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METHODS FOR PROSTATE CANCER DETECTION AND TREATMENT

Cross-Reference to Related Applications

{6001} This application claims priority to, and the benefit of, U.S. Provisional Application No.
62/633,675, filed February 22, 2018, the contents of which is incorporated herein by reference in
its entirety.

Seguence Listing
{6002} The instant application contains a Sequence Listing which has been submitted in ASCI
format via EFS-Web and is hereby incorporated by reference in iis entirety. Said ASCII copy,

created on February 19, 2019, is named “LBI0-005 001WO SeqList.txt” and is 299 KB in size.

Field of the Invention

{0003] The present invention relates to prostate cancer detection.
Background of the Invention

{0004 Prostate cancer (PCA) is the fourth most commonly diagnosed cancer worldwide and the
second most common cancer in men. Although the incidence and prevalence have been decreasing,
~200,000 men wili be diagnosed in the USA with PCA annually. Multiple factors including age
and family history, genetic susceptibility and ethnicity all contribute to the high incidence of the
disease. While 90% of PCA are diagnosed while they are localized (non-disseminated), the clinical
behavior of tumors is highly variable and ranges from indolence that can be monitored through
watchful waiting or active surveillance (e.g., biomarkers and 6 monthly digital rectal examination)
to malignant evolution and androgen-resistant disease, metastatic dissemination and death.

10005] Multiple nisk stratification systems have been developed that combines clinical data and
pathological information e.g., Gleason score. These, including the more recently developed next
generation tools, are only ~70% accurate for predicting outcome.

{0006} Molecular genetic information is increasingly being used to inform pathology and better
subtype cancers. This information has been used as both prognostic tools as well as to stratify
patients for different therapeutic interventions. Prostate cancers have been examined and
mutations, DNA copy number alterations, rearrangements and gene fusions have all been
identified. These may cotrelate with some pathological features. For example, low-Gleason tumors
have few DNA copy number alterations while high grade tumors exhibit significant genome-wide
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copy number alterations. Somatic point mutations in contrast are relatively uncommon with the
frequency of mutations ranging from 1% (JDH7) to 11% (SPOP). The most common abnormality
is androgen-regulated fusions of ERG and other ETS family members (~50% of tumors). However,
fusion-bearing tumors do vot have a significantly different prognosis to fusion-negative tumors
after prostatectomy. Androgen receptor variant 7 {AR-V7) in contrast is implicated in the
progression to castration resistance prostate cancer (CRPC) and is considered potentially useful as
a treatment selection biomarker. Overall, however, there is an incomplete understanding of the
molecular mechanisms underpinning PCA pathogenesis and an absence of molecular-based
biomarkers that can be used to predict sensitivity to therapeutic agents. Cousequently, the
development of diagnostic methods that more accurately define disease status, identify sensitivity
to therapy and can ultimately be used to better monitor disease progression, is critical.
100907} Surveillance remains a cornerstone approach to monitor PCA and detect recurrence at an
early stage. After potentially curative resection, monitoring can be undertaken through
measurement of blood biomarkers and/or imaging like CT to detect asymptomatic metastatic
disease earlier. The current biomarker used for monttoring is prostate specific antigen (PSA) (also
gamma-seminoprotein or kallikrein-3). This glycoprotein enzyme is encoded by the X7L.K3 gene
and is secreted by epithelial cells in the prostate. It, however, is not a unique indicator of prostate
cancer, but may also detect prostatitis or benign prostatic hyperplasia (BPH). Use of PSA in
isolation results in either unnecessary biopsies for men without cancer or an under diagnosis of
men with significant disease. This is based on the low sensitivity (20-40%) and specificity (70-
90%) ranges with a consequent positive predictive value of only 25-40%. The United States
Preventive Services Task Force (USPSTF) does not recommend PSA use for prostate cancer. PSA,
however, is included in clinical nomograms e.g., the UCSF-CAPRA score for prostate cancer risk,
which has some utility in predicting disease free survival after surgery.
{6008} There remains a need for biomarker-based tools to accurately diagnose PCA.

Summary of the Invention
{0009} The present disclosure provides a method for detecting a prostate cancer in a subject in
need thereof, the method comprising: determining the expression level of at least 38 biomarkers
from a test sample from the subject by contacting the test sample with a plurality of agents specific
to detect the expression of the at least 38 biomarkers, wherein the at least 38 biomarkers comprise
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AAMP, ANO7, AR, AR-V7, Cloorf88, CHIOP, COLIAL EDC4, FGFR2, FXYD7, FYCOI,
HNRNPU, HPN, KRTI5, KRT23, MAN2R2, MAX, MRFS25, NDUFS2, PPARGCIA, PPRCI,
RADZ23A, REPINI, SDR39U1, SETBPI, SLCI441, SLCi842, SMC4, SPARC, SOLE, STRIP],
STXI12, TMPRSS2 1, IMPRSS2 2, TRIM29, UNC434, XPC, and a housekeeping gene;
normalizing the expression level of each of AAMP, ANO7, AR, AR-V7, C160rf89, CHTOP,
COL1A1, EDC4, FGFR2, FXYD7, FYCO1, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX,
MRPS2Z5, NDUFS2Z, PPARGCITA, PPRCT, RAD23A, REPINT, SDR39UL, SETBP1, SLC14A1,
SLCI8A2, SMC4, SPARC, SQLE, STRIPI, STX12, TMPRSS2 1, TMPRSS2 2, TRIM29,
UNC4354A, and XPC to the expression level of the housekeeping gene, thereby obtaining a
normalized expression level of each of AAMP, ANG7, AR, AR-V7, C160rf89, CHTOP, COL1AL,
EDC4, FGFR2, FXYD7, FYCO!1, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25,
NDUFS2Z, PPARGCIA, PPRCI, RAD23A, REPINT, SDR39U1, SETBP1, SLC14A1, SLCI18A2,
SMC4, SPARC, SOLE, STRIP1, STX12, TMPRSS2 I, TMPRSS2 2, TRIM29, UNC45A, and
XPC; inputting each normalized expression level into an algorithm to generate a score; comparing
the score with a first predetermined cutoff value; and identifying the presence of a prostate cancer
in the subject when the score is equal to or greater than the first predetermined cutoff value or
identifying the absence of a prostate cancer in the subject when the score is less than the first
predetermined cutoff value.

{0010} The present disclosure provides a method for detecting a prostate cancer in a subject in
need thereof, the method comprising: (a) determining the expression level of at least 38 biomarkers
from a test sample from the subject by contacting the test sample with a plurality of agents specific
to detect the expression of the at least 38 biomarkers, wherein the at feast 38 biomarkers comprise
AAMP, ANO7, AR, AR-V7, Cloorf88, CHIOP, COLIAL FEDC4, FGFR2, FXYD7, FYCOI,
HNRNPU, HPN, KRT15, KRT123, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRC,
RAD234, REPINI, SDR39UI, SETBPI, SLCI4AI SLCI8A2, SMC4, SPARC, SQLE, STRIPI,
STXI2, TMPRSS2 1, IMPRSS2 2, TRIMZ29, UNC45A, XPC, and a housekeeping gene; (b)
normalizing the expression level of each of A4MP, ANQO7, AR, AR-V7, Cl6orf83, CHIOP,
COLIAL EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRI23, MAN252, MAX,
MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI, SLCI441,
SECI8A2, SMCH, SPARC, SQLE, STRIPI, STXI2, TMPRSS2 1, IMPRSS2 2, TRIM29, UNC434,
and XPC to the expression level of the housekeeping gene, thereby obtaining a normalized
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expression level of each of AAMP, ANO7, AR, AR-V7, Cloorf89, CHIOP, COLIAL, EDCH,
FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT135, KR123, MAN2B2, MAX, MRPS25, NDUFS?2,
PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETEPI, SLCI441, SLCI8A2, SM(C4,
SPARC, SQLE, STRIPIL, STX12, TMPRSS2 1, TMPRSS2 2, TRIM29, UNC454, and XPC; (¢)
inputting each normalized expression level into an algorithm to generate a score; (d) comparing
the score with a first predetermined cutoff value; and (e) producing a report, wherein the report
identifies the presence of a prostate cancer in the subject when the score is equal 1o or greater than
the first predetermined cutoff value or identifies the absence of a prostate cancer in the subject
when the score is less than the first predetermined cutoff value.

{6011} The present disclosure also provides a method for determining whether a prostate cancer
in & subject is stable or progressive, the method comprising: determining the expression level of at
least 38 biomarkers from a test sample from the subject by contacting the test sample with a
plurality of agents specific to detect the expression of the at least 38 biomarkers, wherein the at
feast 38 biomarkers comprise A4AMP, ANO7, AR, AR-V7, Cléorf89, CHTOFP, COLIAL, EDCH,
FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2,
PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI, SLCI441, SLCI8A2, SMCA,
SPARC, SQLE, STRIPI, STXI2, TMPRSS2 {, TMPRSSZ 2, TRIM29, UNC454, XPC, and a
housekeeping gene; normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Cl6orf89, CHTOP, COLIAL, EDC4, FGFRZ, FXYD7, FYCOL, HNRNPU, HPN, KRT1S,
KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI,
SDR39UT, SETBPI, SLC14A1, SLCIBAZ, SMC4, SPARC, SQLE, STRIPI, STXI12,
TMPRSS2 1, TMPRSS2 2, TRIM29, UNC45A, and XPC to the expression level of the
housekeeping gene, thereby obtaining a normalized expression level of each of AAMP, ANG7,
AR, AR-V7, Ci6orf89, CHTOP, COL1IAL, EDC4, FGFR2, FXYD7, FYCOL, HNRNPU, HPN,
KRT15, KRT23, MAN2ZB2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD23A,
REPINI, SDR3OUI, SETBPI1, SLC14A1, SLCI8A2, SMC4, SPARC, SQLE, STRIP1, STX12,
TMPRSSZ 1, TMPRSS2 2, TRIM29, UNC45A, and XPC,; inputting each normalized expression
fevel into an algorithm to generate a score;, comparing the score with a first predetermined cutoff
value; and 1dentifying that the prostate cancer is progressive when the score is equal to or greater
than the first predetermined cutoff value or identifying that the prostate cancer is stable when the
score is less than the first predetermined cutoff value.
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{6012} The present disclosure provides a method for determining whether a prostate cancer in a
subject is stable or progressive, the method comprising: (a) determining the expression level of at
least 38 biomarkers from a test sample from the subject by contacting the test sample with a
plurality of agents specific to detect the expression of the at feast 38 biomarkers, wherein the at
feast 38 biomarkers comprise A4MP, ANO7, AR, AR-V7, Cl6orf89, CHIOP, COLIAIL, EDCH,
FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS52S, NDUFS2,
PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI, SETRPI, SLCI441, SLCIBA2, SMCA,
SPARC, SOLE, STRIPI, STX12, TMPRSS2 1, TMPRSSZ 2, TRIM29, UNC434, XPC, and a
housekeeping gene; (b) normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Clsorf89, CHIOP, COLIAL EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KR123,
MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI,
SEIBPI, SLCI4AL, SLCI8A2, SMCH, SPARC, SQLE, STRIPI, STX12, TMPRSS2 1,
TMPRSS2 2, TRIM29, UNC454, and XPC 1o the expression level of the housckeeping gene,
thereby obtaining a normalized expression level of each of AAMP, ANO7, AR, AR-V7, C'160rf59,
CHIOP, COLIAL EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2,
MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI,
SLC14A41, SLCI8AZ2, SMC4, SPARC, SQLE, STRIPI, STXI12, TMPRSS2 I, TMPRSS? 2,
TRIVI29, UNC454, and XPC;{c) inputting each normalized expression fevel into an algorithm to
generate a score; (d) comparing the score with a first predetermined cutoff value; and (e} producing
areport, wherein the report identifies that the prostate cancer is progressive when the score is equal
to or greater than the first predetermined cutoff value or identifies that the prostate cancer is stable
when the score is less than the first predetermined cutoff value.

{0013} The present disclosure also provides a method for determining whether a prostate cancer
in a subject is low or high grade, the method comprising: determining the expression level of at
feast 38 biomarkers from a test sample from the subject by contacting the test sample with a
plurality of agents specific to detect the expression of the at least 38 biomarkers, wherein the at
least 38 biomarkers comprise A4AMP, ANO7, AR, AR-V7, Cl6orf8%, CHIOP, COLIAL EDCA4,
FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2,
PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI, SETBPI, SLCI4AL, SLCI8A2, SMCA,
SPARC, SQLE, STRIPI, §TX12, TMPRSS2 I, TMPRSS2 2, TRIM29, UNC434, XPC, and a

housekeeping gene; normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
g
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Cléorf89, CHTOP, COLIAL, EDC4, FGFRZ, FXYD7, FYCO1, HNRNPU, HPN, KRT1S5,
KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI,
SDR39U1, SETBP1, SLC14A1, SLCI18A2, SMC4, SPARC, SQLE, STRIP1, STXI2,
TMPRSSZ 1, TMPRSSZ 2, TRIM29, UNC454A, and XPC to the expression level of the
housekeeping gene, thereby obtaining a normalized expression level of each of AAMP, ANG7,
AR, AR-V7, C160rf89, CHTOP, COL1A1, EDC4, FGFR2, FXYD7, FYCO!1, HNRNPU, HPN,
KRT15, KRT23, MAN2BZ, MAX, MRPS25 NDUFS2, PPARGCIA, PPRCI, RAD23A,
REPINI, SDR39U1, SETBPI, SLC14A1, SLCI8A2, SMC4, SPARC, SQLE, STRIP1, STX12,
TMPRSS2 1, TMPRSSZ 2, TRIM29, UNC454, and XPC; inputting each normalized expression
fevel into an algorithm to generate a score; comparing the score with a first predetermined cutoff
value; and identifying that the prostate cancer is high grade when the score is equal to or greater
than the first predetermined cutoff value or identifying that the prostate cancer i1s low grade when
the score is less than the first predetermined cutoft value.

{6014] The present disclosure provides a method for determining whether a prostate cancer in a
subject is low or high grade, the method comprising: determining the expression level of at least
38 biomarkers from a test sample from the subject by contacting the test sample with a plurality
of agents specific to detect the expression of the at least 38 biomarkers, wherein the at least 38
biomarkers comprise AAME, ANO7, AR, AR-V7, Cléorf89, CHIOP, COLIAI EDC4, FGFR2,
FXYD?, FYCO!, HNRNPU, HPN, KRTI5 KRT23, MAN2B2, MAX MRPS25, NDUFS2,
PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI, SETBPI, SLCI441, SLCIRA2, SMCA,
SPARC, SQLE, STRIPI, STXI12, TMPRSS2 I, TMPRSSZ 2, TRIM29, UNC434, XPC, and a
housekeeping gene; normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Cl6orf89, CHTOP, COLIAL, EDC4, FGFR2Z, FXYD7, FYCO1, HNRNPU, HPN, KRT15,
KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI,
SDR39U1, SETBPI, SLC14A1, SLCI8A2, SMC4, SPARC, SQLE, STRIP1, STXI2,
TMPRSS2 1, TMPRSS2 2, TRIMZ29, UNC45A, and XPC to the expression level of the
housekeeping gene, thereby obtaining a normalized expression level of each of AAMP, ANO7,
AR, AR-V7, C160rf89, CHTOP, COL1A1, EDC4, FGFR2, FXYD7, FYCO1, HNRNPU, HPN,
KRT15, KRT23, MANZB2, MAX, MRPS2S, NDUFS2, PPARGC1A, PPRCI, RAD23A,
REPINT, SDR3%U1, SETBP1, SLC14A1, SLC18A2, SMC4, SPARC, SQLE, STRIPI, STX12,

TMPRSS2 1, TMPRSSZ 2, TRIM29, UNC45A, and XPC; inputting each normalized expression
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fevel into an algorithm to generate a score;, comparing the score with a first predetermined cutoff
value; and producing a report, wherein the report identifies that the prostate cancer is high grade
when the score is equal to or greater than the first predetermined cutoft value or identifies that the
prostate cancer is low grade when the score is less than the first predetermined cutoff value.
{0015} The present disclosure also provides a method for determining whether a prostate cancer
in a subject i3 a low Gleason score (< 6) prostate cancer or a high Gleason score (>_7) prostate
cancer, the method comprising: {a) determining the expression level of at least 38 biomarkers from
a test sample from the subject by contacting the test sample with a plurality of agents specific to
detect the expression of the at least 38 biomarkers, wherein the at least 38 biomarkers comprise
AAMP, ANO7, AR, AR-V7, Cloorf89, CHTOP, COLIAL, EDC4, FGFR2, FXYD7, FYCOI,
HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUES2, PPARGCIA, PPRCI,
RAD23A, REPINI, SDR39UI, SETBPI, SLCI441, SLCI8A2, SMC4, SPARC, SOLE, STRIP],
STX12, TMPRSS2 1, TMPRSS2 2, TRIMZ29, UNC45A, XPC, and a housekeeping gene; (b)
normalizing the expression level of each of AAMP, ANO7, AR, AR-V7, Cl6orfs9, CHTOP,
COLIAL EDC4, FGIR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KR123, MAN2B2, MAX,
MRPS23, NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI, SETBPI, 811441,
SLCI8A2, SMCH, SPARC, SQLE, STRIP1, STX12, TMPRSS2 1, TMPRSS2 2, TRIM29, UNC45A4,
and XPC to the expression level of the housekeeping gene, thereby obtaining a normalized
expression level of each of AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAL, EDCH,
FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRT135, KR123, MAN2B2, MAX, MRPS2S, NDUIFS2,
PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI, SLCI441, SLCI8A2, SMCA,
SPARC, SOLE, STRIPI, STX12, TMPRSS2 [, IMPRSS2 2, TRIM29, UNC454, and XPC,{c)
inputting each normalized expression level into an algorithm to generate a score; (d) comparing
the score with a first predetermined cutoft value; and (e} identifying that the prostate cancer is a
high Gleason score prostate cancer when the score is equal to or greater than the first predetermined
cutoff value or identifying that the prostate cancer is a low Gleason score prostate cancer when
the score is less than the first predetermined cutoft value.

{6016} The present disclosure provides a method for determining whether a prostate cancer in a
subject 1s a low Gleason score {< 6) prostate cancer or a high Gleason score (>_7) prostate cancer,
the method comprising: (a) determining the expression level of at least 38 biomarkers from a test

sample from the subject by contacting the test sample with a plurality of agents specific to detect
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the expression of the at least 38 biomarkers, wherein the at least 38 biomarkers comprise A4AMP,
ANO7T, AR, AR-V7, Cl6orfS89, CHIOP, COLIAI EDCH, FGFR2, FXYD7, FYCOI, HNRNPU,
HPN, KRT15, KRT23, MAN2B2, MAX MRPS25 NDUFS2, PPARGCIA, PPRCI, RAD234,
REPINI, SDR39UI, SETBPI, SLCI441, SLCISA2, SMC4, SPARC, SQOLE, STRIPI, STXI12,
TMPRSS2 1, TMPRSS2 2, TRIM29, UNC454, XPC, and a housekeeping gene; (b) normalizing
the expression level of each of AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAl, EDCH,
FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRTI3, KRT23, MAN2B2, MAX, MRPS25, NDUFS?2,
PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI, SLCi441, SLCIS842, SMCA4,
SPARC, SOQLE, STRIPI, STX12, IMPRSS2 1, TMPRSS2 2, TRIM29, UNC454, and XPC to the
expression level of the housekeeping gene, thereby obtaining a normalized expression level of
cach of AAMP, ANO7, AR, AR-V'7, Cl6orf89, CHTOP, COLIAL EDC4, FGER2, FXYD7, FYCOI,
HNRNPU, HPN, KRTI5 KRT23, MAN2B2, MAX, MRPS235, NDUFS2, PPARGCIA, PPRCI,
RAD23A, REPINI, SDR39U1, SETBPI, SLCI441, SLCI18A42, SM(C4, SPARC, SOLE, STRIP],
STX12, TMPRSS2 1, TMPRSS2 2, TRIM29, UNC434, and XPC,{c) inputting each normalized
expression level into an algorithm to generate a score; (d} comparing the score with a first
predetermined cutoff value; and (&) producing a report, wherein the report identifies that the
prostate cancer is a high Gleason score prostate cancer when the score is equal to or greater than
the first predetermined cutoff value or identifies that the prostate cancer i3 a low Gleason score
prostate cancer when the score is less than the first predetermined cutoff value.

[8017] The present disclosure also provides a method for determining the completeness of surgery
in a subject having a prostate cancer, the method comprising: determining the expression level of
at least 38 biomarkers from a test sample from the subject after the surgery by contacting the test
sample with a plurality of agents specific to detect the expression of the at least 38 biomarkers,
wherein the 38 biomarkers comprise 4AMP, ANO7, AR, AR-V7, Cl6orf89, CHTOF, COLIA4],
LEDCA, FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KR123, MAN2B2, MAX, MRPS25,
NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI, SDR39U/1, SETBPI, SLCI4A1, SLCI8AZ,
SMC4, SPARC, SQLE, STRIPI, §TX12, TMPRSES2 1, TMPRSES2 2, TRIM29, UNC45A, XPC, and
a housekeeping gene; normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Cloorf89, CHTOP, COL1AL, EDC4, FGFR2, FXYD7, FYCOIL, HNRNPU, HPN, KRTI1S,
KRT23, MANZB2, MAX, MRPS2Z5 NDUFS2, PPARGCIA, PPRCI, RADIZ3A, REPINI,

SDR39U1, SETBP1, SLC14Al, SLC18A2, SMC4, SPARC, SQLE, STRIPI, STXI2,
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TMPRSS2 1, TMPRSS2 2, TRIM29, UNC45A, and XPC to the expression level of the
housekeeping gene, thereby obtaining a normalized expression level of each of AAMP, ANG7,
AR, AR-V7, Cloorf89, CHTOP, COLTAL, EDC4, FGFR2, FXYD7, FYCOT, HNRNPU, HPN,
KRTIS, KRT23, MANZB2Z, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RADI3A,
REPINT, SBR39U1, SETBPI, SLC14A1, SLCI1BAZ, SM(C4, SPARC, SQLE, STRIP1, 8TX12,
TMPRSSZ 1, TMPRSS2 2, TRIM29, UNC45A, and XPC; inputting each normalized expression
level into an algorithm to generate a score, comparing the score with a first predetermined cutoff
value; and identifying that the prostate cancer is not completely removed when the score is equal
to or greater than the first predetermined cutoff value or identifying that the prostate cancer is
completely removed when the score is less than the first predetermined cutoff value.

{6018] The present disclosure provides a method for determining the completeness of surgery in a
subject having a prostate cancer, the method comprising: (a} determining the expression level of
at least 38 biomarkers from a test sample from the subject after the surgery by contacting the test
sample with a plurality of agents specific to detect the expression of the at least 38 biomarkers,
wherein the 38 biomarkers comprise AAMP, ANO7, AR, AR-V7, Ul6orf89, CHTOF, COLIAL
EDC4, FGER2, FXYD7, FYCOI, BNRNPU, HPN, KRT15, KR123, MAN2B2, MAX, MRPS23,
NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI, SDR391/1, SETBPI, SLCI441, SLCI8AZ,
SMC4, SPARC, SQLE, STRIPI, STX12, TMPRSS2 1, TMPRSS2 2, TRIM29, UNC45A4, XPC, and
a housekeeping gene; (b) normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Cloorf89, CHIOP, COLIAL EDC4, FGIR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KR123,
MAN2ZB2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39U1,
SETBPI, SLCI441, SLCI8A2, SMC4, SPARC, SQLE, STRIPI, STXI12, TMPRSS2 1,
TMPRSS2 2, TRIM29, UNC454, and XPC to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of AAMP, ANO7, AR, AR-V7, Ci6orf89,
CHITOP, COLIAL EDC4, FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KR123, MAN2B2,
MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD23A, REPIN{, SDR39UI, SETBPI,
SLCI4A41, SLCI8A2, SMC4, SPARC, SQOLE, STRIPI, STX12, TMPRSS2 1, TMPRSS2 2,
TRIM29, UNC454, and XPC; (¢} inputting each normalized expression level into an algorithm to
generate g score; (d) comparing the score with a first predetermined cutoff value; and (e} producing

a report, wherein the report identifies that the prostate cancer is not completely removed when the
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score is equal to or greater than the first predetermined cutoff value or identifies that the prostate
cancer is completely removed when the score is less than the first predetermined cutoff value.
j0019] The present disclosure also provides a method for differentiating benign prostate
hyperplasia from a prostate cancer in a subject having an enlarged prostate, the method comprising:
determining the expression level of at least 38 biomarkers from a test sample from the subject by
contacting the test sample with a plurality of agents specific to detect the expression of the at least
38 biomarkers, wherein the at least 38 biomarkers comprise AAMP, ANO7, AR, AR-V7, Cl6orf89,
CHTOP, COLIAL EDC4, FGFR2, FXYD7, FYCQI, HNRNPU, HPN, KRTI5, KRT23, MAN2R2,
MAX, MRPS25, NDUES2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI,
SLCI441, SLCI8A2, SMC4, SPARC, SQLE, STRIPI, STX{2, TMPRSS2 1, TMPRSS2 2,
TRIM29, UNC434, XPC, and a housekeeping gene; normalizing the expression level of each of
AAMP, ANQ7, AR, AR-V7, Cl6orf89, CHTOP, COL1A1, EDC4, ¥GFR2, FXYD7, FYCOI1,
HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGC1A, PPRCI,
RADZ3A, REPINI, SDR39U1, SETBPI1, SLC14A1, SLCI8A2, SMC4, SPARC, SQLE, STRIPI,
STX12, TMPRSSZ 1, TMPRSS2 2, TRIM29, UNC45A, and XPC to the expression level of the
housekeeping gene, thereby obtaining a normalized expression level of each of AAMP, ANO7,
AR, AR-V7 Cloorf89, CHTOP, COLIAL, EDC4, FGFR2, FXYD7, FYCOT1, HNRNPU, HPN,
KRT1S5, KRT23, MAN2B2, MAX, MRPS825, NDUFS2, PPARGCIA, PPRCI, RAD23A,
REPIN1, SDR39UL, SETBPIL, SLC14A1L, SLCISAZ, SMC4, SPARC, SGLE, STRIP1, STX12,
TMPRSS2 1, TMPRSS2 2, TRIM29, UNC4SA, and XPC; inputting each normalized expression
level into an algorithm to generate a score; comparing the score with a first predetermined cutoff
value; and identifving the presence of a prostate cancer in the subject when the score is equal to or
greater than the first predetermined cutoff value or identifving the presence of benign prostate
hyperplasia in the subject when the score is less than the first predetermined cutoff value.

{6020} The present disclosure provides a method for differentiating benign prostate hyperplasia
from a prostate cancer in a subject having an enlarged prostate, the method comprising: (a)
determining the expression level of at least 38 biomarkers from a test sample from the subject by
contacting the test sample with a plurality of agents specific to detect the expression of the at least
38 biomarkers, wherein the at least 38 biomarkers comprise A4AME, ANO7, AR, AR-V7, C 1607189,
CHTOP, COLIAL EDCY, FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRT13, KR¥23, MAN2R2,
MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI, SETBPI,
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SLCI4A41, SLCI8A2, SMC4, SPARC, SQLE, STRIPI, STX/2, TMPRSS2 1, TMPRSSZ2 2,
TRIM29, UNC434, XPC, and a housekeeping gene; (b) normalizing the expression level of each
of AAMP, ANO7, AR, AR-V7, Ci6orf89, CHIOP, COLIAL, EDCH, FGFR2, FXYD7, FYCO/,
HNRNPU, HPN, KRT15 KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI,
RAD234, REPINI, SDR39UI, SETBPI, SLC1441, SLCI842, SMC4, SPARC, SQLE, STRIFPI,
STX12, TMPRSS2 1, TMPRSS2 2, TRIM29, UNC454, and XPC to the expression level of the
housekeeping gene, thereby obtaining a normalized expression ievel of each of AAMP, ANG7, AR,
AR-V7, Ci6orf89, CHTOP, COLIAL EDCY, FGFR2, FXYD7, FYCQOI, HNRNPU, HPN, KRT135,
KRT23, MAN2B2, MAX, MRPS2S, NODUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI,
SETBPI, SLCI441, SLCI842, SMC4, SPARC, SQLE, STRIP1, STXi2, TMPRSSZ I,
IMPRSS2 2, TRIM29, UNC45A, and XPC; (¢} inputting each normalized expression level into au
algorithm to generate a score; {d) comparing the score with a first predetermined cutoff value; and
(e} producing a report, wherein the report identifies the presence of a prostate cancer in the subject
when the score is equal to or greater than the first predetermined cutoff value or identifies the
presence of benign prostate hyperplasia in the subject when the score is less than the first
predetermined cutoff value.

{0021} The present disclosure provides a method for evaluating the response of a subject having a
prostate cancer to a first therapy, the method comprising: (1) at a first tirne point: (a) determining
the expression level of at least 38 biomarkers from a test sample from the subject by contacting
the test sample with a plurality of agents specific to detect the expression of the at least 38
biomarkers, wherein the at least 38 biomarkers comprise AAMP, ANO7, AR, AR-V7, Cléori89,
CHTOP, COLIAL EDC4, FGFR2, FXYD7, FYCQOI, HNRNPU, HPN, KRT15, KRT23, MAN2R2,
MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI,
SLCI4A41, SLCIBA2, SMC4, SPARC, SQLE, STRIPI, STXI2, TMPRSS2 1, TMPRSS2 2,
TRIM29, UNC434, XPC, and a housekeeping gene; (b) normalizing the expression level of each
of AAMP, ANQ7, AR, AR-V7, Cl160orf89, CHTOP, COL1AL, EDC4, FGFR2, FXYD7, FYCOL,
HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUFS&2, PPARGCIA, PPRCI,
RAD23A, REPIN1, SDR39U1, SETBP1, SLC14A1, SLCISAZ, SMC4, SPARC, SQLE, STRIP1,
STX12, TMPRSS2 1, TMPRSS2 2, TRIM29, UNC45A, and XPC to the expression level of the
housekeeping gene, thereby obtaining a normalized expression level of each of AAMP, ANO7,

AR, AR-V7, Cioorf89, CHTOP, COLIAL, EDC4, FGFR2, FXYD7, FYCO!I, HNRNPU, HPN,
11
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KRTIS5, KRT23, MANZB2, MAX, MRPS25, NDUFSZ, PPARGCIA, PPRCI, RADZ3A,
REPINT, SDR39U1L, SETBP1, SLC14A1, SLC18A2, SMC4, SPARC, SQLE, STRIPI, STX12,
TMPRSS2 1, TMPRSS2 2, TRIMZ9, UNC45A, and XPC; (c) inputting each normalized
expression level into an algorithm to generate a first score; (2} at a second time point, wherein the
second time point is after the first time point and after the administration of the first therapy to the
subject: {d} determining the expression level of the at least 38 biomarkers from a test sample from
the subject by contacting the test sample with a plurality of agents specific to detect the expression
of the at least 38 biomarkers; (¢) normalizing the expression level of each of AAMP, ANO7, AR,
AR-V7, Cloorf89, CHTOP, COL1AL, EDC4, FGFR2, FXYD7, FYCOIL, HNRNPU, HPN,
KRT15, KRT23, MANZB2, MAX, MRPS25, NDUFS2Z, PPARGCIA, PPRCI, RADZ3A,
REPIN1, SDR39U1, SETBP1, SLC14A1, SLC18A2, SMC4, SPARC, SQLE, STRIPI, STX12,
TMPRSS2 1, TMPRSS2 2, TRIM29, UNC435A, and XPC to the expression level of the
housekeeping gene, thereby obtaining a normalized expression level of each of AAMP, ANQOT,
AR, AR-V7, Ci60rf89, CHTOP, COL1AL, EDC4, FGFRZ, FXYDY7, FYCO1, HWNRNPU, HPN,
KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGC1A, PPRCI, RAD23A,
REPINI, SDR3%U1, SETBPI, S1L.C14A1, SLC18AZ, SMC4, SPARC, SQLE, STRIPI, STX12,
TMPRSS2 1, TMPRSSZ 20 TRIM29, UNC45A, and XPC, (f) inputting each normalized
expression fevel into an algorithm to generate a second score; (3) comparing the first score with
the second score; and (4) identifving the subject as responsive to the first therapy when the second
score is significantly decreased as compared to the furst score or identifying the subject as not
responsive to the first therapy when the second score is not significantly decreased as compared to
the first score.

{0022} The preceding method can further comprise continuing fo administer the first therapy to
the subject when the second score is significantly decreased as compared to the first score. The
preceding method can further comprise discontinuing administration of the first therapy to the
subject when the second score is not significantly decreased as compared to the first score. The
preceding method can further comprise administering a second therapy to the subject when the
second score is not significantly decreased as compared to the first score.

[0023] The present disclosure provides a method for evaluating the response of a subject having a
prostate cancer to a first therapy, the method comprising: (1} at a first time point: (a) determining
the expression level of at least 38 biomarkers from a test sample from the subject by contacting
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the test sample with a plurality of agents specific to detect the expression of the at least 38
biomarkers, wherein the at least 38 biomarkers comprise AAMP, ANO7, AR, AR-V7, {160rf89,
CHTOP, COLIAL EDC4, FGFR2, FXYD7?, FYCOI, HNRNPU, HPN, KRT15 KRI23, MAN2E2,
MAX, MRPS25, NDUES2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI,
SLCI441, SLCISA2, SMCH, SPARC, SQLE, STRIPI, STXi2, TMPRSS2 1, TMPRSS2 2,
TRIM29, UNC4354, XPC, and a housekeeping gene; (b) normalizing the expression level of each
of AAMP, ANO7, AR, AR-V7, Clsorf89, CHIOP, COLIAL EDC4, FGER2, FXYD?, FYCOI,
HNRNPU, HPN, KRT135, KRT723, MAN2B2, MAX, MRPS235, NDUFS2, PPARGCIA, PPRCI,
RAD23A, REPINI, SDR39UL, SETBPI, SLCI441, SLCI8A2, SMCU4, SPARC, SQLE, STRIPI,
STX12, TMPRSS2 1, TMPRSS2 2, TRIM29, UNC454, and XPC to the expression level of the
housekeeping gene, thereby obtaining a normalized expression level of each of AAMP, ANC7, AR,
AR-V7, Cl6orf89, CHTOP, COLIAL, EDCA, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT135,
KRT23, MAN2B2, MAX, MRPS25, NDUEFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39U1,
SETBPI, SLCI441, SLCI8A2, SMC4, SPARC, SQLE, STRIPI, STXI12, TMPRSSZ I,
TMPRSS2 2, TRIM29, UNC45A4, and XPC: (¢} inputting each normalized expression level into an
algorithm to generate a first score; {2} at a second time point, wherein the second time point is
after the first time point and after the administration of the therapy to the subject: {d} determining
the expression level of the at least 38 biomarkers from a test sample from the subject by contacting
the test sample with a plurality of agents specific to detect the expression of the at least 38
biomarkers; {e) normalizing the expression tevel of each of 4dAMP, ANO7, AR, AR-V7, C160rf89,
CHTOP, COLIAL EDCH, FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRT13, KRRT23, MAN2B2,
MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI,
SLCI441, SLCI8A2, SMCH, SPARC, SQLE, STRIPI, STX12, TMPRSS2 1, TMPRSS2 2,
TRIM29, UNC434, and XPC to the expression level of the housekeeping gene, thereby obtaining
a normalized expression level of each of AAMP, ANG7, AR, AR-V7, Cl6orf89, CHTOP, COLIAL
EDCY, FGEFRZ, FXYD7, FYCO{, HNRNPU, HPN, KRT15, KRT23, MANZIB2, MAX, MRPS25,
NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI, SETBPI, SLCI1441, SLC18A2,
SMC4, SPARC, SQLE, STRIPI, STX12, TMPRSSZ 1, TMPRSS2? 2, TRIM29, UNCA43A, and XPC;
(f) inputting each normalized expression level into an algorithm to generate a second score; (3)
comparing the first score with the second score; and (4} producing a report, wherein the report

identifies that the subject is responsive to the first therapy when the second score is significantly
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decreased as compared to the first score or identifies that the subject is not responsive to the first
therapy when the second score 13 not significantly decreased as compared to the first score.
{8024] The preceding method can further comprise continuing to administer the first therapy to
the subject when the second score is significantly decreased as compared to the first score. The
preceding method can further comprise discontinuing administration of the first therapy to the
subject when the second score is not significantly decreased as compared to the first score. The
preceding method can further comprise administering a second therapy to the subject when the
second score is not significantly decreased as compared to the first score.

j0025] The present disclosure also provides a method for treating a prostate cancer in a subject in
need thereof, the method comprising: determining the expression level of at least 38 biomarkers
from a test sample from the subject by contacting the test sample with a plurality of agents specific
to detect the expression of the at least 38 biomarkers, wherein the at least 38 biomarkers comprise
AAMEP, ANO7, AR, AR-V7, Cléorf89, CHIOP, COLIAL EDC4, FGFR2, FXYD7, FYCOI,
HNRNPU, HPN, KRT15 KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI,
RAD234, REPINI, SDR39UI, SETRPI, SLCI4AI SLCI18A2, SMC4, SPARC, SQLE, STRIPI,
STX12, TMPRSS2 1, TMPRSS2 2, TRIM29, UNC454, XPC, and a housekeeping gene,
normalizing the expression level of each of A4AMP, ANO7, AR, AR-V7, Cleorf89, CHIOP,
COLIAL FDCH, FGEFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT'15, KR123, MAN2B2, MAX,
MRPS25, NDUEFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39{71, SETBPI, 5I.CI14A1,
SLCI8A2, SMCH, SPARC, SOLE, STRIPI, STX12, TMPRSS2 1, IMPRSS2 2, TRIM29, UNC434,
and XPC to the expression level of the housekeeping gene, thereby obtaining a normalized
expression level of each of 44AMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAI, EDCY,
FGER2, FXYD7, FYCO!, HNRNPU, HPN, KRT135, KR123, MAN2R2, MAX, MRPS23, NDUFS2,
PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI, SETRPI, SLLI4AL, SLCIBA2, SMCH,
SPARC, SQLE, STRIPI, STXI12, IMPRSS2 1, TMPRSS2 2, TRIM29, UNC434, and XPC;
inputting each normalized expression level into an algorithm to generate a score; comparing the
score with a first predetermined cutoff value; and administering at least a first therapy to the subject
when the score is equal to or greater than the first predetermined cutoff value or identifies the
absence of a prostate cancer in the subject when the score is less than the first predetermined cutoft

value.
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{0026} In the methods of the present disclosure, the housekeeping gene can be selected from the
group consisting of ALGY, SEPN, YWHAQ, VFPS374, PRRC2B, DOPLEY2, NODUFRII, ND4,
MRPLIS, PSMC4, SF3A1, PUMI, ACTB, GAPD, GUSB, RPLPO, TFRC, MORF411, 185, PPIA,
PGKI, RPLI3A, B2M, YWHAZ, SDHA, HPRT1, TOX4 and TPT1. The housekeeping gene can be
TOX4,

{6027} In the methods of the present disclosure, a predetermined cutoff value can be at least 33%
on a scale of 0-100%, or at feast 50% on a scale of 0-100%. A first predetermined cutoff value can
be at least 33% on a scale of 0-100%, or at least 30% on a scale of 0-100%.

[0028] The methods of the present disclosure can further comprise administering a therapy to a
subject. The methods of the present disclosure can further comprise administering a first therapy
a subject. The methods of the present disclosure can further comprise administering a second
therapy to a subject.

{0029} In the methods of the present disclosure, a therapy can comprise active surveillance,
radiation therapy, surgery, cryotherapy, hormone therapy, chemotherapy, vaccine treatment, bone-
directed treatment, or any combination thereof. A first therapy can comprise active surveillance,
radiation therapy, surgery, cryotherapy, hormone therapy, chemotherapy, vaccine treatment, bone-
directed treatment, or any combination thereof. A second therapy can comprise active surveillance,
radiation therapy, surgery, cryotherapy, hormone therapy, chemotherapy, vaccine treatment, bone-
directed treatment, or any combination thereof.

{6030} In some aspects, hormone therapy can comprise androgen suppression therapy. In some
aspects, chemotherapy can comprise docetaxel, cabazitaxel, mitoxanirone, estramustine, or a
combination thereof. In some aspects, a vaccine treatment can comprise Sipuleucel-T. In some
aspects, a bone-directed treatment can comprise a bisphosphonate, dencsumab, a corticosteroid,
or a combination thereof.

{6031} In the methods of the present disclosure, an algorithm can be XGB, RF, glmnet, cforest,
CART, treebag, knn, nnet, SVM-radial, SYM-linear, NB, or mip. An algorithm can be XGB.
[0032] Tn the methods of the present disclosure, a first time point can be either prior to or after the
administration of a therapy to the subject. A first time point can be either prior to or after the
administration of a first therapy to the subject.

{6033} In the methods of the present disclosure, a second score is significantly decreased as

compared to the first score when the second score is at least 25% less than the first score.
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{0034} The methods of the present diclsoure can have a sensitivity of at least 92%. The methods
of the present disclosure can have a specificity of at least 95%.

0035} In the methods of the present disclosure, at least one of the at least 38 biomarkers can be
RNA, cDNA, or protein.

{0036} In the methods of the present disclosure, when the biomarker is RNA, the RNA can be
reverse transcribed to produce ¢cDNA, and the produced cDNA expression level can be detected.
{0037} In the methods of the present disclosure, the expression level of a biomarker can be detected
by forming a complex between the biomarker and a labeled probe or primer.

[0038] In the methods of the present disclosure, when the biomarker 18 protein, the protein can be
detected by forming a complex between the protein and a labeled antibody. The label can be a
fluorescent label.

10039} In the methods of the present disclosure, when the biomarker is RNA or ¢DNA, the RNA
or ¢cDNA can be detected by forming a complex between the RNA or ¢DNA and a labeled nucleic
actd probe or primer. For example, a label can be a fluorescent fabel. A complex between the RNA
or cDNA and the labeled nucleic acid probe or primer can be a hybridization complex.

{0040} In the methods of the present disclosure, a predetermined cutoff value can be derived from
a plurality of reference samples obtained from subjects not having or not diagnosed with a
neoplastic disease. The neoplastic disease can be prostate cancer.

{0041 In the methods of the present disclosure, a test sample can be blood, serum, plasma, or
neoplastic tissue. A reference sample can be blood, serum, plasma, or non-neoplastic tissue.
{0042} In the methods of the present disclosure, a subject can have at least one prostate cancer
syrmptom. In the methods of the present disclosure, a subject can have a predisposition or familial
history for developing a prostate cancer.

[0043] In the methods of the present disclosure, a subject can have been previously diagnosed with
a prostate cancer and is tested for prostate cancer recurrence.,

{8044} In the methods of the present disclosure, a subject can be human.

[0845] Any of the above aspects can be combined with any other aspect.

{0046} Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In the Specification, the singular forms also include the plural unless the context clearly

dictates otherwise; as examples, the terms “a,” “an,” and “the” are understood to be singular or
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plural and the term “or” is understood to be inclusive. By way of example, “an element” means
one or more element. Throughout the specification the word “comprising,” or variations such as
“comprises” or “comprising,” will be understood to imply the inclusion of a stated element, integer
or step, or group of elements, integers or steps, but not the exclusion of any other element, integer
of step, or group of elements, integers or steps. About can be understood as within 10%, 9%, 8%,
7%, 6%, 5%, 4%%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise
clear from the coniext, all numerical values provided herein are moditied by the term “about”

{0047} Although methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present invention, illustrative methods and materials are now
described. Other features, objects, and advantages of the invention will be apparent from the
description and from the claims. In the specification and the appended claims, the singular forms
also include the plural unless the context clearly dictates otherwise. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as commonly understood by one
of ordinary skill in the art to which this invention belongs. All patents and publications cited in

this specification are incorporated herein by reference in their entireties.

Brief Description of the Drawings
{0048} FIGs. 1A-1B are graphs showing visualisation of 30 putative marker genes identified by
the Random Forest algorithm in the derivation cohort of # = 595 tissue samples. (FIG. 14)
Expression in E-GEOD-46691. (FIG. 1B) Expression in E-GEOD-46602.
{0049] FIG. 2 is a scatter plot of average predictive importance vs. Kruskal Wallis p-values.
Vertical and horizontal lines represent p-value of 0.05 and median Predictive Importance value
respectively.
{0050} FIG. 3 is a graph showing hierarchical clustering of gene expression identified that PCA
tumor tissue and control tissue were separately clustered. Gene expression was significantly higher
in the PCA tissue.
[0051] FIG. 4 18 a graph showing clustering of normalized gene expression separates prostate-
derived cell lines into their tissue of origin (i.e., normal, localized, metastatic).
[0052) FIG. S is a graph showing gene expression in the control (n=201), BPH (prostate

hyperplasia, n=26) and prostate cancer cases (n=125}. Identified expression levels were
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significantly (p<0.0001) elevated in cases (63+19%) versus benign prostatic hyperplasia (BPH:
17+13%) and controls (8+9%).

j0053] FIG. 6 is a graph showing receiver operator curve analysis. The AUROC was 0.97 and the
Youden J index was .94 The Z-statistic was highly significant (38.9; p<0.0001).

{0054] FIG. 7 is a graph showing the metrics of the ProstaTest for determining PCA ranged 92-
99%.

{0055} FIG. 8 1s a Probit risk assessment plot that identifies a ProstaTest score >30 was 60%
accurate for predicting prostate cancer in a blood sample. This was increased to >80% at a test
scores >34, Dotted fines represent the 95% confidence interval.

{6056} FIG. 9 is a graph showing receiver operator curve analysis comparing the ProstaTest with
measurements of PSA for predicting high grade (>Gleason 7) compared to low grade (Gleason
5+63 tumors. The AUROC was 0.98 and the Youden J index was .87 for the ProstaTest. For PSA,
the AUROQC was 0.64 and the Youden J index was 0.42. The ProstaTest was significantly better
than PSA for predicting grade (Z-statistic: 3.05, p=0.002}.

{6057} FIG. 10 is a graph showing the effect of surgery on the ProstaTest. Levels prior to surgery
are elevated (80+18%). Surgery reduced levels to 22+7% (p<0.0001}, not different to control
levels.

[0058] FIG. 11 is a graph showing the effect of treatment on the ProstaTest. Levels prior to
treatment are elevated (74+18%). In those who responded to hormone therapy, levels were reduced
to 18+7% (p<0.0001). In those requiring chemotherapy, levels were reduced to 27+10%

(p<0.001).

Detailed Description of the Invention

{0059} The details of the invention are set forth in the accompanying description below.

{0068] Described herein are methods to quantitate (score) the circulating prostate cancer molecular
signature with high sensitivity and specificity for purposes including, but not limited to, detecting
a prostate cancer, determining whether a prostate cancer is stable or progressive, differentiating
benign prostate hyperplasia (BPH) from prostate cancer, determining the completeness of surgery,
and evaluating the response to a prostate cancer therapy. Specifically, the present invention is
based on the discovery that the expression levels of AAMP, ANO7, AR, AR-V7, Ci6ori89, CHIOP,
COLIAL EDC4, FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KR123, MANZB2, MAX,
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MRPS25, NDUEFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR3%9{71, SETBPI, SICI4A4,
SLCI8AZ, SMCH, SPARC, SOLE, STRIPI, STX12, TMPRSS2 1, IMPRSS2 2, TRIM29, UNC434,
and XPC, normalized by the expression level of a housekeeping gene, are elevated in subjects
having prostate cancers as compared to healthy subjects or subjects with BPH.
{0061} Symptoms of prostate cancers include problems urinating, blood in the urine or semen,
trouble getting an erection, pain in the hips, back (spine), chest (ribs), or other areas from cancer
that has spread to bones, weakness or numbniess in the legs or feet, or even loss of bladder or bowel
control from cancer pressing on the spinal cord.
j0862] As described in the examples, measurements of circulating prostate cancer transcripts — the
ProstaTest - diagnoses prostate cancer and decreases in the ProstaTest score in blood correlates
with the efficacy of therapeutic interventions such as surgery and chemotherapy. A targeted gene
expression profile of prostate cancer RNA can be isolated from the peripheral blood of patients.
The expression profile is evaluated in an algorithm and converted to an output (score). It can
diagnose and identify active disease and provide an assessment of treatment responses in
conjunction with standard clinical assessment and imaging.
{6063} Accordingly, the present disclosure provides a method for detecting a prostate cancer in a
subject in need thereof, the method comprising: {(a) determining the expression level of at least 38
biomarkers from a test sample from the subject by contacting the test sample with a plurality of
agents specific to detect the expression of the at least 38 biomarkers, wherein the at least 38
biomarkers comprise AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAI EDC4, FGFR2,
FXYD7, FYCO!I, HNRNPU, HPN, KRT13, KRT23, MANZB2, MAX MRPS25, NDUES2,
PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI, SICi441, SLCISAZ2, SMC4,
SPARC, SQLE, STRIPI, STX12, {MPRSS2 1, TMPRSS2 2, TRIM29, UNC434, XPC, and a
housekeeping gene; (b} normalizing the expression level of each of A4MP, ANO7, AR, AR-V7,
Cloorf89, CHIOP, COLIAL EDCY, FGIR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KR123,
MAN2ZB2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPIN{, SDR39UI,
SETBPI, SLCI441, SLCIRA2, SMC4, SPARC, SQLE, STRIPI, STXI12, TMPRSS2 1,
TMPRSS2 2, TRIM29, UNC434, and XP( to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of AAMP, ANO7, AR, AR-V7, Ci60rf89,
CHTOP, COLIAL EDCY, FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRT13, KR¥23, MAN2R2,
MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI, SETBPI,
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SLCI4AL, SLCI8A2, SMC4, SPARC, SQLE, STRIPI, S5TX12, TMPRSS2 1, TMPRSSZ 2,
TRIM29, UNC434, and XPC; {¢) inputting each normalized expression level into an algorithm to
generate a score; (d) comparing the score with a first predetermined cutoff value; and (e)
identifying the presence of a prostate cancer in the subject when the score is equal to or greater
than the first predetermined cutoff value or identifying the absence of a prostate cancer in the
subject when the score is less than the first predetermined cutoff value.
{0064 In some aspects of the preceding method, step (2} can comprise producing a report, wherein
the report identifies the presence of a prostate cancer in the subject when the score is equal to or
greater than the first predetermined cutoft value or identifies the absence of a prostate cancer in
the subject when the score is less than the first predetermined cutoff value.
{6063 In some aspects of the preceding method, the first predetermined cutoff value can be 33%
on a scale of 0-100%.
{0066} In some aspects, the preceding method can further comprise administering to the subject a
first therapy. The preceding method can further comprise administering to the subject a first
therapy when the score is equal to or greater than the predetermined cutoff value.
{6087} The present disclosure also provides a method for determining whether a prostate cancer
in a subject is stable or progressive, the method comprising: (a) determining the expression level
of at least 38 biomarkers from a test sample from the subject by contacting the test sample with a
plurality of agents specific to detect the expression of the at least 38 biomarkers, wherein the at
feast 38 biomarkers comprise 4AMP, ANO7, AR, AR-V7, Cl6orf88, CHIOP, COLIAI EDCH,
FGER2, FXYD7, EYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUES?2,
PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI, SICi441, SLCISAZ2, SMC4,
SPARC, SQLE, STRIPI, STX12, {MPRSS2 1, TMPRSS2 2, TRIM29, UNC434, XPC, and a
housekeeping gene; (b} normalizing the expression level of each of A4MP, ANO7, AR, AR-V7,
Cloorf89, CHIOP, COLIAL EDC4, FGIR2, FXYD7, FYCOI, HNRNPU, HPN, KRT'15, KR123,
MAN2ZB2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPIN{, SDR39UI,
SETBPI, SLCI441, SLCIRA2, SMC4, SPARC, SQLE, STRIPI, STXI12, TMPRSS2 1,
TMPRSS2 2, TRIM29, UNC434, and XP( to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of AAMP, ANO7, AR, AR-V7, Ci60rf89,
CHTOP, COLIAL EDCY, FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRT13, KR¥23, MAN2R2,
MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI, SETBPI,
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SLCI4AL, SLCI8A2, SMC4, SPARC, SQLE, STRIPI, S5TX12, TMPRSS2 1, TMPRSSZ 2,
TRIM29, UNC434, and XPC,{c) inputting each normalized expression level into an algorithm to
generate a score; (d) comparing the score with a first predetermined cutoff value; and (e)
identifying that the prostate cancer is progressive when the score is equal to or greater than the
first predetermined cutoff value or identifying that the prostate cancer is siable when the score is
fess than the first predetermined cutoff value.
j006&] In some aspects of the preceding method, step (e) can comprise producing a report,
wherein the report identifies that the prostate cancer is progressive when the score is equal to or
greater than the first predetermined cutoft value or identifies that the prostate cancer is stable when
the score is less than the first predetermined cutoff value.
{60469} In some aspects of the preceding method, the first predetermined cutoff value can be 50%
on a scale of 0-100%.
{0070} In some aspects, the preceding method can further comprise administering to the subject a
first therapy. The preceding method can further comprise administering to the subject a first
therapy when the score is equal o or greater than the predetermined cutoff value.
{6071} The present disclosure also provides a method for determining whether a prostate cancer
in a subject is low or high grade, the method comprising: (a} determining the expression level of
at least 38 biomarkers from a test sample from the subject by contacting the test sample with a
plurality of agents specific to detect the expression of the at least 38 biomarkers, wherein the at
feast 38 biomarkers comprise 4AMP, ANO7, AR, AR-V7, Cl6orf88, CHIOP, COLIAI EDCH,
FGER2, FXYD7, FYCOI, HNRNPU, HEN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2,
PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI, SICi441, SLCISAZ2, SMC4,
SPARC, SQLE, STRIPI, STX12, {MPRSS2 1, TMPRSS2 2, TRIM29, UNC434, XPC, and a
housekeeping gene; (b) normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Cl160rf89, CHTOP, COL1AL, EDC4, FGFR2, FXYD7, FYCO1, HNRNPU, HPN, KRTI5,
KRT23, MANZB2, MAX, MRPSZ5 NDUFSZ, PPARGCIA, PPRCI, RAD23A, REPINI,
SDR39U1, SETBPI, SLC14Al, SLC18A2, SMC4, SPARC, SQLE, STRIP1, STXI2,
TMPRSS2 1, TMPRSS2 2, TRIM29, UNC45A, and XPC to the expression level of the
housekeeping gene, thereby obtaining a normalized expression level of each of AAMP, ANO7,
AR, AR-V7, Cloeorf89, CHTOP, COL1AL, EDC4, FGFR2, FXYD7, FYCQO!L, HNRNPU, HPN,
KRTI1S, KRT23, MAN2ZB2Z, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCL, RADZ3A,
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REPIN, SDPR39U1, SETBPL, SLC14Al1, SLCI8AZ, SM{4, SPARC, SQLE, STRIP1, §TX12,
TMPRSS2 1, TMPRSK2 2. TRIM29, UNC45A, and XPC; (¢) inputting each normalized
expression level into an algorithm to generate a score; (d) comparing the score with a first
predetermined cutoff value; and (e) identifying that the prostate cancer is high grade when the
score 18 equal to or greater than the first predetermined cutoff value or identifying that the prostate
cancer is low grade when the score is less than the first predetermined cutoff value.

{0072} In some aspects of the preceding method, step (2} can comprise producing a report, wherein
the report identifies that the prostate cancer is high grade when the score is equal to or greater than
the first predetermined cutoff value or identifies that the prostate cancer is jow grade when the
score is less than the first predetermined cutoff value.

{6073 In some aspects of the preceding method, the first predetermined cutoff value can be 50%
on a scale of 0-100%.

{0074} In some aspects, the preceding method can further comprise administering to the subject a
first therapy. The preceding method can further comprise administering to the subject a first
therapy when the score is equal to or greater than the predetermined cutoff value.

{6075} In some aspects, a low grade prostate cancer is a prostate cancer with a Gleason score that
is less than or equal to 6. In some aspects, a high grade prostate cancer is a prostate cancer with a
Gleason score that is greater than or equal to 7.

{0076} The Gleason Grading System is commonly used in the art as a parameter of prognosis,
often used in combination with other prognostic factors or tests, for prostate cancer. Prostate
biopsy samples are examined, for example, by microscope, and a Gleason score is determined by
a pathologist, based on the architectural pattern of the prostate tumor. The Gleason score is based
upon the degree of loss of the normal glandular tissue architecture (i.e. shape, size and
differentiation of the glands). The sample is assigned a grade to the most common tumor patiern,
and a second grade to the next most common tumor patiern. There may be a primary or most
common pattern and then a secondary or second most common pattern which can be identified;
alternatively, there may be only a single grade. Gleason patterns are associated with the following
features: Pattern | - The cancerous prostate closely resembles normal prostate tissue. The glands
are small, well- formed, and closely packed; Pattern 2 - The tissue still has well-formed glands,
but they are larger and have more tissue between them; Pattern 3 - The tissue still has recognizable

glands, but the cells are darker. At high magnification, some of these cells have left the glands and
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are beginning to invade the surrounding tissue; Pattern 4 - The tissue has few recognizable glands.
Many cells are invading the surrounding tissue; Pattern S - The tissue does not have recognizable
glands. There are often just sheets of cells throughout the surrounding tissue. The two grades are
added together to get a Gleason Score, also known as a Gleason sum.

{6077} The present disclosure also provides a method for determining whether a prostate cancer
in a subject is a low Gleason score (<6) prostate cancer or a high Gleason score (>7) prostate
cancer, the method comprising: (a) determining the expression level of at least 38 biomarkers from
a test sample from the subject by contacting the test sample with a plurality of agents specific to
detect the expression of the at least 38 biomarkers, wherein the at least 38 biomarkers comprise
AAMP, ANO7, AR, AR-V7, Cloorf89, CHTOP, COLIAL, EDC4, FGFR2, FXYD7, FYCOI,
HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUES2, PPARGCIA, PPRCI,
RAD23A, REPINI, SDR39UI, SETBPI, SLCI441, SLCI8A2, SMC4, SPARC, SOLE, STRIP],
STX12, TMPRSS2 1, TMPRSS2 2, TRIMZ29, UNC45A, XPC, and a housekeeping gene; (b)
normalizing the expression level of each of AAMP, ANO7, AR, AR-V7, Cl6orfs9, CHTOP,
COLIAL EDC4, FGIR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KR123, MAN2B2, MAX,
MRPS23, NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI, SETBPI, 811441,
SLCI8A2, SMCH, SPARC, SQLE, STRIP1, STX12, TMPRSS2 1, TMPRSS2 2, TRIM29, UNC45A4,
and XPC to the expression level of the housekeeping gene, thereby obtaining a normalized
expression level of each of AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAL, EDCH,
FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRT135, KR123, MAN2B2, MAX, MRPS2S, NDUIFS2,
PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI, SLCI441, SLCI8A2, SMCA,
SPARC, SOLE, STRIPI, STX12, TMPRSS2 [, IMPRSS2 2, TRIM29, UNC454, and XPC,{c)
inputting each normalized expression level into an algorithm to generate a score; (d) comparing
the score with a second predetermined cutotf value; and (e) identifying that the prostate cancer 18
a high Gleason score prostate cancer when the score is equal to or greater than the first
predetermined cutoff value or identifying that the prostate cancer is a low Gleason score prostate
when the score is less than the first predetermined cutoff value.

{6078} In some aspects of the preceding method, step {e) can comprise producing a report, wherein
the report identifies that the prostate cancer is a high Gleason score prostate cancer when the score

is equal to or greater than the first predetermined cutoff value or identifies that the prostate cancer
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is a low Gleason score prostate cancer when the score is less than the second predetermined cutoff
value,

{8079} In some aspects of the preceding method, the first predetermined cutoff value can be 50%
on a scale of 0-100%.

