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a representative of ot Re APy gIsusceptigily saprEises &pyRagies e prFleard a

physi ci an;* 98" APETHILP §4piP2at 1oBRINNG FRIreAtiTrEdiad e ers@peTUMb@ vRkatios | ngl e

entities, PAMROINSMA gndessrersinibty & the Fredindroree drembicanedr eambit kesritay be tar get ed

by such r epovr teirigcohnrigariiforekdicarabikqeinBERRngivid@sds. GBRIARY aS9FRihat i on. of the

?lr)]ove mﬁe%glg)gﬁda ﬁikf[ri.\éa.:hﬁ'ce&1sch1?zgpﬁeéﬂﬁtfé>rcfndmt[|§se\[/hoi c?rr\% ha%glgrecow i g.}'“ 3 bd.ur P W th
e copy ¥ i 0 r resentative e copy nunber variation

by virt ue(o(% atrﬁg:i%’/:di%?gh@Pr%rrgléﬁ;ggg‘rgicaﬂsoéf ﬁalmp‘e%’eéeé’Fels%ﬁ"?‘F %ﬁf)?ﬂﬂ’f fERts of the

i nvention. 1'n Sofe. EnDCAMHEREPE 7 RRECegasfetqter AiPRR Meqsyrenknepmigitee nuci ent i de

pol yror phi<¥'AT PSrITn SBHalsohprendi fPres urposh endpan eittiicscomerk te ive226350a |, SEQ | D

NG 23) is indicative of the presence of the 16p13.1 duplication. 35The

i nvent i onIn&PEY preodimeds obtained modicefid shatedtahfinfagonao®prieegtdidtdlat y t 0

schi zaophr esiegicai sampte horveia humgh ivdivibdaland §136ziREd A cROBIRHoshR Shafkkrin 9Dt @i Ni ng

nuci el ¢ amiceic s@6HC:BmpIE f PILEBEN Br BRI es Bn ALY Qherﬁaéflozug%ll I dﬁigtl fying at

| east al Iﬁ&rﬁengmﬂ&eslaﬁQﬁtn gﬂgaspg)le%gbr{mgmiccmarnaér reﬁ’ t‘er efl rl;] CYFP?)er ent alleles

6 of the at |east one {ng o phi M AP & BEEHEPETREIN ¢ et £r8Pnt

suscepti bi[111es 1°6° SEhI"ZGHMT EHI A oPHTHITEIRST leath anegovaetPRiF ey a

suscept i bIMGE st IR} WG R tPE ofeotort hienbgnydiiariorl Utk rrkenmétte imucl ei ¢ add

sequerite ltito8 disdaiibrvimres ditermerted bewsies ON@e PFoiejairosr phiest 0.3 1t @6 ed from t he

gL oup po&s&?éd wagati@fﬁ.f m&sg&m&?a ofked dsdbfe vlaers'lclam!f@fG@reéii\étﬁQldi id, E_r i um

ther ew t Nsuctl 43 rBgrRt& TR 0800 8 NN QlsNE Ry, ; 0420 rpaLsmis

r 322835065ftﬂeqnzggl@n_enbodi ment desgg?nqBn%[alegoaﬁé%’Ft%ﬁﬁléteg?rgsaéen%%ﬂé’ &l lele C of

r.522133508 is indicative of increased susceptibliity to schizophrenia in

the individual . Si’l;h‘? mar kers and CNVs described herein can be conbined with

ot her ri sR “FACtSPEITEYS BERT SHhMe @A RO hnaker isdecpigd Witkimive edpmevmttsr conbi ne

assesshent yPn pAIrRhEMareNivesnolvasrriie s o subledinthéimentna ptwhitdreassessvent of at

i east oneof d@dPryiromadr vgrenat, bicce tiegkestr@ae brasbbenfedt the GEYnZaPdRFi@RY the cof® as t O

todetermmne overall risk In the individual. In certain enbodi nents, such

additional risk factors are Selected from ENPs, mcrosateliites or

insertion/deletion polyrriorphisrns. The invention al so provides

conmput er -'i npl enent ed aspects. In one such aspect, a conputer-readabl e

medi um 35 provi ded, the nedi um having conputer executable instructions for



determ ning susceptibility to a schizophrenia condition in a human

i ndi vidual, the conputer i Sreadable nmedium conprising: data indicative of

at | eas ne copy nunber variation; a routine stored on the conputer readable
medi um andwaq%{?@glgo be execut ed by a processor to depermeaeodisk of

devel opi ng a schi zophrenia condition for the at |eastt Bneop6yr@dphi t

mar ker, 20wherein the at |east one copy nunber variation is selected from
the chronmosonme 1e21.1 del etion, the thronosome 535, 2 duplication, the

chr OITDSOITE 15 1|%t_|_02ndg%la?es d rec’tl?l.| npolethgprgs%n”cgsoﬂ%? gt%gg’ a%scqgrl aQIEIL. gfrth@‘nd t he

chr onosone conmput er readabi e
nedi um cc?ﬂ't’ra?rl’fés"‘ddf' arereﬁaq HofefPE o B Y TOERRE '?)?1%” 8""’3/%? PR ¢hdfRer that Is

i ndi cat i wethe Nk ikeepegsentageest’ theiserycepyer Mei#B®Y vari ation, | n sone ot her

