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METHODS OF DIAGNOSING AND TREATING AUTISM

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims priority to United States Nonprovisional Patent
Application No. 14/740, 230, filed June 15, 2015, as well as to United States
Provisional Patent Applications 62/215,628, 62/215,633, 62/215,636, and
62/215,673, all of which were filed September 8, 2015. All of the above-listed
applications are mcorporated herein by reference 1n their entirety.
FIELD OF THE INVENTION
[002] Methods for diagnosing and treating autism spectrum disorders are
provided.
BACKGROUND OF THE INVENTION
[003] Autism spectrum disorder (ASD) 1s a range of complex
neurodevelopmental disorders characterized by mild to severe social impairments,
communication difficulties, and restrictive or repetitive behaviors. ASD, previously
known as pervastve developmental disorders (PDD), 1s an umbrella term that
mcludes various conditions that used to be diagnosed separately such as autistic
disorder (or classic autism), Asperger’s syndrome, childhood disintegrative disorder,
Rett’s disorder, pervasive developmental disorder not otherwise specified (PDD-

NOS), and social (pragmatic) communication disorder (SCD). (Vieux ef al, “Autism



WO 2016/205348 PCT/US2016/037596

Spectrum Disorder: DSM-5 Changes, Epidemiology & Outcomes,” The Carlat Report,
Vol. 11, Issue 6, June 2013.)

[004] ASD occurs 1n all racial, ethnic, and socioeconomic groups. (Durkin et
al., “Socioeconomic mequality 1n the prevalence of autism spectrum disorder:
evidence from a U.S. cross-sectional study,” PLOS One, 5(7), July 2010.) In 2013,
ASD was estimated to occur 1 2% of children between the ages of 6 and 17, a
significant increase from the estimate of 1.16% n 2007. (see, e.g., Blumberg er. al.,
National Health Statistics Reports, No. 65, March 20, 2013) While it 1s not known how
many adults suffer from ASD, a British study reported that 1.8% adult men and 0.2%
adult women have ASD. (Brugha ez a/., “Epidemiology of autism spectrum disorders
in adults in the community in England,” Arch. Gen. Psych. 68: 459-66, 2011.)

[005] With the mcreased mcidence of ASD comes increased costs to society.
The CDC estimates that it costs between $17,000 -$21,000 more per year to care for a
child diagnosed with ASD as compared to a child not diagnosed with ASD. Medical
costs alone for children diagnosed with ASD can be elevated by $4,100-$6,200 per
year, with behavioral mnterventions for children diagnosed with ASD costing $40,000
-$60,000 per year. Itis estimated that total societal costs of caring for children
diagnosed with ASD were over $9 billion in 2011.

[006] Some risk factors and patterns have emerged to assist in diagnosing
ASD, and various treatment regimes are often used on a trial and error basis. While
there have been improvements m diagnosis and treatment of ASD, there remains a

need for consistent diagnosis and treatment of ASD using a genetic approach.
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SUMMARY OF THE INVENTION

[007] In accordance with the description, a method for treating autism
spectrum disorder (ASD) in patients having at least one CNV in a GRM/mGIuR
network gene, as shown 1n Figures 15A-D, comprising administering a therapeutically
effective amount of fasoracetam (NS-105 or NFC-1), or member of the piracetam
family of nootropic agents, is encompassed. CNVs in GRM/mGIuR network genes
are sensitive and specific biomarkers for diagnosing ASD. The inventors have
identified drug candidates that specifically activate mGluRs, restoring normal
neurophysiology in ASD patients having at least one CNV m any of the
GRM/mGIuR network genes shown in Figures 15A-D.

[008] In some embodiments, a CNV in at least one of the GRM/mGIluR
network genes recited in Tables 16-18 indicates a diagnosis of ASD. These genes
include ACAT1, ACAT2, ACCN1, ACCN2, ACP1, ACTB, ACIR2, ADA, ADCY1,
ADD1, ADD2, ADORA1, ADRA1B, ADRA2A, ADRA2C, ADRB2, ADRBKI1,
ALDOA, ANXA2, APP, APTX, AQP1, ARHGAP24, ARL15, ARRB1, ARRB2,
ATXN7L3, BDKRB1, BDKRB2, BIBD2, BIG2, Cl170rf44, Clorfl116, C7orf25,
CA8, CACNAI1B, CACYBP, CALB2, CALM1, CALM2, CALM3, CAMK1,
CAMK2B, CAMK4, CCNB1, CDC42, CENTG1, CHGB, CHP, CHRM2, CHRM3,
CIC, CMPK, CNP, CNR1, CNTN4, COPB2, CRHR1, CINNA2, CYCS, DCN,
DHCR7, DISC1, DLST, DPP6, DRD2, DRD3, DSTN, DYNLL1, ECHS1, EGFR,
EIF383, ERBB2, 2R, F2R1.2, F2RL3, '3, FKBP3, FPR1, FSCN1, FURIN, FYN,

GAPDIH, GLP1R, GLP2R, GNA15, GNAI1, GNAI2, GNAI3, GNAO1, GNAQ,
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GNB2L1, GOT1, GP1BA, GPR26, GRB2, GRB7, GRIA1, GRIK1, GRIK3, GRM1,
GRM2, GRM3, GRM4, GRM5, GRM6, GRM7, GRM8, GSN, HBXIP, HD,
HNRPA3, HOMER1, HOMER3, HRPT2, HSP90AB1, HIR2A, IL8RB, IMPDH?2,
IQGAP2, ITGB1, ITGB7, I'TPR1, KIAA0090, KIAA1683, LAMA4, LARP7,
LRP2BP, LRRC59, I'TA, LYAR, LYN, MAP4, MAPK1, MAPT, MARK4, MCA4R,
MGC11082, MRPL14, MRPS16, MTHFD1, MTNR1A, MTNR1B, MX1, MYC,
MYO6, NANS, NARG1, NCK1, NEGR1, NFKBIA, NLN, NMI, NPY2R, NUDC,
OPRD1, PAFAH1B3, PCBP1, PCBP3, PCDHA4, PCID1, PCMT1, PDCD5,
PDEI1B, PDE1C, PDE6G, PGM1, PHKB, PHKG2, PICK1, PIK3CA, PIK3R1,
PLA2GT7, PLCB1, PLCB3, PLCG2, PPIH, PPP2R1A, PRDX1, PRKCA, PRLHR,
PRMTT1, PRPSAP1, PSAT1, PSEN1, PSMA1, PSMC1, PSMD1, PSMD11, PSMD13,
PSMD6, PSME1, PTHR2, PXN, PYGL, PYGM, QRICH2, RAB2, RALA,
RANBP1, RAP2A, RCC1, RCC2, RGS12, RGS2, RHOA, RIF1, RPA2, RPLP2,
RPN2, RPS14, RRM1, RUVBL2, RYR1, RYR2, S100A6, SACS, SARS, SCTR, SDC3,
SELE, SERPINBY, SET, SETD4, SF3B14, SGTB, SHANK1, SHBG, SIAH1,
SLC2A1, SLC6A3, SLC7A10, SNCA, SNRPB2, SOCS6, SOCS7, SORD, SRC,
STAU1, STRAP, STX12, SYK, TBCA, TBXA2R, TCP1, TEAD3, TFAM, TGM2,
TJP1, TK1, TLR10, TMEM4, TNIK, TPI1, TRAF2, TRMT112, TUBA1, TUBA1A,
TUBA1B, TUBA2, TUBB, TUBG1, TXN, TXNDC4, TXNL2, TYMS, UBQILN4,
UCHL1, USP24, VHL, VIPR1, YWHAQ), and ZAP70.

[009] Morteover, patients with at least one CNV in a GRM/mGIuR network

gene will see improvement 1n ASD upon administration of a therapeutically effective
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amount of a member of the piracetam family of nootropic agents, as described m F.
Gualtiert et al., Curr. Phann. Des., 8: 125-38 (2002). In one embodiment, the treating
agent 1s a pyroglutamide. Details regarding the preparation and formulation of
pyroglutamides, which may be used 1n the practice of this mvention, are provided in
U.S. Pat. No. 5,102,882 to Kimura et al. In one embodiment the nootropic agent for
the treatment of ASD m patients determined to have one or more of the CNVs
mdicative as set forth i Figures 15A-D, 1s (+)-5-oxo-Dprolmepiperidinamide
monohydrate (fasoracetam; NS-105).

[0010] In one embodiment, the patient has been diagnosed as having
pervasive developmental disorder, or one or more conditions selected from autistic
disorder (classic autism), Asperger’s syndrome, childhood disintegrative disorder,
Rett’s disorder, pervasive developmental disorder not otherwise specified (PDD-
NOS), or social (pragmatic) communication disorder (SCD).

[0011] The CNV may be a duplication or deletion.

[0012] The ASD may be syndromic or non-syndromic.

[0013] In one embodiment, the ASD may be 1 a patient having 22q11.2
Deletion or Duplication Syndrome, Fetal Valproate Syndrome or Thalidomide
Embryopathy.

[0014] In one embodiment, the patient has at least two CNVs 1n a gene
selected from the group consisting of ACAT1, ACAT2, ACCN1, ACCN2, ACP1,
ACTB, ACIR2, ADA, ADCY1, ADD1, ADD2, ADORA1, ADRA1B, ADRA2A,

ADRA2C, ADRB2, ADRBK1, ALDOA, ANXA2, APP, APTX, AQP1,
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ARHGADP24, ARL15, ARRB1, ARRB2, ATXN7L3, BDKRB1, BDKRB2, BIBD2,
BTG2, C17otf44, Clorf116, CTorf25, CAS, CACNA1B, CACYBP, CALB2, CALMI,
CALM2, CALM3, CAMK1, CAMK2B, CAMK4, CCNB1, CDC42, CENTG1,
CHGB, CHP, CHRM2, CHRM3, CIC, CMPK, CNP, CNR1, CN'TN4, COPB2,
CRHR1, CINNA2, CYCS, DCN, DHCR7, DISC1, DLST, DPP6, DRD2, DRD3,
DSTN, DYNLL1, ECHS1, EGER, EIF3S3, ERBB2, F2R, F2RL2, F2RL3, 3,
FKBP3, FPR1, FSCN1, FURIN, FYN, GAPDH, GLP1R, GLP2R, GNA15,
GNAIL, GNAI2, GNAI3, GNAO1, GNAQ, GNB2L1, GOT1, GP1BA, GPR26,
GRB2, GRB7, GRIA1, GRIK1, GRIK3, GRM1, GRM2, GRM3, GRM4, GRMS5,
GRM6, GRM7, GRMS, GSN, HBXIP, HD, HINRPA3, HOMER1, HOMER3,
HRPT?2, HSPOOAB1, HITR2A, IL8RB, IMPDH2, IQGAP2, ITGB1, ITGB7, ITPRI,
KIAA0090, KIAA1683, LAMA4, LARP7, LRP2BP, LRRC59, LTA, LYAR, LYN,
MAP4, MAPK1, MAPT, MARK4, MC4R, MGC11082, MRPL14, MRPS16,
MTHED1, MINR1A, MINR1B, MX1, MYC, MYOG6, NANS, NARG1, NCK1,
NEGR1, NFKBIA, NLN, NMIL, NPY2R, NUDC, OPRD1, PAFAH1B3, PCBP1,
PCBP3, PCDHA4, PCID1, PCMT1, PDCD5, PDE1B, PDELC, PDEGG, PGMI,
PHKB, PHKG2, PICK1, PIK3CA, PIK3R1, PLA2G7, PLCB1, PLCB3, PLCG2,
PPIH, PPP2R1A, PRDX1, PRKCA, PRLHR, PRMT1, PRPSAP1, PSAT1, PSENT,
PSMA1, PSMC1, PSMD1, PSMD11, PSMD13, PSMDG6, PSME1, PTHR2, PXN,
PYGL, PYGM, QRICH2, RAB2, RALA, RANBP1, RAP2A, RCC1, RCC2, RGS12,
RGS2, RHOA, RIF1, RPA2, RPLP2, RPN2, RPS14, RRM1, RUVBL2, RYR1, RYR2,

S100A6, SACS, SARS, SCTR, SDC3, SELE, SERPINBY, SET, SETD4, SF3B14,
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SGTB, SHANKI1, SHBG, SIAH1, SLC2A1, SLC6A3, SLC7A10, SNCA, SNRPB2,
SOCS6, SOCS7, SORD, SRC, STAU1, STRAP, STX12, SYK, TBCA, TBXA2R,
TCP1, TEAD3, TFAM, TGM2, T]P1, TK1, TLR10, TMEM4, TNIK, TPI1, TRAF2,
TRMT112, TUBA1, TUBA1TA, TUBA1B, TUBA2, TUBB, TUBG1, TXN,
TXNDC4, TXNL2, TYMS, UBQLN4, UCHL1, USP24, VHL, VIPR1, YWHAQ,
and ZAP70.

[0015] In one embodiment, the CNVs are detected 1n any type of biological
sample taken from a human patient, including but not limited to, body fluids
(including blood, urine, serum, gastric lavage), any type of cell (such as bram cells,
white blood cells, mononuclear cells) or body tissue.

[0016] Methods for determining whether a patient has a GRM/mGluR
network gene CNV include, for example, analyzing the biological sample on a SNP-
array, taking into account both LOG-R ratio (intensity data) and BAF (B allele
frequency), which assesses allele states. SNP array platforms are commercially
available from, for example, [llumina, Affymetrix, and Agilent.

[0017] Other methods for determining whether a patient has a GRM/mGluR
network gene CNV include, for example, CGH (comparative genomic hybridization),
which utilizes mtensity data for evaluation of CNVs; whole exome or whole genome
sequencing (or targeted sequencing); utilizing specific FISH probes; qPCR; droplet
PCR; and tagman probes. Alternatively, certain companies that use proprietary

methods for determining the presence or absence of CNVs may be provided samples
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to be tested for presence of CNVs in GRM/mGIuR network genes in accordance
with the methods of the mvention.

[0018] Some embodmments include methods of treating autism 1n a subject
comprising administering an effective amount of a nonselective activator of
metabotropic glutamate receptors (mGluRs) to a subject, thereby improving at least one
symptom of autism. Some embodiments mclude treating autism ma subject
comprising administermg an effective amount of a nonselective activator of
metabotropic glutamate receptors (mGluRs) to a subject that has atleast one genetic
alteration m an mGluR network gene (e.g. as shown m Figures 16-18), thereby
improving at least one symptom of autism. Some embodiments mclude methods of
treating autism 1n a subject comprising obtaining results from a genetic screen that
determines whether a subject has a genetic alteration m an mGluR network gene, and, 1f
the results show that the subject has atleast one genetic alteration in an mGluR network
gene, treating the subject by admimnistering an effectiveamount of anonselective
activator of mGluRs. In some such embodmments, the genetic alteration 1s a copy
number variation (CNV) or single nucleotide variation (SNV). In some such
embodiments, the nonselective activator of mGluRs1s fasoracetam, such as
fasoracetam monohydrate (NS-105 or NFC-1).

[0019] In methods comprising fasoracetam administration, the fasoracetam
may be administered ata dose of 50 mg, 100mg, 150 mg, 200 mg, 250 mg, 300 mg, 350
mg, or 400 mg, wherein the dose 1s administered once, twice, or three times daily. For

example, fasoracetam may be administered at a dose of 50-400 mg, 100-400 mg, or
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200-400 mg, wherem the dose 1s administered once, twice, or three times daily. For
example, the fasoracetam 1s admmistered at a dose of 200-400 mg, such as 200 mg, 300
mg, or 400 mg, wherein the dose 1s administered twice daily.

[0020] In some of the above embodiments, the subject hasa CNV 1 atleast 2,
3,4,5,6,7,8,9,0r 10 mGluR network genes. For example, the subject may have a
CNYV in an mGluR network gene, which 1s found by obtaining a nucleic acid-
comprising sample from the subject and subjecting the sample to a screen that
assesses CNVs 1n at least 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50, 60, 70, or all of Tier 1
mGluR network genes. In other cases, the subject may have a CNV m an mGluR
network gene thatis determined by obtaminga nucleic acid-comprising sample from the
subject and subjecting the sample to a screen that assesses CN'Vs 1n at least 50, at least
100,atleast 150, atleast 175, or all of Tier 2mGluR network genes. In yet other cases
the subject may have a CNV m an mGIluR network gene that1s determined by
obtaming a nucleic acid sample from the subject and subjecting the sample to a screen
that assesses CNVs 1n at least 50, at least 100, at least 200, atleast 300, at least 400, at
least 500, or all of Tier 3 mGluR network genes. In some embodiments, the screen does
notassess CN'Vs in one or more of GRM1, GRM2, GRM3, GRM4, GRM5, GRMG6,
GRM7,0r GRMS. In some embodiments, the subject does not have a CNV m one or
more of GRM1, GRM2, GRM3, GRM4, GRM5, GRM6, GRM7,or GRMS.

[0021] In some of the above embodiments, the subject 1s a pediatric subject,
for mstance between the ages of 5and 17,5and 8,8and 17, 8and 12, or 12and 17. In

other embodments the subject 1s an adult.
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[0022] In some embodiments above, the nonselective activator of mGluRs 1s
admmistered m combination with another pharmaceutical or non-pharmaceutical
therapy.

[0023] In some of the above embodiments, the subject has been diagnosed
with autism spectrum disorder, pervasive developmental disorder, or one or more
conditions selected from autistic disorder (classic autism), Asperger’s syndrome,
childhood disintegrative disorder, Rett’s disorder, pervasive developmental disorder
not otherwise specified (PDD-NOS), and social (pragmatic) communication disorder
(SCD). In some cases, the autism 1s syndromic ASD. In some cases, the patient has
ASD and 22q11.2 Deletion or Duplication Syndrome, Fetal Valproate Syndrome or
Thalidomide Embryopathy. In some embodiments, the patient does not have any of
ADHD, ODD, conduct disorder, TS, anxiety disorder, phobia, or depression. In
other cases, the autism patient also has one or more of ADHD, ODD, conduct
disorder, IS, anxiety disorder, phobia, or depression.

[0024] Also encompassed herein are methods for diagnosing autism in a subject
comprising isolating a nucleic acid comprising sample from a subject, analyzing the
sample for the presence or absence of a genetic alteration n atleast one mGluR
network genes, and diagnosmg autism 1f the subject has at least one genetic alteration i
amGluR network gene. Further encompassed are methods for diagnosimngautismima
subject comprising 1solatinga nucleic acid comprising sample from a subject, 1solating
nucleic acid from the sample, analyzing the nucleic acid for the presence or absence ofa

genetic alteration in atleast one mGluR network genes, and diagnosing autism 1f the

10
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subject has atleast one genetic alteration in amGluR network gene. Additional
embodiments include methods for identifyinga subject as having autism comprising
obtaminga sample from a patient, optionally 1solating nucleic acid from the sample,
optionally amplifying the nucleic acid, and analyzing the nucleic acid in the sample for
the presence or absence ofa genetic alteration, such as a CNV, matleast one mGIluR
network gene, wherein the subject s identified as having autism if atleast one genetic
alteration, such as a CNV, 1 an mGluR network gene 1s detected. Further encompassed
are methods for diagnosing autism in a subject comprisimganalyzing genetic

mformation about one or more mGluR network genes, comparing the subject’s
mformation to a control subject that does not have autism, and diagnosing autism 1f
the genetic information suggests that the subject has atleast one genetic alteration ina
mGluR network gene. Also encompassed are methods of confirming a diagnosis of
autism 1n a subject comprising: obtaminganucleicacid-comprising sample froma
subjectdiagnosed withautism by a method that comprises detecting or analyzing genetic
alterations in mGluR network genes; optionallyamplifying the nucleicacidm the
sample;and determining whether the subject has at least one genetic alteration, such as a
CNV, m an mGluR network gene; and confirming a diagnosis of autism 1f the subject
has atleast one genetic alteration m an mGluR network gene. In any of those methods,
the analysis for the presence or absence of at least one genetic alteration i an mGluR
network gene can comprise microarrays, whole genome sequencing, exome sequencing,

targeted sequencing, FISH, comparative genomic hybridization, genome mapping, or

11
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other methods using next-generation sequencing, Sanger sequencing, PCR, or TagMan
technologies.

[0025] In some embodiments, the subject has CNVs 1 atleast two mGluR
network genes. In some embodiments, the method comprises detecting CNVs mn
mGluR network genes by subjecting the sample to a screen thatassesses CNVsnat
least2,3,4,5,6,7,8,9,0r 10 mGluR network genes. In some embodiments, CNVs n
mGluR network genes are determined by subjecting the sample to a screen that assesses
CNVsmatleast5,6,7,8,9, 10,15, 20, 30, 40, 50, 60, 70, or all of Tier 1 mGluR network
genes. In some embodments, CNVs in mGluR network genes are determined by
subjecting the sample to a screen that assesses CNVsm at least 50, atleast 100, at least
150, atleast 175, orall of Tier 2mGluR network genes. In some embodiments, CNV's
m mGluR network genes are determined by subjecting the sample to a screen that
assesses CNVsm atleast 50, atleast 100, atleast 200, atleast 300, atleast 400, at least
500, or all of Tier 3 mGluR network genes.

[0026] In some of the above embodiments, the subject 1s a pediatric subject,
such as a subject between theagesof 5and 17,5and 8,8and 17,8 and 12, 0r 12and 17.
In other embodiments, the subject 1s an adult subject.

[0027] In some embodiments, the subject 1s not assessed for genetic alterations
or CNVs 1n one or more of GRM1, GRM2, GRM3, GRM4, GRM5, GRM6, GRM7,
and GRMS.

[0028] In some embodiments, the method for determming the presence or

absence of at least one mGluR network gene genetic alteration comprises microarrays,

12
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whole genome sequencing, exome sequencing, targeted sequencing, FISH,comparative
genomic hybridization, genome mapping, or other methods using next-generation
sequencing, Sanger sequencing, PCR, or TagMan technologies.

[0029] In some of the above embodiments, the subject has been diagnosed
with autism spectrum disorder, pervasive developmental disorder, or one or more
conditions selected from autistic disorder (classic autism), Asperger’s syndrome,
childhood disintegrative disorder, Rett’s disorder, pervasive developmental disorder
not otherwise specified (PDID-NOS), and social (pragmatic) communication disorder
(SCD). In some cases, the autism 1s syndromic ASD. In some cases, the patient has
ASD and 22q11.2 Deletion or Duplication Syndrome, Fetal Valproate Syndrome or
Thalidomide Embryopathy. In some embodiments, the patient does not have any of
ADHD, ODD, conduct disorder, TS, anxiety disorder, phobia, or depression. In
other cases, the autism patient also has one or more of ADHD, ODD, conduct
disorder, IS, anxiety disorder, phobia, or depression. In some cases, the patient has
both autism and ADHD.

[0030] Additional objects and advantages will be set forth m part in the
description which follows, and m part will be obvious from the description, or may
be learned by practice. The objects and advantages will be realized and attained by
means of the elements and combinations particularly pomted out in the appended

claims.
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[0031] It1s to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not
restrictive of the claims.

[0032] The accompanying drawings, which are incorporated i and constitute
a part of this specification, llustrate several embodiments and together with the
description, serve to explain the principles described herem.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Figure 1 provides the design of a clinical study. In this two-stage
design, 2076 cases vs 4754 controls were used 1n the discovery cohort (Stage 1), and
1159 cases vs 2546 controls were used for a replication cohort (Stage 2). All samples
used passed mmimal quality control metrics, but the default quality calls of PennCNV
were used to discriminate the discovery cohort (best quality) from the replication
cohort (lesser quality.)

[0034] Figure 2 1s a graph showing certain classes of gene pathways, which
are disrupted by the ASD-related CNVRs disclosed herein. All genes with exons
disrupted by replicated CNVRs were submitted to Ingenuity to ascertain significance
of pathway enrichment.

[0035] Figures 3A-F are a schematic of a first-degree interactome of the
GABAR-A family highlighting copy number defects enriched 1n cases vs controls.

[0036] Figure 4 shows a test and treat model for targeting therapeutics to
specific pathways defective in disease. The generic test and treat model is shown in

black where a molecular diagnostic 1s used to genetically defme a population with
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defective pathways that are likely to benefit from a targeted intervention. Examples of
trastuzumab as a targeted intervention for HER2 specific breast cancer 1s shown as
well as an extrapolation of behavioral programs and novel therapeutics that are bemng
developed to target ASDs due to defective GABAR-A pathways.

[0037] Figure 5 shows certain 1dentified genetic marker CNVRs by GWAS
predictive of ASDs in Furopean-derived or African-derived populations. The
Manbhattan plots show the -log 10 transformed P value of association for each CNVR
along the genome. Adjacent chromosomes are shown. The regions discovered in
FEuropeans (P 0.0001) that replicated m Africans (P<=0.001) are highlighted with
black arrows labeled by chromosome band. GWAS of 4,634 cases vs 4,726 controls
m Furopeans 1s shown on top and GWAS of 312 cases vs 4,173 controls in Africans
1s shown below.

