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GCTCTAGGAT
TCCCGGCTCG
GCCGGIGCTC
TCGAGGAGAG
ATCGAGCGCA
CCGTCTICTAC
TCACCTCCTT
ATCTTAAAGT
TTTTAATTAC
GCATCGTGGA
GCCACCARTC
GGACGGGAGG
ACAGCAAAGA
CTGCAGTCAA
CAGCTTCTGC
AAATGTACCC
AGCCGCGTAT
CATGGCCATC
GGCTAGGCCT
GCCGGGATCA
AGTCCCTTTC
TATCCTCCTG
GCAGCAGTCT
GTACCTGGTC
CAGCCAGGAT
CTCTATGTAC
AGARAACAAT
AGGCATTGCA
TTCAGTGAGG
CCTATTGGTA
CCTATGTCAA
GCCTTRATGG
TGTAGCAACC
ACTTCAGCAA
GAATACTGGA
GTTTGTGCGG
TCAATGTATC
RATTCCTTTC
CTTCTCTARA
TTTTGGTGGC
TTGGARACCC
CTTCAATCCG
CCCCCCTGCA
GCATTCCTGG
TGTGTCCGTG
. AACTGGACTG
ATTGACAATT
CACAAGAACT
TTTTACAGAG
GTGCCTTCAA
ATTTGTCACC
TCCTGCCACC
CGGGAGGAAA
GGTTGACCAA
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CGCTACCAGG
CCIGGCCAAG
GCTCCAAGCA
CGGGTCATCG
CACCGACCIG
CAAGGCCTGG
GATARAGACTT
GAATGCTCGG

CTCACTTARA

GTCACTGTGC
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GGTGGGAGTC
AGCAAAGTCA
CCAGAAGACC
TGETGETTAC
AGCARAACCCT
TCTCACTGCA
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TTTGAARATGT
AGAGAGAACT
CCACTGCCAT
AACATTGAGG
CTTCAACTAC
CTGGCTACAT
CCARAGCCEG
GACGGCCAGA
ACGAGAGTCA
ATAACCAACA
TATTTCCTTT
TTAGTAACAT
CAGCAAAAGT
TGAGTCTATA
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CTTAGGTCTT
CARAGTTCTT
AARAARARAA
TTCAGTCTTT
CACACACACA
CCTATAGTCT
AGGATCCTGC
CCACTGATTG
TCAAACAATA
GTCTGTGGTT
GAGATACTTG
ACTGATATGT
GCTARAATTTA
TATTCCGCCA
AACACCTTAA

TACTTTGGAA.
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ACACCACTAA
CAATTTTCAG
TCCARAAGTAG
AGTGTCTGGA
ARAGGCCAAA
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TGTAGCTAAT
GTGATCATAC
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TTCGATCAAT
AACACAACTG
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ACACACCAAT
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BIOMARKERS FOR AUTISM SPECTRUM
DISORDERS

FIELD OF THE INVENTION

[0001] The present invention relates to genetic markers for
Autism Spectrum Disorders (ASD).

BACKGROUND OF THE INVENTION

[0002] Autism is a heritable neurodevelopmental condition
characterized by impairments in social communication and
by a preference for repetitive activities. Autism is not a dis-
tinct categorical disorder but is the prototype of a group of
conditions defined as Pervasive Developmental Disorders
(PDDs) or Autism Spectrum Disorders (ASD), which include
Asperger’s Disorder, Childhood Disintegrative Disorder, Per-
vasive developmental disorder-not otherwise specified
(PDD-NOS) and Rett Syndrome. ASD is diagnosed in fami-
lies of all racial, ethnic and social-economic backgrounds
with incidence roughly four times higher in males compared
to females. Overall population prevalence of autism has
increased in recent years to a current estimate of 20 in 10,000
with incidence as high as 60 in 10,000 for all autism spectrum
disorders.

[0003] Data from several epidemiological twin and family
studies provide substantial evidence that autism has a signifi-
cant and complex genetic etiology. The concordance rate in
monozygotic twins is 60-90% (Bailey 1995), and the recur-
rence rate in siblings of affected probands has been reported
to be between 5-10% (Jones & Szatmari 1988) representing a
50 fold increase in risk compared to the general population.
Although autism spectrum disorders are among the most
heritable complex disorders, the genetic risk is clearly not
conferred in simple Mendelian fashion.

[0004] In a minority of cases (~10%), autism is part of a
broader recognizable disorder (e.g. fragile X syndrome,
tuberous sclerosis) or is associated with cytogenetically-de-
tectable chromosome abnormalities. Moreover, co-morbidity
of autism with microdeletion syndromes (e.g. William-
Beuren and Sotos) and other genomic disorders (e.g. Prader-
Willi/Angelman) suggests chromosomal imbalances are
involved in the underlying etiology. The most frequent cyto-
genetic anomaly is an interstitial, maternally-inherited dupli-
cation of 15q11-13 (1-3%) encompassing the Prader Willi/
Angelman Syndrome critical region. There are also a large
number of cases with deletions inthe q11.2 and q13.3 regions
of chromosome 22. The 22q11.2 region is associated with
velo-cardio-facial Syndrome and deletions at 22q13.3 appear
to also represent a clinically definable syndrome. Both dele-
tions are associated with the autistic phenotypes. Other chro-
mosome loci associated with anomalies with a higher fre-
quency of events observed in syndromic forms of ASD
include 7q (see TCAG www.chr7.org), 2q37, 5pl4-15,
17p11.2. In addition, reciprocal duplications overlapping the
William-Beuren deletion region have been associated with
the autism phenotype.

[0005] Genome-wide linkage scans have found evidence
for susceptibility loci on almost all chromosomes with 7q
yielding the most consistent results. Other loci with signifi-
cant linkage include 2q (IMGSAC 2001), 3q and most
recently 11p (AGP 10K study). In some instances, like 7q,
there is considerable overlap between cytogenetic anomalies
and linkage results. However, the lack of linkage found at
15q11-13 and 22q13.3 loci reflect considerable heterogeneity
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in ASD and suggest that these rearrangements are responsible
for a particular ASD subtype involving genes that do not
contribute to the phenotype in cytogenetically normal
patients. Despite promising results, no specific genes within
these linkage peaks have unequivocally been shown to con-
tribute to autism.

[0006] Mutations associated with ASD have been reported
in two neuroligin (NLGN3 and NLGN4) genes and more
recently SHANK3; however, these account for only rare
causes of ASD. Other genes have been implicated, but repre-
sent rare events or have not yet been validated by other stud-
ies.

[0007] Together these data suggest substantial genetic het-
erogeneity with the most likely cause of non-syndromic idio-
pathic ASD involving multiple epistatically-interacting loci.
[0008] The identification of large scale copy number vari-
ants (CNVs) represents a considerable source of genetic
variation in the human genome that contributes to phenotypic
variation and disease susceptibility found small inherited
deletions in autistic kindreds suggesting possible susceptibil-
ity loci.

[0009] It would be desirable to identify genetic markers of
ASD that facilitate in a determination of the risk of ASD in an
individual, as well as to assist in the diagnosis of the condi-
tion.

SUMMARY OF THE INVENTION

[0010] A number of genetic markers have now been iden-
tified which are useful in assessing the risk of ASD in an
individual, as well as being useful to diagnose the condition.
The markers are useful both individually and in the form of a
microarray to screen individuals for risk of ASD.

[0011] Thus, in one aspect of the present invention, a
method of determining the risk of ASD in an individual is
provided comprising:

[0012] probing a nucleic acid-containing sample obtained
from the individual for a gene encoding PTCHD1, wherein a
determination that the gene comprises a deletion of at least a
portion of exon 1 is indicative of a risk of ASD in the indi-
vidual.

[0013] Inanother aspect of the present invention, a method
of determining the risk of ASD in an individual is provided
comprising:

[0014] probing a nucleic acid-containing sample obtained
from the individual for a mutation that modulates the expres-
sion of at least one gene selected from the group consisting of
PTCHDI1, SHANK3, NFIA, DPP6, DPP10, GPR98, PQBP1,
ZNF41 and FTSJ1, wherein identification of a mutation that
modulates the expression of at least one of said genes is
indicative of a risk of ASD.

[0015] Inanotheraspectofthe invention, a method of deter-
mining the risk of ASD in an individual is provided compris-
ing:

[0016] screening a biological sample obtained from the
individual for abnormal levels of at least one gene product
expressed by a gene selected from the group consisting of
PTCHDI1, SHANK3, NFIA, DPP6, DPP10, GPR98, PQBP1,
ZNF41 and FTSJ1, wherein a determination that at least one
of said gene products is expressed at a level that varies from
the level in a healthy non-ASD individual is indicative of a
risk of ASD.

[0017] In a further aspect of the invention, a method of
determining the risk of ASD in an individual is provided
comprising:
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[0018] screening anucleic acid-containing sample from the
individual for genomic sequence variations that modulate the
expression of PTCHDI1.

[0019] These and other aspects of the present invention are
described by reference to the following figures in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a flow chart depicting the methodology
used to identify ASD-specific CNVs;

[0021] FIG. 2 illustrates a genome-wide distribution of
ASD-specific CNVs as described in Table 3;

[0022] FIG. 3illustrates the chromosome 16p11.2 region as
depicted in the Autism Chromosome Rearrangement Data-
base;

[0023] FIG. 4 illustrates examples of CNVs observed in
ASD {families including probands having multiple de novo
events (a); rearrangements in the SHANK3 gene (b);
probands with chromosome X deletions (at PTCHD1) from
female carriers (¢) or inherited translocations in addition to an
unrelated de novo deletion (d); overlapping events in unre-
lated probands either de novo (e) or inherited (f) at the DPP6
locus; and recurrent de novo events at chromosome 16p11.2
in unrelated probands either gains (h) or losses (g);

[0024] FIG. 5 illustrates examples of DPP6 and DPP10
ASD-related CNVs;

[0025] FIG. 6 illustrates examples of chromosome 22q11.2
and 16p11.2 ASD-related CNVs;

[0026] FIG. 7 illustrates the cDNA sequence (A) of the
PTCHDI1 gene and the corresponding amino acid sequence
(B): and

[0027] FIG. 8 illustrates ASD-related missense mutations
identified in Table 7.

DETAILED DESCRIPTION OF THE INVENTION

[0028] A method of determining the risk of an autism spec-
trum disorder (ASD) in an individual is provided comprising
screening a biological sample obtained from the individual
for a mutation that may modulate the expression of at least
one gene selected from the group consisting of PTCHDI1,
SHANK3, NFIA, DPP6, DPP10, DPYD, GPR9S, PQBPI,
ZNF41 and FTSJ1. Such genes are referred to herein as
“ASD-associated” genes.

[0029] The term “an autism spectrum disorder” or “an
ASD?” is used herein to refer to at least one condition that
results in developmental delay of an individual such as
autism, Asperger’s Disorder, Childhood Disintegrative Dis-
order, Pervasive Developmental Disorder-Not Otherwise
Specified (PDD-NOS) and Rett Syndrome (APA DSM-IV
2000).

[0030] Inthe present method of determining ASD risk in an
individual, a biological sample obtained from the individual
is utilized. A suitable biological sample may include, for
example, a nucleic acid-containing sample or a protein-con-
taining sample. Examples of suitable biological samples
include saliva, urine, semen, other bodily fluids or secretions,
epithelial cells, cheek cells, hair and the like. Although such
non-invasively obtained biological samples are preferred for
use in the present method, one of skill in the art will appreciate
that invasively-obtained biological samples, may also be used
in the method, including for example, blood, serum, bone
marrow, cerebrospinal fluid (CSF) and tissue biopsies such as
tissue from the cerebellum, spinal cord, prostate, stomach,
uterus, small intestine and mammary gland samples. Tech-
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niques for the invasive process of obtaining such samples are
known to those of skill in the art. The present method may also
be utilized in prenatal testing for the risk of ASD using an
appropriate biological sample such as amniotic fluid and
chorionic villus.

[0031] Inone aspect, the biological sample is screened for
nucleic acid encoding selected genes in order to detect muta-
tions associated with an ASD. It may be necessary, or prefer-
able, to extract the nucleic acid from the biological sample
prior to screening the sample. Methods of nucleic acid extrac-
tion are well-known to those of skill in the art and include
chemical extraction techniques utilizing phenol-chloroform
(Sambrook et al., 1989), guanidine-containing solutions, or
CTAB-containing buffers. As well, as a matter of conve-
nience, commercial DNA extraction kits are also widely
available from laboratory reagent supply companies, includ-
ing for example, the QIAamp DNA Blood Minikit available
from QIAGEN (Chatsworth, Calif.), or the Extract-N-Amp
blood kit available from Sigma (St. Louis, Mo.).

[0032] Once an appropriate nucleic acid sample is
obtained, it is subjected to well-established methods of
screening, such as those described in the specific examples
that follow, to detect genetic mutations indicative of ASD, i.e.
ASD-linked mutations. Mutations, such as genomic copy
number variations (CNVs), which include gains and deletions
of segments of DNA, for example, segments of DNA greater
than about 1 kb, such as DNA segments between about 300
and 500 kb, as well as base pair mutations such as nonsense,
missense and splice site mutations, including sequence muta-
tions in both coding and regulatory regions of a gene, have
been found to be indicative of ASD.

[0033] ASD-linked mutations such as CNVs are not
restricted to a single chromosome, but rather have been
detected on a multiple chromosomes such as the X chromo-
some, chromosome 15 and chromosome 21, and on various
regions of the same chromosome such as at Xp11 and Xp22.
Examples of CNVs that have been determined to be linked to
ASD include a deletion on chromosome Xp22 including at
least a portion of exon 1 of the PTCHD1 gene; a duplication
on chromosome 15q11; and a deletion within the SHANK?3
gene.

[0034] Genomic sequence variations of various types in
different genes have been identified as indicative of ASD.
CNVs in the DPP10 gene, including intronic gains, such as a
105 kb intronic gain, and exonic losses, such as a 478 kb
exonic loss, both of which are more specifically identified in
Table 1, have been identified; CNVs in the DPP6 gene, such
as a 66 kb loss encompassing exons 2 and 3 and gains such as
a CNV encompassing the entire DPP6 gene, a 270 kb exonic
gain (exon 1), and a 16 kb intronic gain (see Table 1); CNVs
in the SHANK3 gene such as a 276 kb loss; and CNVs in the
DYPD gene such as a loss of the entire gene.

[0035] In one embodiment, genomic sequence variations
that inhibit the expression of PTCHD1 have been linked to
ASD. The terminology “inhibit expression” refers broadly to
sequence variations that may inhibit, or at least reduce, any
one of transcription and/or translation, as well as the activity
of'the PTCHDI protein. For example, a CNV in the PTCHD1
gene comprising a large deletion of the coding region which
results in at least a reduction of the expression of PTCHD1
protein has been found to be indicative of ASD. Although the
CNV is not particularly restricted, the CNV deletion may
include, for example, at least a portion of exon 1, but may
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additionally include surrounding regions as well, such as
intron 1, in whole or in part, or a portion or more of the
upstream region thereof.

[0036] Genomic sequence variations other than CNVs have
also been found to be indicative of ASD, including, for
example, missense mutations which result in amino acid
changes in a protein that may also affect protein expression.
Inone embodiment, missense mutations in the PTCHD1 gene
have been identified which are indicative of ASD, including
missense mutations resulting in the following amino acid
substitutions in the Ptchdl protein: L73F, 1173V, V195],
MIL336-33711 and E479G.

[0037] To determine risk of ASD in an individual, it may be
advantageous to screen for multiple genomic mutations,
including CNVs and other mutations as indicated above
applying array technology. In this regard, genomic sequenc-
ing and profiling, using well-established techniques as exem-
plified herein in the specific examples, may be conducted for
an individual to be assessed with respect to ASD risk/diag-
nosis using a suitable biological sample obtained from the
individual. Identification of one or more mutations associated
with ASD would be indicative of a risk of ASD, or may be
indicative of a diagnosis of ASD. This analysis may be con-
ducted in combination with an evaluation of other character-
istics of the individual being assessed, including for example,
phenotypic characteristics.

[0038] In view of the determination of gene mutations
which are linked to ASD, a method for determining risk of
ASD in an individual is also provided in which the expression
or activity of a product of an ASD-linked gene mutation is
determined in a biological protein-containing sample
obtained from the individual. Abnormal levels of the gene
product or abnormal levels of the activity thereof, i.e. reduced
or elevated levels, in comparison with levels that exist in
healthy non-ASD individuals, are indicative of a risk of ASD,
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or may be indicative of ASD. Thus, a determination of the
level and/or activity of the gene products of one or more of
PTCHDI1, SHANK3, NFIA, DPP6, DPP10, DYPD, GPR9S,
PQBP1,ZNF41 and FTSJ1, may be used to determine the risk
of ASD in an individual, or to diagnose ASD. As one of skill
in the art will appreciate, standard assays may be used to
identify and quantify the presence and/or activity of a selected
gene product.

[0039] Embodiments of the invention are described by ref-
erence to the following specific examples which is not to be
construed as limiting.

Example 1
DNA Samples and Population Structure

[0040] The study included 426 ASD families. All of the
index cases met Autism Diagnostic Interview-Revised (ADI-
R) and Autism Diagnostic Observation Schedule (ADOS)
criteria or on a clinical best estimate (Risi et al. ] Am Acad
Child Adolesc Psychiatry 2006; 45 (9):1094-103). Thirty-
two of these carried a cytogenetic chromosome rearrange-
ment; 18 were detected by karyotyping 328 of 412 samples
that originated from child diagnostic centres at the Hospital
for Sick Children in Toronto and from St. John’s, Newfound-
land; 14 were already known to carry karyotypic anomalies
(see Table 1 for information on these 32 patients). Affected
and unaffected siblings were also assessed, and 56% (237/
426) had one child (simplex) and 44% (189/426) had more
than one child (multiplex) with ASD. Most cases were
screened for fragile X mutations (75%) and if detected they
were not included in the study. Most experiments were per-
formed on blood genomic DNA (80%), otherwise the source
was cell lines, e.g. lymphoblast cell lines. Population ancestry
was estimated using STRUCTURE (Falush et al. Genetics
2003; 164 (4):1567-87; Pritchard et al. Genetics 2000; 155
(2):945-59).