25enbodi nents, the at ieast one pol ynorphi c marker is in |inkage

di sequi | itbprefatrednnibhdiréres, atahzieast aQeest gopyymupiienarkea cenaripes @btainng par ti cul ar
enbodi yMenbSge dak@dehdndbgator e aObastdne pOASIrprHIRarken plpakarpdivé FOER lesdtNng two or
mor e pol %ﬁ?éoByhh bBBLKEIR. 8ol G M%@hat%mléaﬁ\re RSP GGhtit@Rleal8st b0 an

appar at us anlcularal?éea ofgﬁowmo%hlc mgr%ra]r?t rg gg:L %@lEaQI(le LerEe a%oﬁrpcm‘ ZQaQJ&.quP' a condi tion

in a hu gig %‘ VB é é onput er readabl e
menory sGHERS AR otHSIFsRSe '@(ﬁj‘f‘é %d[' ??Estqai?ﬁgm%[ﬁ f %?resﬁenf)e executed on
t he processdfrom e nedratiqerecbp iflisttivaefiagartiapbate at2 SNeast '56?9@5?,"6153"9 urber

vari atd onhd apyt duerbbrvametion.ndi vi dual , sel ected fromthe chronosome 1g21,1

del etion, the chronosone 5035. 2 duptication, t he chronosone 15ql1l. 2

del et i on,in tHGInGCREQIMSRN Bl lndcide Sl@ edUedd idiflatioR eorgiaTBS@AE 2 16p13. 1

dupt ! cat Ingﬂeelc 2. . 9 ﬁ\@%@:d@ﬂa%&éﬂ“ﬁ%lnp%&n@t B cdof Rrhip! wr.m#gﬁ about the
measur e Oafnuf Hreacgrypr?bgaes?c[we f%r a nuclelc addnsﬁ%men l%at comFrﬁsesethgt%gp H}mb%p

i ¢ _indicator
t he schi 28/Pent 44€ SREATBI T’SP“‘feﬂté’eﬁ[?ﬁﬁﬁ r?pﬁed?r\ﬁ”aﬁ%fla parf ”'36@?'i°a| n
enbodifrersegnent, ke eolp Gl e itself e Habt @tidrerieheynal aF THeet ?Fdﬁﬁi?ﬁe%té@’edhft a for at
| east oneoRGbrpiompRércudaE KSRP.iIn catapl eombadiingnys, Ot niqtetki agid dreat soabiisegAosed wi t h
the schi a%h BRIMhremOdRHiihd&t leadtitble €63} AUrRLRF vakilt@n aﬁmdn&’isﬁovmﬁehepﬁll:lyﬂbr phi c
mar ker in.g F@Jlby{o%k/ﬁrtd}éf &fthJ QLEE 8NELoh o] MindHAMWRen BURRIE IR nhdke: LAt a 1s
F Epr esentE s resentagve of &e%}fmber 0 coélescfaghegédmggk in 9»@%?0188’{ ein a risk

nmeasure i%° rBeé.'gérEf ?)bﬁ' SR SHPar I son 0 or the at |east one narker
for the human individual to Marker data for the plurality of Individuals
with Bhe BeRaseshiaaTerreEpadicef giicastHe SORBUREDEEPYRAMY” “YHE data for the at
| east oneenpotiyenty plebeinphirdoes prieexistiosragped: catPréistinahiecorican gy *Gke mar ker, In
sone enbogdtn®natiek-up bule CaRgBLER @F oth@ adaht @ed@orpecyrdfcontiiier sudorprenses dat e

i ndi cativgof the risk of devel oping the schizophrenia condition associ ated
with at |l'east one copy tonunber variation, and wherein a risk nmeasure for

too," on Hie Ptu t | t
e il SR 6 ot g L st Lo,

the at’| e?E‘P”SB‘r‘iéepc?'b"B‘i/thﬁﬁ‘f‘?ﬁeé’}"b'\/té'r;'}ng[; POR"e elr'tIty sea[ecred?rr("rscr)‘ o Feht e conput er

i - eadabi etherisAipyp! P GPEHy of EELEs? 'a%fﬁf"'iaﬁ‘ﬁl%%i‘\?'é'd‘ﬂﬂ’ atgﬁ’éet'f feé‘ﬁ‘i?ency of at

| east oneprody Mmiwben, yeediat droaizptienganp b medlrd thgurest Ofhacingledo®les di agnosed
with t he salkingapdnesibe apndintitomd camnds day & thiebcatsisheemfung e frequency of
at the | egst9nNEb6@RYhed) WIRE hnV@HhbidtioR B thélabdvePharkidlel kxiti@k. ref erence

I ndi vi dual s, and mhereln ri sk of devel oping the schizophrenia condition is

based On gt?net?crmaal[ %glrr;.kaigedlgq&llbrlﬁrﬁ%ﬁ&%%ﬂp@fnu%% ratk!%h Jeprggéﬁtamw number

vari atl on 120 egtglln emgondl EI on and

r ef er encet"® Y \?FTHT&Y%”“I“RY ﬁ'ftg? el SHOSH™ e S useff’ _° I'ssure I's

char act er pfzesdnvsgtioan I"Gdels eRepd| s s Y eppticanarer 4 islpgle Ftldﬁt”d(3 RR) 20i I | - he

i nvent i onpalnsepheny lii das ekbddgnansethe benkyr rodreer 830 SEHEHAYI: B¢ herein, I n one
aspect, t[gicative of the presence of the 16p13.1 duplication.

