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METHODS AND COMPOSITIONS FOR PREDICTING
RESPONSE TO ERIBULIN

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application No. 61/454426,
filed March 18, 2011, the entire contents of which are hereby incorporated by reference
herein.

BACKGROUND OF THE INVENTION

Cancer is a term used to describe a wide variety of diseases that are each
characterized by the uncontrolled growth of a particular type of cell. It begins in a tissue
containing such a cell and, if the cancer has not spread to any additional tissues at the
time of diagnosis, may be treated by, for example, surgery, radiation, or another type of
localized therapy. However, when there is evidence that cancer has metastasized from its
tissue of origin, different approaches to treatment are typically used. Indeed, because it
is not possible to determine the extent of metastasis, systemic approaches to therapy are
usually undertaken when any evidence of spread is detected. These approaches involve
the administration of chemotherapeutic drugs that interfere with the growth of rapidly
dividing cells, such as cancer cells.

Halichondrin B is a structurally complex, macrocyclic compound that was
originally isolated from the marine sponge Halichondria okadai, and subsequently was
found in Axinella sp., Phakellia carteri, and Lissodendoryx sp. A total synthesis of
halichondrin B was published in 1992 (Aicher et al., J. Am. Chem. Soc. 114:3162-3164,
1992). Halichondrin B has been shown to inhibit tubulin polymerization, microtubule
assembly, beta-tubulin crosslinking, GTP and vinblastine binding to tubulin, and
tubulin-dependent GTP hydrolysis in vitro. This molecule has also been shown to have
anti-cancer properties in vitro and in vivo. Halichondrin B analogs having anti-cancer
activities are described in U.S. Pat. No. 6,214,865 B1.

In particular, eribulin mesylate, a Halichondrin B analog, has been developed as
an anticancer drug. Recently, eribulin mesylate was approved for the treatment of
patients with metastatic breast cancer who have previously received at least two
chemotherapeutic regimens for the treatment of metastatic disease, wherein prior therapy
may have included an anthracycline and/or a taxane in either the adjuvant or metastatic
setting. The ability to predict in advance of treatment whether a cancer patient is likely
to be responsive to an anti-cancer agent can guide selection of appropriate treatment, and
1s beneficial to patients. Accordingly, there is a need for methods for and compositions
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useful in, assessing or predicting responsiveness to eribulin in patients having cancer

and, in particular, breast cancer.

SUMMARY OF THE INVENTION

The invention is based, at least in part, on the observation that a low level of
expression, e.g., the absence of expression, of the biomarkers identified herein is
indicative of responsiveness to eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate). Specifically, the absence of expression
or a low level of expression of these biomarkers, including, for example, one or more of
those biomarkers set forth in Table 1, in a subject is indicative that the subject will be
responsive to treatment with eribulin, an analog thereof, or a pharmaceutically

acceptable salt thereof (e.g., eribulin mesylate).

Accordingly, in one aspect, the present invention provides a method for
determining whether eribulin, an analog thereof, or a pharmaceutically acceptable salt
thereof (e.g., eribulin mesylate), may be used to treat a subject having breast cancer, by
assaying a sample derived from the subject to determine the level of expression in the
sample of a biomarker selected from the group of biomarkers listed in Table 1, wherein
a low level of expression of the biomarker is indicative that eribulin, an analog thereof,
or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), will be effective
in treating the subject having breast cancer. In another aspect, the present invention
provides a method for determining whether eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), may be used to treat a
subject having breast cancer, by determining the level of expression of a biomarker
selected from the group of biomarkers listed in Table 1 in a sample derived from the
subject, wherein a low level of expression of the biomarker is indicative that eribulin, an
analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate),
will be effective in treating the subject having breast cancer. In a further aspect, the
present invention provides a method for predicting whether eribulin, an analog thereof,
or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), may be used to
treat a subject having breast cancer, by determining the level of expression of a
biomarker selected from the group of biomarkers listed in Table 1 in a sample derived
from the subject, and predicting that eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate), will be effective in treating a subject
having breast cancer when there is a low level of expression of the biomarker in the
sample. In one embodiment of the foregoing aspects of the invention, the methods may
further include obtaining a sample from a subject.
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In yet another aspect, the present invention provides a method for determining
the sensitivity of a breast tumor, for example, derived from a subject having breast
cancer, to treatment with eribulin, an analog thereof, or a pharmaceutically acceptable
salt thereof (e.g., eribulin mesylate), by determining the level of expression of a
biomarker selected from the group of biomarkers listed in Table 1 in the tumor, wherein
a low level of expression of the biomarker in the tumor indicates that the tumor is
sensitive to treatment with eribulin, or an analog thereof. In yet another aspect, the
present invention provides a method for determining the sensitivity of a breast tumor, for
example, derived from a subject having breast cancer, to treatment with eribulin, an
analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), by
determining the level of expression of a biomarker selected from the group of
biomarkers listed in Table 1 in the tumor, and identifying the tumor as being sensitive to
treatment with eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof
(e.g., eribulin mesylate), when the biomarker is expressed in the tumor at a low level.

In further aspects of the invention, methods are provided for treating a subject
having breast cancer. The methods include identifying a subject having breast cancer in
which a biomarker selected from the group of biomarkers listed in Table 1 is expressed
at a low level, and administering a therapeutically effective amount of eribulin, an
analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), to
the subject. In yet a further aspect, the present invention provides methods of treating a
subject having breast cancer, by assaying a sample derived from the subject to determine
the level of expression in the sample of a biomarker selected from the group of
biomarkers listed in Table 1, and administering a therapeutically effective amount of
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate), to the subject when a low level of expression of the biomarker is detected in
the sample. In one embodiment of the foregoing aspects of the invention, the methods

may further include obtaining a sample from a subject.

In further aspects of the invention, methods are provided for treating a subject
having breast cancer that is sensitive to eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof. The methods include identifying a subject having breast cancer
that is sensitive to eribulin, an analog thereof, or a pharmaceutically acceptable salt
thereof, (e.g., a breast cancer in which a biomarker selected from the group of
biomarkers listed in Table 1 is expressed at a low level), and administering a
therapeutically effective amount of eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate), to the subject. In yet a further aspect,
the present invention provides methods of treating a subject having breast cancer that is
sensitive to eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof, by
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assaying a sample derived from the subject to determine the level of expression in the
sample of a biomarker selected from the group of biomarkers listed in Table 1, and
administering a therapeutically effective amount of eribulin, an analog thereof, ora
pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), to the subject when a
low level of expression of the biomarker is detected in the sample. In one embodiment
of the foregoing aspects of the invention, the methods may further include obtaining a

sample from a subject.

In various embodiments, the subject has not been previously treated with
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate). Alternatively, the subject has been previously treated with eribulin, an analog
thereof, or a pharmaceutially acceptable salt thereof. In certain embodiments, the breast
cancer is an Estrogen Receptor (ER) negative breast cancer and/or a Progesterone
Receptor (PR) negative breast cancer and/or a Her-2 negative breast cancer.

In various embodiments, the level of expression of at least 2, at least 3, at least 4
or at least 5 biomarkers selected from the group of biomarkers listed in Table 1 is

determined.

In particular embodiments, a predictive gene signature comprising a sub-
combination of 2 or more biomarkers selected from the group of biomarkers listed in
Table 1 is used. In various embodiments, the level of expression of at least 2, at least 3,
at least 4 or at least 5 biomarkers selected from the group of biomarkers listed in Table 1
is determined. For example, the predictive gene signature may include at least 2
biomarkers, e.g., DYSF and EDIL3; GNAT1 and ERGIC3; KRT24 and PAPLN;
MANSCI1 and PDGFB; PCDH1 and PDGFB; or PHOSPHO2 and PSENEN. In another
embodiment, the predictive gene signature may include at least 3 biomarkers, e.g.,
COL7A1, YTHDF1 and ZICS; CKLF, IL10 and TUBB6; CDC20, CFL1 and TMEM?79;
HYAL2, NCBP1 and SNX11; or CEP152, NCBP1 and SATBI1. In another
embodiment, the predictive gene signature may include at least 4 biomarkers, e.g.,
APBB2, CCL26, PSENEN and SATBI1; ANG, JAM3, KLHL17 and PAPLN; ITFG3,
MAD2LI1BP, NMU and PDGFB; SPTA1, TYROBP, SNX11 and PSENEN; GRAMD4,
GNATI1, TMIGD2 and YTHDF1; or GRAMD4, HYAL2, PHOSPHO2 and TUBB6. In
another embodiment, the predictive gene signature may include at least 5 biomarkers,
e.g., CCL26, CDC20, ERGIC3, EDIL3 and PCDHI1; DYSF, NMU, PHOSPHO?2,
PSENEN and SNX11; APBB2, CKLF, CYP4F3, TUBB6 and YTHDEF1; or CEP152,
MAD2LI1BP, SPTA1, TMEM79 and ZICS.

In particular embodiments, the predictive gene signature may include 2 or more
of biomarkers ABI3, ANG, APBB2, CCL26, CDC20, CEP152, CFL1, CKLF, COL7Al,
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CYP4F3, DYSF, GNAT1, GRAMD4, HYAL2, IL10, ITFG3, JAM3, KLHL17, KRT24,
MAD2L1BP, MANSC1, MOBKLI1B, NCBP1, NMU, PCDH1, PHOSPHO2, SPTAI,
TMIGD2, TYROBP, ZICS, ERGIC3, PDGFB, PSENEN, SATB1, SNX11, TMEM79
and YTHDF1, e.g., ABI3 and ANG; APBB2 and CCL26; GNATI1 and GRAMD4; IL10
and ITFG3; MACSC1 and MOBKLI1B; NMU and PCDH]1; or TYROBP and ZICS. In
other embodiments, the predictive gene signature includes at least 3 of the previously
recited biomarkers, e.g., ABI3, ANG and APBB2; CCL26, CKLF and COL7A1; DYSF,
GNATI and HYAL2; JAM3, KLHL17 and KRT24; NCBP1, NMU and PCDHI;
SPTA1, TMIGD2 and TYROBP; or ZICS5, MAD2LI1BP and CDC20. In other
embodiments, the predictive gene signature includes at least 4 of the previously recited
biomarkers, e.g., ABI3, ANG, APBB2 and CCL26; CEP152, CFLI1, CKLF and
COL7A1; KRT24, MANSC1, MOBKLIB and SPTA1; TYROBP, TMIGD?2,
PHOSPHO2 and NMU; ABI3, GNATI, KLHL17 and SPTA1; or CEP152, HYAL?2,
PCDHI1 and TMIGD?2. In yet further embodiments, the predictive gene signature
includes at least 5 of the previously recited biomarkers, e.g., CKLF, COL7A1,
GRAMD4, JAM3 and PCDHI1; APBB2, CEP152, DYSF, IL10 and TYROBP; CYP4F3,
HYAL2, ITFG3, KLHL17 and KRT24; NCBP1, SPTA1, TMIGD2, IL10 and JAM3; or
CCL26, PHOSPHO2, SPTA1, TMIGD?2 and ZICS.

In other embodiments, the predictive gene signature may include 2 or more of
biomarkers ERGIC3, PDGFB, PSENEN, SATBI1, SNX11, TMEM79 or YTHDF1, or
any sub-combination thereof, e.g., ERGIC3 and PDGFB; ERGIC3 and PSENEN;
ERGIC3 and SATB1; ERGIC3 and SNX11; ERGIC3 and TMEM?79; ERGIC3 and
YTHDEF1; PDGFB and PSENEN; PDGFB and SATB1; PDGFB and SNX11; PDGFB
and TMEM79; PDGFB and YTHDF1; PSENEN and SATB1; PSENEN and SNX11;
PSENEN and TMEM79; PSENEN and YTHDF1; SATB1 and SNX11; SATBI1 and
TMEM79; SATB1 and YTHDF1; SNX11 and TMEM79; SNX11 and YTHDF1; or
TMEM79 and YTHDFI1. In other embodiments, the predictive gene signature includes
at least 3 biomarkers, for example, ERGIC3, PDGFB and PSENEN; SATBI1, SNX11
and TMEM79; SNX11, TMEM79 and YTHDEF1; or ERGIC3, PDGFB and SATB1. In
further embodiments, the predictive gene signature includes at least 4 biomarkers, for
example, ERGIC3, PDGFB, PSENEN and SATB1; SNX11, TMEM79, YTHDF1 and
ERGIC3; or ERGIC3, PDGFB, PSENEN and YTHDF1. In further embodiments, the
predictive gene signature includes at least 5 biomarkers, for example, ERGIC3, PDGFB,
PSENEN, SATB1 and SNX11; ERGIC3, PDGFB, PSENEN, SATB1 and TMEM?79; or
PSENEN, SATBI1, SNX11, TMEM79 and YTHDF1. In yet further embodiments, the
predictive gene signature includes at least 6 biomarkers, for example, ERGIC3, PDGFB,
PSENEN, SATBI1, SNX11 and TMEM79; PDGFB, PSENEN, SATB1, SNX11,
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TMEM79 and YTHDEF1; or ERGIC3, PSENEN, SATBI1, SNX11, TMEM79 and
YTHDF]1. In yet another embodiment, the predictive gene signature includes 7
biomarkers, for example, ERGIC3, PDGFB, PSENEN, SATB1, SNX11, TMEM79 and
YTHDFI.

In various embodiments, the biomarker is not one or more of SPTA1, PAPLN,
PCDHI1, TMIGD2 and/or KRT24. In a particular embodiment, the biomarker is not
SPTA1, PAPLN, PCDHI1, TMIGD2 and KRT24. In one embodiment, the biomarker is
not SPTAI. In another embodiment, the biomarker is not PAPLN. In another
embodiment, the biomarker is not PCDH1. In another embodiment, the biomarker is not
TMIGD?2. In yet another embodiment, the biomarker is not KRT24.

In particular embodiments, the predictive gene signature may include 2 or more
of biomarkers ABI3, ANG, APBB2, CCL26, CDC20, CEP152, CFL1, CKLF, COL7Al,
CYP4F3, DYSF, GNAT1, GRAMD4, HYAL?2, IL10, ITFG3, JAM3, KLHL17,
MAD2L1BP, MANSCI1, MOBKLI1B, NCBP1, NMU, PHOSPHO2, TYROBP, ZICS,
ERGIC3, PDGFB, PSENEN, SATB1, SNX11, TMEM79, YTHDF1, EDIL3 and
TUBBSO, e.g., ABI3 and ANG; GRAMD4 and HYAL2; NMU and PHOSPHO?2; ZIC5
and PSENEN; or SNX11 and MOBKL1B. In other embodiments, the predictive gene
signature includes at least 3 of the previously recited biomarkers, e.g., APBB2, CDC20
and CKLF; COL7A1, DYSF and GNATI; NCBP1, SATB1 and EDIL3; PSENEN,
DYSF and GNAT1; MANSCI, ZICS and CFL1; or CKLF, GRAMD4 and NMU. In
other embodiments, the predictive gene signature includes at least 4 of the previously
recited biomarkers, e.g., ANG, CCL26, CEP152 and JAM3; APBB2, CYP4F3, ITFG3
and TYROBP; CYP4F3, MANSCI1, PDGFB and YTHDF1; TUBB6, DYSF,
PHOSPHO?2 and CDC20; or CKLF, KLHL17, HYAL2 and ZIC5. In yet further
embodiments, the predictive gene signature includes at least 5 of the previously recited
biomarkers, e.g., IL10, CEP152, COL7A1, TYROBP and ERGIC3; TMEM79, SNX11,
PSENEN, GNAT1 and GRAMD4; JAM3, SNX11, KLHL17, MOBKL1B and ERGIC3;
or NMU, PHOSPHO2, PDGFB, CFLI and ANG.

In various methods and or kits of the invention, the biomarker is not ABI3, is not
ANG, is not APBB?2, is not CCL26, is not CDC20, is not CEP152, is not CFL1, is not
CKLF, is not COL7A1, is not CYP4F3, is not DYSF, is not GNAT1, is not GRAMD4,
is not HYAL?2, is not IL10, is not ITFG3, is not JAM3, is not KLHIL.17, is not KRT?24, is
not MAD2L1BP, is not MANSCI, is not MOBKL1B, is not NCBP1, is not NMU, is not
PCDH1, is not PHOSPHO?2, is not SPTAI, is not TMIGD?2, is not TYROBP, is not
ZICS, is not ERGIC3, is not PDGFB, is not PSENEN, is not SATBI, is not SNX11, is
not TMEM79, is not EDIL3, is not PAPLN, is not TUBB6 and/or is not YTHDF1.
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In certain embodiments, the biomarker is not expressed at a detectable level. In
another embodiment, the biomarker is expressed at a low level as compared to a control.
Expression can be determined directly or indirectly by any suitable method. In certain
embodiments, the level of expression of the biomarker is determined at the nucleic acid
level using any suitable method. For example, the level of expression of the biomarker
can be determined by detecting cDNA, mRNA or DNA. In particular embodiments, the
level of expression of the biomarker is determined by using a technique selected from
the group consisting of polymerase chain reaction (PCR) amplification reaction, reverse-
transcriptase PCR analysis, quantitative reverse-transcriptase PCR analysis, Northern
blot analysis, RNAase protection assay, digital RNA detection/ quantitation (e.g.,

nanoString) and combinations or sub-combinations thereof.

In certain embodiments, the level of expression of the biomarker can be
determined by detecting miRNA. Specifically, mRNA expression can be assessed
indirectly by assessing levels of miRNA, wherein an elevated level of an miRNA which
controls the expression of an mRNA is indicative of a low level of expression of the
mRNA encoding the biomarker.

In other embodiments, the level of expression of the biomarker is determined at
the protein level using any suitable method. For example, the presence or level of the
protein can be detected using an antibody or antigen binding fragment thereof, which
specifically binds to the protein. In particular embodiments, the antibody or antigen
binding fragment thereof is selected from the group consisting of a murine antibody, a
human antibody, a humanized antibody, a bispecific antibody, a chimeric antibody, a
Fab, Fab’, F(ab’), , ScFv, SMIP, affibody, avimer, versabody, nanobody, and a domain
antibody, or an antigen binding fragment of any of the foregoing. In particular
embodiments, the antibody or antigen binding portion thereof is labeled, for example,
with a label selected from the group consisting of a radio-label, a biotin-label, a
chromophore-label, a fluorophore-label, and an enzyme-label. In certain embodiments,
the level of expression of the biomarker is determined by using a technique selected
from the group consisting of an immunoassay, a western blot analysis, a
radioimmunoassay, immunofluorimetry, immunoprecipitation, equilibrium dialysis,
immunodiffusion, electrochemiluminescence immunoassay (ECLIA), ELISA assay,
immunopolymerase chain reaction and combinations or sub-combinations thereof. In
particular embodiments, the immunoassay is a solution-based immunoassay selected
from the group consisting of electrochemiluminescence, chemiluminescence,
fluorogenic chemiluminescence, fluorescence polarization, and time-resolved
fluorescence. In other embodiments, the immunoassay is a sandwich immunoassay

selected from the group consisting of electrochemiluminescence, chemiluminescence,
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and fluorogenic chemiluminescence. Other assays which rely on agents capable of
detecting the protein, such as those relying upon a suitable binding partner or enzymatic
activity, can also be used (e.g., use of a ligand to detect a receptor molecule).

Samples can be obtained from a subject by any suitable method, and may
optionally have undergone further processing step(s) (e.g., freezing, fractionation,
fixation, guanidine treatment, etc). Any suitable sample derived from a subject can be
used, such as any tissue (e.g., biopsy), cell, or fluid, as well as any component thereof,
such as a fraction or extract. In various embodiments, the sample is a fluid obtained
from the subject, or a component of such a fluid. For example, the fluid can be blood,
plasma, serum, sputum, lymph, cystic fluid, nipple aspirate, urine, or fluid collected
from a biopsy (e.g., lump biopsy). In other embodiments, the sample is a tissue or
component thereof obtained from the subject. For example, the tissue can be tissue
obtained from a biopsy (e.g., lump biopsy), breast tissue, connective tissue, and/or
lymphatic tissue. In a particular embodiment, the tissue is breast tissue, or a component
thereof (e.g., cells collected from the breast tissue). In a particular embodiment, the
component of the breast tissue are breast tissue cells. In another embodiment, the

component of the breast tissue are circulating breast tumor cells.
In one embodiment, the subject is a human.

In another aspect, the present invention provides a kit for predicting whether
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate), may be used to treat a subject having breast cancer, including reagents for
determining the level of expression of a biomarker selected from the group of
biomarkers listed in Table 1; and instructions for use of the kit to predict whether
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate), may be used to treat a subject having breast cancer. For example, the reagent
for determining the level of expression of the biomarker can be a probe for identifying a
null mutation in the biomarker. The reagent for determining the level of expression of
the biomarker can be a probe for amplifying and/or detecting the biomarker. In yet
another embodiment, the reagent for determining the level of expression of the
biomarker can be an antibody, for example, an antibody specific for the product of the

expression of the wild type or null mutant version of the biomarker.

In a particular embodiment, the kit further includes reagents for obtaining a
biological sample from a subject. In another embodiment, the kit includes a control
sample.

In another aspect, the present invention provides methods for determining
whether eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g.,
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eribulin mesylate), may be used to treat a subject having breast cancer by determining
and/or identifying whether the subject carries at least one gene, selected from the group
of biomarkers set forth in Table 1, which contains a null mutation. In another aspect, the
present invention provides methods for predicting whether eribulin, an analog thereof, or
a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), may be used to treat
a subject having breast cancer by assaying a sample derived from the subject to
determine whether the subject carries at least one gene, selected from the group of
biomarkers set forth in Table 1, which contains a null mutation. In a further aspect, the
present invention provides methods for determining the sensitivity of a breast tumor to
treatment with eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof
by determining and/or identifying whether said tumor is characterized by at least one
gene, selected from the group of biomarkers set forth in Table 1, which contains a null
mutation. In yet another aspect, the present invention is directed to methods for treating
a subject having breast cancer with eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof by identifying whether at least one gene, selected from the group
of biomarkers set forth in Table 1, which contains a null mutation and administering a
therapeutically effective amount of eribulin, an analog thereof, or a pharmaceutically

acceptable salt thereof (e.g., eribulin mesylate) to the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the high throughput siRNA screening methods in Breast Cancer
Cell Lines performed as described in Example 1.

Figure 2 depicts the identification and selection of certain genes for further
consideration as biomarkers of efficacy of eribulin, an analog thereof, or a

pharmaceutically acceptable salt thereof.
Figure 3 depicts the confirmation assays performed as described in Example 1.

Figure 4 depicts the results of the QuantiTect SYBR Assays to determine the
relative quantities of cDNAs after treatment with siRNA as set forth in Example 1.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides methods for determining whether eribulin, an
analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate),
may be used to treat a subject having breast cancer, methods for predicting whether
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
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mesylate), may be used to treat a subject having breast cancer, methods for determining
the sensitivity of a breast tumor to treatment with eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), and methods of
treating a subject having breast cancer. Generally, the methods involve determining the
level of expression of at least one biomarker as set forth in Table 1 in a sample derived
from the subject, wherein a low level of expression of the biomarker is an indication that
eribulin, or an analog thereof may be used to treat breast cancer and/or that the breast
tumor is sensitive to treatment with eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate).

The invention is based, at least in part, on the observation that a low level of
expression, e.g., the absence of expression, of the biomarkers identified herein is
indicative of responsiveness to eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate). As shown herein, siRNA techniques
were employed to “knock down” expression of certain genes and assess the sensitivity of
the resulting knock down cells to eribulin mesylate. Based on the findings from these
studies, low levels of expression of each of the genes set forth in Table 1 was identified
as being associated with the sensitivity of breast cancer cells to treatment with eribulin,
an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate).

Unless otherwise defined herein, scientific and technical terms used in
connection with the present invention shall have the meanings that are commonly
understood by those of ordinary skill in the art. The meaning and scope of the terms
should be clear, however, in the event of any latent ambiguity, definitions provided
herein take precedent over any dictionary or extrinsic definition. Further, unless
otherwise required by context, singular terms, for example, those characterized by “a”
or “an”, shall include pluralities, e.g., one or more biomarkers. In this application, the
use of "or" means "and/or", unless stated otherwise. Furthermore, the use of the term
"including," as well as other forms of the term, such as "includes" and "included", is not
limiting. Also, terms such as "element" or "component” encompass both elements and
components comprising one unit and elements and components that comprise more than
one unit unless specifically stated otherwise.

The phrase “determining whether eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), may be used to treat a
subject having breast cancer” refers to assessing the likelihood that treatment of a
subject with eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof
(e.g., eribulin mesylate) will be effective (e.g., provide a therapeutic benefit to the
subject) or will not be effective in the subject. Assessment of the likelihood that
treatment will or will not be effective typically can be performed before treatment with

10
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eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate), has begun or before treatment is resumed. Alternatively or in combination,
assessment of the likelihood of efficacious treatment can be performed during treatment,
for example, to determine whether treatment should be continued or discontinued. For
example, such an assessment can be performed (a) by determining the level of
expression of a biomarker, for example, a biomarker selected from the group of
biomarkers listed in Table 1, in a sample derived from said subject, wherein a low level
of expression of the biomarker indicates that eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof, may be used to treat said subject having breast
cancer, or (b) by assaying a sample derived from said subject to determine the level of
expression in said sample of a biomarker, for example, a biomarker selected from the
group of biomarkers listed in Table 1, wherein a low level of expression of the
biomarker indicates that eribulin, an analog thereof, or a pharmaceutically acceptable
salt thereof, may be used to treat said subject having breast cancer.

The phrase “determining the sensitivity of a breast tumor to treatment with
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof”, as used
herein, is intended to refer to assessing the susceptibility of a breast tumor, e.g., breast
cancer cells, to treatment with eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate). Sensitivity of a tumor can include the
ability of eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g.,
eribulin mesylate), to kill tumor cells, to inhibit the spread and/or metastasis of tumor
cells, and/or to inhibit the growth of tumor cells completely or partially (e.g., slow down
the growth of tumor cells by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%.,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%). The assessment can be
performed (1) before treatment with eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate), is begun; (ii) before treatment is
resumed in the subject; and/or during treatment, for example, to determine whether
treatment should be continued or discontinued. For example, such a determination can
be performed (a) by determining the level of expression of a biomarker, e.g., a
biomarker selected from the group of biomarkers listed in Table 1, in said tumor,
wherein a low level of expression of the biomarker in said tumor indicates that said
tumor is sensitive to treatment with eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof, or (b) by determining the level of expression of a biomarker e.g.,
a biomarker selected from the group of biomarkers listed in Table 1, in said tumor, and
identifying said tumor as being sensitive to treatment with eribulin, an analog thereof, or
a pharmaceutically acceptable salt thereof, when said biomarker is expressed in said

tumor at a low level.

11
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The term “eribulin” as used herein refers to the art-recognized fully synthetic
macrocyclic ketone analog of halichondrin B. As set forth in U.S. Patent No. 6,214,865,
the entire contents of which are incorporated herein by reference, eribulin has the

5 following structure

eribulin

and can be generated using techniques as described therein or as described in Kim DS et

al. (November 2009) J. Am. Chem. Soc. 131 (43): 1563641, the entire contents of

which are incorporated herein by reference. Eribulin is also known as ER-086526 and is
10 identified by CAS number 253128-41-5. Eribulin mesylate is also known as E7389.

As used herein, the term “eribulin analog” includes compounds in which one or
more atoms or functional groups of eribulin have been replaced with different atoms or
functional groups. For example, eribulin analogs include compounds having the

following formula (I), which also encompasses eribulin:

15 | ' (D)

In formula (T), A is a C;¢ saturated or C,.¢ unsaturated hydrocarbon skeleton, the
skeleton being unsubstituted or having between 1 and 13 substituents, preferably
between 1 and 10 substituents, e.g., at least one substituent selected from cyano, halo,

12
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azido, Q, and oxo. Each Q, is independently selected from OR;, SR, SO, Ry, OSO, Ry,
NR; Ry, NR; (CO)R, NR; (CO)CO)Ry, NR4 (CO)NR; Ry, NR;, (CO)ORy, (CO)OR,,
O(CO)R4, (CO)NR; Ry, and O(CO)NR; R;. The number of substituents can be, for
example, from 1 to 6, from 1 to 8, from 2 to 5, or from 1 to 4. Throughout the disclosure,
numerical ranges are understood to be inclusive.

Each of Ry, Ry, R4, Rs, and R is independently selected from H, Cy¢ alkyl, Ci6
haloalkyl, C,.¢ hydroxyalkyl, Ci.¢ aminoalkyl, Cs.10 aryl, Cs.10 haloaryl (e.g., p-
fluorophenyl or p-chlorophenyl), Ce.10 hydroxyaryl, C;.4 alkoxy-Cs aryl (e.g., Ci3
alkoxy-Cs aryl, p-methoxyphenyl, 3,4,5-trimethoxyphenyl, p-ethoxyphenyl, or 3,5-
diethoxyphenyl), Ce.10 aryl-Ci.¢ alkyl (e.g., benzyl or phenethyl), Cy.¢ alkyl-Ce.19 aryl,
Ce.10 haloaryl-Cy¢ alkyl, C;.¢ alkyl-Ce 10 haloaryl, (C,_3 alkoxy-Cg aryl)-C,.3 alkyl, Cy
heterocyclic radical, C,.9 heterocyclic radical-C, ¢ alkyl, C,. heteroaryl, and Cyg
heteroaryl-C,_¢ alkyl. There may be more than one R;, for example, if A is substituted
with two different alkoxy (OR) groups such as butoxy and 2-aminoethoxy.

Examples of A include 2,3-dihydroxypropyl, 2-hydroxyethyl, 3-hydroxy-4-
perfluorobutyl, 2,4,5-trihydroxypentyl, 3-amino-2-hydroxypropyl, 1,2-dihydroxyethyl,
2,3-dihyroxy-4-perfluorobutyl, 3-cyano-2-hydroxypropyl, 2-amino-1-hydroxy ethyl, 3-
azido-2-hydroxypropyl, 3,3-difluoro-2,4-dihydroxybutyl, 2,4-dihydroxybutyl, 2-
hydroxy-2(p-fluorophenyl)-ethyl, -CH, (CO)(substituted or unsubstituted aryl), -CH,
(CO)(alkyl or substituted alkyl, such as haloalkyl or hydroxyalkyl) and 3,3-difluoro-2-
hydroxypent-4-enyl.

Examples of Q, include -NH(CO)(CO)-(heterocyclic radical or heteroaryl), -
0OSO0; -(aryl or substituted aryl), -O(CO)NH-(aryl or substituted aryl), aminoalkyl,
hydroxyalkyl, -NH(CO)(CO)-(aryl or substituted aryl), -NH(CO)(alkyl)(heteroaryl or
heterocyclic radical), O(substituted or unsubstituted alkyl)(substituted or unsubstituted
aryl), and -NH(CO)(alkyl)(aryl or substituted aryl).

Each of D and D' is independently selected from R3 and OR3, wherein R is H,
Cy.3 alkyl, or C.3 haloalkyl. Examples of D and D' are methoxy, methyl, ethoxy, and
ethyl. In some embodiments, one of D and D' is H.

The value for n is 1 or preferably 0, thereby forming either a six-membered or
five-membered ring. This ring can be unsubstituted or substituted, e.g., where E is Rs or
ORs5, and can be a heterocyclic radical or a cycloalkyl, e.g. where G is S, CH,, NRg, or
preferably O.

Each of J and J' is independently H, C.¢ alkoxy, or C;.¢ alkyl; or J and J' taken
together are =CH, or -O-(straight or branched C_s alkylene)-O-, such as exocyclic
methylidene, isopropylidene, methylene, or ethylene.

Q is Cy3 alkyl, and is preferably methyl.

13
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T is ethylene or ethenylene, optionally substituted with (CO)OR7, where R; is H
or C1_6 alkyl

Each of U and U' is independently H, C;_¢ alkoxy, or Cy alkyl; or U and U’
taken together are =CH, or -O-(straight or branched C;_5 alkylene)-O-.

X is H or C6 alkoxy.

Each of Y and Y' is independently H or C.¢ alkoxy; or Y and Y' taken together
are =0, =CH,, or -O-(straight or branched C,_s alkylene)-O-.

Each of Z and Z' is independently H or C,_¢ alkoxy; or Z and Z' taken together
are =0, =CH,, or -O-(straight or branched C,_s alkylene)-O-.

In certain embodiments, the eribulin analogs include compounds having the

following formula (II):

(D

In formula (II), the substitutions are defined as follows:

A is a Cy¢ saturated or C,¢ unsaturated hydrocarbon skeleton, said skeleton
being unsubstituted or having between 1 and 10 substituents, inclusive, independently
selected from cyano, halo, azido, oxo, and Q;.

Each Q is independently selected from OR;4, SRy, SO,R;, OSO,R;, NRyR;,
NR,(CO)R;, NRy(CO)CO)R}, NR4(CO)NR;R |, NR,(CO)OR;, (CO)OR;, O(CO)R;,
(CO)NR;R;, and O(CO)NR3R;.

Each of Rj, R, and Ry is independently selected from H, C;.¢ alkyl, Ci6
haloalkyl, C,. hydroxyalkyl, C;.¢ aminoalkyl, Cs.1o aryl, Cs.10 haloaryl, Cs.10
hydroxyaryl, C;3 alkoxy-Cg aryl, Ce.10 aryl-Cy¢ alkyl, Ci.¢ alkyl-Ce 10 aryl, Ce 10
haloaryl-Cy.¢ alkyl, Cy.¢ alkyl-Ce 10 haloaryl, (C;.3 alkoxy-Cg aryl)-C, 3 alkyl, Cs.9

14
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heterocyclic radical, C,.¢ heterocyclic radical-Cy ¢ alkyl, C,. heteroaryl, and Cy9
heteroaryl-Cy_¢ alkyl.

Each of D and D’ is independently selected from R3 and OR3, wherein Rj is H,
Cy3 alkyl, or Cy_3 haloalkyl.

nis Oor 1.

E is Rs or ORs, wherein Rs is independently selected from H, Cy.¢ alkyl, C;6
haloalkyl, C,.¢ hydroxyalkyl and C;.c aminoalkyl.

Gis O.

Each of J and J’ is independently H, C,.¢ alkoxy, or C;¢ alkyl; or J and J* taken
together are =CH.

Q 18 C1_3 alkyl
T is ethylene or ethenylene.

Each of U and U’ is independently H, C,.¢ alkoxy, or C;¢ alkyl; or U and U’
taken together are =CH,.

Xis H or C;¢ alkoxy.

Each of Y and Y’ is independently H or C,.¢ alkoxy; or Y and Y’ taken together
are =0.

Each of Z and Z’ is independently H or C,6 alkoxy; or Z and Z’ taken together
are =0.

In some embodiments, the eribulin analogs include compounds having the

following formula (IIT):

15
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Al

(111

wherein A is a Cy¢ saturated or C, ¢ unsaturated hydrocarbon skeleton, the
skeleton being unsubstituted or having between 1 and 13 substituents, e.g., between 1
and 10 substituents selected from cyano, halo, azido, Q;, and oxo;

5 each Q, is independently selected from OR;, SR;, SO;R;, OSO:R 1, NRyR;,
NR,(CO)R;, NR(CO)CO)R;, NR4(CO)NR;R;, NR,(CO)OR;, (CO)OR;, O(CO)R;,
(CO)NR;R, and O(CO)NR,R;; and

each of Ry, Ry, and Ry is independently selected from H, C;¢ alkyl, Cy
haloalkyl, C;¢ hydroxyalkyl, C;¢ aminoalkyl, Ce 19 aryl, Ce.19 haloaryl, Ce 10
10 hydroxyaryl, C;4 alkoxy-Cs aryl, Cs 19 aryl-C g alkyl, C;¢ alkyl-Ce_19 aryl, Ce.10
haloaryl-Cy¢ alkyl, C;_¢ alkyl-Cg 19 haloaryl, (C;_3 alkoxy-Cge aryl)-Cy 3 alkyl, Cy9
heterocyclic radical, C,¢ heterocyclic radical-C; ¢ alkyl, C, heteroaryl, and Cyo
heteroaryl-Cy_¢ alkyl.

Hydrocarbon skeletons contain carbon and hydrogen atoms and may be linear,

15  branched, or cyclic. Unsaturated hydrocarbons include one, two, three or more C--C
double bonds (sp*) or C--C triple bonds (sp). Examples of unsaturated hydrocarbon
radicals include ethynyl, 2-propynyl, 1-propenyl, 2-butenyl, 1,3-butadienyl, 2-pentenyl,
vinyl (ethenyl), allyl, and isopropenyl. Examples of bivalent unsaturated hydrocarbon
radicals include alkenylenes and alkylidenes such as methylidyne, ethylidene,

20  ethylidyne, vinylidene, and isopropylidene. In general, compounds of the invention have
hydrocarbon skeletons ("A" in formula (I)) that are substituted, e.g., with hydroxy,
amino, cyano, azido, heteroaryl, aryl, and other moieties described herein. Hydrocarbon
skeletons may have two geminal hydrogen atoms replaced with oxo, a bivalent carbonyl
oxygen atom (=0), or a ring-forming substituent, such as --O-(straight or branched

25  alkylene or alkylidene)-O-- to form an acetal or ketal.
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Ci.6 alkyl includes linear, branched, and cyclic hydrocarbons, such as methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, sec-
pentyl, neo-pentyl, tert-pentyl, cyclopentyl, hexyl, isohexyl, sec-hexyl, cyclohexyl, 2-
methylpentyl, tert-hexyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1,3-dimethylbutyl, and
2,3-dimethyl but-2-yl. Alkoxy (--OR), alkylthio (--SR), and other alkyl-derived moieties
(substituted, unsaturated, or bivalent) are analogous to alkyl groups (R). Alkyl groups,
and alkyl-derived groups such as the representative alkoxy, haloalkyl, hydroxyalkyl,
alkenyl, alkylidene, and alkylene groups, can be C,, Cs6, C1.3, or Co4.

Alkyls substituted with halo, hydroxy, amino, cyano, azido, and so on can have
1,2, 3,4, 5 or more substituents, which are independently selected (may or may not be
the same) and may or may not be on the same carbon atom. For example, haloalkyls are
alkyl groups with at least one substituent selected from fluoro, chloro, bromo, and iodo.
Haloalkyls may have two or more halo substituents which may or may not be the same
halogen and may or may not be on the same carbon atom. Examples include
chloromethyl, periodomethyl, 3,3-dichloropropyl, 1,3-difluorobutyl, and 1-bromo-2-
chloropropyl.

Heterocyclic radicals and heteroaryls include furyl, pyranyl, isobenzofuranyl,
chromenyl, xanthenyl, phenoxathienyl, 2H-pyrrolyl, pyrrolyl, imidazolyl (e.g., 1-, 2- or
4-imidazolyl), pyrazolyl, isothiazolyl, isoxazolyl, pyridyl (e.g., 1-, 2-, or 3-pyridyl),
pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, indolyl (e.g., 1-,
2-, or 3-indolyl), indazolyl, purinyl, 4H-quinolizinyl, isoquinolyl, quinolyl, phthalazinyl,
naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, pyrrolinyl,
pyrrolidinyl, imidazolidinyl, pyrazolidinyl, pyrazolinyl, piperidyl, piperazinyl, indolinyl,
isoindolinyl, and morpholinyl. Heterocyclic radicals and heteroaryls may be linked to
the rest of the molecule at any position along the ring. Heterocyclic radicals and
heteroaryls can be C, 9, or smaller, such as Cs¢, Cy.s, or Cs.7.

Aryl groups include phenyl, benzyl, naphthyl, tolyl, mesityl, xylyl, and cumenyl.

It is understood that "heterocyclic radical”, "aryl", and "heteroaryl" include those
having 1, 2, 3, 4, or more substituents independently selected from lower alkyl, lower
alkoxy, amino, halo, cyano, nitro, azido, and hydroxyl. Heterocyclic radicals,
heteroaryls, and aryls may also be bivalent substituents of hydrocarbon skeleton "A" in
formula (I).

The term “eribulin analog” includes eribulin prodrugs. The term “eribulin
prodrugs” includes eribulin that has been chemically modified to be inactive or less
active until bioactivation (e.g., metabolism in vivo) by an enzyme which cleaves the
chemically modified portion of the eribulin prodrug, thereby providing the active form

of eribulin.
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As used herein, the term “eribulin analog” includes all stereoisomers of eribulin
and other compounds of formula (I), including diastercoisomers and enantiomers
thereof. “Stercoisomers” refers to isomers that differ only in the arrangement of the
atoms in space. “Diastereoisomers” refers to stereoisomers that are not mirror images of
each other. “Enantiomers” refers to stereoisomers that are non-superimposable mirror
images of one another. For example, Formula (IV) encompasses eribulin and such
stereoisomers:

MeO

Iv)

The phrase "pharmaceutically acceptable salt," as used herein, is a salt formed
from an acid and a basic nitrogen group of Eribulin or an eribulin analog. Examples of
such salts include acid addition salts and base addition salts, such as inorganic acid salts
or organic acid salts (e.g., hydrochloric acid salt, sulfuric acid salt, citrate, hydrobromic
acid salt, hydroiodic acid salt, nitric acid salt, bisulfate, phosphoric acid salt, super
phosphoric acid salt, isonicotinic acid salt, acetic acid salt, lactic acid salt, salicylic acid
salt, tartaric acid salt, pantothenic acid salt, ascorbic acid salt, succinic acid salt, maleic
acid salt, fumaric acid salt, gluconic acid salt, saccharinic acid salt, formic acid salt,
benzoic acid salt, glutaminic acid salt, methanesulfonic acid salt, ethanesulfonic acid
salt, benzenesulfonic acid salt, p-toluenesulfonic acid salt, pamoic acid salt (pamoate)),
as well as salts of aluminum, calcium, lithium, magnesium, calcium, sodium, zinc, and
diethanolamine. It will be understood that reference to eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof, includes pharmaceutically acceptable salts of
eribulin as well as pharmaceutically acceptable salts of an analog thereof. Examples of
such pharmaceutically acceptable salts include, but are not limited to, a pharmaceutically
acceptable salt of Formula I, a pharmaceutically acceptable salt of Formula Il, a
pharmaceutically acceptable salt of Formula IIT or a pharmaceutically acceptable salt of
Formula IV.

In a particular embodiment, eribulin mesylate, a pharmaceutically acceptable salt

form of eribulin is utilized in the methods of the present invention. Eribulin mesylate is
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sold under the trade name HALAVEN®. The chemical name for eribulin mesylate is
11,15:18,21:24,28-Triepoxy-7,9-ethano-12,15-methano-9H, 1 5H-furo[3,2-
iJfuro[2’,3”:5,6]pyrano[4,3-b][1,4]dioxacyclopentacosin-5(4H)-one, 2-[(2S)-3-amino-2-
hydroxypropyl]hexacosahydro-3-methoxy-26-methyl-20,27-bis(methylene)-
,(2R,3R,3aS,7R,8aS,9S,10aR,11S,12R,13aR,13bS,15S,18S,215,24S,26R,28R,29aS)-
methanesulfonate (salt). Eribulin mesylate has the following structure

eribulin mesylate

Eribulin mesylate is label indicated for the treatment of patients with metastatic
breast cancer who have previously received at least two chemotherapeutic regimens for
the treatment of metastatic disease, including, for example, therapy with an

anthracycline and a taxane in either the adjuvant or metastatic setting.

As used herein, the term “biomarker” is intended to encompass a substance that
is used as an indicator of a biologic state and includes for example, genes (or portions
thereof), mRNAs (or portions thereof), miRNAs (microRNAS), and proteins (or portions
thereof). A “biomarker expression pattern” is intended to refer to a quantitative or
qualitative summary of the expression of one or more biomarkers in a subject, such as in

comparison to a standard or a control.

Various biomarkers which can be used in the methods described herein are
summarized in Table 1. Table 1 provides gene abbreviations, Gene ID numbers and
accession numbers for transcripts from which encoding nucleotide gene sequences can
be identified. For example, gene ABI3 refers to a Homo sapiens ABI family, member 3.
The nucleotide sequence for human ABI3 transcript variant 1 can be found at Accession
Number NM_016428. Reference to a gene (e.g., ABI3) is intended to encompass
naturally occurring or endogenous versions of the gene, including wild type,
polymorphic or allelic variants or mutants (e.g., germline mutation, somatic mutation)
of the gene, which can be found in a subject and/or tumor from a subject. In some
embodiments, the sequence of the biomarker gene is at least about 80%, at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at
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least about 94%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% identical to a sequence identified in Table 1 by
Accession Number or Gene ID number. For example, sequence identity can be
determined by comparing sequences using NCBI BLAST (e.g., Megablast with default

S5  parameters).

As used herein, the phrase “predictive gene signature” refers to expression levels
of two or more biomarkers of the present invention in a subject that are indicative of
responsiveness to treatment with eribulin, or an eribulin analog. For example, the low
level expression of at least 2, at least 3, at least 4, at least 5, at lcast 6, at least 7, at least

10 8, atleast 9 or at least 10 biomarkers from Table 1 in a subject may constitute a gene
signature that indicates that the subject will respond positively to treatment with eribulin,
an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate).
Any sub-combination of 2 or more markers from Table 1 may constitute a predictive
gene signature of the invention. In another example, the expression of at least 1, at least

15 2, atleast 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9 or at least 10
biomarkers from Table 1 under particular threshold levels, or any sub-combination
thereof, constitutes a gene signature that indicates that the subject will respond positively
to treatment with eribulin, an analog thereof, or a pharmaceutically acceptable salt

thereof (e.g., eribulin mesylate).

20 A “low level of expression” of the biomarker, for example, a biomarker selected
from the group of biomarkers listed in Table 1, refers to a level of expression of the
biomarker in a test sample (e.g., a sample derived from a subject) that correlates with
sensitivity to eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof
(e.g., eribulin mesylate). This can be determined by comparing the level of expression

25  of the biomarker in the test sample with that of a suitable control. A “low level of
expression” also includes a lack of detectable expression of the biomarker.

In some embodiments, the level of expression of the biomarker is determined
relative to a control sample, such as the level of expression of the biomarker in normal
tissue (e.g., a range determined from the levels of expression of the biomarker observed

30  in normal tissue samples). In these embodiments, a low level of expression will fall
below or within the lower levels of this range. In some embodiments, the level of
expression of the biomarker is determined relative to a control sample, such as the level
of expression of the biomarker in samples (e.g., tumor samples, circulating tumor cells)
from other subjects . For example, the level of expression of the biomarker in samples

35  from other subjects can be determined to define levels of expression which correlate

with sensitivity to treatment with eribulin, an analog thereof, or a pharmaceutically
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acceptable salt thereof (e.g., eribulin mesylate), and the level of expression of the
biomarker in the sample from the subject of interest is compared to these levels of
expression, wherein a comparable or lower level of expression in the sample from the
subject is indicative of a “low level of expression” of the biomarker in the sample. In
5 another example, the level of expression of the biomarker in samples (e.g., tumor

samples, circulating tumor cells) from other subjects can be determined to define levels
of expression which correlate with resistance or non-responsiveness to treatment with
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate), and the level of expression of the biomarker in the sample from the subject of

10 interest is compared to these levels of expression, wherein a lower level of expression in
the sample from the subject is indicative of a “low level of expression” of the biomarker
in the sample.

The term “known standard level” or “control level” can refer to an accepted or

pre-determined expression level of the biomarker, for example, a biomarker selected

15  from the group of biomarkers listed in Table 1 which is used to compare expression
level of the biomarker in a sample derived from a subject. In one embodiment, the
control expression level of the biomarker is the average expression level of the
biomarker in samples derived from a population of subjects. For example, the control
expression level can be the average expression level of the biomarker in breast cancer

20 cells derived from a population of subjects with breast cancer. The population may be
subjects who have not responded to treatment with eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), or the population may
be a group of subjects who express the respective biomarker at high or normal levels. In
some embodiments, the control level may constitute a range of expression of the

25  biomarker in normal tissue, as described above. For example, the control level may
constitute a range of expression of the biomarker in tumor samples from a variety of

subjects having breast cancer, as described above.

As further information becomes available as a result of routine performance of
the methods described herein, population-average values for “control” level of
30  expression of the biomarkers of the present invention may be used. In other
embodiments, the “control” level of expression of the biomarkers may be determined by
determining expression level of the respective biomarker in a subject sample obtained
from a subject before the suspected onset of breast cancer in the subject, from archived
subject samples, and the like.

35 Control levels of expression of biomarkers of the invention may be available
from publicly available databases. In addition, Universal Reference Total RNA
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(Clontech Laboratories) and Universal Human Reference RNA (Stratagene) and the like
can be used as controls. For example, qPCR can be used to determine the level of
expression of a biomarker, and an increase in the number of cycles needed to detect
expression of a biomarker in a sample from a subject, relative to the number of cycles
needed for detection using such a control, is indicative of a low level of expression of
the biomarker.

As used herein, the term “subject” or “patient” refers to human and non-human
animals, e.g., veterinary patients. The term “non-human animal” includes vertebrates,
e.g., mammals, such as non-human primates, mice, rabbits, sheep, dog, cat, horse, cow,
or other rodent, ovine, canine, feline, equine or bovine species. In one embodiment, the

subject is a human.

The term “sample” as used herein refers to cells, tissues or fluids isolated from a
subject, as well as cells, tissues or fluids present within a subject. The term “sample”
includes any body fluid (e.g., blood, lymph, cystic fluid, nipple aspirates, urine and
fluids collected from a biopsy (e.g., lump biopsy)), tissue or a cell or collection of cells
from a subject, as well as any component thereof, such as a fraction or extract. In one
embodiment, the tissue or cell is removed from the subject. In another embodiment, the
tissue or cell is present within the subject. Other samples include tears, plasma, serum,
cerebrospinal fluid, feces, sputum and cell extracts. In one embodiment, the sample
contains protein (e.g., proteins or peptides) from the subject. In another embodiment, the
sample contains RNA (e.g., mRNA molecules) from the subject or DNA (e.g., genomic
DNA molecules) from the subject.

As used herein, the term “breast cancer” refers generally to the uncontrolled
growth of breast tissue and, more specifically, to a condition characterized by anomalous
rapid proliferation of abnormal cells in one or both breasts of a subject. The abnormal
cells often are referred to as malignant or "neoplastic cells,” which are transformed cells
that can form a solid tumor. The term "tumor” refers to an abnormal mass or population
of cells (i.e., two or more cells) that result from excessive or abnormal cell division,
whether malignant or benign, and pre-cancerous and cancerous cells. Malignant tumors
are distinguished from benign growths or tumors in that, in addition to uncontrolled
cellular proliferation, they can invade surrounding tissues and can metastasize. In breast
cancer, neoplastic cells may be identified in one or both breasts only and not in another
tissue or organ, in one or both breasts and one or more adjacent tissues or organs (e.g.
lymph node), or in a breast and one or more non-adjacent tissues or organs to which the

breast cancer cells have metastasized.
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Eribulin, an analog thereof, or pharmaceutically acceptable salt thereof, can be
used to treat breast cancer, and, accordingly, the methods of the present invention can be

used in breast cancer and in subjects having breast cancer.

In one embodiment, the breast cancer is Estrogen Receptor (ER) negative breast
cancer, Progesterone Receptor (PR) negative breast cancer and/or HER-2 negative breast
cancer. For example, the breast cancer may be Estrogen Receptor (ER) negative and
Progesterone Receptor (PR) negative breast cancer; Estrogen Receptor (ER) negative
and HER-2 negative breast cancer; Progesterone Receptor (PR) negative and HER-2
negative breast cancer; or Estrogen Receptor (ER) negative breast cancer, Progesterone
Receptor (PR) negative breast cancer and HER-2 negative (triple negative) breast
cancer. Assessment of ER, PR and HER-2 status can be done using any suitable
method. For example, HER-2 status can be assessed by immunohistochemistry (IHC)
and/or gene amplification by fluorescence in situ hybridization (FISH), for example,
according to National Comprehensive Cancer Network [NCCN] guidelines.

The breast cancer can be for example, adenocarcinoma, inflammatory breast
cancer, recurrent (e.g., locally recurrent) and/or metastatic breast cancer. In some
embodiments, the breast cancer is endocrine refractory or hormone refractory. The
terms “endocrine refractory” and “hormone refractory” refer to a cancer that is resistant
to treatment with hormone therapy for breast cancer, e.g., aromatase inhibitors or
tamoxifen. Breast cancers arise most commonly in the lining of the milk ducts of the
breast (ductal carcinoma), or in the lobules where breast milk is produced (lobular
carcinoma). Accordingly, in various embodiments of the invention, the breast cancer
can be ductal carcinoma or lobular carcinoma. Cancerous cells from the breast(s) may
invade or metastasize to any other organ or tissue of the body. For example, cancer cells

often invade lymph node cells and/or metastasize to the liver, brain and/or bone.

In various embodiments of the present invention, the subject may be suffering
from Stage I, Stage II, Stage IIT or Stage IV breast cancer. The stage of a breast cancer
can be classified as a range of stages from Stage 0 to Stage IV based on its size and the
extent to which it has spread. The following table summarizes the stages, which are well
known to clinicians:
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I Less than2cm | No No
II Between 2-5 cm | No or in same side of breast No
111 More than 5 cm | Yes, on same side of breast No
v Not applicable | Not applicable Yes

Various aspects of the invention are described in further detail in the following

subsections.

I. Prediction of Responsiveness to Eribulin, an Analog thereof, or a Pharmaceutically

Acceptable Salt thereof (e.g., Eribulin Mesylate) in Subjects with Breast Cancer

In one aspect, the invention provides a method for determining whether eribulin,
an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate),
may be used to treat a subject having breast cancer and/or for determining the sensitivity
of a breast tumor to treatment with eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate). The methods involve determining the
expression level of at least one biomarker, for example, by assaying a sample derived
from a subject having breast cancer. The identification of low levels of expression of at
least one biomarker is indicative that eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate) may be used for treatment of the breast
cancer and/or that the breast tumor is sensitive to the treatment with eribulin, an analog

thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate).

