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BLOOD BIOMARKERS FOR MOOD DISORDERS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. provisional application Ser. No. 60/909,859, filed
April 2, 2007, the disclosure of which is hereby incorporated by reference in its entirety.

[0002] Part of the work during the development of this invention was made with government
support from the National Institutes of Health under grant NIMH RO1 MH071912-01. The U.S.
Government has certain rights in the invention.

BACKGROUND

[0003] Research into the biological basis of mood disorders (e.g., bipolar disorders, depression) has
been primarily focused in human and animal studies mostly independently. The two avenues of
research have complementary strengths and weaknesses. In human genetic studies, for example, in
samples of patients with mood disorders and their family members, positional cloning methods such
as linkage analysis, linkage-disequilibrium mapping, and candidate-gene association analysis are
narrowing the search for the chromosomal regions harboring risk genes for the illness and, in some
cases, identifying plausible candidate genes and polymorphisms that will require further validation.
Human postmortem brain gene expression studies have also been employed as a way of trying to
identify candidate genes for mood and other neuropsychiatric disorders. In general, human studies
suffer from issues of sensitivity- the signal is often difficult to detect due to the noise generated by
the genetic heterogeneity of individuals and the effects of diverse environmental exposures on gene
expression and phenotypic penetrance.

[0004] In animal studies, carried out in isogenic strains with controlled environmental exposure, the
identification of putative neurobiological substrates of mood disorders is typically accomplished by
modeling human mood disorders through pharmacological or genetic manipulations. Animal model
studies suffer from issues of specificity- questions regarding direct relevance to the human disorder
modeled. Each independent line of investigation (i.e., human and animal studies) is contributing to
the incremental gains in knowledge of mood disorders etiology witnessed in the last decade.

[0005] However, a lack of integration between these two lines of investigation, hinders scientific
understanding and slows the pace of discovery. Psychiatric phenotypes, as currently defined, are
primarily the result of clinical consensus criteria rather than empirical determination. The present
disclosure provides methods and compositions that empirically determine disease states for
diagnosis and treatment.

[0006] Objective biomarkers of illness and treatment response would make a significant difference
in the ability to diagnose and treat patients with psychiatric disorders, eliminating subjectivity and
reliance of patient’s self-report of symptoms. Blood gene expression profiling has emerged as a
particularly interesting area of research in the search for peripheral biomarkers. Most of the studies

to date have focused on human I lymphoblastoid cell lines (LCLs) gene expression profiling,
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comparison between illness groups and normal controls. They suffer from one of both of the
following limitations: 1) the sample size used is often small. Given the genetic heterogeneity in
human samples and the effects of illness state and environmental history, including medications and
drugs, on gene expression, it may not be reliable to extract bona fide findings. 2) Use of
lymphoblastoid cell lines—passaged lymphoblastoid cell lines provide a self-renewable source of
material, and are purported to avoid the effects of environmental exposure of cells from fresh blood.
Fresh blood, however, with phenotypic state information gathered at time of harvesting, may be
more informative than immortalized lymphocytes, and may avoid some of the caveats of Epstein-
Barr virus (EBV) immortalization and cell culture passaging.

[0007] The current state of the understanding of the genetic and neurobiological basis for mood
disorders (such as bipolar disorder and depression) in general, and of peripheral molecular
biomarkers of the illness in particular, is still inadequate. Almost all of the fundamental genetic,
environmental, and biological elements needed to delineate the etiology and pathophysiology of
mood disorders are yet to be completely identified, understood and validated. One of the rate-
limiting steps has been the lack of concerted integration across disciplines and methodologies. The
use of a multidisciplinary, integrative research framework as in the present disclosure provided
herein, should lead to a reduction in the historically high rate of inferential errors committed in
studies of complex diseases like bipolar disorder and depression.

[0008] Identification and validation of peripheral biomarkers for bipolar mood disorders has
proven arduous, despite recent large-scale efforts. Human genomic studies are susceptible to the
issue of being underpowered, due to genetic heterogeneity, the effect of variable environmental
exposure on gene expression, and difficulty of accrual of large samples. Animal model gene
expression studies, in a genetically homogeneous and experimentally tractable setting, can avoid
artifacts and provide sensitivity of detection. Subsequent comparisons of the animal datasets with
human genetic and genomic datasets can ensure cross-validatory power and specificity.

[0009] Convergent functional genomics (CFG), is an approach that translationally cross-matches
animal model gene expression data with human genetic linkage data and human tissue data (blood,
postmortem brain), as a Bayesian strategy of cross validating findings and identifying candidate
genes, pathways and mechanisms for neuropsychiatric disorders. Predictive biomarkers for mood
disorders are desired for clinical diagnosis and treatment purposes. The present disclosure provides
several biomarkers that are predictive of mood disorders in clinical settings.

SUMMARY
[00010] Methods and compositions to clinically diagnose mood disorders using a panel of
biomarkers are disclosed. A panel of biomarkers may include 1 to about 100 or more biomarkers.
The panel of biomarkers includes one or more biomarkers for high and low mood disorders. Blood
is a suitable sample for measuring the levels or presence of one or more of the biomarkers provided

herein.
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[00011] In an aspect, psychiatric symptoms measured in a quantitative fashion at time of blood draw
in human subjects focus on all or nothing phenomena (genes turned on and off in low symptom
states vs. high symptom states). Some of the biomarkers have cross-matched animal and human
data, using a convergent functional genomics approach including blood datasets from animal
models.

[00012] Prioritized list of high probability blood biomarkers, provided herein, for mood state using
cross-matching of animal and human data, provide a unique predictive power of the biomarkers,
which have been experimentally tested.

[00013] The disclosure also provides various methods of assigning prediction scores for mood state
based on the ratio of biomarkers for high mood vs. biomarkers for low mood in the blood of
individual subjects, termed as BioM Mood Prediction Score. In an aspect, a panel of about 10
biomarkers, designated as BioM-10 Mood Panel, demonstrated good accuracy in predicting actual
measured mood (high and low) in an enlarged cohort of subjects.

[00014] In an aspect, the present disclosure provides methods and compositions for developing
clinical blood tests to quantify gene expression for diagnosis and quantitation of protein levels
through immunological approaches such as enzyme-linked immunosorbent assays (ELISA).

[00015] A method of diagnosing a mood disorder in an individual includes the steps of:

(a) determining the level of a plurality of biomarkers for the mood disorder in an
isolated sample from the individual, the plurality of biomarkers selected from the group of
biomarkers listed in Tables 3 and 7; and

(b) diagnosing the mood state (high mood-mania, low mood- depression) in the
individual based on the level of the plurality of biomarkers.

[00016] A plurality of biomarkers, in an aspect, includes a subset of about 10 markers designated as
Mbp, Edg2, Fzd3, Atxnl, Ednrb for high mood and Fgfrl, Mag, Pmp22, Ugt8, Erbb3 for low mood.

[00017] A plurality of biomarkers, in an aspect, includes a subset of about 20 biomarkers designated
as Mbp, Edg2, Fzd3, Atxnl, Ednrb, Pde9a, Plxndl, Camk2d, Dio2, Lepr for high mood and
Fgfrl, Mag, Pmp22, Ugt8, Erbb3 , Igftbp4, Igtbp6, Pde6d, Ptprm, Neth for low mood.

[00018] A mood disorder is a Bipolar disorder and the sample is a bodily fluid. A suitable sample is
blood. The level of the biomarker may be determined in a blood sample of the individual.

[00019] In an aspect, the level of the biomarker is determined by analyzing the expression level of
RNA transcripts. In an aspect, the expression level of the biomarker is determined by analyzing the
level of protein or peptides or fragments thereof. Suitable detection techniques include microarray
gene expression analysis, polymerase chain reaction (PCR), real-time PCR, quantitative PCR,
immunohistochemistry, enzyme-linked immunosorbent assays (ELISA), and antibody arrays.

[00020] In an aspect, the determination of the level of the plurality of biomarkers is performed by an
analysis of the presence or absence of the biomarkers.

[00021] A method of diagnosing mood disorder in an individual includes the steps of:
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(a) performing a quantitative determination of the level of a panel of at least 10
biomarkers selected from Tables 3 and 7 in a bodily fluid sample isolated from the individual,
wherein the panel comprises at least one biomarker for high mood disorder;

(b) assigning a predictive value or score to the level of the biomarkers; and

(c) diagnosing the mood disorder based on the assigned value or score.

[00022] A method of predicting the probable course and outcome (prognosis) of a mood disorder
includes the steps of:

(a) obtaining a test sample from a subject, wherein the subject is suspected of
having a mood disorder;

(b) analyzing the test sample for the presence or level of a plurality of
biomarkers of the mood disorder, the markers selected from the group consisting of biomarkers
listed in Tables 3 and 7; and

(©) determining the prognosis of the subject based on the presence or level of
the biomarkers and one or more clinicopathological data to implement a particular treatment plan for
the subject.

[00023] A treatment plan for a high mood disorder includes administering a pharmaceutical
composition selected from a group that includes Depakote (divalproex), Lithobid (lithium), Lamictal
(lamotrigene), Tegretol (carbamazepine), Topomax (topiramate).

[00024] A treatment plan for a low mood disorder includes administering a pharmaceutical
composition selected from the group consisting of Prozac (fluoxetine), Zolof (sertraline), Celexa
(citalopram), Cymbalta (duloxetine), Effexor (venlafaxine) or Wellbutrin (buproprion).

[00025] A clinicopathological data is selected from a group that includes patient age, previous
personal and/or familial history of the mood disorder, previous personal and/or familial history of
response to treatment, and any genetic or biochemical predisposition to psychiatric illness.

[00026] A suitable test sample includes fresh blood, stored blood, fixed, paraffin-embedded tissue,
tissue biopsy, tissue microarray, fine needle aspirates, peritoneal fluid, ductal lavage and pleural
fluid or a derivative thereof.

[00027] A method of predicting the likelihood of a successful treatment for a mood disorder in a
patient includes the steps of:

(a) determining the expression level of at least 10 biomarkers, wherein the biomarkers
comprise a subset of about 10 markers designated as Mbp, Edg2, Fzd3, Atxnl, Ednrb for high
mood and Fgfrl, Mag, Pmp22, Ugt8, Erbb3 for low mood; and

(b) predicting the likelihood of successful treatment for the mood disorder by
determining whether the sample from the patient expresses biomarkers for a high mood disorder or a
low mood disorder.

[00028] A method of treating a patient suspected of suffering a mood disorder, the method includes
the steps of:
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(a) diagnosing whether the patient suffers from a high mood or a low mood disorder by
determining the expression level of one or more of the biomarkers listed in Tables 3 and 7 in a
sample obtained from the patient;

(b) selecting a treatment for the mood disorder based on the determination whether the
patient suffers from a high mood or a low mood disorder; and

(©) administering to the patient a therapeutic agent capable of treating the high or the
low mood disorder.

[00029] A treatment plan may be a personalized plan for the patient.

[00030] A method for clinical screening of agents capable of affecting a mood disorder, the method
includes the steps of:

(a) administering a candidate agent to a population of individuals suspected of suffering
from a mood disorder or induced to suffer a mood disorder;

(b) monitoring the expression profile of one or more of the biomarkers listed in Tables
3and 7 in blood samples obtained from the individuals receiving the candidate agent compared to a
control group; and

(c) determining that the candidate agent is capable of affecting the mood disorder based
on the expression profile of one or more of the biomarkers in the blood samples obtained from the
individuals receiving the candidate drug compared to the control.

[00031] A mood disorder microarray includes a plurality of nucleic acid molecules representing
genes selected from the group of genes listed in Tables 3 and 7.

[00032] A kit for diagnosing a mood disorder includes a component selected from the group
consisting of (i) oligonucleotides for amplification of one or more genes listed in Table s 3 and 7,
(i) immunohistochemical agents capable of identifying the protein products of one or more
biomarkers listed in Table 7, (iii) a microarray to detect the plurality of markers listed in Tables 3
and 7, and (iv) a biomarker expression index representing the genes listed in Tables 3 and 7 for
correlation.

[00033] A diagnostic microarray includes a panel of about 10 biomarkers that are predictive of a
mood disorder, wherein the microarray includes nucleic acid fragments representing biomarkers
designated as Mbp, Edg2, Fzd3, Atxnl, Ednrb for high mood and Fgfrl, Mag, Pmp22,
Ugt8, Erbb3 for low mood.

[00034] A diagnostic antibody array includes a plurality of antibodies that recognize one or more
epitopes corresponding to the protein products of the biomarkers designated as Mbp, Edg2, Fzd3,
Atxnl, Ednrb for high mood and Fgfrl, Mag, Pmp22, Ugt8, Erbb3 for low mood.

[00035] A diagnostic microarray consists essentially of the top candidate markers from tables 3 and

7.



WO 2008/124428 PCT/US2008/059120
BRIEF DESCRIPTION OF THE DRAWINGS

[00036] FIG. 1 shows Visual-Analog Mood Scale (VAS) scoring for some of the biomarkers used
herein.

[00037] FIG. 2 shows prioritization (A) and conceptualization (B) of results. A: convergent
functional genomics approach for candidate biomarker prioritization. Scoring of independent lines
of evidence yields (maximum score= 9 points). B: Conceptualization of blood candidate biomarker
genes.

[00038] FIG. 3 illustrates some of the candidate biomarker genes for mood. Prioritization was
based on integration of multiple lines of evidence. On the right side of the pyramid is their CFG
score.

[00039] FIG. 4 is a comparison of BioM-10 Mood Prediction Score and actual mood scores in the
primary cohort of bipolar subjects (n=29). BP- bipolar. Mood scores are based on subject self-report
on mood VAS scale administered at time of blood draw. For biomarkers: A - called Absent by
MASS analysis. P - called Present by MASS analysis. M - called Marginally Present by MASS
analysis. A is scored as 0, M as 0.5 and P as 1. BioM Mood Prediction Score is based on the ratio of
the sum of the scores for high mood biomarkers and sum of scores for low mood biomarkers,
multiplied by 100.A cutoff score of 100 and above was used for high mood. inf- infinity-
denominator is 0.

[00040] FIG. 5 is a comparison of BioM-10 Mood Prediction Score and actual mood scores in an
independent cohort of psychotic disorders subjects (n=30). SZ- schizophrenia; SZA- schizoaffective
disorder; SubPD- substance induced psychosis. Mood scores are based on subject self-report on
mood VAS scale administered at time of blood draw. For biomarkers: A - called Absent by MASS
analysis. P - called Present by MASS analysis. M- called Marginally Present by MASS analysis. A is
scored as 0, M as 0.5 and P as 1. BioM Mood Prediction Score is based on the ratio of the sum of the
scores for high mood biomarkers and sum of scores for low mood biomarkers, multiplied by 100. A
cutoff score of 100 and above was used for high mood. inf- infinity-denominator is O.

[00041] FIG. 6 shows Connectivity Map interrogation of drugs that have similar gene expression
signatures to that of high mood. A score of 1 indicates a maximal similarity with the gene
expression effects of high mood, and a score of -1 indicates a maximal opposite effects to high
mood.

[00042] FIG. 7 shows Comparison of BioM-10 Mood Prediction Score and actual mood scores in a
secondary independent cohort of bipolar subjects (n=19). BP- bipolar. Mood scores are based on
subject self-report on mood VAS scale administered at time of blood draw. For biomarkers: A -
called Absent by MASS analysis. P - called Present by MASS analysis. M - called Marginally

Present by MASS analysis. A is scored as 0, M as 0.5 and P as 1. BioM Mood Prediction Score is
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based on the ratio of the sum of the scores for high mood biomarkers and sum of scores for low
mood biomarkers, multiplied by 100. A cutoff score of 100 and above was used for high mood.

DETAILED DESCRIPTION

[00043] Patterns of changes in the blood that reflect whether a person has low mood (depression) or
high mood (mania) are disclosed. In an embodiment, these changes are analyzed at the level of gene
expression, and involved genes that generally are expressed in the brain.

[00044] Unlike cancer, in psychiatric disorders, one cannot perform a biopsy the target organ (brain).
Therefore, implementing a readily accessible peripheral readout in blood or any other non-brain
tissue is highly useful. Blood-based screening is clinically easier to perform than a cerebro-spinal
fluid (CSF) analysis or a nasal epithelium bipopsy.

[00045] Relying on the patients’ self-report of symptoms and the clinician’s impression of how ill
the patient is alone do not necessarily provide an accurate diagnosis. Because patients’ mind itself
is affected in a mood disorder, their reporting of symptoms of how they feel may not be accurate or
may not predict the nature of disease outcome. For example, patients aren’t sure how ill they really
are, and neither is the clinician- sometimes dismissing their symptoms, sometimes overestimating
them. Therefore, an objective test for disease state, disease severity, and to measure response to
treatment is highly desirable.

[00046] For example, for depression in general, a patient gets started on an antidepressant, and it
may take weeks or months before it is known if the medication is working or if something else
needs to be tried. A blood test for mood state for the biomarkers disclosed herein is able to
objectively reflect whether a treatment works.

[00047] For example, for someone diagnosed as depressed but is in reality bipolar (manic-
depressive), an antidepressant medication may be started only initially, and if bipolar, will be flipped
by the antidepressant into a mixed state or frank mood elevation- hypomania or mania. With a panel
of mood state markers, such unclear patients are monitored by repeated lab tests after the
antidepressant is started, and if the markers indicate a shift beyond normal mood, to high mood, then
medications can be systematically changed, a mood stabilizer added, and a potentially dangerous
and certainly miserable episode for the patient averted. This approach is useful, especially in
children and adolescents, who are hard to diagnose using traditional clinical criteria only, and in
whom mood states rapidly change.

[00048] Sub-groups of biomarkers can be identified for different subpopulations, potential gender
differences, age related differences, response to different medications. Biomarkers disclosed herein
may be personalized and tailored to the individual, based on their biomarker profiles.

[00049] In an aspect, the biomarkers disclosed herein are (i) derived from fresh blood, not
immortalized cell lines; (ii) capable of providing quantitative mood state information obtained at the
time of the blood draw; (iii) were derived from comparisons of extremes of low mood and high

mood in patients, as opposed to patients vs. normal controls (where the differences could be due to a



WO 2008/124428 PCT/US2008/059120

lot of other environmental factors, medication (side) effects vs. no medications; (iv) scored based on
an all or nothing (Absent/Present) call for gene expression changes, not incremental changes in
expression—statistically more robust and avoids false positives; (v) based on integration of multiple
independent lines of evidence that permits extraction of signal from noise (large lists of genes), and
prioritization of top candidates; and (vi) used to form the basis of prediction score algorithm based.

[00050] Integration of animal model and human data was used as a way of reducing the false-
positives inherent in each approach and helping identify true biomarker molecules. Gene expression
differences were measured in fresh blood samples from patients with bipolar disorder (manic-
depressive illness) that have low mood vs. those that have high mood at the time of the blood draw.
Separately, changes in gene expression were measured in the brains and bloods of a mouse
pharmacogenomic model of bipolar disorder. Human blood gene expression data was integrated
with animal model gene expression data, human genetic linkage/association data, and human
postmortem data for cross-validating and prioritizing findings.

[00051] Gene expression changes in specific brain regions and blood from a pharmacogenomic
animal model were used as cross-validators to identify human blood biomarkers for mood disorders.
Pharmacogenomic mouse model of relevance to bipolar disorder includes treatments with an
agonist of the illness/bipolar disorder-mimicking drug (methamphetamine) and an antagonist of the
illness/ bipolar disorder-treating drug (valproate). The pharmacogenomic approach is a tool for
tagging genes that may have pathophysiological relevance. As an added advantage, some of these
genes may be involved in potential medication effects present in human blood data (FIG. 2).

[00052] In an aspect, human whole blood gene expression studies were initially performed in a
primary cohort of bipolar subjects. Whole blood was used as a way of minimizing potential
artifacts related to sample handling and separation of individual cell types, and also as a way of
having a streamlined approach that lends itself well to scalability, future large scale studies in the
field, and easy applicability in clinical laboratory settings and doctor’s offices. Genes that were
differentially expressed in low mood vs. high mood subjects were compared with: 1) the results of
animal model brain and blood data, as well as 2) human genetic linkage/association data, and 3)
human postmortem brain data, as a way of cross-validating the findings, prioritizing them, and
identifying a short list of high probability biomarker genes (FIGS. 2A and 3).

[00053] A focused approach was used to analyze discrete quantitative phenotypic item (phene) —
a Visual-Analog Scale (VAS) for mood. This approach avoids the issue of corrections for multiple
comparisons that would arise if one were to look in a discovery fashion at multiple phenes in a
comprehensive phenotypic battery (PhenoChipping) changed in relationship with all genes on a
GeneChip microarray. Larger sample cohorts would be needed for the latter approach.

[00054] A panel of a subset of top candidate biomarker genes for mood state identified by the
approach described herein was then used to generate a prediction score for mood state (low mood

vs. high mood). This prediction score was compared to the actual self-reported mood scores from
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bipolar subjects in the primary cohort (FIG. 4). This panel of mood biomarkers and prediction score
were also examined in a separate independent cohort of psychotic disorders patients for which gene
expression data and mood state data (FIG.5) were obtained, as well as in a second independent
bipolar cohort (FIG.6).

[00055] Sample size for human subjects (n=29 for the primary bipolar cohort, n= 30 for the
psychotic disorders cohort, n= 19 for the secondary bipolar cohort) is comparable to the size of
cohorts for human postmortem brain gene expression studies in the field. Live donor blood samples
instead of postmortem donor brains were studied, with the advantage of better phenotypic
characterization, more quantitative state information, and less technical variability. This approach
also permits repeated intra-subject measures when the subject is in different mood states.

[00056] The experimental approach for detecting gene expression changes relies on a well-
established methodology — oligonucleotide microarrays. To avoid the possibility that some of the
gene expression changes detected from a single biological experiment are biological or technical
artifacts, the analyses described herein were designed to minimize the likelihood of having false
positives, even at the expense of potentially having false negatives, due to the high cost in time and
resources of pursuing false leads.

[00057] For the animal model work, using isogenic mouse strain affords a suitable control baseline
of saline injected animals for the drug-injected animals. Three independent de novo biological
experiments were performed, at different times, with different batches of mice. This overall design
is geared to factor out both biological and technical variability. It is to be noted that the concordance
between reproducible microarray experiments using the latest generations of oligonucleotide
microarrays and other methodologies such as quantitative PCR, with their own attendant technical
limitations, is estimated to be over 90%. For the human blood samples differential gene expression
analyses, which are the results of single biological experiments, it has to be noted that the approach
described herein used a very restrictive and technically robust, all or nothing induction of gene
expression (change from Absent Call (A) to Present Call (P)). It is possible that not all biomarker
genes for mood will show this complete induction related to state, but rather some will show
modulation in gene expression levels, and are thus missed by a stringent filtering approach.
Moreover, given the genetic heterogeneity and variable environmental exposure, it is possible,
indeed likely, that not all subjects will show changes in all the biomarker genes.

[00058] To identify candidate biomarker genes, two stringency thresholds were used: changes in
75% of subjects, and in 60% of subjects with low mood vs. high mood. Moreover, the approach, as
described herein, is predicated on the existence of multiple cross-validators for each gene that is
called a candidate biomarker (FIG. 2A): 1) is it changed in human blood, 2) is it changed in animal
model brain, 3) is it changed in animal model blood, 4) is it changed in postmortem human brain,
and 5) does it map to a human genetic linkage locus. All these lines of evidence are the result of

independent experiments. The virtues of this networked Bayesian approach are that, if one or
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another of the nodes (lines of evidence) becomes questionable/non-functional upon further evidence
in the field, the network is resilient and maintains functionality. Additional lines of evidence may
move certain genes in the prioritization scoring. Using approaches described herein, a small number
of genes were identified and prioritized as top biomarkers, out of the over 40,000 transcripts (about
half of which are detected as Present in each subject) measured by the microarrays that were used.

[00059] A validation of the novel and non-obvious approach described herein is the fact that the
biomarker panel showed sensitivity and specificity, of a comparable nature, in both independent
replication cohorts (psychotic disorder cohort and secondary bipolar cohort). Thus, the approach of
using a visual analog scale phene reflecting an internal subjective experience of well being or
distress (as opposed to more complex and disease specific state/trait clinical instruments), and
looking at extremes of state combined with robust differential expression based on A/P calls, and
Convergent Functional Genomics prioritization, is able to identify state biomarkers for mood, that
are, at least in part, independent of specific diagnoses or medications. Nevertheless, a comparison
with existing clinical rating scales (FIG. 6), actimetry and functional neuroimaging, as well as
analysis of biomarker data using such instruments may be of interest, as a way of delineating state
vs. trait issues, diagnostic boundaries or lack thereof, and informing the design of clinical trials that
may incorporate clinical and biomarker measures of response to treatment.

[00060] Human blood gene expression changes may be influenced by the presence or absence of
both medications and drugs of abuse. While access to the subject’s medical records was available
and clinical information as part of the informed consent for the study, medication non-compliance,
on the one hand, and substance abuse, on the other hand, are not infrequent occurrences in
psychiatric patients. That medications and drugs of abuse may have effects on mood state and gene
expression is in fact being partially modeled in the mouse pharmacogenomic model, with valproate
and methamphetamine treatments respectively. The association of blood biomarkers with mood state
is analyzed, regardless of the proximal causes, which could be diverse (see FIG. 2B). The
performance the biomarkers identified herein can also be analyzed at a protein level, in larger
cohorts of both genders, in different age groups, and in theragnostic settings- measuring responses to
specific treatments/medications.

[00061] A subset of top candidate biomarker genes include five genes involved in myelination (
Mbp, Edg2, Mag, Pmp22 and Ugt8), six genes involved in growth factor signaling ( Fgfrl, Fzd3,
Erbb3, Igtbp4, Igtbp6), one gene involved in light transduction (PDE6D), and one gene involved in
neurofilaments (Nefh). These genes were selected as having a line of evidence (CFG) score of 4 or
higher (Table 3). That means, in addition to the human blood data, these genes have at least two
other independent lines of evidence implicating them in mood disorders and/or concordance of
expression in human brain and blood. Using this cutoff score, about 13 genes (FIG. 3), all of which

have evidence of differential expression in human postmortem brains from mood disorder patients.
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[00062] It is intriguing that genes which have a well-established role in brain functioning may
show changes in blood in relationship to psychiatric symptoms state (FIG. 3, Table 3 and Table 7),
and moreover that the direction of change may be concordant with that found in human postmortem
brain studies. It is possible that trait promoter sequence mutations or epigenetic modifications
influence expression in both tissues (brain and blood), and that state dependent transcription factor
changes that modulate the expression of these genes may be contributory as well.

[00063] The data provided herein demonstrate that genes involved in brain infrastructure changes
(myelin, growth factors) are prominent players in mood disorders, and are reflected in the blood
profile. Myelin abnormalities have emerged as a common if perhaps non-specific denominator
across a variety of neuropsychiatric disorders. For exmaple, Mbp, is a top scoring candidate
biomarker (FIG. 3), associated with high mood state. The data provided herein regarding insulin
growth factor signaling changes may provide an underpinning for the co-morbidity with diabetes
and metabolic syndrome often encountered in mood disorder patients. These changes may be
etiopathogenic, compensatory mechanisms, side-effects of medications, or results of illness —
induced lifestyle changes (FIG. 2B).

[00064] The fact that many of the biomarkers identified are associated with a low mood state
(depression) as opposed to high mood state (FIG. 3 and Table 3) indicates that depression may have
more of an impact on blood gene expression changes, perhaps through a neuro-endocrine-
immunological axis, as part of a whole-body reaction to a perceived hostile environment.

[00065] Some of the candidate biomarker genes identified herein have no previous evidence for
involvement in mood disorders (Tables 3 and 7). They merit further exploration in genetic candidate
gene association studies, as well as comparison with emerging results from whole —genome
association studies of bipolar disorder and depression. If needed, the composition of biomarker
panels for mood can be refined or changed for different sub-populations, depending upon the
availability of additional evidence. Panels containing different number of biomarkers and different
biomarkers can be developed using the guidelines described herein and from the biomarkers
identified herein. A large number of the biomarkers that would be of use in different panels and
permutations are already present in the complete list of candidate biomarker genes identified
(Tables 3 and 7).

[00066] An interrogation of a connectivity map with a signature query composed of the genes in
a panel of top biomarkers for low mood and high mood revealed that sodium phenylbutyrate exerts
the most similar effects to high mood, and novobiocin the most similar effects to low mood (FIG. 5).
Sodium phenylbutirate is a medication used to treat hyperammonemia that also has histone
deacetylase (HDAC) properties, cell survival and anti-apoptotic effects. The mood stabilizer drug
valproate, also a HDAC inhibitor, as well as sodium phenylbutirate and another HDAC inhibitor,
trichostatin A, were shown to induce alpha-synuclein in neurons through inhibition of HDAC and

that this alpha-synuclein induction was critically involved in neuroprotection against glutamate
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excitotoxicity. Human postmortem brain studies, as well as animal model and clinical studies have
implicated glutamate abnormalities and histone deacetylase modulation as therapeutic targets in
mood disorders. Novobiocin is an antibiotic drug that also has anti-tumor activity and apoptosis-
inducing properties, through Hsp90 inhibition of Akt kinase an effect opposite to that of the
valproate, trichostatin A and sodium phenylbutyrate (Table 6).

[00067] This connectivity map analysis with a mood panel genes provides an interesting external
biological cross-validation for the internal consistency of the biomarker approach, as well as
illustrates the utility of the connectivity map for non-hypothesis driven identification of novel drug
treatments and interventions.

[00068] The results provided herein are consistent with a trophicity model for genes involved in
mood regulation: cell survival and proliferation associated with high mood, and cell shrinkage and
death associated with low mood. This perspective is both of evolutionary interest and pragmatic
clinical importance. Nature may have selected primitive cellular mechanisms for analogous higher
organism level-functions: survival and expansion in favorable, mood-elevating environments,
withdrawal and death (apoptosis) in unfavorable, depressogenic environments. In this view, suicide
is the organismal equivalent of cellular apoptosis (programmed cell death). Pragmatically, the results
point to an unappreciated molecular and therapeutic overlap between two broad areas of medicine:
mood disorders and cancer. This overlap is relevant for the clinical co-morbidity of mood disorders
and cancer, as well as for empirical studies to evaluate the use of mood-regulating drugs in cancer,
and of cancer drugs in mood disorders.

[00069] In clinical practice there is a high degree of overlap and co-morbidity between mood
disorders, psychosis and substance abuse.The data in bipolar and psychotic disorder cohorts point to
the issue of heterogeneity, overlap and interdependence of major psychiatric syndromes as currently
defined by DSM-1V, and the need for a move towards comprehensive empirical profiling and away
from categorical diagnostic classifications.

[00070] There are to date no reliable clinical laboratory blood tests for mood disorders. A
translational convergent approach is disclosed herein to identify and prioritize blood biomarkers of
mood state. Data demonstrate that blood biomarkers are effective in offering an unexpectedly
informative window into brain functioning and disease state. Panels of such biomarkers may serve
as a basis for objective clinical laboratory tests, a longstanding unmet need for psychiatry.
Biomarker-based tests are extremely valuable for early intervention and prevention efforts, as well
as monitoring response to various treatments. In conjunction with other relevant clinical
information, biomarker tests play a desirable part of personalizing treatment to increase
effectiveness and avoid adverse reactions- personalized medicine in psychiatry. Moreover, the
biomarkers identified herein are useful for identifying or screening new neuropsychiatric drugs, at

both a pre-clinical and clinical (Phase I, II and III) stages of the process.
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[00071] Because brain is a highly specialized organ, it is not expected that the genes expressed in the
brain would be present in the blood. Expression products of genes (e.g., RNA and protein) are
generally tissue specific and are not expected or predicted to be expressed in an unrelated tissue.,
e.g., blood. Therefore, the finding that certain markers are expressed in blood and are predictable for
mood disorder in patients is surprising and non-obvious. Not all markers differentially expressed in
blood and are associated with predicting/diagnosing mood disorder are expressed in the brain.
Similarly, not all genes that are differentially expressed in brain are expressed in blood for
predicting/diagnosing mood disorder.

[00072] Human postmortem brain gene expression studies are generally susceptible to the issue of
being underpowered, due to uncertainty of diagnosis and difficulty of accrual of large well-
characterized cohorts, as well as due to genetic heterogeneity and the effect of variable
environmental exposure on gene expression. Moreover, postmortem work artifacts (agonal interval,
pH and tissue degradation) may influence gene expression changes.

[00073] For example, the data presented herein has not found reliable blood evidence for some of the
top candidate genes derived from postmortem work, such as: Grial(glutamate receptor, ionotropic,
AMPATI (alpha 1)), Grikl1 (glutamate receptor, ionotropic, kainate 1), Gsk3b (glycogen synthase
kinase 3 beta) and Arntl aryl hydrocarbon receptor nuclear translocator-like. Conversely, some of
the top blood biomarkers identified herein do not appear to have reliable human postmortem brain
evidence to date: Btgl (B-cell translocation gene 1, anti-proliferative), Ednrb (endothelin receptor
type B), Elovl5 (ELOVL family member 5, elongation of long chain fatty acids), and Trpcl
(transient receptor potential cation channel, subfamily C, member 1).

[00074] A plurality of high probability blood candidate biomarker genes for mood state is identified.
In an aspect, a select panel of biomarkers include for example, five genes involved in myelination (
Mbp, Edg2, Mag, Pmp22 and Ugt8), six genes involved in growth factor signaling ( Fgfrl, Fzd3,
Erbb3, Igtbp4, Igtbp6), one gene involved in light transduction (PDE6D), and one gene involved in
neurofilaments (Nefh). . These genes have evidence of differential expression in human postmortem
brains from mood disorder patients.