[0038] Figures 6A-D show a representative enrichment of certain CNVRs
across mGluR network of genes. Nodes of the network are labeled with their gene
names, with red and green representing deletions and duplications respectively, while
grey nodes lack CNV data. Dark and light colors represent enrichment 1n cases and
controls respectively. The genes defining the network are showed as diamonds, while
all other genes are shown as circles. Blue limes indicate evidence of mteraction.

[0039] Figure 7 shows a representative graph of enrichment of optimal
CNVRs across the CALM1 network. The first degree directed nteraction network

defined by CALM1 1s shown.
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[0040] Figure 8 shows a diagram of representative study design. Results from
this study show that children with ASD and gene changes n mGIluR network
(mGIluR+ASD) were more likely to have Syndromic ASD as compared to children
with ASD without abnormalities of mGluR network genes (mGluR-ASD). P<0.0001.
See US Patent application no. 14/292,480 incorporated herein by reference as though
set forth m full.

[0041] Figure 9 shows significant CNVRs in the mGluR network. The table
shows the 10 most significant CNVRs for 189 genes with data in the GFIN for the
GRM gene family across a European-derived population, as well as the most
significant CNVRs harbored by the GRM mGluR receptors themselves.

[0042] Figure 10 shows significant CN'VRs across genes 1 the MXD network
m Furopean-derived populations. Where large CNVs span multiple genes, the
component gene implicated within the MXD gene family interaction network 1s
bolded.

[0043] Figure 11 shows significant CN'VRs across genes m the CALM1
network m FEuropean-dertved populations.

[0044] Figure 12 shows CNVRs distinguishing cases from controls significant
across both European-derived populations (P< 0.0001 by Fisher’s exact test) and
African-derived populations (P<0.001). CNVR=copy-number variable region;
OR=o0dds ratio. For each CNVR, the table lists the type (del or dup), the closest gene
mmpacted, the chromosomal band, the approxmmate size of the defect (Kb), the

number of contributing SNPs, the numbers of affected cases and controls, as well as
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P-value and odds ratio (OR) from Fisher’s exact test for across all populations, and
subsets of European-dertved and African-derived populations. *Genes with an
asterisk (*) harbor CNVRs that disrupt their exons of directly, while those without
the asterisk are located 1n the genomic region around the mtergenic CNVRs.

[0045] Figures 13A-B show significant gene family interaction networks
(GFINs) by network permutation testing (Pperm=0.05) enriched for CNV defects
across at least 5% of cases. The table lists the name and size of gene family tested, the
number and frequency of network genes enriched in the second degree gene
mteraction network, the number and frequency of cases harboring defects across the
network, the number and frequency of controls harbormg defects across the network,
the significance of association by Fisher’s exact test, the enrichment of CNV defects
n cases, and the significance of that enrichment by 1,000 random network
permutations.

[0046] Figure 14 shows significant individual gene interaction networks
ranked by permutation testing. Figure 14 lists the name and gene family member
tested, the number and frequency of network genes enriched, the number and
frequency of cases harbouring defects, the number and frequency of controls
harbourmg defects, and the significance of association by Fisher’s exact test, the odds
ratio of the effect size, and the significance of association by random permutation of
network while controlling for number of genes tested. Among other highly ranked
first degree gene interaction networks were the nuclear receptor co-repressor 1

(NCORI; Ptisher <1.11E-06, enrichment=13.37, Pperm <0.004) and BCL2-
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associated athanogene 1 (BAG1; Pfisher <2.18E—04, enrichment=15.40, Pperm
<0.014) networks. NCORI 1s a transcriptional co-regulatory protein that appears to
assist nuclear receptors in the downregulation of DNA expression through
recruitment of histone deacetylases to DNA promoter regions; 1t 1s a principal
regulator in neural stem cells. The oncogene BCL2 is a membrane protein that blocks
the apoptosis pathway, and BAG1 forms a BCL2-assocated athanogene and
represents a link between growth factor receptors and antiapoptotic mechanisms. The
BAGT1 gene has been mmplicated in age-related neurodegenerative diseases, including
Alzhemmer’s disease.

[0047] Figures 15A-D show the raw data described in Examples 1-4. Column
A lists the GRM/mGIuR network genes that are enriched in patients with ASD.
Column B mdicates whether the CNV 1s a duplication or deletion and the genetic
start and stop locus. The odds ratio recited mn column J recites “none” for any gene
where no CNV was found 1n the control group. In column K, enrichment, the word
“case” 1s indicative of enrichment m CNVs m the associated gene in ASD patients as
compared to controls. Finding at least one CNV m any of the genes listed in Figures
15A-D, Column A, mdicates a diagnosis of ASD and implicates treatment with NS-
105.

[0048] Figures 16A-D show the mGluR network genes included in the Tier 1
gene set. These genes have 2 degrees of protein-protein interaction with mGIluR
genes (GRM1-8) based on the Cytoscape Human Interactome, which 1s software for

mtegrating biomolecular mteraction networks with high-throughput data (as described
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in Shannon P (2003) Genome Research 13:2498-2504). The Tier 1 gene set includes 76
genes. The exact location for each gene 1n Tier 1 1s listed in both the Human
Genome version 18 (hgl8) and Human Genome version 19 (hgl9). In addition, the
exact gene location plus 500 kilobase (1.e., the range from 500 kilobase before and
500 kilobase after the gene of interest) is listed for hg19. The start single nucleotide
polymorphism (StartSNP) (1.e., the SNP located 500 kilobases before the gene of
mterest) and the EndSNP (1.e., the SNP located 500 kilobases after the gene of
interest) are also listed. Genes of the mGluRs themselves are noted as “GRM.” The
expanded regions (1.e., 500kg up and down stream) frequently harbor regulatory
elements and if impacted by a CN'V, can have the same impact on the gene
expression and function as a CNV residing in the gene sequence itself.

[0049] Figures 17A-I show the mGluR network genes mcluded in the Tier 2
gene set. These genes have 2 degrees of protein-protein interaction with mGIluR
genes (GRM1-8) based on the Cytoscape Human Interactome but exclude genes
from Tier 1. The Tier 2 gene setincludes 197 genes. The exactlocation for each gene in
Tier 2 1s listed in both the Human Genome version 18 (hg18) and Human Genome
version 19 (hgl9). In addition, the exact gene location plus 500 kilobase (1.¢., the range
from500 kilobase before and 500 kilobase after the gene of interest) 1s listed for hg19.
The start single nucleotide polymorphism (StartSNP) (i.e., the SNPlocated 500 kilobases
before the gene of interest) and the EndSNP (1.e., the SNP located 500 kilobases after

the gene of mterest) in hgl9 are also listed.
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[0050] Figures 18A-Y shows genes within the Tier 3 gene set. Genes with
rectprocal gene querying with 2 degrees of protein-protemn mteraction with mGIluR
genes based on Cytoscape Human Interactome are mcluded. Genes contained within
Tiers 1 and 2 are excluded from Tier 3. The Tier 3 gene set includes 599 genes. The
exact location for each gene in Tier 3 is listed m both the Human Genome version 18
(hg18) and Human Genome version 19 (hgl9). In addition, the exact gene location
plus 500 kilobase (1.e., the range from 500 kilobase before and 500 kilobase after the
gene of interest) 1s listed for hg19. The StartSNP (1.e., the SNP located 500 kilobases
before the gene of mterest) and the EndSNP (1.e., the SNP located 500 kilobases after
the gene of mterest) m hgl9 are also listed.

DESCRIPTION OF PARTICULAR EMBODIMENTS
Definitions

[0051] In this mmvention, “a” or “an” means “at least one” or “one or more,”
etc., unless clearly indicated otherwise by context. The term “or” means “and/ot”
unless stated otherwise. In the case of a multiple-dependent claim, however, use of
the term “or” refers back to more than one preceding claim in the alternative only.

[0052] “Autism” and “Autism Spectrum Disorder” (ASD) are used
mterchangeably herem. As noted earlier, autism or ASD comprises a range of
complex neurodevelopmental disorders characterized by symptoms such as mild to
severe soctal impairments, communication difficulties, and restrictive or repetitive
behaviors. ASD, previously known as pervasive developmental disorders (PDD), 1s

an umbrella term that mcludes various conditions that used to be diagnosed
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separately such as autistic disorder (or classic autism), Asperger’s syndrome,
childhood disintegrative disorder, Rett’s disorder, pervasive developmental disorder
not otherwise specified (PDID-NOS), and social (pragmatic) communication disorder
(SCD).

[0053] An “mGluR” or metabotropic glutamate receptor refers to one of eight
glutamate receptors expressed in neural tissue named mGluR1, mGluR2, mGIuR3,
mGluR4, mGluR5, mGluR6, mGluR7, and mGIluR8. Their genes are abbreviated
GRM1 to GRMS8. The mGluR proteins are G-protein-coupled receptors. They are
typically placed mto three sub-groups, Group I receptors mncluding mGluR1 and
mGluR5 are classed as slow excitatory receptors. Group II includes mGIluR2 and
mGluR3. Group III mcludes mGluR4, mGluR6, mGluR7, and mGIluR8. Groups 11
and IIT are classed as slow mhibitory receptors. The mGluRs are distinguished from
the 1onotropic GluRs or 1GluRs, which are 1on channel-associated glutamate
receptors and are classed as fast excitatory receptors.

[0054] An “mGluR network gene,” for purposes of this mvention, comprises
not only the mGluR genes GRM1, GRM2, GRM3, GRM4, GRM5, GRM6, GRM7,
and GRMS, but also each of the other genes listed herein m Figs. 16-18 as well as the
regions of DNA that regulate the genes listed in Figs 16-18. In addition, “mGluR
network proteins” are the protems encoded by the mGluR network genes.

[0055] The mGluR network genes are grouped into three subsets: Tier 1,
Tier2, and Tier 3. (See Figs. 16-18.) Tier 1 mGluR network genes, shown in Figs.

16A-D, comprise 76 genes, mcluding some GRM genes themselves as well as a
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number of other genes. The Tier 2 mGluR network genes, shown in Figs. 17A-1,
comprise 197 genes, and exclude the Tier 1 genes.

[0056] Tiers 1 and 2 together are included in the “primary mGluR network.”
The “primary network™ of mGluR genes also includes the genes 4-Sep, LOC642393,
and LOCG653098, for a total of 276 genes. There are presently technical difficulties in
assessing the 4-Sep, LOC642393, and LOC653098 genes. Thus, they are not
included in the genes of Tiers 1 and 2, although they are included in the primary
network of genes of the present invention. The genes of Tier 1 and Tier 2 differ in
that alterations in Tier 1 genes had been documented in previous genotyping studies
of subjects suffering from mental disorders.

[0057] Tier 3 mGluR network genes, shown m Figs. 18A-Y, comprise 599
genes that are 1n the distal part of the mGluR network based on the merged human
interactome provided by the Cytoscape Software (Shannon P et al. (2003) Genome
Research 13:2498- 2504), and exclude the Tier 1 and Tier 2 genes. The Tier 3 genes are
thus part of the “distal mGluR network.” In addition to the Tier 3 genes, the genes
LOC285147, LOC147004, and LOC93444 are included mn the “distal mGluR
network,” although they were not assessed 1n the present study and are not included 1
Tier 3 due to technical difficulties in assessing genetic alterations in these genes.

[0058] A “geneticalteration” asused heremn means any alterationnthe DNA of a
gene, or in the DNA regulating a gene, that results in a gene product that 1s
functionally changed as compared to a gene product produced from a non-altered

DNA. A functional change may be differing expressionlevels (up-regulation or down-
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regulation) or loss or change 1 one or more biological activities, forexample. A genetic
alteration includes without imitation, copy number variations (CNVs), smgle nucleotide
variants (SN'Vs), also called single nucleotide polymorphisms (SNPs) herem, frame
shift mutations, or any other base pair substitutions, msertions,and deletions or
duplications.

[0059] A "copy number variation (CNV)" refers to the number of copies of a
particular gene in the genotype of an individual. CNVs represent a major genetic
component of human phenotypic diversity. Susceptibility to genetic disorders 1s
known to be associated not only with smgle nucleotide polymorphisms (SNP), but
also with structural and other genetic variations, mcluding CNVs. A CNV represents
a copy number change involving a DNA fragment that 1s -1 kilobases (kb) or larger
(Feuk et al. 20062). CNVs described herein do not mclude those vartants that arise
from the insertion/deletion of transposable elements (e.g., .about.6-kb Kpnl repeats)
to minimize the complexity of future CNV analyses. The term CNV therefore
encompasses previously mtroduced terms such as large-scale copy number variants
(LCVs; Iafrate et al. 2004), copy number polymorphisms (CNPs; Sebat et al. 2004),
and intermediate-sized variants (ISVs; Tuzun et al. 2005), but not retroposon
msertions.

[0060] A “CNV deletion” or “deletion CNV” or similar terms refertoa CNV in
which a gene, DNA segment regulating a gene, or gene segment 1s deleted. A “CNV
duplication” or “duplication CNV” or similar terms refer toa CNV m which a gene,

DNA segment regulating a gene, or gene segment 18 present m at least two, and possibly
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more than two, copies in comparison with the single copy found 1n a normal reference
genome.

[0061] A "single nucleotide polymorphism (SNP)" refers to a change in which
a single base in the DNA differs from the usual base at that position. These single
base changes are called SNPs or "snips." Millions of SNP's have been cataloged in the
human genome. Some SNPs such as that which causes sickle cell are responsible for
disease. Other SNPs are normal variations in the genome.

[0062] A “sample” refers toa sample from a subject that may be tested, for
example, for presence of a CNV 1 one or more mGluR network proteins, as
described herem. The sample may comprise cells, and it may comprise body fluids, such
asblood, serum, plasma, cerebral spial fluid, urine, salitva, tears, pleural fluid, and the like.

[0063] The terms “subject” and “patient” are used interchangeably to refer to a
human. The terms “pediatric subject” or “pediatric patient” are used interchangeably
to refer to a human less than 18 years of age. An “adult patient” refers to a human 18
years of age or older.

[0064] "Target nucleic acid” as used herein refers to a previously defined
region of a nucleic acid present m a complex nucleic acid mixture wherem the defined
wild-type region contains at least one known nucleotide vartation, which may or may
not be assoctated with autism. The nucleic acid molecule may be isolated from a
natural source by cDNA cloning or subtractive hybridization or synthesized
manually. The nucleic acid molecule may be synthesized manually by the triester

synthetic method or by using an automated DNA synthesizer.
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[0065] With regard to nucleic acids used in the mvention, the term "isolated
nucleic acid" is sometimes employed. This term, when applied to DNA, refers to a
DNA molecule that 1s separated from sequences with which it 1s immediately
contiguous (in the 5' and 3' directions) in the naturally occurring genome of the
organism from which it was derived. For example, the "isolated nucleic acid" may
comprise 2 DNA molecule mserted mto a vector, such as a plasmid or virus vector,
or integrated into the genomic DNA of a prokaryote or eukaryote. An "isolated
nucleic acid molecule" may also comprise a cDNA molecule. An isolated nucleic acid
molecule mserted mto a vector 1s also sometimes referred to herem as a recombinant
nucleic acid molecule.

[0066] With respect to RNA molecules, the term "isolated nucleic acid"
primarily refers to an RNA molecule encoded by an 1solated DNA molecule as
defined above. Alternatively, the term may refer to an RN A molecule that has been
sufficiently separated from RNA molecules with which 1t would be associated 1n 1ts
natural state (i.e., in cells or tissues), such that it exists in a "substantially pure” form.

[0067] By the use of the term "enriched" in reference to nucleic acid it 1s
meant that the specific DNA or RNA sequence constitutes a significantly higher
fraction (2-5 fold) of the total DNA or RNA present m the cells or solution of
interest than in normal cells or in the cells from which the sequence was taken. This
could be caused by a person by preferential reduction m the amount of other DNA
or RNA present, or by a preferential increase m the amount of the specific DNA or

RNA sequence, or by a combination of the two. However, 1t should be noted that
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"enriched" does not imply that there are no other DNA or RNA sequences present,
just that the relative amount of the sequence of mterest has been significantly
mcreased.

[0068] It 1s also advantageous for some purposes that a nucleotide sequence
be in purified form. The term "purified" mn reference to nucleic acid does not require
absolute purity (such as a homogeneous preparation); mstead, it represents an
mdication that the sequence 1s relatively purer than in the natural environment
(compared to the natural level, this level should be at least 2-5 fold greater, e.g., n
terms of mg/ml). Individual clones isolated from a cDNA library may be purified to
electrophoretic homogeneity. The claimed DNA molecules obtained from these
clones can be obtained directly from total DNA or from total RNA. The cDNA
clones are not naturally occurring, but rather are preferably obtained via manipulation
of a partially purified naturally occurring substance (messenger RNA). The
construction of a cDNA library from mRNA mvolves the creation of a synthetic
substance (cDNA) and pure individual cDNA clones can be 1solated from the
synthetic library by clonal selection of the cells carrying the cDNA library. Thus, the
process which includes the construction of a cDNA library from mRNA and
1solation of distinct cDNA clones yields an approximately 10.sup.-6-fold purification
of the native message. Thus, purification of at least one order of magnitude,
preferably two or three orders, and more preferably four or five orders of magnitude

1s expressly contemplated.
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[0069] The term "substantially pure" refers to a preparation comprising at
least 50-60% by weight the compound of mterest (e.g., nucleic acid, oligonucleotide,
etc.). More preferably, the preparation comprises at least 75% by weight, and most
preferably 90-99% by weight, the compound of mterest. Purity 1s measured by
methods appropriate for the compound of mnterest.

[0070] The term "complementary" describes two nucleotides that can form
multiple favorable mteractions with one another. For example, adenme 1s
complementary to thymine as they can form two hydrogen bonds. Similarly, guanine
and cytosine are complementary since they can form three hydrogen bonds. Thus if a
nucleic acid sequence contains the following sequence of bases, thymine, adenine,
guanine and cytosine, a "complement” of this nucleic acid molecule would be a
molecule containing adenine in the place of thymme, thymme m the place of adenine,
cytosine in the place of guanine, and guanme 1 the place of cytosine. Because the
complement can contaim a nucleic acid sequence that forms optimal interactions with
the parent nucleic acid molecule, such a complement can bind with high affinity to its
parent molecule.

[0071] With respect to single stranded nucleic acids, particularly
oligonucleotides, the term "specifically hybridizing” refers to the association between
two single-stranded nucleotide molecules of sufficiently complementary sequence to
permit such hybridization under pre-determined conditions generally used 1n the art
(sometimes termed "substantially complementary™). In particular, the term refers to

hybridization of an oligonucleotide with a substantially complementary sequence
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contained within a single-stranded DNA or RN A molecule of the mnvention, to the
substantial exclusion of hybridization of the oligonucleotide with single-stranded
nucleic acids of non-complementary sequence. For example, specific hybridization
can refer to a sequence which hybridizes to any autism specific marker gene or
nucleic acid, but does not hybridize to other nucleotides. Also polynucleotide which
"specifically hybridizes" may hybridize only to a neurospecific specific marker, such
an autism-specific marker shown in the T'able contained herein. Appropriate
conditions enabling specific hybridization of single stranded nucleic acid molecules of
varying complementarity are well known m the art.

[0072] For instance, one common formula for calculating the stringency
conditions required to achieve hybridization between nucleic acid molecules of a
spectfied sequence homology 1s set forth below (Sambrook et al., Molecular Cloning,
Cold Spring Harbor Laboratory (1989):

Twm=81.5 degrees C+16.6 Log [Na+]+0.41(% G+C)-0.63(% formamide)-

600/#bp in duplex

[0073] As an 1llustration of the above formula, using [Na+]=[0.368] and 50%
formamide, with GC content of 42% and an average probe size of 200 bases, the T
1s 57 degrees C. The Ty, of a DNA duplex decreases by 1-1.5 degrees C with every
1% decrease in homology. Thus, targets with greater than about 75% sequence
identity would be observed using a hybridization temperature of 42 degrees C.

[0074] The stringency of the hybridization and wash depend primarily on the

salt concentration and temperature of the solutions. In general, to maximize the rate
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of annealing of the probe with 1ts target, the hybridization 1s usually carried out at salt
and temperature conditions that are 20-25 degrees C below the calculated T of the
hybrid.

[0075] Wash conditions should be as stringent as possible for the degree of
identity of the probe for the target. In general, wash conditions are selected to be
approximately 12-20 degrees C below the T of the hybrid. In regards to the nucleic
acids of the current mvention, a moderate stringency hybridization 1s defined as
hybridization in 6xSSC, 5xDenhardt's solution, 0.5% SDS and 100 micro-gram/ml
denatured salmon sperm DNA at 42 degree C, and washed 1n 2xSSC and 0.5% SDS
at 55 degree C for 15 minutes. A high stringency hybridization is defined as
hybridization in 6xSSC, 5x Denhardt's solution, 0.5% SDS and 100 micro-gram/ml
denatured salmon sperm DNA at 42 degree C, and washed 1n 1xSSC and 0.5% SDS
at 65 degree C for 15 minutes. A very high stringency hybridization 1s defied as
hybridization in 6xSSC, 5x Denhardt's solution, 0.5% SDS and 100 micro-gram/ml
denatured salmon sperm DNA at 42 degree C, and washed 1n 0.1xSSC and 0.5% SDS
at 65 degrees C for 15 minutes.

[0076] The term "oligonucleotide," as used herein 1s defined as a nucleic acid
molecule comprised of two or more ribo- or deoxyribonucleotides, preferably more
than three. The exact size of the oligonucleotide will depend on various factors and
on the particular application and use of the oligonucleotide. Oligonucleotides, which
mclude probes and primers, can be any length from 3 nucleotides to the full length of

the nucleic acid molecule, and explicitly include every possible number of contiguous
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nucleic acids from 3 through the full length of the polynucleotide. Preferably,
oligonucleotides are at least about 10 nucleotides mn length, more preferably at least
15 nucleotides 1n length, more preferably at least about 20 nucleotides in length.
[0077] The term "probe" as used herein refers to an oligonucleotide,
polynucleotide or nucleic acid, either RNA or DNA, whether occurring naturally as mn
a purified restriction enzyme digest or produced synthetically, which 1s capable of
annealng with or specifically hybridizing to a nucleic acid with sequences
complementary to the probe. A probe may be either single-stranded or double-
stranded. The exact length of the probe will depend upon many factors, including
temperature, source of probe and use of the method. For example, for diagnostic
applications, depending on the complexity of the target sequence, the oligonucleotide
probe typically contamns 15-25 or more nucleotides, although it may contain fewer
nucleotides. The probes herein are selected to be complementary to different strands
of a particular target nucleic acid sequence. This means that the probes must be
sufficiently complementary so as to be able to "specifically hybridize" or anneal with
their respective target strands under a set of pre-determined conditions. Therefore,
the probe sequence need not reflect the exact complementary sequence of the target.
For example, a non-complementary nucleotide fragment may be attached to the 5' or
3" end of the probe, with the remainder of the probe sequence being complementary
to the target strand. Alternatively, non-complementary bases or longer sequences can

be mnterspersed mnto the probe, provided that the probe sequence has sufficient
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complementarity with the sequence of the target nucleic acid to anneal therewith
spectfically.

[0078] The term "primer" as used herein refers to an oligonucleotide, either
RNA or DNA, either single-stranded or double-stranded, erther derived from a
biological system, generated by restriction enzyme digestion, or produced
synthetically which, when placed m the proper environment, 1s able to functionally
act as an mitiator of template-dependent nucleic acid synthests. When presented with
an appropriate nucleic acid template, suitable nucleoside triphosphate precursors of
nucleic acids, a polymerase enzyme, suitable cofactors and conditions such as a
suitable temperature and pH, the primer may be extended at its 3' terminus by the
addition of nucleotides by the action of a polymerase or similar activity to yield a
primer extension product. The primer may vary m length depending on the particular
conditions and requirement of the application. For example, m diagnostic
applications, the oligonucleotide primer 1s typically 15-25 or more nucleotides 1
length. The primer must be of sufficient complementarity to the desired template to
prime the synthesis of the desired extension product, that 1s, to be able anneal with
the desired template strand in a manner sufficient to provide the 3' hydroxyl moiety
of the primer m appropriate juxtaposition for use in the mitiation of synthesis by a
polymerase or similar enzyme. It 1s not required that the primer sequence represent
an exact complement of the desired template. For example, a non-complementary
nucleotide sequence may be attached to the 5' end of an otherwise complementary

primer. Alternatively, non-complementary bases may be terspersed withm the
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oligonucleotide primer sequence, provided that the primer sequence has sufficient
complementarity with the sequence of the desired template strand to functionally
provide a template-primer complex for the synthesis of the extension product.
Probes and primers having the appropriate sequence homology which specifically
hybridized to CNV contaming nucleic acids are useful n the detecting the presence
of such nucleic acids 1n biological samples.

[0079] Polymerase cham reaction (PCR) has been described in U.S. Pat. Nos.
4,683,195, 4,800,195, and 4,965,188, the entire disclosures of which are mcorporated
by reference herem.