In the methods of the invention, the expression level of at least one biomarker
selected from the group of biomarkers set forth in Table 1 is assessed, which, as
explained herein, can comprise determining the level of expression of one or more of
these genes (e.g., ABI3, ANG) using various approaches, such as determining in a
suitable sample the presence of certain DNA polymorphisms or null mutations,
determining the level of RNA expressed from a gene, including an mRNA exemplified
in Table 1 and/or other transcripts from the gene, or a protein product(s) of any of the
foregoing.
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TABLE 1: BIOMARKERS OF RESPONSIVENESS TO ERIBULIN, AN ANALOG
THEREQF, OR A PHARMACEUTICALLY ACCEPTABLE SALT THEREOF (e.g.,

ERIBULIN MESYLATE)

Homo sapiens ABI family, member 3
ABI3 51225 NM 016428 1&2 (ABI3), transcript variant 1, mRNA

Homo sapiens angiogenin, ribonuclease,

RNase A family, 5 (ANG), transcript variant
ANG 283 NM_001097577 | 3& 4 2, mBRNA

Homo sapiens amyloid beta (A4) precursor

protein-binding, family B, member 2
APBB2 323 NM_173075 5&6 (APBB2), mRNA

Homo sapiens chemokine (C-C motif)
CCL26 10344 NM_006072 7&8 ligand 26 (CCL26), mRNA

Homo sapiens cell division cycle 20
CDC20 991 NM_001255 9&10 homolog (8. cerevisiae) (CDC20), mRNA

Homo sapiens centrosomal protein 152kDa
CEP152 22995 NM_014985 11 & 12 | (CEP152), mRNA

Homo sapiens cofilin 1 (non-muscle)
CFLA1 1072 NM_005507 13 & 14 [ (CFL1), mBRNA

Homo sapiens chemokine-like factor
CKLF 51192 NM 016326 15 & 16 [ (CKLF), transcript variant 3, mRNA

Homo sapiens collagen, type VI, alpha 1
COL7A1 1294 NM_000094 17 & 18 | (COL7A1), mRNA

Homo sapiens cytochrome P450, family 4,

subfamily F, polypeptide 3 (CYP4F3),
CYP4F3 4051 NM_000896 19 & 20 | mRNA

Homo sapiens dysferlin, limb girdle

muscular dystrophy 2B (autosomal

recessive) (DYSF), transcript variant 8,
DYSF 8291 NM_003494 21 & 22 | mRNA

Homo sapiens EGF-like repeats and
EDIL3 10085 NM_005711 23 & 24 | discoidin I-like domains 3 (EDIL3), mRNA

Homo sapiens ERGIC and golgi 3
ERGIC3 51614 NM_015966 25 & 26 | (ERGIC3), transcript variant 2, mRNA

Homo sapiens guanine nucleotide binding

protein (G protein), alpha transducing

activity polypeptide 1 (GNAT1), transcript
GNAT1 2779 NM_000172 27 & 28 | variant 2, mRNA

Homo sapiens GRAM domain containing 4
GRAMD4 23151 NM_015124 29 & 30 | (GRAMD4), mRNA

Homo sapiens hyaluronoglucosaminidase 2
HYAL2 8692 NM_003773 31 & 32 [ (HYAL2), transcript variant 1, mRNA
IL10 3586 NM_000572 33 & 34 | Homo sapiens interleukin 10 (IL10), mRNA

Homo sapiens integrin alpha FG-GAP
ITFG3 83986 NM_ 032039 35 & 36 | repeat containing 3 (ITFG3), mRNA

Homo sapiens junctional adhesion
JAM3 83700 NM_032801 37 & 38 | molecule 3 (JAM3), mRNA

Homo sapiens kelch-like 17 (Drosophila)
KLHL17 339451 NM_198317 39 & 40 | (KLHL17), mRNA
KRT24 192666 | NM_019016 41 & 42 | Homo sapiens keratin 24 (KRT24), mRNA

Homo sapiens MAD2L1 binding protein
MAD2L1BP 9587 NM 014628 43 & 44 | (MAD2L1BP), transcript variant 2, mRNA

Homo sapiens MANSC domain containing
MANSCH 54682 NM_018050 45 & 46 | 1 (MANSC1), mRNA

Homo sapiens MOB1, Mps One Binder

kinase activator-like 1B (yeast)
MOBKL1B 55233 NM_018221 47 & 48 | (MOBKL1B), mRNA
NCBP1 4686 NM_002486 49 & 50 | Homo sapiens nuclear cap binding protein
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subunit 1, 80kDa (NCBP1), mRNA

NMU 10874 NM_006681 51 & 52 | mRNA

Homo sapiens neuromedin U (NMU),

PAPLN 89932 NM_ 173462 53 & 54 | sulfated glycoprotein (PAPLN), mRNA

Homo sapiens papilin, proteoglycan-like

PCDH1 5097 NM 002587 55 & 56 | transcript variant 1, mRNA

Homo sapiens protocadherin 1 (PCDH1),

PDGFB 5155 NM 002608 57 & 58 | transcript variant 1, mRNA

Homo sapiens platelet-derived growth
factor beta polypeptide (simian sarcoma
viral (v-sis) oncogene homolog) (PDGFB),

PHOSPHO2 | 493911 NM_001008489 | 59 & 60 | (PHOSPHO2), mRNA

Homo sapiens phosphatase, orphan 2

PSENEN 55851 NM_172341 61 & 62 | homolog (C. elegans) (PSENEN), mRNA

Homo sapiens presenilin enhancer 2

SATB1 6304 NM 002971 63 & 64 | transcript variant 1, mBNA

Homo sapiens SATB homeobox 1 (SATB1),

SNX11 29916 NM_013323 65 & 66 | transcript variant 2, mRNA

Homo sapiens sorting nexin 11 (SNX11),

SPTA1 6708 NM 003126 67 & 68 | 1 (elliptocytosis 2) (SPTA1), mMRNA

Homo sapiens spectrin, alpha, erythrocytic

TMEM79 84283 NM_032323 69 & 70 | (TMEM79), transcript variant 1, mRNA

Homo sapiens transmembrane protein 79

TMIGD2 126259 | NM_144615 71 & 72 | (TMIGD2), mRNA

Homo sapiens transmembrane and
immunoglobulin domain containing 2

TUBB®6 84617 NM_032525 73 & 74 | mRNA

Homo sapiens tubulin, beta 6 (TUBBS6),

TYROBP 7305 NM 198125 75 & 76 | variant 2, mRNA

Homo sapiens TYRO protein tyrosine
kinase binding protein (TYROBP), transcript

YTHDF1 54915 NM_017798 77 & 78 | 1 (YTHDF1), mRNA

Homo sapiens YTH domain family, member

ZIC5

Homo sapiens Zic family member 5 (odd-
85416 NM_033132 79 & 80 | paired homolog, Drosophila) (ZIC5), mRNA

10

15

Each of the accession numbers identified in Table 1, and their corresponding
sequences, are hereby incorporated herein by reference.

In various embodiments, the level of expression of at least 2, 3,4, 5,6, 7, 8,9 or
10 biomarkers selected from the group of biomarkers listed in Table 1 is determined.

In particular embodiments, a predictive gene signature comprising a sub-
combination of 2 or more biomarkers selected from the group of biomarkers listed in
Table 1 is used. In various embodiments, the level of expression of at least 2, at least 3,
at least 4 or at least 5 biomarkers selected from the group of biomarkers listed in Table 1
is determined. For example, the predictive gene signature may include at least 2
biomarkers, e.g., DYSF and EDIL3; GNAT1 and ERGIC3; KRT24 and PAPLN;
MANSCI1 and PDGFB; PCDH1 and PDGFB; or PHOSPHO2 and PSENEN. In another
embodiment, the predictive gene signature may include at least 3 biomarkers, e.g.,
COL7AL1, YTHDF1 and ZICS5; CKLF, IL10 and TUBB6; CDC20, CFL1 and TMEM?79;
HYAL2, NCBP1 and SNX11; or CEP152, NCBP1 and SATB1. In another
embodiment, the predictive gene signature may include at least 4 biomarkers, e.g.,

26



WO 2012/129100 PCT/US2012/029479

10

15

20

25

30

35

APBB2, CCL26, PSENEN and SATBI1; ANG, JAM3, KLHL17 and PAPLN; ITFG3,
MAD2L1BP, NMU and PDGFB; SPTA1, TYROBP, SNX11 and PSENEN; GRAMD4,
GNATI1, TMIGD2 and YTHDF1; or GRAMD4, HYAL2, PHOSPHO?2 and TUBB6. In
another embodiment, the predictive gene signature may include at least 5 biomarkers,
e.g., CCL26, CDC20, ERGIC3, EDIL3 and PCDHI1; DYSF, NMU, PHOSPHO?2,
PSENEN and SNX11; APBB2, CKLF, CYP4F3, TUBB6 and YTHDF1; or CEP152,
MAD2LI1BP, SPTA1, TMEM79 and ZICS.

In particular embodiments, the predictive gene signature may include 2 or more
of biomarkers ABI3, ANG, APBB2, CCL26, CDC20, CEP152, CFL1, CKLF, COL7A1,
CYP4F3, DYSF, GNAT1, GRAMD4, HYAL2, IL10, ITFG3, JAM3, KLHL17, KRT24,
MAD2L1BP, MANSC1, MOBKL1B, NCBP1, NMU, PCDH1, PHOSPHO2, SPTAI,
TMIGD2, TYROBP, ZIC5, ERGIC3, PDGFB, PSENEN, SATBI1, SNX11, TMEM79
and YTHDF1, e.g., ABI3 and ANG; APBB2 and CCL26; GNATI1 and GRAMD4; IL10
and ITFG3; MACSC1 and MOBKLI1B; NMU and PCDH1; or TYROBP and ZIC5. In
other embodiments, the predictive gene signature includes at least 3 of the previously
recited biomarkers, e.g., ABI3, ANG and APBB2; CCL26, CKLF and COL7A1; DYSF,
GNATI1 and HYAL2; JAM3, KLHL17 and KRT24; NCBP1, NMU and PCDHI1;
SPTA1, TMIGD2 and TYROBP; or ZIC5, MAD2L1BP and CDC20. In other
embodiments, the predictive gene signature includes at least 4 of the previously recited
biomarkers, e.g., ABI3, ANG, APBB2 and CCL26; CEP152, CFL1, CKLF and
COL7A1; KRT24, MANSC1, MOBKLI1B and SPTA1; TYROBP, TMIGD?2,
PHOSPHO2 and NMU; ABI3, GNATI, KLHL17 and SPTA1; or CEP152, HYAL2,
PCDH1 and TMIGD2. In yet further embodiments, the predictive gene signature
includes at least 5 of the previously recited biomarkers, e.g., CKLF, COL7A1,
GRAMD4, JAM3 and PCDH1; APBB2, CEP152, DYSF, IL10 and TYROBP; CYP4F3,
HYAL2, ITFG3, KLHL17 and KRT24; NCBP1, SPTA1, TMIGD2, IL10 and JAM3; or
CCL26, PHOSPHO2, SPTA1, TMIGD2 and ZICS.

In other embodiments, the predictive gene signature may include 2 or more of
biomarkers ERGIC3, PDGFB, PSENEN, SATBI1, SNX11, TMEM?79 or YTHDF1, or
any sub-combination thereof, e.g., ERGIC3 and PDGFB; ERGIC3 and PSENEN;
ERGIC3 and SATB1; ERGIC3 and SNX11; ERGIC3 and TMEM79; ERGIC3 and
YTHDF1; PDGFB and PSENEN; PDGFB and SATB1; PDGFB and SNX11; PDGFB
and TMEM79; PDGFB and YTHDF1; PSENEN and SATB1; PSENEN and SNX11;
PSENEN and TMEM79; PSENEN and YTHDF1; SATB1 and SNX11; SATB1 and
TMEM79; SATBI and YTHDF1; SNX11 and TMEM79; SNX11 and YTHDF1; or
TMEM79 and YTHDFI. In other embodiments, the predictive gene signature includes
at least 3 biomarkers, for example, ERGIC3, PDGFB and PSENEN; SATBI, SNXI11
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and TMEM79; SNX11, TMEM79 and YTHDF1; or ERGIC3, PDGFB and SATBI1. In
further embodiments, the predictive gene signature includes at least 4 biomarkers, for
example, ERGIC3, PDGFB, PSENEN and SATB1; SNX11, TMEM?79, YTHDF1 and
ERGIC3; or ERGIC3, PDGFB, PSENEN and YTHDEF1. In further embodiments, the
predictive gene signature includes at least 5 biomarkers, for example, ERGIC3, PDGFB,
PSENEN, SATBI and SNX11; ERGIC3, PDGFB, PSENEN, SATB1 and TMEM?79; or
PSENEN, SATBI, SNX11, TMEM79 and YTHDFI. In yet further embodiments, the
predictive gene signature includes at least 6 biomarkers, for example, ERGIC3, PDGFB,
PSENEN, SATBI, SNX11 and TMEM79; PDGFB, PSENEN, SATB1, SNX11,
TMEM79 and YTHDF1; or ERGIC3, PSENEN, SATBI1, SNX11, TMEM79 and
YTHDF]1. In yet another embodiment, the predictive gene signature includes 7
biomarkers, for example, ERGIC3, PDGFB, PSENEN, SATB1, SNX11, TMEM79 and
YTHDFI.

In various embodiments, the biomarker is not one or more of SPTA1, PAPLN,
PCDHI1, TMIGD?2 and/or KRT24. In a particular embodiment, the biomarker is not
SPTA1, PAPLN, PCDHI1, TMIGD2 and KRT24. In one embodiment, the biomarker is
not SPTAI. In another embodiment, the biomarker is not PAPLN. In another
embodiment, the biomarker is not PCDHI1. In an alternative embodiment, the biomarker
is not TMIGD?2. In yet another embodiment, the biomarker is not KRT24.

In particular embodiments, the predictive gene signature may include 2 or more
of biomarkers ABI3, ANG, APBB2, CCL26, CDC20, CEP152, CFL1, CKLF, COL7A1,
CYP4F3, DYSF, GNATI1, GRAMD4, HYAL2, IL10, ITFG3, JAM3, KLHL17,
MAD2L1BP, MANSCI1, MOBKLI1B, NCBP1, NMU, PHOSPHO2, TYROBP, ZICS,
ERGIC3, PDGFB, PSENEN, SATBI1, SNX11, TMEM79, YTHDF1, EDIL3 and
TUBBSG, e.g., ABI3 and ANG; GRAMD4 and HYAL2; NMU and PHOSPHO?2; ZIC5
and PSENEN; or SNX11 and MOBKLI1B. In other embodiments, the predictive gene
signature includes at least 3 of the previously recited biomarkers, e.g., APBB2, CDC20
and CKLF; COL7A1, DYSF and GNAT1; NCBP1, SATB1 and EDIL3; PSENEN,
DYSF and GNAT1; MANSCI, ZICS and CFL1; or CKLF, GRAMD4 and NMU. In
other embodiments, the predictive gene signature includes at least 4 of the previously
recited biomarkers, e.g., ANG, CCL26, CEP152 and JAM3; APBB2, CYP4F3, ITFG3
and TYROBP; CYP4F3, MANSCI1, PDGFB and YTHDF1; TUBB6, DYSF,
PHOSPHO?2 and CDC20; or CKLF, KLHL17, HYAL2 and ZICS. In yet further
embodiments, the predictive gene signature includes at least 5 of the previously recited
biomarkers, e.g., IL10, CEP152, COL7A1, TYROBP and ERGIC3; TMEM79, SNX11,
PSENEN, GNAT1 and GRAMD4; JAM3, SNX11, KLHL17, MOBKL1B and ERGIC3;
or NMU, PHOSPHO2, PDGFB, CFL1 and ANG.
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In various methods and or kits of the invention, the biomarker is not ABI3, is not
ANG, is not APBB?2, is not CCL26, is not CDC20, is not CEP152, is not CFL1, is not
CKLF, is not COL7A1, is not CYP4F3, is not DYSF, is not GNAT1, is not GRAMD4,
is not HYAL?2, is not IL10, is not ITFG3, is not JAM3, is not KLHIL.17, is not KRT?24, is
not MAD2LI1BP, is not MANSCI, is not MOBKL 1B, is not NCBP1, is not NMU, is not
PCDHI1, is not PHOSPHO?2, is not SPTAI, is not TMIGD?2, is not TYROBP, is not
ZICS, is not ERGIC3, is not PDGFB, is not PSENEN, is not SATBI, is not SNX11, is
not TMEM79, is not EDIL3, is not PAPLN, is not TUBB6 and/or is not YTHDF1.

Any suitable analytical method, can be utilized in the methods of the invention to
assess (directly or indirectly) the level of expression of a biomarker in a sample. In
some embodiments, a difference is observed between the level of expression of a
biomarker, as compared to the control level of expression of the biomarker. In one
embodiment, the difference is greater than the limit of detection of the method for
determining the expression level of the biomarker. In further embodiments, the
difference is greater than or equal to the standard error of the assessment method, and
preferably the difference is at least about 2-, about 3-, about 4-, about 5-, about 6-, about
7-, about 8-, about 9-, about 10-, about 15-, about 20-, about 25-, about 100-, about 500-
or about 1000-fold greater than the standard error of the assessment method. In some
embodiments, the level of expression of the biomarker in a sample as compared to a
control level of expression is assessed using parametric or nonparametric descriptive

statistics, comparisons, regression analyses, and the like.

In some embodiments, a difference in the level of expression of the biomarker in
the sample derived from the subject is detected relative to the control, and the difference
is about 5%, about 10%, about 15%, about 20%, about 25%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, or about 90% less than the expression
level of the biomarker in the control sample.

The level of expression of a biomarker, for example, as set forth in Table 1, ina
sample obtained from a subject may be assayed by any of a wide variety of techniques
and methods, which transform the biomarker within the sample into a moiety that can be
detected and/or quantified. Non-limiting examples of such methods include analyzing
the sample using immunological methods for detection of proteins, protein purification
methods, protein function or activity assays, nucleic acid hybridization methods, nucleic
acid reverse transcription methods, and nucleic acid amplification methods,
immunoblotting, Western blotting, Northern blotting, electron microscopy, mass
spectrometry, e.g., MALDI-TOF and SELDI-TOF, immunoprecipitations,

immunofluorescence, immunohistochemistry, enzyme linked immunosorbent assays
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(ELISAS), e.g., amplified ELISA, quantitative blood based assays, e.g., serum ELISA,
quantitative urine based assays, flow cytometry, Southern hybridizations, array analysis,
and the like, and combinations or sub-combinations thereof.

In one embodiment, the level of expression of the biomarker in a sample is
determined by detecting a transcribed polynucleotide, or portion thereof, e.g., mRNA, or
cDNA, of the biomarker gene. RNA may be extracted from cells using RNA extraction
techniques including, for example, using acid phenol/guanidine isothiocyanate
extraction (RNAzol B; Biogenesis), RNeasy RNA preparation kits (Qiagen) or PAXgene
(PreAnalytix, Switzerland). Typical assay formats utilizing ribonucleic acid
hybridization include nuclear run-on assays, RT-PCR, quantitative PCR analysis, RNase
protection assays (Melton et al., Nuc. Acids Res. 12:7035), Northern blotting and in situ
hybridization. Other suitable systems for mRNA sample analysis include microarray
analysis (e.g., using Affymetrix’s microarray system or Illumina’s BeadArray

Technology).

In one embodiment, the level of expression of the biomarker is determined using
a nucleic acid probe. The term "probe", as used herein, refers to any molecule that is
capable of selectively binding to a specific biomarker. Probes can be synthesized by one
of skill in the art, or derived from appropriate biological preparations. Probes can be
specifically designed to be labeled, by addition or incorporation of a label. Examples of
molecules that can be utilized as probes include, but are not limited to, RNA, DNA,

proteins, antibodies, and organic molecules.

As indicated above, isolated mRNA can be used in hybridization or amplification
assays that include, but are not limited to, Southern or Northern analyses, polymerase
chain reaction (PCR) analyses and probe arrays. One method for the determination of
mRNA levels involves contacting the isolated mRNA with a nucleic acid molecule
(probe) that can hybridize to the biomarker mRNA. The nucleic acid probe can be, for
example, a full-length cDNA, or a portion thereof, such as an oligonucleotide of at least
about 7, 10, 15, 20, 25, 30, 35, 40, 45, 50, 100, 250 or about 500 nucleotides in length
and sufficient to specifically hybridize under appropriate hybridization conditions to the
biomarker genomic DNA. In a particular embodiment the probe will bind the biomarker
genomic DNA under stringent conditions. Such stringent conditions, for example,
hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45° C., followed by
one or more washes in 0.2X SSC, 0.1% SDS at 50-65° C., are known to those skilled in
the art and can be found in Current Protocols in Molecular Biology, Ausubel et al., eds.,
John Wiley & Sons, Inc. (1995), sections 2, 4, and 6, the teachings of which are hereby
incorporated by reference herein. Additional stringent conditions can be found in
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Molecular Cloning: A Laboratory Manual, Sambrook et al., Cold Spring Harbor Press,
Cold Spring Harbor, N.Y. (1989), chapters 7, 9, and 11, the teachings of which are
hereby incorporated by reference herein.

In one embodiment, the mRNA is immobilized on a solid surface and contacted
with a probe, for example by running the isolated mRNA on an agarose gel and
transferring the mRNA from the gel to a membrane, such as nitrocellulose. In an
alternative embodiment, the probe(s) are immobilized on a solid surface, for example, in
an Affymetrix gene chip array, and the probe(s) are contacted with mRNA. A skilled
artisan can readily adapt mRNA detection methods for use in determining the level of
the biomarker mRNA.

The level of expression of the biomarker in a sample can also be determined
using methods that involve the use of nucleic acid amplification and/or reverse
transcriptase (to prepare cDNA) of for example mRNA in the sample, e.g., by RT-PCR
(the experimental embodiment set forth in Mullis, 1987, U.S. Pat. No. 4,683,202), ligase
chain reaction (Barany (1991) Proc. Natl. Acad. Sci. USA 88:189-193), self sustained
sequence replication (Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA 87:1874-1878),
transcriptional amplification system (Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA
86:1173-1177), Q-Beta Replicase (Lizardi et al. (1988) Bio/Technology 6:1197), rolling
circle replication (Lizardi ef al. , U.S. Pat. No. 5,854,033) or any other nucleic acid
amplification method, followed by the detection of the amplified molecules. These
approaches are especially useful for the detection of nucleic acid molecules if such
molecules are present in very low numbers. In particular aspects of the invention, the
level of expression of the biomarker is determined by quantitative fluorogenic RT-PCR
(e.g., the TagMan™ System). Such methods typically utilize pairs of oligonucleotide
primers that are specific for the biomarker. Methods for designing oligonucleotide

primers specific for a known sequence are well known in the art.

The expression levels of biomarker mRNA can be monitored using a membrane
blot (such as used in hybridization analysis such as Northern, Southern, dot, and the
like), or microwells, sample tubes, gels, beads or fibers (or any solid support comprising
bound nucleic acids). See, for example, U.S. Pat. Nos. 5,770,722, 5,874,219, 5,744,305,
5,677,195 and 5,445,934, the contents of which as they relate to these assays are
incorporated herein by reference. The determination of biomarker expression level may
also comprise using nucleic acid probes in solution.

In one embodiment of the invention, microarrays are used to detect the level of
expression of a biomarker. Microarrays are particularly well suited for this purpose

because of the reproducibility between different experiments. DNA microarrays provide
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one method for the simultaneous measurement of the expression levels of large numbers
of genes. Each array consists of a reproducible pattern of capture probes attached to a
solid support. Labeled RNA or DNA is hybridized to complementary probes on the
array and then detected by laser scanning. Hybridization intensities for each probe on the
array are determined and converted to a quantitative value representing relative gene
expression levels. See, e.g., U.S. Pat. Nos. 6,040,138, 5,800,992 and 6,020,135,
6,033,860, and 6,344,316, the contents of which as they relate to these assays are
incorporated herein by reference. High-density oligonucleotide arrays are particularly
useful for determining the gene expression profile for a large number of RNA's in a

sample.

Expression of a biomarker can also be assessed at the protein level, using a
detection reagent that detects the protein product encoded by the mRNA of the
biomarker, directly or indirectly. For example, if an antibody reagent is available that
binds specifically to a biomarker protein product to be detected, then such an antibody
reagent can be used to detect the expression of the biomarker in a sample from the
subject, using techniques, such as immunohistochemistry, ELISA, FACS analysis, and
the like.

Other known methods for detecting the biomarker at the protein level include
methods such as electrophoresis, capillary electrophoresis, high performance liquid
chromatography (HPLC), thin layer chromatography (TLC), hyperdiffusion
chromatography, and the like, or various immunological methods such as fluid or gel
precipitation reactions, immunodiffusion (single or double), immunoelectrophoresis,
radioimmunoassay (RIA), enzyme-linked immunosorbent assays (ELISAs),

immunofluorescent assays, and Western blotting.

Proteins from samples can be isolated using a variety of techniques, including
those well known to those of skill in the art. The protein isolation methods employed
can, for example, be those described in Harlow and Lane (Harlow and Lane, 1988,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York).

In one embodiment, antibodies, or antibody fragments, are used in methods such
as Western blots or immunofluorescence techniques to detect the expressed proteins.
Antibodies for determining the expression of the biomarkers of the invention are
commercially available. For example, ERGIC-3 specific antibodies are commercially
available from Santa Cruz Biotechnology, Inc. (ERGIC-3 (P-16) Antibody and ERGIC-
3 (Y-23) Antibody) and Sigma Aldrich (HPA015968, AV47209, HPA015242,
SAB4502151). PDGFB specific antibodies are commercially available from Santa Cruz
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Biotechnology, Inc. (e.g., PDGF-B (C-5) Antibody and PDGF-B (H-55) Antibody) and
Sigma Aldrich (e.g., HPA011972, SAB2101755 and SAB2900226). PSENEN specific
antibodies are commercially available from Origene (e.g., Catalog No. TA306367) and
Sigma Aldrich (e.g., PRS3981, WHO0055851M1, PRS3979 and P5622). Further by way
of example, SATB1 antibodies are commercially available from, for example, Abcam
(Catalog No. ab49061, ab92307 and ab70004), Abnova Corporation (Catalog No.
PAB13379), and Aviva Systems Biology (Catalog No. ARP33362 P050). SNX11
antibodies are commercially available from Abcam (Catalog Nos. ab4128, ab67578,
ab76816 and ab76762) and Abnova Corporation (Catalog Nos. PAB6362 and
H00029916-B01). TMEM79 Antibodies are commercially available from, for example,
Abcam (Catalog No. ab81539) and Sigma Aldrich (Catalog No. SAB2102475). Finally,
YTHDF1 antibodies are commercially available from, for example, Abnova Corporation
(Catalog No. PAB17446), Aviva Systems Biology (Catalog No. ARP57032_P050) and
Santa Cruz Biotechnology (Catalog No. sc-86026).

It is generally preferable to immobilize either the antibody or proteins on a solid
support for Western blots and immunofluorescence techniques. Suitable solid phase
supports or carriers include any support capable of binding an antigen or an antibody.
Well-known supports or carriers include glass, polystyrene, polypropylene,
polyethylene, dextran, nylon, amylases, natural and modified celluloses,
polyacrylamides, gabbros, and magnetite.

One skilled in the art will know many other suitable carriers for binding antibody
or antigen, and will be able to adapt such support for use with the present invention. For
example, protein isolated from cells can be run on a polyacrylamide gel electrophoresis
and immobilized onto a solid phase support such as nitrocellulose. The support can then
be washed with suitable buffers followed by treatment with the detectably labeled
antibody. The solid phase support can then be washed with the buffer a second time to
remove unbound antibody. The amount of bound label on the solid support can then be
detected by conventional means. Means of detecting proteins using electrophoretic
techniques are well known to those of skill in the art (see generally, R. Scopes (1982)
Protein Purification, Springer-Verlag, N.Y.; Deutscher, (1990) Methods in Enzymology
Vol. 182: Guide to Protein Purification, Academic Press, Inc., N.Y.).

Other standard methods include immunoassay techniques which are well known
to one of ordinary skill in the art and may be found in Principles And Practice Of
Immunoassay, 2nd Edition, Price and Newman, eds., MacMillan (1997) and Antibodies,
A Laboratory Manual, Harlow and Lane, eds., Cold Spring Harbor Laboratory, Ch. 9
(1988), each of which is incorporated herein by reference in its entirety.
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Antibodies used in immunoassays to determine the level of expression of the
biomarker, may be labeled with a detectable label. The term "labeled", with regard to
the probe or antibody, is intended to encompass direct labeling of the probe or antibody
by incorporation of a label (e.g., a radioactive atom), coupling (i.e., physically linking) a
detectable substance to the probe or antibody, as well as indirect labeling of the probe or
antibody by reactivity with another reagent that is directly labeled. Examples of indirect
labeling include detection of a primary antibody using a fluorescently labeled secondary
antibody and end-labeling of a DNA probe with biotin such that it can be detected with
fluorescently labeled streptavidin.

In one embodiment, the antibody 1s labeled, e.g. a radio-labeled, chromophore-
labeled, fluorophore-labeled, or enzyme-labeled antibody. In another embodiment, an
antibody derivative (e.g., an antibody conjugated with a substrate or with the protein or
ligand of a protein-ligand pair (e.g., biotin-streptavidin), or an antibody fragment (e.g. a
single-chain antibody, or an isolated antibody hypervariable domain) which binds
specifically with the biomarker is used.

In one embodiment of the invention, proteomic methods, e.g., mass
spectrometry, are used. Mass spectrometry is an analytical technique that consists of
ionizing chemical compounds to generate charged molecules (or fragments thereof) and
measuring their mass-to-charge ratios. In a typical mass spectrometry procedure, a
sample is obtained from a subject, loaded onto the mass spectrometry, and its
components (e.g., the biomarker) are ionized by different methods (e.g., by impacting
them with an electron beam), resulting in the formation of charged particles (ions). The
mass-to-charge ratio of the particles is then calculated from the motion of the ions as
they transit through electromagnetic fields.

For example, matrix-associated laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS) or surface-enhanced laser desorption/ionization time-
of-flight mass spectrometry (SELDI-TOF MS) which involves the application of a
biological sample, such as serum, to a protein-binding chip (Wright, G.L., Jr., et al.
(2002) Expert Rev Mol Diagn 2:549; Li, J., et al. (2002) Clin Chem 48:1296; Laronga,
C., et al. (2003) Dis biomarkers 19:229; Petricoin, E.F., ef al. (2002) 359:572; Adam,
B.L., et al. (2002) Cancer Res 62:3609; Tolson, J., et al. (2004) Lab Invest 84:845;
Xiao, Z., et al. (2001) Cancer Res 61:6029) can be used to determine the expression
level of a biomarker at the protein level.

Furthermore, in vivo techniques for determination of the expression level of the
biomarker include introducing into a subject a labeled antibody directed against the
biomarker, which binds to and transforms the biomarker into a detectable molecule. As
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discussed above, the presence, level, or even location of the detectable biomarker in a
subject may be detected by standard imaging techniques.

In general, where a difference in the level of expression of a biomarker and the
control is to be detected, it is preferable that the difference between the level of
expression of the biomarker in a sample from a subject having breast cancer and being
treated with eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof
(e.g., eribulin mesylate), or being considered for treatment with eribulin, an analog
thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), and the
amount of the biomarker in a control sample, is as great as possible. Although this
difference can be as small as the limit of detection of the method for determining the
level of expression, it is preferred that the difference be greater than the limit of
detection of the method or greater than the standard error of the assessment method, and
preferably a difference of at least about 2-, about 3-, about 4-, about 5-, about 6-, about
7-, about 8-, about 9-, about 10-, about 15-, about 20-, about 25-, about 100-, about 500-,
1000-fold greater than the standard error of the assessment method.

In another aspect, the present invention provides methods for determining
whether eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g.,
eribulin mesylate), may be used to treat a subject having breast cancer by determining
and/or identifying whether the subject carries at least one gene, selected from the group
of biomarkers set forth in Table 1, which contains a polymorphism, for example, a
mutation, that results in decreased expression and/or reduced function of the encoded
protein, wherein the presence of a polymorphism in at least one gene is indicative that
eribulin, an analog thereof, or a pharmaceutically acceptable salt there, will be effective
in treating a subject. In another aspect, the present invention provides methods for
predicting whether eribulin, an analog thereof, or a pharmaceutically acceptable salt
thereof (e.g., eribulin mesylate), will be effective in treating a subject having breast
cancer by assaying a sample derived from the subject to determine whether the subject
carries at least one gene, selected from the group of biomarkers set forth in Table 1,
which contains a polymorphism, for example, a mutation, that results in decreased
expression and/or reduced function of the encoded protein, wherein the presence of the
polymorphism in at least one gene in said sample is indicative that eribulin, an analog
thereof, or a pharmaceutically acceptable salt there, may be used to treat said subject. In
a further aspect, a method is provided for predicting whether eribulin, an analog thereof,
or a pharmaceutically acceptable salt thereof, will be effective in treating a subject
having breast cancer, the method comprising determining the presence of a
polymorphism that results in reduced expression and/or function in a gene encoding a
biomarker selected from the group of biomarkers listed in Table 1 in a sample derived
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from said subject, and predicting that eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof, may be used to treat said subject based on the presence of the
polymorphism.

In a further aspect, the present invention provides methods for determining the
sensitivity of a breast tumor to treatment with eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof by determining and/or identifying whether said
tumor contains a polymorphism in at least one gene resulting in reduced expression
and/or function of the encoded protein, wherein the gene is selected from the group of
biomarkers set forth in Table 1. Identification and/or determination that the tumor
contains such a polymorphism is indicative of sensitivity of said tumor to treatment with
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof. In yet another
aspect, the present invention is directed to methods for treating a subject having breast
cancer with eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof by
identifying whether a sample derived from said subject has at least one gene, selected
from the group of biomarkers set forth in Table 1, which contains a polymorphism
resulting in reduced expression and/or function of the encoded protein and administering
a therapeutically effective amount of eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate) to the subject when the polymorphism is
identified.

In another aspect, the present invention provides methods for determining
whether eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g.,
eribulin mesylate), may be used to treat a subject having breast cancer by determining
and/or identifying whether the subject carries at least one gene, selected from the group
of biomarkers set forth in Table 1, which contains a null mutation, wherein the presence
of a null mutation in at least one gene is indicative that eribulin, an analog thereof, or a
pharmaceutically acceptable salt there, will be effective in treating the subject. In
another aspect, the present invention provides methods for predicting whether eribulin,
an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate),
may be used to treat a subject having breast cancer by assaying a sample derived from
the subject to determine whether the subject carries at least one gene, selected from the
group of biomarkers set forth in Table 1, which contains a null mutation, wherein the
presence of a null mutation in at least one gene in said sample is indicative that eribulin,
an analog thereof, or a pharmaceutically acceptable salt there, will be effective in
treating the subject. In a further aspect, a method is provided for predicting whether
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof, may be used to
treat a subject having breast cancer, the method comprising determining the presence of
a null mutation in a biomarker selected from the group of biomarkers listed in Table 1 in
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a sample derived from said subject, and predicting that eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof, may be used to treat said subject based on the

presence of said null mutation.

In a further aspect, the present invention provides methods for determining the
sensitivity of a breast tumor to treatment with eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof by determining and/or identifying whether said
tumor contains a null mutation in at least one gene, selected from the group of
biomarkers set forth in Table 1. Identification and/or determination that the tumor
contains a null mutation is indicative of sensitivity of said tumor to treatment with
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof. In yet another
aspect, the present invention is directed to methods for treating a subject having breast
cancer with eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof by
identifying whether a sample derived from said subject has at least one gene, selected
from the group of biomarkers set forth in Table 1, which contains a null mutation and
administering a therapeutically effective amount of eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof (e.g., eribulin mesylate) to the subject when a

null mutation is identified.

As used herein, the term “null mutation” refers to a mutation in a genomic DNA
sequence that causes the product of the gene to be non-functional or largely absent. Such
mutations may occur in the coding and/or regulatory regions of the gene, and may be
changes of individual residues, or insertions or deletions of regions of nucleic acids.
These mutations may also occur in the coding and/or regulatory regions of other genes
which may regulate or control the gene and/or the product of the gene so as to cause the
gene product to be non-functional or largely absent. The null mutation may be a
deletion of the native gene or a portion thereof. These sequence disruptions or
modifications may include insertions, missense, frameshift, deletion, or substitutions, or
replacements of DNA sequence, or any combination thereof. For example, the null
mutation may result in the insertion of a premature stop codon. The null mutation
results in functional inactivation of the gene product by, for example, inhibiting its
production partially or completely; disrupting, inhibiting or curtailing the translation of
the protein product, or resulting in a nonfunctional protein. The null mutation may be a
pre-existing mutation in the subject or a mutation which arose in a tumor. The presence
of a null mutation in a biomarker can be indicated by a lack of detectable expression of
the biomarker. However, the presence of a null mutation can be determined by other
methods. For example, in such embodiments, a sample of the subject’s DNA may be
sequenced in order to identify the presence of a null mutation. Any of the well-known
methods for sequencing the biomarkers may be used in the methods of the invention,
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such as the methods described in, for example, U.S. Patent No. 5,075,216, Engelke et al.
(1988) Proc. Natl. Acad. Sci. U.S.A. 85, 544-548 and Wong et al. (1987) Nature 330,
384-386; Maxim and Gilbert (1977) Proc. Natl. Acad. Sci. U.S.A. 74:560; or Sanger
(1977) Proc. Natl. Acad. Sci. U.S.A. 74:5463. In addition, any of a variety of automated
sequencing procedures can be utilized see, e.g., Naeve, C.W et al. (1995) Biotechniques
19:448, including sequencing by mass spectrometry (see, e.g., PCT International
Publication No. WO 94/16101; Cohen et al. (1996) Adv. Chromatogr. 36:127-162; and
Griffin et al. (1993) Appl. Biochem. Biotechnol. 38:147-159.

Determining the presence or absence of a null mutation in the sample may also
be accomplished using various techniques such as polymerase chain reaction (PCR)
amplification reaction, reverse-transcriptase PCR analysis, single-strand conformation
polymorphism analysis (SSCP), mismatch cleavage detection, heteroduplex analysis,
Southern blot analysis, Western blot analysis, deoxyribonucleic acid sequencing,
restriction fragment length polymorphism analysis, haplotype analysis, serotyping, and

combinations or sub-combinations thereof.

Any suitable sample obtained from a subject having breast cancer can be used to
assess the level of expression, including a lack of expression, of the biomarker, for
example, a biomarker provided in Table 1. For example, the sample may be any fluid or
component thereof, such as a fraction or extract, e.g., blood, plasma, lymph, cystic fluid,
urine, nipple aspirates, or fluids collected from a biopsy (e.g., lump biopsy), obtained
from the subject. In a typical situation, the fluid may be blood, or a component thereof,
obtained from the subject, including whole blood or components thereof, including,
plasma, serum, and blood cells, such as red blood cells, white blood cells and platelets.
The sample may also be any tissue or fragment or component thereof, e.g., breast tissue,
connective tissue, lymph tissue or muscle tissue obtained from the subject.

Techniques or methods for obtaining samples from a subject are well known in
the art and include, for example, obtaining samples by a mouth swab or a mouth wash;
drawing blood; or obtaining a biopsy. Isolating components of fluid or tissue samples
(e.g., cells or RNA or DNA) may be accomplished using a variety of techniques.

The sample from the cancer may be obtained by biopsy of the patient’s cancer.
In certain embodiments, more than one sample from the patient’s tumor is obtained in
order to acquire a representative sample of cells for further study. For example, a patient
with breast cancer may have a needle biopsy to obtain a sample of cancer cells. Several
biopsies of the tumor may be used to obtain a sample of cancer cells. In other
embodiments, the sample may be obtained from surgical excision of the tumor. In this
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case, one or more samples may be taken from the excised tumor for analysis using the

methods of the invention.

After the sample is obtained, it may be further processed. The cancer cells may
be cultured, washed, or otherwise selected to remove normal tissue. The cells may be
trypsinized to remove the cells from the tumor sample. The cells may be sorted by
fluorescence activated cell sorting (FACS) or other cell sorting technique. The cells
may be cultured to obtain a greater number of cells for study. In certain instances the
cells may be immortalized. For some applications, the cells may be frozen or the cells
may be embedded in paraffin.

II. Treatment with Eribulin, Analogs Thereof, or Pharmaceutically Acceptable Salts
Thereof (e.g., Eribulin Mesylate)

Given the observation that the expression levels of certain biomarkers, for
example, those set forth in Table 1, in a subject having breast cancer influences the
responsiveness of the subject to eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate), a skilled artisan can select an
appropriate treatment regimen for the subject based on the expression levels of the
biomarkers in the subject. Accordingly, the present invention provides methods for
treating a subject having breast cancer by (i) identifying a subject having breast cancer
in which at least one biomarker selected from the group of biomarkers listed in Table 1
has a low level of expression and (ii) administering a therapeutically effective amount of
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate), to the subject . In another aspect, the present invention provides methods for
treating a subject having breast cancer by (i) assaying a sample derived from the subject
to determine the level of expression of at least one biomarker selected from the group of
biomarkers listed in Table 1 and (ii) administering a therapeutically effective amount of
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate) to the subject when a low level of expression of the at least one biomarker is
detected in the sample.

In various embodiments, the subject may have been previously treated with
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate). In other embodiments, the subject may be under consideration for treatment
with eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g.,
eribulin mesylate), for the first time. The level of expression of one or more, e.g., at
least1,2,3,4,5,6,7,8,9 or 10, biomarkers identified in Table 1 is determined. If
level of expression of at least one biomarker (e.g., 1,2, 3,4,5,6,7,8,9 or 10
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biomarkers) is determined to be a low level of expression, treatment with eribulin, an
analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), is
likely to be efficacious. However, it is not necessary that all of the biomarkers assayed
have a low level of expression as compared to the respective control. For example,
while certain biomarkers may be present at normal or high levels of expression,
treatment with eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof
(e.g., eribulin mesylate), may be indicated when, for example, a low level of expression
is present for at least 1, at least 2, at least 3, at lcast 4, at least 5, at least 6, at least 7, at
least 8, at least 9 or at least 10 biomarkers.

When a low level of expression of one or more of the biomarkers of the
invention is found (e.g., due to the presence of a null mutation in the biomarker gene) in
a sample derived from a subject having breast cancer, the subject may be treated with
eribulin, having the following the structure, with a pharmaceutically acceptable salt of
eribulin, or with an eribulin analog or pharmaceutically acceptable thereof.

MeO

eribulin

In some embodiments, a pharmaceutically acceptable salt of eribulin is

administered to the subject, such as eribulin mesylate.

The treatment regimen for eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate), that is selected typically includes at least
one of the following parameters and more typically includes many or all of the following
parameters: the dosage, the formulation, the route of administration and/or the
frequency of administration. Selection of the particular parameters of the treatment
regimen can be based on known treatment parameters for eribulin previously established
in the art such as those described in the Dosage and Administration protocols set forth in
the FDA Approved Label for HALAVEN®, the entire contents of which are incorporated

herein by reference. For example, eribulin mesylate can be administered intravenously
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on Days 1 and 8 of a 21 day cycle, for example at a dose of 1.4 mg/m?, or if a dose
reduction is indicated (e.g., for hepatic or renal impairment), at a dose of 0.7 mg/m” or
1.1 mg/mz. Various modifications to dosage, formulation, route of administration and/or
frequency of administration can be made based on various factors including, for
example, the disease, age, sex, and weight of the patient, as well as the severity or stage
of cancer (see, for example, U.S. Patent No. 6,653,341 and U.S. Patent No. 6,469,182,
the entire contents of each of which are hereby incorporated herein by reference).

As used herein, the term "therapeutically effective amount” means an amount of
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate) as described herein, that is capable of treating breast cancer. The dose of a
compound to be administered according to this invention will, of course, be determined
in light of the particular circumstances surrounding the case including, for example, the
compound administered, the route of administration, condition of the patient, and the
pathological condition being treated, for example, the stage of breast cancer.

For administration to a subject, eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof (e.g., eribulin mesylate), typically is formulated into a
pharmaceutical composition comprising eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.
Therapeutic compositions typically should be sterile and adequately stable under the
conditions of manufacture and storage. Pharmaceutical compositions also can be
administered in a combination therapy, i.e., combined with other agents, such as those
agents set forth below (see, for example, U.S. Patent No. 6,214,865 and U.S. Patent No.
6,653,341, the entire contents of each of which are hereby incorporated herein by

reference).

As used herein, "pharmaceutically acceptable carrier" includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like that are physiologically compatible. Preferably,
the carrier is suitable for parenteral (e.g., intravenous, intramuscular, subcutaneous,
intrathecal) administration (e.g., by injection or infusion). Depending on the route of
administration, the active compound may be coated in a material to protect the
compound from the action of acids and other natural conditions that may inactivate the

compound.

The pharmaceutical compositions may include one or more pharmaceutically

acceptable salts, as defined above.

There are numerous types of anti-cancer approaches that can be used in

conjunction with eribulin, an analog thereof, or a pharmaceutically acceptable salt
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thereof (e.g., eribulin mesylate) treatment, according to the invention. These include, for
example, treatment with chemotherapeutic agents, biological agents (e.g., hormonal
agents, cytokines (such as interleukins, interferons, granulocyte colony stimulating
factor (G-CSF), macrophage colony stimulating factor (M-CSF), and granulocyte
macrophage colony stimulating factor (GM-CSF)), chemokines, vaccine antigens, and
antibodies), anti-angiogenic agents (e.g., angiostatin and endostatin), radiation, and
surgery, as described in more detail in U.S. Pat. No. 6,653,341 B1 and U.S. Publ. No.
2006/0104984 Al, the teachings of which are incorporated herein by reference in their

entirety.

The methods of the invention can employ these approaches to treat the same
types of cancers as those for which they are known in the art to be used, as well as
others, as can be determined by those of skill in this art. Also, these approaches can be
carried out according to parameters (e.g., regimens and doses) that are similar to those
that are known in the art for their use. However, as is understood in the art, it may be
desirable to adjust some of these parameters, due to the additional use of eribulin, an
analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate),
with these approaches. For example, if a drug is normally administered as a sole
therapeutic agent, when combined with eribulin, according to the invention, it may be
desirable to decrease the dosage of the drug, as can be determined by those of skill in
this art. Examples of the methods of the invention, as well as compositions that can be
used in these methods, are provided below.

Chemotherapeutic drugs of several different types including, for example,
antimetabolites, antibiotics, alkylating agents, plant alkaloids, hormonal agents,
anticoagulants, antithrombotics, and other natural products, among others, can be used in
conjunction with eribulin, an analog thereof, or a pharmaceutically acceptable salt
thereof, according to the invention. Specific, non-limiting examples of these classes of
drugs, as well as cancers that can be treated by their use, are as follows.

Numerous approaches for administering anti-cancer drugs are known in the art,
and can readily be adapted for use in the present invention. In the case that one or more
drugs are to be administered in conjunction with eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), for example, the drugs
can be administered together, in a single composition, or separately, as part of a
comprehensive treatment regimen. For systemic administration, the drugs can be
administered by, for example, intravenous infusion (continuous or bolus). Appropriate

scheduling and dosing of such administration can readily be determined by those of skill
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in this art based on, for example, preclinical studies in animals and clinical studies (e.g.,

phase I studies) in humans.

Many regimens used to administer chemotherapeutic drugs involve, for example,
intravenous administration of a drug (or drugs) followed by repetition of this treatment
after a period (e.g., 1-4 weeks) during which the patient recovers from any adverse side
effects of the treatment. It may be desirable to use both drugs at each administration or,
alternatively, to have some (or all) of the treatments include only one drug (or a subset
of drugs).

Kits of the Invention

The invention also provides compositions and kits for predicting whether
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate), may be used to treat a subject having breast cancer. These kits include
reagents for determining the level of expression of at least one, for example, 1, 2, 3, 4, 5,
6,7, 8,9 or 10, biomarker(s) selected form the group of biomarkers listed in Table 1 and
instructions for use of the kit to predict whether eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), may be used to treat a

subject having breast cancer.

The kits of the invention may optionally comprise additional components useful
for performing the methods of the invention. By way of example, the kits may comprise
reagents for obtaining a biological sample from a subject, a control sample, and/or
eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof (e.g., eribulin
mesylate).

In one embodiment, the reagents for determining the expression level of at least
one biomarker in a biological sample from the subject comprises a nucleic acid
preparation sufficient to detect expression of a nucleic acid, e.g., mRNA, encoding the
biomarker. This nucleic acid preparation includes at least one, and may include more
than one, nucleic acid probe or primer, the sequence(s) of which is designed such that
the nucleic acid preparation can detect the expression of nucleic acid, e.g., mRNA,
encoding the biomarker in the sample from the subject. A preferred nucleic acid
preparation includes two or more PCR primers that allow for PCR amplification of a
segment of the mRNA encoding the biomarker of interest. In other embodiments, the kit
includes a nucleic acid preparation for each of at least 1, 2, 3,4, 5,6, 7, 8,9 or 10
biomarkers provided in Table 1.
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Alternatively, the reagents for detecting expression levels in the subject of one or
more biomarkers predictive of responsiveness to eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), can comprise a reagent
that detects the gene product of the nucleic acid encoding the biomarker(s) of interest
sufficient to distinguish it from other gene products in a sample from the subject. A
non-limiting example of such a reagent is a monoclonal antibody preparation
(comprising one or more monoclonal antibodies) sufficient to detect protein expression
of at least one biomarker in a sample from the subject, such as a peripheral blood
mononuclear cell sample.

The means for determining the expression level of the biomarkers of Table 1 can
also include, for example, buffers or other reagents for use in an assay for evaluating

expression (e.g., at either the nucleic acid or protein level).

In another embodiment, the kit can further comprise eribulin, an analog thereof,
or a pharmaceutically acceptable salt thereof (e.g., eribulin mesylate), for treating breast

cancer or another cancer, as described herein in the subject.

Preferably, the kit is designed for use with a human subject.

The present invention is further illustrated by the following examples which
should not be construed as further limiting. The contents of all references, patents and
published patent applications cited throughout this application, as well as the Figures
and the Appendix of sequences provided herein, are expressly incorporated herein by

reference in their entirety.

EXAMPLES

EXAMPLE 1: IDENTIFICATION OF RESISTANCE BIOMARKERS FOR TREATMENT WITH
ERIBULIN

siRNA techniques were employed to “knock down” expression of certain genes
and assess the sensitivity of the resulting knock down cells to eribulin. Based on these
studies, the expression of those genes set forth in Table 1 were identified as being
associated with the sensitivity of breast cancer cells to treatment with eribulin, an
analog thereof, or a pharmaceutically acceptable salt thereof.
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siRNA Transfection Optimization and Assay Development

Transfection conditions for human breast cancer cell lines MDA-MB-231
(ATCC Catalog No. HTB26™) and BT-549 (ATCC Catalog No. HTB122™) were
optimized using transfection reagent DharmaFect 1 from Dharmacon. The MDA-MB-
231 and BT-549 cell lines have been reported to be Estrogen Receptor (ER) negative,
Progesterone Receptor (PR) negative and HER-2 negative (triple negative). As a non-
targeting negative control we used Silencer Negative Control #1 siRNA from Applied
Biosystems. The siGENOME TOX (siTOX) Transfection Control (Dharmacon), an
RNA duplex designed to induce cell death, was used as a positive control for cell
proliferation assays. A reverse transfection procedure in which siRNA was first mixed
with transfection reagent and then cells were added to the well, was used in all
experiments. Cell viability was compared in cells treated with medium, negative control
siRNA and siTOX reagent combined with different amount of DharmaFect 1. Final
selected transfection conditions were as follows: MDA-MB-231 cells at 0.035 ul of
DharmaFect 1 per well, while BT-549 cells at 0.05 ul of DharmaFect 1 per well. Assays
and library screening were performed at 50 nM final concentration of siRNAs. Efficacy
of transfection was further confirmed by qPCR with control SMARTpool siRNA
reagents targeting PPIA and GAPDH genes (Dharmacon).

High-throughput siRNA Screening

The whole human genome siRNA library was purchased from Dharmacon. The
library was diluted to 5 uM. Each well contained 4 SMARTpool siRNA reagents, each
directed against a particular gene (four siRNAs targeting the same gene in a single well).
More then 18,500 human genes were targeted with this library. 4 ul of each set of
siRNAs from the library plates were transferred to 384-well master plates containing 36
ul OPTI-MEM medium per well. 40 pl of diluted DharmaFect 1 reagent were added to
each well of the master plate and mixed. 10 pl of siRNA and transfection reagent
mixture per well were distributed into five screening plates. After 10 min incubation,
cells in 40ul of growth medium were added to each well. Each screening plate included
several replicates of negative control siRNA, positive control siTOX as well as medium
plus transfection reagent (no siRNA) containing wells. After a 24 hour incubation, 3
screening plates received 10 ul of DMSO diluted in cell growth medium, while 2 repeats
were treated with 10 pl of eribulin mesylate (E7389) in growth medium, yielding a final
concentration corresponding to the IC, for E7389 for the cell line tested (0.75 nM
E7389 for MDA-MB-231; eribulin was provided in a stock solution of DMSO and
diluted in growth medium) (see Figure 1). Cell viability was determined at 96 hours after
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transfection by CellTiter-Glo luminescent assay from Promega. 10 ul of CellTiter-Glo
solution per well were used. Plates were mixed for 2 minutes on a horizontal shaker,
incubated for 10 minutes and read on an EnVision® multilabel plate reader from

PerkinElmer.

Identification of Primary Hits

Identification of genes with a significant effect on cell sensitivity to E7389 was
performed by a method that was similar to the method described for a paclitaxel siRNA
screen (Whitehurst ez al. (2007) Nature 446:815-819). Briefly, measurement of each
well was normalized by average of medium plus transfection reagent containing
reference wells on a plate (32 wells/plate). The biological replicates were averaged for
DMSO and E7389-treated plates. For each gene, a two sample t-test was performed to
identify significantly different values for wells treated with two different conditions. To
narrow down the hit list, the magnitude of response was taken into account by arranging
all data according to fold change ratio (average E7389/average DMSO) in ascending
order. 364 genes with a fold change among the lowest 5 percentile of the distribution
passed the cut-off level. Then, hypothetical open reading frames and genes encoding
hypothetical proteins were excluded and the analysis was focused on the 240 remaining

genes (see Figure 2).

Confirmation Assays

siRNA SMARTDpools for the 240 selected genes were ordered in ON-
TARGETplus format from Dharmacon. These reagents contain a modified sense strand
to prevent interaction with RISC and favor antisense strand uptake. The antisense strand
seed region is modified to decrease off-target activity and enhance target specificity.
These reagents were used for confirmation secondary screening. To identify common
genes influencing sensitivity of cancer cells to E7389, BT-549 breast cancer cells were
screened with the 240 selected siRNA pools. The screening was performed using the
same protocol as the primary screen with MDA-MB-231 cells, with the final
concentration of eribulin mesylate (E7389) in each well corresponding to the 1Cy for
BT-549 cells (0.25 nM E7389).

Data analysis showed that the treatment with 40 out of 240 siRNA pools caused
significant differences when comparing E7389-treated wells to carrier-treated wells in
both cell lines (Table 2).
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To confirm specific down-regulation of 40 genes with siRNA pools, quantitative
PCR analysis of targeted mRNAs was performed. MDA-MB-231 and BT-549 cells were
transfected with 40 ON-TARGETplus siRNAs or non-targeting negative control siRNA
according to the above protocol. 48 hours later cells were lysed and cDNAs were
synthesized according to the manufacturer’s instructions for use of the TagMan® Gene
Expression Cells-to-CT™ Kit (Applied Biosystems). Relative quantities of remaining
cDNAs after the treatment with siRNAs were evaluated using QuantiTect SYBR Green
PCR Kit with the gene-specific QuantiTect Primer Assays (Qiagen). Results of the
analysis are shown in Figure 4. The following 18 genes were down-regulated more than
50 percent in both tested cell lines: CFL1, NMU, MOBKLIB, HYAL2, PSENEN,
CYP4F3, ITFG3, EDIL3, YTHDF1, CDC20, CCL26, TMEM79, MANSCI1, DYSF,
ERGIC3, GRAMD4, NCBP1, SNX11. 14 genes were down-regulated more than 50
percent in at least one cell line (PDGFB, APBB2, SATB1, MAD2L1BP, TUBBS,
CEP152, KLH17, COL7A1, CKLF, PHOSPHO2, GNATI1, ABI3, TYROBP, IL10),
while other 3 genes were down-regulated more than 35 percent in at least one cell line
(ANG, ZIC5, JAM3). Expression of SPTA1, PAPLN, PCDHI1, TMIGD?2, and KRT24
was either not detectable by this method in MDA-MB-231 cells or didn’t change after
siRNA treatment in BT-549 cells. The foregoing results indicate that down-regulation of
the 40 genes can lead to increased sensitivity to eribulin, an analog thereof, or

pharmaceutically acceptable salt thereof.
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Table 2. List of 40 overlapping genes from the screening of MDA-MB-231 and BT-549
cells. Fold changes (FC) compared to control and associated p-values are depicted.