[00075] A predictive score developed based on a panel of 10 top candidate biomarkers, designated
herein as BioM-10 (5 for high mood, 5 for low mood) shows specificity and sensitivity for high
mood and low mood states.

[00076] A parallel profiling of cognitive and affective state was performed to investigate: (i)
relationships between phenotypic items (“phenes”), including with objective motor measures, and
(ii) relationships between subjects. This approach is useful in advancing current diagnostic
classifications, and indicates that a combinatorial building-block structure underlies many
psychiatric syndromes. The adaptation of microarray-based informatic tools for phenotypic analysis
facilitates direct integration with gene expression profiling of blood in the same individuals, a

strategy for molecular biomarker identification. Empirically derived clusterings of (endo)phenotypes
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and of patients provide a basis for genetic, pharmacological, and imaging research, as well as
clinical practice.

[00077] In an aspect, some of the candidate genes included in a panel of biomarkers used herein,
have no previous evidence for involvement in mood disorders other than being mapped to bipolar
genetic linkage loci (Table 3). These genes constitute novel candidate genes for bipolar disorder and
depression. The composition of biomarker panels for mood can be refined or changed for different
sub-populations. Panels containing different number of biomarkers and different biomarkers can be
developed using the guidelines described herein and from the complete list of more than 600
biomarkers identified (Tables 3 and 7).

[00078] Any number of biomarkers can be used as a panel for diagnosis. The panel may contain
equal number of biomarkers for high and low mood, or different number of biomarkers associated
with low mood than high mood. The panel may be tested as a microarray or as any form of
diagnostic analysis.

[00079] In the present disclosure, gene expression changes in specific brain regions and blood of
animal models developed were studied to identify one or more of the biomarkers disclosed herein.
Data were obtained from a pharmacogenomic mouse model of bipolar (involving treatments with a
stimulant —methamphetamine, and a mood stabilizer—valproate) as a discovery engine and cross-
validator for the identification of potential peripheral blood biomarkers (see Ogden et al., (2004),
Candidate genes, pathways and mechanisms for bipolar (manic-depressive) and related disorders: an
expanded convergent functional genomics approach. Mol Psychiatry 9(11): 1007-29.). Data from
other animal models of bipolar disorder, such as genetic models, can be used (see Le-Niculescu et
al. (2008) Phenomic, convergent functional genomic and biomarker studies in a stress-reactive
genetic animal model of bipolar disorder and co-morbid alcoholism. American Journal of Medical

Genetics Part B (Neuropsychiatric Genetics) 147(2):134-66.

[00080] In an embodiment, a comprehensive analysis of: (i) fresh human blood gene expression data
tied to illness state (quantitative measures of symptoms), (ii) cross-validation of blood gene
expression profiling in conjunction with brain gene expression studies in animal models presenting
key features of bipolar disorder, and (iii) integration of the results in the context of the available
human genetic linkage/association and postmortem brain findings in the field is provided.

[00081] In an aspect, human blood gene expression studies were carried out in a primary group of
bipolar subjects with low mood states and high mood states, as well as in a group of subjects with
psychotic disorders (schizoaffective disorder, schizophrenia, and substance induced psychotic
disorder), and in a second, independent, group of subjects with bipolar disorder. Genes that were
differentially expressed in low mood vs. high mood subjects were compared with (i) the results of
animal model data, (ii) human genetic linkage/association data and (iii) human postmortem brain

data to cross-validate the results, prioritizing the genes, and identifying a short list of high
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probability candidate biomarker genes. A panel of candidate biomarker genes identified by this
approach was then used to generate a prediction score for mood state (low mood/depression vs. high
mood/mania). This prediction score was compared to the actual self-reported mood scores from
human subjects. The prediction score developed by the analysis of convergent data provided a
highly correlative basis for the diagnosis of mood state.

[00082] In an embodiment, a panel of biomarkers illustrated in Table 3 is suitable. These biomarkers
include Mbp, Edg2, Fgfrl, Fzd3, Mag, Pmp22, Ugt8, Erbb3, Igtbp4, Igtbp6, Pde6d , Ptprm, Nefh,
Atp2cl, Atxnl, Btgl, C6ort182, Dicerl, Dnajc6, Ednrb, ElovlS, Gnal, KIf5, Lin7a, Manea, Nupl1,
Pde6b, Slc25a23, Synpo, Tgm?2, Tjp3, Tpd52, Trpcl, Belafl, Gosr2, Rdx, Wdr34, Bic, C8orf42,
Dock9, Hrasls, Ibrdc2, P2ry12, Speccl, Vil2.

[00083] In an embodiment, a panel of about 10 biomarkers, e.g., Mbp, Edg2, Fgfrl, Fzd3, Mag,
Pmp22, Ugt8, Erbb3, Igtbp4, and Igtbp6, is suitable for diagnosing or predicting mood disorder.

[00084] In an embodiment, a panel of biomarkers include for example, Mbp, Edg2, Fzd3, Atxnl,
and Ednrb that are increased in high mood (mania) condition.

[00085] An embodiment of a first sub-group of markers that are used for analysis include for
example: Mbp, Edg2, Fzd3, Atxnl, Ednrb (markers for high mood) and Fgfrl, Mag, Pmp22, Ugt8,
Erbb3 (markers for low mood). An embodiment includes a second sub-group e.g., Pde9a, Plxndl,
Camk2d, Dio2, Lepr (markers for high mood) and Igfbp4, Igtbp6, Pde6d, Ptprm, Nefh Atp2cl
(markers for low mood). An embodiment includes a third sub-group e.g., Myom2, Nfix, Nt5m,
Or7e104p, Rrpl (markers for high mood) and Atp2cl, Btgl, Elov5, Lrrc8b, Dicerl, Dnajc6
(markers for low mood). An embodiment includes a fourth sub-group e.g., Sept2, Sfrs4, Sla2,
Tex261, Ube2i (markers for high mood) and Gnal, KIf5, Lin7a, Manea, Nupl1 (markers for low
mood). An embodiment includes a fifth sub-group e.g., Usp7, Zdhhc4, Znf169, Cuedcl, Bivin
(markers for high mood) and Pde6b, Slc25a23, Synpo, Tgm2, Tjp3 (markers for low mood). An
embodiment includes a sixth sub-group e.g., Hla-dgal, C200rf94, C21orf56, Fl1j10986, Loc91431
(markers for high mood), Tpd52, Trpcl, Phldal, Znf502, Amn (markers for low mood) or a
combination of one or more of the sub-goups 1-6 disclosed herein. Sub-groups 1-5 constitute a
representative example and any number of sub-groups that has about 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200, 300, 400, 500, 600, or more markers selected
from Table 7.

[00086] An embodiment of a first sub-group of markers that are used for analysis include for
example: Mbp, Edg2, Fzd3, Atxnl, Ednrb (markers for high mood), Fgfrl, Mag, Pmp22, Ugt8,
Erbb3 (markers for low mood); second subgroup includes for example: Pde9a, Plxndl, Camk2d,
Dio2, Lepr (markers for high mood), Igfbp4, Igtbp6, Pde6d, Ptprm, Neth, (markers for low mood);
third subgroup includes for example: Myom?2, Nfix, Nt5Sm, Or7e104p, Rrpl (markers for high
mood), Btgl, Elov5, Lrre8b, Dicerl, Atp2cl, (markers for low mood); fourth subgroup includes for
example: Sept2, Sfrs4, Sla2, Tex261, Ube2i (markers for high mood), Gnal, KIf5, Lin7a, Manea,
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Dnajc6 (markers for low mood); fifth subgroup includes for example: Usp7, Zdhhc4, Znf169,
Cuedcl1, Bivm (markers for high mood), Pde6b, Slc25a23, Synpo, Tgm2, Nupll (markers for low
mood); and sixthy subgroup includes for example: Hla-dgal, C200rf94, C210rf56, Vil2, Loc91431
(markers for high mood), Tpd52, Trpcl, Phldal, Tjp3, Amn (markers for low mood) or a
combination of one or more of the sub-goups 1-6 disclosed herein. Sub-groups 1-5 constitute a
representative example and any number of sub-groups that has about 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200, 300, 400, 500, 600, or more markers selected
from Tables 3 and 7.

[00087] A panel of 36 biomarkers, as illustrated in an example described herein, is a suitable subset
that is useful in diagnosing a mood disorder. Larger subsets that includes for example, 150, 200,
250, 300, 350, 400, 450, 500, 600 or about 700 markers are also suitable. Smaller subsets that
include high-value markers including about 2, 5, 10, 15, 20, 25, 50, 75, and 100 are also suitable. A
variable quantitative scoring scheme can be designed using any standard algorithm, such as a
variable selection or a subset feature selection algorithms can be used. Both statistical and machine
learning algorithms are suitable in devising a frame work to identify, rank, and analyze association
between marker data and phenotypic data (e.g., mood disorders).

[00088] In an embodiment, a prediction score for each subject is derived based on the presence or
absence of e.g., 10 biomarkers of the panel in their blood. Each of the 10 biomarkers gets a score of
1 if it is detected as “present” (P) in the blood form that subject, 0.5 if it is detected as “marginally
present” (M), and 0 if it is called “absent” (A). The ratio of the sum of the high mood biomarker
scores divided by the sum of the low mood biomarker scores is multiplied by 100, and provides a
prediction score. If the ratio of high biomarker genes to low mood biomarker genes is 1, i.e. the two
sets of genes are equally represented, the mood prediction score is 1x100=100. The higher this
score, the higher the predicted likelihood that the subject will have high mood. The predictive score
was compared with actual self-reported mood scores in a primary cohort of subjects with a diagnosis
of bipolar mood disorder. A prediction score of 100 and above had a 84.6 % sensitivity and a 68.8
% specificity for predicting high mood. A prediction score below 100 had a 76.9 % sensitivity and
81.3 % specificity for predicting low mood. The term “present” indicates that a particular biomarker
is expressed to a detectable level, as determined by the technique used. For example, in an
experiment involving a microarray or gene chip obtained from a commercial vendor Affymetrix
(Santa Clara, CA), the embedded software rendered a “present” call for that biomarker. The term
“present” refers to a detectable presence of the transcript or its translated protein/peptide and not
necessarily reflects a relative comparion to for example, a sample from a normal subject. In other
words, the mere presence or absence of a biomarker is assigned a value, e.g., 1 and a prediction

score is calculated as described herein. The term “marginally present: refers to border line
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expression level that may be less intense than the “present” but statistically different from being
marked as “absent” (above background noise), as determined by the methodology used.

[00089] In an embodiment, a prediction score based on differential expression (instead of “present”,
“absent”) is used. For example, if a subject has a plurality of markers for high or low mood are
differentially expressed, a prediction based on the differential expression of markers is determined.
Differential expression of about 1.2 fold or 1.3 or 1.5 or 2 or 3 or 4 or 5-fold or higher for either
increased or decreased levels can be used. Any standard statistical tool such as ANOVA is suitable
for analysis of differential expression and association with high or low mood diagnosis or
prediction.

[00090] A prediction based on the analysis of either high or low mood markers alone (instead of a
ratio of high versus low mood markers) may also be practiced. If a plurality of high mood markers
(e.g., about 6 out of 10 tested) are differentially expressed to a higher level compared to the low
mood markers (e.g., 4 out of 10 tested), then a prediction or diagnosis of high mood status can be
made by analyzing the expression levels of the high mood markers alone without factoring the
expression levels of the low mood markers as a ratio.

[00091] In an embodiment, a detection algorithm uses probe pair intensities to generate a detection
p-value and assign a Present, Marginal, or Absent call. Each probe pair in a probe set is considered
as having a potential vote in determining whether the measured transcript is detected (Present) or not
detected (Absent). The vote is described by a value called the Discrimination score [R]. The score is
calculated for each probe pair and is compared to a predefined threshold Tau. Probe pairs with
scores higher than Tau vote for the presence of the transcript. Probe pairs with scores lower than Tau
vote for the absence of the transcript. The voting result is summarized as a p-value. The greater the
number of discrimination scores calculated for a given probe set that are above Tau, the smaller the
p-value and the more likely the given transcript is truly Present in the sample. The p-value
associated with this test reflects the confidence of the Detection call.

[00092] Regarding detection p-value, a two-step procedure determines the Detection p-value for a
given probe set. The Discrimination score [R] is calculated for each probe pair and the
discrimination scores are tested against the user-definable threshold Tau. The detection Algorithm
assesses probe pair saturation, calculates a Detection p-value, and assigns a Present, Marginal, or
Absent call. In an embodiment, the default thresholds of the Affymetrix MAS 5 software were used.

[00093] In spiking experiments by the manufacturer to establish default thresholds (adding of
known quantities of test transcripts to a mixture, to measure the sensitivity of the Affymetrix MAS 5
detection algorithm) 80% of spiked transcripts are called Present at a concentration of 1.5 pM. This
concentration corresponds to approximately one transcript in 100,000 or 3.5 copies per cell. The
false positive rate of making a Present call was roughly 10%, as noted by 90% of the transcripts

being called Absent when not spiked into the sample (O pM concentration).
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[00094] The term "predictive" or the term "prognostic" does not imply 100% predictive ability. The
use of these terms indicates that subjects with certain characteristics are more likely to experience a
particular mood state or clinical outcome than subjects who do not have such characteristics. For
example, characteristics that determine the prediction include one or more of the biomarkers for the
mood disorder disclosed herein. The phrase "clinical outcome" refers to biological or biochemical or
physical or physiological responses to treatments or therapeutic agents that are generally prescribed
for that condition compared to a condition would occur in the absence of any treatment. A
"clinically positive outcome" does not necessarily indicate a cure, but could indicate a lessening of
symptoms experienced by a subject.

[00095] The terms "marker” and “biomarker” are synonymous and as used herein, refer to the
presence or absence or the levels of nucleic acid sequences or proteins or polypeptides or fragments
thereof to be used for associating or correlating a phenotypic state. A biomarker includes any indicia
of the level of expression of an indicated marker gene. The indicia can be direct or indirect and
measure over- or under-expression of the gene given the physiologic parameters and in comparison
to an internal control, normal tissue or another phenotype. Nucleic acids or proteins or polypeptides
or portions thereof used as markers are contemplated to include any fragments thereof, in particular,
fragments that can specifically hybridize with their intended targets under stringent conditions and
immunologically detectable fragments. One or more markers may be related. Marker may also refer
to a gene or DNA sequence having a known location on a chromosome and associated with a
particular gene or trait. Genetic markers associated with certain diseases or for pre-disposing disease
states can be detected in the blood and used to determine whether an individual is at risk for
developing a disease. Levels of gene expression and protein levels are quantifiable and the variation
in quantification or the mere presence or absence of the expression may also serve as markers. Using
proteins/peptides as biomarkers can include any method known in the art including, without
limitation, measuring amount, activity, modifications such as glycosylation, phosphorylation, ADP-
ribosylation, ubiquitination, etc., imunohistochemistry (IHC).

[00096] As used herein, "array” or "microarray” refers to an array of distinct polynulceotides,
oligonucleotides, polypeptides, or oligopeptides synthesized on a substrate, such as paper, nylon, or
other type of membrane, filter, chip, glass slide, or any other suitable solid support. Arrays also
include a plurality of antibodies immobilized on a support for detecting specific protein products.
There are several microarrays that are commercially available. A microarray may include one or
more biomarkers disclosed herein. A panel of about 20 biomarkers as nucleic acid fragments can be
included in an array. The nucleic acid fragments may include oligonucleotides or amplified partial
or complete nucleotide sequences of the biomarkers. The term ‘“‘consisting essentially of” generally
refers to a collection of markers that substantially affects the determination of the disorder and may
include other components such as controls. For example, a microarray consists essentially of

markers from Table 3.
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[00097] In an embodiment, the microarray is prepared and used according to the methods described
in U.S. Pat. No. 5,837,832, Chee et al.; PCT application W095/11995, Chee et al.; Lockhart et al.,
1996. Nat Biotech., 14:1675-80; and Schena et al., 1996. Proc. Natl. Acad. Sci. 93:10614-619, all of
which are herein incorporated by reference to the extent they relate to methods of making a
microarray. Arrays can also be produced by the methods described in Brown et al., U.S. Pat. No.
5,807,522. Arrays and microarrays may be referred to as "DNA chips" or "protein chips."

[00098] A variety of clustering methods are available for microarray-based gene expression analysis.
See for example, Shamir & Sharan (2002) Algorithmic approaches to clustering gene expression
data. In Current Topics In Computational Molecular Biology (Edited by: Jiang T, Xu Y, Smith T).
2002, 269-300; Tamames et al., (2002): Bioinformatics methods for the analysis of expression
arrays: data clustering and information extraction, J Biotechnol, 98:269-283.

[00099] "Therapeutic agent" means any agent or compound useful in the treatment, prevention or
inhibition of mood disorder or a mood-related disorder.

[000100] The term "condition" refers to any disease, disorder or any biological or physiological effect
that produces unwanted biological effects in a subject.

[000101] The term "subject" refers to an animal, or to one or more cells derived from an animal. The
animal may be a mammal including humans. Cells may be in any form, including but not limited to
cells retained in tissue, cell clusters, immortalized cells, transfected or transformed cells, and cells
derived from an animal that have been physically or phenotypically altered.

[000102] Any body fluid of an animal can be used in the methods of the invention. Suitable body
fluids include a blood sample (e.g., whole blood, serum or plasma), urine, saliva, cerebrospinal fluid,
tears, semen, and vaginal secretions. Also, lavages, tissue homogenates and cell lysates can be
utilized.

[000103] Many different methods can be used to determine the levels of markers. For example,
protein arrays, protein chips, cDNA microarrays or RNA microarrays are suitable. More
specifically, one of ordinary skill in the art will appreciate that in one example, a microarray may
comprise the nucleic acid sequences representing genes listed in Table 1. For example, functionality,
expression and activity levels may be determined by immunohistochemistry, a staining method
based on immunoenzymatic reactions uses monoclonal or polyclonal antibodies to detect cells or
specific proteins. Typically, immunohistochemistry protocols include detection systems that make
the presence of markers visible (to either the human eye or an automated scanning system), for
qualitative or quantitative analyses. Mass-spectrometry, chromatography, real-time PCR,
quantitative PCR, probe hybridization, or any other analytical method to determine expression levels
or protein levels of the markers are suitable. Such analysis can be quantitative and may also be
performed in a high-through put fashion. Cellular imaging systems are commercially available that
combine conventional light microscopes with digital image processing systems to perform

quantitative analysis on cells and tissues, including immunostained samples. (See e.g. the CAS-200
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System (Becton, Dickinson & Co.)). Some other examples of methods that can be used to determine
the levels of markers include immunohistochemistry, automated systems, quantitative IHC, semi-
quantitative IHC and manual methods. Other analytical systems include western blotting,
immunoprecipitation, fluorescence in situ hybridization (FISH), and enzyme immunoassays.

[000104] The term "diagnosis”, as used in this specification refers to evaluating the type of disease or
condition from a set of marker values and/or patient symptoms where the subject is suspected of
having a disorder. This is in contrast to disease predisposition, which relates to predicting the
occurrence of disease before it occurs, and the term "prognosis”, which is predicting disease
progression in the future based on the marker levels/patterns.

[000105] The term "correlating,” as used in this specification refers to a process by which one or more
biomarkers are associated to a particular disease state, e.g., mood disorder. In general, identifying
such correlation or association involves conducting analyses that establish a statistically significant
association- and/or a statistically significant correlation between the presence (or a particular level)
of a marker or a combination of markers and the phenotypic trait in the subject. An analysis that
identifies a statistical association (e.g., a significant association) between the marker or combination
of markers and the phenotype establishes a correlation between the presence of the marker or
combination of markers in a subject and the particular phenotype being analyzed.

[000106] This relationship or association can be determined by comparing biomarker levels in a
subject to levels obtained from a control population, e.g., positive control--diseased (with
symptoms) population and negative control--disease-free (symptom-free) population. The
biomarkers disclosed herein provide a statistically significant correlation to diagnosis at varying
levels of probability. Subsets of markers, for example a panel of about 20 markers, each at a certain
level range which are a simple threshold, are said to be correlative or associative with one of the
disease states. Such a panel of correlated markers can be then be used for disease detection,
diagnosis, prognosis and/or treatment outcome. Preferred methods of correlating markers is by
performing marker selection by any appropriate scoring method or by using a standard feature
selection algorithm and classification by known mapping functions. A suitable probability level is a
5% chance, a 10% chance, a 20% chance, a 25% chance, a 30% chance, a 40% chance, a 50%
chance, a 60% chance, a 70% chance, a 75% chance, a 80% chance, a 90% chance, a 95% chance,
and a 100% chance. Each of these values of probability is plus or minus 2% or less. A suitable
threshold level for markers of the present invention is about 25 pg/mL, about 50 pg/mL., about 75
pg/mL, about 100 pg/mL, about 150 pg/mL, about 200 pg/mL, about 400 pg/mL., about 500 pg/mL,
about 750 pg/mL, about 1000 pg/mL., and about 2500 pg/mL.

[000107] Prognosis methods disclosed herein that improve the outcome of a disease by reducing the
increased disposition for an adverse outcome associated with the diagnosis. Such methods may also
be used to screen pharmacological compounds for agents capable of improving the patient's

prognosis, e.g., test agents for mood disorders.
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[000108]

[000109]

[000110]

[000111]

[000112]

The analysis of a plurality of markers, for example, a panel of about 20 or 10 markers may
be carried out separately or simultaneously with one test sample. Several markers may be combined
into one test for efficient processing of a multiple of samples. In addition, one skilled in the art
would recognize the value of testing multiple samples (for example, at successive time points) from
the same individual. Such testing of serial samples may allow the identification of changes in marker
levels over time, within a period of interest, or in response to a certain treatment.

In another embodiment, a kit for the analysis of markers includes for example, devises and
reagents for the analysis of at least one test sample and instructions for performing the assay.
Optionally, the kits may contain one or more means for using information obtained from marker
assays performed for a marker panel to diagnose mood disorders. Probes for markers, marker
antibodies or antigens may be incorporated into diagnostic assay kits depending upon which markers
are being measured. A plurality of probes may be placed in to separate containers, or alternatively, a
chip may contain immobilized probes. In an embodiment, another container may include a
composition that includes an antigen or antibody preparation. Both antibody and antigen
preparations may preferably be provided in a suitable titrated form, with antigen concentrations
and/or antibody titers given for easy reference in quantitative applications.

The kits may also include a detection reagent or label for the detection of specific reaction
between the probes provided in the array or the antibody in the preparation for immunodetection.
Suitable detection reagents are well known in the art as exemplified by fluorescent, radioactive,
enzymatic or otherwise chromogenic ligands, which are typically employed in association with the
nucleic acid, antigen and/or antibody, or in association with a secondary antibody having specificity
for first antibody. Thus, the reaction is detected or quantified by means of detecting or quantifying
the label. Inmunodetection reagents and processes suitable for application in connection with the
novel methods of the present invention are generally well known in the art.

The reagents may also include ancillary agents such as buffering agents and protein
stabilizing agents, e.g., polysaccharides and the like. The diagnostic kit may further include where
necessary agents for reducing background interference in a test, agents for increasing signal,
software and algorithms for combining and interpolating marker values to produce a prediction of
clinical outcome of interest, apparatus for conducting a test, calibration curves and charts,
standardization curves and charts, and the like.

In some embodiments, the methods of correlating biomarkers with treatment regimens can
be carried out using a computer database. Computer-assisted methods of identifying a proposed
treatment for mood disorders are suitable. The method involves the steps of (a) storing a database of
biological data for a plurality of patients, the biological data that is being stored including for each
of said plurality of patients (i) a treatment type, (ii) at least one marker associated with a mood
disorder and (iii) at least one disease progression measure for the mood disorder from which

treatment efficacy can be determined; and then (b) querying the database to determine the
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dependence on the marker of the effectiveness of a treatment type in treating the mood disorder, to
thereby identify a proposed treatment as an effective treatment for a subject carrying the marker
correlated with the mood disorder.

[000113] In an embodiment, treatment information for a patient is entered into the database (through
any suitable means such as a window or text interface), marker information for that patient is
entered into the database, and disease progression information is entered into the database. These
steps are then repeated until the desired number of patients has been entered into the database. The
database can then be queried to determine whether a particular treatment is effective for patients
carrying a particular marker, not effective for patients carrying a particular marker, and the like.
Such querying can be carried out prospectively or retrospectively on the database by any suitable
means, but is generally done by statistical analysis in accordance with known techniques, as
described herein.

EXAMPLES

1000114] The following examples are to be considered as exemplary and not restrictive or limiting in
character and that all changes and modifications that come within the spirit of the disclosure are
desired to be protected.

EXAMPLE 1
Experimental framework for identification of biomarkers used in diagnosis of mood disorders

[000115] Gene expression changes in specific brain regions and blood from a pharmacogenomic
animal model were used as cross-validators for identification of potential human blood biomarkers.
Pharmacogenomic mouse model of relevance to bipolar disorder consists of treatments with an
agonist of the illness/bipolar disorder-mimicking drug (methamphetamine) and an antagonist of the
illness/ bipolar disorder-treating drug (valproate). The pharmacogenomic approach is a tool for
tagging genes that may have pathophysiological relevance.

[000116] Human blood gene expression studies were carried out in a cohort of bipolar subjects.
Genes that were differentially expressed in low mood vs. high mood subjects were compared with:
1) the results of the animal model brain and blood data, as well as 2) published human genetic
linkage/association data, and 3) human postmortem brain data, as a way of cross-validating the
findings, prioritizing them, and coming up with a short list of high probability candidate biomarker
genes (FIGS. 2A and 3).

[000117] A Visual-Analog Scale (VAS) for mood was used for the scoring analysis. This approach
avoids the issue of corrections for multiple comparisons that would arise if multiple symptom
(phenotypic) socres (i.e. “phenes”) were analyzed in a comprehensive phenotypic battery changed in
relationship with all genes on a GeneChip microarray. Larger sample cohorts would be needed for
the latter approach.

[000118] A panel of top candidate biomarker genes for mood state identified was then used to

generate a prediction score for mood state (low mood vs. high mood). This prediction score was
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compared to the actual self-reported mood scores from bipolar subjects (FIG. 4). This panel of mood
biomarkers and prediction score were examined in a separate independent cohort of psychotic
disorders patients for which gene expression data and mood state data is available (FIG. 5), and in a
second independent cohort of bipolar disorder subjects (FIG.6).

[000119] Sample size for human subjects (n=29 for the bipolar cohort, n= 30 for the psychotic
disorders cohort) is comparable to the size of cohorts for human postmortem brain gene expression
studies. Live donor blood samples were used instead of postmortem donor brains, with the
advantage of better phenotypic characterization, more quantitative state information, and less
technical variability.

[000120] For the animal model work, isogenic mouse strain was used. Three independent de novo
biological experiments were performed, at different times, with different batches of mice. This
overall design is geared to factor out both biological and technical variability. Concordance between
reproducible microarray experiments using the latest generations of oligonucleotide microarrays and
other methodologies such as quantitative PCR, with their own attendant technical limitations, is
estimated to be over 90%. For the human blood samples gene expression analyses, which are the
results of single biological experiments, a very restrictive, all or nothing induction of gene
expression (change from Absent Call to Present Call). It is possible that not all biomarker genes for
mood may show this complete induction related to state, but rather some may show modulation in
gene expression levels, and are thus missed by this filtering. Moreover, given the genetic
heterogeneity and variable environmental exposure, it is possible, indeed likely, that not all subjects
may show changes in all the biomarker genes. Hence two stringency thresholds were used: changes
in 75% of subjects, and in 60% of subjects with low mood vs. high mood. This approach is
predicated on the existence of multiple cross-validators for each gene that is called a candidate
biomarker (FIG. 2B): 1) is it changed in human blood, 2) is it changed in animal model brain, 3) is it
changed in animal model blood, 4) is it changed in postmortem human brain, and 5) does it map to a
human genetic linkage locus. All these lines of evidence are the result of independent experiments.

[000121] Human blood gene expression changes may be influenced by the presence or absence of
both medications and drugs of abuse. That medications and drugs of abuse may have effects on
mood state and gene expression is in fact being partially modeled in the mouse pharmacogenomic
model, with valproate and methamphetamine treatments respectively. It is the association of blood
biomarkers with mood state that is the primary purpose of this analysis, regardless of the proximal
causes, which could be diverse (see FIG. 2B).

[000122] The human subjects used in this example included those who were directly recruited, and
data collected in other procedures/settings. Blood samples were collected.

[000123] Human data from three independent cohorts of patients are presented. One cohort consists
of 29 subjects with bipolar I disorder. The second cohort consists of 30 subjects with psychotic

disorders (schizophrenia, schizoaffective disorder, and substance induced psychosis). The third
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cohort consists of 19 subjects with bipolar I disorder. The diagnosis is established by a structured
clinical interview- Diagnostic Interview for Genetic Studies (DIGS), which has details on the course
of illness and phenomenology, and is the scale used by the Genetics Initiative Consortia for both
Bipolar Disorder and Schizophrenia.

[000124] Subjects included men and women over 18 years of age. A demographic breakdown is
shown in Table 1. Initial studies were focused primarily on a male population, due to the
demographics of the catchment area (primarily male in a VA Medical Center), and to minimize any
potential gender-related state effects on gene expression, which would have decreased the
discriminative power of the analysis for the sample size used. Subjects were recruited from the
general population, the patient population at the IU school of Medicine, the Indianapolis VA
Medical Center, as well as various facilities that serve people with mental illnesses in Indiana. The
subjects were recruited largely through referrals from care providers, the use of brochures left in
plain sight in public places and mental health clinics, and through word of mouth. Subjects were
excluded if they had significant medical or neurological illness or had evidence of active substance
abuse or dependence. All subjects understood and signed informed consent forms before
assessments began. All subjects signed an informed consent form detailing the research goals,
procedure, caveats and safeguards. Subjects completed diagnostic assessments (DIGS), and then a
visual-analog scale for mood (VAS Mood) at the time of blood draw.

[000125] Human blood gene expression experiments and analysis:

[000126] RNA extraction: 2.5-5 ml of whole blood was collected into each PaxGene tube by routine
venipuncture. PaxGene tubes contain proprietary reagents for the stabilization of RNA. The cells
from whole blood will be concentrated by centrifugation, the pellet washed, resuspended and
incubated in buffers containing Proteinase K for protein digestion. A second centrifugation step will
be done to remove residual cell debris. After the addition of ethanol for an optimal binding
condition the lysate is applied to a silica-gel membrane/column. The RNA bound to the membrane
as the column is centrifuged and contaminants are removed in three wash steps. The RNA is then

eluted using DEPC-treated water.

[000127] Globin reduction: To remove globin mRNA, total RNA from whole blood is mixed with a
biotinylated Capture Oligo Mix that is specific for human globin mRNA. The mixture is then
incubated for 15 min to allow the biotinylated oligonucleotides to hybridize with the globin mRNA.
Streptavidin Magnetic Beads are then added, and the mixture is incubated for 30 min. During this
incubation, streptavidin binds the biotinylated oligonucleotides, thereby capturing the globin mRNA
on the magnetic beads. The Streptavidin Magnetic Beads are then pulled to the side of the tube with
a magnet, and the RNA, depleted of the globin mRNA, is transferred to a fresh tube. The treated
RNA is further purified using a rapid magnetic bead-based purification method. This consists of
adding an RNA Binding Bead suspension to the samples, and using magnetic capture to wash and

elute the GLOBINclear RNA.
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[000128] Sample Labeling: Sample labeling is performed using the Ambion Message Amp II-

BiotinEnhanced aRNA amplification kit. The procedure is briefly outlined herein and involves the
following steps:

[000129] 1. Reverse Transcription to Synthesize First Strand cDNA is primed with the T7 Oligo(dT)
Primer to synthesize cDNA containing a T7 promoter sequence.

[000130] 2. Second Strand cDNA Synthesis converts the single-stranded cDNA into a double-
stranded DNA (dsDNA) template for transcription. The reaction employs DNA Polymerase and
RNase H to simultaneously degrade the RNA and synthesize second strand cDNA.

[000131] 3. cDNA Purification removes RNA, primers, enzymes, and salts that would inhibit in vitro
transcription.
[000132] 4. In Vitro Transcription to Synthesize aRNA with Biotin-NTP Mix generates multiple

copies of biotin-modified aRNA from the double- stranded cDNA templates; this is the
amplification step.

[000133] 5. aRNA Purification removes unincorporated NTPs, salts, enzymes, and inorganic
phosphate to improve the stability of the biotin-modified aRNA.

[000134] Microarrays: Biotin labeled aRNA are hybridized to Affymetrix HG-U133 Plus 2.0
GeneChips according to manufacturer’s protocols (Affymetrix Inc., Santa Clara, CA). All GAPDH
3’/5’ ratios should be less than 2.0 and backgrounds under 50. Arrays are stained using standard
Affymetrix protocols for antibody signal amplification and scanned on an Affymetrix GeneArray
2500 scanner with a target intensity set at 250. Present/Absent calls are determined using GCOS
software with thresholds set at default values.

[000135] The human blood gene expression experiments and analysis was performed at two levels: (i)
high threshold >75%; 3x enrichment, and (ii) low threshold (>60%; 1.5x enrichment). The animal
model data included pharmacogenomic models that involved DBP KO mouse.

[000136] The cross-validation and integration of data from human blood gene expression, mouse
models and other mouse and human data were processed through a convergent functional genomics
approach.

