynucleotide sequence encoding IL-12 and CXCL10. In
some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding
CXCL10 and MMP9. In some embodiments, the oncolytic virus further comprises a
polynucleotide sequence encoding IL-12, CXCL10, and XCL1. In some embodiments, the
oncolytic virus further comprises a polynucleotide sequence encoding IL-12, CXCL10, and CCLA4.
In some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding
IL-12, CXCL10, and FLT3L. In some embodiments, the oncolytic virus further comprises a
polynucleotide sequence encoding IL-12 and 41BBL. In some embodiments, the oncolytic virus
further comprises a polynucleotide sequence encoding IL-12 and CD40L. In some embodiments,
the oncolytic virus further comprises a polynucleotide sequence encoding 41 BBL and CD40L. In
some embodiments, the oncolytic virus further comprises a polynucleotide sequence encoding an
anti-CTLA4 antibody or antigen binding fragment thereof. In some embodiments, the oncolytic
virus further comprises a polynucleotide sequence encoding an anti-PD1 or anti-PDL1 antibody
or antigen binding fragment thereof. In some embodiments, the oncolytic virus comprises a nucleic
acid sequence that is at least 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 851. In some
embodiments, the the oncolytic virus comprises or consists of the nucleic acid sequence of SEQ

ID NO: 851.
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[00241] The invention also encompasses a nucleic acid molecule encoding an

oncolytic virus described herein.

Compositions and Methods of Use

[00242] Certain aspects of the invention relate to stocks and compositions
comprising the oncolytic viruses described herein. In some aspects, the invention relates to a viral
stock comprising an oncolytic virus described herein. In some embodiments, a viral stock is a
homogeneous stock. The preparation and analysis of viral stocks is well known in the art. For
example, a viral stock can be manufactured in roller bottles containing cells transduced with the
viral vector. The viral stock can then be purified on a continuous nycodenze gradient, and
aliquotted and stored until needed. Viral stocks vary considerably in titer, depending largely on
viral genotype and the protocol and cell lines used to prepare them.

[00243] In particular embodiments, the titer of a viral stock (e.g., an HSV-based
vector viral stock) contemplated herein is at least about 10° plaque-forming units (pfu), such as at
least about 10° pfu or even more preferably at least about 107 pfu. In certain embodiments, the titer
can be at least about 10® pfu, or at least about 10° pfu, and high titer stocks of at least about 10'°
pfu or at least about 10'! pfu are most preferred.

[00244] The invention further contemplates a composition comprising an oncolytic
virus or a nucleic acid molecule described herein and a pharmaceutically acceptable carrier. The
phrase “pharmaceutically-acceptable” refers to molecular entities and compositions that do not
produce an allergic or similar untoward reaction when administered to a subject (e.g., a human).
The term “composition” as used herein refers to a formulation of one or more oncolytic virus or a
nucleic acid molecules described herein that is capable of being administered or delivered to a
subject and/or a cell. Typically, formulations include all physiologically acceptable compositions
including derivatives and/or prodrugs, solvates, stereoisomers, racemates, or tautomers thereof
with any physiologically acceptable carriers, diluents, and/or excipients. A “therapeutic
composition” or “pharmaceutical composition” (used interchangeably herein) is a composition of
one or more agents capable of being administered or delivered to a patient and/or subject and/or

cell for the treatment of a particular disease or disorder.
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[00245] The compositions disclosed herein may be formulated in a neutral or salt
form. “Pharmaceutically acceptable salt” includes both acid and base addition salts.
Pharmaceutically-acceptable salts include the acid addition salts (formed with the free amino
groups of the protein) and which are formed with inorganic acids such as, for example,
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, and
organic acids such as, but not limited to, acetic acid, 2,2-dichloroacetic acid, adipic acid, alginic
acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benzoic acid, 4-acetamidobenzoic acid,
camphoric acid, camphor-10-sulfonic acid, capric acid, caproic acid, caprylic acid, carbonic acid,
cinnamic acid, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid,
ethanesulfonic acid, 2-hydroxyethanesulfonic acid, formic acid, fumaric acid, galactaric acid,
gentisic acid, glucoheptonic acid, gluconic acid, glucuronic acid, glutamic acid, glutaric acid, 2-
oxo-glutaric acid, glycerophosphoric acid, glycolic acid, hippuric acid, isobutyric acid, lactic acid,
lactobionic acid, lauric acid, maleic acid, malic acid, malonic acid, mandelic acid, methanesulfonic
acid, mucic acid, naphthalene-1,5-disulfonic acid, naphthalene-2-sulfonic acid, 1-hydroxy-2-
naphthoic acid, nicotinic acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid,
propionic acid, pyroglutamic acid, pyruvic acid, salicylic acid, 4-aminosalicylic acid, sebacic acid,
stearic acid, succinic acid, tartaric acid, thiocyanic acid, ptoluenesulfonic acid, trifluoroacetic acid,
undecylenic acid, and the like. Salts formed with the free carboxyl groups can also be derived from
inorganic bases such as, for example, sodium, potassium, lithium, ammonium, calcium,
magnesium, iron, zinc, copper, manganese, aluminum salts and the like. Salts derived from organic
bases include, but are not limited to, salts of primary, secondary, and tertiary amines, substituted
amines including naturally occurring substituted amines, cyclic amines and basic ion exchange
resins, such as ammonia, isopropylamine, trimethylamine, diethylamine, triethylamine,
tripropylamine,  diethanolamine, ethanolamine, deanol, 2-dimethylaminoethanol, 2-
diethylaminoethanol, dicyclohexylamine, lysine, arginine, histidine, caffeine, procaine,
hydrabamine, choline, betaine, benethamine, benzathine, ethylenediamine, glucosamine,
methylglucamine, theobromine, triethanolamine, tromethamine, purines, piperazine, piperidine,
N-ethylpiperidine, polyamine resins and the like. Particularly preferred organic bases are
isopropylamine, diethylamine, ethanolamine, trimethylamine, dicyclohexylamine, choline and

caffeine. Upon formulation, solutions will be administered in a manner compatible with the dosage
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formulation and in such amount as is therapeutically effective. The formulations are easily
administered in a variety of dosage forms such as injectable solutions, drug-release capsules, and
the like.

[00246] As used herein, “carrier” includes any and all solvents, dispersion media,
vehicles, coatings, diluents, antibacterial and antifungal agents, isotonic and absorption delaying
agents, buffers, carrier solutions, suspensions, colloids, and the like. The use of such media and
agents for pharmaceutical active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active ingredient, its use in the therapeutic
compositions is contemplated. Supplementary active ingredients can also be incorporated into the
compositions.

[00247] As used herein “pharmaceutically acceptable carrier” includes without
limitation any adjuvant, carrier, excipient, glidant, sweetening agent, diluent, preservative,
dye/colorant, flavor enhancer, surfactant, wetting agent, dispersing agent, suspending agent,
stabilizer, isotonic agent, solvent, surfactant, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents, and the like that are physiologically
compatible, including pharmaceutically acceptable cell culture media and/or emulsifier which has
been approved by the United States Food and Drug Administration as being acceptable for use in
humans and/or domestic animals. Exemplary pharmaceutically acceptable carriers include, but are
not limited to, to sugars, such as lactose, glucose and sucrose; starches, such as corn starch and
potato starch; cellulose, and its derivatives, such as sodium carboxymethyl cellulose, ethyl
cellulose and cellulose acetate; tragacanth; malt; gelatin; talc; cocoa butter, waxes, animal and
vegetable fats, paraffins, silicones, bentonites, silicic acid, zinc oxide; oils, such as peanut oil,
cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; glycols, such as
propylene glycol; polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; esters,
such as ethyl oleate and ethyl laurate; agar; buffering agents, such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen- free water; isotonic saline; Ringer's solution; ethyl
alcohol; phosphate buffer solutions; and any other compatible substances employed in
pharmaceutical formulations. Except insofar as any conventional media and/or agent is
incompatible with the agents of the present disclosure, its use in therapeutic compositions is

contemplated. Supplementary active ingredients also can be incorporated into the compositions.
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[00248] Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate
and magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the
compositions.

[00249] Examples of pharmaceutically-acceptable antioxidants include: (1) water
soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl palmitate,
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl gallate, alpha-
tocopherol, and the like; and (3) metal chelating agents, such as citric acid, ethylenediamine
tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

[00250] In one embodiment, a composition comprising a carrier is suitable for
parenteral administration, e.g., intravascular (intravenous or intraarterial), intraperitoneal or
intramuscular administration. Pharmaceutically acceptable carriers include sterile aqueous
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersion. The use of such media and agents for pharmaceutically active
substances is well known in the art. Except insofar as any conventional media or agent is
incompatible with a viral vector or nucleic acid molecule, use thereof in the pharmaceutical
compositions of the invention is contemplated.

[00251] The compositions of the invention may comprise one or more polypeptides,
polynucleotides, vectors comprising same, infected cells, etc., as described herein, formulated in
pharmaceutically-acceptable or physiologically-acceptable solutions for administration to a cell or
an animal, either alone, or in combination with one or more other modalities of therapy. It will
also be understood that, if desired, the compositions of the invention may be administered in
combination with other agents as well, such as, e.g., cytokines, growth factors, hormones, small
molecules or various pharmaceutically-active agents. There is virtually no limit to other
components that may also be included in the compositions, provided that the additional agents do
not adversely affect the ability of the composition to deliver the intended therapy.

[00252] In the pharmaceutical compositions of the invention, formulation of
pharmaceutically-acceptable excipients and carrier solutions is well-known to those of skill in the

art, as 1s the development of suitable dosing and treatment regimens for using the particular
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compositions described herein in a variety of treatment regimens. Upon formulation, solutions are
administered in a manner compatible with the dosage formulation and in such amount as is
therapeutically effective to result in an improvement or remediation of the symptoms. The
formulations are easily administered in a variety of dosage forms such as ingestible solutions, drug
release capsules and the like. Some variation in dosage can occur depending on the condition of
the subject being treated. The person responsible for administration can, in any event, determine
the appropriate dose for the individual subject. Moreover, for human administration, preparations
meet sterility, general safety and purity standards as required by FDA Center for Biologics
Evaluation and Research standards. The route of administration will vary, naturally, with the
location and nature of the disease being treated, and may include, for example intradermal,
transdermal, subdermal, parenteral, nasal, intravenous, intramuscular, intranasal, subcutaneous,
percutaneous, intratracheal, intraperitoneal, intratumoral, perfusion, lavage, direct injection, and
oral administration.

[00253] In certain circumstances it will be desirable to deliver the compositions,
recombinant viral vectors, and nucleic acid molecules disclosed herein parenterally, intravenously,
intramuscularly, or even intraperitoneally as described, for example, in U.S. Patent No. 5,543,158;
U.S. Patent No. 5,641,515 and U.S. Patent No. 5,399,363 (each specifically incorporated herein
by reference in its entirety). Solutions of the active compounds as free base or pharmacologically
acceptable salts may be prepared in water suitably mixed with a surfactant, such as
hydroxypropylcellulose. Dispersions may also be prepared in glycerol, liquid polyethylene
glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these
preparations contain a preservative to prevent the growth of microorganisms.

[00254] The pharmaceutical forms suitable for injectable use include sterile aqueous
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersions (U.S. Pat. No. 5,466,468, specifically incorporated herein by
reference in its entirety). In all cases the form should be sterile and should be fluid to the extent
that easy syringability exists. It should be stable under the conditions of manufacture and storage
and should be preserved against the contaminating action of microorganisms, such as bacteria and
fungi. The carrier can be a solvent or dispersion medium containing, for example, water, ethanol,

polyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol, and the like), suitable
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mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for example, by the use
of a coating, such as lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants. The prevention of the action of microorganisms can be
facilitated by various antibacterial and antifungal agents, for example, parabenes, chlorobutanol,
phenol, sorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic
agents, for example, sugars or sodium chloride. Prolonged absorption of the injectable
compositions can be brought about by the use in the compositions of agents delaying absorption,
for example, aluminum monostearate and gelatin. The preparation of an aqueous composition that
contains a protein as an active ingredient is well understood in the art. Typically, such
compositions are prepared as injectables, either as liquid solutions or suspensions; solid forms
suitable for solution in, or suspension in, liquid prior to injection can also be prepared. The
preparation can also be emulsified.

[00255] For parenteral administration in an aqueous solution, for example, the
solution should be suitably buffered if necessary and the liquid diluent first rendered isotonic with
sufficient saline or glucose. These particular aqueous solutions are especially suitable for
intravenous, intramuscular, subcutaneous and intraperitoneal administration. In this connection, a
sterile aqueous medium that can be employed will be known to those of skill in the art in light of
the present disclosure. For example, one dosage may be dissolved in 1 ml of isotonic NaCl solution
and either added to 1000 ml of hypodermoclysis fluid or injected at the proposed site of infusion
(see, e.g., Remington: The Science and Practice of Pharmacy, 20th Edition. Baltimore, MD:
Lippincott Williams & Wilkins, 2000). Some variation in dosage will necessarily occur depending
on the condition of the subject being treated. The person responsible for administration will, in any
event, determine the appropriate dose for the individual subject. Moreover, for human
administration, preparations should meet sterility, pyrogenicity, and the general safety and purity
standards as required by FDA Office of Biologics standards.

[00256] Sterile injectable solutions can be prepared by incorporating the active
compounds in the required amount in the appropriate solvent with the various other ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the various sterilized active ingredients into a sterile vehicle which

contains the basic dispersion medium and the required other ingredients from those enumerated
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above. In the case of sterile powders for the preparation of sterile injectable solutions, the preferred
methods of preparation are vacuum-drying and freeze-drying techniques which yield a powder of
the active ingredient plus any additional desired ingredient from a previously sterile-filtered
solution thereof.

[00257] In certain embodiments, the compositions may be delivered by intranasal
sprays, inhalation, and/or other aerosol delivery vehicles. Methods for delivering polynucleotides
and peptide compositions directly to the lungs via nasal aerosol sprays has been described e.g., in
U.S. Pat. No. 5,756,353 and U.S. Pat. No. 5,804,212 (each specifically incorporated herein by
reference in its entirety). Likewise, the delivery of drugs using intranasal microparticle resins
(Takenaga et al., 1998) and lysophosphatidyl-glycerol compounds (U.S. Pat. No. 5,725,871,
specifically incorporated herein by reference in its entirety) are also well-known in the
pharmaceutical arts. Likewise, transmucosal drug delivery in the form of a
polytetrafluoroetheylene support matrix is described in U.S. Pat. No. 5,780,045 (specifically
incorporated herein by reference in its entirety).

[00258] In certain embodiments, the delivery may occur by use of liposomes,
nanocapsules, microparticles, microspheres, lipid particles, vesicles, optionally mixing with CPP
polypeptides, and the like, for the introduction of the compositions of the present invention into
suitable host cells. In particular, the compositions of the present invention may be formulated for
delivery either encapsulated in a lipid particle, a liposome, a vesicle, a nanosphere, a nanoparticle
or the like. The formulation and use of such delivery vehicles can be carried out using known and
conventional techniques. The formulations and compositions of the invention may comprise one
or more polypeptides, polynucleotides, and small molecules, as described herein, formulated in
pharmaceutically-acceptable or physiologically-acceptable solutions (e.g., culture medium) for
administration to a cell or an animal, either alone, or in combination with one or more other
modalities of therapy. It will also be understood that, if desired, the compositions of the invention
may be administered in combination with other agents as well, such as, e.g., cells, other proteins
or polypeptides or various pharmaceutically-active agents.

[00259] In a particular embodiment, a formulation or composition according to the
present invention comprises a cell contacted with a combination of any number of polynucleotides

or viral vectors, as contemplated herein.
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[00260] In certain aspects, the present invention provides formulations or
compositions suitable for the delivery of viral vector systems.

[00261] Exemplary formulations for ex vivo delivery may also include the use of
various transfection agents known in the art, such as calcium phosphate, electroporation, heat
shock and various liposome formulations (i.e., lipid-mediated transfection). Liposomes are lipid
bilayers entrapping a fraction of aqueous fluid. DNA spontaneously associates to the external
surface of cationic liposomes (by virtue of its charge) and these liposomes will interact with the
cell membrane.

[00262] Particular embodiments of the invention may comprise other formulations,
such as those that are well known in the pharmaceutical art, and are described, for example, in
Remington: The Science and Practice of Pharmacy, 20th Edition. Baltimore, MD: Lippincott
Williams & Wilkins, 2000.

[00263] In certain aspects, the present invention provides pharmaceutically
acceptable compositions which comprise a therapeutically effective amount of one or more viral
vectors or polynucleotides, as described herein, formulated together with one or more
pharmaceutically acceptable carriers (additives) and/or diluents (e.g., pharmaceutically acceptable
cell culture medium). As used herein, a “therapeutically effective amount” refers to the amount of
a composition or recombinant virus described herein required to achieve a desired physiologic
and/or biological outcome. A “therapeutically effective amount” of a virus, a viral stock, or a
composition may vary according to factors such as the disease state, age, sex, and weight of the
individual, and the ability of the stem and progenitor cells to elicit a desired response in the
individual. A therapeutically effective amount is also one in which any toxic or detrimental effects
of the virus or transduced therapeutic cells are outweighed by the therapeutically beneficial effects.
The term “therapeutically effective amount” includes an amount that is effective to “treat” a subject
(e.g., a patient). The therapeutically effective amount may be quantified by the total number of
plaque forming units (pfu) (e.g. at least le! to at least 1e%°, particularly about le* to about le'”,
more particularly about 1e® to about le!'? pfu), or number of viral genomes (e.g. at least le' to at
least 1e?°, particularly about 1e* to about 1e'°, more particularly about 1e® to about 1e!? viral
genomes). One of skill in the art will understand that the therapeutically effective amount will vary

based on the type of virus being administered, nature of the formulation, route of administration,
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nature and/or severity of the disease to be treated, and/or general health and well-being of the
subject.

[00264] Some aspects of the invention encompass a method of killing a cancerous
cell, comprising exposing the cancerous cell to an oncolytic virus described herein or compositions
thereof under conditions sufficient for the oncolytic virus to infect and replicate within said
cancerous cell, and wherein replication of the oncolytic virus within the cancerous cell results in
cell death. In certain embodiments, the cancerous cell has a reduced expression of a miR compared
to a non-cancerous cell. In some embodiments, a cancerous cell killed by this method is in vivo.
In certain embodiments, a cancerous cell killed by this method is within a tumor.

[00265] The invention relates to a method of treating cancer in a subject in need
thereof, comprising administering a prophylactically effective amount or a therapeutically
effective amount of an oncolytic virus, a viral stock, or a composition as described herein to the
subject. A “subject,” as used herein, includes any animal that exhibits a symptom of a disease,
disorder, or condition that can be treated with the recombinant viral vectors, compositions, and
methods disclosed herein. Suitable subjects (e.g., patients) include laboratory animals (such as
mouse, rat, rabbit, or guinea pig), farm animals (such as horse or cow), and domestic animals or
pets (such as cat or dog). Non-human primates and, preferably, human patients, are included.

[00266] “Administration” refers herein to introducing an oncolytic virus, a viral
stock, or a composition thereof into a subject or contacting an oncolytic virus, a viral stock, or a
composition thereof with a cell and/or tissue. Administration can occur by injection, irrigation,
inhalation, consumption, electro-osmosis, hemodialysis, iontophoresis, and other methods known
in the art. The route of administration will vary, naturally, with the location and nature of the
disease being treated, and may include, for example auricular, buccal, conjunctival, cutaneous,
dental, endocervical, endosinusial, endotracheal, enteral, epidural, interstitial, intra-articular, intra-
arterial, intra-abdominal, intraauricular, intrabiliary, intrabronchial, intrabursal, intracavernous,
intracerebral, intracisternal, intracorneal, intracronal, intracoronary, intracranial, intradermal,
intradiscal, intraductal, intraduodenal, intraduodenal, intradural, intraepicardial, intraepidermal,
intraesophageal, intragastric, intragingival, intrahepatic, intraileal, intralesional, intralingual,
intraluminal, intralymphatic, intramammary, intramedulleray, intrameningeal, instramuscular,

intranasal, intranodal, intraocular, intraomentum, intraovarian, intraperitoneal, intrapericardial,

87



WO 2019/023483 PCT/US2018/043938

intrapleural, intraprostatic, intrapulmonary, intraruminal, intrasinal, intraspinal, intrasynovial,
intratendinous, intratesticular, intratracheal, intrathecal, intrathoracic, intratubular, intratumoral,
intratympanic, intrauterine, intraperitoneal, intravascular, intraventricular, intravesical,
intravestibular, intravenous, intravitreal, larangeal, nasal, nasogastric, oral, ophthalmic,
oropharyngeal, parenteral, percutaneous, periarticular, peridural, perineural, periodontal,
respiratory, retrotubular, rectal, spinal, subarachnoid, subconjunctival, subcutaneous, subdermal,
subgingival, sublingual, submucosal, subretinal, topical, transdermal, transendocardial,
transmucosal, transplacental, trantracheal, transtympanic, ureteral, urethral, and/or vaginal
perfusion, lavage, direct injection, and oral administration.

[00267] The term "treating" and "treatment" as used herein refers to administering
to a subject a therapeutically effective amount of a recombinant virus or composition thereof as
described herein so that the subject has an improvement in a disease or condition, or a symptom
of the disease or condition. The improvement is any improvement or remediation of the disease or
condition, or symptom of the disease or condition. The improvement is an observable or
measurable improvement, or may be an improvement in the general feeling of well-being of the
subject. Thus, one of skill in the art realizes that a treatment may improve the disease condition,
but may not be a complete cure for the disease. A “prophylactically effective amount” refers to an
amount of a virus, a viral stock, or a composition effective to achieve the desired prophylactic
result. As used herein, "prophylaxis" can mean complete prevention of the symptoms of a disease,
a delay in onset of the symptoms of a disease, or a lessening in the severity of subsequently
developed disease symptoms. Typically, but not necessarily, since a prophylactic dose is used in
subjects prior to or at an earlier stage of disease, the prophylactically effective amount is less than
the therapeutically effective amount.

[00268] "Cancer" herein refers to or describes the physiological condition in
mammals that is typically characterized by unregulated cell growth. Examples of cancer include
but are not limited to carcinoma, lymphoma, blastoma, sarcoma (including liposarcoma,
osteogenic sarcoma, angiosarcoma, endotheliosarcoma, leiomyosarcoma, chordoma,
lymphangiosarcoma, lymphangioendotheliosarcoma, rhabdomyosarcoma, fibrosarcoma,
myxosarcoma, chondrosarcoma), neuroendocrine tumors, mesothelioma, synovioma,

schwannoma, meningioma, adenocarcinoma, melanoma, and leukemia or lymphoid malignancies.
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More particular examples of such cancers include squamous cell cancer (e.g. epithelial squamous
cell cancer), lung cancer including small-cell lung cancer, non-small cell lung cancer,
adenocarcinoma of the lung and squamous carcinoma of the lung, small cell lung carcinoma,
cancer of the peritoneum, hepatocellular cancer, gastric or stomach cancer including
gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon cancer, rectal cancer, colorectal cancer,
endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, prostate
cancer, vulvar cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile carcinoma,
testicular cancer, esophageal cancer, tumors of the biliary tract, Ewing's tumor, basal cell
carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary
carcinoma, papillary adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma, seminoma,
embryonal carcinoma, Wilms' tumor, testicular tumor, lung carcinoma, bladder carcinoma,
epithelial carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma, ependymoma,
pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma, meningioma, melanoma,
neuroblastoma, retinoblastoma, leukemia, lymphoma, multiple myeloma, Waldenstrom's
macroglobulinemia, myelodysplastic disease, heavy chain disease, neuroendocrine tumors,
Schwannoma, and other carcinomas, as well as head and neck cancer.

[00269] In certain embodiments, an oncolytic virus (e.g., an HSV), a viral stock, or
a composition as described herein are used to treat a cancer selected from lung cancer (e.g., small
cell lung cancer or non-small cell lung cancer), breast cancer, ovarian cancer, cervical cancer,
prostate cancer, testicular cancer, colorectal cancer, colon cancer, pancreatic cancer, liver cancer
(e.g., hepatocellular carcinoma (HCC)), gastric cancer, head and neck cancer, thyroid cancer,
malignant glioma, glioblastoma, melanoma, B-cell chronic lymphocytic leukemia, diffuse large
B-cell lymphoma (DLBCL), and marginal zone lymphoma (MZL).

[00270] In certain aspects, the invention relates to an oncolytic viral vector as shown

in any one of the figures or embodiments disclosed herein.

EXAMPLES
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[00271] The following examples for the purpose of illustrating various
embodiments of the invention and are not meant to limit the present invention in any fashion. The
present examples, along with the methods described herein, are exemplary, and are not intended
as limitations on the scope of the invention. Alterations, modifications, and other changes to the
described embodiments which are encompassed within the spirit of the invention as defined by the

scope of the claims are specifically contemplated.

EXAMPLE 1 —MIR SEQUENCE ANALYSIS OF NORMAL AND MALIGNANT CELLS

[00272] Differential miR expression is a hallmark of many cancers (Lu et al, Nature,
2005). Experiments were performed to determine the miRs that were mostly highly differentially
expressed in eight different cancer cells lines. Differential expression was determined by
comparisons to non-cancerous control tissues. In total, 108 samples were sequenced. Sample

details are provided in Table 11.

Table 11:
Cancer Type # of Cancer Cell Lines | # of Control Tissue Samples
Bladder 8 4
Colon 8 3
Breast 12 4
Pancreatic 7 3
Lung 8 5
Head and Neck 6 6
Schwannoma 7 4%
Glioblastoma 14 4%
Additional Controls
Normal Liver 3
Normal Bone 3
Marrow

*Same control samples used for both Schwannoma and glioblastoma analysis

[00273] To facilitate the identification of appropriate miRNA target sequences
suitable for HSV attenuation in select cell types, miRNA sequence profiling of cancer lines and
non-cancer control tissue was performed. Sequencing libraries of dicer-processed RNAs were

generated for cancer and non-cancer cells, including bladder, colon, breast, pancreas, lung, head
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and neck, schwannoma, glioblastoma, brain, liver, and bone marrow. These miRNA sequencing
libraries were normalized to total RNA, and sequenced using a HiSeq 2500 ultra-high throughput
sequencing system with HiSeq V4 chemistry reagents for sequencing reads up to 3e® reads/run
(Illumina). FASTQ files from sequencing runs were analyzed using the miRNAs Analysis tool in
Basespace (Illumina). Rankings were made by calculating the mean of normal, the mean of cancer
and sorting the ratio of normal/cancer from high to low. Heat maps were generated with natural
logarithmic values with zero and negative values converted to zero (scale: black is high, white is
low expression). Normalized data across samples were expressed as normalized miRNA read
counts in a given sample. Normalization is related to total number of reads in a given sample
relative to other samples in the comparison.

[00274] Fig. 1 exemplifies the miRNA expression profile heat map in non-cancerous
and cancerous brain tissue of twenty-five miRNAs. Additional examples of miRNA expression
profile heat maps are shown for non-cancerous and cancerous bladder (Fig. 2), breast (Fig. 3),
colon (Fig. 4), brain (Fig. 5), head and neck (Fig. 6), lung (Fig. 7), pancreas (Fig. 8), and
schwannoma (Fig. 9) tissue corresponding to twenty-five miRNAs in each example. Table 12
shows a summary of the expression levels of particular miRs between cancerous and non-
cancerous tissue. As shown, miR-451a levels are down regulated in all tumor types compared to
non-cancerous tissue, representing a potential pan-tumor suppressor miRNA. miR-1-3p is down-
regulated in all tumor types tested, present at moderate levels in non-cancerous tissue, and present
at high levels in head and neck tissue. miR-559 is down-regulated in all tumor types tested, present
generally at low levels in non-cancerous tissue, and present at high levels in non-cancerous lung
tissue. miR-145-5p is down-regulated in all tumor types tested and present generally at high levels
in the majority of non-cancerous tissue types tested. miR-143-3p is down-regulated in colon, lung,
and pancreatic tumors, and is present at high levels in all normal tissue types and some breast
tumor lines. miRNA data analysis revealed at least eleven miRNAs that represent novel and

unexpected miRNA expression profiles not previously identified in the literature.

Table 12:
miR-451a miR-1-3p miR-559 miR-145-5p miR-143-3p
Tissue Norm Can | Norm | Can | Norm | Can | Norm Can Norm Can
Bladder 14029 | 21.1 175 0.8 14 0.4 971.5 39.8 | 489028.8 | 14904.6
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Breast 2262.1 3.9 3] 03 88.4 0.9 406.1 | 106.6 | 125943.9 | 91543.1
Colon 3606.9 22 149.3 1.6 40.8 211 11773 0.5 | 809955.6 193.9
Glioma 4269.7 | 16.7 75.2 1] 162.7 0.4 | 2399.2 7.2 1514114.8 1248.6
Head & Neck 11919.8 | 103 | 28466 | 2.6 71.2 2.2 690.9 304 | 331034.2 | 20706.2
Lung 31442 | 10.5 733 1.4 | 5483 0.1 ] 15475 1 [436136.8 390.9
Pancreatic 10358 | 133 4.1 0.4 13.3 0.5 81.7 0.5 25557 269.8
[00275] Many of these identified miRNAs are pan- or multi-tumor specific. For

example, expression of miR-451a, miR-559, miR-1-3p, miR-145-3p, and miR143-3p were
generally down-regulated across all cancer cell lines tested compared to control tissues. This was
particularly notable for miR-451a, which was highly expressed in all normal tissue type and
substantially down-regulated in all cancer types, thus representing a pan-specific tumor-
suppressive mRNA. The expression of miR-559 was lower in normal tissue types, except for
normal lung tissue, and expression of miR-1-3p and mir-145-3p in normal tissue was variable.
Despite the variability in the magnitude of differences and absolute expression levels, mean
expression of each miR in cancer cells lines was substantially lower compared to levels in the
corresponding normal tissues. These miRNAs are candidates for generating pan-tumor HSV
virions that are capable of broadly treating a variety of cancer types. Although the mean expression
for miR-451a, miR-559, miR-1-3p, miR-145-3p, and miR143-3p was lower in cancer cell lines
compared to normal controls, the decreased expression was not fully penetrant across all cancer
cell lines. For example, 2/3 of the normal bladder samples tested showed increased expression of
miR-145-3p, while expression in the remaining sample was substantially similar to the average
observed in the cancer cell lines. Similar results were observed in breast cancer cell lines. Although
the average read count for all breast cancer samples was 106, 5/12 samples had a normalized read
count of > 1000 counts, 2 of which were > 40,000 counts.

[00276] These data indicate the potential to generate a single miR-attenuated
oncolytic virus capable of targeting a broad array of tumor types. For example, a construct
comprising target sequences for miR-124, miR-451a, miR-559, miR-1, and miR-145-3p may be
used in the treatment of all the tumor types tested (e.g., bladder, colon, breast, pancreatic, lung,
head and neck, Schwannoma, and glioblastoma). The variability in expression levels of miRs in
different cancer types indicates the potential need to stratify patients by miR expression or through

the use of an additional biomarker.
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[00277] Additional miRNA profiling between cancerous and non-cancerous tissues
was performed using a quantitative expression assay from Nanostring. The results of these
experiments are shown for brain samples (Fig. 50), and demonstrate the identification of additional
miRNAs that exhibit differential expression in cancerous and non-cancerous brain tissue that were
not previously identified by the earlier studies outlined above, namely miR-9-5p, miR-128-3p,
miR-137, miR-129-2-3p, and miR-487b-3p. Additional results are shown for heart samples (Fig.
51), demonstrating differential expression of miR-208b-3p, miR-1-3p, miR-208a-3p, miR133-3p,
miR-4284, and miR-499a-5p between cancerous and non-cancerous heart tissue. Additional results
are shown for peripheral nervous system samples (Fig. 52A-B), demonstrating differential
expression of miR-204-5p, miR-1-3p, miR-206, miR-9-5p, miR-199b-5p, miR-145-5p, miR-100-
5p, miR-574-3p. Specifically, miR-219a-2-3p, miR-9-5, miR-219a-5p, and miR-204-5p are

differentially expressed in the spinal cord.

EXAMPLE 2 — IDENTIFICATION OF VIRAL GENES FOR MIR-T ATTENUATION

[00278] siRNA screens were performed to test the attenuation phenotype HSV
genes. An siRNA screen is the ideal modality to test RISC attenuation phenotype of immediate
early genes, and select early genes. siRNAs targeting the HSV genes ICP27, ICP4, ICPO, ULS,
ULS, UL9, ICP8, ULC39/40, ICP22, UL30, UL42, and VP19 were transfected individually and in
pools into A253 cells. 24 hours after siRNA transfection, cells were infected with ONCR-003 or
ONCR-010 (described below in Table 13), each of which comprise a GFP cassette. Viral spread
was measured 48 hours post-infection by quantifying GFP intensity. HSV genes identified as
potential hits were validated by Western blots, viral titer measurements, and RT-PCR.

[00279] The results of these screen are shown in Fig. 47A and 47B. Individual
siRNAs mediating >75% knockdown of the corresponding HSV gene are indicated by arrows in
Fig. 47A and GFP intensity for a select subset of the siIRNAs are shown in Fig. 47B. As shown in
Fig. 48, siRNA-mediated knockdown of ICP4, ULS5, ULS8, ICP8, ICP22, and UL30 substantially
reduced viral replication of ONCR-003 as indicated by a reduction in GFP intensity. Further,
siRNA-mediated knockdown of ICP27, ICP4, ULS5, ULS8, UL9, ICP8, ICP22, and ICP30
substantially reduced viral replication of ONCR-010 as indicated by a reduction in GFP intensity.
Cells infected with ONCR-010 were further analyzed by Western blot for expression of particular
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viral proteins. As shown in Fig. 49, significant reduction in these HSV genes was also observed at

the protein level.

EXAMPLE 3 — CONSTRUCTION AND USE OF A REPORTER SYSTEM TO RAPIDLY ASSAY MIRNA-BASED
GENE ATTENUATION

[00280] A reporter system was developed to assess miRNA-based gene attenuation
using virtually any miRNA target sequence and cognate miRNA. In this system (shown in Fig,
10), the target sequence recognized by miRNAs (i.e. hsa-miR-122) was inserted into the 3> UTR
of de-stabilized green fluorescent protein (dsGFP). The cognate miRNA was then expressed via a
tetracycline (tet) inducible promoter using mCherry as a control for miRNA expression. All
expression vectors were cloned into a tet repressible vector pcDNAS Frt/To that also expresses
mCherry (pTF002). All miRNAs for expression generated by gene synthesis from human genomic
DNA and were cloned into pTF002. To generate attenuation reporter vectors, dsGFP was cloned
into cDNA3.1+, generating vector pTF004. Attenuation vectors contain four tandem repeats of the
reverse complement of the miRNA sequence of interest separated by 8-16 nucleotides. Plasmids
were constructed by insertion of synthetically generated oligonucleotides into the 3 'UTR of the
dsGFP gene of pTF004 using standard molecular biology techniques. On day one, HEK293TetR
cells were transfected with the miRNA attenuation and reporter expression plasmids (0.15 pg each,
for a total of 0.3 ug of CMV promotor-containing plasmid) using Lipofectamine 2000 per
manufacturers protocol (Invitrogen). On day two, cells were treated with Tetracycline at 5 ng/ml
and allowed to incubate for up to 72 hours. After incubation, GFP and mCherry fluorescence
signals were detected daily using a SpectraMax® 13x Minimax multi-mode microplate reader
(Molecular Devices) and analyzed using Softmax Pro or Metamorph imaging software (Molecular
Devices). Phase images were acquired with an exposure of 5-6 ms. Fluorescence images were
acquired with a GFP (541nm channel) exposure of 10 ms, and an mCherry (713nm channel) of
200-1500m:s.

[00281] Fig. 11 exemplifies miR-122 mediated attenuation of GFP expression upon
induction of miR-122 expression via tet at 24 hours. The control miRNA mimics, miR-184, miR-
34a, and Let7a, do not attenuate GFP levels, nor is GFP attenuation observed in the absence of tet.

Fig. 12 shows the effect of miR-122, miR-184, miR-34a, and Let7a mimics on attenuation of GFP
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cassettes with miR-TS cassettes comprising each miR target sequence individually and in cassette
combinations of miR-122/Let7a, miR-122/Let7a/miR-34a, or miR-122/Let7a/miR-184.
Decreased GFP is only observed when the appropriate miR and cognate target sequence are present
together (circled wells). Fig. 13 serves as a non-attenuated control and shows mCherry expression
as a measure of the expression of the miR-122, miR-184, miR-34a, and Let7a mimics. Fig. 14
shows the effects of miR-122, miR-124, miR-145, miR-199, and miR-451 mimic expression on
attenuated-GFP cassettes with miR-TS cassettes comprising each miR target sequence individually
(circled wells). Non-attenuated controls are shown in Fig. 15 and show miR-122, miR-124, miR-
145, miR-199, and miR-451 expression and mCherry expression using each target sequence
individually.

[00282] The ability of additional combinations of miR target sequence to attenuate
GFP expression in the presence of cognate miR mimics are shown in Fig. 16 — Fig. 26. In each
figure, GFP fluorescence is measured at 72 hours post-transfection. In each instance, insertion of
the indicated miR target sequences resulted in attenuated GFP expression when the cognate miRs
were also expression. The effects of insertion of miR-122 and miR-184 target sequences (Fig. 16),
miR-34a and miR-184 target sequences (Fig. 17), Let-7a and miR-184 target sequences (Fig. 18),
miR-124 and miR-184 target sequences (Fig. 19), miR-145 and miR-184 target sequences (Fig.
20), miR-199 and miR-451 target sequences (Fig. 21), miR-125 and miR-451 target sequences
(Fig. 22), miR-126 and miR-451 target sequences (Fig. 23), miR-127 and miR-451 target
sequences (Fig. 24), miR-133 and miR-451 target sequences (Fig. 25), and miR-223 and miR-451
target sequences (Fig. 26) are each shown.

[00283] As such, these data indicate that miR expression can result in the specific

attenuation of genes expressing the cognate miR target sequence.

EXAMPLE 4 — GENERATION OF MIRNA-ATTENUATED HSV

[00284] Following reporter gene-based validation of miRNA target sequences and
cognate miRNA pairs, HSV-based viruses comprising miR-TS cassettes were generated. A series
of modifications were made in KOS-37 BAC, a full-length genomic clone of the KOS strain of
HSV-1 on a bacterial artificial chromosome (BAC) as described (Mazzacurati et al., Mol Ther.,

2015). The product, KGBA€, was deleted for the internal repeat (joint) region containing one copy
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each of the diploid genes ICPO, ICP34.5, LAT and ICP4 along with the promoter for the ICP47
gene. This deletion facilitates manipulation of the remaining copies of the 4 deleted genes,
provides abundant space for the potential incorporation of transgenes that enhance the oncolytic
activity of the virus, and increases tumor specificity by reducing expression of the neurovirulence
factor ICP34.5; elimination of ICP47 expression benefits immune recognition of infected cancer
cells by virus-specific T cells. KGPAC also contains the GFP open reading frame (ORF) fused to
the glycoprotein C (gC) ORF via a 2A peptide sequence to allow monitoring of late (post-
replication) viral gene expression. Lastly, KGPAC contains a pair of mutations in the gB gene
shown to enhance HSV entry through non-canonical receptors (See e.g., International PCT
Publication No. WO 2011/130749). A miR-TS cassette comprising 4 repeats of a target sequence
for miR-124-3p were recombined into the 3 UTR of ICP4 to generate the 2AS5B vector See e.g.,
International PCT Publication No. WO 2015/066042), and an expression cassette for MMP9 was
inserted into the intergenic region between the UL3 and UL4 genes to generate the 2ASB-MMP9
vector (ONCR-003). Additional miRNA target sequence cassettes were recombined into the 3'
UTR of the ICP4, ICP27, ULS, UL42, and/or ICP34.5 genes of ONCR-003 to generate the
constructs shown in Table 13 below. All BAC constructs were converted to virus particles with
simultaneous removal of the BAC sequences located between loxP sites by transfection of Vero-

Cre cells. Following plaque purification, virus stocks were prepared and titered on Vero cells.

Table 13: Exemplary miRNA-attenuated HSV constructs

Construct ICP27 ULS ICP34.5 ICP4 UL42
ONCR-003 | None X X 124-3p (4x) X
122-5p
ONCR-010 | 34a-5p X 124-3p (4x) X
Let-7a-3p
ONCR-011 | 125a-5p (1x) X X 124-3p (4x) X
ONCR-012 | 143-3p (1x) X X 124-3p (4x) X
ONCR-013 | 145-5p (1x) X X 124-3p (4x) X
ONCR-014 | 199a-5p (1x) X X 124-3p (4x) X
ONCR-015 | 1-3p (1x) X X 124-3p (4x) X
ONCR-016 | 133a-3p (1x) X X 124-3p (4x) X
ONCR-017 | 223-3p (1x) X X 124-3p (4x) X
ONCR-018 | 451a* (1x) X X 124-3p (4x) X
ONCR-019 | 126-3p (1x) X X 124-3p (4x) X
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ONCR-020 | 127a-3p (1x) X X 124-3p (4x) X
ONCR-021 | 133b-3p (1x) X X 124-3p (4x) X
ONCR-022 | 134-3p (1x) X X 124-3p (4x) X
ONCR-030 | 199a-3p (1x) X X 124-3p (4x) X
ONCR-035 | 214-3p (1x) X X 124-3p (4x) X
ONCR-036 | 122-3p (1x) X X 124-3p (4x) X
ONCR-039 | 122-5p (2x) X X 124-3p (4x) X
ONCR-040 | 122-5p (3x) X X 124-3p (4x) X
ONCR-043 | 137-3p X X 124-3p (4x) X
ONCR-047 | 34a-5p X X 124-3p (4x) X
ONCR-048 | 184-3p X X 124-3p (4x) X
ONCR-053 | Let7a-5p X X 124-3p (4x) X
122-3p
ONCR-054 | 184-3p X X 124-3p (4x) X
Let-7a-5p
ONCR-055 145-3p X X 124-3p (4x) X
ONCR-062 | 539-3p X X 124-3p (4x) X
ONCR-063 | 122-5p X X 124-3p (4x) X
122-5
ONCR-064 | 70 X x 124-3p (4x) X
ONCR-081 X X X 124-3p (4x) | 123a-5p (1x)
ONCR-082 X X X 124-3p (4x) | 123a-5p (2x)
ONCR-083 X X X 124-3p (4x) | 1232-5p (3x)
ONCR-084 X X X 124-3p (4x) | 123a-5p (4x)
ONCR-092 | 122-5p (1x) X X 124-3p (4x) | 123a-5p (4x)
ONCR-093 | 122-3p (4x) X X 124-3p (4x) | 123a2-5p (1x)
ONCR-094 | 122-5p (1x) X X 124-3p (4x) | 125a-5p (1x)
ONCR-095 | 122-5p (1x) X X 124-3p (4x) | 1232-5p (3x)
ONCR-096 | 122-3p (4x) X X 124-3p (4x) | 123a-5p (4x)
1-3p
ONCR0%9 | 1993-5p x X ey | X
559-5p
ONCR-100 X X X 124-3p (4x) | 122-5p (3x)
ONCR-103 | 122-5p (3x) X X 124-3p (4x) | 125a-5p (1x)
ONCR-104 | 122-5p (3x) X X 124-3p (4x) | 125a-5p (4x)
219a-5p (4x) 124-3p (4x),
ONCRLI4 | 122730 (4 x x| 130, x
128-3p (4x) 143-3p (4x)
219a-5p (4x)
ONCR-130 122-5p (4x) X X 124-3p (4x) X
128-3p (4x)
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ONCR-131 [ 219a-5p (4x) | 137-3p (4x) 124-3p (4x),
ONCR-136 | 122-5p (4x) | 208b-3p (4x) X 1-3p (4x), X
ONCR-155 | 128-3p (4x) | 126-3p (4x) 143-3p (4x)
137-3p (4x)
ONCR-132 | X 208b-3p (4x) X 124-3p (4x) X
126-3p (4x)

* miR-451a is non-canonically processed by Ago2 and does not have -3p and -5p arms

EXAMPLE 5 — VIRAL INFECTIVITY ASSAY USING MIRNA-ATTENUATED HSV

[00285] To assay for viral infectivity and replication in normal and cancerous cells,
miRNA-attenuated HSV particles were tested in the following in vitro assay. On day one, for each
cell type infected, HSV particles were introduced to achieve a multiplicity of infection (moi) of
0.01. On days two through five, viral infectivity was assayed by GFP detection using a
SpectraMax® 13x Minimax multi-mode microplate reader (Molecular Devices) and analyzed
using Softmax Pro or Metamorph imaging software (Molecular Devices). Phase images were
acquired with an exposure of 5-6 ms. Fluorescence images were acquired with a GFP (541 nm
channel) exposure of 10 ms and an mCherry (713 nm channel) exposure of 200-1500 ms to
evaluated any potential nonspecific autofluorescence signal.

[00286] ONCR-011 replication was significantly attenuated in post-mitotic lung
tissue due to the presence of the miR-T125 cassette in the ICP27 gene and high levels of miR-125a
(>3000 counts, Table 14 below) in these cells, as shown in Fig. 27A (read out by GFP positive cell
quantitation) and Fig. 27C (read out by quantitative PCR). Although ONCR-011 and the control
virus, ONCR-003, contain miR-124 target sequences in the ICP4 gene, miR-124 is present at low
levels (<100 counts, Table 14 below) which were insufficient to attenuate viral replication (Fig.
27B and Fig. 27D). Both ONCR-011 and ONCR-003 replicated freely in head and neck cancer
cells (A253) because these cells contain low levels of both miR-125a and miR-124 (<100 counts)

(Table 14).

Table 14: miR-125a and miR-124 counts in post-mitotic lung and A253 cells

Cell miRNA 125a counts | miRNA 124 counts
PM-lung > 3000 <100
H&N CA <100 <100
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[00287] Fig. 28 shows replication of a miR-145 attenuated construct, ONCR-013, in
HCC1395 and A253 cells. As shown in Fig. 28A (read out by GFP positive cell quantitation) and
Fig. 28B (read out by quantitative PCR), replication of ONCR-013 was significantly attenuated in
HCC1395 cells, but not in A253 cells due to the high expression of miR-145 in A253 and absence
of expression in HCC1395 cells (Table 15).

Table 15: miR-145 counts in A253 and HCC1395 cells

Cell miRNA 145 counts
A253 0
HCC1395 | 4487

[00288] Fig. 29 shows attenuation of a miR-143-3p attenuated construct (ONCR-
012) and a miR-199a-5p attenuated construct (ONCR-014) in normal BEAS-2B lung cells. As
shown, replication of ONCR-014 was significantly attenuated in non-cancerous lung tissue (Fig.
29A, read out by GFP positive cell quantitation and Fig. 29B, read out by quantitative PCR),

indicating that miR-199a-5p target sequences can attenuate viral replication in normal lung cells.

EXAMPLE 6 — ATTENUATED REPLICATION OF OHSV COMPRISING MULTIPLE MIRNA TARGET
SEQUENCES IN MULTIPLE GENE LOCI

[00289] Viral infectivity and replication of constructs comprising miR-TS cassettes
in multiple genetic loci was assessed in A253, Hep3B, and Huh7 cells. Results for ONCR-036,
ONCR-063, ONCR-093, ONCR-094, ONCR-095, and ONCR-096 miR-attenuated HSV
constructs are provided herein. Each of these viruses comprised one or more miR-124 target
sequences, one or more miR-122 target sequences, and/or one or more miR-125a target sequences
inserted into the ICP4, ICP27 and/or UL42 loci. Expression of miR-122 and miR-125a in each of
the cell lines was assessed by a TagMan assay. Briefly, total RNA, including the small RNA
fraction, were isolated from growing cells with miRNeasy columns. The RNA was then used as
the substrate for miR-122 and miR-125 specific TagMan assays, and a parallel TagMan assay for
the U6 snRNA was performed to normalize expression levels per cell type per the AACT method.

The data are represented as a fold change relative to lowest cell line in question in each assay

99



WO 2019/023483 PCT/US2018/043938

(A253 cells, Fig. 30A; Hep3B, Fig. 30B). As shown, A253 cells do not express miR-122 or miR-
125a. Hep3B cells express high levels of miR-125 and low levels of miR-122, and Huh7 cells
express miR-125a and high levels of miR-122.

[00290] Viral infectivity and replication was assessed in an in vitro assay. Briefly,
cells were plated at 45,000 cells/well in a 48-well dish and cultured overnight. On day one HSV
particles were introduced into each cell type to achieve a multiplicity of infection (moi1) of 0.01.
48 hours post-infection, viral infectivity was assessed by fluorescence microscopy. The results of
this experiment are shown in Fig. 30C, and viral replication is indicated by eGFP levels. These
data demonstrate enhanced attenuation of viral replication in cells that express intermediate to high
levels of both miR-122 and miR-125a (Huh7 cells) compared to the attenuation observed in cells
that express only one of the cognate miRs (Hep3B, expressing high levels of miR-125a) or
compared to cells that express neither cognate miR (A253 cell, expressing neither miR-125a nor
miR-122).

[00291] Viral spread and protein expression were also assessed. Briefly, cell lysates
were harvested 72 hours post-infection and subjected to PAGE and Western blot analysis. An anti-
HSV1 capsid (VP5) antibody was used to monitor viral spread/protein expression and B-actin
antibody was used as a loading control. In A253 cells, where there is no miR-125a or miR-122
expression, a level of high viral replication was observed in all of the miR-attenuated viruses (Fig.
31, lanes 3 — 6) as compared to the non-attenuated control (Fig. 31, ONCR-003 as non-attenuated
control). However, viral replication was reduced in Huh7 cells, which express both cognate
miRNAs and especially high levels of miR-122. These data exemplify viral attenuation by specific
miRs relative to control virus.

[00292] To further confirm that reduced viral replication of miR-attenuated HSV
viruses was mediated by expression of specific miRs, A253 cells, which do not express
endogenous miR-122 or miR-125a, were transfected with miR-122 and miR-125a mimics. Briefly,
A253 cells were plated at 35,000 cells/well in a 48 well dish and cultured overnight. The cells were
then transfected with Ambion miRNA mimics at 2.5 pM/well with Lipofectamine RNAIMAX.
Total RNA, including the small RNA fraction, were isolated from growing cells with miRNeasy
columns. These RNA samples wereused as the substrate for miR-122 and miR-125 specific

TagMan assays, and a parallel TagMan assay for the U6 snRNA was performed to normalize
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expression levels per cell type per the AACT method. The results are shown in Fig. 32. As shown
in Fig. 32A and Fig. 32B, miR-122 and miR-125 mimics specifically increased intracellular miR-
122 and miR-125 expression levels in A253 cells by orders of magnitude.

[00293] The subsequent day, cells were individually counted and infected with
ONCR-036, ONCR-063, ONCR-093, ONCR-094, ONCR-095, or ONCR-096 miR-attenuated
HSV particles and ONCR-003 non-attenuated controls at a MOI of 0.01; each of the oHSV viruses
were added in 50 puL for 1 hr, followed by addition of complete media. eGFP expressed by
productive viral infection was assessed by fluorescence microscopy images taken 48 hrs post-
infection. All images were exposed and processed identically. The results of this experiment are
shown in Fig. 32C and are quantified by GFP detection using a SpectraMax® 13x Minimax multi-
mode microplate reader (Molecular Devices) and analyzed using Softmax Pro in Fig. 32D. These
data exemplify attenuated viral replication in the presence of miR-122 mimics for all viruses with
the exception of the ONCR-003 (WT). Further, the level of attenuation was proportional to the
copy number of miR target sequences present in the HSV constructs, with the greatest reduction
in GFP in ONCR-063, ONCR-093, ONCR-096, each comprising 4 miR-122 target sequence
repeats in the ICP27 gene. Further, these data exemplify attenuated viral replication in the presence
of miR-125a mimics for ONCR-093, -094, -095, and -096, relative to ONCR-003 (WT) and
ONCR-036/ONCR-063 (each comprising only only miR-122 target sequences).

[00294] Similar experiments were performed to assess the viral replication of
additional constructs comprising multiple miR-TS cassettes in two or more viral genes (e.g.,
ONCR-129, ONCR-131, ONCR-125, ONCR-126, ONCR-128, ONCR-130). In each case,
expression of one or more miRNAs was able to attenuate viral replication of a particular construct

comprising a target sequence corresponding to the expressed miRNA (data not shown).

EXAMPLE 7 — COMPUTATIONAL METHOD FOR GENERATING MIR-TS CASSETTES

[00295] Based on the data described in the previous examples, miR-target sequence
(miR-TS) cassettes were generated for insertion into particular HSV genes. miR target sequences
exhibiting differential expression between cancerous and non-cancerous cells of different tissue

types were selected to generate cassettes that are capable of attenuating viral replication in a broad
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variety of healthy cells, while allowing viral replication in cancerous cells where expression of the
cognate miRs is decreased.

[00296] This examples illustrates a method of generating candidate miR-TS
cassettes and selected preferred candidates from the list. The method, implemented in the computer
language Python, is depicted in FIG. 1. The inputs for the method include a list of seeds for
exclusion—in this example, seed sequences for miRNAs that are expressed in cancers were
excluded—and a list of miR-TSs to include in the cassette. The included miR-TSs used in this
example are provided in Table 10, along with the parent miRNA sequence and length in
nucleotides (nt) of each. miR-TSs tolerate imperfect matches between the microRNA and the miR-
TS, so it will be understood that cassettes can be made with imperfect miR-TSs. miR-TS cassettes
can be made with other miR-TSs, include miR-TSs based on any of the microRNAs known in the
art or prospectively discovered.

[00297] For this example, we designed four miR-TS cassettes, one for each of four
essential viral genes: ICP4, ICP27, ICP34.5, and ULS, as shown in Table 16. But in priniciple
these cassettes could be used with other viral (or non-viral) genes. Because the viral genes are in
the reverse complementary orientation in our favored vectors, in each case the reverse
complementary sequence was used. The abbreviation “miR-126m” refers to a version of the miR-
126 site mutagenized to improve the site by removing a seed match for the oncomiR miR-155.
The abbreviation “miR-128m” refers to a version of the miR-128 site mutagenized to improve the

site by removing a seed match for the oncomiR miR-27a-3p.

Table 16: Candidate miR-TS cassettes and target genes

Cassette | miR-T HSYV gene | Protected Tissue Indication Specificity
1 miR-124-3p ICP4 CNS/Brain/PNS, smooth Lung, HnN
miR-1-3p muscle, striated
miR-143-3p muscle/heart
2 miR-128-3p ICP27 CNS/Brain/PNS/oligodend | Lung, HnN
miR-219a-5p rocytes, liver
miR-122-5p
3 miR-137-3p ULS CNS/Brain/PNS, heart, Lung, HnN, Bladder
miR-208b-3p vasculature, hematopoietic
miR-126-3p stem cells
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4 miR-219a-5p | ICP34.5 Spine, PNS, CNS All
miR-204-5p (Oligodendrocytes, Glial
miR-128-3p cells, Neurons)
[00298] The cassette designed for ICP4 can be used to down-regulate any gene, to

which it is operatively linked, in smooth muscle (because of miR-143 target site) and striated
muscale (because of miR-1 target site). The cassette designed for ICP27 can be used to down-
regulate any gene, to which it is operatively linked, in healthy tissue because of miR-128m
(expressed in cortical neurons), miR-122 (expressed in the liver), and miR-219 (expressed in the
brain, spine and nerves) target sites. The cassette designed for I[CP27 can be used to down-regulate
any gene, to which it is operatively linked, in healthy tissue because of miR-128m, miR-204, and
miR-219 target sites. The cassette designed for UL8 can be used to down-regulate any gene, to
which it is operatively linked, in non-tumor tissue because of the mRNA target sites: miR-217,
miR-137, and miR-126m.

[00299] The program was run, outputting 10,000-100,000 cassettes for each
combination which match the criteria used for list example (each of which is optional): (1) four
copies of each miR-TS sites (in reverse-complementary orientation) arranged in a random order;
(2) except that the same miR-TS cannot repeat adjacent to itself; (3) seperated by 4 nucleotide
spacers having random sequence; (4) no seeds from the excluded seed list; and (4) no
polyadenylation sequence (AATaAa). The program also can, optionally, add 5° arm
(CATGGACGAGCTGTACAAGTAAAGC) and 3” arm (GCGACCGGCTAGCGTACTAGCTTAG) sequences
for Gibson assembly cloning (Nat Methods 2009;6(5):343-5).

[00300] The program next calculated a delta-G for folding of the candidate
sequences using the “fold” subroutine of the ViennaRNA package (Lorenz et al. Algorithms for
Molecular Biology, 6:1 26, 2011, available at https://www.tbi.univie.ac.at/RNA/) with a 40 nt
sliding window. The values for this sliding window calculation were stored as a list for each
candidate sequence, and the candidate sequences are sorted by the maximum value of the absolute
values of all delta-G values in the list (i.e., by the folding energy of the strongest secondary-
structure element in the RNA). Sequences were further reviewed manually to eliminate candidate
sequences with multiple, lower energy minima. Whenever possible, a candidate sequence with no

local minima was chosen. In this manner, candidate sequences were identified in which there are
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no strong RNA secondary structure (low max of abs of delta-G) and also no local minima, or few
local minima, in predicted secondary-structure folding energy.

[00301] Finally, a microRNA target scanning algorithm (miranda v3.3a) was run on
each candidate sequence to ensure that the desired miR-TSs were present and that no undesirable
miR-TS were inserted by the program.

[00302] Example sequences generated by this method are provided in Table 17. The
length of the cassette is defined as the number of nucleotides from the first miR-TS to the last miR-
TS, inclusive of the first and last miR-TS. Because the program adds a 5’ first spacer of 4 nt and a
3’ last space not including the definition of length used herein, the length of the cassette is the

length of the sequence output by the program minus 8 nt (= 2 * 4 nt first and last spacer).

Table 17:
Cassette Sequence SEQ # of Length | Nucleotides/
ID miR-TS miR-TS
miRT-1- ccatatacatacttctttacatteccatcetg | 852 8 200 25
143 1736 agctacagtgcttcatctcattgcatacata

cttctttacattccaacgtgagctacagtgce
ttcatctcatccgatacatacttctttacat
tccacggcgagctacagtgecttcatctcacce
ttatacatacttctttacattccaaaaagag
ctacagtgcttcatctcaccat

miRT-128m- cacgagaattgcgtttggacaatcagacaca | 853 12 300 25
122-219 6793 | aacaccattgtcacactccatcttaaagaga
- ccggttcactgtggatgtcaaacaccattgt
cacactccaacttagaattgcgtttggacaa
tcaagggaaagagaccggttcactgtggcca
gcaaacaccattgtcacactccaaaacaaag
agaccggttcactgtggtacgagaattgcgt
ttggacaatcagaaaaaagagaccggttcac
tgtggaatacaaacaccattgtcacactcca
acaaagaattgcgtttggacaatcaggtt

miRT-128m- aagtaaagagaccggttcactgtggaataag | 854 12 300 25
204-219 9304 | aattgcgtttggacaatcaaggtaggcatag
- gatgacaaagggaacadcaaadagaccggtt
cactgtggggctagaattgcgtttggacaat
cacgtaaggcataggatgacaaagggaacga
gaaadadgaccggttcactgtgggggaagaat
tgcgtttggacaatcatactaggcataggat
gacaaaggdaattagaaagagaccggttcac
tgtggatttagaattgcgtttggacaatcat
agaaggcataggatgacaaagggaattgt

miRT-217- tatgctacgcgtattcttaagcaataagact | 855 12 300 25
137- tccaatcagttcctgatgcagtacgaccaca
126m 3163 ttattactcacggtacgaaagcctacgecgta

ttcttaagcaataaccgccacattattactce
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SEQ #of
ID miR-TS

Nucleotides/
miR-TS

Cassette Sequence Length

acggtacgataaatccaatcagttcctgatg
cagtaattactacgcgtattcttaagcaata
actattccaatcagttcctgatgcagtaccc
ccacattattactcacggtacgagaattcca
atcagttcctgatgcagtacagtcacattat
tactcacggtacgatcaactacgcgtattct
taagcaataaccaa

[00303] The ability of the miR-TS cassettes shown in Table 17 to attenuate viral
replication is shown in Fig. 53A- Fig. 53B.
[00304] Additional constructs comprising miR-TS cassettes designed with this

method are shown in Table 18 were constructed.

Table 18: HSV constructs comprising candidate miR-TS cassettes

Construct | ICP27 ULS$ ICP34.5 ICP4 UL42
ONCR.142 | 219a-5p (4x) | 137-3p (4x) 128-3pM (4x) | 124-3p (4x)
ONCR.154 | 122-3p (4%) 208b-3p (4x) | 204-5p (4x)¥ | 1-3p (4x) X
128-3p (4x) 126-3p (4x) 219a-5p (4x)"¥ | 143-3p (4x)
219a-5p (4x) | 137-3p (4x) 124-3p (4x)
ONCR-156 122-5p (4x) 208b-3p (4x) 1-3p (4x) X
128-3p (4x) 126-3p (4x) 143-3p (4x)
219a-5p (4x) | 137-3p (4x) 128-3p™ (4x) | 124-3p (4x)
ONCR-158 | 122-5p (4x) 208b-3p (4x) | 204-5p (4x) 1-3p (4x)
128-3p (4x) 126-3p (4x) 219a-5p (4x) | 143-3p (4x)
219a-5p (4x) | 137-3p (4x) 128-3pM (4x) | 124-3p (4x)
ONCR-157 | 122-5p (4x) 217-5p (4x) 204-5p (4x) 1-3p (4x) X
128-3p (4x) 126-3p (4x) 219a-5p (4x) | 143-3p (4x)
ONCR-159
ONCR-165
ONCR-166
ONCR-167
ONCR-168
8§g§j% 219a-5p (4x) | 137-3p (4x) 128-3pM(4x) | 124-3p (4x)
ONCR.171 | 122-3p (4%) 217-5p D§4X) 204-5p (4x) 1-3p (4x) X
ONCR.172 | 128-3p (4%) 126-3pM (4x) 219a-5p (4x) | 143-3p (4x)
ONCR-173
ONCR-174
ONCR-175
ONCR-176
ONCR-177
219a-5p (4x) | 137-3p (4x) 128-3pM 124-3p (4x)
ONCR-160 122-5p (4x) 208b-3p (4x) | 204-5p (4x)¥ | 1-3p (4x) X

105



WO 2019/023483 PCT/US2018/043938

Construct | ICP27 ULS ICP34.5 | ICP4 UL42
128-3p (4x) | 126-3p (4x) 219a-5p (4x)¥ | 143-3p (4x)
219a-5p (4x) | 137-3p (4x) 128-3pM (4x) | 124-3p (4x)

ONCR-161 | 122-5p (4x) | 208b-3p (4x) | 204-5p (4x)¥ | 1-3p (4x) X
128-3p (4x) | 127 (4x) 219-5p (4x)* | 143-3p (4x)
219a-5p (4x) | 137-3p (4x) 128-3p™ (4x) | 124-3p (4x)

ONCR-162 | 122-5p (4x) | 208b-3p (4x) | 204-5p (4x)¥ | 1-3p (4x) X
128-3p (4x) | 128-3p (4x) 219-5p (4x)* | 143-3p (4x)
219a-5p (4x) | 137-3p (4x) 128-3p™ (4x) | 124-3p (4x)

ONCR-163 | 122-5p (4x) | 208b-3p (4x) | 204-5p (4x)¥ | 1-3p (4x) X
128-3p (4x) | 129 (4x) 219-5p (4x)* | 143-3p (4x)
219a-5p (4x) | 137-3p (4x) 128-3pM (4x) | 124-3p (4x)

ONCR-164 | 122-5p (4x) | 208b-3p (4x) | 204-5p (4x)¥ | 1-3p (4x) X
128-3p (4x) | 130 (4x) 219-5p (4x)* | 143-3p (4x)

¥ one of the 4 target sequences was non-functional due to cloning error
M comprises a modified target sequence

EXAMPLE 8 — CYTOTOXICITY OF MIR-ATTENUATED HSV CONSTRUCTS

[00305] Experiments were performed to assess the in vitro cytotoxicity of select
miR-attenuated HSV constructs, ONCR-125, ONCR-131, ONCR-142, and ONCR-157. Various
cancer cell lines were infected with the indicated constructs at MOIs of 30, 10, 3.33, 1.11, 0.37,
0.12,0.04, 0.13, 0.0045, and 0.0015 and cell viability was assessed at 72 hours post infection. Cell
lines used include the colorectal adenocarcinoma cell lines SW837 and COLO205, the melanoma
cell lines SKMFEL28 and A375, small cell lung cancer cell line H446, pancreatic adenocarcinoma
cell line BXPC3, and the breast cancer cell line BT 549. The IC50 of each construct was calculated
and 1s shown below in Table 19. Results of each of these experiments are shown in Fig. 54A —Fig.

54E.

Table 19:
ONCR-125 ONCR-131 ONCR-142 ONCR-157
SW837 0.07 0.04 0.05 0.07
COLO205 0.45 0.12 0.223 0.45
SKMEL28 0.12 0.04 0.12 0.25
A375 0.87 0.26 0.89 1.5
H446 0.13 0.05 0.15 0.15
BXPC3 0.08 0.002 0.08 0.07
BT549 0.45 0.17 0.6 1.0
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EXAMPLE 9 —IL-12 ENAHNCES ABSCOPAL EFFICACY OF HSV

[00306] Experiments were performed to assess the effects of IL-12 on the absocpal
effect of oncolytic HSV. Briefly, the ONCR-133 construct, comprising an ICP4 miR-TS cassette
comprising 4 repeats of miR-124-3p and an expression cassette encoding murine IL-12 was
administered to mice in an MC38 tumor model. As shown in Fig. 55, ONCR-133 significantly
inhibited tumor growth of injected tumors compared to vehicle treated controls (p < 0.0001).
ONCR-133 treatment also significantly inhibited tumor growth of non-injected tumors (p <0.005),
indicating an enhanced abscopal effect.

[00307] Surprisingly, expression of an additional immune-activating payload,
ULBP3, did not further enhance the tumor growth inhibition effects of HSV expressing IL-12. As
shown in Fig. 56, mice treated with ONCR-133 + ONCR-007 (an HSV construct expressing
ULBP3) or ONCR-133 + ONCR-002 (an HSV construct that does not express any additional
payload molecules) both demonstrated a significant inhibition of tumor growth compared to
vehicle treated controls. However, there was no added benefit of ULBP3 expression in the
inhibition of growth of injected or non-injected tumors. In fact, as shown in the table in Fig. 56,
additional expression of ULBP3 slightly decreased the tumor growth inhibition observed with IL-
12 expression alone.

[00308] Similarly, additional expression of CXCL10 did not further enhance and
anti-tumor efficacy of HSV expressing IL-12. Mice treated with ONCR-113 (an HSV construct
expressing IL-12 and MMP9) + ONCR-106 (an HSV construct expressing CXCL10 and MMP9)
or ONCR-113 + ONCR-031 (an HSV construct expressing MMP9). As shown in Fig. 57, the
additional expression of CXCL10 in the ONCR-106 + ONCR-113 treated group did not enhance
the inhibition of tumor growth in either injected or non-injected tumors compared to mice treated
with ONCR-031 + ONCR-113. In fact, as shown in the table in Fig. 57, additional expression of
CXCLI10 slightly decreased the tumor growth inhibition in both injected and non-injected tumors.

EXAMPLE 10 — CCL4 EXPRESSION FURTHER ENAHNCES ABSCOPAL EFFICACY OF HSV
[00309] Experiments were performed to assess the effects of CCL4 in tumor growth
inhibition in the MC38 model described in Example F. Results of this experiment are shown in

Fig. 58 and Table 20 below. Mice were treated with one of 4 constructs, ONCR-133 (expressing
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IL-12), ONCR-151 (expressing IL-12, CXCL10, and XCL1), ONCR-152 (expressing IL-12,
CXCLI10, and FLT3 ligand), or ONCR-153 (expressing IL-12, CXCL10, and CCL4). As shown
in Fig. 58, treatment with all of ONCR-133, -151, -152, and -153 significantly inhibited tumor
growth of injected and non-injected tumors compared to vehicle controls. However, mice treated
with ONCR-153 demonstrated an increase in tumor growth inhibition in the injected tumors and
in the non-injected tumors compared to treatment with ONCR-133, whereas ONCR-151 or -152
demonstrated a slight decrease in efficacy compared to treatment with ONCR-133. These results
demonstrate that CCL4 expression can increase the tumor growth inhibition and abscopal effect

of oncolytic HSV above the effects observed with IL-12 expression alone.

Table 20:
Injected Non-injected
Combo Payloads CR | % TGI | p CR | % TGI | p
ONCR-133 [IL-12 3/8 82 <0.0001 | 0/8 44 0.19
ONCR-151 |IL-12, CXCL10, XCL1 3/8 76 <0.0001 | 0/8 33 0.35
ONCR-152 [ IL-12, CXCL10, FLT3L 1/8 81 <0.0001 | 0/8 34 0.3
ONCR-153 | IL-12, CXCL10, CCL4 3/8 89 <0.0001 | 0/8 58 0.001
[00310] Tumors from mice treated with ONCR-153 were harvested and assessed for

the presence of HSV by RT-PCR analysis of the gD gene. As shown in Fig. 59A and Fig 59B,
HSV was detected in the injected tumors, but not in the non-injected tumors, indicating that the
tumor growth inhibition observed in the non-injected tumors was not due to viral spread, but rather
the abscopal effects of virus administration. Tumors were also assessed for the presence of the
three payloads, IL-12, CXCL10, and CCL4. As shown in Fig. 60A-60C, payload expression
peaked in the injected tumors at 24-hours post-treatment and decreased thereafter. Levels of the
payloads were also assessed in the serum (Fig. 61 A-61C) of mice treated with ONCR-153, where
only CXCL10 expression was observed. However, as shown in Fig. 62, treatment of mice with
ONCR-153 induced an intra-tumoral IFNy response in both injected and non-injected tumors (left
panel). Similarly, increased expression of IFNy was observed in the serum of ONCR-153 treated
mice. These data further indicate that the combination of IL-12 and CCL4 expression by HSV
induce a localized immune response that may contribute to the abscopal effect observed with

ONCR-153.
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EXAMPLE 11 — FLT3 EXPRESSION FURTHER ENAHNCES ABSCOPAL EFFICACY OF HSV

[00311] Experiments were performed to assess the effects of FLT3 in tumor growth
inhibition in the MC38 model described in Example F. Results of this experiment are shown in
Fig. 63 and Table 21 below. Mice were treated with one of 3 combinations of constructs expressing
different payloads as outlined in Table 21. As shown in Fig. 63, treatment with a combination of
ONCR-152 and ONCR-140 enhanced the tumor growth inhibition in non-injected tumors,

indicating that FLT3L expression can enhance the abscopal effect over that observed with IL-12,

CXL10, and CCLA4.

Table 21:
Injected Non-injected
Combo Payloads CR % TGI > CR | % TGI >
152+140 | IL12, CXCL10, CCL4 8/8 97 <0.0001 | 3/8 69 0.29
153+140 | IL12, CXCL10, FLT3 8/8 99 <0.0001 | 3/8 58 0.22
152+153 | IL12, CXCL10,
CCLA4, FLT3 8/8 97 <0.0001 | 3/8 75 0.005

EXAMPLE 13 — CD40L EXPRESSION FURTHER ENAHNCES ABSCOPAL EFFICACY OF HSV

[00312] Experiments were performed to assess the effects of CD40L in tumor
growth inhibition in the MC38 model described in Example F. Results of this experiment are
shown in Fig. 64 and Table 22 below. Mice were treated with constructs expressing different
payloads as outlined in Table 22. As shown in Fig. 64, treatment with a combination of ONCR-
153 and ONCR-147 enhanced the tumor growth inhibition in non-injected tumors, indicating that
CD40L expression can enhance the abscopal effect over that observed with IL-12, CXL10, and

CCLA.

Table 22:
Injected Non-injected
Combo Payloads CR | % TGI > CR | % TCI >
153 IL12, CXCL10, CCL4 1/8 65 0.0005 | 0/8 41 0.02
147 CD40L, 41BBL 0/8 14 0.35 0/8 - 0.83
153+147 | IL12, CXCLI10,
CCL4, CD40L, 41BBL 2/8 73 <0.0001 | 0/8 59 0.0005
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EXAMPLE 12— ANTI-CTL A4 EXPRESSION FURTHER ENAHNCES ABSCOPAL EFFICACY OF HSV
[00313] Experiments were performed to assess the effects of CTLA4 in tumor
growth inhibition in the MC38 model described in Example F. Results of this experiment are
shown in Fig. 66A — Fig. 66C and Table 23 below. Mice were treated with constructs expressing
different payloads as outlined in Table 23. As shown in Fig. 66A — Fig. 66C, treatment with a
combination of ONCR-149 and ONCR-139 enhanced the tumor growth inhibition in injected and
non-injected tumors compared to treatment with ONCR-149 alone, indicating that anti-CTLA4

expression can enhance the anti-tumor effects and abscopal effect over that observed with IL-12.

Table 23:
Injected Non-injected
Combo Payloads CR | % TCI > CR | % TGI >
149 IL12 0/8 66 <0.0001 | 0/8 41 0.0002
149 + 139 | IL12, anti-CTLA4 1/8 75 <0.0001 | 1/8 57 <0.0001
[00314] Similar experiments were performed to assess the effects of anti-CTLA4

over IL-12, CXCL10, FLT3L, and CCL4 expression in a 4T1-luc model. In brief, 1 x 10° 4T1-luc
cells in 100 uL of DPBS were injected subcutaneously into the right flank of Balb/c mice. When
tumor volume reach an average of 100 mm?®, mice were intratumorally injected with HSV-1 at a
dose of 3e® PFU/injection. Dosing was repeated twice every third day for a total number of 3 doses
(Q3Dx3). Tumor growth and body weight was monitor twice weekly. The experiment concluded
at Day 22 when the first clinical symptoms of metastatic disease were observed. Lung metastases
were visualized ex vivo using IVIS Lumina LT system and analyzed with Living Image Software.
Mice were treated with a combination of constructs as shown in Table 24. Results of this
experiment are shown in Fig. 67. As shown, treatment with ONCR-152 and -139 demonstrated an

enhanced effect in tumor growth inhibition compared to treatment with ONCR-139 alone.

Table 24:
Combo Payloads
152 IL12, CXCL10, FLT3L
139 anti-CTLA4

110



WO 2019/023483 PCT/US2018/043938

[152+139 |IL12 CXCL10, FLT3L, anti-CTLA4 |

EXAMPLE 13 — TREATMENT WITH ANTI-PD1 EXPRESSION FURTHER ENAHNCES EFFICACY OF HSV

[00315] Experiments were performed to assess the effects of anti-PD1 treatment on
HSV-mediated tumor growth inhibition in the MC38 model described in Example F. Results of
this experiment are shown in Fig. 68 and Table 25 below. Mice were treated with constructs
expressing different payloads as outlined in Table 25. As shown in Fig. 68, treatment with a
combination of ONCR-153 and anti-PD1 enhanced the tumor growth inhibition in injected tumors
compared to that observed with ONCR-152 or anti-PD1 alone.

Table 25:
Injected Non-injected
Combo Payloads CR | % TGI > CR 1 % TGI >
153 IL12, CXCL10, CCL4 2/8 79 <0.0001 | 5/8 84 <0.0001
anti-PD1 5/8 65 0.0005 | 0/8 41 0.02
153+anti- | IL12, CXCL10,
PD1 CCLA4, anti-PD1 2/8 95 <0.0001 | 0/8 83 <0.0001

EXAMPLE 14 — TREATMENT OF A PATIENT SUFFERING FROM PANCREATIC CANCER, LUNG CANCER,
OR COLON CANCER

[00316] A patient suffering from pancreatic cancer, lung cancer, or colon cancer is
treated using the compositions and methods disclosed herein. HSV-based viral stocks may be
generated that are attenuated by incorporating one or more miRNA target sequences into UL19,
ICP4, ICP27, or UL42 (or other viral genes) as shown in FIGs. 39-50. In some cases, genome-
editing capabilities for tumor destruction and/or microenvironment remodeling are engineered into
the virus in addition to miRNA target sequences, as shown in FIGs. 45-46. In a specific example,
an HSV-based stock containing miR-124, miR-451a, miR-143-3p, and miR-559 attenuation
cassettes incorporated into ICP4 and ICP27 is used. In another example, an HSV-based stock
containing attenuation cassettes with one or more copies of miR-122 and miR-125a target
sequences incorporated into ICP27 and/or UL42 genes. For any of these compositions, the HSV-
based stock is generated according to the methods described in Example 3. The miRNA target
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sequence cassettes are introduced into the 3' UTR of the ICP4, ICP27UL19, and/or UL42 genes.
BAC constructs are converted to virus particles with simultaneous removal of the BAC sequences
located between loxP sites by transfection of Vero-Cre cells. Following plaque purification, virus
stocks are further purified, buffer exchanged, and titered on Vero cells. For in vivo administration
to a patient suffering from pancreatic cancer, lung cancer, or colon cancer, HSV particles are
prepared in phosphate buffered solution (PBS) along with pharmaceutically acceptable stabilizing
agents. On the day of treatment, 10° vector genomes in a volume of 1.0 mL pharmaceutically
acceptable carrier are administered via intra-tumoral infusion. The patient is monitored for tumor
regression using standard of care procedures at an appropriate time interval based on that patient’s

particular prognosis.

EXAMPLE 15 — TREATMENT OF PATIENTS SUFFERING FROM BRAIN CANCER, BLADDER CANCER,
BREAST CANCER, OR HEAD AND NECK CANCER

[00317] A patient suffering from brain cancer, bladder cancer, breast cancer, or head
and neck cancer is treated using the compositions and methods disclosed herein. An HSV-based
viral stock is generated containing miR-124, miR-451a, miR-145-3p, and miR-559 attenuation
cassettes according to the methods described in Example 3. The miRNA target sequence cassettes
are introduced into the 3' UTR of the ICP4 (miR-124) and ICP27 (miR-451a, miR-145-3p, miR-
559) genes as shown in FIG. 48. BAC constructs are converted to virus particles with simultaneous
removal of the BAC sequences located between loxP sites by transfection of Vero-Cre cells.
Following plaque purification, virus stocks are further purified, buffer exchanged, and titered on
Vero cells. For in vivo administration to a patient suffering from brain cancer, bladder cancer,
breast cancer, or head and neck cancer, HSV particles are prepared in phosphate buffered solution
(PBS) along with pharmaceutically acceptable stabilizing agents. On the day of treatment, 10°
vector genomes in a volume of 1.0 mL pharmaceutically acceptable carrier are administered via
intra-tumoral infusion. The patient is monitored using standard of care procedures at an appropriate
time interval based on that patient’s particular prognosis. Potential outcomes of these experiments
include partial or complete inhibition of tumor growth, inhibition of tumor metastasis, prolonged

time in remission, and/or reduced rate of relapse compared to standard of care therapies.
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EXAMPLE 16 — TREATMENT OF A PATIENT SUFFERING FROM SCHWANNOMA

[00318] A patient suffering from schwannoma is treated using the compositions and
methods disclosed herein. An HSV-based viral stock is generated containing miR-124-3p, miR-
205-5p, miR-141-5p, and miR-31-5p attenuation cassettes according to the methods described in
Example 3. The miRNA target sequence cassettes were recombined into the 3' UTR of the ICP4
(miR-124) and ICP27 (miR-205-5p, miR-141-5p, miR-31-5p) genes as shown in FIG. 49. BAC
constructs are converted to virus particles with simultaneous removal of the BAC sequences
located between loxP sites by transfection of Vero-Cre cells. Following plaque purification, virus
stocks were further purified, buffer exchanged, and titered on Vero cells. For in vivo administration
to a patient suffering from schwannoma, HSV particles are prepared in phosphate buffered solution
(PBS) along with pharmaceutically acceptable stabilizing agents. On the day of treatment, 10°
vector genomes in a volume of 1.0 mL pharmaceutically acceptable carrier are administered via
intra-tumoral infusion. The patient is monitored using standard of care procedures at an appropriate
time interval based on that patient’s particular prognosis. Potential outcomes of these experiments
include partial or complete inhibition of tumor growth, inhibition of tumor metastasis, prolonged

time in remission, and/or reduced rate of relapse compared to standard of care therapies

[00319] While preferred embodiments of the present invention are shown and
described herein, it will be obvious to those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and substitutions can be implemented by
those skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the invention described herein may be employed in practicing
the invention. It is intended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be covered thereby.

soskoskoskosk
INCORPORATION BY REFERENCE
[00320] All references, articles, publications, patents, patent publications, and patent
applications cited herein are incorporated by reference in their entireties for all purposes. However,

mention of any reference, article, publication, patent, patent publication, and patent application
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cited herein is not, and should not, be taken as an acknowledgment or any form of suggestion that
they constitute valid prior art or form part of the common general knowledge in any country in the

world.
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Table 1: Summary of relationships between 12 select oncomiRs (9 tumor suppressors and 3
oncogenic miRNAs) and various cancers

Down-regulated Up-regulated

miR-|miR-(miR-|miR-|miR-|miR-|miR-|{miR-|{miR-|miR-|miR-
15a| 16 | 29a | 34a | 98 [ 101 | 124|202 | 17 | 21 | 155

Malignancy let-7

acute lyvmphoblastic leukemia X X

acute myeloid leukemia X X X X

acute promyelocytic leukemia | X

adrenal cortical carcinoma X

anaplastic astrocytoma X

anaplastic large-cell lymphoma X

astrocytoma X
B cell lymphoma

bladder cancer

ke

breast cancer X X

ke
sl talle
ke

breast carcinoma

bronchioloalveolar carcinoma X X

o
o

cervical cancer X

cervical carcinoma X X X X

cervical squamous cell
carcinoma

cholangiocarcinoma X X X

chondrosarcoma X
chordoma
choriocarcinoma
chronic lymphocytic leukemia X
chronic myelogenous leukemia
clear cell renal cell cancer
colon cancer

colorectal cancer

colorectal carcinoma
cutaneous T cell lymphoma
diffuse large B cell lymphoma
endometrial cancer X X
epithelial ovarian cancer
esophageal cancer X X
esophageal squamous cell
carcinoma

extrahepatic
cholangiocarcinoma
follicular lymphoma X
gallbladder carcinoma

<

<

<
<

<

el teltaltaltal bl bl kadle

<

>

gastric cancer
elioblastoma

elioma

head and neck cancer

<

1l
el telte
el telte
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Down-regulated Up-regulated

miR-|miR-|miR-|miR-|miR-|miR-|miR-|miR-{miR-|{miR-{miR-
15a| 16 [ 29a [ 34a | 98 | 101 | 124 [ 202 | 17 | 21 | 155
head and neck squamous cell

. X X | X | X X
carcinoma

hepatocellular carcinoma X X | X | X | X | X | X | X | X
hypopharyngeal squamous
cell carcinoma

kidney cancer

laryngeal carcinoma X
laryngeal squamous cell
carcinoma

liver cancer X
lung adenocarcinoma
lung cancer
malignant melanoma
malt lymphoma
mantle cell lymphoma X
medulloblastoma
mesenchymal cancer
monocytic leukemia
multiple myeloma X
nasopharyngeal cancer X
nasopharyngeal carcinoma
neuroblastoma

non-small cell lung cancer
oral cancer

oral squamous cell carcinoma X
osteosarcoma
ovarian cancer
ovarian carcinoma X
pancreatic adenocarcinoma X
pancreatic cancer X X X X
pancreatic ductal
adenocarcinoma
papillary thyroid carcinoma X X X X
pituitary carcinoma X
prostate cancer X X X
rectal cancer

renal cell carcinoma
renal clear cell carcinoma
retinoblastoma

squamous carcinoma X X
T cell lymphoblastic lymphoma X
uveal melanoma X

Malignancy let-7

o TR el el Bl

ke

<

<
<
<
<
<
sl kalls

<
<

<

o
o

ke
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Table 2: Summary of miRNA expression in cancer

Malignancy

Down-regulated miRs

Up-regulated miRs

breast cancer

let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b,
let-7¢, let-7d, let-7e, let-7f-1, let-7f-2,
let-7g, let-71, mir-100, mir-107, mir-10a,
mir-10b, mir-122, mir-124, mir-1258,
mir-125a-5p, mir-125b, mir-126, mir-
127, mir-129, mir-130a, mir-132, mir-
133a, mir-143, mir-145, mir-146a, mir-
146b, mir-147, mir-148a, mir-149, mir-
152, mir-153, mir-15a, mir-16, mir-17-
5p, mir-181a, mir-1826, mir-183, mir-
185, mir-191, mir-193a-3p, mir-193b,
mir-195, mir-199b-5p, mir-19a-3p, mir-
200a, mir-200b, mir-200c, mir-205, mir-
206, mir-211, mir-216b, mir-218, mir-22,
mir-26a, mir-26b, mir-300, mir-30a, mir-
31, mir-335, mir-339-5p, mir-33b, mir-
34a, mir-34b, mir-34c, mir-374a, mir-
379, mir-381, mir-383, mir-425, mir-429,
mir-450b-3p, mir-494, mir-495, mir-497,
mir-502-5p, mir-517a, mir-574-3p, mir-
638, mir-7, mir-720, mir-7515, mir-92a,
mir-98, mir-99a, mmu-mir-290-3p,
mmu-mir-290-5p

mir-10b, mir-125a, mir-135a,
mir-140, mir-141, mir-142, mir-
150, mir-155, mir-181a, mir-
181b, mir-182, mir-18a, mir-18b,
mir-191, mir-196a, mir-197, mir-
19a, mir-19b, mir-200a, mir-
200b, mir-200c, mir-203, mir-
205, mir-20a, mir-20b, mir-21,
mir-217, mir-221, mir-224, mir-
23a, mir-24, mir-24-2-5p, mir-24-
3p, mir-27a, mir-29a, mir-29b-1,
mir-29b-2, mir-29¢, mir-373,
mir-378, mir-423, mir-429, mir-
495, mir-503, mir-510, mir-520c,
mir-526b, mir-96

chondrosarcoma

let-7a, mir-100, mir-136, mir-145, mir-
199a, mir-222, mir-30a, mir-335, mir-
376a

colorectal cancer

let-7a, mir-1, mir-100, mir-101, mir-124,
mir-125a, mir-126, mir-129, mir-1295b-
3p, mir-1307, mir-130b, mir-132, mir-
133a, mir-133b, mir-137, mir-138, mir-
139, mir-139-5p, mir-140-5p, mir-143,
mir-145, mir-148a, mir-148b, mir-149,
mir-150-5p, mir-154, mir-15a, mir-15b,
mir-16, mir-18a, mir-191, mir-192, mir-
193a-5p, mir-194, mir-195, mir-196a,
mir-198, mir-199a-5p, mir-200c, mir-
203, mir-204-5p, mir-206, mir-212, mir-
215, mir-218, mir-22, mir-224, mir-24-
3p, mir-26b, mir-27a, mir-28-3p, mir-28-
5p, mir-29b, mir-30a-3p, mir-30b, mir-
320a, mir-328, mir-338-3p, mir-342, mir-
345, mir-34a, mir-34a-5p, mir-361-5p,
mir-375, mir-378, mir-378a-3p, mir-
378a-5p, mir-409-3p, mir-422a, mir-
4487, mir-483, mir-497, mir-498, mir-
518a-3p, mir-551a, mir-374-5p, mir-625,
mir-638, mir-7, mir-96-5p

let-7a, mir-103, mir-106a, mir-
10b, mir-1179, mir-1229, mir-
1246, mir-125b-2*, mir-1269a,
mir-130b, mir-133b, mir-135a,
mir-135a-1, mir-135a-2, mir-
135b, mir-139-3p, mir-145, mir-
150, mir-150*, mir-155, mir-17,
mir-181a, mir-182, mir-183, mir-
18a, mir-191, mir-196a, mir-
196b, mir-19a, mir-19b, mir-
200b, mir-200c, mir-203, mir-
204-5p, mir-20a, mir-20a-3p,
mir-21, mir-210, mir-211, mir-
221, mir-223, mir-224, mir-23a,
mir-25, mir-27a, mir-29a, mir-
301a, mir-31, mir-32, mir-320b,
mir-326, mir-424, mir-429, mir-
494, mir-497, mir-499-5p, mir-
592, mir-630, mir-7-5p, mir-
892a, mir-92, mir-92a, mir-93,
mir-95, mir-96
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Malignancy

Down-regulated miRs

Up-regulated miRs

esophageal squamous
cell carcinoma

let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b,
let-7¢, let-7d, let-7e, let-7f-1, let-7f-2,
let-7g, let-71, mir-1, mir-100, mir-101,
mir-126, mir-1294, mir-133a, mir-133b,
mir-138, mir-143, mir-145, mir-150, mir-
185, mir-195, mir-200b, mir-203, mir-21,
mir-210, mir-214, mir-218, mir-22, mir-
27a, mir-29b, mir-29¢, mir-302b, mir-
34a, mir-375, mir-494, mir-518b, mir-
655, mir-98, mir-99a

mir-100, mir-1179, mir-1290,
mir-130b, mir-145, mir-16, mir-
17, mir-183, mir-18a, mir-19a,
mir-19b, mir-208, mir-20a, mir-
21, mir-218, mir-223, mir-25,
mir-30a-5p, mir-31, mir-330-3p,
mir-373, mir-9, mir-92a, mir-942

gastric cancer

let-7a, let-7b, let-7g, mir-1, mir-101, mir-
103a, mir-10a, mir-10b, mir-1207-5p,
mir-122, mir-1228*, mir-124, mir-124-
3p, mir-125a-3p, mir-126, mir-1266, mir-
1271, mir-129-1-3p, mir-129-2-3p, mir-
129-3p, mir-129-5p, mir-133a, mir-133b,
mir-137, mir-141, mir-143, mir-144, mir-
145, mir-146a, mir-146a-5p, mir-148a,
mir-148b, mir-149, mir-152, mir-153,
mir-155-5p, mir-181a, mir-181b, mir-
182, mir-183, mir-185, mir-194, mir-195,
mir-197, mir-199a-3p, mir-200b, mir-
200c, mir-202-3p, mir-204, mir-204-5p,
mir-205, mir-206, mir-210, mir-212, mir-
217, mir-218, mir-22, mir-23b, mir-24,
mir-26a, mir-29a, mir-29a-3p, mir-29b,
mir-29b-1, mir-29b-2, mir-29¢, mir-30a-
5p, mir-30b, mir-31, mir-328, mir-329,
mir-331-3p, mir-335-5p, mir-338, mir-
338-3p, mir-34a, mir-34b, mir-34¢, mir-
361-5p, mir-367, mir-375, mir-378, mir-
409-3p, mir-410, mir-429, mir-433, mir-
449, mir-449a, mir-490-3p, mir-494, mir-
497, mir-503, mir-506, mir-513b, mir-
520d-3p, mir-542-3p, mir-622, mir-623,
mir-638, mir-663, mir-7, mir-765, mir-9

mir-100, mir-103, mir-106a, mir-
106b, mir-107, mir-10a, mir-10b,
mir-1259, mir-125b, mir-126,
mir-1274a, mir-1303, mir-130b*,
mir-135a-5p, mir-135b, mir-138,
mir-143, mir-146a, mir-147, mir-
148a, mir-150, mir-17, mir-17-
5p, mir-181a, mir-181a-2*, mir-
181a-5p, mir-181c, mir-183, mir-
185, mir-18a, mir-191, mir-192,
mir-196a, mir-196a*, mir-196a-
5p, mir-196b, mir-199a, mir-
199a-3p, mir-199a-5p, mir-19a,
mir-19b, mir-200b, mir-20a, mir-
21, mir-214, mir-215, mir-221,
mir-221%*, mir-222, mir-223, mir-
224, mir-23a, mir-23b, mir-27a,
mir-27b, mir-296-5p, mir-301a,
mir-302f, mir-337-3p, mir-340%,
mir-34a, mir-362-3p, mir-370,
mir-374a, mir-377, mir-421, mir-
425, mir-500, mir-520c¢c-3p, mir-
544, mir-575, mir-601, mir-616%*,
mir-650, mir-92, mir-98, mir-99a

glioma

let-7a, let-7f, mir-106a, mir-107, mir-
122, mir-124, mir-124-5p, mir-124a, mir-
125b, mir-128, mir-136, mir-137, mir-
139, mir-143, mir-145, mir-146a, mir-
146b, mir-146b-5p, mir-152, mir-15b,
mir-16, mir-181a, mir-181a-1, mir-181a-
2, mir-181b, mir-181b-1, mir-181b-2,
mir-181c, mir-181d, mir-184, mir-185,
mir-195, mir-199a-3p, mir-200a, mir-
200b, mir-203, mir-204, mir-205, mir-
218, mir-219-5p, mir-23b, mir-26b, mir-
27a, mir-29¢, mir-320, mir-326, mir-328,
mir-34a, mir-34¢-3p, mir-34¢-5p, mir-

mir-106b, mir-106b-5p, mir-10b,
mir-125b, mir-132, mir-155, mir-
17, mir-181a, mir-182, mir-183,
mir-193b, mir-19a, mir-19b, mir-
20a, mir-210, mir-214, mir-221,
mir-222, mir-224, mir-23a, mir-
24, mir-24-3p, mir-25, mir-26a,
mir-27a-3p, mir-27b, mir-30a-5p,
mir-30e, mir-30e*, mir-328, mir-
335, mir-33a, mir-372, mir-486,
mir-494, mir-497, mir-566, mir-
603, mir-650, mir-675, mir-9,
mir-92b, mir-93, mir-96
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375, mir-383, mir-451, mir-452, mir-
483-5p, mir-495, mir-584, mir-622, mir-
656, mir-7, mir-98
nasopharyngeal let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, | mir-10b, mir-144, mir-149, mir-
carcinoma let-7¢, let-7d, let-7e, let-7f-1, let-7f-2, 155, mir-18a, mir-21, mir-214,

let-7g, let-71, mir-1, mir-101, mir-124,
mir-138, mir-143, mir-145, mir-148a,
mir-200b, mir-204, mir-216b, mir-29c,
mir-320a, mir-324-3p, mir-34¢, mir-3735,
mir-378, mir-451, mir-506, mir-9, mir-98

mir-24, mir-421, mir-663, mir-7-
5p, mir-93

non-small cell lung
cancer

let-7a, let-7¢c, mir-1, mir-100, mir-101,
mir-106a, mir-107, mir-124, mir-125a-
3p, mir-125a-5p, mir-126*, mir-129, mir-
133a, mir-137, mir-138, mir-140, mir-
143, mir-145, mir-146a, mir-146b, mir-
148a, mir-148b, mir-149, mir-152, mir-
153, mir-154, mir-155, mir-15a, mir-16,
mir-17-5p, mir-181a-1, mir-181a-2, mir-
181b, mir-181b-1, mir-181b-2, mir-181c,
mir-181d, mir-184, mir-186, mir-193b,
mir-195, mir-199a, mir-204, mir-212,
mir-221, mir-224, mir-26b, mir-27a, mir-
27b, mir-29a, mir-29b, mir-29¢c, mir-30a,
mir-30b, mir-30c, mir-30d, mir-30d-5p,
mir-30e-5p, mir-32, mir-335, mir-338-
3p, mir-340, mir-342-3p, mir-34a, mir-
34b, mir-361-3p, mir-365, mir-373, mir-
375, mir-429, mir-449a, mir-4500, mir-
451, mir-4782-3p, mir-497, mir-303,
mir-512-3p, mir-320a-3p, mir-526b, mir-
625*% mir-96, mir-99a

mir-10b, mir-125a-5p, mir-1280,
mir-136, mir-140, mir-141, mir-
142-3p, mir-145, mir-146a, mir-
150, mir-18a, mir-196a, mir-19a,
mir-200a, mir-200c¢, mir-203,
mir-205-5p, mir-21, mir-212,
mir-22, mir-221, mir-222, mir-
24, mir-25, mir-29¢, mir-3 1, mir-
328, mir-330-3p, mir-339, mir-
34a, mir-375, mir-494, mir-675-
5p, mir-9, mir-92b, mir-93, mir-
95

osteosarcoma

let-7a, mir-1, mir-100, mir-101, mir-122,
mir-124, mir-125b, mir-126, mir-127-3p,
mir-132, mir-133a, mir-141, mir-142-3p,
mir-142-5p, mir-143, mir-144, mir-1435,
mir-153, mir-16, mir-183, mir-194, mir-
195, mir-199a-3p, mir-204, mir-212, mir-
217, mir-218, mir-22, mir-23a, mir-24,
mir-26a, mir-26b, mir-29b, mir-32, mir-
320, mir-335, mir-33b, mir-340, mir-34a,
mir-34b, mir-34¢, mir-375, mir-376¢,
mir-382, mir-3928, mir-424, mir-429,
mir-449a, mir-451, mir-454, mir-503,
mir-519d, mir-646

mir-128, mir-151-3p, mir-17,
mir-181a, mir-181b, mir-181c¢,
mir-18a, mir-191, mir-195-5p,
mir-199a-3p, mir-19a, mir-19b,
mir-20a, mir-21, mir-210, mir-
214, mir-221, mir-27a, mir-300,
mir-320a, mir-374a-5p, mir-720,
mir-9, mir-92a

pancreatic ductal
adenocarcinoma

let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b,
let-7¢, let-7d, let-7e, let-7f-1, let-7f-2,
let-7g, let-71, mir-126, mir-135a, mir-
143, mir-144, mir-145, mir-148a, mir-
150, mir-15a, mir-16, mir-200a, mir-

mir-10b, mir-186, mir-18a, mir-
192, mir-194, mir-196a, mir-198,
mir-203, mir-21, mir-212, mir-
30b-5p, mir-31, mir-34a, mir-
369-5p, mir-376a, mir-541
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200b, mir-200c, mir-217, mir-218, mir-
337, mir-375, mir-494, mir-615-5p, mir-
98

renal cell carcinoma

let-7a, let-7d, mir-1, mir-106a*, mir-126,
mir-1285, mir-129-3p, mir-1291, mir-
133a, mir-133b, mir-135a, mir-138, mir-
141, mir-143, mir-145, mir-182-5p, mir-
199a-3p, mir-200a, mir-205, mir-218,
mir-28-5p, mir-30a, mir-30c, mir-30d,
mir-34a, mir-378, mir-429, mir-509-3p,
mir-509-5p, mir-646

mir-100, mir-1233, mir-1260b,
mir-146a, mir-146b, mir-16, mir-
193a-3p, mir-203a, mir-21, mir-
210, mir-27a, mir-362, mir-372,
mir-7

bronchioloalveolar
carcinoma

let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c,
let-7d, let-7e, let-7f-1, let-7f-2, let-7g,
let-71, mir-98

colon cancer

let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c,
let-7d, let-7e, let-7f-1, let-7f-2, let-7g,
let-71, mir-100, mir-101, mir-126, mir-
142-3p, mir-143, mir-145, mir-192, mir-
200c, mir-21, mir-214, mir-215, mir-235,
mir-302a, mir-320, mir-320a, mir-34a,
mir-34c, mir-365, mir-373, mir-424, mir-
429, mir-455, mir-484, mir-502, mir-503,
mir-93, mir-98

mir-1290, mir-145, mir-155, mir-
181a, mir-18a, mir-200c, mir-31,
mir-675

hepatocellular
carcinoma

let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c,
let-7d, let-7e, let-71, let-7f-1, let-7f-2, let-
7¢g, let-71, mir-1, mir-100, mir-101, mir-
105, mir-122, mir-122a, mir-1236, mir-
124, mir-125b, mir-126, mir-127, mir-
1271, mir-128-3p, mir-129-5p, mir-130a,
mir-130b, mir-133a, mir-134, mir-137,
mir-138, mir-139, mir-139-5p, mir-140-
5p, mir-141, mir-142-3p, mir-143, mir-
144, mir-145, mir-146a, mir-148a, mir-
148b, mir-150-5p, mir-15b, mir-16, mir-
181a-5p, mir-185, mir-188-5p, mir-193b,
mir-195, mir-195-5p, mir-197, mir-198,
mir-199a, mir-199a-5p, mir-199b, mir-
199b-5p, mir-200a, mir-200b, mir-200c,
mir-202, mir-203, mir-204-3p, mir-2035,
mir-206, mir-20a, mir-21, mir-21-3p,
mir-211, mir-212, mir-214, mir-217, mir-
218, mir-219-5p, mir-22, mir-26a, mir-
26b, mir-29a, mir-29b-1, mir-29b-2, mir-
29c¢, mir-302b, mir-302¢, mir-30a, mir-
30a-3p, mir-335, mir-338-3p, mir-33a,
mir-34a, mir-34b, mir-365, mir-370, mir-
372, mir-375, mir-376a, mir-377, mir-
422a, mir-424, mir-424-5p, mir-433, mir-
4458, mir-448, mir-450a, mir-451, mir-

mir-106b, mir-10b, mir-122, mir-
1228, mir-1269, mir-128a, mir-
130a, mir-130b, mir-146a, mir-
153, mir-155, mir-17-5p, mir-
181a, mir-181a-1, mir-181a-2,
mir-181b, mir-181b-1, mir-181b-
2, mir-181c, mir-181d, mir-182,
mir-183, mir-184, mir-190b, mir-
191, mir-20a, mir-20b, mir-21,
mir-210, mir-214, mir-215, mir-
216a, mir-217, mir-221, mir-222,
mir-223, mir-224, mir-23a, mir-
24, mir-25, mir-27a, mir-301a,
mir-30d, mir-31, mir-3127, mir-
32, mir-331-3p, mir-362-3p, mir-
371-5p, mir-372, mir-373, mir-
423, mir-429, mir-452, mir-483-
3p, mir-483-5p, mir-485-3p, mir-
490-3p, mir-494, mir-495, mir-
500, mir-501-5p, mir-519d, mir-
520g, mir-574-3p, mir-390-5p,
mir-630, mir-650, mir-657, mir-
664, mir-885-5p, mir-9, mir-92a,
mir-96
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485-5p, mir-486-5p, mir-497, mir-303,
mir-506, mir-319d, mir-320a, mir-520b,
mir-320¢c-3p, mir-382-5p, mir-590-5p,
mir-610, mir-612, mir-625, mir-637, mir-
675, mir-7, mir-877, mir-940, mir-941,
mir-98, mir-99a

lung cancer let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, | mir-10b, mir-135b, mir-150, mir-
let-7d, let-7e, let-7f-1, let-7f-2, let-7g, 155, mir-17, mir-182, mir-183-
let-71, mir-1, mir-101, mir-133b, mir- 3p, mir-18a, mir-197, mir-19a,
138, mir-142-5p, mir-144, mir-145, mir- | mir-19b, mir-205, mir-20a, mir-
1469, mir-146a, mir-153, mir-15a, mir- 21, mir-210, mir-24, mir-30d,
15b, mir-16-1, mir-16-2, mir-182, mir- mir-4423, mir-5100, mir-570,
192, mir-193a-3p, mir-194, mir-195, mir- | mir-663, mir-7, mir-92a
198, mir-203, mir-217, mir-218, mir-22,
mir-223, mir-26a, mir-26b, mir-29¢, mir-
33a, mir-34a, mir-34b, mir-34¢, mir-363,
mir-449a, mir-449b, mir-486-5p, mir-
545, mir-610, mir-614, mir-630, mir-660,
mir-7-5p, mir-9500, mir-98, mir-99b

neuroblastoma let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, | mir-125b, mir-15a, mir-15b, mir-

let-7d, let-7e, let-7f-1, let-7f-2, let-7g,
let-71, mir-124, mir-137, mir-145, mir-
181c, mir-184, mir-200a, mir-29a, mir-
335, mir-338-3p, mir-34a, mir-449a, mir-
885-5p, mir-98

16-1, mir-16-2, mir-18a, mir-195,
mir-19a, mir-23a, mir-421, mir-
92

prostate cancer

let-7a-3p, let-7¢, mir-100, mir-101, mir-
105, mir-124, mir-128, mir-1296, mir-
130b, mir-133a-1, mir-133a-2, mir-133b,
mir-135a, mir-143, mir-1435, mir-146a,
mir-154, mir-15a, mir-187, mir-188-3p,
mir-199b, mir-200b, mir-203, mir-2035,
mir-212, mir-218, mir-221, mir-224, mir-
23a, mir-23b, mir-25, mir-26a, mir-26b,
mir-29b, mir-302a, mir-30a, mir-30b,
mir-30c-1, mir-30c-2, mir-30d, mir-30e,
mir-31, mir-330, mir-331-3p, mir-34a,
mir-34b, mir-34c, mir-374b, mir-449a,
mir-4723-5p, mir-497, mir-628-5p, mir-
642a-5p, mir-720, mir-940

mir-125b, mir-141, mir-153, mir-
155, mir-181a-1, mir-181a-2,
mir-181b, mir-181b-1, mir-181b-
2, mir-181c, mir-181d, mir-182,
mir-182-5p, mir-183, mir-18a,
mir-204, mir-20a, mir-21, mir-
221, mir-223-3p, mir-31, mir-
429, mir-96

acute lymphoblastic
leukemia

let-7b, mir-124a, mir-142-3p

mir-128

malignant melanoma

let-7b, mir-101, mir-125b, mir-1280,
mir-143, mir-146a, mir-146b, mir-153,
mir-17, mir-184, mir-185, mir-18b, mir-
193b, mir-200c, mir-203, mir-204, mir-
205, mir-206, mir-20a, mir-211, mir-218,
mir-26a, mir-31, mir-33a, mir-34a, mir-
34c, mir-376a, mir-376¢, mir-373, mir-7,
mir-9, mir-98

mir-126, mir-141, mir-15b, mir-
17, mir-17-5p, mir-182, mir-18a,
mir-193b, mir-200a, mir-200b,
mir-200¢, mir-20a, mir-21, mir-
210, mir-214, mir-221, mir-222,
mir-429, mir-455-5p, mir-532-5p,
mir-638, mir-92a
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renal clear cell
carcinoma

let-7b, let-7c, mir-138, mir-141, mir-
200c, mir-204, mir-218, mir-335, mir-
377, mir-306

mir-122, mir-155, mir-630

acute myeloid
leukemia

let-7¢c, mir-17, mir-181a, mir-20a, mir-
223, mir-26a, mir-29a, mir-30c, mir-7

mir-125b, mir-126-5p, mir-128,
mir-155, mir-29a, mir-32, mir-
331, mir-370, mir-378

acute promyelocytic
leukemia

let-7¢c, mir-107, mir-342

mir-181a, mir-181b, mir-92a

head and neck
squamous cell
carcinoma

let-7d, mir-1, mir-107, mir-128, mir-
133a, mir-138, mir-149, mir-200c, mir-
205, mir-218, mir-27a*, mir-29a, mir-
29b-1, mir-29b-2, mir-29¢, mir-300, mir-
34a, mir-363, mir-375, mir-874

mir-106b, mir-134, mir-16, mir-
184, mir-196a, mir-21, mir-25,
mir-30a-5p, mir-31, mir-372,
mir-93

oral cancer

let-7d, mir-218, mir-34a, mir-375, mir-
494

mir-10b, mir-196a-1, mir-196a-2,
mir-196b, mir-21

papillary thyroid mir-101, mir-130b, mir-138, mir-146a, let-7¢, mir-146b, mir-146b-5p,
carcinoma mir-16, mir-195, mir-199a-3p, mir-204- | mir-151-5p, mir-155, mir-181a-1,
5p, mir-219-5p, mir-26a, mir-34b, mir- mir-181a-2, mir-181b-1, mir-
613 181b-2, mir-181c, mir-181d, mir-
182, mir-183, mir-199b-5p, mir-
21, mir-221, mir-222, mir-339-
5p, mir-34a
glioblastoma let-7g-5p, mir-100, mir-101, mir-106a, mir-10b, mir-125b, mir-127-3p,

mir-124, mir-124a, mir-125a, mir-125a-
5p, mir-125b, mir-127-3p, mir-128, mir-
129, mir-136, mir-137, mir-139-5p, mir-
142-3p, mir-143, mir-145, mir-146b-5p,
mir-149, mir-152, mir-153, mir-195, mir-
21, mir-212-3p, mir-219-5p, mir-222,
mir-29b, mir-31, mir-3189-3p, mir-320,
mir-320a, mir-326, mir-330, mir-331-3p,
mir-340, mir-342, mir-34a, mir-376a,
mir-449a, mir-483-5p, mir-503, mir-377,
mir-663, mir-7, mir-744

mir-148a, mir-18a, mir-196a,
mir-196a-1, mir-196a-2, mir-
196b, mir-21, mir-210, mir-210-
3p, mir-223, mir-340, mir-376-
5p, mir-626, mir-92b

ovarian cancer

let-71, mir-100, mir-124, mir-125b, mir-
129-5p, mir-130b, mir-133a, mir-137,
mir-138, mir-141, mir-145, mir-148a,
mir-152, mir-153, mir-155, mir-199a,
mir-200a, mir-200b, mir-200c, mir-212,
mir-335, mir-34a, mir-34b, mir-34¢, mir-
409-3p, mir-411, mir-429, mir-432, mir-
449a, mir-494, mir-497, mir-498, mir-
519d, mir-655, mir-9, mir-98

mir-106a, mir-141, mir-148b,
mir-181b, mir-182, mir-200a,
mir-200c, mir-205, mir-20a, mir-
21, mir-210, mir-214, mir-221,
mir-224-5p, mir-23b, mir-235,
mir-26a, mir-27a, mir-27b, mir-
346, mir-378, mir-424, mir-503,
mir-372, mir-9, mir-96

bladder cancer

mir-1, mir-101, mir-1180, mir-1236, mir-
124-3p, mir-125b, mir-126, mir-1280,
mir-133a, mir-133b, mir-141, mir-143,
mir-144, mir-145, mir-155, mir-16, mir-
18a, mir-192, mir-195, mir-200a, mir-
200b, mir-200c, mir-203, mir-205, mir-

mir-103a-3p, mir-10b, mir-135a,
mir-137, mir-141, mir-155, mir-
17-5p, mir-182, mir-182-5p, mir-
183, mir-185, mir-19a, mir-203,
mir-205, mir-210, mir-221, mir-
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214, mir-218, mir-23b, mir-26a, mir-29¢, | 222, mir-223, mir-23a, mir-23b,
mir-320c, mir-34a, mir-370, mir-409-3p, | mir-26b, mir-639, mir-96
mir-429, mir-451, mir-490-5p, mir-493,
mir-576-3p, mir-99a
chordoma mir-1, mir-222, mir-31, mir-34a, mir-608 | mir-140-3p, mir-148a

kidney cancer

mir-1, mir-145, mir-1826, mir-199a, mir-
199a-3p, mir-203, mir-205, mir-497, mir-
508-3p, mir-509-3p

mir-183, mir-21, mir-210, mir-
223

cervical carcinoma

mir-100, mir-101, mir-15a, mir-16, mir-
34a, mir-886-5p, mir-99a, mir-99b

mir-133b, mir-21, mir-25, mir-
373

mesenchymal cancer

mir-100, mir-141, mir-199b-5p, mir-
200a, mir-200b, mir-200c, mir-29a, mir-
29b-1, mir-29b-1-5p, mir-29b-2, mir-29c¢,
mir-335, mir-429, mir-99a

mir-125b-1-3p, mir-182

oral squamous cell
carcinoma

mir-100, mir-124, mir-1250, mir-125b,
mir-126, mir-1271, mir-136, mir-138,
mir-145, mir-147, mir-148a, mir-181a,
mir-206, mir-220a, mir-26a, mir-26b,
mir-29a, mir-32, mir-323-5p, mir-329,
mir-338, mir-370, mir-410, mir-429, mir-
433, mir-499a-5p, mir-303, mir-506, mir-
632, mir-646, mir-668, mir-877, mir-9

mir-125b, mir-126, mir-146a,
mir-146b, mir-155, mir-181b,
mir-196a-1, mir-196a-2, mir-
196b, mir-21, mir-221, mir-222,
mir-24, mir-27b, mir-31, mir-345

ovarian carcinoma

mir-100, mir-101, mir-34b, mir-34c, mir-
532-5p

mir-148b, mir-182

cholangiocarcinoma

mir-101, mir-144, mir-200b, mir-200c

mir-17, mir-18a, mir-19a, mir-
19b, mir-20a, mir-21, mir-26a,
mir-92a

endometrial cancer

mir-101, mir-130a, mir-130b, mir-134,
mir-143, mir-145, mir-152, mir-205, mir-
223, mir-301a, mir-301b, mir-30c, mir-
34a, mir-34c, mir-424, mir-449a, mir-
543

mir-106a, mir-145, mir-155, mir-
182, mir-200b, mir-200c, mir-
205, mir-21, mir-222-3p, mir-25,
mir-93

esophageal cancer

mir-124, mir-126, mir-140, mir-197, mir-
203, mir-218, mir-223, mir-30b, mir-373,
mir-454, mir-486, mir-374-3p

mir-101, mir-10b, mir-130a, mir-
141, mir-143, mir-146b, mir-15a,
mir-183, mir-196b, mir-200a,
mir-203, mir-205, mir-21, mir-
210, mir-221, mir-27a, mir-28-
3p, mir-31, mir-452, mir-96, mir-
99b

liver cancer

mir-101, mir-122, mir-132, mir-140-5p,
mir-145, mir-148b, mir-31, mir-338-3p,
mir-433

mir-1301, mir-155, mir-21, mir-
221, mir-27a, mir-525-3p

pancreatic cancer

mir-101, mir-1181, mir-124, mir-1247,
mir-133a, mir-141, mir-145, mir-146a,
mir-148a, mir-148b, mir-150*, mir-150-
5p, mir-152, mir-15a, mir-198, mir-203,
mir-214, mir-216a, mir-29¢, mir-335,
mir-34a, mir-34b, mir-34¢c, mir-373, mir-

mir-10a, mir-10b, mir-132, mir-
15a, mir-17-5p, mir-181a, mir-
18a, mir-191, mir-196a, mir-21,
mir-212, mir-214, mir-222, mir-
27a, mir-301a, mir-301a-3p, mir-
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375, mir-410, mir-497, mir-615-5p, mir- | 367, mir-424-5p, mir-7, mir-92,
630, mir-96 mir-99a
retinoblastoma mir-101, mir-183, mir-204, mir-34a, mir- | mir-181b, mir-21