{6080} In some aspects, the preceding method can further comprise administering to the subject a
first therapy. The preceding method can further comprise administering to the subject a first
therapy when the score is equal o or greater than the predetermined cutoff value.

{0081} The present disclosure also provides a method for determining the completeness of surgery
in a subject having a prostate cancer, the method comprising: {a) determining the expression level
of at least 38 biomarkers from a test sample from the subject after the surgery by contacting the
test sample with a plurality of agents specific to detect the expression of the at least 38 biomarkers,
wherein the 38 biomarkers comprise AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAL
EDCA, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KR123, MAN2B2, MAX, MRPS25,
NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39U1, SETBPI, SLCI1441, SLCI1842,
SMC4, SPARC, SOQLE, STRIPI, STX12, TMPRSS2 1, TMPRSS2 2, TRIM29, UNC4354, XPC, and
a housekeeping gene; (b) normalizing the expression level of each of A4MF, ANO7, AR, AR-V7,
Cl6orf89, CHTOP, COLI4{, EDC4, FGEFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23,
MAN2E2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI,
SETBPI, SLCI441, SLCI8AZ, SMC4, SPARC, SQLE, STRIPI, STXi2, TMPRSSZ i,
IMPRSS2 2, TRIM29, UNC454, and XPC to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of AAMP, ANG7, AR, AR-V7, Cl6or89,
CHTOP, COLIAIL EDCY, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15 KR123, MAN2B2,
MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI,
SLCI4A41, SLCIBA2, SMC4, SPARC, SQLE, STRIPI, STXI2, TMPRSS2 1, TMPRSS2 2,
TRIM29, UNC434, and XPC; {¢) inputting each normalized expression level into an algorithm to
generate a score; (d) comparing the score with a first predetermined cutoff value; and (e)
identifying that the prostate cancer is not completely removed when the score is equal to or greater
than the first predetermined cutoff value or identifying that the prostate cancer is completely
removed when the score is less than the first predetermined cutoft value.

{0082} In some aspects of the preceding method, step (e} can comprise producing a report, wherein

the report identifies that the prostate cancer is not completely removed when the score is equal to
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or greater than the first predetermined cutoff value or identifies that the prostate cancer is
completely removed when the score is less than the first predetermined cutoff value.

0083} In some aspects of the preceding method, the first predetermined cutoff value can be 33%
on a scale of 0-100%.

{6084} In some aspects, the preceding method can further comprise administering to the subject a
first therapy. The preceding method can further comprise administering to the subject a first
therapy when the score is equal o or greater than the predetermined cutoff value.

[0085] The present disclosure also provides a method for differentiating benign prostate
hyperplasia from a prostate cancer in a subject having an enlarged prostate, the method comprising:
(a) determining the expression level of at least 38 biomarkers from a test sample from the subject
by contacting the test sample with a plurality of agents specific to detect the expression of the at
least 38 biomarkers, wherein the at least 38 biomarkers comprise AAMP, ANO7, AR, AR-V7,
Cl6orf89, CHTOP, COLIAL EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KR123,
MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI,
SETBPI, SLCI441, SLCISA2, SMC4, SPARC, SQLE, STRIPI, STXI2, TMPRSS? 1,
TMPRES2 2, TRIM29, UNC454, XPC, and a housekeeping gene; (b) normalizing the expression
level of each of AAMP, ANO7, AR, AR-V7, Clori89, CHIOP, COLIAL FDCY, FGFRZ, FXYD7,
FYCOI, HNRNPU, HPN, KRT15, KR123, MAN2B2, MAX, MRPS25, NDUEFS2, PPARGCIA,
PPRCI, RAD234, REPINI, SDR39UI, SETBPL, S5LC14A1, SICI18A2, SMC4, SPARC, SQLE,
STRIPI, STX12, IMPRSS2 I, TMPRSS2 2, TRIM29, UNC454, and XPC to the expression level
of the housekeeping gene, thereby obtaining a normalized expression level of each of 44MP,
ANQO7, AR, AR-V7, Cléorf89, CHITOP, COLIAIl EDC4, FGFR2, FXYD7, FYCOI, HNRNPU,
HPN, KRT15, KRT23, MAN2R2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234,
REPINI, SDR39UI, SETBPI, SLCI441, SLC18A2, SMC4, SPARC, SOLE, STRIPI, 5TX12,
TMPRES2 1, TMPRSS2 2, TRIMZ29, UNC4354, and XPC; (¢} inputting each normalized
expression level into an algorithm to generate a score; (d) comparing the score with a first
predetermined cutoff value; and (e) identitying the presence of a prostate cancer in the subject
when the score is equal to or greater than the first predetermined cutoff value or identifyving the
presence of benign prostate hyperplasia in the subject when the score is less than the first

predetermined cutoff value.
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{6086} In some aspects of the preceding method, step {e) can comprise producing a report, wherein
the report identifies the presence of a prostate cancer in the subject when the score is equal to or
greater than the first predetermined cutoff value or identifies the presence of benign prostate
hyperplasia in the subject when the score s less than the first predetermined cutoff value,
{6087] In some aspects of the preceding method, the first predetermined cutoff value can be 33%
on a scale of 0-100%.
j0088&] In some aspects, the preceding method can further comprise administering to the subject a
first therapy. The preceding method can further comprise administering to the subject a first
therapy when the score 1s equal to or greater than the predetermined cutoft value.
{6089} The present disclosure provides a method for treating a prostate cancer in a subject in need
thereof, the method comprising: (a) determiving the expression level of at least 38 biomarkers
from a test sample from the subject by contacting the test sample with a plurality of agents specific
to detect the expression of the at least 38 biomarkers, wherein the at least 38 biomarkers comprise
AAMP, ANG7, AR, AR-V7, Cloorf88, CHIOP, COLIAL EDC4, FGFR2, FXYD7, FYCOI,
HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUEFS2, PPARGCIA4, PPRCI,
RAD23A, REPINI, SDR39U/1, SETBPI, SLCI441, SLCI8A2, SMC4, SPARC, SQLE, STRIP],
STX{I2, TMPRSS2 1, TMPRSS2 2, TRIMZ29, UNC454, XPC, and a housekeeping gene: (b)
normalizing the expression level of cach of 44MP, ANO7, AR AR-V7, Cl6orf83, CHIOP,
COLIAL, EDC4, FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX,
MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI, SLCI4A1,
SECI8A2, SMCH, SPARC, SQLE, STRIPI, STX12, IMPRSS2 1, IMPRSS2 2, TRIM29, UNC434,
and XPC to the expression level of the housekeeping gene, thereby obtaining a normalized
expression level of each of AAMP, ANO7, AR, AR-V7, Cloorf89, CHIOP, COLIAL EDCH4,
FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRP52S, NDUFS2,
PPARGCIA, PPRCI, RAD23A, REPINI, SDR39UI, SEIBPI, SLCI441, SLCIRA2, SMCA,
SPARC, SQLE, STRIPI, STX12, TMPRSS2 [, TMPRSS2 2, TRIM29, UNC43A4, and XPC; (c)
inputting each normalized expression level into an algorithm to generate a score; (d) comparing
the score with a first predetermined cutoff value; and (e) administering at least a first therapy to
the subject when the score is equal to or greater than the first predetermined cutoff value or
identifies the absence of a prostate cancer in the subject when the score is less than the first
predetermined cutoft value.
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{6090} The present disclosure also provides a method for evaluating the response of a subject
having a prostate cancer to a first therapy, the method comprising: (1) at a first time point: {(a)
determining the expression level of at least 38 biomarkers from a test sample from the subject by
contacting the test sample with a plurality of agents specific to detect the expression of the at least
38 biomarkers, wherein the at least 38 biomarkers comprise AAMP, ANO7, AR, AR-V7, C16orf89,
CHTOP, COLIAL EDC4, FGFR2, FXYD7, FYCO!, HNRNFPU, HPN, KRT15, KRT23, MAN2B2,
MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, BAD234, REPINI, SDR39{U/I, SETBPI,
SLOI4A41, SLCI842, SMICH, SPARC, SQLE, STRIPI, STX{2, TMPRSSZ I, TMPRSS2 2,
TRINI29, UNC454, XPC, and a housekeeping gene; (b} normalizing the expression level of each
of AAMP, ANO7, AR, AR-V7, Cl6orf89, CHIOP, COLIAI EDC4, FGIER2, FXYD7, FYCO!,
HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUES2, PPARGCIA, PPRCI,
RAD23A, REPINI, SDR39UI, SETBPI, SLCI441, SLCI8A2, SMC4, SPARC, SOLE, STRIP],
STXI2, TMPRSS2 1, TMPRSS2 2, TRINM(29, UNC434, and XPC to the expression level of the
housekeeping gene, thereby obtaining a normalized expression level of each of A4MF, ANO7, AR,
AR-V7, Cl6orf89, CHTOP, COLIAL EDC4, FGER2, FXYD7, FYCOI, HNRNPU, HPN, KRT15,
KR123, MAN2B2, MAX, MIRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39U1,
SETBPI, SLCI4A1, SLCI8A2, SMCH, SPARC, SQLE, STRIPI, STXI12, TMPRSS2 I,
TMPRSS2 2, TRIM29, UNC434, and XFPC,; (¢} inputting each normalized expression level into an
algorithm to generate a first score; (2) at & second time point, wherein the second time point is
after the first time point and after the administration of the first therapy to the subject: (d)
determining the expression level of the at least 38 biomarkers from a test sample from the subject
by contacting the test sample with a plurality of agents specific to detect the expression of the at
feast 38 biomarkers; (e) normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Clsorf89, CHIOP, COLIAL EDCH, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23,
MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI,
SEIBPI, SLCI4A1, SLCISA2, SMCH, SPARC, SQLE, STRIPI, STX12, TMPRSS2 1,
TMPRSS2 2, TRIM29, UNC45A, and XPC to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of AAMP, ANO7, AR, AR-V7, C160rf89,
CHTOP, COLIAL EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2,
MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, BAD234, REPINI, SDR39UI, SETBPI,

SLCI441, SLCISA2, SMC4, SPARC, SOLE, STRIPI, STX12, TMPRSS2 i, TMPRSS2 2,
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TRIM29, UNC45A4, and XPC; (f) inputting each normalized expression level into an algorithm to
generate a second score; (3) comparing the first score with the second score; and (4) identifying
the subject as responsive to the first therapy when the second score is significantly decreased as
compared to the first score or identifying the subject as not responsive to the first therapy when
the second score is not significantly decreased as compared to the first score.

{6031} In some aspects of the preceding method, step (4) can comprise producing a report, wherein
the report identifies that the subject is responsive to the first therapy when the secound score is
significantly decreased as compared to the first score or identifies that the subject is not responsive
to the first therapy when the second score 1s not significantly decreased as compared to the first
score.

{6092} In some aspects, the preceding method can further comprise continuing to administer the
first therapy to the subject when the second score is significantly decreased as compared to the
first score. The preceding method can further comprise discontinuing administration of the first
therapy to the subject when the second score is not significantly decreased as compared to the first
score. The preceding method can further comprise administering a second therapy to the subject
when the second score is not significantly decreased as compared to the first score.

{0093} In some aspects of the preceding method, the second score is significantly decreased as
compared to the first score when the second score is at least about 10% less than the first score,
or at least about 20% less than the first score, or at least about 25% less than the first score, or at
feast about 30% less than the first score, at feast about 40% less than the first score, at least about
50% fess than the first score, or at least about 60% less than the first score, or at least about 70%
tess than the first score, or at least about 75% less than the first score, or at least about 80% less
than the first score, or at least about 90% less than the first score, or at least about 95% less than
the first score or at least about 99% less than the first score. In some aspects, when the second
score is not significantly decreased as compared to the first score, the subject is considered to be
not responsive to the therapy.

[0494] In some aspects of the preceding method, a first time point can be prior to the
administration of a first therapy to the subject. A first time point can be after the administration
of a first therapy to the subject.

{6095} In some aspects of the methods of the present disclosure, housekeeping genes include, but

are not Hmited to, ALGY, SEPN, YWHAQ, VPS374, PRRC2B, DOPEY2, NDUFBII, ND4,
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MRPLIY, PSMCH, SF3A1, PUMI, ACTE, GAPD, GUSB, RPLPO, TFRC, MORF4LI, i8S, PPIA,
PGKI, RPLI3A, B2M, YWHAZ, SDHA, HPRTI, 1{0X4 and 7PTI In some aspects, the
housekeeping gene is TOX4.

{6096} In sorue aspects of the methods of the present disclosure, a predetermined cutoff value
can be about 33% on a scale of 0-100%. In some aspects of the methods of the present
disclosure, a predetermined cutoff value can be about 50% on a scale of 0-100%. A
predetermined cutoff value can be about 60% on a scale of 0-100%. A predetermine cutoff value
can be about 10%, or about 20%, or about 30%, or about 40%, or about 70%, or about 80%, or
about 90% on a scale of 0-100%.

{6097} The methods of the present disclosure can have a sensitivity of at least about 50%, or at
feast about 60%, or at least about 70%, or at least about 75%, or at least about 80%, or at least
about 85%, or at least about 90%, or at least about 95%, or at least about 99%. The methods of
the present disclosure can have a sensitivity of greater than about 50%, or greater than about
60%, or greater than about 70%, or greater than about 75%, or greater than about 80%, or greater
than about 85%, or greater than about 90%, or greater than about 95%, or greater than about
99%,

0098} The methods of the present disclosure can have a specificity of at least about 50%, or at
feast about 60%, or at least about 70%, or at least about 75%, or at least about 80%, or at least
about 85%, or at least about 90%, or at least about 95%, or at least about 99%. The methods of
the present disclosure can have a specificity of greater than about 50%, or greater than about
60%, or greater than about 70%, or greater than about 75%, or greater than about 80%, or greater
than about 85%, or greater than about 90%, or greater than about 95%, or greater than about
99%.

10099] The methods of the present disclosure can have an accuracy of at least about 50%, or at
feast about 60%, or at least about 70%, or at least about 75%, or at least about 80%, or at least
about 85%, or at least about 90%, or at least about 95%, or at least about 99%. The methods of
the present disclosure can have an accuracy of greater than about 50%, or greater than about
60%, or greater than about 70%, or greater than about 75%, or greater than about 80%, or greater
than about 85%, or greater than about 90%, or greater than about 95%, or greater than about

99%.
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{60100] In some aspects of the methods of the present disclosure, a predetermined cutoff value,
for example a first predetermined cutoff value, is derived from a plurality of reference samples
obtained from subjects not having or not diagnosed with a neoplastic disease. The plurality of
reference samples can be about 2-500, 2-200, 10-100, or 20-80. Each reference sample produces
a score using the algorithm, and the first predetermined cutoff value can be, for example, an
arithmetic mean of these scores. Each reference sample can be blood, serum, plasma, or non-
neoplastic tissue. In some aspects, each reference sample is blood. In some aspects, each reference
sample is of the same type as the test sample.

{60191] In some aspects of the methods of the present disclosure, a test sample can comprise any
biological fluid obtained from a subject. In some aspects, a test sample comprises blood, serum,
plasma, neoplastic tissue or any combination thereof. In some aspects, a test sample comprises
blood. In some aspects, a test sample comprises serum. In some aspects, a test sample comprises
plasma.

{00102} In some aspects of the methods of the present disclosure, a reference sample can
comprise any biological fluid obtained from a subject. In some aspects, a reference sample
comprises blood, serum, plasma, neoplastic tissue or any combination thereof. In some aspects, a
reference sample comprises biood. In some aspects, a reference sample comprises serum. In
sotne aspects, a reference sample comprises plasma.

{00103} Each of the biomarkers disclosed herein may have one or more transcript variants. The
methods disclosed herein can measure the expression level of any one of the transcript variants for
each biomarker.

[60104] The expression level can be measured in a number of ways, including, but not limited to:
measuring the mRNA encoded by the selected genes; measuring the amount of protein encoded
by the selected genes; and measuring the activity of the protein encoded by the selected genes.
{60105] The biomarker can be RNA, ¢cDNA, or protein. When the biomarker is RNA, the RNA
can be reverse transcribed to produce cDNA (such as by RT-PCR), and the produced cDNA
expression fevel 1s detected. The expression level of the biomarker can be detected by forming a
complex between the biomarker and a labeled probe or primer. When the biomarker is RNA or
cDNA, the RNA or ¢cDNA 18 detected by forming a complex between the RNA or ¢cDNA and a
labeled nucleic acid probe or primer. The complex between the RNA or ¢cDNA and the labeled

aucleic acid probe or primer can be a hybridization complex.
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{60106] Gene expression can also be detected by microarray analysis. Differential gene expression
can also be identified, or confirmed using the microarray technique. Thus, the expression profile
biomarkers can be measured in either fresh or fixed tissue, using microarray technology. In this
method, polynucieotide sequences of interest (including cBNAs and oligonucleotides) are plated,
or arrayed, on a microchip substrate. The arrayed sequences are then hybridized with specific DNA
probes from cells or tissues of interest. The source of mRNA typically is total RNA isolated from
a biological sample, and corresponding normal tissues or cell lines may be used to determine
differential expression.

[08107] In some embodiments of the microarray technique, PCR amplified inserts of ¢cDNA clones
are applied to a substrate in a dense array. In some embodiments, at least 10,000 nucleotide
sequences are applied to the substrate. The microarrayed genes, immobilized on the microchip at
10,000 elements each, are suitable for hybridization under stringent conditions. Flucrescently
labeled ¢DNA probes may be generated through incorporation of fluorescent nucleotides by
reverse transcription of RINA extracted from tissues of interest. Labeled cDDNA probes applied to
the chip hvbridize with specificity to each spot of DNA on the array. After stringent washing to
remove non-specifically bound probes, the microarray chip is scanned by a device such as,
confocal laser microscopy or by another detection method, such as a CCD camera. Quantitation of
hybridization of each arrayed element allows for assessment of corresponding mRNA abundance.
With dual color fluorescence, separately labeled cDINA probes generated from two sources of
RNA are hybridized pair-wise to the array. The relative abundance of the transcripts from the two
sources cosresponding to each specified gene is thus determined simultanecusly. Microarray
analysis can be performed by commercially available equipment, following manufacturer's
protocols.

{00108} In some embodiments, the biomarkers can be detected in a biological sample using qRT-
PCR. The first step in gene expression profiling by RT-PCR is extracting RNA from a biclogical
sample followed by the reverse transcription of the RNA template into cDNA and amplification
by a PCR reaction. The reverse transcription reaction step is generally primed using specific
primers, random hexamers, or oligo-dT primers, depending on the goal of expression profiling.
The two commonly used reverse transcriptases are avilo myeloblastosis virus reverse transcriptase

(AMV-RT) and Moloney murine leukemia virus reverse transcriptase (MLV-RT).
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{6010%9] When the biomarker is protein, the protein can be detected by forming a complex between
the protein and a labeled antibody. The label can be any label for example a fluorescent label,
chemiluminescence label, radioactive label, etc. Exemplary methods for protein detection include,
but are not limited to, enzyme immunoassay {(EIA), radioimmunoassay (RIA), Western blot
analysis and enzyme linked immunocabsorbant assay (ELISA). For example, the biomarker can be
detected in an ELISA, in which the biomarker antibody is bound to a solid phase and an enzyme-
antibody conjugate is emploved to detect and/or guantify biomarker present tn a sample.
Alternatively, a western blot assay can be used in which solubilized and separated biomarker is
bound to nitroceltulose paper. The combination of a highly specific, stabie liquid conjugate with a
sensitive chromogenic substrate allows rapid and accurate identification of samples.

[661106] In some aspects of the methods of the present disclosure, the methods described herein
can have a specificity, sensitivity, and/or accuracy of at least 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99%.

{00111} In some aspects of the methods of the present disclosure, a labeled probe, a labeled
primer, a labeled antibody or a labeled nucleic acid can comprise a fluorescent label.

{60112] Any algorithm that can generate a score for a sample by assessing where that sample value
falls onto a prediction model generated using different techniques, e.g., decision trees, can be used
in the methods disclosed herein. The algorithm analyzes the data (i.e., expression levels) and then
assigns a score. In some embodiments, the algorithm can be a machine-learning algorithm.
Exemplary algorithms that can be used in the methods disclosed herein can include, but are not
limited to, XGBoost {XGB}, Random Forest (R¥F), ghunet, cforest, Classification and Regression
Trees for Machine Learning (CART), treebag, K-Nearest Neighbors (kNN), neural network (nnet),
Support Vector Machine radial (SVM-radial}, Support Vector Machine linear (SVM-linear), Naive
Bayes (NB), multilayer perceptron {mlp} or any combination thereof.

{60113] In some aspects of the methods of the present disclosure, the algorithm can be XGB
(also calied XGBoost). XGB is an implementation of gradient boosted decision trees designed
for speed and performance.

{60114] In some aspects of the methods of the present disclosure, a therapy, for example a first
therapy or a second therapy, can comprise active surveillance, surgery, radiation therapy,
cryotherapy, hormone therapy, chemotherapy, vaccine treatment, bone-directed treatment,

immunotherapy or any combination thereof.
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{601 15] In some aspects of the methods of the present disclosure, active surveillance can comprise
a doctor visit with a prostate-specific antigen blood test and digital rectal exam about every 6
months. Active surveillance can also comprise prostate biopsies, which may be done every year.
{60116] In some aspects of the methods of the present disclosure, surgery can corprise a radical
prostatectomy.

{60117] In some aspects of the methods of the present disclosure, radiation therapy can comprise
external beam radiation and brachytherapy.

[00118] Cryotherapy, also referred to as cryosurgery or cryoablation, is the use of very cold
ternperatures to freeze and kill prostate cancer cells,

{60119] In some aspects of the methods of the present disclosure, hormone therapy can comprise
androgen deprivation therapy or androgen suppression therapy. The goal is to reduce levels of
male hormones, called androgens, in the body, or to stop them from affecting prostate cancer cells.
Hormone therapy can comprise orchiectomy. Hormone therapy can also comprise administration
of a compound that lowers the level of androgens, such as Luteinizing hormone-releasing hormone
(LHRH) agonists, LHRH antagonists, and CYP17 inhibitors. Known LHRH agonists include, but
are not Hmited to, leuprolide, goserelin, triptorelin, and histrelin. Known LHRH antagonists
include degarelix. Known CYP17 inhibitors include abiraterone. Hormone therapy can also
comprise administration of an anti-androgen, such as flutamide, bicalutamide, nilutamide, and
enzalutamide. Hormone therapy can also include administration of an androgen-suppressing drug,
such as estrogens and ketoconazole.

{00128} In some aspects of the methods of the present disclosure, chemotherapy can comprise
docetaxel, cabazitaxel, mitoxantrone, estramustine, or a combination thereof

{60121] In some aspects of the methods of the present disclosure, vaccine treatment can comprise
Sipuleucel-T.

{60122} If the cancer has grown outside the prostate, preventing or slowing the spread of the cancer
to the bones is a major goal of treatment. Bone-directed treatment can comprise bisphosphonates
{e.g., zoledronic acid), denosumab, corticosteroids, external radiation  therapy,
radiopharmaceuticals {(e.g., Strontium-89, Samarium-153, or Radium-223), and pain medicines.
{00123} The response of a subject having a prostate cancer to a therapy can also be evaluated by
comparing the scores determined by the same algorithm at different time points of the therapy. For

example, the first time point can be prior to or after the administration of the therapy to the subject;
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the second time point is after the first time point and after the administration of the therapy to the
subject. A first score is generated at the first time point, and a second score is generated at the
second time point. When the second score is significantly decreased as compared to the first score,
the subject i3 considered to be responsive to the therapy. In some embodiments, the second score
is significantly decreased as compared to the first score when the second score is at feast 10% less
than the first score, e.g., at least 20% less than the first score, at least 25% less than the first score,
at least 40% less than the first score, at least 50% less than the first score, at least 75% less than
the first score, or at least 90% less than the first score. When the second score is not significantly
decreased as compared to the first score, the subject is considered to be not responsive to the
therapy.

{60124] The sequence information of the prostate cancer biomarkers and housekeeper genes is
shown tn Table 1.

j00125] Table 1. Prostate Cancer Biomarker/Housekeeper Sequence Information

Gene RefSeq SEQ
Name Accession Sequence gg

ctgetggggagtcgectacgectacticetgecgggaggaggoactegagttecgegtegte | 1
aogcagagotgacteigggagecgttigggcccagagaagtg satcegecgctigegeege
atggagtccgaatcggaaagegggactactgctgacaccecaeccactagagaccotaagot
tecatggigatgaagagatiatcgaggiegtagaactigatcocggicogeeggacceagaty
acciggeceaggagatggaagatgiggactitgaggaagaagaggageaagaggocaac
gaagaggoclgoottclagaaccocaggaagggatestcgoragcatggageacccega
cgatagegaggicaccitigeatigeacteageatetgtgititgtgtgagectggaceceaag
accaatacciiggeagteaccgggeatigaagatgacaaagecticglalgecggeicagey
atggggagctgeicttigagtgtgcaggecataaagacicigtgactigigcigatticagecat
cactccactctagiggocacaggggacatgagiggoctctigaaagigtogcaggtgeacac
taaggaggaggtctgetccttigaagogggagacciggagtggatggagtggcatecicgg
AAMP NM 001087 4 geaccigtectgtiggeggeocacagcigacggcaacacctggatgtgpaaagicccgaaty

gtgactgeaagaccitecagggtoecaactgeecagecacctgiggecgagtectooctgat
pegaagagagceigtggtaggctatgaagatgggaccatcaggattigggaccigaageagy
gaagecctatecatgtacigaaagggacigaggatcaccagggcccacicaccigigtiget
gecaaccaggatggcagcetigatcetaaciggoteigtggactgocaggeeaagetiggticag
{geeaccaccggeaaggtgetaoototitttagaccigagactgiggectcecagoecagect
gggagaaggooagoagastoagtceaactoggtggagtccttgggctictgeagigtgaty
cecetggeagelgtiggoctacctggatgggacctiggecatetatgacciggetacgeagact
cttaggeatcagtgicagcaccagicgggeategigeagetgetgtgggaggcaggcactge
cgiggtatatacctgoagoctggatggeatogtgegocictigggacgcocggaceggcegc
clgcttactgactaceggggecacacggetgagatcotggactitgeccteagcaaagatgce
tecotgatggigaccacgicaggagaccacaaagegaaagiatitigigiccaaaggoctgac
cgttaatggctgeageccctgociglgigictggtatigaggooaceaagooaccecigece

34



WO 2019/165021 PCT/US2019/018878

ctgictgecageagaggcaglagggoeacagagggaagaggaggogtooooccetggaiga
cittecageetoticaacigactigetcecctcicotiticticictitagagacocageocaggse
ccteccaccetigiccagacciggigggcccticagagggaggogtggacatgtticictitca
ctttcattigctggtotgagcecatggogtotgtatttgtatgiggooaptapgistitpagaticc

cgtictticecticoccaagictctgegggiooanaggaggaagagataciagtianagaiittaa

aaatgtanataaaatatacticccagaaaaanaaaa

aaagatagatcctgetccaggagecgggaagectigecctggccagetgigctegacaccte | 2
ceotgoctgettectggoccactigeaggeaaggtgagagcatgegaatggetgecacigee
tgggcgggaciccaagggcecaccectococacceictigicocgragigaggacgggactct
actgecgagaccaggctcacgcigagaggiggaccatgacciccgagaceiciiccggaag
coactgigecaggagcagoatoctoCgocgacgeococaggaagagaacagraccgice
{gatcgatgigageccccctgaggeagagaagaggggctotiacggagascacagercacy
coicggagecaggtggacageaagoggecgecigeagagetgggagtoctigecaagece
cggatcgragacttcgtcctogtitgggaggaggaccigaagctagacaggcageaggaca
gtgcegoecgggacagaacagacatgcacaggacciggogggagactittctggataatctt
cgigoggctggacigtetptagaccageaggacgiccaggacgggaacaccacagtgeac
facgeoctecicagegectcctggactgtoctcigetactacgocgaagacetgegootigaag
ctgeectigeaggagttacccaaccaggeciceaactggioggceeggoctigetggeatggct
ggocatceccaacgiccigotggaggtigtaccagacgtacceccogagtactactectgee
geticagagtgaacaagcigecacgeticcicgggagtigacaaccaggacaccitcticacaa
geaccaagaggceaccaaattctgtitgagatectggocaagacceegtatggccacgagaag
aazaacctgettgooatecaccagetgctggcagaggaigtecicagtgecgecticeccctg
catgacggecocticaagacgeocccagagggccegeaggetccacgecicaaccagege
caagicctiticcageactggacgegcteggocaagiggaacaagtaccagecoeeiggace
acgigegeaggtacticggggagaagotagocetetacticgectggeicgggtittacacag
gotggotecigecageggcagtgetgggeacactagtgticciggtggacigettectggtet
tctcagacatacccacgoaggaactgigigecageaaggacagettcgagatgtgeccactit
NM_00100189 | gectegactgeceetticiggetgeicicoagegeetgigeoctggeccaggecggeeggetgt
1.3 {cgaccacggeggcaccgtgticiteagetigticatggeactgtgggcogipeigeigeigga
gtactggaageggaagagegecacgetggectaccgotgggactgetetgactacgaggac
actgaggagaggecticggecceagtitgecgecicagececeatgacageccegaacccca
fcacgggtgaggacgagecctacticccigagaggageogegegogccgcatgciggcy
getctgtgetpatcetgotoatggigoccgtggtgptcatgigectegigtetaicatoctgtac
cgtgccateatggecategtggtatecaggicgggcaacacectictegeagectgggccict
cgeatcgecagecticacggggtctgiagigaacciegicticatectcatecictecaagateta
tgtatcectggeccacgicctgacacgatgggaaatgeacegeacccagaccaagticgagg
acgecticacccicaaggtaticatcticcagticgtcaactictactectcacecgictacatige
cticticaaggpgoaggitigige eatacccaggeaactaccacacotigittggagtccgeaat
gagoastocgcgactegagocteccligalegageiggeacaggagcicctggtcateateg
tggecaageaggicatcaacaacatgeaggagoiccicatcccgaagetaaageectgaty
geagaagticeggcticgetecaagaagaggaaggegggagctictgeaggggctagoeca
goooccctgggageacgactatgagcettatoccctgtgaggatctgtiigacgagtacctgy
aaatggtgctgeagticgacticgicaccatcticgtggccgectgtecgetegegecgeictt
cgeectgceicaacaactgggtggagatcogetiggacgcgegcaagticgtctgegagtace
ggcgecegglggecgagegegeecaggacatcggeatctiggticcacateciggegggee
tcacgeacctggeggicatcageaacgocticetoctggectictegiecgacticetgeogeg
cgectactaceggigeaccogegeccacgaceigegeggeticoicaacttcacgetggege
gagccoegtectecttegeegeegegeacaacegeacgigeaggtategggetticeggeat
gacgatggacatiattcccagacctactggaatctictigecateegoctggecticgicatigly
tttgagcatgtggtitictecgtiggecgecicetggacctoctggigecigacatcccagagict

ANCG7
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gtegagatcaaagtgaagegegagtactacciggetaageaggeactiggetgagaatgagy
tictititggaacgaacggaacaaaggatgageagoecogagggctcagageicageicocac
tggacacccticacggticecaaggecagoeagetgeageagtgacgectggaaggacatct
gotoetectiaggggagtsgoccciccigagecetgegageagegtectiitecticticoctca
gocageggctgigicaaccgetggctecigtigigocteatctcigggeacatigectgetice
coccagogeoggotictetectcagagegeotgicactocatceceggeagggagooacegt
cagctcacaaggooctettigtttectgeteccagacataageccaagggecoectgoeaccea
agggaccetgteccteggteeoctecocaggeccotggacacgacagtictecteaggoag
gtggacttigtagicetegecgeccctggocacatcgecetctectcttacacciggtgacctic
gaatgtitcagagegeagggceogtictccotogtgiccteiggacocaccegecceticetgee
cigtitgogcagggacatcacocacatgeoccagetoteggaccotgeagetotgigicecag
gecacageaaaggietgiigaaccoctocetocattoccagttatctggpicotciggatictict
gtitcttgaatcaggetetgettteccectagecactacaggcagectctgacagtgeogetitia
cttgeattctigeagcaattacatgtgtectitigatcctigeccaacticecicoctctcccagetoe
tggoccctggeccagggecceictigetgitittacctotgitectiggggectagtacccagea
agcaccoaaatggggoaggtittggsaigagapsaggaaacgtgtataccigtaacateigg
{ggctcticececagaagtitgigticatacataatigtittecacgotggateataatgtgacgty
cagtictgeoctgtgetggaoapccacatgaagettoceciggetaactigetaccoegoage
aatcccagigtegocgtetgettectaaaaaatg gatetgigeicateigtatigatgtoctigea
gtictacaagtggaactiaagigtcaaaaagaatatgtggittitagctgagogtagigacicac
acctgtaatcccaggacttigggaggcigagecaggaggatiacaaggicaggagticgeg
actagoectgtecaacatggtgaaaccetgictttactaaaaatgcaaaaatt

AR

NM_000044.3

cgagatccoggggagecageiigetgggagagegggacggiceggageaageecagag
geagaggagecgacagagooasaaageocceagctageogctecagtigetgtacaggag
ccgaagggacgcaccacgeragocccageceggetccagegacagecaacgectotigea
gegeggeggeticgaageegeegeecggagetgecetiicoteticggigaagtitttaaaag
cigetaaagactcggaggeaagcaaggaaagigoctggtaggactgacggctecciiigicct
cotectctecaceccgecteoceccaccotgecticocceoctecceogiottctetoccgeag
clgoctcagloggctactcicagccaacococicaccaceoticiocoCaccegoeceeeey
ceecegteggeccagegetgecageccgagtitgcagagaggtaacteoottiggeigegag
cgggcgagetiagetgeacatigeaaagaaggotctiaggagecaggezactgegeagcsy
cticagcactgcagecacgacccegeciggtiaggcigeacgoggagagaacecictgttitce
cocactetetctecaccicotectgecticeccaccecgagtigeggagecagagatcaaaaga
{gaaaaggcagtcaggiciicaglagtCaaaaaacaaaacaaacanaaacaianagecga
aataaaagaaaaagataataactcagticttatiigeacctacticagtggacactgaatitggaa
gotocaooatitigtitiitictittangatctgggcatctitigaatctacecitcaagtatiasgag
acagactgtgagectageagggcagatctigtccacogtgtgtctictictigeacgagactity
aggctgtcagagegettitigegigptigctcccgeaagtitectictetggagcticecgoagg
{ggecagotagetgcagegactacegeateatcacagecigtigaacictictgagcaagaga
aggggaggcggeataaggpaagtagaiggaagaticagccaageicaaggalggangty
cagtiaggectgggaagaaictaceoicggoecgecgiccaagacctacegaggagetiteca
gaatcigticcagagegigegegaagigatccagaacecgggeoccaggracccagagsc
cgegagegeageaccteccggogecagttigeigeigetgeageageageageageagea
gcageageageageageageageageageageageageageagoagoaagagactage
cocaggeageageageageageaggoigagoatgoticicececaageceateglagagge
cccacaggotacotggicctiggatgaggaacageaaccticacagecgeagteggoccigy
agtgccacccegagagaggtigegiceeagageciggagecgecgiggocgecageaag
gggotgocgeageagetgecageacctecggacgaggatgactcagetgecccatecacgt
tgtccotgotggaccecactitecceggctiaageagctgetecgetgaccttaaagacatact
gagegaggecageaccatgoaactecticagoaacageageaggaageagiatcegaagg
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cageageagegggagagegaggoagoccicggggoctcocacticetccaaggacaatta
cttagggggoacticgaccatitctgacaacgocaaggagtigtgtaaggeagigtoggteic

catgggectgggtetagaggogtiggageatotgagiccaggggaacageticggggggat
tgcatgtacgocccactitigggagttccacocgetgtacgicecactectigigecceatigge
cgaatgeaaaggticictgetagacgacagegcaggeaagageacigaagatactgotigagt
attcecctitcaagggagattacaccaaagggectagaaggogagageetaggeigeictgge
agegetgeageagggagceteegggacactigaactgeogtctacectgtcicictacaagice
ggagcactgracgagecagetgcgtaccagagtegegactactacaactitccactggetot

ggoeggaccgeegeccocicegecgectocceatecccacgeicgeatcaagetggagaa

ccogetggactacggeagegoctgggeggcetigeggeggegcagigecgetatggegacct
gecgagectgeatggcgegggtacagegggacceggtictgggicaccetcageegecge
ftecteatcotggeacactcicticacagecgaagaaggccagtigtatgeacegtgtgstoot
2el8EgeetagiggCgECecEacsECgeCagcsacssCegragcgacgeCegcay

cgecggegaggegggagotgtageccectacggetacacteggeccocicagggactagc
gggoccaggaaagegacitcaccgeaccigatgiatggtaceetggeggeatgatgageaga
gteccctateccagteceactigtgicaaaagegaaatgggeccatggatgeatagetactce

geacctiacgggoacatgegtttggagactgecagggaccatgititgeccatigactatiacit
teccaccccagaagaccigectgatetgiggagatgaagctictgggtateactatggagctcte
acatgtggaagetgeaaggicticttcanaagageogetgaagggaasacagaagtaccigte
cgecageagaaatgatigeactatigataaattccgaaggaaaaattgtccatettgtegtctic

goaaatgtiatgaagcagggatgactcigggageceggaagetgaagaaactiggtaatcty

aaactacaggaggaaggagaggcticcageaccaccageeceactigaggagacaaccea

gaagctgacagtgtcacacattgaaggotatgaatgtcageecatetticigaatgticotggaa

gecattgagecaggtetagtgtetociggacacgacaacaaccagocegactecttigeage

cligeicictagecicaatgaactgggagagagacagetigtacacgiggicaagiggoccaa
gzoctigoeciggeticegeaactiacacgtggacgaccagatggetgicaticagtactectgg
atgegectcatggiottipecatgggotggegatecticaccaatgicaactccaggatgetct

acttcgoccctgatetggtiticaatgagtaccgcatgcacaagicocggatgtacagecagly
tgtecgaatgaggcaccictctcaagagtitggatggetccaaatcaccecccaggaaticety
tgeatgaaagceacigetacicitcageattaticcagtggatggoctgaaaaatcaaaaatiottt
gatgaacitcgaatgaactacatcaaggaactegategtatcatigeatgcaaaagaaaaaaic
ccacatcctgetcaagacgcttctaccageicaccaageicciggactecgigcagoctatige
gagagagctgcatcagticactitigacctgetaatcaagicacacatggigagegiggacttic
cggaaatgatgocagagatcatcictgtgeaagtgccoaagateciticiggpaaagicaage
ceatctatticcacacccagigaageatiggaaaccotatitceccaceccagetcatgeccect
ticagatgtctictgecigtiataactictgcactaciccictgeagtgoctiggggaatticotetat

tgatgtacagtctgtcatgaacatgticetgaatictattigeigg gottttititictetitctetectt
ctttttcticticoctecctatetaacecteccatggeaccticagactitgeticecatigiggctee
tatctgtptitigaatgetatigtatgcctitaaatetgtgatgatectcatatggeccagigtcaag
ttgtpctigtitacagcactacicigtgecagecacacaaacgtttacttatettatgecacggga

agttiagagagctaagattatciggggaaaicaaaacaaaaacaagrasacalnaaanaag
geaaaaacasaacaaaaaataagecaaaaaacctigetagtgtitittecicaaaaatansataaa
taaataaataaatacgtacatacatacacacatacatacaaacatatagaaatcoccanagagg
ccaatagtgacgagaaggteaaaatigcagacecatggggagtiactgatititicatetectee
ctecacgggagacttiatitictgecaatggetatigecatiagagggeagagigacoccagag
clgagtiggocagpooostooacagagagoagagoacaagoageocaateoascalca

gtacctgoccacagocttggicccigeggoctagactigetcaactgiggageaaticatiatac
tgaaaatgigotigtigtigaaaatitgtctgcatgtiagtecoteacccccaaacoctittcictot

cactctcigectccaacticagatigactitcaatagititictaagacctitgaacigaatgitetet
tcagecaaaactiggegacticcacagaaaagictgaccactgagaagaaggagagcagag

37




WO 2019/165021 PCT/US2019/018878

atftaacccttigtaaggececatiiggatccaggtetgetttcicatgigtgagtcagggagga
geiggagecagageagaagaaaatgalagotiggeigticicetigettaggacactgacigaa
tagitaaacictcactgoecactacetiticeocacctiiaaaagacctgaatgaagttiictgecaa
actcegigaagecacaageacctiatgiccteccticagtgtitigtggeccigaatitcateaca
ctgeatticagccatggtcatcaagectgttecticttitgggeatgticacagaticictgttaag
agececcaccaccaagaagettageaggecaacageicigacatctatetgiagatgccagt
agtcacaaagattictiaccaactctcagatcgctggageccttagacaaaciggaaagaagy
catcaaagggatcaggcaagetggecgictigeoctigicocccagagatgataceetocea
gcaagtggagaagticicacticctictitagageagetaaaggagctacceagateagggtite
aagagaaaacicaatiaccagggtgggaagaatgaaggcactagaaccagaaaccctgean
atgcictictigicacccageatatccacctgeagaagicalgagaagagagaageaacaaag
aggagactcigactactgaattaaaaicticageggcaaageotaaagecagatggacaccat
ctggtoagtitactcatcatectectotgetgetgatictggacteigacatigeccatacicacte
agaticeecaccttigitgetgoctcttagicagagggaggccaaaccattgagactiictacag
aaccatggetictticggaaaggtctg gitagigtegciccaatactiigecacccatgaacica
gogtetgccotiggeacactggtittatatagictitiggcacaccigigttctgtigacttegtictt
caageocaagigeaaggoaaaaigtecacoiactiteicatetiggectetgectecttactiag
cicttaatetcateigtigaactcaagaaatcaagggecagicatcaageigeccatittaatigat
tcactctgttigtigagageatagitictgagtoacatgatatgatecacaagggiticeticocty
atttctgcatigatattaatagccaaacgaacttcaaaacagetitaaataacaagggagzaggg
gaacctaagatgagtaatatgecaatccaagactgoiggagaaaactaaagotgacaggtice
clittigggetoggatagacatetictgetitictitatiattacacaatctggcteatgtacaggat
cacttttagotgitttanacagaaaaaaatatccaccacictiticagtiacactaggttacatittaa
taggtoctttacatctgittiggaatgattiicatettitgtgatacacagatigaattatateatttica
tatcicicctigtaaatactagaagetctectitacatiictctatcaaatitttcatetitatgggtite
ceaattgtgactetigicticatgaatatatgttiticatitgcaaaagecaaaaatcagigaaaca
gcagtgtaattaaaagcaacaaciggatiaciccaaatiiccaaatgacaaaactagggaaaaa
tageotacacaagectitaggectactetitetgtgcetiggaitigagtigaacaaaggagatitia
gctiggcteigticteccatggaigaaaggageagoatttttttitictitiggecattgatgttcta
gecaatgiaattgacagaagteteatitigeatgegetetgetctacaaacagagtiggtatggtt
ggtatactgiacteaccigtgagggactgaccactcagacceactiagetggtgagcetagaag
atgaggatcacicactggaaaagtcacaaggaccaicticcaaacaagtiggeagtactcgate
tgeacgaagagtgageaagagaaaaaganggageaccagggagaaggctecgtctgioct
gegcagcagacagetgecaggaicacgaactctgtagtcanagaaaagagtcgtatoocay
tttcagetctegttcatigggcagetegectaggeccagectetgagetgacatgggagtigtty
gatictitgtticatagetittictaigecataggeaatattgtigticitggaaagtitatiattttitiaa
cteecttacicigagaaagggatattitgaaggactgtcatatatetitgaaaaaagaaaatetgt
aatacatatattittatgtatgttcactggcactaaaaantatagagagcticattctgtoctitgg ot
agtigctgaggtaatigtccaggtigaaaaataatgtectgatectagagtcecicictgtecata
cictacttctaaatacatataggcatacatageaagitttattigactigtactitaagagaaaatat
gtccaccatccacatgatgeacaaatgagetaacatigageticaagtagetictaagigtitett
teattaggeacageacagatgtggectticocccetictcteoctigatalctggeagggeataa
aggceecaggecacticeictgecccticceagecctgeaccaaageigeatttcaggagacic
tctecagacageccagtaactaccogageatggoecetgoatagecciggaaaaataagage
cigactgictacgaattatctigtgocagtigeccaggigagagggcactgggccaaggzagt
gettticatgttigacccactacaaggggtcatgggaatcaggaatgccaaageaccagatea
aatccaaaacttanagtcaaaataagecattcageatgticagttictigganaaggaagtticta
cecctgatgectiigtaggcagatetgtictcaccattaatetititgaaaatetittasagcagtitt
taaaaagagagatgaaagcatcacatiatataaccaaagattacatigtacctgctaagatace
aaaaticataaggpraggegggsagcaageatiagigcetotiigataageigiccaaagac
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agactaaaggactctgetggigacigacttataagagoittgigggtttititttccctaataatata
catgittagaagaatigaaaataatticgggaaaatgggaitatggeicoticactaagigaitita
taagcagaactggctticcttttctctagtagtigetgagoanatigtigaagetccateattgeat
gotiggaaatggagcigtictiagecactgigitigctagigeocatgtiagettatctgaagatyg
tgaaaccctigetgataagggageatitanagtactagatittgcactagagggacagcaggce
agaaatcctiattictgeccactttggatogcacaaaaagitaictgeagtigaaggcagaaagt
tgaaatacattgtaaatgaatattigtatccatgtitcaaaatigaaatatatatatatatatatatata
tatatatatatatatatagtgigigtgtetotictgatagetttaactttcteigeatetitatatitgott
ccagatcacaccigatgecatgiactigtgagagaggatgcagttitgtitiggaagcicicica
gaacaaacaagacacctggatigatcagitaactaaaagitticicecctatigggitigaccea
caggiccigigaaggagcagagggataaaaagagtagaggacatgatacatigtactttacta
gttcaagacagatgaatgtsoaaagcatagaaactcaatggaactgactgagatitaccacag
ggaaggcccaaactigggeccaaaagectacccaagigattgaccagiggecccctaatyg
gaccigagctgtiggaagaagagaactgticctiggtcticaccatocttgigagagaagggc
agtttcctgeatiggaacciggageaagegceictatetitcacacaaaticccicaccigagattg
aggtgctctigttactgggtetcigigipcigtaaticiggttitggatatgtictgtanagatitiga
caaatgaaaatgtattitictetgtianaactigtcagagtactagaagtigtatcicigtaggioc
aggtccatttctgeccacaggtagoatottitictitgattaagagatigacactictgtigectag
gaccteccaactcaaccatitclaggtaaaggcagaaaaaiccacattagttacteeteticaga
catticagctgagataacaaatctittggaattititcacccatagaaagagiggtagatatitgaa
titagcaggtggagtitcatagtaaaaacagetittgactcagcttigatitatcctoatiigatitge
ccagaaagtaggtaatatgoatigattggcticigaticcaaticagtatageaaggigeiagatt
tittectttceccacetgicictiagecigggpaattanatgagaagectiagaatggotooocet
tgtgaccigaaacacticecacataagetacitaacaagatigtcatggagetgcagatiecatt
geceaccaaagactagaacacacacatatecatacaccaaaggaaagacaatictgaaatge
tgtttctctggtggtteccteictggeigeigecicacagtatgggaaccigtacictgeagaggt
gacaggccagatitgeatiatcicacaacctiagecctiggigetaactgicctacagigaagte
cotgggggstigtectatcccataagecactiggatgctgacageagocaccatcagaatigac
ccacgeaaaaranagaaaanaaaaatiaaaaagiceccicacaacccagigacaccittctge
tticcictagactggaacattgatiagggagigectecagacatgacatictigiectgioctigga
attaatctggeageaggagggagcagactaigiaaacagagataaaaattaatiticaatattg
aaggaaaaaagaaataagaagagagagagaaagaaagceatcacacaaagattticttaana
gaaacaattitgctigaaatctctitagatgggocteatitctcacggtggeacttggectecact
gegcageaggaccageiccaagegotagtgticigtictctitiigtaatctiggaatoititg ity
cictaaatacaattaaaaatggcagaaactigtiigtiggactacatgtgtoactiiggotctgict
cigeotetgetitcagaaatgtcatecatigigtaaaatatiggettactggtcigecagetaaaac
ttggccacateecctgitatggetgeaggategagttatigitaacaangagacccaagaaaag
ctegctaatgtectcttatcatigtigttaatiigtiaaaacataaagaaatctaaaatitcaaaaaa

gacactgaattiggaaggiggaggatttigtititticttttangaicigggeatctitigaatctace | 4
cticaagtatiaagagacagacigigagectageagggeagatettgiccacegigtgictictt
cigeacgagactitgaggetgicagagegcettttigegtggttgctecegeaagiticettetety
gageticcegeagateggcagetagetigeagegactacegeateatcacagecigtigaact
ctictgagcaagagaagaggaggcggggtaagggaagtagatgoaagaticagecaagct
caaggatggaagtocagtiaggeciegoaaggatctacccicggocgecgiccaagaccta
cogaggapctticcagaatetgticcagageglgegcgaagigatccagaaceeggaeece
aggceacecagaggecgegagogeageacctcecggegecagitigetigetgeageageag
cageageageageageageageageageageageageageageageageageageage
ageagceageagceagcageaagagactagecccaggeageageageageageagggiga
ggatgetictccccaageccategtagaggccccacaggetacctggicctggatgagsaac
ageaaccttcacagecgeagtcggeoctiggagigecaccoegagagaggtigegtoccaga
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geciggageegeegiggecgecageaaggggetgecgeageagetgecageacctocgy
acgaggatgactcageigeoccatccacgtigicocigetgggocecactiteccoggotiaa
geagetgetecgetigacctianagacatectgagegaggecageaccatgeaaciceticag
caacagoageaggaagceagtatccgaaggoagoagoagogggagagegagogagocct
cggggecteccacticcteccaaggacaattacttagggggcacticgaccattictgacaacg
coaaggagtigtgtaaggcagigtegetgtecatgggeciggetaiggagecgitggageat
cigagtecaggggaacagettcggggooatigcatgtacgecccactttigggagticcacce
gelgtgegteccactoctigtgocceatiggecgaatgeaaaggtictoigetagacgacage
graggcaagageactgaagatactgetgagtaticecctiicaagggaggitacaccaaagy
gctagaaggogagagectaggctgoictggcagogctgcageagggagctecgggacact
tgaactgecgictacecigtctotetacaagtecggagoaciggacgaggcageigoegtacca
gagtcgegactactacaactticeactggetotggecggacegeegeececicegeegecte
cecatceccacgeicgeateaagetggagaaceegetggactacggeagegectgescgg
ctgeggeggegeagtgecgetatgggeacciggegagoctgeatggegcgggtacageg
ggacceggtictggetcacccicageegeegcticcicatectggeacacteteticacagec
gaagaaggocagtiglatggacogigigglogtegigggeatagiggeggcggogacgac
FECLLCLECEECRECEICggCgoCgagscggoarcigiagececctacggctacactc
ggoecccicagggectgecgggecaggaaagegacticaccgeaccigatgigtgstacce
tggcggcatggigagcagagteccctateecagteccactigigtcaaaagegaaatgggce
cctggatggatagetacicoggaccitacggggacatgegtitggagactgecagggaccat
gtittgcocattgactattactitccaccecagaagaccigectgatotgiggagatgaagcetict
gogtotcactatggagoteicacatgiggaagcigcaaggtoticticaaaagagecgetgaa
gggasacagaagtaccigigegocageagaaatgatigcaciatigataaattccgaaggaa
aaattgtecatctigtegteticggaaatattaigaageagegatgacictgg gagaaaaatice
geotigecaatigeaageateicaaaatgaccagacecigaagaaaggetgactigocticatt
caaaatgagggctciagagggcictagtggatagtciggagaaacetggegictgagactia
goagcttaggtttitgctccicaacacagactitgacgtigggetiogggactactoictigatig
cigacteeciccagegggaccaatagigttticotaccicacagggatgtigtgaggacgggact
gtagaagtaatagiggtiaccacicatgtagtigtoagtatcatgattatigtttcctgtaatgigs
ctiggeatiggeaaagigotittigattgtictigatcacatatgatgge g gccaggeactgacte
aggcggatgeagigaagctctggctcagtegettgetiticgtggtgtoctgecaggaagaaa
ctitgetgatgggacicaaggigicacctiggacaagaageaactgigicigicigaggticcty
tggccatctitatttgtgtattaggcaaticgtatitccecctiaggttctagectictgeateccag
ccagtgacotagatctiagecicaggeccigtcactgagceigaaggtagtageigatceacag
aagttcagtaaacaaggaccagatiictgetictccaggagaagaagecagecaacceoictc
ticaaacacactgagagactacagicegactttcocicttacatctagecttacigtagecacact
ccttgatigetcicteacatcacatgettcicttcatcagtigtaagecteteaticttcteccaage
cagactcaaatatigtatigatgtcanagaagaatcacttagagttiggaatatetigtictctetct
gctecatageticeatattgacaccagtitettictagiggagaagiggagtetgigaagecagg
gaaacacacatgtgagagicagaaggactetcecigactigectgggagcctgictiteceacct
tctecagtetgictaaacacacacacacacacacacacacacacacacacacacacacacge
tetetelctetcteccoccccaacacacacacactetetctctcacacacacacacatacacaca
cacticttictctticccctgactcageaacaticiggagaaaagecaaggaagaacticagga
gogoagtitccccctictcaggacagaatittagtciccagaccaacaagaagticectaatat
ggatteaaagpoctaatgaggttiatitttaactacttictatitgttigaatgitgeatatitctactagt
gaaattticecttaatasagecatiaatacacceananaaaaaasananan

o

cltacgoccaggaciggcctaacctecgetgectaacogicatecccatgeagocacoecticoc
CléorfS | NM_00109851 | agagtcctttgeccaggecaccecaggcetictiggeageccigecgggecactigtcticatgt
9 4.2 clgecaggeegagpteggaageaggiggoageagppogigcagaggcagicteggcity
gecagagetcagggiectigagegtgtgaccageagtigageagaggocggoecatggocag
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cotggggctgetgetectgetctiactgacageactgecacegeigiggteciceticactgect

gegctggacactigetgaaagtaaagecaccatigeagacctgatectgictgegoiggagag
agecaccgicttcctagaacagaggctgectgaaatcaacciggatgacaiggtogggotoc
gagtgctgpaagagcagciaaaaagigiccgggagaagiggacccaggagecccigeise
ageegeigagectgegegtogggatgctggoggagaagetggaggotgocaiccagagat
coctecactaccicaagetgagtpateccaagtacctaagagagticeageigacceetecage
ceggetttiggaagcteccacatgectggatccacactgatgectectiggigtaceccacgtt

cgeeocccaggacteatictcagaggagagaagtracgigtoociggtocagetgctggea
accgggacggacageagegagecctgeggecicicagaceictgeaggagccicatgace

aageccoggoigoicaggetactgectgicccaccaactigetcticticcictggaccagaatga
gggeotsracacagggaccaciceaacagagecaggactatatcaaccictictgegecaa

catgatggactigaaccgcagagcigaggocaicggatacgectaccotaccegggacatet
teatggaaaacatcatgtictgtegaatgeocgoctictecgactictacaagetccggtggct

gzaggccattcicagetggragaaacageaggaaggaigeiteggagagectgaigcigaa
gatgaagaatiatctaaagcetaticaatatcageageattiticgaggagagigaagaggcgag
aaaaacaatttccagatggetgetocteccacaacacagecacageagtiggcageoctegat
gacticctatacalcctggeagaataccocecageaaacagagagecacacecatecacace
gecaccaccaagcageogcetgagacggacggticcatgecagetigectggaggaggaaca
gaccocttiagicctcateocttagatectggagggcacggateacatectgggaagaageea
ictggaggatangcaaagecacecogacacccaatcitggaageccigagtaggeagggec
agggtaggieegooccgggagapacccaggigtoaacggatgaataaagttcaacigeaa
cgaaaaaaaaaanaaaaanaanaaanana

tticcegecctctagicgtgegeggatetgacgectgacgtaatigegtagacgccatittagee | 6
gotcagacaageactggacgtgeogaccattitetitiggacaccgageaggageiggegg
ccgetgeagacgaaaggoaggaaagggeaggocgggtgagcagacggatcggecgact
agacagoceaaccageaacaacgaactigagetcgeatactacegettacgeatctaaccaace
geceatctagetaacecgagoccctecaccgtcaacteaggticggoeggicoecggoego
cigecggagecgtggiggoagoeccgggaggagcactggegtctetticeticgattetcgg
gaticgaagatggctgcacagicagegecgaaagtigtoctaaaaagoaccaccaagatgic
tctaaatgagegettiactaatatgetgaagaacaaacageogacgecagigaataticggect
tcgatgeageaacaacageagetagoecagigocagaaacagaagactggeocageagatg
gagaatagaccotctgiccaggeageatiaaaactiaagoagaagagcitaaagcagegoct
gogtaagagtaacatccaggcacggitaggeogacceataggggccctggccagggeasc
aatcggaggacgaggcctacccataatecagagaggotigeccagaggaggactacgtog
gggacgtgccaccagaaccctactiaggggogggatgteactcegaggicaaaacctgeic
NM 00120661 | cgaggtegacgagcegtagetcecocgaatlggacttaagaagagatogtoticgagategty
21 gaggtectaggagageggacctaggacgtegagetatgggtogtggeggaateggtagta
gaggtcgggptatgataggicggegaagagpeoocitiggagaccgaggocgaggocegt
goacoasooasacotooccttectcgoccigtatigaccaaggageagetggacaaccaat
tggatgcatatatgtoganaacaaaaggacacciggatgcigagtigaatgcotacatggege
agacagatcecgaaaccaalgatigaagecigeccatecteecatgagagactetigttagtica
acacatctgtaaataacctigagataacagatgagaagaaatcigatigatgotggatggacet
atcacaataggetgtegacttactigecaccagetigtgeatttagigigticetitiacttitigata
ctgtgtigtatgaaaccettitgtectitgatttggttttitgtitttpttititiacggsosagsooooe
gtttcecctectttgeccagactictettigaacacaaatgeatiagectigiggctagaacaccet
cticctaccictgictecccteactigicatatgetetgacatgetaacattcittigticatecctgt
tgecoccacagaaacatcccagaaaaaccggtcagtigticctticcteectgatecttaggtttet
gaaataggetictgitacatectcticgatagectaitiaaaatgtitaganggtctggageicaa
aaatgogticttccacattgataatitagtaaacigagaacattgacatcactacagggeageat
aagaggttocttacatgtggtageagctctggittgaticaagtigctaceatgtacatigacage
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acatataccataaccagegigtiggotigaatigeacttictacctitgtatgagatitacagacttt
cotictgggtitgtateaigaccagaggggtactatagggitggittatacigeaatatagaggat
cagaagecatitgattiggtaggigtgicagaagggagaatgatggeagacgaactgotgga
agaggicagaagatagccatgciaaaatgoaatiatatecteatgtitatcecaaactaatciigy
acttttccactcatiagettigttiigccctigtitccctigaaggtttaagttcaaccataticigtca
actglicagtitcagiggaatcttgtattictggticattataacaaactgticgetiaaatecaana

