
1 Copy NUMBER VARIATIONS PREDICTIVE OF RISK OF SCHIZOPHRENIA INTRODUCTION
Genetic risk is conferred by subtle differences In individual genomes
within a population. Genes differ between individuals due to genomic
variability, most frequently due to single nucleotide poiymorphisms
(SNP's). 5NPs are located on average every 500-1000 base pairs in the human
genome, Additional genetic polyrnorphisms in the human genome are caused Py
duplications, Insertion, deletion, translocation or inversion of either
short or long stretches of DNA, Genetic varlatiiiity among Individuals thus
In generai occurs on many other scales, ranging from single nucieotide
changes to gross, microscopically visible, alterations in chromosomal
structure and function. Recently, an abundance of submicroscopic copy
number variations (CFP/s) of DNA segments ranging from a few kliobases to
rnegabases in size have been discovered (summarized In Redon, R. etal.
Nature 444:444-54 (2006) and Estivil:, X. est Armengol, L. PloS Genetics
3:e190 (2007)). These CNVs Include deletions, insertions, dup:ications end
complex multi-site variants. To date, known CNVs account for over 15% of
the assembled human genorne (Estivill, isX, Armengol, L. PleS Genetics
3:e190 (2007)), although most of these variants are so rare that they cover
only a small percentage of the human genonhe of any ow-tic/Aar individual.
As genetic poiyinorphisais conferring risk of common diseases are
uncovered, genetic testing for such risk factors is becoming important for
clinical medicine. Examples are Apolipoprotein testing to identify
(-Fanatic carriers of the ApoF4 polymorphism In dementia patients for the
20differential diagnosis of Alzheimer's disease, and of Factor V Leiden
testing for predisposition to deep venous thrombosis, More Importantly, In
the treatment of cancer, diagnosis of genetic variants in tumor cells is
used for the setection of the most appropriate treatment regime for the
individual patient, In breast cancer, genetic variation in estrogen
receptor expression or heregulin type 2 (Her2) receptor tyrosine kinase
expression determine if and-estrogenic drugs 25(tarnoxifen) or anti-Her2
antibody (herceptin) wili be incorporated into the treatment ptan. in
chronic myeloid leukemia (OIL) diagnosis of the Philadelphia chromosome
genetic translocatIon fusing the genes encoding the Bcr and Abl receptor
tyrosine idnases Indicates that Gieevec (571571), a specific Inhibitor of
the &r-Abl kinase should be used Mr treatment of the cancer. For CML
patients with such a genetic alteration, inhibition of the Scr-Abi kinase
leads to rapid 30elimination of the tumor cells and remission from
leukemia, Schizophrenia is a heritable, highly debilitating psychotic
disorder that affects 0.5 to 1% of the general population. The illness is
characterized by a variety of positive and negative signs and symptoms, as
well': as cognitive dysfunction that typically commence in early adulthood
and often Continue throughout life. The broad phenotypic presentation and a
lack of complete disease .cri concordance In monozygotic twins (-50-60%)
Imply that a multitude of environmental and/or genetic fedora might
contribute to disease manifestation (Coyle et al," Ann. NY Aced Scl. 1003:
318-27, 2003). Twin and adoption studies suggest that both genetic and
environmental factors   influence susceptibility (see, e4., Tsuang, MT. at
al., Schlzophr, Res. 4(2):157-71 (1991); .Tlenari, P.J, and Wynne. LC.,
Ann, Mad, 26(4):233-7 (1994); Frarizek, E. and Beckmann, H., Am, J.
Psychiatry 155(1):76-83 (1998); Tsuang, N. T., ii. Blorned. Sci, 5(1):28-30
(1998)), Among first-degree relatives, the genetic risk for schizophrenia
has been reported to vary from 56% in parents, to 10% in siblings, and to
13% in children of schizophrenic individuals; If one of the parents is also
schizophrenic, the risk to siblings increases to 17%, and children of two
schizophrenics have a risk of 46% of developing the illness (McGee, PI and
Gottesmann, Bur, Arch. Psychiatry Clin, Neuroscl 240:174-181 (1991); see
also, e.g., Urn, L.C. and Sim, Singapore Med. 1 33(5):645-7 (1992)). The
mode of transmission, however, remains 10uncertain. 



A large number of chromosomel regions have been Implicated to be involved
in the pathogenesis of schizophrenia, through linkage studies. Reports of
suggestive linkage to several loci have been published, including loci an
chromosomes 3, 5, 6, 8, 10, 13, 20, 22 and the X chromosome (see, e.g., for
chromosomes 3p and 8p, Puiver, AL, et at, Am) Pled Genet 60(4):252-60,
15(1995); for chromosomes 5q, 6p and 8p, Kendler, K.S. at at, Am Med Genet
88(1):29-33 (1999); for chromosomes Sg, 6p, Sp, 20p and 22q, Hovatta, 1, et
at, Mal Psychiatry 3(5):452- 7 (1998); for chromosome 6p, Schwab, S.C. at
at, Nat Genet 11(3);3257 (1995), Brzustoveicz, L.M. etal., Am.] Hum Genet
61(6):1388-96 (1997) and Cao, Q. S at, Genornics 43(1):1-8 (1997); for
chromosomes 6 end 8, Straub, R.E. S at, Gold Spring Harbor Syrnp Quant Brof
zo611:823-33 (1996); for chromosomes, kendler,. ICS, at at, Am Psychiatry
153(123:1534-40 (1996); for chromosome 10, Straub, R.E. eta!,, Am ) Med
Genet 81(4).296-301 (1998) and Schwab, S.G. at at, Amy Med Genet 81(43;
302-307 (1998); for chromosome 13, Lin, M,W. at at, Psyciatr Genet
5(3)117-26 (1995); Lin, M.V11. etal., Hum Genet 99(3):417-420 (1997) and
Nooks, J.L. et al., Nat Genet 20(1.):70-73 (1993) (8 and 13); for
chromosome 22, Gill, M. etal., 25Am) Med Genet 67(1):40-45 (1998) and
Bassett, A.S. et at, Art) Med Genet 81(4):328-37 (1998); and for the X
chromosome, Milunsky, J. etQin Genet 55(83:455-60 (1999)). However, many of
these studies remain to be validated, and evidence for individual
underlying genetic variants has not ernberged. Several of the genes
recentiy described as susceptibility candidates for schizophrenia are
30believed to affect neuropiasticity, as well as giuternatergic
neurotransmission (Harrison & Owen, Lancet 361: 417-9, 2003), With the
discovery of a number of schizophrenia susceptibility genes, a molecular
hypothesis has begun to emerge. In a genome wide scan of schizophrenia
families carried out In Iceland, a susceptibility gene was mapped to
chromosome 6o21. Haplotype anaiysis identified Neuregulin I (NRG1) as a
gene 35conferring susceptibility to schizophrenia (Stefansson at al,, Am.
I. Hum. Genet., 72; 83-7, 2003), NRC11 as a schizophrenia disease gene has
been replicated in multiple populations (Stefanson at al., Am, J. Hum.
Genet. 72: 83-7, 2003; Williaris at al., mot Psychiatry 8:485-7, 2003; Yang
at al., Mel. Psychiatry 8:706-9, 2003). NRG1 is a polypeptIde growth factor
3 implicated in the modulation of neurotransmission in developing and adult
synapses. Early studies focused on the neuromuscular junction, wnere NRG1
was identified as acetslchollne receptor-inducing activity (ARIA) factor
(iesseii et al., Proc. Natl. Acad, Sci., 75: 5397-5401, 1979; Fails et al,,
3. Neurocytol., 32: 619-647, 2003). Dopamine receptor antagonists,
primarily 02 receptor selective antagonists, are used cllnicaUy for the
control of the positive signs of schizophrenia, suggesting that the
misreguiation of dopamine neurotransmission contributes to disease
pathophysicilooy (Freedman, N. Engl, J. Med., 349: 1738-1749, 2003).
However, the dissociative anesthetics that block the Nk1DA receptor, such
as phencyclidine (POP) and ketarilne, produce a schizophrenia-like
disorder. toHence, a Role for kriaDA receptor hypolunction in the disease
has also been suggested. (Reviewed in Konradl & Heckers Pharmacology eit
Therapeutics, 97: 153-197, 2003) Unlike manipulation of dopamine, for
example by chronic exposure to amphetamines creating positive symptoms,
exposure to dissociative anesthetics acutely reproduces the negative and
cognitive signs of schizophrenia, NMDA receptors are Ion channels that
function as coincidence detectors. They are simultaneously gated by
voltage, as vrell.as by two Ilgands, glutamate and glycele.
Serineithreonine and tyrosine phonnhoryiation also strongly regulate NMDA
receptor function (Yu et al., Science, 275; 674-678, 1997; Wang et al.,
Nature, 369: 233-235, 1994; Slater et al., Nat. Rev. Neirrosci., 5:
317-328, 2004). Eubtie misregulation of either membrane potential, ligand
binding or tyrosine ph.osphorylation may therefore have profound effects on
the 20'probability and duration of N ream channel opening, thus influencing
behavior modulated by the 



kINDA receptor (Mounaddarn, Neuron, 40:1351454, 2003). Despite these
advances towards an understanding of the etiology of schizophrenia, there
are many directions still unanswered, and a large fraction of the genetic
contribution to the disease remains unaccounted for, Identification of
underiying genetic variants win aid in the identification of those
individuals who are at particular risk of developing the disease, and will
be useful in a diagnostic setting and for disease management. There is also
a great need to identify new treatments for schizophrenia, and the
identification of novel genetic risk factors may assist in the development
of potential therapeutics and antl-schixophrenIc agents, as well as
accurate arid informative in vitro and in vivo assays for predicting and
elucidating the effectiveness of 30potential treatments. SUMMARY OF THE
INVENTION The present inventors have discovered that certain copy number
variations are present in increased frequency in Individuals diagnosed with
schizophrenia than in the general population. 35These copy number
variations are therefore predictive of schizoirnrenla in carriers. The copy
number variations are useful in various methods and kits that are Useful
for risk management of schizophrenia and related conditions, as described
further herein,  4 lin a first aspect, the invention providesa method of
determining a susceptibility to a schizophrenia condition in a human
Individual, the method comprising: Obtaining nucleic add sequence
Information about a human individuai identifying at least one copy number
variation polymorphism selected from the group consisting of the chromosome
1q21.1 deletion, the chromosome 5q35.2 dupiication, the chromosome
1.5q1.1.2 deletion, the chromosome 15q13.3 deletion and the chromosome
16p13.1 duplication In the genome of the individual, wherein the presence
and absence of the at !east one copy number variation polymorphism are
associated with different susceptibilities to the condition In humans, and
determining a susceptibility to the condition for the individual from the
nucleic acid sequence todata. Obtaining sequence information can in general
be done by any method known to the skilled person, including use of
polymorphic markets, nucleotide probes and other methods as further
described herein.      In some embodiments, the 1q21.1 deletion is the
short form 1q21..1 deletion In some otner t5embodiments, the 1e21.1
deletion Is the long form 1q21.1 deletion. In some embodiments,
determination of a susceptibility comprises comparing the nucleic acid
Sequence information to a database containing correlation data between copy
number variation polymorphisms and susceptibty to the condition. The
database can for example comprise a look-up table comprising information
about sequence in individuals, Correlation data can for 20example be a risk
measure of schizophrenia for Individuals who cany particular copy nurner
1variations In the cienome, Such Fisk measures can for ekample be
represented by an odds ratio (OR), a risk ratio (RR), or an increased in
percentage. Other suitable measures known to the skilled person may also be
used for this purpose, and are within scope of the invention. In certain
embodiments, obtaining nucleic acid sequence information comprises
obtaining a 25 biologicai sample from the human individual and analyzing at
least one polymorphic marker in a bucielc acid In the sampie. In particular
embodiments, anaiyzing the at least one polymorphic 'marker comprises
analyzing at ieast one polymorphic marker representative of the at least
one copy number variation. In certain such embodiments, the at least one
polymorphic marker is In iinkage disedoilibrium with the at least one copy
number variation. The marker may be in -3olinkage disequilibrIum as
determined by values for the ri measure of at least 0.2 to the copy number
variation, In other embodiments, other suitable values can be
representative of LD, such as e greater than 0.3, 0.4, 05, 0.8, 0.7, 0.8 or
0.9 are contemplated and are within scope of the Invention.     In certain
embodiments, the at least one polymorphic marker Is located within the copy
number 35variation polymorphism. Thus the poiyrriorphic is in such
embodiments a physicai representative of the copy number variation, since
the presence or absence of the segment defining the copy  



number variation translates directly Into the presence of at ieast ore
particular allele of the polymorphism. In preferred embodiment, the
polyrnorpnism is a SNP, wherein a particular allele of the SNP Is
representative of the copy number variation. In preferred embodiments,
analyzing the at least one polymorphic marker comprises obtaining dosage
measurement data for the at least one polymorphic marker representative of
the at least one copy number variation. Dosage data is data that is
indicative of the quantitative amount of particular aides of polymorphic
markers: such as data indicative of the amount of a particular allele of a
SNP. Such dosage data is in certain embodiments data comprising a
fluorescence signal: from a nucleotide probe indicative of a particular
alle: of a SNP that Is representative of 10the copy number variation. In
certain embodiments, obtaining node::: acid sequence information comprises
obtaining a nocielc acid sample from the individua: and Identifying at
least one copy number variation using a nucleic acid probe selective for a
nucleic acid segment that comprises the copy number variation. Tn such
embodiments, the nucleotide probe is representative of a particular genomic
15segment, such as the CNV itself, The nucleotide probe may or may not be
representative of a polymorphic marker such as a SNP. In certain
embodiments, the nucleic add probe comprises a iabel, and wherein
identifying at least one copy number variation comprises allowing the
nucleic acid probe to hybridize to the nucleic acid segment, such that when
bound to the nucleic acid Segment, the label is representative of the
number of copies of the segment in the individual. 20The sequence data
representative of at least one copy number variation can in certain
embodiments by obtained from a preexisting record. Such preexisting record
can be any table, Such as a look-up table, database or other storage media
or record containing such sequence data The method of determining a
suscepbiiity to a schizophrenia condition can Include a further step
25Comprising reportino the susceptibliity to at least one entity selected
from the group consisting of the individual, a guardian of the indlvidual,
a representative of the individual, a genetic service Provider, a
physician, a medical organization, and a medic& insurer, Other single
entities, Including any one of the above-mentioned entitles may be targeted
by such reporting In particular embodiments, as can any combination of the
above -mentioned entitites, 30Genetic marker in linkage disequi:ibdurn with
the copy number variation are representative of the copy number variation
by virtue of the W. Such markers are useful In certain embodiments of the
invention. in some embodiments, the genetic marker Is a single nucientide
polymorphism. In some embodiments, the genetic marker rs225350a I,SEQ ID
NO:23) is indicative of the presence of the 16p13.1 duplication. 35The
invention aiso provides a method of determining a susceptIbulty to
schizophrenia in a human individual, the method comprising (I) obtaining
nucielc acid sequence information about a human ridividual identifying at
least allele of at least one polymorphic marker, wherein different alleles
6  of the at least one polymorphism are associated with different
susceptibilities to schizophrenia in humans, and 00 determining a
susceptibility to schizophrenia for the individual from the nucleic add
sequence data, wherein the at least one poiyaiorphic Is selected from the
group consisting of m2283503, and markers In linkage disequilibrium
therewith, In a preferred embodiment, the at !east on polymorphism is
rs2283506. In one embodiment, determination of the presence of allele C of
r.522133508 is indicative of increased susceptibliity to schizophrenia in
the individual. The markers and CNVs described herein can be combined with
other risk factors for Schizophrenia. Thus, certain embodiments combine
assessment of particular CNVs, as described herein, with assessment of at
ieast one additional genetic risk variant for schizophrenia, so as to
todetermine overall risk In the individual. In certain embodiments, such
additional risk factors are Selected from ENPs, microsateliites or
insertion/deletion polyrriorphisrns. The invention also provides
computer-implemented aspects. In one such aspect, a computer-readable
medium 35 provided, the medium having computer executable instructions for 



determining susceptibility to a schizophrenia condition in a human
individual, the computer iSreadable medium comprising: data indicative of
at leas ne copy number variation; a routine stored on the computer readable
medium and adapted to be executed by a processor to determine risk of
developing a schizophrenia condition for the at least one p6yr0Orphit
marker, 20wherein the at least one copy number variation is selected from
the chromosome 1e21.1 deletion, the chromosome 5q35,2 duplication, the
chromosome 15q11.2 deletion, the chromosome 1503.3 deietion and the
chromosome 1013.1 duplication. In some embodiments, the computer readabie
medium contains data indicative of at least one polymorphic marker that Is
indicative of the at least one copy number variation, In some other
25embodiments, the at ieast one polymorphic marker is in linkage
disequilibrium with the at least One copy number variation, In particular
embodiments, data indicative of at least one haplotype 'comprising two or
more polymorphic markers are included. Another aspect relates to an
apparatus for determining a genetic indicator for a schizophrenia condition
in a human individual, comprising (i) a processor; (ii) a computer readable
memory sohaving computer executable instructions adapted to be executed on
the processor to analyze Information about at ieast one copy number
variation in the human individual, selected from the chromosome 1g21,1
deletion, the chromosome 5o35.2 duptication, the chromosome 15q11.2
deletion, the chromosome 15q13.3 deletion and the chromosome 16p13.1
duplication, and OD generate an output based on the Information about the
at least one copy number variation, 35'wherein the output comprises a risk
measure of the at least one copy number variation as a genetic indicator
the schizophrenia condition for the human individual  In certain
embodiments, the computer readable memory further comprises data for at
least one Poiymorphic marker in a plurality of individuals diagnosed with
the schizophrenia condition, and data for the at least one polymorphic
marker in a plurality of reference Individuals, wherein the data is
representative of at least one copy number variation, and wherein a risk
measure is based on a comparison of marker data for the at least one marker
for the human individual to Marker data for the plurality of Individuals
with the schizophrenia condition. In some embodiments, the data for the at
least one polymorphic marker is dosage data for the at least One marker, In
some embodiments, the computer readable memory further comprises date
indicative of the risk of developing the schizophrenia condition associated
with at least one copy tonumber variation, and wherein a risk measure for
the human individual is based on a comparison Of status of the at least one
copy number variation for the human individual to the risk associated with
the at least one copy number variation. In some embodiments, the computer
i-eadabie memory further comprises data indlcative_of the frequency of at
least one copy number variation in a plurality of individuals diagnosed
with the schizophrenia condition, and data Indicative of the frequency of
at the least one copy number variation in a plurality of reference
Individuals, and wherein risk of developing the schizophrenia condition is
based on a comparison of the frequency of the at least one copy number
variation In individuals diagnosed with the schizophrenia condition and
reference Individuals. In preferred embodiments, the risk meissure Is
characterized by an Odds Ratio (OR) or a Relative Risk (RR). 20ill-he
invention also onylides kits useful In the methods described herein, In one
aspect, the 



invention provides a kit for assessing susceptibility to schizophrenia in a
human individual, the kit comprising reagents for selectively detecting at
least one copy number variation e3olyrnorphism selected from the chromosome
101.1 deletion, the chromosome 505.2 duplication, the chromosome 1501.2
deletion, the chromosome 15q13.3 deletion and the 25Chromosome 16013.1
duplication In the genome of the Individual. In some embedirrients, the kit
further comprises reagents for detecting at least one polymorphic marker in
linkage dIsequIlibrium with the at least one copy number variation
polymorpnism. In some embodiments, the at least one polymorphic marker is
located within the at least copy number yarlation. In other embodiments,
the reagents comprise at least one contiguous ollgonucleotide 30that
hybridizes to a fragment of the genome of the individual comprising the at
least one polymorphic marker, a buffer and a detectable label. Certain
embodiments comprise at least one labelled ollgonucleotide probe that is
capable of selectively hybridizing to a genomic region Comprising the at
least one copy number variation. In certain such embodiments, the at least
One oligonuclectide probe is from about 18 to about 50 nucleotides in
length. 35The invention also provides a method of determining a
susceptibiety to a schizophrenia condition in a human individual, the
method comprising determining whether a copy number variation polymorphism
is present in the genome of the Individual, wherein the copy number
variation is Selected from the chromosome 1q21.1 deletion, the chromosome
5q35.2 duplication, the bhromosome 1501.2 deletion, the chromosome I5o13.3
deletion and the chromosome 151)13.1  8 duplication, and wherein the
presence of the copy number variation in the genorne of the individual is
indicative of an increased susceptibility to the condition. Also within
scope of the invention are novel human genomic copy number variations as
described herein. In one such aspect, the invention provides a human
genomic copy number variation on chromosome 5g35.2 flanked by markers
rs1545976 and rs2220368. In :certain embodiments of the invention, the
schizophrenia condition is schizophrenia. It should be understood that all
combinations of features described herein are contemplated, even if the
combination of feature is not specifically found in the same sentence or
paragraph herein. This includes in particular the use of all markers
disclosed herein, alone or in combination, for analysis individually or in
haplotypes, in all aspects of the invention as described herein. This
description may contain subject matter that falls outside the scope of the
claims. This subject matter is included to aid understanding of the
invention. BRIEF DESCRIPTION OF THE DRAWINGS FIG 1 shows the genomic
architecture of the 1g21.1, 15g11.2 and 15g13.3 deletions. (A) DosageMiner
output showing the shorter form of the 1g21 deletion (horizontal line with
vertical lines representing the start and end of the deletion). Ninety-nine
SNPs on the HumanHa.p300 chip are affected by the deletion which spans 1.38
Mb. (B) DosageMiner output showing the 15g11.2 deletion, 54 SNRs on the
Hurnantiap300 chip are affected by the deletion which spans 580 kb. C)
DosageMiner output showing the 15g13.3 deletion. Onehundred-sixty-six SNPs
on the Humantlap300 chip are affected by the deletion which spans 1.57 Mb.
Genes affected by the deletions are shown (Coordinates are based on Build
36 of the human geneome and positions of genes derived from the UCSC genome
browser). LCits flank all three deletions. FIG 2 shows the genornic
architecture of the 1q21.1 deletions. Many large low copy repeats (LCR)
with high homology are found atthe 101.1 locus. LCRs (large arrows) on the
picture may mediate NAHR accounting for the larger form of the 1g21.1
deletion, There are though many smaller repeats, 1,000-10,000 bp (not shown
on the figure) that potentially could mediate the formation of the
deletion. A smaller repeat marked by arrowheads in the figure may assist
NAHR accounting for the smaller form of the deletion. Again, for this form
of the deletion there are other smaller LCR that potentially could assist
with the formation of the deletion (not shown on the figure). Segments that
contain SNPs on the lumina HumanHap300 chip are also indicated. Note that
there are no SNPs on ig on the Illumina HumanHap300 chip centromeric to the
larger form of the 1q21.1 deletion. Thus, exact size of the larger form of
the deletion is not precisely known, the minimum size is 2.19 Mb. Markers
on the p-arm are not deleted in the four cases or the control with the
larger form of the 1421.1 deletion.  9         shows (A) DosageHiner output
showing the shorter form of the 1e21 deletion (horizontal line with
vertical lines representing the start and end of the deletion). Ninety-nine
SNS's on the 



HumanHoene chip are affected by the deletion which spans 1..38 Mb. B)
DosageMiner output showing the larger form of the 1o21.1 deletion, C)
Affected genes by both deletions (within shorter form of the deletion;
coordinates are based on Build 36 of the human genorne and 'positions of
genes derived from the UCSC genorne browser). LCRs flank both deletions
(see FIG 2); (D) Analysis of the 1q21.1 deletion with fluorescence. In situ
hybridization (FISH). Two MC "probes, R01 1-431G1.4 (cover the PRK gene on
chromosome 1q21) labeled with biotin and an anchor SAC, RF11-45817 labeled
with digoxigenln were used as probes for FISH analysis. A. cell to from a
normal control (left) in interphase shows normal FISH signals, one biotin
probe and one gigoxigenln probe per chromosome. A cell from a schizophrenia
patient (center) with the Lq21.I deletion shows aberrant FISH signal, the
biotin signal is missing for one of the chromosomes. A cell from a
schizophrenia patient with the 1g21.1 region duplicated (right), two biotin
signals are Seen for one of the two chromosomes. 15FIG 4 shows (A) LCP.s
flanking the deletion at 15q11.2. Several LCR at this locus can mediae the
formation of the deletion. The grey horizontal bar shows the minimum size
of the deletion, and vertical arrows point to the regions with longest
homologous sequences on both sides of the deletion, harbouring possible
breakpoints. Coordinates are in line with Bubd 36 of the human genome. 20M:
5 shows LCRs flanking the deletion at 15q11.2. It is not clear which LCR
might mediating the formation of the recurrent deietion. Grey horizontal
bar shows the minimum size of the deletion, and vertical arrows point to
the only high homology sequence with same orientation on both sides of the
deletion in the tiCSC human gendme reference sequence. Coordinates are in
line with Build 36 of the human genorne. 256166 6 shows a genome browser
view showing the positions of the 16p13.1 Gat relative to genes  In the
region, end the duplications and deletions found In the present study,
Known segmental duplications of >1000 hp is also shown. The region is
divided Into three intervals called 1,2 and 3. Trace 1 shows deletion
interval of interval 2, trace 2 shows duplication of Interval 2,trace 3
Shows deletion of intervals 1 end 2, trace 4 shows duplication of Intervals
1 and 2, trace 5 shows 30deletion of intervals 2. and 3, and trace 6 shows
duplication of intervals 2 and 3. FIG 7 shows a geriorne, browser view of
the chr 5g35.2 duplicated region. The figure is taken from the LICSC
Browser, genome Bunt! 36, and shows the position and orientation of genes
in the region, as well as position of SNP markers on the Illumine
HumanHap300 chip in this region. FIGS shows an exemplary computer
environment on which the methodd apparatus as 35described and claimed
herein can be implemented.  10 DETAILIED DESCRIPTION Definitions Unless
otherwise indicated, nucleic add sequences are written left to right in a
5' to 3' 'Ortestation, Numeric ranges recited within the specification are
inclusive of the numbers defining the range and include each Integer or any
non-integer fraction within the defined range. Unless defined otherwise,
all technical and scientific terms used herein have the same meaning as
Commoniy understood by the ordinary person skilled in the art to which the
invention pertains. The following terms shall, in the present context, have
the meaning as Indicated: t'potyrnorptilc marker', sometime referred to as
a "marker', as described herein, refers to a 10genornic polymorphic site.
Each polymorphic marker has at least two sequence variations characteristic
of particular alleles at the polymorphic site. Thus, genetic association to
a polymorphic marker implies that there is association to at least one
specific allele of that partular polymorphic marker. The marker can
comprise any allele of any variant type found in the genorne, including
SNOs, mink or microsateliltes, trandocations and copy number variations
15(insertions, deletions, duplications). Poiymorphic markers can be of any
measurable frequency M the population. For mapping of disease genes,
polymorphic markers with population frequency higher than 5-10% are in
general most useful, However, polymorphic markers may -also have lower
population frequencies, such as 1-5% frequency, or eyen lower frequency, in
'Particular copy number variations (CNVs). The term shall, In the present
context, be taken to 30include polymorphic markers with any population
frequency. rfsn "allele' refers to the nucleotide sequence of a given locus
(position) on a chromosome. A 'poiymorphic marker allele thus refers to the
composition (i.e., sequence) of the marker on a Ohromosome. Genornic DNA
from an individual contains two allelesallele-specific 



Sequences) for any given polymorphic marker, representative of each copy of
the marker on 25each chromosome. Sequence codes for nucleotides used herein
are A = 1, C e 2, 6 = 3, T = 4, For microsatellite alleles, the CEPH sample
(Centre d'Etudes du Rolyroprphisme Hurnain, enemies repository, CEFH sample
1347-02) is used as a reference, the shorter allele of each Microsatellite
in this sample is set as 0 and all other alleles in other samples are
numbered in relation to this reference. Thus, e.g., allele I. is 1 Pp
:orip.er than the shorter allele in the CEPH 30'sample, ailele 2 Is 2 bp
longer than the shorter allele in the CEPH sample, Miele 3 is 3 bp longer
than the lower allele in the CEPH sample, etc., and alleleis 1 bp shorter
than the shorter allele In the CEPti sample, allele -2 is 2 bp shorter than
the shorter allele in the CEPH sample, etc.  11   Meeninio Adenosine
Cytickne  Guanine  Thyrridine  G or A  7 or C  G or T  A or C     G or C
A or T C S or i  A G or 7  A C or A C or G  A C G or T Anybase2    A
nucleotide position at which more than one sequence is possibie in a
population (either a ,natural population or a synthetic population, e.g., a
library of synthetic moiecules) Is referred to 5herein as a "polymorphic
site", A "Single tducieotide Polymorphism" or "SNP" is a DNA sequence
variation occurring when a !single nucleotide at a specific location in the
genorne differs between members of a species or between paired chromosomes
In an individual, Most SNP poiymorphisrns have two alleles. Each individual
is in this instance either homozygous for one allele of the polymorphism
(i.e. both 10'chromosomal copies of the individual have the same nucleotide
at the SNP location), or the individual is heterozygous (i.e. the two
sister chromosomes of the Individual contain different 'nucleotides), The
SNP nomenclature as reported herein refers to the official Reference SNP
(us) 1D Identification tag as assigned to each unique SNP by the National
Center for Biotechnoiogicai Information ff4C13I), L.5A "variant", as
described herein, refers to a segment of DNA that differs from the
reference DNA. A "marker" or a "potyrnorphic marker", as defined herein, is
a variant. Alleles that differ from the reference are referred to as
"variant" alleles. A "microsatellite" is a polymorphic marker that has
multiple smail repeats of bases that are 2-8 nucleotides In length (such as
CA repeats) at a particular site, in which the number of repeat 



20lengths varies in the general population, An "Indel'' is a common form of
polymorphism Somprising a sine insertion or deletion that is typically oniy
3 few nucleotides long. A "haplotype," as described herein, refers to a
segment of genomic DNA that is characterised by 's specific combination of
alleles arranged along the segment. For diploid organisms such as .'humans,
a tiepiotype comprises one member of the pair or alleles for each
polymorphic marker 25or iocus along the segment. In a certain embodiment,
the haplotype can comprise two or more  12 alleles, three or more alleles;
four or more alleles, or five or more alleles, HapiOtYPes are 'described
herein in the context of the marker name and the allele of the marker In
that ;haplotype, e.p,, "2 rs223350r refers to the 2 allele of marker
rs2283508 belng In the hacilotype, 'and is equivalent to "rs228350.8 allele
2", Furthermore, allelic codes in hapietypes are as for iindividuai
markers, i.e. = A, 2 c,G and The term "susceptibility", as described
herein, refers to the proneness of an individual towards the development of
a certain state (e.g., a certain trait; phenotype or disease), or towards
being less able to resist a particular state than the average individual.
Toe term encompasses both Increased susceptibility and decreased
susceptibility. Thus, particular alleles at polymorphic to'markers arid/or
haplotypes of the invention as described herein may be characteristic of
increased susceptibility (i.e., increased risk) of schizophrenia, as
characterized by a reiative risk Vt.R) or odds ratio (On) of greater than
one for the particular allele or haplotype. Alternatively, the markers
and/or hapiotypes of the invention are characteristic of decreased
susceptibility (i.e., decreased risk) of schizophrenia, as characterized by
a relative risk of less than one. 15The term 'and/or " shall in the present
context be understood to indicate that either or both of the Items
connected by it are involved. In other words, the term herein shall be
taken to mean "one or the other or both", Fhe term lock-up table", as
described herein, i5 a table that correlates one form of date to another
form, or one or more forms or data to a predicted outcome to which the data
is relevant, 20such as phenotype or trait. For example, a look-up table can
comprise a correlation between allelic data for at least one polymorphic
marker and a particular trait or phenotype, such as a Particular disease
diagnosis; that an individual who comprises the particular allelic data is
likely 'to display, or is more likely to display than individuals who do
not comprise the particular ailello data. Look-up tables can be
multidimensionai, Le, they can contain information about multiple alleles
for single markers simultaneously, or the can contain information about
multiple markers, end they may also comprise other factors, such as
particulars about diseases diagnoses, racial ormatIon, blomarkers.,
biochemical measurements, therapeutic methods or drugs, etc, A
"computer-readable medium', is an information storage rneclitwri that can
be accessed by a Computer using a commercially available or custom-made
interface. Exemplary compute- 30readable media Include memory (e.g., RAM,
ROM, lash memory, etc.), optical storage media       CD-ROM), magnetic
storage media (e.g., computer hard drives, fkliOPY disks, etc.), Rump
Cards, or other commercially available media, Information may be
transferred between a system .c.)f Interest and a medium, between
computers; or between computers and the computer-readable medium for
storage or acess of stored information, Such transmission can be
electrical, Or by other available methods, such as IR links, wireless
connections, etc,  1`; poiymorphic markers and/or haplotypes, the nucleic
acid sample comprises genomic DNA Such   nucleic acid sample can he
obtained from any source that contains genornic DNA, including a blood
sample, sample of amniotic fluid, sample of cerebrospinal fluid, or tissue
sample from skin, 'muscle, buccal or conjunctival mucosa, placenta,
gastrointestinal trait or other organs. 