35 'lThe invention also provides a method of determining a susceptlbility to schizophrenla in a human
indlvidual, the method comprlising (1) obtaining nucleic acid sequence information about a human
'_individual identifying at least allele of at least one polymorphic marker, wherein different alleles



invention provides a kit for assessing susceptibility to schizophrenia in a
human i ndi vidual, the kit conprising reagents for selectively detecting at
| east one copy nunber variation e3ol yrnorphi smsel ected fromthe chronosone
101.1 deletion, the chronpbsonme 505.2 duplication, the chronosone 1501. 2
del etion, tMP WV ®4Heome 15q13. 3 del etion and the 25Chr BADEGM0IBL3. 1
duplication In the genone of the Individual. In sone enbedirrients, the kit
further conprises reagents for detecting at |east one pol ynorphic marker in
I i nkage dlsequllibriumw th the at | east one copy nunber variation
pol ynor pniosite al lppssemeclemdrertimaendssqciatel @vitavifféred StscapnilitRoOtoysBilo phiire rar ker i's
| ocat ed wihtinans, dnhii) attedneasta sO@PYibNYIDRRIZpREh At BB inahRuRt-hEFheGIRQdI Ment s,
the reagentis se0ampd dasf whlreih 8RSE 1 RN6he GANLGHAUS: QL4 BORUG! eo(L)JB | de,3Qt hat
hybri di 8%y E&e@sofsfﬂwg%%rsﬂ IIn&aggd%eenﬁtmamqfeé 'tﬁ Ll Vfl Ué;r Sonpt | gl ng the at
| east one pol ymorphrc “marker” ““a *But f &r "and- 4 d&t BEEEBIEMPeiRI™ teer t ai n
embodi ment’s - CORPT S8 PAE™ [SI82E30h eln ALY HOEme| JetrrRnRIoB 6 theleressnasio t hat i s
capabl e of"&&:t €ct2R38PY)'s frgisptivelpf Hicrrgset! eusgeptiwivowischizosigertsnin Genqaividsilng t he at
| east one copy nunber variation. In certain such enbodi nents, the at |east
One ol i goAbRchetdrs atd Y odpecribs! Herednralzauinbiddd it otbousk r@rsstc| eot i des in
| engt h. 35 hephiranse mhspdrtath S@bdAIRN: 68%in 286BROH oPfarflElL SFNTL Nk Q%crﬁ) d
Suscept I b|h@'Ei}f, vpi@ a%e%ﬁw@ﬁt%?&héa@tmn acfaﬁigl%ll Eén&{l njslpva?ia Q?o@&izhﬂ\gln}él S Léa » he .
met hOdmCOGREHn%e%gerQﬁrFsEfn%e”.' é.‘\? ua ?rgc egi a C%R}/ nun[ber d‘V'arI a ort 5& ymor phi sm
is presenti ihe ggno,rre of The" M e a0 sise el 3iena! ek ftomarber
vari ati on§ € 8EPBEN e MaHT {FeT AT RGEISTRE PeRaPIseel et i on, the chrormpsone
5935. 2 duplication, the bhronmosone 1501.2 del etion, the chronosone |5013. 3
del eti on NYERTN G159 BRYYES AENPEBTIPBMente@astesl iITartzisom as@nda wientei-n t he
presence @fdablsenegiopys memreetheaddiat HadiRg domplithe:xgRnaok Metr@fiodk e i ndi vidual is
I ndi cat i veetefning sisaeinms ech SMEHRRII Bhdiddhn § ARG aRR %&Fﬁpucé' so wi thin
scope @f tdgbleMediihicRp-ahg novel human genom ¢ copy number variations as
descri bed' herein. In one such aspect, the invention provides a human
genom ¢ copy n r .varl_ia@[eiasgg on chronmosonme 5g35.2 flanked by markers
rs1545976: and T $2290368.% A *ESPP A R°E¥B5HP Hent s of the invention, the
schi zophrenia condition is schizophrenia. It should be understood that all
conbi nati ons Sf°FBRTUPEY BELEPHEEPIpds Bpdipmgnd agwrdentd ext@tkd bewen i f the
conbi nat i on ofroFeser tardsteaingidrak obredining @athi zypti@undnditnn tdl eheSABRE 5Nt €Nce or
par agr aph her eplvmorffir rsarkenicl udes in particular the use of all markers
di scl osed herein, alone or in conbination, for analysis individually or in
gapl ojtzyf_e's, i hékih tr:lspleslst ?\@Qf)pytnhﬁbéroyrﬁﬁ{nl |9%}|e]?t§? f]&?ﬁ&%'tcnﬁ osQrtﬁ{]?dzT.'l Thi's ¢ th

escri ption mgye r. that falls outsl the'Scope o e
claims. This ?uft;fg'gteadh%ﬁfr e::sgsl%tp{if & ’tlﬁ%c“é?ma"s%"ﬁed]éf‘gt'?a Ay "6f t he
i nvention. BRME ngacgiq E3FUeEP e THORIPNEEEHP ¢ dePlstishs t he genoni ¢
architecture of the 1g21.1, 15g1l1.2 and 15g13. 3 del etions. (A) DosageM ner
out put shBWPRGETREMEMHD PP ER iFaE#bIe TrsiurRtaidedast ittt igentnal | i ne wit h
vertical MYAEFhic aprkestbatts indratieef Bt alrltastoond cepndutder tdiatdetnebhosther Ni nety- ni ne
Efl;lPs(g)n t[;rgomﬁﬂkl&.qbﬁwoﬂéﬁoﬁma{pﬁic &Ei;miiﬁdnkgbé &Ja&ilﬂﬁérﬁuitpdgeM%% spanﬁ 1.38

: Age MBS vOERU N SAQUWENGbHE t on tne
HUr nant i R38R Por e @fykﬁfgggirgxrigrﬁgf%??%% Fibfeh iRl o
e 15gl13.