[0080] The term "vector" relates to a single or double stranded circular nucleic
acid molecule that can be infected, transfected or transformed mto cells and replicate
mdependently or withm the host cell genome. A circular double stranded nucleic acid
molecule can be cut and thereby linearized upon treatment with restriction enzymes.
An assortment of vectors, restriction enzymes, and the knowledge of the nucleotide
sequences that are targeted by restriction enzymes are readily available to those skilled
m the art, and mclude any replicon, such as a plasmid, cosmid, bacmid, phage or
virus, to which another genetic sequence or element (either DNA or RNA) may be
attached so as to bring about the replication of the attached sequence or element. A
nucleic acid molecule of the mvention can be mserted into a vector by cutting the
vector with restriction enzymes and ligating the two pieces together.

[0081] Those skilled in the art will recognize that a nucleic acid vector can

contam nucleic acid elements other than the promoter element and the autism
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specific marker gene nucleic acid molecule. These other nucleic acid elements include,
but are not limited to, origins of replication, ribosomal binding sites, nucleic acid
sequences encoding drug resistance enzymes or amino acid metabolic enzymes, and
nucleic acid sequences encodmg secretion signals, localization signals, or signals
useful for polypeptide purification.

" "reporter system", "reporter

[0082] As used herein, the terms "reporter,
gene," or "reporter gene product” shall mean an operative genetic system in which a
nucleic acid comprises a gene that encodes a product that when expressed produces a
reporter signal that 1s a readily measurable, e.g., by biological assay, immunoassay,
radio immunoassay, or by colorimetric, fluorogenic, chemiluminescent or other
methods. The nucleic acid may be either RN A or DNA, linear or circular, single or
double stranded, antisense or sense polarity, and 1s operatively linked to the necessary
control elements for the expression of the reporter gene product. The required
control elements will vary according to the nature of the reporter system and whether
the reporter gene 1s m the form of DNA or RNA, but may include, but not be limited
to, such elements as promoters, enhancers, translational control sequences, poly A
addition signals, transcriptional termination signals and the like.
Methods of Using Autism-Associated CNVs for Diagnosing a Propensity for
the Development of Autism and Autistic Spectrum Disorders

[0083] Autism-related-CNV containing nucleic acids, mcludig but not limited

to those listed in the Tables and Figures provided hereim, for example in Figures 15-

18, may be used for a variety of purposes in accordance with the present imvention.
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Autism-associated CNV/SNP containing DNA, RNA, or fragments thereof may be
used as probes to detect the presence of and/or expression of autism specific
markers. Methods i which autism specific marker nucleic acids may be utilized as
probes for such assays include, but are not lmited to: (1) m situ hybridization; (2)
Southern hybridization (3) northern hybridization; and (4) assorted amplification
reactions such as polymerase cham reactions (PCR).

[0084] Further, assays for detecting autism-associated CNVs/SNPs may be
conducted on any type of biological sample, including but not limited to body fluids
(including blood, urine, serum, gastric lavage), any type of cell (such as bram cells,
white blood cells, mononuclear cells) or body tissue. Such detection methods can
mclude for example, southern and northern blotting, RFLP, direct sequencing and
PCR amplification followed by hybridization of amplitied products to a microarray
comprising reference nucleic acid sequences.

[0085] Autism-associated CNV/SNP containing nucleic acids, vectors
expressing the same, autism CNV/SNDP containing marker proteins and anti-Autism
spectfic marker antibodies of the imnvention can be used to detect autism associated
CNVs/SNPs in body tissue, cells, or fluid, and alter autism SNP containing marker
protein expression for purposes of assessing the genetic and protein interactions
mvolved 1n the development of autism.

[0086] In some embodiments for screening for autism-associated CNVs, the
autism-associated CNV contaming nucleic acid m the sample will mitially be

amplified, e.g. using PCR, to mcrease the amount of the templates as compared to
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other sequences present in the sample. This allows the target sequences to be
detected with a high degree of sensitivity if they are present i the sample. This initial
step may be avoided by using highly sensitive array techniques that are becoming
mcreasingly important m the art. Alternatively, new detection technologies can
overcome this limitation and enable analysis of small samples contamning as little as 1
microgram of total RNA. Using Resonance Light Scattermg (RLS) technology, as
opposed to traditional fluorescence techniques, multiple reads can detect low
quantities of mRNAs using biotin labeled hybridized targets and anti-biotin
antibodies. Another alternative to PCR amplification mvolves planar wave guide
technology (PWG) to mcrease signal-to-noise ratios and reduce background
mterference. Both techniques are commercially available from Qiagen Inc. (USA).

[0087] Thus any of the aforementioned techniques may be used to detect or
quantify autism-associated CN'V marker expression and accordingly, diagnose autism
or an autism spectrum disorder.
Methods of Diagnosing Autism

[0088] In some embodiments, the mvention comprises a method of
diagnosing autism (mcluding autism spectrum disorder) m a subject comprising
analyzing the genetic information of the subject to determine whether the subject has
a genetic variation m at least one mGluR network gene, and diagnosing the subject as
having autism 1f a genetic vartation 1s found. In some embodiments, the subject has
autism but does not have ADHD, oppositional defiant disorder (ODD), conduct

disorder, Tourette’s syndrome (IS), anxiety disorder, phobia, or depression. In some
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embodiments, the subject has autism and also one or more of ADHD, conduct
disorder, 'I'S, anxiety disorder, phobia, and depression. In some embodiments, the
subject has both autism and ADHD.

[0089] In other embodiments, the mvention encompasses confirming a
diagnosis of autism 1n a subject. As used herein, “confirming a diagnosis of autism”
means diagnosing a subject who has already been diagnosed with autism. In some
embodiments, the method of confirming a diagnosis of autism comprises analyzing the
genetic mformation of a subject that has been diagnosed as having autism by a method
that does not comprise analyzing mGluR network genes, to determine whether the
subject has a genetic variation in atleast one mGluR network gene, and confirming the
diagnosis of autism 1f a genetic variation 1 at least one mGluR network gene 1s found.
In some embodiments, a screen for the presence of mGluR network gene variations 1s
one of two or more tests or evaluations that are performed to confirm a diagnosis in a
subject. In some embodmments, the subject has autism but does not have ADHD,
ODD, conduct disorder, 1S,anxiety disorder, phobia, or depression. In some
embodiments, the subject has autism and also one or more of ADHD, ODD, conduct
disorder, TS, anxiety disorder, phobia, and depression. In some embodiments the
subject has both autism and ADHD.

[0090] In other embodiments, the invention comprises confirming a diagnosis
of autism in a subject who does not have ADHD, ODD, conduct disorder, TS,
anxiety disorder, phobia, or depression, comprising analyzing the genetic information

of a subject that has been diagnosed as having autism by a method that does not
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comprise analyzing mGluR network genes, to determine whether the subject has a
genetic variation m at least one mGluR network gene, and confirming the diagnosis
of autism 1f a genetic variation in at least one mGluR network gene 1s found.

[0091] In one embodiment, autism is diagnosed and/or confirmed if at least one
CNV, SNV, frameshift mutation, or any other base pair substitution, insertion,
deletion or duplication m an mGluR network gene 1s detected. In other embodiments,
autism is diagnosed and/or confirmed if at least one CNV, SNV, frameshift mutation,
or any other base pair substitution, insertion, or deletion in a Tier 1 mGluR network
gene is detected. In another embodiment, autism is diagnosed and/or confirmed if at
least one CNV, SNV, frameshift mutation, or any other base pair substitution,
msertion, or deletion in a Tier 2 mGluR network gene is detected. In still other
embodiments, autism is diagnosed and/ or confirmed if at least one CNV, SNV,
frameshift mutation, or any other base pair substitution, insertion, or deletion ina Tier 3
mGluR network gene 1s detected.

[0092] A diagnosts or confirmation of diagnosis of autism may be based or
confirmed on finding a genetic alteration in a Tier 1, Tier 2, and/or Tier 3 mGluR
network gene. The genetic alteration may bea CNV. The CN'V may be a duplication or
deletion of a region of DNA that contams some or all of the DNA encodmg and
controlling/regulating an mGluR network gene. In another embodiment, the
diagnosis or confirmation of diagnosis of autism 1s made 1 a patient who does not have
ADHD, ODD, conduct disorder, TS, anxiety disorder, phobia, or depression. In some

embodiments, the diagnosis or confirmation of diagnosis of autism 1s made in a patient
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who has autism as well as one or more of ADHD, ODD, conduct disorder, IS, anxiety
disorder, phobia,and depression.

[0093] In some embodiments, the diagnosis or confirmation of diagnosis of
autism 1s based on a findmg that the copy number of an mGluR network gene
deviates from the normal diploid state. In some embodiments, the diagnosis or
confirmation of diagnosis of autism 1s based on a copy number of zero or one, which
mdicates a CNV deletion. In some embodiments, the diagnosis or confirmation of
diagnosis of autism 1s based on a copy number of three or greater, which indicates a
CNYV duplication. In another embodiment, the dragnosis or confirmation of diagnosis
of autism 1s made in a patient who does not have ADHD, ODD, conduct disorder, TS,
anxiety disorder, phobia, or depression by the presence of a copy number of zero or
one, by a copy number of three or greater, or by any deviation from the diploid state.

[0094] In one embodiment, a more severe form of autism 1s diagnosed 1f at
least two CNVs in mGluR network genes are detected. In one embodmment, a2 more
severe form of autism 1 a patient who does not have ADHD, ODD, conduct
disorder, IS, anxiety disorder, phobia, or depression is diagnosed if at least two
CNVs in mGluR network genes are detected.

[0095] In one embodiment, a method of diagnosing and/or confirming autism
comprises: obtaming a nucleic acid-contaming sample from a subject; optionally
amplifying the nucleic acid; optionally labeling the nucleic acid sample; applymng the
nucleic acid to a solid support that comprises one or more nucleic acids of mGluR

network genes, wherem the nucleic acids optionally comprise SNVs of mGluR
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network genes; removing any unbound nucleic acid sample; and detecting any nucleic
acid that has bound to the nucleic acid on the solid support, wherein the subject 1s
diagnosed or confirmed as having autism 1f bound nucleic acids are detected. In one
embodiment the method further comprises comparing any bound nucleic acids to a
standard or control and diagnosing or confirming autism 1f the analysis finds that the
test sample 1s different from the control or standard. In another embodmment of this
method, the patient with autism does not have ADHD, ODD, conduct disorder, TS,
anxiety disorder, phobia, or depression. In another embodiment, the autism patient
also has one or more of ADHD, ODD, conduct disorder, TS, anxiety disorder,
phobia, or depression.

[0096] In some diagnostic, confirming, and treatment method of the mvention,
the subject may have autism but not any of ADHD, ODD, conduct disorder, TS,
anxiety disorder, phobia, or depression. In other diagnostic, confirmimg, and treatment
methods of the invention, the subject may have autism and one or more additional
disorders such as ADHD, conduct disorder, 1S, anxiety disorder, phobia, or depression.
In some methods, the subject has both autism and ADHD.

Methods of Treating Autism

[0097] Encompassed herein are methods of treating autism in a subject
comprising administering an effective amount of a nonselective mGluR activator.
The term “treatment,” as used herein, includes any administration or application of a

therapeutic for a disease or disorder 1n a subject, and mcludes inhibiting the disease,
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arresting its development, relieving the symptoms of the disease, or preventing
occurrence or reoccurrence of the disease or symptoms of the disease.

[0098] The mGluR proteins are typically placed mnto three sub-groups, group 1
receptors mncluding mGluR1 and mGluR5 are classed as slow excitatory receptors.

[0099] Group II mcludes mGluR2 and mGluR3. Group III mncludes mGluR4,
mGluR6, mGluR7, and mGIuR8. Groups IT and IIT are classed as slow mhibitory
receptors.

[00100] The mGluRs are distinguished from the ionotropic GluRs or
1GluRs, which are 1on channel-associated glutamate receptorsandare classed as fast
excitatory receptors.

[00101] A “nonselective activator of mGluRs” refers toamolecule that
activates mGluRs from more than one of the group I, I, and I1I categories. Thus, a
nonselective activator of mGluRs may provide for a general sttmulation of the mGluR
networks. This is in contrast to specific mGluR activators that may only significantly
activate a smngle mGIluR, such as mGlIuR5, for example. Nonselective mGluRactivators
mclude, forexample, nonselective mGluR agonists.

[00102] In some embodiments, the nonselective mGluR activator 1s
fasoracetam. Fasoracetam 1s a nootropic (1.e., cognitive-enhancing) drug that can
stimulate both group I and group I1/11I mGluRs in 7z vitro studies. (See Hirouchi M, et
al. (2000) European Journal of Pharmacology 387:9—17.) Fasoracetam may stimulate
adenylate cyclase activity through activation of group I mGluRs, while 1t may also

mnhibit adenylate cyclase activity by stimulating group II and III mGluRs. (Oka M, et

40



WO 2016/205348 PCT/US2016/037596

al (1997) Brain Research 754:121-130.) Fasoracetam has been observed to be highly
bioavailable (79%-97%) with a half-life of 5-6.5 hours m prior human studies (see
Malykh AG, et al. (2010) Drugs 70(3):287-312). Fasoracetam is a member of the

racetam family of chemicals that share a five-carbon oxopyrrolidone ring. The

[00103] The term “fasoracetam” as used herein encompasses

structure of fasoracetam is:

pharmaceutically acceptable hydrates and any solid state, amorphous, or crystalline
forms of the fasoracetam molecule. For example, the term fasoracetam herein mcludes
forms such as NFC-1: fasoracetam monohydrate. Inaddition to NFC-1, fasoracetam 1s
alsoknownasC-NS-105,NS105,and LAM-105.

[00104] NFC-1 has been previously studied in Phase I-III clinical trials
mn dementia-related cognitive impairment but did not show sufficient efficacy m
dementia in Phase III trials. These trials demonstrated that NFC-1 was generally safe
and well tolerated for those indications. Phase I1I data indicated that NFC-1 showed
beneficial effects on psychiatric symptoms 1n cerebral infarct patients and adult
dementia patients with cerebrovascular diseases.

[00105] In each of the method of treatment embodiments, a
metabotropic glutamate receptor positive allosteric modulator, a metabotropic
glutamate receptor negative allosteric modulator, or a tachykinin-3 /neurokinin-3
receptor ('ACR- 3/NK3R) antagonist may be administered alone or in combination

with a nonselective activator of mGluRs to a subject, for example, having an
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alteration 1n an mGluR network gene. In some embodiments, the treatment agent
comprises ADX63365, ADX50938, ADX71149, AMNO082, a 1-(hetero)aryl-3-amino-
pyrrolidine derivative, 1.Y341495, ADX48621, GSK1144814, or SB223412.

[00100] Also encompassed herein are methods of treating autism
comprising administering fasoracetam to a subject that has a genetic alteration m at
least one mGluR network gene. In some embodiments, this subject has autism but does
not have ADHD, ODD, conduct disorder, TS, anxiety disorder, phobia, or depression,
while in other embodiments, the subject has autism as well as at least one of ADHD,
ODD, conduct disorder, IS,anxiety disorder, phobia, or depression. In some
embodiments, the subject has both autism and ADHD.

[00107] In some embodiments, the treatment methods comprise
identifying or diagnosing a subject as having a genetic alteration 1n at least one
mGluR network gene, and administering a nonselective mGluR activator such as
fasoracetam to the identified or diagnosed subject. In some of the embodiments, the
subject has autism, but does not have ADHD, ODD, conduct disorder, TS, anxiety
disorder, phobia, or depression. In other embodiments, the subject has autism, as
well as one or more neuropsychological disorders such as ADHD, ODD, conduct
disorder, IS, anxiety disorder, phobia, and depression.

[00108] In one embodiment, the nonselective mGluR activator, such as
fasoracetam, 1s administered to a subject that has autism and has been confirmed as
having at least one genetic alteration in an mGluR network gene. The genetic

alteration may be in a Tier 1 mGIluR network gene. The genetic alteration may be in a
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Tier 2 mGluR network gene. The genetic alteration may be in a Tier 3 mGluR
network gene. The genetic alteration may be more than one genetic alteration, and the
more than one alteration may be m one of Tiers 1, 2, or 3, or in any combination of
Tiers.

[00109] Some embodiments mclude a method of treating autism
comprising obtaming genetic nformation about a subject’s mGluR network genes, and
admmistermg a nonselecttve mGluR activator, such as fasoracetam, if the subject has at
least one genetic alteration, such as a CNV, m an mGluR network gene. Other
embodiments encompass a method of treating autism comprising obtaming genetic
mformation about a subject’s mGIluR network genes, and administering a nonselective
mGluR activator, such as fasoracetam, 1f the subject has least one genetic alteration,
suchasa CNV, ma Tier 1 mGluR network gene. Other embodiments include a
method of treating autism comprising obtaining genetic mformation about a subject’s
mGluR network genes, and administering a nonselective mGluR activator, such as
fasoracetam, if the subject has atleast one genetic alteration, such asa CNV, m a Tier 2
mGluR network gene. Still other embodiments encompass a method of treating autism
comprising obtaining genetic information about a subject’s mGluR network genes, and
admmistering a nonselective mGluR activator, such as fasoracetam, 1f the subject has at
least one genetic alteration, such asa CNV, ma Tier 3 mGluR network gene. Subjects
having more than one CNV in any one Tier, or in a combination of any of the three
Tiers, may be treated by administeringa nonselective mGluR activator, such as

fasoracetam. In some embodiments, subjects having autism, but not having ADHD,
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ODD, conduct disorder, 1S, anxiety disorder, phobia, or depression, may be treated. In
other method of treatment embodiments of the mvention, the subject has one or
more neuropsychological disorders such as ADHD, ODD, conduct disorder, IS,
anxiety disorder, phobia, and depression i addition to autism.
Dosing

[00110] In some embodiments, fasoracetam may be administered as
fasoracetam monohydrate (NFC-1). In some embodiments, fasoracetam may be
admmistered by mouth (1.e., per 05). In some embodiments, fasoracetam may be
admmistered as capsules. In some embodmments, fasoracetam capsules may contain
50, 60, 70, 80, 90, 100, 110, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175,
180,185, 190, 195, or 200 mg of fasoracetam monohydrate. In some embodiments,
fasoracetam may be dosed once daily or twice daily. In some embodiments, the daily
dose of fasoracetam maybe 50 mg once-daily, 100 mg once-daily, 200 mg once-daily, 400
mgonce-daily, 50 mgtwice-daily, 100 mg twice-daily, 200 mg twice-daily, or 400 mg twice-
daily. In some embodmments, fasoracetam dosmg may be adjusted using a series of dose
escalations. In some embodiments, pharmacokinetic data on druglevel or clmical
response 1s used to determine changes in dosing. In some embodmments, dose
escalation of fasoracetam 1s not used. In some embodiments, subjects are treated ata
dose of fasoracetam expected to be clinically efficacious withouta dose-escalation

protocol.
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Combination Therapies

[00111] In some embodiments, fasoracetam 1s used in combination with
other agents for the treatment of autism.
Kits and Articles of Manufacture

[00112] Any of the aforementioned products can be incorporated mto a
kit which may contain a autism-associated CNV /SNP specific marker polynucleotide
or one or more such markers immobilized on a Gene Chip, an oligonucleotide, a
polypeptide, a peptide, an antibody, a label, marker, or reporter, a pharmaceutically
acceptable carrier, a physiologically acceptable carrier, mstructions for use, a
contamer, a vessel for administration, an assay substrate, or any combination thereof.

[00113] Vectors and probes comprising any of the autism-associated
CNV/SNP specific marker polynucleotides or the Tier 1, 2, and/or 3 genes described
mn Figures 15-18 are encompassed.

[00114] Host cells expressing the autism-associated CNVs/SNPs of the
present mvention or functional fragments thereof are encompassed.

[00115] The following examples are provided to illustrate certain
embodiments of the invention. They are not intended to limit the invention in any
W'cly.

EXAMPLES
Example 1
[00116] A large genome-wide assocation study (GWAS) of structural

variants that disrupt gene family protein mteraction networks in patients with autism
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was performed. Multiple defective networks 1 the ASDs were found, most notably
rare copy-number variants (CNVs) i the metabotropic glutamate receptor (mGluR)
signaling pathway m 5.8% of patients with the ASDs. Defective mGluR signaling was
found m both ADHD and schizophrenia, two common neuropsychiatric disorders
that are highly comcident with the ASDs. Furthermore, other attractive candidates
were found such as the MAX dmmerization protemn (MXD) network that 1s implicated
m cancer, and a Calmodulin 1 (CALM1) gene mteraction network that 1s active 1
neuronal tissues. The numerous defective gene family interactions found to underlie
autism present many novel translational opportunities to explore for therapeutic
mterventions.

[00117] To identify and comprehensively characterize defective genetic
networks underlying the ASDs, a large-scale genome association study for copy-
number variation (CNVs) enriched m patients with autism was performed. By
combining the affected cases from previously published large ASD studies with more
recently recrutted cases from the Children’s Hospital of Philadelphia, one of the
largest searches for rare pathogenic CNVs m ASDs to date was executed. In sum,
6,742 genotyped samples from patients with the ASDs were compared with those
from 12,544 neurologically normal controls recruited at The Children’s Hospital of
Philadelphia (CHOP).

[00118] These cases were each screened by neurodevelopmental
spectalists to exclude patients with known syndromic causes for autism. Genotyping

was performed for the vast majority of the ASD cases as well as all the controls. After
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cleaning the data to remove sample duplicates and performing standard QC for
CNVs, the continental ancestry of 5,627 affected cases and 9,644 disease-free
controls was inferred using a traming set defined by populations from HapMap 3 and
the Human Genome Diversity Panel (Table 1). Using this QC criterta, it was
estimated that the sensitivity and spectficity of calling CNVs 1s ~70% and 100%,
respectively, across 121 different genomic regions assayed by PCR. Across all
ethnicities, there was an increased burden of CNVs in cases versus controls, a
statistically significantly difference (P< 0.001) in the larger European (63.3 versus

54.5 Kb, respectively) and African-derived (70.4 versus 48.0 Kb, respectively)

populations.
[00119] Table 1: Distribution of CNVs across samples and estimated
ancestry.
Continental ancestry Case Control Total
Euwrope
Mumber of samples 4 602 4722 8,324
SONVY burden (Kb 83.3 548
Africg
Mumber of samples 312 4 188 4 481
SONVY burden (Kb 70.4 48.0
Amerivg
Mumber of samples 485 275 751
CMNV burden Kb 59.1 58.4
Asgig
Mumber of samples 201 350 551
CMNV burden Kb 56.1 841
Other
Number of samples 27 127 154
CMNY burden K) 51.8 49 .4
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Afl Efhinicifiss

Number of samples 5627 9,644 15,271
TOMY burden (Kb} 53.C 517
[00120] Referring to Table 1, CNV=copy-number variation. The table

shows the distribution of cases, controls and CNV coverage across estimated
continental ancestry. For groups of cases and controls across estimated ancestries, the
table lists the numbers of subjects that passed quality control and their group-wise
CNYV burden, defined as the average span of CNVs in Kb for each group.

[00121] Referring to Table 1, *Statistically significant (P< 0.01 by
PLINK permutation test) differences m CNV burden are marked with an asterisk(*).
Example 2

[00122] A search was performed for pan-ethnic CNV regions (CNVRs)
discovered in the European-derived data set (4,602 cases versus 4,722 controls; P<
0.0001 by Fisher’s exact test) and replicated m an independent ASD data set of
African ancestry (312 cases versus 4,169 controls; P< 0.001 by Fisher’s exact test)
with subsequent measurement of overall significance across the entire multi-ethnic
discovery cohort (5,627 cases versus 9,644 controls) for maximal power (Fig. 5, Fig.
10).

[00123] Figure 5 shows the significance of CNVRs by GWAS of ASDs
in Huropean-derived or African-derived populations. The Manhattan plots show the
—log10 transformed P-value of association for each CNVR along the genome.

Adjacent chromosomes are shown in alternating red and blue colors. The regions
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discovered in Europeans (P< 0.0001) that replicated in Africans (P< 0.001) are
highlighted with black arrows labeled by chromosome band. GWAS of 4,634 cases
versus 4,726 controls in Europeans 1s shown on top and GWAS of 312 cases versus
4,173 controls in Africans is shown below.

[00124] On the basis of these selection criteria, two large well-known
ASD risk loct emerged that harbored multiple duplications m the Prader
Willi/ Angelman syndrome (15q11-13) critical region, and multiple deletions were
detected in the DiGeorge syndrome (22q11) critical region, albeit notably smaller
than the 22q11 deletion syndrome. A third locus harboring deletions in poly ADP-
ribose polymerase family 8 (PARP8) on chromosome 5q11 was also discovered.
PARPS has previously been identified as associated with the ASDs 1n a Dutch
population but it has not previously been described for its pan ethnic distribution
across Furopean-derived and African-derived populations.
Example 3

[00125] The genetic interaction networks derived from gene families
with members localized to the Prader Willi/ Angelman syndrome (15q11-13) critical
region, the DiGeorge syndrome (22q11) critical region, and the novel PARPS8 (5q11)
region were examined using a method previously applied to ADHD; however, hardly
any of the most significant genes harbormg significant CN'VRs clustered within gene
families. Consequently, the search for gene family mteraction networks (GFINs) was
broadened to search the entire genome for GFINs with CN'Vs enriched m autism.