The term "schizophrenia therapeutic agent" refers to an agent that can be
used to ameliorate or prevent symptoms associated with schizophrenia. The
term "schizophrenia-assoclated nucleic acid", as described herein, refers
to a nucleic acid that has been found to be associated to schizophrenia.
This includes, but is not limited to, the Markers and hapkitypes described
herein and markers and haplotypes In strong linkage todiseguillbrIum (ID)
therewith. The term 'low copy repeat", or "fiCkne as described herein,
refers to chromosomal segments that are present In maitipie (two or more)
copies within a short interval. The repeated segment is Usually a
relatively short segment of 10400,000 nucleotides, and is typically present
in few Copies, typically as; than 10 copies. Some CNifs, including some of
those described herein, are tsflanked by LCR regions. The term
"schizophrenia condition". as described herein, refers to the spectrum of
mental disorders that Includes schizophrenia and related psychotic
disorders. The term is meant to include in particular schizophrenia,
schizophreniform disorder; schizoaffective disorder, delusional disorder,
brief psychotic disorder and brief psychotic disorder, as defined in the
Diagnostic and 20..Statistical Manual of Mental Disorder, fourth edition
(D5b1-1V-TR). The present inventors have detected certain copy number
variations (CNVs) in the human :genorne that confer risk of schizophrenia.
The copy number variations were defined based on anaiysis of SNP genotypes
obtained using the Hurnanblap31.7 chip (IllursIna), as explained in 25more
detail in Examples 1 - 3 herein. The nature of the CNVs described herein Is
such that certain regions of the human genome is Present in alternate copy
number in certain individuals. The segment may be deleted, or It may be
present in more than one copy on each particular chromosome. The segments
are in general quite lame, ranging from a few thousand nucleotides to over
one million nucleotides in size, The 'absolute breakpoint at which the
variation begins and ends can be difficult to define due to experimental
Imitations. Experimentally, what is determined Is the last polymorphism (or
probe) that is outside the CNV segment upstream (5') of the segment, the
first polymorphism 1,within the CNV segment, the last polymorphism within
the CNV segment and the first polymorphism outside the CNV segment
downstream (3') of the segment. Normaiiy, the first P.,AN markers arid the
last two markers (or nucleotide probes) in the above will be adjacent
markers. Thus the resulting OW can be defined minimally as inciuding the
segment that begins  14 :With the first marker consistent with the CNV and
ends with the last marker consistent with the 'CNV. Such a definition is
however not inciuslve of the physical boundaries of the CNV segment. An
alternative way of defining the CNV Is provided by the region flanked by
the two   polymorphisrns that are inconsistent with the CNV (i.e. outside
the Cart segment), but adjacent 5to the two polymorphisms corresponding to
the first and last polyrnorphisrns assayed within the .CNV segment. The
latter definition Is Inclusive of the actual boundaries of the CNV, The
following CNV table provides such definitions of the copy number variations
described herein. TCNV Table  Copy mirober 
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m/1537104 SEG fl NO:1     1511249395 marker Is on the pmlde of the
centrurfiere on thromosome I, Mich expllarge span of the region over which
the 1p21.1 deletIon could potenttaky stretch -As described herein, the
1q21.1 deletion, both long and short forms, the 15q11.2 deletion, the
15q13.3 deletion, the 16p13.1 dupacetion and the 505.2 duplication
minimally span the regions IS .between the first marker within the CNV and
the last marker within the CNN, as described in the .r.tI,iV table. Thus,
the 1q21.1 deletion short form is defined as the region flanked by
rs6656361 and rs2932454 (between position 144,943,1.50 and 146,293,282 on
ohr 1 of NCB 1 Build :"), me _1421.1 deletion long form is defined as the
region flanked by rs10797649 and rs2932454 (between position 144,106,312
and 146.293,202 on chr 1 of NUM Build 36), the 1501,2  15 :deletion is
defined as the region flanked by rs$040193 and rs3883043 (between position
'4:20,306,54g and 20,777,695 on chr 15 of NCBI Build 36), the 4t5q13.3
deletion Is defined as the region flanked by rs2046362 and rs4779984
(between position 28,723,577 end 30,302,71B on :4Iichr 15 of Nan Build 36),
the 15p13.1 diapacation is defined as the region flanked by ra4985124 S
:4and rs2542728 (between position 15,032,942 and 18,174,650 on etsr 16 of
NCB' Build 36), and The 5q35,2 duplication is defined as the region flanked
by rs1545976 and rs2220366 (between .Position 175,939,217 and 176,073,058
on chr 5 of NCB/ Build 36). -However, it should be appreciated that the
CNVs as defined may in fact stretch over a larger iS genomIc region, and in
fact are likely to do so, since the definitions as provided are confined to
the markers that have been assessed, Thus, In an alternative fashion, the
ChlVs can be defined as rnakimially spanning a region that Includes up to,
but not Inc:tiding, the next marker assessed that Is not consistent with
the CNV. Therefore, in an alternative fashion, the 1121,1 deletion, both
long and short forms, the 15111,2 deletion, the 15q13.3 deletion, the
16p13.1 duplication and the 505.2 duplication can be defined to span the
regions between the first upstream 15 :marker outside the CNV and the first
downstream marker outside the CNV, as further described In the CNV table
above. Thus, the 1o21.1 deletion short form is in this context definers as
the "region flanked by :751784300 and rs11.587304, the 1921.1 deletion long
form is defined as the iregion flanked by rst1249395 and rs1/587304, the
15q11.2 deletion Is deified as the region  iflanked by rs1172$289 and
rs4778531, the 15q13.3 deletion the is defined as the region flanked 20 by
rs10152753 and rs11635997, 1613.1 duplication Is defined as the region
flanked by 7rs8062460 arid rs2641892, and the 5q35,2 duplication Is defined
as the region flanked by 'f-s4868651 and rs10035561. Assessment for markers
end haplotypes 25The genetnie sequence within populations Is not identical
when individuals are compared. Nether, the genorne exhibits sequence
variability between individuals at many locations in the ,genorne, Such
variations in sequence are commonly referred to as polymorphisrns, and
there are many such sites within each genome. For example, the human gerome
exhibits sequence variations which occur on average every 500 base pairs.
The most common sequence variant 



30'consists of base variations at a single base position in the genorne,
end such sequence variants, ;or polymorphisms, are commonly called Singie
Nucleotide Polymorphisms CSNFs"), These SieBs are believed to have occurred
in a single mutational event, and therefore there are usually two 'possible
alleles possible at each SNPsite; the original allele and the mutated
allele. Due to natural genetic drift and possibly also selective pressure,
the origin mutation has resulted in a 35 :peiymorphism characterized by a
particular frequency of its alleles in any given population. 44f'lany other
types of sequence variants are found in the human genorne, including mini-
and microsatehltes, and Insertions, deletions and Inversions (also calied
copy number variations {CNVs)). A polymorphic microsatellite has multiple
small repeats of bases (such as CA repeats,  TG on the complimentary
strand) at a particular site in which the number of repeat lengths  16
Varies In the general population. In general terms, each version of the
sequence with respect to the polymorphic site represents a specific allele
of the polymorphic site, These sequence   ariants can all be referred to as
poiymorphisrns, occurring at specific polymorphic sites Characteristic of
the sequence variant in question. In general terms. polymorphisms can
:Comprise any number of specific alleles. Thus in one embodiment of the
invention, the polymorphism is characterized by the presence of two or more
alleles in any given population. tn another embodiment, the polymorphism Is
characterized by the presence of three or mcre alleles. in other
embodiments, the polymorphism Is characterized by four or more alleles,
five or More alleles, six or more aileles, seven or more alleles, nine or
more alleles, or ten or more to .alleles. All such polymorphisms can be
utilized in the methods and kits of the present invention, ;end are thus
within the scope of the invention. Due to their abundance, StIPs account
for a majority of sequence variation in the human .genorne. Over 6 milgon
SNPs have been validated to date
(hittpit/www.ricaniremih.goylprojects/SNP/sno_surninary.col). However,
CNVisi are receiving increased attention. These large-scale polymorphIsms
(typically ikb or larger) account for :polymorphic variation affecting a
substantial proportion of the assembled human genome, known tCfavs cover/
over 15% of the human penorne sequence (Estivili, X Arme.rigoi; Li, Pic.5
Genetics 3:1787-99 (2007); httpifiprojectstcag.cakariationf), Most of these
polymorphisms are however very rare, and on average affect only a fraction
of the total genomic sequence of each 20individual. CflUs are known to
affect gene expression, phenotypic variation and adaptation by icilsruotIrg
gene dosage, and are also known to cause disease (mIcrodeletion and
microdupiication disorders) and confer risk of common complex diseases,
including HIV-1 :infection and glomeruionephritis (Peden, R., etal. Nature
23;444-454 (2006)). Methods for detecting CNVs include comparative genomic
hybridization (CGH) and genotypIng, including use 15Of genotyping arrays,
as described by Carter (Nature Genetics 39615-S21 (2007)). The :Database of
Genornic Variants (http://projects,tcag.ca/variationt) contains updated
information about the iocation, type and size of described CNVs. The
database currently contains data for 'over 15,000 CNVs. In some Instances,
reference is made to different alleles at a polymorphic site without
choosinc 30'reference allele, Alternatively, a reference sequence can be
referred to for a particular polymorphic site. The reference allele is
sometimes referred to as the "wild-type" allele and It usually is chosen as
either the first sequenced allele or as the ailele from a "non-affected"
individual (e.g., an individual that does not display a trait or disease
phenotype). -Alleles for SNP markers as referred to herein refer to the
bases A, C, G or T as they occur at the 35 :polymorphic site in the SNP
assay employed. The allele codes for SNPs used herein are as ..follows: 1-
A, 2--eC, 3=G, 4-T. The person skiiied in the art will however realise that
by assaying or reading the opposite DNA strand, the complementary allele
can in each case be measured. Thus, for a polymorphic site (polymorphic
marker) characterized by an MG 'polymorphism, the assay employed may be
designed to specifically detect the presence of one or .  17 both of the
two bases possible, i.e. A and G. Alternatively, by designing an assay that
is :designed to detect the complimentary strand on the DNA ternpiate, the
presence of the 'compiernerstary bases T and C can be measured.
Quantitatively (for example, in terms of relative risk), identical results
would be obtained from measurement of either DNA strand (.:- 'strand or-
strand). 



Typically, a reference sequence Is referred to for a particoiar sequence.
Alleles that differ from the reference are sometimes referred to as
'variant" alleles. A variant sequence, as used herein, refers to a sequence
that differs from the reference sequence but Is otherwise substantially
similar. Alieles at the polymorphic genetic markers described herein are
variants. Variants can 10include changes that affect a polypepticle.
Sequence differences, when compared to a reference Mucieotide sequence, can
include the insertion or deletion of a single nucieotider or of more than
one nucleotide, resulting in a frame shift; the change of at least one
nucieotide, resulting in a 'change in the encoded amino acid; the change of
at least one nucleotide, resulting in the generation of a premature stop
codon; the deletion of several nucleotides, resulting in a deietIon is'Or
one or more annino acids encoded by the nucieotides; the insertion of one
or several nucleotides, such as by unequal rec.cimbinatIon or gene
conversion, resulting in an Interruption of the coding sequence of a
reading frame; duplication of all or a part of a sequence; transposition;
or a rearrangement of a nucleotide sequence,. Such sequence changes can
alter the poiypeptide encoded by the nucleic add. For example, if the
change in the nucleic acid sequence causes ai 20frame shift, the frame
shift can result in a change in the encoded amino acids, and/or can result
In the generation of a premature stop codon, causing generation or a
truncated polypeptide. Alternatively, a polymorphism associated with a
disease or trait can be a synonymous change in one or more nucleotides
(/e., a change that does not result in a change In the amino acid
sequence). Such a polymorphism can, for example, alter splice sites, affect
the stability or 25transport of mR14A, or otherwise affect the
transcription or translation of an encoded polypeptide. It can also alter
DNA to increase the possibility that structural changes, such as
amplifications or deletions, occur at the somatic level, The polypeptide
encoded by the reference eucieotide sequence is the "reference' polypeptIde
with a particular reference amino acid Sequence, and polypeptides encoded
by variant alleles are referred to as 'variant' poiypeptleas 30with variant
amino acid sequences. A hapletype refers to a segment of DNA that is
characterized by a specific combination of alleles arranged along the
segment. For diploid organisms such as humans, a hapiotype comprises one
'member of the pair of alleles for each polymorphic marker or iocus, in a
certain embodiment, the hapiotype can comprise two or more alleles, three
Or more alleles, four or more alieles, or 35five or more alleles, each
allele corresponding to a specific polymorphic marker along the 'segment
Haplotypes can comprise a combination of various polymorphic markers, e.g.,
SNPs /end inIcrosateilites, having particular alleles at the polymorphic
sites. The haplotypes thus 'comprise a combination of alleles at various
genetic markers,  16 Detecting specific polymorphic markers and/or
haplotypes can be accomplished by methods known ri the art for detecting
sequences at polymorphic sites. For example, standard techniques for
genntyping for the presence of SNPs and/or microsateilite markers can be
used, Such as fluoresce,nce-based techniques (e.g., Chen, X, et at, Genome
Res. 9(5): 492-98 (1999); Kutyavin nt at, Nucleic Ado Res. 34e12S
(2005)).,PCR, LCR, Nested PC:lit and other techniques for nucleic add
amplification. Specific commercial methodolooies available for SNP
genotyping include, but are not limited to, TagMan genotyping assays and
SNPlex platforms (Applied Biesysterns), gel electrophoresis (Applied
Bio,systems), mass spectrometry (e.g., MassARRAY system from Sequenorri),
mini:sequencing methods, real-time PCR, Blo-Plex system 10,(BioRacil), GED
and SNPstrearn systems (Beckman), array hybridization technology(E,g.,
Affyrnetrix GeneChip; Periegen ), BeadArray Technologies (e.g., Illumine
GuldenGate and Infiniurn assays), array tag technology (e.g., Paraliele),
and endonuciease-based fluorescence hybridization technology (Invader;
Third Wave), Some of the available array platforms; Including Affymetrix
SNP Array 6,0 and Illumine CNV370-Duo and 1M f3eadChips, include SgPs
15that tag certain CNYti,. This allows detection of CNVs via surrogate SNPs
included in these platforms. Thus, by use of these or other methods
available to the person skilled In the art, one 



or more alleles at polymorphic markers, including microsatellites, SNPs or
other types of polymorphic markers, can be identified. In the methods
described herein, an Individual at risk for a schizophrenia condition is
one in 20 whom 3 particular polymorphism, such as a copy number variation
(CNV) is present. The copy 'number variation confers a particular risk of
the condition; carriers of the CNV are at a different 'osk of the condition
than non-carriers. In other words, the CNV is indicative of susceptibility
or risk of the schizophrenia condition. In certain embodiments,
significance associated with risk of e copy number variation is measured by
a relative risk,(P.F.2). In another embodiment, 25Significance associated
with a copy number variation is measured by an odds ratio (OR), In a
further embodiment, the significance is measured by a percentage. In one
embodiment, a signifiaart increased risk Is measured as a risk (relative
risk and/or odds ratio) of at least 1.2, including but net limited to at
least 1.5, at least 1.3, at least 1.4, at least 1.5, at least 1.6, at least
1.7, 1.9, at least 1.9, at least 2,0, at least 2.5, at least 3.0, at least
4,0, at least 5,0, at 30feast 5.0, at least 7.0, at least 8.0, at least
9,0, at least 10.0, and at !east 15.0 . In a particular .embodiment, a risk
(relative risk and/or odds ratio) of at least 2.0 is slonificarit, In
another ,Particular embodiment a risk of at least 3.0 is significant. In
yet another embodiment, a risk of at least 4.0 is significant. In a further
embodiment, a relative risk of at least 5.0 is significant. In another
further embodiment, a significant increase In risk is at least 10.0 is
significant: 35However, other values for significant risk are also
contemplated, e.g., at least 2.5, 3.5, 4.5, 5.5, or any suitable other
numerical values, and such values are also within scope of the present
Invention. In other embodiments, a significant increase in risk is at least
about 20%, including but not iimIted to about 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 95%, 90%, 95%, 100%, 150%, 200%, 300%, 400%,
500%, 600%, 700%, 800%, 900%, 40000%, and 1500%, In one particular
embodiment, a significant increase in risk is at least 300%, In other
embodiments, a significant increase in risk is at ieast 200% at least 300%,
at  19 least 400%, at least 500%, at least 700%, at least 500%, at least
900% and at least 1000%. Other cutoffs or ranges as deemed suitable by the
person skiiled in the art to characterize the invention are however also
contemplated, and those are also within scope of the present invention. In
certain embodiments, a significant Increase In risk is characterized by a
p-value, 5*such as a p-vaiue of ess than 0.05, less than 0.01, less than
0.001. less than 0,0001, less than 0.00001, less than 0.000001, less than
0.0000001, less than 0.0000001)1, or less than 0.0000,3004n. A copy number
variation (CNN) predictive of risk of a schizphrenia condition, as
described herein, is one where the parhchiar CNV lp more frequently present
In an individuai with the condition 10(affected), compared to the frequency
of its presence in a comparison group (control), such that the presence of
the CM/ Is indicative of susceptibility to the schizophrenia condition. The
control group may in one embodiment be a population sample, i.e, a random
sample from the general population. In another embodiment, the control
group Is represented by a group of Individuals Who are disease-free. Such
disease-free control may In one embodiment be characterized by the
isabsence of one or more specific disease-associated symptoms, e.g.
irdivIduais who have not 'experienced symptoms associated with
schizophrenia. Is another embodiment, the disease-free ilcontrol group is
characterized by the absence of one or more disease-specific risk factors,
Such tisk factors are in one embodiment at least one environmentai risk
factor. As an example of a simpie test for correlation would be a
Fisher-exact test on a two by two table. Given a cohort of 70 chromosomes,
the two by two table is constructed out of the number of chromosomes that.
include both a the markers or haplotypes, one of the markers or eaokstypes
but not the other and neither of the markers or haplotypes. Other
statistical tests of association known to the skilled person are also
contemplated and are a:so within scope of the invention, In other
embodiments of the invention, an individual who is at a decreased
susceptibility (i.e., at a 



25'decreased risk) for a schizophrenia condition is an Individual in whom
at ieast one CNN, or one specific atkile at one or more polymorphic marker
or haplotype conferring decreased susceptibility tor the disease or trait
is identified, The marker alieles and/or haplotypes conferring decreased
risk ere also said to be protective, In one aspect, the protective marker
or hapiotype is one that confers a significant decreased risk (or
susceptibility) of the disease or trait. In one embodiment, significant
10decreased risk is measured as a rOative risk (or odds ratio) of less than
0,9, inciuding but not limited to less than 0.9, less than 0.8, less than
0.7, less than 0.6, less than 0.5, less than 0.4, less than 0.3, less than
0.2 and loss than 0.1. In one particular emoodiment, significant decreased
risk Is less than 0,7. In another embodiment, significant decreased risk Is
less than 0.5. In yet another embodiment, significant decreased risk Is
less than 0.3. In another embodiment, the decrease In asrisk (or
susceptibility) Es at least 20%, including but not limited to at least 25%,
at least 30%, at les_ 35%, at least 40%, at least 45%, at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at /east 65%, at least 90%, at least 95% and at least 99%. In one
particular embodiment, a significant decrease in risk is at :east about
30%. In another ..ernbodirinent, a significant decrease in risk is at least
about 50%, In another embodiment, the 40ecreape in risk is at least about
70%. Other cutoffs or ranges as deemed suitable by the person.,  20 skilled
in the art to characterize the invention are however also contemplated, and
those are also 'within scope of the present invention. The person skilled
in the art will appreciate that for markers with two alleles present in the
population being studied (such as 5Nfis), and wherein one allele is found
in increased frequency ida 5group of individuals with a trait or disease in
the population, compared with controls, the other alliSe Of the marker will
be found in decreased frequency in the group of Individuals with the trait
or disease, compared with controls, In such a case, one allele of the
marker (the one found in increased frequency in individuals with the trait
or disease) will be the at-risk allele, while the other allele Ma be a
protective allele. 10A genetic variant associated with a disease or a trait
can be used alone to predict the risk of the disease for a given genotype,
For a biallelic marker, such as a SNP, there are 3 possible genotypes:
homozygote for the at risk variant, heterozygote, and non carrier of the at
risk variant. RESK associated with variants at multiple loci can be used to
estimate overall risk. For multiple SNP variants, there are k possible
genotypes k 3' k 2; where n is the number 15autosernal ioci and p the
number of gonosomal (sex chromosomal) loci. Overall risk assessment
calculations usually assume that the relative risks of different genetic
variants multiply, La. the , overall risk (e.g., RR or OR) associated with
a particular genotype combination Is the product of , the risk values for
the genotype at each lOCUS. If the risk presented Is the relative risk for
a person, or a specific genotype for a person, compared to a reference
population with matched 20gender and ethnicity, then the combined risk - is
the product of the :DCLIS specific risk values - and which also corresponds
to an overall risk estimate compared with the population, If the risk for a
person Is based on a comparison to non-earners of the at risk allele, then
the combined risk corresponds to an estimate that compares the person with
a given combination of genotypes at all ioci to a group of Individuals who
do not carry risk variants at any of those loci, The group of
25hon-carriers of any at risk variant has the lowest estimated risk and has
a combined risk, compared with itself (Le., non-carriers) of 1.0, but has
an overall risk, compare with the population, of less than 1.0. It should
be noted that the group of non-carriers can potentially be very small,
especially for large number of loci, and in that case, its relevance is
correspondingly Small. 



30the multiplicative model is a parsimonious model that usually Fits the
data of complex traits reasonably well. Deviations from multiplicity have
been rarefy described in the contexc of Common variants for common
diseases, and if reported are usually only suggestive since very large
sample sizes are usually required to be able to demonstrate statistical
interactions between loci, By way of an example, let us consider a total of
eight variants that have been described to associate with pmstate cancer
(C3ndrriundsson, J., at at., Nat Genet 39:631-7 (2007), Gurimundsson, J.,
at at, Nat Genet 39977-83 (2007); Yeager, il.; at at, Nat Genet 39:645-49
.(2007), Amundadottir, L, et at, Nat Genet 38;652-8 (2006); Heiman, C.A.,
eta!,, Nat Genet  21 39:638-44 (2007)), Seven of these loci are on
autosomes, and the remaining lOCUS is on Chromosome X, The total number of
theoretical genotypic combinations Is then 3' x= 4374, Some of those
genotypic ciasses are very rate; but are still possible, and snould be
considered for overall risk assessment. It is likely that the
multiplicative model applied In the case of 5Multiple genetic variant will
also be valid in conjugation with non-genetic risk variants assuming that
the genetic variant does not clearly correlate with the "environmental"
factor; In other Words, genetic and non-gene:tic at-risk variants can be
assessed under the multiplicative model to estimate combined risk, assuming
that the non-genetic and genetic risk factors do not interact. 10Using the
same quantitative approach, the combined Or overall risk associated with a
plurality of Variants associated with schizphrenia may be assessed. FOr
example, the CNVs described herein 'to be associated with risk of
schizophrenia may be combined with other common genetic risk factors.
Combined risk for such genetic variants may be estimated in an analogous
fashion to that described above. 1.5 Linkage Disequilibrium The natural
phenomenon of recombination, which occurs on average once for each
chromosomal pair during each meiotic event: represents one way in which
nature provides variations in Sequence (and biological function by
consequence), It has been discovered that recombination zodoes not occur
randomly In the genuine; rather, there are large variations in the
frequency of recombination rates: resulting in erne!! regions of high
recombination frequency (also called recombination hotspots) and iarger
regions of low recombination frequency, which are commonly referred to as
Linkage DisequIlibrium (LD) blocks (Myers, S. et at, Slashers Sot Trans
34t526- 530 (2006); Jeffreys, A.), eta/Nature Genet 29217-222 (2001); May,
C.A., et at, Nature 25(3enet 31:272-275(2002)).  Linkage Disequilibrium
(LD) refers to a non-random assortment of two genetic elements. For
;.example, If a particular genetic element (e&., an allele of a polymorphic
marker, or a hapietype) occurs in a population at a frequency or 0,50 (50%)
and another element occurs at a frequency of 0.50 (50%), then the predicted
occurrence of a person's having both elements is 0.25 (25%), 30'assuming a
random distribution of the elements, However, if it Is discovered that the
hwo elements occur together at a frequency higher than 0.25, then the
elements are said to be In linkage oisegullibdurn, since they tend to be
Inherited together at a higher rate than what their Independent frequencies
or occurrence (e.g., allele or haplotype frequencies) would predict.
Roughly speaking, 1.0 is generally correlated with the frequency of
recombination events 35'between the two elements. Allele or haplotype
frequencies can be determined in a population by 'genotypIng individuals in
a population and determining the frequency of the occurence of each allele
of hepic,type In the population. For populations of diploids, e.g., human
populations, 



22 individuals will typically have two alleles or alleiic combinations for
each genetic element (e.g., a ;marker, haplotype or gene, ID can be
assessed between polymorphic markers, such as two SNPs. Alternatively, LD
can be assessed be other oenetic eiernents, such as larger structural units
and particular SfiPs. Fa: 5example, LE) can be assessed between CNVs and
particular 5NPs, Particular SNPs may be Indicative of (surrogates of) the
status of an Individual at a particular CM/. Such SNPs are useful in for
example the methods described herein, since surrogate SNPs in linkage with
a CNV Porymorphism represent a convenient tool for assessing whether
particular individuals have the CNV polymorphisms, /n particular
embodiments, surrogate SNPs in ID with a particular cm.. can .tobe useful
to assess whether an individual is likely to have the CNV, base on his/her
genotype at the SNP, Carriers for the allele associating with the CNV can
subsequently be selected for Petalled assessment of the presence or absence
of the CNV, by any method suitable, as known to the skliled person and
described herein (e.g., FISH, genotype dosage measurements, TadMan assays,
etc.) 15Many different measures have been proposed for assessing the
strength of linkage diseguilibrium  (LD; reviewed in Devlin, B. &
Risch,Genornice Z9:311-22 (1995)))", Most capture the strength of
association between pairs of biallelic sites, Two important pairwise
measures of ID are ^2 (sometimes denoted e) and 1Di (Lewontir, Ft.,
Genetics 49:49-67 (1964); Hill, W,G. & 'Robertson, A, Theor. A00. Genet.
22:226-231 (1965)). Both measures range from 0 (no 20diseguillbrium) to I
(complete' disequiiibrium), but their interpretation is sligntly different,
!Di is defined In such a way that it is equal to 1 If lust two or three of
the possible haplotypes are . present, and it is <1 if all four possible
hapiotypes are present. Therefore, a value, of lDi that is lel indicates
that historical recombination may have occurred between two sites
(recurrent mutation can also causeto be <1, but for single nucieotide
polyrnorphisms (SNPs) this is 25usuaily regarded as being less likely than
recombination). The measure r` represenbi the Statistical correlation
between two sites, and takes the value of 1 if only two haplotypes are
present. The r1 measureis arguably the most relevant measure for
association mapping, because there is a simple inverse relationship between
r' and the sample size required to detect association 30between
susceptIbliity loci and SNPs. These measures are defined for pairs of
sites, but for some 'applications a determination of how strong LD is
across an entire region that contains many polymorphic sites might be
desirable (e,g., testing whether the strength of ID differs significantly
among loci or across populations, or whether there is more or less LD in a
region than predicted under a particular model). Measuring LD across a
region is not straightforward, but one approach is to use the measure r,
which was developed in population genetics. Roughly Speaking, r measures
how much recent:nation would be required under a particular population
:model to generate the ID that Is seen in the data. This type of method can
potentially also provide a statistically rigorous approach to the problem
of determining whether LD data provide :evidence for the presence of
recombination hotspots. For the methods described hereni,  23 'significant
r2 value can be at least 0.1 such as at least 0.1, 0.15, 0.2, 0.25, 



0.3, 0.35, 0,4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75, 0,8, 0.85, 0.9,
0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.97, 0.98, or    iesat 0.99, In one
preferred embodiment, the significant r) value can be at least 0.2,
Xlternatively, linkage diseguilibrium as described herein, refers to
finkage diseoullibriurn Characterized by values of 1121 of at least 0,2,
such as 0.3, 0.4, 0.5, 0.6, 0,7, 0.8, 0.85, 0.9, 0.95, 0.96, 0.97, 0,98, or
at least 0.99. Thus, linkage disequilibrium represents a correlation
between alleles of distinct markers. It is measured by come:at:on
coefficient or ID`I (r2 up to 1.13 'and 101 up to 1,0). In certain
embodiments, linkage dIseguiiibrium is defined in terms of values for both
the r2 and 101 measures, In one such embodiment, a significant linkage
clisegullibrium 10is defined as e 0.1 and ID'I >0.8. In another embodiment,
a significant linkage disequalbrium is defined as P> 0.2 and IV; >0,9.
Other combinations and permutations of 'ceSil.J05 of e and iDifor
determining finkaoe clisequiAbrium are also contemplated, and are a:so
keithin the scope of the Invention, Linkage diseguilibriuni can be
determined in a single human Population, as defined herein, or It can be
determined in a collection of samples comprising Individuals from more then
one human population. In one embodiment of the invention, LD is determined
in a sample from one or more of the HapMap populations (caucaslan, african,
japanese, &Mese), as defined (http://www.hapmap.org). In one such
embodiment, ID is determined in the CEU population of the HapMap samples.
In another embodiment, ID is determined in the YRI population. In yet
another embodiment, ID Is determined In samples 20from the Icelandic
population. If all polymorphierns in the genorne were independent at the
population level (i.e., no ID), then every single one of them would need to
be investigated in association studies, to assess all the different
polymorphic states. However, due to linkage disegullibrium between
poiyrnorphisms, tightly linked polymorphisms are strongly correlated, which
reduces the number of 25Polymorphlsrns that need to be investigated in an
association study to observe a significant association. Another consequence
of ID is that many polymorphisms may give an association Signal due to the
fact that these polymorohisms are-strongly correlated. Genomic ID maps have
been generated across the genome, and such 113 maps have been Proposed to
serve as framework for mapping disease-genes (Risch, N. & Merkiartgas, K,
Science 30273:1516-1517 (1996); Maniatis,at at, Proc Nat! Mad Sci USA
992228-2233 (2002); Reich, DE eta!, Nature 411:199-204 (2001)).  h is now
established that many portions of the human oenorne can be broken into
series or Aiscrete haplotype blocks containing a few common hapiotypes; for
these blocks, linkage disequilibrium data provides little evidence
indicating recombination (see, e.g., Wall., ID. and 35Pritchard, 1K.,
Nature Reviews Genetics 4:587-597 (2003)) Daly, M. et at, Nature Genet,
29:229-232 (2001); Gabriel, 53. et el., Science 295:2225-2229 (2002); Path,
N. et at, Science '294:1719-1723 (2001); Dawson, E. etal., Nature
418544-548 (2002); Phillips, MS. etal., 'Nature Genet, 33;382-387 (2003)).
24 There are lyro main methods for defining these hapiotype blocks: blocks
can be defined as regions of DNA that nave limited haplotype diversity
(see, e.g., Daly, M. et at., Nature Genet. 29:229-232 (2001); Path, N. et
al., Science 294:1719-1723 (2001); Dawson, E. et al., Nature 418:544-548
(2002); Tharp, K. et al., Proc. Natl. Aced. Sci. USA 99:7335-7339 (2002)),
or as 



regions between transition zones having extensive historical recombination
identified using linkage disequilibdurn (see, e47,,, Gabriel, S.B. et at.,
Science 296:2225-2229 (2002); Phiiiips, M.S. et at., Nature Genet
33:382-387 (2003); Wang, N. etal., Am. J. Hum. Genet. 71:1227- 1234 (2002);
Stumpf, Ml',, and Goldstein, D,B,, Cum Blot 131-8 (2003)). More recently, a
rine-scale map of recombination rates and corresponding hotspots across the
human genorne tohas been generated (Myers, S., etal., Science 310,321-32321
(2005); Myers, S. et at, Mechem Sec Trans 34:526530 (2006)), The map
reveals the enormous variation in recombination across the genome, with
recombination rates as high as 10-60 crliflb in hotspt,Nts, while closer to
0 in intervening regions, which thus represent regions of limited haplotype
diversity and high ID. The map can therefore be used to define haplotype
blocks/ID biocks as regions flanked by isrecombination hotspots. As used
herein, the terms "haplotype block" or "Lei block" includes blocks defined
by any of the above described characteristics, or other alternative methods
used by the person skilled in the art to define such regions, tiapiotype
blocks (LO blocks) can be used to map associations between phenotype and
haplotype 'Status, using single markers or haplotypes comprising a
plurality of markers, The main 20'papiotypes can be identified in each
haplotype block, and then a set of "tagging" SNPs or markers (the smallest
set of StiPs or markers needed to distinguish among the haplotypes) can
then be Identified. These tagging SNPs or markers can then he used In
assessment of samples From groups of individuals, in order to identify
association between phenotype and haplotype. If desired, neighboring
haplotype blocks can be assessed concurrently, as there may also exist
7.5linkage disequilibriurn among the hapiotype blocks, It has thus become
apparent that for any given observed association to a polymorphic marker
(such as CNVs) in the genorne, it is liken/ that additional markers in the
genome also snow association. This is a natural consequence of the uneven
distribution of ID across the genomie, .as observed by the large variation
in recombination rates, The markers used to detect 30association thus In a
sense represent "tags" for a genomic region (I.e., a haplotype block or LD
.block) that is associating with a given disease or trait, and as such are
useful for use in the methods and kits or the present invention, One or
more causative (functional) variants or Mutations may reside within the
region found to be associating to the disease or trait The 'functional
variant may be another SNP, a tandem repeat polymorphism (such as a
rninIsatellIte 35bra microsateilite), a transposable element, or a copy
number variation, such as an Inversion, deletion or insertion. Such
variants in LO with the variants described herein may confer a higher
relative risk (RR) or odds ratio (OR) than observed for the tagging markers
used to detect the association, The present invention thus refers to the
markers used for detecting association to the disease, as described herein,
as weir as markers in linkage diseguilibrium with the markers. 40Thus, in
certain embodiments of the invention, markers that are in ID with the
markers and/or  25 :haplotypes of the invention, as described herein, may
be used as surrogate markers, The :surrogate markers have in one embodiment
relative risk (RR) and/or odds ratio (OR) values smaller than for the
markers or hapiotypes Initially found to be associating with the disease,
as described herein. In other embodiments, the surrogate markers have RR or
OR values greater 5than those initially determined for the markers
initially found to be associating with the disease, as described herein. An
example of such an embodiment would be a rare, or relatively rare (such as
it: 10% allelic popteatIon frequency) variant In LID with 3 more common
variant (> 10% icopulation frequency) initiary found to be associating with
the disease, such as the variants described herein. Identifying end using
such markers for detecting the association discovered 10by the inventors as
described herein can be performed by routine methods well known to the
person skilled in the art, and are therefore within the scope of the
present invention, 



identification and assessment of Copy nurnber Variations be novo
identification of CctiVs t5Identification of novel copy number variations
can in general be done by methods for assessing genomIc copy number
changes. Such methods include methods that quantitatively estimate the
'number of copies of a particular genomic segment, out also include methods
that Indicate whether a particular segment is present in a sample or not.
The latter Include for example hybridization techniques such as FISH. 20In
one method, de novo CNVs genorne-wide are detected by following
transmissions of genotypes ,ro parent-offspring samples. Ideally, a triad
of samples from the blood parent of an individual, as well as the
individual (the offspring). The genotypes may be obtained for any
informative polymorphic marker, Conveniently, the marker Is a single
nucleotide polymorphism (SNP). To identify de novo deletions, two
complementary methods can for example be used, 25'alone or In combination,
One relies on a program developed by deCODE Genetics, called DosageMiner.
The program includes a Hidden Markov Model algorithm based on intensity
data for particular genetic markers, such as SNPs, that ki similar to that
reported by Coleila et al. IColelia, A. at at Nucleic Acids Res 352013-25
(2007). The other method involves a procedure utilizing inheritance errors
and the neighboring genotype configurations comparable to that 30described
by Conrad et al. (Conrad, OF, at at Nat Genet 38;75-81 (2805), When only
one 'parent Is typed, genotype information allows identification of
deletions as putativeiy de novo by assessment of regional parental
heterozygosity. To identify de nova duplications we can also analyze
genotype data from trios (parents plus their offspring) using DosageMiner
atiV events stand out in the data from two perspectives. First, all sample
intensities for SW's/probes within asa CNV should be Increased or decreased
relative to neighboring SNPsfprobes that are not in a CNV region, secondly
CNVs can be detected from the transmission from parent to child. To
determine deviations in signal intensity we start by normalizing the
intensities, The normalized  Intensities for each color channel of a marker
or probe can be determined by a tit of the fehowing aguatio,ni 1,1(10=
f(oc,iff4A+ mtm" -4, A + 5Where i is sample index, j is SNP index, kij is
coiour intensity for sample I In SNP j, eta) Is an indicator of GC-content
around SNP j, f is a smooth function of GC-content, 0. are vampie specific
Parameters For GC content, geri(i,j) Is the genotype for sample i for SNP
j, Ptgi, is the SNP effect for genotype gt and SNP j, pi is sample effect,
it is the unexplained part of the signal, including noise, The same model
with another set of parameters is used For the other colour y. A
i0generalized additive model (Hastier T, Statist Sci 1297-318 (19E66)) can
be used to fit the smooth function f. After fitting the model, the data is
normalized by removing the systematic mode! components, A region can be
considered to be deleted/duplicated if Me average intensity bver at least
ten markers in a region fails beiow/above an empirically determined
threshold. To identify reglens demonstrating loss of tieterozygosity (LOU),
markers can De split into three ls'classes: I) Markers that show LOU, 2)
Markers that are inconsistent with LOU and 3) Markers that re consistent
with LOU. Class 3 can be further spilt into these subclasses: a) markers
that are consistent with transmitted LOU; b) markers that are consistent
sal.h de novo LOU. A particular marker shows LOU if a child Is horreozyaous
for one allele and a parent is homozygous Mr the other allele. A marker is
inconsistent with LOU if the child is heterozygous. A marker Is Oconsistent
with LOU if the child is homozygous and the parent is homozygous for the
same allele or heterozygous. In case the parent is homozygous For the same
allele as the child the marker Is consistent with transmitted LOU and In
case the parent Is homozygous for the other alle.le the marker is only
consistent with de novo LOU. A stretch containing a single marker showing
LOU is likely to be due to a genotyping error, In 