tcgtcggageagacggeagtitetectiegggeteggageaggagacacgeggagtetgag | 7
gocacgeatgagoggacgetaaccecetecccagecacaaagagictacatgtetagggict
agacatgticagetitgtggacctccggotectgetoctctiageggecaccgecciccigacg
cacggecaagagoaagpccaagicgaggoocaagacgaagacatcocaccaateacctg
cgtacagaacggectcaggtaccatgaccgagacgtgiggaaaccegageocigecggate
tgegteigegacaacggeaaggtgitatgcgateacgtgatoigtgacgagaccaagaacty
coceggegecgaagtoccegagggcgagtgcigicccgicigeccegacgacicagagic
acccaccgaccaagaaaccaceggegicgagggacecaagggagacactggeocccgag
geccaaggggaccogeaggeccocciggocgagatggeatecctggacagectggactic
ceggacecocoggacceceeggaccteceggaccoceiggocticggaggaaactitgetee
ccagetgictiatggctatgatgagaaatcaaccggaggaatticegigectggecccatgggt
cectetggtectegtggictecctggceccectggtgcacctggtecccaaggeticcaaggt
ccocctggigagectagogagoctggageticaggiceratgggtecoeegagatecoceag
gtccocctggaaagaatgeagaigategoaagctggaaaacciggtegtcctggtoascg
{ggooctectigggoctcagggtoctcgaggatigcecggaacagetggcctecctiggaatga
agggacacagaggtitcagtegtttgpatooisccaagggagatgciggtocigetiggtocta
agggteagectggeagecctggteaaaatggagctectggteagatgggoeccegtggect
gectggigagagaggtcgecctiggagoccctggeocigetggtgctogtggaaatgatggts
ctactggtgeigecgggococciggicccaccggececgetggtectectggeticectagty
cigtiggtpciaagggigaagctggiccocaagggeccegaggctctgaaggiccccaggy
totgegtgotoascoetggeococctggecetgotggigcigeiggoecigetggaaaccotg
NM 000088.3 | stgcigatggacagectggioctanagpigccaatggtoctoctggtatigetggtectcctgy
cticectggteccegaggoeceictggaccecagggeccoggcggeecteciggicecaag
ggtaacageggigaacctggtgetcctggeageaaaggagacactggtactaagggagag
cctggeectgtiggteticaaggaccocctggocotgotggagaggaaggaaagogagoay
cicgaggteaacceggacceactiggecigeccggacececiggegagogiggiggaccig
gtagecgtostticectggegeagatgptotigciggtoccaagggtocegeiggtgaacgty
gtictectggecetgetggecceaaaggatetectggtgaagctggiogicocggigaagciy
giolgeciggtgecaagggtctgactggaagecciggcageociggtocigatggeaaaact
ggeccccciggtcccgecggtcaagatggicgocceggacoeccaggeccacciggigee
cgiggteaggctggtgtgatgggaticcciggacctaaaggtoctgciggagagcecggcaa
goctooagasceagototicceggaccecciggegetgicggicotgotggcaaagatesa
gaggctggagcicaggeacceociggeectgetggtoccgetiggogagagagatoaacan
goccctgetggeteccocggattccagggtetecotgatoctgetiggtocticeaggigaagea
gocaaacciggtgaacagggtgttectggagacctiggegecectggecceietzgagcaa
gaggocgagagaggiticcotggegagegigatgtagcaaggtocceciggiccigeiggticee
cgagggsccaacggtsctcocggcaacgatgetgctaagggigaigciggtoccecigga
geteceggiagecaggeegeecotggocticagggaatgcctggigaacgigotocagolg
gicticcagggectaagggtoacagaggtgatgctggtcccaaaggtgctgatggctcicety
geaaagatggegtcegtggtctgactggecceatiggtectootggecctgeiggtgeeecty
gtgacaagggigaaagiggtcccageggecctgetggteccactgaagetegtggtyccoe
cggagacegiggtgascctgotecceccggeecigetggcttigetggeecocatggiacty
acggocaacciggigctaaagecegaacciggtgaigctggtoctaaaggogateciggtcce
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cetggecctgeeggaccogetggaccecctggececatiggtaatgtiggiocicetggage
caaaggtgctogeggcagegetggicecoctggigetaciggtitecciggtectactggeeg
agtcggiccicctggecoeictggaaatgetggaccocctggoccteciggtcctgotggeaa
agaaggcggcaaaggicoccgiggigagaciggoccigoiggacgicciggigaagtiost
ceocctggicoccctggeccigetggcgagaaaggatecoctggtoctgatgetectgctgat
gotcctggiactecegggecteaaggtatigeiggacagegtaatotootoggoctycctggt
cagagaggagagagagocttceciggteticctggoecctctggtgaacciggeaaacaag
gteoctctggageaagiggteaacgtggticeccetggtcocatgggecccociggatigget
gzaccecciggtgaaictggacgtgaggaggctectggtgecgaaggticeoctggacgag
acggtictoctggegecaagggigacegiggigagaceggoccegotggaccecetiggtg
toctggtactectggteccectggeocogtiggeccigetiggcaagagtggtpategtygisa
gaciggtecigeiggtceegecggtceigteggoccigtiggogoeoegiggoecegeoggac
cocaaggecccegiggtgacaagggigagacaggegaacagggegacagaggeataaag
agtcaccgtggotictetggectecagggtoccociggeccicotggetetectggtgaacaa
ggteeciciggagecictggicetgetggiccccgaggiccecciggetctgetggtacicety
geaaagatgpgacicaacggicicoctggecceatigggecoectggtccicgeggicgeact
gatoatoctgoicotgtiggicececcggecctectggaccicetggicecoctggtoctocea
gegcetggtttcgacticageticeigecccagecaceicaagagaaggctcacgatggtggce
getactaceggactgatgatgecaatgigeticgtgaccgtgaccicgaggiggacaceace
ctcaagagectgagecagceagatcgagaacatecggagoecagagggeagecgcaagaa
coccgeocgoacctgecgigacctcaagatetgocactctgaciggaagagiggagagtact
ggoatigaccecaaccaaggotgeaacciggatgocatcaaagictictigcaacatggagactg
gtgagaccigegtgtaccecacteagoccagigiggeccagaagaactggtacatcagcaag
aaccccaaggacaagaggcatgtotggttegacgagagcatgacegatggattecagticga
gtatgocgeccagggciccgaceotgeogatgtggccatecagetgacoticetgegectga
tgtccaccgaggecteccagaacatcacctaccactgeaagaacagegiggoctacatggac
cageagaciggceaaccicaagaaggecotgotectecagggctccaacgagatcgagatec
gegecgaggecaacageogcttcacctacagegtcactgtogatggeigeacgagtcacac
cggagectgggocaagacagtgatigaatacaaaaccaccaagacctecegoctgeccate
atcgatgtooceccctiggacgtiggteccecagaccaggaaticggoticgacgttggeect
gtctgeticotgtanactcectccateccaacctggeteccicocacceaaccaactticeocoe
aacceggaaacagacaageaacccaaactgaacceccicaaaagecaaaaaatgggagac
aatticacatggacttiggaaaatatittiticcttigcaticatcictcaaacttagtititatcttigac
caaccgaacatgaccaaaaaccaaaagigoaticaaccitaccaaaaaaanananalaanan
gaataaatanataacttittaaaaaaggaagctiggtocactigetigaagaccecatgegggag
taagicecttictgecegtiggectiatgaaaccecaatgetgeccttictgetecttictecacac
ccoectigggacciccoctecacicoticecaaateigiciccccagaagacacaggaaacaa
tgtattgictgeccagceaatcaaaggeaatgeticaaacacecaagiggoecccacoeticagec
cgeicoigocogencageacceccaggeccigggggaccigggattctcagactgecaaag
aageettgecatetggegeteccatggctctigeaacatciceocticgtittigagagootcat
gecgggooacccaccagecectcactgggticggaggagagtcaggaaggoccacgaca
aagcagaaacateggattiggeeaacgegigicaatecctigtgeegeageectgogoegsy
agagactgticigitcctigtgtaactgtgttgetgaaagactacctegtictigtctigaigigtca
ceggegcaactgectggeaacoassatggeoocagastooaagcgactocccatitiaty
coaaaggigctacatctatgigatgggtgssetogsoagosaatcactggigctatagaaatt
gagatgcccccecaggecageaaatgticettttigttcaaagtctatttitattcctigatatititc
Tttt ititttitgtgeatg o ooacttgigaatittictanagetoctatitaacaigggag gag
agegtgtgcggctecageccageocgetgeteactitecacectetetecaccigectetgget
ictcaggecteiglicicegaccicictecicigaaaccctcctecacagetigeageccatectc
coggetcectectagicigiectgegicotetgtccecgggtitcagagacaacticocaaage
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acaaagcagtitttcecectaggggteggaggaageaaaagacicigiacctatittgtatgtat
ataataatitgagaigtittiaatiatttigatigotggaaiaaagealgtggaaatgacecaaacat
aa

fitctictocggecetggeaggticcgggagecicggctegtegatoocggaagtiggagece | 8
gliggtgpaatigacppaacicagegacgeigegogggtegoggtiigegaacigeagaty
gactgigtagtgaccggegtocoegetgtoicgecocgiggogggtaagcgaggotocgtoo
tgegeggeggoggoggaacgaacgegglgegggegggscgecegeegeagggeccat
ggcectectgegogageatcgacatcgaggacgecacgeageacctgegggacatectcaa
aotggaccggeocgeggglggceccagigeagagagcecacggecatecagigectaca
atggggacctcaatggactictggicocagaccogetctgctcaggotgatagtacctcageaa
acaagactggicticggaccatgecacceattaacctgeasgagaagcaggteatctgicicte
aggagatgatagctccacctgeattgggatitiggecaaggaggtggagatigigoctageag
tgactctageatifcaageaaggeccggggaageaacaaggteaaaaticagectgtegeea
agtatgactgggaacagaagtactactatggcaacctgatigeigtgictaactectictiggee
fatgcoaticgggctgecaacaatggctcigecatggtpogggteatcagegtcageacticg
gageggaccettgctcaagggeticacaggcagigtgactgatctggetticgogcaccicaac
{ctecacagetggoctgeciggatgagocaggoaaccigticgigtgacoctigactctgeatia
atggcaaaaticaagaagagatctiggiccataticggeagecagagggeacgecactgaac
cactttcgeaggatcatctggtgececticatecotgaggagagegaagacigeigigaggag
agcagcecaacagigacectigeigeatgaagacegggetgagatgtasgacctagacaty
ctecgetecagecacagtacciggectgiggatgtiagecagatcaageagggcticatigty
gtaaaaggtcatageacgigectcagtgaaggagcccictetectgatgggactgtectgget
actgegagecacgatgectaigicaagitetgpcagatotacatigaggoacaagatlgagee
aaggtetetgcacgagtggaaaccicatgatggocggcooctetectgectectgtictgtgac
aaccataagaaacaagaccctgatgicectiictggaggticetiatiactggtactgaccagaa
cogagagitaaagatgiggtetacagiatectggacctgectigeagactaticgeticteccca
EDC4 NM 0143264 | eatatcticagcteagigagtgtececcctagectoaaggtitgetiggaccictecageagaata
cotgaticteagegatgtecaacggaaggtoctctatgigalggagetgctgeaaaaccaggea
geagpgoccacgectgeticagotecatcteggagticotgetcacccaccetgigetgagettt
gatatccaggtigigagtegetgecggetacggeacactgaggtactgectgocgaagagy
aaaatgacagectgggtacigatagtacecatggagoeggigecatggagictgeggecg

{gtecteatcaagrictittgigtgcatactaagglacigcaagatgigeagatceogeticcage
cacagcetgaaccetgateiggtggccccactgoccacecacactgeccacgaggacticaca
ftiggagagtctoggoecgaacigggcicigaggacciggggicageogeticacggetocca
gectgaccicegacgaategtggagetgectgeacetgecgacticetcagictgageagiga
gaccaagoccaagitigatgacaccigacgecticatgacacctagegectectigeageagat
cactgecicicccageageageageageggiageageageageageageagtageageag
cicoctiacagetgigtetgecatgageageaceicagetgtggaccectectigacoaggec
acctgaggagcteacctigagecccaagetigeagetgeatgocagectgacaatgageage
agtggcagocticaggeaageccgegtgocctecigoctggectgeteecageeccagetyg
acaaacigacteccaaggggocgggecaggtgectactgecacctetgeacigteectggag

poentond
clgcaggaagtggageocetiggggctaceccaagectoccetageogeacicgttcecciga

tgtcatctecteageticcactgeccigicccaggacatecctgagatigeatetgaggocctat
ceogigettitgecicctctgeaccagagggectigagecagacagtatggeticagoegoct
cggcactgeaccigetgiceocacggecocggecagggoccgagetcggeccocagetcg
goctigatgsagoccctggggatggagatcgecataatacceccteectectggagecage
ctigacccaggaggectogactectgacagicaggtitggoccacageacctgacattacteg
tgagacctgeageaccctggeagaaagecocaggaatggecticaggaaasgeacaagag
cctgaccticcaccgaccaccatatcaccigetgeageaacgtgacageeaggatgecagte
ctgagcaaagigaccatgatgatgaggtogccagoctigectctgeticaggageactitgeca
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ccaaagticctgetecacggcetgecigecaaggactggaagaccaagggatcecctegaac
cicacccaagceicaagaggaaaageaagaaggatgategagatpcagecaigggatoceg
getcacagagceaccaggiggeagageccectgaggactigaceagenciaatitggeaacag
cagagagagctggcagagctgcggcacagocaggaagagetgetgeagegtctgigtace
caactcgaaggectgcagagcacagicacaggecacgtagaacgigecctigagactcgge
acgageaggaacageggegectgoagcagcactgecigageoocascageguooag
gocagetecaggageagetigacacaacagtigteccaageactgtegtcagetgtagete s
gegectagagogeageatacgggatgagatcaagaagacagtcectecatgigicteaagg
agtctggagectaiggoaggecaacigageaacicagiggetaceaageicacageigigga
goocagcatgaaagagaacatctccaagetgetcaagiccaagaacttigactgatgecateg
cocgageagctgeagacacattacaagggccgatgcaggcetgcctaccgggaagecticea
gagtatostocigeeggoctitgagaagagetgecaggocatgticcageaaatcaatgatag
cticcggetggggacacaggaatactigeageagetagaaagecacaigaagageeggaag
gracgggaacaggaggccagggagectgtactageccageigeggggectggicageac
actgcagagtaccactgagceagatggeagecaccgiggecggeagtaticgtactzagaty
cagcaccagotgeatgtgectgtapocagectgcaggagtccatitiageacaggtacageg
cafcgtiaaggatgagatoagioigococicaaggageageaggecgeegteacctecage
atcatgeaggoecatgogcicagetgetggeacaceigiceoctctigeocacctigacigecag
geccageaageccatateetgeagetgctgcageagggoecacctcaaicaggecticcagea
gecgotgacagetgetgaccigaacciggtocigtatatgtgtgaaactgiggacccagocca
gotititgegcagecacccigeecgetcteccagectgigetcctiteccicatocageagety
gcatctgacctiggractcgaactgacctoaageicagetacctggaagaggecgigatgca
cotggaccacagigaccecatcacicgggaccacatgggotcegtiatggoccaggtacgec
aaaagcttiticagitectgeaggetgagoecacacaactcacttggeaaageageteggegtict
cagecteatgetgeatggoctegtgacceccagecteocttagetgetaagecigestigeoea
zsgetaggatggeactgaaggecageagacaggectaggcieggacagggicacggcty
gectitacctgctcaggececcatcetctgggaiottigpggotcagggageagggageacte
gocgtggtctacagegigtggtagicagaaggtttagetgggoccagggcaggtatigogeo
tgcttgggttctgecatgectggagealgacectgagatcgigacaccactigagiggaatitic
catgticctiittacctctaattiggatctittigtttitgaanaacatigagaaattcaattaaatgctit
tgeaataaaatggagtatgigiots

ggcggegpctpgaggagagegcgatogagagecgagegggcgagcgespgtecgea | 9
gLegoCEagooaocacgogcgacegecacasageicggacgregegggocigeatac
goegtacciggrocggegeggegactgtetecgggclggogggggcCcgeccgegagce
ceggggaecccgaggecgeagetigecigegegetctgagecticgeaacicgogageaa
agtiiggtooarocaacgocaagoectgagicctitettectotegticeccanatccgageeca
geeegcggacgtcatgeccgegetocicegeagectggggtacacgtgaagoocgggag
gettggegocggegaagaccoaaggaccactctictgegtitggagtiocteccegeaacee
cggectegtegetttctoccatcecgacecacgegggecacgoggacaacacaggiogess
aggagoegtigecaticaagigactgcagcageageggeagegeotoggticotgagoeecac
FGFR2 | NM 0001414 | cgeaggctgaaggcatigegegtagtecatgeccgtagaggaagtgtecagatgggattaac
gtccacatggagataiggaagaggaccggggatiggtaccgtaaccatggicageiggogt
cgtttcatctgectggtegtagicaccatggeaacctigtecctggecoegaceciccticagitt
agttgagoataccacattagagocagaagagecaccaaccaaataccaaatetictcaaccag
aagtgtacgtgactecgecagggoagtogctagaggtacgcigectgiigaaagalgeege
cgtgatcagtigoactaaggatlggooigcactigaoocccaacaataggacagtoctiatigy
ggagtactigeagataaagggegecacgectagagaciceggectetatgettgtactgeca
ataggactgtagacagtgaaacttggtacticatggtgaatgicacagatgecaicteatcegg
agatgatgaggatgacaccgatggigcgeaagatitigtcagtgagaacagtaacaacaaga
gageaccatactggaccaacacagaaaagatggaaaagcggcticcatgetgtoectgegae
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caacactgtcaagtiicgcigoeccagecggggggaacceaatgecaaccaigeggiggety
aaaaacggaaaggagiitaagcaggageategeatiggaggctacaaggtacgaaaccage
actggagcectcattatggaaagigtggicecatcigacaagggaaatiatacctgigtagtygga
gaatgaatacgggtccateaatcacacgiaccacciggatpttgtggagegatcgecicaceg
gcceatectccaageeggactgecggeaaatgoctecacagtegicggaggagacgtagag
titgtctgcaaggittacagtgatacccagecocacatccagtggateaagcacgtggaaaag
aacggeagtaaatacgggeccgacgggetgeoctacctcaaggttcicaaggecgecggty
ttaacaccacggacaaagagatigageitciclataticggaatgtaactitigaggacgetgg
pgaatatacgigettggegggtaatictatigg gatatecticacictgeatggitgacagticty
ccagegeciggaagagaaaaggagattacageticcocagactacciggagatagocattia
cigcataggggicticitaatcgoctgtatggtegtaacagicatectgigecgaatgaagaac
acgaccaagaagecagacticageagecageoggetgtgcacaageigaccaaacgtaice
cectgeggagacaggtaacagtticggctgagiccagetectecatgaactecaacacceeg
ctggtgaggataacaacacgectotcticaacggeagacacececatgetggeaggggtetc
cgagtatgaacttccagaggacocaaaatggeagtticcaagagataagetgacactggeca
ageccctgggagaaggtigettigggcaagigptcatggoggaagcagtgggaatigacaa
agacaagceocaaggagecggicaccgtggeogtgaagatattoaaagatgatgecacaga
gaaagaccittcigatctggigtcagagatggagatgatgaagateatiggoanacacaagaa
tatcataaatctictiggagoectgeacacaggatgggocicictatgtcatagtigagtatgecte
taaaggcaacctocgagaataccicogageceggaggecacccgggatggagtactectat
gacattaaccgtgticctgaggageagatgaceticaaggactiggtgicatgcacctaccag
ctgeccagaggcatggagtactiggoticceaaaaatgtattcaticgagatttagoagocaga
aatgittiggtaacagaaaacaatgtgatgaaaatagcagacitiggactogecagagataica
acaatatagaciattacaaaaagaccaccaatggecgecticcagtcaagiggatggctecag
aagecetgittgatagagtatacactecatcagagtgatgictggtccticggogtottaateiog
gagatcticactitagggggctegeectacceagggaticeegtggaggaactititaageige
tgaaggaaggacacagaatggataagocagecaactgeaccaacgaactgtacatgatgat
gagggactgttgecatgeagteccetoccagagaccaacgticaageagtiggtagaagact
tggatcgaatictcacicicacaaccaatgaggaatactiggacotcagecaaceteicgaaca
gtattcacctagtiaccctgacacaagaagtictigiteticaggagatgatictgitittictceag
accecatgoctiacgaaccatgecticetcagtatecacacataaacggceagtgitaaaacatg
aatgacigigtctgocigtccceaaacaggacageacigggaacctagetacactgageagy
gagaccatgectoccagagcettgtigtciccacttgtatatatggatcagaggagtaaataattig
gaaaagtaatcageatatgigtaaagattiatacagtigaaaactigtaatciiccccaggagga
gaagaaggttictggagcagtggactgecacaagecaccatgtaaccectcicacctgeegt
gegtactggctgtegaccagiaggacicaaggiggacgtgegtictgecticctigtiaatitigt
aataattggagaagatitatgtcageacacactiacagagcacaaatgeagtatataggtgety
gatgtatgiaaatataticaaattatgtataaatatatattatatatitacaaggagtiatitiitgtatt
gatittaaatggatgtcccaatgcacctagaaaatiggicictctitittiaatagetatitectaaat
gotgticttacacataatticttaatiticaccgageagaggte caanaatacititgetttcaggg
aaaatggtataacgtiaatitattaataaatigetaatatacaaaacaattaatcatitatagitittet
gtaatitaagtggcattictatgeaggeageacageagactagttaatctatigetiggacttaac
tagttatcagatccitigaaaagagaatatitacaatatatgactaatiiggggaaaatgaagtitt
gatttatttgigttiaaatoctgctgteagacgatigtictiagacctectaaatgoececatattaas
agaactcaticataggaaggtgtticatittggtagtecaacceigtcattacgicaacgeaacgtc
taactggacttcccaagataaatggtaccagegtocictiaaaagatgecttaatecaticotiga
ggacagacctiagtigaaatgatagcagaatgtocticictctggcagciggoctictgctictg
agtigeacattaatcagatiagectgtaticteticagtgaatttigataatgocticcagaciottt
gecgitggagacgectgitaggatcticaagicecatcatagaaaatigaaacacagagtigtt
ctgcigatagttiigggeatacgicoatctititaagggatigetttcatctaatictggcaggacct
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caccaaaagatecagectcatacctacatcagacaaaatatcgecgttgitectictgtactaaa
gtatigteititgcttiggaaacaccoacteacitigeaatageogtecaagatgaatgeagatta
cactgatetiatgtgitacaaaatiggagaaagtatitagtaaaaccigttaattittatactgacaa

taaaaatgtitctacagatattaatgitaacaagacaaaataaatgicacgeaactiatitittaata
A44323420233343

ccecacatcggteegtoctgeticeagetgetgeagegegeetticgecgecaaageatecag | 10
cageecoctgetecggeccageatggegaccocgacocagacceecacaaaggotcctga
ggagecigacceaititactatgactacaacacggtgcagactgigggcatgacictggeaac
catctigticctgeigagtatecicategtecaicageaagaaggtoaagtgeaggaaggesga
ctocaggictgagageccaacctgeaaatectgtaagictgagoticeetcticagecectggt
ggcgocgecgtiogtaacaccticccgaggaaacteegeigoegaceetgecigagegegsg
agectgaggaceggotooag oCgolgreoacclagoegegegcegggagegeteccey
gaaigageegeeccacecaccecaaggetggagocgetgcaccetgetgicectoiccagy
cottggeaatgacgatcccccaaagageocgtcigeacoceagacccagggccteaggect
ccagetcctggeatecgggagiccatccoggoccageacacocageateecogtgtalgac
coccctgeacctectigtetcatecoegaagatocgiceecctggecectcagigiceatgictt
gagctiaataaatgtgcattiggttitticetelg

FXYD7 | NM_022006.1

acceictiggtgtacgegtcatggccgtcageaccgegticecgtecicticegettggceeca | 11
gaaagtticgettctgocoggegetggacocacgagegegtgecaceaiggagicigacca
ctgetgagcagacagecacegagggccgaaatictgagectteciciggacceaggeagga
gacatacagacaagaaaggcaaactcaccatggecicoaccaatgeagagageoagoteca
gagaatcatcegagactigeaagatectgtgacagaactaageaaagaatticaggaageag
gegaacceatcacggatgacageaccagetigeataaatitictiataaactigagtatctecty
caatttgatcagaaagagaaggccacccicetgggeaacaagaaggactacigggattactic
tgtgccigeotggecaaggteaaaggagccaatgatggaatcogetttgtcaagtetatcica
gagctecgaacatectigggganaggaagagoatitaticgotactectiggigeaccagagg
ttggcagacaccttacageagigeticatgaacaccaaagtgaccagtgaciggtactatgea
agaagccecttictgeagecaaageigageteggacatigigggocaacictatgagetgact
gaggttcagtitgacciggegtcgaggggctiigactiggatgcigeciggecaacattigeca
goaggacgctgaccactggetotictgetiacctgtggaaacccectageegcageiccage
atgagceagetiggtgagoeagctaccigeagacicaagagatggtatccaacttigacctgaac
agcecoctaaacaacgaggcatiggaggectitgatgagatgcgactagagciggaccagtt
ggaggtecgooagangeagelacgggagegoatgcageageiggacagagagaaccag
gagcteagoocagcigicagecageaaggggagcaacigcagacagagagaoagagss
ggcgeactgcageggaggacaacgitcgectcactigetiggtagctgagetecagaagea
gigggaggtcacccaggecacceagaacacigigaaggagetgeagacatgocigeagss
cciggagcetaggageageagagaaggaggaggactaccacacagoectgoggeggcigg
agiccatgetgcageoctiggeacaggagctigaggecacacgggactcactggacaagaa
aaaccageatitagecageticccaggetggotagecatggcteageagaaggcagatacgy
catcagacacaaagggocggeaagaacctaticecagtgatgeggeccaggagatgeagg
agetagggeeagaagcticaagecctagaaagggagagaaccaaggicgaggagotcaac
agacageagagtgcccaaciggaacagetggicaaggagcticageigaaagaggatgoce
gegoecagectggagoegcciggigaaggagatgeccecaciceaggaggagttgtciggga
agggacaggaggcagaccagcetctegcgacggctgeageagtigetggeccacacgaget
cotgggappagoacctageagagtigapeCgorasaaaaancageancaggagoagan
ggagcligetggageaggaggtcaggictctgaceeggeageigeagticetggagaceeag
ctggcacaggtgagecaacaigigagtgacciggaggagcagaagaagoagotcaticagy
acaaagaccacctcagecageaggigggtatgetegageggctigetgggccgectggoece
agaactgccagiggraggigagaagaatgaggccctggicecigigaactocagictgeaa

FYCOI | NM_0245133

47




WO 2019/165021 PCT/US2019/018878

gaggecigggooaagecagaggaggageagagggoccigeaggageeacagtiagacg
ataccaaggigcaagagggcagocaggaggaagagetecggeaggecaacagggagot

geagaaggagciacagaatgtggtcgggcgtaaccagetcciggagggcaagcigeaage
cotgeaggecgattaccaggcetitgcageagegegaatcagecatccagggetectiggect
ceotggaggocgageaggccageatccggeacitggetgaccagaiggaggcgagetioc
tggctgtaaggaaggocaaggagoccaigaaageccagatggcagagaagoagoocatic
tacagagcaaggagggcgagigtcagcagetgegggaggagetooaocastoccagean
clggeagaageceggoeacagagagetiagggotetogagageoagigooageageagace
cagctgatigaggticcicacagceagagaaaggocaacagggagtiggcccacceacigaca
atgaageccgigagetggotgoccagetageccigicicaggegeagetggaagtocatcag
ggggasgstccaacggcigeaggctcaggiggtegacciccaggocaagaigegggcage

cctggatgaccaggacaaggtacagagecagetaageatggetgaggoegtecigagega
geacaaaaccctigtgcageagetigaaggageagaalgaageecttaacagageocatgtc

caggagcetgctgcaatgeicggagegigaaggggcactgraggaggagagggecgatga

ggcccageagagggaggaggagctgcgggeccigeaggaggagceigicccaggecaaat
geagetccgaggaagceacagetggageacgeigagetgcaagageagetgeaccgggce

aacacagacacagetgagctgggcaiccaggittgegoactgacegtggaaaaggagega

gtggaggagocaciggecigtgotgiccaggageiccaggacgoecaaagaggcagecica
agggagegagageoociggagegecaagtageigggotgcageaagagaaggagagett
geaggagaagetgaaggeggocaaggeageagecggetcactgectggoctgeaggece
agetegeecaggeagageagegggceccagagectecaagaggetgeacacoaggagctc
aacaccctcaagttccagetgagigetgaaatcatggactaccagageagactiaagaatget
getgaagagigcaagagectoagggocoagotigaggagcaagaccggcagciglaggc
tgctgaggaagetgiggagaagetigaaggocacccaageagacatgggagsagaagcigag
ctgeactageaaccatcttigeagagigecaggeggecalgoligagganggacasggaggy

gectgoccigogtzaagacctagasaggacccagaaggaactcgaanangccacaacaaa
aatccaagagtatiacaacaaactcigecaggaggigacaaatcgtgagageaatgaccaga
agatgctigcigacciggatgaccicaacagaaccaagaagtatctegaggageggctgata

gagctgctcaggeacaaggatgctotctggoagaagicagatgcoctggaaticcageagaa
gotcagtacigaggagagatgoctcggagacacagaggcaaaccacigectiocgacigtaag
cgegagticagetggatggtacggcggcaccactgeaggatatgtggecgeatctictattac
tactgetgeaacaactacgtocigageaagcacggiggraaanaggagegetgetgecgag
cotgtttccagaagetcagtoaaggcceiggetceccigatageagiggotcaggoactagec
agggagageccagocctgeactgicaccagectoaccigggeoceaggecacaggagace
aaggagcanatacagactacaggecaccggacgacgetgtgtitgatatcatcacagatgag
gaatigigecagatacaggagiceggetectettigectgaaacaccoactgaaactgatictct
cgaccoaaatgeggetigaacaggatactacatcaacctcgetaacgoctgaggacacigaag
acatgecegtgggocaggaticggaaatctgectgctgaagtciggagaactgatgatcaaa

gtaccoctcacagiggatgagaicgecagettcggggagestagcagggagcigtitgtoay
gtccageacctacagectgatceccatcactgiggocgaggeaggocteaccateagetggg
{ctictectetgacoccaagageatcetocticagigigetcticcaggaggecgaggacacace
gelggatcagigtaaggtecteattcccacgacecgatgeaacticecacaaggagaacatee

agggccagetcaaggticgoacacceggeatctacatgetcateticgacaatacctictcaag
gtitgtctctaaaaaggtattitatcacttgacggtigatcggectgigatctacgatggaagigat
ticctgtageticageaccticagtaacticacticalccacaggaaacactgetcticoteacety
{cacataaagcattittttananagtcagetgetccanaatcatcaactcageoecigggcigce

ccteagaggcgetotictesosacoactiigtgcteageactctgeaccggocacictiagece
cegaggegtteaagoocicaggcaatgtticcatiaagtagagacicagetgtigtcacacce

aaagggatgctcigecaaaggtitaaacacccaggagaccatcagecteiccigggageaca
stiggotacaggectcitgiggagagtttcacgggraggg etgaticcaactictgecigigga
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gagattitctgeoctgecceaccagggecctgeatgtiggagactgagotgggtgcactggee
atgeectgtgaatectcaggotgtgacgeoctcaggtaciceigggaaaaggagatacacag
ccatcatgegagicggtgecaggggaccececggagatectgaccagetecicoagicatge
tottgtoccicactgeoccagtaagetggageactoctccagaactcageagtgitggaggsec
ctctaagetgeacicicttictggeccttitgtcigggigattctgtecicaaataaageccticact
cagceeagacetctecacagcicaaageatigocciaagaateagaagtaaagataatccaag
agcaaaaccecactgtactigggocctgeaatggetgtaigtacactacatetaatgeccaaaty
ccagecagiglggatgtigtgaccacagageaggattetocatigectitagagctacicetca
actgatggoccacttitgtitatataaataagagetictgecceaccigeagacatgtttactaatg
atcatagccaggattagaaccactttcaaacattggggocciicttaacaaaagtetttgataactt
aagaaccaaagtaacagagtaaacagaggcatgatggatoccigggoecocactecectocty
acaggticoecaacageccattigeecacticecactgetcageccacaccagacctecagga
gacatccecectigaggeagagagatectgitecctattecccagacaagaatiatttaatctice
ctgticicigtggicotiitcticcccaacaacagatagetcacctiggacageteticgtocctig
ttcatggaaccagetgoctgeagicaggecceaggticticcatgggigaacagageaiciga
caaaaggicocagtitggecagggptgagggagagagcaccagacaggctatecgagaat
ctgagagcetgggcceggeagticctecagetaceotigtgacotaagiccagticacacatttce
caaagtticictitgtcataaccotggictggetggtitigaggocitgagaatgpgotcaggsact
ceaggecaagtecaacagagacoeccasacoecaccacacaccageagecacaacctcacca
ccaacaaagaggactitigtzggoccacaagtaagaggtcattictagaatggactcagacct
ttaaacaggagagtigageacttccagtcagtttitaagcaaggeatgeggaacagggaatag
aacctiicaaagaggtigeccagagaaaagetgggcotctigeatteggeticotiggageag
cofetictggeagaaagecatcaggtactcaateatcticicotggecaaggeictgaccatget
tagtactggaatagaggtggccaggcccccagegactcticttggectgatgtitatecteaca
ggcatgecacgiggectgagatgaticagaacaaatcatgetaactitgaatccatccagecac
ttgcaaatgataatcagaagtcagctigitcactgitagaaagaaactaacasaagagaaccca
gagcaaictagaatcttigagioctiggotitccaaggatactigoggagacictggecaagelg
atgacctictgaagtgtcactggeaccatatgeaacaagaaccaccaticacigagtagetaat
gagttigooocciggpacaticcatotgaggtocticetgaacatgicactccacageagagy
accggtigcagcettacecagaaccactectecaggagagetggatatitigegtacaacacctt
gagcactgacigetattgttcaaaaaaagectitgetgcaticggaggactgeoccgtgoccty
aggtgacttcctaactatgiggiticattagegaatitatititigigetgggtiggacattigtatitty
ttaggttgctgittaagctcaagtitgetgtgetcicigeagetacaaaacatctiggoatatitaa
gagtooctttiataaatageitiaticigatatiaateagaticccaactttactgagaatiaaggac
tggootactitaaagaaatgcaaatagcaatigaagaaccactgetgeaggiggtagoeccigg
clagactgaattacactagaaatcagecagaaggaagegtectigggateccagatcactotit
ttittitttittaaaagggocageccctigatggetcatctcictgaataacagtiacgtcticatate
gataccagatgecticticatcatgecactgaagecactcaccaccitcaagaacatgecaace
fcigteagattcactiacccacaaacaaggaggeacgtiiggoacaaagtetigicetccaggt
coaagtggacictacagagtectigaccicaacacactggaticcaggiggaciggaccaag
ageaggceaaagacacgggaacigaaaaaciccacagggtitgaagaatagaaatgaaaag
ccacgtcatataacicaagaataaatggtatttiggaaattitaaaatiatcatcgaaggteosion
aactatticaggeccaaatgaaaggaaatcgecagtiggggatgaaatcacagagecigigtt
ttatgatatggitggatgiccactigatgaaattitaaageagiticagitttaaaagigcgeatgatt
ctacatatgagaaticittaggocaagaaactgicotiggcicagaggtptisggaattaaagca
gagagaagccaticgigatgettagaaceaaggatggtcatgtacacaaagaccaicgagac
ggccatictigttiacaaaacactiaccaagaaageactiigiagegoaactitagtaagticttct
cattteattatgitteticcaaggaaacaggagagacigaatiaataatictetetiicetetiaage
acttttaaaataataaagtacatctiganatitgggeaggocatcicigatitaaaaaaagaaanag
goigetigatgtatgttatgcagagacactctgecictggiggctgcagageaatacccaagee
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teatttggaaggcticaacatiiggaatigcactttaattgatiaatcctcaaticatgiggoctiacg
gatggigeaictggeaccoeaaticatictiatctgecaaagaatiatctagaageacateaa

ataccageaccccaccigetcaatggggatoeaaaactitigtatecctaageatattatittata
gtetcigecatgecatgtggaaatactitatittiaaccicaggatitaaataaagtasacactatg
acatitagaca

ctegegecaggegagictecgegtcicectegegaacteggtgaaaggaatiggcgcegtie | 1
gacaccaggceggatecgetctgeageacgaacecatetccagecgeagecgeagergees
ccoggglcgaggageagecgeageagecgecaccagiggecgagtgagoggagecgag
titgaggcagegectageggtgaategggacecicaccatgagttccicgectgttaatgtaaa
aaagcetgaaggtetcggagctgaaagaggagetcaagaagegacgectitetgacaagggt
cicaaggecgageicatggagegactccaggclgCgolggacgacgaggagocogeogy
cegecccgecatggageccgggaacggeagectagaceiggaegggaaticegotgggc
getogggagcaggeciegageaggaggecgeggecggoggegatgangaggaguagy

aagaggaagaggaggaggaagaaatctocgeictggacggegaccagatggagetagga
2azEALAACHILLCCACLLYRCLACCLACTCRRCOCAtYLATHALLALIALLCT
gecicggaagacgagaacggogacgatcagggtttccaggaagggeaagatgagciceg

LEACLAACATOAATICHCLEOCTACTATAACTOOCACILOoACCALCAZCOCaace
£CCgergacgcageageaacagoreancageagegegeeaccygrcaaggaggcge

gggoaagageageggeeccacciogetgitegeggtgacggtogocercgeccgggcga
£9Cageeccageageagecsggas egacgecaanacagzaacagaaaggcsgagata
aaaagaggegotetiaaaagaccacgagaagatcatggecgiggatattttgagtacatigaag
agaacaagtatagcagagceoaaatctoctcagecacctgitgaagaagaagatgaacactic

gatgacacagiggtitoicttgatactiataatigtgatciacatttiaaaatatcaagagatcgict
cagtgeticitcecttacaatggagagtitigettticitigggctggageaagagcatceiaigat
gtotcaaaaggcaaagigigtitigagatgaagottacagagaagateccagtaaggeatitat
atacaaaagatatigacatacaigaagticgiatiggctggicactaactacaagtggaatgtia
HNRNP ] B ctiggtoaagaagaatitictiatgeotaticictaaaaggaataaaaacatgeaactgigagact
U NM_004501.3 | gaagatiatgpagaaaagtitgatgaasaatgatoteattacatgttttgctaacitigaaagteat

gaagtagaactctegtatgotaagaatggacaagatctiggegttaccticaaaatcagtaagg
aagtictigetggacggccactgitceegeatgttcictgecacaactgigeagtigaatitaatit
tgetcagaaggaaaagecatatittccaatacctgaagagtatactitcatccagaacgicecct
fagagpatcgagttagaggaccaaagggoccigaagagaaganagatigigaagtigtoat

gatgattggctigccaggagoiggaaaaactacctgggttactaaacatgcageagaaaaice
agggaaatataacatictiggeacaaatactatiatggataagatgatggtogcaggtttianga
agcaaatggeagatactggaaaactgaacacactgtigeagagagececcecagtgteitggg
aaattiatigagatigeigeocgaaagaagegaaatittatictggatcagacaaatgtgtctiget
getgeccagaggagaaaaatgigocigittgcagacticcageganaageigtigtagttige

coaaaagatgaagactataageaaagaacacagaagaaageagaagtagaggooanaga

cctaccagaacatgeggtecteaaaatgaaaggaaacttiaccotcccagaggtagcigagty
cittgatgaaataacctatgttgaacticagaaggaagaagoeccaaaaacictiggageaatat

aaggaagaaageaaaaaggcicticcaccagaaaagaaacagaacactggetcaaagaaa
agcaatagaaataagagtogcaagaaccagtitaacagaggisgigaccatagagaacaty

gaggattcaatatgegiggtogaaatiicagaggaggageccciggaaatcgiggeggatat
aataggagggecaacatgocacagagaggtegigecgotggagoaagtsgiogaatogs

clatccataccctegtacoecigtititectggeogtggtagitacicaaacagaggpaactaca
acagaggtggaatgcccaacagagggaactacaaccagaacticagaggacgaggaaaca
atcgtggctacaaaaatcaatctcagggctacaaccagtggeageagggtcaaticiggaate
agaagccatggagicageatiatcaccaaggatattatigaatacceaaataaaacgaacigat
acatatttctccanaaccttcacaagaagicgacigtttictitagtaggctaactttitaaacatic

cacaagaggaagtoccigegggticctittitagaagctitgig g ottgattitititcttttotititt
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gtacattitiaattgcagtttasaagigaatcgtaagagaacctcageatigigeacgataagag
aatgigtcagtatitcagggtictacatittatotgtasaaigtgacttitiittitttitatcacaacag
aagtaaaatgttpctiigtacctggtgtctitiatiaagaatitacteceeceattictcacagagaa
taacagicgggagtcatigicacaatataatagaaatgtiagcaaccagaticatgtaaggactia
agtggtectcatgaattgeatiaagactetgtacigctcatattacactocatectetetgtagttio
ctgggtagtggagooootaapctanatcatagtitctgacaataactgggaaggttittictiaa
aataacaatggaatigetataattgggatigaaaactaaaactiggaactaagatagagaagat
ggagtgtatetagaagooctgtiaanaatetasaactiggtigeattatitgiggagocicaaac
tigtgaaggtiaataccataatitiiccatttgtictgeattitgatictgaaaagaaagctggctitg
ccoattictiattaaaaaaactigtigiaaatccagtigictaatgggatctatatgaagttagecat
gtetgtatgeocticicocacaaaatacigtataactagigtectigtagtagttaactecaceate
ttigtaagotaatgaaatigigagtcacceatitatatcitaatttitaatcatgtcagitctigaates
gtatctecttagectgotgatitettitictitctaaaganagtggatgoagaaattaatttagacgtt
tgtttgcaatanaaagaaticatittactetigitiggaatictcgecaicaaggticaaaatceett
tatataactcccaagaggagaaattiatiaagigigtectitctggacagettatictitactetgea
tagaacatitaggttitaaaaactiaaatgtatactgacaatigatacataatiatgaagtaaagtte
aattcttecettececicocecccagacaacttttaacatatttaatgagegoaaaagotaciog
ctgggagaagtiaacactgagtitatcatctitacagaatgctaatgetgtcctcaactgatiatitt
atatacatatatatgatacaigaaactetggeatcagatgotitiagaagecatcatgeaageca
gtcatigatgtcactgctacacaacacigetaactigactgtagetatgtaataacatiagatece
ctaattgtaattatattgggtttegcacagaacactitaatcticeccicaccaatgigaagigagga
atcaggagtcaaactgtagaactaaaatttgacticagictagegittecttggtaitittaggtig
cittggtaagtttagsitioctatatticigattoctiagaatitigtittagcecttianaatcagatca
taaatatgaaticatactictaaggaatitictigetataagetggagtitaggigalgtatagotic
agtigagacatititggaacaggcaaatcctiagtiaacataagatatttaacagtigaagatagt
gtcatggatittiatctitittagcaagtaatgetaagaaccactggecigagetactactcttcagt
atacattattaggatigcatagactiactagaggaacagtticaggititgatgctaatcagigtig
tetcotaaagtigtectitgtgectitaaaaagttttggatataicttctagtitaaaatigettattaa
goaattcatttiataatigcagtggeanagtaatggtcaagiaacactaggtagactaicatgec
tgtitageocagagaatttgggoooagasagaatagataaaaatggeacceagaaaaatgtt
aaaatctitagicaagactagaattaatacaatigictacactigtatggcagaaataaccitataa
agtgtitaaggaaticagagaaggeaatgtaccaaataagcaacagggagaaaatiaggiaa
gaagtaagatacgaacgagaaaccigattiatigeteatecticectigecicectaatggeaag
caaaactcigaacatctgaanaggatgtagtictggacaaatectigactacccagaggaaact
cactgtgagatigctgtigattigaaggetoctticactaaggtiatatittaaagtagaataacac
atgeigagtetasactggeitiggattegtcageigeagtagtacaaaaacageatagaatltg
agaaaactaaaactgciatgagatagetatgagaaaactaaaactgotatgagatagaaatgat
gtaaaattaigtegaaagttticectcatatactcacatacagectitgaagggctctggctotga
ceggtigategcctigagegagatgaaatcatgaaatigagicaaatcaatttgacatigaaaty
acaagageaaacicttaaatacataaaaacaagetotcatitgectaggatagatacigtictiaa
aaatanagactgaacciagatgtictgageactageaacaaggtatittaacaagtitaaagga
aticicigaaaaagtiatagaatiattcltaggaaacataaccataatagigtittaagggactitca
cotggggatttiataticatgaacagagigiatictgtatitaaaatgtcicatitagtgggaatigpa
tgacatgtittitgataaatitattcacaatataaatigactttitattctaggaccatgtgaataatge
gticcattgeacaaatacaaatattitaatageticttaggoagtggtetagacatetiggatataa
ataattgtagatciigiatatitgatitttanaaaactagaataaacagagaggcataaacatatctt
agagtccaagiggtagtettiagcatigeatataataaatgeatetitiacaaagtgtttecataat
teteticctatacataaatgictigttiicaaaagtggatg gaactiggctgggtatogtooctcac
gcctgtaatectageactttgggaggccaaggegggaggatcacttgageicaggagttiga
gaccatcetgggcaacatagigagacotggicictigaaaaaaaaaaagiggatggaactist
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agcagagaatiitatctactictcaacctgeticagaatacecattigagatgiteccctggaaag
atgaacacaatacigcatetgaagocatticiteccacctaacaticitaaaatgatiagagtctaa
acttigtcaticaticctaatictggagcetctgaggtigagotaticagagtitggtigaataatigg
gtitaagtttiaacattitagiaataataaaagcaaacacatacatgtiaaggccigacaataggit
gcaatacccatgeattgggactcataccoageataaatggtgagggacteaacatiagtpottt
gagcaagaatiggtiaactaccigagaicictaaaacagtaatitgaatiactastacatasacca
caagictettcgaattgitaattgectaaatttacectaaaacttagttaacgetgcagtgectitat
taaagctititttgggooopoatotooocacagetaciccataactitaaattttaaageatgaa
agtgatctagciagigitagtgetigagiiggtagttacataggetgetetigaategtectgitiic
titgcctagtattageaccacaggtacatattigtaaaataagcatiaaaagtactitgtccage

HPN

NM_002151.2

tegageccgetttecagggacectacctgaggecceacaggigaggcagectggectagea
ggecccacgecaccgectotgectecaggecgeccgetgetgeggggecaccatgeicetg
cecaggectiggagactgaceegaccecggeactacctegaggetocgececcacctgotgg
accecaggetoccaccotggeccaggaggteagecagggaatcattaacaagaggeagty
acatggegcagaaggagggteoccggactgigeeatgetgeiccagacccaaggtggcag
cictcactgcggggacceigetactictgacagecatcgggecggcatccigggecatigigg
clgtictecteaggagtgaccaggagecgetgtacceagigeaggteageictgeggacgct
cggcteatggtetitgacaagacggaagggacgiggcggotgetgtgetectcgegetecaa
cgecagggtagecggactcagetigegaggagatggecticetcagggeactigacccactes
gagctggacgigegaacggegggcgecaatggcacgicgggcttctictgigiggacgagy
ggagacigeocoacacecagaggctgctggagetcateicegtgtatoattgocccagagg
ceglttctiggecgecatcigecaagactgiggoecgoaggaagetgecogiggacegeateg
tgggagoccggogacaccagetigggocggtgoccgtggcaagicagecticgotalgatgg
ageacaccteigtgggogatecctgetotecggggactegoigcigacagecgoeecactgct
tcecggageggaaccggatectgicorgatggegagtgtiigceggtoccgiggeccagge
cictecccacggictacagotiggggetacaggctgiggtictaccacggaagctatciicectit
cgggaccccaacagegaggagaacagoaacgatatigecetggtecaccictecagtecect
geceotcacagaatacatecagectgigtgecteccagetgecggecaggecotgglggaty
geaagatcigtacegigacggectgggocaacacgcagtacialggcaacaggeegges
tactecaggaggcetogagiccccataatcageaatgatgictgcaatggogetgactictatgg
aaaccagatcaagocecaagatgtictgigetggotaccecgagggtggcatigatgectgoca
gogcgacagcgatopticoctitgigigigaggacagratctetoggacgecacgtiggrggc
tgtptegcattgigagtigogacaciggctgtoccctggeccagaagecaggogictacacc
aaagtcagigacttecgggagto gatcticcaggecataaagactcactecgaagecagegy
catggigacccagetcigaccggtggctictogetgegeageciceagggecegaggtgate
ceggtggtoooatecacgotgggoctaggatggeacetitttetictiggecoccggtecacag
gtccaaggacaccctecciccagggtocicicticcacagiggegggeccactcagooccga
gaccacccaacctcaccctectgacccocatgtaaatatigtictgcigtcigggactecigict
aggteccectigatgacggeatgotetitaaataataaagatgottttgatiaanananaaaanan
aa3a3a333aaa

13

KRTIS

NM_0022753

cactcaaggtgtgcaggcagetgtattigicaggaaggeagaaggagtigactitgeitiagy
ggaggagacgaggtcccacaacacccictigaagggiatataaggagococagegigeage
ctggoctggtaccicotgocageatcicttgggtitgcigagaactcacgggctccagetacct
ggccatgaccaccacatifctgcaaacticticctecaccttiggggogtgecicaaccegaggy
ggttcectectggetgggagaggtspcttigotogopsaagtciclctggggoagatogaa
gecgaagtatcteagetictictgetaggttigicteticagggtcaggaggaggatalgoosot
gecatgagegtctgigactiiggiogaggoacigatagigtiitcggiagagactiizggages
sgegtiggtegegstittogteetypctitggiooteecaataptggtctecteiciggcaaty
agaaaattaccatgcagaacctoaatgaccgeciggecticctacciggacaaggtacgigoe

52




WO 2019/165021

PCT/US2019/018878

ctggaggaggecaatgetgacctggaggtgaagatccatgactiggtaccagaageagacce
caaccageccagaatgogactacagecaatacticaagaccatigaagagetocgggacaa
gatcatggccaccaccatcgacaacteccgggicateciggagatcgacaatgocaggctgg
ctgeggacgacticaggctcaagiatgagaatgagciggoccigogecagggogtigaggct
gacatcaacggetigegecgagticctggatgagctgaceciggoecaggactgacciggaga
tgcagatcgagggeotgaatgagpagctageciaccigaagaagaaceacgangagaasa
tgaaggagitcagcagecageiggecggecaggteaatgteggasateoacscageaccgg
gtetgoacctgacocgtgigeiggcagagatlgagggagcagtacgaggecatggeggaga
agaaccgecgggatgtegaggeciggticticagoaagactgaggagetgaacaaagagat
ggocciceaacacagaaatgatccagaccageaagacggagatcacagaccigagacgeac
gatgcaggagelggagategagetgeagtcecageicageatgaaagetgggctggagaa
cteactggocgagacagagtgecgctatgecacgeagetgeageagatecaggggcetcatt
gotogoctggaggocccagetgagigagetecgatgegagatgeagectcagaaccaggag
tacaagatgctgotigacataaagacacggotggageaggagaicgetactiacegeageet
getegaggeccaggatgecaagatggctggocatiggcatcagggaagecicticaggaggt
gotegtageagcageaatticcacatcaaigtagaagagtcagtegatggacaggtg gitictt
cccacaagagagaaatctaagigtctatigcaggagaaacgicoctigecactececactete
atcaggecaagiggagpactggccagaggeoctgcacatgeaaactecagteccigectica
gagagcteaaaaggotecctoggictttiatticaggectitgcatgegetctaticeocctetge
ctetecccacctitctiiggageaaggagatgeagetgtatigtgtaacaagetcatitgtacagt
gtctgttcatgtaataaagaattactiticetitigcaaataansaaaaaaaaaaaaaaaaaaa

KRT23

NM_00128243
3.1

aactagcacgtggcteccgoccecagactgetictttaticaticctaacctttacctiggeagat
gaaatataagaticatcaaccacattigacageccatggeaggittectgtittccategteoctet
geagglicacagacacacagageocagecgiggcaggoicageeggggteeggegoiget
aacaacggctacaticcteccecagggecaagggaaatcctgagegeaggecagggtigitt
potttigagotetoctggoatgaanggcaccetggaagiggaaggticgatcattcatiaatia
attacatctataatigagggtitgttcitaagagcgagtccitigaaagtactticcticaaacagtg
actgecacaaaggcatcagataticaccaccitcteggeigectcageacageaagetitatict
gegacctgagatectgtictgagciggotticoctictecaggetogeicacectecctitagag
atagtggatgotaagatoaccaaigcteagattaticticteattgacaatgecaggatggeagt
gzatgacticaacctcaagiatgaaaatgaacaciccittaagaaagacttzggaaatigaagic
gagggeciccgaaggaccitagacaaccigaccatigicacaacagacctagaacaggagg
tggaaggaatgaggaaagagcicatictcatgaagaagcaccatgageaggaaatggagaa
geatcatgtgccaagtgacticaatgteaatgtgaaggtecatacaggicccagggaagatct
gattaaggtoctggaggatatgagacaagaatatgagcitataatasagaagaageatogaga
cltggacacttggiatanagaacagicigeagecatgtcocaggaggeagecagiccageca
ctgtgeagageagacaaggtgacatccacgaactgaagegeacattccaggeociggagatt
gaccigcagacacagtacagoacgaaatcigetitggaaaacatgttatccgagacccagict
cggtactectgeaagetecaggacatgeaagagatcatcteccactatgaggageaactgac
geagetacgecatgaactggageggoagaacaatgaataccaagigetgeigggocaicaan
acccacctggagaaggaaatcaccacgtacegacggcicctggagggagagagigaagy
gacacgggaagaatcaaagtogageatzaaagigtcigeaaciceagagatcaaggecata
acccaggagaccatcaacggaagatiagttctttgtcaagtgaatgaaatccaaaageacgea
tgagaccaatgaaagtitcegectgitgtaaaatciattitcccccaaggaaagtcctigoacay
acaccagtgagigagtictaaaagatacccitggaattatcagactcagaaactttiatttitititt
ctgtaacagicicaccagactictcataatgctctiaatatatigeactitictaatcanagtgega
gtitatgaggotaaagcictactticciactgcagecticagattcteatcattitgeatctatitigt
agccaataaaaciccgeactagetgcaananaaaaaananasaaa
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MANZB

NM 006129203
8.1

ggaagtggocciggcaccticeeggoetgecgeagggatggoocagetgtactggotgce
aotgotggcaccgeicctgitgetgegaccgecaggggicoagicogeoggeocoatecg
ccitcgtggtaccecacagecacatggacgigagotgggtctacactgtgeaggaaageat
cgegcgtacgeegeeaatgictacacctoagiggtogaagagctggccegggecagaa
cgocggitcategeigtegageaggagtitttceggetgtgatoogatgpcatcgccicgga
coageagaaataccaggicegeoageteciggaggaageacgcoiggaatitgtcategga
goccaggtcatgcatgacgagocigigacgcacctigatgaccagatectgeageicacaga
aggacacggeitictetatgaaacattigggateccggecacagtictectggeacgiigacecy
titggegectetgecacgacgoeccaceciatiigegotggegggcticaatgeccaccicgge
tcocggatogactacgacctgaaggeagecatgoaggaggoccgggggotgoagttegtst
ggogagggtceccatcocteicagageggeaggaaaicticacgeacatcatggaccagtac
agctactgeacceccgteccacateoctitetecaacaggtcaggatttiactggaatgocgtos