Sep. 30, 2010

US 2010/0248235 Al

T TIL TH-999°0LS TF orLOr1 80T 1¢1ebLT
TL8°6S0°0T-€0T LT /T 69L°TET 80T T1IbsT
$69°8€0°TT-9FS S 1T 8F1°€8¢ 80T T1Ibp1
6ET°€86 T I-876'C18 T T 161°691 80T #¢br
LS TPTRE-SE9 THO ]E 6£6°C01 80T Tv1dL
TLO'9LE'OY-TTTT96'0F 0S6°CT uren ¢z1do
LOE'FTIO THT-8S9°REOOFT  6¥9°SSE 80T ¢ 1¢bg
TSSLEL TLI-LTOSTLILT  ¥TTT8 80T ceby
YOS 8S8VH-966TOL v 8056 uren crdy
#9660t $-905°¢9¢°S 8SH' 80T 1'9zdg (60€2L)
€OV LPS 6P T-LES C60']FT 9T ISH'T uren ¢ 1¢b-z1eh1 0AOU 9p asv £00
PPE TP L8-TSE LIV LS £66°€T uren ¢zedr AND 998 AND 99§ 1 SUIOSOWOIYd SUL “XX ‘Lt Aqmureg xordun's  -¢8703S ¥
sn3eaowe]d
sod araaos ‘sroSuy
aradey A]eIsip
‘peataIo] Joys
‘stea 28re] ‘pakelop
001°60S°6%-00%LLT Y 00L°1€T°E ssoT  €¢1eb-1¢°¢TbrT Aresuswidofaaap
008°367°0€-00£°96.L°6T 005$°20S uren ¢gIber AITeqo[S Yo (9€£69)
000°9S€°90T-000°026F0T  000°9EHT uren ceTebyt pajirayuT snoonwgns ‘qSy 000
000°0€SHTT-000'8€0FTT  000°86+ uren 7¢be AND 298 AND99g  1ed (¢1b fzeb)(TT b NTT)0P ‘XX ‘OF Amureg xordun's  -6£00VN €
..E_.m\r jou
DQE@HD%DH
JurpredAH
jrorry
£8€°680°0C-TTH OP 81 1967791 uren T1IbsT
T1H'850°CZ-186°L0F 1T 0£+°059 uren T1Ibp1
PPSO6E 61-96°TLT 61 6L5°€TT uren T1Ibp1
CES LY TT-LRE'6£0°TT or1°8ti uren 1°¢zdg
000401 601-000° T6€°60T  000°€T 80T ¢ 1ebg €L6°S8T 16-8L9°T08°T8
9L0°STI‘L6-6¥7°9L0°L6 LT98F ss0] ¢1bg [B19A9S i pIb-T b
699°$96°961-9€9°TT6°96 1 £E0cy 80T 62be
..E_.m\r jou
DQE@HD%DH
yurredAH Aeydesororur
jTorrg ‘Aysaqo Teprosip  (TT09€ES)
I8E0ELTHT-ROF' LTI THT  +16°209 ss0] ¢1ebg umowum 2mz1as ‘qsv 000
6E8°CIGTIT-9L8°ERL'TIT  €96']T1T uren zerdr [eI2A9S ¢ 1eby (1D TZb)(S ) ‘XX ‘o Aqureg xordun's  -S000VN ¢
000°0TZ°90T-000°ZST'90T  000'%9 80T ceTebyt
009°6£0°TT-00€°06%° 1T 00€°6+S uren T1Ibp1
00L°0L9°69-005TH9°69 007°8¢ 80T ceITher
006°98€°S€-00LTEE SE 00Z'%S uren crdrr OP0' 9 12-995195°1Z
006'881°0€-00€ PET0E 009'%S uren ¢¢1gdo SOUST UAMOTY ON ¢'zedo erxerdsdp  (7€980S)
06L7ST1002-789°960°00C umowyun ey wdo[aa9p ‘ASY 000
009°€L6°68-001"950°68 00Z°L16 80T T1ide dIvs Tgebg (zzd 7eb)(9 01 XX ‘o Aureg xordun's  -000VN 1
uorIRI0] (dq) 9z18 AND huite} souor) bagyoy uones0] adKoArey] adfy ar
SISATRUY AND utodyearg Aure JpdLouayg ordureg
SIsATeuy onRueS0IL)
T HIdVL



Sep. 30, 2010

US 2010/0248235 Al

00Z°09L T#-009°TTS ¥
00$°T16°T9-006758°T9

00T°LLS LF-008° VIV LY

006%50°€F-00$°956° T
SL6'066°TE-TO0FLITE
€ER°6TL TH-9£0°00S Tt
T#E098°€9-606'89L €9
OF1°6L0°0T-2CH 9P |1

0£T°0¥T 90T-198°€2T 901

979°SL0°TT-6TT PRSI
0F0°L00° TH-86 T ¥8S 0F
060°896°1€-29€H06° 1€
67T S8F LE-6TT10€0°LY
896 TE1°8E-STL 9608
SHE9T9°C6-L8T°955°S6

00Z°SOLTI-T18°SLT'6
000°LS6°8L-000°T06°8L

00F°SES9T-008°STT ST

000°9T0°€TZ-000°€TOETT

00€°T00°ST-008°CL6 T
CERGTL TH-COT RIS T
LLET6S FE-TH0STEYE
S8TET6°61-001 LT 8T
STORPOTT-CITLILTT

000°SLTFTT-000°€STHTT

€0¥'987°T1-02949T°T1
666°90S TE-660 7€ TE
T00°L08'8E-HREVES RE

699°$96°961-9€9°TT6°96 1

008°LTS0L-006°TSTOL
00F'Z61°6T-00€ 0T 61

009°6 TEFT-00S POE ¥ T

006°€16°6£-000°878°6¢

009°8€T
009°9S

00€°791

0078601
16918
L6L'61T
EF'16
8TLTEY'T
697°TC
L6E 6%
W8Ty
8TL'€9
0£T°6SH
£rTice
850°09

68€°6TF°'¢
000°SS

009°601'1

000°€
005°LT
1€L°10T
9£€°99C
S80°9IS T
€0S°1€E
000°CC
€8L°1T
006°791
819°TLT
£E0cy

006%LE
001°88C

001°6T

006°$8

urenH
$S0]

uen

urenH
$S0]
urenH
$S0]
$S0]
urenH
urenH
$S0]
urenH
urenH
urenH
$S0]

$S0]
urenH

$S0]

sso]
sso]
Lt}
wen
wen
Lt}
wen
wen
wen
sso]
Lt}

urenH
urenH

urenH

urenH

1¢1ebLT
1Zbot

TrIber

17 11bo1
T7Ibgt
1¢1ebLT
1Zbot
T1IbsT
ceTebyt
T1Ibp1
zibzt
1T11deT
T IIboT
Tv1dL
1'91b9

zs1d-1e7s1dg
¢zrde

¢prd-1gzde

#¢bg
rzrdoz
1¢1ebLT
TTI-¢T1doT
T1IbsT
T1Ibp1
7¢be
1°gzdg
¢ 1edo
1g1de
62be

¢erde
T1Ibp1

¢prdz

Tv1dL

(£ uomur uT p2yeso] s1
uorSar jurodyeaIq) 1DYIVD

souaS umowy] ON

souaS umowy] ON

8THAD

74dd ‘TIATFOdD TYI10d

souaS umowy] ON

THdSOHIN
TNV ‘CTVOTIOTIS

THOAAIV ‘T€FT0FO0T
souaS umowy] ON

souaS umowy] ON

souaS umowy] ON

TIDIN

98F ¥T0OP-£SCOL8 Y 1T TdY

TLS SECTI-SH ELTITT
igeTdy

TS CELOP-PEF 8190 1€ TdL
0T+ €88°61-976°ST8°61
igp1dg

DENZ.N\VN jou ;\NTM

Bﬂd:.m\wd

jou pgde

SR TR PO-CEC TR YO
TEIbIT

618G T°68-SSO°LTT 68

HA AL

099° 19t 16-061°$9°16
Teeebor

LYS STI61T-¥8T €68 T
TgThe

800°LEL SP-T0L 69" St 71d6
OCT°TTS LOT-89T TSH LT
b1

ssordoxd

ur:o1bgT

ssordoxd

ur:oTbet
LE'EELTI-LOS'OLETT
¢pede

LOO'€9T TL-8LE S90TL
T1edr

pajLraYul
rew(¢ g 1d ;7 Td)()AUT ‘AX ‘O

0AQT op

(c1dsTd)(L fon
(pgb prd)(©)Aur ‘AX ‘of

pajLraYul
yed (¢¢Tb ‘T TTA(IT TN AX ‘OF

uAOuYun
(£72Tb TZbX0T T XX ‘oF

pajuaTuy
(¢1d:6zb)(6 ‘11 ‘AX 9t

pajLraYul
rew(QTb JQTb)(ST ‘¢ T)0p
red(gzd (Tzzd)(T ST AX ‘op

Aeop rejuswdooap
punojord ‘feqroa
-wou A(reuriid ‘gqsy
Aqrurey xa1dnmp

YD NP 15 Jo
SOTTYEAY [RIOR] OUIOS
AN[IQESIp [BTI0S [T
QyeIopou ‘Ke[op
o8enSue] o1oA9s

‘IS OpIM B 1M
syea ‘gruolodAy priur
‘TOTRUIPIOOD PUER
2oue[eq Jood ‘@TxeIde
Ioj0W [BI0 ‘(IS
Aqrurey xa1dnmp

asv
Aqrurey xa1dnmp

TOTIEPIRIDT

[ejuaul ‘qsv
Amure,J xordung

asv
Aqmurey xerdurng

asv
Aqmurey xerdurng

(1S1L0)
€00
-S0T03S 01

(I8¥STH)
€00
-ZST103S 6

(t165)
€00
-97103S 8

(s182L)
€00
-SEEONS L
($902¢)
€00
-Z8103S 9

(£9009)
€00
-PH00S S

panunuos-T HIdvL



Sep. 30, 2010

US 2010/0248235 Al

8ET'STO THL19°L68°0F TTSLIT
CTHTOY 61-596°TLT 61 8SH61T
001°076°0€-00%°€68°0¢ 00L°9C
000°666°LZ1-000°TS6°LZT 0008+
LYL'€S0°TST-0SK'LTOTST  L6T9T
L88°€TT6TT-T8E°00T'80T  90S°ETOTT
001°899°TT-009°6LF 1T 005°881T
PIEESTRRI-000°TET'8]T  +IETT
00€%91°6T-000°8E1°ST 00£°9C
000°LTL981-000°TOL'98T  000°ST
000°9£$°6€T-000°T8T'SET  0004ST
00Z°€£9°0L-00€°98C°S9 006°9%€°S
00%°680°0C-007°9LE ]T 00T°€TLT
0£T°610%-061%86°C 0r0°sE
008°8L5°69-00€°9L5 SO 0057
00%°L78°06-00L°L08°06 00L°61
000 72T HET-000°SS8°CET  000°69€
001°780°$T-006°€L0°ST 0028
000%TZ TTT-000°T8TI°TTIT  000°CTE
000°8ST9ET-000°SSTOET  000°E
00Z°971°06-008°C6+"68 00t°€€9
000°06€°T€T-000°0L0°TET 000 1€
00€°991°TH-009° TS TF 00L%+9
00F'Z61°6T-00€ 0T 61 001°88¢
005°68L°€8-000°TLL €8 00S°LT
006°T9E°LS-000FTE LS 006°LY
P210339p AND ON
€STOTF LT-008°S9T LT €6L0ST
679°80L T 129175 1Y 820°L8T
899°CTLO TH-£78°900 TF SH8°9
00%°680°0C-00T°LTH']T 00£°799°1
000°061°61-996°TLT 61 SE0°LTT
TEF'ETECET-000°6L0°SET  TEFPHT
TOS'LLLLY-OLL'LYL LY TE€L°6T
6T C8F L-E8E°C9E O 998°1TT°T
9L0°STI‘L6-S8T¥S0°L6 168°0L
£E6°788°CT-616°18 #86008°CT
890°CTE 661-000°97C°661  890°96

$S0]
$S0]
urenH
urenH
$S0]
$S0]
urenH
urenH
urenH
$S0]

$S0]
$S0]

urenH

$S0]
$S0]
urenH
urenH
$S0]
$S0]
$S0]

uen

urenH
urenH

urenH
$S0]

urenH

Lt}
wen
wen
wen
Lt}
wen
sso]
Lt}
sso]
sso]
Lt}

1¢1ebLT
T1Ibp1

¢z 1Idot
124¢bg
79oebr
1¢°1¢b-11¢bs
Tredo
Tseby
£€Tde

1°1¢b1

¢'87by
¢rd-1p1de

T1IbsT

zeeds
zereher
XM rderal
¢zbrr
¢'17de
faxdet
cebr

¢p1bg

1°26bg
1¢1ebLT

T1Ibp1
1°¢zbot

1'91dz

17 11bee
1¢1ebLT
1¢1ebLT
T1IbsT
T1Ibp1
¢ozbo1
¢ 1Zbo1
T IIboT
¢1bg
zs1d-¢ergrde
62be

LAYINY SINST
TIANLLD “4LAD ‘TZSY
Trro)tt TAAL 'dLLTINZ
PIO0A “ENIIT “TCININI

90 THOP T2 “NONVA ‘96S TV VI

TUPE60IV ‘€ddd

‘6€1ddd “€THOVVIA ‘sadld
‘YTHIOFTI “CCTHOP T ‘NAY'T
souaS umowy] ON

d13edld

souaS umowy] ON

souaS umowy] ON
§9§1090 \LSA

ASN ‘TTSTH900T
TALITIV ‘TVLEDEYT

souaS umowy] ON
€THTA
souaS umowy] ON

souaS umowy] ON

AND 298

OPT'SEE6TT-666'L00°6TT
TeTebL
PO6°LECROT-E9E°TLT 0T
TIgbL

091908 #-9TL L0 0F
TITh-1 by

LSH 6LT°69-818° THT 69 :TTPY
S9£°789°89-TE0665°]9

117 1Zb6

OTH T1S°€9-ZSH o1 €9
ig1b-z 11bY

89C L6 L6-9VOCE6'LE
17ehL
86£°L96°9S-616°508°0S
Tz1do

9£9°C60°TH-9TT €68 T
e TebLT
€LETISTET-6V0" /P TET
TTreby
T60°8E0°LET-€8S 6L6°9ET
T1gbg
TSTT68°88-C61°618°88
HR 41

9L0°900°6 T 1-$90°826°8T 1
TeTebL

AND 298

0AOT 9P
(e 1ebT 1ED)(1PP ‘AX ‘OF

0AOT 9P
(12b gIb)(HT ‘O AX ‘oF

uAOuYun
(T1b 01b)(6 ‘9N ‘AX ‘ot

pajLraYul
red(zeb ‘T T1d)(L ‘9N AX ‘oF

0AOT 9P
(€ 1Th Tpeb T 1eb) (LT 8 fon AX ‘ot

TMOUYUN
(Te1Eb feTb)(L "o AX ‘op

0AOU 9P
(1°s1d) )PP XX ‘O

Kerop

Iojour ‘BrxerdsAp
TeqIoA Tejmeurdo[aAsp
¢STS0)SOUASOTURID

‘asv
Aqmurey xerdurng

asv
Aqmurey xerdurng

asv
Aqrurey xa1dnmp

asv
Aqmurey xerdurng

asv
Aqmurey xerdurng

Kerop
Teuawidoraaop ‘qSV
Aqmurey xerdurng

asv
Aqmurey xerdurng

(10080¢)
€00
-€8003S LI

(16129)
00
-18103S 91

(ot£60)
€00
-€003S ST

(T109%)
€00
-€ET0MS 1

(01£89)
€00
-S6103S €1

(156t)
€00
-19003S 1

(TtT9s)
00
-S0Z0S 11

panunuos-T HIdvL



Sep. 30, 2010

US 2010/0248235 Al

00Z°0%T+T-000°686°€T
00€°991°TH-000°69S T+
00%°680°0C-00% TTL]T
005°L8L°66-001°S10°66
00%'800°TT-009°S68°TT
008°9%0°0€-007°L96°67
008°861°9€-008°S6+°9¢
00T°$8L°€9-00S9LY €9
T€8°881°0L-87C €S0°0L
07Z°910°TT-16T° 15 1T
799°C68°8T-€£8°CSR ]T
9T6'TPL LT-S96°THI" LT
S60°076°TL-TOT TI6°TL
T SIS LE-666 767 LE
SH9°209°ST-#08°9LS ST
88T°C6T°E-TILGOT
6CT°CL]FE-009 PR TE
665°0EH LT-99€9TH LT
00T%TH9T-00$ T€T9T
TEE WP PT-T0T SLE'ET
TOLOPS TT-LTTTE0°TT

£8€°680°0C-€0T°LTH 8T
T0¥°800°CZ-TLOYSL 1T

CTHTOY 61-596°TLT 61
TS T6L YO T-9SH 62LH0T
£0S°6.8°L9-009FEL L9

I8E0EL THT-CTH PEI THT
005 €FS 0€-00%°80%°0€

000°7LL00T-000°€6£°00T
00%°680°0C-007°9LE ]T
00S°6L1°ST-007 0761

000°096°TET-000°S61°TET
€76°T8S TT-LY0TLL'OT
667 T0S TE-STS TLY 1€
£8€°680°0C-€0T°LTH 8T
STL'660°TT-99% TOF 1T
TSLS61'61-S96°TLT 61
00€°8L9°69-9907£9°69
160°76S 8T T-#10°T05°8TT
00Z°$8F* LF-00T°0€0" LY
90T EPTEL-TTT I8 TL
T2L1T8'8TT-000°SEE°ETT
T08°EHT 8E-STL960'8E
TL1°99T SFT1-000°071°St 1

L99°908° LI T-890FSL L7 T
TLE'STE'LE-TETSPR'LE

002°15T
00€°L6S
000°8LET
00t'TLL
00811
009°6L
000°¢
009°80€
£09°SEY
626791
TER°LE
196'86
£€6°8T
10T
1#8°6T

[STESES

082°799°1
62EFTT

8SH61T
S66°79
€061

656°C6
00T°SET

000°6L€
00T°€TLT
001°6€C

000°69L
9.8018
#86°6C
082°799°1
6¥T°LEY
98L°TTT
SETHY
LLO'T6
00T°SSY
$86°19¢
1TLO8Y'ST
9LO'LYT
TLT0TT

665°TS
OvL'L9

uen
uen
uen
uen
sso]
uen
sso]
uen
uen
uen
uen
sso]
uen
uen
uen
uen
uen
uen
uen
uen
sso]

uen
uen

urenH
$S0]
$S0]

$S0]
$S0]

uen
uen
uen

uen
uen
uen
uen
uen
sso]
sso]
uen
uen
uen
sso]
uen
uen

uen
uen

€T IIbTT
1¢1ebLT
T1IbsT

€ 1g-1zedo
zerdg
CHEIbeT
T¥C-€TbsT
T1Ibp1
¢czider
1'z1dot
¢g1bg
Tv1dL
zedo
gererdg
crdg
Trede
11°9¢dr

€T IIbTT
T iibee

T1IbsT
T1Ibp1

T1Ibp1
¢zeb1r
¢ 1Zbot1

¢1ebg
1'12de

1°¢ebL
T1IbsT
TSI-Ts1dg

¢'87by
T iibee
TIbL1
T1IbsT
T1Ibp1
T1Ibp1
ceITher
79tbo1
T IIboT
¢g1bg
TTEb-T1eb,L
Tv1dL
17 1¢by

1¢717de
zede

ST 6€LTS-L80°65S S

souaS umowy] ON T 1eber
968°8SH'9TT-9ST°0LTOTT
L1S HA (L)