25general, modern genotypho tedincaogy has a low error rate, and usually
independent of position on the genornei as a consequence, the occurrence of
more than one marker showing LOU in a 'consecutive stretch on the cenome is
more likely to be evidence of a deletion In the child, A region can be
considered to be a putative deletion if at least two markers are showing
LOU and de novo if consistent with de novo LOU, 10In certain embodiments,
using LOU analysis we can define a candidate deleted region if more than
one marker shows inheritance error within a region of homozygous markers.
The .genotyping data can be further be Inspected to determine the error is
due to uniparental disorray. Once such individuals are removed, remaining
putative de novo deletions can be Combined with the output of DosegeMlner,
and look for deletions that are consisently identified 35by both
approaches. Such deletions are likely to represent real de novo deietions.
Detection of CNifs  27 Detection of CNVs can be done by a range of
techniques suitable for such purpose. In general, techniques that can
selectively determine whether a particular chromosomal segment is present
or absent In an individual can be used for genotyping CNVs. Ideally, the
technique is able to quantify the amount of segment present, i.e. determine
whether a segment is deleted, duplicated, tripiicated, etc. in the
individual, For example, Tao,man assays can be used (Bieche, 3. at af. tot]
Cancer 79:563-5 (L996)), as well as I'luorescent tn Situ Hybridization
(FISH) 'techniques. A range of genotybEng technologies can also be used,
such as Molecular Inversion Probe array technoiogyAffymetrix SNP Array
6.0), and BeadArray Technologies illumina GoldenGate and InfinIum assays,
e..g. Hurnanflap chips, Human 1M-Duc,), as can other toplatforms such as
Nimblegert H02,1, High-Definition CGH arrays (Agent Technologies), tiling
'array technology (Affymetrix). Information about amplitude of particuiar
probes, which Is representative of particular alleles, provides a
quantitative dosage information for the particular ailele, and by
consequence dosage information about the CNV in question, since the marker
Is selected as a marker representative of the CNV and Is typIcaily
physcially located within the CNV, 15if the CNV is a deletion, then the
absence of partic.ular marker aileies Is representative of the deletion, if
the CNV is a duplication (or a higher order copy number variation), then
the signal intensity representative of the allele correalating with the CNV
is repre.sentatlye of the copy number. A summary of methodologies commonly
used is provided in Perkel (Perkel. ) Nature &Tethoas 5.447-453 (2005)),
Other suitabie methods available to the skilled person can also be 20used,
and are within scope of the present invention. Polymorphic markers that are
In linkage disequillbrIum with particular CNVs can be used as aurronates
for the CNV. Such markes are useful In a diagnostic setting for determining
whether a particular CNV is present in an Individual or not, since they can
be used in lieu of the CNV itself. In certain embodiments, the polymorphic
marker is a SNP. In preferred embodiment, the 255hIP is located within the
CNV. Thus, in certain embodiments of the methods of the invention, 'markers
within the CMV are used to detect the presence or absence of the CNV. In
certain cemPodlments, markers selected from the group consisting of the
markers set forth In Table 6, WhIch are markers within the chromosome
1q21.1 deletion, are useful for determining a stiscepbility to scnizphrenfa
or a related condition. In certain other embodiments, markers 30-selected
from the group consisting of the markers set forth in Table 7, which are
markers within the 15g 11,2 deletion, are useful for determining a
suscepbility to schlaphrenia or a related !condition. In certain other
embodiments., markers selected from the group consisting of the -markers
set forth in Table 8, which are markers within the 15q13,3 deietion, are
useful for determining a susceptillIty to schizophrenia or a related
condition. In such embodiments, 35determination of the presence of absence
of a particular allele is indicative of the CNV, I.e. 



indicative of whether the CMV is prsesent in the individual or not.  29
flaptotype Analysis One genera/ approach to haplotype analysis Invoives
using iikelihood-based inference applied to '.NEsted MOdels (Gretarsdottir
5,, et af., Nat, Genet. 35:131-38 (2003)). The method is :Implemented in
the program NE.MO, which aliows For many poiymorphic markers, SNPs and
Miorosatetiites. The method and software are specifically designed for
case-control studies where the purpose Is to Identify naolotype groups that
confer different risks. It is also a tool for studying LI) structures. in
NEMO, maximum likelihood estimates, likelihood ratios and p-vaities are
caiculated directly, with the aid of the EM algorithm, for the observed
data treating It as a Missing-data problem, toEven though likelihood ratio
tests based on likelihoods computed directly for the observed data, Which
have captured the information loss due to uncertainty in phase and missing
genotypes, can be relied on to give valid p-values, it would still he of
interest to know how much Information had been iost due to the information
being incomplete. The information measure for hapiotype 'analysis is
described In f4loolae and Kong (Technical Report 537, Department of
Statistics, 15tiniversity of Statistics, University of Chicago; Biometrics,
60(2);368-75 (2004)) as a natural 'extension of Information measures
defined for iinkage analysis, and is implemented in NEMO. Per single marker
association to a disease, the Fisher exact test can be used to calculate
two-   ded p-values for each individual allele. Usually, all o-volues are
presented unadjusted for multiple comparisons unless specifically
indicated. The presented frequencies (for rnicrosatellites, 20StiPs and
hapiotypes) are allelic frequencies as opposed to carrier frequencies. To
rnirerniz.e any bias due the relatedness of the patients who were recruited
as families to the study, first and second-degree relatives can be
eliminated from the patient list. Furthermore, the test can be :repeated
for association correcting for any remaining relatedness among the
patients, by extending a variance adjustment procedure previously described
(Risch, N. & Teng, 3. Genome 25'Res., 8:1273-1288 (1998)) for sibships so
that a can he applied to general familial relationships, and present both
adjusted and unadjusted p-values For comparison. The method of genornic
Controls (Devlin, B. & Roeder, K. Biometrics 55997 (1999)) can also be used
to adjust for the relatedness of the individuals and possible
stratification. The differences are in general very email as expected. To
assess the significance of single-marker association corrected for multiple
30testing we can carry out a randomization test using the same genotype
data. Cohorts of patients and controls can be randomized and the
association analysis redone multiple times (e.g.. up to 500,080 times) and
the p-value is the fraction of replications that produced a p-value for
some marker allele that is lower than or equal to the p-value we observed
using the original patient and control cohorts. 35For both single-marker
and hapiotype analyses, relative risk (RR) and the population attributable
risk (PAR) can be calculated assuming a multiplicative mode: (hapiotype
relative risk model) (Terwilliger, LO. fk Ott, 3., Hum. Hated. 42;337-45
(1992) and Falk, CT. &Rubinstein, R, Ann. :'Hum. Genet, 51 (Pt 3)227-33
(1987)), i.e., that the risks of the two alleles/haplotypes a  29 'person
carries multiply, For example, if RR Is the risk of A relative to a, then
the risk of a person hornozygote AA will be RR times that or a
hetercizygote. Aa and RR' times that of a homozygote aa. The multiplicative
model has a nice property that simplifies analysis and computations -
haplatypes are ndependent e,, in lardy-Weinherg equiiibrium, within the
affected population 5as well as within the control population. As a
consequence, haplotype counts of the affecteds 



and controls each have multinornial distributions, but with different
hapiotype, frequencies under the alternative hypothesis. Specifically, for
two haplotypes, bi and hp risk(niffrisk() /p)/(/p), where f end p denote,
respectively, frequencies in the affected population end In the control
population. Whiie there is some power loss If the true model is not
multiplicative, the 10loss tends to be mild except for extreme cases. Most
importantly, p-vaities are always valid Since they are computed with
respect to null hypothesis. An association signal detected in one
association study may he repeated In a second cohort, Ideally from a
different population (eg.., different region of same country, or a
different country) Of the same or different ethnicity. The advantage of
replication studies Is that the number or istests performed in the
replication study, and hence the less stringent the statistical measure
that Is applied. Replication studies In one or even several additional
case-control cohorts have the added advantage of providing assessment of
the association signal in additional populations, thus simultaneously
confirming the initial finding and providing an assessment of the overall
Significance of the genetic varlant(s) being tested In human populations in
general, 20The results from several case-control cohorts can also be
combined to provide an overall assessment of the underlying effect. The
methodology commonly used to combine results from multiple genetic
association studies Is the Mantel-Haenszel model (Mantel and Haenszel, i
Nat! Cancer Inas 22:719-48 (19590), The model is designed to deal with the
situation where association results from different populations, with each
possibly having a different population 25 frequency of the genetic variant,
are combined. The model combines the results assuming that the effect of
the variant on the risk of the disease, a measured by the OR or RR, Is the
same in all populations, while the frequency of the variant may differ
between the pop:aborts. Combining the results from several populations has
the added advantage that the overall power to detect a real underlying
association signal Is increased, due to the increased statistical power
provided by 30the combined cohorts. Furthermore, any deficiencies In
individual sts.giles, for example due to :unequal matching of cases and
controls or population stratification will tend to balance out when results
from multiple cohorts are combined, again providing a better estimate of
the true underlying genetic effect. 15 Risk assessment and Diagnostics,'
30 !example, a woman's lifetime absolute risk of breast cancer is one in
nine. That Is to say, one iyvoman in every nine will develop breast cancer
at some point in their lives. Risk Is typically Measured by Looking at very
large numbers of people, rather than at a particuiar Individaal. Risk is
often presented in terms of Absolute Risk (AR) and Relative Risk (RR).
Relative Risk Is used to SCompare risks associating with two variants or
the risks of two different groups of people. For example, it can be used to
compare a group of people with a certain genotype with another group having
a different genotype. Fore disease, a relative risk of '2 means that one
group has twice the chance of developing a disease as the other group. The
Risk presented is usually the relative risk for a person, or a specific
genotype or a person, compared to the population with 10'matched gender and
ethnicity. Risks of two individuals of the same gender and ethnicity could
be compered In a simple manner. For example, if, compared to the
population, the first individual has relative risk 1]5 and the second has
relative risk 0,5, then the risk of the first Individual compared to the
second individual is 1.5/0.5 ie 3. As described herein, certain copy number
variations (CNVs) are found to be useful for risk isassessment of
schizophrenia. Risk assessment can Involve detecting particular CNVs in the
genoine of individuals undergoing assessment. Particular CNVs are found
more frequently in individuals with schizophrenia, than in individuals
without diagnosis of schizophrenia, Therefore, these CNVs have predictive
value for detecting schizophrenia, or a susceptibility to Scnizophrenia, In
an individual. Tagging markers in linkage diseguilihrium with the CNVs can
be 



20:used as surrogates for the CNits and can thus be used for risk
assessment. Markers with values 'of r2 equal to 3. are peilect surrogates
for the at-risk CNVs, i.e. genotypes for the surrogate marker perfectly
predicts the occurrence of the CNV. Markers with smaller values of riE than
1. Can also be surrogates for the CNV, but the detected risk will tend to
be lower than for the CNV itself, unless the risk conferred by the marker,
or another genetic variant in LE/ with the marker, 25is higher than for the
CNV. Without Intending to he limited by theory, it is belived that the CNVs
described herein to be associated with risk of schizophrenia represent
functional variants 'predisposing to the disease. Aiternativeiy, the CNVs
are in linkage disequIllbrium with a functional variant that Is
functionally causing the Increased risk, In certain embodiments, the
functional variant, in LID with the CNV, resides within the segment that
defines the CNV, i.e, 30'within the CNV itself. In other embodiments, the
functional variant is in Lb with the CNV, whjie physically located outside
the CNV region. The functional variant may for example be a tandem repeat,
such as a minisatellite or 3 microsatellite, a single base polymorphism
(SNP), or a transposable, element (e.g., an Afu element). The present
invention encompasses the assessment of such surrogate markers for the CNVs
as disclosed herein. Such markers are 35annotated, mapped and listed In
public databases, as well known to the skilled person, or can alternatively
be readily identified by sequencing the region or a part of the region
identified by the markers of the present invention In a group of
individuals, and identify poiyrnorphisms in the resulting group of
sequences. As a consequence, the person skilled in the art can readily and
'without undue experimentation genotype surrogate markers in linkage
dise,quilitirlum with the 40'markers and CNVs descrlbed herein. The tagging
or surrogate markers in Lb with the at-risk  31 CNVs also have predictive
value for detecting association to schizophrenia, or a susceptibikty to
schizophrenia, in an Individual, The present invention can In certain
embodiments be practiced by assessing a sample 'comprising genornic DNA
from an individual for the presence of CNVs described herein to be
5associated with risk of schizophrenia. Such assessment includes steps of
detecting the presence Or absence of a particular CNV, or at least one
polymorphic marker in iinkage disequilibrium with the CNV, using methods
well known to the skilled person and further described herein, and based on
the outcome of such assessment, determine whether the Individual from whom
the Sample is derived Is at increased or decreased risk (Increased or
decreased susceptibility) of 10Schizophrenia. The presence of the CNV
conferring increased risk of schizophrenia is indicative of the individual
being at increased risk (increased susceptbility) to schizophrenia. The
absence of the CNV conferring increased rlsk of schizophrenia in the
individual is indicative of the Individual not being at Increased risk of
schizophrenia conferred by the CNV assessed. Alternatively, the invention
can be practiced utilizing a dataset comprising Information about the
15genotype status of at least one CNV (or at least polymorphic marker in
linkage disequilibrium With the at least CNV) for at least one Individuai.
In other words, a dataset containing inrmation about such genetic status,
for example in the form of genotype counts at certain Polymorphic markers,
an Indication about the presence or absence of a particular CNV, an
quantitative assessment of a CNV (such as number of copies of a particular
region In the genome 20pf the individual), or actual genotypes for one or
more markers, can he queried for the presence 



or absence of particular CSAis shown by the present inventors to be
associated with risk of schizophrenia. A positive result for the CNV, as
shown herein, is indicative of the individual from Which the dataset Is
derived is at increased susceptibility (Increased risk) of schizophrenia. A
negative result, is indicative of the individual not having the elevated
susceptibility (elevated 25risk) by the CNV, The cfataset can in certain
embodiments be comprised in a database :containing genotype/CNV data for at
least one Individuai. In certain embodiments of the invention, a
polymorphic marker Is correlated to schizophrenia by referencing CNV data
to a look-up table that comprises correlations between the CNV and
schizophrenia. The CNV In certain embodiments comprises at least one
Indication of the CNV, 30i.e, an indication of the presence or absence of
the CNV, or a quantitative numerical value 'representative of the CNV. In
some embodiments, the table comprises a correlation for one CNV. In other
embodiments, the table comprises a correlation for a plurality of CM/s. In
both scenarios, by referencing to a look-up table that gives an indication
of a correlation between a CNV and schizophrenia, a risk for schizophrenia,
or a susceptibility to schizophrenia, can be 35identified In the individual
from whom the sample Is derived. In some embodiments, the 'correlation is
reported as a statistical measure. The statistical measure may be reported
as a risk measure, such as a relative risk (RR), an absolute risk (AR) or
an odds ratio (OR).  32 risk conferred by particular CNVs is quite high,
and theft frequency in the popoiation quite low (see e.g. Tables 4 and 12).
As a consequence, If the occurrence of multiple CNVs Is independent, the
likelihood of more than one CNV being present in one particular individual
is Correspondingiy, Nevertheless, risk assessment for miatiple CAVs can he
performed using standard methodology. For example, if the CNVs are
independent, their risk is expected to 'roughly multiply In carriers with
more than one CNV present, Likewise, the CNVs described herein can form the
basis of risk analysis that combines other CNVs known to increase risk of
schizophrenia, or other genetic risk variants (such as SNPs) for
Schizophrenia. Appropriate models, such as the multiplicative model, can be
used for estimating taoverall risk. Thus, in certain embodiments of the
Invention, a plurality of variants (CNVs, genetic markers, and/or
haplotypes) is used for overall risk assessment. These variants are in one
embodiment 'seiected from the CNVs as disclosed herein. Other embodiments
Include the use of the variants nf the present invention in combination
with other variants known to be useful for diagnosing a issusceptibliity to
schizophrenia. En such embodiments, the genotype status of a plurality of
CNVs, markers and/or haplotypes Is determined in an individual, and the
status of the individual Compared with the population frequency of the
associated variants, or the frequency of the variants In clinically healthy
subjects, such as age-matched and sex-matched subjects. htiithods known in
the art, such as muitivarlate analyses or joint risk analyses, including
the use of 20multiplicative model for overall risk assessment, may
subsequently be used to determine the averail risk conferred based on the
genotype status at the multiple loci. Assessment of risk based on such
analysis may subsequently he used in the methods, uses and kits of the
invention, as described herein. As described in the above, the ID structure
of the human genuine has the effect that a large 25number of variants
(markers and/or haolotypes) in linkage disequilihrium with the variant
originally associated with a disease or trait may be used as surrogate
markers for assessing association to the disease or trait. The number of
such surrogate markers will depend on factors such as the historical
recombination rate in the region, the mutational frequency in the region
(i.e., the number of polymorphic sites or markers in the region), and the
extent of It (size of 30the ID block) in the region. These markers are
usually located within the physical boundaries of the ID block or haplotype
block in question as defined using the methods described herein, or by
:other methods known to the person skilled in the art. However, sometimes
marker and hapiotype association is found to extend beyond the physical
boundaries of the naplotype block 



as defined. Such markers and/or haolotypes may in those cases be also used
as surrogate 3SMarkers and/or hepiotypes for the markers and/or haplotypes
physically residing within the hapietype block as defined. As a
consequence, markers and haplotypes in LD (typically characterized by r2
greater than 0.1, such as P greater than 0.2, including f2 greater than
0.3, also including r2 greater than 0.4) with the CNVs shown by the present
inventors to confer increased risk of schizophrenia are also within the
scope of the invention, even If they are  32 physically located beyond the
boundaries of the CNV, or a heplotype bloc that Includes the CNV. Genetic
elements that have for whatever reason been preserved together will lead to
observable FD. While it is most common that this occurs within relatively
small genornIc regions flanked by recombination hotspots (LO blocks or
haplotype biecks), it is also possible: that elements located 5further
apart may be in LD. This couid for exampie occur if the elements have
similar biological function which Is interreiated in such a way that one
variant Influences the occurrence of the Other. Or the SNP markers
described herein, the opposite allele to the allele found to be in excess
in Patients (at-risk alleie) Is found in decreased frequency in
schizophrenia. These markers and 10 hapiotypes ii LO and/or comprising such
markers, are thus protective for schizophrenia, Le, they Confer a decreased
risk or susceptibility of individuals carrying these markers and/or
haolotypes 'developing schizophrenia. pertain variants of the present
invention, including certain haplotypes comprise, in some cases, a
Combination of various genetic markers, ag,, SSIPs and micrtesatelilles.
Detecting hablotypes 15can be accomplished by methods known in the art
and/or described herein for detecting sequences at polymorphic sites.
Furthermore, correlation between certain haplotypes or sets of markers and
disease phenotype can be verified using standard techniques. A
representative example of a simple test for correlation would he a
Fisher-exact test on a two by two table. In specific embodiments, a CNV
found to be associated with schizophrenia Is one in which the
ZO'schizophrenia (Or a marker allele or heolotype in LD with the CNV) is
more frequently present in an individual at risk for (or diagnosed with)
schizophrenia (affected), compared to the frequency of its presence in a
healthy individual (control), wherein the presence of the marker allele or
haplotwe is indicative of schizophrenia or a susceptibility to
schizophrenia. Jr other embodiments, at-risk markers in linkage
clisequIlibrium with one or more CNVs shown herein to 25he associated with
schizophrenia are tagging markers that are more frequently present in an
individua: at risk for schizophrenia (affected), compared to the frequency
of their presence in a 'bee:thy individual (control), wherein the presence
of the tagging markers is Indicative of increased susceptibility to
schizophrenia, In a further embodiment, at-risk markers alleles (Le.
Conferring increased susceptibility) in linkage disequilibrium with one or
more markers found to 30be associated with schizophrenia, are markers
comprising one or more allele that is more frequently present in an
Individual at risk for schizophrenia, compared to the frequency of their
'presence in a heeithy Individual (control), wherein the presence of the
markers is indicative of Increased susceptibility to schizophrenia. 35
Study population In a general sense, the methods and kits of the invention
can he utilized from samples containing nucleic acid materiel (DNA or RNA)
from any source and from any individual. in 



preferred embodiments, the individual is a human individual, The individual
can be an adult, :child, or fetus. The nucleic acid source may be any
sample comprising nucleic acid material; including biologic& samples, or a
sampie comprising nucleic add material derived therefrom, he present
invention aiso provides for assessing CPIs, markers and/or haplotypes In
indlvicluais Swi ho are members of a target population. Such a target
population Is in one embodiment a popuNtlon or group of Individuals at risk
of developing the disease, based on other genetic factors, biornarkers,
biophysicai parameters, family history of schizophrenia or related
diseases, ;previous diagnosis or medical history, etc. The invention
provides for embodiments that include Individuals from specific age
subgroups, 10Such as those over the age of 18, over the age of 20, over the
age of 25, over the age of 30, over the age of 35, over the age of 40, over
the age of 45, or over the age of 50, 55, 60, 55, 70, 75, 1.30, or 85.
Other embodiments of the invention pertain to other age groups, such as
individuals aged less than 85, such as less than age 80, less than aoe 75,
or less than age 70, 65, 60, 55, 50, 45, 40; 35, 30, 25, 20, or 15. Other
embodiments relate to individuais with age 15at onset of the disease in any
or partici/Mr age or age ranges defined by the numerical values described
in the above or other numerical values bridging these numbers. It is also
contemplated that a range of ages may be relevant in certain embodiments,
such as age at breet at more than age 15 but !ass than age 20. Other age
ranges are however also contemplated, Inc:hiding all age ranges bracketed
by the age values listed in the above. The 20invention furthermore relates
to Individuals of either gender, males or females. Pie Iceiandic population
is a Caucasian population of Northern European ancestry, A large number of
studies reporting results of genetic linkage and association in the
Icelandic population have been published in the last few years, Many of
those studies show replication of variants, Originally identified in the
iceiandic population as being associating with a particular disease, in
25pther populations (Solemn, F'" at at Not Genet May 17 2009 (Epub ahead of
print); Rafnar,t, at at Nat Genet 4L221-7 (2009); Gretarsdottir, 8,, at al.
Mn Neuraf 64;402-9 (2008); Stacey, 5.N"at Nat Genet 40:1313-18 (2008);
Giudbjartsson, O.F., eta!, Nat Genet 40:886-91 (2008); Styrkarsdottlr, U.,
eta). N Engt .7 Med 358:2355-65 (2006); Thorgeirsson, T., eta! Nature
452:638-42 (2008); Gudmundsson, 3., eta), Nat Genet. 40:28.1-3 (2008);
Stacey, S.N., 30eta?., Nat Gefiet. 39:865-89 (2007); Heigarlottir, A.,
eta!,, Science 316:1491-93 (2007); Steinthorstiottir, V., at at., Nat
Genet. 39:770-75 (2007); Gudmundsson, 3., eta!,, Net Genet. .39:631-37
(2007); Frayllng, TM, Nature Rev/eves Genet 8:657-662 (2007);
Arnundadottir, 1.1., 'et al., Nat Genet. 38:652-58 (2006); Grant, S.F.,
eta!,, Nat Genet. 38:320-23 (2006)), Thus, genetic findings In the
Icelandic population have in general been replicated In other populations,
asincluding populations from Africa and Asia. The CINVs of the present
invention found to be associated with schizophrenia are believed to Show
similar association in other human populations. Particular embodiments
comprising Individual human populations are thus aiso contemplated and
within the scope of the Invention. Such embodiments relate to human
subjects that are from one or more human population  35 Including, but not
limited to, Caucasian populations, European popuiations, American 



populations, Eurasian popuiations, Asian populations, Central/South Asian
populations, East Asian populations, Middle Eastern populations, African
populations, Hispanic populations, and Oceanian populations. European
populations include, but are not limited to, Swedish, 5Norwegian, Finnish,
Russian, Danish, Icelandic, Irish, kelt, English, Scottish, Dutch, Belgian,
French, German, Spanish, Fortugues, Thahan, Polish, Bulgarian, Slavic,
Serbian, Bosnian, Czech, Greek and Turkish populations. in certain
embodiments, the Invention relates to individuals of Caucasian origin. The
racial contribution in Individual subjects may also be determined by
genetic analysis. inGenetic analysis of ancestry may be carried out using
unlinked microsatellite markers such as those set out in Smith et et (Arn
Hurn Genet 74, 1001-13 (2004)). In certain embodiments, the invention
relates to CNVs, markers and/or haplotypes identified in specific
populations, as described in the above, The person skilled In the art will
appreciate that measures of linkage diseguillbriuni (i.D) may give
different results when applied to different ispopulations. This is due to
different population history of different human populations as well as
differential selective pressures that may nave ied to differences in LD in
specific geriornic regions. It Is also well known to the person skilled in
the art that certain genetic markers, e.g. CNVs or SNP markers, have
different population frequncy in different populations, or are polymorphic
In one population but not in another. The person skilled In the art will
however apply the methods 20available and as thought herein to practice the
present invention In any given human population. This may include
assessment of polymorphic markers In the LD region of the present
invention, so as to identify those markers that give strongest association
within the specific population. Thus, the at-risk variants of the present
invention may reside on different haplotype background and in different
frequencies in various human populations. However, utilizing methods known
in 25the art and the markers of the present Invention, the invention can be
practiced in any given human population. Utility of Genetic recting The
person skilled in the art will appreciate and understand that the CNV
variants described oherein in general do not, by themselves, provide an
absolute Identification of individuals who will develop schizophrenia or
related conditions. The variants described herein do however indicate
increased and/or decreased likelihood that Individuals carrying the at-risk
or protective variants of the Invention will develop symptoms associated
with schizophrenia. This information is however extremely valuable In
itself, as outlined in more detail In the below, as it can be used  as to,
for example, Initiate preventive measures at an early stage, perform
regular physical and/or mental exams to monitor the progress and/or
appearance of symptoms, or to schedule exams at a regular Interval to
Identify early symptoms, so as to be able to apply treatment at an early
36 stage, This Is in particuiar important since schizophrenia and related
disorders are heterogeneous disorders with symptoms that are individually
vague. Diagnostic criteria require a number of symptoms to be present over
a period of time; therefore, it is important to be able to establish
additional risk factors that may aid in the diagnosis, or facilitate the
diagnosis 5through in-depth phenotyping and/or more frequent examination,
or both, Thus, the knowledge about a genetic variant that confers a risk of
developing schizophrenia offers the opportunity to apply a genetic test to
identify those individuals with particularly Increased risk of developing
schizophrenia or a related condition (is, carriers of the at-risk variant).
The CfAr variants described herein confer high risk of deveioping
schizophrenia; for 10example, the chr 15 deletion confers an 11-fold
increased risk of schizophrenia', compared with 



the general population. This a very significant effect, and is useful In a
diagnostic setting. For example, individuals with eariy symptoms that
typically are not Individually associated with a clinical diagnosis of
schlzpophrenia and carry an at-risk CNV may benefit from early therapeutic
treatment, or other preventive measure, or more rigorous supervision or
more frequent ISexamination, Likewise, Individuals that have a family
history of the disease, or are carriers of other risk factors associated
with schizophrenia may, in the context of additionally carrying at least
one at-risk CNV benefit from early therapy or other treatment, The core
values of genetic testing lie in the possibilities of being able to
diagnose schizophrenia, or a predisposition to schizophrenia, at an early
stage and provide such information to the appropriate person - such 20as a
clinician, the Individual him/herself, a genetic counselor, or guardian, in
order to he able to appiy the most appropriate therapeutic measure at an
early disease stage. Early symptoms of behavioural disorders such as
schizophrenia and related conditions are usually not sufficient to fulfil/
standardized diagnostic criteria; to fulfill those, a certain pattern of
symptoms and behaviour M disturbance needs to manifest itsief over a period
of time. Sometimes, certain physical characteristics may also be present.
This makes at-risk genetic variants valuable In a diagnostic setting, in
particular high-risk variants. Determination of the presence of such
variants warrants increased monitoring of the Individual in question.
Appearance of behavioural symptoms combined with the presence of such
variants facilitates early diagnosis, which makes early treatment possible.
Genetic testing may thus be used to aid 30In the diagnosis of disease in
its early stages, before all criteria for formal diagnostic criteria are
al: fu:filled, It Is well established that early treatment is extremely
important for disorders on the schizophrenic spectrum, which lends further
support to the tialue of genetic testing for early diagnosis or these
disorders. 35 METHODS  37 individual for probability of response to a
therapeutic agent for schizophrenia, methods for predicting the
effectiveness of a therapeutic agent for a schizophrenia disorder, nucleic
adds, poiypeptides and antibodies and computer-Implemented functions, Kits
for assaying a sample from a subject to detect susceptibility to a
schizophrenia disorder are also encompassed by the sInvention. Diagnostic
and screening methods In certain embodiments, the present invention
pertains to methods of diagnosing, or aiding In the diagnosis of,
schizophrenia or a susceptibility to schizophrenia, by detecting particular
copy 10number variations that appear more freduently in schizophrenia
subjects or subjects who are susceptible to schizophrenia. In. particular
embodiments, the invention is a method of determining a susceptibility to
schizophrenia by detecting at least CNV as described herein other
embodiments, the Invention relates to a method of determining or diagnosing
a susceptibility to schizophrenia by detecting at least one allele or at
least one polymorphic 15marker. The present invention describes methods
whereby detection of particular alleles of particular markers or hapiotypes
is indicative of a susceptibility to schizophrenia. Such prognostic or
predictive assays can aiso be used to determine prophylactic treatment of a
subject prior to the onset of symptoms of schizophrene. The present
invention pertains In some embodiments to methods of clinical applications
of diagnosis, e,g,, diagnosis performed by a 20medical professional. In
other embodiments, the invention pertains to methods of diagnosis or
determination of 3 susceptibility performed by a layman. The layman can he
the customer of a genotyping service. The layman may also be a genotype
service provider, who performs genotype aneiysls on a DNA sample from an
intlividuai, In order to provide service related to genetic risk factors
for particular traits or diseases, based on the cenotype status of the 



