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MLK4 gene, a new diagnostic and prognostic marker in cancers

Technical field of the invention

The present disclosure concerns the identification of a new diagnostic and
prognostic marker in cancers. More specifically, such a new marker belongs to the
family of Mixed Lineage Kinases (MLKSs). This marker plays a central role in the
diagnosis, prognosis and the response to therapy of tumors bearing mutations in the
KRAS and BRAF genes. Such tumors are characterized by an extremely poor prognosis

and lack of response to therapy.

Background art

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

Targeting of deregulated protein kinases has proven effective for multiple
cancers types. Using high-throughput mutational profiling of kinase genes, we
previously identified somatic mutations in Mixed Lineage Kinase 4 (MLK4) in
colorectal tumors (CRC) (1). MLK4 belongs to the family of MLK serine-threonine
kinases thought to activate multiple intracellular signaling pathways. They are
characterized by an amino-terminal SRC-homology domain (SH3), followed
sequentially by a kinase domain, a leucine-zipper region and a Cdc42/Rac Interactive
Binding (CRIB) motif. The carboxyl terminus of all MLKs is proline-rich but diverge
significantly among different members of the family, indicating that these regions might
serve different regulatory functions. The discovery of MLK4 somatic mutations in CRCs
suggests that this kinase may be relevant for tumor initiation and development. Nothing
is presently known about the biochemical and cellular properties of MLK4 in normal
and neoplastic cells.

It is an object of the present invention to overcome or ameliorate at least one of

the disadvantages of the prior art, or to provide a useful alternative.
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Summary of the invention

According to a first aspect, the present invention provides an in vitro diagnostic
method comprising measuring MLK4 gene expression in a tumor cell sample material of
a patient, wherein measuring MLK4 gene overexpression in said tumor cell sample
material is indicative of an invasive potential of said tumor.

According to a second aspect, the present invention provides a method of treating
cancer in a patient whose tumor bears a mutation in the nucleotide sequence of the gene
KRAS, said method comprising administering an inhibitor of MLK4 enzymatic activity
to said patient to reduce or abrogate MLLK4 RNA or protein expression.

According to a third aspect, the present invention provides a method of treating
cancer in a patient having a tumor, wherein said tumor bears at least one mutation in the
KRAS gene encoded protein, and wherein said at least one mutation of the KRAS gene
encoded protein is selected among G125, G12V, G12D, G12A, G12C, G13A and G13D,
said method comprising administering an antagonist and/or an inhibitor of MLK4
expression and/or enzymatic activity to said patient.

According to a fourth aspect, the present invention provides use of an inhibitor of
MLK4 enzymatic activity in the manufacture of a medicament for reducing or
abrogating MLK4 RNA or protein expression in a patient whose tumor bears a mutation
in the nucleotide sequence of the gene KRAS.

According to a fifth aspect, the present invention provides use of an antagonist
and/or inhibitor of MLK4 expression and/or MLK4 enzymatic activity in the
manufacture of a medicament for the treatment of cancer in a patient whose tumor bears
at least one mutation in the KRAS gene encoded protein, and wherein said at least one
mutation of the KRAS gene encoded protein is selected among G12S, G12V, G12D,
G12A, G12C, G13A and G13D.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited to”.

In one or more preferred embodiments, the present invention relates to a new

diagnostic and prognostic marker in cancers.



25 Jul 2014

2010355523

2a

The claims form an integral part of the technical teaching herein provided in
relation to the present invention.

In some preferred embodiments the invention relates to an in vitro diagnostic
method which, by measuring of MLK4 gene expression, more specifically MLK4 gene
overexpression in a cancer cell sample material, is able to determine the potential of
invasiveness of the cancer.

In an embodiment, the present disclosure concerns measuring MLK4 protein
expression and/or MLK4 coding nucleic acid, preferably RNA, expression.

In a further embodiment, the present disclosure concerns measuring MLK4 gene
overexpression in a bioptic sample, wherein the bioptic sample corresponds to the
invasive portion of the cancer cell sample material.

In a further embodiment, the present disclosure concerns measuring wild-type
MLK4 and/or mutated MLK4 gene expression, wherein the mutated MLK4 gene
contains 1) at least one somatic mutation at the amino acid level coding for at least one
amino acid mutation selected from H261Y, H261Q, G291E, A293E, W296Stp, R470C,
R553Stp, R555Stp, N5961, K629E, P843S, H890P, and M894T mutations or ii) at least
one somatic mutation at the nucleic acid level selected from C781T, C783G, G872A,
C878A, G888A, C1408T, C1657T, C1663T, A1787T, A1885G, C2788T, A2669C,
T2681C mutation.

In a still further embodiment, the present disclosure concerns an in vitro
diagnostic method, wherein the MLK4 gene expression measurement is performed using
a reagent able to selectively bind to MLK4 protein and/or MLK4 coding nucleic acid,
which is directly or indirectly labeled with a detectable substance.

In a further embodiment, the present disclosure concerns an in vitro diagnostic
method, wherein the MLK4 gene expression measurement is performed in combination
with the KRAS gene mutations and expression measurement.

In a further embodiment, the present disclosure concerns inactivation of the
MLK4 protein expression or its biochemical function as a mean to therapeutically treat

tumors bearings KRAS gene mutations.

Brief description of the drawings

The present invention will now be described in detail in relation to some
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preferred ecmbodiments by way of non limiting cxamples, referring to the annexed
figures, in which:

- Figure 1. Analysis of MLLK4 in human tumors. A) Somatic mutations
identified in the MLK4 gene in CRCs and glioblastomas. B) Moderately-
differentiated infiltrating colorectal carcinoma. Several neoplastic glandular
structures that vary in size and shape can be seen. At the lateral border (identified
by arrows) the tumor cells show intense membrane and sub-membrane staining
showing infiltration. The arrowheads indicate areas of strong MLK4 expression in
neoplastic cells that are infiltrating the stroma. Note that noninfiltrating cells are
negative or show weak apical staining. C) High magnification of the section
presented in B. D) Metastasis of CRC in a regional lymph node. The fat tissue
surrounding the lymph node is infiltrated by the metastatic cells. E) Higher
magnification of the section presented in C. F) Liver metastasis of colorectal
carcinoma. Only the cells at the periphery of the metastatic nodule (right side) are
immunostained.

- Figure 2. Functional interaction between oncogenic RAS and MLK4
on transformation, tumor growth and response to therapy. A) Relative kinase
activity of MLK4 wt and mutant alleles. The relative kinase activity was
calculated as the ratio between total MLK4 protein and the amount of ATP
consumption. Results were normalized using the relative activity of wt MLK4. B)
Focus forming assay in NIH3T3 cells transfected with wt and mutant MLK4
alleles. Ras (V12) is used as a positive control. **p value < 0.01; error bars
represent s.d. C) Focus forming assay in NIH3T3 cells co-transfected with mutant
Ras (V12) and wt/mutant MLK4 alleles. **p value < 0.01; error bars represent s.d.
D) Biochemical validation of HKE3 cancer cells expressing the indicated MLK4
variants. E) Tumor formation by HKE3 cancer cells in xenograft mouse models
expressing the indicated MLK4 variants. Cells were injected in the side of nude
micc and tumor growth was mcasurcd at the indicated timc points. Error bars
represent s.e.m. F) Biochemical validation of DKO3 cancer cells expressing the
indicated MLK4 variants. G) Tumor formation by DKO3 cancer cells expressing
the indicated MLK4 variants in xenograft mouse models. Cells were injected in
the side of nude mice and tumor growth was measured at the indicated time
points. Error bars represent s.c.m.

- Figure 3. Invasive, tumorigenic and metastatic potential of MLK4
mutated alleles. A) A549 cancer cells lines were transduced with lentiviral
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veetors expressing wild type or two MLK4 mutants. MLK4 cxpression Ievels
were assessed by western blotting on lysates of cell transduced with empty vector
or the indicated constructs. The invasive potential was assessed by migration
through a matrigel coated membrane in absence or upon stimulation with
Hepatocyte Growth Factor (HGF). *p value < 0.05; *¥p value < 0.01; error bars
represent s.d. B) Tumor formation by A549 cancer cells expressing wild type or
two MLK4 mutants in xenograft mouse models. Cells were injected in the side of
nude mice and tumor growth was measured at the indicated time points. Error bars
represent s.e.m. C) Upon sacrifice the lungs were labeled by airway perfusion
with the India ink, and superficial metastases were counted under a stereoscopic
microscope. **p value < 0.01; error bars represent s.e.m. D) Invasive potential of
transduced DLD1 tumor cell line. Experiments were performed as in A. *p value
<0.05; **p value < 0.01; error bars represent s.d. E) Tumor formation by DLD1
cancer cells expressing wild type or two MLK4 mutants in xenograft mouse
models. Experiments were performed as in B. Error bars represent s.e.m. F)
Analysis of DLDI1-derived superficial lung metastases. Experiments were
performed as in C. **p value < 0.01; error bars represent s.e.m.

- Figure 4. Downregulation or abrogation of MLK4 expression
impairs the transforming and invasive potential of human cancer cells. A)
Two independent ShRNAs targeting the MLK4 gene were used to downregulate
MLK4 expression in multiple cell lines (A549, Colo205, DLD1, HCT116) from
different tumor types. Expression levels of the MLK4 protein were assessed by
western blotting. Anchorage-independent growth (soft agar) assay performed on
parental and MLK4 knock down/knock out cells. *p value < 0.05; **p value <
0.01; error bars represent s.d. B) Schematic representation of the vector used to
KO the MLK4 genes from the genome of the HCT116 cell line. A sequential
targeting strategy was used to knock out (KO) both of the MLK4 alleles. L-ITR:
Left-Inverted Terminal Repeats, P: ncomycin promoter, Nco: ncomycin resistance
cassette, pA: polyadenilation sequence, R-ITR: Right-Inverted Terminal Repeats.
C) Expression levels of the MLLK4 protein assessed by western blotting in parental
and knock out HCT116 cells. D) The invasive potential of parental and MLK4
knock-down or KO cells was assessed by migration through a matrigel coated
membrane in absence or upon stimulation with Hepatocyte Growth Factor (HGF).
*p value < 0.05; **p value < 0.01; error bars represent s.d. E) Control and MLK4
knock-down DLDI1 cancer cells were injected in the side of nude mice and tumor
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growth was mcasurcd at the indicated time points. Error bars represent s.c.m. F)
Control and MLK4 knock-out HCT116 cancer cells were injected in the side of
nude mice and tumor growth was measured at the indicated time points. Error bars
represent s.e.m.

- Figure 5. Effects of MLLK4 abrogation on the KRAS-ERK signaling
pathway. A) Mcasurement of ‘active’ (GTP bound) RAS assessed by a pull-down
assay with the RAS binding domain of C-RAF in parental and MLK4 knock out
cells in the absence or presence of serum. Total RAS is used as a reference for
sample loading. B) Biochemical analysis of MEK1/2 and ERKI1/2 kinases
phosphorylation levels. Cell lysates were subjected to western blotting with the
indicated antibodies. C) Biochemical analysis of p38, SAPK/INK and AKT
kinases phosphorylation levels. Cell lysates were subjected to western blotting
with the indicated antibodies. D) Comparison of MEK1/2 and ERK /2 kinases
phosphorylation levels in parental, MLK4 knock out and mutant KRAS KO
HCT116 cells. E) Analysis of the level of expression of SHC and Grb2 adaptor
proteins detected by western-blot analysis in parental and MLK4 knock out
HCT116 cells.

- Figure 6. A) Rates of cell proliferation of A549 and DLDI1 cells
transduced with wt and mutant MLK4. Error bars rcpresent s.d. B) Ccell
proliferation rates of parental and MLK4 KO HCT116 cancer cells. *p value <
0.05; **p value < 0.01; error bars represent s.d. C) Schematic representation of the
MLK4 signaling pathway according to this work.

- Figure 7. The colorectal cancer cell line DiFi was transduced with
lentiviral vectors expressing wild type or two MLK4 mutants and RAS V12. The
indicated cell lines were treated with 0.1 pg/ml of Cetuximab (Erbitux) for 72
hours, after which cell viability was assessed by the ATP assay. Results shown are

normalized to untreated cells; ***p value < 0.001; error bars represent s.d.

Detailed description of embodiments of the invention

The present invention will now be described in detail in relation to some
preferred embodiments by way of non limiting examples.

In the following description, numerous specific details are given to provide
a thorough understanding of embodiments. The embodiments can be practiced

without one or more of the specific details, or with other methods, components,
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ar¢ not shown or described in detail to avoid obscuring aspects of the
embodiments.

The headings provided herein are for convenience only and do not
interpret the scope or meaning of the embodiments.

Using molecular analysis of tumor samples combined with biochemical
and functional approaches we have assessed the role of MLK4 in cancer cells. We
employed two complementary strategies: (i) ectopic expression of wt and mutated
MLK4 alleles (forward genetics) and (ii) targeting MLK4 expression using
ShRNA-mediated down regulation or somatic gene knock out (KO) of MLK4
gene (reverse genetics) in normal and cancer cell lines.

Mutational profiling of the coding region of the MLK4 gene was
performed in multiple tumor types including bladder, breast, gastric, melanoma,

lung, ovary and glioblastoma (GBM) samples (Table 1).

Table 1.
Tumor type Histotype saml\lrjlll::sll;;ra(l);se d
Bladder Total 35
trangitional cell carcinoma 33
cell line 2
Breast Total 88
ductal carcinoma 26
lobular carcinoma 29
medullary carcinoma 17
mucinous carcinoma 16
Gastric Total 12
adenocarcinoma of gastroesophageal junction 12
Glioma Total 113
Glioblastoma 105
anaplastic astrocytorna 2
anaplastic oligodendroglioma 2
high grade glioma cell lines 4
Lung Total 86
Adenocarcinoma 86
Mclanoma Total 22
Primary 1
nodal metastagis 12
culaneous melaslasis 7
visceral metastasis 2
Ovary Total 48
serous adenocarcinoma 48

In addition to those previously reported (1) we found novel somatic
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mutations affccting the MLK4 gene in GBMs (Fig. 1A). Overall, the mutation
frequency in CRC and GBMs were 9/192 (5%) and 4/140 (3%), respectively.
Most of the non-synonymous mutations involved evolutionarily conserved amino
acids some of which were affected multiple times. In addition, a subset of the
mutations occurred at amino acids previously shown to be pathogenic in other
protein kinases (1). Furthermore, two nonsense mutations were identified that
affected arginines R553 and R555 in the C-terminus. It is possible that latter
truncating mutations influence the function of MLK4 by removing the putative C-
terminal inhibitory domain. Finally, the nonsense mutation (W296 stop), located
in the kinase domain, may represent a “passenger”, rather than a “driver”
mutation.

To assess whether MLK4 deregulation occurred by mechanisms other than
somatic mutations, we developed two polyclonal antibodies and used them to
measure the expression pattern of MLK4 in CRC samples. Immunohistochemical
(IHC) analysis was performed on a panel of 38 CRCs. The results demonstrated
that most tumors expressed low or undetectable levels of MLK4 expression.
However, 9 CRC samples (24%) showed clear MLK4 positivity, which was very
distinctive being limited at the invasive portion of the tumor (Fig. 1B). Areas of
intcnscly stained ncoplastic cclls were typically obscrved infiltrating the stroma
(Fig. 1C). In contrast, non-infiltrating cells were negative or showed a very weak
expression signal. For one sample lymph node and liver metastasis were available
in addition to the primary tumour (Fig. 1 D-F); in both, MLK4 expression was
again confined to the invasive portion of the tumor. DNA sequence analysis
excluded that the MLK4 gene was somatically mutated in the CRC samples that
demonstrated increased expression. The MLK4 expression pattern suggests that
MLK4 plays a central role in tumor invasion.

Lentiviral vectors were engineered to stably transduce MLK4 wt cDNA
and two of thc mutant allcles, specifically H261Y, G291E and R470C, identificd
in the CRC sequencing screens (Table 1). The H261Y was selected for further
studies since histidine 261 was found mutated twice (H261Y and H261Q). The
G291E allele was selected as it is located in a region corresponding to the BRAF
V600E oncogenic mutation found in multiple tumor (2). The R470C allele was

chosen as this variant has been identified in two independent CRC samples (Table

D).
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Biochemical in vitro assay were usced to asscss the catalytic activity of wt
and mutated MLK4. As a recipient for these experiments we used colorectal
cancer cells in which the MILK4 gene was genetically inactivated and as a result
the endogenous MLK4 protein was absent (see below Figure 4B). These cells
were transduced with wild type or the H261Y, G291E and R470C MLK4 variants.
Mutated MLK4 proteins displayed increased kinase activity as compared to the wt
counterpart (Fig. 2A).

Next we sought to establish the role of MLK4 on cellular phenotypes
associated with tumorigenesis using both forward and reverse genetics strategies.
We initially used the standard NIH3T3 focus forming assay to assess the
transforming potential of wt and mutated MLK4 alleles. Although a positive
control (RAS G12V) was capable of promoting focus formation at high efficiency,
no effects were seen when wt or mutated MLK4 were used (Fig. 2B). These
results suggest that wt and mutant MLK4 alleles are unable, per se, to support
cellular transformation. On the contrary, when mutant MLK4 was co-transfected
in NIH3T3 cells with the oncogenic version of R4S (G12V) a striking synergistic
effect in focus formation was observed (Fig. 2C). Importantly, two of the mutants
(G291E and R470C) but not wild type MLK4 increased the transforming potential
of RAS G12V.

This behavior is reminiscent of other cancer genes (such as Pokemon)
whose transforming potential becomes detectable only when assessed in
cooperation with other oncogenes (3).

To further assess the role of MLK4 in KRAS mediated oncogenesis, we
employed an isogenic variant (HKE3) of a tumorigenic human colorectal cancer
cell line, HCT116, in which the mutant KRAS allele is disrupted by homologous
recombination (4). Consequently, HKE3 cells are a suitable model to establish
whether mutated AMLK4 alleles can rescue the tumorigenic phenotype of
oncogenic KRAS. HKE3 cxpressing wt or the MLK4 mutants (G291E and
R470C) that cooperated with RAS in the transformation assays (Fig. 2D) were
subcutaneously injected into nude mice. Cells expressing the empty vector were
used as controls. Two weeks after inoculation, HKE3 cells transduced with the
empty vector or wt MLK4 did not generated tumors (Fig. 2E). On the contrary
mice inoculated with the G291E and R470C MLK4 mutants developed

subcutaneous tumors within 2 weeks. The observation that mutated MLK4 alleles
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rcscue the tumorigenic phenotype of cancer cells, in which mutant KRAS was
deleted, supports the concept that MLK4 plays a critical role in the same pathway.

To validate this observation in a different cellular system, we used an
isogenic variant (DKO3) of another highly tumorigenic human colorectal cancer
cell line (DLD-1), in which the mutant KRAS allele has been disrupted by
homologous recombination. Similar in vive experiments were performed in DKO3
cells transduced with MLK4 mutant alleles with comparable results (Fig. 2F-G).

The pivotal role of the KRAS pathway in human cancers has been further
underlined by the discovery that KRAS mutated colorectal tumors do not respond
to the anti EGFR monoclonal antibodies cetuximab (Erbitux) and panitumumab
(Vectibix) (5, WO-A-2008/112274). These findings were rapidly translated into
the clinic and detection of KRAS mutations is now routinely used to select
patients eligible for cetuximab therapy. We previously reported that the ectopic
expression of mutated KRAS and BRAF impairs the response to cetuximab and
panitumumab of colorectal cancer cells (6, 7). We reasoned that if MLK4 acts
downstream to KRAS its oncogenic activation could also impairs the effects of
cetuximab.

To test this hypothesis we used the DiFi colorectal cancer cell line which
is inhibitcd by nanomolar concentration of cctuximab. In DiFi cclls the KRAS
pathway is activated by amplification/overexpression of the EGFR gene. DiFi
cells are wild type for MLK4, KRAS, BRAF, PIK3CA and PTEN mutations, thus
representing a suitable model for our experiments. Wt or mutated MLK4 proteins
were expressed in DiFi cells and mutated KRAS (G12V) was used as positive
control. Cells expressing mutated MLK4 or KRAS alleles were less sensitive to
cetuximab as indicated by their markedly increased survival upon treatment with
this monoclonal antibody (Fig. 7).

These data indicate that the presence of oncogenic MLK4 can substitute
for KRAS mutations in conferring resistance to EGFR targeted therapics,
supporting the concept that KRAS and MLK4 are involved in the same signal
transduction pathway (Figure 6D).

We next sought to assess the role of MLK4 alleles in invasive-growth, a
genetic program leading to metastasis formation. To formally test this hypothesis,
we evaluated whether ectopic expression of wt or mutated MLK4 might affect the
invasive properties of cancer cells (A549 and DLD1). Both wt and mutant MLK4
mildly affected cell invasion measured by the matrigel Boyden chamber assays in
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standard growth mcdium. We then asscssed the invasivencss upon stimulation
with the Hepatocyte Growth Factor (HGF) which has previously been linked to
the invasive growth properties of cancer cells. In the presence of HGF, expression
of both mutated MLK4 alleles (G291E and R470C) markedly increased invasion
as compared to the non-transduced cells or those expressing wt MLK4 (FiG. 3A
and 3D).To determine whether MLK4 promoted cell proliferation might have
contributed to the augmented invasive potential, cell proliferation rates were
analyzed. Ectopic expression of MLK4 did not affect proliferation (Fig. 6A).

To further evaluate the tumorigenic potential of MLK4 mutations, A549
and DLDI1 cells expressing wt MLK4, G291E and R470C mutants were
subcutaneously injected into nude mice. Cells expressing the empty vector were
used as controls. Mice inoculated with wt or mutated MLK4 cells developed
subcutaneous tumors within 3 weeks. Both A549 and DLDI cells transduced with
mutant MLK4 gave rise to larger tumors compared to control cells (Fig. 3B and
3E). Metastasis formation in the lungs of mice bearing MLK4 over-expressing
tumors was then quantified. We found that the number of metastasis was
increased in MLK4 mutant expressing tumors versus controls (Fig. 3C and 3F) in
both A549 and DLD1 models.

When considered together, the forward genctic approaches indicate that
mutated MLK4 alleles cooperate or substitute oncogenic KRAS in transformation
and invasion and promote metastasis formation.

As a complementary approach, reverse genetics was used to evaluate how
reduced expression or deletion of the MLK4 gene affected the tumorigenic
properties of cancer cells. We first identified ShRNA that targeted the MLK4
sequence leading to efficient downregulation of its expression. Two independent
MLK4 ShRNAs were selected based on their efficiency in reducing MLK4
expression in multiple cell lines derived from colon and lung cancers, including
thosc utilized in the forward genctic approach (Fig. 4A, upper pancl). We first
investigated the effect of MLK4 down-regulation on anchorage independent
growth, a key feature of the neoplastic phenotype. Anchorage-independent growth
of all cancer cell lines was significantly reduced or almost completely impaired
(Fig. 4A).

Experiments based on ShRNA mediated down regulation may be
misleading due to non-specific gene targeting. We therefore used homologous

recombination to delete exon 1 (where the MLK4 kinase domain is located) from
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thc HCT116 cclls to gencrate cclls with permancntly abrogatcd MLK4 cxpression
(Fig. 4B). A two-step genetic strategy was used to obtain first heterozygous and
then homozygous cells in which both alleles of the MZLK4 locus were correctly
targeted. Knocked out (KO) cells were viable yet lacked MLK4 expression
confirmed by PCR and immunoblotting with the anti-MLK4 antibody (Fig. 4C).
Soft agar growth of MLK4 KO cells was severely impaired (Fig. 4A) confirming
and substantiating the results obtained with the Sh-mediated MLK4-silencing.
Similarly, the invasive potential of knocked down and KO MLK4 cells was
dramatically impaired (Fig. 4D).

Next, we determined the effect of reduced or abrogated MLK4 expression
on the tumorigenic potential in colorectal cancer cells in vivo. To this end we took
advantage of DLD1 and HCT116, two colorectal cancer cell lines which harbor a
single copy of the activated KRAS oncogene. MLK4 knock down cells and those
transduced with scrambled ShRNA were evaluated for the ability to growth in
xenograft experiments. When inoculated into nude mice, DLD1 control cells
rapidly formed solid tumors while MLK4 knock down cells did not (Fig. 4E). To
independently confirm these results we used the HCT116 cell in which MLK4 was
genetically deleted. Xenograft experiments showed that cancer cells lacking
MLK4 cxpression were virtually unable to form subcutancous tumors while the
corresponding isogenic wt cells rapidly grew forming large tumor masses (Fig.
4F).