DosageM ner output show ng t &%tion. Onehundr ed- si Xxty-si x SNPs
on the Hu'm%hgrl %Ee%tooltchi p are affected by the del etion which spans 1.57 M.
Genes affected by tRe def SPIPGHE U EeTHbT geesde MdrHet@s sarzeribersed on Bui | d
36 of the™RHPAM HRITEB HEVidva cpoRsing Orisprestssere fid s catenuiey eddabieomarblye UCSC genone
br owséP ) . havi® togpfiteegrkcutblk instwcees deédpet icoRexeckGor2ths RAYEsot RRngRBOr Ni C

arc Ei L ecthi:nfbmaoén dbe aﬂan’%g.onk agﬁln%f RratidWBihe h@ﬁﬁ%c‘iﬂﬂ’al?ﬁé@l’ted’ FReaAL S § LCR) ]
Wi th hi ghnheRRhRAY2A &idigUnr b 3 oL QNS ok arge arrows) on the
pi ctur e R g @f}smm%%99eﬁ'iikn§§i%ﬁrﬁfke'g#'gnr'é%f%}sogg?ﬁmgg%ﬁé 1g21. 1

del etion, Thefe are tﬁou(ﬁ_lt rany shal | er PEREIELSPIE LFYRAl ™00 Bp (not shown
on the fi;gqperra_ef 21 FERYt FSEERL M PR ES AP st Iges6 ORerrePY MBI RO t he

del et i*on. WNATeE A QuERYt FOBBBRS 2 fitkrrieetlrdy theerat Budh emedepyi mimblreafidtigusse may assi st
NAHR acc agmitic ndicftarthd daigzopratid endifirimnuefhutbhbeinglbati on. Again, for this form
of the deletion there are other smaller LCR that potentially could assi st
with the formation of the deletion (not shown on the figure). Segnents that
contain SNPs on the | um na HumanHap300 chip are al so i ndicated. Note that

t here—are—noe-SNRs-—on ig on the |Illum na HumanHap300 chip centroneric to the
|arger formof the 1g2l1.1 deletion. Thus, exact size of the larger form of
the deletion is not precisely known, the mninumsize is 2.19 M. Markers
on the p-armare not deleted in the four cases or the control with the

| arger formof the 1421.1 deletion. 9 shows (A) DosageH ner out put

P Y~ oA



HumanHoene chip are affected by the deletion which spans 1..38 M. B)
DosageM ner out put showing the larger formof the 1021.1 deletion, C
Affected genes by both deletions (within shorter formof the deletion;

coor di nat d on Build 36 of the human genorne lons of
genes der ?@e%@f@fﬁfhe UCSC genorne browser). LCRs fl an?@z?@%@e et| ons
(see FIG 2); (D Analysis of the 1g21.1 deletion with fluorescence. In situ
hybri di zation (FISH) . Two MC "probes?7 R01 1-431GlL.4 (cover the PRK gene on
chr onosone 1321'%’! | abel ed with biotin and % anchor SAC, RF11-45817 | abel ed
with di gBXieGEnPRelgERs asBmauerruRuE mPBrTY B R ARG forRt iagere t o from a
nor mal caﬂwwh'%ma@fefy‘am'wq"wémewa@e digqprred WB‘rthﬁa?C“'FqPPJFP'SF@PFH‘P'S andopne bi otin
pr obe andatofeethgiagiesst gemblipmppiabmarpein ThralitpgoeferencAindeldiiald, momeiatrechi zophr eni a
pati ent (&entr@rsentitivbortdfrRask Breloopy Mlelbetviatdiioshedehendnes niskmteaduteSE si gnal , the
bi otin Sb&Q@Lna&mmrw S hafi@l daf6r R atidd& dHB FAARSOTRShunfin Gahtaudi EOM @

zlcglnglogh;rerlye %a%af tﬁe pIurWty cn nd{v%uajf%/%gh t%%scﬁi%gggnlgyﬁdlhcat edir(er i ght), ( A; V\fcgl :t in
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f or mat i oAnegharkdielndaneemipdmenthehqgomputigridzbin e Srtheemarises8teani ni mum si ze
of the déldedtivoor thearst ofdevdidpha khearhizomwseneodonditidh@ssbiged i 20 least wnet dapyt ongest
honol B00USmRE CHASIE EMd ARerbin b Asishétese AF tHeMemstahdliduans babar Qb pgisgossi bl e

br eakp0| @ftsﬁa‘tusQQQlEQé IQ@I lﬁ'l% c@JyeluMmerlvérEﬁon%lttne ﬁHQq ir%@ldﬁgl tJth@rlJﬂuman genorme. 20M
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t he onl y Yétiabdn ima piialy §f ivdbryalp elaonaded itk theschivophsspiaapidiienond B2 h si des of the
del etisonindinativiner the fESGEnhLITaNthg RExt e copf rereroerigiequentealityCoafaénat es are in
['ine w t haBdidis ardGvhedeintrBiCor RIVERPING &8 QéhBphretRGdGfiok < DERWSEN A cg@BaRrR br owser