25individual (i.e., the customer). Recent technological advances in
genotyping technologies, Including high-throughput genotyping of SNP
markers, such as Molecular Inversion Probe array technology (e.g.,
Affyrnetrix GeneChip), and BeadArray Technologies (ap" Illumina GoldenGate
and Infiniurn assays) have made it possible for individuals to have their
own genorne assessed for up to one million SNPs simultaneously, at
relatively little cost. As described herein, certain of 30the commonly
available SNP genotyping platforms include SDI:vs that represent tags for
particular copy number variations, These platforms therefore are suitable
for the detection of particular Chffis in an individual. The resulting
genotype Information, which car be made available to the individual, can be
compared to information shout disease or trait risk associated with various
CNifs, or alternatively surrogate SNPs for particular CMis, including
Information from public 35litterature and scientific publications. The
diagnostic appiication of disease-associated alleles as described herein,
can thus for example be performed by the Individual, through analysis of
his/her genotype data, by a health professional based on results of a
clinical test, or by a third party, Including the genotype service
provider. The third party may also be service provider who Interprets
genotype information from the customer to provide service related to
specific genetic  risk factors, including the genetic markers described
herein. In other words, the diagnosis or determination of a susceptibility
of genetic risk can be made by health professionals, genetic counselors,
third parties providing genolyping service, third parties providing risk
assessment service or by the iayrnan (e, g, , the Individual), based on
information about the genotype status .5of an individual and knowledge
about the risk conferred by particular genetic risk factors (e.g.
particular SadRe). The information derived from analyzing sequence data,
including assessment of particular SNPs and/or CNVs can he communicated to
any particular body, Including the Individual from which the sample, or
sequence data, is derived, a guardian or representative of the individual,
a clinician, a service provider, including a genetyping service provider,
and a 10medical insurerer or insurance company. In the present context, the
term "diagnosing', "diagnose a susceptibility" and "determine a
susceptibility' is meant to refer to any available diagnostic method,
including those mentioned above. In certain embodiments, a sample
containing genomic DNA from an individual is coilected. Such sample can for
example be a buccal swab, a saliva sample, a blood sample, or other
suitable 15samples containing genomic DNA, as described further herein. The
gerroinic DNA Is then analyzed using any common technique available to the
skilled person, such as high-throughput array technologies that can also
include CNV-specific probes or SNPs. Results from such genotyping are
stored In a convenient data storage unit, such as a data carrier, inciuding
computer databases, data storage disks, or by other convenient data storage
means. In certain 20embodiments, the computer database is an object
database, a relational database or a post- relationai database. The
genotype data is subsequently anaiyzed for the presence of certain variants
known to be susceptibiiity variants for particular human conditions, such
as the genetic variants (CNVs and/or their surrogates) described herein.
Genotype data can be retrieved from the data storage unit using any
convenient data query method. Calculating risk conferred by a 25particular
tenotype for the individual can be based on comparing the genotype of the
individual to previously determined risk (expressed as a relative risk (RR)
or and odds ratio (OR), for exarnpie) for the genotype, for exainpie for a
heterozygous carrier of an at-risk variant for schizophrenia, The
calculated risk for the individual. can be the relative risk for a person,
or for a specific genotype of a person, compared to the average population
with matched gender and ethnleity. The average population risk can be
expressed as a weighted average of the risks of different genotypes, using
results from a reference population, and the appropriate calculations to
calculate the risk of a genotype group relative to the population can then
00 performed. Alternatively, the risk for an individual is based on a
comparison of particular genotypes, for example heterozygous carriers of an
at-risk Melia of a marker compared with non-carriers of the  35 at-risk
allele. Using the population average may in certain embodiments be more
convenient, since it provides a measure which is easy to interpret for the
user, i,e. a measure that gives the risk for the individual, based on
his/her genotype, compared with the average in the population, The
calculated risk estimated can be made available to the customer via a
wetisite, preferably a secure website,  39 



In certain embodiments, a service provider wili Include in the provided
service all of the steps of isolating genomic DNA from a sample provided by
the customer, performing genotyping of the isolated DNA, calculatIna
genetic risk based on the genotype data, and report the risk to the
customer. In some other embodiments, the service provider win include in
the service the 5interpretation of genotype data for the Individuai, i.e..,
risk estimates for particular genetic variants based on the genotype data
for the individual. In some other embodiments, the service provider may
include service that includes genotyping service and interpretation of the
genotype data, starting from a sample of isolated DNA from the individual
(the customer). .Overall 'risk for multiple risk variants can be performed
using standard methodology. For 10 example, assuming a multiplicative
model, i.e. assuming that the risk of individual risk variants multiply to
establish the overall effect, allows for a straight-forward calculation of
the overan risk for multiple markers, As descrit3ed anti exemplified
herein, particular CNVs are associated with schizophrenia in particular the
chromosome 1o21,1 deletion, the chromosome 505.2 duplication, the
ischromosome 15q11.2 deletion, the chromosome 15q13.3 deletion and the
chromosome 16p13.1 duplication. In one embodiment, the ONV is one that
confers a significant risk or susceptibility to schizophrenia. In another
embodiment, the Invention relates to a method of diagnosing a
susceptibility to schizophrenia in a human individual, the method
comprising determining the presence or absence of at least one CNV In a
nucleic acid sample obtained from the Individual, 20wherein the at least
one CNV is selected from the group consisting of the chromosome 1g21.1
deletion, the chromosome 5q35,2 duplication, the chromosome 15q11.2
deletion, the chromosome 1503.5 deletion and the chromosome 16p13.1
duplication, In another embodiment, the invention pertains to methods of
diagnosing a susceptibility to schizophrenia in a human individuai, by
screening for at least one CNV selected from the chromosome 42/.1
25deletion, the chromosome 5g35.a duplication, the chromosome 15(311.2
deletion, the chromosome 15q13.3 deletion and the chromosome 10p13.1
duplication. In another embodiment, the CNV is more frequently present in a
subject having, or who is susceptible to, schizophrenia (affected): as
compared to the frequency of Its presence in a healthy subject (control,
such as population controls). In certain embodiments, marker rs2283508 Is
useful for odeterminino an Increased susceptibility to schizophrenia, due
to it being In linkage disequiiibritim with the 16p13.1 dupilcation, In
certain embodiments, the significance of association of the at least one
marker Miele or hapiotype is characterized by a p value < 0,05. In other
embodiments, the significance of association is characterized by smaller
p-values, such as < 0,01, <0,001, <0,0001, <0,00001, <0,000001, c0,0000001,
<0.00000001 or <0,000000001. 35In these embodiments, the presence of the at
feast one CNV Is Indicative of Increased susceptibility to schizophrenia.
Detecting the presence or absence of the at least one CNV selected from the
chromosome 1q21.1 deletion, the chromosome 505,2 dupiic,ation, the
chromosome 15q11.2 deletion, the chromosome 15q13.3 deletion and the
chromosome 16p13.1 duplication provides information about whether the
particular susceptibility conferred by the CNV  40 Is present in the
indiviudat The presence of particuiar CNsis, or markers in LD with the ONs,
can be detected at the nucleic acid ievel (e.g., by direct nucleotide
sequencing or by other means known to the skilied in the art) in a sample
from the individual. The presence can also be determined by investigating a
dataset or a database comprising information about the sequence 5of the
individual with respect to the CNVs, or markers in 1D with any one of the
CNVs. In certain embodiments, diagnosis susceptibility can be accomplished
using hybridization methods. (see Current Protocols in Molecular Biology,
Ausubel, F. et at, eds., John Wiley Sons, 



inciuding all supplements). The presence of a specific marker alleie or a
particular genornic seornent comprising a CNV, or representative of a CNV,
can be indicated by sequence-specific hybridization of a nucleic acid probe
specific for the particular allele or the CNV. The presence of more than
one specific marker allele or several CNVs can be Indicated by using
several sequence-specific nucleic add probes, each being specific for a
particular aiiele and/or CNV. A sequence-specific probe can be directed to
hybridize to genornic DNA, RNA, or et/NA. A "nucleic add probe", as used
herein, can be a DNA probe or an RNA probe that hybridizes to a
15complementary sequence. One of skill in the art would know how to design
such a probe so that sequence specific hybridization MU occur only if a
particular allele is present in a genornic sequence from a test sample, The
invention car also be reduced to practice using any convenient genotypIng
method, including commercially available technologies and methods for
genotyphg particular polymorphic markers, 20Susceptibility to schizophrenia
can be determined by a hybridization sample can be formed by contacting the
test sample containing schizophrenia-assoclated nucleic add, such as a
genomIc DNA sample, with at least one nucleic acid probe. A nonilmIting
example of a probe for detecting rfiRNA or genornic DNA is a labeled
nucleic add probe that is capable of hybridizing to ratNA or genomic DNA
sequences described herein. The nucleic acid probe can be, for example, a
full-length nucleic acid molecule, or a portion thereof, such as an
oligonudeptide of at least 15, 30, 50, 100, 250 or 500 nucleotides in
length that is sufficient to specifically hybridize under stringent
conditions to appropriate rnRNA or ger:cynic DNA. For example, the nucleic
add probe  can comprise all or a portion of the nucleotide sequence of
chromosomal segments comprising the chromosome 1.q21.1 deletion, the
chromosome 5q35.2 duplication, the chromosome 15q11.2 30deletion, the
chromosome 15q13.3 deletion or the chromosome 1013.1 duplication, as
described herein; or the probe can be the complementary sequence of such a
sequence, Other suitable probes for use in the diagnostic assays of the
invention are described herein. Hybridization can be performed by methods
wed known to the person skilled in the art (see, e.g., Current Protocols in
Molecular Biology, Ausubel, F, eta!,, eds., Jan Wiley & Sons, including all
supplements). In one embodiment, hybridization refers to specific
hybridization, Le., hybridization with no mismatches (exact hybridization).
In one embodiment, the hybridization conditions for specific hybridization
are high stringency. Specific hybridization, if present, is detected using
standard methods. If specific hybridization occurs between the nucleic add
probe and the nucleic add In the test sample, then the sample  41 contains
the sequence that is complementary to the nucleotide that is present in the
nucleic acid probe. If the nucleic acid probe contains a particular allele
of a polymorphic marker, or particular alleles for a plurality of markers,
then specific hybridization is indicative of the nucleic acid being
completely complementary to the nucleic add probe, Including the particular
alleles at 5polymorphic markers within the probe. It Is also possible to
design a single probe containing more than one marker ales of a particular
haplotype (e.g., a probe containing alleles corapiernentary. to 2, 3, 4, 5
or all of the markers that make up a particular haplotype). Detection of
the particular markers of the hapiotYPe in the sample is latiltatlYe that
the shaTte of the sample has the particular haplotype (e.g., a haplotype).
10In one preferred embodiment of allele-specific hybridization, a method
utilizing a detection oligonucleotide probe comprising a fluorescent moiety
or group at its 3' terminus and a quencher at its 5` terminus, and an
enhancer oligornicleetider Is employed, as described by Kutyavin et at
(Nucleic Add Res, 34;e12 (2006)). The fluorescent moiety can be Gig Harbor
Green or Yakima Yellow, or other suitable fluorescent moieties. The
detection probe is designed to hybridize to a  15 short nucleotide sequence
that includes the SNP polymorphism to be detected, Preferably, the SNP is
anywhere from the terminal residue to -6 residues from the 3 end of the
detection probe. The enhancer is a short ollgonucleotide probe which
hybridizes to the DNA template 3' relative to the detection probe. The
probes are designed such that a single nucleotide gap exists between the
detection probe and the enhancer nucleotide probe when both are bound to
the template, 20The gap creates a synthetic abasic site that is recognized
by an endonuclease, such as Endonucleast IV. The enzyme cleaves the dye off
the fully complementary detection probe, but cannot cleave a detection
probe containing a mismatch. Thus, by measuring the fluorescence of the
released fluorescent moiety, assessment of the presence of a particular
allele defined by nucleotide sequence of the detection probe can be
performed, 25The detection probe can be of any suitable size, although
preferabiy the probe is relatively short. In one embodiment, the probe is
from 5-100 nucleotides in length. In another embodiment, the probe is from
10,-50 nucleotides in length, and in another embodiment, the probe Is from
12-30 nucleotides in length. Other lengths of the probe are possible and
within scope of the skili of the average person skilled In the art. 30In a
preferred embodiment, the DNA template containing the SNP polymorphism Is
amplified by Polymerase Chain Reaction (PC11) prior to detection. In such
an embodiment, the amplified DNA serves as the template for the detection
probe and the enhancer probe. Certain embodiments of the detection probe,
the enhancer probe, and/or the primers used for amplification of the
template by Pat include the use of modified bases, including modified A and
35modified G. The use of modified bases can be useful for adjusting the
melting temperature of 



the nucleotide molecule (probe and/or primer) to the template DNA, for
example for Increasing the meltIno temperature in regions containing a low
percentage of G or C bases, in which modified A with the capability of
forming three hydrogen bonds to its complementary T can be  42 used, or for
decreasing the melting temperature in regions containing e high percentage
of G or C bases, for example by using modified G bases that form only two
hydrogen bonds to their complementary C base in 3 double stranded DNA
molecule. th a preferred embodiment, modified bases are used in the design
of the detection nucleotide probe. Any modified base known to the skilled
person can be selected in these methods, and the selection of suitable
bases Is well within the scope of the skiiled person based on the teachings
herein and known bases available from cornmerciai sources as known to the
skilled person. Additionally, or alternatively, a peptide nucleic acid
(PNA) probe can be used in addition to, or Instead or, a nucleic add probe
In the hybridization methods described herein, A FNA is a DNA tomimic
having a peptide-like, inorganic backbone, such as N-(2-erninoethyl)glycine
units, with an organic base (A, G, C, T or 1.0 attached to the glycine
nitrogen via a methylene carbonyl iinker (see, for exampie, Nielsen, P., et
at, Elioconjug. Chem, 5;3-7(14)). The PNA probe can be designed to
specifically hybridize to a molecule in a sample suspected of containing
one or more of the marker alleles or hapiotypes- that are associated with
schizophrenia. Hybridization of the isPNA probe is thus diagnostic for a
susceptibinty to schizophrenia. In one embodiment of the Invention, a test
sample containing genomic DNA obtained from, the subject Is collected and
the polyinerase chain reaction (KR) Is used to amplify a fragment of
nucleic add that cornprisesone ore more polymorphic marker that is
Indicative of a susceptibiiibe to schizophrenia. As described herein,
identification of a partiailar marker alleles can be 20accomplished using a
variety of methods (ag., sequence anaiysis, analysis by restriction
digestion, specific hybridization, single stranded conformation
polymorphism assays (SSCP), electroptiotedc analysis, etc.). In another
embodiment, diagnosis is accomplished by expression analysis, for example
by using quantitative PCR (kinetic thermal cyciing), This technique can,
for example, utilize commercially available technologies, such as Tadhlan
(Applied Biosystems, 25 Foster City, CA). The technique can assess the
presence of an alteration in the expression or composition of a polypeptide
or sollcing variant(s) that Is encoded by a nucleic acid associated with
schizophrenia. Further, the expression of the variant(s) can be quantified
as physically or fuElCtiOrla:ly different. In another embodiment of the
methods of the invention, analysis by restriction digestion can be 39used
to detect a particular allele if the aele results in the creation or
elimination of a restriction site relative to a reference sequence.
Restriction fragment length polymorphism (RFLP) analysis can be conducted,
e.g., as described i 11 Current Protocols In Molecuiar Biology, supra, The
digestion pattern of the relevant DNA fragment Indicates the presence or
absence of the particular allele in the sample. 35Sequence anaiysis can
also be used to detect specific alleles or hapiotypes associated.
Therefore, in one embodiment, determination of the presence or absence of a
particular marker aiieles or naplotypes comprises sequence analysis of a
test sample of DNA or RNA obtained from a sublect or Individual. PCR or
other appropriate methods can be used to amplify a portion of a  43 nucleic
acid comprising at :east one polymorphic marker, and the presence of a
specific allele can then he detected directly by sequencing the polymorphic
site (or multipie peiymorphic sites in a haplotype) of the genomic DNA in
the sample, In another embodiment, arrays of oligonucleotide probes that
are complementary to target 5nucieic add sequence segments from a subject,
can be used to identify polymorptilsirs in a 



nucleic acid. For exampie, an oiigonucleotide array can be used.
OiigonticlectIde arrays typically comprise a piurality of different
olidonucleotlde probes that are coupled to a surface of a substrate in
different known locations. These arrays can generally be produced using
mechanical synthesis methods or Eight directed synthesis methods that
incorporate a combination of sophotolithographic methods and soiid phase
oligunucleotide synthesis methods, or by other methods known to the person
skilled in the art (see, e.g., Bier, F.F., et at Adv Biochern Eng
Biotechnot 109:433-53 (2008); Hohelvel, 3D,, Nat Rev Genet 7;20040 (2006);
Fan, 33." at at Methods Enzymoi 410;57-73 (2006); Raqoussis, 3. 8t Eividge,
G., Expert Rev htoi Diagn 6:145-52 (2006); Mockler, T.C., eta! Eienomics
85;1-15 (2005), and references cited therein, the entire 15teachings of
each of which are incorporated by reference herein). Many additional
descriptions of the preparation and use of oligonucieotide arrays for
detection of poisimorphIsms can be found, for example, in US 6,658,394, US
6,429;027, US 5,445,934, US 5,700,t537, US 5,744,305, US 5,945,334; US
6,054,270, US 6,300,063, US 6,733,977, US 7,364,858, EP 619 321, and EP 373
203, the entire teachings or which are incorporated by reference herein.
20Other methods of nucielc acid analysis that are available to those
skilled in the art can be used to detect a particuiar aliele at a
polymorphic site. Representative methods include, for example, direct
manual sequencing (Church and Gilbert, Proc. Atari. Acad. Sri, USA, 81:
1991-1995 (1986); Sanger, F,, at ?Lc Pro.c. Nati, Acad. Sc?. USA, 74;
5463-5487 (1977); beavis, et at, U.S. Patent No. 5;288,644); automated
fluorescent sequencing; single-stranded conformation 25polymorphism assays
(SSCP); clamped denaturing gel electrophoresis (COGS); denaturing gradient
gel electrophoresis (C).GE) (Sheffield, V. et at Proc, Nati, Acad. Set USA,
86:232-236 (1909)), mobility shift analysis (Ghia, M., at al., Proc. Nett
Aced. Set USA, 66;2766-2770 (1989)); restriction enzyme analysis (Flavell,
R., at at. Ceti, 15;25-41 (1978); Geever, R., at at, Proc. Net!, Aced, Sc!.
USA, 78:5081-5085 (1981)); heteroduplex analysis; chemical mismatch 30
cleavage (CMC) (Cotton, R., eta?., Proc. Neil. Aced. Ea. USA, 85:4397-4401
(1985)); RNase protection assays (Myers, R., at at, Science, 230:1242-1246
(1985); use of polypeptides that recognize nucleotide mismatches, such as
E. colt mutS protein; and alielespecific PC.R. In another embodiment of the
invention, diagnosis of schizophrenia can he made by examining expression
and/or composition of a polypeptide encoded by a nucleic add associated
with schizophrenia in those Instances where the copy number variation of
the present invention results In a change in the composition or expression
of the polypeatide. Thus, diagnosis of a susceptibility to schizophrenia
can be made by examining expression end/or composition of one of these
poiypeptides, or another polypeptlde encoded by a nucleic add associated
with schizophrenia, In those instances where the genetic marker or
haplotype of the present invention  44 results In a change in the
composition or expression of the polypeptide, The CNVs described herein
that show association to schizophrenia may Nay a role through their effect
on one or more of these nearby genes. For example, while not Intending to
be limted by theory, It is generally expected that a deletion of a
chromosomal segment comprising a particular gene, or a fragment of a gene,
will either result In a altered composition or expression, or both, of the
encoded protein. Likewise, duplications (or high number coy number
variations, such as trip cations. etc.) are in genera' expected to result
In increased expression of encoded poiypeptide. Other possible mechanisms
affecting genes within CNV region include, e.g., effects on transcription,
effects on RNA splicing, aiteratioris in relative amounts of alternative
splice 10forms of rriRNA, effects on RNA stability, effects on transport
from the nucleus to cytoplasm, and effects on the efficiency and accuracy
of translation. Thus, in another embodiment, the CNV variants (or tagging
markers or haprotypes) of the invention showing association to
schizophrenia affect the expression of a geen within the CNV region, or a
gene in LO with the CNV region, Certain Chlie regions have flanking
duplicated 15 segments, and genes within such segments can have altered
expression and/or composition as a result of such genornic a:iterations, It
is also well known that regulatory element affecting gene expression may be
located far away, even as far as tenths or hundreds of kdobaser, away, from
the promoter region of a gene. Thus, regulatory elements for genes that are
located outside the CNV region may be located within the CNV, and thus be
affected by the copy number vadation. 20It is thus contemplated that the
detection of the CNIVt, described herein, or markers or haplotypes in ID
with any one of those CNVs, can be used for assessing expression for one or
more of associated genes. A variety of methods can be used for detecting
protein expression levels, including enzyme lInked immunosortient assays
(ELISA), Western blots, immonoprecipitations and 



25Minium:fluorescence. A test sample from a subject is assessed for the
presence of an alteration in the expression and/or an alteration In
composition of the poiypeptide encoded by a nucleic add associated with
schizophrenia. Such alteration can, for example, be an aiteration in the
quantitative poiypeptide expression (i.e., the amount of poiypeptide
produced). An alteration in the composition of a polypeotele can be an
alteration in the qualitative polypeptide expression 30(e.g., expression of
a mutant polypeptide or of a different splicing variant). In one
embodiment, diagnosis of a susceptibility to schizophrenia Is made by
detecting a particular splicing variant encoded by a nucleic acid
associated with schizophrenia, or a particular pattern of splicing
variants. Both such alterations (quantitative and qualitative) can also be
present. An "aiterationn in the 35poiypeptide expression or composition, as
used herein, refers to an alteration in expression or composition in a test
sampie, as compared to the expression or composition of the polypeptide in
a control sample, A control sample Is a sample that corresponds to the test
sample (e.g,, is from the same type of cells), and is from a subject who is
not affected by, and/or who does not nave a susceptibility to, or who has
not been diagnosed with schizophrenia. In one embodiment, the  45 control
sample is from a subject that does not nave a particular CIVV (or a marker
allele or hapiotype in t.0 therewith) associated with schizophrenia, as
described herein. Similarly; the presence of one or more different splicing
variants in the test sample, or the presence of significantly different
amounts of different splicing variants in the test sarnple, as compered
with 5the control sample, can be indicative of a susceptibility to
schizophrenia. An alteration In the expression or composition of the
pofrpeptide in the test sample, as compared with the control sample; can be
the result of a particular CNV. Various means of examining expression or
composition of a polypeptide encoded by a nucleic acid are known to the
person skilled in the art and can be used, including spectroscopy,
c.olorimetry, electrophoresis, isoelectric focusing; and 10immunoassays
(e.g., David et A, U.S. Pat. No. 4,376,110) such as immunoblotting (see,
e.g., Current Protocols In Molecular Biology, particularly chapter 10,
supra). For example, In one embodiment, an. antibody (e.g., an antibody
with a detectable label) that Is capable of binding to a particular target
polypeptide (e.g., a polypeptide encoded by a nucleic acid associated with
a OW as described herein) can be used. Antibodies can be polyclonal or
ismonoclonal. An intact antibody, or a fragment thereof (e.g., Fv, Fab,
Fab', F(abe)a) can be used. The term "labeled", with regard to the probe or
antibody, is intended to encompass direct labeling of the probe or antibody
by coupling (i.e., physically link:ng) a detectable substance to the probe
or antibody, as well as indirect labeling of the prone or antibody by
reactivity with another reagent that is directly labeled. Examples of
indirect labeling include detection of a 20primary antibody using a labeled
secondary antibody (e.g., a fiuorescently-iabeled secondary antibody) and
endlabelIng of a DNA probe with biotin such that It can be detected with
fiuorescently-labeled streptavidin. In one embodiment of this method, the
level or amount of polypeptide In a test sample is compared with the levei
or amount of the polypeptide in a control sample. A level or amount of
25the polypeptide in the test sample that is higher or lower than the level
or amount of the polypieptide In the control sample, such that the
difference is statistically significant, is indicative of an alteration in
the expression of the pelypeptide encoded by the nucleic acid, and is
diagnostic for a particular allele or haplotype responsible for causing the
difference in expression. Alternatively, the composition of the polypeptide
in a test sample is compared with the 



30 composition of the polypeptide in a control sampie. In another
embodiment, both the level or amount and the composition of the polypeptide
can be assessed in the test sample and in the control sample. In another
embodiment, the diagnosis of a susceptibility to schizophrenia is made by
detecting least one marker or haplotype in LD with at ieast one cm,' of the
present invention, in combination with an additional protein-based,
RNA-based or DNA--based assay.  46  Kits usefui in the methods of the
invention comprise components useful in any of the methods described
herein, including for example, primers for nucleic acid amplification,
hybridization probes for CNV or other marker detection, restriction enzymes
(e.g., for RFLP analysis), nucleic acid probes, optionally labelled with
suitabie labels (e.g., fluorescent labels), allele-specific
ollgonuclectides (e.g., SNP-aliele specific, or CNV-aliele specific
probes), antibodies that bind to an altered polypeptide encoded by a
nucleic acid of the Invention as described herein or to a non-altered
(native) polypeptide encoded by a nucleic add of the invention as described
herein, means for amplification of CNVs or fragments of CfPics as described
herein, means for analyzing the nucleic acid seciuerice of nucleic acids
comprising CNVs as desalbed herein, means for toanalyzing the amino acid
sequence of a poiypeptide encoded by a (INV, or a nucleic add associated
with (In LD wita) a CNV, etc. The kits can for example include necessary
buffers, nucleic add primers for amplifying nucleic acids, and reagents for
allele-specific detection of the fragments amplified using such primers and
necessary enzymes (e.g., DNA polymerase). Additionally, kits can provide
reagents for assays to be used in combination with the methods of ISthe
present invention, e.g., reagents for use with other diagnostic assays for
schizophrenia. In one embodiment, the Invention pertains to a kit for
assaying a sample from a subject to detect the presence of a CNV, wherein
the kit comprises reagents necessary for selectively detecting at least one
particular CNV In the genome of the individual. In another embodiment, the
Invention pertains to a kit for assaying a sample from a sub:cot to detect
the presence of at least particular allele of at :east one polymorphism
associated with a CNV in the genoine of the Individual. In a particular
embodiment, the reagents comprise at least one contiguous oligonucleodde
that hybridize to a fragment of the genr,rne of the Individual comprising
at least CNV, or at least one polymorphism In ID with a CNV. In another
embodiment, the reagents comprise at least one pair of oligoriodeotides
that hybridize to opposite strands of a genomic 25segment obtained from a
subject, wherein each eligonucieotide primer pair is designed to
selectively ampilfy a fragment of the gone of the Individual that includes
at least one CNV, or a fragment of a OW. tn certain embodiments, the
fragment is at least 20 nucieotides In size. In other embodirrie,nts, the
fragment is at !east 30 nucleotides in size, at least 50 nucleotides in
size, at least 100 nucleotides in size, at least 200 nucleotides in size,
at least 300 nucleotides in 30size, at least 500 nucleotides in size, at
least 1000 nucleotides in size, at least 5000 nucleotides in size, or at
least 10000 nucleotides in size. It is however contemplated that the
fragment can be of any other suitable size appropriate for use In kits
usefui to practice the present invention. Such ollgonuciectides or nucleic
acids (e.g., labelled oiigonitcleotide probes, oligenucleotide primers) can
be designed using portions of the nucleic acid sequence of a CNV, or of a
cenornic 35region of a CNV that is LD with the CNV (e.g., a flanking region
of a ClIV). In another embodiment, the kit comprises one or more labeled
nucleic acids capable of allele-specific detection of one or more specific
polymorphic markers or haplotypes in ID with a CNV, and reagents for
detection of the label, Suitable iabels include, e.g., a radioisotope, a
fluorescent label, an enzyme label, an enzyme co-factor label, a maunetic
label, a spin label, an epitope 40iabel.  47 In one preferred embodiment,
the kit for detecting SNP markers comprises a detection olicionucleotide
probe, that hybridizes to a segment of template DNA containing a SNP 



polymorphisins to be detected, an enhancer oligonuclecitide probe and an
enclonuclease. As explained In the above, the detection oligonucleotide
probe comprises a fluorescent moiety or 5 group at its 3" terminus and 3
quencher at Its 5' terminus, and an enhancer oligonucleotide, is employed,
as described by Kutyavin eta!, (Nucleic Acid Res, 340.28 (2006)). The
fluorescent moiety can be Gig Harbor Green or Yakima Yellow, or other
suitable fluorescent moieties, The detection probe is designed to hybridize
to a short nucleotide sequence that Includes the SNP polymorphism to be
detected, Preferably, the SNP Is anywhere from the terminal residue to -6
10residues from the, 3' end of the detection probe, The enhancer is a snort
oligonuc-leotide probe which hybridizes to the DNA template 3' relative to
the detection probe. The probes are designed such that a single nucleotide
gap exists between the detection probe and the enhancer nucleotide probe
when both are bound to the template. The gap creates a synthetic abaslc
site that Is recognized by an endonucleese, such as Endonuciease IV. The
enzyme cleaves the dye tsoff the fully complementary detection probe, but
cannot cleave a detection probe containing a mismat_h. Thus, by measuring
the fluorescence of the released fluorescent moiety, assessment of the
presence of a particular allele defined by nucleotide sequence of the
detection probe can be performed. The detection probe can be of any
suitable size, although preferably the probe is relatively short. 20 In one
embodiment, the probe is from 5i-100 nucleotides in length. In another
embodiment, the probe is from 10-50 nucieotides In length, and In another
embodiment, the probe is from 12-30 nucleotides in length. Other lengths of
the probe are possible and within scope of the skill of the average person
skilled in the art. In a preferred embodiment, the DNA tempiate containing
the SNP polymorphism is amplified by 25Polymerase Chain Reaction (PCR)
prior to detection, end primers for such ampliRcetion are Included In the
reagent kit. In such an embodiment, the amplified DNA serves as the
template for the detection probe and the enhancer probe. In one embodiment,
the DNA template is amplified by means of Whole Genome Amp:if-cation (WGA)
methods, prior to assessment for the presence of specific polymorphic
markers as 30described herein. Standard methods well known to the skilled
person for performing 'INCA may be utilized, and are within scope of the
invention. In one such embodiment, reagents for performlng WGA are included
in the reagent kit. Certain embodiments of the detection probe, the
enhancer probe, and/or the primers used for amplification of the template
by PCR include the use of modified bases, including modified A and
35modified G. The use of modified bases can be useful for adjusting the
melting temperature of the nucleotide molecule (probe and/or primer) to the
template DNA, For example for increasing the melting temperature in regions
containing a low percentage of C or C bases, in which modified A with the
capability of forming three hydrogen bonds to Its complementary I can be
413 used, or For decreasing the melting temperature in regions containing a
high percentage of G or C bases, for example by using modified G bases that
form only two hydrogen bonds to their complementary C base in a double
stranded DNA molecule, In a preferred embodiment, modified bases are used
in the design of the detection nucleotide probe. Any modified base known to
the skated person can be selected in these methods, and the selection of
suitable bases Is weli within the scope of the skilled person based on the
teachings herein and known bases availabie from commercial sources as known
to the skilled person. In one of such embodiments, the presence of the
marker or haplotype Is indicative of a the presence of a particular CW, and
thus Indicative of an increased susceptibility to schizophrenia. 10In
another embodiment, the presence of the marker or hapiotype is indicative
of response to a therapeutic agent schizophrenia. In another embodiment,
the presence of the marker or haplotype is indicative of prognosis of
schizophrenia. In yet another embodiment, the presence of the marker or
haplotype is indicative of progress of treatment of schizophrenia. Such
treatment may Inciude intervention by surgery, medication or by other means
(e.g., lifestyle 



15changes). In a further aspect of tne present invention, a pharmaceutical
pack (kit) :5 provided, the pack comprising a therapeutic agent and a set
of Instructions for administration of the therapeutic agent to humans
diagnostically tested for one or more variants (CNVs" or polymorphic
markers in U) with certain t..-NYs) of the present invention, as disclosed
herein, The therapeutic agent 20can be a smell molecule drug, an antibody,
a peptide, an antisense or RNAI molecule, or other therapeutic molecules.
In one embodiment, an individual identified as a carrier of at least one
variant of the present invention is Instructed to take a prescribed dose of
the therapeutic agent. In one such embodiment, an individual identified as
a homozygous carrier of at least one variant of the present invention is
instructed to take a prescribed dose of the therapeutic agent. In 25another
embodiment, an individuai Identified as a non-carrier of at least one
variant of the present Invention is instructed to take a prescribed dose of
the therapeutic agent. In certain embodiments, the kit further comprises a
set of instructions for using the reagents comprising the kit. 30
Therapeutic agents The CVtils described herein can be used to identify
novel therapeutic targets for schizophrenia. For example, genes containing,
or in linkage disequilibriurn with, the C:NVs, or their products, as well
as genes or their products that are directly or Indirectly regulated by or
interact with these variant genes or their products, can he targeted for
the development of therapeutic agents to 35treat schizophrenia, or prevent
or delay onset of symptoms associated with schizophrenia. Therapeutic
agents may comprise one or more of, for example, small non-protein and non-
49 nucleic acid molecules, proteins, peptides, protein fragments, nucleic
acids (DNA, RNA), PNA (peptide nucleic aches), or their derivatives or
mimetics which can modulate the function and/or levels of the target genes
or their gene products. The nuclalc acids and/or variants of the invention,
or nucleic acids comprising their 5complementary sequence, may be used as
antlsense constructs to control gene expression in cells, tissues or
organs. The methodology associated with antisense techniques is well known
to the skilled artisan, and is described and reviewed in AntisenseDrug
Technology,' Principles, Strategies, and Applications, Crooke, ed.; Marcel
Dekker inc., New York (2001). In general, antisense nucleic acid molecules
are designed to be complementary to a region of mR.NA i0expressed by a
gene, so that the antisense molecule hybridizes to the inRNA, thus blocking
translation of the hiRNA into protein. Several Cia55?-5 of antisense
oligonucleotide are known to those skilled in the art, irk:hiding cleavers
and blockers. The former bind to target RNA sites, activate Intracellular
nucleases (9,g., Rnaseti or Rnase1), that cleave the target RNA. Blockers
bind to target RNA, inhibit protein translation by steric hindrance of the
ribosornes. Examples of 15biockers Include nucieic acids, morpholino
compounds, locked nucleic acids and rnethylphosphonates (Thompson, Drug
Discovery Today, 7:912-917 (2002)). Antlserise oilgonuclectlides are useful
directly as therapeutic agents, and are also useful for determining and
validating gene function, for example by gene knock-out or gene knock-down
experiments. Antisense technology is further described in Lavery etal., Gum
Opin. Drug Discov. Bevel. 6:561- 



20569 (2003), Stephens et ac Cum OPit? Mot Ther. 5:116-122 (2003), Kurreck,
Eur, 1. Clothed', 270:1628-44 (2003), Dlas er at, Not Cancer Ter. 1:347-55
(2002), Chen, Methods Mol. fried, 75;521-636 (2003), Wang etal., Cum Cancer
Drug Targets 1:177-96 (2001), and Bennett, Ant/sense Nucleic Acid Drug.Dev,
12:215-24 (2002) The variants described herein can be used for the
selection and design of antisense reagents that are specific for particular
variants (e.g., particular CNVs, or polymorphic markers in ID with
particular CNVs). Using information about the variants described herein,
antisense ollgonuciectides or other antlsense molecules that specifically
target rnRNA molecules that contain one or more variants of the Invention
can be designed. In this manner, expression of mRNA molecules that contain
one or more variant of the present invention (markers and/or 50haolotypes)
can be inhibited or blocked. In one embodiment, the antlsense molecules are
designed to specificaliy bind a particular allelic form (Le,, one or
several variants (alleles and/or hapiotypes)) of the target nucleic acid,
thereby inhibiting translation of a product originating from this speclfic
allele or haplotyper but which do not bind other or alternate variants at
the specific polymorphir, sites of the target nucleic acid morecule, 3:3As
antisense molecules can be used to inactivate rtIRNA so as to Inhibit gene
expression, and thus protein expression, the molecules can be used to treat
a disease or disorder, such as schizophrenia. The methodology can involve
cleavage by means of ribozymes containing nucleotide sequences
complementary to one or more regions in the mRNA that attenuate the ability
of the mRNA to he translated. Such mRNA regions Inciude, for example,
pmtein-codlne  50 regions, in particular protein-coding regions
corresponding to cataiytic activity, substrate and/or ligand binding sites,
or other functional domains of a protein. The phenomenon of RNA
interference (RNA has been actively studied for the last decade, since its
original discovery in C. elegans (Fire et af.,Natcore 391:80611 (1998)),
and in recent years its 5potential use in treatment of human disease has
been actively pursued (reviewed In Kim & Rossi, Nature Rev, Genet, 8173-204
(2007)). RNA Interference (RNA, also called gene silencing, is based on
using double-stranded FiNA moiecuies (PsitNA) to turn off specific genes.
In the cell, cytopiasmic double-stranded RNA moiecules (isRNA) are
processed by caular complexes into small interfering RNA (siRNA). The siRNA
guide the targeting of a oroteln-RNA complex to 10specific sites on a
target mRNA, leading to cleavage of the ri1RNA (Thompson, Drug Discovery
Today, 7:912-917 (2002)), The siRNA molecules are typically about 20, 21,
22 or 23 nucleotides In length. Thus, one aspect of the Invention relates
to isolated nucieic acid moiecules, and the use of those molecules for RNA
interference, i.e. as smell interfering RNA molecules (siRNA). In one
embodiment, the isolated nucleic acid molecules are 18-26 nucleotides in
length, preferably 1519-25 nucleotides in length, more preferably 20-24
nucieotides In length, and more preferably 21, 22 or 23 nucleotides In
length.  Another pathway for RN/U.-mediated gene silencing originates in
endogenously encoded primary microRNA (pri-miRNA) transcripts, which are
processed in the cell to generate precursor rniRNA (pre-rniRNA). These
iTURNA Molecules are exported from the nucleus to the cytoplasm, where
2othey undergo processing to generare mature miRNA molecules (mIRNA), which
direct translational inhibition by recognizing target sites In the 3'
untranslated regions of mRNAs, and subsequent RANA degradation by
processing P-bodies (reviewed in Kim eir PaSSic Nature Rev. Genet.
8:173-204 (2007)). 