To gain mechanistic insights into the role of MLK4 in RAS signaling, we
took advantage of wt and MLK4 KO HCT116 cells which carry constitutively
active KRAS (G13D). It has been reported that MLKS are serine/threonine protein
kinases that regulate signaling by mitogen-activated-protein kinase (MAPK)
pathways. We recasoned that lack of MLK4 could affect different steps of the
KRAS-MAPK signaling cascade. We initially analyzed the levels of ‘active’
(GTP bound) KRAS and the activation (phosphorylation) of its downstrcam
effectors MEK, ERK, JNK, p38 and AKT.

We found that in the absence of MLK4 the amount of active (GTP-bound)
RAS and the levels MEK and ERK phosphorylation were reduced (Fig. 5A and
5B). The absence of MLK4 did not affect the phosphorylation levels of INK, p38
and AKT (Fig. 5C). Of note, in HCT116 cells the knock out of MLK4 or the
deletion of mutant KRAS resulted in comparable reduction of MEK and ERK
phosphorylation Fig. 5SD). Interesting the reduction of KRAS-MAPK activation in
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MLK4 knock out cclls was accompanicd by lower cxpression of SHC to a lcss
extent Grb2, two known amplifier of the RAS signaling cascade (Fig. SE).

Together with the functional experiments showing KRAS-MLK4
cooperation in promoting tumorigenesis, these results indicate that the main
signaling axis (the ERK/MAPK cascade) activated by oncogenic KRAS is
impaired in the absence of the MLK4 kinase (Figure 5F).

A key biological output resulting from MAPK activation is the induction
of cell proliferation. We therefore evaluated the growing rate of parental and KO
MLK4 cells and found that the absence of MLK4 affected the proliferation of
HCT116 cells (Fig. 6B). These findings further support the concept that MLK4 is
involved in the proliferation of cells that are dependent on mutant KRAS.

This work was prompted by the finding that MLK4 is somatically mutated
in CRCs and GBMs. Mutations of the related MLK3 kinase were recently
detected in 21% of microsatellite unstable (MSI) colorectal tumors (8). We
sequenced the MLK4 exons where we previously detected somatic mutations in
30 MSI colorectal tumors and did not find any mutations.

Mutant alleles of MLK4 and KRAS work in concert to trigger cellular
transformation and mutant MLK4 rescues the tumorigenic potential of cells in
which mutant KRAS is dclcted. When considered together these findings
implicate MLK4 in KRAS mediated oncogenesis. Remarkably, knock down or
knock out of MLLK4 abrogates the growth of cancer cells carrying mutated KRAS.

We and others have previously targeted the MET, KRAS and PIK3CA
oncogenes by homologous recombination in HCT116 cancer cells. While
targeting of cach of these oncogenes drives distinct biological phenotypes, only
the deletion of mutated KRAS and MLK4 results in abrogation of tumorigenesis.

In conclusion, these data identify the MLK4 kinase as a novel effector of
KRAS, a presently undruggable human oncogene (Fig. 6C). Pharmacological
targeting of thc MLK4 kinasc is amcnable and provides a novel therapcutic

prospect for KRAS mutated tumors.

Materials and Methods

Mutational Analysis

PCR primers were designed using Primer 3 (http:/frodo.wi.mit.edu/cgibin/

primer3/primer3 www.cgi), and synthesized by Invitrogen/Life Technologies,

Inc. (Paisley, England). The PCR and sequencing primers are listed in Table 2.



WO 2011/158061

PCT/IB2010/052684

13
Table 2.
Exon Forward primer Reverse primer Sequence primer
1 1 CACCCATCCCCALTCCIAC TCCAACCCUACCLICTACC recracceecrecelrie
- SEQ ID No.:1 SEQ ID No.:2 STQ IC No.:3
- CTCAGCGTCCTCGTCGTZ CSCAGUTCGATGATGTIG GCAGCTCGATGATGTITGG
- SFQ TD No.:4 SEO Th No.:5 S7Q TD No.:6
~ CATCTTCCCCGCCAACTAT GGCCCAGTTCACTAGCAC TCTTCCCCGCCAACTACG
= SEQ ID No.:7/ SEQ ID No.:8 S=Q IL Ng.:9
CAGSAGGTGGICGTGANS CGCCCTAAGCCTGACTCC CTCCCACCTCTTTCCATCTG
-4 S3Q IZ No.:10 SEQ ID No.:11 SEC ID No.:12
- GCAZGTGCTGGTCARCTS CECCCTAAGCCTGACTCC ACTGCGCZGTGCAGATAG
- S50 T3 Nz.:13 SEO TD No.:14 SEC TH No.:1%
5 CAGGCACAGATAACCCACTAAAG AARCCATAARAATTCATTCAAAARGG CATGCCACAGAARAATTGTG
S50 IZ Neg.:156 SEQ ID No.:1Y SEC ID No.:1%
GEGAAT ' ICAGCTLICLICCLLG CCCLALCLCI I CCLGGELCLG GGEGGLCGUCAGIGIAG G
° S50 IZ No.:12 SEQ ID No.:20 SEC ID No.:21
6 61 CSATCCTGZAATATTIZTTTGC GTSGCACCTACGARATGICC TTGCTGIGTSCTARATACATGG
520 IZ No.:22 SEQ ID No.:23 SEC ID No.:24
7 75 TTTCTCATTGITTTCATSTTTTGAG GCATGATAAATTCATCCTAGAAAATTG TTTTGAGTAAGSTAGTTTCACAACTS
— $3Q IZ No.:25 SEQ ID No.:26 SEC ID No.:27
8 TTGTCAGCCCTTCAARACTC CTTGCTAATCTICCCCTCIGC TGETCTGTATCCACCARAACZC
S3Q IZ No.:28 SEQ ID No.:29 SEC ID No.:3C2
GTARAACGACGGCCZAGT
CTCTCTGAGCATCTTITCCCAA CTAAAACCACGGCCAGT
9 91 GAAAAGGGCTGCATGTGTTIT o -
- . SEQ ID No.:32 SEC ILC No.:3:2
S2Q L2 No.:31
GTAAAACGACGGCCAGT
GCCTACATTGATCTACCTCTTIGG CTAAAACCACGGCCAGT
9 2 _ - TCTTCTCTTZCTTGGGCAAC
- 550 T2 No.:34 SFC TD No.:36
SEQ ID No.:35
GTAAAACGACGGCCAGT ~ ~
CATAAACCACATCCTCCTTA . CTAAAACCACTCCCACT
9 = . . AGCAGGUACI'L'I'GLTGGACAA .
— S3Q IZ No.:37 SEC ID No.:39
SEQ ID No.:38
GTARAATZGACGGCZAGT
CATTCCCACATGTCTGCTGET CTARAACCACGGCCAGT
9 4 CCACACCTTCTTTCTCCACAA 5
- _ . SEQ ID No.:41 SEC ID No.:42
S=0 IZ No.:4D
GTANMACGACGGCTAGT . - - . ~ R .
CARATTATTAAATCTCATCACCAGGA CTAAAACCACGGCCAGT
9 5 CAAGAAACTTGCCGTCTTCC SEQ
- SEQ ID No.:44 SEC ID No.:4%
ID No.:43
5 PCR primers that amplify the selected exons and the flanking intronic
sequences, including splicing donor and acceptor regions, were used and PCR
products were on average 381 bps in length. PCR was performed in both 384- and
96-well formats in 5- or 10-uL reaction volumes, respectively, containing 0.25
mmol/L. deoxynucleotide triphosphates, 1 umol/L each of the forward and reverse
10  primers, 6% DMSO, 1x PCR buffer, 1 ng/ul. DNA, and 0.05 unit/ulL Platinum

Taq (Invitrogen/Life Technologies). A touchdown PCR program was used for
PCR amplification (Peltier Thermocycler, PTC-200, MJ Research, Bio-Rad

Laboratories, Inc., Italy). PCR conditions were as follows: 94°C for 2 min; three
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cycles of 94°C for 15 s, 64°C for 30 s, 70°C for 30 s; three cycles of 94°C for 15
s, 61°C for 30 s, 70°C for 30 s; three cycles of 94°C for 15 s, 58°C for 30 s, 70°C
for 30 s; and 35 cycles of 94°C for 15 s, 57°C for 30 s, and 70°C for 30 s,
followed by 70°C for 5 min and 12°C thereafter. PCR products were purified
using AMPure (Agencourt Bioscience Corp., Beckman Coulter S.p.A, Milan,
Italy). Cycle sequencing was carried out using BigDye Terminator v3.1 Cycle
Sequencing kit (Applied Biosystems, Foster City, CA) with an initial denaturation
at 97°C for 3 min, followed by 28 cycles of 97°C for 10 s, 50°C for 20 s, and
60°C for 2 min.

Sequencing products were purified using CleanSeq (Agencourt
Bioscience, Beckman Coulter) and analyzed on a 3730 DNA Analyzer, ABI
capillary electrophoresis system (Applied Biosystems). Sequence traces were
analyzed using the Mutation Surveyor software package (SoftGenetics, State
College, PA).

Immunohistochemical analysis

Paraffin embedded sections were dewaxed, hydrated, treated with
proteinase K (DAKO, Glostrup, Denmark) and immunostained using a labelled
polymer dctection system (Bond Polymer Dcfine Dctection, Vision Biosystem,
Mount Waverley, Australia) and automated stainer (BOND-maX, Vision
BioSystem). The primary polyclonal antibody was used at a dilution of 1:1000.
Negative controls were obtained by replacement of primary antiserum with buffer.
Only tumors which exhibited intense membrane were categorized as

overexpressing MLK4.

DNA Constructs and Mutagenesis

The ¢DNA encoding for MLK4 set forth in SEQ ID NO.:46 was
synthesized by RT-PCR by first inscrting into the TopoTA vector. Full-length
MLK4 ¢DNA was subcloned into the pCEV29.1 (10) or into pRRL plasmid (11).
Mutants of MLK4 containing point mutations were constructed using the
QuikChange II XL Site-directed mutagenesis kit (Stratagene) with MLK4 wt
plasmid as the template DNA. The following oligonucleotides, and their reverse

complements, were used as mutagenesis primers:
G291E,
5S-CTTTGAAGATTACAGATTTTGAGTTGGCGAGGGAATGGCAC-3’
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(SEQ ID No:47),

R470C,
5’- TGAGCAGCAGCTGGCAGAGTGCGAGATCGACGTGCTGGAG-3’

(SEQ ID No.:48).

The presence of the appropriate mutations was confirmed by DNA
sequencing,

Sequences of G291E and R470C mutants of MLK4 are set forth in SEQ
1D No: 49 and 50, respectively.

In the following table a list of the MLK4 mutation identified in the present
study are reported with the corresponding SEQ ID No.

Table 3.
MLK4 MLK4
mutations mutations
Amino acid Nucleotide SEQ ID No.
level level
H261Y C781T 51
H2610Q C783G 52
G291E G872A 49
AZ93E C878A 53
W296Stp G888A 54
R470C C1408T 50
R553Stp C1l657T 55
R555Stp C1663T 56
N5961 Al787T 57
K629E A1885G 58
P843S C2788T 59
H890P A2669C 60
MB894T T2681C 61

Antibodies

MLK4 specific polyclonal antibodies were developed using a standard
immunization protocol (two rabbits immunized for each epitope), we generated
polyclonal antisera and antibodies directed against either the N- or the C-terminus
of MLK4. Both antibodies were tested in immunoprecipitation and Western blot
experiment, showing that these antibodies can be used to detect a 114 kDA
protein (predicted molecular weight of MLK4) in total cell lysates. The primary
antibodics uscd for immunoblotting werc: anti-Vinculin (Sigma-Aldrich), anti-
Actin (S.Cruz), anti-PERK1/2, anti-ERK1/2, anti-P-SAPK/JNK, anti-SAPK/JNK,
anti-P-AKT, anti-AKT, anti-P-p38 and anti-P-38, (Cell Signaling).
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Cell culture

A-549, Colo-201 and HCT116 were cultured in RPMI-1640 medium
(Invitrogen), NIH3T3, DLD-1 and HCT116-HKE-3 derived clones were grown in
DMEM (Invitrogen). HTERT-HME1 were cultured in growth medium containing
DMEM/F-12 (Invitrogen) supplemented with 20 ng/mL EGF, 10 ug/ml insulin,
and 100 ug/ml hydrocortisone, while DiFi cells were grown in F-12 (Invitrogen).
Cultures of mammalian cells were maintained in the appropriate medium
supplemented with 10% fetal bovine serum (Sigma-Aldrich), 2 mM Lglutamine,
100 units/ml penicillin/streptomycin at 37°C in humidified air with 5% CQO,. The
mouse NIH3T3 fibroblasts are available by ATCC (CRL-1658) and were cultured
in DMEM supplemented with 10% bovine serum (heat-inactivated at 56°C for 30
min) (Invitrogen) and 2 mM L-glutamine. All the cell lines are publicly available
by American Type Culture Collection (ATCC), Manassas, USA.

Transfections and transformation assays
NIH3T3 fibroblasts were seeded at 2 x 10° cells in 100 mm plate and

grown for 24 h before transfection using high-efficiency liposome transfection

mcthod (Lipofcctamine 2000 and Plus Rcagent; Invitrogen). Each platc was
transfected with 4 pg of the pCEV29.1 vector containing either no insert or a
cDNA encoding for a MLK4 protein (wild-type or mutant). For co-operation
experiments, cells were transiently cotransfected with 0.1 pg of RasV12 plasmid
and 4ug of pCEV containing the different MLK4 wt and mutants. Two days after
transfection, cells were split into three plates cultured in DMEM containing 5%
Bovine Serum and used for measuring focus formation. Foci were scored two
weeks after transfection following fixation with glutharaldeyde 11% and Giemsa

staining,

Protein analysis

Total cellular proteins were extracted by solubilizing the cells in boiling
SDS buffer (50 mM Tris-HCI, pH 7.5, 150 mM NaCl, and 1% SDS). The amount
of proteins was quantified by the BCA Protein Assay Reagent kit (Pierce
Chemical Co.) Extracts were electrophoresed on SDS-polyacrylamide gels,
transferred onto nitrocellulose membranes (Hybond; GE Healthcare) and blocked
in phosphate buffered saline, 0.1% Tween 20, 5% BSA. The membrane was then
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incubatcd with appropriatc dilutions of primary antibody (cithcr MLK4, vinculin,
actin, pERK, ERK, pJNK, INK, pAKT, AKT,pP38, P38), followed by the
appropriate peroxidase conjugated secondary antibody (Donkey anti Rabbit Bio-
Rad Laboratories). Final detection was done by enhanced chemiluminescence (GE
Healthcare). For immunoprecipitations, cells were lysed at 4°C with 800ul of a
buffer containing 20 mM Tris-HCl [pH 7.4], 150 mM NaCl, 10% glycerol, and
1% Triton X-100 in the presence of protease and phosphatase inhibitors (1 mM
Na;VQOy, 100 mM NaF, 1 mM PMSF, 10 pg/ml leupeptin, 10 pg/ml aprotinin, and
1 ug/ml pepstatin). Extracts were clarified at 12,000 rpm for 20 min and
quantified by bicinchoninic assay. Protein A-Sepharose beads were pre-incubated
with primary antibody (1h at +4°C) and then washed three times with lysis buffer
before incubation with total cellular proteins. Extracts were incubated with
primary antibody for 2 h at +4°C. Immune complexes were collected with protein
A-Sepharose, washed three times in lysis buffer. SDS PAGE western blotting was
performed as previously described.

Ras pull-down assav

Cell lysates were incubated with GST-RBD on glutathione—agarose beads
at 4°C for 1h. The beads were then collected by centrifugation, resuspended in
Laemmli reducing sample buffer and boiled for 8 minutes. Western blot analysis
was performed using anti-Ras antibody (Calbiochem).

Kinase assays
Immunoprecipitated MLK4 was subjected to two independent strategies.

For radioactive kinase assay, immunoprecipitates were washed three times with
kinase assay buffer [S0 mM Hepes (pH 7.5), 150 mM NaCl, 12.5 mM MgCl,,
2mM EGTA 1mM dithiothreitol and 1 mM sodium orthovanadate] and the
incubated with kinasc buffer in the presence of 15 uM ATP including [y-""PJATP
for 30 min at 37°C. Reactions were stopped by the addition of 30 pl of Laemmli
buffer and boiling for 1 min. Samples were analyzed by 15% SDS/PAGE
followed by autoradiography.

Suppression of gene expression by RNAI

MLK4 expression was suppressed in tumor cells by lentiviral-mediated

expression of shRNAs specifically targeting the MLK4 transcript. To rule out the
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variability of biological rcsponscs, we uscd four different shRNA dirceted against
MLK4 sequence. ShRNA sequences were derived from the Sigma-Aldrich
Mission library under accession no. NM 032435 (sequence 1, TRCN0000003209;
sequence 2, TRCNQO000003210; sequence 3, TRCNO000003211; sequence 4,
TRCNO0000003213). All sequences were able to suppress MLK4 levels while
control ShCTRL (SHC002V) was not. The two most efficient SARNA, among the
different recipient cell lines, were then selected to be used in the subsequent
experiments. Western blotting analysis of shRNA infected cells showed a
reduction by over 80% of MLK4 protein. Results shown in the figures refer to

sequence 2 and 4, renamed as Sh1 and Sh2 respectively.

Targeted deletion of the MLK4 locus in human cancer cells
Disruption of the MLK4 exon | in the CRC HCT116 cells was performed
as previously described (12). The targeting vector pAAV-Neo-MLK4 was

constructed by PCR; DLD1 genomic was used as template for both homology
arms. Constructs and primer sequences are publicly available at Universita degli
Studi di Torino - Dipartimento Scienze Oncologiche, strada Provinciale 142,
Candiolo (TO). Clones were selected after 2 weeks of growth under 0.4 mg/ml for
HCT116 cclls gencticin (Invitrogen, Carlsbad, CA) sclection and then propagated
in the absence of selective agents. Homologous recombination events were

identified by locus-specific PCR screening.

Anchorage-independent growth assays

Cells were diluted to a concentration of 500-1000 cells/ml in appropriate
medium containing 5% FBS, 0.5% Seaplaque agar. Cells were seeded in 24-well
plates (1 ml/well) containing a 1 % agar underlay and supplemented three times a
week with corresponding medium. Colonics were photographed and scored two

weeks after seeding.

Invasion Assays
Cell migration and invasion assays were performed using Costar 24-well

plate transwell either 8 pm pore size transwell migration plates or Matrigel
matrix-coated polycarbonate filters, respectively. Lower wells containing 500 pl

of media to which either 5% serum (to measure basal condition) or 10ng/ml HGF
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(to mcasurc induced invasion) had been added, whercas upper wells contained
100 pl of cells, suspended to a concentration of 10° for HCT116 or 5x10* for
A549 and DLDI, in media containing the same serum concentration of lower
wells. After incubation for 20 hr, cells/media in the upper wells were discarded,
and the migrated cells on the underside of the transwell membranes were fixed
with glutaraldeide 11% in PBS, stained with Crystal Violet and counted with
Metamorph Image Analysis Software.

Drug viability assay

Cetuximab was obtained from the Hospital Pharmacy. Cell lines were
seeded in 100ul medium at appropriate density in 96-well plastic culture plates.
Plates were incubated at 37°C in 5% CQ; for 72h, after which cell viability was
assessed by ATP content using the CellTiter-Glo® Luminescent Assay
(Promega). Luminescence was detected using a DTX-880 plate reader (Beckman-
Coulter).

Animal studies

All animal procedures were approved by the Ethical Commission of the
University of Turin and by the Italian Ministry of Health. Six-weck-old
immunocompromised CD1-/~ nude athymic female mice (Charles River
Laboratories, Lecco, Italy) were injected subcutaneously in right posterior flanks.
Tumor appearance was evacuate every 2d using a caliper. Tumor volume was
calculated using the formula V = 4/3 x (d/2)2 x (D/2), where d is the minor tumor
axis and D is the major tumor axis. Superficial pulmonary metastases were
contrasted by black India ink air way infusion before excision, and were counted
on dissected lung lobes under a stercoscopic microscope.

Cell lines were seeded in 100ul medium at appropriate density in 96-well
plastic culturc plates. Plates were incubated with cctuximab (Erbitux) at 37°C in
5% CO; for 72h, after which cell viability was assessed by ATP content using the
CellTiter-Glo® Luminescent Assay (Promega). Luminescence was detected using
a DTX-880 plate reader (Beckman-Coulter).
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SEQUENCE LISTING

<110> Bzrdelli, Alterto
Mertini, Miriam

<120» MLK4 geneg, a new diagnoslic and proguoosllic markes in cancers
<130> BWOL2229-Ct
<150> &1
<170> Pzzentln version 3.E
<210> 1
<211> 19
<212> DNA
<213> ar-ificiel
<220>
<223> forward primer exon 1 1
<400> 1
caccgatcge gattoctac 19
<210> 2
<211> 18
<212> DNA
<Z13> ar-ificiel
<220>

223> reverse primer exon 1 1
<400> 2
tcgaaggcga cgtgtacce 18
<210> 3
<211> 18
<212> DNA
<Z13> arZiticicl
<220>
<223> sequence prirer exon 1 1
<400> 3
Leclacecee LegeooLe 18
<210> 4
<211> 18
<212> DNA
<Z13> arZiticicl
<220>
<223> forward primer exon 1 2
<400> 4
cleagegloe Loglogle 18
<210> 5
<Z11> 18
<212> DNA
<213> ar-ificiel
<720>

23> reverse primer exon 1 2
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<400>

5

coccagctecga tgatg-tg

<400>

18
DNA
ar- ficizl

sequence primer exon 1 2

6

gcagctcgeT gatgtzgg

<400>

19

DNA

ar-ficisl

forward primer exon 1 3

7

ca-cttcecce gccaeactac

<210>
<Z211>
<Z12>
<Z213>

<220>
<Z23>

<400>

8

18

DNA
ar-ficiel

rcversce primer cxon 13

8

gccccagttyg accageac

<400>

18

DNA

ar-.ficiesl

sequence primer exon 1 3

9

tcTtececge caactacg

<7210>
<211>
<212>
<213>

<220>
<223>

<400>

10

18

DNA
ar-:ficiel

forward primer exon 1 1

10

caggaggtgg ccgtgaag

<210>
<Z11>
<212>
<Z213>

<220>
<223>

11

18

DNA
ar-.ficiesl

reverse primer exon 1 4

)1 PCT/IB2010/052684

18

18

19

18

18

18
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<400>

11

ccccctaagg ctgaczcce

<210>
<Z211>
<212>
<213>

<Z220>
223>

<400>

ctceccaccte ttteccatetg

<210>
<Z11>
<212>
<213>

<Z220>
223>

<400>

12

20

DNA
ar-’ficizl

sequence priver exon 1 4

12

13
18
DNA

ar-’ficizl

forward primer

13

gcacgtgctg gtcasctg

<210>
<Z11>
<212>
<Z213>»

<Z220>
223>

<400>

14

18

DNA
ar__[ficizl

reverse primer exon 1

14

cocecocctaagg ctgaczcec

<210>
<211>
<212>
<713>

<220>
<Z223>

<400>

15

18

DNA

ar-" ficizl

sequence primer exon 1

15

acTgggcegT goagotad

<210>
<211>
<212>
<713>

<220>
<Z23>

<400>

caggcacadga taacccacta

<210>
<211>
<Z212>
<Z213>

<220>

16

DNA
ar- ficizl

forward prim

16

17

26

DNA
ar-ficiel

er e

exon 1 5

e

xon 2

ag

[

ol
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<223>

<400>

reverse primer exon 2

17

aaaccatasza aattcatfca zaaacg

<Z210>
<211>
<212>
<2

13>

<220>
<223>

<400>

18

20

DNA
ar-’ficizl

sequence prirer exon 2

1€

ca~gccaceg aaaaa-tgtg

<Z10>
<211>
<212>
<213>

<220>
<223>

<400>

19

21

DNA
ar-’ficizl

forward primer exon 5

19

gocgaatttca gottotectt g

<Z10>
<Z11>
<212>
<213>

<220>
<223>

<400>

20

22

DNA
ar-’ficizl

reverse p]’:iHLSI eXon o

20

ccctatctceT ttectggttce tg

<210>
<Z211>
<210>
<213>

<Z220>
223>

<400>
goggt

A

A
=]
v

(SIS SN
== e
(R
VoV VvV

AA

<220>
223>

<400>
coatc

<210>
<Z11>
212>
<Z13>

21

18

DNA
ar-’ficizl

sequence prirver exon 5

21

cgcca gtgtagtg

22

21

DNA
ar-’ficizl

forward prime= exon 6 1

22

ctgca atattctttg ¢

23

20

DNA
ar__[ficizl

’3 PCT/IB2010/052684

26

20

21

22

18

21
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<220>
<223> rcversc primcr cxon 61