SSTT00ET-LF9T8]°EET

souaS umowy] ON Hedoni
ETOTIOPTT-0ST'ELS HTT
souaS umowy] ON 7 1¢by

LY L6S TTT-€88°6L6°60T

souas ordnmpy Hyd R
T60°S9E TET-6L1°686°LTT

souas ordnmpy :97b0T
8T9°€T8 66667 TS9°66

¢3S TTehs
961°698°17-9T1°678°1T

souaS umowy] ON rggrdy

SUCSVL ‘PMTSVL  LOT'8S60FT-1TL0T60FT +ebL
£99°¢86°96-LS9°€16°96

souaS umowy] ON ¢ 1bs
SHE67S PO T-659°09€H0T

AdS Haadel

L8ETOE RT-L6EHRT T

souaS umowy] ON T1eds

9TL'96L'8TT-069°0S 8T T

8ROV VI “AOYINVA HArA%)

‘OIS “CENVASL ‘€OINLL
‘CIAL " 01T TAVOD ‘TAVD SETBISEIT-SLE ISTEIT
‘SAL OHAL OLIAN ‘TdX0d TIgbL

pajLraYul
yewr (b ¢ 1eb)(ET LN AX ‘ot

pajLreYul
rew(szb (Teb)(1T L)1 XX ‘ot

uAOuYun
(gzb fozb)(1T 01)
14(geb fs1d)(8 LN AX ‘ot

pajLraYul
yew(¢bzzb)(£)AuT ‘XX ‘o

uAOuYun
(1geh fgerd)(paur ‘XX ‘o

0AOT 9P
T-AUT S M ‘0n0uop (-7ZSSLA
-98¥SLANTTEDPT TEDX PP ‘XX ‘OF

sAe[op rejwdoAap
1eqo[3 ‘oSenSue|
ami LA ‘qsy
Aqmurey xerdurng

asv
Aqmurey xerdurng

SIS Jojour
SS0I3 pure 2Ul M
SOOI ‘SeMmzIos
‘syoryIR KJoTXUR
219498 ‘QHAV ‘ASV
Aqrurey xa1dnmp
2]B10E] JO

UOTBAS[S P ‘ASV
Aqmurey xerdurng

siso4sd ‘gsy
Aqmurey xerdurng

A[snosuejuods
ySnejezeousysnod
0] o[qeun ‘Aeop
Tejuatdoreaap prrur
‘samiea) o1ydiowrsAp
‘(erxerdsAp reqroa
reauawdor2aop)
IopIOsIp
o8enSuel-yooads
‘SomIBay oNISTINY
Aqmurey xerdurng

(109189)
€00
-1€003S €2

(556.9)
€00
-SP10MS T

(6t759)
€00
-0r003S 1T
(z6889)
€00
112038 02

(20009)
€00
-Z0003S 61

(6866¢)
€00
-1€103S 81

panunuos-T HIdvL



Sep. 30, 2010

US 2010/0248235 Al

0€L°658°S-6TH 7€
€LY'L86°TT POTR6Y 1T
TS TOE TE-SHS SO0 TE
€L9°6€1°92-007°086°ST
00T ¥SH°€9 +66°C
8I8FE0°L LIS TO6'D
LY8'86T°0E 00T LTH'ST
69T TST'90T 198°€2T 901
CTHTOY 61-596°TLT 61
SST'RI6°RT-96L 50681
£9T°860°CT-579°S60°CT
STT STIRE-FSELI0'RE
S0P €80°6L-LT1°9€0°6L
CERGIL T FLY 9L TT
667 T0S T€-7ST €9t 1€
008°068°€L-00€°T09°69
T9S°LT6'RT-96L°S06°]T
£9T1°860°CT-€65°960°CT
STT'STIRE-6LS T60'RE
00T TLTI-CTE THT
000°686°L8T-8LS L68°L]T
OFL006°LE-68L° LY8°LE
SESHEO P T-966°00L ST
000°9TZ°001-006°L78°66
000°SET°6T-00L°9L9"]T
006°T¥L LT-00$°069°LT
000°S68°LET-000°LSL LET
068°695°T-0T€°SEE°T
006°TS84F-005 608 7

000°8€1°TT-006'7€9° 1T

00T49€'86-009°TLT L6
69%'898°6T-T100FL 61
£0S010°09-LTL TLE'6S
009°STT°9L-109°95L°SS
679°80L TH-STH 8IS IY
TL8°650°0T-TTH OrY /1T

TIF S8 T-480°09L T
00587 1€-006°685°0¢
001°909°62-007°790°8C
008°86Z°0€-007°9LE ]T
009°SL0°TT-00L°099°1C
00L°ST8°0€-008°TSH0E

000°61SET-000°0CH € T
000°291°98T-000°9$8 S8 T
00L°689°T-0T T69°T
00840t ST-00€ TOL ¥T
000°076°9LT-000°TTS LT

TTE°6T8'S
697°68%
900°9€T
€LT6ST
907 TSF€9
16T°TET
LYLTLSTT
80%'LT
8SH61T
65¥°CT
8€ST
198°LS
88T LY
65€°€8
LYT'8E
005°687°%
99.°1¢
0LS'T
9€9°T¢
8LL'6T
wr'ie
1$6°CS
6£5°cee
001°88¢€
00€°8$S
00+ 1S
000°8€T
085 H€T
00+t

001°€0S

005°760°T
LSF'8TT
98189
666'8S£°0T
€T061
0ST €191

8TET6
009°859
006°€HS'T
009°726°11
006711
006°79¢
000°€6
000°T1¢€
09t°L66
005°€0L
000471

$S0]
urenH
urenH
$S0]
urenH
$S0]
urenH
urenH
$S0]
$S0]
$S0]
$S0]
$S0]
urenH
urenH
$S0]
urenH
$S0]
$S0]
urenH
urenH
urenH
$S0]
urenH
$S0]
$S0]
$S0]
urenH
urenH

uen

$S0]
urenH
$S0]
$S0]
urenH
$S0]

sso]
uen
uen
uen
uen
sso]
uen
uen
uen
uen
uen

1¢zedx-¢ezedx
T1Ibp1

¢rdg-grszde
zerdet
¢eIb-z11bgT
ceTebyt
T1Ibp1
's1drr
¢1dot

Tv1dL
1'¥1b9
1¢1ebLT

zr1d-Trrdet

¢1edr

¢z 1rdoz

W eTbel
ceb-ze1ebst
1¢1ebLT
T1IbsT

ceerder
11491
TI1d91
CEI-TTIbST
T1Ibp1
1'1zde
1°1¢bg
1°s¢byy
¢o1dp
¢eede
TsThbr

souas ordnmpy

AND 298

AND 298

souaS umowy] ON
INXLO ‘TOdVYNS ‘LATIVIN
AROUAT FRICU T “ISIAH

AND 298

CIAY TINTID

‘SHHOCTY ‘VITAVOHIY
TTTOLTT T PNPIO
TP ‘STHLOd
‘$SLE8TDOT “89600¥D0T

8ET'8T6 L-RIL THE Y
Tererd-zeerdzn

[qereas
jou :¢zb1T

AND 298

AND 298

S]qEBTTBAR JON
860°T61°9€-666°160°0€
Treebie
T1L°968°L-6TF08 L
Terdet

6Z0'788°SS-86£°069°SS
Te1ebgT

£96'818 T€-STSRT6'RT 1CTDST

uAOuYun
(£e1d g eTb)(TT T XX ‘oF

0AOU 9P
(¢1bz11b)(¢)dn AX ‘ot

0AOT 9P
(THTberb)SDPP AX ‘o

poyToN

1ed (7°11d 71b) (ST ‘RN X)P X ‘OF

pajLraYul
(T1°geb sTe1d)(1T S611 AX ‘oF

0AOU 9P
(1ZbX8 )PP ‘XX ‘OF

0AOU 9P
(£1b(STOIPT XX ‘Lt

asv
Amure,J xordung

so£2 Surdoorp ‘spjoy

requeside ‘qsy
Amure,J xordung

asv
Amure,J xordung

asv
Aqmurey xerdurng

asv
Aqmurey xerdurng

10979p
ey ‘e1sejdodAy
[PIOBI-PTIL 193] QN[O
‘erered Yo SV
Aqrurey xa1dnmp

a8en3ue| oandaoar
pue oarssardxa
pake[op ‘Aeop
Teuawidoraaop ‘qSV
Aqmurey xerdurng

(119£28)
000
-L600VN 0€

(L1589)
00
-SHTOMS 6T

(1+6£9)
€00
-€HT0S 8¢

(gs219)
€00
-9€103S LT

(6t+8¢)
900
-STZ0MS 9T

(0t£09)
€00
-81703S ST

(1€8TLS)
€00
-€L00IS ¥

panunuos-T HIdvL



Sep. 30, 2010

US 2010/0248235 Al

seq QHAV P LVNHO  SN/ON Afreqors ‘yor>  (9€£69)
Surqrs pejoayrun souaS 9 SN/ON pajuayur snoonuIqns ‘(IS 000
ATiIN souas /  SN/ON AND 998 AND#as  1ed (¢Tb fzeb)(TT S 1NTDOP ‘XX ‘OF Aqrurey Xordwris  -6£00VN €
FNFIO ‘TALIO
‘STA10d
‘$SLERTOOT  SN/ON
souad UMOUY ON S/ON
soma3 YO 9 S/ON
£S007700T
0e1dIaa
THOSINVA  S/ON
SOUDS UMOWY ON  SN/S2A €L6°S8T 16-8L9°708°C8
souaS umowy oN  SN/ON [eIoA9S ¢y 1b-7%1bg
FONIN ‘0TONIN - SN/ON Areydsooroeur
‘Aysaqo Toprostp  (TT09€S)
souad 01 S/ON umouyun 2mzras Aﬁ—maﬂ 000
ATiIN IVZAVO “ILLS  SN/SOA [BI9A98 €1zhby (£1b S12bX(S )1 XX ‘oF Aqrurey Xordwris  -G000VN T
souad UMOUY ON SN/ON
souad UMOUY ON SN/ON
souad UMOUY ON SN/ON
TVIOTS  SN/ON
TEATLL ‘6€:INYT
‘I141ddd 00 FF9° 12-995° 19617
‘TAANZ  SN/S9A SOUDT UMOLY ON ezedo Bxerdsdp  ('7£9805)
06L7S1007-789°960°00C umowyun  eprawdoeasp ‘asy 000
ATiIN $2UDS UMOW ON  SN/ON 7dIVS Teebg (zzd i7eb)(9 D1 ‘XX ‘9F Aqrurey Xordwiis  -000VN T
SIUAUITIO) souan) bogrey  MIS/SV souan) bagyoyg uonEes0] adKjoAresy ad&y ar
SISATRUY AND utodyearg AuregpdSousyg ordureg
SISATRY 21Rue80314)
000°€TTETT-000°STETIT  000°888 80T gebx
000°ST0'901-000°678°S0T  000°98T D cezebyt
006'7ST* LF-001°0€0° LY 008vCT D TTIIbOT
000'7L9°TTT-000°€9%'TIT  000°T1C uren zebe (Y0<6t)
uAOI UM asv $00
000°67H° 16-002°616°06 008°60S $s0] z1ebL S[qBIIBAE JON. @ T TIdE TTsuT ‘XX ‘O Aqmureg Xo[dnA - -$6003S TE€
000°LTL LY-0STCH9" Ly 0SL°€8 80T cTIIdx
0€0°L9L8F-LTT €8S Sy €06°€81 D T 1ebsT
"PITEA
jou 22uaIdJar
JurpredAH
IoLrg
6SH'SEE0T-C0T LT ]T 9SE°806°T 80T T1IbsT
TH9°T0S 6 1-$96°TLT 61 9L9°67C 80T T1Ibp1
0£8°668°9-01F 5180 06€7S 80T #erdrr
0SE'SSELET-LETLSLLET  €61°861 80T X
1LY 9TH v-+06°00T Y L9S°S1T $507] 1'szdo (LyvLL)
078°9L8-061°CSL 0€9'vCT D eerg1dg pauayul LIN ‘dSV €00
0TELE]'L-88F T08'L 7€8°6E uren 1'91dy S[qBTeA® JON 1ed(z 1TbZ TTANA)AUT X ‘Of Aqmure xo1dnmA - -00€0IS 1€

panunuos-T HIdvL



Sep. 30, 2010

US 2010/0248235 Al

10

Aqrureg
URIPRURD)-TON
SRYO

'SOAV U0 BLIONID
dsSV 1au jou
SP0p INq IOPIOSIP
28enSue| pue
qooads a1oads
PUR UOTIBOOTSUET}
QUIES 21} SET
121301q J2SUNOX
s

S

S

(1b 7eb)zT 1N
($T)12p ‘XX ‘OF

£ETHO0ZD
LOTTVVISL
SoUDS UMOY ON
PNFIO ‘TAFIO
‘STA10d
‘6SLE]TOOT
SoUDS UMOY ON
TANO ‘TINYIO
SoUDS UMOY ON
TINLG 0TH09D
MAI'T

#ONIN ‘0TONIN

soua3 9

soua3 9

SoUDS UMOY ON

[greelee]
LOTIVVIA
YNPIO ‘TNHIO
‘STLOd
‘$6L€8TD0T
SoUDS UMOY ON
I1Ssdd

JIVL
“INEQEVLS
91TddD

soua3 9

SoUDS UMOY ON
SoUDS UMOY ON
SoUDS UMOY ON
souad 9¢

SoUDS UMOY ON

€2INVHS
+ souas Of

S/seX
S/ON
SN/ON

S/ON
S/ON
S/ON
SN/ON
SN/S?A
S/seX
SN/ON

SN/S?A

S/ON

SN/ON

SN/ON
SN/ON

S/ON
S/ON
SN/ON

SN/ON
SN/ON
SN/S?A
SN/S?A
S/seX
S/seX
S/seX
SN/S?A

SN/S?A

THdSOHdN

TNV ‘TIVOTOTS

TAOAYIY ‘TEF10FO0T

SoUS UMOY ON

SoUS UMOY ON

SoUS UMOY ON

TIDIN

AND 298

099°19%°16-06+°$97° 16
Tgreebot

LYS ST 61 T-787 €68 T
1°¢The

800°LEL ST T0L'S69° St :T1d6
OCT°TTS LOT-89T TSH 19T
b1

ssardord

ur:o1bgT

ssardord

ur:grbet
LES'EELTI-LORILETT
1gprde

LOO'E9T TL-8LS SO0TL
T1edr

AND 228

TUMOUNUN
(€77Th 7Tb) 01 01 ‘XX ‘9r

pajuaTuy
(£1d :6zb)(6 ‘1 AX 9F

payuaTuy
yew(o1b pIb)(ST ‘¢ T)T0p
1ed(zd ‘17z d(T ‘1)1 AX OF

0AOT 2p
1 suosowon]o Sull ‘XX ‘/¥

TOTIEpIRIRT

[e3ueu ‘asy
Aqure xordung

asv
Aqmurey xerdurg

asv
Aqmurey xerdurg

asv
Aqmurey xerdurg
sn3esoure]d

sod araaos ‘sroSuy

aradey AJeisip
‘pEa2I0] HOYS

‘s1e2 oFre| ‘pakelop
A[rejuawidorossp

(s182L)
£00
-SEEONS L

(9029)
£00
-Z8103S 9

(L900%)
£00
“PY00S S

(60€TL)
£00
-€8703S t

panunuos-T HIdvL



Sep. 30, 2010

US 2010/0248235 Al

11

Sururejnos) aqord
oLIoW0RIqNS
1 STSATEUE FISI
s

‘wsyne 03 98exur|
MOT[S 0 PAJEOTpUT
A[snoraard uordar
® 0} QN ¢~ sdewr
Jutodiearq ¢-¢1dy
TBISI(] “UOTSIOATT
QUIES 1) AR

1Te IoyJerpueid
[eUIORUT
PRIoSRUN PUR
IOTJOUT PIOQIJRUN
Apuaredde
I9101q PV
7T 30 JUIOUIA

ur A1snojaard
paquosaq

N

QuIoIpuAs

Mo M

S[OUN [RUISJRUI B
pue eruarydozIyos
1A JUNE [RUIJRA
ad£jo4rey

XX ‘Ot [puHOU ®
SeY Nq SV SeY
os[e Sulqrs P[0
'SINS Sutsn arer
PATUTaT U20q SBY
9Z1s MOTI2[ap AT,
"HDO Ovd Suisn
[B 10 "D ‘pIeATEH
Ul pagnuspt

2I0M STOTIO[P
7'ZIbgT pue
zs1d-1es1de
‘Tszde oy,

"(T8 39 pIRATRH

£q ydrrosnueur

® UT POqIIOSp
A[snoraarg
Aqrure g wepEIED
RHO

Aqrure g wepEIED
40

SoUDS UMOY ON
souas S«
07887£D01
‘NTAT

LOTTVVISL
SoUDS UMOY ON
VI0NS
STLANN ‘vAdN
TLOVNIVD
‘T6Z9TODN
‘dITINZ “TISING
VIIADSVY
1949

£aoHA
‘0TJ1081D
‘BTETVVIA
LOTTVVISL
SoUDS UMOY ON
PNFIO ‘TAFIO
‘STA10d
‘6SLE]TOOT
SoUDS UMOY ON

SoUDS UMOY ON

19907 ‘TAVA
SoUDS UMOY ON

SVXNV
SoUDS UMOY ON
SoUDS UMOY ON

souas §
1049049

souasB 771

I

SN/ON
S/seX

SN/ON

SN/ON
SN/S?A

SN/S?A

SN/S?A

S/seX
SN/ON
SN/S?A

S/ON
SN/ON
S/ON
S/seX
S/ON
S/ON
SN/ON
S/ON

S/seX
S/seX

S/seX

SN/S?A

AND 298

(£ uonuy uT p2yeso] s1
wo18a1 jodyeaIq) 10YGVO

SoUS UMOY ON

SoUS UMOY ON

8THAD

24dd ‘TdATFOA0 TYI0d

SoUS UMOY ON

AND 228

98F FT0OP-£SC L8 Yy (T TdY

TLS'SECTI-SHP ELTTT
geTdy

TS CEL O FEP 8T9'OF 1€ TdL
0T+ €88 61-976°ST8°61
gp1dg

S[qRITRAR JOU b

9IqeTBAR

jou pgde

S8 T9RP9-€EE TT8 YO
TEIbIT

618G T°68-SS9 LT T 68
[11de

0AOQU 9P
(1°¢1d)(S)IPp XX ‘OF

pajLraYur
rew(¢ g 1d ;7 Td)(p)aut ‘AX ‘Ot

0AOT 2P
(c1dgrd)(L on
(b Hrd(©AuT ‘AX ‘o

pajLraYur
red (¢7¢Tb T TTAXNIT 01 ‘AX ‘OF

asv
Aqmurey xerdurg

Aerop Tejuourdoosop
punojord ‘Teqroa
-uou Aqireuniid ‘qSv
Aqrurey xadnmp

YO Np 1D Jjo
SOTTYEAY [RIOR] OUIOS
A[IqeSIp TeNI09] [
oyeIopou ‘Kefop
28enSue] o10A9s