U2 09 69

ctgictteccecaagectooccaagatggggtataccocaacatgagtgagectgtcaccecag
ceaacatcaaccictatgecgagoteggtgtcteggigeagtatgecacgetgggegactact
tcogtgecctgeacgetcicaatgicacctggegtgtccgegaccaccacgacticetgeccta
ttccacagaaccaticcaggectggacgeecttctacacgtoccgeagetcactgaagggsc
{ggceecggegagecagegectigitgtatgecgageagtecatgitcacacgetaccigigyg
coggeececogigggcatciggaceccacctgggacoctgcageagetecageageticget
geoccgictecgaggiocageaccatgatgecatcactggeacigagiccoocaaggigag
agacatgtacgcaacgoacctggecteggggatgctgggeatgcgeaagcigatggocice
atcgtcctagatgagotocagecccaggeacccatggeggecageicegatgcaggaccty
caggacatittgecteggtetacaacoegetggeciggacggicaccaccategicaccetga
cigtiggtticectggagtocgegicacagatgaggeggoccacccagigesctogeagatc
cagaactcaacagagaccecatcigegtatgacctigettatictgaccacaateccaggectca
gttaceggcactacaacatcagacccactgeaggggeecaagagescaceoaggagecgg
ctgecactgigacgageacccttcaatitggecgeaggetgaggagacgcaccageeatge
goocaggtactiggtgectgiggoaaacgactgetacatigtectgctcgaccaggataccaa
cotgatgeacagoatetgggagagacagagtaaccgaacggtacgogigacccaggaatic
ctggagtaccacgicaacgggeatgtoanacagggcocoatitecgataactaccigticaca
ceggeeaaggecgeggtgectgegtgggaagetgtggaaatggagatigigocgogacag
ctigtgactgagatcoggeagtacitetacaggaacatgacageacagaattacacgtaigea
atcegeteecggctcacceatgigecgeagggccatgacggggagcetgcictgecaccgga
tagagcaggagtaccaagceggocccciggagcetigaaccgigaggcigiceigaggacea
geaccaacctaaacagecageaggteatotactcagacaacaacggctaccagatgeageg
gaggccctacgiiicctatgigaacaacageatogeocggaattactaceccatggticagteg
geclicatggaggatescasaageaggcttgigtigetgteggageggocacatggeatete
cagcecaagggaatgggeaggtagaggicatgetecaceggegaciagtggaacaacttcga
ctgggaccigggctacaacctcacgeigaacgacacctcagtegiccacccagigetctgget
fetgetgggatectggteccicaccactgeccigegecagaggagegeactggegetgcage
acaggecegteatoctgticegagacctegcigggactgegecgaagelcocaggacceca
geagcaagaggocgigacgeigeccoegaatcticacctgeagatectgageateectgget
gocgctacageiccaaccacacggageacicicagaateticeggaaaggecategaggegs
aagcecaggctgaccicogecgigicotgetgeggeictaccaccigtatgaagtasgegag
gacccagiccigtetcagecagtgacagigaatetggaggcigigeigeaggegctegaatc
cgtggtggcagtgeaggagcgctcgeicacagggaccigggattigageatgetgeacesc
tggagctggageacgaoocciggccgecacagaggigacaccaceictoecicgaggeca
ccaggaggocccatcatcaccgiccacccaaaggaaatceggacgticttiaticactitcaac
ageagigagocctgggcagatgecoeggecceagggcticececaggaactccatgtaaca
gaacagacccaggacagggaaaagcagigegaagggatgasacigggsagicageiget
catctgraggotaatggcaggaaatggteatatitgggstititcectaattitittasacaaaaatt
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acattacaagatccaggticttcececccacacicaatcaagecagecctetecteticigtcac
gtaaaggatattiggcacacteatgegteaticaticacaaaacacaaacceaggactitictges
taaggcagagcacaagactcacageageaccgaagegeatetgeegicegggeectgeca
ggctigecaggotgocagtggtaactgtggacotactgegtgccacgtgitiicatagacicat
ccoatgetggeaacagocctgeaagggoctigoctctgccacagggraggagaggaagtt
gtagegcectagegagagitccageoccagacgeecaceigigectcagggeaccgectgee
gagcagagaaggeacageagecgtcagagtecatgagagatigaaaccacacageaggga
tgtccaatatcagaactattaatatcaatasaagtataaccticceaggtctatgeccaagagaat
tgaaaacatccatecacacaataceigigeicoegogticatageageattactcaaaagicaa
acggtagcaacaacccaaatgiccatccacagatgaatiaagacatgaagtgtgtictgtecat
acaatggaatattattiggecataaaaaggaaggaaatictgacgeatgecacagectgagty
aafcctacaaatattacgclaagigasagaagecaateacgagttiatgtgaaatgtocagaata
ggcaaatcigtotaicagagacaaageacatiggtggitagccaggtaciggaggaagagaga
agaggeatgacagetaacagggacgggcttictitggaagatgatgaaatigtggaatgateg
ttgcacaactitgigaatatactagaaaccaatgaatianaaacttiggaagatgaaaaaaaaaa
4aaaaaan

tgegtgecgecgtigatceggtoctacagtgaggagategticttgccegtgttgtatatotet | 1
glgagigagagagegagigagigagtgagtaagtgligtgiglogeggaaactcgactigliy
tigtegpigacticcccctececticaceoctiececiccccgecgecgotgeagiggecgete
cctgggocgtaggaaatgagegataacgatgacaicgaggtggagagcgacgaagagcaa
cogaggtitcaatctgeggcetgacaaacgggcicatcataatgeactggaacgaaaacgiag
goaccacatcaaagacagetticacagtttgegggacteagicecatcactccaaggagaga
aggceaicocggacceaaatectagacaaagecacagaatatatecagtatatgogaaggana
aaccacacacaccageaagatattgacgacctcaageggcagaatgoteticiggageagea
agggeaaagegagagcotgatcaagtictttgticciggggaattcactteicticctecctcalyg
gaagatgoangtaaaaggaaaticegtgeaciggagaaggcgagicaagigeccaactge
agaccaactacccctectcagacaacagectctacaccaacgecaagggoagoacceatetict
gecticgatggooocicggactecageticggagicigagecigaagagecceaaageagga
agaagcicoggatggagoccagctaagecacicggggcaggccageaataaaaactgicty
tetecategicteatectectitcagticgtiggtagagecctcagaaccattiaagagacictitat
tittctctitcteocttittttittaaatittiatttitacgtagaagetotiggacaacagcicicgtictc
cticcecatttccactgtatatttittaatgtaticocticagggaticcetgicoccaacaggaattt
NM_ 00132041 | ttaaaccasaacaccccaactiggeagcttittctgiggaggacagacggorggeoggaccic
51 {gagcacatagigiccigeccaccctaceageteciceageectigeogggeacatgoceggy
ggacgectgecctgeccaggtggectectggeccgeocteacctctgatagacttigtgaate
tgaactgctetactitgagaagatgaccggtiiggagtaatcagaaigaaccctoctccttittaa
gegtittttititticctittictaaaaagctatgtategetectattgaaagaccagatccttagaga
agttigigetataaaaaggaagiggpgacagaticgcageacagagicgotggceatgittcac
{ectgetictetcagecagetgtttangectgeggogecagectcacggagggocgigigaca
cietegtggtatgtatggoacategcageagigaageageagecaccagggagtogccattt
goootteogacagooagaatotiticootoocatagaggititgtatigaggoccagigatga
tgtittgatatitatticctgetactiaaattigagteigagtgaatigtacotatiicigatgaigicng
tctigcaaagegacagattcataaagiaatgatgaaaictitetiicttccegtgigtatttctaaga
aatagagccaactgatttigtatgiaaataccaagagcaatttacciggtaciaaaccogeacce
cagtgcggacceticocagecctcalcecacticetticetactgtoctggaaccigictocatig
tgteatecageoctggtictggcigtggtcageagatgecagtgaaggptitigtatotttagec
cteattictitgtctitttectacteegticetggeatitgctgatitetagtgtatactctgtagtctea
gitcgtatitgaticcaticcatggaaataaaaagtatgitgiacatacigecgaagaatigictio
caagttaaggctteccectttactalaagactataaataaaaacttattitatecticttaaaaaana
4aaaaaaa
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NM 022497 4

gaagegictecigigegtotgegegggaagiggaacctggetciggggagaagcogegtoa
gatcegegegggigctagetagtoctitctogtogetgeicggetegeggeoegtgggatcy

geeecgecacegtigeogeeatgeecatgaagggecgeticeccatcegecgeaccetgea
atatctgagocaggggaacgiggigticaaggactecgtgaaggicatgacagigaattacaa
cacgeatggggagetggocgaggacoccaggaagittgtgtititcaacatacctcagatica
atacaaaaacocttgggiocagatcatgatettiaagaacatgacgeegtcaccettecigoega
tictacttagattctggggageaggicctggiggatgiggagaccaagageaataaggagate
atggagcacatcagaaaaatctigggeaagaalgaggaaacecicagggaagaggagsag
gagaaanagcagettictcacceagecaacticggecctcgaaagtactgectgegggagty
catctgtgaagtggaaggocageigcectgeoccagoctggtgecattacccaaggagaty

aggggsaagtacaaagecgeicigaaagocgatgecoaggaciaaggeccacggicactgt
gagctggggtgatggigictgaccagiggggagaliggaatggaatiactitggeceaggga
ageecctggtictgtecectggagactciggaaatecttitgcattaaaaggactitacacaceigt
ataaaaggatgtagggagagoaggetcigaagctgagetgctaaatgaatatcectgototget
geotcaataaaacgeticctaatageagetiggegtgtaiciggicctagigaagaggaaggcct
gtetagcagaaaggctitggocctgagaggttaaggccacagecigtigacacctgtitiggic
ctgegaccetttactggtcicegoiggetttgaatoticcicigggoictactciggagaacatan
gegctgctgtogtigagictggotageactgtctgiggtipacagtgtatacaccecteegtica
gttcctigggoetatttitcagaaatccaaaggeaacocticgtgcagtgetcactitttiaagtac
agttgattaccetigectgetggeggacctagecatgggocagagatggaggageoccagt

goctgacaggecagectcactcaggceacgtacctgetgaccagicagecactgocaacccat
ggcccagecacigtetgcatiageagegaggttigtaggccaiggaggaaatgaggagaca
ceacctagtggagacatteggoocceigoigggggoatgototctatagcigoctcigeigact
ceeotcaggecectgettaccaagetctggaggaggoastoctecatiactgageaccticettgt
tetttectcataggacactgatgtiactgtcactttagtiatgetaaagiggaggtitcagecteca

gaagacageagagectictagggteacctiaagaataggtitagetagactgggtoigotegc
tcatgoctgtaatcccageactitgggaggctgatgtogacegatagtigagcccaggagitc

gagaccagectgggcaacatggoaagacctigtcictacaaaaagtacaaaaattagatgggt
gtgotatttcgegictgtagtcecagetatttgggaagcigagatopoagoatcicgagoctge
gagatcaaggcetgcagtgaatcatgategigegetacigeactceagecigggocacagage
aagactgicicaagaanaaaaatttittaaataagittaattataaagtgaaggaccagtigzacc
acggacccctagaaactcagecaaggagaccigacittatcigagacaggaagacagtogtt
aaaagaattanaaaaggacagtggtgctigacagagcaggactgaagttitcaticotctacct
getgagocctiggicaagtoctaaaagetitccaggictgtaactggtttigicigtaaaatggy

gaaaaggtiaccttiictgecacatgaagtagctggciggtoaaatgatgicatactacgatgtg
titcattaactgtiggagatiatcacattaaatigagcagatiiggateitttacattigatgeicaag
ttigattctgtaccagatetggetitggaatgatgactigtcgegg gieggageggaagteg

geagagactgatgtataatggacaggtaticctigagigacagacttacaaagggagigtitaa
ttgaaatctageatctigictctetgetatcageatitiggcigggiggaaaaagotetectocac

agagagcecctoccatgtctgetggiticagticcocacecaactgactgaagicttgacctigat
accaccigectgggegtictacttggctecaaggacicitcagaaageacciagttectitigge
tticatctigeagtgtaggtetecatagetagtgacacacaaagectiatgagagtattecticect
ctagggcccaaagaggctgotaaccageaggaatgicctigaaccaaaaggagigatgacca
ttetetagacagaataaatgictggtocctaatgggacagataaciaggetitgagticagectt

gacacaggagcaatgggcagigaggtggacageocagacecigaaaggacgteiggaga
cagcagceagtcotgiggtacagttacigectgigtegceageticacaggcageagataattt

gteeaaataaacattatttictitittigticectgtaggctactigatectggatagiitcicttiaaa

cetttgtettteoctattitgitiagtagtgatgaaagatg gotttanaatatacagaaatgggaga

aaattaattagagaaaatgtgaggattitataatigataacatgtictiaatittactigeacaagca
gtettcacagoctiatictgaagigaccactittcticicitigaggcactacciggrageaccaic
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taaaccigtatcatctgetgtggicecagitacticaggaggcigaggcaggaggateactiga
geccaggaggtigaggctgoagteagccatgacigtaccacigeaticeagectgggigacg
gagtgaggccctatcigectgecagigagticigtcatgeatcagactitggacctcagaattit
cacciggaacatgagaggtcagatgacataatgaatatgtictaactictgaaactitiggagott
gtttttgccctigatageacgtatectiagagaataagctigeeaatttaaggoctetcigiaateg
catctgaatgttccageagectaactgtgctctgeiccagaaacatgigigtgacticectaccet
ceacaccaaggagetgectigetgggtogatotaaagacigtoctgecagggttteccactaa
aggetatiaataagiccagiggaccacagagggeccaateocteitggecgetaaggetaaggt
aggagocagagagcigiagagacaggaccaccaggatgceticatgiceataacacaagaga
gcgctgoatigtitgegooccagecatiactactatcatgaagaaaaatgaagagcaggatec
atgtiagictitaaticacititaatagtataaaccicatitaggtagtagtatiaagccacaacaata
atgecacattgaaacageatttaatasaatgcataaagctaaticatgcactgcaatactetatat
acaaacacaacaatgcaaaticticticaagactgaagacatigattagatataaaaticagtiia
aaaagaacatgctatittttaaatgecatcacataaacaaagigatticacagggagaagaaag
ctgtataaagctgcagetticaacaggititaaacciggeattagaatgtaatggcaaaaccaat
attticiatatigtgaagggcaaaggttacagaaacggicccaagaaaatctaacacccaaatit
{cottigatagatagatgectttanaaggectgotaatgeagitacattctaacagagaagicea
aactacaggtaaaaactacggctiglactgtgaaaaatgtgcagetiticagitataaaactagtt
gaacaciggtitacaagataatcegiagaacagagagacigtagaaaaataticcageactiga
gtigtatotegcageageattigagiccatgaatgctatggtcattaanataatigatiatacttic
ctaaagaaaagccattititaatgeaaagictactacticcaaatgttaticcaaacatiaaatitia
acagtctatcaatcaataaatgitgaacattitittictaaaaaaaaa

NDUFS
2

NM_ 00116615
9.1

aaaagcecagecaggagetgtgggaggasacgeccicagtaaagatgacegeggteacigtt
atctaaacgceaagigaageegagicacaggacceggatgtigtecagitcgacggtaaacgac
ceigecagoticcaagagggeggoticactgigegaalagglizagaagcoangaageagec
gogetggagttacticcgeceggtictecticecgeagicigeagecggagiaagatggegge
gctgaggoctiigtogcgacticcggggogicgeggcceaggtgotgogacetggggactigga
gteegatigeegaticagoccageagaggtgttcggeagtggeagecagatgiggaatees
cacageagtitgggopagcigitatgtacccaageaaagaaacagocoactiggaagocteca
cettggaatgatgtooacceciccanaggacacaatigtgaagaacattacectgaactitggge
cocaacacecageagegeatggigicctgegactagigatggaatigagigasgagatgaty
cggaagtgtgatectcacatcgggcicetgeacogaggcactgagaagoicatigaatacaa
gacctatcticaggeecticcatactiigacoggetiagactatgtgiccatgatgtgtaacgaac
aggcctatictetagetgtggagaagitoctaaacaicoggectecticcicgggcacagiggat
cegagtgctgttiggagaaatcacacgtttgtigaaccacatcatggetgigaccacacatgee
ciggacciiggggcocatgaccectitetictggoigttigaagaaagggagaagatgtiigasit
ctacgagcegagtgtctaggagcocgaatgeatgetgctiatateeggecaggaggagigcace
aggacctaccectigggctiatggatgacattiatcagttiictaagaactictcteticggotigat
gagttgoagsasttoctgaccaacaataggatciggcgaaatcgeacaatigacattggoott
gtaacagcagaagaagcactiaactatggtittagigaagtoatacticgggocicaggeate
cagtgggaccigeggaagacecagecctatgatgtitacgaccaggtigagttigatgticety
ttgetictegaggoeactgotaigatagotaccigigecggategaggagatgegecagicc
ctgagaattatcgeacagtgtctanacaagatgeciceiggggagatcaaggtigatgatgee
aaagtgictccacctaagegageagagatgaagacticcatggagtcacigattcatcactita
agttgtatactgaggoctaccaagiicctccaggageoacatatactgecatigagacteccan
gegagagtitgeoatotaccigatgtcigatggcagcageogeccitatcgatgcaagaicaa
gactectggttiigeccatetggctggitiggacaagatgtctaagggacacatgttggcagat
ategttgocatcataggtacgaggcctatigtgtagtagaggtatectagacaaaggagitcgg
gacgeccactggggacagaaggagaacacticetgticaccataggecatggeatggacic
gogicctcaatetitigagcacagtaatggetictggatctigggtaacaccactittittgttioitt
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tgecteacaacaggaagataagtaacatcactiititectecatectetcacctaggtacccaag
atatigtatiiggagaagtagateggigageaggggagcagegttigatcecoecigectatea
gettcticigtggagectgticeteactggaaattzgoctoigtgtgisigtetatatatatatoty
tgtatatgticatgtacactiggcigtcagectitctgtocatgtactaaaaaaggaganatiatas
taaattagecgtcitgeggocceiaggoctananaaaananaaanaana

tagtaagacaggtgecticaglicacictcaglaagggactagitgectgeatgagtgtgtget | 2
cigtgicactgtggatiggagtiganaaagcitgactggegicaticaggagctggatgocgts
geacatgigcaaccaggactcigagtcigiatggagtaacatcgagigtactactetggtiagt
gaagaccagcecictitgeccagatcttecigaactigaicttictgaactagatgigaacgacttg
gatacagacagetitctgggiggacteaagiggtgcagtoaccaatcagaaataatatccaate
agtacaacaatgagecticaaacatattigagaagatagatgaagagaatgagocaaactige
tagcagiceicacagagacaciagacagicteccigiggatgaagacggatigeccicatiiga
tgegetgacagatgoagacgigaccactgacaatgaggctagtecticetecatgectgacg
geacecotocaccecaggaggcagaagagecgtcictactiaagaagetctiactggoacea
gccaacactcagetaagtiataatgaatgcagtggictcagtacceagaaccatgoaaatcac
aatcacaggatcagaacaaaccectgcaatigtiaagactigagaattcatggageaataaageg
aagagtatiigicaacageaaaagccacaaagacgtoccigeicggagcticteaaatatctga
ceacaaacgatgacceioctoacaccas’aceeacagagaacagaaacagoagragagaca
aatgeacciccaaaaagaagicccacacacagicgeagicacaacacttacaagecaaacca
acaactitatcicticctotgaccecagagtcaccaaatgaccecaagggticeccattigagaa
caagactatigaacgcacctiaagtgtgeaactetciggaacigeaggectaaciccacceac
cactectectcataaagecaaccaagataacecititagggcttctccanagetgaagtectott
geaagacigtgatoccaccaccatcaaagaageccaggtacagtgagictictggtacacaa
gocagtaactccaccaagaaagggecggageaatecgagtigtatocacaacicageaagt
ccicagtecteactggtagacacgaggaaaggaagaccaageggeccagtcigeggcetgtit
ggtgaccatgactatigecagicaatiaaticcaaaacagaaatactcattaatatatcacagga
gciccaagacictagacaactagaaaataaagatgtctectctgatiggoaggegcagattiot
NM 013261.3 | tcticcacagattcagaccagtgetacctgagagagactttggaggcaageaageaggteict
ccttgeageacaagaaaacageiccaagacoaggaaatccgageogagetgaacaagoeact
teggteateccagicaagetgtttitgacgacgaageagacaagaceggigaactgagggac
agtgatticagtaatgaacaatictccaaactacciatgtitataaaticaggactagecatggat
goccigtitgatgacagcgaagatgaaagigataaacigagetacoctigggatggcacgca
atcctattcattgticaatgtgictectictigtictictittaaciciccatgtagagatictgigicac
cacccaaatocttattitctcaaagaccecaaaggatgegetetegticaaggtecttiictegac
acaggicgtgticeegatcaccataticcaggicaagatcaaggtctecaggeagtagatectc
ttcaagatectgetatiactatgagtcaagecactacagacaccgeacgeaccgaaattetece
ttgtatgtgagatcacgticaagategeoctacagoegicggeccaggtatgacagetacgag
gaatatcageacgagaggcigaagagggaagaatatcgcagagagtatgagaagegagag
{ctgagaggeccaagoaaaggeagagocagagecagaagecaatigaagagcgoegigt
gatttatetcggtaaaatcagacctgacacaacacggacagaactgagggaccgittigaagt
tittggteaaatigaggagtecacagtaaatctgegggatgatggagacagetatggtiteatia
cctacegtiataccigigatgetitigeigetetigaaaatggatacactitgegeaggicaaacy
aaactgacttigagctatacititgtggacgcaageaatitticaagtctaactatgeagacctag
attcaaactcagatgacttteacccigeticcaccaagagoaagtatgactcteiggatitigata
gtttactgaaagaagcetcagagaagctigegeaggtaacatgttcectageigaggatgacag
agggatgocgaataccteatgggacagegegicoticectaaagactatigeaagtcatactta
ggaattictcctactitacactetctglacasaaacaaaacaaaacaacaacaatacaacaaga
acaacaacaacaataacaacaatggtitacatgaacacagetgetgaagaggoaagagaca
gaatgatatccagtaagceacatgtitaticatgggtotcagctttgeititcctggagtctcetiggt
gatggagtotocgigtetgcatgtatgigigtotataigtatgigistootgtotoiacitggtita
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geggaagtatgigtgootacatgigaggactgggggcaccigaccagaatgegeaagggc
aaaccatticaaatggeageagticcatgaagacacgotiaaaacctagaacticaaaatgtic
gtattctaticaaaaggaaatatatatatatatatatatatatatatatatatatataaattaaaaagyg
aaagaaaactaacaaccaaccaaccaaccaaccaaccacaaaccacectaaaatgacages
gctgatgtcigggoatcagecttigtactcigtittittaagaaagtgeagaatcaactigaagea
agetifctcicataacgtaatgatiatatgacaaicotgaagaaaccacaggiiccatagaactaa
tatectgteictetctctctetetiotetotetetittitittictitticottitgecatggaatetgggteys
gagaggatactgeggecaccagaatgetaaagtticctaacatittgaagitictgtagticate
cttaatcctgacacccatgtaaatgiccaaaatgtigaicticcactgcaaatitcaaaagectigt
caatggtcaagogtgeagcetigticagegatictitcigaggageggacaccgggttacatiac
taatgagagtiggstagaacictcigagatgigticagatagtetaatigctacattcictgaigta
gttaagtatttacagaigtiaaatggagtatttitatittatptatataciatacaacaatglictittity
ttacagctatgcactgtaaatgcagectictiticaaaactgetaaatititcttaatcaagaatatic
aaatgtaattatgaggtoaaacaatiatigtacactaacatatttagaagctgaactiactgettat
atatattigatigiaaaaacaaaaagacagigigigigtcigiigagtgcaacaagageaaaaty
atgctttccgeacaiccatecctiaggigagcticaatctaageaictigicaagaaatatcotagt
ccoctaaaggtatiaaccactictgegatatititecacattitotigtcgetigtititcitigaagtit
tatacactggatitgttaggooaatgaaatttictcatctaaaatittictagaagatatcatgatttt
atgtaaagictetcaatggataaccattaagaaatgittitatitictctatcaacagtagtitigaaa
ctagaagtcaaaaatctititaaaatgotgititgitttantittigtgatittaattigatacaaaatge
tgaggtaataattatagtatgatttitacaataatiaatgigtgictgaagactatctitgaageeag
tattictitcoctiggcagagtatgacgatggtatitaictgtattttitacagttatgcatccigtata
aatactgatatiicaticctitgtitactanagagacatatitatcagtigcagatagectatitatiat
aaattatgagatgatgaaaaiaataaagecagtggaaattiictacctaggatgcaigacaatiy
teaggtiggagtotaagtecticatiiggoaaaticagetitigeagaageagtgttictactigea
ctagceatggectetgacgtgaccatggigtigticiigatgacattgetictgetaaatitaataaa
aacttcagaaaaacciccattttgateatcaggatiicatctgagigtgeagtccctggaatgga
attcagtaacattiggagtstgtaticaagttictaaatigagaticgattactgitiggctigacatg
actttictggaagacatgatacacctactactcaatigtictittocttictetogeocaacacgate
ttgtaagatggatticaccoccaggecaatgeagetaatitigatagetgeaticatitaicacea
gcatattgtgitctgagtgaatccactgtitgicctgtcggatgotigetigattittiggctictiattt
ctaagtagatagaaagcaataaaaatactalgaaatgaaagaactigticacaggtictgeatia
caacagtaacacaictttaatccgectaatictigtigticigtaggttaaatgcaggtatittaact
gtgtaaacgccaaactanagtitacagicttictitctgaatitigagtatcticigtigtagaataat
aatasaaagactattaagagcaataaattattittaagaaatcgagatitagtaaatcctatiatgt
gttcaaggaccacatgtegttctetatittgoctitaaattitigtgaaccaatittasatacattictect
ttitgeectggatigtigacatgagtggaatactiggttictitictiactiatcaaaagacageact
acagatatcatatigaggattaatttaticccccctacceccagoctgacaaatatigttaccatga
agatagttttccteaatggacticaaatigcatetagaatiagtggagotittgtatcticigeagac
actgigggtagoecatcaanatgtaagctigtgotectoteatititatttitatitittigepagagaa
tatttcaaatgaacacgtgcaccecatcatcactggaggcaaatttcageatagateigtaggat
ititagaagaccgtgggecattgecticatgocgtgetaagtaccacatetacaatitiggtaace
gaaciggtectitagtaatgtggatttttitcittiitasaagagatatageagaataattcticcagt
gcaacaaaatcaatittttgetaaacgacicegagaacaacagtigggcigtcaacaticaaag
cagcagagagggaacttigeactattggeetatgatatitegotcagtigataaaaggaaacct
tticatgectitagatgtpagcttccagtaggtaatgatiatgtgtecttictigatggctgtaatga
gaacttcaatcactgiagictaagaccigatclatagatgacctagaatagecaigtactataaty
tgatgatictagatitgtacctatgteacagacatiticaataatgtgaactgctgatitgategag
clactttaagatitgtaggigaaagigtaatactgtiggitgaactaigcigaagagggaaagis
agcegattagtigagecectigecgggoctittiiccacctgocaatictacatgtattgttgtgptitt
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attcatigtatgaaaaticctgtgatititttiaaatgtgcagtacacateagecteactgagetaat
aaagggaaacgaatgtitcagateta

DT

gtagticetticceacaateggetgggogaggeggogccagegatcagageagegetggst | 21
gticagggpccaagatggcggogegecggegacggagagacggaglicgcgeegeece
gagiggggeococggiceggaccelggeggpagageecgeggoagigghigggeaagic
gaagecaagegeogtalggactitggocactgigagepocgocgagcagoiocigeige
atgaggaggcgggigattciggetigicagtcictetoggctgggeceatetctgagggaca
agzacctzgaaatggaggagotaatgeigeaggatgagacacigeiggggaccatgeaga
actacatggatgectecctiatetecctcatigaggatitiggaagectiggagagageaggtia
tcictggaggaccagaatgaagteicgcigetcacggcictgacggagatctiggacaatgca
gattetgagaacctticiceattigacageaticotgaticggagctgctigtgtcaceccggga
gggctectcictgeacaagetgettactctcteteggacacceccagaacgigaceteatcace
ccagtigacceactggggeccagtacaggeageagtagaggrastogootioaaatgtctet
tecagatecctctigggactictceecacectcttictiagagacctcticococaagaticctag
ctggagacceccaagatcaagaccacgcetggggocaatocecaccicoccagoagogeag
tgatgeagaagaagaggagoagetosceagcticagtgeccagatictigecggggagcett
gacaactgigigagcagtatecoggacticoecatgeattiggectgocctgaggaggaagal
aaagcaacagcagceagagatggcagtgecageagetggtgatgagageatcicetecciga
gtgagctggtgegggccatgeacecatactgectgeecaacctcacecacciggeateacttyg
aggatgagcttcaggageagecagatgatitgacactgectgagggctgcgtagigeiggag
attgtegpgpcaggeagecacagetiggcgatgacctggagatcccagtigigatagcgacagy
{etetectggaccocggecigtgetectggatgactegetagagactagtictgecttgeaget
gottatgectacaciggagteagagacagaggctgcigtagcccaaggtaaccoteigeictiga
gaaagaggegeottetcatigaactcagaggagaageiggacicagectigettatigaageeca
goegageotcgiggagcoggteotacccaaggagecicagaacceaccigecaatgeageac
PPRCI NM 00128872 | caggticecagagazctcgaaagggcaggaagangangagcaaggageagecageast
7.1 cigigiegaaggctatgccaggagacigagetcateticticgeggacagtctactigiaggiac
agaagigaccictcaggiagacaactigecagaaacagecicaggaagaacticaaaaagagt
ctggeacciciccaggataaggooaagccecgggctiggactogggoctgggcagoigoctt
ggagaattctagoeoctaagaactiggagagaagtgctggacaaagtagtoetigctaaagaag
goccictagaccictacccaaageiggetgacactatecaaaccaatectataccaacceatet
cteatiggicgactctgeccaagocagececatgocagtigacicigtigaagctgatcccact
geagtiggoccigtictagotggecetgtaccetgtigacectgggtiggtigacctigeticaac
cageteagaactggitgagecteteccggetgagecagigetgateaacceagicctggctga
cteageageagitgaceetgeagtggitcecalctcagataactigecaccagitgatgetgic
ceglotggoccageaccagtigatctageactiggtigaceotgiicotaatgaccigactecag
ttgacccagtgetagtiaagtccagaccaactgateccagacgtggigeagigtcatcagoect
goggegttcageaccocageticctegtggagicagagiccttggacocaccaaagaccatca
{coctgaagtcaaagaggttigtooaticictgaaaatigaaagteetaccagigctacaaccca
tgaagccagaccteggecicticagetiaictgaglaceggegacgaaggeagoaacgocaa
geagaaacagaagagagaagtccacageececaactgggaagtgocotagecticeagag
actcccacagggceigacagacaicoctigictigicalcocaccageoccagocaagaagac
agetctgeagagaagcccigaaacacccctigagatitgecttgtgectgtaggtcocageoct
gctictectagicctgagecaccigtaagoaaaccigiggocteatcicecactgagoaggiac
catcecaggagatgecactgttgocgagaccticeccicotgtgeagtotgigtoccctgetat
geccacacctecctegatgtotgetgecotgoctitecetgeaggtggpctiggcatgecocee
agictgeccccacciccctigeagectectagicticcatigictatggggecagtactaceigat
cegtitactcactatgeceoctigecatectggoctigtiatecteatgtgteccctictggetatee
ttgectgeoccececaccaacggigcccctagigictggtacicciggigectatgeegigect
cocactigeagtgtgoctigggeacceectectgecocagtcteaccttacagticcacatgtac
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ctatgggccectigggateguocceagggccicaacatgetecaticiggictactigitceceea
cotecttigecicoagecteoatigg gagagetgttccccaacctaaaatggagictaggggca
cteecagetggceccicctzaanatgtacticectigtogatggetectocecteagtcttggecta
cotggecatggagotecicagacagagectaccaaggiggaggicaagecagtgecigeat
ctoeccatccgaaacacaaggigictgecciggtecaaagicoccagatgaaggctetageat
gtatotctactgaagatotoactgtigagsagccigeatcagagagactaaagoectgagace
caagagaccaggceccagggagaageoccectigecigetaceaaggetgticecacaccaa
ggcagagcactgiceccaagetgeetgeigiccacecagecegtctaaggaagetgtectice
tgectaccccacgtacticagggticigaagaigtggtacagectiicatcagtgagatiggaatt
ecaggcatcggacctgiccagictgetegageagtitgagaaatcagaagocaaaaaggagt
gtecicctecggotoctgctgacagetiggetigtaggaaactcagggiceagetgtagticete
tggacgticicgaagatgeteticcicticticgteatcatetioctcticgicticcteatecteate
atccagtictegaagecgcetcacgatccocateccocegeoggagaagieacaggaggceys
cggtacagetctiategticacatgaccattaccaaaggeaaagagiactacaaaaggagont
gcaatagaagaaagaagggtggicticatiggaaagatacciggecgeatgacicgatcaga
getgaaacagaggttcicogttttiggagagatigageagtocaccatocacticogigiccaa
gegoacaactacggacticgicacitategctatgetgagpagocatitgeagecatigagagt
ggccacaagelgeggeaggeagaigageageoctiigatcictgetiigggpoccgaaggac
agtictgcaagaggagctattctgatetigaciccaaccgggaagactitgacccageacctgt
aaagagcaaatttgaticicttgactitgacacatigtigaaacaggoccagaagaaccicagg
aggtaaccttgggocciteecigetatectittictectitggaggtigeccaaccicectecaccee
cticcectactetaggggagagagcetgetagigagatgacigtittataaagaaatggaaaaaa
gtgaaatasaaaatatgttoaatcagatttittanaagggetatitgittttttatancaggtatigaa
acaagttaactigeaticctaigtaagataggaggooctoagoooatcoccagigtitegaac
ataagtcactatgeagactaataaacatcaactagagagaacicccaanaasinanaaaaas
a

RAD23
A

NM_00127036
2.1

gotootcagcgegegeatigoctgeccoggaagiggaicggegegeggegeggogcgoect
gegoogctaagatggcegocgecgtgagtigeatetigigteageateccggggeegecgoegt
cgetegggaccecgecatggeegteaccatcacgeteaaaacgetgeageageagacctica
agatcegeatggagectgacgagacggtgaagstoctasageagaagatagaagcteaga
agggtegtgatgocttcecegiggetggacagaaacicatctatgecggeaagatetigagte
acgatgicoctatcagggactatcgcatcgatgagaagaacitigtgetcgtcatgetgaccaa
gaccaaageoggocagggtaccicageacecocagaggecicacceacagetgecccaga
gtcctctacatecticecgectgececcaccticaggeatgicccaicoeccaccigecgecag
agaggacaagageccatcagaggaatccgecoecacgacgtccccagagictgtgicagg
cictgticectcticaggtageagegggegagaggaagacgeggeciccacgetagigacg
geoctcigagtatgagacgatgctgacggagatcatgiccatgggctatgagegagagegggt
cgtggoegoectgagagocagetacaacaacocccaccgageegtggagtatetgetcacy
goaattoctgggagecccgagecggaacacggtictgtocaggagagecaggataicggag
cageoggecacggaageaggagagaaccecetggagticetgegggaccageeccagtic
cagaacatgeggcaggtgattcageagaaccetgegetgetgoeccgeecigeiccageaget
gooccaggagaaccctcagetitiacageaaatecagecggeaccaggagceagticatccag
atgetgaacgageecoctggagagetggoggacatcteagatategagesagaggiegec
gccataggagaggaggoecegeagatgaactacatccaggigacgcogcaggagaaaga
agctatagagaggtisaagoccctggocticecagagageotggicatccaggectatticge
gtgteaanaaaatgagaactiggctgecaacticctcctgagicagaactiigatgacgagtsa
tgecaggaagecaggecacegaagececcacectacectiattecaigaaagttitataaaag
aaaaaatatatatataticatgttiatitaagaantggaaaasaaaatcaaaaaicttaaaaaaaca
agcaaacagtccageticetgicotectaaagiggcoccigticocateicecggaccagaca
getgtecccocgicctectocccageccagectgetcagagaagetggeaggactgggagy
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cgacagatgggcccctctiggecicigicecagetctetgoagecagacggaaaggoegacty
cttgoctctecatoctocgaaaaaccootgaggaccecoceccatecicticiaggatgageg

gaagcetggagecocaacitigatectecatiggagiggeccaaatctticcatctagggeaagt
cofgaaaggeocaaggecccatecccagiciggoctiggoctecageetggagaagggcta
acatcagctcatigteaaggecaccoccaceceagaacagaaccgigictotgataaaggttit
gaagteaataaagititanaaactag

REPIN]

NM_013400.3

cocggeggggoeagetigeosacgaocctggcagtigtgaactcgaaccigeegotgtey
CCgegaeR2ace8gagcgagagigggecgoggaggecggceticgggciccatgga
cgggcegecgentecatgoacagoccgeogeagaggtaaggetggecictcigeagicaga
gotetgagctctgecatggggataggeotptctitatiacigeagtiticictaacacctggg oy
ctaccggagtetoooccgaagcaggcgotgoagocgoggaagtatococaggaacatcce
caagaggagciggaaaaagectcatcoccagetctgeagiciccaggggagetcagigictyg
ttigtecagettctcagagtigctgtgeageteggatgtegcataggaaacageagacacagg
gagaggocageatiaaggeacigtagggageagiggecacatitictgeagaggaagaace

gatgctggaacgicgttgcagggoccecatggccatggocciggeccagoccegactocttt
ctgggocctcecaggagicaceccagaceciggggaaggagicccgegggactgaggcaa

caaggcacgicagtgacccagtciggtocccaagoccoaggeagggeocategetgtocce
actgtcgaaggcacticectggetgggiggctctgtggeticacaccegecggtaecaggee
cggctgeectigecctigeocctgagigtggeegtegetticgecatgeccecticitageactge
accgecaggtccatgetgetgecaccccagacetgggctitgectaccaccicigtgggcag
ageticcgaggcigggtggccetggtictgeatcetgegggcceatticagetgoaaageggce
catcgetigtcccaaatgegagagacgettciggegacgaaageageticgageteatetigeg
geggtoocaccctecegeecoggaggeocggeceticataigeggcaacigiggceggay
cittgeecagtgggaccagetagtigeccacaageggetgcacgtagetgaggocctggag
gaggocgeagecaaggetetgggocoecggeocaggagoegoeoegoggigacegece
cocggeceggtggagaigecgicgacegecceticcagigigoctgtigtggeaagegetic
cggracaageccaacttgatcgetcaccgecgegiglacacgggogageggococaccag
toccoegagtecggeaagcgcittaccaataagecctatcigacticgeaccggegeatecac
accggegagaagoecctaccegigcaaagagtigcggocgocgeticeggeacaaacccaac
ctgctgicicacageaagaticacaagegatccgagggeicggeceaggregeeecogce
CERERAZFCCCCCagrigreagergaeceecaggagicegegglogagelacciegge
gotaccicigaaaccggrccaggaglcgicgcaggeaecogioagagracccgragy
acccgategaagecoccccciecctctacagetgegacgactgeggeaggageticeggct
geagcgcticctgegggcccaccageggeageacacceggggagogocccticaccigeyg
cogagigegggaagaacticggeaagaagacgeacetggiggegeactegegegigeact
ceggegageggeecttegectgegaggagtgcggecgecgeticteccagggeagecaict
ggcggegcateggegegaccacgececegaicggeccticgigigicocgactgeggcaa
geocticcgecacaaaccctacciggeggegraccggegeatocacaccggegagaagee
ctacgtctgeccegactgeggcaaagectticagecagaagiccaacciggtgicgeaccggec
geatccacacgggegageggocotacgectgicecgactgegaccgeageticagocaga
agtecaacctcatcacccacegeaagagecacatcegggacggegectictgetgteccate
tgiggccagaccticgacgacgaggagagactociggeocaccagaagaageacgatgict
gagacggiggecsgeaccetattzgotyagagaggectggegtecticgtaateggagtc
gcagtgooctgogoostoccigectagigetgeagtagggeacaatgggaatectagaggs
gatggaagacgegggeagtisagciggotoooccctigclagegagagaggicaaccecgg
{ggccagggaacceacticcaagegeagggacgeoggectecagetggigigtoctaagac
tecgtectgactgecctgigeeciggaaaageageaatageatecgececttagagecctetyg
getagaggagecaccagtggaaaggaagaceciccatectctggiatiaacgectiaatgece
ctgictittactgiaagtiactiaagatcatiiitggaageaggcgtggtagagicciglaaatgaa
tgctotggoctagatacagetiggagaaccigetggectigitagacageactigggecttige
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cageageaagaggtgaagoegaagecactctiaccicteccticeectcecacetgeecccige
gtaggeacccagactiggagagaccegtctgetgtiaatacticcatecteticeticcoaaaga
geagatceoaaggeatttactecttggictgtetegettiatetgtcgocccicecagegeigag
agectecectggotgtcageageactgtgiceaggoteitgicigaacaccgcageacetectt
cgetecticcagagcteageatgicacggeaaggactgocgoatiggigatggagoocoag
ctgagggoaagtigciggtaagtitccttiictccatitetageatatggacacciggoctetgett
gagcactiaggtgacaggaacticegeacctectgaggecctggatgatictaatigitagaaa
ttetaatigttagaaatcoticottataatgaatgaattctgetitectataattictacctatigggoc
ttgtictgtictetggaactaaacagaacaaccattiaccectectiticaaactagagaataaag
atttggitttagaactggtaaaaaaaaaaaaaaaaaa

acttiacgeaggogegttaggtoctagtcgotatgegtgtgctigiggstagcgeoacaggott
cattgggacagecciaacccagetgetgaalgecagaggecacgaagigacgitggteicce
gaaageecgggeccggecggatcacgtgggatgagotegctgeategggectgecgaget
gegatgecgeogtcaacciggocggagagaacatecicaaceotetccgaagatggaaiga
aaccticcaaaaagaggtaatcggcagecgectagagaccacocaatigeiggotaaageca
teaccaaagecccacaaccocccaaggoetgggicttagtcacaggtgtagettactaccage
ccagtetgactgeggagtatgatgaagacagceccaggaggggactitgactitiiciceaacct
cgtaaccaaatgggaagetigeagecaggcticetggagatictacacgecaggiggtggtec
getcaggagtigtaciggaccgtggooatontoccatggeccacatgotgotgeectitege
ctggacctggggggccecatcggotcaggecaccaaticticecctggatacacategggga
cotggeaggaatcetgacecatgocctigaageaaaccacgtgcacgeggtoctgaatzga
gtooctccatcotcegecactaatgetigagittgcccagacctigggtocigeectgggocge
cgagcecticatcecictecccagegctgtagigeaagctgicttigggcgacagegtpccate
atgetgetggagggecagaaggteateccacagegaacactggccactggetaccagtatte
cticccagagotagggacigcctiasaggaaatigtagectaagtaggicgiggcaaggocct
gaggcctgttccicacaggeticcaggitaggcactgtgaataggeicagetociciagagag
cigaagecatctggtictiagaticctcteccagtcctetticecatigtictgitgetecaccttatt
gtcteaaggeegtaatctcatcaggtigggacattaatetiticaacteotigtaagatiteccagt
ftggttictetacatgicctgeagetgocecactictcetttacgctgtgtagagaatgotctgeag
tttaggcaataanaatagatigictcactaaaaaanaaaaaananaa

WO 2019/165021
AY g
RIS NM_020195.2
NM 00
Gorpp; | NML00113011

0.1

AAgCLCLHRECCLLCCYLTBLICLCLLCLLICITCCECOZLLICCBLETYCCTLITBL
ccocggegoececaogagetagggoggceagetogeggctegeegtitgacagatgcicate
gecatggagtioccgeageageaccttigggeectcgggogagogacgggagccgggatc
{gagegagegocggggecageggagecggagecgocgggeacatggtigeagatetgatet
ctictgaacaccicategtgictecateoctgggaatetgacectageaaciggaccacttigttc
ttgzaatitiggatotcotetiftictcacctitecctitteccttitecceticocectecigagaacto
cggaagactgtagagatigtcatggagtccagggaaacctiaageageteceggraaagag
soggcgagtcagacticctgocggiciccicagecaageecocagetgeicciggetgtaca
goagaacctitgetctecactecaggaccigggaaggooatcceggiogeeesagagcec
atggagccagaggaggageatoaactaggetcagggegggatgtggaticcaactecaac
geggacagtgagaaatgggteecaggagatgetitecasgagcaggaattttctalcaagga

gretated
gocaaacticacagagggaagtcigaagciaaagaticagaccacaaagegggetaagaaa

cocccaaagaattiggagaactatatatgiccacetgagatcaagatcaccatcaageagictg
gooaccagaaggigtccegigeiggaaaaaatagcaaagloacgaageageaagaaaga

agecacticcaaaaagaageiccteacagecagtgaccitgeagecagtgacctcaaaggatit
cagecacagatiaaagactccagiaaggaggaagictggaagagaagageagaceaagac
atcccaticaaaaagceaaticetgicocaggaacgigecatgtgoticticatgeccecggaace
cattccecgeaaaacceggtictetcactettecttticacagtgaacctgeagtctgggracaa
gaagtataacticgcatggatictgcaaageccacacctgiggicaticeotgictticeatica
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acaatggagacitgeccaagattgtagactagigagigacageattigggctiatgateticict
goctgetagetagacaticteictgggtciaaaagataatccaaaaagatecageticacaatge
tgccctgaagagataatgeattaggeggeccigatgeageaticactgicticcagggcagge
ttgatcccatigagttigctigeteagacgatcactiaggaaacacatgeatifactotctaggectt
tittctagetigectigtatcagetatgecatggaictttgctetettaceccatgetatacagagtat
gggctecaagecacagetggecigtcaagtgtgtatcactaatccaccatggaatacatitag
aaacttitatagcaatttgacattttigigatatccaageatgtgatigtittcctacggattigtctia
tagtattitaccaaagtitccacacaaaaagtatggatiaageacaaagiatciggtocticatca
aagatcgtitgataagcetcigtictagtianccaacactgagetticctagititaataaaagagta
ggattigoaaaaanaaaaaanaaaaaaa

acacagagceagagiggpectetgagtatataacigtiagetgectecctccageaccatetect | 26
gagaagcactcicectigicgiggaggtgggcaaatetitatcagecacigectictgetgeca
ggaagcecagetagagtgotctitaaagaaaactgggcateicctgetacttaaaatcaaaaact
acctagaataaagatiatasaaaagtaaggatgaatggacggtctiigatiggceggogetggte
acgecogtoatggtocigtttggaaggacectitiggaactaaagetggtgacgoagogegca
gaggcatcgeccggctaagotigeccciggeagatgggicgraggaacaggagccagag
gaagagatagecatggagoacageoceactatggitagagtgoacagccecactatggtiag
gegtgaaaaccaggtticgecatgicaagggagaaggtgciiccecaaagetctiggetatgt
caccggigacatgaaagaactigecaaccagetiaaagacaaaceegiggtgotecagticat
tgactggatictcegggpcatatecaagiggtaticgicaacaaccecgicagiggaatecty
attctggtaggactictigticagaaccoctggigooctcicactggcigoctggoaacagise
{ctecactctgatggeecictigetcagecaggacaggtcattaatageatetgggcictatgge
tacaatgccaccciggigggagtacticatggctigictiticggacaagggagactattictggty
getgttactecctgtatgtgetatgtecatgactigeccaattitctcaagtgeattgaaticcatge
tcagcaaatgggacctecoegicticacoctiecctitcaacaiggegtigtcaaigtacetitcag
ccacaggacattacaatccattcittccagecaaactggteatacctataactacagetocaaat
atctectggtoigacctcagtgecctggagtigtigaaatctataccagigggagitggtcagat
clatggcigteataatccatggacagggeocatittcctgggagecatectacictectoecca

cteatgtgectgeatgetgecataggateattgetgg geatageagegggactcagtetiicag

SLCi44 | NM 00112858 | ceccatiigaggacatctacttiggactetggggtitcaacagetcictggectgeattgeaaty
/ 83 ggaggaatgticatggegeteacciggcaaacceaccicetggetctiggeigtgoccigtica

cggoctatottggagicggcatggcaaactttatgocigaggitgeatigccagetigtaccty
geecttctgtttggccacgetatigticotcatcatgaccacaaaaaaticcaacatctacaagat
gecoctcagtaaagtiacttatectgaagaaaaccgeatctictaccigeaagecaagaaaaga
atggtggaaagocctiigigagaacaagecccatitgeagecatggtcacgagticattictgec
{gactgetecagetaacticcagggtotcageaaactgetgtitticacgagtateaactticata
ctgacgegtctgiaatetgticttatgotcatitigtatittcctitcaaciccaggaatateciigag
catatgagagtcacatccaggtgatgtgcictegtatggaatiigaaaceccaatgggocctig
gcactaagactggaatgtatataaagtcaaagigciccaacagaaggageaagtoanaacaa
actattagtatitattgatatictiggtattiagcigecicgatgatgttaacagtatiaaaaatiaaa
ceecataaaccaactaagectiatggaattcacagicacaaaategaagtiaatecagaaticty
tgataagcagcitggotitititttagatcaatgeaagtiacacatiatagecagaaictigtateaca
gaggtgcaagetgacageagageicagtececacticetgraaacaatggoctgeaccetat
ceottgtptatgtgacaticicicatggeacaatgtiggpgtttticagactgacaggacigeaa
gagggagaaaggaatitigtcaaicaaaatiatictgtatigeaactittctcagagatigcanag
gatittttaggtagagattatitticcitatgaaaaatgatcigtittaaatgagataaaataggaga
agticctggetiaacctgticitacatattaaagaaaagtiactiactgtattiatgaaatactcage
ttaggcattittacttiaaccoctagatigatitigtaaatgecacaaatgoatagaatigitaccaa
cctccaaagggetotitaaaatcatattttttaticattigaggatotctiataaagacigaaggea
aaggtcagattgcttacggetattatttttataagtigttgaaticctiaatitaaaaaagctcatiatt
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ttitgcacactcacaatatictcicticagaaatcaatggeattigaaccaccaaaaagaaataaa
pegotgagigeggtggctcacgocigtaateccageacttiggggageccaggegggcaga
ttgctigaacceaggagticaagaccagectaggeageatggiganaccctgtatctacaaaa
aatacaaaaattagccaggeaiggtogtogeigoctgtagticcagctactigggaggcigag
etoppaaaatgacttgageecaggaggaggaggctgcagigagcetaagatigcaccactge
actccaacctgggegacaagagigaaacigtgtcicicaaaaanaaaananaacaaacaana
acaasaaacasaacasaacaasacaaaacaaaacaggtaaggeaticcecigtiticetctcttia
atittasagtiatcagticcgtaaagtctoigtaaccaaacatactgaagacageaacagaagic
acgticagggactggctcacaccigtaaicccageactitgggagatggaggtaaaaggatct
ctigagcccaggagticaagaccagettgggcaacatageaagactccaicictiaaaaaata
aaaatagtaacatiagccaggtetagcageacacatetgeageagetactcaggaggeigag
gtgsanagatcgetigigeacagaagticgaggotgeagtgagciatatgatcatgicactge
actccagectgtgtgacegageaagacectatetcaaaaaaatiaatiaattaattaatiaattaat
ttaaanaggaagicatgticatttactitccacticagigtatatcgigiagtattitggagatigsa
aagtgaaacgiaggaatccigaagattitticcactictagtttgeagtgeicagigeacaatata
cattttgcteaatgaataaacagaaatagggaagtaaacctacaaatatttiagggagaagceic
acticttectiticicaggaaaccaageaagcaaacataicgticcaatittanaacceagigace
aaagectttggaactatgaatttgcaacigicataggtitatggatatigetgtggagaagctcaa
ttitcagtgttigaactgaaccotitctigitagggaacgigtgasagaagaatigtggosaaaa
aaaagcaagcataaccaaagatcatcageagtgaagaatctaggetgigacigagagaace
agaggoctctaaaatggaccogagicgatettcagaacagggatctaccatgcaggagcettct
tgtectecacacaaatctigiaaatgggaacattgtacatigicgaatttaaateatatiaattitctca
agctattitigtiactattitcctaaaatigaatatitgcagggagcactiatacittticctaatgtcty

o8

tataacaaatttctatgeaagtacatgaataaattatgetcacagetea

agagecggacgggatasactgageggegacegcggegcactagegcggagactacgac | 27
coggagecgeceggactgacggageccactgeggiacggecgtiggogegagcacgga
ggacccgggceaggatcgcaagegaccecgagoeggagecocggagecatggoecigag
cgageiggogetggtocgetgectgcaggagageogecgeicgeggaagetcatoctgtic
atcgtgticctggogctgetgetggacaacatgctgetcactgicgtggtececatcateccan
gttatctgtacagceatinageatgagaagaatgctacagaaatccagacggecaggccagty
cacactgectecatctcagacageticcagageatetictectatiatgataactegactatggtic
accgggaatgctaccagagaccigacacticatcagaccgecacacagcacatggigacca
acgcgicegcetgticottcegactgicccagigaagacaaagacetccigaaigaaaacgtisgc
aagttgatcigtigtitpectegaaagecacegiccageicatcaccaacoctitcataggacta
ctgaccaacagaatiggctatccaaticecatatitgegggatictgeatcatgtitgicteaaca
attatgtitgoctictecageagetatgecticetgetgatigecaggtegetgeagggcalogy
SLCi84 NM 003054 4 ctogtectgetcctetgtggctigggatggacatgctigecagigtctacacagalgalgasgag
2 B o agaggoaacgicatgggaategoctigggaggoectggccateggootctiagigggoccce
octicgggagtotactctatgagtitgiggooaagacegctecgitcctggtgctggecgecct
getacictiggatgoagetaticagetottigtactecageogtoccgggtgcagecagagagt
cagaaggggacaccectaaccacgeigeigaaggaccogtacatecteattgotgeaggcic
caictgcttigeaaacatgggeategecatgetggagecagecctgeccatotggatgatgga
gaccatgigitcecgaaagtggcagetgggcgtigoecticiigecagetagiateictiatcicat
tggaaccaatattitigggatactigeacacaaaatggggagetsoctiigtoctctictgggaa
tgataattgtiggagtoageatittatglaticcatitgcaaaaaacatttatggacicatageiceg
aactttggagtiggtittegcaatiggaatggtooaticgicaatgatgcctatcatgggctaccte
gtagaccigeggcacgtgicegtetaigggagtgigtacgecatigeggatgiggeatitigtat
pegatatgctataggtcctictgetggtagtgctattpcaaaggcaattggatttccatggeteat
gacaattatiggeataatigatatictittigoccctctetgetttttteticgaagticcacetgecaa
agaagaaaaaatggciaticicatggatcacaactgecctatiaaaacaaaaatgtacacicag
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aataatatccagicatatcogataggtoaagatgaagaatcigasagigactgagatgagatce
tcagaaatcatcaaagigttiaattgtataaaacagigtitccagtgacacaacicatecagaact
gtcttagteataccatecatcectggtgaaagagtaaaaccaaaggtiattatitcctitceatggt
tatggicgatigeoaacagecttataaagaaaaagaagotitictagggotitgtataaatagigt
tgaaactitattttaigtatttaattttatiaaatatcatacaatatattttgatgaaataggtatiotsta
aatctataaatattigaatccaaaccaaatataattititaacttacattaacaaacatiiggacana
aatcatatiggtaatgagigittaaaattaaageacacattatcictgagacicticcaacaaaga
gaaactagaatgaagictgaanaacagaatcaagtaagacageatgttatatagigacactga
atgttatttaactigtagtiaciatcaatatatitatgegtiaaacagctagticicicaagigtagag
gacaagaactigtgtcagttatctitigaaticeataaatctiagetggcattagtitictatgiaatca
cotacctagagagagitgtaaatiatatgttaacatgtiatciggitggcagcaaacactaaage
caatanagganaaacagtaaatgitccgaaageagagaaaageaaccaaacatattgttatga
actaaaagctitcectitaagatgeatactigictiactggatgaagaaaattgaggstacatgia
cottatactgicaaggtigtitaancatgataaggtiaatcgecatetacticaagtitiagaaaag
gaaacaagaagctgaaaacagetgetctgactitaatatctgactatatctitgatetgtiigeag
gteatccaagtgtttictaggaatatatitattitaggtisgtctgaaactactatttttiagacicotga
aagtigticacatcaatgigangacaaatitianatgaaaatgaagaatgaaatiataicitgaat
catatattaagaagiaaaaatastagigatcaggeagaaaagaaaaatggaacatctaaaaat
glatgigciaactatatcatccagtgtgcagigtigtatatititctaageatgacaacattgatgte
ccttitcagtgtaacagcaaatacigtiagtgaacattgicaatitatgteattttgttaagagatat
gactggagtotgcagigtggaatsicictaatactactigtgaatccigeagitctataaicataa
acaaaaattacttagtttcgttaagctaagatigtptttetstiaacttcgacatcaaggageaaa
gaacittagaacagactecicaatctigtgacttictiatictctaggaaagtaacacticgtttcat
gaagcttitcigtgggocticgattatitcaagtciggtitctaagtgcagtgigtiteaagcaaac
gaacticcaactcacttatiiggeattgggcaactiggecaagicigecactitggaagatgget
ctggaggaaactcicatatggotaanaaggcaggctagitictiactictacaggggtagagce
ttaaaaaagaacgigctacaaatiggticictitgagogttictggtictccctgecceeaatace
atatacttiatigcaattitatittigectitacggotctgteicttictgcaagaaggoctggeaaag
gtatgectgetgitggicectegggataagataaaatataaataaaaccitcagaactgtitigga
gcaaaagatagotigtactiggogaaaaaaatictaagitctittatatgactaataticitggtiag
caagactggaaagaggtgtititttanaatgtacataccagaacaaagaacatacagetctctg
aacatttatitittgaacagaggtegtititatgtitgeacctiggtaatacagatacaaaaacttiaa
tgagptagcaatgaatattcaactgtitgactgctaagtgtatctgtceatatttiageaagtitact
{aataaatcticigaaccalganaaaaaananag

SMC4

NM 00100280
0.2

gecetetictgaagaggogtiteiggaccactgagecccgecteocacigtgageggaacect
accgitittaaaaaaatcititicaaaactigecaggtigiciticcaaatatititaataatagigotg
ctgctgtagaccacagagaaaagaatcccicgeteticettttcacttagtagaaactictaccg

cgtaggtcecgecaggagticgegeatgogeaggagegacaataagatgecggigataatc
gccgcacttttiticaaattagtecatcccagaaateatigegegeatitgtaacgaatitecgtic
gagtitgtattitaggogeoatiticgagtoaagracceggagccgaaacaceggiaggage

geooagatoostactacacaacegiciccagecttggictgagiggactgicctgeagegac
catgcocogtaaaggcacoeageociccactgeocggegragagaggaageeccgcogc
cgecgicecotgacggegocageagegacgeggagectgagecgecgieeggecgeacg
gagagceccagecacegecgeagagactgeaagigaggaacttgataatagaagtitagaag
agattttgaacagceattcciccteccecgeciceageaatgaccaatgaageiggagetiecicg
gctiatgataacteatattgtaaaccagaacticaaatectatgetggpoagaaaatictgggac
ctitccataagegetiticetgtatiatcgggocaaatggeagiggcanatecaatgttatigatte
tatgetitttgtgtttgactatcgagcacaaaaaataagatctaanaaactctcagtatiaatacat

aattctgatgaacacaaggacaticagagttgtacagtagaagitcatiticaaaagataatigat
aaggaagggeateatiatgaagicaticctaacagtaatiictatgtaiceagaacggoctgca

28
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gagataatacttcigtciatcacataagiggaaagaaaaagacatitaaggatgtigeaaatctt
citcgaagecatggaattgactigeaccataatagattttiaatittacaggotgaagtizaacaa
attgctatgatgaaaccaaaaggccagacigaacacgatgagggtatgctigaatatitagaa
gatataattggtigtoeacgectaaatgaacctatiaaagictigigtcggagagiigaaatatia
aatgaacacagaggagagaagitaaacagggtaaagatgpiggaaaaggaaaaggaigcc
ttagaagoagagaaaaacatagctatcgaatitcttaccttigganaatgaaatatttagaaaaaa
gaatcatgttigtcaatattatatitatgagtigcagaaacgaatigetgaaatggaaactcaana
ggaaaaaattcalgaagataccaaagaaatiaatgagaagagcaatatactatcaaatgaaat
gaaagctaagaataaagatgtanaagatacagaaaagaaactgaatanaattacaanatttatt
caggagaataaagaaaaatitacacagcetagattiggaagatgticaagttagagaaaagttaa
aacatgocacgagtaaagcraaaaaactiggagaaacaacticaaaaagataaagaaaaggtt
gaagaatttaaaagtatacctgecaagagtaacaatatcattaatgaaacaacaaccagaaac
aatgcoctogagaaggaaaaagagaaagaagaaaaaaaattaaaggaagttatggatagec
ttaaacaggaaacacaagggeticagaaagaaaaagaaagicgagagaaagaactiatggy
tticagcaaatcggtaaatgaageacgticasagatggaigiageceagicagaacttgatate
tatctcagicgtcataatactgcagtgtctcaattaactaaggctaaggaagctctaatigoaget
{cigagacictcaaagaaaggaaagcigcaatcagagatatagaaggaaaactcectcaaact
gaacaagaattanaggagaaagaaaaagaacticaaaaacttacacaagaagaaacaaactt
taaaagittgoticatgateictticaaaaagtigaagaageaaagagctcatiageaatgaate
gaagtaggegaaangtcctigatgcaataaticaagaaaaaaaaiciggraggaticcagga
atatatggaagattggoooactiaggagcecatigatgaaaaatacgacgiggectatatcatect
gttetcatgeactggactacatigtigttgatictattgatatageocaagaatgtgtaaacitectt
aaaagacaxaatatiggagtiscaaccitiataggtitagataagatggcigtatggocsanan
agatgaccgaaattcaaacicctgaaaatacicctegtitattigatttagtasaagtaaaagaty
agaaaaticgecaagetitttatitigetttacgagataccitagtagetgacaactiggatcaage
cacaagagiagcatatcasaaagatagaagaiggagagte gtaactitacagggacaaatcat
agaacagtcaggtacaatgactogiegtagaageaaagtaatgaaaggaagaalggeticet
cacttgttatigaaatcicigaagaagaggtaaacaaaatggaatcacagtigcaaaacgacic
taaanaagcaatgcaaatccaagaacagaaagtacaactigaagaaagagtagtiaagitacy
geatagigaacgagaaatgageaacacactagaaaaatttactgcaageatccagegtitaat
agagcaagaagaataittgaatgtccaagtiaaggaactigaagctaatgtactigetacagee
ccigacaaaaaaaagceaganatigetagaagaaaacgttagigctiicaaaacagaatatgat
getgtogoctgagaaageiggtaaagtagaagcetgaggtiaaacgcttacacaataccategta
gaaatcaataatcataaacicaaggcccaacaagacaaactigataaaatanataagceaattag
atgaatgigctictgetattactaaageccaagtageaateaagactgotgacagaaaccticaa
aaggcacaagacicigictigegtacagagaaagaaataaaagatactgagaaagagetiona
tgacctaacageagagetgaaaagicitgaggacaaagrageagaggicgiaaagaataca
aatgotgeagaggaatecttaccagagatccagaaagaacategoaatctgeticaagaatta
aaagtiaticaagaaaatgaacatgetcticaaaaagatgeactiagtattaagtigaaacitgaa
caaatagatggtcacatigcigaacataatictaaaatanaatatiggcacaaagagatticaaa
aatatcactgcatcctatagaagataatectatigaagagatttcggttctaageccagaggatot
tgaagcegatcaagaatccagatictataacaaatcaaatigeactitiggaageecggtgicaty
aaatgaaaccaaaccicggigocaicgeagagiataaaaagaaggaagaatigtatiigcaac
gogtagcagaatigeacaaaatiacttaigaaagagacagtittagacaggceatatgaagatct
toggaaacaaaggctiaatgaatttatggeaggettitiatataataacaaataaattaaaggaaaa
ttaccaaatgottactiigggaggooacgecgaactegagotigtagacagetiggatecitict
cigaaggaatcatgticagtgticgaccacciaagaaaagtiggaaaaagatcticaacctticg
goagoavagaagacacttagticatiggotitagtatitgetettcaccactacaageccactee
cctttacticatggatgagatigatgcagecctigatittaaaaatgtgtecatigtigeatitiatat
atatgaacaaacaaaaaatgcacagticataataatticteticgaaataatatgttigagatiteg
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gatagactiattggaatitacaagacatacaacataacaaaaagigtigetgtaaatccasaaga
aattgcatctaagggactitgtigaactitatgcigaagaticticaagtigaticagigtatiacig
atttittictatitgiaaaggatiatgagttgtatanaatacatactcectaaactagatcatgaaact
ggttictgttitatgcagtigicattigtaaagictaataaaataticictataatigetictagattaca
aaaatatgacaaictigtaagtagcagactatggagaaaaatgagttacciggaggsicaggt
aactigccanactaaanagtatgtiagitoagecaaagicciaageaaggtigioctalcaagg
ctecageataccticgtgggoctitgattiaccaacactggaaatgectgecaactaatetiggata
gatictttaaggcaticcactiagetigecagtigagacaatcaccacagtiattacccaaatact
atgaacatatittigtaaaccagicattctgaatiatagigatgagaatitaaatatatgetitictag
aatttgatgttigaccatttatgactiaattaccagagagcecagtaaatiaggacagigtticaaca
agectaggctatetegtaagtigaaaaatatcccactatagtigettcatgagtatgaagtaagat
goccicigatttacaciggticaatttacaaatiticaactttatgataggtitatccgggtactaaat
geatticaacttgatagtttcaactiatgataggtttaccaggatgtagteccacigtigaggage
atctatttaggggttaatiactitagtaataagtggaaagtaagataccitgagtaatgtitgectat
aaaattgtcagcegtattittacactatiggetcaagaatgtiataatgctaaggaacataagiteg
caaccactiggtititggaaggactiicggtattgtatiagaagtcigccctagetgitaaattictg
gotattiatcciaaggaatiaatiaaagagtiaatigticctitcticagigppccatigtittagata
tttaaaaaatccaacagtttctatcataatgtaacigtaaaaatgtaaacacatiattagcaiggac
tittaaataaagatttaaagaaageaagalcggansanaaaanananasaas