Vi ew s hOW tngfréqn&cpgﬁll\etét %Q& OPJ COBJ.IIQJH';LQRI%;}BU'\IDH ﬁqﬁdnf o%LI?*Ech%@seE Qlitgﬁwges In the

kﬁgmnseschpz?ﬁ%rﬁnla éorBlltion an}d rg‘erence?q w%b%sb IH re?erreé) Tnﬂ)odimﬁnts thee r%k me?esgél ?)Jlt’lu:j)sh

di vi ded sﬁf‘adacﬁ‘i?"éé’y|a?19%drs\9‘é’i'°s(°8h?rlaé’ﬁ'ati"e Séﬁ%ﬁ’s Trace 1 shows del etion

i nterval iiof interval 2, trace 2 shows duplication of Interval 2,trace 3
ShowsZOde{f@w\Gntloofa|S1> proddes Alsusdfuldmie MethpdsaicecriedShins Ienplesredit thon of | nt erval s
1 and 2, |nwra®repr5mtehemf08£bdskiegsuedaptmintyltlts@rzv;a]haiaznaamdn&divaurd th¢ ace 6 shows
dupl i cat kioBbrRhisitg b ReM s seectdal d;’xect.ﬁé £2 1astS0N0 Wby AuBIRF Lk, browser view of

the chr 3g ﬁ#cr%lﬁ#b@l‘e&&oaﬁo‘?rﬂmé 80 lome! 18 1 | QLS. d1§ch%§cpnef 5rq9§Tit he LICSC

Br owser ation of genes
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Hu rranﬁapS*Uﬂ“Q?H'PT:ﬂqu’P -1 fiyPlcatiang Bi§ oeeMes’ R Bdikiduph  ExOmp EAPIFIRESiTpLiE er

envi r onnmihturtoer cothirigds redgenthiot datrdiihaz [vaat ataulyarsrpBS deskertin lrdegeand cl ai ned

her ei n casegbi@briufipVite mRerst 2akt oneldpyDinindkd vafdD DBk gAEMONh fefei ni ti ons Unl ess

ot her wi Sembdafier@| hélat |&wneb&ynae%cs\em&éem&&e@mumze b8 o@fdurber right in a
.5 to 3 var%lé %Iﬁ &Ler%ﬁbo ] r{h(é\ rer’%ﬂ m r?s(é Ia@ lgaCZt e cmtl uogpgigé'mﬁg titie cation are
ve of. tﬁ ac

i nclusiv nt eger or any
non-i 1t eéﬂ?? "VPP%\%?f F°oarf’a\ﬂ£"F’}‘i|°?f“? i) 'a‘"Y' mp'@fﬂ“é’?? §8¥ Pifed ot her wi se,

al |t echReheeAPhigTeRrkemiadiifgronda dasqckpple (pbeld Cﬁéq*rewivoﬁmrés toerisahieasieni ng as
Conmoni y labeldesigbradebtide proteahan tsctaprate pf perwen hetkidkiheo aigandreregiot t o whi ch t he
i nvent i 0BonfhREih@ih8 St leadt e ERl hoben Garfo@dnTBn &dih lsuchieMbddienf] @8 @NkascoNt ext, have

t he man%%ll%uél&ﬁ&%b@%fr&n A0 ME BPILRtIsh GudRdES fn leng®OMEL i B T ef erred to as
a "marker', as described herein, refers to a 109enor ni ¢ pol ymorphic site.
E?Cga:{%?: ¥hrrqw3enti<1n aE?rErlé\%dref nhethog otl def%rmlnlpﬁ a suscee?t'ﬂ)?lpc% avsc lzoq\ anc%n%tggggf;?r Iof]t ![g
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SNGs, m kodsomt €426 Bli@dtioh, tRSchrotosdQ &l 3URfticH Ml d GRRIoMEIRE epiali at i ons
15(i nsertl ons, deletions, duplications). Poiynorphic markers can be of any
measur abl e frequency M t he popul ati on.- For mappi ng of di sease genes,
pol ynor phi ¢ markers with popul ati on frequency higher than 5-10% are in
general nost useful, However, polynorphic nmarkers may -al so have |ower
popul ation frequenC| es, such as 1-5% frequency, or eyen |ower frequency, in
'Particufar copy nunber variations (CNVs). The termshall, In the present
context, be taken to 30i ncl ude pol ynorphic markers with any popul ation
frequency. rfsn "allele" refers to the nucleotide sequence of a given |ocus
(position) on a chronpbsonme. A 'poiynorphic marker allele thus refers to the
conposition (i.e., sequence) of the marker on a Chronosone. Genornic DNA



Sequences) for any given pol ynorphic marker, representative of each copy of
the marker on 25each chronobsone. Sequence codes for nucl eotides used herein
are A = 1.’ Ce?2 6=3, T=4, For mcrosatellite alleles, the CEPH sanple
(Centre d' Etudes du Rol yroprphisme Hurnain, enemes repository, CEFH sanple
1347-02) is used as a reference, the S$horter allele of each Mcrosatelli
inth le i 0 d '
is sanple is set as and all other alleles in other sanples are
nunbered, ip relation t ' ; i ofte 1 P
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tQ/htei iﬂggié%bggh@eﬁ [I!H ohdieuchlaEldcg angihesntied providdda hurdvizeghnning coelemoiene
i in i £ C Gor C
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vari at| Otgerc(?)lﬁ.mlllqig k@@d%ﬁgaﬁlﬁgﬁ t'ﬂgluge DU E0LdrI8is@se@ neRRC bibhLCorli®cat i on in the
genorne differs between nenbers of api(ﬁem es or bet n .paired chronosones
:2 Iaz ![Rijz\h"lgg?,,formgltyilﬁmwﬁaﬁl)l)/ngr"bh? f}‘%esﬁé\\? a?%ts\yﬁ'gl' VSe!m aaéh i ndi vi dual
. cri arege either honozygous for one allele of the pol ynorphi sm
((':1![ ) teh bghg) blOé{g;ro:}osonal Eopi es of the individual have the sam); nucF:)I eoti de
_ e s b@etioR May cofitaikebjectdhatied tak falls olteitie frezggmu tid clams.t FHds t wo
sister chy O&F%Q&S—%s lecluaéhetolaﬂn\ﬁ'eg_\r%hinﬁth@'iﬁq\/eﬁiljid(nf erent 'nucl eotides), The
SNP nomencltature as reporte erein refers to the official Reference SNP
(us) 1D ldentification tag as assigned to each unique SNP by the National
Cent er f BrieBbedcerhoaioegieRrawingOr mati on ff4CL31), L.5A "variant”, as