‘JTeS opIM B T
sYTem ‘eTuojodAY prrur
‘TOTIRUIPIOND PUE
2oueeq Jood ‘erxerde
Jojoul [BI0 ‘(QSV
Aqrurey xadnmp

asv
Aqrurey xadnmp

(Tt29%)
700
-60T0S 1T

(16$1L2)
£00
-60T03S 0T

(I8¥STH)
£00
-ZS103S 6

(Fr169)
£00
-97103S 8

panunuos-T HIdvL



Sep. 30, 2010

US 2010/0248235 Al

12

S

2d£104rey XX ‘Ot
Tewron € Ing SV
sy os[e SuI[qIs
SIS

€00-¢¥102IS
ordureg se uordar
JurodyeaIq sures
oy ur st ¢zbr1
18 U298 AND
Aqrure g wepEIED
RHO

Aqrure g wepEIED
40

Aqmureg

2L 1T0)

-dg uo

TOTIO[OP [BUTULI]
B [11M JUI)ISTSU0D
sem (88%7SSA

souas 5505 ON mz\oz
souas ¢ S/SoA
PNFIO ‘TAFIO
‘STA10d
‘6SLE]TOOT  S/ON
TANSD  SN/ON
souas 5505 ON mz\wow
souas 5505 ON mz\wow
souas 5505 ON m\oz
souas 5505 ON mz\wow
souas 5505 ON mz\oz
souas 5505 ON mz\oz
ISSYIN
‘DEITOd
P9EESTOOT
ENILAD  SN/SeX
LINDEH
“TON FSTSEODN
TINAN
TUTEPODIN  SN/S2A
LOTIVVIN  S/ON
TIIO €OPI0
‘SIALIO ‘TAFIO
INPIO ‘TIPIO  SN/ON
OMN  SN/SeA
souas 5505 ON mz\oz
D.m%dﬁ.mmv.ﬁoz
P210339p AND ON
40Dd
‘HAOW¥d ‘9¥00d S/ON
LOTIVVIN  SN/ON
souas 5505 ON m\oz
PNFIO ‘TAFIO
‘STA10d
‘6SLE]TOOT  S/ON
[9:i2: (ONY:i2: (6]
INPIO ‘TIPIO S/ON
THZdAD ‘THOAS SN
EVNNLD  SN/ON
INIIAD ‘TIAdd
TISVXNY
‘BVXNY ‘SLLAS S/ON

90THOFT2 “NONVA ‘965 TVVIM

TIPE60IV ‘cddd

‘6£4d¥d ‘€THOVVIA ‘sadld
‘RUHIOFTD ‘CCTHOPTO ‘SNLII'T
SoUS UMOY ON

d13edid

SoUS UMOY ON

SoUS UMOY ON

SOJ1092 ‘1.8

ASN ‘TTSTHO00T
TALTTIV ‘TVLEONYT

SoUS UMOY ON
€THTA
SoUS UMOY ON

SoUS UMOY ON

0919084 #-9TL L0 0F
TICh-T1ThyT
LY 6LT°69-818°THT 69 :TTPY

S9£°789°89-7€0°665°89
11 1Zb6

OTH T1S°€9-TSH PO €9
iZ1b-z'11bY

89C‘CLE'L6-OVICE6'LE
17ThbL

86£°L96°95-616°508°0S
:7°Z1do

9€9°€60°TH-91T €68 T
e TebLT

€L6TIS TET-640 /T TET
Haa 4o
T60°8E€0°LET-€8S 6L6°9ET
T1gbg
TSTT68°88-€61°618°88
1gpIbg
9L0°900°6T1-$90°8T6°8T T
TgTebL

0AOT 2P
(17b g Tb)(+1 ‘91 ‘AX ‘Ot

TUMOUNUN
(Z1b f01b)(6 901 ‘AX ‘oF

payuaTuy
1ed(zzb ‘T T1dD(L ©9)1 ‘AX ‘oF

0AQT 2P

(€1Th fTpTh T 1eb) (LT 18 fO1 AX “oF

UMOTNUN
(zTe1eb feTh)(L “o1 AX ‘oF

asv
Aqmurey xerdurg

asv
Aqrurey xadnmp

asv
Aqmurey xerdurg

asv
Aqmurey xerdurg

Ketop
Teuawdotessp ‘qSV
Aqmurey xerdurg

(16129)
700
-18103S 91

91€60)
£00
-€Y00S ST

(T109%)
£00
-€€T0S +1

01€59)
£00
-S6103S €1

(156+1)
£00
-19003S TT

panunuos-T HIdvL



Sep. 30, 2010

US 2010/0248235 Al

13

Juanyed
TOTIRDO[SURI} (JSV
® m sdejronro
Jutodeaq ¢by
‘odKjoArey oures
9T} 2ART] I21STS
UM PRIOSJRUN
PUB IOION
Aqmure
URIPRUED) TON
RHO

Aqmureg
-UBIPBUE)) UON
120

cEPR
3N, u A[snorasrd
paquosaq

Aqrure g wepEIED
RHO

T
3ne,J u A[snorasrd
paquosaq

Aqrure g wepEIED
RHO

SoUDS UMOY ON

souwaS o7
PNFIO ‘TAFIO
‘STA10d

‘SSLE8TI0OT
SoUDS UMOY ON

SoUDS UMOY ON
soua3 9

SoUDS UMOY ON
PNFIO ‘TAFIO
‘STA10d
‘6SLE]TOOT
SoUDS UMOY ON
IO €OPI0
‘SIALIO ‘TAFIO

‘INPIO ‘TIFIO
SoUDS UMOY ON

13100d
VXNV

IVdAL OSIN
souas 0g<
HANV

ddAD

[4:(00]

‘TTDD ‘€900
SoUDS UMOY ON
TINHAATd
TAPIO €OPIO
‘SAPI0 ‘TNPIO
‘INPIO ‘TIPIO
SoUDS UMOY ON
SoUDS UMOY ON
SoUDS UMOY ON
souas S«

SoUDS UMOY ON
SoUDS UMOY ON
SoUDS UMOY ON
SoUDS UMOY ON

SN/ON

SN/ON

S/seX
S/ON

S/ON
SN/ON
SN/ON

SN/ON
S/ON

SN/ON
SN/ON

S/seX
SN/ON
SN/S?A
S/seX
SN/ON
S/ON

SN/S?A
SN/ON
SN/ON

S/ON
SN/S?A
SN/S?A
SN/S?A
S/seX
SN/S?A
S/seX
SN/S?A

S/ON

SITSVL ‘PIISVL

SoUS UMOY ON

Oads

SoUS UMOY ON

87ROV VI “dOFINVA

‘OIS ‘CENVASL ‘€OINLL
STIL 701" TAVO TAVO
‘SAL OHAL OIAAN ‘TdX04

LAYINY ‘SINST
‘TAANLLD 414D ‘1ZSY
TTroLt Tl 'dLLTINZ
FAD0A ‘ENIAT “TCININT

LOT8S6'OFT-1TLOTEOYT wEbL
£99°¢86°96-LS9°€176°96
Ha i/

SH6°67S PO T-659°09€ H0 T
Hadel

L8ETOERT-L6E VRIS
T1TdL

OTL'96L 8TT-069°0¥S 8T T
1TebeL

SET RIS CTT-SLE ISTCIT
TIgbL

OPT SEE6TT-666°'L00°6TT
TgTebL
F06°LECROT-E9E°TLT 0T
TIgbL

pajLraYur
rew(,¢bzzb)(aur ‘XX ‘o

TUMOUNUN
(17ggh fgrsTd)(paur ‘XX ‘o

0AOT 2P
T-AUT SAM ‘0a0u 3P (-7ZSSLA
-98¥SLANT TEPT TELXL)IPP ‘XX ‘O

0AOT 2P
(T TEDbT TEDNLIPP ‘AX ‘Ot

21B108] JO
UOTBAS[R P SV
Aqmurey xerdurg

stsoyAsd ‘gsy
Aqmurey xerdurg

A[snoouejuods
ySney/ezeousysnoo
o} o[qeum ‘Ke[op
TeyuawdoteAap piTuI
‘somyeay o1ydroursAp
‘(erxerdsAp Teqroa
rejuawdoaaap)
IopIosTp
a8en3uel-yooeads
‘SOIMBAY OTISTINY
Aqmurey xerdurg

Ketop

10j0uI ‘BTXRIdSAp
Teq1eA Tejuatdorassp
‘S1S0)SOUASOTIRID

‘asv
Aqmurey xerdurg

(26889)
£00
-11203S 0T

(2000%)
£00
-Z000S 61

(6866¢)
£00
-TET03S 8T

('10080¢)
£00
-€8003S LT

panunuos-T HIdvL



Sep. 30, 2010

US 2010/0248235 Al

14

T8 10 PIOJMEID
-BYOTUSRMY]

ur A1snojaard
paquosaq

s

Aqmureg
UBIPBUE)) UON
120

sjutodyeaIq
STbrr pue 71ebys
ouIEs 91} SBY
ISJOW PAIOdfFRUN
Apuareddy
Aqrure g wepEIED
RHO

asiou

£q p2joapIe S1 pue
s199d 01 97821 0}
9]qE JOU ‘SYOBYE
KJOTXUR 91228
‘S[[Ty[S 10j0UI
$s0I3 pue ouly
A SINMOIp
‘so[osnur auos

Ul SoRMoyIp Seyq
‘odKjo£1ey oreuay
[BULIOU 31
I91STS PajofyeUN)
Aqmure
UBIPEUBD)-UON
RHO

souas g7«

souas g7«

souas S«

SoUDS UMOY ON
SoUDS UMOY ON
SoUDS UMOY ON
TISOV ‘dITITA
TT10dD0
‘€dSVO

souasB 771

soua3 /

soua3 9

TdAT
‘T"EHOYT-VLO
soua3 9

NP0 ‘TNPIO
‘STHIOd
‘$6LE]TOOT
souas §

SoUDS UMOY ON
V-V'IH

SoUDS UMOY ON
souad |

soua3 g

SoUDS UMOY ON
SoUDS UMOY ON
€dHOLd

JSI

SoUDS UMOY ON
9TOY'1

souad )7

SoUDS UMOY ON
SoUDS UMOY ON
souas §

TISdAT V1D
#ILOD ‘TMHNS
‘TMHNS ANV Ed
PNFIO ‘TAFIO
‘STA10d
‘6SLE]TOOT
SoUDS UMOY ON
SIPIO ‘TIPIO
INPIO ‘TIPIO
souaS Moty ON

EVNNLO

SoUDS UMOY ON

SN/ON
SN/ON
S/seX
SN/ON
SN/S?A
S/seX

SN/S?A
SN/S?A
SN/S?A
SN/S?A

S/ON
SN/ON

S/ON
S/seX
SN/ON
SN/ON
SN/S?A
SN/S?A
SN/S?A
SN/ON
SN/ON
S/ON
SN/S?A
SN/ON
SN/S?A
SN/S?A
SN/S?A
SN/S?A
SN/S?A

S/ON
SN/ON
S/ON
SN/ON
SN/ON
SN/ON
S/ON

S/ON

CIAY TINTED

‘SHHOCTY ‘VITdVOHIV
TTTO)T T PNPEO
TP ‘STALOd
6$LE]TDOT ‘89600rD0T

SoUS UMOY ON

L1S

SoUS UMOY ON

SoUS UMOY ON

souas ordnmpy

souas ordnmpy

€1LS

SoUS UMOY ON

£96'818 T€-STSRT6'8T (CTDST

PSP 6€LYS-LR06SS S
TIThbeT

968°8SH 9T T-9ST0LTOTT
A (L)

SSTT00 PET-LF9T88°CE T
5gb11
CIOTIOPIT-0ST LS I T
A (L)

LY L6S TTT-E88°6L6°60T
Hydon:

T60°S9€ TET-6L1°S86°LTT
9zbo1

8T9°CTR 6666775966
1TTehs
961°698°17-9T1°$T8° 1T
geTdy

0AOQU 9P
(€TB(STPIPT ‘XX ‘LY

pajLraYur
yeur (1gb [ 1eb)(ET 1)1 AX ‘O

pajLraYur
rew(sgh STeb)(IT 1)1 XX “oF

TUMOUNUN
(g7b fogb)(1101)
14(zeb fe1d)(8 (L1 AX “oF

o8en3uef oandaoar
pue 2a1ssardxe
pake[op ‘Kefop
Teuawdotessp ‘qSV
Aqmurey xerdurg

sAe[op rejuourdoraaap
1eqor3 ‘oSenSue|
oIy Area ‘Asy
Aqmurey xerdurg

asv
Aqmurey xerdurg

SIS JojouT
SSOIS pue Ul [IIM
SOTMOTJIP ‘SeInzZIos
‘syoryIR AJOTXUE
219498 ‘QHAYV ‘ASV
Aqrurey xadnmp

(1€82LS)
£00
-€L00YIS +T

(109189)
£00
-1€003IS €T

(55629)
£00
-S¥103S T

(6t5<)
£00
-0v003IS 12T

panunuos-T HIdvL



Sep. 30, 2010

S

S

15

s

ad£jo4rey

QUIES 2T M
101SIS P2IOQIJRIN
e SET JUeIie
Aqrure g wepEIED
RHO
SRmagyIp
Iojouroro

SB[ PUE WSTINE
i patodjJe

s1 osTe 2dKj0Arey
AX ‘of [pwiiou
© By SU[qIS
‘bg 1 Sutajoaur
SO RUIIONUQR

Jo sosed pajrodar
TOTIPPE ¢ oI8
2101 9SBqRIR(
WS URIIEY
SUIOSOUION] )
WSy

9T} UT P2IOU S
s

LSSAZ ‘TTIEAdN
‘8CLSTOTA

‘PINA

souas S«

SoUDS UMOY ON
soua3 9
IXIIOIN
JIVL

SoUDS UMOY ON
SoUDS UMOY ON
SoUDS UMOY ON
SoUDS UMOY ON
souad ¢¢
IXIIOIN
SoUDS UMOY ON
SoUDS UMOY ON
SoUDS UMOY ON
VA ‘TONT
SoUDS UMOY ON
SoUDS UMOY ON
9490 ‘€ATNL
TISYVL ‘99SOd
SELERTDOOT
€dHOLd

SoUDS UMOY ON
SoUDS UMOY ON
SoUDS UMOY ON

TLTNVA

AAdd ‘60¥SEr1a

INIY
PSATITI
PIATITA
TIAEITA
TIATITA
‘Tdasdri

souas S«
LOTTVVISL
PNFIO ‘TAFIO
‘STA10d
‘6SLE]TOOT
TNIAT
‘Ta0d1av
PATYNOVO

SN/S?A

S/seX

SN/S?A

SN/ON
S/seX
SN/ON

S/ON

S/seX

AND 298 AND 228

AND 298 AND 228

S[qe]IRAR JON

860°T61°9€-666°160°0€

SoUS UMOY ON 121°7eb1T
INXLO ‘TOdVNS ‘LATIVIN TTL968 L-+6T708L
AW ‘¥81CTUTA “ISIAA Terdet

670°788°5S-86£°069°SS

AND 298 TETTThgT

0AOQU 9P
(¢1bz 11b)(ST)dN ‘XX “oF

0AOT 2P
(T¥Tberb) (S DIPP ‘AX ‘oF

payuaTuy
1ed (Z'11d 21D) (ST “ZHX)TP X ‘9

pajLraYur
(TUTeb sz e1d(IT '61)1 AX ‘O

0AOQU 9P
(1Zb)(81)1ep ‘XX ‘ot

sof2 Surdoorp ‘spjoy

reqesids ‘qsy
Aqure xordung

asv
Aqure xordung

asv
Aqmurey xerdurg

asv
Aqmurey xerdurg

10979p
wreay ‘ersejdodLy
[BIOBI-PTIL 199 QU0
‘erered Yo ‘dSV
Aqrurey xadnmp

(L1589)
$00
-S¥T0IS 6T

(1+6.9)
£00
-€¥T0IS 8T

(€s219)
£00
-9€103S LT

(6t8¢)
900
-STZ0MIS 9T

(0t£09)
£00
-3TT0S ST

US 2010/0248235 Al

panunuos-T HIdvL



Sep. 30, 2010

US 2010/0248235 Al

16

S

S

dTIN

SoUDS UMOY ON
SoUDS UMOY ON
SoUDS UMOY ON
08]F106D

‘BSETV VI
LRETOPOOT
TVISdAD
‘6dVIV ‘TIAIN
9XSS ‘0£9INZ
0SdSN ‘LINI4L
PNFIO ‘TAFIO
‘STA10d
‘6SLE]TOOT
soua3 9

£dTIO ‘TATIO
PYOTIO
TVOTIO

SoUDS UMOY ON
SoUDS UMOY ON
TTOHHAZ
7SOU0S

souas 17

SoUDS UMOY ON
TSOAO ‘11Xad
SoUDS UMOY ON
souas S«

SN/S?A
SN/ON
SN/ON

SN/ON

SN/S?A
S/ON
S/seX

S/ON
SN/ON

S/seX
S/ON
S/seX
S/ON
SN/S?A
S/seX
SN/ON
S/ON
SN/ON
S/seX

S[qe]IRAR JON

Dﬁﬂd:.m\r.m 10N

8ET'RTG L-RIL THE Y

souad ardnny eerd-zeerden
9IqeTEAR

jou 1¢zby1

TUMOUNUN
@ T 11N STT)sUT XX ‘O

pajLreYur
Ted(Z 1TbT 1A X)AUT X ‘O

TUMOUNUN
(£7¢1d g gTb)(TT ST ‘XX ‘OF

asv
Aqure g xordnmp

LIN ‘asy
Aqure g xordnmp

asv
Aqure xordung

(Y0OS6Y)
$00
“b6003S 7€

(LiLL)
£00
-00€03S 1€

(119£278)
000
-L600VN 0€

panunuos-T HIdvL



US 2010/0248235 Al

Aftymetrix GeneChip Human Mapping 500K Array Set

[0041] For each sample, approximately 500,000 SNPs
were genotyped using the combined two-chip Nspl and Styl
GeneChip® Human Mapping Commercial or Early Access
Arrays (Affymetrix, Inc., Santa Clara, Calif.) according to the
manufacturer’s instructions and as described previously
(Kennedy et al. 2003 Nat Biotechnol. 21:1233-7, the contents
of which are incorporated herein by reference). Briefly, 250
ng of genomic DNA was digested with Nspl and Styl restric-
tion enzyme (New England Biolabs, Boston, Mass.), ligated
to an adaptor and amplified by PCR. The PCR products were
then fragmented with DNasel to a size range of 250 bp to
2,000 bp, labelled, and hybridized to the array. After hybrid-
ization, arrays were washed on the Affymetrix fluidics sta-
tions, stained, and scanned using the Gene Chip Scanner 3000
7G and Gene Chip Operating System. Data has been submit-
ted to the Gene Expression Omnibus database (accession
GSE9222). Karyotypes were generated using standard clini-
cal diagnostic protocols.

Characterization of Copy Number Variation

[0042] Nspl and Styl array scans were analyzed for copy
number variation using a combination of DNA Chip Analyzer
(dChip) (Li and Wong 2001 Genome Biology 2: 0032.1-0032.
11), Copy Number Analysis for GeneChip (CNAG) (Nannya
2005 Cancer Res. 65:6071-9) and Genotyping Microarray
based CNV Analysis (GEMCA) (Komura 2006 Genome Res.
16:1575-84). Each of these references is incorporated herein
by reference.