For every gene family, a GFIN was defined as the genetic interaction network
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spawned by 1ts multiple duplicated members. Standard HUGO gene names were used
to define 1,732 GFINs across which were searched for enrichment of network
defects assoctated with the ASDs. However, because there 1s an a priort excess of
CNV burden in ASD cases over disease-free controls (I'able 1), larger GFINs are
expected to display significant enrichment of case defects by virtue solely of their
increased size and complexity. Therefore, for each GFIN, a network permutation test
of case enrichment was used across 1,000 random sets of networked genes to control
for the GFIN size and complexity. With this approach, network defects associated
with the ASDs were 1dentified by minimizing statistical artifact derived from any a
priort excesstve CNV burden in cases over controls, as well as other unknown biases
that may be mherent in the human mteractome data that were mmed.

[00120] Out of 1,732 GFINSs, the network permutation test was used to
rank 1,557 GFINs with defined CNVs for enrichment of genetic defects m the
ASDs. Among the top GFINs (Figures 13A-B) was the metabotropic glutamate
receptor (mGIuR) pathway defmed by the GRM family of genes that impacts
glutamatergic neurotransmission. The GRM family contains eight members, all of
which were defined in the human mteractome to cumulatively spawn a GFIN of 279
genes (Figs. 6A-D). Across this GFIN for the GRM family of genes, we found CNV
defects in 5.8% of European-derived ASD cases (265/4,602) versus only 3% of
ethnically matched controls (153/4,722), a 1.8-fold enrichment of frequency (PFisher
<2.40E—09). By 1,000 random network permutations, we found this excess of

enrichment across cases m the mGluR pathway to also be statistically significant
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(Pperm < 0.05). In addition, 69.2% (124/181) of the informative genes within our
mGluR network showed an excess of CNVs among cases. However, the component
genes that harbor the most significant CNVRs contributing to this overall network
significance reveal that the duplicated mGluR genes themselves (GRM1, GRM3,
GRM4, GRM5, GRM6, GRM7 and GRMS) fail to achieve significance individually,
although there 1s a trend for an excess of CNV defects across a spectfic subset of
mGluR receptors (GRM1, GRM3, GRM5, GRM7, GRMS) that 1s unique to cases
(Fig. 9).

[00127] Figures 6A-D shows enrichment of optimal CNVRs across
mGluR network of genes. Nodes of the network are labeled with their gene names,
with red and green representing deletions and duplications, respectively, while grey
nodes lack CNV data. Dark and light colors represent enrichment in cases and
controls, respectively. The genes defining the network are shown as diamonds, while
all other genes are shown as circles. Blue lines indicate evidence of mteraction.
Example 4

[00128] Many large studies of CNVs implicate genes withm the
glutamatergic signaling pathway 1n the etiology of the ASDs, and SNP and CNV
duplications of GRMS8 have been reported in assoctation with the ASDs before 1n
humans. Moreover, a recent functional study demonstrated that in mouse models of
tuberous sclerosis and fragile X, two different forms of syndromic autism, the autistic
phenotype was ameliorated by modulation of GRMb5 m opposite directions for each

syndrome, which suggests that GRM5 functional activity 1s central in defining the axis

51



WO 2016/205348 PCT/US2016/037596

of synaptopathophysiology in syndromic autism. The GRM network findings herein
mplicate rare defects n mGIluR signalling also contribute to the ASDs outside of
fragile X and tuberous sclerosts, and functional mGluR synaptopathophysiology may
be mitiated from many dozens 1f not hundreds of defective genes within the mGluR
pathway that may account for as much as 6% of the endophenotypes of the ASDs
(Figures 13A-B).

[00129] In addition, the mportance of mGluRs m ADHD, a highly co-
mcident neuropsychiatric disorder within the autism spectrum, has been
demonstrated. However, in contrast to ADHD where defects within the mGluR
receptors themselves (GRMs) were among the most significant copy-number defects
contributing to the overall network significance, 1t was found that m the ASDs
defects of component GRMs contributed only modestly to the overall significance of
the mGluR pathway. Nonetheless, the defects within GRM1, GRM3, GRM5, GRM7
and GRMS that were 1dentified as unique to cases and thus enriched are the same
GRMs that were identified as being pathogenic mn ADHD and may impact
glutamatergic signaling.

[00130] Among the most highly ranked GFINs by permutation testing,
the MAX dimerization protein (MXD) GFIN (PFisher <3.83E-23,
enrichment=2.53, Pperm <0.042) was the most enriched. The MXD family of genes
encode proteins that interact with MYC/MAX network of basic helix-loop-helix
leucine zipper (b HLHZ) transcription factors that regulate cell proliferation,

differentiation and apoptosis (MIM 600021); MXD genes are important candidate
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tumour suppressor genes as the MXD-MYC-MAX network 1s dysregulated in various
types of cancer. Interestingly an epidemiological link between autism and specific
types of cancer has been reported, and anticancer therapeutics were recently shown
to modulate ASD phenotypes 1 the mouse through regulation of synaptic NLGN
protein levels. Within the component genes contributing to the MXD GFIN
significance, duplications in PARP10 (P<4.06E—11, OR=2.04) and UBE3A
(1.50E—06, OR=1nf) are the most significantly enriched (Figure 12). It 1s notable that
PARPS was found to be significant across ethnicities as described earlier (Figure 12),
and the importance of structural defects n UBE3A m the ASDs was previously
described.

[00131] Other notable significant GFINs uncovered were POU class 5
homeobox (POUSEK) GIFN (PFisher<2.96E~17, enrichment=2.3, Pperm <0.008,
and the SWI/SNF related, matrix associated, actin-dependent regulator of chromatin,
subfamily ¢ (SMARCC) GFIN (PFisher =1.22E—09, enrichment=1.9, Pperm
<0.035). The POUSF family of genes encodes for transcription factors containing a
POU homeodomain, and their role has been demonstrated m embryonic
development, especially during early embryogenesis, and it 1s necessary for embryonic
stem cell pluripotency. Component genes of the SMARCC gene family are members
of the SWI/SNF family of proteins, whose members display helicase and ATPase
activities and which are thought to regulate transcription of certamn genes by altering
the chromatin structure around those genes. Most mterestigly, the KIAA family of

genes ranked among the top GFINs (PFisher <3.12E-23, enrichment=1.6, Pperm
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<0.040). KIAA genes have been identified in the Kazusa cDNA sequencing project
and are predicted from novel large human cDNAs; however, they have no known
function.

[00132] Some component members of gene families may contribute
disproportionately to the significance of a GFIN because they are highly connected
to interacting gene partners that are enriched for CNV defects in ASD. Therefore,
the 1,732 gene families were decomposed mto their 15,352 component duplicated
genes of which 1,218 had defmed networks with data to test for significance by
genome-wide network permutation. The calmodulin 1 (CALM1) gene interaction
network ranked highest by network permutation testing of case enrichment for CNV
defects across 1,000 random gene networks (Figure 7, Figure 14) and represents a
novel and attractive candidate gene for the ASDs. Across the CALM1 network, CNV
defects were found in 14/4,618 cases versus only 1/4726 controls (Pfisher
<4.16E—04, enrichment=14.37, Pperm <0.002), and these defects were distributed
such that 90% (9/10) of genes that harbored CNVs in the CALM1 interactome were
enriched 1 cases. Closer mspection of the most significant CNVR contributing to the
CALM1 network significance (Figure 11) revealed that no single gene was significant
on its own; instead, with the exception of only one gene (PI'H2R), each contributing
CNVR tagged highly penetrant rare defects unique to cases. Calmodulin 1s the
archetype of the family of calcrum-modulated protemns of which nearly 20 members
have been found. Calmoduli contains 149 amino acids that defme four calcium-

binding domains used for Ca2+-mediated coordination of a large number of
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enzymes, 1on channels and other protemns including kiases and phosphatases; its
functions mclude roles 1n growth and cell cycle regulation as well as 1n signal
transduction and the synthesis and release of neurotransmitters [MIM 114180].

[00133] Figure 7 shows the enrichment of optimal CNVRs across
CALM1 network. The first degree-directed interaction network defined by CALM1 1s
shown.

[00134] The comprehensive, unbiased analytical approach described
herem has identified a diverse set of specific defective biological pathways that
contribute to the underlymng aetiology of the ASDs. Among GFIN's robustly enriched
for structural defects, the most enriched was that of the MXD family of genes that
has been implicated 1n cancer pathogenesis, thereby providing concrete genetic
defects to explore the reported coincidence of specific cancers with the ASDs. The
most highly ranked component duplicated gene mnteraction network mvolves defects
mn CALM1 and 1ts multiple mteracting partners that are important mn regulating
voltage-mndependent calcium-activated action potentials at the neuronal synapse.
Moreover, there was significant enrichment for defects within the GFIN for GRM
that defmes the mGluR pathway. While specific mGluR gene family members have
been shown to underlie syndromic ASDs, these findings suggest that rare defects
mGluR signaling also contribute to idiopathic autism across the entire GFIN for
GRM genes.

[00135] Given the unmet need for better treatment for

neurodevelopmental diseases, the functionally diverse set of defective genetic
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mteraction networks reported heremn presents attractive genetic biomarkers to
consider for targeted therapeutic mtervention m ASDs and across the
neuropsychiatric disease spectrum.
Methods applicable to Examples 1-4

[00130] The majority of cases (5,049 of 6,742) and all controls (12,544)
were genotyped with genome-wide coverage using the Infinium II platform across
various iterations of the HumanHap BeadChip with 550 K, 610 K, 660 K and 1 M
markers by the Center for Applied Genomics at The Children’s Hospital of
Philadelphia (CHOP). There were 1,693 cases genotyped by the AGP consortium. All
cases and ~\n50% of controls were re-used from previously published large ASD
studies. All cases were diagnosed by ADI-R/ADOS and fulfilled standard criteria for
ASDs. Duplicate samples were removed by selecting unique samples with the best
quality (based on genotyping statistics used to QC samples) from clusters defined by
single linkage clustermg of all pairs of samples with high pairwise identity by state
measures (IBS 20.9) across 140 K non-correlated SNPs. FEthnicity of samples was
mnferred by a supervised k-means classification (k=3) of the first 10 eigenvectors
estimated by principal component analysis across the same subset of 140 K non-
correlated SNPs. We used HapMap 3 and the Human Genome Diversity Panel
samples with known continental ancestry to tram the k-means classifier implemented

by the R Language for Statistical Computing.
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CNYV inference and association

[00137] CNVs with the PennCNV algorithm, which combmes multiple
values, including genotyping fluorescence mtensity (Log R Ratio), population
frequency of SNP minor alleles (B-allele frequency) and SNP spacing were called mto
a hidden Markov model. The term ‘CNV’ represents mdividual CNV calls, whereas
‘CNVR’ refers to population-level vartation shared across subjects. Quality control
thresholds for sample inclusion m CNV analysis mcluded a high call rate (call rate
295%0) across SNPs, low s.d. of normalized intensity (s.d. <0.3), low absolute
genomic wave artifacts (| GCWE| <0.02) and low numbers of CNVs called (#CNVs
<100). Genome-wide differences in CNV burden, defined as the average span of
CNVs, between cases and controls and estimates of significance were computed
using PLINK. CNVRs were defined based on the genomic boundaries of individual
CNVs, and the significance of the difference m CNVR frequency between cases and
controls was evaluated at each CNVR using Fisher’s exact test.
Gene family interaction networks definition and association

[00138§] Previous work on ADHD was extended here to rank all GFINs
by a network permutation test. Spectfically, using merged human mteractome data
from three different yeast two hybrid generated data sets accessed through the
Human Interactome Database, the directed second-degree gene interaction network
was defined for all gene families just as was done for the sole metabotropic glutamate
receptor gene family network m ADHD. Specifically, GFIN was used to refer to

these gene family-derived mteraction networks. In sum, 2,611 gene families were
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found with at least two members based on official HUGO gene nomenclature, and
generated 1,732 GFINs usmg. For 1,557 GFINs with defined CNVs an odds ratio
was calculated of cumulative network enrichment over all genes harboring CNVs
within the network. Moreover, for each GFIN, its enrichment was quantified by a
permutation test of 1,000 second-degree gene interaction networks dertved from a
random set of N genes, where N 1s the number of members of a given gene family.
Because the CNVs focused on are so rare, there 1s relatively not enough power to
achieve significance by permutation testing after correcting for multiple GFIN tests.
However, all GFINSs are reported in order of their nominal/marginal significance.
Experimental validation of CNVs

[00139] Significant CN'VRs that were 1dentified were validated using
commercially available qPCR Tagman probes run on the ABI GeneAmp 9700 system
from Life Technology. Figure 9 lists 251 reactions that were tested using 121
different genomic probes across 85 different samples for which DNA was available.
For deletions, sensitivity=0.65, spectficity=1.00, NPV=1.00 and PPV=0.88. For
duplications, sensitivity=0.68, specificity=0.99, NPV=0.94 and PPV=0.91.
Conclusions

[00140] The data presented herein is evidence that ASD can be
diagnosed after recognition of at least one CNV m an mGIuR network gene selected
from the group consisting of ACAT1, ACAT2, ACP1, ACIR2, ADCY1, ADDI1,
ADRA2C, ADRBK1, AGAP2, ALDOA, APTX, ARHGAP24, ARL15, BDKRBI,

BDKRB2, Clorfl16, Cdorf3, CTorf25, CA8, CACNA1B, CALB2, CATMI,
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CAMK2B, CHP, CHRM3, CNPY2, CNR1, COPB2, DCN, DHCR7, DISC1, DSTN,
ECHS1, EGFR, ERBB2, ERP44, I'2RL.2, FKBP3, FURIN, GLP1R, GLP2R,
GNA15, GNAIL, GNAI2, GNAI3, GNAO1, GNAQ, GNB2L1, GRB2, GRB7,
GRIK1, GRM1, GRM3, GRM5, GRM7, GRMS8, GSN, HNRNPA3, HOMERI1,
HOMER3, HTT, IMPDH2, IQGAP2, ITGB7, I'TPR1, LAMA4, LRP2BP, LYAR,
LYN, MAP4, MAPK1, MTHFD1, MTNR1A, MX1, MYO6, NAA15, NCK1,
NPY2R, PCBP1, PCBP3, PCDHA4, PDEI1C, PICK1, PIK3CA, PLA2G7, PLCBI1,
PRDX1, PRKCA, PRPSAP1, PSMC1, PSMD1, PSMD13, PSME1, PXN, RAB2A,
RANBP1, RAP2A, RCC1, RGS12, RPA2, RPN2, RUVBL2, RYR2, S100A6, SACS,
SDC3, SERPINBY, SLC6A3, SNRPB2, SRC, STRAP, STX12, SYK, TCP1, TEAD3,
TEAM, TJP1, TRAF2, TUBA1A, TUBA3C, TXN, UBQLN4, VHL, and YWHAQ
(also shown 1n Figures 15A-D).

[00141] The CNVs i these genes are sensitive and specific biomarkers
for selecting and treating ADHD due to defective mGluR pathways. Furthermore,
the present mventors have identified drug candidates that specifically activate the
mGluRs, potentially restoring normal neurophysiology i ASD patients with
mutations m any of the mGluR network genes, as shown n Figures 15A-D.

[00142] For example, compounds which may be administered m
mplementing the test and treat paradigm described herein include the piracetam
family of nootropic agents, as described m F. Gualtier1 et al., Curr. Phann. Des., 8:
125-38 (2002). More preferably, the treating agent 1s a pyroglutamide. Details

regarding the preparation and formulation of pyroglutamides, which may be used 1n
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the practice of this mvention, are provided in U.S. Pat. No. 5,102,882 to Kimura et al.
A particularly preferred agent for the treatment of ASD 1n patients determied to
have one or more of the CNVs imndicative as set forth m Figures 15A-D, 1s (+)-5-ox0-
Dprolimepiperidinamide monohydrate (NS-105).
Example 5
The Role of mGluR Copy Number Variation in Genetic and Environmental
Forms of Syndromic Autism Spectrum Disorder

[00143] Abnormal signaling mediated through mGluR5 is mvolved m
the pathophysiology of Autism Spectrum Disorder (ASD) 1n Fragile X Syndrome and
Tuberous Sclerosis. However, the role of other mGluR associated network/signaling
genes i syndromic ASD 1s unknown. To determine whether copy number variants
(CNV'S) are enriched in syndromic ASD, microarrays were used to identify mGluR
network CNV's in children with ASD. We set out to determine 1) whether rate of
syndromic features vary between children with ASD with and without CNV's in
mGluR network genes; and 2) whether "second hits" in mGluR network genes occur
more often m children with ASD m children with 22q11.2 Deletion Syndrome (who
all have haplo msufficiency of RANBP1, an mGluR network gene 1n the 22q11.2
region.

[00144] Individuals 1 our biorepository with parental report of ASD
(n=6,452) were screened for parental consent to access clmical evaluations m the
Electronic Health Record at the Children's Hospital of Philadelphia (n1=539). Our

syndromic comparison cohort included children with 22q11.2 Deletion Syndrome
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with full access to past medical and neuropsychological evaluations (n=75), including
those with diagnosis of ASD (n=25) and those with no concern for ASD (n=50).

[00145] Patient categorization (syndromic vs nonsyndromic) was done
via blinded medical chart review m all mGluR positive and 100 randomly selected
mGluR negative cases.

[001406] Our results, explained further herem show that 11.5% of ASD
had mGluR CNV's vs. 3.2% in healthy controls (p<0.001). Syndromic ASD was
more prevalent in children with mGluR CNVs (72% vs 16%, p<0.001). A
comparison cohort of children with 22q11.2 Deletion Syndrome (n=25 with ASD,
n=>50 without ASD), all haplo-msufficient for mGluR network gene RANBP1, was
evaluated to determine whether "second hits" in mGluR network genes confer
additional risk for ASD. 20% with 22q11.2DS+ASD had "second hits" in mGIluR
signaling genes vs 2% 1 22q11.2DS-ASD (p<0.014). Conclusions: We propose that
altered RANBP1 expression may provide a mechanistic link between ASD m
22q11.2DS, Thalidomide Embryopathy and Fetal Valproate Syndrome, providing a
link for seemmgly unrelated genetic and environmental forms of ASD.

[00147] The results suggest that CNV's in mGluR network genes,
previously mplicated 1n altered neurological development m Fragile X Syndrome and
Tuberous Sclerosis, may link many other genetic and environmental forms of Autism
Spectrum Disorder. As discussed 1n the previous examples, Autism Spectrum
Disorder (ASD) occurs in approximately 1/88 individuals and is characterized by

impairment in soctal communication and repetitive mterests and activities.
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Approxmmately 20% of cases occur in the context of an identifiable syndrome.
Genetic syndromes with ASD are heterogeneous, including cytogenetically visible
chromosomal alterations (e.g. Trisomy 21), microdeletion and microduplication
syndromes (e.g. 22q11.2 deletion syndrome [22q11.2DS]; 22q11.2 duplication
syndrome [22q11.2Dup§]), and monogenic disorders (e.g. Fragile X Syndrome [FXS],
Tuberous Sclerosis [TS]). In addition, prenatal exposure to thalidomide, valproic acid,
misoprostol, ethanol and maternal rubella mfection, have been associated with an
elevated risk of ASD.

[00148] The mechanism for the development of ASD m most forms of
idiopathic and syndromic forms of ASD remams elusive. Recently, signaling through
metabotropic glutamate receptor 5 (mGIluR5) has been implicated m the development
of ASD i FXS and 'TS. In FXS, abnormal production of Fragile X Mental
Retardation Protemn (FMRP) removes normal mhibition of signaling through the
mGluR pathway. Tuberous Sclerosis leads to over mhibition of signaling. Auerbach
and colleagues (2011) demonstrated abnormal synaptic learning and atypical behavior
in mouse models of FXS and TS, and reversed these effects by breeding the two
stramns together--mice harboring both mutations had normal mGluR signaling, and
learning and behavior that was indistinguishable from control mice. Other studies
have demonstrated normalization of learning and behavior in Fragile X mice by
administration of an mGluR5 antagonist. In addition to elucidating the mechanism
for cognitive and behavioral differences in FXS and TS, these studies suggest a

promising avenue for pharmacological treatment. To determine whether additional
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forms of syndromic ASD may share a similar mechanism (through disruption of the
mGluR gene network), we analyzed DNA from 539 children with ASD (not filtered
for comorbid genetic syndrome) followed at the Children's Hospital of Philadelphia.

[00149] The following materials and methods are provided to facilitate
the practice of Example 5.

[00150] Participants: Phenotypic data for patients with ASD as reported
on parental health questionnaires from our biorepository (n=6,452) were evaluated to
identify patients who received clinical assessment at the Children's Hospital of
Philadelphia and agreed to Electronic Health Record chart review. DNA from these
cases (n=539) were selected for further phenotypic and genotypic analysis. Children
were recruited for mclusion in the general Center for Applied Genomics
biorepository when they were getting blood drawn for another purpose at The
Children's Hospital of Philadelphia, so there is an overrepresentation of children with
at least one medical problem in this patient cohort. The parents of all patients gave
consent for participation 1n the study, which was approved by the Institutional
Review Board at the Children's Hospital of Philadelphia (IRB 06-0048806).

[00151] Chart Review: Subject selection and randomization process: All
patients with an mGIluR CNV (n=62) and 100 patients without mGluR CNV were
randomly selected for chart review. This procedure was selected to ensure that all
patients with mGluR CNV recetved detailed chart review with an adequately sized
comparison cohort. A three-step process was done to ensure blinded chart review.

The selection of the 162 charts was done by a geneticist with access to CNV data but
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without access to the Electronic Health Record (CK). Another author who had no
access to CNV data nor the Electronic Health Record blinded and randomized the
patient ID's (RTS). Finally, a physician with access to the Electronic Health Record
but blinded to mGluR status (TLW) reviewed charts for documentation of ASD
diagnosis and presence of other medical comorbidities.

[00152] ASD: Charts were reviewed to confirm a diagnosis of ASD and
also to determime medical comorbidities for each patient. Diagnosis of ASD was
confirmed m the chart, but as this was a retrospective chart review, gold-standard
research mstruments (e.g. Autism).

[00153] Medical Comorbidities: Structural birth defects, genetic testing
and medical conditions were recorded for each patient. Cases were categorized as
"Syndromic ASD" if they had ASD and presence of a medical condition or structural
birth defect (e.g. cleft palate) that occurs 1n less than 1% of the general population.
This criteria was established to define a subset of patients whose ASD and other
medical problems would be highly unlikely to occur comcidentally--With a baseline
rate of ASD at 1/88 and a medical condition that occurs in <1% of the general
population, the compound likelthood of both occurring by chance would be
approximmately 0.001%. See FIG. 8.

[00154] Genotyping Arrays and CNV Calling: DNA from subjects with
ASD were each genotyped on the Human610-Quad or HumanHap550 SNP arrays
from Ilumima. For 22q11 DS cohorts, subjects were typed either on Illumima SNP

arrays (Human610-Quad v1.0 or HumanHap550) or Affymetrix 6.0 SNP arrays.
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Clustermg and SNP calling was performed using GenomeStudio (Illumina) to
generate normalized mtensity (1.e. Log-R ratio, or LRR) and B-allele frequencies
(BAF). CNV calling was performed using the PennCNV algorithm [PMID:
17921354] following waviness correction [PMID: 18784189]. In brief, PennCNYV uses
a hidden Markov model (HMM) that incorporates information from LRR, BAF, as
well as features of the array (e.g. distance between neighboring SNPs) to detect
CNVs.

[00155] CNYV Quality Control: Samples with SNP arrays of poor quality
were excluded from CNV calling, smce typically the proportion of false positives
increases considerably for these samples. Those samples where the genotyping call
rate>96%, standard deviation of LRR (LRR sd)<0.4, GC-wave factor (GCWF) 1s
between -0.2 and 0.2 after waviness correction, and total number of CNV calls for
the sample <100 were included mn analysis.