365b-3p, mir-486-3p, mir-332-5p

cervical squamous cell
carcinoma

mir-106a, mir-124, mir-148a, mir-214,
mir-218, mir-29a, mir-375

mir-205

clear cell renal cell
cancer

mir-106a-5p, mir-135a-5p, mir-206

mir-142-5p, mir-155, mir-21-5p

laryngeal carcinoma

mir-106b, mir-16, mir-21, mir-
27a, mir-423-3p

medulloblastoma

mir-124, mir-128a, mir-199b-5p, mir-
206, mir-22, mir-31, mir-383

mir-106b, mir-17, mir-18a, mir-
19a, mir-19b, mir-20a, mir-30b,
mir-30d, mir-92

pituitary carcinoma

mir-106b, mir-122, mir-20a, mir-
493

prostate carcinoma

mir-107

cervical cancer

mir-143, mir-145, mir-17-5p, mir-203,
mir-214, mir-218, mir-335, mir-342-3p,
mir-372, mir-424, mir-491-5p, mir-497,
mir-7, mir-99a, mir-99b

mir-10a, mir-155, mir-18 1a, mir-
181b, mir-196a, mir-19a, mir-
19b, mir-205, mir-20a, mir-21,
mir-215, mir-224, mir-31, mir-
494, mir-590-5p, mir-92a, mir-
944

chronic myelogenous
leukemia

mir-10a, mir-146a, mir-150, mir-151,
mir-155, mir-2278, mir-26a, mir-30e,
mir-31, mir-326, mir-564

mir-424, mir-96

gastrointestinal cancer

mir-122a, mir-148a, mir-152

anaplastic astrocytoma

mir-124, mir-137

astrocytoma

mir-124-3p, mir-181b-5p, mir-200b, mir-
3189-3p

mir-335

epithelial ovarian
cancer

mir-124a, mir-192, mir-193a, mir-7

mir-372, mir-373

mantle cell lymphoma

mir-142-3p, mir-142-5p, mir-150, mir-
223, mir-29a, mir-29b, mir-29¢

mir-124a, mir-155, mir-17, mir-
18a, mir-19a, mir-19b, mir-20a,
mir-92a

chronic lymphocytic
leukemia

mir-125b, mir-138, mir-15a, mir-15b,
mir-16, mir-16-1, mir-16-1-3p, mir-16-2,
mir-181a, mir-181b, mir-195, mir-223,
mir-29b, mir-34b, mir-34¢, mir-424

mir-150, mir-155

follicular cancer NA mir-125b
malignant mir-126

mesothelioma

small cell lung cancer | mir-126, mir-138, mir-27a mir-25

meningioma

mir-128, mir-200a

mir-224, mir-335

laryngeal squamous
cell carcinoma

mir-129-5p, mir-203, mir-205, mir-206,
mir-24, mir-370, mir-375

mir-21, mir-9, mir-93

medullary thyroid
carcinoma

mir-129-5p

mir-183
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Malignancy

Down-regulated miRs

Up-regulated miRs

lung adenocarcinoma

mir-1297, mir-141, mir-145, mir-16, mir-
200a, mir-200b, mir-200c, mir-29b, mir-
381, mir-409-3p, mir-429, mir-451, mir-
511, mir-99a

mir-150, mir-155, mir-31

pancreatic carcinoma | mir-132, mir-375 mir-301b
lung squamous cell mir-133a, mir-218

carcinoma

multiple myeloma mir-137, mir-197, mir-214 mir-21

squamous carcinoma

mir-15a, mir-16, mir-203, mir-2035, mir-
375

mir-137, mir-155, mir-184, mir-
196a, mir-203, mir-21, mir-221,
mir-27a, mir-34a

uveal melanoma

mir-137, mir-144, mir-145, mir-182, mir-
34a, mir-34b, mir-34¢, mir-9

NA

anaplastic thyroid
carcinoma

mir-138

mir-146b, mir-221, mir-222

colorectal carcinoma

mir-139, mir-143, mir-145, mir-202-3p,
mir-30a, mir-338-3p, mir-429, mir-451,
mir-93

mir-17, mir-182, mir-191, mir-
21, mir-95

malt lymphoma

mir-142-5p, mir-155

thyroid cancer

mir-144, mir-886-3p

primary cns mir-145, mir-193b, mir-199a, mir-214

lymphomas

follicular thyroid mir-199b mir-146b, mir-183, mir-197, mir-
carcinoma 221, mir-346

gallbladder carcinoma | mir-146b-5p mir-135, mir-182

adult t-cell leukemia mir-150
anaplastic large-cell mir-135
lymphoma

cutaneous t-cell mir-153
lymphoma

diffuse large B-cell mir-155, mir-21
lymphoma

rectal cancer

mir-155, mir-200c, mir-21-5p,
mir-34a

tongue cancer

mir-15b, mir-200b

b-cell lymphoma

mir-34a

mir-17, mir-18a, mir-19a, mir-
19b, mir-20a, mir-92a

breast carcinoma

mir-17, mir-18a, mir-19a, mir-
19b, mir-20a, mir-24, mir-92a

nasopharyngeal cancer

mir-218, mir-223, mir-29¢

mir-17, mir-20a

gastric mir-181b, mir-182, mir-200a, mir-302b, | mir-23a, mir-27a, mir-373
adenocarcinoma mir-449a, mir-9

colorectal mir-182

adenocarcinoma

colon carcinoma

mir-186, mir-30a-3p

mir-221, mir-23a

adrenal cortical
carcinoma

mir-195, mir-1974, mir-335, mir-497

mir-21, mir-210, mir-483-3p,
mir-483-5p
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Malignancy Down-regulated miRs Up-regulated miRs
esophageal mir-203 mir-196a, mir-199a-3p, mir-
adenocarcinoma 199a-5p, mir-199b-3p, mir-200a,

mir-223

gastrointestinal mir-218, mir-221, mir-222 mir-196a
stromal tumor
uterine leiomyoma mir-197
choriocarcinoma mir-199b, mir-218, mir-34a
follicular lymphoma mir-202
basal cell carcinoma mir-203
hypopharyngeal mir-203
cancer
pancreatic mir-203, mir-301a
adenocarcinoma
rhabdomyosarcoma mir-203
head and neck cancer | NA mir-21
hypopharyngeal mir-451a, mir-504 mir-21
squamous cell
carcinoma
t-cell lymphoma mir-22
thyroid carcinoma mir-221, mir-222
splenic marginal zone | mir-223
lymphoma
laryngeal cancer mir-23a
primary thyroid mir-26a
lymphoma
acute leukemia mir-27a
monocytic leukemia mir-29a, mir-29b
oral carcinoma mir-375 mir-31
primary gallbladder mir-335
carcinoma
endometrial serous mir-34b
adenocarcinoma
esophageal carcinoma | mir-451
hepatoblastoma mir-492
colonic mir-627
adenocarcinoma

Table 4: Exemplary oncogenic miRs

Cancer miRNA

colorectal cancer

let-7a, mir-103, mir-106a, mir-10b, mir-1179, mir-1229, mir-1246, mir-125b-2*, mir-
1269a, mir-130b, mir-133b, mir-135a, mir-135a-1, mir-135a-2, mir-135b, mir-139-3p,
mir-145, mir-150, mir-150*, mir-155, mir-17, mir-181a, mir-182, mir-183, mir-18a,
mir-191, mir-196a, mir-196b, mir-19a, mir-19b, mir-200b, mir-200¢, mir-203, mir-
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Cancer miRNA
204-5p, mir-20a, mir-20a-5p, mir-21, mir-210, mir-211, mir-221, mir-223, mir-224,
mir-23a, mir-25, mir-27a, mir-29a, mir-301a, mir-31, mir-32, mir-320b, mir-326, mir-
424, mir-429, mir-494, mir-497, mir-499-5p, mir-592, mir-630, mir-720, mir-892a,
mir-92, mir-92a, mir-93, mir-95, mir-96
papillary thyroid let-7¢, mir-146b, mir-146b-5p, mir-151-5p, mir-155, mir-181a-1, mir-181a-2, mir-
carcinoma 181b-1, mir-181b-2, mir-181c, mir-181d, mir-182, mir-183, mir-199b-5p, mir-21, mir-

221, mir-222, mir-339-5p, mir-34a

esophageal squamous
cell carcinoma

mir-100, mir-1179, mir-1290, mir-130b, mir-145, mir-16, mir-17, mir-183, mir-18a,
mir-19a, mir-19b, mir-208, mir-20a, mir-21, mir-218, mir-223, mir-25, mir-30a-5p,
mir-31, mir-330-3p, mir-373, mir-9, mir-92a, mir-942

gastric cancer

mir-100, mir-103, mir-106a, mir-106b, mir-107, mir-10a, mir-10b, mir-1259, mir-
125b, mir-126, mir-1274a, mir-1303, mir-130b*, mir-135a-5p, mir-135b, mir-138,
mir-143, mir-146a, mir-147, mir-148a, mir-150, mir-17, mir-17-5p, mir-181a, mir-
181a-2*, mir-181a-5p, mir-181c, mir-183, mir-185, mir-18a, mir-191, mir-192, mir-
196a, mir-196a*, mir-196a-5p, mir-196b, mir-199a, mir-199a-3p, mir-199a-5p, mir-
19a, mir-19b, mir-200b, mir-20a, mir-21, mir-214, mir-215, mir-221, mir-221*, mir-
222, mir-223, mir-224, mir-23a, mir-23b, mir-25, mir-27a, mir-27b, mir-296-5p, mir-
301a, mir-302f, mir-337-3p, mir-340*  mir-34a, mir-362-3p, mir-370, mir-374a, mir-
377, mir-421, mir-425, mir-500, mir-520¢c-3p, mir-344, mir-575, mir-601, mir-616%*,
mir-650, mir-92, mir-98, mir-99a

renal cell carcinoma

mir-100, mir-1233, mir-1260b, mir-146a, mir-146b, mir-16, mir-193a-3p, mir-203a,
mir-21, mir-210, mir-27a, mir-362, mir-572, mir-7

esophageal cancer

mir-101, mir-10b, mir-130a, mir-141, mir-143, mir-146b, mir-15a, mir-183, mir-196b,
mir-200a, mir-203, mir-205, mir-21, mir-210, mir-221, mir-27a, mir-28-3p, mir-31,
mir-452, mir-96, mir-99b

bladder cancer

mir-103a-3p, mir-10b, mir-135a, mir-137, mir-141, mir-155, mir-17-5p, mir-182, mir-
182-5p, mir-183, mir-185, mir-19a, mir-203, mir-205, mir-210, mir-221, mir-222, mir-
223, mir-23a, mir-23b, mir-26b, mir-639, mir-96

endometrial cancer

mir-106a, mir-1435, mir-155, mir-182, mir-200b, mir-200c, mir-205, mir-21, mir-222-
3p, mir-25, mir-93

ovarian cancer

mir-106a, mir-141, mir-148b, mir-181b, mir-182, mir-200a, mir-200c, mir-205, mir-
20a, mir-21, mir-210, mir-214, mir-221, mir-224-5p, mir-23b, mir-25, mir-26a, mir-
27a, mir-27b, mir-346, mir-378, mir-424, mir-503, mir-572, mir-9, mir-96

glioma

mir-106b, mir-106b-5p, mir-10b, mir-125b, mir-132, mir-155, mir-17, mir-181a, mir-
182, mir-183, mir-193b, mir-19a, mir-19b, mir-20a, mir-210, mir-214, mir-221, mir-
222, mir-224, mir-23a, mir-24, mir-24-3p, mir-25, mir-26a, mir-27a-3p, mir-27b, mir-
30a-5p, mir-30e, mir-30¢*, mir-328, mir-335, mir-33a, mir-372, mir-486, mir-494,
mir-497, mir-366, mir-603, mir-650, mir-675, mir-9, mir-92b, mir-93, mir-96

head and neck
squamous cell
carcinoma

mir-106b, mir-134, mir-16, mir-184, mir-196a, mir-21, mir-25, mir-30a-5p, mir-31,
mir-372, mir-93
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hepatocellular mir-106b, mir-10b, mir-122, mir-1228, mir-1269, mir-128a, mir-130a, mir-130b, mir-
carcinoma 146a, mir-153, mir-155, mir-17-5p, mir-181a, mir-181a-1, mir-181a-2, mir-181b, mir-

181b-1, mir-181b-2, mir-181c, mir-181d, mir-182, mir-183, mir-184, mir-190b, mir-
191, mir-20a, mir-20b, mir-21, mir-210, mir-214, mir-215, mir-216a, mir-217, mir-
221, mir-222, mir-223, mir-224, mir-23a, mir-24, mir-25, mir-27a, mir-301a, mir-30d,
mir-31, mir-3127, mir-32, mir-331-3p, mir-362-3p, mir-362-5p, mir-371-5p, mir-372,
mir-373, mir-423, mir-429, mir-452, mir-483-3p, mir-483-5p, mir-485-3p, mir-490-
3p, mir-494, mir-495, mir-300, mir-501, mir-501-5p, mir-519d, mir-520g, mir-374-3p,
mir-590-5p, mir-630, mir-650, mir-657, mir-664, mir-885-5p, mir-9, mir-92a, mir-96

laryngeal carcinoma

mir-106b, mir-16, mir-21, mir-27a, mir-423-3p

medulloblastoma

mir-106b, mir-17, mir-18a, mir-19a, mir-19b, mir-20a, mir-30b, mir-30d, mir-92

pituitary carcinoma

mir-106b, mir-122, mir-17-5p, mir-20a, mir-493

cervical cancer

mir-10a, mir-155, mir-181a, mir-181b, mir-196a, mir-19a, mir-19b, mir-205, mir-20a,
mir-21, mir-215, mir-224, mir-31, mir-494, mir-590-5p, mir-92a, mir-944

pancreatic cancer

mir-10a, mir-10b, mir-132, mir-15a, mir-17-5p, mir-181a, mir-18a, mir-191, mir-196a,
mir-21, mir-212, mir-214, mir-221, mir-222, mir-27a, mir-301a, mir-301a-3p, mir-
367, mir-424-5p, mir-7, mir-92, mir-99a

breast cancer

mir-10b, mir-125a, mir-135a, mir-140, mir-141, mir-142, mir-150, mir-155, mir-17,
mir-17-5p, mir-181a, mir-181b, mir-182, mir-18a, mir-18b, mir-191, mir-196a, mir-
197, mir-19a, mir-19b, mir-200a, mir-200b, mir-200c, mir-203, mir-205, mir-20a, mir-
20b, mir-21, mir-217, mir-221, mir-222, mir-224, mir-23a, mir-24, mir-24-2-5p, mir-
24-3p, mir-27a, mir-29a, mir-29b-1, mir-29b-2, mir-29¢, mir-373, mir-378, mir-423,
mir-429, mir-495, mir-503, mir-510, mir-520c, mir-326b, mir-96

glioblastoma

mir-10b, mir-125b, mir-127-3p, mir-148a, mir-18a, mir-196a, mir-196a-1, mir-196a-2,
mir-196b, mir-21, mir-210, mir-210-3p, mir-223, mir-340, mir-376-5p, mir-626, mir-
92b

lung cancer

mir-10b, mir-135b, mir-150, mir-155, mir-17, mir-182, mir-183-3p, mir-18a, mir-197,
mir-19a, mir-19b, mir-205, mir-20a, mir-21, mir-210, mir-24, mir-30d, mir-4423, mir-
5100, mir-570, mir-663, mir-7, mir-92a

nasopharyngeal
carcinoma

mir-10b, mir-144, mir-149, mir-155, mir-18a, mir-21, mir-214, mir-24, mir-421, mir-
663, mir-744, mir-93

non-small cell lung
cancer

mir-10b, mir-125a-5p, mir-1280, mir-136, mir-140, mir-141, mir-142-3p, mir-145,
mir-146a, mir-150, mir-18a, mir-196a, mir-19a, mir-200a, mir-200c, mir-205, mir-
205-3p, mir-205-5p, mir-21, mir-212, mir-22, mir-221, mir-222, mir-24, mir-25, mir-
29¢, mir-31, mir-328, mir-330-3p, mir-339, mir-34a, mir-375, mir-494, mir-675-5p,
mir-9, mir-92b, mir-93, mir-95

oral cancer

mir-10b, mir-196a-1, mir-196a-2, mir-196b, mir-21

pancreatic ductal
adenocarcinoma

mir-10b, mir-186, mir-18a, mir-192, mir-194, mir-196a, mir-198, mir-203, mir-21,
mir-212, mir-30b-5p, mir-31, mir-34a, mir-369-5p, mir-376a, mir-541

renal clear cell
carcinoma

mir-122, mir-155, mir-210, mir-630

mantle cell lymphoma

mir-124a, mir-155, mir-17, mir-18a, mir-19a, mir-19b, mir-20a, mir-92a
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miRNA

acute myeloid
leukemia

mir-125b, mir-126-5p, mir-128, mir-155, mir-29a, mir-32, mir-331, mir-370, mir-378

follicular cancer

mir-125b

neuroblastoma

mir-125b, mir-15a, mir-15b, mir-16-1, mir-16-2, mir-18a, mir-195, mir-19a, mir-23a,
mir-421, mir-92

oral squamous cell
carcinoma

mir-125b, mir-126, mir-146a, mir-146b, mir-155, mir-181b, mir-196a-1, mir-196a-2,
mir-196b, mir-21, mir-221, mir-222, mir-24, mir-27b, mir-31, mir-345

prostate cancer

mir-125b, mir-141, mir-153, mir-155, mir-181a-1, mir-181a-2, mir-181b, mir-181b-1,
mir-181b-2, mir-181¢c, mir-181d, mir-182, mir-182-5p, mir-183, mir-18a, mir-204,
mir-20a, mir-21, mir-221, mir-223-3p, mir-31, mir-429, mir-96

mesenchymal cancer

mir-125b-1-3p, mir-182

malignant melanoma

mir-126, mir-141, mir-15b, mir-17, mir-17-5p, mir-182, mir-18a, mir-193b, mir-200a,
mir-200b, mir-200c, mir-20a, mir-21, mir-210, mir-214, mir-221, mir-222, mir-429,
mir-455-5p, mir-332-5p, mir-638, mir-92a

acute lymphoblastic mir-128
leukemia
osteosarcoma mir-128, mir-151-3p, mir-17, mir-181a, mir-181b, mir-181c, mir-18a, mir-191, mir-

195-5p, mir-199a-3p, mir-19a, mir-19b, mir-20a, mir-21, mir-210, mir-214, mir-221,
mir-27a, mir-300, mir-320a, mir-374a-5p, mir-802, mir-9, mir-92a

colon cancer

mir-1290, mir-145, mir-155, mir-181a, mir-18a, mir-200c, mir-31, mir-675

liver cancer

mir-1301, mir-155, mir-21, mir-221, mir-27a, mir-325-3p

cervical carcinoma

mir-133b, mir-21, mir-25, mir-373

squamous carcinoma

mir-137, mir-155, mir-184, mir-196a, mir-203, mir-21, mir-221, mir-27a, mir-34a

chordoma

mir-140-3p, mir-148a

clear cell renal cell
cancer

mir-142-5p, mir-155, mir-21-5p

malt lymphoma

mir-142-5p, mir-155

anaplastic thyroid mir-146b, mir-221, mir-222

carcinoma

follicular thyroid mir-146b, mir-183, mir-197, mir-221, mir-346
carcinoma

primary thyroid mir-146b

lymphoma

ovarian carcinoma

mir-148b, mir-182

adult t-cell leukemia

mir-150

chronic lymphocytic
leukemia

mir-150, mir-155

lung adenocarcinoma

mir-150, mir-155, mir-31

anaplastic large-cell
lymphoma

mir-153
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cutaneous t-cell
lymphoma

mir-153

diffuse large B-cell
lymphoma

mir-155, mir-21

gallbladder carcinoma

mir-155, mir-182

rectal cancer

mir-155, mir-200c, mir-21-5p, mir-34a

b-cell lymphoma

mir-17, mir-18a, mir-19a, mir-19b, mir-20a, mir-92a

breast carcinoma

mir-17, mir-18a, mir-19a, mir-19b, mir-20a, mir-24, mir-92a

cholangiocarcinoma

mir-17, mir-18a, mir-19a, mir-19b, mir-20a, mir-21, mir-26a, mir-92a

colorectal carcinoma

mir-17, mir-182, mir-191, mir-21, mir-95

nasopharyngeal cancer

mir-17, mir-20a

acute promyelocytic

mir-181a, mir-181b, mir-92a

leukemia

retinoblastoma mir-181b, mir-21
colorectal mir-182
adenocarcinoma

kidney cancer

mir-183, mir-21, mir-210, mir-223

medullary thyroid mir-183

carcinoma

esophageal mir-196a, mir-199a-3p, mir-199a-5p, mir-199b-3p, mir-200a, mir-223
adenocarcinoma

gastrointestinal stromal | mir-196a

tumor

hypopharyngeal cancer | mir-203

pancreatic mir-203, mir-301a

adenocarcinoma

cervical squamous cell
carcinoma

mir-203

adrenal cortical

mir-21, mir-210, mir-483-3p, mir-483-5p

carcinoma
head and neck cancer mir-21
hypopharyngeal mir-21

squamous cell
carcinoma

laryngeal squamous
cell carcinoma

mir-21, mir-9, mir-93

multiple myeloma

mir-21

colon carcinoma

mir-221, mir-23a

thyroid carcinoma

mir-221, mir-222

meningioma

mir-224, mir-335
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gastric mir-23a, mir-27a, mir-373
adenocarcinoma
laryngeal cancer mir-23a
small cell lung cancer | mir-25
pancreatic carcinoma mir-301b
oral carcinoma mir-31
astrocytoma mir-335

epithelial ovarian
cancer

mir-372, mir-373

chronic myelogenous
leukemia

mir-424, mir-96

hepatoblastoma

mir-492

Table 3: Exemplary tumor suppressive miRs

Cancer

Down regulated tumor suppressive miR

acute leukemia

mir-27a

acute lymphoblastic leukemia

let-7b, mir-124a, mir-142-3p

acute myeloid leukemia

let-7¢, mir-17, mir-181a, mir-20a, mir-223, mir-26a, mir-29a, mir-30c,
mir-720

acute promyelocytic leukemia

let-7¢, mir-107, mir-342

adrenal cortical carcinoma

mir-195, mir-1974, mir-335, mir-497

anaplastic astrocytoma

mir-124, mir-137

anaplastic thyroid carcinoma mir-138
astrocytoma mir-124-3p, mir-181b-5p, mir-200b, mir-3189-3p
basal cell carcinoma mir-203
b-cell lymphoma mir-34a

bladder cancer

mir-1, mir-101, mir-1180, mir-1236, mir-124-3p, mir-125b, mir-126, mir-
1280, mir-133a, mir-133b, mir-141, mir-143, mir-144, mir-145, mir-155,
mir-16, mir-18a, mir-192, mir-195, mir-200a, mir-200b, mir-200c, mir-
203, mir-205, mir-214, mir-218, mir-23b, mir-26a, mir-29¢, mir-320c,
mir-34a, mir-370, mir-409-3p, mir-429, mir-451, mir-490-5p, mir-493,
mir-376-3p, mir-99a

breast cancer

let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-
7£-2, let-7g, let-71, mir-100, mir-107, mir-10a, mir-10b, mir-122, mir-124,
mir-1258, mir-125a-5p, mir-125b, mir-126, mir-127, mir-129, mir-130a,
mir-132, mir-133a, mir-143, mir-145, mir-146a, mir-146b, mir-147, mir-
148a, mir-149, mir-152, mir-153, mir-15a, mir-16, mir-17-5p, mir-181a,
mir-1826, mir-183, mir-185, mir-191, mir-193a-3p, mir-193b, mir-195,
mir-199b-5p, mir-19a-3p, mir-200a, mir-200b, mir-200c, mir-205, mir-
206, mir-211, mir-216b, mir-218, mir-22, mir-26a, mir-26b, mir-300,
mir-30a, mir-31, mir-335, mir-339-5p, mir-33b, mir-34a, mir-34b, mir-
34c, mir-374a, mir-379, mir-381, mir-383, mir-425, mir-429, mir-450b-

131




WO 2019/023483

PCT/US2018/043938

Cancer

Down regulated tumor suppressive miR

3p, mir-494, mir-495, mir-497, mir-502-5p, mir-517a, mir-574-3p, mir-
638, mir-7, mir-720, mir-873, mir-8 74, mir-92a, mir-98, mir-99a, mmu-
mir-290-3p, mmu-mir-290-5p

bronchioloalveolar carcinoma

let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-7f-2,
let-7g, let-71, mir-98

cervical cancer

mir-143, mir-145, mir-17-5p, mir-203, mir-214, mir-218, mir-335, mir-
342-3p, mir-372, mir-424, mir-491-5p, mir-497, mir-7, mir-99a, mir-99b

cervical carcinoma

mir-100, mir-101, mir-15a, mir-16, mir-34a, mir-886-5p, mir-99a, mir-
99b

cervical squamous cell carcinoma

mir-106a, mir-124, mir-148a, mir-214, mir-218, mir-29a, mir-375

cholangiocarcinoma mir-101, mir-144, mir-200b, mir-200c

chondrosarcoma let-7a, mir-100, mir-136, mir-1435, mir-199a, mir-222, mir-30a, mir-3335,
mir-376a

chordoma mir-1, mir-222, mir-31, mir-34a, mir-608

choriocarcinoma mir-199b, mir-218, mir-34a

chronic lymphocytic leukemia

mir-125b, mir-138, mir-15a, mir-15b, mir-16, mir-16-1, mir-16-1-3p,
mir-16-2, mir-181a, mir-181b, mir-195, mir-223, mir-29b, mir-34b, mir-
34c, mir-424

chronic myelogenous leukemia

mir-10a, mir-138, mir-146a, mir-150, mir-151, mir-155, mir-16, mir-
2278, mir-26a, mir-30e, mir-31, mir-326, mir-564

clear cell renal cell cancer

mir-106a-3p, mir-135a-5p, mir-206

colon cancer

let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-7f-2,
let-7g, let-71, mir-100, mir-101, mir-126, mir-142-3p, mir-143, mir-1435,
mir-192, mir-200c, mir-21, mir-214, mir-215, mir-22, mir-25, mir-302a,
mir-320, mir-320a, mir-34a, mir-34c, mir-365, mir-373, mir-424, mir-
429, mir-455, mir-484, mir-502, mir-503, mir-93, mir-98

colon carcinoma

mir-186, mir-30a-5p

colonic adenocarcinoma

mir-627

colorectal cancer

let-7a, mir-1, mir-100, mir-101, mir-124, mir-125a, mir-126, mir-129,
mir-1295b-3p, mir-1307, mir-130b, mir-132, mir-133a, mir-133b, mir-
137, mir-138, mir-139, mir-139-5p, mir-140-5p, mir-143, mir-1435, mir-
148a, mir-148b, mir-149, mir-150-5p, mir-154, mir-15a, mir-15b, mir-16,
mir-18a, mir-191, mir-192, mir-193a-5p, mir-194, mir-195, mir-196a,
mir-198, mir-199a-5p, mir-200c, mir-203, mir-204-5p, mir-206, mir-212,
mir-215, mir-218, mir-22, mir-224, mir-24-3p, mir-26b, mir-27a, mir-28-
3p, mir-28-5p, mir-29b, mir-30a-3p, mir-30b, mir-320a, mir-328, mir-
338-3p, mir-342, mir-345, mir-34a, mir-34a-3p, mir-361-5p, mir-375,
mir-378, mir-378a-3p, mir-378a-5p, mir-409-3p, mir-422a, mir-4487,
mir-483, mir-497, mir-498, mir-518a-3p, mir-551a, mir-574-5p, mir-623,
mir-638, mir-7, mir-96-5p

colorectal carcinoma

mir-139, mir-143, mir-145, mir-202-3p, mir-30a, mir-338-3p, mir-429,
mir-451, mir-93

endometrial cancer

mir-101, mir-130a, mir-130b, mir-134, mir-143, mir-1435, mir-152, mir-
205, mir-223, mir-301a, mir-301b, mir-30c, mir-34a, mir-34c, mir-424,
mir-449a, mir-543

endometrial serous adenocarcinoma

mir-34b

epithelial ovarian cancer

mir-124a, mir-192, mir-193a, mir-7
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esophageal adenocarcinoma

mir-203

esophageal cancer

mir-124, mir-126, mir-140, mir-197, mir-203, mir-218, mir-223, mir-30b,
mir-375, mir-454, mir-486, mir-374-3p

esophageal carcinoma

mir-451

esophageal squamous cell
carcinoma

let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-
7£-2, let-7g, let-71, mir-1, mir-100, mir-101, mir-126, mir-1294, mir-133a,
mir-133b, mir-138, mir-143, mir-145, mir-150, mir-185, mir-195, mir-
200b, mir-203, mir-21, mir-210, mir-214, mir-218, mir-22, mir-27a, mir-
29b, mir-29¢, mir-302b, mir-34a, mir-375, mir-494, mir-518b, mir-655,
mir-98, mir-99a

follicular lymphoma mir-202
follicular thyroid carcinoma mir-199b
gallbladder carcinoma mir-146b-5p

gastric adenocarcinoma

mir-181b, mir-182, mir-200a, mir-302b, mir-449a, mir-9

gastric cancer

let-7a, let-7b, let-7g, mir-1, mir-101, mir-103a, mir-10a, mir-10b, mir-
1207-5p, mir-122, mir-1228*  mir-124, mir-124-3p, mir-125a-3p, mir-
126, mir-1266, mir-127, mir-1271, mir-129-1-3p, mir-129-2-3p, mir-129-
3p, mir-129-5p, mir-133a, mir-133b, mir-137, mir-141, mir-143, mir-144,
mir-145, mir-146a, mir-146a-5p, mir-148a, mir-148b, mir-149, mir-152,
mir-155, mir-155-5p, mir-181a, mir-181b, mir-182, mir-183, mir-183,
mir-194, mir-195, mir-197, mir-199a-3p, mir-200b, mir-200c, mir-202-
3p, mir-204, mir-204-5p, mir-205, mir-206, mir-210, mir-212, mir-217,
mir-218, mir-22, mir-23b, mir-24, mir-26a, mir-29a, mir-29a-3p, mir-29b,
mir-29b-1, mir-29b-2, mir-29¢, mir-30a-5p, mir-30b, mir-31, mir-328,
mir-329, mir-331-3p, mir-335-5p, mir-338, mir-338-3p, mir-34a, mir-
34b, mir-34c, mir-361-5p, mir-367, mir-375, mir-378, mir-409-3p, mir-
410, mir-429, mir-433, mir-449, mir-449a, mir-490-3p, mir-494, mir-497,
mir-503, mir-3506, mir-513b, mir-520d-3p, mir-542-3p, mir-622, mir-6235,
mir-638, mir-663, mir-7, mir-874, mir-9

gastrointestinal cancer

mir-122a, mir-148a, mir-152

gastrointestinal stromal tumor

mir-218, mir-221, mir-222

glioblastoma

let-7g-5p, mir-100, mir-101, mir-106a, mir-124, mir-124a, mir-125a, mir-
125a-5p, mir-125b, mir-127-3p, mir-128, mir-129, mir-136, mir-137, mir-
139-5p, mir-142-3p, mir-143, mir-145, mir-146b-5p, mir-149, mir-152,
mir-153, mir-195, mir-21, mir-212-3p, mir-219-5p, mir-222, mir-29b,
mir-31, mir-3189-3p, mir-320, mir-320a, mir-326, mir-330, mir-331-3p,
mir-340, mir-342, mir-34a, mir-376a, mir-449a, mir-483-5p, mir-503,
mir-577, mir-663, mir-7, mir-7-5p, mir-873

glioma

let-7a, let-7f, mir-106a, mir-107, mir-122, mir-124, mir-124-5p, mir-
124a, mir-125b, mir-128, mir-136, mir-137, mir-139, mir-143, mir-145,
mir-146a, mir-146b, mir-146b-5p, mir-152, mir-15b, mir-16, mir-181a,
mir-181a-1, mir-181a-2, mir-181b, mir-181b-1, mir-181b-2, mir-181c,
mir-181d, mir-184, mir-185, mir-195, mir-199a-3p, mir-200a, mir-200b,
mir-203, mir-204, mir-205, mir-218, mir-219-5p, mir-23b, mir-26b, mir-
27a, mir-29c, mir-320, mir-326, mir-328, mir-34a, mir-34c-3p, mir-34¢c-
5p, mir-375, mir-383, mir-451, mir-452, mir-483-5p, mir-495, mir-584,
mir-622, mir-656, mir-7, mir-98
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head and neck squamous cell
carcinoma

let-7d, mir-1, mir-107, mir-128, mir-133a, mir-138, mir-149, mir-200c,
mir-205, mir-218, mir-27a*, mir-29a, mir-29b-1, mir-29b-2, mir-29c¢,
mir-300, mir-34a, mir-363, mir-375, mir-874

hepatocellular carcinoma

let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f, let-7f-1, let-
7f-2, let-7g, let-71, mir-1, mir-100, mir-101, mir-105, mir-122, mir-122a,
mir-1236, mir-124, mir-125b, mir-126, mir-127, mir-1271, mir-128-3p,
mir-129-5p, mir-130a, mir-130b, mir-133a, mir-134, mir-137, mir-138,
mir-139, mir-139-5p, mir-140-5p, mir-141, mir-142-3p, mir-143, mir-
144, mir-145, mir-146a, mir-148a, mir-148b, mir-150-5p, mir-15b, mir-
16, mir-181a-5p, mir-185, mir-188-5p, mir-193b, mir-195, mir-195-5p,
mir-197, mir-198, mir-199a, mir-199a-5p, mir-199b, mir-199b-5p, mir-
200a, mir-200b, mir-200c, mir-202, mir-203, mir-204-3p, mir-205, mir-
206, mir-20a, mir-21, mir-21-3p, mir-211, mir-212, mir-214, mir-217,
mir-218, mir-219-5p, mir-22, mir-223, mir-26a, mir-26b, mir-29a, mir-
29b-1, mir-29b-2, mir-29¢, mir-302b, mir-302¢, mir-30a, mir-30a-3p,
mir-335, mir-338-3p, mir-33a, mir-34a, mir-34b, mir-365, mir-370, mir-
372, mir-375, mir-376a, mir-377, mir-422a, mir-424, mir-424-5p, mir-
433, mir-4458, mir-448, mir-450a, mir-451, mir-485-5p, mir-486-5p, mir-
497, mir-503, mir-506, mir-519d, mir-520a, mir-520b, mir-520¢c-3p, mir-
582-5p, mir-590-5p, mir-610, mir-612, mir-625, mir-637, mir-675, mir-7,
mir-877, mir-940, mir-941, mir-98, mir-99a

hypopharyngeal squamous cell
carcinoma

mir-451a, mir-504

kidney cancer

mir-1, mir-145, mir-1826, mir-199a, mir-199a-3p, mir-203, mir-205, mir-
497, mir-508-3p, mir-509-3p

laryngeal squamous cell carcinoma

mir-129-5p, mir-203, mir-205, mir-206, mir-24, mir-370, mir-375

liver cancer

mir-101, mir-122, mir-132, mir-140-5p, mir-145, mir-148b, mir-31, mir-
338-3p, mir-433

lung adenocarcinoma

mir-1297, mir-141, mir-145, mir-16, mir-200a, mir-200b, mir-200c, mir-
29b, mir-381, mir-409-3p, mir-429, mir-451, mir-511, mir-99a

lung cancer

let-7a-1, let-7a-2, let-7a-3, let-7b, let-7¢, let-7d, let-7e, let-7f-1, let-7f-2,
let-7g, let-71, mir-1, mir-101, mir-133b, mir-138, mir-142-5p, mir-144,
mir-145, mir-1469, mir-146a, mir-153, mir-15a, mir-15b, mir-16-1, mir-
16-2, mir-182, mir-192, mir-193a-3p, mir-194, mir-195, mir-198, mir-
203, mir-217, mir-218, mir-22, mir-223, mir-26a, mir-26b, mir-29¢, mir-
33a, mir-34a, mir-34b, mir-34c, mir-365, mir-449a, mir-449b, mir-486-
5p, mir-545, mir-610, mir-614, mir-630, mir-660, mir-7515, mir-9500,
mir-98, mir-99b

lung squamous cell carcinoma

mir-133a, mir-218

malignant melanoma

let-7b, mir-101, mir-125b, mir-1280, mir-143, mir-146a, mir-146b, mir-
155, mir-17, mir-184, mir-185, mir-18b, mir-193b, mir-200c¢, mir-203,
mir-204, mir-205, mir-206, mir-20a, mir-211, mir-218, mir-26a, mir-31,
mir-33a, mir-34a, mir-34c, mir-376a, mir-376¢, mir-373, mir-7-5p, mir-9,
mir-98

malignant mesothelioma

mir-126

mantle cell lymphoma

mir-142-3p, mir-142-5p, mir-150, mir-223, mir-29a, mir-29b, mir-29¢

medullary thyroid carcinoma

mir-129-5p
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medulloblastoma

mir-124, mir-128a, mir-199b-5p, mir-206, mir-22, mir-31, mir-383

meningioma

mir-128, mir-200a

mesenchymal cancer

mir-100, mir-141, mir-199b-5p, mir-200a, mir-200b, mir-200c, mir-29a,
mir-29b-1, mir-29b-1-5p, mir-29b-2, mir-29¢, mir-335, mir-429, mir-99a

monocytic leukemia

mir-29a, mir-29b

multiple myeloma

mir-137, mir-197, mir-214

nasopharyngeal cancer

mir-218, mir-223, mir-29¢

nasopharyngeal carcinoma

let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7¢, let-7d, let-7e, let-7f-1, let-
7£-2, let-7g, let-71, mir-1, mir-101, mir-124, mir-138, mir-143, mir-1435,
mir-148a, mir-200b, mir-204, mir-216b, mir-223, mir-29c, mir-320a, mir-
324-3p, mir-34¢, mir-375, mir-378, mir-451, mir-506, mir-9, mir-98

neuroblastoma

let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-7f-2,
let-7g, let-71, mir-124, mir-137, mir-145, mir-181c, mir-184, mir-200a,
mir-29a, mir-335, mir-338-3p, mir-34a, mir-449a, mir-885-5p, mir-98

non-small cell lung cancer

let-7a, let-7¢, mir-1, mir-100, mir-101, mir-106a, mir-107, mir-124, mir-
125a-3p, mir-125a-5p, mir-126, mir-126*, mir-129, mir-133a, mir-137,
mir-138, mir-140, mir-143, mir-145, mir-146a, mir-146b, mir-148a, mir-
148b, mir-149, mir-152, mir-153, mir-154, mir-155, mir-15a, mir-16,
mir-17-5p, mir-181a-1, mir-181a-2, mir-181b, mir-181b-1, mir-181b-2,
mir-181c, mir-181d, mir-184, mir-186, mir-193b, mir-195, mir-199a, mir-
204, mir-212, mir-221, mir-224, mir-26b, mir-27a, mir-27b, mir-29a, mir-
29b, mir-29¢, mir-30a, mir-30b, mir-30c, mir-30d, mir-30d-5p, mir-30e-
5p, mir-32, mir-335, mir-338-3p, mir-340, mir-342-3p, mir-34a, mir-34b,
mir-361-3p, mir-365, mir-373, mir-375, mir-429, mir-449a, mir-4500,
mir-451, mir-4782-3p, mir-497, mir-503, mir-512-3p, mir-520a-3p, mir-
526b, mir-625*, mir-96, mir-99a

oral cancer

let-7d, mir-218, mir-34a, mir-375, mir-494

oral carcinoma

mir-375

oral squamous cell carcinoma

mir-100, mir-124, mir-1250, mir-125b, mir-126, mir-1271, mir-136, mir-
138, mir-145, mir-147, mir-148a, mir-181a, mir-206, mir-220a, mir-26a,
mir-26b, mir-29a, mir-32, mir-323-5p, mir-329, mir-338, mir-370, mir-
410, mir-429, mir-433, mir-499a-5p, mir-503, mir-306, mir-632, mir-646,
mir-668, mir-877, mir-9

osteosarcoma

let-7a, mir-1, mir-100, mir-101, mir-122, mir-124, mir-125b, mir-126,
mir-127-3p, mir-132, mir-133a, mir-141, mir-142-3p, mir-142-5p, mir-
143, mir-144, mir-145, mir-153, mir-16, mir-183, mir-194, mir-195, mir-
199a-3p, mir-204, mir-212, mir-217, mir-218, mir-22, mir-23a, mir-24,
mir-26a, mir-26b, mir-29b, mir-32, mir-320, mir-335, mir-33b, mir-340,
mir-34a, mir-34b, mir-34c, mir-375, mir-376¢, mir-382, mir-3928, mir-
424, mir-429, mir-449a, mir-451, mir-454, mir-503, mir-519d, mir-646

ovarian cancer

let-71, mir-100, mir-124, mir-125b, mir-129-5p, mir-130b, mir-133a, mir-
137, mir-138, mir-141, mir-145, mir-148a, mir-152, mir-153, mir-155,
mir-199a, mir-200a, mir-200b, mir-200c, mir-212, mir-335, mir-34a, mir-
34b, mir-34c, mir-409-3p, mir-411, mir-429, mir-432, mir-449a, mir-494,
mir-497, mir-498, mir-519d, mir-655, mir-9, mir-98

ovarian carcinoma

mir-100, mir-101, mir-34b, mir-34c, mir-332-5p
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pancreatic cancer

mir-101, mir-1181, mir-124, mir-1247, mir-133a, mir-141, mir-145, mir-
146a, mir-148a, mir-148b, mir-150*, mir-150-5p, mir-152, mir-15a, mir-
198, mir-203, mir-214, mir-216a, mir-29¢, mir-335, mir-34a, mir-34b,
mir-34c, mir-373, mir-375, mir-410, mir-497, mir-615-5p, mir-630, mir-
96

pancreatic carcinoma

mir-132, mir-375

pancreatic ductal adenocarcinoma

let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7¢, let-7d, let-7e, let-7f-1, let-
7£-2, let-7g, let-71, mir-126, mir-135a, mir-143, mir-144, mir-145, mir-
148a, mir-150, mir-15a, mir-16, mir-200a, mir-200b, mir-200c, mir-217,
mir-218, mir-337, mir-375, mir-494, mir-615-5p, mir-98

papillary thyroid carcinoma

mir-101, mir-130b, mir-138, mir-146a, mir-16, mir-1935, mir-199a-3p,
mir-204-5p, mir-219-5p, mir-26a, mir-34b, mir-613

primary cns lymphomas

mir-145, mir-193b, mir-199a, mir-214

primary gallbladder carcinoma

mir-335

primary thyroid lymphoma

mir-26a

prostate cancer

let-7a-3p, let-7¢, mir-100, mir-101, mir-105, mir-124, mir-128, mir-1296,
mir-130b, mir-133a-1, mir-133a-2, mir-133b, mir-135a, mir-143, mir-
145, mir-146a, mir-154, mir-15a, mir-187, mir-188-5p, mir-199b, mir-
200b, mir-203, mir-205, mir-212, mir-218, mir-221, mir-224, mir-23a,
mir-23b, mir-25, mir-26a, mir-26b, mir-29b, mir-302a, mir-30a, mir-30b,
mir-30c-1, mir-30c-2, mir-30d, mir-30e, mir-31, mir-330, mir-331-3p,
mir-34a, mir-34b, mir-34c, mir-374b, mir-449a, mir-4723-5p, mir-497,
mir-628-5p, mir-642a-5p, mir-765, mir-940

prostate carcinoma

mir-107

renal cell carcinoma

let-7a, let-7d, mir-1, mir-106a*, mir-126, mir-1285, mir-129-3p, mir-
1291, mir-133a, mir-135a, mir-138, mir-141, mir-143, mir-145, mir-182-
5p, mir-199a-3p, mir-200a, mir-205, mir-218, mir-28-5p, mir-30a, mir-
30c, mir-30d, mir-34a, mir-378, mir-429, mir-509-3p, mir-509-5p, mir-
646

renal clear cell carcinoma

let-7b, let-7c, mir-138, mir-141, mir-200c, mir-204, mir-218, mir-335,
mir-377, mir-506

retinoblastoma mir-101, mir-183, mir-204, mir-34a, mir-365b-3p, mir-486-3p, mir-332-
3

rhabdomyosarcoma mpir-203

small cell lung cancer mir-126, mir-138, mir-27a

splenic marginal zone lymphoma mir-223

squamous carcinoma mir-15a, mir-16, mir-203, mir-2035, mir-375

t-cell lymphoma mir-22

thyroid cancer

mir-144, mir-886-3p

tongue cancer

mir-15b, mir-200b

uterine leiomyoma

mir-197

uveal melanoma

mir-137, mir-144, mir-145, mir-182, mir-34a, mir-34b, mir-34c, mir-9
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Table S. Summary of microRNA/MMP linked interactions in cancer.

MMP Type and target

microRNA molecule Cancer type Phenotype Pathway
let-7 MMP-9 Melanoma Cell proliferation and -
migration
MMP-14, ERK1/2 Pancreatic ductal NA ERK1/2 activation,
activation adenocarcinoma TGF-p1 signaling
Focal adhesion kinase Glioblastoma Migration and invasion AKT and ERK
(FAK), AKT, ERK, MMP-
2 and MMP-9
miR-9 MMP-2, MMP-9 and Uveal melanoma Migration and invasion NF-xB1 signaling
VEGFA
MMP-14 Neuroblastoma Invasion, metastasis, and | -
angiogenesis
miR-10b MMP-9, E-cadherin and Nasopharyngeal Proliferation, migration, -
vimentin carcinoma cells invasion
MMP-14 and uPAR Glioma Cell invasiveness -
MMP-2, EGFR. Glioblastoma Apoptosis invasion and EGFR pathways
multiforme migration
miR-15b MMP-3 Glioma Cell invasiveness MEK-ERK pathway
miR-17 MMP-3 Hepatocellular Migration and invasion p-AKT
carcinoma
miR-21 RECK, MMP-9 Prostate cancer NA -
Phospho-c-Jun, MMP-2, Hepatocellular Migration and invasion -
MMP-9 carcinoma
RECK, MMP-2 Glioma Apoptosis, migration, and | -
invasiveness
MMP-2, EGFR. Glioblastoma Apoptosis invasion and EGFR pathways
multiforme migration
miR-26a MMP-2 Lung cancer Migration, invasion and AKT phosphorylation
metastasis
miR-2% MMP-2 Colon cancer Migration -
MMP-2 Hepatocellular Tumor angiogenesis, VEGFR-2-signaling
carcinoma invasion, and metastasis
MMP-2, Mcl-1, COL1A1, | Prostate cancer invasion and metastasis -
and COL4A1
miR-29¢ MMP-2 Nerve sheath tumours | Cell invasion and -
migration
miR-30d SOCS1, phospho-STAT3, | Prostate cancer Proliferation and invasion | STAT3 signalling
MMP-2 and MMP-9
miR-34a Fra-1, p53 MMP-1 and Colon cancer Migration and invasion -
MMP-9
miR-92a MMP-2 and -9 Lung cancer Migration and invasion STATS3 signaling
miR-101 Enhancer of zeste homolog | Lung cancer Cell invasiveness -
2 (EZH2), CDH1 and
MMP-2
miR-106b MMP-2 Breast cancer Migration and invasion ERK signaling cascade
miR-125b MMP-2 and MMP-9 Glioblastoma Invasion -
miR-133 MMP-14 Lung cancer Cell proliferation, -
migration and invasion
miR-138 RhoC, MMP-2 and MMP- | Cholangiocarcinoma Proliferation, migration p-ERK signaling

9

and invasion
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MMP Type and target
microRNA molecule Cancer type Phenotype Pathway
miR-139 IGF-IR and MMP-2 Colorectal cancer Migration, invasion and IGF-IR/MEK/ERK
metastasis signaling
miR-143 MMP-13 Prostate cancer Migration and invasion -
MMP-2 and MMP-9 Pancreatic cancer Migration and invasion -
MMP-13 Osteosarcoma Cell invasiveness -
miR-145 Ets1, MMP-1 and -9 Gastric cancer Invasion, metastasis, and | -
angiogenesis
miR-146a MMP-1, uPA, and uPAR Brain cancer Migration, invasion and -
metastasis
MMP-16 Colon cancer Invasion -
miR-149 MMP-2 and CyclinD1 Glioma Proliferation and invasion | AKT signaling
miR-152 MMP-3 Glioma Cell invasiveness MEK-ERK pathway
miR-181b MMP-2 and MMP-9 Hepatocellular Migration and invasion TGF- B, Smad signaling
carcinomas
miR-182 MMP-9, RECK Breast cancer cell invasion and colony -
formation ability
miR-196b Vimentin, MMP-2 and Gastric cancer Migration and invasion -
MMP-9
miR-203 MMP-9 and Robol Glioblastoma Proliferation, migration, ERK phosphorylation
and invasion
miR-206 MMP-2 and MMP-9 Breast cancer Invasion and migration -
miR-211 MMP-9 Glioblastoma Cell invasion and -
multiforme migration
miR-218 LEF1, MMP-2, -7 and -9 Glioblastoma Invasion -
multiforme
miR-218 MMP-9 Gliomas Cell invasiveness IKK-B/NF-kB pathway
miR-224 MMP-9 via targeting Human hepatocellular | Migration and invasion -
HOXD10 carcinoma
miR-338-3p SMO and MMP-9 Hepatocellular Invasion and metastasis -
carcinoma
miR-340 MMP-2 and MMP-9 Breast cancer Tumor cell growth, -
migration, and invasion
miR-430 ERK, MMP-2 and MMP-9 | Bladder cancer Proliferation, migration -
and colony formation
ablility
miR-451 Aktl, CyclinD1, MMP-2, Glioblastoma Proliferation, invasion PI3K/AKT signaling
MMP-9 and Bcl-2 and apoptosis
miR-491 MMP-9 Hepatocellular Migration -
carcinoma
miR-491-5p MMP-9 Glioblastoma Invasion -
multiforme
miRNA-590- | PI3K, Akt, MMP-2 and Bladder cancer Proliferation, migration PI3K, Akt signaling
3p MMP-9 and colony-formation
miR-874 MMP-2 and -9, Aquaporin- | Human gastric cancer | Cell migration and -
3 invasion assays and in
vivo tumorigenicity
miR-874 MMP-2 and uPA Non-small cell lung Tumor cell invasiveness -
cancer and in vivo tumor growth
miR-885-5p MMP-9 Glioblastoma Invasion -
multiforme
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Table 6. Target proteases and cancers associated with their overexpression.

Family Protease Location Cancer
General Intracellular, lvsosomes Most
Cathepsin K Extracellular, bone Breast
Cysteine Cathepsin B Extracellular and pericellular under | Breast, cervix, colon, colorectal, gastric, head
Cathepsins pathological conditions and neck, liver, lung, melanoma, ovarian,
pancreatic, prostate, thyroid
Cathepsin L Breast, colorectal
. Cathepsin E Endosomal structures, ER, Golgi Cervical, gastric, lung, pancreas
Aspartlg adenocarcinomas
Cathepsins Cathepsin D Lysosome Breast, colorectal, ovarian
General Intracellular, secreted Most
- hK1
glzllél)lkrems PSA (hK 3) Prostate, ovarian
hK 10 Colon, ovarian, pancreatic, head and neck
hK15 Ovarian, prostate
Serine uPA, uPAR Membrane, Pericellular Cervical, colorectal, gastric, prostate
Proteases
Caspases Intracellular
General Extracellular Most
MMP-1, -8, -13 Breast
MMPs MMP-2, -9 Breast, colorectal, lung, malignant gliomas,
ovarian
MMP-14 Membrane Breast
ADAM Extracellular
Table 7. List of selected oncogenes associated with human malignancy
Gene Name Gene Malignanci?s associated Comments
Locus with
ABLI (ABL) 9q34.1 Chronic myeloid leukemia see tyrosine kinase Abelson murine
leukemia protein
ABL2 1q24- acute myeloid leukemia Member of the tyrosine kinase family.
(ABLL,ARG) q25 Important for synapse assembly and
remodeling
AKAPI3 (HT31, 15q24- breast cancer Blast crisis oncogene
LBC. BRX) q25
ARAF1 Xpll.4- | angioimmunoblastic Serine/threonine kinase
pll.2 lymphadenopathy with
dysproteinemia
ARHGEF5 (TIM) | 7¢33- Breast cancer Codes for protein that controls
q35 cytoskeletal organization through
regulation of small GTP-binding
proteins
ATF1 12ql3 ATF1/EWS fusion gene Codes for cAMP-dependent
associated with malignant transcription factor-1
melanoma of soft parts
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Gene Name Gene Malignanci?s associated Comments
Locus with
(MMSP) ATF1/FUS with
histiocytoma.
AXL 19q13.1- | Chronic myelogenous transforming gene to acute leukemia
ql3.2 leukemia
BCL2 18q21.3 | Burkitt lymphoma, follicular | Mediator of apoptosis. Translocation
lymphoma 1s marker of poorer therapeutic
response
BRAF (BRAFI, 7q34 Hairy cell leukemia, see proto-oncogenes
RAFBI1) Malignant melanoma, thyroid
papillary cancer, thyroid
anaplastic carcinoma, bowel
cancer, adenocarcinoma of
lung, non-Hogkins lymphoma
BRCALl 17¢21 Hereditary breast-ovarian see BRCAL.
cancer syndrome. Familial
Breast cancer, Papillary
serous carcinoma of the
peritoneum (PSCP), Prostate
cancer
BRCA2(FANCD1) | 13q12.3 | Familial Breast cancer, see BRCA2
prostate cancer, pancreatic
cancer
BRIP1 17¢22.2 | Ovarian cancer, breast cancer | BRCAI interacting protein C-
terminal helicase 1 which is important
in normal double-strand break repair
CBL (CBL2) 119233 see proto-oncogenes
CSFI1R (CSF-1, 5q33.2- | Type M4 acute myeloblastic Codes for colony-stimulating factor-1
FMS, MCSF) q33.3 leukemia and chronic receptor, otherwise known as
myelomonocytic leukemia macrophage colony-stimulating factor
DAPK1 (DAPK) 9q34.1 Bladder cancer Codes for death-associated protein
kinase a positive mediators of
apoptosis induced by gamma-
interferon.
DEK (D6S231E) 6p23 DEK/NUP214(DEK/CAN) Codes for DNA binding protein
fusion gene associated with involved in transcriptional regulation
acute myeloid leukemia and signal transduction as a
component of the splicing complex
that remains associated with spliced
exons.
DUSP6 12¢22- Non-small cell lung cancer, Codes for member of mitogen-
(MKP3,PYST1) q23 pancreatic cancer activated protein (MAP) kinase

family and has key role in cellular
signal transduction

EGF see proto-oncogenes
EGFR (ERBB, sec proto-oncogenes
ERBBI)
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Gene Name Gene Malignanci?s associated Comments
Locus with
ERBB3 (HER3) 12q13 Non-small cell lung cancer clevated ERBB3 mRNA levels in
breast cancer
ERG see proto-oncogenes
ETS1 see proto-oncogenes
ETS2 Acute myeloid leukemia Codes for a transcription factor
EWSRI (EWS, 22ql2 EWS/ERG in Ewing sarcoma, | Ewing sarcoma breakpoint 1 gene
ES, PNE,) esthesioneuroblastoma
EWS/FEV fusion gene in
Ewing sarcoma,
EWS/ZNF278 in small round
cell sarcoma, EWS/FLII in
Ewing sarcoma , EWS/ATF1
in malignant melanoma of
soft parts (MMSP) EWS/WT1
in desmoplastic small round
cell tumor
FES (FPS) 15q26.1 | B cell lymphoma, acute Codes for a tyrosine-specific protein
promyelocytic leukemia, kinase with a role in regulating
bladder carcinoma, lung immune response
cancer, breast cancer, colon
cancer, neuroblastoma, pre-B
lymphocyte neoplasm,
plasmacytoma, multiple
myeloma, T cell lymphoma,
sarcoma
FGF4 (HSTFI, 11ql3 Stomach cancer, kaposi A fibroblast growth factor Important
KFGF) sarcoma in limb development.
FGFR1 see proto-oncogenes
FGFR10P (FOP) 6q27 FGFR1/FGFR10P2 fusion
gene in non-Hodgkin
lymphoma
FLCN 17p11.2 | Renal cancer, bowel cancer see FFCN
FOS (c-fos) 14q24.3 see proto-oncogenes
FRAPI1 see tumor suppressors
FUS (TLS) lopll.2 see proto-oncogenes
HRAS 11pl3.5 see proto-oncogenes.
GLI1 12q13.2- | Glioma, myxoid liposarcoma, | Codes for a Kruppel (Kr) zinc finger
ql3.3 salivary gland tumor protein
GLI2 2ql4 Glioma Codes for a Kruppel (Kr) zinc finger
protein
GPC3 Xq26 Germ cell cancer, see GPC3
Hepatocellular cancer
HER2 (ERBB2, 17¢q21.1 | Breast cancer, lung cancer see HER2. Targeted by Trastuzumab.
TKR1, NEU)
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Gene Name Gene Malignanci?s associated Comments
Locus with

HGF (SF) 7q21.1 Prostate cancer, renal cancer | Codes for hepatocyte growth factor
(hepatopoietin A, scatter factor)
which is upregulated in many
malignancies

IRF4 (LSIRF, 6p25- B-cell lymphoma, B-cell Codes for an interferon regulatory

MUMI) p23 leukemia, Multiple myeloma | factor essential for lymphocyte
function

JUNB 19p13.2 see proto-oncogenes

KIT(SCFR) 4ql2 Gastrointestinal stromal tumor | Transmembrane tyrosine kinase

(GISTs), mast cell leukemia,
mastocytosis, seminoma and
dysgerminoma

receptor for stem cell factor (SCFR)
is required for haecmatopoiesis,
melanogenesis and gametogenesis.
Mutations cause picbaldism.

KRAS2 (RASK2) | 12pl2.1 see proto-oncogenes.
LCK 1p35- Non-small cell lung cancer, codes for lymphocyte specific protein
p34.3 Neuroblastoma, non-Hodgkin | tyrosine kinase
lymphoma
LCO 2ql4- Hepatocellular carcinoma
q21
MAP3KS8(TPL2, 10p11.2 | Ewings sarcoma, Codes for a serine-threonine protein
COT, EST) adenocarcinoma of lung, kinase.
thyroid carcinoma

MCEF2 (DBL) Xq27 Breast cancer Codes for a GDP-GTP exchange
factor that modulates the activity of
small GTPases of the Rho family

MDM?2 12q14.3- | Multiple MDM?2 acts as a major regulator of

ql5 the tumor suppressor p33 by targeting
its destruction. Direct association of
p33 with the protein MDM2 results in
ubiquitination and subsequent
degradation of p33

MET(HGFR, 7q31 sec proto-oncogencs

RCCP2)

MLH type genes see proto-oncogenes

MMD 17q Non small cell lung cancer, Codes for monocyte to macrophage

hepatocellular carcinoma, differentiation associated protein.
colon cancer

MOS (MSV) 8qll Burkitt lymphoma, acute Function in man unknown. Above

myeloblastic leukemia associations indirect but analogous
gene to Moloney murine sarcoma
virus.

MRAS (RRAS3) 3q22.3 Activated in many tumors Codes for a RAS GTP-binding
protein membrane-anchored,
intracellular signal transducer

MSH type genes see proto-oncogenes
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Gene Name Gene Malignanci?s associated Comments
Locus with
MYB (AMV) 6q22 Alterations found in more Encodes for proteins critical to
than a third of human solid hematopoietic cell proliferation and
tumor lines development
MYC 8q24.12- | Burkitt lymphoma Over A transcription factor that promotes
q24.13 expression in many cell proliferation
malignancies, possibly
associated with angiogenic,
mvasive promoting properties
In eXCess.
MYCL1 (LMYC) | 1p343 Small cell lung cancer,
adenocarcinoma of lung,
neuroblastoma
MYCN 2p24.1 Neuroblastomas Overlaps with NMYC and is
transcribed from opposite DNA
strand
NCOA4 (ELE1, 10q11.2 | Prostate cancer Interacts with the androgen receptor
ARA70, PTC3) in presence of dihydrotestosterone.
NF1 type genes see tumor suppressors
NMYC 2p24 Neuroblastomas, Overlaps with MYCN and is
retinoblastoma transcribed from opposite DNA
strand. Probably a DNA-binding
protein.
NRAS 1pl3.2 see proto-oncogenes.
NTRKI1 (TRK, 1q21- see proto-oncogenes.
TRKA) q22
NUP214 (CAN, 9q34.1 NUP214/DEK fusion gene Codes for nucleoporin component of
D9S46E) associated with acute myeloid | the vertebrate nuclear pore complex.
leukemia, NUP214/ABL1
associated with T-cell acute
lymphoblastic leukemia (T-
ALL).
ovC 9p24 Ovarian adenocarcinoma Abnormal in about 40% ovarian
adenocarcinoma
TP33 (P33) 17pl3.1 see tumor suppressors
PALB2 16p12 Breast cancer see PALB2
PAX3 (HUP2) 2q35 Alveolar rhabdomyosarcoma | Transcriptions factor, causes some
STATI1 forms of Waardenburg syndrome and
regulates RET.
PDGFB (SIS) see proto-oncogenes
PIM genes see proto-oncogenes
PML (MYL) 15922 see tumour suppressors
PMS (PMSL) see tumour suppressors
genes
PPM1D (WIP1) 17q22- Breast cancer, Osteosarcoma | Codes for a serine/threonine protein
q23 phosphatase that attenuates apoptosis

and facilitates transformation of
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Gene Name Gene Malignanci?s associated Comments
Locus with
primary cells in cooperation with
RAS
PTEN (MMACI) 10g23.31 see tumor suppressors
PVTI1 8q24 Burkitt lymphoma
RAF1 (CRAF) 3p25 Stomach cancer, renal cancer, | A regulator of endothelial cell
glioblastoma, laryngeal survival during angiogenesis.
cancer Activated RAF counteracts apoptosis
by suppressing the activation of
mammalian sterile 20-like kinase
(MST2).
RB1 (RB) 13q14.1- | Retinoblastoma, osteogenic see RB1
ql4.2 sarcoma, small cell carcinoma
of lung, bladder cancer
RET 10q11.2 | Multiple endocrine neoplasia | see RET
type 2a and 2b and Medullary
thyroid carcinoma
RRAS2 (TC21) 11pter- Teratocarcinoma, ovarian Single point mutation activates its
pl5.5 cancer oncogene potential
ROSI (ROS, 6q22 Glioblastoma and probably ROS1/FIG fusion protein is a tyrosine
MCEF3) others kinase found in astrocytoma
SMAD type genes see tumor suppressors
SMARCBI 22ql1 sec tumor suppressors
(SNF3, INI1)
SMURF1 7q21.1- | Pancreatic cancer Codes for a HECT domain E3
q31.1 ubiquitin ligase that regulates tumor
cell plasticity and motility through
degradation of RhoA
SRC (AVS) 20q12- hepatic metastatic bowel Intracellular communication regulator
ql3 cancer, colon cancer, protein. Mutations are activating,
leukemia transforming, tumorigenic, and
metastasis-promoting
STATI1 2q32.2- | Non-small cell lung cancer see STATI1
q32.3
STAT3 17¢21 Epithelial cancers Codes signal protein that induces cell
transformation through a combined
inhibition of apoptosis and cell-cycle
activation
STATS5 17q11.2 | Permissive for a wide range Codes signal protein that induces cell
of malignancies transformation through a combined
inhibition of apoptosis and cell-cycle
activation
TDGF1 (CRGF) 3p23- teratocarcinoma Probably codes for signaling protein
p21 for mesoderm development
TGFBR2 3p22 see proto-oncogenes
THRA (ERBA, sec proto-oncogenes
EAR7 etc)
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Gene Name Gene Malignanci?s associated Comments
Locus with
TFG (TRKT3) 3qll- Papillary thyroid carcinoma Chimeric oncogene with NTRK1
ql2 proto-oncogene
TIF1 (TRIM24, 7q32- Fusion genes associated with | Codes for transcriptional intermediary
TIF1A) q34 papillary thyroid carcinoma factor 1
and myleoproliferative
disorder.
TNC (TN, HXB) 9¢33 Neurofibromatosis type 1, see TNC
Pancreatic cancer
TRK 1q21- see proto-oncogenes
q22
TUSC3 8p22 sec tumor suppressors
USP6 (TRE2) 17p13 Multiple cancers Codes for a ubiquitin-specific
protease found only in primates
WNTI (INT1) 12ql2- see proto-oncogenes
ql3
WTI1 11pl3 Wilms tumour, over A zinc finger DNA-binding protein
expressed in breast and lung acting as a transcriptional activator or
cancer, myelodysplastic repressor depending on intracellular
syndrome and acute myeloid | context
leukemia
VHL 3p26- see tumor suppressors
p25

Table 8. Tumor suppresor miRs that are downregulated in specific cancer types

Cancer miRNA

Bladder mir-1; mir-101; mir-1180; mir-1236; mir-124-3p; mir-125b; mir-126; mir-1280;
mir-133a; mir-133b; mir-141; mir-143; mir-144; mir-145; mir-155; mir-16;
mir-18a; mir-192; mir-195; mir-200a; mir-200b; mir-200c¢; mir-203; mir-205;
mir-214; mir-218; mir-23b; mir-26a; mir-29¢; mir-320¢; mir-34a; mir-370; mir-
409-3p; mir-429; mir-451; mir-490-5p; mir-493; mir-576-3p; mir-99a

Brain let-7g-5p; mir-100; mir-101; mir-106a; mir-124; mir-124a; mir-125a; mir-125a-

(Astrocytoma, Sp; mir-125b; mir-127-3p; mir-128; mir-129; mir-136; mir-137; mir-139-5p;

Glioblastoma, mir-142-3p; mir-143; mir-145; mir-146b-5p; mir-149; mir-152; mir-153; mir-

Glioma) 195; mir-21; mir-212-3p; mir-219-5p; mir-222; mir-29b; mir-31; mir-3189-3p;

mir-320; mir-320a; mir-326; mir-330; mir-331-3p; mir-340; mir-342; mir-34a;
mir-376a; mir-449a; mir-483-5p; mir-503; mir-577; mir-663; mir-7; mir-7-5p;
mir-873; let-7a; let-7f; mir-107; mir-122; mir-124-5p; mir-139; mir-146a; mir-
146b; mir-15b; mir-16; mir-181a; mir-181a-1; mir-181a-2; mir-181b; mir-181b-
1; mir-181b-2; mir-181c; mir-181d; mir-184; mir-185; mir-199a-3p; mir-200a;
mir-200b; mir-203; mir-204; mir-205; mir-218; mir-23b; mir-26b; mir-27a;
mir-29¢; mir-328; mir-34¢-3p; mir-34¢-5p; mir-375; mir-383; mir-451; mir-

145




WO 2019/023483

PCT/US2018/043938

Cancer

miRNA

452; mir-495; mir-584; mir-622; mir-656; mir-98; mir-124-3p; mir-181b-5p;
mir-200b; mir-3189-3p

Breast

mir-193b; let-7a; let-7a-1; let-7a-2; let-7a-3; let-7b; let-7¢c; let-7d; let-7e; let-71-
1; let-7f-2; let-7g; let-71; mir-100; mir-107; mir-10a; mir-10b; mir-122; mir-
124; mir-1258; mir-125a-5p; mir-125b; mir-126; mir-127; mir-129; mir-130a;
mir-132; mir-133a; mir-143; mir-145; mir-146a; mir-146b; mir-147; mir-148a;
mir-149; mir-152; mir-153; mir-15a; mir-16; mir-17-5p; mir-181a; mir-1826;
mir-183; mir-185; mir-191; mir-193a-3p; mir-195; mir-199b-5p; mir-19a-3p;
mir-200a; mir-200b; mir-200c¢; mir-205; mir-206; mir-211; mir-216b; mir-218;
mir-22; mir-26a; mir-26b; mir-300; mir-30a; mir-31; mir-335; mir-339-5p; mir-
33b; mir-34a; mir-34b; mir-34¢; mir-374a; mir-379; mir-381; mir-383; mir-
425; mir-429; mir-450b-3p; mir-494; mir-495; mir-497; mir-502-5p; mir-517a;
mir-574-3p; mir-638; mir-7; mir-720; mir-873; mir-874; mir-92a; mir-98; mir-
99a; mmu-mir-290-3p; mmu-mir-290-5p

Cervical

mir-143; mir-145; mir-17-5p; mir-203; mir-214; mir-218; mir-335; mir-342-3p;
mir-372; mir-424; mir-491-5p; mir-497; mir-7; mir-99a; mir-99b; mir-100; mir-
101; mir-15a; mir-16; mir-34a; mir-886-5p; mir-106a; mir-124; mir-148a; mir-

29a; mir-375

Colon/Colorectal

let-7a-1; let-7a-2; let-7a-3; let-7b; let-7c; let-7d; let-7e; let-7f-1; let-7f-2; let-7g;
let-71; mir-100; mir-101; mir-126; mir-142-3p; mir-143; mir-145; mir-192; mir-
200¢; mir-21; mir-214; mir-215; mir-22; mir-25; mir-302a; mir-320; mir-320a;
mir-34a; mir-34¢; mir-365; mir-373; mir-424; mir-429; mir-455; mir-484; mir-
502; mir-503; mir-93; mir-98; mir-186; mir-30a-5p; mir-627; let-7a; mir-1; mir-
124; mir-125a; mir-129; mir-1295b-3p; mir-1307; mir-130b; mir-132; mir-
133a; mir-133b; mir-137; mir-138; mir-139; mir-139-5p; mir-140-5p; mir-148a;
mir-148b; mir-149; mir-150-5p; mir-154; mir-15a; mir-15b; mir-16; mir-18a;
mir-191; mir-193a-5p; mir-194; mir-195; mir-196a; mir-198; mir-199a-5p; mir-
203; mir-204-5p; mir-206; mir-212; mir-218; mir-224; mir-24-3p; mir-26b;
mir-27a; mir-28-3p; mir-28-5p; mir-29b; mir-30a-3p; mir-30b; mir-328; mir-
338-3p; mir-342; mir-345; mir-34a-5p; mir-361-5p; mir-375; mir-378; mir-
378a-3p; mir-378a-5p; mir-409-3p; mir-422a; mir-4487; mir-483; mir-497; mir-
498; mir-518a-3p; mir-551a; mir-574-5p; mir-625; mir-638; mir-7; mir-96-5p;
mir-202-3p; mir-30a; mir-451

Endometrial

mir-101; mir-130a; mir-130b; mir-134; mir-143; mir-145; mir-152; mir-205;
mir-223; mir-301a; mir-301b; mir-30¢; mir-34a; mir-34¢; mir-424; mir-449a;
mir-543; mir-34b

Hematologic
(Leukemia,

mir-125b; mir-138; mir-15a; mir-15b; mir-16; mir-16-1; mir-16-1-3p; mir-16-2;
mir-181a; mir-181b; mir-195; mir-223; mir-29b; mir-34b; mir-34¢; mir-424;
mir-10a; mir-146a; mir-150; mir-151; mir-155; mir-2278; mir-26a; mir-30e;
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Cancer miRNA

Lymphoma, mir-31; mir-326; mir-564; mir-27a; let-7b; mir-124a; mir-142-3p; let-7c; mir-

Myeloma) 17; mir-20a; mir-29a; mir-30¢; mir-720; mir-107; mir-342; mir-34a; mir-202;
mir-142-5p; mir-29¢; mir-145; mir-193b; mir-199a; mir-214; mir-22; mir-137,
mir-197

Kidney mir-1; mir-145; mir-1826; mir-199a; mir-199a-3p; mir-203; mir-205; mir-497;

mir-508-3p; mir-509-3p; let-7a; let-7d; mir-106a*; mir-126; mir-1285; mir-129-
3p; mir-1291; mir-133a; mir-135a; mir-138; mir-141; mir-143; mir-182-5p;
mir-200a; mir-218; mir-28-5p; mir-30a; mir-30c; mir-30d; mir-34a; mir-378;
mir-429; mir-509-5p; mir-646; mir-133b; let-7b; let-7c; mir-200¢; mir-204;
mir-335; mir-377; mir-506

Liver mir-137; mir-138; mir-139; mir-139-5p; mir-140-5p; mir-141; mir-142-3p; mir-
(Hepatocellular 143; mir-144; mir-145; mir-146a; mir-148a; mir-148b; mir-150-5p; mir-15b;
Carcinoma) mir-16; mir-181a-5p; mir-185; mir-188-5p; mir-193b; mir-195; mir-195-5p;

mir-197; mir-198; mir-199a; mir-199a-5p; mir-199b; mir-199b-5p; mir-200a;
mir-200b; mir-200c; mir-202; mir-203; mir-204-3p; mir-205; mir-206; mir-20a;
mir-21; mir-21-3p; mir-211; mir-212; mir-214; mir-217; mir-218; mir-219-5p;
mir-22; mir-223; mir-26a; mir-26b; mir-29a; mir-29b-1; mir-29b-2; mir-29¢;
mir-302b; mir-302¢; mir-30a; mir-30a-3p; mir-335; mir-338-3p; mir-33a; mir-
34a; mir-34b; mir-365; mir-370; mir-372; mir-375; mir-376a; mir-377; mir-
422a; mir-424; mir-424-5p; mir-433; mir-4458; mir-448; mir-450a; mir-451;
mir-485-5p; mir-486-5p; mir-497; mir-503; mir-506; mir-519d; mir-520a; mir-
520b; mir-520¢-3p; mir-582-5p; mir-590-5p; mir-610; mir-612; mir-625; mir-
637; mir-675; mir-7; mir-877; mir-940; mir-941; mir-98; mir-99a; mir-132;
mir-31

Lung mir-1297; mir-141; mir-145; mir-16; mir-200a; mir-200b; mir-200¢; mir-29b;
mir-381; mir-409-3p; mir-429; mir-451; mir-511; mir-99a; let-7a-1; let-7a-2;
let-7a-3; let-7b; let-7¢; let-7d; let-7e; let-7f-1; let-7f-2; let-7g; let-71; mir-1; mir-
101; mir-133b; mir-138; mir-142-5p; mir-144; mir-1469; mir-146a; mir-153;
mir-15a; mir-15b; mir-16-1; mir-16-2; mir-182; mir-192; mir-193a-3p; mir-
194; mir-195; mir-198; mir-203; mir-217; mir-218; mir-22; mir-223; mir-26a;
mir-26b; mir-29¢; mir-33a; mir-34a; mir-34b; mir-34¢; mir-365; mir-449a; mir-
449b; mir-486-5p; mir-545; mir-610; mir-614; mir-630; mir-660; mir-7515;
mir-9500; mir-98; mir-99b; mir-133a; let-7a; mir-100; mir-106a; mir-107; mir-
124; mir-125a-3p; mir-125a-5p; mir-126; mir-126*; mir-129; mir-137; mir-140;
mir-143; mir-146b; mir-148a; mir-148b; mir-149; mir-152; mir-154; mir-155;
mir-17-5p; mir-181a-1; mir-181a-2; mir-181b; mir-181b-1; mir-181b-2; mir-
181¢; mir-181d; mir-184; mir-186; mir-193b; mir-199a; mir-204; mir-212; mir-
221; mir-224; mir-27a; mir-27b; mir-29a; mir-30a; mir-30b; mir-30¢; mir-30d;
mir-30d-5p; mir-30e-5p; mir-32; mir-335; mir-338-3p; mir-340; mir-342-3p;

147




WO 2019/023483

PCT/US2018/043938

Cancer

miRNA

mir-361-3p; mir-373; mir-375; mir-4500; mir-4782-3p; mir-497; mir-503; mir-
512-3p; mir-520a-3p; mir-526b; mir-625*; mir-96

Melanoma

let-7b; mir-101; mir-125b; mir-1280; mir-143; mir-146a; mir-146b; mir-155;
mir-17; mir-184; mir-185; mir-18b; mir-193b; mir-200¢; mir-203; mir-204;
mir-205; mir-206; mir-20a; mir-211; mir-218; mir-26a; mir-31; mir-33a; mir-
34a; mir-34c¢; mir-376a; mir-376c¢; mir-573; mir-7-5p; mir-9; mir-98

Oral Cancer

let-7d; mir-218; mir-34a; mir-375; mir-494; mir-100; mir-124; mir-1250; mir-

125b; mir-126; mir-1271; mir-136; mir-138; mir-145; mir-147; mir-148a; mir-
181a; mir-206; mir-220a; mir-26a; mir-26b; mir-29a; mir-32; mir-323-5p; mir-
329; mir-338; mir-370; mir-410; mir-429; mir-433; mir-499a-5p; mir-503; mir-
506; mir-632; mir-646; mir-668; mir-877; mir-9

Ovarian

let-71; mir-100; mir-124; mir-125b; mir-129-5p; mir-130b; mir-133a; mir-137;
mir-138; mir-141; mir-145; mir-148a; mir-152; mir-153; mir-155; mir-199a;
mir-200a; mir-200b; mir-200¢; mir-212; mir-335; mir-34a; mir-34b; mir-34c;
mir-409-3p; mir-411; mir-429; mir-432; mir-449a; mir-494; mir-497; mir-498;
mir-519d; mir-655; mir-9; mir-98; mir-101; mir-532-5p; mir-124a; mir-192;
mir-193a; mir-7

Pancreatic

mir-101; mir-1181; mir-124; mir-1247; mir-133a; mir-141; mir-145; mir-146a;
mir-148a; mir-148b; mir-150*; mir-150-5p; mir-152; mir-15a; mir-198; mir-
203; mir-214; mir-216a; mir-29¢; mir-335; mir-34a; mir-34b; mir-34¢; mir-373;
mir-375; mir-410; mir-497; mir-615-5p; mir-630; mir-96; mir-132; let-7a; let-
7a-1; let-7a-2; let-7a-3; let-7b; let-7¢; let-7d; let-7e; let-7f-1; let-7f-2; let-7g;
let-71; mir-126; mir-135a; mir-143; mir-144; mir-150; mir-16; mir-200a; mir-
200b; mir-200¢; mir-217; mir-218; mir-337; mir-494; mir-98

Prostate

let-7a-3p; let-7¢; mir-100; mir-101; mir-105; mir-124; mir-128; mir-1296; mir-
130b; mir-133a-1; mir-133a-2; mir-133b; mir-135a; mir-143; mir-145; mir-
146a; mir-154; mir-15a; mir-187; mir-188-5p; mir-199b; mir-200b; mir-203;
mir-205; mir-212; mir-218; mir-221; mir-224; mir-23a; mir-23b; mir-25; mir-
26a; mir-26b; mir-29b; mir-302a; mir-30a; mir-30b; mir-30c¢-1; mir-30¢-2; mir-
30d; mir-30e; mir-31; mir-330; mir-331-3p; mir-34a; mir-34b; mir-34c; mir-
374b; mir-449a; mir-4723-5p; mir-497; mir-628-5p; mir-642a-5p; mir-765;
mir-940

Retinoblastoma

mir-101; mir-183; mir-204; mir-34a; mir-365b-3p; mir-486-3p; mir-532-5p
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CLAIMS:

1. A recombinant oncolytic herpes simplex virus (HSV) comprising at least two micro-RNA
(miRNA) target sequence inserted into a locus of one or more essential viral genes, wherein the
one or more viral genes are selected from the group consisting of ICP4, ICP27, ICP8, ICP22,
ICP34.5, ULS, ULS8, UL9, UL30, UL39/40, and UL42,

wherein the replication of the recombinant HSV is reduced in a non-cancerous cell

compared to the replication of the the recombinant HSV in a cancerous cell of the same cell type.

2. The onycolytic virus of claim 1, wherein the one or more viral genes are selected from

the group consisting of ICP8, ICP22, ICP34.5, ULS, ULS, UL9, UL30, UL39/40, and UL42.

3. The onycolytic virus of claim 2, wherein the one or more viral genes are selected from

the group consisting of ULS, ICP8, and UL30.

4. The onycolytic virus of claim 1, wherein the one or more viral genes are selected from

the group consisting of ICP27 and ICP4.

5. The onycolytic virus of claim 1, wherein the one or more viral genes are selected from

the group consisting of ICP4, ICP27, UL8, UL42, and ICP34.5.

6. The onycolytic virus of claim 1, wherein the cell is selected from the group consisting of

a neuronal cell, a cardiac cell, a muscle cell, and a liver cell.

7. The onycolytic virus of claim 6, wherein the neuronal cell is a a central nervous system

cell, a peripheral nervous system cell, a brain cell, or a spinal cord cell.

8. The onycolytic virus of claim 6, wherein the muscle cell is a striated muscle cell or a

smooth muscle cell.
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9. The onycolytic virus of claim 1, wherein the non-cancerous cell and the cancerous cell
are brain cells, and wherein the at least two miRNA target sequences are target sequences for an
miRNA selected from the group consisting of miR-137, miR-219a, miR-124, miR-9, miR-487b,
and miR-128.

10. The onycolytic virus of claim 9, wherein the at least two miRNA target sequences are
target sequences for an miRNA selected from the group consisting of miR-137, miR-219a, miR-
124, and miR-128

11. The onycolytic virus of claim 1, wherein the non-cancerous cell and the cancerous cell
are cardiac or striated muscle cells, and wherein the at least two miRNA target sequences are

target sequences for an miRNA selected from the group consisting of miR-208b, miR-1, miR-
208a, miR-133a, miR-4284, miR-499a, miR-126, miR-30e, miR-3781, miR-30b, and miR-378.

12. The onycolytic virus of claim 11, wherein the at least two miRNA target sequences are
target sequences for an miRNA selected from the group consisting of miR-208b, miR-1, and
miR-208a

13. The onycolytic virus of claim 1, wherein the non-cancerous cell and the cancerous cell
are spinal cord cells, and wherein the at least two miRNA target sequences are target sequences
for an miRNA selected from the group consisting of miR-219a, miR-9, miR-204, miR-577, miR-
99a, miR-100, miR-132, and miR-135.

14. The onycolytic virus of claim 13, wherein the at least two miRNA target sequences are
target sequences for an miRNA selected from the group consisting of miR-219a, miR-9, and

miR-204

15. The onycolytic virus of claim 1, wherein the non-cancerous cell and the cancerous cell
are peripheral nervous system cells, and wherein the at least two miRNA target sequences are
target sequences for an miRNA selected from the group consisting of miR-204, miR-1, miR-206,
miR-9, miR-99a, miR-199b, miR-145, miR-100, miR-574.
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16. The onycolytic virus of claim 1, wherein the non-cancerous cell and the cancerous cell
are liver cells, and wherein the at least two miRNA target sequences are target sequences for an

miRNA selected from the group consisting of miR-122 and miR-126.

17. The onycolytic virus of claim 1, wherein the non-cancerous cell and the cancerous cell
are smooth muscle cells, and wherein the at least two miRNA target sequences are target

sequences for an miRNA selected from the group consisting of miR-143 and miR-145.

18. The oncolytic virus of any one of claims 1 — 17, wherein the two or more miR target
sequences is incorporated into a miR-T cassette that is inserted in the 5° untranslated region

(UTR) or 3’ UTR of the one or more essential viral genes.

19. The oncolytic virus of claim 18, wherein the miR-T cassette comprises a length of less

than 1000 nucleotides.

20. The oncolytic virus of claim 19, wherein the miR-T cassette comprises a length of

between about 25 and about 500 nucleotides.

21. The oncolytic virus of claim 18, wherein the miR-T cassette comprises a length of

between about 100 and about 500 nucleotides.

22. A recombinant oncolytic herpes simplex virus (HSV) comprising:

(1) a first microRNA (miRNA) target sequence cassette (miR-TS cassette) inserted into a
first viral gene and comprising at least 2 target sequences for each of miR-124, miR-1, and miR-
143:

(11) a second miR-TS cassette inserted into a second viral gene and comprising at least 2
target sequences for each of miR-128, miR-219a, and miR-122; and

(111) a third miR-TS cassette inserted into a third viral gene and comprising at least 2

target sequences for each of miR-219a, miR-204, and miR-128.
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23. The recombinant HSV of claim 22, further comprising a third miR-TS cassette inserted
into a third viral gene, wherein the third miR-TS cassette comprises:

(a) at least 2 target sequences for each of miR-137, miR-208b-3p, and miR-126; or

(b) at least 2 target sequences for each of miR-137, miR-217, and miR-126.

24. The recombinant HSV of claim 22 or 23, wherein each of the miR-TS cassettes

comprises 4 target sequences for each of the respectively miRNAs

25. The recombinant HSV of any one of claims 22 — 23, wherein the first viral gene is ICP4.

26. The recombinant HSV of any one of claims 22 — 23, wherein the second viral gene is
ICP27.

27. The recombinant HSV of any one of claims 22 — 23, wherein the third viral gene is
ICP34.5.

28. The recombinant HSV of claim 23, wherein the fourth viral gene 1s ULS8.

29. The recombinant HSV of any one of claims 22 — 28, wherein the replication of the
recombinant HSV is reduced in a non-cancerous cell compared to the replication of the the
recombinant HSV in a cancerous cell of the same cell type, wherein the cell is selected from the

group consisting of a neuronal cell, a cardiac cell, a muscle cell, and a liver cell.

30. The recombinant HSV of any one of claims 22 — 29, wherein the first miR-TS cassette
comprises a nucleic acid sequence that is at least 95% identical to SEQ ID NO: 852.

31. The recombinant HSV of claim 30, wherein the first miR-TS cassette comprises or

consists of the nucleic acid sequence of SEQ ID NO: 852.

32. The recombinant HSV of any one of claims 22 — 29, wherein the second miR-TS cassette

comprises a nucleic acid sequence that is at least 95% identical to SEQ ID NO: 853.
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33. The recombinant HSV of claim 32, wherein the second miR-TS cassette comprises or

consists of the nucleic acid sequence of SEQ ID NO: 853,

34. The recombinant HSV of any one of claims 22 — 29, wherein the third miR-TS cassette

comprises a nucleic acid sequence that is at least 95% identical to SEQ ID NO: 854.

35. The recombinant HSV of claim 34, wherein the third miR-TS cassette comprises or

consists of the nucleic acid sequence of SEQ ID NO: 854,

36. The recombinant HSV of any one of claims 23 — 29, wherein the fourth miR-TS cassette
comprises a nucleic acid sequence that is at least 95% identical to SEQ ID NO: 855.

37. The recombinant HSV of claim 36, wherein the fourth miR-TS cassette comprises or

consists of the nucleic acid sequence of SEQ ID NO: 855.

38. The recombinant HSV of any one of claims 1 — 37, further comprising a heterologous

polynucleotide sequence encoding one or more payload molecules.

39. The recombinant HSV of claim 38, wherein the heterologous polynucleotide sequence

encodes a payload selected from the group consisting of IL-12, CCL4, and CXCL10.

40. The recombinant HSV of claim 38, wherein the heterologous polynucleotide sequence

encodes two or more payloads selected from the group consisting of IL-12, CCL4, and CXCL10.

41. The recombinant HSV of claim 38, wherein the heterologous polynucleotide sequence

encodes three payloads comprising IL-12, CCL4, and CXCL10.

42. A recombinant oncolytic virus comprising one or more micro-RNA (miR) target

sequences inserted into a locus of one or more viral genes required for viral replication, wherein
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the virus 1s herpes simplex virus (HSV), and wherein the one or more viral genes are selected

from the group consisting of UL8, ICP34.5, UL42, UL19, ICP4, and ICP27.

43. The oncolytic virus of claim 42, wherein the one or more miR target sequences is
incorporated into the 5* untranslated region (UTR) or 3° UTR of the one or more viral genes

required for viral replication.

44, The oncolytic virus of claim 42 or 43, wherein the miR target sequence is a target
sequence for a miR selected from the group consisting of miR-122, miR-184, miR-34a, let7a,
miR-145-5p, miR-199a-5p, miR-451a, miR-125a, miR-125a-5p, miR-126-3p, miR-233-3p, miR-
143-3p, miR-1-3p, miR-133a-3p, miR-127a-3p, miR-133b, miR-134-3p, miR-124, miR-101,
miR-125b, miR-145, miR-559, miR-213, miR-31-5p, and miR-205p.

45. The oncolytic virus of any one of claims 42-44, wherein one or more copies of the one or

more miR target sequences are inserted into a locus of one or more viral genes.

46. The oncolytic virus of claim 45, wherein two, three, four, or more copies of the one or

more miR target sequences are inserted into a locus of one or more viral genes.

47. The oncolytic virus of any one of claims 42-46, wherein replication of the virus is
reduced or attenuated in a first cell compared to replication of the virus in a second cell, wherein
the first cell has an increased expression of a miR capable of binding to the one or more miR

target sequences compared to the expression of the miR in the second cell.

48. The oncolytic virus of claim 47, wherein the expression level of the miR in the first cell is

at least 5% greater than the expression level of the miR in the second cell.

49. The oncolytic virus of claim 47, wherein the first cell is a non-cancerous cell.
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50. The oncolytic virus of claim 47, wherein the second cell has a reduced expression of a
miR capable of binding to the one or more miR target sequences compared to the expression of

the miR 1in the first cell.

S1. The oncolytic virus of claim 50, wherein the expression level of the miR in the second

cell 1s at least 5% less than the expression level of the miR in the first cell.

52. The oncolytic virus of claim 47, wherein the second cell is a cancerous cell.

53. The oncolytic virus of claim 42, wherein one copy of a miR-122 target sequence is

inserted into the locus of one or more viral genes required for viral replication.

54. The oncolytic virus of claim 53, wherein four copies of the miR-122 target sequence are

inserted into the locus of one or more viral genes required for viral replication.

55. The oncolytic virus of claim 53 or 54, wherein the one or more viral genes is ICP27.

56. The oncolytic virus of claim 53, further comprising one copy of a miR-125a target

sequence inserted into the locus of one or more viral genes required for viral replication.

57. The oncolytic virus of claim 56, wherein four copies of the miR-125a target sequence are

inserted into the locus of one or more viral genes required for viral replication.

58. The oncolytic virus of claim 56 or 58, wherein the one or more viral genes is UL42.

59. The oncolytic virus of any of claims 42-52, wherein four copies of a miR-122 target

sequence are inserted into the locus of ICP27 and one copy of a miR-125a target sequence is

mserted into the locus of UL42.
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60. The oncolytic virus of any of claims 42-52, wherein one copy of a miR-122 target
sequence is inserted into the locus of ICP27 and one copy of a miR-125a target sequence 1s

mserted into the locus of UL42.

61. The oncolytic virus of any of claims 42-52, wherein one copy of a miR-122 target
sequence 1s inserted into the locus of ICP27 and three copies of a miR-125a target sequence are

mserted into the locus of UL42.

62. The oncolytic virus of any of claims 42-52, wherein four copies of a miR-122 target
sequence are inserted into the locus of ICP27 and four copies of a miR-125a target sequence are

mserted into the locus of UL42.

63. A recombinant oncolytic virus comprising:
(a) one or more micro-RNA (miR) target sequences inserted into a locus of one or more
viral genes required for viral replication; and
(b) one or more polynucleotides encoding
(1) one or more proteins or oligonucleotides, wherein the proteins or
oligonucleotides reduce the expression or inhibit the function of a miR, a gene, or a tissue
inhibitor of metalloproteinases (TIMP); or
(11) a protease-activated antibody;
wherein the virus is an HSV, wherein the one or more viral genes are selected from the

group consisting of UL42, UL19, ICP4, and ICP27.

64. The oncolytic virus of claim 63, wherein the miR is an oncogenic miR or a

microenvironment remodeling miR.

65. The oncolytic virus of claim 64, wherein the oncogenic miR is selected from the miRs
listed in Table 4.
66. The oncolytic virus of claim 63, wherein the gene is an oncogenic gene.
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67. The oncolytic virus of claim 66, wherein the oncogenic gene is selected from the genes
listed in Table 7.
68. The oncolytic virus of claim 63, wherein the microenvironment remodeling miR is

selected from the miRs listed in Table 5.

69. The oncolytic virus of claim 22, wherein the one or more miR target sequences is
incorporated into the 5* untranslated region (UTR) or 3° UTR of the one or more viral genes

required for viral replication.

70. The oncolytic virus of claim 69, wherein the miR target sequence is a target sequence for
a miR selected from the group consisting of miR-122, miR-184, miR-34a, let7a, miR-145-5p,
miR-199a-5p, miR-451a, miR-125a, miR-125a-5p, miR-126-3p, miR-233-3p, miR-143-3p, miR-
1-3p, miR-133a-3p, miR-127a-3p, miR-133b, miR-134-3p, miR-124, miR-101, miR-125b, miR-
145, miR-559, miR-213, miR-31-5p, and miR-205p.

71. The oncolytic virus of claim 63, wherein one or more copies of the one or more miR

target sequences are inserted into a locus of one or more viral genes.

72. The oncolytic virus of claim 71, wherein two, three, four, or more copies of the one or

more miR target sequences are inserted into a locus of one or more viral genes.

73. The oncolytic virus of any of claims 63-72, wherein one copy of a miR-122 target

sequence 1s inserted into the locus of one or more viral genes required for viral replication.

74. The oncolytic virus of claim 73, wherein four copies of the miR-122 target sequence are

inserted into the locus of one or more viral genes required for viral replication.

75. The oncolytic virus of claim 73 or 74, wherein the one or more viral genes is ICP27.
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76. The oncolytic virus of claim 73, further comprising one copy of a miR-125a target

sequence 1s inserted into the locus of one or more viral genes required for viral replication.

77. The oncolytic virus of claim 76, wherein four copies of the miR-125a target sequence are

inserted into the locus of one or more viral genes required for viral replication.

78. The oncolytic virus of claim 76 or 77, wherein the one or more viral genes is UL42.

79. The oncolytic virus of claim 63, wherein four copies of a miR-122 target sequence are
inserted into the locus of ICP27 and one copy of a miR-125a target sequence is inserted into the

locus of UL42.

80. The oncolytic virus of claim 63, wherein one copy of a miR-122 target sequence is
inserted into the locus of ICP27 and one copy of a miR-125a target sequence is inserted into the

locus of UL42.

81. The oncolytic virus of claim 63, wherein one copy of a miR-122 target sequence is
inserted into the locus of ICP27 and three copies of a miR-125a target sequence are inserted into

the locus of UL42.
82. The oncolytic virus of claim 63, wherein four copies of a miR-122 target sequence are
inserted into the locus of ICP27 and four copies of a miR-125a target sequence are inserted into

the locus of UL42.

83. The oncolytic virus of claim 63, wherein the TIMP is selected from TIMP1, TIMP2,
TIMP3 and TIMP4.

84. The oncolytic virus of claim 63, wherein the oligonucleotide is an shRNA or a decoy

oligonucleotide.
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85. The oncolytic virus of claim 63, wherein the protein is a nuclease, a bispecific T-cell

engager (BiTE), an anti-immunosuppressive protein, or an immunogenic antigen.

86. The oncolytic virus of claim 85, wherein the nuclease is selected from a Clustered
Regulatory Interspaced Short Palindromic Repeats (CRISPR)-associated endonuclease, a zinc-

finger nuclease (ZFN) or a transcription activator-like effector nuclease (TALEN).

87. The oncolytic virus of claim 86, wherein the CRISPR-associated endonuclease is selected
from SpCas9, SpCas9-HF1, SpCas9-HF2, SpCas9-HF3, SpCas9-HF4, SaCas9, FnCpf, FnCas9,
eSpCas9, C2C1, C2C3, Cpfl, Casl, CasIB, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8, Cas9,
Casl0, Csyl, Csy2, Csy3, Csel, Cse2, Cscl, Csc2, CsaS, Csn2, Csm2, Csm3, Csm4, Csm5, Csm6,
Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csbl, Csb2, Csb3, Csxl7, Csxl4, Csx10, Csx16, CsaX, Csx3,
Csxl, Csxl15, Csfl, Csf2, Csf3, and Csf4.

88. The oncolytic virus of claim 87, further comprising a heterologous polynucleotide
encoding an tracr-RNA (trRNA) and a crispr-RNA (crRNA), wherein the crRNA is targeted to a
genomic DNA sequence encoding a miR or a TIMP and wherein the trRNA facilitates binding

and activation of a CRISPR-associated endonuclease.

89. The oncolytic virus of claim 85, wherein the anti-immunosuppressive protein is an anti-

regulatory T-cell (Treg) protein or an anti-myeloid-derived suppressor cell (MDSC) protein.

90. The oncolytic virus of claim 85, wherein the anti-immunosuppressive protein is a VHH-

derived blocker or a VHH-derived B1TE.

91. The oncolytic virus of any one of claims 63 - 90, wherein the protein induces an anti-

tumor immune response.

92. The oncolytic virus of claim 91, wherein the protein binds to an antigen expressed on a
cell surface, wherein the antigen is selected from the group consisting of EpCAM, CTLA-4,
PD1, FGF2, FGFR/FGFR2b, endothelin B Receptor, and SEMA4D.
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93. The oncolytic virus of claim 91, wherein the protein is selected from, folate, IFNP, ,
A2A,, CCL5, CD137, CD200, CD38, CD44, CSF-1R, CXCL10, CXCL13, IL-12, IL-15, IL-2,
IL-21, IL-35, ISRE7, LFA-1, NG2 (also known as SPEG4), a SMAD protein, STING, TGFj,
and VCAM1.

94, The oncolytic virus of claim 63, wherein the at least one protease-activated antibody is

incorporated into a viral glycoprotein envelope.

95. The oncolytic virus of claim 63 or 94, wherein the protease-activated antibody is
activated by a protease selected from a cysteine cathepsin, an aspartic cathepsin, a kallikrein
(hK), a serine protease, a caspase, a matrix metalloproteinase (MMP), and a disintegrin

metalloproteinase (ADAM).

96. The oncolytic virus of claim 95, wherein the protease is selected from cathepsin K,
cathepsin B, cathepsin L, cathepsin E, cathepsin D, hK1, PSA (hK3), hK10, hK15, uPA, uPAR,
MMP-1, MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, MMP-10, MMP-11, MMP-12, MMP-13,
MMP-14, MMP-15, MMP-16, MMP-17, MMP-18, MMP-19, MMP-20, MMP-21, MMP-23A,
MMP-23B, MMP-24, MMP-25, MMP-26, MMP-27, MMP-28, or a protease listed in Table 6.

97. The oncolytic virus of claim 63 or 94, wherein the protease-activated antibody binds to a
protein expressed more highly by a cancer cell or in a cancer microenvironment than by a non-

cancer cell or 1n a non-cancer microenvironment.

98. The oncolytic virus of claim 97, wherein the protease-activated antibody binds NKG2D,
c-met, HGFR, CD8, heparan sulfate, VSPG4 (also known as NG2), EGFR, EGFRVIII, CD133,
CXCRA4, carcinoembryonic antigen (CEA), CLC-3, annexin II, human transferrin receptor, or

EpCAM.
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99. The oncolytic virus of any of claims 63-98, wherein the one or more polynucleotides are
inserted into a gene locus of the viral genome, or inserted between two gene loci of the viral

genome.

100.  The oncolytic virus of claim 99, wherein the viral gene loci are selected from the group
consisting of the internal repeat joint region (comprising one copy each of the diploid genes
ICPO, ICP34.5, LAT, ICP4, and the ICP47 promoter), ICPO, LAT, UL1, UL5, UL6, UL7, ULS,
UL9, UL11, UL12, UL14, UL15, UL17, UL18, UL19, UL20, UL22, UL2S, UL26, UL26.5,
UL27, UL28, UL29, UL30, UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39,
UL40, UL42, UL48, UL49, ULS2, ULS53, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-
34.5, US3, US4, USS, USe, US7, US8, US9, US10, US11, and US12.

101. A nucleic acid molecule encoding the oncolytic virus of any of the preceding claims.

102. A viral stock comprising the oncolytic virus of any of claims 1-100.

103. A composition comprising the oncolytic virus of any of claims 42-100 and a

pharmaceutically-acceptable carrier.

104. A method of killing a cancerous cell, comprising exposing the cancerous cell to the
oncolytic virus of any one of claims 1-100 or compositions thereof under conditions sufficient
for the oncolytic virus to infect and replicate within said cancerous cell, and wherein replication

of the oncolytic virus within the cancerous cell results in cell death.
105.  The method of claim 104, wherein the cancerous cell has a reduced expression of a miR
capable of binding to the one or more miR-target sequences compared to the expression of the

miR 1n a non-cancerous cell.

106.  The method of claim 105, wherein the expression level of the miR in the cancerous cell

is at least 5% less than the expression level the miR in the non-cancerous cell.
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107.  The method of any one of claims 104 — 106, wherein replication of the oncolytic virus is
increased or maintained in cancerous cells with a reduced expression of the miR capable of

binding to the one or more miR-target sequences.

108.  The method of claim 107, wherein the viral replication is at least 5% greater in the

cancerous cells compared to the viral replication in the non-cancerous cell.

109.  The method of any one of claims 104 — 108, wherein the cell is in vivo.

110.  The method of claim 109, wherein the cell is within a tumor.

111. A method of treating cancer in a subject in need thereof, comprising administering the

oncolytic virus of any of claims 1-100 or compositions thereof to a subject in need thereof.

112.  The method of claim 111, wherein the subject is a mouse, a rat, a rabbit, a cat, a dog, a

horse, a non-human primate, or a human.

113.  The method of claim 111 or 112, wherein the oncolytic virus or compositions thereof are

administered intravenously, subcutaneously, intratumorally, intramuscularly, or intranasally.

114.  The method of claim 111, wherein the cancer is selected from lung cancer, breast cancer,
ovarian cancer, cervical cancer, prostate cancer, testicular cancer, colorectal cancer, colon
cancer, pancreatic cancer, liver cancer, gastric cancer, head and neck cancer, thyroid cancer,
malignant glioma, glioblastoma, melanoma, B-cell chronic lymphocytic leukemia, diffuse large

B-cell lymphoma (DLBCL), and marginal zone lymphoma (MZL).

115. The method of claim 114, wherein the lung cancer 1s small cell lung cancer or non-small

cell lung cancer.

116.  The method of claim 114, wherein the liver cancer is hepatocellular carcinoma (HCC).
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117.  The recombinant HSV of claim 38 or the recombinant oncolytic virus of any one of
claims 63-90 wherein the payload molecule or protein is an anti-FAP/anti-CD3 bispecific T cell

engager.

118.  The recombinant HSV of claim 38 or the recombinant oncolytic virus of any one of

claims 63-90 wherein the payload molecule or protein is an anti-PD1-Fc-41BBL protein.

163



Fig. 1

WO 2019/023483

PCT/US2018/043938
1/57
N
N\
G
a“!‘% m\‘.f.} mm =X
oo g e
U i
....... R D—
WSRATIT. Schwisan

I3k
&
Z
fx i
~ed
=
_;
e
o

chrvan

M 10

ETNRES

GERI0

Gli. 68

H1382

DEBHTT . Sehran

ELFFI0ET . Brain

ELYVEERT. Brain

A7 FPRET . Brain

EDFFASET Brain

cancer

non-cancerous brain



WO 2019/023483

i oS ) 3 Ny INy) |
T Y [ 22 P ,-:.-‘-;‘(T":l COCO RLLY %l O C3T ALY oo 2P QD0 7 T
DL R P 0 T N COILCH ) DY Y P DT B LY o of e e 3
P T e s T Y T

P T T B S TS T T SR R Ty
) ML ] NN V)

i aaadl ves
P

R

Fig. 2

PCT/US2018/043938

PEHEN
Do B O W o M RDR 6 ) o S TR T o NDu

MT11&7F

LI LG 3

SVW.TED

RTd

HT 137

TCC EUP

EOSTIET, Marmal



Fig. 3

WO 2019/023483

Y e |

[ W05 Mo M g Mg e, -;1)1.{.'1 S G L [Xg]

LRy v gy NPy O P e Seap
XN AT L e b E N L1 1y, SN e MO AL Ty
BN e LI e e O NI IR LB S e o Ly
haatiosat daadete (ol ot T L oond A8 ROy (Roeqd W TR B,

[_‘f‘;!';"!"):"l"‘;“r“;"l“r!'f“r‘r!“'l“?‘Fﬂf"r‘Tl“F‘ll‘"ﬁlﬁ“F‘r!‘"IW‘rTl“"r’[‘"t!'* O LT

\\\\\\\\
R

PCT/US2018/043938

Me STET

BT 844

irnary. Marmare. Epithelizal

BT.20

MCCTTR?

HCC1E89

HCC. 180&

HCGF

EOVF7R44T Marmal

ELFFTIIT.Normal

ELFBATIT.Mormal



PCT/US2018/043938

4/57

WO 2019/023483

UO|JO3J SnOJadued-uUuonN Jodued

A A

= =

& = = — ! @ A =

= o) o i3 2 - e 53] s

£ Lo Fm .mm.u . =) s 4 P

o oo P - _ & = w? @ — x

= I 0 = = = o = 4 o
3 — (93] i 53] =3 -

.
.

.

R

IR

N

R

N
X

AR
X

N

N

R
R

N

R
R
NRRERAN
R

\\\\‘\\.\\.\\\\
NR

-

A\

]
R
R

\\

s

X
R
R

.

7

ES

N

T

\
o
)

LEF

il

[ e S B e

&
£
£

€Y

J

-




PCT/US2018/043938

5/57

WO 2019/023483

uieilq snoisadued-uou 12Jued

A A

Y

54

SZh}
. Eigydieest
dg-z-86) Z-p-es
diEgLzdhu-es
Y

rhC-d

BB

dE-£pl-2k

\ \

. = =
= s 4 - 7 @

CZERM




PCT/US2018/043938

WO 2019/023483

6/57

£

Y

o T

ey N

: pat
L T
N e

&

=

Ll s

i}

anduo|

4 0
- i

snSeydos3

an3duo]|

J9dUed

)

= =
From -_—
(233 12%]
—_— [

\

I J

i 73 i@
= = b
= W

N§N§§§§§§w

9 31




WO 2019/023483 PCT/US2018/043938

Ll

L. t‘l:k(vl‘j C‘.:Lu:‘.l(iikﬂt‘«’;} s [ %<m<.ﬁ. G !.:11\{;'1 rsi}.t‘:\l@
Y N N N T N Ak L ¢ ALY I
PRETMN G ey UMDy gy gt EOGIMACTIEALEY geetis)
CPIREIELF AL ICOY T COWNICID MR-l ~ag K0y f R0 o sy
UL L Lt Bt b N Lo e Drecy TROm oy oo gl L o R e i aat e s g
vwwwﬁ*k&]‘ﬁ(@i\ﬁ?wa‘fdvr * a oo e

NGLHIE7FE

M ST

MO HT 250

MG HE 26

Fig. 7

MO HSEE

AGR

FTERIEST Marrmal

ke ie Tl

ST . Marmal

-,

X BR7ETSOT . Marmal

cancer

NoNn-cancerous Iung



PCT/US2018/043938

8/57

WO 2019/023483

L DL LS B0

dE-9E|-yus-es
B} Sh e

Lgmesy
dg-egyz-yu-Esy;
de-egiz-u-esy.
Lmékm mf.mwmm :

2L PNW. E

f4g-|-
BT Ll

-EBH

| Bagues
e

esy.
-3y

205p sy

,m wmz. Hesy

JodouUed

\

seaJoued snouasued-uou

\

AF T

HF

ang. 1005

L
~
-~

.......................




WO 2019/023483 PCT/US2018/043938

o]

a3 R
L2 oL I < e B < o I &9 IS B A I 2o T T I Co I €0 ]

[l sl sl Sulll safl 5ol salil ol ol sl sl oo 2ot il ol sall sofilsadiondit nditondi ool ool 3o

5

DAEERTT  Schwannama

DAEZI7ATA Sehwannoma

DIE2ZA1T EM

ung.Fibroblast

ey

SEATAT Schwannama

DABS13T. Setnacgninarms

DAEF T Sckweanrioma

OSFZ2AT Sohwannoma

LSTIEFT Esophagus

LERRYAET Esuphagus

= DERIRAT  Liv er

COSTAIAT Livgr

ELARI9FT Esaphagus

‘ ELFFEDNT. Calon

Fig. 9

Y
ELFTI08T Fangrags
\ L

ELFEZS0T . Lung

ELEE4ST Tangue

N

\“Q
R\\\\:

N s

§;\§§ ERSIEETT Tongus

: N
- N\ EOFFF11T Breast
: N \ P :

>
//

3

\\{
\\i\\\ || EDS3659T. Tongue

Bladder. Epithslial

N\ Mamrmary. Epithlieal

EQFFI0QT Eram

BL7EE7OT Brain

Q777E5T Brain

X
W

All non-Schwannoma = non-cancerous tissue

BM = non-cancerous bone marrow

s \:_\ EDTF4SET Brain




\




PCT/US2018/043938

WO 2019/023483

11157

Aunioe

CCT-Y!w sajedipul
uolssaldxa

d49 paseasnaq

24397
BYE

1BL ON ‘siy v
Apy) 3 di9 | ver
ZZ1
| zeiL

Aug 445 Aug Ausyly AusyDd g 449
SINoY $Z paonpul 19



WO 2019/023483

Fig. 12

122

184
34a

Let7a

12/57

PCT/US2018/043938

Let7a



PCT/US2018/043938

WO 2019/023483

13/57

B391L BA31L
8TL'2LLL epgL?TIL

B9
[ A%E

BL197L BPEL

I 31

veTL

(4481

24197

523

2:4)

[44)



Fig. 14

WO 2019/023483 PCT/US2018/043938

14157

e

= Q. Q. Q. [N Q.
= > b x >

o 143 td i Lid 3.4

. £ <t W} o v

L £ o~ < a3 ¥

L4 wooef L] eof ooed <




PCT/US2018/043938

WO 2019/023483

15/57

dx3 15y

dx3 667

dx3 §y1

dx3 y71

dx3 zz1

Ajuo 449



WO 2019/023483 PCT/US2018/043938

16/57
3 &
QR
r 0 %,
- - °%,
i %
3 A&l
¢
Q%i/,
—smy | %y
Ty
~ HiR o
™~ %, B
. T £ o %
S0 8 g % s
Ly_4 (suormn ur) 7
Apsusiul [ejol d49 3 -
%% -
-

.

—EEEae

T
o
o

5000-
4000+
3000+

[=)]

(3]
(suoliy un)

Aysuayuj ejo] d49

Hl miR-122
miR-184

Fig. 18

5000 -

(suony w)
Aisusyu| [ejo] d49

Fig. 16



WO 2019/023483 PCT/US2018/043938

17157

X D
R 7,
¥ %
T E ¢,
. %
1 “&Q ©
HEEE o
%
é%%/,
... DS
2 &
Q = o = <) O/&"q, é{( 8 é
(=] Q (=] Q. A
N g g8 g > ¢ o
Qb Y £ E
HOLL
J D
&8 S, (suor u)
I - 2%, © Aisusyu) |ejol d49
<
R 5
% ~
% ?b
Y .
s s '~
N . . | "0% %,
™S g 8 g8 S
° 8 3 ~N 7
.% (suonp w) h78
L: Risueu] [B30L d49



WO 2019/023483 PCT/US2018/043938

18/57

Bl miR-126
miR-451

.20
€Y
” (suonnm ui) s
Aysuayu) [e301 449
% % [ % <
5 %
1 - %,
o o
~ s
< %
HEb .
(,O
/b'-/o
(suonw ur) %

Ajisuayuj jejol 449



WO 2019/023483 PCT/US2018/043938

Fig. 25

Fig. 24

El miR-133

19/57

miR-451

8000+

Ausuayu jejol 449

B miR-127

miR-451

El miR-223

6000+
7

(suolji i)

L

R

R

miR-451

L]

Q (=]
(=4 (=4
(=3 (=4
©o <

8000+

i

(suony ur)
Ausudyul €30l d49

Fig. 26

8000+

(suonn wi) Y&
fisusyy| ej0] d49



WO 2019/023483

Fig. 27B

Fig. 274

A253 H & N Cancer cells

Post-mitotic Lung

20/57

/S
¢
- 2
K/
7o)
o i
O
QQ
35S
== i/
=200 (o4
]
B[ y
T
1 1 1 1 O
(] o (=] o o
(=] (=] (=] (=]
Q Q [ =] (=]
<r o) (V] -
S||2D 2ANISOd d49
R g
/S
(g
‘s
/3
Q
uls “%
Q0 ¢
;O e
QO Q 0O
S22 “%
(04
]
Bl
p
/3
| | 1 1 1 O
[=] (=] [=] o
Q Q o
[Te] < N

S[I20 aAljisod 449

Fig. 27D

Fig. 27C

PCT/US2018/043938

—
= I A

m Mock
Ha ONCR-O03
Y OMNCR-D11

40900 -
30000
20600 4
10000 -
2000+
1600 -
1000 -
5004

o Viock
# ONCR-003
Wy, ONCR-011

1500 -
1060
560

saidon) Suouan



PCT/US2018/043938

WO 2019/023483

21157

g

-

-000¢C
000V
-0009
G6ELOOH %
€Gcv 1 | 0008

g8z sid

9 awouas)

saido

o o o o o>
Q < < < <
o & N " N
- ol L L IQ

o e e
- 06
-001
-0G1
GBELOOH =  [00¢

RerA |
-0G¢2
V8Z ‘S1d

s||92 aAnlsod 449



WO 2019/023483 PCT/US2018/043938

22/57

—l

Q
=)
L@\ I
O -
Qb Q QQ
o o o
LH 5> = > .
TN
l § § B
o T T ol
(=] P =
(=] o =
2 S 2
sa1do) swouan
@' ®
| [ *%
(04
= A’fé,
(04

&\ o
° o N < O
so S 23 *
Y 0 0 ] |
m X K X - o
OO QO O 'I@,
oz =z =2 log
=0 0O
8 N
Bl 00 <,
&
| | I I | | 1 O
(=] [=] (=] (=] (=]
(=] (=) (=) o
[+ © < N

SII9D dAINSOd d49D



PCT/US2018/043938

WO 2019/023483

23/57

LYnH gegdoH ggev

DIE§ 8L

960-4ONO

760-4ONO

€60-4ONO

9€0-4ONO

€00-4ONO

uoI1193ju] Y0

O
o

iyl

qgof€ si

s Y
s Eh
L5y ﬂmv

egZT-YIW

VoS ‘SL

-G0G

gH

+05

~00}

F0G4

IBAD ZZ |~ L 9SEIMH RlO4

[oAB] BGT L-Mitl U} 9SBRIDUL DIOY



PCT/US2018/043938

WO 2019/023483

24/57

960-4ONO :9 due]
60-4ONO 1§ dueq
€60-4INO ‘7 due]
9£0-4ONO :€ due]
(1043U0)) €£00-4INO :T due]
NIOIN T dueq

uie-g

D._z_._lﬁ

dgdoan

(gdA) pisde)n

\%_? o unoe-g

%@\\\ i \\.,\\\\\ (5] pisces

uioe-g
YA Aﬁ

(gdn) pisde)

9 § ¥ € ¢ T ue

I€ 31



WO 2019/023483 PCT/US2018/043938

IMIC

RNA m
scramble miR-122 miR-125

mi

-
N

on O [92] on < LN O
o on w (o)} (o)) (o)) (o))
S S S S S S S
[a s o [a s o o oo o
&) O & O O O &)
Z = = =z =z = =
C o @] o @] @] @

Fig. 32C

Mock Infection

miR-125
»é
&
&
miR-122

g g
8 %

OAD] ST LI B 28RSO DIOY

3000+
2000
1000 4

g

Fig. 324

250000
1000044
50000

Fig. 32B

£ 200000
£ 150000

free

10891 ZZ4 I U

oy

SVRRIOU} PO



WO 2019/023483

Fig. 32D

PCT/US2018/043938

—
(@]
jud
+—
C
(@]
|©)
e
o O o o < LN O
o o™ (o] [e)) [*)] [*)) D
v o o o o o o o
S S R S S R oI
523 Zz2 2 2 2 2 2 2
i o 92 <r [Fp] (o] M~ 00
Loo
E « manm 2 mamar R R R
=EE :
E - - w
L NN - I
ot vl
O koo
R m
nEE
§ s s s s, s s
N n
R
N N N A N NN
- o




PCT/US2018/043938

WO 2019/023483

27157

611N

611N

7dOlI VNYHIW]L:/ ¢dDl
1ulory

VNYHIWL:¥dOlI ced

_ | ¥dDl ¢ .%.NRN
VNYlwL




PCT/US2018/043938

WO 2019/023483

VNYJIWL-6T1N

¥dOl

dXo|

VNYIWL:£ZdOI
uiory
\\\\\\\\»\\\\\\\\\\&

VNYIWL

28/57

VNYIWL-6T1N

¥dOl

-

\ J
VNYIWL

dXoj

\
VNYIWL

£TdDI
IOy

dxo|

dxo|

IN:g3

9¢ 814

Jovd

IN:g3

S§ 8L



PCT/US2018/043938

WO 2019/023483

29/57

YNYIWLGTIN YNHIWL vdOl VYNYIWLLZdO

U0
\\\\\\\\\\\\\\

\\\

\

YNHIWLETN YNHIW PdD £Zd3|

8€ "SI

gX01

§

VNYIUL VNG

LE 81



PCT/US2018/043938
30/57

WO 2019/023483

VNYIWL:7dOl JUIOfY  dxo| dxo

N\\\\\\\\\\\\\\\\“\\

\\, o~
]~~~

AN

2
~
-~
~
~
~

-

-
-
-
-
-
-
-
-
-

_ _ 7dDlI ZYNYS TYNYS aseapnuopu3
VNYIWL dIH don dir 104

0% “S1d

VNY!WL:17dDlI JUIO[Y 4o dxo|

N\\\\\\\\\\\\\\\\

7

%\\\\\\\\\\\\\\\\\\&
1

ovd

diil 1od VNY3 ases|pnuopuy

d| jod

6§ 'S

VNIl



Fig. 41

WO 2019/023483 PCT/US2018/043938

31/57
i < <
v
prd o~
~
< L — o
N ¢ - —
Tl o= 5 £ |
= - N
- t\\\\ TR E - AN
' O
< | N
O | O
€ €
C - —
X © X [s
4 <
<
7 2
o | L B
NN oo
'oéc e < £
X ] prd N
— ‘ c or ||
1 AR
N~ Ty)
i A g
o —
5 O o
o — o
E — E — - O
- X & G - & é
© 3 o S
' @) N @)
< I S <
, . <
x| EF 0 o @
gl == 1% S 1 3
E NN N E o
B -
|_
N~ Z N~ ;
N [ 3] N m
a ey N o b
O a0 N O
.20

ICP4:TmiRNA

ICP27:TmiRNA



WO 2019/023483

Fig. 43

miR-124

[

miR-31-5p

miR-205p miR-141-5p

[

ICP27

32/57

NN

MNAR

\\ N

AN \‘\\\

|OXP BAC |0x‘P

gB:NT

ICP4:TmiRNA

AJoint

ICP27:TmiRNA

PCT/US2018/043938



PCT/US2018/043938
33/57

WO 2019/023483

EGCT L-Yiw
Jo so1dod -0

JUIO[Y dxo dxo|
%2 e\.“ M %\\\\\\\\\\\\\w \\\\

iy
Z
%

AR AR

N\

I A
m\\\\\\\\\\\\\\\\\&

W

D

CCT 1YW
_ ] vd)l JO s31d02 -0

£2dOl

p¥ Sl



PCT/US2018/043938

WO 2019/023483

POZL BIEL W8T

227

\
-

\\ \\\\\\

<Zm_E._..m._NMn_u_

SPEdII

VNYIWL:¥7dOI
\\.\\\\\

\\\

EFLLRLPTLL

ZEEL 49801 LY

YNyl :£¢dIl

' wiory

nwc TSN

WD vieled
IsWd-
>m>>8mw

LZdDl

A %
wSu<zm__r£

Sy sl



PCT/US2018/043938

WO 2019/023483

35/57

rOTL BYEL RBEYTE

LEEL WBELL LET

N L
S'vedOI VNYlWwl
Nyl
WD Veined
VNYIWL:¥dOl [awd-
. ' 1] - X0 )

. IOV VNY!wl:2¢d2l U\m n_. | V4 n_x.w_ ._.ZMM Aemalen

= m i —
VNYIW]:GFEJDI wwlISN 10 FTN YNHIWL

£FLL EL FELL

¥dOI

FETL TZEL BELTL

L | £2dDlI

9 314



WO 2019/023483

47B

ig.