<400> 23
gtggcaccta cgaazzgtcce

210> 24

<211> 22

<212> DNA

<Z13> arZiticicl

223> sequence primer exoz 6 1

<400> 24
LLgclglyglyg claaz _acal gg

<210> 2%

<211> 25

<212> DNA

<Z13> arZiticicl

<220>
<223> forward primer exon 7 2

<400> 25
LL_clecallg LLLLzalgLL L_gac

<210> 26

<211> 27

<212> DNA

<Z13> ar-iticisl

<223> reverse primer exon 7_2

<400> 26
goatgat

ttecatcctag zaaattyg

<Z210> 27

<?211> 26

<212> DNA

<213> ar-ificisl

<223> sequence primer exoz 7 2

<400> 27
ttZtgagtea ggtag-ttca caactg

<210> 28

<211> 20

<212> DNA

<213> ar-ificisl
<220>

<223» forward primer exon 8

<400> 28
ttgtcagecoe ttcasaactyg

<Z210> 29

<Z211> 20

<212>»> DNA

<213> ar-ificisl

2 PCT/IB2010/052684
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22

25

27

26

20
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<220>
<Z23> reverse ovrimer exon 8

<400> 29
ctzgctaatce tceccozetge

<210> 30

<211> 21

<Z12> DNA

<213> ar-ificiel

<Z23> @gcqucace primer cxon 8

<400> 30
tcgtctgtet ccaccaaaac ¢

<210> 31

<211> 37

<Z12> DNA

<213> ar-ificiel

<220>
<Z23> forward primer exon 9 1

<400> 31
gtaaaacgsc ggccegtgaa zaggectgca tgtgttt

<210> 32

<211> 21

<Z12> DNA

<213> ar-ificiel

<220>

<223> rcversce primcr cxon 91
<400> 32

ctctcetgage atcttzcecca =

<710> 33

<211> 17

<212> DNA

<213> ar-ificiel
<220>

<223> sgcqueace prirer cxon 9 1

<400> 33
gtaaaacgsc ggccagt

<223> forward primer exon 9 2

<400> 34
gecclacallyg alelzecelel Lgg

<210> 35
<Z11> 37
<212> DNA

25

PCT/IB2010/052684
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26

<213> ar-ificiszl

<220>
<P23> reverse primer exon 9 7

<100> 35
gtaaaacgec ggccegttct tctettcecctt cggcaac

<210> 36

<Z11> 19

<212> DNA

<213> ar-ificizl

<223> sequence prirer exoz 9 2

<400> 36
gtaaaacgac ggccagt

<210> 37

<Z11> 20

<212> DNA

<213> ar-ificizl

<220>
<223> forward primer exon 9 3

<400> 37
cazaaagcac aggctgctga

<210> 38

<Z11> 39

<212> DNA

<213> ar-ificiczl

<220>
<223> reverse primer exon 9_3

<400> 38
gtaaaacgsc ggcczgtage sggcactttyg tggagaa

<210> 39

<211> 17

<212> DNA

<213> ar-ificiel

<220>
<223> sequence prirer exoz 9 3

<400> 39
gtaaaacgzc ggccagt

<210> 40

<211> 38

<Z212> DNA

<213> ar-ificiel

<220>
<Z23> forward primer exon 9 4

<400> 40
gtaaaacgsc ggccegtcca caccttcettt ctccacaa

PCT/IB2010/052684

37
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20
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<212> DNA
<213> ar-ificicl

<223>» reverse primer exon 2 4

<400> 41
cattcccaca tgtcoctgetgt

<Z10> 42

<211> 17

<212> DNA

<213> ar-ificiel

<223» sequence prirer exox 9 4

<400> 42
gtaaaacgsc ggo

gt

<ZL0> 43

<211> 37

<212> DNA

<213> ar-ificiel

<220>

<223>» [orward primes exon 2 &

<400> 43
gtaaaacgec ggccegtcaa gaaacttgcc ctcttce

<Z210> 44

211> 26

<212> DNA

<213> ar-ificiszl

<P23> reverse primer exon 9 5
<100> 411
caaattatta aatgtcatca ccagca

<210> 415

<Z211> 17

<212> DNA

<213> ar-ificiesl

<P23> sequence primer exon 9 5
<100> 45
gtaaaacgec ggccegt

<210> 16

<Z211> 311°

<212> DNA

<213> homo sapiens

<400> 46
atggctttge ggggogoccge gggaccgace cacacce

27

cgg ~ghtoctcgge

cCcggocggct cagcectecte ctegtccace tectecgggcyg getcggecte

gcgctgtggyg ccgcgctcta tgactacgag cctcgcgccg aggacgzgcet

coccggoccage tggtggaggt gcectgtcgcag cacgcoccg

ccg —gtcgggcga

PCT/IB2010/052684
20
17
37
26
17
cgggggagee 50
ggcgggeges 120
gagcctoegy 180
cgzgggctgg 240
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toggcaggce
croccggesy
ttcgagegac
gocaccotggc
gcggceggceaqg
cocaacatca
gagttcgcce
cogegogoege
gcecgtgcaga
caccgggaso
tccaataacza
aaaat.gagca
ttttctaagg
gaagt.ccecon
ctcactttgc
tcgcaacasg
atzgaagggg
tcgaaacteg
tceegggasg
aagcggcgtyg
atzctgatezz
aagagaagtc
cacaagatza
ag-tccagtc
tcagatgaza
ga-gtaaacza
aaagatagza
tcaactatcz
ccagggtect
caaataaas:
gagaatcctyg
tccattgaga
Lcagelelyg .o
gagcttcata

gagggaalo .

aggtgcagcyg
[SISETs fatatatals fe}
tggagctgaa
agggzcagga
ctgccgagag
togagotgog
gcggcggage
coggocecog
tagegcgggg
tcaag-ccag
ctttgaagat
cagcaggoac
gaagcgacat
atcggggcat
ccattccate
accctcatat
cagtgatgac
aaattcaaca
aggagctgac
agcagcagct
tccagctaaa
gtttezaagct
ccgtgcagge
cccecgagecad
gcaataaaac
ggaat-ttaa
cagat-gcaa
taatzaaaaa
gtgazgagcce
tgcctagtca
cagazgctga
tgactcctac

alggg._gcac

gocgcecctegge
Jocgocgeoo
Jggagcteste
Jgtgecegtyg
cgtgcggcgce
cggoectgtge
gctcaaccga
cagescgoega
catgctetac
caacattttg
tacacatttt
cratcooctgg
cTggagctat
tgatcgcctc
cacctgecct
tcgtoccatcg
tgagatgcct
zatgtttgat
tcggeegget
ggcagagcgce
ccagcagz.ag
caaagatgga
cZctccczac
ccccacaztg
t-ggcgazgg
Jaaaaaaggt
zgaaaggzta
tcagaaazcc
zaaactttce
ggcctacztt
zagctgggag
gaatagtctyg
cglececllelg
tgctocaagaa

LLeccaaglcee

28

atcttecceyg
tocgegge
Jgcgotgogyg
aagycggsgao
Jaggoteoge
ctgcagcage
ccgctggecyg
cgcatccotce
ctgcatgagy
ctacttgaga
Jggttggcga
atggac

I

g

cgagtgctge
ccogtggott
cagcogtttyg
tttgccttaa
caagaatctt
cagttgacaa
ctgcagcaga
cagatcgacg
cccaaggtaa
catcgaatca
ttggacaaac
atgcccccac
aacacagtct
tgtacctcgg
agacctetcet
atgcccttgg
cctgatgeat
catctacctc
caggcagcct
agtagatcce
cealegyglag
ccgttgccca

cgezgaagey

ccaactzcgt

gcttegggea
Jooaggs oo
—cttcgccat
cgcacctotg
ctgccazcgc
cgcacghtget
aggccttegt
agatagzaca
gggaatggca
aagtgatcaa
—gtgggzact
atggggtage
ccaagctcat
—tctcgzaca
“tcattccat
caaaggaaaa
agtctczgga
—gctggzgcg
agaagaggaa
gtttaccztc
ggcggagect
—ccgagccat
ttccaczaga
gaccaaz-tc
ccgatggcaa
cttcattgtt
“agaaczcag
—~tgggazaga
ctgcgazzgce
cccagagaaa

clclgyggacl

PCT/IB2010/052684

ggcteecctge 300
360

ggtgtaccgce 720
ggzgcacgac 230
gctgecgocac 510
cetggtootyg 600
cgcoocogac 650
ggtcaactgg 720
gccecatcetg 730
tgztgacatce 840
caggaccace 900
gtetteottyg 950
gctcocaccggs 1020
agtcaataaz 1080
gazagaatgc 1140
gttgactgct 1200
gczagatgac 1250
ggagctgcga 1320
ggzgetcctz 1380
ggzacttaac 1440
gggcaacttt 1500
agztttccag 1550
gazcagcagc 1620
aczgttcact 1680
agzatttgag 1740
cattcaaatyg 1800
cagtccttgg 1850
tgtggaccag 1920
aazaccaaaz 1980
tgctcacags 2040
tgccacagtc 2100
gazaaccgad 2150
2220

2280

2340
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ccatccacct

atcctctecca

ctggtggaca

acTgcccceqg

gtatcaagza

gcztcttceaa

ccaactggtg

cc-gctecte

alcglgcecle

ccacagaced

ca-cccacce

gazgctgacg

aaaaccagcce

<210> 47
<Z11> 41

<212> DNA
<Z13>

20>

23>
<400> 47
ct-tgaa
<210> 4¢
<211> 40
<212> DNA
<213> ar-.
<720>
<223>
<400> 48

mu-agenesis

gtggggaggc
cacctzcttt
gtgcacctgt
gaagtggtcg
acttgccgte
aacatagacc
caactattat
acagtcatct
agcglegece
cagtg-ctca
aattcectege
taggazggtca

ggcceazctat

ar-’ficiesl

ficiezl

cagcagccca
c-ccacazag
cacttgtgac
tgagccageoc
tZccttecta
g-cacatcac
cTcagccczct
gccaagggaqg
Lgcecleecly
gctgccacag
tgccaaggag
Jagcagggac

zZatcaactyg

orimer G291E

- tacagatttt gagttggcga ¢

mu-agenesis orimer 470C

29

cccteoecectge
tgcctgctge
tctgagatge
ctcatgccaa
cagcagacat
agacggacca
cgagcctetyg
ctctcaccea
agaageeccl
actgeocctetyg
agaactaaat
tacactgtac

cagaaagaat

gaatgocea

tcagcagecaeyg ctggcagagt gcgacatcga cgtgotgcag

<210> 49

<211> 304°
<212> DNA
<213> homo
<400> 49

atggectttge
cCCcggocggct
gogctgtggyg
coeggocage

Lgggeaggee

coceceggecy

LLcgagegge

sapiens

ggggcgecge
cagcgzccte
ccgegeteta
tggtggaggt
zgglccagceg
ccagcceccace

Lggagclgaa

Jggaccgsce
gzcgtcczacc
tgactacgag
gctgtcgecag
cegeclecge
jcegocgcce

ggagclezle

cacaccccgg
tcctoggecyg
gctegegeoey
cacgccgccg
alcl_occeey
tcgcagccca

cgegelgogg

cactgtcaag
agatggzcag
—cactccgga
gacttgzcac
gtgggaz=gt
—gtctgzzgg
cactgccact
agaagcz.cad
cagalclgee
tagtaggtea
cccatgtgec
cactgtgcag

—cctgtetta

[

—gtcetegge
gctcggectce
aggacgzgct
—gtcgggcga
cecaaclzcgl
gctceeecggt

goellegggea

PCT/IB2010/052684

tgccetecgge
tgzagatccs
tttttgtcece
tgzttgtagt
accttactgt
aaztccocacc
ctgccectesz
cactgtccac
Lezggellac
cccaggacca
ttcattactyg
aatgagcagce

a

cgggggagec
ggcgggcgced
gagcctoegyg
cgzgggctag
ggc.ceclge
aczogtocgec

gglglaccge

2820

2880

2940

3000

3050

3111

41

40
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gccacctgge
gcggcggcgg
cccaacatca
gagttcgecce
ccgegecgege
gccgtgcaga
caccgggacce
tccaataaca
aaaalgagca
ttZtctaagg
gaagtccceot
ctcactttge
togcaacazg
atzgaagggg
Legaaaclzyg
tcecegggazg
aageqggeygly

atZctgatcz

agggccagga
ctgccgagag
tcgagetgcyg
gcggcggage
ccggoceccg
tagegeagag
tcaagzccag
ctttgaagat
cagezggeac
gaagcgacat
atcggggcat
ccattccate
accctcecatat
cagtgatgac
aaallcaaca
aggagctgac
ageageagol
tcecagetaaa

gtttaaagct

ccgtgcagge

aaagatagza

traactaton

cagataaasz
gagaatcctg
toccattgaga
tcagetcetgz
gagcttcata
gagggaatcs
ccatcocaco™
atcctcteca

ctggtggaca

acTgcccceg

gcaataaaac
ggaat-ttaa
cagatzgcaa
taatzaaaaa
gtgacgagcc
tgcctagtoa
cagazgctga
tgactcctac
atgggzgcac
aagcecagge
tccageggge
gtggggagge
cacctzcttt
gtgcecctgt

gaagtggtog

ggtgccegtyg
cgtgcggcge
cggectgtge
gctcaaccga
ccgeocgege
catgctctac
caacattttyg
tacacatttt
c.aleeclygg
czggagctat
tgatcgecte
cacctgcccot
tcgteccateg
tgagatgcct
zalglLlgal
tcggocaget
ggeacagege
ccagoagz.ag
caaacatgga

cZctcceczac

zgaaaggszta

tcagaaazcc
caaactttce
ggectacsth
zagctgggag
Jaatagtctyg
cgtccttetyg
tgctcaagaa
tZccaagtcc
cagcagcooa
cTccacazag
cacttgtgac

tgagccagec

30

aaggcggcge
caggctecge
ctgcagcage
gecgctggecy
cgcatcceccte
ctgcatgagg

ctacttgaga

ccecgtggett
cagcogtttyg
tttgcettaa
caagaatctt
cagllgacaa
ctgcagcaga
cagalcgacy
cccaaggtaa
catcgaatca
ttggacaaac
atg
aacacagtct
tgta:
agacctctet
atgcaocttgg
cctgatgcat
catctaccte
caggcagcect
agtagatoco
ccatocggtag
cocgthgeoca
cgcagaaccy
cocctocctge
tgcctgetge
tctgagatgce

ctcatgccaa

gccaggacce
—cttcgcecat
cgcacctctg
ctgccazcge
cgcacgtget
aggccttogt
agatagzaca
aggaatggca
aaglgalcaa
—gtgggzact
atggggtage
ccaagctcat
~tctegzaca
“tcattccat
cadaggezdada
agtctczgga
~gclggzgeyg

agaagaggaa

gtttacczte

ccgatggcaa
cttcattgtt
“agaacz.cag
ctgcgaatgce
coccagagaaa
ctectgggact
aggaagzgaa
ccagtcecTece
cactgtcaag
agatggz.cag
tcaczccgga

gacttgzcac

PCT/IB2010/052684

ggzgcacgac £30
gctgcgccac 540
cctggtcctyg 600
cgcococggac 650
ggtcaactgg 720
gccoatoctyg /180
tgztgacatc 840
caggaccacc 900
glclleelly 950
geteoaccggs 1020
agtcaataasz 1080
gazagaatgc 1140
gttgactgct 1200
gczagatgac 1250
ggzgclecegz 1320
ggzgctocta 1380
ggzacllaac 1440
gggcaag-tt 1500
agattt: 1550
gac.cagcage 1620
zgttoact 1680
agzatttgag 17410
o cattcaaatyg 1800
cagtccttgg 1850
tgtggaccayg 1920
aazaccaaaz 1980
tgctcacags 2040
—gccacegtc 2100
gazaaccgad 21460
ggz.cctcags 2220
gazgaaacygs 2230
cacaagcctyg 2340
tgcactogge 2400
tgzagatccs 24350
tttttgtcce 2520
tgzttgtagt 2530
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gtatcaagca acttgccgtce
gothettcza aacatagace
ccaactggtg caactattat
coTgoctcoctc acagtcatcot
atcgtgecte agcecgtcegecce
cracagaceg cagtgnoctca
ca-cccacce aattcoctege
ga~gctgacyg tggasgghtca
<Z10> 50

<211> 304°

<212> DNA

<213> homo sapiens

<400> 50
atggctttgce ggggcgcecge

coeggocaggct cagcegzecte
gogelglggyg cegegelela
cocggcoccage tggtggagat

Lecggeaggec agglgecageg

COCCCggccy CCageaccac

ttogage

gccacctgac

goggegyg

cccaacatca
gagttcg
ccgcgocgcge cocggccceccg
googtgeaga tagegogggy
caccgggace tcaagzccag
toccaataasa ctttgaagat
azaatgagca cagcsggcac
tt-tctaagy gaagogacat
gaagtcceccctT atcggggcat
ctcactttge coattocatc
tocgcaacasg accctcatat
at-gaagggg caghtgatgac
tcgaaacteg aaattcaaca
tcocececgggasg aggagctgac

aagcggcgtyg agcagcagcot

tZccttecta
g-cacatcac
c-cagccsct
Jgocaagggag
tgcctecectyg
gotgccacag
tgccaaggag

Jagcagggac

Jggaccgzacce
g-cgtcczcoc

Lgaclacgag

gctgtegeag

> tggagoctgaa gga

cageocgcgc

catgofctac
caacattttyg
cTatocctagg
cTggagctat
tgataogccte
cacctgooaot
tcgtccatcg
tgagatgcaot
zatgtttgat
teggecgact

ggcagagtge

31

cagcagacat
agacggacca
cgagoctetyg
agaagccoct
actgoctctyg
agaactaaat

tacactgtge

cacaccccgyg
tcectoggoeg
celegegecy

cacgocgcey

cgcatcccte
ctgcatgagg
ctacttgaga
cggttggega
atggcececcyg
cgagtgctge
cccgtggctt
cagcaghttg
tttgccttaa
caagaatott
cagttgacaa

ctgcagcaga

PCT/IB2010/052684

gtgggaz-gt accttactgt 2640
—gtotgz-gg aaztcccace 2700
cactgccact ctgcccctez 2750
agaagczcag cactghbocac 2820
cagatctgec tcecsggcttac 2880
—agtggg-cg cocaggaccs 2940
cccatgtgee ttcattactg 3000
Io! 3041
—gtcctcgge cgggggagec 50
gctcggccte ggcagggcgcyg 120
aggacygzgcel gageclecgy 180
—gtcgggcga cgzgggctgg 240
ccaaclzcgl ggelecelge 300
gctceceecggt aczogtogec 350
gotte a ggtgtas £20
gccaggs.cce ggogcacgac £80
go —ottogecoat 540
cgcacctctg cctggtgctg 600
ctgi 650
cgcacgtget ggtcaactgg 720
aggoottoght goccatootyg 780
agatagzaca tgotgacatc 840
gggaatIygoa caggacoace ano
aagtgatcaa gtcttecocttg 950
tgtocggzact goctocaccggs 1020
atggggtagc agtcaataas 1080
ccaagetcat gazagaatge 1140
—tctcgzaca gttgactgcet 1200
~tcattccat geczagatgac 1250
caaaggzaaa ggzgctccgzs 1320
agtctczgga ggzgctcctza 1380
—gctggzgcg ggzacttaac 1440

cagatcgacyg
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at-ctgatcT tccagctaaa
aagagaaghbc gtttzaagot
cacaagatza ccgtocaggce
ac-tccaghbc cococgagoag
tcagatgaza gcaataaaac
ga~gtaaasa ggaat-ttaa
aaagatagza cagat-gcaa
tcaactatc” taatzaaaaa
ccagggtect gtgasgagcoc
caaataaaz” tgcctagtca
gagaatcctg cagazgctga
tocattgaga tgactoctac
tcagctcectgT atgggzgcac
gagcttcata aagcacagge
gagggaatcT tccagcgggce
ccatccacct gtggggaggce
atcctctcecca cacctZcettt
ctggtggaca gtgcecctgt
acTgccccsg gaadgtggtcg
gtatcaagza acttgccgtc
gcottcettcecza aacatagacce
ccaactggtg caactattat
ccTgcectecte acagtcatct
atcgtgcctc agecagtegecce
ccacagacsg cagtgzctca
ca-cccaccce aattcctege

gatgctgacyg tggasggtca

<710> 51

<211> 304°

<212> DNA

<Z213> homo sapiens

<400> 51
atggctttgc ggggcgccgce

cocggoggaT cagachtacto
gcgctgtggg ccgegcetcta
cceggccagce tggtggaggt

teggcaggce aggtgcagog

ccagoagz.ag
caaacatgga
ctctececcaac
cccoccacastg
tZggcgazgg
Jaaaaaaggt
zgaaaggzta
t.cagaaazcc

zaaactttce

ggcctac
zagcetgggag
gaatagtctyg
cgtccttetyg
tgctocaagaa
tZccaagtcc
cagcagccca
cTccacazag
cacttgtgac
tgagccagec
tzccttecta
g-cacatcac
c-cagcczct
gccaagggag
tgcctececctyg
gctgccacag
tgccaaggag

gagcagggac

Jgggagcgzcc
ctcgtcocace
tgactacgag
gctgtcgcag

gcgeoctegge

32

cccaaggtaa
catcgaatca
ttggacaaac

atgcoccooac

aacacagtct
tgtacctcgg
agacctcectet
atgcocttgg

cctgatgoat

. catctaccte

caggcagcct
agtagatoce
ccatcggtgg
ccgttgeoca
cgcagaaccy
cccteectge
tgcctgetge
tctgagatgc
ctcatgccaa
cagcagacat
agacggacca
cgagoctotyg
ctctcaccea
agaagcccoct
actgcctctg
agaactaaat

tacactgtge

cacaccccag
tcectecgggeg
cctegegocy
cacgccgccg

atcttececceg

agaagaggaa
gtttace-tc
ggcggagcect
—cocgagccat
—tcgaczaga
gaccaaz-tc
ccgatggcaa
cttcattgtt
Zagaaczcag
~tgggazaga
ctgcgaz-gc
coccagagaaa
ctctgggact
aggaagzgaa
ccagtccTee
cactgtcaag
agatggz.cag
—cactccgga

gacttgzcac

gtgggazzgt
—gtctgzgg
cactgccact

agaagcacag
cagatctacce
—agtgggtcyg
cccatgtgce

(o]