Gene MDA-MB- BT-549
gene D 231

FC t-test FC t-test
PSENEN 55851 | 0.70 | 0.03 0.39 0.00
PHOSPHO?2 | 493911 | 0.56 0.04 0.44 0.02
CCL26 10344 | 0.71 0.02 0.45 0.03
CDC20 991 0.47 0.03 0.47 0.03
MAD2L1BP | 9587 0.47 | 0.00 0.48 0.01
JAM3 83700 | 0.63 0.04 0.55 0.00
KLHL17 339451 | 0.65 0.04 0.57 0.00
PCDH1 5097 0.71 0.02 0.61 0.06
ABI3 51225 | 0.66 | 0.04 0.62 0.04
TMIGD2 126259 | 0.66 0.05 0.62 0.04
NCBP1 4686 0.72 0.04 0.63 0.02
1IL10 3586 0.72 | 0.02 0.64 0.05
ANG 283 0.74 | 0.02 0.64 0.00
KRT24 192666 | 0.69 0.01 0.65 0.00
TMEM79 84283 | 0.66 | 0.01 0.67 0.02
PDGFB 5155 0.65 0.00 0.68 0.03
SNX11 29916 | 0.68 0.05 0.68 0.05
CFL1 1072 0.69 | 0.02 0.68 0.05
CKLF 51192 | 0.62 | 0.03 0.70 0.01
TUBB6 84617 | 0.73 0.01 0.71 0.01
HYAL2 8692 0.67 0.02 0.71 0.05
TYROBP 7305 0.73 0.04 0.71 0.01
APBB2 323 0.70 0.00 0.71 0.02
YTHDF1 54915 | 0.61 0.02 0.73 0.01
CEP152 22995 | 0.46 0.03 0.74 0.05
COL7A1 1294 0.73 0.03 0.75 0.05
NMU 10874 | 0.67 | 0.00 0.76 0.05
SPTA1 6708 0.38 0.03 0.76 0.02
ERGIC3 51614 | 0.70 | 0.05 0.76 0.05
SATBI1 6304 0.67 0.02 0.77 0.04
MOBKLIB | 55233 | 0.74 | 0.03 0.77 0.01
GNATI 2779 0.66 0.04 0.78 0.03
ITFG3 83986 | 0.73 0.05 0.78 0.05
DYSF 8291 0.26 0.01 0.78 0.05
MANSCI1 54682 | 0.65 0.03 0.78 0.05
EDIL3 10085 | 0.65 0.01 0.79 0.05
GRAMD4 23151 | 0.72 | 0.00 0.79 0.01
ZICS 85416 | 0.69 | 0.03 0.80 0.05
PAPLN 89932 | 0.71 0.03 0.80 0.01
CYP4F3 4051 0.74 | 0.02 0.81 0.01
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APPENDIX

NUCLEIC ACID AND AMINO ACID SEQUENCES OF BIOMARKERS

Homo:sapiens
tia

51225 016428

mRNA Sequence

TCCTATCCACCCTCCACTCCCCTGTCCCTITGGTGACTCATCCCTGAGCTICCCAAGGAAGCCCCCACCCT
CTGCCCTTTCCICCCGCCTTCCATGAGTGGAAAATCCACCTCCGCCCCCTATAGCAGGCCAGCCCCCTTC
CTCCCCAGTCTCCGACCCCATCCCCCAGCCGACCAGTTTCCTCTCCAGGACCAGGGAGCAATCACAGCTG
CCCCGACCTTGGCTTCCTCTGCTGGGTGGGATTGGGGGCTGGGCCCCCAAATGGGCCCCTGGCTTCCCCC
TTCCTCTGGGCAGGGGACAGAGAGACACAGGCTCGGGGAGCAGGACTGACTTCCTCTTGTCCCGGAATGA
GCATGCCTGCCCTTTGCAAGCAGGTTTGGGTCTCACGCAGAGGAAACCAAAAGCAATAAGAGGGAGGGAA
GGCAGAGCAACCAATCAAGGGCAGGGTGAGACTCAAAACGAGCGGGCTCCCTGGGGAGCCAGACAGAGGC
TGGGGGTGATGGCGGAGCTACAGCAGCTGCAGGAGTTTGAGATCCCCACTGGCCGGGAGGCTCTGAGGGG
CAACCACAGTGCCCTIGCTGCGGGTCGCTGACTACTGCGAGGACAACTATGTGCAGGCCACAGACAAGCGG
AAGGCGCTGGAGGAGACCATGGCCTTCACTACCCAGGCACTGGCCAGCGTGGCCTACCAGGTGGGCAACC
TGGCCGGGCACACTCTIGCGCATGTTGGACCTGCAGGGGGCCGCCCTGCGGCAGGTGGAAGCCCGTGTAAG
CACGCTGGGCCAGATGGTGAACATGCATATGGAGAAGGTGGCCCGAAGGGAGATCGGCACCTTAGCCACT
GTCCAGCGGCTGCCCCCCGGCCAGAAGGTCATCGCCCCAGAGAACCTACCCCCTCTCACGCCCTACTGCA
GGAGACCCCTCAACTTTGGCTGCCTGGACGACATTGGCCATGGGATCAAGGACCTCAGCACGCAGCTIGTIC
AAGAACAGGCACCCTGTICTCGAAAGAGCATCAAGGCCCCTGCCACACCCGCCTCCGCCACCTTGGGGAGA
CCACCCCGGATTCCCGAGCCAGTGCACCTIGCCGGTGGTGCCCGACGGCAGACTCTCCGCCGCCTICCICTIG
CGTCTTCCCTIGGCCTICGGCCGGCAGCGCCGAAGGTGTCGGTGGGGCCCCCACGCCCAAGGGGCAGGCAGC
ACCTCCAGCCCCACCTICTCCCCAGCTCCTTGGACCCACCTCCTCCACCAGCAGCCGTICGAGGTGTTCCAG
CGGCCTCCCACGCTGGAGGAGTTGTCCCCACCCCCACCGGACGAAGAGCTGCCCCTGCCACTGGACCTGC
CTCCTCCTCCACCCCTGGATGGAGATGAATTGGGGCTGCCTCCACCCCCACCAGGATTTGGGCCTGATGA
GCCCAGCTGGGIGCCTIGCCTCATACTTGGAGAAAGTGGTGACACTGTACCCATACACCAGCCAGAAGGAC
AATGAGCTCTCCTTICICTGAGGGCACTGTICATCTIGTGTCACTCGCCGCTACTCCGATGGCTGGTGCGAGG
GCGTCAGCTCAGAGGGGACTGGATTICTTICCCTIGGGAACTATGTGGAGCCCAGCTGCTGACAGCCCAGGGC
TCTCTGGGCAGCTGATGTICTGCACTGAGTIGGGTTTCATGAGCCCCAAGCCAAAACCAGCTCCAGTCACAG
CTGGACTGGGTCTGCCCACCTCTTGGGCTIGTGAGCTGTIGTITCTIGTICCTITCCTCCCATCGGAGGGAGAAGG
GGTCCTGGGGAGAGAGAATTTATCCAGAGGCCTGCTGCAGATGGGGAAGAGCTGGAAACCAAGAAGTTTIG
TCAACAGAGGACCCCTACTCCATGCAGGACAGGGTICTCCTGCTGCAAGTCCCAACTTTGAATAARACAGA
TGATGTCCTGTGACTGCCCCACAGAGATAAGGGGCCAGGAGGGATTGAAAGGCATCCCAGTTCTAAGGCT
GCTGCTAATTACAGCCCCCAACCTCCAACCCACCAGCTGACCTAGAAGCAGCATCTTCCCATTITCCTCAG
TACCCACAAAGTGCAGCCCACATTGGACCCCAGACACCCCTCTIGCAGCCATTGACTGCAACTTGTICTTT
TGCCCATTGAAAAAAAAAAAAAAAAARAA (SEQ ID NO: 1)

Translated protein sequence

MAELQQLQEFEIPTGREALRGNHSALLRVADYCEDNYVQATDKRKALEETMAFTTQALASVAYQVGNLAG
HTLRMLDLQGAALRQVEARVSTLGOMVNMHMEKVARREIGTLATVQRLPPGQKVIAPENLPPLTPYCRRP
LNFGCLDDIGHGIKDLSTQLSRTGTLSRKSIKAPATPASATLGRPPRIPEPVHLPVVPDGRLSAASSASS
LASAGSAEGVGGAPTPKGQAAPPAPPLPSSLDPPPPPAAVEVFQRPPTLEELSPPPPDEELPLPLDLPPP
PPLDGDELGLPPPPPGFGPDEPSWVPASYLEKVVTLYPYTSQKDNELSFSEGTVICVIRRYSDGWCEGVS
SEGTGFFPGNYVEPSC (SEQ ID NO: 2)

ANG

x

WM 00109757

mRNA Sequence

TCCAGGTTCACACAACTGGAACCCATCTCCAGGAACAAACAGCTGGAACCCATCTCCCGTTGAAGGGAAA
CTGCCAGATTTTTGTAAGATTCTTCCTCCTGGGAGCCTGTGTTGGAAGAGATGGTGATGGGCCTGGGCGT
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TTTIGITGTTGGICTITCGTIGCTIGGGTCTGGGTCTGACCCCACCGACCCTGGCTCAGGATAACTCCAGGTAC
ACACACTTCCTGACCCAGCACTATGATGCCAAACCACAGGGCCGGGATGACAGATACTGTGAAAGCATCA
TGAGGAGACGGGGCCTGACCTCACCCTGCAAAGACATCAACACATTTATICATGGCAACAAGCGCAGCAT
CAAGGCCATCTIGTGAAAACAAGAATGGAAACCCTCACAGAGAAAACCTAAGAATAAGCAAGTCTICTITIC
CAGGTCACCACTTGCAAGCTACATGGAGGTTCCCCCTGGCCTCCATGCCAGTACCGAGCCACAGCGGGGT
TCAGAAACGTIGTTGTIIGCTTIGTGAAAATGGCTTACCTGTCCACTTGGATCAGTCAATTITICCGTCGTICC
GTAACCAGCGGGCCCCTGGTCAAGTGCTGGCTCTGCTGTCCTITGCCTTCCATTTCCCCTCTGCACCCAGA
ACAGTGGTGGCAACATTCATIGCCAAGGGCCCAAAGAAAGAGCTACCTIGGACCTTITIGTTTTICTGTITGA
CAACATGTTTAATAAATAAAAATGTCTTGATATCAGTAAGAA (SEQ ID NO: 3)

Translated protein sequence

MVMGLGVLLLVFVLGLGLTPPTLAQDNSRYTHF LTQHYDAKPQG
RDDRYCESIMRRRGLTSPCKDINTFIHGNKRS IKAICENKNGNPHRENLRISKSSEQV
TTCKLHGGSPWPPCQYRATAGFRNVVVACENGLPVHLDQSIFRRP (SEQ ID NO: 4)

EPBBZ sl

Homo sapierns
protein=binding;
mRNA

NM 173075

mRNA Sequence

GCCAAAGCCTGGAGAAGTGGAATCTCGTCAGCGCCGCTCCCTGCGCGGGACTCGCGGAACGGCACTGAGC
ATGCTCAGTTGCCGGAGCCCGTTCTGGTCTCAAGTAGGAAGCTAGTGCGCTGTAACCGCATCTGATCTGG
GCGCTCCGGGAAGGGCGAGACTGGAGCAGAGCCGCTGGGCGCCGGAGCCGAGGCGAGCGLCCGCGCGCACT
ACTGGTTGGAGTTGCTIGTIGGGTGAGCTGCTGTGGTCTGTAGCCAAGCATGCTGTGGTCGGATCTGCCCAG
CCGTGGAACAGAAACATTTGCTGGATGGAAAATCCATAAAAGAAAGCTCCTGTGAAAAGCTGAGGCTGAC
AATAATTTAAGCAAAATCAGATCGATCTCTTITGGGCTGCCTGACCTCCTIGGGTGCTTGCTATTAATTAA
CAGACTTTGTIGGGGAAAAAAAGGAGCTTIGCCTTCTGAGCTTTIGTACCAAAGACCTGGGAARACTAACCAT
CTCAGTCTTTICCTIGAGGACTTGGGAACTGCCGAGGCCTCTGCCAATGTGTTGACTGTCGCTATGGGCTCA
CTGTIGTCCAGGCAGCTCATATTTCAAATTATAACCTATTTCCTGCACCATTGCTGACGCCTGGTGATCC
ATGTCAGAAGTACTTCCAGCTGACTCAGGTGTTGACACCTTGGCAGTGTTTATGGCCAGCAGCGGAACTA
CAGACGTCACAAATCGGAACAGCCCAGCCACACCACCAAACACCCTTAACCTCCGATCCTCCCACAATGA
ACTGTTGAACGCTGAAATAAAACACACAGAAACCAAGAACAGCACACCTCCCAAATGCAGGAAAAAATAT
GCACTAACTAACATCCAGGCGGCCATGGGCCTICTCGGATCCAGCTGCACAGCCCCTGCTGGGAAATGGCT
CTGCCAACATCAAGCTGGTGAAAAATGGGGAGAACCAGCTCCGTAAGGCTGCAGAGCAAGGGCAGCAGGA
CCCCAACAAAAACCTGAGCCCCACTGCAGTCATCAACATAACTICTGAGAAGTTAGAGGGTAAAGAGCCC
CACCCACAGGATTCCTICGAGCTGTGAGATTTTACCCTCCCAGCCCAGGAGAACTAAGAGCTTCCTAAATT
ACTATGCAGATCTGGAAACCTCAGCCAGAGAACTAGAGCAGAACCGAGGCAATCACCATGGGACTGCGGA
AGAGAAATCCCAGCCAGTCCAGGGCCAGGCCTCCACCATCATTIGGGAATGGCGATTTGCTGCTGCAGAAA
CCAAACAGACCCCAGTCCAGCCCTGAAGACGGCCAAGTAGCCACAGTGTCATCCAGCCCAGAAACCAAGA
AGGATCATCCGAAAACAGGGGCCAAARCCGACTGTIGCACTGCACCGGATCCAGAACCTGGCACCGAGCGA
TGAGGAGTCCAGCTGGACAACGTTGTCCCAAGACAGTGCCTCACCCAGCTCCCCGGATGARACAGATATA
TGGAGTGATCACTCATTTCAGACTGATCCAGATTTGCCGCCTGGCTGGAAAAGAGTCAGTGACATTGCCG
GGACCTATTATTIGGCACATCCCAACAGGAACGACTCAGTGGGAACGGCCCGTCTCCATCCCAGCAGATCT
CCAGGGTTCTAGGAAAGGGTCACTTAGTICTIGTAACGCCATCTCCCACCCCAGAGAACGAGGATTTGCAT
GCAGCCACTGTTAACCCGGACCCCAGTTTAAAAGAGTTTGAAGGAGCAACCCTACGCTATGCATCTTIGA
AACTCAGAAATGCCCCACACCCTGATGATGATGATTCTTGTAGTATCAACAGTGACCCAGAAGCCAAGTG
TTTTGCTGTGCGTTICICTIGGGATGGGTAGAGATGGCAGAAGAGGACCTCGCCCCCGGTAARAGTAGTIGTT
GCGGTCAACAACTGCATCAGGCAACTTTCCTACTGCAAAAATGACATCCGAGACACAGTCGGGATTTGGG
GAGAGGGGAAAGACATGTACCTGATCCTGGAGAATGACATGCTCAGCCTGGTGGACCCCATGGACCGCAG
CGTGCTGCACTCGCAGCCCATCGTCAGCATCCGCGTGTGGGGCGTGGGCCGCGACAATGGCCGGGATTTT
GCTTATGTAGCAAGAGATAAAGATACAAGAATTTTGAAATGTCATGTATTITCGATGTGACACACCAGCAA
AAGCCATTGCCACAAGTCTCCACGAGATCTGCTCCAAGATTATGGCTGAACGGAAGAATGCCAAAGCGCT
GGCCTGCAGCTCCTTACAGGAAAGGGCCAATGTGAACCTCGATGTCCCTTTGCAAGATTTTCCAACACCA
AAGACTGAGCTIGGTCCAGAAGTTCCACGIGCAGTACTTIGGGCATGTTACCTGTAGACAAACCAGTCGGAA
TGGATATTTTGAACAGTGCCATAGAAAATCTTATGACCTCATCCAACAAGGAGGACTGGCTGTCAGTIGAA
CATGAACGTGGCTGATGCCACTGTGACTGTCATCAGTGAAAAGAATGAAGAGGAAGTCTTAGIGGAATGT
CGTGTGCGATTCCTGICCTITCATGGGTGTTGGGAAGGACGTCCACACATTIGCCTTCATCATGGACACGG
GGAACCAGCGCTTTGAGTGCCACGTTTTCTIGGTGCGAGCCTAATGCTGGTAACGTGTCTGAGGCGGTGCA
GGCCGCCTGCATGTTACGATATCAGAAGTGCTTGGTAGCCAGGCCGCCTTCTCAGAAAGTTCGACCACCT
CCACCGCCAGCAGATTCAGTAACCAGAAGAGTCACAACCAATGTAAAACGAGGGGTCTTATCCCTICATTIG
ACACTTTGARACAGARACGCCCTGTCACCGAAATGCCATAGCTGCACATGCAAAAGGACTCGGCTATTTA
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CCTGAAGATTGACTAGCTACACTAAAGAAAATGAACTCCGCCATCCGACCTTCCATCCAGTTGCTGATGC
TTTGTICTTCAGAGAATTTACCCTTAACCAAGCAGTGTITAGACAAGCATGTICTCTICGICTTGCCACCATC
ATGTGATATGAAAAGAAGCATGAATAATTITTTITTIGCTGTAAGTTACATCATGCGCAGTGGAAGGTICTTT
TTCTTATIGTAAATATTGTGAACATTACTTAACTTCACACACACACAGAGAAGAGTGTGGCCCCACCCCT
CCTAGTGAACTAACGCTGCGTCCTTGGAATGAATGATGCGTGAGTTAGTTTCACTGICTTCTTGGCTGGA
CCTGTCACAAGCAACCTTTAAGTICCTACAGCACTTTGCCCTIGTITTTCAACATTGGAGTAGGCACTGCATA
GCAGATACCATIGAATTGCTGTAAAAATAGGATGGCGAGTTTGIGTTTTAATTTTTCATAAAATTGAACC
TGTTGGTTGACAAAATTGGCTIGTTGGCATCAGTATAGAAACCAACTGGCAGCTTITCCCTGACAAGCICTT
TGACACATGGACACCATTTCATGTCTACAGCTIGTTTIGTGGGATGTIGGAAAAAAATGAAACTTCAAAATT
GATGAAAAACTAAATTCGAGGAATTAAAATCGAACAAAACATAGCCTTITCITTTICCGATGGTTTTICAAAC
TGATTATTTTTAAAAGAGATTAATAARATCATAATGCATTTTGGGTIGGGACATATTTCAARCTTCTGCCT
TATATTGTACGGTGCAGCTAGAGAATTATAGTTICACTATGGCCATTICTCTACATAAACATTAAGATGAAA
TACTCCTCATCAGCCTTTCATCCTTAGTTITGAGAATTAGCTGATATGCAATTTGAAGTTGAGGAAATATC
ATTGATATTTCTATCATGCACGATTATTITTAGATTTCTACCACCGTGTGATTTTTGCTAGTCCATGTGCT
AGAGGTAAACGTTCTGCTGGAATTCTGCATCCAGCTCTATCCCCCTCTGATGCTTTTTGCCCAGAAAGCT
GICTGTCCATCATGTATTGTCCATGGCAACAAATTACATTAGGTTGAACCTITTCCTTIGATTTTATGTATT
TAATATTAGAATTTIGTTGGACTCAACTAGATATATITTITAATTTATATITTTIICCATTITACTTTIGAAG
ATTTGAAATGTTCATACCTGAGCAAAGTCTACACAGGAGTAATGGACTGITTAACAAGTTTCCCAAAACA
GCATTTTCCTGCTCCITCGTATGTAGGTGAGAAACTTAGCTGGAAAGACATACAAATTTAGACTCTCGTT
GACATTGTICGTITTARAAGGAAGTTGCTAAGGCGATCAATCTCAATATTAGTICTIGTITTACTTCITCTITA
ATGTCAAAATTAACATTITACAACATCCAATTATAAAAGTAATGCTTITATGTTTATACACTIGCTATGTACT
TGTCAAAATGGITTCCACATICTTATCACATCIGAGCCTTACCAGGTAGAGAAGGTACTARATACACTTT
AGAAGTAAAAATATGAAGTACCGAGAGGCTAAACCCACTGGCCTAAGATCTCACCAAAGTTCATGARAAC
CAGGACTAGGACCCACGGCTCCCAAAGCCCGTTCTTGCTGTGTTGTGCTGCCTCCATATCCGTCAGGAAG
AGCCTTTCCAGAATGATTICTGGGCATATACTAAGAAGAGCAGGTATGGAAAGATCTATTGTCAGGGAATC
TTAGAATTCCCTACACGAGTGGGAGAARAGATGTICCAAATTCCTTACGCAGTGGTATTCATGATGGTIGCCC
TATCTAAGTCCAGGACTGTTTITCCTACAGCGTIGCCTCAAAAGTGTIGTAGAGGGCAGGATTCTACATTCA
CAGCCTGTTCCATCTACGAGATTTTCCAGATGCTACTTGTGGTAGACATTCCTAACTCATGGTACTTAGC
CACCAGAGATCATGATGGAATGAGTGGGTGGCTTITTCTACCTGCCATTCCCTCAGAATTCATGAGGGGTG
GGGGACAGGGGGACCGGAATTGTICTTAGCACCCCAATGTTATGACAAAACTATGCTACTTTAGAAACGCA
GICTGTTTITTCACCAATTGACATACTACTGATCTGAAGTAACCAGTGCCATCATAAGAAATTACTGCATT
AAGAAAATCCTTGCTGIGCCCTITTGAAAAGCTGTTCAGAAATCATTTACAGTGATCTTTCATCTICGGTCG
CIGTAGTGAAACATTITAGTGTGATAAATTTCAAAATTCTAAACAAATTACCCACTTTTATATTGGAAAT
CICTACCAGAACTCCCTCTTCATTTTTTAAGGCATACATTIGCTTGTITTCAAGATCAAGAATTCTGAGC
TAGCTTTAAGTAGCAAACTGATTTATATGTGCAATTATAGGATGCATTAAGATGAATGATAGCCTTTACA
TATTGAAAACTTITGCAGACGTITTTGTITTIGARAATGGCATTGTATAGTAAATGCAAATTAATTTITGTAAA
ATTATGTTAAAGAGTATGTTCAGACACTITCIGCCATGGCCAAAAAGTATGTATGAAAGTATGTIGTIGTAT
TTGTTTGTAAAAGGATGCCAATGTTTTACCTGATATCTTAGTGACACTTCAGTTATCTATGCATTCTITTA
GATCTGTGATTCGGTAAACAGGCAGCCATGTITCACGATGCCTICTATGTCTITACCATATTTTTAATTAAC
CIGTTAAATACAGCTTAAAATATTTTTATITTATTTATTCTATITTTACTGAAATATACTGCATTATIGT
GTTAATGTATTATCTITCCTIGGATATTATCTCCCAGTIGTATCCAGATCTAAGTAATCTCAGTGAACTATA
CATTGCCTAAAAAGTGGTTITTGTAATGATTTIGTAGTCACATTICTATTIGGGATATGTAGAAGAAAAGGCA
AAATGCTTAAAGTTCCTTTTATTTTTTAAAAGCAGCTAGATAGACACAGACTTGCCACCTCATACATCTG
CTCCTTGGCAACATCAAGGGGAACGACTAGCCAACATGCCTATGGCTAAAAACTTTCCTITTGCAGACTAA
AGCACTGCTTGGTGCTTICGTTITTTCTACCCTTICACAACATGTGTGATTTCATCTAAGAGATATATACATG
TACACATGCCCITTIGTITTCCACCTGGATACAAGATCACTCATAGCTAATTAGGACCATTGITITTIGTTC
ATCTGTCTTGTITGCATGAAGGGACATTAGACCCATTTCCATTAAAATAAGTTCTTGGTGATAAACTGTGG
CACTGCTACTTCTTTITAAATCCACTTTATGATTTCAAGATGGACACTTGTAAGATGACTCGACACAAGG
CCATTGCCTGGAAGCCCCAGAGCTTTCCTCTIGTTTGTATGGCCCGTTCATGTCCCAGGCATTGCAACACA
AACTCCTCAAGATTTCACCACAACATGACAAGCATTITTCCTAACTGATATTAGCACAATTTAACTAATAA
GCCCCTTCGCTCTCTAGTTGGCCAGGCTTAACCTAATACACATCTAACGTGTGTGCCACACGGCCAGTAG
AAAGTTTAACTTCAGCTTCAGGGCAAAGATACCCACTCACACCGTGTCAACGCAAGCAGTAGTTCCTGGC
CTCCAGAGCAGCTTACTTCCCCTGAAAGAACGCTTTGTTTTCCTTTIATGCCCTITTTCCTGTTGACCACTT
TTACACATTTAAATGTAATTIGTTGTGAGAATAAATTTAGCTGCATAAAACGTTICGGCTCATTTATCTGA
CATCTTAGTCACATATACAAGGAATAGAAATAGAAACTCGGTGICTCTAGTITATITTITAAATTATTCTITA
CCTCAGACTTICITAGAAATCACTTTAGTAATGGAGCATTTTIGCTITTGATTAGTTACTACATATTICTGCC
TGGTAAGAACTAGGAAGTAACTTCAAATTTTGAGTAATCACCCTGTACTTATTTGGTGATCAGGAAGGCC
AGCTGGCCTTCCGGACATAGAAGCCTATTITAGTICACCAACTCGAGTICTTITGTAAGCGGTCTIGCTAGGA
TTGTGATATTTITAGCACGAAGAAGTTITATCACTITCCTTTAAGAACCTGACATCAAAGAATAAAGAATAGA
GGTGTACACACACTAAATCCAAAATGAAAGGTAACTAGAGAAATCAGTITGAATCTIGGTTITAGCTTAACTG
TTAGGCGCAGGAAGGCAGATAAACAGAATTTAAAGTATGTCCCCGCTTTITGTTCATCTTIGCACTTCCAC
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AGTGGTTICTICICTAGTCAGTAACAARATTTCATTATGGTITTCAGGCATIATATGGTGGTAAATAATTTC
AGATTAAAAATGTGTITGCTATTGGAGTATCTGAATACTAGTAATTTCATTATTTAGAATTTTIGCAGCAC
TTTTATCTCAAGAAGAAGTCCAAGAATGTAARATGCCAAATGAAACATGTICAGTIGGAATCAATATICTCC
TTCATTAGAATTCCCTICATATTGCTTITTITTTITTITTCTITICAGACAGAGGAGTCTTACTCTGGAGTGCAG
TGGTGTAATTTCAGCTCACCACAACCTCCACCTCCCAAGTTCAAGCAATTICTCGCCTCAGCCTCCTGAGT
AGCTGGGATTACAGGCATGCACCGCCACGCCTGGCCAATTTGTATATTTITAGTAGAGACAGGGTTICGC
CACGTTGGCCAGGCTIGGTCTCGAACTCCTGACCTCAGGTGATCCGCCCGCCCCAACCTCCCAAAGTATGT
GAGCCACCACGICCGGCCTCATATTGCTTTITATCCAAAATTCTTITTCCCTITTCACTCTACCAAAGTATT
TAAATAATCCTIGTCCTITCATAGAAGATTCTCAAAGAAGAAAACTGCAGTGTAATTAATGAATGGTTTAAT
TCAGAATCTTCATATACTTCTAAAGAGAAAAATAATTTAGTGCCAAATGCATGTTAGGAGATAATCAATG
TAAGTGGCAACAAATTGTGACTTCACATGCTACTGTAGAGATCAGAAAATTATCCTAAACTATTCCATAA
CAATGAGACAACATCACAGAAAATACACTTGAAAATAAAAATCTCAAGACCAGCTACTTICTGGACAATGG
AATACTTTTCAGTCTGGTATGGTGGAGGGCCCGAAAAGGATAAGGGATTCTTATGATACACAATGGGATT
CTTTACTGAACAATATGTTAAATTAAGCTGCACCGCCTTCCTTGAGGCATGGACTACCCTAACCAACCAG
ATAGAAATCTGGGTGGGATAAGAGGATGAGCCACACGCTATAATTTTAGGGCAAGGAGATAGTGTTTGAT
TTTCAAAATCAGCAAAATAAGCTGAGCACTTTATATCTTITICTGTACAAGAGTGATAACATGAAGAATTCT
TCTTCAGGGATTITAAAATACAATAAGCCTIGGTTICAACTATAAAAAGTCTIGTTICCTTTCTITCATTGACA
CITTITTITITITTTITTIITITITTIGAGGCAAGGTCTICACTCIGCTTCCCAGGCTGGAGTGCAGTGGGGC
AATATTGGCTCACTGCAACCTGCACCTCCTGGACTCAAGAGATCCTCGTACCTCAGCCTCCTAAGTAGCT
GGGACTACAGGCGTGICCCACCACACCCAGCTAATTITTGTATITTTIGTAGAGATGGGGTTTTIGGGGTT
TCGCCATGTTGICCAGGCTCGTICTGGAACTCCGGTGCTCAAGTGGCGTGCCCACCTCAGCCTCCCARAACT
GCTGAGATTACAGATGTGAGCCACTGCACCCAGCCCACTGACACGTTTITACTGATAAATGTAAATCTAAG
CTAAAATAAAAATAATGTATTACCGCTATAATACAATTCACCATTCTCTTITCTCACTTCAAGTAAGAAA
GTAAAAATAGAATATCAGAGCTGAAGTAGACCTAAGTATTCATCTTGAAGAAGATAATATTCTAAAAATC
ATGCCACCTGAATTGAGCATTITAGGAATTITATGTAACATTITCTATACAACTGAATTGCAARAATAAAACT
TTAAATTCAAACTTTAAAAAAAAAAAAAARARAAAAAAAAAAARA (SEQ ID NO: 5)

Translated protein sequence

RYQKCLVARPPSQKVRPPPPPADSVIRRVITNVKRGVLSLIDTLKQKRPVIEMP (SEQ ID NO: 6)

MSEVLPADSGVDTLAVFMASSGTTDVINRNSPATPPNTLNLRSS

HNELLNAETKHTETKNSTPPKCRKKYALTNIQAAMGLSDPAAQPLLGNGSANIKLVKN
GENQLRKAAEQGQQODPNKNLSPTAVINITSEKLEGKEPHPQDSSSCEILPSQPRRTKS
FLNYYADLETSARELEQNRGNHHGTAEEKSQPVQGQASTIIGNGDLLLOQKPNRPQSSP
EDGQVATVSSSPETKKDHPKTGAKTDCALHRIQNLAPSDEESSWITLSQDSASPSSPD
ETDIWSDHSFQTIDPDLPPGWKRVSDIAGTYYWHIPTGTTQWERPVSIPADLQGSRKGS
LSSVIPSPTPENEDLHAATVNPDPSLKEFEGATLRYASLKLRNAPHPDDDDSCSINSD
PEAKCFAVRSLGWVEMAEEDLAPGKS SVAVNNCIRQLSYCKNDIRDTVGIWGEGKDMY
LILENDMLSLVDPMDRSVLHSQPIVSIRVWGVGRDNGRDFAYVARDKDTRILKCHVER
CDTPAKAIATSLHEICSKIMAERKNAKALACSSLOERANVNLDVPLQDFPTPKTELVQ
KFHVQYLGMLPVDKPVGMDILNSAIENLMTSSNKEDWLSVNMNVADATVIVISEKNEE
EVLVECRVRFLSFMGVGKDVHTFAFIMDTGNQRFECHVEFWCEPNAGNVSEAVQAACML

mRNA Sequence

CTGGAATTGAGGC TGAGCCAAAGACCCCAGGGCCGTCTCAGTC TCATAAAAGGGGATCAGGCAGGAGGAG
TTTGGGAGAAACCTGAGAAGGGCC TGATTTGCAGCATCATGATGGGCCTCTCCTTGGCCTCTGCTGTGCT
CCTGGCCTCCCTCCTGAGTCTCCACCTTGGAACTGCCACACGTGGGAGTGACATATCCAAGACCTGCTGC
TTCCAATACAGCCACAAGCCCCTTCCCTGGACCTGGGTGCGAAGCTATGAATTCACCAGTAACAGCTGCT
CCCAGCGGGCTGTGATATTCACTACCAAAAGAGGCAAGAAAGTCTGTACCCATCCAAGGARAAAATGGGT
GCAAAAATACATTTCTTTACTGAAAACTCCGAAACAATTGTGACTCAGCTGAATTTTCATCCGAGGACGC
TTGGACCCCGCTCTTGGCTCTGCAGCCCTCTGGGGAGCCTGCGGAATCTTTTCTGAAGGCTACATGGACC
CGCTGGGGAGGAGAGGGTGTTTCC TCCCAGAGTTACTTTAATAAAGGTTGTTCATAGAGT TGACTTGTTC
AT (SEQ ID NO: 7)

Translated protein sequence

MMGLSLASAVLLASLLSLHLGTATRGSDISKTCCFQYSHKPLPW
TWVRSYEFTSNSCSQRAVIFTTKRGKKVCTHPRKKWVQKYISLLKTPKQL (SEQ ID NO: 8)

ChE20

Homo 'sapiens cell division cycle 20 homolog
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mRNA Sequence

GAGGCGTAAGCCAGGCGTGTTAAAGCCGGTCGGAACTGCTCCGGAGGGCACGGGCTCCGTAGGCACCAAC
TGCAAGGACCCCTCCCCCTGCGGGCGCTCCCATGGCACAGTTCGCGTTCGAGAGTGACCTGCACTCGCTG
CTTCAGCTGGATGCACCCATCCCCAATGCACCCCCTGCGCGCTGGCAGCGCAAAGCCAAGGAAGCCGCAG
GCCCGGCCCCCTCACCCATGCGGGCCGCCAACCGATCCCACAGCGCCGGCAGGACTCCGGGCCGAACTCC
TGGCAAATCCAGTTCCAAGGTTCAGACCACTCCTAGCAAACCTGGCGGTGACCGCTATATCCCCCATICGC
AGTGCTGCCCAGATGGAGGTGGCCAGCTTCCTCCTGAGCAAGGAGAACCAGCCTGAARACAGCCAGACGC
CCACCAAGAAGGAACATCAGAAAGCCTGGGCTTTGAACCTGAACGGTTTTGATGTAGAGGAAGCCAAGAT
CCTTCGGCTCAGTGGAAAACCACAAAATGCGCCAGAGGGTTATCAGAACAGACTGAAAGTACTCTACAGC
CAAAAGGCCACTCCTGGCTCCAGCCGGAAGACCTGCCGTTACATTICCTTCCCTGCCAGACCGTATCCTGG
ATGCGCCTGAAATCCGAAATGACTATTACCTGAACCTTGTGGATTGGAGTTCTGGGAATGTACTGGCCGT
GGCACTGGACAACAGTIGTGTACCTGTGGAGTGCAAGCTCTIGGTGACATCCTGCAGCTTTTGCARATGGAG
CAGCCTGGGGAATATATATCCTCTGTGGCCTGGATCAAAGAGGGCAACTACTTGGCTGTGGGCACCAGCA
GTGCTGAGGTGCAGCTATGGGATGTGCAGCAGCAGAAACGGCTTCGAAATATGACCAGTCACTCTGCCCG
AGTGGGCTCCCTAAGCTGGAACAGCTATATCCIGTCCAGTGGTTCACGTTCTGGCCACATCCACCACCAT
GATGTTCGGGTAGCAGAACACCATGTGGCCACACTGAGTGGCCACAGCCAGGAAGTGTGTGGGCTGCGCT
GGGCCCCAGATGGACGACATTTGGCCAGTGGTGGTAATGATAACTTGGTCAATGTGTGGCCTAGTGCTCC
TGGAGAGGGTGGCTGGGTTCCTCTGCAGACATTCACCCAGCATCAAGGGGCTGTCAAGGCCGTAGCATGEG
TGTCCCTGGCAGTCCAATGTCCTGGCAACAGGAGGGGGCACCAGTGATCGACACATTICGCATCTGGAATG
TGTGCTCTGGGGCCTGTCTGAGTGCCGTGGATGCCCATTCCCAGGTGTGCTCCATCCTCTGGTCTCCCCA
TTACAAGGAGCTCATCTCAGGCCATGGCTTTGCACAGAACCAGCTAGTTATTTGGAAGTACCCAACCATG
GCCAAGGTGGCTGAACTCAAAGGTCACACATCCCGGGTCCTGAGTCTGACCATGAGCCCAGATGGGGCCA
CAGTGGCATCCGCAGCAGCAGATGAGACCCTGAGGCTATGGCGCTGTTTTGAGTTGGACCCTGCGCGGLG
GCGGGAGCGGGAGAAGGCCAGTGCAGCCAAAAGCAGCCTCATCCACCAAGGCATCCGCTGAAGACCAACC
CATCACCTCAGTTIGTTTTTITATTTTITCTAATAAAGTCATGTCTCCCTTCATGTTTITITTTTTTARAAARAA
AAAAAARAAAARAAARA (SEQ ID NO: 9)
Translated protein sequence

MAQFAFESDLHSLLOLDAPIPNAPPARWORKAKEAAGPAPSPMR
AANRSHSAGRTPGRTPGKSSSKVQTTPSKPGGDRY IPHRSAAQMEVASFLLSKENQPE
NSQTPTKKEHQKAWALNLNGF DVEEAKILRLSGKPQNAPEGYQNRLEVLYSQKATPGS
SRKTCRYIPSLPDRILDAPEIRNDYYLNLVDWSSGNVLAVALDNSVYLWSASSGDILQ
LLOMEQPGEYISSVAWIKEGNYLAVGTSSAEVQLWDVQOOKRLRNMTSHSARVGSLSW
NSYILSSGSRSGHIHHHDVRVAEHHVATLSGHSQEVCGLRWAPDGRHLASGGNDNLVN
VWPSAPGEGGWVPLQTF TOHQGAVKAVAWCPWQSNVLATGGGTSDRHIRIWNVCSGAC
LSAVDAHSQVCSILWSPHYKELISGHGFAQNQLVIWKYPTMAKVAELKGHTSRVLSLT
MSPDGATVASAAADETLRLWRCFELDPARRREREKASAAKSSLIHQGIR (SEQ ID NO: 10)

mRNA Sequence

GCCCACCGGGCGAGCTTCTAGTCGGCGATTGAAGGATGCGAGTGCTCCTTAAGGGCCTCCGCCCCGTGAG
TTCGGTTIGTGACTAGGAAGGAGCTAGTGGACTAGAGCCAGGGTAAGGGGATCTGCTAGAAGTIGGTICTTC
CGCCAGGACTAGAGTITCCTCGCGGTAACAGCCTCCGTGGCCTICCGGAGGACCATGTCATTAGACTTIGG
CAGTGTGGCACTACCAGTGCAAAATGAAGATGAAGAGTATGACGAAGAGGACTATGAAAGAGAGAAAGAG
TTGCAGCAGTTACTCACAGACCTTCCCCATGACATGCTGGATGACGACCTCTCCTCTCCAGAGCTCCAGT
ATTCGGACTGCAGCGAGGATGGCACAGACGGACAACCACATCATCCTGAGCAATTGGAGATGAGCTGGAA
TGAGCAAATGCTGCCCAAATCTCAAAGTGTAAATGGCTATAATGAAATTCAGAGTTTATATGCTGGAGAA
AAATGTGGTAATGTCTGGGAAGAAAATAGAAGTAAAACTGAAGACCGACATCCTIGTGTACCATCCTGAAG
AAGGTGGAGATGAAGGTGGAAGTGGTTATAGTCCTCCAAGTAAATGTGAACAGACTGATTTATATCACCT
TCCTGAAAACTTITAGGCCATATACCAATGGTCAGAAGCAGGAATTTAATAACCAAGCAACCAATGTAATT
AAATTTTCAGATCCTCAATGGAACCATTITTCAGGGTCCCAGTIGTCAAGGTTTGGAACCGTATAATAAAG
TGACATATAAACCTTATCAGICTTCIGCCCAGAATAATGGCTCACCAGCCCAGGAGATAACAGGAAGTGA
CACATTCGAAGGCCTGCAACAACAATTTTTAGGAGCTAATGAGAACTCTGCAGAAAATATGCAGATTATT
CAACTTCAGGTICTTAACAAAGCAAAAGAGAGACAACTGGAGAACTTAATTIGAAAAGTTAAATGAAAGTG
AACGTCAAATTCGATATCTGAATCACCAGCTTGTAATAATAAAAGATGAAAAGGATGGTTTGACTCTCAG
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CCTTCGAGAATCACAGAAACTCTTTCAGAATGGAAAAGAAAGAGAGATACAGCTTGAAGCTCAAATAAAR
GCACTGGAGACTCAGATACAAGCATTAAAAGTCAATGAAGAACAGATGATCAAGAAGTCCAGAACAACTG
AAATGGCTCTGGAAAGCTTGAAGCAGCAGCTGGTGGACCTTCATCATTCTIGAATCACTTCAACGAGCTAG
AGAACAGCATGAGAGCATTGTITATGGGCCTCACAAAGAAGTACGAAGAGCAAGTATTGTCCTTACARAAAG
AATTTGGATGCCACAGTCACCGCACTTAAAGAACAGGAAGACATTTGCTICTCGTCTGAAAGATCACGTGA
AACAACTGGAAAGGAATCAAGAAGCAATCAAGTTAGAAAAGACTGAGATCATTAATAAGTTGACAAGAAG
TCTAGAGGAGAGTCAAAAGCAGTGTGCCCACTIGTTGCAGTCCGGGTCAGTACAAGAGGTGGCTCAGCTA
CAGTTCCAGCTGCAGCAAGCACAGAAGGCACATGCTATGAGTGCAAACATGAACAAGGCTTTGCAAGAAG
AATTAACAGAACTAAAAGATGAAATTTCICTCTATGAATCTGCTGCAAAACTAGGAATACATCCAAGTGA
CTCAGAAGGAGAATTAAATATAGAACTCACTGAATCGTATGTGGATTTGGGTATTAAAAAGGTCAACTGG
AAAAAATCCAAAGTTACCAGCATTGTACAAGAAGAAGACCCAAATGAAGAGCTTTCAAAAGATGAGTTCA
TTCTGAAGTTAAAGGCAGAAGTACAGCGTITTGCTGGGTAGCAACTCAATGAAGCGTCATCTGGTGTCTCA
GTTACAAAATGACCTCAAAGACTGTCATAAGAAAATTGAAGATCTCCACCAAGTGAAGAAGGATGAAAAA
AGCATTGAGGTTGAGACTAAAACAGATACCTCAGAAAAACCAAAGAATCAATTATGGCCTGAGTCTTCTA
CTTCTGATGTTGTCAGAGATGATATTICTIGCTIGCTTAAAAATGAAATTCAAGTTTTACAACAACAAAATCA
GGAACTTAAAGAAACTGAAGGAAAACTGAGAAATACAAATCAAGACTTATGTAATCAAATGAGACAAATG
GTACAAGATTTIGACCATGACAAACAAGAAGCTGTGGATAGGTGTGAAAGGACTTATCAGCAGCACCATG
AAGCCATGAAAACTCAAATACGTGAAAGCCTATTAGCAAAGCATGCTTTGGAGAAGCAGCAGCTCTTTIGA
GGCTTATGAGAGAACTCATTTGCAACTGAGGTCTGAGTTGGATAAGTTGAATAAGGAGGTGACTGCTGTG
CAGGAATGTTACCTAGAAGTGTGCAGAGAGAAGGATAATCTAGAATTGACTCTCAGGAAGACCACTGAAA
AGGAGCAACAGACTCAGGAGAAGATCAAAGAAAAACTCATTCAACAGCTIGAAAAGGAGTGGCAGTCTAA
GCTGGATCAAACTATAAAGGCAATGAAAAAGAAGACCTTAGATIGTGGCAGCCAAACTGACCAAGTAACC
ACCAGTGATGTITATTTCCAAGAAAGAGATGGCAATTATGATAGAAGAGCAGAAGTGCACAATCCAGCAAA
ACTTAGAACAAGAGAAGGACATAGCCATCAAGGGGGCTATGAAGAAACTCGAAATTGAATTGGAACTCAA
ACATTGTGAAAATATTACCAAACAGGTAGAAATAGCTGTIGCAAAATGCTCATCAGCGATGGCTIGGGAGAA
CTACCAGAGCTGGCAGAGTATCAAGCACTIGTGAAGGCAGAACAGAAAAAGTGGGAAGAACAGCATGAGG
TCTCIGTGAACAAAAGGATATCATTIGCIGTTICTGAAGCTAAAGAGAAATGGAAGAGTGAGCTTGAAAA
TATGAGGAAAAATATACTTCCTGGAAAGGAATTGGAAGAGAAGATTCATICTCTITCAGAAGGAACTTGAG
TTAAAGAACGAAGAAGTCCCTGTGGTCATCAGGGCTGAGTTAGCTAAGGCTCGGAGTGAATGGAACAAAG
AAAAGCAAGAAGAAATCCACAGAATCCAAGAACAAAATGAGCAAGATTACCGGCAATTTITTAGATGATCA
CCGAAATAAAATTAATGAGGTGCTTGCGGCAGCTAAAGAAGACTTTATGAARACAAAAAACTGAACTACTT
CTTCAGAAGGAGACAGAATTACAAACTTGICTAGACCAGAGTCGTAGAGAATGGACTATGCAGGAAGCCA
AGCGGATCCAACTGGAAATCTATCAGTATGAGGAAGACATCCTGACTGTACTIGGGGTTICTTITITAAGTGA
TACCCAAAAGGAGCACATCAGTGATTICTGAGGACAAGCAGCTTITTGGAAATCATGTCGACTTGTITCTITCA
AAATGGATGTCTGTIGCAATATTTTGAAAAACTAAAGGGCTGCATACAGAAAGCATTTCAAGATACACTTC
CICTGCTIGTAGAARACGCTGACCCAGAATGGAAAAAGAGAAATATGGCCGAGCTCTCTAAGGATTCTIGC
CAGCCAGGGCACTGGCCAAGGAGACCCTGGACCTGCTIGCTGGACACCATGCTCAGCCCTTGGCCTITACAA
GCAACAGAAGCAGAAGCTGAAGAGAATAATAAAGTTGTTGAAGAATTAATAGAAGAAAACAACGACATGA
AGAATAAATTGGAAGAATTGCAAACACTTITGTAAAACACCACCAAGGTCATTGTCAGCAGGGGCCATTGA
AAATGCTTGCCTGCCATGCAGTGGGGGAGCCTIGGAAGAACTTCGTGGGCAGTACATTAAAGCTGTAAAA
AAAATTAAATGTGACATGCTICGTTATATTCAGGAGAGTAAGGAACGAGCTGCAGAAATGGTARAAGCAG
AGGTACTGCGAGAACGTCAAGAAACCGCCCGAAAGATGCGCAAATATTATTTGATTTGCCTCCAACAGAT
TTTGCAGGATGATGGAAAAGAAGGGGCTGAGAAAAAGATTATGAATGCTGCTAGCAAACTTGCTACAATG
GCAAAATTACTGGAAACACCTATTTCTAGTAAGTCCCAAAGCAAAACTACACAGTCAGCACTGCCCCTAA
CTTCAGAGATGCTGATTGCAGTTAAAAAATCAAAAAGAAATGATGTGAATCAGAAAATACCATGTITGTAT
TGAAAGCAAATCAAATAGTGTAAACACCATCACCAGAACTCTGTGCGAACAAGCTCCCAAGAGGAGGGCA
GCTTGTAACTTACAAAGGCTGTTAGAGAACTCAGAGCATCAGAGCATAAAGCATGTGGGATCCAAAGAGA
CACATTTGGAATTCCAGTTTGGGGATGGTAGTTGCAAGCACCTAAACAGTTITGCCAAGGAATGTTITCTICC
TGAGTITTIGTTCCTTGIGAAGGTGAAGGAGGCTITGGTTTIGCACAAGAAGAAAGACCTACTCAGTGATAAT
GGTTCTGAATCACTTCCGCATTCAGCTGCATACCCCTTICTTGGAACCTTAGGAAATAAACCCTCACCTA
GATGTACCCCTGGTCCTTCTGAATCAGGATGCATGCATATAACCTTTCGCGATTICTAATGAAAGACTTIGG
TTTAAAAGTATATAAATGCAATCCACTAATGGAAAGTGAAAATGCTGCATCTGAGAAAAGTCAAGGTTTG
GATGTTCAGGAACCTCCAGTAAAAGATGGAGGGGACCTTAGTGACTIGCTTGGGCTGGCCTTCCAGCAGTG
CAACCTTATCCITTGACAGTCGTGAAGCATCATTITGTACATGGTAGGCCACAAGGAACTTTGGAAATACC
AAGTGAATCTGTTAAATCCAAACAGTTTTICACCATCCGGTTATCTTITCAGATACAGAGGARAAGTAATATG
ATTTGTCAAACAATGAAATGTICAGCGTTATCAAACTCCATACCTGICAGAAGAAACCACGTATTTGGAGC
CAGGAAAGATCAGTGTIGAATTGTGGACACCCATCTCGTCATAAGGCTGATAGATTAAAGTCAGATTTCAA
AAAACTGAGCAGTACATTACCATCTTICAGTGTIGTCAGCAGCCTTCAAGAAAATTAATTGTICCGCTATCT
AGCCAACAAGATAGTGGCTTIGATAGCCCATTIGTTAATCTAGACTAATTATGGTACAGTATTITAAGAAG
AATCATTAATATATTAACAAAAATGGAAGGGAAGACCTCATACTGAAAAAAATTGTGAGCCCIGCCICTT
TTGAGATGTTTTAATAACATCTGTTATATAAGTAAAGCATTCTTCTAAAATTGCTTGAGATATTTATGTT
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GCCTTAATATTCCAAAGGCCTIGATGGTIGTATGTIATAATCIGCTTTIGTIGIGGTGCTTATTTTIGGTTITICT
AAACCATCTATTITTTATACTTATAAATTGACTCACTCTGCAGTIGTTAACTTATTTAAATARACTTGCATA
TGGTCTGTAAAAAAAAAA (SEQ ID NO: 11)

Translated protein sequence

MSLDFGSVALPVQNEDEEYDEEDYEREKELQQLLTDLPHDMLDD
DLSSPELQYSDCSEDGTDGQPHHPEQLEMSWNEQMLPKSQSVNGYNEIQSLYAGEKCG
NVWEENRSKTEDRHPVYHPEEGGDEGGSGYSPPSKCEQTDLYHLPENFRPYTNGQKQE
FNNQATNVIKFSDPQWNHFQGPSCQGLEPYNKVTYKPYQSSAQNNGSPAQEITGSDTFE
EGLQOQOQFLGANENSAENMQIIQLOVLNKAKERQLENLIEKLNESERQIRYLNHQLVII
KDEKDGLTLSLRESQKLFQONGKEREIQLEAQIKALETQIQALKVNEEQMIKKSRTTEM
ALESLKQQLVDLHHSESLQRAREQHESIVMGLTKKYEEQVLSLQKNLDATVTALKEQE
DICSRLKDHVKQLERNQEAIKLEKTEIINKLTRSLEESQKQCAHLLQSGSVQEVAQLQ
FQLQOAQKAHAMSANMNKALQEELTELKDEISLYESAAKLGIHPSDSEGELNIELTES
YVDLGIKKVNWKKSKVISIVQEEDPNEELSKDEF ILKLKAEVQRLLGSNSMKRHLVSQ
LONDLKDCHKKIEDLHQVKKDEKS IEVETKTDTSEKPKNQLWPESSTSDVVRDDILLL
KNEIQVLQOONQELKETEGKLRNTNQDLCNQMRQOMVQDFDHDKQEAVDRCERTYQQHH
EAMKTQIRESLLAKHALEKQQLFEAYERTHLQLRSELDKLNKEVTAVQECYLEVCREK
DNLELTLRKTTEKEQQTQEKIKEKLIQQLEKEWQSKLDQTIKAMKKKTLDCGSQTDQV
TTSDVISKKEMAIMIEEQKCTIQONLEQEKDIATIKGAMKKLEIELELKHCENITKQVE
IAVONAHQRWLGELPELAEYQALVKAEQKKWEEQHEVSVNKRISFAVSEAKEKWKSEL
ENMRKNILPGKELEEKIHSLOQKELELKNEEVPVVIRAELAKARSEWNKEKQEETHRIQ
EQNEQDYRQFLDDHRNKINEVLAAAKEDFMKQKTELLLQKETELQTCLDQSRREWTMQ
EAKRIQLEIYQYEEDILTVLGVLLSDTQKEHISDSEDKQLLEIMSTCSSKWMSVQYFE
KLKGCIQKAFQDTLPLLVENADPEWKKRNMAELSKDSASQGTGQGDPGPAAGHHAQPL
ALQATEAEAEENNKVVEELIEENNDMKNKLEELQTLCKTPPRSLSAGAIENACLPCSG
GALEELRGQYIKAVKKIKCDMLRY IQESKERAAEMVKAEVLRERQETARKMRKYYLIC
LOQILODDGKEGAEKKIMNAASKLATMAKLLETPISSKSQSKTITQSALPLTSEMLIAV
KKSKRNDVNQKIPCCIESKSNSVNTITRTLCEQAPKRRAACNLQRLLENSEHQSIKHV
GSKETHLEFQFGDGSCKHLNSLPRNVSPEFVPCEGEGGFGLHKKKDLLSDNGSESLPH
SAAYPFLGTLGNKPSPRCTPGPSESGCMHITFRDSNERLGLKVYKCNPLMESENAASE
KSQGLDVQEPPVKDGGDLSDCLGWPSSSATLSEFDSREASFVHGRPQGTLEIPSESVKS
KQFSPSGYLSDTEESNMICQTMKCQRYQTPYLSEETTYLEPGKISVNCGHPSRHKADR
LKSDFKKLSSTLPSSVCQQPSRKLIVPLSSQQDSGFDSPEVNLD (SEQ ID NO: 12)

CELL

Homo 'saplens cofilin Fitnonsmugcle) #(CRLLY;
mRNA

mRNA Sequence

ID NO:

GGCCGGCGGGAAGACTCCGTTACCCAGCGAGCGAGGCGGCGGCGCAGGGCCAGCGGACTCCATTICCCGT
CGGCTCGCGGTGGGAGCGCCGGAAGCCCGCCCCACCCCTCATIGTGCGGCTCCTACTAAACGGAAGGGGC
CGGGAGAGGCCGCGTTICAGTCGGGTCCCGGCAGCGGCTGCAGCGCTCTCGICTTICTGCGGCTCTICGGTIGC
CCTCTCCTTTTCGTTICCGGAAACATGGCCTICCGGTGTGGCTGTICTCTGATGGTGTCATCAAGGTGTTICA
ACGACATGAAGGTGCGTAAGTCTTCAACGCCAGAGGAGGTGAAGAAGCGCAAGAAGGCGGTGCTCTICTG
CCTGAGTGAGGACAAGAAGAACATCATCCIGGAGGAGGGCAAGGAGATCCTIGGTIGGGCGATGTGGGCCAG
ACTGTCGACGACCCCTACGCCACCTTTGICAAGATGCTGCCAGATAAGGACTGCCGCTATGCCCTCTIATG
ATGCAACCTATGAGACCAAGGAGAGCAAGAAGGAGGATCTIGGTGTTITATCTTCTGGGCCCCCGAGTICTGC
GCCCCTTAAGAGCAAAATGATTTATGCCAGCTCCAAGGACGCCATCAAGAAGAAGCTGACAGGGATCAAG
CATGAATTGCAAGCAAACTGCTACGAGGAGGTCAAGGACCGCTIGCACCCTGGCAGAGAAGCTGGGGGGCA
GTGCCGTCATCTCCCTIGGAGGGCAAGCCTTTIGTGAGCCCCTTCTGGCCCCCTGCCTGGAGCATCTGGCAG
CCCCACACCTGCCCTTIGGGGGTTGCAGGCTGCCCCCTTCCTGCCAGACCGGAGGGGCTGGGGGGATCCCA
GCAGGGGGAGGGCAATCCCTTCACCCCAGTTGCCAAACAGACCCCCCACCCCCTGGATTTTCCTTCTCCC
TCCATCCCTTGACGGTITCTGGCCTTCCCARAACTGCTTTIGATCTTTTGATTCCTCTTGGGCTGAAGCAGA
CCAAGTTCCCCCCAGGCACCCCAGTTIGTGGGGGAGCCTGTATTTITTTTTAACAACATCCCCATTCCCCAC
CTIGGTCCTCCCCCTTCCCATGCTGCCAACTICTAACCGCAATAGTGACTCIGTGCTIGICTGTTTAGTTC
TGTGTATAAATGGAATGTTGTIGGAGATGACCCCTCCCTGTIGCCGGCTGGTITCCTICTCCCTTITICCCCTGG
TCACGGCTACTCATGGAAGCAGGACCAGTAAGGGACCTTCGATTAAAAAAAAAAAAGACAATAATAAARA (SEQ
13)

Translated protein sequence
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MASGVAVSDGVIKVENDMKVRKSS TPEEVKKRKKAVLFCLSEDK

KNIILEEGKEILVGDVGQTVDDPYATFVKMLPDKDCRYALYDATYETKESKKEDLVE I
FWAPESAPLKSKMIYASSKDAIKKKLTGIKHELQANCYEEVKDRCTLAEKLGGSAVIS
LEGKPL (SEQ ID NO: 14)

transcript variant 3, mRNA

mRNA Sequence

ATGCGCGCAAGAGAGCGGGAAGCCGAGCTGGGCGAGAAGTAGGGGAGGGCGGTGCTCCGCCGCGGTGGCG
GTTGCTATCGCTTCGCAGAACCTACTCAGGCAGCCAGCTGAGAAGAGTTGAGGGAAAGTGCTGCTGCTGG
GTCTGCAGACGCGATGGATAACGTGCAGCCGAAAATAAAACATCGCCCCTTCTGCTTCAGTGTGAAAGGC
CACGTGAAGATGCTGCGGCTGGTGTTTGCACT TGTGACAGCAGTATGCTGTCTTGCCGACGGGGCCCTTA
TTTACCGGAAGCTICIGTTCAATCCCAGCGGTCCTTACCAGAAAAAGCCTGTGCATGAAARAALAGAAGT
TTTGTAATTTTATATTIACTTTTTAGT TTGATACTAAGTATTAAACATATTTCTGTATTCTTCCACATATT
TTCTGCAGTTATTTTAACTCAGTATAGGAGCTAGAGGAAGAGATTTCCGAAGTCTGCACCCCGCGCAGAG
CACTACTGTAACTTCCAAGGGAGCGCTGGGAGCAGCGEGATCGGGTTTTCCEGCACCCGEGCCTGEGTEE
CAGGGAAGAATGTGCCGGGATCCGCCTCAGGGATCTTTGAATCTCT TTACTGCCTGGCTGGCCGGCAGCT
CCG (SEQ ID NO: 15)