[00156] CNYV Annotation: For syndromic ASD regions, genomic
coordinates were those described by Betancur [PMID: 21129364]. The GRM/mGIuR
network generated by Cytoscape from the Human Interactome database was
described by Eha et al. [PMID: 22138692] usmng UCSC Genome Browser defmitions
for gene coordinates (UCSC genes). This network from Cytoscape was used to define
mGluR+ vs. mGluR-subsets. For 22q11 DS cohort analysis, additional
GRM/mGIuR network genes were identified based on 1st degree interaction network
of the eight GRM genes using the program Ingenuity Pathway Analysis (Ingenuity

Systems Inc./Qiagen; Redwood City, Calif.) as well as the genes encoding the group 1
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mGluR signaling pathway described m Kelleher et al. [PMID: 22558107]. CNV calls
were analyzed for overlap to known syndromic regions and GRM network genes. All
syndromic aberrations detected by clmical cytogenetic laboratory testing were
confirmed on correspondmg SNP arrays.
Results: mGluR Network Copy Number Variations (CNVs) are Prevalent in
Syndromic ASD Compared to Nonsyndromic ASD

[00157] CNVs mn the mGluR network genes were found in 74% of
patients with syndromic ASD compared to 16% of patients with nonsyndromic ASD
(p<0.001). Most of the mGluR CNV's in patients with syndromic ASD (75%) were
included in larger clinically significant CN'V's. As mGluR network genes are present
m the 22q11.2 region (RANBP1) and on chromosome 21 (APP GRIK1 MX1 PCBP3
SETDA4), patients with ASD in the presence of 22q11.2DS, 22q11.2DupS or Trisomy
21 accounted for 15 (33%0) of the patients with Syndromic ASD+mGluR network
changes. The remainder of observed cytogenetic changes had mdividual non-
overlapping deletions or duplications. The analysis was repeated after exclusion of
children with Trisomy 21, 22q11.2DS and 22q11.2DupS, (the syndromes in children
m this study which have previously been assoctated with ASD). After their exclusion,
the effect remained significant (p<0.001).
Autism Spectrum Disorder in 22q11.2 Deletion Syndrome is Associated with
"Second Hit" in mGluR Pathway

[00158] As a comparison cohort, data from children with 22q11.2 DS

with ASD (n=25) and without ASD (n=50) who had completed high density
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microarray evaluation (either Affymetrix 6.0, [llumina 500K, and Ilumina 610Q)) and
climical developmental assessments (as enrolled through a parallel study, approved by
the Children's Hospital of Philadelphia Institutional Review Board, IRB 07-005352)
were examined for the presence of a second mGluR network hit outside of the
22q11.2 region. "Second hits", deletions of an mGluR network gene outside of the
22q11.2 region, were found in 20% (5/25) of patients with ASD and only 2% (1/50)
without ASD (p<0.014).

[00159] Prior studies have demonstrated that abnormal signaling (either
too much or too little) through mGIluR5 could be the basis for abnormal neural
development (and possibly ASD) in FXS and TS. Our data suggest that derangement
of the mGluR network may be responsible for increased rates of ASD seen m
cytogenetically distinct forms of syndromic ASD. mGluR network genes are found in
the 22q11.2 region as well as on Chromosome 21, which may be mnvolved m the
mcreased prevalence of ASD in both Down Syndrome and 22q11.2 DS. However, all
patients with Trisomy 21 or 22q11.2 DS harbor the change in the mGluR network
suggesting a second hit outside of the region may be necessary for expression of the
ASD phenotype.

Autism Spectrum Disorder in 22q11.2 Deletion Syndrome, 22q11.2 Duplication
Syndrome, Thalidomide Embryopathy and Fetal Valproate Syndrome

[00160] The 22q11.2 DS is the most common microdeletion syndrome

in humans, occurring in 1 in 4,000 individuals. The typical deletion spans

approximmately 3 Mb and includes approximately 45 genes, causing a variety of
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medical and behavioral disorders. ASD occurs 1n approximately 20%o, and psychosis
in 25%. The 22q11.2DupS results in the same types of birth defects and medical
comorbidities seen 1 22q11.2 DS, but at a lower rate (among over 60 patients m our
clinical cohort). There are no cases of psychosis in 22q11DupS in the literature.sup.29
or our cohort. Among our cases with documentation of developmental evaluation
after the age of 4, the prevalence of ASD 1s 27%, which 1s slightly higher than the rate
m children with 22q11.2DS.

[00161] Thalidomide exposure during pregnancy causes a variety of
birth defects that have all been reported m 22q11.2DS, including some that are
extremely rare (e.g. phocomelia, radial ray defects). Miller and Stromland reported an
elevated risk of ASD following exposure to thalidomide during early embryogenesis.
This study included prospective evaluation by a psychiatrist was done for adults who
had been exposed to thalidomide during pregnancy and evaluation by a physician to
document birth defects and associated features. All cases of ASD following
thalidomide exposure had ear anomalies, suggesting exposure between days 24-28
post-fertilization. Among individuals exposed at this time, there was a 27% rate of
ASD. Replications of this study 1n additional cohorts of children have not been
possible because the use of thalidomide 1n pregnant women was widely restricted m
the 1960's; therefore, additional cases are not available. Though several mechanisms
for the cause of many of the birth defects in thalidomide embryopathy have been
proposed, animal studies of the teratogenic effects of thalidomide have been limited

due to significant species differences. One of the reasons thalidomide was used
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widely in the 1960's was because of a lack of teratogenicity in animals at levels that are
highly teratogenic in humans. This has resulted m significant limitation in the ability
of researchers to determme the teratogenic mechanism of thalidomide, as studies
have taken place 1n animals for which thalidomide is not particularly teratogenic, or
using dosages which are much higher than that used mn humans. Recent changes n
legislation have allowed for a study to be completed in human embryonic stem cells--
the first of its kind to use human cells and dosages which would have been analogous
to that experienced by women taking thalidomide in the 1950's and 1960's.sup.30.
This study, conducted by Meganathan and colleagues (2012) proposed that the
teratogenic effects of thalidomide may be mediated through RANBP1. Valproic acid
(VPA) 1s widely used as an anticonvulsant, mood stabilizer, and to prevent migrame
headaches. Exposure to VPA during pregnancy causes an mcreased rate of several
birth defects, all of which have been reported mn 22q11.2DS, and most of which have
been seen in Thalidomide Embryopathy. The comparison of all birth defects seen
22q11.2 DS to the exposures syndromes was not made because 22q11.2 DS mcludes
deletion of dozens of additional genes that we do not propose to be affected m
Thalidomide Embryopathy or Fetal Valproate Syndrome. In addition to structural
defects, children exposed to VPA 1in utero have an elevated risk of developmg ASD.
Rodent models of autism have used prenatal exposure to VPA to reproduce some of
the neuroanatomic features of autism and abnormal behavior. Due to 1ts action as a
Histone Deacetylase Inhibitor, VPA affects expression of many genes. Based on

homology, decreased expression of RanBP1 mRNA 1s predicted in VPA-treated rats.
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Moreover, a recent study showed reversal of atypical behaviors in VPA-exposed mice
with treatment with an mGluR antagonist.
CONCLUSIONS

[00162] Derangement of genes i the mGluR network are found at a
high rate i patients with different forms of Syndromic ASD, mcluding 22q11.2DS,
22q11.2DupS, Trisomy 21 and a large number of other seemingly-unrelated
chromosomal alterations. Moreover, among children with 22q11.2DS, the presence
of a "second hit" in the mGluR network was identified in 20% of children with ASD,
and only 2% of those without ASD (p<0.014). Significantly, four children, all with
autism phenotype, had a small deletion 1 the vicinity of the RANBP1 gene. While
the expression level of RANBP1 was not affected m one individual available for
testing (data not shown), these atypical deletions could mmpact gene function with
resulting dysregulation of the RANBP1 protein.

[00163] Taken together, these data implicate dysregulation of the
mGluR network as a likely permissive factor that mcreases the propensity to develop
an ASD, including syndromic ASD, and ASD m individuals with 22q11.2 Deletion or
Duplication Syndrome, Fetal Valproate Syndrome and Thalidomide Embryopathy.
The striking increase in prevalence of ASD with a CNV affecting a second gene in
the network suggests perturbations of mGluR signaling at multiple points 1s likely.

[00164] CNVs mn the genes recited n Figures 15A-D are sensitive and
spectfic biomarkers for selecting and treating ASD, syndromic ASD, and ASD in

mdividuals with 22q11.2 Deletion or Duplication Syndrome, Fetal Valproate

70



WO 2016/205348 PCT/US2016/037596

Syndrome and Thalidomide Embryopathy. Furthermore, the present inventors have
identified drug candidates that specifically activate the mGluRs, potentially restoring
normal neurophysiology 1 patients with mutations in any of the mGIluR network
genes, as shown 1n Figures 15A-D.

[00165] For example, compounds which may be administered 1
mplementing the test and treat paradigm described herem include the piracetam
tamily of nootropic agents, as described in F. Gualtier1 et al., Curr. Phann. Des., 8:
125-38 (2002). More preferably, the treating agent 1s a pyroglutamide. Details
regarding the preparation and formulation of pyroglutamides, which may be used 1n
the practice of this mvention, are provided in U.S. Pat. No. 5,102,882 to Kimura et al.
A particularly preferred agent for the treatment of ASD 1 patients determined to
have one or more of the CNVs imndicative as set forth m Figures 15A-D, 1s (+)-5-oxo0-
Dprolimepiperidinamide monohydrate (NS-105).

[00166] Therefore, in one embodiment, methods for treating an ASD,
syndromic ASD, and ASD 1n patients with 22q11.2 Deletion or Duplication
Syndrome, Fetal Valproate Syndrome or Thalidomide Embryopathy are encompassed
comprising admmistermg NS-105 to a patient having at least one CNV 1n an
GRM/mGIuR network gene selected from the group consisting of ACAT1, ACAT2,
ACP1, ACTR2, ADCY1, ADD1, ADRA2C, ADRBK1, AGAP2, ALDOA, APTX,
ARHGAP24, ARL15, BDKRB1, BDKRB2, Clorf116, C4orf3, C7orf25, CAS,
CACNA1B, CALB2, CALM1, CAMK2B, CHP, CHRM3, CNPY2, CNR1, COPB2,

DCN, DHCR7, DISC1, DSTN, ECHS1, EGFR, ERBB2, ERP44, F2R1.2, FKBP3,
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FURIN, GLP1R, GLP2R, GNA15, GNAI1, GNAI2, GNAI3, GNAO1, GNAQ,
GNB2L1, GRB2, GRB7, GRIK1, GRM1, GRM3, GRM5, GRM7, GRMS8, GSN,
HNRNPA3, HOMER1, HOMER3, HT'T, IMPDH2, IQGAP2, ITGB7, ITPR1,
LAMA4, LRP2BP, LYAR, LYN, MAP4, MAPK1, MTHFD1, MTNR1A, MX1,
MYO6, NAA15, NCK1, NPY2R, PCBP1, PCBP3, PCDHA4, PDEI1C, PICK1,
PIK3CA, PLA2G7, PLCB1, PRDXT1, PRKCA, PRPSAP1, PSMC1, PSMD1,
PSMD13, PSME1, PXN, RAB2A, RANBP1, RAP2A, RCC1, RGS12, RPA2, RPN2,
RUVBL2, RYR2, S100A6, SACS, SDC3, SERPINBY, SLC6A3, SNRPB2, SRC,
STRAP, STX12, SYK, TCP1, TEAD3, TFAM, TJP1, TRAF2, TUBA1A, TUBA3C,
TXN, UBQLN4, VHL, and YWHAQ.

Example 6

Treatment with Fasoracetam Monohydrate (NFC-1) of ADHD Patients with
CNVs in mGluR Network Genes and Impact on Autism Symptoms

[00167] An open-label Phase Ib clinical trial was conducted to investigate
the safety, pharmacokinetics and efficacy of NFC-1 (fasoracetam monohydrate) in
adolescent subjects between the ages of 12and 17 previously diagnosed with ADHD
who also had atleast one genetic alteration mn an mGluR network gene.

[00168] The study included 30 ADHD subjects who were between ages 12
and 17, of any ancestry or race, and of weight within the 5% to 95t percentile for their
age, and otherwise judged to be 1n good medical health. Subjects were genotyped and
mcluded m the trial if they possess at least one genetic alteration m the form of atleast

one copy number variation (deletion or duplication) m an mGluR network gene that
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potentially disrupts the function of the gene. Seventeen of the 30 subjects havea CNV
ma tier 1 mGluR network gene, while 7 subjects have a CNV ma tier 2 gene and 61 a
tier 3 gene. At enrollment, several trial subjects showed evidence of co-morbid
phenotypes,includinga few subjects with symptoms related to autism.

[00169] Exclusion criteria comprised subjects suffering from a clinically
significantillness, either mental or physical, that, mn the mvestigator’s opinion, might
confound the results of the study or that might prevent them from completing the
study, subjects that are pregnant or nursing, subjects that test positive for illicit drugs of
that have a history of drug abuse, subjects that consume alcoholic beverages, or
subjects for which the mvestigator 1s otherwise concerned regarding their compliance or
suttability.

[00170] NFC-1 capsules of either 50 mg or 200 mg comprising
fasoracetam monohydrate as active mgredient and placebo capsules comprising
microcellulose were used for the study. The design of the trial was a phone screening (1
day), enrollment phase (1 to 2 days), a wash-out phase for subjects currently on ADHD
medications (1-14 days), pharmacokinetic (PK) assessment (2 days), followed bya dose-
escalation phase (35 days) and a follow-up phone visit approximately four weeks after
thelast dose, for a maximum of 127 days. All ADHD medications were discontinued
during the wash-out phase prior to the study. The wash-out period for stimulants was
2-3 days and that for atomoxetine or noradrenergic agonists was 10-12 days. No new

ADHD medications were started during the study.
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[00171] A dose-escalation phase of the trial ran over a 5-week period, after
the mitial wash-out period and the PK and initial safety assessments. During week 1,all
subjects were administered placebo capsules twice daily. After one week of placebo
treatment, patients were started on 50 mg bid NFC-1 for 1 week. If safety and
responsiveness data from prior dose level of fasoracetam indicated it was appropriate,
subjects were then escalated to the next higher dose (100, 200, or 400 mg). Subjects
who showed tolerance to the 50 mg bid dose as well as response to the drug were to be
maintained at that level for the remaining 3 weeks of the trial.

[00172] Subjects who showed tolerance but lack of response or partial
response to the 50 mg bid dose were to be moved up to the next higher dose of 100
mg during the following week. Subjects who showed tolerance at 100 mg butlack of
response or partial response were to be moved up to the 200 mg dose the following
week while those who showed both tolerance and response at 100 mg were to be kept
at 100 mg bid for the remainder of the trial. Similarly, subjects moved up to the 200 mg
dose who showed both tolerance and response were to be kept at 200 mg for the final
week of the trial while those showing tolerance butlack of response or partial response
were moved to 2400 mg dose for the final week. Of the 30 trial subjects, 3 received a
maximum dose of 100 mg, 9 recerved a maximum dose of 200 mg, and the remaimning 18
recetved a maximum dose of 400 mg.

[00173] While this studywas notspecifically directed at identifying autism
sufferers or monitoring their symptoms, 7 of the 30 ADHD subjects showed certain

signs of autism, particularly lack of social interactions or engagement, that appeared
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to improve from the therapy with NFC-1. For example, two subjects showed
mcreased soctal mteractions after treatment. One of these two subjects, who had not
communicated with a close relative for a long time, initiated contact with the relative.
One subject went from not making eye contact to mitiating conversation with
clinicians. 'This same subject also had episodes of rapid repetitive movements,
particularly when excited. These movements stopped while on the NFC-1 treatment
and started again when the drug was discontmued. A teacher also commented during
the trial that this subject also had mcreased social mteractions. One subject went
from not wanting to talk to peers to joining a school debating team. One subject was
reported to be better able to relate to peers and to organize a peer get together. One
subject was able to go to their locker at school without bemg fearful. And m a
further subject, there was a decrease in self-talk. Thus, overall, in these seven
subjects, social interactions appeared to improve while on NFC-1 medication.
EQUIVALENTS

[00174] The foregoing written specification is considered to be
sufficient to enable one skilled in the art to practice the embodiments. The foregoing
description and Examples detail certain embodiments and describes the best mode
contemplated by the mventors. It will be appreciated, however, that no matter how
detailed the foregomg may appear 1 text, the embodiment may be practiced mn many
ways and should be construed in accordance with the appended claims and any

equivalents thereof.
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[00175] As used herein, the term about refers to a numeric value,
mcluding, for example, whole numbers, fractions, and percentages, whether or not
explicitly indicated. The term about generally refers to a range of numerical values
(e.g., +/-5-10% of the recited range) that one of ordinary skill in the art would
consider equivalent to the recited value (e.g., having the same function or result).
When terms such as at least and about precede a list of numerical values or ranges,
the terms modify all of the values or ranges provided m the list. In some instances,
the term about may mclude numerical values that are rounded to the nearest

significant figure.
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What is Claimed is:
1. A method of treating autism 1 a human patient comprising administering a
therapeutically effective amount of fasoracetam (NS-105 or NFC-1) to the patient,
wheremn the patient has at least one CNV 1n a gene selected from the group consisting
of ACAT1, ACAT2, ACCN1, ACCN2, ACP1, ACTB, ACTR2, ADA, ADCY1,
ADD1, ADD2, ADORA1, ADRA1B, ADRA2A, ADRA2C, ADRB2, ADRBK1,
ALDOA, ANXA2, APP, APTX, AQP1, ARHGAP24, ARL15, ARRB1, ARRB2,
ATXN7L3, BDKRB1, BDKRB2, BIBD2, BIG2, Cl170rf44, Clorfl116, C7orf25,
CA8, CACNAI1B, CACYBP, CALB2, CALM1, CALM2, CALM3, CAMK1,
CAMK2B, CAMK4, CCNB1, CDC42, CENTG1, CHGB, CHP, CHRM2, CHRM3,
CIC, CMPK, CNP, CNR1, CNTN4, COPB2, CRHR1, CINNA2, CYCS, DCN,
DHCR7, DISC1, DLST, DPP6, DRD2, DRD3, DSTN, DYNLL1, ECHS1, EGFR,
EIF383, ERBB2, 2R, F2R1.2, F2RL3, '3, FKBP3, FPR1, FSCN1, FURIN, FYN,
GAPDH, GLP1R, GLP2R, GNA15, GNAI1, GNAI2, GNAI3, GNAO1, GNAQ,
GNB2L1, GOT1, GP1BA, GPR26, GRB2, GRB7, GRIA1, GRIK1, GRIK3, GRM1,
GRM2, GRM3, GRM4, GRM5, GRM6, GRM7, GRMS8, GSN, HBXIP, HD,
HNRPA3, HOMER1, HOMER3, HRPT2, HSP90AB1, HIR2A, ILSRB, IMPDH2,
IQGAP2, I'TGB1, ITGB7, ITPR1, KIAA0090, KIAA1683, LAMA4, LARP7,
LRP2BP, LRRC59, LTA, LYAR, LYN, MAP4, MAPK1, MAPT, MARK4, MC4R,
MGC11082, MRPL14, MRPS16, MTHFD1, MTNR1A, MTNR1B, MX1, MYC,
MYO6, NANS, NARG1, NCK1, NEGR1, NFKBIA, NLN, NMI, NPY2R, NUDC,

OPRD1, PAFAH1B3, PCBP1, PCBP3, PCDHA4, PCID1, PCMT1, PDCD5,
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PDE1B, PDE1C, PDE6G, PGM1, PHKB, PHKG2, PICK1, PIK3CA, PIK3R1,
PLA2G7, PLCB1, PLCB3, PLCG2, PPIH, PPP2R1A, PRDX1, PRKCA, PRLHR,
PRMT1, PRPSAP1, PSAT1, PSEN1, PSMA1, PSMC1, PSMD1, PSMD11, PSMD13,
PSMD6, PSME1, PTHR2, PXN, PYGL, PYGM, QRICH2, RAB2, RALA,
RANBP1, RAP2A, RCC1, RCC2, RGS12, RGS2, RHOA, RIF1, RPA2, RPLP2,
RPN2, RPS14, RRM1, RUVBL2, RYR1, RYR2, S100A6, SACS, SARS, SCTR, SDC3,
SELE, SERPINBY, SET, SETD4, SEF3B14, SGTB, SHANK1, SHBG, STAH1,
SLC2A1, SLC6A3, SLC7A10, SNCA, SNRPB2, SOCS6, SOCS7, SORD, SRC,
STAU1, STRAP, STX12, SYK, TBCA, TBXAZ2R, TCP1, TEAD3, TFAM, TGM2,
TJP1, TK1, TLR10, TMEM4, TNIK, TPI1, TRAF2, TRMT112, TUBA1, TUBA1A,
TUBAI1B, TUBA2, TUBB, TUBG1, TXN, TXNDC4, TXNL2, TYMS, UBQLN4,
UCHLL1, USP24, VHL, VIPR1, YWHAQ), and ZAP70, thereby improving at least
one symptom of autism in the patient.

2. The method of claim 1, wherem the patient has been diagnosed with autism
spectrum disorder, pervasive developmental disorder, or one or more conditions
selected from autistic disorder (classic autism), Asperger’s syndrome, childhood
dismtegrative disorder, Rett’s disorder, pervasive developmental disorder not
otherwise specified (PDID-NOS), and social (pragmatic) communication disorder
(SCD).

3. The method of claim 1 or claim 2, wherein the CNV i1s a duplication or
deletion.

4. The method of claim 1 or 2, wherein the autism is syndromic ASD.
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5. The method of claim 1 or 2, wherein the patient has ASD and 22q11.2
Deletion or Duplication Syndrome, Fetal Valproate Syndrome or Thalidomide
Embryopathy.

6. The method of claim 1 or 2, wherein the patient has at least two CNVs in a
gene selected from the group consisting of ACAT1, ACAT2, ACCN1, ACCN2,
ACP1, ACTB, ACTR2, ADA, ADCY1, ADD1, ADD2, ADORA1, ADRA1B,
ADRA2A, ADRA2C, ADRB2, ADRBK1, ALDOA, ANXA2, APP, APTX, AQP1,
ARHGAP24, ARL15, ARRB1, ARRB2, ATXN7L3, BDKRB1, BDKRB2, BITBD2,
BTG2, Cl170rt44, Clorfl16, C7ort25, CA8, CACNA1B, CACYBP, CALB2, CALM1,
CALM2, CALM3, CAMKI1, CAMK2B, CAMK4, CCNB1, CDC42, CENTGI1,
CHGB, CHP, CHRM2, CHRM3, CIC, CMPK, CNP, CNR1, CNTN4, COPB2,
CRHR1, CINNA2, CYCS, DCN, DHCR7, DISC1, DLST, DPP6, DRD2, DRD3,
DSTN, DYNLL1, ECHS1, EGFR, EIF3S3, ERBB2, F2R, F2R1.2, F2R1.3, F3,
FKBP3, FPR1, FSCN1, FURIN, FYN, GAPDH, GLP1R, GLP2R, GNA15,
GNAIL, GNAI2, GNAI3, GNAO1, GNAQ, GNB2L1, GOT1, GP1BA, GPR26,
GRB2, GRB7, GRIA1, GRIK1, GRIK3, GRM1, GRM2, GRM3, GRM4, GRM5,
GRM6, GRM7, GRMS8, GSN, HBXIP, HD, HNRPA3, HOMER1, HOMER3,
HRPT2, HSP90OAB1, HTR2A, IL8RB, IMPDH2, IQGAP2, ITGB1, ITGB7, I'TPR1,
KTAA0090, KIAA1683, LAMA4, LARP7, LRP2BP, LRRC59, L'TA, LYAR, LYN,
MAP4, MAPK1, MAPT, MARK4, MC4R, MGC11082, MRPL.14, MRPS16,
MTHFD1, MTNRTA, MTNR1B, MX1, MYC, MYO06, NANS, NARG1, NCK1,

NEGRI1, NFKBIA, NLN, NMI, NPY2R, NUDC, OPRD1, PAFAH1B3, PCBP1,
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PCBP3, PCDHA4, PCID1, PCMT1, PDCD5, PDE1B, PDE1C, PDE6G, PGM1,
PHKB, PHKG2, PICK1, PIK3CA, PIK3R1, PLA2G7, PLCB1, PLCB3, PLCG2,
PPIH, PPP2R1A, PRDX1, PRKCA, PRLHR, PRMT1, PRPSAP1, PSAT1, PSENT1,
PSMA1, PSMC1, PSMD1, PSMD11, PSMD13, PSMD6, PSME1, PTHR2, PXN,
PYGL, PYGM, QRICH2, RAB2, RALA, RANBP1, RAP2A, RCC1, RCC2, RGS12,
RGS2, RHOA, RIF1, RPA2, RPLP2, RPN2, RPS14, RRM1, RUVBL2, RYR1, RYR2,
S100A6, SACS, SARS, SCTR, SDC3, SELE, SERPINBY, SET, SETD4, SF3B14,
SGTB, SHANKI1, SHBG, SIAH1, SLC2A1, SLC6A3, SLC7A10, SNCA, SNRPB2,
SOCS6, SOCS7, SORD, SRC, STAU1, STRAP, STX12, SYK, TBCA, TBXA2R,
TCP1, TEAD3, TFAM, TGM2, T]P1, TK1, TLR10, TMEM4, TNIK, TPI1, TRAF2,
TRMT112, TUBA1, TUBA1TA, TUBA1B, TUBA2, TUBB, TUBG1, TXN,
TXNDC4, TXNL2, TYMS, UBQLN4, UCHL1, USP24, VHL, VIPR1, YWHAQ,
and ZAP70.

7. A method of treating autism 1 a subject comprising administering an effective
amount of a nonselective activator of metabotropic glutamate receptors (mGluRs) toa
subject, thereby improving at least one symptom of autism.

8. A method of treating autism 1n a subject comprising admmistering an effective
amount of a nonselective activator of metabotropic glutamate receptors (mGluRs) to a
subject that has atleast one genetic alteration m an mGluR network gene, thereby
improving at least one symptom of autism.

9. A method of treating autism 1 a subject comprising obtaining results from a

genetic screen that determimes whether a subject has a genetic alteration in an mGluR
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network gene, and, 1f the results show that the subject has atleast one genetic alteration
m an mGluR network gene, treating the subject by admmistering an effectiveamount
ofanonselective activator of mGluRs.