—gtcctcecgge
gctoggoate
aggacgzgct
—gtcgggcga

ccaactzcgt

PCT/IB2010/052684

gaacagcagc

aczgttcact
agzatttgag
cattcaaatyg
cagtccttgg
tgtggaccag
aazaccaaas
tgctecacags
tgccacagtce
gazaaccgag
ggacctcaga
gazgaaacgs
cacaagcctyg
tgcocctocgge
tgzagatccs
tttttgtcce
tgzattgtagt
accttactgt
aastcccace
ctgcccctez
cactgtccac
tczggcttac
cccaggaccs

ttcattactyg

Cgggggagee
JITIIICICC
gagecteegy
cgegggctay

ggcteectge

1850

1920

1980

2040

2100

2820

2880

2940

3000

3041

300
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cocecggecg
ttcgageggc
gccacctgac
gcggoggogyg
cccaacatca
gagttcgooo
ccgegegege
gocgtgcaga
taccgggacce
tccaataacza
aaaatgagca
tt-tctaagg
gaagtcccot
ctcactttge
tcgcaacasg
atzgaagggg
tcgaaactzag
tcececgggasg
aagcggcgtyg
at-ctgatez
aagagaagtc
cacaagatea
acttccagte
tcagatgacza
ga-gtaaaza
aaagatageza
tcaactatcz
ccagggtcco
caaataaazz
gagaatcctg
tcecattgaga
tcagectctgz

gagcllcala

ccagccecge
tggagcotgaa
agggccagga
ctgococgagag
tcgagctgcy
grggoggage
ccggcceccg
tagegegggy
tcaagzccag
ctttgaagat
cagceggcac
gaagogacat
atcggggcat
cocattccatc
accctcatat
cagtgatgac
aaattcaaca
aggagctgac
agcagcagct
tccagctaaa
gtttzaagct
ccgtgcagge
ccecegagecag
gcaataaaac
ggaatzttaa
cagat-gcaa
taatzaaaaa
gtgasgagcc
tgcectagtca
cagazgctga
tgactcctac
atggg-gcac
aagczcaggce
tccageggac

glggggagge

gccgocgeoe
ggagotoste
ggtgcccgtyg
cgtgoggoge
cggcotgtge
gotcaaccga
ccgecocgcge
catgotfctac
caacattttg
tacacatttt
ctatocctgg
crggagctat
tgatggecte
cacctgcoat
tcgteccateg
tgagatgcct
zatgtttgat
teggecgact
ggcacagcge
ccagcagzag
caaacatgga
czctcceczac
ccccacaztg
tZggcgazag
gaaaaaaggt
zgaaaggzta
tcagaaaz.cc
zaaactttce
ggcctaczstt
zagctgggag
Jaatagtctyg
cgtcocttetyg
Lgclcaagaa

t-ccaagtcc

cageageeca o

33

tcgecggecca
cgegotgogy
aaggcggcgce
cagyotoogo
ctgcagcagce
ccgotggneg
cgcatcecccte
ctgcatgagy
ctacttgaga
cggttggoga
atggoccccyg
cgagtgctge
ccecgtggett
cagcoghttg
tttgcettaa
caagaatctt
cagttgacaa
ctgcagcaga
cagatcgacyg
cccaaggtaa
catcgaatca
ttggacaaac
atgccececac
aacacagtct
tgtacctcgg
agacctctct
atgccettgg
cctgatgcat
catctaccte
caggcagcct
agtagatccc
gcatecggtgy
cegllgecea

cgcagaacca

scleeelge

gctceceecggt
gettegggea
gccaggzcce
—cttcgecat
cgcacctcectg
ctgocazacge
cgcacgtgct
aggocttocgh
agatagzaca
gggaatggea
aagtgatcaa
~gtgggzact
atggggtage
ccaagcetcat
~—tctecgzaca
“tcattccat
caaaggaaaa
agtctczgga
—gctggzgceg
agaagaggaa
gtttacctte
ggcggagect
—ccgagcecat
ttcgaczaga
gaccaazztc
ccgatggcaa
cttcattgtt
“agaaczcag
~tgggazaga
ctgcgaz-gc
cccagagaaa
ctctgggact
aggaagzgaa
ccagTccTec

caclglcaag

PCT/IB2010/052684

aczogtecgec
ggtgtaccge
ggzgcacgac
gotgogocac
cctggtectyg
cgocacocggac
ggtcaacZgg
gcooatooctyg
tgztgacatc
caggacocaco
gtctteottyg
gotocacogga
agtcaataasz
gazagaatgc
gttgactgct
gczagatgac
ggagctgcga
ggzgcteccts
ggzacttaac
gggcaacttt
agztttccag
gazcagcagc
aczgttcact
agzatttgag
cattcaaatyg
cagtccttgg
—gtggaccaqg
aazaccaaasz
tgctcacags
tgccacagtc
gazaaccgag
ggzcctcags
gazgaaacygz
cacaagcctyg

Lgcecelegge

1080

1140

1200

1800

2920

2040

2100

2150

2220

2280
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atcctctcecca cacctZcettt

ctggtggaca gtgcecctgt

acTgcccecsyg gaagtggtcg

gtatcaagza acttgccgtc

gcottcettcecza aacatagacce

ccaactggtg caactattat

ccTgetecte acagtcatct

atcgtgcctc agecagtegecce

cracagaczg caglelclea

cazcccacce aattcetege

gatgctgacyg tggazggtca

<210>
<211>
<212>
<Z213>

<400>

52

3047

DNA

homo sapiens

52

atggctttgc ggggcgccgce

cocggcggcT cagegmcctc

gcgctgtggg ccgegcetcta

cgcggecage tggtggagot

teggcaggce aggtgcagog

CCCCCggesyg Ccagoaccygc

ttcgagecgge tggagctgaa

gccacctgge agggccagga

gcggeggegg ctgccgagag

cccaacatca tcgagectgc

Q

gagttcgccc gcggcggage

CCYgCgegcgc CCYggeacccy

gcegtgeaga tagegcgggy

cagcgggacce tcaag-ccag

tccaataaza ctttgaagat

aaaatgagca cagcaggcac

ttttctaagg gaagcgacat

gaagtcccct atcggggeat

clcaclllyge cealleecale

tocgcaacazg accctcatat

al _gaaggygyg caglgalgac

cTccacazag
cacttgtgac
tgagccagcece
tzccttecta
g-cacatcac
c-cagcczct
gccaagggag
tgcctececctyg
cclygeacaq
taccaaggag

Jagcagggac

gggaccgzce
gzcgtcczacc
tgactacgag
gctgtcgcag
gcgeoctegge
gccgocgecce
ggagctezte
ggtggcegty
cgtgcggege
cggcotatge
gctcaaccga
CCgcocygcgce
catgctetac
caacattttg
tacacatttt
c-atccctgg
cTggagctat
tgatgogecte
cacclgeecl
tcgtocatog

Lgagalgecl

34

tgcctgetge
tctgagatgc
ctcatgccaa
cagcagacat
agacggacca
cgagcctctyg
ctctecaccea
agaageccoct
aclygcclgly
agaactaaat

tacactgtge

cacaccccgg
tectoggocyg
cctegegecyg
cacgccgccg
atcttececceg
tcgcggeccoca
cgcgctgcgg
aaggcggcge
caggctecge
ctgcagcagc
ccgctggecy
cgcatcccte
ctgcatgagyg
ctacttgaga
cggttggcga
atggcccoeg
cgag-gctgce
cccgtggett
cageeglllyg
tttgoccttaa

caagaalollL

agatggz.cag
—cactccgga

gacttgzcac

gtgggazzgt
—gtctgzgg
cactgccact

agaagczcag
cagatctgcc
-aglggy.cq
cccatgtgec

(o]

—gtcetegge
gctcggectc
aggacgzgct
tgtcgggcga
ccaactzcgt
gctccecggt
gcttegggea
gccaggacce
—cttecgecat
cgcacctetag
ctgccazcge
cgcacgtgct
aggcettegt
agatagzaca
gggaatggca
aagtgatcaa
—gtgggzact
atggggtage
ccaagceleal
—tctcgzaca

_Leallecal

PCT/IB2010/052684

tgzagatccs 2450
tttttgtcce 2520
tgzttgtagt 2530
accttactgt 2640
aaztcccacc 2700
ctgcccctez 2150
cactgtccac 2820
tcoggcttac 2880
ceraggacea 2940
ttcattactg 3000

3041
cgggggagee 50
ggcgggcgcy 120
gagcctoccgg 130
cgagggctgg 240
ggcteccctge 300
aczcgtcgee 350
ggtgtaccge 420
ggzgcacgac £80
gctgegccac 540
cctggtoctyg 600
cgcoccogac 650
ggtcaactgyg 7120
gcccatcetg 730
tgztgacatc 840
caggaccacc 900
gtcttcecttyg 950
gctcaccggz 1020
agtcaataaz 1080
gazagaalgc 1140
gttgactgct 1200
gezagalgac 1250
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tcgaaactzag
tcecgggazg
aagcggcgtyg
at-ctgatez
aagagaagtc
cacaagatea
ac-tccagtc
tcagatgaca
ga_.glaaaza
aaagatagza
tcaactatcz
ccagggatecoT
caaataaazz
gagaatcctyg
Lccallgaga

tcagectctgz

gagcllecala

atcctcteca
ctggtggaca
acTgcccesg
gtatcaa

cTtctteceza
craactggtg
cczgctecte
atcgtgecta
ccacagaceg

ga-gctgacqg

<210> 53
<211> 3047
<212> DNA

aaattcaaca
aggagctgac
zgcaccagct
tccagcectaaa
gtttzaagct
ccgtgeagge
ccecegagead
gcaataaaac
ggaal_Llaa
cagat-—gcaa
taatzaaaaa
gtgasgagcc
tgcectagtca
cagazgctga
LgaclLcclac
atgggzgcac

dageacagqgo

tcecageggac

zatgtttgat
teggccggct
cgcagagcgce
ccagcagzag
caaacatgga
czctcceczac
ccccacastyg
tZggocgazag
Jaadaaagqgl
zgaaaggzta
tcagaaazcc
zaaactttce

ggcctacstt

gaalaglclg

cgteccttcetg

35

cagttgacaa
ctgcagcaga
gagz-cgacg
cccaaggtaa
catcgaatca
ttggacaaac
atgccoccececac
aacacagtet
Lglacclegg
agacctctet
atgcocettgg
cctgatgoat
catctacctc
caggcagcct

aglagalccee

Lgclcaagaa cc

t-ccaagtcc

aacatagacc

caactattat

acagtcatct

agcgtag

cagtg-ctca
aattcotocge

tggazggtca

<Z213> homo sapiens

<400> 53

cTccacazag
cacttgtgac
tgagccagoce
ttecta

g-cacatcac

> tgoccteoctg

gctgocacag
tgccaaggag

gqagcagggac

atggctttge ggggcgccgce gggaccgzacc

Coegyuegyl -

cageg.occle

toctgagatge =

ctcatgccaa

cagcagacat

agacggacea

. cgagcctotg

ctctocacceca

agaage

actgoctctyg
agaactaaat

tacactgtgc

cacaccccayg

Leclegggey

PCT/IB2010/052684

caaaggzaaa ggagctccgs
agtctczgga ggzgctccts
—gctggzgceg ggaacttaac
agaagaggaa gggcaacttt
gtttaccttc agztttccag
gacagagccet gazcagcagc
—ccgagecat aczgttcact
—tcgaczaga agzatttgag
gaccaaz .Lc callcaaaly
ccgatggcaa cagtceccettgg
cttcattgtt tgtggaccag
—agaaczcag aazaccaaasz
ttgcgaaaga —gctcagagz
ctgcgaz-—gc tgccacagtc
ceccagagaaa gazaacegay

ctctgggact gg

0

cctcag

o

aggaagzgaa gazgaaacyz

ccagtcczece cacaagcctyg

ctgtcaag tge

—gtctgz-gg aastcccacc

cactgccact chtgcccecotesa

agaagco.cag cactgtccac
cagatctgeo tezggettac
—agtgggtcg cccaggaccs
coccatgtgeoe ttcatftactg

C

—gtcctecgge cggaggagec

geluggecle ggegggegey

1620

1680

1740

1800

1850

1920

1980

2040

2100

2910

3000

3011

120
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gcgctgtggg ccgegcetcta
cceggccage tggtggaggt
toggcaggce aggtgcageg
cgcecggecg ccagccccge
ttcgagecgge tggagctgaa
gccacctgge agggccagga
gcggeggegyg ctgeccgagag
cccaacatca tcgagetacg
gagllcgece geggeggage
ccgegogege cocggoceecd
gcegtgeaga tagegegggg
caccgagacce tcaagzccadg
tocaataaza ctttgaagat
azaatgagca cagczggcac
LL_Lclaagyg gaagcgacal
gaagtcccct atcggggeat

callceale

accctcatat
cagtgatgac
aaattcaaca

aggagatgac

agcagcagct

aagagaagtc gtttzaagct
cacaagatea cogtgocagge
ac-tccagte ccccgagcaqg
tocagatgasza goaataaaac
gatgtaaaza ggaatttaa
aaagatagza cagat-gcaa
tcaactatct taatzaaaaa
coagggtoo ghgasgagoce
caaataaaz~ tgcctagtca
gagaatcctyg cagazsgctga
tccattgaga tgactcectac
tcagctctgs atgggzgcac

gagcttcata aagcacaggce

tgactacgag
gctgtcgcag
gcgeotegge
gccgocgeoe
ggagctczte
ggtagccegty
cgtgcggege
cggcotatge
gclcaaccyga
cogeocgecge
catgctetac
caacattttg
tacacatttt
czatccctag
c.ggagcelal
tgatogcctce
cacclgeccl
tcgtocatog

tgagatgcc

catgtttgat

36

cctegegecyg
cacgccgccg
atcttececceg
tcgecggecca
cgcgctgcgg
aaggcggcgac
caggctecge
ctgcagcage
ccgelggeeg
cgcateecte
ctgcatgagy
ctacttgaga
cggttggaga
atggcoccecoeg
cgaglgclge
ccecgtaggctt
cageeglllg
tttgoccttaa

caagaatott

cceccacaztg
LTggegaz gy
Jaaaaaaggt
zgaaaggzta
tcagaaazcc
zaaactttcc
ggcctacstt
zagcetgggay
Jaatagtctyg
cgtccttctyg

tgctcaagaa

cagatcgacyg

aaggtaa

catcgaatca

> thggacaaac

atgcoccoac
aacacagtct
tgtacctcgg
agacctctct
atgcocttgg
cctgatgoat
catctacctc
caggcagaoch
agtagatcce
cgcatcggtayg

ccgttgecca

aggacgzgct
—gtcgggcga
ccaactzcgt
gctceecggt
gcttegggea
gccaggzcce
tcttegecat
cgcacctetag
clygccazcge
cgcacgtget
aggcettegt
agatagzaca
gggaatggea
aagtgatcaa
~glgggzacl
atggagtage
ccaageleal
—tctecgzaca
—tecattcecat
caaaggc.aaa
agtotezgga
—gctggzgcyg
gtttaccttc

ggcggagact

—ccgagccat

gaccaaz_tc
cocgatggcaa
cttcattatt
“agaaczcag
—tgggazaga
ctgcgaz=gc
cccagagaaa
ctctgggact

aggaagzgaa

PCT/IB2010/052684

gagcctoccgg 130
cgzgggctagg 240
ggcteccctge 300
aczcogtocgec 350
ggtgtaccge 220
ggzgcacgac £80
gctgeggcac 540
cctggtoctyg 600
cgeeeeegac 650
ggtcaactgg 120
gcccatcetg 730
tgztgacatc 840
caggaccacc 900
gtcttecottg 950
gcleaccggz 1020
agtcaataas 1080
gaaagas .go 1140
gttgactgcet 1200
gatgac 1250
1320

1380

12410

1500

agztttccag 1550
gazcagoage 1620
aczgttcact 1680
agaatttgag 740
cattcaaatg 1800
cagtccttgg 18460
tgtggaccag 1920
aazaccaaas 1980
tgctcacags 2040
tgccacagtce 2100
gazaacogag 2150
ggzcctcags 2220
gazgaaacgsz 2230
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gagggaatcoT
atcctcteca
ctggtggaca
acTgcccesg
gtatcaagsa

cTtctteceaa
ccaactggtg
ccogetecte
atcgtgecte
ccacagaceg

caccoact

ga-gctgacyg

<210> 54

<211> 304”
<Z12> DNA
<Z213> homo

<400> 54
atggctttgce

ttcgagegac

gocacotgge

gagttcgcce

cogogogagc
gcegtgcaga
caccgggaso
tccaataacza
aaaat.gagca
ttttctaagg
gaagtcccct

ctcactttgc

cacctzcttt
gtgczcctgt
Jaagtggtcg
acttgcoccgte
aacatagacc
caactattat
acagtcatct

agogtagao:

cagtgzctca

> aattcotege

tggazggtca

sapiens

tggagctgaa
agggocagga
ctgccgagag
togagaetgog
gcggcggage
coggococog
tagecgcgggy
tcaag-ccag
ctttgaagat
cagcaggcac
gaagcgacat
atcggggcat

ccattccate

tZccaagtcc
cagocagocoda
cTccacazag
cacttgtgac
tgagccagoce
t-cocttccota
g-cacatcac
ctcagcecact
gccaagggag
tgccteocctyg
gctgocacag
tgccaaggag

gagcagggac

cggeoctgtge
gctcaaccga
cogooogogo
catgctctac
caacattttg
tacacatttt
cratccctgg
cTggagctat
tgatcgcctc

cacctgecct

o tegegg

37

tgcctgetge
tctgagatge
ctcatgccaa
cagcagacat
agacggacca
ggagcctotg

ctctecaccca

agaagco
actgcctotyg
agaactaaat

tacactgtgce

cacaccccay

o tectocggoog

gctegegeeyg

[als}

atcttccccyg

Jgcgotgogyg
aaggcggcge
caggoteoge
ctgcageage
ccgctggecyg
cgcatcocte
ctgcatgagg
ctacttgaga
Jggttggcga
atggoccocg
cgagtgctgce
cccgtggott

cagcogtttyg

ccagtecTece

g cactgtcaag

agatggz.caqg
—cactccgga
gacttgzcac
gtgggaz—gt
—gtctgzgg
cactgccact

agaagczcag

. cagatctgeeo

—agtgggzcyg
cccatgtgoo

C

—gtcetegge
getoggecte
aggacgzgct
tgtogggogs
ccaactzcgt

get

ggt

gcttegggea

gocaggaaco
—cttcgccat
cgcacctatg
ctgccazcgc
cgcacgtgeot
aggccttaegt
agatagaaca
gggaatgaca
aagtgatcaa
—gtgggzact
atggggtage

ccaagctcat

PCT/IB2010/052684

cacaagcctyg 2340
tgcactogge 2400
tgzagatccs 2750
tttttgtace 2520
tgzttgtagt 2580
accttactgt 2640
aaztccoacc 2700
ctoceactea 2760
cactgtccac 2820
tozggettac 28830
cccaggacces 2940
ttecattactyg 3000
3041

cagaggagec 50
JICIIGTC 120
gagcctocgg 1380
240

ggcteecctge 300
350

ggtgtaccgce 720
ggzgoacgac 430
gctgcgocac 540
cotggtootg 600
cgcoocogac 650
ggtcaactgy 720
gccocatcetg 730
~gatgacatc 840
caggaccace 900
gtctteottyg 950
gctcaccggs 1020
agtcaataaz 1080
gazagaatgc 1140
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togecaacacg

tocgaaactzg

toococgggazg

aagcggegtyg

at-ctgatan

aagagaagtc

cacaagatea

acttccagte

tcagatgasza

ga-gtaaaza

aaagatagsa

tcaactatct

cocagggtecot

caaataaazz

gagaatcctyg

tccattgaga

tcagctctgz

gagcttcata

gagggaatco

ccatcca

cCT

atcctcteca

ctggtggaca

ac-gccceeeg

gtatcaagza

gc-tcttcea

ccaactggtg

cc-gctcectce

atcgtgcecte

ccacagaceg

ca-cccacce

ga-gctgacg

<210>
<Z11>
212>
<Z13>

55
3047
DNA

homo

accctcatat
cagtgatgac
aaattcaaca
aggagctgac
agcagcagcet
tocagcotaaa
gtttzaagct
cogtgcagge
ccccgagecag
goaataaaac
ggaat-ttaa
cagat-gcaa
taatzaaaaa
gtgazgagoc
tgcctagtca
cagazgctga
tgactcctac
atgggzgcac
aagcescaggc
tccagcggge
gtggggaggc
caccttecttt
gtgcacctgt
gaagtagtcyg
acttgcecgtce
aacatagacc
caactattat
acagtcatct
agcgtegece
cagtg-ctca
aattcectege

tggasggtca

saplens

tcgtccatcg
tgagatgeot
zatgtttgat
tocggeegget
ggcagagcgc
coagcagzag
caaacatgga
cmctaocczac
ccccacasztg
toggcgazgy
Jaaaaaaggt
zgaaaggzta
tcagaaaz.cc
zaaactttcc
ggcctacstt
zagctgggay
Jaatagtctg
cgtccttctyg
tgctcaagaa
t-ccaagtcc
cagcagccca
ctccacaaag
cacttgtgac
tgagccageoe
tzccttecta
gzcacatcac
cTcaccczact
gccaagggag
tgccteectyg
gctgccacag
tgccaaggag

gagcagggac

38

tttgocttaa
caagaatott
cagttgacaa
ctgcagoaga
cagsTcgacy
cccaaggtaa
catcgaatca
ttggacaaac
atgccocececac
aacacagtct
tgtacctcgg
agacaototct
atgcocettgg
cctgatgcat
catczaccte
caggcagcct
agtagatcce
ccatecggtay
ccgttgecca
cgcagaaccyg
cccteoeectge
tgcczgetge
tctgagatge
ctcatgccaa
cagcagacat
agacggacca
cgagcctotyg
ctctcaccca
agaagcccct
actgcctectyg
agaactaaat

tacactgtgce

—tctecgoaca
ttcattecaat
caaaggzaaa
agtotozgga
—gctggzgcyg
agaagaggaa
gtttaccttc
ggoggagect
—ccgagcecat
~tcgaczaga
gaccaaz_tc
ccgatggaaa
cttcattgtt
Tagaaczcag
~tgggazaga
ctgcgaz-gc
cccagagaaa
ctctgggact
aggaagzgaa
ccagtccTce
cactgtcaag
agatggzcag
—cactccgga

gacttgzcac

gtgggaz-gt
—gtctgzZgg
cactgccact

agaagczcag

cagatctgec

agtgggtcyg

cccatgtgec

2

PCT/IB2010/052684

gttgactgct 1200
gezagatgac 1250
ggzgctocgs 1320
ggzgctocts 1380
ggzacttaac 12410
gggcaacttt 1500
agztttccag 1550
gazcagoagce 1620
aczgttcact 1680
agzatttgag 1740
cattcaaatyg 1800
cagtecttgg 1850
tgtggaccag 1920
aazaccaaasz 1980
tgctcacags 2040
tgccacagtc 2100
gazaaccgag 2150
ggzcctcags 2220
gazgaaacgsz 2230
cacaagcctyg 2340
tgccetocgge 2400
tgaagatcca 2450
tttttgtcce 2520
tgzttatagt 2580
accttactgt 2640
aaztcccacce 2700
ctgccectesa 2750
cactgtccac 2820
tczggcttac 2830
cccaggaccsa 2940
ttcattactg 3000