Translated protein sequence

MDNVQPKIKHRPFCFSVKGHVKMLRLVFALVTAVCCLADGALIY
RKLLFNPSGPYQKKPVHEKKEVL (SEQ ID NO: 16)

mRNA Sequence

GATGACGCTGCGGCTICTGGTGGCCGCGCTICTGCGCCGGGATCCTGGCAGAGGCGCCCCGAGTIGCGAGCC
CAGCACAGGGAGAGAGTGACCTGCACGCGCCTTTACGCCGCTGACATIGTGTTCTTACTGGATGGCTCCT
CATCCATTGGCCGCAGCAATTTCCGCGAGGTCCGCAGCTTTCTCGAAGGGCTGGTGCTGCCTTICTCTIGG
AGCAGCCAGTGCACAGGGTGTIGCGCTTTGCCACAGTGCAGTACAGCGATGACCCACGGACAGAGTTCGGC
CTGGATGCACTIGGCTICTGGGGGTGATGTGATCCGCGCCATCCGTGAGCTTAGCTACAAGGGGGGCAACA
CTCGCACAGGGGCTGCAATTCTCCATGTGGCTGACCATGTICTICCTGCCCCAGCTGGCCCGACCTIGGTIGT
CCCCAAGGTCTGCATCCTGATCACAGACGGGAAGTCCCAGGACCTGGTGGACACAGCTGCCCARAGGCTG
AAGGGGCAGGGGGTCAAGCTATTTGCTGIGGGGATCAAGAATGCTGACCCTGAGGAGCTGAAGCGAGTTG
CCTCACAGCCCACCAGTGACTTICTTCTITCTICGTICAATGACTTCAGCATCTTGAGGACACTACTGCCCCT
CGTTTICCCGGAGAGTGTGCACGACTGCTGGTGGCGTGCCTGTGACCCGACCTCCGGATGACTCGACCTICT
GCTCCACGAGACCTGGTGCTGTCTGAGCCAAGCAGCCAATCCTTGAGAGTACAGTGGACAGCGGCCAGTG
GCCCTGTGACTGGCTACAAGGTCCAGTACACTCCTCTIGACGGGGCTGGGACAGCCACTGCCGAGTGAGCG
GCAGGAGGTGAACGTCCCAGCTGGTGAGACCAGTGTGCGGCTGCGGGGTCTCCGGCCACTGACCGAGTAC
CAAGTGACTGTGATTGCCCTCTACGCCAACAGCATCGGGGAGGCTGTGAGCGGGACAGCTCGGACCACTG
CCCTAGAAGGGCCGGAACTGACCATCCAGAATACCACAGCCCACAGCCTCCTGGTGGCCTGGCGGAGTIGT
GCCAGGTGCCACTGGCTACCGTGTGACATGGCGGGTCCTCAGTIGGTGGGCCCACACAGCAGCAGGAGCTG
GGCCCTGGGCAGGGTTICAGTGTTGCTGCGTGACTTGGAGCCTGGCACGGACTATGAGGTGACCGTGAGCA
CCCTATTTGGCCGCAGTGTGGGGCCCGCCACTTCCCTGATGGCTCGCACTGACGCTTICTGTTGAGCAGAC
CCTGCGCCCGGTCATCCTGGGCCCCACATCCATCCTCCTTTCCTGGAACTTIGGTGCCTGAGGCCCGTGGC
TACCGGTTGGAATGGCGGCGTGAGACTGGCTTGGAGCCACCGCAGAAGGTGGTACTGCCCTCTIGATGTGA
CCCGCTACCAGTITGGATGGGCTGCAGCCGGGCACTGAGTACCGCCTICACACTCTACACTCTGCTGGAGGG
CCACGAGGTGGCCACCCCTGCAACCGTGGTTCCCACTGGACCAGAGCTGCCTGTGAGCCCTGTAACAGAC
CTGCAAGCCACCGAGCTGCCCGGGCAGCGGGTGCGAGTGTCCTGGAGCCCAGTCCCTIGGTGCCACCCAGT
ACCGCATCATTGTGCGCAGCACCCAGGGGGTTGAGCGGACCCTIGGTGCTTICCTGGGAGTCAGACAGCATT
CGACTTGGATGACGTTICAGGCTGGGCTTAGCTACACTGTGCGGGTGTCTGCTCGAGTGGGTCCCCGTGAG
GGCAGTGCCAGIGTCCTCACTGTCCGCCGGGAGCCGGAAACTCCACTTIGCTIGTTCCAGGGCTGCGGGTTG
TGGTGTCAGATGCAACGCGAGTGAGGGTGGCCTGGGGACCCGTCCCTGGAGCCAGTGGATTTCGGATTAG
CTGGAGCACAGGCAGTGGTCCGGAGTCCAGCCAGACACTGCCCCCAGACTCTACTGCCACAGACATCACA
GGGCTGCAGCCTGGAACCACCTACCAGGTGGCTGTGICGGTACTGCGAGGCAGAGAGGAGGGCCCTGCTG
CAGTCATCGTGGCTCGAACGGACCCACTGGGCCCAGTGAGGACGGTCCATGTGACTCAGGCCAGCAGCTC
ATCTGTCACCATTACCTGGACCAGGGTTCCTGGCGCCACAGGATACAGGGTTTCCTGGCACTCAGCCCAC
GGCCCAGAGAAATCCCAGTTGGTTTCTGGGGAGGCCACGGTGGCTGAGCTGGATGGACTGGAGCCAGATA

56
SUBSTITUTE SHEET (RULE 26)




WO 2012/129100 PCT/US2012/029479

CTGAGTATACGGTGCATGTGAGGGCCCATGTGGCTGGCGTGGATGGGCCCCCTGCCTCIGTGGTTIGTGAG
GACTGCCCCTGAGCCTIGTGGGTCGTIGTGTCGAGGCTGCAGATCCTCAATGCTTCCAGCGACGTITCTACGG
ATCACCTIGGGTAGGGGTCACTGGAGCCACAGCTTACAGACTGGCCTGGGGCCGGAGTGAAGGCGGCCCCA
TGAGGCACCAGATACTCCCAGGAAACACAGACTCTGCAGAGATCCGGGGTICTCGAAGGTGGAGTCAGCTA
CTCAGTGCGAGTGACTGCACTTGTCGGGGACCGCGAGGGCACACCTGTCTCCATTIGTTGTCACTACGCCG
CCTGAGGCTCCGCCAGCCCTGGGGACGCTTICACGTGGTGCAGCGCGGGGAGCACTCGCTGAGGCTGCGCT
GGGAGCCGGTGCCCAGAGCGCAGGGCTTCCTITCTGCACTGGCAACCTGAGGGTGGCCAGGAACAGTCCCG
GGTCCTGGGGCCCGAGCTCAGCAGCTATCACCTGGACGGGCTGGAGCCAGCGACACAGTACCGCGTGAGG
CTGAGTGTCCTAGGGCCAGCTGGAGAAGGGCCCTCTGCAGAGGTGACTGCGCGCACTGAGTCACCTCGTG
TTCCAAGCATTGAACTACGTGTGGTGGACACCTICGATCGACTCGGTIGACTTTGGCCTGGACTCCAGTIGTC
CAGGGCATCCAGCTACATCCTATCCTGGCGGCCACTCAGAGGCCCTGGCCAGGAAGTGCCTGGGTCCCCG
CAGACACTTCCAGGGATCTCAAGCTCCCAGCGGGTGACAGGGCTAGAGCCTGGCGTCTCTTACATCTICT
CCCTGACGCCTGTCCIGGATGGTGTGCGGGGTCCTGAGGCATCTGTCACACAGACGCCAGTGTGCCCCCG
TGGCCTGGCGGATGTGGTGTTCCTACCACATGCCACTCAAGACAATGCTCACCGTGCGGAGGCTACGAGG
AGGGTCCTGGAGCGTCTGGTGTTGGCACTTGGGCCTCTTIGGGCCACAGGCAGTTCAGGTTGGCCTGCTGT
CTTACAGTCATCGGCCCTCCCCACTGTTCCCACTGAATGGCTCCCATGACCTTGGCATTATCTTGCAAAG
GATCCGTGACATGCCCTACATGGACCCAAGTGGGAACAACCTGGGCACAGCCGTGGTCACAGCTCACAGA
TACATGTTGGCACCAGATGCTICCTGGGCGCCGCCAGCACGTACCAGGGGTGATGGTTCTGCTAGTGGATG
AACCCTTGAGAGGTGACATATTCAGCCCCATCCGTGAGGCCCAGGCTTCTGGGCTTAATGTGGTGATGTT
GGGAATGGCTGGAGCGGACCCAGAGCAGCTGCGTCGCTTGGCGCCGGGTATGGACTCTGTCCAGACCTTC
TTCGCCGTIGGATGATGGGCCAAGCCTGGACCAGGCAGTCAGTGGTCTGGCCACAGCCCTGTIGTICAGGCAT
CCTTCACTACTCAGCCCCGGCCAGAGCCCTGCCCAGTIGTATTGTCCAAAGGGCCAGAAGGGGGAACCTGG
AGAGATGGGCCTGAGAGGACAAGTTGGGCCTCCTGGCGACCCTGGCCTCCCGGGCAGGACCGGTGCTICCC
GGCCCCCAGGGGCCCCCTGGAAGTGCCACTGCCAAGGGCGAGAGGGGCTTCCCTGGAGCAGATGGGCGTC
CAGGCAGCCCTGGCCGCGCCGGGAATCCTGGGACCCCTGGAGCCCCTGGCCTAAAGGGCTCTCCAGGGTT
GCCTGGCCCTCGTGGGGACCCGGGAGAGCGAGGACCTCGAGGCCCARAGGGGGAGCCGGGGGCTCCCGGA
CAAGTCATCGGAGGTGAAGGACCTGGGCTTCCTGGGCGGAAAGGGGACCCTGGACCATCGGGCCCCCCTG
GACCTCGTGGACCACTGGGGGACCCAGGACCCCGTGGCCCCCCAGGGCTTCCTGGAACAGCCATGAAGGG
TGACAAAGGCGATCGTGGGGAGCGGGGTCCCCCTGGACCAGGTGAAGGTGGCATTGCTCCTGGGGAGCCT
GGGCTGCCGGGICTTCCCGGAAGCCCTGGACCCCAAGGCCCCGTTGGCCCCCCTGGAAAGAAAGGAGAAA
AAGGTGACTCTIGAGGATGGAGCTCCAGGCCTCCCAGGACAACCTGGGTCICCGGGTGAGCAGGGCCCACG
GGGACCTCCTGGAGCTATTIGGCCCCAAAGGTGACCGGGGCTTTCCAGGGCCCCTGGGTGAGGCTGGAGAG
AAGGGCGAACGTGGACCCCCAGGCCCAGCGGGATCCCGGGGGCTGCCAGGGGTTGCTGGACGTCCTGGAG
CCAAGGGTCCTGAAGGGCCACCAGGACCCACTGGCCGCCAAGGAGAGAAGGGGGAGCCTGGTCGCCCTIGG
GGACCCTGCAGIGGTIGGGACCTGCTGTITGCTGGACCCAAAGGAGAAAAGGGAGATGTGGGGCCCGCTGGG
CCCAGAGGAGCTACCGGAGTCCAAGGGGAACGGGGCCCACCCGGCTTGGTICTTICCTGGAGACCCTGGCC
CCAAGGGAGACCCTGGAGACCGGGGTCCCATTGGCCTITACTGGCAGAGCAGGACCCCCAGGTGACTCAGG
GCCTCCTGGAGAGAAGGGAGACCCTGGGCGGCCTGGCCCCCCAGGACCTGTTGGCCCCCGAGGACGAGAT
GGTGAAGTTGGAGAGAAAGGTGACGAGGGTCCTCCGGGTGACCCGGGTTTGCCTGGAAAAGCAGGCGAGC
GTIGGCCTTCGGGGGGCACCTGGAGTTCGGGGGCCTGTIGGGTGAAAAGGGAGACCAGGGAGATCCTGGAGA
GGATGGACGAAATGGCAGCCCTGGATCATCTGGACCCAAGGGTIGACCGTGGGGAGCCGGGTCCCCCAGGA
CCCCCGGGACGGCTGGTAGACACAGGACCTGGAGCCAGAGAGAAGGGAGAGCCTGGGGACCGCGGACAAG
AGGGTCCTCGAGGGCCCAAGGGTGATCCTGGCCTCCCTGGAGCCCCTGGGGAAAGGGGCATTGAAGGGTT
TCGGGGACCCCCAGGCCCACAGGGGGACCCAGGTGTCCGAGGCCCAGCAGGAGAAAAGGGTGACCGGGGT
CCCCCTGGGCTGGATGGCCGGAGCGGACTGGATGGGAAACCAGGAGCCGCTGGGCCCTCTGGGCCGAATG
GTGCTGCAGGCAAAGCTGGGGACCCAGGGAGAGACGGGCTTCCAGGCCTCCGTGGAGAACAGGGCCTCCC
TGGCCCCTCTGGTCCCCCTGGATTACCGGGAAAGCCAGGCGAGGATGGCAAACCTGGCCTGAATGGAAAA
AACGGAGAACCTGGGGACCCTGGAGAAGACGGGAGGAAGGGAGAGAAAGGAGATTCAGGCGCCTCTGGGA
GAGAAGGTCGTGATGGCCCCAAGGGTGAGCGTGGAGCTCCTGGTATCCTTGGACCCCAGGGGCCTCCAGG
CCTCCCAGGGCCAGTGGGCCCTCCTGGCCAGGGTTTTICCTGGTGTCCCAGGAGGCACGGGCCCCAAGGGT
GACCGTGGGGAGACTGGATCCAAAGGGGAGCAGGGCCTCCCTGGAGAGCGTGGCCTGCGAGGAGAGCCTG
GAAGTGTGCCGAATGTGGATCGGTTGCTGGAAACTGCTGGCATCAAGGCATCTGCCCTGCGGGAGATCGT
GGAGACCTGGGATGAGAGCTCTGGTAGCTTCCTIGCCTGTGCCCGAACGGCGTCGAGGCCCCAAGGGGGAC
TCAGGCGAACAGGGCCCCCCAGGCAAGGAGGGCCCCATCGGCTTTCCTGGAGAACGCGGGCTGAAGGGCG
ACCGTGGAGACCCTGGCCCTCAGGGGCCACCTGGTCTGGCCCTTGGGGAGAGGGGCCCCCCCGGGCCTTC
CGGCCTTGCCGGGGAGCCTGGAAAGCCTGGTATTICCCGGGCTCCCAGGCAGGGCTGGGGGTGTGGGAGAG
GCAGGAAGGCCAGGAGAGAGGGGAGAACGGGGAGAGAAAGGAGAACGTGGAGAACAGGGCAGAGATGGCC
CTCCTGGACTCCCTGGAACCCCTGGGCCCCCCGGACCCCCTGGCCCCAAGGTGICTGTGGATGAGCCAGG
TCCTGGACTCTICTGGAGAACAGGGACCCCCTGGACTCAAGGGTGCTAAGGGGGAGCCGGGCAGCAATGGT
GACCAAGGTCCCAAAGGAGACAGGGGTGTGCCAGGCATCAAAGGAGACCGGGGAGAGCCTGGACCGAGGG
GTCAGGACGGCAACCCGGGTCTACCAGGAGAGCGTGGTATGGCTGGGCCTGAAGGGAAGCCGGGTCTGCA
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ID NO:

GGGTCCAAGAGGCCCCCCTGGCCCAGTGGGTGGTCATGGAGACCCTGGACCACCTGGTGCCCCGGGTCTT
GCTGGCCCTGCAGGACCCCAAGGACCTTCTGGCCTGAAGGGGGAGCCTGGAGAGACAGGACCTCCAGGAC
GGGGCCTGACTGGACCTACTGGAGCTGTGGGACTTCCTGGACCCCCCGGCCCTTCAGGCCTTGTGGGTCC
ACAGGGGTCTCCAGGTTTGCCTGGACAAGTGGGGGAGACAGGGAAGC CGGGAGCCCCAGGTCGAGATGGT
GCCAGTGGAAAAGATGGAGACAGAGGGAGCCCTGGTGTGCCAGGGTCACCAGGTCTGCCTGGCCCTGTCG
GACCTAAAGGAGAACCTGGCCCCACGGGGGCCCCTGGACAGGCTGTGGTCGGGCTCCCTGGAGCARAGGG
AGAGAAGGGAGCCCCTGGAGGCCT TGCTGGAGACC TGGTGGGTGAGCCGGGAGCCAMAGGTGACCGAGGA
CTGCCAGGGCCGCGAGGCGAGAAGGGTGARGC TGGCCGTGCAGGGGAGC CCGGAGACCCTGGGGAAGATG
GTCAGAAAGGGGCTCCAGGACCCAAAGGTTTCAAGGGTGACCCAGGAGTCGGGGTCCCGEGCTCCCCTEE
GCCTCCTGGCCCTCCAGGTGTGAAGGGAGATC TGGGCCTCCCTGGCCTGCCCGGTGCTCCTGGTGTIGTT
GGGTTCCCGGGTCAGACAGGCCCTCGAGGAGAGATGGGTCAGCCAGGCCCTAGTGGAGAGCGGGGTCTGG
CAGGCCCCCCAGGGAGAGARGGAATCCCAGGACCCCTGGGGCCACCTGGACCACCGGGGTCAGTGGGACT
ACCTGGGGCCTCTGGACTCAAAGGAGACAAGGGAGACCCTGGAGTAGGGCTGCCTGGGCCCCGAGGCGAG
CGTGGGGAGCCAGGCATCCGGGGTGAAGATGGCCGCCCCGGCCAGGAGGGACCCCGAGGACTCACGGGEE
CCCCTGGCAGCAGGGGAGAGCGTGGGGAGAAGGGTGATGTTGGGAGTGCAGGACTAAAGGGTGACAAGGG
AGACTCAGCTGTGATCCTGGGGCC TCCAGGCCCACGGGGTGCCARGGGGGACATGGGTGAACGAGGGCCT
CGGGGCTTGGATGGTGACARAGGACC TCGGGGAGACAATGGGGACCC TGGTGACAAGGGCAGCAAGGGAG
AGCCTGGTGACARGGGCTCAGCCGGGTTGCCAGGACTGCGTGGACTCCTGGGACCCCAGGGTCAACCTGG
TGCAGCAGGGATCCCTGGTGACCCGGGATCCCCAGGAAAGGATGGAGTGCCTGGTATCCGAGGAGARAAA
GGAGATGTTGGCTTCATGGGTCCCCGGGGCCTCAAGGGTGAACGGGGAGTGAAGGGAGCCTGTGGCCTTG
ATGGAGAGAAGGGAGACAAGGGAGAAGC TGGTCCCCCAGGCCGCCCCGGGCTGGCAGGACACARAGGAGA
GATGGGGGAGCCTGGTGTGCCGGGCCAGTCGGGGGCCCCTGGCAAGGAGGGCCTGATCGGTCCCAAGGGT
GACCGAGGCTTTGACGGGCAGCCAGECCCCAAGGGTGACCAGGGCGAGARAGGGGAGCGGGGARCCCCAG
GAATTGGGGGCTTCCCAGGCCCCAGTGGARATGATGGCTCTGCTGGTCCCCCAGGGCCACCTGGCAGTGT
TGGTCCCAGAGGCCCCGAAGGACT TCAGGGCCAGAAGGGTGAGCGAGGTCCCCCCGGAGAGAGAGTGGTG
GGGGCTCCTGGGGTCCCTGGAGCTCC TGGCGAGAGAGGGGAGCAGGGGCGGCCAGGGCCTGCCGGTCCTC
GAGGCGAGAAGGGAGAAGCTGCAC TGACGGAGGATGACATCCGGGGC TTTGTGCGCCAAGAGATGAGTCA
GCACTGTGCCTGCCAGGGCCAGTTCATCGCATC TGGATCACGACCCCTCCCTAGTTATGC TGCAGACACT
GCCGGCTCCCAGCTCCATGCTGTGCCTGTGCTCCGCGTCTC TCATGCAGAGGAGGAAGAGCGGGTACCCC
CTGAGGATGATGAGTACTCTGAATACTCCGAGTATTCTGTGGAGGAGTACCAGGACCCTGAAGCTCCTTG
GGATAGTGATGACCCCTGTTCCCTGCCACTGGATGAGGGCTCCTGCACTGCCTACACCCTGCGCTGGTAC
CATCGGGCTGTGACAGGCAGCACAGAGGCCTGTCACCCTTTTGTCTATGGTGGCTGTGGAGGGAATGCCA
ACCGTTTTGGGACCCGTGAGGCCTGCGAGCGCCGCTGCCCACCCCEGGTGGTCCAGAGCCAGGGGACAGG
TACTGCCCAGGAC TGAGGCCCAGATAATGAGC TGAGATTCAGCATCCCCTGGAGGAGTCGGGGTCTCAGE
AGAACCCCACTGTCCCTCCCCTTGGTGCTAGAGGCTTGTGTGCACGTGAGCGTGCGTGTGCACGTCCGTT
ATTTCAGTGACTTGGTCCCGTGGGTCTAGCCTTCCCCCCTGTGGACAAACCCCCATTGTGGCTCCTGCCA
CCCTGGCAGATGACTCACTGTGGGGGGGTGGC TGTGGGCAGTGAGCGGATGTGAC TGGCGTCTGACCCGC
CCCTTGACCCAAGCCTGTGATGACATGGTGCTGAT TCTGGGGGGCAT TAAAGC TGCTGTTTTAAAAGGC
17)

(SEQ

Translated protein sequence

MTLRLLVAALCAGILAEAPRVRAQHRERVTCTRLYAADIVFLLD

GSSSIGRSNFREVRSFLEGLVLPF SGAASAQGVRFATVQYSDDPRTEFGLDALGSGGD
VIRAIRELSYKGGNTRTGAAILHVADHVFLPQLARPGVPKVCILITDGKSQDLVDTAA
QRLKGQGVKLFAVGIKNADPEELKRVASQPTSDFFFFVNDFSILRTLLPLVSRRVCTT
AGGVPVIRPPDDSTSAPRDLVLSEPSSQSLRVQWTAASGPVIGYKVQYTPLTGLGQPL
PSERQEVNVPAGETSVRLRGLRPLTEYQVIVIALYANSIGEAVSGTARTTALEGPELT
IQONTTAHSLLVAWRSVPGATGYRVIWRVLSGGPTQQQELGPGQGSVLLRDLEPGTDYE
VIVSTLFGRSVGPATSLMARTDASVEQTLRPVILGPTSILLSWNLVPEARGYRLEWRR
ETGLEPPQKVVLPSDVTRYQLDGLQPGTEYRLTLY TLLEGHEVATPATVVPTGPELPV
SPVIDLQATELPGQRVRVSWSPVPGATQYRIIVRSTQGVERTLVLPGSQTAFDLDDVQ
AGLSYTVRVSARVGPREGSASVLTVRREPETPLAVPGLRVVVSDATRVRVAWGPVPGA
SGFRISWSTGSGPESSQTLPPDSTATDITGLQPGTTYQVAVSVLRGREEGPAAVIVAR
TDPLGPVRTVHVTQASSSSVTITWTRVPGATGYRVSWHSAHGPEKSQLVSGEATVAEL
DGLEPDTEYTVHVRAHVAGVDGPPASVVVRTAPEPVGRVSRLOQILNASSDVLRITWVG
VIGATAYRLAWGRSEGGPMRHQILPGNTDSAEIRGLEGGVSYSVRVTALVGDREGTPV
SIVVITPPEAPPALGTLHVVQRGEHSLRLRWEPVPRAQGFLLHWQPEGGQEQSRVLGP
ELSSYHLDGLEPATQYRVRLSVLGPAGEGPSAEVTARTESPRVPSIELRVVDTSIDSV
TLAWTPVSRASSYILSWRPLRGPGQEVPGSPQTLPGISSSQRVIGLEPGVSYIFSLTP
VLDGVRGPEASVTQTPVCPRGLADVVFLPHATQDNAHRAEATRRVLERLVLALGPLGP
QAVQVGLLSYSHRPSPLFPLNGSHDLGIILQRIRDMPYMDPSGNNLGTAVVTAHRYML

58
SUBSTITUTE SHEET (RULE 26)




WO 2012/129100 PCT/US2012/029479

APDAPGRRQHVPGVMVLLVDEPLRGDIFSPIREAQASGLNVVMLGMAGADPEQLRRLA
PGMDSVQTFFAVDDGPSLDQAVSGLATALCQASFTTQPRPEPCPVYCPKGQKGEPGEM
GLRGQVGPPGDPGLPGRTGAPGPQGPPGSATAKGERGFPGADGRPGSPGRAGNPGTPG
APGLKGSPGLPGPRGDPGERGPRGPKGEPGAPGQVIGGEGPGLPGRKGDPGPSGPPGP
RGPLGDPGPRGPPGLPGTAMKGDKGDRGERGPPGPGEGGIAPGEPGLPGLPGSPGPQG
PVGPPGKKGEKGDSEDGAPGLPGQPGSPGEQGPRGPPGAIGPKGDRGEFPGPLGEAGEK
GERGPPGPAGSRGLPGVAGRPGAKGPEGPPGPTGRQGEKGEPGRPGDPAVVGPAVAGP
KGEKGDVGPAGPRGATGVQGERGPPGLVLPGDPGPKGDPGDRGPIGLTGRAGPPGDSG
PPGEKGDPGRPGPPGPVGPRGRDGEVGEKGDEGPPGDPGLPGKAGERGLRGAPGVRGP
VGEKGDQGDPGEDGRNGSPGSSGPKGDRGEPGPPGPPGRLVDTGPGAREKGEPGDRGQ
EGPRGPKGDPGLPGAPGERGIEGF RGPPGPQGDPGVRGPAGEKGDRGPPGLDGRSGLD
GKPGAAGPSGPNGAAGKAGDPGRDGLPGLRGEQGLPGPSGPPGLPGKPGEDGKPGLNG
KNGEPGDPGEDGRKGEKGDSGASGREGRDGPKGERGAPGILGPQGPPGLPGPVGPPGQ
GFPGVPGGTGPKGDRGETGSKGEQGLPGERGLRGEPGSVPNVDRLLETAGIKASALRE
IVETWDESSGSFLPVPERRRGPKGDSGEQGPPGKEGP IGFPGERGLKGDRGDPGPQGP
PGLALGERGPPGPSGLAGEPGKPGIPGLPGRAGGVGEAGRPGERGERGEKGERGEQGR
DGPPGLPGTPGPPGPPGPKVSVDEPGPGLSGEQGPPGLKGAKGEPGSNGDQGPKGDRG
VPGIKGDRGEPGPRGQDGNPGLPGERGMAGPEGKPGLQGPRGPPGPVGGHGDPGPPGA
PGLAGPAGPQGPSGLKGEPGETGPPGRGLTGPTGAVGLPGPPGPSGLVGPQGSPGLPG
QVGETGKPGAPGRDGASGKDGDRGSPGVPGSPGLPGPVGPKGEPGPTGAPGQAVVGLP
GAKGEKGAPGGLAGDLVGEPGAKGDRGLPGPRGEKGEAGRAGEPGDPGEDGQKGAPGP
KGFKGDPGVGVPGSPGPPGPPGVKGDLGLPGLPGAPGVVGEFPGQTGPRGEMGQPGPSG
ERGLAGPPGREGIPGPLGPPGPPGSVGPPGASGLKGDKGDPGVGLPGPRGERGEPGIR
GEDGRPGQEGPRGLTGPPGSRGERGEKGDVGSAGLKGDKGDSAVILGPPGPRGAKGDM
GERGPRGLDGDKGPRGDNGDPGDKGSKGEPGDKGSAGLPGLRGLLGPQGQPGAAGIPG
DPGSPGKDGVPGIRGEKGDVGFMGPRGLKGERGVKGACGLDGEKGDKGEAGPPGRPGL
AGHKGEMGEPGVPGQSGAPGKEGL IGPKGDRGF DGQPGPKGDQGEKGERGTPGIGGEP
GPSGNDGSAGPPGPPGSVGPRGPEGLQOGQKGERGPPGERVVGAPGVPGAPGERGEQGR
PGPAGPRGEKGEAALTEDDIRGFVROQEMSQHCACQGQOFIASGSRPLPSYAADTAGSQL
HAVPVLRVSHAEEEERVPPEDDEYSEYSEYSVEEYQDPEAPWDSDDPCSLPLDEGSCT
AYTLRWYHRAVIGSTEACHPFVYGGCGGNANRFGTREACERRCPPRVVQSQGTGTAQD (SEQ ID NO: 18)

Homo Sapiens cytochrome PAS0O, family. 4
subfamily F, spolypeptide: 3::(CYPAF 35 mRNA

CYPAES

mRNA Sequence

AGAAGAAGGGGAGAGGAGGTTGTGTGGGACAAGGTGCTCCTGACAGAAGGATGCCACAGCTGAGCCTIGTC
CTCGCTGGGCCITTGGCCAATGGCAGCATCCCCGTGGCTGCTCCTGCTGCTGGTTGGGGCCTCCIGGCTC
CTGGCCCGCATCCTGGCCTGGACCTATACCTTCTATGACAACTGCTGCCGCCTCCGGTGTTTCCCGCAAC
CCCCGAAACGGAATTGGTICTTGGGTCACCTGGGCCTGATTCACAGCTCGGAGGAAGGTCTCCTATACAC
ACAAAGCCTGGCATGCACCTICGGTGATATGTIGCTGCTGGTGGGTGGGGCCCTGGCACGCAATCGTCCGC
ATCTTCCACCCCACCTACATCAAGCCTGIGCTCTTTIGCTCCAGCTGCCATTGTACCAAAGGACAAGGTCT
TCTACAGCTTCCTGAAGCCCIGGCTGGGGGATGGGCTCCTGCTGAGTGCTIGGTGAAAAGTGGAGCCGCCA
CCGTCGGATGCIGACGCCTIGCCTTCCATTTCAACATCCTGAAGCCCTATATGAAGATTTTCAATGAGAGT
GTGAACATCATGCATGCCAAGTGGCAGCTCCTGGCCTICAGAGGGTAGTGCCCGTICTGGACATGTITGAGC
ACATCAGCCTCATGACCTTGGACAGTCTGCAGAAATGTGTCTTCAGCTTIGACAGCCATTGCCAGGAGAA
GCCCAGTGAATATATIGCCGCCATCTITGGAGCTCAGTIGCCCTIGTGACAAAAAGACACCAGCAGATCCTC
CIGTACATAGACTTCCTGTATTATCTCACCCCTGATGGGCAGCGTTTCCGCAGGGCCTGCCGCCTIGGTIGC
ACGACTTCACAGATGCCGTCATCCAGGAGCGGCGCCGCACCCTCCCTAGCCAGGGTGTTGATGACTICCT
CCAAGCCAAGGCCAAATCCAAGACTTTIGGACTTCATTIGATGTACTCCTGCTGAGCAAGGATGAAGATGGG
AAGAAGTTGTCCGATGAGGACATAAGAGCAGAAGCTGACACCTTTATGTITGAGGGCCATGACACCACAG
CCAGTGGTCTCTICCTGGGTCCTGTACCACCTTGCAAAGCACCCGGAATACCAGGAGCGCTGTCGGCAGGA
GGTGCAAGAGCTTCTGAAGGACCGTGAGCCTAAAGAGATTGAATGGGACGACCTGGCCCAGCTGCCCTTC
CTGACCATGTGCATTAAGGAGAGCCTGAGGCTGCATCCCCCAGTCCCTGCCGTCTCTCGCTGCTGCACCC
AAGACATTGTGCTCCCAGACGGCCGGGTCATCCCCAAAGGCATTATCTGCCTCATCAGTGTTITTGGAAC
CCATCACAACCCAGCCGTGTGGCCGGACCCTGAGGTCTATGACCCCTTTCGCTITTGACCCAAAGAACATC
AAGGAGAGGTCACCTCIGGCTITTTATTCCCTICTCAGCAGGGCCCAGGAACTGCATCGGGCAGGCGTTCG
CGATGGCGGAGATGAAGGTGGTCCTGGGGCTCACGCTGCTGCGCTTCCGCGTCCTGCCTGACCACACCGA
GCCCCGCAGGAAGCCGGAGCTGGTCCTGCGCGCAGAGGGCGGACTTTGGCTGCGGGTGGAGCCCCTGAGC
TGAGTTCTGCAGAGACCCACTCTGACCCCACTAAAATGACCCCTGATTCATCAAAAGTGAGGCCTAGAAT
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TACCCTAAGACCCTGITCCACAGTCCTIGTATTCCATCCTAGATATCTACTCAAAATAATTGAGACAAGTG
TTCAAACAGAAAGACGCTIGTIGCGTGAATGTITCATGGCAGCCCTATTCACAGTAGCCAAACGATGAAAAC
AACCCCAAGCTATATATTACCAGATGAAAGGATAAACAAAATATGGTCCATCCATACAATGGAGTATTAC
ACAGCCATAAAAAGGAATGAAGCAGTGATCCCCACTACACTGTGGATGAACCTTGAATGCATGATACTGA
ATGAAAGACATCAGATGCAAAAGGTCACATAGTIGTACTGTCCTTTTATATGAAATTTCCAGAACAGGCCA
ATCTGAAGAGATGTATAGTGGATTGGTGGCTTICAGCAGCTGTIGGGGAGGTGGGACTGAGGAGCGACTGC
TAATCAGGATGGGGTTTCCTCCTGGGATGGTGAAAATGTTCCGGACCTAGATAGTGATGAAGGTAGCACG
ACACTGTIGAGTIGCACTAAATGCTATTGAATTGGACACTITAGAATGGTTGAAATAGTGATTTIITATGTIGA
ATTCTACCTAAACATGCTATTACAGCTCATATATACTTTITTCCATCTGGATTCTTCACAAAAGAATATGT
TGTGAGCATCTTITCCATGATATTAAATCATCTTAGGAAACATTATTTTGIGTTICTTCAAAATGTGCATGT
TAAGTATTCAAATCAGTCTTAAATTTTTARAAAATATGTAATTTTAGAAAATAATTTAAAAGGTTTTGTTT
CAGTTTGTAAGATTTICTTTITCTGGCACTTTAATGGCTTGAGGTATCATTATCAGTTACAAATTGAGTTAT
TCTTCATCAAATGACTTTTGGAGTAGAGATTTTATTITTTATAGCAATAGATGCACAGATATTCCTGTAAG
ATACAGGTGTGGTTAGACACTTTTCTAGAACAGGCATGCCCTGCAAACTCCACAGACACTGACTGTTTTT
GTCCTATTAAGAAGTAGACCACTGAGAAGGGAGAAGGTGACATTTTAGCTTTCCCAGGTAAAAGTGGTTT
TCATCCTCACACCAATTTTATGGACTGGACGTTAACTCICTTGCTCAAGGTCACTCTGAGTGGAAGAGTG
GGGATAAATCTGGTTCGTTITGGCATCAGAGGCCATGACTTTTCCTACCACAGAAGTAATTTTCAAAGTAA
GICTCTGCCCTAGGCACATCAGATCACCTGGGGACCACTCCAGAGTGAGTAGACAAGACTTTGACAGGGG
TGCCTAATTTTITTTITTITTTTTTGAGATGGAGTCTCGCTCTGTTGCCCA (SEQ ID NO: 19)

Translated protein sequence

MPQLSLSSLGLWPMAASPWLLLLLVGASWLLARILAWTYTFYDN
CCRLRCFPQPPKRNWFLGHLGLIHSSEEGLLYTQSLACTFGDMCCWWVGPWHAIVRIF
HPTYIKPVLFAPAAIVPKDKVFYSFLKPWLGDGLLLSAGEKWSRHRRMLTPAFHFNIL
KPYMKIFNESVNIMHAKWQLLASEGSARLDMFEHISLMTLDSLQKCVESEFDSHCQEKP
SEYTAATLELSALVTKRHQQILLYIDFLYYLTPDGQRFRRACRLVHDFTDAVIQERRR
TLPSQGVDDFLQAKAKSKTLDFIDVLLLSKDEDGKKLSDEDIRAEADTFMFEGHDTTA
SGLSWVLYHLAKHPEYQERCRQEVQELLKDREPKEIEWDDLAQLPFLTMCIKESLRLH
PPVPAVSRCCTQDIVLPDGRVIPKGIICLISVEGTHHNPAVWPDPEVYDPFREFDPKNI
KERSPLAFIPFSAGPRNCIGQAFAMAEMKVVLGLTLLRFRVLPDHTEPRRKPELVLRA
EGGLWLRVEPLS (SEQ ID NO: 20)

DYSE

dyvstrophy 2B {autosomal: recessive): (DYSE),
transeript variant 8, mRNA

mRNA Sequence

GCGGCCGCCGCCCAGCCAGGTGCAAAATGCCGTGTCATTGGGAGACTCCGCAGCCGGAGCATTAGATTAC
AGCTCGACGGAGCTCGGGAAGGGCGGCGGGGGETGGAAGATGAGCAGAAGCCCCTGTTCTCGGAACGCCGG
CTGACAAGCGGGGTGAGCGCAGCCGGGGCGGGGACCCAGCCTAGCCCACTGGAGCAGCCGGGGGTGGCCC
GTTCCCCTTTAAGAGCAACTGCTCTAAGCCAGGAGCCAGAGATTCGAGCCGGCCTCGCCCAGCCAGCCCT
CTCCAGCGAGGGGACCCACAAGCGGCGCCTCGGCCCTCCCGACCTTTCCGAGCCCTCTTITGCGCCCTGGG
CGCACGGGGCCCTACACGCGCCAAGCATGCTGAGGGTICTTCATCCTCTATGCCGAGAACGTCCACACACC
CGACACCGACATCAGCGATGCCTACTGCTCCGCGGTGTTTGCAGGGGTGAAGAAGAGAACCAAAGTCATC
AAGAACAGCGTIGAACCCTIGTATGGAATGAGGGATTTGAATGGGACCTCAAGGGCATCCCCCTGGACCAGG
GCTCTGAGCTTCATGIGGTIGGTCAAAGACCATGAGACGATGGGGAGGAACAGGTTCCTGGGGGAAGCCAA
GGTCCCACTCCGAGAGGTCCTCGCCACCCCTAGTCTGTCCGCCAGCTTCAATGCCCCCCTGCTGGACACC
AAGAAGCAGCCCACAGGGGCCTCGCTGGTCCTGCAGGTGTCCTACACACCGCTGCCTGGAGCTGTGCCCC
TGTTCCCGCCCCCTACTCCTCTIGGAGCCCTCCCCGACTCTIGCCTGACCTGGATGTAGTGGCAGACACAGG
AGGAGAGGAAGACACAGAGGACCAGGGACTCACTGGAGATGAGGCGGAGCCATTCCTGGATCAAAGCGGA
GGCCCGGGGGCTCCCACCACCCCAAGGAAACTACCTTICACGTCCTCCGCCCCACTACCCCGGGATCAAAA
GAAAGCGAAGTGCGCCTACATCTAGAAAGCTGCTGTCAGACAAACCGCAGGATTTCCAGATCAGGGTCCA
GGTGATCGAGGGGCGCCAGCTGCCGGGGGTGAACATCAAGCCTGTGGTCAAGGTTACCGCTGCAGGGCAG
ACCAAGCGGACGCGGATCCACAAGGGAAACAGCCCACTCTTCAATGAGACTCTTTTICTTCAACTTGITTG
ACTCTCCTGGGGAGCTGTITTGATGAGCCCATCTITTATCACGGTGGTAGACTCTCGTTCTCTCAGGACAGA
TGCTCTCCTCGGGGAGTTCCGGATGGACGTGGGCACCATTTACAGAGAGCCCCGGCACGCCTATCTCAGG
AAGTGGCTGCTGCTCTCAGACCCTGATGACTTICTCTGCTGGGGCCAGAGGCTACCTGAAAACAAGCCTTT
GIGTGCTGGGGCCTGGGGACGAAGCGCCTCTGGAGAGAAAAGACCCCTCTGAAGACAAGGAGGACATTGA
AAGCAACCTGCTCCGGCCCACAGGCGTAGCCCTIGCGAGGAGCCCACTTCTIGCCTGAAGGTICTICCGGGCC
GAGGACTTGCCGCAGATGGACGATGCCGTGATGGACAACGTGAAACAGATCTTTIGGCTICGAGAGTAACA
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AGAAGAACTTGGTGGACCCCTTTIGTGGAGGTCAGCTTTGCGGGGAARATGCTGTGCAGCAAGATCTIGGA
GAAGACGGCCAACCCTCAGTGGAACCAGAACATCACACTGCCTGCCATGITTICCCTCCATGTGCGAAAAA
ATGAGGATTCGTATCATAGACTGGGACCGCCTGACTCACAATGACATCGIGGCTACCACCTACCTGAGTA
TGTCGAAAATCTICTGCCCCTGGAGGAGAAATAGAAGAGGAGCCTGCAGGTIGCTGTCAAGCCTICGARAAGC
CTCAGACTTGGATGACTACCTGGGCTTCCTCCCCACTTTTGGGCCCTGCTACATCAACCTCTATGGCAGT
CCCAGAGAGTTCACAGGCTTCCCAGACCCCTACACAGAGCTCAACACAGGCAAGGGGGAAGGTGTIGGCTT
ATCGTGGCCGGCTTICTGCTCTICCCTGGAGACCAAGCTGGTGGAGCACAGTGAACAGAAGGTGGAGGACCT
TCCTGCGGATGACATCCTICCGGGTGGAGAAGTACCTTAGGAGGCGCAAGTACTCCCTGTTTGCGGCCTTC
TACTCAGCCACCATGCTGCAGGATGTGGATGATGCCATCCAGTTTGAGGTCAGCATCGGGAACTACGGGA
ACAAGTTCGACATGACCTGCCTGCCGCTGGCCTCCACCACTCAGTACAGCCGTGCAGTCTTTGACGGGTG
CCACTACTACTACCTACCCTGGGGTAACGTGAAACCTGTGGTGGTGCTGTCATCCTACTGGGAGGACATC
AGCCATAGAATCGAGACTCAGAACCAGCTIGCTIGGGATTGCTGACCGGCTGGAAGCTGGCCTGGAGCAGG
TCCACCTGGCCCTGAAGGCGCAGTGCTCCACGGAGGACGTGGACTCGCTGGTGGCTCAGCTGACGGATGA
GCTCATCGCAGGCTGCAGCCAGCCTCTGGGTGACATCCATGAGACACCCTCTGCCACCCACCTGGACCAG
TACCTGTACCAGCTGCGCACCCATCACCTGAGCCAAATCACTGAGGCTGCCCTGGCCCTGAAGCTCGGCC
ACAGTGAGCTCCCTGCAGCTCTGGAGCAGGCGGAGGACTGGCTCCTGCGICTGCGTGCCCTGGCAGAGGA
GCCCCAGAACAGCCTGCCGGACATCGTCATCTGGATGCTGCAGGGAGACAAGCGTGTGGCATACCAGCGG
GTGCCCGCCCACCAAGTCCTCTTICTCCCGGCGGGGTGCCAACTACTGTGGCAAGAATTGTGGGAAGCTAC
AGACAATCTTTCTGAAATATCCGATGGAGAAGGTGCCTGGCGCCCGGATGCCAGTGCAGATACGGGTCAA
GCTGTIGGTITTIGGGCTCTCAGTGGATGAGAAGGAGTTCAACCAGTTTGCTGAGGGGAAGCTGTCTGTCTTT
GCTGAAACCTATGAGAACGAGACTAAGTTGGCCCTTGTTGGGAACTGGGGCACAACGGGCCTCACCTACC
CCAAGTTTICTGACGICACGGGCAAGATCAAGCTACCCAAGGACAGCTTCCGCCCCTICGGCCGGCTGGALC
CTGGGCTGGAGATTGGTTCGTGTIGTCCGGAGAAGACTCTGCTCCATGACATGGACGCCGGTCACCTGAGC
TTCGTGGAAGAGGTGTTTGAGAACCAGACCCGGCTTCCCGGAGGCCAGTGGATCTACATGAGTGACAACT
ACACCGATGTGAACGGGGAGAAGGTGCTICCCAAGGATGACATTGAGTGCCCACTGGGCTGGAAGTGGGA
AGATGAGGAATGGTCCACAGACCTCAACCGGGCTGTICGATGAGCAAGGCTGGGAGTATAGCATCACCATC
CCCCCGGAGCGGAAGCCGAAGCACTGGGTCCCTGCTGAGAAGATGTACTACACACACCGACGGCGGCGCT
GGGTGCGCCTGCGCAGGAGGGATCTCAGCCAAATGGAAGCACTGAAAAGGCACAGGCAGGCGGAGGCGGA
GGGCGAGGGCTGGGAGTACGCCTCTCTTTTTGGCTGGAAGTTCCACCTCGAGTACCGCAAGACAGATGCC
TTCCGCCGCCGCCGCTGGCGCCGTCGCATGGAGCCACTGGAGAAGACGGGGCCTGCAGCTIGTGTITIGCCC
TTGAGGGGGCCCTGGGCGGCGTGATGGATGACAAGAGTGAAGATTCCATGTCCGTCTCCACCTTIGAGCTT
CGGTGTGAACAGACCCACGATTTICCIGCATATTCGACTATGGGAACCGCTACCATCTACGCTGCTACATG
TACCAGGCCCGGGACCTGGCTGCGATGGACAAGGACTCTITTTTCTGATCCCTATGCCATCGTCTICCTITCC
TGCACCAGAGCCAGAAGACGGTGGTGGTGAAGAACACCCTTAACCCCACCTGGGACCAGACGCTCATCTT
CTACGAGATCGAGATCTTTIGGCGAGCCGGCCACAGTTGCTGAGCAACCGCCCAGCATTIGTGGTGGAGCTG
TACGACCATGACACTTATGGIGCAGACGAGTTTATGGGTICGCTGCATCTGTCAACCGAGTICTGGAACGGA
TGCCACGGCTGGCCTGGTTCCCACTGACGAGGGGCAGCCAGCCGTCGGGGGAGCTGCTGGCCICTTITGA
GCTCATCCAGAGAGAGAAGCCGGCCATCCACCATATTCCTGGTTTTGAGGTGCAGGAGACATCAAGGATC
CTGGATGAGTCTIGAGGACACAGACCTGCCCTACCCACCACCCCAGAGGGAGGCCAACATCTACATGGTTC
CTCAGAACATCAAGCCAGCGCTCCAGCGTACCGCCATCGAGATCCTGGCATGGGGCCTGCGGAACATGAA
GAGTTACCAGCTIGGCCAACATCTCCTCCCCCAGCCTCGTGGTAGAGTGTGGGGGCCAGACGGTGCAGTICC
TGTGTCATCAGGAACCTCCGGAAGAACCCCAACTTTGACATCTGCACCCICTTCATGGAAGTGATGCTGC
CCAGGGAGGAGCTCTACTGCCCCCCCATCACCGTCAAGGTCATCGATAACCGCCAGTTTGGCCGCCGGCC
TGTGGTGGGCCAGTGTACCATCCGCTICCCTGGAGAGCTTICCTGTGTGACCCCTACTCGGCGGAGAGTCCA
TCCCCACAGGGTIGGCCCAGACGATGTIGAGCCTACTCAGTICCTGGGGAAGACGTGCTCATCGACATTIGATG
ACAAGGAGCCCCTCATCCCCATCCAGGAGGAAGAGTTCATCGATTIGGTGGAGCAAATTCTTTGCCTCCAT
AGGGGAGAGGGAAAAGTGCGGCTCCTACCTGGAGAAGGATTTTGACACCCTGAAGGTCTATGACACACAG
CTGGAGAATGTGGAGGCCTTTGAGGGCCTGTICTGACTTTTGTAACACCTTCAAGCTGTACCGGGGCAAGA
CGCAGGAGGAGACAGAAGATCCATCIGTGATTGGTGAATTTAAGGGCCTCTTCAAAATTTATCCCCTCCC
AGAAGACCCAGCCATCCCCATGCCCCCAAGACAGTTCCACCAGCTGGCCGCCCAGGGACCCCAGGAGTGC
TTGGTCCGTATCTACATTGTCCGAGCATTTGGCCTGCAGCCCAAGGACCCCAATGGAAAGTGTGATCCTT
ACATCAAGATCTCCATAGGGAAGAAATCAGTGAGTGACCAGGATAACTACATCCCCTGCACGCTGGAGCC
CGTATTTGGAAAGATGTTCGAGCTGACCTGCACTCTGCCTCTIGGAGAAGGACCTAAAGATCACTCTCTAT
GACTATGACCTCCTCTICCAAGGACGAAAAGATCGGTGAGACGGTCGTCGACCTGGAGAACAGGCTGCTGT
CCAAGTTTGGGGCTCGCTGTGGACTCCCACAGACCTACTGTGICTCTGGACCGAACCAGTGGCGGGACCA
GCTCCGCCCCTCCCAGCTCCTCCACCTCTTICTGCCAGCAGCATAGAGTCAAGGCACCTGTGTACCGGACA
GACCGTGTAATGTTTCAGGATAAAGAATATTCCATTGAAGAGATAGAGGCTGGCAGGATCCCAAACCCAC
ACCTGGGCCCAGTGGAGGAGCGTCTGGCTICTGCATGTGCTTCAGCAGCAGGGCCTGGTCCCGGAGCACGT
GGAGTCACGGCCCCTCTACAGCCCCCTGCAGCCAGACATCGAGCAGGGGAAGCTGCAGATGTGGGTCGAC
CTATTTCCGAAGGCCCTGGGGCGGCCTGGACCTCCCTTCAACATCACCCCACGGAGAGCCAGAAGGTTTT
TCCTGCGTTGTATTATCTGGAATACCAGAGATGTGATCCTGGATGACCTGAGCCTCACGGGGGAGAAGAT
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GAGCGACATTTATGTGAAAGGTTIGGATGATTIGGCTTTGAAGAACACAAGCAAAAGACAGACGTGCATTAT
CGTITCCCTGGGAGGTGAAGGCAACTTCAACTGGAGGTTCATTITTCCCCTICGACTACCTGCCAGCTGAGC
AAGTCTGTACCATTGCCAAGAAGGATGCCTTCTIGGAGGCTGGACAAGACTGAGAGCAAAATCCCAGCACG
AGTGGTGTTCCAGATCTGGGACAATGACAAGTICTCCTTITGATGATTTTCTGGGCTCCCTGCAGCTCGAT
CTCAACCGCATGCCCAAGCCAGCCAAGACAGCCAAGAAGTGCTCCTTGGACCAGCTGGATGATGCTTTICC
ACCCAGAATGGTTIGIGICCCTTTTITGAGCAGAAAACAGTGAAGGGCTGGTGGCCCTGTIGTAGCAGAAGA
GGGTGAGAAGAAAATACTGGCGGGCAAGCTGGAAATGACCTTGGAGATTGTAGCAGAGAGTGAGCATGAG
GAGCGGCCTGCIGGCCAGGGCCGGGATGAGCCCAACATGAACCCTAAGCTTGAGGACCCAAGGCGCCCCG
ACACCTCCTTCCTGTGGTTTACCTCCCCATACAAGACCATGAAGTTICATCCTGTGGCGGCGTTITCCGGTG
GGCCATCATCCICTTCATCATCCTCTTCATCCTGCTGCTGTTCCTGGCCATCTTCATCTACGCCTITCCCG
AACTATGCTGCCATGAAGCTGGTGAAGCCCTTCAGCTGAGGACTCTICCTGCCCTGTAGAAGGGGCCGTGG
GGTCCCCTCCAGCATGGGACTGGCCTGCCTCCTCCGCCCAGCTCGGCGAGCTCCTCCAGACCTCCTAGGC
CTGATTGTCCTGCCAGGGTGGGCAGACAGACAGATGGACCGGCCCACACTCCCAGAGTTGCTAACATGGA
GCTCTGAGATCACCCCACTTCCATCATTTCCTICTCCCCCAACCCAACGCTTITTTGGATCAGCTCAGAC
ATATTTCAGTATAAAACAGTTGGAACCACAAAAAAAAAAAAAAAAAAARAAAAA (SEQ ID NO: 21)

Translated protein sequence

MLRVFILYAENVHTPDTDISDAYCSAVFAGVKKRTKVIKNSVNP
VWNEGFEWDLKGIPLDQGSELHVVVKDHETMGRNRFLGEAKVPLREVLATPSLSASEN
APLLDTKKQPTGASLVLQVSYTPLPGAVPLFPPPTPLEPSPTLPDLDVVADTGGEEDT
EDQGLTGDEAEPFLDQSGGPGAPTTPRKLPSRPPPHYPGIKRKRSAPTSRKLLSDKPQ
DFQIRVQVIEGRQLPGVNIKPVVKVTAAGQTKRTRIHKGNSPLFNETLFFNLFDSPGE
LFDEPIFITVVDSRSLRTDALLGEFRMDVGTIYREPRHAYLRKWLLLSDPDDFSAGAR
GYLKTSLCVLGPGDEAPLERKDPSEDKEDIESNLLRPTGVALRGAHFCLKVFRAEDLP
QMDDAVMDNVKQIFGFESNKKNLVDPFVEVSFAGKMLCSKILEKTANPOWNQNITLPA
MEPSMCEKMRIRIIDWDRLTHNDIVATTYLSMSKISAPGGE IEEEPAGAVKPSKASDL
DDYLGFLPTFGPCYINLYGSPREF TGFPDPYTELNTGKGEGVAYRGRLLLSLETKLVE
HSEQKVEDLPADDILRVEKYLRRRKYSLFAAFYSATMLQDVDDAIQFEVSIGNYGNKF
DMTCLPLASTTQYSRAVFDGCHYYYLPWGNVKPVVVLSSYWEDISHRIETQNQLLGIA
DRLEAGLEQVHLALKAQCSTEDVDSLVAQLTDELIAGCSQPLGDIHETPSATHLDQYL
YOLRTHHLSQITEAALALKLGHSELPAALEQAEDWLLRLRALAEEPONSLPDIVIWML
QGDKRVAYQRVPAHQVLFSRRGANYCGKNCGKLQT IFLKYPMEKVPGARMPVQIRVKL
WEGLSVDEKEFNQFAEGKLSVFAETYENETKLALVGNWGTTGLTYPKFSDVIGKIKLP
KDSFRPSAGWTWAGDWFVCPEKTLLHDMDAGHLSFVEEVFENQTRLPGGQWIYMSDNY
TDVNGEKVLPKDDIECPLGWKWEDEEWSTDLNRAVDEQGWEYSITIPPERKPKHWVPA
EKMYYTHRRRRWVRLRRRDLSQMEALKRHRQAEAEGEGWEYASLFGWKFHLEYRKTDA
FRRRRWRRRMEPLEKTGPAAVFALEGALGGVMDDKSEDSMSVSTLSFGVNRPTISCIF
DYGNRYHLRCYMYQARDLAAMDKDSFSDPYAIVSFLHQSQKTVVVKNTLNPTWDQTLI
FYEIEIFGEPATVAEQPPSIVVELYDHDTYGADEFMGRCICQPSLERMPRLAWFPLTR
GSQPSGELLASFELIQREKPAIHHIPGFEVQETSRILDESEDTDLPYPPPQREANIYM
VPONIKPALQRTAIEILAWGLRNMKSYQLANISSPSLVVECGGQTVQSCVIRNLRKNP
NFDICTLFMEVMLPREELYCPPITVKVIDNRQFGRRPVVGQCTIRSLESFLCDPYSAE
SPSPOGGPDDVSLLSPGEDVLIDIDDKEPLIPIQEEEF IDWWSKFFASIGEREKCGSY
LEKDFDTLKVYDTQLENVEAFEGLSDFCNTFKLYRGKTQEETEDPSVIGEFKGLFKIY
PLPEDPAIPMPPRQFHQLAAQGPQECLVRIYIVRAFGLOQPKDPNGKCDPYIKISIGKK
SVSDODNYIPCTLEPVFGKMFELTCTLPLEKDLKITLYDYDLLSKDEKIGETVVDLEN
RLLSKFGARCGLPQTYCVSGPNQWRDQLRPSQLLHLFCOOHRVKAPVYRTDRVMF QDK
EYSIEEIEAGRIPNPHLGPVEERLALHVLQQQOGLVPEHVESRPLYSPLOPDIEQGKLQ
MWVDLEFPKALGRPGPPFNITPRRARRFFLRCIIWNTRDVILDDLSLTGEKMSDIYVKG
WMIGFEEHKQKTDVHYRSLGGEGNFNWRFIFPFDYLPAEQVCTIAKKDAFWRLDKTES
KIPARVVFQIWDNDKFSFDDFLGSLQLDLNRMPKPAKTAKKCSLDQLDDAFHPEWEVS
LEFEQKTVKGWWPCVAEEGEKKILAGKLEMTLEIVAESEHEERPAGQGRDEPNMNPKLE
DPRRPDTSFLWFTSPYKTMKF ILWRRFRWAIILFIILFILLLFLAIFIYAFPNYAAMK
LVKPFS (SEQ ID NO: 22)

| Homo sapiens EGF-like répeats and discoidin 1-
Iike i domaing 30 (EDIL3Y i mRNA