10.  The method of claim 8, wherein the genetic alteration is a copy number variation

(CNYV) or single nucleotide variation (SNV).

11. The method of any one of claims 7 to 10, wherein the nonselective activator of
mGluRs 1s fasoracetam.
12. Themethod of claim 11, wherein fasoracetamis fasoracetam monohydrate (NS-

105 or NFC-1).

13. The method of clatm 11 or 12, wherein fasoracetam is administered ata dose of
50 mg, 100mg, 150 mg, 200 mg, 250 mg, 300 mg, 350 mg, or 400 mg, and wherem the
dose 1s administered once, twice, or three times daily.

14. The method of claim 11 or 12, wherein fasoracetam is administered at a dose of
50-400 mg, 100-400 mg, or 200-400 mg, and wherein the dose 1s administered once,
twice, or three times daily.

15. The method of claim 11 or 12, wherein the fasoracetam 1s administered at a dose
of 200-400 mg, such as 200 mg, 300 mg, or 400 mg, and wherein the dose 1s
admmistered twice daily.

16. The method of any one of claims 7-15, wherein the subject hasa CNV in atleast
2,3,4,5,6,7,8,9,0or 10 mGluR network genes.

17. The method of any one of claims 10-16, wherein a CNV in an mGluR network

gene 1s determined by obtamning a nucleic acid-comprising sample from the subject and
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subjecting the sample to a screen that assesses CNVsm atleast5,6,7,8, 9,10, 15,20, 30,
40,50, 60,70, or all of Tier 1 mGluR network genes.

18. The method of any one of claims 10-17, wherein a CNV in an mGluR network
gene 1s determined by obtaining a nucleic acid-comprising sample from the subject and
subjecting the sample to a screen that assesses CNVs m atleast 50, at least 100, atleast
150,atleast 175, orall of Tier 2mGluR network genes.

19. The method of any one of claims 10-18, wherein a CNV in an mGluR network
gene 1s determmed by obtamning a nucleic acid sample from the subject and subjecting
the sample to a screen that assesses CNVs m atleast 50, atleast 100, at least 200, atleast
300, atleast 400, atleast 500, or all of Tier 3 mGluR network genes.

20. The method of claim 19, wherein the screen does notassess CN'Vs in one or
more of GRM1, GRM2, GRM3, GRM4, GRM5, GRM6, GRM7, or GRMS.

21. The method of any one of claims 1-20, wherein the subject does not have a
CNYV 1 one or more of GRM1, GRM2, GRM3, GRM4, GRM5, GRM6, GRM7, or
GRMS.

22. 'The method of any one of claims 1-21, wherein the subjectisa pediatric subject.
23.  Themethod of claim 22, wherein the pediatric subject is between the ages of 5
and 17,5and 8,8 and 17, 8and 12, or 12and 17.

24.  'The method of any one of claims 1-21 wherein the subjectis an adult.

25. The method of any one of claims 1-22, wherein the nonselective activator of
mGluRs 1s admimistered in combination with another pharmaceutical or non-
pharmaceutical therapy.
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26.  'The method of any one of claims 7-25, wherein the patient has been
diagnosed with autism spectrum disorder, pervasive developmental disorder, or one
or more conditions selected from autistic disorder (classic autism), Asperger’s
syndrome, childhood dismtegrative disorder, Rett’s disorder, pervasive developmental
disorder not otherwise specified (PDID-NOS), and social (pragmatic) communication
disorder (SCD).

27.  'The method of claim 26, wherem the autism 1s syndromic ASD.

28. The method of claim 26 or 27, wherein the patient has ASD and 22q11.2
Deletion or Duplication Syndrome, Fetal Valproate Syndrome or Thalidomide
Embryopathy.

29.  Amethod for diagnosmgautismin a subject comprisingisolating a nucleic acid
comprising sample from a subject, analyzing the sample for the presence or absence of
a genetic alteration m atleast one mGluR network genes, and diagnosing autism 1f the
subject has atleast one genetic alteration m a mGluR network gene.

30.  Amethod for diagnosmgautism in a subject comprisingisolating a nucleic acid
comprising sample from a subject, 1solating nucleic acid from the sample, analyzing the
nucleic acid for the presence or absence of a genetic alteration in atleast one mGIluR
network genes, and diagnosing autism 1f the subject has atleast one genetic alteration mn
amGluR network gene.

31.  Amethod foridentifyinga subject as havingautism comprising obtamning a
sample from a patient, optionally 1solating nucleic acid from the sample, optionally

amplifying the nucleic acid, and analyzing the nucleic acid m the sample for the
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presence or absence of a genetic alteration, such as a CNV, m atleast one mGluR
network gene, wherein the subject s identified as having autism if atleast one genetic
alteration, such as a CNV, m an mGluR network gene 1s detected.

32.  Amethodfordiagnosingautismma subject comprising analyzing genetic
mformation about one or more mGluR network genes, comparing the subject’s
mformation to a control subject that does not have autism, and diagnosing autism 1f
the genetic information suggests that the subject has atleast one genetic alteration ina
mGluR network gene.

33. A method of confirmmga diagnosis of autism in a subject comprising: obtaining
anucleicacid-comprising sample from asubject diagnosed withautism by a method that
comprises detecting or analyzing genetic alterations m mGIluR network genes;
optionally amplifying the nucleic acid in the sample;and determining whether the subject
has atleast one genetic alteration, such asa CNV, 1n an mGluR network gene; and
confirming a diagnosis of autism 1f the subject has atleast one genetic alteration in an
mGluR network gene.

34.  Themethod of any one of claims 29-33, wherem the analysis for the presence or
absence of at least one genetic alteration m an mGluR network gene comprises
microarrays, whole genome sequencing, exome sequencing, targeted sequencing, FISH,
comparattve genomic hybridization, genome mapping, or other methods using next-
generation sequencing, Sanger sequencing, PCR, or TagMan technologies.

35. The method of any one of claims 29-34, wherein the subject has CNVs m atleast

two mGluR network genes.
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36.  The method of any one of claims 29-35, wherein the method comprises
detecting CNVs m mGluR network genes by subjecting the sample to a screen that
assesses CNVsinatleast2,3,4,5,6,7,8,9, or 10 mGluR network genes.

37. The method of any one of claims 29-36, wherem CNVs in mGluR network
genes are determined by subjecting the sample to a screen thatassesses CNVs m at least
5,6,7,8,9,10,15,20,30, 40,50, 60, 70, or all of Tier 1 mGluR network genes.

38. The method of any one of claims 29-37, wherein CNVs in mGluR network
genes are determined by subjecting the sample to a screen thatassesses CNVs m at least
50, atleast 100, atleast 150, atleast 175, or all of Tier 2mGluR network genes.

39. The method of any one of claims 29-38, wherem CNVs in mGluR network
genes are determined by subjecting the sample to a screen that assesses CNVs m atleast
50, atleast 100, atleast 200, atleast 300, atleast 400, atleast 500, or all of Tier 3 mGluR
network genes.

40.  The method of any one of claims 29-40, wherein the subject is a pediatric
subject, such as a subject between the ages of 5and 17,5and 8,8 and 17, 8

and 12, or 12 and 17.

41.  'The method of any one of claims 29-40, wherein the subject 1s an adult subject.
42. The method of any one of claims 29-41, wherein the subject is not assessed for
genetic alterations or CNVs m one or more of GRM1, GRM2, GRM3, GRM4, GRM>5,
GRM6,GRM7,and GRMS.

43, The method of any one of claims 29-42, wherein the method for determining

the presence or absence of atleast one mGluR network gene genetic alteration

85



WO 2016/205348 PCT/US2016/037596

comprises microarrays, whole genome sequencing, exome sequencing, targeted
sequencing, FISH, comparative genomic hybridization, genome mapping, or other
methods using next-generation sequencing, Sanger sequencing, PCR, or TagMan
technologies.

44, The method of any one of claims 1-43, wherem the subject has autism as well as
ADHD.

45. The method of any one of claims 1-43, wherein the subject does not have one or
more of ADHD, schizophrenia, conduct disorder, 1S, anxiety disorder, phobia, or
depression.

46.  The method of any one of claims 29-45, wherein the patient has autism
spectrum disorder, pervasive developmental disorder, or one or more conditions
selected from autistic disorder (classic autism), Asperger’s syndrome, childhood
dismtegrative disorder, Rett’s disorder, pervasive developmental disorder not
otherwise specified (PDID-NOS), and social (pragmatic) communication disorder
(SCD).

47. The method of claim 46, wherein the patient has syndromic ASD.

48. The method of claim 46 or 48, wherein the patient has ASD and 22q11.2
Deletion or Duplication Syndrome, Fetal Valproate Syndrome or Thalidomide

Embryopathy.
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chri7: 7437012 | chrl7:7377012 | chri7:7178172 |

QRICHZ | 9-74303761 9.74803761 4-71815358  kgpD494483 | kepl13978344
chr2d: 2010802 | chr22: 1960502 | chr22: 1848502

RANBRL | 3-20114706 320614706 3.18494704 kgp15081773 | kgp240898
chri3: 9808647 | chr13:9758647 | chri3:0688447

RAP2A | 4-98120252 4-98620352 6-96318245 kep1964422 kgp12456635
chr1:28832454 | chr 128332458 | chr1:28717331-

RCCE -28865708 29365708 28738194 kgp4972332 kgpi0549261
chrd:3315873- | chrd:2815873- chrd:3285671-

RGS12 31481640 3941640 3411438 kapbB03457 kgp12100218

"""""" chr2: 15226639 | chr2: 15176639 | chr2:15197464

RIFL 6-152333860 | 6-152833860 5152040665 rs13010870 kgp14366130
chri9:4949715 | chri®:4B99715 | chri9:5418896

RUVBL2 | 5-49519182 5-50019182 7-54210994 kgp2866116 rsbS00434
chri9:3892433 | chr19:3842433 | chr19:4361617

RYRL 439078204 9.33578204 - 9-43770044 kgp21463042 | kgpi0827233
chr1:23720570 | chrl:23670570 | chri:23527232

RYRZ 1-237997288 | 1-238497288 4-236053911 kgp15265824 | kgp8S5991
chrl:31342312 | chr1:30842312- | chrl:31114889- 1 00 ' N

50C3 31381480 31881480 31154087 kgp3545861 rs1038630
chr1:16969178 | chrl:16919178 | chri:16795840

SELE 0-160703220 | 0-170203220 | 4-167969844 kgpl1738441 | kgpS736867
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SERPINB | chr6:2887503- | chr6:2387503- | che&283zs02- ¢+ 0+
g 3903545 3403545 J848506 rsd959652 kgp9198893
chr21:3741598 | chr21:3691598 | chr21:3633785
SETDS 1-37451687 1-37951687 1-36373557 rs8131794 kgpl0193814
chr5:64961754 | chr5:64461754 | chr5:64987510-
5GTB 55017941 65517941 65053697 rs2367239 rs253229
chr19:5116508 | chri9:S066508 | chri9:SSES6E9
| SHANKL | 3-51220195 3-51720185% 5-5591 2007 KgpRESUED0 | kgphIlEs049
; chri9:3369956 | chri%:3319956 | chr19:3839141
I SLCTALO | 9-33716756 | 9-34216756 0-38408548 Kgp3I880561 kgp21532613
? ' chr15:4531530 | chri5:4481530 | chri5:4310263 S
SORD | 1-45367287 1-45867287 2-43154331 r53752691 rs17627218
i chrl1Z:1603528 | chri2:1553528 | chrl2:15092655
STRAP 7-16056410 7-16556410 4-15947677 kgp9763258 | kgp18R58SEY
chri7: 7617015 | chr17:7567015 | chrl7:7368175 | ?
T® 9-75183285 5-76683285 4-73694880 | kgpl3960604 | kepd569268
chr3:17078029 | chr3:17028029 | chr3:17226636
THIK 1171178197 | 1-171678197 | 3-172660546 | kgpl7660929 | kgpdi00328
chr1:55532031 | chr1:55032031- | chrl:55304618-
UsSPR4 55681039 56181038 55453350 kgp3052862 kenS 594096
chr3:10183318 | chr3:9683318- chr3:10158318-
VHL | -10185354 10695354 10168746 kgpb652387 r59942062
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StartSNg Endaip

Tier 2 GeneRange+500kbih {GeneRange+ {GensRange+50

Gens GeneRangelheld) | £19) GeneRangelhgif] | 500kb} Qe
chr§: 160182988 | chr8:159682988- chri2: 51783540

ACAT2 -160200087 160700087 -51804580 kgpl7016252 re3318312
chri2:50451486 | chri2:49951488- chrl2: 48737753

ALCNZ -504773594 20877394 -48763661 kgnhi83801 kgp2326833
chr2:264868- chr2:254871-

ACPL 278282 chr2:1-778282 268282 | kgp14878812 | kgp6217001
chr7:5566778- chr7:5066778- chr7:5533304-

ALTB 5570232 5070232 5536758 kgpl503129 | rs17136342
chr2D:43748162 | chr2(:43748162- chr2(:42681576

ADA -43380376 43780376 -42713790 kgps05723 ¢52207198
chr4:2845583- | chr4:2345583- chrd: 2815381

ADD1 i 3931802 3431802 2901587 kEpSEO1858 kgpS3a3382

| chr2:70834748- | chr2:70334749- chr2: 70688257~
ASS}Z { 70995375 71485375 70848837 kgp14188216 kgpda077094
chri: 203086835 | chrl:302596835- chri:201363458

ADORAL -203136533 203636533 -201403156 rsi6850143 1312568560
chr5:159343739 | chr3:15884373%- chr5: 159276317

| ADRAIB ~1594Q0(}1? 158900017 ~-159332585 ¢s17056747 kgp2 774549

» chri(:11283678 | chri(:112336789- | chrig:11282691

ADRAZA 9~112${}_€_§662 - 113340662 §-112830580 kgp3219023 rsd0787378
chrd: 37682095 chrd:3268295- chrd3737872-

ADRA2C | 3770253 4270253 3740016 kgp21189210 | kgp21320659
chrS: 148206155 | chr5:147706155- chr%:148185348

ADRB2 -148208197 148708197 -1481838381 kgp6738042 rs352336
ehri5:60639348 | chri5:60139349- | chri5:58426641

ANXAZ -GOSBG18S 51190185 -58477477 kgpls904134 kgp1248561
chr$:33972603- | chr9:32472603- chr3:32962607-

APTX 33()016:’:9 33501638 33015110 kgp8123814 kgp22778750
chr7:30893009- | chr?:30393009- chr7:30817892-

AQPL 30865131 31465131 30931658 kgpl3347683 ¢ rsl1883505

ARHGAPZ | chrd:86396283- | chrd:85896283- chrd: 86515307~

8 86923823 27433823 87142847 kgp12192788 | kgp20991115
chril:74971165 | chril:74471165- | chril1:74658129

ARRBL 77‘-‘?5{)62875 75562875 -747405821 kppi3077708 kepl2867051
chri7: 4613788~ | chrl17:4113788- chrl7:45605837-

ARRB2 4624785 5124795 4571544 - kgpl0630047 182304905
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“““““““““ chri4:96722546 | chri4:96222546- | chri4:95792311 | |
BOKRBL | 96731100 57231100 -95800853 rs10146784 | kppl0194056
chr19:1985446- | chr19:1485446- chr19:1936446- '
BYBDZ | 2015702 2515702 1966702 kgpo698924 | rs12985186
chriX03274663 | chrl:202774663- | chrl:201541286
8TG2 -203278729 203778729 201545352 kgpll073362 | kgp22834576
chr17:8123966- | chrl7:7623966- chr17:8064691
Civorfdd | 8127361 8637361 | 8062086 kgp14083005 | kep8US6362
chri:207181865 | chri: 206681865~ | chri:205258488
Ciorfils | -207206101 207706101 205272724 kgpl5208593 | rs12094477
chr7: 42948871~ | chr7:42448871- chr7:42915396-
CTorf25 | 42971805 43471805 42938330 kgpl3766903 | kepR523973
chri6:71392615 | chri6: 70892615 | chri6:69950126
CALBZ | 71424342 71924342 69981843 rs1778414 kgp16319275
chr2:47387220- | ¢hr2:46887220- chr2:47146583- ‘
CALMZ | 47403740 47903740 47257154 | kgpl2094177 | kgpd237241
chrid: Q0863326 | chri4:50363326- chri®: 51786351
CALM3 | 90874619 91374619 51805878 | k828819 kgpd2766175
chr3:3799028- | chr3:9299028- chr3:9774030-
CAMKI | 9811668 | 10311668 | 9786661 kgp4340327 | kepl318661
Chr7:44256748- | chr7:43756748- | chr7:44223373
CAMKZE | 44355230 44885230 | 44331749 Fs10245456 | kgpl0338229
thr5:110559048 chr5:110059946- chr5:110587980
CAMKA | -110820748 | 111320748 -110848647 kgp11981357 | kep22673631
| hrS:68462836- | chrS:67962836- | chr5:68498658-
CONBL | 68474070 58574070 58509826 kgpS10083C | rs28529133
chrii22379119- | chel:21879119- chri: 22351706
COCET | 22419436 22919435 32292023 kEp15282552 | rs209696
chri2:58118076 | chri2:57618076- | chri2:56404343
 CENTG1 | -58135344 58635944 56422211 kgp22774357 | rs12825103
chra(:SE91973- | chr20:5391973- chr20:5840167-
CHGE 5906005 B4DE00S 5854003 kgpl9217528 | kgpS406173
chr15:41523436 | chr15:41023436- | chr15:39310728
CHP 41574083 42074083 -39361375 kgpo389002 | kep10815429
chr7:136553368 | chr7:136053398- | chr7:136203838
CHRM2 | -136701771 137201771 -136352311 rs2882248 kep11051162
chr2:6988440- chr2:6488440- chr2:6905841-
CMPK 7005950 7505950 5923401 rs16865056 kgn6717309
chré:88845584- | chr56:88345584- chré:88910155-
CNRL RER7STET 89375767 98932281 kgp11366911 | kgp5424340
chr3:139076432 | chr3:138576432- | chr3:140559132
COPBZ | 139108522 139608522 -180591212 kgp17652827 | 52554152
¢hr7:25158269- | chr7:24858269- chr7125124799- |
CYCS 25164980 25664980 25131480 kgp22782658 | kgo9259047
chri2:91539034 | chri2-91038034- | chri2 30063165
DON 91576806 92075806 90100837 ¢s11105720 | r51602946
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chri11:71145456 | chril. 70645456 chril: 70823104

DMIRY -71159477 71659477 ~F0837125 rs2016485 kppdl157665
chrid: 75348593 | chrig: 74848583 chrig: 74418371

DLST -753704560 75870450 74440198 kgp&lsaiss rsil621369
chril: 11328031 | chril: 112780316 chrii: 31278552

DRD2 6-113346001 | 113846001 16112851211 | kgp12732525 | rs1062613
chr3:113847556 | chr3:113347556- chr3:115330246

DRDZ -113918254 114418254 ~115400944 kgpl1R078164 | kgp7361746
chr2(:17550598 | chri(n17050588- chr2(:17498538

DSTN | -17588652 18088652 -17536652 kgp19350858 | rs1581825
chri0ni3517598 | chrif1345675986- £hr1{):135025§7

ECHSE 6-135186908 | 135686508 9-135036898 | kgp21664075 | kgp22837031
chr7:55086724- | chr7:54586724- | chr7:55054218-

EGFR 55275031 S5R775031 55242525 kgpl2053718 kgp3314724
chr8: 317657055 | chr&:117157065- chr&: 117726336 '

EiF353 -1177680862 118258062 -117837343 kgplQ576753 rs1783723
chr17:37844392 | ¢hri7:37344392- ¢chri7:35087918

ERBBZ -37884915 38384915 -35138441 kgpll528115 kgp670921
chr5: 76011867~ | chra: 75511867 chr5: 760476253~

FER 76031585 76531595 76067351 Kgp22518836 kgpl1549629
chr5: 75911306 | chr5:75411306- chr5: 75947062 :

F2RLE 75918240 76418240 75954936  kgpiOI1B804R | kgpB041693
chr19:16899825 | chri9: 16459825 chri® 16860825

F?RLS ~17002830 17502830 -16863830 kgp9756004 kepl2567834
chr1:94994731- | chri:D4494731- | chrl:34767460-

F3 95007413 95507413 94779303  kgp22732356 | kgp5203715
chrid: 45584801 ¢ chri4: 45084801 chri4: 44654858

FKBP3 | -45604009 46104009 -44674272 kgp8373198 | kepl19724486
L chr7 5632435 chr7:5132435- chr7:55%8879-

FSONL | 5648287 6146287 5612812 kep11535801 | kgp22733484
¢hri5:91411884 | chri5: 30911884 chri5:88212888

FURIN -91426687 | 91936687 -89227691 kgpl9755110 | kge7570879
chrg: 111981534 § chrH:111481534- chre 112088177

FYN -112184655 112694655 -112301320 kgpdas3033 kgplOB43976
chr6:38016556- | chr6:38516556- chrf:38124534-

GLPIR 39055520 39555520 | 39163498 | kgp11427391 | kgp8OS7157
chri7:8729380- | chri7:9229380- chri7:9670105-

GLP2R 9733022 3 102583022 Q733747 kgpl3Bgs7921 kgpl4095302
chr7: 79764139 | chr7:79264139- chr? 73602075

GMAIL 79848725 | 80348725 79686651 kgp3340161 | kgp96572
chr1:110091185 | chr1:109591185- | chr1:109892708 S

GNAIZ -110138452 110638452 -109939975 rs28503409 kgp2138201
chr5:180663927 | chr5:180163927- | chr5:180596533

GNE2L1 | -1B0670906 181170906 -180603512 kgpO825803 | kgpl27B5368
chrid: 10115662 | chrlQ100656826- | chri(:10114661

SOTL 6-101120530 1016580530 7-101180338 kgp21656902 kgp21815940
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chr17:4835581- | chri17:4335591- chri7:4776371-

GPIBA | 4838325 5338325 4779067 Kepl3949132 | kepl11B6643
chri(:12542587 | chrifi124925870- | chrif:12541588

GPRZE | (-125456913 125956913 0-125444113 | kgp7S82662 | kgp21578342
| chr17:73314156 | chrl7:72814156- | chri7: 70825751

GREZ 73401790 73901790 70913385 kpp13841089 | kgpl4035219
chri?:37884161 | chri7?:37354161- chri7:353147712

GRET 37803538 38403538 | 35157064 kep14102913 | kgp13833584
chr5:152870083 | chr5:152370083- | chr5:352850276

GRIAL -153183428 | 153693429 -153173622 (51438937 rs10057369
chr3:51741080- | chr3:51241080- chr3:51716127-

GRM2 51752625 32232825 ok SI727665 ... rs4367100 1 rs13050808
| chr6:33982627- chr6:33489627- chr§:34097605-

GRME | 34113869 34613863 34231377 kgpl7076142 | re6909637

' chrS:1784053329 | chr5:1779G5329- | chr5:178337935

GRME | 178422124 178822124 178354730 rs603852 r511249632
chrL110843876 | chr1:110443876- | chrl:1107453990

HBXIP -110950546 111450546 -110752069 kgpA68E558 | rs1936942
chr&: 125596496 | chr6:125096495- | chrb:125638195

HD -125623282 126123282 125654981 r311154263 rs11967627
chr2i178077427 | chr?: 177577422~ | chr2: 177785668

HNRPAZ | -178088685 178588685 177796931 kgpl4203861 | rs1344924
chri9: 19017768 | chri9i8517764- chri9:18801011

HOMERS | 19045219 19545219 -18812983 £513344313 F54208199
chri: 193091088 | chri:192591088- | chri:191357711

HRPT2 -1932323942 193723943 191490565 kgp2473538 | kgpllO65536

HSPOOAB | chr6:44214848- | chr5:43714845- chr6:44322826-

1 44221614 44721514 44329582 kgpS836208 | kppRTOS663
chr2:218989997 | chr2:218489997- | chr2:218698243

ILBRE | 219001975 219501875 .218710220 kgp22730583 | rs1055816
chr3:49061761- | chr3:48561761- chr3: 43036765

IMPDHZ | 49066875 49565875 49041879 | kgp22731595 | kgpS626213
chr$: 75699148 | cheS:75199148- | chr5:75734904-

JQGAP2 | 76003957 76503957 76039713 kgpZ2490664 | rs11739698
chr10:33189245 | chriQ:32689245 | chri0:33229251

TGBL | -33247293 33747293 -33387299 kgp12034252 | rs11009395
chri2:53585106 | chri2:53085106- chri2:51871373

ITEBY | 53601000 54101000 51887267 kgpl19011413 | kep3313746

' chr3:4535031- chr3:4035031- chr3:4510033-

ITPR1 4889524 5388524 1864286 kgp17889944 | kgpl749057
chri:19544583- | chri:19044583- chri:19417170-

KIAADOSO | 19578046 20078046 19450633 PS6I4T61 rs1009631
chr19:18367905 | chriD:17867505- | chr19:18328507 - -

KIAALE83 | -18385319 18885313 -18246235 kepB43S620 | rs1D412356
chr6:112429133 | chr6:111929133- | chr6:112535826