Fig. 474

36/57

individual siRNA

r
g
W
.«

T
e 3
4 (4

yNIS BanJAsuay d49

Y
L A A

e T Y

.
EAASSAANASY
JEREE N AR

5004

%
B
S8 6
T 13 L L %ﬁ:&:"&
o < o o o Fy
[ o] o3 oo %,
o % o8 oo

HoM/Alisuaiul 449

Mimic or siRNA {2 pmol}

PCT/US2018/043938



WO 2019/023483 PCT/US2018/043938

37157

2,
= ——- O
Q R
L] Pt N o /') —
fe . ) cf;ag )
S . 5%, &
- "{5‘
O N @vé‘) &
-] <%
2 z
:
) (o &
v 4 ‘o ©
5@ e %;% £
0 = 5
N o i RS
bb 3, % 5@."1'
M) : ¥ T — '% ’e[
o o o o .@
m S & D gz
eAvANsuUsU 449 ueap
3 s o
.
z N N ’5'3/ o,
O . ©
-] <
$ 2
g Z
5] 3
bt ‘ 9
k> S :
o \ ’
A 54,9,
Q.O ‘?f,(-: Aci?
oy £ 2 = g '° 4
&S & & b
- o3 o™ - %
IeAM/AISUSIU d49 ueapy



38/57

=

8dol

N
n
w

unoe g
84D

0dol
1Z<8]

¢dOl
SdA

6% ‘SI.



39/57 PCT/US2018/043938

WO 2019/023483

SJUNOTY POZIEWLION

qgos 314

-dg-0 L3p-Yiu-esy
dg-Z-62 L -Hiukesy
dg-gZi-yuu-esy
1g1-yw-esy
dg-gz 1-yiwresy
dg-egLz-yiu-esy
dg-g-yiw-esy
dg-pT ) -diu-esy

deg-Z-eglg-yuresy

3 3 L ] 3
Lo [ ] o o] L] o
Lo < Lo ] L ] (]
oo @D & =¥ o
e
oney

anssi| jueubijepy 7 enssi] JBULION

0S ‘31,



40/57

PCT/US2018/043938

WO 2019/023483

SJUNOT) POZIRULION

o N

& o

s

gIs 31

g ze-yru-esy
dg-qog-yiu-esy
1928 MBSy
dg-agg-yiuresy
dg-9Z-yiw-esy
dg-eg6p-Hiw-esy
Yazy-yiw-esy
de-egep-yiuwresy
dg-eg0z-ynu-esy
de-p-aiur-esy
dg-4g0z-yiw-esy

100+

t [
Lo o
Lo <
&3 d

500+
400~

ciey
anssiy jueubijep ; aNsSSIL JPUION

VIS ‘81



41/57

PCT/US2018/043938

WO 2019/023483

SN0 POZHRULION

C§ s

dg-poz-ynu

Ag-pJg-Hi-esy - G5-RgE L -yiu-usY
dg-p0 -yiu-esy . dp-zo - Nm-esy
dg-gp L-piuresy - 0500 LWL RSY

SNd L 5065 HNu-RSY

dg-a66L-yiuresy p402 purd§-SAd
dg-e66-duresy -tm*xmﬁ,g

d5-p0z-yiu-esy

dg-g-yIu-esy

S0L-diuresYy dg-eg L Z-Hilk-esYy

dg- - yiu-esy dg-g-yruesy

b0z M-Sy ~E-F- 06 L7~ M- RSy

] H ¥ £ 4
1 ¥ ¥ "t
g 8 8§ o g 8 8 8
2 k. taal h taad
oney

ofey

snssiy jueubijep ; 9nssi] JRULION MNW o.%oNrwN anssiy JueuBI By / ONSS1L [BULION v\NW o.%oNrwN



42/57

PCT/US2018/043938

WO 2019/023483

SOIWIN

00L 031 |
0g 01|
13N %
boN HH

1 -0°0

Al

uoissaldx3g asesayon

abueyy plo4 v

1-yiw LgdOl

gses 31

SOl

001 0} |
05 011
1eoN §
boN N
abueyo pjo4
1-¥1w $do|

-S0

uoissaudxg asesaon

\%

VES 81



43/57 PCT/US2018/043938

WO 2019/023483

LS1 4DNO  ~z~
¢yl dDNO  -#-
LEL 4DNO -#-
GZL YDNO -e-

LS1 4DNO  ~z~
¢yl 4ONO
LEL 4IDNO -#~
GZL YDNO -e-

10N 40 ©01
0 L- Al

?
=3

T
(=3
(12}

-001

%001=MO0IN OL IAILLVIIA
IVAINLNS 3OVINIOHU3d

I
(=3
11}
-

ars ‘s

IO 40 901
0 b= A €

T
Q
wn

-001

%001=MO0IN OL IAILLVIIA
IVAINLNS 3OVINIOHU3d

T
(=3
W
-

8C13INMS

VINONV1IIN

grs o1

LSLYINO -
ZrL YONO -
LEL YONO -
SZL YONO -

LSL¥INO -
2L 4ONO -
LEL ¥DNO -
SZL ¥DNO -

IO 40 ©01
4 l 0 L- Al

?
=3

']
oo \\-\\§\‘.\
“y
*,

T
(=3
(12}

=001

%001=MO0IN OL IAILLVIIA
IVAINLNS 3OVINIOHU3d

r
o
w
-

S0¢ 01100

DpS Sl

IO 40 901
4 l 0 b= A

(3]
[

o

T
Q
wn

-001

%001=MO0IN OL IAILLVIIA
IVAINLNS 3OVINIOHU3d

T
(=3
W
-

LEBMS

VINONIJYYOONIAV Tv.LO3HOT0D

V¥S ‘81



44/57 PCT/US2018/043938

WO 2019/023483

LSLYINO e
ZPLYINO e
LEL ¥INO -
SZLYDNO -e-

ION 40 9071
0 I- A

VINONIDYVYD 1V1dNa ‘1Sv3yd

LSL YINO e

2L ¥DNO e

LELYIONO -2

SZLYINO -o-
IO 40 9071

I 0 - 4 €

T
o
(T2

001

%001L=XJ0IN Ol IAILVI3ZH
IVAIAENS 3OVLINIOHId

T
(=
(122
puuid

£€0dX4d

VIANONIDHYOON3IAVY JILVIUINYd

A¥S S

6vS 19

LSLYINO -
2L ¥DNO -~
LEL ¥INO -~
SZLYONO -

T
[=3
wn

T
o
o
-—

%00L=XDO0I OL IALLVIIY
IVAIAYNS 3OVINID¥Ad

T
[=3
wn
-

DS S

ION 40 901
I 0 L- A €

T
[=3
wn

“% ool

=

e

%00L=MOO0N Ol IAILVII
IVAIANLNS FOVINIOYAd

9vVvH

43ONVI DNNT 7730 TIVIAIS

q¥S S



45/57 PCT/US2018/043938

WO 2019/023483

Tumor Volume (mm3)

005 -

0001}

0061 -

S00°0

[47

1000°0>

1L €ET-YONO

d

191%

d

191%

pa32aful-uoN pajoafu)
Apnys jo Aeq Apnig jo Aeq
T4 0z sl oL g . oz o
-0
\\\\\\\\ P O s \\\\\\t\\\\\\t\\\\E\\\\\\\\\\\..\\\\\\\\!\\\N\\\t\\\\t\\\\\t\\\\t\\\m.\e
. loos
.\m\\\
| -0001
ZLW-HONO + 8UOU-HONO ~#- 00§

Jown] pajoafuj-uon

S[0IYS/ ==

Jown] pajaslul

§S 81]



PCT/US2018/043938

46/57

Tumor Volume (mm3)

WO 2019/023483

€ET-HONO
100 Ge 8/0 | 1000°0> LS 8/0 + /-4ONO
€ET-HONO
S00°0 Ge 8/0 | 1000°0> 99 8/T + Z-4ONO
d 191% o) d 191% o)
palaful-uon paralu|
Apnys jo Aeq Apnig jo Aeqg
lzZ sz €z iZ 6L ZL  SL €L Ll 6 z L 6 LL gL SL Il 6l 1z € sz 1z
01 expeb 'Ndd 99 6°L (ZV1w) £21-MONO + (€dGTIN)LO0-UONO - g
(Z111W) €£€1-4ONO + Z00-HONO =~
LI ) o« sad -e-
00z 1 e -002
00V -oov
009 009
L
008 " 008
0001 - e L0001
00ZL- LoozL
Jown] (pejosfuj-uoN) 3o Jowny (peyoalur) 3ybry

96 31

(sww) aWNJOA Jown]



PCT/US2018/043938

47157

Tumor volume (mm3)

WO 2019/023483

T00'0 LS 8/T T000°0> 6L 8/¢ €TT-YONO + TE0-HYINO
T00'0 LY 8/0 T000°0> SL 8/¢ €TT-YONO + 90T-4ONO
d 191% o) d 191% o)
payalul-uon paialul
Apms jo Aeqg Apmsg jo Aeq
1*T4 €c 4 6l Ll Gl €l L 6 yA yA 6 L €l °1" Ll 6l |74 €C 14
0- ZXpEb ‘N4d 991 {Z1-11) £LL-HONO + LEO-UONO - 0
i (ZL-11) €LL-MONO + (0L10XD) 90L-HONO =
- e ot Lz, \\\§\\\\\§\\\“““““““n““nuu“““““““w§nnnnnNN\NNS\\Sa\.ms Sad =e=
002 » \\\&“ﬁ“ﬁu&“ﬁ\m\ st L00zZ
o S e
\\\\\ » \\\\\\\\ - o
00v1 o ooy
0094 009
008 008
0001 0001
0021 - -00zL

Jowin] pajoaluj

Jown] pejoeluj-uoN

LS ‘8L

(glulu) awnjoA Jown g



48/57

PCT/US2018/043938

WO 2019/023483

TumﬁrvMume{mm%

G0z

sy

il

008

aonL-

Apmis o Aeq
Si £ 51 oL 1} % 2 g g i % L1 £ 5l Li i bz £z
-4
e L
e \\\\\\v\\\,, o Wi
e
e “\\
ooy
. -00s
NI YA W ESL T ONG _
CHLTER TR YR T 2GS0 HONG e [ D08
UL Y YEEL W LR H NG
(FL 0 £ HINE
oo

town g {papsfuruon 197 Asuin g fpepeiu) Wby

LR ING 2
St -

§S 31

%muﬂamnmﬁjamni



49/57 PCT/US2018/043938

WO 2019/023483

uonoalul }sod awiy

y oo
S

i Lz Lz

~
/“o
o
N

L
9
Na
a0

N

N

N

pa1daful
papafulun

-0001

-0002

N

¥ 000€
4

L

-00000S

-0000001

N

_.cccccm L

g6S 314

uoissaidxa poazijewioN

uonoalul 3sod awiy

4
S
3 Vv v >
N S S = =
— Lz Lz s = — )
%
Yy
%
%
-00000S
%
000000}
%
papalul %
papsfuun el 445006,

V6S ‘81

wNa bnysaidos sawouab gb ASH



50/57 PCT/US2018/043938

WO 2019/023483

O
\ A..@Au
2 1,
R U G B
—rg 1 L — —1 0
“ e g ® ooy ©
7 v Logg O
1
) 008
” Looor ~
+000l O
2 L0oooz Q.
000€ 3 .%
2 Looop @ .
) paaful L goog =~ r\V QQ .NRN
papafuiun  «l 09
S .
N )
N K
& ¢ & o R N a3
. . . }m . S O I S
Iw\ 1 1 \x \\- ° ¢ V ¢ v
W % \ @% @ % W @ m p .W .@ Qg §|O
i ® Y, » —
” L0002 O % 2 » r
| N # 05 N
# Looor © \ 2
=1 ” 001 _—
% 6 d
’ L0009 = Q
( nwu % o5t 3
9lo9lUl %
_um%umpa_cl M_. ~ papslul % Q
- 0008 peysfuiun @_.SN

g09 314

V09 ‘s,



PCT/US2018/043938

51/57

WO 2019/023483

e
N o
R R
.:””w"...""". 7 \. 2 . AR IQ
Loz O
O
1
-0
S
-09 (@
3 S
08 = 19 ‘ol
-001
%// %//
™ o
N > 3 o >
%.& /%r( /«..pé & R %.& zvnr( N N N
1 1 1 1 1 0 .""..__w.."w..““w". P \. % : § % g 0
. BB,y (@]
» D% -0¢ —
002 O _.|
R -0 DN
# -00y © =3
—
5 -09 nm
009 nm =
L 008 -001

VI9 ‘S

2
<

qd19



52/57 PCT/US2018/043938

WO 2019/023483

e

aw} uondalul 3sod

N
& g & ow

§-

AN4| ewsgeld

Lo M
Z
<
00l 5
Q
S—
Lot 3
'
-002

gz9 31

awi} uonoalui jsod

é( A
N

%

%

%
%

8%

2?

BN

pajoalul
pajalulun

i
Q
wy/Bd) A-Nd|

VZ9 ‘si]



53/57 PCT/US2018/043938

WO 2019/023483

Tumor volume [mm?]

Apms jo Aeqg Apnys jo Keqg
(174 8L 9l 14" 4 oL 8 9 9 8 118 Zl 14 9l 8l 0Z
[4 .
0 exXpeEb 'N4d4 G967} 0
1 Dt o
. .y \\\\\\\\“““Nu“““n“un\,vwww%\\\\\\\\\\\\\\ww\ L e &m&w\\\w \\\\\\\\\\\\ -
- \\Nnn\\\n\\bo\\«“&, g G nrnrsrsesessssssssssorsssss w\\
002 - o o 002
s
st
o - =l
s m
00V - 00V =]
<
e
c
3
009 009 .M.
3
(ACL14/01L19XD/Z11) ZS1L-MONO + (#7100/0L19XD/Z1T1) £51-HINO el
(0LT9X0/Z11) OFL-HONO + (A€ LTH/0L1DXD/ZLT1) 2ZS51-HINO 008
0081 (0L19X2/Z171) OFL-HONO + ($7192/0L19XD/ZLTN £5L-HINO %~
200-H4ONO =%~
S9d ==
0001 - -0001

Jowny pajoasiul-uoN

Jouwiny pajoslul

£9 ‘31.]



PCT/US2018/043938

54/57

Tumor volume [mm3]

WO 2019/023483

0021 -

(44

0c

8l

Apmg jo Aeqg
91 145

0l 8 8 0l

Apnys jo Aeq
vi 9l

8l

0C ac

Jowin} pajoalul-uoN

£xpeb ‘Ndd 99 6L

Jown) pejoalu]

(189 1¥10¥AD) LvL-HONO + (F102/0LTOXD/ZLTI) £51-MINO
(189110vAD) Ly L-HONO + 200-HONO -4~
(+100/0110X0/Z1 1) £51-HONO + Z00-HONO -

F00C

-00Y

009

008

g

-0001

3dAIOS| mem

-00Z1

$9 ‘S|

[sww] AaWN|OA Jown |



PCT/US2018/043938

55/57

Tumor volume (mm3)

WO 2019/023483

(;ww) swnjop Jown)

€C LZ 6l Ll Gl €l Ll 6 L ] ] YA 6 LL €l Sl Ll 6l 1z £z
) r0
002 - L "
007 1 7 -00Y
009 1 \\ 009
008 - 008
0001 - -
0021 - o
00v | - F00% L
(PV1LO8 + 10vAOW/ZLTIW) 6S1-HONO + 67L-HONO -2~
ooww. (0O WyZ L IW+ duou) 67 L-¥INO+Z00-HINO = Loo0o1

Sad -e-

Jowny (peyoalul-uoN) Be Jown| (pejoslul) Wby

§9 31



56/57 PCT/US2018/043938

WO 2019/023483

6€T-4ONO + ¢ST-4IONO

099 3L

Apnms jJo Aeq
0cC 8l 9l vi cl 0l 8 9

expeb ‘nad se gL

s & &
Z L 0 \v.V\\t\\h\\\\\\:\\\\wvwx\\\\\\mmmmmmmmmu&w\\%\%\% =7
v %%, =ty > e e \\\\\\“\ S Z
/ o
%4 # < i i
———— « i S
- X Py
% 14 oLxL &
# o
[ ] m
) B L
»0L*¢C w o
1]
| |
b o) (PV1LD) 6ELHONO + (IELTA/OVTOXO/ZL-TI) ZSL-HONO 4~
v 0L*€ Aw (PY1LD) 6£1-HONO + Z00-HONO ~o
— T (1£1714/0L10XO/ZL-T1) ZSL-HONO + ZOO-HONO =t
S
e ZOO-MONO 4
o X 2
- s01Lx¢ S s8d =e=
* N
1 ] g oLxp w
¥¥ ® @
Rl
R ! -s01 <9 Jowny |1 Alewid

sBun| ul sasejsejdw INnj-L1vp

-001

-00¢

-00€

-00v

-00G

[sww] awINjoA Jown |

qg99 314 V99 ‘S1.]



PCT/US2018/043938

57157

Tumor volume [mm3]

WO 2019/023483

002 -

00v 4

009+

008+

0001 1

00zl 4

0oVl -

Apnis jo Aeq Apnys Jo Aeq
[44A 0¢ 8L 9L i zL oL 8 8 oL cL 141 9l 8L 174 [44
. T0
Z ,\\. ; e % et %
7 7 2 % LI, - » ,
Z s et \\\\t\\\\‘\\\t\\\\\\\\\i\\\\\\\\\\\\\\x\\ \N\ \R\\\\\\\\\\ 002
P .\.\S-S.é\\&.. u\.
\S\S\M\ m_
“ Foov 3
[*]
=
009 <
23
5
008 a
E)
b -000L 3
Ldd-B + (FTDD/0LTOXD/ZLN) €S 1-HONO + 200-HONO "
(F100/0LTOXO/ZLTI) €5 b-HONO + 200-4ONO <z LoozL
1ad-e -z
9dAI0S| mem
-00vL

Jowiny pajoalul-uoN

Jowiny pajoaluy]

L9 ‘S



<110>

<120>

<130>

<150>
<151>

<150>
<151>

<160>
<170>
210>
<211>
<212>
213>

<400>

ONCR_010_02WO_ST25.txt
SEQUENCE LISTING

Oncorus, Inc.
Finer, Mitchell H
Kennedy, Edward
Lerner, Lorena
Queva, Christophe

ONCOLYTIC VIRAL VECTORS AND USES THEREOF

ONCR-010/02W0 324865-2078

62/537,359
2017-07-26
62/686,802
2018-06-19
855
PatentIn version 3.5
1

22

RNA

Human

1

uggaguguga caaugguguu ug

<210>
<211>
<212>
<213>

<400>

20
RNA
Human

2

uaaggcacgc ggugaaugcc

<210>
<211>
<212>
<213>

<400>

24
RNA
Human

3

ucccugagac ccuuuaaccu guga

<210>
211>
<212>

4
22
RNA

Page 1

22

20

24



<213>

<400>

Human

4

ucguaccgug aguaauaaug cg

<210>
<211>
<212>
<213>

<400>

22
RNA
Human

5

UCgEgauccgu cugagcuugg cu

<210>
<211>
<212>
<213>

<400>

21
RNA
Human

6

ucacagugaa Ccggucucuu u

<210>
<211>
<212>
<213>

<400>

22
RNA
Human

7

aagcccuuac cccCaaaaagu au

<210>
<211>
<212>
<213>

<400>

21
RNA
Human

8

cuuuuugcgg ucugggcuug C

<210>
<211>
<212>
<213>

<400>

22
RNA
Human

9

cagugcaaug augaaagggc au

<210>

10

ONCR_010_02WO_ST25.txt

Page 2

22

22

21

22

21

22



211>
<212>
<213>

<400>

21
RNA
Human

10

acucuuuccc uguugcacua cC

<210>
<211>
<212>
<213>

<400>

11

22
RNA
Human

11

UUUEEUCCCC uucaaccage ug

<210>
<211>
<212>
<213>

<400>

12

22
RNA
Human

12

UUUEEUCCCC uucaaccage ua

<210>
<211>
<212>
<213>

<400>

13

23
RNA
Human

13

ccugugggcc accuagucac caa

<210>
<211>
<212>
<213>

<400>

14

23
RNA
Human

14

uuauugcuua agaauacgcg uag

<210>
<211>
<212>
<213>

<400>

15

22
RNA
Human

15

uggaauguaa agaaguaugu au

ONCR_010_02WO_ST25.txt

Page 3

21

22

22

23

23

22



<210>
<211>
<212>
<213>

<400>

16

21
RNA
Human

16

ugagaugaag cacuguagcu c

<210>
<211>
<212>
<213>

<400>

17

22
RNA
Human

17

ggauuccugg aaauacuguu cu

<210>
<211>
<212>
<213>

<400>

18

23
RNA
Human

18

guccaguuuu cccaggaauc ccu

<210>
<211>
<212>
<213>

<400>

19

22
RNA
Human

19

uggacggaga acugauaagg gu

<210>
<211>
<212>
<213>

<400>

20

22
RNA
Human

20

acaguagucu gcacauuggu ua

<210>
<211>
<212>
<213>

<400>

21

23
RNA
Human

21

ONCR_010_02WO_ST25.txt

Page 4

21

22

23

22

22



CCcaguguuc agacuaccug uuc

<210>
<211>
<212>
<213>

<400>

22

22
RNA
Human

22

UUCCCUUUgU cauccuaugc cu

<210>
<211>
<212>
<213>

<400>

23

22
RNA
Human

23

auaagacgaa caaaagguuu gu

<210>
<211>
<212>
<213>

<400>

24

22
RNA
Human

24

acagcaggca cagacaggca gu

<210>
<211>
<212>
<213>

<400>

25

23
RNA
Human

25

uacugcauca ggaacugauu gga

<210>
<211>
<212>
<213>

<400>

26

21
RNA
Human

26

ugauugucca aacgcaauuc u

<210>
<211>
<212>
<213>

27

22
RNA
Human

ONCR_010_02WO_ST25.txt

Page 5

23

22

22

22

23

21



<400>

27

uUgucaguuug ucaaauaccc ca

<210>
<211>
<212>
<213>

<400>

28

22
RNA
Human

28

UggCaguUgUC uuagcugguu gu

<210>
<211>
<212>
<213>

<400>

29

22
RNA
Human

29

aaaccguuac cauuacugag uu

<210>
<211>
<212>
<213>

<400>

30

21
RNA
Human

30

uaaaguaaau augcacCaaa a

<210>
<211>
<212>
<213>

<400>

31

22
RNA
Human

31

ugagguagua gguuguauag uu

<210>
<211>
<212>
<213>

<400>

32

23
RNA
Human

32

ucuuugguua ucuagcugua uga

<210>
211>

33
22

ONCR_010_02WO_ST25.txt

Page 6

22

22

22

21

22

23



<212>
<213>

<400>

RNA
Human

33

ugagguagua gguugugugg uu

<210>
<211>
<212>
<213>

<400>

34

22
RNA
Human

34

ugagguagua gguuguaugg uu

<210>
<211>
<212>
<213>

<400>

35

22
RNA
Human

35

agagguagua gguugcauag uu

<210>
<211>
<212>
<213>

<400>

36

22
RNA
Human

36

ugagguagga gguuguauag uu

<210>
<211>
<212>
<213>

<400>

37

22
RNA
Human

37

ugagguagua gauuguauag uu

<210>
<211>
<212>
<213>

<400>

38

22
RNA
Human

38

ugagguagua guuuguacag uu

ONCR_010_02WO_ST25.txt

Page 7

22

22

22

22

22

22



<210>
<211>
<212>
<213>

<400>

39

22
RNA
Human

39

ugagguagua guuugugcug uu

<210>
<211>
<212>
<213>

<400>

40

22
RNA
Human

40

aacccguaga uccgaacuug ug

<210>
<211>
<212>
<213>

<400>

41

21
RNA
Human

41

uacaguacug ugauaacuga a

<210>
<211>
<212>
<213>

<400>

42

23
RNA
Human

42

agcagcauug uacagggcua uga

<210>
<211>
<212>
<213>

<400>

43

23
RNA
Human

43

ucaaaugcuc agacuccugu ggu

<210>
<211>
<212>
<213>

<400>

44

23
RNA
Human

44

aaaagugcuu acagugcagg uag

ONCR_010_02WO_ST25.txt

Page 8

22

22

21

23

23

23



<210>
<211>
<212>
<213>

<400>

45

21
RNA
Human

45

uaaagugcug acagugcaga u

<210>
<211>
<212>
<213>

<400>

46

23
RNA
Human

46

agcagcauug uacagggcua uca

<210>
<211>
<212>
<213>

<400>

47

23
RNA
Human

47

uacccuguag auccgaauuu gug

<210>
<211>
<212>
<213>

<400>

48

23
RNA
Human

48

uacccuguag aaccgaauuu gug

<210>
<211>
<212>
<213>

<400>

49

21
RNA
Human

49

uugcucacug uucuucccua g

<210>
<211>
<212>
<213>

50

22
RNA
Human

ONCR_010_02WO_ST25.txt

Page 9

21

23

23

23

21



<400>

50

UUUCCEECUC gCgUEEEUEU gu

<210>
<211>
<212>
<213>

<400>

cacuguaggu gauggugaga gugggca

<210>
<211>
<212>
<213>

<400>

51

27
RNA
Human

51

52

22
RNA
Human

52

auauacaggg ggagacucuu au

<210>
<211>
<212>
<213>

<400>

53

22
RNA
Human

53

auauacaggg ggagacucuc au

<210>
<211>
<212>
<213>

<400>

54

21
RNA
Human

54

agaggauacc cuuuguaugu u

<210>
<211>
<212>
<213>

<400>

55

23
RNA
Human

55

gggaugguag accggugacg ugc

<210>
211>
<212>

56
21
RNA

ONCR_010_02WO_ST25.txt

Page 10



<213>

<400>

ONCR_010_02WO_ST25.txt
Human

56

uaggacacau ggucuacuuc u

<210>
<211>
<212>
<213>

<400>

57

22
RNA
Human

57

CUCCUEAgCC auucugagecc uc

<210>
<211>
<212>
<213>

<400>

58

21
RNA
Human

58

gugccagcug caguggegga g

<210>
<211>
<212>
<213>

<400>

59

21
RNA
Human

59

cccggageca ggaugcageu C

<210>
<211>
<212>
<213>

<400>

60

21
RNA
Human

60

ucguggccug gucuccauua u

<210>
<211>
<212>
<213>

<400>

61

20
RNA
Human

61

ucugcagggu uugcuuugag

<210>

62
Page 11

21

22

21

21

21

20



211>
<212>
<213>

<400>

21
RNA
Human

62

uguucaugua gauguuuaag c

<210>
<211>
<212>
<213>

<400>

63

21
RNA
Human

63

CCCcCaccucc ucucuccuca g

<210>
<211>
<212>
<213>

<400>

64

19
RNA
Human

64

gugaggacuc gggaggugeg

<210>
<211>
<212>
<213>

<400>

65

22
RNA
Human

65

ucaccagccc uguguucccu ag

<210>
<211>
<212>
<213>

<400>

66

20
RNA
Human

66

ucacaccugc cucgcccccc

<210>
<211>
<212>
<213>

<400>

67

20
RNA
Human

67

ugagcccugu ccucccgcag

ONCR_010_02WO_ST25.txt

Page 12

21

21

19

22

20

20



<210>
<211>
<212>
<213>

<400>

68

22
RNA
Human

68

ucggccugac cacccacccc ac

<210>
<211>
<212>
<213>

<400>

69

22
RNA
Human

69

ccucuucccc uugucucucc ag

<210>
<211>
<212>
<213>

<400>

70

26
RNA
Human

70

aaguaguugg uuuguaugag augguu

<210>
<211>
<212>
<213>

<400>

71

21
RNA
Human

71

aagugaucua aaggccuaca u

<210>
<211>
<212>
<213>

<400>

72

22
RNA
Human

72

ucagaugauc uaaaggccua ua

<210>
<211>
<212>
<213>

<400>

73

21
RNA
Human

73

ONCR_010_02WO_ST25.txt

Page 13

22

22

26

21

22



uaggccuuua gaucacuuaa a

<210>
<211>
<212>
<213>

<400>

74

19
RNA
Human

74

aauggauuuu uggagcagg

<210>
<211>
<212>
<213>

<400>

75

22
RNA
Human

75

acccgucccg uucguccccg ga

<210>
<211>
<212>
<213>

<400>

76

27
RNA
Human

76

ONCR_010_02WO_ST25.txt

accuucuugu auaagcacug ugcuaaa

<210>
<211>
<212>
<213>

<400>

77

22
RNA
Human

77

acgcccuucc cccccuucuu ca

<210>
<211>
<212>
<213>

<400>

78

24
RNA
Human

78

aggaggegagg agaugggcca aguu

<210>
<211>
<212>
<213>

79

21
RNA
Human

Page 14

21

19

22

27

22

24



<400>

79

acggugcugg auguggccuu u

<210>
<211>
<212>
<213>

<400>

80

22
RNA
Human

80

agaaggaaau ugaauucauu ua

<210>
<211>
<212>
<213>

<400>

81

21
RNA
Human

81

agagaagaag aucagccugc a

<210>
<211>
<212>
<213>

<400>

82

24
RNA
Human

82

agccuggaag cuggagccug cagu

<210>
<211>
<212>
<213>

<400>

83

23
RNA
Human

83

aggaugagca aagaaaguag auu

<210>
<211>
<212>
<213>

<400>

84

22
RNA
Human

84

cggaugagca aagaaagugg uu

<210>
211>

85
21

ONCR_010_02WO_ST25.txt

Page 15

21

22

21

24

23

22



<212>
<213>

<400>

RNA
Human

85

agugaaugau ggguucugac C

<210>
<211>
<212>
<213>

<400>

86

21
RNA
Human

86

aguuaggauu aggucgugga a

<210>
<211>
<212>
<213>

<400>

87

22
RNA
Human

87

acaggugagg uucuugggag cc

<210>
<211>
<212>
<213>

<400>

88

22
RNA
Human

88

ucccugagac ccuaacuugu ga

<210>
<211>
<212>
<213>

<400>

89

18
RNA
Human

89

aucccaccuc ugccacca

<210>
<211>
<212>
<213>

<400>

90

19
RNA
Human

90

aucccaccac ugccaccau

ONCR_010_02WO_ST25.txt

Page 16

21

21

22

22

18

19



<210>
<211>
<212>
<213>

<400>

91

19
RNA
Human

91

auggauaagg cuuuggcuu

<210>
<211>
<212>
<213>

<400>

92

22
RNA
Human

92

augggugaau uuguagaagg au

<210>
<211>
<212>
<213>

<400>

93

23
RNA
Human

93

Ccaagucuuau uugagcaccu guu

<210>
<211>
<212>
<213>

<400>

94

23
RNA
Human

94

ccucagggcu guagaacagg gcu

<210>
<211>
<212>
<213>

<400>

95

18
RNA
Human

95

Ccggecgugey ggugEeEe

<210>
<211>
<212>
<213>

<400>

96

20
RNA
Human

96

CggecguUgey gguUBEEEEUE

ONCR_010_02WO_ST25.txt

Page 17

19

22

23

23

18

20



<210>
<211>
<212>
<213>

<400>

97

22
RNA
Human

97

cuggacugag ccgugcuacu gg

<210>
<211>
<212>
<213>

<400>

98

22
RNA
Human

98

cuggacugag ccaugcuacu gg

<210>
<211>
<212>
<213>

<400>

99

23
RNA
Human

99

cuggagauau ggaagagcug ugu

<210>
<211>
<212>
<213>

<400>

100
22
RNA
Human

100

agugccugcu augugccagg ca

<210>
<211>
<212>
<213>

<400>

101
22
RNA
Human

101

cuuggcaccu agcaagcacu ca

<210>
<211>
<212>
<213>

102
26
RNA
Human

ONCR_010_02WO_ST25.txt

Page 18

22

22

23

22

22



<400>

gaugaugaug gcagcaaauu cugaaa

<210>
<211>
<212>
<213>

<400>

102

103
22
RNA
Human

103

ggcgacaaaa cCgagacccug uc

<210>
<211>
<212>
<213>

<400>

104
17
RNA
Human

104

gugggggaga ggeuguc

<210>
<211>
<212>
<213>

<400>

105
22
RNA
Human

105

cugaagcuca gagggcucug au

<210>
<211>
<212>
<213>

<400>

106
20
RNA
Human

106

uaaagagccc uguggagaca

<210>
<211>
<212>
<213>

<400>

107
22
RNA
Human

107

uacguagaua uauauguauu uu

<210>
211>
<212>

108
22
RNA

ONCR_010_02WO_ST25.txt

Page 19

26

22

17

22

20

22



<213>

<400>

Human

108

uaguacugug cauaucaucu au

<210>
<211>
<212>
<213>

<400>

109
17
RNA
Human

109

ucauauugcu ucuuucu

<210>
<211>
<212>
<213>

<400>

110
17
RNA
Human

110

ucgccuccuc cucuccc

<210>
<211>
<212>
<213>

<400>

111
23
RNA
Human

111

cggggecgua gcacugucug aga

<210>
<211>
<212>
<213>

<400>

112
23
RNA
Human

112

gggggccgau acacuguacg aga

<210>
<211>
<212>
<213>

<400>

113
22
RNA
Human

113

ucuacaaagg aaagcgcuuu cu

<210>

114

ONCR_010_02WO_ST25.txt

Page 20

22

17

17

23

23

22



211>
<212>
<213>

<400>

22
RNA
Human

114

ucugggcaac aaagugagac cu

<210>
<211>
<212>
<213>

<400>

115
21
RNA
Human

115

gaucucacuu uguugcccag g

<210>
<211>
<212>
<213>

<400>

116
21
RNA
Human

116

ugcaggacca agaugagccc u

<210>
<211>
<212>
<213>

<400>

117
22
RNA
Human

117

cucuagccac agaugcagug au

<210>
<211>
<212>
<213>

<400>

118
22
RNA
Human

118

ugcuggauca gugguucgag uc

<210>
<211>
<212>
<213>

<400>

119
21
RNA
Human

119

uggacugccc ugaucuggag a

ONCR_010_02WO_ST25.txt

Page 21

22

21

21

22

22

21



<210>
<211>
<212>
<213>

<400>

120
23
RNA
Human

120

uggaguccag gaaucugcau uuu

<210>
<211>
<212>
<213>

<400>

121
19
RNA
Human

121

uggauuuuug gaucaggga

<210>
<211>
<212>
<213>

<400>

122
24
RNA
Human

122

uggcccugac ugaagaccag cagu

<210>
<211>
<212>
<213>

<400>

123
22
RNA
Human

123

aagcccuuac cccCaaaaagc au

<210>
<211>
<212>
<213>

<400>

124
22
RNA
Human

124

UggEUEEUCU ggagauuugu gc

<210>
<211>
<212>
<213>

<400>

125
21
RNA
Human

125

ONCR_010_02WO_ST25.txt

Page 22

23

19

24

22

22



uuaggccgca gaucugggug a

<210>
<211>
<212>
<213>

<400>

126
22
RNA
Human

126

gagugggecu ucgacccuaa cc

<210>
<211>
<212>
<213>

<400>

127
22
RNA
Human

127

uuagggcccu ggeuccaucu cc

<210>
<211>
<212>
<213>

<400>

128
17
RNA
Human

128

uucaaguaau ucaggug

<210>
<211>
<212>
<213>

<400>

129
22
RNA
Human

129

uuCcauucggc uguccagaug ua

<210>
<211>
<212>
<213>

<400>

130
22
RNA
Human

130

uucuggaauu cugugugagg ga

<210>
<211>
<212>
<213>

131
24
RNA
Human

ONCR_010_02WO_ST25.txt

Page 23

21

22

22

17

22

22



<400>

UUgCagCugc cugggaguga cuuc

<210>
<211>
<212>
<213>

<400>

131

132
21
RNA
Human

132

uugggacaua cuuaugcuaa a

<210>
<211>
<212>
<213>

<400>

133
22
RNA
Human

133

uuuagagacg gggucuugcu cu

<210>
<211>
<212>
<213>

<400>

134
22
RNA
Human

134

ucucacugua gccucgaacc cc

<210>
<211>
<212>
<213>

<400>

135
22
RNA
Human

135

uuugaggcua cagugagaug ug

<210>
<211>
<212>
<213>

<400>

136
22
RNA
Human

136

uuuucaacuc uaaugggaga ga

<210>
211>

137
18

ONCR_010_02WO_ST25.txt

Page 24

24

21

22

22

22

22



<212>
<213>

<400>

RNA
Human

137

acguuggcuc ugguggug

<210>
<211>
<212>
<213>

<400>

138
22
RNA
Human

138

ccaccucccc ugcaaacguc ca

<210>
<211>
<212>
<213>

<400>

139
22
RNA
Human

139

acucggcgug gegucggucg ug

<210>
<211>
<212>
<213>

<400>

140
21
RNA
Human

140

ucgaccggac cucgaccgge u

<210>
<211>
<212>
<213>

<400>

141
22
RNA
Human

141

cagugcaaug uuaaaagggc au

<210>
<211>
<212>
<213>

<400>

142
22
RNA
Human

142

cagugcaaug augaaagggc au

ONCR_010_02WO_ST25.txt

Page 25

18

22

22

21

22

22



<210>
<211>
<212>
<213>

<400>

143
19
RNA
Human

143

gaugaugcug cugaugcug

<210>
<211>
<212>
<213>

<400>

144
22
RNA
Human

144

ucaaaacuga ggggcauuuu cu

<210>
<211>
<212>
<213>

<400>

145
22
RNA
Human

145

uaacagucua cagccauggu cg

<210>
<211>
<212>
<213>

<400>

146
22
RNA
Human

146

agcugguaaa auggaaccaa au

<210>
<211>
<212>
<213>

<400>

147
22
RNA
Human

147

ugugacuggu ugaccagagg gg

<210>
<211>
<212>
<213>

<400>

148
23
RNA
Human

148

uauggcuuuu uauuccuaug uga

ONCR_010_02WO_ST25.txt

Page 26

19

22

22

22

22

23



<210>
<211>
<212>
<213>

<400>

149
23
RNA
Human

149

uauggcuuuu cauuccuaug uga

<210>
<211>
<212>
<213>

<400>

150
23
RNA
Human

150

acuccauuug uuuugaugau gga

<210>
<211>
<212>
<213>

<400>

151
23
RNA
Human

151

agcugguguu gugaaucagg ccg

<210>
<211>
<212>
<213>

<400>

152
23
RNA
Human

152

uggagacgcg gcccuguugg agu

<210>
<211>
<212>
<213>

<400>

153
23
RNA
Human

153

ucuacagugc acgugucucc agu

<210>
<211>
<212>
<213>

154
21
RNA
Human

ONCR_010_02WO_ST25.txt

Page 27

23

23

23

23

23



<400>

154

uaccacaggg uagaaccacg g

<210>
<211>
<212>
<213>

<400>

155
22
RNA
Human

155

Cagugguuuu acccuauggu ag

<210>
<211>
<212>
<213>

<400>

156
22
RNA
Human

156

uaacacuguc ugguaaagau gg

<210>
<211>
<212>
<213>

<400>

157
23
RNA
Human

157

Uguaguguuu ccuacuuuau gga

<210>
<211>
<212>
<213>

<400>

158
21
RNA
Human

158

cauaaaguag aaagcacuac u

<210>
<211>
<212>
<213>

<400>

159
20
RNA
Human

159

uacaguauag augauguacu

<210>
211>
<212>

160
22
RNA

ONCR_010_02WO_ST25.txt

Page 28

21

22

22

23

21

20



<213>

<400>

Human

160

CUCEECECEg BECECggecu CC

<210>
<211>
<212>
<213>

<400>

161
22
RNA
Human

161

ugagaacuga auuccauggg uu

<210>
<211>
<212>
<213>

<400>

162
22
RNA
Human

162

UgCCCUgUgg acucaguucu gg

<210>
<211>
<212>
<213>

<400>

163
22
RNA
Human

163

ugagaacuga auuccauagg cu

<210>
<211>
<212>
<213>

<400>

164
20
RNA
Human

164

guguguggaa augcuucugc

<210>
<211>
<212>
<213>

<400>

165
22
RNA
Human

165

gugugcggaa augcuucugc ua

<210>

166

ONCR_010_02WO_ST25.txt

Page 29

22

22

22

22

20

22



211>
<212>
<213>

<400>

22
RNA
Human

166

ucagugcacu acagaacuuu gu

<210>
<211>
<212>
<213>

<400>

167
22
RNA
Human

167

ucagugcauc acagaacuuu gu

<210>
<211>
<212>
<213>

<400>

168
23
RNA
Human

168

UCUEECUCCE ugucuucacu ccc

<210>
<211>
<212>
<213>

<400>

169
22
RNA
Human

169

ucucccaacc cuuguaccag ug

<210>
<211>
<212>
<213>

<400>

170
21
RNA
Human

170

cuagacugaa gcuccuugag g

<210>
<211>
<212>
<213>

<400>

171
21
RNA
Human

171

ucgaggagcu cacagucuag u

ONCR_010_02WO_ST25.txt

Page 30

22

22

23

22

21

21



<210>
<211>
<212>
<213>

<400>

172
18
RNA
Human

172

ucgaggagcu cacagucu

<210>
<211>
<212>
<213>

<400>

173
21
RNA
Human

173

ucagugcaug acagaacuug g

<210>
<211>
<212>
<213>

<400>

174
23
RNA
Human

174

agguucugug auacacuccg acu

<210>
<211>
<212>
<213>

<400>

175
22
RNA
Human

175

uugcauaguc acaaaaguga uc

<210>
<211>
<212>
<213>

<400>

176
22
RNA
Human

176

aaaaccgucu aguuacaguu gu

<210>
<211>
<212>
<213>

<400>

177
22
RNA
Human

177

ONCR_010_02WO_ST25.txt

Page 31

18

21

23

22

22



uagguuaucc guguugccuu cg

<210>
<211>
<212>
<213>

<400>

uuaaugcuaa ucgugauagg geu

<210>
<211>
<212>
<213>

<400>

178
23
RNA
Human

178

179
22
RNA
Human

179

uagcagcaca uaaugguuug ug

<210>
<211>
<212>
<213>

<400>

180
22
RNA
Human

180

uagcagcaca ucaugguuua ca

<210>
<211>
<212>
<213>

<400>

181
22
RNA
Human

181

aCauacuucu uuauaugccc au

<210>
<211>
<212>
<213>

<400>

182
22
RNA
Human

182

uagcagcacg uaaauauugg cg

<210>
<211>
<212>
<213>

183
22
RNA
Human

ONCR_010_02WO_ST25.txt

Page 32



<400>

183

accacugacc guugacugua cc

<210>
<211>
<212>
<213>

<400>

184
22
RNA
Human

184

accaucgacc guugauugua cc

<210>
<211>
<212>
<213>

<400>

185
23
RNA
Human

185

aacauucaac gcugucggug agu

<210>
<211>
<212>
<213>

<400>

186
20
RNA
Human

186

cucacugauc aaugaaugca

<210>
<211>
<212>
<213>

<400>

187
23
RNA
Human

187

aacauucauu gcugucggug ggu

<210>
<211>
<212>
<213>

<400>

188
22
RNA
Human

188

aacauucaac cugucgguga gu

<210>
211>

189
21

ONCR_010_02WO_ST25.txt

Page 33

22

22

23

20

23

22



<212>
<213>

<400>

RNA
Human

189

ccaccggggg augaauguca C

<210>
<211>
<212>
<213>

<400>

190
21
RNA
Human

190

ugguucuaga cuugccaacu a

<210>
<211>
<212>
<213>

<400>

uuuggcaaug guagaacuca cacu

<210>
<211>
<212>
<213>

<400>

191
24
RNA
Human

191

192
18
RNA
Human

192

ugaggcagua gauugaau

<210>
<211>
<212>
<213>

<400>

193
22
RNA
Human

193

uauggcacug guagaauuca cu

<210>
<211>
<212>
<213>

<400>

194
22
RNA
Human

194

uggagagaaa ggcaguuccu ga

ONCR_010_02WO_ST25.txt

Page 34

21

21

24

18

22

22



<210>
<211>
<212>
<213>

<400>

195
22
RNA
Human

195

Caaagaauuc uccuuuuggg cu

<210>
<211>
<212>
<213>

<400>

196
22
RNA
Human

196

UCgUgUCUUg uguugcagcc gg

<210>
<211>
<212>
<213>

<400>

197
21
RNA
Human

197

cucccacaug caggguuugc a

<210>
<211>
<212>
<213>

<400>

198
21
RNA
Human

198

caucccuugc augguggagg g

<210>
<211>
<212>
<213>

<400>

uaaggugcau cuagugcaga uag

<210>
<211>
<212>
<213>

<400>

uaaggugcau cuagugcagu uag

199
23
RNA
Human

199

200
23
RNA
Human

200

ONCR_010_02W0_ST25.

Page 35

txt

22

22

21

21

23

23



<210>
<211>
<212>
<213>

<400>

201
21
RNA
Human

201

ccggeegecg geuccgecce g

<210>
<211>
<212>
<213>

<400>

202
21
RNA
Human

202

cggeggegac ggegauuggu ¢

<210>
<211>
<212>
<213>

<400>

203
22
RNA
Human

203

cgcaggggec gggugcucac cg

<210>
<211>
<212>
<213>

<400>

204
21
RNA
Human

204

cuauauauca aacauauucc u

<210>
<211>
<212>
<213>

<400>

205
22
RNA
Human

205

ugauauguuu gauauauuag gu

<210>
<211>
<212>
<213>

206
21
RNA
Human

ONCR_010_02WO_ST25.txt

Page 36

21

21

22

21

22



<400>

ONCR_010_02WO_ST25.txt
206

ugauauguuu gauauugggu u

<210>
<211>
<212>
<213>

<400>

207
20
RNA
Human

207

gaggcagaag caggaugaca

<210>
<211>
<212>
<213>

<400>

208
21
RNA
Human

208

CCaguccugu gccugccgec u

<210>
<211>
<212>
<213>

<400>

209
20
RNA
Human

209

CCCcaggecg acgeggegas

<210>
<211>
<212>
<213>

<400>

210
23
RNA
Human

210

caacggaauc ccaaaagcag cug

<210>
<211>
<212>
<213>

<400>

211
21
RNA
Human

211

cugaccuaug aauugacagc c

<210>
211>
<212>

212
22
RNA

Page 37

21

20

21

20

23

21



<213>

<400>

Human

212

aacuggccua caaaguccca gu

<210>
<211>
<212>
<213>

<400>

213
22
RNA
Human

213

ugggucuuug cgggcgagau ga

<210>
<211>
<212>
<213>

<400>

214
22
RNA
Human

214

aacuggcccu caaagucccg cu

<210>
<211>
<212>
<213>

<400>

215
22
RNA
Human

215

uguaacagca acuccaugug ga

<210>
<211>
<212>
<213>

<400>

216
21
RNA
Human

216

uagcagcaca gaaauauugg C

<210>
<211>
<212>
<213>

<400>

217
22
RNA
Human

217

cggcaacaag aaacugccug ag

<210>

218

ONCR_010_02WO_ST25.txt

Page 38

22

22

22

22

21

22



211>
<212>
<213>

<400>

22
RNA
Human

218

uagguaguuu cauguuguug gg

<210>
<211>
<212>
<213>

<400>

219
22
RNA
Human

219

uagguaguuu ccuguuguug gg

<210>
<211>
<212>
<213>

<400>

220
22
RNA
Human

220

ucaggccagg cacaguggcu ca

<210>
<211>
<212>
<213>

<400>

221
19
RNA
Human

221

accgugcaaa gguagcaua

<210>
<211>
<212>
<213>

<400>

222
22
RNA
Human

222

uucaccaccu ucuccaccca gc

<210>
<211>
<212>
<213>

<400>

cggguagaga ggecagugeg agg

223
23
RNA
Human

223

ONCR_010_02WO_ST25.txt

Page 39

22

22

22

19

22

23



<210>
<211>
<212>
<213>

<400>

224
20
RNA
Human

224

CCUCCUgCCC uccuugcugu

<210>
<211>
<212>
<213>

<400>

225
22
RNA
Human

225

gguccagagg ggagauaggu uc

<210>
<211>
<212>
<213>

<400>

226
23
RNA
Human

226

CCCcaguguuu agacuaucug uuc

<210>
<211>
<212>
<213>

<400>

227
23
RNA
Human

227

UgUgCaaauc uaugcaaaac uga

<210>
<211>
<212>
<213>

<400>

228
23
RNA
Human

228

Ugugcaaauc caugcaaaac uga

<210>
<211>
<212>
<213>

<400>

229
22
RNA
Human

229

ONCR_010_02WO_ST25.txt

Page 40

20

22

23

23

23



uaacacuguc ugguaacgau gu

<210>
<211>
<212>
<213>

<400>

230
22
RNA
Human

230

uaauacugcc ugguaaugau ga

<210>
<211>
<212>
<213>

<400>

231
23
RNA
Human

231

uaauacugcc ggguaaugau gga

<210>
<211>
<212>
<213>

<400>

232
20
RNA
Human

232

agagguauag ggcaugggaa

<210>
<211>
<212>
<213>

<400>

233
22
RNA
Human

233

gugaaauguu uaggaccacu ag

<210>
<211>
<212>
<213>

<400>

234
25
RNA
Human

234

agugguucuu aacaguucaa caguu

<210>
<211>
<212>
<213>

235
23
RNA
Human

ONCR_010_02WO_ST25.txt

Page 41

22

22

23

20

22

25



<400>

235

guguuaauua aaccucuauu uac

<210>
<211>
<212>
<213>

<400>

236
22
RNA
Human

236

uccuucauuc caccggaguc ug

<210>
<211>
<212>
<213>

<400>

237
22
RNA
Human

237

uggaauguaa ggaagugugu gg

<210>
<211>
<212>
<213>

<400>

238
22
RNA
Human

238

auaagacgag caaaaagcuu gu

<210>
<211>
<212>
<213>

<400>

239
22
RNA
Human

239

aagcuuuuug cucgaauuau gu

<210>
<211>
<212>
<213>

<400>

240
23
RNA
Human

240

uaaagugcuu auagugcagg uag

<210>
211>

241
22

ONCR_010_02WO_ST25.txt

Page 42

23

22

22

22

22

23



<212>
<213>

<400>

RNA
Human

241

Cugugcgugu gacagcggcu ga

<210>
<211>
<212>
<213>

<400>

242
22
RNA
Human

242

agccccugec caccgcacac ug

<210>
<211>
<212>
<213>

<400>

243
22
RNA
Human

243

uuggggaaac ggccgcugag ug

<210>
<211>
<212>
<213>

<400>

244
21
RNA
Human

244

auuugugcuu ggcucuguca ¢

<210>
<211>
<212>
<213>

<400>

245
21
RNA
Human

245

gcagggacag caaaggggug C

<210>
<211>
<212>
<213>

<400>

246
22
RNA
Human

246

UUCCCUUUEU CauCcCuucgec cu

ONCR_010_02WO_ST25.txt

Page 43

22

22

22

21

21

22



<210>
<211>
<212>
<213>

<400>

247
21
RNA
Human

247

gguucuuagc auaggagguc u

<210>
<211>
<212>
<213>

<400>

248
21
RNA
Human

248

uguucucuuu gccaaggaca g

<210>
<211>
<212>
<213>

<400>

249
21
RNA
Human

249

uaacagucuc cagucacggce c

<210>
<211>
<212>
<213>

<400>

250
21
RNA
Human

250

augaccuaug aauugacaga C

<210>
<211>
<212>
<213>

<400>

251
22
RNA
Human

251

uagcuuauca gacugauguu ga

<210>
<211>
<212>
<213>

<400>

252
22
RNA
Human

252

uaaucucagc uggcaacugu ga

ONCR_010_02WO_ST25.txt

Page 44

21

21

21

21

22

22



<210>
<211>
<212>
<213>

<400>

253
22
RNA
Human

253

aaaucucugc aggcaaaugu ga

<210>
<211>
<212>
<213>

<400>

254
21
RNA
Human

254

uugugcuuga ucuaaccaug u

<210>
<211>
<212>
<213>

<400>

255
22
RNA
Human

255

agaguugagu cuggacgucc cg

<210>
<211>
<212>
<213>

<400>

256
22
RNA
Human

256

agaauugugg cuggacaucu gu

<210>
<211>
<212>
<213>

<400>

257
23
RNA
Human

257

agaauugcgu uuggacaauc agu

<210>
<211>
<212>
<213>

258
23
RNA
Human

ONCR_010_02WO_ST25.txt

Page 45

22

21

22

22

23



<400>

agcuacauug ucugcugggu uuc

<210>
<211>
<212>
<213>

<400>

258

259
22
RNA
Human

259

accuggcaua caauguagau uu

<210>
<211>
<212>
<213>

<400>

260
21
RNA
Human

260

agcuacaucu ggcuacuggg u

<210>
<211>
<212>
<213>

<400>

261
22
RNA
Human

261

aagcugccag uugaagaacu gu

<210>
<211>
<212>
<213>

<400>

262
21
RNA
Human

262

caagucacua gugguuccgu u

<210>
<211>
<212>
<213>

<400>

263
22
RNA
Human

263

gagagcagug uguguugccu gg

<210>
211>
<212>

264
21
RNA

ONCR_010_02WO_ST25.txt

Page 46

23

22

21

22

21

22



<213>

<400>

Human

264

aucacauugc cagggauuuc c

<210>
<211>
<212>
<213>

<400>

265
21
RNA
Human

265

aucacauugc cagggauuac C

<210>
<211>
<212>
<213>

<400>

266
22
RNA
Human

266

aucacauugc cagugauuac cc

<210>
<211>
<212>
<213>

<400>

267
22
RNA
Human

267

uggcucaguu cagcaggaac ag

<210>
<211>
<212>
<213>

<400>

268
22
RNA
Human

268

cauugcacuu gucucggucu ga

<210>
<211>
<212>
<213>

<400>

269
21
RNA
Human

269

aggcggagac uugggcaauu g

<210>

270

ONCR_010_02WO_ST25.txt

Page 47

21

21

22

22

22

21



211>
<212>
<213>

<400>

caggcaguga cuguucagac guc

<210>
<211>
<212>
<213>

<400>

23
RNA
Human

270

271
22
RNA
Human

271

uucaaguaau ccaggauagg cu

<210>
<211>
<212>
<213>

<400>

272
21
RNA
Human

272

uucaaguaau ucaggauagg u

<210>
<211>
<212>
<213>

<400>

273
21
RNA
Human

273

uucacagugg cuaaguuccg c

<210>
<211>
<212>
<213>

<400>

274
21
RNA
Human

274

uucacagugg cuaaguucug c

<210>
<211>
<212>
<213>

<400>

275
22
RNA
Human

275

cacuagauug ugagcuccug ga

ONCR_010_02WO_ST25.txt

23

22

21

21

21

22



<210>
<211>
<212>
<213>

<400>

276
22
RNA
Human

276

aaggagcuca cagucuauug ag

<210>
<211>
<212>
<213>

<400>

277
22
RNA
Human

277

gaggguuUgEE uggaggcucu cc

<210>
<211>
<212>
<213>

<400>

278
21
RNA
Human

278

aggeCCccccc cucaauccug u

<210>
<211>
<212>
<213>

<400>

279
21
RNA
Human

279

auguaugugu gcaugugcau g

<210>
<211>
<212>
<213>

<400>

280
24
RNA
Human

280

agcagaagca gggagguucu ccca

<210>
<211>
<212>
<213>

<400>

281
22
RNA
Human

281

ONCR_010_02WO_ST25.txt

Page 49

22

22

21

21

24



uaugugggau gguaaaccge uu

<210>
<211>
<212>
<213>

<400>

282
22
RNA
Human

282

ugguuuaccg ucccacauac au

<210>
<211>
<212>
<213>

<400>

283
22
RNA
Human

283

uagcaccauc ugaaaucggu ua

<210>
<211>
<212>
<213>

<400>

284
23
RNA
Human

284

uagcaccauu ugaaaucagu guu

<210>
<211>
<212>
<213>

<400>

285
22
RNA
Human

285

uagcaccauu ugaaaucggu ua

<210>
<211>
<212>
<213>

<400>

286
22
RNA
Human

286

uauacaaggg cagacucucu cu

<210>
<211>
<212>
<213>

287
23
RNA
Human

ONCR_010_02WO_ST25.txt

Page 50

22

22

22

23

22

22



<400>

287

cagugcaaua guauugucaa agc

<210>
<211>
<212>
<213>

<400>

288
22
RNA
Human

288

gcucugacuu uauugcacua cu

<210>
<211>
<212>
<213>

<400>

289
23
RNA
Human

289

cagugcaaug auauugucaa agc

<210>
<211>
<212>
<213>

<400>

290
22
RNA
Human

290

gcucugacga gguugcacua cu

<210>
<211>
<212>
<213>

<400>

291
23
RNA
Human

291

uaagugcuuc cauguuuugg uga

<210>
<211>
<212>
<213>

<400>

292
23
RNA
Human

292

acuuaaacgu ggauguacuu gcu

<210>
211>

293
23

ONCR_010_02WO_ST25.txt

Page 51

23

22

23

22

23

23



<212>
<213>

<400>

RNA
Human

293

uaagugcuuc cauguuuuag uag

<210>
<211>
<212>
<213>

<400>

294
23
RNA
Human

294

uaagugcuuc cauguuucag ugg

<210>
<211>
<212>
<213>

<400>

295
23
RNA
Human

295

uaagugcuuc cauguuugag ugu

<210>
<211>
<212>
<213>

<400>

296
17
RNA
Human

296

uaagugcuuc caugcuu

<210>
<211>
<212>
<213>

<400>

297
17
RNA
Human

297

uaauugcuuc cauguuu

<210>
<211>
<212>
<213>

<400>

298
23
RNA
Human

298

ucagcaccag gauauuguug gag

ONCR_010_02WO_ST25.txt

Page 52

23

23

23

17

17

23



<210>
<211>
<212>
<213>

<400>

299
23
RNA
Human

299

ucaacaaaau cacugaugcu gga

<210>
<211>
<212>
<213>

<400>

300
22
RNA
Human

300

gauaucagcu caguaggcac cg

<210>
<211>
<212>
<213>

<400>

301
22
RNA
Human

301

cuuucagucg gauguuugca gc

<210>
<211>
<212>
<213>

<400>

302
22
RNA
Human

302

uUguaaacauc cucgacugga ag

<210>
<211>
<212>
<213>

<400>

303
22
RNA
Human

303

uguaaacaucC cuacacucag cu

<210>
<211>
<212>
<213>

<400>

304
23
RNA
Human

304

uguaaacaucC cuacacucuc agc

ONCR_010_02WO_ST25.txt

Page 53

23

22

22

22

22

23



<210>
<211>
<212>
<213>

<400>

305
22
RNA
Human

305

uguaaacauc cccgacugga ag

<210>
<211>
<212>
<213>

<400>

306
22
RNA
Human

306

cuuucagucg gauguuuaca gc

<210>
<211>
<212>
<213>

<400>

307
22
RNA
Human

307

uUguaaacauc cuugacugga ag

<210>
<211>
<212>
<213>

<400>

308
23
RNA
Human

308

aucagggcuu guggaauggg aag

<210>
<211>
<212>
<213>

<400>

309
21
RNA
Human

309

gcugcaccgg agacugggua a

<210>
<211>
<212>
<213>

310
23
RNA
Human

ONCR_010_02WO_ST25.txt

Page 54

22

22

22

23

21



<400>

ucgaggacug guggaagggc cuu

<210>
<211>
<212>
<213>

<400>

cugacugaau agguaggguc auu

<210>
<211>
<212>
<213>

<400>

310

311
23
RNA
Human

311

312
22
RNA
Human

312

agcuuuuggg aauucaggua gu

<210>
<211>
<212>
<213>

<400>

313
21
RNA
Human

313

accugaauua CCaaaagcuu u

<210>
<211>
<212>
<213>

<400>

314
22
RNA
Human

314

auauaccugu ucggucucuu ua

<210>
<211>
<212>
<213>

<400>

315
22
RNA
Human

315

aggggaccaa agagauauau ag

<210>
211>
<212>

316
24
RNA

ONCR_010_02WO_ST25.txt

Page 55



<213>

<400>

gguugggcag ugaggagggu guga

<210>
<211>
<212>
<213>

<400>

Human

316

317
21
RNA
Human

317

ugaggagauc gucgagguug g

<210>
<211>
<212>
<213>

<400>

318
21
RNA
Human

318

gguggggcaa ugggaucagg u

<210>
<211>
<212>
<213>

<400>

319
22
RNA
Human

319

aagggcuucc ucucugcagg ac

<210>
<211>
<212>
<213>

<400>

320
21
RNA
Human

320

aggcaagaug cuggcauagc u

<210>
<211>
<212>
<213>

<400>

321
23
RNA
Human

321

cugauaagaa cagaggccca gau

<210>

322

ONCR_010_02WO_ST25.txt

Page 56

24

21

21

22

21

23



211>
<212>
<213>

<400>

22
RNA
Human

322

ugugacuuua agggaaaugg cg

<210>
<211>
<212>
<213>

<400>

323
17
RNA
Human

323

gaguucuaca gucagac

<210>
<211>
<212>
<213>

<400>

324
22
RNA
Human

324

agaaggggug aaauuuaaac gu

<210>
<211>
<212>
<213>

<400>

325
19
RNA
Human

325

uggeggcggag cuuccggag

<210>
<211>
<212>
<213>

<400>

326
22
RNA
Human

326

uggegcggag cuuccggage cc

<210>
<211>
<212>
<213>

<400>

cuuccagacg cuccgcccca cgucg

327
25
RNA
Human

327

ONCR_010_02WO_ST25.txt

Page 57

22

17

22

19

22

25



<210>
<211>
<212>
<213>

<400>

328
17
RNA
Human

328

gcuucuguag uguaguc

<210>
<211>
<212>
<213>

<400>

329
23
RNA
Human

329

agaagaaggc ggucggucug cgg

<210>
<211>
<212>
<213>

<400>

330
23
RNA
Human

330

uguggaaggu agacggccag aga

<210>
<211>
<212>
<213>

<400>

331
23
RNA
Human

331

ucugggaggu uguagcagug gaa

<210>
<211>
<212>
<213>

<400>

332
17
RNA
Human

332

cgcgeeggege ccggguu

<210>
<211>
<212>
<213>

<400>

333
18
RNA
Human

333

ONCR_010_02WO_ST25.txt

Page 58

17

23

23

23

17



cggggeggca ggggccuc

<210>
<211>
<212>
<213>

<400>

334
22
RNA
Human

334

uggaagggag aagagcuuua au

<210>
<211>
<212>
<213>

<400>

335
22
RNA
Human

335

aaaagcuggg uugagagggc ga

<210>
<211>
<212>
<213>

<400>

336
22
RNA
Human

336

aaaagcuggg uugagagggc aa

<210>
<211>
<212>
<213>

<400>

337
20
RNA
Human

337

aaaagcuggg uugagagggu

<210>
<211>
<212>
<213>

<400>

338
19
RNA
Human

338

aaaagcuggg uugagagga

<210>
<211>
<212>
<213>

339
18
RNA
Human

ONCR_010_02WO_ST25.txt

Page 59

18

22

22

22

20

19



<400>

339

aaagcugggu ugagaagg

<210>
<211>
<212>
<213>

<400>

340
21
RNA
Human

340

cacauuacac ggucgaccuc u

<210>
<211>
<212>
<213>

<400>

341
22
RNA
Human

341

aggugEUCCg uggCgcguuc gc

<210>
<211>
<212>
<213>

<400>

342
22
RNA
Human

342

cccaauacac ggucgaccuc uu

<210>
<211>
<212>
<213>

<400>

343
23
RNA
Human

343

agguuguccg uggugaguuc gca

<210>
<211>
<212>
<213>

<400>

344
20
RNA
Human

344

acugccccag gugcugcugg

<210>
211>

345
23

ONCR_010_02WO_ST25.txt

Page 60

18

21

22

22

23

20



<212>
<213>

<400>

RNA
Human

345

Cgcauccccu agggcauugg ugu

<210>
<211>
<212>
<213>

<400>

346
23
RNA
Human

346

ccuaguaggu guccaguaag ugu

<210>
<211>
<212>
<213>

<400>

347
22
RNA
Human

347

uauugcacau uacuaaguug ca

<210>
<211>
<212>
<213>

<400>

348
20
RNA
Human

348

ccucugggec cuuccuccag

<210>
<211>
<212>
<213>

<400>

349
22
RNA
Human

349

Cuggcccucu cugcccuucc gu

<210>
<211>
<212>
<213>

<400>

350
23
RNA
Human

350

ggegeggcag gaggggcuca ggg
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<210>
<211>
<212>
<213>

<400>

351
22
RNA
Human

351

aaCacaccug guuaaccucu uu

<210>
<211>
<212>
<213>

<400>

352
23
RNA
Human

352

gagguuUUCU EEEUUUCUEU UuC

<210>
<211>
<212>
<213>

<400>

353
23
RNA
Human

353

gcaaagcaca cggccugcag aga

<210>
<211>
<212>
<213>

<400>

354
22
RNA
Human

354

ucucugggcc ugugucuuag gc

<210>
<211>
<212>
<213>

<400>

355
21
RNA
Human

355

gccccuggge cuauccuaga a

<210>
<211>
<212>
<213>

<400>

356
22
RNA
Human

356

cuagguaugg ucccagggau cc
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<210>
<211>
<212>
<213>

<400>

357
23
RNA
Human

357

ucaagagcaa uaacgaaaaa ugu

<210>
<211>
<212>
<213>

<400>

358
22
RNA
Human

358

cuccuauaug augccuuucu uc

<210>
<211>
<212>
<213>

<400>

359
21
RNA
Human

359

gaacggcuuc auacaggagu u

<210>
<211>
<212>
<213>

<400>

360
22
RNA
Human

360

aacaauaucc uggugcugag ug

<210>
<211>
<212>
<213>

<400>

361
23
RNA
Human

361

ugagcgccuc gacgacagag ccg

<210>
<211>
<212>
<213>

362
23
RNA
Human
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<400>

362

UCCCUgUCCU ccaggagcuc acg

<210>
<211>
<212>
<213>

<400>

363
21
RNA
Human

363

gugcauugua guugcauugc a

<210>
<211>
<212>
<213>

<400>

364
20
RNA
Human

364

gUECAuugCcu guugcauugc

<210>
<211>
<212>
<213>

<400>

365
22
RNA
Human

365

uuauaaagca augagacuga uu

<210>
<211>
<212>
<213>

<400>

366
23
RNA
Human

366

ucucacacag aaaucgcacc cgu

<210>
<211>
<212>
<213>

<400>

367
21
RNA
Human

367

aggggugcua ucugugauug a

<210>
211>
<212>

368
22
RNA
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<213>

<400>

Human

368

gcccugaacg aggggucugg ag

<210>
<211>
<212>
<213>

<400>

369
22
RNA
Human

369

gCugacuccu aguccagggc uc

<210>
<211>
<212>
<213>

<400>

370
23
RNA
Human

370

UEUCUECCCE CaugCcCcugcc ucu

<210>
<211>
<212>
<213>

<400>

371
22
RNA
Human

371

CaaucCacuaa cuccacugcc au

<210>
<211>
<212>
<213>

<400>

372
22
RNA
Human

372

aaucacuaac cacacggcca gg

<210>
<211>
<212>
<213>

<400>

373
23
RNA
Human

373

aggcagugua guuagcugau ugc

<210>

374
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211>
<212>
<213>

<400>

23
RNA
Human

374

CCUCCEUgUU accuguccuc uag

<210>
<211>
<212>
<213>

<400>

375
23
RNA
Human

375

ugaggaugga uagcaaggaa gcc

<210>
<211>
<212>
<213>

<400>

376
24
RNA
Human

376

dCaddaaadda aagccCaacC cuuc

<210>
<211>
<212>
<213>

<400>

377
22
RNA
Human

377

UgUUEUACUU UUUUUUUUEU uc

<210>
<211>
<212>
<213>

<400>

378
23
RNA
Human

378

ucccccaggu gugauucuga uuu

<210>
<211>
<212>
<213>

<400>

379
23
RNA
Human

379

uagccuucag aucuuggugu uuu
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<210>
<211>
<212>
<213>

<400>

380
23
RNA
Human

380

ccacuuggau cugaaggcug ccc

<210>
<211>
<212>
<213>

<400>

381
21
RNA
Human

381

UCUCUCEECU CCUCECEECU C

<210>
<211>
<212>
<213>

<400>

382
22
RNA
Human

382

uuaucagaau cuccaggggu ac

<210>
<211>
<212>
<213>

<400>

383
22
RNA
Human

383

aaCacaccCua uucaaggauu ca

<210>
<211>
<212>
<213>

<400>

384
24
RNA
Human

384

aauccuugga accuaggugu gagu

<210>
<211>
<212>
<213>

<400>

385
22
RNA
Human

385
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aauugcacgg uauccaucug ua

<210>
<211>
<212>
<213>

<400>

386
22
RNA
Human

386

cggguggauc acgaugcaau uu

<210>
<211>
<212>
<213>

<400>

387
22
RNA
Human

387

uaaugccccu aaaaauccuu au

<210>
<211>
<212>
<213>

<400>

388
22
RNA
Human

388

agggacuuuc aggggcagcu gu

<210>
<211>
<212>
<213>

<400>

389
22
RNA
Human

389

aauugcacuu uagcaauggu ga

<210>
<211>
<212>
<213>

<400>

accuggaccc agcguagaca aag

<210>
<211>
<212>
<213>

390
23
RNA
Human

390

391
21
RNA
Human
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<400>

391

aauaauacau gguugaucuu u

<210>
<211>
<212>
<213>

<400>

392
22
RNA
Human

392

agaucgaccg uguuauauuc gc

<210>
<211>
<212>
<213>

<400>

393
22
RNA
Human

393

gccugcuggg guggaaccug gu

<210>
<211>
<212>
<213>

<400>

394
22
RNA
Human

394

caggucacgu cucugcaguu ac

<210>
<211>
<212>
<213>

<400>

395
20
RNA
Human

395

acucaaacug ugggggcacu

<210>
<211>
<212>
<213>

<400>

396
22
RNA
Human

396

acucaaaaga uggcggcacu uu

<210>
211>

397
23
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<212>
<213>

<400>

aaagugcugc gacauuugag cgu

<210>
<211>
<212>
<213>

<400>

gaagugcuuc gauuuuggeg ugu

<210>
<211>
<212>
<213>

<400>

RNA
Human

397

398
23
RNA
Human

398

399
22
RNA
Human

399

cuuaucagau uguauuguaa uu

<210>
<211>
<212>
<213>

<400>

400
22
RNA
Human

400

uuauaauaca accugauaag ug

<210>
<211>
<212>
<213>

<400>

401
22
RNA
Human

401

auauaauaca accugcuaag ug

<210>
<211>
<212>
<213>

<400>

402
22
RNA
Human

402

auaauacaac cugcuaagug cu

ONCR_010_02WO_ST25.txt

Page 70



<210>
<211>
<212>
<213>

<400>

403
22
RNA
Human

403

UUUEUUCEUU CEECUCgCgU ga

<210>
<211>
<212>
<213>

<400>

404
21
RNA
Human

404

gguagauuuu ccuucuaugg u

<210>
<211>
<212>
<213>

<400>

405
21
RNA
Human

405

aucauagagg aaaauccacg u

<210>
<211>
<212>
<213>

<400>

406
22
RNA
Human

406

aucauagagg aaaauccaug uu

<210>
<211>
<212>
<213>

<400>

407
21
RNA
Human

407

aacauagagg aaauuccacg u

<210>
<211>
<212>
<213>

<400>

408
21
RNA
Human

408

gguggauauu ccuucuaugu u
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<210>
<211>
<212>
<213>

<400>

409
22
RNA
Human

409

aucacacaaa ggcaacuuuu gu

<210>
<211>
<212>
<213>

<400>

410
19
RNA
Human

410

acuggacuug gaggcagaa

<210>
<211>
<212>
<213>

<400>

411
25
RNA
Human

411

acuggacuug gagucagaag agugg

<210>
<211>
<212>
<213>

<400>

412
20
RNA
Human

412

acuggacuug gagucagaaa

<210>
<211>
<212>
<213>

<400>

413
19
RNA
Human

413

acuggacuug gagucagga

<210>
<211>
<212>
<213>

414
20
RNA
Human
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<400>

414

acuggacuug gagccagaag

<210>
<211>
<212>
<213>

<400>

415
20
RNA
Human

415

acugggcuug gagucagaag

<210>
<211>
<212>
<213>

<400>

416
21
RNA
Human

416

acuggacuug gugucagaug g

<210>
<211>
<212>
<213>

<400>

417
21
RNA
Human

417

acuggacuag gagucagaag g

<210>
<211>
<212>
<213>

<400>

418
21
RNA
Human

418

ugguagacua uggaacguag g

<210>
<211>
<212>
<213>

<400>

419
22
RNA
Human

419

uauguaauau gguccacauc uu

<210>
211>
<212>

420
22
RNA
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<213>

<400>

Human

420

uauacaaggg caagcucucu gu

<210>
<211>
<212>
<213>

<400>

421
22
RNA
Human

421

agcgagguug cccuuuguau au

<210>
<211>
<212>
<213>

<400>

422
21
RNA
Human

422

aaucauucac ggacaacacu u

<210>
<211>
<212>
<213>

<400>

423
22
RNA
Human

423

gaaguuguuc gugguggauu cg

<210>
<211>
<212>
<213>

<400>

424
22
RNA
Human

424

agaucagaag gugauugugg cu

<210>
<211>
<212>
<213>

<400>

425
20
RNA
Human

425

auuccuagaa auuguucaua

<210>

426
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211>
<212>
<213>

<400>

aagaggaaga aauggcuggu ucucag

<210>
<211>
<212>
<213>

<400>

26
RNA
Human

426

427
21
RNA
Human

427

acagggccge agauggagac u

<210>
<211>
<212>
<213>

<400>

428
22
RNA
Human

428

ggaggaaccu uggagcuucg gc

<210>
<211>
<212>
<213>

<400>

429
22
RNA
Human

429

ucaggugugg aaacugaggc ag

<210>
<211>
<212>
<213>

<400>

430
22
RNA
Human

430

gaauguugcu Ccggugaaccc cu

<210>
<211>
<212>
<213>

<400>

431
23
RNA
Human

431

agguuacccg agcaacuuug cau
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<210>
<211>
<212>
<213>

<400>

432
21
RNA
Human

432

aauauaacac agauggccug u

<210>
<211>
<212>
<213>

<400>

433
21
RNA
Human

433

uaguagaccg uauagcguac g

<210>
<211>
<212>
<213>

<400>

434
23
RNA
Human

434

acuucaccug guccacuagc cgu

<210>
<211>
<212>
<213>

<400>

435
23
RNA
Human

435

aucaacagac auuaauuggg cgc

<210>
<211>
<212>
<213>

<400>

436
22
RNA
Human

436

acuggacuua gggucagaag gc

<210>
<211>
<212>
<213>

<400>

437
23
RNA
Human

437
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agcucggucu gaggccccuc agu

<210>
<211>
<212>
<213>

<400>

438
23
RNA
Human

438

ugaggggcag agagcgagac uuu

<210>
<211>
<212>
<213>

<400>

439
22
RNA
Human

439

cagcagcaau ucauguuuug aa

<210>
<211>
<212>
<213>

<400>

440
23
RNA
Human

440

aaugacacga ucacucccgu uga

<210>
<211>
<212>
<213>

<400>

441
18
RNA
Human

441

gggcucacau caccccau

<210>
<211>
<212>
<213>

<400>

442
17
RNA
Human

442

accccacucc ugguacc

<210>
<211>
<212>
<213>

443
22
RNA
Human
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<400>

443

uaauacuguc ugguaaaacc gu

<210>
<211>
<212>
<213>

<400>

444
21
RNA
Human

444

ugucuugcag gccgucauge a

<210>
<211>
<212>
<213>

<400>

445
23
RNA
Human

445

ucuuggagua ggucauuggg ugg

<210>
<211>
<212>
<213>

<400>

446
22
RNA
Human

446

aucaugaugg gcuccucggu gu

<210>
<211>
<212>
<213>

<400>

447
22
RNA
Human

447

uacggugagc cugucauuau uc

<210>
<211>
<212>
<213>

<400>

448
22
RNA
Human

448

accugucugu ggaaaggagc ua

<210>
211>

449
22
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<212>
<213>

<400>

uguugggauu cagcaggacc au

<210>
<211>
<212>
<213>

<400>

gcgacucuga aaacuagaag gu

<210>
<211>
<212>
<213>

<400>

auggccagag cucacacaga gg

<210>
<211>
<212>
<213>

<400>

RNA
Human

449

450
22
RNA
Human

450

451
22
RNA
Human

451

452
17
RNA
Human

452

uuggaggcgu ggguuuu

<210>
<211>
<212>
<213>

<400>

453
20
RNA
Human

453

ggcuccuugg ucuaggggua

<210>
<211>
<212>
<213>

<400>

454
17
RNA
Human

454

ugguagagcu gaggaca
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<210>
<211>
<212>
<213>

<400>

455
20
RNA
Human

455

ggauccgagu cacggcacca

<210>
<211>
<212>
<213>

<400>

456
17
RNA
Human

456

aggguUgUgUE uguuuuu

<210>
<211>
<212>
<213>

<400>

457
19
RNA
Human

457

agagguaggu guggaagaa

<210>
<211>
<212>
<213>

<400>

458
23
RNA
Human

458

gauugagacu aguagggcua ggc

<210>
<211>
<212>
<213>

<400>

459
22
RNA
Human

459

uugcauaugu aggauguccc au

<210>
<211>
<212>
<213>

<400>

460
20
RNA
Human

460

uaacggeccge gguacccuaa
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<210>
<211>
<212>
<213>

<400>

461
18
RNA
Human

461

aggeeecges cuccgecg

<210>
<211>
<212>
<213>

<400>

462
22
RNA
Human

462

uggcagugua uuguuagcug gu

<210>
<211>
<212>
<213>

<400>

463
22
RNA
Human

463

aggcagugua uuguuagcug gc

<210>
<211>
<212>
<213>

<400>

464
25
RNA
Human

464

Uaggcagugu auugcuagcg gcugu

<210>
<211>
<212>
<213>

<400>

465
22
RNA
Human

465

auugggaaca uuuugcaugu au

<210>
<211>
<212>
<213>

466
22
RNA
Human
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<400>

466

auuggggaca uuuugcauuc au

<210>
<211>
<212>
<213>

<400>

467
22
RNA
Human

467

uuuugcgaug uguuccuaau au

<210>
<211>
<212>
<213>

<400>

468
22
RNA
Human

468

uugggaucau uuugcaucca ua

<210>
<211>
<212>
<213>

<400>

469
22
RNA
Human

469

uuuugcaaua uguuccugaa ua

<210>
<211>
<212>
<213>

<400>

470
17
RNA
Human

470

gggagaaggg ucgegec

<210>
<211>
<212>
<213>

<400>

471
22
RNA
Human

471

gCuaaggaag uccugugcuc ag

<210>
211>
<212>

472
22
RNA
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<213>

<400>
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Human

472

auagcagcau gaaccugucu ca

<210>
<211>
<212>
<213>

<400>

473
22
RNA
Human

473

aacuguuugc agaggaaacu ga

<210>
<211>
<212>
<213>

<400>

474
17
RNA
Human

474

auggagaagg cuucuga

<210>
<211>
<212>
<213>

<400>

475
17
RNA
Human

475

cccecggggag cccggcg

<210>
<211>
<212>
<213>

<400>

476
21
RNA
Human

476

ucgugcauau aucuaccaca u

<210>
<211>
<212>
<213>

<400>

477
21
RNA
Human

477

ugugguagau auaugcacga u

<210>

478
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211>
<212>
<213>

<400>

23
RNA
Human

478

uagugcaaua uugcuuauag ggu

<210>
<211>
<212>
<213>

<400>

479
21
RNA
Human

479

gcaguccaug ggcauauaca C

<210>
<211>
<212>
<213>

<400>

480
22
RNA
Human

480

uaugugccuu uggacuacau cg

<210>
<211>
<212>
<213>

<400>

481
23
RNA
Human

481

gaagauggug cugugcugag gaa

<210>
<211>
<212>
<213>

<400>

482
22
RNA
Human

482

agCccgeece ageccgagguu cu

<210>
<211>
<212>
<213>

<400>

483
23
RNA
Human

483

geeeeggege gggeggguuc ugg
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<210>
<211>
<212>
<213>

<400>

484
23
RNA
Human

484

cgggcugucc ggaggggucg geu

<210>
<211>
<212>
<213>

<400>

485
22
RNA
Human

485

uuucccuuca gagccuggcu uu

<210>
<211>
<212>
<213>

<400>

486
24
RNA
Human

486

gaugcgecge ccacugeccc gege

<210>
<211>
<212>
<213>

<400>

487
22
RNA
Human

487

gCeeegguge cggeggrauc cc

<210>
<211>
<212>
<213>

<400>

488
18
RNA
Human

488

Cggugagcgc ucgcuggce

<210>
<211>
<212>
<213>

<400>

489
21
RNA
Human

489
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ucacuccucu ccucccgucu u

<210>
<211>
<212>
<213>

<400>

490
22
RNA
Human

490

aagacgggag gaaagaaggg ag

<210>
<211>
<212>
<213>

<400>

491
22
RNA
Human

491

ucaggcucag uccccucccg au

<210>
<211>
<212>
<213>

<400>

492
22
RNA
Human

492

gucauacacg gcucuccucu cu

<210>
<211>
<212>
<213>

<400>

493
22
RNA
Human

493

agaggcugge cgugaugaau uc

<210>
<211>
<212>
<213>

<400>

404
21
RNA
Human

4904

cggggcagecu caguacagga u

<210>
<211>
<212>
<213>

495
22
RNA
Human
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<400>

495

aaucauacag ggacauccag uu

<210>
<211>
<212>
<213>

<400>

496
22
RNA
Human

496

aaucguacag ggucauccac uu

<210>
<211>
<212>
<213>

<400>

497
22
RNA
Human

497

gUggUUAUCC CUgUCCUguu Cg

<210>
<211>
<212>
<213>

<400>

498
21
RNA
Human

498

uugaaaggecu auuucuuggu c

<210>
<211>
<212>
<213>

<400>

499
22
RNA
Human

499

gugacaucac auauacggca gc

<210>
<211>
<212>
<213>

<400>

500
22
RNA
Human

500

caaccuggag gacuccaugc ug

<210>
211>

501
20
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22
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<212>
<213>

<400>

RNA
Human

501

ccauggaucu ccaggugggu

<210>
<211>
<212>
<213>

<400>

502
22
RNA
Human

502

cuuaugcaag auucccuucu ac

<210>
<211>
<212>
<213>

<400>

503
22
RNA
Human

503

aguggggaac ccuuccauga gg

<210>
<211>
<212>
<213>

<400>

504
23
RNA
Human

504

aggaccugcg ggacaagauu cuu

<210>
<211>
<212>
<213>

<400>

505
22
RNA
Human

505

ugaaggucua cugugugcca gg

<210>
<211>
<212>
<213>

<400>

506
22
RNA
Human

506

ugaaacauac acgggaaacc uc
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<210>
<211>
<212>
<213>

<400>

507
23
RNA
Human

507

agguUUgUCCE UguuguUCUUC Uucu

<210>
<211>
<212>
<213>

<400>

508
22
RNA
Human

508

aaacaaacau ggugcacuuc uu

<210>
<211>
<212>
<213>

<400>

509
22
RNA
Human

509

gaaguugccc auguuauuuu Ccg

<210>
<211>
<212>
<213>

<400>

510
22
RNA
Human

510

ugaguauuac auggccaauc uc

<210>
<211>
<212>
<213>

<400>

511
21
RNA
Human

511

cagcagcaca cugugguuug u

<210>
<211>
<212>
<213>

<400>

512
23
RNA
Human

512

uuucaagcca ggggegcguuu uuc
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<210>
<211>
<212>
<213>

<400>

513
22
RNA
Human

513

aacaucacag caagucugug cu

<210>
<211>
<212>
<213>

<400>

514
21
RNA
Human

514

uuaagacuug cagugauguu u

<210>
<211>
<212>
<213>

<400>

515
22
RNA
Human

515

aaCaucacug caagucuuaa ca

<210>
<211>
<212>
<213>

<400>

516
21
RNA
Human

516

acagacuugc ugugauguuc a

<210>
<211>
<212>
<213>

<400>

517
22
RNA
Human

517

uuCugccucu guccaggucc uu

<210>
<211>
<212>
<213>

518
24
RNA
Human
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<400>

agggcuggac ucagcggegg ageu

<210>
<211>
<212>
<213>

<400>

uaauccuugc uaccugggug aga

<210>
<211>
<212>
<213>

<400>

518

519
23
RNA
Human

519

520
22
RNA
Human

520

UUUUGUEUCU CCCauucccc ag

<210>
<211>
<212>
<213>

<400>

521
22
RNA
Human

521

agggggaugg cagagcaaaa uu

<210>
<211>
<212>
<213>

<400>

522
22
RNA
Human

522

aaugcacccg ggcaaggauu cu

<210>
<211>
<212>
<213>

<400>

523
22
RNA
Human

523

aaugcaccug ggcaaggauu ca

<210>
211>
<212>

524
21
RNA
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<213>

<400>

Human

524

auccuugcua ucugggugcu a

<210>
<211>
<212>
<213>

<400>

525
23
RNA
Human

525

ggEgguauugu uuccgcugec agg

<210>
<211>
<212>
<213>

<400>

526
23
RNA
Human

526

uagcagcggg aacaguucug cag

<210>
<211>
<212>
<213>

<400>

527
21
RNA
Human

527

gggagugcag ggcaggguuu ¢

<210>
<211>
<212>
<213>

<400>

528
22
RNA
Human

528

agacccuggu cugcacucua uc

<210>
<211>
<212>
<213>

<400>

529
22
RNA
Human

529

cgucaacacu ugcugguuuc cu

<210>

530
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211>
<212>
<213>

<400>

21
RNA
Human

530

uaaggcaccc uucugaguag a

<210>
<211>
<212>
<213>

<400>

531
22
RNA
Human

531

uauucaggaa gguguuacuu aa

<210>
<211>
<212>
<213>

<400>

532
21
RNA
Human

532

uuuugcaccu uuuggaguga a

<210>
<211>
<212>
<213>

<400>

533
23
RNA
Human

533

Ugauuguagc cuuuuggagu aga

<210>
<211>
<212>
<213>

<400>

534
23
RNA
Human

534

uacuccagag ggcgucacuc aug

<210>
<211>
<212>
<213>

<400>

535
22
RNA
Human

535

uacugcagac guggcaauca ug
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<210>
<211>
<212>
<213>

<400>

536
22
RNA
Human

536

ugauugguac gucugugggu ag

<210>
<211>
<212>
<213>

<400>

537
21
RNA
Human

537

uacugcagac aguggcaauc a

<210>
<211>
<212>
<213>

<400>

538
21
RNA
Human

538

auugaaaccu cuaagagugg a

<210>
<211>
<212>
<213>

<400>

539
22
RNA
Human

539

uacucaggag aguggcaauc ac

<210>
<211>
<212>
<213>

<400>

540
21
RNA
Human

540

gugucCuuuug cucugcaguc a

<210>
<211>
<212>
<213>

<400>

541
22
RNA
Human

541
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aagugcuguc auagcugagg uc

<210>
<211>
<212>
<213>

<400>

542
23
RNA
Human

542

cacucagccu ugagggcacu uuc

<210>
<211>
<212>
<213>

<400>

543
23
RNA
Human

543

uaaauuucac cuuucugaga agg

<210>
<211>
<212>
<213>

<400>

544
18
RNA
Human

544

uucacaggga ggugucau

<210>
<211>
<212>
<213>

<400>

545
22
RNA
Human

545

uucacaagga ggugucauuu au

<210>
<211>
<212>
<213>

<400>

546
23
RNA
Human

546

uaaauuucac cuuucugaga aga

<210>
<211>
<212>
<213>

547
22
RNA
Human
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23



<400>

547

uucucaagga ggugucguuu au

<210>
<211>
<212>
<213>

<400>

548
21
RNA
Human

548

auugacacuu cugugaguag a

<210>
<211>
<212>
<213>

<400>

549
23
RNA
Human

549

uacucuggag agugacaauc aug

<210>
<211>
<212>
<213>

<400>

550
21
RNA
Human

550

auugacaccu cugugagugg a

<210>
<211>
<212>
<213>

<400>

551
22
RNA
Human

551

uucucaagag ggaggcaauc au

<210>
<211>
<212>
<213>

<400>

552
22
RNA
Human

552

gagugccuuc uuuuggageg uu

<210>
211>

553
24
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<212>
<213>

<400>

uucuccaaaa gaaagcacuu ucug

<210>
<211>
<212>
<213>

<400>

RNA
Human

553

554
18
RNA
Human

554

ugcuuccuuu cagagggu

<210>
<211>
<212>
<213>

<400>

555
23
RNA
Human

555

uucucgagga aagaagcacu uuc

<210>
<211>
<212>
<213>

<400>

556
22
RNA
Human

556

aucuggaggu aagaagcacu uu

<210>
<211>
<212>
<213>

<400>

557
22
RNA
Human

557

aucgugcauc ccuuuagagu gu

<210>
<211>
<212>
<213>

<400>

558
22
RNA
Human

558

aucgugcauc ccuuuagagu gu
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<210>
<211>
<212>
<213>

<400>

559
22
RNA
Human

559

aucgugcauc cuuuuagagu gu

<210>
<211>
<212>
<213>

<400>

560
22
RNA
Human

560

Ccaaagcgcuc cccuuuagag gu

<210>
<211>
<212>
<213>

<400>

561
23
RNA
Human

561

Ccaaagcgcuu cucuuuagag ugu

<210>
<211>
<212>
<213>

<400>

562
21
RNA
Human

562

caaagcgcuu cccuuuggag c

<210>
<211>
<212>
<213>

<400>

563
21
RNA
Human

563

aaagcgcuuc ccuucagagu g

<210>
<211>
<212>
<213>

<400>

564
21
RNA
Human

564

gaaagcgcuu cucuuuagag g

ONCR_010_02WO_ST25.txt

Page 98

22

22

23

21

21

21



<210>
<211>
<212>
<213>

<400>

565
21
RNA
Human

565

ucauccucgu cucccuccca g

<210>
<211>
<212>
<213>

<400>

566
22
RNA
Human

566

agggaaggeg acgaggguug gg

<210>
<211>
<212>
<213>

<400>

567
22
RNA
Human

567

aaagugcauc cuuuuagagg uu

<210>
<211>
<212>
<213>

<400>

568
22
RNA
Human

568

cucuagaggg aagcgcuuuc ug

<210>
<211>
<212>
<213>

<400>

569
22
RNA
Human

569

aaagugcauc uuuuuagagg au

<210>
<211>
<212>
<213>

570
22
RNA
Human
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<400>

570

Caaagugccu cccuuuagag ug

<210>
<211>
<212>
<213>

<400>

571
22
RNA
Human

571

aagugccucc uuuuagagug uu

<210>
<211>
<212>
<213>

<400>

572
22
RNA
Human

572

aaagugcuuc ccuuuggacu gu

<210>
<211>
<212>
<213>

<400>

573
21
RNA
Human

573

cuccagaggg aaguacuuuc u

<210>
<211>
<212>
<213>

<400>

574
21
RNA
Human

574

aaagugcuuc cuuuuagagg g

<210>
<211>
<212>
<213>

<400>

575
22
RNA
Human

575

aaagugcuuc cuuuuagagg gu

<210>
211>
<212>

576
22
RNA
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<213>

<400>

Human

576

aaagugcuuc ucuuuggugg gu

<210>
<211>
<212>
<213>

<400>

577
20
RNA
Human

577

cuacaaaggg aagcccuuuc

<210>
<211>
<212>
<213>

<400>

578
21
RNA
Human

578

aaagugcuuc cuuuuugagg g

<210>
<211>
<212>
<213>

<400>

579
22
RNA
Human

579

aagugcuucc uuuuagaggg uu

<210>
<211>
<212>
<213>

<400>

580
24
RNA
Human

580

acaaagugcu ucccuuuaga gugu

<210>
<211>
<212>
<213>

<400>

581
22
RNA
Human

581

acaaagugcu ucccuuuaga gu

<210>

582
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211>
<212>
<213>

<400>

22
RNA
Human

582

aacgcacuuc ccuuuagagu gu

<210>
<211>
<212>
<213>

<400>

583
22
RNA
Human

583

aaaaugguuc ccuuuagagu gu

<210>
<211>
<212>
<213>

<400>

584
23
RNA
Human

584

gaacgcgcuu cccuauagag ggu

<210>
<211>
<212>
<213>

<400>

585
21
RNA
Human

585

gaaggcgeuu cccuuuggag u

<210>
<211>
<212>
<213>

<400>

586
22
RNA
Human

586

gaaggcgeuu cccuuuagag cg

<210>
<211>
<212>
<213>

<400>

587
21
RNA
Human

587

cuccagaggg augcacuuuc u
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<210>
<211>
<212>
<213>

<400>

588
22
RNA
Human

588

cucuagaggg aagcacuuuc ug

<210>
<211>
<212>
<213>

<400>

cucuugaggg aagcacuuuc ugu

<210>
<211>
<212>
<213>

<400>

589
23
RNA
Human

589

590
22
RNA
Human

590

ccucccacac ccCaaggcuug ca

<210>
<211>
<212>
<213>

<400>

591
22
RNA
Human

591

caugccuuga guguaggacc gu

<210>
<211>
<212>
<213>

<400>

592
22
RNA
Human

592

auCauacaag gacaauuucu uu

<210>
<211>
<212>
<213>

<400>

593
22
RNA
Human

593
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ggagaaauua UCCUUggUgU gu

<210>
<211>
<212>
<213>

<400>

594
22
RNA
Human

594

uggugggcac agaaucugga cu

<210>
<211>
<212>
<213>

<400>

595
22
RNA
Human

595

ugugacagau ugauaacuga aa

<210>
<211>
<212>
<213>

<400>

596
23
RNA
Human

596

ucggggauca ucaugucacg aga

<210>
<211>
<212>
<213>

<400>

597
22
RNA
Human

597

aaacauucgc ggugcacuuc uu

<210>
<211>
<212>
<213>

<400>

598
22
RNA
Human

598

auucugcauu uuuagcaagu uc

<210>
<211>
<212>
<213>

599
22
RNA
Human
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<400>

599

ucagcaaaca uuuauugugu gc

<210>
<211>
<212>
<213>

<400>

600
22
RNA
Human

600

Caaaacuggc aauuacuuuu gc

<210>
<211>
<212>
<213>

<400>

601
22
RNA
Human

601

aaaaguaauu gcgaguuuua cc

<210>
<211>
<212>
<213>

<400>

602
25
RNA
Human

602

dadaadCCaCa auuacuuuug cacca

<210>
<211>
<212>
<213>

<400>

603
22
RNA
Human

603

gaaaacgaca augacuuuug ca

<210>
<211>
<212>
<213>

<400>

604
20
RNA
Human

604

aaaagugauu gcaguguuug

<210>
211>

605
22
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<212>
<213>

<400>

RNA
Human

605

aaagguaauu gcaguuuuuc cc

<210>
<211>
<212>
<213>

<400>

606
21
RNA
Human

606

aaaaguaacu gcgguuuuug a

<210>
<211>
<212>
<213>

<400>

607
22
RNA
Human

607

aacggcaaug acuuuuguac ca

<210>
<211>
<212>
<213>

<400>

608
21
RNA
Human

608

uaaaacugca guuauuuuug c

<210>
<211>
<212>
<213>

<400>

609
21
RNA
Human

609

aaaaguaauu gcaguuuuug C

<210>
<211>
<212>
<213>

<400>

610
22
RNA
Human

610

Ccaagaaccuc aguugcuuuu gu
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<210>
<211>
<212>
<213>

<400>

611
22
RNA
Human

611

aaaaguaauu gcgguuuuug cc

<210>
<211>
<212>
<213>

<400>

612
22
RNA
Human

612

CaaaaacCacC aguuucuuuu gc

<210>
<211>
<212>
<213>

<400>

613
22
RNA
Human

613

aaaaguaauu gugguuuuug cc

<210>
<211>
<212>
<213>

<400>

614
22
RNA
Human

614

aaaaacugag acuacuuuug ca

<210>
<211>
<212>
<213>

<400>

615
22
RNA
Human

615

Caaaagcaau cgcgguuuuu gc

<210>
<211>
<212>
<213>

<400>

616
22
RNA
Human

616

daaacCuguaa uuacuuuugu ac
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<210>
<211>
<212>
<213>

<400>

617
22
RNA
Human

617

aaaaguaauc gcgguuuuug uc

<210>
<211>
<212>
<213>

<400>

618
22
RNA
Human

618

aaaaguaauu gcggauuuug cc

<210>
<211>
<212>
<213>

<400>

619
21
RNA
Human

619

Caaaaacugc auuacuuuug c

<210>
<211>
<212>
<213>

<400>

620
22
RNA
Human

620

aaaaguaauu gcggucuuug gu

<210>
<211>
<212>
<213>

<400>

621
22
RNA
Human

621

aaaaguacuu gcggauuuug cu

<210>
<211>
<212>
<213>

622
22
RNA
Human
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<400>

622

aaaaguauuu gcggguuuug uc

<210>
<211>
<212>
<213>

<400>

623
21
RNA
Human

623

Caaagguauu ugugguuuuu g

<210>
<211>
<212>
<213>

<400>

624
22
RNA
Human

624

Caaaaguaau uguggauuuu gu

<210>
<211>
<212>
<213>

<400>

625
22
RNA
Human

625

CCaaaacugc aguuacuuuu gc

<210>
<211>
<212>
<213>

<400>

626
22
RNA
Human

626

gcuggugcaa aaguaauggc gg

<210>
<211>
<212>
<213>

<400>

627
22
RNA
Human

627

agcuacaguu acuuuugcac ca

<210>
211>
<212>

628
22
RNA
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<213>

<400>

Human

628

aaaaguaauc acuguuuuug cc

<210>
<211>
<212>
<213>

<400>

629
23
RNA
Human

629

CaaaaaCCgcC aauuacuuuu gca

<210>
<211>
<212>
<213>

<400>

630
21
RNA
Human

630

ugacaacuau ggaugagcuc u

<210>
<211>
<212>
<213>

<400>

631
23
RNA
Human

631

agugccugag ggaguaagag ccc

<210>
<211>
<212>
<213>

<400>

632
21
RNA
Human

632

gcgacccacu cuugguuucc a

<210>
<211>
<212>
<213>

<400>

633
21
RNA
Human

633

gcgacccaua cuugguuuca g

<210>

634
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211>
<212>
<213>

<400>

21
RNA
Human

634

aacaggugac ugguuagaca a

<210>
<211>
<212>
<213>

<400>

635
21
RNA
Human

635

aaaacgguga gauuuuguuu u

<210>
<211>
<212>
<213>

<400>

636
21
RNA
Human

636

gcuaguccug acucagccag u

<210>
<211>
<212>
<213>

<400>

637
21
RNA
Human

637

aggguaagcu gaaccucuga u

<210>
<211>
<212>
<213>

<400>

638
22
RNA
Human

638

auauuaccCau uagcucaucu uu

<210>
<211>
<212>
<213>

<400>

639
22
RNA
Human

639

gaugagcuca uuguaauaug ag
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Ugugcgcagg gagaccucuc cc

<210>
<211>
<212>
<213>

<400>

787
22
RNA
Human

787

ugucuacuac uggagacacu gg

<210>
<211>
<212>
<213>

<400>

788
23
RNA
Human

788

ccaguuaccg cuuccgcuac cgc

<210>
<211>
<212>
<213>

<400>

789
23
RNA
Human

789

Caaagugcug uucgugcagg uag

<210>

790

ONCR_010_02WO_ST25.txt
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22

22

22

22

23

23



211>
<212>
<213>

<400>

22
RNA
Human

790

acaguagagg gaggaaucgc ag

<210>
<211>
<212>
<213>

<400>

791
22
RNA
Human

791

auccgecgeuc ugacucucug cc

<210>
<211>
<212>
<213>

<400>

792
24
RNA
Human

792

uggegagcug aggcucuggg geug

<210>
<211>
<212>
<213>

<400>

793
21
RNA
Human

793

aaggcaggegc ccccgeucce ¢

<210>
<211>
<212>
<213>

<400>

794
23
RNA
Human

794

cacccggeug ugugcacaug ugc

<210>
<211>
<212>
<213>

<400>

795
22
RNA
Human

795

cacauggccg aaacagagaa gu
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22

22

24

21

23

22



<210>
<211>
<212>
<213>

<400>

796
22
RNA
Human

796

UCUUCUCUEU uuuggccaug ug

<210>
<211>
<212>
<213>

<400>

797
22
RNA
Human

797

aaauuauugu acaucggaug ag

<210>
<211>
<212>
<213>

<400>

798
22
RNA
Human

798

uucaacgggu auuuauugag ca

<210>
<211>
<212>
<213>

<400>

799
23
RNA
Human

799

uuuggcacua gcacauuuuu gcu

<210>
<211>
<212>
<213>

<400>

800
22
RNA
Human

800

cuauacaacu uacuacuuuc cc

<210>
<211>
<212>
<213>

<400>

801
22
RNA
Human

801
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22

22
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23

22



ugagguagua aguuguauug uu

<210>
<211>
<212>
<213>

<400>

802
22
RNA
Human

802

aacccguaga uccgaucuug ug

<210>
<211>
<212>
<213>

<400>

803
22
RNA
Human

803

cacccguaga accgaccuug cg

<210>
<211>
<212>
<213>

<400>

804
22
DNA
Human

804

caaacaccat tgtcacactc ca

<210>
<211>
<212>
<213>

<400>

805
20
DNA
Human

805

ggcattcacc gegtgectta

<210>
<211>
<212>
<213>

<400>

806
24
DNA
Human

806

tcacaggtta aagggtctca ggga

<210>
<211>
<212>
<213>

807
22
DNA
Human
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22

22

22

22

20

24



<400>

807

cgcattatta ctcacggtac ga

<210>
<211>
<212>
<213>

<400>

808
22
DNA
Human

808

cacattatta ctcacggtac ga

<210>
<211>
<212>
<213>

<400>

809
22
DNA
Human

809

agccaagctc agacggatcc ga

<210>
<211>
<212>
<213>

<400>

810
21
DNA
Human

810

aaagagaccg gttcactgtg a

<210>
<211>
<212>
<213>

<400>

811
21
DNA
Human

811

aaagagaccg gttcactgtg g

<210>
<211>
<212>
<213>

<400>

812
22
DNA
Human

812

atactttttg gggtaaggge tt

<210>
211>

813
21
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22

22

22

21

21

22



<212>
<213>

<400>

DNA
Human

813

gcaagcccag accgcaaaaa g

<210>
<211>
<212>
<213>

<400>

814
22
DNA
Human

814

atgccctttc atcattgcac tg

<210>
<211>
<212>
<213>

<400>

815
21
DNA
Human

815

gtagtgcaac agggaaagag t

<210>
<211>
<212>
<213>

<400>

816
22
DNA
Human

816

cagctggttg aaggggacca aa

<210>
<211>
<212>
<213>

<400>

817
22
DNA
Human

817

tagctggttg aaggggacca aa

<210>
<211>
<212>
<213>

<400>

818
23
DNA
Human

818

ttggtgacta ggtggcccac agg
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22

21

22

22

23



<210>
<211>
<212>
<213>

<400>

819
23
DNA
Human

819

ctacgcgtat tcttaagcaa taa

<210>
<211>
<212>
<213>

<400>

820
22
DNA
Human

820

atacatactt ctttacattc ca

<210>
<211>
<212>
<213>

<400>

821
21
DNA
Human

821

gagctacagt gcttcatctc a

<210>
<211>
<212>
<213>

<400>

822
22
DNA
Human

822

agaacagtat ttccaggaat cc

<210>
<211>
<212>
<213>

<400>

823
23
DNA
Human

823

agggattcct gggaaaactg gac

<210>
<211>
<212>
<213>

<400>

824
22
DNA
Human

824

acccttatca gttctccgtc ca
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23

22

21

22

23

22



<210>
<211>
<212>
<213>

<400>

825
22
DNA
Human

825

taaccaatgt gcagactact gt

<210>
<211>
<212>
<213>

<400>

gaacaggtag tctgaacact ggg

<210>
<211>
<212>
<213>

<400>

826
23
DNA
Human

826

827
22
DNA
Human

827

aggcatagga tgacaaaggg aa

<210>
<211>
<212>
<213>

<400>

828
22
DNA
Human

828

acaaaccttt tgttcgtctt at

<210>
<211>
<212>
<213>

<400>

829
22
DNA
Human

829

actgcctgtc tgtgectget gt

<210>
<211>
<212>
<213>

830
23
DNA
Human
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22

23

22

22

22



<400>

tccaatcagt tcctgatgca gta

<210>
<211>
<212>
<213>

<400>

830

831
21
DNA
Human

831

agaattgcgt ttggacaatc a

<210>
<211>
<212>
<213>

<400>

832
22
DNA
Human

832

tggggtattt gacaaactga ca

<210>
<211>
<212>
<213>

<400>

833
22
DNA
Human

833

acaaccagct aagacactgc ca

<210>
<211>
<212>
<213>

<400>

834
22
DNA
Human

834

aactcagtaa tggtaacggt tt

<210>
<211>
<212>
<213>

<400>

835
21
DNA
Human

835

ttttggtgea tatttacttt a

<210>
211>
<212>

836
22
DNA
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21
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21
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<213> Human

<400> 836
aactatacaa cctactacct ca

<210> 837
211> 23
<212> DNA
<213> Human

<400> 837
tcatacagct agataaccaa aga

<210> 838

211> 9

212> PRT

<213> Artifical

<220>

<221> misc_feature

<222> (5)..(5)

<223> Xaa can be any naturally occurring amino acid

<400> 838

Val Tyr Pro Tyr Xaa Glu Phe Val Leu
1 5

<210> 839

211> 9

212> PRT

<213> Artifical

<220>

<221> misc_feature

<222> (6)..(6)

<223> Xaa can be any naturally occurring amino acid

<400> 839

Lys Leu Asn Pro Asn Xaa Ile Ala Ser
1 5

<210> 840
<211> 9
<212> PRT

Page 146
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23



<213>

<220>
<221>
222>
<223>

<400>

ONCR_010_02WO0_ST25.txt
Artifical

misc_feature

(5)..(5)

Xaa can be any naturally occurring amino acid

840

Ile Thr Thr Val Xaa Thr Phe Ile Asp

1

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<400>

5

841

9

PRT
Artifical

misc_feature

(5)..(5)

Xaa can be any naturally occurring amino acid

841

Val Asp Thr Asp Xaa Thr Gln Gln Gln

1

<210>
<211>
<212>
<213>

<220>
<221>
222>
<223>

<400>

5

842

9

PRT
Artifical

misc_feature

(5)..(5)