[000137] For generating the animal model data, standard pharmacogenomic testing methodologies
were adopted. All experiments were performed with male C57/BL6 mice, 8 to 12 weeks of age,
obtained from Jackson Laboratories (Bar Harbor, ME), and acclimated for at least two weeks in an
animal facility prior to any experimental manipulation. The bipolar pharmacogenomic model
included Methamphetamine and Valproate treatments in mice (see Ogden et al. (2004)). Briefly,
mice were treated by intraperitoneal injection with either single-dose saline, methamphetamine (10
mg/kg), valproate (200 mg/kg), or a combination of methamphetamine and valproate (10 mg/kg and
200 mg/kg respectively). Three independent de novo biological experiments were performed at
different times. Each experiment included three mice per treatment condition, for a total of 9 mice

per condition across the three experiments.
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[000138]

[000139]

[000140]

[000141]

RNA extraction and microarray analysis: Standard techniques were used to obtain total
RNA (22 gauge syringe homogenization in RLT buffer) and to purify the RNA (RNeasy mini Kkit,
Qiagen, Valencia, CA) from micro-dissected mouse brain regions. For the human and whole mouse
blood RNA extraction, PAXgene blood RNA extraction kit (PreAnalytiX, a QIAGEN/BD company)
was used, followed by GLOBINclear™—Human or GLOBINclear™-Mouse/Rat (Ambion/Applied
Biosystems Inc., Austin, TX) to remove the globin mRNA. All the methods and procedures were
carried out as per manufacturer’s instructions. The quality of the total RNA was confirmed using an
Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). The quantity and quality of total
RNA was also independently assessed by 260 nm UV absorption and by 260/280 ratios, respectively
(Nanodrop spectrophotometer). Starting material of total RNA labeling reactions was kept consistent
within each independent microarray experiment.

For the mouse analysis, blood or brain tissue regions from 3 mice were pooled for each
experimental condition, and equal amounts of total RNA extracted from tissue samples or blood was
used for labeling and microarray assays. Mouse Genome 430 2.0 arrays (Affymetrix, Santa Clara,
CA) were used. The GeneChip"" Mouse Genome 430 2.0 Array contain over 45,000 probe sets that
analyze the expression level of over 39,000 transcripts and variants from over 34,000 well-
characterized mouse genes. For the human analysis, Affymetrix Human Genome U133 Plus 2.0
GeneChip with over 40,000 genes and ESTs were used. Standard manufacturer’s protocols were
used to reverse transcribe the messenger RNA and generate biotinlylated cRNA. The amount of
cRNA used to prepare the hybridization cocktail was kept constant intra-experiment. Samples were
hybridized at 45°C for 17 hours under constant rotation. Arrays were washed and stained using the
Affymetrix Fluidics Station 400 and scanned using the Affymetrix Model 3000 Scanner controlled
by GCOS software. All sample labeling, hybridization, staining and scanning procedures were
carried out as per manufacturer’s recommendations.

Quality control: All arrays were scaled to a target intensity of 1000 using Affymetrix MASv
5.0 array analysis software. Quality control measures including 3°/5’ ratios for GAPDH and beta-
actin, scaling factors, background, and Q values were within acceptable limits.

Microarray data analysis: Data analysis was performed using Affymetrix Microarray Suite
5.0 software (MAS v5.0). Default settings were used to define transcripts as present (P), marginal
(M), or absent (A). For the pharmacogenomic mouse model, a comparison analysis was performed
for each drug treatment, using its corresponding saline treatment as the baseline. *“Signal,”
“Detection,” “Signal Log Ratio,” “Change,” and “Change p-value,” were obtained from this
analysis. Only transcripts that were called Present in at least one of the two samples (saline or drug)
intra-experiment, and that were reproducibly changed in the same direction in at least two out of
three independent experiments, were analyzed further. For the DBP knock-out mice, a comparison
analysis was performed for each KO saline and KO Meth mouse, using WT saline mice as the

baseline “Signal,” “Detection,” “Signal Log Ratio,” “Change,” and “Change p-value,” were
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obtained from this analysis. Only transcripts that were called Present in at least one of the two
samples in a comparison pair, and that were reproducibly changed in the same direction in at least
six out of 9 comparisons, were analyzed further.
EXAMPLE 2
Analysis and identification of biomarkers

[000142] Gene expression profiling studies were performed with peripheral whole blood samples
from a primary cohort of 29 human subjects with bipolar I disorder (27 males, 2 females) (Table
1).13 had low self-reported mood scores (below 40) on the Visual-Analog (VAS) Mood Scale
(Figure 1), and 13 had high self-reported mood scores (above 60). 3 of them had intermediate mood
scores (between 40 and 60). Their mood scores at time of blood collection were used as a way of
narrowing the field and identifying candidate biomarker genes for mood. Only t all or nothing gene
expression differences were identified by Absent (A) vs. Present (P) Calls in the Affymetrix MAS
software. Genes whose expression is detected as Absent in the Low Mood subjects and detected as
Present in the High Mood subjects were classified, as being candidate biomarker genes for elevated
mood state (mania). Conversely, genes whose expression is detected as Present in the Low Mood
subjects and Absent in the High Mood subjects are being classified as candidate biomarker genes for
low mood state (depression) (Tables 2 and 3 ). It is possible that some of the genes associated with
high mood state or low mood state may not necessarily be involved in the induction of that state, but
rather in its suppression as part of a homeostatic regulatory networks or treatment response
mechanisms ( similar conceptually to oncogenes and tumor-suppressor genes).

[000143] Two thresholds for analysis of gene expression differences between low mood and high
mood (Table 2) were undertaken. First, a high threshold was used, with at least 75% of subjects in a
cohort showing a change in expression from Absent to Present between low and high mood (
reflecting an at least 3 fold mood state related enrichment of the genes thus filtered) As psychiatric
disorders are clinically and (likely) genetically heterogeneous, with different combinations of genes
and biomarkers present in different subgroups, a low threshold was also used, with at least 60% of
subjects in a cohort showing a change in expression from Absent to Present between low and high
mood ( reflecting an at least 1.5 fold mood state related enrichment of the genes thus filtered). The
high threshold identified candidate biomarker genes that are more common for all subjects, with a
lower risk of false positives, whereas the lower threshold identified genes that are present in more
restricted subgroups of subjects, with a lower risk of false negatives. The high threshold candidate
biomarker genes have, as an advantage, a higher degree of reliability, as they are present in at least
75% of all subjects with a certain mood state (high or low) tested. They may reflect common
aspects related to mood disorders across a diverse subject population, but may also be a reflection of
the effects of common medications used in the population tested, such as mood stabilizers. The low

threshold genes may have lower reliability compared to the high threshold, being present in at least
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60% of the subject population tested, but, nevertheless, captures more of the diversity of genes and
biological mechanisms present in a genetically diverse human subject population.

[000144] By cross-validating with animal model and other human datasets (FIG. 2A) using CFG, a
shorter list of genes was identified for which there are external corroborating line of evidence (e.g.,
human genetic evidence, human postmortem brain data, animal model brain and blood data)
linking them to mood disorders (bipolar disorder, depression), thus reducing the risk of false
positives. This cross-validation identifies candidate biomarkers that are more likely directly related
to the relevant neuropathology, as opposed to being potential artifactual effects or indirect effects of
lifestyle, environment, etc.

[000145] Using the approach described herein, out of over 40,000 genes and ESTs on the
Affymetrix Human Genome U133 Plus 2.0 GeneChip, by using the high threshold, in an
embodiment, about 21 novel candidate biomarker genes (13 genes with known functions and 7
ESTs) (Table 3), of which 8 had at least one line of prior independent evidence for potential
involvement in mood disorders (i.e. CFG score of 3 or above). In addition to the high threshold
genes, by using the low threshold, a larger list totaling 661 genes (539 genes and 122 ESTs) (Table
7), of which an additional 24 had at least two lines of prior independent evidence for potential
involvement in mood disorders (i.e. CFG score of 3 or above). Of interest, four of the low threshold
candidate biomarker genes (Bclafl and Rdx8, Gosr2 and Wdr3413) are changed in expression in the
same direction, in lymphoblastoid cell lines (LCLSs) from bipolar subjects.

[000146] Making a combined list of all the high value candidate biomarker genes identified as
described above- including the high threshold genes with at least on other external line of evidence
(8) and of the additional low threshold genes with at least two other external lines of evidence (24),
and the low threshold genes with prior LCL evidence (4), a list of 36 candidate biomarker genes for
mood, prioritized based on CFG score (Table 3) was developed.

[000147] In an embodiment, selecting the 5 top scoring candidate biomarkers for high mood
(MBP, EDG2, FZD3, ATXN1, EDNRB) and the 5 top scoring candidate biomarkers for low mood
(FGFR1, MAG, PMP22, UGTS, ERBB3), a panel of 10 biomarkers for mood disorder was
developed that has diagnostic and predictive value.

[000148] To test the predictive value of a panel (e.g, the BioM-10 Mood panel), a cohort of 29 bipolar
disorder subjects, containing the 26 subjects (13 low mood, 13 high mood) from which the candidate
biomarker data was derived, as well as 3 additional subjects with mood in the intermediate range
(self-reported mood scores between 40 and 60) was used. A prediction score for each subject, based
on the presence or absence of the 10 biomarkers of the panel in the blood GeneChip data. Each of
the 10 biomarkers gets a score of 1 if it is detected as Present (P) in the blood form that subject, 0.5
if it is detected as Marginally Present (M), and O if it is called Absent (A). The ratio of the sum of
the high mood biomarker scores divided by the sum of the low mood biomarker scores is multiplied

by 100, and provides a prediction score. If the ratio of high biomarker genes to low mood biomarker
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genes is 1, i.e. the two sets of genes are equally represented, the mood prediction score is
1x100=100. The higher this score, the higher the predicted likelihood that the subject will have high
mood. The predictive score was compared with actual self-reported mood scores in the primary
cohort of subjects with a diagnosis of bipolar mood disorder (n=29). A prediction score of 100 and
above had a 84.6 % sensitivity and a 68.8 % specificity for predicting high mood. A prediction
score below 100 had a 76.9 % sensitivity and 81.3 % specificity for predicting low mood (Table 4A
and FIG. 4).

[000149] Table 5 shows a representative sample of biological roles based on ingenuity pathway
analysis (IPA) of biological roles categories among the top blood candidate biomarker genes for
mood.

[000150] Human blood gene expression analysis was conducted in an independent cohort
consisting of 30 subjects with other psychotic disorders (schizophrenia, schizoaffective disorder,
substance induced psychosis), who also had mood state scores obtained at the time of the blood
draw. The subjects in the psychosis cohort also had a distribution of low (n=9), intermediate (n=7)
and high (n=14) mood scores. This cohort was used as a way to verify the predictive power of the
mood state biomarker panel, independent of a bipolar disorder diagnosis.

[000151] In the psychotic disorders cohort (n=30), with various psychotic disorders diagnoses, a
prediction score of 100 and above had a 71.4 % sensitivity and a 62.5 % specificity for predicting
high mood. A prediction score below 100 had a 66.7 % sensitivity and 61.9 % specificity for
predicting low mood (Table 4B and FIG. 5).

[000152] Human blood gene expression analysis was also conducted in a second independent
bipolar disorder cohort, subsequently collected, consisting of 19 subjects. The subjects in the
secondary bipolar cohort had a distribution of low (n=6), intermediate (n=3) and high (n=10) mood
scores. The second bipolar cohort was used as a replication cohort, to verify the predictive power of
the mood state biomarker panel identified by analysis of data from the primary bipolar cohort.

[000153] In the second bipolar cohort (n=19), a prediction score of 100 and above had a 70.0 %
sensitivity and a 66.7 % specificity for predicting high mood. A prediction score below 100 had a
66.7 % sensitivity and 61.5 % specificity for predicting low mood (Table 4C and FIG. 6).

[000154] The primary and secondary bipolar mood disorder cohorts are apriori more related and
germane to mood state biomarkers identification, but may have blood gene expression changes due
at least in part to the common pharmacological agents used to treat bipolar mood disorders. The
psychotic disorders cohort may have blood gene expression changes related to mood state
irrespective of the diagnosis and the different medication classes subjects with different diagnoses
are on (Table 1 and FIG. 2B). The psychosis cohort was also notably different in terms of the ethnic
distribution (see Table 1b).

[000155] The MIT/Broad Institute connectivity map was interrogated with a signature query

composed of the genes in the BioM -10 Mood panel of top biomarkers for low mood and high mood
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(FIG. 5). The effects of drugs in the Connectivity Map database and their effects on gene expression
as the effects of high mood or low mood on gene expression. As such, as part of the signature
query, the 5 biomarkers for high mood were considered as genes “Increased ““ by high mood, the 5
biomarkers for low mood were genes “Decreased “ by high mood. The analysis revealed that
sodium phenylbutyrate exerts the most similar effects to high mood, and novobiocin the most
similar effects to low mood. Conventional gene expression analysis may not result in the same set of
biomarkers.

[000156] By selecting 5 candidate biomarkers for high mood and 5 candidate biomarkers for low
mood, a panel of 10 biomarkers for mood disorder that has diagnostic and predictive value was
developed based on the scores of the biomarkers for low and high mood sections.

[000157] Thus, the biomarkers identified herein provide quantitative tools for predicting disease
states/conditions in subjects suspected of having a mood disorder or in any individual for psychiatric
evaluation.

[000158] A meta-analysis of the two bipolar subject cohorts was also conducted. A panel of
10 top biomarkers identified by the meta-analysis was tested for sensitivity and specificity
for low and high mood in the two bipolar cohorts (Table 4D). The panel included Edg2, Ednrb,
Vil2, Bivm, Camk2d (high mood markers) and Trpcl, Elovl5, Ugt8, Btgl, Nefh (low mood
markers). A number of new biomarker genes revealed only in the meta-anlysis were identified (see
Table 3).

EXAMPLE 3
Cross-validation and integration using convergent functional genomics approaches to identify
and prioritize biomarkers for mood disorders

[000159] The identities of transcripts were established using NetAFFX™ to correlate the GeneChip®
array results with array design and annotation information (Affymetrix, Santa Clara, CA), and
confirmed by cross-checking the target mRNA sequences that had been used for probe design in the
Mouse Genome 430 2.0 Array GeneChip® or the Affymetrix Human Genome U133 Plus 2.0
GeneChip® with the GenBank database. Where possible, identities of ESTs were established by
BLAST searches of the nucleotide database. A National Center for Biotechnology Information
(NCBI) (Bethesda, MD) BLAST analysis of the accession number of each probe-set was done to
identify each gene name. BLAST analysis identified the closest (most similar) known gene existing
in the database (the highest known gene at the top of the BLAST list of homologues) which then

could be used to search the GeneCards database (Weizmann Institute, Rehovot, Israel). Probe-sets
that did not have a known gene were labeled “EST” and their accession numbers were kept as
identifiers.

[000160] Human Postmortem Brain Convergence: Information about the candidate genes was
obtained using GeneCards, the Online Mendelian Inheritance of Man database at the NCBI

database, as well as database searches using PubMed and various combinations of keywords (gene
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name, bipolar, depression, psychosis, schizophrenia, alcoholism, suicide, dementia, Alzheimer,
opiates, cocaine, marijuana, hallucinogens, amphetamines, benzodiazepines, human, brain,
postmortem, lymphocytes, fibroblasts). Postmortem convergence was deemed to occur for a gene
(or a biomarker) if there were human postmortem data showing changes in expression of that gene
in brains from patients with mood disorders (bipolar disorder, depression), or secondarily of other
major neuropsychiatric disorders that impact mood (schizophrenia, anxiety, alcoholism).

[000161] Human Genetic Data Convergence: To designate convergence for a particular gene, the
gene may have positive reports from candidate gene association studies, or map within 10cM of a
microsatellite marker for which at least one study demosntrated evidence for genetic linkage to
mood disorders (bipolar disorder or depression) or secondarily to another neuropsychiatric disorder.
The University of Southampton’s sequence-based integrated map of the human genome (The
Genetic Epidemiological Group, Human Genetics Division, was used to obtain cM locations for
both genes and markers. The sex-averaged cM value was calculated and used to determine
convergence to a particular marker. For markers that were not present in the Southampton database,
the Marshfield database (Center for Medical Genetics, Marshfield, WI, USA) was used with the
NCBI Map Viewer web-site to evaluate linkage convergence.

[000162] Gene Ontology (GO) analysis: The NetAffx ™ Gene Ontology Mining Tool (Affymetrix,
Santa Clara, CA) was employed to categorize the genes in the datasets into functional categories,
using the Biological Process ontology branch.

[000163] Ingenuity analysis: Ingenuity Pathway Analysis 5.1 software(Ingenuity Systems, Redwood
City, CA) was used to analyze the direct interactions of the top candidate genes resulting from the
CFG analysis, biological roles, as well as employed to identify genes in the datasets that are the
target of existing drugs.

[000164] Convergent Functional Genomics (CFG) Analysis Scoring (see FIG. 2A) is presented as
folows:

(i) Biomarkers were given the maximum score of 2 points if changed in the human blood
samples with high threshold analysis, and only 1 point if changed with low threshold.
(ii) Biomarkers received 1 point for each external cross-validating line of evidence (human
postmortem brain data, human genetic data, animal model brain data, and animal model blood data).
(iii) Biomarkers received additional bonus points if changed in human brain and blood, as
follows:
(a) 2 points if changed in the same direction;
(b) 1 point if changed in opposite direction;
(iv) Biomarkers also received additional bonus points if changed in brain and blood of the
animal model, as follows:
(a) 1 point if changed in the same direction in the brain and blood;

(b) 0.5 points if changed in opposite direction.
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[000165] Thus the total maximum CFG score that a candidate biomarker gene can have is 9 (2 + 4 +2
+1). To identify blood biomarkers the scoring pattern described herein is biased more towards
awarding additional points for live subject human blood data (if it made the high threshold cut) than
literature-derived human postmortem brain data, human genetic data, or the animal model data. The
human blood-brain concordance is weighted more favorably than the animal model blood-brain
concordance. The scoring analysis presented herein is just one example of assigning quantifiable
values to prioritizing biomarkers for mood disorder analysis. Other ways of weighing the scores of
line of evidence may give slightly different results in terms of prioritization, if not in terms of the list
of genes per se.

[000166] The weightage given to a particular evidence, e.g., post-mortem data or blood
expression may be varied. Additional scoring matrices may also be included to account for
additional variables. One such example would be the temporal aspect—how long a particular
biomarker is turned on.

EXAMPLE 4
Clinical Applications

[000167] A sample, such as, 5-10 ml of blood is obtained from a patient suspected of having a mood
disorder. RNA is isolated from the blood using standard protocols, for example with PAXgene blood
RNA extraction kit (PreAnalytiX, a QTAGEN/BD company), followed by GLOBINclear™-Human
or GLOBINclear™-Mouse/Rat (Ambion/Applied Biosystems Inc., Austin, TX) to remove the
globin mRNA.. Isolated RNA is labeled using any suitable detectable label if necessary for the gene
expression analysis.

[000168] The labeled RNA is then quantified for the presence of one or more of the biomarkers
disclosed herein. For example, gene expression analysis is performed using a panel of about 10
biomarkers (e.g., BioM 10 panel) by any standard technique, for example microarray analysis or
quantitative PCR or an equivalent thereof. The gene expression levels are analyzed and the
absent/present state or fold changes (either increased, decreased, or no change) are determined and a
score is established

[000169] Applications of biomarkers for mood disorders: There are no reliable clinical laboratory
blood tests for mood disorders. Given the complex nature of mood disorders, the current reliance on
patient self-report of symptoms and the clinician’s impression on interview of patient is a rate
limiting step in delivering the best possible care with existing treatment modalities, as well as in
developing new and improved treatment approaches, including new medications.

[000170] Biomarkers disclosed herein are used in the form of panels of biomarkers, as exemplified by
a BioM-10 Mood panel, for clinical laboratory tests for mood disorders. Such tests can be: 1) at an
mRNA level, quantitation of gene expression through polymerase chain reaction, 2) at a protein
level, quantitation of protein levels through immunological approaches such as enzyme-linked

immunosorbent assays (ELISA).
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[000171] In conjunction with other clinical information, biomarker testing of blood and other fluids
(CSF, urine) may play a desirable part of personalizing treatment to increase effectiveness and avoid
adverse reactions- personalized medicine in psychiatry.

[000172] Biomarker-based tests for mood disorders help: 1) Diagnosis, early intervention and
prevention efforts; 2) Prognosis and monitoring response to various treatments; 3) New
neuropsychiatric drug development efforts by pharmaceutical companies, at both a pre-clinical and
clinical (Phase I, II and III) stages of the process; 4) Identifying vulnerability to mood problems for
people in high stress occupations (for example, military, police, homeland security).

[000173] Example 4A: Diagnosis, early intervention and prevention efforts. A patient with no

previous history of mood disorders presents to a primary care doctor or internist complaining of
non-specific symptoms: low energy, fatigue, general malaise, aches and pains. Such symptoms are
reported in conditions such as stress after a job loss, bereavement, mononucleosis, fibromyalgia, and
postpartum in the general population, as well as Gulf War syndrome in veterans. A panel of mood
biomarkers can substantiate that the patient is showing objective changes in the blood consistent
with a low mood/depressive state. This will direct treatment towards, and substantiate the need to
use, anti-depressant medications such as Prozac (fluoxetine), Zolof (sertraline), Celexa (citalopram),
Cymbalta (duloxetine), Effexor (venlafaxine) or Wellbutrin (buproprion).

[000174] Example 4B: Clinical diagnosis of a young patient. A young patient (child, adolescent,

young adult) with no previous history of mood disorders, but coming from a family where one or
more blood relatives suffer from depression may be monitored with regular laboratory tests by their
primary care doctor/pediatrician using panels of mood biomarkers,. These tests may detect early on
a change towards decreased mood (depression) or towards increased mood (mania). This indicates
and substantiates the need for initiation of medication treatment with anti-depressants (mentioned
above), or mood stabilizers for mania- medication such as Depakote (divalproex), Lithobid
(lithium), Lamictal (lamotrigene), Tegretol (carbamazepine), Topomax (topiramate). This early
intervention may be helpful to prevent full-blown illness and hospitalizations, with their attendant
negative medical and social consequences. The decision to start medications in children and
adolescents is particularly difficult without objective proof, due to the potential side-effects of
medications in that age group (agitation, suicidality, weigh-gain, sexual side-effects).

[000175] Example 4C: Monitoring mood biomarkers over an extended period. Many patients with

bipolar disorder may present initially with a depressive episode to their primary care doctor or
psychiatrist. Monitoring mood biomarkers over time may also help to differentiate depression vs.
bipolar disorder (manic-depression). This distinction is helpful because the first-line treatments for
the two disorders are different: anti-depressants for depression, mood stabilizers for bipolar. If
patients are miss-diagnosed as depressives instead of bipolars, and started on anti-depressant
medications only, this can lead to activation and flip into manic states. If prior objective

substantiation through biomarker testing of mood cyclicity (going up and down) existed, or early
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detection of mania in patients put on anti-depressants by seeing a change in biomarker profile
towards a high mood state profile before full blown illness and clinical symptoms, an appropriate
addition or change to a mood stabilizer medication can be implemented, preventing clinical
decompensation, needles suffering and socio-economic loss (employment, relationships).

[000176] Example 4D: Prognosis and monitoring response to various treatments. In depression,

initiating medication treatment with current anti-depressants medications is a trial-and —error
endeavor. It takes up to 6-8 weeks to see if a medication truly works. By doing a baseline biomarker
panel test, and then a repeat test early one in treatment (after 1 week, for example), there would be
an early objective indication if an anti-depressant is starting to work or not, and if a switch to
another medication is indicated. This would save time and avoid needles suffering for patients, with
the attendant socio-economic losses.

[000177] Example 4E: Detecting loss of efficacy of an existing treatment. When a patient has been

stable for a while on a medication for depression or bipolar disorder, regular biomarker testing may
detect early loss of efficacy of the medication or recurrence of the illness, which would indicate the
dose needs to be increased, medication changed, or another medication added, to prevent full blown
clinical symptoms.

[000178] Example 4F: Determining adequacy of treatment plan. Objective monitoring with blood
biomarker panels of the effect of less reliable or evidence-based interventions: psychotherapy,
lifestyle changes, diet and exercise programs for improving mood health. This will show whether the
particular intervention works, is sufficient, or medications may need to be added to the regimen.

[000179] Example 4G: Identifying vulnerability to developing mood problems for people in high

stress occupations. Military personnel (recruits in boot-camp, active duty soldiers), other people in

high-stress jobs (police, homeland security, astronauts), can be monitored on a regular basis to
detect early objective changes in mood biomarker profile that would indicate the need for preventive

intervention and/or the temporary removal from a high-stress environment.

EXAMPLE 5
New neuropsychiatric drug development

[000180] Early-stage pre-clinical work and clinical trials of new neuropsychiatric medications for
treating mood disorders may benefit from biomarker monitoring to help make a decision early on
whether the compound is working. This will speed up the drug-development process and avoid
unnecessary costs. Depending on the expression profile of the biomarkers, the results of clinical
trials may be obtained earlier than usual.

[000181] In later-stage large clinical trials, a new compound being tested may show an overall
statistically non-significant positive effect, despite working well in a sub-group of people in the
study. Biomarker testing may provide an objective signature of the genetic and biological make-up

of the responders, which can inform recruitment for subsequent validatory clinical trials with higher
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likelihood of success, as well as inform which patients should be getting the medication, once it is
FDA approved and on the market.

[000182] Table 1. Demographics: (a) individual (b) aggregate

[000183] Diagnosis established by DIGS comprehensive structured clinical interview. BP- bipolar,
SubPD-substance induced psychosis, SZ-schizophrenia, SZA-schizoaffective disorder. VAS Mood
score at time of blood draw, on a scale 0 (lowest mood) to 100 (highest mood).

[000184] (a) Individual demographic data.

Primary Bipolar Cohort

Subject ID Diagnosis Age Gender Ethnicity VAS Mood (0-100)
174-1197-001 BP 37 Male Caucasian 20
174-1055-001 BP 46 Male Caucasian 20

phchp029v1 BP 56 Male Caucasian 22
174-1126-001 BP 33 Male Caucasian 24
174-1173-001 BP 56 Male Caucasian 27
174-1161-001 BP 46 Male Caucasian 29
174-1150-001 BP 52 Male Caucasian 31
174-1042-001 BP 58 Male Caucasian 37
174-1112-001 BP 24 Male Caucasian 38

phchp027v1 BP 40 Male Caucasian 38
174-1137-001 BP 48 Male African American 39

phchp023v1 BP 52 Male Caucasian 39
174-1115-001 BP 42 Male American Indian 40

phchp020v1 BP 62 Male Caucasian 42

phchp031vl BP 51 Male Caucasian 47

phchp028v1 BP 50 Female Asian 52

phchp030v1 BP 49 Male Caucasian 61
174-1107-001 BP 39 Male Caucasian 63
174-1130-001 BP 21 Male African American 65
174-5001-001 BP 23 Male Caucasian 66
174-1132-001 BP 22 Male African American 71
174-1160-001 BP 52 Male Caucasian 72
174-1171-001 BP 56 Female Caucasian 72
174-1156-001 BP 57 Male Caucasian 72
174-1037-001 BP 54 Male Caucasian 72
174-5002-001 BP 26 Male Caucasian 73
174-1119-001 BP 38 Male Caucasian 73

phchp020v2 BP 62 Male Caucasian 80
174-1193-001 BP 53 Male African American 84

Psychosis Cohort

Subject ID Diagnosis Age Gender Ethnicity VAS Mood (0-100)

phchp022v2 SZ 48 Male Caucasian 15

phchp005v2 SZA 45 Male Caucasian 19

phchp025v1 SZ 42 Male Caucasian 29

phchp021v2 SZA 49 Male Hispanic 29

phchp006v2 SZA 52 Male African American 33

phchp033vl SZA 48 Male Caucasian 35

phchp016v1 SZ 54 Male African American 38

phchp021vl SZA 48 Male Hispanic 39

phchp019v1 SubPD 50 Male African-American 41

phchp003v3 SZ 50 Male African American 47

phchp010v1 SZA 45 Male Caucasian 48

phchp024v1 SZA 49 Male African American 49
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phchp003v2 SZ 50 Male African American 53
phchp009v1 SZ 55 Male African American 54
phchp010v2 SZA 45 Male Caucasian 55
phchp006v1 SZA 52 Male African American 57
phchp026v1 SZA 49 Male African-American 64
phchp022v1 SZ 48 Male Caucasian 65
phchp010v3 SZA 45 Male Caucasian 65
phchp014v1 SubPD 55 Male African American 69
phchp004v1 SZA 55 Male African American 69
phchp012v1 SZA 55 Male Caucasian 70
phchp012v2 SZA 55 Male Caucasian 71
phchp018v1 SZA 54 Female Caucasian 73
phchp015v1 SubPD 48 Male African American 76
phchp008v1 SZ 47 Male African American 76
phchp005v1 SZA 45 Male Caucasian 81
phchp017v2 SZA 53 Male African American 84
phchp013v1 SZA 53 Male African American 89
phchp003v1 SZ 50 Male African American 93

Secondary Bipolar Cohort

Subject ID Diagnosis Age Gender Ethnicity VAS Mood (0-100)
phchp039v1 BP 52 Male Caucasian 11
phchp023v2 BP 52 Male Caucasian 20
174-1216-001 BP 60 Male Caucasian 23
174-1278-001 BP 22 Male Caucasian 24
174-1232-001 BP 45 Male Caucasian 32
phchp045v1 BP 36 Male Caucasian 36
174-1203-001 BP 39 Male African American 49
174-1199-001 BP 41 Male Caucasian 53
174-1237-001 BP 36 Male Caucasian 57
174-5006-001 BP 60 Male Caucasian 66
phchp053vl BP 58 Male Caucasian 68
174-1211-001 BP 27 Male Caucasian 75
phchp031v2 BP 51 Male Caucasian 79
174-1204-001 BP 52 Male Caucasian 81
174-1255-001 BP 50 Male Caucasian 81
174-1220-001 BP 68 Male Caucasian 82
174-1096-001 BP 50 Male Caucasian 83
phchp056v1 BP 36 Male Caucasian 84
174-1258-001 BP 36 Male Caucasian 90
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[000185] (b) Aggregate demographic data
Primary Bipolar Cohort Psychosis Cohort Secondary Bipolar Cohort
Substance
Iilv’v IEP n BP i Sz induced BP BP BP
g Overall psychotic Low Mood | High Mood Overall
Mood Mood .
disorder

Number
of 13 13 29 18 9 3 6 10 19
Subjects
Gender
(males: 13:0 12:1 272 17:1 9:0 3:0 6:0 10:0 19:0
females)
Age (‘1‘(5)'3) 41.9 45.0 49.8 49.3 51.0 445 48.8 45.8
mean P (15.6) (12.5) (3.9) (3.8) (3.6) (13.6) (12.5) (12.0)
years 21 to 62 21 to 62 45t055 42t055 48to 55 22 to 60 27 to 68 22 to 68
(SD) range 58
Duratio
n of (123'5) 20.4 216 312 26.7 25.0 25.8 272 258
Illness 5 to (17.1) (13.7) 6.3) .7 (6.0) (16.1) (6.6) (10.5)
mean 10 2t049 2t049 17 to 42 20 to 26 20 to 32 7t0 53 19 to 38 7 to 53
years
(SD) range
Ethnicit
y 1172 10/3 23/6 9/9 3/6 0/3 6/0 10/0 18/1
(Caucasian
/ Other)

[000186] Table 2. High threshold and low threshold analysis in primary bipolar cohort and in meta-

analysis of both bipolar cohorts. Genes are considered candidate biomarkers for high mood if they

are called by the Affymetrix MASS software as Absent (A) in the blood of low mood subjects and

detected as Present (P) in the blood of high mood subjects. Conversely, genes are considered

candidate biomarkers for low mood if they are detected as Present (P) in low mood subjects and

Absent (A) in high mood subjects.

Primary Cohort Analysis

High Threshold Candidate Biomarker Genes (changed in greater than or equal to
75% subjects; i.e. at least 3-fold enrichment)

Bipolar Subjects (n=29)

13 Low Mood and 13 High Mood

10/13 Low Mood vs 10/13 High

A/P and P/A analysis

Mood

Low Threshold Candidate Biomarker Genes (changed in greater than or equal to
60% subjects; i.e. at least 1.5-fold enrichment)

8/13 Low Mood vs 8/13 High

A/P and P/A analysis

Mood

37




WO 2008/124428

Meta-analysis
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Bipolar Subjects (n=42)
19 Low Mood and 23 High Mood

15/19 Low Mood vs 18/23 High

Mood

Low Threshold Candidate Biomarker Genes (changed in greater than or equal to
60% subjects; i.e. at least 1.5-fold enrichment)

12/19 Low Mood vs 14/23 High

Mood

[000187]
independent lines of evidence.

[000188]

Table 3: Top candidate biomarker genes for mood prioritized by CFG score for multiple

Top candidate biomarker genes for mood. For human blood (Hu Bl.) data: I —increased in

high mood (mania); D —decreased in high mood (mania)/ increased in low mood (depression). For

human postmortem brain (Hu Br.) data: Up- increased ; Down-decreased in expression. For mouse

data METH —methamphetamine, VPA- valproate. MDD — major depressive disorder. LCL-

lymphoblastoid cell lines. (HT) High threshold. (MA) identified by meta-analysis only.