[0043] Analysis with dChip (www.dchip.org) was per-
formed as previously described (Zhao et al 2005 Cancer Res.
65:5561-70) in batches of ~100 probands. Briefly, array scans
were normalized at the probe intensity level with an invariant
set normalization method. After normalization, a signal value
was calculated for each SNP using a model-based (PM/MM)
method. In this approach, image artifacts were identified and
eliminated by an outlier detection algorithm. For both sets of
arrays, the resulting signal values were averaged across all
samples for each SNP to obtain the mean signal of a diploid
genome. From the raw copy numbers, the inferred copy num-
ber at each SNP was estimated using a Hidden Markov Model
(HMM).

[0044] For analyses with CNAG version 2.0 (www.genom-
e.umin.jp), the reference pool was set to include all samples
and performed an automatic batch pair-wise analysis using
sex-matched controls. Test samples were compared to all
samples within the reference pool and matched based on
signal intensity standard deviations. The scan intensities for
each ‘test’ sample were compared to the average intensities of
the reference samples (typically the average of 5-12 samples)
and used to calculate raw copy number changes. Underlying
copy number changes were then inferred using a Hidden
Markov Model (HMM) built into CNAG.

[0045] GEMCA analysis was performed essentially as
described (Komura et al. Genome Res 2006; 16 (12):1575-
84) with the exception that two designated DNA samples
(NA10851 and NA15510) were used as references for pair-
wise comparison to all proband experiments. These results
were further filtered by only including those CNVs that were
common to both pair-wise experiments.

Sep. 30, 2010

[0046] CNVs were merged if they were detected in the
same individual by more than one algorithm using the outside
probe boundaries.

Controls and Autism Chromosome Rearrangement Database
(ACRD)

[0047] Control samples consisted of (i) CNVs observed in
500 Europeans from the from the German PopGen project
(Krawczak et al. Community Genet 2006; 9 (1):55-61), and
CNVs found in a cohort of 1000 Caucasian non-disease con-
trols from the Ontario population (ref. 24). The ACRD that
had 834 putative CNV's or breakpoints mapped to the genome
was established. A CNV was considered ASD-specific if it
was >10 kb, contained at least three probes and at least 20%
of'its total length was unique when compared to controls.

CNV Validation Experiments and Balance Rearrangement
Breakpoint Mapping

[0048] PCR validation of CNV calls was performed using
Quantitative Multiplex PCR of short fluorescent fragments
(QMPSF) (Redon et al. Nature. 444:444-54) or SYBR-Green
1 based real-time quantitative PCR (qPCR) using controls at
the ACCN1, CFTR or FOXP2 loci (PMID: 14552656). For
both methods, primers were designed using the program
PRIMER3 (http://frodo.wi.mit.edu/). Balanced rearrange-
ments were mapped primarily using FISH (Nannya et al.
Cancer Res 2005; 65 (14):6071-9). The microdel program
(Komura et al., ibid) was used to score CNV losses.

[0049] For QMPSF, short genomic sequences (140-220 bp)
within putative CNVs were PCR amplified using dye-la-
belled primers corresponding to unique sequences. Each
reaction also included co-amplified control amplicons corre-
sponding to either ACCN1 or CFTR located at 17q11.2 and
7931.2, respectively. Briefly, 40 ng of genomic DNA was
amplified by PCR in a final volume of25 plusing AmpliTaq®
DNA polymerase (manufactured for Applied Biosystems by
Roche Molecular Systems, Inc.) After an initial step of dena-
turation at 95° C. for 5 minutes conditions were as follows: 25
PCR cycles of 94° C. for 30 seconds, annealing at 60° C. for
45 seconds, and extension at 72° C. for 30 seconds. A final
extension step at 72° C. for 15 minutes followed. QMPSF
amplicons were separated on an ABI 3730x]1 DNA Analyzer
(Applied. Biosystems, Foster City, Calif.), and analyzed
using ABI GeneMapper® software version 3.7 (Applied Bio-
systems). After adjustment of control amplicons to the same
heights, the QMPSF pattern generated from test DNA was
superimposed to that of the control DNA. For each putative
CNV locus, the copy number ratio was determined by divid-
ing the normalized peak height obtained from the test DNA
by that of the control DNA. Peak ratios of >1.4 and <0.7 were
indicative of copy number gains and losses, respectively. At
least two independent QMPSF assays were required for CNV
confirmation.

[0050] SYBR Green I-based real-time qPCR amplification
was performed using a Mx3005P quantitative PCR system
(Stratagene, La Jolla, USA). Non-fluorescent primers were
designed to amplify short genomic fragments (<140 bp) in
putative CNV loci. Each assay also included amplification of
a control amplicon corresponding to FOXP2 at 7q31.1 for
comparison. After optimization of primer sets with control
genomic DNA using ‘Brilliant® SYBR® Green QPCR Mas-
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ter Mix’ (Stratagene), test samples were assayed in 15 ul
reaction mixtures in 96-well plates containing: 7.5 pl of reac-
tionmix, 1.8 ul of primer, 6.0 ng of genomic DNA at 1.2 ng/ul,
0.225 pl of reference dye with 1:500 dilution, and 0.475 pl of
water. PCR conditions consisted of 10 minutes of polymerase
activation at 95° C., followed by 40 cycles of: 95° C. for 15
seconds and a single step at 60° C. for 1 minute for annealing
and elongation. These steps were then followed by a final
cycle of 95° C. for 1 minute, 55° C. for 30 seconds, and 95° C.
for 30 seconds. Standard curve quantification was analyzed
by MxPro-Mx3005P software (version 3.20 Build 340) to
calculate copy number changes. Coefficient of variation (CV)
was calculated on all sample Ct values to remove possible
outlier when CV was greater than 1%. The average quantity
of the putative CNV locus was divided by the average quan-

Sep. 30, 2010

found to be: 90.3%, 4.5%, 4.5%, and 0.7%, European, Euro-
pean/mixed, Asian, or Yoruban, respectively.

[0052] To maximize CNV discovery, three calling algo-
rithms were used as described above (see FIG. 1) and com-
mon results between them were merged to identify a “full’
dataset of 3389 independent CNVs (~8 CNVs per genome,
mean size 390 kb) (see Table 4 below). To minimize potential
false positives, a second dataset was generated whereby a
CNV needed to be detected by two or more algorithms and/or
on both the Nspl or Styl microarrays (Pinto et al. Hum Mol
Genet 2007; 16 Spec No 2:R168-73).

[0053] This ‘stringent” dataset contained 1312 CNVs (~3
CNVs per genome, mean size 603 kb). Using q-PCR, 48%
(12/26) and 96% (48/50) of random CNVs were validated in
the full and stringent collections, respectively.

TABLE 4

Summary of CNV in ASD and Controls

POPGEN
CONTROLS AUTISM PROBANDS
All CNVs All CNVs Autism Specific!
Full Stringent? Full Stringent? Full Stringent?
#samples 500 500 426 426 426 426
#CNVs 3695 1558 3389 1312 888 276
CNV/Genome? 7.4 3.1 8.0 3.1 2.1 0.65
Mean/Median Size 315/151  470/224  390/162  603/219  518/121 1082/194
(kb)
% Gain/Loss 59/41% 70/30% 58/42% 62/38% 61/39% 57/43%
Overlapping 3005/333  1226/142  2728/277  980/94 397/122 30/13
CNV/Loci (%)* (81%) (78%) (80%) (74%) (44%) (11%)
>1Mb CNV (%) 343 250 339 212 63 32
(9%) (16%) (10%) (16%) (7%) (12%)

Not seen in controls.

2Stringent dataset as called by >1 algorithms or arrays. Analysis with dChip was performed in batches of ~100
probands. For CNAG version 2.0, the reference pool was set to include all samples and performed an automatic batch
pairwise analysis using sex-matched controls. For GEMCA two designated DNA samples (NA10851 and NA15510)
were used as references for pairwise comparison to all proband experiments. These results were further filtered by
only including those CNV's that werecommon to both pairwise experiments. In all instances CNVs were merged if
they were detected in the same individual by more than one algorithm using the outside probe boundaries.
3CNV/genome breakdown by algorithm: dChip Merged (3.0/genome), CNAG Merged (5.6/genome), GEMCA
(5.5/genome). Validation experiments using q-PCR and FISH are described in the text. Another form of validation
comes from examining the trios where we can demonstrate inheritance in 48 (maternal is 25, paternal is 23) of the
autism-specific stringent dataset. Also from the trios, 148 confirmed regions (inheritance assignment) in the stringent
dataset that overlap with controls (maternalis 65, paternal is 83).

4Represents the total number of overlapping and/or recurrent CNV's, the number of overlapping/CNV loci, and the

percentage of overlapping CNVs, out of the total dataset.

tity of the control amplicon on FOXP2. Ratios of >1.4 and
<0.7 were indicative of copy number gains and losses, respec-
tively. Each putative CNV locus had at least two independent
assays.

Results
Structural Variation Characteristics in ASD Cases

[0051] A total of 426 ASD index cases were tested for CNV
content including 394 typical idiopathic cases and 32 others
that were enrolled based on prior knowledge of having a
cytogenetic abnormality. The Affymetrix 500k SNP array
was used because it provided the highest resolution screen
available for both SNP genotype and CNV data. Using the
SNPs, the ancestry of each sample was categorized (to guide
selection of controls). Backgrounds of the samples were

[0054] Five hundred European control samples were exam-
ined for their CNV content and similar numbers of CNVs
(3695 in the full and 1558 in the stringent dataset) were found
to those in the ASD cases (Table 4). This suggested germ-line
chromosome instability was not a significant contributing
mechanism. The ASD CNVs were then compared against the
500 European/Caucasian controls and the Database of
Genomic Variants (a repository of structural variation in
‘non-disease’ populations) (lafrate et al. Nat Genet 2004; 36
(9):949-51) to establish autism-specific CNV datasets. The
subsequent analysis then focused on the 276 CNVs in the
stringent autism-specific category, which mapped across all
23 chromosomes (FIG. 2), details of which are found in Table
3, below. Additional ASD-relevant CNV data is also found in
the other categories in Table 5 (discussed below).
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TABLE 3

FAM ID (DNA) Sex Type Chr start stop size CNV CNV Category
SK0215-006 (58449) M CHR 1 97,271,600 98,364,100 1,092,500 loss CNVs confirmed de novo
SK0152-003 (41548L) M CHR 3 15,125,800 16,535,400 1,409,600 loss CNVs confirmed de novo
SKO0181-003 (52191) M CHR 3 65,286,300 70,633,200 5,346,900 loss CNVs confirmed de novo
SK0205-004 (56242) F CHR 5 81,949 13,882,933 13,800,984 loss CNVs confirmed de novo
SK0152-003 (41548L) M CHR 5 9,275,811 12,705,200 3,429,389 loss CNVs confirmed de novo
SK0083-003 (50800L) M CHR 7 108,200,381 119,223,887 11,023,507 loss CNVs confirmed de novo
SK0131-003 (39989) F CHR 7 113,335,000 128,821,721 15,486,722 loss CNVs confirmed de novo
SK0262-003 (68609) M SPX 8 710,491 1,501,580 791,089 gain CNVs confirmed de novo
SK0152-003 (41548L) M CHR 12 40,584,198 41,007,040 422,842 loss  CNVs confirmed de novo
MMO0278-003 (57788) M SPX 12 114,170,000 132,388,000 18,218,001 gain CNVs confirmed de novo
SK0243-003 (67941) M CHR 15 69,601,300 73,890,800 4,289,500 loss CNVs confirmed de novo
NA0067-000 (65344L) M SPX 16 87,800,593 88,066,260 265,668 loss CNVs confirmed de novo
SK0218-003 (60340) F CHR 18 55,756,601 76,115,600 20,358,999 loss CNVs confirmed de novo
MMO0109-003 (46486) F SPX 20 60,949,339 62,377,000 1,427,662 gain CNVs confirmed de novo
SK0244-003 (69183) M SPX 21 42,974,148 43,328,084 353,936 gain CNVs confirmed de novo
NA0039-000 (69736) F CHR 22 46,277,400 49,509,100 3,231,700 loss CNVs confirmed de novo
MMO0109-003 (46486) F SPX 22 49,243,247 49,519,949 276,703 loss  CNVs confirmed de novo
NA0097-000 (82361L) F CHR X 34,419 5,859,730 5,825,312 loss CNVs confirmed de novo
SK0306-004 (78681) F SPX X 48,073,600 52,716,966 4,643,367 gain CNVs confirmed de novo
SK0147-003 (47544L) F SPX 2 114,855,796 115,334,166 478,371 loss CNVs Recurrent/Overlapping
SK0167-003 (60966L) F MPX 2 114,855,796 115,334,166 478,371 gain  CNVs Recurrent/Overlapping
SK0288-003 (75420) F SPX-MZ 2 115,141,880 115,247,000 105,121 gain  CNVs Recurrent/Overlapping
NA0030-000 (55240) M SPX 2 186,674,000 186,786,323 112,324 loss CNVs Recurrent/Overlapping
SK0306-004 (78681) F SPX 2 186,674,000 186,771,130 97,131 loss CNVs Recurrent/Overlapping
MM0220-003 (61180L) M MPX 6 118,799,000 119,117,000 318,001 gain CNVs Recurrent/Overlapping
NA0025-000 (60490) M SPX 6 118,823,011 119,117,000 293,990 gain CNVs Recurrent/Overlapping
SK0190-003 (54742) M SPX 7 152,698,000 154,478,000 1,780,000 gain CNVs Recurrent/Overlapping
SK0115-003 (40555) M SPX 7 153,098,000 153,372,000 274,001 gain CNVs Recurrent/Overlapping
SK0058-003 (59963) M MPX 7 153,539,745 153,556,533 16,789 gain CNVs Recurrent/Overlapping
SK0143-003 (36812) M SPX 8 53,481,200 53,766,400 285,201 gain CNVs Recurrent/Overlapping
MMO0236-004 (46475) M MPX 8 53,724,445 53,996,124 271,680 gain CNVs Recurrent/Overlapping
SK0270-003 (71341) M SPX 9 7,725,280 7,764,180 38,900 loss CNVs Recurrent/Overlapping
MMO0103-003 (42387) M MPX 9 7,725,283 7,760,233 34,951 loss CNVs Recurrent/Overlapping
MMO0272-003 (45563) M MPX 11 40,285,800 40,548,738 262,939 loss CNVs Recurrent/Overlapping
SK0167-003 (60966L) F MPX 11 40,417,554 40,610,400 192,847 loss  CNVs Recurrent/Overlapping
SK0023-003 (58096) M SPX 13 66,470,851 66,660,289 189,438 gain CNVs Recurrent/Overlapping
MM0299-003 (51674) F MPX 13 66,487,899 66,660,300 172,402 gain  CNVs Recurrent/Overlapping
MMO0109-003 (46486) F SPX 16 21,441,805 22,688,093 1,246,289 gain  CNVs Recurrent/Overlapping
MMO0289-003 (42267) F MPX 16 21,808,808 22,611,363 802,556 loss CNVs Recurrent/Overlapping
MMO0088-003 (45562) F MPX 16 29,559,989 30,235,818 675,830 loss CNVs Recurrent/Overlapping
NA0133-000 (78119L) F SPX 16 29,559,989 30,085,308 525,320 gain CNVs Recurrent/Overlapping
SK0091-004 (46407) F MPX 22 17,265,500 21,546,762 4,281,262 gain CNVs Recurrent/Overlapping
SK0323-003 (80022) M MPX 22 18,683,900 19,427,000 743,101 gain CNVs Recurrent/Overlapping
SK0123-004 (60536L) M MPX 22 47,717,300 48,318,828 601,528 gain CNVs Recurrent/Overlapping
MMO0102-003 (47598) M MPX 22 48,152,289 48,232,669 80,380 loss CNVs Recurrent/Overlapping
NA0002-000 (52026) M SPX 7 153,585,000 153,651,462 66,463 loss  CNVs Recurrent/Overlapping/

CNVs confirmed de novo
SK0073-003 (57283L) F CHR 15 18,376,200 30,298,800 11,922,600 gain CNVs Recurrent/Overlapping/

CNVs confirmed de novo
SK0245-005 (68517) M CHR 15 18,427,100 30,298,847 11,871,747 gain CNVs Recurrent/Overlapping/

CNVs confirmed de novo
SK0119-003 (35190) M MPX 22 17,014,900 19,786,200 2,771,300 loss CNVs Recurrent/Overlapping/

CNVs confirmed de novo
SK0297-003 (76066) M SPX-MZ 22 17,265,500 21,546,762 4,281,263 gain CNVs Recurrent/Overlapping/

CNVs confirmed de novo
40,555,289 41,089,766 534,478 loss CNVs that are Singletons
40,555,289 41,128,323 573,035 loss CNVs that are Singletons
41,463,611 41924314 460,704 gain CNVs that are Singletons
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SK0036-003 (29186) F SPX 1 57,936,233 58,514,629 578,396 gain CNVs that are Singletons
MMO0236-004 (46475) M MPX 1 60,369,200 61,426,300 1,057,101 gain CNVs that are Singletons
MMO0020-004 (47838) M MPX 1 65,649,086 65,713,423 64,338 gain CNVs that are Singletons
NA0076-000 (63624) M SPX 1 91,930,266 92,330,344 400,078 gain CNVs that are Singletons
SK0174-003 (64379L) M SPX 1 108,046,000 108,246,283 200,284 loss CNVs that are Singletons
SK0283-003 (72309) F CHR 1 148,095,537 149,547,463 1,451,926 gain CNVs that are Singletons
MMO0011-003 (60566L) M MPX 1 165,908,677 166,028,402 119,726 loss  CNVs that are Singletons
SK0132-003 (30661) M MPX 1 186,673,899 186,716,570 42,672 loss  CNVs that are Singletons
NA0109-000 (72873) M SPX 1 212,037,558 212,471,000 433,443 loss CNVs that are Singletons
SK0183-004 (52217) M SPX 1 238,633,145 239,606,926 973,781 loss CNVs that are Singletons
MMO0219-003 (46823) M MPX 2 34,155,700 34,253,221 97,522 loss CNVs that are Singletons
MMO0295-003 (46488) M MPX 2 34,662,196 34,780,515 118,320 loss  CNVs that are Singletons
NAO0083-000 (66104L) M SPX 2 34,858,330 34,937,455 79,125 loss  CNVs that are Singletons
SK0270-003 (71341) M SPX 2 39,992,374 40,053,300 60,926 loss CNVs that are Singletons
NAO0055-000 (59448) M SPX 2 41,958,200 42,088,448 130,249 loss  CNVs that are Singletons