EDIL3

mRNA Sequence
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AGAAGCCCCGCAGCCGCCGCGCGGAGAACAGCGACAGCCGAGCGCCCGGTCCGCCTGTCTGCCGGTGGET
CTGCCTGCCCGCGCAGCAGACCCGGGGCGGCCGCGGGAGCCCGLCGLCCCCGCCCGCCGCGCCTCTGLCGGEG
ACCCACCCGCAGCGGAGGGCTGAGCCCGCCGGCGGCTCCCCGGAGCTCACCCACCTCCGLCGCGCCGGAGC
GCAGGCAAAAGGGGAGGAAAGGCTCCTCICTTTAGTCACCACTCTCGCCCTCTCCAAGAATTIGTTTAAC
AAAGCGCTGAGGAAAGAGAACGTCTICTITGAATTCTTTAGTAGGGGCGGAGTCTGCTGCTGCCCTGCGCT
GCCACCTCGGCTACACTGCCCTCCGCGACGACCCCTGACCAGCCGGGGTCACGTCCGGGAGACGGGATCA
TGAAGCGCTCGGTAGCCGICIGGCTCTTIGGTICGGGCTCAGCCTCGGTGTCCCCCAGTTCGGCAAAGGTGA
TATTTGTGATCCCAATCCATGTGAAAATGGAGGTATCTGTTTGCCAGGATTIGGCTGATGGTTCCTTTITCC
TGTGAGTGTCCAGATGGCTTCACAGACCCCAACTGTTCTAGTGTTGTGGAGGTTGCATCAGATGAAGAAG
AACCAACTTCAGCAGGTCCCTIGCACTCCTAATCCATGCCATAATGGAGGAACCTGTGAAATAAGTGAAGC
ATACCGAGGGGATACATTCATAGGCTATGTTTGTAAATGTCCCCGAGGATTTAATGGGATTCACTGTICAG
CACAACATAAATGAATGCGAAGTTGAGCCTTIGCAAAAATGGTGGAATATGTACAGATCTTIGTIIGCTAACT
ATTCCTGIGAGTGCCCAGGCGAATTTATGGGAAGAAATTGTCAATACAAATGCTCAGGCCCACTGGGAAT
TGAAGGTGGAATTATATCAAACCAGCAAATCACAGCTTCCTCTACTCACCGAGCTCTTTTTGGACTCCAA
AAATGGTATCCCTACTATGCACGTCTTAATAAGAAGGGGCTTATAAATGCGTGGACAGCTGCAGAAAATG
ACAGATGGCCGTGGATTCAGATAAATTTIGCAAAGGAAAATGAGAGTTACTGGTIGTGATTACCCAAGGAGC
CAAGAGGATTGGAAGCCCAGAGTATATAARAATCCTACAAAATTGCCTACAGTAATGATGGAAAGACTTIGG
GCAATGTACAAAGTGAAAGGCACCAATGAAGACATGGTGTTTICGTGGAAACATTGATAACAACACTCCAT
ATGCTAACTCTTTCACACCCCCCATAAAAGCTCAGTATGTAAGACTCTATCCCCAAGTTTGTCGAAGACA
TIGCACTTTIGCGAATGGAACTTCTTGGCIGTGAACTGTICGGGTIGTTCTGAGCCTCTGGGTATGAAATCA
GGACATATACAAGACTATCAGATCACTGCCTCCAGCATCTTCAGAACGCTCAACATGGACATGTTCACTT
GGGAACCAAGGAAAGCTCGGCTGGACAAGCAAGGCAAAGTGAATGCCTGGACCTCTGGCCACAATGACCA
GTCACAATGGTTACAGGTGGATCTICTTGTTCCAACCAAAGTGACTGGCATCATTACACAAGGAGCTAAA
GATTTTGGTCATGTACAGTTTGTTGGCTCCTACAAACTGGCTTACAGCAATGATGGAGAACACTGGACTG
TATACCAGGATGAAAAGCAAAGAAAAGATAAGGTTTTCCAGGGAAATTTIGACAATGACACTCACAGAAA
AAATGTCATCGACCCTICCCATCTATGCACGACACATAAGAATCCTTCCTIGGTCCTGGTACGGGAGGATC
ACATTGCGGTCAGAGCTGCTGGGCTGCACAGAGGAGGAATGAGGGGAGGCTACATTTCACAACCCTCTTIC
CCTATTTCCCTAAAAGTATCTCCATGGAATGAACTGTGCAAAATCTGTAGGAAACTGAATGGTITTTTTTIT
TTTTTTTCATGAAARAGTGCTCAAATTATGGTAGGCAACTAACGGTGTTTTTAAGGGGGTCTAAGCCTGC
CTTTTICAATGATTTAATTTGATTTTATTTTATCCGTCAAATCTCTTAAGTAACAACACATTAAGTGTIGAA
TTACTTTTCICTICATIGTITICCTGAATTATTICGCATTIGGTAGARAATATATTAGGGAAAGARAGTAGCCTT
CTTTTTATAGCAAGAGTAAAAAAGTCTCAAAGTCATCAAATAAGAGCAAGAGTTGATAGAGCTTITTACAA
TCAATACTCACCTAATTCTGATAAAAGGAATACTGCAATGTTAGCAATAAGTTITTTTTCTICTGTAATGA
CTCTACGTTATCCIGTTTCCCIGTGCCTACCAAACACTGTCAATGTTTATTACAAAATTTTAAAGAAGAA
TATGTAACATGCAGTACTGATATTATAATTICTCATTTITACTTITCATTIATTITCTAATAAGAGATTATGTGA
CTTCTTITICTITITTAGITCTATTICTACATTICTTAATATTIGTATATTACCTGAATAATTCAATTTITITTICT
AATTGAATTTICCTATTAGTTIGACTAARAGAAGTGTICATGTTTACTCATATATGTAGAACATGACTGCCTA
TCAGTAGATTGATCTGTATTTAATATTCGTTAATTAAATCTGCAGTTTTATTTTTGAAGGAAGCCATAAC
TATTTAATTTCCAAATAATTGCTTCATAAAGAATCCCATACTCTCAGTITIGCACAAAAGAACAAAARATA
TATATGTCTCTTITAAATTTAAATCTTCATTTAGATGGTAATTACATATCCTTATATTITACTTTAAARAAT
CGGCTTATTIGITTATITTATAAAARAATTTAGCAAAGAAATATTAATATAGTGCTGCATAGTITIIGGCCAA
GCATACTCATCATTTICTITTIGTTCAGCTCCACATTTCCTGTGAAACTAACATCTTATTGAGATTITGAAACT
GGTGGTAGTTTCCCAGGAAGGCACAGGTGGAGTT (SEQ ID NO: 23)

Translated protein sequence

MKRSVAVWLLVGLSLGVPQFGKGD ICDPNPCENGGICLPGLADG
SFSCECPDGFTIDPNCSSVVEVASDEEEPTSAGPCTPNPCHNGGTCEISEAYRGDTFIG
YVCKCPRGFNGIHCQHNINECEVEPCKNGGICTDLVANYSCECPGEFMGRNCQYKCSG
PLGIEGGIISNQQITASSTHRALFGLOKWYPYYARLNKKGLINAWTAAENDRWPWIQI
NLQRKMRVTGVITQGAKRIGSPEYIKSYKIAYSNDGKTWAMYKVKGTNEDMVERGNID
NNTPYANSFTPPIKAQYVRLYPQVCRRHCTLRMELLGCELSGCSEPLGMKSGHIQDYQ
ITASSIFRTLNMDMF TWEPRKARLDKQGKVNAWTSGHNDQSQWLQVDLLVPTKVIGII
TQGAKDFGHVQFVGSYKLAYSNDGEHWTVYQDEKQRKDKVEQGNFDNDTHRKNVIDPP
IYARHIRILPWSWYGRITLRSELLGCTEEE (SEQ ID NO: 24)

ERGLE3

Homo sapiens ERGIC and golgi
transcriptivariant: 2, mRNA
NM:015966

mRNA Sequence

GTGGCTCCAGGCCGGAAGAGGGAGTCTGTAGGGGCGGGCCGGCTGGCGTCCCCTTTCCGGCCGGTCCCCA

63
SUBSTITUTE SHEET (RULE 26)




WO 2012/129100 PCT/US2012/029479

TGGAGGCGCTGGGGAAGCTGAAGCAGTTCGATGCCTACCCCAAGACTTTGGAGGACTTCCGGGTCAAGAC
CTGCGGGGGCGCCACCGTGACCATTGTCAGTGGCCTTCTCATGCTGCTACTGTTCCTGTCCGAGCTGCAG
TATTACCTCACCACGGAGGTGCATCCTGAGCTCTACGTGGACAAGTCGCGGGGAGATAAACTGAAGATCA
ACATCGATGTACTTITTTICCGCACATGCCITGTGCCTATCTGAGTATTGATGCCATGGATGTGGCCGGAGA
ACAGCAGCTGGATGTGGAACACAACCTGTITCAAGCAACGACTAGATAAAGATGGCATCCCCGTIGAGCTCA
GAGGCTGAGCGGCATGAGCTTGGGAAAGTCGAGGTGACGGTGTTTGACCCTGACTCCCTIGGACCCTGATC
GCTGTGAGAGCIGCTATGGTGCTGAGGCAGAAGATATCAAGTGCTGTAACACCTGTGAAGATGTGCGGGA
GGCATATCGCCGTAGAGGCTGGGCCTTCAAGAACCCAGATACTATTGAGCAGTGCCGGCGAGAGGGCTTC
AGCCAGAAGATGCAGGAGCAGAAGAATGAAGGCTGCCAGGTGTATGGCTICTTGGAAGTCAATAAGGTGG
CCGGAAACTTCCACTITGCCCCTGGGAAGAGCTTCCAGCAGTCCCATGTGCACGTCCATGACTTGCAGAG
CTTTGGCCTTGACAACATCAACATGACCCACTACATCCAGCACCTGTCATTITGGGGAGGACTATCCAGGC
ATTGTGAACCCCCTGGACCACACCAATGTICACTGCGCCCCAAGCCTCCATGATGTTCCAGTACTTTGTGA
AGGTGGTGCCCACTGTGTACATGAAGGTGGACGGAGAGGTACTGAGGACAAATCAGTTCICTGTGACCAG
ACATGAGAAGGTTGCCAATGGGCTGTTGGGCGACCAAGGCCTICCCGGAGTCTTICGTCCTCTATGAGCTC
TCGCCCATGATGGTGAAGCTGACGGAGAAGCACAGGTCCTTCACCCACTICCTGACAGGTGTGTGCGCCA
TCATTGGGGGCATGTTCACAGTGGCTGGACTCATCGATTCGCTCATCTACCACTCAGCACGAGCCATCCA
GAAGAAAATTGATCTAGGGAAGACAACGTAGTCACCCTCGGTGCTTCCTCIGTCTCCTICTTTCTICCCTIGG
CCTGTGGTTGTCCCCCAGCCTCTGCCACCCTCCACCTICCTCGGTCAGCCCCAGCCCCAGGTTGATAAATC
TATTGATTGATTGTGATAGTAAAAAAAAAAAAAAAAAA (SEQ ID NO: 25)

Translated protein sequence

MEALGKLKQFDAYPKTLEDFRVKTCGGATVTIVSGLLMLLLFLS
ELQYYLTTEVHPELYVDKSRGDKLKINIDVLFPHMPCAYLSIDAMDVAGEQQLDVEHN
LFKQRLDKDGIPVSSEAERHELGKVEVTIVFDPDSLDPDRCESCYGAEAEDIKCCNTCE
DVREAYRRRGWAFKNPDTIEQCRREGFSQKMQEQKNEGCQVYGFLEVNKVAGNFHFAP
GKSFQOSHVHVHDLOSFGLDNINMTHYIQHLSFGEDYPGIVNPLDHTNVTAPQASMME
QYFVKVVPTVYMKVDGEVLRTNQF SVTRHEKVANGLLGDQGLPGVEFVLYELSPMMVKL
TEKHRSFTHFLTGVCAIIGGMFTVAGLIDSLIYHSARAIQKKIDLGKTT (SEQ ID NO: 26)

GNAT1

Homo Sapiens guanine nucleoktide binding
protein (Giprotein), alpha transducing
activity polypeptide 1 (GNATLY  transcript
variant: 2, mRIA

mRNA Sequence

AGTTGATTGCAGGTCCTICCTGGGGCCAGAAGGGTGCCTGGGAGGCCAGGTITCTGGGGATCCCCTCCATCC
AGAAGAACCACCTGCTCACTCTIGTCCCTICGCCTGCTGCTGGGACCATGGGGGCTGGGGCCAGTGCTIGAG
GAGAAGCACTCCAGGGAGCTGGAAAAGAAGCTGAAAGAGGACGCTGAGAAGGATGCTCGAACCGTGAAGC
TGCTGCTTICTGGGTGCCGGTGAGTCCGGGAAGAGCACCATCGTCAAGCAGATGAAGATTATCCACCAGGA
CGGGTACTCGCIGGAAGAGTGCCTCGAGTTTATCGCCATCATCTACGGCAACACGTTIGCAGTCCATCCTG
GCCATCGTACGCGCCATGACCACACTCAACATCCAGTACGGAGACTCTGCACGCCAGGACGACGCCCGGA
AGCTGATGCACATGGCAGACACTATCGAGGAGGGCACGATGCCCAAGGAGATGTCGGACATCATCCAGCG
GCTGTGGAAGGACTCCGGTATCCAGGCCTGTITTTGAGCGCGCCTCGGAGTACCAGCTCAACGACTCGGCG
GGCTACTACCTCTCCGACCTGGAGCGCCTGGTAACCCCGGGCTACGTGCCCACCGAGCAGGACGTGCTGC
GCTCGCGAGTCAAGACCACTGGCATCATCGAGACGCAGTICTCCTTCAAGGATCTCAACTTCCGGATGTT
CGATGTGGGCGGGCAGCGCTCGGAGCGCAAGAAGTGGATCCACTGCTTCGAGGGCGTGACCTGCATCATC
TTCATCGCGGCGCTGAGCGCCTACGACATGGTGCTAGTGGAGGACGACGAAGTGAACCGCATGCACGAGA
GCCTGCACCTGTTCAACAGCATCTGCAACCACCGCTACTTCGCCACGACGTCCATCGTGCTCTTCCTTAA
CAAGAAGGACGICTICTTCGAGAAGATCAAGAAGGCGCACCTCAGCATCTIGTTICCCGGACTACGATGGA
CCCAACACCTACGAGGACGCCGGCAACTACATCAAGGTGCAGTTCCTCGAGCTCAACATGCGGCGCGACG
TGAAGGAGATCTATTCCCACATGACGTGCGCCACCGACACGCAGAACGTCAAATTTGTCTTCGACGCTGT
CACCGACATCATCATCAAGGAGAACCTCAAAGACTGTGGCCTICTTCTGAGGCCAGGGCCTGTGCTGCAGT
CGGGGACAAGGAGCTTCCGTCTGGCAAGGCCGGGGCACAATTTGCACTCCCCTCAGCTAGACGCACAGAC
TCAGCAATAAACCTTTIGCATCAGGCTCCAGCTGTCCTTICTTGGTGGAGGACTTAATTATCACAAGTCAT
GGGCATTTATTAAGTGCCCAGTGCTGGGTTGGGCATGAAGTGGGAAGATGGCCCCTCCCAGGAAGAAGTA
CCTGGCCTGACAAGGTGGGGCACTCTTGGGGGTATGGGACCAACTCATGGCTTTTCACGGGAGTTGAGGA
GAGAGGAGCTGTGGAAAATATTCACTGGGACAGTCTTIGGATCAAGAGGGAGTTTTGAGGTGGAGGCTCAT
TCTGGCAGGGACCGTAGTGTCTACCAGCCCCAGAAACATGGGCTTATGGCCACAGGAGTTCAGTGGAGCA
AGAGCAGGGGAGGAGAGACGTGGACAGGTIGCCCAAAGCCAGTCGGAGGGCCTGGGCTTTCTCAGAAGGTG
ATGGAGAGTCTTGGAAGCCCTCGAGGCAGGAACATAATTGCAGGGCTGGGATTAGGGTGAGGGAAGTGAG
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GCACACTCACCTTIGGGTGCAACATTTAAGGCGATGCCAAAAAATTTAGTAACCAAGGTAAATAATATTAG
GATAATATTTTTAAAAATCAAATGAATGCAAAACCCCACAATGAATGAAATATCAAAATCCAACAGAGGA
TCAAACAGAGGCATGCTAAGATATATTGGGGCTTGAAGCAAAGGGARAAACTATTITGTTGCTATATGITTG
TAGGGATTTTTITIGCCAGTTTTAAAAATACATGTATCATAAAGTTTACTATCTCAGCCACTTGCCGGTIGTA
TAGTTTGGTGGTIGTTAAGTACATTCATAATGTIGTACAACCACCGCAACTGTTCATCTCCAGAACTCCTT
TCCICTTGTAAAACTGTAACTCTGTACCCATGAAAAAATAACCCCCCATICCTIGCCTTCCCCCGGCTICCT
GGCATCCACCATTCTACTTITCCATCTICTATGAATGTGACTGCTICTAAGTGCCTCAGATGTGTGGGTCCAT
GAAGTCTTTIGTICTTTITGCAACTGGCTTATTITCACTTAGCATCATGTCTTICAAGGTTTATTCATGTGTAG
CATATGGCAGAATCTCCTICCTTITTTAAGGTTGAATAATATTCCATTGTATATATTCCACACTTIGTTITA
TTTATTCATCTATTGATGAATGGTTACATCTGCCTTTTGGCTATTGTGAATAATGCTGCTATGAACATGG
GTGTACAAATCTCTCAAAAAAAAAAAAAAAAAA (SEQ ID NO: 27)

Translated protein sequence

MGAGASAEEKHSRELEKKLKEDAEKDARTVKLLLLGAGESGKST
IVKOQMKITHQODGYSLEECLEFIAIIYGNTLQSILAIVRAMITLNIQYGDSARQDDARK
LMHMADTIEEGTMPKEMSDIIQRLWKDSGIQACFERASEYQLNDSAGYYLSDLERLVT
PGYVPTEQDVLRSRVKITGIIETQFSFKDLNFRMFDVGGQRSERKKWIHCFEGVICII
FIAALSAYDMVLVEDDEVNRMHESLHLENSICNHRYFATTSIVLF LNKKDVFFEKIKK
AHLSICFPDYDGPNTYEDAGNYIKVQFLELNMRRDVKEIYSHMTCATDTQNVKEVEFDA
VIDIIIKENLKDCGLF (SEQ ID NO: 28)

mRNA Sequence

CGTCATGTTAGGGTGAAGCAGAGGACCTCAGTGCTGAACATGCTAAGGAGGTTGGACAAAATCAGGTTICA
GAGGTCACAAGAGAGATGACTTCCTCGATCTAGCGGAGTCTCCAAATGCCTCGGACACCGAATGCAGCGA
CGAAATCCCCCIGAAGGTACCGCGGACCTCGCCCCGGGACAGCGAGGAGCTGAGGGACCCTGCTGGTCCA
GGGACCCTCATCATGGCCACAGGAGTCCAGGACTTTAACCGGACAGAGTTTGATCGACTGAATGAGATCA
AAGGTCACCTGGAAATTGCCTITATTGGAAAAACATTTCTTACAGGAGGAGCTCCGGAAGCTGCGAGAAGA
AACCAACGCGGAGATGCTGCGGCAGGAGCTGGACCGCGAGCGGCAGCGGCGGATGGAGCTGGAGCAGAAG
GTGCAGGAGGTGCTGAAGGCCAGAACCGAGGAGCAGATGGCTCAGCAGCCCCCAAAAGGGCAGGCCCAGG
CCAGCAATGGAGCAGAGCGCCGGAGCCAGGGGCTGTCCTCGCGCCTGCAGAAGTGGTTCTACGAGCGGTT
CGGGGAGTACGTGGAGGACTTCCGGTTCCAGCCCGAGGAGAACACTGTGGAGACAGAGGAACCCCTGAGC
GCCCGCAGGTTAACTGAAAATATGAGACGGCTCAAGCGCGGTGCCAAGCCGGTCACTAACTTITGTIGAAGA
ACCTCTCTGCCTTATCCGACTIGGTACTCCGTCTACACGTICTGCCATTGCCTTCACCGTGTACATGAATGC
CGTGTGGCATGGCTGGGCCATCCCATTIGTICTTATTICTAGCAATTCTGAGGTTATCCCTCAATTACCTC
ATCGCCAGGGGGTGGCGGATACAGTGGAGCATCGTGCCCGAAGTGTCTGAGCCCGTGGAACCTCCARAAGG
AAGACCTGACTGTGTCTGAGAAGTTCCAGCTGGTGCTGGACGTCGCCCAGAAAGCCCAGAACCTTTICGG
GAAGATGGCTGACATCCTGGAGAAGATCAAGAACTTGTTCATGIGGGTCCAGCCGGAGATCACACAGAAG
CIGTATGTIGGCGCTCIGGGCTGCCTTCCTGGCCTCCTIGCTICTTCCCCTACCGCCTGGTIGGGGCTTGCCG
TGGGACTCTATGCTGGTATCAAGTTCTTCCTCATTGATTTCATCTTITAAACGCTGCCCGAGGCTGCGCGC
CAAGTACGACACGCCCTATATCATCTGGAGGAGTCTCCCCACCGACCCGCAGCTCAAGGAGCGCTCCAGC
GCCGCAGTCTCACGCAGGCTGCAGACGACCTCGTCACGGAGCTACGTACCCAGCGCACCGGCCGGCLTGG
GTAAAGAGGAGGACGCCGGTCGCTTCCACAGCACCAAGAAGGGCAATTTCCACGAGATCTTCAATCTGAC
AGAAAACGAGCGTCCGCTGGCGGTGTGCGAGAATGGCTGGCGCTGCTGCCTCATCAACAGGGACCGGAAG
ATGCCCACGGACTACATCAGGAACGGGGTIGCTCTACGTCACGGAGAATTACTIGTIGCTTICGAAAGCTCCA
AATCTGGGTCCTCAAAGAGGAACAAAGTCATCAAGCTAGTGGACATCACGGACATCCAGAAGTACAAGGT
CCTGTICTGICCICCCAGGCTCAGGCATGGGGATTIGCCGTGTCGACGCCATCCACCCAGAAACCGCTCGTG
TTTGGTGCCATGGTGCACAGGGATGAGGCCTTCGAGACCATTCTCAGCCAGTACATCAAGATCACCTICAG
CGGCAGCGTCTGGCGGGGACAGCTAGTATTGACTTGCCCAGGACGTTGCTGGAATTTTICTTTTICTTTITT
CTTTTICITTITTITTTTITITACGATTTGGTAGTGGAAACAATTGGACATCCTCATGAGCTTTITGCAATAA
TTCTCCTGGACCTGTGGTTCTATTGTGTITGACCTCTGCGTTTTATCGACCAAGAAGGGGCCAGGGCTCAC
AGGGACGGGGGTGCCCCTCTCCCACAGGGCACGTCAGGTGCCTCTGAGGGCCACCCGCAGACTGGGGGAG
GGGGCAGAGGCCCTCGGGGGCCCGTGGAGAAGACACACAGGACCCCTGGCCCTGCCCTTICTCCGTITCCAG
CCTGGACAGAGAAACCTCTCCAGCCACCCCAAGAGGTTCTCGCAACCTTGIGTCCCGCTCTCCAGAGGCC
AGAAGCTCGTCCACCACCAAAGCCATAGCTGAAGAGTGCGGGGCCCTTCCTCCTGGGGACAGARAGATGT
CGTCAAGGAGGGACATGGGGGCCTTTCACCAACCACCGAGAAACGGGCCTGGCGGCCCTCCTTCCTCTTA
CATGAGACCCTCCTGIGGCATTIGCCCTTGGTGCCGGGCTGGGGCCGGGCGCAGTGACCCTGCCTIGCGCT
CCACACTCGCTCCACGGGAACAGAGAGGGTGAGAAGGGCCCACCCCTCGCCTGCCCTCAGTGTCTITTGGT
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NO:

GGCACCTTCCTTGCTGGCCTCCAGGGCGCTCAGCACCGCGTICTGTAAGGGCCTGCCTGCTGCTCTCGGCC
TGACACGCCGGCCAGGAGGTCTGTAGCTGGGGACCAGTAAGGGCACAGGATGGTGCAGGTAAAAGCACAT
CTITTCTCACACTITTGCTCTITTGGAAGGCCCAGGAGAACATCCGCGAAGGCTGTTGGAGGTGCTCCGAGCA
CIGTGGCATGTCTGGCACATGGCCCCCAGGCTGCGGTITGCCTGGGTTGGTTIGGGGGAGGAAGTGGGGAGG
AGTGTTCCGGGACCATGGTGGCCCAGGCTGCAGCCGCCTTTGGGCCATCCGAGAGGCTCTGGCAGCCCCT
GIGCTTTAGGGAGCAACCGTGAGCCGAGCCCAGAGGCCTGGGCCTGCACTGCCTGCAGCCGACATGCGAC
AGCGTTCCCTCCCCCGCGTGCCTAGCCGGTGCCGGTCCGGGCACAGACCCCCCCAGCCCCCGLCCTIGLCC
CAGGGAAGCCTGGGCTITCCCGGGAACAAGGTGGCATITGTGGAGGGAGCGCCCGCAGGCCTGGICTGCTG
GGGCCGCCTGCGCTGGGCTGAAGGGAGGGAAAGGCGGCTTGGGCCTCCTGGAAGGAGGTGGCCACCCCGL
GGGCCTGCGTGTICTGCTGGGGCGGATCCCGCAGCTCCCTCAGCTTGTCCTGAGTCCCTIGGGTGICGTTG
AGATTGTTGTTTTTTGAAGAAACAGAAGATTCTATTITTTTACAGCGAGCAAGCTGGTTTICTTIATTITTG
TATCCTTTTTCAGATGTAATTTTTATCTTITGCTICCGATCCTCATTIGCTGGTGTGGGTGAGGGATCCGGC
GGCATGGGCTGGTTTCACCCCCTTCACGAGGGGCCGCAGAGTCACACGCTGGTGCCGGGGGTGCTTTGGG
GGGAGCTGCGCCGATCACCAGATTAAGCACATGTCCTATCCCAGGCGGTGGAGCGGAGCCCCCGTGGCTC
TGGACTGCGCGGACGTITGGCGTCAGGATGACCACACGGCGGCCTTTCCCGAATGGGGACAGAACCCGCTC
TGAGCCGTGGGTICTGGCTCCTIGTAGGGGACTGGCTCTCTTIGGTGCACCAGGGGAGGGGGACATATCCCAG
TGAACCCCACCTITGGCGCCTGAGGCAACACAGGGTGGGCACTGACCCACCCCCAGGGGCGGCTGCAGAGG
CAGTGCCCGCAGACAATGGCCACACCTCTCTCCCCAGGGCCCGGCAGTGCCCAAGGATGGGTCCGGGGCC
TCGGGGCCAATGAGCGCCTCTTCCTAGGTGCTGGGATTCAGTCCCCAAACACAGCGGGAGGGGTCCCTGG
GGCAGATGGGGCTTTACCAGCGTICGGGTGGTITTAGTICGAGTCCCTTITGTGGAGAAAGGGAGATGAAAA
CTGACCACGTGCCAGGTGIGGCCGAAGCCCCCAGGGAGGGCCACATTCGGGGAGCGGGGGGTCGGGGGAG
GGCCACCGACTGGCTICTGCTGCCAGCACAGGCCCCTCCCTGGAAGTCCTCGGGAGCGGAGCGCGGATCGG
CACGGGCTCTGGGCTCCCCGTGGAGAGAAGCTGTAGTTTTTACCAAATTGTGTACATCTGGGCAGATGTT
TAATTTCTGTGACTAATCACTGAACTAGACGAATGTTAAATTTTTTATGTICTGAAGCCTGAGTCTATTTT
GGATCTGTAAATAATCATIGCCAGTGIGACTTTTIGTTICAACAAAAGGATTGTACTGTATTAAGAACCGAT
GAAAAAAATTCICCIGTAACATTITTTTITAAGAAAACTTTGTITIGTTTAAAGAAAAAGTATTGTATAAATT
ATAATTTITTATITAAATAAACCTARAATGCTTITGTGCTAAGGCTCAAAARARAAARAAAAARARARARA (SEQ ID
29)

Translated protein sequence

MLRRLDKIRFRGHKRDDFLDLAESPNASDTECSDEIPLKVPRTS

PRDSEELRDPAGPGTLIMATGVQDFNRTEFDRLNEIKGHLEIALLEKHF LOEELRKLR
EETNAEMLRQELDRERQRRMELEQKVQEVLKARTEEQMAQQPPKGOAQASNGAERRSQ
GLSSRLOQKWFYERFGEYVEDFRFQPEENTVETEEPLSARRLTENMRRLKRGAKPVTINF
VEKNLSALSDWYSVYTSAIAFTVYMNAVWHGWAIPLFLFLATILRLSLNYLIARGWRIQW
SIVPEVSEPVEPPKEDLTVSEKFQLVLDVAQKAQNLFGKMADILEKIKNLFMWVQPE I
TOQKLYVALWAAFLASCFFPYRLVGLAVGLYAGIKFFLIDFIFKRCPRLRAKYDTPYII
WRSLPTDPQLKERSSAAVSRRLQTTSSRSYVPSAPAGLGKEEDAGRFHSTKKGNFHE I
FNLTENERPLAVCENGWRCCLINRDRKMPTDY IRNGVLYVTENYLCFESSKSGSSKRN
KVIKLVDITDIQKYKVLSVLPGSGMGIAVSTPSTQKPLVFGAMVHRDEAFETILSQYI
KITSAAASGGDS (SEQ ID NO: 30)

mRNA Sequence

TTTCCTCTCAGGGGGCAGCAGGAAGTGAGGAGAAAGGGCTGGGATGGGAGGCGGGAGCGGATGGGAGGGA
ATGGGGTTTATCAAGTCCTCGGCGAGCTGCCCAACGGGCAGCAGCTGGCGCAAGTAGCCTAGCTGGAGAG
GCTCACCCCAGGAAGGAGGGAGGCCACCGACCTACTGGGCCGACGGACTCCCACACAGTTCCTGAGCTIGG
TGCCAGGCAGGTGACACCTCCTGCAGCCCCCAGCATGCGGGCAGGCCCAGGCCCCACCGTTACATTGGCC
CTGGTGCTGGCGGTGTICATGGGCCATGGAGCTCAAGCCCACAGCACCACCCATCTTCACTGGCCGGCCCT
TTGTGGTAGCGTIGGGACGTGCCCACACAGGACTGTGGCCCACGCCTCAAGGTGCCACTGGACCTGAATGC
CTTTGATGTGCAGGCCTCACCTAATGAGGGTTITGTGAACCAGAATATTACCATCTICTACCGCGACCGT
CTAGGCCTGTATCCACGCTTCGATTCTGCCGGAAGGTICTGTGCATGGTGGTIGTGCCACAGAATGTCAGCC
TTTGGGCACACCGGAAGATGCTGCAGAAACGTGTGGAGCACTACATTCGGACACAGGAGTICTGCGGGGCT
GGCGGTCATCGACTGGGAGGACTGGCGACCTIGTGTGGGTGCGCAACTGGCAGGACAARAGATGTGTATCGC
CGGTTATCACGCCAGCTAGTGGCCAGTCGTCACCCTGACTGGCCTCCAGACCGCATAGTCAAACAGGCAC
AATATGAGTTTGAGTTCGCAGCACAGCAGTTCATGCTGGAGACACTGCGTITATGTCAAGGCAGTGCGGCC
CCGGCACCTICTGGGGCTTCTACCTCTTTCCTIGACTGCTACAATCATGATTATGTGCAGAACTGGGAGAGC
TACACAGGCCGCTGCCCTGATGTTGAGGTIGGCCCGCAATGACCAGCTGGCCTGGCTGTGGGCTGAGAGCA
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CGGCCCTICTTCCCGTCTGTICTACCTGGACGAGACACTTGCTTICCTCCCGCCATGGCCGCAACTTIGTGAG
CTTCCGIGTTCAGGAGGCCCTTCGTIGTGGCTCGCACCCACCATGCCAACCATGCACTCCCAGTICTACGTIC
TTCACACGACCCACCTACAGCCGCAGGCTICACGGGGCTTAGTGAGATGGACCTCATCTCTACCATTIGGCG
AGAGTGCGGCCCTGGGCGCAGCTGGTGTCATCCTCTIGGGGTGACGCGGGGTACACCACAAGCACGGAGAC
CTGCCAGTACCTCAAAGATTACCTGACACGGCTGCTGGTCCCCTACGTGGTCAATGTGTCCTGGGCCACC
CAATATTGCAGCCGGGCCCAGTGCCATGGCCATGGGCGCTGTGTIGCGCCGCAACCCCAGTGCCAGTACCT
TCCTGCATCTCAGCACCAACAGTTTCCGCCTAGTGCCTGGCCATGCACCTIGGTGAACCCCAGCTGCGACC
TGTGGGGGAGCTCAGTTGGGCCGACATTGACCACCTGCAGACACACTTCCGCTGCCAGTGCTACTTIGGGC
TGGAGTGGTGAGCAATGCCAGTGGGACCATAGGCAGGCAGCTGGAGGTGCCAGCGAGGCCTGGGCTGGGT
CCCACCTCACCAGTCTIGCTGGCTCTGGCAGCCCTGGCCTTTACCTGGACCTTGTAGGGGTCTCCTGCCTA
GCTGCCTAGCAAGCTGGCCTCTACCACAAGGGCTCTCTTAGGCATGTAGGACCCTGCAGGGGGTGGACAA
ACTGGAGTCTGGAGTGGGCAGAGCCCCCAGGAAGCCCAGGAGGGCATCCATACCAGCTCGCACCCCCCTG
TTCTAAGGGGGAGGGGAAGTCCCTGGGAGGCCCCTTICTCTCCCTGCCAGAGGGGAAGGAGGGTACAGCTG
GGCTGGGGAGGACCTGACCCTACTCCCTTGCCCTAGATAGTITATTATTATTATTATTTTIGGGGTCTICTT
TTGTAAATTAAACATAAAACAATTGCTICTCTGCTIGGATTTTGT (SEQ ID NO: 31)

Translated protein sequence

MRAGPGPTVTLALVLAVSWAMELKPTAPPIFTGRPFVVAWDVPT

QDCGPRLKVPLDLNAFDVQASPNEGFVNQONITIFYRDRLGLYPRFDSAGRSVHGGVPQ
NVSLWAHRKMLOKRVEHYIRTQESAGLAVIDWEDWRPVWVRNWQDKDVYRRLSRQLVA
SRHPDWPPDRIVKQAQYEFEFAAQQFMLETLRYVKAVRPRHLWGFYLFPDCYNHDYVQ
NWESYTGRCPDVEVARNDQLAWLWAESTALFPSVYLDETLASSRHGRNFVSFRVQEAL
RVARTHHANHALPVYVFTRPTYSRRLTGLSEMDLISTIGESAALGAAGVILWGDAGYT
TSTETCQYLKDYLTRLLVPYVVNVSWATQYCSRAQCHGHGRCVRRNPSASTFLHLSTN
SFRLVPGHAPGEPQLRPVGELSWADIDHLQTHFRCQCYLGWSGEQCQWDHRQAAGGAS
EAWAGSHLTSLLALAALAFTWTL (

mRNA Sequence

ACACATCAGGGGCTTGCTICTTIGCAAAACCAAACCACAAGACAGACTTIGCAAAAGAAGGCATGCACAGCTC
AGCACTGCTCIGTTIGCCIGGICCTCCTGACTGGGGTGAGGGCCAGCCCAGGCCAGGGCACCCAGTCTIGAG
AACAGCTGCACCCACTTCCCAGGCAACCTGCCTAACATGCTTCGAGATCTICCGAGATGCCTTCAGCAGAG
TGAAGACTTTCTTTCAAATGAAGGATCAGCTGGACAACTTGTTGTTAAAGGAGTCCTTGCTGGAGGACTT
TAAGGGTTACCIGGGTTGCCAAGCCTTGICTGAGATGATCCAGTTTTACCTGGAGGAGGTGATGCCCCAA
GCTGAGAACCAAGACCCAGACATCAAGGCGCATGTGAACTCCCTIGGGGGAGAACCTGAAGACCCTICAGGC
TGAGGCTACGGCGCTGTCATCGATTTICTICCCTIGTGAAAACAAGAGCAAGGCCGTGGAGCAGGTGAAGAA
TGCCTTTAATAAGCTCCAAGAGAAAGGCATCTACAAAGCCATGAGTGAGTTTGACATCTTICATCAACTAC
ATAGAAGCCTACATGACAATGAAGATACGAAACTGAGACATCAGGGTGGCGACTCTATAGACTCTAGGAC
ATAAATTAGAGGTCTCCAAAATCGGATCIGGGGCTCTGGGATAGCTGACCCAGCCCCTTGAGAAACCTTA
TTGTACCICTCITATAGAATATTTATTACCTCTIGATACCTCAACCCCCATTTCTATTTATTITACTGAGCT
TCTCTIGTGAACGATTTAGAAAGAAGCCCAATATTATAATTTTTTTCAATATTTATTATTTTCACCTIGTTT
TTAAGCTGTTTICCATAGGGTGACACACTATGGTATTTGAGTGTTTTAAGATAAATTATAAGTTACATAAG
GGAGGAAAAAARATGTTCTTTGGGGAGCCAACAGAAGCTTCCATTCCAAGCCTGACCACGCTTICTAGCT
GITGAGCTIGTITITCCCTGACCTCCCICTAATTTATCTITGICTICIGGGCTTIGGGGCTTICCTAACTGCTACA
AATACTCTTAGGAAGAGAAACCAGGGAGCCCCTITTGATGATTAATTICACCTTCCAGTGTCTCGGAGGGAT
TCCCCTAACCTCATTCCCCAACCACTTCATTCITGAAAGCTGTIGGCCAGCTTGTITATTTATAACAACCTA
AATTTGGTTCTAGGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGTG
GATCACTTGAGGTCAGGAGTTCCTAACCAGCCTIGGTCAACATGGTGAAACCCCGTICTICTACTAAAAATAC
AAAAATTAGCCGGGCATGGTGGCGCGCACCTGTAATCCCAGCTACTTGGGAGGCTGAGGCAAGAGAATTG
CTTGAACCCAGGAGATGGAAGTTGCAGTGAGCTGATATCATGCCCCTGTACTCCAGCCTGGGTGACAGAG
CAAGACTCTGTCTCAAAAAATAAAAATAAAAATAAATTTGGTTCTAATAGAACTCAGTTTTAACTAGAAT
TTATTCAATTCCTCTGGGAATGTTACATTGTTTGTCTGTICTTCATAGCAGATTTTAATTTTGAATAAATA
AATGTATCTTATTCACATC (SEQ ID NO: 33)

Translated protein sequence

MHSSALLCCLVLLTGVRASPGQGTQSENSCTHFPGNLPNMLRDL
RDAFSRVKTFFQMKDQLDNLLLKESLLEDFKGYLGCQALSEMIQFYLEEVMPQAENQD
PDIKAHVNSLGENLKTLRLRLRRCHRFLPCENKSKAVEQVKNAFNKLQEKGIYKAMSE
FDIFINYIEAYMIMKIRN (SEQ ID NO: 34)
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mRNA Sequence

AGTGACGCCAGGGGGCGGGGCCAGCGGCGCGGTCGGGTGAGAGGCCGCGGCGGCAGGTCCACCTGGGCTT
GCGAAGGCACAGATTCCCCGTCCACAGCTCACGACCAGATGCACCAGCAGGAGTCCACATCGAGGACGTC
CTCCGGGCACTCCCACGACCAGTGACCAGGAGTTAAACTTTGGGATGTGCCCGTGATGTTGGACCACAAG
GACTTAGAGGCCGAAATCCACCCCTTGAAAAATGAAGAAAGAAAATCGCAGGAAAATCTGGGAAATCCAT
CAAAAAATGAGGATAACGTGAAAAGCGCGCCTCCACAGTCCCGGCTCTCCCGGTGCCGAGCGGCGGCGTT
TTTTCTTTCATTGTTTCTCTGCCTTTTTIGTGGTIGTICGTCGTCTCATTICGTCATCCCGTGTCCAGACCGG
CCGGCGTCACAGCGAATGTGGAGGATAGACTACAGTGCCGCTGTTATCTATGACTTTCTGGCTGTGGATG
ATATAAACGGGGACAGGATCCAAGATGTTICTTITTCTTTATAAAAACACCAACAGCAGCAACAATTTCAG
CCGATCCTGTGIGGACGAAGGCTTTTCCTCTCCCTGCACCTTTGCAGCTGCTGTGTCGGGGGCCAACGGC
AGCACGCTCTGGGAGAGACCTGTGGCCCARGACGTGGCCCTCGTGGAGTGTGCTGTGCCCCAGCCAAGAG
GCAGTGAGGCACCTTCTGCCTGCATCCTGGTGGGCAGACCCAGTTICTTTCATTGCAGTCAACTTIGTTICAC
AGGGGAAACCCTGTGGAACCACAGCAGCAGCTTICAGCGGGAATGCGTCCATCCTGAGCCCTCTGCTGCAG
GTGCCTIGATGTGGACGGCGATGGGGCCCCAGACCTGCTGGTTCTCACCCAGGAGCGGGAGGAGGTTAGTG
GCCACCTCTACTCCGGCAGCACCGGGCACCAGATTGGCCTCAGAGGCAGCCTTGGTGTGGACGGGGARAAG
TGGCTTCCTCCTTCACGTCACCAGGACAGGTGCCCACTACATCCTCTTTCCCTGCGCAAGCTCCCTICTGC
GGCTGCTCTGTGAAGGGTCTCTACGAGAAGGTGACCGGGAGCGGCGGCCCGTTCAAGAGTGACCCGCACT
GGGAGAGCATGCTCAATGCCACCACCCGCAGGATGCTTTCCCACAGCTCTGGAGCAGTGCGCTACCTGAT
GCATGTCCCAGGGAACGCCGGTGCAGATGTGCTTCTTGTGGGCTCAGAGGCCTTCGTGCTGCTGGACGGG
CAGGAGCTGACGCCTCGCTGGACACCCAAGGCAGCCCATGTCCTGAGAARACCCATCTTCGGCCGCTACA
AACCAGACACCTTGGCTGTAGCCGTTGAAAACGGAACTGGCACCGACAGACAGATCCTGTTTCTGGACCT
TGGCACTGGAGCCGTCCTGTGTAGCCTAGCCCTCCCGAGCCTCCCTGGGGGTCCACTGTCCGCCAGCCTG
CCGACCGCAGACCACCGCTCAGCCTTCTTCTTCTGGGGCCTCCACGAGCTGGGGAGCACCAGCGAGACGG
AGACCGGGGAGGCCCGGCACAGCCTGTACATGTTCCACCCCACCCTGCCGCGCGTGCTGCTGGAGCTGGC
CAATGTCTCTACCCACATTGTCGCCTTTGACGCCGTCCTGTTTGAGCCAAGCCGCCACGCCGCCTACATC
CTTCTGACAGGCCCGGCAGACTCAGAGGCACCCGGCCTGGTCTCTGTGATCAAGCACAAGGTGCGGGACC
TTGTCCCAAGCAGCAGGGTGGTCCGCCTGGGTGAGGGTGGGCCAGACAGTGACCAAGCCATCAGGGACCG
GTTCTCCCGGCTGCGGTACCAGAGTGAGGCGTAGAGGCACGCCAGCCAGAGCCTGTGGAGAGACTCCGCC
TGCTGACACTAARACGTCCTGGGAAGTGGGCCCTTCCCTGGGTCTCTGCACTGACTCCCCCACTCCTGACC
CTGGTGATGGTCGCCACTGGGCAGCAGCAGCCTTACCAGTCCTCCATGATCACACCCAGGGACCTGCATG
GGTGAGGGGACACCCTGGGCCTCTCTCCCGCCCAGCATCCTCCCTGAGTCCCCACACAGGGCCTCACTCT
GCACCCCACCAGGGTCCCGCTCACACCAGGCAGCCTTCATAGTGGTCTCCCTGGCCACCTTGGGCAGAGC
TGGGTCATGCAGCACCCCATCCTTACCCGGTGCCCICTCCTTGCCAGCTICTCCCCAGGCCAGAGCGGLC
ATCGCGTAGAAAGAACCAGGGTGTCCCCGGGACAGGCCGTCCCCCACCCCATCCTGTAGAAGTCCATTCC
CCTTTTCCCTCCTIGTGCTCTGTCCCCCAAGGAGTCATGGAACTCAGGGTACTGGGCCTCAACGGGAACCT
GAGACAGCTCCAGCTTICGCAGCCCTTCCCGGAGCTACAGGGGGATCCTCTAGCATGGGGGGTGTGACTTG
GTTCCTTTGACCAGGTCCTGTGAGGAAGCCTGGAGCAAGGGTCTCCCCCAGCAGGATGGGTGGGGCCTGC
TCTGGAGCTGAGCCCGTGGCCGCTCACAGGTGTCCTTAGTGGTIGTTGCAGCTGTCTACTGGCTGCATGTG
CTGTGAATATCCCAAGGAACTGGCTGTGGAATGCGTGTTTGGGTCAGTCTGTGCCCTCTCAGTAGACACT
GGAGCTGCTCTGTCCCTGAAGAGGCCCCGTGCCCCAGGCATGGCAAGCGCCTGCCTCTCCCCTITCCGGTG
CTCACACGCCCACGCCGTGCCACCCGATGCAGGACTCACCTCTGIGCCTTIGCTGCTCCTGAGGCCCAAGG
GCAGCCATGGTGCTCTIGTACTGCTCGGGCCGCCCAGGTCACAGAGCCTGAGCTTCGTAGCCAARGCAGCC
TGATGACCCACCCACCAAGGAAGAAAGCAGAATAAACATTTTTIGCACTGCCTGAAAAACCCCGGTGGTCA
GGCGTGAGCCTAAAAAAAAAAAAAAARAAA (SEQ ID NO: 35)
Translated protein sequence

MLDHKDLEAEIHPLKNEERKSQENLGNPSKNEDNVKSAPPQSRL
SRCRAAAFFLSLFLCLEFVVFVVSFVIPCPDRPASQRMWRIDYSAAVIYDFLAVDDING
DRIQDVLFLYKNTNSSNNFSRSCVDEGE SSPCTFAAAVSGANGSTLWERPVAQDVALV
ECAVPQPRGSEAPSACILVGRPSSFIAVNLFTGETLWNHSSSFSGNASILSPLLQVPD
VDGDGAPDLLVLTQEREEVSGHLYSGSTGHQIGLRGSLGVDGESGFLLHVTRTGAHY I
LFPCASSLCGCSVKGLYEKVIGSGGPFKSDPHWESMLNATTRRMLSHSSGAVRYLMHV
PGNAGADVLLVGSEAFVLLDGQELTPRWTPKAAHVLRKPIFGRYKPDTLAVAVENGTG
TDROILFLDLGIGAVLCSLALPSLPGGPLSASLPTADHRSAFFFWGLHELGSTSETET
GEARHSLYMFHPTLPRVLLELANVSTHIVAFDAVLFEPSRHAAYILLTGPADSEAPGL
VSVIKHKVRDLVPSSRVVRLGEGGPDSDQAIRDRFSRLRYQSEA (SEQ ID NO: 36)

68
SUBSTITUTE SHEET (RULE 26)



WO 2012/129100 PCT/US2012/029479

mRNA Sequence

TAGACCTCAGCTTCCICTIGTICACCATGGIGCCGGCTCGGCTGGGCCCGGCGGTCGCCATGGTAACTGGGG
CGGGTCGCAGGGTCCTGGCAGGCTGGGCGCATGCGCGCGGGGACTACAAGCCGCGCCGCGCTGCCGLTGG
CCCCTCAGCAACCCTCGACATGGCGCTGAGGCGGCCACCGCGACTCCGGCTCTGCGCTCGGCTGCCTGAC
TTCTTCCTGCTGCTGCTTITTCAGGGGCTGCCTGATAGGGGCTGTAAATCTCAAATCCAGCAATCGAACCC
CAGTGGTACAGGAATTTGAAAGTGTGGAACTGTICTTGCATCATTACGGATTCGCAGACAAGTGACCCCAG
GATCGAGTGGAAGAAAATTCAAGATGAACAAACCACATATGTGTITTITITGACAACAAAATTCAGGGAGAC
TTGGCGGGTCGTGCAGARATACTGGGGAAGACATCCCTGAAGATCTGGAATGTGACACGGAGAGACTCAG
CCCTTTATCGCIGTGAGGTCGTTGCTCGAAATGACCGCAAGGAAATTGATGAGATIGTGATCGAGTTAAC
TGTGCAAGTGAAGCCAGTGACCCCTGTICIGTAGAGTIGCCGAAGGCTGTACCAGTAGGCAAGATGGCAACA
CTGCACTGCCAGGAGAGTGAGGGCCACCCCCGGCCTCACTACAGCTIGGTATCGCAATGATGTACCACTGC
CCACGGATTCCAGAGCCAATCCCAGATTICGCAATTCTICTTICCACTTAAACTCTGAAACAGGCACTTT
GGTGTTCACTGCTGTTICACAAGGACGACTCTGGGCAGTACTACTGCATTGCTTCCAATGACGCAGGCTCA
GCCAGGTGTGAGGAGCAGGAGATGGAAGTCTATGACCTGAACATIGGCGGAATTATTGGGGGGGTTCTIGG
TTGTCCTTGCTGTACTIGGCCCTGATCACGTTGGGCATCTGCTGTGCATACAGACGTGGCTACTTCATCAA
CAATAAACAGGATGGAGAAAGTTACAAGAACCCAGGGAAACCAGATGGAGTTAACTACATCCGCACTGAC
GAGGAGGGCGACTTCAGACACAAGTCATCGTTTGTGATCTGAGACCCGCGGTGTGGCTGAGAGCGCACAG
AGCGCACGTGCACATACCTCTGCTAGAAACTCCTGTCAAGGCAGCGAGAGCTGATGCACTCGGACAGAGC
TAGACACTCATTCAGAAGCTTITTCGTTITIGGCCAAAGTTGACCACTACTCTTICTTACTCTAACAAGCCAC
ATGAATAGAAGAATTTITCCTICAAGATGGACCCGGTAAATATAACCACAAGGAAGCGAAACTGGGTGCGTT
CACTGAGTTGGGTTCCTAATCTGTTTCTGGCCTGATTCCCGCATGAGTATTAGGGTGATCTTAAAGAGTT
TGCTCACGTAAACGCCCGTGCTGGGCCCTGTGAAGCCAGCATGTTCACCACTGGTCGTTCAGCAGCCACG
ACAGCACCATGTGAGATGGCGAGGTGGCTGGACAGCACCAGCAGCGCATCCCGGCGGGAACCCAGARAAAG
GCTTCTTACACAGCAGCCTTACTTCATCGGCCCACAGACACCACCGCAGTTTCTTCTTAARAGGCTCTIGCT
GATCGGTIGTTGCAGTIGTICCATTGTGGAGAAGCTTTTTGGATCAGCATTTTGTAAAAACAACCARAARTCAG
GAAGGTAAATTGGTTGCTGGAAGAGGGATCTTGCCTGAGGAACCCTGCTTGTCCAACAGGGTGTICAGGAT
TTAAGGAAAACCTTCGTICTTAGGCTAAGTICTGAAATGGTACTGAAATATGCTITTCTATGGGTCTIGTTT
ATTTTATAAAATTTTACATCTAAATTTTIGCTAAGGATGTATTTTGATTATTGAAAAGAARATTTCTATT
TAAACTGTAAATATATTGTICATACAATGTTAAATAACCTATTTTTTTAAAAAAGTTCAACTTAAGGTAGA
AGTTCCAAGCTACTAGTIGTITAAATTGGAARATATCAATAATTAAGAGTATTTTACCCAAGGAATCCICTC
ATGGAAGTTTACTGTGATGTICCTTTICTICACACAAGTTTTAGCCTTITICACAAGGGAACTCATACTGT
CTACACATCAGACCATAGTTIGCTTAGGAAACCTTTAAAAATTCCAGTTAAGCAATGTTGAAATCAGTTIG
CATCICTTCAAAAGAAACCTICTICAGGTTAGCTTITGAACTGCCTICTITICCTGAGATGACTAGGACAGTCTIGT
ACCCAGAGGCCACCCAGAAGCCCTCAGATGTACATACACAGATGCCAGTCAGCTCCTIGGGGTTGCGCCAG
GCGCCCCCGCTCTAGCTCACTGTTGCCTICGCTIGTCTGCCAGGAGGCCCTGCCATCCTTGGGCCCTGGCAG
TGGCTGTGTCCCAGTGAGCTTTACTCACGTGGCCCTTGCTTCATCCAGCACAGCTCTCAGGTGGGCACTG
CAGGGACACTGGTGTCTTCCATGTAGCGTCCCAGCTTTGGGCTCCTGTAACAGACCTCTTTTTIGGTTATG
GATGGCTCACAAAATAGGGCCCCCAATGCTATTTTTITTITITTITITAAGTTTIGTTTAATTATTIGTITAAGATT
GTCTAAGGCCAAAGGCAATTGCGAAATCAAGTCTGTCAAGTACAATAACATTTTTAAAAGAARAATGGATC
CCACTGTTCCICTITTGCCACAGAGAAAGCACCCAGACGCCACAGGCTCTGTCGCATTTCARAACARACCA
TGATGGAGTGGCGGCCAGTCCAGCCTTTTAAAGAACGTCAGGTGGAGCAGCCAGGTGAAAGGCCTGGCGG
GGAGGAAAGTGAAACGCCTGAATCAAAAGCAGTTTTCTAATTTTGACTTTAAATTTTTCATCCGCCGGAG
ACACTGCTCCCATTTGTIGGGGGGACATTAGCAACATCACTCAGAAGCCTGIGTTCTTCAAGAGCAGGTGT
TCTCAGCCTCACATGCCCIGCCGTGCTGGACTCAGGACTGAAGTGCTGTAAAGCAAGGAGCTGCTGAGAA
GGAGCACTCCACTGIGTGCCTGGAGAATGGCTCTCACTACTCACCTTIGTICTTTCAGCTICCAGIGICTTIG
GGTTTTTTATACTTTGACAGCTTTTTTTTAATTGCATACATGAGACTGTGTTIGACTITITTTAGTTATGT
GAAACACTTITGCCGCAGGCCGCCTGGCAGAGGCAGGAAATGCTCCAGCAGTGGCTCAGTIGCTCCCTGGTIG
TCTGCTGCATGGCATCCTIGGATGCTTAGCATGCAAGTTCCCTCCATCATTGCCACCTTGGTAGAGAGGGA
TGGCTCCCCACCCTCAGCGTTGGGGATTCACGCTCCAGCCTCCTTCTTGGTTIGTCATAGTGATAGGGTAG
CCTTATTGCCCCCTICTTCTITATACCCTAAAACCTTCTACACTAGTIGCCATGGGAACCAGGTCTIGAAARAAG
TAGAGAGAAGTGAAAGTAGAGTCTGGGAAGTAGCTGCCTATAACTGAGACTAGACGGAAAAGGAATACTC
GTIGTATTTTAAGATATGAATGTGACTCAAGACTCGAGGCCGATACGAGGCTGTGATTCTGCCITTGGATG
GATGTTGCTGTACACAGATGCTACAGACTTGTACTAACACACCGTAATTTGGCATTTGTTTAACCTCATT
TATAAAAGCTTCAAAAAAACCCAAAAAAACCCAAA (SEQ ID NO: 37)
Translated protein sequence
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MVPARLGPAVAMVTGAGRRVLAGWAHARGDYKPRRAAAGPSATL
DMALRRPPRLRLCARLPDFFLLLLFRGCLIGAVNLKSSNRTPVVQEFESVELSCIITD
SQTSDPRIEWKKIQDEQTTYVFFDNKIQGDLAGRAEILGKTSLKIWNVTRRDSALYRC
EVVARNDRKEIDEIVIELTVQVKPVIPVCRVPKAVPVGKMATLHCQESEGHPRPHYSW
YRNDVPLPTDSRANPRFRNSSFHLNSETGTLVFTAVHKDDSGQYYCIASNDAGSARCE
EQEMEVYDLNIGGIIGGVLVVLAVLALITLGICCAYRRGYFEF INNKQDGESYKNPGKPD
GVNYIRTDE ID NO: 38)