3041
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<400> 55
atggctttac

COCYgLggoT
gogctatagg
croggocage
toggcaggce
cgeococggong
ttcgagegac
gocacotgge
gcggcggcegyg
cocaacatca
gagttcgcce
cogogogogo
gcecgtgcaga
caccgggace
tccaataacza
aaaatgagca
ttttctaagg
gaagtcccco
ctcactttgc
tcgcaacasg
atzgaagggg
togaaacteg
tcecegggasg
aagcgacatyg
atzctgatzz
aagagaagtc
cacaagatza
ac-tccagtc
tcagatgaza
ga~gtaaacza
aaagatagza
tcaactatcz
cragggles .
caaataaas:

gagaalcclg

ggggegeege

cageg-ecte gz

ccgegeteta
tggtggaggt
aggtgcagcyg
coagoocococgo
tggagctgaa
agggccagga
ctgccgagag
togagotgog
gcggcggage
coggoocooog
tagegcgggg
tcaag-ccag
ctttgaagat
cagcaggcac
gaagcgacat
atcggggcat
ccattccate
accctcatat
cagtgatgac
aaattcaaca
aggagctgac
agcagcagct
tccagctaaa
gtttezaagct
ccgtgcagge
ccccgagcag
gcaataaaac
ggaat-ttaa
cagat-gcaa
taatzaaaaa
glgazgagcce
tgcctagtca

cagazgcelga

tgactacgag
goctgteogecag
gocgcecctegge
Joogoogooo
Jggagcteste
ggtgccegty
cgtgcggege
cggoectgtge
gctcaaccga
Cagogecgogo
catgctetac
caacattttg
tacacatttt
ctatgcctgg
cTggagctat
tgatcgcctc
cacctgecct
tcgtoccatcg
tgagatgcct
zatgtttgat
tcggeegget
gacagagcgce
ccagcagz.ag
caaacatgga
cZctccczac
ccccacaztg
tZggcgazgg
Jaaaaaaggt
zgaaaggzta
tcagaaazcc
zaaaclLllcce
ggcctacztt

zagelgggag

39

cacaccccygy

¢ tecctocggoeg

gctegegoeg
cacyocogoog
atcttcccecyg
tcgoggonca
Jgcgotgogyg
aaggcggcge
caggctcgge
ctgcagcage

ccgctggecyg

cgcatcecooto

ctgcatgagy
ctacttgaga
cggttggcga
atggcccccg
cgagtgctgce
ccegtggott
cagcogtttyg
tttgccttaa
caagaatctt
cagttgacaa
ctgcagcaga
cagatcgacg
cccaaggtaa
catcgaatca
ttggacaaac
atgccctcac
aacacagtct
tgtacctcgg
agacctetet
atgcoccttgg
celgalgeal
catctaccte

caggcagoel

—gtcctcecgge
getoggeote
aggacgzgct
—gtocgggcga
ccaactzcgt
gctoocococggt
gcttegggcea
goccaggaacce
—cttecgeecat
cgcacctotg
ctgccazcgc
cgcacgtgot
aggccttegt
agatagzaca
gggaatggca
aagtgatcaa
—gtgggzact
atggggtage
ccaagctcat
—tctcgzaca
“tcattccat
caaaggz.aaa
agtctczgga
“gctagzgeg
agaagaggaa
gtttaccttc
ggcggagect
—ccgagccat
~tcgaczaga
gaccaazztc
ccgatggcaa
cttcattgtt
_agaaczcag
—tgggazaga

clgogaz _go

PCT/IB2010/052684

Cgggggagee 50
JICIggoga 120
gagoctocgg 180
cgzgggctgg 240
ggcteectge 300
aczogtogeo 350
ggtgtaccgce 220
ggzgcacgac 430
gctgegocac 540
cetggtootyg 600
cgcoocogac 650
ggtcaactgy 120
gccecatcetg 730
tgztgacatc 840
caggaccacc 900
gtcztecctteo 950
gctcocaccggs 1020
agtcaataaz 1080
gazagaatgc 1140
gttgactgct 1200
gczagatgac 1250
ggzgctoccgs 1320
ggzgctcctz 1380
ggzacttaac 1440
gggcaacttt 1500
agatttccag 1550
gazcagcagc 1620
aczgttcact 1680
agzatttgag 1740
cattcaaatyg 1800
cagtccttgg 1850
tgtggaccag 1920
qazaccaaas 1980
tgctcacags 2040
Lgccacagle 2100
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tccattgaga tgactcectac
tcagctctgs atggg-gcac
gagcttcata aagcacaggce
gagggaatcT tccagcgggce
ccatccacct gtggggaggce
atcctcteca cacctzcttt
ctggtggaca gtgcscctgt
ac-gccceog gaagtggtca
glalcaagza acllygcegle
go-tcttcza aacatagacc
ccaactggtg caactattat
cc-gctecte acagtcatct
atcgtgectce agegtegece
ccacagaceqg cagtg-ctca

ca.cccacce aalloelege

<210> 56

<Z11> 304°

<212> DNA

<213> homo sapiens

<400> 56
atggctttgc ggggcgccge

cocoggocggos cagegmccte
gogctgtggg ccgegeteta
cgeggecage tggtggaggat
toggcagace aggtgcagcya
cooccggecg ccagoeccye
ttcgagcggc tggagctgaa
gocacctggce agggcocagga
gcggceggcygyg ctgccgagag
cccaacatca tcgagetgcg
gagttcgcce gocggcggagce
cogogogege ccggoacecy
gcegtgcaga tagegegggy
caccgggacce Lcaag.ccag
tocaataaza ctttgaagat

azaalgagea cagesggeac

Jaatagtctg
cgtccttctyg
tgctcaagaa
t-ccaagtcc
cagcagccca
cTccacazadg
cacttgtgac
tgagccagee
L.ccllecla
g-cacatcac
cTcagccczct
gccaagagada
tgccteectyg
gctgocacag
Lgccaagygag

gagcagggac

gggagcgacce
g-cgtcczce
tgactacgag
gctgtegcag
gcgcoctegge
gccgocgeoe
ggagctcztc
ggtgcecegtyg
cgtgcggcge
cggectgtge
gctcaaccga
ccgegcgege
catgctctac
caacalllLlg
tacacatttt

c.alceclygg

40

agtagatcce
ccatecggtay
ccgttgeoca
cgcagaaccyg
cccteoeectge
tgcctgctge
tctgagatge
ctcatgccaa
cagcagacal
agacggacca
cgagcctetyg
ctctcacceca
agaagcceoct
actgocctetg
agaaclaaal

tacactgtgce

gacacccogyg
tcectoggeeg
gctegegocy
cacgccgceeyg
atctteccceg
tcgecggecca
cgcgctgcgy
aaggcggcge
caggctecge
ctgcagcage
ccgctggecy
cgcateecte

ctgcatgagy

clacllgaga

cccagagaaa
ctctgggact
aggaagzgaa
ccagtcczce
cactgtcaag
agatggzcag
—cactccgga

gacttgzcac

glgggaz gl
—gtctgzZgag
cactgccact

agaagczcag
cagatctgec
cagtaggzeg
ccecalyglgee

C

—gtcctcgge
gctcggecte
aggacgzgct
—gtcgggcga
ccaactzcgt
gctceccggt
gcttcgggea
gccaggacce
—cttcgcecat
cgcacctctg
ctgccaacgce
cgcacgtget
aggccttogt
agalagzaca
aggaatggca

aaglgalcaa

PCT/IB2010/052684

gaaaacggag 2150
ggzcctcags 2220
gazgaaacgsz 2230
cacaagcctyg 2340
tgccetocgge 2400
tgzagatccs 2450
tttttgtccc 2520
tgcttatagt 2580
accllaclgl 2640
aaztcccace 2700
ctgcceczcea 2750
cactgtccac 2820
tczggcttac 2830
cccaggaccs 2940
Llcallacly 3000

3041
cgcgggages 50
ggcgggcgcy 120
gagcctocegg 180
cgzgggctgg 240
ggcteccctge 300
aczcgtcegece 350
ggtgtaccgc 220
ggzgcacgac £330
gctgcgecac 540
cctggtcctyg 600
cgccccggac 650
ggtcaactgg 720
gccoatoctyg 780
Lgzlgacalc 840
caggaccacc 900
glelleolly 950
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ttttctaagg
gaagtcccco
ctcactttgce
togcaacasg

atzgaaggayg

tcecegggazg
aagcggcatyg
al_clgale._
aagagaagtc
cacaagatza
ac-tccagtc
tcagatgaza
ga-gtaaacza
aaagalagza
tcaactatcz
cragggles .
caaataaact
tccattgaga

toagce

gagcttcata
ccatccacct
atcctctoca
ctggtggaca
ERsiets ate
gtatcaagza
gotheottcza
ccaactggtg
congetoocte
atcgtgectce
ccacagaceg
caTcccacce

ga-gctgacg

gaagcgacat
atcggggcat
ccattccate
accctcatat
cagtgatgac
aaattcaaca
aggagctgac
agcagcagct
Lccagelaaa
gtttzaagct
ccgtgcagge
cccecgagecad
gcaataaaac
ggaatzttaa
cagal .gcaa
taatzaaaaa
glgazgagoc
tgcctagtca
cagazgctga

tgactcctac

atgggTge
aagczcaggc

tic

cgggc
gtggggaggc
cacctoochtt
gtgcocetgt
gaagtggtog
acttgccgte
aacatagacc
caactattat
acaghtcatot
agcgtcgecce
cagtg-ctca
aattcctcge

tggasggtca

. cgt

cTggagctat
tgatggecte
cacctgecect
tcgtcecateg
tgagatgcct
zatgtttgat
tecggeegget
gacagagcgce
ceageagzaqg
caaacatgga
cZctccczac
ccccacaztg
tIggcgazgg
gaaaaaaggt
zgaaaggzla
tcagaaazcc

zaaaclllce

ggcctacztt

Jgaatagtctyg

cttctg

tgctcaagaa

41

cgagtgctgce
cccgtggott
cagcogtttyg
tttgocttaa
caagaatott
cagttgacaa
ctgcagcaga
cagatcgacg
cccaagyglaa
catcgaatceca
ttggacaaac
atgccoccccac
aacacagtct
togtacctogg
agacclclel
atgccettgg
celgalgoal
catctacctce
caggcagoet

agtagatccc

atocggtgg

ccgttgcccea

—gtgggzact
atggggtage
ccaagctcat
—tctcgzaca
ttcaztccat
caaaggz.aaa
agtcteczgga
—gctaggzgcg
agaagaggaa
gtttacczte
ggcggagect
—ctgagccat
~—tcgaczaga
gaccaaz-tc
ccyga.ggeaa
cttcattatt
Lagaaczoay
—tgggazaga
ctgogasz
cccagagaaa

ctetgggact

PCT/IB2010/052684

cagcagccoa

cacazag

cacttgtgac

tgage

tZccttecta
gJ-cacatcac
c-cagccsct
gcecaagggag
tgcctecectyg
gctgoccacag
tgccaaggag

gagcagggac

agaa

ccctoectge

tgcongetge

tctgagatge

o cteatgooaa

cagcagacat
agacggacca
cgagoctetyg
ctctocacoca
agaagccaoct
actgoctctg
agaactaaat

tacectgtgc

cactgtcaaqg
agatggzcag
—cactccgga
gacttgzcac
Jgtgggaz-gt
—gtcoctgzzgg
cactgccact
agaagczcag
caga-ctgce
—agtgggmcg
cccatgtgee

C

gctcocaccggs 1020
agtcaataas 1080
gazagaatgc 1140
gttgactgct 1200
gcaagatgac 1250
ggzgctocgs 1320
ggzgctectz 1380
ggzacttaac 1440
gggeaaclLLL 1500
agztttccag 1550
gaz.cagcagc 1620
aczgttcact 1680
agzatttgag 1740
cattcaaatyg 1800
caglcecl Lgy 2850
tatggaccag 1920
aazaccaaaz 1980
tgctcacagz 2040
s e [ agte 2100
gaczaaccgag 2150
2220

2280

2340

tgccetogge 2200
tgzagatcczs 2450
tttttgtcce 2520
tgzttgtagt 2580
accttactgt 2610
aaztcccacc 2700
ctgccectes 27580
cactgtaocac 2820
tczggecttac 2880
cccaggaces 2940
ttcattactg 3000
3041
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<210> 57

<211> 304°
<212> DNA
<213> homo

<100> 57
atggectttgc

CCCggcggoT
agcgctatagyg
coecggecage

toggcagace

coceceggesy
ttcgageggce
gccacctggce
gcggcggcgg
cccaacatca
gagttcgecce
cecgegegeygce
gccgtgcaga
caccgggace
toccaataaca
aaaatgagoa
ttttctaagg
gaagtc
ctcactttge
togea
atzgaagggg
tcgaaactag
tceegggacyg
aageggegtyg
atzctgatsz
aagagaaghtc
cacaagatza
ac-tccagte
tcagatgaza
ga~gtaaasza
aaagatagsza
tcaactatcz

ccagggtect

sapiens

ggggcgecge
cagcgoecte
ccgcgcteta
tggtggaggt
aggtgcagcyg
ccageecege
tggagctgaa
agggccagga
ctgccgagag
tcgagetgcyg
gcggcggagc
ccggeececy

tagecgcaaaa

gaagcgacat
atcggggeat
ccattccate
catat
cagtgatgac
aaattcaaca
aggacctgac
agcagaagot
tccagctaaa
gtttzaagct
ccgtgcagge
cococgagcag
gcaataaaac
ggaat-ttaa
cagat-gcaa
taatzaaaaa

gtgazgagcc

gggagcgzcce
g-cgtcczce
tgactacgag
Jgctgtegecag
gcgcoctegge
goecgecgeoe
ggagctczte
ggtggecegtyg
cagtgcaggcge
cggeotgtge

gctcaaccga

cogeecgeyge ¢

catgctctac

caacallllg

tacacatttt

cacctgccct
togt
tgagatgcct
zatgtttgat
tegggegeoct
JgCcacagoge
ccagoagzag
caaacatgga
cZctccczac
cooccacaztg
tZggcgazgg
Jaaaaaaggt
zgaaaggzta
tcagaaazcc

zaaactttce

42

cacaccccgyg
tcectoggeeg
cctegegocy
cacgocgocg
atcttececcoeg
Legeggecca
cacgctgoga
aaggcggcyge
caggctecgc

ctgcagcage

—gtcectegge
gctcggecte
aggacgzgct
—gtcgggcga
ccaactzcgt
gcleceeeggl
getteggoca
gccaggzcce
—cttecgccat
cgcacctetg

ctgccazcge

> cgeacglgel

aggccttogt
agalagzaca

gagaatggca

g aagtgatcaa

cagcogtttyg

Tttt taa
caagaatctt
cagttgacaa
ctgcagcaga
cagatcgacyg
cccaaggtaa
catcgaatca
ttggacaaac
atgcaocccac
aacacagtct
tgtacctcgg
agacctetcet
atgcccttgg

cctgatgcat

—gtgggzact
atggggtage
ccaagcetcat

—tct

“tcattccat
caaaggzaaa
agtctezgga
—gctggzgeg
agaagaggaa
gtttaccttc
ggcggagcect
~ccgagoeat
—tcgaczaga
gaccaat-tc
ccgatggcaa
cttcattgtt

tagaacacag

PCT/IB2010/052684

cgggggagcece 50
ggcgggcgcy 120
gagcctocegg 180
cgzgggctag 240
ggcteccctge 300
acacglegee 350
gagtgtacegc 220
ggzgcacgac 480
gctacgccac 540
cctggtecctyg 600
cgcoocogac 650
gglcaaclgy 720
gccoatoctyg /180
Lgzlgacalc 840
caggaccace 900
gtecttocotty 950
gctcocaccgge 1020
agtcaataaz 1080
gazagaatgc 11410
gttgactget 1200
gczagatgac 1250
ggzgotoogs 1320
ggagcectgeta 1380
ggzacttaac 1440
gggcaacttt 1500
agztttocag 1560
gazcagcagce 1620
aczgttcact 1680
agzatttgag 1740
cattcaaatg 1800
cagtccttgg 1850
tgtggaccag 1920
aaaacczaaa 1980
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caaataaacz
tccattgaga
tocagototgs
gagcttcata
gagggaaton
ccatccacct
atcctcoctcca
ctggtggaca

astgao

gtatcaagza

gomtott

ccaactggtg
congetacta
atcgtgccte
ccacagaceg
caTcccacce
ga-gctgacg
<210> 58

<211> 304°
<712> DNA
<213> homo

<400> 58
atggetttc

cccggocggct
gogotgtggy
cocggocecage
toggecaggsa
coceccggecg
ttcgagoggc
gccacctgac
goggeggegyg
cccaacatca
gagttcgceoo
ccgegocgege
gccgtgcaga

caccgggacc

T JIggCy

tgcctagtca
cagazgotga
tgactcctac
atgggzgcac
aagcscaggc
tocagocggge
gtggggaggce
cacctmochtt
gtgcacctgt
gaagtggtog
acttgccgte
aacatagacc
caactattat
acagtcatot
agcgtcgcce
cagtg-ctca
aattccectege

tggasggtca

sapilens

cagcgoecte
cogoegaotota
tggtggaggt
aggtgcagcyg
ccagccecge
tggagctgaa
agggccagga
ctgcogagag
tcgagctgcy
gcggoggage
ccggcceccg
tagcgcgggy

tcaagzccag

ggcctacztt
Jaatagtctg
cgtococttctyg
tgctoaagaa
t-ccaagtac
cagcagccca
cTccacazag
cacttgtgac
tgagocagac
tZccttecta
gncacatcac
cTcagccsct
gccaagggag
tgcecteectyg
gctgccacag
tgccaaggag

gagcagggac

Jggga
g-cgtecscc
tgactacgag
gctgtegecag
gaegeotoegge
gccgccgcoe
Jgagctosztc
ggtgcccgtyg
cgtgoggoge
cggcotgtge
gctcaaccga
ccgecocgcge
catgctctac

caacattttg

43

catctacctc
caggoagoot
agtagatcce
ceatocggtgg
ccgttgcecccea
cgcagaaccy
ccctoectge
tgcctgctge
tctgagatgce
ctecatgecaa
cagcagacat
agacggacca
cgagcctetyg
ctctoacoca
agaagcccocct
actgcctctyg
agaactaaat

tacactgtgc

gg
tcetoggoceyg

cctogogoog

cacgocgcey

—tgggacaga
ctgogaz—ge
cccagagaaa
cteotgggact
aggaagzgaa
ccagtecomoo
cactgtcaaqg
agatggzcag
—cactccgga
gact-gacac
Jgtgggaz-at
~gtotgz—gg
cactgccact
agaagczcag
cagatctgee
—agtgggzcg
cccaZgtgece

C

gt cgge
gctcggecte

aggacgzgch

tcgcggcecca
cgcgctgogg
aaggcggcgc
caggotogge
ctgcagcagc
ccgoctggocg
cgcatcccte
ctgcatgagy

ctacttgaga

gctcececggt
gottecgaggea
gccaggacce
~cttegoecat
cgcacctcectg
ctgccazacge
cgcacgtget
aggccttcgt

agatagzaca

PCT/IB2010/052684

tgctcacag:s 2040
tgcacacagte 2100
gazaaccgaqg 2150
ggzcctcags 2220
Jgazgaaacgs 2280
cacaagoctyg 2340
tgccetogge 2400
tgzagatcczs 2450
tttttgtcce 2520
—gattgtagt 2580
accttactgt 2640
aaztoccace 2700
ctgccectez 2750
cactgtacac 2820
tczggcttac 2830
cccaggaccsa 2940
ttcattactg 3000

3041
JUGGIaTCC 50
ggcgggcgeg 120
gagcotoogy 180
cgo.gggctag 240
ggctecotge 300
aczocgtocgec 350
ggtgtaccge £20
ggagcaggac 780
gotgogooac 540
cctggtoctyg 600
cgcaceogac 650
ggtcaactgg 720
gcccatcctyg 780
tgztgacatc 840
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tocaataaca
aaaatgagca
ttttctaagg
gaagtcoooT
ctcactttage
tocgcaacasg
atzgaagggg
tcgaaactag
tcecegggasyg
aagoggegty
atzctgatez
aagagaagtc
cacaagatea
ac-tccagtc
tcagatgaza
ga-gtaaacza
aaagatagza
tcaactatcz
ccagggtect
caaataaas:
gagaatcctyg
tccattgaga
tcagectcetgz
gagcttcata
gagggaatcz
ccatccacct
atcctcteca
ctggtggaca
acTgcccecag
gtatcaageza
gcttetteea
ccaactggtg
ceogelecle
atcagtgcecctce

coacagacsy

ctttgaagat
CagCEggeac
gaagcgacat
atcggggeat
ccattccate
accctcatat
cagtgatgac
aaatfcaaca
aggagctgac
agcagcagot
tccagctaaa
gtttezaagot
ccgtgcaggce
coccgagcag
gcaataaaac
ggaat-ttaa
cagat-gcaa
taatzaaaaa
gtgazgagcc
tgcctagtca
cagazgctga
tgactcctac
atgggzgcac
aagczcaggc
tccagocgggce
gtggggaggc
cacctzcttt
gtgcecctgt
gaagtggtcyg
acttgccgtc
aacatagacc
caactattat
acaglcalcl
agcgtegecc

caglg._clca

tacacatttt
cTatococtgg
czggagctat
tgatocgeoctc
cacctgccct
togtocatog
tgagatgcct
zatgtttgat
tcggecgget
ggcagagcege
ccaggagaaqg
caaacatgga
cZctccczac
ccccacaztg
tIggcgazgg
Jaaaaaaggt
zgaaaggzta
tcagcaazcc
zaaactttce
ggcctacztt
zagctgggag
gaatagtctyg
cgtcocttcectyg
tgctocaagaa
tZccaagtcce
cagcagccca
cTccacazag
cacttgtgac
tgagccagcece
tzccttecta
g-cacatcac
c-cagcczct
gcecaaggyag
tgcctececctyg

gelygcecacaq

44

cgagtgctgce

googTggott
cagcocgtttyg
tttgocttaa
caagaatctt
cagttgacaa
ctgcagcaga
cagatcgacyg
ccczaggtaa
catcgaatca
ttggacaaac
atgcocccac
aacacagtct
tgtacctcgg
agacctetcet
atgcccttgg
cctgatgcat
catctacctc
caggcagcct
agtagatcce
ccatcggtgg
ccgttgccca
cgcagaaccy
ccctcocectge
tgcctgetge
tctgagatgc
ctcatgccaa
cagcagacat
agacggacca
cgagoctotyg
clclecaccea
agaagcccoct

aclgeelelg

gggaatggea
aagtgatcaa
—gtgggzact
atggggtage
ccaagcetcat
~tctegzaca
“tcattccat
caaaggzaaa
agtcteczgga
~gctggazgeg
agaagagdgaa
gtttacctc
ggcggagect
~ccgagocat
~tcgaczaga
gaccaaz-tc
ccgatggcaa
cttcattgtt
~agaaczcag
—~tgggazaga
ctgcgaatge
cccagagaaa
ctctgggact
aggaagzgaa
ccagtcczec
cactgtcaag
agatggz.cag
—cactccgga
gacttgzcac
gtgggazzgt
tgteczgatgg
cactgccact
agaagcezcag
cagatctacce