M 2

SK0301-003 (77203) 52,856,046 52,969,575 113,530 loss  CNVs that are Singletons
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NA0027-000 (60421L) M MPX 2 121,623,000 121,684,915 61,915 loss CNVs that are Singletons
NA0057-000 (59537) M SPX 2 125,496,832 125,890,571 393,740 loss  CNVs that are Singletons
MMO0176-003 (62118L) M MPX 2 135,358,000 135471,070 113,071 loss CNVs that are Singletons
SK0225-003 (60921) M SPX 2 155,849,451 155,988,560 139,109 loss CNVs that are Singletons
SK0192-003 (54877) M SPX 2 181,771,621 181,944,065 172,445 loss CNVs that are Singletons
NA0007-000 (50611) M SPX 2 195,170,000 195,217,247 47,248 gain  CNVs that are Singletons
SK0283-003 (72309) F CHR 3 5,365,506 5,409,964 44458 loss  CNVs that are Singletons
MMO0210-004 (47376) M MPX 3 7,957,390 8,250,541 293,151 gain  CNVs that are Singletons
NA0044-000 (57097) M SPX 3 35,613,300 35,928,200 314,901 gain  CNVs that are Singletons
SK0021-008 (51504) M MPX 3 36,110,965 36,215,909 104,945 loss CNVs that are Singletons
MMO0154-003 (56678L) F MPX 3 50,089,500 50,199,200 109,701 gain CNVs that are Singletons
SK0152-003 (41548L) M CHR 3 78,902,000 78,957,000 55,000 gain CNVs that are Singletons
NA0044-000 (57097) M SPX 3 82,866,400 84,544,763 1,678,364 gain CNVs that are Singletons
SK0023-003 (58096) M SPX 3 99,400,957 99,484,400 83,443 gain CNVs that are Singletons
NA0018-000 (72622) M SPX 3 117,838,700 117,937,000 98,301 gain CNVs that are Singletons
NA0003-000 (48474) M SPX 3 124,386,373 124,456,000 69,628 gain CNVs that are Singletons
NA0090-000 (65410) M SPX 3 183,837,706 183,940,069 102,364 gain CNVs that are Singletons
NA0044-000 (57097) M SPX 4 55,718,164 55,811,710 93,547 loss CNVs that are Singletons
NA0016-000 (51524L) F SPX 4 114,333,509 114,416,051 82,542 loss CNVs that are Singletons
SK0012-003 (58468L) M SPX 4 152,993,000 153,381,007 388,008 gain CNVs that are Singletons
SK0103-005 (42258) M SPX 4 157,615,000 157,683,000 68,000 gain CNVs that are Singletons
NA0037-000 (69812) M SPX 4 179,692,000 179,865,679 173,680 gain CNVs that are Singletons
MM0299-003 (51674) F MPX 4 181,968,784 182,095,665 126,882 loss CNVs that are Singletons
SK0266-003 (68257) M SPX 4 183,466,000 183,517,000 51,000 loss CNVs that are Singletons
SK0002-003 (50002) F CHR 5 14,940,400 15,179,500 239,100 gain  CNVs that are Singletons
NA0078-000 (63727) M MPX 5 25,125,371 25,450,672 325,302 gain  CNVs that are Singletons
NA0076-000 (63624) M SPX 5 37,409,881 37,778,834 368,953 gain CNVs that are Singletons
SK0335-003 (72815) F CHR 5 38,534,384 38,807,002 272,619 loss CNVs that are Singletons
MMO0143-004 (47386) M MPX 5 110,440,484 110,471,180 30,697 gain CNVs that are Singletons
NA0023-000 (60504L) F SPX 5 113,104,916 113,178,000 73,084 loss CNVs that are Singletons
SK0118-003 (52027) M SPX 5 122,834,399 123,029,036 194,638 loss CNVs that are Singletons
SK0077-003 (48226) M SPX 5 128,968,799 129,433,000 464,201 gain CNVs that are Singletons
SKO0300-003 (77447) M CHR 6 4,200,904 4,416,471 215,568 loss CNVs that are Singletons
MMO0212-004 (62223L) F MPX 6 17,505,095 17,703,208 198,114 gain CNVs that are Singletons
MMO0300-003 (47836) F MPX 6 27,827,354 28,119,631 292,278 gain  CNVs that are Singletons
MMO0225-004 (60826) M MPX 6 69,929,900 70,278,043 348,144 gain  CNVs that are Singletons
SK0217-003 (59279) M SPX 6 112,679,982 112,776,094 96,112 gain CNVs that are Singletons
SK0326-003 (81155) M SPX 6 137,930,847 138,011,644 80,798 gain CNVs that are Singletons
MMO0088-003 (45562) F MPX 7 2,922,139 2,964,895 42,757 loss  CNVs that are Singletons
NA0147-000 (77123L) M SPX 7 3,946,854 4,002,686 55,833 loss CNVs that are Singletons
SK0049-004 (59987L) M MPX 7 11,526,500 11,560,300 33,800 gain CNVs that are Singletons
SK0132-003 (30661) M MPX 7 20,242,925 20,345,800 102,876 gain CNVs that are Singletons
NA0145-000 (82058L) M SPX 7 47,742,927 48,775,200 1,032,274 loss CNVs that are Singletons
SK0119-003 (35190) M MPX 8 17,706,313 17,738,524 32,211 loss CNVs that are Singletons
SK0262-003 (68609) M SPX 8 18,623,000 19,442,500 819,500 gain CNVs that are Singletons
SK0077-003 (48226) M SPX 8 42,971,601 43,820,300 848,699 gain CNVs that are Singletons
SK0294-003 (76222) M SPX 8 73,762,894 73,798,241 35348 gain CNVs that are Singletons
SK0076-003 (38712) F SPX 8 83,989,256 84,141,278 152,022 gain CNVs that are Singletons
MMO0241-004 (45547) M MPX 8 87,230,811 87,498,988 268,178 gain CNVs that are Singletons
MMO0210-004 (47376) M MPX 8 104,166,572 104,947,190 780,618 gain CNVs that are Singletons
SK0194-003 (55078) M SPX 8 123,539,127 123,644,422 105,296 loss CNVs that are Singletons
SK0292-003 (75896) F MPX 8 130,467,000 130,529,193 62,194 loss CNVs that are Singletons
MMO0007-003 (59978) M MPX 9 5,099,530 5,235,490 135961 gain CNVs that are Singletons
MMO0711-003 (63583L) M MPX 9 16,092,066 16,379,100 287,035 gain CNVs that are Singletons
SK0015-003 (49932) M MPX 9 19,284,100 19,511,500 227400 gain  CNVs that are Singletons
SK0015-003 (49932) M MPX 9 19,702,200 24,674,100 4,971,900 loss CNVs that are Singletons
SK0278-003 (74431) M SPX 9 22,626,541 22,747,714 121,174 loss  CNVs that are Singletons
SK0148-005 (41350) F SPX 9 24,607,036 24,682,114 75,078 loss CNVs that are Singletons
MMO0020-004 (47838) M MPX 9 25,439,100 25,535,000 95901 loss CNVs that are Singletons
NA0105-000 (72085) M SPX 9 33,054,336 33,294,800 240,465 gain  CNVs that are Singletons
NA0147-000 (77123L) M SPX 9 84,957,060 85,054,672 97,613 loss CNVs that are Singletons
SK0045-003 (58937) M MPX 9 109,446,000 109,837,000 391,000 gain  CNVs that are Singletons
MMO0117-003 (59983) M MPX 10 2,313,505 2,407,102 93,598 loss CNVs that are Singletons
MMO0225-004 (60826) M MPX 10 4,976,040 5,124,511 148,472 gain CNVs that are Singletons
MM1086-004 (76285) M MPX 10 31,256,118 31,604,509 348,392 loss  CNVs that are Singletons
MMO0068-003 (60836) M MPX 10 68,139,200 68,246,027 106,828 loss CNVs that are Singletons
NA0037-000 (69812) M SPX 10 104,641,000 104,786,777 145,778 loss  CNVs that are Singletons
SKO0300-003 (77447) M CHR 11 6,845,440 6,899,830 54391 loss CNVs that are Singletons
SK0322-003 (79950) M SPX 11 33,159,190 33,462,070 302,881 gain CNVs that are Singletons
MMO0305-003 (47607) M MPX 11 68,053,777 68,204,900 151,123 gain CNVs that are Singletons
NA0032-000 (55186) M SPX 11 76,114,600 76,140,500 25900 gain CNVs that are Singletons
MMO0212-004 (62223L) F MPX 11 99,148,202 99,289,243 141,042 loss CNVs that are Singletons
SK0167-003 (60966L) F MPX 11 101,131,785 101,246,901 115,117 loss CNVs that are Singletons
MMO0112-005 (46736) M MPX 11 116,789,980 116,855,347 65,368 gain CNVs that are Singletons
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MMO0240-003 (43743) F MPX 11 117,452,000 117,539,000 87,001 gain CNVs that are Singletons
SK0255-003 (68785) M SPX 11 124,303,460 124,719,976 416,517 gain CNVs that are Singletons
NA0065-000 (62798L) M SPX 11 125,639,908 126,102,027 462,120 gain CNVs that are Singletons
NA0172-000 (80993L) M SPX 12 3,727,911 3,879,230 151,320 loss CNVs that are Singletons
SK0059-003 (29224) M SPX 12 10,431,082 10,445,300 14,218 gain  CNVs that are Singletons
SK0326-003 (81155) M SPX 12 46,170,200 46,365,774 195,575 gain CNVs that are Singletons
SK0110-003 (24626) M SPX 12 50,520,400 50,573,516 53,116 gain CNVs that are Singletons
NA0071-000 (64719L) F SPX 12 57,408,270 58,532,356 1,124,087 gain CNVs that are Singletons
SK0305-003 (78621) F SPX 12 77,239,265 77,364,400 125,136 loss CNVs that are Singletons
SK0301-003 (77203) M MPX 12 83,388,935 83,428,800 39,866 gain CNVs that are Singletons
NA0093-000 (66999) M SPX 12 96,496,784 96,568,500 71,716 loss CNVs that are Singletons
MMO0711-003 (63583L) M MPX 12 96,576,486 96,639,686 63,201 loss CNVs that are Singletons
SK0292-003 (75896) F MPX 12 101,568,000 101,586,000 18,001 gain CNVs that are Singletons
NA0109-000 (72873) M SPX 12 110,646,607 110,800,000 153,394 gain CNVs that are Singletons
MMO0210-004 (47376) M MPX 12 125,446,000 125,757,000 311,000 gain  CNVs that are Singletons
SK0079-003 (48388) M MPX 13 17,960,300 18,492,994 532,694 gain  CNVs that are Singletons
NA0028-000 (58891L) M SPX 13 62,915,912 62,977,748 61,837 loss CNVs that are Singletons
SK0326-003 (81155) M SPX 13 89,726,966 90,134,219 407,254 gain CNVs that are Singletons
NA0048-000 (58569) M SPX 13 93,288,520 93,344,600 56,081 gain CNVs that are Singletons
SK0326-003 (81155) M SPX 13 93,497,400 93,732,931 235,532 gain  CNVs that are Singletons
SK0254-003 (68687) M SPX 13 105,172,000 105,357,000 185,000 gain CNVs that are Singletons
SK0121-003 (41288) M SPX 14 76,007,842 76,924,400 916,558 gain CNVs that are Singletons
SK0031-003 (68160L) M CHR 14 99,015,100 99,787,500 772,400 gain  CNVs that are Singletons
SKO0300-003 (77447) M CHR 15 48,583,127 48,767,030 183,904 gain CNVs that are Singletons
SK0326-003 (81155) M SPX 15 97,406,000 97,961,522 555,523 gain  CNVs that are Singletons
SK0281-003 (72934) M SPX 16 57,542,779 57,579,900 37,122 loss CNVs that are Singletons
MMO0310-005 (60951) M MPX 16 80,972,252 80,983,135 10,884 loss  CNVs that are Singletons
SK0203-004 (56040) M MPX 16 82,603,600 82,687,900 84,300 gain CNVs that are Singletons
SK0085-004 (30422) M MPX 17 3,836,592 3,998,867 162,276 gain CNVs that are Singletons
SK0298-003 (77697) M SPX 17 76,914,079 77,771,141 857,063 gain CNVs that are Singletons
SK0328-003 (82302) M SPX 18 13,794,043 14,743,900 949,858 gain CNVs that are Singletons
SK0303-003 (78391) F MPX 18 28,383,551 28,448,100 64,550 loss  CNVs that are Singletons
SK0014-003 (41606) M SPX 18 52,531,252 53,165,421 634,169 gain  CNVs that are Singletons
SK0121-003 (41288) M SPX 19 33,693,363 33,762,805 69,442 loss  CNVs that are Singletons
NA0111-000 (73891) M SPX 19 57,836,600 58,246,200 409,601 gain CNVs that are Singletons
NA0004-000 (47490) M SPX 19 58,634,965 58,958,584 323,620 gain  CNVs that are Singletons
NA0070-000 (64249L) F SPX 19 60,499,398 60,742,656 243,259 loss  CNVs that are Singletons
SK0047-003 (47173L) F SPX 19 61,910,800 62,644,900 734,100 loss  CNVs that are Singletons
NA0110-000 (72165) M SPX 19 63,050,356 63,193,800 143,445 loss CNVs that are Singletons
SK0232-003 (59838) M MPX 19 63,483,000 63,771,100 288,100 gain CNVs that are Singletons
MMO0018-003 (59980) M MPX 20 11,319,093 11,424,900 105,808 loss CNVs that are Singletons
SK0335-003 (72815) F CHR 20 14,955,730 15,011,214 55485 loss CNVs that are Singletons
SK0258-004 (67930) M SPX 20 45,468,000 45,673,300 205,300 gain  CNVs that are Singletons
MMO0126-003 (54581) M MPX 21 22,839,570 22,938,377 98,808 loss CNVs that are Singletons
SK0118-003 (52027) M SPX 21 28,060,406 28,250,400 189,995 loss CNVs that are Singletons
SK0186-004 (52964) M SPX X 22,962,800 23,119,000 156,200 loss CNVs that are Singletons
MMO0087-003 (59962L) M MPX X 25,516,263 25,620,400 104,138 loss CNVs that are Singletons
NA0100-000 (70601L) M SPX X 44,395,900 45,060,800 664,901 gain CNVs that are Singletons
SK0087-003 (60692L) F MPX X 83,866,300 92,175,100 8,308,800 loss CNVs that are Singletons
MMO0020-004 (47838) M MPX X 87,452,050 87,595,200 143,151 gain CNVs that are Singletons
SK0228-003 (62083) M SPX X 104,153,000 104,638,000 485,000 gain CNVs that are Singletons
SK0088-003 (64798) M SPX X 114,042,922 114215435 172,513 gain  CNVs that are Singletons
MMO0087-003 (59962L) M MPX X 130,406,000 130,695,499 289,500 gain CNVs that are Singletons
NA0016-000 (51524L) F SPX X 140,600,370 140,907,495 307,125 gain  CNVs that are Singletons
SK0234-003 (64340) M MPX X 142,561,000 142,682,000 121,000 loss  CNVs that are Singletons
SK0320-003 (79449) M MPX X 143,059,574 143,399,300 339,727 gain  CNVs that are Singletons
SK0123-004 (60536L) M MPX X 147,974,000 148,479,449 505,449 gain  CNVs that are Singletons
SK0278-003 (74431) M SPX 1 188,543,244 188,935,335 392,092 gain  CNVs that overlap the ACRD
MMO0149-003 (42382) M MPX 1 191,030,551 191,223,110 192,560 gain CNVs that overlap the ACRD
SK0229-003 (62211) M SPX 1 242,451,000 243,113,489 662,489 gain  CNVs that overlap the ACRD
NA0016-000 (51524L) F SPX 1 243,172,012 243,301,056 129,044 gain CNVs that overlap the ACRD
MMO0063-003 (46687) F MPX 2 50,780,202 50,859,200 78,999 loss CNVs that overlap the ACRD
SK0234-003 (64340) M MPX 2 54,171,783 54,345,700 173,917 gain CNVs that overlap the ACRD
SK0188-003 (53664) M SPX 2 112,415,581 112,510,212 94,632 loss CNVs that overlap the ACRD
MMO0019-003 (42052) M MPX 2 201,286,000 201,317,066 31,067 loss CNVs that overlap the ACRD
MMO0296-003 (47829) M MPX 2 221,429,610 221,551,000 121,391 loss  CNVs that overlap the ACRD
NA0004-000 (47490) M SPX 2 2357797,267 236,239,000 441,734 gain  CNVs that overlap the ACRD
MMO0068-003 (60836) M MPX 3 1,720,948 1,795,234 74,287 gain CNVs that overlap the ACRD
NA0067-000 (65344L) M SPX 3 61,075,295 61,581,100 505,806 gain  CNVs that overlap the ACRD
MMO0296-003 (47829) M MPX 4 328,851 542,862 214,012 gain  CNVs that overlap the ACRD
MMO0228-004 (47602) M MPX 4 11,820,924 11,983,053 162,130 loss CNVs that overlap the ACRD
NA0129-000 (77405) M SPX 4 38,109,899 38,349,444 239,546 gain  CNVs that overlap the ACRD
SK0188-003 (53664) M SPX 4 61,408,094 61,758,800 350,707 loss  CNVs that overlap the ACRD
SK0057-003 (40919) M SPX 4 74,105,700 74,464,300 358,600 gain CNVs that overlap the ACRD
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MMO0176-003 (62118L) M MPX 4 91,220,121 91,309,602 89,482 loss CNVs that overlap the ACRD
SK0012-003 (58468L) M SPX 4 162,387,402 163,362,655 975,254 gain  CNVs that overlap the ACRD
SK0012-003 (58468L) M SPX 4 173,324,616 174,954,056 1,629,441 gain CNVs that overlap the ACRD
SK0166-003 (36773) M SPX 4 186,788,000 187,118,000 330,001 gain  CNVs that overlap the ACRD
SK0074-003 (60910L) M MPX 4 188,230,567 190,154,000 1,923,434 gain CNVs that overlap the ACRD
SK0083-003 (50800L) M CHR 4 188,232,000 188,253,314 21,315 gain CNVs that overlap the ACRD
MMO0019-003 (42052) M MPX 4 190,172,765 191,306,043 1,133,279 gain CNVs that overlap the ACRD
SK0188-003 (53664) M SPX 5 13,832,700 14,237,600 404,901 gain  CNVs that overlap the ACRD
NA0078-000 (63727) M MPX 5 79,336,190 79,613,516 277,327 loss  CNVs that overlap the ACRD
NA0145-000 (82058L) M SPX 5 89,445,869 90,172,900 727,032 gain  CNVs that overlap the ACRD
SK0167-003 (60966L) F MPX 5 120,343,925 120,474,000 130,076 gain CNVs that overlap the ACRD
NA0019-000 (641221) M SPX 5 120,964,000 121,095,213 131,214 gain CNVs that overlap the ACRD
MMO0215-004 (47095) M MPX 5 132,619,430 132,732,003 112,574 loss  CNVs that overlap the ACRD
SK0073-003 (57283L) F CHR 5 134,426,000 134,519,000 93,000 gain CNVs that overlap the ACRD
SK0272-003 (70721) F SPX 6 77,622,920 77,673,932 51,012 loss CNVs that overlap the ACRD
MMO0225-004 (60826) M MPX 6 93,087,482 98,011,900 4,924,419 gain CNVs that overlap the ACRD
SK0077-003 (48226) M SPX 6 95,461,800 95,581,304 119,504 loss CNVs that overlap the ACRD
SK0087-003 (40450) M MPX 6 97,566,274 97,658,527 92,253 loss CNVs that overlap the ACRD
SK0216-003 (58875) M SPX 6 153,519,631 153,791,029 271,398 gain  CNVs that overlap the ACRD
NA0061-000 (60383) M SPX 7 108,357,049 108,597,525 240,477 loss  CNVs that overlap the ACRD
SK0226-005 (61360) M SPX 7 118,462,717 118,679,189 216,473 loss CNVs that overlap the ACRD
MMO0218-004 (45553) M MPX 8 89,598,961 89,678,800 79,840 loss CNVs that overlap the ACRD
SK0210-004 (57601) M MPX 9 28,577,800 29,218,800 641,000 loss  CNVs that overlap the ACRD
SK0273-003 (71182) M MPX 9 70,739,231 70,870,084 130,854 loss CNVs that overlap the ACRD
SK0118-003 (52027) M SPX 9 111,652,000 112,212,452 560,453 gain  CNVs that overlap the ACRD
NA0066-000 (64119L) M SPX 9 116,528,784 116,612,329 83,546 loss CNVs that overlap the ACRD
SK0102-004 (31899) M SPX 10 42,611,900 43,266,300 654,400 gain  CNVs that overlap the ACRD
SK0102-004 (31899) M SPX 10 44,988,900 45,468,800 479,900 gain CNVs that overlap the ACRD
NA0109-000 (72873) M SPX 10 112,267,330 112,405,408 138,079 gain CNVs that overlap the ACRD
SK0131-003 (39989) F CHR 10 128,501,014 128,592,091 91,078 gain CNVs that overlap the ACRD
NA0138-000 (81816L) M SPX 10 133,285,000 133,604,999 320,000 gain  CNVs that overlap the ACRD
NA0113-000 (82366L) M SPX 11 9,984,119 10,667,800 683,682 loss  CNVs that overlap the ACRD
SK0218-003 (60340) F CHR 12 1,760,084 1,852,412 92,328 loss CNVs that overlap the ACRD
NA0122-000 (76018L) F SPX 13 32,965,700 33,137,655 171,956 gain CNVs that overlap the ACRD
NAO0117-000 (73621) M SPX 13 42,511,458 42,599,200 87,743 gain  CNVs that overlap the ACRD
MMO0154-003 (56678L) F MPX 13 54,651,953 55,025,229 373,277 gain  CNVs that overlap the ACRD
SK0328-003 (82302) M SPX 13 103,896,769 103,930,492 33,724 loss CNVs that overlap the ACRD
MM0295-003 (46488) M MPX 13 113,361,712 113,646,000 284,289 gain CNVs that overlap the ACRD
SK0305-004 (78621) F SPX 14 42,022,286 42,210,026 187,741 loss CNVs that overlap the ACRD
SK0320-003 (79449) M MPX 14 45,537,581 45,653,418 115,838 loss CNVs that overlap the ACRD
MMO0225-004 (60826) M MPX 14 83,373,278 83,435,200 61,923 gain  CNVs that overlap the ACRD
MMO0154-003 (56678L) F MPX 14 106,223,861 106,356,482 132,622 gain CNVs that overlap the ACRD
NA0064-000 (63582L) M SPX 15 82,573,421 83,631,697 1,058,276 loss CNVs that overlap the ACRD
MMO0256-004 (46991) M MPX 15 87,922,400 87,993,909 71,510 gain CNVs that overlap the ACRD
SK0266-003 (68257) M SPX 16 6,813,789 6,898,849 85,060 loss CNVs that overlap the ACRD
NA0063-000 (60351) M SPX 16 73,397,667 73,657,067 259,400 loss  CNVs that overlap the ACRD
NA0095-000 (75414L) M SPX 16 74,576,356 74,613,000 36,645 loss CNVs that overlap the ACRD
SK0284-003 (72687) F SPX 17 28,985,300 29,960,700 975400 gain  CNVs that overlap the ACRD
SK0012-003 (58468L) M SPX 18 27,565,032 27,781,900 216,869 gain CNVs that overlap the ACRD
SK0152-003 (41548L) M CHR 18 32,174,061 32,990,975 816,914 loss CNVs that overlap the ACRD
SK0147-003 (47544L) F SPX 18 37,509,556 37,950,450 440,895 gain CNVs that overlap the ACRD
SK0304-003 (78063) M SPX 18 46,101,841 46,218,000 116,160 gain CNVs that overlap the ACRD
NA0138-000 (81816L) M SPX 18 69,282,461 69,330,584 48,124 loss  CNVs that overlap the ACRD
SK0023-003 (58096) M SPX 21 46,497,675 46,678,820 181,145 gain CNVs that overlap the ACRD
NA0112-000 (72340) M SPX X 38,250,331 38,371,333 121,003 gain CNVs that overlap the ACRD
SK0283-003 (72309) F CHR 4 44,762,996 44,858,504 95,508 gain CNVs that overlap the ACRD
MMO0010-005 (47372) M MPX 4 44,773,367 44,846,800 73,434 gain CNVs that overlap the ACRD
NA0093-000 (66999) M SPX 4 44,773,367 44,846,800 73433 gain CNVs that overlap the ACRD
MMO0109-003 (46486) F SPX 4 189,538,747 189,825,000 286,254 gain  CNVs that overlap the ACRD
SK0112-003 (46100) M MPX 4 189,580,553 190,228,000 647447 gain  CNVs that overlap the ACRD