Hu. Br. and Bl.

BP

BP

Hu. Hu. Genetic CFG
Gene Symbol/ Name Entrez Bl Hu. qutmortem Concordance / Linkage/ Mouse Mouse Scor
Gene ID Data Brain, LCL Co- Association Model Model e
Directionality Brain>  Blood
Up (male) BP
18¢23 Cat- IV
Mbp. . . 4155 | Down (female) Yes/ Yes BP Meth 6
myelin basic protein BP |
Down Bipolar O
Edg2
Endothelial Down MDD
differentiation, 1902 | Down (PFC) BP Yes/ Yes 9931.3 5
lysophosphatidic acid Up (Parietal BP
G-protein-coupled Cortex) BP
receptor, 2
Fgfr1
fibroblast growth 2260 D Up MDD Yes/ Yes 85;,2 5
factor receptor 1
Fzd3
frizzled homolog 3 7976 | Down BP Yes/ Yes 8p21.1 5
; BP
(Drosophila)
Mag CP Cat-
myelin-associated 4099 D Down MDD Yes/ No pod1312 1y Meth 5
. epression
glycoprotein [0}
Pmp22 CP Cat-
peripheral myelin 5376 D Down MDD Yes/ No 17p12 IV Meth 5
; BP
protein 22 (U]
Ugt8
UDP
glycosyltransferase 8 7368 4926 CP Cat-
(UDP-galactose D Down MDD Yes/No BP Il (I) 5
ceramide
galactosyltransferase)
Erbb3
Neuregulin receptor (
v-erb-a .ery.throblastlc 2065 D Down MDD Yes/ No 12q13.2 4
leukemia viral ( Down BP Depression
oncogene homolog 4
(avian))
Igfbp4
|nsuI|n-I.|ke.growth . 3487 D Down BP Yes/ No 17q21.2 4
factor binding protein Depression

4
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Igfbp6

|nsuI|n-I.|ke.growth . 3489 D Down BP Yes/ No 12q1§
factor binding protein Depression
6
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Pde6d
phosphodiesterase 5147
6D, cGMP-specific, D Up BP Yes/ Yes 2q37.1 4
rod, delta
Ptprm
protein tyrosine 5797 D Up BP Yes/ Yes 18p11.23 4
phosphatase, receptor
type, M
Nefh
neurofilament, heavy 4744 (MDA) DownBP Yes/ No 22912.2 4
polypeptide 200kDa
Atp2c1
ATPase, Ca++- 27032 D 3az13 3
sequestering
Atxn1 6310 6p223  CPCat
. | IV Meth 3
Ataxin 1 BP
(D)
Btg1 . Catlll
B-cell translocation 694 12¢21.33
. D Meth 3
gene 1, anti- BP (D)
proliferative
C6orf182
chromosome 6 open 285753 D 63?,1 3
reading frame 182
Dicer1
Dicer1, Dcr-1 23405 D Down MDD Yes/ No 14932.13 3
homolog (Drosophila)
Dnajc6
DnaJ (Hsp40) 9829 D 1p31.3
. BP 3
homolog, subfamily C, (HT) D .
epression
member 6
Ednrb CP Cat-
endothelin receptor 1910 | 13%%2'3 Il Meth 3
type B U]
Elovi5
ELOVL family Cat-IV
member 5, elongation 60481 D 6pB1|§.1 VPA 3
of long chain fatty (D)
acids (yeast)
Gnal
guanine nucleotide
binding protein, alpha 2774 D 18p11.21 3
. ! (HT) BP
stimulating, olfactory
type
KIf5 688 D 13g22.1 3
Kruppel-like factor 5 (HT) BP
Lin7a Increas
lin 7 homolog a (C. 8825 D 1202131 o4 (Rat 3
BP .
elegans) Brain)
Manea 6916.1
mannosidase, endo- 79694 D BP 3
(HT) .
alpha Depression
Nupl1 9818 D 13912.13 3
nucleoporin like 1 (HT) BP
Pde6b
phosphodiesterase
6B, cGMP-specific, 5158
rod, beta (congenital D Down MDD Yes/ No 4p16.3 3
stationary night
blindness 3,
autosomal dominant)
SlIc25a23
solute carrier family CP Cat-
25 (mitochondrial 79085 D 19p133  IVVPA 3
D (HT)
carrier; phosphate "
carrier), member 23
Synpo 11346 D 5q33.1 PFC 3
synaptopodin BP Cat-lll

40



WO 2008/124428 PCT/US2008/059120
Meth
(D)

Tgm2 Cat-lll
transglutaminase 2, C 7052 D 20qB1F1’.23 Meth 3
polypeptide (D)
Tjp3
tight junction protein 3 27134 (HDT) 19%1,3'3 3
(zona occludens 3)
Tpd52 7163 D 8g21.13 3
tumor protein D52 (HT) BP
Trpci
transient receptor CP Cat-
potential cation 7220 D 3;?,3 IV VPA 3
channel, subfamily C, )]
member 1
Bclaf1 9774 Down
BCL2-associated D (Lymphocytes) 6923.3 2
transcription factor 1 BP
Gosr2 Down
golgi SNAP receptor 9570 D (Lymphocytes) 17921.32 2
complex member 2 BP

Down
Rdx 5962 D (Lymphocytes) 11g22.3 2
radixin BP

Down
Wdr34 89891
WD repeat domain 34 D (Lympggcytes) 9q34.11 2
Bic
BIC transcript 114614 MDA 21921.3 )
(microRNA 155) (MA)
C8orf42
chromosome 8 open 157695 (MDA) 8p23.3 2
reading frame 42
Dock9
Dedicator of 23348 D 13g32.3 Cat-ll- 2

O (MA) Val (D)

cytokinesis 9
Hrasls D 3929
HRAS-like suppressor 27110 (vp) 2
Ibrdc2
IBR domain D 6p22.3
containing 3 255488 (MA) 2
(Rnf144b)
P2ry12 i D 3925.1
purinergic receptor q25.
P2Y, G-protein 64805 \a) 2
coupled 12
Specci
spectrin domain with 92521 (MDA) 17p11.2 2
coiled-coils 1
Vil2 | 6g25.3
villin 2 (ezrin) 7430 2
C20o0rf7
chromosome 20 open 79133 (MDA) 20p12.1 1
reading frame 7
Chrnb3 . |
cholinergic receptor, 1142 (MA) 8p11.21 1
nicotinic, beta 3
Eif4a2
eukaryotic translation |
initiation factor 4A, 1974 va) 39273 1
isoform 2
Gins4
GINS complex subunit 84296 (MIA) 8p11.21 1
4 (Sld5 homolog)
Grhl1 . D
grainyhead-like 1 29841 (MA) 2p25.1 1

(Drosophila)
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Gtpbp8 D
GTP-binding protein 8 29083 (MA) 3q13.2
(putative)
Heatr6 |
HEAT repeat 63897 (MA) 17923.2
containing 6
Igl@
immunoglobulin | 22q11.1-
lambda chain, 3535 (ma) 112
variable 1
M7rc |
|(r:1terleuk|n 17 receptor 84818 (MA) 3p25.3
Itfg1 D
integrin alpha 2b 81533 (ma) 16g12.1
Loc388692
hypothetical gene D
supported by 388692 (MA) 1921.2
AK123662
Loc654342 |
Similar to lymphocyte- 654342 (MA) 2p11.1
specific protein 1
Lrrc37a D
leucine rich repeat 9884 (MA) 17921.31
containing 37A
Pbrm1 l
polybromo 1 55193 (MA) 3p21.1
Pex13 D
peroxisome 5194 (MA) 2p16.1
biogenesis factor 13
Pol3s |
polyserase 3 339105 (MA) 16p11.2
Pparb D
PPAR binding protein %9 (mA) 17912
Prkd2 D
protein kinase D2 25865 (MA) 19913.32
Prr7 D
proline rich 7 80758 (MA) 5q35.3
(synaptic)
Psph D
phosphoserine 5723 (MA) 7p11.2
phosphatase
Rfx3
regulatory factor X, 3 |
(influences HLA dlass 9991 (v 9p24.2
Il expression)
Rps16 D
ribosomal protein S16 6217 (MA) 19q13.2
Samd4a |
sterile alpha motif 23034 (MA) 14q22.2
domain containing 4A
Scamp1 D
secretory carrier 9522 (MA) 5914.1
membrane protein 1
Scn11a
sodium channel, |
voltage-gated, type 11280 (MA) 3p22.2
Xl, alpha
Spai17 D
sperm autoantigenic 53340 (MA) 11g24.2
protein 17
Tef712
transcription factor 7- |
e 2. Tcoll specfic. 6934 ma) 109253
HMG-box
Wbscr16 |
Williams-Beuren 81554 (MA) 7911.23
syndrome
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chromosome region

16
Wdr55 D
WD repeat domain 55 54853 (MA) 5931.3
Znf492 D
zinc finger protein 492 57615 (MA) 19p12
Znf576 |
zinc finger protein 576 79177 (MA) 19913.31
[000189] Table 4. BioM-10 Mood panel derived from primary bipolar cohort analysis: sensitivity and

specificity for predicting mood state. Primary Bipolar cohort (A), Psychosis Cohort (B) and
Secondary Bipolar cohort (C). Results with meta-analysis derived panel (D).

High Mood: Mbp, Edg2, Fzd3, Atxnl, Ednrb
Low Mood: Fgfrl, Mag, Pmp22, Ugt§, Erbb3

A.
Primary Bipolar
Sensitivity  Specificit
Cohort y P y
High Mood 84.6 % 68.8 %
Low Mood 76.9 % 81.3 %
B.
Other Psychotic
. Sensitivity Specificit
Disorders Cohort y P y
High Mood 714 % 62.5 %
Low Mood 66.7 % 619 %
C.
Secondary Bipolar
Sensitivity  Specificit
Cohort y oP y
High Mood 70 % 66.7%
Low Mood 66.7% 61.5%

Meta-analysis derived BioM 10 Mood Panel

High Mood: Edg2, Ednrb, Vil2, Bivm, Camk2d
Low Mood: Trpel, Elovls, Ugt8, Btgl, Neth

D.

Primary Bipolar Sensitivity Specificity

Cohort
High Mood 84.6% 80.0%
Low Mood 61.5% 87.5%
Secondary Bipolar Cohort Sensitivity Specificity
High Mood 90 % 88.9%
Low Mood 66.7% 92.3%
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Table 5:Biological Roles. Ingenuity pathway analysis (IPA) of biological functions categories
among our top blood candidate biomarker genes for mood. Genes from Table 3. Top categories, over-
represented with a significance of p<0.05, are shown.

Cell Dizsth 1.43E-07 = 4, 54E-03
Mervous System Development and Funckior 2.31E-07 - 4. &3E-0F
Cell Morphology 2. F5E-0% - 4.&3E-03
Cellular ssembly and Qrganization & 48E-0% - 4, 55E-03
Meurslsyical Diseass 7ARE-0R - 4,63E-03
Cellular Grassth anid Proliferatian 1.11E-04 - 4 89E-02
Skeletal and Muscular Sysbem Development and Functisi 1.11E-04 - 3.83E-02
Tissu= Marp hislogy 1,12E-04 - 4. 09E-03
Behawiar 2.08E-34 - 4.63E-Q3
Digestive System Developmant and Functicn 2.DRE-D4 - 4.63E-02
Cellular Desy elepmisEnt 2.BRE-D4 - 4.83E-03
Cancer 5.50E-04 - 4, 89E-02
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Table 6: Targets of existing drugs. Complete list of the blood candidate biomarker genes

for mood that are the direct target of existing drugs.

Genes Gene Name Drugs
ADA adenosine deaminase pentostatin
losartan/ hydrochlorothiazide, valsartan/ hydrochlorothiazide,
candesartan cilexetil, olmesartan medoxomil, irbesartan,
AGTR1 angiotensin |l receptor, type 1 losartan potassium, telmisartan, eprosartan, candesartan
cilexetil/ hydrochlorothiazide, hydrochlorothiazide/ irbesartan,
eprosartan/ hydro
COLBA2 collagen, type VI, alpha 2 collagenase
DHFR dihydrofolate reductase iclaprim, methotrexate, LY231514, PT 523
EDNRB endothelin receptor type B bosentan, sitaxsentan, atrasentan
GNRH1 gongc.:lc.)tropln-rel.easmg hommone 1 leuprolide, goserelin
(luteinizing-releasing hormmone)
GNRHR gonadotropin-releasing hormone cetrorelix, triptorelin, abarelix
receptor
nitroglycerin, isosorbide-5-mononitrate, isosorbide dinitrate,
GUCYTA3 guanylate cyclase 1, soluble, alpha 3 nitroprusside, isosorbide dinitrate/ hydralazine
potassium large conductance calciuny
KCNMB4 activated channel, subfamily M, beta | tedisamil
member 4
phosphodiesterase 4D, cAMP- . ] . — L. .
o . arofylline, tetomilast, anagrelide, cilomilast, milinone, rolipram, L
PDEA4D specific (phosphodiesterase E3 dunce A :
L 826,141, roflumilast, caffeine
homolog, Drosophila)
phosphodiesterase 5A, cGMP- DA-8159, sildenafil, dipyridamole, aspirin/ dipyridamole,
PDESA o ! )
specific vardenafil, tadalafil
POLE polymerase (DNA directed), epsilon nelarabine, gemcitabine, clofarabine, trifluridine
PPARA peroxisome proliferative activated tesaglitazar, clofibrate, fenofibrate, gemfibrozil
receptor, alpha
deserpidine/ methyclothiazide, deserpidine,
reserpine/ trichlommethiazide, chlorothiazide/ reserpine,
SLC18A2 solute camier family 18 (vesicular chlorthalidone/ reserpine,
monoamine), member 2 hydralazine/ hydrochlorothiazide/ reserpine,
hydroflumethiazide/ reserpine, polythiazide/ reserpine,
hydrochlorothiazide/ reserpine, r
TLR9 tolHike receptor 9 PF-3512676
[000191] Table 7. Complete list of blood candidate biomarker genes for mood derived from primary

bipolar cohort analysis. All-low and high threshold candidate genes. Known genes shown only. For

human blood data: I —increased in high mood (mania); D—decreased in high mood (mania)/

increased in low mood (depression). (HT) -High threshold.

Gene Symbol/ Name Entrez Gene ID 7Humggt: lood
Abcal1
ATP-binding cassette, sub-family A (ABC1), member 10348 D
11 (pseudogene
Abhd6
abhydrolase domain containing 6 57406 D
Acach 32 D
acetyl-Coenzyme A carboxylase beta
Adamtsb
ADAM metallopeptidase with thrombospondin type 1 11096 D

motif, 5 (aggrecanase-2)
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Gene Symbol/ Name Entrez Gene ID %
Agmat
agmatine ureohydrolase (agmatinase) 79814 D
Agpat?7
1-acylglycerol-3-phosphate O-acyltransferase 7 254531 D
(lysophosphatidic acid acyltransferase, eta)
Agrn
agrin 375790 D
Agtrl ; 185 D
angiotensin Il receptor, type 1
Amn
Amnionless homolog (mouse) 81693 D (HT)
Anapc10
anaphase promoting complex subunit 10 10393 D
Ankdd1a
ankyrin repeat and death domain containing 1A 348094 I
Ankrd13b
ankyrin repeat domain 13B 124930 D
Ankrd22
ankyrin repeat domain 22 118932 |
Ankrd54
ankyrin repeat domain 54 129138 D
Ankrd57
ankyrin repeat domain 57 65124 D
Anubl1
AN, ubiquitin-like, homolog (Xenopus laevis) 93550 D
Apobec4
apolipoprotein B mRNA editing enzyme, catalytic 403314 |
polypeptide-like 4 (putative)
Arid1b
AT rich interactive domain 1B (SWI1-like) 57492 D
Armc8
armadillo repeat containing 8 25852 D
Arsk
arylsulfatase family, member K 153642 D
Atad2
ATPase family, AAA domain containing 2 29028 D
Atp2ci
ATPase, Ca++-sequestering 27032 D
Atpbvie2
ATPase, H+ transporting, lysosomal 31kDa, V1 90423 D
subunit E2
Alp7b 540 D
ATPase, Cu++ transporting, beta polypeptide
Aixn1
Ataxin 1 6310 |
Azi2
5-azacytidine induced gene 2 64343 D
B3gnt1
UDP-GIcNAc:betaGal beta-1,3-N- 11041 D
acetylglucosaminyltransferase 1
Bcas4
breast carcinoma amplified sequence 4 55653 D
Bclaf1
BCL2-associated transcription factor 1 9774 D
Bet3l
BET3 like (S. cerevisiae 221300 D
Bhihb3
basic helix-loop-helix domain containing, class B, 3 79365 D
Bic
BIC transcript 114614 D
Bivm
basic, immunoglobulin-like variable motif containing 54841 I
Bmpria 657 b
bone morphogenetic protein receptor, type 1A
Bnip1 662 D
BCL2/adenovirus E1B 19kDa interacting protein 1
Brwd1
bromodomain and WD repeat domain containing 1 54014 b
Btbd12
BTB (POZ) domain containing 12 84464 '
Big 694 D

B cell translocation gene 1, anti-proliferative
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Gene Symbol/ Name Entrez Gene 1D W
E:T}I/?ophilin-like 9 153579 D
(c:;r:r(())%rgs1oome 10 open reading frame 110 55853 I
(c:;r:r(())ﬁ'lrg:ome 10 open reading frame 18 54906 I
(?r:rl%rt)7s1ome 11 open reading frame 71 54494 D
ngl%T)?ome 11 open reading frame 74 119710 D
(c:;r:r?)ﬁ'lr?sgome 12 open reading frame 29 91208 D
(c:;r:r?)ﬁ'lr?gome 12 open reading frame 47 51275 D
ng?)%Ts?me 14 open reading frame 118 55668 b
ng?)%Ts?me 14 open reading frame 131 55778 D
gr:r?)%rg:osme 14 open reading frame 145 145508 D
(c:;r:r?)ﬁ'lrt)ss‘tome 14 open reading frame 64 388011 D
(c:;r;lr?)ﬁ'lrt)sszome 16 open reading frame 52 146174 D
CC;:l!rggnr'T;some 18 open reading frame 1 753 D
(c:;r:r?)ﬁ'lr?ssome 18 open reading frame 25 147339 I
(c:;r:r?)ﬁ'lrt)sssome 18 open reading frame 55 29090 D
(c:;r:r?)ﬁ'lrt)sszome 19 open reading frame 52 90580 I
(c:;r;lr?)rr:'ls(?some 1 open reading frame 89 79363 D
thr(())%rEl;OZme 20 open reading frame 112 140688 D
(c:;hzr(())ﬁ'lr?:ome 20 open reading frame 94 128710 I
C210rf109
chromosome 21 open reading frame 109 /// similar to 193629 D
Protein C210rf109
thr‘(l)%rEl;:me 21 open reading frame 114 193629 D
(?rlzrl%rt)sssome 21 open reading frame 56 84221 I
(c:;hzr?)r:'?oosome 2 open reading frame 40 84417 D
(c:;r?r?)r:'lzossome 3 open reading frame 23 285343 D
(c:;r?r?)r::gsoome 6 open reading frame 170 221322 D
(c:;r?r?)r:::szome 6 open reading frame 182 285753 D
(c:;r?r?)r:'lzossome 6 open reading frame 26 401251 D
(c:;r?r?)r:'lsoosome 6 open reading frame 60 79632 D
(?r?r?)rr:'lzossome 7 open reading frame 26 79034 D
(?r?r?)rr:'lsossome 7 open reading frame 36 57002 D
gﬁgr:?:some 8 open reading frame 33 65265 D
C9orf61 . o113 |
chromosome 9 open reading frame 61
(?rﬁar?)ﬂ(;lsome 9 open reading frame 71 169693 D
(c:;r?r?)rrf'lsozsome 9 open reading frame 82 79886 D
(c:;r?r?)rnf'?oosome 9 open reading frame 90 203245 |
Cadm1 23705 >

cell adhesion molecule 1
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Gene Symbol/ Name Entrez Gene ID —Humggt: locd
Camk2d
Calcium/calmodulin-dependent protein kinase (CaM 817 |
kinase) Il delta
Catsper2
cation channel, sperm associated 2 117155 D
Cbfb
core binding factor beta 865 D
Cc2d2a/Kiaa1345
KIAA1345 protein 57545 D
Ccdc6
coiled-coil domain containing 6 8030 D
Ccdc65
coiled-coil domain containing 65 85478 D
Ccdc88a
coiled-coil domain containing 88A 55704 D
Ccdc99
coiled-coil domain containing 99 54908 D
Ccne2
cyclin E2 9134 D
Cdc7
cell division cycle 7 (S. cerevisiae) 8317 D
Cdkn2b
cyclin-dependent kinase inhibitor 2B (p15, inhibits 1030 D
CDK4)
Ceacam6
carcinoembryonic antigen-related cell adhesion 4680 D
molecule 6 (non-specific cross reacting antigen)
Cfl2
cofilin 2 (muscle) 1073 D
Clcf1
cardiotrophin-like cytokine factor 1 23529 D
Clcn3
chloride channel 3 1182 D
Cllu1
chronic lymphocytic leukemia up-regulated 1 574028 D
Cmtm4
CKLF-like MARVEL transmembrane domain 146223 D
containing 4
Cnnm1
cyclin M1 26507 D
Cnot2
CCR4-NOT transcription complex, subunit 2 4848 D
Col6a2
procollagen, type VI, alpha 2 1292 D
Coq3
coenzyme Q3 homolog, methyltransferase (S. 51805 D
cerevisiae)
Cpix3
complexin 3 594855 I
Cpm
carboxypeptidase M 1368 I
Cpvl
Carboxypeptidase, vitellogenic-like 54504 D
Cr2
complement component (3d/Epstein Barr virus) 1380 D
receptor 2
Csnk1a1
casein kinase 1, alpha 1 1452 D
Ctr9
Ctr9, Paf1/RNA polymerase || complex component, 9646 D
homolog (S. cerevisiae)
Cuedc1
CUE domain containing 1 404093 I
Cwf1912
CWF19-ike 2, cell cycle control (S. pombe) 143884 '
Cxcl12
chemokine (C-X-C motif) ligand 12 6387 D
Cxcl6
chemokine (C-X-C motif) ligand 6 (granulocyte 6372 D
chemotactic protein 2)
Cyp2c19
CYP2C9 cytochrome P450, family 2, subfamily C, 1557

polypeptide 19
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Gene Symbol/ Name Entrez Gene ID —Humggt: locd
Cyp2c9 1559 D
cytochrome P450, family 2, subfamily C, polypeptide 9
Cyp2et 1571 D
cytochrome P450, family 2, subfamily E, polypeptide 1
Cyp2u1i
cytochrome P450, family 2, subfamily U, polypeptide 1 113612 D
Daam1
dishevelled associated activator of morphogenesis 1 23002 D
Debid1 285761 D
discoidin, CUB and LCCL domain containing 1
Depdc6
DEP domain containing 6 64798 D
Dhfr
dihydrofolate reductase 1719 D
Dhx35
DEAH (Asp-Glu-Ala-His) box polypeptide 35 60625 D
Dicer1
Dicer1, Dcr-1 homolog (Drosophila) 23405 D
Dio2
deiodinase, iodothyronine, type Il 1734 I
Dip2b
DIP2 disco-interacting protein 2 homolog B 57609 |
(Drosophila)
Disp1 84976 D
dispatched homolog 1 (Drosophila)
DKFZp564H213
hypothetical gene supported by AL049275 440432 !
Dnajb9
DnaJ (Hsp40) homolog, subfamily B, member 9 4189 D
Dnaijc6
DnaJ (Hsp40) homolog, subfamily C, member 6 9829 D (HT)
Dock5
dedicator of cytokinesis 5 80005 D
Dscami1
Down syndrome cell adhesion molecule-like 1 57453 D
Dst
dystonin 667 D
Diwd1
DTW domain containing 1 56986 D
Dtx3
deltex 3 homolog (Drosophila) 196403 D
Dus4l
dihydrouridine synthase 4-like (S. cerevisiae) 11062 D
Dynirb1
dynein, light chain, roadblock-type 1 83658 D
E2f5
E2F transcription factor 5, p130-binding 1875 D
E2f7
E2F transcription factor 7 144455 D
Edg2
endothelial differentiation, lysophosphatidic acid G- 1902 |
protein-coupled receptor, 2
Ednrb
endothelin receptor type B 1910 I
Egrt 1958 D
early growth response 1
Eid3
E1A-like inhibitor of differentiation 3 493861 D
Eif4g3
eukaryotic translation initiation factor 4 gamma, 3 8672 D
Elovi5
ELOVL family member 5, elongation of long chain fatty 60481 D
acids (yeast)
Emid1
EMI domain containing 1 129080 D
Emilin2
elastin microfibril interfacer 2 84034 D
Emi5
echinoderm microtubule associated protein like 5 161436 D
Enpp4
ectonucleotide pyrophosphatase/phosphodiesterase 4 22875 D

(putative function)
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Gene Symbol/ Name Entrez Gene 1D %
Entpd4 ==
ectonucleoside triphosphate diphosphohydrolase 4 9583 D
Epb41l4a
erythrocyte membrane protein band 4.1 like 4A 64007 D
Epn_1 29924 D
epsin 1
Eps8
epidermal growth factor receptor pathway substrate 8 2059 D
Erbb3
Neuregulin receptor ( v-erb-a erythroblastic leukemia 2065 D
viral oncogene homolog 4 (avian)
Esp_n 83715 D
espin
o i 2145 |
enhancer of zeste homolog 1 (Drosophila)
Fa2h
fatty acid 2-hydroxylase 79152 |
Faah2
fatty acid amide hydrolase 2 158584 D
Fam13a1
family with sequence similarity 13, member A1 10144 D
Fam55a
family with sequence similarity 55, member A 120400 |
Fam63b
family with sequence similarity 63, member B 54629 D
Fam98a
family with sequence similarity 98, member A 25940 D
Fam108c1
family with sequence similarity 108, member C1 58489 D
Fam120a
family with sequence similarity 120A 23196 D
Fam139A/Flj40722
hypothetical protein FLJ40722 285966 D
Fastk
Fas-activated serine/threonine kinase 10922 D
Fbxo15
F-box protein 15 201456 D
Fbxo31
F-box protein 31 79791 D
Fbxo5
F-box protein 5 26271 D
Fcer2
Fc fragment of IgE, low affinity |, receptor for (CD23) 2208 D
Fchsd1
FCH and double SH3 domains 1 89848 D
Feri2
Fc receptor-like 2 79368 D
Fer1l3
fer-1-like 3, myoferlin (C. elegans) 26509 D
Fgfr1
fibroblast growth factor receptor 1 2260 D
Fggy /F1j10986
hypothetical protein FLJ10986 56277 |
Flj13305
hypothetical protein FLJ13305 84140 D
Flj22167
hypothetical protein FLJ22167 79583 D
Finc
filamin C, gamma (actin binding protein 280 2318 D
Fndc3b
fibronectin type Il domain containing 3B 64778 I
Fosl2
FOS-like antigen 2 2355 D
Fsd1l
Fibronectin type Ill and SPRY domain containing 1- 83856 D
like
Fzd3
frizzled homolog 3 (Drosophila) 7976 |
G3bp1
GTPase activating protein (SH3 domain) binding 10146 D
protein 1
Gata3 -~ >

GATA binding protein 3
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Gene Symbol/ Name Entrez Gene ID —Humggt: locd
Gins3
GINS complex subunit 3 (Psf3 homolog) 64785 D
Gm2a
GM2 ganglioside activator 2760 D
Gmppb
GDP-mannose pyrophosphorylase B 29925 D
Gnal
guanine nucleotide binding protein, alpha stimulating, 2774 D (HT)
olfactory type
Gng8
guanine nucleotide binding protein (G protein), gamma 94235 D
8 subunit
Gnrh1
gonadotropin-releasing hormone 1 (luteinizing- 2796 D
releasing hormone)
Gnrhr . 2798 D
gonadotropin-releasing hormone receptor
Golga2l1
golgi autoantigen, golgin subfamily a, 2-like 1 55592 D
Golga3
golgi autoantigen, golgin subfamily a, 3 2802 D
Golga8g
golgi autoantigen, golgin subfamily a, 8G 283768 D
Gosr2
golgi SNAP receptor complex member 2 9570 D
Gp1bb 2812 |
glycoprotein Ib (platelet), beta polypeptide
Gpatch2
G patch domain containing 2 55105 D
Gpd2
glycerol phosphate dehydrogenase 2, mitochondrial 2820 D
Gpr180
G protein-coupled receptor 180 160897 D
Gpr19
G protein-coupled receptor 19 2842 D
Gpsm1
G-protein signalling modulator 1 (AGS3-like, C. 26086 D
elegans)
Gramd2
GRAM domain containing 2 196996 D
Grb2
growth factor receptor-bound protein 2 2885 D
Gtdc1
glycosyltransferase-like domain containing 1 79712 I
Habp4
hyaluronan binding protein 4 22927 D
Hells
helicase, lymphoid-specific 3070 D
Hemk1
HemK methyltransferase family member 1 51409 D
Herpud2
HERPUD family member 2 64224 D
Hif1an
hypoxia-inducible factor 1, alpha subunit inhibitor 55662 D
Hist1h3b
histone cluster 1, H3b 8358 D
Hla-dqa1
major histocompatibility complex, class Il, DQ alpha 1 3117
/I major histocompatibility complex, class I, DQ alpha
1
Hla-drb1 3123 |
major histocompatibility complex, class I, DR beta 1
Hps3
Hermansky-Pudlak syndrome 3 84343 D
Hrasls3
HRAS-like suppressor 3 11145 D
Huwe1
HECT, UBA and WWE domain containing 1 10075 D
Ical
intestinal cell kinase 3382 D
Ift172 26160 D

intraflagellar transport 80 homolog (Chlamydomonas)
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Gene Symbol/ Name Entrez Gene ID —Humgztzlood

Igfbp4 Data
insulin-like growth factor binding protein 6 3487 D
Igfbp6

Immunoglobulin heavy chain 1a (serum IgG2a) 3489 D
Ighg1

immunoglobulin heavy constant gamma 1 (G1m 3500 D
marker)

Igsf22

immunoglobulin superfamily, member 3 283284 D
1115

interleukin 17 receptor A 3600 D
Immp1l

inner membrane protein, mitochondrial 196294 D
Insc

insulin induced gene 1 387755 D
_Insr i 3643 D
insulin receptor

Ints10

integrator complex subunit 7 55174 D
Ints7

integrator complex subunit 8 25896 D
Ipo11

Intracisternal A particle-promoted polypeptide 51194 D
ltch

Integrin alpha FG-GAP repeat containing 1 83737 D
Itsn2

isovaleryl Coenzyme A dehydrogenase 50618 I
Jag1
jagged 2 182 D
Jakmip2
jumoniji, AT rich interactive domain 1B 9832 D
Jmjd5
junction-mediating and regulatory protein 79831 D
Josd2

Josephin domain containing 2 126119 D
Katnal1

katanin p60 subunit A-like 1 84056 D
Kbtbd3

kelch repeat and BTB (POZ) domain containing 3 143879 D
Kenmb4

potassium large conductance calcium-activated 27345 D
channel, subfamily M, beta member 4

Khk

ketohexokinase (fructokinase) /// ketohexokinase 3795 D
(fructokinase)