SPARC

NM_00130944
3.1

£92A2AAZYATRALACCLLLLLAALRAELAZACAZLALLATHARBBACCACTLARL
ggagoosagatagacccageccagageictgagiggtitecigtigectgicictaaacocct
ccacattecegeggtecticagactgeceggagagegegetetgoctgecgectgoctgect
gecactgaggeticccageaccatgagggcotggatctictitcicctiigectggoecgggag
gocctigecagecccticaagaageecigectgatgagacagageigotooaagaaacigte
geagaggigactgaggtatetgiggsagctaatectgiccaggiggaagtaggagaatiigat
gatggtocagaggaaaccgaagaggaggigatggcggaaaatcoctgecagaaccacca
cigcaaacacggceaaggigtocgagctegaigagaacaacacceccatgigegiatgocag
gaccecaccagotgeccageecccatiggegagttigagaagetgtecagcaatgacaaca
agaccticgacteticctgecactictitgecacaaagigeacectiggaggecaccaagaagy
gecacaagetecacctiggactacategggectigeaaatacateceeoctigectggactelg
agetgaccgaaticocecctigegoatgegggactggetcaagaacgtectggteacectgtatg
agagggatgageoacaacaacctictigacigagaagcagaagctgcggetpaagaagatcc
atgagaatgagaagcgoctggaggcaggagaccaceccgtegagctgetggecegggact
{cgagaagaaciataacatgtacatoticectgtacaciggoagticggecagotggaccage
accecattgacgggtacctotoccacacegagetggetecactgegtacteoecteatceeca
tgeagcattgcaccaccogettiticgagacctgigacciggacaatgacaagtacategeoct
geatgagigooccggctgcticggoatcaageagaaggatatcgacaaggaictigtgatet
aaatccacicottecacagtacoggaticteictitaaccetccocticgtgtiteccecaatgttia
aaatgtttegateotitottoticigectggagacaaggtigctaacatagatttaagtgaatacatt
aacggigctaaaaatgaanatictaacceaagacatgacatictiagetgtaacttaactattaag
gectiticcacacgeattaatagtoocatttiictetigecatttgtagetitgeccatigictiatigg
cacatgggtegacacggatctgctgggcicigecttaaacacacatigeageticaacttticte
titagtgttcigitigaaactaatacttaccgagtcagactitgigticatitcatitcagggictisg
clgectgtgoocticeccaggiggoctggageigggcaaaggeaagtaacagacacacgat
gtigtcaaggatgottiiggoactagagocicagliggigooagagatceotgeagaacceac
caaccagaacgiggtitgcctgaggcigtaactgagagaaagatictgggactgtottatgaa
aatatagacattctcacataageecagticatcaccatttectectttacctitcagigeagtiteitt
tcacattaggctgtiggticaaactitigggageacggactgtcagtictetgggaagiggtcag
cgeatectgeagggctictectecictgtotitiggagaaccagggcictictcaggggctetag
ggactgccaggeigtticagecaggaaggecaaaatcaagagigagatatagaaagtigtaa

29

68




WO 2019/165021

PCT/US2019/018878

aatagaaaaagtggagtigotoaatcggtigtictitccicacattiggatgattgtcataaggtit
ttagcatgticctectiticticaccetecoctttitictictattaatcaagagaaacitcagagtiaat
gegatggtcgaatcicacaggetgagaactegticacciccaageatitcatgaaaaagetge
tictiattaatcatacaaactctcacoatgatgtgaagagtttcacaaatecticaaaatanaaagt
aatgacttagaaactgecticcigggtgattigoatgtgictiagicttagtcacctiattaicetga
cacaaaaacacatgagcatacatgtctacacatgactacacaaatgcaaacctiigeaaacac
attatgcttfigeacacacacacctgtacacacacaceggeatgttiatacacagggagtetatg
gticctgtaageactaagtiagotgitttcatitaatgaccigtggittaacectitigatcactacea
ceattatcageaccagactgageagetatatectitiatiaatcatggtcaticaticaticatteatt
cacaaaatatttatgatetatitactcigeaceaggtcccatgecaageactggegacacagtia
tggcaaagiagacaaagcatitgticatitggagcitagagiceaggaggaatacatiagataat
gacacaatcaaatataaatigcaagatgtcacaggigigatgaagpoagagtagoasasacc
atgagtatgigtaacaggaggacacageattatictagtectgtactgitccgtacggeageca
ctacccacatgtaacttitiaagatitaaattiaaatiagttaacaticaaaacgcagcetecccaate
acactagcaacatticaagigettgagagecatgeatgattagtggttaccctatigaataggtc
agaagtagaatcttiicatcatcacagaaagtictatiggacagtgeictictagatcatcataag
actacagagcactiticaaagetcatgeatgiicatcaigtiagigtogtatittgagotppoottit
gagactceccttagagatagagaaacagacccaagaaatgtgcteaattgcaatgggocaca
tacctagatctccagatgicatttccoctetctiatittaagtiatgttaagatiactaanacaataaa
agcicctaaaaaatcaaactgtatictggigttctctictacacagtgggagggenageagtag
gagagattgocccatitggtoctggccatiigaggaatgcaagoccageactagictcataate
{ctaggaatctgtagagagaggaatigaagtaaatitcagcatiggcteaticagticaticggeg
acattcatcaggtaccigcaatgtgttagggoatcitatgagtagecagcgigogigatoctige
teecctggagotitctaacattictageaggeagaccacacataaattigeaatactgttictgata
aaaacgtectgtanaggasataaagcagagaactatcalggansanaaaananasaaaad

SQLE

NM_003129.3

gtetggoccgagecogeecagetggctgagacgegtggageciggrggcgagiggeesc
gtocoacgotiactciggtiaciggoocogogeogegotggegagagecgergeeegega

geeatoctggigagaaagcogicgggagccgecgecgecatcigagggaggtacecigga
aaccaccitttateggiggagaagiocagicgeggigggegacictgggooccagcgaaac
gggagoccictaaatctitaggtigeeectecatigecciggageogeactctigagtecgag

accatcttttgtiggagaaggegteggacgttggegtiticcegaggitggacigtacagigictc
cgtecgeggaaaaagaagecicigaacocgogeeggoecgeagececegtgecttoegge
cgetectegeegtcgecagaggotaggecacgtticecccagigecgaggtgtticigtgace
ctecciceactoecaticecticigaaagggeacotgotetiggtoaganaagaaatiatageac
gaagagcecagtatcagaagagtatecateaceegeageaaccgetcagggaacaccatcas
aaaagaaazaaagggaatatciggatttcctggoegaggagragegagticigetogggage
tgticcagcaggcegatititaaatactgcttictacgocctatacaacttggeticacatactittac

actaactttatatgatititaaaaactggicigatcggactictegtcctgggacactgtitactgga
gtctggocggotetcegigetectctiggtaccteatttigggeagaaccttaaacecactegag
cagataatcicogectigaccggigecaccaaagaageotiggaacoatgtggactiticigg

geatigecactitcacctatttttataagaagticggeeacttcatcactitggecaacagggag

gtcotgtigigegtaciggtgticcicicgetgggocectggigctctoctacegotgicgocaccg
aaacgggggictectcgggcgecageagageggetcccagitcgeccictictcggatatict
ctoaggectgectticatiggctictictgg gccaaatccccocoigaatcagaaaataaggag

cagcicgaggoecaggaggcgeagaaaaggaaccaatatitcagaaacaagcitaataggaa
cagetgecigtacatcaacatcttcicagaatgacocagaagttatcategtgggagciggeat
getiggetetgeitiggeageigtgotiteccagagatggaagasagatgacagtcatigagaga
gacttaaangagoctgacagaatagttggagaaticcigeagecgggigattatcatgticica
aagaccttggictiggagatacagtggaaggtctigatgccoaggtigtaaatggitacatgatt
catgatcaggaaagcaaatcagaggitcagaticctiacccicigicagaaaacaatcaagige
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agagtggaagagciticcatcacggaagaticatcatgagictecggaaageagetaiggea
gageccaatgeaaagitiatigaaggtotigtgttacagttattagaggaagatgaigiigtgaty
geagitcagtacaaggataaagagaciggagatatcaagaaaciccatgetccactgactgtt
stigcagatgggctitictecaagticaggaaaageciggtctccaataaagttictgtateatet
catttigtiggotiictiatgaagaatgcaccacagtttaaagcaaatcatgotgaactiatittage
taaccegagtceagticicatctaccagatticatccagigaaactogagtactigtigacatiag
aggagaaatgcceaaggaatttaagagaatacatggitgaaaaaatitacccacaaatacetgat
cacctgaaagaaccaticttagaagoecactgacaaticteatetgaggtccatgecageaagoet
tecticctecttcatcagigaagaaacgaggtgttctictitigggagacgeatataatatgaggc
atccacttactggtgpaggaatgactgtigettitaaagatataaaaciatggagaaaactgota
aagggtatccctgacottiatgatgatgeagctatiticgaggocaaaaaateatittactgggca
agaaaaacatctcattcctitgicgigaatatectigetcaggeictttatgaatiattitctgecac
agatgattcectgeateaactaagaaaagectgtitictttatitcanacttggtggogaatgigtt
aogggicctgtiggactgetticigtatigictcctaacecictagititaatiggacactictitget
gttgcaatctatgecgtigtatittigetttaagtcagaacctiggattacaaaacctegagecctic
teagtagtggtoctetatigtacaaagegtgtictgtaatatitcctetaatitactcagaaatgaa
gtatatggticattaagctianagggoaaccatiigigaatgaatatitggaactiaccaagicct
aagagactittggaagageatatatatageatagtaccataccactiataaagtggaaacicily
gaccaagatitggatiaattigttttigaagttttitgtatataaatatgtaaatacatgettiaatttge
aatttaaaatgaaggggitaaataagitagacatitaaaagaaatgattgitaccataaatiagtg
ctaatgctgaggagaactacagtttitcititgaatitagtatitgagateaptigtigseacatge
aaataaaatgaagaaigaa

STRIPI

NM_ 00127076
8.1

atfttacccageccetgitcaagatggagtigctgtggitcacacatcicigacaaaaatacagy
getattecggagtcaccagacctggagtitgagtatgctgacacagacaagigggctgeagag
cicteggagetitacagetacacggaagggcecagaattecigatgaaicgaaaatgeitigay
gaggacticcggatccatgigacagacaagaagiggacigagetggataccaaccageace
goacccatgecatgaggetcectgeatgoctiggaagicactgecagggagaagagacicaa
getooctegagcaaticictatgttgctcaaggacgttiggeeagtocagetcggaggcaga
gotocagtcciggatgegetacaacaicttictecticctggaggteegcacgticaatgeitigg
tggagceticigaacatggasatagacaacagtgccgectgeageagtectgigaggaagect
gocatctecciggetgacageacagacctcagggicetgotcaacatcatgtacctgatagty
gagaccgticatcaggagtgteaggoigacaaggiigagiggaggaccatgeggcagacct
teagagecgagcetggaciceecgetgtacaacaatgagecattigecatcatgotgttigggat
gatoaccaaatitigcagtggicacgocecteactitcecatgaagaaagtictctigeigeicty
gaagacagtatigtgcacgceiaggeggetiigaggagotgeagageatgaaggotgagaag
cgeageatectgggecteooceegeticotgaggacageatcaaagigaticgeaacatgag
agcagcetetecaccagcatctgeticagactigatigngeageageagaaacgggaccgoc
gagagcacaaggceictgataaageaggacaacctagatgecttcaacgagegggatcocta
caaggctgatgactetcgagaagaggaagaggacaatgatgatgacaacagictggagey
ggagacgittccectggaacgggatgaagtgatgcctcecccgetacageacecacagactg
acaggetgactigeeccaaaggectecegigggcteccaaggtcagagagaaagacatizga
gatgticcitgagiccagecgeageaaatitataggtiacactctaggeagtgacacgaacaca
gtggtggooctgcccaggeraatccacgaaageatcaagactciganacageacaagiaca
cgicgattgcagagpgticcaggoacagatggaggaggaatacctecgeiccecicicicaggg
geagaagaagaagtigapcaagiocotgeagaaaccetotaccaaggetigetecceagect
gecicagtatatgatigecctoctgaagatectgtiggotgcageacccaccicaaaageoaas
acagactcaatcaacatcctageggacgictigectgaggagatgceccaccacagigtigeag
agcatgaageipggggtagatgtanaccgecacaaagaggicatigtiaaggecatitciget
gtcctgetgetgetgetcaageactitaagttgaaccatgictaccagttigaatacatggecca
geacctggigttigecaactgoaticotttgatcctaaagticticaatcaaaacateatgtectac
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atcactgecaagaacagcatitetgtectggatiaceeteactgegtggtocatgagetgocag
agetgacggeggagagtitgsaagcaggigacagiaaccaatitgoiggaggaacciotitt
ctigtatcaaictgcettcggatctigaacaagetgacaaagiggaagceaticaagaacaatgat
goiggtoototicaagtcagoccecatotigaagegggcactaaaggigaaacaagecatga
tgcagctctatgigotgaagotgetcaaggtacagaccaaatactiggggeggocagigocga
aagagcaacatgaagaccatgtctgecaictaccagaaggtgcggoateggotgaacgacg
actggocatacgecaatgatctigatgcceggectiggeacticcaggeagaggagieioce
clicgtgecaacatigaacgeticaacgeceggegetatgaceggecocacageaacceiga
cticetgecagiggacaactgectgeagagtgicctgggecaacgggiggaccicccigagy
actticagatgaactatgacctetggttagaaagggaggtctictccaageccatitcctggeaa
gagctactgcagigaggeigtiggttaggggactgaaalggagagaaaagatgatetgaagy
tacctgtiggeactgtoctagticatigetgeagtgcticeoateececaccaggiggcageaca
geeccactgtgicttcogeagtetgtectgggctiggoigagoccagetigacceticeccttggtt
cecagggtectgeicogaageagicatetcigectgagatecaticticctitacticoeccace
ctectetetiggatatgatiggtitiggctcatttcacaatcageccaaggetgggaaagcigga
atgggatgggaaccoctecgecgtgeatctgaatitcaggggteatgctgatgectotegaga
catacaaatocttgetiigtcagctigeaaaggaggagagttitaggatiaggoccaggaccag
aaagteggtatctiggtiptgcictaggotogosotoosstiatitcigatgtiaticcagecicct
gotacattatatccagaagiaatigeggagactocticagetgectcageacitigatttiggaca
gggacaaggiaggaagagaagcticectiaaccagaggggecatititcctitiggetticgag
goocigtaaatatctatatataaticigigtgtatictgtigtcatgtigp g otititaatgtgatigtat
attctgtitacattaanaagaagcaaaaataaanaaaaaaaas

gcacgeagecttagetecticcoegeccttgeteticecagtticteegteagectgegggteee | 32
gocteocooctgcticeggtaggagageggtatagagegageaggtctcagetectogicat
gtcatacggicecttagacatgtaccggaacceggggoccioggggococagetccggoac
ttcagcageatcatecagacgigeageggeaacatccageggatcagecaagecactgetea
cataaagaattigatgagccagotaggaactaageaggacicaageaagctacaggaaaatc
tgcaacagttacaacactccacaaatcagetcgocaaggaaacaaatgaatigcigaaagaat
taggotcctigeoccticecttatctacticagaacagogeoagoagagacticagaaggaac
gectcatgaatgactictetgeagocttaaacaatttecaggetgtgeagagaaggetatciga
aaaggaaaaggagagiatigecagageaagagetggatctegtctttctgeagaagagag
caaagagaggagcagotggicicatiigacagecatgaggagtggaaccagatgcagagce
aggaggatgagotooccatcactgagcaggatitggaacitattaaagaaagagaaacggc
aattcggeagciggagactgacatitiggaigtcaatcagatattianagattigpccatgaigat
ceatgaccagggtgatcigattgatagceatagaagecaatgiggaaagetcagaggtocacy
tcgaaagagecactgaacagitacagegagetgettactateagaaaaaateiogeaagaag
atgtgtatcctggtgetigtectgtcagigatiatictaatetiggaactiattatctggcetagtitata
aaacgaagigatigectecgategtictocecgetgagetgttitcaaggpcaagigetigtigaa
gtcttgecagaacaaactgatcacaagaagacageatatatcagaacgtoctgtaateatttagt
tagaaactaactactaactagictiiggaaticgtigacctatggagacagtaatiaicaatitatig
attctattgatitctcaaattaggaattaacttatgtgoattitocticoictigtaticigattgcectt
catcccaagtgtitactgaaaaticcatictagatatictigtitigacaaatgacactacagicicg
taatattgictittatgtatatacaaaatttacctititactagcatctgagatagagtiactiiciggta
ccoagtatatiggagictgtcagaaacictataataggccaccagttitiattatttaacatttttatit
gaatttctaagaagectatictetatotattitgaaagatitigocactatatitaaitggaagotana
atattgtacatgtgatccagagtanatgagaagictctatetgagetggicagttaciggagtac
atgitactaatcigggitiaaagtitacticattatctgctagigtcatccacageagticatecteat
ceacactaagecatcctgttagetittaaaggaagttaatttaattaacattaatatactetatzgg
ctoectcteccacctgtctgeatagaaaggcagaatiagacatageatgottiggaaaageaaa
taggaatigtiggpgaateatttaatctigtigtigtigttotiotioticactigtggtictacaticctg

STYI2 | NM_177424.2
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gtgaatgatgaatgtigetgicaaagggctgecccctacctialaaggetigctgogcatitgaa
gcaggaagatittiaaagatagatigagatigsttiaaaattaitecigtaaaccaacaataaag
caaagaagaggttcatitiigtaaataacactggtticaaatagtgatgttagactiaacctaatit
ataaacaagagattaatatctccatgeatagititagacaaaaaaagatgtticaataaaattact
gtctigtaatataaatgttgtccacticocttifccacaggectagaacagttaaagggaacataa
titgtttaggcteccacataaatgigaatciggocaacaacttiggticatecttiagigaattaga
gaoatttgoctacectgagtatatitataticatitctictgitctectictgtiattatacttaatettcta
aactaaactaatgtgaacagtagggaageaagegoccaaatgeataagtitetitgcacigtiy
cacttactiaatacaaataaatgtittitaangcttitgtagtatgttitiatgagtiaacatcciaatgt
gotagetattagpgtaatgiecigicateagaaaaattgagacticcaagaaaactggacacea
ggigageotigottisgagacggaataggtetagetgcctticciigaaaaacagigigtagag
atggctgagtocaatggctcacactigtaatcccaacactttggaaggcigagacggoagoat
cagtatatcggtacgtetgagoccaagagticaagatcagectgggcagtatageaagacee
catctecattitititttaaigattititaatiananaaaagaacaacaggatagageigtiggeste
geacagtggcccaaagageageticagagataattcctiggttctatgatcccigittaacicea
aattacagtcggactiggatacatcattigtaacatigtaggaaagaaaaaagictiggtioisa
aaaacgatttgcattiggetaaastaaagtgaccaigettitgitcigtaatactgigtaaccigig
gtigtigtaatggtoatcatggagageaaatatgaactiggectggatittaaatggcctagaatt
tgtoatagiteccaaagaggtictectaggtggtcttaatanacctaticacagaattctectiaa
323332333233232333

TMPRS
52 1

DQ204772.1

taggegogagclaagcaggageceagpcagagacesagascgaggaeceeeeagc
gccgectggagegcggeaggaagoctiatcagtigtoasteasoaccagtcgtigtiteast
gtecctacggaacgecacacetggctaagacagagatgacegegicctectecagegaciat
geacagacticcaagatgageccacgegicectcageaggattiggeigtotcaaccoceage
cagggteaccaicaaaatggaatgtaaccctagecaggigaatggcicaag

TMPRS
52 2

OM_TMPRSS

2-

ERG T2E4 C
OSF28.0

gggaacaaaageiggagetocaccgeggtggcggccgcictagoccicaaggaactotect
gateaatocagtotooccaaaggeggeaagategtooccaccccagacaccegtiggoaty
aactacggeagctacatggagoagaageacatgccacococaaacatgaccacgaacgag
cgeagagttatcgigecageagatectacgotatiggagtacagaccatgtgeggcagiggct
geagtggocogtraaagaataiggecticcagacgicaacatctigtiattccagaacategat
gggaaggaactigigeaagatgaccaaggacgacticcagaggeicacccccagetacaac
gccgacatocticicicacatciccactaccicagagagactccicticcacatttgacticagat
gaigtigataaagecttacaaaactctecacggttaatgcatgetagaaacacaggggotoca
getittatittcccaaatacticagtatatcctgaagetacgcaaagaatiacaactaggecagatt
taccatatgageceoccaggagatcagectggaceggicacggecaceceacgeeccagic
gaaagetgcicaaccaictecitccacagigoccaaaacigaagaccagogtocteagtiaga
acctiatcagaticttggaccaacaagtagecgecitgeaaatecaggeagiggecagatceca
getttggcagticotoctggagetoctgteggacageiccaacicoagotgoatcacciggga
aggcaccaacggggagticaagatgacggatcocgacgaggigocoeggogciggpoay
ageggaagageaaacccaacatgaactacgataageicagecgegeectecgtiactactat
gacaagaacatcatgaccaaggiccatgggaagegetacgoectacaagticgacticcacgg
gatcgeecaggeeciceagococaccecocggagticateicigtacaagtacecctcagace
toccgtacatgggetoctateacgeecacecacagaagatgaactitgiggogeoccacactc
cageccteecegtgacatcticcagttttittgotgocccaaaccoatactggaaticaccaactg
ggeotatataceccaacactaggetecccaccagecatatgecticteatetgggcactiacta
claaagacctggeggaggcttiicecatcagegtgeaticaccageccategecacaaactet
atcggagaacaigaatcaaaagtgocicaagaggaatgaagaaagettiactgggocteees
aaggaagoeggggaagagatccaaagacictigggagggagttactgaagicttactgaagt
ctiactacagaaatgaggaggaigcianaaatgicacgaatatggacatatcatcigiggaciy
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acctigtaanagacagtgtaigtagaageatgaagictiaaggacaaagtgecaaagaaagly
gictiaagaaatgtataaactitagagtagagtitzaatcccactaatgeaaactgggaigaaac
taaagcaataganacaacacagititgacciaacataccgtitataatgecattttaaggaaaact
acctgtatttaaaaatagaaacatalicaanaacaagagaaaagacacgagagagactgisgge
ccatcaacagacgttgatatgeaacigeatggeatgtgetgtittgpitgaaatcaaatacatice
gtttgatggacageigtcagctiteicaaactgtgaagatgacecaaagiticcaactecitiaca
gtattaccgggactatgaactaaaaggtegoacigaggatetatatagagteagegigtgatt
gtagacagagesuioangangoagoageaasagaCagagaagearoagaccaggect
2ggaaagaaactictcaagcaatgaagactggactcaggacattiggggacigigtacaatg
agttatggagacicgaggpticatecagtcagigttataccaaacecagigitaggagaaagy
acacagogtaatggagaaagppgaagtagtagaaticagaaacaaaaatgegeatctetitet
{tgtttgtcaaatgaaaatitiaactggaatigictgatatitaagagaaacaticaggacctcatc
attatgtggooocitigtictccacagggtcaggtaagagatgecctictiggetgecacaatea
gaaatcacgraggeattitgggiaggeggeciceagtiticetiigagtcgegaacgeigtacg
ttigtcagaatgaagtatacaagtcaatgttiticcoectiittatataataattatataacttatgeatt
tatacactacgagtigaicicggccageoaaagacacacgacaaaagagacaatcgatataat
gtgocctigaatittaactctgtatgcttaatgttiacaatatgaagtiatiagticttagaatgcaga
atgtatgtaataaaataagcttggcctagcatggcanatcagatttatacaggagictgcattige
acttttittagtgactaaagtigettaatgaanacatgtgeigaatgttgiggattitgtgtiataatit
acttigtccaggaactigtgeaagggagagecaaggaaataggatgitiggcacceaaatgg
cgicagectetecaggtoctictigoctccocicetgictitiattictageccctitiggaacagaa
goacccegggtticacattggagoctecatatitaigectggaaiggaaagaggoctatgaag
ctgggptigtcatigagaaatictagticagcacciggtcacaaatcaccetiaattoctigciatg
attaaaatacattigtigaacagtgaacaageiaccactegtaaggeaaactgtattatiacigge
ggocggatcocceggectgcaggaaticgatatcaagettatcgatacegioga

TRIN29

NM_012101.3

ctectcacaggtgtgictctagicctegiggtigectgecacactecetgecgagacgoctgec
agaaaggtcacctatcctgaaccocageaagocigaaacagetcagecaageacectgega
tegaagctecagatecctccaggagcaacggeicgagoecagaagecagegateceegs
ageecgicgggccecagtggcagectggagaatgecaccaaggctgacggcaaggatgc
£aagaccaccadcgggcacgECgeeagocageigagoocaagagectagecagegee
ctgaagecaggggeaagataggagegecetgticgegggcaatgagtgocggcgacceate
atccagtttgtegagtocgggoacgacaagaactocaactacticageatggacictaiggaa
gocaagaggtcgecgtacgcagggcicecagetgggggcigocaagaagecaccogiiace
ftigcoganaagggcgagctgcgeaagiceatiticicggagtoccggaageocacggtgtc
catcatggageocggggagaceeggeggaacagetaceccegggecgacacgggoctttt
ttcacggtecaagtecggotecgaggaggtactgtgogacicetgeateggeaacaageaga
aggceggteaagtoctgectagigtgccaggectectictgegagetgeatcicaageccoace
tggaggocgocgocticcgagaccaccagetgcticgageocatcegggactttgaggeceg
caagtetcoegtgcatggcaagacgatggagctctictgecagacegaccagacctgcaict
gotacctttgeatgticcaggageacaagaatcatageaccgigacagiggaggaggccaag
geogagaaggagacggagetgicatigcaaaaggageagetgeagetcaagatcatigaga
ttgagzatgaagotgagaagiggcagaagoagaaggaccegeatcaagageticaccaccasa
tgagaaggecatcctggageagaacticegggacctggtgcgagacciggagaageaaaa
ggaggaagigagggctgegetggagragogggagcaggatgcigiggaccaagigaagg
teatcatggatgeictggalgagagagecaaggipotgeatgaggacaasgcagacecggga
geagctgeatagcaicagegactcigtgtigttictgeaggaattiggtecatigatgageaatt
acteteteccoccaceectgeccacctateatgioctgctggaggoogageocctgeoacag
tcactaggeaacticaaggacgacctgctcaatgtatgcatgegocacgtigagaagatgtee
aaggceggacctgagecgtaacticatigagaggaaccacatggagaacggtggtoaccate
getatgtgaacaactacacgaacageticgggggatgagigoagtocaccggacaccatgaa
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gagataciccatgiacctgacacecaaaggtgggaiccggacatcataccagecctegictee
tggcogeticaccaaggagaccaccoagaagaatticaacaatctctatggeaccaaaggiaa
ctacaccteccgggtotzggagtacteciceageattcagaactetgacaatgacctgeeogte
gtccaaggcagctcctectictocstgaaaggctatecctecotcatgeggagccaangocoe
aaggcccagcecccagacttggaaatctggcaageagactatgetgtctcactaceggecatic
tacgicaacaaaggoaacgggatiggstecaacgaagecccatgagetectggeggaagga
acgaggcegecacaccoeigetcticctectgacectgetgcteitgectictaagetactgigett
gtetgeotopoagooascciggtoctigeaccigeocictgeagecctcigecagecictigg
gegeagitccggecteiccgacticcccactggecacaciceattcagactoctticeigecttg
tgacctcagatggicaccatcaticctgigeticagaggecaacecatcacaggggigagatag
gtiggggoctgeoctaaccegecagecicotectetogggotggatetgggeactageagte
agtaccegeatggtatcagectgecteicecgeccacgeoctigetgictccaggectatagac
gtitctctecaaggecctatececcaatgtigicageagatgectggacageacagecaceeat
cteccaticacatggeccacctectgeticecagaggactgaoectacgtgetotetcicgioot
acctatcaatgeccageatggeagaacctgeageectiggecacigeagatggaaaccicic
agigtctigacatcaccctacccaggeggtgggtciccaccacagecacttigagictgtggic
octggaggagtoactictecigactggcaggatgacctiagecaagataticcicigticecictg
ctgagataaagaattccctiaacatgatataatecacceatgeaaatagetactggoccageta
ceatttaccattigectacagaatticaticagictacacttiggeaticteiciggegatggagtat
gegctggocigaccgeaaaaggigecttacacactgececcaccctcagoegtigecceatea
gaggctgectectecttctgattacocoecatgtigeatatcagggtectcaaggatiggagag
gagacaaaaccaggageageacagiggggacaictecegtetcaacageoccaggectatg
gegocictggaaggatggoccagetigeaggoptigoooasooasacatccagetiggge
titceectitggaataaaccatiggteigticaaaaananaaaaanaaasaa
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acttaacaaccgaagtaacccgeaatgeggaagggegaggegattgogagicaccgagitt
cocgegeggctigagtcacggectaganagagagatgttggooticceaggaccaggaca
gaggtogtagtgaactctcatgggcatccagagaaggtcaggcccctigetgacaggeciat
cigtggooctacigeigeicticagetgeetoaccetigiccagecaaccicictcteagetety
gtccaccacccteactigtgecagaccaccegggatgtccatggecgicactacceetggtiict
ttigeectegictgtcigattctecagaggaagectactgetgecaceigeaggctgcagggeg
aotectgetgeacccgggetgaatitgagacectgtaccaagtcaatcigicegetcticegee
ccogeocatccteagggacccaggeccgetectagigeigggcctctacaacctactggtigt
gaccctgatgacogtagacctegtgeacticigeigeggtecgggpoecggagictggectega
gecaccgeaggoctecetotgggiceteegoegegageteccigeaggicictgeggegac
agcitaggtocgeccggagetigectgeaccigegatecagagecaagegececgeococty
ceogggegegetccctocttagecctgeccetetctgaceccaccicegacgcaagagiogs
geggggceagetgecggtggegiccogaacocagactcgeoccgecccagagactgogect
gogegggcacgagacaacciciecgegatgactgecageteagiggageagetgeggaag
gagoocaatgagcigticaaatgtggagactacgggoocgccctiggegacctacactcagy
coctgggtetggacgegacgececaggaccaggeegticigeaccggaaccgggocgect
gecaccicaagetggaagatiacgacasageagaaacagaggeatccasagecattgaaaa
geoatgotoeooatgicagagcaciciaccggezgageraagerctagagaagcteesces
cotggaccaggetgtectigacctgeagagatgigigagetiggagoccaagaacaaagitit
ccaggaggcectigcggaacaicgggeoccagaticaggagaaggigcgatacatgtectcg
acggatgecaaagtggaacagatgtitcagatacigtiggacccagaagagaagggcaciga
gaaaaagcaaaaggctictcagaacciggtggtocigaccagggaggatgciggagegea
gaagatcticeggagtaatgggeticagetctigeaacgtitactggacaigggagagaciga
coteatgetggeggcetctgegtacgetggtiggcattigetctgageatcagtcacggacagtg
gcaaccctigageatactgggaacteggegagtagtetccatectgggcgiggaaagecagy
cigtgicoctggotgectgecaccigetgeaggttatgtitoatecccteaaggaaggtateaa
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aaaaggeticegaggeaaagaaggtoccatcatigiggatectigeccgggagetgaaggic
cicatcagtaaccicttagatetgetgacagaggtggggetetctggocaaggocgagacaat
gecctgacoctectgatiaaageggtgoceeggaagicictcaaggaccecaacaacagect
caccetetgggtoatcgaccaaggtcigaanaagatitiggaagteogppocicictacagga
ceotectggggagctcgeagtigaccgeaaacagecgeatgagegectctaticicetcagea
agctetttgatgaccicaagigtgatgcgagageoagaatitecacagacttigtgaanacta
catcaagagctggttigageoccaaggaciggeegggaagetacgggocatecagacgat
gteotgectoctgeagggeecatgtgacgoiggeaacegggectiggageigagegetgotca
tggagagtgtoatigetetgtgigecictgagraggagaaggageagetggtsgocgtggag
gctctgatocatgeagocggeaaggctaageggeccteaticatcactgecaatggigtcicg
cigctgaaggacciatataagtgoagegagaaggacageatocgeatccgggegcetagigg
gacictgtaageteggticggciggagpacigacticageatgaageagtitgctgaagact
ceactetcaaactggetaageagigicgaaagiggetgtgeaatgaccagaicgacgeagge
acteggegetgggcagiggagggcciggettaccigacctitgatgecgacgtgaaggaag
agtttgigaaggatgcggctgcictgaaagetcigticcagetcagcaggitagagaagaggt
cagtgetetiigeggtegccicagegetggtgaacigeaccaacagetatgactacgaggag
ccogaccocaagatggiggagctgeccaagtaigecaageageatgigoecgageageac
cocaaggacaagecaagettcgtgeggocicgggtgaagaagetgciggeagegggtoty
gtgteggecatggtgigeatggtgaagacggagagccctgigeigaccagttcctgeagaga
getgetctocagggictictiggetitagtggaagagatagaggaccgaggcactgtggtise
ccagggaggeggcaggecgctgatccegetggecccetiggaaggcacggacgiggggcag
acaaaggcagcecaggocecitgecaagetcaccatcacciccaacocggagatgacciioce
tggcgageggatoetatgaggtootccggoecctegtctecetgttgeaccicaactgetcagg
cotgcagaacticgaggegetcatggccctfaacaaacciggetgggateagegagaggcte
cgeeagaagatectgaaggagaaggotgtecccatgatagaaggctacatgtiigaggagc
atgagatgatccgecgggcagecacggagtgeatgigtaactiggecatgageaaggaggt
gcaggacctcticgaageccagggcaatgacogactgaagetgeiggtactgtacagiega
gaggatgatgagetgetacagegggcageigecgggggctiggcoatgctiacctecatge
ggcccacgeicigeageegeaticeccaagigaccacacactggolggagatcctgeagge
cetgettetgagetecaaccaggagetgeageaceggggigcigtagtgotocigaacalgy
tgeaggoecicgagggagatigccageaccoigatggagagtgagatgatggagaictigica
gtgctagetaaggetgaccacagoecigicacaagggcigetgeagectgectggacaang
cagtegaatatgggcttatccaacccaaccaagatggagagigaggpogtitgicoctgggce
caaggcicatgeacacgetacciatigtogcacggagagtaaggacggaageagctiigget
getegtgoctgacatgeccaatactetigeccatectegetigetigecctaggatgiectetgtt
cigagteageggecacgticagtcacacageoectgettggecageactigectgeagectoact
cagaggggccctittictgtactactgtagtcageigggaatggggaaggigcatcceaacac
agcctgiggateciggggeatctggaagggogcacacatcageagectcaccagetgigag
cctgetatcaggeotgocectecaataaaagtgigtagaaciccaaaaaaaanaaaaaaanaa
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cgaagggacgtooccaagegeaccgectegggecggggecggegtictagegeategeg
gecgggigegtcactegegaagiggaatitgecragacaagoaacatggoicgeaaacgcy
cgoccggeggggagecgeggggacgegaactgegeagecagaaatccaagaccaagag
caaggcecggcgtigaggaggaggaggaggatgccitigaagatgagaaacceccaaaga
agagcecticictecaaagtitcacaaggaaagagganaagagactacagicatociggopat
{cagcagatggiccageaaaaaagaaagisoccaaggigactgitaaatctgaaaaccicaa
gottataaaggatgaagecctcagegatggggatgaccicagggactiteccaagtgaceica
agaaggcacaccatctgaagagaggegctaccatgaatgaagacagcaatgaagaagags
aagaaagtgaaaatgattggeaagagpttsaagaactiagteagocigigctgggtsacsie
agagaaagtacagecticteicgateteticigectgtgaagecagte gagatagagattgaan
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cgecagageaggegaagacaagagaaagaagigaaaagataasactgeagttigagacat
atcttcggaggocgatgaaacgiticaataaagggstecatgaggacacacacaaggiicac
cticictgecigciageaaatggettctatcgaaataacatctgeagecagecagatctgeatge
tattggcectgtecatcateccagecegatitaccagagiacigectogagatgtggacacciac
tacctctcaaacctggtgaagiggticatiggaacatitacagtiaatgcagaactitcagecagt
gaacaagataaccigcagaciacatiggaaaggagatitgciatitactctgetcgagatgaty
aggaattggtccatataticttactgaticicegggceteigeagetetigacecggotg gtatigt
cictacagecaattccicigaagteageaacageaaagggaaagaaacciiccaaggaaaga
ttgactgeggatccaggaggetectcagaaacttceagecaagtictagaaaaccacaccaaa
cCaaagaccagcaaaggaaccaaacaagaggaaaccttigctaagggaccigeaggeca
agtgooaaaggeaagaggaacaagggaggcagaaagaaacggagcaageccicetecag
cgaggaagatgaggoacccaggagacaagoaggagaagooaacceagegacgtecgeat
geccgggagegecgeaigpectecageetgtcitataaagaggagagtygoagigatgag
actggcagoggceictgattitgageictecagtggagaagocicigatocctotgatgaggatt
ccgaacciggceciccaaageagaggaaagecocogetcctcagaggacaaaggetgget
ccaagagtgeetocaggacceategtigggagcecatiegtaaggacccaagetigeoagogse
atecteaageiciicaageagtaaaagaggcaagaaaatgtgcagegatggtoasaagoca
gaaaaaagaagcatagctggtatagaccagtggctagagatpticigigageageageaaa
agteootatotetagactgtetocacggigtootoroccagecictgacctgttacaagtacg
ccaccaageccatgacclatgiggtagggcatigacagtgacggetgggtocgagatgtcaca
cagaggtacgacccagictggatgacagigaccegcaagigocgggitgatgctgagiggt
gooccgagaccettgagaccataccagageecatitatggacagggagaagaaagaagactt
ggagtticaggeaaaacacatggaccageetitgeecacigecattiggetiatataagaaccac
cotetgtatgecctigaageggcatctecigaaatatgaggecatctatcocgagacagetgece
atecttgggtattgicgiogagaagoggictactecagggattgigtgcacacicigeattccag
ggacacgtggcigaagaaageaagagisgtoaggctiggagaagtaccctacaagatggiy
aaaggcititctaacegigetcggaaageccgactigeigagececagcigegggaagaaa
tgacctgggcectgtitggctactggragacagaggagtatcagoeccecagtggeogigeacg
geaaggtgccecggaacgagitigggaatgtgtaccicticctgeccageatgatgectatty
getgtgtccagetgaacetigoccaatetacaccgegtggeecgeaageiggacategactgt
gtccaggocatcactggettigatticcatggeggetacteccatecegtgacigatggatacat
cgictgegaggaaticaaagacgigeicctgacigectgggaaaatgageaggceagtcatig
aaaggaaggagaageagaanaaggagaagogggcictagggaactggaagtigetggcee
aaaggtotgetcatcagggagagoctgaagogtogetacggooccaagagtoasocagca
getccccacacagatgeaggaggtggactetctictgatgaagaggagoooaccagetcica
ageagaageggocaggatactggotgoctectggecticaaaacegagaagatgaagaaaa
geagaagcetgaagegigoocccaagaagaccaaaagggaaaagaaagrageageticee
acctgttcceattigageagetgigagctgagogeccactagagggacacocaccagiiget
getgececactacaggocccacacctgeectgggratgeccagececiggtggtggegact
tetotgetgagaaggcaaactgaggcagcatglacgeagecgeseicagggsagacsas
gecaageigaggaggigctgeaggtecegictggetecageocttgicagattcaccoaggg
tgaagecttcaaagetittigetaccaaageccacticaccctitgagetacagaacacttigeta
gzagatactcttetgecicetagacetgttctticcatetitagaaacatcagtiitigtatg gaage
caccgggagattictgatagtootecatcegtgaatgcgetgategtiteitccagttagagte
ttcatctgtccgacaagitcactegectcggtigeggacctaggaccattictctgeaggeeact
taccticecctgagicaggctiactaatgctgeocicactgoctctitgeagtaggagagagag
cagagaagtacaggtcateigetiggoatctagititccaagtaacatttigtggtgacagaage
ctaaasaaagciaaaatcaggaaagaaaaggaaaaatacgaatigasaattaaggaaatetta
gtaaaatagatgagigtiaaactagatigtaticattactagataaaatgtataaageteicigiac
taaggagaaatgactittataacatttigagaaaataataaagcattiatctaaaaaaanaaa
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gaaggecagcggeaccageagiggggatacggececggetgeggacaagotgoggsag
ctgctggpoagacgagagacagacgaigcggagaceggaccgagttaicigggaacan
agcaggacaagtctgggcaccigaaggatctactgetitcaagtgictectitcageaaggtia
tgtgcigeictectgageaacatetelgacigigatgaaacaticaactacigggagecaacac
actaccteatctatggggaagootitcagactigggaataticeccageatatgecaticgetee
tatgettaccigtigettcatgectggecagetgeatitcatgeaagaaticiacaaactaataag
attctigtattitactiittgegatgicttctggotitigtgagetgtatiigtgaactitactittacaag
gctgtgtocaagaagttigoatigcacgigagicgaatgatgctagoctictigeticicagrac
tggcatgtitigetcatcatoageaticeticctagtageticigtatgtacactacgtigatageca
{gactggatgatatalggacaagacticeatigeigtgctgggagtagcagetggaoctatett
aggctegccaticagigeagceteitggtitacccatigectitgatiigetgeteaigaaacacag
atggaagagttictitcatiggtcgetgatggecctcatactatticiggtacetgtagtogicatt
gacagctactatiatgggaagtiggtgatigcaccactcaacattgitiigiataatgtcitiactce
teatggacctgatetitatggtacagaaccciggtattictatttaattaatg gatitctgaatitcaa
{gtageettigottiggctcicctagtoctaccactgacticictiatggaataccigetgeagaga
tttcatgticagaatttaggecaccogtatiggettacctiggetccaatgtatatitggittataattt
tettcatecagecticacaaagaggagagatitcttitccetgigtatecacttatatgicictgigg
cgetgtggctcictotgoacticagaaatgttaccacttigtgtticaacgatatcgectggagea
ctatacigteacatcgaatiggeiggeatiageaactgicttcctgitigggototigicatttictc
gctotgiggeactgticagageatatcacgggoccetigatitetatccagaattttaccgaatty
ctacagaccceaaccaiccacacigtcccagaaggcagaccigigaatgicigtotgoranaa
gagteotatcgatiicecageagceticcticitectgacaatiggeageticagticaticoatca
gagttcagaggtcagtiaccaaaacctitigeagaaggaccictggecacceggatigitecta
ctgacatgaatgaccagaatciagaagagecaiccagatatatigatatcagtaaatgceatiat
ttagtggatitggacaccatgagagaaacacccegggagecaaaataticatccaataaagaa
gaatggatcagcetiggoctatagaccaticctigatgotictagatcticaaageigetgeggsc
atictatgicoccttcctgteagatcagtatacagtgtacgtaaactacaccatcotcaaaccceg
gaaagcaaageaaatcaggaagaaaagiggaggttageaacacaceigtggecccaaagg
acaaccatctigitaactatigattccagtgacctgaciccctgeaagicategectgtaacatity
taataaaggtctictgacatgaatactggaatctgggigeictgggctagicaaagictatitcaa
agictaatcaaagtcacatttgcteccigigtetstctcigttcigeatgtaaactittigeagctag
geagagaaaggccctaaageacagatagatatattgetecacateicatigittiicetetgtica
atfatttactagaccggagaagagcagaaccaacttacaggaagaatigaaaatectggtact
geatgoctoigataagetglictccacacteiggectegoatctgagaactageaageciotett
aggcecatatgggoticiccaccaaagcigtitggeagceicctageagacetictiattgaaatce
teatgcigaaaatgaacacagectagtigecaacceacatgtocttitcacctecageaagact
aagctictitaaagcacttcacaggactaggaccctgicotggagotaicicaggaaaaaggly
accattigaggaactgtgacciaatitiatiataaigatgectetaatiticatticotitacaaccaa
cigtaactataaggtigtatigettittigticagtittageatgetatittitgaatictagactectee
atgigaagatatcaacagacaaaactacaactgtataggacatatiteggagaaaatictatcaat
tgatacatitggatgacatcacatitiiaagtaatgtaatcigaggecattgetgaggaaattaag
aattitcctitttttttaaccacceccagigaaaaggatcagtgtatattiatageacctatitittagt
totgtctgtigtgaggcacatectigeatgggecactictagtcaaataggcaatgataaggace
taattaaaatgtgataagigtatactattactitaaaageotitacagicagtacticagtitacaag
geactticacagceatctegttigatecticacagtcacaacatgtgatagacaaggcaggigattt
ftatceccattttacagataaggaaacaggetgegggtggoragtcagoooaseiaaagata
gttagtigcctaaggicacacagecagtaagtaatagagetgggactggaacccaggiticett
actctcatotattgetectcoataticctoactcaaccatgaaaacattactigaaaggactgatga
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ggttaaccagagacctaactgatatigtaacttictatittaaggaagaatigigtctglattigagt
totttggagectecagictgoctgigtotiagaccageacagcagtgeigigtgatgcagects
acctgtggcaggaaagtagtecticigtitggaagicatgtictitigcagecacacaggatcca
aatatcagtactattcctgtagicaatctggggtcacatiataggtgoctiatiicectaagggtaa
ctgatctgaatatctgeaaataggatgaatctatttticagaagticoatctttcatttit ctetttteitt
gagacagagtcicatictgtogeocaigeiggagtgeagiggegcgateicgacicgetgeaa
cotetgecteccaggtigaageaaticicatgectcagecaccegagtageiggoatiacagy
catgegocatcatgeecagetaattiatgtatiitiagtagagtiggagiticaccalgtiggecag
gctggtctiggacicctgaccetcaggticatecacccgecicagecteccaaagigetiggtatta
caggegtgagecaccgeacccagecccatotticatiticaaagagaagggoatictaatagg
aactggtgecaagagagaagaaaagaagtgataacagaagaaatggciagtiacaatatiaa
aaagctccicttigagatctectetgeaggaatalcagagacggagtigaagogciggagasy
taataggictagacagtacagaacaataactggggagtotietogaggatagacigeectecec
cttgetigaaagatctciggoatitaatictcaatictigatiactatittccagtagtanaactageac
atatgatctgactacaggacagagaatittaagtgaaacattigectiactigeagtaataatgty
cigticticacagtagciaaggeecictaigiticecagagetaaataagaatccaggaatgga
gotccatctgtgatpaatggoitittictaatcaaagtagtataatgctatittatetgtttigtoatett
gtetttttttttttttananasacaaaaccitaattataatatagegeaaagaaaggccaggacigat
geagggattcctiggaaatatecagticotatcacttitaaaaccigatitiggateictetigtictat
gtatgtctitagtgagageacaatacatggcagaacgeigtgocaaaigitataggtaaggaat
atagaaatgaatgtittitgtigtgaaggtettitcatgigatattitataaacacattttaaaaaatct
ccatcacttittagtataggaaggatagetttgecigggaaaaacagtiicaacacacetgcetca
gagtagcagtictcccteanaaaageagigticageotgeactgactgtictgetigecaaaag
gaggoaagcatgeaagatacttatticiccatagatigtggagtatagagggatgtgsractaca
gattattatiitttttccccgagacagagtotigetetgicgeccaggitggaacacaatggeacg
acctcagetcactgeaacctotgtciccogggttcaageaatictectgcticagociccigagt
agetgggattacaggoacacaccaccaccgeactcagetaattittgiatititagtagaggoisg
getittaccatgtiggocaggceiggtctiaaactcotgacotigtaateateccgocteggoctec
taaagtgctaggatiacaggeatgagecacegeacecggocoagataatttitaatagectity
atcatgggetgagtgagooagiag oiatactiggcaaatgeatggtictetgatitctagetcta
aagcagocttatctgaaicoecaaatctigigatgetgagtaccattactgaaccagictgracg
gtaggcatcigciaccaanatitacctcctacctggtaggtgtcaicigataagaaagaagaca
gotiattitaatttttigagataatcacagaaaatigcageccatacictitattaccgaaticaagtt
{ggaaatagacccittgititaaaticatgatgaotoitiatcccaateatttatetgg ateatitttce
aactttggagtictaggaaagaacctigaaaacetgatatgatictgeageatgagatctacggt
gaccatitgeecaaagotccagtegeaateattiatigtetittecatitectgggatttattgaaat
aagaattcactgtgatiatgtagicticiggetagtatcaggeagcetctgetittaattiggtiaatit
tattitctotgaagagggagaagagetacaatttaatotiggectccacaageatattaaageic
acgigttaatcagtgcatictiatgetectacattaaatgectigggtaaatggataaatggacat
gtgcccagctitaatititittocaacaganagatcagacticogtatggcatcgiiggatitcaga
goctitciggtetatctgtaaateigaatgttgecttcigecagtctgtataaccaggtgaticatg
clgcaaatgaaalcaggaageagtaaagtaitaaageaagagtatigtccaaticactigtotic
ctgatcctigtactitatiicacgigicggigtitacattacatactiatatitectgigaaaganaga
ettaaataaattgtageagitiga

SEPN

NM 0314752

ageggagegocaggeagegeggageggagoccaggoecacageogeicegectocegg
cecgeagatccecgacggecgeaccgegggcteeictiggeecgeaagaacacgtgoatgy
cgtoctggggaaggegctgagtacggagtcgegacgeegeacgoggeaccatggecety

gagcaggegeigeaggeggegeggcaggaegagctggacgigeigaggtegeigeacse
cgeaggecteciggggocctegetgegogaccogeiggacgegetgecegtgcaccacge
ggcccgegetggeaagctecactgictgegeticctggiggaggaagcegoocteceegee
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geggoeegegecegeaacggegecacaccggeecacgacgecicegecaceggecacct
cgecigectgeagiggotgotgicgoagggeggctgcagagigeaggacaaagacaatict
getaccacagtcitgeatetggetgeccgeticggecacoecgaggigateaactggcictty
catcatggegetpggpacccoaccgoggocacagacatggecgoccigoctatacactacy
ctgecgecaaaggagacticecctecctigaggetictogtegageactacectgagggagte
aatgeccaaaccaagaacggtpccacgecectgiacciggegtgecaggaggaccacety
gagotoacceagtacciggigcaggaalgeggegeagaccegracgegrgegeccacsa
cggeatgacccogeigeacgecgeggegcagatgeoccacageccagicateglgiggtts
gtgagctgoaccgacgtgagectgtecgageaggacaaagacggegocaccgecatgeac
ttcgeggcgagecgeggccacaccaaggigetcagetggetgetgetecacggoggggag
atcicggetgacotgigggecgggaccecgetgeacgacgoegeegagaacgggaagota
gagtactaccagatcciggtagtgaacggcgeggagciggacgiocgogaccgegacggs
tacacggeegeogaccigteggacticaacggecacagecactgeaccegetaccigegea
cggtggagaacctgagegiggageaccgegigetticeogggatecaicogeagagetgga
ggctaageagecggattcaggeatgtccicacccaataccacggigtcggiccageegetza
acttfgaccicagceicgectaccageacccetctecaactacgactoctgetiectccagecacic
cageatcaagggccageacectccatgigggcetttccagegotagagetgeagacatacaga
getacatggacatgetgaacecggagetgggoctgecteggggeacgatigggaagoceac
acceccaccacceccacccageticeececgecaccecogeocceaggeaceeaactgee
cccacceecacctggetacecageteccaagectectgtaggaccacagacagctgacaict
acatgcagaccaagaacaaacicogecacgtggagacagaggeccicaagaaggageiga
gctectgtgacggecacgacgggcigeggaggoaggaciccagoegraaglocogegoc
ttcagcaageagecoagoacgggggaciactaccggeagetgggoegoigeocoggega
ZACcECIELCCECACECCCLLEgealEgegracagregaggagstecslioccogeoagece
gegegegocggeigecogegecteggecetgeegeeegeggetcactogaaggoeoccioe
gotcceoegoaggeggogetgeticctgggaaccatgticctaacggetgegocgeggace
ccaaggegtecagggagetgecaccgocgecocacegoegoegoegoccetgecggag
gocgegagttegecacegeeggoccegocictgecccicgagagegetggocctggetge
gggcagegecgctectecicgicecaccggeageaccaagictticaacatgatgtcecegac
ggocgacaacteggagetactggeigagattaaggeaggraagagecigaageegacgee
ceagageaaggggctgaccacagtgttcicaggeatcgggeagecggecitecageocgat
tcgeegetgecttcigigtcacctgeactgicaccagiccggagececacaccgecageigeg
gogtticagecgcetgetcaatggaagetiggticcegigeegoccactactectgegeeggga
gtocagctggacgiggagocicteaticoccacgeacgatgageagggocggoceatecec
gagtgpaapcgecaggtgatggtgcgcaagatgcageigaagatgeaggageagoasod
gragaggcggaaggageaggageagoagocceggctggccageatgeccgociggag
gegggacctocigeggaagaageigeangaagagagasagcagaagcgganagageay
gagegacagaagceaggaggagolgoggceggagaageaacagtcagagaagetgegga
cgceigpgctacgatgagageaageiggegecciggeagegacaggtcatecigaagaagy
gegacatcgctaagiactagaggcoegcagacicelgicogcagectcgeageicegiggeg
ccotoegoeccagececagecagecaggecciggtggaaagectagoagocgracagod
ctecectocigegetggaaacccicootigacccecacceiggeeccoegtatececagecott
ggcaacaciggagigeacacgoegecacggiigoccagaaaaagiacccaagetgeigac
gcaaacaacaacaaatgetgetiatitgeatgecgacttacatatatitgeatgticgtigactate
aaagagtecagagoticicoccagococgiggptogtgactttgtittoctgegggactcagec
ccotecaggatgcageccectececegeacecoggaacoggegtcgetggegeatectgg
gteggagecagaccecgagetcggogaagoootittcecticcictetgacecagatetgege
geggoctagecegggocteatiictiateccegecaagggtticctotcagteattigittaccag
aaacatgaaaacigectgiciggecgggecgeactigiggeccceggaaccecaccteigge
cocaceicecticaagictgegocoegiccocagecagacecactegotgocgggacecttic
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actgecoeggtggagtgaatagaggatgageooccctgaccetgigtctecaactgetgeac
cecateecgacecigtctocgoeacctegeagecccatiaaagegcicteaicigggoteegy
tteactca

YWHAQ

NM_006826.3

ttgggoggtegaccgoccetoggcecegggptaggctgacacgggagggicetoagotaa
agccaaaageagatcaaagiggigggactegegtcgeggocgeggagacgtgaagcicte
gaggcetecicoegetgegggicggcgeicgecetogetctecicgeoctocgecocggecee
goccecgegecegecatggagaagactgagetgalccagaaggecaagetggecgagea
ggcogagegetacgacgacatggecaccigeatgaaggcagtzaccgagcaggecgccs
agetgiccaacgaggagegraaccigetctecgtggectacaagaacgtggicgasggccg
caggtcegectggaggetcatetciageatcgageagaagaccgacacctocgacaagaagy
ttgcagcetgattaaggactatcggeagaasagtgagtccgagctigagatecatcigeaccac
ggtoctgoaatigtiggatanatatttaatagecaatgeaactaatccagagagtaaggtotict
atctgaaaatgaagggtgatiacticeggtaccitgotgaagtigogtotggtgatgatcgaaaa
caaacgatagataaticccaaggagctiaccaagaggcatitgatataagcaagaaagagatg
caacccacacaccoaatccgectggggctigetctaactitictgtatitiactatgagattctia
ataacccagagotigecigeacgetggctaaaacggetitigatgaggccatigetgaactiga
{acactgaatgaagacicatacaaagacageacceicateatgeagtigetiagagacaaccta
acacttiggacatcagacagigeaggagaagaatgtgatgeggcagaagggoctganaact
aaatccatacagggtgtcatcctictifccticaagaaaccitittacacatetecattectiaticea
ctiggatticctaiagcaaagaaacccaticatgtgtatggaatcaactgtitatagictiticacac
tgcagctttggeaaaacticattectigatitgtetiigtetiggecticciggigtgcagtactgct
etagaaaagiattaatagcttcatticatataaacataagtaacteccanacactiatgtagagga
ctaaaaatgtatciggtatitaagtaaictgaaccagticigcaagigactgigtitigtattacigt
gaaaataagaaaatgtagtiaattacaatitaaagagtaticcacataacticttaatitetacaite
ceicectiacteticggggotiicetticagtaageaacitiiceatgetctiaatglaticetititag
taggaatccggaagtattagatigaatggaaaagcactigocatcictgtetaggggicacaaa
ttgaaatggcetoectgtatcacatacggaggtctigtgtatetgiggcaacagggagtticctiatt
cactetitattigetgetgtitaagtigecaacctecectcccaataaaaaticacttacacciccty

cetttgtagtictggtaticactitactatgigatagaagtageatgttoctgccagaatacaagea

ttgotittggeaaatiaaagtecatgtcatttctiaatacactagaaaggggaaataaatianagta
cacaagiccaagtctaaaacttiagtacttitccatgeagattigtgeacatgtaagagggtatcc
agtttgictagtgattgtiatttagagagitggaccactatigigtgtigctaatcattgacigtagtc
ccaaaaaagectigigaaaatgtiatgocctalgtaacageagagtaacataaaataaaagtac
attttataaaccatitactatggettigiaacaatigeatacecatattttaagg aacaggigaatit
actactiictaaagtitattgatacticoctittatgtaaaatgtagtagtgatacctatatitccacatt
gtgcattgigacacactigtctagggatgectggaagtotataaaatiggactgcatticttaga
gtgttitactatagatcagicteatgggecateicttccicagatgtaaaigatatctggtiangtat
tatatggaataaagtggacatttiaaaactageaaagtiaaaaaanaaaaaaaaaaana

VPS37.