LAMAS | -112575828 113075828 -112682521 kgolB962466 | kgpl7024247
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hra:186285031 | chr&:1857850%1- | chrd:186522026
LRPZBP | -186300172 | 188800172 -186537166 kgn7238414 | rs9994907
| ¢hr17:48458583 | chr17:47858583- | chrl7:45813587
LRRESS | -48474914 48974914 -45829831 kgplBO9RLE | kepl3R56216
| Chr5i2825414- | chr2825414- cheB: 2787675
LTA | 2827639 2827639 2789683 kgp11675228 | rs6912537
chrd: 4269438 chr4:3768428- chrd:4320337-
LvaR 4291896 4731896 4342744 kgp22780996 | kgp7317116
: chr8:56792385- | chr8:56202385- chr&:56954938-
YN 56925006 57425006 57086494 kepBE3E202 | rs2670027
chr3:47892179- | chr3:47392179- chr3:47867188-
MABE 48130769 | 48630763 48105715 kepl7741397 | rs35623035
chri7:43871747 | chri?:43471747- ¢hri17:41327543
MAPY -44105693 43605699 1 -41461546 kgpd2730328 | kEpl3941400
chr19:45754515 | chri%i45254515- | chri9:50446681
MARKS | -45808541 36308541 50500381 | kgp10230030 | kep21456098
chri8:58038563 | chr18:57538563- | chri®:56189543
 MCAR 53040001 58540001 56130981 kgp7049183 | kepl2SA53E
MGCII08 | chri®:3602998- | chriS:3102998- | chriR:3592995- E
2 3604385 4104385 3594385 kgp15965827 | kgpll318627
chr6:44081372- | chr6:43581372- chrB:44185349-
MRPLI4 | 24095191 44595181 44203169 kgpl7033183 | rs§27322
chriB: 75006445 | chri0:74506445- | chriQ:74678506
MRPSIS | 75012451 75512451 74682457  kgp21628722 | rs12243088
chré:i&?éﬁ%gﬁs 'chrs&:1869548€}8- chra:187691802
MTNQ:&.A 187476537 ABTR7ER37 -3RT713534 12648771 P rsd476857
chr11:92702788 | chril:S2202788- | chril:92342436
MTNRIB | -93715948 93215948 92355556 kepl0063028 | ra2658801
 chr3:128748314 | chrB:128248314- | chr8:128817497
MYC 128753680 179253680 -128827855 kgp3177285 | kepl944877
: chr6:76458908- | chr6:75958508- chr6:76515628-
MYOE 76629254 77129254 76685974 kepl7262775 | kgpl7183304
chr$: 100818958 | chr:100318958- | chr9:99847700-
NANS -100845365 101345365 99885178 rS10817759 | rs2778908
chr3: 136581049 | chri 136081049~ | chr3:138063762
NCKL 136667968 | 137167968 -138150658 kgp117446 kgp 10600232
chr14:35870715 | chrld:35370715- | chr14:34940466
NFKBIA | -35873960 36373960 -34943711 kgpi9552677 | keplS707730
chrd: 156120780 | chrai155629780- | chrd:156349230 f
MPYIR | -156138228 156638228 156357678 kgp39s6236 | kepl0850736
chrl:27248233- | chrl:26748233- chr1:27120810-
NUDC 27272887 37773987 27145474 rs11247955 | kgp15594139
chri:29138653- | chr1:?B638653- chrl: 290311240
OBRDL | 29150208 29690208 29062795 | kgp9104521 | kgpl5855740
PAFAHLB | chriS:42801184 | chri9:42301184- | chri9:47493024
3 -42806952 | 43306952 47438563 kgp21540635 | kep22735078
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chr2: 70314584~ | chr2:69814584- chr2: 70168204~ _
PLEPL 70316334 70816334 70169836 kepld596264 | hepbieRass
chrS: 140186671 | chrS:139686671- | cheS: 140166855
PCOMAS | -140391929 140891929 140372115 kep6468526 | kgplO727572
chril:32608313 | chri1:32108313- | chril: 32561889
PCIDT -32624037 33124037 -32580613 | kgp13035948 | rs10836023
chrB: 150070830 | chr6:149570830- | chre:150112657 |
PCMTI | 150132557 150632557 | -150178249 kgo17277448 | kgp10159289
| chr1®:33072093 | chri32572093 | chriS37763943
PDCDS | -33078358 | 33578358 | -37770169 kgp21531284 | rs7259333
| chri2:54943176 | chri?:54443176- | chrl2:53229670
 PDEIR | -54973023 55473023 53259280 kgpl8967385 | rs131171250
' chr17:79617488 | chri7: 79117488 | chri7:77227893
PDESG | -79623607 80123607 77234038 | kgp317116 kgp13R98509
chr1:64058546- | chri:63558546- chrl:63831534-
PGML 64125916 54625916 63838505 kep175728 | kgp15416792
Chr1B:47495209 | chri646995208- | chri6:46052710
PHKB -47735434 48235434 -46232935 kgp8481371 | rs16945930
chri6:30759519 chrlﬁ:‘;‘iiﬁf&.‘}ﬁlﬁ— chrif:30667237 :
PHKG2Z 30772497 | 31272497 30676183 kppl6316196 | kep22773724
chr22:38453261 | ¢chr22:37853261- chr22:36783207
PICKL -38471708 | 38971708 -36801654  kgp5170623 | kgpl759680
chr3: 178866310 | chr3:178366310- | chr3:180349004 |
PIKICA | 178952497 | 179452497 180435181 rs7615444 rs1025864
cheS:67511583- | chrS:67011583- chr5:67547359-
PIGIRL | 57597649 68057649 67633405  hgp7BA4449 | 57737296
3 chra 46672053 | chr6 46172052 chré: 46780011
PLAZGT | 46703430 47203430 46811110 kgpd678268 | kgp9155835
chr23:8113285- | chr:7613295- chr(:8061295-
PLCBI 8865547 9365547 8813547 kgpl19226483 | rs2076234
chri1:64018994 | chr11:63518994- | chr11:63775697
PLCBI -64036924 | 64536924 -53793195 kgpDaz7286 | rs484886
chr16:81812898 | chr16:81312898- | chel6:80370430 |
PLCG2 | 81991899 52451899 80549400 kgpd622733 | kapi230088
chri:43124047- ' chri:42624047. chri: 42896834~
PPIH 43143423 43642429 43915016 | kgplE70818 | rs11210802
chrl:45876706- | chrl:45476706- | chri:45745283-
CPRONI | 45988562 | 36488562 | 45760196 F53806405 kgp15560310
chr17:64298925 | chr17:63798925- | chrl7:61729387
PRKCA | -BABDGRED 65306862 62237324 kgp13B47618 | kppliogdars
: chrif:12035291 | chri€:119852915- | chr10-12034290 -
PRIMR | 5-120355160 | 120855160 5-120345150 | rs853584 kgp2 1690663
chriS:50180408 | chri9:49680408- | chri9:54872307
PRMTL | -50191707 50831707 54883516 kgpld60116 | kgps315133
chr:80912058- | chr9:80417058- chr9:80101878-
PSATL 80945009 81445009 80134879 kgp2581728 | kgpB769053
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FiG. 176G
chr14:73603142 | chrid:73103142- | chridi72672931
PSEN1 -73690399 74150399 72756862 kEpRaDSE61 | kgplSB11371
chr11:14526421 | chril:14026421- | chrll:144837997
PSMAL | 14665180 15165180 14621739 | kgp12643195 | kgp13010596
chr14:90?‘22893 chr14:90222893- chri14:89792646 |
PSMCL | 50738966 | 91238966 -89808719 r510140098 kep19595798
chrZ:231921577 | chr2:231421577- | chr2:231629852
PSMDL | 232037540 | 232537540 231745717 r51678185 kep11602861
chri:63996230- | chri:63496230- che1:63971270
PSMDE | 64009658 64509658 63984598 kgpS706776 | kepl7718198
chrid: 24605377 | chrld:241058377- chrid: 23675217
PSMEL | -24608176 25108176 23678016 kgp11494860 | kgp2734183
chr2:209353736 | chr: 208853736 | chr2:209061981
PTHR2 209704818 210204818 | -209413063 kep14652386 | rsi020407
chrld:51371934 | chrid:50871934- chrid: 50441686
PYGL 51411248 51911248 50480984 kgpl0991856 | rs7146852
chril:64513860 | chril:64013860- chril:64270436
PYGAA 54528187 65028187 64284763 kgp12876954 | rs675671
chr8:61429463- | chr8:60825468- chr8:615%2023-
‘RAB2 61536203 62036203 61698757 kgp7067636 | re3864667
chr7:39663151- | chr7:39163151- chr7:39629686-
RALA 39747723 40247723 39714242 | kgp22733616 | rs11768838
chr1:17733250- | chr1:17233250- chrl:17605865-
REE2 | 17766250 18266250 17638807 kgpi5535308 | kep7647703
chr1:192778168 | chrl:192278168- | chr1:191044793 |
RGS2 133781407 193281407 -191048076 rs10921130 | kepll065785
chr3:43396578- | chr3:4B896578- | chr3:49371582-
RHOA 49449536 49949526 49424530 kgp11466037 | rsB68891
 chr1:28218048- | chri:27718048- chr1:28090635-
RPAZ 28241236 28741236 28113823 rs12033326 | kgp15705538
chril:B09935- | chrl1:309935 chri1:799935-
APLPZ 812876 1312876 802876 L kgpl11473810 | kgp7750669
chr20:35807455 | chr2(:35307455- | chr20:35240887
RPNZ -35870025 36370025 -35303438 kgp9B46122 | kgpl9260650
chr5:149823791 | che$:149323791- | chr$:149803984
RPS14 -149829319 150329319 -149809512 kap22444746 | kap22218062
chr11:4137307- | chrl1:3637307- chr11:4072499- |
RRM1 4223759 4723759 4116682 r56578398 kepd491491
chr1:153507075 | chrli153007075- | chri:151773699
510048 | 153508717 154008717 -151775341 kepl15193014 | rs10S08627
Chrl3:23902964 | chri3:23402964- | chrid: 22800964
SACS 24007841 24507841 .33805841 | kgp15818396 | rs2765083
chr1:109756514 | chrl:109256514- | chr1:109558062
SARS | -109780804 | 110280804 -109582308 kgo5910329 | r31803687
| chr2:120187418 | chr2:119697418- | chr2:119913888
SCTR | 120282028 120782028 -119998498 kgp12364473 | kpp22762988
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Fig, 17H
chr9:131445933 | chr9:130945933- | chr9:130485754
SET 131458675 131958675 -130498496 kEp11282765 | kgpl8608937
chr2:24290453- | chr2:23790453- chr2:28143957-
SF3BL4 | 24209314 34799314 34153818 kgpl4521970 | rs12474804
{chri7:7517381 | chr17:7017381- chr17:7458106-
SHBG | 7536700 8036700 7477395 kgp7760758 | rs6503086
chri6:48390274 | chel6:47880274- | chrl6:46947777
SIAHT -48482309 48982309 47035810 kgpdb30784 | kgp7644930
: chri:43391045- | chrl:42891045- chr1;43163632-
SLCIAL | 43474847 43324847 43197434 kgp2036523 | rs2782652
chr$:1392904- chr5:882904- chr5:1445809-
SLCEAZ | 1445543 1945543 1498538 kgp22585075 | kgp9se03ns
chra:B0645249- | chrd:0014524%- Chra:90865727-
SNCA 90759447 91259447 34978470 kgpl1552673 | kep8135783
""" chr20:16710608 | chr20:16210608- | chr20:16658628
SNRPE2 | -16722417 17222417 -16670037 kgp19326624 | kgpl9208923
chri8:67956136 | chriB67456136- chrl8:661071186
SOCS6 | 67997434 58497434 -56148414 kgp10928836 | rsd243325
chri7:36508006 | chr17:36008006- | chri7:33761530
S0CS7 -36561846 37061846 -33809545 rs12936144 | rsd4794796
chrd:35873087 | chr20:358473087- chr2(n35406501 »
SR -36033821 36533821 -35467235 kgp19359278 | kepB150551
chr2(:47729875 | chr2(:47229875- | chr20:47163282
STAUL | -47805288 48305288 47238695 r511905650 | kgpl8233876
chr1:28099693- | chr1:27599693- chr1:27972280- |
STX12 28150963 28650963 28023550  kgp22731625 | kgpl5287949
¢chr$:93564014- | chr9:93064011- chr3:92603890-
SYK 53660842 94160842 92698304 kgp12394293 | reR94963
chr$: 76986994 | chr8: 76486994 chr&: 27022750+
TBCA 77072185 77572185 77107341 rs2928164 rs 10059285
] chri9:3594503- | chri9:3094503- chri9:3545503-
CTENAZR | 3606831 4106831 3557658 kgp21472781 | kgpl760692
? chrE: 160199529 | chr6:159699529- | chr6:160119519
TEPL -160210735 160710735 -160130725 kep16923201 | kgpl0S518192
chr6:35441373- | chr6:34941373- chr&:35548351-
TEADS 35464861 35964861 35572839 rs847861 kep333s
chri0:60145175 | chri0:59645175- | chri0:59815181
TEARS 60155897 50655897 | -59825903 hEpSADEI3L | kgpB514369
chr20:36756863 | chr20:36256863- | chra(:361807277
TGM2Z 36793700 37293700 36227114 rS6O67098 kgpe992037
chri5:29992356 | chri5:29492356- chrl%:27779648 ;
TIPL -30114706 30614706 27901998 kep19895791 | rs2604694
chr&:38773859- | ched:38373859- | chrd:38450646-
TLRIO 38784611 39284611 38460984 kep9612652 | ref531705
chri2:56704213 | chriZ:56204213- | chr12:54980480
TMEMA | 56710128 57210128 54996395 kgp6718939 | kgp6565E07
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FiG. 17

chri2:6976583- | chri2:6476583- chri2:6846966- |

i1 6980110 7480110 6850253 | kgp3883976 | kgo18849054
ched:138776384 | chr9:139276384- | chra:13B896205 |

TRAFZ -133821067 140371067 -138940888 rs3812570 kEp94E5 784
chP11:64084164 | chr1l:63584164- | chril:63840740

TRMTL12 | -64085033 64585033 | 63841609 kpp1242205 | rs2957154
chri2:49%21565 | chri2:48021565- chri2: 47807832

TUBAL | -49525304 | 50025304 | 47811571 kgpd948752 | kgpi8737983
chr12:49578582 | chri2:40078582- | chri2:47864849

TUBALA | -49583861 50082861 47869128 kgp5373125 | kgpla07179

' chri12:49521566 | chr12:49021566- | chr12:47807832

TUBRLE | -49525304 50025304 -47866883 kgpd948752 | kppl8737983

i chr12:49578793 | chr12:49078793- chr12:478650860
TUBAZ | -49580616 SO0B0616 47866883 kgpl18983720 | kgp?5177
| chr&:1981087- | chr6:1981087- chr&:1935034-

TUBS | 1986127 1986127 1940074 kap17000846 | kapl6S08954

: chri7:40761357 | chri?:40261357- chri7:38015%210

TUBGL | -40767256 41267256 -38020777 FS12600570 | kep3534380
chr®:113006091 | chr9:112506091- | chr®:112046130

TN -113018330 113518920 ~112058599 kgplR601393 | kgpbS2a46
chrdi 102741463 | chri02241463- | chr9:101781284

THNDCS | -102861330 103361330 -101901151 kgp22740558 | 110989168
chr10:13193463 | chri0:131434639- | chri0:13182462

THNL2 9-131377932 132477932 9-131867922 kgp21587397 | rs2921907
chr18:657603- | chri8:i57603- chr18:647603-

TYMS 673493 11723459 663498 kgpl671520 | kgp5560925
chr1: 156005091 | chrl:155505091- | chri:154371715 |

UBQLNA | -156023516 156523516 -154290140 rs12746597 | kgo20ddsl
chr4:41258897- | chrd:40758897- chr3:40953685- ’

UCMLE | 41270446 R1770446 40965203 F510029833 | kgp21357719
chr3:42530790- | chr3:42030790- chr3:42519120-

VIPRL 42579065 43079065 42554064 | r5794894 kppl0771397
chr2:9724105- chr2:9224105- chr2:9641556- |

YWHAQ | 9771106 10271106 9588557  kpp7327726 | rs1138729
chr2:98330030- | chr2:97830030- chr2: 97696462

24870 98356323 98856323 97722755 kgpi0723114 | kgpl4308801
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FiG. 18A
StartSNP Endiig
Tier 3 GeneRange+5S00k {GeneRanget | {GeneRange+500
Geng GeneRangelhgl9) | bihgld) GeneRange(hgiB] | S00kb} kb}
chei7: 47287588 chri7:46787588- chri7:44642587-
ABI3 47300587 47800587 44655536 r57211412 kgpl3987803
chri:229566992-  chr1:239066992- | chri:227633615-
ACTAL 229565843 230069843 227636466 kgp706951 kep9534907
chr1:23684976%- | chrl:238349769- | chr1:234916392-
ACTNZ 236327558 237427558 234934181 kpp12135182 | kapg9dsent
chr3:123001142- chr3:123501142- ¢chr3:124486088-
ADRCYS 123187382 123667382 124650082 kepS729470 kgpiB234294
chr§:131792548- chr8:131292546- chr8:131861728-
ADLYS 132052835 132552835 132122017 rs11773881 kepA5H3992
chr?:31092075- chr?:30592075- chr7:31058666-
ADCYAPIRY | 31151083 31651093 31112836 kgp6410265 | kgeSe7e04s
chriG:111756107- § chridi114256107- | chril 111748097 -
ADD3 111895323 1312395373 111885313 kep2922347 | kgp21705322
chrd: 7760439 chrd: 7260438- chrd: 78131339
AFARL 7941653 L a441653 7992553 kpplQ066670 | kgp2565038
chr3:148415657- chr3:1473815657- chr3:149888347-
AGTRL 148480750 - 1485360790 149943480 kgpl7909929 | rs9837606
chr1: 110537386 chr1:110027386- chrl: 110328830
AHCYLL 110566364 111066364 110367887 kapi5280262 kgpB467474
chr6:151561133- chr&:151061133- chrd 151603201
AKAPLE 151673634 152175694 151718602 kgpl7415875 kgpl7180004
chr15:85923870- chri5:854 33870 chrl5: 83724874
AKAPI3 86292586 86782586 84083584 re1i1073778 kepl0945265
chri4:64932716- chrl4:64432216- chrid:64001965-
AKAPE 54841221 55441221 24010874 rs8345028 i 54499147
chr7:81570188- | chr7:91070188 | chr7:91408127
AKAPS 91739987 92239987 91577925 kgp?513665 | kepB102448
chri(:5005453- chrif4505453- chr 104985453
AHRICI 5149878 5549878 5139878 rs1679414 kgpBI79007
chrdd 105235686- | chwrid 104735686- | chrid: 104306731
AKT1 10526208D 108762080 104333125 kgpi0K896529 | kgp?260890
chrd: 113739238 | chrd:113239238- | chrd: 113958687 ‘
ANK2 _}1&304396 114804896 114524345 § kgpB454325 kgpl0144733
chri9:4183350- chri9:3683350- chri9:4134350%-
AS&KR@Z@ 4224811 4724811 4175811 kEp3226366 57255543