-aglggg.cy
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caggaccace 900
gtcttocotty 950
gctoaccggs 1020
agtcaataaz 1080
gazagaatgc 1110
gttgactget 1200
gczagatgac 1250
ggzgctoags 1320
ggzgctectz 1380
ggzacttaac 1440
ggccaagttt 1500
agztttocag 1550
gazcagcagc 1620
aczgttcact 1680
agzatttgag 1740
cattcaaatyg 1800
cagtccttgg 1850
tgtggaccag 1920
aazaccaaasz 1980
tgctcacagz 2040
—gccacagtc 2100
gazaaccgad 2150
ggzcctcagz 2220
Jgazgaaacgs 2280
cacaagcctg 2340
tgccctocgge 2400
tgzagatccs 2450
tttttgtcce 2520
tgzttgtagt 2530
accttactgt 2640
aaatccgacc 2700
ctgcccctez 2750
caclglccac 2820
tczggcttac 2880
ceccaggaccz 2940
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caZcccacce aattoctecge tgccaaggag agaactaaat cccatgtgcee ttcattactg 3000
ga-gctgacg tggazggtca gagcagggac tacactgtgc ¢ 3041
5
<210> 59
<Z211> 3047
<712> DNA
<213> homo sapiens
10
<400> 59
atggctttge ggggogoocge gggacocgzcoe cacaccoogg ~ghoctocgge cgggggagoo 50
15 cccggocgget cagegoecte gocegtceczoe tectcocggocyg getcggecte ggcgggogced 120
gcgctgtggg cogegatcecta tgactacgag ccectcecgegoceg aggacgzgcet gagoctccocgg 180
cocggoccage tggtggaggt gctgtcgcag cacgccgccyg —gtcgggcga cgsgggctagg 240
20 tocggcaggoe aggtgcagog gogoeotogge atottc cg ccaactzcgt ggoctcecectge 300
cocccggecg ccagcoccecge gecgccgeoce tcecgecggcecca getcoceccggt aczcocgtcgec 350
75 ttcgagecgge tggagotgaa ggagotc ¢ cgcgotgcgg gottocgggeca ggtgtaccge 220
gccacctggce agggccagda ggtgcecgty aaggocggcgce goccaggzccc ggszgcacgac £30
goggeggegyg ctgccgagag cgtgoggege caggotocge ~ottcgocat gotgocgoccac 540
30 cccaacatca tcocgagcetgecg cggcecctgtge ctgcagcage cgcacctcectg cctggtgctg 600
gagttcgcce gocggcggagce gctcaaccga ccgctggoccyg ctgccascgce cgcocccgac 650
35 cCgcgocgege Coggocccog ccgcccgege cgcatcececcte cgcacgtget ggtcaactgg 720
gccgtgcaga tagcgcgggg catgctctac ctgcatgagg aggccttcgt gcecccatcocctg 780
caccgggacce tcaag-ccag caacattttg ctacttgaga agatagzaca tgstgacatc 840
40 tccaataacza ctttgaagat tacacatttt cggttggcga gggaatggca caggaccacc 900
aaaatgagca cagczggcac c-atccecctgg atggcccoceg aagtgatcaa gtcettecttyg 950
45 tt-tctaagg gaagcgacat c-ggagctat cgagtgctgc —gtgggzact gctcaccggz 1020
gaagtccceot atcggggeat tgatcgectce ceccgtggott atggggtage agtcaataas 1080
ctcactttgce ccattccatc cacctgccect cagecogtttg ccaagetcat gazagaatgc 1140
50 tcgcaacazg accctcatat tcgtccatcg tttgoccttaa ttcetcgaaca gttgactgct 1200
at-gaagggg cagtgatgac tgagatgcct caagaatctt —tcattccat gczagatgac 1250
55 tcgaaactzg aaattcaaca zatgtttgat cagttgacaa caaaggzaaa ggsgctccgs 1320
tcececgggasg aggagctgac tcggocggct ctgcagcaga agtctczgga ggzgcectcocts 1380
aagcggcegtyg agcagcagct ggcacagcegce cagatcgacg —gctggzgcg ggzacttaac 1440
60 at-ctgate- tccagctaaa ccagcagzag cccaaggtaa agaagaggaa gggcaachttt 1500
aagagaagtc gtttzaagct caaacatgga catcgaatca gtttaccZtce agztttccag 1550
65 cacaagatea ccgtgcagge cZctcoccecczac ttggacaaac ggcggagoct gaszcagcage 1620
ac_lccagle cceegageayg ccececacazlyg algeccecceac ccgagecal aczgllecacl 1680
tcagatgaza gcaataaaac t-ggogazgg aacacagtct —tcgaczaga agzatttgag 1740
70 ga.glaaaza ggaal . lLlaa gaaaaaaggl Lglacclecgg gaccaaalle callcazalg 820
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aaagatagza
tcaactatcz
ccagggtect
caaataaas:
gagaatcctyg
tccattgaga
tcagcetetgz
gagcttcata
gagggaalc.
ccatccacet
atcctcteca
ctggtagaca
ac-gcctceag
gtatcaageza
gc.olcellcza

ccaactggta

atcagtgectce

cacaga

ca-cccacce

gazgctgacyg

<210> 60

21
21
212> DNA
21

A A A

<400> 60
atggctttgc

cCCggoggct
gogctgtggyg
ccecggocagce
toggcaggce
cceocccggccyg
ttcgageggce
gccacctgge
gtyggeygygeay
cccaacatca

gagllcgeoe

1> 3047

3> homo

cagat-gcaa
taatzaaaaa
gtgazgagcce
tgcctagtca
cagazgctga
tgactcctac
atgggzgcac
aagco.cagac
Lccagegygge
atagggagac
cacctzcttt
gtgcecctat
gaagtggtcyg
acttgeccgte
dacalagace

caactattat

> zcaglealol

agcgtegecc

cagtgzetca

aattcctcge

sapiens

ggggcgecge
cagcg-cctc
ccgegeteta
tggtggaggt
aggtgcagcyg
ccagccccge
tggagctgaa
agggccagga
clgceccgagag
tcgagetgca

gogygrggage

46

zgaaaggzta agacctctet
tcagaaazcc atgcccttgg
zaaactttce cctgatgcat
ggcctacstt gatctacctce
zagctgggag caggcagoct
gaatagtctg agtagatccc
cgtceccttcetg ccatcggtgg
togctocaagaa ccgttgccca
L_occaaglce cgecagaaccy
cagcagccca ccctecctge
cZccacazag tgcecctgetge
cacttgtgac tctgagatgc
tgagccagee ctcecatgecaa
t-cctteccta cagcagacat
g.ocdacalcac agacggacca

c-cagcczct

2Haggoag

tgcctececctyg

Jgotgo

.’(J
tgccaaggag agaactaaat

¢ btacactgtge

Jggaccgacc cacaccccgyg
g-cgtcczcce tcecctocggecyg
tgactacgag cctcgegeceg
gctgtcgcag cacgccgocyg
Jgcgectegge atcecttecceg
gccgccgecce tcgcggecca
ggagcteate ggegctgcgyg
ggtgccegty aaggoggcgc
cglgeggege gaggelegge
cggcotatge ctgcagcage

goleaacega cegelggoey

ccgatggcaa
cttcattgtt
~agaaczcag
~tgggazaga
ctgcgazzgc
cccagagaaa
ctcectgggact
aggaagsgaa
ccaglcecceoce
cactgtcaag
agatggzcag
—cactccgga
gacttgzcac
atgggaz-at
~glclgz_gg
cactgccact
agaagezcaqg
cagatctgce

—agtggg

cccatgtgec

—gtcectcgge
gctcggecte
aggacgzgct
—gtcgggcga
ccaactacgt
gctccecggt
gcttegggea
gccaggzcce
~cllecgecal
cgcacctetag

[ Lg clazcgao
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cagtccttgg 1850
tgtggaccag 1920
aazaccaaasz 1980
tgctcacags 2040
tgccacagtc 2100
gazaaccgag 2150
ggzcctcags 2220
Jazgaaacg:s 2280
cacaagceely 2340
tgccocetoggc 2400
tgzagatccz 2450
tttttatcce 2520
tgzttgtagt 2530
accttactgt 2640
aazlccecace 2700
ctgcccctez 2150
cac.glcecac 2820
tcoggcttac 2880
< 2940
ttcattactyg 3000

3041
cgggggagec 50
ggcgggcgcy 120
gagcctoccgg 130
cgagggctgg 240
ggcteccczge 300
aczcgtcgcc 350
ggtgtaccge 220
ggzgcacgac £80
gclgegecac 540
cctggtoctyg 600
cgeoeecgac 650



WO 2011/158061

10

15

20

25

30

35

40

45

50

55

60

65

70

ccgegocgege
gccgtgcaga
caccgggacce
tccaataaza
aaaatgagca
ttZtctaagg
gaagtccceot
ctcactttge
Legeaacazyg
at-gaagagg
tocgaaactzg
tcecegggazg
aagcggcegtyg
at-ctgatez
aagagaaglc
cacaagatea
ac_lLccagle

tcagatgaca

gagaatcctg

tocattgaga
tcagctetg:z
gagcttcata
gagggaatcz
atcctcteca
ctggtggaca
acTgccceag
gtatcaagsa
gcttcecttecea
ccaactggtg

ccogetecte

cocggoocecy
tagecacgggyg
tcaagzccag
ctttgaagat
cagcaggcac
gaagcgacat
atcggggcat
ccattcecate
accelealal
cagtgatgac
zaattcaaca
aggagctgac
agcagcagct
tccagcectaaa
glllzaagcl

ccgtgeagge

rgageay

gcaataaaac

a ggaat-ttaa

cagatzgcaa

gtgazgagcc

cagazgctga
tgactcctac
atggg-gcac
dagcscaggce
tccagecggge
gtggagaggc
cacctzcttt
gtgcecctgt
Jaagtggtcg
acttgccgtc
aacatagacc
caactattat

acagtcatct

ccgcccgege
catgctctac
caacattttyg
tacagatttt
czatcectgg
c-ggagctat
tgatcgecte
cacctgccct
Leglecaleg
tgagatgcct
aatgtttcat
tcggocaget
Jgcacagcege
ccagcagzag

caaacalygga

czctcceczac

+

zagcetgggag
gaatagtctyg
cgtccttetyg
tgctcaagaa
tZccaagtcc
cagcagocca
cTccacazag
cacttgtgac
tgagccagcoce
t-ccttccta
g-cacatccc
c-cagcczact

gccaagggag

o oatg

47

cgcatcccte
ctgcatgagyg
ctacttgaga
gggtzggcga
atggccecceg
cgagtactge
ccecgtggett
cagcogtttyg
LLLgcellaa
caagaatctt
gagt-gagaa
ctgcagcaga
cagatcgacyg
cccaaggtaa

calcgaalceca

agacctcectet

tgg

cctgatgcat

catc te
caggcagcect
agtagatoce
ccatocggtag
cogtitge
cgcagaaccy
coctocctge
tgcctgetge
tctgagatge
ctcatgccaa
cagcagacat
agacggacca
cgagcctctyg

ctctecaccca

cgcacgtgcet
aggccttcegt
agatagzaca
gggaatggca
aagtgatcaa
—gtgggzact
atggggtage
ccaagcteat
-Lclegzaca
“tecatteccat
caaaggzaaa
agtctczgga
“gctggageg
agaagaggaa
glllacc.Lc
ageggagect
_ccgagecal
—tcgaczaga
gaccaaz-to
ccgatggcaa
cttcattgtt
“agaaczcag
ctgcgaz-gc
coccagagaaa

ctetgggact

ccagtcecTece
cactgtcaag
agatggz.caqg
tcacmcogga
gacttgzcac
gtgggaz=gt
—gtctgzgg
cactgccact

agaagczcag

PCT/IB2010/052684

ggtcaactgg 720
gcccatoctyg 780
tgztgacatc 840
caggaccace 900
gtctteccttyg 950
gctcaccggs 1020
agtcaataasz 1080
gaczagaatgce 1140
gllgaclgcel 1200
gczagatgac 1250
ggagctgega 1320
ggzgctocta 1380
ggzacttaac 1440
gggcaacttt 1500
agzlllceay 1550
Jgazcagcagc 1620
aczgllcacl 1680
agzatttgag 1/40
cattcaaatg 1800
cagtccttgg 1850
—gtgga 1920
aazaccaaas 1980
toc 2040
tgccacagtc 2100
gazaacogayg 2150
ggzcctcagz 2220
gazgaaacygs 2280
cacaagcctyg 2310
tgcactogge 2400
tgzagatccs 2750
—~ttttgtoce 2520
tgzttgtagt 2580
accttactgt 2640
aaztcccacc 2700
ctgcccctesa 27560
cactgtccac 2820



WO 2011/158061

10

15

20

25

30

35

40

45

50

55

60

65

70

atcgtgcecte agcecgtcegecce

cagaceqg cagtg-ctca

ca-cccacce aattcectege

ga-gctgacg Tggaszggtca

<Z210> 61

<211> 304°

<212> DNA

<213> homo sapiens
<400> 61

alggelllyge ggggrgecge
coeggogges cagegmecte
gogcetgtggg ccgegcetceta
ccecggccage tagtggaggat
toggcaggce aggtgcageg
coceccggeccg ccagccccace
LLcgagegye Lggagcelygaa
gccacctgge agggccagga
grggeggceygy
cccaacatca tcgagetacyg
gagttcg
ccgecgocgege
goocgtgecaga tagogogggg

caccgggacce tcaagzceccag

t

ctttgaagat
azaatgagca cagcsggcac
tt-tctaagyg gaagogacat
gaagtcecot
ctcactttge
tocgcaacaszg accctcatat
at-gaaggoggy cagtgatgac
tocgaaactzg aaattcaaca
toococgggasyg aggagotgac
aagcggcegtg agcagcagct
at-ctgate tcoccagctaaa
aagagaagtc gtttezaagct
cacaagatea

ccgtgcagge

acttccagtc cceccgagcag

tgcctcececctyg
goetgocacag
tgccaaggag

Jagcagggac

gggacgcygzace
g-cgtcczce
tgactacgag
gctgtegeag
gecgectegge
gocgccgecac
ggagclezle

gatgccegty

cglygcggege

catgotetac
caacattttyg
cTatocctagg
crggagctat

tgatocgccte

> cacctgecct

tcgtccatcg
tgagatgcct
zatgtttgat
teggoeggot
ggcagagcgc
ccagcagzag
caaacgatgga
czctcceczac

ccccacaztg

48

agaagcccoct
actgoctotyg
agaactaaat

tacactgtge

cacaccceygy
tecetoggceg
gctegegeoey
cacgocgccy
atctteecceg
tcgcagccca
cgeygelygegy
aaggcggcgc

caggclecge

cgcatcecccte

ctgcatgagy
ctacttgaga
cggttggega
atggcececcyg
cgagtgctge
cccgtggctt
cagoogtttyg
tttgccttaa
caagaatott
cagttgacaa
ctgcagcaga
cagatcgacyg
cccaaggtaa
catcgaatca
ttggacaaac

atgccececac

PCT/IB2010/052684

cagatctgec tcecozggcettac
—agtggg-cg cocaggacos
cccatgtgee ttcattactg

[

-glcclegge cgggggagee

gcteggccte ggegagegey
aggacgzget gagecctecegy
“gtcgggcga cgzgggctayg
ccaactzcgt ggctccectge
gctcecececggt aczocgagtogec
gcllegggea gglglaccege
ggzgcacgac
gelgegecac

cgcacctetag

cctggtoctyg

ctgc

cgcacgtgact

i

aggoottogt
agatagzaca
gggaatIygoa caggacoace
aagtgatcaa gtcttccttyg
tgtcggaact gectcoacogga
agtcaataaz

—tctcgzaca gttgactgcet

“tcattccalt gczagatgac
caaaggzaaa ggsgctocgsz
agtcoteczgga ggzgotocta
—gctggzgcg ggzacttaac
agaagaggaa gggcaachttt
gtttaccttc agztttccag
ggccgagcct gaacagcagc

—ccgagccat aczgttcact

2880

2940

3000

3047

120

180

240

300

ano

950

1020

1080

1140

1200

1260
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tcagatgaca

ccagggtcect
caaataaaz™
gagaatcctg
tocattgaga
tcagectctgz
gagcttcata
gagggaatcs
coatccaco™
atcctcteca
ctggtggaca
acTgccceag
gtatcaageza
gcottcttceza
ccaactggtg
ccogetecte
atcgtgcctc
ccacagaceg
caTcccacce

gatgctgacyg

gcaataaaac
cagatzgcaa
taatzaaaaa
gtgazgagcc

tgcctaghca

cagasgctga

tccageggge
gtggggagge
cacctzcttt
gtgcecctgt
gaagtggtcg
acttoccecgtce
aacatagacc
caactattat
acagtcatct
agcgtcgccc
cagtgzctca
aattcctcge

tggazggtca

aaactttce

I

ggcctacatt
zagcetgggag
gaatagtctg

cgtccttetyg

> tgctcaagaa

tZccaagtcc
cagcagcoaa
cTccacazag
cacttgtgac
tgagccagec
ttccttecza
g-cacatcac
c-cagcczact
gccaagggag
tgcctcecectyg
gctgccacag
tgccaaggag

gagcagggac

49

aacacagtct
tgtacctogg
agacctctet
atgcocttgg
cctgatgocat
catctacotc
caggcagcct
agtagatccce
gcatcggtgg
cocgthgeoca
cgcagaaccy
ccctocctge
tgcctgetge
tctgagatge
ctcatgccaa
cagcagacat
agacggacca
cgagcctctyg
ctctecaccea
agaagcccct
actgcctectyg
agaactaaat

tacactgtge

—tcgaccaga

ccgatggcaa
cttcattgtt
Zagaaczcag
ttgcgaaaga
ctgcgaz-gc
cccagagaaa
ctctgggact
aggaagzgaa
ccagtcecTece
cactgtcaag
agatggz.cag
~cactccgga
gacttgzcac
gtgggazzgt
cgtctga=gg
cactgccact
agaagczcag
cagatctgcce
“agtgggzcyg
cccatgtgee

(o]
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agzatttgag 1740
o cattcaaatyg 1800
cagtccttgg 1850
tgtggaccag 1920
aazaccaaas 1980
tgctecacags 2040
tgccacagtc 2100
gazaaccgayg 2150
ggzcctcags 2220
gazgaaacygs 2230
cacaagcctyg 2340
tgcaotogge 2400
tgzagatccs 24350
tttttgtcce 2520
tgzttgtagt 2530
acc-tactgt 2640
aaztcccacc 2700
ctgcccctesa 2750
cactgtccac 2820
tczggcttac 2880
cccaggaccsa 2940
ttcattactg 3000
3041
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Claims

1. An in vitro diagnostic method comprising measuring MLK4 gene expression in a
tumor cell sample material of a patient, wherein measuring MLK4 gene overexpression

in said tumor cell sample material is indicative of an invasive potential of said tumor.

2. The in vitro diagnostic method according to claim 1, wherein said measuring
MLK4 gene expression comprises measuring MLK4 protein expression and/or MLK4

coding nucleic acid, preferably RNA, expression.

3. The in vitro diagnostic method according to claim 1 or claim 2, wherein said

tumor cell sample material is a bioptic sample.

4. The in vitro diagnostic method according to any one of the preceding claims,
wherein said bioptic sample corresponds to an invasive portion of said tumor cell sample

material.

5. The in vitro diagnostic method according to any one of the preceding claims,
wherein said measuring MLK4 gene expression comprises measuring wild-type and/or

mutated MLK4 gene expression.

6. The in vitro diagnostic method according to claim 5, wherein said mutated
MLK4 gene contains at least one somatic mutation at the amino acid level selected from
H261Y, H261Q, G291E, A293E, W296Stp, R470C, R553Stp, R555Stp, N5961, K629E,
P843S, H890P, and M894T mutations.

7. The in vitro diagnostic method according to claim 5, wherein said mutated
MLK4 gene contains at least one somatic mutation at the nucleic acid level selected
from C781T, C783G, G872A, C878A, G888A, C1408T, C1657T, C1663T, A1787T,
A1885G, C2788T, A2669C, T2681C mutation.

8. The in vitro diagnostic method according to any one of the preceding claims,
wherein said measuring MLK4 gene expression is performed using a reagent able to
selectively bind to MLK4 protein and/or MLK4 coding nucleic acid and wherein said

reagent is directly or indirectly labeled with a detectable substance.
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9. The in vitro diagnostic method according to claim 9, wherein said reagent is an
antibody specific for MLK4 protein and/or portions thereof or a nucleic acid probe

specific for MLK4 nucleic acid and/or fragments thereof.

10. The in vitro diagnostic method according to any one of the preceding claims,
wherein said method further comprises measuring at least one KRAS gene molecular
alteration in said tumor cell sample material, wherein said measuring at least one KRAS
gene alteration comprises measuring KRAS protein and/or RNA expression and/or

mutations in the nucleotide sequence of the KRAS gene.

11. The in vitro diagnostic method according to any one of the preceding claims,
wherein said tumor is a colorectal, bladder, breast, gastric, melanoma, lung, ovary or

glioblastoma.

12. The in vitro diagnostic method according to any one of claims 5 to 11, wherein
measuring mutated MLK4 gene overexpression allows to predict whether said patient
will be nonresponsive to treatment with EGFR specific binding agents, preferably EGFR

specific antibodies.

13. A method of treating cancer in a patient whose tumor bears a mutations in the
nucleotide sequence of the gene KRAS, said method comprising administering an
inhibitor of MLK4 enzymatic activity to said patient to reduce or abrogate MLK4 RNA

or protein expression.

14. A method of treating cancer in a patient having a tumor, wherein said tumor
bears at least one mutation in the KRAS gene encoded protein, and wherein said at least
one mutation of the KRAS gene encoded protein is selected among G125, G12V, G12D,
GI12A, G12C, G13A and G13D, said method comprising administering an antoganist

and/or an inhibitor of MLK4 expression and/or MLK4 enzymatic activity to said patient.

15. Use of an inhibitor of MLK4 enzymatic activity in the manufacture of a
medicament for reducing or abrogating MLK4 RNA or protein expression in a patient

whose tumor bears a mutation in the nucleotide sequence of the gene KRAS.

16. Use of an antagonist and/or inhibitor of MLK4 expression and/or MLK4

enzymatic activity in the manufacture of a medicament for the treatment of cancer in a
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patient whose tumor bears at least one mutation in the KRAS gene encoded protein, and
wherein said at least one mutation of the KRAS gene encoded protein is selected among

G128, G12V, G12D, G12A, G12C, G13A and G13D.

17. A method according to any one of claims 1, 13 or 14, substantially as herein
described with reference to any one or more of the examples but excluding comparative

examples.

18. Use according to claim 15 or claim 16, substantially as herein described with

reference to any one or more of the examples but excluding comparative examples.
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t gccct ggge
t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
tcaggcttac
cccaggacca
ttcattactg
aat gaggagc

gagaaagaat tcctgtctta a

ctttgaagat tacagatttt gagttggcga gggaatggca c

<210> 48

<211> 40

<212> DNA
<213> artificia

Page 10

1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3111

41



<220>
<223>

<400> 48

mut agenesi s pri mer

pcti b2010052684-seql . t xt

R470C

t gagcagcag ctggcagagt gcgagatcga

<210>
<211>
<212>
<213>

49
3041
DNA

<400> 49

atggctttge
cccggeggcet
ggget gt ggg
cgcggecage
t gggcaggee
cgeccggecg
ttcgagcggce
gccacct gge
gcggeggcyy
cccaacat ca
gagttcgccec
ccgegegege
gcegt gcaga
caccgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge
t ggcaacaag
att gaagggg
t ggaaact ag
t cccgggaag
aagcggegt g
attct gat at
aagagaagt c

cacaagat aa

hono sapi ens

ggggcegecge
cagcgtcctce
ccgegetceta
t ggt ggaggt
aggt gcagceg
ccagccecege
t ggagct gaa
agggccagga
ct gccgagag
t cgaget geg
gcggcggage
ccggececccg
tagcgcgggg
t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc
accct cat at
cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
tccagct aaa
gtttaaagct
ccgt gcagge

gggagcgacc
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge
gcegecegecece
ggagctcatc
ggtggecgtg
cgtgcggege
cggegt gt gc
gct caaccga
ccgegegege
catgctctac
caacattttg
tacagatttt
ctatgect gg
ct ggagct at
t gat ggcctc
cacct geect
tcgtccatcg
t gagat gcct
aat gttt gat
t cgggegget
ggcagagege
ccaggagaag
caaagat gga

ctctcccaac

cgtgctggag

gacaccccgg
t cct cgggeg
gct cgeggeg
gacgccgeceg
atcttccccg
t cgcggecca
ggcget gggg
aaggcggege
gaggcet cgge
ct gcagcage
gcget ggeeg
cgeatccectce
ct gcat gagg
ctacttgaga
gagttggcga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg
tttgccttaa
caagaatctt
gagttgagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaatca

tt ggacaaac

Page 11

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt
gct ceeeggt
gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt
agat agaaca
gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat
ttctcgaaca
ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect

¢gggggagcec
ggcgggcgceyg
gagcctgegg
cgagggct gg
ggctcect ge
acacgt cgcc
ggt gt accge
ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg
gcecatcet g
t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc
gttgact gct
gcaagat gac
ggagct gcga
ggagct gct a
ggaacttaac
gggcaagttt
agatttccag

gaacagcagc

40

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
1560
1620



agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct
caaat aaaat
gagaatcctg
tccatt gaga
t cagct ct gt
gagcttcata
gagggaat ct
ccatccacct
atcctctcca
ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggtg
cctgetcectce
atcgtgecte
ccacagacag
catcccaccc
gat gct gacg
<210>
<211>