Xaa can be any naturally occurring amino acid

842

Val Pro Ser Thr Xaa Leu Leu Leu Phe

1

<210>
<211>
<212>
<213>

5

843

32767
DNA
Artifical
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<400> 843
aaaaaagctg

cataaaaaac
tacttagatg
atgctgccaa
atccagccta
agaggtgcga
agtgtcatag
tcttacaagt
agtttctgta
tttatattcc
gatcagccac
tgcgecagcet
acagcagacg
cactctgtac
actgcatttc
gcgacctcag
gcttcattct
gcaactgata
ttttgacata
caaatacgca
ccctgecact
tcacaaacgg
taatatttgc
aaggccgtaa

gcctcaaaat

aacgagaaac
agactacata
gtattagtga
cttagtcgac
ctcgctattg
gectettttt
tcctgaaaat
cgttcggcett
atttctactg
ccagaacatc
ttcttccecg
ttcatccccg
tgcactggcc
atccacaaac
accagcccct
ccatcccttc
gcatggttgt
gctgtegetg
cttcgggtat
tactgttatc
catcgcagta
catgatgaac
ccatggtgaa
tatccagctg

gttctttacg
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gtaaaatgat
atactgtaaa
cctgtagtcg
cgacagcctt
tcctcaatgce
tgtgtgacaa
catctgcatc
catctggatt
tatcgacctg
aggttaatgg
ataacggaga
atatgcacca
agggggatca
agacgataac
gttctcgtca
ctgattttcc
gcttaccaga
tcaactgtca
acatatcagt
tggcttttag
ctgttgtaat
ctgaatcgcc
aacgeeegecy
aacggtctgg

atgccattgg

ataaatatca
acacaacata
accgacagcc
ccaaatgttc
cgtattaaat
aataaaaaca
aagaacaatt
ttcagcctct
cagactggct
cgtttttgat
ccggcacact
ccgggtaaag
ccatccgtcg
ggctctctct
gcaaaagagc
gctttccagce
ccggagatat
ctgtaatacg
atatattctt
taagccggat
tcattaagca
agcggcatca
aagaagttgt
ttataggtac

gatatatcaa

Page 148

atatattaaa
tccagtcact
ttccaaatgt
ttctcaaacg
cataaaaaga
tctacctatt
tcacaactct
atacttacta
gtgtataagg
gtcattttcg
ggccatatcg
ttcacgggag
ccegggegtg
tttataggtg
cgttcatttc
gttcggcacg
tgacatcata
ctgcttcata
ataccgcaaa
ccacgceggcg
ttctgccgac
gcaccttgtc
ccatattggc
attgagcaac

cggtggtata

ttagattttg
atgaatcaac
tcttegggtg
gaatcgtcgt
aataagaaaa
catatacgct
tatacttttc
aacgtgataa
gagcctgaca
cggtggctga
gtggtcatca
actttatctg
tcaataatat
taaaccttaa
aataaaccgg
cagacgacgg
tatgccttga
gcatacctct
aatcagcgcg
tttacgcccc
atggaagcca
gccttgegta
cacgtttaaa
tgactgaaat

tccagtgatt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500



tttttctcca
ggtagtgatc
cattttcgcc
tattctgcga
gctgecaact
tggatatgtt
atattgatat
atggaccgcc
gggatcctag
ccgeageacc
ggcggttgtc
tgggggcgac
caaaatgccg
gaacggatac
gcctataaag
gggggtgtgc
taccatgatc
tgcgetggtc
ggacatctcg
ggcgggttaa
aatgacgtca
ggaggaggtsg
aaagcagatg
cttggagctg
ctcgacaaac

gaccacgtaa

ttttagcttce
ttatttcatt
aaaagttggc
agtgatcttc
tagtcgacta
gtgttttaca
ttatatcatt
CgCcaaggess
gaccccaaaa
tctaccagca
gggggtggag
ccgtaaatgg
gcegtggegc
gcgtacatat
cggtaggcac
tggataacaa
gcgeggstec
agcgaggecc
cggtgggtag
tagacaatga
tcgegetegt
gtgcgggaca
gcgaccttgt
atgccgtagt
tcgctgatgt

gegcaggeeee
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cttagctcect
atggtgaaag
ccagggcttc
cgtcacaggt
caggtcacta
gtattatgta
ttacgtttct
ggggggcatt
gtttgtctge
ggtcegeggt
gegegeegece
ttgcagtgat
tccgggegct
gggcgtccca
aaaattcggc
cgcctecgeg
cgtactcaaa
tggcgtggca
tgagtccccc
ccacgttcgg
ggcgcteecg
tggccacgta
ccaggctaag
cggegtttat
tggtgttgac

cctcttccag

gaaaatctcg
ttggaacctc
ccggtatcaa
atttattcgg
ataccatcta
gtctgttttt
cgttcagctt
tcagtgtcgg
gtattccagg
gggctggaga
caccccgtgt
gtaaatggtg
ttcgeegege
cccgegttceg
gcgacagtcg
cggcaggegg
aacatgcacc
taggctatac
gggccgggtt
atcgcgcaga
gagcggattt
cgegctgttg
gccetgggag
ggccatggcec
gacggacatg

taactcggcc

Page 149

ataactcaaa
ttacgtgeceg
cagggacacc
cgcaaagtgc
agtagttgat
tatgcaaaat
tcttgtacaa
gtgacgagcg
gcggggctcea
aactcggecg
gcegegectg
tcegeggtcec
gaggagctga
agcttctggt
ataatcacca
tcctggeget
acctgcgegg
gcgatggtceg
cggtggaact
gccgatagta
aagttcatgc
aggcgcaggt
cgcgtgatgg
agctccgtag
aagccgtgtt

acgttggccg

aaatacgccc
atcaacgtct
aggatttatt
gtcgggtgat
tcatagtgac
ctaatttaat
agtggtttta
cgatccggcc
gttgaatctc
tcccggggca
gcgtctectc
agaccacggt
cccaggagtc
tgctgteecg
acagcccaat
cccggeeecg
cgtcgggcag
tctgtggatt
gtaaggggac
tgtgctcact
gaaggaattc
tgccgggcegt
tcatggcaag
agtcaatgga
ggtcccgeaa

tcgegtgecg

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060



cctcegeage
attgtccgtc
gcagccccgg
cccgaagagc
ctgggtgtga
gtcgagctgt
gtccgggecc
gcctgegteg
cagaatctcc
caggcceggg
caggaacctg
acgcaacact
gcgegeggtce
cagctgctgt
cgagtagttg
ctggtgtgtc
gagggtgaac
catgtacgcg
ggggttggtg
ggtgatgggc
ccgtttgttg
gcggttgeag
ctggtgctceg
cacgggccgc
gcaatacacc

cacgttgctg

tcgtccgeaa
tgcagggcga
aagataacgt
tcttggagga
acggegeeee
tgttcgtcca
ccgteccgeg
gccattaccg
gccgttagtt
cgctgcagaa
taggcaaact
gcctcgaagg
accgcgatct
ttgctgtgea
gtgatgcggc
agccgteggt
acgacgaact
ctcacctctt
atgtagtttt
aggccgtact
ttaataaaaa
atgaggtacg
aaggtcgact
aggegeeceeg
acggccgtga

cgggtaaagg
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aggcaaacac ccgtgcgtac gtgtatccca

cggacatcag
tgtccacgta
ttcggaatct
tggtctecgg
gccecgegaa
gccccagttg
acgcctgegt
ctcccatgeg
agttgtaaaa
ccaccgaagt
cccggaacgt
ggctgttgag
cctcgeageg
tggegttggc
attcgtcaaa
ccccctcacg
tgtgggagga
ccgggacgac
ccagcacctt
tggcccagcet
tgagcacgtt
ccagggacgc
cgtactgggg
ggaggtgacg

ccggeagcegc

ccccecgege
cgtgctaaag
cccgaggaag
ttccccgggeg
aataacgtcg
cttaaaatca
cggcaccccc
ggcgtaggeg
ggagataagc
ctccccctga
cccactaaac
gacgtaagtg
catgtgccecc
cgtgagccac
ctccttgacc
ggtcaccttc
gaacagccgc
gaagcgatcc
catgaggtta
atacgagagg
ctcgctctgg
cgtctgegtc
ggtgtggtac
cccaaggagc

cccgtggeteg

Page 150

ggcgagecgsg
ggggcgactt
gcecegettcea
gtgtagtggc
aggtcgtcgt
aacgcacgct
gaagatttgg
agggtcctct
ccgctaaata
gtctttacaa
CCaaaaacca
acgtcgttgc
gcgtectggt
ttttcaatcg
gacacgaacg
aggtaggcgt
gtccagecgg
acgaactgca
ccgaactcgt

cgggcgtact

cggacggaac
ggcgagccca
agggcgttaa

ccggectegt

gceggggceca

tgagcgtata
tcagcatctc
caaatgcctc
gcagcgcaaa
agtaaaacac

cgggaaaatc

cgeeggeesc
ggcgcagaga
gggtcgcatc
tgagccgega
agctgtegtc
gttttcgcag

gggccacgac

cctggctctg

tcaggcegeg
taagcacggg
ggagcttggc
ggaggttgec
tgtgctectc
gctcgacgea
cgcgeagegt
accgcagttt
cacacaccaa
tcatccacca
cgatgacgat

accgcgtcag

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620



ggcgeecteg
caactcctcg
gtagtacgtc
gtacgggtac
gatggtgttg
cgcaatgcegc
cgtgctettt
gaggggcagg
cacttgcgct
caccccgtgc
gtcccegggt
gceggeegec
cacggaagcg
gatgctgttc
caacgtcgtc
gctcctcaac
ccgeggtetg
cgeeggegtg
ggactttgcc
cttccccaaa
acaagaaggg
ccagctggec
gctggecttce
ccgeegeegsc
gctgtggecc

gtttcccgag

gccaacccca
ccceccggagg
agatctcgtc

tgtcccagtt

atgggtcggc
gtggegeeceg
ccggagecag
cctgeggsss
ccgtecgaget
atagacgtaa
tgctgaaggt
gccatgaccg
ctgtgctecc
cgcgagattc
cggtccageg
gccaccactt
cagccccaac
gCcgagegee
cacgggtteg
tatatcgact
ggtgtgacgc
acggtcgegg
gactccacgc
gactggctcg
cccttgtgga

atcgtcgegt
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gggtccgttc cagggeggec agggcgegaa

cggccagegsc
gctgeaggtc
gggccetggac
tgagaaaggc
tcaccacaca
cgttgeeggt
actctaaggc
gttgttgcga
aatttaaaaa
gCgeeeescce
caccacgctc
ccgaggacgg
tccacgggca
aggcgaccac
accgggacct
ggctggttceg
tgttcgacac
tcgectgett
ggctgacgtg
agggtctgag
aggccgegga
gcgtggegga
tgcgagaccc
ccggggaccg

gtcactccct

gcgcettegtg
ctccagcgag
gtgattcccg
gcccgagagt
gtccaagacc
gataagatac
cgccacgtcc
gagctctcgg
ggccteggec
gggtttctgt

gcgggecccc

ctgggtaaag
gctggggtat
ccggeagetg
cgaggceggac
ccggtacagg
gtggcggaac
tgegeeggsc
cctggggctg
ggcgtttctce
gegegeegsce
ctacgaccgc
catcagcggg
tctggtette

ccgggaacac
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aggtccaaaa
gcggggttgce
cgaaacccaa
ttggcgtaca
tcgttgattg
accgcgaacg
cggaaccact
atgcgcttaa
ctccctggaa
ccgtctaget
actacgcgtg
gttcacccca
accgagggcc
caggcggcga
tggcteggcc
aacgcceggg
acgcttagga
ggcecgageg
gtccccatat
aagcagcacc
cccgggtttt
gtgtatatct
cagcgcggag
gattcgceccg

gcgcacgtct

actcgttccg
tcacctccca
tggtcagggt
attcatgaaa
tgttttgggc
tctgcacgca

gaaactccct

gcagatgggg
ggattggctg
cggetggteg
ggcgcteccc

cgegeeeeea

gcceeggtac

agggggtgta
tctttcacge
acgtggcggc
aggcggatat
cgacgctgct
gcccgtcaag
tacgcaagcg
cgctgacccg
ttgagctggc
actacaacca
aatgtctggt

tccageggct

gceggetgeg

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180



caataccgcg
cggtgecegeg
ggccgecteg
cattaacgac
ggccgtcgac
ccaggaccag
caacatcaac
gcgcegagacc
cgcaacagcg
gaccggtgga
tatcgacgtc
gtacatccct
ggtgegetgt
gtactccagc
ccccegggta
ggatgcggtg
cgtcgeggac
ccggeecggc
aggegegecg
atgaggggtc
aggeggecga
tcggcgaccg
ggtgeeggtt
attactttaa
cggccaacga

tctecctgtt

tccgtcaagg
cgggtcgtta
cgcctegtgc
accgtgegtt
ggtaccctcc
gELLLECEEE
ggcgtgtteg
aacgcgggcc
ggggeectgg
tgcggeagec
agcaagtcca
tcgtacgecc

tttaaaattc

ggggcgatceg
ggcgegeeca
tttaagaaaa
gtccagcacg
gcgtccecgc
gaccaggeeg
ggccgecacc
ggcgattagc
ccagecgegg
gcggttegtt
gcgctgetgc
ggaccacgtg

caaccccagg
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tgctgctgeg
acaaggtgtt
ggcttatcat
cctacctcga
ctggattcgg
cgccgcagct
agggctatat
tggcgaccca
agcgccagcea
gcectgegeg
tggacgacga
aggacctgga
tgtgtcaccg
ccgeattcegt
tcacgggctc
cccgectgea
cagcgctgec
ggggeceggtc

ggggcatcgg

atcctcaagc
cagcagacgc
tttaccgcca
ctggacggga
ggccagtcca
cacagcctgg

gacctcctgg

gcgcaagagce
gegggaggac
caacatgaag
cgaggcegeg
Caagggcgea
tcgecaggec
aaataacctg
attgcaggag
gegegegecce
ggcggacctg
cacgtacgtc
gcgeetgteg
caacaaccag
cgccccctac
cgatgtcatc
aacgtacctg
cccgeececc
cagatcgcgg
gcaccgggat
aggccatcgc
tgctcegect
ccagcatcgc
gtcccgagga
gttatcgegg
ccgtgecccc

actttgagct

Page 152

gacagcgagce
gacgagacca
ggcatgegec
gggcacctga
aacagccgeg
ttccgeacgg
tttggaacca
cgcgaccgeg
gacctggeeg
ctccgggeceg
gccaacagct
cgcctetggg
ggccaagaga
tttgagtcag
ctgggegage
acagacatcg
tccceggteg
tcgeccggaa
ggeegeegeg
cggggaccgc
ggcctgegag
gcgegtcgac
cgcctatgtg
cttcgeggtg
cctegttcetg

tgcctgtetg

gcggggtggc
aggcegggtc
acgtaggcga
tagacgcccc
ggtctgeggg
ccgtggttaa
tcgagegect
agctccggcg
ccgagtccgt
actatgacat
ttcagcaccc
agcacgagct
cgtcgatctc
tgcttegggc
aggagttatg
cggcectgtt
gcgecgattt
gaactgcgceg
acggccgacg
agcctggteg
gtgcgccagg
gtcgegectg
acgtcggagg
gcggtectga
ctgcaccggt

ctgatgtacc

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740



tggagaactg
tcggggtcge
gttgccactg
agttcgtcct
ttctctegge
ccccecgcetce
cggaggagsgt
cgtcgteget
tggccteecg
gcgtcccatce
taagacgaac
aagaatacgc
cgcgtagatg
acattattgc
tgcttaagaa
aaaaggtttg
caggcaaaca
catactcccg
tgatgagcgc
ccgaccgact
tccagcaagg
gacacccgaa
cggtcgeagg
gcegttgtca
tacgcgggcc

aaccacactc

cccccgaage
gggtcegecgc
ggtcctaaac
gccccactgg
cctgttctgt
cgactgcgtg
gcgegegect
gttttatcag
acggatgcgc
tgtgegggga
adaaggtttg
gtagagaaat
gtcgtaccgt
ttaagaatac
tacgcgtagg
tacacgggeg
gaaacgacat
ccagcacccc
agtccacggg
cccegectcec
cgeegeegeg
cgctccagta

cgtcctccat

ggcccaggac
Cgcggagagsg

ccgectggcet
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cacgccaccc cgtcgacctt tgccaaggtt

acgtccccat
acactcatgt
tacatggccc
gccaccccga
gcctataacc
ctggtctatt
ttttgttgaa
gtgtccttac
gggggecaag
taacttcgta
aagacgaaca
gagtaataat
gcgtaggtegg
ctatcgtacc
agcgctcttg
cttgtcgtca

ggtaaacacc

ggggagcaca
gggacagaca
gaaggcagtg
ctccgegtcec
aaggccccgg
ccgtegeage
aaatccccca

ccaggcgact

tcgaacgegt
tcatggtgta
ggtacctgcet
cgagctectc
ccgcegggat
ggtggctttc
ttttaggaaa
tcegtettgg
tcggcacgta
ccgtgagtaa
aaaggtttgt
gtggttcata
tcgtaccgtg
gtgagtaata
tctcagggca
aagggataca
aactcaatct
aggggeegeg
cgcacgacgc
gggeecaagyg
aaccgtttat
gcegtgagtg
gtgtcgegta
agatggtcag

gcgtgggtegt
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tcgetgectt
cgtaaaaccg
ggccaacaac
attccggctg
catggggagc
ggagacccca
taaacccggt
tgggtgegts
ttcggacaga
taatgtggac
gattttattg
agacgaacaa
agtaataatg
atgtgcctta
atgtttttat
caaacttccc
cgcgcaggat
ggtatagatc
gccgecagta
ggtegetggce
taaacgcgtc
cgtcctectce
cgacccctge
tgttgtcgeg

agacgccctc

ctggegtgec
ttcctecgea
ttcgacgacg
ccgeeccecg
ccggegecgc
tgctgggegt
aaacgacaga
tttgtttctg
gctgtgtatg
ctcaagcaca
tttattgctt
cttaagaata
aaggtttgtg
tgtactttat
taagacgaac
tggtcaaact
ccectegecc
ttcgegeagg
gacggggacg
gtgctctgeg
ctcaaagggg
caagataagg
cggcacgcat
cgeegtggtg
ggagttccag

gagggccagg

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300



cacagtgggt
atggcccgcec
ttaaagacac

gcegtctect

gcaggegcagg
tctgagggag
tccgecagec
gggaagcaaa
atgattttag
ccggetgeceg
accgecgggcc
cgtgccgact
gcaaagtacg
ggggccageg
agegeegeeg
agcacccgtg
tcgaccaggt
tcgegegeaa
cactggggss
tcggcaacge
agagcggcgc
cccgtgegtg
cgctccaggg
ggctccageg
acggagacgt

gcaaagcgcg

gccgeagecg
gggcgtectc
cccagaacgc
cgatctgcag
cgttgcacgt
cggccaccac
cgcteccccc
accgcgeegt
tggcgggatg
ccgaggcecac
aggcccccag
cggeegtgsc
ggacgggtcc

cccegggeec

cggagaactt
ccgtgactceg
ccccgaacge
atagcgcggt
tgtcgcgaat
gcgecgecag
gageescese
ggtccgagec
ccgecaggac
g8L8ageCLLC
ccgeggagec

cgcgaccctc
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gacggcgttg
gatcaccccg
acccccatcg
gcagacggeg
gtccgggacc
cagcgegtcec
gaggtcggcc
ccagacggec
ccaccgegec
geegeggecag
gagegegeeg
cggcacggtg
cccceggacc
ggcgtggacc
ctcgecggceg
ttgcgggtgc
gccctecttc
tceggtggty
ggccgeeagg
ggccatageg
gegregeecce
gatacgcagc
gcacgcgtac
cggegtegtc
gtagaaatcc

ccctgeggceg

gccctaagea
gaagccgcat
cccccgcaga
gccattaccc
aggcgctcca

agtcttgcta

agggccgeca
ccgacggecg
accgcctecc
gctegeggeg
taagcggceceg
aacgtgggcc
tcaaactcgg
gtggtatgcec
cttacaaagt
ccgegtggec
ttgatcggcg
atgttaacgg
cgcgececacg
tcgatgtcaa
cacgacgctc
ggggcgaaca
agcgeeegec
gCeeCeCess
cgcagctecg

ttgcgacata
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cggctcccac
ccgegtcettg
ccgegaactt
cacccaggag
agacggcccc
ggcccgtecg
ggagctgggc
cgggceggstce
gcaccgegeg
ggaggacgac
cggceecgeg
aacccggaaa
gccccagaaa
actgccggaa
agtcgtaatc
gcaggcccac
gaaacgcaag
tcagcgaagc
ccagecgegc
tgttggectc
tctcaacttt
gggccaccgg
acagagtcgg
cggcegecac
tcgeggtgac

Caaaatacac

ggccgtcteg
ggggtccacg
caccgagctg
ctgcegeage
ggLccaggsce
gcegtgegeg
gcgaagtccg
taacagttgg
caggaggcat
cctggececcc
caccaggtcc

ccccaggacg

ggcaaagacg
aagggcgacg
gegeeecage
ctcgeacacc
agtctggtat
ggcggacgeg
gtcgggatgc
cgcgaccagg
caccaccagt
cccggtctgg
gttctccagg

gacggcctgg

ggagacctcc

cagggcgteg

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860



aagtactcgc
tcctccacce
ctgtgggtcc
gEELLEEECE
cttggccect
acgagtgcgg
aggccteggt
cgctggatga
cgcccgeaaa
aggcgetgtg
ttttaacgcg
gttcgcccca
geggeggaca
gtccgteggt
ggggggtcag
ccgagtccca

gggttacgtt

tggggatgac

tggccatggg

ccatcaggct
ggaggtattt
acgccteggg
aatgtacgcc
agaagcgcac
agagacacgc

gcgacccccg

gagcgeggeg
acacgatatc
catgctgecg
gtttttggeg
cggtgegttc
tcccgagact
ggggagctcc
gtgcgtgcgc
ctccegettg
gtcgatgteg
ccccgeeecg
gattatcttg
gccgettagg
tacgttacag
taggtccagc
atgcaggcgc
cagggtgege
gceegtggeg
aacgcggaga
gttgaggttg
ttcgacgaaa
atcccggcac
ccgcaaaaac
gcgtatgcag
cagcgtgcat

ccccagcgac
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gggcagccat accgcgtaaa gggtaatggc

tgcggtgtcec
tgcctggeceg
ttggegtees
cggcaacagc
tatagggtgc
gacagcgccg
aaacagcgcc
tgggccataa
tgggcgtcca
ggaaacgtct
aacagcgcca
gcgtcggcga
tggcccagtt

acgtcatcgg

gcggccatgg

ggcagggcca

tagtggtcat
caggcctcca
cgcatgagceg
agacccacct
cgcagctccc
agacagaagt
tttagggtca
ctctcaaagt

gtgtcgcatg

atcgcacggc

ggceeggtgg
ggtgggaaac
gcegeeggtce
taaagttcac

cctccaggat

cccacgeggg
gcagggcgta
acaaccccac
gegtgetttt
ccgegtggtc
cgcgettgac
cgaacaccag
ggccgaaggt
tgctgcacag
cgagctccag
agatccgecg
gcaacgccag
cgacaatttc
ccteegtctce
gtagatcgcg
cctttgggst
gcagcatgtg
agtgtttgta

ccgacgegtc
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ccctaaggat
gtcgeggaaa
ggceegggtce
cgcggacgac
cgccecctge
gatgtcagcg
cacgcgtagc
cagctgectg
gattgtctgt
ggccatctgce
cgtctcgcta
ggcttcctec
ctgcatgtag
cctcccagat
gcacaacagc
ctctccggtg
aaatatggcg
gtaaataaac
cgceggegcg
ggcggecteg
ctgggcectg
cagggtatcg
aaggatgtta
acggaatttg

acagcgcccc

gctgacgctc
cacgggeggt
ccggtgacgg
cgggggccaa
cacgtaccga
atcatgggcc
ttgggstteg
ttgaagcgcg
tgggteeggce
ttggtgaggt
acgccaaaca
acggacccgc
gagagcagaa
cggtcgtagt
cccceggecg
tcccagacgg
acgttgatcg
ctgctgegge
cgegtgegtc
acatcggacc
geegecageg
agggcgtcga
tcgtgtcccc
aggctgtcecg
ttgtagatgc

ttgaaccggc

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420



gacacagcag
cgtgattaag
aaatcagtag
ccatgtccgg
gatcgaagct
acgtggtcac
gacggcagaa
tatcgccccc
gagaggcgtc
gcteggtecc
actcgccgac
actgcgegtt
gcattaacgc
tcgacataac
gatgaaggct
tggtggatga
gegtctgget
tcgetteccg
ccacagtcac
gctgeegetce
cgtacaacat
tgggacgccc
gggcgeggac
tctgegtcac
acgccacggc

ccgtgeccct

gtttgtgacc
gagcatgggc
ctcccecttg
tccgtagttc
gaggcccacg
gtccccgagg
ccgggecacg
gccaaggcgc
Cggagacges
cagacgcgeg
caccacatgc
ggcggttgeg
atccacgcgg
ctcgtccaga
ttccacctgg
gaagtaggtg
aaaactccga
cagccagegg
gcacctggcc
gatcgttgtt
ccgegctage
ggcccccaga
ggcgtggtegg
ggggctectc
gagctcttat

caggttggac

ONCR_010_02WO_ST25.txt

tgggagaact
gtaaagacgg
cggagggtsc
atgggtttca
gttacgaccg
ggggtgageg
atctccgega
gcttccaget
ccgeteggeg
agaaacaggc
acgttttttt
tccatggcega
cccagttgct
acgaggacgt
acgataagtc
acaaagtcga
cgacaggaga
atcagcgcgg
gtcgggecec
ttcgggtgaa
gatacgctcg
ggatctcccg
gtctggtgtg
gtcctggect
gcegggetea

acgcagagcc

gegegegeca
gctccgageg
gcacccgtec
cgtaggcgaa
tcgtgtatat
agtgaagcaa
aggagaccgt
ccccaaagaa
gCcegescess
accggcgegc
cgccecggag
tgatccgagg
gcatcgttgg
cgtagttgtt
ggtggaaggs
ccaggcctga
cgacgagcac
tagtttttcc
tcgegttegg
cccggggceac
acgtgtactg
actccgegec
tgcaggtggc
ctgtgttecg
actccacggc

ttgtgggcac
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ctggccgeag
cgccecggag
cagggactgg
catgccatca
aaccacgcgg
cagcacgcgg
cgacgaaaaa
cgtggccccc
gcgragggea
cgaaaacccg
accgcacagg
acagatgcgc
cgaatagagc
cagaaggttg
gcggtegttc
ctcagcgaac
actcgtgtcc
cgaccccatt
gaaggtgacg
ccattcggec
ttcgcactcg
ccccacgaaa
gacgtttgtg
ggcacggttt
cgaggtgcegc

ttatgtaatc

gaactgacca
ccgtecatgt
tacacggaca
aagtgcaggg
tattggcccc
tccgtaaact
atgcagatgt
cgggectecg
gcctgeagga
ggcatggegt
aagtccacca
agcaggcgta
tggcccageg
gggcccacgc
ataatgtaat
cgcgtegcta
ggagagtgga
geCgLgCgea
ggtccgtgct
aaatcccccc
tcgtccccaa
ggcatgaccg
gtctctgege
ccctgetttt

gggggtgtag

acggccgtgt

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980



tgttgttggc
ccctggacge
tcgccggaaa
tcagccagct
cccatttttg
tggagctggc
ccttgetgtt
ccgegttcaa
ccattctcgt
tgttggteges
agcactatta
gagtccgegt
gcacccgege
acacgcgaca
gagacggccg
acccctacgc
cgatttacga
cgcggeacct
ccgecgagga
taaaccgttt
tactatcacc
acgcgtgcga
tggaaactgg
ggggtccgat
gggcacgtag

ggtcagcgag

cgtggecegtg
gggeegeegt
cgtctgetct
ggcccacctg
caccaggegg
cccgacccat
gggcgtcttc
ctttaatttt
cgtatcgctg
cccccacctg
caccaacggc
cgcectegec
ctatctgtat
ccgegcacat
ccacaggcecc
gatctcatac
cgaggtggcg
gcccgacgac
ccccgtgtac
gtgtttaacc
gtcccccccc
ccgtatacag
gtggegggsc
gaacgcaggc
aaattacctt

acgacctccc
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tatgccgtgg
ctggctgegg
tggttgctgc
gtttacgtcc
gtcctgageg
catcgcgtcg
ctgtgcacgg
tcggeeecgg
ttgttggtgg
ggggccgteg
tactacgttg
ctggtcgecg
cacaggcggc
tcecgeectcea
gcacccggea
ggegeccage
gacgaccaaa
gatcccatct
agcaccgtcc
cgaccgtggt
ccccctcaac
aacattgttt
aggcgectcc
gctgtctecc
cctcttegga

cgtcgteggt

tcggegeegt
cccgeatggc
agatcaccgt
tgcactttgc
ggacgtatct
tcggeecggc
ccgacgecege
gcatgctcat
tcgaggggst
ccgccacggg
tggagacgca
cctttgeect
accacaccaa
agcgcgtacg
gcecegeecgg
tcgaccggta
ccgacgtatt
atgacaccgt
gcegttggta
gtatgtctgg
cccggegatt

tggtttttat

gggggtecgc

cggggCccgc

ctcgatatcc
gatgaggacg
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gacctcccgce
catgccgceac
cctgttgetg
gtgtctggtg
gcgtcaggtg
tcgegecgtg
ggtatccctg
ctgcctgacc
gttgtgtcac
catcgtcggc
gtggeegees
cggcatggcc
attttttatg
cagttccatg
gattcccgaa
cggagattcc
gtacgccaag
tggggggtac
gctgtttggt
tgtgtggcgt
gtgggttttt
tcgctatcgg
cggtgagtgt
gtaaccccge
acgacgtcaa

ttgtttcggce

tacgaccgceg
gccacgctga
gcccatcgea
tattttgcgg
cacggcctga
ctgacaaacg
aataccatcg
gtgctgttcg
tacgtgcgceg
ctggectgeg
gctcagacgg
gtgctecget
cgcatgegeg
cgcggatcge
tatgcggaag
gacggggage
atacaacacc
gaccccgagc
tccgttttaa
ccgatcccgt

taaaaacgac

acatgggsgs
geCgCgagese
gcatatccgg
agtcgtgggc

agcagcaggg

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540



ccgggeeccg

ctgctteget
gcgatcggaa
gceeeggege
ccgataaacg

tagccctgca

cggcggacca
ggggcrgccaa
tccgeggege
tgcgtgacga
ggcttcggga
tcctegtacg
cggcatttga
atgtcccgag
atgaggaccc
aagcgeegeg
aacagcaggc
acatccggcc
gggccccage
cagtcggcect
gcgteegegsg
cggtccacca
gcccagageg
cgctcgaacg
cacatagagt

ccaggagata

gagaacgaga
ggatggcctt
cggcctggtt
cgtcctcecag
tcaccagatg
ccaagatctg
gatccccgga
acagaagcac
agcaccgcct
gagcctcectc
tcgaccggat
cggaggeegt
cctcgtaaaa
gacagacgag
cacacgtatg
tgtcggegec
ttcgggecegt
gcaggctggc
ggagggtgga
ggttttgegt
CgeCcegeess
tacccgectc
gaccgatggc
tctcggctag
caaggtccgg

gcggaatgtc
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ggcccatagc
atagatctcc
cgggagaatg
gcggaacgtt
cgggtggsss
cttaaagttc
gctccaggac
ctccgagaca
tttttcgeec
cgggcegege
aaatgcccgg
ggggtcgetg

gegccagesgee

aatatccagg
cacgttctct
ggcctegeceg
cggctegttc
gttgtgcttc
tgcggtegty
ggccgecteg
cccgeggegc
ctcgaggacc
Cagageesecsy
tatatgggag
ggagtcggga

tgggetcgga

tcggegageg
ggatcgatgc
gacgccttge
acgccctect
gggcagtcegg
gggtgacggs
acgggggaga
acgccgctat
gaggcgtggs
acgcgeecgg
aacgcctecg
gggtccatgg
gtcttgggga
gacgccccga
tcggcgaggt
ccgtegtecg
acccgeecga
agccactggg
aggccccgec
taaaacccca
gtcaggcgcec
acggccageg
cggacgcegc
ggcagegegt
tcggegtecg

ggccctgagg

Page 158

tgtcgtcgaa
ggacggggst
tgggtcctge
ccgegetggt
ggaagtggct
ggttcgcgaa
tggtgtggcg
ttaactccac
cctctgacca
gcgcgaagta
gggaccggtg
ggtcgaaagc
ctggggccag
ccatccccgt
cgctgggttc
cgcggeccac
acatcaccgc
gcgagaaaca
ggagrageec
tgaggggcecg
ataggtgccg
aacacagata
gcagcaaccc
tggggatcac
ggtcgegggc

cgtcagaaag

tgccaggegg
aatgatcagg
ggccccgaga
geggtgectg
gtcgagcacg
gacgggctceg
tccgaggtceg
caaggcccga
ggcctggtcet
tcgcacgetg
tgccatcaag
gtacttggcc
gtagccgtga
gtgaccgtcc
gtggaagata
gcagtagcga
cgaagactgt
cggaccctgg
ccatagctgg
gggegecacg
accgagtccg
atccaggcgg
gcgeaggtgg
cgacgccgac
gtgggtgccc

tgccggegac

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100



gegeeecges
ggcgaatggsg
aaggtggttg
cgaggggtgt
gctgggecta
ccgeegggteg
caggeggegac

tatcgccttg

gggattgegsg
ggtcteggcc
cagggcgaag
gggtacgecc
cagggcgtac
ggcccgtteg
caccagggtg
cttgaggtcc
ggtgacgagg
catgacgagg
aaacacaacg
gtttgttgtg
ggggaacact
gttgtggetsg
aacggcaaac
ttggacgtca
cgtgtagtgt

gagggtgage

gcttttegte
agctcgggtc
tcagcggaag
cctcggecag
ccgtggactc
aacgctgatt
accagcacca
tgtgtgtgct
aggtggcgcc
gagttgacaa
tccggegaca
aggctcgggg
aggtcaaccg
ttgttaaggt
tgaaagttgg
ggctcctgga
ctaaagtcgg
atgttggcgc
gegegeecca
cgcagggacg
atctgtcgtt
cggeeggegc
cactcctttt

ccgtatcccc

agggcggest

atgtgcgagg
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tgcggtgteg
cacagctgat
actgttaggg
ggcccaggga
catttccgag
ctcacgacag
ggagaggctt
ggtaatttat
ggatgccctc
acagggctgg
gctggttgtt
cgacgtacac
ctaacccgac
atttcaccaa
ctgtggttag
ggcaaaactg
cgaggacggc
acttgatatc
gctccgtgaa
ccagttggcc
gttgcagcga
gtagaacgca
cctttatggt
cagacccccc
tgatggcgaa

gggacgagee

gtggegtgct
gtcgtctgge
cgggggegct
cgcttagtca
acgacgtgge
cgegtgecege
aagctcggga
acaccgatcc
tgggacgtca
gtgcagcacg
aaaatactgg
gctaaccacc
gtcgtgcttce
cagctccggg
ggcggtgggc
ccccegggcg
ccgeeggage
caggtggctg
gcactggteg
gatatactta
gaacccgagg
ctccecgacc
cttaacggca

gaagcttcgg

cacggggctg

gggtgcggtt
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gatcacgtgg

gtgeeseeses
tgggggegct
cggtgegtcec
gggagcggtg
gcgeacgggt
ggcagcgeca
gtaaacgcgc
tacgccaggce
cagcgatagg
taaccgggaa
aactccagca
aggcggtggt
ggctggttat
atgccaaaca
atcgtggagt
gagacggcgt
atcccgcagg
agggeegteg
ccgaggtcca
ggcgegatga
aacagggtcg
agcttatgtt
geeeeggega
catagcttgc

aacgccgect

ggggttaacg
Cagggegacegs
gtcggggcca
cggcggacat
gttgagcgcg
tggtgtgaca
ccgacgacag
gccgaatctt
cgtgggtgtt
cgagcagegsc
accgggtcac
gcgtetggcc
tggtaaattc

acccgtgacc

tccggggega
tggagttgag
ccgaccgeag
tggtgtttaa
agaccgaggg
tgtcgtacgc
agccgeggat
cgatgagctc
cgcgaatcag
tctcgagggt
ggatgcgegt

gggatctgeg

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360

18420

18480

18540

18600

18660



Caggeecees
agacgagcgg
tcggtggegs
gggerecceg

ggaccgttgg

tctgegggac
gctgettect
tcaccaagcg
tgctccteca
cgggacttta
acaaaccgag
taaatctcgg
tctcggtcca
ccaaggccecg
tggtcagcag
acttaaggtg
agtgcccttt
cgtcgggacg
gctgetgttt
cacggccaag
taaggagtgc
tacgtttcag
ctttgcccag
ccccaaaaaa

gctgttccaa

ggaccacgcg

cggttcagtt
ctcattcgec
gacccgtgeg
gaggccccgt
cgtgcacctt
tcatccatcc
cgagttgctc
ccggatcgag
cgcgaatttt
gccgegectc
gatcttgggt
ctcggaggtg
ttccgecacc
tgatcggggt
ctggegtecg
ggcgeggacg
ttagatttcg
ctccacgact
aatagcctgg
ctggaattcc
gegeegeeee
gccctecacc
ctgctcaaaa
cgggccaagg
aaaatgatcc

gagcaggtca
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tggccgeegt accgggegtc tcgggggacg

atcgggatag
aggagegegea
ggggettgga

gggggctgag

ttcggccagg
ctcctggtcec
gtaccgtcgg
aacacaggtc
caattccaag
gctgacgecc
cgtcteggec
ctgcgggcga
acttcgecege
acgtccagca
aggcgteggc
cgaccgegac
gctgegagea
tgceggegea
tggccccecga
acgtggtgcc
gctccgaagc
cctecttecg
tggacgtggc
ttatgcacgc

acacgttcct

tcccgegega
gacgecgece
gtgtacgtag
gttagctgec
tcgeegtetce
gcaagacgat
tgtgcggtta
gcgegetgtce
tgggccgect
tcccggtgea
aggcgteggc
cccggggggt
cgcgacccge
gtacctggag
gggcctcacc
ccccaagege
ctcgecgetce
actaaagggg
gttggtacgg
tcagcgtaac
ctttcgecag
ggcctecage
cacccacggc
cacctacttt

gcgtctegtg
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agccgetegc
tcctggagag
gatgcgagcc
acatgaccag
cccacagaga
cgtccacggc
gaaagtcacg
gcatcatctc
ttgcagccat
gctgeagggt
geagggecge
gctctgatag
cacccggtgt
cgcctcgaga
atgggcggcg
caccagaccg
ttctcggeceg
cgtgatttcg
gcggtggegce
gcctactata
ctggtgcact
ctcacggaga
cggacgtacg
ctggecegecg

tttgagatcc

cgcggegatg
ggageccgga
aggggecegct
aatccttgaa
caggtcgctg
agcgttggtc
gtccaggcgc
acgcgeeget
taagcgegceg
aaaggcgcca
ctggtccttg
gtgggcggca
tctcgegtgc
gcgcgatgtt
aacagaggca
atgccctacg
tggtccctgg
tggcgeggcg
ggggcgacca
gactgcggtt
gcgttctgaa
ttgtgcggga
ccacgggcecc
gcacgctgga
tgctectegg

ccctgtttag

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220



cgacgcggcc
cggcaagacc
caagatcggc
cgcctgectg
ctccttcteg
aaacgtaagt
cacacccacc
cactgatttt
gcaactcgta
gctggteges
cgtgatgcaa
gagaagcgga
ccacagacac
gttggcggaa
gatcctggcc
caggtcgctg
cgggcccaag
gccatccagce

ttcctceggg

cagggggtgc

gaaaaagagg

cagaaaaatc
cagaggctcg
gacgcgccac
gtcgtcgact

ccccggggga

gtgcgecact
tggtttctgg
tacacggcgc
cggggctggt
tttccggacg
cctecttttct
cacccacata
tattcgggat
gcaaataggc
gggatgttgt
ggacgeCeee
cacaggctag
gegeCgacge
tcgatgtgeg
aggagccatc
tccatggecc
gcgcagcacg
tcgecgacca

ggggtgeccg

gtcacgctcc
gcaaagaagg
tcgcagaaga
gtgaggaccg
acaaagacgg
ctatcgegeg

cCcaggcggcyg
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tccgecageg
tgcccctcat
acatccgcaa
tcggttcggc
ggtcgegeag
ttcgeatggc
cacacacaac
cgcttgagga
gactgatgta
ccgegecgea
gggcctgeag
catccccctg
agggacagga
gCeeCeLEesC
ccagatggcg
agcagtagat
cgceeggctc
ctggctectc
cccgtatgeg
ggaggtggac
tgttcggess
gegrgegece
ttagacaccg
agttgacaat
tgccgegage

CcCaggggcCcyg

cgccaccgtg
cgcgctgtceg
ggcgaccgag
ccgagtggac
taccatcgtg
tctcccaagg
cagacgcggg
ggceegggea
cgaagagaag
ccgtecccecg
cagggtgacc
gaccgccagg
ctccgttacg
gcaggactcg
ggccctgett
ctggeegetg
cgggggestc
cgcgagctgt
tgcgaacgtg
gatcgcgcag
caaccgcagc
ggggtctgeg
aaagatcttg
gcgegegata
tceggeecgg

ccggggtccc
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tttctegtec
ctggectect
ccggtgtttg
cacgttaaag
tttgcctcca

ggccccgggt

aggaaagtct
acggceeggg
acacacaggc
acgacctctt
gtatccacgg
gtacactggg
acggaggaga
cagccccccg
cccggtggac
gggaggtgcc
ttcgegggga
tcggtegtte
agggtgcaca
tagcggcgct
gcettggggc
ttaggaaggg
agccgctegt
gagtcgacgt
gaatccggcc

agctgcgeca

cccggegeca
ttcgggggat
aggagatcga
gggaaaccat
gccacaacac

cgacccgacc

gcccegtege

caacggtggg

gccacceggc
gcagacggtc
gatggccaaa
ccatcttggc
gccacagtgc
ggtggttggt
agagcgaccc
accaggcccc

ccagatacgc

ggtcgggest
ggagcggest
cgcggttaaa
gcgtcagata
ccacctgaca
ccgeecgaac

ccgtccccag

ggggcaaggt

tgccggeesc

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780



g88888a8EL

gtggcegeee

aaacctaagg
aatggtgaac
caggcagagg
tgtggagees
atccatcgcc
gtagtcaaaa
cgggacgacc
atacgcggtg
gaggagaatg
gtcatagcgc
gcccagggcc
gtcaaagggc
tagcagcagc
ggcgraggece
tcgeeegecc
gtagtggtgsg
gcegeeggcc
ggtaccageg
cgetgggscc
gtcagccgec
ccccgatgea
gacgtcctgc
cacgtcctgg

gegeeesteg

caaaccccag
gaaggcgccc
acagcggccc
gcaaagccgc
taggcgtagc
acggcctcca
acggcgattg
acgtaatggc
cgeegeeecc
tgaaaaaagg
gggaagcgee
aggcgcetgtg
cggaggcacg
ggcaggacgg
tcegectgec
tcggtcageg
cacgccacgg
cgcaggacca
agggcttccc
gtaagggtta
acaaagcggc
cccatggegce
acgccacagg
actgcccget
gcegeggteg

gacgccccga
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aggcgggegc
gctagcgaga
gegegacgee
cgggaaagac
tttccccgge
tgaagcgaca
gacgattgtt
cgtcggagtc
gaccgceecg
cgtcgggggc
tggtcacctc
agattcgcgg
ccagatgtat
ggcgeggstg
cagcgggaga
ccgtggcecag
agttctcgta
cggagataga
atccgcgatc
gaacgtcgtt
ccccgeeggg
ccccgetgac
ccgeacgecc
gaaccaacgc
tgtcgeegec

cgatgggces

caacggcgcg
ccggecgttc
gtccgagagg
aactatgcca
caggtattgc
tttactctge
aagccgceagc
ggcaaagceg
tccccccagg
ggtccecteg
ccccaaccac
gcegeectga
gcgegeggta
gCgLaggeec
cagctggtgg
cgccgaggac
ggagacgacg
acgacggctc
caaccactcg
caggatgtcc
gggctccaga
ggcctggtga
gegtccgegct
gaggatctcc
gggggeegtce

gtctgeggec
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gggaggagtg
ccggacgaca
ctaaggtagg
cagaggcggc
tcgcagaccc
tcgegtttac
gtgtctecgc
gcegggaggt
tgtgccagga
acggcgegea
gcgegttggt
agcgeggecc
aaggcgacct
acctcgagcg
gggLgcacga
agcagcggag
acgaagcgct
cacagccagt
accagcgacc
tcgeccecgg

cccgecagea

accagggcgc

cggaccgggt

tecgttctect
agctgctect

gcceccgegt

ggtgggcgag
ccttgegaca
ccgegatgtt
gattaaaccc
tgcgtgggsc
tgacgtcacc
ttgtgctgta
cgtcgecgag
cggccagesc
tcaggttctc
cggggccaaa
ggatggcctg
cggeggegat
cgggaaageg
cgegttetge
geCegeeceee
gcttggttec
ccggeeggtc
gcggctttgc
gceegtgggs
ccgeatctge
cctggegtag
ggcggeggst
gtgcgatgga
ccggggagat

gegeccgesc

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340



caagggctgc
ctccttegeg
acagacgcgc
gtcgtaacta
cgccgecacg
gaacaacccc
ggccagaagc
ggtacagtcg
cccgagtcecg
ctcgctggat
cgtctggacc
gcgatgeges
gccaacggag
gccaggactt
agacgattat
acaccgggaa
tcaacgtggt
ccacggectg
ttcgeeggac
aggccaggga
tgttgtaccg
acgtggatcc
ggcggtaccg

cgggeteggc

ccctgeatcc

actcggeccgt

ggacgcgeese
gCegecgeese
atgatgcgeg
aacagaatca
gcgtacgggt
ccggegetgg
tcccccaccg
ccggtggcat
geLeCeeCCge
atgatgacgt
tcgttggcca
tcccccgagt
gcgtgegtgc
taacctgctc
gggctttctc
ggccagtacg
gacctatata
ttcttgttat
cgccgatttg
gaccggcgac
cccctegacc
cgcgttcacg
cgacgattat
ccccgecgac

cgggegcgttt

cgccatcgcec
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acgcgctttc ccccagaccc atggacaggt

cggeggegcc
tgctgteggc
cgcgggcaca
catagacgcc
acgcacgegg
catccgeggg
gagcccgagt
gcatcagggc
gaaccaaaga
agtgcgegtt
ccgegggaag
ttatgcgegg
tttgtcgacg
aaccaggcca
agctttttgt
tgcgatgatc
atcctcaaca
tttctggecg
gaccggeecg
accaccaaca
gccaacaccc
atcatcttcg
atcgcccget
cgeggegtcec

acgcacgtgc

aagcagagcg
cgcgtagegc
gctegecccc
ctgcgegtcea
aaggaggcca
cacgtaggcg
ctggatttcg
ggclagageg
ccgagggecg
catggttcgg
ggcgtgggtt
cgegtttett
aggccaactt
actgcaagat
acaacctccg
acatgccgag
agcccgtttt
attccttcat
ttctgaccaa
gcggcctcat
gagcctecgg
ccctggagca
gcgtcgteca
gegtggeggt

acacagagat
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acgtagceggc
gtgttggees
gagccccacg
cacaccacgg
gggtgtgeceg
gcaaacgccg
acctggaagt

attcccgegg

acccgggecg
gggtggstet
tggcgegegt
ctgtctctag
tattcgcecg

tatcttcgtg

cgegggecgea
ggtggtgacg
catcacgatg
gcaggagatc
gtctgegees
ggcccccgat
gaccggcegtc
cttttttctc
cagtctgacg
cgagggaaat

gcaccgccta

gggLcgLage
acaaatgccg
ggacgagctc
caaggcgceag
gcagggagac
gcacgacgeg
tgcaccacgg
ttgcggecegt
ccgecaggca
tggccgagat
gggtgtgtag
atgcgtattc
ggaatccgag
gatgcggtcc
tcgtccacca
gacgagcttc
cacacaaacg
gacggggceg
atcgggggcc
gagcggtttc
ttgtacgtgt
gctgtegteg
cgcgegetcea
caggtcctgg
agcagccagg

ctggectegg

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900



aggeeeccga
gcgeggtgct
ttattaaaaa
tgcgectgea
ccgteteccc
accttatggt
cattcgctcec
cacgaccacg
ggaacacggg
cccaacccaa
tatttattta
tagccgggcc
cgccgtcaaa
ccgegtgggt
gcatcagggc
tctgcagtag
gcgtaaggat
gcagctcggce
cgttgtagta
ggtcccggat
gcggaacges
cctcgaacac
tgttgcgaag
ttcgegtegge
accccaacgt

gcgtcagttg

cgegggceteg
gtaccccttt
gtttaactcc
gaccgacccg
caacactgac
cgccgtcatt
tatcacacgc
gtgtcgtctg
ggattctctc
atcccataaa
ggtatgcteg
ttagggatag
ggtgcacacc
cagccaggcg
cggggcettcg
agcgttcacg
gatggtggtt
gtttacggga
cagcacgttg
gccectggcc
aaaccgcaac
gggegggacg
gttaacggtg

aagcacccgg

gtcgggactg

ccggeggatg
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ggccccgage ttctcttcta ccactgegag

ttcctgetca
gggggcgtea
gtcgagtatc
gtccgtacgt
atggccatct
gtctcgtgag
ttaagggeses
acgaccggca
catacgacac
ggtttctccc
cgtataacgg
cgaaccacgg
acgagcgcct
gggtgaatga
tacccgtect
ccctecgtga
ccgagttgtt
aggtctggca
acgagccgeg
gtgaggtcca
aggctgatgg
cecggegtggg
gtgatgaccg
acgcctecgg

gtcggcagga

acaaacagaa
tggcctecca
tgctcgagea
attccggaaa
acctcgeggc
cgcccaataa
gegeeeaagyg
ccagtaccac
acaggcatat
tggatgccca
gggccatgtc
gagcecaggsec
cgtaaagcgg
gctgggeggc
gggcacttag
tcgagtaaac
ggacgtccge
gcectecgge
ccacgatttc
gcgaatccag
gegtccccgtt
tgaggcccac
cgegggaageg
agacgaagga

ataccacccg
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gacgcccgec
ggagatcgtt
gctaaataac
acggaacggc
ccaggccgga
acacacccag
gggtgttggc
ccccctgtga
tttggaattt
cccccacccc
tceggaccge
caaggtgtct
cagccttege
ctccegegtg
cgcaaagagc
catgttaagg
cagcagcgag
gtttctggeg
gcgegeeagg
gcgcacgtcc
acagagatct
gtccagggges
cctteggtac
ttcgtgegec

cccttcegeag

cctcecggga
tttgaacact
tccgegacgg
ctcaccgaaa
gcctcggatg
cctccgeaca
gtatgctacg
gggaagcgtg
acacagaaac
cttaggtttt
cccgtgggtc
acaacggccg
cctagttggc
tctccatect
acactctgca
cgggggatta
accagcgatc
aggcgactcc
ctggggttca
ggcgatggaa
gtcgettggc
acggeegage
caggcgacga
gccagcaaca
acgtcggcca

cgctgcageg

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860

25920

25980

26040

26100

26160

26220

26280

26340

26400

26460



ccgeegeatc
ccagcatggc
cgeggtggss
gggtcttagg
gcccagacge
ggccctegga
aacagaagac
tacagagcca
tcccgegegt
gtgagcgggt
ggggggegct
tccacgatca
ttaaagcagg
aggtccccgt
gacgggtcgc
gcgtaaacgc
tcggtcgaca
gegegeegeg
tttcccgeca
gceeegeggce
acggttgecg
tgggtgageg
aggaagtacg
tgtcggacga
gccacgggac

gcegegetcet

geLeCeCgag
gccgatccac
gtcagcggcg
gggttgggag
accgagagcg
atcgcggctt
gcgtgggata
gtcccttgag
gggctteccc
aggcctectg
taaactgtac
ggcgctccag
ggctgagcac
acgaaaatcg
tctggecgtg
ccceggegec

cgegeetgsc

gcacctgggc
cgaccgegtt
ccaggtaaaa
tggccacgac
tgaagtttac
cctccgacge
cggtgaaccc

tgatcttgaa

cgcggacgtg
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atgcccgagg
gcgegcraggea
tagcagagac
gcgacaggga
aatccgtccg
gtcggegges
aaagaatcgc
cggggatgeg
gttgcgggca
aaacaggcca
gtcgctggeg
gcagcgatgt
cggcgaggcc
ctgcgacgec
gtcgtacatg
gcgtccecgg
gataaactca
gcacccgaac

ccgcaggtac

gttttgggea
ggcggtgtag
ccccecgeca
gcgctecgag
aaacccggga
gtaccccgec

ctgcacgacg

gtatcgcgat
gtgcagtggt
gggcgaccaa
ccccagagca
cggagtcccg
acaaagggeg
actaccccaa
tcatagacga
ctgcggagga
cacgggtcct
gcggtggeceg
ttggcgegcga
ccgttgaggt
cacgggttgg
agggeggtga
gggttgcagg
cacacggcgt
acggggacgsg
acggctgecg
aggttgccca
cccacgccca
gtttcgtgcc
aacagcacgt
tggaggcecg
atgagcgcgt

ggctgtcgga
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gtcagtttca

ggttcggetsg
cctcgcatag
tgcgegggga
gcttgggttt
cggggctagg
g€aaggecee
gatactgcgc
gggcegggstc
ccacgagttc
tggacaccgc
tgtcggecga
ggtaggcccc
ccgtggecegc
catccccctc
geegegeggaa
cctggeegtg
gctgggeceg
cgttgtccag
tgtcggtgac
ggtccacgtt
gggccacctg
tctcagtcac
tcttgagetg
aggtcagcgc

tcgacgaaaa

aagccgtcecg
gcgegeaggag
gacgggeggt
ggtctgtegg
tatggggccc
ggcttgegga
ggcggtttat
gaagtgggtc
gctggegeag
gcggcacccc
cgaacccgtc
cgtaaagaac
gttatagagc
gaaggcccgg
cttgtccccc
gtagttgacg
gtccatccct
ccccaggegg
gagaggeeea
ggggttgegg
cgegegegec
gagctggccc
aaagcggtcc
atgatgcaag
gttctccecg

gtagttggcc

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600

27660

27720

27780

27840

27900

27960

28020



cccagagecg
ttgggcgegt
aaatagtcgc
gcgtgcaacg
tcgggegeceg
tgcagcgtga
accgtgttgg
ctggggcact
acgcggtcga
acgtagtagt
gcggegteceg
tccgeggteg
cggcagtcgc
agggetegca
cccagctecg
gccaccaggt
acgacgtacg
tagctggtga
tgtatggcgg
cgaacggegg
cgggegtecc
caggtggcct
tcggccaccc

tcgggctgea

tgggccaggc

geegeggecg

ggggeaccag
tcgccacgtg
cattttggat
ccccgtcegaa
ccgagcagag
gcatggeggg
ccaccagatt
cctcgecgeg
agcgaacccc
aaatcttgtg
cggeteggsc
ccacgttaca
gatggcggtc
gcagcgeegg
ggcceggtceag
cccggtacac
agaccagcga
tgcactggac
cctgcageag
cgatggtgsc
ggaacgccgc
ggatctcccc
ccacaaagaa
taaactgctc
gctgecccca

ccacgtacgc
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ggggacctgc cgcgacaggt cgegeagggc

gtcggccecg
ggtatggtcc
tatgcgcatg
cagcgeegtt
cccgtecact
ggccggetec
ggcgatctcc
cgeggtgeag
gtgcacggtc
ctgggtgtte
tgcegeegeg
cagggccgceg
gtctcgeatt
ggtaaagtca
ggccatgcac
gtagtcgttc
cacgagccgg
gtaaaacacc

gggggccatg

cggacatagc
cgggeeggcc
gtcgaacgeg
cggggtcatc
ggcgttcaaa

cccgtacgga

gcgaacagceg
agatgctggg
ttggtegteg
gtgcgttcgg
accacgcgec
agggegtgcg
gggaccacca
cagcggececc
cagtccgecc
tgcagcagct
tacacggggt
cgccgcatca
aggtgattca
tcaaccagct
tcctcgggaa
acgaacgccg
gCcagegesc
gccgggtagt
gegtggegtce
gccaggggca
gggggaacgt
gggtgcagcet
tggccttecg
aacagctgct

ttggcggctt
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cgtggacggg
gggccatcag
acgcggtgtt
ccatgttgtg
cgttgtgaaa
cggggtecgt
tgttctgcag
gcgagaaggce
cceggtgegg
ggccgtegtt
cgtggccccc
gggcgtcaca
gctcggettg
geLgLcaggse
ggtctccccc
cgcaccgegt
agaagacgtg
tgcggtegtc
ccacccccag
agttgccgtt
ccccecccegg
caagagccag
cgacccatcg
gcatgtctgce

cgacggggtc

cgggeggaaa
gaggggstaa
caggattccg
ggegeeegeg
ggccagcacc
catggcgttg
cacggggtcg
ggtggcgtat
gggcaccatc
ccggtcatcc
gcggttgaag
cgcgctaacc
gtcccacacg
cgectgeecg
ctcgacgtgc
gaggtaggtc
gttgttccag
ctcgctgecg
gaacgccccg
ctccaggcecc
caccacgcgc
cagctccacg
gttggcgttg
gacccgeecg
geCegegeceg

gcggttaagg

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100

29160

29220

29280

29340

29400

29460

29520

29580



cccccgaccg
tccagagaca
aagecgegee
cgttccatga
accaggggst
accagcttct
tcgagctegt
tggcggccca
ttggccccgt
actttcagga
tcgaccggcec
gtggeegtgsg
cccaggaaaa
gccaccctgg
ageesceeee
gccccgagga
gcgecgatac
aggctgaagg
ggttgctcga
acgcgececct
aacccgagct
tcgaactcga
aggcgtcgat
gcggcatacc
cggctgtctce

cgtgtacgtg

ccgegtcaac
ggcgcagcac
gatccgggtg
ccggattgaa
agggaacgtt
cgccgatgga
ccagegtctg
cgtcgtccag
tcaggaccat
aggactgcag
gccegegegt
tgaggtccac
agctcgtctc
tggccaggeg
ccttttccag
cggcctggac
ccgteccgtc
cggcgttcag
tggggtecgs
cgttcatgta
ccagaaagcg
cgtcgtacag
gcgacgcecac
ggtatcccgg
tagcgatatt

cccgacggcec

ONCR_010_02WO0_ST25.txt
gttcatcagc gaagggtggc acacggtccc

ctggeggtcc

gCegeeesee
caggcccagg
ggtggegecg
caccagatcc
ccggttcagg
acttcgcacg
ctcgecgtac
gaggcgetgt
gtcggcatgc
gagccaggcc
gcagaagctt
gcegttgtec
cagcacgtgc
gttgcgageg
cagggcctcc
geLecgeeee
gccgtegegg
ggccagctcc
cacgagcgac
gctgtttgea
ctcgatcgtg
agggtcgegg
geLecgggsa

caaggtccac

ttcccccaaa

gggactaggt
ggctaggacga
tagatgcgct
gcgegeacge
tcgagetget
gcecttgecca

gtcaccggca

ttgatcggeg

gtcagacggg

tcgacggect
cgctttaget
aggtatcgtt
agcatctggt
agctgttgga
cccgtgagea
tcgataatct
gcaatcagcg
ggaaacttgg
agggtgttgc
tcggagegea
ctaaggaggg
ttgggagegs
ggctaagatc

cgaaagacac
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aaaacagctg
ccccggegtg
acgtcaggtc
tctccagggc
gcgtegtetg
cctcctgeat
tcacgagcgc
cgtcggcttc
cggtggtgac
gcacggccac
cceggeggtg
cggcgaccag
gcatcggcaa
cggeegtgec
tggcgegcaa
gggcgatggce
tggtcatgta
gctggtggac
tacacacgca
aatacgaccc
cgcgggaaaa
acccggtcgg
ccatggggtc

caccccaacg

gacgggeccg

gatcgcgtgt
gCegeeeceee
cgcggcaaac
catggcgecc
ctccagaaag
gggggcrgctc
ctccagcagg
cgtgaccagg
ggtgtcctec
gagcaccccg
ggagggctgc
gccegecttg
ggtcgeecgg
caacaaagcc
gcgctcaaac
ctggcgatgc
ctcggtggcc
attgtgtgtg
ctcgaactgt
cgccaccgac
Cagcaggecsy
aaaatcaaac
caccatggcc
gcgtggagat
cccggecacc

gacCcCCaaaaa

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600

30660

30720

30780

30840

30900

30960

31020

31080

31140



ggcgggggat
gctgeggect
aggccttata
atggccctgg
gccgecacce
ggatcggtgg
aaggtctcgt
atcccccaaa
aggagcgccc
ggcgecacca
ttcaggacca
tggggcggaa
aatgaaaact
accagatctc
gtggggagac
cccgggttct
gcegttecge
cgccccaatg
agttcattgg
gtgtcgggaa
gttgtattcg
ccaccgegtg
ccctecagtt
ctctgggecg
accgggacgt

ggtgtgttta

gctgtgtgag
cgttccagga
tacccccccc
tccaaaagcg
acatcgaggc
gcggcagcat
gELCEECEEC
acacgggcgc
gcaccgccca
cccttecggt
aaaacgacca
gacgcgagta
gttcctccag
gatccaccag
cgaaaccgca
tgcacaaaca
gccttgatat

cccacgcaag

aggccaaggg

cacgcccggg

agacctgcct
cggcacgceac
tctgttgteg
tgttacgtcg
tgtgttttac

ttccgtggge
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aggccgggtg
gaacccagtg
ccegeeccac
tgccaggaag
cccggeegeg
ttggttggtg
gaacaaggca
cgacaacggc
cgtaacgtag
cagcccgtaa
aaggaacaga
tgccgaactg
cggcagttct
aggaaggtca
aagggtcgct
ccacccgggt
aacctttgat
atgaggtagg
gaaaaatggg
gttgtcctca
gtgcaacgca
gaggacgagt
gtgttccccc
ccgeecgega
gtcacaacgg

cggeegtgteg

ccggtegege

tccccaacag
ccccgttaga
aaattggcag
caggctatcc
gcgataaagt
cacagggccg
agacgatccc
tagccgacga
tacatgcccg
atcacgcgct
acaaaaaaat
ccctectecc
tcccgeatgg
tacgtcagca
tgcatccgeg
gttgaccaca
taaccccccc
gtggggagga
aaaggcaggg
cgtcggggtt
ccgegtgett
atacccacgc
tggagcttag
accgaaaccg

cctcgceagcec
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gggaaaggla
acccggggac
acgcgacgeg
aggcggcaaa

ccagggcccg

ggaaaagccc
tgccteccaa
tcttgatgtt
tggcggeceag
ctgccaccat
ttgaaaagac
cagaggtgcc
ccccgaaggc
tcatggggts
ggatcccgag
gaggcgagtg
aaacccggaa
gtgggtgtga
aacggaaaac
tccatactac
gcctgtgtec
tattggcgtt
ccacatccac
ctacgccacc

ggcctacttt

cgggegagatt

ccgggagaag
gtgggatccc
tgcattcaag
gctgtecgec
tgtgcgeagg
gtccggactg
aaacacggac
aacgtacagg
gatacaggcc
ctccaacggc
cggcetgggta
gtacgaggac
ggcctegteg
tgcggtggag
atcaaagaca
ttttgataag
tttacgccta
cgttgegttt
ccagtaggcc
ggaagccgtc
ggttcggccc
ccaagcgttg
cgtaggggsc
accatgcact
gtgtgegeges

gccaagtttg

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340

32400

32460

32520

32580

32640

32700
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gtctggtcgt tcgagggaca ggcccagacg accgegtggt cgccaactat gtacgaageg 32760

agctccg 32767

<210> 844

211> 32767
<212> DNA
<213> Artifical

<400> 844

aaaaaagctg aacgagaaac gtaaaatgat ataaatatca atatattaaa ttagattttg 60
cataaaaaac agactacata atactgtaaa acacaacata tccagtcact atgaatcaac 120
tacttagatg gtattagtga cctgtagtcg accgacagcc ttccaaatgt tcttcgggtg 180
atgctgccaa cttagtcgac cgacagcctt ccaaatgttc ttctcaaacg gaatcgtcgt 240
atccagccta ctcgetattg tcctcaatge cgtattaaat cataaaaaga aataagaaaa 300
agaggtgcga gectettttt tgtgtgacaa aataaaaaca tctacctatt catatacgct 360
agtgtcatag tcctgaaaat catctgcatc aagaacaatt tcacaactct tatacttttc 420
tcttacaagt cgttcggett catctggatt ttcagcctct atacttacta aacgtgataa 480
agtttctgta atttctactg tatcgacctg cagactggct gtgtataagg gagcctgaca 540
tttatattcc ccagaacatc aggttaatgg cgtttttgat gtcattttcg cggtggctga 600
gatcagccac ttcttccccg ataacggaga ccggcacact ggccatatcg gtggtcatca 660
tgcgccaget ttcatccccg atatgcacca ccgggtaaag ttcacgggag actttatctg 720
acagcagacg tgcactggcc agggggatca ccatccgtcg cccgggegtg tcaataatat 780
cactctgtac atccacaaac agacgataac ggctctctct tttataggtg taaaccttaa 840
actgcatttc accagcccct gttctcgtca gcaaaagage cgttcatttc aataaaccgg 900
gcgacctcag ccatcccttc ctgattttcc getttccage gttcggeacg cagacgacgg 960
gcttcattct geatggttgt gcttaccaga ccggagatat tgacatcata tatgccttga 1020
gcaactgata gctgtcgetg tcaactgtca ctgtaatacg ctgcttcata geatacctct 1080
ttttgacata cttcgggtat acatatcagt atatattctt ataccgcaaa aatcagcgcg 1140
caaatacgca tactgttatc tggcttttag taagccggat ccacgeggeg tttacgcccc 1200
ccctgecact catcgcagta ctgttgtaat tcattaagca ttctgccgac atggaagcca 1260
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tcacaaacgg
taatatttgc
aaggccgtaa
gcctcaaaat
tttttctcca
ggtagtgatc
cattttcgcc
tattctgcga
gctgecaact
tggatatgtt
atattgatat
atggaccgcc
gggatcctag
ccgeagcacc
ggcggttgtce
tgggggcgac
caaaatgccg
gaacggatac
gcctataaag
gggegtgtgc
taccatgatc
tgcgetggtc
ggacatctcg

ggcgggttaa

aatgacgtca

ggaggaggteg

catgatgaac
ccatggtgaa
tatccagctg
gttctttacg
ttttagcttce
ttatttcatt
aaaagttggc
agtgatcttc
tagtcgacta
gtgttttaca
ttatatcatt
cgcaaggegg
gaccccaaaa
tctaccagca
gegegtegag
ccgtaaatgg
gcegtggegc
gcgtacatat
cggtaggcac
tggataacaa
gcgegggtec
agcgaggecc
cggtgggtag
tagacaatga
tcgegetegt

gtgcgggaca
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ctgaatcgcc ageggcatca gecaccttgtc

dacggeescsy

aacggtctgg
atgccattgg
cttagctcct
atggtgaaag
ccagggcttc
cgtcacaggt
caggtcacta
gtattatgta
ttacgtttct
ggggggcatt
gtttgtctge
ggtcegeggt
gegegeegec
ttgcagtgat
tcegggegct
gggcgtccca
aaaattcggc
cgcctecgeg
cgtactcaaa
tggegtggca
tgagtccccc
ccacgttcgg
ggcgeteecg

tggccacgta

aagaagttgt
ttataggtac
gatatatcaa
gaaaatctcg
ttggaacctc
ccggtatcaa
atttattcgg
ataccatcta
gtctgttttt
cgttcagctt
tcagtgtcgg
gtattccagg
gggctggaga
caccccgtgt
gtaaatggtg
ttcgeegege
cccgegttceg
gcgacagtcg
cggcaggegg
aacatgcacc
taggctatac
gggcegggtt
atcgcgcaga
gagcggattt

cgcgetgttg
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ccatattggc
attgagcaac
cggtggtata
ataactcaaa
ttacgtgeceg
cagggacacc
cgcaaagtgc
agtagttgat
tatgcaaaat
tcttgtacaa
gtgacgagcg
gcggggctcea
aactcggccg
gcecgegectg
tcecgeggtcec
gaggagctga
agcttctggt
ataatcacca
tcctggeget
acctgegegg
gcgatggtceg
cggtggaact
gccgatagta
aagttcatgc

aggcgcaggt

gccttgegta
cacgtttaaa
tgactgaaat
tccagtgatt
aaatacgccc
atcaacgtct
aggatttatt
gtcgggtgat
tcatagtgac
ctaatttaat
agtggtttta
cgatccggcc
gttgaatctc
tcccggggca
gcgtctectc
agaccacggt
cccaggagtc
tgctgteccg
acagcccaat
cccggeeecg
cgtcgggcag
tctgtggatt
gtaaggggac
tgtgctcact

gaaggaattc

tgccgggcgt

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820



aaagcagatg
cttggagctg
ctcgacaaac
gaccacgtaa
cctcegeage
attgtccgtc
gcagccccgg
cccgaagage
ctgggtgtga
gtcgagetgt
gtccgggecc
gcctgegteg
cagaatctcc
caggceeggg
caggaacctg
acgcaacact
gcgegeggtce
cagctgctgt
cgagtagttg
ctggtgtgtc
gagggtgaac
catgtacgcg
ggggttggtg
ggtgatgggc
ccgtttgttg

gcggttgceag

gcgaccttgt
atgccgtagt
tcgctgatgt
gECaggeeee
tcgtccgeaa
tgcagggcga
aagataacgt
tcttggagga
acggcgecgg
tgttcgtcca
ccgteccgeg
gccattaccg
gccgttagtt
cgctgcagaa
taggcaaact
gcctcgaagg
accgcgatct
ttgctgtgea
gtgatgcggc
agccgtceggt
acgacgaact
ctcacctctt
atgtagtttt
aggccgtact
ttaataaaaa

atgaggtacg
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ccaggctaag
cggegtttat
tggtgttgac
cctcttccag
aggcaaacac
cggacatcag
tgtccacgta
ttcggaatct
tggtctecgg
gccecgegaa
gccccagttg
acgcctgegt
ctcccatgeg
agttgtaaaa
ccaccgaagt
cccggaacgt
ggctgttgag
cctcgeageg
tggegttggc
attcgtcaaa
ccccctcacg
tgtgggagga
ccgggacgac
ccagcacctt
tggcccagcet

tgagcacgtt

gccctgggag

ggccatggcec
gacggacatg
taactcggcc
ccgtgegtac
ccccecgege
cgtgctaaag
cccgaggaag
ttccccgggg
aataacgtcg
cttaaaatca
cggcaccccc
ggcgtaggeg
ggagataagc
ctccccctga
cccactaaac
gacgtaagtg
catgtgccecc
cgtgagccac
ctccttgacc
ggtcaccttc
gaacagccgc
gaagcgatcc
catgaggtta
atacgagagg

ctcgctctgg
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cgcgtgatgg
agctccgtag
aagccgtgtt
acgttggccg
gtgtatccca
ggcgagecgg
ggggcgactt
gcecegettcea
gtgtagtggc
aggtcgtcgt
aacgcacgct
gaagatttgg
agggtcctct
ccgctaaata
gtctttacaa
Ccaaaaacca
acgtcgttgc
gcgtectggt
ttttcaatcg
gacacgaacg
aggtaggcgt
gtccagecgg
acgaactgca
ccgaactcgt

cgggcgtact

cggacggaac

tcatggcaag
agtcaatgga
ggtcccgcaa
tcgegtgecg
tgagcgtata
tcagcatctc
caaatgcctc
gcagcgcaaa
agtaaaacac

cgggaaaatc

cgeegeeesc
ggcgcagaga
gggtcgcatc
tgagccgega
agctgtcgtc
gttttcgcag

gggccacgac

cctggctctg

tcaggccgeg
taagcacggg
ggagcttggc
ggaggttggc
tgtgctectc
gctcgacgea
cgcgeagegt

accgcagttt

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380



ctggtgctceg
cacgggccgc
gcaatacacc
cacgttgctg
ggcgeecteg
caactcctcg
gtagtacgtc
gtacgggtac
gatggtgttg
cgcaatgcegc
cgtgctcttt
gaggggcagg
cacttgcgct
caccccgtgc
gtccccgggt
gceggeegec
cacggaagcg
gatgctgttc
caacgtcgtc
gctcctcaac
ccgeggtetg
cgeeggggtg
ggactttgcc
cttccccaaa

acaagaaggg

ccagctggcec

aaggtcgact
aggegeeceg
acggccgtga
cgggtaaagg
gccaacccca
cccccggagg
agatctcgtc

tgtcccagtt

atgggtcggc
gtggegeeceg
ccggagecag
cctgeggege
ccgtegaget
atagacgtaa
tgctgaaggt
gccatgaccg
ctgtgctecc
cgcgagattc
cggtccageg
gccaccactt
cagccccaac
gCcgageges
cacgggtteg
tatatcgact
ggtgtgacgc

acggtcgegg
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ccagggacgc cgtctgegtc ggegagecca

cgtactgggg
ggaggtgacg
ccggeagegc
gggtccgttc
cggccagegsc
gctgcaggtc
gggcctggac
tgagaaaggc
tcaccacaca
cgttgeeggt
actctaaggc
gttgttgcga
aatttaaaaa
grgeegescce
caccacgctc
ccgaggacgg
tccacgggca
aggcgaccac
accgggacct
ggctggttceg
tgttcgacac
tcgectgett
ggctgacgtg
agggtctgag

aggecgegea

ggtgtggtac
cccaaggagc
ccegtgggtg
cagggegecc
gcgcttegtg
ctccagcgag
gtgattcccg
gcccgagagt
gtccaagacc
gataagatac
cgccacgtcec
gagctctcgg
ggccteggcec
gggtttctgt

gcgggecccc

ctgggtaaag
gctggggtat
ccggcagctg
cgaggceggac
ccggtacagg
gtggcggaac
tgegeeggsc
cctggggctg

ggegtttctce

gegegeeggc
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agggcgttaa

ccggectegt

geegeegeca
agggcglgaa
aggtccaaaa
gcggggttgce
cgaaacccaa
ttggcgtaca
tcgttgattg
accgcgaacg
cggaaccact
atgcgcttaa
ctccctggaa
ccgtctaget
actacgcgtg
gttcacccca
accgagggcc
caggcggcga
tggcteggcc
aacgcceggg
acgcttagga
ggcecgageg
gtccccatat
aagcagcacc

cccgggtttt

cacacaccaa
tcatccacca
cgatgacgat
accgcgtcag
actcgttccg
tcacctccca
tggtcagggt
attcatgaaa
tgttttgggc
tctgcacgca

gaaactccct

gcagatgggg
ggattggctg
cggetggteg
ggcgcteccc

cgegeeeeea

gccecggtac

agggggtgta
tctttcacge
acgtggcgec
aggcggatat
cgacgctgct
gcccgtcaag
tacgcaagcg
cgctgacccg

ttgagctggc

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940



gctggecttce
ccgeegeegsc
gctgtggecc
gtttcccgag
caataccgcg
cggtgecegeg
ggccgecteg
cattaacgac
ggccgtcgac
ccaggaccag
caacatcaac
gcgegagacc
cgcaacagcg
gaccggtgga
tatcgacgtc
gtacatccct
ggtgegetgt
gtactccagc
ccccegggta
ggatgcggtg
cgtcgeggac
ccggeecggc
aggegegecg
atgaggggtc
aggeggecga

tcggegaccg

gactccacgc
gactggctcg
cccttgtgga
atcgtcgegt
tccgtcaagg
cgggtcgtta
cgcctegtgc
accgtgegtt
ggtaccctcc
gEELLECEELE
ggcgtgttgg
aacgcgggcc
ggggeectgg
tgcggeagec
agcaagtcca
tcgtacgecc

tttaaaattc

ggggcgatcg
ggcgegecca
tttaagaaaa
gtccagcacg
gcgtccecgc
gaccaggeeg
ggccgecacc
ggcgattagc

ccagccgegg
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gcgtggcgga ctacgaccge gtgtatatct

tgcgagaccc
ccggggaccg
gtcactccct
tgctgctgeg
acaaggtgtt
ggcttatcat
cctacctcga
ctggattcgg
cgccgeagct
agggctatat
tggcgaccca
agcgccagea
gcectgegeg
tggacgacga
aggacctgga
tgtgtcaccg
ccgeattcegt
tcacgggctc
cccgectgea
cagcgctgec
ggggceceggtc

ggggcatcgg

atcctcaagc
cagcagacgc

tttaccgcca

catcagcggg
tctggtette
ccgggaacac
gcgcaagagce
geggeaggac
caacatgaag
cgaggeegeg
Caagggegea
tcgecaggcec
aaataacctg
attgcaggag
gegegegecce
ggcggacctg
cacgtacgtc
gcgeetgteg
caacaaccag
cgccccctac
cgatgtcatc
aacgtacctg
cccgeececc
cagatcgcgg
gcaccgggat
aggccatcgc
tgctecgect

ccagcatcgc
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cagcgcggag
gattcgceccg
gcgcacgtct
gacagcgagce
gacgagacca
ggcatgegec
gggcacctga
aacagccgeg
ttccgcacgg
tttggaacca
cgcgaccgeg
gacctggeeg
ctccgggecg
gccaacagct
cgcctetggg
ggccaagaga
tttgagtcag
ctgggggage
acagacatcg
tccccggteg
tcgeccggaa
ggeegeegeg
cgegggaccgc
ggcctgegag

gcgegtcgac

actacaacca
aatgtctggt
tccageggct
gceggetgeg
gcggggtgec
aggcegggtc
acgtaggcga
tagacgcccc
ggtctgeggg
ccgtggttaa
tcgagegect
agctccggcg
ccgagtccgt
actatgacat
ttcagcaccc
agcacgagct
cgtcgatctc
tgcttegggc
aggagttatg
cggeectgtt
gcgecgattt
gaactgcgceg
acggccgacg
agcctggteg
gtgcgccagg

gtcgegectg

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500



ggtgeeggtt
attactttaa
cggccaacga
tctecctgtt
tggagaactg
tcggggtege
gttgccactg
agttcgtcct
ttctctegge
ccccecgcetce
cggaggagst
cgtcgteget
tggccteecg
gcgtcccatce
taagacgaac
aagaatacgc
cgcgtagatg
acattattgc
tgcttaagaa
aaaaggtttg
caggcaaaca
catactcccg
tgatgagcgc
ccgaccgact
tccagcaagg

gacacccgaa

gcggttegtt
gcgetgetgc
ggaccacgtg
caaccccagg
cccccgaage
gggtcegecgc
ggtcctaaac
gccccactgg
cctgttctgt
cgactgcgtg
gcgegegect
gttttatcag
acggatgcgc
tgtgegggga
adaaggtttg
gtagagaaat
gtcgtaccgt
ttaagaatac
tacgcgtagg
tacacgggeg
gaaacgacat
ccagcacccc
agtccacggg
cccegectcec
cgcegeegeg

cgctccagta
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ctggacggga

ggccagtcca
cacagcctgg
gacctcctgg
cacgccaccc
acgtccccat
acactcatgt
tacatggccc
gccaccccga
gcctataacc
ctggtctatt
ttttgttgaa
gtgtccttac
gggggecaag
taacttcgta
aagacgaaca
gagtaataat
gcgtaggtegg
ctatcgtacc
agcgctcttg
cttgtcgtca

ggtaaacacc

ggggagcaca
gggacagaca
gaaggcagtg

ctcegegtcec

gtcccgagga
gttatcgegg
ccgtgecccc
actttgagct
cgtcgacctt
tcgaacgegt
tcatggtgta
ggtacctgct
cgagctcctc
ccgcegggat
ggtggctttc
ttttaggaaa
tcegtettgg
tcggcacgta
ccgtgagtaa
aaaggtttgt
gtggttcata
tcgtaccgtg
gtgagtaata
tctcagggca
aagggataca
aactcaatct
aggggcegeg
cgcacgacgc
gegegecaagyg

aaccgtttat
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cgcctatgtg
cttcgeggtg
cctegttcetg
tgcctgtetg
tgccaaggtt
tcgetgectt
cgtaaaaccg
ggccaacaac
attccggctg
catggggagc
ggagacccca
taaacccggt
tgggtgests
ttcggacaga
taatgtggac
gattttattg
agacgaacaa
agtaataatg
atgtgcctta
atgtttttat
caaacttccc
cgcgcaggat
ggtatagatc
gcecgecagta
ggtegetggce

taaacgcgtc

acgtcggagg
gcggtectga
ctgcaccggt
ctgatgtacc
ctggegtgec
ttcctecgea
ttcgacgacg
ccgeeeccecg
ccggegecgc
tgctgggegt
aaacgacaga
tttgtttctg
gctgtgtatg
ctcaagcaca
tttattgctt
cttaagaata
aaggtttgtg
tgtactttat
taagacgaac
tggtcaaact
cccctegecc
ttcgegeagg
gacggggacg
gtgctctgeg
ctcaaagggg

caagataagg

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060



cggtcgeagg
gcegttgtca
tacgcgggcc
aaccacactc
cacagtgggt
atggcccgec
ttaaagacac

gcegtctect

gcagggcagg
tctgagggag
tcecgecagec
gggaagcaaa
atgattttag
ccggetgeceg
accgegggcc
cgtgccgact
gcaaagtacg
ggggccageg
agegeeggeg
agcacccgtg
tcgaccaggt
tcgegegeaa
cactgggsssg
tcggcaacge
agagcggcgc

cccgtgegtg

cgtcctccat

ggcccaggac
cgcggagage
ccgectggct
gccgeagecg
gggcgtectc
cccagaacgc
cgatctgcag
cgttgcacgt
cggccaccac
cgcteccccc
accgcgecgt
tggcgggatg
ccgaggcecac
aggcccccag
cggeegtgsc
ggacgggtcc

ccceggegec

cggagaactt
ccgtgactcg
ccccgaacge
atagcgcggt
tgtcgcgaat
gcgecgecag
gageesceee

ggtccgagec
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aaggccccgg
ccgtegeage
aaatccccca
ccaggcgact
gacggcgttg
gatcaccccg
acccccatcg
gcagacggeg
gtccgggacc
cagcgcgtcc
gaggtcggcc
ccagacgggc
ccaccgegec
geegggecag
gagegegeeg
cggcacggtg
cccceggacc
ggcgtggacc
ctcgeeggeg
ttgcgggtgc
gccctecttc
tceggtggts
ggccgecagg
ggccatageg

gegegeeccc

gatacgcagc

gcegtgagtg
gtgtcgegta
agatggtcag
gcgtgggtgt
gccctaagea
gaagccgcat
cccccgeaga
gccattaccc
aggcgctcca

agtcttgcta

agggccgeca
ccgacggecg
accgcctcecc
gctegeggeg
taagcggecg
aacgtgggcc
tcaaactcgg
gtggtatgcc
cttacaaagt
ccgegtggec
ttgatcggcg
atgttaacgg
cgcgececacg
tcgatgtcaa

cacgacgctc

ggggclgaaca
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cgtcctectce
cgacccctge
tgttgtcgeg
agacgccctc
cggctcccac
ccgegtcettg
ccgcgaactt
cacccaggag
agacggcccc
ggcccgtecg
ggagctgggc
cgggceggstce
gcaccgegeg
ggaggacgac
cggceecgeg
aacccggaaa
gccccagaaa
actgccggaa
agtcgtaatc
gcaggcccac
gaaacgcaag
tcagcgaagc
ccagecgegc
tgttggectc

tctcaacttt

gggccaccgg

cggcacgcat
cgeegtggte
ggagttccag

gagggccagg

ggccgtcteg
ggggtccacg
caccgagctg
ctgcegeage
ggcecaggece
gcegtgegeg
gcgaagtccg
taacagttgg
caggaggcat
cctggecccc
caccaggtcc

ccccaggacg

ggcaaagacg
aagggcgacg
gcgeeecage
ctcgcacacc
agtctggtat
ggcgeacgeg
gtcgggatgc
cgcgaccagg
caccaccagt

cccggtctgg

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620



cgctccaggg
ggctccageg
acggagacgt
gcaaagcgceg
aagtactcgc
tcctccacce
ctgtgggtcc
gEELLEEECE
cttggecect
acgagtgcgg
aggccteggt
cgctggatga
cgcccgeaaa
aggcgetgtg
ttttaacgcg
gttcgcccca
gcggeggaca
gtccgteggt
gggggstcag
ccgagtccca

gggttacgtt

tggggatgac

tggccatgge

ccatcaggct
ggaggtattt

acgcctcggg

ccgccaggac
g88agECLEEC
ccgeggagec
cgcgaccctc
gagegceeee
acacgatatc
catgctgecg
gtttttggeg
cggtgegttc
tcccgagact
ggggagctcc
gtgcgtgcgc
ctccegettg
gtcgatgteg
ccccgeececg
gattatcttg
gcecgettagg
tacgttacag
taggtccagc
atgcaggcgc
cagggtgege
gceegtggeg
aacgcggaga
gttgaggttg
ttcgacgaaa

atcccggcac
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gcacgcgtac agcgcccgec acagagtegg

cggegtegtc
gtagaaatcc
ccctgeggeg
gggcagccat
tgeggtgtcec
tgcctggeceg
ttggegteeg
cggcaacagc
tatagggtgc
gacagcgecg
aaacagcgcc
tgggccataa
tgggcgtcca
ggaaacgtct
aacagcgcca
gcgtcggcga
tggcccagtt

acgtcatcgg

gcggccatgg

ggcagggcca

tagtggtcat
caggcctcca
cgcatgagcg
agacccacct

cgcagctccc

gcggegegeg
cgcagctecg
ttgcgacata
accgcgtaaa

atcgcacggc

ggceeggtegsg
ggtgggaaac
gcegeeggtce
taaagttcac

cctccaggat

cccacgeggg
gcagggcgta
acaaccccac
gegtgetttt
ccgegtggtc
cgcgcttgac
cgaacaccag
ggccgaaggt
tgctgcacag
cgagctccag
agatccgeccg
gcaacgccag
cgacaatttc
ccteegtctce

gtagatcgcg
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cggcegeceac
tcgeggtgac
caaaatacac
gggtaatggc
ccctaaggat
gtcgeggaaa
ggceegggtc
cgcggacgac
cgccecctge
gatgtcagcg
cacgcgtagc
cagctgectg
gattgtctgt
ggccatctgc
cgtctcgcta
ggcttectec
ctgcatgtag
cctcccagat
gcacaacagc
ctcteccggtg
aaatatggcg
gtaaataaac
cgccggegcg
ggcggecetgg

ctgggcectg

gttctccagg

gacggcctgg
ggagacctcc
cagggegteg
gctgacgctc
cacgggeggt
ccggtgacgg
cgggggcaa
cacgtaccga
atcatgggcc
ttgggstteg
ttgaagcgceg
tgggtecggce
ttggtgaggt
acgccaaaca
acggacccgc
gagagcagaa
cggtcgtagt
cccceggecg
tcccagacgg
acgttgatcg
ctgctgegge
cgegtgegtc
acatcggacc
geegecageg

agggegtcga

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180



aatgtacgcc
agaagcgcac
agagacacgc
gcgacccccg
gacacagcag
cgtgattaag
aaatcagtag
ccatgtccgg
gatcgaagct
acgtggtcac
gacggcagaa
tatcgccccc
gagaggcgtc
gcteggtecc
actcgccgac
actgcgegtt
gcattaacgc
tcgacataac
gatgaaggct
tggtggatga
gggtctgget
tcgetteecg
ccacagtcac
gctgeegetc
cgtacaacat

tgggacgccc

ccgcaaaaac
gcgtatgeag
cagcgtgcat
ccccagegac
gtttgtgacc
gagcatgggc
ctcccecttg
tccgtagttc
gaggcccacg
gtccccgagg
ccgggecacg
gccaaggcgc
Cggagacges
cagacgcggg
caccacatgc
ggcggttgeg
atccacgcgg
ctcgtccaga
ttccacctgg
gaagtaggtg
aaaactccga
cagccagegg
gcacctggcc
gatcgttgtt
ccgegetage

ggcccccaga
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agacagaagt cctttggggt cagggtatcg

tttagggtca
ctctcaaagt
gtgtcgcatg
tgggagaact
gtaaagacgg
cggagggtsc
atgggtttca
gttacgaccg
ggggtgageg
atctccgcga
gcttccaget
ccgeteggeg
agaaacaggc
acgttttttt
tccatggega
cccagttgct
acgaggacgt
acgataagtc
acaaagtcga
cgacaggaga
atcagcgcgg
gtcggggegc
ttcgggtgaa
gatacgctcg

ggatctcccg

gcagcatgtg
agtgtttgta
ccgacgegtc
gegegegeca
gctccgageg
gcacccgtcec
cgtaggcgaa
tcgtgtatat
agtgaagcaa
aggagaccgt
ccccaaagaa
gCcegesess
accggcgegc
cgccecggag
tgatccgagg
gcatcgttgg
cgtagttgtt
ggtggaaggs
ccaggcctga
cgacgagcac
tagtttttcc
tcgegttege
cccggggeac
acgtgtactg

actccgegcec
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aaggatgtta
acggaatttg
acagcgeccc
ctggccgeag
cgccecggag
cagggactgg
catgccatca
aaccacgcgg
cagcacgcgg
cgacgaaaaa
cgtggccccc
gcgragggea
cgaaaacccg
accgcacagg
acagatgcgc
cgaatagagc
cagaaggttg
gcggtegttc
ctcagcgaac
actcgtgtcc
cgaccccatt
gaaggtgacg
ccattcggec
ttcgcactcg

CCCCacgaaa

tcgtgtcccc
aggctgtcecg
ttgtagatgc
ttgaaccggc
gaactgacca
ccgtecatgt
tacacggaca
aagtgcaggg
tattggcccc
tccgtaaact
atgcagatgt
cgggectecg
gcctgeagga
ggcatggegt
aagtccacca
agcaggcgta
tggcccageg
gggcccacgc
ataatgtaat
cgcgtegcta
ggagagtgga
geCgLgLgsa
ggtccgtgct
aaatcccccc
tcgtccccaa

ggcatgaccg

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740



gegLecggac
tctgegtcac
acgccacggc
ccgtgeccect
tgttgttggc
ccctggacge
tcgccggaaa
tcagccagct
cccatttttg
tggagctggc
ccttgetgtt
ccgegttcaa
ccattctcgt
tgttggtegs
agcactatta
gagtccgegt
gcacccgege
acacgcgaca
gagacggeeg
acccctacgc
cgatttacga
cgcggcacct
ccgecgagga
taaaccgttt
tactatcacc

acgcgtgega

ggcgtggteg
gggegctcctc
gagctcttat
caggttggac
cgtggeegtg
gggeegeegt
cgtctgetct
ggcccacctg
caccaggege
cccgacccat
gggcgtcttc
ctttaatttt
cgtatcgctg
cccccacctg
caccaacggc
cgcectegec
ctatctgtat
ccgegcacat
ccacaggcecc
gatctcatac
cgaggtgece
gcccgacgac
ccccgtgtac
gtgtttaacc
i ddddddde

ccgtatacag

ONCR_010_02WO_ST25.txt

gtctggtgtg tgcaggtgge gacgtttgtg

gtcctggect
gceggggtea
acgcagagcc
tatgccgtgg
ctggctgegg
tggttgctgc
gtttacgtcc
gtcctgageg
catcgcgtcg
ctgtgcacgg
tcggeeecgg
ttgttggtgg
ggggeegtegg
tactacgttg
ctggtcgecg
cacaggcggc
tcecgeectca
gcacccggca
ggrgeccage
gacgaccaaa
gatcccatct
agcaccgtcc
cgaccgtggt
ccccctcaac

aacattgttt

ctgtgttecg
actccacggc
ttgtgggcac
tcggegeegt
cccgeatggc
agatcaccgt
tgcactttgce
ggacgtatct
tcggeecggc
ccgacgeege
gcatgctcat
tcgaggggst
ccgccacggg
tggagacgca
cctttgecct
accacaccaa
agcgcgtacg
gcecegeecgg
tcgaccggta
ccgacgtatt
atgacaccgt
gcegttggta
gtatgtctgg
cccggegatt

tggtttttat
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ggcacggttt
cgaggtgcegc
ttatgtaatc
gacctcccgce
catgccgceac
cctgttgctg
gtgtctggtg
gcgtcaggtg
tcgegecgtg
ggtatccctg
ctgcctgacc
gttgtgtcac
catcgtcggc
gtggeegees
cggcatggec
attttttatg
cagttccatg
gattcccgaa
cggagattcc
gtacgccaag
tggggggtac
gctgtttggt
tgtgtggcgt
gtgggttttt

tcgctatcgg

gtctctgege
ccctgetttt
gggggtgtag
acggccgtgt
tacgaccgceg
gccacgctga
gcccatcgea
tattttgcgg
cacggcctga
ctgacaaacg
aataccatcg
gtgctgttcg
tacgtgcgceg
ctggectgeg
gctcagacgg
gtgctecget
cgcatgegeg
cgcggatcgc
tatgcggaag
gacggegage
atacaacacc
gaccccgagc
tccgttttaa
ccgatcccgt

taaaaacgac

acatgggeee

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760

14820

14880

14940

15000

15060

15120

15180

15240

15300



tggaaactgg

ggggtccgat
gggcacgtag
ggtcagcgag
ccgggeeecg
ctgctteget
gcgatcggaa
gceeeggegc
ccgataaacg

tagccctgca

cggcggacca
gggecgccaa
tccgeggege
tgcgtgacga
ggcttcggga
tcctegtacg
cggcatttga
atgtcccgag
atgaggaccc
aagcgeegeg
aacagcaggc
acatccggcc
gggccccagc
cagtcggect
gcgtecgeeg

cggtccacca

gtggegggsc
gaacgcaggc
aaattacctt
acgacctccc
gagaacgaga
ggatggcctt
cggcctggtt
cgtcctccag
tcaccagatg
ccaagatctg
gatccccgga
acagaagcac
agcaccgcct
gagcctcectc
tcgaccggat
cggaggecegt
cctcgtaaaa
gacagacgag
cacacgtatg
tgtcggcgec
ttcgggecegt
gcaggctggc
ggagggtgga
ggttttgcgt
Cgecceeess

tacccgectc
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aggcgectcc gggggtecge cggtgagtgt

gctgtctecc
cctcttegga
cgtcgteggt
ggcccatagc
atagatctcc
cgggagaatg
gcggaacgtt
cgggtegsss
cttaaagttc
gctccaggac
ctccgagaca
tttttegeec
cgggeegege
aaatgcccgg
ggggtcgetg

gegccagegeee

aatatccagg
cacgttctct
ggcctegecg
cggctegttc
gttgtgcttce
tgcggtegtg
ggccgecteg
cccgeggegc

ctcgaggacc

cgegerecgc
ctcgatatcc
gatgaggacg
tcggcgageg
ggatcgatgc
gacgccttgce
acgccctect
gggcagtcegg
gggtgacggs
acggggeaga
acgccgctat
gaggegtggs
acgcgeecgg
aacgcctecg
gggtccatgg
gtcttgggga
gacgccccga
tcggcgaggt
ccgtegtecg
acccgeecga
agccactggg
aggccccgec
taaaacccca
gtcaggcgcec

acggccagge
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gtaaccccgce
acgacgtcaa
ttgtttcggc
tgtcgtcgaa
ggacggggst
tgggtcctgc
ccgegetggt
ggaagtggct
ggttcgcgaa
tggtgtggce
ttaactccac
cctctgacca
gcgcgaagta
gggaccggtg
ggtcgaaagc
ctggggccag
ccatccccgt
cgctgggttc
cgcggececac
acatcaccgc
gcgagaaaca
ggagcaggec
tgaggggccg
ataggtgccg

aacacagata

geCeCgagese
gcatatccgg
agtcgtgggc
agcagcaggg
tgccaggegg
aatgatcagg
ggccccgaga
gcggtgecetg
gtcgagcacg
gacgggctceg
tccgaggtceg
caaggcccga
ggcctggtcet
tcgcacgetg
tgccatcaag
gtacttggcc
gtagccgtga
gtgaccgtcc
gtggaagata
gcagtagcga
cgaagactgt
cggaccctgg
ccatagctgg
gggegccacg
accgagtccg

atccaggcgg

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500

16560

16620

16680

16740

16800

16860



gcccagageg
cgctcgaacg
cacatagagt

ccaggagata

gegeeccges
ggcgaatggsg
aaggtggttg
cgaggggtgt
gctgggcecta
ccgeegggtg
caggeggegac

tatcgecttg

gggattgegsg
ggtctcggcc
cagggcgaag
gggtacgccc
cagggcgtac
ggcccgtteg
caccagggtg
cttgaggtcc
ggtgacgagg
catgacgagg
aaacacaacg
gtttgttgtg
ggggaacact

gttgtgggte

gaccgatggc
tctcggctag
caaggtccgg
gcggaatgtc
gcttttegte
agctcgggtc
tcagcggaag
cctcggecag
ccgtggactc
aacgctgatt
accagcacca
tgtgtgtgct
aggtggegcc
gagttgacaa
tccggegaca
aggctcgggg
aggtcaaccg
ttgttaaggt
tgaaagttgg
ggctcctgga
ctaaagtcgg
atgttggcgc
gegegegceca
cgcagggacsg
atctgtcgtt

cggeeggcegc
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cagaggeggcg Cggacgecge geagcaaccc

tatatgggag
ggagtcggga
tggggtcgga
tgcggtgteg
cacagctgat
actgttaggg
ggcccaggga
catttccgag
ctcacgacag
ggagaggctt
ggtaatttat
ggatgccctc
acagggctgg
gctggttgtt
cgacgtacac
ctaacccgac
atttcaccaa
ctgtggttag
ggcaaaactg
cgaggacggc
acttgatatc
gctccgtgaa
ccagttggcc
gttgcagcga

gtagaacgca

ggcagegegt
tcggegtecg
ggccctgagg
gtggegtgct
gtcgtctgeg
cgggggegct
cgcttagtca
acgacgtggg
cgegtgecege
aagctcggga
acaccgatcc
tgggacgtca
gtgcagcacg
aaaatactgg
gctaaccacc
gtcgtgcttce
cagctccggg
ggcggtggsc
ccccegggcg
ccgeeggage
caggtggctg
gcactggteg

gatatactta

gaacccgagg

ctccccgacc
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tggggatcac
ggtcgegggc
cgtcagaaag
gatcacgtgg
gtgeeeeeses
tgggeggect
cggtgegtcec
gggagcggtg
gcgeacgggt
ggcagcgeca
gtaaacgcgc
tacgccaggce
cagcgatagg
taaccgggaa
aactccagca
aggcggtegt
ggctggttat
atgccaaaca
atcgtggagt
gagacggcgt
atcccgcagg
agggeegteg
ccgaggtcca
ggcgegatga

aacagggtcg

gcgcaggteg
cgacgccgac
gtgggtgccc
tgccggegac
ggggttaacg
Caggegacegs
gtcggggcca
cggcggacat
gttgagcgcg
tggtgtgaca
ccgacgacag
gccgaatctt
cgtgggtgtt
cgagcaggsc
accgggtcac
gcgtetggcc
tggtaaattc

acccgtgacc

tccgggegga
tggagttgag
ccgaccgeag
tggtgtttaa
agaccgaggg
tgtcgtacgc
agccgeggat

cgatgagctc

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360

18420



aacggcaaac
ttggacgtca
cgtgtagtgt
gagggtgags
Caggeecees
agacgagcgg
tcggtggegs
gggergeceeg

ggaccgttgg

tctgegggac
gctgettect
tcaccaagcg
tgctccteca
cgggacttta
acaaaccgag
taaatctcgg
tctcggtceca
ccaaggccecg
tggtcagcag
acttaaggtg
agtgcccttt
cgtcgggacg
gctgetgttt
cacggccaag
taaggagtgc

tacgtttcag

cactcctttt

ccgtatcccc

agggcgeggt
atgtgcgagg
cggttcagtt
ctcattcgec
gacccgtgge
gaggccccgt
cgtgcacctt
tcatccatcc
cgagttgctc
ccggatcgag
cgcgaatttt
gccgegectc
gatcttgggt
ctcggaggtg
ttccgccacc
tgatcggggt
ctggegtecg
ggcgeggacg
ttagatttcg
ctccacgact
aatagcctgg
ctggaattcc
gegeegeege

gccctccacc

ONCR_010_02WO_ST25.txt

cctttatggt cttaacggca agcttatgtt

cagacccccc
tgatggcgaa
gggacgagese
tggcegeegt
atcgggatag
aggagegegea
gggggttgga

gggggctgag

ttcggccagg
ctcctggtcec
gtaccgtcgg
aacacaggtc
caattccaag
gctgacgecc
cgtcteggec
ctgcgggcga
acttcgecege
acgtccagca
aggecgteggc
cgaccgegac
gctgcgagea
tgceggegea
tggccccecga
acgtggtgcc

gctccgaagc

gaagcttcgg

cacggggctg
gggtgeggtt
accgggegtc
tcccgegega
gacgecgeeg
gtgtacgtag
gttagctgec
tcgeegtetce
gcaagacgat
tgtgcggtta
gcgegetgtce
tgggccgect
tcccggtgea
aggegteggc
cccggggggt
cgcgaccege
gtacctggag
gggcctcacc
ccccaagege
ctcgecgcetc
actaaagggg
gttggtacgg
tcagcgtaac

ctttcgccag
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gccccgggga

catagcttgc
aacgccgect
tcgeggggace
agccgetegc
tcctggagag
gatgcgagcc
acatgaccag
cccacagaga
cgtccacggc
gaaagtcacg
gcatcatctc
ttgcagccat
gctgeagggt
gcagggccge
gctctgatag
cacccggtgt
cgcctcgaga
atgggcggcg
caccagaccg
ttctcggecg
cgtgatttcg
gcggtggegce
gcctactata

ctggtgcact

cgcgaatcag
tctcgagggt
ggatgcgegt
gggatctgeg
cgeggegatg
ggageccgga
aggggecegct
aatccttgaa
caggtcgctg
agcgttggtc
gtccaggegc
acgcgeeget
taagcgegceg
aaaggcgceca
ctggtecttg
gtgggcggca
tctcgegtgc
gcgcgatgtt
aacagaggca
atgccctacg
tggtccctgg
tggegegeceg
ggggcgacca
gactgcggtt
gcgttctgaa

ttgtgcggga

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920

19980



ctttgcccag
ccccaaaaaa

gctgttccaa

ggaccacgcg
cgacgcggcc
cggcaagacc
caagatcggc
cgcctgectg
ctccttcteg
aaacgtaagt
cacacccacc
cactgatttt
gcaactcgta
gctggteges
cgtgatgcaa
gagaagcgga
ccacagacac
gttggcggaa
gatcctggcc
caggtcgctg
cgggcccaag
gccatccagce

ttcctccggg

cagggestgc

gaaaaagagg

cagaaaaatc

ctgctcaaaa
cgggccaagg
aaaatgatcc
gagcaggtca
gtgcgecact
tggtttctgg
tacacggcgc
cggggcetggt
tttccggacg
cctcttttcet
cacccacata
tattcgggat
gcaaataggc
gggatgttgt
ggacggegeg
cacaggctag
gegeCgacge
tcgatgtgeg
aggagccatc
tccatggecc
gcgcagcacg
tcgecgacca

ggggtggecg

gtcacgctcc

gcaaagaagg

tcgcagaaga
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ccteccttccg ggectccage ctcacggaga

tggacgtggc
ttatgcacgc
acacgttcct
tccgecageg
tgcccctcat
acatccgcaa
tcggtteggc
ggtcgegeag
ttcgcatggc
cacacacaac
cgcttgagga
gactgatgta
ccgegecgea
gggcctgeag
catccccctg
agggacagga
gCEECELELLC
ccagatggcg
agcagtagat
cgceeggctc
ctggctectc
cccgtatgeg
ggaggtggac
tgttcggees

gggCgCgccc

cacccacggc
cacctacttt
gcgtctegtg
cgccaccgtg
cgegetgtceg
ggcgaccgag
ccgagtggac
taccatcgtg
tctcccaagg
cagacgcggg
ggcecgggca
cgaagagaag
ccgteccecg
cagggtgacc
gaccgccagg
ctccgttacg
gcaggactcg
ggccctgett
ctggeegetg
cgggggestc
cgcgagctgt
tgcgaacgtg
gatcgcgcag
caaccgcagc

gggetctggg
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cggacgtacg
ctggecegecg
tttgagatcc
tttctegtec
ctggectect
ccggtgtttg
cacgttaaag
tttgccteca

ggcccegggt

aggaaagtct
acggcceggg
acacacaggc
acgacctctt
gtatccacgg
gtacactggg
acggaggaga
cagccccecg
cccggtggac
gggaggtgcc
ttcgegggga
tcggtggtte
agggtgcaca
tagcggegct
gccttggggc

ttaggaaggg

ccacgggcecc
gcacgctgga
tgctectegg
ccctgtttag
cccggegeca
ttcgggggat
aggagatcga
gggaaaccat
gccacaacac

cgacccgacc

gcecegtege

caacggtggg

gccacceggc
gcagacggtc
gatggccaaa
ccatcttggc
gccacagtgc
ggtggttggt
agagcgaccc
accaggcccc

ccagatacgc

ggtcgggest
ggagcgggst
cgcggttaaa
gcgtcagata

ccacctgaca

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540



cagaggctcg
gacgcgccac
gtcgtcgact
ccceeggeeea
gEE8LL8aLEEL

gtggeegeee

aaacctaagg
aatggtgaac
caggcagagg
tgtggagges
atccatcgec
gtagtcaaaa
cgggacgacc
atacgcggtg
gaggagaatg
gtcatagcgc
gcccagggcc
gtcaaagggc
tagcagcagc
ggcgraggec
tcgeeegecc
gtagtggtgsg
gcegeeggcc
ggtaccaggg

cgetgggecc

gtcagccgcc

gtgaggaccg
acaaagacgg
ctatcgegeg
CCaggegecsy
caaaccccag
gaaggcgccc
acagcggccc
gcaaagccgc
taggcgtagc
acggcctcca
acggcgattg
acgtaatggc
cgeegeeccc
tgaaaaaagg
gggaagcgee
aggcgcetgtg
cggaggcacg
ggcaggacgg
tcecgectgec
tcggtcageg
cacgccacgg
cgcaggacca
agggcttccc
gtaagggtta
acaaagcggc

cccatggegc
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ttagacaccg aaagatcttg agccgctegt

agttgacaat
tgccgegage
CCaggeeccy
agecgeeeec
gctagcgaga
gegegacges
cgggaaagac
tttccccgge
tgaagcgaca
gacgattgtt
cgtcggagtc
gaccgeeecg
cgtcgggegc
tggtcacctc
agattcgcgg
ccagatgtat
ggcgeggetg
cagcgggaga
ccgtggcecag
agttctcgta
cggagataga
atccgcgatc
gaacgtcgtt
ccccgeegeg

ccccgetgac

gcgegegata
tceggeecgg
ccggggtecc
caacggcgcg
ccggeegttc
gtccgagagg
aactatgcca
caggtattgc
tttactctge
aagccgceagc
ggcaaagcgg
tccccccagg
ggtccccteg
ccccaaccac
gcegeectga
gcgegeggta
gCgLaggesc
cagctggtegg
cgccgaggac
ggagacgacg
acgacggctc
caaccactcg
caggatgtcc

gggctccaga

ggcctggtga
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gagtcgacgt
gaatccggcc
agctgegeca
gggaggagtg
ccggacgaca
ctaaggtagg
cagaggcggc
tcgcagaccc
tcgegtttac
gtgtctecge
gccgggaggt
tgtgccagga
acggcgegea
gegegttggt
agcgeggecc
aaggcgacct
acctcgagcg
gggegcacga
agcageggag
acgaagcgct
cacagccagt
accagcgacc
tcgeccccgg

cccgecagea

accagggcgc

ccgeecgaac

ccgtccccag

ggggcaaggt
tgceggggsc
ggtgggcgag
ccttgegaca
ccgegatgtt
gattaaaccc
tgegtgggsc
tgacgtcacc
ttgtgctgta
cgtcgecgag
cggccagegsc
tcaggttctc
cggggccaaa
ggatggcctg
cggeggegat
cgggaaageg
cgegttcetge
geCegesCsee
gcttggttcc
ccggeeggtc
gcggctttgc
gceegtgegs
ccgeatctge

cctggegtag

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100



ccccgatgea
gacgtcctgce
cacgtcctgg
ggggesgteg
caagggctgc
ctccttegeg
acagacgcgc
gtcgtaacta
cgccgecacg
gaacaacccc
ggccagaagc
ggtacagtcg
cccgagtecg
ctcgctggat
cgtctggacc
gcgatgeggg
gccaacggag
gccaggactt
agacgattat
acaccgggaa
tcaacgtggt
ccacggectg
ttcgceggac
aggccaggga
tgttgtaccg

acgtggatcc

acgccacagg
actgcccget
gcegeggteg
gacgccccga
ggacgCeeee
gceggeggeg
atgatgcgeg
aacagaatca
gcgtacgggt
ccggegetgg
tcccccaccg
ccggtggeat
geziiae e
atgatgacgt
tcgttggcca
tcccccgagt
gcgtgegtgc
taacctgctc
gggctttctc
ggccagtacg
gacctatata
ttcttgttat
cgccgatttg
gaccggcgac
cccctegacc

cgcgttcacg

ONCR_010_02WO_ST25.txt

ccgeacgecc
gaaccaacgc
tgtcgeegec
cgatgggcgg
acgcgctttc
cggeggegcc
tgctgteggc
cgcgggcaca
catagacgcc
acgcacgcgg
catccgegeg
gagcccgagt
gcatcagggc
gaaccaaaga
agtgcgegtt
ccgegggaag
ttatgcgegg
tttgtcgacg
aaccaggcca
agctttttgt
tgcgatgatc
atcctcaaca
tttctggecg
gaccggeecg
accaccaaca

gccCaacaccc

gegtccgegct
gaggatctcc
gggggeegtce
gtctgeggsc
ccccagaccc
aagcagagcg
cgcgtagegce
gctegecccc
ctgcgegtcea
aaggaggcca
cacgtaggcg
ctggatttcg
ggclagageg
ccgaggeecg
catggttcgg
ggcgtgggtt
cgegtttett
aggccaactt
actgcaagat
acaacctccg
acatgccgag
agcccgtttt
attccttcat
ttctgaccaa
gcggectcat

gagcctcegg
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cggaccgggt

tecgttctect
agctgctect
gceceecgegt
atggacaggt
acgtagceggc
gtgttggeges
gagccccacg
cacaccacgg
gggtgtgeceg
gcaaacgccg
acctggaagt

attcccgegg

acccgggecg
gggtgggtgt
tggcgegegt
ctgtctctag
tattcgeecg

tatcttcgtg

cgggeeegea
ggtggtgacg
catcacgatg
gcaggagatc
gtctgegees
ggcccccgat

gaccggcegtc

ggcggegest
gtgcgatgga
ccggggagat
gELLECCELEEC
gggLcglage
acaaatgccg
ggacgagctc
caaggcgcag
gcagggagac
gcacgacgeg
tgcaccacgg
ttgcggeegt
ccgecaggea
tggccgagat
gggtgtgtag
atgcgtattc
ggaatccgag
gatgcggtcc
tcgtccacca
gacgagcttc
cacacaaacg
gacgeeecee
atcgggggcc
gagcggtttc
ttgtacgtgt

gctgtegtcg

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300

24360

24420

24480

24540

24600

24660



ggcggtaccg

cgggcteggc

ccctgeatcc

actcggeccgt

aggeeeccga
gcgeggtgct
ttattaaaaa
tgcgectgea
ccgtcteccc
accttatggt
cattcgctcec
cacgaccacg
ggaacacggg
cccaacccaa
tatttattta
tagccgggcec
cgccgtcaaa
ccgegtgget
gcatcagggc
tctgcagtag
gcgtaaggat
gcagctcggc
cgttgtagta
ggtcccggat

gcggaacgge

cctcgaacac

cgacgattat
ccccgecgac
cggggegttt
cgccatcgec
cgegggcetceg
gtaccccttt
gtttaactcc
gaccgacccg
caacactgac
cgccgtcatt
tatcacacgc
gtgtcgtctg
ggattctctc
atcccataaa
ggtatgcteg
ttagggatag
ggtgcacacc
cagccaggcg
cggggcettcg
agcgttcacg
gatggtggtt
gtttacggga
cagcacgttg
gccectggcc

aaaccgcaac

gegcgggacg
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atcatcttcg ccctggageca cttttttctc

atcgcccget
cgeggegtcec
acgcacgtgc
ggccccgagc
ttcctgetcea
gggggcgtcea
gtcgagtatc
gtccgtacgt
atggccatct
gtctcgtgag
ttaagggess
acgaccggca
catacgacac
ggtttctccc
cgtataacgg
cgaaccacgg
acgagcgcct
gggtgaatga
tacccgtect
ccctecgtga
ccgagttgtt
aggtctggca
acgagccgeg
gtgaggtcca

aggctgatgg

gcgtcgteca
gggtggeggt
acacagagat
ttctcttcta
acaaacagaa
tggcctcecca
tgctcgagea
attccggaaa
acctcgeggc
cgcccaataa
gegeeeaags
ccagtaccac
acaggcatat
tggatgccca
gggccatgtc
gagrcaggsc
cgtaaagcgg
gctgggegsc
gggcacttag
tcgagtaaac
ggacgtccgce
gcecteeggg
ccacgatttc
gcgaatccag

ggtccecgtt
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cagtctgacg
cgagggaaat
gcaccgccta
ccactgcgag
gacgcccgec
ggagatcgtt
gctaaataac
acggaacggc
ccaggccgga
acacacccag
gggtgttggc
ccccctgtga
tttggaattt
cccceacccc
tccggaccge
caaggtgtct
cagccttege
ctccegegtg
cgcaaagagc
catgttaagg
cagcagcgag
gtttctggeg
gcgegecagg
gcgcacgtcc

acagagatct

cgcgegcetcea
caggtcctgg
agcagccagg
ctggectegg
cctcecggga
tttgaacact
tccgegacgg
ctcaccgaaa
gccteggatg
cctccgeaca
gtatgctacg
gggaagcgtg
acacagaaac
cttaggtttt
cccgtgggtc
acaacggccg
cctagttggc
tctccatect
acactctgca
cgggggatta
accagcgatc
aggcgactcc
ctggggttca
ggcgatggaa
gtcgettggc

acgegggeags

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860

25920

25980

26040

26100

26160

26220



tgttgcgaag
ttcgegtege
accccaacgt
gcgtcagttg
ccgeegeatc
ccagcatggc
cgeggtgges
gggtcttagg
gcccagacge
ggccctegga
aacagaagac
tacagagcca
tcccgegegt
gtgagcgggt
ggggegcrgct
tccacgatca
ttaaagcagg
aggtccccgt
gacgggtcgce
gcgtaaacgc
tcggtcgaca
gegegeegeg
tttcccgeca
gceeegeggc
acggttgecg

tgggtgageg

gttaacggtg

aagcacccgg

gtcgggactg
ccggeggatg
geeeCeCgag
gccgatccac
gtcagcggcg
gggttgggag
accgagagcg
atcgcggctt
gcgtgggata
gtcccttgag
gggctteccc
aggcctectg
taaactgtac
ggcgctccag
ggctgagcac
acgaaaatcg
tctggecgtg
ccceggegec

cgegeetgsc

gcacctgggc
cgaccgegtt
ccaggtaaaa
tggccacgac

tgaagtttac
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ccggegtggeg tgaggcccac gtccaggggs

gtgatgaccg
acgcctecgg
gtcggcagga
atgcccgagg
gegecaggea
tagcagagac
gcgacaggga
aatccgtccg
gtcggegees
aaagaatcgc
cggggatgcg
gttgcgggca
aaacaggcca
gtcgctggeg
gcagcgatgt
cggcgagegcc
ctgcgacgec
gtcgtacatg
gcgtccccgg
gataaactca
gcacccgaac

ccgcaggtac

gttttgggga
ggcggtgtag

Cccccccgceca

cggggaageg
agacgaagga
ataccacccg
gtatcgcgat
gtgcagtggt
gggcgaccaa
ccccagagca
cggagtcccg
acaaagggeg
actaccccaa
tcatagacga
ctgcggagga
cacgggtcct
gcggtggeceg
ttggcgegcga
ccgttgaggt
cacgggttgg
agggeggtega
gggttgcagg
cacacggcgt
acggggacgg
acggctgecg
aggttgccca
cccacgecca

gtttcgtgcec
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cctteggtac
ttcgtgegec
cccttcgeag
gtcagtttca
ggttcggetsg
cctcgcatag
tgcgegggga
gcttgggttt
cggggctagg
g£aageeCes
gatactgcgc
gggcegggstce
ccacgagttc
tggacaccgc
tgtcggecga
ggtaggcccc
ccgtggecege
catccccctce
geegecggaa
cctggecegtg
gctgggeegg
cgttgtccag
tgtcggtgac
ggtccacgtt

gggccacctg

caggcgacga
gccagcaaca
acgtcggcca
cgctgeageg
aagccgtcecg
gcgegeaggag
gacggggest
ggtctgtegg
tatggggccc
ggcttgegga
ggcggtttat
gaagtgggtc
gctggegeag
gcggcacccc
cgaacccgtc
cgtaaagaac
gttatagagc
gaaggccegg
cttgtccccc
gtagttgacg
gtccatccct
ccccaggegg
gagaggegeea
ggggttgegg
cgegegegec

gagctggcecc

26280

26340

26400

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600

27660

27720

27780



aggaagtacg
tgtcggacga
gccacgggac
gcegegetct
cccagagecg
ttgggcgegt
aaatagtcgc
gcgtgcaacg
tcgggegeceg
tgcagcgtga
accgtgttgg
ctggggcact
acgcggtcga
acgtagtagt
geggegtecg
tcegeggtceg
cggcagtcgc
agggetegca
cccagctecg
gccaccaggt
acgacgtacg
tagctggtga
tgtatggcgg
cgaacggegg
cgggegtecc