NM 00114515
21

£0agaggeEeceeagagCeCeCCeggEgecgggecacgCanglgacggegacecsy

glggtggagegetgggegaccaggetecciggetggecggtitggacgicigggeegtgaa
goteogaccicetgticegggccgeaagtitceciciccagecgecegeegticgtageatgt

ccoccagaactegggaagegraggeaggacaggotiagagaagacgcggicocoagogc
ttgggocacggacgicecaccecgetoctctgtcgetggagaaccgocgggcigagocact
gggagaagcaggccagagecticcagggociccggeocgiggaccogaggaggatgage
tggctititcccctgaccaagagegeetoctiectecgeggetgggtececeggtggccteace

agectecageageagaageagegectgategagtcectecggaactcacactccagattget
tectecacagtticctcaggaaaaaccagtgatcagigtitatccaccaatacgacatcactiaat
ggataaacaaggagtgtaigtiacctctecattagtaaacaatittacaatgcactcagaiciigy
aaaaattaticagagictgtiggaigagittiggaagaatcciceagititagetectacticaaca
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geatticctiatctatacagtaacceaagtgggatgicicettatgetictcagggtiticeatttott
cotecatatectecacaagaageaaacaggagtatcacttettiatetgtigetgacacigtitott
cticaacaacaagicataccacagccaagectgeogctccticattiggtgtcctitcaaatotge
cattacccaticccacagtggatgoticaatacegacaagccanaatggtttigg stacaagat
gccagaigtceotgatgoatticcagaacicteagaactaagtgigtcacaactcacagatatg
aatgaacaagaggagotatiactagaacagtiictgactitgectcaactaaaacaaattatiac
cgacaaagatgacttagtaaaaagtatigaggaactagcaagaaaaaatctiecttitggageee
agctiggaagecaaaagacaaacigtittagataagtatgaattactiacacagatgaagicca
ctiicgaanagaagatgcanaggoageatgaactiagtgagagetgtagigcaagtgcoctic
aggcaagatigaaagtagetecacatgaageigaggaagaatcigataatatigcagaagact
tottggagegaaagatggaaatagatgatitictcagtageticatgeaaaagagaacaatitg
ccactgtagaagagecaaggaagagaaacticagcaggegatageaatgeacagocaatit
catgctecactatagatiticeiggaaacatgaactgecangagaggaatggegacacasaace
aaacactgititatattiatggtitgcaaactggeatitcatcagtggetaaaticacagatatecta
tatagatigtatacagaactgagactgatitigtaccgatiagaatgattgetatgatettigagaa
atttttctgeactatitgcactgaaatgtttattiatigtigataaattgtatcatattiaagitocactg
ctgticctetiacctigattaaatgectatgcatgtacititagetagtititaatatittatasaacitc
atttaaatitgtatititaactigaagticcatticttiatcaaggatggtatitagatitititcctctiaa
cottttitcaaaaactattttcaactgigaggaaacecttatittictitctitgiggatanaactticaa
aagcaatttaagatattcatagigtiaggaaacaccaaacctgectatgtgocatcicacaanag
aaacttitaatacctacaataaatcaaaagaataaaccagceigticttatatattgtticatititaaa
actaaagatgcatttaagaageaatacaagtaaatattitacctaataggaaaaaaaaaagtige
cittcattianaccattccaacagaaatictiatgctaatitaaaacatatatatatctggtagatity
tgottogatagoittictaaaticctaatgtiagasacaatctitatgttaatatacactaaatetata
cacasaaaaagicagigaactiitetgacctttacigtgagitaccititecctaagaggaaageta,
tagtaatangtaaaatttaatititaggcaatccigattittaatgaatitaatigagtgtictigtatac
tacattgagcagttigctictataccgtgtcacaaaaticatgtatttctigagaagccctaaaage
tcataaaggaaaatgccgtgaactaigtagctcaggctiggtaaggtgccatctaaatiacaaa
acaaactaatgcataatttigcttaaatiicateccagtatgatigtetteccaacaccageatata
gtatagatigtctgtctittttatatitittagticticctgtacatgtittiggcaataaagitataggaa
gaacaaaattatittgitagaattaaaacatgctiaatatitagicigittgtggaggocaggtatic
acgiggactgagatacaatgitggatacagaaaataactiicatigicticctgacacigigetaa
ggacatgcigtiaaageticaaagigaccagatgaggaaggaataattaattattactcetgattt
gtagataactgaggtaagagtotiiCaaattiaigatagictitiggptaticagaaacctitecita
tactgcactggeoaccagagettaattttcecageagtiacageaatgggagatagaacagict
caatcttitgecaaccatcaggticctagaaaccaggtaggtgtatcccataacaagggagea
geataccacagecccicatitgatiaaticatttgatetatctatgtiattaagtacctactaggaat
aaggcattgtgoaaatactatacaaagataaacatigtttagatgcttaictactticctiticacca
gaaaaacagaaaaaaaagaaacatiticttacagagtaaaaatgtictacataatcacatgagta
gticatctcagtgtiititatictitanagitgaactatcecagtitcatictataccaticattggataa
cotigttacaacceagicatgaaacagagcagtgtgatcagitatetgeatitaacaaatagaca
aatcagtttacatagaggitatgtatgtcacccacgatgaanagaateigeatiigaatatgeceg
tatgaatgtgggtictgititigcaacagagatiaagigaccattittictaatttiatggctatatatit
tcttcataaaaatiggtcacateggagaageagtgecacaggaaaaatgaaatgeaigtgaaa
gtitgtattcigattittacaagatgagatagaaatcagaatiaaagaggaatactiaggagttact
aggctaatcagigtacgaattigtcataggtagagatttaaaggtiaatatcitanaatagaagan
aattctaaatcaatcaatcagigagatataaactaaacagacecacticaaagiigaaagaaatt
{ctaggeataaatigagactaggaaatitataicagaatagagggigctigacacatatatatget
taaatigaaggacagetcagaticatititaggagaagaaagtaaactaatgtgctetianagaa
taaaaattiattctatggtitotgictcteatcatcaccticcattctataaaaagcetcagtiacigatt
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tgcigggteatggtcaaaaticttacciatttatitcataicaactitaaaanatasatiactigeatt
ctatatatiactaatiggzaagtaataigectcaaatcagtiitatactggattaitccctatgeitta
aaccactgctcicaataaaacacttccigatiaatgitigattattagatattitagicitgitgggoa
tattttagictigttgggitagecatgotctgaagaatcigigaaagtacagtaaagitttaataag
caataaatgtaaccttitatataaatcteagtgctagettaactictaataageagacgaacatgtt
acataaattataatgtctgictiglaananagtigageaoactaaaagtitatgacicigatatsg
aagtigtcatattaaaaaactacatittaaaacatcaaatattiatactatitgetiticaaataaaag
catagtgcigtitggeata

PRRC2
B

NM_013318.3

geagatcggoageggtgcegagaaaaatticctiactagatgacatticatcgcaatgtocgat
cgtttggoocaaattaccaagggeaageateosanaagcaagtactegactcicageotgtit
gataagtatanaggaaaatcagtagacgegattagatectcagttaticctagacatggetiaca
gagtctigggaaagitactgcageccggegeatgecaccgectgeaaaccigecaagetiga
agictgaaaacaaaggaaacgaccecaacatcgigatagtacccaaggacgggacgggat
gggcazacaageaggatcageaagacceaaagagticeagigegacggectetcageege
cggagtcgctgccgcagecgggtitgcagaaatotgtciccaatttgeagaaaccgacacagt
caatcagtcaggagaatacanaticagigecaggtggaccaaagtcatgggoacageigaat
geaaagccagtaggacacgaaggtaatitaagoooctcaagecgacigtiatecticietoce
gaggaatticcgacgceigaaageagetggaggacaggacaaggetggcaaagaasageg
cgicttagatctgtegtatgggocaggaccaagocicegecctcagaatgtgacaagetgga
gegaggocggigorcoacacataatiictgecacgicicigageacctccccaactgagety
gocagoaggaactcgagtacgggagatggagecceciceicggeatgtaccagegaticta
aggaccectetetecgeccggetcagectgtccgaaaagggecticacagttcatgggaaat
gtataccacccacctacataccatgacatgeticctgettitatgtaticgccgaagtcaicagaa
aaccagggtacagiggaacgaggctctittccectticcteagetecgoectigaacctegagtic
ctittagacagticcagatgaatgaccaagacggaaaagaaaacaggeiggaatigtcicgec
cactcegeccactaaggeagetggtggagegggcaccacggeecaccatiatcaatgegga
aaacctgaaggecctigacgateiggacgecgatgecgatgatggctggocaggoctecat
gaagaagteoactaitctgagaaactgaagttcagligatgatgaagagoagoaagaastiot
gaaggacggcaggecanagiggaacagtiggoacoctaggaggcagoegacagttgtoaat
gagcetetgeagacagtgeggacgetiaageggacicgagaggaagggaagaactogocty
aagcagtgegigegteccgigiggtccganaggogecagacocicagecaccgeccagaa
agctteatggciggpoaccaggeccigactaccagaagtoatcaatgggecageatgitcegy
caacagiccatcgaggacaaggaggoacaagecccoaccaaggeagaagticaticagticag
agalglecgaggegglggagegagreegaangegeggagaagaggageoccgage
cegggaggagagoctggcegectgigeigecaaactcaageageiggaccagaagiatian
graggeacgaaaggoaggigaggeccggaageaggcagagaaggaagtgccctggiote
caagtgctgagaaggcatciccocaggaaaacggecctgetgiccacaaaggoteeccaga
attcecigeccaagagacceccaccacaticccagaagaggoacccacagigiceecagea
gtgocacagagcaacageagigageaagagoocagagagectgoeicccotgeacagga
gticaagiatcagaagtocctiocteocegaticeagogecageageageaacaacageagg
ageageigtacaagatgeagceactggeageeggigtacceeccgocgicoracceecagey
cacctittacccacaccacceccagatgttgggcticgateccaggiggaigatgatgecticet
acatggacccacgtatcacgeccacteggaccecggitggactictacecctecgecctgeate
cctcaggactgatgaageccatgatgecccaggagtocctcaatgggacaggctgiogeict
gaggatcagaactgigtgcoeccoactocaagaaagaaaagtgacceccatcgactcacece
clgtgtogagcccagagggctacatggeactgeagageaagggetaccegeteccgeacce
gaagtcgagtgacacctiggctatggacatgegtgtcaggaatgaaagetctitetetgecica
cicggaagggcagaggacgiaagigeicagegegatetcttigaggagagaggggaggag
tacttgagtocttiigacaagaaggoccaageagactitgacagetgtatctetictcaaagaat
aggccaggagcttiigtitccaccecaagaaaatgticaggatgcaggtocteciggggatca
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cacccaaaaccicaggtgticeecatiggagectgactitgicecagatgagaaaaagoecaga
gigtggoagtigggatgitagecaccagecagagaccgetgacacageocatggigtigage
gggagacaccecgggaggggacggcctitaacatciccioctzggacaagaacgggagee
coaacaaacagcecatecteggagcctgaatggacteccgagecceggagetccageagec
agcacoeggageagacgggcaggacceggaggicgegacccatcaagaaaccagtoctg
aaagecotcaaggtogaagacaaggagaageascitgagaagatiaagcaggagctageg
gaggaragtacccggclggrtaiggagaaggagcagageectacggragananggaty
aggacgaagagaacgatgeciciciggecaacteciccaceaccactitggaggacasagg
coctggecatgecactitiggecgegaggecaccaaattigaagaggaggagaaaccigaca
aggccetgggaagcecagacocccacgagagiceagogatgticcececatgaagagaaataa
ciggatctitatigatgaggagcaagcotitggggicagageacaggecoggssocsgegc
cgtggtticagagagttcactiticgiggtcggectgctggegganatgggagcgoccicigiy
gtggegoostecigggooccegeageatetactgcageagicagegeageggecgigace
ggggccigegagagtitgegcggecagaggactaceccagagecaageccegacszaga
gttgccagtgagacccatagegagggctcagagiatgaagaacticccaagegiegiegsge
agagggectecgagaacgegaatgaaggctogeicciggagagggaggagagcacctty
aagaagggcgactgcagagatictiggcggtocaacaaggggtocicigaggaccacage
ggtctagatgccaagagecegaggecotegggectitggacgagecctecctececggetga
geaattgegggtatggacggagaaccticgtctecaaagagicaceccactggeagagoaaa
agtccaggcagotcitggeaggaatatggeccticegacacatgeggaicoeggegacciac
agacagagactatgtcecagaticctacagacaccceigacgeatitggtggecgggacttizga
ggacageegogegeaggacaagagatecticticcaagatgaacacgtegeagaticigaa
aatgeagagaaccggoccticaggagaaggegeococcacgecaagataagococetega
ticeggegectceggeaagagegggagiecctgeaccigigggoacecgageaggagoc
ceacctgetggeaggtcagiggecaggcaggoccaaacigigiticiggggacaagagigac
actgtgagoegeaggicoectgagetcicctaccagaaciceicegatcacgocaatgagga
etgggagacggootccgaaagcagegacticagegagesgosgsagesecsEsaagec
cotgggteegagecegacteccaggiggatggigaoctgicggggactagitiggatoagsa
agaaggagctiggccaagaggagctictecagtcagagaccegigatigacagacagagoc
gaaagctggascegggagastiteoooaraagcecgtiaggecaggtggtegtoacacct
cocctegetatgagagecaacagaatgggacgectiigasagigaaaagatecccagacga
ggcctigeciggagetetiagiggcetgcageagtgggagiggccactocceciatgeocigy
agcgggeageccatgecagtgctgaccticccgaagecicoagiaaaaaggoagagaagyg
aggccaagtiggotectccgagggcaggtgaacagggagaggocatgaaacagitigacct
gaactatggaagigecateatigaaaatigegggtccageoccggggaggagagtgagoty
goticiatggiggocgaagecticatcgaagtcctgaccaagaageagoegeegectgctgga
goaggagagaagaaagaaggageaggccgigcaggiocctgtcaaaggicgaggoctiic
cteccgtaticctoctegatitgcaaaaaageagaacaactiaigictggagcaaggtgacgte
accgtgectggeageagoctgggcactgagatetggeagagcagcageraggetctecctg
tgcaggcoccagecaacgacicotggaggaaagetgtcacigoecticagcageacegagac
tggctctocgoagoaggatitiaagagcagceagggagatagiggegtigactigagtgceg
agtctegggagtegtctecgacciccicgeagegeagetceccatatgggactctgaageea
gaggagatgagcggececggeciggeggaacceaaggecgacagecacanggageagg
ctccaaagecatctgagcagaaggaticagaacaaggetciggacagagoaaggageaca
gaccaggacccaicggeaacgagogtictetgaaaaacagaaaggectcggagoesucc
gagcggctgcaaggooctgtogteccgectgttaacggggtpoagaticacgiggacicogt
gotgectgigocacccattgaatitggagtcagticcaaaagactoegatticagetigocacet
gotictgecictggtectactgggagtecagitgtitaaacticaggatgectiggecagtaatge
agggttaacacagagtaiceccatccigeggegggaccatcacatccagagggecateggic

toteeccaatgicoticcecacogeogaccttactetgaagatggagtctgegegeaaggetig
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ggaaaacicceecagtiigecggageagageiciccaggeggegetggceicaggcatecag
cotecatectotgigggtecctecageggggtcaactacagetociticgategagtotocatge
cacceatgectgtggcctetgtageacctictgettctatgecaggeagecacetecogeoedct
gtacctggatggccatgtgtitgeaagicagecocggctggticcicaaacgataccicagea
gcagagttaccaacaggecgcecgctgcceageagateccgatcteccticacacatcictgea
ggcacaagctcagctiggactgaggooigoocticcigtgicecagicccaggagaictica
getectigeageoctticagateicaggtetacatgeaceccagectgteacegeocageacca
tgatectetetgggggcacagectigaagocticeatactcggegticecaggeatgeagooct
tggagatggigaageegeagictggeteacectaccageccatgagoegggaaccaagecct
gotetacgagggoccageicagocaggcetgeiggoctgggigecicecagatgtiggactece
agcteccacagetgaccatgecacigeetoggtacggctecgggeageagecactgatectg
ccocagictattcagotgecacctgggcagagecictocgitgggoceccecgaaggaticot
cegecegggtcecagecgecagteetigaacaccageagagagecectetcagatggagaly
aaaggcticcacttigecgacagtaaacagaatgteccticaggaggecoegigecategoca
cagacctacaggectageictgctagecceagigggaageccictggatcageagitaacat
gogoteigtgcagggacactacgigcaacaggeaaaacaacgagiggatgagaaacocag
octgggageogtgaagetgeaggagoococcicggctigectcocagatgaagegaaccgg
agegatcaagoctcggectetcaaagiggageagagtaagooctgacagtacctgectgce
acctegectetecctactgaggacggigcegecatgeggectegacacageegacaciogs
gageetcaccagatecaccgiccaaatgegtggeccagacigagagaccicectecteicea
cicoegaaagetecgtigicaaccagettgracecgtggatatatggoatigaccogettgetit
gatacgaaacaaaaaageagacgaciccticaicceatetgetectaccgigactgiggagty
acgeetectgtgeagtgcagatttgecctecetgectecteectgtoctigecgoegeagecagyg
gegoctictcageagigetteeggoccagecgeccateectaggeacagtgatitggeagea
ggptcattitactitgaggctittigttitaaaatgtagecaaggtittiacaaaggggaanggaaa
agaaaacaaaaacgcaagctccatgigtatagetgaactittatatgtitctigecagecoeicc
gcteccticcatetctagecicigicetgtttagtitgatacgteactgoagtacctiaagaggotsa
cicttaagaatgcatcooctectgaticotcageiggticacectigaggtiatitgcaaaaagaa
aaggagotictigaggocaccgatigegageatictggtgoctggetcoccgectgggaage
gatgggglecicagagrageaggeaggtiggeggagogesgsagicatagtiggaitcca
aotectggotigatgageccagggcegetiacaggeagoccatgaagtigatgacagtittage
atgagaatcacacagggtcccigtecigggctectciaaagecagtggatgigctgggcace
agagacaaatcatggagatggcigciggtiggcicoccaggtiggeecagatgggstoagely
acataccacaggeecatcccaggececgigggoteigetictggaociceatacectgeoctg
caggggtoctgigtitticacacatiictitcectgaagectictgtaacetgicattticcttoctic
cicttceggagectgetgotitctetggaccigtetccaccicecacacagetcategigaacac
cactiggtgatggagggagiggaccegtgigtggiceccaagigaggecactgggagttigt
cottttcctectitgeticacteccageageagacceaggtigicaggacaggagggacctgag
ctaageaglaggcatcagtetegttigicticagacggoggggacaggiccagggigagoct
gegtogageoctoaccaaggicoaaaggeccigegeagecicogggagggcagelictee
agecagaggottatgteagecategigtectggoctigtititaagtaagaaacaaggaaatcea
ciecagatteigicaticcaaggaaagggaagoooacagitcagatitcteagetgticttagy
gatcactgagegtetacctccicetecagaggaggeliggeicagaacacctagaggaggeg
geeggggatgcacococcaccagaggetgocticagegtetcacgggtgcaggacagege
tcaggctiggpotciaageictgtgictagigtagaacatggggaaggagcatctiaggaacty
ctgaagtaactictiactgetctcacaatictaaggaageggaagaacggcctcctaccaacag
cgeccaccocagagetgoctgggaaaggoocagitttactgaaagetsctitactgticacelg
catctitcageagetececetectgecctcacciggtetittcoctetitatcecaagectttatgctt
gagtcccticcecaggggcetgeccaccegacagticcaggcaticectacctgagettctigic
tgctittecttctoccactgeaageggetgetigtzgegccigggatgagcecictctigicecca
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ceggecetecttgecaagecaticetgggtgagticaggecigegggagecacacatteatct
coacctggacactigagocgeatggecagacoccteccacetgatgogategtgogigigat
ttgicaaaagaaagcectictggatgcigtiaagatgiaceoticaggtgaacciggtatcagace
cacagtactigcigtitgagaaaaaataaaaacaaaaaggicacctgticiccagocatitictot
tacctggtatticeticctitcicctcccecacoccaaataaaaaaacaaaaaacactagaatttat
ttatatgtattgatgitgtageictagatoaaaaaaaaagaagtaaatgiticactgcictatitata
tataatgteigaatiaatictgtgcaggaaageccaggaaatigeatgtgaagticgoigcagic
accaccigtgtgteacctgagetigeagtcteticgeigagatgeaggtittaaatgagactiggs
pggotgagggcaggoecticaggecteccagegececaaccoctectiggtctaatgaaatgea
eticttagtgcagagatgtitiaaggtgcaatatatcteticetticcegtggttitagagecaagcet
caaggtagtaggacgtagggtettatitigtittcaaaccoccatecicagagegeagatacatg
cagaggctictgecaggataccacgggaccetiagigggaacaggtegagaccagoactice
ctitcctgetgetgaggtagggatiggoeootcagaacccactcactitigectgitaaagtige
cetectgacgetggcageictgectiggteaciggggatgeggetegtigetcagecaccagt
gecctigeggtatigtccaccatccactagagtgggatgaagtccagagigtggetatacaict
cagatgeecatctacccactggggacticaatgocagcetgcatiiggtttegtiticttaactetie
getictecccacagegtitttigtitititttaaacaticatatigttitcaaactigeaaticatagaca
cictggetctaggticctiaaggpooaaaacaaaagatgactitatttcacaticaagaaaatca
gttcagiiccaaagetgtggtecttccagecacttctagggacactggggaacctigttaaacgt
tgacatcagtgcteiccagecgtactgicaccotoctaictictggateigecticgegatggica
gteacagettctggaagctgageacacacaggigeacagecatgeigiggtetggoctgota
cggeageatggcagetetggtggagectictecctigecatttggticcecigigecaagtage
tgcaggctgcoccicaaatciteattigtcocttticacticctgeagaacaagectgggttagag
gotctgetggaaatggoctiigaagaccaaggataccaggatgtatocactetgtogigtictg
tgatgaatgggaaacgtaggcticecagaasagecagetetcticigaaatgigacgeacctaag
caggaagicalccaggacaggagtggctcagigtiggsoatggacgetgicgeccagecat
gctccaccaggegccacoaatgtgtagitggciggtogicticgggoatgigagacctgcictic
actgtticcaccocactiggtggeciceaggatgatagigseacccicagagececatcticag
catgtictgaagectcagagtggaaaticctgetaaggeictgigiggacgoctitetococgiga
totaaagggeacacigtactcaagetittgaccteatgectigigtagtaaaaaaggatitoge
atittgtttggitccigagagggitgtotittgtttitgticcttttgittatgtittggcctticcicttig
ictticcatgtagaccagatatitgaaagggocagacgaiggciagaggtgtaatgtgcagotigt
ttatacggtattitgegaaacttacctiggategoaaaicgaategtiggaticaccaggeoggte
ctggcacactcacccicgecctticeciceggticagtacetattgitictectitcanatatgigat
tgtactagcictitecatatgaaagaatictectiatttaaataaaaanagtitaaaan

tcccacagigectagoccagaagectigetaaatattigaacaggattgcecaatactiticteet | 4
gtgagaatgtaagatggatccagaagagcaggagctctiaaatgatiacagatacagaagcta
cicticagteattgaaaaggcitigagaaatitigagtccicgagtgaatgggcggatcicatatc
ttcactiggcaaactcaacaaggoetcticagagtaacctgagatactectigtigecaagacgy
ctecteatcageaaaagattagetcagtgitigeaceotgecotgoeccagtiggigiceacttaaa
agetetggaaacctacgagattatctttanaatcgiggggaccaaatggetiggecaaggactt
gtiictgtacagcetgegggtiatiteccictoctggeacacgegacggtgicggigagoccogly
NM 0051283 | ctgctcaccctgtacgagaagtacticeteccactgeagaageigetcetgeccagicigeag
gocticategtggacctgetgeceggectigaagaggooctcogagatetecgacagaacgy
atgcictgetectgagacigtegeiggtagtiggcaaagaggtottttacaccgoccicigggy
gagcgtectggecagecegtoecalcegectocctgecteagiciicgtggtogoccacatcaa
cagggatgeecceggecgggageagaagiacatgetggggaccaatcaccaactcacggt
gaagtctttgegigecteccigtiggactcaaatgtictigigoaaagaaataatctggaaategt
tetgtttttcticccatittatacetgictggaticcaatgagagagecatcecectecicagaicty
acatcgigegeattcicicageogecacceagaccetacigagaagggacatgtoccigaac
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agaagactgtatgcatggtiactaggetcagacataaaaggaaatacegiigigecagaatet
gaaaicicaaattctiatgaagaccagtcgictiattititigaaaaatacticcaaggatetitiagit
gagggitigocigagatatigcatcagaagticatagatgcigacgiggaggaacgecatcat
geatacctgaagoctificgegicetcatcagictgetigacaagecagaaatagggcctcaag
tgottgpoaatitottictcgaagicatcagggoctittatcitactgeagagatgecetiggcic
tgatctianactiagetacacecagagiggaaaticgcligataagipcaatcaaggaaaacaga
aatgectetgagatigtcaaaacggtaaatitectgataacttctetaageacagactitetetgg
gattatatgacaaggtettitegageaatectitagaccagigaagcagegttacagegteagga
acagegtcagecctecceccacggtcieggagetcigegocctectggicticctgetggatg
tcattectttggaactttactcigagetpcaaacccagtatcicectcaggtgctogaoigocty
gtecagecictigotgaggacatggaggcctiaagtitacctgaactcacgcatgectigaaga
cgtgtttcaaggtocicagcaaagiccagatgeotecticotaccicgacacggagiccacca
geggaacciegagtecagiaaaaggtgaaaacggcaaaataatitiggaasacaaaggeagig
attcecggtgacgaagatgeticgiticceectetgaagicigaggacagiggeategggctc
agtgccicgicaccggagcetctctgageactigaggsticctcgagitictciggaaagggac
gacgtitggaagaagggceggageatgcagaggacetitcttigeatccaagagcetaatege
caactitgecageaagaacattttiggagtacagotgacagegicaggagaagaaagcaagt
cogaggagectgeagggaagagegacagggeatggoacgeagagectggeagecaatgat
tccageaggaagaacictigggagcccaagoccatcactigtgecteagticaageagatget
gtcagactigticacageacgagggictccaticaagacaaaaagitcagagteaccategict
togeecageageocigecaggaaaaacggeggagaatggpatptigagaaggtgetcatty
acctggggogsticcagggaggaacgcagggaggcctiigeegecgectgecacetgetget
ggattgtoccactiteccigictacotgiccgaggaagagaccgageagetcigigeaacgct
cttccagetgecaggagecggteaticeagitttecatettggctgaagicoctcatgactatiiy
clgetgtgtgacigacigotlacctecagaacgiggecatticeactictgetiggaagteataaac
cattcccagtecctggogetigteattgaagacaagatgaaacgetataagageictggacac
aaccctittitiggcaagotgoagatggtsacggttcctoccatigeiccagggatatigaaagt
cattgcagagaaaacagatitctatcagaggetggotcgtgigettiggaatcagetgaacaaa
gagacccgggageateacgtcaccigegtagaatigtictaccggotgeactgectggeocet
acggccaacatctgegaggacatcatetgecatgecctectggaccctgacaagggaacaa
pectggaagetetgtitagatittcegtgatetggcatcigacaagagagatccaaggeagicy
agtaacatctcacaatcgetcctiigataggicctigtitgicgtoctggacagoctggectgea
cggatgotgccatcggigeggcagoecagggetgactogtigogigegeicicoctcgggga
cgtggactegeatecicgaaccegtgctectgetgeigcigeagecaaaaacecagagaacct
ceatccactgectcaageaggagaacteggecgatgactigeacogtiggtitaacaggaag
aaaacctetitcagagaggceaigegeagtgecegagectcaggagageggeteigaagage
accigecictgagocagticaccacagtggacegigaagecatttgggccgaagiggagaag
gageccgagaaglaccegetgogaggegagcetgagogaggaagagcigocctactacgtg
gagcttccagacaggacggeccacggogeecoggacageagegageacaccgagictge
agatacaagotcctgecacacggacagegagaacacgtoctocticicotococticecacga
cotgeaggagetgageaacgaagagaactgctgigeacceateccealgggeegcagg o
gtaccccaagegeicggecctgetggegeocticcagicagaaageticaaggetggggoe
aagtiaagectggigegggiggacicggacaagacgeaggctictigagicgtictccagega
cgageaggeggactiggagciccaggocctcaccacatccaggotgetaaagcageages
ggaaaggcaggageceglicgaggccitgitcaageacatectgetetaccigeagecctacg
acteteggegggtecictatgecticteggtgctggagecigtgcicaaaaccaaccciaagg
aattcatcgaggotgigiccaggactageatggataccagetecaccgegeaccteaaccica
{ctecaacctectegetegecaccaggaggeccteatiggecagagttictacggaaagetee
agacceaggtccccaacgigtgeceecacicictgetcctggagetgeicacctaccictgect
gagcticetgegeicotactacectigotatiigaaggtctegcacogagacaticteggoaacc
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gegacgigeaggtcasaagigicgaggtitigatcaggataatgatgcagetggictcagigy
coaagteticggaagggaagaacgtggagitcatecacagetigotgeagagatigcaaagit
caggagttigtccigeictecctgicggogtocatgtacacgagecagaagegetacgggoty
goeaccgocoaccacggeagggcoctgecagaggacagacictitgaggagagictcatta
acttgggtcaggaccagatciggagigagcaccegetgeagatigagotgotgaagotgoty
caggtgctgatigtctiggaacaccaccigggiogggoceatgaggagecaaanaaccage
cegacctgtecegggagtagcagagageectgaacticcageaggecatcagegeectgea
gtacgtgcageeccaceoccteaccicecagggtoticiggtotetgeggtegteagosatol
gragoccgectacggtiacggeatgeatccggectgggtgagcetiggtcacgeaticetiges
ctacticggaaagiccetgggctggacggteacacccttigtigtccagatitgeaaaaactiy
gatgactiggicaagcagtatgaaagegaatctgigaagetctcigicageacaacctccaag
agggaaaacatitctecagatiatccacicacoctictagaaggictaacgaccattagtcatttit
gtettitggaacaagecaaccaaaacaaaaagaccatggetgeaggteatectgecaactiga
gzaatgecagaaatgecattiiggaagagetgectogaactgttaacaccatggeccticicty
gaaigtictcagaaaggaggagactcaaaagagaccigicgaicicctagggaccacgaag
goatcctoticcgtttacttiaaaaccaccaaaaccataagacasaaaattttagacticttaaac
cccttgacggeocatctigggoticagtigacageggoigtigcggcagigiggagcagaan
gaaagcccagegtcacagtaagatgaagattatcecaacggeaagigeateceagetaacce
tigtegactiggigtatocactcageaccetgeagactgacacgeigetgeacciggigaagg
aggtegtgaagaggccaccecaagicaaaggggatgatgagaaategecectagtggacat
toectgtgttgoagtitigetatgettticiceaaaggcteccagtaccagectigeaagagaactit
{cttcactgtigggagtatigaaagagictgtacagtigaatetagecccaccigggtattitoty
clictcageatgeigaatgacttigtaacaagaacicocaacctggaaaacaagaaggaccaa
aaagacctgeaggaaatcactcagaaaatectagaagetgigggoaacatigecggoetetice
ttggagcagaccagotggotasgeagasaccliggaagtgaagecccaacctcaggectotet
agaagaatctgatgctgaggaggacctgtatgatgetgetgeageticagcaatggtgtcitca
tcogecccgtoggigtacagegtecaageecicictetectggeagaggtactggcticecic
ciggacatggtitatcgaagigatgagaaggagaaagotgigeogttaatcicocgictgetita
clatgtttttecatactiacgcaaccacagtgectacaatgetcocageticogggotiggegeic
agctgcigagetecctgagtggotatgectacacanagegageotggaggaaggaggtect
ggagcetgtitcicgaceecgcettictitcagatggatacticctgigticatiggaagiccatiattg
accatctitigactcatgagaaaacaatgtitaaggatitaatgaacatgcagageagtictitaa
aactatictcaagtittigaacagaaagecatgetgtiaaagegecaggcititgctgicticagte
gagaactigatcaataccacetitaccitccactgatacaagaacgectgacagacaatcicag
agttgeacagacaticcatagtigeigetcagatgtttottttticagagttttgctgctaagaatat
cicetcaacattigacticattgigeceaataatggtctetgaatigattcagacaticacacaget
tgaagaagatctaaaagatgaagatgagicatigagaagraccaacaaagtaaacagaacga
aagtttcagicceggatgeaaatggacccicagigggggagatacccoagagtgaactoatet
{gtatitatcagcettgeaaatictiggacacagegctitettitccaccigacaagatgceattatit
caaatttatagetooocatttaticcagaagiggacacagagggoccigocticotgicggatg
tagaggagaatcaccaagaatgcaaaccecacactgtcaggatictagaactictaaaatiaaa
gtitggoeaaatcagiagetcigatgagatcaccatgaagagigaaticoegeticigegecaa
caticigtitccagoatcaggeagtigatgceaticticatgactctaaatggtgcatitaagacce
agagacagcigectgetgatageccaggaactccaticiiggaciticetgicacagatagece
aaggatcttaaaacaactggaagaatgcatcgaatatgatittciggaacatccagaatgtiaac
catgtgagagagaatatgittaatccatgtatiggtactitactgaaaaccaggitatatictaaag
aagaaagaaggocaggatagtocititgaacaagectatticcatitigaaagtagatticaggct
aggtocggtogcicacaccigtaatctcageactitgggaggccaaggcaggeagateactt
gaggicaggagticgagaccagedtgaccaacatggigagaccatgticiciactaaaaataca
aaaattagctgggistogtopegaceccigtaatcccagetactigggaggctaaggeaiga
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gaatigctigaacceaggaggiggagactgeagigagecgagalcacgacacigeacteea
goigtgtzacagaatgagaccaictceaaanaaaaaaaaaagtagatticagataatiiactgit
cagcaacaggacacacctecctaaatgoctigtantatatitgaatctgatictagatiteticcic
aatttaigtaatgaaaataaaattaatataicatctaacagtagcacaaaatitgtaatatgaagta
aagtatgaagataatgaagaagttgtitictitgticaagcagttatatgegtcttictcagtatattt
cictiticictanaagtttanactiatiaaaagaatgiiatttitascctitcaaanaanaaan

NDUFB
i1

NM_019056.6

getcigaocggocceggegatiggtcaccgecegetaggagacagecctggectcctotga
ttggcaagegetggcracciccecacacceciigegaacgetoccoctagiggagaaaagga
gtagctattagecaaticggoagggecogctitttagaagcitgatitectitgaagatgaaaga
ctageggaagctcigectctticcecagigggegagggaactcgggacgatiggoigggaa
cigtatccacccaaatgtcaccgatticticetatgeaggaaateagcagacccatcaataaga
aatttcteagectggecgaaaatggtiggecceacgaagecacgacaactggaggeaaaga
gggtigetcaacgeeccgectcatiggaaaaccaaatcagatcigggacotatatagegigge
ggaggcggeecgatgatigicgegetogeacecactgeagetgcgeacagicgoattictite
ccogeocetgagaccotgeagoaccaictgteatggegactogacigtitpgtitgagcgcic
geegtctittggegocageggegacgegagggctoccggecgeccgegicegeigggaat
clagetictecaggacigtagteogeocegiocgotgiggeggoaaaggoeecccagaace
gaccacaccgiggeaagaggacceagaaccegaggacgaaaactigtalgagaagaacee
agactcccatggitatgacaaggaccecgtiitggacgtetgaaacatgegactigtetictictt
tggegtctccatcatectggtectiggeagcacctitgtggectatetgectgactacaggiaca
cagggtgtccaagagegigggatgggatgaaagagiggticcegocgegaagetigagagsc
{tgtgaaataccgagaggccaatggecticccaicatggaatecaactgcticgaceccagea
agatecagcetigecagaggatgagtgaccagtigetaagigggoctcaagaagoaccgoctic
cecacceectgectgecatictgaccteitcteagageacciaatiaaaggggctgaaagicty
aaaaaaaaaaaaaa

44

ND4

NC (129201

atgctaaaactaatcgicccaacaattatattactaccactgacatgactiiccaaaaaacacata
atttgaatcaacacaaccacccacagectaatiatiageatcatcecictactatitittaaccaaa
teaacaacaacctatitageigticoccaaccititectecgacecectaacaaceececicetaa
tactaactaccigactectaceocteacaateatggeaagecaacgecacttaiccagtgaace
actatcacgaaaaaaactctaccictctatactaatctecctacaaatctocttaatiataacattca
cagccacagaactaatcatatttiatateticitcgaaaccacacttaiccccacctiggetaicat
caccegatgagocaaccagecagaacgectigaacgeaggcacatacticctattctacacce
tagtaggcicecttceoctactcatcgeactaatttacactcacaacaccetaggetcactaaac
atictactactcacicicactgeccaagaaciatcaaactectigagecaacaactiaatatgacta
getiacacaatagetittatagtasagataccictitacggaciccactiatgactecctaaagee
catgicgaagoooceategetgggicaatagtactigecgeagtactettaaaactaggeggct
atggtataatacgoctcacacteaticicaacceectgacaaaacacatagectaccecticott
gtactatccctatgaggoataatiataacaagetocatcigectacgacaaacagacctaaaatc
gcteattgeatacicttcaatcagecacatagecctegtagtaacageeaticteatecaaacce
cotgaagettcaccggegeagicatictcataategeccacgggettacatecteattactatict
gectageaaactcaaactacgaacgeactcacagtegeatcataatecictcteaaggactica
aacttactcocactaatagetttttgatgactictageaagectegetaaccicgecttaccecee
actattaacctactgggagaacicictgtgotagtaaccacgticiccigatcaaatatcacictc
ctacttacaggacicaacatactagicacagceoctatacicoctctacatatitaccacaacaca
atgggpotcactcacccaccacattaacaacataaaaccoicaticacacgagaaaacaccet
catgttcatacacctateccecatictectectateecteaacceegacatcatiacegggitttes
tctt

45

MORFS
1]

NM_00126560
3.1

cggeglaccclggaaegegesagogcagggacgegtacgeggogggoigicgtizget
goascageggcigeacggetegcggtoctgigagotctgcggocgciggeaaatocggoc
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caggatgtagagctggoagigectgacggegegtcigacgeggagtigogtgoootagag
agtaggggacegtagtcggappiogiogoagaageaggagacegcgaatcactiatasat
ggcgocgaageaggacccgaagectaaaticcaggaggitggeatgaatgggitccggag
agcagagtactcaaatacgtggacaccaatitgcagaaacagegagaaciicaaaaagecaa
tcaggagcagtatgragaggggaagatgagaggagcigcoecaggaaagaagacaictg
gtctgeaacagaaaaatgtigaagtgasaacgaanaagaacaaacagaaaacacciggaaa
tggagatgeiggcagtaccagigagaccectcagectectoggaagaaaaggacecgggta
gatcctactgtigaanatgageaaacaticatgaacagagtigaagitaaagtaaagaticcty
aagagctaaaaccgtggottgitgatgactgggactiaatiaccaggeaaaaacagototittat
cticctgocaagaagaatgtpgattccatictigaggatiatgeaaattacaagaaatetogiog
aaacacagataataaggagtatecggttaatgaagtigiggragggataaaagaatacticaa
cgtaatgttggetacccagetactclataaatitgagagaccacagtatgcigaaaticiigeag
atcatccegatgeacccatgicecaggigtatggagegcecacateicctgagattattigtacy
aattggageaatgitggettatacacctctggatgagaagagectigetitatiacicaatiatctt
cacgatticciaaagiacciggcaaagaaticigeaacttigticagigecagegatiatgaagt
goctectoctgagtaccatcggaaagotgtetgagaggcacictoactcactiatgttiggatet
ccgtaaacacatitttgticttagictatcictigtacaaacgatgigcitigaagatgtiagigiata
acaattgatgtttgtitictetitgatittanacagagaaaaaataaaaggeootaatag Cicctttt
ticticittcittittttiticatticaaaatigeigecagtatiticaatgatggacaacagagggatat
getgtagagtotitiatigectagtigacaaagetgctttgaatgetggtggtictaticettigac
actacgeactittataatacatgitaatgctatatgacaaaatgcictgaticctagigocaaaggt
{caaticagtetatataactgaacacactcatecatitgtgctitigtitttittiatggtactiaaagta
aagageccatecttigeaagicatecatgtigtiactiaggeattttatctiggetcaaatigtigaa
gaatggteectigtitcatggtittigtattigtotetaatgcacgtittaacatgatagacgeaaty
cattgtotagctagttticiggaaaagicaatetiitaggaatigtitticagatcticaataaattiitt
cittagatitcanagaacaaaasaansasaaas

stagtctigacgigagctagciggeatgocogcctgeattgcagegegocactggociocan | 47

t=t=) (ot

tegocctaggecggagiticcaagecgecaggactetgetecececgeeggecictategee

tgeagggiccacgegggaccigiceggcageagageactggaccticegagoeceggigcg
ttecaaccgeegecgaaaccggicategiggacaageaccgecoecgiggaaccggaacge
aggtictigagtcotgaattcaticctcgaaggggaagaacagatccictgaaatiicaaataga
aagaaaagatatgitagaaaggagaaaagtactccacaticcagagtictatgtigoaagtatt
cttcgtgttactacageigaccoatatgecagtggaaaaatcagecagitictggegatitocat
{cagagatcaggaagageactigeagctaciticatectiaggaatgtialcgaaggacaagat
gtegagattigettigaactttataatectegggtecaggagaticaggtogtcaaatiagagaa
acggetggatgatagetigetatacttacgagatgeccticotgaatatageactitigatgigaa
tatgaagccagtagtacaagagectaaccaaaaagitcctgtiaatgageigaaagiaaaaaty
MRPLI NM 014763 3 aagcectaagocctggictaaacgetgggaacgiceaaatttiaatattanaggaatcagattiga
9 = {ctttgtitaactgaacageanatganagaagctcagaagtggaatcagecatggectigaatity

atatgatgagpoaatatgatacticasaaattgaagotgeantatgganggaaatigaagcgic
gaaaaggtctigatictgagaatgaattiggtiagitgcagaagatacatiggcictaagaggat
atattftgagaccaatttaatticattiataggaacatagtaatiaagtaaactaageaticattgtitt
attaatacttitttictaaaataaaactigtacaccagtitattactctaaaaagagaattacacatgc
caaatggaccaatgtccattigettatiggaggcaaagetacaatagaagtcagageatcacca
gaatgetcittaatgagcatgoaaccigagoaaaggaaatagatopoatoaatttiitititaatt
gtganacaattcataageacaatatgatitacagaataataaacattcatgtacccactatcaggt
taagaaatagaacatitatiaatatgtaggaatgitaagaaataaaacatttaataagatcteaga
agactceagtaaatcigeaatigtatctctetectitttanatgtaaatatcatcttgactigtiaatia
ttcectigeattictittagtttactgccaacacatataticticaacaatatatitaatitigaaaaace
tgaaaaaaaaaaccigttagcaagtataaaggggcagtattactattatigeatgaaggcitcaa
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gggaaacgtiacagictttgggtcatagictggeticagettecictgagagtitacagaggeca
attttgagcaaaticatggeinaggtiatgagtigagtictgetaaacagaaggcicaccacaag
gtatctggcaggatiatactgggtagciggatgtigcagaaatatggttagaggaagtaaactg
tittitgatgctoacagoatgatgaatcaaacicigtatcttaggattaggtiaaaacaatacottig
gtatgatatgagtgitgtigcigatccatgcageatggatiggaaagetigegotataageacac
atgctanagaaanacaigtaatitggtccatacteacctggatatacigticctcaggitanaaan
tacagtactatectaaatctigaaggcaactetcagectatecatigagttaccttcagatetgee
cletggticctagetgtictigggactaactictiicotgegotcagetgititctg gaticcatgitit
ceattitattgagtactaactigtitigetgcageacatectitggtagetictagaggaagittate
tggaggtaaaatitttgagacctigeatgictcatgttigatigatactttatacgtttaggtaggag
gtaattttccticaggactitaaaaatatigtigetccatttictitgtictatigtigtatigagaaate
caatgecattitgatitceccatcataaatttcatgatgatgigictigatptogootoetatattiatee
atigtatigggtittaggigaacccticcagatagtaacteatitetgtcagtictgggaaacactt
ageattggtigatgatitatictetgotgetitgitctcccaactattatitg gatattp satatccag
cactgggtaictattticttaccicectcectigaccecagictcigtitittagctctttageteaate
ticcaactetitgctattgtattttaaaatcttaagacecctictigatttgtagaagticctitictiac
aaccaaaaagecitiatetatggatitgicacagataaggeataticaatatagigtatittitttic
atttaaaatigtitgegcatctatttcctecaaatticttictgtatitatittttgttgtctatatttcagac
tittccaggatatctgataatctitgectgteticttatggiteaaagagggactaaasagetigga
aagecttiggatigtggoaagapoctgtctitaggatiatctgaatgggctittiigasagtocce
toectecacatgaatatitiggttttgtoagatticectagaatagaggcticcaatcicoticctgga
googtetgiccaggaaggagatigictagggetotgicagacageagotitcagetacticett
gatctttitcactaatgatiatatagtcaictaactactgtcaacaagtaatagatatectatccttca
citgittagatiatitgcteagataaccicicaaaagaaccictcaaaataaaaggtiaacaagag
cotatatctiatatitttetictetttalctigttagaagatagctatiaaaacctgtictitticigtetig
ataaacacacticaatcitggtagaatggtagatgggacagtatatittagaacctaaagotcty
caaatgtatgatcagctigtaagtacaggigctcaaanacatgtaaacaatcatgcttittactet
gtaggaatatctitaaaatictigtgaattittccccagaagtiaaageaaatcticcoccagaaata
aaattaaatgigcataatctaaagottitittttitattgtggtaggatatatatataaaacataatity
ccatigtaaacattitaaatttacaagtcagaggeattaattacatcacaatgtigteaaatiatiac
tactatttccaaaatiticicatcaccecaaactgaaactctgtaacigitgageaataaccicatic
ctgtatcicteccaaccecaggtaaccicaaatcitictititatettigagacaaggtcicatictat
cactcaggtaggagtgcagtogtgigaicatagctcatigeagecicaaaatecigggcicaa
geaatcctectigagtagetaagactataggcacacaitaactgogectggctgatitigtiitity
tagagatgiggtctigetatgtitcecatgetgatctigagticetgacctcaageagicettaag
attcatccatgitetgecatgtgtcagaatitcattigtititatgactaaataataticcatigtatet
atatacattitgttcatccatetictgatgaacactgggatatgictacctitiggetatigigaataa
tgctgeagtaaacatigacataacaagtatgtatiigattgectgtttctaagtictitigg gtatac
atctigagtagaatigetagataatgtoatgttttatitctcttgtgatticticticgatccectggtig
agtgtettaatttctacatgittatgaatttcecactgitittttgitatigatitccaagticaticcatt
gtgattagagaagatactiagtatgattifaatotttitgagaatiggtotstooccigatagatey
tetgtectggagaatgticetcatacactigageaaaatatitatcatgetatigtigacigtagtitt
ctatatgtcicttaggicaaggtgetitacaatgigtiaaggtictctitiittaaaaaaatititzcac
agagtatcititictatgtoticcatgiattigtgicitiggagctatagicictigtagacageatalc
actatctigtittgtttigtititictgiccatictgecaattictgectittgattggaaaatitaatecat
ttgeatttaaagtaattaaggaaggacttictictaccatitaacactictictatatgtcatatactttt
ttggceccteatitcctetitatggectictittctgttitittgtagtgaactagtcigatictctticca
cteecctttgigtatatttgttagatgtittatitgigattectatgg geattatagtiaacatectaca
cttaaaacaatctaatitaaactgataccaatitaccticaatageatacaaaatcictactectgia
aagcictgecoctgeecccetiatgtiatigatggracaaatigectaataaataatitatagtiatt
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1 gi‘ni‘gﬁ umgtc ttttaaatcattia goa ataaaas cttg gagrm gaaaacaglatgatagiaa
tactgactittatattigtcaatatattiatctiatttig gatcctiatitcattatatagatitgagtiact
gtctagigeocttecatttcggeccaaaggaticectiatgeatitciigeagggcaagtictaatt
gtaataaactccctcagcettttgtittatctgagaatgictigatttcicocttattitigatggataatt
ttgccagatacatgaatittiggtaacagtatttitctticageactttaaatatgtcatcocactace
tictgacticatggtitcteatgagatatiagatgtiataaaatttgaggaticctcaticitgatgag
tcagtteigtctiattgctitteggatitgeicagotitigtetitigacagtitgatiataacgegget
cagigtggetotetgagtitatcecactiagagtitattgagtttctiggagicatagatitatgictt
ttatcaaattitggacatattiggctattatiicticaattitittcactgettctitettttecticigaaat
attcttaatgiatatgttggtcigtitgatectgtcicaccagtiicttaggctgigtictetitigticct
cagactigattattgeagtigecotictititattitittcaagtitgttgaticticteccigticagate
aactgtigaactccictagtgaatttatttcagtiactgtactittcagetecaagatttatctttggtt
cettittataacgtetgtgtctitattgatattcteatitigticatatgictetiicttectitagitcttigt
ceatgtiticctttageteittgggotiatitaagacaatigtitaaagtcttigeatagtaagtccaat
gtcigigtticticagggatggttttcattatittgtiticaatgagceatactitecigigtctitgtat
gotgtetittigtigitgaaaactgtatgtticaacatcataacgtggtggeccigaaaatcagata
fteececcticctgagagtiagttitatititattatigaagatigtagcagtctatigetacatgigea
gtcatttccaaactatititgcaaagacigtaticctictgtgtgticatcactgaagicteigticett
agttigtetitaatagtitgacatagatticotigaaaggagttaaaactageagaaaaatetetot
cccagtctitccagictitatagatiggtictgtgcigggetiticcattaatactiagecaggcity
tactgagcctaacaatcaggeccaaaagegtagggtcitigeagatctigictgagoatgetict
tgeigtgtatgcacgtagitiictaaatctecotgtatgtgotgtigaatatictaatiicocaaaga
aactectttgeagettiticicacagaacatagatggtititiggatatctigaccatagictticgac
ceaggtgttigeggttgttagticaccttacactittitcaageatigectactgotiacgatgagty
cictgicaatccttiaagtagececagacaggetaccagagactiaaacaagaatiigtaagitc
tgctcageticcictagaaatggggatcagggiccaagacagaatgeagtigeigatitcaaga
ctgetgeaacaccagggagciigiggggeaagggcaageagaaatgicacaaagetiictig
coattitaaagitgoctgtictigactcageattigeticatigetataaactttitacigtitticagag
ftctgataaaatiggetatgectgttectgctitaaaaaatatatatatattttttaggoatigoootc
tcactatactgaccaggeiggtctigaactteiggectcaagecatectetcatitcageticeca
aagtgctgeaatiacacgegtgaaccaccacacceagecccigetigtititcaatgigectact
ccaccatgtigetcaagtatgiatatitictanactacctigtagigtigigatgggaaataaatce
ctgagectitigaataactcagagagatcaaaaactiagtitatcctaticgaaggatiagaaaan
{gatatatetitcacititicagggataggctectcattagaaggotectatgtgecgatgeigtac
aagacatttcattictctiaatgtttacaacaagctigtigecaaggotgatctigaactoctggee
tcaaacgatcctcecagetcagtctcacaaagtgitgggatgtctggecaactaatgactatott
aactctigtatticaatgittatgecttctittatctigacigatigiatgactatgtctictagaacaat
gtigaacagaaatggteagagcagacatectigetitaatatttcaccattatatatgatgttaget
atagatttttctcacagatgectitiatcagatigaggaattiataticctactitgccgaaaggititt
gtagtatgaggeooiocigaatitigtcaaacacttttcggtaataatigagatpatteotictgc
agteatcgagatgiggattitctectitatictgitegtgagtgatiacactggitgactaatgtiaa
aacaacctiactticcaggaataaaccotatiatotititiataca

PSMCY

NM_153001.2

tgcggatacggacagegcatgagcitatgtigagggoggageccagaccagecattegtect
atcetgeccticcageacctctcagecgtaacttaaactacacticecagaagectocteagee

agggacttecgtigicgicageggaageggigacagatealcccaggecacacagaggoeeyg
gctiggtcactatggaggagatagecatctiggiggagaagactcaggatgagateccagea
ctgtcogteicccggecocagaceggecigtocttectigggecctigagectgaggacctgga
gzacctgtacagecgetacaaggaggaggtgaascgaatccaaageatecegetggicate
ggacaattictggagecigiggatcagaatacagceeategtgggctctaccacaggciccaac
tattatgtgcgcatectgageaccatcgategggagctactcaageecaacgecteagliggee

48

91




WO 2019/165021

PCT/US2019/018878

ctecacaageacagceaatgeaciggiggacgtgctgecceeegaagecgacageageatea
tgatgctcaccicagaccagaagecagatatgatgtacgcgeacatcggaggcatggacate
cagaagcaggaggigcggeaggccgtagagetceegetcacgeatiicgagcictacaage
agateggrategatcococccgaggcegicotcatgtaiggoccacetggetgtpggaagace
atgttggcaaaggcpggiggcacatcacacaacagetgeaticaiccgggiogigegctcgga
gtttgiacagaagiatcigggigaggoococcgeatggicogggatgtaticegeciggecaa
goagaatecaccigecateateticatagacgagatigatgecaicgecaccaagagaticga
tgctcagacaggggocgacagggagettcagageatcctgctggageigeigaatcagaty
gatggattigatcagaatgtcaaigtcaaggtaatcatggccacaaacagageagacacccty
gatccggcecctgetacggecaggacggeiggaccgtaaaatigaatttccacticeigacoge
cgecagaagagatigatiitetccactatcaciageaagatgaacoteictgaggaggtigactt
geaagactatgigacccggocagataagatitcaggagcigatattaactccatctgteagga
gagteogaatgiteoctetcegtgaaaaccgctacatigicctggecaaggacttcgagaaage
atacaagactgicaicaagaaggacgageaggageatgagttttacaagtgacceticocttc
cctccaccacaccactcagggactiggggcticticicgeacecccageaccicigicccaaaa
coteaticoctttttictitacccaggatigetticticaataaatagataagatcgaatccatttaatt
{cttcttagaagtitaaciccttiggagaatgtooooctigaataggatcctotggatcecicttaa
tetgacagatgageagacgaggtgcatggoctgggtigeagettgagagaaccaaaatatic
aaaccagatgacticcaaaatgigggoanageoatgoasaatgaacctgagatgeagtect!
aatcacgggataaagcocigtgeatcicecteatitcctacaggtasaagacagtaaagaaatt
caggtcacaggectigggagticataggaaggagatgtccagigetgiccagtagaacttt