<212>
<213>

50

<400> 50
atggctttgce

cceggeggcet
gggct gt ggg
cgeggecage
t gggcaggec
cgeceggecg

ttcgagcgge

3041
DNA
hono sapi ens

cccegageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcce
tgcctagt ca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc
t ccagcggge
gt ggggagge
caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at
acagt cat ct
agcgt cgecce
cagtgtctca
aattcctcge

t ggaaggt ca

ggggcegecge
cagcgtcctce
ccgegetceta
t ggt ggaggt
aggt gcagceg
ccagccecege

t ggagct gaa

pcti b2010052684-seql . t xt

ccccacaat g
ttggggaagg
gaaaaaaggt
agaaaggat a
t cagaaaacc
aaaactttcc
ggcct acat t
aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc
cagcagccca
ct ccacaaag
cacttgtgac
t gagccagec
ttccttccta
gt cacat cac
ct cagccact
gccaagggag
tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

gggagcgace
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge
gcegecegecece

ggagctcatc

at gccecgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
gat ctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteectge
tgcctget ge
t ct gagat gc
ctcat gccaa
cagcagacat
agacggacca
ggagectct g
gt ct caccca
agaagccgct
actgcctgtg
agaact aaat

tacact gt gc

gacaccccgg
t cct cgggeg
gctcgeggceg
gacgccgeceg
atcttccccg

t cgcggecca

ggcgcet gggg
Page 12

t ccgagecat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag
tt gggaaaga
ct gcgaat gc
cccagagaaa
ctct gggact
aggaagagaa
ccagtcctcc
cact gt caag
agat ggacag
t cact ccgga
gactt gacac
gt gggaat gt
t gt ct gat gg
cact gccact
agaagcacag
cagat ct gcc
tagt gggt cg
cccat gt gee

c

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt
gct ceeeggt
gcttecgggea

acagtt gact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa
t gct cagaga
tgccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g
t gccct ggge
t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
tcaggcttac
cccaggacca

ttcattactg

¢gggggagcec
ggcgggcgceyg
gagcctgegg
cgagggct gg
ggct cect ge
acacgt cgcc

ggt gt accge

1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3041

60
120
180
240
300
360
420



gccacct gge
gcggcggcegg
cccaacat ca
gagttcgecc
ccgegegege
gcegt gcaga
caccgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge
t ggcaacaag
att gaagggg
t ggaaact ag
t cccgggaag
aagcggcegt g
attct gat at
aagagaagtc
cacaagat aa
agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct
caaat aaaat
gagaat cct g
tccattgaga
t cagct ct gt
gagcttcata
gagggaat ct
ccat ccacct

atcctctcca

agggccagga
ct gccgagag
t cgaget geg
gcggcggage
ccggececccg
tagcgcgggg
t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc
accct cat at
cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
tccagct aaa
gtttaaagct
ccgt gcagge
cceccgageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcc
tgcctagtca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc
t ccagcgggce
gt ggggaggc

caccttcttt

pcti b2010052684-seql . t xt

ggtggecgtg
cgtgcggege
cggegt gt gc
gct caaccga
ccgegegege
catgctctac
caacattttg
tacagatttt
ctatgect gg
ct ggagct at
t gat ggcctc
cacct geect
tcgtccatcg
t gagat gcct
aat gttt gat
t cgggegget
ggcagagt gc
ccaggagaag
caaagat gga
ctctcccaac
ccccacaat g
ttggggaagy
gaaaaaaggt
agaaaggat a
t cagaaaacc
aaaactttcc
ggcctacat t
aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc
cagcagccca

ctccacaaag

aaggcggege
gaggct cggce
ct gcagcage
gcget ggeeg
cgeatccectce
ct gcat gagg
ctacttgaga
gggttggcga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg
tttgccttaa
caagaatctt
gagttgagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaatca
tt ggacaaac
atgccccgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
gatctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteect ge

tgcetget ge
Page 13

gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt
agat agaaca
gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat
ttctcgaaca
ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect
t ccgagccat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag
tt gggaaaga
ct gcgaat gc
cccagagaaa
ct ct gggact
aggaagagaa
ccagtcctcc
cact gt caag

agat ggacag

ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg
gcecatcet g
t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc
gttgact gct
gcaagat gac
ggagct gcga
ggagct gct a
ggaacttaac
gggcaagttt
agatttccag
gaacagcagc
acagttgact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa
t gct cagaga
t gccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g
t gccet ggge

t gaagat cca

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
2040
2100
2160
2220
2280
2340
2400
2460



ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggt g
cctgetcectce
atcgtgectc
ccacagacag
catcccaccc
gat gct gacg
<210> 51

<211>
<212>
<213>

<400> 51
atggetttge

cceggeggcet
gggct gt ggg
cgeggecage
t gggcaggee
cgeceggecg
ttcgageggce
gccacct gge
gcggcggcgyg
cccaacatca
gagttcgecec
ccgegegege
gcegt gcaga
t accgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge

t ggcaacaag

3041
DNA
hono sapi ens

gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at
acagt cat ct
agcgt cgecce
cagtgtctca
aattcctcge

t ggaaggt ca

ggggegeege
cagegtcectce
ccgegetcta
t ggt ggaggt
aggt gcagcg
ccagcccecge
t ggaget gaa
agggccagga
ct gccgagag
t cgaget gecg
gcggeggage
ccggeecceg
tagcgegggy
t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc

accctcat at

pcti b2010052684-seql . t xt

cacttgtgac tctgagatgc tcactccgga

t gagccagec
ttccttecta
gt cacat cac
ct cagccact
gccaagggag
tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

gggagcgace
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge
gcegecegecece
ggagctcatc
ggtggecgtg
cgtgcggege
cggegt gt gc
gct caaccga
ccgegegege
catgctctac
caacattttg
tacagatttt
ctatgect gg
ct ggagct at
t gat ggcctc
cacct geect

tcgtccatcg

ctcat gccaa
cagcagacat
agacggacca
ggagectct g
gt ct caccca
agaagccgct
actgcctgtg
agaact aaat

tacact gt gc

gacaccccgg
t cct cgggeg
gctcgeggceg
gacgccgeceg
atcttccccg
t cgcggecca
ggcget gggg
aaggcggege
gaggct cggce
ct gcagcage
gcget ggeeg
cgeatccectce
ct gcat gagg
ctacttgaga
gggttggcga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg
tttgccttaa

Page 14

gactt gacac
gt gggaat gt
t gt ct gat gg
cact gccact
agaagcacag
cagat ct gcc
t agt gggt cg
cccat gt gee

c

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt
gct ceeeggt
gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt
agat agaaca
gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat

ttctcgaaca

tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
t caggcttac
cccaggacca

ttcattactg

¢gggggagcec
ggcgggcgceyg
gagcctgegg
cgagggct gg
ggctcect ge
acacgt cgcc
ggt gt accge
ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg
gcecatcet g
t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc

gttgact gct

2520
2580
2640
2700
2760
2820
2880
2940
3000
3041

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200



att gaagggg

t ggaaact ag
t cccgggaag
aagcggegt g
attct gat at
aagagaagtc
cacaagat aa
agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct
caaat aaaat
gagaat cct g
tccattgaga
t cagct ct gt
gagcttcata
gagggaat ct
ccat ccacct
atcctctcca
ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggt g
cctgetectce
atcgtgectc
ccacagacag
cat cccaccce

gat gct gacg

<210> b2
<211> 3041
<212> DNA
<213>

cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
t ccagct aaa
gtttaaagct
ccgt gcagge
cccegageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcce
tgcctagt ca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc
t ccagcggge
gt ggggaggc
caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at
acagt cat ct
agcgt cgecce
cagtgtctca
aattcctcge

t ggaaggt ca

hono sapi ens

pcti b2010052684-seql . t xt

t gagat gcct
aat gttt gat
t cgggegget
ggcagagege
ccaggagaag
caaagat gga
ctctcccaac
ccccacaat g
ttggggaagy
gaaaaaaggt
agaaaggat a
t cagaaaacc
aaaactttcc
ggcctacatt
aagct gggag
gaatagtctg
cgtccttcetg
t gct gaagaa
ttccaagtcc
cagcagccca
ct ccacaaag
cacttgtgac
t gagccagece
ttccttecta
gt cacat cac
ct cagccact
gccaagggag
tgcctecetg
gct ggcacag
t gccaaggag
gagcagggac

caagaat ctt
gagt t gagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaat ca
tt ggacaaac
at gccecgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
gat ctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteectge
tgcctget ge
t ct gagat gc
ctcat gccaa
cagcagacat
agacggacca
ggagectct g
gt ct caccca
agaagccgct
actgcctgtg
agaact aaat

tacact gt gc

Page 15

ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect
t ccgagecat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag
tt gggaaaga
ct gcgaat gc
cccagagaaa
ctct gggact
aggaagagaa
ccagtcctcc
cact gt caag
agat ggacag
t cact ccgga
gactt gacac
gt gggaat gt
t gt ct gat gg
cact gccact
agaagcacag
cagat ct gcc
t agt gggt cg
cccat gt gee

c

gcaagat gac
ggagcet gecga
ggagcetget a
ggaact taac
gggcaagttt
agatttccag
gaacagcagc
acagtt gact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa
t gct cagaga
tgccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g
t gccct ggge
t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
tcaggcttac
cccaggacca

ttcattactg

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
2820
2880
2940
3000
3041



<400> 52
atggetttge

cceggeggcet
gggct gt ggg
cgeggecage
t gggcaggec
cgeceggecg
ttcgageggce
gccacct gge
gcggcggcgyg
cccaacatca
gagttcgecec
ccgegegege
gcegt gcaga
cagcgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge
t ggcaacaag
attgaagggg
t ggaaact ag
t cccgggaag
aagcggegt g
attct gat at
aagagaagtc
cacaagat aa
agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct

caaat aaaat

ggggcegecge
cagcgtcctce
ccgegetceta
t ggt ggaggt
aggt gcagceg
ccagccecege
t ggagct gaa
agggccagga
ct gccgagag
t cgaget geg
gcggcggage
ccggececccg
tagcgegggy
t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc
accct cat at
cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
tccagct aaa
gtttaaagct
ccgt gcagge
cceccgageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcc

tgcctagtca

pcti b2010052684-seql . t xt

gggagcgace
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge
gcegecegecece
ggagctcatc
ggtggecgtg
cgtgcggege
cggegt gt gc
gct caaccga
ccgegegege
catgctctac
caacattttg
tacagatttt
ctatgect gg
ct ggagct at
t gat ggcctc
cacct geect
tcgtccatcg
t gagat gcct
aat gttt gat
t cgggegget
ggcagagcege
ccaggagaag
caaagat gga
ctctcccaac
ccccacaat g
ttggggaagg
gaaaaaaggt
agaaaggat a
t cagaaaacc
aaaactttcc

ggcct acat t

gacaccccgg
t cct cgggeg
gctcgeggceg
gacgccgeceg
atcttccccg
t cgcggecca
ggcget gggg
aaggcggege
gaggct cggce
ct gcagcage
gcgetggecyg
cgeatccectce
ct gcat gagg
ctacttgaga
gggttggcga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg
tttgccttaa
caagaatctt
gagttgagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaatca
tt ggacaaac
atgccccgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat

gat ctacctc
Page 16

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt
gct ceeeggt
gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt
agat agaaca
gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat
ttctcgaaca
ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect
t ccgagccat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag

tt gggaaaga

¢gggggagcec
ggcgggcgceyg
gagcctgegg
cgagggct gg
ggctcect ge
acacgt cgcc
ggt gt accge
ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg
gcecatcet g
t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc
gttgact gct
gcaagat gac
ggagct gcga
ggagct gct a
ggaacttaac
gggcaagttt
agatttccag
gaacagcagc
acagttgact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa

t gct cagaga

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
1560
1620
1680
1740
1800
1860
1920
1980
2040



gagaatcctg
tccatt gaga
t cagct ct gt
gagcttcata
gagggaat ct
ccatccacct
atcctctcca
ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggtg
cctgetcectce
atcgtgecte
ccacagacag
catcccaccc
gat gct gacg
<210>
<211>

<212>
<213>

53

<400> 583
atggctttgce

cceggeggcet
gggct gt ggg
cgeggecage
t gggcaggec
cgeceggecg
ttcgageggce
gccacct gge
gcggeggcyy
cccaacatca
gagttcgecec
ccgegegege

gccgt gcaga

3041
DNA
hono sapi ens

cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc
t ccagcggge
gt ggggaggc
caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at
acagt cat ct
agcgt cgecce
cagtgtctca
aattcctcge

t ggaaggt ca

ggggegeege
cagcgtcctce
ccgegetceta
t ggt ggaggt
aggt gcagceg
ccagccecege
t ggagct gaa
agggccagga
ct gccgagag
t cgaget geg
gcggcggage
ccggececccg

tagcgcgogg

pcti b2010052684-seql . t xt

aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc
cagcagccca
ctccacaaag
cacttgtgac
t gagccagec
ttccttecta
gt cacat cac
ct cagccact
gccaagggag
tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

gggagcgace
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge
gcegecegecece
ggagctcatc
ggtggecgtg
cgt gcggege
cggegt gt gc
gct caaccga
ccgegegege

catgctctac

gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteect ge
tgcct get ge
t ct gagat gc
ctcatgccaa
cagcagacat
agacggacca
ggagcctctg
gtctcaccca
agaagccgct
actgectgtg
agaact aaat

tacact gt gc

gacaccccgg
t cct cgggeg
gct cgeggeg
gacgccgeceg
atcttccceg
t cgcggecca
ggcget gggg
aaggcggcge
gaggcet cgge
ctgcagcagce
gcgetggecyg
cgecat cccte
ct gcat gagg
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ct gcgaat gc
cccagagaaa
ctct gggact
aggaagagaa
ccagtcctcc
cact gt caag
agat ggacag
t cact ccgga
gactt gacac
gt gggaat gt
t gt ct gat gg
cact gccact
agaagcacag
cagat ct gcc
t agt gggt cg
cccat gt gee

c

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt
gct ceeeggt
gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt

tgccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g
t gccct ggge
t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
tcaggcttac
cccaggacca

ttcattactg

¢gggggagcec
ggcgggcgceyg
gagect gegg
cgagggct gg
ggct cect ge
acacgt cgcc
ggt gt accgce
ggagcaggac
gct gcggeac
cctggtgetg
cgccceggac
ggt caact gg

gcccatcct g

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3041

60
120
180
240
300
360
420
480
540
600
660
720
780



caccgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge
t ggcaacaag
att gaagggg
t ggaaact ag
t cccgggaag
aagcggcegt g
attct gat at
aagagaagtc
cacaagat aa
agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct
caaat aaaat
gagaat cct g
tccattgaga
t cagct ct gt
gagcttcata
gagggaat ct
ccat ccacct
atcctctcca
ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggt g

cctgctcectce

t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc
accct cat at
cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
t ccagct aaa
gtttaaagct
ccgt gcagge
cccegageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcce
tgcctagt ca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc
t ccagcggge
gt ggggagge
caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at

acagt cat ct

pcti b2010052684-seql . t xt

caacattttg
tacagatttt
ctat gect gg
ct ggagct at
t gat ggcete
cacct gcect
tcgtccatcg
t gagat gcct
aat gttt gat
t cgggcggcet
ggcagagcgce
ccaggagaag
caaagat gga
ctctcccaac
ccccacaat g
ttggggaagy
gaaaaaaggt
agaaaggat a
t cagaaaacc
aaaactttcc
ggcct acat t
aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc
cagcagccca
ct ccacaaag
cacttgtgac
t gagccagec
ttccttccta
gt cacat cac

ctcagccact

gccaagggag

ctacttgaga
gggttggaga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg
tttgccttaa
caagaatctt
gagttgagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaatca
tt ggacaaac
atgccccgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
gatctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteect ge
tgcct get ge
t ct gagat gc
ctcatgccaa
cagcagacat
agacggacca
ggagcctctg

gtctcaccca
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agat agaaca

gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat
ttctcgaaca
ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect
t ccgagccat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag
tt gggaaaga
ct gcgaat gc
cccagagaaa
ct ct gggact
aggaagagaa
ccagtcctcc
cact gt caag
agat ggacag
t cactccgga
gacttgacac
gt gggaat gt
tgtctgat gg
cact gccact

agaagcacag

t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc
gttgact gct
gcaagat gac
ggagcet gecga
ggagcetget a
ggaact taac
gggcaagttt
agatttccag
gaacagcagc
acagtt gact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa
t gct cagaga
tgccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g
t gccct ggge
t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca

cactgtccac

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
2340
2400
2460
2520
2580
2640
2700
2760
2820



atcgtgecte
ccacagacag
catcccaccc
gat gct gacg
<210>
<211>

<212>
<213>

54

<400> 54
atggetttge

cceggeggcet
gggct gt ggg
cgeggecage
t gggcaggec
cgeceggecg
ttcgageggce
gccacct gge
gcggeggcyy
cccaacatca
gagttcgecec
ccgegegege
gcegt gcaga
caccgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge
t ggcaacaag
att gaagggg
t ggaaact ag
t cccgggaag
aagcggegt g
attct gat at
aagagaagtc

cacaagat aa

3041
DNA
hono sapi ens

agcgt cgeece
cagtgtctca
aattcctcgce

t ggaaggt ca

ggggcegecge
cagcgtcctce
ccgegetceta
t ggt ggaggt
aggt gcagceg
ccagccecege
t ggagct gaa
agggccagga
ct gccgagag
t cgaget geg
gcggcggage
ccggececccg
tagcgcgggg
t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc
accct cat at
cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
tccagct aaa
gtttaaagct
ccgt gcagge

pcti b2010052684-seql . t xt

tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

gggagcgacc
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge
gcegecegecece
ggagctcatc
ggtggecgtg
cgt gcggege
cggegt gt gc
gct caaccga
ccgegegege
catgctctac
caacattttg
tacagatttt
ctatgect gg
ct ggagct at
t gat ggcctc
cacct geect
tcgtccatcg
t gagat gcct
aat gttt gat
t cgggegget
ggcagagege
ccaggagaag
caaagat gga

ctctcccaac

agaagccgct
actgcctgtg
agaact aaat

tacact gt gc

gacaccccgg
t cct cgggeg
gct cgeggeg
gacgccgeceg
atcttccccg
t cgcggecca
ggcget gggg
aaggcggege
gaggcet cgge
ct gcagcage
gcgetggecyg
cgeatccectce
ct gcat gagg
ctacttgaga
gggttggcga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg
tttgccttaa
caagaatctt
gagttgagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaatca

tt ggacaaac
Page 19

cagat ct gcc
t agt gggt cg
cccat gt gcc

c

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt
gct ceeeggt
gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt
agat agaaca
gggaat gaca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat
ttctcgaaca
ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect

tcaggcttac
cccaggacca

ttcattactg

¢gggggagcec
ggcgggcgceyg
gagect gegg
cgagggct gg
ggctcect ge
acacgt cgcc
ggt gt accge
ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg
gcecatcet g
t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc
gttgact gct
gcaagat gac
ggagct gcga
ggagct gct a
ggaacttaac
gggcaagttt
agatttccag

gaacagcagc

2880
2940
3000
3041

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
1560
1620



agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct
caaat aaaat
gagaat cct g
tccattgaga
t cagct ct gt
gagcttcata
gagggaat ct
ccat ccacct
atcctctcca
ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggt g
cctgetectce
atcgtgectc
ccacagacag
cat cccaccce

gat gct gacg

<210> 55
<211> 3041
<212> DNA
<213>

<400> 55
atggctttgce

cccggeggct
gggcet gt ggg
cgcggecage

t gggcaggcec

cgcceggecy

cccegageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcce
tgcctagt ca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc
t ccagcggge
gt ggggagge
caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at
acagt cat ct
agcgt cgecce
cagtgtctca
aattcctcge

t ggaaggt ca

hono sapi ens

ggggcegecge
cagcgtcctce
ccgegetceta
t ggt ggaggt
aggt gcagceg

ccagccccegce

pcti b2010052684-seql . t xt

ccccacaat g
ttggggaagg
gaaaaaaggt
agaaaggat a
t cagaaaacc
aaaactttcc
ggcct acat t
aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc
cagcagccca
ct ccacaaag
cacttgtgac
t gagccagec
ttccttccta
gt cacat cac
ct cagccact
gccaagggag
tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

gggagcgacc
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge

gccgecgecce

at gccecgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
gat ctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteectge
tgcctget ge
t ct gagat gc
ctcat gccaa
cagcagacat
agacggacca
ggagectct g
gt ct caccca
agaagccgct
actgcctgtg
agaact aaat

tacact gt gc

gacaccccgg
t cct cgggeg
gct cgeggeg
gacgccgeceg
atcttccccg

t cgcggecca
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t ccgagecat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag
tt gggaaaga
ct gcgaat gc
cccagagaaa
ctct gggact
aggaagagaa
ccagtcctcc
cact gt caag
agat ggacag
t cact ccgga
gactt gacac
gt gggaat gt
t gt ct gat gg
cact gccact
agaagcacag
cagat ct gcc
tagt gggt cg
cccat gt gee

c

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt

gct cececeggt

acagtt gact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa
t gct cagaga
tgccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g
t gccct ggge
t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
tcaggcttac
cccaggacca

ttcattactg

¢gggggagcec
ggcgggcgceyg
gagcctgegg
cgagggct gg
ggctcect ge

acacgtcgce

1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3041

60
120
180
240
300
360



ttcgageggce
gccacct gge
gcggeggcyy
cccaacatca
gagttcgecec
ccgegegege
gcegt gcaga
caccgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge
t ggcaacaag
att gaagggg
t ggaaact ag
t cccgggaag
aagcggegt g
attct gat at
aagagaagtc
cacaagat aa
agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct
caaat aaaat
gagaatcct g
tccattgaga
t caget ct gt
gagcttcata
gagggaat ct

ccat ccacct

t ggagct gaa
agggccagga
ct gccgagag
t cgaget geg
gcggcggage
ccggececccg
tagcgegggy
t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc
accct cat at
cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
tccagct aaa
gtttaaagct
ccgt gcagge
cceccgageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcc
tgcctagtca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc

t ccagcggge
gt ggggaggce

pcti b2010052684-seql . t xt

ggagctcatc
ggtggecgtg
cgt gcggege
cggegt gt gc
gct caaccga
ccgegegege
catgctctac
caacattttg
tacagatttt
ctatgect gg
ct ggagct at
t gat ggcctc
cacct geect
tcgtccatcg
t gagat gcct
aatgtttgat
t cgggegget
ggcagagege
ccaggagaag
caaagat gga
ctctcccaac
ccccacaat g
ttggggaagg
gaaaaaaggt
agaaaggat a
t cagaaaacc
aaaactttcc
ggcctacat t
aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc

cagcagccca

ggcget gggg
aaggcggege
gaggcet cgge
ct gcagcage
gcgetggecyg
cgeatccectce
ct gcat gagg
ctacttgaga
gggttggcga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg
tttgccttaa
caagaatctt
gagttgagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaatca
tt ggacaaac
atgccct gac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
gatctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteect ge
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gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt
agat agaaca
gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat
ttctcgaaca
ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect
t ccgagccat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag
tt gggaaaga
ct gcgaat gc
cccagagaaa
ct ct gggact
aggaagagaa
ccagtcctcc

cact gt caag

ggt gt accge
ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg
gcecatcet g
t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc
gttgact gct
gcaagat gac
ggagct gcga
ggagct gct a
ggaacttaac
gggcaagttt
agatttccag
gaacagcagc
acagttgact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa
t gct cagaga
t gccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g

t gccet ggge

420
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

2040

2100

2160

2220

2280

2340

2400



atcctctcca
ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggtg
cctgetcectce
atcgtgecte
ccacagacag
catcccaccc
gat gct gacg
<210>
<211>