?gfsg; ngglé‘f"sﬁdv&},tpé 5B 4reniR cBROSFRAS 161 1PNy t1hAkndishi B setiom (he

2 var | anbosapierraetih arovtnd e o PO IaiE YRCl s JRES (o AR AR L ool 1S
"vari ant Vertitdl Blegsepresentiiaing starieandispg of the dalefi)y siephn'ee mirEI ™t hat  has
mul ti pl epgABiHapsEPERS Sre QffeBasBSthe RAktiar ehich Hanuc.BBOWI (B DosageMioagt h (such as
CAT epea’gu utas%ovza'lng%et fS%lﬂ.ardeﬁh&ﬁ’SﬂsﬂPm &R HuhenRARERE thip brd #2824 by the
deletion which spans 580 kb. C) DosageMiner output showing the 15q13.3 deletion. One-
hundred-sixty-six SNPs on the HumanHap300 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). LCRs

flank all three deletions.

FIG 2 shows the genomic architecture of the 1q21.1 deletions. Many large low copy repeats
(LCR) with high homology are found at'the 1q21.1 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 figuré
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 Hiumina
HumanHap300 chip are also indicated. Note that there are no SNPs on 1q on the Illumina
HumanHap300 chip centromeric to the larger form of the 1g21.1 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

1q21.1 deletion.



20l engths varies in the general population, An "Indel'' is a common form of
pol ynor phi sm Sonprising a sine i nserti on or deletion that is typically oniy
3 few nucl eotides long. A "haplotype," as descri bed herein, refers to a
segnent of genomic DNA that is characterised by 's specific conbi natl on of
al 'el es arwargw@owiiong the segnent. For diploid organi SPEISSWRHYEY .+ humans,
a tiepiotype conprises one nenber of the pair or alleles for each

pol ynor phi ¢ marker 25or iocus along 4 he segnent. In a certain enbodi nent,

t he hapl otype can conprise two or nore 12 alleles, three or nore alleles;
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and/ or h@pénqgry,p@&trgftwg heorhddeat i on are characteristic of decreased
susceptibility (i.e., decreased risk) of schizophrenia, as characterized by

a relatiyesh sf? Kis g) L&F%%ﬁnl&r@%% R2&on al‘?gr ‘?2%0% L@i‘g/thg |OCUS§J?IQJ\JdIalen the present

ggg;g)ét egeeofgrnlaflonaﬂfgne vgpfgagreY ﬁorlé?nﬁaz arsll'lowa?h ngnlmurp sxze c9fthe delgtloln',[ ﬁgﬂ be
taken t o sneeaticeldransoing RehoeAes Wi lopgetomolpgpys feéﬁ’er‘?quﬁ& R°”‘ ridetsélbtf‘% as

descri bedielgmetiarhouing pessiblalbteekrohit Cowdinadsateds lingrvdth Bgidrie of thelaitreant o anot her
form or gemmeor nore fornms or data to a predicted outcone to which the data
is relevant, 20such as phenotype or trait. For exanple, a |ook-up table can

conpr ,se ﬁe%@ﬁm'@is'ﬂ%m'a%vu%@{bnaak hehi s, dal HQF whith lcr@asdht @aatpg! yror phi c
mar ker ar{ﬁ‘e farn% c';ntolf Ie re urrenE @le}:t|09rGerI$oD|9énYap§ar s!$oU19 nwez?rﬁnuﬂurﬁ)?Eetdfwl ar disease

dlagn05| e part 2 Iellc data is
likely tdﬁ'eﬁ‘i"siﬂdd?’”‘:ab?""iwé p%t"éthff’W\él"?r}P ?°8'°§? "'e” V-t RAR T hdl v e fdual's who do
not conprhicdeideis tsaieletan it we Va9 nymabged-amarefemwewn&eaGP%"f*é%iﬁ“’d%

mul ti di megnsivon@iilg 3d @ thetheeyn gasmeont ai n i nformati on about nultiple alleles
for singlle markers sinultaneously, or the can contain information about

mul ti pk e #ralskesv a g8ttehe bh@ier WRY sEJwEQ te:0mRNdns 6 tod 16pI3.f @ot reled/e tsgobs as

par ticul ap ﬁﬂe%%”tanm:h%%@ﬁl@a?io@ RAIBISB foln@H A predeRBE P NKnolh SdFREHKE! S

bi ochem c
Lgﬁpﬁ?eraqu c%gsa%‘# >?5B%(§>f> |srﬂlso shownpghe. reé?onn?crllgg)e(Q%té){hreq it Gt cgﬁeﬁ 1, Z%nd