Clinical applications of RNA.i include the incorporation of synthetic sIRNA
dupiexes, which 25preferably are approximately 20-23 nucleotides ih size,
and prererably have 3' overlaps of 2 nucleotides. Knockdown or gene
expression Is established by sequence-specific design for the target mRNA.
Several commercial sites for optimal design and synthesis of such molecules
are known to those skilled In the art. Other applications provide longer
sIRNA moiecules (typically 25-30 nucleotides in length, 30preferably about
27 nucleotides), as well as small hairpin RNAs (shRNAs, typically about 29
nucleotides in length). The latter are naturally expressed, as described in
Arriarzouiouial. (FEBS Lett. 579:5974-81 (2005)). ChernIcaily synthetic
siRNAs and shRNAs are substrates for io vivo processing, and In some canes
provide more potent gene-silenclno than shorter designs (Kim at at, Nature
Blotechnot 21222-226 (2005); Sides et al., Nature Siotechnot 23227-231
35(2005)). In general siRNAs provide for transient silencing of gene
expression, because their intrac,ellular concentration Is diluted by
subsequent cell divisions, By contrast, expressed shRNAs mediate long-term,
stable knockdown of target transcripts, for as long as transcription of the
51 shRNA. takes place (Marques eta,, Nature Biotechnot 23:559-565 (2006):
Brurnrnelkarrip et at, Science 296, 550-553 (2002)), Since RNAI molecules,
including siRNA, irifiNA and shRNA, act in a sequence-dependent manner,
variants described herein can be used to design RNAi reagents that
recognize specific nucleic acid molecules comprising specific CriVs,
alleles and/or hapiotypes, while not recognizing nucleic acid molecules not
comprising the CNV, or comprising other alleles or haplotypes. These RNA]
reagents can thus recognize and destroy the target nucleic add molecules.
As with antisense reagents, RNA i reagents can be useful as therapeutic
agents (i.e., for turning off disease-associated genes or
disease-assoclated gene variants), but may also be useful for
characterizing toand validating gene function (e.g., by gene knock-out or
gene knock-down experiments). Delivery of RNAi may he performed by a range
of methodologies known to those skiiied in the art. Methods utilizing
non-viral delivery Include cholesterol, stable nucleic acid-lipid particle
(SNALP), heavy-chain antibody fragment (Fab), aptarners and nanoparticies.
Viral delivery methods include use of lentivirus, adenovirus and
adeno-associated virus. The siRNA molecules 15are in some embodiments
chemically modified to increase their stability. This can Include
modifications at the 2' position of the ribose, Including
2'4D-rnethiipurInes and 2`- fluoropyrimidInes, which provide resistance to
Rnase activity. Other chemical modifications are possible and known to
those skilled in the art. The foliowing references provide a further
summary of RNA}, and possibilities for targeting 20 specific genes using
RNAI: im SL ROW, Nat, Rev. Genet. 6:173-194 (2007), Cher) & Rajewsky, Nat,
Rev. Genet. 8: 93-103 (2007), Reynolds, at at, Nat, i3lotechnol. 22:325-330
(20114), Chi at at, Proc. Nat?, Acad, Sri, USA 100:5343-6345 (2003),
Vickers et at, J. Biol. Chem. 275:7108- 7118 (2003), Agaml, Curr. Opin.
Chem, Biol. 6:329-834(2002), Lavery, et at, Cum Op/n. Drug DISCOV, Dave),
6:561-569 (2003), 9hi, Trends Genet. 19:9-12 (2003), Shuey et at, Drug
Discov, 25Today 7:1040-46 (2002), McManus at at,Nat, ReP, Genet. 3:737-747
(2002), Xla at at, Nat. 



Biotechnoi. 20:1006-10 (2002), Piasterk et at, cum 0-pm. Genet. Dev,
10:5612-7 (2000), Basher at at, Nat. Cell Blot 2:531-6 (2000), and Hunter,
Curt; Biol. 9:R440-442 (1999). A genetic defect leading to increased
predisposition or risk for development of disease, including schizophrenia,
or a defect causing the disease, may be corrected permanently by
30administering to a subject carrying the defect a nudelc add fragment that
incorporates a repair sequence that supplies the normal/wad-type
nucleotIde(s) at the site of the genetic defect, Such site-specific repair
sequence may concompass an RNA/DNA oligonucirsolide that operates to
promote endogenous repair of a subjects genornic DNA. The administration of
the repair sequence may be performed by an appropriate vehicle, such as a
complex with polyethelenimine, encapsulated in anionic lipospines, a viral
vector such as an adenovIrus vector, or other pharmaceutical compositions
suitable for promoting intracelluiar uptake of the adrninstered nucleic
acid. The genetic defect may then be overcome, since the chimeric
oligonucleotides Induce the incorporation of the normal sequence into the
genome 01 the subject,  52 leading to expression of the normapyvild -type
gene product. The replacement is propagated, thus rendering a permanent
repair and aileviation of the symptoms associated with the disease or
condition. The present invention provides methods for identifying compounds
or agents that can be used to 5treat schizophrenia. Thus, the CNVs of the
invention are useful as targets for theidentification and/or development of
therapeutic agents. In certain embodiments, such methods include assaying
the ability of an agent or compound to modulate the activity and/or
expression of a nuclelo acid that is associated with at least one CNV
described herein, or the encoded product of the nucleic acid, This in turn
can be used to Identify agents or compounds that inhibit or alter 10the
undesired activity or expression of the encoded nucleic add product. Assays
for performing such experiments can be performed In cell-based systems or
in ceil-free systems, as known to the skilled person. Cell-based systems
include cells naturally expressing the nucleic add molecules of interest,
or recombinant cells; that have been genetically modified so as to express
a certain desired nucleic acid molecule. isVariant gene expression in a
patient can be assessed by expression of a variant-containing nucleic acid
sequence (for example, a gene containing at :east one variant of the
present invention, which can be transcribed Into RNA containing the at
least one variant, and In turn translated into protein), or by aitered
expression of a normal/wild-type nucleic acid sequence due to variants
affecting the level or pattern of expression of the normal transcripts, for
example 20variants In the regulatory or control region of the gene. Assays
for gene expression include direct nucleic acid assays (ITIRNA), assays for
expressed protein levels, or assays of collateral compounds involved in a
pathway, for example a signal pathway, Furthermore, the expression of genes
that are up- or Ciown-reguiated in response to the signal pathway can also
be assayed. One embodiment includes operably linking a reporter gene, such
as luciferase, to the regulatory 25region of the gene(s) of interest,
Moduiators of gene expression can in one embodiment be identified when a
cell Is contacted with a candidate compound or agent, and the expression of
mRNA is determined. The expression level of mitNA In the presence of the
candidate compound or agent is compared to the expression level In the
absence of the compound or agent. Based on this comparison, candidate
30compounds or agents for treating schizophrenia can be Identified as those
modulating the gene expression of the variant gene. When expression of
rnRNA or the encoded protein is statIstically significantly greater in the
presence of the candidate compound or agent than in Its absence, then the
candidate compound or agent Is identified as a stimulator or up-regulator
of expression of the nucleic add. When nucleic acid expression or protein
level Is statisticaily significantly less asin the presence of the
candidate compound or agent than in its absence, then the candidate
compound is identified as an inhibitor or down-regulator of the nucleic
acid expression.  53 



The invention further provides methods of treatment using a compound
identified through drug (compound and/or agent) screening as a gene
modulator (Le. Stimulator and/or inhibitor of gene expression). 5 Methods
of assessing probability of response to therapeutic agents, methods of
monitoring progress of treatment and methods of treatment Currently,
treatment options for schizophrenia include (i) medication, (II)
psychological and SOCial Intervention and (ill) other therapies,
Medication: The most common medication is antipsychotic medication, which
mainly serves to ioreduce positive symptoms of the disease. Antipsychatic
medications Include Chlorprarnzine (Largactil, Thorazine), Fluphenzine
(Prollxin)" HaioperidolSerenace), Molindone" Thiothixerie (Nevane),
Thioridzine, (Meliarii), Trlfluoderazine (Stelazine), Lcocapirie
(Lcocapart,             Perpherazine, Prochlorperazine (Compazine"
Buocastem, Sternetii), Pirresz4e (Orap) and ZuclopenthIstoi (Clopisoi). The
newer atypical antsychotic drugs are usually preferred for 15initial
treatment since they are often better tolerated and associated with lower
rates of tardive dyskinesia, although they are more likely to induce weight
gain and obesity-related diseases, Atypical antipsychotic drugs include
clozapine (Clozarli), risperidone (RIspercial), Olanzapine (Zyprema),
Quetiapina (Seroquel), Zipra.sidone (Geodo,n), Aripiprazole (Abiiify),
Paiiperidone (invega), Asenapine, lioperidone (Zomarli), Sertindole
(Seriect), Zotepine, Amisuipide, 20Blfeprunoit, Melperone. Response of
symptoms to medication is variable; "Treatment-resistant schizophrenia" Is
a terrn used for the failure of symptoms to respond satisfactorily to at
least two different antipsychotics. Patients in this category may be
prescribed clocapIne a medication of superior effectiveness but several
potentially lethal side effects including agranolocytosis and myocarditis.
Psychological and soda! Interventions: Psychoterapy Is widely recommended
and used in the treatment of schizophrenia, although services may often be
confined to pharnriacotherapy because of reimbursement problems or lack of
training. C.:oonitive behavioral therapy (CST) is used to reduce symptoms
and improve rated issues such as self-esteem, soda! functioning, 5and
insight. Although the results of early trlais were inconclusive, more
recent reviews suggest that CBT can be an effective treatment for the
psychotic symptoms of schizophrenia, Another approach is cognitive
remedlation therapy, a technique aimed at remediating the neurr:cogniltive
deficits sometimes present in schizophrenia, Based on techniques of
neuropsychologicat rehabilitation, early evidence has shown it to be
cognitively effective, with some improvements 10related to measurable
changes in brain activation as measured by functionai MRI.A similar
approach known as cognitive enhancement therapy, which focuses on social
cognition as well as neurocognition, has shown efficacy.  Family Therapy or
Education, which addresses the whole family system of as individual with a
diagnosis of schizophrenia, has been consistently found to be beneficial,
at least if the duration  15 of intervention is longer-term. Aside from
therapy, the Impact of schizophrenia on families and the burden on carers
has been recodnized, with the increasing availability of self-help hooks on
the subject. There Is also some evidence for benefits from SOCi3i skills
training, although there  have also been significant negative findings,
Some studies have explored the possible benefits of music therapy and other
creative therapies. 20The Soteria mode! is alternative to inpatient
hospital treatment using a minimal medication approach. It Is described as
a milieu-therapeutic recovery method, characterized by Its founder as the
24 hour a day application of interpersonal phenornenologic Interventions by
a 



nonprofessional staff, usually without neuroleptic drug treatment, In the
context of a small, horneilke, quiet, supportive, protective, and tolerant
social environment". Although research evidence Is limited, a 2008
systematic review found the programme equally as effective as treatment
with medication in people diagnosed with first and second episode
schizophrenia. Other treatment options: Electroconvulsive therapy is not
considered a first The treatment but may he prescribed in cases where other
treatments have failed. It is more effective where symptoms of catatonia
are present, and is recommended for use under NICE guidelines in the UK
30for catatonia if previously effective, though there is no recommendation
for use for schizophrenia otherwise. Psychosurgery has now become a rare
procedure and is not a recommended treatment for schizophrenia, in one
aspect of the invention, the patient's earner status of any of the CNV risk
variants described herein (or surrogate markers in LD with any one of the
CNVs) Is used to help determine whether a particular treatment modality for
schizophrenia, such as any one of the above, or a combination thereof,
should be administered. The value lies within the possibilities of being
able to diagnose the disease at an early stage, and to select the most
appropriate treatment at the earlies possible time point, so as to maximize
the likelihood of positive response to the particular therapy.  55 The
present Invention also relates to methods of monitoring progress or
effectiveness of a treatment option for schizophrenia. The treatment option
may include any of the above-mentioned treatment options commonly used.
This can be done based on the outcome of determination of the presence of a
particular CNV risk variant in the sdividuai, or a genetic 5marker in ID
with the CNV, or by monitoring expression of genes that are associated with
the variants (CMVs, or markers and haplotypes in LD therewith) of the
present invention. The risk gene rnIZNA or the encoded polypeptide can be
measured in a tissue sample (e.g.: a peripheral blood sample, or a biopsy
sample). Expression evel.s; and/or rnANA levels car, thus be determined
before and during treatment to monitor its effectiveness. Alternatively, or
seconcornitandy, the status with respect to a CNV, and or genotype and/or
hapiotype status of at least one risk variant for schizophrenia presented
herein is determined before and during treatment to monitor its
effectiveness. Alternatively, biological networks or metaboiic pathways
related to the genes within, Cr associated with, the CNVs described herein
can be monitored by determining rriRNA and/or . 15polypeptide levels. This
can be done for example, by monitoring expression levels or polypeptldes
for several genes belonging to the network and/or pathway, in samples taken
before and during treatment. Alternatively, metabolites beionging to the
biological network or metabolic pathway can be determined before and during
treatment. Effectiveness of the treatment is determined by comparing
observed changes in expression ievelsimetaboilte levels 20during treatment
to corresponding data from heaithy subjects. In a further aspect, the CNVs
described herein, or markers in ID therewith, can be used to Increase power
and effectiveness of clinical trials. Thus, Individuals who are carriers of
at least One at-risk CNV or a surrogate marke for the CNV may be more
likely to respond to a particular treatment modality for schizophrenia. In
one embodiment, individuals who carry at-risk variants 25for gene(s) In a
pathway and/or metabolic network for which a particular treatment (e.g.,
small molecule drug) is targeting, are more likely to be responders to the
treatment. In another embodiment, individuals who carry at-risk variants
for a gene, which expression and/or function Is altered by the at-risk
variant, are more likely to be responders to a treatment modality targeting
that gene, its expression or its gene product. This application can Improve
the safety 30of cilnical trials, but can also enhance the chance that a
clinical trial will demonstrate statistically significant efficacy, which
may be limited to a certain sub-group of the population; Thug, one possible
outcome of such a trial Is that carriers of certain genetic variants, e.g.,
the markers and haplotypes of the present invention, are statistically
significandy likely to show positive response to the therapeutic agent,
i.e. experience alleviation of symptoms associated with schizophrenia
35when taking the therapeutic agent or drug as prescrioed. In a further
aspect, the CAVs described herein can be used for targeting the selection
of pharmaceutical agents for specific individuals. The pharmaceutical agent
can he any of the agents described in the above (e.g., any of the typical
and/or atypical antipsychotic medication described In the above).
Personalized selection of treatment modaiities, lifestyle changes or  



56 combination of the two, can be realized by the utilization of the
at-risk CfkArs or surrogate markers in LD with the CNVs. Thus, the
knowledge of an individual's status for particular Otis can be useful for
seiection of treatment options, for example for treatments that target
genes or gene products affected by one or more of the CNVs. Certain
combinations of variants, including 5those described herein, but also
combinations with other risk variants for schizophrenia, may be suitable
for one selection of treatment options, while other variant combinations
may target other treatment options. Soon combinations of variants may
Include one variant, two variants, three variants, or four or more
variants, as needed to determine with clinically reliable accuracy the
selection of treatment module. IC computer-implemented aspects The CNVs
shown herein to be associated with Increased susceptibility (e.g.,
Increased risk) of schizophrenia are In certain embodiments uselti: for
interpretation and/or analysis of genotype data. Thus in certain
embodiments, an identification of an at-risk allele for schizophrenia, as
L5shown herein, or an allele at a polymorphic marker in LD with any one or
the markers shown herein to be associated with schizophrenia, is indicative
of the individual from whom the genotype data originates is at Increased
risk of schizophrenia. In one such embodiment, genotype data is generated
For at CNV shown herein to be associated with risk of schizophrenia, or at
:east one polymorphic marker in I.0 with the CNV. The genotype data can be
subsequently  20 made available to a third person, for exarnpie the
individual from whom the data originates, or a representative or guardian
of the individual, a genotype service provider, a medical professional such
as a mediai doctor, a genetic counselor, an insurance provider, etc., for
example via a user interface assessable over the Internet, together with an
Interpretation of the genotype data, e,g., In the form of a risk measure
(such as an absolute risk (AR), risk ratio (RR) or odds ration (OR)) 25for
the disease (e.g., schizophrenia). In another embodiment, at-risk variants
(anis or markers in ID therewith) Identified In a genotype dataset derived
from an Individual are assessed and results from the assessment of the risk
conferred by the presence of such at-risk varlaFis in the dateset are made
available, far example via a secure web interface, or by other
communication means. The results of such risk assessment can be reported in
numeric form (a.g" by risk 30vaiues, such as absolute risk, relative risk,
and/or an odds ratio, or by a percentage increase in risk compared with 3
reference), by graphical means, or by other means suitabie to Illustrate
the risk to the individual from whom the genotype data :5 derived. As
understood by those of ordinary skill in the art., the methods and
Information described herein (CNV association with schizophrenia) may he
implemented, in all or in part, as computer 35executable instructions on
known computer readable media. For example; the methods descrbed herein may
be implemented in hardware, Aiternativeiy, the method may be Implemented in
software stored in, or example, one or more memories or other computer
readable medium and implemented on one or more processors. As is known, the
processors  57 may be associated with one or more controiiers, calculation
units and/or other units of a computer system, or implanted in Firmware as
desired. If implemented In software, the routines may be stored In any
computer readable memory such as In RAM, ROM, flash memory, 3 magnetic
disk, a laser disk, or other storage medium, as is 5150 known. Likewise,
this software may be delivered to a computing device via any known delivery
method including, for example, over a communication channel such as a
telephone line, the Internet, a wireless connection, etc., or via a
transportable medium, such as a computer readable disk, flash drive, etc.
More generally, and as understood by those of ordinary skill in the art,
the various steps described above may be implemented as various blocks,
operations, tools, modules and totechniques which, in turn, may be
Implemented in hardware, firmware, software, or any combination of
hardware, firmware, and/or software. When Implemented In hardware, some or
all or the blocks, operations, techniques, etc. may be implemented in, for
example, a custom integrated circuit (IC), an application specific
integrated circuit (ASIC), a field programmable logic array (FPGA), a
programmable logic array (PLA), etc. 



ISWhen Implemented in software, the software may he stored in any known
computer readable medium such as on a magnetic disk, an optical disk, or
other storage medium, in a RAM or ROM or flash memory of a computer,
processor, hard disk drive, optical disk drive, tape orive, etc. Likewise,
the software may be deiivered to a user or a computing system via any known
delivery method Including, for example, on 3 computer readable disk or
other transportable computer 20storage mechanism. Fig, 8 iliustrates an
example of a suitable computing system environment 100 on which a system
for the steps of the claimed method and apparatus may be implemented. The
computing system environment 100 is only one example of a suitable
computing environment and is not intended to suggest any limitation as to
the scope of use or functionality of the method or apparatus of 25the
claims. Neither should the computing environment 100 be interpreted as
having any dependency or requirement relating to any one or combination of
components illustrated in the exemplary operating environment 100. The
steps of the claimed method and system are operational with numerous other
general purpose or special purpose computing system environments or
configurations. Examples cif well 30known computing systems, environments,
and/or configurations that may be suitable for use with the methods or
system of the claims include, but are not limited to, personal computers,
server computers, hand-held or laptop devices, multiprocessor systems,
microprocessor-based systems, set top boxes, programmable consumer
electronics, network PCs, minicomputers, mainframe computers, distributed
computing environments that include any of the above issystems or devices,
and the like. The steps of the claimed method and system may be described
in the general context of computer-executebie Instructions, such as program
modules, being executed by a computer,   Generally, program modules include
routines, programs, objects, components, data structures, etc. that perform
particular tasks or implement particular abstract data types. The methods
and apparatus may also he practiced in distributed computing environments
where tasks are performed by remote processing devices that are linked
through a communications network, In 5both integrated and distributed
computing environments; program modules may be located in both local and
remote computer storage media including memory storage devices. With
reference to Fig, 8, an ex.erriolary system for implementing the steps of
the claimed method and system includes a general purpose computing device
in the fonin of a computer 110. Components of computer 110 may include, but
are not limited to, a processing unit 120, a 10system memory 130, and a
system bus 121 that couples various system components including the system
memory to the processing unit 120. The system bus 121 may be any of several
types of bus structures Including a memory bus or memory controlier, a
peripheral bus, and a local bus using any of a variety of bus
architectures. By way of example, and not limitation, such architectures
include Industry Standard Architecture (ISA) bus, Micro Channel
Architecture 15(MCA) bus, Enhanced ISA (EISA) bus, Video Electronics
Standards Association (VESA) lee& bus, and Pedpneral Component Interconnect
(CI) bus also known as Mezzanine bus. Computer 110 typically includes a
variety of computer readable media. Computer readable media can be any
available media that can be accessed by computer 110 and includes both
volatile and nonvolatile media, removable anti non-removable media, Cy way
of example, and 20not limitation, computer readable media may comprise
computer storage media and communication media. Computer storage media
includes both volatile and nonvoiatile, removable and non-removable media
implemented in any method or technology for storage of information such as
computer readable instructions, data structures, program modules or other
data. Computer storage media includes, but is not limited to, RAM, ROM,
EEPROM, flash memory or other merhory technology, CD-ROM, digital versatile
disks (OW) or other optical disk storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage devices, or any other
medium which can be used to store the desired Information and which can
accessed by computer 110. Communication media typically embodies computer
readable Instructions, date structures, program modules or other data In a
modulated data signal such as 



30  a Carrier wave or other transport mechanism and inciudes any
information delivery media. The term 'modulated data signer" means a signal
that has one or more of its characteristics set or changed in such a manner
as to encode Information in the signal. By way or example, and not
limitation, communication media includes wired media such as a wired
network or direct-wired connection, and wireless media such as acoustic,
RE, infrared and other wireless media. 35Combinations of the any of the
above should also be Included within the scope of computer readable media,
The system inernory 130 includes computer storage media In the form of
volatile and/or nonvolatile memory such as read only memory (ROM) 131 and
random access memory (RAM) 132, A basic Input/output system 133 (BIOS),
containing the basic routines that help to transfer  5P information between
elements within comouter 110, such as during start-up; Is typicafiy stored
In ROM 131, RAM 132 typically contains data and/or proeram modules that are
immediately accessible to and/or presently being operated on by processing
unit 120. By way of example, and not limitation, Fig. 3 Illustrates
operating system 134, application prodrarris 135, other program moduies
136, and program data 137. The computer 110 may also include other
removable/non-removable, volatilelnonvolatile computer storage media. By
way of example only, Fig, 3 illustrates a hard disk drive 140 that reads
from or writes to non-removable, nonvoiathe magnetic media, a magnetic disk
drive 151 that reads from or writes to a removable, nonvolatile magnetic
disk 152, and an optical disk 10 drive 155 that reads from or writes to a
removable, nonvolatile optical disk 156 such as a CD ROM or other optical
media. Other removable/non-removable, volatiiejnonvoiatile computer storage
media that can be used in the exemplary operating environment include, but
are not limited to, magnetic tape cassettes, flesh memory cards, dtal
versatile disks, digital video tape, solid state RAM, solid state ROM, and
the like, The hard disk drive 141 is typically Isconnected to the system
bus 121 through a non-removabie memory interface such as interface 140, and
magnetic disk drive 151 and optical disk drive 155 are typically connected
to the system bus 121 by a removable memory interface, such as Interface
150. The drives and their associated computer storage media discussed above
and illustrated in Fig. 8, provide storage of computer readable
instructions, data structures, program modules and daother data for the
computer 110. In Fig. 8, for example, hard disk drive 141 is illustrated as
storing operating system 144, application programs 145, other program
modules 146, and program data 147. Note that these components can either be
the same as or different from operating system 134, application programs
135, other program modules 136, and program data 137. Operating system 144,
application programs 145, other program modules 146, and 25program data 147
are given different numbers here to illustrate that, at a minimum, they are
different copies. A user may enter commands and information into the
computer 20 through Input devices such as a keyboard 162 and pointing
device 161, commonly referred to as a mouse, trackball or touch pad. Other
Input devices (not shown) may include a microphone, joystick, game pad,
satellite dish, scanner, or the like. These and other input devices are
often 30connected to the processing unit 120 through a user input Interface
160 that is coupled to the system bus, but may he connected by other
interface and bus structures, such as a parallel port, game port or a
universal serial bus (1160). A monitor 191 or other type of display device
is also connected to the system bus 121 via an Interface, such as a video
interface 190, In addition to the monitor, computers may also Irodude other
peripheral output devices such as speakers 197 35and printer 196, which may
be connected through an output peripheral interface 190. The computer 110
may operate in a networked environment using logical connections to one or
more remote computers, such as a remote computer 180. The remote computer
180 may be a personal computer, a server, a router, a network PC, a peer
device or other common network node, and typically inciudes many or all of
the elements described above relative to the 



60 computer 110, although only a memory storage device 181 has been
illustrated In Fig, a, The logicai connections depicted in Fig, 8 include a
local area network (LAN) 171 and a wide area network (WAN) 173, but may
also include other networks, Such networking environments are commonplace
In offices, enterprise-wide computer networks, intranets end the Internet.
5When used in a LAN networkino environment, the computer 110 is connected
to the LAN 171 through a network interface or adapter 170. When used in a
WAN networking environment, the computer 110 typically includes a modem 172
or other means for establishing communications over the WAN 173, such as
the Internet. The modern 172, which may be Internal or external, may be
connected to the system bus 121 Wa the user input interface 160, or other
appropriate 10mechanism. In a networked environment, program modules
depicted relative to the computer 110, or portions thereof, may be stored
in the remote memory storage device. By way of example, and not limitation,
Fig, 8 illustrates remote application programs 185 as residing on memory
device 151. It efiP be appreciated that the network connections shown are
exemplary and other means of establishing a communications link between the
computers may be used. isAlthough the forgoing text sets forth a detailed
description of numerous different embodiments of the Invention, it should
be understood that the scope of the invention is defined by the words of
the claims set forth at the end of this patent. The detailed description is
to be construed as exemplary only and does not describe every possibly
embodiment of the invention because describing every possible embodiment
would be impractical, If not impossible. Numerous aoalternative embodiments
could be implemented, using either current technology or technology
developed after the filing date of this patent, which would still fall
within the scope of the claims defining the invention. While the risk
evaluation system and method, and other elements, have been described as
preferably being Implemented in software, they may be implemented in
hardware, firmware, 25etc., and may be implemented by any other pro-c-sor.
Thus, the etrnents described herein may be implemented In a standard
multl-purpose CPU or on specifically designed hardware or firmware such as
an application-specific integrated circuit (ASIC) or other hard-wired
device as desired, including, but not limited to, the oomputer 110 of Fig,
8. When implemented in software, the software routine may be stored In any
computer readable memory such as on a semagnetic disk, a laser disk, or
other storage medium, in a RAM or ROM of a computer or processor, in any
database, etc. Likewise, this software may be delivered to a user or a
diagnostic system via any known or desired delivery method Including, for
example, on a computer readable disk or other transportable computer
storage mechanism or over a communication channel such as a telephone line,
the internet, wireless communication, etc. 35(which are viewed as being the
same as or interchangeable with providing such software via a transportable
storage medium), Thus, many modifications and variations may be made in the
techniques and structures described and liiustrated herein without
departing from the spirit and scope or the present  Invention. Accordingly,
it should be understood that the methods and apparatus described herein are
illustrative oniv and are not limiting upon the scope of the Invention.
Nucleic acids and pagypeptides 5The nucleic acids and poly:matt* described
herein can be used in methods and kits of the 



present invention. An "isolated" nucleic acid molecule, as used herein, is
one that is separated from nucleic acids that normally flank the gene or
nucleotide sequence (as in genornIc sequences) and/or has been completely
or partially purified from other transcribed sequences (e.g., as in an RNA
library). For example, an isolated nucleic acid of the Invention can be
10substantially Isolated with respect to the complex cellular riSlieu In
which it naturally occurs, or culture medium when produced by recombinant
techniques, or chemical precursors or other chemicals when chemically
synthesized. In some instances, the isolated material will form part of a
composition (for example, a crude extract containing other substances).,
buffer system or reagent MiX. In other circumstances, the material can be
purified to essential homogeneity, for isexample as determined by
polyacrylamide gel electrophoresis (PAGE) or column chromatography (e.g.,
HPLC). An Isolated nucleic acid molecule of the invention can comprise at
least about 50%, at least about 80% or at least about 90% Con a molar
basis) of all macromolecular species present. With regard to genornic DNA,
the term "Isolated" &so can refer to nucleic acid molecules that are
separated from the chromosome with which the genorric DNA Is naturally  20
associated, For example, the isolated nucleic add molecule can contain less
than about 250 kb, 200 kb, 150 kb, 100 kb, 75 kb, 50 kb, 25 kb, 10 kb, 5
kb, 4 kb, 3 kb, 2 kb, 1 kb, U.S kb or 0.1 kb of the nucleotides that flank
the nucleic acid molecule In the genornic DNA of the cell from which the
nucleic acid molecule is derived. The nucleic acid molecule can be fused to
other coding or regulatory sequences and still be 25considered isolated.
Thus, recombinant DNA contains In a vector is Included in the definition of
"isolated' as used herein. Also, Isolated nucleic acid molecules include
recombinant DNA molecules in heterologous host cells or heteroiogous
organisms, as well as partially or substantially purified DNA molecules in
solution. 'Isolated" nucleic acid molecuies also encompass in vivo and in
vitro RNA transcripts of the DNA molecules of the present irWentIOCI, 30An
isolated nucleic add molecule or nucleotide sequence can include a nucleic
acid molecule or nucleotide sequence that Is synthesized chemically or by
recombinant means. Such Isolated nucleotide sequences are useful, for
example, In the manufacture of the encoded polypeptide, as probes for
isolating homologous sequences (e.g., from other mammalian species), for
gene mapping (e.g., by situ hybridization with chromosomes), or for
detecting expression of the gene In tissue (e.g., human tissue), such as by
Northern blot analysis or other hybridization techniques.  The invention
aiso pertains to nucleic acid motectiles that hybridize under high
strinoency hybridization conditions, such as for selective hybridization,
to a nucieotide sequence described herein (e.g., nucleic add molecules that
specifically hybridize to 3 nucleotide sequence containing a polymorphic
site associated with a marker or haplotype described herein). Such 5nucleic
acid molecules can be detected and/or Isolated by allele- or
sequence-specific hybridization (e.g., under high stringency conditions).
Stringency conditions and methods for nucleic acid hybridizations are well
known to the skilled person (see, e.g., Current Protocols in Molecular
Biology, Ausubei, F. eta!, John Misty & Sons, (1993), and Kra-us, M. and
Aaronson, S., Methods Enzymot, 200;545-555 (1991), the entire teachings of
which are incorporated by 10reference herein. The percent identity of two
nucleotide or amino acid sequences car be determined by aiigning the
sequences for optimal comparison purposes (e.o., gaps can be Introduced in
the sequence of a first sequence), The nucleotides or amino adds at
corresponding positions are then compared, and the percent identity between
the two sequences Is a function of the number of identical ISpositions
shared by the sequences (I.e., % identity# of identical positions/total *
of positions x 100). In certain embodiments, the length of a sequence
aligned for comparison purposes Is at least 30%, at Mast 40%, at least 50%,
at least 60%, at least 70%, at least 80%, at least 90%, or at least 95%, of
the length of the reference sequence. The actual comparison of the two
sequences can be accompiished by well-known methods, for exam-pie, using a
mathematical 20algorithm. A non-limiting example of such a mathematical
algorithm is described in Kerlin, S. and Altschul, S., Proc. Matt Aced. Sot
USA! 90:5873-5377 (1993). Such an algorithm is incorporated Into the
NEILAST and XBLAST programs (version 2.0), as described in Altschul, S. et
et, Nucfek Acids Res., 25:3389-3402 (1997). When utilizing MAST and Gapped
BLAST programs, the defauit parameters of the respective programs (e.g.,
138LAST) can be used. See 