Home igapienai kelohslike 1T (Drosophila)
(KLHLL 7Y mRNA

KEHL1T NM:198317

mRNA Sequence

AGTGAGCGACACAGAGCGGGCCGCCACCGCCGAGCAGCCCTCCGGCAGTCTCCGCGTCCGTTAAGCCCGC
GGGTCCTCCGCGAATCGGCGGTGGGTCCGGCAGCCGAATGCAGCCCCGCAGCGAGCGCCCGGCCGGCAGG
ACGCAGAGCCCGGAGCACGGCAGCCCGGGGCCCGGGCCCGAGGCGCCGCCGCCTCCACCGCCGCAGCLGL
CGGCCCCCGAGGCAGAGCGCACGCGGCCCCGGCAGGCTCGGCCCGCAGCCCCCATGGAGGGAGCCGTGCA
GCTGCTGAGCCGCGAGGGCCACAGCGTGGCCCACAACTCCAAGCGGCACTACCACGATGCCTTCGTGGCC
ATGAGCCGCATGCGCCAGCGCGGCCTCCTGTGCGACATCGTCCTGCACGTGGCTGCCAAGGAGATCCGTG
CGCACAAAGTGGTGCTGGCCTCCTGCAGCCCCTACTTCCACGCCATGTTCACAAATGAGATGAGCGAGAG
CCGCCAGACCCACGTGACGCTGCACGACATCGACCCTCAGGCCTTGGACCAGCTGGTGCAGTTITGCCTAC
ACGGCTGAGATTGTGGTGGGCGAGGGCAATGTGCAGACTCTGCTCCCAGCCGCCAGTCTCCTGCAGCTGA
ATGGCGTCCGAGACGCTTIGCTGCAAGTTITCTACTGAGTCAGCTCGACCCCTCCAACTGCCTGGGTATCCG
GGGCTTTGCCGATGCGCACTCCTGCAGCGACCTGCTCAAGGCCGCCCACAGGTACGTGCTGCAGCACTTC
GTGGACGTGGCCAAGACCGAGGAGTTTATGCTGCTGCCCCTGARACAGGTTCTGGAACTGGTCTICTAGCG
ACAGCCTGAACGTGCCTTCAGAGGAGGAGGTCTACCGAGCCGTCCTGAGCTGGGTGAAACACGACGTIGGA
CGCCCGCAGGCAGCATGTCCCACGGCTCATGAAGTGTGTGCGGCTGCCCTTGCTGAGCCGCGACTTCCTG
CTGGGCCACGTGGATGCCGAGAGCCTGGTGAGGCACCACCCTGACTGCAAGGACCTCCTCATCGAGGCCC
TGAAGTTCCACCTGCTIGCCTGAGCAGAGGGGCGTCCTAGGCACCAGCCGCACACGTCCCCGGCGCTGCGA
GGGGGCCGGGCCTIGTIGCTTTTTGCTGTGGGCGGCGGGAGCCTGTTTGCCATCCACGGAGACTGTIGAGGCC
TACGACACGCGCACCGACCGCTGGCACGTIGGTGGCCTCCATGTCCACGCGCCGGGCCCGGGTGGGAGTGG
CTGCGGTGGGGAACCGGCTCTATGCTIGTIGGGCGGCTATGATGGGACCTCAGACCTGGCTACCGTIGGAGTC
CTACGACCCCGTIGACTAACACGTGGCAGCCGGAGGTGTCCATGGGCACAAGGCGAAGCTGCCTIGGGTGTG
GCCGCCTTGCATGGACTCCTGTACTCGGCCGGCGGCTATGACGGGGCCTCCTGCCTGAACAGTIGCTGAAC
GCTACGACCCCCTGACCGGAACGTGGACGTCCGTCGCTGCCATGAGCACCCGGAGGCGCTATGTIGCGAGT
GGCCACGCTTGATGGGAACCTGTATGCTGTGGGCGGCTACGACAGCTCCTCACACCTGGCCACTGTIGGAG
AAGTATGAGCCCCAGGTGAACGTGTGGTCGCCCGTIGGCGTCCATGCTGAGCCGACGCAGCTCAGCGGGCG
TGGCCGTGCTGGAGGGTGCCCTGTACGTGGCAGGGGGCAACGACGGCACCAGCTGCCTCAACTCGGTAGA
GAGATACAGTCCAAAGGCTGGAGCCTGGGAAAGCGTGGCGCCCATGAATATCCGCAGGAGCACGCATGAC
CTGGTGGCCATGGACGGATGGTTGTACGCCGTIGGGGGGTAACGACGGTAGCTCCAGCCTCAACTCCATCG
AGAAGTACAACCCGAGGACCAACAAGTGGGTGGCCGCATCCTGCATGTITCACCCGGCGCAGCAGTGTIGGG
TGTGGCGGTGCTGGAGCTGCTCAATTTCCCGCCGCCATCCTCCCCGACGCTGTCCGTGTCCTCCACCAGC
CTCTGACCCACCTACCACCAGAGGCCTGCAGCCTCCCACATGCCTTAAGGGGACCGTGGCCCCCACCAGG
GACGTCCTGCGCCATCCGTTCACGICTCTIGCATCCATTCCTICATGTICTTTATTTAGTIGTITTIATTTIATT
TAGTTATTTATCTTATTTATIGAGGGGTGAGGAGTGCCACGGCTGCCCGTITTACACCTTTAGCGTCIGGT
CCTCCTGCGTGICCTICCCCTCCACTGCCTIGCATGGGGGGCGCGGGGAGTGACCAGGCGGGGGCCTCACCG
CCCCAGGGCCGTITGCCTGCTCAGACCTTGCAGGCTGTGGAGCAAGAGGCCCTGGGTCTCTCCAAGCAGCT
GCAGACCCCAGCTCGAATTTTGCACATGGCGGGGTCCCGGGAAGGGTGGGGAGCAGTTGTICCITCCIGIC
GTCGTCTGCCGIGTGCCATCTTTCCIGGATCTTGTAGTGGGTGCACACGCGTGCACTGGGACCCCACACA
GCAATACGAGTCCAACTTAATAAACACATTITCTGGGGTTCCTCAAAAAAAAAAAAAAAAAR (SEQ ID NO:
39)

Translated protein sequence

MOPRSERPAGRTQSPEHGSPGPGPEAPPPPPPQPPAPEAERTRP

ROARPAAPMEGAVQLLSREGHSVAHNSKRHYHDAFVAMSRMRQRGLLCDIVLHVAAKE
IRAHKVVLASCSPYFHAMFTNEMSESRQTHVTLHDIDPQALDQLVQFAYTAEIVVGEG
NVQTLLPAASLLQLNGVRDACCKF LLSQLDPSNCLGIRGFADAHSCSDLLKAAHRYVL
QHFVDVAKTEEFMLLPLKQVLELVSSDSLNVPSEEEVYRAVLSWVKHDVDARRQHVPR
LMKCVRLPLLSRDFLLGHVDAESLVRHHPDCKDLLIEALKFHLLPEQRGVLGTSRTRP
RRCEGAGPVLFAVGGGSLFAIHGDCEAYDTRTDRWHVVASMSTRRARVGVAAVGNRLY
AVGGYDGTSDLATVESYDPVINTWQPEVSMGTRRSCLGVAALHGLLYSAGGYDGASCL
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NSAERYDPLTGTIWISVAAMSTRRRYVRVATLDGNLYAVGGYDSSSHLATVEKYEPQVN
VWSPVASMLSRRSSAGVAVLEGALYVAGGNDGTSCLNSVERYSPKAGAWESVAPMNIR
RSTHDLVAMDGWLYAVGGNDGSSSLNSIEKYNPRTNKWVAASCMFTRRSSVGVAVLEL
LNFPPPSSPTLSVSSTSL (SEQ ID NO: 40)

“““““““““““““““““ ]]Hdmd]]]s]a]p]i]éhé]]]kéﬁati]n]]]]2]]4]]]]](]K]R]T]Z]LI])]],‘]]]]mRNA]]]]]]]]]]]]]]]]]]]]]]]]]]]]] i

mRNA Sequence

ACTCTTCGTICATCACCICTICCTATTCGCCTGGACAAGCTCATGTITTGCAGGAGCACCATGTCTTGCICGT
CTCGCGCCTCCICCTCCAGGGCTGGAGGCAGCAGCTCAGCCAGGGTIGICTGCTGGTGGAAGCAGCTTCAG
CAGTGGAAGCAGATGTGGTICTGGGGGGCAGCTCGGCCCAGGGCTTICCGAGGAGGAGCCAGCAGCTGCAGC
CTGAGTGGGGGGTCTAGCGGTGCTTTTGGGGGCAGCTTTGGAGGGGGCTTTGGTAGCTGCTCAGTAGGGG
GTGGTTTTGGGGGAGCTTCAGGCTCTGGGACAGGATTTGGTGGGGGTTCTAGCTTIGGCGGGGTCTCTGG
ATTTGGCAGGGGTICTGGATTCTIGIGGGAGTTCTAGATTCAGCAGIGGTGCTACTGGAGGCTTCTACAGC
TATGGTGGIGGTATGGGAGGTGGTGTTGGCGATGGGGGGCTTTTCTCTGGAGGGGAAAAGCAAACCATGC
AGAACCTCAATGACCGCTTGGCCAATTACCTAGACAAGGTCAGAGCCCTGGAGGAGGCTARCACTGATCT
GGAGAACAAAATCAAGGAGTGGTATGACAAATATGGGCCTGGGTCTGGAGACGGTGGATCGGGAAGAGAT
TATAGCAAATACTATTCAATAATTGAAGATCTCAGAAACCAGATCATTGCTGCCACTGTTGAAAATGCTG
GGATCATTTTGCACATTGACAATGCCAGATTGGCTGCTGATGACTTCAGACTGAAGTATGAGAACGAGCT
GTGTCTCCGGCAGAGCGTGGAGGCTGACATCAATGGCCTGCGGAAAGTCCTGGATGACCTGACTATGACC
CGCTCTGACCTGGAGATGCAGATTGAGAGTTTCACCGAGGAGCTAGCCTACCTGAGGAAGAACCACGAGG
AGGAAATGAAGAATATGCAAGGAAGCTCTGGAGGGGAGGTGACCGTAGAAATGAATGCTGCGCCAGGGAC
CGACCTGACCAAATTACTGAATGACATGAGGGCGCAGTACGAGGAGCTGGCTGAGCAAAACCGCCGAGAG
GCTGAGGAGCGGTTCAACAAGCAGAGCGCATCACTACAAGCACAAATCTCCACTGATGCTGGGGCAGCCA
CTTCTGCCAAGAATGAGATAACAGAACTAAAACGTACCCTGCAAGCCCTGGAAATTGAGCTTCAGTICCCA
ACTGGCCATGAARAGCTCCCTGGAGGGAACCCTGGCTGACACAGAAGCTGGCTACGTGGCTCAGCTGTCA
GAAATTCAAACGCAGATCAGTGCCCTGGAGGAGGAGATCTGCCAGATCTGGGGTGAGACTAAATGCCAGA
ACGCAGAGTACAAGCAATTGCTGGACATCAAGACACGCCTGGAGGTGGAGATCGAGACCTACCGCCGCCT
GCTCGATGGAGAGGGAGGTGGTTCTAGTTITTGCAGAATTTGGTGGTAGAAACTCAGGATCTGTAAACATG
GGATCCAGGGATCTGGTATCTGGTGACTCAAGATCTGGAAGCTGTTICTGGTCAAGGACGAGATTICAAGCA
AGACTAGAGTGACTAAGACTATCGTAGAGGAGTTGGTGGATGGCAAGGTIGICTCGICTCAAGTCAGCAG
TATTTCTGAGGTGAAAGTTAAATAAGGAACTTCCAGATCAACAAAAGTGTCTTTCAAAGAAAAAAARAATC
AAGAAGGACACAAGCGAAGAAATGGCATCAATCTAGGCATCTTTCTGGATAATTTCAGGARAAAGCTTICAG
TCCAGAAATGGATGACTAGCCAACTTTITCTIGCATCTICTTATTITCCICATTAGAATGCTCTTGAARATAGC
TGAATTAACAACTTITGCTITTAATTGTITCTATGCTTCAATAAATTTACTITTIGCAAGTTARAARARARNARA
AAAAAAA (SEQ ID NO: 41)
Translated protein sequence

MSCSSRASSSRAGGSSSARVSAGGSSFSSGSRCGLGGSSAQGER
GGASSCSLSGGSSGAFGGSFGGGEGSCSVGGGEGGASGSGTGEFGGGSSFGGVSGFGRG
SGFCGSSRFESSGATGGFYSYGGGMGGGVGDGGLEF SGGEKQTMONLNDRLANYLDKVRA
LEEANTDLENKIKEWYDKYGPGSGDGGSGRDYSKYYSITEDLRNQIIAATVENAGIIL
HIDNARLAADDFRLKYENELCLRQSVEADINGLRKVLDDLTMTRSDLEMQIESFTEEL
AYLRKNHEEEMKNMQGS SGGEVIVEMNAAPGTDLTKLLNDMRAQYEELAEQNRREAEE
RENKQSASLQAQISTDAGAATSAKNEITELKRTILQALEIELQSQLAMKSSLEGTLADT
EAGYVAQLSEIQTQISALEEEICQIWGETKCQNAEYKQLLDIKTRLEVEIETYRRLLD
GEGGGSSFAEFGGRNSGSVNMGSRDLVSGDSRSGSCSGQGRDSSKTRVIKTIVEELVD
GKVVSSQVSSISEVKVK (SEQ ID NO: 42)
Teme

mRNA Sequence

ATTCTAACCGCAAGGAGTAGCGGAGGGGAGGTCGTGATGGCGGCGCCGGAGGCGGAGGTICTGTCCTICAG
CCGCAGTCCCTGATTIGGAGTGGTATGAGAAGTCCGAAGAAACTCACGCCTCCCAGATAGAACTACTTIGA
GACAAGCTCTACGCAGGAACCTCTCAACGCTTCGGAGGCCTTITTGCCCAAGAGACTGCATGGTACCAGTG
GIGTTTCCIGGGCCTGTGAGCCAGGAAGGCTGCTGTCAGTTTACTTGTGAACTTICTARAGCATATCATGT
ATCAACGCCAGCAGCTCCCTCTIGCCCTATGAACAGCTTAAGCACTTITTACCGAAAACCTICTCCCCAGGC
AGAGGAGATGCTGAAGAAGAAACCTCGGGCCACCACTGAGGTGAGCAGCAGGAAATGCCARCAAGCCCTG
GCAGAACTGGAGAGTGTCCTCAGCCACCTGGAGGACTTCTTTGCACGGACACTAGTACCGCGAGTGCTGA
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TTICTCCTIGGGGGCAATGCCCTAAGCCCCAAGGAGTICTATGAACTCGACTTGICTCTIGCTGGCCCCCTA
CAGCGTGGACCAGAGCCTGAGCACAGCAGCTTIGTITTGCGCCGTCTCTTCCGAGCCATATTCATGGCTGAT
GCCTTTAGCGAGCTTCAGGCTCCTCCACTCATGGGCACCGTCGTCATGGCACAGGGACACCGCAACTGTG
GAGAAGATTGGTTTCGACCCAAGCTCAACTATCGAGTGCCCAGCCGGGGCCATAAACTGACTGTGACCCT
GTCATGTGGCAGACCTTCCATCCGAACCACGGCTTGGGAAGACTACATTTGGTTCCAGGCACCAGTGACA
TTTAAAGGCTICCGCGAGTGAATGAGTGCTTCTITAATCCTAAAAACACAATGGCTGAATTATCITICTCC
ATGTGGCGCTGAATCACCCATCTGGTTTIGGAGCTAGAGTTGCTTCCTGGTGAGAGAGGAAGCAACTCTCC
TICTGGTTGTCTGCCTCCCCTCAGATTTCCTGATAGGCTGATGGCATGTGGCTGTGACTGTGACTGTAAT
CATTGCTGAACAACATCTCTTTGAATCAAAGGTTGATTTTCCCAGAGGGTGCTGGGTCAGGCATTITCTAT
TAGGAGTTGGAAAGCAAAAATGGGTCCATAGACACTCTATGGAGGTIGTCCCTTICTGCTCTTIGCTGTGT
CCTTTCAGAATTTTTACCAGGAACATAATGTGGATGTGACTTATGAACTTAAATATAAAATAAATAGATT
CTTATTATATTTTCCTIGARAAAA (SEQ ID NO: 43)
Translated protein sequence

MAAPEAEVLSSAAVPDLEWYEKSEETHASQIELLETSSTQEPLN
ASEAFCPRDCMVPVVFPGPVSQEGCCQF TCELLKHIMYQRQQLPLPYEQLKHFYRKPS
POAEEMLKKKPRATTEVSSRKCQQALAELESVLSHLEDFFARTLVPRVLILLGGNALS
PKEFYELDLSLLAPYSVDQSLSTAACLRRLFRAIFMADAFSELQAPPLMGTVVMAQGH
RNCGEDWFRPKLNYRVPSRGHKLTVILSCGRPSIRTTAWEDYIWFQAPVIFKGFRE (SEQ ID NO: 44)

mRNA Sequence

AACCACAAAACCCGCCAGGCCGGTGCGGGAGCTGCGGAGCATCCGCTGCGGTCCTCGCCGAGACCCCCGL
GCGGATTCGCCGGTCCTTCCCGCGGGCGCGACAGAGCTGTCCTCGCACCTGGATGGCAGCAGGGGCGCCG
GGGTCCTCTCGACGCCAGAGAGAAATCTCATCATCTGTGCAGCCTICTTAAAGCAAACTARGACCAGAGG
GAGGATTATCCTTGACCTTTGAAGACCAAAACTAAACTGAAATTTAAARTGTTCTTCGGGGGAGAAGGGA
GCTTGACTTACACTTTIGGTAATAATTTGCTTICCTGACACTAAGGCTGTCTGCTAGTCAGAATTIGCCTCAA
AAAGAGTCTAGAAGATGTTIGTCATTGACATCCAGTICATCTCTTICTAAGGGAATCAGAGGCAATGAGCCC
GTATATACTTCAACTCAAGAAGACTGCATTAATTCTTGCTGTTCAACAAAAAACATATCAGGGGACAAAG
CATGTAACTTGATGATCTTCGACACTCGAAARAACAGCTAGACAACCCAACTGCTACCTATITTIICTIGICC
CAACGAGGAAGCCTGTCCATTGAAACCAGCAAAAGGACTTATGAGTTACAGGATAATTACAGATTTTCCA
TCTTTGACCAGAAATTTGCCAAGCCAAGAGTTACCCCAGGAAGATTCTCTCTTACATGGCCAATTTTICAC
AAGCAGTCACTCCCCTAGCCCATCATCACACAGATTATTCAAAGCCCACCGATATCTCATGGAGAGACAC
ACTTTCTCAGAAGTTIGGATCCTCAGATCACTIGGAGAAACTATTTAAGATGGATGAAGCAAGTGCCCAG
CTCCTTGCTTATAAGGAAAAAGGCCATTICTCAGAGTTCACAATTITTICCICTGATCAAGAARTAGCTCATC
TGCTGCCTGAAAATGTGAGTGCGCTCCCAGCTACGGTGGCAGTTGCTTCTCCACATACCACCTCGGCTAC
TCCAAAGCCCGCCACCCTTICTACCCACCAATGCTTCAGTGACACCTTCTGGGACTTCCCAGCCACAGCTG
GCCACCACAGCTCCACCTGTAACCACTGTICACTTCTCAGCCTCCCACGACCCTCATTTICTACAGTITTITITA
CACGGGCTGCGGCTACACTCCAAGCAATGGCTACAACAGCAGTICTIGACTACCACCTTTICAGGCACCTAC
GGACTCGAAAGGCAGCTTAGAAACCATACCGTITTACAGAAATCTCCAACCTAACTTTGAACACAGGGAAT
GTGTATAACCCTACTGCACTTTICTATGTCAAATGTGGAGTCTTICCACTATGAATAAAACTGCTITCCTGGG
AAGGTAGGGAGGCCAGTCCAGGCAGTTCCTCCCAGGGCAGTGTTCCAGAAAATCAGTACGGCCTTCCATT
TGAAAAATGGCTTCTTATCGGGTCCCTGCTCTTTGGTGTCCTGTITCCTGGTGATAGGCCTCGTCCICCTG
GGTAGAATCCTICTCGGAATCACTCCGCAGGAAACGTTACTCAAGACTGGATTATTTGATCAATGGGATCT
ATGTGGACATCTAAGGATGGAACTCGGTGTICTCTTAATTCATTTAGTAACCAGAAGCCCAAATGCAATGA
GTTTCTGCTGACTTGCTAGTCTTAGCAGGAGGTTGTATTTTGAAGACAGGAAAATGCCCCCTICTGCTTT
CCTITITTTTTTIITIGGAGACAGAGTICTIGCTITIGTTGCCCAGGCTIGGAGTGCAGTAGCACGATICTCGGCT
CTCACCGCAACCTCCGTCTICCTGGGTTCAAGCGATTCTCCTGCCTICAGCCTCCTAAGTATCTIGGGATTAC
AGGCATGTIGCCACCACACCTGGGTGATTITTTGTATITTITAGTAGAGACGGGGTTTCACCATGTTGGTICAG
GCTGGTCTCAAACTCCTGACCTAGTGATCCACCCTCCTCGGCCTCCCAAAGTGCTGGGATTACAGGCATG
AGCCACCACAGCTGGCCCCCTTICTGITTTATGTITTGGTTTTTGAGAAGGAATGAAGTGGGAACCARATTA
GGTAATTTTGGGTAATCTGICTICTAAAATATTAGCTAAAAACAAAGCTCTATGTAAAGTAATAAAGTATA
ATTGCCATATAAATTTICAAAATTCAACTGGCTTTTATGCAAAGAAACAGGTTAGGACATCTAGGTTICCAA
TICATTCACATICTTIGGTITCCAGATAAAATCAACTGTTTATATCAATTTCTAATGGATTTIGCTTTICTTT
TTATATGGATTCCTTTAAAACTTATTCCAGATGTAGTTCCTTCCAATTAAATATTITG (SEQ ID NO: 45)
Translated protein sequence

MFFGGEGSLTYTLVIICFLTLRLSASQNCLKKSLEDVVIDIQSS
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LSKGIRGNEPVYTSTQEDCINSCCSTKNISGDKACNLMIFDTRKTARQPNCYLFFCPN
EEACPLKPAKGLMSYRIITDFPSLTRNLPSQELPQEDSLLHGQFSQAVTPLAHHHTDY
SKPTDISWRDTLSQKFGSSDHLEKLFKMDEASAQLLAYKEKGHSQSSQF SSDQEIAHL
LPENVSALPATVAVASPHTTSATPKPATLLPTNASVIPSGTSQPQLATTAPPVTTIVTS
QOPPTTLISTVFTRAAATLQAMATTAVLTITTFQAPTDSKGSLETIPFTEISNLTLNTGN
VYNPTALSMSNVESSTMNKTASWEGREASPGSSSQGSVPENQYGLPFEKWLLIGSLLE
GVLFLVIGLVLLGRILSESLRR LDYLINGIYVDI (SEQ ID NO: 46)

Home igapiena: MOBLL " Mpg One 'Binderikinage
activator=1like "IBi{yeast) HMOBKLIB): mRNA

MOBKLLB NM 018221

mRNA Sequence

GCGAGGTGGGGTAGGCGGGCAAGGCGGGCGCCGAGGTTTGCAAAGGCTCGCAGCGGCCAGAAACCCGGCT
CCGAGCGGCGGCGGCCCGGCTTCCGCTGCCCGTGAGCTAAGGACGGTCCGCTCCCTCTAGCCAGCTCCGA
ATCCTGATCCAGGCGGGGGCCAGGGGCCCCTCGCCTCCCCTCTGAGGACCGAAGATGAGCTTCCTCTITCA
GCAGCCGCTCTICTAAAACATTCAAACCARAAGAAGAATATCCCTGAAGGATCTCATCAGTATGAACTCTT
AAAACATGCAGAAGCAACTCTAGGAAGTGGGAATCTGAGACAAGCTIGTTATGTTGCCTGAGGGAGAGGAT
CTCAATGAATGGATTGCTGTGAACACTGTIGGATTTCTTTAACCAGATCAACATGTTATATGGAACTATTA
CAGAATTCTGCACTGAAGCAAGCTGTICCAGTCATGTCTGCAGGTCCGAGATATGAATATCACTGGGCAGA
TGGTACTAATATTAAARAAGCCAATCARATGTTCTGCACCAAAATACATTGACTATTTGATGACTTGGGTT
CAAGATCAGCTTIGATGATGAAACTCTTTTTCCTTCTAAGATTIGGTGTCCCATTTCCCAAARACTTTATGT
CTGTGGCAAAGACTATTCTAAAGCGTCTGTTICAGGGTTTATGCCCATATTTATCACCAGCACTTTGATTIC
TGTGATGCAGCTGCAAGAGGAGGCCCACCTCAACACCTCCTTTAAGCACTTTATTTTCTTTGTTCAGGAG
TTTAATCTGATTGATAGGCGTGAGCTGGCACCTICTTCAAGAATTAATAGAGAAACTTGGATCAAAAGACA
GATARATGTTTICTTCTAGAACACAGTTACCCCCTTGCTTCATCTATTGCTAGAACTATCTCATTIGCTATC
TGTTATAGACTAGTGATACAAACTTTAAGAAAACAGGATAAAAAGATACCCATTGCCTGTGTCTACTGAT
AAAATTATCCCAAAGGTAGGTTGGTGTGATAGTTTCCGAGTAAGACCTTAAGGACACAGCCAAATCTTAA
GTACTIGTGTGACCACTCTIGTIGTTATCACATAGTCATACTTIGGTIGTAATATGTGATGGTTAACCTGTA
GCTTATAAATTTACTTATTATTICTITTACTCATTTACTCAGTICATTTCTTTACAAGAAAATGATTGAATC
TGTTTTAGGTGACAGCACAATGGACATTAAGAATTTCCATCAATAATTTATGAATAAGTTTCCAGAACAA
ATTTCCTAATAACACAATCAGATTGGTTTITATICTITITATTTTACGAATAAAAAATGTATTTTTCAGTAA
AAAAAA (SEQ ID NO: 47)
Translated protein sequence

MSFLFSSRSSKTFKPKKNIPEGSHQYELLKHAEATLGSGNLRQA
VMLPEGEDLNEWIAVNTVDFFNQINMLYGTITEFCTEASCPVMSAGPRYEYHWADGTN
IKKPIKCSAPKYIDYLMTWVQDQLDDETLFPSKIGVPFPKNFMSVAKTILKRLFRVYA
HIYHQHFDSVMQLQEEAHLNTSFKHF IFFVQEFNLIDRRELAPLQELIEKLGSKDR (SEQ ID NO: 48)
Homosapiens nuclear cap binding protein
subunitol; o 80kDa i (NCBPL ) mRNA

mRNA Sequence

ATTGAGAGGCCACCGGGAAACCATTGAGAAGCCCCGGAGGACCGGCCTGAGCGGAGGCGGAGACTAGAGC
GGCCGCCGGCACGACCCGCCTTCAGGCGTACGACGACCGCGGLCCCEGGEGCTCTGAGTGGCCARAGCGGL
GGCACTTTCTGCGTGGCCCCGGAAGGACATAGAGCGGAAGGCGGGAGAAAGAAGTAGCCGGCAGGCGGAG
GCAGCCCGAGGGGGCGGTTGCATGTGTGCCAGACGTTCGTAGCCCACTGAGCTTCCTCACGCCGGCTGTC
GCAGCGCCTAGCCCCACCCGGCGGCCTICTCCTGCGCTTCCGGGGCCGTGGCGAGCTAGTIGCGCCIGCGTG
CCGGCCCATCCGCGCGCCTTGCAGCTGTCCTTGCGTCGGCCAGCGGCCAGACAGTTCCTGCAGCGCTTAC
CGCCTGGCCTCTICGGTTCCGCGGCGCACCGGAGGGCAGCATGTCGCGGCGGCGGCACAGCGACGAGAACG
ACGGTGGGCAGCCTCACAAAAGGAGAAAGACCTCTGATGCAAATGAAACTGAAGATCATTTIGGAATCTTT
AATATGTAAAGTAGGAGAAAAGAGTGCCTGCTCTTTGGAGAGCAACCTAGAAGGCTTGGCTIGGTGTTITTG
GAAGCTGATCTTICCTAACTACAAGAGCAAGATCTTAAGGCTTCTITTGTACAGTTGCACGCCTATTACCTG
AGAAGCTGACAATTTATACAACATTAGTIGGACTACTGAATGCCAGGAATTACAATTTTGGTGGAGAATT
TGTAGAAGCCATGATTCGTCAACTTAARAGAATCATTGAAAGCAAACAATTATAATGAAGCCGIGTATTTG
GTCCGTTTITTTATCTGATCTIGTGAATTGTCATGTGATTGCCGCCCCATCAATGGTTGCTATGTTTGAAA
ATTTTGTAAGCGTAACTCAGGAAGAAGATGTACCTCAGGTGCGACGAGATTGGTATGTGTIATGCATTITCT
GTICATCTTIGCCCTGGGTTIGGAAAGGAGTTIGTACGAAAAGAAAGATGCAGAGATGGACCGCATCTITTGCC
AACACTGAAAGCTATCTTAAAAGACGCCAAAAGACTCATGTACCCATGTTACAGGTATGGACTIGCTGATA
AACCACATCCACAAGAAGAGTATTTAGATTGCCTGTGGGCCCAGATTCAGAAATTGAAAAAGGATCGCTG
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GCAGGAACGGCACATCCTAAGACCTTATCTIGCCTITTGACAGCATCCTGTIGTGAAGCACTGCAGCACAAT
CTGCCICCTTTTACACCACCTCCTCACACTGAAGATTCAGTGTACCCAATGCCAAGGGTCATCTTCAGAA
TGTTTGATTACACAGATGATCCCGAGGGTICCTIGTCATGCCAGGGAGTCATTCAGTGGAAAGATTTGTAAT
AGAAGAGAATCTTCACTGCATCATTAAGTCCCACTGGAAGGAAAGGAAGACTTIGTGCTGCACAGTTAGTG
AGCTATCCAGGGAAGAACAAGATCCCCTTGAACTACCACATAGTTGAGGTGATCTTTGCAGAGCTGTITTC
AACTTCCAGCACCCCCTICACATTGATGTGATGTACACAACACTCCICATIGAACTGTGCARACTTCAACC
TGGCTCTCTACCCCAAGTTCTITGCACAGGCAACTGAAATGCTATACATGCGTTTIGGACACAATGAACACT
ACCTGTGTAGACAGGTTTATTAATTGGTITTCTICATCATCTAAGTAACTICCAGTTCCGTTGGAGCTIGGG
AAGATTGGTCAGATTGTICTTAGTCAAGATCCTGAAAGTCCCAAACCGAAGTTIGTAAGAGAAGTTCTAGA
AAAATGTATGAGGTTGTCTTACCATCAGCGTATATTAGATATTIGTTICCTCCTACCTTCTCAGCTCTGTGT
CCTGCAAACCCAACCTIGCATTTACAAGTATGGAGATGAAAGTAGCAATTCICTTICCTGGACATTICTGTTG
CCCTCTGTTTAGCTGITGCCTTTAAAAGTAAGGCAACCAATGATGAAATCTTCAGCATTICTGAAAGATGT
ACCAAATCCTAACCAGGATGATGACGACGATGAAGGATTCAGTTTTAACCCATTGAAAATAGAAGTCTTT
GTACAGACTCTGCTACACTTGGCAGCCAAATCATTCAGCCACTCCTITCAGTGCTCTIGCAAAGTTTCATG
AAGTCTTCAAAACCCTAGCTGAAAGTGATGAAGGAAAGTTACATGTGCTAAGAGTTATGTITGAGGTICTG
GAGGAACCATCCACAGATGATTIGCTGTACTAGTGGATAAGATGATTCGTACACAAATAGTTGATIGTGCT
GCCGTAGCAAATTGGATCTITCTICTTCAGAACTATCTCGTGACTTITACCAGATTGTTIGTITTGGGAAATTT
TGCACTCTACAATTCGTAAGATGAACAAACATGTCCTGAAGATCCAGAAAGAGCTGGAAGRAAGCTARAGA
GAAACTTGCTAGGCAACACAAACGGCGAAGTGATGATGACGACAGAAGCAGTGACAGGAAAGACGGGGTT
CTTGAGGAACAAATAGAACGACTTCAGGAAAAAGTGGAATCTGCTCAGAGTGAACAARAAGAATCTITTICC
TCGTTATATTICAGCGGTITTATCATGATCTTGACCGAGCACCTAGTACGATGCGAAACTGATGGGACCAG
TGTATTAACACCATGGTATAAGAACTGTATAGAGAGGCTGCAGCAGATCTITCCTACAGCATCACCAAATA
ATCCAGCAGTACATGGTGACCCTGGAGAACCTICTCTTCACTGCTGAATTAGACCCTCATATCTTGGCCG
TGTTCCAGCAGTTCTGTGCCCTGCAGGCCTAAGGGTCATTTTTTCCTCATGTCAAGGTTTTTTTTGATAT
CTITAAAATAATTTGICTTATTTITTIGATGGTITTGAATGCTIGCTTTCTTGTAGTATCCTITTCACTITCTITA
AAGGAAACAAAGGGGAAGAGGACAGTGAATGAACATGGCATTACTTITTAATTGCCCTGAARAGCAAATAC
TTCCTAACGGCAGTAATGTGACTATGACCATGATATATTATATATGTGACAGATACAAATTICICTGTIGAT
CAGTTTGTTATITTTITTCTCCTITAAGGCACAAAATAATTGGTTTGAGGTATGTGAAACACTAGAGGTCA
ACCTTACATAGTATATAGAACTGATGGGTTTACCCAGCTACCCAGTAGCATAACTTTTCACAGCTCGGGG
ATGAATTAACATGGCTGAAATAAAACTAAAAGTATGGTTITTTAAACTTTGGCATTTCATGATITATCATC
TCACTCTACTCTAAAACTGGIGGTTICTTACTGAAGGTGTITCTCCATTTGAAATTTTATCTTCAAAGTAT
TTTTAAGTAGTATCTTITAAGACATGACTIGTTAGTAATAAAAGTGTTACTAGTIGGAAGAGTAGCTCTCA
AATTTGTICTTAATGTAAATCACCTGGGAATCTITCAAGTTATTTTGAAATTTAAACCACCGTCTGGGGGT
GGAACGCAGACATCCICAGTAATCCTTAAAGTTTICCCCAGGTGATTCCAGGTTTIGGTCACCATTATCTTA
GAGCATCTACTCACTICCICTAGCCTIGGGGTTATTIGTCCAAGGTCTTGTAGTGAGTTACAGAATACTA
AAGTGGATGTAGAAGTGGTCAGATTGACTGAAACTATACCCTGAATTAGATGTIGAGTTTAGATTITIGTTT
ATATGGAACCTGATCCAAAAAACTACGAAGTCCTGAGCTTGTITTCCTGTATAGTACTGATGCTIGAAATAA
GATGACAGCAGTTTGTAAAATAATACACAAATATGAGGAATTGTCTGACATTCCAAATTTCGAGGATTTT
TAGACTTTITTICATTAAACCTITAGAARAAAAATTACCAGTAATCCTACAACTACTGGTAGIGTIGTIGTGC
ATTTGCACAAAATAGGTATAATTTTTTCITATTACATCCCAAGTTITATGATGCATTAAGCGTITTGCATA
TTTTGATATATTITTTGCTTTGGTTTACCATACATTTITAGTGGCTACAGAATGTAGTCTGCTTAATARAATG
GGAATTCCTAGAATGITTAAATACCATACTATTTAAGACAAAATACAAAATATCCAGAAAAATCCAGGTT
GCGTGGCTGGTTAGTAAAGGACTAAAACCCAGGTTCTTGGCTAAATGTTTICGTTTATACTGTTTATCTT
TCCCATTGCTTAAGCACAGCACAAACTATGTAATTATATATAATTACAGTITGACCCTTGAACAACATGGG
TTTGAACTGTGIGAGTICTCCTITACACACAGGTITTCTTCCACCCCTIGAGATGGCAAGACCAGCCCCTITGT
CTTCCTCAGCCIGCTCAACGTGAAGATGATGAGGATGAAGACCTTTATGATGATCCACTTCTACTITATTA
AATAGTAAATATATTTITTITTICTITATGATITTATTTICTTITTCTCTAGCTICATAAGAATATAGCATATGG
GCTGGGCGCAGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGCGGATCACAAGGTCA
GGAGATTGAGACCATCCTGGCTAACACAGTGAAACCCTGTICTCTACTAAAAACACAAAAACTTAGCCAGG
CGTGGTGGTACATGGCTGTAGTCCCAGCTACTTGGGAGGCTGAGACAGGAGAATCGCTTGAACCTGGGAG
GTGGAGGTTTCAGTGAGCCAAGATTGTGCCACTGCACTCCAGCCTGGGTGATGGAGCGAGGCTCTIGTCTC
AAAAAAGAAAAAAAATATATAGCATATAACATACAAAATGAGTITTATCAACTGTTTGTTATTGGTAAGTC
AGCAGTGGGCTATTGGTGGTTAAGTTTIGGGGGAGTCAAAAGTTACATGCAAATTTTTTACTGTGCGGGG
TGTCAGCATCCCTAACCCCATGTTGTITCAAGGGTCAACTGTAGTTTAAAATGACTCCTGICTCAAAAAAC
CAAAGGATAACCTTTAAGGGATTIGGTAACTTITGACTCAAAACTGCTTTIGTAATCTTTTCACAATGTACTG
AAAAGTGTGGCTAGTTATGTTITGATCCACATTICTAGAGAAATTTGTAGGTITTTAATTTCTIITICTCTITGG
TCCTCTCTTCATGTATAATGGTTGCTTTTAACAGCTGTTCGCTGATGTGGTCCTGCTCTGTCCCAGTCTA
GCAGCTTTAGTGTATGGAAAAATTGAACTAGGAATTGAGTTTTIGAAGAAATAAAGGTGTAAGAGCAAACA
TTCAACAGTTGCTGTCCCCAGTAATGAAGTTCATACAGACAAAAGATGGCATGTICACTGTACATCATACC
TTGCAATAAATATICIGTTAAATTGTGCTGGTIGCAATTTAACATGCTITIGTCAAAGTAAA (SEQ ID NO:
49)
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Translated protein sequence

MSRRRHSDENDGGQPHKRRKTSDANETEDHLESLICKVGEKSAC

SLESNLEGLAGVLEADLPNYKSKILRLLCTVARLLPEKLTIYTTLVGLLNARNYNFGG
EFVEAMIRQLKESLKANNYNEAVYLVRFLSDLVNCHVIAAPSMVAMFENFVSVIQEED
VPQVRRDWYVYAFLSSLPWVGKELYEKKDAEMDRIFANTESYLKRRQKTHVPMLQVWT
ADKPHPQEEYLDCLWAQIQKLKKDRWQERHILRPYLAFDSILCEALQHNLPPFTPPPH
TEDSVYPMPRVIFRMFDYTDDPEGPVMPGSHSVERFVIEENLHCIIKSHWKERKTCAA
QLVSYPGKNKIPLNYHIVEVIFAELFQLPAPPHIDVMYTTLLIELCKLQPGSLPQVLA
QATEMLYMRLDTMNTTCVDRF INWFSHHLSNFQFRWSWEDWSDCLSQDPESPKPKEFVR
EVLEKCMRLSYHQRILDIVPPTFSALCPANPTCIYKYGDESSNSLPGHSVALCLAVAF
KSKATNDEIFSILKDVPNPNQDDDDDEGFSFNPLKIEVFVQTLLHLAAKSEF SHSFSAL
AKFHEVFKTLAESDEGKLHVLRVMFEVWRNHPQMIAVLVDKMIRTQIVDCAAVANWIF
SSELSRDFTRLFVWE ILHSTIRKMNKHVLKIQKELEEAKEKLARQHKRRSDDDDRSSD
RKDGVLEEQIERLQEKVESAQSEQKNLFLVIFQRFIMILTEHLVRCETDGTSVLTPWY

MU

KNCIERLQQIFLQHHQIIQQYMVTLENLLF TAELDPHILAVFQQFCALQA (SEQ ID NO: 50)
‘dm‘o“‘s‘a‘p‘ien“s‘“‘n‘e‘u‘r‘omeci‘in“U”” JMY e mRNA

mRNA Sequence

AGTCCTGTGTCCGGGCCCCGAGGCACAGCCAGGGCACCAGGTGGAGCACCAGCTACGCGTGGCGCAGCGC
AGCGTCCCTAGCACCGAGCCTCCCGCAGCCGCCGAGATGCTGCGAACAGAGAGCTGCCGCCCCAGGTICGC
CCGCCGGACAGGTGGCCGCGGCGTCCCCGCTCCTGCTGCTGCTGCTIGCTGCTCGCCTGGTGCGCGGGLGL
CTGCCGAGGTGCTCCAATATTACCTCAAGGATTACAGCCTGAACAACAGCTACAGTTGTGGAATGAGATA
GATGATACTTIGTITCGICTTTTCTGTICCATTGATTCTCAGCCTCAGGCATCCAACGCACTGGAGGAGCTTT
GCTTTATGATTATGGGAATGCTACCAAAGCCTCAGGAACAAGATGAAARAGATAATACTARAAGGTICTT
ATTTCATTATTCGAAGACACAGAAGTTIGGGCAAGTCAAATGTTIGTGTICGICAGTTIGTIGCATCCGTTGCTG
CAGCTCGTTCCICACCTGCATGAGAGAAGAATGAAGAGATTCAGAGTGGACGAAGAATTCCAAAGTCCCT
TIGCAAGTCAAAGTCGAGGATATTTTITTATTCAGGCCACGGAATGGAAGAAGGTCAGCAGGGTTCATTTA
AAATGGATGCCAGCTAATTTTICCACAGAGCAATGCTATGGAATACAAAATGTACTGACATTTTIGTTTITICT
TCTGAAAAARATCCTIGCTAAATGTACTCIGTIGAAAATCCCTIGTGTTIGTICAATGTICTCAGTTGTAACA
ATGTTGTAAATGTTCAATTTGTTGAAAATTAAAAAATCTAAAAATAAA (SEQ ID NO: b1)

Translated protein sequence

MLRTESCRPRSPAGQVAAASPLLLLLLLLAWCAGACRGAPILPQ
GLOPEQQLQLWNEIDDTCSSFLSIDSQPQASNALEELCFMIMGMLPKPQEQDEKDNTK
RFELFHYSKTQKLGKSNVVSSVVHPLLQLVPHLHERRMKRFRVDEEFQSPFASQSRGYF
LFRPRNGRRSAGFI (SEQ ID NO: 52)

mRNA Sequence

GCGTTCCTTGCGGCCCGGCCGACCTCGCGGGCTTGGGCCTGGGCGGGCACCGACGGAGCGGCCCTGGCTG
CAGCCTCCCGGCGCCAGCGAAGACAGGCTGAGATGCGGCTGCTICCTGCTCGTGCCGCTGCTGCTGGCTCC
AGCGCCCGGGTICCTCGGCTCCCAAGGTGAGGCGGCAGAGTGACACCTGGGGACCCTGGAGCCAGTGGAGC
CCCTGCAGCCGGACCIGTGGAGGGGGTGTCAGCTTCCGGGAGCGCCCCTGCTACTCCCAGAGGAGAGATG
GAGGCTCCAGCTGCGTIGGGCCCCGCCCGGAGCCACCGCTCTTGTCGCACGGAGAGCTGCCCCGACGGCGC
CCGGGACTTCCGGGCCGAGCAGTGCGCGGAGTTCGACGGAGCGGAGTTCCAGGGGCGGCGGTATCGGTGG
CTGCCCTACTACAGCGCCCCAAACAAGTGTGAACTGAACTGCATTCCCAAGGGGGAGAACTTCTACTACA
AGCACAGGGAGGCTGTGGTTGATGGGACGCCCTIGCGAGCCTGGCAAGAGGGATGTCTGTGTGGATGGCAG
CTGCCGGGTTGTCGGCTGTGATCACGAGCTGGACTCGTCCAAGCAGGAGGACAAGTGTCTGCGGTGTGGG
GGTGACGGCACGACCTGCTACCCCGTCGCAGGCACCTTTGACGCTAATGACCTCAGCCGAGCTGTGAAGA
ATGTTCGTGGGGAATACTACCTCAATGGGCACTGGACCATCGAGGCGGCCCGGGCCCTGCCAGCAGCCAG
CACCATCCTGCATTACGAGCGGGGTGCTGAGGGGGACCTGGCCCCTGAGCGACTCCATGCCCGGGGCCCC
ACCTCGGAGCCCCTGGTICATCGAGCTCATCAGCCAGGAGCCCAACCCCGGTGTGCACTATGAGTACCACC
TGCCCCTGCGCCGCCCCAGCCCCGGCTTCAGCTGGAGCCACGGCTCATGGAGTGACTGCAGCGCGGAGTG
TGGCGGAGGTCACCAGTCCCGCCTGGTGTITCTGCACCATCGACCATGAGGCCTACCCCGACCACATGTGC
CAGCGCCAGCCACGGCCAGCTGACCGGCGTTCCTGCAATCTTCACCCTTGCCCGGAGACCAAGCGCTGGA
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AGGCAGGGCCATGGGCACCCTGCTCAGCCTCCIGTGGAGGAGGCTCCCAGTCCCGCTCCGTGTACTGCAT
CTCGTCTGACGGGGCCGGCATCCAGGAGGCCGTGGAGGAGGCTGAGTGTGCCGGGCTGCCTGGGAAGCCC
CCTGCCATTCAGGCCIGTAACCTGCAGCGCTGTGCAGCCTGGAGCCCGGAGCCCTGGGGAGAGTIGTTICTG
TCAGTTGTIGGCGTTGGCGTCCGGAAGCGGAGCGTTACTTIGCCGGGGTGAAAGGGGTTCTTTGCTCCATAC
CGCAGCGTGCTCCTTGGAAGACCGGCCACCTCTGACTGAGCCCTGTGTGCATGAGGACTGCCCCCTCCTC
AGTGACCAGGCCTGGCATGTTIGGCACCTGGGGICTATGCTCCAAGAGCTGCAGCTCGGGCACTCGGAGGC
GACAGGTCATCIGTGCCATTGGGCCGCCCAGCCACTGCGGGAGCCTGCAGCACTCCAAGCCTGIGGATGT
GGAGCCTTGTAACACGCAGCCCTIGTCATCTCCCCCAGGAGGTCCCCAGCATGCAGGATGTGCACACCCCT
GCCAGCAACCCCTGGATGCCGTTGGGCCCTCAGGAGTCCCCTGCCTCAGACTCCAGAGGCCAGTGGTGGG
CAGCCCAGGAACACCCCTCAGCCAGGGGTGACCACAGGGGAGAACGAGGTGACCCCAGGGGCGACCAAGG
CACCCACCTGTCAGCCCTGGGCCCCGCTCCCTCTCTGCAGCAGCCCCCATACCAGCAACCCCTGCGGTCG
GGCTCAGGGCCCCACGACTGCAGACACAGTCCTCACGGGTGCTGCCCCGATGGCCACACGGCATCTCTICG
GGCCTCAGTGGCAAGGCTGCCCTGGGGCCCCCTGTCAGCAGAGCAGGTACGGGTGCTGCCCTGACAGGGT
ATCTGTCGCTGAGGGGCCCCATCACGCTGGCTGCACAAAGTCGTATGGTGGTGACAGCACCGGGGGCATG
CCCAGGTCAAGGGCAGTGGCTTCTACAGTCCACAACACCCACCAGCCCCAGGCCCAGCAGAATGAGCCCA
GTGAGTGCCGGGGCTCCCAGTTTIGGCTGTTGCTATGACAACGTGGCCACTGCAGCCGGTCCTCTIGGGGA
AGGCTGTGTGGGCCAGCCCAGCCATGCCTACCCCGTIGCGGTGCCTGCTGCCCAGTGCCCATGGCTCTITGC
GCAGACTGGGCTIGCCCGCTIGGTACTTICGTTIGCCTICTGTGGGCCAATGTAACCGCTTCTGGTATGGCGGCT
GCCATGGCAATGCCAATAACTTTGCCTCGGAGCAAGAGTGCATGAGCAGCTGCCAGGGATCTCTCCATGG
GCCCCGTCGTCCCCAGCCTGGGGCTTICTGGAAGGAGCACCCACACGGATGGTGGCGGCAGCAGTCCTGCA
GGCGAGCAGGAACCCAGCCAGCACAGGACAGGGGCCGCGGTGCAGAGAAAGCCCTGGCCTTICTGGTGGTC
TCTGGCGGCAAGACCAACAGCCTGGGCCAGGGGAGGCCCCCCACACCCAGGCCTTTGGAGAATGGCCATG
GGGGCAGGAGCTTGGGTCCAGGGCCCCTGGACTGGGTGGAGATGCCGGATCACCAGCGCCACCCTITCCAC
AGCTCCTCCTACAGGATTAGCTTGGCAGGTGTGGAGCCCTCGTTGGTGCAGGCAGCCCTGGGGCAGTTGG
TGCGGCTCTCCIGCTCAGACGACACTGCCCCGGAATCCCAGGCTGCCTGGCAGAAAGATGGCCAGCCCAT
CTCCTCTGACAGGCACAGGCTGCAGTTCGACGGATCCCTGATCATCCACCCCCTGCAGGCAGAGGACGCG
GGCACCTACAGCTGTIGGCAGCACCCGGCCAGGCCGCGACTCCCAGAAGATCCAACTTCGCATCATAGGGG
GTGACATGGCCGTGCIGTCTGAGGCTGAGCTGAGCCGCTTCCCTCAGCCCAGGGACCCAGCTCAGGACTT
TGGCCAAGCGGGGGCTGCTGGGCCCCTGGGGGCCATCCCCTCTTCACACCCACAGCCTGCAAACAGGCTG
CGTTTGGACCAGAACCAGCCCCGGGIGGTGGATGCCAGTCCAGGCCAGCGGATCCGGATGACCTGCCGTG
CCGAAGGCTTCCCGCCCCCAGCCATCGAGTGGCAGAGAGATGGGCAGCCTGTCTCTTICTCCCAGACACCA
GCTGCAGCCTGATGGCTCCCTGGTCATTAGCCGAGTGGCTGTAGAAGATGGCGGCTTCTACACCIGTGTC
GCTTTCAATGGGCAGGACCGAGACCAGCGATGGGTCCAGCTCAGAGTTICTGGGGGAGCTGACAATCTCAG
GACTGCCCCCTACTGIGACAGTGCCAGAGGGTGATACGGCCAGGCTATTGIGTGTIGGTAGCAGGAGAAAG
TGTGAACATCAGGTGGTCCAGGAACGGGCTACCTGTGCAGGCTGATGGCCACCGTGTCCACCAGTCCCCA
GATGGCACGCTGCTCATTTACAACTTGCGGGCCAGGGATGAGGGCTCCTACACGTGCAGTGCCTACCAGG
GGAGCCAGGCAGTCAGCCGCAGCACCGAGGTGAAGGTGGTCTCACCAGCACCCACCGCCCAGCCCAGGGA
CCCTGGCAGGGACTGCGTCGACCAGCCAGAGCTGGCCAACTGTGATTTGATCCTGCAGGCCCAGCTTTIGT
GGCAATGAGTATTACTICCAGCTTICTGCTGIGCCAGCIGTTCACGTTTCCAGCCTCACGCTCAGCCCATICT
GGCAGTAGGGATGAAGGCTAGTTCCAGCCCCAGTCCAAAATAGTTCATAGGGCTAGGGAGAAAGGAAGAT
GGACTCTTGGCITCCICTCTCTGGCTGGCAAAGGGAGTTATCTTICTGGAATACATTAGCTCTTTCAAAAA
CCCACCCAGTGITTAGCCTCAACGGCAGCCAGTTACCAGCTTCICTCTIGTAGCCTTCAGCAGTGTITTGCA
TCTCTGACATAACCACAGGCTGCTGTTTTCAAGAAGAGCAATCTGTTTGGATAAGAAAAACCTTTACTTT
ACAGCTTICCCTITTATAATTTIGTTACACAGGAATAGTTAAATGCATTTGTITGITIGTTTITTTIGAGACAGA
GITTCACTICTITGTTGCCCAGGCTGGAGGGCAATGGCGCGATCTCAGCTCACTGCAACCTCCGTCICCIGG
GTITCTTGATTCICCIGTGICAGCCTICTGAGTAGCTAGGATTACAGATGCCTATCACCATGCCTGGGTAA
TTTTTIGTATTTITTAGTITGAGATGGGGTTTICACCATGTTGGCCAGGCTGGTICTCGAACTTCTGACCTCAGA
TGATCTGCCCGCCTCAGCCTCCCAAAGTGCTGGGATTACAGGCATGAGCCACCACGCCCAGCCATCAATG
CATTTTTITTATTTTITTITTGAGACAGAGTITTICGCACTTICTIGCCCAGGCTGGAGTACAATGGTGCGAT
CTTGGCTCACTGCAACCTCCACCTCCTGGGTTCAAGCGCTTCTCCAGCCTCAGCCTCCTGAGTAGCTGGG
ATTACAGGTATGTGCCACCATGCCTGGCTAATTITTGTATTITTTAGTAGAGACGGGGTTTCTCCATGTTGG
TCAGACTGGTCITGAACTCCCGACCTCAGGTAATCCGCCCGCCTCGGCCTCCCAAAATGCTGGGATTAGA
GGTGTGAGCCACTGTGCCCAGCCCATCAATGTGTTTTAAAGCTAGCTGTCAGGGTTCCACTTAATTTAAA
GCTGGGCAGGGAGATGTGTAATGATTTCAAAGTTAACACCTGTTTGTTITTCTAAAGGGCATGCCAAGTCC
TGCTGTATCAGGGAAGTATTCTIGTGCTAARATCAGCGATGGTTCATTGCTICTAGTCTCTCTCACCCTTCT
AGGCAGTGCATCAGTCAGCTCTAAATCTGGTGCAGAGGGTTAACAGCATAACCCTTIGTTIGGCAAAATGGA
ATAGATGTTAAGACCTCAAATAGGGATTTIGGGATGAAACAGCTGCAGTTAGCACTGTTATCTGAGCATGA
AAGAACTGGAAACGCTCCTTACGTCGAGATGTIGGACCTTGAAGCCCTCCTGAGGCCAACATGCAAATCT
GGCTGTGACGGTITCATCTGACACCTGTIGTAAAGCTGACCAGCCTGCTCTGTACAGTGACAATGAGGAGCC
CCTCICTICCTTAAGTAGGAATCTGTGAAGCAAAATGTTTIGCTGCCAAAGACAAATCAGACTGTCAGTICA
TTAAAAACAGCATTAGCAGGATGAGGATAGCAATGGGGAAGGGTTGTGGGCAATGCAGTAACAGGGAAAT
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GGCTTCAGAAATGGTITGAGTTGGAAGACAACATICTTCATCTCTCAGGACTTCTAATTCCTIGATGCTA
AAAGAAGAGGCATGGATTCTATGAGCTTICCAAGTCCCTTTCCACTTITAACCTTCTACAAATCTTTICAGAG
GACTGCCTAGTAGCAAAGGTTATTCCTGGACACAGGAAAGACGGGCATTACAGGGACCAAAGCTCTGAAA
GGTGACTTTTATTACCAACACACTGGCTGGAAAAGGGACAAACCACATCACGGGTGAGTGATACTICTICA
GTCTTICTCTACTCATTCAACAAAGGAAATGTGGGCTGGGGCAGAGGTCTTITTTTCATTTAATACTGGAAA
AATATTGAAGAGCATCCATGTTCACTTATGGCTIGGTITTITGCTATAGAAATTGGAAAATAAAGGCCACTTT
TTTGAAATCCCCAGTTTAATTAAAAARAAAAAAAAAAAA (SEQ ID NO: 53)

Translated protein sequence

MRLLLLVPLLLAPAPGSSAPKVRRQSDTWGPWSQWSPCSRTCGE
GVSFRERPCYSQRRDGGSSCVGPARSHRSCRTESCPDGARDFRAEQCAEFDGAEFQGR
RYRWLPYYSAPNKCELNCIPKGENFYYKHREAVVDGTPCEPGKRDVCVDGSCRVVGCD
HELDSSKQEDKCLRCGGDGTTCYPVAGTFDANDLSRAVKNVRGEY YLNGHWT IEAARA
LPAASTILHYERGAEGDLAPERLHARGPTSEPLVIELISQEPNPGVHYEYHLPLRRPS
PGFSWSHGSWSDCSAECGGGHQSRLVFCTIDHEAYPDHMCQRQPRPADRRSCNLHPCP
ETKRWKAGPWAPCSASCGGGSQSRSVYCISSDGAGIQEAVEEAECAGLPGKPPAIQAC
NLORCAAWSPEPWGECSVSCGVGVRKRSVTCRGERGSLLHTAACSLEDRPPLTEPCVH
EDCPLLSDQAWHVGTWGLCSKSCS SGTRRRQVICAIGPPSHCGSLOESKPVDVEPCNT
QPCHLPQEVPSMQDVHTPASNPWMPLGPQESPASDSRGQWWAAQEHP SARGDHRGERG
DPRGDQGTHLSALGPAPSLQQPPYQQPLRSGSGPHDCRHSPHGCCPDGHTASLGPOWQ
GCPGAPCQQSRYGCCPDRVSVAEGPHHAGC TKSYGGDSTGGMPRSRAVASTVHNTHQP
QAQONEPSECRGSQF GCCYDNVATAAGPLGEGCVGQPSHAYPVRCLLPSAHGSCADWA
ARWYFVASVGQCNRFWYGGCHGNANNFASEQECMS SCQGSLHGPRRPQPGASGRSTHT
DGGGSSPAGEQEPSQHRTGAAVORKPWPSGGLWRQDQOPGPGEAPHTQAFGEWPWGQE
LGSRAPGLGGDAGSPAPPFHSSSYRISLAGVEPSLVQAALGQLVRLSCSDDTAPESQA
AWQKDGQPISSDRHRLOFDGSLIIHPLQAEDAGTYSCGSTRPGRDSQKIQLRI IGGDM
AVLSEAELSRFPQPRDPAQDFGQAGAAGPLGAIPSSHPQPANRLRLDQNQPRVVDASP
GORIRMTCRAEGFPPPAIEWQRDGOPVSSPRHQLQPDGSLV ISRVAVEDGGF Y TCVAF
NGODRDORWVQLRVLGELTISGLPPTVTVPEGDTARLLCVVAGESVNIRWSRNGLEPVQ
ADGHRVHQSPDGTLLIYNLRARDEGSYTCSAYQGSQAVSRSTEVKVVSPAPTAQPRDP
GRDCVDQPELANCDLILOAQLCGNEYYSSFCCASCSRFQPHAQPIWQ (SEQ ID NO: 54)