caggtggcect

cctccgacge
cggtgaaccc
tgatcttgaa
cgcggacgtg
ggggeaccag
tcgccacgtg
cattttggat
ccccgtcegaa
ccgagcagag
gcatggeggg
ccaccagatt
cctcgeegeg
agcgaacccc
aaatcttgtg
cggeteggsc
ccacgttaca
gatggcggtc
gcagcgeegg
ggcceggtceag
cccggtacac
agaccagcga
tgcactggac
cctgcageag
cgatggtgsc
ggaacgccgc

ggatctcccc
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gcgctccgag aacagcacgt tctcagtcac

aaacccggga
gtaccccgec
ctgcacgacg
ggggacctgc
gtcggccccg
ggtatggtcc
tatgcgcatg
cagcgeegtt
cccgtecact
ggcegggtec
ggcgatctcc
cgeggtgcag
gtgcacggtc
ctgggtgtte
tgcegeegeg
Cagggeegceg
gtctcgeatt
ggtaaagtca
ggccatgcac
gtagtcgttc
cacgagccgg
gtaaaacacc

gggggccatg

cggacatagc

cgggeceggcec

tggaggcecg
atgagcgcgt
ggctgtcgga
cgcgacaggt
gcgaacageg
agatgctgeg
ttggtegteg
gtgcgttcgg
accacgcgcc
agggegtgcg
gggaccacca
cagcggececc
cagtccgecc
tgcagcagct
tacacggggt
cgccgeatca
aggtgattca
tcaaccagct
tcctegggaa
acgaacgccg
gCcagggegc
gcegggtagt
gegtggegtce
gccaggggca

gggggaacgt
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tcttgagcetg
aggtcagcgc
tcgacgaaaa
cgegeagegsc
cgtggacggg
gggccatcag
acgcggtgtt
ccatgttgtg
cgttgtgaaa
cggggteegt
tgttctgcag
gcgagaaggce
cceggtgegg
ggccgtegtt
cgtggccccc
gggcgtcaca
gcteggettg
gEECCageec
ggtctccccc
cgcaccgegt
agaagacgtg
tgcggtegtc
ccacccccag
agttgccgtt

ccceceeecgg

aaagcggtcc
atgatgcaag
gttctccecg
gtagttggcc
cgggegeaaa
gagggggtaa
caggattccg
ggegeeegeg
ggccagcacc
catggcgttg
cacggggtcg
ggtggcgtat
gggcaccatc
ccggteatcec
gcggttgaag
cgcgctaacc
gtcccacacg
cgectgeecg
ctcgacgtgc
gaggtaggtc
gttgttccag
ctcgctgecg
gaacgccccg
ctccaggecc
caccacgcgc

cagctccacg

27840

27900

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100

29160

29220

29280

29340



tcggecaccc

tcgggctgea

tgggccaggc

geegeggecg

cccccgaccg
tccagagaca
aaggcgeges
cgttccatga
accaggggst
accagcttct
tcgagctcegt
tggcggecca
ttggccccgt
actttcagga
tcgaccggec
gtggeegtgg
cccaggaaaa
gccaccctgg
agegeeceece
gccccgagga
gcgccgatac
aggctgaagg
ggttgctcga
acgcgececct
aacccgagct

tcgaactcga

ccacaaagaa
taaactgctc
gctgecccca
ccacgtacgc
ccgegtcaac
ggcgcagcac
gatccgggtg
ccggattgaa
agggaacgtt
cgccgatgga
ccagegtctg
cgtcgtccag
tcaggaccat
aggactgcag
gccegegegt
tgaggtccac
agctcgtctc
tggccaggeg
ccttttccag
cggcctggac
ccgteccgtc
cggcgttcag
tggggtgcegs
cgttcatgta
ccagaaagcg

cgtcgtacag
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gtcgaacgcg gggtgcaget caagagccag

cggggtcatc
ggcgttcaaa
cccgtacgga
gttcatcagc

ctggeggtcc

gCegeeesee
caggcccagg
ggtggegecg
caccagatcc
ccggttcagg
acttcgcacg
ctcgecgtac
gaggcegetgt
gtcggcatgc
gagccaggcc
gcagaagctt
gcegttgtec
cagcacgtgc
gttgcgageg
cagggcctcc
ggLcegeege
gccgtegege
ggccagctcc
cacgagcgac

gctgtttgca

tggccttecg
aacagctgct
ttggcggctt
gaagggtggc
ttcccccaaa
gggactaggt
ggcaggacga
tagatgcgct
gcgegeacge
tcgagetgcet
gcecttgecca

gtcaccggca

ttgatcggeg

gtcagacggg

tcgacggect
cgctttaget
aggtatcgtt
agcatctggt
agctgttgga
cccgtgagcea
tcgataatct
gcaatcagcg
ggaaacttgg
agggtgttgc

tcggagcegcea
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cgacccatcg
gcatgtctgce
cgacgggsgtc
acacggtccc
aaaacagctg
ccccggegtg
acgtcaggtc
tctccagggc
gcgtegtetg
cctcctgeat
tcacgagcgc
cgtcggettc
cggtggtgac
gcacggccac
cceggeggtg
cggcgaccag
gcatcggcaa
cggeegtgec
tggcgegcaa
gggcgatggc
tggtcatgta
gctggtggac
tacacacgca

aatacgaccc

cgcgggaaaa

gttggcgttg
gacccgeecg
geCegegeceg
gcggttaagg
gatcgegtgt
gCegeeeceese
cgcggcaaac
catggcgcecc
ctccagaaag
gggggcrgctc
ctccagcagg
cgtgaccagg
ggtgtcctec
gagcaccccg
ggagggctgc
gceegecttg
ggtcgeecgg
caacaaagcc
gcgctcaaac
ctggcgatgc
ctcggtggcc
attgtgtgtg
ctcgaactgt
cgccaccgac
Cagcaggecsy

aaaatcaaac

29400

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600

30660

30720

30780

30840

30900



aggcgtcgat
gcggcatacc
cggctgtctce
cgtgtacgtg
ggcgggggat
gctgeggect
aggccttata
atggccctgg
gcegecacce
ggatcggtgg
aaggtctcgt
atcccccaaa
aggagcgccc
ggcgecacca
ttcaggacca
tggggcggaa
aatgaaaact
accagatctc
gtggggagac
cccgggttct
gcegttecge
cgccccaatg
agttcattgg
gtgtcgggaa
gttgtattcg

ccaccgcgtg

gcgacgecac
ggtatcccgg
tagcgatatt
cccgacggcc
gctgtgtgag
cgttccagga
tacccccccc
tccaaaagcg
acatcgaggc
gcggcagcat
gELCEECEEC
acacgggcgc
gcaccgccca
cccttecggt
aaaacgacca
gacgcgagta
gttcctccag
gatccaccag
cgaaaccgca
tgcacaaaca
gccttgatat

cccacgcaag

aggccaaggg

cacgcceggg

agacctgcect

cggcacgcac
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ctcgatcgtg ctaaggaggg acccggtcgg

agggtcgegg
geLccgggsa
caaggtccac
aggccgggtg
gaacccagtg
ccegecccac
tgccaggaag
cccggeegeg
ttggttggtg
gaacaaggca
cgacaacggc
cgtaacgtag
cagcccgtaa
aaggaacaga
tgccgaactg
cggcagttct
aggaaggtca
aagggtcgct
ccacccgggt
aacctttgat
atgaggtagg
gaaaaatggg
gttgtcctca
gtgcaacgca

gaggacgagt

ttgggagegg
ggctaagatc
cgaaagacac
ccggteggeg
tccccaacag
ccccgttaga
aaattggcag
caggctatcc
gcgataaagt
cacagggccg
agacgatccc
tagccgacga
tacatgcccg
atcacgcgct
acaaaaaaat
ccctectecc
tcccgeatgg
tacgtcagca
tgcatccgeg
gttgaccaca
taaccccccc
gtggggagea
aaaggcageg

cgtegggett

ccgegtgett
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ccatggggtc

caccccaacg

gacgggeeeg
gggaaaggla
acccggggac
acgcgacggg
aggcggcaaa

ccagggcccg

ggaaaagccc
tgcctcccaa
tcttgatgtt
tggeggceceag
ctgccaccat
ttgaaaagac
cagaggtgcc
ccccgaaggc
tcatggggtsg
ggatcccgag
gaggcgagtg
aaacccggaa
gtgggtgtea
aacggaaaac
tccatactac
gcctgtgtec

tattggcgtt

caccatggcc
gcgtggagat
cccggecacc
gacccaaaaa
ccgggagaag
gtgggatccc
tgcattcaag
gctgtecgec
tgtgcgcagg
gtccggactg
aaacacggac
aacgtacagg
gatacaggcc
ctccaacggc
cggcetgggta
gtacgaggac
ggcctegteg
tgcggtggag
atcaaagaca
ttttgataag
tttacgccta
cgttgegttt
ccagtaggcc
ggaagccgtc
ggttcggecc

ccaagcgttg

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340

32400

32460



ccctecagtt
ctctgggeceg
accgggacgt
ggtgtgttta
gtctggtcegt
agctccg
<210>

<211>

<212>
<213>

845
DNA
<400> 845
aaaaaagctg
cataaaaaac
tacttagatg
atgctgccaa
atccagccta
agaggtgcga
agtgtcatag
tcttacaagt
agtttctgta
tttatattcc
gatcagccac
tgcgecagcet
acagcagacg
cactctgtac
actgcatttc

gcgacctcag

tctgttgteg
tgttacgtcg
tgtgttttac

ttccgtggge

tcgagggaca

32767

Artifical

aacgagaaac
agactacata
gtattagtga
cttagtcgac
ctcgctattg
gectettttt
tcctgaaaat
cgttcggett
atttctactg
ccagaacatc
ttcttccccg
ttcatccccg
tgcactggcc
atccacaaac
accagcccct

ccatcccttc
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gtgttccccc
ccgeecgega
gtcacaacgg
cggeegtgtg

ggcccagacg

gtaaaatgat
atactgtaaa
cctgtagtcg
cgacagcctt
tcctcaatgce
tgtgtgacaa
catctgcatc
catctggatt
tatcgacctg
aggttaatgg
ataacggaga
atatgcacca
agggggatca
agacgataac
gttctcgtca

ctgattttcc

atacccacgc
tggagcttag
accgaaaccg
cctcgeagcec

accgcgtggt

ataaatatca
acacaacata
accgacagcc
ccaaatgttc
cgtattaaat
aataaaaaca
aagaacaatt
ttcagcctct
cagactggct
cgtttttgat
ccggcacact
ccgggtaaag
ccatccgtcg
ggctctctct
gcaaaagagc

gctttccagce
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ccacatccac
ctacgccacc
ggcctacttt

cgggegagatt

cgccaactat

atatattaaa
tccagtcact
ttccaaatgt
ttctcaaacg
cataaaaaga
tctacctatt
tcacaactct
atacttacta
gtgtataagg
gtcattttcg
ggccatatcg
ttcacgggag
ccegggegtg
tttataggtg
cgttcatttc

gttcggcacg

cgtaggggsc
accatgcact
gtgtgegeges
gccaagtttg

gtacgaagcg

ttagattttg
atgaatcaac
tcttecgggtg
gaatcgtcgt
aataagaaaa
catatacgct
tatacttttc
aacgtgataa
gagcctgaca
cggtggctga
gtggtcatca
actttatctg
tcaataatat
taaaccttaa

aataaaccgg

cagacgacgg

32520

32580

32640

32700

32760

32767

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



gcttcattct
gcaactgata
ttttgacata
caaatacgca
ccctgecact
tcacaaacgg
taatatttgc
aaggccgtaa
gcctcaaaat
tttttctcca
ggtagtgatc
cattttcgcc
tattctgcga
gctgecaact
tggatatgtt
atattgatat
atggaccgcc
gggatcctag
ccgcagcacc
ggcggttgtc
tgggggcgac
caaaatgccg
gaacggatac
gcctataaag
geggetgtgc

taccatgatc

gcatggttgt
gctgtegetg
cttcgggtat
tactgttatc
catcgcagta
catgatgaac
ccatggtgaa
tatccagctg
gttctttacg
ttttagcttce
ttatttcatt
aaaagttggc
agtgatcttc
tagtcgacta
gtgttttaca
ttatatcatt
CgCaageees
gaccccaaaa
tctaccagca
gggggtggag
ccgtaaatgg
gcegtggegc
gcgtacatat
cggtaggcac

tggataacaa

gcgeggetgc
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gcttaccaga
tcaactgtca
acatatcagt
tggcttttag
ctgttgtaat
ctgaatcgcc
aacggggecg
aacggtctgg
atgccattgg
cttagctcect
atggtgaaag
ccagggcttc
cgtcacaggt
caggtcacta
gtattatgta
ttacgtttct
ggggggcatt
gtttgtctgc
ggtcegeggt
gegegeegec
ttgcagtgat
tccgggegct
gggcgtccca
aaaattcggc
cgcctecgeg

cgtactcaaa

ccggagatat
ctgtaatacg
atatattctt
taagccggat
tcattaagca
agcggcatca
aagaagttgt
ttataggtac
gatatatcaa
gaaaatctcg
ttggaacctc
ccggtatcaa
atttattcgg
ataccatcta
gtctgttttt
cgttcagctt
tcagtgtcgg
gtattccagg
gggctggaga
caccccgtgt
gtaaatggtg
ttcgeegege
cccgegttceg
gcgacagtcg
cggcaggegg

aacatgcacc
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tgacatcata
ctgcttcata
ataccgcaaa
ccacgcggcg
ttctgecgac
gcaccttgtc
ccatattggc
attgagcaac
cggtggtata
ataactcaaa
ttacgtgeceg
cagggacacc
cgcaaagtgc
agtagttgat
tatgcaaaat
tcttgtacaa
gtgacgagcg
gcggggctcea
aactcggecg
gcegegectg
tcegeggtcc
gaggagctga
agcttctggt
ataatcacca
tcctggeget

acctgecgegg

tatgccttga
gcatacctct
aatcagcgcg
tttacgcccc
atggaagcca
gccttgegta
cacgtttaaa
tgactgaaat
tccagtgatt
aaatacgccc
atcaacgtct
aggatttatt
gtcgggtgat
tcatagtgac
Cctaatttaat
agtggtttta
cgatccggcec
gttgaatctc
tcccggggcea
gcgtctectc
agaccacggt
cccaggagtc
tgctgtcecg
acagcccaat

cccggeeccg

cgtcgggcag

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520



tgegetggtc
ggacatctcg
ggcgggttaa
aatgacgtca
ggaggaggtg
aaagcagatg
cttggagctg
ctcgacaaac
gaccacgtaa
cctcegeage
attgtccgtc
gcagccccgg
cccgaagagc
ctgggtgtga
gtcgagctgt
gtccgggecc
gcectgegteg
cagaatctcc
caggcceggg
caggaacctg
acgcaacact
gcgegeggtce
cagctgctgt
cgagtagttg
ctggtgtgtc

gagggtgaac

agcgaggecc
cggtgggtag
tagacaatga
tcgegetegt
gtgcgggaca
gcgaccttgt
atgccgtagt
tcgctgatgt
gECaggeeee
tcgtccgeaa
tgcagggcga
aagataacgt
tcttggagga
acggegeeee
tgttcgtcca
ccgteccgeg
gccattaccg
gccgttagtt
cgctgcagaa
taggcaaact
gcctcgaagg
accgcgatct
ttgctgtgca
gtgatgcggc
agccgtceggt

acgacgaact
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tggcgtggca
tgagtccccc
ccacgttcgg
ggcgcteecg
tggccacgta
ccaggctaag
cggegtttat
tggtgttgac
cctcttccag
aggcaaacac
cggacatcag
tgtccacgta
ttcggaatct
tggtctecgg
gccecgegaa
gccccagttg
acgcctgegt
ctcccatgeg
agttgtaaaa
ccaccgaagt
cccggaacgt
ggctgttgag
cctcgeageg
tggegttggc
attcgtcaaa

ccccctcacg

taggctatac
gggeegggtt
atcgcgcaga
gagcggattt
cgegctgttg
gccetgggag
ggccatggcec
gacggacatg
taactcggcc
ccgtgegtac
ccccecgege
cgtgctaaag
cccgaggaag
ttccccgggeg
aataacgtcg
cttaaaatca
cggcaccccc
ggcgtaggeg
ggagataagc
ctccccctga
cccactaaac
gacgtaagtg
catgtgccecc
cgtgagccac
ctccttgacc

ggtcaccttc
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gcgatggtceg
cggtggaact
gccgatagta
aagttcatgc
aggcgcaggt
cgcgtgatgg
agctccgtag
aagccgtgtt
acgttggccg
gtgtatccca
ggcgagecgsg
ggggcgactt
gcecegettcea
gtgtagtggc
aggtcgtcgt
aacgcacgct
gaagatttgg
agggtcctct
ccgctaaata
gtctttacaa
CCaaaaacca
acgtcgttgc
gcgtectggt
ttttcaatcg

gacacgaacg

aggtaggcgt

tctgtggatt
gtaaggggac
tgtgctcact
gaaggaattc
tgccgggegt
tcatggcaag
agtcaatgga
ggtcccgeaa
tcgegtgecg
tgagcgtata
tcagcatctc
caaatgcctc
gcagcgcaaa
agtaaaacac

cgggaaaatc

cgeegeeesc
ggcgcagaga
gggtcgcatc
tgagccgega
agctgtegtc
gttttcgcag

gggccacgac

cctggctctg

tcaggcegge

taagcacggg

ggagcttggc

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080



catgtacgcg
ggggttggtg
ggtgatgggc
ccgtttgttg
gcggttgeag
ctggtgctceg
cacgggccgc
gcaatacacc
cacgttgctg
ggcgeecteg
caactcctcg
gtagtacgtc
gtacgggtac
gatggtgttg
cgcaatgcegc
cgtgctettt
gaggggcagg
cacttgcgct
caccccgtgc
gtcccegggt
gceggeegec
cacggaagcg
gatgctgttc
caacgtcgtc
gctcctcaac

ccgeggtctg

ctcacctctt
atgtagtttt
aggccgtact
ttaataaaaa
atgaggtacg
aaggtcgact
aggegeeceeg
acggccgtga
cgggtaaagg
gccaacccca
cccccggagg
agatctcgtc

tgtcccagtt

atgggtcggc
gtggegeeceg
ccggagecag
cctgeggsss
ccgtecgaget
atagacgtaa
tgctgaaggt
gccatgaccg
ctgtgctecc
cgcgagattc
cggtccageg
gccaccactt

cagccccaac
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tgtgggagga
ccgggacgac
ccagcacctt
tggcccagcet
tgagcacgtt
ccagggacgc
cgtactgegg
ggaggtgacg
ccggeagegc
gggtccgttc
cggccagegsc
gctgcaggtc
gggccetggac
tgagaaaggc
tcaccacaca
cgttgecggt
actctaaggc
gttgttgcga
aatttaaaaa
grgeegescce
caccacgctc
ccgaggacgg
tccacgggca
aggcgaccac

accgggacct

ggctggttcg

gaacagccgc
gaagcgatcc
catgaggtta
atacgagagg
ctcgctctgg
cgtctgegtc
ggtgtggtac
cccaaggagc
ccegtgggtg
Cagggegecc
gcgcettegtg
ctccagcgag
gtgattcccg
gcccgagagt
gtccaagacc
gataagatac
cgccacgtcec
gagctctcgg
ggccteggec
gggtttctgt

gcgggecccc

ctgggtaaag
gctggggtat
ccggcagctg
cgaggceggac

ccggtacagg
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gtccagcegg
acgaactgca
ccgaactcgt

cgggcgtact

cggacggaac
ggcgagccca
agggcgttaa

ccggectegt

geeggegeca
agggcglgaa
aggtccaaaa
gcggggttgce
cgaaacccaa
ttggcgtaca
tcgttgattg
accgcgaacg
cggaaccact
atgcgcttaa
ctccctggaa
ccgtctaget
actacgcgtg
gttcacccca
accgagggcc
caggcggcga
tggcteggcc

aacgcccggg

ggaggttggc
tgtgctcectce
gctcgacgea
cgcgeagegt
accgcagttt
cacacaccaa
tcatccacca
cgatgacgat
accgcgtcag
actcgttccg
tcacctccca
tggtcagggt
attcatgaaa
tgttttgggc
tctgcacgca

gaaactccct

gcagatgggg
ggattggctg
cggetggteg
ggcgcteccc

cgegeeeeea

gcceeggtac

agggggtgta
tctttcacgce
acgtggcggc

aggcggatat

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640



cgeeggegtg
ggactttgcc
cttccccaaa
acaagaaggg
ccagctggcec
gctggecttce
ccgeegeegsc
gctgtggecc
gtttcccgag
caataccgcg
cggtgecegeg
ggccgecteg
cattaacgac
ggccgtcgac
ccaggaccag
caacatcaac
gcgegagacc
cgcaacagcg
gaccggtgga
tatcgacgtc
gtacatccct
ggtgegetgt
gtactccagc
ccccegggta
ggatgcggtg

cgtcgeggac

gccgagegeg
cacgggtteg
tatatcgact
ggtgtgacgc
acggtcgegg
gactccacgc
gactggctcg
cccttgtgga
atcgtcgegt
tccgtcaagg
cgggtcgtta
cgcctegtgc
accgtgegtt
ggtaccctcc
gELLLECEELE
ggegtgttgg
aacgcggecc
ggggeectgg
tgcggeagec
agcaagtcca
tcgtacgecc

tttaaaattc

ggggcgatceg
ggcgegececa
tttaagaaaa

gtccagcacg
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tgttcgacac
tcgectgett
ggctgacgtg
agggtctgag
aggccgegga
gcgtggegga
tgcgagaccc
ccggggaccg
gtcactccct
tgctgctgeg
acaaggtgtt
ggcttatcat
cctacctcga
ctggattcgg
cgccgcagct
agggctatat
tggcgaccca
agcgccagcea
gcectgegeg
tggacgacga
aggacctgga
tgtgtcaccg
ccgeattcegt
tcacgggctc
cccgectgea

cagcgctgcec

gtggcggaac
tgegeeggsc
cctggggctg
ggcgtttctce
gegegeegsce
ctacgaccgc
catcagcggg
tctggtette
ccgggaacac
gcgcaagagce
gegggaggac
caacatgaag
cgaggeegeg
Caagggcgea
tcgecaggec
aaataacctg
attgcaggag
gegegegecce
ggcggacctg
cacgtacgtc
gcgectgteg
caacaaccag
cgccccctac
cgatgtcatc
aacgtacctg

cccgcececccc
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acgcttagga
ggcecgageg
gtccccatat
aagcagcacc
cccgggtttt
gtgtatatct
cagcgcggag
gattcgcccg
gcgcacgtct
gacagcgagce
gacgagacca
ggcatgegec
gggcacctga
aacagccgeg
ttccgeacgg
tttggaacca
cgcgaccgeg
gacctggeeg
ctccgggeceg
gccaacagct
cgcctctggg
ggccaagaga
tttgagtcag
ctgggggage
acagacatcg

tccceggteg

cgacgctgct
gcccgtcaag
tacgcaagcg
cgctgacccg
ttgagctggc
actacaacca
aatgtctggt
tccageggct
gceggetgeg
gcggggtgec
aggcegggtc
acgtaggcga
tagacgcccc
ggtctgeggg
ccgtggttaa
tcgagegect
agctccggcg
ccgagtccgt
actatgacat
ttcagcaccc
agcacgagct
cgtcgatctc
tgcttegggc
aggagttatg
cggcectgtt

gcgecgattt

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200



ccggeecggc
aggegegecg
atgaggggtc
aggeggecga
tcggcgaccg
ggtgeeggtt
attactttaa
cggccaacga
tctecctgtt
tggagaactg
tcggggtcge
gttgccactg
agttcgtcct
ttctctegge
ccccecgcetce
cggaggagsgt
cgtcgteget
tggccteecg
gcgtcccatce
taagacgaac
aagaatacgc
cgcgtagatg
acattattgc
tgcttaagaa
aaaaggtttg

caggcaaaca

gcgtccecgc
gaccaggeeg
ggccgecacc
ggcgattagc
ccagecgegg
gcggttegtt
gcgctgetgc
ggaccacgtg
caaccccagg
cccccgaage
gggtcegecgc
ggtcctaaac
gccccactgg
cctgttctgt
cgactgegtg
gcgegegect
gttttatcag
acggatgcgc
tgtgegggga
adaaggtttg
gtagagaaat
gtcgtaccgt
ttaagaatac
tacgcgtagg
tacacgggeg

gaaacgacat
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ggggccggtc cagatcgegg tcgeccggaa

ggggcatcgg

atcctcaagc
cagcagacgc
tttaccgcca
ctggacggga
ggccagtcca
cacagcctgg
gacctcctgg
cacgccaccc
acgtccccat
acactcatgt
tacatggccc
gccaccccga
gcctataacc
ctggtctatt
ttttgttgaa
gtgtccttac
gggggecaag
taacttcgta
aagacgaaca
gagtaataat
gcgtaggtegg
ctatcgtacc
agcgctcttg

cttgtcgtca

gcaccgggat
aggccatcgc
tgctecgect
ccagcatcgc
gtcccgagga
gttatcgegg
ccgtgecccc
actttgagct
cgtcgacctt
tcgaacgegt
tcatggtgta
ggtacctgct
cgagctectc
ccgcegggat
ggtggctttc
ttttaggaaa
tcegtettgg
tcggcacgta
ccgtgagtaa
aaaggtttgt
gtggttcata
tcgtaccgtg
gtgagtaata
tctcagggca

aagggataca
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ggeegeegeg
cggggaccgc
ggcctgegag
gcgegtcgac
cgcctatgtg
cttcgeggtg
cctegttetg
tgcctgtetg
tgccaaggtt
tcgetgectt
cgtaaaaccg
ggccaacaac
attccggctg
catggggagc
ggagacccca
taaacccggt
tgggtgests
ttcggacaga
taatgtggac
gattttattg
agacgaacaa
agtaataatg
atgtgcctta
atgtttttat

Ccaaacttccc

gaactgcgceg
acggccgacg
agcctggteg
gtgcgccagg
gtcgegectg
acgtcggagg
gcggtectga
ctgcaccggt
ctgatgtacc
ctggegtgec
ttcctecgea
ttcgacgacg
ccgeeccecg
ccggegeegc
tgctgggegt
aaacgacaga
tttgtttctg
gctgtgtatg
ctcaagcaca
tttattgctt
cttaagaata
aaggtttgtg
tgtactttat
taagacgaac
tggtcaaact

cccctegecc

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760



catactcccg
tgatgagcgc
ccgaccgact
tccagcaagg
gacacccgaa
cggtcgeagg
gcegttgtca
tacgcgggcc
aaccacactc
cacagtgggt
atggcccgec
ttaaagacac

gcegtctect

gcagggcagg
tctgagggag
tccgecagec
gggaagcaaa
atgattttag
ccggetgeceg
accgecgggcc
cgtgccgact
gcaaagtacg
ggggccageg
agcgecgecg
agcacccgtg

tcgaccaggt

ccagcacccc
agtccacggg
cccegectcec
cgcegeegeg
cgctccagta

cgtcctccat

ggcccaggac
cgcggagags
ccgectggct
gccgeagecg
gggcgtectc
cccagaacgc
cgatctgcag
cgttgcacgt
cggccaccac
cgcteccccc
accgcgecgt
tggcgggatg
ccgaggcecac
aggcccccag
cggeegtgsc
ggacgggtcc

cceegesgeec

cggagaactt
ccgtgactcg

ccccgaacgc
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ggtaaacacc aactcaatct cgcgcaggat

ggggagcaca
gggacagaca
gaaggcagtg
ctccgegtcec
aaggccccgg
ccgtegeage
aaatccccca
ccaggcgact
gacggcgttg
gatcaccccg
acccccatcg
gcagacggeg
gtccgggacc
cagcgegtcec
gaggtcggcc
ccagacgggc
ccaccgegec
geegeggecag
gagegegeeg
cggcacggtg
cccceggacc
ggcgtggacc
ctcgeeggeg
ttgcggegtgc

gcectecttc

aggeeccgeg
cgcacgacgc
gggggcaagg
aaccgtttat
gcegtgagtg
gtgtcgegta
agatggtcag
gcgtgggtgt
gccctaagea
gaagccgcat
cccccgeaga
gccattaccc
aggcgctcca

agtcttgcta

agggccgeca
ccgacggecg
accgcctecc
gctegeggeg
taagcggecg
aacgtgggcc
tcaaactcgg
gtggtatgcc
cttacaaagt
ccgegtggec

ttgatcggceg
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ggtatagatc
gccgecagta
ggtegetggce
taaacgcgtc
cgtcctectce
cgacccctge
tgttgtcgeg
agacgccctc
cggctcccac
ccgegtcettg
ccgegaactt
cacccaggag
agacggcccc
ggcccgtecg
ggagctgggc
cgggceggstce
gcaccgegeg
ggaggacgac
cggceecgeg
aacccggaaa
gccccagaaa
actgccggaa
agtcgtaatc
gcaggcccac

gaaacgcaag

ttcgegeagg
gacggggacg
gtgctctgeg
ctcaaagggg
caagataagg
cggcacgcat
cgeegtggtg
ggagttccag

gagggccagg

ggccgtcteg
ggggtccacg
caccgagctg
ctgcegeage
ggLccaggece
gcegtgegeg
gcgaagtccg
taacagttgg
caggaggcat
cctggececcc
caccaggtcc

ccccaggacg

ggcaaagacg
aagggcgacg
gegeeecage
ctcgcacacc

agtctggtat

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320



tcgegegeaa
cactgggggg
tcggcaacge
agagcggcgc
cccgtgegtg
cgctccaggg
ggctccageg
acggagacgt
gcaaagcgeg
aagtactcgc
tcctccacce
ctgtgggtcc
gEELLEEECE
cttggccect
acgagtgcgg
aggccteggt
cgctggatga
cgcccgeaaa
aggcgetgtg
ttttaacgcg
gttcgcccca
geggeggaca
gtccgteggt
ggggggtcag
ccgagtccca

gggttacgtt

atagcgcggt
tgtcgcgaat
gcgecgecag
gageesceee
ggtccgagec
ccgecaggac
g8L8ageCLLC
ccgeggagec
cgcgaccctc
gagcgeggeg
acacgatatc
catgctgecg
gtttttggeg
cggtgegttc
tcccgagact
ggggagctcc
gtgegtgcgc
ctccegettg
gtcgatgteg
ccccgeeecg
gattatcttg
gccgettagg
tacgttacag
taggtccagc
atgcaggcgc

cagggtggees
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tccggtggtg atgttaacgg tcagcgaagc

ggcegecagg
ggccatageg
gegreeecce
gatacgcagc
gcacgcgtac
cggegtegtc
gtagaaatcc
ccctgeggceg
gggcagccat
tgeggtgtcec
tgcctggeceg
ttggegteeg
cggcaacagc
tatagggtgc
gacagcgccg
aaacagcgcc
tgggccataa
tgggcgtcca
ggaaacgtct
aacagcgcca
gcgtcggcga
tggcccagtt

acgtcatcgg

gcggecatgg

ggcagggcca

cgcgeccacg
tcgatgtcaa
cacgacgctc
ggggcgaaca
agcgeeegec
gcggegegeg
cgcagctecg
ttgcgacata
accgcgtaaa

atcgcacggc

ggceeggtgg
ggtgggaaac
gcegeeggtce
taaagttcac

cctccaggat

cccacgeggg
gcagggcgta
acaaccccac
gegtgetttt
ccgegtggtc
cgcgettgac
cgaacaccag
ggccgaaggt
tgctgcacag

cgagctccag
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ccagecgegc
tgttggectc
tctcaacttt
gggccaccgg
acagagtcgg
cggcegecac
tcgeggtgac
caaaatacac
gggtaatggc
ccctaaggat
gtcgeggaaa
ggceegggtce
cgcggacgac
cgccecctge
gatgtcagcg
cacgcgtagc
cagctgectg
gattgtctgt
ggccatctgce
cgtctcgcta
ggcttectec
ctgcatgtag
cctcccagat
gcacaacagc

ctctccggtg

ggcgeacgeg
gtcgggatgc
cgcgaccagg
caccaccagt
cccggtctgg
gttctccagg
gacggccteg
ggagacctcc
cagggegteg
gctgacgctc
cacgggeggt
ccggtgacgg
cgggegccaa
cacgtaccga
atcatgggcc
ttgggsttes
ttgaagcgcg
tgggteeggc
ttggtgaggt
acgccaaaca
acggacccgc
gagagcagaa
cggtcgtagt
cccceggecg
tcccagacgg

acgttgatcg

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880



tggggatgac

tggccatggg

ccatcaggct
ggaggtattt
acgccteggg
aatgtacgcc
agaagcgcac
agagacacgc
gcgacccccg
gacacagcag
cgtgattaag
aaatcagtag
ccatgtccgg
gatcgaagct
acgtggtcac
gacggcagaa
tatcgccccc
gagaggcgtc
gcteggtecc
actcgeccgac
actgcgegtt
gcattaacgc
tcgacataac
gatgaaggct
tggtggatga

gggtctgggt

gceegtggeg
aacgcggaga
gttgaggttg
ttcgacgaaa
atcccggcac
ccgcaaaaac
gcgtatgcag
cagcgtgcat
ccccagegac
gtttgtgacc
gagcatgggc
ctcccecttg
tccgtagttc
gaggcccacg
gtccccgagg
ccgggecacg
gccaaggcgc
Cggagacges
cagacgcgeg
caccacatgc
ggcggttgeg
atccacgcgg
ctcgtccaga
ttccacctgg
gaagtaggtg

aaaactccga
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tagtggtcat agatccgccg aaatatggceg

caggcctcca
cgcatgagcg
agacccacct
cgcagctcecc
agacagaagt
tttagggtca
ctctcaaagt
gtgtcgcatg
tgggagaact
gtaaagacgg
cggagggtsc
atgggtttca
gttacgaccg
ggggtgageg
atctccgega
gcttccaget
ccgeteggeg
agaaacaggc
acgttttttt
tccatggega
cccagttgct
acgaggacgt
acgataagtc

acaaagtcga

cgacaggaga

gcaacgccag
cgacaatttc
ccteegtctce
gtagatcgceg
cctttgggst
gcagcatgtg
agtgtttgta
ccgacgegtc
gegegegeca
gctccgageg
gcacccgtec
cgtaggcgaa
tcgtgtatat
agtgaagcaa
aggagaccgt
ccccaaagaa
gCcegescess
accggcgegc
cgccecggag
tgatccgagg
gcatcgttgg
cgtagttgtt
ggtggaaggs
ccaggcctga

cgacgagcac

Page 198

gtaaataaac
cgceggegcg
ggcggecetgg
ctgggeectg
cagggtatcg
aaggatgtta
acggaatttg
acagcgceccc
ctggccgeag
cgccecggag
cagggactgg
catgccatca
aaccacgcgg
cagcacgcegg
cgacgaaaaa
cgtggcccecc
gcgragggea
cgaaaacccg
accgcacagg
acagatgcgc
cgaatagagc
cagaaggttg
gcggtegttc
ctcagcgaac

actcgtgtcc

ctgctgegee
cgegtgegtc
acatcggacc
geegecageg
agggcgtcga
tcgtgtcccc
aggctgtcecg
ttgtagatgc
ttgaaccggc
gaactgacca
ccgtecatgt
tacacggaca
aagtgcaggg
tattggcccc
tccgtaaact
atgcagatgt
cgggectecg
gcctgeagga
ggcatggegt
aagtccacca
agcaggcgta
tggcccageg
gggcccacgc
ataatgtaat
cgcgtegcta

ggagagtgga

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440



tcgetteecg
ccacagtcac
gctgeegetce
cgtacaacat
tgggacgccc
ggegLecggac
tctgegtcac
acgccacggc
ccgtgeccect
tgttgttggc
ccctggacge
tcgccggaaa
tcagccagct
cccatttttg
tggagctggc
ccttgetgtt
ccgegttcaa
ccattctcgt
tgttggteges
agcactatta
gagtccgegt
gcacccgege
acacgcgaca
gagacggeeg
acccctacgc

cgatttacga

cagccagegg
gcacctggcc
gatcgttgtt
ccgegctage
ggcccccaga
ggcgtggtegg
ggggctectc
gagctcttat
caggttggac
cgtggecegtg
gggeegeegt
cgtctgetct
ggcccacctg
caccaggegg
cccgacccat
gggcgtcttc
ctttaatttt
cgtatcgctg
cccccacctg
caccaacggc
cgcectegec
ctatctgtat
ccgegcacat
ccacaggcecc

gatctcatac

cgaggtggcg
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atcagcgcgg
gtcggggcgc
ttcgggtgaa
gatacgctcg
ggatctcccg
gtctggtgtg
gtcctggect
gceggggtea
acgcagagcc
tatgccgtgg
ctggctgege
tggttgctgc
gtttacgtcc
gtcctgageg
catcgcgtcg
ctgtgcacgg
tcggeeecgg
ttgttggtgg
ggggccgteg
tactacgttg
ctggtcgecg
cacaggcggc
tcecgeectcea
gcacccggca
geegeccage

gacgaccaaa

tagtttttcc
tcgegtteggg
cccggggeac
acgtgtactg
actccgegec
tgcaggtggc
ctgtgttecg
actccacggc
ttgtgggcac
tcggegeegt
cccgeatggc
agatcaccgt
tgcactttgc
ggacgtatct
tcggeecggc
ccgacgeege
gcatgctcat
tcgaggggst
ccgccacggg
tggagacgca
cctttgeect
accacaccaa
agcgcgtacg
gcecegeecgg
tcgaccggta

ccgacgtatt
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cgaccccatt
gaaggtgacg
ccattcggec
ttcgcactcg
ccccacgaaa
gacgtttgtg
ggcacggttt
cgaggtgcegc
ttatgtaatc
gacctcccgce
catgccgceac
cctgttgetg
gtgtctggtg
gcgtcaggtg
tcgegeegtg
ggtatccctg
ctgcctgacc
gttgtgtcac
catcgtcggc
gtggeegees
cggcatggcc
attttttatg
cagttccatg
gattcccgaa
cggagattcc

gtacgccaag

geCgLggea
ggtccgtgct
aaatcccccc
tcgtccccaa
ggcatgaccg
gtctctgege
ccctgetttt
gggggtgtag
acggccgtgt
tacgaccgcg
gccacgctga
gcccatcgea
tattttgcgg
cacggcctga
ctgacaaacg
aataccatcg
gtgctgttcg
tacgtgcgceg
ctggectgeg
gctcagacgg
gtgctecget
cgcatgegeg
cgcggatcge
tatgcggaag
gacggeeagce

atacaacacc

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760

14820

14880

14940

15000



cgcggeacct
ccgecgagga
taaaccgttt
tactatcacc
acgcgtgcga
tggaaactgg
ggggtccgat
gggcacgtag
ggtcagcgag
ccgggeeecg
ctgctteget
gcgatcggaa
gceeeggege
ccgataaacg

tagccctgea

cggcggacca
gegecgccaa
tccgeggegg
tgcgtgacga
ggcttcggga
tcctegtacg
cggcatttga
atgtcccgag
atgaggaccc
aagcgeegeg

aacagcaggc

gcccgacgac
ccccgtgtac
gtgtttaacc
gtcccccccc
ccgtatacag
gtggegggsc
gaacgcaggc
aaattacctt
acgacctccc
gagaacgaga
ggatggcctt
cggcctggtt
cgtcctccag
tcaccagatg
ccaagatctg
gatccccgga
acagaagcac
agcaccgcct
gagcctcectc
tcgaccggat
cggaggecegt
cctcgtaaaa
gacagacgag
cacacgtatg
tgtcggcgec

ttcgggecgt
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gatcccatct atgacaccgt tggggggtac

agcaccgtcc
cgaccgtggt
ccccctcaac
aacattgttt
aggcgectcc
gctgtctecc
cctcttegga
cgtcgteggt
ggcccatagc
atagatctcc
cgggagaatg
gcggaacgtt
cgggtggess
cttaaagttc
gctccaggac
ctccgagaca
tttttcgeec
cgggcegege
aaatgcccgg
ggggtcgetg

gegccagesgee

aatatccagg
cacgttctct
ggcctegecg

cggctegttc

gcegttggta
gtatgtctgg
cccggegatt

tggtttttat

gggggtecegce
cgegeeecgc
ctcgatatcc
gatgaggacg
tcggegageg
ggatcgatgc
gacgccttgc
acgccctect
gggcagtcegg
gggtgacggs
acgggegaga
acgccgctat
gaggcgtggs
acgcgeecgg
aacgcctecg
gggtccatgg
gtcttgggga
gacgccccga
tcggegaggt
ccgtegtecg

acccgeccga
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gctgtttggt
tgtgtggcgt
gtgggttttt
tcgctatcgg
cggtgagtgt
gtaaccccgc
acgacgtcaa
ttgtttcggc
tgtcgtcgaa
ggacggggst
tgggtcctge
ccgegetggt
ggaagtggct
ggttcgcgaa
tggtgtggcg
ttaactccac
cctctgacca
gcgcgaagta
gggaccggtg
ggtcgaaagc
ctggggccag
ccatccccgt
cgctgggttc
cgcggeccac

acatcaccgc

gaccccgagc
tccgttttaa
ccgatcccgt

taaaaacgac

acatgggsgs
ggcgegageg
gcatatccgg
agtcgtggsc
agcagcaggg
tgccaggegg
aatgatcagg
ggccccgaga
geggtgectg
gtcgagcacg
gacgggctceg
tccgaggtceg
caaggcccga
ggcctggtcet
tcgcacgetg
tgccatcaag
gtacttggcc
gtagccgtga
gtgaccgtcc
gtggaagata
gcagtagcga

cgaagactgt

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500

16560



acatccggcc

gggccccage
cagtcggect
gcgtecgeeg
cggtccacca
gcccagageg
cgctcgaacg
cacatagagt

ccaggagata

gegeeecges
ggcgaatggsg
aaggtggttg
cgaggggtgt
gctgggecta
ccgeegeggtg
caggeggegac

tatcgccttg

gggattgegsg
ggtcteggcc
cagggcgaag
gggtacgecc
cagggcgtac
ggcccgtteg
caccagggtg

cttgaggtcc

ggtgacgagg

gcaggctggc
ggagggtgga
ggttttgegt
cggeeggege
tacccgectc
gaccgatggc
tctcggctag
caaggtccgg
gcggaatgtc
gcttttegte
agctcgggtc
tcagcggaag
cctcggecag
ccgtggactc
aacgctgatt
accagcacca
tgtgtgtgct
aggtggcgcc
gagttgacaa
tccggegaca
aggctcgggg
aggtcaaccg
ttgttaaggt
tgaaagttgg
ggctcctgga

ctaaagtcgg
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gttgtgcttc
tgcggtegty
ggccgecteg
cccgeggegc
ctcgaggacc
Cagageesecsy
tatatgggag
ggagtcggga
tggggtcgga
tgcggtgteg
cacagctgat
actgttaggg
ggcccaggga
catttccgag
ctcacgacag
ggagaggctt
ggtaatttat
ggatgccctc
acagggctgg
gctggttgtt
cgacgtacac
ctaacccgac
atttcaccaa
ctgtggttag
ggcaaaactg

cgaggacggc

agccactggg
aggccccgec
taaaacccca
gtcaggcgcec
acggccaggg
cggacgcegc
ggcagegegt
tcggegtecg
ggccctgagg
gtggegtgct
gtcgtctggg
cgggggegct
cgcttagtca
acgacgtggg
cgegtgecege
aagctcggga
acaccgatcc
tgggacgtca
gtgcagcacg
aaaatactgg
gctaaccacc
gtcgtgcttce
cagctccggg
ggcggtggsc
ccccegggcg

ccgecggagce
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gcgagaaaca
ggagrageec
tgaggggccg
ataggtgccg
aacacagata
gcagcaaccc
tggggatcac
ggtcgeggsc
cgtcagaaag
gatcacgtgg
gtgeeseeses
tgggegegct
cggtgegtcec
gggagcggtg
gcgeacgggt
ggcagcgeca
gtaaacgcgc
tacgccaggce
cagcgatagg
taaccgggaa
aactccagca
aggcggtggt
ggctggttat
atgccaaaca
atcgtggagt

gagacggcgt

cggaccctgg
ccatagctgg
gggegecacg
accgagtccg
atccaggcgg
gcgcaggteg
cgacgccgac
gtgggtgccc
tgccggegac
ggggttaacg
Cagggegacegs
gtcggggcca
cggcggacat
gttgagcgcg
tggtgtgaca
ccgacgacag
gccgaatctt
cgtgggtgtt
cgagcagegsc
accgggtcac
gcgtetggcc
tggtaaattc

acccgtgacc

tccggegeeea
tggagttgag

ccgaccgcag

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120



catgacgagg
aaacacaacg
gtttgttgtg
ggggaacact
gttgtgegte
aacggcaaac
ttggacgtca
cgtgtagtgt
gagggtgags
Caggeecees
agacgagcgg
tcggtggegs
geeergeeeg

ggaccgttgg

tctgegggac
gctgettect
tcaccaagcg
tgctccteca
cgggacttta
acaaaccgag
taaatctcgg
tctcggtcca
ccaaggccecg
tggtcagcag
acttaaggtg

agtgcccttt

atgttggcgc
gegegeecca
cgcagggacg
atctgtcgtt
cggeeggegc
cactcctttt

ccgtatcccc

agggegggst
atgtgcgagg
cggttcagtt
ctcattcgec
gacccgtgeg
gaggccccgt
cgtgcacctt
tcatccatcc
cgagttgctc
ccggatcgag
cgcgaatttt
gccgegectc
gatcttgggt
ctcggaggtg
ttccgecacc
tgatcggggt
ctggegtecg
ggcgeggacg

ttagatttcg

ONCR_010_02WO0_ST25.txt
acttgatatc caggtggctg atcccgcagg

gctccgtgaa
ccagttggcc
gttgcagcga
gtagaacgca
cctttatggt
cagacccccc
tgatggcgaa
gggacgagee
tggccgeegt
atcgggatag
aggagegega
gggggttgga

gggggctgag

ttcggccagg
ctcctggtcec
gtaccgtcgg
aacacaggtc
caattccaag
gctgacgecc
cgtcteggec
ctgcgggcga
acttcgecege
acgtccagca
aggcegteggc

cgaccgcgac

gcactggtgg

gatatactta
gaacccgagg
ctccccgacc
cttaacggca

gaagcttcgg

cacggggctg
gggtgeggtt
accgggcgtc
tcccgegega
gacgecgecg
gtgtacgtag
gttagctgec
tcgeegtetce
gcaagacgat
tgtgcggtta
gcgegetgtce
tgggccgect
tcccggtgea
aggcgteggc
cccggggegt
cgcgacccge
gtacctggag
gggcctcacc

ccccaagcgc
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agggeegteg
ccgaggtcca
ggcgegatga
aacagggtcg
agcttatgtt
geeeegggea
catagcttgc
aacgccgect
tcgggggacg
agccgetegc
tcctggagag
gatgcgagcc
acatgaccag
cccacagaga
cgtccacggc
gaaagtcacg
gcatcatctc
ttgcagccat
gctgeagggt
geagggecge
gctctgatag
cacccggtgt
cgcctcgaga
atgggcggcg

caccagaccg

tggtgtttaa
agaccgaggg
tgtcgtacgc
agccgeggat
cgatgagctc
cgcgaatcag
tctcgagggt
ggatgcgegt
gggatctgeg
cgeggegatg
ggageccgga
aggggecegct
aatccttgaa
caggtcgctg
agcgttggtc
gtccaggegc
acgcgeeget
taagcgcgceg
aaaggcgcca
ctggtecttg
gtgggcggca
tctcgegtgc
gcgcgatgtt
aacagaggca
atgccctacg

tggtccctgg

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620

19680



cgtcgggacg
gctgetgttt
cacggccaag
taaggagtgc
tacgtttcag
ctttgcccag
ccccaaaaaa

gctgttccaa

ggaccacgcg
cgacgcggcc
cggcaagacc
caagatcggc
cgcctgectg
ctccttcteg
aaacgtaagt
cacacccacc
cactgatttt
gcaactcgta
gctggteges
cgtgatgcaa
gagaagcgga
ccacagacac
gttggcggaa
gatcctggcc
caggtcgctg

cgggcccaag

ctccacgact
aatagcctgg
ctggaattcc
gcgeeggeeg
gccctecacc
ctgctcaaaa
cgggccaagg
aaaatgatcc
gagcaggtca
gtgcgecact
tggtttctgg
tacacggcgc
cggggcetggt
tttccggacg
cctecttttct
cacccacata
tattcgggat
gcaaataggc
gggatgttgt
ggacgeCeee
cacaggctag
gegeCgacge
tcgatgtgeg
aggagccatc

tccatggecc

gcgcagcacg

ONCR_010_02WO0_ST25.txt
gctgegagea ctcgecgetce ttecteggecg

tgccggegea
tggccccecga
acgtggtgcc
gctccgaagc
cctecttecg
tggacgtggc
ttatgcacgc
acacgttcct
tccgecageg
tgcccctcat
acatccgcaa
tcggtteggc
ggtcgegeag
ttcgeatggc
cacacacaac
cgcttgagga
gactgatgta
ccgegecgea
gggcctgeag
catccccctg
agggacagga
gCeeCeLEesC
ccagatggcg
agcagtagat

cgceeggctce

actaaagggg
gttggtacgg
tcagcgtaac
ctttcgecag
ggcctecage
cacccacggc
cacctacttt
gcgtctegtg
cgccaccgtg
cgcgctgtceg
ggcgaccgag
ccgagtggac
taccatcgtg
tctcccaagg
cagacgcggg
geceegggca
cgaagagaag
ccgtecccecg
cagggtgacc
gaccgccagg
ctccgttacg
gcaggactcg
ggccctgett
ctggeegetg

cgeggeestc
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cgtgatttcg
gcggtggegce
gcctactata
ctggtgcact
ctcacggaga
cggacgtacg
ctggeegecg
tttgagatcc
tttctegtec
ctggectect
ccggtgtttg
cacgttaaag
tttgcctcca

ggcccecgget

aggaaagtct
acggceegeg
acacacaggc
acgacctctt
gtatccacgg
gtacactggg
acggaggaga
cagccccccg
cccggtggac
gggaggtgcc

ttcgecggegea

tggegegeceg
ggggcgacca
gactgcggtt
gcgttctgaa
ttgtgcggga
ccacgggcecc
gcacgctgga
tgctectegg
ccctgtttag
cccggegeca
ttcgggggat
aggagatcga
gggaaaccat
gccacaacac

cgacccgacc

gcceccgtgge

caacggtggg

gccacceggc
gcagacggtc
gatggccaaa
ccatcttggc
gccacagtgc
ggtggttggt
agagcgaccc
accaggcccc

ccagatacgc

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240



gccatccagc

ttcctceggg

cagggggtgc

gaaaaagagg

cagaaaaatc
cagaggctcg
gacgcgccac
gtcgtcgact
cceeggeeea
gEELLLaLEL

gtggcegeee

aaacctaagg
aatggtgaac
caggcagagg
tgtggagees
atccatcgcc
gtagtcaaaa
cgggacgacc
atacgcggtg
gaggagaatg
gtcatagcgc
gcccagggcc
gtcaaagggc
tagcagcagc
ggcgraggec

tcgeecgecc

tcgccgacca

ggggtggccg

gtcacgctcc
gcaaagaagg
tcgcagaaga
gtgaggaccg
acaaagacgg
ctatcgegeg
CCaggegecsy
caaaccccag
gaaggcgccc
acagcggccc
gcaaagccgc
taggcgtagc
acggcctcca
acggcgattg
acgtaatggc
cgeegeeecc
tgaaaaaagg
gggaagcgee
aggcgcetgtg
cggaggcacg
ggcaggacgg

tccgectgec

tcggtcaggg

cacgccacgg

ONCR_010_02WO0_ST25.txt
ctggctcctc cgegagetgt teggtggttg

cccgtatgeg
ggaggtggac
tgttcgggeg
gggrgegecce
ttagacaccg
agttgacaat
tgcegegage
CcCaggeeccy
aggcgggegc
gctagcgaga
gegegacgee
cgggaaagac
tttccccgge
tgaagcgaca
gacgattgtt
cgtcggagtc
gaccgceecg
cgtcgggggc
tggtcacctc
agattcgcgg
ccagatgtat
ggcgeggstg
cagcgggaga
ccgtggccag

agttctcgta

tgcgaacgtg
gatcgcgcag
caaccgcagc
ggggtctggs
aaagatcttg
gcgegegata
tccggeecgg
ccggggtecc
caacggcgcg
ccggeegttc
gtccgagagg
aactatgcca
caggtattgc
tttactctge
aagccgceagc
ggcaaagcgg
tccccccagg
ggtccccteg
ccccaaccac
gcegeectga
gcgegeggta
gCgLaggeec
cagctggtgg
cgccgaggac

ggagacgacg
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agggtgcaca
tagcggegct
gcettggggc
ttaggaaggg
agccgctegt
gagtcgacgt
gaatccggcc
agctgegeca
gggaggagtg
ccggacgaca
ctaaggtagg
cagaggcggc
tcgcagaccc
tcgegtttac
gtgtctecge
gccgggaggt
tgtgccagga
acggcgegea
gcgegttggt
agcgeggecc
aaggcgacct
acctcgagcg
gggcgcacga
agcagcggag

acgaagcgct

ggtcgggest
ggagcggest
cgcggttaaa
gcgtcagata
ccacctgaca
ccgeecgaac

ccgtccccag

ggggcaaggt
tgeeggggsc
ggtgggcgag
ccttgegaca
ccgegatgtt
gattaaaccc
tgcgtgggsc
tgacgtcacc
ttgtgctgta
cgtcgecgag
cggccagesc
tcaggttctc
cggggccaaa
ggatggcctg
cggeggegat
cgggaaageg
cgegttctge
geCegeeceeeg

gcttggttcc

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800



gtagtggtgsg
gcegeeggcc
ggtaccageg
cgetgggscc
gtcagccgec
ccccgatgea
gacgtcctgc
cacgtcctgg
gggggsgteg
caagggctgc
ctccttegeg
acagacgcgc
gtcgtaacta
cgccgecacg
gaacaacccc
ggccagaagc
ggtacagtcg
cccgagtecg
ctcgctggat
cgtctggacc
gcgatgeges
gccaacggag
gccaggactt
agacgattat
acaccgggaa

tcaacgtggt

cgcaggacca
agggcttccc
gtaagggtta
acaaagcggc
cccatggegce
acgccacagg
actgcccget
gcegeggteg
gacgccccga
ggacgcggeg
gCegecgeese
atgatgcgeg
aacagaatca
gcgtacgggt
ccggegetgg
tcccccaccg
ccggtggeat
geegLegeCcCge
atgatgacgt
tcgttggcca
tcccccgagt
gcgtgegtgc
taacctgctc
gggctttctc
ggccagtacg

gacctatata

ONCR_010_02WO0_ST25.txt
cggagataga acgacggctc cacagccagt

atccgcgatc
gaacgtcgtt
ccccgeegeg
ccccgetgac
ccgeacgecc
gaaccaacgc
tgtcgecgec
cgatgggcgg
acgegctttc
cggeggegcc
tgctgteggc
cgcgggcaca
catagacgcc
acgcacgegg
catccgeggg
gagcccgagt
gcatcagggc
gaaccaaaga
agtgcgegtt
ccgegggaag
ttatgcgegg
tttgtcgacg
aaccaggcca
agctttttgt

tgcgatgatc

caaccactcg
caggatgtcc
gggctccaga
ggcctggtga
gegtccgegct
gaggatctcc
gggggecegtce
gtctgegggc
ccccagaccc
aagcagagcg
cgcgtagegc
gctegecccc
ctgcgegtcea
aaggaggcca
cacgtaggcg
ctggatttcg
ggclagageg
ccgaggeeceg
catggttcgg
ggcgtgggtt
cgegtttett
aggccaactt
actgcaagat
acaacctccg

acatgccgag
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accagcgacc
tcgcececgg

cccgecagea

accagggcgc

cggaccgggt

tegttctect
agctgctcect
gcececegegt
atggacaggt
acgtagceggc
gtgttggees
gagccccacg
cacaccacgg
gggtgtgeceg
gcaaacgccg
acctggaagt

attcccgegg

acccgggecg
gggtgggtgt
tggcgegegt
ctgtctctag
tattcgcecg

tatcttcgtg

cggggecgea

ggtggtgacg

ccggeeggtc
gcggctttgc
gccegtggeg
ccgeatctge
cctggegtag
ggcgegcgggt
gtgcgatgga
ccggggagat
ggggccggec
gegLcgLage
acaaatgccg
ggacgagctc
caaggcgceag
gcagggagac
gcacgacgeg
tgcaccacgg
ttgcggecegt
ccgecaggca
tggccgagat
gggtgtgtag
atgcgtattc
ggaatccgag
gatgcggtcc
tcgtccacca
gacgagcttc

CacCacCaaacg

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300

24360



ccacggcctg
ttcgeeggac
aggccaggga
tgttgtaccg
acgtggatcc
ggcggtaccg

cgggeteggc

ccctgeatcc

actcggeccgt

aggeeeccga
gcgeggtgct
ttattaaaaa
tgcgectgea
ccgteteccc
accttatggt
cattcgctcec
cacgaccacg
ggaacacggg
cccaacccaa
tatttattta
tagccgggcc
cgccgtcaaa
ccgegtgget
gcatcagggc
tctgcagtag

gcgtaaggat

ttcttgttat
cgccgatttg
gaccggcgac
cccctegacc
cgcgttcacg
cgacgattat
ccccgecgac
cggggegttt
cgccatcgec
cgegggceteg
gtaccccttt
gtttaactcc
gaccgacccg
caacactgac
cgccgtcatt
tatcacacgc
gtgtcgtctg
ggattctctc
atcccataaa
ggtatgcteg
ttagggatag
ggtgcacacc
cagccaggcg
cggggcettcg
agcgttcacg

gatggtggtt

ONCR_010_02WO0_ST25.txt
atcctcaaca agcccgtttt catcacgatg

tttctggecg
gaccggeecg
accaccaaca
gccaacaccc
atcatcttcg
atcgcccget
cgeggegtcec
acgcacgtgc
ggccccgagc
ttcctgetca
gggggcgtea
gtcgagtatc
gtccgtacgt
atggccatct
gtctcgtgag
ttaagggess
acgaccggca
catacgacac
ggtttctccc
cgtataacgg
cgaaccacgg
acgagcgcct
gggtgaatga
tacccgtect

ccctecgtga

attccttcat
ttctgaccaa
gcggcctcat
gagcctccgg
ccctggagca
gcgtcgteca
gggtggeggt
acacagagat
ttctcttcta
acaaacagaa
tggcctecca
tgctcgagea
attccggaaa
acctcgeggc
cgcccaataa
gegeeeaags
ccagtaccac
acaggcatat
tggatgccca
gggccatgtc
gagccagggec
cgtaaagcgg
gctgggegsec
gggcacttag

tcgagtaaac
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gcaggagatc
gtctgeggeg
ggcccccgat
gaccggegtc
cttttttctc
cagtctgacg
cgagggaaat
gcaccgccta
ccactgcgag
gacgcccgec
ggagatcgtt
gctaaataac
acggaacggc
ccaggccgga
acacacccag
gggtgttggc
ccccctgtga
tttggaattt
cccceacccc
tceggaccge
caaggtgtct
cagccttege
ctccegegtg
cgcaaagagc

catgttaagg

gacgeeecee
atcgggggcc
gagcggtttc
ttgtacgtgt
gctgtegteg
cgcgegetcea
caggtcctgg
agcagccagg
ctggectegg
cctceccggga
tttgaacact
tccgegacgg
ctcaccgaaa
gcctcggatg
cctccgeaca
gtatgctacg
gggaagcgtg
acacagaaac
cttaggtttt
cccgtgggtc
acaacggccg
cctagttggc
tctccatect
acactctgca

cgggegegatta

accagcgatc

24420

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860

25920



gcagctcgge
cgttgtagta
ggtcccggat
gcggaacges
cctcgaacac
tgttgcgaag
ttcgegtgeg
accccaacgt
gcgtcagttg
ccgeegeatc
ccagcatggc
cgeggtggss
gggtcttagg
gcccagacge
ggccctegga
aacagaagac
tacagagcca
tcccgegegt
gtgagcgggt
ggggggegct
tccacgatca
ttaaagcagg
aggtccccgt
gacgggtcgc
gcgtaaacgc

tcggtcgaca

gtttacggga
cagcacgttg
gccectggcc
aaaccgcaac
gggegggacg
gttaacggtg

aagcacccgg

gtcgggactg
ccggeggatg
geeeCeCcgag
gccgatccac
gtcagcggcg
gggttgggag
accgagagcg
atcgcggctt
gcgtgggata
gtcccttgag
gggcttcccc
aggcctectg
taaactgtac
ggcgctccag
ggctgagcac
acgaaaatcg
tctggecgtg
ccceggegec

cgegeetgsc

ONCR_010_02WO0_ST25.txt
ccgagttgtt ggacgtccge cagcagcegag

aggtctggca
acgagccgeg
gtgaggtcca
aggctgatgg
cecggegtggg
gtgatgaccg
acgccteegg
gtcggcagga
atgcccgagg
gegegcaggea
tagcagagac
gcgacaggga
aatccgtccg
gtcggegges
aaagaatcgc
cggggatgeg
gttgcgggca
aaacaggcca
gtcgctggeg
gcagcgatgt
cggcgaggcc
ctgcgacgec
gtcgtacatg
gcgtccccgg

gataaactca

gcectecgge
ccacgatttc
gcgaatccag
gegtccccgtt
tgaggcccac
cggggaageg
agacgaagga
ataccacccg
gtatcgcgat
gtgcagtggt
gggcgaccaa
ccccagagca
cggagtcccg
acaaagggeg
actaccccaa
tcatagacga
ctgcggagga
cacgggtcct
gcggtggeceg
ttggcgegcga
ccgttgaggt
cacgggttgg
agggeggtega
gggttgcagg

cacacggcgt
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gtttctggeg
gcgegecagg
gcgcacgtcc
acagagatct
gtccagggeg
cctteggtac
ttcgtgegec
cccttegeag
gtcagtttca
ggttcggetsg
cctcgcatag
tgcgegggga
gcttggettt
cggggctagg
g8aageeces
gatactgcgc
gggcegggstc
ccacgagttc
tggacaccgc
tgtcggecga
ggtaggcccc
ccgtggecegc
catccccctce
geegeeggaa

cctggecgtg

aggcgactcc
ctggggttca
ggcgatggaa
gtcgettggc
acggeegage
caggcgacga
gccagcaaca
acgtcggcca
cgctgeageg
aagccgtcecg
gcgegeaggag
gacgggeggt
ggtctgtegg
tatggggccc
ggcttgegga
ggcggtttat
gaagtgggtc
gctggegeag
gcggcacccc
cgaacccgtc
cgtaaagaac
gttatagagc
gaaggcccgg
cttgtccccc
gtagttgacg

gtccatccct

25980

26040

26100

26160

26220

26280

26340

26400

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480



gegegeegeg
tttcccgeca
gceeegeggce
acggttgecg
tggegtgageg
aggaagtacg
tgtcggacga
gccacgggac
gcegegetct
cccagagecg
ttgggcgegt
aaatagtcgc
gcgtgcaacg
tcgggegeceg
tgcagcgtga
accgtgttgg
ctggggcact
acgcggtcga
acgtagtagt
gcggegteceg
tccgeggteg
cggcagtcgc
aggggtggca
cccagctecg
gccaccaggt

acgacgtacg

gcacctgggc
cgaccgegtt
ccaggtaaaa
tggccacgac
tgaagtttac
cctccgacge
cggtgaaccc
tgatcttgaa
cgcggacgtg
ggggeaccag
tcgccacgtg
cattttggat
ccccgtcegaa
ccgagcagag
gcatggeggg
ccaccagatt
cctcgecgeg
agcgaacccc
aaatcttgtg
cggeteggsc
ccacgttaca
gatggcggtc
gcagcgeegg
ggcceggtceag
cccggtacac

agaccagcga

ONCR_010_02WO_ST25.txt

gcacccgaac

ccgcaggtac

gttttgggea
ggcggtetag
ccccecgeca
gcgctecgag
aaacccggga
gtaccccgec
ctgcacgacg
ggggacctgc
gtcggccecg
ggtatggtcc
tatgcgcatg
cagcgeegtt
cccgtecact
ggccggetec
ggcgatctcc
cgeggtgeag
gtgcacggtc
ctgggtgtte
tgcegeegeg
cagggccgceg
gtctcgeatt
ggtaaagtca
ggccatgcac

gtagtcgttc

acggggacgg
acggctgecg
aggttgccca
cccacgccca
gtttcgtgec
aacagcacgt
tggaggceceg
atgagcgcgt
ggctgtcgga
cgcgacaggt
gcgaacagceg
agatgctgeg
ttggtegteg
gtgcgttceg
accacgcgec
agggggtegcg
gggaccacca
cagcggececc
cagtccgecc
tgcagcagct
tacacggggt
cgccgcatca
aggtgattca
tcaaccagct
tcctcgggaa

acgaacgccg
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gctgggeegs
cgttgtccag
tgtcggtgac
ggtccacgtt
gggccacctg
tctcagtcac
tcttgagetg
aggtcagcgc
tcgacgaaaa
cgegeagegsc
cgtggacggg
gggccatcag
acgcggtgtt
ccatgttgtg
cgttgtgaaa
cggggteegt
tgttctgcag
gcgagaaggce
cceggtgegg
ggccgtegtt
cgtggccccc
gggcgtcaca
gctcggettg
geEgCCcageec
ggtctccccc

cgcaccgegt

ccccaggegg
gagaggeeea
gegettgceg
cgegegegec
gagctggccc
aaagcggtcc
atgatgcaag
gttctccecg
gtagttggcc
cgggeggaaa
gaggggstaa
caggattccg
ggegeeegeg
ggccagcacc
catggcgttg
cacggggtcg
ggtggcgtat
gggcaccatc
ccggtcatcc
gcggttgaag
cgcgctaacc
gtcccacacg
cgectgeecg
ctcgacgtgc
gaggtaggtc

gttgttccag

27540

27600

27660

27720

27780

27840

27900

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040



tagctggtga
tgtatggcgg
cgaacggegg
cgggegtecc
caggtggcct
tcggccaccc

tcgggctgea

tgggccaggc

geegeggecg

cccccgaccg
tccagagaca
aagecgegee
cgttccatga
accaggggst
accagcttct
tcgagctegt
tggcggecca
ttggccccgt
actttcagga
tcgaccggcec
gtggeegtgsg
cccaggaaaa
gccaccctgg
ageesceeee
gccccgagga

gcgecgatac

tgcactggac
cctgcageag
cgatggtgsc
ggaacgccgc
ggatctcccc
ccacaaagaa
taaactgctc
gctgecccca
ccacgtacgc
ccgegtcaac
ggcgcagcac
gatccgggtg
ccggattgaa
agggaacgtt
cgccgatgga
ccagegtctg
cgtcgtccag
tcaggaccat
aggactgcag
gccegegegt
tgaggtccac
agctcgtctc
tggccaggeg
ccttttccag
cggcctggac

ccgteecgtce
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cacgagccgg
gtaaaacacc

gggggccatg

cggacatagc
cgggeegegcc
gtcgaacgeg
cggggtcatc
ggcgttcaaa
cccgtacgga
gttcatcagc

ctggeggtcc

gCegeeesee
caggcccagg
ggtggeggceg
caccagatcc
ccggttcagg
acttcgcacg
ctcgecgtac
gaggcgetgt
gtcggcatgc
gagccaggcc
gcagaagctt
gcegttgtec
cagcacgtgc
gttgcgagceg

cagggcctcc

gCcagegesc
gccgggtagt
gegtggegtce
gccaggggca
gggggaacgt
gggtgcagcet
tggccttecg
aacagctgct
ttggcggctt
gaagggtggc
ttcccccaaa
gggactaggt
ggctaggacga
tagatgcgct
gcgegeacge
tcgagetgcet
gcecttgecca

gtcaccggca

ttgatcgggg

gtcagacggg

tcgacggect
cgctttaget
aggtatcgtt
agcatctggt
agctgttgga

cccgtgagcea
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agaagacgtg
tgcggtegtc
ccacccccag
agttgccgtt
cccceeccgg
caagagccag
cgacccatcg
gcatgtctgc
cgacgggsgtc
acacggtccc
aaaacagctg
ccccggegtg
acgtcaggtc
tctccagggc
gcgtegtetg
cctcctgeat
tcacgagcgc
cgtcggcttc
cggtggtgac
gcacggccac
cceggeggtg
cggcgaccag
gcatcggcaa
cggeegtgec
tggcgegcaa

gggcgatggc

ctcgctgecg
gaacgccccg
ctccaggecc
caccacgcgc
cagctccacg
gttggcgttg
gacccgeecg
gecgegeceg
gcggttaagg
gatcgegtgt
gCegeeeceee
cgcggcaaac
catggcgcecc
ctccagaaag
gggggcrgctc
ctccagcagg
cgtgaccagg
ggtgtcctec
gagcaccccg
ggagggctgc
gccegecttg
ggtcgeecgg
caacaaagcc
gcgctcaaac
ctggcgatgc

ctcggtggcec

29100

29160

29220

29280

29340

29400

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600



aggctgaagg
ggttgctcga
acgcgeecct
aacccgagct
tcgaactcga
aggcgtcgat
gcggcatacc
cggctgtctc
cgtgtacgtg
ggcgggggat
gctgeggect
aggccttata
atggccctgg
gccgecacce
ggatcggtgg
aaggtctcgt
atcccccaaa
aggagcgccc
ggcgecacca
ttcaggacca
tggggcggaa
aatgaaaact
accagatctc
gtggggagac
cccgggttct

gcegttecgce

cggcgttcag
tggegtecgs
cgttcatgta
ccagaaagcg
cgtcgtacag
gcgacgcecac
ggtatcccgg
tagcgatatt
cccgacggcc
gctgtgtgag
cgttccagga
tacccccccc
tccaaaagcg
acatcgaggc
gcggcagcat
gELCEECEEC
acacgggcgc
gcaccgccca
cccttecggt
aaaacgacca
gacgcgagta
gttcctccag
gatccaccag
cgaaaccgca
tgcacaaaca

gccttgatat

ONCR_010_02WO_ST25.txt

ggceeggegg
gcecgtegegg
ggccagctcc
cacgagcgac
gctgtttgca
ctcgatcgtg
agggtcgegg
geLccgggsa
caaggtccac
aggccgggtg
gaacccagtg
ccegeeccac
tgccaggaag
cccggeegeg
ttggttggtg
gaacaaggca
cgacaacggc
cgtaacgtag
cagcccgtaa
aaggaacaga
tgccgaactg
cggcagttct
aggaaggtca
aagggtcgct
ccacccgggt

aacctttgat

tcgataatct
gcaatcagcg
ggaaacttgg
agggtgttgc
tcggagegca
ctaaggaggg
ttgggagegg
ggctaagatc
cgaaagacac
ccggteggeg
tccccaacag
ccccgttaga
aaattggcag
caggctatcc
gcgataaagt
cacagggccg
agacgatccc
tagccgacga
tacatgcccg
atcacgcgct
acaaaaaaat
ccctectecc
tcccgeatgg
tacgtcagca
tgcatccgeg

gttgaccaca
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tggtcatgta
gctggtggac
tacacacgca
aatacgaccc
cgcgggaaaa
acccggtcgg
ccatggggtc

caccccaacg

gacgggceeg
gggaaaggla
acccggggac
acgcgacgeg
aggcggcaaa

ccagggcccg

ggaaaagccc
tgcctcccaa
tcttgatgtt
tggcggeceag
ctgccaccat
ttgaaaagac
cagaggtgcc
ccccgaaggc
tcatggggts
ggatcccgag
gaggcgagtg

aaacccggaa

attgtgtgtg
ctcgaactgt
cgccaccgac
Cagcaggecsy
aaaatcaaac
caccatggcc
gcgtggagat
cccggecacc
gacccaaaaa
ccgggagaag
gtgggatccc
tgcattcaag
gctgtecgec
tgtgcgeagg
gtccggactg
aaacacggac
aacgtacagg
gatacaggcc
ctccaacggc
cggcetgggta
gtacgaggac
ggcctegteg
tgcggtggag
atcaaagaca
ttttgataag

tttacgccta

30660

30720

30780

30840

30900

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160



cgcccca
agttcat
gtgtecgg
gttgtat
ccaccgc

ccctcca

ctctggg
accggga
ggtgtgt
gtctggt
agctccg
<210>
211>
<212>

<213>

<400>

aaaaaagctg aacgagaaac

cataaaa
tacttag
atgctgc
atccagc
agaggtg
agtgtca
tcttaca
agtttct
tttatat
gatcagc

tgcgeca

atg
tgg
gaa
tcg
gtg
gtt
ccg
cgt
tta

cgt

846

32767
DNA
Artifical

846

aac
atg
caa
cta

cga

tag tcctgaaaat

agt
gta
tcc
cac

gct

cccacgcaag

aggccaaggg

cacgcccggg

agacctgcct
cggcacgceac
tctgttgteg
tgttacgtcg
tgtgttttac

ttccgtgggg

tcgagggaca

agactacata
gtattagtga
cttagtcgac
ctcgctattg

gcctettttt

cgttcggett
atttctactg
ccagaacatc
ttcttccecg

ttcatccccg
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atgaggtagg
gaaaaatggg
gttgtcctca
gtgcaacgca
gaggacgagt
gtgttccccc
ccgeecgega
gtcacaacgg
cggeegtgtg

ggcccagacg

gtaaaatgat
atactgtaaa
cctgtagtcg
cgacagcctt
tcctcaatgce
tgtgtgacaa
catctgcatc
catctggatt
tatcgacctg
aggttaatgg
ataacggaga

atatgcacca

taaccccccc
gtggggagga
aaaggcageg
cgtcggggtt
ccgegtgett
atacccacgc
tggagcttag
accgaaaccg
cctcgeagec

accgegtggt

ataaatatca
acacaacata
accgacagcc
ccaaatgttc
cgtattaaat
aataaaaaca
aagaacaatt
ttcagcctct
cagactggct
cgtttttgat
ccggcacact

ccgggtaaag
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gtggetgtga
aacggaaaac
tccatactac
gcetgtgtec
tattggcgtt
ccacatccac
ctacgccacc
ggcctacttt

cgggegagatt

cgccaactat

atatattaaa
tccagtcact
ttccaaatgt
ttctcaaacg
cataaaaaga
tctacctatt
tcacaactct
atacttacta
gtgtataagg
gtcattttcg
ggccatatcg

ttcacgggag

cgttgegttt
ccagtaggcc
ggaagccgtc
ggttcggecc
ccaagcgttg
cgtagggggc
accatgcact
gtgtgegees
gccaagtttg

gtacgaagcg

ttagattttg
atgaatcaac
tcttecgggtg
gaatcgtcgt
aataagaaaa
catatacgct
tatacttttc
aacgtgataa
gagcctgaca
cggtggctga
gtggtcatca

actttatctg

32220

32280

32340

32400

32460

32520

32580

32640

32700

32760

32767

60

120

180

240

300

360

420

480

540

600

660

720



acagcagacg
cactctgtac
actgcatttc
gcgacctcag
gcttcattct
gcaactgata
ttttgacata
caaatacgca
ccctgecact
tcacaaacgg
taatatttgc
aaggccgtaa
gcctcaaaat
tttttctcca
ggtagtgatc
cattttcgcc
tattctgcga
gctgccaact
tggatatgtt
atattgatat
atggaccgcc
gggatcctag
ccgcagcacc
ggcggttgtc
tgggggcegac

caaaatgccg

tgcactggcc
atccacaaac
accagcccct
ccatcccttc
gcatggttgt
gctgtcgetg
cttcgggtat
tactgttatc
catcgcagta
catgatgaac
ccatggtgaa
tatccagctg
gttctttacg
ttttagcttce
ttatttcatt
aaaagttggc
agtgatcttc
tagtcgacta
gtgttttaca
ttatatcatt
cgcaaggegg
gaccccaaaa
tctaccagca

gegggtgeag

ccgtaaatgg

gcegtggcegc
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agggggatca

agacgataac
gttctcgtca
ctgattttcc
gcttaccaga
tcaactgtca
acatatcagt
tggcttttag
ctgttgtaat
ctgaatcgcc
aacggggecg
aacggtctgg
atgccattgg
cttagctcct
atggtgaaag
ccagggcttc
cgtcacaggt
caggtcacta
gtattatgta
ttacgtttct
ggggggcatt
gtttgtctgc
ggtcegeggt
gegegeegece
ttgcagtgat

tcegggegct

ccatccgtcg
ggctctctct
gcaaaagagc
gctttccagce
ccggagatat
ctgtaatacg
atatattctt
taagccggat
tcattaagca
agcggcatca
aagaagttgt
ttataggtac
gatatatcaa
gaaaatctcg
ttggaacctc
ccggtatcaa
atttattcgg
ataccatcta
gtctgttttt
cgttcagctt
tcagtgtcgg
gtattccagg
gggctggaga
caccccgtgt
gtaaatggtg

ttcgeegegce
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ccegggegtg
tttataggtg
cgttcatttc
gttcggcacg
tgacatcata
ctgcttcata
ataccgcaaa
ccacgcggcg
ttctgecgac
gcaccttgtc
ccatattggc
attgagcaac
cggtggtata
ataactcaaa
ttacgtgeceg
cagggacacc
cgcaaagtgc
agtagttgat
tatgcaaaat
tcttgtacaa
gtgacgagcg
gcggggctcea
aactcggccg
gcegegectg
tcegeggtcec

gaggagctga

tcaataatat
taaaccttaa
aataaaccgg
cagacgacgg
tatgccttga
gcatacctct
aatcagcgcg
tttacgcccc
atggaagcca
gccttgegta
cacgtttaaa
tgactgaaat
tccagtgatt
aaatacgccc
atcaacgtct
aggatttatt
gtcgggtgat
tcatagtgac
ctaatttaat
agtggtttta
cgatccggcec
gttgaatctc
tcccggggcea
gcgtctectc
agaccacggt

cccaggagtc

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280



gaacggatac
gcctataaag
gggegtgtgc
taccatgatc
tgcgetggtc
ggacatctcg
ggcgggttaa
aatgacgtca
ggaggaggtg
aaagcagatg
cttggagctg
ctcgacaaac
gaccacgtaa
ccteegeage
attgtccgtc
gcagccccgg
cccgaagagc
ctgggtgtga
gtcgagetgt
gtccgggecc
gcctgegteg
cagaatctcc
caggceeggg
caggaacctg

acgcaacact

gcgegeggtc

gcgtacatat
cggtaggcac
tggataacaa
gcgeggstec
agcgaggecc
cggtgggtag
tagacaatga
tcgegetegt
gtgcgggaca
gcgaccttgt
atgccgtagt
tcgctgatgt
gECaggeeee
tcgtccgeaa
tgcagggcga
aagataacgt
tcttggagga
acggcgecgg
tgttcgtcca
ccgteccgeg
gccattaccg
gccgttagtt
cgctgcagaa
taggcaaact
gcctcgaagg

accgcgatct
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gggcgtccca cccgegtteg agettcetggt

aaaattcggc
cgcctecgeg
cgtactcaaa
tggegtggca
tgagtccccc
ccacgttcgg
ggcgcteecg
tggccacgta
ccaggctaag
cggegtttat
tggtgttgac
cctcttccag
aggcaaacac
cggacatcag
tgtccacgta
ttcggaatct
tggtctecgg
gccecgegaa
gccccagttg
acgcctgegt
ctcccatgeg
agttgtaaaa
ccaccgaagt

cccggaacgt

ggctgttgag

gcgacagtcg
cgegcageege
aacatgcacc
taggctatac
gggeegggtt
atcgcgcaga
gagcggattt
cgcgctgttg
gccetgggag
ggccatggcec
gacggacatg
taactcggcc
ccgtgegtac
ccccecgege
cgtgctaaag
cccgaggaag
ttccccgggg
aataacgtcg
cttaaaatca
cggcaccccc
ggcgtaggeg
ggagataagc
ctccccctga
cccactaaac

gacgtaagtg
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ataatcacca
tcctggeget
acctgcgegg
gcgatggtceg
cggtggaact
gccgatagta
aagttcatgc
aggcgcaggt
cgcgtgatgg
agctccgtag
aagccgtgtt
acgttggccg
gtgtatccca
ggcgagecgg
ggggcgactt
gcecegettcea
gtgtagtggc
aggtcgtcgt
aacgcacgct
gaagatttgg
agggtcctct
ccgctaaata
gtctttacaa
CCaaaaacca

acgtcgttgc

tgctgteccg
acagcccaat
cccggeeecg
cgtcgggcag
tctgtggatt
gtaaggggac
tgtgctcact
gaaggaattc
tgccgggcegt
tcatggcaag
agtcaatgga
ggtcccgeaa
tcgegtgecg
tgagcgtata
tcagcatctc
caaatgcctc
gcagcgcaaa
agtaaaacac

cgggaaaatc

cgeegeeesc
ggcgcagaga
gggtcgcatc
tgagccgega
agctgtcegtc
gttttcgcag

gggccacgac

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840



cagctgctgt
cgagtagttg
ctggtgtgtc
gagggtgaac
catgtacgcg
ggggttggtg
ggtgatgggc
ccgtttgttg
gcggttgeag
ctggtgctcg
cacgggccgc
gcaatacacc
cacgttgctg
ggcgeecteg
caactcctcg
gtagtacgtc
gtacgggtac
gatggtgttg
cgcaatgcegc
cgtgctcttt
gaggggcagg
cacttgcgct
caccccgtgc
gtccccgggt
gceggeegec

cacggaagcg

ttgctgtgea
gtgatgcggc
agccgtceggt
acgacgaact
ctcacctctt
atgtagtttt
aggccgtact
ttaataaaaa
atgaggtacg
aaggtcgact
aggegeeeeg
acggccgtga
cgggtaaagg
gccaacccca
cccccggagg
agatctcgtc

tgtcccagtt

atgggtcggc
gtggegeeceg
ccggagecag
cctgeggege
ccgtegaget
atagacgtaa
tgctgaaggt
gccatgaccg

ctgtgctccc
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cctcgeageg catgtgeccce gegtectggt

tggegttggc
attcgtcaaa
ccccctcacg
tgtgggagga
ccgggacgac
ccagcacctt
tggcccaget
tgagcacgtt
ccagggacgc
cgtactgggg
ggaggtgacg
ccggeagegc
gggtccgttc
cggccagegsc
gctgcaggtc
gggccetggac
tgagaaaggc
tcaccacaca
cgttgeeggt
actctaaggc
gttgttgcga
aatttaaaaa
gCgeeeescce

caccacgctc

cCcgaggacgg

cgtgagccac
ctccttgacc
ggtcaccttc
gaacagccgc
gaagcgatcc
catgaggtta
atacgagagg
ctcgctctgg
cgtctgegtc
ggtgtggtac
cccaaggagc
ccegtgggtg
cagggegecc
gcgcttegtg
ctccagcgag
gtgattcccg
gcccgagagt
gtccaagacc
gataagatac
cgccacgtcc
gagctctcgg
ggccteggcec
gggtttctgt

gcgggecccc

ctgggtaaag
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ttttcaatcg
gacacgaacg
aggtaggcgt
gtccagecgg
acgaactgca
ccgaactcgt

cgggcgtact

cggacggaac
ggcgagccca
agggcgttaa

ccggectegt

geegeegeca
agggcglgaa
aggtccaaaa
gcggggttgce
cgaaacccaa
ttggcgtaca
tcgttgattg
accgcgaacg
cggaaccact
atgcgcttaa
ctccctggaa
ccgtctaget
actacgcgtg

gttcacccca

cctggctctg

tcaggccgeg
taagcacggg
ggagcttggc
ggaggttggc
tgtgctectc
gctcgacgea
cgcgeagegt
accgcagttt
cacacaccaa
tcatccacca
cgatgacgat
accgcgtcag
actcgttccg
tcacctccca
tggtcagggt
attcatgaaa
tgttttgggc
tctgcacgca

gaaactccct

gcagatgggg
ggattggctg
cggetggteg
ggcgcteccc

cgegeeeeea

gcceeggtac

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400



gatgctgttc
caacgtcgtc
gctcctcaac
ccgeggtetg
cgeeggegtg
ggactttgcc
cttccccaaa
acaagaaggg
ccagctggcec
gctggecttce
ccgeegeegsc
gctgtggecc
gtttcccgag
caataccgcg
cggtgecegeg
ggccgecteg
cattaacgac
ggccgtcgac
ccaggaccag
caacatcaac
gcgegagacc
cgcaacagcg
gaccggtgga
tatcgacgtc

gtacatccct

ggtgegetgt

cgcgagattc
cggtccageg
gccaccactt
cagccccaac
gCcgageges
cacgggtteg
tatatcgact
ggtgtgacgc
acggtcgegg
gactccacgc
gactggctcg
cccttgtgga
atcgtcgegt
tccgtcaagg
cgggtcgtta
cgcctegtgc
accgtgegtt
ggtaccctcc
gELLLECEEE
ggcgtgttgg
aacgcgggcc
ggggeectgg
tgcggeagec
agcaagtcca
tcgtacgecc

tttaaaattc
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tccacgggca getggggtat accgagggcc

aggcgaccac
accgggacct
ggctggttceg
tgttcgacac
tcgectgett
ggctgacgtg
agggtctgag
aggeegegea
gcgtggegga
tgcgagaccc
ccggggaccg
gtcactccct
tgctgctgeg
acaaggtgtt
ggcttatcat
cctacctcga
ctggattcgg
cgccgeagct
agggctatat
tggcgaccca
agcgccagea
gcectgegeg
tggacgacga
aggacctgga

tgtgtcaccg

ccggcagctg
cgaggceggac
ccggtacagg
gtggcggaac
tgegeeggsc
cctggggctg
ggcgtttctce
gegegeegsce
ctacgaccgc
catcagcggg
tctggtette
ccgggaacac
gcgcaagagce
geggeaggac
caacatgaag
cgaggcegeg
Caagggegea
tcgecaggcec
aaataacctg
attgcaggag
gegegegecce
ggcggacctg
cacgtacgtc
gcgeetgteg

CaacCaaccag
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caggcggcga
tggcteggcc
aacgcceggg
acgcttagga
ggcecgageg
gtccccatat
aagcagcacc
cccgggtttt
gtgtatatct
cagcgcggag
gattcgceccg
gcgcacgtct
gacagcgagce
gacgagacca
ggcatgegec
gggcacctga
aacagccgeg
ttccgcacgg
tttggaacca
cgcgaccgeg
gacctggeeg
ctccgggecg
gccaacagct

cgcctcetggg

ggccaagaga

agggggtgta
tctttcacge
acgtggcgec
aggcggatat
cgacgctgct
gcccgtcaag
tacgcaagcg
cgctgacccg
ttgagctggc
actacaacca
aatgtctggt
tccageggct
gceggetgeg
gcggggtggc
aggcegggtc
acgtaggcga
tagacgcccc
ggtctgeggg
ccgtggttaa
tcgagegect
agctccggcg
ccgagtecgt
actatgacat
ttcagcaccc
agcacgagct

cgtcgatctc

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960



gtactccagc
ccccegggta
ggatgcggtg
cgtcgeggac
ccggeecggc
aggegegecg
atgaggggtc
aggeggecga
tcggegaccg
ggtgeeggtt
attactttaa
cggccaacga
tctecctgtt
tggagaactg
tcggggtege
gttgccactg
agttcgtcct
ttctctegge
ccccecgcetce
cggaggagst
cgtcgteget
tggccteecg
gcgtcccatce
taagacgaac
aagaatacgc

cgcgtagatg

ggggcgatcg
ggcgegecca
tttaagaaaa
gtccagcacg
gcgtccecgc
gaccaggeeg
ggccgecacc
ggcgattagc
ccagccgegg
gcggttegtt
gcgctgetgc
ggaccacgtg
caaccccagg
cccccgaage
gggtcegecgc
ggtcctaaac
gccccactgg
cctgttctgt
cgactgcgtg
gcgegegect
gttttatcag
acggatgcgc
tgtgegggga
adaaggtttg
gtagagaaat

gtcgtaccgt
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ccgcattcgt cgecccctac tttgagtcag

tcacgggctc
cccgectgea
cagcgctgec
ggggceceggtc

ggggcatcgg

atcctcaagc
cagcagacgc
tttaccgcca
ctggacggga
ggccagtcca
cacagcctgg
gacctcctgg
cacgccaccc
acgtccccat
acactcatgt
tacatggccc
gccaccccga
gcctataacc
ctggtctatt
ttttgttgaa
gtgtccttac
gggggecaag
taacttcgta
aagacgaaca

gagtaataat

cgatgtcatc
aacgtacctg
cccgeececc
cagatcgcgg
gcaccgggat
aggccatcgc
tgctcegect
ccagcatcgc
gtcccgagga
gttatcgegg
ccgtgecccc
actttgagct
cgtcgacctt
tcgaacgegt
tcatggtgta
ggtacctgcet
cgagctcctc
ccgcegggat
ggtggctttc
ttttaggaaa
tcegtettgg
tcggcacgta
ccgtgagtaa
aaaggtttgt

gtggttcata
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ctgeegeagg

acagacatcg
tccceggteg
tcgeccggaa
ggeegeegeg
cggggaccgc
ggcctgegag
gcgegtcgac
cgcctatgtg
cttcgeggtg
cctegttcetg
tgcctgtetg
tgccaaggtt
tcgetgectt
cgtaaaaccg
ggccaacaac
attccggctg
catggggagc
ggagacccca
taaacccggt
tgggtgegts
ttcggacaga
taatgtggac
gattttattg

agacgaacaa

tgcttegggc
aggagttatg
cggeectgtt
gcgecgattt
gaactgcgceg
acggccgacg
agcctggteg
gtgcgccagg
gtcgegectg
acgtcggagg
gcggtectga
ctgcaccggt
ctgatgtacc
ctggegtgec
ttcctecgea
ttcgacgacg
ccgeeeccecg
ccggegecgc
tgctgggegt
aaacgacaga
tttgtttctg
gctgtgtatg
ctcaagcaca
tttattgctt
cttaagaata

aaggtttgtg

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520



acattattgc
tgcttaagaa
aaaaggtttg
caggcaaaca
catactcccg
tgatgagcgc
ccgaccgact
tccagcaagg
gacacccgaa
cggtcgeagg
gcegttgtca
tacgcgggcc
aaccacactc
cacagtgggt
atggcccgec
ttaaagacac

gcegtctect

gcagggcagg
tctgagggag
tcecgecagec
gggaagcaaa
atgattttag
ccggetgeceg
accgegggcc
cgtgccgact

gcaaagtacg

ttaagaatac
tacgcgtagg
tacacgggeg
gaaacgacat
ccagcacccc
agtccacggg
cccegectcec
cgeegeegeg
cgctccagta

cgtcctccat

ggcccaggac
cgcggagage
ccgectggct
gccgeagecg
gggcgtectc
cccagaacgc
cgatctgcag
cgttgcacgt
cggccaccac
cgcteccccc
accgcgecgt
tggcgggatg
ccgaggecac
aggcccccag
cggeegtgsc

ggacgggtcc
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gcgtaggtgg
ctatcgtacc
agcgctcttg
cttgtcgtca

ggtaaacacc

ggggagcaca
gggacagaca
gaaggcagtg
ctccgegtcec
aaggccccgg
ccgtegeage
aaatccccca
ccaggcgact
gacggcgttg
gatcaccccg
acccccatcg
gcagacggeg
gtccgggacc
cagcgcgtcc
gaggtcggcc
ccagacgggc
ccaccgegec
geegggecag
gagegegeeg
cggcacggtg

cccecggacc

tcgtaccgtg
gtgagtaata
tctcagggca
aagggataca
aactcaatct
aggegccgeg
cgcacgacgc
gggggcaagg
aaccgtttat
gcegtgagtg
gtgtcgegta
agatggtcag
gcgtgggtgt
gccctaagea
gaagccgcat
cccccgeaga
gccattaccc
aggcgctcca

agtcttgcta

agggccgeca
ccgacggecg
accgcctcecc
gctegeggeg
taagcggceceg
aacgtgggcc

tcaaactcgg
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agtaataatg
atgtgcctta
atgtttttat
caaacttccc
cgcgcaggat
ggtatagatc
gccgecagta
ggtegetggce
taaacgcgtc
cgtcctectce
cgacccctge
tgttgtcgeg
agacgccctc
cggctcccac
ccgegtcettg
ccgcgaactt
cacccaggag
agacggcccc
ggcccgtecg
ggagctggec
cgggceggstce
gcaccgegeg
ggaggacgac
cggceecgeg
aacccggaaa

gccccagaaa

tgtactttat
taagacgaac
tggtcaaact
cccctegecc
ttcgegeagg
gacggggacg
gtgctctgeg
ctcaaagggg
caagataagg
cggcacgcat
cgeegtggtg
ggagttccag

gagggccagg

ggccgtcteg
ggggtccacg
caccgagctg
ctgcegeage
ggLccaggsce
gcegtgegeg
gcgaagtccg
taacagttgg
caggaggcat
cctggecccc
caccaggtcc

ccccaggacg

ggcaaagacg

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080



gegeCcages
agegeeggeg
agcacccgtg
tcgaccaggt
tcgegegeaa
cactgggggg
tcggcaacge
agagcggcgc
cccgtgegtg
cgctccaggg
ggctccageg
acggagacgt
gcaaagcgeg
aagtactcgc
tcctecaccc
ctgtgggtcc
g88ELLLEECE
cttggeeect
acgagtgcgg
aggccteggt
cgctggatga
cgcccgeaaa
aggcgetgtg
ttttaacgcg

gttcgcccca

gcggeggaca

ccceggegec

cggagaactt
ccgtgactcg
ccccgaacge
atagcgcggt
tgtcgcgaat
gcgecgecag
gageescese
ggtccgagec
ccgecaggac
g8L8ageCLELC
ccgeggagec
cgcgaccctce
gagegceeee
acacgatatc
catgctgecg
gtttttggeg
cggtgegttc
tcccgagact
ggggagctcc
gtgcgtgcgc
ctccegettg
gtcgatgteg
ccccgeececg
gattatcttg

gcegettagg
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ggcgtggacc gtggtatgec actgccggaa

ctcgeeggeg
ttgcgggtgc
gccctecttc
tceggtggty
ggccgecagg
ggccataggg
gegregeecce
gatacgcagc
gcacgcgtac
cggegtegtc
gtagaaatcc
ccctgeggceg
gggcagccat
tgeggtgtcec
tgcctggeceg
ttggggteeg
cggcaacagc
tatagggtgc
gacagcgecg
aaacagcgcc
tgggccataa
tgggcgtcca
ggaaacgtct

aacagcgcca

gcgtcggcga

cttacaaagt
ccgegtggec
ttgatcggcg
atgttaacgg
cgcgececacg
tcgatgtcaa
cacgacgctc
ggggcgaaca
agcgeccegec
gcggegegeg
cgcagctecg
ttgcgacata
accgcgtaaa

atcgcacggc

ggceeggtgg
ggtgggaaac
gcegeeggtce
taaagttcac

cctccaggat

cccacgeggg
gcagggcgta
acaaccccac
gegtgetttt
ccgegtggtc

cgcgcettgac
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agtcgtaatc
gcaggcccac
gaaacgcaag
tcagcgaagc
ccageegegce
tgttggectc
tctcaacttt
gggccaccgg
acagagtcgg
cggcegeceac
tcgeggtgac
caaaatacac
gggtaatggc
ccctaaggat
gtcgeggaaa
ggceegggtce
cgcggacgac
cgccecctge
gatgtcagcg
cacgcgtagc
cagctgectg
gattgtctgt
ggccatctgce
cgtctcgcta

ggcttectcc

aagggcgacg
gcgeeecage
ctcgcacacc
agtctggtat
ggcgeacgeg
gtcgggatgc
cgcgaccagg
caccaccagt
cccggtctgg
gttctccagg
gacggcctgg
ggagacctcc
cagggegteg
gctgacgctc
cacgggeggt
ccggtgacgg
cgggggcaa
cacgtaccga
atcatgggcc
ttgggstteg
ttgaagcgceg
tgggtecggce
ttggtgaggt
acgccaaaca

acggacccgc

gagagcagaa

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640



gtccgteggt
ggggggtcag
ccgagtccca

gggttacgtt

tggggatgac

tggccatggg

ccatcaggct
ggaggtattt
acgccteggg
aatgtacgcc
agaagcgcac
agagacacgc
gcgacccccg
gacacagcag
cgtgattaag
aaatcagtag
ccatgtccgg
gatcgaagct
acgtggtcac
gacggcagaa
tatcgccccc
gagaggcgtc
gcteggtecc
actcgccgac
actgcgegtt

gcattaacgc

tacgttacag
taggtccagc
atgcaggcgc
cagggtgggs
gceegtggeg
aacgcggaga
gttgaggttg
ttcgacgaaa
atcccggcac
ccgcaaaaac
gcgtatgeag
cagcgtgcat
ccccagegac
gtttgtgacc
gagcatgggc
ctcccecttg
tccgtagttc
gaggcccacg
gtccccgagg
ccgggecacg
gccaaggcgc
Cggagacges
cagacgcggg
caccacatgc
ggcggttgeg

atccacgegg
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tggcccagtt cgaacaccag ctgcatgtag

acgtcatcgg

gcggccatgg

ggcagggcca

tagtggtcat
caggcctcca
cgcatgagceg
agacccacct
cgcagctcecc
agacagaagt
tttagggtca
ctctcaaagt
gtgtcgcatg
tgggagaact
gtaaagacgg
cggagggtsc
atgggtttca
gttacgaccg
ggggtgageg
atctccgcga
gcttccaget
ccgeteggeg
agaaacaggc
acgttttttt
tccatggega

cccagttgct

ggccgaaggt
tgctgcacag
cgagctccag
agatccgeccg
gcaacgccag
cgacaatttc
ccteegtctce
gtagatcgceg
cctttggggt
gcagcatgtg
agtgtttgta
ccgacgegtc
gegegegeca
gctccgageg
gcacccgtec
cgtaggcgaa
tcgtgtatat
agtgaagcaa
aggagaccgt
ccccaaagaa
gCcegeeees
accggcgegc
cgccecggag
tgatccgagg

gcatcgttgg
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cctcccagat
gcacaacagc
ctcteccggtg
aaatatggcg
gtaaataaac
cgceggegeg
ggcggecteg
ctgggcectg
cagggtatcg
aaggatgtta
acggaatttg
acagcgeccc
ctggccgeag
cgccecggag
cagggactgg
catgccatca
aaccacgcgg
cagcacgcgg
cgacgaaaaa
cgtggccccc
gcgragggea
cgaaaacccg
accgcacagg
acagatgcgc

cgaatagagc

cggtcgtagt
cccceggecg
tcccagacgg
acgttgatcg
ctgctgegge
cgegtgegtc
acatcggacc
geegecageg
agggegtcga
tcgtgtcccc
aggctgtcecg
ttgtagatgc
ttgaaccggc
gaactgacca
ccgtecatgt
tacacggaca
aagtgcaggg
tattggcccc
tccgtaaact
atgcagatgt
cgggectecg
gcctgeagga
ggcatggegt
aagtccacca
agcaggcgta

tggcccageg

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200



tcgacataac
gatgaaggct
tggtggatga
gggtctgggt
tcgetteecg
ccacagtcac
gctgeegetc
cgtacaacat
tgggacgccc
ggeLecggac
tctgegtcac
acgccacggc
ccgtgeccct
tgttgttggc
ccctggacgc
tcgccggaaa
tcagccagct
cccatttttg
tggagctggc
ccttgetgtt
ccgegttcaa
ccattctcgt
tgttggtees
agcactatta
gagtccgegt

gcacccgegce

ctcgtccaga
ttccacctgg
gaagtaggtg
aaaactccga
cagccagegg
gcacctggcc
gatcgttgtt
ccgegctage
ggcccccaga
ggcgtggtegg
ggggctectc
gagctcttat
caggttggac
cgtggeegtg
gggeegeegt
cgtctgetct
ggcccacctg
caccaggege
cccgacccat
gggcgtcttc
ctttaatttt
cgtatcgctg
cccccacctg
caccaacggc
cgcectegec

ctatctgtat
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acgaggacgt cgtagttgtt cagaaggttg

acgataagtc
acaaagtcga
cgacaggaga
atcagcgcgg
gtcggggegc
ttcgggtgaa
gatacgctcg
ggatctcccg
gtctggtgtg
gtcctggect
gceggggtea
acgcagagcc
tatgccgtgg
ctggctgegg
tggttgctgc
gtttacgtcc
gtcctgageg
catcgcgtcg
ctgtgcacgg
tcggeeecgg
ttgttggtgg
ggggeegtegg
tactacgttg
ctggtcgecg

cacaggcggc

ggtggaageg

ccaggcctga
cgacgagcac
tagtttttcc
tcgegttege
cccggggeac
acgtgtactg
actccgegec
tgcaggtgsc
ctgtgttecg
actccacggc
ttgtgggcac
tcggegeegt
cccgeatggc
agatcaccgt
tgcactttgc
ggacgtatct
tcggeecggc
ccgacgeege
gcatgctcat
tcgaggggst
ccgccacggg
tggagacgca
cctttgecct

dCCacCacCcCaa
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gcggtegttc
ctcagcgaac
actcgtgtcc
cgaccccatt
gaaggtgacg
ccattcggcc
ttcgcactcg
ccccacgaaa
gacgtttgtg
ggcacggttt
cgaggtgcgc
ttatgtaatc
gacctccecgc
catgccgcac
cctgttgetg
gtgtctggtg
gcgtcaggtg
tcgegecgtg
ggtatccctg
ctgcctgacc
gttgtgtcac
catcgtcggc
gtggcegees
cggcatggcec

attttttatg

gggcccacgc

ataatgtaat
cgcgtegcta
ggagagtgga
geCgLgLgsa
ggtccgtgct
aaatcccccc
tcgtccccaa
ggcatgaccg
gtctctgege
ccctgetttt
gggggtgtag
acggccgtgt
tacgaccgceg
gccacgctga
gcccatcgea
tattttgcgg
cacggcctga
ctgacaaacg
aataccatcg
gtgctgttcg
tacgtgcgceg
ctggectgeg
gctcagacgg
gtgctccget

cgcatgegceg

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760



acacgcgaca
gagacggeeg
acccctacgc
cgatttacga
cgcggcacct
ccgecgagga
taaaccgttt
tactatcacc
acgcgtgcga
tggaaactgg
ggggtccgat
gggcacgtag
ggtcagcgag
ccgggeeecg
ctgctteget
gcgatcggaa
gceeeggege
ccgataaacg

tagccctgca

cggcggacca
gggecgccaa
tccgeggege
tgcgtgacga
ggcttcggga
tcctegtacg

cggcatttga

ccgegcacat
ccacaggccc
gatctcatac
cgaggtggcg
gcccgacgac
ccccgtgtac
gtgtttaacc
gtcccccccc
ccgtatacag
gtggegggsc
gaacgcaggc
aaattacctt
acgacctccc
gagaacgaga
ggatggcctt
cggcctggtt
cgtcctcecag
tcaccagatg
ccaagatctg
gatccccgga
acagaagcac
agcaccgcct
gagcctcectc
tcgaccggat
cggaggeegt

cctcgtaaaa
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tccgecctca agegegtacg cagttccatg

gcacccggca
ggrgeccage
gacgaccaaa
gatcccatct
agcaccgtcc
cgaccgtggt
ccccctcaac
aacattgttt
aggcgectec
gctgtctecc
cctcttegga
cgtcgtcggt
ggcccatagc
atagatctcc
cgggagaatg
gcggaacgtt
cgggtegsss
cttaaagttc
gctccaggac
ctccgagaca
tttttegeec
cgggeegege
aaatgcccgg
ggggtcgetg

gegccageeee

gcecgeeegg

tcgaccggta
ccgacgtatt
atgacaccgt
gcegttggta
gtatgtctgg
cccggegatt

tggtttttat

gggggtecege
cgegggeecgc
ctcgatatcc
gatgaggacg
tcggcgageg
ggatcgatgc
gacgccttge
acgccctect
gggcagtcegg
gggtgacggs
acgggegaga
acgccgctat
gaggcgteggs
acgcgeecgg
aacgcctecg
gggtccatgg

gtcttgggea
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gattcccgaa
cggagattcc
gtacgccaag
tggggggtac
gctgtttggt
tgtgtggcgt
gtgggttttt
tcgctatcgg
cggtgagtgt
gtaaccccgce
acgacgtcaa
ttgtttcggc
tgtcgtcgaa
ggacgggest
tgggtcctge
ccgegetggt
ggaagtggct
ggttcgcgaa
tggtgtggce
ttaactccac
cctctgacca
gcgcgaagta
gggaccggtg
ggtcgaaagc

ctggggccag

cgcggatcgc
tatgcggaag
gacggeeagce
atacaacacc
gaccccgagc
tccgttttaa
ccgatcccgt

taaaaacgac

acatgggsgs
gECECgagee
gcatatccgg
agtcgtgggc
agcagcaggg
tgccaggegg
aatgatcagg
ggccccgaga
gcggtgecetg
gtcgagcacg
gacgggctceg
tccgaggtceg
caaggcccga
ggcctggtcet
tcgcacgetg
tgccatcaag
gtacttggcc

gtagccgtga

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320



atgtcccgag
atgaggaccc
aagcgeegeg
aacagcaggc
acatccggcc
gggccccage
cagtcggect
gegtecgegg
cggtccacca
gcccagageg
cgctcgaacg
cacatagagt

ccaggagata

gegeeccges
ggcgaatggg
aaggtggttg
cgaggggtgt
gctgggccta
ccgeegggtg
caggegggac

tatcgecttg

gggattgegsg
ggtcteggcc
cagggcgaag
gggtacgecc

cagggcgtac

gacagacgag
cacacgtatg
tgtcggcgec
ttcgggecegt
gcaggctggc
ggagggtgga
ggttttgcgt
CgeCcegeess
tacccgectc
gaccgatggc
tctcggctag
caaggtccgg
gcggaatgtc
gcttttegte
agctcgggtc
tcagcggaag
cctcggecag
ccgtggactc
aacgctgatt
accagcacca
tgtgtgtgct
aggtggegcc
gagttgacaa
tccggegaca

aggctcggee

aggtcaaccg
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aatatccagg gacgccccga ccatccccgt

cacgttctct
ggcctegecg
cggctegttc
gttgtgcttce
tgcggtegtg
ggcecgecteg
cccgeggegc
ctcgaggacc
Cagageeecsy
tatatgggag
ggagtcggga
tggggtcgga
tgcggtgtceg
cacagctgat
actgttaggg
ggcccaggga
catttccgag
ctcacgacag
ggagaggctt
ggtaatttat
ggatgccctc
acagggctgg
gctggttgtt
cgacgtacac

ctaacccgac

tcggegaggt
ccgtegtecg
acccgeecga
agccactggg
aggccccgec
taaaacccca
gtcaggcgcc
acggccageg
cggacgeege
ggcagegegt
tcggegtecg
ggccctgagg
gtggegtgct
gtcgtctgeg
cgggggegct
cgcttagtca
acgacgtggg
cgegtgecege
aagctcggga
acaccgatcc
tgggacgtca
gtgcagcacg
aaaatactgg
gctaaccacc

gtcgtgettce
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cgctgggttc
cgcggeccac
acatcaccgc
gcgagaaaca
ggagcaggec
tgaggggccg
ataggtgccg
aacacagata
gcagcaaccc
tggggatcac
ggtcgegggc
cgtcagaaag
gatcacgtgg
gtgeeeseses
tgggggegct
cggtgcgtcec
gggagcggtg
gcgeacgggt
ggcagcgeca
gtaaacgcgc
tacgccaggc
cagcgatagg
taaccgggaa

aactccagca

aggeggtggt

gtgaccgtcc
gtggaagata
gcagtagcga
cgaagactgt
cggaccctgg
ccatagctgg
gggegecacg
accgagtccg
atccaggcgg
gcgcaggteg
cgacgccgac
gtgggtgccc
tgccggegac
ggggttaacg
Caggegacegs
gtcggggcca
cggcggacat
gttgagcgcg
tggtgtgaca
ccgacgacag
gccgaatctt
cgtgggtgtt
cgagcaggsc
accgggtcac
gcgtctggcc

tggtaaattc

16380

16440

16500

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880



ggcccgtteg
caccagggtg
cttgaggtcc
ggtgacgagsg
catgacgagg
aaacacaacg
gtttgttgtg
ggggaacact
gttgtgegty
aacggcaaac
ttggacgtca
cgtgtagtgt
gagggtgagsg
Caggeecees
agacgagcgg
tcggtggegs
gegerecceg

ggaccgttgg

tctgegggac
gctgettect
tcaccaagcg
tgctcctcca
cgggacttta
acaaaccgag
taaatctcgg

tctcggtcca

ttgttaaggt
tgaaagttgg
ggctcctgga
ctaaagtcgg
atgttggcgc
gegegegceca
cgcagggacsg
atctgtcgtt
cggeeggegc
cactcctttt

ccgtatcccc

agggcgeggt
atgtgcgagg
cggttcagtt
ctcattcgec
gacccgtgeg
gaggccccgt
cgtgcacctt
tcatccatcc
cgagttgctc
ccggatcgag
cgcgaatttt
gccgegectc
gatcttgggt
ctcggaggtg

ttccgecacc
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atttcaccaa cagctccggg ggctggttat

ctgtggttag
ggcaaaactg
cgaggacggc
acttgatatc
gctccgtgaa
ccagttggcc
gttgcagcga
gtagaacgca
cctttatggt
cagacccccc
tgatggcgaa
gggacgages
tggeegeegt
atcgggatag
aggagegegea
gggggttgga

gggggctgag

ttcggccagg
ctcctggtcec
gtaccgtcgg
aacacaggtc
caattccaag
gctgacgecc
cgtcteggec

ctgcgggcega

gecggteggec
ccccegggcg
ccgeeggage
caggtggctg
gcactggteg
gatatactta
gaacccgagg
ctccccgacc
cttaacggca

gaagcttcgg

cacggggctg
gggtgeggtt
accgggegtc
tcccgegega
gacgecgece
gtgtacgtag
gttagctgec
tcgeegtetce
gcaagacgat
tgtgcggtta
gcgegetgtce
tgggccgect
tcccggtgea
aggegteggc

ccegggegst
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atgccaaaca
atcgtggagt
gagacggcgt
atcccgcagg
agggeegteg
ccgaggtcca
ggcgcegatga
aacagggtcg
agcttatgtt
geeeeggega
catagcttgc
aacgccgect
tcgggggacg
agccgctege
tcctggagag
gatgcgagcc
acatgaccag
cccacagaga
cgtccacggc
gaaagtcacg
gcatcatctc
ttgcagccat
gctgeagggt
gcagggccge

gctctgatag

acccgtgacc
tccgggegga
tggagttgag
ccgaccgeag
tggtgtttaa
agaccgaggg
tgtcgtacgc
agccgeggat
cgatgagctc
cgcgaatcag
tctcgagggt
ggatgcgegt
gggatctgeg
cgeggegatg
ggageccgga
aggggeegct
aatccttgaa
caggtcgctg
agcgttggtc
gtccaggcgc
acgcgeeget
taagcgegceg
aaaggcgceca
ctggtccttg
gtgggcggca

tctcgegtgce

17940

18000

18060

18120

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440



ccaaggcccg
tggtcagcag
acttaaggtg
agtgcccttt
cgtcgggacg
gctgetgttt
cacggccaag
taaggagtgc
tacgtttcag
ctttgcccag
ccccaaaaaa

gctgttccaa

ggaccacgcg
cgacgcggcc
cggcaagacc
caagatcggc
cgcctgectg
ctccttcteg
aaacgtaagt
cacacccacc
cactgatttt
gcaactcgta
gctggteggsg
cgtgatgcaa
gagaagcgga