Kiaa0494

KIAA0494 9813 D
Kiaa1009

KIAA1009 22832 D
Kiaa1107

KIAA1107 23285 D
Kiaa1377

KIAA1377 57562 D
Kiaa1586

KIAA1586 57691 D
Kiaa1704

1200011118Rik KIAA1704 556425 D
Kiaa1729

KIAA1729 protein 85460 D
Kif5¢

kinesin family member 5C 3800 D
Kif12

Kruppel-like factor 12 11278 D
KIf5

Kruppel-like factor 5 683 D (HT)
Klk7

kallikrein-related peptidase 7 5650 D
Krtap4-9

keratin associated protein 4-9 85286 |
L2hgdh

L-2-hydroxyglutarate dehydrogenase 79944 D
Laptm4b S5353 >

lysosomal associated protein transmembrane 4 beta
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Gene Symbol/ Name Entrez Gene ID W
t:rrri)t?onucleoprotein domain family, member 4 113251 D
II;TJF:irn receptor 3953 |
Ilza%?il:,“gaIactoside-binding, soluble, 4 (galectin 4) 3960 D
tlhl\)/(l4homeobox 4 80884 |
t!nl\zs:nd senescent cell antigen-like domains 2 55679 D
Ili-rlln77?10molog a (C. elegans) 8825 D
Ili-r!:;t;lomolog B (C. elegans) 64130 D
Ili-rllr:ass1homolog 1 (Drosophila) 55180 D
rl;}?g;?h“e‘tg;l protein LOC144481 144481 D
hzzl?:gt?:al protein LOC144874 144874 D
rl;}?g;?hseﬁ:zl protein LOC 145783 145783 D
:gg;tzzgzogene 148709 D
h?g;tshse%s:zl protein LOC158863 158863 D
h?ggtsr]3e2i1:2a1l protein LOC253012 253012 D
h?ggtsh:;e?i:zgl protein LOC253039 253039 D
h;ggﬁl3e1§:gl protein LOC283140 283140 I
h?gg?h:;e‘tg;l protein LOC283481 283481 D
h}eggﬁgz:zl protein LOC284373 284373 D
h?gg?h‘gti‘:gl protein LOC284749 284749 D
h;gg?rlse?il:il protein LOC285014 285014 D
h?ggﬁlseiz:zl protein LOC285378 285378 D
h?gg?hsesti:zgl protein LOC285535 285535 D
h?ggtsrﬁi‘lcgl protein LOC285813 285813 D
h?ggﬁlseﬁi:gl protein LOC285831 285831 D
h?gg?hse?igl protein LOC338653 338653 [
h?gg?hge%i?:zl protein LOC339803 339803 D
h?gg?hoesti‘gl protein LOC340544 340544 D
h?ggfh‘te‘ti(g:sal LOC344405 344405 D
h?gg?hseﬁgl protein LOC348180, isoform 1 348180 D
h?gg?;e?i‘::; gene supported by BC014163 387647 D
h?gg?hse?i?:il gene supported by AK123662 388692 D
h?gggl1esii1::;l LOC401913 401913 |
h?gg?r]1e::§:zl gene supported by AF086559; BC065734 441383 D
Is-;fl:i‘r:rztf)szos ribosomal protein S4, Y isoform 2 442257 D
;(X:F?}zgisbstrate protein 1 51035 D
Loc51255 p— -

hypothetical protein LOC51255
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Gene Symbol/ Name Entrez Gene ID %
Loc554203
hypothetical LOC554203 554203 [
Loc554206
hypothetical LOC554206 554206 D
Loc56755
hypothetical protein LOC56755 56755 D
Loc619208
hypothetical protein LOC619208 619208 D
Loc645513
Similar to septin 7 645513 D
Loc730202
hypothetical protein LOC730202 730202 D
Loc91431 01431 |
prematurely terminated mRNA decay factor-like
Loh3cr2a
loss of heterozygosity, 3, chromosomal region 2, gene 29931 |
A
Lrp16
LRP16 protein 28992 D
Lrrc16
leucine rich repeat containing 16 55604 D
Lrrc8a
leucine rich repeat containing 8 family, member A 56262 I
Lrrc8b
leucine rich repeat containing 8 family, member B 23507 D (HT)
Lrree
leucine rich repeat and coiled-coil domain containing 1 85444 D
Lrrk1
leucine-rich repeat kinase 1 79705 |
Luzpl ; 7798 D
leucine zipper protein 1
Lyrm4
LYR motif containing 4 57128 D
Maf
avian musculoaponeurotic fibrosarcoma (v-maf) AS42 4094 D
oncogene homolog
Mag . . 4099 D
myelin-associated glycoprotein
Manea
mannosidase, endo-alpha 79694 D (HT)
Mbd5
methyl-CpG binding domain protein 5 55777 D
Mbp . 4155 |
myelin basic protein
Mcf2l
MCF.2 cell line derived transforming sequence-like 23263 D
Mcm3ap
minichromosome maintenance complex component 3 8388 |
associated protein
Mecoln3 55283 D
mucolipin 3
Mds2
myelodysplastic syndrome 2 translocation associated 250283 D
Me3
malic enzyme 3, NADP(+)-dependent, mitochondrial 10873 D
Mfrp
membrane frizzled-related protein 83552 D
Mgat4a
mannosyl (alpha-1,3-)-glycoprotein beta-1,4-N- 11320 D
acetylglucosaminyltransferase, isozyme A
Mgc10997
MGC10997 84741 D
Mgc33556
hypothetical LOC339541 339541 |
Mgc39900
hypothetical protein MGC39900 286527 D
Mgc46336
hypothetical protein MGC46336 283933 D
Mia
melanoma inhibitory activity 8190 D
Mical3
microtubule associated monoxygenase, calponin and 57553 D

LIM domain containing 3
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Gene Symbol/ Name Entrez Gene ID —Humggt: locd
Mier3
mesoderm induction early response 1, family member 166968 D
3
Mki67
antigen identified by monoclonal antibody Ki-67 4288 D
Mks1
Meckel syndrome, type 1 54903 D
Milt4
myeloid/lymphoid or mixed lineage-leukemia 4301 |
translocation to 4 homolog (Drosophila)
Mmaa
methylmalonic aciduria (cobalamin deficiency) cblA 166785 D
type
Mmd2
monocyte to macrophage differentiation-associated 2 221938 I
Mocs2
molybdenum cofactor synthesis 2 4338 D
Morn3
MORN repeat containing 3 283385 D
Mrpl30
mitochondrial ribosomal protein L30 51263 D
Mrps15
mitochondrial ribosomal protein S15 64960 I
Mta3
metastasis associated 1 family, member 3 57504 D
Mtap
methylthioadenosine phosphorylase 4507 D
Mtfr1
mitochondrial fission regulator 1 9650 D
Mtmr3
myotubularin related protein 3 8897 D
Mustn1 . . 389125 D
musculoskeletal, embryonic nuclear protein 1
Mxra8
matrix-remodelling associated 8 54587 D
Myef2
myelin expression factor 2 50804 D
Mylip
myosin regulatory light chain interacting protein 29116 I
Myo6
myosin VI 4646 D
Myol1E 4643 D
myosin |E
Myom2
myomesin (M-protein) 2, 165kDa 9172 I
Naip
similar to Occludin 4671 D
Nap113
nucleosome assembly protein 1-like 3 4675 D
Nedd1
neural precursor cell expressed, developmentally 121441 D
down-regulated 1
Nenf
neuron derived neurotrophic factor 29937 D
Nfe2l3
nuclear factor (erythroid-derived 2)-like 3 9603 D
Nfib
nuclear factor I/B 4781 D
Nfix
nuclear factor I/X 4784 !
Nfkbie
nuclear factor of kappa light polypeptide gene 4794 D
enhancer in B-cells inhibitor, epsilon
Nhedc1
Na+/H+ exchanger domain containing 1 150159 D
Nipsnap3b
nipsnhap homolog 3B (C. elegans) 55335 D
Nin
neurolysin (metallopeptidase M3 family) 57486 I
Nr4a2
nuclear receptor subfamily 4, group A, member 2 4929 D
Nrbp2 340371 D

nuclear receptor binding protein 2
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Gene Symbol/ Name Entrez Gene ID —Humggt: locd

Nt5Sm
5',3'-nucleotidase, mitochondrial 56953 I
Nupl1
nucleoporin like 1 9818 D (HT)
Ocm 654231 |
oncomodulin
Or7e104p
olfactory receptor, family 7, subfamily E, member 104 81137 |
pseudogene
Orcél
origin recognition complex, subunit 4-like (S. 5000 D
cerevisiae)
Osgepl1
Osialoglycoprotein endopeptidase-like 1 64172 D
Otud7b
OTU domain containing 7B 56957 D
Pabpc112b/Rp11-493k23.2
similar to poly(A) binding protein, cytoplasmic 1 645974 D
Pafah1b1
platelet-activating factor acetylhydrolase, isoform 1b, 5048 D
betal subunit
Pard6b
par-6 partitioning defective 6 homolog beta (C. 84612 D
elegans)
Parp2
poly (ADP-ribose) polymerase family, member 2 10038 D
Pawr
PRKC, apoptosis, WT1, regulator 5074 D
Pbrm1 55193 |
polybromo 1
Pcsk5
proprotein convertase subtilisin/kexin type 5 5125 D
Pde4dip
phosphodiesterase 4D interacting protein 9659 D
(myomegalin)
Pde6b
phosphodiesterase 6B, cGMP-specific, rod, beta

. : . . 50940 D
(congenital stationary night blindness 3, autosomal
dominant)
Pde6d
phosphodiesterase 6D, cGMP-specific, rod, delta 5147 D
Pde9a
phosphodiesterase 9A 5152 I
Pex11a
Peroxisomal biogenesis factor 11A 8800 D
Pex6
peroxisomal biogenesis factor 6 5190 I
Pgap1
GPI deacylase 80055 D
Phida2 7962 |
pleckstrin homology-like domain, family A, member 2
Phtf1
Putative homeodomain transcription factor 1 10745 D
Pik3ip1
phosphoinositide-3-kinase interacting protein 1 113791 I
Piwil4
piwi-like homolog 4 (Drosophila) 143689 D
Pknox2
PBX/knotted 1 homeobox 2 63876 D
Plce1
phospholipase C, epsilon 1 51196 D
Plekha8
Pleckstrin homology domain containing, family A 84725 D
(phosphoinositide binding specific) member 8
Plekhk1
pleckstrin homology domain containing, family K 219790 D
member 1
Plxnd1
Plexin D1 23129 !
Pmp22
peripheral myelin protein 22 5376 D
Pms2I1 5379 D

postmeiotic segregation increased 2-like 1
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Gene Symbol/ Name Entrez Gene ID —Humggt: locd

Ppara 5465 |
peroxisome proliferator-activated receptor alpha
Ppard
peroxisome proliferator-activated receptor delta 5467 D
Ppp1r9a
protein phosphatase 1, regulatory (inhibitor) subunit 55607 D
9A
Prri4
proline rich 14 78994 D
Prss23
protease, serine, 23 11098 D
Psg6
pregnancy specific beta-1-glycoprotein 6 5675 D
Psmd9
proteasome 26S subunit, non-ATPase, 9 5715 D
Ptcd1
pentatricopeptide repeat domain 1 26024 D
Ptprm
protein tyrosine phosphatase, receptor type, M 5797 D
Pus10/Flj32312
hypothetical protein FLJ32312 150962 D
Pus7I
pseudouridylate synthase 7 homolog (S. cerevisiae)- 83448 D
like
Qrsl1
Glutaminyl-tRNA synthase (glutamine-hydrolyzing)- 55278 D
like 1
Rad18
RAD 18 homolog (S. cerevisiae) 56852 D
Rad23b
RAD23 homolog B (S. cerevisiae) 5887 D
Rad51c
RAD51 homolog C (S. cerevisiae) 5889 D
Rad54b
RAD54 homolog B (S. cerevisiae) 25788 D
Rad54l2
RAD54-like 2 (S. cerevisiae) 23132 D
Ralgps1
Ral GEF with PH domain and SH3 binding motif 1 9649 D
Ralgps2
Ral GEF with PH domain and SH3 binding motif 2 55103 D
Rap1gds1
RAP1, GTP-GDP dissociation stimulator 1 5910 D
Rasgrf2
Ras protein-specific guanine nucleotide-releasing 5924 D
factor 2
Rbm45/Drb1
Developmentally regulated RNA-binding protein 1 129831 D
Rdx
Radixin 5962 D
Rfpl2
ret finger protein-like 2 10739 D
Rgs9bp/Rgs9
regulator of G-protein signaling 9 388531 D
Rnf2 . 6045 D
ring finger protein 2
Rpap1
RNA polymerase |l associated protein 1 26015 D
Rpl10
ribosomal protein, large, 10 6134 I
Rrpi 8568 |
ribosomal RNA processing 1 homolog (S. cerevisiae)
Rps3a
ribosomal protein S3A 6189 D
Rps16
ribosomal protein S16 6217 D
Ritn 25914 D
rotatin
Rundc2c
RUN domain containing 2C 440352 D
Sccpdh 51007 D

saccharopine dehydrogenase (putative)
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Human Blood
Data

132320 D

Gene Symbol/ Name Entrez Gene ID

Sclt1

sodium channel and clathrin linker 1
Scoc

short coiled-coil protein 60592 D
Sdccag8

serologically defined colon cancer antigen 8 10806 D
Sdhb

succinate dehydrogenase complex, subunit B, iron 6390 D
sulfur (Ip)

Sec22a

SEC22 vesicle trafficking protein homolog C (S. 26984 D
cerevisiae)

Sec23ip

SEC23 interacting protein

Sephs1

selenophosphate synthetase 1

Sept2

septin 2

Sept8

septin 8

Setd4

SET domain containing 4

Setd8

SET domain containing (lysine methyltransferase) 8
Sfrs10

splicing factor, arginine/serine-rich 10 (transformer 2 6434 D
homolog, Drosophila)

Sfrs2ip

splicing factor, arginine/serine-rich 2, interacting 9169 D
protein

Sfrs4

splicing factor, arginine/serine-rich 4
Sgta

small glutamine-rich tetratricopeptide repeat (TPR)- 6449 D
containing, alpha

Siah1

seven in absentia homolog 1 (Drosophila)
Sipall3

sighal-induced proliferation-associated 1 like 3
Sla2

Src-like-adaptor 2

Slc16a1

solute carrier family 16 (monocarboxylic acid 6566 D
transporters), member 1

Slc18a2

solute carrier family 18 (vesicular monoamine), 6571 D
member 2

Slc19a2

solute carrier family 19 (thiamine transporter), member 10560 D

2

Slc25a23

solute carrier family 25 (mitochondrial carrier; 79085 D (HT)
phosphate carrier), member 23

Sic2a13

solute carrier family 2 (facilitated glucose transporter), 114134 D
member 13

Slc30a5

solute carrier family 30 (zinc transporter), member 5
Slc39a8

solute carrier family 39 (zinc transporter), member 8
Slc45a3

solute carrier family 45, member 3

Smek2

AWO011752 KIAA 1387 protein

Smg5

Smg-5 homolog, nonsense mediated mRNA decay 23381 D
factor (C. elegans)

Sorbs3

sorbin and SH3 domain containing 3
Spag10

sperm associated antigen 10

Sphk2

sphingosine kinase 2

11196 D

22929 D

4735 |

23176 D

54093 D

387893 D

6429 |

6477 |

23094 D

84174 |

64924 D

64116 D

85414 |

57223 D

10174 D

54740 |

56848 D
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Gene Symbol/ Name Entrez Gene 1D %
Ssh3 ===
slingshot homolog 3 (Drosophila) 54961 D
St3gal3
ST3 beta-galactoside alpha-2,3-sialyltransferase 3 6487 D
Sit8sial
ST8 alpha-N-acetyl-neuraminide alpha-2,8- 6489 D
sialyltransferase 1
Seg i 10734 D
stromal antigen 3
Steap3
STEAP family member 3 55240 D
Strbp
Spermatid perinuclear RNA binding protein 55342 D
Six6
syntaxin 6 10228 D
Suhw2
suppressor of hairy wing homolog 2 (Drosophila) 140883 D
Sycp2
synaptonemal complex protein 2 10388 D
Syne1_ 23345 D
synaptic nuclear envelope 1
e i 11346 D
synaptopodin
Tas2r14
Taste receptor, type 2, member 14 50840 D
Tbc1d24
TBC1 domain family, member 24 57465 D
Tc2n/Mtac2d1
membrane targeting (tandem) C2 domain containing 123036 I
1
Tdrkh
tudor and KH domain containing 11022 D
Tex261
testis expressed sequence 261 113419 |
Tfec
transcription factor EC 22797 D
Tgfb3
transforming growth factor, beta 3 7043 |
Tgm2
transglutaminase 2, C polypeptide 7052 D
Thap9
THAP domain containing 9 79725 )
Thbs1
thrombospondin 1 7057 I
Tigd7
tigger transposable element derived 7 91151 D
Tip3
tight junction protein 3 (zona occludens 3) 27134 D (HT)
Tk1
thymidine kinase 1, soluble 7083 I
TIr9
toll-like receptor 9 54106 )
Tmem126b
transmembrane protein 126B 55863 D
Tmem169
transmembrane protein 169 92691 D
Tmem30b
transmembrane protein 30B 161291 D
Tmem41a
transmembrane protein 41a 90407 D
pprase i 164656 D
transmembrane protease, serine 6
Tmitc1
transmembrane and tetratricopeptide repeat 83857 D
containing 1
Tnfrsf11A
tumor necrosis factor receptor superfamily, member 8792 D
11a, NFKB activator
Tnk1_ i 8711 D
tyrosine kinase, non-receptor, 1
o 116447 D

topoisomerase (DNA) |, mitochondrial
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Gene Symbol/ Name Entrez Gene 1D %
Tpd52 ==
tumor protein D52 7163 D (HT)
Tpp2
tripeptidyl peptidase || 7174 D
Trabd
TraB domain containing 80305 D
Trim6
tripartite motif-containing 6 117854 D
Trip11
thyroid hormone receptor interactor 11 9321 D
Trove2
TROVE domain family, member 2 6738 D
Trpc1
transient receptor potential cation channel, subfamily 7220 D
C, member 1
Trpm7
transient receptor potential cation channel, subfamily 54822 I
M, member 7
Trspap1
tRNA selenocysteine associated protein 1 54952 I
Tshz2
Teashirt family zinc finger 2 128553 D
Tic18
tetratricopeptide repeat domain 18 118491 D
Ttc30b
tetratricopeptide repeat domain 30B 150737 D (HT)
Txndc8
thioredoxin domain containing 8 255220 |
Ube2i
ubiguitin-conjugating enzyme E2I 7329 |
Ugt8
UDP glycosyltransferase 8 (UDP-galactose ceramide 7368 D
galactosyltransferase)
Urg4
up-regulated gene 4 55665 D
Usp6nl
USP6 N-terminal like 9712 D
Usp7
Ubiquitin specific peptidase 7 (herpes virus- 7874 |
associated)
Wdr20
WD repeat domain 20 91833 D
Wdr23
WD repeat domain 23 80344 D
Wdr34
WD repeat domain 34 89891 D
Wdr52
WD repeat domain 52 55779 D
Wdr71
WD repeat domain 71 80227 D
Wee1
WEE1 homolog (S. pombe) 7465 D
Xpri
xenotropic and polytropic retrovirus receptor 9213 D
Zc3H12¢
zinc finger CCCH-type containing 12C 85463 D
Zdhhc11
zinc finger, DHHC-type containing 11 79844 D
Zdhhc14
zinc finger, DHHC domain containing 14 79683 D
Zdhhc21
zinc finger, DHHC domain containing 21 340481 D
Zdhhc24
zinc finger, DHHC-type containing 24 254359 D
Zdhhc4
zinc finger, DHHC-type containing 4 55146 I
Zmiz2
zinc finger, MIZ-type containing 2 83637 |
Zmymb5
zinc finger, MYM-type 5 9205 D
Znf10 — .

zinc finger protein 10
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Gene Symbol/ Name Entrez Gene ID W

gﬁ?ﬁﬁgerpnﬁeh1169 169841

firr]l]::zg:ger protein 204 7754 D
firr]l]::zggger protein 236 7776 D
firr]l]::zﬁnger protein 24 7572 D
firr]l?:igger protein 318 24149 D
firr]l?ggger protein 492 57615 D
firr]lfcsggger protein 502 91392 D (HT)
firr]lfcsﬁr(l)ger protein 540 163255 D
firr]lfcsngger protein 557 79230 D
firr]lfcsggger protein 569 148266 D
firr]lfcsﬁ:g‘er protein 585A 199704 D
firr]l?ggger protein 608 57507 D
firr]l?:i:ger protein 614 80110 D
firr]l?ﬁ:ger protein 624 57547 D
firr]l?gZ]ger protein 667 63934 D
firr]l?ﬁ:ger protein 684 127396 D
firl']l?];Iir(l)ger protein 710 374655 D
firl']l?];Ii:lger protein 711 7552 D
firr]l]z:igger protein 718 255403 D
firr]l]zggger protein 793 390927 I
fi'r\llcl::?i:lger protein 91 7644 D
fif]f:af?r?ger and SCAN domain containing 5 79149 D

[000192] The nucleic acid sequences provided herein represent a region or a segment of the genes

listed in one or more of the tables. The completed nucleic acid sequences for the genes listed in the
tables are readily obtained from a public database (e.g., NCBI) using the gene identification (Gene
ID) number and the gene names provided in the tables. Expression profiles of the genes listed in the
tables are performed using either oligos, regions or segments of the genes or full or partial cDNA
sequences, ESTs in a microarray format. Similarly, the presence or absence of the protein products
or peptide fragments thereof of the genes listed in the tables are also analyzed for predictive and
dignostic purposes. Antibodies to the protein or peptides are placed in an array format for serial or

parallel expression profiling.

Mbp myelin basic protein Entrez Gene ID No. 4155 (SEQ ID NO: 1)

gaagataaccggctcattcacttcecctcecccagaagacgcgtggtagecgagtaggcacaggcgtgcacctgcecteccgaatta
ctcaccgagacacacgggctgagcagacggcceccecctgtgatggagacaaagagctcecttectgaccatatecttcecttaacacce
cgctggcatctcctttcgegectceccectecectaacctactgacccaccttttgattttagegcacctgtgattgataggece
ttccaaagagtcccacgctggcatcaccctcecceccgaggacggagatgaggagtagtcagegtgatgccaaaacgegtett
cttaatccaattctaattctgaatgtttcgtgtgggcttaataccatgtctattaatatatagecctcgatgatgagagag
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ttacaaagaacaaaactccagacacaaacctccaaatttttcagcagaagcactctgcecgtcgectgagectgaggteggcetce
tgcgatccatacgtggccgcacccacacagcacgtgectgtgacgatggectgaac

Edg2 Endothelial differentiation, lysophosphatidic acid G-protein-coupled
receptor, 2 Entrez Gene ID No. 1902, (SEQ ID NO: 2)
aatgagcgccacctttaggcagatcctcectgectgccagecgcagtgagaaccccaccggecccacagaaagctcagaccgcet
cggcttcctceccctcaaccacaccatcttggectggagttcacagcaatgaccactectgtggtttagaacggaaactgagat
gaggaaccagccgtcctctettggaggataaacagectcecceccctacccaattgeccagggcaaggtggggtgtgagagagyg
agaaaagtcaactcatgtacttaaacactaaccaatgacagtatttgttcctggaccccacaagacttgatatatattga
aaattagcttatgtgacaaccctcatcttgatccccatcecccttctgaaagtaggaagttggagectcttgcaatggaatte
aagaacagactctggagtgtccattta

Fgfrl fibroblast growth factor receptor 1 Entrez Gene ID No. 2260, (SEQ ID NO:
3)
ctcctcectceccacctgectggtgagaggtgcaaagaggcagatctttgcectgecageccacttcatcececcteccagatgttggac
caacacccctcecectgecaccaggcactgectgagggcagggagtgggagccaatgaacaggcatgcaagtgagagettcece
tgagctttctectgtcggtttggtctgttttgecttcacccataagecectecgcactcectggtggcaggtgettgtectceca
gggctacagcagtagggaggtcagtgcttcgagccacgattgaaggtgacctctgecccagataggtggtgecagtgget
tattaattccgatactagtttgctttgctgaccaaatgecctggtaccagaggatggtgaggcgaaggcaggttgggggceca
gtgttgtggcctggggccagccaacactggggctctgtatatagctatgaagaaaacacaaagttgataaatctgagtat
atatttacatgtctttttaaaagggtcgttaccagagatttacccatcg

Fzd3 frizzled homolog 3 (Drosophila) Entrez Gene ID No. 7976 (SEQ ID NO: 4)
aatcctaaatgtgtggtgactgctttgtagtgaactttcatatactataaactagttgtgagataacattctggtagctce
agttaataaaacaatttcagaattaaagaaattttctatgcaaggtttacttctcagatgaacagtaggactttgtagtt
ttatttccactaagtgaaaaaagaactgtgtttttaaactgtaggagaatttaataaatcagcaagggtattttagctaa
tagaataaaagtgcaacagaagaatttgattagtctatgaaaggttctcttaaaattctatcgaaataatcttcatgcag
agatattcagggtttggattagcagtggaataaagagatgggcattgtttcccctataattgtgectgtttttataacttt
tgtaaatattactttttctggctgtgtttttataacttatccatatgcatgatggaaaaattttaatttgtagccatcectt
ttcccat

Mag myelin-associated glycoprotein Entrez Gene ID No. 4099 (SEQ ID NO: 5)
tttggcgtcgtcctcaagttatattagaatcgtgtectececcggetttggecaacttactattctaggacttgattectte
attcagtcacaatttattgagcaccgactttgcatcaacctcttgctgaagataacagtgctgacaatatacagceccctge
cctcagagcttatatagtagaggagaaaaagtgaacccataatatacagtcagtagcgagtatttactaagtactttcta
tttgcgaggccctgataaaagtactgtcctggeccaggecgeggtggetcacgectgtaattccagcactttgggaggtcecga
ggtgggcagatcacctaaggtcaggagttcgagatcagecctggctaacatggggaaaccccgtctctactaaaaatggaa
aaattagctgggcatggtggcgggcgcctgtaatcecccagctactecgggaggctgagacaggagaatgacttgaacccagg
agttgcagtggccaagataagatagcgccattgtactcce

Pmp22 peripheral myelin protein Entrez Gene ID No. 225376 (SEQ ID NO: 6)
tgtgaagctttacgcgcacacggacaaaatgcccaaactggagcecccttgcaaaaacacggcttgtggecattggcatactt
gcccttacaggtggagtatcecttegtcacacatctaaatgagaaatcagtgacaacaagtctttgaaatggtgctatggat
ttaccattccttattatcactaatcatctaaacaactcactggaaatccaattaacaattttacaacataagatagaatg
gagacctgaataattctgtgtaatataaatggtttataactgcttttgtacctagctaggctgctattattactataatyg
agtaaatcataaagccttcatcactcccacatttttcttacggtecggagcatcagaacaagecgtctagactcecttgggac
cgtgagttcctagagcttggctgggtctaggectgttctgtgecteccaaggactgtctggcaatgacttgtattggeccacce
aactgtagatgtatatatggtgcccttctgatgctaagactccagaccttttgt

Ugt8 UDP glycosyltransferase 8 (UDP-galactose ceramide galactosyltransferase)
Entrez Gene ID No. 7368 (SEQ ID NO: 7)
attccatgtcattctgtttacttagcacttgcactacccttgtnggttgagtgtatgectttatttgtttctagtttgaaa
tcccacatctgatagctgagagtaggcaaatacaacatttacctaatgtcattcactaacatggaagagttgtgaaaatt
ctagagtgctgtaaatccttggcatacactatgacaaacaacttcattactctcccaccaggagctgectctectgecactt
agaaataatgtcacaagtagttttctaatgtacaatgcagacaaatgtactgctctctgaatacttgaagaaatggtatt
atacatacatagaaacttattagttataccttttcacaatcttattacgatgttgccgttaaaagggaaaaaagacacag
gcaatgaatggtgggatagtaagaggacttagagtgtatgaatgagttgattttacttttttggaatttgattaagttga
cagtaggcactgattggatgattaaacataagttaatctccactgtgat

Erbb3 Neuregulin receptor ( v-erb-a erythroblastic leukemia viral oncogene
homolog 4 (avian)) Entrez Gene ID No. 2065 (SEQ ID NO: 8)
cttatggtatgtagccagctgtgcactttcttctectttceccaaccccaggaaaggttttecttattttgtgtgetttece
agtcccattcctcagcecttcettcacaggcactectggagatatgaaggattactctccatatcecccttectectcaggetett
gactacttggaactaggctcttatgtgtgcecctttgtttcccatcagactgtcaagaagaggaaagggaggaaacctageca
gaggaaagtgtaattttggtttatgactcttaaccccecctagaaagacagaagcttaaaatctgtgaagaaagaggttagg
agtagatattgattactatcataattcagcacttaactatgagccaggcatcatactaaacttcacctacattatctcac
t
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Igfbp4 insulin-like growth factor binding protein Entrez Gene ID No. 43487 (SEQ
ID NO: 9)
agagacatgtaccttgaccatcgtceccttectcectcaagctageccagagggtgggagecctaaggaagecgtggggtagcaga
tggagtaatggtcacgaggtccagacccactcccaaagctcagacttgeccaggctecctttetettettececcaggtect
tcectttaggtctggttgttgcaccatctgettggttggectggcagectgagagecctgctgtgggagagecgaagggggtca
aaggaagacttgaagcacagagggctagggaggtggggtacatttctctgagcagtcagggtgggaagaaagaatgcaag
agtggactgaatgtgcctaatggagaagacccacgtgctaggggatgaggggcttcctgggtcecctgttceccectaccceccat
ttgtggtcacagccatgaagtcaccgggatgaacctatcctteccagtggctecgectecctgtagetcectgectececctcetceca
tatctccttcecceccctacacctecctecccacacctecectacteecctgggecatecttetggettgactggatgg

Igfbp6 insulin-like growth factor binding protein Entrez Gene ID No. 63489 (SEQ
ID NO: 10)
gcgcgcctgcectgttgcagaggagaatcctaaggagagtaaaccccaagcaggcactgececcgeccacaggatgtgaaccge
agagaccaacagaggaatccaggcacctctaccacgccctcecceccageccaattctgegggtgtccaagacactgagatggg
cccatgccgtagacatctggactcagtgctgcagcaactccagactgaggtctaccgaggggctcaaacactctacgtge
ccaattgtgaccatcgaggcttctaccggaagcggcagtgeccgctcectceccaggggcagecgecgaggteccectgetggtgt
gtggatcggatgggcaagtccctgccagggtctceccagatggcaatggaagctectectgecccactgggagtageggecta
aagctgggggatagaggggctgcagggccactggaaggaacatggagctgtcatcactcaac

Pde6 dphosphodiesterase 6D, cGMP-specific, rod, delta Entrez Gene ID No. 5147
(SEQ IDNO: 11)
gaagcaacgttttcatctgattggaaataccgtattgctgaaaagaagaaaggcctttttaatggcttttgaacaaagca
gaaaagtttgagcttctcaccttcagtcttagctcttgaacctgttgagaaagaggataagagacaaatacggaaaagag
tttcagaaagcagaatctgtgtcagcccactggaaggaaaagcgaatcaaccgattcagtgatgttagtgcatccagaaa
caggcttttgggaaaagcttgacctgagctgattaaatcctgaagcacaanggaagcagccacatcaaaaagttagecatg
agagcagtggcgtgctcatcctctggtagectttactgggcatttgtggagtaagagagaaaagaaaagcaggaatgtta
agatatgctactaccttcaggaaa

Ptprm protein tyrosine phosphatase, receptor type, M Entrez Gene ID No. 5797
(SEQ ID NO: 12)
gagcagcgtagacagctggtaaactgaagagcacaactatattcttatgaaggaatttgtacctttggggtattattttyg
tggcccgtgaccctegttattgttacagectgagtgtatgtttttgttectgtggagaatgctatctggcattatggtaata
tattattttaggtaatatttgtactttaacatgttgcataatatatgcttatgtagctttccaggactaacagataaatyg
tgtaatgaacaaagatatgttgtatgagtcgtcgtttctgtcagatttgtattgtttccaagggaaaagcttgggggagyg
actcagttcacaaaatgcaaaactcaacgatcagattcacggacccagagcttttccatgtgt

Atp2cl ATPase, Ca++-sequestering Entrez Gene ID No. 27032 (SEQ ID NO: 13)
tttttctcttctggcttcataaatgeccttgctgtataaattgaaatattgatactgaactgtctttttaatgatgaccta
actttattcaacccatcggaatttactttttccctgaaataagatcttttccactggtctactacctgaccataaacatg
tctgcatttgaattctctaaaccctaaatctgtgtctatyg

Atxnl Ataxin Entrez Gene ID No. 16310 (SEQ ID NO: 14)

aaacagagcagccacgggctcgaaccgaatccecceccgecgtcecttagaaacggatttttttttgttttgttttgttttectgg
cagagtctcgatcaccaccctactnccacccceccactaaggttcttgectcaatctecctagaaaacctgaattgtttcate
cctttcagtcagcccectacgtggtctgaaacaaaatgaaagcacaagccacggagtttaagaaggcagcectgaaggcecgg
ggggctgaagaggggtcggggcgctgcagagtcagccaagtagccaaggaagggeccccteecgegtecgegacggecctecg
cccccececgcececcggegecgcegegegcacaaatacacacacacagtcactcacacactcecactcacactcacgecgegetceccgac
accgcctcacctcectecgectecgeccgtcecggecccctteectgeceectgecgggaccggectgecgegcagcactggaacca

cgtaggaggaggcggcgg

Btgl B-cell translocation gene 1, anti-proliferative Entrez Gene ID No. 694 (SEQ
ID NO: 15)
gaaggtatacagactgccaacattttagacttatctctcagtctctgccactgaacttttatatatggectgctatcaaaa
tataaccggtttattttcatatttggaactaatataacagtatcacaaaatcttttacagtaagatagtttgtaatacca
gccgacccagctgcttaactgagtceccttaaatcatttaatatatgggactgtaaatagagaaatctgtacattannagat
ctgatttctggttatgcctatagatctttattttctttatcectatagatcattttecttctgatgttaagtgttatattt
ttgaaatgctcctaaacaagtaagccttagattgtattaatcctgaggattgataccatttectcaacactttgtggagt
atgattgacaccagtttttttttgactgcaggtttaacttggcttatcacttttecgtattgctcagtatgtccaag

C6orfl82 chromosome 6 open reading frame Entrez Gene ID No. 182285753 (SEQ ID
NO: 16)
cacagttttgtgaagaagcctttaatccaagttttatgagacagtaggaacctatagctacttaatttttaggagacagt
aattcagttgcagaagctttcctctgctattceccattctcttttacaaaactagttttttttaaaaaatcaatgatcaat
tttatcttactactttataacttttgctgacttttattctttgcattgtatgtaatgtccatcagtataaattgagactyg
tgaatttctaggacccacaaaagtggtattttttttttgtacaagaaagtatagaggaagaggaagctgggcattaaatt
acctcatccagcag

Dicerl Dicerl, Dcr-1 homolog (Drosophila) Entrez Gene ID No. 23405 (SEQ ID NO:
17)
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tatcactggtaaggagcccacgaccagacttcatttctgggaaaatgagactttgtgttgatctcatecgtgttggecttyg
taaaagtgatctatgcatgtacagtgttcatgcttaatattcaagggatggggcggggaacaaaaggaatagaaagaatt
cttttceccttgttatttggggagcacgtattgctttataactttggttgttgggagtatggctatcatataccctcatcag
tgtcattttatatctgcctaattagagaaattttaaccttagtattttgatgtgtttteccccattttatcecctecgcaaat
atctttctcttgcecccattcagtgectgecttttggtttttgatttagttgtatattctggatgtatttccacagecttttat
tgttcttcc