25the website on the world wide web at ncbLnitr.nih.gov. In one embodiment,
parameters for sequence comparison can be set at scores-100, wordiengths12,
or can be varied (e.g., W-5 or W-20). Another example of an algorithm Is
FMAT (Kent, W.J. Genome Res. 1Z:65-64 (2002)), Other examples Include the
algorithm of Myers and Miller, CABIOS (1989), ADVANCE and ADAM as described
in Torellls, A. and Rabat:, C., Comput. Appi. BicscL 10:3-5 (1994); and
FASTA 30described In Pearson, W, and Lipman, D" Proc. Nati. Acad. Sc!. USA,
85:2444-48 (1984 In another embodiment, the percent Identity between two
amino acid sequences can be accomplished using the GAP program in the GCG
software package (Acceirys, Cambridge, UK). The present Invention also
provides isolated nucleic acid molecules that contain 13 fragment or
portion that hybridizes under hicanly stringent conditions to a nucleic
acid that comprises, or 35consists of, the nucleotide sequence of the
chromosome 421.1 deletion, the chromosome 5q35.2 duplication, the
chromosome 150/.2 deletion, the chromosome 15q13.3 deletion or the
chromosome I6p13.t duplication, or a nucleotide sequence comprising, or
consisting of, the cornp:ernent of the nucleotide sequence of the
chromosome 1q21.1. deletion, the chromosome 5q35,2 duplication, the
chromosomel5q11.2 deletion, the chromosome 151113.3 detetion or the  63
chromosome 16p1301 duplication, wherein the nucleotide sequence comprises
at least one polymorphic allele contained in the markers and haplotypes
described herein. The nucleic add fragments of the Invention are at least
about 15, at least about 18, 20, 23 or 25 nucleotides, and can be 30, 40,
50, 100, 200, 500, 1000, 10,000 or more nucleotides in length. The nucleic
add fragments of the Invention are used as probes or primers in assays such
as those described herein. "Probes" or "primer? are oligonocleotides that
hybridize in a base-- specific manner to a complementary strand of a
nucleic acid molecule. In addition to DNA and RNA, such probes and primers
Include polypeptide nucleic acids (PNA), as described in Nielsen, P. et at,
Science 254:14924500 (1991). A probe or primer comprises a region of
nucleotide to sequence chat hybridizes to at least about 15, typicaiiy
about 2025,- and in certain embodiments about 40, 50 or 750 consecutive
nucleotides of a nucleic add molecule. In one embodiment, the probe or
primer comprises at least one ailele of at least one polymorphic marker or
at least one hapiotype described herein, or the complement thereof, In
particular embodiments, a probe or primer can comprise 100 or fewer
me..ieotides; for example, in certain embodiments from 6 to 50
15nucleotides, or, for example, from 12 to 30 nucleotides. In other
embodiments, the probe or primer is at least 70% identical, at least 80%
identical, at least 85% Identical, at least 90% identical, or at least 95%
identical, to the contiguous nucleotide sequence or to the complement of
the contiguous nucleotide sequence. In another embodiment, the probe or
primer is capable of selectively hybridizing to the contiguous nucleotide
sequence or to the complement of the 20contiguous nucleotide sequence.
Often, the probe or primer further comprises a label, e.g., a radioisotope,
a fluorescent label, an enzyme labei, an enzyme co-factor label, a magnetic
label, a spin label, an epitope label. The nucleic acid molecules of the
invention, such as those described above, can be Identified and isolated
using standard molecular biology techniques well known to the skilled
person, The 25amplified DNA can be labeled (e.g., radiolabeled,
fitiorescentiy labeled) and used as a probe for screening a cDNA library
derived from human cells. The cDNA can be derived from rtiRNA and contained
In a suitable vector. Corresponding clones can be isolated, DNA obtained
following in vivo excision, and the cloned insert can be sequenced in
either or both orientations by art -recognized methods to Identify the
correct reading frame encoding a polypeptide of the 



30appropriate molecular weight. Using these or similar methods, the
poiypeptIde ant: the DNA encoding the polypeptide can be isolated,
sequenced and further characterized. Antibodies Potyclonal antibodies
entijor monoclonal antibodies that specifically bind one form of the gene
15product but not to the other form of the gene product are also provided.
Antibodies are also provided which bind a portion of either the variant or
the reference gene product that contains the polymorphic site or sites. The
term "antibody" as used herein refers to immunogiodulin  moiecules and
immunologicaiiy active portions of imrntinoglobulin molecules,
ritiolecule.s that contain antigen-binding sites that specifically bind an
antigen, A molecule that specifically binds to a polypeptide of the
Invention Is a rnolecuie that binds to that nolypeptide or a fragment
thereof, but does not substantially bind other molecules in a sample, esp.,
a biological sample, 5which naturally contains the polypeptide, Examples of
irnmunolooically active portions of Immuncelobulln molecules include F(ab)
and Fcab')2 fragments which can be generated by treating the antibody with
an enzyme such as pepsin. The invention provides polyclonal and monoclonal
antibodies that bind to a porypeptide of the invention. The term
"monoclonal antibody" or 'monoclonal antibody composition'', as used
herein, refers to a population of antibody molecules that contain only one
species of an antigen binding site capable of imrnunoreacting with a
particular epitope of a polypeptIde of the invention. A monoclonal antibody
composition thus typically displays a single binning affinity for a
particular polypeptide of the Invention with which it irminunoreacts.
Pdyclonal antibodies can be prepared as described above by Immunizing a
suitable subject with 15a desired Irrimunogen, e.g., polypeptide of the
invention or a fragment thereof, The antibody titer in the Immunized
subject can be monitored over time by standard techniques, such as with an
enzyme /inked immunosorbent assay (ELSA) using immobilized poiypeptide. If
desired, the antibody molecules directed against the potypeptide can be
isolated from the roarnmai (e.g., from the blood) and further purified by
well-known techniques, such as protein A 20chromatography to obtain the IgG
fraction. At an appropriate time after immunization, e,g, when the antibody
titers are highest, antibody-producing cells can be obtained from the
subject and used to prepare monoclonai antibodies by standard techniques,
such as the hybridorna technique originally described by KoNer and
Miisteln, Nature 256:495-497 (1975), the human B cell hybridorna technique
(Kozbor at at, Irornunol, Today 41 72 (1983)), the EBV-hybridorna
25technique (Cole at at, Monoclonal Antibodies and Cancer Therapy, Alan R.
Liss:1985, Inc., pp. 77-96) or triorria techniques. The technology for
producing hybridornas is well known (see generally Current Protocols in
linmunorocsy (1994) Congan at at, (ads ) Ionn Wiley & Sons, Inc., New York,
NY). Briefly, an Immortal cell line (typicaiiy a myeliorna) Is fused to
lymphocytes (typically splenocytes) from a mammal immunized with an
immunogen as described above, and 30the culture supernatants cif the
resulting hybridoma cells are screened to identify a hybridorna 



producing a monoclonal antibody that binds a polypeptide or the Invention,
Any of the many well known protocols used for fusing lymphocytes and
immortalized cell iines can be applied for the purpose of generating a
monoclonal antibody to a polypeptide of the invention (see, e.g., current
Protocols In Immunology,. supra; Gelfre at at, Nature 266:55052 35(1977);
R,H. Kenneth, In Monoclonal Antibodies: A New Dimension In Biological
Analyses, Plenum Publishing Corp., New York, New York (1980); and Lamer,
Yale Biol. MS. 54;387-402 (1981)), Moreover, the ordinarily skilled worker
will appreciate that there are many variations of such methods that also
wouid be useful.  65 Alternative to preparing monoclonal antibody-secreting
hybridomas, a monoclonal antibody to a palypepticie of the Invention can be
Identified and isolated by screening a recombinant combinatorial
immunoglobulin library (e.g., an antibody pnage display library) with the
polygeptide to thereby isolate irnmunogiohulin library members that bind
the polypeptide. Kits 5for generating and screening phage display libraries
are commercially available (e.g., the Pharmacia Recombinant Phoge Antibody
System, Catalog No. 27-940-01; and the Stratagene SUrIZAPTM Phage Display
Kit, Catalog No. 240612). Additionaily, ekamples at methods and reagents
particularly amenable for use in generating and screening antibody display
library can be found in, for example, U.S. Patent No. 5,223,409; PCT
Publication No. WO 92/18619; PC 10Pubiication No. WO 91/17271; PCT
Publication No, WO 92/20791; PC Publication No. WO 92/15679; PC Publication
No. WO 93/01288; PCT Publication No. WO 92/01047; PCT Pubiication No. WO
92/09690; PCT Publication No. WO 90/02809; Fuchs et at BiolTechnotogy 9:
1370-1372 (1991); Hay eta?., Hum. Antibod, Hybridomas 3:81-8S (1992); Huse
et at, Science 246: 127S-1281 (1989); and Griffiths et at, Ei480 J.
12725-734 (t993), 15Additionally, rea)mblnant and bodies, such as chimeric
and humanized monoclonal antibodies, comprising both human and non-human
portions, which can be made 1/5IF3g standard recombinant DNA techniques,
are within the scope of the Invention. Sut,h chimeric and humanized
monoclonal antibodies can be produced by recombinant DNA techniques known
in the art. 20In general, antibodies of the invention (e.g., a monoclonal
antibody) can be used to isolate a poiypeptitle of the Invention by
standard techniques, such as affinity chromatography or
Immunoprecipitation, A poiypeptide-specific antibody can facilitate the
purification of natural polypeptide from cells and of recombinantly
produced polypeptide expressed in host cells. Moreover, an antibody
specific for a polypeptide of the invention can be used to detect the
25polypeptide (e.g., in a cellular ysate, cell supernatant, or tissue
sample) in order to evaluate the abundance and pattern of expression of the
polypeptide. Antibodies can be used diagnostically to monitor protein
levels In tissue as part of a clinical testing procedure, e.g., to, for
example, determine the efficacy of a given treatment regimen. The antibody
can be coupled to a detectable substance to facliitate Its detection.
Examples of detectable substances inciude 30yarlous enzymes, prosthetic
groups, fluorescent materials, luminescent materials, bioluminescent
materials, and radioactive materials. Examples of suitabie enzymes include
horseradish peroxidese, alkaline phosphatase, befa-galactosidase, or
acetylcholinesterase; examples of suitable prosthetic group complexes
include streptavldin/blotin and avidin/biotin; examples of suitable
fluorescent materials Include umbeiliferetie, fluorescein; fluorescein
isothiocyanate, rhodarnine, dIchlorotriazinylamine fluorescein, ciansyl
chloride or phycoetythrin; an example of a luminescent material includes
lurninol; examples of bloiuminescent materials inciude luciferase,
itictferin, and aeguorin, and examples of suitable radioactive materiai
inc,iude krtie i7xi? nisiH.  



66  Antibodies may also be useful in pharmacogenomic analysis. In such
embodiments, antibodies against variant proteins encoded by nucleic acids
according to the invention, such as variant proteins that are encoded by
nucleic acids that contain at least one poiyrnorpfc marker of the
Invention, can be used to identify Individuals that require modified
treatment modalities, Antibodies can furthermore he useful for assessing
expression of variant proteins in disease states, sucn as in active, stages
of a disease, or in an individual with a predisposition to a disease
related to the function of the protein, in particular schizophrenia,
Antibodies specific for a variant protein of the present invention that is
encoded by a nucleic acid that comprises at feast one polymorphic marker or
hapiotype as described herein can be used to screen for the presence 10of
the variant protein, for example to screen for a predisposition to
schizophrenia as indicated by the presence of the variant protein.
Antibodies can be used in other methods. Thus, antibodies are useful as
diaonostic totals for evaluating proteins, such as variant proteins of the
invention, in conjunction with analysis by electrophoretic mobility,
isoelectrIc point, tryptic or other protease digest, or for use in other
15physical assays known to those skilled in the art. Antibodies may also be
used in tissue typing. In one such embodiment, a specific variant protein
has been correiated with expression in a specific tissue type, and
antibodies specific for the variant protein can then be used to identify
the specific tissue type. Subcollular localization of proteins, including
variant proteins, can aiso be determined using 20antibodies, and can he
applied to assess aberrant subceilular iocarization of the protein In cells
in various tissues. Such use can be applied in genetic testing, but aiso in
monitoring a particular treatment modality. In the case where treatment is
aimed at correcting the expression level or presence of the variant protein
or aberrant tissue distribution or developmental expression of the variant
protein, antibodies specific for the variant protein or fragments thereof
can be used to 25monitor therapeutic efficacy. Antibodies are further
useful for inhibiting variant protein function, for example by blocking the
binding of a variant protein to a binding molecule or partner, Such uses
can also be applied in a therapeutic context in which treatment involves
inhibiting a variant protein's function. An antibody can be for example be
used to block or competitively inhibit binding, thereby
30inoduiatingagonizing or antagonizing) the activity of the protein.
Antibodies can be prepared against specific protein fragments containing
sites reouired for specific function or against an intact protein that is
associated with a cei: or ceil membrane. For administration in vivo, an
antibody may be linked with an additional therapeutic payload, such as
radionuciide, an enzyme, an immunogenic epitope, or a cytotoxic agent,
including bacterial toxins (diphtheria or 35plant toxins, such as ricin).
The in VIVO half-life of an antibody or a fragment thereof may be increased
by pegylation through conjugation to polyethylene glycol,  67 The present
Invention further relates to kits for using antibodies in the methods
described herein. This Includes, but is not limited to, kits for detecting
the presence of a variant protein In a test sample. One preferred
embodiment comprises antibodies such as a abelied or labelable antibody and
a compound or agent for detecting variant proteins In a biological sample,
means 5for determining the amount or the presence end/or absence of variant
protein in the sample, and .means for comparing the amount of variant
protein in the sample with a standard, as well as Instructions for use of
the kit, The present invention wiii now be exemplified by he following
non-ilmiting examples, 



68  EXAMPLE 1. Large recurrent MiCrodeletionS at 1q21,1, 1501.2 and tSql3,3
associated with Schizophrenia Reduced fecundity; associated with severe
mental disorders, places negative selection pressure on risk alleles and
may explain in part why common variants have not been found conferring risk
5of disorders such as autism, schizophrenia and mental retardation. Thus,
rare variants may account for a larger fraction of the overall genetic risk
than previously assumed. In contrast to rare single nucleotide mutations,
rare copy number variations (CN'ils) can be detected using genorne-wide SNP
arrays. This has led to the identification of Mrs associated with mental
retardation end autism, IdThe approach we employed here was to use a large
population-based discovery sample to identify de novo CNVs, followed by
testing for association in a sarnpie of schizitohrerea and psychoses
patients (phase I) and finally replicating the most promising variants from
phase 1 In a second larger sample (phase II). The discovery phase, where we
searched for de rove CNVs, enriches for those regions that mutate most
often. If the Cws identified are In very iow 15frequency in the population
despite relatively high mutation rate (>1/10,000 rneiosis), they are likely
to oe under negative selection pressure. Such variants may confer risk of
disorders that reduce the fecundity of those affected. To uncover de rove
CNVs genome-wide we analyzed data from a population based sample (2460
trios and 5,558 parent offspring pairs, none of which were known to have
schizophrenia, 20Table 1) providing information on 9,876 transmissions. Of
the 66 de novo CNVs identified, 23 were flanked by !ow copy repeats (1.CRs)
and nine additional had a LCR fiankino only one of the deletion
breakpoints. Of the remaining 34 CNVs (not flanked by LCR5), 27 were only
found in a single controi sample (the discovery trio) out of the 33.250
tested whereas 18 out of the 23 bi'Vs flanked by LCRs were round in higher
freouenc:y in the large control sample (Table 2). 25The 66 CNVs were tested
for association In our phase I sampie of 1,433 schizophrenia and related
psychoses patients and 33,250 controls from the SGENE consortium
(http://sgene.etin, all typed at deCODE genetics using the HumanHap300
chip. For eight of the 66 CNVs tested, at least one schizophrenia patient
carded the Cr4V, and for three large deletions, nominal association with
schizophrenia was detected (uncorrected Pi-value < 0.05, Table 3). The
three 30deletions nominally associating with schizophrenia in the first
sample (Table 3) were followed up in as many as six samples consisting in
total of 3,293 cases and 7,951 controls (Table 4). All three deletions, at
1q21.1, 15q11.2 and 15q13.3, significantly associate with schizophrenia and
psychosis in the combined sample (1),=2,9x Mrs; OR 14.83, Pa25.0x10"4,
ORs-2.73 and 59,-.5,4x 10'4, DRA11.51, respectively), Removing cases with
psychosis, other than DSMIV and  35 ROC defined schizophrenia (in total 161
cases, 49 with unspecified functional psychosis, 89 with schizoeffective
disorder, 17 with schizophreniform and six with persistent delusional
disorders), gave comparable results for the 1.01,1 deletion (Pie2.31x10-',
OR =15.44) while the association for 15q11.2 and 15q13,3 deletions was no
longer significant (F-9,57k10'4, 0itir-2.66, and  69 P-1,02 x10, OR-11.29,
respectively (uncorrected for 65 tests)). Historically, classification
schemes tend to group diseases by their signs and symptoms. There is,
however, no reason why the phenotypes associating with a particular C.NV
should be confined to the current nosological boundaries of any single
psychiatric disorder. Our findings, in this respect, resemble 5those from
the 16p11.2 deietion (Weiss, L. A. at at Association between MIcrodeletion
and 



Microdupilcation at 16p11.2 and Autism, N Eng/i MS (2008)) and the
transiocation disrupting the DISCI gene In a :arge Scottish pedigree
(Millar, 3. K. et at Disruption of two novel genes by a translocatIon
co-segregating with schizophrenia. Hum Mol Genet 9, 1415-23 (2000)) and
support the idea that the same mutation can increase risk of a broad range
of clinical Lepsychopathology. it is therefore worth noting that among the
eight controls carrying the 15g13.3 deletion there is one autistic
Individual (there are samples from 299 autistic individuals among the
39,600 control samples oenotyped for this CNV). Eleven out of the 4,726
cases tested (0.23%) carry the 1g21,1 deletion compared to eight of the
41,199 controls tested (0.02%). In seven of the eleven patients, the
deletion spans about 1.38 15Mb (chr1:144,943,150-146,293,282). Four cases
have a larger form of the deletion (Table 5). The larger form contains the
shorter form and extends to 144,1.06,312 Mb, about 2,19 Mb (Figure 14 and
Figure 2). Seven of the eight Icelandic controls have the snorter form of
the deletion and one control has the longer form. Previously reported
1421,1 deletions in two cases of mental retardation Inoue, K. 81 Lupsle, 3.
R. Molecular mexhanisins for genomIc disorders. 20Anhu Pee Genaancs Hum
Genet 3, 199-242 (2002), Lee, 3. A., Carvalho, C. M. & Lupski, J. R. A DNA
replication mechanism for generating nonrecurrent rearrangements associated
with genornic disorders. cell 131, 1235-47 (2007)), two autistic
individuals (NI, X. etal. Connexin 50 gene on human chromosome 1g21 is
associated with schizophrenia in matched case control and Family-based
studies.) Med Genet 44, 532-6 (2007)) and one schizophrenia case (Walsh, T.
et zsal. Rare structural variants disrupt multiple genes In
neurodeveloprnental pathways in schizophrenia: Science 320, 539-43 (2008))
are consistent with the snorter form of the deletion. The 1.38 Mb deleted
segment common to both the large and the smai: form of the 1q21.1 deletion
Is gene rich (Figure 14). The G348 gene has previously been reported as
associated with schizophrenia (Ni, X. etal. Connexin 50 gene on human
chromosome 1q21 is associated with schizophrenia in matched case contro:
and farnky-based studies. I Med Genet 44, 532-6 (2007)). On the
HurnanHap300 chip there are no SNP markers Within this gene that is located
In a repeat region within the boundary of the 1,38 Mb deletion segment. In
at least four reports (8rztistowicz, 1: et at, Science 288, 678-82 (2000);
Gurling, H. M. at at. Am) Hum Genet 68, 661-73 (2001); Hwu, H. G., et at,
Hot Psychiatry 8, 445-52 (2003): Zheng, Y. at at, Beacham .8(ophys Res
common 342, 1049-57 (2006)), the 1q21 locus has been linked to
schizophrenia, however, the deletion is rare and therefore unlikely to
account for much of the linkage previously reported. Analysis of cells from
a case with the 1g21.1 deletion and a case with the reciprocai duplication,
using FISH (Figure 3), show that other rearrangements, such as chromosome:
translocationsv are unlike:y to be associated with the deletion.  The
deletion at 15E111.2 was significant in the combined schizophrenia and
related psychosis sample (Table 4). In the combined sample 26 of 4726 cases
(0.55%) carry the deletion and 79 of 41,190 controls (0,19%). The deletion
spans approximate.iy 470 kb (chr15:20,306,549- 20,777,695) and several
genes ate deleted (Figure 1B and Figure 4). A single case with mental
retardation arid severe speech Impairment has previously been reported with
the 1511.2 deletion (Plurthy, S. K. at at, Cytogenet Ctenorne Res 116,
135-40 (2007). Although the region is not Imprinted, It Is deleted in a
minority of cases of Angeirnen syndrome (AS) and Prader Willi syndrome
(PWS). Recent analysis show that AS cases with class I deletions (includes
the 1Sg11,2 deletion) are significantly more likely to meet criteria for
autism. PW5 type I deletions 10are associated with increased risk of
preservative/obsessive compuislve behavior, deficits in adaptive skills and
iower intellectual ability. Thus, the autistic features In AS and the
oreservative behavior of PINS may arise from deletion of the genes in the
proximal portion of the region, the site at the breakpoints of the
chromosome 15 deletions found in the current study. The gene deletions in
the 15q11.2 region are most likely to he responsible for both the autistic
and isobsessive compulsive features observed in AS and PWS with class one
deletions, and the schizophrenia phenotype in this study is CIFIP1 (Figure
1C). CYFIP1 interacts with fragile X mental retardation protein (FMRP) as
well as with the Rho GTPase Rani, which is involved in regulating axonal
and dendritic outgrowth arid the development and maintenance of neuronal
structures. Over 30% of children with Fragile X syndrome meet criteria for
autism(Rogers, S.3., 20 et at, The behavioral phenotype in fragiie Xt
symptoms of autism in very young children with fragile X syndrome,
idiopathic autism, and caber deveiopmental disorders. _7 Deo Bohol, Pedlatr
22, 409-17 (2001)) with highest rates observed in cases with Prader WIDE
features without the deletion on 15q. Notably, the Fraglie X mutation resui
in a reduction in _expression levels of the CYFIP1 gene (Nowicld, 5. T. et
at The Prader-Willi phenotype of fragile X syndrome, 3 Dev Behav 25Pad/etc
28, 133-8 (2007) and Fragile X syndrome behavioral abnormalities resemble
features of 



schizophrenia. Fragile X syndrome is due to complete loss or function of
FMRP, whereas the hemizygous deletion of CYFIP1 wouid only cause partial
disturbance of FMRP function, In which case an effect similar to that
observed In Fragiie X in females and obligate carriers might be expected.
These women have attenttonal deficit and extreme shyness and anxiety, and
they may 30also present with psychiatric disturbances of which psychotic
behavior is the most frequent (Etorghgraef, M., et at, The female and the
fragile X syndrome, data on clinical and psychological findings in 7 fra(X)
carriers. an Genet 37, 341-6 (1990), Thompson, N. M. at al.,
Neurobehavioral characteristics of CGG amplification status in fragile X
females, Am) Med Genet 54, 378-83 (1994). 35The 15q13.3 deletion is also
significantly associated with schizophrenia and reiated psychoses in the
combined senores (Tabie 4). Seven of 4,221 cases (0.17%) carry the deletion
and 8 of 39,800 controls (0.02%). One of several affected genes (Figure 'IC
and Figure. 5), the aipha7 nicotinic receptor gene (CHRNA7), Is targeted to
axons by Neureoulin 1 (Hancock,L., at at, Presynaptic type III
neuregulinl-Erbt2 signaling targets {aipha}7 nicotinic acetylcholine
receptors 40to axons." Cell Blot 181, 511-21 (2008), has been implicated in
schizophrenia (Freedman, R. et at, Linkage of a neurophysiological deficit
in schizophrenia to a chromosome 15 locus, Proc. Nat!  71 Aced Scl S A 94,
587-92 (1997) and also in mental retardation (Sharp, A.3, et al. Discovery
of previously unidentified genomIc disorders from the duplication
architecture of the human genorne. Nat Genet 38, 1038-42 (2006), Mice
lacking the alpha7 subunit of the neural nicotinic receptor show a minor
impairment In the matching-to-piece task of the Morris water maze, 5taking
:cringer to find the hidden platform than their wild type controls. This
suggests a role for CHRNA7 in working/episodic memory and a potential role
for CHUIA7 in schizophrenia and its endophenotypes (Fernandes, C.,
etPerformance deficit of aipha7 nicotinic receptor knockout mice in a
delayed matchlna-to-place task suggests a mild impairment of
working/episodic-like memory. Genes erain 8ehav 5, 433-40 (2006). toOn the
flumenHap300 array, 99 SNPs are affected by the deletion on 1q21.1, 54 by
the 15g11.2 deletion and 166 by the 15g13.3 deletion, StatIsticaliy
significant association, after correction for the number of tests
performed, was not found with schizophrenia and individual SIVPs at the
three deletion loci, although some of the markers snow nominally
significant association (Table: 6 - 8). It Is however possible that some of
these markers represent real association &gnals that 15may show
statistically signficant association given a larger sample size.
Furthermore, rare variants at these loci might still associate with
schizophrenia as they are riot tagged by markers on the HurnanHap300 chip,
Finding such variants probably requires re-sequencing of the cleieted
interval in a large sample of cases and testing identified variants for
enrichment in schizophrenia. From available records, we see that cases
carrying the 1g21.1, 15q11.2 and 15g13.3 deletions 20have clinical response
rates to heurc,leptics that are comparable to the general schizophrenic
patient population. Family history of schizophrenia in close relatives Is
also comparable to other schizophrenia patients In our sample (although
these affected relatives are not available for 



genotyping) and there Is no obvious sex bias, as both males and females
carrying the deletions are affected. Assessment of cognitive abilities was
only avaiiable for a fraction of the cases wen 25deletions. None of the
cases carrying the three deletions were known to be mentally retarded;
however, three cases carrying the 1g21.1 deletion had iearring disabilities
and two controls had dyslexia (Tables 5, 9 and 10). The frequency of the
deletions Identified here are comparable to the frequency of the VCFS
deletion on 2211, previously shown to associate with schizophrenia (Murphy,
K. C. 30Schizophrenia and velo-carcilo-facial syndrome. Lancet 359, 426-30
(2002), Ousley, 0" et at, ,A review of neurocognitive and behavioral
profiles associated with 22g11 deletion syndrome. implications for clinical
evaluation and treatment. Curr Psychiatry Rep 9, 146-.58 (2007). 1 he large
VCFS deletion was present in eight out of 3,646 cases tested (0,2%)
(Icelandic (N=1), Scottish (N=5), Dutch (N=1) and German (Bonn, Nar-1)) but
was absent in 39,299 controls 15(P=4.2k 10-5, OR=Inf). Apart from
association to schizophrenia, the deletions at 1(221.1, 15g11.2 and 15q13.3
also otherwise exhibited a pattern of negative selection. In the 33,090
Icelanders (648 schizophrenia patients and 32,442 controls) who are CNV
typed, nine carry the deletion on 1g21.1 and 52  72  carry the deletion on
A 5(411.2. But not all of these cases resulted from 'first-generation' de
nova events, i.e. some cases inherited the deletions from their parents.
Specifically, by examining the haplotype (sequence of SNP.5) background of
the deletions and the known familial relationship between the carriers, we
deduced that the nine 1g21,1 deietions correspond to six independent
5mutation/deietIon events, the eight 15g13,3 deletions correspond to six
independent mutation/deletion events and the 62 15g11.2 deletions
correspond to approximately 32 separate events (it is noted that the
15g1.1,2 deletions In the four Icelandic schizopnreria cases correspond to
four separate events, which are shared by a few of the controls). Two
conclusions could be drawn from these observations, Firstly, carriers of
these deletions are not Infertile and, tomoreover, could pass on the
deletion to their children. However, the probabiiity that the carriers
'could pass on the deletion to a child appears to be substantially lower
than that under a model of neutrality and fecundity of carriers therefore
reduded, All three deletions, particularly the 1501.2, occurred Father
frequently as a de nova event, Assuming that the deletions do not repair
themselves (or only doing so with very low probability) during successive
meioses, being neutral, the deietions would be expected to have a much
higher frequency In the population than observed. Consider the 15(111.2
deletion. When we study the carriers pair-wisew we found that if two
carriers are separated by six meioses. (second cousins) or less, their
deletions are very likely to result from the same deletion event. For
example, if two cousins both carry the deletion, they probably both
inherited It from a common grandparent who is also a carrier. 20However,
for two carriers that are separated by more than six meioses, It Is nearly
always that tne deletions they carry are results from two separate deletion
events. This implies that the deietiorts that we observe in carriers, if
not first generation de novo, would only go back a few generations. If we
assume that each deletion carried could be traced back on average five
generations, the 62 carriers observed out of 33,090 would correspond to an
estimated 25mutation/deletion rate of 62/(5 x 33090 x 2) (notice that the
factor 2 comes in because a person carries two chromosomes). or about 1.9
events in 10,1)00, This is slightly higher, but not inconsistent, svith the
1 In 9875 transmtsslons that we directly observed. Suppose we assume a
mutation rate of 1 in 10,000. Notice that the chromosome a person carried
would include all mutations that happened In its history. Even If we
consider only the past 30 meioses (or tracing 30back to about 900 years
ago), under a neutral model, the carrier frequency of 15q11.2 in the 



population would be expected to be around 30 x (1/10,000) x 2 r 0.006, or
about 198 carriers In 33090 individuals examined, This Is substantiaily
higher than the 62 carriers we actually observed. We emphasize that the
analysis described above is oniy meant to be descriptive. More rigorous  35
investigation is needed to finiy understand the selection pressure on the
1q21.1, 1Sq11.2 and 1503.3 deletions. Given that the deletions are
associated with schizophrenia patients, who are known to have fewer
children than the general population, a pattern of negative selection might
be expected. However, further negative selection pressure could result from
reduced fecundity of carriers due to other phenotypes, and also
transmission disequilibrium from carrier to child, 401e. the normal
chromosome had a higher probability to he passed on than the chromosome
with the deletion.  73 All the CNVs are flanked by large and complex LCRs
sequences (Figures 2, 4 and 5). The LCR can mediate non-allelic homologous
recombination (NAHR) which may result in loss or galii of genomic segments
(Inoue, K. fir Lopski, 3. R. Molecular mechanisms for genornic disorders,
Mau Rev Genomics Hum Genet 3, 199-242 (2002). Through this process CNVs
under negative 5selection can he maintained at low frequency In the
population. Other mechanisms for generating rearrangements (Lee, 3. A. et
at, A DNA replication mechanism for generating nonrecurrent rearrangements
associated with generale disorders. Cell 131, 1235-47 (2007)) cannot be
excluded, For none of the deletions, associating with schizophrenia, are we
able to pinpoint which LCRe are mediating the NAHR due to the complexity of
the regions flanking the 10deletions. It Is noteworthy that the same Canis
are Implicated in schizophrenia and autism and an Important area for future
study is to determine whether deletions conferring schizophrenia-like
syndrome should be considered as classical schizophrenia or a new
microdeletIon syndromes. In the present study we searched for variants we
think are most likely to confer risk of is schizophrenia, namely large
recurrent CNits likely to be under negative selection pressure, rather than
testing a lame number of selectively neutral CNNIs. It is iMportant to
identify all recurrent CNlis under negative selection and test those
variants for enrichment in well powered samples of schizophrenia cases as
well as cases of autism and mentai retardation, To determine diagnostic and
treatment Implications it is also important to study the CNVs conferring
risk with respect to 20drug response, disease progression and
syrngtornatoiogy. Two of the three deletions described here confer high
risk Of schizophrenia (OR>11) whereas the third is inure common and with
modest risk (OR-2,73). Already identified CNVs associating with
schizophrenia may point the way towards underlying pathogenic pathways in
the disease: furthermore; high resolution scans for copy number variants
may well identify more CNVs associated with the disease. and given the high
odds ratio, these are Ilkley to be clinically useful in diagnosis and risk
assessment, Although the CNVs reported here only account for a very smeii
fraction of the genetic risk of schizophrenia this is an exciting step
toward what promises to be a fruitful field for further investigation. Xi
METHODS Subjects,. This study was approved by the National illoethics
Committees or the Local Research Ethical Committees and Data Protection
Commissions or laws in the respective countries, Iceland, Scotland, UK,
Germany, Finland, Italy, Denmark, Norway, The Netherlands and China,
Informed consent WEIS obtained from all patients Of the 4,726 genotyped
cases, 4,565 were asdiagnosed with schizophrenia, 49 with unspecified
functional psychosis, en with schizoaffective disorder, 17 with
schizophreniform and six with persistent delusional disorders.  