SF341

NM_005877.5

gotcccggaagtgogoecagicglaccticgeggoegeaactegeicggoecgeogecatetiy
cgageicgtegtacigaccgageggggaggctgtctigaggeggeaccgeicaccgacace
gaggcoggactggcagecctigagegtegeagicaigecggoeoggacecgigeagacgstys
ccocegeogeogeccgigeccacggageccaaacageocacagaagaagaagcatetica
aaggaggattctgeacciictangecagtigiggggattatitacccteciccagaggicagaa
atattgtigacaagactgccagctitgiggocagaaacgggcctgaatiigaagetaggatccg
acagaacgagatcaacaacoccaagticaactttctgaaccecaatgacecttaceatgectac
faccgocacaaggicagegagticaaggaaggegaagecicaggagecgicogeogecate
cocaaggteatgeageageageageagaccaceeageageagetgecccagaaggteeaa
goccaagiaatecaagagaccategigeccaaagagectctectigagttigagticatigetg
atoctecetotatcicagecticgactiggatgtggtoaagctgacggcicagtiigtggcoagy
aatgggcgocagtticigaccoagetgatgeagaaagagcagegeaactaccagtttgacttt
ctecgoccacageacagecteticaactacticacgaagotagtggaacagtacaccaagatc
ttgaticcacccaaaggtitatiitcasagetcaagaaagaggcigaaaacceccgagaagttit
geatcageiotottaccgagigeaatgggccaaaticcaggaacgtgagaggaagaageaa
gaagaggagaaggagaaggagegggtgacctatgetcagatcgactggoatgatittgieot
getegaaacagtggacticcaacceaatgagcaagggaacticoctecccccaccacgeca
gagoaoctoooooccegaatectcaticaggageectatgaanagttiggegagagigasy
aagttgagatooagoicgagtotgatgaroag oalgacaaacaggagaageceoagease
ciecticecagotggaccaggacacccaagiacaagatatggatgaggosticagatgatgan
gaagaagggcagaaagigcececacceccagagacaccoatgectocaccictgeoceea
actccagaccaagtcatigicogeaaggattatgatcccaaageciceaagecctigecicca
gocectgetccagatgagtatetigigtececcattactggggagaagatccocgecageaaa
atgcaggaacacatgegeatiggactictigaceotogetggeiggageagoeggaatcgeic
catccgigagaageagagegatgatgagototacgeaccaggictggatatigagagceagct
tgaagceagttgoctaageggogtacigacatcticggtgtagaggaaacagecatiggtaag
aagatcggtaaggaggagatccagaagecagaggaaaaggtgacetgggatggecacica
gocageatggecoggaccoageaggcetgeceaggccaacatcacceiccaggageagatt
gaggccaticacaaggecaaaggectggtgocagaggatgacactaaagagaagatiggec
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ccageaageccaatgaaatcoecicaacageeaccgecaceatcticagecaccaacatecce
agetoggetccacceateacticagtgecocgaccacccacaatgecaccetecagticgiact
acagttgtcteegeagtacecgtcatgecoeggececcaatggeatetgtggicogactacee
ccaggcicagigatcgecoccatgecgeocaicatccacgogeocagaateaacgtegisce
catgecteecicggeccctcotattatggecececgeccaccoeccatgatigigccaacage
ctttgtgectgetecacctgiggeacctgicecageiceagecceaatgococatgigeatece
ceaccteccatggaagatgageccacciccanaaaactgaagacagaggacagecteatge
cagaggaggagticcigegeagaaacaagggtecagigiccatecasagiccaggigeocaa,
catgcaggataagacggaatggaaactgaatgggeaggtactggtcticacecicccactca
cggaccaggictetgtcattaaggtgaagattcatgaagocacaggcatgoctgcagggaaa
cagaagctacagiatgagegtatcttcatcaaagaticcaacteactggetiactacaacatgg
ccaatggegeagicatccacciggocoicaageagagagaceooaosoaaoaasiagacan
gaggaacctgetgteaagteoctigecatitigectotectgtetecocaccecctgececagace
caggagcecececigaggcetiigecttgectgeatatitgtttcgcictiactcagttigggaatica
aattgtectgeagaggticaticeoctgaccetitceccacatiggtaagagtagetggatittet
aagccactcictggaatctottigtotiagggictegatttgaggacaticatitcticageagece
attageaactgagageccagggatgtectacaggatagtticatagtgacaggtggcactigy
ctaatagaatatggctgatattgicatiaatcatittgtaccttgacatgggtigictaataaaactc
geaccotictigigaaatcagtiaaataagactigtcioggteaccigtgecotgiccagacteg
aggcagtggtaacactgcacagigetatgiggctictctitgaggattittgggtitigiaactana
tictigcigeecicatactitttatgtatiagaatcatattcgtattgecettitaaaacatigggatec
tccaaaggectgeoccatgtattiaacagtaatacaggaageatggeaggeaccatgcaaac
caaggatgoatootscaptcoctgtgicagtgggcggtgstitcetgctggcctggaateact
catcacctgatigattggctctgigetecigggcaggigectcataggtgtotgoatatgatoac
gtitctttaaaatgtatetatttaacasatacitaatigtattaaggtcatgtaccaaggattigataa
agtttaaataatttactcictactittatceattitatccattitaactcatgtaatccteatgtgagtatt
cctgtttaacactigagtaaactgaggeacagagaacataagtigcatgccatagicacacact
gtgaaagtgaaaagagaatgtetocaaaacacgicacagtoctggtitcigagtaaaggcag
gctgttatctitagaaicaagetatcacagggagataggcaatgeigigggtatiggagoaag
gtgagagootgtigetaacaatitectggttitanaagetaaggetgatittattgggaagatcica
catgtgtgtggoeccigagagticccagigectitiatitgeagiccticcatitggacctectage
tgccccatcaggtcatctecagggotcagaggaateagaccatitcccaaggtcacagaace
agctetetagtcaccacceotgoctctecotetcacecagagicagtaccagtititatggcittatta
caaactgctggatcccteccattitcaactigatigatggaatatcatoectiatectgictgacat
ttgcctetggectggtigctagaagtitgcoccaggggcaagagtigaaatttggcttcetgag
gtggocitigtgatitecgicectasagtgageccactactggitgctigtecatggoecaacace
agaaatceectgageactacctgggtetcaticcangaaggaagagggicaggagaccigy
ggagtctcataticcaagtictictitettictgggagcagtgggcagticatggtettaggecac
fcacceccacagactggeaaaccetgeaggacticogtggctgaggotgigaccggaggee
aggaatgeegtigopiooatigigagigaatggococtitgagetgoccictagagageaaat
ceagtttcetggageiccigaatgaatatcigtactggoicgetcagatgeagaagetecatiga
ceatgaggcectigigaacatcagtegecacaggeccagigtgetigetiggcactgeactagttt
aggacctgeageatgtaggtagegtectagigtitataatacaaagetgetetgeacagottiic
tgattetictigeaateiccigaggattatetgecceattittaaaacgaggiggaatacccaagg
teatgtagecagtgagigcictiggaaagecaaageageicateecticetggggaccacactg
ctetgetccaccagaccacactatgaaataggaataagtgctectgiigeaggacigoiggga
aaacaggtoototoooactiaagtcaccataatttigaagactigeatgeagaggoctccagg
aattgtagacattaaggaatitcactitcagtictacccactacttaagtactigtcaigtacictta
gaggaggccagiaatgatcagaaccattttactitaaaatiaataatatigtatiagagaatatatt
aaatggtiatatigggttatgttaggatatatactigaatggaaatacatgtactattagcaatcata
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tticatttatccctgtaattagacaagaaageataatatagetctactcatgggtacacataccagt
gtataagattitiagaagitiactiitiagaaataagagoaaaatgtaagatctiagaaaaaaaaaa
aa3aaa

PUMI

NM_00102065
8.1

agtgggocgecalgitgicggagigaaagglaagpggragcgagagcpocagagagaga
agatcgggoooctgaaatccateticatectacegetccgeecgigtiggtegaatgagegtt
geatgigtctigaagagaaaageagigcitiggcaggactotitcageecccacctgaaacatc
accctcaagaaccageiaatcccaacatgectgitgttttgacateiggaacagggtcgeaage
geagecacaaccagetgeaaateaggotettgeagetgggacteaciceagecetgiceecag
gatclataggagtigcaggocgticecaggacgacgetaiggtggactactictticagagge
agcatggigagcagctitggoopageaspaagiggagoapgcgactataataatageaaac
atcgatgecctactggeoataacaticatecagaacatcaggtecgticcatggatgaaciga
atcatgatiticaagcacttgeteiggagggaagagegatgogagagcagetctigecaggta
aaaagttttegeaaacagatgaatecageaaagatggaccaasageaataticetgggigate
aatggepagacagtgcctggggaacatcagatcaticagtticccagecaatcatggtacaga
gaagacctggtcagagtticcatgtgaacagtgaggtcaaticigtacigtecocacgatcgga
gagtgooooactaggcgitageatggiggagtaigteoticagetcatococegggegaticetg
{ctaagaanaggaggatitsocccaagggatgcagacagtgatgaaaacgacaanggtoaa
aagaagaacaagggtacgtiigatgoagataagctaggagattigaaggaggaggotoatot
gatgoacaagaccaatgstitaccagigeagaatggoatigatgeagacgicaaagatitiag
ccgtaccectggtaatigceagaacictgetaatgaagtggatetictgggiccaaaccagaat
gotictgaggoctiageccagetigaccageaccaatggteccaagecigiggaggatticice
aacatggagicecagagigtoccetiggaceecatggaacatgtoggocatggagectotica
gtttgattaticaggeacgcaggiaceigiggactcageageagcaactgtgggacittitgact
acaattctcaacaacagctgticcaaagacctaatgegetigetgtecageagtigacageige
tcagcagceagcagiatgeactggeagetgeteatcagecgeacateggtitagetecegeiae
gittgiccecaatccatacatcatcagegetgetecoeceagggacggacecciacacagetgg
attggeigcagcagegacactaggeccagetgiggicecteaccagtattatggagttactce
ctggggagtctaccetigecagtettticcageageaagcetgecgetgecgetgcageaactaa
ftcagotaatcaacagaccaccecacaggetcageaaggacageageaggticteegtega
ggagecageeaacgtectitgaccecaaaccagaaccagoagggacageasacggatece
ctigtgacagctacagoagtgaatictgecctigeatitggacaaggictggcageaggceaty
ccaggtiatccggigtiggcicetgetgctiaciatgaccaaactggigeactigtagteaatyc
aggcgogagaaatggictiggagctectgttcgactigtagetcctgeaccagicatcattagtt
cctcagetgeacaageagetgttgeageagocgeageticageaaatggagcagetggtaat
ctigetggaacaacaaatggaccatticgecctitaggaacacageagectcageoecageee
cageageageccaataacaacctiggeatecagtictifetacggeaacaacictctgaacage
aattcacagagceagceteccicticicccagggcetcigeccagectgecaacacatectigggat
toggaagtageagttcteicggegecaccotgggatecgecotiggaggpttiggaacagea
gttgcaaactccaacactggeagtegcteccgeegteactcoctgactggcageagtgacctt
tataagaggacatcgagcagetigaceeccatiggacacagiititataacggecttagetttic
ctectetectggaccegigggoatgoctetecctagicagggaccaggacaticacagacace
acctecticoctcicticacatggatocicticaagettaaacctigggaggacicacgaatggca
gtggaagatacatctetgetgetccaggcgetgaagecaagiacegoagigcaageagege
ctocagectcttcagecogagceageactctiticteticcicicgttigegataiggaatgtetgat
gtcatgecttciggeaggageaggctitiggaagattitcgaaacaaccggtaccecaatitac
aactgegggagattgctggacatataatggaattitcccaagaccageatgggtccagaticat
tcagetgaaactggagegigecacaccageigagegecagetigicticaatgaaatecteea
goctgectaccaactcatggiggatgigitiggtaattacgtcattcagaagttctitgaatttgoc
agtctigaacagaagciggcitiggcagaacggaticgaggocacgiccigtcatiggeacta
cagatgtatggctgecgigtiatccagaaagetctigagtitaticcticagaccageaggtaatt
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aatgagatggticgggaactagatggecaigictigaagigigtgaaagatcagaatgocaat
cacgiggticagaaatgcatigaatgigtacagececagictitgoaatifatcategatgogttt
aagggacaggiattigectiatccacacatectiatggeigecgagtgattcagagaatcecigg
ageactgtctecctgaccagacacicoctatittagaggagcticaccagracacagageage
ttgtacaggatcaatatggaaattatgtaatccaacatgtactggagcacggicgicetigaggat
aaaagcaaaatigtagcagaaatccgaggcaatgiactigtatigagticagcacaaatitgcaa
geaatgtigtegoagaagigtetiactcacgectcacgtacggagegegctgigetcategaty
aggtotocaccaigaacgacggtecceacagigoctiatacaccatgatgaaggaccagiat
gocaactacgtggiccagaagatgatigacgiggeggagecaggecageggaagategica
tgcataagatecggecccacategeaacicticgtaagtacacctatggeaageacatictgge
caagctgeagaagtactacatgaagaacggigtigacttagggceccatcigiggececoctaa
{ggtateatctgagpeagtgtcaccegetgticectcattcccgetgaccteactggoccacty
gcaaastccaaccageaaccagaaatgtictagigtagagictgagacgggeaagtegtiocic
caggattactcccteciccananaaggaatcaaatecacgagtggaaaagecitigtaaatita
attttattacacataacatgtactatititittaatigactaattgecctgcigttttactggtatatagy
atactigtacataggtaaccaatgtacatgggageccacatattitgticacigtigtatetatatit
cacatgiggaaactttcagggtooitgotitaacasaaaaaaaaagotitagaaaaaaaagaan
aaaaggaaaaggttittagctcatitgectggocggcaagtttigcaaatagetcticcecacct
cotcattttagtaaasaacaaacaaaaacaaaaaaacctgagaagtttgaatigtagtiaaatga
ccocaaactggcatitaacactgtitataaanaatatatatatatatatatatatatataatgaaana
gotitcagagtigctaaageticagttigieacatiaagttiatgaaattctaaaaaatgocttitiy
gagactatattatgcteaagaaggcigticgigageaggagatgcgageacccagaacgictt
ttgaggctgegcgaatotoatistitacigectactggatttittictattaacatigaaaggtaaa
atctgattatttageatgagaaaaaaaaatecaactotgetitiggtetigetictataaatatatag
igtatactiggigtagactiigeatatatacaaattigtagtatittetigttitzatatctaatetgtat
ctataatgtaccctagtagicgaacatacttitgatigtacaatigtacatiigtatacctgtaatgta
aatgiggagaagtticaatcaacataaacacgitittiggtaagaaaagagaattagecagece
tetgcaticagigtatatictcacctittatggicgtagoatatagigtigtatattgtaaatigtaattt
caaccagaagiaaatittttictttigaaggaataaatgiictitatacagectagttaatgitianaa
agaaaaaaatagcttggtitiatitotcaictagicicaagtatagegagatictttctaaatgtiatt
caagatigagtictcactagigtitttitaatccianaaaagtaatgttitgattitateacagicaan
aggacgigcaaaagtctagectigeocgagcetticettacaatcagagoeccictcacctigtia
aagtgigaatogecctteecittigtacagaagatgaacigiatitigeatttigictactigtaagt
gaatgtaacatacigtcaattticcttgttigaatatagaatiptaacactacacggigtacatitce
agagccttgigtatatticcaatgaactititigcaageacactigtaaccatatgtgtataattaac
aaacctgtgtatgettaigectgggoaactattititgtaactetigigtagatigicictagacaat
gtoteatctitatittganaaatacagaacttiggaatcigaaaaananaaaaaaaanaaaaaaa
aaaaaaa

ACTB

NM 0011014

gagtoascgocgcgeeoccaatcagegigegecgticcgaaagtigectttiatgectegag
cggeegegaeggegeectalaaaacceageggegcgacgegreaccacegloegagace
gegtecgecccgegageacagagectegecttigeegateegecgeccgiccacacecgee
gecagcetcaccatggatgatgatatcgocgogeicgicgicgacaacggetceggeatgige
aaggeeggeticgoggacgacgatgecceecgggecgticticeectceategigggacgec
ccaggeaccagegecgigatggtooocatggotcagaagpaticctatgtggocgacgagg
cocagageaagagagpcatecicacectigaagtaccecatogageacggeatogtoaccaa
clgggacgacatggagaaaatciggcaccacacotictacaatgagotgogtgtgactoceg
aggagceaccecgtgetzeigactgaggocrceeigasccocaaggetaaccgegagang
atgacccagatcatgtiigagaccticaacaccecagecatgtacgtigetatccaggotatget
atcectgtacgecictggocgtaccactggeaicgtgatggactecggtgacggggtcacee
acactgtgeccaictacgagggotatgoeccteccocatgecatectgegictggacctggety
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gecgggacctgactgactaceicatgaagatecteacegagegeggetacageticaccace
acggecgagegggaaategtecatoacatiaaggagaagctgtectacgtegoeciggactt
cgagcaagagatggccacggcetgettccageicciceciggagaagagetacgagetgect

gacggocaggtcatcaccatiggeaatgageggticegcigeccigaggeacicticcagoct
tccticctgggoatggagicotgiggcatocacgaaactaceticaacicoatcatgaagigly

acgtggacatocgeaaagaccigtacgeeaacacagigoigictggeggeaccaccaigtac
cotggcatigecgacaggatgeagaaggagatcactgeectggeacceageacaatgaaga
tecaagatcatigetectectgagegeaagtactecgigtaggateggeggctecatectggecic
gotgtecaccticcageagatgiggatcageaageaggagtatgacgagtceggeccctieca
tcgiccaccgeaaatgctictaggeggactatgacitagtigegttacaccettictigacaaaac
ctaactigcgeagaaaacaagatgagatiggcatggotitattigtitttittettitgttttg gttt
ftitttttttggctigactcaggatitasaaactggaacggigaaggigacageagticggitgpag
cgageatcccccaaagticacaatgtggecgaggactiigattgcacattgtigtititttaatagt
caticcaaatatgagatgcegtigtiacaggaagicectigecatectaaaagecaccccactict
ctctaaggagaatggeccagicotetcecaagiccacacaggggaggigatageatigetiic

stetaaattatgtaatgcaaaatttitttaateticgoctiaatacttttitatttigtittatttigaatgat
gagccticgigeccecocticococtititigtoccecaactigagatpiateaaggcitttgoict
coctgggagtgpotosagocagccaggactiacctgtacactgactigagaccagtigaata

aaagigeacacctiaaaaalgagenaanaannananaaaaaa

GAPD

NM_002046.6

gctetotgotoctecigticgacagtcagocgeatctictttigegtcgecagocgagecacate
goicagacaccatggggoaaggigaageicggagicaacggattigotcgtatiegscgectg
gtcaccaggectgctittaactetggtaaagiggatatigitgecatcaatgaccecticatigac
ctcaactacatggtitacatgticcaatatgaticcacocatggeaaaticeatggeaccgicaa
gocteagaacgggaagetigicatcaatggaaatcecatcaccatcticcaggagegagate
cciccagaaicaagiggggogaigeiggegetgagtacgtcgtagagiccactggegtettca
ceaccatggagaagactgggecicattigeaggggggagccaaaaggatcateatcicige
cecoctetgetgatgcccccatgticgtcaigggtgtoaaccatgagaagtatgacaacagecic
aagaicatcageaatgectoctgeaccaccaactgettageacceciggecaaggtcateeat
gacaacttiggtatcgtggaaggacteatgaccacagiccatgecatcactgecacceagaag
actgtggatggccccicogggaaactgtggcgtgatggccgeggggctctecagaacateat
cectgectetactiggegotgocaaggotgtgggcaaggteatecctgagcigaacgggaag
cteactggeatggecticegtgiceccactgecaacgigtoagtggtggacctgaccigecgt
ctagaaaaacctgecaaatatgatgacatcaagaaggiggteaagcagocgicggagssce
ccotcaagggcatectgggctacactgageaccaggiggtetocictgacticaacagegaca
cecactectecacctiigacgetggggctggcatigeecticaacgaccactitgicaagetcatt
{eotggtatgacaacgaatiiggetacageaacagggtggtggacctcatggeccacatgge
ctecaaggagtaagacoectggaccaccagecccagoaagagoacaagaggaagagaga
gacccteactgoiggggagticectgecacactcagicececaccacactgaatctoccctect
cacagttgecatgtagaccecitgaagaggegagooocctageoagocgeacctigtcatgt

accatcaataaagtaccctgigetcaaccagiianaanaalaaaasanaaandia

4
N

GUSB

NM_006i81.3

gtecicaaccaagatggogeggatgecticagacgcatcacgacaceggegegicacgcga
ccegeoctacggacaccteccgegetitictiagegecgeagacggiggergagezgggga
cogggaageatggeocggagaioggcggtiocatpggcgaegcicgggocgtigtigiog
gactgcgegciggeactgcagggcgggatgctgtacceccaggagagecegtogeggga
gtgcaaggagctggacggocictggagoticcgegeegacticictgacaaccgacgeegy
ggcticgaggagcagigataceggeggecgetgigggagicaggeoccacegiggacatg
ccagttcectecageticaatgacatcagecaggactggogictgoggeatitigicgaciges
tgtggtacgaacgggagatgatecigecggagegatggacccaggaccigegeacaagag
tggtactgaggatiggcagtgcccaticctatgecategtptogptgaatpgpatcgacacgc

[
(5]
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tagagcatgaggggggctacciceecttcgaggecgacatcageaacciggtecaggiggs
geccetgecoteocggetecgaatcaciategecatcaacaacacactcaccoccaccaccet
gecaccagggaccatccaataccigactgacacctccaagtateccaaggatiactiigtcea
gaacacatattitgacttittcaactacgctggactgoagoggtctgtactictgtacacgacacc
caccacctacatcgatgacatcaccgtcaccaccagogiggagoaagacagtggscigsty
aattaccagatctctgicaagggcagiaacotgticaagitggaagtpogicttiipeatecaga
aaacaaagtegiggegaatggoactgegacccagggocaactiaaggtegccaggtgtecage
cictggtggeogtacctigatgeacgaacgecotgectatcigtaticatiggagetgcageiga
ctgeacagacgicactgggecctgtgtctgactictacacacicectgiggggatecgeactgt
goctgtcaccaagagecagticotcatcaatgggaaacctticiatitccacggigicaacaag
catgaggatgoggacatccgagggaaggacticgaciggocgotgetggtgaaggactica
acctgettegotggcettggtgccaacgetticegiaccageeactaccectatgeagaggaagt
gatgeagatgtatgaccgetatgggatigtegtcategatgagtgicccggegtgggocigge
aotgocgoagticttcaacaacgttictctgeatcaccacatgeaggigatggaagaagiz gte
cgtagggacaagaaccacceegeggicgtgatgtgetctgtggccaacgagecigegtcce
acctagaatcigetggoctaciacttgaagatggigatogcicacaccaaatoctiggaccecic
ccggectgtaacctitgigageaactctaactatgeageagacaagggoocicogtatgigga
tgtgatctgtttgaacagetactacictiggtatcacgactacgggcacctggagtigaticagct
geagctggecaccecagtiigagaactggtataagaagtatcagaageccattaticagagega
gtatggagcagaaacgatigcagggtticaccaggatccaccictgatgticactgaagagta
ccagaaaagictgctagagceagtaccatctgggictggatcaaaaacgeagaaaatacgigg
ttggagagctcattiggaatttteccgatttcatgactgaacagicaccgacgagagtgctgeg
gaataaaaagggeatciicactcggeagagacaaccaaaragtgcagegticcititgegay
agagatactggaagatigccaatgaaaccaggtatececcacicagtagecaagtcacaaigiit
ggaaaacagecigtitactigageaagactgataccacetgegigicocticctoccegagica
gggogacticcacageageagaacaagigectectiggactgticacggcagaccagaacgtt
tctggectgggtitigto steatctatictagecagggaacactaaaggtggaaataaaagatitic
tattatggaaataaagagtiggcatgaaagipgctacigaaaaaaanaaanaanaaaaaaaan
a

RPLPO

NM_0010023

gtcigacgggogatgacgecagecaatagacaggagegctatcogeggtiicigaitggctac
titgttcgcatiataaaaggeacgegegggogcgaggecctictetegecaggogiocicgty
gaagigacatcgictttaaaccetgegiggcaatcoctigacgcaccgecgtgatgecoaggg
aagacagggcgacotggaagiccaactacttcctiaagatcatccaactattggatgattatec
gaaatgtitcatigigggagcagacaatgtggoctccaagcagaigeageagatcegeatgic
cottcgegggaaggctgtggtgcigatgeocaagaacaccatgatgegeaaggecatecga
geocacciggaaaacaacccageiciggagaaactgetgecteatatecgggggaateige
getitgigticaccaaggaggacctcactgagatcagggacatgtigetggecaataaggige
cagctgetgeocgtgeiggteccattgeccoatgigaagtcacigtgocageccagaacactg
gtcicggecccgagaagacctecititteccaggetttagetatcaccactasaatetecagggg
caccatigaaatcotgagigatgigeageigatcaagactiggagacaaagtgggagccageg
aagecacgetgetgaacatgcteaacaicticccectictecttigggctggicatecageaggt
gticgacaatggeageatctacaacecigaagigeitgatatcacagaggaaacteigeatict
cgeticctggagagtgtoecgaatgtigecagtgicigictgeagatiggetacecaactaitac
atcagtaccccattctatcatcaacggetacaaacgagtectggecitgicigtggagacggat
tacaccticccactigetganaaggtcaagecctictiggeigalceatctgecitigtggctact
gecoctgtggctgctgecaccacagotgotoctgetgetgctgcageoccagetaaggtigaa
gecaaggaagagicggaggagstcgoacgageatatggoatitgotctettigactaatcace
aaaaagcaaccaacttagocagtitiatitgeaaaacaaggaaataaaggetiactictitaaaa
agtananaaaandaanaananaananaaa

97




WO 2019/165021

PCT/US2019/018878

TFRC

NM 0032343

agageglegggatategggtegcggcloggaacggaggacgegelagiglgagtgegas
citctagaactacacegaccetegtgtecicocticatoctgeggeacigaciggageggecg
cteeggtactatecageagecataggagocgoacggesagcggganancgicgcggc
cecaggegggacggocgggalggagogggaccgegagecigiggggaagggacigieg
cggegectegagoggctgcaggtictictgtgtgocagitcagaatgatggatcaagetagat
cagcatictetaactigttigetogagaaccatigtcatataceeggticagoctggeicggeaa
gtagatgecgataacagtcatgiggagatganacttgotgiagatgaagaagaaaatgetigac
aataacacaaaggcecaaigicacaaaaccaasaaageigtagtesaagiatcigetatgggact
attgetgtgategtettiitctigatiggatttatgattggetactigggctatigtaaaggggtaga
accaaaaacigagtgtoagagactggcaggaaccgagiciccagteagggaggageragy
agaggacticoctgeageacgtcgetiatatigggatgaccigaagagaaagtigtcggagaa
actggacageacagacttcaccggeaccaicaagetgetgaatgaaaattcatatgicectegt
gaggctggatctcaaaaagatgaaaatctigegitatatgtigaaaatcaatticgtgaatttasa
cicageaaagictagogigatcaacattitgttaagaticaggicaaagacagegotcaaaact
cggtgatcatagitgataagaacggtagactigtitacctggiogagaatcctgggggtiaigiy
gegtatagtaaggeigoaacagttactggtaaactggtccatgctaatitiggtactaaaaaaga
{titgaggatttatacactectgtgaatggatctatagigatigicagagcagggaaaatcacctit
geagaaaaggttgeaaatgctgaaagetiaaatgeaatigatatattaatatacatggaccaga
claaatttcecatigttaacgeagaactitcaticttiggacatgeteatetggeacaggigace
cttacacacctggaticecttccticaatcacactcagtiiccaccateteggicatcaggatige
ctaatatacctgiccagacaatctccagagctgetgeagaaaagetgitigggaatatggaag
gagactgtcccictgactggaaaacagactctacatglaggatggtaacoicagaaageaaga
atgtgaagcteactgigagcaatgtecigaaagagatanaaatictiaacatcttiggagitatia
aaggcettigtagaaccagatcactaigtigtagtigeoocccagagagatgeatgggeoccty
gagctgcaaaateeggigtaggcacagetciectatigaaactigoecagatgticteagatat
ggtctiaaaagatggatitcageccageagaageattateitigecagitggagigeiggagac
titggatcgettgetpccactgaatggctagagggatacciticgicoctgeatitaaaggctite
acttatatiaatciggataaageggitctiggtaccageaacticaaggttictgecageocactg
{tgtatacgcttatigagaaaacaatgcaaaatgigaageatecggtiacigggcaattictatat
caggacagceaactgggccagcanagtigagaaacteactttagacaatgotgettteccttice
ttgcatatictggaatcccagceagtitctticigtitiigcgaggacacagatiatectiatitgggta
ccaccatggacacctataaggaactgatigagaggaticcigagttgaacaaagigacacga
geagcetgeagaggtogeiggteagticgtgatiaaactaacocatgatgtigaatigaacctgg
actatgagaggetacaacagecaacigotiicattigtgaggaateigaaccaatacagageag
acataaaggaaatggeccigagtitacagtiggctgtatictgctogtggagacticiicegtgot
acticcagactaacaacagatticgggaatgetgagaaaacagacagattigtcatgaagaaa
cteaatgategtgteatgagagtggagtatcacticctetctecctacgtatetccaaaagagict
cotttccgacatgictictgggaciceggoicicacacgotgocagetitactggagaactigaa
actgcgtaaacaaaataacggigcititaatgaaacegctgitcagaaaccagitggetetageta
cltggactattcagggagcigcaaatgeceteictggigacgtitgggacatigacaatgagtit
taaatgtgatacccatagettccatgagaacageagggtagictg gtttctagactigtocteat
cgtgctaaattticagtagggotacaasaacctgatgttaaaaticeatcocateatottggtactac
tagatgtctitaggcagcagcettitaatacagggtagataacctgtacticaagtianagigaata
accacttaaaaaatgtecatgatagaataticocctatcictagaatitiaggtgotitgtaata gy
aactgectctticctgtigtigttaatgaaaatgtcagaaaccagtiatgtgaatgatctctcigaat
cctaaggectggtctctgetgaagatigtaagtgategctiactitgagtgatectecaacttcat
ttgatgctaaataggagataccaggitgaaagacctictccaaatgagatctaagectticcata
aggaatgtagceiggtticcteaticcigaaagasacagitaactiicagaagagatggactigttt
icttgceaatgaggicigaaatggaggtcctictgctggatanaatgaggticaactgtigatty
caggaataaggccttaatatgtiaaccicagtgtcatitalgaaaagagggogaccagaageca
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aagacttagtatatittctittectcigteccticecccataagectecatitagtictitgitatitiigt
ticticcaaageacatigaaagagaaccagtticaggtettiagttgoagacicagtitgicagac
tttanagaataatatgctgecaaatitiggecaaagigitaatctiaggggagagetttctgtectt
ttggcactgagatattiattgittatitatcagtigacagagticactataaatggigtitittiaataga
atataattatcggaagcagtgccticcataattatgacagtiatacigicggtitittitaaataaaa
geageatctgctaataaaaccoaacagataciggaagittigeatitatggicaacacttaaggg
tittagaaaacagceogtcagecaaatgtaatigaataaagitegaagctaagatitagagatgaat
taaattiaattaggggtigcetaagaagegageactgaccagataagaatgetggtiticctaaat
gcagtgaatigtgaccaagttataaatcaatgicactiaaaggeigtggtagtactectgcaaaa
tiitatagctcagtttatccaaggtgtaactctaattcocattitgeaaaatitccagtaccttigtca
caatcctaacacattatcgggageagtgicticcataatgtataaagaacaaggtagtttitacet
accacagigictgtatcggagacagigatctccatatgttacactaagggtotaagtaatiateg
ggaacagtgtticecataatittcticatgeaatgacatcticaaagetigaagategttagtatet
aacatgtatcccaactectataaticectatetittagtittagttgcagaaacattitgtggicatia
agcattgggteggataaaticaaccactgtanaatgaaatiactacaaaatitgaaatitagettsg
gtititgttacctitatggtitciccaggicotetactiaatgagatagtagoatacatitataateitt
getatigacaagtcatittaactitatcacatiattigeaigtiaccicctalaaacitagtgeggac
aagtittaatccagaattgaccititgacttanagcagagggoacttigtatagaaggtitgpooo
cigtggggaageagastceccigaaggtctgacacgicigectacecaticgtggtgatcaat
taaatgtaggtatgaataagticgaagctcogigagtgaaccatcatiataaacgtgatgatcag
cigtitgicatagggcagtiggaaacggoctectagggaaaagticataggotcicttcaggtic
ttagtgtcactiacctagattiacagectcactigaatgtgtcactactcacagicictitaaicttca
gttttatctitaatctectettitatctiggactgacatitagegtagotaagigaaaaggtcataget
gagattectggticgeotottacgcacacgtacttaaatgaaageatgtggeatattcategtat
aacacaataigaatacagggcatgeattitgeageagigagicicticagaaaacccttiictac
agttagagttgagtiaciicctatcaagecagtacgtgctaacaggetcaataticcigaatzaa
atatcagactagtgacaagetcciggtctigagatgicticicgtiaaggagatpggoecitiizg
aggtaaaggataaaatgaatgagticigtcatgaticactatictagaactigeatgaccittact
gtgttagcicttigaatgtictigaaatittagacttictitgtanacaaatgatatgicettatcattgt
ataaaagcetgttaigigcaacagigtggagattectigtctgatitaataanatactiaaacactga
4aa3aaaaaa

v g

facctggtigatcctgocagtageataigetigtcicaaagatiaageoatgcatgictaagtacg
cacggccggatacagigaaactgegaatggcteattanatcagtiatggticottiggticgeteg
ctecteteccacttggataactgtggtiaatictagagetaatacatgecgacgggegctgacce
cottcgegggggggatgcgtacatitatcagatcasaaccaacceggicagecceetciccgg
ceceggeegggggecgggcgccggeggctitggigactctagataacctegggecgateg
cacgeocoecgiggeagogacgacccaticgaacgictgecctatcaactitcgatggtagic
geegtgcctaccatggigaccacgggtgacggegaatcaggpttcgaticeggagaggga
gecigagaaacgectaccacatccaaggaaggeageaggegegeaaattacceactoceg
acceggggaggtagtoacgaanaataacaatacaggacictticgaggcoctgtaatiggaat
188 X03205.1 gagtecactttaaatectitaacgaggatecatiggagggcaagictogtgccageagecgcy
gtaaticcageiccaatagegiatattaaagitgetgcagitaaaaagctogtagtiggatetigg
gagegggcgggcggtccgecgegaggcgagceaccgecogicccegocectigectcte
gocgoccccicgatgetctiagotgagigicocgoggggoccgaagegtittacitigaaaana
ttagagtottcaaagoagacccgagecgeciggataccgeagctaggaataaiggaatagga
ccgeggtictatttigtigetiticggaactgaggecatgatiaagagggacggccggaggocat
teglattgegeogetagaggtganatictiggaccggrgeaagacggaccagagegaaage
atttgccaagaatgitticattaatcaagaacgaaagicggaggticgaagacgatcagatace
gtcgtagticcgaccataaacgatgccgaceggegatgeggcggegtiaticccatgacecy
cogggeagettcegggaaaccanagicttigggticeggegecaptatostigcaaagetga
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aacttaaaggaattgacggaaggocaccaccaggagiggagectigeggettaatitgacica
acacgggaaaccicacceggeceggacacggacaggattgacagatigatagetotticicg
attcegtgggtagtogtgeatggccgticttagtiggtggagegattigtcigatiaaticcgata
acgaacgagactoiggeatgctaactagttacgcgacccecgagegatoggcgicecccaa
cticttagagggacaagiggcgticagecaccegagattgageaataacaggictgtgatgco
cltagatgtceggpeactecacgegegetacactgactggotcagegigtgectaccotacge

cggeaggegegeotaacecgtigaaccecaticgtgategooatcgoooatigcaatiatic

cecatgaacgaggaaticecagtaagigegggteataagctigegitgattaagteocigeoet
ttgtacacaccgecegicgctactaccgattggatggtitagigaggeccteggateggecce

gecggggteggoccacggecciggeggagegctgagaagacggicgaactigaciatcta

gaggaagtaaaagtcgtaacaaggtttcegtagetgaacctgeggaaggateatia

PPIA

NM_021130.4

gggoccgaacgigetataaaagggocgggaggccaggeicgigecgtiitgeagacgeca
cegocgaggaaaacegigtactatiagecatggicaacoccacogigticticgacatigeogt
cgacggcegageectigggecgegtetecitigagetgitigeagacaaggteccaaagacag
cagaaaattticgigcictgageactggagagaaaggattiggttataagggticctgetiteac
agaattattccagggtttatgtstcagggtgatsacticacacgecataatggcactggiggca
agtecatctaiggpoagaaattigaagatgagaacticaticctagageatacgggicotggcat
cligtccatggeaaatgetggacccaacacaaatggitcceagtitticatetgeacigecaaga
cigagiggitggatggoaageatgiggtgttiggcaaagtgasagaaggeatgaatatigigg
aggecatggagegetitgggtccaggaatggcangaccageaagaagatcaccattactza
ctgtggacaactcgaataagtitgacitgtgtittaictiaaccaccagateaticctictgtagetc
aggagageaccoctecaceccatitgetegeagtatectagaatetttgtoctetegetgoagtt
coctttggoticcatgtittectigticecteccalgectageiggattgeagagtiaagtitatgatt
atgaaataaaaactaaataacaatigtectegtitgagtiaagagigttgatotagoctitatittaa
gcagtaatgggttacitetgaaacatcacttgtitgctiaatictacacagtactiagatititittact
ttccagtcccaggaagtgicaatgtiiagtigagtogaatatigaaaatgtaggeageaactgeg
catggteoctcactgictgtaatgtattaccigaggoagaagaccaccigagggtaggagica
agatcagectgggeaacatagtgagacgctgictctacaanaaataattagectggcciggty
gtgcatgectagicetagetgatctggagactgacgtgopaggatigctigagcctagagiga
gctattatcatgecactgtacagectgggteticacagatctigigicicaaaggtaggcagag
araggaaaageaaggagecagaatiaagaggtigggtcagtcigeagigagticatgeatita
gaggtgticticaagatgactaatgtcaaaaatigagacatctgttgeggttttittetttttttittcce
ctggaatgeagtggogigatctcageicacigeagectoegoctecigggitcaagtgaticta
gtoccteagectectgagtagctgggataatggacgtgipecaccatgeccagctaattittgt
atitttagtatagatggggtitcatcattitgaccaggetggicicaaactetigacctcagetgat
gegectgoctigeectoccaaactigetgagattacagatgigagecacegeacectaccioatt
ttetgtancaaagetaagetigaacactgtigatgtictigaggoaagcatatigggoctitaggct
gtaggtcaagtitatacatcitaatiatggtogaaticctatgtagagictaaaaagccaggtactt
gotoctacagicagtotecctgeagagggtiaaggegcagactaceigeagigaggaggtac
tgctigtageatatagagocictocctagetitggttatgeapocittgaggtitigcaaacciga
ceaatttaagecataagatciggtecaaaggeatacecticecactaaggactiggtiicicagga
aaitatatgtacagtgetigetgacagtiagaigicaggacaatctaageigagaaaaccocttc
tctgeccaccitaacagaccictagggiicttaacceageaatcaagitigectatectagaggt
gocggatitgatcattiggistettegocaatititgititactgictggticctictgegigaatiac
caccaccaccactigtgeatcicagictigtigttgtotgaitacgtaticectgggtaataccat
{caatgicttaatgtactigtagcicagaccigagtgcaaggtggaaataaacatcaaacatctit
teattatcecta

57

PGK]

NM_000291.3

gagagoageggecgggaagggacggigegegagecgpataiggaacgoiagistoy
gecetgttectgcecgegeggtgticogeatictgcaagectecggagogcacgticgacagt
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cggcteccicgitgacegaatcacegaccictetecccagetgtatitecaaaatgicgetticta
acaagetgacgetggacaageiggacgttaaagggaagegggtegtiatgagagtegactic
aatgticctaigaagaacaaccagataacaaacaaccagaggattaaggeigetgicccaage
atcaaattctgetiggacaatggagocaagicggtagiccttatgagecacctaggacggect
gatggtotococaigecigacaagiactectiagagecagtigeigtagaactoaaatcictget
gepcaaggalgtictgtictigaaggactgigtaggoccagaagiggagaaagectgigeca
acccagetgetgggteigtcatectgetggagaaccteegctiicatgtggaggaagaaggoa
ageeaasagatgcticiggeaacaageitaaagecgagecagecasaatagaagetitecga
gcticactticcaagcetaggggatgtctatgtcaatgatgetitiggeactgeticacagageeca
cagetccatggtaggagtcaatctgocacagaaggetggigogtitiigalgaagaaggagct
gaactacttigeaaaggoctiggagageccagagegacectteciggecaiectigggoggag
claaagttgcagacaagatccageicateaataatatgotggacaaagtcaatgagatgattatt
goteetooaatuoctittaccticcttaaggtiectcaacaacatggagatiggcactictetgtit
satgaagagggagccaagatigicaaagacctaatgiccaaagotgagaagaatggtsigas
gatiaccttgectgttgacttigtcactgetgacaagitigatgagaatgecaagaciggocaag
ccactgtggctictggeatacctgetggetggatggoctiggacigtogtcctgaaagcagea
agaagtatgetgagectetcactegggctaageagatigtgtasaatpeiccipiggooptatt
tgaatgggaagotitigeceggggaaccaaagetcicatggatgaggtootoaaagocactic
taggooctgcatcaccatcataggiggtggagacactgecactigotgigecaaatggaaca
cggaggataaagicagecatgtaageactggggatogtaccagtitggascicetggaaget
aaagtccticetgggetggatpoictcageaatatitagtactiicetgecttitagticctgigea
cagccoctaagtcaacttageatttictgeatetecactiggeattagetaaaaccticeatgtca
agaticagctagtggccaagagatgcagigecaggaaccctiaaacagtigeacageatoica
getcatcticactgeaccctggattigeatacaticticaagateocatitgaattititagigacta
aaccatigtgcatictagagigeatatatttatatitigecigitasanagaaagteageagtyita
gotiagtictetittgatgtaggtiattatgattagetiigtcacigtitcactacicageatggaaac
aagatgaaaticcattigtaggiagigagacaaaattgatgatccattaagtaaacaataaaagt
gtecattgaaacegtoatttitittttittecigicatacttigtiaggaagggtgagaatagaatett
gaggaacggatcagatgtctatattgetgaatgcaagaagtggopcageageagiggagay
atgggacaattagataaatgtecattctitatcaagggectactitatggcagacattgigctagt
actittatictaactittatitttatcagtiacacatgatcataaittanaaagicaaggetiataacaa
aaaagcocccageccaticeteccaticaagaticecacicoccagaggtgaccactitcaactc
tigagttiticaggtatatacctccatgitictangtaatatgottatatigttcactictitittttitatitt
{tagagaaatotatticataccatggaggaagocictgitocacatatatttecacticticatictet
cggtatagtttigtcacaattatagattagatcaaaagictacataactaatacagcigagctatgt
agtatgelatgattaaatttactiatgiaaasanasaaaaaanaaa

4
N

cactictgecgecccigtitcaagggataagaaacccigegacaaaaccicctoctiticcaag
cggactgccgaagatggceggageigcaggicctggtectigatggtegaggecateiccigy
gccgectggeggccategiggotaaacaggtactgetgeeccggaaggiggigotcgtacy
ctgtgaaggcatcaacatitciggeaatitclacagaaacaagtigaagtacctggcttiecice
geaageggatgaacaccaaccctieccgaggecectaccacticegggeccecagecgeat
ctictggeggacegigegaggiatgotigecoracaaaaccaagegagsroaggcegceicty
RPLI3A | NM 0124233 gaccgicicaaggigtitgacggcateccaccgecctacgacaagaaaaageggaiggtogt
- teotgotgocctcaaggtcgtgogicigaagaoctacaagaaagitigectatetgggacacciy
gotcacgaggtigectypaagtaccaggeagigacagecacceelggageagaagageans
gagaaagcecaagatecactaccggaagaagaaacageticatgaggclacgganacagece
gagaagaacgtggagaagaaaatigacaaatacacagaggtecicaagacccacggactee
tgetctgageccaataaagacigitaaticetcatgegtigcctgeccticciccattgtigocct
ggaatgtacgggacceaggggcageageagtccaggtgecacaggeagecctgggacat
aggaagcteggagcaaggaaagggtctiagtcactgecicocgaagtigetigaaageactc
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geagaattgtocaggtotcatitatctatgaccaataggaagagcaaccagtiactatgagiga
aagggagecagaagacigatiggagggocctatcttgigagiga g goatctgtiggacttice
acciggicatatacictgoagetgitagaatgtgcaageactigggsacageatgagetigelg
ttgtacacagggtattictagaagcagaaatagactgggaagatgcacaaccaaggggtiaca
gocatcgeccatgetcctcacctgtatitigtaatcagaaataaattgettitanagaaaaaaaaa

B2M

NM_004048.2

aatataagtegagegcgtegegcetggcggacaticctgaagcigacageattcgggeegagat
gtctcgetecgtggecttagotgtgeicgogctactetcictticiggectggaggciatecage
gtactccaaagaticaggtitactcacgtcatecageagagaatagaaagtcanatttecigaat
tgctatgtgictggatticatccatccgacatigaagtigacttacigaagaatggagagagaatt
gaaaaagiggagccaticagacttgtctitcageaaggactggicitictatetctigtactacact
gaaticacceccactgaaaaagatgagiatgectgecgigigaaccatgigactiigicacage
ccaagatagtiaagtgggatcgagacatgtaageageatcatggaggtiigaagatgcegeat
ttggatigeatgaattecaaatictgetigetigotiitiaatatigatatgotiatacactiacactita
tgcacaaaatgtagggtiataataatgitancatggacatgatetictitataatictacttigagty
cigtotccatgttigatgtatctgageagettgetecacaggtagetctaggaggectggoaact
tagaggtogooagcagagaaticicttalccaacatcaacaictiggicagatitgaacictica
atctetigeactcaaagetigtiaagatagttaagegigeataagttaacticcaatiiacatacict
gcttagaatitgooooanaatitagaaatataatigacaggatiatiggaaattigtiataatgaat
gaaacatitigtcatataagaticatatttactictiatacatitgataaagiaaggcatggtigtgt
taatctegtitatittigticcacaagttaaataaatcataaaactigatgtgtiatetctia

60

YWHAZ

NM_003406.3

ctitciceticoecttcticegggctccegtecceggeteatcaccoggectgiggoccacicoca
cegecagetggaaccciggggactacgacgtcecicaaacctigetictaggagataaaaag
aacatccagtcatggataaaaatgageiggticagaagaceaaactggecgageaggotga
gegataigatgacatggeagoctgeatgaagictgiaacigageaaggageigaaitatccaa
tgaggagaggaatcticicicagtigettataaaaatgttgtageagccogtaggteatctigga
gootcgtctcaagiatigaacaaaagacggaaggtoctgagaaaaaacageagatggetcg
agaatacagagagaaaatigagacggagctaagagataictgeaatgatgtactgteictttig
gaaaagticttgatceccaatgeticacaageagagageaaagictictatiigaaaatgaaag
gagatiactaccgttactigactgaggtigecgctegigatgacaagaaagg gattgicgaica
gicacaacaagcataccaagaagcettitgaaatcageaaaaaggaaatgcaaccaacacate
ctatcagactgggictggeccttaacticteigtgtictattatgagaticigaactcoccagaga
aagcctgetctettgeaaagacagetttigatgaagecatigetgaactigatacatiaagtigaa
gagicatacaaagacagcacgotaataatgcaatiactgagagacaactigacatigtggacat
cggatacccaaggagacgaagetgaageaggagaaggaggooaaaatiaaccggocttee
aacttiigtcigectcatictaaaattiacacagtagaccatiigtcatecatgetgtoccacaaata
gttititgitiacgatitatgacaggtitatgitactictatitgaatiictataiticocatgtggtittiat
gtttaatatiaggggagtagagccagtiaacatttagggagtiatcigitticatetigaggtggce
caatatggooatetgoaatititatacaagtiataagtgttiggcatagtactttiggtacattetss
cticaaaagggecagigtaaaactigeticeatgtctaageasagaaaactgectacatactggt
tigtectggeggegaataaaagggateatigeticcagtcacaggigtagtaatigteo otactt
taaggtitggagcacitacaaggotgiggtagaatcataceccatggataccacatattaaace
atgtatatctgte gaatactcaatgigtacaccitigactacagctgcagaagtgticetitagac
aaagttgtgacccatittacictggataagggcagaaacggticacaticcatiatiigtaaagtt
acctgctgttagctticattatititgetacacteatittatttgtattiaaatgttttagge caacciaag
aacaaatglaaaagtaaagatgcaggaaaaatgaattgotiggtaticattacticatgtatatea
agcacagcagiaaaacaaaaacccatglatitaactittitttaggattittg citigtgateitttttt
tittgatactigectaacatgcatgtactgtaaaaatagtiancagggaaataactigagatgaty

gctagcttigtitantgtcitat gaaattitcatgaacaatocaagoataatigitaagaacacgtgt
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attaaaticatglaagtggaataaaagtittatgaatggactiticaactactiictctacagetittc
atgtaaattagtctiggtictgaaactictetaaaggaaatigtacatitiftgaaatitaticcttatte
ccictiggeagetaatggacictiaccaagttiaaacacaaaattiatcataacaaaaatactact
aatataactactgtitccatgteccatgatcecctetcticctecccacectigaaaaaaatgagtic
ctattttttcigggagagegsoooatigattagaaanaaatgtagigtottccatitaaaatitigg
catatggeattticiaactiaggaagccacaatgtictiggoccatcatgacatiggatageatia
actgtaagtttigtocticcaaatcacttitiggtitttaagaatitettgatactctiatagectgectt
caattttgatecttiaticttictatttgteaggtecacaagatiaccttectgititagectictgtett
gtcaccaaccatictiactiggtggecatgtactiggaaaaagacegeatgatcittciggetee
actcagtgictaaggcaccetgcticottigetigealcocacagactatticecteatectatitac
tgcagcaaatctetecttagttgatgagactgtgittatetocctitaaaaccctacctatectgaat
getctgtcattgictgectitaaaatecticototiicticctecictaticictaaataatgatggos
ctaagitatacccaaagetcacttiacaaaatatticeteagtacitigeagaaaacaccaaacaa.
aaatgccattitasaaaaggigiattitticitttagaatgtaagetccicaagageagggacaat
gttitctgtatgtictatigtgcctagtacacigtaaatgctcaataaatatigatgalgggaggca
gteagictigatgataagggigagaaactganatccoaaacactgttttgtigetiptittattaig
acctcagattaaatigggaaatatiggecctittgaataatigtcocaaatattacaticaaataaa
agtgeaalggaganaaaaaala

SDHA

NM_004168.3

actgeagecoegetegacteeggogtggtacgcaggcgeggiatoccecoctecocogoag
ctogaccocggigtegtgcgcaggegcagicigegcagggactgecsggactgegcgst
ggcaacagcagacatgicggggatccggoaceigicgeggctgcigagegotcggegect
gocgciggecaaggcgtooccaacagigtigeaaacaggaaccegaggttttcacticactg
ttgatggoaacaagagoecatctgctaaagtitcagattceatitetgetcagtatecagtagty
gatcatgaatiigatgcagtggtgotagacoctgoagoogcagactigegagctigeattigge
ctitctgaggcagggttiaatacageatgigtiaccaagetgiticctaccaggtcacacacigtt
gragcacagggaggaatcaatgetgetctggggaacatggaggaggacaactggagsios
cattictacgacaccgtgaaggoctecgactggotggegaccaggatgccatccactacat
gacggageaggeececgocgeegiggtcgagctagaaaatiatggcatgecgttiageaga
actgaagatgggaagattialicagegigeattiggtggacagagoctcaagtitggaaaggoc
gggcaggcccateggtectigetgigtggctgatcggactggccactegetatigeacacctia
tatggaaggtcictgegatatgataccagotatittgtggagtattitgectiggatetectgatgg
agaatggggagtgcogtogtaicatcgcactgigeatagaggacgggtecatccatcgeata
agagcaaagaacacigtigttoccacaggaggctacgggogeacciacticagetgeacgic
{geecacaccageactggegacggeacggecatgatcaccagggeaggocticotigecag
gacciagagtitgticagticcaccetacaggeatataiggtoctegitaicteattacggaagg
atgtogtggagageeagocaticicattaacagicaaggcgasagetttatggagegatacg
ccoctgtcgegaaggacciggegictagagatgtggigtctegatecatgaciciggagatoe
gagaaggaagagecigtggoccigagaaagatcacgictacctgeagetgeaccacctacet
ccagageagetggecacgegoctgcctggeatitcagagacagecatgateticgetggegt
ggacgtcacgaaggagceegalcocigiectececacegigeattataacatgggcggoatic
ceaccaactacaaggeecaggtectgaggcacgtgaatggecaggatcagatigteccegg
ceigtacgoctgtgggoageccgecigigecicggtacatggtgccaacegociogggeca
aactegotctiggacctggtigtctitggtcgggeatgtgecctgagceategaagagicatgca
gocctggagataaagtccciccaattaaaccaaacgoiggegaagaateigicatgaatetig
acaaatigagatitactoatooaagcataagaacateggaacigegacicageatgoagaagt
caatgeaaaatcatgotgecgigticegigigggaagegttigcaagaaggtigtoooaaan
tcageaagetctatggagacctaaagcacctgaagacgticgaccggggaatggteiggaac
acggacciggiggagaccctggagetgeagaacctgatgetgigigegetgeagaccaicta
cggageagagecacggaaggagicacggggogcgeatgecagggaagactacaaggty
cggatigatgagtacgatiactccaageccatccaggggcaacagaagaagecotitgagga
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geaciggaggaageacacccigicetatgtggacgtiggeactgggaaggtcacteiggaat
atagaccegigatcgacaaaaciiigaacgaggctgactgigocaccgicecgecagecatic
getectactgatgagacaagatgtggtgatgacagaatcagcetitigtaattatgtataatagete
atgcatgtgiccatgtcataactgicticatacgeticigeaciciggggaagaaggagtacatt
gaagggoagatigocacctagtgecigegagctigecaggaacccagiggceagggagogt
ggcacttacctiigtecctigeticatictigtgagatgataaaacigggcacagotcitaaataaa
atataaatgaacaaactitettitatitccaaatecatitgaaatattttactgtigtgactitagteata
ittgtigacctaaaaatcaaatgiaatetiigtatigteitacatcaaaatocagatattitatatagtt
tottttttctitttctittcttittttttttgagacaggatcggigcagtagtacaatcacagetcactae
ageetcaaactcctgggcagcetcaggigatoticcigactocagocticigagtagtigggscta
caggigtgcaccaccatgoccagotcatitattitgtaatigtaggeacagggtctcacigigtte
cctaggotgatcicaagigatecteccicctiggectoccaaggtgotggaattataggatstioa

acaagccagaaaaaaaasaaa

HPRT!