PCDHI

Homo saplens: protocddherin L (PCDHL)
transeript variant L, mRNA

mRNA Sequence

CGCAAAGCCGCCGGGCTGCTGCGCCCAGAGCCAGCCGGAGCCGGAGCCGGAGCCCGAACTGCAGCTCCAG
CCCCAGCCGTGCGGAGCCGCAGCCCAGGLCCGGGGCCGEGCGEGCEGCTCATGGACAGCGGGGLGGGLGEGCCG
GCGCTGCCCGGAGGCGGCCCTCCTGATTCTGGGGCCTCCCAGGATGGAGCACCTGAGGCACAGCCCAGGC
CCTGGGGGGCAACGGCTACTGCTGCCCTCCATGCTGCTAGCACTGCTGCTCCTGCTGGCTCCATCCCCAG
GCCACGCCACTCGGGTAGTIGTACAAGGTGCCGGAGGAACAGCCACCCAACACCCTCATTIGGGAGCCTCGC
AGCCGACTATGGTTTTCCAGATGTGGGGCACCTGTACAAGCTAGAGGTGGGTGCCCCGTACCTTCGCGTG
GATGGCAAGACAGGTGACATTTTCACCACCGAGACCTCCATCGACCGTGAGGGGCTCCGTGAATGCCAGA
ACCAGCTCCCIGGTGATCCCTIGCATCCTGGAGTITTGAGGTATCTATCACAGACCTCGTGCAGAATGGCAG
CCCCCGGCTGCTAGAGGGCCAGATAGAAGTACAAGACATCAATGACAACACACCCAACTTCGCCTICACCA
GTCATCACTCTGGCCATCCCTGAGAACACCAACATCGGCTCACTCTTCCCCATCCCGCTGGCTTCAGACC
GTGATGCTGGTCCCAACGGTGTGGCATCCTATGAGCTGCAGGCTGGGCCTGAGGCCCAGGAGCTATTTIGG
GCTGCAGGTGGCAGAGGACCAGGAGGAGAAGCAACCACAGCTCATTGTIGATGGGCAACCTGGACCGTGAG
CGCTGGGACTCCTATGACCTCACCATCAAGGTGCAGGATGGCGGCAGCCCCCCACGCGCCAGCAGTGCCC
TGCTGCGTGTCACCGTGCTTGACACCAATGACAACGCCCCCAAGTTTGAGCGGCCCTCCTATGAGGCCGA
ACTATCTGAGAATAGCCCCATAGGCCACTCGGTCATCCAGGTGAAGGCCAATGACTCAGACCAAGGTGCC
AATGCAGAAATCGAATACACATTCCACCAGGCGCCCGAAGTTGTGAGGCGTCTTICTTCGACTGGACAGGA
ACACTGGACTTATCACTGTTCAGGGCCCGGTGGACCGTGAGGACCTAAGCACCCTGCGCTTCTICAGTIGCT
TGCTAAGGACCGAGGCACCAACCCCAAGAGTGCCCGTGCCCAGGTGGTTGTGACCGTGAAGGACATGAAT
GACAATGCCCCCACCATTGAGATCCGGGGCATAGGGCTAGTGACTCATCAAGATGGGATGGCTAACATCT
CAGAGGATGTGGCAGAGGAGACAGCTGTGGCCCTGGTGCAGGTGTCTGACCGAGATGAGGGAGAGAATGC
AGCTGTCACCTIGTGTGGTGGCAGGTGATGTGCCCTTCCAGCTGCGCCAGGCCAGTGAGACAGGCAGTGAC
AGCAAGAAGAAGTATTTCCTGCAGACTACCACCCCGCTAGACTACGAGAAGGTCAAAGACTACACCATTG
AGATTGTIGGCTIGTGGACTCTGGCAACCCCCCACTCTCCAGCACTAACTCCCTCAAGGTGCAGGTGGTGGA
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CGTCAATGACAACGCACCTIGTICTTCACTCAGAGTGTICACTGAGGTCGCCTTCCCGGAAAACAACAAGCCT
GGTGAAGTGATTGCTGAGATCACTGCCAGTGATGCTGACTCTIGGCTCTAATGCTGAGCTGGTTITACTCTIC
TGGAGCCTGAGCCGGCTGCTAAGGGCCTCTTCACCATCTCACCCGAGACTGGAGAGATCCAGGTGAAGAC
ATCTCTGGATCGGGAACAGCGGGAGAGCTATGAGTTGAAGGTGGTGGCAGCTGACCGGGGCAGTCCTAGC
CTCCAGGGCACAGCCACTGTCCTTGTCAATGTGCTGGACTGCAATGACAATGACCCCAAATTTATGCTGA
GIGGCTACAACTTCTCAGTIGATGGAGAACATGCCAGCACTGAGTCCAGTGGGCATGGTGACTGTICATIGA
TGGAGACAAGGGGGAGAATGCCCAGGTGCAGCTCTCAGTGGAGCAGGACAACGGTGACTTTGTITATCCAG
AATGGCACAGGCACCATCCTATCCAGCCTIGAGCTTTGATCGAGAGCAACAAAGCACCTACACCTTCCAGC
TGAAGGCAGTGGATGGTGGCGTCCCACCTICGCTCAGCTTACGTTGGTGTCACCATCAATGTGCTGGACGA
GAATGACAACGCACCCTATATCACTGCCCCTTCTAACACCTCTCACAAGCTGCTGACCCCCCAGACACGT
CTTGGTGAGACGGTCAGCCAGGTGGCAGCCGAGGACTTTGACTCTGGTGTCAATGCTGAGCTGATCTACA
GCATTGCAGGTGGCAACCCTTATGGACTCTTCCAGATTGGGTCACATTCAGGTGCCATCACCCTGGAGAA
GGAGATTGAGCGGCGCCACCATGGGCTACACCGCCTGGTGGTGAAGGTCAGTGACCGCGGCAAGCCCCCA
CGCTATGGCACAGCCTTGGTCCATCTTTATGTCAATGAGACTCTGGCCAACCGCACGCTGCTGGAGACCC
TCCTGGGCCACAGCCTGGACACGCCGCTGGATATTGACATTGCTGGGGATCCAGAATATGAGCGCTCCAA
GCAGCGTGGCAACATICTCTTTIGGTGIGGTIGGCTGGTIGTGGTGGCCGTGGCCTTGCTCATCGCCCTGGCG
GTITCTTGTIGCGCTACTGCAGACAGCGGGAGGCCAAAAGTGGTTACCAGGCTGGTAAGAAGGAGACCAAGG
ACCTGTATGCCCCCAAGCCCAGTGGCAAGGCCTICCAAGGGAAACAARAGCAAAGGCAAGAAGAGCAAGTC
CCCAAAGCCCGTGAAGCCAGTGGAGGACGAGGATGAGGCCGGGCTGCAGAAGTCCCTCAAGTTCAACCTG
ATGAGCGATGCCCCTGGGGACAGTCCCCGCATCCACCTGCCCCTCAACTACCCACCAGGCAGCCCTGACC
TGGGCCGCCACTATCGCTCTAACTCCCCACTGCCTTCCATCCAGCTGCAGCCCCAGTCACCCTICAGCCTC
CAAGAAGCACCAGGTIGGTACAGGACCTGCCACCTGCAAACACATTCGTGGGCACCGGGGACACCACGTICC
ACGGGCTCTGAGCAGTACTCCGACTACAGCTACCGCACCAACCCCCCCAAATACCCCAGCAAGCAGGTAG
GCCAGCCCTTTCAGCTCAGCACACCCCAGCCCCTACCCCACCCCTACCACGGAGCCATCTGGACCGAGGT
GIGGGAGTGATGGAGCAGGTTTACTGTIGCCTIGCCCGIGTTIGGGGGCCAGCCTGAGCCAGCAGTGGGAGGT
GGGGCCTTAGTGCCTCACCGGGCACACGGATTAGGCTGAGTGAAGATTAAGGGAGGGTGTGCTCIGTGGT
CTCCTCCCTGCCCTCTICCCCACTGGGGAGAGACCTGTGATTTGCCAAGTCCCTGGACCCTGGACCAGCTA
CTGGGCCTTATGGGTIGGGGGTGGTAGGCAGGTGAGCGTAAGTGGGGAGGGAAATGGGTAAGAAGTCTAC
TCCAAACCTAGGTCTCTATGTCAGACCAGACCTAGGTGCTTCTCTAGGAGGGAAACAGGGAGACCTGGGG
TCCTGTGGATAACTGAGTGGGGAGTCTGCCAGGGGAGGGCACCTTCCCATTGIGCCTTCIGTGIGTIATTG
TGCATTAACCTICTTCCTCACCACTAGGCTITCIGGGGCTGGGTCCCACATGCCCTITGACCCTGACAATAAA
GITCICTATTITITGGAAAAAAARAARAARANAAAAAARAAARAARAAARAAARAAAAARANARAARARARNAA
A (SEQ ID NO: 55)

Translated protein sequence

MDSGAGGRRCPEAALLILGPPRMEHLRHSPGPGGQRLLLPSMLL
ALLLLLAPSPGHATRVVYKVPEEQPPNTLIGSLAADYGFPDVGHLYKLEVGAPYLRVD
GKTGDIFTTETSIDREGLRECQNQLPGDPCILEFEVSITDLVQONGSPRLLEGQIEVQD
INDNTPNFASPVITLAIPENTNIGSLFPIPLASDRDAGPNGVASYELQAGPEAQELFG
LOVAEDQEEKQPQLIVMGNLDRERWDSYDLTIKVQDGGSPPRASSALLRVTVLDTNDN
APKFERPSYEAELSENSPIGHSVIQVKANDSDQGANAEIEYTFHQAPEVVRRLLRLDR
NTGLITVQGPVDREDLSTLRFSVLAKDRGTNPKSARAQVVVIVKDMNDNAPTIEIRGI
GLVTHQDGMANISEDVAEETAVALVQVSDRDEGENAAVTCVVAGDVPFQLRQASETGS
DSKKKYFLQTTTPLDYEKVKDYTIEIVAVDSGNPPLSSTNSLKVQVVDVNDNAPVFTQ
SVTEVAFPENNKPGEVIAEITASDADSGSNAELVYSLEPEPAAKGLFTISPETGEIQV
KTSLDREQRESYELKVVAADRGSPSLQGTATVLVNVLDCNDNDPKFMLSGYNFSVMEN
MPALSPVGMVTVIDGDKGENAQVQLSVEQDNGDFVIQNGTGTILSSLSFDREQQSTYT
FQLKAVDGGVPPRSAYVGVTINVLDENDNAPYITAPSNTSHKLLTPQTRLGETVSQVA
AEDFDSGVNAELIYSIAGGNPYGLFQIGSHSGAITLEKEIERRHHGLHRLVVKVSDRG
KPPRYGTALVHLYVNETLANRTLLETLLGHSLDTPLDIDIAGDPEYERSKQRGNILEG
VVAGVVAVALLIALAVLVRYCRQREAKSGYQAGKKETKDLYAPKPSGKASKGNKSKGK
KSKSPKPVKPVEDEDEAGLQKSLKFNLMSDAPGDSPRIHLPLNYPPGSPDLGRHYRSN
SPLPSIQLQPQSPSASKKHQVVQDLPPANTFVGIGDTTSTGSEQYSDYSYRTNPPKYP
SKQVGQPFQLSTPQPLPHPYHGAIWTEVWE (SEQ ID NO: 56)

Homoisapieng platelet-derived growth factor
Ibeta palypeptide [(simian sarcoma viral (v-sia)
oncogene hHomolog) (PDGEB) i transcript: variant
1y mBNA

PDGEB
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mRNA Sequence

CCTGCCTGCCTCCCTGCGCACCCGCAGCCTCCCCCGCTGCCTCCCTAGGGCTCCCCTCCGGCCGCCAGCG
CCCATTTTTICATTICCCTAGATAGAGATACTTTGCGCGCACACACATACATACGCGCGCAAAAAGGAAARAR
AAAAAAAAARAGCCCACCCTICCAGCCTICGCTGCAAAGAGAAAACCGGAGCAGCCGCAGCTCGCAGCTICGC
AGCTCGCAGCCCGCAGCCCGCAGAGGACGCCCAGAGCGGCGAGCGGGCGGGCAGACGGACCGACGGACTC
GCGCCGCGTCCACCTGTCGGCCGGGCCCAGCCGAGCGCGCAGCGGGCACGCCGCGCGCGCGGAGCAGLCCG
TGCCCGCCGCCCGGGCCCCGCGCCAGGGCGCACACGCTCCCGCCCCCCTACCCGGCCCGGGCGGGAGTTT
GCACCTCTCCCTIGCCCGGGTGCTCGAGCTGCCGTTGCAAAGCCAACTTTGGAAAAAGTTITITIGGGGGAG
ACTTGGGCCTTGAGGTGCCCAGCTCCGCGCTTTCCGATTTTGGGGGCCTTTCCAGAAAATGTTGCAAAAA
AGCTAAGCCGGCGGGCAGAGGAAAACGCCTGTAGCCGGCGAGTGAAGACGAACCATCGACTGCCGTIGTTC
CITTICCICTITGGAGGTTGGAGTICCCCTGGGCGCCCCCACACGGCTAGACGCCTCGGCTIGGTTCGCGACG
CAGCCCCCCGGCCGTGGATGCTCACTCGGGCTCGGGATCCGCCCAGGTAGCGGCCTCGGACCCAGGTCCT
GCGCCCAGGTCCTCCCCTGCCCCCCAGCGACGGAGCCGGGGCCGEGGEGGCEGECGEGCGCCCEGGGGCCATGC
GGGTGAGCCGCGGCTGCAGAGGCCTGAGCGCCTGATCGCCGCGGACCCGAGCCGAGCCCACCCCCCTCCC
CAGCCCCCCACCCTGGCCGCGGGGGLCGGCGCGCTCGATCTACGCGTCCGGGGCCCCGCGEGGLCCGGGCCC
GGAGTICGGCATGAATCGCIGCTGGGCGCICTITCCTGTICICTCTIGCTIGCTACCTGCGTCTGGTCAGCGCCG
AGGGGGACCCCATTCCCGAGGAGCTTTATGAGATGCTGAGTGACCACTCGATCCGCTCCTTTGATGATCT
CCAACGCCTGCTGCACGGAGACCCCGGAGAGGAAGATGGGGCCGAGTTGGACCTGAACATGACCCGCTCC
CACTCTGGAGGCGAGCTGGAGAGCTTGGCTCGTGGAAGAAGGAGCCTGGGTTCCCTGACCATTIGCTGAGC
CGGCCATGATCGCCGAGTGCAAGACGCGCACCGAGGTGTTCGAGATCTCCCGGCGCCTCATAGACCGCAC
CAACGCCAACTTICCIGGTGTGGCCGCCCTIGTGTGGAGGTGCAGCGCTGCTCCGGCTGCTGCAACAACCGC
AACGTGCAGTGCCGCCCCACCCAGGTGCAGCTGCGACCTGTCCAGGTGAGAAAGATCGAGATTGTGCGGA
AGAAGCCAATCTTTAAGAAGGCCACGGTGACGCTGGAAGACCACCTGGCATGCAAGTGTGAGACAGTGGC
AGCTGCACGGCCTGTGACCCGAAGCCCGGGGGGTTCCCAGGAGCAGCGAGCCAAAACGCCCCARACTCGG
GTGACCATTCGGACGGTGCGAGTCCGCCGGCCCCCCAAGGGCAAGCACCGGAAATTCAAGCACACGCATG
ACAAGACGGCACTGAAGGAGACCCTTGGAGCCTAGGGGCATCGGCAGGAGAGTGTGTGGGCAGGGTTATT
TAATATGGTATTTGCIGTATTIGCCCCCATGGGGTCCTTGGAGTGATAATATTGTTTCCCTCGTCCGICTG
TCTCGATGCCTGATTCGGACGGCCAATGGTGCTTCCCCCACCCCTCCACGTGTCCGTCCACCCTTCCATC
AGCGGGTCTCCTCCCAGCGGCCTCCGGCGTCTTGCCCAGCAGCTCAAGAAGAAAAAGAAGGACTGAACTC
CATCGCCATCTICTTCCCTITAACTCCAAGAACTTGGGATAAGAGTGTGAGAGAGACTGATGGGGTCGCTC
TTTGGGGGAAACGGGCTCCTTCCCCTGCACCTGGCCTGGGCCACACCTGAGCGCTGTGGACTGTCCTIGAG
GAGCCCTGAGGACCTCTCAGCATAGCCTIGCCTGATCCCTGAACCCCTGGCCAGCTCTGAGGGGAGGCACC
TCCAGGCAGGCCAGGCTGCCTCGGACTCCATGGCTAAGACCACAGACGGGCACACAGACTGGAGAAAACC
CCTCCCACGGTGCCCAAACACCAGTCACCTCGTCTCCCTIGGTGCCTICTIGTGCACAGTGGCTICTTTTCGT
TTTCGTTTTGAAGACGTGGACTCCTICTITGGTIGGGTIGTGGCCAGCACACCAAGTGGCTGGGTGCCCTCTCA
GGTGGGTTAGAGATGGAGTTTGCTGTITGAGGTGGCTGTAGATGGTGACCTGGGTATCCCCTGCCTCCTIGC
CACCCCTTCCTCCCCACACTCCACTCTGATTCACCTCTTCCTICIGGTTCCTTTCATCTCTCTACCTCCAC
CCTGCATTTTCCTICTTIGTCCTGGCCCTTCAGTCTGCTCCACCAAGGGGCTCTTGAACCCCTTATTAAGGC
CCCAGATGATCCCAGTCACTCCTCTICTAGGGCAGAAGACTAGAGGCCAGGGCAGCAAGGGACCTGCTCAT
CATATTCCAACCCAGCCACGACTGCCATGTAAGGTTGTGCAGGGTGTGTACTGCACAAGGACATTIGTIATG
CAGGGAGCACTGTTCACATCATAGATAAAGCTGATTTGTATATITATTATGACAATTTICTGGCAGATGTA
GGTAAAGAGGAAAAGGATCCTTTTCCTAATTCACACAAAGACTCCTTGTGGACTGGCTGTGCCCCTIGATG
CAGCCTGTGGCTTGGAGTGGCCAAATAGGAGGGAGACTGTGGTAGGGGCAGGGAGGCAACACTGCTGTCC
ACATGACCTCCATTTICCCAAAGTCCICIGCTCCAGCAACTGCCCTTCCAGGTIGGGTGTGGGACACCTIGGG
AGAAGGTCTCCAAGGGAGGGTGCAGCCCTICTITGCCCGCACCCCTCCCTIGCTTIGCACACTTCCCCATCTTT
GATCCTTICTGAGCTCCACCTCTGGTGGCTCCTCCTAGGAAACCAGCTCGTGGGCTGGGAATGGGGGAGAG
AAGGGAAAAGATCCCCAAGACCCCCTGGGGTGGGATCTGAGCTCCCACCTCCCTTICCCACCTACTGCACT
TTCCCCCTTCCCGCCTTCCAAAACCTGCTTCCTTCAGTTTGTAAAGTCGGTGATTATATTTTTGGGGGCT
TICCTTTTIATTITTTTAAATGTAAAATTTATTTATATTICCGTATTITAAAGTTIGTAAAAAAAAATAACCACA
AAACAAAACCAAATGAAAAAAAAAAAAAARAAA (SEQ ID NO: 57)

Translated protein sequence

MNRCWALFLSLCCYLRLVSAEGDPIPEELYEMLSDHSIRSFDDL
ORLLHGDPGEEDGAELDLNMTIRSHSGGELESLARGRRSLGSLTIAEPAMIAECKTIRTE
VFEISRRLIDRTNANFLVWPPCVEVQRCSGCCNNRNVQCRPTQVQLRPVQVRKIEIVR
KKPIFKKATVTLEDHLACKCETVAAARPVIRSPGGSQEQRAKTPQTRVT IRTVRVRRP
PKGKHRKFKHTHDKTALKETLGA (SEQ ID NO: 58)

PHOSPHO2 | 4 Homo sapilens: phosphatase; “orphan Z: (PHOSPHOZ):
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mRNA Sequence

AACAAGGGAGGTGCTGCAGTIGGCGGTCGGGCTAGAGAAGAGAGGCGCCIGCGCTIGCGAGCIGGGCTTG
TGAGTGGGGCTGCCGAGAGGGCAGGCGTGGGGCGAGGCCAAAGGACTGAACCCGCAGGAGCGTICACGGGL
GCCGGGGCGGCTGCCGACGGCGGGACTGGGTTTTCTATCAGATGTTCCACGTAATAATGCTGGAGTTAAG
AAGTTTCCATTATTTTGCTCCAAACCAGAAGACTCTGTTICCCTGTATATAGAATAGGAGTAATATTTGAA
AACAACTGGCTIGATGTTTAAAACTGAAGATTGICATGATTGTTTATCCTAATCCCAATGCTGAAGTAAGA
TIGTCTTGGAAATACTAAGTTGGGGTAATCCAAATCTATTTCTIGGAACCATGAAAATTTTIGCTAGTTITTT
GACTTTGACAATACAATCATAGATGACAATAGTGACACTTIGGATTGTACAATGTGCTCCCAACAAAAAGC
TTCCTATTGAACTACGTGATTCTTATCGAAAAGGATTTIGGACAGAATTTATGGGCAGAGTCTTTAAGTA
TTTGGGAGATAAGGGTGTAAGAGAACATGAAATGAAAAGAGCAGTGACATCATTGCCTTTCACTCCAGGG
ATGGTGGAACTCTTICAACTTTATAAGAAAGAATAAGGATAAATTTGACTGCATTATTATTTCAGATTCAA
ATTCGGICTTCATAGATTIGGGTTTTAGAAGCTGCCAGTTITTCATGACATATTIGATAAAGTGTITTACAAA
TCCAGCAGCTTTITAATAGCAATGGTCATCTCACTGTTGAAAATTATCATACTCATTCTTGCAATAGATGC
CCAAAGAATCTTTGCAAAAAGGTAGTTTTGATAGAATTTGTAGATAAACAGTTACAACAGGGAGTGAATT
ATACACAAATTIGTTITATATTIGGTGATGGIGGAAATGATGTCTIGTCCAGTCACCTTITTAAAGAATGATGA
TGTTGCCATGCCACGGAAAGGATATACCTITACAGAAAACTCTTITCCAGAATGTCTCAAAATCTTIGAGCCT
ATGGAATATTCTIGTITGTAGTTITIGGTCCTCAGGIGTTIGATATAATTICTCATTTACAATTICTAATARAGG
ATTAATATGTCAGCAAAAAAAAAAAAAAA (SEQ ID NO: 59)

Translated protein sequence

MKILLVFDEDNTIIDDNSDTWIVQCAPNKKLPIELRDSYRKGEW
TEFMGRVFKYLGDKGVREHEMKRAVT SLPF TPGMVELFNFIRKNKDKFDCIIISDSNS
VFIDWVLEAASFHDIFDKVFTNPAAFNSNGHLTVENYHTHSCNRCPKNLCKKVVLIEF
VDKQLQOGVNYTQIVYIGDGGNDVCPVTFLKNDDVAMPRKGYTLOKTLSRMSQNLEPM
EYSVVVWSSGVDIISHLQFLIKD (SEQ ID NO: 60)

PSENEN

Homo isaplens pregenilin: enhancer 2 homolog
elegans) (PSENEN);  mBNA

(.

mRNA Sequence

CTCGCCCARAGAAGACTACAATCTCCAGGGAAACCTGGGGCGTCTCGCGCAAACGTCCATAACTGAAAGT
AGCTAAGGCACCCCAGCCGGAGGAAGTGAGCTCTCCTIGGGGCGTGGTIGTITCGTGATCCTTGCATCIGTT
ACTTAGGGTCAAGGCTTGGGTCTTGCCCCGCAGACCCTTGGGACGACCCGGCCCCAGCGCAGCTATGAAC
CTGGAGCGAGTGTCCAATGAGGAGAAATTGAACCTGTGCCGGAAGTACTACCTGGGGGGGTTIGCTTTICC
TGCCTTTTCTICTIGGTIGGTICAACATCTITCIGGTITCTTCCGAGAGGCCTTCCTTIGTCCCAGCCTACACAGA
ACAGAGCCAAATCAAAGGCTATGTCTGGCGCTCAGCTGTGGGCTTCCICTITICTGGGTGATAGTGCTCACC
TCCTGGATCACCATCTITCCAGATCTACCGGCCCCGCTGGGGTGCCCTTIGGGGACTACCTCTCCTTCACCA
TACCCCTGGGCACCCCCTGACAACTTCTGCACATACTGGGGCCCTGCTTATTICTCCCAGGACAGGCTCCT
TAAAGCAGAGGAGCCTGTICCTGGGAGCCCCTTCTCAAACTCCTAAGACTTGTTTTCATGTICCCACGTICT
CTGCTGACATCCCCCAATAAAGGACCCTAACTTTCAAAAAAAARAAAAA (SEQ ID NO: 61)

Translated protein sequence

MNLERVSNEEKLNLCRKYYLGGFAFLPFLWLVNIFWFFREAFLV

PAYTEQSQIKGYVWRSAVGFLFWVIVLTSWITIFQIYRPRWGALGDYLSFTIPLGTP (SEQ ID NO: 62)

Hom SATB homeobox 1 (SATBI)

mRNA Sequence

TTTCTCGCTCGCTCCCGTTCCCCGGACGCGGCGGATGAGCCGGCCCCGCTIGGGGAAGGCTCCGGGLGGLG
GCGGGCGGCCGGGAGGAGGCTGCGTGCTCGGGGCTGGGGCTGCGAGCGGGGTGATTTTGTATTAAAATGA
GGAGGAGGAAGAAGAGGCACCCACAGCGGCAGCGGCGGCGGCGEGCGGCAGCAGCAGCAGGAGCAGCGGCG
GAGAGGGCTGCAGCCCGGGCGGACGCGCGGAGCCGAGCGGGGCACGGCGGCGGCAGCGACAGCGGCCGGG
ATGAGTCAACTAATAATTTAATGGGGGCAGAGACGGCAGCGAGGGGTAGAGCTAGCGAGGGAGAGAGCGA
GAGAAGCAGCCCCGTICCGGGGACTCGCGCTCACACTCACGCACACACACAAACACACACACACCTICTCCC
TGTGCCACCCAGCAACACCCGGCCTCGTCACAACAACAACAGCCGCGGCCGCCCTCTATCCTGCCCGGGG
GCCCAGCCGAAAGCCAGGGCGACTCTAGAGGACGCTGCCCGCCCCCCTCTTITCATTTCGGGAAACTCCTG
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ATCAGTTTITGICGGGGTTICTGGGTTTICTTTTCCCCCAAAGTCCTAGTGCCATTGTIGGTGCTCGTTIGTTT
ACCTCGGACTCIGGACGAGTGAGAGCTTGGCGACTTTTTGGGGGGAGGGGGCGGGGAGTTTGTICGCTIGCC
TAGGCGGTGGAGGTGGCTGGGGGTGCCTICTGATCTTCCTCCTCCTCCCCCTCCCCCCGAACCTICTICTC
TCCTCACTTGCTIGGGACCCCAGACGCTCACAGCCCCGCGTCAATGGGCAGGGAGAGGGTCCTIGCGGCTG
TTGTCAGCGAGGGCAGAATCAAAAGTGGCATTTITAGTGCCTTTCCGGGGCTTTTICTCGCGACCCCCTIGCC
CCCCACCCTICGCTGTICCCCCGCTAGATGCCCTCGTTGGGGGTGCGAGGCTGTGGGGAAAAGTTTAAGGTT
TGTTAATATTAGTCGCGATTGTTGGCGAGGGGGGTGGGGGTGATTGGAAGGGAGGCGAGGTGGCCTICCC
AATGCGCGTTATTCGGGGTTATTGAAGAATAATATTGCAAGTGACAGCCAGAAGTAGACTTTCTIGICCTC
ACACCGAAGAACCCGAGTGAGCAGGAGGGAGGGAGAGACGCGAAGAGACCTTTITTTCCTTITTIGGAGACC
TTGTCCGCAGTGATTTITTITTITTTTTAAGAGAATCCTCAGTCACCACGTCGTTTICCCCAGCACCATCACA
GTGTACAGCTCATAACGGGTTTTIGCTTTGTTTTTACGATTTCCCCCCAACGAATCACTTIGTCAGATCAAT
TTTATCTTICTTICCTCCTCCCTIGCTTCCCACTCTCCCCTCCTCCCCATCGCAAACCCTGTICTCTGAGGTT
AGACATTTTACAAACCCCTATATGTTIGGITTTICGAATTGTIGATTTTITTTITTAAACCCCTTTCTCATGGC
TACTCTTCTAGACGTTITATTTCTIGCCCTITCCCCCGCTTAGGGGGGCGGGGGTAGGGGAAAGGAAAATAAT
ACAATTTCAGGGGAAGTCGCCTTCAGGTICTGCTGCTTTTITTATITITTITITTITITAATTAAAAAAAAAAA
GGACATAGAAAACATCAGICTTGAACTTCICTTCAAGAACCCGGGCTGCAAAGGAAATCTCCTTIGTTITT
TGTTATTTATGIGCTGTCAAGTTTTGAAGTGGTIGATCTTITAGACAGTGACTGAGTATGGATCATTTGAAC
GAGGCAACTCAGGGGAAAGAACATTCAGAAATGTCTAACAATGTGAGTGATCCGAAGGGTCCACCAGCCA
AGATTGCCCGCCTGGAGCAGAACGGGAGCCCGCTAGGAAGAGGAAGGCTTIGGGAGTACAGGTGCAARAAT
GCAGGGAGTGCCTTTAAAACACTCGGGCCATCTGATGAAAACCAACCTTAGGAAAGGAACCATGCTGCCA
GITTICTGIGTGGTGGAACATTATGAAAACGCCATTGAATATGATTGCAAGGAGGAGCATGCAGAATTTG
TGCTGGTGAGAAAGGATATGCTTTTCAACCAGCTGATCGAAATGGCATTGCTGICTCTAGGTTATTCACA
TAGCTCTGCTGCCCAGGCCAAAGGGCTAATCCAGGTTGGAAAGTGGAATCCAGTITCCACTGTCTTACGTG
ACAGATGCCCCTGATGCTACAGTAGCAGATATGCTTCAAGATGTGTATCATGTGGTCACATTGAAAATTC
AGTTACACAGTITGCCCCAAACTAGAAGACTTGCCTCCCGAACAATGGTCGCACACCACAGTGAGGAATGC
TCTGAAGGACTTACTGAAAGATATGAATCAGAGTTCATIGGCCAAGGAGTIGCCCCCTTTCACAGAGTATG
ATTTCTTICCATTGTIGAACAGTACTTACTATGCAAATGTCTCAGCAGCAARATGTCAAGAATTTIGGAAGGT
GGTACAAACATTTCAAGAAGACAAAAGATATGATGGTITGAAATGGATAGTCTTTICTGAGCTATCCCAGCA
AGGCGCCAATCATGTCAATTTTGGCCAGCAACCAGTTCCAGGGAACACAGCCGAGCAGCCTCCATCCCCT
GCGCAGCTCTCCCATGGCAGCCAGCCCTCIGTCCGGACACCTCTTCCAAACCTGCACCCTGGGCTICGTAT
CAACACCTATCAGTCCTCAATTGGTCAACCAGCAGCTIGGTGATGGCTCAGCTGCTGAACCAGCAGTATGC
AGTGAATAGACTTTITAGCCCAGCAGTCCITARACCAACAATACTTGAACCACCCTICCCCCTGICAGTAGA
TCTATGAATAAGCCTTTGGAGCAACAGGTTTCGACCAACACAGAGGTGTCTTCCGAAATCTACCAGTIGGG
TACGCGATGAACTGAAACGAGCAGGAATCTCCCAGGCGGTATTTGCACGIGTGGCTTTTARACAGAACTCA
GGGCTTGCTTTCAGAAATCCTCCGAAAGGAAGAGGACCCCAAGACTGCATCCCAGTCTTITGCTGGTAAAC
CTTCGGGCTATGCAGAATTTCTTIGCAGTTACCGGAAGCTGAAAGAGACCGAATATACCAGGACGAAAGGG
AAAGGAGCTTGAATGCTGCCICGGCCATGGGTCCTGCCCCCCTCATCAGCACACCACCCAGCCGTCCTCC
CCAGGTGAAAACAGCTACTATTGCCACTGAAAGGAATGGGAAACCAGAGAACAATACCATGAACATTAAT
GCTTCCATTTATGATGAGATTCAGCAGGAAATGAAGCGTGCTAAAGTGTCTCAAGCACTGTTTGCAAAGG
TTGCAGCAACCAAAAGCCAGGGATGGTTGTGCGAGCTGTTACGCTGGAAAGAAGATCCTTICTCCAGAAAA
CAGAACCCTGTGGGAGAACCTCTCCATGATCCGAAGGTTCCTCAGTCTTCCTCAGCCAGAACGTGATGCC
ATTTATGAACAGGAGAGCAACGCGGTGCATCACCATGGCGACAGGCCGCCCCACATTATCCATGTTCCAG
CAGAGCAGATTCAGCAACAGCAGCAGCAACAGCAACAGCAGCAGCAGCAGCAGCAGGCACCGCCGCCTICC
ACAGCCACAGCAGCAGCCACAGACAGGCCCTCGGCTCCCCCCACGGCAACCCACGGTGGCCTICTCCAGCA
GAGTCAGATGAGGAAAACCGACAGAAGACCCGGCCACGAACAAAAATTTCAGTGGAAGCCTTGGGAATCC
TCCAGAGTTTCATACAAGACGTGGGCCTGTACCCTGACGAAGAGGCCATCCAGACTCTGICTGCCCAGCT
CGACCTTCCCAAGTACACCATCATCAAGTTICTTTCAGAACCAGCGGTACTATCTCAAGCACCACGGCAAA
CTGAAGGACAATTCCGGTTTAGAGGTCGATGTGGCAGAATATAAAGAAGAGGAGCTGCTGAAGGATTTIGG
AAGAGAGTGTCCAAGATAAAAATACTAACACCCTTTITTICAGTGAAACTAGAAGAAGAGCTGICAGTIGGA
AGGAAACACAGACATTAATACTGATTITGAAAGACTGAGATAAAAGTATTTIGTITTICGTTCAARCAGTGCCAC
TGGTATTTACTAACAAAATGAAAAGTCCACCTIGICTTCICTCAGARAACCTTTIGTTGTICATIGTTITGG
CCAATGAATCTTCAAAAACTTGCACAAACAGAAAAGTTGGAAAAGGATAATACAGACTGCACTAAATGTT
TTCCTCTGTTTTACAAACTGCTTGGCAGCCCCAGGTGAAGCATCAAGGATTGTTTGGTATTAARAATTTGT
GTTCACGGGATGCACCAAAGTGTIGTACCCCGTAAGCATGAAACCAGTGTTITTIGTTITTTITTTITAGTTC
TTATTCCGGAGCCTCAAACAAGCATTATACCTICTGTGATTATGATTTCCTCTICCTATAATTATTICTGT
AGCACTCCACACTGATCTITTIGGAAACTTIGCCCCTTATTTAAAAAAAAARAAGAAARAAAAAGAGTTTGTTA
CTCTATTGTATGTTACAAAAGAACTATAGACTGTGGAATGCAGTTTAAAGATGACATATGCCAACAAATG
CCTTGTATTATATGGCACTGCCGTAATTCAAATTTGTITTTITATITTGGAAATAAAAGTTCACTGTACTTT
TTTTICATTCICATIGTITACATGATITTITAAAAAAAGGAAAAGAARATGTGAAACACAATTTAGTCCTC
ATTATTTATTIGTAGATCCTIGCAGCATCATGTIGTAATTAATTTITTGGAAGTITTICCGTTAAATGTAATA
TTGCTTCTCTIGTTACCATACTGATTICTTITTCTATTTATAAATGTATTTTIGATGGGCAGTAAAACARAGT
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GICTTAAAAGTTTTAAATAGAGAAAATGTIGCTTTACACAGTTIGCCTATAAAAAGTGCTCTATGTTATCCA
AGCAATTCATACTATAAGCTTICACTCTITATTGTITIGTATGCAATTTTTACTATCATGCAAATAAGCTTAGG
TAAATAAAACTAATAGATCACCTTAGAAAATTATGCAATTAATGTGAAAATAATTGATGTITTGCAATGTG
TCTTICCTTTGGITTACAATCAATTTTAAAGCTACATCTGTATAAAATTTCTGTATAAAGGTGTATTICTT
TTTTATGAGTTTATGGCTATGAAAACAGCTATTITTGTTACAGCTGGCTGTITTTTATAAGTGTATCACAAT
TTTCTITTATGCAGAAATGTTCTGACTAGGAGTGGTTATTIGACTGTAACTACACAATTAAAATTGTTIGTA
TCGTATGACATGGTAGGGTTIGTCTGCTTATGTGAAGTAACTAAAGGAGTCAAAGGATGGCCCTICTICATT
TAGGTGCATGTITAATAACTTGTTATTITCACTGATTTTAAAAAGAGCAATTGACAAGTTACTTGAAACACT
GTAAATTTAAATCACAAACACATGCTCATTTTTAAATAGGTATGAAATTTCACAATGAAAATAACCTGTT
TGGTTAACATTTITGCTTAATAAGTAGAGATAGGATGGTCAAAAGACTCTCCGACAAAAACAAATCCAGTC
TCTAGCAGTTATGTTGTITAGAATGGA (SEQ ID NO: 63)

Translated protein sequence

MDHLNEATQGKEHSEMSNNVSDPKGPPAKIARLEQNGSPLGRGR
LGSTGAKMQGVPLKHSGHLMKTNLRKGTMLPVFCVVEHYENAIEYDCKEEHAEFVLVR
KDMLFNQLIEMALLSLGYSHSSAAQAKGLIQVGKWNPVPLSYVIDAPDATVADMLQDV
YHVVTLKIQLHSCPKLEDLPPEQWSHTTVRNALKDLLKDMNQSSLAKECPLSQSMISS
IVNSTYYANVSAAKCQEFGRWYKHFKKTKDMMVEMDSLSELSQQGANHVNFGOQPVPG
NTAEQPPSPAQLSHGSQPSVRTPLPNLHPGLVSTPISPQLVNQOLVMAQLLNQQYAVN
RLLAQQSLNQQYLNHPPPVSRSMNKPLEQQVSTNTEVSSEIYOQWVRDELKRAGISQAV
FARVAFNRTQGLLSEILRKEEDPKTASQSLLVNLRAMONFLOQLPEAERDRIYQDERER
SLNAASAMGPAPLISTPPSRPPQVKTATIATERNGKPENNTMNINASIYDEIQQEMKR
AKVSQALFAKVAATKSQGWLCELLRWKEDPSPENRTLWENLSMIRRFLSLPQPERDAT
YEQESNAVHHHGDRPPHITIHVPAEQIQQQQOQQOQOQQQOOQAPPPPQPQQQOPOTGPRL
PPROPTVASPAESDEENRQKTRPRTKISVEALGILQSFIQDVGLYPDEEATIQTLSAQL
DLPKYTIIKFFQNQRYYLKHHGKLKDNSGLEVDVAEYKEEELLKDLEESVQDKNTNTL
FSVKLEEELSVEGNTDINTDLKD (SEQ ID NO: 64)

SNXLL

Homo Sapiens sorting nexin L1 SNXI1Ly,
transcript variant: 27 mRNA

mRNA Sequence

CCGGCGTCCCAAGTGAGTGGAGGGGGGATCCCGACTCCAGTCCGGGGCCTTGGCCAGCGGAGCCGCGCTA
TTCGGAAGCGGGAATCCCACTCAGAGCCCGGGCCTGTAGGGGCGGGEGCGTICCCGGGCACCCGGGATIGGG
GCGTCTCCCGTCGTGCACCGGGGCACCGGCGACTCACCCGGAAGGAGAAGCCGTGATCTIGGCTATATGGT
GGGGCGCGGGCGGTGICGCTGTGGGGAGCTGGTGCTGTTCTCAGATGTITTCCTTICCAATGGGCTITTGGT
GTAGGATGTCGGAGAACCAAGAACAGGAGGAGGTGATTACAGTIGCGTGTTCAGGACCCCCGAGTGCAGAA
TGAGGGCTCCTIGGAACTCTTATGTGGATTATAAGATATTCCTCCATACCAACAGCAAAGCCTTTACTGCC
AAGACTTCCTGTIGTIGCGGCGCCGCTACCGTGAGTTCGTGTIGGCTGAGAAAGCAGCTACAGAGARATGCTG
GITTGGTGCCTGTTCCTGAACTTICCTIGGGAAGTCAACCTTICTTICGGCACCTCAGATGAGTTCATTGAGAA
GCGACGACAAGGTCTIGCAGCACTTCCTTGAAAAGGTCCTGCAGAGTGTGGTITCTCCTGTCAGACAGCCAG
TTGCACCTATTCCTGCAAAGCCAGCTCTCGGTGCCTGAGATAGAAGCCTGTGTCCAGGGCCGAAGTACCA
TGACTGTGTCIGATGCCATTCTTCGATATGCTATGTCAAACTGTGGCTGGGCCCAGGAAGAGAGGCAGAG
CICTICTCACCIGGCTAAAGGAGACCAGCCTAAGAGTTGCTIGCTITTCTTCCAAGATCGGGTAGGAGGAGC
TCTCCCTCACCGCCTCCCAGTGAAGARAAGGACCATTTAGAAGTGIGGGCTCCAGTTGTIGACTCTIGAGG
TTCCTTCCTTGGAAAGTCCCACTCTCCCACCCCTCTCCTCACCATTATGCTGTGATTTTGGAAGACCCAA
AGAGGGAACCTCCACTCTTCAGTCTGTGAGGAGGGCTGTGGGAGGAGATCATGCTGTGCCTTTGGACCCT
GGTCAGTTAGAAACAGTTTITGGAAAAGTGAGCTICTGGGTICTGCTCTGAGATGGTCAGAGAAGATGCGGG
CCAGGAGACTTACTCAGGTGGGACTGGGCACAGGGCAGGTATGTGGGAGGCTGGGCTGCTTAGTGTCTIC
TAGTCACCTCTIGCTTGGGCTGATTGACAGAGGTCAGTCATTACAGCCCCTITATGCCTCTTICCATGGGAAC
AAATACTGTGCAGATGTTTGTAAGTTAAACATAAGACACAGGGGCTGTTGCTTTTGAACAGAACCCTATA
TTACTCTCCTGGGATCTGAGTTTCTGCAGGTCATTTGTATGTAGGACCAGGAGTATCTCCTCAGGTGACC
AGTTTTGGGGACCCGTATGTGGCAAATTCTAAGCTGCCATATTGAACATCATCCCACTGGGAGTGGTTAT
GTITGTATCCCCATCTIGGCTGGCTTCAGTTTITTIGCTGTAGCCCTAGAGCACTTIGTTTIGTGGGAGGCTGG
CCTCTTGCCTACCTCCTTGCATGGACAGGGGGATGAATATTTACTTTCCCACCTCCTIGCTTTTICTTITC
ACTGATACCACTGAATGGAACTGGTGCTGTGACTCCTGCTGCTGGGGATTITATGTCCCGAGACCTTAGCC
TGGCTGAGTGGAGCCTGAGACCTGCACAACAGCTCATGGTCATGCATGAGAGAGAAGTGGCTGGCCACAG
CCAGAGGGAACAGTAACAGCCCAGGGGCCTTITATTTIGGGAAAGGCTGTCCCGGGCTGTTACTGICTCTT
CTGGTTATAAAGCAGACATGTGGCCATCTTTITCCGCAGGGTTAGAGTGGGCTCCTTTICTTTTTGGAATCC

82
SUBSTITUTE SHEET (RULE 26)




WO 2012/129100 PCT/US2012/029479

TTTTCITCTCCTTIGGTAGCAGCTCCCTGCCTCCAGGGCTTCCGCCACCAGCGTCTCTGCTGTGTTGCGC
AGTGCAGTGGGGTGCAAGGGCTTTGTTTCTGCCTGCCTGAAAGAGAGGGCTCTGGGGATGGAGATGAGAR
ACAACACGCTCTCCTTCAGACAATGAGGCATTCTGTCCTCCTGCTGCCATTCTTCATC TCCACTGAGAGC
CAGAGCTGGTAGGAGCCGAGTGCCACAGGCATTCTGCATTGCTCTACTCTTAGGTTTGTGTGTGTGATCC
TTCCCCTCCCTGTCGCCCACTCCTCCCTCCTCTGGCTATCCTACCCTGTCTGTGGGCTCTTTTACTACCA
GCCTATGCTGTGGGACTGTCATGGCATT TAGT ICAGAGTGGAGGGGCTTTGGCCTGAAATAAAATGCAAG
TATTT (SEQ ID NO: 65)

Translated protein sequence

MGFWCRMSENQEQEEVITVRVQODPRVONEGSWNSYVDYKIFLHT

NSKAFTAKTSCVRRRYREFVWLRKQLORNAGLVPVPELPGKSTFFGTSDEF IEKRRQG
LOHFLEKVLQSVVLLSDSQLHLFLQOSQLSVPEIEACVQGRSTMIVSDAILRYAMSNCG
WAQEERQSSSHLAKGDQPKSCCFLPRSGRRSSPSPPPSEEKDHLEVWAPVVDSEVPSL

apTAL

ESPTLPPLSSPLCCDFGRPKEGTS TLQSVRRAVGGDHAVPLDPGQLETVLEK (SEQ ID NO: 66)

Homoisapiens spectrin; alpha

telliptocytosis 2] (SPTAL): mRNA

NM 002126

mRNA Sequence

TATGTCTTICTAAAGATAATGTCGATTGTGTATGGCTGATGGGATTCTAGGACCAAGCAAGAGGTTTTITTT
TTTTCCCCCACATACTTAACGTITTCTATATTICTATTTGAATTICGACTGGACAGTTCCATTTGAATTATT
TCTCICTICTCICTCTICTICTGACACATTITTATCITGCCAGGTTCTAAACCTTTAGGAAAAATGGAGCAATT
TCCAAAGGAAACCGTTIGTIGGAGAGCAGTGGGCCAAAGGTTTTGGAAACAGCAGAAGAGATCCAGGAGAGG
CGTCAGGAAGTGTTGACTCGGTATCAAAGTTTCAAGGAGCGGGTCGCTGAGAGGGGTCAGAAGCTTGAGG
ATTCCTATCACTTACAAGTTTTCAAGCGAGATGCAGATGATCTGGGGAAGTGGATCATGGAGAAAGTCAA
TATCTTAACCGATAAGAGCTATGAAGACCCAACTAATATACAGGGGAAATATCAGAAGCATCAATCCCTT
GAAGCAGAGGTGCAAACAAAATCAAGACTCATGTICTGAACTGGAAAAAACAAGGGAAGAACGATTITACCA
TGGGTCATTCTIGCCCACGAAGAAACGAAGGCCCATATAGAGGAGCTACGCCACCTGTGGGACCTIGCIGTT
AGAGCTGACCCTGGAGAAGGGTGACCAGTITGCTIGCGGGCCCTGAAGTTCCAGCAGTATGTACAGGAGTGT
GCTGACATCTTAGAGTIGGATTGGAGACAAGGAGGCTATAGCGACATCAGTGGAGCTAGGTGAAGACTGGG
AGCGCACCGAAGTTICTGCATAAGAAATTTGAAGACTTCCAAGTGGAGCTGGTAGCTAAAGRAAGGGAGAGT
TGTTGAAGTGAACCAATATGCCAATGAGTIGTGCCGAGGAAAACCATCCTGACCTACCCTTAATTCAGTCT
AAGCAAAATGAGGTGAATGCTIGCCTGGGAGCGCCTTICGTIGGTTTGGCTCTCCAGAGACAGAAAGCTCTGT
CCAATGCTGCAAACTTACAACGATTCAAAAGGGATGTGACTGAAGCCATCCAGTGGATCAAGGAGAAGGA
ACCTGTACTCACCICTGAGGACTATGGCAAAGACCTTGTITGCCTCTIGAAGGACTGTTTCACAGTCACAAG
GGACTTGAGAGAAATCTTGCTGTICATGAGTGACAAGGTGAAGGAGTTATGTGCTAAAGCAGAGAAGCTGA
CACTTTCCCATCCTTCAGATGCACCTCAGATCCAGGAGATGAARAGAAGATCTGGTCTICCAGCTGGGAGCA
TATTCGTGCCCTIGGCCACCAGCAGATATGAARAACTGCAGGCTACTTATTIGGTACCATCGATTITTCATCT
GACTTTGATGAACTCTICAGGCTGGATGAACGAGAAGACTGCTGCGATCAATGCTGATGAGCTGCCAACAG
ATGTGGCTGGTIGGAGAAGTTCTGCTGGACAGGCATCAGCAGCATAAGCATGAGATTGACTCTTACGATGA
CCGATTTCAATCTGCIGATGAGACTGGTCAAGACCTCGTGAATGCCAATCATGAAGCCTCTGATGAAGTT
CGGGAAAAGATGGAAATACTTGACAACAACTGGACTGCCCTGCTGGAACTGTGGGACGAGCGTCATCGTC
AGTATGAGCAGTGCTTGGACTTTCATCTCTTCTACAGAGACAGTGAGCAAGTGGACAGTIGGATGAGTAG
ACAAGAGGCCTTCCTGGAAAACGAGGATCTGGGAAACTCACTGGGCAGTGCAGAAGCCCTTCTTCAGAAG
CATGAAGACTTIGAGGAAGCCTTITACTGCCCAGGAAGAGAAGATCATAACTGTAGACAAGACTGCAACCA
AATTGATTGGTIGATGACCATTATGATTCAGAGAACATCAAGGCTATCCGIGACGGGCTGTITAGCCCGGLG
GGATGCCCTACGTGAAAAGGCTGCCACTAGACGTAGATTGCTGAAGGAGTCATTIGCTTICTGCAAAAACTG
TATGAGGACTCAGATGACCTAAAGAACTGGATCAACAAGAAGAAAAAGTTGGCAGATGATGAAGATTACA
AGGACATACAGAACTTIGAAGAGCAGGGTICAAAAGCAGCAAGTCTTTGAAAAGGAGTTGGCAGTTAATAA
GACCCAGCTGGAAAACATACAGAAAACTGGCCAAGAGATGATTIGAGGGTGGTCACTATGCCTCTGACAAT
GTGACCACTCGICTGAGTGAAGTTGCCAGCCTCTGGGAGGAGTTGCTGGAGGCTACAAAACAGAAAGGGA
CCCAGTTGCATGAGGCCAACCAGCAGCTGCAATTTGAAAATAATGCAGAAGATTTGCAGCGCTGGCTGGA
GGATGTTGAGTGGCAAGTCACCTCTGAGGATTATGGGAAAGGCCTGGCCGAGGTACAGAATCGACTCAGG
AAACACGGCCTCCTGGAGTCGGCTGTGGCTGCTICGTCAGGATCAGGTGGATATCCTTACAGACCTGGCTG
CATATTTTGAAGAAATAGGCCATCCTIGATTICTAAGGATATAAGGGCAAGGCAAGAGTCCTTGGTATGCCG
ATTTGAAGCTCTGAAAGAGCCACTGGCCACCCGAAAGAAGAAGCTCTTAGACCTTCTCCATCIGCAGCTG
ATTTGTAGAGACACAGAGGATGAGGAGGCCTGGATCCAAGAGACTGAACCCTCAGCTACTTCCACCTACC
TTGGAAAGGACCTGATTGCTTCCAAAAAGCTTCTGAATAGGCATAGAGTCATCCTGGAGAACATTGCCAG
CCATGAACCACGCATTICAAGAGATAACAGAAAGGGGAAACAAAATGGTAGAGGAAGGACACTTTIGCTGCA
GAAGATGTGGCCTCTAGGGTCAAGAGTTTGAACCAGAATATGGAGTCTCTCCGTGCTCGAGCTGCTAGGC
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GACAAAATGATCTTGAAGCCAATGTCCAGTTCCAGCAGTACCTGGCTGACCTGCATGAAGCAGAAACATG
GATCAGAGAGAAGGAACCTATTGTAGATAATACTAACTATGGTGCTGATGAAGAAGCAGCTGGGGCTCTT
CTAAAGAAGCATGAGGCCTTTCTATTAGATCTCAATTICATTTGGAGACAGTATGAAAGCTCTGCGGAATC
AGGCAAACGCCTGCCAGCAACAACAGGCTGCACCAGTGGAGGGAGTTGCTGGAGAACAAAGGGTCATGGC
TTTATATGACTTCCAGGCCCGCAGCCCCCGAGAAGTCACCATGAAGAAAGGTGATGTCTTAACGCTGCTC
AGTTCCATCAATAAGGACTGGTIGGAAGGTIGGAAGCTGCTGATCATCAGGGCATTIGTCCCAGCTIGTCTATG
TCAGAAGACTGGCCCACGATGAGTTCCCGATGCTCCCACAGCGGCGACGAGAAGAGCCAGGAAACATCAC
CCAGCGCCAGGAGCAGATTGAGAACCAATACCGCTCCCTCTTGGATCGGGCAGAAGAACGCAGACGTCGT
CTATTGCAACGTTATAATGAATTTTTATTGGCCTATGAGGCAGGAGACATGCTGGAATGGATTCAAGAGA
AAAAGGCAGAAAACACTGGAGTGGAACTAGATGATGTTTIGGGAGCTGCAGAAAAAGTTTGATGAGTTCCA
AAAGGATTTGAATACCAATGAGCCTCGGCTAAGGGATATCAACAAGGTAGCTGATGATCTACTATTTGAA
GGACTTCTAACACCAGAAGGAGCTCAAATCCGGCAGGAATTGAATTCCCGCTGGGGTTCTTTGCAGAGGC
TTGCAGATGAACAGCGGCAGCTGCTGGGCAGTGCCCATGCTGTTGAAGTGTTTCACAGAGRAAGCAGATGA
CACGAAGGAGCAGATTGAGAAGAAATGCCAGGCCCTCAGTGCTGCAGACCCTGGCTCAGATCTGTTCAGT
GTTCAGGCTCTTCAGCGACGGCATGAGGGCTTTGAAAGGGACCTCGTACCCCTGGGAGATAAGGTGACCA
TACTGGGGGAGACAGCAGAGCGGCTCAGTGAGTCCCATCCAGATGCCACTGAGGACCTGCAGAGACAGAA
AATGGAGCTGAATGAGGCCTGGGAAGACCTGCAGGGGCGTACAAAGGATCGTAAGGAGAGCCTAAATGAG
GCCCAGAAATTCTACCTGTITCCTICAGCAAGGCCAGGGATCTGCAGAACTGGATCAGTAGCATTGGTGGCA
TGGTATCATCACAGGAGCTGGCCGAAGACTTAACTGGCATAGAGATCTTGCTGGAGAGACATCAGGAGCA
CCGTGCTGACATGGAGGCAGAGGCTCCCACCTTICCAGGCCTTAGAGGACTICAGTGCAGAACTTATCGAC
AGTGGGCACCATGCTAGCCCTIGAAATTGAAAAAAAGCTTCAAGCTGTCAAGCTAGAGAGAGATGATTITGG
AGAAGGCTTGGGAAAAACGCAAGAAGATCCTAGACCAGTGCCTGGAGTTGCAGATGTTCCAGGGGAACTG
TGATCAAGTTGAGAGCTGGATGGTGGCACGTGAGAATTCCCTGAGGTCAGATGACAAAAGTTCCTTAGAC
AGTCTGGAGGCTTTGATGAAGAAACGGGACGATTTGGACAAAGCAATCACTGCCCAGGAAGGGAAGATCA
CTGACCTAGAACATTITGCTGAGAGCCTCATTGCTGATGAACACTATGCCAAAGAAGAGATTGCTACGCG
GCTCCAACGTGTACTAGACAGGTGGAAGGCTCTCAAAGCACAACTGATTGATGAGCGGACAAAGCTTGGA
GACTATGCCAACCTAAAACAATTCTACCGAGACCTTGAGGAGCTGGAAGAATGGATCAGTGAGATGCTGC
CCACAGCCTGTGATGAATCCTACAAAGACGCCACTAACATTCAGAGGAAATACCTGAAACACCAGACCTT
TGCACATGAAGTCGATGGCCGATCTGAGCAGGTGCATGGCGTCATCAACCTGGGGAACTCCCTGATTGAG
TGTAGCGCTTGIGATGGCAATGAAGAGGCCATGAAGGAGCAACTGGAACAGCTGAAGGAACATTIGGGATC
ATCTGCTTGAGAGAACAAATGACAAAGGGAAGAAGCTCAATGAGGCCAGTICGTCAACAGAGGTTCAACAC
AAGCATCCGGGACTTTGAGTICTGGCTCTICAGAGGCAGAGACATTGCTGGCCATGAAAGATCAGGCCAGG
GACTTGGCTTCAGCAGGAAACCTACTCAAGAAGCATCAGCTATTGGAGAGAGAGATGTIGGCTCGAGAGG
ATGCACTCAAGGACCTGAATACATTGGCTGAAGATTTGCTCTCCAGCGGGACTTTCAACGTTGATCAGAT
TGTGAAGAAAARAGATAATGTCAACAAGCGTTICCTGAATGTCCAAGAATTGGCAGCTGCACACCACGAA
AAATTGAAAGAGGCCTATGCCTITGTTCCAGTICTTCCAGGATCTAGATGATGAGGAATCCTIGGATAGAGG
AGAAGTTGATACGAGTGAGCTCCCAGGACTATGGGAGAGATCTTCAGGGGGTTICAGAACTTGCTGAAGAA
GCACAAACGCCTAGAGGGGGAGCTGGTGGCCCATGAGCCTGCCATCCAGAATGTGCTGGATATGGCAGAG
AAGCTGAAAGACAAGGCTGCIGTGGGGCAAGAGGAGATCCAGTTGCGGCTIGGCTCAGTTIGTIGAACACT
GGGAGAAGCTCAAAGAGTTIGGCCAAGGCCCGAGGACTTAAGTTIGGAAGAATCCCTAGAATACTTGCAATT
CATGCAGAATGCTGAGGAAGAGGAAGCTTGGATCAATGAAAAGAATGCTTTIGGCTGTCCGAGGAGATIGT
GGAGATACATTAGCTGCTACTCAGAGCTTGCTAATGAAGCATGAAGCTTTGGAAAATGACTTTGCTGTICC
ATGAGACCCGAGTACAAAATGTGTGTGCACAAGGAGAAGACATCCTAAATAAGGTGTTGCAGGAGGAAAG
TCAGAACAAAGAGATTTCTTCCAAGATAGAGGCTCTGAATGAAAAGACCCCTICTCTGGCTAAGGCAATA
GCTGCTTGGAAGTTGCAATTGGAAGACGATTATGCCTITTCAGGAATTCAACTGGAAGGCTGATGTIGGTAG
AGGCTTGGATAGCTGATAAGGAAACAAGCCTAAAGACCAATGGCAATGGTGCAGACCTTGGTGACTICCT
CACTCTTCTGGCAAAACAGGACACTCTGGATGCCAGTICTGCAGAGTTTCCAGCAAGAGAGACTTCCCGAG
ATCACTGACCTGAAGGACAAACTGATTTCTGCTCAACACAACCAGTCTAAAGCCATTGAAGAGCGTTATG
CCGCTCTGCTGAAGCGCTGGGAACAGTTGCTGGAAGCCTCGGCAGTCCACAGACAGAAATTGCTGGAGAA
ACAGCTGCCTCTACAGAAGGCTGAGGACCTGTTCGTIGGAATTTIGCACATAAGGCTTCAGCTTTGAACAAC
TGGTGTGAAAAGATGGAAGAAAACTTIGTCAGAGCCTGTGCACTGTGTCTCCCTGAATGAAARTTCGGCAGC
TGCAGAAAGACCATGAGGACTTCTTGGCCTCCCTGGCTAGGGCTCAAGCAGACTTTAAATGTTTGCTGGA
GCTAGACCAGCAGATTAAGGCCTTAGGTGTGCCTTCCAGCCCTTATACCTGGTTAACAGTGGAGGTGCTG
GAAAGGACCTGGAAGCACCTATCTGACATCATTGAGGAACGGGAGCAGGAGCTGCAAAAGGAAGAGGCAA
GACAGGTCAAGAACTTITGAGATGTGICAGGAGTTTGAACAGAATGCCAGTACCTTICCTTICAATGGATCCT
GGAAACCAGGGCTTACTTICTGGATGGATCATTGCTCAAAGAAACAGGAACTCTGGAATCTCAGCTGGAA
GCAAATAAAAGAAAACAGAAGGAGATCCAGGCGATGAAGCGTCAACTAACCAAGATTGTGGACCTGGGGG
ACAACTTGGAAGACGCTICTGATCCTTGATATCAAATACAGCACCATTGGATTGGCTCAGCAGTIGGGACCA
GCTCTACCAGCTITGGGTTGCGGATGCAACACAACCTGGAGCAACAGATCCAGGCCAAGGACATCAAAGGT
GTGAGTGAAGAGACTCTAAAGGAATTTAGCACAATCTATAAACACTTTIGATGAGAATTTIGACAGGGCGCC
TGACTCACAAAGAGTTCCGGTCCTGCCTGAGAGGACTCAATTACTACTTGCCCATGGTGGAGGAGGATGA
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ACATGAGCCCAAGTTIGAGAAGTTCCTIGGATGCTIGTGGATCCAGGGAGGAAGGGCTATGICTCACTGGAG
GACTATACTGCTTTICCTIGATTGACAAGGAGTCAGAAAACATCAAGTCCAGTGATGAAATAGAGAATGCCT
TCCAAGCCCTGGCAGAGGGCAAGTCATATATTACCAAAGAAGACATGAAGCAGGCCCTTACCCCAGAGCA
AGTGTCATTCIGTGCCACACATATGCAGCAATATATGGACCCACGGGGTCGAAGCCATCICTCTGGCTAT
GACTACGTTGGCTTCACCAATTCCTACTTTGGCAACTAATAAGCAGCTCCTCGTGGATCGTAGAAAATCT
TAGTGTCGTGGGAAATTTACTGGGGGGCAAAGAGTACAGGCAAATGTGGAAGATAAAGATGGCCTCGTGT
GIGTIGTIGIGIGIGTGIGTIGIGIGTGIGTIGIGCTIGTGTTIGTGTIGCATATTACATTTATTGTAGGATCTT
AAAAAATCTCAAGGGTGGGAGATAGAAAGGTTAATAGAGTTGGAGGAGTGGAAGCTATTTTGTATGCAAC
TAGTCACTGCTGAGGGGTGTCAAAGTTTCTATITTTATTTIGTTICTGTTTIGCACGTCTTTATCATTTITGC
TTTATTCCGATTATAGAATAAAGTAATTCTTTITAAAAATATTTTTTGGGGCAAAGTTAAGTAAAATGTT
GAGCTTCTATATTTCIGGGAACTGTACTCATATAAGAGTGGGCAGCTAATTITTACTGTAAAGAAGGGCCA
TGGTATAGTAGATAAATAAAATCCAAGGCAATTITTCAAACAATTTTTTTAAACTTTGGAATGTIGTTTAAA
TTTAAATTTGARAATAAAGATATTTGATTITICIGGGG (SEQ ID NO: 67)