Dnajc6é DnaJ (Hsp40) homolog, subfamily C, member Entrez Gene ID No. 69829 (SEQ
ID NO: 18)
gatccagtatgtgcttgtcttatttaaaattggaatgtgagacatgttgctgtgacctgtttttctttctcattcacatt
tgtagatattgtgtgaactacagtatataatgataacaattaaaaggatattctgtggatgtcacgtattttgaaatgat
agaactacattagctttgtatcatgtttggataattcatcaatgttcacagtttaaaacatcattaaacattatgtaatt
acaatgagaaagaatcttacttaaatttggagattttcccccacatctcecttttcecggatacattataattectggaccect
atttatctcaaaactcttaatatatgcagaccaacaggtctttgcattccttttaaataactggttgtgacaaagecttgt
tgttgatcagattcactg

Ednrb endothelin receptor type B Entrez Gene ID No. 1910 (SEQ ID NO: 19)
aactgctttaagtcatgcttatgctgctggtgccagtcatttgaagaaaaacagtccttggaggaaaagcagtegtgett
aaagttcaaagctaatgatcacggatatgacaacttccgttccagtaataaatacagctcatcttgaaa

Elovl5 ELOVL family member 5, elongation of long chain fatty acids (yeast)
Entrez Gene ID No. 60481 (SEQ ID NO: 20)
tcgaggtatcagcagctctgtcctcagaatgggtcccecccacttcacacagttgtaggatggctacagcagectccaagecag
cacattcagaggaagaagaaaaaatgtttcatttgtgtggttttaagcataaagaagttgtttcccagagctctttgceca
gctgtcatccecctcaaaactcactggccacaattgecttcacatgcecectgectgaaccagecaccagagggggttaggacc
accacagattgactagatcctaaggattctctacctggggctggagttcgggtcaggtgecccgggaagcactgtgeggtyg

tgggaggatg

Gnal guanine nucleotide binding protein, alpha stimulating, olfactory type
Entrez Gene ID No. 2774 (SEQ ID NO: 21)
tgttgttgtccecctattgctggtttattacactgtacagaccacaaaatgtaatattcttttgtataactactaaagaaaa
atccttgtagancnnnnnnccttcaccatggctatctatacctgtacatgaaatgtgtttgtattgtgctgaagngectta
atgtcaacattacctgctgnttactctgaaaaaaggaatgaatggtagctntagaatttaggatattttatcaggttgge
actttataaaatactccctgatttaaaaaattgtaagttatacacgttaatcatccacattctatcgacaatgtaccaac
atcacaagctgttgcaaccacctgnctgttacttctctgagctgttaaaancctggaacttcaatttcaggggggcacaa
at

K1£f5 Kruppel-like factor Entrez Gene ID No. 5688 (SEQ ID NO: 22)
ttacagtgcagtttagttaatctattaatactgactcagtgtctgectttaaatataaatgatatgttgaaaacttaagg
aagcaaatgctacatatatgcaatataaaatagtaatgtgatgctgatgctgttaaccaaagggcagaataaataagcaa
aatgccaaaaggggtcttaattgaaatgaaaatttaattttgtttttaaaatattgtttatctttatttatttgggggta
atattgtaagttttttagaagacaattttcataacttgataaattatagttttgtttgttagaaaagtagctcttaaaag
atgtaaatagatgacaaacgatgtaaataattttgtaagaggcttcaaaatgtttatacgtggaaacacacctacatgaa
aagcagaaatcggttgctgttttgcttctttttcectecttatttttgtattgtggtcatttectatgcaaataatggage
aaacagctgtatagttgtagaat

Lin7a lin 7 homolog a (C. elegans) Entrez Gene ID No. 8825 (SEQ ID NO: 23)
aatggaccaattttagctcaacttttagtttgttagaagcaagtgtaggaactctagcactgtagtttttaattattgcet
tgtatctattattattaattccaacagagtataatgtatatttattctataaaatatatattatcagagtgcatttgtta
caacttaggttcttttcttaccaagtattaagnaatctagtaagagnaatactagncaaaggacctagnccctgtgnaac
agnntctcgtatgttatatacataaacccactctgce

Manea mannosidase, endo-alpha Entrez Gene ID No.79694 (SEQ ID NO: 24)
gtgtttctgctttacagtgctgaattccatattttagaagctatgaaagtccttttatgaaaaagttactgattgettcet
cagttattaggaaaacagttgtttcacaattattatgtagatatgatgcccaaatatcatttttagtatatcttgtcgat
ctttaagttgttactattgtgttattcatgtctttaaatcagataccaaatattttttaggaaagaaaaatgttattact
gtcattaggttgtcttttaatactttaagttattttgacgaaaagtaatagagaaaatttacttagcattttagattcta
gagacatggaaatgaaaattattttatgtctagagtaggtcctgaagtttggctttacattaagtttagcactgtatcag
aatgaagaaactaatattttacataaaaactaatactttcaattttttatatagtaatatccccattttgtaaatgttag
acttttatcatacctgtaa

Nupll nucleoporin like 19818 (SEQ ID NO: 25)
aaaataggcattgcatacacatatgcacacgtatgtgcacgtgccacacattttttgtataatgttgggtttgattataa
aagtgttgtcaaatgttttatttatctgcatntagcagtggttggcttttttgaattgaaatttttgecgcattgatgecat
tgaaataaggaaaattatttatctctgagcactaaacttatttttgcatatttctgtaatattgcagtccccagatccag
aacatgggaagttagggaaaatgtgtgattttgtgttttgaattactgtcagaattacatacacaattacaacaaacttt
ttttaaaagacatttcattgtactgcaaaaatctgaatatttatatttcttgtttttttctttatatgttttgcatttta
atatgttgagccactgg
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Pde6b phosphodiesterase 6B, cGMP-specific, rod, beta (congenital stationary
night blindness 3, autosomal dominant) Entrez Gene ID No. 5158 (SEQ ID NO: 26)
tcttttgaaaatgctggecctgctgcacctgttectcagaggggcatgagaaaagaggattctettectagggetgtgggaa
gccecttgagatgttggaagcagggcagggcaggagaacccagggagggcacagagctgtggacgagggctgggaaagcec
atcccgcectcecccagggggtcectecgaggagtgectgetgtggecaaaccaggggggecactttgtgetttetgtttaggtyg
atgggatgcttctatctcctcagcaccccacaccaaatcecceccectgttattgeccagatgatgtgectaatgatcaaattget
t

Slc25a23 solute carrier family 25 (mitochondrial carrier; phosphate carrier),
member Entrez Gene ID No. 2379085 (SEQ ID NO: 27)
ctcccaccttctaggcgaatagtccecccagagectgtgttecteccaaggggteccgaggaatcactcactectggaggctgge
aaggagacagtctgaggccagggacacatgaagggatgtccccaccccagcactatcagggectcecccaggcecttceccagag
ttgaaagccaggagaaaatcggcaaagaccacccttcecctaaacccaagcacccaatgatgcaaaaaacaaaaacaaaaa
aaaaccaccaaatccccaaattcattccagatctatttttctaccagagagaggagcaaagtcctcecctcecectgegecect
tacattctgcacttcatagttggattctgagcttaggatcatctggagaccccatggagggacttgga

Synpo synaptopodin Entrez Gene ID No. 11346 (SEQ ID NO: 28)
ggtgatgttagatctggaacccccaagtgaggctggagggagttaaggtcagtatggaagatagggttgggacagggtgce
tttggaatgaaagagtgaccttagagggctccttgggcecctcaggaatgectcecctgectgectgtgaagatgagaaggtgetcet
tactcagttaatgatgagtgactatatttaccaaagcccecctacctgcectgcectgggteccttgtagcacaggagactggggce
taagggccccectcecccagggaagggacaccatcaggectcectggectgaggcagtagcatagaggatccatttctacctgeatt
tcccagaggactagcaggaggcagccttgagaaaccggcagttcccaagecagcgectggetgttetetcattgtcactyg
ccctcectcecccaacctetectctaacccactagagattgectgtgtectgece

Tgm2 transglutaminase 2, C polypeptide Entrez Gene ID No. 7052 (SEQ ID NO: 29)
ccttcagaccccagttctaggggagaagagccctggacaccectgcectcectacccatgagectgeccgetgcaatgectaga
cttcccaacagceccttagectgccagtgctggtcactaaccaacaaggttggncaccccagctaccecttcectttgcaggget
aaggcccccaaacatagcececcectgecceccggaggaagecttggggaacccatgagttgtcagetttgactttatctectgete
tttctacatgactgggcctcececttgggctggaagaattggggattectctattggaggtgagatcacagecteccagggcecc
cccaaatcccagggaaggacttggagagaatcatgctgttgcatttagaactttectgetttgcacaggaaagagtcacac
aattaatcaacatgtatattttctctatacatagagctctatttctctacggtttta

Tjp3 tight junction protein 3 (zona occludens 3) Entrez Gene ID No. 27134 (SEQ
ID NO: 30)
acacggatgtggatgatgagcccccggcectccagecctggececggtectecggageeccgtgcaggcagatgagtececcagage
ccgagggatcgtgggagaatctcggctcatcagggggcecccaggtggacagccgccacceccccagggacagtggecgacagga
cagcatgcgaacctatgaacgggaagccctgaagaaaaagtttangcgagtncatgatgcggagtcecctceccgatgaag

Tpd52 tumor protein D Entrez Gene ID No. 527163 (SEQ ID NO: 31)
agatgtgtccaaagagatccttacattaaggtcatttgtcagaatgatgtttgngtttgtttagagttggctgacctcca
actcctggggtcaaggaatcctactgceccttagcecttcecccaaatagctaggactataggcatgcacccggecatgtgtttta
tttatagctcttaaagcccagatgaagaaatcacatttttgecccatagtgaagaaacatttggccattgattagtcectta
ttttcagtgactgtcctgttttcattagattagagagaccctgtgtgggccacagttaatataaaccattatcactttta
agtaaacctgcacatcttagatttcataatttccttattgttctgactcaaaatgaactaagagcttttcactttttgtt
tgtaagttctcagagagtcgggtctgcaagtgettt

Trpcl transient receptor potential cation channel, subfamily C, member Entrez
Gene ID No.17220 (SEQ ID NO: 32)
gggtgcaggtaacccttggtctgtaagcaccaccgatccagggatcattgtctaaataggttactattgtttgtttcatc
ttgcttttgcatttttattttttaatttccaaattttaagtgttcectectttggggcaaattcttataaaaatgtttatt
gtaaagttatatattttgtctacgatgggattatgcacttcccaattgggattttacatctggatttttagtcattctaa
aaaacacctaattattaaaacatttatagagtgcctactgtatgcatgagttgagttgcttctgaggtacattttga

Beclafl BCL2-associated transcription factor Entrez Gene ID No. 19774 (SEQ ID NO:
33)
gttactagactataccttggcctttaaaaatgaatctcactgattaaagagaacaggcattattaggatagcattccacc
acaactagaaacattcaaataatgtgtcttaattgtaatctgtatataggaaaatttttcctatggatatttttggtgtt
ttaccacagtgaactgatttgtagcacttatgaagtgcagaaggtaatattcttgaaaatagaaaaaggttgggtgagca
ggctttaatgcctttceccccaagaatatacatcgaatttttecttaatecttttggggttggccagecttccagatttcatta
ataatgagctctgcctttaataaaagtacatgatcatagctacactgtatgtttaggtggtgtgaaatgatttataatca
cagcttgaactgtgtttgcttggtactgtca

Gosr2 golgi SNAP receptor complex member Entrez Gene ID No. 29570 (SEQ ID NO:
34)
ccctgtgcectcagtgacatgtagatgactgactgccaatacttgtcaccattceccecctggaagcagctacctaggggaaaca
agatgtagtgctattgccgataacaagtaagattttccacactanannnnggtgtttctcttttctaaagtgaggccagt
gttatttccecgggagtgttcagtcttgaccecctagtcactgattttttctagttgttaatagagtggttggettttaaggt
tcagagactgtggcttggcacctgcgceccaggectttgtgggectttgececttagaaagtagectgtaggcaaagatttgt
gattttccaattacagtctcagctctagttttagtatctctaattectttggttcececttetettececctgaaatatattage
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acctgccagccaggccecctcecattttgeccageccagtgtgggcagatcccaccgtggagacatctgtagtgtgtatgtectt
gtaacactctgttttcagggactacaacctttttccttctgtgaccageccccggattcaggetgtac

Rdx radixin Entrez Gene ID No. 5962 (SEQ ID NO: 35)
ttaacactaattatcacgtctgacaaatgtgtatgtgtggtttcagttctgtgtacattttaaaggataatggtgaacat
tttaatgggtttcccttgcectttccatatttaacctatttccacattectectcectcactcacattttctcagtgtgecctt
ctcttatctgccatgtccatagccataattccaccatcatacagatcaggcagtgtttaaaatgatggtaggtagcacag
tggacagtctttgatcatcatgtagaatatggctatgaatcaggaaagagattagaacatttaataatgtatgtacaget
ggtgcttagtttttttttaatctaaatttaattaccttattggatatttgatatttggttatttaatcacagtcatcttt
aacagcttacactgattggtgttttatctcctgtgatcctttgatggetttttttgectaccatttcacagaggtt

Wdr34 WD repeat domain Entrez Gene ID No. 3489891 (SEQ ID NO: 36)
cgctgggactgacgggcatgtccacctgtactccatgctgcaggecccteeccttgacttegcetgcagetectecctcaagt
atctgtttgctgtgcgctggtceccccagtgecggeccttggtttttgcagetgectectgggaaaggtgacgtgcagetgttt
gatctccagaaaagctcccagaaacccacagttttgatcaagcaaacccaggatgaaagcecctgtctactgtectggagtt
caacagccagcagactcagctcecttggctgcgggcgatgeccagggcacagtgaaggtgtggcagectgagcacagagttca
cggaacaagggccccgggaagctgaggacctggactgectggcagcagaggtggecggectgaggggteccgggaggcggyg
tgcaagccttcgctgtgccgagecttgtgtttcectgacgcaagceca

Nefh neurofilament, heavy polypeptide 200kDa Entrez Gene ID No. 4744 (SEQ ID
NO: 37)
ccccaggcgatggacaattatgatagcecttatgtagectgaatgtgatacatgeccgaatgccacacgtaaacactt
gactataaaaactgccccceccectectttceccaaataagtgcatttattgectcectatgtgcaactgacagatgaccgcaataat
gaatgagcagttagaaatacattatgcttgagatgtcttaacctattcccaaatgecttcectgttttccaaaggagtggtc
aagcccttgeccagagctcetcectattectggaagageggteccaggtggggecgggcactggceccactgaattatgeccagggeg
cactttccactggagttcactttcaattgcttctgtgcaataaaaccaagtyg

Bic BIC transcript (SEQ ID NO: 38)
gggtaaataacatctgacagctaatgagatattttttccatacaagataaaaagatttaatcaaaaaatttcat
atttgaaatgaagtcccaaatctangttcaagttcaatagcttagccacataatacggttgtgcgagcagagaatctacce
tttccacttctaagcectgtttecttectceccatnnnatggggataatactttacaaggttgttgtgaggecttagatgagata
gagaattattccataagataatcaagtgctacattaatgttatagttagattaatccaagaactagtcaccctactttat
tagagaagagaaaagctaatgatttgatttgcagaatatttaaggtttggatttctatgcagtttttctaaataaccatc
acttacaaatatgtaaccaaacgtaattgttagtatatttaatgtaaacttgttttaacaactcttctcaacattttgte
caggttattcactgtaaccaaataaatctcatgagtctttagttgattta

Bivm basic, immunoglobulin-like wvariable motif containing Entrez Gene ID No.
54841 (SEQ ID NO: 39)
atcatcatgatcgctcgacatcgatnnnnnnnnnnnnnttttttttttttttttttttttttnttnnaagtaga

aaacaaaactttatttgatgaaatctttttaaaagttccagtatgaantaacaaaatcaacaacctacaaatctctttca

gtcctttgcatttcaagcaaaatattctcttcagaaaaatgaccatttcataatatatatccececttetgteg

BniplBCL2/adenovirus E1B 19kDa interacting protein 1 Entrez Gene ID No. 662 (SEQ
ID NO: 40 )

aaaccaccaaagagagcctggcccagacatccagtaccatcactgagagcecctcatggggatcagcaggatgatyg
gcccagcaggtccagcagagcgaggaggccatgcagtctctagtcacttcecttcacgaacgatectggatgcaaatgaaga
atttaagtccatgtcgggcaccatccagctgggccggaagcttatcacaaaatacaatcgeccgggagectgacggacaagce
ttctcatcttceccttgecgctacgectgtttettgectacggtectctatattgtgaaaaagecggctectttecatttttgtga
gatcccaaaggtgccagttctggecctttcagetecctgtttcaggatctgtectggttectgagectctaggetgectaage
tgagccacacacc

C8orf42 chromosome 8 open reading frame 42 Entrez Gene ID No. 157695 (SEQ
ID NO: 41)
gaaactctggaaatcacgtgtgtggggagatggggacgcttcccatgttgtggggagectctgtggectgtgatgg
ctgcagttgccgtgectectgttggaacgcnaagtgcectgcaactcacgtcaatcatagaattgtgacgcacagttggcaa
aatagttctttatgctatttctcaaaantttgaggacaaacccagattgggattggaatatgcactgtaaatcaaatttt
tcttatctacaaagactaatgtaaaaatgattttttcttctgtgecctgattaaattaactgtggtttttaatataaatat
ttattggtgtgctttgggagaaaaattatcttttcttgaaagaanttatcaaagcaaatttattatcttcacaagttaat
gggagaatgtggttttgattctgggtgtttgaattgtgtaaacacacagcttceccttgtyg

Camk2d calcium/calmodulin-dependent protein kinase II, delta Entrez Gene ID

No. 817 (SEQ ID NO: 42 )
atttcccttttacattcattatgcaaattcacnttctattentttctcacacactactagccagcectcecccaaa

naaggaaaagggaaaaaagtaagaaaagaatggaacaaaagaaaaataagaaagcaaacgaaaggaacaaagaaacagga
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taaagaaaagagatcacagatttgagaaagaaaaacaattcaattcagcaaattcaccaaaacaatgtgaatatatccta
aagtgattaaactcagaaatgatgtgaatttttccagtttacacagtttgaccaaaaacagcatggctttatgtggtagce
aaaccaactgattcttgcttctactttcataagtgattttgcccacatatcatcccactttaattgttaatcagcaaaac
tttcaatgaaaaatcatccattttaaccaggatcacacca

Dock9 Dedicator of cytokinesis 9 Entrez Gene ID No. 23348 (SEQ ID NO: 43 )

tctttgatcactgcecctcecttgattttttcecctggatcattaagaggcttgaagaatactatgtagttgaaccagag
gagtagtgtatgtcacatcctcacttactceccttaagcecctttectcatggtcttggecctaaaacatattttcagggettyg
tgacccagtgatcagtggtcacccttaaagtattacagatacgtgectgttttacatgagaggtaactgtttatgtgtat
aagtcatcttaataaaataacatgaaatttattagctgaattgggtagatactgcttttctaagttgaacctaacttaag
ctgatgcagaaactgagtcagaaaagttgctataattttaaaatataagaagtaaaagtgaaatcttatgtagcatcttt
atctcattttggtttgtcagtataagtttctgatttcctttaagctctttacttttagaaacgtgaatttacaatcectt
atccaaaactgctg

Faml3al family with sequence similarity 13, member Al Entrez Gene ID No. 10144
(SEQ ID NO: 44)

gttagtggagttttactgttaatatcatcatgtccceccectttgtgtttactactgtctgaaattactgggatgta
gaagcatatttcagtctgaaaattcagccagcttattttggagaagttgtatcttgttettgggcatgttagecttgttt
ttcatcccaatttga

Histlh3b histone cluster 1, H3b Entrez Gene ID No. 8358 (SEQ ID NO: 45 )
atggctcgtactaaacagacagctcggaaatccaccggecggtaaagcgceccacgcaagcagctggectaccaagge
tgctcgcaagagcgcgcecggctaccggcggtgtgaaaaagcectcaccgttaccgtecgggtactgtggetectgegtgaga
tccgceccgctaccaaaagtcgaccgagttgetgattecggaagetgeegtteccagegectggtgecgagaaatcgceccaagac
ttcaagaccgatcttcgcttccagagctectgcggtaatggcgectgcaggaggecttgtgaggectacttggtagggetett
tgaggacacaaacctttgcgccatccatgctaagcgagtgactattatgcecccaaagaca

Hrasls HRAS-like suppressor Entrez Gene ID No. 57110 (SEQ ID NO: 46)
agagcaggccaaccgagcgataagtaccgttgagtttgtgacagectgectgttggtgtecttctcattceccectggget

tgtttccaaaaggacaaagagcaaaatactattaacaatttaccaaagagatattgatattgaaggaatttgggaggagg

aaaagaaacctggggtgaatacttattttcagtgcatcattactgttccagattecctatgatggatggce

Ibrdc2 IBR domain containing 3 (SEQ ID NO: 47)
cagccagtggctgtggtctacagaattgtttcatataaaatacgggtagagtggtagagtttcaaaactttcgt
catagatatctgggacctttctcaggatctgtgttcacacagccaatagatttggaatcaggcctaagagtacacatgga
gggtaaatattaaagtgcgtattatgtacatctagaatccatgtgacttgcagcctacctgtaatttctatccattgage
atgcatggatatacccaatagtacacacaaaataaatgtttacttaagagccattctaaaaaannnnnannnaaatggtt
tattgtaaatctgcctaaagattttttgcatattatatatgtgaattttggttgtaagttcataacttacccaagggtat
agactcataactcttttaaaacagtgcttagtacaatatcctgccatctctgtaaaaacgctaattgataaccgagtcat
ttacatgttttcgaacacagaatagctcttttctcagcatcattattgctctttcagcatce

Kiaal729 KIAA1729 protein Entrez Gene ID No. 85460 (SEQ ID NO: 48)

gattccagaatctctacctttaaacactatgttaccacttacttctcttcaaattttattgagcattagatgtt
tccagtatttagaagtcaaatgcttcgtttttaataggaacttacacagtcttttatgtttttttatagccctcaatgtce
actgatgtggattctcccaaactcgatactttgtttgtttttatgtcecccataataagtctttaagaaaacagggcaagt
gagctcaaaatcaaaagaaaacccaccaacagtgaatgcattcagggctatttccaggtctttcttttgaagaaagataa
gactcagtccagagagcacatctgtgacacaccgtgectcecttgectttggtgegtggcagtcatctttggectcatgetgt
acattattctac

K1£f12 Kruppel-like factor 12 Entrez Gene ID No. 11278 (SEQ ID NO: 49)

gtttcgattctgttttgttcatctgttcgagcagaggggcagttgaagtctcgtectggtctectgecctggeat
ggactggcacagaggtgttctgtagttgaataggaagagcctgtctaaaaaactactgceccccacttcaaattgcagtgtt
ctgtcacctaggcatcatctcttcecctgececcctagtatttgattacaaggaaccaggggaaaaaaactttcttagacacac
tggcaccaaggtaagaggtggggctgcccaggcaaagtcagtgaacatgaaaactcagacaaagcagagatggaaataat
gcgcctcecttgaggagaaaagcaataatgaataaaaggactttcectacaataacttcactgaggactcacgttaccaattt
tcatacttactaaagggattgtaaaaaacaccccagcattttaggtgtcttggttccatttacagcactgaggtaatctt
tctgctgtttgttgtecctgettggttgagtacce
Loc253012 hypothetical protein LOC253012 Entrez Gene ID No. 253012 (SEQ ID NO:
50)

ctcattattcctttacatgcagaatagaggcatttatgcaaattgaactgcagtttttcagcatatacacaatg
tcttgtgcaacagaaaaacatgttggggaaatattcctcagtggagagtecgttctcatgectgacggggagaacgaaagtyg
acaggggtttcctcataagttttgtatgaaatatctctacaaacctcaattagttctactctacactttcactatcatca
acactgagactatcctgtctcacctacaaatgtggaaactttacattgttcgatttttcagcagact
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Loc253039 hypothetical protein LOC253039 Entrez Gene ID No. 253039 (SEQ ID NO:
51)

gaacttaagttcacacacccttgtactgcaggacggggaatggaacctaggtcttcettatttttggttcagtgt
taactcccattctctaagcagactgggcctgttattcaaactgecttcecccataggtgettececctgettetetectcaccece
agagaaggacttacaaacagcttatcttncagaggttttgtgcectgatagttatggaatgtgctggtttgagcagggagg
atgtaaggggagggaatgctaaaaggctgtctacttagagtcaggtttcecctgggtaagtcecctggaacccecatececcctte
ccctttecttgagaccceccaggacttgcectccagtaactgeccacectgtgectttgettcagggeccatgectggataaggagcet
ggctgcctctgtgaacatcctactcaaggcatcecttcactgtgagttttgetgttgecattggaggggnngtggggggagt
gtggggagtgctagggtcaggtcctggctggtgtaaagaac

Loc91431 prematurely terminated mRNA decay factor-like Entrez Gene ID No.
91431 (SEQ ID NO: 52)
gactttcaccatcctgatattaaaactgtgcaggtgtccacagtagatgcttttcagggagctgaaaaggagat
cattattctgtcctgtgtaaggacaagacaagtaggattcattgattcagaaaaaagaatgaatgttgcattgactagag
gaaagaggcatttgttgattgtgggaaatttagcecctgtttgaggaaaaatcaactttggggacgagtgatccaacactgce
gaaggaagggaagatggattgcaacatgcaaaccagtatgaaccacagctgaaccatctccttaaagattatttt

Lrplé LRP16 protein Entrez Gene ID No. 28992 (SEQ ID NO: 53)
gtaagactggcaaggccaagatcaccggcggctatcggectcccggcecaagtacgtcatccacacagtggggecc
atcgcctacggggagcecccagcgcecagccaggectgecgagctecgecagetgectacctgagcagtectggacctgetgetgga
gcaccggctccgctcggtggegttceccectgcatcteccaccggegtgtttggectaceccectgtgaggecggecgecgagatcyg
tgctggccacgctgcgagagtggctggagcagcacaaggacaaggtggaccggctgatcatctgegtgttectcgagaag
gacgaggacatctaccggagccggctcecccceccactactteececgtggectgaggcteccgcageccaccctgaccgggact
gacccgceccttcgggaccecccgcecteccagctectgagaggtecgeccaaagectgcagectggectgggectggecaccecttet
ttcectecgegecceccgecceccgaggagcctaataaagatctegttgtggcaaaaa

Mical3 microtubule associated monoxygenase, calponin and LIM domain containing 3
Entrez Gene ID No. 57553 (SEQ ID NO: 54)
gggccccaagagcagactaggaacgcagggggctgcectgcectgccaggacnccacggagagccgggecacccgcecte

acatgtctcctgtctggctccactgagttageccgtttgagecccactecctatecttttggtggttagtgecatecttcagetcet
tttctgcaagacactggaacattcctaggctgtcccaaaaggagttccaccatagectttaaggtccgagcagggcacca
aggggttcacttttctccecgageccattcagettggggtgectgcgggaggggcggacageccnagecggcettececggegge
ggtacgagagcccaacaggagaggattagctgtgccaaggaacacgccactgcectgectgtctactgecegecttetetec
acttccatttttgcctttgtttttaacttgtgctecttgtgagttettggtgtgtttetttgt

Mtap methylthioadenosine phosphorylase Entrez Gene ID No. 4507 (SEQ ID NO: 55)
acaggactatttgccacgacatttcaaaggattccaagagagaatattggtgtccatgctgtgatgattcctca
gctcctcectcatctgatcectecegtectggececcatgactttectttgeggtagttagggtgtggtatgtgecactgaggecc
acacctattggcaatttatagcactgatctgtcatcaataccacttgctgtcttggatgtgaagatgatttttcctgecag
ggattccctctacaaaattaaaaacactgggcatgtggaaataatattcacgctttaaattgtcttttctattcactaca
ccaggggtccccgacccctaggcaacagactgtggecctagtgtagtgaatagaaaagacaatttaaagcatgaatatta
tttcctcatgeccagtgtttttaattttggtactggtctgtggecttgttagaaa

Mtmr3 myotubularin related protein 3 Entrez Gene ID No. 8897 (SEQ ID NO:
56)

agccgtcagctgtctgctatgagctgcagcectcectgeccacttacactcaaggaacttgcaccacaagtggctgeca
tagccactcaggaaggccatctgcaaccagcagceccccgaccagecttececcgecagecacctggacgatgatggcatgtcag
tgtacacagacacgatccaacagcgcctgegtcagattgagtcaggccaccagcaggaagtagaaactttgaagaaacaa
gtccaggagctgaagagtcgcectggagagccagtacctgaccagctcecctacactttaatggagactttggggatgaggt
gatgacccgttggcttcectgaccacctggecgeccactgctatgegtgegacagtgecttectggettgecagcaggaagce
accactgcaggaattgtgggaacgtattctgctccagttgttgtaaccagaaggttccagttcccagceccagcagcectettt
gaacccagtcgagtatgcaagtcttgctatagcagectacatcccacaagctccagcattgaccttgaactyg

P2ryl2 purinergic receptor P2Y, G-protein coupled Entrez Gene ID No. 12 64805
(SEQ ID NO: 57)

aaatgtatatatatcctagtcccctaaccaaatcctgacctattgggatacttataaaaatttaagtaagtggg
atacacaaagaataataactattaacttttcattattagcaaaaacctaagggatttaaactaattgaaactgtatttga
ttggacttaattttttatgtttatttagaagataaagatttaaagaagacctttacaataaagagaagaaatatcgaagt
cattaaaataaggagacttacttttatgacattctaatactaaaaaatatagaaatatttccttaattctagagaaacta
gttttactaattttttacaacttcaataataccatcactgacacttacctttattaattagcttctagaaaatagctget
aattaggttaatgaacattttaccttagtgnaaaaaaattaattaaatatgattacaaagttgcacagcataactactga
gaggaaagtgattgatctgtttgtaattacttgt
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Rad54b RAD54 homolog B (S. cerevisiae) Entrez Gene ID No. 25788 (SEQ ID NO:
58)

gtaagcaaggtctttgtggggcagttgtcgacctcaccaagacatctgaacatattcagttttcagtagaagaa
cttaaaaatttgttcacattacatgaaagttcagattgtgttactcatgatctgcttgactgtgagtgtacaggagaaga
agttcatacaggtgattcgttggaaaaattcattgtctctagagattgtcagcttggtccacatcaccagaaatctaact
ccctgaaacctctttctatgtcecccagctgaagcaatggaaacatttttctggagatcatttaaatcttacagatectttt
cttgaaagaataacagaaaatgtgtcattcatttttcagaatataaccactcaagctactggcacatagtgaaagattac
ttctgacattcca

Ralgps2 Ral GEF with PH domain and SH3 binding motif 2 Entrez Gene ID No.
55103 (SEQ ID NO: 59)
acaataattagatctttttccaagttaattgggttttcecttctcecccagtcataggtggtttttatcatcaaga
cagactgatattttgtcaggatattttcttttacagtgtttgatgtgcataatgccagagttatttttttattattcatt
ttctctectttttgttcaatatgagattcaggatcatatttgtttaaaaggtaacacatagagatgtatgtatatattttyg
ttataagacatacaaaataattttaagagggataaaggtgaaaatatcagattctggaaattttaagtatctaaacttta
tacttgtatgatttaccataaacataccaaaacatttttctgaaaatttactgtcggtctctgacatgaaaccgtatttt
gtcagtagttgaccaagcagttttatgagaactcttctatgcaatgatgca

Rttn rotatin Entrez Gene ID No. 25914 (SEQ ID NO: 60)

cttgctgcctgtctggaaagtgagaatcaaaatgctcagaggattggagcagctgceccttgggetctgatttac
aattatcagaaggcaaaaacagctttgaaaagcccatcagtaaaaagaagagtggatgaagcatactccttagcaaagaa
aactttcccaaactcagaagcaaaccctctaaatgcectattatttgaaatgtcttgaaaacctecgtgcagetcecttaatt
cttcctgagtgccatgggatgctacaccttgaagctgacagtcatcaacaggggagctaaagttgaagccagetgtgtgt
agcagctgttacctgaagacgtgctacctctctacaaagtgttgatccececttcectttecceccatgagagagagaactggtgat
actccaacaccgtccagttgtggcagce

Scoc short coiled-coil protein Entrez Gene ID No. 60592 (SEQ ID NO: 61)

caagagtagatgcagttaaggaagaaaatctgaagctaaaatcagaaaaccaagttcttggacaatatatagaa
aatctcatgtcagcttctagtgtttttcaaacaactgacacaaaaagcaaaagaaagtaagggattgacacccttctgtt
ttatggaattgctgctgatcattttttctttaaaacttggatagattccaaaagttacagtacctttgtggecttcattga
atatttatgaagataatgtcagatgtagacaaaaataacacaataacaggagacttccataagtttgtgtattatgttag
tctatgaaaacgtgcaaatgtattgtagagactttatg