CCacCagacac

tgatcggggt
ctggegtecg
ggcgeggacg
ttagatttcg
ctccacgact
aatagcctgg
ctggaattcc
gegeegeeee
gccctecacc
ctgctcaaaa
cgggccaagg
aaaatgatcc
gagcaggtca
gtgcgecact
tggtttctgg
tacacggcgc
cggggctggt
tttccggacg
cctcttttcet
cacccacata
tattcgggat
gcaaataggc
gggatgttgt
ggacggegeg

cacaggctag

gegecgacgc
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acttcgccge cgegacccge cacccggtgt

acgtccagca
aggecgteggc
cgaccgegac
gctgcgagea
tgceggegea
tggcccccga
acgtggtgcc
gctccgaagc
cctecttecg
tggacgtggc
ttatgcacgc
acacgttcct
tccgecageg
tgcccctcat
acatccgcaa
tcggttcggc
ggtcgegeag
ttcgcatggc
cacacacaac
cgcttgagga
gactgatgta
ccgegecgea
gggcctgeag

catccccctg

agggacagga

gtacctggag
gggcctcacc
ccccaagege
ctcgecgetc
actaaagggg
gttggtaceg
tcagcgtaac
ctttcgecag
ggcctccage
cacccacggc
cacctacttt
gcgtctegtg
cgccaccgtg
cgegetgtceg
ggcgaccgag
ccgagtggac
taccatcgtg
tctcccaagg
cagacgcggg
ggcecgggca
cgaagagaag
ccgteccecg
cagggtgacc

gaccgccagg

ctccgttacg
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cgcctcgaga
atgggcggcg
caccagaccg
ttctcggeceg
cgtgatttcg
gcggtggegc
gcctactata
ctggtgcact
ctcacggaga
cggacgtacg
ctggeegeceg
tttgagatcc
tttctegtec
ctggectect
ccggtgtttg
cacgttaaag
tttgccteca

ggcccegggt

aggaaagtct
acggceegeg
acacacaggc
acgacctctt
gtatccacgg

gtacactggg

acggaggaga

gcgegatgtt
aacagaggca
atgccctacg
tggtccctgg
tggegegeceg
ggggcgacca
gactgcggtt
gcgttctgaa
ttgtgcggga
ccacgggecc
gcacgctgga
tgctectegg
ccctgtttag
cccggegeca
ttcgggggat
aggagatcga
gggaaaccat
gccacaacac

cgacccgacc

gccecgtgge

caacggtggg

gccacceggc
gcagacggtc
gatggccaaa
ccatcttggc

gccacagtgc

19500

19560

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000



gttggcggaa
gatcctggcc
caggtcgctg
cgggcccaag
gccatccagce

ttcctceggg

cagggestgc

gaaaaagagg

cagaaaaatc
cagaggctcg
gacgcgccac
gtcgtcgact
cceeggeegea
gEE8LL8aLEEL

gtggccgeee

aaacctaagg
aatggtgaac
caggcagagg
tgtggagges
atccatcgec
gtagtcaaaa
cgggacgacc
atacgcggtg
gaggagaatg
gtcatagcgc

gcccagggcc

tcgatgtgeg
aggagccatc
tccatggecc
gcgcagcacg
tcgecgacca

ggggtggecg

gtcacgctcc
gcaaagaagg
tcgcagaaga
gtgaggaccg
acaaagacgg
ctatcgegeg
ccaggcggcg
caaaccccag
gaaggcgccc
acagcggccc
gcaaagccgc
taggcgtagc
acggcctcca
acggcgattg
acgtaatggc
cgeegeeccc
tgaaaaaagg
gggaagcgee
aggcgetgtg

cggaggcacg
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gCEECELELLC
ccagatggcg
agcagtagat
cgceeggctc
ctggctectc
cccgtatgeg
ggaggtggac
tgttcgeges
gggLegcgecce
ttagacaccg
agttgacaat
tgccgegage
Cccaggeeccy
agecgeeeec
gctagcgaga
gegegacges
cgggaaagac
tttccccgge
tgaagcgaca
gacgattgtt
cgtcggagtc
gaccgeeecg
cgtcgggegc
tggtcacctc
agattcgcgg

ccagatgtat

gcaggactcg
ggccctgett
ctggeegetg
cgggggestc
cgcgagctgt
tgcgaacgtg
gatcgcgcag
caaccgcagc
ggggtctggs
aaagatcttg
gcgegegata
tccggeecgg
ccggggtecc
caacggcgcg
ccggeegttc
gtccgagagg
aactatgcca
caggtattgc
tttactctge
aagccgceagc
ggcaaagcgg
tccccccagg
ggtccccteg
ccccaaccac
gcegeectga

gcgegeggta
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cagccccecg
cccggtggac
gggaggtgcc
ttcgegggga
tcggtggtte
agggtgcaca
tagcggcgct
gcettggggc
ttaggaaggg
agccgctegt
gagtcgacgt
gaatccggcc
agctgegeca
gggaggagtg
ccggacgaca
ctaaggtagg
cagaggcggc
tcgcagaccc
tcgegtttac
gtgtcteccge
gccgggaggt
tgtgccagga
acggcgegea
gcgegttggt
agcgeggecc

aaggcgacct

ggtggttgst
agagcgaccc
accaggcccc

ccagatacgc

ggtcgggest
ggagcgggst
cgcggttaaa
gcgtcagata
ccacctgaca
ccgeecgaac

ccgtccccag

ggggcaaggt
tgceggggsc
ggtgggcgag
ccttgegaca
ccgegatgtt
gattaaaccc
tgcgtgggsc
tgacgtcacc
ttgtgctgta
cgtcgecgag
cggccagegsc
tcaggttctc
cggggccaaa
ggatggcctg

cggeggegat

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560



gtcaaagggc
tagcagcagc
ggcgraggec
tcgecegecc
gtagtggtgsg
gcegeeggcc
ggtaccaggg
cgctggggec
gtcagccgec
ccccgatgea
gacgtcctgce
cacgtcctgg
ggggeesteg
caagggctgc
ctccttegeg
acagacgcgc
gtcgtaacta
cgccgecacg
gaacaacccc
ggccagaagc
ggtacagtcg
cccgagtecg
ctcgctggat
cgtctggacc
gcgatgeggs

gccaacggag

ggcaggacgg

tcecgectgec
tcggtcageg
cacgccacgg
cgcaggacca
agggcttccc
gtaagggtta
acaaagcggc
cccatggegc
acgccacagg
actgcccget
gcegeggteg
gacgccccga
ggacgCeeee
gCegeceeese
atgatgcgeg
aacagaatca
gcgtacgggt
ccggegetgg
tcccccaccg
ccggtggcat
geziiae e
atgatgacgt
tcgttggcca

tcccccgagt

gegtgegtgce
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ggcgegeetyg grgragggge acctcgageg

cagcgggaga
ccgtggcecag
agttctcgta
cggagataga
atccgcgatc
gaacgtcgtt
ccccgeeggg
ccccgetgac
ccgeacgecc
gaaccaacgc
tgtcgeegec
cgatgggegg
acgcgctttc
cggeggegcc
tgctgteggc
cgcgggcaca
catagacgcc
acgcacgcgg
catccgegeg
gagcccgagt
gcatcagggc
gaaccaaaga
agtgcgegtt
ccgegggaag

ttatgcgcgg

cagctggtgg
cgccgaggac
ggagacgacg
acgacggctc
caaccactcg
caggatgtcc
gggctccaga
ggcctggtga
gegtccgegct
gaggatctcc
gggggecegtce
gtctgegggc
ccccagaccc
aagcagagcg
cgcgtagegc
gctecgecccc
ctgcgegtcea
aaggaggcca
cacgtaggcg
ctggatttcg
ggclagages
ccgaggeecg
catggttcgg
ggcgtgggtt

cgegtttett
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gggegcacga
agcagcggag
acgaagcgct
cacagccagt
accagcgacc
tcgeccecgg

cccgecagcea

accagggcgc

cggaccgggt

tecgttctect
agctgctect
gceceecgegt
atggacaggt
acgtagcggc
gtgttggees
gagccccacg
cacaccacgg
gggtgtgeceg
gcaaacgccg
acctggaagt

attcccgegg

acccgggeceg
gegtgggtgt
tggegegegt

ctgtctctag

cgggaaageg
cgegttcetge
geCegeeceeeg
gcttggttec
ccggeeggtc
gcggctttgc
gccegteggeg
ccgeatctge
cctggegtag
ggcggegest
gtgcgatgga
ccggggagat
gELLECCELEC
gggLcglage
acaaatgccg
ggacgagctc
caaggcgcag
gcagggagac
gcacgacgeg
tgcaccacgg
ttgcggeegt
ccgecaggea
tggccgagat
gggtgtgtag
atgcgtattc

ggaatccgag

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120



gccaggactt
agacgattat
acaccgggaa
tcaacgtggt
ccacggectg
ttcgecggac
aggccaggga
tgttgtaccg
acgtggatcc
ggcggtaccg

cgggeteggc

ccctgeatcc

actcggccgt

aggeegeccga
gcgeggtgct
ttattaaaaa
tgcgectgea
ccgtcteccc
accttatggt
cattcgctcc
cacgaccacg
ggaacacggg
cccaacccaa
tatttattta
tagccgggcc

cgccgtcaaa

taacctgctc
gggctttctc
ggccagtacg
gacctatata
ttcttgttat
cgccgatttg
gaccggcgac
cccctegacc
cgcgttcacg
cgacgattat
cccegecgac
cggggegttt
cgccatcgcec
cgegggeteg
gtaccccttt
gtttaactcc
gaccgacccg
caacactgac
cgcegtcatt
tatcacacgc
gtgtcgtctg
ggattctctc
atcccataaa
ggtatgcteg
ttagggatag

ggtgcacacc
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tttgtcgacg aggccaactt tattcgeccg

aaccaggcca
agctttttgt
tgcgatgatc
atcctcaaca
tttctggecg
gaccggeecg
accaccaaca
gccaacaccc
atcatcttcg
atcgcccget
cgeggegtcec
acgcacgtgc
ggccccgagc
ttcctgetcea
gggggcgtcea
gtcgagtatc
gtccgtacgt
atggccatct
gtctcgtgag
ttaagggeses
acgaccggca
catacgacac
ggtttctccc
cgtataacgg

cgaaccacgg

actgcaagat
acaacctccg
acatgccgag
agcccgtttt
attccttcat
ttctgaccaa
gcggectceat
gagcctcegg
ccctggagcea
gcgtcgtcca
gegtggeggt
acacagagat
ttctcttcta
acaaacagaa
tggcctecca
tgctcgagcea
attccggaaa
acctcgeggc
cgcccaataa
ggggegaagyg
ccagtaccac
acaggcatat
tggatgccca

gggccatgtc

gagccagggc
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tatcttcgtg

cggggccgea
ggtggtgacg
catcacgatg
gcaggagatc
gtctgegegges
ggcccccgat
gaccggegtc
cttttttctc
cagtctgacg
cgagggaaat
gcaccgccta
ccactgcgag
gacgcccgec
ggagatcgtt
gctaaataac
acggaacggc
ccaggccgga
acacacccag
gggtgttggc
ccccctgtga
tttggaattt
cccccacccc
tcecggaccge

caaggtgtct

gatgcggtcc
tcgtccacca
gacgagcttc
cacacaaacg
gacgeeecee
atcgggggcc
gagcggtttc
ttgtacgtgt
gctgtegteg
cgcgegctcea
caggtcctgg
agcagccagg
ctggectegg
cctcecggga
tttgaacact
tccgegacgg
ctcaccgaaa
gcctcggatg
cctccgeaca
gtatgctacg
gggaagcgtg
acacagaaac
cttaggtttt
cccgtgggtc
acaacggccg

cctagttggc

24180

24240

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680



ccgegtgget
gcatcagggc
tctgcagtag
gcgtaaggat
gcagctcggc
cgttgtagta
ggtcccggat
gcggaacges
cctcgaacac
tgttgcgaag
ttcgegtege
accccaacgt
gcgtcagttg
ccgeegeatc
ccagcatggc
cgeggtgges
gggtcttagg
gcccagacge
ggccctegga
aacagaagac
tacagagcca
tcccgegegt
gtgagcgggt
ggggegcrgct
tccacgatca

ttaaagcagg

cagccaggcg
cggggcettcg
agcgttcacg
gatggtggtt
gtttacggga
cagcacgttg
gccectggcc
aaaccgcaac
gggegggacg
gttaacggtg

aagcacccgg

gtcgggactg
ccggeggatg
geeeCeCgag
gccgatccac
gtcagcggcg
gggttgggag
accgagagcg
atcgcggctt
gcgtgggata
gtcccttgag
gggctteccc
aggcctectg
taaactgtac
ggcgctccag

ggctgagceac
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acgagcgect cgtaaagegg cagcecttcegc

gggtgaatga
tacccgtect
ccctecgtga
ccgagttgtt
aggtctggca
acgagccgcg
gtgaggtcca
aggctgatgg
cecggegtggg
gtgatgaccg
acgcctecgg
gtcggcagga
atgcccgagg
gegecaggea
tagcagagac
gcgacaggga
aatccgtccg
gtcggegeges
aaagaatcgc
cggggatgeg
gttgcgggca
aaacaggcca
gtcgetggeg
gcagcgatgt

cggcgaggcec

gctgggegec
gggcacttag
tcgagtaaac
ggacgtccgc
gcecteeggg
ccacgatttc
gcgaatccag
gegtccccgtt
tgaggcccac
cggggaageg
agacgaagga
ataccacccg
gtatcgcgat
gtgcagtggt
gggcgaccaa
ccccagagca
cggagtcccg
acaaagggeg
actaccccaa
tcatagacga
ctgcggagga
cacgggtcct
gcggtggeceg
ttggcgegcga

ccgttgaggt
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ctccegegtg
cgcaaagagc
catgttaagg
cagcagcgag
gtttctggege
gcgegecagg
gcgcacgtcc
acagagatct
gtccaggges
cctteggtac
ttcgtgegec
cccttcgeag
gtcagtttca
ggttcggetg
cctcgcatag
tgcgegggea
gcttgggttt
cggggctagg
g£aaggeCes
gatactgcgc
gggcrggsstc
ccacgagttc
tggacaccgc
tgtcggecga

ggtaggcccc

tctccatect
acactctgca
cgggggatta
accagcgatc
aggcgactcc
ctggggttca
ggcgatggaa
gtcgettggc
acggeeeage
caggcgacga
gccagcaaca
acgtcggcca
cgctgeageg
aagccgtcecg
gcgegeaggag
gacggggest
ggtctgtegg
tatggggccc
ggcttgegga
ggcggtttat
gaagtgggtc
gctggegeag
gcggcacccc
cgaacccgtc
cgtaaagaac

gttatagagc

25740

25800

25860

25920

25980

26040

26100

26160

26220

26280

26340

26400

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240



aggtccccgt
gacgggtcgce
gcgtaaacgc
tcggtcgaca
gegegeegeg
tttcccgeca
gceeegeggc
acggttgecg
tggetgageg
aggaagtacg
tgtcggacga
gccacgggac
gcegegetct
cccagagecg
ttgggcgegt
aaatagtcgc
gcgtgcaacg
tcgggegeceg
tgcagcgtga
accgtgttgg
ctggggcact
acgcggtcga
acgtagtagt
geggegtecg
tccgeggteg

cggcagtcgc

acgaaaatcg
tctggeegtg
ccceggegec

cgegeetgsc

gcacctgggc
cgaccgegtt
ccaggtaaaa
tggccacgac
tgaagtttac
cctccgacge
cggtgaaccc
tgatcttgaa
cgcggacgtg
ggggeaccag
tcgccacgtg
cattttggat
ccccgtegaa
ccgagcagag
gcatggeggg
ccaccagatt
cctcgecgeg
agcgaacccc
aaatcttgtg

cggetegggc

ccacgttaca

gatggcggtc
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ctgcgacgec cacgggttgg cecgtggecge

gtcgtacatg
gcgtccccgg
gataaactca
gcacccgaac

ccgcaggtac

gttttgggea
ggcggtgtag
ccccecgeca
gcgctccgag
aaacccggga
gtaccccgec
ctgcacgacg
ggggacctgc
gtcggccccg
ggtatggtcc
tatgcgcatg
cagcgeegtt
cccgtecact
ggcegggtec
ggcgatctcc
cgeggtgcag
gtgcacggtc
ctgggtgtte
tgcegeegeg

cagggecgeyg

agggeggtega
gggttgcagg
cacacggcgt
acggggacgg
acggctgecg
aggttgccca
cccacgecca
gtttcgtgec
aacagcacgt
tggaggceecg
atgagcgcgt
ggctgtcgga
cgcgacaggt
gcgaacageg
agatgctggg
ttggtegteg
gtgcgttcgg
accacgegcc
agggegtgcg
gggaccacca
cagcggececc
cagtccgecc
tgcagcagct
tacacggggt

cgccgeatca
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catccccctce
geegeeggaa
cctggecegtg
gctgggeceg
cgttgtccag
tgtcggtgac
ggtccacgtt
gggccacctg
tctcagtcac
tcttgagcetg
aggtcagcgc
tcgacgaaaa
cgegeagesc
cgtggacggg
gggccatcag
acgcggtgtt
ccatgttgtg
cgttgtgaaa
cggggteegt
tgttctgcag
gcgagaaggce
cceggtgegg
ggccgtegtt
cgtggcccecc

gggcgtcaca

gaaggcccgg

cttgtccccc
gtagttgacg
gtccatccct
ccccaggegg
gagaggegeea
ggggttgegg
cgegegegec
gagctggccc
aaagcggtcc
atgatgcaag
gttctccecg
gtagttggcc
cgggegeaaa
gagggggtaa
caggattccg
ggegeeegeg
ggccagcacc
catggcgttg
cacggggtcg
ggtggcgtat
gggcaccatc
ccggteatcec
gcggttgaag
cgcgctaacc

gtcccacacg

27300

27360

27420

27480

27540

27600

27660

27720

27780

27840

27900

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800



aggggtggca

cccagctecg
gccaccaggt
acgacgtacg
tagctggtga
tgtatggcgg
cgaacggegg
cgggegtecc
caggtggect
tcggccaccc

tcgggctgea

tgggccaggc

geegeeggecg

cccccgaccg
tccagagaca
aaggcgeges
cgttccatga
accagggggt
accagcttct
tcgagctegt
tggcggecca
ttggccccgt
actttcagga
tcgaccggec
gtggeegtgg

cccaggaaaa

gcagcgeegg
ggceggtceag
cccggtacac
agaccagcga
tgcactggac
cctgcageag
cgatggtgsc
ggaacgccgc
ggatctcccc
ccacaaagaa
taaactgctc
gctgecccca
ccacgtacgc
ccgegtcaac
ggcgcagcac
gatccgggtg
ccggattgaa
agggaacgtt
cgccgatgga
ccagegtctg
cgtcgtccag
tcaggaccat
aggactgcag
gccegegegt
tgaggtccac

agctcgtctc
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gtctcgeatt aggtgattca gctcggettg

ggtaaagtca
ggccatgcac
gtagtcgttc
cacgagccgg
gtaaaacacc

gggggccatg

cggacatagc
cgggeegegcc
gtcgaacgceg
cggggtcatc
ggcgttcaaa
cccgtacgga
gttcatcagc

ctggeggtcc

gCegeeesee
caggcccagg
ggtggegecg
caccagatcc
ccggttcagg
acttcgcacg
ctcgecgtac
gaggcegetgt
gtcggcatgc
gagccaggcc

gcagaagctt

tcaaccagct
tcctcgggaa
acgaacgccg
gCcaggeesce
gcegggtagt
gegtggegtce
gccaggggea
gggggaacgt
gggtgcagct
tggccttecg
aacagctgct
ttggcggctt
gaagggtgec
ttcccccaaa
gggactaggt
ggcaggacga
tagatgcgct
gcgegeacge
tcgagetgcet
gcecttgecca

gtcaccggca

ttgatcgggg

gtcagacggg

tcgacggect

cgctttagcet
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geggccagegsc

ggtctccccc
cgcaccgegt
agaagacgtg
tgcggtegtc
ccacccccag
agttgccgtt
cccceccegg
caagagccag
cgacccatcg
gcatgtctgce
cgacgggsgtc
acacggtccc
aaaacagctg
ccccggegtg
acgtcaggtc
tctccagggc
gcgtegtetg
cctcctgeat
tcacgagcgc
cgtcggcttc
cggtggtgac
gcacggccac
cceggeggtg

cggcgaccag

cgcctgeecg
ctcgacgtgc
gaggtaggtc
gttgttccag
ctcgctgecg
gaacgccccg
ctccaggcecc
caccacgcgc
cagctccacg
gttggcgttg
gacccgeecg
geCegeeeceg
gcggttaagg
gatcgegtgt
gCegeeeceese
cgcggcaaac
catggcgcecc
ctccagaaag
gggggcrgctc
ctccagcagg
cgtgaccagg
ggtgtcctec
gagcaccccg
ggagggctgc

gccegecttg

gegtcgeecge

28860

28920

28980

29040

29100

29160

29220

29280

29340

29400

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360



gccaccctgg
agegeeceece
gccccgagga
gcgccgatac
aggctgaagg
ggttgctcga
acgcgececct
aacccgagct
tcgaactcga
aggcgtcgat
gcggcatacc
cggctgtctce
cgtgtacgtg
ggcgggggat
gctgeggect
aggccttata
atggccctgg
gcegecacce
ggatcggtgg
aaggtctcgt
atcccccaaa
aggagcgccc
ggcgecacca
ttcaggacca

tggggcggaa

aatgaaaact

tggccaggeg
ccttttccag
cggcctggac
ccgteccgtc
cggcgttcag
tggegteceg
cgttcatgta
ccagaaagcg
cgtcgtacag
gcgacgccac
ggtatcccgg
tagcgatatt
cccgacggec
gctgtgtgag
cgttccagga
tacccccccc
tccaaaagcg
acatcgaggc
gcggcagcat
gELCEECEEC
acacgggcgc
gcaccgccca
cccttecggt
aaaacgacca
gacgcgagta

gttcctccag
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gcegttgtcc aggtatcgtt gcatcggceaa

cagcacgtgc
gttgcgageg
cagggcctcc
ggcceggegg
gccgtegege
ggccagctcc
cacgagcgac
gctgtttgca
ctcgatcgtg
agggtcgegg
geLccgggsa
caaggtccac
aggccgggtg
gaacccagtg
ccegecccac
tgccaggaag
cccggeegeg
ttggttggtg
gaacaaggca
cgacaacggc
cgtaacgtag
cagcccgtaa
aaggaacaga
tgccgaactg

cggcagttct

agcatctggt
agctgttgga
cccgtgagcea
tcgataatct
gcaatcagcg
ggaaacttgg
agggtgttgc
tcggagegca
ctaaggaggg
ttgggagegg
ggctaagatc
cgaaagacac
ccggtegegg
tccccaacag
ccccgttaga
aaattggcag
caggctatcc
gcgataaagt
cacagggccg
agacgatccc
tagccgacga
tacatgcccg
atcacgcgct
acaaaaaaat

ccctectecc
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cggeegtgec
tggcgegcaa
gggcgatggc
tggtcatgta
gctggtggac
tacacacgca
aatacgaccc
cgcgggaaaa
acccggtcgg
ccatggggtc

caccccaacg

gacgggeeeg
gggaaaggca
acccggggac
acgcgacgeg
aggcggcaaa

ccagggcccg

ggaaaagccc
tgcctcccaa
tcttgatgtt
tggcggcecag
ctgccaccat
ttgaaaagac
cagaggtgcc

ccccgaaggce

caacaaagcc
gcgctcaaac
ctggcgatgc
ctcggtggcc
attgtgtgtg
ctcgaactgt
cgccaccgac
Cagcaggecsy
aaaatcaaac
caccatggcc
gcgtggagat
cccggecacc
gacccaaaaa
ccgggagaag
gtgggatccc
tgcattcaag
gctgtecgec
tgtgcgcagg
gtccggactg
aaacacggac
aacgtacagg
gatacaggcc
ctccaacggc
cggcetgggta
gtacgaggac

ggcctegteg

30420

30480

30540

30600

30660

30720

30780

30840

30900

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920



accagat
gtgggga
cccgggt
gcegttce
cgcccca
agttcat
gtgtcgg
gttgtat
ccaccgc

ccctcca

ctctggg
accggga
ggtgtgt
gtctggt
agctccg
<210>
211>
<212>

<213>

<400>

aaaaaagctg aacgagaaac

cataaaa
tacttag
atgctgc
atccagc
agaggtg

agtgtca

ctc
gac
tct
cgc
atg
tgg
gaa
tcg
gtg
gtt
ccg
cgt
tta

cgt

847

32767

DNA
Artifical

847

aac
atg
caa
cta

cga

tag tcctgaaaat

gatccaccag
cgaaaccgca
tgcacaaaca
gccttgatat

cccacgcaag

aggccaaggg

cacgcceggg

agacctgcct
cggcacgceac
tctgttgteg
tgttacgtcg
tgtgttttac

ttccgtggge

tcgagggaca

agactacata
gtattagtga
cttagtcgac
ctcgctattg

geetettttt
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aggaaggtca
aagggtcgct
ccacccgggt
aacctttgat
atgaggtagg
gaaaaatggg
gttgtcctca
gtgcaacgca
gaggacgagt
gtgttccccc
ccgeecgega
gtcacaacgg
cggcegtgtg

ggcccagacg

gtaaaatgat
atactgtaaa
cctgtagtcg
cgacagcctt
tcctcaatgce
tgtgtgacaa

catctgcatc

tcccgeatgg
tacgtcagca
tgcatccgeg
gttgaccaca
taaccccccc
gtggggagga
aaaggcageg
cgtcggggtt
ccgegtgett
atacccacgc
tggagcttag
accgaaaccg
cctcgeagec

accgegtggt

ataaatatca
acacaacata
accgacagcc
ccaaatgttc
cgtattaaat
aataaaaaca

aagaacaatt
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tcatggggtsg
ggatcccgag
gaggcgagtg
aaacccggaa
gtgggtgtea
aacggaaaac
tccatactac
gcctgtgtec
tattggcgtt
ccacatccac
ctacgccacc
ggcctacttt

cgggegagatt

cgccaactat

atatattaaa
tccagtcact
ttccaaatgt
ttctcaaacg
cataaaaaga
tctacctatt

tcacaactct

tgcggtggag
atcaaagaca
ttttgataag
tttacgccta
cgttgegttt
ccagtaggcc
ggaagccgtc
ggttcggecc
ccaagcgttg
cgtaggggsc
accatgcact
gtgtgegees
gccaagtttg

gtacgaagcg

ttagattttg
atgaatcaac
tcttegggtg
gaatcgtcgt
aataagaaaa
catatacgct

tatacttttc

31980

32040

32100

32160

32220

32280

32340

32400

32460

32520

32580

32640

32700

32760

32767

60

120

180

240

300

360

420



tcttacaagt
agtttctgta
tttatattcc
gatcagccac
tgcgecagcet
acagcagacg
cactctgtac
actgcatttc
gcgacctcag
gcttcattct
gcaactgata
ttttgacata
caaatacgca
ccctgecact
tcacaaacgg
taatatttgc
aaggccgtaa
gcctcaaaat
tttttctcca
ggtagtgatc
cattttcgcc
tattctgcga
gctgecaact
tggatatgtt
atattgatat

atggaccgcc

cgttcggett
atttctactg
ccagaacatc
ttcttccecg
ttcatccccg
tgcactggcc
atccacaaac
accagcccct
ccatcccttc
gcatggttgt
gctgtcgetg
cttcgggtat
tactgttatc
catcgcagta
catgatgaac
ccatggtgaa
tatccagctg
gttctttacg
ttttagcttce
ttatttcatt
aaaagttggc
agtgatcttc
tagtcgacta
gtgttttaca

ttatatcatt

Cgcaaggeses
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catctggatt ttcagcctct atacttacta

tatcgacctg
aggttaatgg
ataacggaga
atatgcacca
agggggatca
agacgataac
gttctcgtca
ctgattttcc
gcttaccaga
tcaactgtca
acatatcagt
tggcttttag
ctgttgtaat
ctgaatcgcc
aacgggggcg
aacggtctgg
atgccattgg
cttagctcect
atggtgaaag
ccagggcttc
cgtcacaggt
caggtcacta
gtattatgta

ttacgtttct

ggggggceatt

cagactggct
cgtttttgat
ccggcacact
ccgggtaaag
ccatccgtcg
ggctctctct
gcaaaagagc
gctttccagce
ccggagatat
ctgtaatacg
atatattctt
taagccggat
tcattaagca
agcggcatca
aagaagttgt
ttataggtac
gatatatcaa
gaaaatctcg
ttggaacctc
ccggtatcaa
atttattcgg
ataccatcta
gtctgttttt
cgttcagctt

tcagtgtcgg
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gtgtataagg
gtcattttcg
ggccatatcg
ttcacgggag
ccegggegtg
tttataggtg
cgttcatttc
gttcggcacg
tgacatcata
ctgcttcata
ataccgcaaa
ccacgcggcg
ttctgecgac
gcaccttgtc
ccatattggc
attgagcaac
cggtggtata
ataactcaaa
ttacgtgeceg
cagggacacc
cgcaaagtgc
agtagttgat
tatgcaaaat

tcttgtacaa

gtgacgagcg

aacgtgataa
gagcctgaca
cggtggctga
gtggtcatca
actttatctg
tcaataatat
taaaccttaa
aataaaccgg
cagacgacgg
tatgccttga
gcatacctct
aatcagcgcg
tttacgcccc
atggaagcca
gccttgegta
cacgtttaaa
tgactgaaat
tccagtgatt
aaatacgccc
atcaacgtct
aggatttatt
gtcgggtgat
tcatagtgac
ctaatttaat
agtggtttta

cgatccggcec

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980



gggatcctag
ccgeageacc
ggcggttgtc
tgggggcgac
caaaatgccg
gaacggatac
gcctataaag
gggggtgtgc
taccatgatc
tgcgetggtc
ggacatctcg
ggcgggttaa
aatgacgtca
ggaggaggtg
aaagcagatg
cttggagctg
ctcgacaaac
gaccacgtaa
cctcegeage
attgtccgtc
gcagccccgg
cccgaagage
ctgggtgtga
gtcgagctgt
gtccgggecc

gcectgegteg

gaccccaaaa
tctaccagca
gggggtggag
ccgtaaatgg
gcegtggegc
gcgtacatat
cggtaggcac
tggataacaa
gcgeggstec
agcgaggecc
cggtgggtag
tagacaatga
tcgegetegt
gtgcgggaca
gcgaccttgt
atgccgtagt
tcgctgatgt
gECaggeeee
tcgtccgeaa
tgcagggcga
aagataacgt
tcttggagga
acggegeees
tgttcgtcca
ccgteccgeg

gccattaccg
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gtttgtctge
ggtcegeggt
gegegeegece
ttgcagtgat
tccgggegct
gggcgtccca
aaaattcggc
cgcctecgeg
cgtactcaaa
tggcgtggca
tgagtccccc
ccacgttcgg
ggcgcteecg
tggccacgta
ccaggctaag
cggegtttat
tggtgttgac
cctcttccag
aggcaaacac
cggacatcag
tgtccacgta
ttcggaatct
tggtctecgg
gccecgegaa
gccccagttg

acgcctgegt

gtattccagg
gggctggaga
caccccgtgt
gtaaatggtg
ttcgeegege
cccgegttceg
gcgacagtcg
cgecageege
aacatgcacc
taggctatac
gggeegggtt
atcgcgcaga
gagcggattt
cgegctgttg
gccetgggag
ggccatggcec
gacggacatg
taactcggcc
ccgtgegtac
ccccecgege
cgtgctaaag
cccgaggaag
ttccccgggeg
aataacgtcg
cttaaaatca

cggcaccccc
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gcgggectcea

aactcggecg
gcegegectg
tcegeggtcec
gaggagctga
agcttctggt
ataatcacca
tcctggeget
acctgcgegg
gcgatggtceg
cggtggaact
gccgatagta
aagttcatgc
aggcgcaggt
cgcgtgatgg
agctccgtag
aagccgtgtt
acgttggccg
gtgtatccca
ggcgagecgsg
ggggcgactt
gcecegettcea
gtgtagtggc
aggtcgtcgt
aacgcacgct

gaagatttgg

gttgaatctc
tcccggggca
gcgtctectc
agaccacggt
cccaggagtc
tgctgteecg
acagcccaat
cccggeeecg
cgtcgggcag
tctgtggatt
gtaaggggac
tgtgctcact
gaaggaattc
tgccgggcegt
tcatggcaag
agtcaatgga
ggtcccgeaa
tcgegtgecg
tgagcgtata
tcagcatctc
caaatgcctc
gcagcgcaaa
agtaaaacac

cgggaaaatc

cgeegeeeec

ggcgcagaga

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540



cagaatctcc
caggcceggg
caggaacctg
acgcaacact
gcgegeggtce
cagctgctgt
cgagtagttg
ctggtgtgtc
gagggtgaac
catgtacgcg
ggggttggtg
ggtgatgggc
ccgtttgttg
gcggttgeag
ctggtgctceg
cacgggccgc
gcaatacacc
cacgttgctg
ggcgeecteg
caactcctcg
gtagtacgtc
gtacgggtac
gatggtgttg
cgcaatgcegc
cgtgctcttt

gaggggcrageg

gccgttagtt
cgctgcagaa
taggcaaact
gcctcgaagg
accgcgatct
ttgctgtgea
gtgatgcggc
agccgteggt
acgacgaact
ctcacctctt
atgtagtttt
aggccgtact
ttaataaaaa
atgaggtacg
aaggtcgact
aggegeeceeg
acggccgtga
cgggtaaagg
gccaacccca
cccccggagg
agatctcgtc

tgtcccagtt

atgggtcggc
gtggcgeecg
ccggagccag

cctgeggees
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ctcccatgeg
agttgtaaaa
ccaccgaagt
cccggaacgt
ggctgttgag
cctcgeageg
tggegttggc
attcgtcaaa
ccccctcacg
tgtgggagga
ccgggacgac
ccagcacctt
tggcccagcet
tgagcacgtt
ccagggacgc
cgtactgege
ggaggtgacg
ccggeagegc
gggtccgttc
cggccagegsc
gctgcaggtc
gggccetggac
tgagaaaggc
tcaccacaca
cgttgeeggt

actctaaggc

ggcgtaggeg
ggagataagc
ctccccctga
cccactaaac
gacgtaagtg
catgtgccecc
cgtgagccac
ctccttgacc
ggtcaccttc
gaacagccgc
gaagcgatcc
catgaggtta
atacgagagg
ctcgctctgg
cgtctgegtc
ggtgtggtac
cccaaggagc
ccegtgggtg
Cagggegecc
gcgcttegtg
ctccagcgag
gtgattcccg
gcccgagagt
gtccaagacc
gataagatac

cgccacgtcec
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agggtcctct
ccgctaaata
gtctttacaa
Ccaaaaacca
acgtcgttgc
gcgtectggt
ttttcaatcg
gacacgaacg
aggtaggcgt
gtccagcegg
acgaactgca
ccgaactcgt

cgggcgtact

cggacggaac
ggcgagccca
agggcgttaa

ccggectegt

geegeegeca
agggcglgaa
aggtccaaaa
gcggggttgce
cgaaacccaa
ttggcgtaca
tcgttgattg
accgcgaacg

cggaaccact

gggtcgcatc
tgagccgega
agctgtegtc
gttttcgcag

gggccacgac

cctggctctg

tcaggcegeg
taagcacggg
ggagcttggc
ggaggttggc
tgtgctectc
gctcgacgea
cgcgeagegt
accgcagttt
cacacaccaa
tcatccacca
cgatgacgat
accgcgtcag
actcgttccg
tcacctccca
tggtcagggt
attcatgaaa
tgttttgggc
tctgcacgca

gaaactccct

gcagatggeg

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100



cacttgcgct
caccccgtgc
gtcccegggt
gceggeegec
cacggaagcg
gatgctgttc
caacgtcgtc
gctcctcaac
ccgeggtetg
cgeeggegtg
ggactttgcc
cttccccaaa
acaagaaggg
ccagctggec
gctggecttce
ccgeegeegsc
gctgtggecc
gtttcccgag
caataccgcg
cggtgecegeg
ggccgecteg
cattaacgac
ggccgtcgac
ccaggaccag

Caacatcaac

gcgegagacc

ccgtecgaget
atagacgtaa
tgctgaaggt
gccatgaccg
ctgtgctecc
cgcgagattc
cggtccageg
gccaccactt
cagccccaac
gccgagegeg
cacgggtteg
tatatcgact
ggtgtgacgc
acggtcgegg
gactccacgc
gactggctcg
cccttgtgga
atcgtcgegt
tccgtcaagg
cgggtcgtta
cgcctegtgc
accgtgegtt
ggtaccctcc
gELLLECEELE
ggcgtgttgg

aacgcgggcc
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gttgttgcga
aatttaaaaa
gCgeeeescce
caccacgctc
ccgaggacgg
tccacgggca
aggcgaccac
accgggacct
ggctggttceg
tgttcgacac
tcgectgett
ggctgacgtg
agggtctgag
aggccgegga
gcgtggegga
tgcgagaccc
ccggggaccg
gtcactccct
tgctgctgeg
acaaggtgtt
ggcttatcat
cctacctcga
ctggattcgg
cgccgeagct
agggctatat

tggcgaccca

gagctctcgg
ggccteggec
gggtttctgt

gcgggecccc

ctgggtaaag
gctggggtat
ccggeagetg
cgaggcggac
ccggtacagg
gtggcggaac
tgegeegggc
cctggggctg
ggcgtttctce
gegegeegsce
ctacgaccgc
catcagcggg
tctggtette
ccgggaacac
gcgcaagagce
geggeaggac
caacatgaag
cgaggeegeg
caagggcgega
tcgecaggcec
aaataacctg

attgcaggag
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atgcgcttaa
ctccctggaa
ccgtctaget
actacgcgtg
gttcacccca
accgagggcc
caggcggcga
tggcteggcc
aacgcccggg
acgcttagga
ggcecgageg
gtccccatat
aagcagcacc
cccgggtttt
gtgtatatct
cagcgcggag
gattcgceccg
gcgcacgtct
gacagcgagce
gacgagacca
ggcatgegec
gggcacctga
aacagccgeg
ttccgcacgg

tttggaacca

cgcgaccgeg

ggattggctg
cggetggteg
ggcgctececc

cgegeeeeea

gcceeggtac

agggggtgta
tctttcacge
acgtggcggc
aggcggatat
cgacgctgct
gcccgtcaag
tacgcaagcg
cgctgacccg
ttgagctggc
actacaacca
aatgtctggt
tccageggct
gceggetgeg
gcggggtgec
aggccgggtc
acgtaggcga
tagacgcccc
ggtctgeggg
ccgtggttaa
tcgagegect

agctccggeg

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660



cgcaacagcg
gaccggtgga
tatcgacgtc
gtacatccct
ggtgegetgt
gtactccagc
ccccegggta
ggatgcggtg
cgtcgeggac
ccggeecggc
aggegegecg
atgaggggtc
aggeggecga
tcggcgaccg
ggtgeeggtt
attactttaa
cggccaacga
tctecctgtt
tggagaactg
tcggggtcge
gttgccactg
agttcgtcct
ttctctegge
ccccecgcetce
cggaggagst

cgtecgtegcet

ggggcccteg
tgcggeagec
agcaagtcca
tcgtacgecc

tttaaaattc

ggggcgatceg
ggcgegeeca
tttaagaaaa
gtccagcacg
gcgtccecgc
gaccaggeeg
ggccgecacc
ggcgattagc
ccagecgegg
gcggttegtt
gcgctgetgc
ggaccacgtg
caaccccagg
cccccgaage
gggtcegecgc
ggtcctaaac
gccccactgg
cctgttctgt
cgactgegtg
gcgegegect

gttttatcag
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agcgccagcea
gcectgegeg
tggacgacga
aggacctgga
tgtgtcaccg
ccgeattcegt
tcacgggctc
cccgectgea
cagcgctgec
ggggecggtc

ggggcatcgg

atcctcaagc
cagcagacgc
tttaccgcca
ctggacggga
ggccagtcca
cacagcctgg
gacctcctgg
cacgccaccc
acgtccccat
acactcatgt
tacatggccc
gccaccccga
gcctataacc
ctggtctatt

ttttgttgaa

gegegegecce
ggcggacctg
cacgtacgtc
gcgeetgteg
caacaaccag
cgccccctac
cgatgtcatc
aacgtacctg
cccgeececc
cagatcgcgg
gcaccgggat
aggccatcgc
tgctcegect
ccagcatcgc
gtcccgagga
gttatcgegg
ccgtgecccc
actttgagct
cgtcgacctt
tcgaacgegt
tcatggtgta
ggtacctgct
cgagctectc
ccgcegggat
ggtggctttc

ttttaggaaa
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gacctggcgg

ctccgggeceg
gccaacagct
cgcctetggg
ggccaagaga
tttgagtcag
ctgggggage
acagacatcg
tccceggteg
tcgeccggaa
ggeegeegeg
cggggaccgc
ggcctgegag
gcgegtcgac
cgcctatgtg
cttcgeggtg
cctegttcetg
tgcctgtetg
tgccaaggtt
tcgetgectt
cgtaaaaccg
ggccaacaac
attccggctg
catggggagc
ggagacccca

taaacccggt

ccgagtccgt
actatgacat
ttcagcaccc
agcacgagct
cgtcgatctc
tgcttegggc
aggagttatg
cggcectgtt
gcgecgattt
gaactgcgceg
acggccgacg
agcctggteg
gtgcgccagg
gtcgegectg
acgtcggagg
gcggtectga
ctgcaccggt
ctgatgtacc
ctggegtgec
ttcctecgea
ttcgacgacg
ccgeecccecg
ccggegeegc
tgctgggegt
aaacgacaga

tttgtttctg

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220



tggccteecg
gcgtcccatce
taagacgaac
aagaatacgc
cgcgtagatg
acattattgc
tgcttaagaa
aaaaggtttg
caggcaaaca
catactcccg
tgatgagcgc
ccgaccgact
tccagcaagg
gacacccgaa
cggtcgeagg
gcegttgtca
tacgcgggcc
aaccacactc
cacagtgggt
atggcccgec
ttaaagacac

gcegtctect

gcagggcagg
tctgagggag
tccgecagec

gggaagcaaa

acggatgcgc
tgtgegggga
adaaggtttg
gtagagaaat
gtcgtaccgt
ttaagaatac
tacgcgtagg
tacacgggeg
gaaacgacat
ccagcacccc
agtccacggg
cccegectcec
cgeegeegeg
cgctccagta

cgtcctccat

ggcccaggac
cgcggagags
ccgectggct
gccgeagecg
gggcgtectc
cccagaacgc
cgatctgcag
cgttgcacgt
cggccaccac
cgcteccccc

accgcgeegt
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gtgtccttac tccgtcttgg tgggtggetg

geggeggcraag

taacttcgta
aagacgaaca
gagtaataat
gcgtaggtegg
ctatcgtacc
agcgctcttg
cttgtcgtca

ggtaaacacc

ggggagcaca
gggacagaca
gaaggcagtg
ctccgegtcec
aaggccccgg
ccgtegeage
aaatccccca
ccaggcgact
gacggcgttg
gatcaccccg
acccccatcg
gcagacggeg
gtccgggacc
cagcgcgtcc
gaggtcggcc

ccagacgggc

tcggcacgta
ccgtgagtaa
aaaggtttgt
gtggttcata
tcgtaccgtg
gtgagtaata
tctcagggca
aagggataca
aactcaatct
aggeeccgeg
cgcacgacgc
gggggcaagg
aaccgtttat
gcegtgagtg
gtgtcgegta
agatggtcag
gcgtgggtgt
gccctaagea
gaagccgcat
cccccgeaga
gccattaccc
aggcgctcca

agtcttgcta

agggccgecea

ccgacggecg

Page 238

ttcggacaga
taatgtggac
gattttattg
agacgaacaa
agtaataatg
atgtgcctta
atgtttttat
caaacttccc
cgcgcaggat
ggtatagatc
gccgecagta
ggtegetggce
taaacgcgtc
cgtcctectce
cgacccctge
tgttgtcgeg
agacgccctc
cggctcccac
ccgegtcettg
ccgcgaactt
cacccaggag
agacggcccc
ggcccgtecg
ggagctgggc

cgggeggstc

gctgtgtatg
ctcaagcaca
tttattgctt
cttaagaata
aaggtttgtg
tgtactttat
taagacgaac
tggtcaaact
ccectegecc
ttcgegeagg
gacggggacg
gtgctctgeg
ctcaaagggg
caagataagg
cggcacgcat
cgeegtggtg
ggagttccag

gagggccagg

ggccgtcteg
ggggtccacg
caccgagctg
ctgcegeage
ggLccaggece
gcegtgggeg
gcgaagtccg

taacagttgg

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780



atgattttag
ccggetgeceg
accgecgggcc
cgtgccgact
gcaaagtacg
geeeCCcages
agegeegeeg
agcacccgtg
tcgaccaggt
tcgegegeaa
cactgggggg
tcggcaacge
agagcggcgc
cccgtgegtg
cgctccaggg
ggctccageg
acggagacgt
gcaaagcgceg
aagtactcgc
tcctccacce
ctgtgggtcc
gEELLEEECE
cttggccect
acgagtgcgg
aggccteggt

cgctggatga

tggcgggatg
ccgaggcecac
aggcccccag
cggeegtgsc
ggacgggtcc

cceegesgeec

cggagaactt
ccgtgactceg
ccccgaacge
atagcgcggt
tgtcgcgaat
gcgecgecag
gageescese
ggtccgagec
ccgecaggac
g8L8ageCLLC
ccgeggagec
cgcgaccctc
gagcgeggeg
acacgatatc
catgctgecg
gtttttggeg
cggtgegttc
tcccgagact
ggggagctcc

gtgcgtgege
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ccaccgegec accgectecc geaccgeggg

geegeggecag
gagegegeeg
cggcacggtg
cccceggacc
ggcgtggacc
ctcgecggceg
ttgcgggtgc
gccctecttc
tceggtggty
ggccgeeagg
ggccatageg
gegregeecce
gatacgcagc
gcacgcgtac
cggegtegtc
gtagaaatcc
ccctgeggceg
gggcagccat
tgeggtgtcec
tgcctggeceg
ttggegteeg
cggcaacagc
tatagggtgc
gacagcgecg

aaacagcgcc

gctegegees
taagcggceceg
aacgtgggcc
tcaaactcgg
gtggtatgcec
cttacaaagt
ccgegtggec
ttgatcggcg
atgttaacgg
cgcgececacg
tcgatgtcaa
cacgacgctc
ggggcgaaca
agcgeeegec
gcggegegeg
cgcagctecg
ttgcgacata
accgcgtaaa

atcgcacggc

ggceeggtgg
ggtgggaaac
gcegeeggtce
taaagttcac

cctccaggat

cccacgecggg
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ggaggacgac
cggceecgeg
aacccggaaa
gccccagaaa
actgccggaa
agtcgtaatc
gcaggcccac
gaaacgcaag
tcagcgaagc
ccagecgegc
tgttggectc
tctcaacttt
gggccaccgg
acagagtcgg
cggcegecac
tcgeggtgac
caaaatacac
gggtaatggc
ccctaaggat
gtcgeggaaa
ggceegggtc
cgcggacgac
cgccecctge
gatgtcagcg

cacgcgtagc

caggaggcat
cctggecccc
caccaggtcc

ccccaggacg

ggcaaagacg
aagggcgacg
gegeeecage
ctcgeacacc
agtctggtat
ggcgeacgeg
gtcgggatgc
cgcgaccagg
caccaccagt
cccggtctgg
gttctccagg
gacggcctgg
ggagacctcc
cagggegteg
gctgacgctc
cacgggeggt
ccggtgacgg
cgggegccaa
cacgtaccga
atcatgggcc

ttggggtteg

ttgaagcgcg

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340



cgcccgeaaa
aggcgetgtg
ttttaacgcg
gttcgcccca
geggeggaca
gtccgteggt
ggggggtcag
ccgagtccca

gggttacgtt

tggggatgac

tggccatggg

ccatcaggct
ggaggtattt
acgccteggg
aatgtacgcc
agaagcgcac
agagacacgc
gcgacccccg
gacacagcag
cgtgattaag
aaatcagtag
ccatgtccgg
gatcgaagct
acgtggtcac
gacggcagaa

tatcgccccc

ctccegettg
gtcgatgteg
ccccgeeecg
gattatcttg
gccgettagg
tacgttacag
taggtccagc
atgcaggcgc
cagggtggssg
gceegtggeg
aacgcggaga
gttgaggttg
ttcgacgaaa
atcccggcac
ccgcaaaaac
gcgtatgcag
cagcgtgcat
ccccagegac
gtttgtgacc
gagcatgggc
ctcccecttg
tccgtagttc
gaggcccacg
gtccccgagg
ccgggecacg

gccaaggcegc
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tgggccataa gcagggegta cagctgectg

tgggcgtcca
ggaaacgtct
aacagcgcca
gcgtcggcga
tggcccagtt

acgtcatcgg

gcggccatgg

ggcagggcca

tagtggtcat
caggcctcca
cgcatgagcg
agacccacct
cgcagctcecc
agacagaagt
tttagggtca
ctctcaaagt
gtgtcgcatg
tgggagaact
gtaaagacgg
cggagggtsc
atgggtttca
gttacgaccg
ggggtgageg
atctccgcga

gcttccaget

acaaccccac
gegtgetttt
ccgegtggtc
cgcgettgac
cgaacaccag
ggccgaaggt
tgctgcacag
cgagctccag
agatccgecg
gcaacgccag
cgacaatttc
ccteegtctce
gtagatcgcg
cctttgggst
gcagcatgtg
agtgtttgta
ccgacgegtc
gegegegeca
gctccgageg
gcacccgtec
cgtaggcgaa
tcgtgtatat
agtgaagcaa
aggagaccgt

CCCCaaagaa
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gattgtctgt
ggccatctgce
cgtctcgcta
ggcttcctec
ctgcatgtag
cctcccagat
gcacaacagc
ctctccggtg
aaatatggcg
gtaaataaac
cgceggegcg
ggcggecetgg
ctgggcectg
cagggtatcg
aaggatgtta
acggaatttg
acagcgceccc
ctggccgeag
cgccecggag
cagggactgg
catgccatca
aaccacgcgg
cagcacgcgg
cgacgaaaaa

cgtggccccc

tgggteeggce
ttggtgaggt
acgccaaaca
acggacccgc
gagagcagaa
cggtcgtagt
cccceggecg
tcccagacgg
acgttgatcg
ctgctgegge
cgegtgegtc
acatcggacc
geegecageg
agggcgtcga
tcgtgtcccc
aggctgtcecg
ttgtagatgc
ttgaaccggc
gaactgacca
ccgtecatgt
tacacggaca
aagtgcaggg
tattggcccc
tccgtaaact
atgcagatgt

cgggectecg

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900



gagaggcgtc
gcteggtecc
actcgccgac
actgcgegtt
gcattaacgc
tcgacataac
gatgaaggct
tggtggatga
gggtctgggt
tcgetteccg
ccacagtcac
gctgeegetce
cgtacaacat
tgggacgccc
gggegeggac
tctgegtcac
acgccacggc
ccgtgeccect
tgttgttggc
ccctggacge
tcgccggaaa
tcagccagct
cccatttttg
tggagctggc
ccttgetgtt

ccgegttcaa

cggagacggg
cagacgcgeg
caccacatgc
ggcggttgeg
atccacgcgg
ctcgtccaga
ttccacctgg
gaagtaggtg
aaaactccga
cagccagegg
gcacctggcc
gatcgttgtt
ccgegctage
ggcccccaga
ggcgtggtegg
ggggctectc
gagctcttat
caggttggac
cgtggecegtg
gggeegeegt
cgtctgetct
ggcccacctg
caccaggegg
cccgacccat
gggcgtcttc

ctttaatttt
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ccgeteggeg
agaaacaggc
acgttttttt
tccatggcega
cccagttgct
acgaggacgt
acgataagtc
acaaagtcga
cgacaggaga
atcagcgcgg
gtcggggcgc
ttcgggtgaa
gatacgctcg
ggatctcccg
gtctggtgtg
gtcctggect
gceggggtea
acgcagagcc
tatgccgtgg
ctggctgege
tggttgctgc
gtttacgtcc
gtcctgageg
catcgcgtcg
ctgtgcacgg

tcggeccegg

gceegggeeg
accggcgegc
cgccecggag
tgatccgagg
gcatcgttgg
cgtagttgtt
ggtggaageg
ccaggcctga
cgacgagcac
tagtttttcc
tcgegttegg
cccggggceac
acgtgtactg
actccgegec
tgcaggtggc
ctgtgttecg
actccacggc
ttgtgggcac
tcggegeegt
cccgeatggc
agatcaccgt
tgcactttgce
ggacgtatct
tcggeecggc
ccgacgeege

gcatgctcat
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gcgragggea
cgaaaacccg
accgcacagg
acagatgcgc
cgaatagagc
cagaaggttg
gcggtegttc
ctcagcgaac
actcgtgtcc
cgaccccatt
gaaggtgacg
ccattcggec
ttcgcactcg
ccccacgaaa
gacgtttgtg
ggcacggttt
cgaggtgcegc
ttatgtaatc
gacctcccgce
catgccgceac
cctgttgetg
gtgtctggtg
gcgtcaggtg
tcgegecgtg
ggtatccctg

ctgcctgacc

gcctgeagga
ggcatggegt
aagtccacca
agcaggcgta
tggcccageg
gggcccacgc
ataatgtaat
cgcgtegcta
ggagagtgga
geCgLgCgea
ggtccgtgct
aaatcccccc
tcgtccccaa
ggcatgaccg
gtctctgege
ccctgetttt
gggggtgtag
acggccgtgt
tacgaccgcg
gccacgctga
gcccatcgea
tattttgcgg
cacggcctga
ctgacaaacg
aataccatcg

gtgctgttcg

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460



ccattctcgt
tgttggtege
agcactatta
gagtccgegt
gcacccgege
acacgcgaca
gagacggeeg
acccctacgc
cgatttacga
cgcggeacct
ccgecgagga
taaaccgttt
tactatcacc
acgcgtgcga
tggaaactgg
ggggtccgat
gggcacgtag
ggtcagcgag
ccgggeeecg
ctgctteget
gcgatcggaa
gceeeggege
ccgataaacg

tagccctgea

cggcggacca

ggggcglcaa

cgtatcgctg
cccccacctg
caccaacggc
cgcectegec
ctatctgtat
ccgegcacat
ccacaggcecc
gatctcatac
cgaggtggcg
gcccgacgac
ccccgtgtac
gtgtttaacc
gtcccccccc
ccgtatacag
gtggegggsc
gaacgcaggc
aaattacctt
acgacctccc
gagaacgaga
ggatggcctt
cggcctggtt
cgtcctccag
tcaccagatg
ccaagatctg
gatccccgga

acagaagcac

ONCR_010_02WO0_ST25.txt
ttgttggtgg tcgagggggt gttgtgtcac

ggggeegteg

tactacgttg
ctggtcgecg
cacaggcggc
tcecgeectcea
gcacccggea
ggegeccage
gacgaccaaa
gatcccatct
agcaccgtcc
cgaccgtggt
ccccctcaac
aacattgttt
aggcgectcc
gctgtctecc
cctcttegga
cgtcgteggt
ggcccatagc
atagatctcc
cgggagaatg
gcggaacgtt
cgggtggess
cttaaagttc
gctccaggac

ctccgagaca

ccgccacggg
tggagacgca
cctttgeect
accacaccaa
agcgcgtacg
gcecegeecgg
tcgaccggta
ccgacgtatt
atgacaccgt
gcegttggta
gtatgtctgg
cccggegatt

tggtttttat

gggggtecegce
cgegerecgc
ctcgatatcc
gatgaggacg
tcggcgageg
ggatcgatgc
gacgccttgc
acgccctect
gggcagtcegg
gggtgacggs

acgggegeaga

acgccgctat
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catcgtcggc
gtggeegees
cggcatggcc
attttttatg
cagttccatg
gattcccgaa
cggagattcc
gtacgccaag
tggggggtac
gctgtttggt
tgtgtggcgt
gtgggttttt
tcgctatcgg
cggtgagtgt
gtaaccccge
acgacgtcaa
ttgtttcggc
tgtcgtcgaa
ggacggggst
tgggtcctge
ccgegetggt
ggaagtggct
ggttcgcgaa
tggtgteggcg

ttaactccac

tacgtgcgceg
ctggectgeg
gctcagacgg
gtgctccget
cgcatgegeg
cgcggatcge
tatgcggaag
gacggggage
atacaacacc
gaccccgagc
tccgttttaa
ccgatcccgt

taaaaacgac

acatgggsgs
ggcgegageg
gcatatccgg
agtcgtggsc
agcagcaggg
tgccaggegg
aatgatcagg
ggccccgaga
geggtgectg
gtcgagcacg
gacgggctceg
tccgaggtceg

caaggcccga

14520

14580

14640

14700

14760

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020



tccgeggege
tgcgtgacga
ggcttecggga
tcctegtacg
cggcatttga
atgtcccgag
atgaggaccc
aagcgeegeg
aacagcaggc
acatccggcc
gggccccage
cagtcggcect
gcgtecgeeg
cggtccacca
gcccagagge
cgctcgaacg
cacatagagt

ccaggagata

gegeeecges
ggcgaatggsg
aaggtggttg
cgaggggtgt
gctgggecta
ccgeegeggtg
caggeggegac

tatcgccttg

agcaccgcct
gagcctcectc
tcgaccggat
cggaggeegt
cctcgtaaaa
gacagacgag
cacacgtatg
tgtcggegec
ttcgggecegt
gcaggctggc
ggagggtgga
ggttttgegt
cggeeggees
tacccgectc
gaccgatggc
tctcggctag
caaggtccgg
gcggaatgtc
gcttttegte
agctcgggtc
tcagcggaag
cctcggecag
ccgtggactc
aacgctgatt
accagcacca

tgtgtgtgct
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tttttegeec

Cggeccgees
aaatgcccgg
ggggtegetg

gegccageeee

aatatccagg
cacgttctct
ggcctegeceg
cggctegttc
gttgtgcttc
tgcggtegty
ggccgecteg
cccgeggegc
ctcgaggacc
Cagageesecsy
tatatgggag
ggagtcggga
tggggtcgga
tgcggtgteg
cacagctgat
actgttaggg
ggcccaggga
catttccgag
ctcacgacag
ggagaggctt

ggtaatttat

gaggcgtgeg
acgcgeecgg
aacgcctecg
gggtccatgg
gtcttgggga
gacgccccga
tcggcgaggt
ccgtegtecg
acccgeecga
agccactggg
aggccccgec
taaaacccca
gtcaggcgcec
acggccaggg
cggacgcegc
ggcagegegt
tcggegtecg
ggccctgagg
gtggegtgct
gtcgtctggg
cgggggegct
cgcttagtca
acgacgtggg
cgegtgecege
aagctcggga

acaccgatcc
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cctctgacca
gcgcgaagta
gggaccggtg
ggtcgaaagc
ctggggccag
ccatccccgt
cgctgggttc
cgcggeccac
acatcaccgc
gcgagaaaca
ggagrageec
tgaggggcecg
ataggtgccg
aacacagata
gcagcaaccc
tggggatcac
ggtcgegggc
cgtcagaaag
gatcacgtgg
gtgeeeeeses
tgggegegct
cggtgegtcec
gggagcggtg
gcgcacgggt
ggcagcgeca

gtaaacgcgc

ggcctggtcet
tcgcacgetg
tgccatcaag
gtacttggcc
gtagccgtga
gtgaccgtcc
gtggaagata
gcagtagcga
cgaagactgt
cggaccctgg
ccatagctgg
gggegecacg
accgagtccg
atccaggcgg
gcgcaggteg
cgacgccgac
gtgggtgccc
tgccggegac
ggggttaacg
Caggegacegs
gtcggggcca
cggcggacat
gttgagcgcg
tggtgtgaca
ccgacgacag

gccgaatctt

16080

16140

16200

16260

16320

16380

16440

16500

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580



gggattgegsg
ggtcteggcc
cagggcgaag
gggtacgecc
cagggcgtac
ggcccgtteg
caccagggtg
cttgaggtcc
ggtgacgagsg
catgacgagg
aaacacaacg
gtttgttgtg
ggggaacact
gttgtgegte
aacggcaaac
ttggacgtca
cgtgtagtgt
gagggtgags
Caggeecees
agacgagcgg
tcggtggegs
geeergeeeg

ggaccgttgg

tctgegggac
gctgettect

tcaccaagcg

aggtggcgcc
gagttgacaa
tccggegaca
aggctcggeg
aggtcaaccg
ttgttaaggt
tgaaagttgg
ggctcctgga
ctaaagtcgg
atgttggcgc
gegegeecca
cgcagggacg
atctgtcgtt
cggeeggegc
cactcctttt

ccgtatcccc

agggcegggst
atgtgcgagg
cggttcagtt
ctcattcgec
gacccgtgeg
gaggccccgt
cgtgcacctt
tcatccatcc
cgagttgctc

ccggatcgag
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ggatgccctc
acagggctgg
gctggttgtt
cgacgtacac
ctaacccgac
atttcaccaa
ctgtggttag
ggcaaaactg
cgaggacggc
acttgatatc
gctccgtgaa
ccagttggcc
gttgcagcga
gtagaacgca
cctttatggt
cagacccccc
tgatggcgaa
gggacgagee
tggcegeegt
atcgggatag
aggagegegea
gggggttgga

gggggctgag

ttcggccagg
ctcctggtcec

gtaccgtcgg

tgggacgtca
gtgcagcacg
aaaatactgg
gctaaccacc
gtcgtgcttce
cagctccggg
gecggteggec
ccccegggcg
ccgeeggage
caggtggctg
gcactggteg
gatatactta
gaacccgagg
ctccecgacc
cttaacggca

gaagcttcgg

cacggggctg
gggtgeggtt
accgggegtc
tcccgegega
gacgecgecg
gtgtacgtag
gttagctgec
tcgeegtetce
gcaagacgat

tgtgcggtta
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tacgccaggce
cagcgatagg
taaccgggaa
aactccagca
aggcggtggt
ggctggttat
atgccaaaca
atcgtggagt
gagacggcgt
atcccgcagg
agggeegteg
ccgaggtcca
ggcgegatga
aacagggtcg
agcttatgtt
geeeeggega
catagcttgc
aacgccgect
tcgggggacg
agccgetegc
tcctggagag
gatgcgagcc
acatgaccag
cccacagaga
cgtccacggc

gaaagtcacg

cgtgggtgtt
cgagcagegsc
accgggtcac
gcgtctggcc
tggtaaattc

acccgtgacc

tccgggggga
tggagttgag
ccgaccgeag
tggtgtttaa
agaccgaggg
tgtcgtacgc
agccgeggat
cgatgagctc
cgcgaatcag
tctcgagggt
ggatgcgegt
gggatctgeg
cgeggegatg
ggageccgga
aggggecegct
aatccttgaa
caggtcgctg
agcgttggtc
gtccaggegc

acgcgecgct

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140



tgctccteca
cgggacttta
acaaaccgag
taaatctcgg
tctcggtcca
ccaaggccecg
tggtcagcag
acttaaggtg
agtgcccttt
cgtcgggacg
gctgetgttt
cacggccaag
taaggagtgc
tacgtttcag
ctttgcccag
ccccaaaaaa

gctgttccaa

ggaccacgcg
cgacgcggcc
cggcaagacc
caagatcggc
cgcctgectg
ctccttcteg
aaacgtaagt
cacacccacc

cactgatttt

cgcgaatttt
gcegegectc
gatcttgggt
ctcggaggtg
ttccgecacc
tgatcggggt
ctggegtecg
ggcgeggacg
ttagatttcg
ctccacgact
aatagcctgg
ctggaattcc
gcgeeggeeg
gccctecacc
ctgctcaaaa
cgggccaagg
aaaatgatcc
gagcaggtca
gtgcgecact
tggtttctgg
tacacggcgc
cggggcetggt
tttccggacg
cctecttttct
cacccacata

tattcgggat
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aacacaggtc
caattccaag
gctgacgecc
cgtcteggec
ctgcgggcga
acttcgecege
acgtccagca
aggcgteggc
cgaccgegac
gctgegagea
tgceggegea
tggccccecga
acgtggtgcc
gctccgaagc
cctecttecg
tggacgtggc
ttatgcacgc
acacgttcct
tccgecageg
tgcccctcat
acatccgcaa
tcggtteggc
ggtcgegeag
ttcgcatggc
cacacacaac

cgcttgagga

gcgegetgtce
tgggccgect
tcccggtgea
aggcgteggc
cccgggggst
cgcgacccge
gtacctggag
gggcctcacc
ccccaagege
ctcgecgetce
actaaagggg
gttggtacgg
tcagcgtaac
ctttcgecag
ggcctecage
cacccacggc
cacctacttt
gcgtctegtg
cgccaccgtg
cgcgctgtceg
ggcgaccgag
ccgagtggac
taccatcgtg
tctcccaagg
cagacgcggg

ggcccgggca
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gcatcatctc
ttgcagccat
gctgeagggt
geagggecge
gctctgatag
cacccggtgt
cgcctcgaga
atgggcgscg
caccagaccg
ttctcggeceg
cgtgatttcg
gcggtggegce
gcctactata
ctggtgcact
ctcacggaga
cggacgtacg
ctggecegecg
tttgagatcc
tttctegtec
ctggectect
ccggtgtttg
cacgttaaag
tttgcctcca

ggccccgggt

aggaaagtct

acggCcccggs

taagcgegceg
aaaggcgcca
ctggtccttg
gtgggcggca
tctcgegtgc
gcgcgatgtt
aacagaggca
atgccctacg
tggtccctgg
tggegegecg
ggggcgacca
gactgcggtt
gcgttctgaa
ttgtgcggga
ccacgggcecc
gcacgctgga
tgctectegg
ccctgtttag
cccggegeca
ttcgggggat
aggagatcga
gggaaaccat
gccacaacac

cgacccgacc

gcceccgtgge

caacggtggg

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700



gcaactcgta
gctggtegeg
cgtgatgcaa
gagaagcgga
ccacagacac
gttggcggaa
gatcctggcc
caggtcgctg
cgggcccaag
gccatccagce

ttcctceggg

cagggggtgc

gaaaaagagg

cagaaaaatc
cagaggctcg
gacgcgccac
gtcgtegact
ccceeggeeea
gEELLLaLEL

gtggeegeee

aaacctaagg
aatggtgaac
caggcagagg
tgtggagees
atccatcgec

gtagtcaaaa

gcaaataggc
gggatgttgt
ggacgeCeee
cacaggctag
gegeCgacge
tcgatgtgeg
aggagccatc
tccatggecc
gcgcagcacg
tcgecgacca

ggggtgeccg

gtcacgctcc
gcaaagaagg
tcgcagaaga
gtgaggaccg
acaaagacgg
ctatcgegeg
CCaggegecsy
caaaccccag
gaaggcgccc
acagcggccc
gcaaagccgc
taggcgtagc
acggcctcca
acggcgattg

acgtaatggc
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gactgatgta cgaagagaag acacacaggc

ccgegecgea
gggcctgeag
catccccctg
agggacagga
gCeeCeLEesC
ccagatggcg
agcagtagat
cgceeggctc
ctggctectc
cccgtatgeg
ggaggtggac
tgttcgeges
gegrgegece
ttagacaccg
agttgacaat
tgccgegage
CcCaggeeccy
aggcgegegc
gctagcgaga
gegegacges
cgggaaagac
tttccccgge
tgaagcgaca
gacgattgtt

cgtcggagtc

ccgtecccecg
cagggtgacc
gaccgccagg
ctccgttacg
gcaggactcg
ggccctgett
ctggeegetg
cgggggestc
cgcgagctgt
tgcgaacgtg
gatcgcgcag
caaccgcagc
ggggtctggs
aaagatcttg
gcgegegata
tceggeecgg
ccggggtecc
caacggcgcg
ccggeegttc
gtccgagagg
aactatgcca
caggtattgc
tttactctge
aagccgceagc

ggcaaagcgg
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acgacctctt
gtatccacgg
gtacactggg
acggaggaga
cagccccccg
cccggtggac
gggaggtgcc
ttcgegggga
tcggtegtte
agggtgcaca
tagcggcgct
gcettggggc
ttaggaaggg
agccgctegt
gagtcgacgt
gaatccggcc
agctgegeca
gggaggagtg
ccggacgaca
ctaaggtagg
cagaggcggc
tcgcagaccc
tcgegtttac
gtgtctecge

gccgggaggt

gccacceggc
gcagacggtc
gatggccaaa
ccatcttggc
gccacagtgc
ggtgegttegt
agagcgaccc
accaggcccc

ccagatacgc

ggtcgggest
ggagcggest
cgcggttaaa
gcgtcagata
ccacctgaca
ccgeecgaac

ccgtccccag

ggggcaaggt
tgceggggsc
ggtgggcgag
ccttgegaca
ccgegatgtt
gattaaaccc
tgcgtgggsc
tgacgtcacc
ttgtgctgta

cgtcgccgag

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260



cgggacgacc
atacgcggtg
gaggagaatg
gtcatagcgc
gcccagggcc
gtcaaagggc
tagcagcagc
ggcgraggece
tcgeeegecc
gtagtggtgsg
gcegeeggcc
ggtaccageg
cgetgggscc
gtcagccgec
ccccgatgea
gacgtcctgc
cacgtcctgg
ggggesgteg
caagggctgc
ctccttegeg
acagacgcgc
gtcgtaacta
cgccgecacg
gaacaacccc
ggccagaagc

ggtacagtcg

cgeegeeecc
tgaaaaaagg
gggaagcgee
aggcgcetgtg
cggaggcacg
ggcaggacgg
tcegectgec
tcggtcageg
cacgccacgg
cgcaggacca
agggcttccc
gtaagggtta
acaaagcggc
cccatggegce
acgccacagg
actgcccget
gcegeggteg
gacgccccga
ggacgcggeg
gCegecgeese
atgatgcgeg
aacagaatca
gcgtacgggt
ccggegetgg
tcccccaccg

ccggtggeat
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gaccgceecg
cgtcggggsc
tggtcacctc
agattcgcgg
ccagatgtat
ggcgeggstg
cagcgggaga
ccgtggcecag
agttctcgta
cggagataga
atccgcgatc
gaacgtcgtt
ccccgeeggg
ccccgetgac
ccgeacgecc
gaaccaacgc
tgtcgeegec
cgatgggcgg
acgcgctttc
cggeggegcc
tgctgteggc
cgcgggcaca
catagacgcc
acgcacgcgg
catccgeggg

gagcccgagt

tccccccagg
ggtccecteg
ccccaaccac
gcegeectga
gcgegeggta
gCgLaggeec
cagctggtgg
cgccgaggac
ggagacgacg
acgacggctc
caaccactcg
caggatgtcc
gggctccaga
ggcctggtga
gegtccgegct
gaggatctcc
gggggeegtce
gtctgegggc
ccccagaccc
aagcagagcg
cgcgtagegc
gctegecccc
ctgcgegtcea
aaggaggcca
cacgtaggcg

ctggatttcg
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tgtgccagga
acggcgegea
gcgegttggt
agcgeggecc
aaggcgacct
acctcgagcg
gggLgcacga
agcagcggag
acgaagcgct
cacagccagt
accagcgacc
tcgeccecgg

cccgecagea

accagggcgc

cggaccgggt

tecgttctect
agctgctect
gcececegegt
atggacaggt
acgtagceggc
gtgttggees
gagccccacg
cacaccacgg
gggtgtgeceg
gcaaacgccg

acctggaagt

cggccagesc
tcaggttctc
cggggccaaa
ggatggcctg
cggeggegat
cgggaaageg
cgegttetge
geCegeeceee
gcttggttec
ccggeeggtc
gcggctttgc
gccegteggeg
ccgeatctge
cctggegtag
ggcgegcgggt
gtgcgatgga
ccggggagat
ggggccggec
gegLcgLage
acaaatgccg
ggacgagctc
caaggcgceag
gcagggagac
gcacgacgeg
tgcaccacgg

ttgcggecgt

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820



cccgagtcecg
ctcgctggat
cgtctggacc
gcgatgeggs
gccaacggag
gccaggactt
agacgattat
acaccgggaa
tcaacgtggt
ccacggectg
ttcgeeggac
aggccaggga
tgttgtaccg
acgtggatcc
ggcggtaccg

cgggeteggc

ccctgceatcc

actcggeccgt

aggeeeccga
gcgeggtgct
ttattaaaaa
tgcgectgea
ccgtcteccc
accttatggt
cattcgctcec

cacgaccacg

geLeCeeCCge
atgatgacgt
tcgttggcca
tcccccgagt
gcgtgegtgc
taacctgctc
gggctttctc
ggccagtacg
gacctatata
ttcttgttat
cgccgatttg
gaccggcgac
cccctegacc
cgcgttcacg
cgacgattat
ccccgecgac
cggggegttt
cgccatcgec
cgegggceteg
gtaccccttt
gtttaactcc
gaccgacccg
caacactgac
cgccgtcatt
tatcacacgc

gtgtcgtctg
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gcatcagggc ggccagaggg attcccgegg

gaaccaaaga
agtgcgegtt
ccgegggaag
ttatgcgegg
tttgtcgacg
aaccaggcca
agctttttgt
tgcgatgatc
atcctcaaca
tttctggecg
gaccggeecg
accaccaaca
gccaacaccc
atcatcttcg
atcgcccget
cgeggegtcec
acgcacgtgc
ggccccgagc
ttcctgetca
gggggcgtcea
gtcgagtatc
gtccgtacgt
atggccatct
gtctcgtgag

ttaagggeeg

ccgagggecg
catggttcgg
ggcgtgggtt
cgegtttett
aggccaactt
actgcaagat
acaacctccg
acatgccgag
agcccgtttt
attccttcat
ttctgaccaa
gcggcctcat
gagcctecgg
ccctggagca
gcgtcgteca
gggtggeggt
acacagagat
ttctcttcta
acaaacagaa
tggcctecca
tgctcgagea
attccggaaa
acctcgeggc

cgcccaataa

ggegegaageg
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acccgggecg
gggtggstet
tggcgegegt
ctgtctctag
tattcgecccg

tatcttcgtg

cggggccgea
ggtggtgacg
catcacgatg
gcaggagatc
gtctgeggeg
ggcccccgat
gaccggcegtc
cttttttctc
cagtctgacg
cgagggaaat
gcaccgccta
ccactgcgag
gacgcccgec
ggagatcgtt
gctaaataac
acggaacggc
ccaggccgga

acCacacccag

gggtgttggc

ccgecaggca
tggccgagat
gegtgtgtag
atgcgtattc
ggaatccgag
gatgcggtcc
tcgtccacca
gacgagcttc
cacacaaacg
gacgeeecee
atcgggggcc
gagcggtttc
ttgtacgtgt
gctgtegteg
cgcgegetcea
caggtcctgg
agcagccagg
ctggectegg
cctceccggga
tttgaacact
tccgegacgg
ctcaccgaaa
gcctcggatg
cctccgeaca

gtatgctacg

gggaagcgtg

23880

23940

24000

24060

24120

24180

24240

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380



ggaacacggg

cccaacccaa
tatttattta
tagccgggcc
cgccgtcaaa
ccgegtgggt
gcatcagggc
tctgcagtag
gcgtaaggat
gcagctcggce
cgttgtagta
ggtcccggat
gcggaacges
cctcgaacac
tgttgcgaag
ttcgegtgeg
accccaacgt
gcgtcagttg
ccgeegeatc
ccagcatggc
cgeggtggss
gggtcttagg
gcccagacgc
ggccctegga
aacagaagac

tacagagcca

ggattctctc
atcccataaa
ggtatgcteg
ttagggatag
ggtgcacacc
cagccaggcg
cggggcettcg
agcgttcacg
gatggtggtt
gtttacggga
cagcacgttg
gccectggcc
aaaccgcaac
gggegggacg
gttaacggtg

aagcacccgg

gtcgggactg
ccggeggatg
geeeCeCcgag
gccgatccac
gtcagcggcg
gggttgggag
accgagagcg
atcgcggctt
gcgtgggata

gtcccttgag
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acgaccggca ccagtaccac ccccctgtga

catacgacac
ggtttctccc
cgtataacgg
cgaaccacgg
acgagcgcct
gggtgaatga
tacccgtect
ccctecgtga
ccgagttgtt
aggtctggca
acgagccgeg
gtgaggtcca
aggctgatgg
cecggegtggg
gtgatgaccg
acgcctecgg
gtcggcagga
atgcccgagg
gegegcaggea
tagcagagac
gcgacaggga
aatccgtccg

gtcggcgeee

aaagaatcgc

cggggatgeg

acaggcatat
tggatgccca
gggccatgtc
gagcecaggsec
cgtaaagcgg
gctgggegec
gggcacttag
tcgagtaaac
ggacgtccge
gcectecgge
ccacgatttc
gcgaatccag
gegtccccgtt
tgaggcccac
cggggaageg
agacgaagga
ataccacccg
gtatcgcgat
gtgcagtggt
gggcgaccaa
ccccagagca
cggagtcccg
acaaagggeg
actaccccaa

tcatagacga
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tttggaattt
cccccacccc
tceggaccge
caaggtgtct
cagccttege
ctccegegtg
cgcaaagagc
catgttaagg
cagcagcgag
gtttctggeg
gcgegeeagg
gcgcacgtcc
acagagatct
gtccagggeg
cctteggtac
ttcgtgegec
cccttegeag
gtcagtttca
ggttcggetsg
cctcgcatag
tgcgegggga
gcttggettt
cggggctagg

ggaaggecee

gatactgcgc

acacagaaac
cttaggtttt
cccgtgggtc
acaacggccg
cctagttggc
tctccatect
acactctgca
cgggggatta
accagcgatc
aggcgactcc
ctggggttca
ggcgatggaa
gtcgettggc
acggeegage
caggcgacga
gccagcaaca
acgtcggcca
cgctgeageg
aagccgtcecg
gcgegeaggag
gacggggest
ggtctgtegg
tatggggccc
ggcttgegga

ggcggtttat

gaagtgggtc

25440

25500

25560

25620

25680

25740

25800

25860

25920

25980

26040

26100

26160

26220

26280

26340

26400

26460

26520

26580

26640

26700

26760

26820

26880

26940



tcccgegegt
gtgagcgggt
ggggggegct
tccacgatca
ttaaagcagg
aggtccccgt
gacgggtcgc
gcgtaaacgc
tcggtcgaca
gegegeegeg
tttcccgeca
gceeegeggce
acggttgecg
tggegtgageg
aggaagtacg
tgtcggacga
gccacgggac
gcegegetct
cccagagecg
ttgggcgegt
aaatagtcgc
gcgtgcaacg
tcgggegeeg
tgcagcgtga
accgtgttgg

ctggggcact

gggctteccc
aggcctectg
taaactgtac
ggcgctccag
ggctgagcac
acgaaaatcg
tctggecgtg
ccceggegec

cgegeetgsc

gcacctgggc
cgaccgegtt
ccaggtaaaa
tggccacgac
tgaagtttac
cctccgacge
cggtgaaccc
tgatcttgaa
cgcggacgtg
ggggeaccag
tcgccacgtg
cattttggat
ccccgtcegaa
ccgagcagag
gcatggeggg
ccaccagatt

cctecgeeggg
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gttgcgggca ctgeggagga ggecggegtc

aaacaggcca
gtcgctggeg
gcagcgatgt
cggcgagegcc
ctgcgacgec
gtcgtacatg
gcgtccecgg
gataaactca
gcacccgaac

ccgcaggtac

gttttgggea
ggcggtetag
ccccecgeca
gcgctecgag
aaacccggga
gtaccccgec
ctgcacgacg
ggggacctgc
gtcggccecg
ggtatggtcc
tatgcgcatg
cagcgeegtt
cccgtecact
ggccggetec

ggcgatctcc

cacgggtcct
gcggtggeceg
ttggcgegcga
ccgttgaggt
cacgggttgg
agggeggtga
gggttgcagg
cacacggcgt
acggggacgg
acggctgecg
aggttgccca
cccacgccca
gtttcgtgcc
aacagcacgt
tggaggcecg
atgagcgcgt
ggctgtcgga
cgcgacaggt
gcgaacagceg
agatgctgeg
ttggtegteg
gtgcgttceg
accacgcgcc
agggggtegcg

gggaccacca

Page 250

ccacgagttc
tggacaccgc
tgtcggecga
ggtaggcccc
ccgtggecege
catccccctc
geeggeggaa
cctggeegtg
gctgggeegs
cgttgtccag
tgtcggtgac
ggtccacgtt
gggccacctg
tctcagtcac
tcttgagetg
aggtcagcgc
tcgacgaaaa
cgegeagegsc
cgtggacggg
gggccatcag
acgcggtgtt
ccatgttgtg
cgttgtgaaa
cggggteegt

tgttctgcag

gctggegeag
gcggcacccc
cgaacccgtc
cgtaaagaac
gttatagagc
gaaggcccgg
cttgtccccc
gtagttgacg
gtccatccct
ccccaggegg
gagaggeeea
gggettgceg
cgegegegec
gagctggccc
aaagcggtcc
atgatgcaag
gttctccecg
gtagttggcc
cgggeggaaa
gagggggtaa
caggattccg
ggegeeegeg
ggccagcacc
catggcgttg
cacggggtcg

ggtggcgtat

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600

27660

27720

27780

27840

27900

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500



acgcggtcga
acgtagtagt
gcggegteceg
tccgeggteg
cggcagtcgc
aggggtggca
cccagctecg
gccaccaggt
acgacgtacg
tagctggtga
tgtatggcgg
cgaacggegg
cgggegtecc
caggtggcct
tcggccaccc

tcgggctgea

tgggccaggc

geegeggecg

cccccgaccg
tccagagaca
aagecgegee
cgttccatga
accagggggt
accagcttct
tcgagctcegt

tggcggecca

agcgaacccc
aaatcttgtg
cggeteggsc
ccacgttaca
gatggcggtc
gcagcgeegg
ggcceggtceag
cccggtacac
agaccagcga
tgcactggac
cctgcageag
cgatggtgsc
ggaacgccgc
ggatctcccc
ccacaaagaa
taaactgctc
gctgecccca
ccacgtacgc
ccgegtcaac
ggcgcagcac
gatccgggtg
ccggattgaa
agggaacgtt
cgccgatgga
ccagcgtctg

cgtcgtccag
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cgcggtgeag cagcggcccc gegagaaggc

gtgcacggtc
ctgggtgtte
tgcegeegeg
Cagggeegceg
gtctcgeatt
ggtaaagtca
ggccatgcac
gtagtcgttc
cacgagccgg
gtaaaacacc

gggggccatg

cggacatagc
cgggeeggcc
gtcgaacgeg
cggggtcatc
ggcgttcaaa
cccgtacgga
gttcatcagc

ctggeggtcc

gCegeeesee
caggcccagg
ggtggeggceg
caccagatcc
ccggttcagg

acttcgcacg

cagtccgecc
tgcagcagct
tacacggggt
cgccgcatca
aggtgattca
tcaaccagct
tcctegggaa
acgaacgccg
gCcagegesc
gccgggtagt
gegtggegtce
gccaggggca
gggggaacgt
gggtgcagcet
tggccttecg
aacagctgct
ttggcggctt
gaagggtggc
ttcccccaaa
gggactaggt
ggcaggacga
tagatgcgct
gcgegeacge
tcgagetgcet

gccttgecca
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cceggtgegg
ggccgtegtt
cgtggccccc
gggcgtcaca
gcteggettg
geLgLcaggse
ggtctccccc
cgcaccgegt
agaagacgtg
tgcggtegtc
ccacccccag
agttgccgtt
ccccecccegg
caagagccag
cgacccatcg
gcatgtctgce
cgacgggsgtc
acacggtccc
aaaacagctg
ccccggegtg
acgtcaggtc
tctccagggc
gcgtegtetg
cctcctgeat

tcacgagcgc

gggcaccatc
ccggtcatcc
gcggttgaag
cgcgctaacc
gtcccacacg
cgectgeecg
ctcgacgtgc
gaggtaggtc
gttgttccag
ctcgctgecg
gaacgccccg
ctccaggcecc
caccacgcgc
cagctccacg
gttggcgttg
gacccgeecg
gecgegeceg
gcggttaagg
gatcgegtgt
gCegeeeceese
cgcggcaaac
catggcgcecc
ctccagaaag
gggggcrgctc
ctccagcagg

cgtgaccagg

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100

29160

29220

29280

29340

29400

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000

30060



ttggccccgt
actttcagga
tcgaccggcec
gtggeegtgg
cccaggaaaa
gccaccctgg
ageesceeee
gccccgagga
gcgecgatac
aggctgaagg
ggttgctcga
acgcgececct
aacccgagct
tcgaactcga
aggcgtcgat
gcggcatacc
cggctgtctce
cgtgtacgtg
ggcgggggat
gctgeggect
aggccttata
atggccctgg
gcegecaccc
ggatcggtgg
aaggtctcgt

atcccccaaa

tcaggaccat
aggactgcag
gccegegegt
tgaggtccac
agctcgtctc
tggccaggeg
ccttttccag
cggcctggac
ccgteccgtc
cggcgttcag
tggggtecgs
cgttcatgta
ccagaaagcg
cgtcgtacag
gcgacgcecac
ggtatcccgg
tagcgatatt
cccgacggcc
gctgtgtgag
cgttccagga
tacccccccc
tccaaaagcg
acatcgaggc
gcggcagcat
gEECEECEEC

acacgggcgc

ONCR_010_02WO0_ST25.txt
ctcgecgtac gtcaccggea cgteggettce

gaggcgetgt
gtcggcatgc
gagccaggcc
gcagaagctt
gcegttgtec
cagcacgtgc
gttgcgageg
cagggcctcc
ggceeggegg
gccgtegegg
ggccagctcc
cacgagcgac
gctgtttgea
ctcgatcgtg
agggtcgegg
geLecgggsa
caaggtccac
aggccgggtg
gaacccagtg
ccegecccac
tgccaggaag
cccggeegeg
ttggttggtg
gaacaaggca

cgacaacggc

ttgatcgggg

gtcagacgge

tcgacggect
cgctttaget
aggtatcgtt
agcatctggt
agctgttgga
cccgtgagea
tcgataatct
gcaatcagcg
ggaaacttgg
agggtgttgc
tcggagegea
ctaaggaggg
ttgggagegg
ggctaagatc
cgaaagacac
ccggteggeg
tccccaacag
ccccgttaga
aaattggcag
caggctatcc
gcgataaagt
cacagggccg

agacgatccc
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cggtggtgac
gcacggccac
cceggeggtg
cggcgaccag
gcatcggcaa
cggeegtgec
tggcgegcaa
gggcgatggce
tggtcatgta
gctggtggac
tacacacgca
aatacgaccc
cgcgggaaaa
acccggtcgg
ccatggggtc

caccccaacg

gacgggceeg
gggaaaggla
acccggggac
acgcgacgeg
aggcggcaaa

ccagggcccg

ggaaaagccc
tgcctcccaa

tcttgatgtt

ggtgtcctec
gagcaccccg
ggagggctgc
gccegecttg
ggtcgeecgg
caacaaagcc
gcgctcaaac
ctggcgatgc
ctcggtggcc
attgtgtgtg
ctcgaactgt
cgccaccgac
Cagcaggecsy
aaaatcaaac
caccatggcc
gcgtggagat
cccggecacc
gacccaaaaa
ccgggagaag
gtgggatccc
tgcattcaag
gctgtecgec
tgtgcgeagg
gtccggactg
aaacacggac

aacgtacagg

30120

30180

30240

30300

30360

30420

30480

30540

30600

30660

30720

30780

30840

30900

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620



aggagcgccc
ggcgccacca
ttcaggacca
tgggecggaa
aatgaaaact
accagatctc
gtggggagac
ccecgggttct
geegttecge
cgccccaatg
agttcattgg
gtgtcgggaa
gttgtattcg
ccaccgegtg
ccctecagtt
ctctgggeceg
accgggacgt
ggtgtgttta
gtctggtcegt
agctccg
<210>

<211>

<212>
<213>

848

DNA

<400> 848

gcaccgccca
cccttceggt
aaaacgacca
gacgcgagta
gttcctccag
gatccaccag
cgaaaccgca
tgcacaaaca
gccttgatat

cccacgcaag

aggccaaggg

cacgcccggg

agacctgcct
cggcacgceac
tctgttgteg
tgttacgtcg
tgtgttttac

ttccgtggge

tcgagggaca

32767

Artifical
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cgtaacgtag
cagcccgtaa
aaggaacaga
tgccgaactg
cggcagttct
aggaaggtca
aagggtcgct
ccacccgggt
aacctttgat
atgaggtagg
gaaaaatggg
gttgtcctca
gtgcaacgca
gaggacgagt
gtgttccccc
ccgeecgega
gtcacaacgg
cggeegtgte

ggcccagacg

tagccgacga
tacatgcccg
atcacgcgct
acaaaaaaat
ccctectecc
tcccgeatgg
tacgtcagca
tgcatccgeg
gttgaccaca
taaccccccc
gtggggagga
aaaggcageg
cgtcggggtt
ccgegtgett
atacccacgc
tggagcttag
accgaaaccg
cctcgeagec

accgcgtggt

tggcggccag
ctgccaccat
ttgaaaagac
cagaggtgcc
ccccgaaggc
tcatggggte
ggatcccgag
gaggcgagtg
aaacccggaa
gtgggtgtga
aacggaaaac
tccatactac
gcctgtgtec
tattggcgtt
ccacatccac
ctacgccacc
ggcctacttt

cgggegagatt

cgccaactat

gatacaggcc
ctccaacggc
cggctgggta
gtacgaggac
ggcctegteg
tgcggtggag
atcaaagaca
ttttgataag
tttacgccta
cgttgegttt
ccagtaggcc
ggaagccgtc
ggttcggccc
ccaagcgttg
cgtaggggsc
accatgcact
gtgtgegees
gccaagtttg

gtacgaagcg

aaaaaagctg aacgagaaac gtaaaatgat ataaatatca atatattaaa ttagattttg

cataaaaaac agactacata atactgtaaa acacaacata tccagtcact atgaatcaac

tacttagatg gtattagtga cctgtagtcg accgacagcc ttccaaatgt tcttcgggtg
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31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340

32400

32460

32520

32580

32640

32700

32760

32767

60

120

180



atgctgccaa
atccagccta
agaggtgcga
agtgtcatag
tcttacaagt
agtttctgta
tttatattcc
gatcagccac
tgcgecaget
acagcagacg
cactctgtac
actgcatttc
gcgacctcag
gcttcattct
gcaactgata
ttttgacata
caaatacgca
ccctgecact
tcacaaacgg
taatatttgc
aaggccgtaa
gcctcaaaat
tttttctcca
ggtagtgatc
cattttcgcc

tattctgcga

cttagtcgac
ctcgctattg
gectettttt
tcctgaaaat
cgttcggett
atttctactg
ccagaacatc
ttcttccecg
ttcatccccg
tgcactggcc
atccacaaac
accagcccct
ccatcccttc
gcatggttgt
gctgtcgetg
cttcgggtat
tactgttatc
catcgcagta
catgatgaac
ccatggtgaa
tatccagctg
gttctttacg
ttttagcttc
ttatttcatt
aaaagttggc

agtgatcttc
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cgacagcctt
tcctcaatgce
tgtgtgacaa
catctgcatc
catctggatt
tatcgacctg
aggttaatgg
ataacggaga
atatgcacca
agggggatca
agacgataac
gttctcgtca
ctgattttcc
gcttaccaga
tcaactgtca
acatatcagt
tggcttttag
ctgttgtaat
ctgaatcgcc
aacggggecg
aacggtctgg
atgccattgg
cttagctcct
atggtgaaag
ccagggcttc

cgtcacaggt

ccaaatgttc
cgtattaaat
aataaaaaca
aagaacaatt
ttcagcctct
cagactggct
cgtttttgat
ccggcacact
ccgggtaaag
ccatccgtcg
ggctctctct
gcaaaagagc
gctttccagce
ccggagatat
ctgtaatacg
atatattctt
taagccggat
tcattaagca
agcggcatca
aagaagttgt
ttataggtac
gatatatcaa
gaaaatctcg
ttggaacctc
ccggtatcaa

atttattcgg
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ttctcaaacg
cataaaaaga
tctacctatt
tcacaactct
atacttacta
gtgtataagg
gtcattttcg
ggccatatcg
ttcacgggag
ccegggegtg
tttataggtg
cgttcatttc
gttcggcacg
tgacatcata
ctgcttcata
ataccgcaaa
ccacgceggcg
ttctgccgac
gcaccttgtc
ccatattggc
attgagcaac
cggtggtata
ataactcaaa
ttacgtgecg
cagggacacc

cgcaaagtgc

gaatcgtcgt
aataagaaaa
catatacgct
tatacttttc
aacgtgataa
gagcctgaca
cggtggctga
gtggtcatca
actttatctg
tcaataatat
taaaccttaa
aataaaccgg
cagacgacgg
tatgccttga
gcatacctct
aatcagcgcg
tttacgcccc
atggaagcca
gccttgegta
cacgtttaaa
tgactgaaat
tccagtgatt
aaatacgccc
atcaacgtct

aggatttatt

gtcgggtgat

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740



gctgecaact
tggatatgtt
atattgatat
atggaccgcc
gggatcctag
ccgeagcacc
ggcggttgtce
tgggggcgac
caaaatgccg
gaacggatac
gcctataaag
gggegtgtgc
taccatgatc
tgcgetggtc
ggacatctcg
ggcgggttaa
aatgacgtca
ggaggaggtg
aaagcagatg
cttggagctg
ctcgacaaac
gaccacgtaa
ccteegeage
attgtccgtc

gcagcccegg

cccgaagagc

tagtcgacta
gtgttttaca
ttatatcatt
CgCcaageees
gaccccaaaa
tctaccagca
gggggtggag
ccgtaaatgg
gcegtggegc
gcgtacatat
cggtaggcac
tggataacaa
gcgeggstec
agcgaggecc
cggtgeggtag
tagacaatga
tcgegetegt
gtgcgggaca
gcgaccttgt
atgccgtagt
tcgctgatgt
gECaggeeee
tcgtccgeaa
tgcagggcga
aagataacgt

tcttggagga
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caggtcacta ataccatcta agtagttgat

gtattatgta
ttacgtttct
ggggggcatt
gtttgtctge
ggtcegeggt
gegegeegec
ttgcagtgat
tcegggegct
gggcgtccca
aaaattcggc
cgcctecgeg
cgtactcaaa
tggegtggca
tgagtccccc
ccacgttcgg
ggcgeteecg
tggccacgta
ccaggctaag
cggegtttat
tggtgttgac
cctcttccag
aggcaaacac
cggacatcag
tgtccacgta

ttcggaatct

gtctgttttt
cgttcagctt
tcagtgtcgg
gtattccagg
gggctggaga
caccccgtgt
gtaaatggtg
ttcgeegege
cccgegttceg
gcgacagtcg
cgegcageege
aacatgcacc
taggctatac
gggeegggtt
atcgcgcaga
gagcggattt
cgcgctgttg
gccetgggag
ggccatggcec
gacggacatg
taactcggcc
ccgtgegtac
ccccecgege
cgtgctaaag

cccgaggaag
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tatgcaaaat
tcttgtacaa
gtgacgagcg
gcggggctcea
aactcggccg
gcecgegectg
tcegeggtcc
gaggagctga
agcttctggt
ataatcacca
tcctggeget
acctgcgegg
gcgatggtceg
cggtggaact
gccgatagta
aagttcatgc
aggcgcaggt
cgcgtgatgg
agctccgtag
aagccgtgtt
acgttggeccg
gtgtatccca
ggcgagecgg
ggggcgactt

gcccgettca

tcatagtgac
ctaatttaat
agtggtttta
cgatccggcc
gttgaatctc
tcccggggca
gcgtctectc
agaccacggt
cccaggagtc
tgctgteccg
acagcccaat
cccggeeecg
cgtcgggcag
tctgtggatt
gtaaggggac
tgtgctcact
gaaggaattc
tgccgggegt
tcatggcaag
agtcaatgga
ggtcccgeaa
tcgegtgecg
tgagcgtata
tcagcatctc
caaatgcctc

gcagcgcaaa

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300



ctgggtgtga
gtcgagetgt
gtccgggecc
gcctgegteg
cagaatctcc
caggceeggg
caggaacctg
acgcaacact
gcgegeggtce
cagctgctgt
cgagtagttg
ctggtgtgtc
gagggtgaac
catgtacgcg
ggggttegty
ggtgatgggc
ccgtttgttg
gcggttgeag
ctggtgctcg
cacgggccgc
gcaatacacc
cacgttgctg
ggcgeecteg
caactcctcg
gtagtacgtc

gtacgggtac

acggcgeeee
tgttcgtcca
ccgteccgeg
gccattaccg
gccgttagtt
cgctgcagaa
taggcaaact
gcctcgaagg
accgcgatct
ttgctgtgea
gtgatgcggc
agccgtceggt
acgacgaact
ctcacctctt
atgtagtttt
aggccgtact
ttaataaaaa
atgaggtacg
aaggtcgact
aggegeeeeg
acggccgtga
cgggtaaagg
gccaacccca
cccccggagg
agatctcgtc

tgtcccagtt
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tggtctccgg ttccccgggg gtgtagtggce

gccecgegaa
gccccagttg
acgcctgegt
ctcccatgeg
agttgtaaaa
ccaccgaagt
cccggaacgt
ggctgttgag
cctcgeageg
tggegttggc
attcgtcaaa
ccccctcacg
tgtgggagga
ccgggacgac
ccagcacctt
tggcccagcet
tgagcacgtt
ccagggacgc
cgtactgegg
ggaggtgacg
ccggeagegc
gggtccgttc
cggccagegsc
gctgeaggtc

gggcctggac

aataacgtcg
cttaaaatca
cggcaccccc
ggcgtaggeg
ggagataagc
ctccccctga
cccactaaac
gacgtaagtg
catgtgccecc
cgtgagccac
ctccttgacc
ggtcaccttc
gaacagccgc
gaagcgatcc
catgaggtta
atacgagagg
ctcgctctgg
cgtctgegtc
ggtgtggtac
cccaaggagc
ccegtgggtg
cagggegecc
gcgcettegtg
ctccagcgag

gtgattcccg
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aggtcgtcgt
aacgcacgct
gaagatttgg
agggtcctct
ccgctaaata
gtctttacaa
CCaaaaacca
acgtcgttgc
gcgtectggt
ttttcaatcg
gacacgaacg
aggtaggcgt
gtccagecgg
acgaactgca
ccgaactcgt

cgggcgtact

cggacggaac
ggcgagccca
agggcgttaa

ccggectegt

geegegecca
agggcglgaa
aggtccaaaa
gcggggttgce

CgaaacCcCcCaa

agtaaaacac

cgggaaaatc

cgeegeeesc
ggcgcagaga
gggtcgcatc
tgagccgega
agctgtcgtc
gttttcgcag

gggccacgac

cctggctctg

tcaggccgeg
taagcacggg
ggagcttggc
ggaggttggc
tgtgctectc
gctcgacgea
cgcgeagegt
accgcagttt
cacacaccaa
tcatccacca
cgatgacgat
accgcgtcag
actcgttccg
tcacctccca

tggtcagggt

attcatgaaa

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860



gatggtgttg
cgcaatgcegc
cgtgctcttt
gaggeecageg
cacttgcgct
caccccgtgc
gtccccgggt
gceggeegec
cacggaagcg
gatgctgttc
caacgtcgtc
gctcctcaac
ccgeggtetg
cgeeggggtg
ggactttgcc
cttccccaaa
acaagaaggg
ccagctggcec
gctggecttce
ccgeegeegsc
gctgtggecc
gtttcccgag
caataccgcg
cggtgecegeg
ggccgecteg

cattaacgac

atgggtcggc
gtggegeeceg
ccggagecag
cctgeggsss
ccgtegaget
atagacgtaa
tgctgaaggt
gccatgaccg
ctgtgctecc
cgcgagattc
cggtccageg
gccaccactt
cagccccaac
gCcgageges
cacgggtteg
tatatcgact
ggtgtgacgc
acggtcgegg
gactccacgc
gactggctcg
cccttgtgga
atcgtcgegt
tccgtcaagg
cgggtcgtta
cgcctegtgc

accgtgegtt
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tgagaaaggc
tcaccacaca
cgttgeeggt
actctaaggc
gttgttgcga
aatttaaaaa
grgeegescce
caccacgctc
ccgaggacgg
tccacgggca
aggcgaccac
accgggacct
ggctggttceg
tgttcgacac
tcgectgett
ggctgacgtg
agggtctgag
aggeegegea
gcgtggegga
tgcgagaccc
ccggggaccg
gtcactccct
tgctgctgeg
acaaggtgtt
ggcttatcat

cctacctcga

gcccgagagt
gtccaagacc
gataagatac
cgccacgtcec
gagctctcgg
ggccteggcec
gggtttctgt

gcgggecccc

ctgggtaaag
gctggggtat
ccggcagctg
cgaggceggac
ccggtacagg
gtggcggaac
tgegeeggsc
cctggggctg
ggcgtttctce
gegegeegsce
ctacgaccgc
catcagcggg
tctggtette
ccgggaacac
gcgcaagagce
gegggaggac

caacatgaag

Cgaggccges
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ttggcgtaca
tcgttgattg
accgcgaacg
cggaaccact
atgcgcttaa
ctccctggaa
ccgtctaget
actacgcgtg
gttcacccca
accgagggcc
caggcggcga
tggcteggcc
aacgcceggg
acgcttagga
ggcecgageg
gtccccatat
aagcagcacc
cccgggtttt
gtgtatatct
cagcgcggag
gattcgcccg
gcgcacgtct
gacagcgagce
gacgagacca
ggcatgegec

gggcacctga

tgttttgggc
tctgcacgca

gaaactccct

gcagatgggg
ggattggctg
cggctggtceg
ggcgcteccc

cgegeeeeea

gccecggtac

agggggtgta
tctttcacge
acgtggcgec
aggcggatat
cgacgctgct
gcccgtcaag
tacgcaagcg
cgctgacccg
ttgagctggc
actacaacca
aatgtctggt
tccageggct
gceggetgeg
gcggggtggc
aggccgggtc
acgtaggcga

tagacgcccc

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420



ggccgtcgac
ccaggaccag
caacatcaac
gcgegagacc
cgcaacagcg
gaccggtgga
tatcgacgtc
gtacatccct
ggtgegetgt
gtactccagc
ccccegggta
ggatgcggtg
cgtcgeggac
ccggeecggc
aggegegecg
atgaggggtc
aggeggecga
tcggcgaccg
ggtgeeggtt
attactttaa
cggccaacga
tcteectgtt
tggagaactg
tcggggtege
gttgccactg

agttcgtcct

ggtaccctcc

gEELLECEELE
ggcgtgttgg
aacgcgggcc
ggggeectgg
tgcggeagec
agcaagtcca
tcgtacgecc

tttaaaattc

ggggcgatcg
ggcgegecca
tttaagaaaa
gtccagcacg
gcgtccecgc
gaccaggeeg
ggccgecacc
ggcgattagc
ccagccgegg
gcggttegtt
gcgctgetgc
ggaccacgtg
caaccccagg
cccccgaage
gggtcegecgc
ggtcctaaac

gccccactgg
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ctggattcgg caagggcgga aacagccgeg

cgccgeagct
agggctatat
tggcgaccca
agcgccagea
gcectgegeg
tggacgacga
aggacctgga
tgtgtcaccg
ccgeattcegt
tcacgggctc
cccgectgea
cagcgctgec
ggggceceggtc

ggggcatcgg

atcctcaagc
cagcagacgc
tttaccgcca
ctggacggga
ggccagtcca
cacagcctgg
gacctcctgg
cacgccaccc
acgtccccat
acactcatgt

tacatggccc

tcgecaggcec
aaataacctg
attgcaggag
gegegegecce
ggcggacctg
cacgtacgtc
gcgectgteg
caacaaccag
cgccccctac
cgatgtcatc
aacgtacctg
cccgeececc
cagatcgcgg
gcaccgggat
aggccatcgc
tgctecgect
ccagcatcgc
gtcccgagga
gttatcgegg
ccgtgecccc
actttgagct
cgtcgacctt
tcgaacgegt
tcatggtgta

ggtacctgct
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ttccgcacgg
tttggaacca
cgcgaccgeg
gacctggeeg
ctccgggecg
gccaacagct
cgcctctggg
ggccaagaga
tttgagtcag
ctgggegage
acagacatcg
tccceggteg
tcgeccggaa
ggeegeegeg
cgegggaccgc
ggcctgegag
gcgegtcgac
cgcctatgtg
cttcgeggtg
cctegttetg
tgcctgtetg
tgccaaggtt
tcgetgectt
cgtaaaaccg

ggccaacaac

ggtctgegeg

ccgtggttaa
tcgagegect
agctccggcg
ccgagtccgt
actatgacat
ttcagcaccc
agcacgagct
cgtcgatctc
tgcttegggc
aggagttatg
cggeectgtt
gcgecgattt
gaactgcgceg
acggccgacg
agcctggteg
gtgcgccagg
gtcgegectg
acgtcggagg
gcggtectga
ctgcaccggt
ctgatgtacc
ctggegtgec
ttcctecgea
ttcgacgacg

ccgeececcg

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980



ttctctegge
ccccecgcetce
cggaggaggt
cgtcgteget
tggccteecg
gcgtcccatce
taagacgaac
aagaatacgc
cgcgtagatg
acattattgc
tgcttaagaa
aaaaggtttg
caggcaaaca
catactcccg
tgatgagcgc
ccgaccgact
tccagcaagg
gacacccgaa
cggtcgeagg
gcegttgtca
tacgcgggcc
aaccacactc
cacagtgggt
atggcccgec
ttaaagacac

gcegtctect

cctgttctgt
cgactgcgtg
gcgegegect
gttttatcag
acggatgcgc
tgtgcgeeea
adaaggtttg
gtagagaaat
gtcgtaccgt
ttaagaatac
tacgcgtagg
tacacgggeg
gaaacgacat
ccagcacccc
agtccacggg
cccegectcec
cgcegeegeg
cgctccagta

cgtcctccat

ggcccaggac
cgcggagage
ccgectggct
gccgeagecg
gggcgtectc
cccagaacgc

cgatctgcag
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gccaccccga cgagcetectc attccggetg

gcctataacc
ctggtctatt
ttttgttgaa
gtgtccttac
gggeggcaag
taacttcgta
aagacgaaca
gagtaataat
gcgtaggtgg
ctatcgtacc
agcgctcttg
cttgtcgtca

ggtaaacacc

ggggagcaca
gggacagaca
gaaggcagtg
ctccgegtcec
aaggccccgg
ccgtegeage
aaatccccca
ccaggcgact
gacggcgttg
gatcaccccg

acccccatcg

gcagacggcg

ccgcegggat
ggtggctttc
ttttaggaaa
tcegtettgg
tcggcacgta
ccgtgagtaa
aaaggtttgt
gtggttcata
tcgtaccgtg
gtgagtaata
tctcagggca
aagggataca
aactcaatct
aggegccgeg
cgcacgacgc
gegegecaagyg
aaccgtttat
gcegtgagtg
gtgtcgegta
agatggtcag
gcgtgggtgt
gccctaagea
gaagccgcat
cccccgeaga

gccattaccc
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catggggagc

ggagacccca
taaacccggt
tggetggete
ttcggacaga
taatgtggac
gattttattg
agacgaacaa
agtaataatg
atgtgcctta
atgtttttat
caaacttccc
cgcgcaggat
ggtatagatc
gcecgecagta
ggtegetggce
taaacgcgtc
cgtcctectce
cgacccctge
tgttgtcgeg
agacgccctc
cggctcccac
ccgegtcettg
ccgegaactt

cacccaggag

ccggegecgc
tgctgggegt
aaacgacaga
tttgtttctg
gctgtgtatg
ctcaagcaca
tttattgctt
cttaagaata
aaggtttgtg
tgtactttat
taagacgaac
tggtcaaact
cccctegecc
ttcgegeagg
gacggggacg
gtgctctgeg
ctcaaagggg
caagataagg
cggcacgcat
cgeegtggtg
ggagttccag

gagggccagg

ggcegtcteg
ggggtccacg
caccgagctg

ctgccgcage

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540



gcagggcagg
tctgagggag
tcecgecagec
gggaagcaaa
atgattttag
ccggetgeceg
accgegggcc
cgtgccgact
gcaaagtacg
geeeCcages
agegeeggeg
agcacccgtg
tcgaccaggt
tcgegegeaa
cactgggegg
tcggcaacge
agagcggcgc
cccgtgegtg
cgctccaggg
ggctccageg
acggagacgt
gcaaagcgeg
aagtactcgc
tcctecaccc

ctgtgggtcc

g88888E8CE

cgttgcacgt
cggccaccac
cgcteccccc
accgcgecgt
tggcgggatg
ccgaggcecac
aggcccccag
cggeegtgsc
ggacgggtcc

cceegeeeec

cggagaactt
ccgtgactcg
ccccgaacge
atagcgcggt
tgtcgcgaat
gcgecgecag
gageesceee
ggtccgagec
ccgecaggac
g8L8ageCLELC
ccgeggagec
cgcgaccctce
gagegceeee
acacgatatc
catgctgecg

gtttttggee
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gtccgggacc aggecgctcca agacggeccc

cagcgcgtcc
gaggtcggcc
ccagacgggc
ccaccgegec
geegggecag
gagegegeeg
cggcacggtg
cccceggacc
ggcgtggacc
ctcgeeggeg
ttgcgggtgc
gccctecttc
tceggtggts
ggccgecagg
ggccataggg
gegLeeecce
gatacgcagc
gcacgcgtac
cggegtegtc
gtagaaatcc
ccctgeggceg
gggcagccat
tgcggtgtcec
tgcctggeceg

ttgggeteee

agtcttgcta

agggccgeca
ccgacggecg
accgcctcecc
gctegegees
taagcggecg
aacgtgggcc
tcaaactcgg
gtggtatgcc
cttacaaagt
ccgegtggec
ttgatcggcg
atgttaacgg
cgcgececacg
tcgatgtcaa
cacgacgctc
ggggcgaaca
agcgeecgec
gcggegegeg
cgcagctecg
ttgcgacata
accgcgtaaa

atcgcacggc

ggceeggteg

ggtgggaaac
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ggcccgtecg
ggagctgggc
cgggceggstce
gcaccgegeg
ggaggacgac
cggceecgeg
aacccggaaa
gccccagaaa
actgccggaa
agtcgtaatc
gcaggcccac
gaaacgcaag
tcagcgaagc
ccagecgegc
tgttggectc
tctcaacttt
gggccaccgg
acagagtcgg
cggcegeceac
tcgeggtgac
caaaatacac
gggtaatggc
ccctaaggat
gtcgeggaaa

ggcccgggtc

ggcecaggece
gcegtggees
gcgaagtccg
taacagttgg
caggaggcat
cctggecccc
caccaggtcc

ccccaggacg

ggcaaagacg
aagggcgacg
gcgeeecage
ctcgcacacc
agtctggtat
ggcgeacgeg
gtcgggatgc
cgcgaccagg
caccaccagt
cccggtctgg
gttctccagg
gacggccteg
ggagacctcc
cagggegteg
gctgacgctc
cacgggeggt
ccggtgacgg

cggegeccaa

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100



cttggecect
acgagtgcgg
aggccteggt
cgctggatga
cgcccgeaaa
aggcgetgtg
ttttaacgcg
gttcgcccca
gcggeggaca
gtccgteggt
gggggstcag
ccgagtccca

gggttacgtt

tggggatgac

tggccatggg

ccatcaggct
ggaggtattt
acgccteggg
aatgtacgcc
agaagcgcac
agagacacgc
gcgacccccg
gacacagcag
cgtgattaag
aaatcagtag

ccatgtccgg

cggtgegttc
tcccgagact
ggggagctcc
gtgcgtgcgc
ctccegettg
gtcgatgteg
ccccgeececg
gattatcttg
gcecgettagg
tacgttacag
taggtccagc
atgcaggcgc
cagggtggss
gceegtggeg
aacgcggaga
gttgaggttg
ttcgacgaaa
atcccggcac
ccgcaaaaac
gcgtatgeag
cagcgtgcat
ccccagegac
gtttgtgacc
gagcatgggc
ctccececttg

tccgtagttc
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cggcaacagc gccgecggtc cgeggacgac

tatagggtgc
gacagcgecg
aaacagcgcc
tgggccataa
tgggcgtcca
ggaaacgtct
aacagcgcca
gcgtcggcga
tggcccagtt

acgtcatcgg

gcggccatgg

ggcagggcca

tagtggtcat
caggcctcca
cgcatgagceg
agacccacct
cgcagctcecc
agacagaagt
tttagggtca
ctctcaaagt
gtgtcgcatg
tgggagaact
gtaaagacgg
cggagggtsc

atgggtttca

taaagttcac

cctccaggat

cccacgeggg
gcagggcgta
acaaccccac
gegtgetttt
ccgegtggtc
cgcgcttgac
cgaacaccag
ggccgaaggt
tgctgcacag
cgagctccag
agatccgeccg
gcaacgccag
cgacaatttc
ccteegtctce
gtagatcgceg
cctttggggt
gcagcatgtg
agtgtttgta
ccgacgegtc
gegegegeca
gctccgageg
gcacccgtec

cgtaggcgaa
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cgccecctge
gatgtcagcg
cacgcgtagc
cagctgectg
gattgtctgt
ggccatctgc
cgtctcgcta
ggcttectec
ctgcatgtag
cctcccagat
gcacaacagc
ctcteccggtg
aaatatggcg
gtaaataaac
cgccggegcg
ggcggecteg
ctgggcectg
cagggtatcg
aaggatgtta
acggaatttg
acagcgceccc
ctggccgeag
cgccecggag
cagggactgg

catgccatca

cacgtaccga
atcatgggcc
ttgggstteg
ttgaagcgcg
tgggtecggce
ttggtgaggt
acgccaaaca
acggacccgc
gagagcagaa
cggtcgtagt
cccceggecg
tcccagacgg
acgttgatcg
ctgctgegge
cgegtgegtc
acatcggacc
geegecageg
agggegtcga
tcgtgtcccc
aggctgtcecg
ttgtagatgc
ttgaaccggc
gaactgacca
ccgtccatgt

tacacggaca

aagtgcaggg

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660



gatcgaagct
acgtggtcac
gacggcagaa
tatcgccccc
gagaggcgtc
gcteggtecc
actcgccgac
actgcgegtt
gcattaacgc
tcgacataac
gatgaaggct
tggtggatga
gggtctgggt
tcgetteecg
ccacagtcac
gctgeegetc
cgtacaacat
tgggacgccc
ggeLecggac
tctgegtcac
acgccacggc
ccgtgeccct
tgttgttggc
ccctggacgc
tcgccggaaa

tcagccagct

gaggcccacg
gtccccgagg
ccgggecacg
gccaaggcgc
Cggagacges
cagacgcggg
caccacatgc
ggcggttgeg
atccacgcgg
ctcgtccaga
ttccacctgg
gaagtaggtg
aaaactccga
cagccagegg
gcacctggcc
gatcgttgtt
ccgegetage
ggcccccaga
ggcgtggtegg
ggggctectc
gagctcttat
caggttggac
cgtggeegtg
gggeegeegt
cgtctgetct

ggcccacctg
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gttacgaccg tcgtgtatat aaccacgcgg

ggggtgageg
atctccgcga
gcttccaget
ccgeteggeg
agaaacaggc
acgttttttt
tccatggega
cccagttgct
acgaggacgt
acgataagtc
acaaagtcga
cgacaggaga
atcagcgcgg
gtcggggegc
ttcgggtgaa
gatacgctcg
ggatctcccg
gtctggtgtg
gtcctggect
gceggggtea
acgcagagcc
tatgccgtgg
ctggctgegg
tggttgctgc

gtttacgtcc

agtgaagcaa
aggagaccgt
ccccaaagaa
gceegggceg
accggcgegc
cgccecggag
tgatccgagg
gcatcgttgg
cgtagttgtt
ggtggaageg
ccaggcctga
cgacgagcac
tagtttttcc
tcgegttege
cccggggeac
acgtgtactg
actccgegec
tgcaggtgsc
ctgtgttecg
actccacggc
ttgtgggcac
tcggegeegt
cccgeatggc
agatcaccgt

tgcactttgc
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cagcacgcgg
cgacgaaaaa
cgtggccccc
gcgragggea
cgaaaacccg
accgcacagg
acagatgcgc
cgaatagagc
cagaaggttg
gcggtegttc
ctcagcgaac
actcgtgtcc
cgaccccatt
gaaggtgacg
ccattcggec
ttcgcactcg
ccccacgaaa
gacgtttgtg
ggcacggttt
cgaggtgcgc
ttatgtaatc
gacctccecgc
catgccgeac
cctgttgetg

gtgtctggtg

tattggcccc
tccgtaaact
atgcagatgt
cgggectecg
gcctgeagga
ggcatggegt
aagtccacca
agcaggcgta
tggcccageg
gggcccacgc
ataatgtaat
cgcgtegcta
ggagagtgga
geCgLgLgsa
ggtccgtgct
aaatcccccc
tcgtccccaa
ggcatgaccg
gtctctgege
ccctgetttt
gggggtgtag
acggccgtgt
tacgaccgceg
gccacgctga
gcccatcgea

tattttgegg

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220



cccatttttg
tggagctggc
ccttgetgtt
ccgegttcaa
ccattctcgt
tgttggtege
agcactatta
gagtccgegt
gcacccgege
acacgcgaca
gagacggeeg
acccctacgc
cgatttacga
cgcggcacct
ccgecgagga
taaaccgttt
tactatcacc
acgcgtgcga
tggaaactgg
ggggtccgat
gggcacgtag
ggtcagcgag
ccgggeeecg
ctgctteget
gcgatcggaa

gceeeggegce

caccagggegsg

cccgacccat
gggcgtcttc
ctttaatttt
cgtatcgctg
cccccacctg
caccaacggc
cgcectegec
ctatctgtat
ccgegeacat
ccacaggccc
gatctcatac
cgaggtggcsy
gcccgacgac
cccegtgtac
gtgtttaacc
gtccceccecc
ccgtatacag
gtggcggssc
gaacgcaggc
aaattacctt
acgacctccc
gagaacgaga
ggatggcctt
cggectggtt