Translated protein sequence

MEQFPKETVVESSGPKVLETAEEIQERRQEVLTRYQSFKERVAE
RGOKLEDSYHLQVFKRDADDLGKWIMEKVNILTDKSYEDPTNIQGKYQKHQSLEAEVQ
TKSRLMSELEKTREERFTMGHSAHEETKAHIEELRHLWDLLLELTLEKGDQLLRALKF
QQYVQECADILEWIGDKEAIATSVELGEDWERTEVLHKKFEDFQVELVAKEGRVVEVN
QYANECAEENHPDLPLIQSKQONEVNAAWERLRGLALQROQKALSNAANLQRFKRDVTEA
IQWIKEKEPVLTSEDYGKDLVASEGLFHSHKGLERNLAVMSDKVKELCAKAEKLTLSH
PSDAPQIQEMKEDLVSSWEHIRALATSRYEKLQATYWYHRFSSDFDELSGWMNEKTAA
INADELPTDVAGGEVLLDRHQOHKHEIDSYDDRFQSADETGQDLVNANHEASDEVREK
MEILDNNWTALLELWDERHRQYEQCLDFHLEFYRDSEQVDSWMSRQEAFLENEDLGNSL
GSAEALLQKHEDFEEAFTAQEEKI ITVDKTATKLIGDDHYDSENIKATIRDGLLARRDA
LREKAATRRRLLKESLLLQKLYEDSDDLKNWINKKKKLADDEDYKDIQNLKSRVQKQQ
VFEKELAVNKTQLENIQKTGQEMIEGGHYASDNVITRLSEVASLWEELLEATKQKGTQ
LHEANQQLQFENNAEDLQRWLEDVEWQVTSEDYGKGLAEVQNRLRKHGLLESAVAARQ
DOQVDILTDLAAYFEEIGHPDSKDIRARQESLVCRFEALKEPLATRKKKLLDLLHLQLT
CRDTEDEEAWIQETEPSATSTYLGKDLIASKKLLNRHRVILENIASHEPRIQEITERG
NKMVEEGHFAAEDVASRVKSLNQNMESLRARAARROQNDLEANVQFQQYLADLHEAETW
IREKEPIVDNTINYGADEEAAGALLKKHEAF LLDLNSFGDSMKALRNQANACQQQQAAP
VEGVAGEQRVMALYDFQARSPREVTMKKGDVLTLLSS INKDWWKVEAADHQGIVPAVY
VRRLAHDEFPMLPQRRREEPGNITQRQEQIENQYRSLLDRAEERRRRLLQRYNEFLLA
YEAGDMLEWIQEKKAENTGVELDDVWELQKKFDEFQKDLNTNEPRLRDINKVADDLLE
EGLLTPEGAQIRQELNSRWGSLQRLADEQRQLLGSAHAVEVFHREADDTKEQIEKKCQ
ALSAADPGSDLFSVQALQRRHEGFERDLVPLGDKVTILGETAERLSESHPDATEDLQR
QKMELNEAWEDLQGRTKDRKESLNEAQKFYLFLSKARDLONWISSIGGMVSSQELAED
LTGIEILLERHQEHRADMEAEAPTFQALEDFSAELIDSGHHASPEIEKKLQAVKLERD
DLEKAWEKRKKILDQCLELOMFQGNCDQVESWMVARENSLRSDDKSSLDSLEALMKKR
DDLDKAITAQEGKITDLEHFAESLIADEHYAKEEIATRLOQRVLDRWKALKAQLIDERT
KLGDYANLKQFYRDLEELEEWISEMLPTACDESYKDATNIQRKYLKHQTFAHEVDGRS
EQVHGVINLGNSLIECSACDGNEEAMKEQLEQLKEHWDHLLERTNDKGKKLNEASRQQ
RENTSIRDFEFWLSEAETLLAMKDQARDLASAGNLLKKHQLLEREMLAREDALKDLNT
LAEDLLSSGTEFNVDQIVKKKDNVNKRFLNVQELAAAHHEKLKEAYALFQFFQDLDDEE
SWIEEKLIRVSSQDYGRDLQGVQONLLKKHKRLEGELVAHEPATIQNVLDMAEKLKDKAA
VGQEEIQLRLAQFVEHWEKLKELAKARGLKLEESLEYLQFMONAEEEEAWINEKNALA
VRGDCGDTLAATQSLLMKHEALENDFAVHETRVONVCAQGEDILNKVLQEESQNKEIS
SKIEALNEKTPSLAKAIAAWKLQLEDDYAFQEFNWKADVVEAWIADKETSLKTNGNGA
DLGDFLTLLAKQDTLDASLQSFQQERLPEITDLKDKLISAQHNQSKAIEERYAALLKR
WEQLLEASAVHRQKLLEKQLPLQKAEDLFVEFAHKASALNNWCEKMEENLSEPVHCVS
LNEIRQLQKDHEDFLASLARAQADFKCLLELDQQIKALGVPSSPYTWLTVEVLERTWK
HLSDIIEEREQELQKEEARQVKNFEMCQEFEQNASTFLOWILETRAYFLDGSLLKETG
TLESQLEANKRKQKE IQAMKRQLTKIVDLGDNLEDALILDIKYSTIGLAQQOWDQLYQL
GLRMQOHNLEQQIQAKDIKGVSEETLKEFSTIYKHFDENLTGRLTHKEFRSCLRGLNYY
LPMVEEDEHEPKFEKFLDAVDPGRKGYVSLEDYTAFLIDKESENIKSSDEIENAFQAL
AEGKSYITKEDMKQALTPEQVSFCATHMQQYMDPRGRSHLSGYDYVGFTNSYFGN (SEQ ID NO: 68)

TMEMTS

| 8 o : Homo: saplens transmembrane protein 79
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mRNA Sequence

AGGTTTTGAGACACAGGTAAAGGGAGGGAGACAGAGAGAAATACTTGCAGAGCCAGCAGGTAGCTGGGCA
GCTCCTTCCCGGACGGACGGATGGACAGACGCTGGGGACCCTCCACTCCATATGGAAAGATGACATGACC
TTGTGGTAGATCCCAGAACTGAGGCCCCAGGATGACAGAACAGGAGACCCTGGCCCTACTGGAAGTGAAG
AGGTCTGATTCCCCAGAGAAGAGCTCACCCCAGGCCTTGGTTCCCAATGGCCGGCAGCCAGAAGGGGAAG
GTGGGGCCGAATCCCCGGGAGCTGAGTCCCTCAGAGTIGGGGTCTTCAGCTGGATCTCCCACAGCCATAGA
GGGGGCTGAGGATGGTCTAGACAGCACAGTAAGTGAGGCTGCCACCTTIGCCCTGGGGGACTGGCCCTCAG
CCCAGTGCTCCGTTCCCGGATCCCCCTGGCTGGCGGGACATTGAACCAGAGCCCCCTGAGTCAGAACCAC
TTACCAAGCTAGAGGAGCTGCCCGAAGACGATGCCAACCTGCTIGCCTGAGAAAGCGGCCCGTGCCTTCGT
GCCTATTGACCTACAGTGCATTGAGCGGCAGCCCCAAGAAGACCTTATCGTGCGCTGTGAGGCAGGCGAG
GGCGAGTGCCGAACCTTCATGCCCCCCCGGGTCACCCACCCCGACCCCACTGAGCGCAAGTGGGCTGAGG
CAGTGGTGAGGCCGCCTGGCTGTITCCTIGTGGGGGCTGCGGGAGCTGTGGAGACCGTGAGTGGCTAAGGGC
TGTGGCCTCCGIGGGAGCCGCACTCATTCTCTICCCTTGCCTACTATACGGGGCATATGCCTICCTGCCG
TTTGATGTCCCACGGCTGCCCACCATGAGTTCCCGCCTGATCTACACACTGCGCTGCGGGGTCTTTGCCA
CCTTCCCCATTGTGCIGGGGATCCTGGTGTACGGGCTGAGCCTGTTATGCTITTICTGCCCTTCGGCCCTT
TGGGGAGCCACGGCGGGAGGTGGAGATCCACCGGCGATATGTGGCCCAGTICGGTCCAGCICTTITATICTC
TACTICTTCAACCTGGCCGTGCTTTCCACTTACCTGCCCCAGGATACCCTCAAACTGCTCCCICTGCTCA
CIGGTICTCTITTGCCGICTCCCGGCTGATCTACTGGCTGACCTTTGCCGTGGGCCGCTCCTTCCGAGGCTT
CGGCTACGGCCTGACGTTTCTGCCACTGCTGTCGATGCTGATGTGGAACCTCTACTACATGTTCGTGGTG
GAGCCGGAGCGCATGCTCACTGCCACCGAGAGCCGCCTGGACTACCCGGACCACGCCCGCTCGGCCTCCG
ACTACAGGCCCCGCCCCTGGGGCTGAGCCTCTCCGCCCTCGCCCTCGGAGTAGGGGGTAGCGGCTTIGGGT
CTGACACATCTITGAACCTITGTGGCCAGGCCTGGACTTCGCCCCCAGGCCTAGGACCGCGGTGGGTGGAA
CCCTGCTACTGCCCCAACAGGGACTCCAATCAATCGGAGTTCTCCCCTTGCCGGAGCTGCCCTTCACCTT
TGGGGCCCGAGACAGTCATAAGGGATGGACTTAGTTTTCTTGCAGGGAAAAAGGTGGACAGCCGTGITTC
TTAAGGATGCTGAGGGCATGGGGCCAGGACCAGGGGAGAGGCACAGCTCCTTCCTGAGCAGCCTICTICACC
ACTGCCACAAGGCTCCCTAATGCTGGTCICTGCTCCACTCCCCGGCTTCCCGTGAGGCAGGAGGCAGAGC
CACAGCCAAGGCCCTIGACCACTICTGIGCCAGTTIGTCTAAGCAGAGCGCCTCAGGGACGCTGGAAATGCC
TTAAGGATAGAGGCTGGGCATCACATCAAATGGGACTGTIGGTGTTIGGTGAAAACCTTCCTGAGGATCTG
GATTCAGGACCCTCCATGACTGGCCTATTTACTGTTTACAGCTGGCCAGTGCAGAGCTGCTGCTCTTTITA
CCTTTTTAGGCCCCTIGTAACTTCCCACCTTITAAACTGCCCAGAAGGCATGCCTCTCCCACAGGAAGAGGG
GAGCAGACAGGGAAATCTGCCTACCAAGAGGGGTIGTGTGIGTICITTGTIGCCCACACGTIGGTGGCTGGGGA
GIGCCTGGATGGTGCGGTGGTTGATGTTAACCTAGTGTIGIGTIGIGTGIGTIGTIGIGTIGIGTGTIGIGTGIGT
GTGTGIGTGTAACAATAAATTACTACCAGTCAAAAAAAAAAAAAA (SEQ ID NO: 69)

Translated protein sequence

MTEQETLALLEVKRSDSPEKSSPQALVPNGRQPEGEGGAESPGA
ESLRVGSSAGSPTAIEGAEDGLDSTVSEAATLPWGTGPQPSAPFPDPPGWRDIEPEPP
ESEPLTKLEELPEDDANLLPEKAARAFVPIDLQCIERQPQEDLIVRCEAGEGECRTFM
PPRVTHPDPTERKWAEAVVRPPGCSCGGCGSCGDREWLRAVASVGAALILFPCLLYGA
YAFLPFDVPRLPTMSSRLIYTLRCGVFATFPIVLGILVYGLSLLCFSALRPFGEPRRE
VEIHRRYVAQSVQLFILYFFNLAVLSTYLPQDTLKLLPLLTGLFAVSRLIYWLTFAVG
RSFRGFGYGLTFLPLLSMLMWNLYYMFVVEPERMLTATESRLDYPDHARSASDYRPRP
WG (SEQ I 70)

mRNA Sequence

GGAAGTCTGTCAACTGGGAGGGGGAGAGGGGGGTGATGGGCCAGGAATGGGGTCCCCGGGCATGGTGCTG
GGCCTCCTIGGTGCAGATCTGGGCCCTGCAAGAAGCCTCAAGCCTGAGCGTGCAGCAGGGGCCCAACTTIGC
TGCAGGTGAGGCAGGGCAGTCAGGCGACCCTGGTCTGCCAGGTGGACCAGGCCACAGCCTGGGAACGGCT
CCGTGTTAAGTGGACAAAGGATGGGGCCATCCTIGTIGTCAACCGTACATCACCAACGGCAGCCTCAGCCTG
GGGGTCTGCGGGCCCCAGGGACGGCTCTCCTGGCAGGCACCCAGCCATCTCACCCTGCAGCTGGACCCTG
TGAGCCTCAACCACAGCGGGGCGTACGTGTGCTIGGGCGGCCGTAGAGATICCTGAGT TGGAGGAGGCTGA
GGGCAACATAACAAGGCTCTTTGTGGACCCAGATGACCCCACACAGAACAGAAACCGGATCGCAAGCTTC
CCAGGATTCCTCTTCGTGCTGCTIGGGGGTGGGAAGCATGGGTGTIGGCTGCGATCGTGTGGGGTGCCTGGT
TCTGGGGCCGCCGCAGCTGCCAGCAAAGGGACTCAGGTAACAGCCCAGGAAATGCATTCTACAGCAACGT
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CCTATACCGGCCCCGGGGGGCCCCAAAGAAGAGTGAGGACTGCTCTGGAGAGGGGAAGGACCAGAGGGGC
CAGAGCATTTATTCAACCTCCTTCCCGCAACCGGCCCCCCGCCAGCCGCACCTGGCGTCAAGACCCTGCC
CCAGCCCGAGACCCTGCCCCAGCCCCAGGCCCGGCCACCCCGTICTICTATGGTCAGGGTCTCTCCTAGACC
AAGCCCCACCCAGCAGCCGAGGCCAAAAGGGTTICCCCAAAGTGGGAGAGGAGTGAGAGATCCCAGGAGAC
CTCAACAGGACCCCACCCATAGGTACACACAAAAAAGGGGGGATCGAGGCCAGACACGGTGGCTCACGCC
TGTAATCCCAGCAGTTTGGGAAGCCGAGGCGGGTGGAACACTIGAGGTCAGGGGTTTGAGACCAGCCTGG
CTTGAACCTGGGAGGCGGAGGTTGCAGTGAGCCGAGATTGCGCCACTGCACTCCAGCCTGGGCGACAGAG
TGAGACTCCGTCTCAAAAAAAACAAARAGCAGGAGGATTGGGAGCCTGTCAGCCCCATCCTGAGACCCCG
TCCTCATTTCTGTAATGATGGATCTCGCTCCCACTTTCCCCCAAGAACCTAATAAAGGCTTGTGAAGAAA
AAGCAAAAAAAAAAAAAAAAAA (SEQ ID NO: 71)

Translated protein sequence

MGSPGMVLGLLVQIWALQEASSLSVQQGPNLLQVRQGSQATLVC
QVDQATAWERLRVKWIKDGAILCQPYITNGSLSLGVCGPQGRLSWQAPSHLTLQLDPV
SLNHSGAYVCWAAVEIPELEEAEGNITRLEFVDPDDPTONRNRIASFPGFLFVLLGVGS
MGVAAIVWGAWFWGRRSCQQORDSGNSPGNAFYSNVLYRPRGAPKKSEDCSGEGKDQRG
QSIYSTSFPQPAPRQPHLASRPCPSPRPCPSPRPGHPVSMVRVSPRPSPTQQPRPKGE
PKVGEE (SEQ ID NO: 72)

mRNA Sequence

GGGCACGAGGGCAGAGCCAGTTCCTAGCGCAGAGCCGCGCCCGCCATGAGGGAGATCGTGCACATCCAGG
CGGGCCAGTGCGGGAACCAGATCGGCACCAAGTTTTGGGAAGTGATCAGCGATGAGCACGGCATCGACCC
GGCCGGAGGCTACGTGGGAGACTCGGCGCTGCAGCTGGAGAGAATCAACGTCTACTACAATGAGTCATCG
TCTCAGAAATATGTGCCCAGGGCCGCCCTGGTGGACTTAGAGCCAGGCACCATGGACAGCGTGCGGICTG
GGCCTTTTGGGCAGCTTTTCCGGCCTGACAACTTCATCTTTGGCCAGACGGGTGCAGGGAACAACTGGGC
GAAAGGGCACTACACGGAGGGCGCGGAGCTGGTGGACGCAGTGCTGGACGTGGTGCGGAAGGAGTGCGAG
CACTGCGACTGCCTGCAGGGCTTCCAGCTCACGCACTCGCTGGGCGGCGGCACGGGCTCAGGCATGGGCA
CGCTGCTCATCAGCAAGATCCGTGAGGAGTTICCCGGACCGCATCATGAACACCTICAGCGTCATGCCCTIC
GCCCAAGGTGTICGGACACGGTGGTGGAGCCCTACAATGCCACACTGTCGGTGCACCAGCTGGTIGGAGAAT
ACAGACGAGACCTACTGCATCGACAACGAGGCGCTICTATGACATCTGCTICCGCACTCTGAAGCTGACAA
CGCCCACCTACGGGGACCTCAACCACCTGGTGTCCGCCACCATGAGTGGGGTCACCACCTCGCTGCGCTT
CCCGGGCCAGCTCAATGCTGACCTGCGCAAGCTGGCGGTGAACATGGTGCCCTTCCCGCGCCTIGCACTTIC
TTCATGCCTGGCTTCGCGCCGCTCACCAGCCGCGGCAGCCAGCAGTACCGGGCCCTGACCGTGCCCGAGC
TCACCCAGCAGATGTTICGACGCCAGGAACATGATGGCCGCCTGCGATCCGCGCCATGGCCGCTACCTIGAC
CGTGGCCACCGIGTTCCGCGGGCCCATGTCCATGAAGGAGGTGGACGAGCAGATGCTGGCCATCCAGAGT
AAGAACAGCAGCTACTTICGTGGAGTGGATTCCCAACAACGTGAAGGTGGCCGTIGTGCGACATCCCGLCCCC
GCGGCCTGAAGATGGCCTCCACCTTICATCGGCAACAGCACGGCCATCCAGGAGCTGTTCAAGCGCATCTIC
CGAGCAGTTCTICAGCCATGTTCCGGCGCAAGGCCTTCCTGCACTGGTTCACGGGTGAGGGCATGGATGAA
ATGGAGTTCACCGAGGCGGAGAGCAACATGAACGACCTGGTATCCGAGTACCAGCAGTACCAGGATGCCA
CCGCCAATGACGGGGAGGAAGCTTTITGAGGATGAGGAAGAGGAGATCGATGGATAGTCGGAATAGAGCCG
CCCCAACTCAGATCCTACAACACGCAAGTTCCTTCTTGAACCCTGGTGCCTCCTACCCTATGGCCCTGAA
TGGTGCACTGGTITTAATTIGTGTTGGTGTICGGCCCCTCACAAATGCAGCCAAGTCATGTAATTAGTCATCT
GGAACAAAGACTAAAAACAGCAGAGAATTIGCGGGTTCTACCCAGTICAGAAGATCACACCATGGAGACTTT
CTACTAGAGGACTTGAAAGAGAACTGAGGGGCCACAAAATAAACTTICACCTTCCATTAAGTIGTITCAAGCA
TGTCTGCAAATTAGGAGGGAGTTAGARACAGTICTTITTITCATCCTTTGTIGATGAAGCCTGAAATTGTGCCG
TGTTGCCTTATATGAATATGCAGTATGGGACTTTGAAATAATGATTCATAATAAAATACTAAACGTGTGT
CTTCAAAAAAAAAAAAAAAAAAA (SEQ ID NO: 73)

Translated protein sequence

MREIVHIQAGQCGNQIGTKFWEVISDEHGIDPAGGYVGDSALQL
ERINVYYNESSSQKYVPRAALVDLEPGTMDSVRSGPFGQLFRPDNEF IFGQTGAGNNWA
KGHYTEGAELVDAVLDVVRKECEHCDCLQGFQLTHSLGGGTGSGMGTLLISKIREEFP
DRIMNTFSVMPSPKVSDTVVEPYNATLSVHQLVENTDETYCIDNEALYDICFRTLKLT
TPTYGDLNHLVSATMSGVTTSLRFPGQLNADLRKLAVNMVPFPRLHFFMPGFAPLTSR
GSQQYRALTVPELTQQMFDARNMMAACDPRHGRYLTVATVFRGPMSMKEVDEQMLAIQ
SKNSSYFVEWIPNNVKVAVCDIPPRGLKMASTF IGNSTAIQELFKRISEQF SAMFRRK

AFLHWF TGEGMDEMEFTEAESNMNDLVSEYQQYQDATANDGEEAFEDEEEEIDG (SEQ ID NO: 74)

EYROBP

| Homo 'sapiens TYRO proteinityrasine kKinase
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mRNA Sequence

AGACTTCCTCCTTCACTTGCCTGGACGCTGCGCCACATCCCACCGGCCCTTACACTGTGGTGTCCAGCAG
CATCCGGCTTCATGGGGGGACTTGAACCCTGCAGCAGGCTCCTIGCTCCTGCCTCTCCTGCTGGCTGTAAG
TGGTCTCCGTCCTGTCCAGGCCCAGGCCCAGAGCGATTGCAGTTGCTCTACGGTGAGCCCGGGCGTGCTG
GCAGGGATCGTGATGGGAGACCTGGTGCTIGACAGTGCTCATTGCCCTGGCCGTGTACTTCCTGGGCCGGC
TGGTCCCTCGGGGGCGAGGGGCTGCGGAGGCGACCCGGAAACAGCGTATCACTGAGACCGAGTCGCCTTA
TCAGGAGCTCCAGGGTCAGAGGTCGGATGTCTACAGCGACCTCAACACACAGAGGCCGTATTACARATGA
GCCCGAATCATGACAGTCAGCAACATGATACCTGGATCCAGCCATTCCTGAAGCCCACCCTGCACCTCAT
TCCAACTCCTACCGCGATACAGACCCACAGAGTGCCATCCCTGAGAGACCAGACCGCTCCCCAATACTICT
CCTAAAATAAACATGAAGCACAAAAACAAAAARAAAAAAAAAAAA (SEQ ID NO: 75)
Translated protein sequence

MGGLEPCSRLLLLPLLLAVSGLRPVQAQAQSDCSCSTVSPGVLA
GIVMGDLVLTVLIALAVYFLGRLVPRGRGAAEATRKQRITETESPYQELQGQRSDVYS
DLNTQRPYYK (SEQ ID NO: 76)

mRNA Sequence

GCGTGCACGCTGACGCCGCGCAGTCTICGTCCCCTGCCGCCGCCGTCGCCGCTGCTGTCGCCGCCGCCGCC
GCCATTGGAGTCGACGCCTICCTCAGTIGCGTICCGCGTCCCGGGCTCACCGCCGCTGCCGCCTCGCCAGGGG
CCCGCGCGCCCAGCAGCCGCCGCCGLCGLCCGGCCGGCGCCCEGGGAATTGGCGGCGGGGCCCGGGGCCG
CGCGAGCTAGGGTGACAGGCCCGGCCTCTAGGGGAGGCCCGAGCCGGCGGEGCGCCCCGGCCCCGCGTCTA
GTITGTTCATGAAGCATGTCGGCCACCAGCGTIGGACACCCAGAGAACAAAAGGACAAGATAATAAAGTACA
AAATGGTTCGTITACATCAGAAGGATACAGTTCATGACAATGACTTITGAGCCCTACCTTACTGGACAGTCA
AATCAGAGTAACAGTTACCCCTCAATGAGCGACCCCTACCTGTCCAGCTATTACCCGCCGTCCATTGGAT
TTCCTTACTCCCTCAATGAGGCTCCGTGGTCTACTGCAGGGGACCCTCCGATTCCATACCTCACCACCTA
CGGACAGCTCAGTAACGGAGACCATCATTTITATGCACGATGCIGTTTTITGGGCAGCCTGGGGGCCTGGGG
AACAACATCTATCAGCACAGGTTCAATTITTTICCCTIGAAAACCCTGCGTICTCAGCATGGGGGACAAGTG
GGTCTCAAGGTCAGCAGACCCAGAGCTCCGCGTATGGGAGCAGCTACACCTACCCCCCGAGCTCCCTGGG
TGGCACGGTGGTITGATGGGCAGCCAGGCTTTCACAGCGACACCCTCAGCAAGGCCCCCGGGATGAACAGC
CTGGAGCAGGGCATGGTTGGCCTGAAGATTGGGGACGTCAGCTCCTCCGCCGTCAAGACGGTGGGCTCTG
TCGTCAGCAGCGTGGCACTGACTGGIGTCCTTICTGGCAACGGTGGGACAAATGTGAACATGCCAGTITTC
AAAGCCGACCTICGTIGGGCTGCCATTGCCAGCAAGCCTGCAAAACCACAGCCTARAATGARRACAAAGAGC
GGGCCTGTCATGGGGGGTGGGCTGCCCCCTCCACCCATAAAGCATAACATGGACATTIGGCACCTGGGATA
ACAAGGGGCCTIGTGCCGAAGGCCCCAGTCCCCCAGCAGGCACCCTCTCCACAGGCTGCCCCACAGCCCCA
GCAGGTGGCTCAGCCTICTCCCAGCACAGCCCCCAGCTTTGGCTCAACCGCAGTATCAGAGCCCTCAGCAG
CCACCCCAGACCCGCTIGGGTTGCCCCACGCAACAGAAACGCGGCGTTTIGGGCAGAGCGGAGGGGCTGGCA
GCGATAGCAACTCTCCTGGAAACGTCCAGCCTAATTCTGCCCCCAGCGTCGAATCCCACCCCGTICCTTIGA
AAAACTGAAGGCTGCTCACAGCTACAACCCGAAAGAGTTTGAGTGGAATCTGAAAAGCGGGCGTGTIGTTC
ATCATCAAGAGCTACTCTGAGGACGACATCCACCGCTCCATTAAGTACTCCATCTGGTGTAGCACAGAGC
ACGGCAACAAGCGCCTGGACAGCGCCTTCCGCIGCATGAGCAGCAAGGGGCCCGTCTACCTGCTICTICAG
CGTCAATGGGAGTGGGCATTTTTIGTGGGGTGGCCGAGATGAAGTCCCCCGTGGACTACGGCACCAGTGCC
GGGGICTGGTCICAGGACAAGTGGAAGGGGAAGTTTGATGTCCAGIGGATTTTTIGTITAAGGATGTACCCA
ATAACCAGCTCCGGCACATCAGGCTGGAGAATAACGACAACAAACCGGTCACAAACTCCCGGGACACCCA
GGAGGTGCCCTTAGAAAAAGCCAAGCAAGTGCTGAAAATTATCAGTTCCTACAAGCACACAACCTCCATC
TTCGACGACTTTIGCTCACTACGAGAAGCGCCAGGAGGAGGAGGAGGTGGTGCGCAAGGAACGGCAGAGTC
GAAACAAACAATGAGGGCGAACCAGTTTCTTACATGTITCTAACGTTTGACTTTGAAAACAGTTTAAAACA
CGTGTGCTTIGGTICAGCTCCAGTGTGICGTCCCGTGCGGGGGTTIGAGTGTTGCATCTTTIGCCTTICTTGTC
GTTGATTTITTGCCCAGATGGATCTGCATTTATITGTACTTITITCTATGTATTATAATCCTGTAGAAGTCA
CTAATAAAGGAGTATTTITITITGTCAGCTTATCAATCAGACTGATCTAATGTGAAATGTAAGTATCCTTA
AAAACAAAGCATCTATTITTGGCAGAAATIGTGITCTITAAATTCAGTCATITGATATTCTGTGAGACTTCA
TATTTICTCATCCCTITTATTGCTITTTTAGCAAACATAAGAAACCATGAGTCATTITITGTCATTITAGAGTATT
CTIGATAAAATCTICTTGAAAATACTGAAATCAAAAGGTTAATGATTTTITGITCATTICTIGATTITGICATTT
TATTATCTGTTATCGGTCTAAAGTGCTAATTTACCCATTTIGATTTTTCTGCTAGACAGATAACTTTTAAT
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TITTCAAATTTGGCAGACACTTITITTTITTITITITTITTGAAAATCTTTCCTTCCAGATCTGTTGCCCACTGAA
CAGCCACCCGTCCCTCACTGTICCTGGTGTCCGATTGGGCTGGATGGTGTIGGGGCATGATGTGTGGAGGA
ACTGGAAGGTGCTTTAGGTCTGGTTCAGGGTCGGGCATTCTTTIGTTGTTTGCACATCTTITITAAATTITTA
CACCTITTTCTTAAGAATTCTAATGCCGTCTTAAGTTTTTATACCAATAATGCTGAGCTTTAAGTGTAGGA
TCTGGTAGTACAGACAGTGTGATGGATGATGCTGCTGGTTGTAAATTTCATCGTIGTGTGTICTAATTTITTT
TTCCIGTTGAATGGGTAAAAACAAAACAAAACTTTITTTAGAAGATGAATTTGCTGTCATGTTITTGIGGA
ATGAGGGACCGTTGAGCTCACTACCACCTGGAGTTTGAGTTGAAGCATGAAAATGGTGCCCATGCCTIGAC
GCTCCAGCGCCTIGGATCTGCACGTGCCCTTGTAGAGGATCCTTACCGTICCTAGAGAGCAGACGCTTTICTIG
AAAACTACTTGCTCCAAAAGACCCTCTGAGTTAACGTTTCAGCTGTATCATTAGACTTGTATTITAGAGCG
TGTCACTTCCTCTGAACTGTTACTGCCTGAATGGAGTCCTGGACGACATTGGGTTTTITCCTCTAGGAGAA
TACAAGCCTTAATAAACAATACTATTTAGCAAAAAAAAAAAAARAAAAAAAAAAAAA (SEQ ID NO: 77)
Translated protein sequence

MSATSVDTQRTKGQDNKVQONGSLHQKDTVHDNDFEPYLTGQSNQ
SNSYPSMSDPYLSSYYPPSIGFPYSLNEAPWSTAGDPPIPYLTTYGQLSNGDHHFMHD
AVFGQPGGLGNNIYQHRFNFFPENPAFSAWGTSGSQGQQTQSSAYGSSYTYPPSSLGG
TVVDGQPGFHSDTLSKAPGMNSLEQGMVGLKIGDVSSSAVKIVGSVVSSVALIGVLSG
NGGTNVNMPVSKPTSWAATASKPAKPQPKMKTKSGPVMGGGLPPPPIKHNMDIGTWDN
KGPVPKAPVPQQOAPSPQAAPQPQQOVAQPLPAQPPALAQPQYQSPQOPPQTRWVAPRNR
NAAFGQSGGAGSDSNSPGNVQPNSAPSVESHPVLEKLKAAHSYNPKEFEWNLKSGRVE
ITKSYSEDDIHRSIKYSIWCSTEHGNKRLDSAFRCMSSKGPVYLLEFSVNGSGHFCGVA
EMKSPVDYGTSAGVWSQDKWKGKE DVOQWIFVKDVPNNQLRHIRLENNDNKPVTNSRDT
QEVPLEKAKQVLKIISSYKHTTSIFDDFAHYEKRQEEEEVVRKERQSRNKQ (SEQ ID NO: 78)

mRNA Sequence

GCGGCCGCAAGCACGGGGGCGAATCCCCGCTGGGTCGAGGGCCTGAACGGGAGCCAATCGAGCAGCCGAG
GCTACTGCCAATCACGCGGCTCCCTCCAATCCCACCCGTGCCATTTCCAARATCTCGGTCCCACTGTGCA
GCTCAAATGTGGTGTTICACTCTGCCAATCGCTGGAGGATAGAGTGGGAACAGGAATAAGCAGAGTTAAGA
GGCCAGGACAARAAGAAGTTAAAGAGCGCCCAATACATACATGTITITTTGAAGGCGGGCAGAGGGAATAAAG
TCCCCCCAGTGAGGGTCTATGGGCCTGATTGTIGTAGTTCTGATGGAGCCCCCTTITGAGCAAGAGGAACCC
GCCAGCGCTGAGATTAGCGGATTTGGCAACGGCTCAGGTCCAGCCGCTTCAGAATATGACAGGCTTCCCG
GCGCTGGCCGGCCCGCCCGCCCACTCCCAACTCCGGGCCGCCGTCGCGCACCTCCGCCTGCGGGACCTGG
GCGCTGACCCCGGCGTIGGCCACCACTCCGCTCGGACCCGAGCACATGGCCCAGGCGAGCACGCTGGGCCT
CAGCCCTCCCTCCCAGGCGTTCCCGGCACACCCGGAGGCTCCGGCAGCCGCCGCCCGTGCTGCAGCCTTG
GTCGCGCACCCCGGCGCGGGCAGCTACCCCTGCGGCGGGGGCAGCAGTGGCGCGCAGCCCTCCGCGCCCC
CGCCCCCAGCCCCTCCTCTTCCTCCCACCCCTTCACCCCCTCCCCCTCCCCCGCCTCCTCCTCCTICCTIGE
CCTCTCGGGCTACACCACCACCAACAGTGGCGGCGGCGGCAGCAGCGGCARAGGCCACAGCAGGGACTTC
GTCCTCCGGAGGGACCTTTCCGCCACGGCCCCCGCGGCGGCCATGCACGGGGCCCCGCTCGGAGGGGAGC
AGCGGTCCGGCACCGGCTCCCCCCAGCACCCGGCCCCGCCTCCCCACTCGGCCGGCATGTTCATCTCCGC
CAGCGGCACCTACGCGGGCCCGGACGGCAGCGGCGGCCCGGCGCTCTTCCCCGCGCTGCACGACACGCCG
GGGGCCCCAGGCGGCCACCCGCACCCGCTCAACGGCCAGATGCGCCTGGGGCTGGCGGCGGCAGCGGCAG
CCGCGGCGGCTGAGCTGTACGGCCGCGCCGAACCGCCCTTICGCGCCGCGCTICTGGGGACGCGCACTACGG
GGCGGTTGCGGCCGCAGCGGCGGCCGCCCTGCACGGCTACGGAGCCGTGAACTTAAACCTGAACCTGGCG
GCTGCGGCGGCCGCAGCAGCGGCCGGGCCCGGGCCCCACCTGCAGCACCACGCGCCGLCCLLCCGGLGLLGL
CGCCGCCGCCGGCGCCCGCGCAGCACCCGCACCAGCACCACCCCCACCTCCCAGGGGCGGCTGGGGCCTT
CCTGCGCTACATGCGGCAGCCAATCAAGCAGGAGCTCATCTGCAAGTGGATCGACCCCGACGAGCTGGCC
GGGCTGCCGCCGCCGLCCGCCGCCGLCLCGCLGCCGCCGCCGCCACCGLLCCCCGGCCGGCGGLCGCCAAGCCCT
GCTCCAAAACTTTCGGCACCATGCACGAGCTGGTGAATCACGTCACGGTGGAGCACGTGGGAGGCCCCGA
GCAGAGCAGCCACGTCTGCTICTGGGAGGACTGTCCGCGCGAGGGCAAGCCCTTCAAGGCCAAATACAAG
CTCATCAACCACATCCGCGTGCACACCGGCGAGAAGCCCTTTICCCIGCCCTTTICCCCGGCTGCGGCAAGG
TCTTCGCGCGCTCCGAGAACCTCAAGATCCACAAGCGTACTCATACAGGGGAAAAGCCTTTCAAATGTGA
ATTTGATGGCIGTGACAGGAAGTTTGCCAATAGCAGTGATCGGAAGAAACATTCCCATGTICCACACCAGT
GACAAGCCCTACTACTGCAAGATTCGAGGCTGTGACAAATCCTACACTCACCCAAGCTCCCTGAGGAAGC
ACATGAAGATTCACTGCAAGTCCCCGCCACCTICTCCAGGACCCCTTGGTTACTCATCAGTGGGGACTCC
AGTGGGCGCCCCCTTGTCCCCTGTGCTGGACCCAGCCAGGAGTCACTCCAGCACTCTGTCCCCTCAGGTG
ACCAACCTCAATGAGTGGTACGTTTGCCAGGCCAGTGGGGCCCCCAGCCACCTCCACACCCCTITCCAGCA
ACGGAACCACCTCTGAGACTGAAGATGAGGAAATTTACGGGAACCCTGAAGTIGTGCGGACGATACATTA
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GAATTTATTATTAATAATAATAAGTGAAATAATAAGTGGGAGTCCTTGGACCACATCCTAACCTGAGACA
ATGCCGAGCCTGAGACAAACCCGTGACTCAGACTTGCCACCGGGTCTAATTAGCCCTATTTATTCAGTAT
GAAACCCTATGGTGTIITGTACATTTAATTAATTTAATTAAGATATTTGGGCTTTTITTTITITTITTITITICTT
AAAAAACAAACAAAAAACAACCAAGCTGGACTIGTACATTGCAGGAGGATGGGGCTGGGGGCAAATTGTA
CCAAGGAAAATGAATGGAGAGATTAGTTAATGGCGATACACACTGCCGATGCAATATATATATATATATA
TATATACATATATATATATATTATTTIITITTAAAAGGGGGAGAAAAAGAGCATTAAGTCAGAACTTAACA
CAGCACCAAGGCCCTICTGCATTTICCCAGAGTIGCCTCTCAAATGCCTTTGACACCATACCATGGGCTGCTT
TTGAGCCTICCTITIGTTGGACCCTAATTICTGCCAAGGCCTCTITGATTGTAAACCACACACCTIGCIGCATTGC
CAACAGATCCTGTTCCGTACCTGTGTCCAAAAACATTTGTAAAAACCCTTTIGAGTTTAATATTTIGTAATT
TTTAATTTCCACTCTTITTATTACTGATCTTAGCTTAATACAATATTTTTATACAGGATTATTTICTTCAGT
ATCCTACTIGIGTGATTITTAAAAAAAGATGCAGCAACCTTAATATATCTCCATATCTIGTGCTACTGTIGAT
TGTTCAAGCAAAAGTGGAGAGAAGAAARAGCTGCTGCAAAAGACAACTGTGAAACTGTGATATTTTATAAA
ATAGAAGAAATTCAAGTGCTTITICTTITTTICCTATATGTTITTTITTTITITITTATCTGAATTCTCAGATACTGC
CTCCTAACTGTGTCCAAACTTICTTGIGTAATAAAGAGATTCIGTTITCGATCCTAAGTTCTTTGGGATGC
CAACATTCACAGTCAAGTCTTGAGGAGGTGTIGATGATGGCATCATGCCTATTITTTIGGAAAGCTGTIGT
TTTTAAAACAGGCCAACACCICTTTTATACTGITGTATCAGCCTTTITAAAAAGTCTATTTITTCAATGCCT
GAAACTGCATTTITAATGCATTTICTICCACCTGAGCACTGAGCACACCAAACTGGAATCCATTTGAAAAT
GACAGTGIGTGAAGTGTATGATTITACATTAAAAGAGGGGAGGGAGTTGCCATACATATTAAAAATTTTITA
AAAGGTTTATAGTTACCACCAAACACTGATGAATGTGTGACCTTTGCCAGAGCTGTCAAGCTAGGATAAA
AAAGGTCAAGGACCTAGGACAATAACTCTITAGICGATTTATTITTCGGTTGGTACAACACATCICCTGTGC
AAAATGTAGTCCATCAGAAACATCCTACAGATACACTAAAGAGCACTAATTTATCCTTAGAGACCCCGAA
GACACCCCCTCCCCAGGGTITTIGTAGAAATTTIGTITTGTGIGCIGTGAGTGGTTGATGTAGTCTTIGTCATT
GTTAATAACTTGTATGTGAACACTATTATTIGTACAGTTGAATTAATTTATTTTCAGACATCATCCTTITT
TTTTTTTCTTTCCTGGAAGAGTTCAAAGCACACCAAAGAATTATATTATACATTTTGGTGAAAGATTGTC
ATTTATGATCCATGGTTITATITAAAAAAAAAAGGAAAGAAAATGGAAAAATATATTTTTAAGCTTACTTG
AATGAACAACGTAATGTGAAAACCAAGACTCTICCIGCATGTICTTITITITTIGCATIGTGTTGATAAGATTAT
ATATAGTTTATAGATATATTATATTACTAGTACAGTIGCATGGTGCIGTCACTTIGGAAAGCCTTITCAATGT
TGTCTITCAGATTIGTTGTGATGAATATGAAACATGCAGACCCTCCTTTATAAAGAAAAAGACCTTAARAACT
TGAATATGAGATAATTTTACATTTTAAAAGTTTATTTGATTTTCATATTATTCACTTTCARAGCCCTITTC
AAATAGAAAAGGTATGAACTITTGGGGGGATAATTTATGTATCGTAAACTTATTAGAACARAATATICCT
GATGTATAATGAGTIGTTTITATTITATACAACTTTITTCAATGGTAGTTTIGCACTATTCTTITATTATGCTAC
AGGTTTATTTATTATGAAACAAAGGAATATGTATTITATGTATTTTACCATGCATAGGTTAACTCTTITGC
CACAGATTTATIGGTICTIGATACACCTAAAATAAAAAAAAATGTGTACCTCCAATAGAGAGCAAGCAAG
AATGATTATGAAGTAACAAATTTAATAAAGGTATTCITGTTATTATTAAAAAAAAAA (SEQ ID NO: 79)

Translated protein sequence

MEFLKAGRGNKVPPVRVYGPDCVVLMEPPLSKRNPPALRLADLAT
AQVQPLONMTGFPALAGPPAHSQLRAAVAHLRLRDLGADPGVATTPLGPEHMAQASTL
GLSPPSQAFPAHPEAPAAAARAAALVAHPGAGSYPCGGGSSGAQPSAPPPPAPPLPPT
PSPPPPPPPPPPPALSGYTTTNSGGGGSSGKGHSRDFVLRRDLSATAPAAAMHGAPLG
GEQRSGTGSPQHPAPPPHSAGMEF ISASGTIYAGPDGSGGPALFPALHDTPGAPGGHPHP
LNGQMRLGLAAAAAAARAELYGRAEPPFAPRSGDAHYGAVAAARAAALHGYGAVNLNL
NLAAAAAAAAAGPGPHLQHHAPPPAPPPPPAPAQHPHQHHPHLPGAAGAFLRYMRQP I
KQELICKWIDPDELAGLPPPPPPPPPPPPPPPAGGAKPCSKTFGTMHELVNHVIVEHV
GGPEQSSHVCFWEDCPREGKPFKAKYKLINHIRVHTGEKPFPCPFPGCGKVFARSENL
KIHKRTHTGEKPFKCEFDGCDRKFANSSDRKKHSHVHTSDKPYYCKIRGCDKSYTHPS
SLRKHMKIHCKSPPPSPGPLGYSSVGTPVGAPLSPVLDPARSHSSTLSPQVINLNEWY
VCQASGAPSHLHTPSSNGTTSETEDEEIYGNPEVVRTIH (SEQ ID NO: 80)
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CLAIMS

What is claimed is:

1. A method for determining whether eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof, may be used to treat a subject having breast
cancer, the method comprising

determining the level of expression of a biomarker selected from the group of
biomarkers listed in Table 1 in a sample derived from said subject, wherein a low level
of expression of the biomarker is indicative that eribulin, an analog thereof, or a

pharmaceutically acceptable salt thereof, will be effective in treating said subject.

2. A method for determining whether eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof, may be used to treat a subject having breast

cancer, the method comprising

assaying a sample derived from said subject to determine the level of expression
in said sample of a biomarker selected from the group of biomarkers listed in Table 1,
wherein a low level of expression of the biomarker is indicative that eribulin, an analog
thereof, or a pharmaceutically acceptable salt thereof, will be effective in treating said

subject.

3. A method for predicting whether eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof, may be used to treat a subject having breast

cancer, the method comprising

determining the level of expression of a biomarker selected from the group of

biomarkers listed in Table 1 in a sample derived from said subject, and

predicting that eribulin, an analog thereof, or a pharmaceutically acceptable salt
thereof, will be effective in treating a subject having breast cancer when said sample is

determined to have a low level of expression of said biomarker.

4. A method for determining the sensitivity of a breast tumor to treatment
with eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof, the

method comprising
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determining the level of expression of a biomarker selected from the group of
biomarkers listed in Table 1 in said tumor, wherein a low level of expression of the
biomarker in said tumor indicates that said tumor is sensitive to treatment with eribulin,

an analog thereof, or a pharmaceutically acceptable salt thereof.

5. A method for determining the sensitivity of a breast tumor to treatment
with eribulin, an analog thereof, or a pharmaceutically acceptable salt thereof, the
method comprising

determining the level of expression of a biomarker selected from the group of

biomarkers listed in Table 1 in said tumor, and

identifying said tumor as being sensitive to treatment with eribulin, an analog
thereof, or a pharmaceutically acceptable salt thereof, when there s determined to be a

low level of expression of said biomarker in said tumor.

6. The method of claim 4 or 5, wherein a sample of the breast tumor is

obtained from a subject having breast cancer.

7. A method of treating a subject having breast cancer, the method

comprising

identifying a subject having breast cancer in which a biomarker selected from the
group of biomarkers listed in Table 1 has a low level of expression, and

administering a therapeutically effective amount of eribulin, an analog thereof, or

a pharmaceutically acceptable salt thereof, to said subject.

8. A method of treating a subject having breast cancer, the method

comprising

assaying a sample derived from said subject to determine the level of expression
in said sample of a biomarker selected from the group of biomarkers listed in Table 1,
and

administering a therapeutically effective amount of eribulin, an analog thereof, or
a pharmaceutically acceptable salt thereof, to said subject when a low level of

expression of the biomarker is detected in said sample.
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9. The method of any one of claims 1-8, wherein the pharmaceutically

acceptable salt of eribulin is eribulin mesylate.

10.  The method of any one of claims 1-3 or 6-8, wherein said subject has not
been previously treated with eribulin, an analog thereof, or a pharmaceutically
acceptable salt thereof.

11.  The method of any one of claims 1-3 or 6-8, wherein said subject has
been previously treated with eribulin, an analog thereof, or a pharmaceutically

acceptable salt thereof.

12. The method of any one of claims 1-3 or 6-8, wherein said breast cancer is

an Estrogen Receptor (ER) negative breast cancer.

13.  The method of any one of claims 1-3 or 6-8, wherein said breast cancer is

a Progesterone Receptor (PR) negative breast cancer.

14.  The method of any one of claims 1-3 or 6-8, wherein said breast cancer is

a HER-2 negative breast cancer.

15.  The method of any one of claims 1-3 or 6-8, wherein said breast cancer is
an Estrogen Receptor (ER) negative and Progesterone Receptor (PR) negative breast

cancer.

16.  The method of any one of claims 1-3 or 6-8, wherein said breast cancer is
an Estrogen Receptor (ER) negative and HER-2 negative breast cancer.

17.  The method of any one of claims 1-3 or 6-8, wherein said breast cancer is

a Progesterone Receptor (PR) negative and HER-2 negative breast cancer.
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18.  The method of any one of claims 1-3 or 6-8, wherein said breast cancer is
an Estrogen Receptor (ER) negative, Progesterone Receptor (PR) negative and HER-2
negative breast cancer.

19.  The method of any one of claims 1-8, wherein at least 2 biomarkers
selected from the group of biomarkers listed in Table 1 have a low level of expression

20.  The method of any one of claims 1-8, wherein the level of expression of
at least 3 biomarkers selected from the group of biomarkers listed in Table 1 have a low

level of expression,

21.  The method of any one of claims 1-8, wherein the level of expression of
at least 4 biomarkers selected from the group of biomarkers listed in Table 1 have a low

level of expression.

22.  The method of any one of claims 1-8, wherein the level of expression of
at least 5 biomarkers selected from the group of biomarkers listed in Table 1 have a low

level of expression.

23. The method of any one of claims 1-8, wherein there is a low level of

expression of said biomarker as compared to a control.

24. The method of claim 23, where said biomarker is not expressed at a
detectable level.

25.  The method of any one of claims 1-8, wherein the level of expression of
said biomarker is determined at the nucleic acid level.

26.  The method of claim 25, the level of expression of said biomarker is
determined by detecting cCDNA.
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27.  The method of claim 25, the level of expression of said biomarker is
determined by detecting mRNA or miRNA.

28.  The method of claim 25, the level of expression of said biomarker is
determined by detecting DNA.

29. The method claim 25, wherein the level of expression of said biomarker
is determined by using a technique selected from the group consisting of polymerase
chain reaction (PCR) amplification reaction, reverse-transcriptase PCR analysis,
quantitative reverse-transcriptase PCR analysis, Northern blot analysis, RNAase
protection assay, digital RNA detection/ quantitation, and combinations or sub-

combinations thereof.

30.  The method of any one of claims 1-8, wherein the level of expression of

said biomarker is determined at the protein level.

31.  The method of claim 30, wherein the presence of the protein is detected
using an antibody or antigen binding fragment thereof, which specifically binds to the

protein.

32.  The method of claim 31, wherein the antibody or antigen binding
fragment thereof is selected from the group consisting of a murine antibody, a human
antibody, a humanized antibody, a bispecific antibody, a chimeric antibody, a Fab, Fab’,
F(ab’),, ScFv, SMIP, affibody, avimer, versabody, nanobody, a domain antibody, and an
antigen binding fragment of any of the foregoing.

33. The method of claim 31, wherein the antibody or antigen binding fragment
thereof is labeled.

34. The method of claim 33, wherein the antibody or antigen binding fragment
thereof 1s labeled with a label selected from the group consisting of a radio-label, a

biotin-label, a chromophore-label, a fluorophore-label, and an enzyme-label.
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35.  The method of claim 28, wherein the level of expression of said
biomarker is determined by using a technique selected from the group consisting of an
immunoassay, a western blot analysis, a radioimmunoassay, immunofluorimetry,
immunoprecipitation, equilibrium dialysis, immunodiffusion, electrochemiluminescence
immunoassay (ECLIA), ELISA assay, immunopolymerase chain reaction and
combinations or sub-combinations thereof.

36.  The method of claim 35, wherein the immunoassay is a solution-based
immunoassay selected from the group consisting of electrochemiluminescence,
chemiluminescence, fluorogenic chemiluminescence, fluorescence polarization, and

time-resolved fluorescence.

37.  The method of claim 35, wherein the immunoassay is a sandwich
immunoassay selected from the group consisting of electrochemiluminescence,

chemiluminescence, and fluorogenic chemiluminescence.

38.  The method of any one of claims 1-3, 6 or 8, wherein said sample

comprises a fluid, or component thereof, obtained from said subject.

39.  The method of claim 38, wherein the fluid is selected from the group
consisting of blood, lymph, serum, plasma, cystic fluid, nipple aspirates, urine, sputum,
and fluid collected from a biopsy.

40.  The method of any one of claims 1-3, 6 or 8, wherein the sample

comprises a tissue, or component thereof, obtained from said subject.

41.  The method of claim 40, wherein said tissue is selected from the group
consisting of breast tissue, connective tissue, lymphatic tissue, tissue obtained from a

biopsy and tissue obtained from a lump biopsy.

42.  The method of claim 40, wherein the tissue is breast tissue or a

component thereof.
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43.  The method of claim 42, wherein said component of said breast tissue

comprises breast tissue cells.

44, The method of claim 43, wherein said breast tissue cells are circulating

breast tumor cells.

45.  The method of any one of claims 1-3 or 6-8, wherein said subject is a

human subject.

46. A kit for predicting whether eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof, may be used to treat a subject having breast
cancer, the kit comprising

reagents for determining the level of expression of a biomarker selected from the
group of biomarkers listed in Table 1; and

instructions for use of the kit to predict whether eribulin, an analog thereof, or a
pharmaceutically acceptable salt thereof, may be used to treat a subject having breast

cancer.

47.  The kit of claim 46, wherein the pharmaceutically acceptable salt of
eribulin is eribulin mesylate.

48.  The kit of claim 46, wherein the reagent for determining the level of

expression of the biomarker is a probe for identifying a null mutation in the biomarker.

49.  The kit of claim 46, wherein the reagent for determining the level of
expression of the biomarker is a probe for amplifying and/or detecting the biomarker.

50.  The kit of claim 46, wherein the reagent for determining the level of
expression of the biomarker 1s an antibody.

97
SUBSTITUTE SHEET (RULE 26)



WO 2012/129100 PCT/US2012/029479

51.  The kit of claim 46, further comprising reagents for obtaining a biological

sample from a subject.

52.  The kit of claim 46, further comprising a control sample.
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