NM_000194.2

gcggaaocigetictecteageticaggeggeigegacgageceicaggegaaccteteg
gctttcecgegeggcgecgectcitgotgogeetacgactccicetotgotoegacaccggett
cotectectgageagicageccgegegeoggeeggetcegtiatggegaccegeagecetg
gegtegtaatiagigatgalgaaccaggtiatgacctigatitatittgeatacctaatcattatgct
gaggatitggaaagggtotitaticetcatggactaattatggacaggactgaacgtctigeteg
agatgtgatgaaggagatgooacoccatcacatigtageocteigigtgetcaagggsggct
ataaatictitgetgacctgetggatiacatcaaageactgaatagaaatagigatagatecatic
ctatgactgtagatittatcagactgaagagetatigtaatgaceagicaacaggggacataaa
agtaattggiggagcateatctotcaactitaactggaaagaatgtctigattgtggaagatataat
tgacactggceaaaacaatgeagactitgotitectiggtcaggcagtataatocaaagatggto
aaggtegeaagetigeiggteaaaaggaccecacgaagigtiggatataagecagactitgit
geoattigaaaticcagacaagttigitgiaggatatgocctigactataatgaatacticagggatt
tgaatcatgttigtgtcattagtgaaactggaaaagcaaaatacaaagectaagatgagagitc
aagtigagtitgeaaacatciggagtoctatigacaicgecagtaaaattatcaatgtictagtict
gtogccatctgotiagtagagctttitgeatgtatettctaagaatttiatctgtttigtactttagaaa
{gteagtigotgeaticctaaactgtttatitgcactatgagectatagactatcagticoctitegy
cggatigtigttiaactigtaaatgaaaaaaticicttaaaccacageactatigagtgaaacatty
aactcatatcigtaagaaatnaagagaagatatattagtitittaatiggtatttiaatiittatatatg
caggaaagaatagaagtoatigaatatigtiaattataccacegtgigtiagaaaagiaagaag
cagtcaafttttcacatcaaagacagcatctaagaagtttigticigtcctggaatiatittagtagte
{ticagtaatgttgacigtatiticcaactigticaaattattaccagigaatcitigtcageagtice
ctittaaatgcaaatcaataaaticecaaaaatitianaaaananaaaanasaansas

TOX4

NM_00130352

3.1

ageagagagaacacacgicettgoggaagigacggeagticegagiceagtegssecast
egeagcgatgaggeictzagacggiggoageapttptgtzaagatggagacaticcataca
ccaagcettggetsatpaggaatitgaaatcocacctatctectiggatictgatcocteatigget
gtctcagatgtgetteoccactitgatgacctggcagaccoticcicticacaggatggcagtttt
tcageccagtatgggotecagacatiggacatgectgiggacalgacceatggetigatgga
geaggeoegeoooociceigagtggrooctigaccatggacttggaccactetataggaact
cagtatagigecaaccecaccigtiacaatigatgtaccaatgacagacatgacatctggctigat
gegecatagocagitgaccaccatigaicagicagaactgagticceageigggtitaagect
aggggetopoaccalectgocaccigeccagtcaccigaagategictticaaccaccectic
acctactagttcacticacgaggatg gtgttgaggatticcggaggcaacticcoagecagaa
gacagtcgteglogaagcageraanangcagaageocoCanagaagagananaaganag
atcctaatgaacctcagaaaccagtiicageatatgotitattctitegtgatacacaggetgecat
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caaggeacagaatcctaatgecacttitggteagotitcaaaaatigtgeoctecatgtggoat
agtcitggagageagcaaagacaggtatataagaggaaaacigaggcigecaagaaagagt
atctgaaggeactggeigetiacaaagacaaccaggagigicaggecactgtzgaaacagty
zaattggatccageaccaccatcacaaacteciictccacctoctatggetacigtizacceag
catctecagceaccageticaatagagecccctgecctgicoccatecatigtigitaactecace
cittcatcctatgtggcaaaccaggeatcticiggagctggggotcageccaatateaccaagt
{gattattaccaaacaaatgiigecetetictatiactatgicicaaggagegatgotiacigttale
ccagecacagiggteaccteccggggectecaactaggecaaaccagtacagetactateca
geccagtcaacaagoccagatigtcacicggtcagtgtigeaggeageageagetgetgoelg
ctgotgetictatgeaactigectecaccecgactacagecoectecattacaacagataecaca
geeccegactcageageaagttaccaticigeageagcectoctecactcoaggecatgeaac
agceetocaccicagaaagticgaateaatitacageaacagectectectctgcagatcaagag
tgtgectetacceactitgaaaatgeagactaccttagicecaccaactgigegaaagtagtocty
agegecctatgaacaacagecoigaggeecatacagtggaggcacctictecigagactalct
gtgagatgatcacagatgiagitcctgaggtigagictectictcagatgaatgtigaatigetoa
gtegetotectgtageacteicaceccagecicgataigtgaggiciggtigigagaaccetee
cattgtgagtaaggacigggacaatgaatactgcageaatgagigigigsteaagcacigea
sogatgtatictigeccigggtagoctctagaaatticaaacacagtggigttieigaaatagice
ttcetgtictccaagecagtgaagagttatctgcteggaaagtgtccaagagectgttttigaaa
cacaagetggectictggtagteccicatcacaaccoatgatggctaticatgtitcaccoctiit
cttecttcageagaggecaggotatggageagggocactigaattigetgtaatciggagatec
itittactticaaccataageggtaatagcagagganagggigaageragictogocaageas
agcatagagatggigggategigetapaotigaagaaactigttagtataatigicataggact
tgcctaaaatatiatiaaaatiacggaagtatacicagetiigagectaggagaaaatgocacty
tgtgcatccattttaaagggticoctcataaaaaaatgttaticcecatiatcacatcagtacactg
ctttgaaaacaaaacttitcaacatgggcatactggectacatggaaaatgacatcacceagga
gteatitctetitatatatatiatiictgeagttaccatocttatctgagtiatcacagticatgaateta
agaggceggaactctacatcattagtaagaggticcaccaaagictaaagitgtaticactigtgtt
tgatgaactatctitaagagaccataggictateattatiicttagacataatctaaagaaaaacag
actagagaagecacctggiigtaacagaataagcagaagttiacageatgatagiccaagigg
tgataactttaaataaaactcaaattittacigtitgtagacaggaatgcigtcctagagaaccice
toecteaaccagetacgiacatagtittatectatgeaticctgtitictgtgtgtittitg ittt tttett
tttttttttigagacagagtcicgctetgicacccaggetggagtgcagtegigogaccteaget
cactgaaaccicigectocegggticaagogatictectgeatcagectecegagtagetagy
attacaggegocegecactacgeccagetaatitgtgetatitttagiagagacagggtitcace
atgttggocaggetggictegaactectgaccteatgaiccgecegectigaccicccaaagty
ctgggatiacaggeatgagocaccgeacceagectgeaticetgittititaatggtitizgags
gtagcagtagagatgggetcicactatgttgcccagictagictigaacicetgggctacagtia
coctectacctcggeticeccanagtgoteggattacagetegteagecactgtgectagectata
atgatcatittaatgtticecatgeactcatttagtitgaaccticacagoaacceaatgaggtaat
actcecatticacatataatactgagagatgagtigeacaagattatacactgtiaagtageaga
gecagaatggacticagaateccaactacaatacaaatgtitattiaaataaagaagaaagetat
tgtacaaatatcacicticaggtitagctiacagagocatagetatpgaticttagetotgtaagy
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aagtgcttctataaattctiagstttagagatgataccatetggetacctitgetigaacegigeaa
coacatctgggtetagtaggtegatcceatecagtiggiticcaagggtgatectgaaacagty
taaaaggaggggcaaaccagaaatcciggaattagagggtitaatatigttaaaaaatgeatac
caaatgaagactgectatcatcataicaaatatgecaattctaaaaagagcetiaacattagaata

etatatggtagaattactagticagaatiggeatagatictegigttaaaatagactggatctgiat
tatcigagggttagtaactaatgcttagecaggecigettcacagagtigetaccagggagtatt

cittggataageaaaatgctageageatgigttttangetetgitaagggotgaaagatgtaatta

oM

ttgacagattaaatagataacticgtaaccaccagggggeagaticaatacatcacagaatggc

tgaggoaagatectigeoitotgaagagagtagaaaccetagggageagtecttitggetecta
gaacctgitgagtitctaatgaatatitgtagaatcicataaaacagtitagatacaagciiaagly
gottatgaatectgtgaagceteatttatggactagtgtaaaacaatgigaageictactaagtict
gtcettaatcataaataatageccotigaggactagectgtictetggtcacctiaccagtigogt
tgeacattgigtggicgiceaaataacteaatctigegagtgoecaggagatagtotiicaatcat
gecatagatitcatctggtitatgactggtogaacgaacctaggaaataaaaactagotigetitit

aagttacacaagaaaaaa

PTI

NM 00128627
214

cttcgtgecacgtcaccgectgegtegeticcggagacgcagegggoegatgacgtazages
acgigeectctatatgaggtigggeagoggctgagicggecttitcegoccgetececocice
coccgagegeegetecggotgcaccgogetegetcegagtticaggctcgigctaagetage
gccgtegtegtetcccticagtogecateatgattatctacegggaccicatcagecacgatga
gatgtictcegacatctacaagatocgggagatcgeggacggetigtoccigoagoiogsasy
goaagateotcagiaggacagaaggtaacatigatgactegeteattggtggaaatgeciceg
clgaaggececgagggegaaggtacegaaageacagiaatcaciggigtogatatigicatyg
aaccatcacctgeaggaaacaagittcacaaaagaageciacaagaagiacatcaaagatiac
atgaaatcaatcaaagggaaactigaagaacagagaccagaaagagiaaaacciittatgaca
goggctgcagaacaaatcaageacatectigetaatitcaaaaactaccagtictttatiggiga
aaacatgaatccagatggcatggtigctetatiggactacegigaggalggtotsaceecatat
atgatitictitaaggatggtitagaaatggaaaaatgigatgcaaaagaaagaaateoctgege
titctgtotgtettigtggeggoccagatigaattggg gaatacateittageciggaaatgtagy
ctgcatgttaatzgtaatgtaactitigeagtstaatgittgaaaaatatiaatgtagtititacttita
cagtaacagatgtggoaatiatitiggatctatcaccigtcaicataactiggettetactigicate
cacacaacaccaggacttaagacaaatgggactgatgicatctigagetcitcatifatitigact
gtoatttattiggagtieggagocatigtititangaaanacatgtcatgtaggtigtotanaaataaa
atgeatttaaactcattigagagaatgcctittagtttaatgcatatitaaactaaatigatcctglag
tgticctggagaagetagagectgatigtaggetactacicatcaattaactictacagiggaga
clactictgggactggaatataaaaaagaaicaaaggticigatitigagtigeaataaagggaa
agaccatgctcatageagigecaacatctgaagtgtggagectiaceeatitcateacciacaa
cggaagtagttaactggaagagatiaccaagagaataaaaagagactcaticagiggaagea
actttgtctcagcttatticacataaagagagcegaagictitigggatgaatgitaatiaaacicce
tgetaactagaacaggeaciggeaaactagoctateigaceacctgtitigtacactttaaggte
stigottocctititaaatggttgagesoaaaagaatacctigtgggatatggaatttaagticga
gtecagttitatiggaacgiggetatgettaticatitatggatigactgigacigtigtcagigeat
zagcagagitgtgictaacagactagagecigeaagttigecageceeigattiaaaagatga
aggtacacagaatgigaectggotggtigzgcaaaggggtaaaaatgticictatatigtatetg
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aaaagatggeetotcigaataagaaaatgcaictatitgacagacciggageagtigetatety
cigctatggtitccaccacagatgcaagaagaacatgtoctigegetitecgictgtctaatigty
gecagceigagatigaatagaggaatacaggaggaaaaasageggaaagagtititgaggcag
gieggteaccoaggetigiagigeagtggeacaageaacicactgeaticictgeatectgige
tcaagocattttoccaccicagicicactagtigetgggactgeaggeatgeaccoctaigece
agctaattttigtagagaccgagtategettagtigcccagggteateicaactectgggoicaa
geagatcigeecaceteagecteccanagigeaggoctagectgggageoraatiticaaaa
cgtgagtttiggoaaatagtciatcagectiacetggttgattacactigtaaaagaaagatiaaa,
ageaggcecagtgacteiggtctgotigaacatgtgaatetagtigetiteageaaiciggagity
ceotagtgicaaaticcagactgiceatagtgtccaaaacctgaggcagatactaatgtiaacee
ccageaccoegigatiggaaacaaacctaaatacgtatigggaacttaatageaatittaageat
{ctgatagatiititgtaggoatogogteatgccatgtggeceaggctagicigaaaacictgge
cteaagtgatctecaagetitggectictaaagtetteg eattacaggistgagecatigeaccty
gcttagegtictgattigacatigtaalgaaaagtgtoagictcaictacaggecctitigtectet
gaaatgatagcaggaagggaaititcaggeagiggtcasageiggggaaaccaggatagig
aagaaggoectigaggtgagagatggaagetaatiggigaactagectiggaagectgaaaca
gacaagtagcaaticagagacttigtgggotecactgeiccaactigtitigaagaiiticagtict
geagaagaggtatticoccagtigtcctitcagtgetettagetgttticocaacatccagateca
atcaaggcigggacatagceattitatcatgictatitaagicagaagigatgaaccccagetgtit
accteatggtaaacctitgaagaticcagglagaatctictcagacttigaagacigictcattita
tatctiitictogttattcctagggicaagacgittigggcaagaataaggatgigaacatcagaa
agclcataacatitigtittigatgclaagtitaacaaaggeatgetitagtagectgtggecocia
ggttigtiaaagigtzgagaacaactgagtagageaagaggactitictaggaaggtectigt
aatgtgacatitgaaaacaaatgaaggtatggaagtaggecatgiggatateaggacaaacca
ttccaggecaagacaacageagttagteiggagtetgaigtettctggoaaaaaagiggccac

ftigctaaccoangaagacaggaagggtigtaaagcagtggoastiotocaagoangoanga
coagacoicaaggaaaccacaggegotctgagcagaagagtiacatgatalgactoaaatittt
aaaggatcactitggctgocaggiggcaggataaaageatagaataatigigtataatgtatttt
taaggcaaagatagiggctiagictagaatagtagactgaggiogtaggaaatgaagataga

gacaacaggatatgctggiogotgagatggatitaatgitgatacaagtatitiggtctaageg
tiiggaagaaagtigecactgaggtoggaagicgagtitagtitigtiagttttyggatgistiaagt
tigagatgctgaticticagagaagictaagctggagaactatatagagagtegaaagataaca
atagacatigasagecatgatacaggataaggtcattiggagagagoatagactacaticcaa

catgagatiggtigacaaagagaaaccaacaaaggtaattaagaggtocteecactgeactig
tactcagaaggctgaggtaggatigtiagageocageotgggoaccacagggagaceceat
ctetaaaatttagecaggaaccatggoteatgectgtagecccaggaatiigggagscigagt

2gggaggategetigaggicaggagtttgagaccagectgggcaacataggzagacciaaa
aaaattaatigggcatcigtagicocagetacicaggoggeigagetigagaggatggcitgag
toegagagatigageotoeagigagetgtgalcataccactgeaciccagoctigggeggeag
tgagacactatctgaaaaaagtitaaaaatiitaaaasagaageaactgecccigaggataagaa
ccaagggagggocicocagaggtcaggtggaaaaagititaggaaggaggaagtagtcaa

cagggttaccigitgcaaagtacttaagtaatatgag gecigatagiggtaaacttgactacegt
tggatitcactagtggaaaaggaagtctaatianaatgeactcaagagactaacagicgcasg
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catgaaatacaatacaggtacatggtitttiatiatgtgtocatetgcticagtaataggtetgaatt
acteatttggatcattaggagtiticaaaatctagtiagatgactagatitiigtizatgtaaatictgt
cattctgaactgeagggatigicagtaactiaactgcaanciaaactggigataattatggtana
attgeaagacgagceaataaatctcaaccaactigagagaacactgataa

Definitions

{060126] The articles “a” and “an” are used in this disclosure to refer to one or more than one (i.e.,
to at least one) of the grammatical object of the article. By way of example, “an element” means
one element or more than one element.

{60127] The term “and/or” is used in this disclosure to mean either “and” or “or” unless indicated
otherwise.

{60128} As used herein, the terms “polynuclectide” and “nucleic acid molecule” are used
interchangeably to mean a polymeric form of nucleotides of at least 10 bases or base pairs in
length, either nibonucleotides or deoxynucleotides or a medified form of either type of nucleotide,
and i3 meant to include single and double stranded forms of DNA. As used herein, a nucleic acid
molecule or nucleic acid sequence that serves as a probe in a microarray analysis preferably
comprises a chain of nucleotides, more preferably DNA and/or RNA. In other embodiments, a
nucleic acid molecule or nucleic acid sequence comprises other kinds of nucleic acid structures
such a for instance a DNA/RNA helix, peptide nucleic acid (PNA), locked nucleic acid (LNA)
and/or a ribozyme. Hence, as used herein the term “mucleic acid molecule”™ also encompasses a
chain comprising non-natural nucleotides, modified nucleotides and/or non-nuclectide building
blocks which exhibit the same function as natural nucleotides.

100129} As used herein, the terms “hybridize,” “hybridizing”, “hybridizes,” and the like, used in
the context of polynucleotides, are meant to refer to conventional hybridization conditions, such
as hybridization in 50% formamide/6XSSC/0.1% SDS/100 pg/mi ssDNA, in which temperatures
for hybridization are above 37 degrees centigrade and temperatures for washing in 0.1 X5SC/0.1%
SDS are above 55 degrees C, and preferably to stringent hybridization conditions.

[00130] As used herein, the term "normalization” or “normalizer” refers to the expression of a
differential value in terms of a standard value to adjust for effects which arise from technical
variation due to sample handling, sample preparation, and measurement methods rather than

biological variation of biomarker concentration in a sample. For example, when measuring the
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expression of a differentially expressed protein, the absolute value for the expression of the protein
can be expressed in terms of an absolute value for the expression of a standard protein that is
substantially constant in expression.

{60131] The terms "diagnosis" and "diagnostics” also encompass the terms "prognosis” and
"prognostics”, respectively, as well as the applications of such procedures over two or more time
points to monitor the diagnosis and/or prognosis over time, and statistical modeling based
thereupon. Furthermore, the term diagnosis includes: a. prediction {(determining if a patient will
likely develop aggressive disease (hyperproliferative/invasive)), b. prognosis {predicting whether
a patient will likely have a better or worse outcome at a pre-selected time in the future), ¢. therapy
selection, d. therapeutic drug monitoring, and e. relapse monitoring,

{60132] "Accuracy” refers to the degree of conformity of a measured or calculated quantity {a test
reported value)} to its actual {(or true) value. Clinical accuracy relates to the proportion of true
outcomes (true positives (TP) or true negatives (TN)) versus misclassified outcomes (false
positives (FP) or false negatives (FN}), and may be stated as a sensitivity, specificity, positive
predictive values (PPV) or negative predictive values (NPV), or as a likelihood, odds ratio, among
other measures.

{80133} The term "biological sample" as used herein refers to any sample of biological origin
potentially containing one or more biomarkers. Examples of biological samples include tissue,
organs, or bodily fluids such as whole blood, plasma, serum, tissue, lavage or any other specimen
used for detection of disease.

{60134] The term "subject” as used herein refers to a mammal, preferably a human. ln some
embodiments, the subject has at least one prostate cancer symptom. In some embodiments, the
subject has a predisposition or familial history for developing a prostate cancer. The subject could
also be previously diagnosed with a prostate cancer and 1s tested for cancer recurrence. In some
embodimentis, the subject has benign prostate hyperplasia.

j00135] "Treating” or "treatment” as used herein with regard to a condition may refer to preventing
the condition, slowing the onset or rate of development of the condition, reducing the risk of
developing the condition, preventing or delaying the development of symptoms associated with
the condition, reducing or ending symptoms associated with the condition, generating a complete

or partial regression of the condition, or some combination thereof.
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{60136] Biomarker levels may change due to treatment of the disease. The changes in biomarker
levels may be measured by the present disclosure. Changes in biomarker levels may be used to
monitor the progression of disease or therapy.

{60137] "Altered”, "changed” or "significantly different” refer to a detectable change or difference
from a reasonably comparable state, profile, measurement, or the like. Such changes may be all or
none. They may be incremental and need not be linear. They may be by orders of magnitude. A
change may be an increase or decrease by 3%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, 99%, 100%, or more, or any value in between 0% and 100%. Alternatively, the change may
be I-fold, 1.5- fold, 2-fold, 3-fold, 4-fold, S-fold or more, or any values in between 1-fold and 5-
fold. The change may be statistically significant with a p value of 0.1, 0.05, 0.001, or 0.0001.
{60138] The term “stable disease” refers to a diagnosis for the presence of & prostate cancer,
however the prostate cancer has been treated and remains in a stable condition, i.e. one that that is
not progressive, as determined by imaging data and/or best clinical judgment.

{6013%] The term “progressive disease” refers to a diagnosis for the presence of a highly active
state of a prostate cancer, i.e. one has not been treated and is not stable or has been treated and has
not responded to therapy, or has been treated and active disease remains, as determined by imaging
data and/or best clinical judgment.

[00140] The term “neoplastic disease” refers to any abnormal growth of cells or tissues being
either benign (non-cancerous) or malignant {cancerous). For example, the neoplastic disease can
be a prostate cancer.

{60141] The term “neoplastic tissue” refers to a mass of cells that grow abnormally.

{80142] The term “non-neoplastic tissue” refers to a mass of cells that grow normally.

{00143] The term “immunotherapy” can refer to activating immunotherapy or suppressing
immunotherapy. As will be appreciated by those in the art, activating immunotherapy refers to
the use of a therapeutic agent that induces, enhances, or promotes an inunune response,
including, e.g., a T cell response while suppressing immunotherapy refers to the use of a
therapeutic agent that interferes with, suppresses, or inhibits an immune response, including, e.g,,
a T cell response. Activating immunotherapy may comprise the use of checkpoint inhibitors.
Activating immunotherapy may comprise administering to a subject a therapeutic agent that
activates a stimulatory checkpoint molecule. Stimulatory checkpoint molecules include, but are

not limited to, CD27, CD28, CD40, CD122, CD137, OX40, GITR and ICOS. Therapeutic agents
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that activate a stimulatory checkpoint molecule include, but are not limited to, MEDIO562,
TGN1412, CDX-1127, lipocalin,

j00144] The term "antibody" herein is used in the broadest sense and encompasses various
antibody structures, including but not limited to monoclonal antibodies, polycional antibodies,
multispecific antibodies (e.g., bispecific antibodies), and antibody fragments so long as they
exhibit the desired antigen-binding activity. An antibody that binds to a target refers to an
antibody that is capable of binding the target with sufficient affinity such that the antibody is
useful as a diagnostic and/or therapeutic agent in targeting the target. In one embodiment, the
extent of binding of an aunti-target antibody to an uvnrelated, non-target protein is less than about
10% of the binding of the antibody to target as measured, e.g., by a radicimmunoassay (R1A) or
biacore assay. In certain embodiments, an antibody that binds to a target has a dissociation
constant (Kd) of < 1 uM, < 100 nM, < 10 aM, < 1 nM, < 0.1 aM, < 0.01 nM, or < 0.001 nM (e.g.
108 M or less, e.g. from 108 M to 1013 M, e g, from 109 M to 1013 M}. In certain
embodiments, an anti-target antibody binds to an epitope of a target that is conserved among
different species.

{60145] A "blocking antibody" or an "antagonist antibody" is one that partially or fully blocks,
inhibits, interferes, or neutralizes a normal biclogical activity of the antigen it binds. For
example, an antagonist antibody may block signaling through an immune cell receptor {(e.g., a T
cell receptor) so as to restore a functional response by T cells (e.g., proliferation, cytokine
production, target cell killing) from a dysfunctional state to antigen stimulation.

{00146] An "agonist antibody" or "activating antibody” is one that mimics, promotes, stimulates,
or enhances a normal biological activity of the antigen it binds. Agonist antibodies can also
enhance or initiate signaling by the antigen to which it binds. In some embodiments, agonist
antibodies cause or activate signaling without the presence of the natural ligand. For example, an
agonist antibody may increase memory T cell proliferation, increase cytokive production by
memory T cells, inhibit regulatory T cell function, and/or inhibit regulatory T cell suppression of
effector T cell function, such as etfector T cell proliferation and/or cytokine production.

[60147] An "antibody fragment” refers to a molecule other than an intact antibody that comprises
a portion of an intact antibody that binds the antigen to which the intact antibody binds.

Examples of antibody fragments include but are not limited to Fv, Fab, Fab', Fab'-SH, F(ab")2;
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diabodies; linear antibodies; single-chain antibedy molecules (e.g. scFv); and multispecific
antibodies formed from antibody fragments.
j00148] Administering chemotherapy to a subject can comprise administering a therapeutically
effective dose of at least one chemotherapeutic agent. Chernotherapeutic agents include, but are
not limited to, 13-cis-Retinoic Acid, 2-CdA, 2-Chlorodeoxvadenosing, 5-Azacitidine, 5-
Fluorouracil, 5-FU, 6-Mercaptopuring, 6-MP, 6-TG, 6-Thioguanine, Abemaciclib, Abiraterone
acetate, Abraxane, Accutane, Actinomycin-D, Adcetris, Ado-Trastuzumab Emtansine,
Adriamycin, Adrucil, Afatinib, Afinitor, Agrylin, Ala-Cort, Aldesleukin, Alemtuzumab,
Alecensa, Alectinib, Alimta, Alitretinoin, Alkaban-AQ, Alkeran, All-transretivoic Acid, Alpha
interferon, Altretamine, Alunbrig, Amethopterin, Amifostine, Aminoglutethimide, Anagrelide,
Anandron, Anastrozole, Apalutamide, Arabinosylcytosine, Ara-C, Aranesp, Aredia, Arimidex,
Aromasin, Arranon, Arsenic Trioxide, Arzerra, Asparaginase, Atezolizumab, Atra, Avastin,
Avelumab, Axicabtagene Ciloleucel, Axitinib, Azacitidine, Bavencio, Beg, Beleodaq, Belinostat,
Bendamustine, Bendeka, Besponsa, Bevacizumab, Bexarotene, Bexxar, Bicalutamide, Bicnu,
Blenoxane, Bieomycin, Blinatumomab, Blincyto, Bortezomib, Bosulif, Bosutinib, Brentuximab
Vedotin, Brigatinib, Busulfan, Busulfex, C225, Cabazitaxel, Cabozantinib, Calcium Leucovorin,
Campath, Camptosar, Camptothecin-11, Capecitabine, Caprelsa, Carac, Carboplatin,
Carfilzomib, Carmusting, Carmustine Wafer, Casodex, CCI-779, Cenu, Cddp, Ceenu, Ceritintb,
Cerubidine, Cetuximab, Chlorambucil, Cisplatin, Citrovorum Factor, Cladribine, Clofarabine,
Clolar, Cobimetinib, Cometrig, Cortisone, Cosmegen, Cotellic, Cpt-11, Crizotinib,
Cyclophosphamide, Cyramza, Cytadren, Cytarabine, Cytarabine Liposomal, Cytosar-U,
Cytoxan, Dabrafenib, Dacarbazine, Dacogen, Dactinomycin, Daratumumab, Darbepoetin Alfa,
Darzalex, Pasatinib, Daunomycin, Daunorubicin, Daunorubicin Cytarabine (Liposomal},
daunerubicin-hydrochloride, Daunorubicin Liposomal, DaunoXome, Decadron, Decitabine,
Degarelix, Delta-Cortef, Deliasone, Dentleukin Diftitox, Denosumab, DepoCyt, Dexamethasone,
Dexamethasone Acetate, Dexamethasone Sodium Phosphate, Dexasone, Dexrazoxane, Dhad,
Dic, Diodex, Docetaxel, Doxil, Doxorubicin, Doxorubicin Liposomal, Droxia, DTIC, Duic-
Dome, Duralone, Durvalumab, Hculizumab, Efudex, Ellence, Elotuzumab, Eloxatin, Elspar,
Ehlirombopag, Emcyt, Empliciti, Enasidenih, Enzalutamide, Epirubicin, Epoetin Alfa, Erbitux,
Eribulin, Erivedge, Erleada, Erlotinib, Erwinia L-asparaginase, Estramustine, Ethyol, Etopophos,
Etoposide, Etoposide Phosphate, Eulexin, Everolimus, Evista, Exemestane, Fareston, Farydak,
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Faslodex, Femara, Filgrastim, Firmagon, Floxuridine, Fludara, Fludarabine, Fluoroplex,
Fluorouraci], Fluorouracil (crear), Fluoxymesterone, Flutamide, Folinic Acid, Folotyn, Fudr,
Fulvestrant, G-Csf, Gazyva, Gefitinib, Gemcitabine, Gemtuzumab ozogamicin, Gemzar, Gilotrif,
Gleevee, Gieostine, Gliadel Water, Gm-Csf, Goserelin, Granix, Granulocyte - Colony
Stimulating Factor, Granulocyte Macrophage Colony Stimulating Factor, Halaven, Halotestin,
Herceptin, Hexadrol, Hexalen, Hexamethylmelamine, Hmm, Hycamtin, Hydrea, Hydrocort
Acetate, Hydrocortisone, Hydrocortisone Sodium Phosphate, Hydrocortisone Sodium Succinate,
Hydrocorione Phosphate, Hydroxyurea, Ibrance, Tbritumomab, Ibritumomab Tiuxetan, Ibrutinib,
fclusig, Idamycin, Idarobicin, Idelalisib, Idhifa, Hex, IFN-alpha, Hfosfamide, TL-11, [L-2,
imbruvica, Imatinib Mesvlate, Imfinzi, Imidazole Carboxamide, Imlygic, Inlyta, Inotuzumab
Ozogamicin, Interferon-Alfa, Interferon Alfa-2b (PEG Conjugate), Interleukin-2, Interleukin-11,
Intron A (interferon alfa-2b}, Ipitimumab, Iressa, Irinotecan, Irinotecan (Liposomal),
Isotretinoin, Istodax, Ixabepilone, Ixazomib, Ixempra, Jakafi, Jevtana, Kadeyla, Keytruda,
Kidrolase, Kisgali, Kymriah, Kyprolis, Lanacort, Lanreotide, Lapatintb, Lartruvo, L-
Asparaginase, Lbrance, Ler, Lenalidomide, Lenvatinib, Lenvima, Letrozole, Leucovorin,
Leukeran, Leukine, Leuprolide, Leurccristine, Leustatin, Liposomal Ara-C, Liquid Pred,
Lomustine, Lonsurf, L-PAM, L-Sarcolysin, Lupron, Lupron Depot, Lynparza, Margibo,
Matulane, Maxidex, Mechlorethamine, Mechlorethamine Hydrochloride, Medralone, Medrol,
Megace, Megestrol, Megestrol Acetate, Mekinist,, Mercaptopurine, Mesna, Mesnex,
Methotrexate, Methotrexate Sodium, Methyiprednisolone, Meticorten, Midostaurin, Mitomycin,
Mitomycin-C, Mitoxantrone, M-Prednisol, MTC, MTX, Mustargen, Mustine, Mutamycin,
Myleran, Mylocel, Mylotarg, Navelbine, Necitumumab, Nelarabine, Neosar, Neratinib, Nerlynx,
Neulasta, Neumega, Neupogen, Nexavar, Nilandron, Nilotinib, Nilutamide, Ninlaro, Nipent,
Niraparib, Nitrogen Mustard, Nivolumab, Nolvadex, Novantrone, Nplate, Obinutuzumab,
Octreotide, Octreotide Acetate, Odomzo, Ofatumumab, OGlaparib, Olaratumab, Omacetaxine,
Oncospar, Oncovin, Onivyde, Ontak, Onxal, Opdivo, Oprelvekin, Orapred, Orasone,
Osimertinib, Otrexup, Oxaliplatin, Paclitaxel, Paclitaxel Protein-bound, Palbociclib,
Pamidronate, Panitumumab, Pancbinostat, Panretin, Paraplatin, Pazopanib, Pediapred, Peg
Interferon, Pegaspargase, Pegfilgrastim, Peg-Intron, PEG-L-asparaginase, Pembrolizumab,
Pemetrexed, Pentostatin, Perjeta, Pertuzumab, Phenylalanine Mustard, Platinol, Platinol-AQ,

Pomalidomide, Pomalyst, Ponatinib, Portrazza, Pralatrexate, Prednisolone, Prednisone, Prelone,
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Procarbazine, Procrit, Proleukin, Prolia, Prolifeprospan 20 with Carmustine Implant, Promacta,
Provenge, Purinethol, Radium 223 Dichloride, Raloxifene, Ramucirumab, Rasuvo, Regorafentb,
Revlimid, Rheumatrex, Ribociclib, Rituxan, Rituxan Hycela, Rituximab, Rituximab
Hyalurodinase, Roferon-A (Interferon Alfa-2a), Romidepsin, Romiplostim, Rubex, Rubidomycin
Hydrochloride, Rubraca, Rucaparib, Ruxolitinib, Rydapt, Sandostatin, Sandostatin LAR,
Sargramostim, Siltuximab, Sipuleucel-T, Soliris, Solu-Cortef, Solu-Medrol, Somatuline,
Somdegib, Sorafenib, Sprycel, 56-571, Stivarga, Streptozocin, SU11248, Sunitinib, Sutent,
Sylvant, Synribo, Tafinlar, Tagrisso, Talimogene Laherparepvec, Tamoxifen, Tarceva, Targretin,
Tasigna, Taxol, Taxotere, Tecentrig, Termodar, Temozolomide, Temsirolimus, Teniposide,
Tespa, Thalidomide, Thalomid, TheraCys, Thioguanine, Thioguanine Tabloid,
Thiophosphoamide, Thioplex, Thiotepa, Tice, Tisagenlecleucel, Toposar, Topotecan,
Toremifene, Torisel, Tositumomab, Trabectedin, Trametinib, Trastuzumab, Treanda, Trelstar,
Tretinoin, Trexall, Trifluridine/Tipiricil, Triptorelin pamoate, Trisenox, Tspa, T-VEC, Tykerb,
Valrubicin, Valstar, Vandetanib, VCR, Vectibix, Velban, Velcade, Vemurafenib, Venclexta,
Venetoclax, VePesid, Verzenio, Vesanoid, Viadur, Vidaza, Vinblastine, Vinblastine Sulfate,
Vincasar Pfs, Vincristine, Vincristine Liposomal, Vinorelbine, Vinorelbine Tartrate,
Vismodegib, Vib, VM-26, Vorinostat, Votrient, VP-16, Yumon, Vyxeos, Xalkori Capsules,
Xeloda, Xgeva, Xofigo, Xiandi, Yervoy, Yescarta, Yondelis, Zaltrap, Zanosar, Zarxio, Zejula,
Zelboraf, Zevalin, Zinecard, Ziv-atlibercept, Zoladex, Zoledronic Acid, Zolinza, Zometa,
Zydelig, Zykadia, Zytiga, or any combination thereof

{00149} The terms “effective amount” and “therapeuticaliy effective amount” of an agent or
compound are used in the broadest sense to refer to a nontoxic but sufficient amount of an active
agent or compound to provide the desired effect or benefit.

[00150] The term "benefit" is used in the broadest sense and refers to any desirable effect and
specifically includes clinical benefit as defined herein. Clinical benefit can be measured by
assessing various endpoints, e.g., inhibition, to some extent, of disease progression, including
slowing down and complete arrest; reduction in the number of disease episodes and/or
symptoms; reduction in lesion size; inhibition (i.e., reduction, slowing down or complete
stopping) of disease cell infiltration into adjacent peripheral organs and/or tissues; inhibition (ie.
reduction, slowing down or complete stopping) of disease spread; decrease of auto-immune

response, which may, but does not have to, result in the regression or ablation of the disease
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fesion; relief, to some extent, of one or more symptoms asscciated with the disorder; increase in
the length of disease-free presentation following ireatment, e.g., progression-free survival,
increased overall survival; higher response rate; and/or decreased mortality at a given point of
time following treatment.

j00151] The terms "cancer” and "cancerous” refer to or describe the physiological condition in
mammals that is typically characterized by unregulated cell growth. Included in this definition
are benign and malignant cancers. Examples of cancer include but are not limited to, carcinoma,
tymphoma, blastoma, sarcoma, and leukemia. More particular examples of such cancers include
adrenocortical carcinoma, bladder urothelial carcinoma, breast invasive carcinoma, cervical
squamous cell carcinoma, endocervical adenocarcinoma, cholangiocarcinoma, colon
adenocarcinoma, lympheid neoplasm ditfuse large B-cell lymphoma, esophageal carcinoma,
glichlastoma multiforme, head and neck squamous cell carcinoma, kidney chromophobe, kidney
renal clear cell carcinoma, kidney renal papillary cell carcinoma, acute myeloid leukemia, brain
lower grade glioma, ltver hepatocellular carcinoma, lung adenocarcinoma, lung squamous cell
carcinoma, mesothelioma, ovarian serous cystadenocarcinoma, pancreatic adenocarcinoma,
pheochromocytoma, paraganglioma, prostate adenocarcinoma, rectum adenocarcinoma,
sarcoma, skin cutaneous melanoma, stomach adenocarcinoma, testicular germ cell tumors,
thyroid carcinoma, thymorma, uterine carcinosarcoma, uveal melanoma. Other examples include
breast cancer, lung cancer, lymphoma, melanoma, liver cancer, colorectal cancer, ovarian cancer,
bladder cancer, renal cancer or gastric cancer. Further examples of cancer include
neuroendocrine cancer, non-small cell lung cancer (NSCLC), small cell lung cancer, thyroid
cancer, endometrial cancer, biliary cancer, esophageal cancer, anal cancer, salivary, cancer,
vulvar cancer or cervical cancer.

[00152] The term "umor"” refers to all neoplastic cell growth and proliferation, whether

malignant or benign, and all pre-cancerous and cancerous cells and tissues. The terms "cancer,”

"nn "o

"cancerous,” "cell proliferative disorder," "proliferative disorder” and "tumor” are not mutually
exclusive as referred to herein.

[60153] As used herein, the term “about” when used in conjunction with numerical values and/or
ranges generally refers to those numerical values and/or ranges near to a recited numerical value

and/or range. In some instances, the term “about” can mean within + 10% of the recited value. For
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example, in some instances, “about 100 [units]” can mean within = 10% of 100 (e.g., from 90 to
pic, ] . g

110).
Examples

100154} The disclosure is further illustrated by the following examples, which are not to be
construed as limiting this disclosure in scope or spirit to the specific procedures herein described.
1t is to be understood that the examples are provided to illustrate certain embodiments and that no
fimitation to the scope of the disclosure is intended thereby. It is to be further understood that resort
may be had to various other embodiments, modifications, and equivalents thereof which may
suggest themselves to those skilled in the art without departing from the spirit of the present
disclosure and/or scope of the appended claims.

[00155] EXAMPLE 1. Derivation of a 38-marker gene panel

{60156] Two microarray datasets (E-GEOD-46691 and E-GEOD-46602, Table 2) were used as

derivation cohorts (7 = 595 samples). Random Forest algorithm was applied to each dataset to
identify the most important sets of transcripts that are predictive of phenotypic diversity within
each set. Each microarray dataset comprised 22,011 and 54,675 probe sets, respectively. The
Random Forest-drive marker selection algorithm identified # = 129 transcripts as predictive of
disease progression across the two datasets. Of these # = 30 exhibited high Predictive Importance
scores in both datasets (FIGs. 1A-1B). Three microarray datasets (E-GEQD-62116, E-GEOD-
62667, E-GEGD-72220, Table 2) were then used to validate the putative Prostate Cancer signature.
For each transcript across the validation cohort (n = 564 samples) Predictive Importance and
Kruskal-Wallis p-values were obtained and averaged across the three datasets (FIG. 2).
Examination of the literature identified the ARv7 variant, the ERG-TRMS22 fusion gene and
ARI/AR2 signaling as additional gene sets to include and evaluate.

[00157] Evaluation of transcripts in a preliminary dataset of blood samples from prostate cancer
{(r = 20} and matched normal blood (1 = 20) confirmed expression of the 37 genes as markers of
PCA (Table 3} These genes were demonstrated to be highly expressed in PCA tumor tissue
compared to normal prostate and this could be used to effectively differentiate tumor from control
(FIG. 3). They also differentiated seven different PCA cell lines, 22Rv1 and EOO6AA-hT
(localized);, VCaP, PC-3; LNCaP; DU145 and MDA PCaZb (all metastatic) from two normal
prostate epithelial lines: PWR-1E and RWPE-1 (FIG. 4). These data demonstrate the candidate
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target transcripts are produced by neoplastic transformed prostate epithelial cell and are detectable
in blood.

{80158] An artificial intelligence model of prostate cancer disease was built using normalized gene
expression of these 37 markers in whole blood from Controls (=100}, and PCA (=21} samples.
The dataset was randomly split into training and testing partitions for model creation and validation
respectively. Twelve algorithms were evaluated (XGB, RF, glmnet, cforest, CART, treebag, knn,
anet, SVM-radial, S¥YM-linear, NB and mip). The top performing algorithm (XGB —~ “gradient
boosting”) best predicted the training data. In the test set, XGB produced probability scores that
predicted the sample. Each probability score reflects the “certainty” of an algorithm that an
unknown sample belongs to either “Control” or “PCA” class. For example, an unknown sample
ST can have the following probability vector [Control = 20%, PCA = 80%]. This sample would be
considered a PCA sample.

j00159] Table 2. Summary of all public microarray datasets that were used to derived Prostate

Cancer specific gene signature.

Accession Number  Sample Count Dataset Description
Gleason Score 5 - 10
Score S (n=3)
Score & (n = 60)
Score 7 {n=271)
Score 8 {n = 68)
Score 9 (n = 134)
Score 10 (n =9
Benign Prostate Glands (n = 14)
Prostate Tumor (n = 36)
Gleason Score 5 - 10
Score 5{n=1)
Score 6 (n =17}
E-GEOD-62116 235 Score 7{n=119)
Score 8 {(n = 39)
Score 9 {n = 58}
Score 10 (n=1)
Gleason Score 6 -9
Score 6 {(n =25}
E-GEQD-62667 182 Score 7 (n= 112}
Score & (n =23)
Score 9 (n =22
Normal Tissue (n = 90)
Tumor Tissue {n = 57

E-GEGD-46691

wr
I
v

E-GEOD-46602

L
o
<

E-GEOD-72226 147
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j00160] Table 3: 37 PCA marker gene panel (not including the housekeeping gene)

Prostate Cancer Biomarker NOBI o .
Gene Chromesome UniGene RefSe fxon 7 Assgy Amplicon
N . D % | Boun dary | Location | Length
Symbol Name Location
Angio-associated Chr.2:
migratory cell 218264129 - NM_0010
AAMP protein 218270209 Hs.83347 874 2-3 395 58
Chr.2:
241188509 ~ NM_0010
ANGT Anoctamin 7 241239602 Hs.163909 | 018913 5-6 686 60
Chr X
67544032 - NM 0000
AR androgen receptor 67730619 Hs. 76704 443 2-3 2882 144
androgen receptor
AR-V7 transcript variant 7 | AR truncation 73
chromosome 16 Chr.16:
Cl6orf¥ | open reading frame 5042772 - NM_0010
9 89 5066143 Hs 11782 98514.2 5-6 99§ 75
Chr. 1
chromatin target of 153633982 - NM_0012
CHTOP PRMT1 153646306 Hg 611037 | 066121 2-3 443 66
Chr 17:
COLIA | collagen type Lalpha 50184096 - NM_0000
1 i 50201648 Hs.172928 883 1-2 230 66
Chr.16:
cnhancer of mRNA 67873023 - NM_ (143
EDC4 decapping 4 67884514 Hs 75682 29 4 27 - 28 4089 72
Chr .10
fibroblast growth 121478330 - NM_0001
FGFR2 factor receptor 2 121598636 Hg 533683 414 13- 14 2516 74
FXYD domam Chr.19:
containing ion 35143250 - NM 0220
FXYD7 | transport regulator 7 35154302 Hs. 134729 (6.1 5-6 300 89
FYVE and coiled- Chr.3:
coil domain 59178599 - NM (245
FYCO1 containing 1 45995824 Hs 200227 133 11-12 3651 59
hieterogeneous Chr.1:
HNRNP nuclear 244842123 - NM_ 0045
U nibonucleoprotein U 244864720 Hs 166212 013 -9 1773 79
Chr.19:
35040506 - NM 0021
HPN hepsin 35066573 Hs 182385 512 10-11 1052 89
Chr 17:
41513745 - NM 0022
KRTI5 keratin 15 41522413 Hs 654570 753 7-8 1461 g1
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Chr.17:
40922696 - NM 0012
KRT23 keratin 23 40937643 Hs.9029 824331 5-6 1045 90
MANZB | mannosidase alpha | Chr.4: 6575174 NM 0012
2 class 2B member 2 - (6622403 Hs. 188464 | 920381 5-6 716 55
Chr.14:
MY associated 65006101 - NM_0013
MAX factor X 65102695 Hs.285354 | 204151 3-4 377 61
mitochondrial Chr.3:
MRPS2 ribosomal protein 15042251 - NM 0224
5 525 15065337 Hs.657764 974 2-3 380 80
NADH:ubiquinone Chr.1:
NDUFS | oxidoreductase core 161197377 - NM_G01H
2 subunit 52 161214395 Hs 173611 | 66159.] 3-4 632 80
Chr.4:
PPARG | PPARG coactivator 23792021 - NM_0132
CIA 1 alpha 24472975 Hs.527078 613 7-8 993 83
peroxisome
proliferator-
activated receptor Chr. 10:
Zamma, coactivator- 102132994 - NM 0012
PPRC1 related 1 102150333 Hs.533551 | 88727.1 1-2 224 55
RAD23 homolog A, Chr.19:
RADZ3 | nuclectide excision 12945814 - NM 0012
A repair profein 12953643 Hs.643267 70362.1 1-2 203 74
Chr.7:
replication initiator 150368228 - NM (i34
REPIN] i 150374044 Hs.647086 00.3 3-4 474 70
short chain
dehydrogenase/redu Chr.14:
SDR39 ctase family 39U 24439766 - NM 0201
Ul member | 24442905 Hs.643552 952 4-5 358 o1
Chr. 18:
SET binding protein 446380173 - NM 0011
SETBPI i 45068510 Hs.435458 | 30110.1 2-3 882 70
solute carrier family Chr.18:
SLC14 14 member 1 {Kidd 45724123 - NM 0011
Al blood group) 45752520 Hs.101307 | 285883 7-8 1037 80
Chr.10:
SLCIS solute carrier family 117241073 - NM_ 0030
A2 18 member A2 117279430 Hs.596992 544 15-16 1605 145
structural Chr.3:
maintenance of 160399304 - NM 0010
SMC4 chromosomes 4 160434962 Hs. 58992 02800.2 5-6 1134 91
secreted protein Chr.5:
acidic and cysteine 151661096 - NM 0013
SPARC rich 151687054 Hs 111779 1 094431 6-7 650 76
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Chr.8:
124998478 - NM_0031
SQLE squalene epoxidase 125022283 Hs. 71465 293 9~ 10 2368 109
Chr.1:
striatin interacting 110631377 - NM 0012
STRIPI protemn | 110054641 Hs 584996 707681 12 -13 1303 64
Chr. 1.
27773183 - NM 1774
STX12 syntaxin 12 27824452 Hs 323855 242 1-2 248 70
TMPRS TMPRSS2-ERG D(Q20477
S 1 fusion o 2.1 49 106
- TMPRSS2 OM_TMP
exon i and RSS2
TMPRS ) SS2-ERG ERG exon 4 g
22 | e sion ERG_TF oW
4 COSF2
8.0
Chr il
tripartite motif 120111286 - NM 0121
TRIMZ29 containing 29 120138179 Hs. 504113 013 2-3 1025 62
Chr.15:
UNC45 unc~45 myosin 90929980 - NM 0010
A chaperone A G(954093 Hs 389461 396751 20-21 3095 62
XPC complex
subunit, DNA Chr.3:
damage recognition 14145147 - NM 0046
XPC and repair factor 14178672 Hs.475538 28.4 2-3 403 104

j00161] EXAMPLE 2. Clinical Utility

{60162] The ProstaTest scores were significantly (p<0.001) elevated in PCA (63£19%) compared
to men with benign prostate hyperplasia (17+13%) and controls (8+9%} (FIG. 5). There was no
difference in levels between controls and hyperplasia. The data (receiver operator cuve analysis
and metrics) for the utility of the test to differentiate patients with prostate cancer (=125} from
controls {(#=201) in the validation is included in FIG. 6. The score exhibited an area under the
curve {AURQOC) of 0.97. The metrics are: sensitivity: 92% and specificity: 99% (FIG. 7). The
Youden index J is 0.94 and the Z-statistic for differentiating controls was 38.9.

j00163] A Probit-risk assessment plot identified a ProstaTest score >30 was 50% accurate for
predicting PCA in a blood sample (FIG. B). This was increased to 60% at a ProstaTest score >32
and was >80% at a score >34, The tool can therefore accurately differentiate between controls and
prostate cancer disease.

{00164 The ProstaTest scores were significantly (p<0.001) elevated in high grade {(Gleason score

>7: 70+:19%) compared to low grade (Gleason 5+6) PCA (41+7%). The data (receiver operator
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cuve analysis and metrics) for the utility of the test to differentiate high from low grade scores is
included in FIG. 9. The score exhibited an area under the curve (AURGC) of 0.98. The metrics
are: sensitivity: 100% and specificity: 88%. The Youden index J is 0.87. PSA levels, in
comparison, exhibited an AUROC of 64%. The sensitivity and specificity were 54% and 87%
respectively. The Z-statistic for differentiating the ProstaTest from PSA was 3.05 (p=0.002).
{60163] Specific evaluation of a PCA cohort before and after surgery identified that complete
removal of a tumor and no evidence of disease was associated with a significant decrease
(<0.0001) in the ProstaTest (FIG. 10). Levels were not significantly different to controls or those
with prostate hyperplasia. Evaluation of separate cohort identified that patients who underwent
and responded to therapy exhibited a significant lower score {(p<0.001) that those diagnosed with
disease (FIG. 11). Therapies included hormone and chemotherapy. The tool can therefore
accurately identify treatment response in prostate cancer disease.
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Claims:

1. A method for detecting a prostate cancer in a subject in need thereof, the method
comprising:

determining the expression level of at least 38 biomarkers from a test sample
obtained from the subject by contacting the test sample with a plurality of agents
specific to detect the expression of the at least 38 biomarkers, wherein the at least 38
biomarkers comprise AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAI,
EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX,
MRPS25, NDUFS2, PPARGCIA, PPRCI1, RAD234, REPINI, SDR39U1, SETBPI,
SLC14A1, SLC18A42, SMC4, SPARC, SQLE, STRIP1, STX12, TMPRSS2-ERG TI1E4,
TMPRSS2-ERG T2E4, TRIM29, UNC45A4, XPC, and a housekeeping gene, wherein
the housekeeping gene is selected from the group consisting of ALGY, SEPN,
YWHAQ, VPS374, PRRC2B, DOPEY2, NDUFBI11, ND4, MRPL19, PSMC4, SF3A1,
PUMI, ACTB, GAPD, GUSB, RPLPO, TFRC, MORF4L]1, 18S, PPIA, PGK],
RPLI134, B2M, YWHAZ, SDHA, HPRTI, TOX4 and TPTI1, wherein the test sample is
blood, serum, plasma, or neoplastic tissue;

normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Cl60rf89, CHTOP, COL1A1, EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN,
KRTI15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI1, RAD23A4,
REPINI, SDR39U1, SETBPI1, SLC14A1, SLC1842, SMC4, SPARC, SOLE, STRIP1,
STX12, TMPRSS2-ERG TI1E4, TMPRSS2-ERG T2E4, TRIM29, UNC454, and XPC to
the expression level of the housekeeping gene, thereby obtaining a normalized
expression level of each of AAMP, ANO7, AR, AR-V7, Cl60orf89, CHTOP, COLIAI,
EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX,
MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234, REPINI, SDR39UI, SETBPI,
SLCI14A1, SLC1842, SMC4, SPARC, SOLE, STRIP1, STX12, TMPRSS2-ERG TI1E4,
TMPRSS2-ERG T2E4, TRIM29, UNC454, and XPC;

inputting each normalized expression level into an algorithm to generate a
score wherein the algorithm is a prediction model generated using one or more
machine-learning algorithms, wherein the one or more machine-learning algorithms
are selected from XGB, RF, glmnet, cforest, CART, treebag, knn, nnet, SVM-radial,
SVM-linear, NB, and mlp;

comparing the score with a first predetermined cutoff value; and
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identifying the presence of a prostate cancer in the subject when the score is
equal to or greater than the first predetermined cutoff value or identifying the absence
of a prostate cancer in the subject when the score is less than the first predetermined
cutoff value, wherein the first predetermined cutoff value is at least 33% on a scale of

0-100%.

2. A method for determining whether a prostate cancer in a subject is stable or
progressive, the method comprising:

determining the expression level of at least 38 biomarkers from a test sample
obtained from the subject by contacting the test sample with a plurality of agents
specific to detect the expression of the at least 38 biomarkers, wherein the at least 38
biomarkers comprise AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAI,
EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX,
MRPS25, NDUFS2, PPARGCIA, PPRCI1, RAD234, REPINI1, SDR39U1, SETBPI,
SLC14A1, SLC1842, SMC4, SPARC, SOLE, STRIP1, STX12, TMPRSS2-ERG TI1E4,
TMPRSS2-ERG T2E4, TRIM29, UNC454, XPC, and a housekeeping gene, wherein
the housekeeping gene is selected from the group consisting of ALGY, SEPN,
YWHAQ, VPS37A, PRRC2B, DOPEY2, NDUFBI11, ND4, MRPL19, PSMC4, SF3A1,
PUMI, ACTB, GAPD, GUSB, RPLPO, TFRC, MORF4L1, 18S, PPIA, PGK],
RPLI3A, B2M, YWHAZ, SDHA, HPRT1, TOX4 and TPT1, wherein the test sample is
blood, serum, plasma, or neoplastic tissue;

normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Cl60orf89, CHTOP, COL1A1, EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN,
KRTI15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCI1A, PPRCI1, RAD23A4,
REPINI, SDR39U1, SETBP1, SLC14A41, SLC1842, SMC4, SPARC, SOLE, STRIPI,
STX12, TMPRSS2-ERG T1E4, TMPRSS2-ERG T2E4, TRIM29, UNC454, and XPC to
the expression level of the housekeeping gene, thereby obtaining a normalized
expression level of each of AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAI,
EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX,
MRPS25, NDUFS2, PPARGCIA, PPRCI1, RAD23A4, REPINI, SDR39U1, SETBPI,
SLC14A1, SLC18A2, SMC4, SPARC, SQLE, STRIP1, STX12, TMPRSS2-ERG TI1E4,
TMPRSS2-ERG T2E4, TRIM29, UNC454, and XPC;
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3.

inputting each normalized expression level into an algorithm to generate a
score, wherein the algorithm is a prediction model generated using one or more
machine-learning algorithms, wherein the one or more machine-learning algorithms
are selected from XGB, RF, glmnet, cforest, CART, treebag, knn, nnet, SVM-radial,
SVM-linear, NB, and mlp;

comparing the score with a first predetermined cutoff value; and
identifying that the prostate cancer is progressive when the score is equal to or greater
than the first predetermined cutoff value or identifying that the prostate cancer is
stable when the score is less than the first predetermined cutoff value, wherein the

first predetermined cutoff value is at least 33% on a scale of 0-100%.

A method for determining the completeness of surgery in a subject having a prostate

cancer, the method comprising:

determining the expression level of at least 38 biomarkers from a test sample
obtained from the subject after the surgery by contacting the test sample with a
plurality of agents specific to detect the expression of the at least 38 biomarkers,
wherein the 38 biomarkers comprise AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP,
COLIAI, EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23,
MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRC1, RAD23A4, REPINI,
SDR39U1, SETBP1, SLC14A41, SLC1842, SMC4, SPARC, SOQLE, STRIP1, STX12,
TMPRSS2-ERG TI1E4, TMPRSS2-ERG T2E4, TRIM29, UNC454, XPC, and a
housekeeping gene, wherein the housekeeping gene is selected from the group
consisting of ALGY, SEPN, YWHAQ, VPS37A4, PRRC2B, DOPEY2, NDUFBI11, ND4,
MRPLI19, PSMC4, SF341, PUM1, ACTB, GAPD, GUSB, RPLP0O, TFRC, MORF4LI,
188, PPIA, PGKI, RPL13A, B2M, YWHAZ, SDHA, HPRT1, TOX4 and TPT1,
wherein the test sample is blood, serum, plasma, or neoplastic tissue;

normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Cl6orf89, CHTOP, COLIAI, EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN,
KRTI15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI, RAD234,
REPINI, SDR39U1, SETBPI1, SLC14A1, SLC1842, SMC4, SPARC, SOLE, STRIP1,
STX12, TMPRSS2-ERG T1E4, TMPRSS2-ERG T2E4, TRIM29, UNC454, and XPC to
the expression level of the housekeeping gene, thereby obtaining a normalized

expression level of each of AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAI,
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EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX,
MRPS25, NDUFS2, PPARGCIA, PPRCI1, RAD234, REPIN1, SDR39U1, SETBPI,
SLCI14A1, SLC1842, SMC4, SPARC, SOLE, STRIP1, STX12, TMPRSS2-ERG TI1E4,
TMPRSS2-ERG T2E4, TRIM29, UNC454, and XPC;

inputting each normalized expression level into an algorithm to generate a
score, wherein the algorithm is a prediction model generated using one or more
machine-learning algorithms, wherein the one or more machine-learning algorithms
are selected from XGB, RF, glmnet, cforest, CART, treebag, knn, nnet, SVM-radial,
SVM-linear, NB, and mlp;

comparing the score with a first predetermined cutoff value; and

identifying that the prostate cancer is not completely removed when the score
is equal to or greater than the first predetermined cutoff value or identifying that the
prostate cancer is completely removed when the score is less than the first
predetermined cutoff value, wherein the first predetermined cutoff value is at least

33% on a scale of 0-100%.

4, A method for differentiating benign prostate hyperplasia from a prostate cancer in a
subject having an enlarged prostate, the method comprising:
determining the expression level of at least 38 biomarkers from a test sample
obtained from the subject by contacting the test sample with a plurality of agents
specific to detect the expression of the at least 38 biomarkers, wherein the at least 38
biomarkers comprise AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAI,
EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX,
MRPS25, NDUFS2, PPARGCIA, PPRCI1, RAD234, REPINI, SDR39U1, SETBPI,
SLC14A1, SLC18A42, SMC4, SPARC, SOLE, STRIP1, STX12, TMPRSS2-ERG TI1E4,
TMPRSS2-ERG T2E4, TRIM29, UNC454, XPC, and a housekeeping gene, wherein
the housekeeping gene is selected from the group consisting of ALGY, SEPN,
YWHAQ, VPS374, PRRC2B, DOPEY2, NDUFBI1, ND4, MRPL19, PSMC4, SF3A1,
PUMI, ACTB, GAPD, GUSB, RPLPO, TFRC, MORF4L1, 18S, PPIA, PGK],
RPLI3A, B2M, YWHAZ, SDHA, HPRT1, TOX4 and TPT1, wherein the test sample is
blood, serum, plasma, or neoplastic tissue;
normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Cl60orf89, CHTOP, COL1A1, EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN,
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KRTI15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA, PPRCI1, RAD23A4,
REPINI, SDR39U1, SETBPI1, SLC14A1, SLC1842, SMC4, SPARC, SOLE, STRIP1,
STX12, TMPRSS2-ERG T1E4, TMPRSS2-ERG T2E4, TRIM29, UNC454, and XPC to
the expression level of the housekeeping gene, thereby obtaining a normalized
expression level of each of AAMP, ANO7, AR, AR-V7, Cl6orf89, CHTOP, COLIAI,
EDC4, FGFR2, FXYD7, FYCOI, HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX,
MRPS25, NDUFS2, PPARGCIA, PPRCI1, RAD23A4, REPINI, SDR39U1, SETBPI,
SLC14A1, SLC18A2, SMC4, SPARC, SQLE, STRIP1, STX12, TMPRSS2-ERG TI1E4,
TMPRSS2-ERG T2E4, TRIM29, UNC454, and XPC;

inputting each normalized expression level into an algorithm to generate a
score, wherein the algorithm is a prediction model generated using one or more
machine-learning algorithms, wherein the one or more machine-learning algorithms
are selected from XGB, RF, glmnet, cforest, CART, treebag, knn, nnet, SVM-radial,
SVM-linear, NB, and mlp;

comparing the score with a first predetermined cutoff value; and

identifying the presence of a prostate cancer in the subject when the score is
equal to or greater than the first predetermined cutoff value or identifying the
presence of benign prostate hyperplasia in the subject when the score is less than the
first predetermined cutoff value, wherein the first predetermined cutoff value is at

least 33% on a scale of 0-100%.

5. A method for evaluating the response of a subject having a prostate cancer to a first
therapy, wherein the therapy is selected from hormone therapy and chemotherapy, the
method comprising:
(1) at a first time point:
(a) determining the expression level of at least 38 biomarkers from a test
sample obtained from the subject by contacting the test sample with a plurality
of agents specific to detect the expression of the at least 38 biomarkers,
wherein the at least 38 biomarkers comprise AAMP, ANO7, AR, AR-V7,
Cl6orf89, CHTOP, COLIAl, EDC4, FGFR2, FXYD7, FYCOI, HNRNPU,
HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCIA,
PPRCI, RAD234, REPINI, SDR39U1, SETBPI, SLC14A1, SLC18A42, SMC4,
SPARC, SQLE, STRIP1, STX12, TMPRSS2-ERG T1E4, TMPRSS2-ERG T2E4,

130



1005156679

TRIM29, UNC45A4, XPC, and a housekeeping gene, wherein the housekeeping
gene is selected from the group consisting of ALGY, SEPN, YWHAQ, VPS374,
PRRC2B, DOPEY2, NDUFBI11, ND4, MRPL19, PSMC4, SF341, PUMI,
ACTB, GAPD, GUSB, RPLPO, TFRC, MORF4LI, 18S, PPIA, PGK],
RPLI13A, B2M, YWHAZ, SDHA, HPRT1, TOX4 and TPT1, wherein the test
sample is blood, serum, plasma, or neoplastic tissue;

(b) normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Cl6orf89, CHTOP, COLIAI, EDC4, FGFR2, FXYD7, FYCOI, HNRNPU,
HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCI4,
PPRCI1, RAD234, REPINI, SDR39U1, SETBPI1, SLC14A1, SLC18A42, SMCH,
SPARC, SQLE, STRIP1, STX12, TMPRSS2-ERG TI1E4, TMPRSS2-ERG T2E4,
TRIM?29, UNC454, and XPC to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of AAMP, ANO7, AR,
AR-V7, Cl6orf89, CHTOP, COLIAl, EDC4, FGFR2, FXYD7, FYCOI,
HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2,
PPARGCIA, PPRCI, RAD234, REPINI, SDR39U1, SETBP1, SLC14A1,
SLC1842, SMC4, SPARC, SQLE, STRIP1, STX12, TMPRSS2-ERG TI1E4,
TMPRSS2-ERG T2E4, TRIM29, UNC45A4, and XPC;

(c) inputting each normalized expression level into an algorithm to generate a
first score, wherein the algorithm is a prediction model generated using one or
more machine-learning algorithms, wherein the one or more machine-learning
algorithms are selected from XGB, RF, glmnet, cforest, CART, treebag, knn,
nnet, SVM-radial, SVM-linear, NB, and mlp;

(2) at a second time point, wherein the second time point is after the first time point

and after the administration of the first therapy to the subject:

(d) determining the expression level of the at least 38 biomarkers from a test
sample obtained from the subject by contacting the test sample with a plurality
of agents specific to detect the expression of the at least 38 biomarkers,
wherein the test sample is blood, serum, plasma, or neoplastic tissue;

(e) normalizing the expression level of each of AAMP, ANO7, AR, AR-V7,
Cl6orf89, CHTOP, COLIAIl, EDC4, FGFR2, FXYD7, FYCOI, HNRNPU,
HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2, PPARGCI4,
PPRCI, RAD234, REPINI, SDR39U1, SETBPI, SLC14A1, SLC18A42, SMCH,
SPARC, SOLE, STRIP1, STX12, TMPRSS2-ERG T1E4, TMPRSS2-ERG T2E4,
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TRIM29, UNC454, and XPC to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of AAMP, ANO7, AR,
AR-V7, Cl6orf89, CHTOP, COLIAIl, EDC4, FGFR2, FXYD7, FYCOI,
HNRNPU, HPN, KRT15, KRT23, MAN2B2, MAX, MRPS25, NDUFS2,
PPARGCIA, PPRCI, RAD234, REPINI, SDR39U1, SETBPI, SLC14A1,
SLC1842, SMC4, SPARC, SOQLE, STRIP1, STX12, TMPRSS2-ERG TIE4,
TMPRSS2-ERG T2E4, TRIM29, UNC454, and XPC;
(f) inputting each normalized expression level into the algorithm to generate a
second score;
(3) comparing the first score with the second score; and
(4) identifying the subject as responsive to the first therapy when the second score is
significantly decreased as compared to the first score or identifying the subject as not
responsive to the first therapy when the second score is not significantly decreased as
compared to the first score, wherein the second score is significantly decreased as

compared to the first score when the second score is at least 25% less than the first

score.
6. The method of any one of claims 1-5, wherein the housekeeping gene is TOX4.
7. The method of any one of claims 1-4, wherein the first predetermined cutoff value is

at least 50% on a scale of 0 to 100%

8. The method of claim 1 or claim 4, wherein the predetermined cutoff value has a

sensitivity of identifying the subject as having prostate cancer of at least 92%.

9. The method of claim 2, wherein the predetermined cutoff value has a sensitivity of

identifying that the prostate cancer is progressive of at least 92%.

10. The method of claim 3, wherein the predetermined cutoff value has a sensitivity of

identifying that the prostate cancer is not completely removed of at least 92%.
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11. The method of claim 1 or claim 4, wherein the predetermined cutoff value has a

specificity of identifying the subject as having prostate cancer of at least 95%.

12. The method of claim 2, wherein the predetermined cutoff value has a specificity of

identifying that the prostate cancer is progressive of at least 95%.

13. The method of claim 3, wherein the predetermined cutoff value has a specificity of

identifying that the prostate cancer is not completely removed of at least 95%.

14. The method any of claims 1-13, wherein at least one of the at least 38 biomarkers is

RNA, cDNA, or protein.

15. The method of claim 14, wherein when the biomarker is RNA, the RNA is reverse

transcribed to produce cDNA, and the produced cDNA expression level is detected.

16. The method of claim 14, wherein the expression level of the biomarker is detected by

forming a complex between the biomarker and a labelled probe or primer.

17. The method of any of claims 1-4, wherein the first predetermined cutoff value is
derived from a plurality of reference samples obtained from subjects not having or not

diagnosed with a neoplastic disease.

18. The method of claim 17, wherein the neoplastic disease is prostate cancer.

19. The method of claim 17, wherein each reference sample is blood, serum, plasma, or

non-neoplastic tissue.
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20. The method of any one of claims 1-19, wherein the one or more machine-learning
algorithms is XGB.
21. The method of claim 5, wherein the first time point is prior to the administration of

the first therapy to the subject.
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