<212>
<213>

56

<400> 56
atggctttgce

cceggeggcet
gggct gt ggg
cgeggecage
t gggcaggee
cgeceggecg
ttcgageggce
gccacct gge
gcggcggcgyg
cccaacatca
gagttcgecec
ccgegegege
gcegt gcaga
caccgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge

t ggcaacaag

3041
DNA
hono sapi ens

caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at
acagt cat ct
agcgt cgecce
cagtgtctca
aattcctcge

t ggaaggt ca

ggggcegecge
cagcgtcctce
ccgegetceta
t ggt ggaggt
aggt gcagceg
ccagccecege
t ggagct gaa
agggccagga
ct gccgagag
t cgaget geg
gcggcggage
ccggececccg
tagcgcgggg
t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc

accctcat at

pcti b2010052684-seql . t xt

ctccacaaag
cacttgtgac
t gagccagec
ttccttecta
gt cacat cac
ct cagccact
gccaagggag
tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

gggagcgacc
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge
gcegecegecece
ggagctcatc
ggtggecgtg
cgtgcggege
cggegt gt gc
gct caaccga
ccgegegege
catgctctac
caacattttg
tacagatttt
ctatgect gg
ct ggagct at
t gat ggcctc
cacct geect

tcgtccatcg

tgcctget ge
t ct gagat gc
ctcat gccaa
cagcagacat
agacggacca
ggagectct g
gt ct caccca
agaagccgct
actgcctgtg
agaact aaat

tacact gt gc

gacaccccgg
t cct cgggeg
gctcgeggceg
gacgccgeceg
atcttccccg
t cgcggecca
ggcget gggg
aaggcggege
gaggct cggce
ct gcagcage
gcget ggeeg
cgeatccectce
ct gcat gagg
ctacttgaga
gggttggcga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg

tttgccttaa
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agat ggacag
t cact ccgga
gactt gacac
gt gggaat gt
t gt ct gat gg
cact gccact
agaagcacag
cagat ct gcc
tagt gggt cg
cccat gt gee

c

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt
gct ceeeggt
gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt
agat agaaca
gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat

ttctcgaaca

t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
t caggcttac
cccaggacca

ttcattactg

¢gggggagcec
ggcgggcgceyg
gagcctgegg
cgagggct gg
ggctcect ge
acacgt cgcc
ggt gt accge
ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg
gcecatcet g
t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc

gttgact gct

2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3041

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200



att gaagggg

t ggaaact ag
t cccgggaag
aagcggegt g
attct gat at
aagagaagtc
cacaagat aa
agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct
caaat aaaat
gagaat cct g
tccattgaga
t cagct ct gt
gagcttcata
gagggaat ct
ccat ccacct
atcctctcca
ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggt g
cctgetectce
atcgtgectc
ccacagacag
cat cccaccce

gat gct gacg

<210> 57
<211> 3041
<212> DNA
<213>

cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
t ccagct aaa
gtttaaagct
ccgt gcagge
cccegageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcce
tgcctagt ca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc
t ccagcggge
gt ggggaggc
caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at
acagt cat ct
agcgt cgecce
cagtgtctca
aattcctcge

t ggaaggt ca

hono sapi ens

pcti b2010052684-seql . t xt

t gagat gcct
aatgtttgat
t cgggegget
ggcagagege
ccaggagaag
caaagat gga
ctctcccaac
ccccacaat g
ttggggaagg
gaaaaaaggt
agaaaggat a
t cagaaaacc
aaaactttcc
ggcctacat t
aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc
cagcagccca
ctccacaaag
cacttgtgac
t gagccagec
ttccttecta
gt cacat cac
ct cagccact
gccaagggag
tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

caagaat ctt
gagt t gagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaat ca
tt ggacaaac
at gccecgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
gat ctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteectge
tgcctget ge
t ct gagat gc
ctcat gccaa
cagcagacat
agacggacca
ggagectct g
gt ct caccca
agaagccgct
actgcctgtg
agaact aaat

tacact gt gc
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ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect
t ct gagccat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag
tt gggaaaga
ct gcgaat gc
cccagagaaa
ctct gggact
aggaagagaa
ccagtcctcc
cact gt caag
agat ggacag
t cact ccgga
gactt gacac
gt gggaat gt
t gt ct gat gg
cact gccact
agaagcacag
cagat ct gcc
t agt gggt cg
cccat gt gee

c

gcaagat gac
ggagcet gecga
ggagcetget a
ggaact taac
gggcaagttt
agatttccag
gaacagcagc
acagtt gact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa
t gct cagaga
tgccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g
t gccct ggge
t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
tcaggcttac
cccaggacca

ttcattactg

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
2820
2880
2940
3000
3041



<400> 57
atggetttge

cceggeggcet
ggget gt ggg
cgeggecage
t gggcaggee
cgeceggecg
ttcgageggce
gccacct gge
gcggeggcyy
cccaacatca
gagttcgecec
ccgegegege
gcegt gcaga
caccgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge
t ggcaacaag
att gaagggg
t ggaaact ag
t cccgggaag
aagcggegt g
attct gat at
aagagaagtc
cacaagat aa
agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct

ccagggt cct

ggggcegecge
cagcgtcctce
ccgegetceta
t ggt ggaggt
aggt gcagceg
ccagccecege
t ggagct gaa
agggccagga
ct gccgagag
t cgaget geg
gcggcggage
ccggececccg
tagcgcgggg
t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc
accct cat at
cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
tccagct aaa
gtttaaagct
ccgt gcagge
cceccgageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa

gt gaagagcc

pcti b2010052684-seql . t xt

gggagcgacc
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge
gcegecegecece
ggagctcatc
ggtggecgtg
cgtgcggege
cggegt gt gc
gct caaccga
ccgegegege
catgctctac
caacattttg
tacagatttt
ctatgect gg
ct ggagct at
t gat ggcctc
cacct geect
tcgtccatcg
t gagat gcct
aat gttt gat
t cgggegget
ggcagagege
ccaggagaag
caaagat gga
ctctcccaac
ccccacaat g
ttggggaagy
gaaaaaaggt
agaaaggat a
t cagaaaacc

aaaactttcc

gacaccccgg
t cct cgggeg
gct cgeggeg
gacgccgeceg
atcttccccg
t cgcggecca
ggcget gggg
aaggcggege
gaggcet cgge
ct gcagcage
gcget ggeeg
cgeatccectce
ct gcat gagg
ctacttgaga
gggt t ggcga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg
tttgccttaa
caagaatctt
gagttgagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaatca
tt ggacaaac
atgccccgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
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t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt
gct ceeeggt
gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt
agat agaaca
gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat
ttctcgaaca
ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect
t ccgagccat
ttcgacaaga
gaccaatttc
ccgat ggcaa
cttcattgtt

t agaacacag

¢gggggagcec
ggcgggcgceyg
gagcctgegg
cgagggct gg
ggctcect ge
acacgt cgcc
ggt gt accge
ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg
gcecatcet g
t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc
gttgact gct
gcaagat gac
ggagct gcga
ggagct gct a
ggaacttaac
gggcaagttt
agatttccag
gaacagcagc
acagttgact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag

aaaaccaaaa

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
1560
1620
1680
1740
1800
1860
1920
1980



caaat aaaat
gagaatcctg
tccatt gaga
t cagct ct gt
gagcttcata
gagggaat ct
ccatccacct
atcctctcca
ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggtg
cctgetcectce
atcgtgecte
ccacagacag
catcccaccc
gat gct gacg
<210>
<211>

<212>
<213>

58

<400> 58
atggctttgce

cceggeggcet
gggct gt ggg
cgeggecage
t gggcaggec
cgeceggecg
ttcgageggce
gccacct gge
gcggcggcgyg
cccaacatca
gagttcgecec
ccgegegege

gccgt gcaga

3041
DNA
hono sapi ens

tgcctagt ca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc
t ccagcggge
gt ggggagge
caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at
acagt cat ct
agcgt cgecce
cagtgtctca
aattcctcge

t ggaaggt ca

ggggcegecge
cagcgtcctce
ccgegetceta
t ggt ggaggt
aggt gcagceg
ccagccecege
t ggagct gaa
agggccagga
ct gccgagag
t cgaget geg
gcggcggage
ccggececccg

tagcgcgogg

pcti b2010052684-seql . t xt

ggcctacat t
aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc
cagcagccca
ctccacaaag
cacttgtgac
t gagccagec
ttccttecta
gt cacat cac
ct cagccact
gccaagggag
tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

gggagcgace
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge
gcegecegecece
ggagctcatc
ggtggecgtg
cgtgcggege
cggegt gt gc
gct caaccga
ccgegegege

catgctctac

gatctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteect ge
tgcct get ge
t ct gagat gc
ctcatgccaa
cagcagacat
agacggacca
ggagcctctg
gtctcaccca
agaagccgct
actgectgtg
agaact aaat

tacact gt gc

gacaccccgg
t cct cgggeg
gctcgeggceg
gacgccgeceg
atcttccccg
t cgcggecca
ggcget gggg
aaggcggege
gaggct cggce
ct gcagcage
gcgetggecyg
cgeatccectce

ct gcat gagg
Page 25

tt gggaaaga
ct gcgaat gc
cccagagaaa
ctct gggact
aggaagagaa
ccagtcctcc
cact gt caag
agat ggacag
t cact ccgga
gactt gacac
gt gggaat gt
t gt ct gat gg
cact gccact
agaagcacag
cagat ct gcc
tagt gggt cg
cccat gt gee

c

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt
gct ceeeggt
gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt

t gct cagaga
tgccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g
t gccct ggge
t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
tcaggcttac
cccaggacca

ttcattactg

¢gggggagcec
ggcgggcgceyg
gagcctgegg
cgagggct gg
ggctcect ge
acacgt cgcc
ggt gt accge
ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg

gcccatcct g

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3041

60
120
180
240
300
360
420
480
540
600
660
720
780



caccgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge
t ggcaacaag
att gaagggg
t ggaaact ag
t cccgggaag
aagcggcegt g
attct gat at
aagagaagtc
cacaagat aa
agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct
caaat aaaat
gagaat cct g
tccattgaga
t cagct ct gt
gagcttcata
gagggaat ct
ccat ccacct
atcctctcca
ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggt g

cctgctcectce

t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc
accct cat at
cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
t ccagct aaa
gtttaaagct
ccgt gcagge
cccegageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcce
tgcctagt ca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc
t ccagcggge
gt ggggaggc
caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at

acagt cat ct

pcti b2010052684-seql . t xt

caacattttg
tacagatttt
ctat gect gg
ct ggagct at
t gat ggcete
cacct gcect
tcgtccatcg
t gagat gcct
aat gttt gat
t cgggegget
ggcagagcgce
ccaggagaag
caaagat gga
ctctcccaac
ccccacaat g
ttggggaagy
gaaaaaaggt
agaaaggat a
t caggaaacc
aaaactttcc
ggcct acat t
aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc
cagcagccca
ct ccacaaag
cacttgtgac
t gagccagec
ttccttccta
gt cacat cac

ctcagccact

gccaagggag

ctacttgaga
gggttggcga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg
tttgccttaa
caagaatctt
gagttgagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaatca
tt ggacaaac
atgccccgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
gatctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteect ge
tgcct get ge
t ct gagat gc
ctcatgccaa
cagcagacat
agacggacca
ggagcctctg

gtctcaccca
Page 26

agat agaaca

gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat
ttctcgaaca
ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect
t ccgagccat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag
tt gggaaaga
ct gcgaat gc
cccagagaaa
ct ct gggact
aggaagagaa
ccagtcctcc
cact gt caag
agat ggacag
t cactccgga
gacttgacac
gt gggaat gt
tgtctgat gg
cact gccact

agaagcacag

t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc
gttgact gct
gcaagat gac
ggagcet gecga
ggagcetget a
ggaact taac
gggcaagttt
agatttccag
gaacagcagc
acagtt gact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa
t gct cagaga
tgccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g
t gccct ggge
t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca

cactgtccac

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
2340
2400
2460
2520
2580
2640
2700
2760
2820



atcgtgecte
ccacagacag
catcccaccc
gat gct gacg
<210>
<211>

<212>
<213>

59

<400> 59
atggctttgce

cceggeggcet
gggct gt ggg
cgeggecage
t gggcaggee
cgeceggecg
ttcgageggce
gccacct gge
gcggcggcgyg
cccaacatca
gagttcgecec
ccgegegege
gcegt gcaga
caccgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge
t ggcaacaag
attgaagggg
t ggaaact ag
t cccgggaag
aagcggegt g
attct gat at

aagagaagtc

3041
DNA
hono sapi ens

agcgt cgeece
cagtgtctca
aattcctcgce

t ggaaggt ca

ggggegeege
cagegtcectce
ccgegetcta
t ggt ggaggt
aggt gcagcg
ccagcccecge
t ggaget gaa
agggccagga
ct gccgagag
t cgaget gecg
gcggeggage
ccggeecceg
tagcgegggy
t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc
accct cat at
cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
t ccaget aaa

gtttaaagct

pcti b2010052684-seql . t xt

tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

gggagcgace
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge
gcegecegecece
ggagctcatc
ggtggecgtg
cgtgcggege
cggegt gt gc
gct caaccga
ccgegegege
catgctctac
caacattttg
tacagatttt
ctatgect gg
ct ggagct at
t gat ggcctc
cacct geect
tcgtccatcg
t gagat gcct
aat gttt gat
t cgggegget
ggcagagcege
ccaggagaag

caaagat gga

agaagccgct
actgcctgtg
agaact aaat

tacact gt gc

gacaccccgg
t cct cgggeg
gctcgeggceg
gacgccgeceg
atcttccccg
t cgcggecca
ggcget gggg
aaggcggege
gaggct cggce
ct gcagcage
gcget ggeeg
cgeatccectce
ct gcat gagg
ctacttgaga
gggttggcga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg
tttgccttaa
caagaatctt
gagttgagaa
ct gcagcaga
gagat cgacg
cccaaggt aa

catcgaatca
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cagat ct gcc
t agt gggt cg
cccat gt gcc

c

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt
gct ceeeggt
gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt
agat agaaca
gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat
ttctcgaaca
ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa

gtttaccttc

tcaggcttac
cccaggacca

ttcattactg

¢gggggagcec
ggcgggcgceyg
gagcctgegg
cgagggct gg
ggctcect ge
acacgt cgcc
ggt gt accge
ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg
gcecatcet g
t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc
gttgact gct
gcaagat gac
ggagct gcga
ggagct gct a
ggaacttaac

gggcaagttt

agatttccag

2880
2940
3000
3041

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
1560



cacaagat aa
agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct
caaat aaaat
gagaat cct g
tccattgaga
t cagct ct gt
gagcttcata
gagggaat ct
ccat ccacct
atcctctcca
ct ggt ggaca
act gcct cag
gt at caagaa
gcttcttcaa
ccaact ggt g
cctgetectce
atcgtgectc
ccacagacag
cat cccaccce

gat gct gacg

<210> 60
<211> 3041
<212> DNA
<213>

<400> 60
atggctttgce

cccggeggct
gggcet gt ggg
cgcggecage

t gggcaggcec

cgcceggecy

ccgt gcagge
cccegageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcce
tgcctagt ca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc
t ccagcggge
gt ggggaggc
caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at
acagt cat ct
agcgt cgecce
cagtgtctca
aattcctcge

t ggaaggt ca

hono sapi ens

ggggcegecge
cagcgtcctce
ccgegetceta
t ggt ggaggt
aggt gcagceg

ccagccccegce

pcti b2010052684-seql . t xt

ctctcccaac
ccccacaat g
ttggggaagy
gaaaaaaggt
agaaaggat a
t cagaaaacc
aaaactttcc
ggcct acat t
aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc
cagcagccca
ct ccacaaag
cacttgtgac
t gagccagec
ttccttccta
gt cacat cac
ct cagccact
gccaagggag
tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

gggagcgacc
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge

gccgecgecce

tt ggacaaac
at gccecgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
gat ctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteectge
tgcctget ge
t ct gagat gc
ctcat gccaa
cagcagacat
agacggacca
ggagectct g
gt ct caccca
agaagccgct
actgcctgtg
agaact aaat

tacact gt gc

gacaccccgg
t cct cgggeg
gct cgeggeg
gacgccgeceg
atcttccccg

t cgcggecca
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ggcggagect
t ccgagecat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag
tt gggaaaga
ct gcgaat gc
cccagagaaa
ctct gggact
aggaagagaa
ccagtcctcc
cact gt caag
agat ggacag
t cact ccgga
gactt gacac
gt gggaat gt
t gt ct gat gg
cact gccact
agaagcacag
cagat ct gcc
t agt gggt cg
cccat gt gee

c

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt

gct cececeggt

gaacagcagc
acagtt gact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa
t gct cagaga
tgccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g
t gccct ggge
t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
tcaggcttac
cccaggacca

ttcattactg

cgggggagee
9gcgggcgcy
gagect gegg
cgaggget gg
ggct ccct ge

acacgtcgce

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3041

60
120
180
240
300
360



ttcgageggce
gccacct gge
gcggcggcgyg
cccaacatca
gagttcgecec
ccgegegege
gcegt gcaga
caccgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct
ctcactttge
t ggcaacaag
attgaagggg
t ggaaact ag
t cccgggaag
aagcggegt g
attct gat at
aagagaagtc
cacaagat aa
agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct
caaat aaaat
gagaatcct g
tccattgaga
t caget ct gt
gagcttcata
gagggaat ct

ccat ccacct

t ggagct gaa
agggccagga
ct gccgagag
t cgaget geg
gcggcggage
ccggececccg
tagcgegggy
t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat
ccattccatc
accct cat at
cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
tccagct aaa
gtttaaagct
ccgt gcagge
cceccgageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcc
tgcctagtca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc

t ccagcggge
gt ggggaggce

pcti b2010052684-seql . t xt

ggagctcatc
ggtggecgtg
cgtgcggege
cggegt gt gc
gct caaccga
ccgegegege
catgctctac
caacattttg
tacagatttt
ctatgect gg
ct ggagct at
t gat ggcctc
cacct geect
tcgtccatcg
t gagat gcct
aat gttt gat
t cgggegget
ggcagagcege
ccaggagaag
caaagat gga
ctctcccaac
ccccacaat g
ttggggaagg
gaaaaaaggt
agaaaggat a
t cagaaaacc
aaaactttcc
ggcctacat t
aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc

cagcagccca

ggcget gggg
aaggcggege
gaggct cggce
ct gcagcage
gcgetggecyg
cgeatccectce
ct gcat gagg
ctacttgaga
gggttggcga
at ggcccccg
ggagt gct g
gcegt gget t
gagcegtttg
tttgccttaa
caagaatctt
gagttgagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaatca
tt ggacaaac
atgccccgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
gatctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg

CCCtCCCth
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gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt
agat agaaca
gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

ccaagct cat
ttctcgaaca
ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect
t ccgagccat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag
tt gggaaaga
ct gcgaat gc
cccagagaaa
ct ct gggact
aggaagagaa
ccagtcctcc

cact gt caag

ggt gt accge
ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg
gcecatcet g
t gat gacatc
caggaccacc
gtcttecttg
gct caccgga
agt caat aaa
gaaagaat gc
gttgact gct
gcaagat gac
ggagct gcga
ggagct gct a
ggaacttaac
gggcaagttt
agatttccag
gaacagcagc
acagttgact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa
t gct cagaga
t gccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g

t gccet ggge

420

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
2040
2100
2160
2220
2280
2340
2400



atcctctcca
ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggt g
cctgetcectce
atcgtgectc
ccacagacag
catcccaccc
gat gct gacg
<210> 61

<211>
<212>
<213>

<400> 61
atggetttge

cceggeggcet
gggct gt ggg
cgeggecage
t gggcaggec
cgeceggecg
ttcgageggce
gccacct gge
gcggeggcyy
cccaacatca
gagttcgecec
ccgegegege
gcegt gcaga
caccgggacc
t gcaat aaaa
aaaat gagca
ttttctaagg
gaagt cccct

ctcactttgce

3041
DNA
hono sapi ens

caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at
acagt cat ct
agcgt cgecce
cagtgtctca
aattcctcge

t ggaaggt ca

ggggegeege
cagcgtcctce
ccgegetceta
t ggt ggaggt
aggt gcagceg
ccagccecege
t ggagct gaa
agggccagga
ct gccgagag
t cgaget geg
gcggcggage
ccggececccg
tagcgegggy
t caagt ccag
ctttgaagat
cagcaggcac
gaagcgacat
at cggggcat

ccattccatc

pcti b2010052684-seql . t xt

ctccacaaag
cacttgtgac
t gagccagec
ttccttecta
gtcacatccc
ct cagccact
gccaagggag
tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

gggagcgace
gtcgtccacc
t gact acgag
gct gt cgeag
gcgecet cgge
gcegecegecece
ggagctcatc
ggtggecgtg
cgt gcggege
cggegt gt gc
gct caaccga
ccgegegege
catgctctac
caacattttg
tacagatttt
ctatgect gg
ct ggagct at
t gat ggcctc

cacctgccct

tgcctget ge
t ct gagat gc
ctcat gccaa
cagcagacat
agacggacca
ggagectct g
gt ct caccca
agaagccgct
actgcctgtg
agaact aaat

tacact gt gc

gacaccccgg
t cct cgggeg
gct cgeggeg
gacgccgeceg
atcttccceg
t cgcggecca
ggcget gggg
aaggcggcge
gaggcet cgge
ctgcagcagce
gcgetggecyg
cgecat cccte
ct gcat gagg
ctacttgaga
gggt t ggcga
at ggcccccg
ggagt gct gc
gcegt ggett

agat ggacag
t cact ccgga
gactt gacac
gt gggaat gt
t gt ct gat gg
cact gccact
agaagcacag
cagat ct gcc
t agt gggt cg
cccat gt gee

c

t gt cctcgge
gctcggectc
aggacgagct
t gt cgggcga
ccaact acgt
gct ceeeggt
gcttecgggea
gccaggaccce
tcttcgecat
cgcacctctg
ct gccaacgc
cgcacgt get
aggccet t cgt
agat agaaca
gggaat ggca
aagt gat caa
t gt gggaact
at ggggt age

t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
t caggcttac
cccaggacca

ttcattactg

¢gggggagcec
ggcgggcgceyg
gagect gegg
cgagggct gg
ggctcect ge
acacgt cgcc
ggt gt accge
ggagcaggac
gct geggeac
cctggtgetg
cgececggac
ggt caact gg
gcecatcet g
t gat gacatc
caggaccacc
gtcttecttg
gct caccgga

agt caat aaa

gagccgtttg ccaagctcat gaaagaatgc
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2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3041

60
120
180
240
300
360
420
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540
600
660
720
780
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960

1020
1080
1140



t ggcaacaag
att gaagggg
t ggaaact ag
t cccgggaag
aagcggcegt g
attct gat at
aagagaagtc
cacaagat aa
agttccagtc
t cagat gaaa
gat gt aaaaa
aaagat agaa
t caact at ct
ccagggt cct
caaat aaaat
gagaat cct g
tccattgaga
t cagct ct gt
gagcttcata
gagggaat ct
ccat ccacct
atcctctcca
ct ggt ggaca
act gccccag
gt at caagaa
gcttcttcaa
ccaact ggt g
cctgetectce
atcgtgectc
ccacagacag
cat cccaccce

gat gct gacg

accct cat at
cagt gat gac
aaattcaaca
aggagct gac
agcagcagct
t ccagct aaa
gtttaaagct
ccgt gcagge
cccegageag
gcaat aaaac
ggaattttaa
cagattgcaa
t aat aaaaaa
gt gaagagcce
tgcctagt ca
cagaagct ga
tgactcctac
at gggt gcac
aagcacaggc
t ccagcggge
gt ggggagge
caccttcettt
gt gcacct gt
gaagt ggt cg
acttgecgtc
aacat agacc
caactatt at
acagt cat ct
agcgt cgecce
cagtgtctca
aattcctcge

t ggaaggt ca

pcti b2010052684-seql . t xt

tcgtccatcg
t gagat gcct
aat gttt gat
t cgggegget
ggcagagcege
ccaggagaag
caaagat gga
ctctcccaac
ccccacaat g
ttggggaagy
gaaaaaaggt
agaaaggat a
t cagaaaacc
aaaactttcc
ggcctacat t
aagct gggag
gaatagtctg
cgtccttetg
t gct gaagaa
ttccaagtcc
cagcagccca
ctccacaaag
cacttgtgac
t gagccagec
ttccttecta
gt cacat cac
ct cagccact
gccaagggag
tgcctcectg
gct ggcacag
t gccaaggag
gagcagggac

tttgccttaa
caagaat ctt
gagt t gagaa
ct gcagcaga
gagat cgacg
cccaaggt aa
cat cgaat ca
tt ggacaaac
at gccecgac
aacacagt ct
t gt acct ggg
agacct ct ct
atgcccttgg
cct gat ggat
gat ctacctc
gaggcagcct
agt agat ccc
gcat cggt gg
ccgttgecca
cgcagaagcg
cceteectge
tgcctget ge
t ct gagat gc
ctcat gccaa
cagcagacat
agacggacca
ggagectct g
gt ct caccca
agaagccgct
actgcctgtg
agaact aaat

tacact gt gc
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ttctcgaaca
ttcattccat
caaaggaaaa
agt ct cagga
t gct ggageg
agaagaggaa
gtttaccttc
ggcggagect
t ccgagecat
ttcgacaaga
gaccaaattc
ccgat ggcaa
cttcattgtt
t agaacacag
tt gggaaaga
ct gcgaat gc
cccagagaaa
ctct gggact
aggaagagaa
ccagtcctcc
cact gt caag
agat ggacag
t cact ccgga
gactt gacac
gt gggaat gt
cgt ct gat gg
cact gccact
agaagcacag
cagat ct gcc
tagt gggt cg
cccat gt gee

c

gttgact gct
gcaagat gac
ggagcet gecga
ggagcetget a
ggaact taac
gggcaagttt
agatttccag
gaacagcagc
acagtt gact
agaatttgag
cattcaaatg
cagtccttgg
t gt ggaccag
aaaaccaaaa
t gct cagaga
tgccacagtc
gaaaacggag
ggacct caga
gaagaaacga
cacaagcct g
t gccct ggge
t gaagat cca
tttttgtcece
tgatt gt agt
accttact gt
aaat ccgacc
ctgccectca
cact gt ccac
tcaggcttac
cccaggacca

ttcattactg

1200
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
2820
2880
2940
3000
3041
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