cgtcctccag
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gtcctgageg ggacgtatct gegtcaggtg

catcgcgtcg
ctgtgcacgg
tcggeeecgg
ttgttggtgg
ggggeegtegg
tactacgttg
ctggtcgecg
cacaggcggc
tcecgeectca
gcacccggca
ggrgeccage
gacgaccaaa
gatcccatct
agcaccgtcc
cgaccgtggt
ccccctcaac
aacattgttt
aggcgectec
gctgtctecc
cctcttegga
cgtcgtcggt
ggcccatagc
atagatctcc
cgggagaatg

gcggaacgtt

tcggeecggc
ccgacgeege
gcatgctcat
tcgagggegt
ccgccacggg
tggagacgca
cctttgeect
accacaccaa
agcgcgtacg
gcecegeecgg
tcgaccggta
ccgacgtatt
atgacaccgt
gcegttggta
gtatgtctgg
cccggegatt

tggtttttat

gggggtecege
cgegggeecgc
ctcgatatcc
gatgaggacg
tcggcgageg
ggatcgatgc
gacgccttge

acgccctect
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tcgegecgtg
ggtatccctg
ctgcctgacc
gttgtgtcac
catcgtcggc
gtggeegees
cggcatggcc
attttttatg
cagttccatg
gattcccgaa
cggagattcc
gtacgccaag
tggggggtac
gctgtttggt
tgtgtggcgt
gtgggttttt
tcgctatcgg
cggtgagtgt
gtaaccccgce
acgacgtcaa
ttgtttcggc
tgtcgtcgaa
ggacggggst
tgggtcctge

ccgegetggt

cacggcctga
ctgacaaacg
aataccatcg
gtgctgttcg
tacgtgcgceg
ctggectgeg
gctcagacgg
gtgctecget
cgcatgegeg
cgcggatcgc
tatgcggaag
gacggegage
atacaacacc
gaccccgagc
tccgttttaa
ccgatcccgt
taaaaacgac
acatgggsgs
gECECgagee
gcatatccgg
agtcgtgggc
agcagcaggg
tgccaggegg
aatgatcagg
ggccccgaga

geggtgectg

14280

14340

14400

14460

14520

14580

14640

14700

14760

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780



ccgataaacg

tagccctgca

cggcggacca
gggecgcctaa
tccgeggege
tgcgtgacga
ggcttcggga
tcctegtacg
cggcatttga
atgtcccgag
atgaggaccc
aagcgeegeg
aacagcaggc
acatccggcc
gggccccagc
cagtcggect
gcgtecgeeg
cggtccacca
gcccagageg
cgctcgaacg
cacatagagt

ccaggagata

geggeecgeg
ggcgaatggg
aaggtggttg

cgaggggtgt

tcaccagatg
ccaagatctg
gatccccgga
acagaagcac
agcaccgcct
gagcctcectc
tcgaccggat
cggaggecegt
cctcgtaaaa
gacagacgag
cacacgtatg
tgtcggcgec
ttcgggecegt
gcaggctggc
ggagggtgea
ggttttgcgt
Cgecceeess
tacccgectc
gaccgatggc
tctcggctag
caaggtccgg
gcggaatgtc
gcttttegte
agctcgggtc
tcagcggaag

cctcggecag
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cggetgeees

cttaaagttc
gctccaggac
ctccgagaca
tttttegeec
CgEeCegess
aaatgcccgg
ggggtcgetg

gegccagegeee

aatatccagg
cacgttctct
ggcctegecg
cggctegttc
gttgtgcttce
tgcggtegtg
ggcecgecteg
cccgeggegc
ctcgaggacc
Cagageeecsy
tatatgggag
ggagtcggga
tggggtcgga
tgcggtgtceg
cacagctgat

actgttaggg

ggcccaggega

gggcagtcegg
gggtgacggs
acgggegaga
acgccgctat
gaggcgtgeg
acgcgeecgg
aacgcctecg
gggtccatgg
gtcttgggga
gacgccccga
tcggcgaggt
ccgtegtecg
acccgeecga
agccactggg
aggccccgec
taaaacccca
gtcaggcgcec
acggccageg
cggacgeege
ggcagegegt
tcggegtecg
ggccctgagg
gtggegtgct
gtcgtctggg

cgegggegct

cgcttagtca
Page 264

ggaagtggct
ggttcgcgaa
tggtgteggcg
ttaactccac
cctctgacca
gcgcgaagta
gggaccggtg
ggtcgaaagc
ctggggccag
ccatccccgt
cgctgggttc
cgcggececac
acatcaccgc
gcgagaaaca
ggagcraggec
tgaggggccg
ataggtgccg
aacacagata
gcagcaaccc
tggggatcac
ggtcgegggc
cgtcagaaag
gatcacgtgg
gtgeeseees

tgggegeeect

cggtgcegtcc

gtcgagcacg
gacgggctceg
tccgaggtceg
caaggcccga
ggcctggtcet
tcgcacgetg
tgccatcaag
gtacttggcc
gtagccgtga
gtgaccgtcc
gtggaagata
gcagtagcga
cgaagactgt
cggaccctgg
ccatagctgg
gggegccacg
accgagtccg
atccaggcgg
gcgcaggteg
cgacgccgac
gtgggtgccc
tgccggegac
ggggttaacg
Caggggacegs

gtcgggegcca

cggcggacat

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340



gctgggecta
ccgeegggtg
caggcgggac

tatcgccttg

gggattgegsg
ggtctcggcc
cagggcgaag
gggtacgccc
cagggcgtac
ggcccgtteg
caccagggtg
cttgaggtcc
ggtgacgagsg
catgacgagg
aaacacaacg
gtttgttgtg
ggggaacact
gttgtgegte
aacggcaaac
ttggacgtca
cgtgtagtgt
gagggtgagsg
Caggeecess
agacgagcgg
tcggtggegs

geggegeecg

ccgtggactc
aacgctgatt
accagcacca
tgtgtgtgct
aggtggegcc
gagttgacaa
tccggegaca
aggctcgggg
aggtcaaccg
ttgttaaggt
tgaaagttgg
ggctcctgga
ctaaagtcgg
atgttggcgc
gegegegceca
cgcagggacsg
atctgtcgtt
cggeeggegc
cactcctttt

ccgtatcccc

agggegggst
atgtgcgagg
cggttcagtt
ctcattcgec

gacccgtege

gaggccccgt
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catttccgag acgacgtggg gggageggteg

ctcacgacag
ggagaggctt
ggtaatttat
ggatgccctc
acagggctgg
gctggttgtt
cgacgtacac
ctaacccgac
atttcaccaa
ctgtggttag
ggcaaaactg
cgaggacggc
acttgatatc
gctccgtgaa
ccagttggcc
gttgcagcga
gtagaacgca
cctttatggt
cagacccccc
tgatggcgaa
gggacgages
tggeegeegt
atcgggatag
aggagegeega

geeegttgga

cgegtgecege
aagctcggga
acaccgatcc
tgggacgtca
gtgcagcacg
aaaatactgg
gctaaccacc
gtcgtgcttce
cagctccggg
gecggtggec
ccccegggcg
ccgeeggage
caggtggctg
gcactggteg
gatatactta
gaacccgagg
ctccccgacc
cttaacggca

gaagcttcgg

cacggggctg
gggtgeggtt
accgggegtc
tcccgegega
gacgecgece

gtgtacgtag
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gcgeacgggt
ggcagcgeca
gtaaacgcgc
tacgccaggce
cagcgatagg
taaccgggaa
aactccagca
aggcggtggt
ggctggttat
atgccaaaca
atcgtggagt
gagacggcgt
atcccgcagg
agggeegteg
ccgaggtcca
ggcgegatga
aacagggtcg
agcttatgtt
geeeeggega
catagcttgc
aacgccgect
tcgggggacg
agccgetegc
tcctggagag

gatgcgagcc

gttgagcgcg
tggtgtgaca
ccgacgacag
gccgaatctt
cgtgggtgtt
cgagcaggsc
accgggtcac
gcgtetggcc
tggtaaattc

acccgtgacc

tccgggegga
tggagttgag
ccgaccgeag
tggtgtttaa
agaccgaggg
tgtcgtacgc
agccgeggat
cgatgagctc
cgcgaatcag
tctcgagggt
ggatgcgegt
gggatctgeg
cgeggegatg
ggagegccgga
aggggecegct

aatccttgaa

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18900



ggaccgttgg

tctgegggac
gctgettect
tcaccaagcg
tgctccteca
cgggacttta
acaaaccgag
taaatctcgg
tctcggtceca
ccaaggccecg
tggtcagcag
acttaaggtg
agtgcccttt
cgtcgggacg
gctgetgttt
cacggccaag
taaggagtgc
tacgtttcag
ctttgcccag
ccccaaaaaa

gctgttccaa

ggaccacgcg
cgacgcggcc
cggcaagacc
caagatcggc

cgcctgectg

cgtgcacctt
tcatccatcc
cgagttgctc
ccggatcgag
cgcgaatttt
gccgegectc
gatcttgggt
ctcggaggtg
ttccgccacc
tgatcggggt
ctggegtecg
ggcgeggacg
ttagatttcg
ctccacgact
aatagcctgg
ctggaattcc
gegeegeege
gccctecacc
ctgctcaaaa
cgggccaagg
aaaatgatcc
gagcaggtca
gtgcgecact
tggtttctgg

tacacggcgc

cggggctggt
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gggggctgag gttagctgec acatgaccag

ttcggccagg
ctcctggtcec
gtaccgtcgg
aacacaggtc
caattccaag
gctgacgecc
cgtcteggec
ctgcgggcga
acttcgecege
acgtccagca
aggecgteggc
cgaccgegac
gctgcgagea
tgceggegea
tggcccccga
acgtggtgcc
gctccgaagc
cctecttecg
tggacgtggc
ttatgcacgc
acacgttcct
tccgecageg
tgcccctcat
acatccgcaa

tcggtteggce

tcgeegtetce
gcaagacgat
tgtgcggtta
gcgegetgtce
tgggccgect
tcccggtgea
aggcgteggc
cccgggggst
cgcgaccege
gtacctggag
gggcctcacc
ccccaagege
ctcgecgcetc
actaaagggg
gttggtacgg
tcagcgtaac
ctttcgecag
ggcctecage
cacccacggc
cacctacttt
gcgtctegtg
cgccaccgtg
cgcgctgtceg
ggcgaccgag

ccgagtggac
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cccacagaga
cgtccacggc
gaaagtcacg
gcatcatctc
ttgcagccat
gctgeagggt
geaggeccge
gctctgatag
cacccggtgt
cgcctcgaga
atgggcggcg
caccagaccg
ttctcggecg
cgtgatttcg
gcggtggegce
gcctactata
ctggtgcact
ctcacggaga
cggacgtacg
ctggeegeceg
tttgagatcc
tttctegtec
ctggectect
ccggtgtttg

cacgttaaag

caggtcgctg
agcgttggtc
gtccaggegc
acgcgeeget
taagcgegceg
aaaggcgceca
ctggtecttg
gtgggcggca
tctcgegtgc
gcgcgatgtt
aacagaggca
atgccctacg
tggtccctgg
tggegegeceg
ggggcgacca
gactgcggtt
gcgttctgaa
ttgtgcggga
ccacgggecc
gcacgctgga
tgctectegg
ccctgtttag
cccggegeca
ttcgggggat
aggagatcga

gggaaaccat

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460



ctccttcteg
aaacgtaagt
cacacccacc
cactgatttt
gcaactcgta
gctggtegeg
cgtgatgcaa
gagaagcgga
ccacagacac
gttggcggaa
gatcctggcc
caggtcgctg
cgggcccaag
gccatccagce

ttcctccggg

cagggestgc

gaaaaagagg

cagaaaaatc
cagaggctcg
gacgcgccac
gtcgtcgact
cceeggeegea
gEELLEaLELE

gtggccgeee

aaacctaagg

aatggtgaac

tttccggacg
cctettttct
cacccacata
tattcgggat
gcaaataggc
gggatgttgt
ggacgeCeee
cacaggctag
gegeCgacge
tcgatgtgge
aggagccatc
tccatggecc
gcgcagcacg
tcgecgacca

ggggtggecg

gtcacgctcc
gcaaagaagg
tcgcagaaga
gtgaggaccg
acaaagacgg
ctatcgegeg
ccaggcggcg
caaaccccag
gaaggcgccc
acagcggccc

gcaaagccgc
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ggtcgcgeag taccatcgtg tttgcctcca

ttcgcatggc
cacacacaac
cgcttgagga
gactgatgta
ccgegecgea
gggcctgeag
catccccctg
agggacagga
gCEECELELLC
ccagatggcg
agcagtagat
cgceeggctc
ctggctectc
cccgtatgeg
ggaggtggac
tgttcggees
gggLegcgecce
ttagacaccg
agttgacaat
tgcegegage
Cccaggeeccy
agecgeeeec
gctagcgaga
gegegacges

cgggaaagac

tctcccaagg
cagacgcggg
ggcecgggca
cgaagagaag
ccgteccecg
cagggtgacc
gaccgccagg
ctccgttacg
gcaggactcg
ggccctgett
ctggeegetg
cgggggestc
cgcgagctgt
tgcgaacgtg
gatcgcgcag
caaccgcagc
ggggtctggs
aaagatcttg
gcgegegata
tccggeecgg
ccggggtecc
caacggcgcg
ccggecgttc
gtccgagagg

aactatgcca
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ggcccegggt

aggaaagtct
acggceegeg
acacacaggc
acgacctctt
gtatccacgg
gtacactggg
acggaggaga
cagccccecg
cccggtggac
gggaggtgcc
ttcgegggga
tcggtggtte
agggtgcaca
tagcggegct
gccttggggc
ttaggaaggg
agccgctegt
gagtcgacgt
gaatccggcc
agctgegeca
gggaggagtg
ccggacgaca

ctaaggtagg

cagaggcggc

gCcCacCaacac

cgacccgacc

gcceccgtgge

caacggtggg

gccacceggc
gcagacggtc
gatggccaaa
ccatcttggc
gccacagtgc
ggtggttggt
agagcgaccc
accaggcccc

ccagatacgc

ggtcgggest
ggagcgggst
cgcggttaaa
gcgtcagata
ccacctgaca
ccgeecgaac

ccgtccccag

ggggcaaggt
tgceggggsc
ggtgggcgag
ccttgegaca
ccgegatgtt

gattaaaccc

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020



caggcagagg
tgtggagges
atccatcgec
gtagtcaaaa
cgggacgacc
atacgcggtg
gaggagaatg
gtcatagcgc
gcccagggcc
gtcaaagggc
tagcagcagc
ggcgraggec
tcgeeegecc
gtagtggtgsg
gcegeeggcc
ggtaccaggg
cgetgggscc
gtcagccgec
ccccgatgea
gacgtcctgce
cacgtcctgg
ggggeesteg
caagggctgc
ctccttegeg
acagacgcgc

gtcgtaacta

taggcgtagc
acggcctcca
acggcgattg
acgtaatggc
cgeegeeccc
tgaaaaaagg
gggaagcgee
aggcgcetgtg
cggaggcacg
ggcaggacgg
tcecgectgec
tcggtcageg
cacgccacgg
cgcaggacca
agggcttccc
gtaagggtta
acaaagcggc
cccatggegc
acgccacagg
actgcccget
gcegeggteg
gacgccccga
ggacgCeeee
gCegeceeese
atgatgcgeg

aacagaatca
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tttccccggg caggtattge tcgcagaccc

tgaagcgaca
gacgattgtt
cgtcggagtc
gaccgceecg
cgtcgggesc
tggtcacctc
agattcgcgg
ccagatgtat
ggcgeggetg
cagcgggaga
ccgtggcecag
agttctcgta
cggagataga
atccgcgatc
gaacgtcgtt
ccccgeegeg
ccccgetgac
ccgeacgecc
gaaccaacgc
tgtcgecgec
cgatgggegg
acgcgctttc
cggeggegcc
tgctgteggc

cgcgggcaca

tttactctge
aagccgceagc
ggcaaagcgg
tccccccagg
ggtccccteg
ccccaaccac
gcegeectga
gcgegeggta
gCgLaggesc
cagctggtgg
cgccgaggac
ggagacgacg
acgacggctc
caaccactcg
caggatgtcc
gggctccaga
ggcctggtga
gegtccgegct
gaggatctcc
gggggecegtce
gtctgegggc
ccccagaccc
aagcagagcg
cgcgtagegc

gctcgecccc
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tcgegtttac
gtgtctecge
gccgggaggt
tgtgccagga
acggcgegea
gegegttggt
agcgeggecc
aaggcgacct
acctcgagcg
gggegcacga
agcageggag
acgaagcgct
cacagccagt
accagcgacc
tcgeccccgg
cccgecagea
accagggcgc

cggaccgggt

tcgttctect
agctgctect
gccececgegt
atggacaggt
acgtagcggc
gtgttggees

gagccccacg

tgegtgggsc
tgacgtcacc
ttgtgctgta
cgtcgecgag
cggccagegsc
tcaggttctc
cggggccaaa
ggatggcctg
cggeggegat
cgggaaageg
cgegttcetge
geCegesCsee
gcttggttcc
ccggeeggtc
gcggctttgc
gccegtggeg
ccgeatctge
cctggegtag
ggcggegest
gtgcgatgga
ccggggagat
gELLECCELEC
gggLcglage
acaaatgccg
ggacgagctc

caaggcgcag

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400

23460

23520

23580



cgccgecacg
gaacaacccc
ggccagaagc
ggtacagtcg
cccgagtecg
ctcgctggat
cgtctggacc
gcgatgeggg
gccaacggag
gccaggactt
agacgattat
acaccgggaa
tcaacgtggt
ccacggectg
ttcgceggac
aggccaggga
tgttgtaccg
acgtggatcc
ggcggtaccg

cgggeteggc

ccctgeatcc

actcggccgt

agggggccga
gcgeggtgcet
ttattaaaaa

tgcgectgea

gcgtacgggt
ccggegetgg
tcccccaccg
ccggtggeat
geziiae e
atgatgacgt
tcgttggcca
tcccccgagt
gcgtgegtgc
taacctgctc
gggctttctc
ggccagtacg
gacctatata
ttcttgttat
cgccgatttg
gaccggcgac
cccctegacc
cgcgttcacg
cgacgattat
ccccgecgac
cggggegttt
cgccatcgec
cgegggcetceg
gtaccccttt
gtttaactcc

gaccgacccg
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catagacgcc ctgegegtca cacaccacgg

acgcacgcgg
catccgegeg
gagcccgagt
gcatcagggc
gaaccaaaga
agtgcgegtt
ccgegggaag
ttatgcgegg
tttgtcgacg
aaccaggcca
agctttttgt
tgcgatgatc
atcctcaaca
tttctggecg
gaccggeecg
accaccaaca
gccaacaccc
atcatcttcg
atcgcccget
cgeggegtcec
acgcacgtgc
ggccccgagc
ttcctgetca

gggggcgtca

gtcgagtatc

aaggaggcca
cacgtaggcg
ctggatttcg
ggccagageg
ccgaggeecg
catggttcgg
ggcgtgggtt
cgegtttett
aggccaactt
actgcaagat
acaacctccg
acatgccgag
agcccgtttt
attccttcat
ttctgaccaa
gcggectcat
gagcctecgg
ccctggagcea
gcgtegteca
gggtggeggt
acacagagat
ttctcttcta
acaaacagaa
tggcctecca

tgctcgagcea
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gggtgtgeceg
gcaaacgccg
acctggaagt

attcccgegg

acccgggecg
gggtgggtgt
tggcgegegt
ctgtctctag
tattcgeecg

tatcttcgtg

cggggccgea
ggtggtgacg
catcacgatg
gcaggagatc
gtctgegees
ggcccccgat
gaccggegtc
cttttttctc
cagtctgacg
cgagggaaat
gcaccgccta
ccactgcgag
gacgcccgec
ggagatcgtt

gctaaataac

gcagggagac
gcacgacgeg
tgcaccacgg
ttgcggecegt
ccgecaggea
tggccgagat
gggtgtgtag
atgcgtattc
ggaatccgag
gatgcggtcc
tcgtccacca
gacgagcttc
cacacaaacg
gacgeeecee
atcgggggcc
gagcggtttc
ttgtacgtgt
gctgtegteg
cgcgegctcea
caggtcctgg
agcagccagg
ctggectegg
cctcecggga
tttgaacact
tccgegacgg

ctcaccgaaa

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140



ccgtcteccc
accttatggt
cattcgctcec
cacgaccacg
ggaacacggg
cccaacccaa
tatttattta
tagccgggcec
cgccgtcaaa
ccgegtgget
gcatcagggc
tctgcagtag
gcgtaaggat
gcagctcggc
cgttgtagta
ggtcccggat
gcggaacges
cctcgaacac
tgttgcgaag
ttcgegtege
accccaacgt
gcgtcagttg
ccgeegeatc
ccagcatggc
cgeggtggss

gggtcttagg

caacactgac
cgccgtcatt
tatcacacgc
gtgtcgtctg
ggattctctc
atcccataaa
ggtatgctgg
ttagggatag
ggtgcacacc
cagccaggcg
cggggcettcg
agcgttcacg
gatggtggtt
gtttacggga
cagcacgttg
gccectggcc
aaaccgcaac
gggeggeacg
gttaacggtg

aagcacccgg

gtcgggactg
ccggeggatg
geeeCeCgag
gccgatccac
gtcagcggcg

gggttgggag
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gtccgtacgt attccggaaa acggaacggc

atggccatct
gtctcgtgag
ttaagggess
acgaccggca
catacgacac
ggtttctccc
cgtataacgg
cgaaccacgg
acgagcgcct
gggtgaatga
tacccgtect
ccctecgtga
ccgagttgtt
aggtctggca
acgagccgcg
gtgaggtcca
aggctgatgg
cecggegtggg
gtgatgaccg
acgccteegg
gtcggcagga
atgcccgagg
gcgegcraggea
tagcagagac

gcgacaggega

acctcgeggc
cgcccaataa
gegeeeaags
ccagtaccac
acaggcatat
tggatgccca
gggccatgtc
gagrcaggsc
cgtaaagcgg
gctgggegec
gggcacttag
tcgagtaaac
ggacgtccgce
gcecteeggg
ccacgatttc
gcgaatccag
gegtccccgtt
tgaggcccac
cggggaageg
agacgaagga
ataccacccg
gtatcgcgat
gtgcagtggt
gggcgaccaa

ccccagagca
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ccaggccgga
acacacccag
gggtgttggc
ccccctgtga
tttggaattt
cccceacccc
tccggaccge
caaggtgtct
cagccttege
ctccegegtg
cgcaaagagc
catgttaagg
cagcagcgag
gtttctggge
gcgegecagg
gcgcacgtcc
acagagatct
gtccaggges
cctteggtac
ttcgtgegec
cccttegeag
gtcagtttca

ggttcgggty

cctcgcatag

tgcgegggga

gccteggatg
cctccgeaca
gtatgctacg
gggaagcgtg
acacagaaac
cttaggtttt
cccgtgggtc
acaacggccg
cctagttggc
tctccatect
acactctgca
cgggggatta
accagcgatc
aggcgactcc
ctggggttca
ggcgatggaa
gtcgettggc
acggeeeage
caggcgacga
gccagcaaca
acgtcggcca
cgctgeageg
aagccgtcecg
gcgegeaggag
gacggggest

getctgtege

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860

25920

25980

26040

26100

26160

26220

26280

26340

26400

26460

26520

26580

26640

26700



gcccagacge
ggccctegga
aacagaagac
tacagagcca
tcccgegegt
gtgagcgggt
ggggegcrgct
tccacgatca
ttaaagcagg
aggtccccgt
gacgggtcgce
gcgtaaacgc
tcggtcgaca
gegegeegeg
tttcccgeca
gceeegeggc
acggttgecg
tggegtgageg
aggaagtacg
tgtcggacga
gccacgggac
gcegegetct
cccagagecg
ttgggcgegt
aaatagtcgc

gcgtgcaacg

accgagagcg
atcgcggctt
gcgtgggata
gtcccttgag
gggctteccc
aggcctectg
taaactgtac
ggcgctccag
ggctgagcac
acgaaaatcg
tctggecgtg
ccceggegec

cgegeetgsc

gcacctgggc
cgaccgegtt
ccaggtaaaa
tggccacgac
tgaagtttac
cctccgacge
cggtgaaccc
tgatcttgaa
cgcggacgtg
ggggeaccag
tcgccacgtg
cattttggat

ccccgtcgaa
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aatccgtccg cggagtcccg gettgggttt

gtcggeggeg
aaagaatcgc
cggggatgcg
gttgcgggca
aaacaggcca
gtcgctggeg
gcagcgatgt
cggcgagegcc
ctgcgacgec
gtcgtacatg
gcgtccccgg
gataaactca
gcacccgaac

ccgcaggtac

gttttgggea
ggcggtgtag
ccccecgeca
gcgctecgag
aaacccggga
gtaccccgec
ctgcacgacg
ggggacctgc
gtcggccecg
ggtatggtcc

tatgcgcatg

aCaaaggges

actaccccaa
tcatagacga
ctgcggagga
cacgggtcct
gcggtggeceg
ttggcgegcga
ccgttgaggt
cacgggttgg
agggcgetea
gggttgcagg
cacacggcgt
acggggacgg
acggctgecg
aggttgccca
cccacgecca
gtttcgtgec
aacagcacgt
tggaggceecg
atgagcgcgt
ggctgtcgga
cgcgacaggt
gcgaacagceg
agatgctggg

ttggtggtesg
Page 271

cggggctagg
g£aageeCes
gatactgcgc
gggcegggstce
ccacgagttc
tggacaccgc
tgtcggccga
ggtaggcccc
ccgtggecege
catccccctce
geegecggaa
cctggecegtg
gctgggeegg
cgttgtccag
tgtcggtgac
ggtccacgtt
gggccacctg
tctcagtcac
tcttgagctg
aggtcagcgc
tcgacgaaaa
cgegeagesc
cgtggacggg
gggccatcag

acgcggtgtt

tatggggccc
ggcttgegga
ggcggtttat
gaagtgggtc
gctggegeag
gcggcacccc
cgaacccgtc
cgtaaagaac
gttatagagc
gaaggccegg
cttgtccccc
gtagttgacg
gtccatccct
ccccaggegg
gagaggegeea
ggggttgegg
cgegegegec
gagctggccc
aaagcggtcc
atgatgcaag
gttctccecg
gtagttggcc
cgggegeaaa
gaggggstaa

caggattccg

ggegeeegeg

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600

27660

27720

27780

27840

27900

27960

28020

28080

28140

28200

28260



tcgggegeceg
tgcagcgtga
accgtgttgg
ctggggcact
acgcggtcga
acgtagtagt
geggegtecg
tcegeggtceg
cggcagtcgc
aggggtggca
cccagctecg
gccaccaggt
acgacgtacg
tagctggtga
tgtatggcgg
cgaacggegg
cgggegtecc
caggtggcct
tcggccaccc

tcgggctgea

tgggccaggc

geegeeggecg

ccceccgaccg
tccagagaca
aaggCgeeges

cgttccatga

ccgagcagag
gcatggeggg
ccaccagatt
cctcgeegeg
agcgaacccc
aaatcttgtg
cggeteggsc
ccacgttaca
gatggcggtc
gcagcgeegg
ggcceggtceag
cccggtacac
agaccagcga
tgcactggac
cctgcageag
cgatggtgsc
ggaacgccgc
ggatctcccc
ccacaaagaa
taaactgctc
gctgecccca
ccacgtacgc
ccgegtcaac
ggcgcagcac
gatccgggtg

ccggattgaa
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cagcgeegtt gtgegttegg ccatgttgtg

cccgtecact
ggcegggtec
ggcgatctcc
cgeggtgeag
gtgcacggtc
ctgggtgtte
tgcegeegeg
Cagggeegceg
gtctcgeatt
ggtaaagtca
ggccatgcac
gtagtcgttc
cacgagccgg
gtaaaacacc

gggggccatg

cggacatagc
cgggeegegcc
gtcgaacgceg
cggggtcatc
ggcgttcaaa
cccgtacgga
gttcatcagc

ctggeggtcc

gecgeeeece

caggcccagg

accacgcgcc
agggeetgceg
gggaccacca
cagcggececc
cagtccgecc
tgcagcagct
tacacggggt
cgccgeatca
aggtgattca
tcaaccagct
tcctegggaa
acgaacgccg
gCcagggegc
gcegggtagt
gegtggegtce
gccaggggca
gggggaacgt
geggtgcagct
tggccttecg
aacagctgct
ttggcggctt
gaagggtgec
ttcccccaaa
gggactaggt

ggcaggacga
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cgttgtgaaa
cggggteegt
tgttctgcag
gcgagaaggce
cceggtgegg
ggccgtegtt
cgtggccccc
gggcgtcaca
gcteggettg
gggccaggec
ggtctccccc
cgcaccgegt
agaagacgtg
tgcggtegtc
ccacccccag
agttgccgtt
cccceccegg
caagagccag
cgacccatcg
gcatgtctgce
cgacggggtc
acacggtccc
aaaacagctg
ccccggegtg

acgtcaggtc

ggccagcacc
catggcgttg
cacggggtcg
ggtggcgtat
gggcaccatc
ccggteatcec
gcggttgaag
cgcgctaacc
gtcccacacg
cgectgeecg
ctcgacgtgc
gaggtaggtc
gttgttccag
ctcgctgecg
gaacgccccg
ctccaggecc
caccacgcgc
cagctccacg
gttggcgttg
gacccgeecg
geCegeeeceg
gcggttaagg
gatcgegtgt
gCeeeeceese
cgcggcaaac

catggcgccc

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100

29160

29220

29280

29340

29400

29460

29520

29580

29640

29700

29760

29820



accagggggt

accagcttct
tcgagctcegt
tggcggecca
ttggccccgt
actttcagga
tcgaccggec
gtggeegtgg
cccaggaaaa
gccaccctgg
agegeeceece
gccccgagga
gcgccgatac
aggctgaagg
ggttgctcga
acgcgececct
aacccgagct
tcgaactcga
aggcgtcgat
gcggcatacc
cggctgtctce
cgtgtacgtg
ggcgggggat
gctgeggect
aggccttata

atggccctgg

agggaacgtt
cgccgatgga
ccagegtctg
cgtcgtccag
tcaggaccat
aggactgcag
gccegegegt
tgaggtccac
agctcgtctc
tggccaggcg
ccttttccag
cggcctggac
ccgteccgtc
cggcgttcag
tggegteceg
cgttcatgta
ccagaaagcg
cgtcgtacag
gcgacgccac
ggtatcccgg
tagcgatatt
cccgacggec
gctgtgtgag
cgttccagga
tacccccccc

tccaaaagcg
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ggtggegecg
caccagatcc
ccggttcagg
acttcgcacg
ctcgecgtac
gaggcegetgt
gtcggcatgc
gagccaggcc
gcagaagctt
gcegttgtec
cagcacgtgc
gttgcgageg
cagggcctcc
ggcceggceg
gccgtegege
ggccagctcc
cacgagcgac
gctgtttgca
ctcgatcgtg
agggtcgegg
geLccgggsa
caaggtccac
aggeegggtg
gaacccagtg
cccgeeccac

tgccaggaag

tagatgcgct
gcgegeacge
tcgagetgcet
gcecttgecca

gtcaccggca

ttgatcgggg

gtcagacggg

tcgacggect
cgctttaget
aggtatcgtt
agcatctggt
agctgttgga
cccgtgagcea
tcgataatct
gcaatcagcg
ggaaacttgg
agggtgttgc
tcggagegca
ctaaggaggg
ttgggagegg
ggctaagatc
cgaaagacac
ccggtegegg
tccccaacag
ccccgttaga

aaattggcag
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tctccagggc
gcgtegtetg
cctcctgeat
tcacgagcgc
cgtcggettc
cggtggtgac
gcacggccac
cceggeggtg
cggcgaccag
gcatcggcaa
cggeegtgec
tggcgegcaa
gggcgatggc
tggtcatgta
gctggtggac
tacacacgca
aatacgaccc
cgcgggaaaa
acccggtcgg
ccatggggtc

caccccaacg

gacggeCccg
gggaaaggca
acccggggac
acgcgacgeg

aggcggcaaa

ctccagaaag
gggggcrgctc
ctccagcagg
cgtgaccagg
ggtgtcctec
gagcaccccg
ggagggctgc
gceegecttg
ggtcgeecgg
caacaaagcc
gcgctcaaac
ctggcgatgc
ctcggtggcc
attgtgtgtg
ctcgaactgt
cgccaccgac
Cagcaggecsy
aaaatcaaac
caccatggcc
gcgtggagat
cccggecacc
gacccaaaaa
ccgggagaag
gtgggatccc
tgcattcaag

gctgtecgec

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600

30660

30720

30780

30840

30900

30960

31020

31080

31140

31200

31260

31320

31380



gcegecacce
ggatcggtgg
aaggtctcgt
atcccccaaa
aggagcgccc
ggcgecacca
ttcaggacca
tggggcggaa
aatgaaaact
accagatctc
gtggggagac
cccgggttct
gcegttecge
cgccccaatg
agttcattgg
gtgtcgggaa
gttgtattcg
ccaccgegtg
ccctecagtt
ctctgggecg
accgggacgt
ggtgtgttta
gtctggtegt
agctccg

<210>
211>

849

acatcgaggc
gcggcagcat
gggcggcgec
acacgggcgc
gcaccgccca
cccttecggt
aaaacgacca
gacgcgagta
gttcctccag
gatccaccag
cgaaaccgca
tgcacaaaca
gccttgatat

cccacgcaag

aggccaaggg

cacgcceggg

agacctgcct
cggcacgceac
tctgttgteg
tgttacgtcg
tgtgttttac

ttccgtggge

tcgagggaca

32767
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cccggeegeg caggctatcc ccagggeccg

ttggttggtg
gaacaaggca
cgacaacggc
cgtaacgtag
cagcccgtaa
aaggaacaga
tgccgaactg
cggcagttct
aggaaggtca
aagggtcgct
ccacccgggt
aacctttgat
atgaggtagg
gaaaaatggg
gttgtcctca
gtgcaacgca
gaggacgagt
gtgttccccc
ccgeecgega
gtcacaacgg
cggcegtgtg

ggcccagacg

gcgataaagt
cacagggccg
agacgatccc
tagccgacga
tacatgcccg
atcacgcgct
acaaaaaaat
ccctectecc
tcccgeatgg
tacgtcagca
tgcatccgeg
gttgaccaca
taaccccccc
gtggggagga
aaaggcaggg
cgtcggggtt
ccgegtgett
atacccacgc
tggagcttag
accgaaaccg
cctcgeagec

accgegtggt
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ggaaaagccc
tgcctcccaa
tcttgatgtt
tggeggceceag
ctgccaccat
ttgaaaagac
cagaggtgcc
ccccgaaggc
tcatggggtsg
ggatcccgag
gaggcgagtg
aaacccggaa
gtgggtegtea
aacggaaaac
tccatactac
gcctgtgtec
tattggcgtt
ccacatccac
ctacgccacc
ggcctacttt

cggggagatt

cgccaactat

tgtgcgcagg
gtccggactg
aaacacggac
aacgtacagg
gatacaggcc
ctccaacggc
cggcetgggta
gtacgaggac
ggcctegteg
tgcggtggag
atcaaagaca
ttttgataag
tttacgccta
cgttgegttt
ccagtaggcc
ggaagccgtc
ggttcggecc
ccaagcgttg
cgtaggggsc
accatgcact
gtgtgegees
gccaagtttg

gtacgaagcg

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340

32400

32460

32520

32580

32640

32700

32760

32767



<212>
<213>

DNA
<400> 849
aaaaaagctg
cataaaaaac
tacttagatg
atgctgccaa
atccagccta
agaggtgcga
agtgtcatag
tcttacaagt
agtttctgta
tttatattcc
gatcagccac
tgcgecagcet
acagcagacg
cactctgtac
actgcatttc
gcgacctcag
gcttcattct
gcaactgata
ttttgacata
caaatacgca
ccctgecact
tcacaaacgg
taatatttgc

aaggccgtaa

Artifical

aacgagaaac
agactacata
gtattagtga
cttagtcgac
ctcgctattg
gectettttt
tcctgaaaat
cgttcggett
atttctactg
ccagaacatc
ttcttccecg
ttcatccccg
tgcactggcc
atccacaaac
accagcccct
ccatcccttc
gcatggttgt
gctgtcgetg
cttcgggtat
tactgttatc
catcgcagta
catgatgaac
ccatggtgaa

tatccagctg
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gtaaaatgat
atactgtaaa
cctgtagtcg
cgacagcctt
tcctcaatgce
tgtgtgacaa
catctgcatc
catctggatt
tatcgacctg
aggttaatgg
ataacggaga
atatgcacca
agggggatca
agacgataac
gttctcgtca
ctgattttcc
gcttaccaga
tcaactgtca
acatatcagt
tggcttttag
ctgttgtaat
ctgaatcgcc

dacggeeecsy

aacggtctgg

ataaatatca
acacaacata
accgacagcc
ccaaatgttc
cgtattaaat
aataaaaaca
aagaacaatt
ttcagcctct
cagactggct
cgtttttgat
ccggcacact
ccgggtaaag
ccatccgtcg
ggctctctct
gcaaaagagc
gctttccagce
ccggagatat
ctgtaatacg
atatattctt
taagccggat
tcattaagca
agcggcatca
aagaagttgt

ttataggtac
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atatattaaa
tccagtcact
ttccaaatgt
ttctcaaacg
cataaaaaga
tctacctatt
tcacaactct
atacttacta
gtgtataagg
gtcattttcg
ggccatatcg
ttcacgggag
ccegggegtg
tttataggtg
cgttcatttc
gttcggcacg
tgacatcata
ctgcttcata
ataccgcaaa
ccacgceggcg
ttctgccgac
gcaccttgtc
ccatattggc

attgagcaac

ttagattttg
atgaatcaac
tcttegggtg
gaatcgtcgt
aataagaaaa
catatacgct
tatacttttc
aacgtgataa
gagcctgaca
cggtggctga
gtggtcatca
actttatctg
tcaataatat
taaaccttaa
aataaaccgg
cagacgacgg
tatgccttga
gcatacctct
aatcagcgcg
tttacgcccc
atggaagcca
gccttgegta
cacgtttaaa

tgactgaaat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440



gcctcaaaat
tttttctcca
ggtagtgatc
cattttcgcc
tattctgcga
gctgecaact
tggatatgtt
atattgatat
atggaccgcc
gggatcctag
ccgeageacc
ggcggttgtc
tgggggcgac
caaaatgccg
gaacggatac
gcctataaag
gggggtgtgc
taccatgatc
tgcgetggtc
ggacatctcg
ggcgggttaa
aatgacgtca
ggaggaggtg
aaagcagatg
cttggagctg

ctcgacaaac

gttctttacg
ttttagcttce
ttatttcatt
aaaagttggc
agtgatcttc
tagtcgacta
gtgttttaca
ttatatcatt
CgCaageees
gaccccaaaa
tctaccagca
gggggtggag
ccgtaaatgg
gcegtggegc
gcgtacatat
cggtaggcac
tggataacaa
gcgeggstec
agcgaggecc
cggtgggtag
tagacaatga
tcgegetegt
gtgcgggaca
gcgaccttgt
atgccgtagt

tcgctgatgt
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atgccattgg
cttagctcect
atggtgaaag
ccagggcttc
cgtcacaggt
caggtcacta
gtattatgta
ttacgtttct
ggggggcatt
gtttgtctge
ggtcegeggt
gegegeegec
ttgcagtgat
tccgggegct
gggcgtccca
aaaattcggc
cgcctecgeg
cgtactcaaa
tggcgtggca
tgagtccccc
ccacgttcgg
ggcgcteecg
tggccacgta
ccaggctaag
cggegtttat

tggtgttgac

gatatatcaa
gaaaatctcg
ttggaacctc
ccggtatcaa
atttattcgg
ataccatcta
gtctgttttt
cgttcagctt
tcagtgtcgg
gtattccagg
gggctggaga
caccccgtgt
gtaaatggtg
ttcgeegege
cccgegttceg
gcgacagtcg
cgegcageege
aacatgcacc
taggctatac
gggeegggtt
atcgcgcaga
gagcggattt
cgegctgttg
gccetgggag
ggccatggcec

gacggacatg
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cggtggtata
ataactcaaa
ttacgtgeceg
cagggacacc
cgcaaagtgc
agtagttgat
tatgcaaaat
tcttgtacaa
gtgacgagcg
gcggggctcea
aactcggecg
gcegegectg
tcegeggtcec
gaggagctga
agcttctggt
ataatcacca
tcctggeget
acctgcgegg
gcgatggtceg
cggtggaact
gccgatagta
aagttcatgc
aggcgcaggt
cgegtgatgg
agctccgtag

aagccgtgtt

tccagtgatt
aaatacgccc
atcaacgtct
aggatttatt
gtcgggtgat
tcatagtgac
ctaatttaat
agtggtttta
cgatccggcc
gttgaatctc
tcccggggca
gcgtctectc
agaccacggt
cccaggagtc
tgctgteecg
acagcccaat
cccggeeecg
cgtcgggcag
tctgtggatt
gtaaggggac
tgtgctcact
gaaggaattc
tgccgggcegt
tcatggcaag
agtcaatgga

ggtcccgcaa

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000



gaccacgtaa
cctcegeage
attgtccgtc
gcagccccgg
cccgaagagc
ctgggtgtga
gtcgagctgt
gtccgggecc
gcectgegteg
cagaatctcc
caggcceggg
caggaacctg
acgcaacact
gcgegeggtce
cagctgctgt
cgagtagttg
ctggtgtgtc
gagggtgaac
catgtacgcg
ggggttegty
ggtgatgggc
ccgtttgttg
gcggttgeag
ctggtgctceg
cacgggccgc

gcaatacacc

gECaggeeee
tcgtccgeaa
tgcagggcga
aagataacgt
tcttggagga
acggegeeee
tgttcgtcca
ccgteccgeg
gccattaccg
gccgttagtt
cgctgcagaa
taggcaaact
gcctcgaagg
accgcgatct
ttgctgtgca
gtgatgcggc
agccgtceggt
acgacgaact
ctcacctctt
atgtagtttt
aggccgtact
ttaataaaaa
atgaggtacg
aaggtcgact
aggegeeceg

acggccgtga
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cctcttccag taactcggec acgttggecg

aggcaaacac
cggacatcag
tgtccacgta
ttcggaatct
tggtctecgg
gccecgegaa
gccccagttg
acgcctgegt
ctcccatgeg
agttgtaaaa
ccaccgaagt
cccggaacgt
ggctgttgag
cctcgeageg
tggegttggc
attcgtcaaa
ccccctcacg
tgtgggagga
ccgggacgac
ccagcacctt
tggcccagcet
tgagcacgtt
ccagggacgc
cgtactgggg

ggaggtgacg

ccgtgegtac
ccccecgege
cgtgctaaag
cccgaggaag
ttccccgggeg
aataacgtcg
cttaaaatca
cggcaccccc
ggcgtaggeg
ggagataagc
ctccccctga
cccactaaac
gacgtaagtg
catgtgccecc
cgtgagccac
ctccttgacc
ggtcaccttc
gaacagccgc
gaagcgatcc
catgaggtta
atacgagagg
ctcgctctgg
cgtctgegtc
ggtgtggtac

cccaaggagc
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gtgtatccca
ggcgagecgg
ggggcgactt
gcecegettcea
gtgtagtggc
aggtcgtcgt
aacgcacgct
gaagatttgg
agggtcctct
ccgctaaata
gtctttacaa
CCaaaaacca
acgtcgttgc
gcgtectggt
ttttcaatcg
gacacgaacg
aggtaggcgt
gtccagecgg
acgaactgca
ccgaactcgt

cgggcgtact

cggacggaac
ggcgagccca
agggcgttaa

ccggectegt

tcgegtgecg
tgagcgtata
tcagcatctc
caaatgcctc
gcagcgcaaa
agtaaaacac

cgggaaaatc

cgeegeeesc
ggcgcagaga
gggtcgcatc
tgagccgega
agctgtegtc
gttttcgcag

gggccacgac

cctggctctg

tcaggccgeg
taagcacggg
ggagcttggc
ggaggttggc
tgtgctectc
gctcgacgea
cgcgeagegt
accgcagttt
cacacaccaa
tcatccacca

cgatgacgat

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560



cacgttgctg
ggcgeecteg
caactcctcg
gtagtacgtc
gtacgggtac
gatggtgttg
cgcaatgcegc
cgtgctettt
gaggeecagyg
cacttgcgct
caccccgtgc
gtcccegggt
gceggeegec
cacggaagcg
gatgctgttc
caacgtcgtc
gctcctcaac
ccgeggtetg
cgeeggegtg
ggactttgcc
cttccccaaa
acaagaaggg
ccagctggec
gctggecttce

ccgeeggggc

gctgtggecc

cgggtaaagg

gccaacccca
ccceccggagg
agatctcgtc

tgtcccagtt

atgggtcggc
gtggegeeceg
ccggagecag
cctgeggsss
ccgtecgaget
atagacgtaa
tgctgaaggt
gccatgaccg
ctgtgctecc
cgcgagattc
cggtccageg
gccaccactt
cagccccaac
gccgagegeg
cacgggtteg
tatatcgact
ggtgtgacgc
acggtcgegg
gactccacgc
gactggctcg

cccttgtgga
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ccggeagegc
gggtccgttc
cggccagegsc
gctgcaggtc
gggccetggac
tgagaaaggc
tcaccacaca
cgttgecggt
actctaaggc
gttgttgcga
aatttaaaaa
grgeegescce
caccacgctc
ccgaggacgg
tccacgggca
aggcgaccac
accgggacct
ggctggttceg
tgttcgacac
tcgectgett
ggctgacgtg
agggtctgag
aggccgegga
gcgtggegga
tgcgagaccc

ccggggacceyg

ccegtgggtg
Cagggegecc
gcgcettegtg
ctccagcgag
gtgattcccg
gcccgagagt
gtccaagacc
gataagatac
cgccacgtcec
gagctctcgg
ggccteggec
gggtttctgt

gcgggecccc

ctgggtaaag
gctggggtat
ccggcagctg
cgaggceggac
ccggtacagg
gtggcggaac
tgegeeggsc
cctggggctg
ggcgtttctce
gegegeegsce
ctacgaccgc
catcagcggg

tctggtette
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geegeegeca
agggcglgaa
aggtccaaaa
gcggggttgce
cgaaacccaa
ttggcgtaca
tcgttgattg
accgcgaacg
cggaaccact
atgcgcttaa
ctccctggaa
ccgtctaget
actacgcgtg
gttcacccca
accgagggcc
caggcggcga
tggcteggcc
aacgcceggg
acgcttagga
ggcecgageg
gtccccatat
aagcagcacc
cccgggtttt
gtgtatatct
cagcgcggag

gattcgcecg

accgcgtcag
actcgttccg
tcacctccca
tggtcagggt
attcatgaaa
tgttttgggc
tctgcacgca

gaaactccct

gcagatgggg
ggattggctg
cggctggtceg
ggcgcteccc

cgegeeeeea

gcceeggtac

agggggtgta
tctttcacge
acgtggcggc
aggcggatat
cgacgctgct
gcccgtcaag
tacgcaagcg
cgctgacccg
ttgagctggc
actacaacca
aatgtctggt

tccageggct

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120



gtttcccgag
caataccgcg
cggtgecegeg
ggccgecteg
cattaacgac
ggccgtcgac
ccaggaccag
caacatcaac
gcgegagacc
cgcaacagcg
gaccggtgga
tatcgacgtc
gtacatccct
ggtgegetgt
gtactccagc
ccccegggta
ggatgeggtg
cgtcgeggac
ccggeecggc
aggegegecg
atgaggggtc
aggeggecga
tcggcgaccg
ggtgeeggtt
attactttaa

cggccaacga

atcgtcgegt
tccgtcaagg
cgggtcgtta
cgcctegtgc
accgtgegtt
ggtaccctcc
gELLLECEELE
ggegtgttgg
aacgcggecc
ggggcccteg
tgcggeagec
agcaagtcca
tcgtacgecc

tttaaaattc

ggggcgatceg
ggcgegeeca
tttaagaaaa
gtccagcacg
gcgtccecgc
gaccaggeeg
ggccgecacc
ggcgattagc
ccagecgegg
gcggttegtt
gcgetgetgc

ggaccacgtg
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gtcactccct ccgggaacac gegeacgtct

tgctgctgeg
acaaggtgtt
ggcttatcat
cctacctcga
ctggattcgg
cgccgcagct
agggctatat
tggcgaccca
agcgccagcea
gcectgegeg
tggacgacga
aggacctgga
tgtgtcaccg
ccgeattcegt
tcacgggctc
cccgectgea
cagcgctgec
ggggecggtc

ggggcatcgg

atcctcaagc
cagcagacgc
tttaccgcca
ctggacggga
ggccagtcca

cacagcctgg

gcgcaagagce
gegggaggac
caacatgaag
Cgaggceegese
Caagggcgea
tcgecaggec
aaataacctg
attgcaggag
gegegegecce
ggcggacctg
cacgtacgtc
gcgectgteg
caacaaccag
cgccccctac
cgatgtcatc
aacgtacctg
cccgeececc
cagatcgcgg
gcaccgggat
aggccatcgc
tgctcegect
ccagcatcgc
gtcccgagga
gttatcgegg

ccgtgeeccc
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gacagcgagce
gacgagacca
ggcatgegec
gggcacctga
aacagccgeg
ttccgeacgg
tttggaacca
cgcgaccgeg
gacctggeeg
ctccgggeceg
gccaacagct
cgcctetggg
ggccaagaga
tttgagtcag
ctgggegage
acagacatcg
tccceggteg
tcgeccggaa
ggeegeegeg
cggggaccgc
ggcctgegag
gcgegtcgac
cgcctatgtg
cttcgeggtg

cctegttctg

gceggetgeg
gcggggtgec
aggcegggtc
acgtaggcga
tagacgcccc
ggtctgegeg
ccgtggttaa
tcgagegect
agctccggcg
ccgagtccgt
actatgacat
ttcagcaccc
agcacgagct
cgtcgatctc
tgcttegggc
aggagttatg
cggcectgtt
gcgecgattt
gaactgcgceg
acggccgacg
agcctggteg
gtgcgccagg
gtcgegectg
acgtcggagg
gcggtectga

ctgcaccggt

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680



tctecctgtt
tggagaactg
tcggggtcge
gttgccactg
agttcgtcct
ttctctegge
ccccecgcetce
cggaggaggt
cgtcgteget
tggccteecg
gcgtcccatce
acacggggga
taagaatacg
tgattggaat
aatagttatt
cgtaccgtga
tgagtaataa
acgcgtagca
cccccectcet
gatttcgegce
atcgacgggg
gtagtgctct
ggcctcaaag
gtccaagata
ctccggcacg

tgccgeegtg

caaccccagg
cccccgaage
gggtcegecgc
ggtcctaaac
gccccactgg
cctgttctgt
cgactgegtg
gcgegegect
gttttatcag
acggatgcgc
tgtgcggaga
gcgctettgt
cgtagttgat
tctcgtaccg
gcttaagaat
gtaataatgt
tgtggtcgta
tatcaggcaa
ccccatactc
aggtgatgag
acgccgaccg
gcgtccagea
ggggacaccc
aggcggtcgc
catgccgttg

gtgtacgcgg
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gacctcctgg
cacgccaccc
acgtccccat
acactcatgt
tacatggccc
gccaccccga
gcctataacc
ctggtctatt
ttttgttgaa
gtgtccttcec
gggggggcat
ctcagggcaa
cgtaccgtga
tgagtaataa
acgcgtagta
ggcggttatt
ctgcatcagg
acagaaacga
ccgccagcac
cgcagtccac
actccccgcec
aggcgecgcec
gaacgctcca
aggcgtcctc

tcaggcccag

gceegeggag

actttgagct
cgtcgacctt
tcgaacgegt
tcatggtgta
ggtacctgct
cgagctectc
ccgcegggat
ggtggctttc
ttttaggaaa
tcegtettgg
gtcggeacgt
tgtttttatt
gtaataatgt
tgtgggegta
attactgcat
gcttaagaat
aactgattgg
catcttgtcg
cccggtaaac
gegeeeLagc
tccgggacag
gcggaaggca
gtactccgeg
cataaggccc
gacccgtecge

aggaaatccc
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tgcctgtetg
tgccaaggtt
tcgetgectt
cgtaaaaccg
ggccaacaac
attccggctg
catggggagc
ggagacccca
taaacccggt
tgggtgests
attcggacag
ggtcaaactt
gactgtactg
ctgcatcagg
caggaactga
acgcgtaggc
aagtcttatt
tcaaagggat
accaactcaa

acaaggggcc

acacgcacga

gtgggggeca
tccaaccgtt
cgggecgtga
agcgtgtcegc

ccaagatggt

ctgatgtacc
ctggegtgec
ttcctecgea
ttcgacgacg
ccgeeccecg
ccggegeegc
tgctgggegt
aaacgacaga
tttgtttctg
tctgtgtatc
actcaagcac
ggttattgct
catcaggaac
aactgattgg
ttggatttat
tttcgtaccg
gcttaagaat
acacaaactt
tctcgegeag
gcgggtatag
cgcgecgeca
aggggtcgct
tattaaacgc
gtgegtectc
gtacgacccc

cagtgttgtc

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240



gcgggagttc
ctcgagggcc
cacggccgtc
ttgggggtcc
cttcaccgag
gagctgecgce
cccggeccag
ccggeegtgg
ggcgcgaagt
gtctaacagt

geggcaggage

gaccctggcc
gcgcaccagg
aaaccccagg

aaaggcaaag

gaaaagggcg

atcgeggggc

cacctcgcac
aagagtctgg
ageggeggac
cgegteggga
ctccgegacc
tttcaccacc
cggcecggtc
cgggttctcec

cacgacggcc

cagaaccaca
aggcacagtg
tcgatggecc
acgttaaaga
ctggeegtct
agcegeagegec
ggctctgagg
gggtccgeca
ccggggaagc
tggatgattt
catccggctg
cccaccgegg
tcecegtgecg
acggcaaagt
acgggeecca
acgagcgccg
agcagcaccc
acctcgacca
tattcgegeg
gcgeactgeg
tgctcggcaa
aggagagcgg
agtcccgtgc
tggcgctcca

aggggctcca

tggacggaga
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gctccaggeg actgegtggg tgtagacgec

ctccegectg
ggtgccgeag
gcegggegtc
caccccagaa
cctcgatctg
aggcgttgca
gagcggcecac
gccegetecc
aaaaccgcgc
tagtggegeg
ccgecgagec
gccaggeecc

actcggccgt

acgggacges
gggrcccgee
gcgeggagaa
gtgccgtgac
ggtccccgaa
caaatagcgc
gggtgtegeg
cgegegecege
cgcgaggegc
gtgggtccga
gggecgecag
gcggegagec

cgtccgegga

ccggacggcg
ctcgatcacc
cgcaccccca
caggcagacg
cgtgtceggg
caccagcgcg
cccgaggtcg
cgtccagacg
atgccaccgc
cacgccggec
caggagcgcg
ggeeggeacg
tcccccccgg
ggcggegteg
cttctcgecg
tcgttgegee
cgcgeectcec
ggttccggty
aatggccgcc
cagggccata
gecggecegeg
gccgatacgce
gacgcacgcg
ggceggegtce

gccgtagaaa
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ttggccctaa
ccggaagecg
tcgeccecge
gcggccatta
accaggcgct

tccagtcttg

gccagggecg

ggCccgacgg

gccaccgect
caggctcgeg
gcgtaageeg
gtgaacgteg
acctcaaact
accgtggtat
gcgcttacaa
tgcccgegtg
ttcttgatcg
gtgatgttaa
aggegegecc
gggtcgatgt
ccccacgacg
ageggeecea
tacagcgecc
gtcgeggcege

tcccgeaget

gcacggctcc
catccgegtc
agaccgcgaa
ccccacccag
ccaagacggc
ctaggcccgt
ccaggagctg
ccgegggege
cccgeaccge
ggggeaggac
ccgeggececc
gccaacccgg
cgggecccag
gccactgecg
agtagtcgta
gccgeaggcc
gcggaaacgc
cggtcagcga
acgccagcecg
caatgttggc
ctctctcaac
acagggccac
gccacagagt
geegLegeCcCge

ccgtcgeggt

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800



gacggagacc
caccagggcg
ggcgctgacg
gatcacgggc
aaaccggtga
gtcegggggc
gaccacgtac
tgcatcatgg
gcgttggggt
agcttgaagc
ctgtgggtcc
tgtttggtga
tgcacgccaa
ctaacggacc
tccgagagca
tagcggtcgt
gatcccccgg
agctcccaga
gtgacgttga
gcgetgetge
aaccgegtgc
gcgacatcgg
tgggceggca
ctgagggcgt
tcgtegtgtce

ttaaggctgt

tccgcaaagc
tggaagtact

Cctctcctcca

ggtctgtgge

CEgeLesess

caacttggcc
cgaacgagtg
gccaggectc
tggegetgga
gcgegeecgc
ggcaggcegcet
ggtttttaac
acagttcgcc
CgCcgeeeess
gaagtccgtc
agtgggggst
ccgecgagtc
cgggggttac
tcgtggggat

gggtggccat

gtcccatcag
accggaggta
gcgacgectc
cgaaatgtac
cccagaagcg

ccgagagaca
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gcgegegacc
cgcgagegeg
cccacacgat
tcccatgetg
geggtttttg
cctcggtgceg
cggtcccgag
ggtggggagc
tgagtgcgtg
aaactcccgc
gtggtcgatg
gcgeeeegec
ccagattatc
acagccgctt
ggttacgtta
cagtaggtcc
ccaatgcagg
gttcagggtg
gacgcccgtg
gggaacgcgeg
gctgttgagg
tttttcgacg
gggatcccgg
gccccgcaaa
cacgcgtatg

cgccagegtg

ctccectgeg
gegeeecage
atctgcggtg
ccgtgectgg
gggttgggst
ttccggcaac
acttataggg
tccgacageg
cgcaaacagc
ttgtggegcca
tggtgggcegt
ccgggaaacg
ttgaacagcg
agggegtegg
cagtggccca
agcacgtcat
cgcgeggeca
g8ELLCaLEL
gcgtagtggt
agacaggcct
ttgcgcatga
aaaagaccca
caccgcagct
aacagacaga
cagtttaggg

catctctcaa
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gcgttgegac
cataccgcgt

tccatcgcac

ccgggeeegg
gggegtggga
agcgecgecg
tgctaaagtt
ccgectecag
gcccccacge
taagcagggc
ccaacaaccc
tctgegtget
ccaccgegtg
cgacgcgctt
gttcgaacac
cgegggcecgaa
tggtgctgea
ccacgagctc
catagatccg
ccagcaacgc
gcgcgacaat
cctectecgt
cccgtagatc
agtcctttgg
tcagcagcat

agtagtgttt

atacaaaata
aaagggtaat
ggcccctaag
tgggtegegs
aacggcccgg
gtccgeggac
caccgeccccc
gatgatgtca
gggcacgegt
gtacagctgc
cacgattgtc
tttggccatc
gtcecgtcteg
gacggcttcc
cagctgcatg
ggtcctecca
caggcacaac
cagctctecg
ccgaaatatg
caggtaaata
ttccgeeggc
ctcggeggcc
gegetgggec
ggtcagggta
gtgaaggatg

gtaacggaat

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360



ttgttgtaga
cccttgaacc
caggaactga
gagccgtcca
tggtacacgg
tcaaagtgca
cggtattggc
cggtccgtaa
aaaatgcaga
ccccgggect
gcagcctgea
ccgggeatgg
aggaagtcca
cgcagcaggc
agctggccca
ttggggccca
ttcataatgt
aaccgegteg
tccggagagt
attggcgegc
acgggtccgt
gccaaatccc
tcgtegtecc
aaaggcatga
gtggtctctg

tttccctget

tgcgegaccc
ggcgacacag
ccacgtgatt
tgtaaatcag
acaccatgtc
ggggatcgaa
cccacgtggt
actgacggca
tgttatcgec
ccggagaggc
ggagctcggt
cgtactcgec
ccaactgege
gtagcattaa
gcgtcgacat
cgcgatgaag
aattggtgga
ctagggtctg
ggatcgcttc
ggaccacagt
gctgetgecg
ccccgtacaa
caatgggacg
CCgEeeCecs
cggtctgegt

tttacgccac
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ccgecccage gacgtgtege atgecgacge

caggtttgtg
aaggagcatg
tagctccccc
cggtccgtag
gctgaggecc
cacgtccccg
gaaccgggcc
cccgecaagg
gtccggagac
ccccagacgc
gaccaccaca
gttggeggtt
cgcatccacg
aacctcgtcc
gctttccacc
tgagaagtag
ggtaaaactc
ccgcagecag
cacgcacctg
ctcgatcgtt
catccgegct
cceggeeccc
gacggegtgg
cacggggctc

ggcgagctct

acctgggaga
ggcgtaaaga
ttgcggageg
ttcatgggtt
acggttacga
agggeggtga
acgatctccg

cgcgcttcca

gggcegcteg

gggagaaaca

tgcacgtttt
gcgtccatgg
cggcccagtt
agaacgagga
tggacgataa
gtgacaaagt
cgacgacagg
cggatcagcg
gcegtegges
gttttcgggt
agcgatacgc
agaggatctc

tgggtctggt

ctcgtectgg

tatgccgggg
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actgcgegeg
cgggctecga
tgcgcacceg
tcacgtaggc
ccgtegtgta
gcgagtgaag
cgaaggagac
gctccccaaa
gegeeecges

ggCaccggcg

tttcgeccccg
cgatgatccg
gctgeatcgt
cgtcgtagtt
gtcggtggaa
cgaccaggcc
agacgacgag
cggtagtttt
cgctegegtt
gaacccggeg
tcgacgtgta
ccgactecge
gtgtgcaggt
cctctgtgtt

tgaactccac

gtcacagcgc
ccactggeceg
gcgegeeecg
tcccagggac
gaacatgcca
tataaccacg
caacagcacg
cgtcgacgaa
gaacgtggcc
cgggcgeagy
cgccgaaaac
gagaccgcac
aggacagatg
tggcgaatag
gttcagaagg
ggggcggtceg
tgactcagcg
cacactcgtg
tcccgacccc
ggggaaggtg
cacccattcg
ctgttcgcac
gccecccacg
ggcgacgttt
ccgggeacgg

ggccgaggtg

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920



cgeggeestg
atcacggccg
cgctacgacc
cacgccacgc
ctggcccatc
gtgtattttg
gtgcacggcc
gtgctgacaa
ctgaatacca
accgtgctgt
cactacgtgc
ggcctggect
ggggctcaga
gcegtgetcec
atgcgcatgc
atgcgcggat
gaatatgcgg
tccgacgeggg
aagatacaac
tacgaccccg
ggttccgttt
cgtccgatcec

ttttaaaaac

cggacatggg
tgtggcgega

cgcgcatatc

tagccgtgcec
tgttgttgtt
gcgeectgga
tgatcgecgg
gcatcagcca
cggcccattt
tgatggagct
acgccttget
tcgecgegtt
tcgecattct
gegtgttggt
gcgagcacta
cgggagtccg
gctgcacccg
gcgacacgceg
cgcgagacgg
aagaccccta
agccgattta
acccgeggca
agcccgecga
taataaaccg
cgttactatc
gacacgcgtg
gggtggaaac
ggggggstcc

cggegecacg
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cctcaggttg
ggcegtggec
cgegggeegc
aaacgtctgc
gctggcccac
ttgcaccagg
ggccccgacc
gtitgggcgtc
caactttaat
cgtcgtatcg
gggcecccac
ttacaccaac
cgtcgeectc
cgcctatctg
acaccgcgca
ccgecacagg
cgcgatctca
cgacgaggtg
cctgeccgac
ggaccccgtg
tttgtgttta
accgtccccc
cgaccgtata
tgggtggcegs
gatgaacgca

tagaaattac

gacacgcaga
gtgtatgecg
cgtctggetg
tcttggttge
ctggtttacg
ggggtcctga
catcatcgcg
ttcctgtgea
ttttcggecc
ctgttgtteg
ctgggggccg
ggctactacg
gcectggteg
tatcacaggc
cattccgecc
cccgeacccg
tacggeggcc
gcggacgacc
gacgatccca
tacagcaccg
acccgaccgt
cccceccctce
cagaacattg
ggcagecgcce
ggcgetgtct

cttcctcttc
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gccttgtgeg
tggtcggegce
cggcccgeat
tgcagatcac
tcctgeactt
gcgggacgta
tcgteggecc
cggccgacgc
cgggcatgct
tggtcgages
tggccgecac
ttgtggagac
ccgectttge
ggcaccacac
tcaagcgegt
gcagcccgec
agctcgaccg
aaaccgacgt
tctatgacac
tccgeegttg
ggtgtatgtc
aaccccggcg

ttttggtttt

tccgggggtc

ccceggggcc

ggactcgata

cacttatgta
cgtgacctcc
ggccatgecg
cgtcctgttg
tgegtgtetg
tctgegtcag
ggctegegec
cgcggtatcc
catctgcctg
ggtgttgtet
gggcatcgtc
gcagtggeceg
cctcggeatg
Caaatttttt
acgcagttcc
cgggattccc
gtacggagat
attgtacgcc
cgttggesss
gtagctgttt
tggtgtgtes
attgtgggtt
tattcgctat
cgccggtgag
cgcgtaaccc

tccacgacgt

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480



caaagtcgtg
ggcagcagca
gaatgccagg
ggtaatgatc
tgcggececcg
ggtgeggtgc
gctgtcgagc
gaagacggec
gcgtccgagg
caccaaggcc
ccaggcctgg
gtatcgcacg
gtgtgccatc
agcgtacttg
caggtagccg
cgtgtgaccg
ttcgtggaag
cacgcagtag
cgccgaagac
acacggaccc
ggcccatagce
ccgggegegcc
ccgaccgagt
ataatccagg
cccgegeagg

caccgacgcc

ggcggtcagc
geeLCgeLce
cggctgettc
agggcegatcg
agagccccgg
ctgccgataa
acgtagccct
tcgeggegga
tcgggggcegc
cgatccgegg
tcttgegtga
ctgggcttcg
aagtcctcgt
gcccggeatt
tgaatgtccc
tccatgagga
ataaagcgcc
cgaaacagca

tgtacatccg

tgggggcececc
tggcagtcgg
acggcgtccg
ccgeggtceca
cgggcccaga
tggcgctcga

gaccacatag

ONCR_010_02WO0_ST25.txt
gagacgacct ccccgtegtc ggtgatgagg

ccggagaacg
gctggatggc
gaacggcctg
cgeegtectce
acgtcaccag
gcaccaagat
ccagatcccc
caaacagaag
cggagcaccg
cgagagcctc
ggatcgaccg
acgcggagegc
tgacctcgta
gaggacagac
ccccacacgt
gegtgteggc
ggcttegggc
gccgcaggct
agcggagggt
cctggttttg
CgECeeCces
ccatacccgc
ggggaccgat
acgtctcggc

agtcaaggtc

agaggcccat
cttatagatc
gttcgggaga
caggcggaac
atgcgggteg
ctgcttaaag
ggagctccag
cacctccgag
cctttttteg
ctccgggecg
gataaatgcc
cgtggggtcg
aaaggccagg
gagaatatcc
atgcacgttc
gceggecteg
cgtcggctceg
ggcgttgtgc
ggatgcggtc
cgtggecgec
gggcecgeeg

ctcctcgagg

ggccagagge

tagtatatgg
cggggagtcg

Page 285

agctcggcga
tccggatcga
atggacgcct
gttacgccct

ggggggcagt

ttcgggtgac
gacacggeese
acaacgcecgc
cccgaggegt
gggacgcgec
cggaacgcct

ctggggtcca

ggggtcttgg

agggacgccc

tcttcggega
ccgeegtegt
ttcacccgec
ttcagccact
gtgaggcccc
tcgtaaaacc
cgcgtcaggc
accacggcca
gcgeggacge
gaggecageg

ggatcggcgt

acgttgtttc
gcgtgtegtc
tgcggacgeg
tgctgggtcec
cctcegeget
cggggaagtg
gggggttegc
agatggtgtg
tatttaactc
gggcctctga
cgggcgegaa
ccggggaccg
tggggtcgaa
ggactggggc
cgaccatccc
ggtcgetggg
ccgegeggcc
cgaacatcac
gggecgagaa
geeggageag
ccatgagggg
gccataggtg
gggaacacag
cgcgcagcaa
cgttggggat

ccgggtcegeg

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500

16560

16620

16680

16740

16800

16860

16920

16980

17040



ggcgtggetsg
aagtgcceggc
tggggggtta
gggLaggeea
gctgtcggeg
tcccggegga
gtggttgagc
gettggtgtg
ccaccgacga
cgcgecgaat
ggccgtgget
aggcgageag
gaaaccgggt
gcagcgtctg
ggttggtaaa
tatacccgtg
acatccgggg
agttggagtt
cgtccgaccg
aggtggtgtt
tcgagaccga
ccatgtcgta
tgaagccgeg
tcgcgatgag
gttcgcgaat

ggatctcgag

cccccaggag
gacgcggccc
acgggcgaat
cggaaggteg
ccacgagegg
catgctgggc
gcgeegeegg
acacaggcgg
cagtatcgcc
cttgggattg
gttggtctcg

gegccaggece

cacgggtacg
gcccagggcg
ttcggeecgt

acccaccagg

ggacttgagg
gagggtgacg
cagcatgacg
taaaaacaca
ggggtttgtt
cgeggggaac
gatgttgtge
ctcaacggca
cagttggacg

ggtcgtgtag
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atagcggaat
ggggcttttc
gggagctegg
ttgtcagegg
tgtccteggc
ctaccgtgga
gtgaacgctg
gacaccagca
ttgtgtgtgt
cggaggtggc
gccgagttga
aagtccggcg
cccaggctceg
tacaggtcaa
tcgttgttaa
gtgtgaaagt
tceggetect
aggctaaagt
aggatgttgg
acggegegee
gtgcgcaggg
actatctgtc
gtgcggeegg
aaccactcct

tcaccgtatc

tgtagggceg

gtctggggtc
gtctgeggty
gtccacagct
aagactgtta
cagggcccag
ctccatttcc
attctcacga
CCaggagageg
gctggtaatt
gceggatgec
caaacagggc
acagctggtt
gggcgacgta
ccgctaaccc
ggtatttcac
tggctgtggt
ggaggcaaaa
cgegcgaggac
cgcacttgat
ccagctccgt
acgccagttg
gttgttgcag
cgcgtagaac
tttcctttat

ccccagaccc
ggttgatggc
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ggaggccctg
tcggtggcgt
gatgtcgtct
EEECEEEEEC
ggacgcttag
gagacgacgt
cagcgcgtgc
cttaagctcg
tatacaccga
ctctgggacg
tgggtgcage
gttaaaatac
cacgctaacc
gacgtcgtgc
caacagctcc
tagggcggtsg
ctgceeccgg
ggceegeegg
atccaggtgg
gaagcactgg
gccgatatac
cgagaacccg
gcactccccg
ggtcttaacg

cccgaagctt

gaacacCgggg

aggcgtcaga
gctgatcacg
gggeteggees
gcttgggees
tcacggtgcg
geggggageg
cgcgegeacg
ggaggcageg
tccgtaaacg
tcatacgcca
acgcagcgat
tggtaaccgg
accaactcca
ttcaggcggt
ggegectggt
ggcatgccaa
gcgatcgteg
agcgagacgg
ctgatcccge
tggagggceceg
ttaccgaggt
aggeeegega
accaacaggg
gcaagcttat

CggECCccgyg

ctgcatagct

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360

18420

18480

18540

18600



tgcggatgeg
cctgggatct
acgcgeggcg
cgeggagecc
gagaggggcc
gccaatcctt
cagcaggtcg
agaagcgttg
ggcgtccagg
acgacgcgec
ctctaagcegc
cataaaggcg
ggtctggtcc
cgegtgggcg
tagtctcgeg
tgtgcgegat
agaaacagag
gcgatgeect
ccgtggtecc
ccgtggegcg
tcgggggcga
cgcgactgeg
atagcgttct
actttgtgcg
agaccacggg

acggcacgct

cgtgagggtg
gCgrageese
atgagacgag
ggatcggtgg
gctggggegc
gaaggaccgt
ctgtctgegg
gtcgetgett
cgctcaccaa
gcttgetect
gcgegggact
ccaacaaacc
ttgtaaatct
gcatctcggt
tgcccaaggc
gtttggtcag
gcaacttaag
acgagtgccc
tggcgtegeg
geggetgetg
ccacacggcc
gtttaaggag
gaatacgttt
ggactttgcc
cccccccaaa

ggagctgttc
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aggatgtgcg
gggceggttcea
cggctcattc
cgggacccgt
ccggaggecc
tggcgtgeac
gactcatcca
cctcgagttg
gcgccggatc
ccacgcgaat
ttagccgege
gaggatcttg
cggcteggag
ccattccgec
ccgtgatcgg
cagctggegt
gtgggcgegg
tttttagatt
acgctccacg
tttaatagcc
aagctggaat
tgcgegecgg
caggccctcc
cagctgctca
aaacgggcca

caaaaaatga

agggggacga
gtttggccge
gccatcggga
gggageagcg
cgtgggggtt

cttggggect

tcctteggec
ctcctectgg
gaggtaccgt
tttaacacag
ctccaattcc
ggtgctgacg
gtgcgtcteg
accctgeggg
ggtacttcgc
ccgacgtcca
acgaggcgtc
tcgegaccge
actgctgcga
tggtgcegsc
tcctggeccc
cggacgtggt
accgctccga
aaacctcctt
aggtggacgt

tccttatgea
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gegeestgcg

cgtaccgggc
tagtcccgeg
ggagacgecg
ggagtgtacg
gaggttagct
aggtcgeegt
tccgcaagac
cggtgtgegg
gtcgegegct
aagtgggcceg
cccteccggt
gccaggegtc
cgacccgegg
cgcegegacc
gcagtacctg
ggcgggectce
gacccccaag
gcactcgecg
gcaactaaag
cgagttggta
gcctcagegt
agcctttege
ccgggectcec
ggccacccac

cgccacctac

gttaacgccg
gtctcggeges
cgaagccgct
gcgtectgga
taggatgcga
gccacatgac
ctccccacag
gatcgtccac
ttagaaagtc
gtcgcatcat
cctttgeage
gcagctgcag
geCgCaggec
ggtgctctga
cgccaccegg
gagcgccteg
accatgggcg
cgccaccaga
ctcttctegg
gggcgtgatt
cgggcggteg
aacgcctact
cagctggtgc
agcctcacgg
ggcceggacgt

tttctggecg

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160



ccgtgetect
tcccectgtt
tcccceggceg
cctttcggeg
ttgaggagat
aaggggaaac
ccagccacaa
ggtcgacccg
tctgececcgt
gggcaacggt
ggcgecacce
cttgcagacg
cgggatggcc
gggccatctt
agagccacag
ccgggtggtt
gacagagcga
gccaccaggce

ggaccagata

ttgggtcgeg
acaggagcgg
gctegeggtt
ggcgegtceag
gggccacctg
cgtccgeecg

cgtccgtccc

cggggaccac
tagcgacgceg
ccacggcaag
gatcaagatc
cgacgcctge
catctccttc
cacaaacgta
acccacaccc
gggcactgat
ggggcaactc
ggcgcetggtc
gtccgtgatg
aaagagaagc
ggcccacaga
tgegttggeg
ggtgatcctg
ccccaggtceg
cceegggecc
cgcgecatcec
ggtttcctec
ggtcaggeges
aaagaaaaag
atacagaaaa
acacagaggc
aacgacgcgc

caggtcgtcg
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gcggageagg
gcegtgegec
acctggtttc
ggctacacgg
ctgeggggct
tcgtttecgg
agtcctcttt
acccacccac
ttttattcgg

gtagcaaata

ggggggatgt
caaggacggc
ggacacaggc
cacgggecga
gaatcgatgt
gccaggagcc
ctgtccatgg
aaggcgeage
agctcgecga
ggggeestes
tgcgtcacge
agggcaaaga
atctcgcaga
tcggtgagga
cacacaaaga

actctatcgc

tcaacacgtt
acttccgcca
tggtgecect
cgcacatccg
ggttcggttc
acgggtcgeg
tctttegeat
atacacacac
gatcgcttga
ggcgactgat
tgtccgegec
gggggscctg
tagcatcccc
cgcagggaca

gg88ceecee

atcccagatg
cccagcagta
acgcgeecgg
ccactggctc
ccgcecgtat
tceggaggty
aggtgttceg
agaggececeg
ccgttagaca
cggagttgac

gegtgeegeg
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cctgegtcetce
gcgegecacc
catcgcgctg
caaggcgacc
ggcccgagtg
cagtaccatc
ggctctccca
aaccagacgc
ggaggeecgg
gtacgaagag
gcaccgtccc
cagcagggteg
ctggaccgcc
ggactccgtt
ggcgcraggac
gcgggececetg
gatctggecg
ctccgggegs
ctccgegage
gcgtgegaac
gacgatcgeg
gggcaaccgc
cccggggtct
ccgaaagatc
aatgcgegeg

agctceggcec

gtgtttgaga
gtgtttcteg
tcgetggect
gagccggtgt
gaccacgtta
gtgtttgect
aggggceeeg

gggaggaaag

gcaacggccc
aagacacaca
ccgacgacct
accgtatcca
agggtacact
acgacggagg
tcgcageccc
cttcccggtg
ctggggaggt
gtcttcgegg
tgttcggteg
gtgagggtgc
cagtagcggc
agcgecttgg
gggttaggaa
ttgagccgct
atagagtcga

cgggaatccg

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720



geeggegcaa
ccatgccggg
gtgggtgggc
acaccttgeg
aggccgegat
ggcgattaaa
ccctgegtgg
tactgacgtc
cgcttgtgct
ggtcgtegec
ggacggccag
gcatcaggtt
ggtcggggcc
cccggatggc
ccteggegec
gegegggaaa
cgacgcgttc
gageeceeec
gctgettggt
agtccggecg
accgecggctt
cgggeecegtg
gcaccgcatc
cgcectggeg
ggtggegecg

cctgtgcgat

ggtcccegeg
geCcegeesssa
gaggtggeceg
acaaaaccta
gttaatggtg
ccccaggeag
ggctgtggag
accatccatc
gtagtagtca
gagcgggacg
ggcatacgeg
ctcgaggaga
aaagtcatag
ctggcccagg
gatgtcaaag
gcgtagcagc
tgcggegeag
gcgtcgeecg
tccgtagtgg
gtcgeegecg
tgcggtacca
gggegetggg
tgcgtcagec
tagccccgat
ggtgacgtcc

ggacacgtcc
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ggaccaggeg
gggcaaaccc
gggeaageeg
aggacagcgg
aacgcaaagc
aggtaggcgt
gggacggcct
gccacggcga
aaaacgtaat
acccgecgec
gtgtgaaaaa
atggggaagc
cgcaggegct
geeceggagsece
gecgecagga
agctccgect
gccteggtcea
ccccacgeca
tggcgcagga
gccagggctt
ggggtaaggg
gccacaaagc
gcccccatgg
gcaacgccac

tgcactgccc

tgggcegegg

gCgLcaggss
Cagaggegese
cccgctageg
cccgegegac
cgccgggaaa
agctttcccc
ccatgaagcg
ttggacgatt
ggcegtcegga
cccgaccgec
aggcgteggg
gcctggtcac
gtgagattcg
acgccagatg
Cgeeeceeee
gcccagegeg
gggeegtggc
cggagttctc
ccacggagat
cccatccgeg
ttagaacgtc
ggceeecgec
cgcccecget
aggccgeacg
gctgaaccaa

tcgtgtegec
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ccgeegggst
ggccaacgge
agaccggccg
ggggtccgag
gacaactatg
gggcaggtat
acatttactc
gttaagccgc
gtcggcaaag
ccgteccccc
ggcggtcccc
ctcccccaac
cgggeegecc
tatgcgegceg
gtggegeagg
agacagctgg
cagcgccgag
gtaggagacg
agaacgacgg
atccaaccac

gttcaggatg

ggggggctcc

gacggcctgg

cccggtecgce
cgcgaggatc

geegeegecc

cccagctgeg
gcgeegagga
ttcccggacg
aggctaaggt
ccacagaggc
tgctcgeaga
tgctegegtt
agcgtgtctc
cgggccggga
aggtgtgcca
tcgacggegc
cacgcgegtt
tgaagcgegg
gtaaaggcga
ggcacctcga
tgggggcgca
gacagcagcg
acgacgaagc
ctccacagcc
tcgaccageg
tcctegeccc
agacccgcca
tgaaccaggg
gctcggaccg
tcctegttct

gtcagctgct

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280



cctccgggga
cgtggggccg
ggtgggccegce
ggcacaaatg
gggeeacgag
acgcaaggcg
cgggrageea
ccggeacgac
ccgtgcacca
agtttgcggc
cggcegecag
ccgtggecga
tgtgggtety
cgtatgcgta
tagggaatcc
ccggatgegg
gtgtcgtcca
gcagacgagc
acgcacacaa
atggacggeg
atcatcgggg
ggggageggt
gatttgtacg
gtcgetgteg
ctccgegege

acgcaggtcc

gatgggeees

ggccaagggc

agcctecttce
ccgacagacg
ctcgtcgtaa
cagcgecgec
gacgaacaac
gegeeccaga
cggggtacag
cgtcccgagt
gcactcgctg
gatcgtctgg
taggcgatgc
ttcgccaacg
gaggccagga
tccagacgat
ccaacaccgg
ttctcaacgt
acgccacggc
cggttcgecg
gccaggccag
ttctgttgta
tgtacgtgga
tcgggeggta
tcacgggctc

tggccctgea
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tcggacgccc cgacgatggg cgggtctgeg

tgcggacgeg
gegecegeeg
cgcatgatgc
ctaaacagaa
acggcgtacg
ccceeggegc
agctccccca
tcgecggteg
ccggggeggc
gatatgatga
acctcgttgg
gggtcccccg
gaggcegtgeg
ctttaacctg
tatgggcttt
gaaggccagt
ggtgacctat
ctgttcttgt
gaccgccgat
ggagaccgee
ccgeeectceg
tccegegttce
ccgcgacgat
ggccccegec

tccecgggecg

gggacgegct
g8ECEECELC
gcgtgetgtce
tcacgcgggc
ggtcatagac
tggacgcacg
ccgcatccege
catgagcccg
cgcgcatcag
cgtgaaccaa
ccaagtgcegc
agtccgegeg
tgcttatgeg
ctctttgteg
ctcaaccagg
acgagctttt
atatgcgatg
tatatcctca
ttgtttctgg
gacgaccggc
accaccacca
acggccaaca
tatatcatct
gacatcgccc

tttcgeggceg
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ttcccccaga
gccaagcaga
ggcegegtag
acagctcegcec
gcecctgegeg
Cggaaggagsy
gggcacgtag
agtctggatt
ggcgeccaga
agaccgageg
gttcatggtt
aagggegteg
cggcgegttt
acgaggccaa
ccaactgcaa
tgtacaacct
atcacatgcc
acaagcccgt
ccgattectt
ccgttctgac
acagcggcct
cccgagectc
tcgeectgga
gctgegtegt

tccgggtggc

ggcgeececg

cccatggaca
gcgacgtagc
cgegtgtteg
cccgagececc
tcacacacca
ccagggtgtg
gcggcaaacg
tcgacctgga

gggattcccg

ccgacccggg
cgegestess
gtttggeges
cttctgtctc
ctttattcgc

gattatcttc

ccgeggeecc
gagggteggte
tttcatcacg
catgcaggag
caagtctgcg
catggccccc
cgggaccggce
gcactttttt

ccacagtctg

ggtcgaggga

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840



aatagcagcc
ctactggcct
gagcctcccg
gcctttgaac
gtttccgega
aacctcaccg
ggcgectegg
ggacctccgc
caggtatgct
ggcgegaage
tgaacacaga
tttcttaggt
ccccecgtgg
cgcacaacgg
tctectagtt
cgctctcecat

gtgacactct

ageceggegea
aggaccagcg
gagaggcgac
gggctggggt
aggggcgatg
tcegtegett
tctacgggeg
gggLaggcga

tacgccagca

aggactcggc

cggageeesc
ggagcgeggt
actttattaa
cggtgegect
aaaccgtctc
atgaccttat
acacattcgc
acgcacgacc
gtgggaacac
aaccccaacc
ttttatttat
gtctagccgg
ccgegeegtce
ggceegegtg
cctgeatcag
gcatctgcag
ttagcgtaag
atcgcagctc
tcccgttgta
tcaggtcccg
gaagcggaac
ggccctcgaa
aggtgttgcg
cgattcgegt

aCaaccccCaa

ONCR_010_02WO_ST25.txt

cgtcgccatc
cgacgcggec
gctgtacccc
aaagtttaac
gcagaccgac
ccccaacact
ggtcgeegtc
tcctatcaca
acggtgtcgt
gggggattct
caaatcccat
ttaggtatgc
gccttaggga
aaaggtgcac
ggtcagccag
ggccggggct
tagagcgttc
gatgatggtg
ggcgtttacg
gtacagcacg

gatgcccctg

gggaaaccgc
Cacgeecees
aaggttaacg
gggaagcacc

cgtgtcggga

gccacgeacg
tcgggececg
tttttcctge
tccggegece
ccggtcgagt
gacgtccgta
attatggcca
cgegtetegt
ctgttaaggg
ctcacgaccg
aaacatacga
tgggetttct
tagcgtataa
acccgaacca
gcgacgageg
tcggggtgaa
acgtacccgt
gttccctecg
ggaccgagtt
ttgaggtctg
gccacgagec
aacgtgaggt
acgaggctga
gtgccggegt
cgggtgatga

ctgacgcctc
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tgcacacaga
agcttctett
tcaacaaaca
tcatggcctc
atctgctcga
cgtattccgg
tctacctcgce
gagcgcccaa
g88E8LLELELELa
gcaccagtac
cacacaggca

ccctggatgce

cgggggccat
cgggagecag
cctcgtaaag
tgagctgggc
cctgggceact
tgatcgagta
gttggacgtc
gcagccctcec
gcgccacgat
ccagcgaatc
tggggtcccc
gggtgaggcec
ccgeggegaa

cggagacgaa

gatgcaccgc
ctaccactgc
gaagacgccc
ccaggagatc
gcagctaaat
aaaacggaac

ggcccaggcc

taaacacacc
agggggtgtt
cacccccctg
tattttggaa
ccacccccac
gtctccggac
ggccaaggtg
cggcagectt
ggccteecgc
tagcgcaaag
aaccatgtta
cgccagceage
ggggtttctg
ttcgegegec
caggcgcacg
gttacagaga
cacgtccagg
gcgecttegg

ggattcgtgc

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860

25920

25980

26040

26100

26160

26220

26280

26340

26400



gccacgtcgg
cagcgctgcea
tcaaagccgt
gtggcgggag
taggacgggg
ggaggtctgt
ttttatgggg
aggggcettgc
cggggeggtt
cgcgaagtgg
gtcgetggeg
ttcgeggcac
cgccgaaccc
cgacgtaaag
cccgttatag
cgcgaaggcc
ctccttgtcec
gaagtagttg
gtggtccatc
cggccccagg
Caggagagee
gacggggttg
gttcgegegc
ctggagctgg
cacaaagcgg

ctgatgatgc

ccagcgtcag
gcgeegecgc
ccgccageat
gagcgeggtg
ggtgggtcett

cgggcccaga

cceggeectce
ggaaacagaa
tattacagag
gtctcccgeg
caggtgagcg
cccegeeeesc
gtctccacga
aacttaaagc
agcaggtccc
cgggacgggt
cccgegtaaa
acgtcggtcg
cctgegegec
cggtttcecg
ggagccccgc
cggacggttg
ggctgggtea
cccaggaagt

tcctgtegga

aaggccacgg
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ttgecggegg
atcggggcgc
ggcgccgatc
ggggtcageg
agggggttgg
cgcaccgaga
ggaatcgcgg
gacgcgtggg
ccagtccctt
cgtgggcttc
ggtaggcctc
gcttaaactg
tcaggegetc
aggggctgag
cgtacgaaaa
cgctetggec
cgcceecggc
acacgggggt
gcggcacctg
ccacgaccgc
ggcccaggta
ccgtggecac
gcgtgaagtt
acgcctecga
cgacggtgaa

gactgatctt

atggtcggca
gagatgcccg
cacgcggcag
gcgtagcaga
gaggcgacag
gcgaatccgt
cttgtcggcg
ataaaagaat
gagcggggat
cccgttgegg
ctgaaacagg
tacgtcgctg
caggcagcga
caccggcgag
tcgetgegac
gtggtcgtac
ggcgegtecc
ggcgataaac
ggcgeacccg
gttccgcagg
aaagttttgg
gacggcggtg
tacccccccg
cgegegetcec
cccaaacccg

gaagtacccc
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ggaataccac
agggtatcgc
ggagtgcagt
gacgggegac
ggaccccaga
ccgeggagtc
gggacaaagg
cgcactaccc
gcgtcataga
gcactgcgga
ccacacgggt
gcggeggtes
tgtttggcge
gcececgttga
gcccacgggt
atgagggcgg
cgggggtigc

tcacacacgg

aacacgggga
tacacggctg
ggaaggttgc
tagcccacge
ccagtttcgt
gagaacagca
ggatggaggc

gccatgagcg

ccgeectteg
gatgtcagtt
getggttcgg
caacctcgca
gcatgcgegg
ccggcttege
gggcegggect
caaggaaggg
cgagatactg
g£ageLCeee
cctccacgag
ccgtggacac
cgatgtcggc
ggtggtaggc
tggeegtggc
tgacatcccc
aggeccgeeg
cgtcctggec
cgggetggsc
ccgegttgtce
ccatgtcggt
ccaggtccac
gccgggecac
cgttctcagt
ccgtcttgag

cgtaggtcag

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600

27660

27720

27780

27840

27900

27960



cgegttctcec
aaagtagttg
88CCEEEEEE

ge8gageeee

cagcaggatt
gttggcgecc
gtgggccagc
aaacatggcg
cgtcacgggg
cagggtggcg
ggcgegcacce
cggceggtcea
gttgeggttg
ccccgegcta
acagtcccac
ttgcgectgc
ggcctegacg
cccgaggtag
cgtgttgttc
gtgctcgetg
gtcgaacgcc
cagctccagg
gttcaccacg
cggcagctcc
caggttggcg

tcggacccgce

ccggeegegc
gcccccagag
aaattgggcg
taaaaatagt
ccggegtgca
gegtegggceg
acctgcagcg
ttgaccgtgt
tcgetgggsc
tatacgcggt
atcacgtagt
tcecgeggegt
aagtccgegg
acccggcagt
acgagggstg
ccgeccaget
tgcgccacca
gtcacgacgt
cagtagctgg
ccgtgtatgg
ccgcgaacgg
ccccgggegt
cgccaggtgg
acgtcggcca
ttgtcgggct

ccgtgggcca
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tctcgeggac gtgetgeacg acgggetgtce

ccgeggeegeac

cgttcgecac
cgccattttg
acgccccgtc
ccgecgagea
tgagcatggc
tggccaccag
actcctcgec
cgaagcgaac
agtaaatctt
ccgeggcteg
tcgecacgtt
cgcgatggeg
gcagcagcgc
ccgggeeggt
ggtcccggta
acgagaccag
tgatgcactg
cggcctgeag
cggcgatggt
cccggaacgc
cctggatctc
cccccacaaa
gcataaactg

ggcgetgecc

cagggggacc
gtggtcggec
gatggtatgg
gaatatgcgc
gagcagcgcc
gggccegtcec
attggccggg
gggggcgatc
ccccgeggtg
gtggtgcacg
ggcetggety
acatgccgcc
gtccagggcc
cgggtctege
cagggtaaag
cacggccatg
cgagtagtcg
gaccacgagc
caggtaaaac

ggcgeegecce

cgccggacat
ccccgggecg
gaagtcgaac
ctccggggtc

ccaggcegttc
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tgccgegaca
ccggegaaca
tccagatgct
atgttggteg
gttgtgegtt
actaccacgc
tgcaggggst
tccgggacca
cagcagcggc
gtccagtccg
ttgtgcagca
gcgtacacgg
gcgegeegea
attaggtgat
tcatcaacca
cactcctcgg
ttcacgaacg
cgggecages
accgccgggt
atggcgtggc
agcgccageg
gecgegeegaa
gcggggtgca
atctggectt

aaaaacagct

ggatcgacga
ggtcgegeag
gcgegtggac
ggggggccat
tggacgeggt
cggccatgtt
gccegttgtg
gcgegggstc
ccatgttctg
cccgegagaa
ccccecggtg
gctggeegtc
ggtegtggec
tcagggcgtc
tcagctcggc
gctgggcecag
gaaggtctcc
ccgegeaccg
cgcagaagac
agttgcggtc
gtcccacccc
gcaagttgcc
dddddadde
gctcaagagc
ccgegaccca

gctgeatgtc

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100

29160

29220

29280

29340

29400

29460

29520



tgcggegees
gtcgeggtta
cccgatcgeg
ctggeggssc
gtgcgeggcea
gtccatggceg
ggcctccaga
ctgggegece
catctccagc
cgcegtgacc
ttcggtgtcc
gacgagcacc
cacggagesc
gtggcccgec
cagggtcgcc
caacaacaaa
gcegegctca
caactggcga
ggccteggtg
gtaattgtgt
gacctcgaac
gcacgccacc
ccccagcagg
aaaaaaatca

cggcaccatg

gtcgecgtgga

ccgeccgess

aggcccccga
tgttccagag
gggaageCLe
aaccgttcca
cccaccaggg
aagaccagct
ctctcgagct
aggtggcggc
aggttggccc
tccactttca
ccgtegaccg
tgcgtggecg
ttgcccagga
cgggecaccc
gccaggesee
aacgccccga
tgcgegecga
gccaggctga
gtgggttgct
tgtacgcgcec
gacaacccga
gcgtcgaact
aacaggcgtc
gccgeggcat

gatcggctgt
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ccgccacgta cgecccgtac ggattggegg

ccgeegegtce
acaggcgcag
ggggatccgg
tgaccggatt
ggtagggaac
tctcgecgat
cgtccagegt
ccacgtcgtc

cgttcaggac

ggaaggactg
gccgeeegeg
tggtgaggtc
aaaagctcgt
tggtggccag
gcgecttttc
ggacggectg
tacccgtccc
aggcggegtt
cgatgggstg
cctcgttcat
gctccagaaa
cgacgtcgta
gatgcgacgc
accggtatcc

ctctagcgat

aacgttcatc
cacctggegg
gtggcegees
gaacaggccc
grtggtggcg
ggacaccaga
ctgceggttc
cagacttcgc
catctcgeceg
caggaggcgc
cgtgtcggca
cacgagccag
ctcgcagaag
gcggeegttg
cagcagcacg
gacgttgcga
gtccagggcc
cagggcecegg
cgggecegtceg
gtaggccagc
gcgcacgagce
caggctgttt
cacctcgatc
cggagggtcg

attggcccgg
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agcgaagggt
tccttecccc
gcggggacta
aggggcagga
gcgtagatgce
tccgegegea
aggtcgagct
acggccttgc
tacgtcaccg
tgtttgatcg
tgcgtcagac
gcctcgacgg
cttcgcttta
tccaggtatc
tgcagcatct
gcgagetgtt
tcccccgtga
cggtcgataa
cgggcaatca
tccggaaact
gacagggtgt
gcatcggagc
gtgctaagga
cggttgggag

ggaggctaag

cttcgacggg
ggcacacggt
aaaaaaacag
ggtccceggc
cgaacgtcag
gcttctccag
cgegegtegt
gctectectg
ccatcacgag
gcacgtcggc
gggeggtegt
ggggcacgec
cctcecggeg
gcteggegac
gttgcatcgg
ggteggeegt
ggatggcgeg
gcagggcgat
tcttggtceat
geggetggtg
tggtacacac
tgcaatacga
geacgeggea
gggacccggt

cggecatggg

atccacccca

29580

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600

30660

30720

30780

30840

30900

30960

31020

31080



acgcceggcc

ccggacccaa

geaccgggag
gacgtgggat
gggtgcattc
aaagctgtcc
ccgtgtgegc
cccgtecgga
caaaaacacg
gttaacgtac
caggatacag
catctccaac
gaccggcteg
gccgtacgag
ggcggccteg
gtgtgeggtg
gagatcaaag
gtgttttgat
gaatttacgc
tgacgttgcg
aacccagtag
tacggaagcc
tceggttegg
gttccaagcg
caccgtaggg

accaccatgc

acccgtgtac

aaaggegeese
aaggctgegg
cccaggectt
aagatggccc
gccgecgeca
aggggatcgg
ctgaaggtct
gacatccccc
aggaggageg
gcecggegeca
ggcttcagga
gtatggggcg
gacaatgaaa
tcgaccagat
gaggtgggea
acacccgggt
aaggccgttc
ctacgcccca
tttagttcat
gcegtgtegg
gtcgttgtat
cccceaccge
ttgccctcca

ggcctctggg

actaccggga
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gtgcccgacg
gatgctgtgt
cctegttceca
atataccccc
tggtccaaaa
cccacatcga
tgggcggceag
cgtgggegsc
aaaacacggg
cccgeaccge
ccacccttcec
Ccaaaaacga
gaagacgcga
actgttcctc
ctcgatccac
gaccgaaacc
tcttgcacaa
cgcgecttga
atgcccacgc
tggaggccaa
gaacacgccc
tcgagacctg
gtgcggcacg
gtttctgttg
ccgtgttacg

cgttgtgttt

gcccaaggtc
gagageccgg
ggagaaccca
ccccecgecc
gcgtgecagg
ggceeeggcc
catttggttg
ggcgaacaag
cgccgacaac
ccacgtaacg
ggtcagcccg
Ccaaaggaac
gtatgccgaa
cagcggcagt
cagaggaagg
gcaaagggtc
acaccacccg
tataaccttt
aagatgaggt
ggggaaaaat
ggggttgtcc
cctgtgcaac
cacgaggacg
tcggtgttcec
tcgeegeecg

tacgtcacaa
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caccgaaaga
gtgeeggteg
gtgtccccaa
cacccccgtt
aagaaattgg
gcgcaggcta
gtggcgataa
gcacacaggg
ggcagacgat
tagtagccga
taatacatgc
agaatcacgc
ctgacaaaaa
tctcectect
tcatcccgea
gcttacgtca
ggttgcatcc
gatgttgacc
aggtaacccc

ggggtgeeea

tcaaaaggca
gcacgtcgeg
agtccgegtg
cccataccca
cgatggagct

cggaccgaaa

cacgacgggc
ggggegaaag
cagacccggg
agaacgcgac
cagaggcggc
tccccagggc
agtggaaaag
ccgtgectcec
ccctcttgat
cgatggcegsc
ccgetgecac
gctttgaaaa
aatcagaggt
cccceccgaa
tggtcatgeg
gcaggatccc
gcggagecga
acaaaacccg
ccegtgggtg
ggaaacggaa
gggtccatac
gttgcctgtg
ctttattggc
cgcccacatc
tagctacgcc

ccgggectac

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340

32400

32460

32520

32580

32640
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tttgtgtgcg gggggtgtgt ttattccgtg gggcggccgt gtgcctcgca gcceggeggag

attgccaagt ttggtctggt cgttcgaggg acaggcccag acgaccgegt ggtcgccaac

tatgtac

<210>
<211>
<212>
<213>

<400>

aaaaaagctg aacgagaaac
cataaaaaac
tacttagatg
atgctgccaa
atccagccta
agaggtgcga
agtgtcatag
tcttacaagt
agtttctgta
tttatattcc
gatcagccac
tgcgecagcet
acagcagacg
cactctgtac
actgcatttc
gcgacctcag
gcttcattct
gcaactgata
ttttgacata

caaatacgca

850

32767
DNA
Artifical

850

agactacata
gtattagtga
cttagtcgac
ctcgctattg
gectettttt
tcctgaaaat
cgttcggett
atttctactg
ccagaacatc
ttcttccecg
ttcatccccg
tgcactggcc
atccacaaac
accagcccct
ccatcccttc
gcatggttgt
gctgtcgetg
cttcgggtat

tactgttatc

gtaaaatgat
atactgtaaa
cctgtagtcg
cgacagcctt
tcctcaatgce
tgtgtgacaa
catctgcatc
catctggatt
tatcgacctg
aggttaatgg
ataacggaga
atatgcacca
agggggatca
agacgataac
gttctcgtca
ctgattttcc
gcttaccaga
tcaactgtca
acatatcagt

tggcttttag

ataaatatca
acacaacata
accgacagcc
ccaaatgttc
cgtattaaat
aataaaaaca
aagaacaatt
ttcagcctct
cagactggct
cgtttttgat
ccggcacact
ccgggtaaag
ccatccgtcg
ggctctctct
gcaaaagagc
gctttccagce
ccggagatat
ctgtaatacg
atatattctt

taagccggat
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atatattaaa
tccagtcact
ttccaaatgt
ttctcaaacg
cataaaaaga
tctacctatt
tcacaactct
atacttacta
gtgtataagg
gtcattttcg
ggccatatcg
ttcacgggag
ccegggegtg
tttataggtg
cgttcatttc
gttcggcacg
tgacatcata
ctgcttcata

ataccgcaaa

ccacgcggceg

ttagattttg
atgaatcaac
tcttecgggtg
gaatcgtcgt
aataagaaaa
catatacgct
tatacttttc
aacgtgataa
gagcctgaca
cggtggctga
gtggtcatca
actttatctg
tcaataatat
taaaccttaa
aataaaccgg
cagacgacgg
tatgccttga
gcatacctct
aatcagcgcg

tttacgcccc

32700

32760

32767

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



ccctgecact
tcacaaacgg
taatatttgc
aaggccgtaa
gcctcaaaat
tttttctcca
ggtagtgatc
cattttcgcc
tattctgcga
gctgecaact
tggatatgtt
atattgatat
atggaccgcc
gggatcctag
ccgeagcacc
ggcggttgtce
tgggggcgac
caaaatgccg
gaacggatac
gcctataaag
gggegtgtgc
taccatgatc
tgcgetggtc
ggacatctcg

ggcggegttaa

aatgacgtca

catcgcagta
catgatgaac
ccatggtgaa
tatccagctg
gttctttacg
ttttagcttce
ttatttcatt
aaaagttggc
agtgatcttc
tagtcgacta
gtgttttaca
ttatatcatt
CgCcaageees
gaccccaaaa
tctaccagca
gggggtggag
ccgtaaatgg
gcegtggegc
gcgtacatat
cggtaggcac
tggataacaa
gcgeggstec
agcgaggccc
cggtgeggtag
tagacaatga

tcgegetegt
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ctgttgtaat tcattaagca ttctgccgac

ctgaatcgcc
aacggeeeee
aacggtctgg
atgccattgg
cttagctcct
atggtgaaag
ccagggcttc
cgtcacaggt
caggtcacta
gtattatgta
ttacgtttct
ggggggcatt
gtttgtctge
ggtcegeggt
gegegeegec
ttgcagtgat
tcegggegct
gggcgtccca
aaaattcggc
cgcctecgeg
cgtactcaaa
tggegtggca
tgagtccccc
ccacgttcgg

ggcgctcecg

agcggcatca
aagaagttgt
ttataggtac
gatatatcaa
gaaaatctcg
ttggaacctc
ccggtatcaa
atttattcgg
ataccatcta
gtctgttttt
cgttcagctt
tcagtgtcgg
gtattccagg
gggctggaga
caccccgtgt
gtaaatggtg
ttcgeegege
cccgegttceg
gcgacagtcg
cgecageege
aacatgcacc
taggctatac
gggeegggtt
atcgcgcaga

gagcggattt
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gcaccttgtc
ccatattggc
attgagcaac
cggtggtata
ataactcaaa
ttacgtgeceg
cagggacacc
cgcaaagtgc
agtagttgat
tatgcaaaat
tcttgtacaa
gtgacgagcg
gcggggctcea
aactcggccg
gcegegectg
tcegeggtcec
gaggagctga
agcttctggt
ataatcacca
tcctggeget
acctgegegg
gcgatggtceg
cggtggaact
gccgatagta

aagttcatgc

atggaagcca
gccttgegta
cacgtttaaa
tgactgaaat
tccagtgatt
aaatacgccc
atcaacgtct
aggatttatt
gtcgggtgat
tcatagtgac
ctaatttaat
agtggtttta
cgatccggcc
gttgaatctc
tcccggggca
gcgtctectc
agaccacggt
cccaggagtc
tgctgteccg
acagcccaat
cccggeeecg
cgtcgggcag
tctgtggatt
gtaaggggac
tgtgctcact

gaaggaattc

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760



ggaggaggtg
aaagcagatg
cttggagctg
ctcgacaaac
gaccacgtaa
ccteegeage
attgtccgtc
gcagccccgg
cccgaagagc
ctgggtgtga
gtcgagetgt
gtccgggecc
gcctgegteg
cagaatctcc
caggceeggg
caggaacctg
acgcaacact
gcgegeggtce
cagctgctgt
cgagtagttg
ctggtgtgtc
gagggtgaac
catgtacgcg
ggggttegty
ggtgatgggc

ccgtttgttg

gtgcgggaca
gcgaccttgt
atgccgtagt
tcgctgatgt
gECaggeeee
tcgtccgeaa
tgcagggcga
aagataacgt
tcttggagga
acggcgeeee
tgttcgtcca
ccgteccgeg
gccattaccg
gccgttagtt
cgctgcagaa
taggcaaact
gcctcgaagg
accgcgatct
ttgctgtgea
gtgatgcggc
agccgtceggt
acgacgaact
ctcacctctt
atgtagtttt
aggccgtact

ttaataaaaa
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tggccacgta cgegetgttg aggegcaggt

ccaggctaag
cggegtttat
tggtgttgac
cctcttccag
aggcaaacac
cggacatcag
tgtccacgta
ttcggaatct
tggtctecgg
gccecgegaa
gccccagttg
acgcctgegt
ctcccatgeg
agttgtaaaa
ccaccgaagt
cccggaacgt
ggctgttgag
cctcgeageg
tggegttggc
attcgtcaaa
ccccctcacg
tgtgggagga
ccgggacgac
ccagcacctt

tggcccagct

gccctgggag

ggccatggcec
gacggacatg
taactcggcc
ccgtgegtac
ccccecgege
cgtgctaaag
cccgaggaag
ttccccgggg
aataacgtcg
cttaaaatca
cggcaccccc
ggcgtaggeg
ggagataagc
ctccccctga
cccactaaac
gacgtaagtg
catgtgccecc
cgtgagccac
ctccttgacc
ggtcaccttc
gaacagccgc
gaagcgatcc
catgaggtta

atacgagagg
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cgcgtgatgg
agctccgtag
aagccgtgtt
acgttggeccg
gtgtatccca
ggcgagecgg
ggggcgactt
gceegettcea
gtgtagtggc
aggtcgtcgt
aacgcacgct
gaagatttgg
agggtcctct
ccgctaaata
gtctttacaa
CCaaaaacca
acgtcgttgc
gcgtectggt
ttttcaatcg
gacacgaacg
aggtaggcgt
gtccagecgg
acgaactgca
ccgaactcgt

cgggcgtact

tgccgggcegt
tcatggcaag
agtcaatgga
ggtcccgeaa
tcgegtgecg
tgagcgtata
tcagcatctc
caaatgcctc
gcagcgcaaa
agtaaaacac

cgggaaaatc

cgeegeeesc
ggcgcagaga
gggtcgcatc
tgagccgega
agctgtcegtc
gttttcgcag

gggccacgac

cctggctctg

tcaggccgeg
taagcacggg
ggagcttggc
ggaggttggc
tgtgctectce
gctcgacgea

cgcgeagegt

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320



gcggttgeag
ctggtgctcg
cacgggccgc
gcaatacacc
cacgttgctg
ggcgeecteg
caactcctcg
gtagtacgtc
gtacgggtac
gatggtgttg
cgcaatgcegc
cgtgctcttt
gaggeecageg
cacttgcgct
caccccgtgc
gtccccgggt
gceggeegec
cacggaagcg
gatgctgttc
caacgtcgtc
gctcctcaac
ccgeggtetg
cgeeggggtg
ggactttgcc

cttccccaaa

acaagaaggg

atgaggtacg
aaggtcgact
aggcgggccg
acggccgtga
cgggtaaagg
gccaacccca
cccccggagg
agatctcgtc

tgtcccagtt

atgggtcggc
gtggegeeceg
ccggagecag
cctgeggsss
ccgtegaget
atagacgtaa
tgctgaaggt
gccatgaccg
ctgtgctecc
cgcgagattc
cggtccageg
gccaccactt
cagccccaac
gCCgagegee
cacgggtteg

tatatcgact

ggtgtgacgc
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tgagcacgtt ctcgctctgg cggacggaac

ccagggacgc
cgtactgggg
ggaggtgacg
ccggeagegc
gggtccgttc
cggccagegsc
gctgcaggtc
gggccetggac
tgagaaaggc
tcaccacaca
cgttgeeggt
actctaaggc
gttgttgcga
aatttaaaaa
grgecgescce
caccacgctc
ccgaggacgg
tccacgggca
aggcgaccac
accgggacct
ggctggttceg
tgttcgacac
tcgectgett
ggctgacgtg

agggtctgag

cgtctgegtc
ggtgtggtac
cccaaggagc
ccegtgggtg
cagggegecc
gcgcttegtg
ctccagcgag
gtgattcccg
gcccgagagt
gtccaagacc
gataagatac
cgccacgtcc
gagctctcgg
ggccteggcec
gggtttctgt

gcgggecccc

ctgggtaaag
gctggggtat
ccggeagetg
cgaggceggac
ccggtacagg
gtggcggaac
tgegeeggsc
cctggggctg

ggegtttctce
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ggcgagccca
agggcgttaa

ccggectegt

geegegecca
agggcglgaa
aggtccaaaa
gcggggttgce
Cgaaacccaa
ttggcgtaca
tcgttgattg
accgcgaacg
cggaaccact
atgcgcttaa
ctccctggaa
ccgtctaget
actacgcgtg
gttcacccca
accgagggcc
caggcggcga
tggcteggcc
aacgcceggg
acgcttagga
ggcecgageg
gtccccatat

aagcagcacc

accgcagttt
cacacaccaa
tcatccacca
cgatgacgat
accgcgtcag
actcgttccg
tcacctccca
tggtcagggt
attcatgaaa
tgttttgggc
tctgcacgca

gaaactccct

gcagatgggg
ggattggctg
cggctggtceg
ggcgcteccc

cgegeeeeea

gcceeggtac

agggggtgta
tctttcacge
acgtggcgec
aggcggatat
cgacgctgct
gcccgtcaag
tacgcaagcg

cgctgacccg

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880



ccagctggcec
gctggecttce
ccgeegeegsc
gctgtggecc
gtttcccgag
caataccgcg
cggtgecegeg
ggccgecteg
cattaacgac
ggccgtcgac
ccaggaccag
caacatcaac
gcgegagacc
cgcaacagcg
gaccggtgga
tatcgacgtc
gtacatccct
ggtgegetgt
gtactccagc
ccccegggta
ggatgcggtg
cgtcgeggac
ccggeecggc
aggegegecg
atgaggggtc

aggeggecga

acggtcgegg
gactccacgc
gactggctcg
cccttgtgga
atcgtcgegt
tccgtcaagg
cgggtcgtta
cgcctegtgc
accgtgegtt
ggtaccctcc
gELLLECEEE
ggcgtgttgg
aacgcgggcc
ggggeectgg
tgcggeagec
agcaagtcca
tcgtacgecc

tttaaaattc

ggggcgatceg
ggcgegecca
tttaagaaaa
gtccagcacg
gcgtccecgc
gaccaggeeg
ggccgecacc

ggcgattagc
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aggccgegga gegegeegge ccegggtttt

gcgtggegga
tgcgagaccc
ccggggaccg
gtcactccct
tgctgctgeg
acaaggtgtt
ggcttatcat
cctacctcga
ctggattcgg
cgccgeagct
agggctatat
tggcgaccca
agcgccagea
gcectgegeg
tggacgacga
aggacctgga
tgtgtcaccg
ccgeattcegt
tcacgggctc
cccgectgea
cagcgctgec
ggggceceggtc

ggggcatcgg

atcctcaagc

cagcagacgc

ctacgaccgc
catcagcggg
tctggtette
ccgggaacac
gcgcaagagce
geggeaggac
caacatgaag
Cgaggeegee
Caagggegea
tcgecaggcec
aaataacctg
attgcaggag
gegegegecce
ggcggacctg
cacgtacgtc
gcgeetgteg
caacaaccag
cgccccctac
cgatgtcatc
aacgtacctg
cccgeececc
cagatcgcgg
gcaccgggat
aggccatcgc

tgctccgect
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gtgtatatct
cagcgcggag
gattcgceccg
gcgcacgtct
gacagcgagce
gacgagacca
ggcatgegec
gggcacctga
aacagccgeg
ttccgcacgg
tttggaacca
cgcgaccgeg
gacctggeeg
ctccgggecg
gccaacagct
cgcctetggg
ggccaagaga
tttgagtcag
ctgggegage
acagacatcg
tccccggteg
tcgeccggaa
geeegeegeg
cggggaccgc

ggcctgcgag

ttgagctggc
actacaacca
aatgtctggt
tccageggct
gceggetgeg
gcggggtggc
aggcegggtc
acgtaggcga
tagacgcccc
ggtctgegeg
ccgtggttaa
tcgagegect
agctccggcg
ccgagtecgt
actatgacat
ttcagcaccc
agcacgagct
cgtcgatctc
tgcttegggc
aggagttatg
cggeectgtt
gcgecgattt
gaactgcgceg
acggccgacg
agcctggteg

gtgcgccage

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440



tcggegaccg
ggtgeeggtt
attactttaa
cggccaacga
tctecctgtt
tggagaactg
tcggggtege
gttgccactg
agttcgtcct
ttctctegge
ccccecgcetce
cggaggaggt
cgtcgteget
tggccteecg
gcgtcccatce
taagacgaac
aagaatacgc
cgcgtagatg
acattattgc
tgcttaagaa
aaaaggtttg
caggcaaaca
catactcccg
tgatgagcgc
ccgaccgact

tccagcaagg

ccagccgegg
gcggttegtt
gcgctgetgc
ggaccacgtg
caaccccagg
cccccgaage
gggtcegecgc
ggtcctaaac
gccccactgg
cctgttctgt
cgactgcgtg
gcgegegect
gttttatcag
acggatgcgc
tgtgcggega
adaaggtttg
gtagagaaat
gtcgtaccgt
ttaagaatac
tacgcgtagg
tacacgggeg
gaaacgacat
ccagcacccc
agtccacggg

cccegectcec

cgcegeegeg
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tttaccgcca ccagcatcge gegegtcgac