Speccl spectrin domain with coiled-coils 1 Entrez Gene ID No. 92521 (SEQ ID
NO: 62)
agctgaagactctgaccaagcagatgaaggaggagaccgaggaatggaggcggttccaggcggatctgcagacc
gcagtggtggtggccaatgacatcaagtgtgaggcccagcaggagctgegcaccgtgaagaggaaactgctggaggagga
ggagaagaatgcccggttgcagaaggagctgggggatgtgcagggeccacggcagggtggtcaccagcagagecgecccte
cctccecectgggcetcectgtcagcectagcagagcatttggtggaagaaagacagceccagcetecttgecatgattgggagecgecagce
ccatctctagatgaaagggggaatgtgtagaggagaaattgcecctcectttataaagagcccagttgtctecttgtgacatte
tctgttctcagagtcattgeccgtcgagtectctgetttttgtccacattttgggatcagettactgea

Tpp2 tripeptidyl peptidase II Entrez Gene ID No. 7174 (SEQ ID NO: 63)

gaagagtgcttaaggttgaagtacaatggcacaatctcggctcacctcgacctctgettectgtattcaagtga
ttcttctgcctcagectececgagtagectgggattacaggcatgecgecatgacacttggectaattttttngtgtgttttta
gtagagatggaattttgccatgttggccaggctggtctcaaactcctgacctcaagtgatccacccacctcecgacctcecca
aagtgctggtattataggcatgagccaccatgcctggcectcatttatttttaaatagctgcagtaatcecccggetttagat
naaancacatgaactaataatatcactagtgttca

Vil2 villin 2 (ezrin) Entrez Gene ID No. 7430 (SEQ ID NO: 64)
agagctgagtcatcctagagcaaacctctggagtggagagcgaactacttcattceccecccteeccttagectgggece

agagagactccagctctgcecttctccagccaaaaaatcaaaggcagatgggagaacagcecttcagectttggataacgatg

aaatatctggcaccactgatgaatattaaactttctataacc

Znf204 zinc finger protein 204 Entrez Gene ID No. 7754 (SEQ ID NO: 65)
gagcacatatcttacaaaacaccaaaaaattcatagtgaagagaaatcaaatatacatactgagtgtggggaan
ccattagacaaaactcttctttttnacaacaataaaancctcacactggagagnttctctgaatgccttaagaatttggt
taatatggagacccttcecccagggaaacagaaggaggatcgtgaaaactgttgactacttagaatgatcacatggtttagt
ggagagagcatgattctgggttttaaaagtcatggatctcaatctcagctcctattactaactagatcttttactttggg
gtaagtcacttcatatctttaggccttaatttcectcatctgaaaaactggaaggecctgacttgttgagettta
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Znf24 zinc finger protein 24 Entrez Gene ID No. 7572 (SEQ ID NO: 66)

ggcactgtgtaatcattccttgaagtagttggagatggtgctggtatgccactgaatgaggtctgagcaggttt
tcttcacatctgaggggacagtgccagccagtcaacttttggggtggggctgaagtctgctgaaaatctgcagttttaca
tgtttcatgggacattcttctgtgcaataaagtttgaga

Amn amnionless Entrez Gene ID No. 81693 (SEQ ID NO: 67)
tactggtgacacttcatggctgcgacccagaatgaacttaatgcacacagggacgcagggtgtcactggtectg
ggcctttgtccatgactaggtggtcagcaggacttctgcagectgactgtgcaatggctaaatgaaaagaaggccacagac
taacctccactttcecctgtcttcaaaattctagtgacactgggaatgctataggacctcctactattctettaaggtecta
ggaaagtttcaggaactagggaaaagactgggtactgaggctgtgtccccagatgtctgcecttceccgaagcagecgegteat
gacgggtttctgctgaggaagtggtgttggcagggeccccatatgecectectecgggttgtcaggggtgggagacaggctgta
tgggggtccttcatgtgcagatggaacagcatcgcctcacagectgtgcagacgaacagatgtggtctactgeccacgaaca

atgcgg

Ankrdl3 bankyrin repeat domain 13B Entrez Gene ID No. 124930 (SEQ ID NO: 68)

cctcatggtgcctcggagagtggggagcatattgggctgnggtaagcactagacccaagtagactggacacaaa
gggctcgcccagggcecentggcgeccacccccaccececttcecccaccagetgetgectagectetgtggttgtacatceccacttyg
cccccacacggagactgactctaaaacccecttecatceccaatggtgntaaccccecggetntceccecctgecccacctcacccace
cagagaagcacagaccccgcecaggggcaggggeccaccgcacacecttgteeccgggectgtectgggactggectteccgg
ntcagcnagnnnnnnncagaagggacacaaagagggatggaagaaaagaacaaagagaaactgttcctcecccaccceccectte
cctgatgccaggggcaccagactgattctgagg

Ankrd57 ankyrin repeat domain 57 Entrez Gene ID No. 65124 (SEQ ID NO: 69)
gtcatttaccatggttttcccactgaaggctttaacttttctgataaaataatattttaaattttcaaaaaccce
attcctgaggagaactacttctagcattceccttttcatgatgtgecttttgtgcagtaagtagcattttcggectacttaact
ttacattcctcttatttttcagtttccagtcaagattataaaaagcaaatgattgatataatttgatattcatagagttyg
tgcctacctttaatggaaaaatacatgtcagatacttagatgtttattgatatgagactatgtggttaaaaaacccaagt
atgtccatgtgtttcttataaggtacacttgaaactagtgagtgtttgtcacatttcactttcatggtatataaaatgca
gtttgcatatataacttgaatatctggtactagttttttcacgcecctgcaatcttggagtctaggttgececttgtctet

Apobec4 apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like 4
(putative) Entrez Gene ID No. 403314 (SEQ ID NO: 70)

aaatccaagttcctcttactggctttcaaggatcctcecctttaacttectgttgecttgtctcatcagcaagate
ataagtacctacaggtcaagcactgtctctcecttctetttagettttceccttaggatctagcacattacccagcaaaat
gtgagtagcaaggctgaaatgacatctcaataacttcaccaatgattgtaactcagcatcccttctccatcccagectgaa
agcctgcttcaccatcctgcaagagatgttttttetttttgttagcatccattecececctttcectaatgcagectcecccaatgeca
taatgtgtg

Btnl9 butyrophilin-like 9 Entrez Gene ID No. 153579 (SEQ ID NO: 71)
ggtcatcgaatctgcatgcatccecctcatacatctggagacttegtgaaggttccagagttactgactgagattt
ctgagcttttttccecettttetgtttggtttcagagtggagagcagcccaaaaatatgcaggtaactgaagceccaggaaac
tgatttgtgttttggtttggnccggatncttnaaacagaagggaggtggagagatctgagattagaggacggggcetttat
aggagnccaagtatggggcctgcacacacaagacacacacgcacacttgcaaacacgccacacgacacatatgectgeat
gtgtatgcacacacatgcacacgtgagctcccaaacacatcgecteccttggggttacactaggtttgtttccatctggett
gaggctatttgcaggcgagagtgcagagtctgtaatgaacctcecccagattctctgacgaaggggtcecccce

Cllorf71 chromosome 11 open reading frame 71 Entrez Gene ID No. 54494 (SEQ ID
NO: 72)
ttcectgtgtgcecttagtcatcgggtcecgacacaggctggactgatctggggagecgcgaagggectgecttcaca
aagggacgtaacgcaagtactgcgggcagtgtttgaatatggccctgaacaatgtgteccctgtectecggtgatcagagg
agcagggtggcctaccgctcttceccatggcgacctcagaccgecgggcgtcagegttggecgatggtctecggagacggett
cctcgtttccaggectgaagecgattcatctaggacctecggcaggeggtgcgaccaagegttcgggeccgagagecgtcecgag
tggatggtggcggccggagcecccaagggaaccagatggccggggecggagecgecaagceccagattcectcaccttacccaatce
cctgccgttgaacccgatctecctaagaagtgtgectgcaacagegtttgattgcattaggaggtgttatcgcagetcgaat
ttcagtttaaacgaacacctttcctctggecctcacttagettgtgaacag

Cl4orfl45 chromosome 14 open reading frame 145 Entrez Gene ID No. 145508 (SEQ

ID NO: 73)
gaaatgcatgggacaggtgactgacatgactgcatcgtggtttagatgtatagataacacggggaggtgcttta

cattttaagactttgttcataattcttttatttatggtttctctgaatcattcttttggaacattctaaaagagccagag

ga
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Clorf89 chromosome 1 open reading frame Entrez Gene ID No. 8979363 (SEQ ID NO:
74)

cgggtgaagagtgtgccggggcggcggetggctgatgggecgcacactggacgggecgggetgggectggecgacgt
tgcccacatactcaatggceccttgctgagcagectgtggcaccaggaccaggtggecggctggectgettececcaaccececcag
agagtgctcctgaatgagtcacgagtggttgectgtgatcccacccccaaccctcaggtcectcecgacatagggectggaggcet
ggggcaggaacatggatcctatctggaggactggccagcatggcectgatcagggaggatgtggccagagaaggcccaccec
gcgagcagcgctttceccttgcagaattcatggcagggaggtggggaccaaggccctgagectcgaacatecteecegtggectt
tccecectttggcagcaccgatggaggatgactgggagagggggtgectcectcaagttacttcaatcaagaacctgtattgg
ttgaggtgacaccatctgttgtaacag

C20o0rf7 chromosome 20 open reading frame Entrez Gene ID No. 779133 (SEQ ID NO:
75)

tgaatgaccttcctagagcacttgagcagattcattatattttaaaaccagatggagtgtttatcggtgcaatg
tttggaggcgacacactctatgaacttcggtgttccttacagttagcggaaacggaaagggaaggaggattttctccaca
catttctcctttcactgctgtcaatgacctgggacatctgecttgggagagctggectttaatactctgactgtggacactg
atgaaattcaagttaactatcctggaatgtttgaattgatggaagatttacaaggtatgggtgagagtaactgtgcttgg
aatagaaaagccctgctgcatcgagacacaatgctggcagectgcggcagtgtacagagaaatgtacagaaatgaagatgg
ttcagtacctgctacataccagatctattacatgataggatggaaatatcatgagtcacaggcaagaccagctgaaagag
gttccgcaactgtgtcattt

CcdeB88a coiled-coil domain containing 88A Entrez Gene ID No. 55704 (SEQ ID NO:
76)

acatatgtacagtatcagtagggaaaatgtaaaaagatgttgttttcttttgtcatttaattaggccatctgte
ctgttttaaagaaatagttaataattcaacactttatataacaaatattaactaatacccatatttataaaacattttte
agatttaaaagattgttaatacttataaacttagtgttattcttagaaaaccccatcaaatttaaatgtgatttacacag
tgactaggaacatttgtatttattgtttcttctctgcacttttcatcatctgataaatacaagagctcaagtaactgtct
tttcttcaagatggcttctatacttgaaatcagttaatacaatagtttttccagt

Ccne2 cyclin E2 Entrez Gene ID No. 9134 (SEQ ID NO: 77)
gaggaagtcactttactactctaagatatccctaaggaatttttttttttaatttagtgtgactaaggetttat
ttatgtttgtgaaactgttaaggtcctttctaaattcecctceccattgtgagataaggacagtgtcaaagtgataaagcttaa
cacttgacctaaacttctattttcttaaggaagaagagtattaaatatatactgactcctagaaatctatttattaaaaa
aagacatgaaaacttgctgtacataggctagctatttctaaatattttaaattagcttttctaaaaaaaaaatccagect
cataaagtagattagaaaactagattgctagtttattttgttatcagatatgtgaatctcttctceccctttgaagaaacta
tacatttattgttacggtatgaagtcttctgtatagtttgtttttaaactaatatttgtttcagtattttgtctgaaaag
aaaacaccactaattgtgtacatatgtattatataaacttaaccttttaatactgtttatttttagcccattgtt

Ceacamé carcinoembryonic antigen-related cell adhesion molecule 6 (non-specific
cross reacting antigen) Entrez Gene ID No. 4680 (SEQ ID NO: 78)
gttttaattcaacccagccatgcaatgccaaataatagaattgctceccectaccagctgaacagggaggagtctgt
gcagtttctgacacttgttgttgaacatggctaaatacaatgggtatcgctgagactaagttgtagaaattaacaaatgt
gctgcttggttaaaatggctacactcatctgactcattctttattctattttagttggtttgtatcttgectaaggtgeg
tagtccaactcttggtattaccctcctaatagtcatactagtagtcatactcecctggtgtagtgtattctctaaaagett
taaatgtctgcatgcagccagccatcaaatagtgaatggtctcectectttggctggaattacaaaactcagagaaatgtgtc
atcaggagaacatcataacccatgaaggataaaagccccaaatggtggtaactgataatagcactaatgctttaagattt
ggtcacactctcacctaggtgagcgcattgagccagtggtyg

Chrnb3 cholinergic receptor, nicotinic, beta 3 Entrez Gene ID No. 1142 (SEQ ID
NO: 79)
tgatttttgtgaccctgtccatcattgttaccgtgtttgtcattaacgttcaccacagatcttcttccacgtac
caccccatggceccceccctgggttaagaggetctttctgcagaaacttccaaaattactttgcatgaaagatcatgtggatcg
ctactcatccccagagaaagaggagagtcaaccagtagtgaaaggcaaagtcctcgaaaaaaagaaacagaaacagctta
gtgatggagaaaaagttctagttgcttttttggaaaaagctgctgattccattagatacatttcgagacatgtgaagaaa
gaacattttatcagccaggtagtacaagactggaaatttgtagctcaagttcttgaccgaatcttectgtggectetttet
gatagtgtcagtaacaggctcggttctgatttttacccctgetttgaagatgtggctacatagttaccattaggaattta
aaagacataagactaaattacaccttagacctgacatctggcta

Cllul chronic lymphocytic leukemia up-regulated 1 Entrez Gene ID No. 574028

(SEQ ID NO: 80)
cagacacatatacaggaaagaccatgcgaagaagacacagagaggaaacggccatctacaatccaaggagagag

gcctcagaacaagccaaccctgcagataccttgatctaggcatccagaattgtatgaaaatac
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Cnnml cyclin M1 Entrez Gene ID No. 26507 (SEQ ID NO: 81)
agacaggagggccacagcgtgtggaagtaaagactttggagctagagatgccttttccagcaatgattattgac
ttcaccacaccccttgectggectggectgaggctcagcagtgcatgacttctecgtagataacttcacagtcatceccagtce
ccaacacctgctcttgectggtaggaacaggcgaagtgtcagcecctcaatgttgggtacttagacccaaaccaataaatg
gtgagttttgaacaagaactaccatcatgcaggcttcttgcccagectgaccactggcceccggggtgectgectggetggt
cttcatcacctgaggccaccaggctcaagccactgctgttgcattacacccatcectttgcaaaatcectatggagectg
tcaccactcccectecctatatacccceccaccccacaaagattttettcag

Cnot2 CCR4-NOT transcription complex, subunit 2 Entrez Gene ID No. 4848 (SEQ ID
NO: 82)
gtgacgttggtaggaaagcatttctttacatggaggtttattttgtgggacattacctcctctggatgttactt
cctcagtttacaagtagtgtaaatnctcattgattctnttatgaattgtaanggatttnctcttagecttttgagaattta
gaatctganatttgaataaaaagtaaatatattcagtataattntncaaaatgctctagtttcaagatanttaaaanatt
atgtggaatttacataattaattcnaaatatagtttgtatttagttcenttatcaaataatgcaaatagttggnagatac
ctcaatttcttttgagtgttaagnaagnagncaagnaaaggnagtgaagtttttgcaacacattgtgtctttatttggte
tgcctatgtttttatcacattgcttataaaacttttaaaatccttgtttgtataaaaagtttctttagttaaataaaagt
gtgtgtattaattagtgtgccttctggacaaattaagaaatattttttctatatttcaatgecggttgtatt

Dhfr dihydrofolate reductase Entrez Gene ID No. 1719 (SEQ ID NO: 83)

tcagatatttccagagaatgaccacaacctcttcagtagaaggtaaacagaatctggtgattatgggtaagaag
acctggttctccattcctgagaagaatcgacctttaaagggtagaattaatttagttctcagcagagaactcaaggaacc
tccacaaggagctcattttcectttccagaagtctagatgatgeccttaaaacttactgaacaaccagaattagcaaataaag
tagacatggtctggatagttggtggcagttctgtttataaggaagccatgaatcacccaggccatcttaaactatttgtyg
acaaggatcatgcaagactttgaaagtgacacgttttttccagaaattgatttggagaaatataaacttctgccagaata
cccaggtgttctctctgatgtccaggagga

Eif4a2 eukaryotic translation initiation factor 4A, isoform 2 Entrez Gene ID
No. 1974 (SEQ ID NO: 84)

ataccacttagtatagttcgctactattttgtggecctacatgacaggtgtcaagntttttttgaatcaattttt
aaaacatgccattgtgtttcaggctcgcgggattgatgtgcaacaagtgtctttggttataaattatnatennnctanca
gtcgttgaaaactatanttcacaggtgnagaagccagcatcttggctgtattgaaaaaacttcatacgtttttctactgt
gatttgtatgaaaggtaacatcaaatcaaggaatagattcagtaaagtcagtagtgttcagtaagatgatgtaattaaat
ttgtactagggaaggttgatgagaacaaagtgggaaaacttgtaaacattgcccagattgtggacatagggttnttttcc
acnaattgttggtcttaccttatgcttgagcttttagtgatgttecttgtgtccatgtgtttttcttggtgattttttnct
atangttgggattttcecnttggtgtcecgnectggtagnnnnnnnantgaaccctggtttagttatagtggetttatccecctaaa
ta

Fa2h fatty acid 2-hydroxylase Entrez Gene ID No. 79152 (SEQ ID NO: 85)
ctactcgggcgctcccagaaggagccacctctcagtgectcacctceceectgectceccagectecgcagatgag
gttcctgccecttectectegtaaccaaaacccectcactgeteccaggacggtcecttatttataaaccagatacatgttett
agtctggtcccagaccaaggagctggtcagacggecctttctaatcecctacatgttgagcttatgtaaaaaatgttgttte
ctcctgtttttggttectttecttacccacaaaccattactacttgaaacttaaaaaactcgccaagtgtaaaggctaaag
agaagcagtttgacggaccttgtgatttgtactgtttgctgcggagctattta

Fbxol5 F-box protein 15 Entrez Gene ID No. 201456 (SEQ ID NO: 86)

gagaacacctacctcttattggaaaagttggcctctcecgtggaaaactgatatttttgatggctgtataaagagt
tgttccatgatggacgtaactcttttggatgaacatgggaaacccttttggtgtttcagttceccecggtgtgectgagatce
gcctgccacaccctctgacagetctagettcecttgggacagacatacaacgtggactacgttgatgecggaaggaagagtgce
acgtggagctggtgtggatcagagagaccgaagaataccttattgtcaacctggtcecctttatcttagtatcgcaaaaatce
aaccattggtttgggactgaatattagcagtaggtggcaaattattgttgttatttagttgtttatttttgactggecttt
gttcttg

Gins4 GINS complex subunit 4 (S1d5 homolog) Entrez Gene ID No. 84296 (SEQ ID
NO: 87)

gccaggctttgtggtatgtacctttagtcccagctactcectggaggctgaggcaggaggatcacttaagecttygg
aggtcaagaatgcagtgagccattatcatgccactgtgtgaccagaaaccagatgtagccatttcaagcataaaacatga
tatttttgttttccttggactgaaacatagtctgggtcctcaacgttgecggtgatgatggttgaacatcatgtttttta
taaaccttaatttctcatttaataggaagaaaatctcaggagagccaaaagggaggacctgaaggtcagcatccaccaaa
tggagatggagaggatccgctacgtcctcagcagctacttgecggtgtecgectcatgaaggtttgacgtggagatacctca
aagtctccgacct

Grhll grainyhead-like 1 (Drosophila) Entrez Gene ID No. 29841 (SEQ ID NO:
88)

72



WO 2008/124428 PCT/US2008/059120

aaaacactactgcaatcacgtctttngttatgctagtatcagtcagatgcacttagagtgaagaaacactgtaa
ttacagcacacagattgcaagtattgcgtaccaagtgatacaactcgaaatgcagttctcatcttectgttttgagaaat
gattattttatcacgcatcagagccttcgtgectttgattatcttgtatgttaacaattctagaaaacattcatgaattca
cnaaaatangttactatggcaggggaacattttgtacacatttaagtatataaaaatactaaaatatgtaattttataac
aaagtcacgggtatctttaggttcagggaactagactaggtcattcgtgtaaatggactggtagttacagtcttaggtta
aagtattctaatgaagtatgggaactaaattgctggttttctaag

Gtpbp8 GTP-binding protein 8 (putative) Entrez Gene ID No. 29083 (SEQ ID NO:
89)

ttctcttgccecctttacaaattagttttctcacttaaagctatttttgttttttgetttttcactagtgaaaatg
ttacttcccecceccatgannnnanntnnnntntnntanatctacctgtgaattttgctatatttectttgttggtttggecttta
caaatatgtagctgtcttctcacatgttacctgctgtaaaaccattcatttgaatcttaatagctttcacgtttacagta
acaaatgaatttccgagaaatcaagtaagttgcccaagatccaacatatataataaacatcagaactagaacttgaattce
tgttctttcggttgtttccaacatggactaacacattttatcaagaatgttttcaatattcaaataaggactcgaaaaaa
taggcttacatagtaacttttatccatcaacttacctatcgatgcet

Heatr6 HEAT repeat containing Entrez Gene ID No. 663897 (SEQ ID NO: 90)

agggagatgacactggagcaccccacagcecccacaggaaagagaccagatggtcagaatggeccttaaacacatg
ggcagcatccaggcaccaactggagacacagccagaagggccatcatgggectttttagaagagatcctggeegtttgttt
tgactcatctggatcacaaggggcactcccagggttaacaaatcagtgaagatcccaccatactttctagatgtcgaagg
cggcagtaggaagacctgagcttgagcataagatctgtgggatttcatcttaggggcagaaacaatccgttcactattta
tttagaatgacttagcagccatttaaattttcacagagggctcaaccacctttggagtgactccatagcactggeccatgg
tcagggttgttggaacatctgacctgtgcatccaggagccgaggagtcaggttgtaatacaggccaagcagacgggcttt
gagggcattta

Herpud2 HERPUD family member 2 Entrez Gene ID No. 64224 (SEQ ID NO: 91)

aaactaaacatcatatgttctcatatgtccctaagctatgaggatgcaaaggcataagaatgatacaatggact
ttggggactttcagggaaagggtgagaagggcgtaagggataaaagactacaaattgggttcagtatatactgctcgggt
gatgggtgcnccaaaatcttaaaaatcgccaaagaacttatgtaactaaataccnectgttceccccaaaaaactatggaaa
ttaaaaattaaaaaataagtataatttctgctttagcgatattaactattcagtacncaataagtgagtttagcaattca
gtgatt

Ical intestinal cell kinase Entrez Gene ID No. 3382 (SEQ ID NO: 92)

catactgcatgctcaggacccatagatgaactattagacatgaaatctgaggaaggtgcttgcctgggaccagt
ggcagggaccccggaacctgaaggtgctgacaaagatgacctgcectgcectgttgagtgagatcttcaatgettectecttgg
aagagggcgagttcagcaaagagtgggccgctgtgtttggagacggccaagtgaaggagccagtgcecccactatggeecctg
ggagagccagaccccaaggcccagacaggctcaggtttecttecttecgcagettttagaccaaaatatgaaagacttaca
ggcctcgctacaagaacctgctaaggctgectcagacctgactgectggttcagectettegectgacctcgaccecactcet
caaatcctgatgctgttgggaaaaccgataaagaacacgaattgctcaatgcatgaatctgtacccttcggagggcacte
acat

Igl immunoglobulin lambda chain, wvariable 1 Entrez Gene ID No. 3535 (SEQ ID

NO: 93)
tctggatccaaagacgcttcggeccaatgcagggattttactcatctctggectccagtctgaggatgaggectga

ctattactgtatgatttggcgcggcaccgctgtggtatttggcggagggac

I115 interleukin 17 receptor A Entrez Gene ID No. 3600 (SEQ ID NO: 94)
gaagatcttattcaatctatgcatattgatgctactttatatacggaaagtgatgttcaccccagttgcaaagt
aacagcaatgaagtgctttctcttggagttacaagttatttcacttgagtccggagatgcaagtattcatgatacagtag
aaaatctgatcatcctagcaaacaacagtttgtcttctaatgggaatgtaacagaatctggatgcaaagaatgtgaggaa
ctggaggaaaaaaatattaaagaatttttgcagagttttgtacata

Il17rc interleukin 17 receptor C Entrez Gene ID No. 84818 (SEQ ID NO: 95)
gctgccecgcagaagcgcacatgtgennnnnggetnecnggtngggacccctnncanncantgnnecnnncgcttt
cctgggagaangtcactgtggacnaggttctcgagttnccattgntgaaaggnecnccennnnnnnnntntnnnncaggtg
aannnnnnnnnnnnnnngcagctgcaggagtgcttgtgggctgactcecctggggectectcaaagacgatgtgectactgtt
ggagacacgaggcccccaggacaacagatceccctcectgtgecttggaacccagtggectgtacttcactacccagcaaagect
ccacgagggcagctcgceccttggagagtacttactacaagacctgcagtcaggccagtgtctgcagctatgggacgatgac
ttgggagcgctatgggcecctgceccccatggacaaatacatccacaagegctgggecctecgtgtggetggectgectactett
tnnngctgcgctttcccectcatcctecttectcaaaaaggatcacgcgaaagggtggectgaggectcttgaaacaggac
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Insc insulin induced gene 1 Entrez Gene ID No. 387755 (SEQ ID NO: 96)

tccttettactcectgcagcaacatggaggagagttttgtgtagtgagtgtgggngaagaaatacatttggetgtt
ctcacaccccctctgactatgcaccagtgaacacatctgagtacataccagcectctectcatcttcecttatttatacttaac
ttatttttgtgtgaaataaatggaggacgaaatcttagagcaacatcatcaaacagtctttggtccttgagaatcttett
tgtgttttattttttgatttctgtagcttttcagttgcagatgttgaaattcgtaatgacaaatatgacaaattgtcatyg
ggtgattccacttcatcttattttttctactctcactatacaatcttgectcattttttaaaactttggaaccagaggat
ttcaactgcctagceca

Ipoll Intracisternal A particle-promoted polypeptide Entrez Gene ID No. 51194
(SEQ ID NO: 97)

gagactacagcagtgttacctgtgcaaatacaacttactacttctgttaccttgaacttggaaaaaaacagtgce
tctaccgaatgatgctgcttcaatgtcagggaaaacatctctaatttgtacacaagaagttgagaagttgaatgaggent
ttgacattttgctagcttttttcatcttagcttgtgttttaatcanttttttgatctacaaagttgttcagtttaaacaa
aaactaaaggcatcagaaaactcaagggaaaatagacttgaatactacagcttttatcagtcagcaaggtataatgtaac
tgcctcaatttgtaacacttccccaaattcectctagaaagtcectggettggagcagattcgacttcataaacaaantgttce
ctgaaaatgaggcacaggtcattctttttgaacattctgctttataactcaactaaatattgtctataagaaacttcagt
gccatggacatgatt

Itch Integrin alpha FG-GAP repeat containing 1 Entrez Gene ID No. 83737 (SEQ ID
NO: 98)
gatcattggtatgtcaatctcttgatgaaaaatcagtacctgaatatgtctttttgtttttttaagagacaggg
tcttgctatgttgcccaggcaggatttgaactecctgggatcctcecccacctcagectcececgagtacaatacctgaatttta
aatagagttattgtaagtcttatgaaatgagattttgctgcactctgacataagataataaaagacagagcaggaattca
ttattatgagctgcttgatcagttttaaaccactccatttgatgaaacaagtgaggtccttcecectectgaccaggcetgtyg
gaatgctgtcttccecccaacccecccacccecctgcaaaagagcagaacaataaggcaattgetcatttt

Itfgl integrin alpha 2b Entrez Gene ID No. 81533 (SEQ ID NO: 99)

gcagggaaaacacagtccactccccaccaccactcecegetecttceccacagcaaatggggactgctcagaaaacce
tgtcctttcecttttectetettcaaaggcaggcatgtgattgaggatgtgatggtgacttcectggectgttttattttgtgg
taacttcactttagtcagggaaataattggaatatctttaatctgatgtagtttgacctttagaaattgaaagtgaaaca
gctattgttgataattcacaaagtattaataaaacttctattacctgtaaaaannnnnnacttaatctgcgagaaaacta
tttagaatattatggaattgtgccatagcttctttatttgttcttaattctatattagatttttttttetectgettcatyg
aacaagttcagattttaaaacattatgcctgaagacatgtccaactttattttttatatgttatattctggtccaatata
ctagagtaataatactctggtatttaggatatctgtcattgaacctcagttacaaattaaacaatagtagctaccatatc
taagtgat

Kenmb4 potassium large conductance calcium-activated channel, subfamily M, beta
member 4 Entrez Gene ID No. 27345 (SEQ ID NO: 100)

agatgagattggttcccagccatttacttgctattttaatcaacatcaaagaccagatgatgtgcttctgecatce
gcactcatgatgagattgtcctcecctgcattgcettecctectggeccecctggtgacatttgtggtgggegttetcattgtggtce
ctgaccatctgtgccaagagcttggcgatcaaggcggaagccatgaagaagcecgcaagttcectcecttaaaggggaaggaggct
tgtagaaagcaaagtacagaagctgtactcatcggcacgcgtccacctgecggaacctgtgtttecctggegcaggagatgg
acagggccacgacagggctctgagaggctcatccctcagtggcaacagaaacaggcacaactggaagacttggaacctca
aagcttgtattccatctgctgtagcaatggce

Kifl4 kinesin family member 14 Entrez Gene ID No. 9928 (SEQ ID NO: 101)
ggatgtttatggtgaaatggcctgtacaagtttaactaagacaacttaacttgcattgttaatcaaaaattctt
ttctcaaagggttaactggttgccattttgaatagtatgttcaagggtgtagcttectgtttctttccaaattataagta
gctacctaaatatagtataattatatattaataatatggcttgctggcacagtagtttaccctgttatctgtgtttcata
atgggggctgtatgaatattatttaaaactaataaaatgttgccagaattatactaaactgttggatgagattaggagat
cagaggctggaccttctcttgataatgcttgttttgttaaaggtataatgaaataatttgtatatgatttgatgaagatt
aaagacccttattttccacagctttaaaaaaaaacctttatttatgatcaagtaataaagataatattctacttgtggga
tcttacattatggaaatagtttgacgtttttgacctcaagagtatgtataatttgaagagatactttgtaactatgcttyg

ggtg

Loc388692 hypothetical gene supported by AK Entrez Gene ID No. 123662 388692
(SEQ ID NO: 102)

ctcaacatcataaggaatcagacggatgcggaaaccnagncgggntggatagnaaantctttccaggaaggctc
cggggcactcaactggtctccaaccntcecentgcaacntgtgacgcectgceccatnttneccatntttaggcgantggcaac
gcaanccctceccecgtttgectctgggcaaaacttcgagagttecctctgaagectggagetttttectcagatccaagatccaa
ttggtcaccaattcgtgatttc
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Loc401913 hypothetical LOC401913 Entrez Gene ID No. 401913 (SEQ ID NO: 103)

caagcccattttcecctgagggtgaaggggacttttattatataggggecttatttggtgggtcagtgectggaggt
ttacaggctgatcatggcctgtcaccaggtgatgatgattgaccaagccaaccacatcgaggecctgtggcatgacgaaa
gcctcttaaacaagtacctgcttaaccacaaacccactcectcececcttgagtacatgtgggattaaaaagtcgatggagtata
cgttggatgaatacctggtgggtttgtgcaccatgataaactgcaagagatctgtggtcttggtaaataacaatgnggaa
atgtgaactgatgagggaagcttccagaaagagaccagagagggggtgattgccagtcagecccgnatcttectectgaaa
tgctaccctgattta

Loc619208 Entrez Gene ID No. 619208 (SEQ ID NO: 104)
ccttgtcaacatcttcgagcatcggcagectccggangccggggtaactggcagcaggtaggaaactatgtgaaa
gaatctcctgatgtcataatttccgggtgtcaccggaacatttgatcatcattcecctttggcaattccagecttectgtgga
aaggccagtagaaagcattgatttattcacctctacaggaatcagactcagcectecttttggttttcagtgaagtatgect
tttcaatttggaacccagccaaggaggtttccagtggaaggaggagattcttcaattgagctggaacctgggctgagcetc
cagtgctgcctgtaatgggaaggagatgtcaccaaccaggcaactccggaggtgecctggaagtcattgectgacaataa
ctgatgttcccgtcactgtttatgcaacaacgagaaagccacctgcacaa

Loc645513 Similar to septin 7 Entrez Gene ID No. 645513 (SEQ ID NO: 105)

tgaacagagtaacaggactatatttctgaaaaaggatgaacttactggaaacaggattgcgtgcctgaaatata
cccaaatggatataaatgtcaactcagttctgggctggagatatagatttggaatgcaccaacaatgcagatggtaatcc
tggcatgcgagtag

Loc654342 Similar to lymphocyte-specific protein 1 Entrez Gene ID No. 654342
(SEQ ID NO: 106)

ttctagaatctcagcttcttaaatcaagaaattgtgtcttgttcatgtctgaattccccaagtgaacacagtga
gtgggtgcttgacaaatctttgntggtnangngcnaaaaaaggggattctgtgcccaataccatgaaatcaatgcacaga
agattcantcaatcaagaaaggtgcacagacactggccacacacactgacatttgtttgcagatgttccagtccceccctga
cttccaccaatccattcattcattccacaagcatttttgctggggtggaagcagggccatacagggtgtgtacatcacag
atagggtgggtttgtataatgagtataaaaaacttctagcagaagatgacaaagtatatcaagaaagggctctcttcgaa
atcaca