[0055]

Wide-ranging prevalence frequencies of cytogeneti-

unbalanced karyotypic changes (7) were also found by

cally detectable chromosomal abnormalities in ASD, and the
inability of microarray scans to find balanced abnormalities,
prompted karyotyping to be performed. Karyotyping (and
FISH) also provided the ability to characterize the chromo-
somal context (e.g. ring chromosomes) of some of the CNV
regions, something not possible using microarrays alone.
Therefore, 313 unbiased idiopathic cases where blood was
available were examined and 5.8% (18/313) cases were found
to have balanced (11) or unbalanced (7) karyotypes (all

microarray analysis and are included in the CNV statistics).
The genomic characteristics of all CNVs are shown in the
Autism Chromosome Rearrangement Database (see FIG. 3).
In this study, CNV loss and gain will typically equate to a
standard deletion or duplication. In some cases a duplication
of'only part of a gene could lead to its disruption (Table 5), and
there are also positional effects on gene expression to con-
sider.
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De Novo, Overlapping/Recurrent, and Inherited Structural unrelated samples (see Table 7 below), (iii) recurrent (same
Variants breakpoints) in two or more unrelated samples (four cases at
two loci), (iv) or inherited (the remainder). In a proof of
[0056] Structural variants found in ASD cases were ini- principle analysis, CNVs were found at known ASD loci:
tially prioritized to possibly be etiologic if they were not in NLGN4 and 22q, 15q, SHANK3 and NRXN1 in categories 1,
controls and, (i) de novo in origin (25 cases) (see Table 5 i, iii, and iv, respectively. ASD structural variants found in

below), (ii) overlapping (27 cases at 13 loci) in two or more controls (eg. NRXN1) could also be involved.

TABLE §

De Novo Rearrangements in ASD cases

FamID (DNA) Sex Type Chromosome? Size (bp)> CNV  Genes* Phenotype Comments®
1 SK0181-004 (52191) M CHR (SPX) 3p14.1-3p13 (a) 5,346,900 loss 13 genes 1Q =107
t(6; 14)(q13; q21)( k) N/A none 11 genes Dysmorphology
2 SK0152-003 (41548) M CHR (MPX)®  3p25.1-p24.3 (a) 1,409,600 loss 12 genes 1Q = unknown
5p15.31-p15.2 () 3,429,389 loss 8 genes
12q12 (a) 422,842 loss 4 genes
t(5; 7)(p15p13) (k) N/A none CDHIR
3 SK0215-006 (58449) M CHR (SPX) 1p21.3 (a) 1,092,500 loss DPYD whole 1Q =38, SLI
4 SK0205-004 (56242) F CHR (SPX) 5p15.33-5p15.2 (k) 13,800,984 loss 46 genes 1Q = unknown, Cri du chat
5 SK0083-003 (50800) M CHR (SPX) 7931.1-931.31 (k) 11,023,507 loss 25 genes 1Q=76
6 SK0131-003 (39989) F CHR (SPX) 7931.1-932.2 (k) 15,486,722 loss  >50 genes 1Q =95, SLI
7 SK0243-003 (67941) M CHR (SPX) 15923-q24.2 (k) 4,289,500 loss  >350 genes 1Q = unknown, SLI
8 SK0073-003 (57283) F CHR (SPX) 15q11.2-q13.3 (k) 11,922,600 gain  >50 genes 1Q = unknown
9 SK0245-005 (68517) M CHR (SPX) 15q11.2-q13.3 (k) 11,871,747 gain  >50 genes 1Q = unknown
10 SK0218-003 (60340) F CHR (MPX)* 18q21.32-18q23 (k) 20,358,999 loss  >50 genes 1Q = unknown, seizures,
dysmorphology
11 NA0039-000 (69736) F CHR (SPX) 22q13.31-q13.33 (k) 3,231,700 loss 41 genes 1Q = unknown
12 NA0097-000 (82361) F CHR (SPX) Xp22.33-p22.31 (a) 5,825,311 loss 21 genes + NLGN4  IQ = unknown
13 SK0283-003 (72309) F CHR (SPX) 47, XX, ring chrl (k) N/A gain  >50 genes 1Q =38
14 SKO0133-003 (46012 M CHR (SPX) t(5; 8; 17)(q31.1; N/A none 5 genes 1Q = unknown
q24.1; q21.3) (k)
15 NA0002-000 (52026) M SPX 7936.2 (a) 66,462 loss  DPP6 exonic 1Q = unknown
16 SK0262-003 (68609) M SPX 8p23.3 (a) 791,089 gain DLGAP2 exonic 1Q = unknown
17 MMO0278-003 (57788) M SPX 12924.21-q24.33 (a) 18,218,000 gain  >50 genes 1Q =36
18 NA0067-000 (65344) M SPX 16924.3 (a) 265,667 loss ANKRDI1 exonic 1Q = unknown
19 MMO0088-003 (45562) F MPX 16p11.2 (a) 675,829 loss 28 genes 1Q =87
20 SK0102-004 (31899) M SPX 16p11.2 (a) 432,600 gain 24 genes 1Q =74, Epilepsy
21 SK0244-003 (69183) M SPX 21922.3 (a) 353,936 gain 4 genes 1Q =80
22 MMO0109-003 (46486) F SPX 20q13.33 (a) 1,427,661 gain 44 genes 1Q = unknown
22q13.33 (a) 276,702 loss 13 genes + SHANK3
23 SK0119-003 (35190) M MPX* 22q11.21 (a) 2,771,300 loss  >50 genes IQ =58, VCF syndrome
24 SK0297-003 (76066) M SPX-MZ 22q11.21 (a) 4,281,262 gain  >50 genes 1Q =107, dysmorphology
25 SK0306-004 (78681) F SPX Xpl11.23-11.22 (a) 4,643,367 gain  >50 genes 1Q =87

ITable is sorted based on family type. Probands with abnormal karyotypes (CHR) (1-14) are separated from probands belonging to simplex (SPX) and multiplex (MPX) families with normal
karyotypes (15-25).

De novo event detected by either karyotype (k) or microarray (a)
3De novo CNV ftranslocation has been confirmed by at least one of karyotype, FISH, or qPCR. CNV size is based on array results. The breakpoints have not been accurately defined, and
CNVs may be smaller or larger than posted.
“When only a single gene is involved if the CNV intersects (suggesting it may disrupt the gene) the term ‘exonic’ is used and if the CNV encompasses the entire gene the term ‘whole” is
used.
For multiplex families the de novo events were not detected in affected siblings.

**comment on case 25 that is also in Table 3(see entry #2

TABLE 6

Recurrent and overlapping loci in ASD

Chromosome  FamID (DNA) Sex Type! Size (bp)? CNV  Origin Genes® Phenotype Comments

1 2ql4.1 SK0147-003 (47544) F SPX 478,370  loss  Paternal DPP10 exonic IQ = unknown, NF1
SK0288-003 (75420) F SPX-MZ 105,120 gain  Paternal ~ DPP10 intronic 1Q =83

2 2q32.1 SK0306-004 (78681) F SPX 97,130  loss Unknown None 1Q =87
NA0030-000 (55240) M SPX 112,323 loss  Unknown None 1Q = unknown

3 6q22.31 MMO0220-003 (61180) M MPX 318,000 gain Paternal PLN, c60rf204 whole  IQ = unknown
NA0025-000 (60490) M SPX 293,989  gain  Paternal PLN, c60rf204 whole  IQ = unknown

4 7936.2 SK0190-003 (54742) M SPX 1,780,000  gain Maternal DPP6 whole 1Q =82
SK0115-003 (40555) M SPX 274,000 gain  Unknown DPP6 exonic 1Q = unknown
SK0058-003 (59963) M MPX 16,788  gain Maternal  DPP6 intronic Q=111
NA0002-000 (52026) M SPX 66,462 loss Denovo  DPP6 exonic 1Q = unknown

5 8qll.23 SK0143-003 (36812) M SPX 285,200  gain  Unknown UNQ9433 whole, 1Q =66

RB1CC1 exonic Apraxia, CHD, Seizures

MMO0236-004 (46475) M MPX 271,679  gain  Unknown RSI1CCI exonic 1Q =99
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TABLE 6-continued

Recurrent and overlapping loci in ASD

Chromosome  FamlID (DNA) Sex Type! Size (bp)? CNV  Origin Genes® Phenotype Comments
6 9p24.1 SK0270-003 (71341) M SPX 38,900 loss Unknown none 1Q =91, SLI
MMO0103-003 (42387) M MPX 34,950 loss  Paternal  none 1Q =107
7 11pl12 MMO0272-003 (45563) M MPX 262,938  loss Maternal none IQ = 111, Seizures
SK0167-003 (60966) F MPX 192,846  loss  Unknown mnone 1Q=91
8 13q21.32 SK0023-003 (58096) M SPX 189,438  gain  Unknown PCDHY intronic IQ = 91, Seizures
MM0299-003 (51674) F MPX 172,401  gain Paternal ~ PCDHOY intronic 1Q =39
9 15q11.2-q13.3  SK0073-003 (57283) F CHR 11,922,600 gain Denovo  >50 genes 1Q = unknown
SK0245-005 (68517) M CHR 11,871,747 gain Denovo  >50 genes 1Q = unknown
10 16pl12.1 MMO0109-003 (46486) F SPX 1,246,288  gain  Maternal 8 genes 1Q = unknown
MMO0289-003 (42267) F MPX 802,555 loss  Maternal 5 genes IQ=63
11 16pl1l1.1 NAO0133-000 (78119) F SPX 525319 gain Maternal 29 genes 1Q = unknown
SK0102-004 (31899) M SPX 432,600* gain  De novo 24 genes 1Q = 64, Epilepsy
MMO0088-003 (45562) F MPX 675,829 loss  Denovo 32 genes 1Q=387
12 22ql11.2 SK0119-003 (35190) M MPX 2,771,300  loss Demnovo  >50 genes IQ = 58, VCF syndrome
SK0091-004 (46407) F MPX 4,281,262  gain  Paternal  >30 genes 1Q=126
SK0297-003 (76066) M SPX-MZ 4,281,262 gain  Denovo  >50 genes IQ = 107, dysmorphology
SK0323-003 (80022) M MPX 743,100  gain  Unknown 7 genes 1Q = unknown
13 22q13.31 SK0123-004 (60536) M MPX 601,528  gain Maternal none 1Q=93
MMO0102-003 (47598) M MPX 80,380 loss Maternal none 1Q=70

Families are grouped based on simplex (SPX), multiplex (MPX) and chromosomal abnormalities (CHR). Simplex families with affected monozygotic twins is denoted as SPX-MZ. The
de novo cases also appear in Table 2 and some of the family pedigrees are shown in FIG. 2 and Supplemental FIG. 2.
CNV size is based on array results. The breakpoints have not been accurately defined, and CNVs may be smaller or larger than posted.

3When only a single gene is involved if the CNV intersects (suggesting it may disrupt the gene) the term ‘exonic’ is used and if the CNV encompasses the entire gene the term ‘whole’ is

used.

NV is only called by one algorithm

[0057] By testing parental DNA and validating CNVs, a de
novo mutation rate of 7.1% (4/56) and 2.0% (1/49) was
observed in idiopathic simplex and multiplex families,
respectively. There was parental information for 13 of 18
cases discovered to carry cytogenetic abnormalities and 7 (6
simplex, 1 multiplex) of these were de novo in origin. Since
only 1/7 (from a simplex family) of these was balanced and
directly interrupting a gene, it was estimated that this class of
rearrangements had much less of a contribution than CNVs to
the total rate of de novo and structural variation in the present
cohort.

[0058] The collective data identified 25 de novo cases
(Table 5) and in three, two or more events were identified.
Notably, in family SK0152 (FIG. 4a) there were four de novo
events. In MMO19 (FIG. 4b) there were two de novo dele-
tions, one leading to haplo-insufficiency of SHANK3.
[0059] The 13 loci where overlapping ASD-specific CNVs
were found are likely indicative of ASD-susceptibility since
they arise in two or more unrelated families. In six, gains and
losses often encompassing entire genes were observed at the
same locus (Table 6) suggesting general gene dysregulation
to be involved.

[0060] Using q-PCR or by assessing SNP patterns, 196
inherited CNVs (90 maternal and 106 paternal) were con-
firmed. No sub-grouping of these demonstrated obvious par-
ent-of-origin effects (the two chromosome 15q11-q13 dupli-
cations detected were both de novo in origin). A 160 kb
deletion was detected in a male inherited from a carrier
mother, leading to a null PTCHD1 in the proband and his
dizygotic twin brother (FIG. 4¢). There were also instances
where apparently balanced inherited translocations were
accompanied by de novo deletions in the offspring (eg.
DPYD) (FIG. 44d).

Candidate ASD-Susceptibility Genes and Loci Identified

[0061] New ASD candidates identified were those with a
structural change (either de novo or found in two or more

unrelated ASD cases, or for the X chromosome an allele being
transmitted maternally from an unaffected carrier) specific to
that gene, including ANKRD11, DLGAP2, DPP6, DPP10,
DPYD, PCDH9 and PTCHD1 (Tables 5 and 6). As previously
noted, NLGN4, SHANK?3 and NRXN1 were also identified.
The PCDH9 and NRXN1 genes are also found as CNVs in
controls in the DGV (Database of Genomic Variants).
[0062] Additional positional candidate genes identified
were those found interrupted by balanced cytogenetic break-
points including NEGR1, PIP5K1B, GABRG1, KLHL3,
STK3, ST7, SATB2 (Table 1). Moreover, 77 CNVs in the
stringent dataset overlapped with the Autism Chromosome
Rearrangement Database providing a second line of evidence
for involvement (FIG. 2). For example, a 4.6 Mb de novo
duplication at Xp11.23-11.22 was detected in a female
SK0306-004 (Table 5) and a male in the database.