ctggacggga

ggccagtcca
cacagcctgg
gacctcctgg
cacgccaccc
acgtccccat
acactcatgt
tacatggccc
gccaccccga
gcctataacc
ctggtctatt
ttttgttgaa
gtgtccttac
gggggecaag
taacttcgta
aagacgaaca
gagtaataat
gcgtaggtegg
ctatcgtacc
agcgctcttg
cttgtcgtca

ggtaaacacc

ggggagcaca
gggacagaca

gaaggcagtg

gtcccgagga
gttatcgegg
ccgtgecccc
actttgagct
cgtcgacctt
tcgaacgegt
tcatggtgta
ggtacctgcet
cgagctcctc
ccgcegggat
ggtggctttc
ttttaggaaa
tcegtettgg
tcggcacgta
ccgtgagtaa
aaaggtttgt
gtggttcata
tcgtaccgtg
gtgagtaata
tctcagggca
aagggataca
aactcaatct
aggeeccgeg
cgcacgacgc

ggggglaagg
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cgcctatgtg
cttcgeggtg
cctegttcetg
tgcctgtetg
tgccaaggtt
tcgetgectt
cgtaaaaccg
ggccaacaac
attccggctg
catggggagc
ggagacccca
taaacccggt
tggetggete
ttcggacaga
taatgtggac
gattttattg
agacgaacaa
agtaataatg
atgtgcctta
atgtttttat
caaacttccc
cgcgcaggat
ggtatagatc
gccgecagta

ggtcgctggc

gtcgegectg
acgtcggagg
gcggtectga
ctgcaccggt
ctgatgtacc
ctggegtgec
ttcctecgea
ttcgacgacg
ccgeeeccecg
ccggegecgc
tgctgggegt
aaacgacaga
tttgtttctg
gctgtgtatg
ctcaagcaca
tttattgctt
cttaagaata
aaggtttgtg
tgtactttat
taagacgaac
tggtcaaact
ccectegecc
ttcgegeagg
gacggggacg
gtgctctgeg

ctcaaagggg

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000



gacacccgaa
cggtcgeagg
gcegttgtca
tacgcgggcc
aaccacactc
cacagtgggt
atggcccgec
ttaaagacac

gcegtctect

gcaggegcagg
tctgagggag
tcecgecagec
gggaagcaaa
atgattttag
ccggetgeceg
accgegggcc
cgtgccgact
gcaaagtacg
geeeCcages
agcgecggcg
agcacccgtg
tcgaccaggt
tcgegegeaa
cactgggegg

tcggcaacgc

agagcggegc

cgctccagta

cgtcctccat

ggcccaggac
cgcggagags
ccgectggct
gccgeagecg
gggcgtectc
cccagaacgc
cgatctgcag
cgttgcacgt
cggccaccac
cgcteccccc
accgcgecgt
tggcgggatg
ccgaggecac
aggcccccag
cggeegtgsc
ggacgggtcc

ccceggegec

cggagaactt
ccgtgactceg
ccccgaacge
atagcgcggt
tgtcgcgaat
gcgecgecag

gaggeecesc
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ctcecgegtec aaccgtttat taaacgcgtc

aaggccccgg
ccgtegeage
aaatccccca
ccaggcgact
gacggcgttg
gatcaccccg
acccccatcg
gcagacggeg
gtccgggacc
cagcgcgtcc
gaggtcggcc
ccagacgggc
ccaccgegec
geegggecag
gagegegeeg
cggcacggtg
cccceggacc
ggcgtggacc
ctcgeeggeg
ttgcgggtgc
gccctecttc
tceggtggts
ggcegecagg
ggccatageg

gegegegeccc

gcegtgagtg
gtgtcgegta
agatggtcag
gcgtgggtet
gccctaagea
gaagccgcat
cccccgeaga
gccattaccc
aggcgctcca

agtcttgcta

agggccgeca
ccgacggecg
accgcctcecc
gctegegees
taagcggceceg
aacgtgggcc
tcaaactcgg
gtggtatgcec
cttacaaagt
ccgegtggec
ttgatcggcg
atgttaacgg
cgcgeccacg
tcgatgtcaa

cacgacgctc
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cgtcctectce
cgacccctge
tgttgtcgeg
agacgccctc
cggctcccac
ccgegtcettg
ccgcgaactt
cacccaggag
agacggcccc
ggcccgtecg
ggagctgggc
cgggceggstce
gcaccgegeg
ggaggacgac
cggceecgeg
aacccggaaa
gccccagaaa
actgccggaa
agtcgtaatc
gcaggcccac
gaaacgcaag
tcagcgaagc
ccagccgegc
tgttggectc

tctcaacttt

caagataagg
cggcacgcat
cgeegtggtg
ggagttccag

gagggccagg

ggccgtcteg
ggggtccacg
caccgagctg
ctgcegeage
ggLccaggsce
gcegtggees
gcgaagtccg
taacagttgg
caggaggcat
cctggecccc
caccaggtcc

ccccaggacg

ggcaaagacg
aagggcgacg
gegeeecage
ctcgcacacc
agtctggtat
ggcgeacgeg
gtcgggatgc
cgcgaccagg

caccaccagt

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560



cccgtgegtg
cgctccaggg
ggctccageg
acggagacgt
gcaaagcgeg
aagtactcgc
tcctecaccc
ctgtgggtcc
g88ELLLEECE
cttggeeect
acgagtgcgg
aggccteggt
cgctggatga
cgcccgeaaa
aggcgetgtg
ttttaacgcg
gttcgcccca
geggeggaca
gtccgteggt
ggggggtcag
ccgagtccca

gggttacgtt

tggggatgac

tggccatggg

ccatcaggct

ggaggtattt

ggtccgagec
ccgccaggac
gggaggcgec
ccgeggagec
cgcgaccctce
gagcgeggeg
acacgatatc
catgctgecg
gtttttggeg
cggtgegttc
tcccgagact
ggggagctcc
gtgcgtgcgc
ctccegettg
gtcgatgteg
ccccgeececg
gattatcttg
gccgettagg
tacgttacag
taggtccagc
atgcaggcgc
cagggtggss
gceegtggeg
aacgcggaga
gttgaggttg

ttcgacgaaa
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gatacgcagc ggggcgaaca gggccaccgg

gcacgcgtac
cggegtegtc
gtagaaatcc
ccctgeggeg
gggcagccat
tgeggtgtcec
tgcctggeceg
ttgggstees
cggcaacagc
tatagggtgc
gacagcgecg
aaacagcgcc
tgggccataa
tgggcgtcca
ggaaacgtct
aacagcgcca
gcgtcggcga
tggcccagtt

acgtcatcgg

gcggccatgg

ggcagggcca

tagtggtcat
caggcctcca
cgcatgagceg

agacccacct

agcgeccegec
gCeeCeCess
cgcagctecg
ttgcgacata
accgcgtaaa

atcgcacggc

ggcceggteg
ggtgggaaac
gcegeeggtce
taaagttcac

cctccaggat

cccacgeggg
gcagggcgta
acaaccccac
gegtgetttt
ccgegtggtc
cgcgcttgac
cgaacaccag
ggccgaaggt
tgctgcacag
cgagctccag
agatccgeccg
gcaacgccag
cgacaatttc

cctecegtctce
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acagagtcgg
cggcegeceac
tcgeggtgac
caaaatacac
gggtaatggc
ccctaaggat
gtcgeggaaa
ggceegggtce
cgcggacgac
cgccecctge
gatgtcagcg
cacgcgtagc
cagctgectg
gattgtctgt
ggccatctgce
cgtctcgcta
ggcttectec
ctgcatgtag
cctcccagat
gcacaacagc
ctcteccggtg
aaatatggcg
gtaaataaac
cgceggegcg

ggcggectgg

cccggtctgg
gttctccagg
gacggcctgg
ggagacctcc
cagggegtgg
gctgacgctc
cacgggeggt
ccggtgacgg
cgggggcaa
cacgtaccga
atcatgggcc
ttgggstteg
ttgaagcgceg
tgggtecggce
ttggtgaggt
acgccaaaca
acggacccgc
gagagcagaa
cggtcgtagt
cccceggecg
tcccagacgg
acgttgatcg
ctgctgegge
cgegtgegtc
acatcggacc

geeggeageg

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120



acgccteggg
aatgtacgcc
agaagcgcac
agagacacgc
gcgacccccg
gacacagcag
cgtgattaag
aaatcagtag
ccatgtccgg
gatcgaagct
acgtggtcac
gacggcagaa
tatcgccccc
gagaggcgtc
gcteggtecc
actcgccgac
actgcgegtt
gcattaacgc
tcgacataac
gatgaaggct
tggtggatga
gggtctgggt
tcgetteecg
ccacagtcac
gctgeegetce

cgtacaacat

atcccggcac
ccgcaaaaac
gcgtatgeag
cagcgtgcat
ccccagegac
gtttgtgacc
gagcatgggc
ctcccecttg
tccgtagttc
gaggcccacg
gtccccgagg
ccgggecacg
gccaaggcgc
Cggagacges
cagacgcggg
caccacatgc
ggcggttgeg
atccacgcgg
ctcgtccaga
ttccacctgg
gaagtaggtg
aaaactccga
cagccagegg
gcacctggcc
gatcgttgtt

ccgegcetage
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cgcagctccc gtagatcgeg ctgggecctg

agacagaagt
tttagggtca
ctctcaaagt
gtgtcgcatg
tgggagaact
gtaaagacgg
cggagggtsc
atgggtttca
gttacgaccg
ggggtgageg
atctccgcga
gcttccaget
ccgeteggeg
agaaacaggc
acgttttttt
tccatggega
cccagttgct
acgaggacgt
acgataagtc
acaaagtcga
cgacaggaga
atcagcgcgg
gtcggggcgc
ttcgggtgaa

gatacgctcg

cctttggggt
gcagcatgtg
agtgtttgta
ccgacgegtc
gegegegeca
gctccgageg
gcacccgtcec
cgtaggcgaa
tcgtgtatat
agtgaagcaa
aggagaccgt
ccccaaagaa
gceegggceg
accggcgegc
cgccecggag
tgatccgagg
gcatcgttgg
cgtagttgtt
ggtggaageg
ccaggcctga
cgacgagcac
tagtttttcc
tcgegttegg
cccggggeac

acgtgtactg
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cagggtatcg
aaggatgtta
acggaatttg
acagcgeccc
ctggccgeag
cgccecggag
cagggactgg
catgccatca
aaccacgcgg
cagcacgcgg
cgacgaaaaa
cgtggccccc
gcgragggea
cgaaaacccg
accgcacagg
acagatgcgc
cgaatagagc
cagaaggttg
gcggtegttc
ctcagcgaac
actcgtgtcc
cgaccccatt
gaaggtgacg
ccattcggec

ttcgcactcg

agggegtcga
tcgtgtcccc
aggctgtcecg
ttgtagatgc
ttgaaccggc
gaactgacca
ccgtecatgt
tacacggaca
aagtgcaggg
tattggcccc
tccgtaaact
atgcagatgt
cgggectecg
gcctgeagga
ggcatggegt
aagtccacca
agcaggcgta
tggcccageg
gggcccacgc
ataatgtaat
cgcgtegcta
ggagagtgga
geCgLgLgsa
ggtccgtget
aaatcccccc

tcgtccccaa

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680



tgggacgccc
ggeLecggac
tctgegtcac
acgccacggc
ccgtgeccct
tgttgttggc
ccctggacgc
tcgccggaaa
tcagccagct
cccatttttg
tggagctggc
ccttgetgtt
ccgegttcaa
ccattctcgt
tgttggteeg
agcactatta
gagtccgegt
gcacccgege
acacgcgaca
gagacggeeg
acccctacgc
cgatttacga
cgcggcacct
ccgecgagga
taaaccgttt

tactatcacc

ggcccccaga
ggcgtggteg
ggggctectc
gagctcttat
caggttggac
cgtggeegtg
gggeegeegt
cgtctgetct
ggcccacctg
caccagggeg
cccgacccat
gggcgtcttc
ctttaatttt
cgtatcgctg
cccccacctg
caccaacggc
cgcectegec
ctatctgtat
ccgegcacat
ccacaggcecc
gatctcatac
cgaggtggcg
gcccgacgac
ccccgtgtac
gtgtttaacc

gtccceccecc
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ggatctcccg actccgegec ccccacgaaa

gtctggtgtg
gtcctggect
gceggggtea
acgcagagcc
tatgccgtgg
ctggctgegg
tggttgctgc
gtttacgtcc
gtcctgageg
catcgcgtcg
ctgtgcacgg
tcggeeecgg
ttgttggtgg
ggggeegtegg
tactacgttg
ctggtcgecg
cacaggcggc
tcecgeectcea
gcacccggca
ggegeccage
gacgaccaaa
gatcccatct
agcaccgtcc
cgaccgtggt

ccccctcaac

tgcaggtgsc
ctgtgttecg
actccacggc
ttgtgggcac
tcggegeegt
cccgeatggc
agatcaccgt
tgcactttgc
ggacgtatct
tcggeecggc
ccgacgeege
gcatgctcat
tcgagggegt
ccgccacggg
tggagacgca
cctttgecct
accacaccaa
agcgcgtacg
gcecegeecgg
tcgaccggta
ccgacgtatt
atgacaccgt
gcegttggta
gtatgtctgg

cccggegatt
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gacgtttgtg
ggcacggttt
cgaggtgcgc
ttatgtaatc
gacctcccgce
catgccgcac
cctgttgctg
gtgtctggtg
gcgtcaggtg
tcgegecgtg
ggtatccctg
ctgcctgacc
gttgtgtcac
catcgtcggc
gtggcegees
cggcatggcec
attttttatg
cagttccatg
gattcccgaa
cggagattcc
gtacgccaag
tggggggtac
gctgtttggt
tgtgtggcgt

gtgggttttt

ggcatgaccg
gtctctgege
ccctgetttt
gggggtgtag
acggccgtgt
tacgaccgceg
gccacgctga
gcccatcgea
tattttgcgg
cacggcctga
ctgacaaacg
aataccatcg
gtgctgttcg
tacgtgcgceg
ctggectgeg
gctcagacgg
gtgctecget
cgcatgegeg
cgcggatcgc
tatgcggaag
gacggegage
atacaacacc
gaccccgagc
tccgttttaa
ccgatcccgt

taaaaacgac

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760

14820

14880

14940

15000

15060

15120

15180

15240



acgcgtgcga
tggaaactgg
ggggtccgat
gggcacgtag
ggtcagcgag
ccgggeeecg
ctgctteget
gcgatcggaa
gceeeggege
ccgataaacg

tagccctgca

cggcggacca
gggecgccaa
tccgeggege
tgcgtgacga
ggcttcggga
tcctegtacg
cggcatttga
atgtcccgag
atgaggaccc
aagcgeegeg
aacagcaggc
acatccggcc

gggccccagc

cagtcggect

gegtecgegg

ccgtatacag
gtggegggsc
gaacgcaggc
aaattacctt
acgacctccc
gagaacgaga
ggatggcctt
cggcctggtt
cgtcctcecag
tcaccagatg
ccaagatctg
gatccccgga
acagaagcac
agcaccgcct
gagcctcectc
tcgaccggat
cggaggeegt
cctcgtaaaa
gacagacgag
cacacgtatg
tgtcggegec
ttcgggecegt
gcaggctggc
ggagggtgea
ggttttgegt

cggecgeess
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aacattgttt
aggcgectec
gctgtctecc
cctcttegga
cgtcgteggt
ggcccatagc
atagatctcc
cgggagaatg
gcggaacgtt
cgggtegsss
cttaaagttc
gctccaggac
ctccgagaca
tttttegeec
CgEeCegess
aaatgcccgg
ggggtcgetg

gegccagegeee

aatatccagg
cacgttctct
ggcctegeceg
cggctegttc
gttgtgcttce
tgcggtegty
ggccgecteg

cccgeggcegc

tggtttttat

gggggtecege
cgegerecgc
ctcgatatcc
gatgaggacg
tcggcgageg
ggatcgatgc
gacgccttgce
acgccctect
gggcagtcegg
gggtgacggs
acgggegaga
acgccgctat
gaggcgtgeg
acgcgeecgg
aacgcctecg
gggtccatgg
gtcttgggga
gacgccccga
tcggcgaggt
ccgtegtecg
acccgeecga
agccactggg
aggccccgec
taaaacccca

gtcaggcgcc
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tcgctatcgg
cggtgagtgt
gtaaccccgce
acgacgtcaa
ttgtttcggc
tgtcgtcgaa
ggacgggest
tgggtcctgc
ccgegetggt
ggaagtggct
ggttcgcgaa
tggtgtggcg
ttaactccac
cctctgacca
gcgcgaagta
gggaccggtg
ggtcgaaagc
ctggggccag
ccatccccgt
cgctgggttc
cgcggececac
acatcaccgc
gcgagaaaca
ggagcaggec
tgaggggccg

ataggtgccg

acatgggsgs
gECECgagee
gcatatccgg
agtcgtgggc
agcagcaggg
tgccaggegg
aatgatcagg
ggccccgaga
gcggtgecetg
gtcgagcacg
gacgggctceg
tccgaggtceg
caaggcccga
ggcctggtcet
tcgcacgetg
tgccatcaag
gtacttggcc
gtagccgtga
gtgaccgtcc
gtggaagata
gcagtagcga
cgaagactgt
cggaccctgg
ccatagctgg

gggcgccacg

accgagtccg

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500

16560

16620

16680

16740

16800



cggtccacca
gcccagageg
cgctcgaacg
cacatagagt

ccaggagata

gegeeccges
ggcgaatggg
aaggtggtteg
cgaggggtgt
gctgggccta
ccgeegggtg
caggegggac

tatcgecttg

gggattgegsg
ggtcteggcc
cagggcgaag
gggtacgecc
cagggcgtac
ggcccgtteg
caccagggtg
cttgaggtcc
ggtgacgagsg
catgacgagg
aaacacaacg
gtttgttgtg

ggggaacact

tacccgectc
gaccgatggc
tctcggctag
caaggtccgg
gcggaatgtc
gcttttegte
agctcgggtc
tcagcggaag
cctcggecag
ccgtggactc
aacgctgatt
accagcacca
tgtgtgtgct
aggtggegcc
gagttgacaa
tccggegaca
aggctcgggg
aggtcaaccg
ttgttaaggt
tgaaagttgg
ggctcctgga
ctaaagtcgg
atgttggcgc
gegegegceca
cgcagggacg

atctgtcgtt
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ctcgaggacc acggccaggg aacacagata

cagagggece
tatatgggag
ggagtcggga
tggggtcgga
tgcggtgtceg
cacagctgat
actgttaggg
ggcccaggga
catttccgag
ctcacgacag
ggagaggctt
ggtaatttat
ggatgccctc
acagggctgg
gctggttgtt
cgacgtacac
ctaacccgac
atttcaccaa
ctgtggttag
ggcaaaactg
cgaggacggc
acttgatatc
gctccgtgaa
ccagttggcc

gttgcagcga

cggacgeege
ggcagegegt
tcggegtecg
ggccctgagg
gtggegtgct
gtcgtctgeg
cgggggegct
cgcttagtca
acgacgtggg
cgegtgecege
aagctcggga
acaccgatcc
tgggacgtca
gtgcagcacg
aaaatactgg
gctaaccacc
gtcgtgcttce
cagctccggg
gecggtggec
ccccegggcg
ccgeeggage
caggtggctg
gcactggteg

gatatactta

gaacccgagg
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gcagcaaccc
tggggatcac
ggtcgegggc
cgtcagaaag
gatcacgtgg
gtgeeeseses
tgggeggect
cggtgcgtcec
gggagcggtg
gcgeacgggt
ggcagcgeca
gtaaacgcgc
tacgccaggc
cagcgatagg
taaccgggaa
aactccagca
aggcggtggt
ggctggttat
atgccaaaca
atcgtggagt
gagacggcgt
atcccgcagg
agggccgteg

ccgaggtcca

ggcgcgatga

atccaggcgg
gcgeaggtgg
cgacgccgac
gtgggtgccc
tgccggegac
ggggttaacg
caggggacgg
gtcggggcca
cggcggacat
gttgagcgcg
tggtgtgaca
ccgacgacag
gccgaatctt
cgtgggtgtt
cgagcaggsc
accgggtcac
gcgtetggcc
tggtaaattc

acccgtgacc

tccgggggga
tggagttgag
ccgaccgeag
tggtgtttaa
agaccgaggg
tgtcgtacgc

agccgcggat

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360



gttgtggetsg
aacggcaaac
ttggacgtca
cgtgtagtgt
gagggtgagsg
caggggcggg
agacgagcgg
tcggtggegs
gegerecceg

ggaccgttgg

tctgegggac
gctgettect
tcaccaagcg
tgctccteca
cgggacttta
acaaaccgag
taaatctcgg
tctcggtcca
ccaaggccecg
tggtcagcag
acttaaggtg
agtgcccttt
cgtcgggacg
gctgetgttt
cacggccaag

taaggagtgc

cggeeggcegc
cactcctttt

ccgtatcccc

agggegggst
atgtgcgagg
cggttcagtt
ctcattcgec
gacccgtgeg
gaggccccgt
cgtgcacctt
tcatccatcc
cgagttgctc
ccggatcgag
cgcgaatttt
gccgegectc
gatcttgggt
ctcggaggtg
ttccgecacc
tgatcggggt
ctggegtecg
ggcgeggacg
ttagatttcg
ctccacgact
aatagcctgg

ctggaattcc

gegeeggeee
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gtagaacgca ctccccgacc aacagggtcg

cctttatggt
cagacccccc
tgatggcgaa
gggacgageg
tggeegeegt
atcgggatag
aggagegegea
gggggttgga

gggggctgag

ttcggccagg
ctcctggtcec
gtaccgtcgg
aacacaggtc
caattccaag
gctgacgecc
cgtcteggec
ctgcgggcga
acttcgecege
acgtccagca
aggcgteggc
cgaccgegac
gctgcgagea
tgccggegea
tggccccecga

acgtggtgcc

cttaacggca

gaagcttcgg

cacggggctg
gegtgcggtt
accgggegtc
tcccgegega
gacggcggcg
gtgtacgtag
gttagctgec
tcgeegtetce
gcaagacgat
tgtgcggtta
gcgegetgtce
tgggccgect
tcccggtgea
aggegteggc
cccgggggst
cgcgaccege
gtacctggag
gggcctcacc
ccccaagege
ctcgecgcetc
actaaagggg

gttggtacgg

tcagcgtaac
Page 308

agcttatgtt
gcececgggga
catagcttgc
aacgccgect
tcgggggacg
agccgctege
tcctggagag
gatgcgagcc
acatgaccag
cccacagaga
cgtccacggc
gaaagtcacg
gcatcatctc
ttgcagccat
gctgcagggt
gcagggccge
gctctgatag
cacccggtgt
cgcctcgaga
atgggcggcg
caccagaccg
ttctcggecg
cgtgatttcg
gcggtggegce

gcctactata

cgatgagctc
cgcgaatcag
tctcgagggt
ggatgcgegt
gggatctgeg
cgeggegatg
ggageccgga
aggggeegct
aatccttgaa
caggtcgctg
agcgttggtc
gtccaggcgc
acgcgeeget
taagcgegceg
aaaggcgceca
ctggtccttg
gtgggcggca
tctcgegtgc
gcgcgatgtt
aacagaggca
atgccctacg
tggtccctgg
tggegegeceg
gggegcgacca
gactgcggtt

gcgttctgaa

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920



tacgtttcag
ctttgcccag
ccccaaaaaa

gctgttccaa

ggaccacgcg
cgacgcggcc
cggcaagacc
caagatcggc
cgcctgectg
ctccttcteg
aaacgtaagt
cacacccacc
cactgatttt
gcaactcgta
gctggtegeg
cgtgatgcaa
gagaagcgga
ccacagacac
gttggcggaa
gatcctggcc
caggtcgctg
cgggcccaag
gccatccagc

ttcctccggg

cagggggtgc

gaaaaagagg

gccctecacc
ctgctcaaaa
cgggccaagg
aaaatgatcc
gagcaggtca
gtgcgecact
tggtttctgg
tacacggcgc
cggggctegt
tttccggacg
cctcttttcet
cacccacata
tattcgggat
gcaaataggc
gggatgttgt
ggacgeCeee
cacaggctag
gegeCgacge
tcgatgtgge
aggagccatc
tccatggecc
gcgcagcacg
tcgecgacca

ggggtggecg

gtcacgctcc

gcaaagaagg
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gctccgaage ctttcgecag ctggtgeact

cctecttecg
tggacgtggc
ttatgcacgc
acacgttcct
tccgecageg
tgcccctcat
acatccgcaa
tcggttcggc
ggtcgegeag
ttcgcatggc
cacacacaac
cgcttgagga
gactgatgta
ccgegecgea
gggcctgeag
catccccctg
agggacagga
gCeeCeLEsse
ccagatggcg
agcagtagat
cgceeggctc
ctggctectc
cccgtatgeg
ggaggtggac

tgttcggeee

ggcctccage
cacccacggc
cacctacttt
gcgtctegtg
cgccaccgtg
cgegetgtceg
ggcgaccgag
ccgagtggac
taccatcgtg
tctcccaagg
cagacgcggg
ggcecgggca
cgaagagaag
ccgteccecg
cagggtgacc
gaccgccagg
ctccgttacg
gcaggactcg
ggccctgett
ctggeegetg
cggggeestc
cgcgagctgt
tgcgaacgtg
gatcgcgcag

caaccgcagc
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ctcacggaga
cggacgtacg
ctggeegeceg
tttgagatcc
tttctegtec
ctggectect
ccggtgtttg
cacgttaaag
tttgccteca

ggcccegggt

aggaaagtct
acggceegeg
acacacaggc
acgacctctt
gtatccacgg
gtacactggg
acggaggaga
cagccccecg
cccggtggac
gggaggtgcc
ttcgegggga
tcggtggtte
agggtgcaca
tagcggegct

gecttggggc

ttgtgcggga
ccacgggecc
gcacgctgga
tgctectegg
ccctgtttag
cccggegeca
ttcgggggat
aggagatcga
gggaaaccat
gccacaacac

cgacccgacc

gccecgtgge

caacggtggg

gccacceggc
gcagacggtc
gatggccaaa
ccatcttggc
gccacagtgc
ggtggttggt
agagcgaccc
accaggcccc

ccagatacgc

ggtcggesst
ggagcggest
cgcggttaaa

gcgtcagata

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480



cagaaaaatc
cagaggctcg
gacgcgccac
gtcgtcgact
ccccggggea
gEE8LL8aLEEL

gtggccgeee

aaacctaagg
aatggtgaac
caggcagagg
tgtggagges
atccatcgec
gtagtcaaaa
cgggacgacc
atacgcggtg
gaggagaatg
gtcatagcgc
gcccagggcc
gtcaaagggc
tagcagcagc
ggcgraggec
tcgeeegecc
gtagtggtgg
gcegeeggcc
ggtaccageg

cgetgggecc

tcgcagaaga
gtgaggaccg
acaaagacgg
ctatcgegeg
CCaggegecsy
caaaccccag
gaaggcgccc
acagcggccc
gcaaagccgc
taggcgtagc
acggcctcca
acggcgattg
acgtaatggc
cgeegeeccc
tgaaaaaagg
gggaagcgee
aggcgetgtg
cggaggcacg
ggcaggacgg
tcecgectgec
tcggtcageg
cacgccacgg
cgcaggacca
agggcttccc
gtaagggtta

acaaagcggc
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gggcgegecc ggggtctggg ttaggaaggg

ttagacaccg
agttgacaat
tgccgegage
CCaggeeccy
agecgeeeec
gctagcgaga
gcgcgacgeg
cgggaaagac
tttccccgge
tgaagcgaca
gacgattgtt
cgtcggagtc
gaccgeeecg
cgtcgggesc
tggtcacctc
agattcgcgg
ccagatgtat
ggcgeggetg
cagcgggaga
ccgtggcecag
agttctcgta
cggagataga
atccgcgatc
gaacgtcgtt

ccccgeeggg

aaagatcttg
gcgegegata
tccggeecgg
ccggggtecc
caacggcgcg
ccggeegttc
gtccgagagg
aactatgcca
caggtattgc
tttactctge
aagccgceagc
ggcaaagcgg
tccccccagg
ggtccccteg
ccccaaccac
gcegeectga
gcgegeggta
gCgLaggesc
cagctggtgg
cgccgaggac
ggagacgacg
acgacggctc
caaccactcg
caggatgtcc

gggctccaga
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agccgctegt
gagtcgacgt
gaatccggcc
agctgegeca
gggaggagtg
ccggacgaca
ctaaggtagg
cagaggcggc
tcgcagaccc
tcgegtttac
gtgtcteccge
gccgggaggt
tgtgccagga
acggcgegea
gcgegttggt
agcgeggecc
aaggcgacct
acctcgagcg
gggegcacga
agcageggag
acgaagcgct
cacagccagt
accagcgacc
tcgeccccgg

cccgecagea

ccacctgaca
ccgeccgaac

ccgtccccag

ggggcaaggt
tgceggggsc
ggtgggcgag
ccttgegaca
ccgegatgtt
gattaaaccc
tgcgtgggsc
tgacgtcacc
ttgtgctgta
cgtcgecgag
cggccagegsc
tcaggttctc
cggggccaaa
ggatggcctg
cggeggegat
cgggaaageg
cgegttetge
geCegesCsee
gcttggttcc
ccggeeggtc
gcgegctttgc
gccegtggeg

ccgcatctgc

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040



gtcagccgec
ccccgatgea
gacgtcctgce
cacgtcctgg
ggggeesteg
caagggctgc
ctccttegeg
acagacgcgc
gtcgtaacta
cgccgecacg
gaacaacccc
ggccagaagc
ggtacagtcg
cccgagtecg
ctcgctggat
cgtctggacc
gcgatgeggs
gccaacggag
gccaggactt
agacgattat
acaccgggaa
tcaacgtggt
ccacggectg
ttcgceggac

aggccaggga

tgttgtaccg

cccatggegc
acgccacagg
actgcccget
gcegeggteg
gacgccccga
ggacgCeeee
gCegeceeese
atgatgcgeg
aacagaatca
gcgtacgggt
ccggegetgg
tcccccaccg
ccggtggcat
geziiae e
atgatgacgt
tcgttggcca
tcccccgagt
gcgtgegtgc
taacctgctc
gggctttctc
ggccagtacg
gacctatata
ttcttgttat
cgccgatttg
gaccggcgac

cccctegacc

ONCR_010_02WO_ST25.txt

ccccgetgac
ccgeacgecc
gaaccaacgc
tgtcgeegec
cgatgggegg
acgcgctttc
cggeggegcc
tgctgteggc
cgcgggcaca
catagacgcc
acgcacgcgg
catccgegeg
gagcccgagt
gcatcagggc
gaaccaaaga
agtgcgegtt
ccgegggaag
ttatgcgegg
tttgtcgacg
aaccaggcca
agctttttgt
tgcgatgatc
atcctcaaca
tttctggecg

gaccggcccg

aCCaccaaca

ggcctggtga
gegtccgegct
gaggatctcc
gggggecegtce
gtctgeggsc
ccccagaccc
aagcagagcg
cgcgtagegce
gctecgecccc
ctgcgegtcea
aaggaggcca
cacgtaggcg
ctggatttcg
ggccagageg
ccgaggeecg
catggttcgg
ggcgtgggtt
cgegtttett
aggccaactt
actgcaagat
acaacctccg
acatgccgag
agcccgtttt
attccttcat
ttctgaccaa

gcggectceat
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accagggcgc

cggaccgggt

tecgttctect
agctgctect
gceceecgegt
atggacaggt
acgtagcggc
gtgttgggeg
gagccccacg
cacaccacgg
gggtgtgccg
gcaaacgccg
acctggaagt

attcccgegg

acccgggecg
gggtggstgt
tggcgegegt
ctgtctctag
tattcgeecg

tatcttegtg

cggggccgea
ggtggtgacg
catcacgatg
gcaggagatc
gtctgegees

ggcccccgat

cctggegtag
ggcggegest
gtgcgatgga
ccggggagat
gELLECCELEC
gggLcglage
acaaatgccg
ggacgagctc
caaggcgcag
gcagggagac
gcacgacgeg
tgcaccacgg
ttgcggeegt
ccgecaggea
tggccgagat
gggtgtgtag
atgcgtattc
ggaatccgag
gatgcggtcc
tcgtccacca
gacgagcttc
cacacaaacg
gacgeeecee
atcgggggcc
gagcggtttc

ttgtacgtgt

23100

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300

24360

24420

24480

24540

24600



acgtggatcc

ggcggtaccg

cgggeteggc

ccctgeatcc

actcggccgt

aggeeeccga
gcgeggtgcet
ttattaaaaa
tgcgectgea
ccgteteccc
accttatggt
cattcgctcec
cacgaccacg
ggaacacggg
cccaacccaa
tatttattta
tagccgggcc
cgccgtcaaa
ccgegtgget
gcatcagggc
tctgcagtag
gcgtaaggat
gcagctcggc
cgttgtagta
ggtcccggat

gcggaacgge

cgcgttcacg
cgacgattat
ccccgecgac
cggggegttt
cgccatcgec
cgegggcetceg
gtaccccttt
gtttaactcc
gaccgacccg
caacactgac
cgccgtcatt
tatcacacgc
gtgtcgtctg
ggattctctc
atcccataaa
ggtatgctgg
ttagggatag
ggtgcacacc
cagccaggcg
cggggcettcg
agcgttcacg
gatggtggtt
gtttacggga
cagcacgttg
gceectggcc

aaaccgcaac
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gccaacaccc gagccteccgg gaccggegtc

atcatcttcg
atcgcccget
cgeggegtcec
acgcacgtgc
ggccccgagc
ttcctgetcea
gggggcgtcea
gtcgagtatc
gtccgtacgt
atggccatct
gtctcgtgag
ttaagggeses
acgaccggca
catacgacac
ggtttctccc
cgtataacgg
cgaaccacgg
acgagcgcct
gggtgaatga
tacccgtect
ccctecgtga
ccgagttgtt
aggtctggca
acgagccgeg

gtgaggtcca

ccctggagea
gcgtcgteca
gggtggeggt
acacagagat
ttctcttcta
acaaacagaa
tggcctcecca
tgctcgagea
attccggaaa
acctcgeggc
cgcccaataa
gegeeeaags
ccagtaccac
acaggcatat
tggatgccca
gggccatgtc
gagrcaggsc
cgtaaagcgg
gctgggegec
gggcacttag
tcgagtaaac
ggacgtccgce
gcectecgge
ccacgatttc

gcgaatccag
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cttttttctc
cagtctgacg
cgagggaaat
gcaccgccta
ccactgcgag
gacgcccgec
ggagatcgtt
gctaaataac
acggaacggc
ccaggccgga
acacacccag
gggtgttggc
ccccctgtga
tttggaattt
cccccacccc
tcecggaccge
caaggtgtct
cagccttege
ctccegegtg
cgcaaagagc
catgttaagg
cagcagcgag
gtttctggege
gcgegecagg

gcgeacgtcc

gctgtegteg
cgcgegctcea
caggtcctgg
agcagccagg
ctggectegg
cctcecggga
tttgaacact
tccgegacgg
ctcaccgaaa
gcctcggatg
cctccgeaca
gtatgctacg
gggaagcgtg
acacagaaac
cttaggtttt
cccgtgggtc
acaacggccg
cctagttggc
tctccatect
acactctgca
cgggggatta
accagcgatc
aggcgactcc
ctggggttca
ggcgatggaa

gtcgettggc

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860

25920

25980

26040

26100

26160



cctcgaacac
tgttgcgaag
ttcgegtege
accccaacgt
gcgtcagttg
ccgeegeatc
ccagcatggc
cgeggtgges
gggtcttagg
gcccagacge
ggccctegga
aacagaagac
tacagagcca
tcccgegegt
gtgagcgggt
ggggegcrgct
tccacgatca
ttaaagcagg
aggtccccgt
gacgggtcgce
gcgtaaacgc
tcggtcgaca
gegegeegeg
tttcccgeca
gceeegeggce

acggttgccg

geecgggacg

gttaacggtg

aagcacccgg

gtcgggactg
ccggeggatg
ggggcgegag
gccgatccac
gtcagcggeg
gggttgggag
accgagagcg
atcgcggctt
gcgtgggata
gtcccttgag
gggctteccc
aggcctectg
taaactgtac
ggcgctccag
ggctgagcac
acgaaaatcg
tctggecgtg
ccceggegec

cgegeetgsc

gcacctgggc
cgaccgegtt
ccaggtaaaa

tggccacgac
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aggctgatgg ggtccccgtt acagagatct

ccggegtege
gtgatgaccg
acgcctecgg
gtcggcagga
atgcccgagg
gegecaggea
tagcagagac
gcgacaggga
aatccgtccg
gtcggeggeg
aaagaatcgc
cggggatgeg
gttgcgggca
aaacaggcca
gtcgctggeg
gcagcgatgt
cggcgagegcc
ctgcgacgec
gtcgtacatg
gcgtccecgg
gataaactca
gcacccgaac

ccgcaggtac

gttttggeea

ggcggtgtag

tgaggcccac
cgegggaageg
agacgaagga
ataccacccg
gtatcgcgat
gtgcagtggt
gggcgaccaa
ccccagagca
cggagtcccg
acaaagggeg
actaccccaa
tcatagacga
ctgcggagga
cacgggtcct
gcggtggeceg
ttggcgegcga
ccgttgaggt
cacgggttgg
agggcgetea
gggttgcagg
cacacggcgt
acggggacgg
acggctgecg
aggttgccca

CcCcacgccca
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gtccagggge

cctteggtac
ttcgtgegec
cccttcgeag
gtcagtttca
ggttcggetg
cctcgcatag
tgcgegggga
gcttgggttt
cggggctagg
g£aaggeCes
gatactgcgc
gggcrggsstc
ccacgagttc
tggacaccgc
tgtcggecga
ggtaggcccc
ccgtggecege
catccccctc
geegecggaa
cctggecegtg
gctgggeegg
cgttgtccag
tgtcggtgac

ggtccacgtt

acggeeeage
caggcgacga
gccagcaaca
acgtcggcca
cgctgeageg
aagccgtcecg
gcgegeaggag
gacggggest
ggtctgtegg
tatggggccc
ggcttgegga
ggcggtttat
gaagtgggtc
gctggegeag
gcggcacccc
cgaacccgtc
cgtaaagaac
gttatagagc
gaaggccegg
cttgtccccc
gtagttgacg
gtccatccct
ccccaggegg
gagaggeeea
ggggttgegg

cgcgegegec

26220

26280

26340

26400

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600

27660

27720



tgggtgageg
aggaagtacg
tgtcggacga
gccacgggac
gcegegetct
cccagagecg
ttgggcgegt
aaatagtcgc
gcgtgcaacg
tcgggegeceg
tgcagcgtga
accgtgttgg
ctggggcact
acgcggtcga
acgtagtagt
geggegtecg
tccgeggtceg
cggcagtcgc
aggggtggca
cccagctecg
gccaccaggt
acgacgtacg
tagctggtga
tgtatggcgg
cgaacggegg

cgggcgtecc

tgaagtttac
cctccgacge
cggtgaaccc
tgatcttgaa
cgcggacgtg
ggggeaccag
tcgccacgtg
cattttggat
ccccgtegaa
ccgagcagag
gcatggeggg
ccaccagatt
cctcgecgeg
agcgaacccc
aaatcttgtg
cggeteggsc
ccacgttaca
gatggcggtc
gcagcgeegg
ggcceggtceag
cccggtacac
agaccagcga
tgcactggac
cctgcageag
cgatggtgsc

ggaacgccgc
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cccecccgeca gtttegtgee gggecacctg

gcgctccgag
aaacccggga
gtaccccgec
ctgcacgacg
ggggacctgc
gtcggccccg
ggtatggtcc
tatgcgcatg
cagcgeegtt
cccgtecact
ggcegggtec
ggcgatctcc
cgeggtgcag
gtgcacggtc
ctgggtgtte
tgcegeegeg
Cagggeegceg
gtctcgeatt
ggtaaagtca
ggccatgcac
gtagtcgttc
cacgagccgg
gtaaaacacc

gggggccatg

cggacatagc

aacagcacgt
tggaggcecg
atgagcgcgt
ggctgtcgga
cgcgacaggt
gcgaacageg
agatgctgeg
ttggtgetes
gtgcgttcgg
accacgegcc
agggegtgcg
gggaccacca
cagcggececc
cagtccgecc
tgcagcagct
tacacggggt
cgccgeatca
aggtgattca
tcaaccagct
tcctegggaa
acgaacgccg
gCcagggegc
gccgggtagt
gegtggegtce

gccaggggca
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tctcagtcac
tcttgagcetg
aggtcagcgc
tcgacgaaaa
cgcgeaggec
cgtggacggg
gggccatcag
acgcggtgtt
ccatgttgtg
cgttgtgaaa
cggggteegt
tgttctgcag
gcgagaaggce
cceggtgegg
ggccgtegtt
cgtggcccecc
gggcgtcaca
gcteggettg
gggccaggec
ggtctccccc
cgcaccgegt
agaagacgtg
tgeggtegtc
ccacccccag

agttgccgtt

gagctggccc
aaagcggtcc
atgatgcaag
gttctccecg
gtagttggcc
cgggegeaaa
gagggggtaa
caggattccg
ggegeeegeg
ggccagcacc
catggcgttg
cacggggtcg
ggtggcgtat
gggcaccatc
ccggteatcec
gcggttgaag
cgcgctaacc
gtcccacacg
cgectgeecg
ctcgacgtgc
gaggtaggtc
gttgttccag
ctcgctgecg
gaacgccccg
ctccaggecc

caccacgcgc

27780

27840

27900

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100

29160

29220

29280



caggtggcect
tcggecaccc

tcgggctgea

tgggccaggc

geegeeggecg

cccccgaccg
tccagagaca
aaggcgeges
cgttccatga
accagggggt
accagcttct
tcgagctegt
tggcggecca
ttggccccgt
actttcagga
tcgaccggec
gtggeegtgg
cccaggaaaa
gccaccctgg
aggeeceece
gccccgagga
gcgccgatac
aggctgaagg
ggttgctcga
acgcgeecct

aacccgagct

ggatctcccc
ccacaaagaa
taaactgctc
gctgecccca
ccacgtacgc
ccgegtcaac
ggcgcagcac
gatccgggtg
ccggattgaa
agggaacgtt
cgccgatgga
ccagegtctg
cgtcgtccag
tcaggaccat
aggactgcag
gccegegegt
tgaggtccac
agctcgtctc
tggccaggeg
ccttttccag
cggcctggac
ccgteccgtc
cggcgttcag
tggegteceg
cgttcatgta

ccagaaagcg
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cgggeegegcc
gtcgaacgceg
cggggtcatc
ggcgttcaaa
cccgtacgga
gttcatcagc

ctggeggtcc

gCegeeesee
caggcccagg
ggtggegecg
caccagatcc
ccggttcagg
acttcgcacg
ctcgecgtac
gaggcegetgt
gtcggcatgc
gagccaggcc
gcagaagctt
gcegttgtec
cagcacgtgc
gttgcgageg
cagggcctcc
ggcceggceg
gcecgtegegg
ggccagctcc

cacgagcgac

gggggaacgt
gggtgcagct
tggccttecg
aacagctgct
ttggcggctt
gaagggtggc
ttcccccaaa
gggactaggt
ggcaggacga
tagatgcgct
gcgegeacge
tcgagetgcet
gcecttgecca

gtcaccggca

ttgatcgggg

gtcagacgge

tcgacggect
cgctttaget
aggtatcgtt
agcatctggt
agctgttgga
cccgtgagca
tcgataatct
gcaatcagcg

ggaaacttgg

agggtgttgc
Page 315

cccceccegg
caagagccag
cgacccatcg
gcatgtctgce
cgacgggsgtc
acacggtccc
aaaacagctg
ccccggegtg
acgtcaggtc
tctccagggc
gcgtegtetg
cctcctgeat
tcacgagcgc
cgtcggcttc
cggtggtgac
gcacggccac
cceggeggtg
cggcgaccag
gcatcggcaa
cggeegtgec
tggcgegcaa
gggcrgatggc
tggtcatgta
gctggtggac
tacacacgca

aatacgaccc

cagctccacg
gttggcgttg
gacccgeecg
geCegegeceg
gcggttaagg
gatcgegtgt
gCegeeeceese
cgcggcaaac
catggcgcecc
ctccagaaag
gggggcrgctc
ctccagcagg
cgtgaccagg
ggtgtcctec
gagcaccccg
ggagggctgc
gceegecttg
ggtcgeecgg
caacaaagcc
gcgctcaaac
ctggcgatgc
ctcggtggcc
attgtgtgtg
ctcgaactgt

cgccaccgac

cagcagggcg

29340

29400

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600

30660

30720

30780

30840



tcgaactcga
aggcgtcgat
gcggcatacc
cggctgtctce
cgtgtacgtg
ggcgggggat
gctgeggect
aggccttata
atggccctgg
gcegecacce
ggatcggtgg
aaggtctcgt
atcccccaaa
aggagcgccc
ggcgecacca
ttcaggacca
tggggcggaa
aatgaaaact
accagatctc
gtggggagac
cccgggttct
gcegttecge
cgccccaatg
agttcattgg
gtgtcgggaa

gttgtattcg

cgtcgtacag
gcgacgecac
ggtatcccgg
tagcgatatt
cccgacggec
gctgtgtgag
cgttccagga
tacccccccc
tccaaaagcg
acatcgaggc
gcggcagcat
gggcggcgec
acacgggcgc
gcaccgccca
cccttecggt
aaaacgacca
gacgcgagta
gttcctccag
gatccaccag
cgaaaccgca
tgcacaaaca
gccttgatat

cccacgcaag

aggccaaggg

cacgcccggg

agacctgcct
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gctgtttgea tcggagegea cgegggaaaa

ctcgatcgtg
agggtcgegg
geLccgggsa
caaggtccac
aggeegggtg
gaacccagtg
ccegecccac
tgccaggaag
cccggeegeg
ttggttggtg
gaacaaggca
cgacaacggc
cgtaacgtag
cagcccgtaa
aaggaacaga
tgccgaactg
cggcagttct
aggaaggtca
aagggtcgct
ccacccgggt
aacctttgat
atgaggtagg
gaaaaatggg
gttgtcctca

gtgcaacgca

ctaaggaggg
ttgggagegs
ggctaagatc
cgaaagacac
ccggteggss
tccccaacag
ccccgttaga
aaattggcag
caggctatcc
gcgataaagt
cacagggccg
agacgatccc
tagccgacga
tacatgcccg
atcacgcgct
acaaaaaaat
ccctectecc
tcccgeatgg
tacgtcagca
tgcatccgeg
gttgaccaca
taaccccccc
gtggggagga
aaaggcaggg

cgtcgeggtt
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acccggtcgg
ccatggggtc

caccccaacg

gacgggeeeg
gggaaaggla
acccggggac
acgcgacggg
aggcggcaaa

ccagggcccg

ggaaaagccc
tgcctcccaa
tcttgatgtt
tggcggcecag
ctgccaccat
ttgaaaagac
cagaggtgcc
ccccgaaggc
tcatggggtsg
ggatcccgag
gaggcgagtg
aaacccggaa
gtgggtegtea
aacggaaaac
tccatactac

gcectgtgtec

aaaatcaaac
caccatggcc
gcgtggagat
cccggecacc
gacccaaaaa
ccgggagaag
gtgggatccc
tgcattcaag
gctgtecgec
tgtgcgcagg
gtccggactg
aaacacggac
aacgtacagg
gatacaggcc
ctccaacggc
cggcetgggta
gtacgaggac
ggcctegteg
tgcggtggag
atcaaagaca
ttttgataag
tttacgccta
cgttgegttt
ccagtaggcc
ggaagccgtc

ggttcggecc

30900

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340

32400



ccaccgegtg
ccctecagtt
ctctgggecg
accgggacgt
ggtgtgttta
gtctggtegt
agctccg

<210> 851
<211>
<212> DNA

<213>

<400> 851

aaaaaagctg aacgagaaac

cataaaaaac
tacttagatg
atgctgccaa
atccagccta
agaggtgcga
agtgtcatag
tcttacaagt
agtttctgta
tttatattcc
gatcagccac
tgcgecagcet
acagcagacg
cactctgtac

actgcatttc

cggcacgceac
tctgttgteg
tgttacgtcg
tgtgttttac

ttccgtggge

tcgagggaca

32767

Artifical

agactacata
gtattagtga
cttagtcgac
ctcgctattg
gectettttt
tcctgaaaat
cgttcggcett
atttctactg
ccagaacatc
ttcttccecg
ttcatccccg
tgcactggcc
atccacaaac

accagcccct
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gaggacgagt
gtgttccccc
ccgeecgega
gtcacaacgg
cggcegtgtg

ggcccagacg

gtaaaatgat
atactgtaaa
cctgtagtcg
cgacagcctt
tcctcaatgce
tgtgtgacaa
catctgcatc
catctggatt
tatcgacctg
aggttaatgg
ataacggaga
atatgcacca
agggggatca
agacgataac

gttctcgtca

ccgegtgett
atacccacgc
tggagcttag
accgaaaccg
cctcgeagcec

accgegtggt

ataaatatca
acacaacata
accgacagcc
ccaaatgttc
cgtattaaat
aataaaaaca
aagaacaatt
ttcagcctct
cagactggct
cgtttttgat
ccggcacact
ccgggtaaag
ccatccgtcg
ggctctctct

gcaaaagagc
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tattggcgtt
ccacatccac
ctacgccacc
ggcctacttt

cggggagatt

cgccaactat

atatattaaa
tccagtcact
ttccaaatgt
ttctcaaacg
cataaaaaga
tctacctatt
tcacaactct
atacttacta
gtgtataagg
gtcattttcg
ggccatatcg
ttcacgggag
ccegggegtg
tttataggtg

cgttcatttc

ccaagcgttg
cgtaggggsc
accatgcact
gtgtgegeges
gccaagtttg

gtacgaagcg

ttagattttg
atgaatcaac
tcttegggtg
gaatcgtcgt
aataagaaaa
catatacgct
tatacttttc
aacgtgataa
gagcctgaca
cggtggctga
gtggtcatca
actttatctg
tcaataatat
taaaccttaa

aataaaccgg

32460

32520

32580

32640

32700

32760

32767

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



gcgacctcag
gcttcattct
gcaactgata
ttttgacata
caaatacgca
ccctgecact
tcacaaacgg
taatatttgc
aaggccgtaa
gcctcaaaat
tttttctcca
ggtagtgatc
cattttcgcc
tattctgcga
gctgecaact
tggatatgtt
atattgatat
atggaccgcc
gggatcctag
ccgcagcacc
ggcggttgtc
tgggggcgac
caaaatgccg
gaacggatac

gcctataaag

gggggtetec

ccatcccttc
gcatggttgt
gctgtegetg
cttcgggtat
tactgttatc
catcgcagta
catgatgaac
ccatggtgaa
tatccagctg
gttctttacg
ttttagcttce
ttatttcatt
aaaagttggc
agtgatcttc
tagtcgacta
gtgttttaca
ttatatcatt
CgCaageees
gaccccaaaa
tctaccagca
gggggtggag
ccgtaaatgg
gcegtggegc
gcgtacatat
cggtaggcac

tggataacaa
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ctgattttcc
gcttaccaga
tcaactgtca
acatatcagt
tggcttttag
ctgttgtaat
ctgaatcgcc
aacggeeece
aacggtctgg
atgccattgg
cttagctcect
atggtgaaag
ccagggcttc
cgtcacaggt
caggtcacta
gtattatgta
ttacgtttct
ggggggcatt
gtttgtctge
ggtcegeggt
gegegeegec
ttgcagtgat
tccgggegct
gggcgtccca
aaaattcggc

cgccteegeg

gctttccagce
ccggagatat
ctgtaatacg
atatattctt
taagccggat
tcattaagca
agcggcatca
aagaagttgt
ttataggtac
gatatatcaa
gaaaatctcg
ttggaacctc
ccggtatcaa
atttattcgg
ataccatcta
gtctgttttt
cgttcagctt
tcagtgtcgg
gtattccagg
gggctggaga
caccccgtgt
gtaaatggtg
ttcgeegegce
cccgegttceg
gcgacagtcg

Ccggcageces
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gttcggcacg
tgacatcata
ctgcttcata
ataccgcaaa
ccacgcggcg
ttctgecgac
gcaccttgtc
ccatattggc
attgagcaac
cggtggtata
ataactcaaa
ttacgtgeceg
cagggacacc
cgcaaagtgc
agtagttgat
tatgcaaaat
tcttgtacaa
gtgacgagcg
gcggggctcea
aactcggecg
gcecgegectg
tcegeggtcc
gaggagctga
agcttctggt
ataatcacca

tcctggeget

cagacgacgg
tatgccttga
gcatacctct
aatcagcgcg
tttacgcccc
atggaagcca
gccttgegta
cacgtttaaa
tgactgaaat
tccagtgatt
aaatacgccc
atcaacgtct
aggatttatt
gtcgggtgat
tcatagtgac
ctaatttaat
agtggtttta
cgatccggcec
gttgaatctc
tcccggggcea
gcgtctectc
agaccacggt
cccaggagtc
tgctgtcccg
acagcccaat

cccggeeccg

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460



taccatgatc
tgcgetggtc
ggacatctcg
ggcgggttaa
aatgacgtca
ggaggaggtsg
aaagcagatg
cttggagctg
ctcgacaaac
gaccacgtaa
cctcegeage
attgtccgtc
gcagccccgg
cccgaagage
ctgggtgtga
gtcgagctgt
gtccgggecc
gcctgegteg
cagaatctcc
caggcceggg
caggaacctg
acgcaacact
gcgegeggtce
cagctgctgt
cgagtagttg

ctggtgtgtc

gcgeggstec
agcgaggecc
cggtgggtag
tagacaatga
tcgegetegt
gtgcgggaca
gcgaccttgt
atgccgtagt
tcgctgatgt
gECaggeeee
tcgtccgeaa
tgcagggcga
aagataacgt
tcttggagga
acggegeees
tgttcgtcca
ccgteccgeg
gccattaccg
gccgttagtt
cgctgcagaa
taggcaaact
gcctcgaagg
accgcgatct
ttgctgtgca
gtgatgcggc

agccgtcggt
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cgtactcaaa aacatgcacc acctgegegg

tggcgtggca
tgagtccccc
ccacgttcgg
ggcgcteecg
tggccacgta
ccaggctaag
cggegtttat
tggtgttgac
cctcttccag
aggcaaacac
cggacatcag
tgtccacgta
ttcggaatct
tggtctecgg
gccecgegaa
gccccagttg
acgcctgegt
ctcccatgeg
agttgtaaaa
ccaccgaagt
cccggaacgt
ggctgttgag
cctcgeageg
tggegttggc

attcgtcaaa

taggctatac
gggeegggtt
atcgcgcaga
gagcggattt
cgegctgttg
gccetgggag
ggccatggcec
gacggacatg
taactcggcc
ccgtgegtac
ccccecgege
cgtgctaaag
cccgaggaag
ttccccgggeg
aataacgtcg
cttaaaatca
cggcaccccc
ggcgtaggeg
ggagataagc
ctccccctga
cccactaaac
gacgtaagtg
catgtgccecc
cgtgagccac

ctccttgacc
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gcgatggtceg
cggtggaact
gccgatagta
aagttcatgc
aggcgcaggt
cgcgtgatgg
agctccgtag
aagccgtgtt
acgttggccg
gtgtatccca
ggcgagecgg
ggggcgactt
gcecegettcea
gtgtagtggc
aggtcgtcgt
aacgcacgct
gaagatttgg
agggtcctct
ccgctaaata
gtctttacaa
CCaaaaacca
acgtcgttgc
gcgtectggt
ttttcaatcg

gacacgaacg

cgtcgggcag
tctgtggatt
gtaaggggac
tgtgctcact
gaaggaattc
tgccgggcegt
tcatggcaag
agtcaatgga
ggtcccgeaa
tcgegtgecg
tgagcgtata
tcagcatctc
caaatgcctc
gcagcgcaaa
agtaaaacac

cgggaaaatc

cgeegeeesc
ggcgcagaga
gggtcgcatc
tgagccgega
agctgtegtc
gttttcgcag

gggccacgac

cctggctctg

tcaggccggg

taagcacggg

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020



gagggtgaac
catgtacgcg
ggggttggtg
ggtgatgggc
ccgtttgttg
gcggttgeag
ctggtgctceg
cacgggccgc
gcaatacacc
cacgttgctg
ggcgeecteg
caactcctcg
gtagtacgtc
gtacgggtac
gatggtgttg
cgcaatgcegc
cgtgctcttt
gaggeecageg
cacttgcgct
caccccgtgc
gtcccegggt
gceggeegec
cacggaagcg
gatgctgttc
caacgtcgtc

gctcctcaac

acgacgaact
ctcacctctt
atgtagtttt
aggccgtact
ttaataaaaa
atgaggtacg
aaggtcgact
aggegeeceeg
acggccgtga
cgggtaaagg
gccaacccca
cccccggagg
agatctcgtc

tgtcccagtt

atgggtcggc
gtggegeeceg
ccggagcecag
cctgeggsss
ccgtegaget
atagacgtaa
tgctgaaggt
gccatgaccg
ctgtgctcecc
cgcgagattc
cggtccageg

gccaccactt
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ccccctcacg
tgtgggagga
ccgggacgac
ccagcacctt
tggcccagcet
tgagcacgtt
ccagggacgc
cgtactgege
ggaggtgacg
ccggeagegc
gggtccgttc
cggccagegsc
gctgcaggtc
gggccetggac
tgagaaaggc
tcaccacaca
cgttgeeggt
actctaaggc
gttgttgcga
aatttaaaaa
grgeegescce
caccacgctc
ccgaggacgg
tccacgggca
aggcgaccac

accgggacct

ggtcaccttc
gaacagccgc
gaagcgatcc
catgaggtta
atacgagagg
ctcgctctgg
cgtctgegtc
ggtgtggtac
cccaaggagc
ccegtgggtg
Cagggegecc
gcgcettegtg
ctccagcgag
gtgattcccg
gcccgagagt
gtccaagacc
gataagatac
cgccacgtcec
gagctctcgg
ggccteggcec
gggtttctgt

gcgggecccc

ctgggtaaag

gctggeggtat

ccggeagcetg
cgaggcggac
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aggtaggcgt
gtccagecgg
acgaactgca
ccgaactcgt

cgggcgtact

cggacggaac
ggcgagccca
agggcgttaa

ccggectegt

geegeegeca
agggcglgaa
aggtccaaaa
gcggggttgce
cgaaacccaa
ttggcgtaca
tcgttgattg
accgcgaacg
cggaaccact
atgcgcttaa
ctccctggaa
ccgtctaget
actacgcgtg
gttcacccca
accgagggcc
caggcggcga

tggctcggcec

ggagcttggc
ggaggttggc
tgtgctectc
gctcgacgea
cgcgeagegt
accgcagttt
cacacaccaa
tcatccacca
cgatgacgat
accgcgtcag
actcgttccg
tcacctccca
tggtcagggt
attcatgaaa
tgttttgggc
tctgcacgca

gaaactccct

gcagatgggg
ggattggctg
cggctggtceg
ggcgcteccc

cgegeeseea

gcceeggtac

agggggtgta

tctttcacgce

acgtggeggc

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580



ccgeggtetg
cgceggggte
ggactttgcc
cttccccaaa
acaagaaggg
ccagctggec
gctggecttce
ccgeegeegsc
gctgtggecc
gtttcccgag
caataccgcg
cggtgecegeg
ggccgecteg
cattaacgac
ggccgtcgac
ccaggaccag
caacatcaac
gcgegagacc
cgcaacagcg
gaccggtgga
tatcgacgtc
gtacatccct
ggtgegetgt
gtactccagc

ccceccgggta

ggatgcggteg

cagccccaac
gCcgagegee
cacgggtteg
tatatcgact
ggtgtgacgc
acggtcgegg
gactccacgc
gactggctcg
cccttgtgga
atcgtcgegt
tccgtcaagg
cgggtcgtta
cgcctegtgc
accgtgegtt
ggtaccctcc
gELLLECEELE
ggcgtgttgg
aacgcggecc
ggggeectgg
tgcggeagec
agcaagtcca
tcgtacgecc

tttaaaattc
ggggcgatceg
ggcgegecca

tttaagaaaa
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ggctggttcg

tgttcgacac
tcgectgett
ggctgacgtg
agggtctgag
aggccgegga
gcgtggegea
tgcgagaccc
ccggggaccg
gtcactccct
tgctgctgeg
acaaggtgtt
ggcttatcat
cctacctcga
ctggattcgg
cgccgeagct
agggctatat
tggcgaccca
agcgccagcea
gcectgegeg
tggacgacga
aggacctgga
tgtgtcaccg
ccgeattcegt
tcacgggctc

cccgectgea

ccggtacagg
gtggcggaac
tgegeeggsc
cctggggctg
ggcgtttctce
gegegeegsce
ctacgaccgc
catcagcggg
tctggtette
ccgggaacac
gcgcaagagce
gegggaggac
caacatgaag
Cgaggceegese
Caagggcgea
tcgecaggcec
aaataacctg
attgcaggag
gegegegecce
ggcggacctg
cacgtacgtc
gcgectgteg
caacaaccag
cgccccctac
cgatgtcatc

aacgtacctg
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aacgcceggg
acgcttagga
ggcecgageg
gtccccatat
aagcagcacc
cccgggtttt
gtgtatatct
cagcgcggag
gattcgcccg
gcgcacgtct
gacagcgagce
gacgagacca
ggcatgegec
gggcacctga
aacagccgeg
ttccgcacgg
tttggaacca
cgcgaccgeg
gacctggeeg
ctccgggeceg
gccaacagct
cgcctctggg
ggccaagaga
tttgagtcag
ctgggegage

acagacatcg

aggcggatat
cgacgctgct
gcccgtcaag
tacgcaagcg
cgctgacccg
ttgagctggc
actacaacca
aatgtctggt
tccageggct
gceggetgeg
gcggggtgec
aggcegggtc
acgtaggcga
tagacgcccc
ggtctgegeg
ccgtggttaa
tcgagegect
agctccggcg
ccgagtccgt
actatgacat
ttcagcaccc
agcacgagct
cgtcgatctc
tgcttegggc
aggagttatg

cggeectgtt

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140



cgtcgeggac
ccggeecggc
aggegegecg
atgaggggtc
aggeggecga
tcggcgaccg
ggtgeeggtt
attactttaa
cggccaacga
tctecctgtt
tggagaactg
tcggggtcge
gttgccactg
agttcgtcct
ttctctegge
ccccecgcetce
cggaggaggt
cgtcgteget
tggccteecg
gcgtcccatce
acacggggga
taagaatacg
tgattggaat
aatagttatt
cgtaccgtga

tgagtaataa

gtccagcacg
gcgtccecgc
gaccaggeeg
ggccgecacc
ggcgattagc
ccagecgegg
gcggttegtt
gcgctgetgc
ggaccacgtg
caaccccagg
cccccgaage
gggtcegecgc
ggtcctaaac
gccccactgg
cctgttctgt
cgactgegtg
gcgegegect
gttttatcag
acggatgcgc
tgtgcggaga
gcgctettgt
cgtagttgat
tctcgtaccg
gcttaagaat
gtaataatgt

tgtggtcgta
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cagcgctgec ccecgeccece tececggteg

ggggeeggtc

ggggcatcgg

atcctcaagc
cagcagacgc
tttaccgcca
ctggacggga
ggccagtcca
cacagcctgg
gacctcctgg
cacgccaccc
acgtccccat
acactcatgt
tacatggccc
gccaccccga
gcctataacc
ctggtctatt
ttttgttgaa
gtgtccttec
gggggggcat
ctcagggcaa
cgtaccgtga
tgagtaataa
acgcgtagta
ggcggttatt

ctgcatcagg

cagatcgcgg
gcaccgggat
aggccatcgc
tgctcegect
ccagcatcgc
gtcccgagga
gttatcgegg
ccgtgecccc
actttgagct
cgtcgacctt
tcgaacgegt
tcatggtgta
ggtacctgct
cgagctectc
ccgcegggat
ggtggctttc
ttttaggaaa
tcegtettgg
gtcggeacgt
tgtttttatt
gtaataatgt
tgtgggegta
attactgcat
gcttaagaat

aactgattgg
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tcgeccggaa
ggeegeegeg
cggggaccgc
ggcctgegag
gcgegtcgac
cgcctatgtg
cttcgeggtg
cctegttcetg
tgcctgtetg
tgccaaggtt
tcgetgectt
cgtaaaaccg
ggccaacaac
attccggctg
catggggagc
ggagacccca
taaacccggt
tgggtgests
attcggacag
ggtcaaactt
gactgtactg
ctgcatcagg
caggaactga
acgcgtaggc

aagtcttatt

gcgecgattt
gaactgcgceg
acggccgacg
agcctggteg
gtgcgccagg
gtcgegectg
acgtcggagg
gcggtectga
ctgcaccggt
ctgatgtacc
ctggegtgec
ttcctecgea
ttcgacgacg
ccgeecccecg
ccggegeegc
tgctgggegt
aaacgacaga
tttgtttctg
tctgtgtatc
actcaagcac
ggttattgct
catcaggaac
aactgattgg
ttggatttat
tttcgtaccg

gcttaagaat

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700



acgcgtagca
cccccectcet
gatttcgegce
atcgacggeg
gtagtgctct
ggcctcaaag
gtccaagata
ctccggeacg
tgccgecgtg
gcgggagttc
ctcgagggcc
cacggccgtc
ttgggggtcc
cttcaccgag
gagctgecgce
cccggeccag
ccggeegtgg
ggcgcgaagt
gtctaacagt

geggcaggage

gaccctggcc
gcgcaccagg
aaaccccagg

aaaggcaaag

gaaaagggcg

atcgcggggc

tatcaggcaa
ccccatactc
aggtgatgag
acgccgaccg
gcgtccagea
ggggacaccc
aggcggtcgc
catgccgttg
gtgtacgegg
cagaaccaca
aggcacagtg
tcgatggecc
acgttaaaga
ctggeegtct
agcegeagegc
ggctctgagg
gggtccgeca
ccggggaagc
tggatgattt
catccggctg
cccaccgegg
tcecegtgecg
acggcaaagt
acgggeecca
acgagcgccg

agcagcaccc
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acagaaacga catcttgtcg tcaaagggat

ccgecageac
cgcagtccac
actccccgec
aggcgecgec
gaacgctcca
aggcgtcectc
tcaggcccag
geeegeggag
ctccegectg
ggtgccgeag
gcegggegtc
caccccagaa
cctcgatctg
aggcgttgca
gagcggcecac
gccegetecc
aaaaccgcgc
tagtggegeg
ccgecgagec
gccaggeecc

actcggccgt

acgggacges
gegeecegsg
gcgeggagaa

gtgccgtgac

cccggtaaac

g8EgLeeLagc
tccgggacag
gcggaaggca
gtactccgeg
cataaggccc
gacccgtcge
aggaaatccc
gctccaggeg
ccggacggcg
ctcgatcacc
cgcaccccca
caggcagacg
cgtgtceggg
caccagcgcg
cccgaggtcg
cgtccagacg
atgccaccgc
cacgccggec
caggagcgcg
ggeeggeacg
tcccccccgg
ggcggegtgg

cttctcgeceg
tcgttgeggsg
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accaactcaa

acaaggggcc

acacgcacga

gtgggggeca
tccaaccgtt
cgggecgtga
agcgtgtcegc
ccaagatggt
actgcgtgeg
ttggccctaa
ccggaagecg
tcgeccecge
gcggccatta
accaggcgct

tccagtcttg

gccagggecg

ggcccgacgg

gccaccgect
caggctcgeg
gcgtaageeg
gtgaacgteg
acctcaaact
accgtggtat
gcgcttacaa

tgccegegtg

acacaaactt
tctcgegeag
gcgggtatag
cgcgecgeca
aggggtcgct
tattaaacgc
gtgcgtectc
gtacgacccc
cagtgttgtc
tgtagacgcc
gcacggctcc
catccgegtc
agaccgcgaa
ccccacccag
ccaagacggc
ctaggcccgt
ccaggagctg
ccgegggegg
cccgeaccge
ggggeaggac
ccgeggececc
gccaacccgg
cgggecccag
gccactgeceg
agtagtcgta

gccgeaggcc

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260



cacctcgceac
aagagtctgg
ageggeggac
cgegteggga
ctccgegacc
tttcaccacc
cggcecggtc
cgggttctec
cacgacggcc
gacggagacc
caccagggcg
ggcgctgacg
gatcacgggc
aaaccggtga
gtceggggsc
gaccacgtac
tgcatcatgg
gcgttgggst
agcttgaagc
ctgtgggtcc
tgtttggtga
tgcacgccaa
ctaacggacc
tccgagagca
tagcggtcgt

gatccccegg

acctcgacca
tattcgegeg
gcgeactgeg
tgctcggcaa
aggagagegeg
agtcccgtgc
tggcgctcca
aggggctcca
tggacggaga
tccgcaaage
tggaagtact

Cctctcctcca

ggtctgtggg

CEgeLesess

caacttggcc
cgaacgagtg
gccaggectc
tggcgetgga
gcgegeecgc
ggcaggcegcet
ggtttttaac
acagttcgcc
CgCcgeeeess
gaagtccgtc
agtggggsst

ccgecgagtc
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ggtccccgaa cgegecctec ttettgateg

caaatagcgc
gggtgtegeg
cgegegecegc
cgcgageesc
gtgggtccga
gggcrcgecag
gCgeeeagsc
cgtccgegga
gcgegegacc
cgcgagegeg
cccacacgat
tcccatgetg
gcggtttttg
cctcggtgceg
cggtcccgag
ggtggggagc
tgagtgcgtg
aaactcccgc
gtggtcgatg
gcgeeeegec
ccagattatc
acagccgctt
ggttacgtta
cagtaggtcc

ccaatgcagg

ggttccggtg

aatggccegcc
cagggccata
gECELECEEE
gccgatacgce
gacgcacgcg
ggceggegtce
gccgtagaaa
ctccectgeg
gegeeecage
atctgcggtg
ccgtgectgg
gggttggget
ttccggcaac
acttataggg
tccgacageg
cgcaaacagc
ttgtggegcca
tggtgggcegt
ccgggaaacg
ttgaacagcg
agggegtegg
cagtggccca

agcacgtcat
cgcgeggeca
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gtgatgttaa
aggegegecc
gggtcgatgt
ccccacgacg
agegeeecga
tacagcgecc
gtcgeggcgc
tcccgeaget
gcgttgegac
cataccgcgt

tccatcgcac

ccgggeeegg
gggegtggea
agcgecgecg
tgctaaagtt
ccgectecag
gcccccacge
taagcagggc
ccaacaaccc
tctgegtget
ccaccgegtg
cgacgcgctt
gttcgaacac

cggggCcgaa

tggtgctgca

gcggaaacgc
cggtcagcga
acgccagecg
caatgttggc
ctctctcaac
acagggccac
gccacagagt
geLeCeeCCge
ccgtegeggt
atacaaaata
aaagggtaat
ggcccctaag
tgggtegegs
aacggcccgg
gtccgeggac
caccgeccccc
gatgatgtca
gggcacgegt
gtacagctgc
cacgattgtc
tttggccatc
gtcecgtcteg
gacggcttcc
cagctgcatg
ggtcctccca

caggcacaac

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820



agctcccaga
gtgacgttga
gcgetgetge
aaccgegtgc
gcgacatcgg
tgggceggcea
ctgagggcgt
tcgtegtgtc
ttaaggctgt
ttgttgtaga
cccttgaacc
caggaactga
gagccgtcca
tggtacacgg
tcaaagtgca
cggtattggc
cggtccgtaa
aaaatgcaga
ccccgggect
gcagcctgea
ccgggeatgg
aggaagtcca
cgcagcaggc
agctggccca
ttggggccca

ttcataatgt

cgggegegttac
tcgtggggat

gggtggccat

gtcccatcag
accggaggta
gcgacgectc
cgaaatgtac
cccagaagceg
ccgagagaca
tgcgegaccc
ggcgacacag
ccacgtgatt
tgtaaatcag
acaccatgtc
ggggatcgaa
cccacgtggt
actgacggca
tgttatcgec
ccggagaggc
ggagctcggt
cgtactcgec
ccaactgege
gtagcattaa
gcgtcgacat
cgcgatgaag

aattggtgga
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gttcagggtg
gacgcccgtg
gggaacgcgeg
gctgttgage
tttttcgacg
gggatcccgg
gccccgeaaa
cacgcgtatg
cgccagegtg
ccgeeccage
caggtttgtg
aaggagcatg
tagctccccc
cggtccgtag
gctgaggecc
cacgtccccg
gaaccgggcc
cccgecaagg
gtccggagac
ccccagacgc
gaccaccaca
gttggeggtt
cgcatccacg
aacctcgtcc
gctttccacc

tgagaagtag

gegggcageg
gcgtagtggt
agacaggcct
ttgcgcatga
aaaagaccca
caccgcagct
aacagacaga
cagtttaggg
catctctcaa
gacgtgtcgc
acctgggaga
ggcgtaaaga
ttgcggageg
ttcatgggtt
acggttacga
aggggegtea
acgatctccg

cgcgcttcca

ggegccgcteg

gggagaaaca

tgcacgtttt
gcgtccatgg
cggcccagtt
agaacgagga
tggacgataa

gtgacaaagt
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ccacgagctc
catagatccg
ccagcaacgc
gcgcgacaat
cctectecgt
cccgtagatc
agtcctttgg
tcagcagcat
agtagtgttt
atgccgacgc
actgcgegeg
cgggctecga
tgcgcacceg
tcacgtaggc
ccgtegtgta
gcgagtgaag
cgaaggagac
gctccccaaa
gegeeecges

ggcaccggeg

tttcgeccccg
cgatgatccg
gctgeatcgt
cgtcgtagtt
gtcggtggaa

cgaccaggcc

cagctctccg
ccgaaatatg
caggtaaata

ttccgeeggce

ctcggeggcc
gegetgggec
ggtcagggta
gtgaaggatg
gtaacggaat
gtcacagcgc
ccactggeceg
gcgegeeecg
tcccagggac
gaacatgcca
tataaccacg
caacagcacg
cgtcgacgaa
gaacgtggcc
cgggcgeagy
cgccgaaaac
gagaccgcac
aggacagatg
tggcgaatag
gttcagaagg

ggggcgeteg

tgactcagcg

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380



aaccgcgtcg
tccggagagt
attggcgegc
acgggtccgt
gccaaatccc
tcgtegtecc
aaaggcatga
gtggtctctg
tttccctget
cgegggestg
atcacggccg
cgctacgacc
cacgccacgc
ctggcccatc
gtgtattttg
gtgcacggcc
gtgctgacaa
ctgaatacca
accgtgctgt
cactacgtgc
ggcctggect
ggggctcaga
gcegtgctcec
atgcgcatgc
atgcgcggat

gaatatgcgg

ctagggtctg
ggatcgcttc
ggaccacagt
gctgetgecg
ccccgtacaa
caatgggacg
CCgEeeCecs
cggtctgegt
tttacgccac
tagccgtgec
tgttgttgtt
gcgeectgga
tgatcgeccgg
gcatcagcca
cggcccattt
tgatggagct
acgccttget
tcgecgegtt
tcgecattct
gegtgttggt
gcgagcacta
cgggagtccg
gctgcacccg
gcgacacgceg
cgcgagacgg

aagaccccta
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ggtaaaactc cgacgacagg agacgacgag

ccgcagecag
cacgcacctg
ctcgatcgtt
catccgegct
cceggeeccc
gacggcgteg
cacggggctc
ggcgagctct
cctcaggttg
ggcegtggec
cgegggeegc
aaacgtctgc
gctggcccac
ttgcaccagg
ggccccgacc
gttgggegtc
caactttaat
cgtcgtatcg
gggcecccac
ttacaccaac
cgtcgeectc
cgcctatctg
acaccgcgca
ccgccacagg

cgcgatctca

cggatcagcg
gcegtegges
gttttcgggt
agcgatacgc
agaggatctc

tgggtctggt

ctcgtectgg
tatgcegggg
gacacgcaga
gtgtatgecg
cgtctggetg
tcttggttge
ctggtttacg
ggggtcctga
catcatcgcg
ttcctgtgea
ttttcggecc
ctgttgtteg
ctgggggccg
ggctactacg
gcectggteg
tatcacaggc
cattccgecc
cccgeacccg

tacggcggcc
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cggtagtttt
cgctegegtt
gaacccggeg
tcgacgtgta
ccgactccege
gtgtgcaggt
cctctgtgtt

tgaactccac

gccttgtgeg
tggtcggegce
cggcccgeat
tgcagatcac
tcctgeactt
gcgggacgta
tcgteggecc
cggccgacge
cgggcatgct
tggtcgages
tggccgecac
ttgtggagac
ccgectttge
ggcaccacac
tcaagcgegt
gcagcccgec

agctcgaccg

cacactcgtg
tcccgacccc
ggggaaggty
cacccattcg
ctgttcgcac
gccecccacg
ggcgacgttt
ccgggeacgg
ggccgaggtg
cacttatgta
cgtgacctcc
ggccatgecg
cgtcctgttg
tgegtgtetg
tctgegtcag
ggctegegec
cgcggtatcc
catctgcctg
ggtgttgtet
gggcatcgtc
gcagtggeceg
cctcggeatg
Caaatttttt
acgcagttcc
cgggattccc

gtacggagat

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760

14820

14880

14940



tccgacgggg

aagatacaac
tacgaccccg
ggttccgttt
cgtccgatcc

ttttaaaaac

cggacatggg
tgtggcgega
cgcgcatatc
caaagtcgtg
ggcagcagca
gaatgccagg
ggtaatgatc
tgcggececcg
ggtgeggtgc
gctgtcgagc
gaagacggec
gcgtccgagg
caccaaggcc
ccaggcctgg
gtatcgcacg
gtgtgccatc
agcgtacttg
caggtagccg
cgtgtgaccg

ttcgtggaag

agccgattta
acccgeggca
agcccgecga
taataaaccg
cgttactatc
gacacgcgtg
gggtggaaac
gggggegtec
cggggegacg
ggcggtcagc
gegLCgeLce
cggctgettc
agggcgatcg
agagccccgg
ctgccgataa
acgtagccct
tcgeggcgga
tcgggggcegc
cgatccgegg
tcttgegtga
ctgggcttceg
aagtcctcgt
gcccggeatt
tgaatgtccc
tccatgagga

ataaagcgcc

ONCR_010_02WO_ST25.txt

cgacgaggtg
cctgeecgac
ggaccccgtg
tttgtgttta
accgtccccc
cgaccgtata
tgggtggceg
gatgaacgca
tagaaattac
gagacgacct
ccggagaacg
gctggatggc
gaacggcctg
cgeegtectce
acgtcaccag
gcaccaagat
ccagatcccc
caaacagaag
cggagcaccg
cgagagcctc
ggatcgaccg
acgcggagegc
tgacctcgta
gaggacagac

ccccacacgt

gegtgtcggc

gcggacgacc
gacgatccca
tacagcaccg
acccgaccgt
cccceccctce
cagaacattg
ggLaggegec
ggcgetgtct
cttcctcttc
ccccgtegtce
agaggcccat
cttatagatc
gttcgggaga
caggcggaac
atgcgggteg
ctgcttaaag
ggagctccag
cacctccgag
cctttttteg
ctccgggecg
gataaatgcc
cgtggggtcg
aaaggccagg
gagaatatcc
atgcacgttc

gceggecteg
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aaaccgacgt
tctatgacac
tccgeegttg
ggtgtatgtc
aaccccggeg

ttttggtttt

tcegggggtc
ccceggggcc
ggactcgata
ggtgatgagg
agctcggcga
tccggatcga
atggacgcct
gttacgccct

gggeegcagt

ttcgggtgac
gacacggees
acaacgcecgc
cccgaggegt
gggacgcgcc
cggaacgcct

ctggggtcca

ggggtcttgg

agggacgccc

tcttcggega

ccgeegtegt

attgtacgcc
cgttggesss
gtagctgttt
tggtgtgtes
attgtgggtt
tattcgctat
cgccggtgag
cgcgtaaccc
tccacgacgt
acgttgtttc
gcgtgtegtc
tgcggacgeg
tgctgggtcec
cctcegeget
cggggaagtg
gggggttcgc
agatggtgtg
tatttaactc
gggcctctga
cgggcgegaa
ccggggaccg
tggggtcgaa
ggactggggc
cgaccatccc
ggtcgetggg

ccgegeggcec

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500



cacgcagtag
cgccgaagac
acacggaccc
ggcccatagce
ccgggegegcc
ccgaccgagt
ataatccagg
cccgegeagg
caccgacgcc
ggcgtggetsg
aagtgcceggc
tggggggtta
ggLgCaggeea
gctgtegees
tcccggegga
gtggttgagc
gettggtgtg
ccaccgacga
cgcgecgaat
ggccgtgget
aggcgageag
gaaaccgggt
gcagcgtctg
ggttggtaaa
tatacccgtg

acatccgggg

cgaaacagca

tgtacatccg

tgggggcececc
tggcagtcgg
acggcgtccg
ccgeggtceca
cgggcccaga
tggcgctcga
gaccacatag
cccccaggag
gacgcggccc
acgggcgaat
cggaaggteg
ccacgagegg
catgctgggc
gcgeegeegg
acacaggcgg
cagtatcgcc
cttgggattg
gttggtctcg

ggccagegece

cacgggtacg
gcccagggcg
ttcggeecgt

acccaccagg

ggacttgagg
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ggctteggge cgteggeteg ttcacccgec

gccgeaggct
agcggagggt
cctggttttg
CgECeeCees
ccatacccgc
ggggaccgat
acgtctcggc
agtcaaggtc
atagcggaat
ggggcttttc
gggagctegg
ttgtcagegg
tgtcctegge
ctaccgtgga
gtgaacgctg
gacaccagca
ttgtgtgtgt
cggaggtggc
gccgagttga
aagtccggcg
cccaggctceg
tacaggtcaa
tcgttgttaa
gtgtgaaagt

tceggetect

ggcgttgtgc
ggatgcggtc
cgtggecgec
gEeLCCgegg

ctcctcgagg

ggclagages
tagtatatgg
cggggagtcg
gtctggggtc
gtctgeggtg
gtccacagct
aagactgtta
cagggcccag
ctccatttcc
attctcacga
ccaggagagg
gctggtaatt
gceggatgec
caaacagggc
acagctggtt
gggcgacgta
ccgctaaccc
ggtatttcac
tggctgtggt

ggaggcaaaa
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ttcagccact
gtgaggcccc
tcgtaaaacc
cgcgtcaggc
accacggcca
gegeggacge
gaggecageg
ggatcggegt
ggaggccctg
tcggtggcgt
gatgtcgtct
EEECEEEEEC
ggacgcttag
gagacgacgt
cagcgcgtgc
cttaagctcg
tatacaccga
ctctgggacg
tgggtgcagc
gttaaaatac
cacgctaacc
gacgtcgtgc
caacagctcc
tagggcggtsg

ctgcceecgg

cgaacatcac
gggecgagaa
geeggageag
ccatgagegg
gccataggtg
gggaacacag
cgcgcageaa
cgttggggat
ccgggtegeg
aggcgtcaga
gctgatcacg
gggetegees
gcttgggees
tcacggtgcg
geggggageg
cgcgegeacg
ggaggcageg
tccgtaaacg
tcatacgcca
acgcagcgat
tggtaaccgg
accaactcca
ttcaggcggt

gggeectggt

ggcatgccaa

gcgatcgteg

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060



agttggagtt
cgtccgaccg
aggtggtgtt
tcgagaccga
ccatgtcgta
tgaagccgeg
tcgcgatgag
gttcgcgaat
ggatctcgag
tgcggatgeg
cctgggatct
acgcgeggcg
cgeggagecc
gagaggggcc
gccaatcctt
cagcaggtcg
agaagcgttg
ggcgtccagg
acgacgcgec
ctctaagcegc
cataaaggcg
ggtctggtcc
cgegtggece
tagtctcgeg
tgtgcgegat

agaaacagag

gagggtgacg
cagcatgacg
taaaaacaca
ggggtttgtt
cgeggggaac
gatgttgtge
ctcaacggca
cagttggacg
ggtcgtgtag
cgtgagggtg
gCgrageese
atgagacgag
ggatcggtgg
gctggggegc
gaaggaccgt
ctgtctgegg
gtcgetgett
cgctcaccaa
gcttgetect
gcgegggact
ccaacaaacc
ttgtaaatct
gcatctcggt
tgcccaaggc
gtttggtcag

gcaacttaag

ONCR_010_02WO0_ST25.txt
aggctaaagt cggcgaggac ggcccgecgg

aggatgttgg
acggegegee
gtgcgcageg
actatctgtc
gtgcggeegg
aaccactcct
tcaccgtatc
tgtagggcegs
aggatgtgcg
gggcggttcea
cggctcattc
cgggacccgt
ccggaggecc
tggcgtgeac
gactcatcca
cctcgagttg
gcgccggatc
ccacgcgaat
ttagccgege
gaggatcttg
cggcteggag
ccattccgec
ccgtgatcgg
cagctggegt

gtgggcgeeg

cgcacttgat
ccagctccgt
acgccagttg
gttgttgcag
cgcgtagaac
tttcctttat
ccccagaccc
ggttgatggc
agggggacga
gtttggccge
gccatcggga
gggaggageg
cgtgggggtt

cttggggect

tcctteggec
ctcctectgg
gaggtaccgt
tttaacacag
ctccaattcc
ggtgctgacg
gtgcgtcteg
accctgeggg
ggtacttcgc
ccgacgtcca

acgaggcgtc
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atccaggtgg
gaagcactgg
gccgatatac
cgagaacccg
gcactccccg
ggtcttaacg

cccgaagctt

gaacacCgggg

gegeestgcg

cgtaccgggc
tagtcccgeg
ggagacgecg
ggagtgtacg
gaggttagct
aggtcgecgt
tccgcaagac
cggtgtgegg
gtcgegegct
aagtgggcceg
cccteccggt
gccaggegtc
cgacccgegg
cgccgegacc
gcagtacctg

ggcggegcctc

agcgagacgg
ctgatcccge
tggagggccg
ttaccgaggt
aggeeegega
accaacaggg
gcaagcttat
cgggeeecgg
ctgcatagct
gttaacgccg
gtctcggeges
cgaagccgct
gcgtectgga
taggatgcga
gccacatgac
ctccccacag
gatcgtccac
ttagaaagtc
gtcgcatcat
cctttgeage
gcagctgcag
geCgCaggec
ggtgctctga
cgccaccegg
gagcgccteg

accatgggcg

18120

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620



gcgatgeect
ccgtggtecc
ccgtggegcg
tcggggecga
cgcgactgeg
atagcgttct
actttgtgcg
agaccacggg
acggcacgct
ccgtgetect
tcccectgtt
tcccceggeg
cctttcggeg
ttgaggagat
aaggggaaac
ccagccacaa
ggtcgacccg
tctgecccgt
gggcaacggt
ggcgecacce
cttgcagacg
cgggatggcc
gggccatctt
agagccacag
ccgggtggtt

gacagagcga

acgagtgccc
tggegteges
geggetgetg
ccacacggcc
gtttaaggag
gaatacgttt
ggactttgcc
cccccccaaa
ggagctgttc
cggggaccac
tagcgacgcg
ccacggcaag
gatcaagatc
cgacgcctge
catctccttc
cacaaacgta
acccacaccc
gggcactgat
ggggcaactc
ggcgcetggtc
gtccgtgatg
aaagagaagc
ggcccacaga
tgegttggeg
ggtgatcctg

ccccaggtceg

ONCR_010_02WO0_ST25.txt
tttttagatt tcgcgaccge gacccccaag

acgctccacg
tttaatagcc
aagctggaat
tgcgegecgg
caggccctcc
cagctgctca
aaacgggcca
caaaaaatga
gcggageagg
gcegtgegec
acctggtttc
ggctacacgg
ctgeggggct
tcgtttecgg
agtcctcttt
acccacccac
ttttattcgg

gtagcaaata

ggggggatgt
caaggacggc
ggacacaggc
cacgggecga
gaatcgatgt
gccaggagcc

ctgtccatgg

actgctgcga
tggtgeegsc
tcctggeccc
cggacgtggt
accgctccga
aaacctcctt
aggtggacgt
tccttatgea
tcaacacgtt
acttccgcca
tggtgecect
cgcacatccg
ggttcggttc
acgggtcgeg
tctttegeat
atacacacac
gatcgcttga
ggcgactgat
tgtccgegec
gggggscctg
tagcatcccc
cgcagggaca

gg88Cceecee

atcccagatg

cccagcagta

Page 330

gcactcgecg
gcaactaaag
cgagttggta
gcctcagegt
agcctttege
ccgggectcec
ggccacccac
cgccacctac
cctgegtcetce
gcgegecacc
catcgcgctg
caaggcgacc
ggccegagtg
cagtaccatc
ggctctecca
aaccagacgc
ggaggeecgg
gtacgaagag
gcaccgtccc
cagcagggteg
ctggaccgec
ggactccgtt
ggcgraggac
gcgggececetg

gatctggccg

cgccaccaga
ctcttctegg
gggcgtgatt
cgggceggtgg
aacgcctact
cagctggtgc
agcctcacgg
ggceggacgt
tttctggecg
gtgtttgaga
gtgtttcteg
tcgetggect
gagccggtgt
gaccacgtta
gtgtttgect
aggggcceeg

gggaggaaag

gcaacggccc
aagacacaca
ccgacgacct
accgtatcca
agggtacact
acgacggagg
tcgcagceccc

cttcccggtg

ctggggaggt

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180



gccaccaggc

ggaccagata

ttgggtcges
acaggagceg
gctegeggtt
ggcgegtceag
gggccacctg
cgtcegeecg
cgtcegtecc
geeggegcaa
ccatgccggg
gtgggtgggc
acaccttgeg
aggccgegat
ggcgattaaa
ccctgegtgg
tactgacgtc
cgcttgtgct
ggtcgtegec
ggacggecag
gcatcaggtt
ggtcggggcc
cccggatggc
ccteggegec
gcgegggaaa

cgacgcegttc

cccegggecc
cgcgecatcec
ggtttcctec
ggtcagggeg
aaagaaaaag
atacagaaaa
acacagaggc
aacgacgcgc
caggtcgtcg
ggtcccegeg
geCegessssa
gaggtggeceg
acaaaaccta
gttaatggtg
ccccaggeag
ggctgtggag
accatccatc
gtagtagtca
gagcgggacg
ggcatacgeg
ctcgaggaga
aaagtcatag
ctggcccagg
gatgtcaaag
gcgtagcagc

tgcggcgceag
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aaggcgcage acgegecegg ctcegggees

agctcgecga
ggggeestes
tgcgtcacge
agggcaaaga
atctcgcaga
tcggtgagga
cacacaaaga
actctatcgc
ggaccaggeg
gggcaaaccc
gggeaageeg
aggacagcgg
aacgcaaagc
aggtaggcgt
gggacggcct
gccacggcga
aaaacgtaat
acccgecgec
gtgtgaaaaa
atggggaagc
cgcaggegct
geeceggagsece
gecgecagga
agctccgect

gccteggtcea

ccactggctc
ccgcecgtat
tceggaggty
aggtgttcgg
agaggececeg
ccgttagaca
cggagttgac
gcgtgeegeg
gCgLcaggss
Cagaggegee
cccgctageg
cccgegegac
cgccgggaaa
agctttcccc
ccatgaagcg
ttggacgatt
ggcegtcegga
cccgaccgec
aggcgteggg
gcctggtcac
gtgagattcg
acgccagatg
Cgeeeceeee
gcccagegeg

gggcegtgec
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ctccgegage
gcgtgegaac
gacgatcgeg
gggcaaccge
cccggggtct
ccgaaagatc
aatgcgcegeg
agctccggec
ccgeegggst
ggccaacgge
agaccggccg
ggggtccgag
gacaactatg
gggcaggtat
acatttactc
gttaagccgce
gtcggcaaag
ccgteccccc
ggcggtcccc
ctcccccaac
cgggeegecc
tatgcgegceg
gtggcgeagg
agacagctgg

cagcgccgag

gtcttcgege
tgttcggteg
gtgagggtec
cagtagcggc
agcgecttgg
gggttaggaa
ttgagccgct
atagagtcga
cgggaatccg
cccagctgeg
gcgeegagga
ttcccggacg
aggctaaggt
ccacagaggc
tgctcgeaga
tgctegegtt
agcgtgtctc
cgggccggga
aggtgtgcca
tcgacggegc
cacgcgegtt
tgaagcgegg
gtaaaggcga
ggcacctcga
tgggggcgca

gacagcagcg

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740



gageeCeeec
gctgettggt
agtccggecg
accgecggctt
cgggeecegtg
gcaccgcatc
cgcectggeg
getggcggcg
cctgtgegat
cctcegggga
cgtggggccg
ggtgggccegce
ggcacaaatg
gggeeacgag
acgcaaggcg
cgggrageea
ccggeacgac
ccgtgcacca
agtttgcggc
cggcegecag
ccgtggecga
tgtgggtety
cgtatgcgta
tagggaatcc
ccggatgegg

gtgtcgtcca

gcgtcgeecg
tccgtagtgg
gtcgeegecg
tgcggtacca
gggegetggg
tgcgtcagec
tagccccgat
ggtgacgtcc
ggacacgtcc
gatgggsees

ggccaagggc

agcctecttce
ccgacagacg
ctcgtcgtaa
cagcgecgec
gacgaacaac
ggggeccaga
cggggtacag
cgtcccgagt
gcactcgctg
gatcgtctgg
taggcgatgc
ttcgccaacg
gaggccagga
tccagacgat

ccaacaccgg

ONCR_010_02WO0_ST25.txt
ccccacgcca cggagttcte gtaggagacg

tggcgcagga
gccagggctt
ggggtaageg
gccacaaagc
gcccccatgg
gcaacgccac
tgcactgecc
tgggeegegy
tcggacgecc
tgcggacgeg
gegecegeeg
cgcatgatgc
ctaaacagaa
acggcgtacg
ccceeggegc
agctccccca
tcgecggteg
ccggggeggc
gatatgatga
acctcgttgg
gggtcccccg
gaggcegtgeg
ctttaacctg
tatgggcttt

gaaggccagt

ccacggagat
cccatccgeg
ttagaacgtc
ggceeeegec
cgcccecget
aggccgeacg
gctgaaccaa
tcgtgtegec
cgacgatggg
gggacgegct
g8ECEECEEC
gcgtgetgtce
tcacgegggc
ggtcatagac
tggacgcacg
ccgeatccege
catgagcccg
cgcgcatcag
cgtgaaccaa
ccaagtgcegc
agtccgegeg
tgcttatgeg
ctctttgteg
ctcaaccagg

acgagctttt
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agaacgacgg
atccaaccac

gttcaggatg

ggggggctcec

gacggcctgg

cccggtecge
cgcgaggatc
geegeeesec
cgggtcetgeg
ttcccccaga
gccaagcaga
ggcegegtag
acagctcgcc
gcectgegeg
Cggaaggage
gggcacgtag
agtctggatt
ggcgeccaga
agaccgageg
gttcatggtt
aagggegtgg
cggcgegttt
acgaggccaa
ccaactgcaa

tgtacaacct

acgacgaagc
ctccacagcc
tcgaccageg
tcctegeccc
agacccgcca
tgaaccaggg
gctcggaccg
tcctegttct
gtcagctgct
ggcgeeeecg
cccatggaca
gcgacgtagc
cgegtgtteg
cccgagececc
tcacacacca
ccagggtgtg
gcggcaaacg
tcgacctgga

gggattcccg

ccgacccggg
cgegestess
gtttggeges
cttctgtctc
ctttattcgc

gattatcttc

ccgeggeggcc

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300



gcagacgagc
acgcacacaa
atggacgggg
atcatcgggg
ggggageget
gatttgtacg
gtcgetgteg
ctccgegegc
acgcaggtcc
aatagcagcc
ctactggcct
gagcctcccg
gcctttgaac
gtttccgega
aacctcaccg
ggcgectegg
ggacctccge
caggtatgct
ggcgegaage
tgaacacaga
tttcttaggt
ccccecgtgg
cgcacaacgg
tctectagtt
cgctctcecat

gtgacactct

ttctcaacgt
acgccacggc
cggttcgecg
gccaggccag
ttctgttgta
tgtacgtgga
tcgggeggta
tcacgggctc
tggccctgea

aggactcggc

Cggageeesc
ggagcgeggt
actttattaa
cggtgegect
aaaccgtctc
atgaccttat
acacattcgc
acgcacgacc
gtgggaacac
aaccccaacc
ttttatttat
gtctagccgg
ccgegeegtce
ggceegegtg
cctgeatcag

gcatctgcag

ONCR_010_02WO0_ST25.txt
ggtgacctat atatgcgatg atcacatgcc

ctgttcttgt
gaccgccgat
ggagaccgge
ccgeecctceg
tccegegttce
ccgegacgat
ggccccegec
tceegggecg
cgtcgccatc
cgacgcggec
gctgtacccc
aaagtttaac
gcagaccgac
ccccaacact
ggtcgeegtc
tcctatcaca
acggtgtcgt
gggggattct
caaatcccat
ttaggtatgc
gccttaggga
aaaggtgcac
ggtcagccag

ggeegggsct

tagagcgttc

tatatcctca
ttgtttctgg
gacgaccggc
accaccacca
acggccaaca
tatatcatct
gacatcgccc
tttcgegegcg
gccacgeacg
tcgggecccg
tttttectge
tccggegece
ccggtcgagt
gacgtccgta
attatggcca
cgegtetegt
ctgttaaggg
ctcacgaccg
aaacatacga
tgggetttct
tagcgtataa
acccgaacca
gcgacgageg
tcggggtgaa

acgtacccgt

Page 333

acaagcccgt
ccgattectt
ccgttctgac
acagcggcct
cccgagectc
tcgecctgga
gctgegtegt
tcegggtgsc
tgcacacaga
agcttctett
tcaacaaaca
tcatggectc
atctgctcga
cgtattccgg
tctacctege
gagcgcccaa
geLLeLLLea
gcaccagtac
cacacaggca

ccctggatgce

cgggggcecat
cgggagecag
cctcgtaaag
tgagctgggc

cctgggcact

gagggtggtg
tttcatcacg
catgcaggag
caagtctgcg
catggccccc
cgggaccggce
gcactttttt
ccacagtctg
ggtcgaggea
gatgcaccgc
ctaccactgc
gaagacgccc
ccaggagatc
gcagctaaat
aaaacggaac

ggcccaggcc

taaacacacc
agggggtgtt
cacccccctg
tattttggaa
ccacccccac
gtctccggac
ggccaaggtg
cggcagectt
ggccteecgc

tagcgcaaag

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860



agecggeeea
aggaccagcg
gagaggcgac
gggctggggt
aggggcgatg
tcegtegett
tctacgggeg
gggcaggcga
tacgccagca
gccacgtcgg
cagcgctgcea
tcaaagccgt
gtggcgggag
taggacgggg
ggaggtctgt
ttttatgggg
aggggcttgc
cggggeggtt
cgcgaagtgg
gtcgetggeg
ttcgeggcac
cgccgaaccc
cgacgtaaag
cccgttatag
cgcgaaggcc

ctccttgtcec

ttagcgtaag
atcgcagctc
tcccgttgta
tcaggtcccg
gaagcggaac
ggccctcgaa
aggtgttgcg
cgattcgegt
acaaccccaa
ccagcgtcag
gcgeegeegc
ccgccageat
gagcgeggtg
ggtgggtcett

cgggcccaga

cceggeectce
ggaaacagaa
tattacagag
gtctcccgeg
caggtgagcg
ccegegeesc
gtctccacga
aacttaaagc
agcaggtccc

cgggacgggt

cccgegtaaa

ONCR_010_02WO_ST25.txt

gatgatggtg
ggcgtttacg
gtacagcacg

gatgcccctg

gggaaaccgc
Cacgeecees
aaggttaacg
gggaagcacc
cgtgtcggga
ttgecggegg
atcggggegc
ggcgccgatc
ggggtcageg
agggggttgg
cgcaccgaga
ggaatcgcgg
gacgegtggg
ccagtccctt
cgtgggcttc
ggtaggcctc
gcttaaactg
tcaggegetc
aggggctgag
cgtacgaaaa
cgctetggec

cgcceeeggc

gttccctecg
ggaccgagtt
ttgaggtctg
gccacgagec
aacgtgaggt
acgaggctga
gtgccggegt
cgggtgatga
ctgacgcctc
atggtcggca
gagatgcccg
cacgcggceag
gcgtagcaga
gaggcgacag
gcgaatccgt
cttgtcggcg
ataaaagaat
gagcggggat
cccgttgegg
ctgaaacagg
tacgtcgctg
caggcagcga
caccggcgag
tcgetgegac
gtggtcgtac

ggcgegtccc
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tgatcgagta
gttggacgtc
gcagccctcec
gcgccacgat
ccagcgaatc
tggggtcccc
gggtgaggcc
ccgegggegaa
cggagacgaa
ggaataccac
agggtatcgc
ggagtgcagt
gacgggegac
ggaccccaga
ccgeggagtc
gggacaaagg
cgcactaccc
gcgtcataga
gcactgcgga
ccacacgggt
gcggeggtes
tgtttggceg
gcececgttga
gcccacgggt
atgagggcgg

cgegegttgc

aaccatgtta
cgccagceage
ggggtttctg
ttcgegegec
caggcgcacg
gttacagaga
cacgtccagg
gcgecttegg
ggattcgtgc
ccgeectteg
gatgtcagtt
getggttcgg
caacctcgca
gcatgcgegg
ccggcttege
gggegggect
caaggaaggg
cgagatactg
g£ageLCeee
cctccacgag
ccgtggacac
cgatgtcggc
ggtggtaggc
tggeegtggc
tgacatcccc

aggeccescs

25920

25980

26040

26100

26160

26220

26280

26340

26400

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420



gaagtagttg
gtggtccatc
cggccccagg
Caggagagee
gacggggttg
gttcgegege
ctggagctgg
cacaaagcgg
ctgatgatgc
cgegttctcec
aaagtagttg
gECCEEEEEE

g888ageeee

cagcaggatt
gttggcgecc
gtgggccagc
aaacatggcg
cgtcacgggg
cagggtggcg
ggcgegracce
cggceggtcea
gttgeggttg
ccccgegcta
acagtcccac
ttgcgectge

ggcctcgacg

acgtcggtcg
cctgegegec
cggtttcecg
ggagccccgc
cggacggttg
ggctgggtea
cccaggaagt

tcctgtegga

aaggccacgg
ccggeegegc
gcccccagag
aaattgggcg
taaaaatagt
ccggegtgca
gegtegggceg
acctgcagcg
ttgaccgtgt
tcgetgggsc
tatacgcggt
atcacgtagt
tcecgeggegt
aagtccgegg
acccggcagt
acgagggstg
ccgeccaget

tgcgccacca
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acacggggegt ggcgataaac tcacacacgg

gcggcacctg
ccacgaccgc
ggcccaggta
ccgtggecac
gcgtgaagtt
acgcctcecga
cgacggtgaa
gactgatctt
tctcgeggac
ccggggeegac
cgttcgecac
cgccattttg
acgccccgtc
ccgecgagea
tgagcatggc
tggccaccag
actcctcgec
cgaagcgaac
agtaaatctt
ccgeggeteg
tcgecacgtt
cgcgatggeg
gcagcagcgc
ccgggeeggt

ggtcccggta

ggcgeacccg

gttccgcagg
aaagttttgg
gacggcggtg
tacccccccg
cgegegetcec
cccaaacccg
gaagtacccc
gtgctgeacg
cagggggacc
gtggtcggcec
gatggtatgg
gaatatgcgc
gagcagcgcc
gggccegtec
attggccgge
gggggcgatc
ccccgeggtg
gtggtgcacg
ggcetggety
acatgccgec
gtccagggcc
cgggtctege
cagggtaaag

cacggccatg
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aacacgggga
tacacggctg
ggaaggttgc
tagcccacge
ccagtttcgt
gagaacagca
ggatggaggc
gccatgageg
acgggctgtc
tgccgegaca
ccggegaaca
tccagatgct
atgttggtgg
gttgtgegtt
actaccacgc
tgcaggggst
tccgggacca
cagcagcggc
gtccagtccg
ttgtgcagca
gcgtacacgg
gcgegeegea
attaggtgat
tcatcaacca

cactcctcgg

cgtcctggec
cgggetggsc
ccgegttgtce
ccatgtcggt
ccaggtccac
gccgggecac
cgttctcagt
ccgtcttgag
cgtaggtcag
ggatcgacga
ggtcgegeag
gcgegtggac
ggggggccat
tggacgeggt
cggccatgtt
gceegttgtg
gcgegggstc
ccatgttctg
cccgegagaa
ccccecggtg
gctggeegtc
ggtegtggec
tcagggcgtc
tcagctcggc

gctgggccag

gaaggtctcc

27480

27540

27600

27660

27720

27780

27840

27900

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980



cccgaggtag
cgtgttgttc
gtgctegetg
gtcgaacgcc
cagctccagg
gttcaccacg
cggcagctcc
caggttggcg
tcggacccge
tgcggegees
gtcgeggtta
cccgatcgeg
ctggeggssc
gtgcgeggcea
gtccatggcg
ggcctccaga
ctgggeggce
catctccagc
cgcegtgacc
ttcggtgtcc
gacgagcacc
cacggagesc
gtggcccgec
cagggtcgcc
caacaacaaa

gcegegcetca

gtcacgacgt
cagtagctgg
ccgtgtatgg
ccgcgaacgg
ccccgggegt
cgccaggtgg
acgtcggcca
ttgtcgggct
ccgtgggeca
ccggeegegg
aggcccccga
tgttccagag
gggaaggCge
aaccgttcca
cccaccaggg
aagaccagct
ctctcgagct
aggtggeggc
aggttggccc
tccactttca
ccgtegaccg
tgcgtggecg
ttgcccagga
cgggecaccc

gecaggegece

aacgccccga
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acgagaccag cgagtagtcg ttcacgaacg

tgatgcactg
cggcctgeag
cggcgatggt
cccggaacgc
cctggatctc
cccccacaaa
gcataaactg
ggcgetgecc
ccgecacgta
ccgeegegtce
acaggcgcag
ggggatccgg
tgaccggatt
ggtagggaac
tctcgecgat
cgtccagegt
ccacgtcgtc

cgttcaggac

ggaaggactg
gccgeeegeg
tggtgaggtc
aaaagctcgt
tggtggccag

gcgecttttc

ggacggcctg

gaccacgagc
caggtaaaac

ggcgeegecce

cgccggacat
ccccgggecg
gaagtcgaac
ctccggggtc
ccaggcgttc
cgccccgtac
aacgttcatc
cacctggegg
gtggccggeg
gaacaggccc
grtggtggcg
ggacaccaga
ctgceggttc
cagacttcgc
catctcgecg
caggaggcgc
cgtgtcggca
cacgagccag
ctcgcagaag
gcggeegttg
cagcagcacg

gacgttgcga
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cgggecages
accgccgggt
atggcgtggc
agcgccaggg
gecgegegaa
gcggggtgca
atctggcctt

aaaaacagct

ggattggegsg
agcgaagggt
tccttecccc
gcggggacta
aggegcagega
gcgtagatgc
tccgegegea
aggtcgagct
acggccttgc
tacgtcaccg
tgtttgatcg
tgcgtcagac
gcctcgacgg
cttcgcttta
tccaggtatc
tgcagcatct

gcgagctgtt

ccgegeaccg
cgcagaagac
agttgcggtc
gtcccacccc
gcaagttgcc
dddddadde
gctcaagagc
ccgegaccca
gctgeatgtc
cttcgacggg
ggcacacggt
aaaaaaacag
ggtccceggc
cgaacgtcag
gcttctccag
cgcgegtegt
gctectectg
ccatcacgag
gcacgtcggc
gggceggtggt
gegeracgee
cctcecggeg
gcteggegac
gttgcatcgg
ggteggeegt

ggatggcgcg

29040

29100

29160

29220

29280

29340

29400

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540



caactggcga
ggccteggtg
gtaattgtgt
gacctcgaac
gcacgccacc
ccccagceagg
aaaaaaatca
cggcaccatg
gtcgegtgga
acgcccggcc

ccggacccaa

gcaccgggag
gacgtgggat
gggtgcattc
aaagctgtcc
ccgtgtgegc
cccgtecgga
caaaaacacg
gttaacgtac
caggatacag
catctccaac
gaccggcteg
gccgtacgag
ggcggectceg
gtgtgeggtg

gagatcaaag

tgcgegecga
gccaggctga
gtgggttgct
tgtacgcgcc
gacaacccga
gcgtcgaact
aacaggcgtc
gccgeggcat
gatcggctgt
acccgtgtac
aaaggegeese
aaggctgegg
cccaggectt
aagatggccc
gccgecgeca
aggggatcgg
ctgaaggtct
gacatccccc
aggaggageg
gcecggegeca
ggcttcagga
gtatggggcg
gacaatgaaa
tcgaccagat
gaggtgggea

acacccgggt
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tacccgtccc
aggcggegtt
cgatgggstg
cctcgttceat
gctccagaaa
cgacgtcgta
gatgcgacgc
accggtatcc
ctctagcgat
gtgcccgacg
gatgctgtgt
cctegttceca
atataccccc
tggtccaaaa
cccacatcga
tgggcggcag
cgtgggegsc
aaaacacggg
cccgeaccge
ccacccttcec
Ccaaaaacga
gaagacgcga
actgttcctc
ctcgatccac
gaccgaaacc

tcttgcacaa

gtccagggcc

cagggceegg
cgggeegtceg
gtaggccagc
gcgcacgagce
caggctgttt
cacctcgatc
cggagggtcg
attggcccgg
gcccaaggtc
gagageccgsg
ggagaaccca
ccccecgecc
gcgtgecagg
ggceeeggcc
catttggttg
ggcgaacaag
cgccgacaac
ccacgtaacg
ggtcagcccg
Ccaaaggaac
gtatgccgaa
cagcggcagt
cagaggaagg
gcaaagggtc

acaccacccg
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tcccccgtga
cggtcgataa
cgggcaatca
tccggaaact
gacagggtgt
gcatcggagc
gtgctaagga
cggttgggag
ggaggctaag
caccgaaaga
gtgceggtceg
gtgtccccaa
cacccccgtt
aagaaattgg
gcgcaggcta
gtggcgataa
gcacacaggg
ggcagacgat
tagtagccga
taatacatgc
agaatcacgc
ctgacaaaaa
tctecctect
tcatcccgea
gcttacgtca

ggttgcatcc

gcagggcgat
tcttggtceat
gcggctggtg
tggtacacac
tgcaatacga
geacgeggea
gggacccggt
cggccatggg
atccacccca
cacgacgggc
ggggegaaag
cagacccggg
agaacgcgac
cagaggcggc
tccccagggc
agtggaaaag
ccgtgectcec
ccctcttgat
cgatggcegsc
ccgetgecac
gctttgaaaa
aatcagaggt
cccceccgaa

tggtcatgge

gcaggatccc

gcggaggcga

30600

30660

30720

30780

30840

30900

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100
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gtgttttgat aaggccgttc cgegecttga tataaccttt gatgttgacc acaaaacccg 32160

gaatttacgc ctacgcccca atgcccacge aagatgaggt aggtaacccc ccegtgggtsg 32220
tgacgttgcg tttagttcat tggaggccaa ggggaaaaat ggggtgggga ggaaacggaa 32280
aacccagtag gcecgtgtegg gaacacgecc ggggttgtcc tcaaaaggca gggtccatac 32340
tacggaagcc gtcegttgtat tcgagacctg cctgtgcaac geacgteggg gttgectgtg 32400
teeggttegg cccccaccge gtgeggeacg cacgaggacg agtccgegtg ctttattgge 32460
gttccaagcg ttgecctcca gtttetgttg teggtgttce cccataccca cgeccacatce 32520
caccgtaggg ggcctctggg cegtgttacg tegeecgeccg cgatggaget tagctacgec 32580
accaccatgc actaccggga cgttgtgttt tacgtcacaa cggaccgaaa ccgggectac 32640
tttgtgtgeg ggggetgtgt ttattccgtg gggeggeegt gtgectegea geeeggggag 32700
attgccaagt ttggtctggt cgttcgaggg acaggcccag acgaccgegt ggtcegecaac 32760
tatgtac 32767
<210> 852

<211> 208

<212> DNA

<213> Artificial Sequence

<220>
<223> miRT-1-143 1736

<400> 852
ccatatacat acttctttac attccatcct gagctacagt gcttcatctc attgcataca 60
tacttcttta cattccaacg tgagctacag tgcttcatct catccgatac atacttcttt 120
acattccacg gcgagctaca gtgcttcatc tcaccttata catacttctt tacattccaa 180
aaagagctac agtgcttcat ctcaccat 208
<210> 853
<211> 308
<212> DNA

<213> Artificial Sequence

<220>
<223> miRT-128m-122-219 6793

<400> 853
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cacgagaatt gcgtttggac aatcagacac aaacaccatt gtcacactcc atcttaaaga 60
gaccggttca ctgtggatgt caaacaccat tgtcacactc caacttagaa ttgcgtttgg 120
acaatcaagg gaaagagacc ggttcactgt ggccagcaaa caccattgtc acactccaaa 180
acaaagagac cggttcactg tggtacgaga attgcgtttg gacaatcaga aaaaagagac 240
cggttcactg tggaatacaa acaccattgt cacactccaa caaagaattg cgtttggaca 300
atcaggtt 308
<210> 854
<211> 308
<212> DNA

<213> Artificial Sequence

<220>
<223> miRT-128m-204-219 9304

<400> 854
aagtaaagag accggttcac tgtggaataa gaattgecgtt tggacaatca aggtaggcat 60
aggatgacaa agggaacagc aaagagaccg gttcactgtg gggctagaat tgegtttgga 120
caatcacgta aggcatagga tgacaaaggg aacgagaaag agaccggttc actgtggegge 180
aagaattgcg tttggacaat catactaggc ataggatgac aaagggaatt agaaagagac 240
cggttcactg tggatttaga attgcgtttg gacaatcata gaaggcatag gatgacaaag 300
ggaattgt 308
<210> 855
<211> 324
<212> DNA

<213> Artificial Sequence

<220>
<223> miRT-217-137-126m 3163

<400> 855

tatgctacgc gtattcttaa gcaataagac ttccaatcag ttcctgatgc agtacgacca 60
cattattact cacggtacga aagcctacgc gtattcttaa gcaataaccg ccacattatt 120
actcacggta cgataaatcc aatcagttcc tgatgcagta attactacgc gtattcttaa 180
gcaataacta ttccaatcag ttcctgatgc agtaccccca cattattact cacggtacga 240
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gaattccaat cagttcctga tgcagtacag tcacattatt actcacggta cgatcaacta 300

cgcgtattct taagcaataa ccaa 324
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