i that can
be access:deri’fﬁléh%ﬁiﬁ‘ﬁ't’%P‘teﬂ@l?ﬁd‘teé"aéﬁr?ﬁéer%?héﬁ p'éfvtéﬁnlgg' Na'% traée 5t om made
i nt er f acesho®deiefinaf Pteporp doe2. 1 RAEbIvelicpad icainteryelp Elél'é’ %Fﬁﬁrs)ﬁht"@ g., RAM
ROM  Izas hdersaerodr wrenatsc.ahg 3,Gpd irgrale ssdverdagiestinecfiidervals 2 and@D- ROV) , nmagneti c
st orage n”edla (e.g., conputer hard drives, fkliOPY disks, etc.), Runp
Cards, OF pr@tARbwsGRRRIR Gk d@lskWied\baink athQBSHBdlpI&ateJl rbef.makifnoue BBakehe

tr anSf er rt@o(}in RQ mov@ers Xe%[)rﬁgbullﬁ ) fan!i Eﬂo% fe Bosﬁl@ldarﬁl OB Jaleéswen

conput ers; for

st or age otthe re@@%§smﬁ' a§tp?)swerg %&aa'n‘ae |°8rt1e[ Zﬁq{upg?l% ﬁ@g%ﬁ t@g%b'gin

el ectri ca,l O by other avail able nmethods, such as IR links, wreless
connect i off§,3 Bpws,an exemplapOPAYRSHY O REK R'éY‘@C“afH?JIV‘ﬁP"dﬁéﬁ BPIBEE t he nucl ei c
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The term "schi zophrenia therapeutic agent” refers to an agent that can be
used to aneliorate or prevent synptons associated with schi zophrenia. The
term "schi zophr eni a- assocl at ed nucl ei ¢ acid", as described herein, refers
to a nucleic acid that has been found to be associated to schi zophreni a.
Thi s incl udggy 2090601419 Not limted to, the Markers and h | scri bed
herein and mar kogtrs ‘!al?]d hapl ot ypes I n strong |inkage tod?gjggst&?{qgﬁ@)roﬁsﬁm (1D
therewith. The term 'l ow copy repeat”, or "fiCkne as described herein,
refers to chronosonmal segnents that a®e present In nmaitipie (two or nore)
copies wthin a short interval. The repeated segnent is Usually a

rel ativel Yy SRGEP REALO®f 10400, 000 nucl eotides, and is typically present
in few Copies, typically as; than 10 copies. Some CNifs, including some of
t hose des@eiidieds herein, are tsflanked by LCR regions. The term

"schi zophrenia condition". as described herein, refers to the spectrum of

mental di %ﬁ;ﬁ;ﬁr?rv&idmic&e&'nwmcﬁsmulz&%m;mt@n@eﬂqo Figh Al ppsychot | ¢

i sorder s.y; e ncl ude. | articul ar schi zophrenia,
schi zophr eni f nOIIZ g}}aa'fj'dif$g€ﬁg%?m§%td?gh'3&5 é%etcﬁf'ffgorgalreséflﬂsevre ,°¥t(58f"ﬁ'§qer5r‘?5ff"'"8i sorder,
brief psychofic i Sord&t" NI PuopESERdIaren §iiteis fragffineg@ngrefirited i n t he
Di agnost i ¢*RRYCHIVIsseihteraich @ad sciertifi Srmotserantimbavths sroremeaninoes t h edi ti on

( D5b1- 1V- FRyMopHisdgssies dntheiorfirentrerssn ditirdon thetaecd eidchars hahtbneepyhsnunber
variations (CNVs) in the human :genorne that confer risk of schizophrenia.
The copy Muathiemwing &rinathalg nsthyeendehtbnadvdns Reang aandtysi s of SNP genot ypes
obt ai ned using the Hurnanbl ap31.7 chip (Illursina), as explained in 25nore

detail i nAEth%ﬁ n;lark}er”?som@cfneé r@ferr;u-lgaﬁ?‘trﬁ%k%ﬂ',ogs_d%gﬁbegﬂyl%ingrgfsr%rti bed herein Is
1S