74 Gebotypinsl, The SCENE samples (samples from seven European groups,
httb: \\www.5GENE.eu) typed on the HurranHap300 chip, were used in phase of
the study (Table 3). In phase 11, (Table 4) CNV data were derived from: the
Hurnaririap300 chip, the NurnanHap58,0 chip, the Affymetrix GeneChip(r)
GenorneWide SNP 6.0 or dosage measured 5using `ragman probes (oche, I. at
at., Novel approach to quantitative poiymerase chain reaction using
real-time detection: aharition to the detection of gene amplification in
breast cancer. Int Cancer 78, 661-6 (1998. The Scottish samples in Table 4,
were typed at Duke University .(HurrianHap550) In collaboration with GSK as
were 420 of the German samples all from Munich (1-furnanliap300). The
remaining CNV data (HurnanMap550) from Germany (Table 4, N=491) 10were
obtained from the University of Bonn. Norwegian samples (Aftyrnetrix
GeneChlp(r) GenorneWide SNP 8.0 array) were analyzed using the Affymetrix
Power Tort 1,8,0. Dosage data for Danish and Chinese samples were generated
at deCODE using Taqman assays (Bieche, 1. et at Novel approach to
quantitative polyinerase chain reaction using real-time detection:
application to the detection of gene amplification in breast cancer. Int 3
Cancer 78, 651-6 is(1993)), Samples with CNVs were verified by genotyping
respective sampies using the iturnanCNV370 chip, Statistical analysis. For
the genome-wide study of de novo CNV associating with schizophrenia the
significance threshold was set at 7.6x lir, which is approximalmly 0,05/66,
the number of de novo CNV5 Identified and tested. AN P-values are two-sided
and there is no overlap between 20sampies in Tables 3 and 4. Arl exact
conditional Cochran-alantel-Maenszel test (conditional on the strata
margins) was used to test for association of schizophrenia and the various
CNYs. De nova CNV onalysls and Dosage measurements fie novo CNV analysis.
To uncover de nova CiiiNsgeriorne-tvide we analyzed data from a
25population based sample of 2,160 trios and 5,558 parent offsprino pairs,
totaling 9,878 transmissions, Samples were genotyped using the Illumine
Humaniip300 or the HumanCNV370 chips. To identify de navy deietIons, we
combined two complementary methods! Dics,ageMiner, a Hidden Marlartr Model
algorithm based on intensity data that is similar to that reported by
Celeila at at (QuardiSt4P; an Objective Saves Hidden-Maraov Model to detect
and 30'accurately map copy number variation using SNP genotyping data,
Nucleic Acids Res 35, 201.3- 25 (2037)) and a procedure utdizing
inheritance errors and the neighboring genotype configurations comparable
to that described by Conrad at et cal high-resolution survey of deletion
polymorphism In the human genorrie. Nat Genet 33, 75-81 (2006), When only
one parent was typed, using genotype Information aliowed us to identify
deletions as putatively de novo by 35assessment of regional parental
heterozygosity. To identify de nOta2 duplications we analyzed CNV data from
the 2,160 trios using DosageMiner.  75 CESVs in phase I were identified by
using the Dosage!liner software developed by deCODE genetics and ioss of
heterozyriosity analysis. CNV events stand out in the data from two
perspectives. First, al/ sample intensities for SNPs/prones within a CNV
should be increased or decreased relative to neighborind SNPs/probes that
are rot in a CNV region, secondly CNVs can 5 be detected from the
transmission from parent to thud. To determine deviations in signal
intensity we start by normalizing the intensities. The normalized
intensities for each color Channel were determined by a fit of the
following equation: logvu. 



I) n) ic,genti..04- A+ Se  10where 1 Is sample Index, j is SNP index, xij
is colour Intensity for sample 1 in SNP j, gr(j) is an indicator of
GC-content around SNP j, Is a smooth function of GC-content, o are sampie
specific parameters for GC content, gert(i,j) Is the genotype for sarnpie 1
for SNP j, pso is the SNP effect for genotype gt and SNP j, pi is sample
effect, c is the unexplained part of the signal, including noise. The same
model with another set of parameters Is used for the other colour y. A
isgeneralized additive model (Hastie, T. a. T., R. Generalized additive
models (with discussion). Statist Scf 1, 297-318 (1986)) is used to fit the
smooth function I, After fitting the modei, the data Is normalized by
rent:vying the systematic model components. We consider a region to be a
deletion/duplication If the average intensity over at !east ten markers in
a region faiis below/above an empirically determined threshold. 20To
identity regions demonstrating loss of heterozygosity (LOH) markers are
split into three classes; 1) Shows LOH, 2) Inconsistent with LOH, 3)
Consistent with ION. Class 3 is further split into these subclasses: a)
consistent with transmitted LOH b) consistent with de novo LOH, A marker
shows ION if a child Is homozygous for one allele and a parent is
homozygous For the Other allele. A marker is inconsistent with LOH if the
child is heterozygous. A marker is 25consistent With LOH if the child is
homozygous and the parent is homozygous for the same allele or
heterozygous. In case the parent is homozygous for the same allele as the
child the marker is consistent with transmitted LOH and In case the parent
is homozygous for the other allele the marker Is only consistent with de
novo LOH. -A stretch containing a single marker showing LOH is likely be
due to a genotyping error but as our genotyping error rate is low and
independent of position on the genome the occurrence of more than one
marker showing LOH in a consecutive stretch on the genorne is more likely
to be evidence of a deletion in the child. We consider a reoion to he a
putative deletion if at least two markers are showing LOH and de novo if
consistent with de novo LOH. We analyzed 9,878 offspringizarent pairs
consisting of a total of 7,718 offspring and 7421 15parents. Using 1011
analysis we define a candidate deleted region IF more than one marker shows
.inheritance error within a region of homozygous markers. We Identified a
total of 270 candidate de novo deletions using this approach. Of these, SD
belong to six distinct individuals which all  had multiple regions
identified as de novo deletions on the same chromosome. Upon Further
inspection of the data for these Individuals we concluded that they were
examples of unIparental disorny. Once these individuals were removed, the
rerneirang 190 putative de nova deletions Were compered with the output of
DosageMlner, and 55 were consistently called deletions by 5both
approache.s. These 55 de novo deletions represent 51 loci. In addition 15
large duplications, of 20 or more consecutive markers, were So identified
in the trio sample by DosageMiner. Dosage measuremente Tegries, The Danish
and Chinese samples in Table 4 were typed 10using Tagrnan assays (Bleche,
I. et at, Novel approach to quantitative polyrnerase chain reaction using
real-time detection: application to the detection of gene ampilfication in
breast cancer. lot .3 Cancer 78, 661-6 (1998)). The 1q21.1 assay (PRK
assay) and 15q11.2 (NIPA2 assay) were designed using Primer Express
software, Applied Diosystems provided MM labeled probes for the assay which
were run as described by Bieche (Bieche, I. at at Novel approach to
quantitative polyrnerase chain reaction using real-time detection:
application to the detection of gene amplification In breast cancer. fat
Cancer 78, 661-6 (1998)). For the reference assay we used p probe In the CF
IR gene and use the same protocol. The second reference assay, RNASEP ready
to use assay, was supplied by Applied Diosysterns (Foster City, CA, USA).
Samples identified with deletions or duplications by the 'ragman dosage
measurements were confirmed by 20typing the sample on the Illumine
HumanCNV370 array. Probe end primers used for the 1q21.1 assay: 6FAM
C.CTGCTGTG7GGGC'T - MGE3, PRK F CCTTCAGACCAGCGGATAACA and PRK-R
CATGGCAGCAGGA1 I 4GA 



Probe and primers used for the 15q112 assay: 6FAM CAGAGCAGATTGTTATGTAC MGR,
NIPA2 -F GACTGAAAACGCGCCGATT and NIPA2 - R CCATGOACAGACAAACATTCTM 25 Probe
and primers used for the CFTR assay 6FAM ATT MG CAC AGT GGA AGA A - MGBNFQ,
CFTR-F AACTGGAGCCTTCAGAGGGTM and CFTR- R CCAGGAAAACTGAGAACAGAATGA Plates
were sealed with optical adhesive cover (Applied Dlcsysterns) and the Real
time PCR carried out on an AI 7900 HT machine, for 40 cycles of 15 seconds
at 95 and 1 min at 60', starting out with an initial step of 10 min at
95'). Se SUBJECTS AND ASCERTAINMENT Iceigaj. The Icelandic sample consists
of 646 schizophrenics and 32,442 controls. Patients and controls are au i
Iceiandic and were recruited from all over Iceland. Diagnoses were assigned
according to Research Diagnostic Criteria (RDC) (Spitzer, Rt.., at al.
Research diagnostic criteria: rationale end reilatfillty, Arch Gen
Psychiatry 35, 773-82 (1978)) through the use of the lifetime  77 version
of the Schizophrenia and Affective Disorders Schedule (SADS-L) (Spitzer
RL., et al. The schedule for affective disorders anci schizophrenia,
lifetime version, New York State Psychiatric Institute, New York, 1977). Of
the 646 subjects, 617 were diagnosed with schizophrenia, 24 with
schizoaffectlye disorder an0 five with unspecified functional psychosis.
5The 32,250 Icelandic controls used for this study were recruited as a part
of various genetic programs at deCODE and were not screened for psychiatric
disorders. The individuals came from genetic programs in the following
diseases (approximate number of participants in brackets): Abdominal Aortic
Aneurism (400), Addiction (5400), Age-related Macular Degeneration (600)1
Alzheln-ier's Disease (700), Anxiety and Panic Disorder (1100), Asthma
(1400), Attention Deficit 10Hyperactivity Disorder (500), Benign Prostatic
Hyperplasia (900), Breast Cancer (1600), Chronic Obstructive Puimonan:
Disease MO, Colon Cancer (1000), Coronary Artery Disease (4000), Deep Vein
Thrombosis (1000), Dysiexia (7001, Endometriosis (300), Enuresis (900),
Obesity (800), Glaucoma (200), Hypertension (2400), Infectious Diseases
(2500), Longevity (1600), Lung Cancer (300), Melanoma (500), Migraine
(1300), Osteoarthrltis (2600), Osteoporosis 15(3000), Polycystic Ovary
Syndrome (1400), Peripheral Artery Disease (1500), Preeciampsia (600),
Prostate Cancer (1400), Psoriasis (900), Restless Legs syndrome (500),
Rheumatoid Arthritis (700), Stroke (1900), Essential Tremor (400), Type II
Diabetes (1500), Autism (299) and a set of population controls (900).
Because some of the individuals used as controls were participants In more
than one program, the numbers of participants in individuiM programs sum 20
to more than 32,442. Finland. The Finnish sample consists of 191
schizophrenics and 200 regionally selected controis that had no medical
history of schizophrenia, Approximately half of the sample originated from
an internal isciate of Finland having a 3 % age corrected lifetime risk for
schizophrenia compared to the 1.1% of the general population. Two
independent psychiatrist blind to family structures 25 made a consensus
diagnosis to give a best-estimate iifetime diagnoses according to the
criteria of Diagnostic and Statistical Manual of Mentsi Disorders, 4th
edition (D5M-1V) (Diagnostic and statistical manual of mental disorders,
fourth edition (DSM-111), American Psychiatric Press, Inc, Washington DC,
1094). ,Schotiarsil The Scottish sample is comprised of 211 schizophrenia
cases and 229 controls used in 30phase 1 and a replication cohort, 451
schizophrenia cases and 441 controls. An participants sett - identified as
born in the British Isles (95% in Scotland). All cases met DSM-/V and an
100-10 criteria for schizophrenia. Diagnosis was made by OPCRIT. Controls
were volunteers recruited through general practices In Scotland, Practice
lists were screened for potentially suitable volunteers by age and sex and
by exclusion of subjects with major mental Illness or use of
35ant:psychotic medication. 



78 iff.s. Samples from the UK subjects (N=195) were drawn from the
;laudsley Family Study of psychosis (Rosa, A., et at Further evidence that
congeratai derrnatoglyphic abnormalities are associated with psychosis: a
twin study. Schitrophr Bull 26, 697-701 (2002)), the psychosis win study
(Toulopoulou, T" etal. Episodic memory in schizophrenic patients and their
reiatIves. Schlzophr Res 03, 26.1-71 (2903)), and the genetics and
psychosis (GAP) study, All controls were unrelated white European
Caucasians (N96). All patients were Interviewed with the Schedule for
Affective Disorders and Schizophrenia Lifetime Version (SADS-L; Endicott
and Spitzer, 1978) which was supplemented with information from case notes
and other relatives to assign a lifetime DSM-1V diagnosis of schizophrenia.
The GAP cases were diagnosed sousing the Item Group Cnecklist (IGC) of the
Schedule for Clinical Assessment In Neuropsychiatry (SCAN, Manual,World
Health Organization,. 1994).:Only patients with an LCD-/0 research
diagnosis of schizophrenia were finally Included as cases. Patients were
receiving a variety of antlpsychotic medications at the time of assessment.
The study received approval from the Ethics Committee of the South London
and Maudsiey Trust and after complete description of the 15study to the
participants, written Informed consent was obtained. iftaiv. Diagnosis of
the 55 Italian subjects was identical to that for the GAP sample (See UK
subjects). Patients with a diagnosis of psychotic disorders (ICD-10,
F20-925) attending the South Verona CMHS were identified from the South
Verona Psychiatric Case Register, and cases with 1CD-10 research diagnosis
of schizophrenia were finaiiy !refueled. The controls (N=91) were 20
unrelateci volunteers randomly selected from the genera: population of
South Verona. The study receiveo ethical approvai and after complete
description of the study to the participants, written informed consent was
obtained. Germany Munich. The Munich sample consisted of Caucasian 615
cases and 614 controis. Cases diagnosed with DSM-IV schizophrenia were
ascertained From the Munich area in Germany. 25Samples from 195 cases and
192 controls were typed for phase E and the remaining samples used iii the
replication phase. Detailed medical and psychiatric histories were
collected, Including a clinical Interview using the Structured Clinical
Interview for Axis I DSM-1V Disorders (SOD) (First, MB., etal. Structured
ClinicaLthterview for Axis I DSM-IV Disorders, Biometrics Research, New
York, 1994). Exclusion criteria included a history of head injury or
neurological diseases. 30The controls were unrelated volunteers randomly
selected from the general population of Munich. GernrartyS The Bonn sample
is comprised of 491 patients and 875 controls. Patients were recruited from
consecutive hospital admissions and were all of German descent. In
patients, lifetime best estimate diagnoses according to DSM-IV criteria
were based on multiple sources of 35"Information including structured
interview with the SCID (First, MS" at at Structured Clinical Interview for
Axis I DSPf-ite Disorders, Biometrics Research, New York, 1994) or SADS-L
(Endicott and Spitzer, 1978) the OPCRIT (McGuffin, P., et al. A
polydiagnostic application of operational criteria in studies of psychotic
Illness. Development and relability of the OPCRIT  system. Arch Gen
Psychiatry 48, 764-70 (1991)), medical records and the family history. Best
estimate diagnoses were obtained from at least two experienced
psychiatrists/psychologists, Controls were derived from two German
population-based cohorts, PopGen (N=492) and Heinz Nixdorf Pecan (N=383).
Ethical approval was obtained from the local Ethics Committees.
5participants gave written informed consent. I&LALetterfaricla Went/
Niimegga. The Dutch sample consisted of S06 patients and 706 controls from
Utrecht and additional 3,333 control individuais frorn Nijmegen in the
Netherlands. Inpatients and outpatients were recruited from different
psychiatric hospitals and institutions throughout the Netherlands,
coordinated via academic hospitals in Amsterdam, Groningen, 



10Maastricht and Utrecht. Detailed medical and psychiatric histories were
collected, including the Comprehensive Assessment of Symptoms and History
(CASH), an instrument for assessing diagnosis and psychopathology. To
exclude related patients and controls, aii subjects were fingerprinted
(Illumine DNA panel, 400 SNPs), Only patients with a DBM-IV diagnosis of
schizophrenia were included as cases All patients and controls were of
Dutch descent, with at 15least three out of four grandparents of Dutch
ancestry. The controls were volunteers and were free or any psychiatric
history, Ethical approval was obtained from the local Ethics Committees.
All participants gave written informed consent. The additional controls
consisted of 3,333 samples, collected by the Radboud University Nijmegen
Medical Centre (RUNMC) for genetic studies (carer and control samples). All
3,333 20participants used In the present study are of self-reported
European descent, The study protocol was approved by the Institutional
Review Board of Ratiboud University and al! study subjects gave written
informed consent. Qegmajet. The Danish sample included 442 patients who
have been recruited to Danish Psychiatric Blobank from the psychiatric
depaitments at the six hospitals In the Copenhagen 25region. All patients
had been clinically diagnosed with schizophrenia according to ICD-10 (F20
and P25) without ever haying received a diagnosis of mania or bipolar
illness (F30-31). An experienced research- and consultant psychiatrist
verified high reliability of the clinical diagnoses, using OPGRIT. Of the
442 patients 30 were schizoaffective, and six persistent delusional
disorder, 994 healthy controls subjects were recruited through the Danish
Blood 30Donor Corps in the Copenhagen area. Apparent behavioral abnormality
was an exclusion 'criterion and all individuals stated that they feit
completely heaithy and were able to discuss health related issues with a
physician. Additional 445 population control samples from the Copenhagen
area Population controls were recruited by the Danish Headache Center, The
Danish Scientific Committees and the Danish Data Protection Agency approved
the study and all the patients have give written informed consent prior to
inclusion into the project.  SO Norway. The Nonverrian sample included 245
patients who had been recruited to the TOP study from all the psychiatric
hospitals in the Oslo area. The patients svere diagnosed according to
Structural Clinical Interview for DSIvi-IV (SCID) as schizophrenia (N-2154)
schlzoaffective (N2235), schizephreniform disorder (N--12) and psychosis
NOS (N2z44). The healthy control Subjects (Ne-272) were randomly selected
from statisticai records of persons from the same catchments area as the
patient groups. Only subjects born in Norway, all of Caucasian origin, were
contacted by letter and invited to participate. All subjects have given
written informed consent prior to inclusion into the project and The
Norwegian Scientific-Ethical CominIttee and the Norwegian Data Protection
Agency approved the study. 10Ca. The Chinese sample was from Sichuan
Province, Southwest China, Cases (N.2438) were ascertained from West China
Hospital, end were interviewed by a psychiatrist using the SCLD. Diagnosis
of schizophrenia was assigned on the basis of the interview arid medical
records 'according to DSM-111 criteria. Patients were excluded if they had
a history of neurological disorders or head injury, or reported
intellectual disability. The unrelated controls (N22-2463) were 15vohmteers
from the local population and were free of major mental illness. Ethical
approve: for the project was granted by West China Hospital and written
informed consent was obtained from an participants. The phase I samples
were all typed at deCODE using the tiumenHap300 chip, The additional
samples (phase II) were typed at Duke University (HumanHap300 or
HumenHapS50), Bonn 20University (hiumanHap550), UCLA (HurnanHap550) and
Expression Analysis, Durham (Aflymetrix GeneChip(r) Genornewide SNP 5.0
array) and at deCODE (Dosage analysis, Terarnan assays). All subjects
Identified with a CNV using the Taqrrban assays were confirmed by typing
the respective 



samples on HurnanCNV370 chip. Data from the individual follow up (phase II)
samples are shown in Table 4 and a summary of the samples used in the
various stages of the study can be 25found in Table 1. FLUORESCENT IN SITU
MYRRIOIZATION ( FISH) FISH was carried out at deCODE genetics] Interphases
were harvested according to standard CNTOGENETIC methods from human
B-Iymphoblastold cell lines (EBV transformed) from six Individuals, based
on information from the Taoanan dosage analysis done previously, We used
autwo SAC prones, RP11-431G14 (covers PRX gene on chromosome 1g21) labelled
with biotin (green) and an anchor BAG, RP11-45817 labelled with dignxigenin
(red). The BAC. probes were labelled with either Blotin-1.6-dUTP or
DignxIgenin-11-dUTP utillzing a nick translation kit (Roche Applied
Science). The hybridization procedure followed a standard protocol. In
short the probes were denatured at 35 72C for 5 minutes and pre-anneaied at
37C for 15 minutes, before being applied to denatured siides. The slides
were denatured in 70% forrna-mide at 70C Mr 2 minutes, quenched in 2xS5C:
at 4C and then dehydrated in an ethanol series, Following an overnigfit
hybridization the slides  31 were washed in SO% formernide at 42e.0 for 10
minutes and 2xSSC at 42(t for S minutes. The biotinylated probe was
detected with aeldinisfreptatridio FITC Vector Lab) followed by a layer of
blotihylated Anti Airkiln (Vector Lab) and again one layer of asildin aitiC
was added. The dlgoxigenio probe was detected using Sheep anti Digoxigenin
Rhodarene (Roche Applied science) followed by a layer of Donkey anti Sheep
Texas red (Jackson Immune Researcn). After detection the interphases were
counter-stained with 9x10-3pg 4',6-Diamldino-2-phenylindo3e
plhydrochlorldeiHydrate (DAPD (Sigma) ri AF1 mounting medium (CItlfluor)
The digital imaging was done using a Zeiss Axioplan 2 microscope with
Asiocarn MRai Zeiss camera, automatic Scanning System Metal& software from
Metasystems.  Table 1, Summary of the samples used in the VariOUS Stages of
the study  Taitife L LOW copy repeats nenking CNVS found Ple !TOM. Of the
66 identified adVs tented for assodahon 21 are flanked by large repetitive
segments (distal or proximal) 'Rely to hartor tflitn. TilQ5Er flanked by
repaid/Ise segments are In most cases seen in more (count) or the 3204112
controls tested. Reference is Oven where we have found the CNV In a CNV
database. Coordinates are oesed on Bjik1 36 of the human oenome. lafrates:
SAC microarray anelYals of 235 Putattee CRP regions in 55 indivic sale.
Tezun: fosuild mapping paired-end sequences from ei human hasmid DN A
library (297 I5V sites). Resign: SNP and SAC miernerray analysis of
flapelap data phase I/ (270 Individuals)11. Locke. PPP In duplication-rich
regions using array CCI4 in the Maori/lap populations(269 McCerra:17
Deletions from analysis of SNP genotypes. using the RapMau Phase I data;
release 16e. (259 lnclividoels)m.  Phromonflissel Regions In Nal:MI/WM 36
CNV chr1:144943150-146293282 



del chi-I:144943150..146293262 clop chr1:241675290"241777030 del chri
:66467172..666816Th del ch.2:19443-11594900 dun chr2:102606905..204072966
dup onf2:198763049-198060613 del chr22396130643-242692520 del
chr2:50847040..51164471 del chr2:96614686..97033113 del
chr3:174606420..1769373631 del chr3:197326641..19770419 I del
1"chr3:71223511..71619797 dup chr3:95019960-99373057 



chr3:97879021.101883-423 del I -ennf15156718..151884547 del
.34603067.34666950 I de: ohr5:58116787.12646567 del
-ohr6:162767.120"162943646  0(61666673n. 16803452 del chrr1e6077700.
147445123 del rchr7:14111081..295765 del - chr7.16609872..16251/48 dup
L.:he7:157553706..158812247 Idel 00'5050267..5190933 dei
.chrT:5229720-5653266 dun cnt/.57212606..57659309 



chip ,chr7.72986281..737779117 dcl Ise783867393-85199723 dcl
0.'8.3931576..4252305 del L.-   chr9:194201..5739305, de: 84 r vatuu./ uuuv
-chr10:67880428_55013355del1     ehr10;7817790-8021525 dell2
chr10:81567594-81062355 



del3  e5 re any  different : 4hr-11123201007. 134435899 del 1     chrl
1:840032.91 S5465999 dup 1     15330006 115513494 dup     



- c hf 12...93512325_98797024 del 1     -the15:20306549-20777095 del 58  >5
many Menu/fat:ate. 18263,33-21365550      different &
lzfratrola40:3564,21ee1e86 -nr815:20306049"20777695 oup 126 >5 



en many Radon/le:ate: 19263783.21365950   *-^   deferent 8
Infrate:16403666-21241955 chr16.20308549-26206681 dup  >5 en many
Atfteretit du-15:28723577 30302210 del  



en enmany    ge  &Wet  : 2r2 t21241957.21833734 thr15:47635303_47879440 del
ch rl 6:15332342_18197033 del 10:>6 >5many eleree  -
chr15:21515973_21847775 del 315 >5ninny  



dernannt 112.191-141314917-12598351 -ctul 5:21855523..223311.99 del 17>5 e5
many different Tusun:21465317-22595351 210005221,2686272
-c1915!295633135.360135306 eei 118 en many tatteren:
-chi6:77757915_713273834 de:     chi5:81428793(.514919U d e 



chr16;663219134_87097064  1    Radon: 80086674. 471374/ - chi 7;
14041754-15390352 del 5 2 >5 many different  -chr17:15390352_20231611 clef
1 e5 en many dearant  (107:31889004_33323543 



Cup 11  e,5 many elf/front  G107:790975.1155912 del 1 2 4 many Ifta-ant
-chr17:9071043"9382970 del  -   thr16:751120331.1.54083n6 chip     



chr 9:20544764_20014230 eup  2H 95%  ..0219:257040..1823341  1
Wig:542M64 1-54560863 del 3  en  many  thttarent
-chr20:14610721.14884935del 1  -   



L    (-Alt-20:14549775..15034277 del 22   th20:14074333-15174767 cel1',
er: r21' eta451 Da 35251627 dup    -ehr2217257797-17373125 del 55et en
manyletate:6531 Te6.17541713 6 



different 17011556-17417535 -chr22.19083495 19792353 eel 3>5 >5 :zany
diflatrant       ,lef...aftet:tO R.ael't 554566 -chr22:21055401..21394267
del 3>5 >5 many difiarent Nea4e: a.045,5886-2355568t 6 2(6.56508-21442682 5
21632351.,  85 



.Tabies3 Non)Inal assoclation of deletions at 1q21,1, 1.501.2 and 151113,3
with Schizophrenia In: the phase I sampie. -Three de:et:one show norniriell
asarkoiation with schizophrenia and related psychoses in the first sarnp;e.
of 1133 'patients and B3;250 controls. These deletions we lara the 1o21
deletion anaricancitankinahtehr I .:18 FIP, the one    150.1.2
approximately 0.58 Mai and the one on 15q113 approximotely .hre teta.
$i-wairhas Ora:inn-acted for the .66 tests) ere from the erect
Ciochran-Mantel-Heenszel rest and are nao-strial, coordinates are based on
Build 36 assernaiy M the human genorrie. 95% CI are givan within brackets.
66 Table 4. Significant association of deletions at 1g21.1, I 5q11,2 and
15g13.3 with Sc"hlzophrenia hi the combined phase 1 and phase II samples
5tabile 5. Diagnosis, family history, age of onset, response to
neuroleptics based on available records and learning ability in cases
carrying the 1q21.1 deletion associating with schizophrenia IT Case! Munet;
1 1LEonn 1" 'Bonn 2 'ice?ancl 1 Diagnosis , DSMIV:295.3 DSMIV:2552 NV:295.3
C:125.3 Family h' Yes No No No IAge of , '24 33 19 26 - 



Gender , male female 010 fa ;ale :iResponse ; , """," - ----- , 1 Y es I.
Yea  reispas ender  medication Yes Yes Yee Omer I,""....,-, 1 Aggressive:
Isarning:; i diaabiiity: Net MR, Not MR Not MR, depreaswe symptoms it MR
"600tlan1 1 'Scotland 2" ,Sootiand 3" :SuVend 4 Dannant 1 Denman 2
OSMIV:295 136MW:295 DSMIV:295 D5MW:295 OWN: 295 05Mh./: 295 No Yee No No
Yes No No 



43 21 32 33 24 23 20 -Y- female male male I  forneis female ' male tools
NOE MR Not MR      Yes Yes Yes Yes NO  retardation Not MR, mother with low
la Not MR tenclaginf;Teaming ittelA Not MR Boardertine metal Not MR 



-Denmark 3 ICD10: So z (F20)      *There are two forms of the 1q21.1
deletion, long and short. Those marked with an asterisk in the table above
have the larger form. MR=rnentaihy retarded.    BS OR P-va lue Chr POS Bun'
In d 36 Gene ; 0.96 04004 1 145203172 CHD1L 1.04  04135 



1 145837478  t 1 04 0.43 1 144975398 L C440577 1.06 0.4  145388501 OR1322P
0.97 0.4348  1454421345 L04 04534   1455181178C19 0.97  4 J 4561  145473996
i8C19 1.03 04601 



1 145778067 1 LOC391 ps_ A1M-1_ .. 146209659L0C440 7OC30 -1,o0  0.4653 1
1451395130 0,97 8932 1  145510166  0019 0.04 0.5005 1  145128642
PRKAB2,FM05 1 0-95 0 5319  .  145727389 GJA5 1  1103  05356 



146218845 L0C440079,100388684  1 0.97 05686 1 145093546 PRIcA82 1 0.08
05709 1 1466130405 ACP6 0:96 05966 1 148253348 L0C440690 ; 097 0.811 1  41
145447612  :  0430. 0.6115 1  146792846 



1 1.03: 0.6163 1 145537233 RCL9 1  1.031 0.6651 1 145628401 ACP6 1 1.021
0,6572 i 1 145838200 L00591092 WAS 1 0.913: 0,6923 1 14672:193  ' 142 1
0.7095  i 145705110 GJA5  1.01: 0.1439 1 145585897 Acps 



; 1.011 07529 1  144970465  LOC440677 4 0.9E3 1 0.7631  146185099  4 1.031
0.7723  145146427 FM05 1 1.09; 0:6040 1 145153273  FM06 ; 1.01 0.0304  1
146293202 R1."139739.RNO1R1 9  1 0.95I 0.8300 1 145730875 G.:I/4%5 



1 0.99 : 018458 1 146262302 LOC440590 1 1.01  4  09523  1 146614707 ACP8
0.99 z 0.9009 1 145220003  C11131%. 1.1%01  08886  1 145207960  1  ile9
0.9097 1 145308966    0.99  4 1.01 



3874 1 145224547 145633001 CHD11,  0.8784 1 ,   1  1_01---.11907 - 1
14575861  i  0.9479 1  1  144009340  -014 0677 41  0.5551 1 145437192  



99 -.rage 7. Markers on the ['lumina HumanHap300 within the 1501.2
deletion, Shown are results . of association of the markers with
schizophrenia, and genes assoclated with the marker are &so 9ndicaked. Data
from 2687 cases and 13,464 controls were used 1n the assoclatIon anahmls.
MarkerAllefe CRP-vaitieChrn Beita i; Gana 36 00003t 15 1 20437666 t CYF1P1
3%C1 15 a_20545323  TCWIP1 6.61631520551715CYFIP1,NIPA2 .1 15205608/4 NIPAe
CYFIP1 I 15205679991 f8PA2 tilPA2  m12911925C 1 1.11.
0.001752056/3493N1PA2 rs4778334 7 A  i  (),g30.111920582297  fs71680CC i__
G [ 1.060.1265 J.1520564567CYF1P1 1PA2 ,m7170838C 1 0.93 0,1334_ 1
1520572579N1PA2  78 rs47454L.. A 1 0,33i0151311-1-15205371290Y8IP1
sa1009153C0.96 .rs42923421 1.05 NiPA1  cYFIP1 0.301,0.24341520535337;
NIPA2,N1PA1 1.130.2619 I  1520541350 ; CYFlPI  rs22806124C , 0.940.2681
1520477670CYFIPI rs2028794 A 1-4-$A 



t.41/8061642 0i 1.04 i..-- ;  rs3693 A, 1.04 Fra2260614G , 0.96
iLts4778470C / 0,956 1  152052a005 01s7167855 I Ci 1:04I0421:I 15' 20460852
1?'..rs1347314 ... .  . .. C .o.:y4  to 445t 1520585443_ ..... .......".
i.-10166-a676-i.64-4-S' ..... 171i6" ..".2m18177  les5008363 A0.95 0.4346/5
'  20398953  I,,m722410D3 0.469.615 120475538 krs765763C I
0970.80221520428330  1520514243NIPAI 1520322108L0C390544 1520479393CYFlPi
18--"1641616 1 cYPifr: 20585244NIPA2,NIPA1 1520306549LQC390544
1520546036CYFTP1  ,20501269CYFI91  11520599983NIPA2,NIPA1
....................."".. 1520492111CYF1P1 5 20542471CYFilal lI20475595
CYFIP1 



1520517000 :  CYF1P1 520516088CYF1P1 20776951.00239005 13206294491
NIPALL0C400320 15 20434983CYFP1  15204054381 -111800P5 16205050221 CYF4P1
1520635684;  LOC400320NIPA1 152050645465'6'1  :Table II Markers on the
Illumine HomanHap305 within the 1503.3 deletion. Shown are results )4'of
association of the markers with schizophrenia, and genes associated with
the marker are &so :indicated. Data from 2,687 cases and 13,484 controls
were used in the association analysis. arkerAllele OR 3ol 572407C3 1,06
,frS12442141 _rs1612409 3481001050 KLF1.5 203493549 n1465779C 3 1,07 w,si3
:ISa. .1- --- ..;,  02226 15 I 29301300  1it:K:2637:0  ,i.s221141,31 A l
.03 :  0223815 29140680TR01111  s811034805 A 1.1151
02V15294530730Kisisi.o.C440262  087241403C1.06 o 7290 1529149644171P11341
ese9.1566l1A094 i 0.22961530175636 (7-1RNA7  -r82679262"0 1135 



+ '02459 1529244873 :s4417522C1.0402735 1529974412  -:rol 19733C 0.960
201415L30160955CHRNA7  m1459200 A 1,Q40.29211151  23594877C15.0(115   wzaaN
A109 0O62 151 2911757241a1,11 m2330834C 1340.2089 L161  2912501773131141
r55501033 I:91.04a.3097 S 291573129TRPM1   -rs12600301-C0.950.3122
296199380150116 -rs/593004 _I  A1,00   0.3256 iS29627425  'ts494705C0.96
0.334328822331LC9(440251 43348 .39C1.07034e1 ,z  23979194  .  -;8124401801
040 38773 30072146 _ -reit:eel-AS iA t19p U3731154  30119745 1' C1ihNA?
15.3704 -4T6 299p51450. lns4779814 4 0.3e141291437173R13191  .-s7109523 1A
0,90 ' 0 333129250670  382'1378336 4 A0S7..____; 0.30 +  W 3215 016840
387162896 ,C n 06I 6.3902152931387311.6E233710  -rs7/61763;171.3977:5(115
29402033  1 KI..13PENA 1i  29609507C15  .m11830449 ;  1 0.39511     