Lrrc37a leucine rich repeat containing 37A Entrez Gene ID No. 9884 (SEQ ID
NO: 107)

ggctttgggagtgagcagctagacaccaatgacgagagtgatgttatcagtgcactaagttacatttgccatat
ttctcagcagtaaacctagatgtggaatcaatgttactaccgttcattaaactgccaaccacaggaaacagcecctggcaaa
gattcaaactgtaggccaaaaccggcaaaaagtgaatagagtcctcatgggcccaatgagcatccagaaaaggcacttca
aagaggtgggaaggcagagcatcaggagggaacagggtgcccaggcatctgtggagaacgctgccgaagaaaaaaggcte
gggagtccagccccaagggagctggaacagcectcacacacagcaggggcectgagaagttagecgggaaacgccatctacac
caagccttcecgttcagccaagagcataaggcagcagtctcectgtgectgacacccttetccaagggegcecgecttctacctceca
gccctgcaaaagccecctaccacaggtgagagacag

Mrpl30 mitochondrial ribosomal protein L30 Entrez Gene ID No. 51263 (SEQ ID
NO: 108)

ttatggctgggattttgcgcttagtagttcaatggeccceccaggcagactacagaccgtgacaaaaggtgtggag
tctcttatttgtacagattggattcgtcacaattcaccagatcaagaattccagaaaaagtgtttcaggcectcacctgaa
gatcatgaaaaatacggtggggatccacagaaccctcataaactgcatattgttaccagaataaaaagtacaagaagacg
tccatattgggaaaaagatataataaagatgcttggattagaaaaagcacatacccctcaagttcacaagaatatccctt
cagtg

Nipsnap3 bnipsnap homolog 3B (C. elegans) Entrez Gene ID No. 55335 (SEQ ID NO:
109)

gttaatttgctgtgcttcttgcatttttgaaagttacatattctccactgctttaagaaataattcagttcact
ttcaccttggcatttcagtatctgttacacattagaagtagttgtcactatttcatc

Parp2 poly (ADP-ribose) polymerase family, member 2 Entrez Gene ID No. 10038
(SEQ ID NO: 110)

gccatgggcttcgaattgcccaccctgaagcecteccatcacaggttacatgtttgggaaaggaatctactttget
gacatgtcttccaagagtgccaattactgctttgecctctecgectaaagaatacaggactgectgectcecttatcagaggtage
tctaggtcagtgtaatgaactactagaggccaatcctaaggccgaaggattgecttcaaggtaaacatagcaccaaggggce
tgggcaagatggctcccagttctgcccacttecgtcaccctgaatgggagtacagtgccattaggaccagcaagtgacaca
ggaattctgaatccagatggttataccctcaactacaatgaatatattgtatataaccccaaccaggtceccgtatgcecggta
cctt
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Pbrml polybromo 1 Entrez Gene ID No. 55193 (SEQ ID NO: 111)

gtcagcagtcagcaaattaacatcatcatactcttccatttttagtttctgttggattttcatcaagtcaatgg
gctgagaaaccacttcataatagtctggttgatttcttcgectttggtgeccctaatgaagagctcacagagaagtctgcecc
tgttcatccttatagtctcggatggtattatagagttcatggcacacggcaataggatctacagttggaagattggaaag
tctectecttttectgettgggectggtgttgacacagaatggtgeccatcatcaaagtceccecgectgacactgcetggaag
gggaggtagctcttcttctcet

Pexl3 peroxisome biogenesis factor 13 Entrez Gene ID No. 5194 (SEQ ID NO:
112)

ggatgaccatgtagttgccagagcagaatatgattttgctgeccgtatctgaagaagaaatttctttcecgggetg
gtgatatgctgaacttagctctcaaagaacaacaacccaaagtgcgtggttggecttctggctagecttgatggccaaaca
acaggacttatacctgcgaattatgtcaaaattcttggcaaaagaaaaggtaggaaaacggtggaatcaagtaaagtttce
caagcagcaacaatcttttaccaacccaacactaactaaaggagccacggttgctgattctttggatgaacaggaagctg
cctttgaatctgtttttgttgaaactaataaggttccagttgcacctgattccattgggaaagatggagaaaagcaagat
ctttgatatctttcatgtttgcctgce

Phldal pleckstrin homology-like domain, family A, member Entrez Gene ID No.
122822 (SEQ ID NO: 113)

gaagtgggacgagcacatttctattgtcttcacttggatcaaaagcaaaacagtctctccgeccecccgcaccagat
caagtagtttggacatcaccctactgaaaacttgcgattcttcttagttttctgcatacttttcatcacgatgcaggaaa
cgatttcgagtcaagaagacttttatttatgaacctttgaaaggatcgtcttgtatggtgaattttctaggagecgatgat
gtactgtaattttattttaatgtattttgatttatgattatttattagttttttttaaatgcttgttctaagacatttct
gaatgtagaccattttccaaaaaggaaactttattttcaaaaacctaatccgtagtaattcctaatcttggagaataaaa
aagggcggtggaggggaaaacattaagaatttattcattatttctcgagtactttcagaaagtctgacactttcattgtt
gtgccagctggtt

Pol3s polyserase 3 Entrez Gene ID No. 339105 (SEQ ID NO: 114)

cagaccctgttcecttecgaggaatggggagggagggagggaccaaagccgtgaggatgaggacaactccacccte
cttccttceccecceccacaggccaaccaaccagctgectgacaggggacctggecattctcaggacaagagaatgcaggcaggcaa
anngcattactgcccctgtcectnccecceccaccctgtcatgtgtgattceccaggcaccagggcaggcccagaageccagcagcet
gtgggaaggaacctgcctggggccacaggtgcccactccceccaccctgcaggacaggggtgtcectgtggacactcecccacacc
caactctgctaccaagcaggcgtctcagectttcectectectttaccecctttcagatacaatcacgeccageccacgttgtttt
gaaa

Pparbp PPAR binding protein Entrez Gene ID No. 5469 (SEQ ID NO: 115)
ggcttaggcctcaaatggcttcttctaaaaactatggctctccactcatcagtggttccactccaaagcatgag
cgtggctctcccagccatagtaagtcaccagcatataccccceccagaatctggacagtgaaagtgagtcaggcectectcecat
agcagagaaatcttatcagaatagtcccagctcagacgatggtatccgaccacttccagaatacagcacagagaaacata
agaagcacaaaaaggaaaagaagaaagtaaaagacaaagatagggaccgagaccgggacaaagaccgagacaagaaaaaa
tctcatagcatcaagccagagagttggtccaaatcacccatctcttcagaccagtecttgtctatgacaagtaacacaat
cttatctgcagacagaccctcaaggctcagcccagactttatgatt

Prkd2 protein kinase D2 Entrez Gene ID No. 25865 (SEQ ID NO: 116)

gggagagggaggagtaatggaggaggagttggaaactggggagagatggaaggaatgtgactggagggtagaga
acttggagaa

Prr7 proline rich 7 (synaptic) Entrez Gene ID No. 80758 (SEQ ID NO: 117)
gaatcggacatgtccaaaccaccgtgttacgaagaggcggtgctgatggcagageccgecgecgecctatagega
ggtgctcacggacacgcgcggcctctaccgcaagatcgtcacgeccttectgagtegeecgecgacagcgeggagaagcagyg
agcagccgcctcecceccagctacaagcecgctettectggaccggggctacacctecggegcectgcacctgeccagegececctecgg
cccgcecgcecgecctgeccagecctectgectgcaggecgaccgtggecgecgggtetteecccagetggaccgactcagagcet
cagcagccgcgagcccectggagcacggagcttggegtectgeecggtcectecatececettgttegggaggactacagecgtat
agaggggcgcccggcgcecceccgggecccaccggecggactectggectgactgeggggetttttaaatgettecctggactyg
cggggaggggcggggggagggagggatttcttatcccgtttgttacatt

Psph phosphoserine phosphatase Entrez Gene ID No. 5723 (SEQ ID NO: 118)
ttttctactcagcagatgctgtgtgttttgatgttgacagcacggtcatcagtgaagaaggaatcggatgcettt
cattggatttggaggaaatgtgatcaggcaacaagtcaaggataacgccaaatggtatatcactgattttgtagagctgce
tgggagaaccggaagaataacatccattgtcatacagctccaaacaacttcagatgaatttttacaagttacacagattyg
atactgtttgcttacaattgcctattacaacttgctataaaaagttggtacagatgatctgcactgtcaagtaaactaca
gttaggaatcctcaaagattggtttgtttgtttttaactgtagttccagtattatatgatcactatcgatttecctggaga
gttttgtaatctgaattctttatgtatattcctagctatatttcatacaaagtgttttaagagtggagagtcaattaaac
acctttactcttaggaatatagattcggcagccttcagtgaatatt
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Rfx3 regulatory factor X, 3 (influences HLA class II expression) Entrez Gene ID
No. 5991 (SEQ ID NO: 119)
tagagctgaatattacttgattacaaatcagattgcttaagggtgtggaatagcaggctagttttaataccaac
ttgttaacataaaatcatatatgttttaganccattcttatttagttacaattttagaaagttaacaaagtaagcaggta
cttatcgaagtgcatcttttcagtctaaatgtttgtctgtgtgtctaggtgctggtgagtccacatggacacatgnagnn
nccatggggcaggagtctgctataaagtcagaaggtgagatcctagagagttacacccagcecccattttaatttgcatga
aaagccaaggttcttttaagcactcaaattatttaatgnttaaaacacaagaaaggcacatctgttcatttaaat

Rpsl6é ribosomal protein S$S16 Entrez Gene ID No. 6217 (SEQ ID NO: 120)

agagggccttggagtgacaccctgacccceccatccactagtacttganggccagtggtggcagaagccacagaaa
caagaagcccagtgagatggctaagctgcecccagcatgtaacttaaatcectgttcattceccccattectttagetgetgga
gccagttctgcttctcggcnaggagcgatttgectggtgtagacatceccgtgtececgtgtaaagggtggtggtcacgtgggec
cngatttatnnnagtcccanaactgggcgcatggaggaggtggctctgggagggaggecttcacagecgctectgtacect
ttaattgtgtgtctttctcacagctatcc

Samd4 asterile alpha motif domain containing 4A Entrez Gene ID No. 23034
(SEQ ID NO: 121)
ggtgaatgtgtattcctctgggaggaataggaagaaaacaggaatgttaataatgtcgaacagaaaacttceccte
ccttattaatatataatcctcatgtatttatgcctaatgtaagctgacttttaaaaagectttecttttgttgcatgeecctg
tgcaggcatctgtattgtacatgcatgcctttegtectgttttectgtataaagttagtgaacaaagaaatatttttgec
tagttcatgttgccaagcaatgcatattttttaaatttgtcatatatggaaagagcatgtttgttacatgtaaaagecttt
actgatatacagatatactaatgtttgaagatgctgttctttgcaagtgtacagttttcaaatgttgttaccagtgaaac
acccttgtggtttaaacttgctacaatgtatttattattcatttcecctcccatgtaactaagaa

Scampl secretory carrier membrane protein 1 Entrez Gene ID No. 9522 (SEQ ID
NO: 122)
tcagttcatatctttctgggcttgacatggctgatggtgtagctgaaaccctcecctaacactaaaagccatttaa
tcttttctgtaataggagcagaaaatagttaatcatccacctagtaatataagattactgtgaatattatcttctataca
ttaaaacagttctagtttgtagaataataccatacaagttttatttttaaattctagttattttcagtgcttacttaaat
gtaattctagaattcctccacaacttttaatattttgtatgccagtgattctcaagataaatcatgattgtagtagttgt
tactgttggcagtttgtagtagtattcaggtattttggggatgggggaaaacaccaaaaatcagtgtcttttatctggtyg
atcactgtggtatctacagtattctagtctcctgcacaaaaactgaacccactgggcec

Scnlla sodium channel, voltage—-gated, type XI, alpha Entrez Gene ID No. 11280
(SEQ ID NO: 123)
ccaaccatgatgaaactccgtctctactaaaatacaaaaattagctgggcatggttgecgtgecgectgtagtcecce
agctacttgggaggctgaggcaggagaatcgcttaaacctgggagacggaggttgcagtgagccaagatcgtgtcactge
actccagcctggtgacagagtgagactctgtttcaaaaaagaaaagaaaagaaacatggttcaaattatatctaaacaaa
aaagaataagaaacaaaaaacacattaaaattttaagttgtattttctatgtttctagatacatcatttttgtttgatat
tttcctgatgcaagtatgtggtttatcacatgtagectcttttgcatgctaaatgaaaattcaagacttgccaataaatga
atagcttattgcagacattttttaccaacattaattattttgggtttgtttaaaacctagaggcacaatcttgacttgte
aattactaccctttcacaagctaccatctcagatatatatatatatataaattcaataaagctttctgtttgtgtte

Sdccag8 serologically defined colon cancer antigen 8 Entrez Gene ID No. 10806
(SEQ ID NO: 124)

cttcacaatagcaaacgtaaacgatggaattgatggaatcaaccgaaattgacggaatcaatctaaatgttcat
cactgacagattgtgtaaagaaaatgtggaacatggacaccatggaatagtatgcagccataaaaagaatgagatccgat
cttttgcaggaacatgcatggagccggagacagttatccttagcaaactaacgcaggaagagaaagccaaatactgcata
ttcttacgtataagtgggagctaaatgataagaacttatgagcacaaagtaggaaaccacagacagtggcatctcecttga
ggatatagggtgggagcagggagaggagcagaagagatcactattgggtactgggcttaatacctgggtgataaaataat
ctgtataacaaaaccccgtgacatga

Sephsl selenophosphate synthetase 1 Entrez Gene ID No. 22929 (SEQ ID NO: 125)

aaaggtgttctctgtgttatgtaaagtggaggcttccttatattttaacctactaagcaatgaggagggattcc
tgtcattaagcacaagggcgctggatcctcaagtgeccatcttecgtgagagaaaaagcagcacatcectgeccatttcetygg
tgctttctgctcacaggcaccaaagctgcacatgtaaactgacttcecttgeccaaaggaaatgaccecctgggaagttcaage
tcctggaagaggctttaactcggacgcecgcecectecteccaggaaccagtgggcagggcagecttcatgcatgtgtaactgga
cctccagccataagcatggtgtgcagtatggaagagcecctgctacggaactgaaagtgattggacattttataggaattga
tagagatgttggtcctcaaaagctaca

S1lc2al3 solute carrier family 2 (facilitated glucose transporter), member 13
Entrez Gene ID No. 114134 (SEQ ID NO: 126)
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aacaacattattccatctcatttaaaggttnaaaaagaagagacaactctagccnaagtagaaatttatattct
acacgtccaaactgtctcctagcagcttttggactatatatcacttgatgttaaagtatcttttatttgtaataaatatt
caaatttctatttagaagctctaatgtatacctagattaaatcaaatcacagttttatgcttttaaaatatatgtattte
aaactgtatattttaatttctgagtgcatgttatatagtatttaatacttcagatgtcttggcaaattcaatataagtat
ttattcccacaagcgatatatgggatatctcttaaaaattatgaatatgtaccatttccttcaaagtcatcctagectat
gctgtatcaaaagtattgtatattttatggagatttagtgatatacatgtaaatgttttttaagttattttattgaagtt
caatctttacataaaattaaaatctttttttaaaaaaagtgtcagtgccagaactgtaa

Slc30a5 solute carrier family 30 (zinc transporter), member Entrez Gene ID No.
564924 (SEQ ID NO: 127)

tgttcataaacatttgagcaccatgaaatcaaaataccctataactactttctatagtcatatctaatttatat
ttttttcatttccanttgtaactagatatgtagtaaagtctgaaaagactttaccatagacaataacatgcagttttatc
agcaccaaagaatgttgtccaaaagaaactttttaatacctgtctttctatttataacatctgaatattttcattcttat
attaagaattttgataagtagattgaatttagtatgagtactattttcttatatataccacaatggcaaacatgtattat
aaatcatatttttgtcttaccaattttaatatatgaggggttttagaaatttgttgtaagttatttttatattccttgte
ttttgcatattttttggccaaaatcttcaatacat

Spal7 sperm autoantigenic protein 17 Entrez Gene ID No. 53340 (SEQ ID NO:
128)

ttcgaggagcaagaaccacctgagaaaagtgatcctaaacaagaagagtctcagatatctgggaaggaggaaga
gacatcagtcaccatcttagactcttctgaggaagataaggaaaaagaagaggttgctgctgtcaaaatccaagctgect
tccggggacacatagccagagaggaggcaaagaaaatgaaaacaaatagtcttcaaaatgaggaaaaagaggaaaacaag
tgaggacactggttttacctccaggaaacatgaaaaataatccaaatccatcaaccttcecttattaatgtcatttcectectt
gaggaaggaagatttgatgttgtgaaataacattcgttactgttgtgaaaatctgtcatgagcatttgtttaataagcat
accattgaaacatgccacttgaagatttctctgagatcatgagtttgtttacacttgtctcaagcctatctatagagacc
cttggatttagaattatagaactaaagtatctgagattacagagatctcagaggttatgtgttctaactattatc

Tcf712 transcription factor 7-like 2, T-cell specific, HMG-box Entrez Gene ID
No. 6934 (SEQ ID NO: 129)
gaaatggccactgcttgatgtccaggcagggagcectccagagtagacaagccctcaaggatgeccggteccecat
caccggcacacattgtctctaacaaagtgccagtggtgcagcaccctcaccatgtccaccceccectcacgectcecttatcacg
tacagcaatgaacacttcacgccgggaaacccacctccacacttaccagecgacgtagaccccaaaacaggaatcceccacyg
gcctccgcaccctceccagatatatceccegtattacccactatecgectggecaccgtaggacaaatcceccatececgectaggat
ggttagtaccacagcaaggtcaaccagtgtacccaatcacgacaggaggattcagacacccctaccccacagcectcectgacce
gtcaatgcttccatgtccaggttccctceccceccatatggtecccaccacatcatacgctacacacgacgggcattceccgecatcec
ggccatagtcacaccaacagtcaaacaggaatcgtcccagagtgatgtcggce

Tmem30b transmembrane protein 30B Entrez Gene ID No. 161291 (SEQ ID NO: 130)
tatactcactcaaggcagtgcaagatcttgaagtactttttagcagttaagtaatattgaattgtattgaatag
tttacatagtttattctagtctttgaaaattactgaacatggacaatgtgcatgtcattgacatctgccttagaacttct
gggacaatcctgattcgagagattctatcccattatttacatataccaaaaatactttgttaatttaatgtgttggettce
ccaactcctgaacacgacacaattttattattagattttgtatggtgattttaggctatgaaaacatgatcattatatgt
atatagatacatttttatttgttacaaatgtttgagcagctcactagcccaccceccectectectattttgggtaagagaattt
actaccttttttaactatgtagttgagagcaacatgtattttgttatttttagaatggtcagtatattgctataaaattt
taaatgagactatgaaagttaaagtattctgattctggttaaattaacgaatatggttccaggeccctgt

Trpm7 transient receptor potential cation channel, subfamily M, member 7
Entrez Gene ID No. 54822 (SEQ ID NO: 131)
gttgcagtgatgacttttgtgaaacaaaaacttatgtatcattttagtgatactcttaagattatttgtttttt
ggcagtaaatgtgaaaattctttgttgttctactttatgaatagaacttaaggaaataactccaaaacaatgtaatttgt
ataagaaggttcataaaaatcctgtaaggtttaaattagtttagaagaaaaataatagtttgctgtaactttttctceect
aaagaaacaaggtccaactaatccaatgctgtttcatcttgttcgagacgtcaaacaggtaagagattattttttgettt
tga

Wbscrlé Williams-Beuren syndrome chromosome region 16 Entrez Gene ID No. 81554
(SEQ ID NO: 132)
agagctgagtcatcctagagcaaacctctggagtggagagcgaactacttcattceccecccteeccttagectgggece
agagagactccagctctgcecttctccagccaaaaaatcaaaggcagatgggagaacagcecttcagectttggataacgatg
aaatatctggcaccactgatgaatattaaactttctataacc

Wdr20 WD repeat domain 20 Entrez Gene ID No. 91833 (SEQ ID NO: 133)
ggagactgtctcactgatgttgatttctttattcatttccgcatctgttacacgaacttcgtgtcataaattge
tatcctttcatttgaaagtgtaaaaaatttcctgcatttttatcatttctgtatacttgagtttattagagattgttatyg
ttaggcgacactgtataaaattgtatggatattttgagtgaaaatcaaaagtaaaattcacatgtatttccttttttata
ttttcatccaatttcttgacaacttgaataaatttcataaagagccttcecctaa

Wdr55 WD repeat domain 55 Entrez Gene ID No. 54853 (SEQ ID NO: 134)
gcaagctctcattggctctgagecgcgaccceccgecteccaggggggtggaggtatccactgcacgtgecgecgecce
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gggcttcgctcagaccttcaggtgaaagctgcaaagtcgecgggtgegtatgtacgggggctgectecccgaggaggagcetce
ccaagccgcagggtggacgctggagacaagaacctcagggtcacaagtttactgtttttcectcecccttttceccatcectacat
tggtctgctggggaaggcggggctaggcatcactgacacacgcagactceccgtggttgaggcattttattggacctttgge
aattggtggtggggaggcatctgctccaactggtgcggggccectgcagatgggaccatctcaggectgggtecttgtagece
caggagcacagactggactaagcctcecctgggecttgtatgaaaaaggtgttgtacctggecgtttttgecagt

Znf492 zinc finger protein 492 Entrez Gene ID No. 57615 (SEQ ID NO: 135)

actccgtcctgggtgacaaagtgagactceccecctctcaaaaantaaatangtaaataaantaaatggtggtaacna
tacnctatttggtaaannnnnncnctaacatctgtagtactaatcttttttccagtggectttaaactgcaaataaggaat
gttgtttctgtaggtaaaatttttatttattttttcccatttaaatttacttttgttagttttttcaggcatataatatt
tatgttatatatggcatattctgataagaggcatacaatatgtaataatcacattagggtaaatgaggtatccatcacct
ttagaatttattttttgtattatgaacagttcaattgtacagttttagtttttttaaaatatacgattgttattgactac
agggt

Znf502 zinc finger protein 502 Entrez Gene ID No. 91392 (SEQ ID NO: 136)

tgataagactcagaacaggaagcctgcatgtgactgagcaagtcacctacataaccctgectgtactaaggtgt
acacctgtctattgtaagtttgcctaggctgttggtgtacagagaccagaggagagagacacactaggactaacaatgtce
ctaacaaaatggtacttagtttgttggtctttaggagaaagcattagtaatgaaagaagaaagaattttcacttggttgg
acattggggctgcttaagaaagttgacatttgtcgtggaatgactttggaaagacttctaaaagaatctttttcaaatcce
ctgaaaatcaggatagcacattttgctactgactgtgacagtgttttattcttttgagagaaatgacatagttttcecctt
tatttcccaaattcecctttcatgttcttaactgctacccagaaattgagecttcagaagattgaggatagectttgattggt
attta

Znf557 zinc finger protein 557 Entrez Gene ID No. 79230 (SEQ ID NO: 137)
agtagatcttaccttgctgttcataagagaatccacaatggggagaaaccctatgaatgcaatgactgtgggaa
aaccttcagcagcagatcttaccttactgttcataagagaatccacaatggggagaaaccctacgaatgcagtgactgtg
ggaaaaccttcagcaattcctcatacctcagaccgcacttgagaattcacactggagaaaaaccgtacaaatgtaaccag
tgttttcgtgagttccgcactcagtcaatcttcacaaggcacaagagagttcatacgggggagggtcattatgtatgtaa
tcagtgtggaaaggctttcggcacgaggtcatctctttecttecgcactatagcattcatacaggggagtacccttacgaat
gccacgattgtgggagaaccttcaggaggaggtcgaatctgacacagcacataagaactcatact

Znf576 zinc finger protein 576 Entrez Gene ID No. 79177 (SEQ ID NO: 138)
aagctgttgacagggctgcecttttctttttggaggctctaggggagecgtectttectttgeccttceccagettctaga
agctgcccaaattctgtggtttggggcctcecctttcaaaaccagcaatggccaatcagtcttacatcactcaaacacttga
gtgttctgtctccecctetteccatgtttgaggaccecttgtgattacactgtgaaaacccagataagccaggataatcecteect
atcttattatgaggcaagtatgttaagattttattctataatcagagaatcttatgctatgattgttatatgtgagcatt
atagatgctcttgaaatgttaaaatcacatcagcactggaaaataactcctaaatgtccaaaaagaacatgagatttatg
gtgcttgaaatgttgctaaacgtaaatttgtatctattctgaaattatataaattaacctacctggccaggceca
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CLAIMS:

1. A method of diagnosing a mood disorder, the method comprising:

(a) determining the expression of a plurality of biomarkers for the mood disorder in an

isolated sample from the individual, the plurality of markers selected from the group of

biomarkers listed in Tables 3 and 7; and

(b) diagnosing the presence or absence of the mood disorder based on the expression of

the plurality of biomarkers.
2. The method of claim 1, wherein the plurality of biomarkers comprise a subset of about 10
markers designated as Mbp, Edg2, Fzd3, Atxnl, Ednrb for high mood and Fgfrl, Mag, Pmp22, Ugt8,
Erbb3 for low mood.
3. The method of claim 1, wherein the plurality of biomarkers comprise a subset of about 10
markers designated as Edg2, Ednrb, Vil2, Bivm, Camk2d for high mood and Trpc1, Elovl5, Ugt8, Btgl,
Neth for low mood. This panel is derived from the meta-analysis.
4. The method of claim 1, wherein the plurality of markers comprise a subset of about 20
biomarkers designated as Mbp, Edg2, Fgfrl, Fzd3, Mag, Pmp22, Ugt8, Erbb3, Igfbp4, 1gfbp6, Pde6d,
Ptprm, Neth, Atp2c1, Atxnl, Btgl, C6orf182, Dicerl, Dnajc6, and Ednrb..
5. The method of claim 1, wherein the plurality of markers comprise a subset of about 10 markers
for high mood designated as Mbp, Edg2, Fzd3, Atxnl, Ednrb, Pde9a, Plxndl, Camk2d, Dio2, Lepr, and
a subset of about 10 markers for low mood designated as Fgfr1, Mag, Pmp22, Ugt8, Erbb3, Igfbp4,
Igtbp6, Pde6d, Ptprm, and Neth.
6. The method of claim 1, wherein the mood disorder is bipolar disorder or depression (major

depressive disorder)

7. The method of claim 1, wherein the sample is a bodily fluid.
8. The method of claim 1, wherein the sample is blood.
9. The method of claim 1, wherein the level of the marker is determined in a tissue biopsy sample

of the individual.

10. The method of claim 1, wherein the level of the marker is determined by analyzing the
expression level of RNA transcripts.

11. The method of claim 1, wherein the expression level of the marker is determined by analyzing
the level of protein or peptides or fragments thereof.

12. The method of claim 1, wherein the expression level is determined by an analytical technique
selected from the group consisting of microarray gene expression analysis, polymerase chain reaction
(PCR), real-time PCR, quantitative PCR, immunohistochemistry, enzyme-linked immunosorbent assays
(ELISA), and antibody arrays.

13. The method of claim 1, wherein the determination of the level of the plurality of biomarkers is

performed by an analysis of the presence or absence of the biomarkers.
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14. The method of claim 2, where in a partial sequence representing the marker Mbp is
gaagataaccggctcattcacttcctcccagaagacgegtggtagegagtaggecacaggegtgecacctgetecccgaattactcaccgagacacacggg
ctgagcagacggceccctgtgatggagacaaagagetctictgaccatatecttcttaacaccegetggeatetectttcgegecteectecctaacctactg
acccaccttttgattttagcgcacctgtgattgataggecttccaaagagtcccacgetggeatcacecteccecgaggacggagatgaggagtagtcage
gtgatgccaaaacgcegtcttcttaatccaattctaattctgaatgtttcgtgtgggcttaataccatgtcetattaatatatagectcgatgatgagagagttacaa
agaacaaaactccagacacaaacctccaaatttttcagcagaagcactctgegtcgetgagetgaggteggetetgegatecatacgtggecgeaccca
cacagcacgtgctgtgacgatggetgaac (SEQ ID NO: 1).
15. A method of diagnosing mood disorder, the method comprising:
(a) performing a quantitative determination of the level of a panel of at least 10 markers
selected from Tables 3 and 7 in an isolated fluid sample;
(b) assigning a predictive value or score to the expression level of the markers; and
(c) diagnosing the mood disorder based on the assigned value or score.
16. A method of predicting the probable course and outcome (prognosis) of a mood disorder, the
method comprising:
(a) obtaining a test sample from a subject, wherein the subject is suspected of having a
mood disorder;
(b) analyzing the test sample for the presence or level of a plurality of markers of the
mood disorder, the markers selected from the group consisting of markers listed in Tables 3 and 7; and
(©) determining the prognosis of the subject based on the presence or level of the
markers and one or more clinicopathological data to implement a particular treatment plan for the subject.
17. The method of claim 15, wherein the treatment plan is for a high mood disorder if the molecular
markers selected from the group consisting of Mbp, Edg2, Fzd3, Atxnl, and Ednrb are present.
18. The method of claim 15, wherein the treatment plan is for a low mood disorder if the molecular
markers selected from the group consisting of Fgfrl, Mag, Pmp22, Ugt8, and Erbb3 are present.
19. The method of claim 15, wherein the treatment plan for a high mood disorder comprises
administering a pharmaceutical composition selected from the group consisting of Depakote
(divalproex), Lithobid (lithium), Lamictal (lamotrigene), Tegretol (carbamazepine), Topomax
(topiramate).
20. The method of claim 15, wherein the treatment plan for a low mood disorder comprises
administering a pharmaceutical composition selected from the group consisting of Prozac (fluoxetine),
Zolof (sertraline), Celexa (citalopram), Cymbalta (duloxetine), Effexor (venlafaxine) or Wellbutrin
(buproprion).
21. The method of claim 15, wherein the clinicopathological data is selected from the group
consisting of patient age, previous personal and/or familial history of the mood disorder, previous
personal and/or familial history of response to mood disorder, and any genetic or biochemical

predisposition to psychiatric illness.
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22. The method of claim 15, wherein the test sample from the subject is of a test sample selected
from the group consisting of fresh blood, stored blood, fixed, paraffin-embedded tissue, tissue biopsy,
tissue microarray, fine needle aspirates, peritoneal fluid, ductal lavage and pleural fluid or a derivative
thereof.
23. A method of predicting the likelihood of a successful treatment for a mood disorder in a patient,
the method comprising:
(a) determining the expression level of at least 10 biomarkers, wherein the
biomarkers comprise a subset of about 10 biomarkers of claim 2; and
(b) predicting the likelihood of successful treatment for the mood disorder by
determining whether the sample from the patient expresses biomarkers for a high mood
disorder or a low mood disorder.
24. A method of treating a patient suspected of suffering a mood disorder, the method comprising:
(a) diagnosing whether the patient suffers from a high mood or a low mood disorder by
determining the expression level of one or more of the biomarkers listed in Tables 3 and 7 in a sample
obtained from the patient;
(b) selecting a treatment for the mood disorder based on the determination whether
the patient suffers from a high mood or a low mood disorder; and
(©) administering to the patient a therapeutic agent capable of treating the high or

the low mood disorder.

25. The method of claim 23, wherein the treatment plan is a personalized plan for the patient.
26. A method for clinical screening of agents capable of affecting a mood disorder, the method
comprising:

(a) administering a candidate agent to a population of individuals suspected of

suffering from a mood disorder or induced to suffer a mood disorder;

(b) monitoring the expression profile of one or more of the biomarkers listed in

Tables 3 and 7 in blood samples obtained from the individuals receiving the candidate
agent compared to a control group; and

(c) determining that the candidate agent is capable of affecting the mood disorder

based on the expression profile of one or more of the biomarkers in the blood samples

obtained from the individuals receiving the candidate drug compared to the control.

27. The method of claim 24, wherein the individuals are mice.
28. The method of claim 24, wherein the candidate agent is a pharmaceutical composition.
29. A mood disorder microarray comprising a plurality of nucleic acid molecules representing genes

selected from the group of genes listed in Tables 3 and 7.
30. A kit for diagnosing a mood disorder comprising a component selected from the group consisting
of (i) oligonucleotides for amplification of one or more markers listed in Tables 3 and 7, (ii)

immunohistochemical agents capable of identifying the protein products of one or more biomarkers listed
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in Table 7, and (iii) a microarray as in claim 27 to detect the presence of one or more markers listed in
Tables 3 and 7.

31. A diagnostic microarray comprising a panel of about 10 biomarkers that are predictive of a mood
disorder, wherein the microarray comprises nucleic acid fragments representing biomarkers designated as
Mbp, Edg2, Fzd3, Atxnl, and Ednrb for high mood and Fgfrl, Mag, Pmp22, Ugt8, and Erbb3 for low
mood.

32. A diagnostic antibody array comprising a plurality of antibodies that recognize one or more

epitopes corresponding to the protein products of the biomarkers listed in claim 2.

33. The diagnostic antibody array of claim 30 detects the protein levels of the biomarkers from a
blood sample.
34. A diagnostic microarray consisting essentially of nucleic acid sequences to determine the

expression of a plurality of markers listed in Tables 3 and 7.
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