WO 2016/205348 PCT/US2016/037596
43/65
Fifs. 188
chr$:1S04B0266- | che5: 148980766 | chrS: 150860460
ANXAS 150537443 151037443 156517560 kgpl2603058 | r511747938
chrl0 75135188 | cheiDi74635188- | chridi74805154- KRS OI6TER S22
ANXAT 75173841 75673041 74343847 kgp21S88521 | 27568
chr11:129935715- | chelL129439715- | chril:129445010-
APLPE 136014706 130514706 129519910 kgplIBO2ITL | rsT1164TS
| chrKB6763873- | 66263873 | cho(6E680588- |
AR | 66950461 67450461 BERE0B44 | red7RS0S ken22 776402
chri:228270360- | chri227770360- | chrii226336983
ARF1 2328286913 218786913 226353536 D kppTO3SAR2 | kepS093378
chriZ: 49329991 | chriZ2:488379991- | chri2: 87616258
AREY 49351252 498512532 47637513 kep9963537 | kep19162951
chr1146698631- | chri146198631- | chrl1:46655207- :
ARHGAPL | 46722120 47222120 46678696 (511038304 | kapi2872953
chr13:42389821- | chrlS:41899425- | chri947075106-
ARWGEFY | 42434296 42934296 47103444 kep21546138 | kgp97538TI
chri0:109433883- | chri 103993483 | chri(i 104423477
ARLS 104474190 104574190 104464180 rsd919614 Kep2065500
C3SE63929 | chrdi4663929- | chr3:5138529-
ARLEE 5327601 5722601 5197601 kgpS083934 | kgpl7778487
chr11:2289727- | chrllA7A9727- | chrii2246303- |
ASCLI 2292182 2792182 I248TEE kepl2845252 | kep7129584
ched: 213738675 chrl: 213238675 | chrl:210805318-
ATF3 312794118 213294119 210860738 ;510863936 | kepl2S69686
ehri2: 7033635 | chri2:6533625- | chriZ:6903886-
| ATN 7053815 7553815 - G924076 kep18714644 | kgpl9128481
chri: 1688075845 chrl: 168575946 chri: 167342570
ATP1B1 169101960 | 169601960 167368534 rS10800363 | kegp305361
chr12:99981825- | chriZ: 80481825 | chriZ:AS505956-
ATP2BIL 90049844 SO5AD844 RBSTIHTS kepd237218 | kEniS1i7ULS
Chr3AN3E5706- | chr3:DR657C6- chri: 10347743
ATF2RI 10749716 11249716 10724716 Kgp7T74534 | re7625756
hr6i16290342- | chefi15799342- | chr6 16407321
ATHNL 16761721 17361721 16869700 kep2173518 | rs6921352
chrl4:92524805- | chrif:02024895. | chrld:91504648-
ATHNS 92573965 33072965 91542718 kepii086238 | rs2146458
chei63850232- | chr3i63350232- | chr3:B63825372-
| ATHNT 53383136 64485136 b3%ealys 4 rs33118%4 1 kgp7d7s14
chr12:63540215- | chri2iB3040215- | chriZ:61826482-
AVBRIA 63546590 64046550 B1B32E57 452865 kep3571976
chr3:33110638- | ch®i3I610638- | cne9:33100638-
BAGALTL 33167356 33667256 33157356 kpolB539535 | keplB8270584
& 102341117 | chrdi 101841117 | ched: 102560140
BANKL | 102995969 103455569 103214892 r$6851971 kep20796561
ChrC1S2965946- | chriCi53465946- | chw¥:152619145-
BCAPIL 152990201 153490201 152643081 (36627303 kgpd2764947
chrif: 75262927~ | chrlG:74762927- | chwif:73820428-
BCARL 75301951 75801951 7359452  kep7158675 | kgpl6367309
chriR 60790578 chrif: 60290578 chr18:58941558- |
BCL2 . GU98E657 1486657 53137537 rs435439 | 151720898
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FG. 18C
chri(d:226310138- chrif:223110138- chriG:22645304-
BaiL P 22620414 23120414 22660182 AU RS r312775513
chr2:20323104%- | chr2:203741049- | chri: 202945204
BAIPHZ 203432474 203932474 203140719 1 rs2072504 kgp31B83288
chr2:112930411- | chw3i112430411- | ohw3:114433101-
BOC 1 113006305 113508305 114488985 kgpl2i64746 | kpr3239668
chr 134333530~ | o 133831530- | chr? 133982004
BPGhM i 134364567 134864567 134015107 P kEpi3720735 | kgp8542611
D ehri7:41156381- | chrl17:40606313- | chri?:38440833- _
BRCAL P 41322420 41832420 3B530984 | kgpi(14784 kenl3921788
_ chri3:32889616- chriZ: 323896816 chri33i787616-
BRCAZ i 32973809 33473808 31871809 rs2146284 £335296502
chri6 50352828 | chrifiaB852928- | chri6d8910441-
BRD7 | 50402845 50902845 48480330 | kEp3B434A0 kepb018549
che8:37701387- chr&:37201387- chr8: 37820560 :
BRFZ 37707431 38207431 37325565 r57R1REG7 kgpd2772561
chril: 6638803 | chri 15604803 | chril:G5861379-
BRMSL 66112582 6EH1258Y £5869158 kgpl2 746103 | kgpll2808093
ChrX: 100608434 | choG100104434- | chr):100491007-
BT 100645770 103145770 100532426 4 kgo32 750057 - kgpal747¥202
chrl:24104837- chr1:23604887- chri:23877474-
Cilorflig 24114782 246314722 23887308 kgodB3495 kep2701674
chrl 152486978~ 1 chr1 151886978 | chrl 150753602
Clorfdl 1524884381 152888481 150755105 KeplS6S4871  § rs4363385
chr17:5336098- chri7:4836068- chrl7:5276822-
gioee 5342471 5242471 383185 kepld047547 ¢ rs17835455
chr203:61427804-  § chr20:80927804- | chr2(H60828282-
£200rf2 61421945 61931945 0902390 | kep9228388 kgR19363625
chr2(:35234136- | chw20:34734135- | chr2(334636369-
C200rf24 35240960 35740660 134674374 rsGRE0820 131744760
chrd 57828515 ¢hr4:57329515- chrd:87524272
Céorfld 57843826 58343826 57538583 kgp22755132 kgpl831456
chrd: 100433160- | chrd: 99932160 chrd: 300651322
Cdorfi? 100463460 100963460 1003682483 kgl (878315 kEnd1204347
| cheSi175665369- | chrS:175165369- | chrS:175590008-
i Chorf2s ATBTIassy 176272990 178705588 kgp 7679855 redsgie:
chre:34358181- chr9:33808181- | chr3:34388181-
F COorf38 34458568 34358568 34448568 kgpa2772732 | rs703186r
chr22:24407764- | c¢hri2: 23807754 | chr22:32737764-
CABING 245745%6 25074588 22804586 kepba37302 kgpS793536
chriZ:323078421- | chri2:120578421- 4 chrl2 119562804
CABPL 121105127 121605137 119589510 | kep18737891 | 5503720
chri2:2162415- chri2:1662415- chri2:20328676-
CACNALL F8(711S 3307115 2677376 kgpl477564 kgpil76729
¢hr?:33053798- chr7:92553798- chr7:92891734-
CALCR 93204042 93704042 93041578 kEp3BISA36 | kepllRavi42
chr7: 134464163~ | chr7:133954163~ | chr7:134114710-
CALDE 134655480 138155430 134306012 1516874469 kepd2B28820
chr5: 148599053~ | chr$: 148089053~ | ¢hr5:145579247-
CAMKZA 149655403 150169403 14%6495239 KgpB268224 kgn2 2536863
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FIG. 18D
ChrIO:75E7ZI58- | chriB:75072358- | chriG:75242264-
CAMIIG 75634349 76134349 75304349 kgpSELTEOZ | hpnsnoyady
chri7:3763616- | chr17:3263616- | chri7:3710365-
CAMKKL 3796337 4236337 3743085 kgpa927794 | kpoi3gasel
FhriZ2: 121675494 | chri2:121175404- | chri2:120159877- | kgp3636283,rs
CAMEK? 121736111 122236111 120220494 1800556 kep3169612
chri: 223889234 chiri: 233389284 chr1:221566741-
CAPNZ 223963720 224463720 222630343 52430408 | kepl5138476
chré:185548849- | chrd: 185048840 | chrd:1B5785843
CASPZ | 185570629 186070629 185207623 kEpS520160 | rs2046535
chra 110606784 | chrd:110100784- | chr&:110829233 |
_CasPs 110624629 111124629 110844078 kgp20840443 | kpp20817413
chridh 115438934 | chrif:114938934- | chril(:115438324- '
CASPT 115490664 115990864 115480654 kepl2503193 | rs17266538
chr2:202088165- | chr2:201598165- | enr2:201806410-
CASPS 302152434 202652434 201850679 kpoB115041 | rs12468196
chr3i121902529- | chr3:121402529- | chr3:123385219-
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HSFBL 75933614 76433514 TEITIS4E kepd195218 kgpl0852432
chr3:53751430- chrS:83251430- cheS: 53787201
HSPE3 53752214 54252714 53787964 1516881855 (53815916
chrizZ: 118616594~ | chr12:119116594- | chri2:138100977-
HIPBS 119632551 120138551 1181168934 kppl8981308 KgplBR23622
chri® 88773880 | chwl9:85373550- | chrigel465518-
MIPEPL 85791751 56281751 £0483540 kpp313401D kgpd 1533588
“““ chr2: 198354720 chr2: 197884720 chr:19803733684-
HSPER 1933@}818? 198868187 198076416 kepBBR4304 kep 12004788
chri 31710763~ | chrid31210762- | chri3:30608782-
HSPHI 1 31738502 32236502 33634502 KgpibS48529 kaplGB11501
chrifi 20385289 | chr11'13885783 | chrl1:20341865-
HYATIP 20405339 208058325 20361305 152707094 kgp309631
£hi2: 235972948 | chr3:231472849- | chr2:231681199-
HYR2B 231989824 232489324 231698068 156761068 rs4373459
cheX: 113838550 chr¥:113318550- chrX 113724808
HYR2C 1 14144624 114644624 114050880 rs Q55827 kggZZSBGO?E
chrii18gge177a- chrl 19481779- chrl: 19864366
HTRE 20006055 20506055 19878642 kgpisg12015% kepl(533408
chrilii18044345- | chril 114544345 | chril:114548555- E
G584 1315375241 115875241 134880451 L s 1607260 Fe7RIE212
- chr&:47132815- chr8: 41628819 chr§: 422479585 1
HBKE 42180171 42690171 42309122 kanO748756 kgp3164558
chril: 206643585~ | chrl: 206143585 | chrl:204710418- :
IKBKE 206570223 207170223 204736845 kgplS543770 | kepf3s5437
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cheX: 153770458 | chrx 153270458 | chrX 153423652 |
KBHG 153793261 154293261 153446455 | 5633 kapI2831959
chri6:27325250- | chriB:26825250- | chri§i27232751
AR ITI76099 2787609% 27283600  kpp11i44142 | kepl5489202
chr3:3108007- chi3:2608007- chr3:3086420-
HERA 3152058 3652058 3127031 kgplO211458 | kep22835987
chr1 219027567 | chr2:218527567- | chr2:218735812-
HBRA 219031716 219531716 218739951 kepl4521358 | rsl1S859170
chri8: 7112265 chriS:66313265- chriBTOR3365-
SR 7284011 7794011 7345011 kepSI14781 | keol1453659
che3: 121488609 | chr3:120988608- | chr3:122571289-
GCBL 121553926 122053936 133036616 (511928531 | rs6438722
chri5: 00031472 | chri500431872- | chriS88732476-
IGGAPL 51045475 91545475 BERAG47Y kEplE76965 | kep2DO28594
chr¥ 153375856 chedi1527755856- cheX 152929150
IRAKS 183285342 153785342 157938536 kppI2756383 | raf643880
Chr 2227596032 | che2i22T00E033- | che2: 3273042 76-
051 227663506 228163506 127371750 kgel2419080 | kgp93o1097
_ chrX: 107875726 | chrkI07475726- | chrX 137862367-
| insa 107979607 108479607 107866295 Kep22794644 | rs5985712
5 chraLAB305867- | chril:45805867- | che21:45130286-
ez 46348753 A6RABTS 45173181 kep13235366 | r311702782
Chri6390644D- | chr1:63406440- | chrli63679045-
TEE3eP 53988944 54489944 63761423 151572108 | kgp5171315
chri7:75717515- | chri7:73217515- | chri7:71279110-
TGRS 73753859 74353859 71265494 KpoZ663142 | kppdSTS494
3124481798 | che3:123081794- | chr3:125964484-
FFGBS 124606144 125106144 126088834 kgpSIR1659 | kppl7TE5518
ChriS: 41786055 | chr1S:41286055- | chri5:38573413-
ITPRA 41795757 42298757 39583033 1 kgpa2747722 | kepl0S07061
chel:226819390- | chel226319300- | chri:224886013-
TR 326976876 127426875 224991987 ;51219671 | rs7510099
chr§:33689155- | chr§:33089158- | chr6:33697138-
TPRY 33664348 34164348 33772326 rs3117030 kgpd5 15850
chr13:39881963 | chri$:29381963- | chrif445TaR03-
53X 39891203 30391208 24533043 kEpdBE483 kep6117039
ChTIE5298905- | chehi64798S05- | ehrLi65071493-
AR 65432618 65932619 65305207 kpoBOTET21 | kepQT45352
chr21:35818987 | chr2 135318987 | chy21:34740857-
RINEL 35834573 36384573 134806443 4 krel2187567 | kepbU41106
chr2: 273916961 | chr2:223416861- | chr2223825105-
KEMES 273920355 224420355 323628599 kepl4948218 | kepldS31899
E chr7:150642043- chr?: 1503420483 che7:150372981- |
KEMNH2 150675407 151175402 150305947  kep13542655 | kgp7948285
chr17:68164813 | chri7:67664813- | chri7.65676408-
KEns2 68176183 58676183 85687778  rs6301341 KepI814913
Chr5:113688015- | chr5:113198015- | chrS:113725914-
KENNZ 113832197 114332197 113860096 kgp9619904 | 110056549
chri9: 44270683 | thriS 43770684 | chri9:48962524- ;
KONNS 44385409 44785409 48477243 r$6508074 | kpp21388839
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| ehr20:62037541- | ehr20:61537541- | chri0:61507985-

KONG?2 | 52103993 62603993 51574437 516983364 | knol9265466
ehr2:133133104- | chrSi132633104- | chrB:133210437-

RONGS 133433004 133993004 133562186 | kgp20244043 | rs4074676
chrE73431570- | e 72831570 | ehe6:733RESSS.

KONG5 73908573 74408573 73963301 kep77S0415 | raB446963
chrd 55384425 | chrA:55444425. | chrd:55639405-

KDR 55991767 56431762 55686519 kpot1624145 | rsi0023874
ehr1l:101785745- | chril:101286745- | chrli:101290955-

KARLZYT | 101871793 102371793 W0I77005 kepl2804311 | rso667854
chr?: 138516126 chr7:138016126- chr 7 138106666

KIAAISAS | 138666064 139166064 138355110 (511763851 | kgpl0309774
che5:132028322- chr5:131528322- chr5: 132056221

RIFIA 132073765 132573265 132101164 r53205685 r34558109
chrd:55524094- chrd:55024054- chr4:55218851-

RIT 55606881 56106831 55301638 kppddb7115 | kgp9d03472

_ 1173684079 | thel:173184073- | chri: 171950702

| RLHLZO 173755840 174255840 172022463 FS13374515 | kgp5594942
chr5:136853188. | chrS:136453188- | chrS:136981087-

KLHES 137071779 137571779 137099678 re2866736 rs 10040989
chrigi51515989- | chriS:51015096- | chrld:56207815-

KiKig 51523431 53023431 56215243 | kepod9sanz | kgpdlS03250
chri2i2535817%- | chr12i24858179- | chrl2:3S340446-

KRAS 35403854 25903854 25285131 kEp19038229 | kep1316534
chri7:38974368 | chrl7:3B474368 | chri7:36227834

KRT18 30978863 35479863 36232373 kep7164026 | kep6621387
chri2i53342654- | 1257882654 | chri2:51628971-

KRT1% 53346625 53046685 51632952 rSA06857 rs11834179
chri:32716835- | chrl:32218839 | chrl:32480426-

LEK 33751766 33251766 32524353 rS12097400 | kepb229337
chr22:37966252- | chr22:37466252- | chr22:35296158

LGALSE 37976024 38476024 36305970 kgp149996%6 | rsR135665
ehelA560523688- ¢ chrl:155552368- | chrliiS4318992-

LRENA 156108548 156608548 154375172 kpnl1675438 | ral2408758
chr&126312314- chr5:125612313- chr8:126140731-

MmNeL ey 126672712 126200608 kPOSO14465 | kagp22418220

LOCI00I336 | chrRI 144063447 | chr8 143563447 | ehvB: 144134820

&9 144089807 144599807 144171182 FS10875483 | kgpl0BS0793
: chrf 134758853 | chr6:134758853- chre: 134800548~

LOCISA097 | 134825158 135325158 134866851  kep11830779 | kgp23793805
chriBiS238008- | che1B:4736058 | chriS222874-

LOCIINAN | 5246505 5745505 5228525 | kepS290787 | kep989326
cheBii2623570- | chr®i2I23570- | chr&12667941-

LOCIA0387 | 12668910 13168910 12713281 KEpAUTSA906 | keplOROS06Y
chri7:48944035- | chr17:8B844039 | rhel7 46295038

LOCADOSOE | 4894572 43485733 45300731 Fep11816481 | kgpl0i63248
chr?:91763906- | ¢re7:01263906- | chr7:91601842-

LOCEIZI26 | 01771254 93271854 91603750 kepi3774218 | 53731343
chr14:24780704- | cheld34280704- | chrid:23850544-

LTBAR 2478742 25287242 | 23855932 bEpiSETIE0T | rs8007336
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chr3:46477455. | chr3:45977495- chr3:46452459-
LTE 46526724 Lavoze7as 45501728 Kgp17788490 | \epii176589
chr3:158384202- | chr3:157884202- | chr2:1598656895
LN 158390482 152890482 159873176 rs6764097 Kgp7955IL
chrl:235824348- | chri235324348- | chr1:233890968-
VST 236030220 235530220 234096843 rSIZOSE15 kEn9270301
Thrd43547278- chef43097278- chr6:43705256-
MAD2LIEP | 43608688 34108688 43716666 (51537638 kppiS22303
chirX:515461584- chrX:51046154- chry:51552884-
MAGEDL 51645450 53145450 51667190 kgp22779908 | kep227BAS10
chri5: 43800805 | chri5:43309805- | chriS:41587097-
MAPLA 43873218 44373818 41611110 kep12180163 | keplD318377
chr2(i33134693- | chr2di32634681- | chr2(:32558352-
MAFLLEIA | 33198149 33648149 32611810 bpplS388199 | kepB630543
chriS:E6679210- | chriS:66179210- | chri5:64466264-
RAARINA 56783823 67263882 64570936 | kgp19795142 | kpp382480
chel7:11934138- | chr17:11424134- | hr17:11864859-
MAPZKA 12047651 12587051 11987776 | 1516944342 | rs9915536
che15:67835020- | chriS:67335020- | chwlS:65622074-
MAPZKS BR0G3455 68595455 | 55888506 kgp19854650 | kepa0006731
chri8: 40637650 : chris:40187650- chri9:4538%450- '
MAPIKID | 40721482 41221482 45413314 kgp6290284 | rs2561531
chr17:81889774- chri 7611897743 che 1755053506 :
RAAPIKS 61773670 62273670 59127402 ppl4B4B73L | kep5230870
Chr:G1235353- | cheSi007I5352- | che6:31382073-
MAAPIKT 91296307 91796507 31353628 9451316 rs3451576
chr22:39745953- | chr22:38245653- | chr22:38075699-
RIAPIETIPL | 29837HSY ADIVTRET 38157833 kep10431546 | rs137981
5 chr6:149638062- | chrS: 149130062 | chrd: 1498807E5-
| MAPIKZIER | 149731747 150232747 149774440 kend485571 | kepS110056
chri30722949- | chrl0n30222949- | chri0:30762671-
MAPINE 30750762 31250767 30750767 kep22034763 | kgpl1496819
chrih:75207862- | chrlLi74797962- | chiil:74975610-
. MARS 75379479 75879475 75057127 rs11336373 | kgpE9S651
chr5:35995453- | chr6:35495453- | rhr6i36103550-
MARK LA 36075013 36579013 36186513 rsd4711420 kgp1DBE4120
cheif:30125425 | chri6i29625425- | chri6:30032926-
BARKS 30134630 30634630 30042141 kgpl1463254 | kep2105557
chr&: 114478526 { chrdi 113678526~ | chr& 114285219
MEARCKS 114184652 114684657 114291345 kep171B7838 | kgpliiizad
chri8: 74590788 | chr1B: 74100788 | chrlB: 72819776
MEp | 74844774 75344774 72973763 KgpS208536 | re12960107
chr5:112357795- | che§:111857795- | chr5:112385694-
MCT 112824527 113324527 112852426 Hpn2 2530368 | kep22589538
chri(hii31265453- | chriD:13076565%- | chril:131155455-
MGMT 131565793 132065783 131455358 kEp11269334 | kepl514587
chril56843285- | chril56343285- | chrlZ:55130150- | kpolon5239G,r
P 55848435 57348435 55134696 511834873 ken18750923
chriZi6R5 7335 | chrlZ:6357935- | chri2:6728196-
MLE2 6876641 7376641 6746502 kgo1B998724 | rs1001653




WO 2016/205348 PCT/US2016/037596
54/65
iz, 18N
chr3: 70384967 | che®: 13844967 | chr9:20334067.
MLLTS 0622518 L 21122514 20612514 kgplBS04776 | 131018123
| chrid:61201458- | chridi60701458- | chrid:60271222-
MNATE 61435398 51935398 £0505151 kEpS293246 | rs7142081
chrifi821B17E5- | chriS:RI6R1766- | chri6BOTRS267- |
MPHOSPHE | 82203829 82703829 80761330 | kgpansoLy r$3852734
chi13:39421347- | chri®:38921347- | chwl9:44113187
MRPSE2 39423659 39823659 44115499 kgpR134B524 | kgpl1366907
chi21:35445822- | che2 13404822 | chrd 134367697
RRPSE 35515334 36015334 34437204 kpollDXT7E0 | 2834555
chr11:10594637- | chrll:10094637- | chril:10551213- :
ASRVIL 16715535 11215535 10672111 PS7OA6IS5 | kepll1739225
Chr¥GARETSI0- | chrX64387510- | chrX:64804235-
RASN 64961793 65451753 64878518 rSTERTTON kep23 760405
chelZ:BE110707- | chrlZ:B0610707- | chri: 79634638
MYES 21113447 S1613447 FI6ITSTR rs12313682 | kapS5U9463
chriZ:81101407- | chri2:B0601407- | chell 79625576
MYES 21103256 81603756 99627382 157954738 (57972054
chr3:123331142- | chr3i122831142- | chr2:124813832-
RAYLE 123603148 124103149 iaspgsE3s kgpB270532 ¢ rs510324
cheS: 18662005 | cheS: 18162015 | chrS: 16715015
MYDLD 16935385 17435385 16985385 kgpi2359577 | kppl2241403
chri1i 76835309 | ehr11:76339309- | chriBi 76516957
YDA 76976286 77426286 76603534 r52196677 kepI04BOG
Shrl3i17186590 | chel9: 16686590 | chri®: 17047585
MYOSHE 17324104 17824104 17185104 kepl1430919 | kepdli64870
chrii171604556- | chrl:171104556- | chrl 169871179
MYOC 171621823 172121823 169828396 r51 736563 kep1482992
chril:17741108- & chril:17241108- hril 17687685
AYODT 17743578 18243678 17700254 hpolOBOS253 | rsl2285714
chrl: 203053256 chrl202553256- ched: 201318873
MYOG 203055377 703555377 2013322000 rs4350R58 rS3798625
chrS:137023400- | chrS:136522400- | chrSi137231472-
YT 137223540 137723540 137251440 kep22294838 | kgpS559751
chr2i 1792984- chr?:1392884- chrz: 1771891
AYTIL 2335045 2835045 3314052 Kep3SE51S kgD 7720594
chri2: 57106210~ | chri2:58606210- | chrid:S5382477- :
NACA 57119326 57619326 55405593 ra8 759718 kgp11483848
chrB:102698768- | chrR:102198769 | chr&:102767945-
NCALD 103137135 1D3637135 103306311 kep11277997 | 316869664
chr 7 74573383- chr7: 74072383~ chr?:74210380- _
MCFIC 74587816 TE067816 74225695 kge7635479 | kpo0S4065
Chr2:232319458- | chr2:231818458- | che2:Eszozviee- o L
NEL 232329208 232829205 232037449 513415867 | kppizad7433
chr12:124B08956- | che12:124308956- | chri2i123367062-
MEORD 125652010 125552010 | 123617963 (311057368 | keo12274490
chr2:182580832- | chr2: 182040832 | chr2-182243438
 WEURODI | 182545392 183045392 | 182353636 Kkgp7038037 | rs12512546
Chr22:29999544- | chrl2:23459544- | chri2:28329544-
NF2 | 30094589 30594589 28424539 kgpi5024372 | kgpiD478351
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chri: 204797781 l chri: 204287781 | chrl: 203064445

NFASC 205991950 305451850 203358572 (512044514 | kgpli817505
che 1877155771 | chriR76655771- | chrlf 75256750

NEATLL 77299333 77789323 75390511 FE12150804 | kepll226284
Chr20:50007764- | chr20:49507768- | chr20:45441171- :

NFATCZ 50179168 SUBTH168 49612777 rs761240 L kepiEIinten
chril104154228 | chell-103654228- | chr10:104144218-

NEREZ 104162281 104662281 104152271 kpol1777223 | re7997654
chrl9: 39390339 | chri9:3889033G- | chriS:S4082454-

NFHBIB 39399534 19899534 24091374 kep21403980 | kgpd374047

; ehr6:44325802- | chr6:43725802- | chrBi44332880-

| NFKBIE £4333525 44733525 44341503 rS866236 kgpl1221406
chel4 77731833 | chrld:77231833- | chrid 76801586

NGB TITATESS 78237655 76807408 kepd649A0S | ra1i622713
chr22:42069036- | che2Z:41569936- | chr32:40390882-

NHP2LL 42084913 42584913 40414853 kguI2806642 | kpp282841
rhel2 117645846 | chri2117145946- | chri2:116135361-

NGS1 117759607 118299607 116283965 rs11068156 | kep763518
chrid: 20837541 | chri4:20437541- | chrid:20007381-

NP 20345248 11445248 15098 KepB768601 | kapl9427360
chr2 110880913 | chw?: 110380913 | chi2:110238203-

NPHPL 116962639 111462639 110319928 rS10496434 | kgpd845148
Chra: 27650656 | chr2: 27150656 | chr2:37S04160-

NREPL 27665124 28165124 J7518628 kepl4600002 | kepla2sBisy
chrlli24B09828- | chri1 124109828 | chri1:124315038

NRGN 124617102 128117102 134127312 kepdBI624 koS 783287
ehe19:49409306- | chr19:48903306- | chri954095380-

NuUCB1 49426540 49925540 54118335 kep282275 | kgod0isdon
chr1:228395860- | chrl:227805860- | chrli226463483- '

GRSCN 228566575 224086575 236533198 kep22809391 | kgp706951
z chr3:9791827- chr3:9291627- chr3:9785704-

0661 | 9806353 10308353 9783342 FS17FAA749 | 151642974
chr8:54128275- ChrB53638275- chr8 54300878

OPRKI 54164194 54664194 54326747  kep11808605 | kpp7i86378
chri 154360442 | chr6:153860843- | chr6:154402135

OPRMI 154568001 155058001 154609693 KgI2790919 | kegp7491549
ChrlS2552735- | ehrBI53052735- | chr3:154035425-

PIRYL 152555843 153055843 154028533 rs4473028 kgp1812100
rhriZ:S6498102- | chri2i55998100- | chri2iS4784368-

PAIGS 56507694 L 57007654 54743851 kgpiSB42835 | rsiZ308290
chrl: 40026484 chrl. 395264584 chird:39793074-

PABPCA 40043521 40542521 | 39315003 reB692557 rsBER1R04
chri: 138453603 | che® 137953603 | chr:137593424-

FAEP 138458672 138958622 137538443 kepd360258 | rs11103302
Chr17:2486822- | chel71996922- | chri2443872-

PAFAHISL | 2583909 3088909 3535658 kep13951566 | kepd851640
ChrS:i02201536- chrS 017015826 chri 102229425

PAM 102366808 102856808 102383336 4 rslgn7s318 kepd680412
chrif: 67694850 | chrif:67104850- | chribpeR52351- REP1EZ6R093,r

PARDIGA 67696681 68196681 66254182 51106304 kop16328412
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chr20:49248080- | chr20:48843080- | chri0:48TEI4EF-
PARDSE 49370278 49870278 48303685 kgpI9335556 | kpoigIsealc
ehriB:77915116- | chrlB77415116- | chriS 78016105 |
| BARDSG 78005357 FE505397 76106388 | kgpl5973881 | rs12960632
chriZ: 79385744 chiri2:79485744- chri? 78509875
PAWS 80084790 BO584790 | 78808921 | 57950388 kepl9124809
ChrI1:47744035 | chr2147244035- | chr21:4656B463 |
PENT 47RES622 48365682 4690110 | kgp13165624 | rs10483083
21041239345 | chr21A0TI0E- | cwP 140161216
PCPG 41301322 41801322 43233193 kepS198475 | rs2837624
chr1IB6A12697- | chr1i185912697- | chrli184679337-
POE 185430238 185930239 184696852 kepl1S446019 | kepl5I06197
cheXi125263338- | chrii128763338- | cheX:128091019-
FOCDE 129259861 125799861 129127542 rs3131260 | kapl2747824
B 125580375 | che:1750B0375- | chrD:124670443
POCL 125590935 126050535 124630661 kpol1DS0939 | ra73418632
2183007182 | che2:182507183- | che2:183715427-
| PDELA 183387507 183887507 193095498 ko A05462 kep14271078
chrii144676436- | chr1i144176436- | chr1: 143388229
POEADIP 145076186 145576186 143787436 (37548928 kep15506281
chr2:3335897146- | chr2: 232097146 | chr2:232305350-
POEGD 337645574 233145974 232354218 Kepd 48503 rs11686328
chrisazosos. L ' rhri 613 70606-
FDIA2 agyaos chrifi1-837208 | 277210 bEpd861412 | 153817833
chr5:176910384- | ciw5:176410394- | chr5:176843000-
POLIMT 176424603 177424603 176857208 kepl0474318 | kppd286031
Fhr162587068- | chr16:2087960- | chrisi2527970-
POIPKY 653180 3153189 2593150 r511876 r<2741932
chrl:iB0175128- | chwL159675124- | chriii5844175¢-
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