95 ;EXAMPLE 2. Recurrent duplications of chromosome 16p13J associated with
'-Tschizophrenia    sub-microscont duplication on chromosome 16p13./ was
recently found in two unre.lated _patients diagnosed with autism (Arran
etal., Human Mutation 28;674-682,(2007)). The :dupiication encompassed an
Interval of 1.5 Meg,abases (Mb), spanning positions 14,89 to 16.39  ,Mb
(NCEI Build 36). A third duplication was identified by quantitative PCP. In
a second Australian :cohort of 112 patients. Two of the duplications were
familial, and In one family a severely .autistic brother also carried the
duplication. One of the brothers was continuously hyperactive, :destructive
and aggressive, whereas the younger brother was passive and easy to manage.
to tither carders included a sister, who had learning difficulties (sister)
and a mother who had learning difficulties coupled with obsessive
compulsive disorder. The two deletion patients had ;,sever e mental
retardation. The former was de novo; the latter had a mildly affected
carrier inother.                       :-The chromosome 16p13.1
duplication/deletion Interval is located In a region previously reported
tSilinked to bipolar disorder (Mcinness et at, Proc. Nat!.
Sci,USA.433(23)130611-13065 (1996),  :Ewald et at, Mot Psychiatry 7(7):
734-744 (2002), Ekholm et at, Hum. Mol. Genet. :12(t5):1907-1915 (2003),
Kassem eta!,, Am. 2. Psychiatry, I63(10):1099- 104(2006) and to :puerperal
psychosis (Jones etal., Am. 3. Psychiatty.164(2);245-258 (2007)).
Furthermore, in a :genome wide scan of 458 Finnish schizophrenia families,
linkage was reported to DISCI locus :(Ekelund et al., Moi.
Psychiatiy.9(11.): 1037-1041(2004)), When these farniiies were iater
,00nditioned for a risk haplotype spanning intron 1 and eon 2 of the DISCI
gene, linkage was Tfound to 16p13,1 ( lod 3.17)(Herinah et at, Hum. Mat
Genet. 16(6):463-462 (2007)). The duplicated/deleted region contains the
gene coding the DISCI binding protein NDEI. The authors found significant
allelic association between NDE1 and schizophrenia. However this 25
_association was not confirmed in a recent Japanese study (Numata Set al.,
Schizophr. Res. 199(1-3); 367-369 (2000)). Finally, association was
recently reported between NDEI and lechizophrenla, when schizophrenia cases
and controls were conditioned by the presence of Cys residue at codon See
704Cys of DISCI gene. (Burdick et at, Hum. Mot Genet.(2008)). In the
present study, we assessed association of CNVs in the 16n13.1 region with
schizophrenia 3055 part of a genorne-wide scan using the laurnina
HurnanHap300 and Human Hapsso and Affyrnetrix SNP 6.0 genotyping arrays in
a sample or 3,843 schizophrenia patients and 34,602 controls from seven
European populations (tceiand, Finland, Germany, Holland, Nonvey, Italy and
the UK). RESULTS We limited our search on 16p13.1 to the region between Fib
14.66 and 18.70 Mb (Built136). For ; comparison, the duplications and
deletions reported by Ullman etal. (Human Mutation 28:574- 6B2- (2007))
span Mb 14,8Si-16.39 (NCB! Bulid36). We subdivided the region into three
singie  96 copy sequence Intervals which we called 1,2 and 3, each was
flanked by substantial low copy repeats (LCRs) extending approximately
15.2315,38;16.38-16.53 and 18.19-18,34 respectively,  Figure 6 displays the
region on USCC browser and gives examples of the dupiications and deletions
we observed. Duplicated intervals are identified by the numbers 1, 2 and 3.
Interval 1   5 ls a situ!! island of Angie copy sequence embedded in a
large cluster of LCRs... Table 11 lists the duplications and deletions
found in our series plus country of origin. None were found in cases and
controls from the UK samples from Institute of Psychiatry (n=103 and 92),
Italy (n=66 and 92). Finland (n.-191 and 200) and Norway (n=24$ and 272),
Accordingly, these samples were hot included in Cochrane-Mantel -Haentzei
enaiysis, 10We found a three fold excess of duplications and deletions in
cases compared to controls (Table 



12), Duplications were present in 0.36% of schizophrenia cases versus 0.06%
controis (P <0.0032). Deletions were present in 0.12% cases and 0.04%
controls (p>0.05). Dee to varying geographical origin of the samples we
analysed the data for association using Cochrane Mantel Haentzel to correct
for stratification. Total duplications were significantly associated with
isschizophrenia (pt0.0045). When analysis was restricted to duplications
containing intervals and 2, the significance increased further (p<0.00018).
Duplications of intervals 1 plus 2 were present in 4 male and 2 female
Scottish cases, 2 male Icelandic and 3 Dutch male cases; duplications were
found in 12 female and 6 male Icelandic controls, and 2 Dutch male
controls. Odds ratio was 8,50 (males) and 3.63 (fernaies). The two
Icelandic cases were independently 2(3ascertained and are included In the
analysis as separate probands. However, when genealogical analysis was
later performed unexpectedly we found that the two schizophrenia cases were
;Second degree relatives. Other carriers in the family included single
cases of alcoholism (under treatment), dyslexia and AVHD,    A 1 plus 2
deletion was present In 3 German schizophrenia cases," one German and ten
Icelandic 2$lcontrols (P>0.05) and a 2 plus 3 deletion was present in one
Scottish schizophrenia case, two German and two Icelandic controls
(P>0.05). We tested allelic association for all SNP markers on the Illumine
microerrays that spanned the 15p13.1 region in 2,687 schizophrenia cases
and 13,484 controls, One marker, rs2283508 was 'significantly associated
(p<1.59-05) and remained significant after locus wide correction with a
30P-value or 0,0043. This marker is located within intron of ABCC6 gene, In
view of the report (Burdick et al Hum, Mot Geriet.2008) of association
between NDE1 and :schizophrenia when schizophrenia cases were stratified by
the presence of Cys residue at Ser .704Cys of DISCI gene, we also
conditioned our schizophrenia cases. The DISCI Ser704Cys SNP, rs821616, Is
not on the Illumine 317K chip, However, a SNP that has r2 1 with ra82161.5
35(I.e., a perfect surrogate) In the CEO, rs621596, was present. We
therefore used rs821.596 to divide the schizophrenia cases into  97
Cys-carrier and non carrier groups, and then looked for allelic association
with SNPs at the NDE1  focus in the two groups. None were significantly
associated. The data for 51 SNPs in, or within 1200 kilobases or NDE1 for
the Cys cater and non carder groups are In supplementary Table 12, ;Since
the majority of the duplicated cases were Scottish in orluin, we examined
the haplotype background of the duplicated regions, The CNV occurred on a
different haplotype bad4ground in each Individual, Indeed none of the non
Icelandic individuals for which we had genotype data had a CNV on same
haplotype, background as any of the Icelandic cases. This suggests there
was no founder, and each of the events is likely to have arisen
Independently. Within Iceland itself, for each of the CNV duplication and
deletion subtypes found in more than one Individual,. 10there was no
founder mutation. There were enough Individuals in the Icelandic population
with 1 plus 2 duplications to look at clustering patterns. Clustering
occurred at a rate of 3 to 4 fold iass than expected if the duplications
were selectively neutral. However the maximum meiotic distance between
individuals with the 1+2 duplication was longer than with the other 16p13.t
p4v. categories we looked at here or among the deletions associated with
schizophrenia on other 15Chromosomal regions we have examined. DISCUSSION 



We have examined chromosome 16p13,1 region for recurrent duplications and
deletions En a large set of European schizophrenia cases and controls, We
find a three to four fold over- 20 , representation of both duplications
and deletions in schizophrenia cases compared to controls. The
over-representation of duplications is statistically significant
(Ps0,0045). The great majority of duplications and deletions we found using
Illumine micro-arrays are identical to those reported by Ulmarin et al
(Hurrpars Mutation 28:674-652(2007)) using SAC tiling pathway. They span
the same 1,5 Mb region that Includes intervals we cail 1 and 2. However a
minority of duplications 25and deletions In our cases and controls have
breakpoints spanning intervals 2 and 3. These have not been previously
reported. The breakpoints for both types of deletion/duplication are
located In areas with high LER content. The region appears to be a region
of genornic, instability (Shaw and Lupski, Hum, Mni. Genet. 13: Spec No
1:R57-64 (2004)). There are several paralogous repeats in the region. The
repeats are inIn the same orientation, and non allelic homologous
recombination (NAHP,) between these LCIts seems to be the most likely
explanation for the recurrence of these rearrangements and for their
Identical size, Three Inversion polyrnorphisms have previously been
described in the 15013.1 region (fuzun et at, Nat. Genet.37(7):727-732
(2005) and Database of Human variants nano et al., Cytagen Geneme Research
(2006)), A large duplication in a patient with mental 35 retardation has
also been reported (Sharp etal., Nat Genet. Sep;39(9):1039-1042(2006)), and
a smaller de novo duplication (Kriek et al" J. Med. Genet. 41(4):249-255
(2004)). However in the :atter report, since the Father also had learning
difficulties interpretation is problematic, A  98 ;much larger duplication
(8frib) of the region has also been reported in two unrelated patients with
autistic features (Finebi eta!,, J. Med. Geriet.41(7);e90 (2004)), Our most
striking finding Is the increased rlsk of schizophrenia associated with
duplications at the 26o13.1 locus. Recurrent deletions at several loci have
now been reported significantly Sassociated with schizophrenia but to date
duplications associated with schizophrenia have mostly been isolated case
reports. This is the first locus to our knowledge where there is
statistically significant evidence of association between a duplication and
schizophrenia. The different sizes of the duplications and deletions we
have identified at the 16p13,1 locus presents difficulties when it comes to
assessing association with schizophrenia. Statistically, we have used the
10straightforward approach of counting all duplications as equivalent
events, and only then tried to condition on those duplications that have
the same breakpoints as the orloinal ones reported by Unman at at (Human
Mutation 28674-682 (2007)). Although caution must be exercised when
interpreting results frorn such a small number of cases, there are several
grounds for thinking that our findings are genuine. First given the rarity
of the duplications the association with Is'schizophrenia is remarkably
statistically significant, especially if the I plus 2 duplications are
Ponside,red separately (Pc0.0045 and Pc 0.00018 respeotiveiy). Also
Identical duplications at the 16p13.1 locus have already been associated
with autism. What is more, three of the schizophrenia duplication cases had
an early onset of illness (12, 17 and 19 years) arid in this respect
resembled the 16p13,1 deletion cases where three of the five cases also had
early onset 20'of illness (15,17 and IS years) see Table 13. This seems
unlikely to be due to chance, The duplication co-segregates with
schizophrenia in the Icelandic pedigree and also with other
aeuropsychiatrIc disorders including ADHD This is not unexpected since an
overlap of phenotypic Features between autism and AENID has been
extensively reported, and individuals with ADHD are at Increased risk of
schizophrenia. (Amminger et at, Am. 3. 25Psychfatry156(4);525-530(1959),
Keshavart et at, Schizophr. Res.59(1):85-92 (2003), Oner et at, Schizophr,
Res.76(2-31:293-299(2005)). Its also perhaps noteworthy that nine of the
eleven 1 plus 2 schizophrenia cases were maies. This cannot be accounted
for by the excess of males in the schizophrenia series under investigatiOn,
and resembles the sex ratios observed In autism. The duplications at this
locus appear to be under negative selection. Cluster analysis of 



30 the 1 plus 2 duplication events in the Icelandic population finds
considerably fewer clusters than If the duplications were selectively
neutral. This negative selection is not as pronounced as for the high
penetrant recurrent deletions we have recently described at other loci but
it Is present nevertheless. It is consistent with the lower odds ratio we
also observe. Finally the duplicated 'region contains two strong candidate
genes over- or under-express:on of one or both of which at key stages of
neurodevelopment could predispose to autism and/or schizophrenia. NTANI
gene Is located in the small Island of single sequence called interval one.
It encodes an Nterminai asparagInes amidase that has been irroacated in
social behaviour and memory. Over- " expression of NTAN1 leads to reduction
In MAP2 protein expression through the utedultinproteasorne pathway.
Reduced expression of MAP2 may be a useful marker for diagnosis 40Pf
schizophrenia and bipolar disorder in vivo (Whitaker-Azmifia etal.,  99
Ne.urepsychepharmaeoloay12(3):269-272(1995); Mazer et ai., Brain
Res.760(1-2): 673(1997)) and in vitro (Marx et at.,Bioi. Psychfarry50(.10);
743-749(2001), Boum et ei., ActeNeutopethot.102(4): 373-379(2001)).
Mutations of 1113E3 auhigultinprotein llgasegene, Cause Angelman syndrome,
a neurocleyelopmentai disorder with associated autistic features. 5
Recently, decreased expression of genes involved in ubioultin metabolism
has been reported in dorsal prefrontal cortex and laser sorted dentate
granule neurons from schizopbrenia patients (Middleton at al.,
...i.Neurasct.22(7): 2718-2729 ( 2002); Vawter etal., Schizeply.
Res.50(1):11- 20(2002); Altar at at, Stet Psychiatry58(,2):65-96(2005)).
The neuronai ubiguitinproteasome system controls the assembly,
connectivity, function and signaling of the synapse, Including the
toturnover of pre and postsyreptic proteins Wedge and Antonio,
titauroscience3:054-861(2002); Collins CA and Di Antonio A, Curftpt Opinion
Neurobiology, 17:35-42 (2007)). Mice with disrupted NTAN1 gene show fes s
locomotion in an open field and Impairment of several spatial memory tasks
(Kwon at at, Not Cell B10i.20(11);4135-4148 (2000); Eialogh et ai.,Learn
Priem.7(5): 279-286 (2000)). 15INDE1 and NDEL are highly homologous genes
involved in brain development, neuronal Proliferation, migration and
synapse formation. They encode for proteins that biologically interact with
DISCI and UST proteins, With NDE1 appearing to be interchangeable with Its
homoiog NDEL, except that NDE1 is expressed earlier in development, The
1I51/NDEL pathway is Involved In brain development and regulated by RELN,
another candidate gene IW 20schizophrenia. Mutations in RELN, L1S1 pathway
cause iissericephely. NDE1 null mice are viable and display microceprialy
with thinning cortical layering and reduced numbers of neurones.
Interestingly two out of three reported autism cases with the duplication
had Increased head circumference. Mice display defects in neuron&
proliferation and neuronal migration. NDE1 protein directly interacts with
DISCI protein at the C terminal end that is distal to the truncating
25Mutation reported in the Scottish DISC1 translocatIon family. (Karraya at
ai." Hum. Plot Genet.15(22):3313-3323 (2006)). Phenotypes in this farniiv
Include schizophrenia, Schizoaffective disorder, major depression and
severe adolescent conduct disorder. (St Clair at at, Lancet336(8706):13-16
(1990); Blackwood etal., Am.]. Hum. Genet. 69(2):428-433 (2001)). Sachs
flat, (Am.). Hum. Genet, 69(2):428-433 (2005)) reported a frameshlft
30Mutation in DISCI_ gene in an American pedigree. In addition to cases of
schizophrenia and maior depression the pedigree contains two cases of
autistic spectrum disorder and two cases of mental retardation. The DISCI
gene has also recently been found associated with autism spectrum and
Aspergees syndrome (Kilpinen at at, Not Psychiatry 13(2):107-196 (2008)).
Since DISCI is known to Inhibit NDEliNDEL activity,the duplications we
report here might therefore be expected to have a similar biological effect
as the truncating mutation associated with schizophrenia in the Scottish
family, of increasing NDE1 activity. All duplications and deletions in our
study involve interval 2 that harbours the NDE1 gene and this makes
dye-regulation of NDE1 expression the most parsimonious explanation for the
Increased risk of the schizophrenia phenotypes we associate with the
region. On the other band 40the strongest association is with dupiicatIon
cases that also involves interval 1. R is possible that  100 Combined
changes in expression of NTAN1 and NM/ increase susceptibility over chanoes
in expression of NDE1 alone. We found evidence of allelic association with
only one marker,  located in an intron of ABCC6, spanning the region
present on the illumine micro-array, We were unable to retilicate
association with ARDE1 when our samples were conditioned DISC: ser704cys
and cys704eys carrier status. Further examination of the region wiii be
necessary to determine if it contains rare variants that increase risk of
schizophrenia, It will also be necessary 'to analyse mRNA and protein
levels using relative allelic expression to try to define which individuals
may be able to compensate for dosage gain/ loss, for example through a
high/low expressing residual copy of the gene or other modifying loci.
These, along with as yet 10'unidentified environmental influences, perhaps
acting epigeneticaliy eg on RELN gene, may help 



to determine the penetrance and expressivity Df the phenotypes observed at
the locus.  Further work is required before the clinical implications of
our findings become clear. On the one hand the data strongly suggest that
recurrent ouplications at 16p13.1 locus increase risk of schizophrenia.
They also strengthen the hypothesis that there are shared genetic risk
rectors 15between schizophrenia and autism. However the odds ratios, even
for the I plus 2 duplications, are substantially less that the Increased
risks we have observed for recurrent deletions on chromosomes I, 15 and 22.
Whether the lesser odds ratio we observe for duplications is a feature of
the 16p13,1 locus Itself, or it Is part of a broader rule than recurrent
duplications are generally less penetrant than recurrent deletions remains
to be determined. The I6p13.t 20duplications we observe are rare, at a rate
of about 3 or 4 per 1000 cases, and, from the control population In the
present study, about 0.08 % of live births. This makes it difficult to
obtain precise measurements of schizophrenia and/or autism risk. Analysis
of CNV data from sets of 'cases and controls considerably larger than the
sets we report In this paper, which itself to date Is one of the largest
assemisied, win be remPred. These and many other questions will need to
25be answered before the exciting findings arising from CNV analysis can be
used In clinical practice for diagnostics, disease classification or
genetic testing. MATERIALS AND METHODS Samples 3o.A total of 3543 affected
and 34602 controls from six European populations were successfully examined
for Cfilis at the two loci studied here; 1435 schizophrenia patients and
28554 control individuals from the Iceland, Scotland, Germany, England,
Italy and Finland (The SGEINE sample; http://www.SGENE.eq), addtionai 8E6
schizophrenics and 856 controls from Aberdeen, Scotland and Munich, Germany
which have been coilected with support from GSK and were genotysed at 35
Duke University, 491 affected and 881 controls from Bonn, Germany,
genotyped at Bonn University and 806 Dutch cases and 4039 controls. The
Icelandic sample consists of 646 Schizophrenics and 27747 controls. A
further 5630 genstyped samples were examined but  101 exciuded from
association analysis due to other psychiatric disorders (autism, bipolar
disorder, ADHD, dyslexia and alcoholism) and/or first degree relationships
to schizophrenic patients. Patients and controls were all Icelandic and
diagnoses were assioned according to Research Diagnostic Criteria (RDC)
(Spitzer et al., Arch. Gen. Psychiatry 35, 773-782 (1928) ) through the
5use of the lifetime version of the Schizophrenia and Affective Disorders
Schedule (SADS-L) (Spitzer, New York State Psychiatric Institute, New York,
(1977)). The Icelandic controls were 'chosen from persons who have
participated in other genetic studies at deCODE Genetics, The Scottish
sample Is comprised of 661 schizophrenia cases and 655 controls. All
participants self-identified as born in the British Isles (95% in Scotland)
and met DSMIV and !CD-1O (American toPsychiatric Association 199a: WHO,
1994 48) criteria for schizophrenia. Diagnosis was made by GPCR1T (MeGuffin
et at, . Arch, Gen, Psychiatry764-770, (1991)). Controls were volunteers
recruited through general practices In Scotland, and subjects with major
mental illness were excluded. The Munich sample consisted of 611 Caucasian
cases and 612 Caucasian controis. Cases diagnosed with DSMIll schizophrenia
were ascertained from the Munich area in Germany. 15Diagnosis was made
according to DSPIIV criteria using the Structured Clinical Interview for
Axis / DSM-IV Disorders (SOLD) (First et at, flinmetrics Research, New
York, 1994). The controls were unrelated volunteers randomly selected from
the general population of Munich. The Finnish sample consisted of 191
schizophrenics and 200 regionally selected controls that had no medical
history of schizophrenia. Diagnosis was according to the criteria of
Diagnostic and Statistical 



20 Manual of Mental Disorders, 4th edition (DSM-IV). The sarrstle from the
UK consisted of cases (n --e 104) and controls (n = 95) who were unrelated
white European Caucasians, All patients were interviewed with the Schedule
for Affective Disorders and Schizophrenia Lifetime Version or the 'Item
Group Checklist (IGC) of the Schedule for Clinical Assessment In
Neuropsychiatry (SCAN) (WHO, Schedules for Clinical Assessment in
Neuropsychietry (SCAN) Manual, 1994) and 25 dlegnosed according to 100-10
P.DC. UK controls were unrelated Individuals with no history of major
mental Illness. Diagnosis of the SS ltailan cases from the local population
of South Verona was also by IGC and ICD-10 PDC for schizophrenia, and the
91 controls were unrelated healthy volunteers randomly selected from the
same population. The Bonn sample is comprised of 491 patients and 881
controls. Patients were recruited from consecutive hospital admissions and
30 were all of German descent. In patients, lifetime best estimate
diagnoses according to DSRI-IV criteria were based on multiple sources of
information Including structured interview with the BCD (First at at, 1994)
or SADS-L (Endicott and Spitzer., 1978), the POUT (fleGuffin et al,, 1991),
medica: records, and the famliy history. Best estimate diagnoses were
obtained from at least two experienced psychiatrists/psychologists.
Controls were derived from two German 35population-based cohorts, PopGan
(N=492) and Heinz Nixdorf Recall (N=383). The Norwegian sem* included 245
patients who had been recruited to the TOP study from all the psychiatric
hospitals in the Oslo area. The patients were diagnosed according to
Structural Clinical Interview for OSI1-1V (SOLD, The healthy control
subjects (N-272) were randomly selected fForn the same catchMents area as
the patient groups. Only subjects born in Norway, an of Caucasian origin,
40were contacted by letter and invited to participate. Ethical approval was
obtained from the local Ethics Committees. All participants gave written
informed consent. One part of the Dutch sample consisted of 806 patients
and 706 controls, Inpatients and outpatients were recruited  102 from
different psychiatric hospitals and institutions throughout the
Netherlands, coordinated via academic hospitais In Amsterdam, Groningen,
Maastricht arid Utrecht. Doted medical and psychiatric histories were
collected, InciudIng the Comprehensive Assessment of Symptoms and History
(CASH), an instrument for assessing diagnosis and psychopathology. To
exclude related 3patients and controls, all subjects were fingerprinted
(Illumine DNA panel, 100 SNPs), Only patients with a DSM-IV diagnosis of
schizophrenia were finally included as cases (295.xx). AB patients and
controls were of Dutch descent, with at least three out of four
grandparents of Dutch ancestry. The controis were volunteers arid were free
of any psychiatric history. Ethical approval was obtained from the local
Ethics Committees. Ali partidpants gave written informed 10consent. The
remaining Dutch control sample consisted of 3,333 individuais collected by
the Radboud University Nijmegen Medical Centre (RUNMC) for genetic studies.
All 3,333 participants used in the present study are of self-reported
European descent. The study protocol was 'approved by the Institutional
Review Beard of Radboud University and all study subjects gave written
informed consent. 15 The SGENE sempies were typed on the HurrianHap300
BeadArraym (iliumina, San Diego, USA) at deCODE genetics. The additional
samples from Aberdeen and Munich were typed at Duke University in
collaboration with GlaxoSmithiline on Humanhlap5S0y3 and Humanilap300
BeadArrayT" (Illumine, San aego, USA, respectively. The samples from Bonn
were typed at 20Bonn University on IlurnenHap550v3 BeadArraym (Illumine,
San Diego, USA). The Dutch Samples from Utrecht University were genotyped
at the University of California, Los Angeles, on NumanHapS50v3 BeadArra?'
(Illumine, San Diego, USA). Therernaining Dutch samples were genotyped at
deCODE genetics on iltimanidap300 BeadArraym (Illumine, San Diego, USA).
The Nonvegian samples were genatypeci on AftymeteixGeneChip(r) GenorneWide
SNP 6.0 array and 25analyzed using the Affymetrix Power Tools 121.0.
Samples with Contrast QC below 0.4 were excluded as recommended by the
manufactory. 011V detection DosageMiner software developed at deCODE
genetics and QuantiSNP software developed at Sc,weHcorne Trust Centre for
Human Genetics and the University of Oxford
(http:i/whii,v.well,ox:ac.okiQuantiSNP/) was used to identify deletions and
duplications within the region reported by Ullman etal. (2007) in ail
samples except the Norwegian samples . Dosage miner, described in detail
elsewhere (Stefansson at al., submitted), uses the intensities from SNP
probes on the Illumine mIcroarrays n estimate copy number of genorrec
regions, and 



35models factors such as SNP effect, sample effect and GC-content the in
neighbourino region to normalise the intensities, The software then
automatically registers SNP loci where Intensities fali above or below an
empirical threshold.  The QuantiSNP program relies on an Objective Bayes
Hidden-Markoy Model to estimate copy number variations (Colella and Yau et
al,, Nucleic Acids Research 2007), fn this model, the hidden states denote
the unknown copy number at the inspected ShiPs. Genotype data was used to
compute different states, Based on the ratio of fluorescent dye ratios
(look) and stretches of, the algorithm computes a bayes factor that is used
to calibrate the model to a fixed type I (false-positive) error rate, A
Bayes factor threshold of 10 Is considered as a promising value for the
possible presence of a CNV. Usually, such values occur when 5-to
consecutive SNPs are deleted/duplicated. Differences in GC base pairs may
result In biased hybridization behaviour of SNP probes bearing the risk of
miscalling genotypes. To normalize for this, Quatit@SNP assigns a
olocus-specific GC value to each probe. Ad potentiai CNVs detected by both
softwareserece Subsecuently visually inspected and confirmed. Association
analysis      Cochrane-Mantel-Haenzsei analysis assuming common odds ratios
teas performed, stratifying .15samples by country of origin to take account
of the possible effect of geographical variation on the results of the
analysis. 20  104 Table IL Duplications Status of'sm andeletions or 16p
13,1 Scotland Scz (86111665) In European populations CtirlScz itjcVa
Germany Holland CalSotCol 
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x leoludd M dupt Sdinphsenla 23 Y8d, dee pedigree eht8888  108 EXAMPLE 3.
Duplication on chr 505 associated with schizophrenia By assessment of CNVs
using SNP markers on the IIlurrilna Hurler.Nagai() chip in samples from
Iceland/ we have Identified a region on chromosome 505.2 that is duplicated
in individuals diagnosed with schizophrenia. The 9035.2 duplication spans a
region flanked by markers rs1S45976 and rs2220368, between position
175,939,217 and 176,013,058, on chromosome 5 (Figure 7). Several genes in
the clupilcated region may contribute to the development of schizophrenia
in individuais carrying the 505.2 duplication,    The duplicated region
contains the Protocedherin LKC precursor gene (PCLKC), a gene encodingi 10G
protein-regulated incucer of neurite outgrowth (GPRIN1), a beta-synuclein
gene (SNCB) and a gene encoding transmembrane 4 super family member 11
Isoform b (TSPANI7). Protocadherin LKC precursor belongs to the
pititocadherin family. Members of the protocadherin family encode
non-classical cadherins that function as calcium-dependent cell-cell
adhesion molecules. 5Northern blot analysis of human brain regions shows
wide distribution in brain tissue and the central nervous syStem with
highest expression' in the spinal cord, Northern blot analysis of mouse
tissues detected expression In brain only, and Western analysis detected
the GPKIN1 protein in mouse neuroblastorna and rat pheochromocytorna cells.
Using Imrnunofluorescence studies and Western analysis of cell fractions.
It has been found that GPRIN1 is a membrane- 20bound protein that is
enriched in the growth cones of neurites, and as such is a possible
schizophrenia candidate. Beta synuclein is concentrated in presynantic
nerve terminals. It has been found that mice doubiy transgenic for human
aiptia- and beta-synuclein have decreased accumulation of alpha-
synucieln-iminunoreactive neuronal Inclusions and less severe
neurodegenerative alterations cnripared to mice singly transgenic for human
alpha-synuclelm In vitro oral culture studies showed that beta-synucleln
coimmunoorecipitated with aloha-synuclein and that cells transfected with
beta-syrniclein were resistant to alpha-synufdein accumulation, The
findings suggested that bete-synticleln may be a natural negative regulator
of alpha-synuclein aggregation. Furhter, it has been found that cultured
neurons overexpressing beta-synucieln had Increased Akt signaling
30activity and were resistant to neurotoxic effects of the pesticide
rotenone compared to cells overexpressIng alpha-synuclein end control
cells. Downregulation of Akt activity using Akt siRNA resulted in increased
susceptibility to the neurotoxic effects of rotenone.
Colminunoprecipitation studies suggested a direct molecular interadlon
between beta-synucieln and Akt. 



109 WHAT IS CLAIMED IS 1. A method of determining a susceptibility to a
schizophrenia condition in a human individual, the method comprising:
analyzing nucleic acid sequence information about a human individual and
identifying the chromosome 15q11.2 deletion that includes markers rs8040193
and rs3883043 in the genome of the individual, wherein the presence and
absence of the chromosome 15q11.2 deletionare associated with different
susceptibilities to the condition in humans, and determining a
susceptibility to the condition for hindividual from the nucleic acid
sequence data, 2. The method of claim 1, wherein determination of a
susceptibility comprises comparing the nucleic acid sequence information to
a database containing correlation data between the chromosome 15(111.2
deletionand susceptibility to the condition. 3. The method of claim 2,
wherein the database comprises at least one risk measure of susceptibility
to the condition for the chromosome 15q11.2 deletion. 4. The method of
claim 2, wherein the database comprises a look-up table containing at least
one risk measure of the condition for the chromosome 15E111.2 deletion. 5.
The method of any one of the preceding claims, wherein analyzing nucleic
acid sequence information comprises analyzing at least one polymorphic
marker in a nucleic acid in a biological sample from the human individual.
6. The method of Claim 5, wherein analyzing the at least one polymorphic
marker comprises analyzing at least one polymorphic marker representative
of the chromosome 15g11.2 deletion. 7. The method of claim 5, wherein the
at least one polymorphic marker is in linkage disequilibrium with the
chromosome 15q11.2 deletion. 8. The method of claim 6 or 7, wherein the at
least one polymorphic marker is located within the chromosome 15q11.2
deletion. 9. The method of any one of claims 5-8, wherein analyzing the at
least one polymorphic marker comprises obtaining dosage measurement data
for the at least one polymorphic marker representative of the chromosome
15q11.2 deletion.  110 10. The method of any one of the preceding claims,
wherein analyzing the nucleic acid sequence information comprises
identifying the chromosome 15q11.2 deletion using a nucleic acid probe
selective for a nucleic acid segment that comprises the chromosome 15q11.2
deletion. 11. The method of claim 10, wherein the nucleic acid probe
comprises a label, and wherein identifying the chromosome 15q11.2 deletion
comprises allowing the nucleic acid probe to hybridize to the nucleic acid
segment, such that when bound to the nucleic acid segment, the label is
representative of the number of copies of the segment In the individual.
12. The method of any one of claims 1-4, wherein the nucleic acid sequence
information is obtained from a preexisting record. 13. The method of any
one of the preceding claims, further comprising reporting the
susceptibility to at least one entity selected from the group consisting of
the individual, a guardian of the individual, a representative of the
individual, a genetic service provider, a physician, a medical
organization, and a medical insurer. 14. The method of any one of the
preceding claims, wherein the chromosome 15q deletion is indicated by a
genetic marker in linkage disequilibrium with the chromosome 15q11.2
deletion. 15. The method of Claim 14, wherein the genetic marker is a
single nucleotide polymorphism. 16. The method of any one of the preceding
claims, further comprising determining whether an additional genetic risk
variant for Schizophrenia is present in the genome of the individual. 17. A
computer program for determining a genetic indicator for a schizophrenia
condition in a human individual: wherein the computer program is adapted to
be executed on the processor to analyze information about the chromosome
15q11.2 deletion that includes markers rs8040193 and rs3833043, and 



generate an output based on the information about the chromosome 15q11.2
deletion, wherein the output comprises a risk measure of the chromosome
15q11.2 deletion as a genetic indicator of the schizophrenia condition for
the human individual.  111 18. The computer program of Claim 17, wherein
the computer readable memory further comprises data for at least one
polymorphic marker in a plurality of individuals diagnosed with the
schizophrenia condition, and data for the at least one polymorphic marker
in a plurality of reference individuals, wherein the data is representative
of the chromosome 15q11.2 deletion, and wherein a risk measure is based on
a comparison of marker data for the at least one marker for the human
individual to marker data for the plurality of individuals with the
schizophrenia condition. 19. The computer program of claim 18, wherein the
data for the at least one polymorphic marker is dosage data for the at
least one marker. 20. The computer program of any one of the claims 17 -
19, wherein the computer readable memory further comprises data indicative
of the risk of developing the schizophrenia condition associated with the
chromosome 15q11.2 deletion, and wherein a risk measure for the human
individual is based on a comparison of status of the chromosome 15q11.2
deletion for the human individual to the risk associated with the
chromosome 15q11.2 deletIon. 21. The computer program according to Claim
20, wherein the computer readable memory further comprises date indicative
of the frequency of the chromosome 15q11.2 deletion in a plurality of
individuals diagnosed with the schizophrenia condition, and data indicative
of the frequency of the chromosome 15q11.2 deletion in a plurality of
reference individuals, and wherein risk of developing the schizophrenia
condition is based on a comparison of the frequency of the chromosome
15q11.2 deletion in individuals diagnosed with the schizophrenia condition
and reference individuals. 22. The computer program according to any one of
the claims 17 -21, wherein the risk measure is characterized by an Odds
Ratio (OR) or a Relative Risk (RR). 23. A method of determining a
susceptibility to a schizophrenia condition in a human individual, the
method comprising determining whether a copy number variation polymorphism
is present in the genome of the individual, wherein the copy number
variation is the chromosome 15q11.2 deletion that includes markers
rs8040193 and rs3883043, and wherein the presence of the copy number
variation in the genome of the individual is indicative of an increased
susceptibility to the condition. 24. The method of claim 1, substantially
as herein described with reference to any one of the Examples and/or
Figures thereof, 25. The method of any one of claims 1 to 16, substantially
as herein described.  112 26. The computer program of claim 17,
substantially as herein described with reference to any one of the Examples
and/or Figures thereof. 27. The computer program of any one of claims 17 to
22, substantially as herein described. 28. The method of claim 23,
substantially as herein described with reference to any one of the Examples
and/or Figures thereof. 29. The method of clalrn 23, substantially as
herein described.     