[0063] DPP6 and DPP10 emerge as being positional and
functional candidates. DPP6 (~1.5 Mb in size at 2q14.1) and
DPP10 (~1.3 Mb at 7936.2) code for accessory trans-mem-
brane dipeptidyl peptidase-like subunits that affect the
expression and gating of Kv4.2 channels (KCND2). Kv4.2
channels function in regulation of neurotransmitter release
and neuronal excitability in the glutamatergic synapse at the
same sites where SHANK3 and the NL.GN gene products are
found. In addition, autism balanced breakpoints have been
mapped near KCND?2 at 7q31.

[0064] For DPP10 there are inherited CNV gains and losses
(Table 5, FIG. 4). De novo and inherited CNVs were found at
the multi-transcript DPP6 gene. A 66 kb de novo loss encom-
passing exons 2 and 3 is found in a male in family NA0002
(FIG. 4e). In family SK0190, the male proband and an unaf-
fected female sibling both carry a CNV gain inherited from an
unaffected mother (FIG. 4f) that encompassed the entire
DPP6. A 270 kb gain was found in SK0115-003 that extends
across the first exon (which may disrupt the functional gene)
and SK0058-003 carries a maternally-inherited 16 kb intronic
CNV gain (Table 1; FIG. 5).
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[0065] Structural variants overlapping loci involved in
medical genetic conditions including Waardenburg Type I1A
(3p14.1), speech and language disorder (7q31), mental retar-
dation (MR) (15q23-q24, 16p11.2) and velocardialfacial syn-
drome (VCFES) (22q13) were identified (Table 5), amongst
others. Identification of the structural variant at these loci led
to clinical re-assessment and either identification or refine-
ment of the diagnosis, for additional syndromic features.
Other instances (eg. SK0186-PTCHDI1 deletion) (FIG. 4¢)
prompted re-testing of the entire family and eventually a
diagnosis of mild-ASD in a previously undiagnosed sibling.
This family was then redesignated multiplex as opposed to
simplex.

[0066] The identification of a de novo deletion (2.7 Mb) at
22q11.2 in two ASD brothers led to their re-examination and
diagnosis for VCFS. The re-testing also further defined the
siblings to be at opposite ends of the ASD spectrum (FIG. 6).
Larger duplications (4.3 Mb) of this same region in two other
ASD families (SK0289 and SK0091) did not cause VCFS
(Table 6); however, in SK0091 the variant was inherited from
a normal father and not found in an affected male sibling.
[0067] A recurrent ~500 kb duplication at 16p11.2 in two
ASD families (SK0102 and NA0133) (FIGS. 4 and 5) was
also discovered. As with DPP6/DPP10 and 22q11.2, there
were carriers of these structural variants without ASD. In a
third family (MMOO088), the proband has a larger 676 kb de
novo deletion and it is only detected in one of two ASD
siblings. (FIG. 4g).

[0068] Insum, using the genome-wide scanning approach,
numerous new putative-ASD loci (Tables 4 and 5, FIG. 2)
were identified. Generally, ASD loci include (i) those that
contain genes functioning in the PSD, (ii) and/or chromo-
somal regions previously shown to be involved in mental
retardation, and (iii) involve dysregulation of gene expres-
sion.

[0069] CNVs that implicate ASD loci include the
SHANK3, NLGN, and NRXN1-PSD genes and also identity
novel loci at DPP6 and DPP10 (amongst others including
PCDH9, RPS6KA2, RET from the full dataset) were identi-
fied.

[0070] Lastly, six unrelated ASD cases were identified
(Table 6) that had either CNV gains or losses at the same locus
which indicate that gene expression of genes in these regions
are related to the development of speech and language and/or
social communication in humans, as in SHANK3 and genes
in the Williams-Beuren syndrome locus.

Example 2
PTCHDI1 as a Marker of ASD

[0071] As set out above, a genome scan with Affymetrix
500K SNP Arrays was used to identify a CNV deletion on
chromosome Xp22.11 that spans exon 1 of the PTCHDI1
gene. Exon 1 is shown bolded in FIG. 7 spanning nucleotide
positions 1-359. The Cdna sequence of the PTCHDI1 gene
(NM__173495) as well as the amino acid sequence of the
corresponding encoded protein is illustrated in FIG. 7 which
illustrates a genomic size of:: 59325, an exon/coding exon
count of 3 encoding a protein of 783 amino acids.

[0072] The deletion was determined to be an ~156 kb dele-
tion on Xp22.11 on a male proband. The physical position of
this CNV is chrX:22,962,800-23,119,000 (UCSC 2004
Assembly). The deletion is flanked by SNP probes rs7055928
and rs1918560 (at 22.956 and 23.133 Mb from the Xp termi-
nus, respectively). The most proximal and distal SNPs (from
the Affymetrix SNP microarrays) within the deleted region,
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as determined by the SNP microarray analysis, are rs7879064
g23.1 19 Mb) and rs4828958 (22.972 Mb). PCR amplicons

rom within the deleted region were used to confirm the
deletion by Qper (PCR primers and locations are given
below). This deletion spans the entire exon 1 of the PTCHD1
gene (NM__173495). Analysis of both Sty and Nsp chips data
identified this event and was further validated using PCR and
QPCR techniques. The following primers were used:

PTCHD-CNV1F
ATTCGCAGTTCCTTCGTCTT (SEQ ID NO: 1)
PTCHD-CNVIR
AAAGTGGATTGATCGGTTCC (SEQ ID NO: 2)
PTCHD-CNV2F
GCTTGAGGACGTGTTTCTCC (SEQ ID NO: 3)
PTCHD-CNV2R
CTAGGAGAGGTGGCGCTCT (SEQ ID NO: 4)

[0073] This CNV is autism specific as it was not present in
the Database of Genomic Variants (DGV) and in other con-
trols. Furthermore, the segregation of this deletion was char-
acterized in family and it was identified that the deletion was
transmitted from a heterozygous mother. A male sibling also
had language deficits. ] ]
[0074] Mutation screening of PTCHD1 in N=400 autism
patients was conducted in the usual manner. The following
primers were used:

PTCHD1-x1F
AGCGTGCGCCTCGCCCT (SEQ ID NO: 5)

PTCHD1-x1R
TCCTTGTCCAGGAGGCTGGGA (SEQ ID NO: 6)

PTCHD1-x1Bf
GCGCCCGCTCTGCTCTA (SEQ ID NO: 7)

PTCHD1-x1Br
TCCTTGTCCAGGAGGCTGGGA (SEQ ID NO: 8)

PTCHD1-x2-F
GAATGTCCACCCTCTCCAAA (SEQ ID NO: 9)

PTCHD1-x2-R
AAGGCTACTCCTGGCCTTTT (SEQ ID NO: 10)

PTCHD1-x3a-F
CTTTGACCCAGTAGTCCCTCA (SEQ ID NO: 11)

PTCHD1-x3a-R
GCACAAACCCCTTGGTGTA (SEQ ID NO: 12)

PTCHD1-x3b-F
TGTGATTGGGTTTTACATATATGAGTC (SEQ ID NO: 13)

PTCHD1-x3b-R
AGGTCAGATTTGAAGGCACAG (SEQ ID NO: 14)

PTCHD1-x3c-F
AAAAATGCCCTGGAAGTGC (SEQ ID NO: 15)

PTCHD1-x3c-R
TGTGTGAATTCTCATAACAACTCCT

[0075]
tion.

(SEQ ID NO: 16)

The mutation screening revealed an 1173V muta-

Example 3
Identification of Additional Markers of ASD
[0076] By sequencing the entire coding region of PTCHD1
in 900 unrelated ASD cases, six missense mutations were
identified in six unrelated ASD probands (Table 7, FIG. 8).
For clinical details see Table 8.
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TABLE 7
XCI
Status No. of
of Control
Sex of Family Carrier Population Frequency Chromosomes
Subject ID Exon Mutation Nucleotide Proband Transmission Type Mother Ancestry inASD  Tested
Family 1 1 167-kb deletion, disrupts M  Mother Multiplex Skewed European 1in427 2067
PTCHDI gene at Xp22.11 (M =769 F=1298)
Family 1 1 167-kb deletion, disrupts M  Mother Multiplex Skewed European 1in427 2067
PTCHDI gene at Xp22.11 (M =769 F=1298)
Family 2 2 1173V 517A>G M  Mother Multiplex Random European\Mixed 2in900 659
(M =219 F=220)
Family 3 2 1173V 517A>G M  Mother Simplex ~ Random European 2in900 659
(M =219 F=220)
Family 4 2 V1951 583G > A M  Mother Simplex  NC European 1in900 659
(M =219 F=220)

Family 5 2 ML336-7I1  1008-9GC >TA M  Mother Simplex ~ Random Asian 1in900 751%

(M =249 F =251)

Family 6 3 E479G 1436A>G M  Mother Multiplex Random European 1in900 427

(M =137 F=145)

Family 7 1 L73F 217C>T M  Mother Multiplex NC Not Available 1in900 427

(M =137 F=145)
*QOut of 751 control chromosomes tested, N = 92 were Asian
TABLE 8
Subject ID Sex  Mutations Clinical Details Family History Comments

Family 1 M 167-kbdel  Meet ADI and ADOS-1 criteria for diagnosis of autism. Difficulty Maternal history of Severe colic
with conversations, echoed words, repetitive interests, delay in social learning problem and during early
use of language. Attention Deficit and Hyperactivity Disorder articulation difficulties. childhood
(ADHD). No mental retardation (MR). Paternal history of ADHD
Non-Verbal IQ =42% ile like features.

Family 1 M 167-kbdel  Meet ADI and ADOS-1 criteria for diagnosis of autism. Difficulty Maternal history of Severe colic
with conversations, echoed words, repetitive interests, delay in social learning problem and during early
use of language. Attention Deficit and Hyperactivity Disorder articulation difficulties. childhood
(ADHD). No mental retardation (MR). Paternal history of ADHD
Non-Verbal IQ =23% ile like features.

Family2 M 1173V Meet ADI and ADOS-1 criteria for diagnosis of autism. Highly Father had type II diabetes
repetitive language and behaviour, motor mannerisms, extremely
hyperactive, poor motor coordination and mental retardation,

Lang: receptive = 40, <1% ile, expressive = 40, <1% ile

Family3 M 1173V Meet ADI and ADOS-1 criteria for diagnosis of autism. Meet ADI No family history of PDD

and ADOS-1 criteria for diagnosis of autism. ADI social score = 25,
ADI communication score = 21, ADI Restricted, Repetitive, and
Stereotyped Behavior Score = 11, ADI development score = 3, Normal

1Q,

M V1951 Diagnosed with autism at the age of 3 years and 4 months. Meet ADI No family history of PDD  FRX and head
and ADOS-1 criteria for diagnosis of autism. Severe expressive and CT scan was
receptive language delay. No dysmorphology observed. normal

Family 5 M ML336-7I1  Meet ADI and ADOS-1 criteria for diagnosis of autism. ADI social Father died of leukemia Minor
score = 26, ADI communication score = 14, ADI stereotype score = 5 thalassemia
ADI development score: 4, ADOS social + communication score =
20, ADOS Restricted, Repetitive, and Stereotyped Behavior
Score =3,

Some traits were observed that could be related to schizophrenia.
Family 6 M E479G Diagnosed with high functioning autism. No family history of PDD
Family 7 M L73F Meet ADI and ADOS-1 criteria for diagnosis of autism
[0077] All these mutations resulted in the substitution of tested for the 1173V and V1951 mutations, 500 controls for

highly conserved amino acids, and were inherited from unaf-
fected carrier mothers. Based on in silico protein modeling,
three mutations (I.73F, 1173V, V195]) are present in a pre-
dicted amino acid loop that sits outside of the cell membrane.
This loop is posited to interact with the ligand, Hh. Another
mutation, the 2-amino acid substitution MI.336-33711 was
present within a predicted transmembrane domain. Finally,
the E479G mutation was present within a predicted cytoplas-
mic amino acid loop. In five out of six families, these muta-
tions segregated with the phenotype. Controls (439) were

ML336-33711, and 282 controls for L73F and E479G. None
of'these mutations were present in controls. Furthermore, the
fact that these mutations were all maternally inherited to male
probands, and were not observed in our control populations,
indicates that the mutations are associated with ASD. In turn,
it is reasonable to assume that these mutations contribute to
the etiology of autism, and perhaps in-combination with other
disease-related loci, give rise to the ASD phenotype.

[0078] Interestingly, intwo of the ASD families reported in
Tables 7/8 (Family-2 & Family-4), other ASD-related CNVs
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were identified. In family 2, in addition to 1173V mutation, a
de novo ~1.0 Mb loss at 1p21.3 resulting in deletion of the
entire DPYD gene (NM__000110.3) was identified. DPYD
encodes a rate-limiting enzyme, dihydropyrimidine dehydro-
genase (DPD), involved in pyrimidine metabolism. Complete
DPD deficiency results in highly variable clinical outcomes,
with convulsive disorders, motor retardation, and mental
retardation being the most frequent manifestations. In Fam-
ily-4, in addition to the V1951 mutation, a 66 Kb de novo loss
at 7q36.2 was identified resulting in deletion of DPP6 exon 3,
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and 33 amino acids towards the N-terminal end of the DPP6
protein. These cases evidence digenic involvement in ASD.
[0079] The ability of these PTCHD1-mutants to repress
Gli2 expression was compared with wild type to determine if
there was loss of function in the mutants. NIH10T1/2 fibro-
blasts were transfected with CMV-empty vector, a Gli-re-
sponsive promoter fused to the Luciferase gene (Gli2 pro),
[p-Gal (normalization) and PTCHD1 mutant expression plas-
mids. A mild loss of function of at least the E479G and
ML336-711 mutants resulted in increased expression of G1i2
compared to wild type.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 16

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 1

attcgcagtt ccttegtett

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 2

aaagtggatt gatcggttec

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 3

gcttgaggac gtgtttetee

<210> SEQ ID NO 4

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 4

ctaggagagyg tggegetcet

<210> SEQ ID NO 5

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 5

20

20

20

19
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-continued

agcgtgegee tegeect

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 6

tccttgteca ggaggetggyg a

<210> SEQ ID NO 7

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 7

gegecegete tgetceta

<210> SEQ ID NO 8

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 8

tccttgteca ggaggetggyg a

<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 9

gaatgtccac cctctccaaa

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 10

aaggctacte ctggectttt

<210> SEQ ID NO 11

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 11

ctttgaccca gtagtcecte a

<210> SEQ ID NO 12

17

21

17

21

20

20

21
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-continued
<211> LENGTH: 19
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 12

gcacaaacce cttggtgta

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 13

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

<400> SEQUENCE: 13

tgtgattggyg ttttacatat atgagtc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 14

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

<400> SEQUENCE: 14

aggtcagatt tgaaggcaca g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 15

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer
<400>

SEQUENCE: 15

aaaaatgcce tggaagtge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 16

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer
<400>

SEQUENCE: 16

tgtgtgaatt ctcataacaa ctcct

19

27

21

19

25

We claim:

. (canceled)

. (canceled)

. (canceled)

. (canceled)

. (canceled)

. (canceled)
7. (canceled)
8. (canceled)
9. (canceled)
10. (canceled)
11. (canceled)
12. (canceled)

AU AW N -

13. (canceled)

14. (canceled)

15. (canceled)

16. (canceled)

17. A method of determining the risk of ASD in an indi-
vidual comprising:

probing a nucleic acid-containing sample obtained from

the individual for a genomic sequence mutation in at
least one gene selected from the group consisting of
PTCHDI1, SHANK3, NFIA, DPP6, DYPD, DPPI10,
GPRIS8, PQBP1, ZNF41 and FTSJ1, wherein identifi-
cation of a mutation that modulates the expression of at
least one of said genes is indicative of a risk of ASD.
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18. A method as defined in claim 17, wherein the genomic
sequence variation is in the PTCHD1 gene.

19. A method as defined in claim 17, wherein the genomic
sequence mutation is a deletion of at least a portion of exon 1
of PTCHDI.

20. A method as defined in claim 17, wherein the genomic
sequence mutation is an intronic gain in DPP10.

21. A method as defined in claim 17, wherein the genomic
sequence mutation is an exonic loss in DPP10.

22. A method as defined in claim 17, wherein the genomic
sequence mutation is an exonic loss encompassing at least a
portion of exons 2 and 3 in DPP6.

23. A method as defined in claim 17, wherein the genomic
sequence mutation is a gain in DPP6 selected from at least one
of the group consisting of the entire DPP6 gene, a 270 kb
exonic gain in exon 1 and a 16 kb intronic gain.

24. A method as defined in claim 17, wherein the genomic
sequence mutation is a loss in the SHANK3 gene.

25. A method as defined in claim 17, wherein the genomic
sequence mutation is a loss of the DYPD gene.

26. A method as defined in claim 17, wherein the genomic
sequence mutation is at least one missense mutation in
PTCHDI1 resulting in at least one amino acid substitution in
the encoded protein selected from the group consisting of
L73F, 1173V, V1951, ML.336-3371I and E479G.

27. A method as defined in claim 17, wherein the genomic
sequence mutation is selected from the group consisting of a
deletion of at least a portion of exon 1 of PTCHD1; an intronic
gain in DPP10; an exonic loss in DPP10; an exonic loss
encompassing at least a portion of exons 2 and 3 in DPP6; a
gain in DPP6 selected from at least one of the group consist-
ing of the entire DPP6 gene, a 270 kb exonic gain in exon 1
and a 16 kb intronic gain; a loss in the SHANK3 gene; a loss
of the DYPD gene; and at least one missense mutation in
PTCHDI1 resulting in at least one amino acid substitution in
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the encoded protein selected from the group consisting of
L73F, 1173V, V1951, ML.336-3371I and E479G.

28. A method of determining the risk of ASD in an indi-
vidual comprising:

screening a biological sample from the individual for

abnormal levels of at least one gene product expressed
by a gene selected from the group consisting of
PTCHDI1, SHANK3, NFIA, DPP6, DPP10, DYPD,
GPRI8, PQBP1, ZNF41 and FTSJ1, wherein a determi-
nation that at least one of said gene products is expressed
at a level that varies from the expression level in a
healthy non-ASD individual is indicative of a risk of
ASD.

29. The method as defined in claim 28, wherein the bio-
logical sample is screened for abnormal levels of the
PTCHDI1 gene product.

30. A method of determining the risk of ASD in an indi-
vidual comprising:

screening a nucleic acid-containing sample from the indi-

vidual for at least one genomic sequence variation that
modulates the expression of PTCHD1, wherein identi-
fication of at least one of said genomic sequence varia-
tions is indicative of a risk of ASD in the individual.

31. A method as defined in claim 30, wherein the genomic
sequence variation is in the PTCHD1 gene.

32. A method as defined in claim 30, wherein the genomic
sequence variation is a deletion of at least a portion of exon 1
of PTCHDI.

33. A method as defined in claim 30, wherein the genomic
sequence variation is at least one missense mutation in
PTCHDI1 resulting in at least one amino acid substitution in
the encoded protein selected from the group consisting of
L73F, 1173V, V1951, ML.336-3371I and E479G.
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