such that . ns.of the human genone resent jﬁ alfernate copy
nunber n)?n ﬁg@ﬁ‘%ﬁ'{g’"frﬁ*g‘; S@"F'dﬁaéﬁ VR 'Csmean(ﬁg'ﬁats ey B SRR SH2BF 1t may be
present iR nore tRIRTGHY LByt OR PRt | Tt apnebmisenspddiea The segments
are in geR¥VEIPRIUTYET M, that Bt rgsdciettamtaiatiiew dnherestrrteimefchagot | des to over
one ni | |i ertisviec babotorrtigsnaikar. Shz enarkditen toapseladf lelloeak Paraft ty@trooMdinch t he
}/a_r ![ at I Ong‘b@g%m’ i_ﬂdllﬂlnt@;Jdll&, @A o?ic@&aﬁé&itﬁ”ﬂr%;lgc@a&?E*{Eﬁpﬁ%ﬁb?r@aﬁﬁ%r i nﬁnt al (
M U at 150N $insersliC idIdNBAYL &iphKrion¥¥AoiykmarpHiE MG ER: BaGe 0P aqufiBle Qe PN SM (OF
Probe) t Nt 5,04ks1 AE L06. QY SeqTent nstream (8 BTl Ohe
first pol rgnrrpﬁksm 1, W LDt he SEGHERT, < PRET 458 PH8PYPRor phi sm wi t hi n
the CNV seghent "2 TERe P re™ Borohotrbiriimtue el agvpeenianykesegivent
downst r eaﬁ'r‘“( fevy loggr PeEtigeETeaveies, Mo pred-5Y frequaeryf dresdn Idker duemar, ker s ari d t he
| ast two AHbdkier ©pf ombauetisotd (@BVSDr Tlesh shal, bie paddent eontdxt, be BReradj acent
mar ker®. iFbu® tbli@orbeSubikdé-n @i N gapliahd rdelehged mnimal Iy as inciuding the
segnent that begins 14 :Wth the first marker consistent with the CNV and
ends W t hat i@ed-ast s FRLKEL e j I, SNV, Such a definition is
however n%lyrjlo%ic"l’lfalrlyre Il(e)lfe tguggfiﬁgén?{?é‘la%%ﬂﬁc&gfﬁos&éonb?n Lﬁeonwe'séxgnent . An
al ternati ye wa?\f%o et I ni ng The TROSHIOV F-oavBsF eHee Pk GR2f | anked by
the two “PITYHBY SHIEVREVA FRSt 2 PR qUpCeidnssStepitelenfe gy a'tiesrer? (i . e. outsi de
the Cart SWETE P’ 2y giverrjvaeeht mBtker, tehresentabvepd bachomphi thersarge@on espondi ng t o
t he fi¥st samehréragseme Feyyen@rcpdes &x nelcasmayedhansit brien athe c.-G\¥ sggnent . The
latter defi firtricamatbise bk, Usd oteH Ompid1€erdt bikabesRAWAGAS RS Rhumble CNV, The
foll ow nggMcJ, @ws@orﬂrcem Qﬁmﬁle SI%%ZQf?LéeQIa;A %&?engg, t&e@ﬁortcepﬁglegyeacer variations
descri bed‘mn%';a%éllne in-[r%\,s\émlf%psl sgt as%oagyallrgtr'\’e?gl%res in other samples are numbered in

‘relation to this reference. Thus, e.g., allele 1 is 1 bp longer than the shorter allele in the CEPH
30 §ample, allele 2 Is 2 bp longer than the shorter allele in the CEPH sample, allele 3 is 3 bp longer
;han the lower allele tn the CEPH sample, etc., and allele -1 is 1 bp shorter than the shorter

;allele In the CEPH sample, allele -2 is 2 bp shorter than the shorter allele in the CEPH sample,
etc.

§equence conucleotide ambiguity as described herein Is as proposed by IUPAC-IUB. These codes
35  are compatible with the codes used by the EMBL, GenBank, and PIR databases,
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IUB code | Meaning
Adenosine
Cytidine
Guanine
Thymidine
GorA
TorC
GorT
AorC
GorC
AorT
CGorT
AGorT
ACorT
ACorG
A CGorT(Any base)

ZI<|x|O|lm(E|n(Z|XR|< | [HO N[>

A nucleotide position at which more than one sequence is possible in a population (either a
natural population or a synthetic population, e.g., a library of synthetic molecules) Is referred to
5 herein as a “polymorphic site”.

A “Single Nucleotide Polymorphism” or “SNP” is a DNA sequence variation occurring when a
single nucleotide at a specific location in the genome differs between members of a species or
between paired chromosomes In an Indlvidual. Most SNP polymorphlisms 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 contaln different
hucleotldes). The SNP nomenclature as reported herein refers to the official Reference SNP (rs)
fID identification tag as assigned to each unique SNP by the National Center for Biotechnological
_:Information {NCBI).

15 A‘“variant”, as described hereln, refers to a segment of DNA that differs from the reference DNA.
A “marker” or a “polymorphic 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 small repeats of bases that are 2-8

nucleotides In length (such as CA repeats) at a particular site, in which the number of repeat
20 lengths varies in the general population. An “indel” is a common form of polymorphism

=;comprising a small insertion or deletion that is typically only a few nucleotides long.

{A “haplotype,” as described herein, refers to a segment of genomic DNA that is characterized by

;a specific combination of alleles arranged along the segment. For diploid organisms such as

Fhumans, a haplotype comprises one member of the palr of alleles for each polymorphic marker
25 or locus along the segment. In a certain embodiment, the haplotype can comprise two or more
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dlleles, three or more alleles, four or more alleles, or five or more alleles. Haplotypes are
described herein in the context of the marker name and the allele of the marker In that
"haplotype, e.g., "2 rs2283508" refers to the 2 allele of marker rs2283508 being In the haplotype
’:and is equivalent to “rs2283508 allele 2", Furthermore, allelic codes in haplotypes are as for

5 individual markers, l.e.1=A,2=C,3=Gand4 =T.

4

The term “susceptibility”, as described herein, refers to the proneness of an individual towards
;the development of a certain state (e.g., a certain tralt, phenotype or disease), or towards being
less able to resist a particular state than the average individual. The term encompasses both
;increased susceptibility and decreased susceptibility. Thus, particular alleles at polymorphic

10 ';markers and/or haplotypes of the invention as described herein may be characteristic of
:’increased susceptibility (i.e., increased risk) of schizophrenia, as characterized by a relative risk
f(RR) ar odds ratio (OR) of greater than one for the particular allele or haplotype. Alternatively,
the markers and/or haplotypes of the invention are characteristic of decreased susceptibility
(i.e., decreased risk) of schizophrenla, as characterized by a relative risk of less than one.

15  The 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”,

The term “look-up table”, as described herein, is a table that correlates one form of data to
,another form, or one or more forms of data to a predicted outcome to which the data is relevant,
20 fsuch 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
Pparticular disease diagnosis, that an individual who comprises the particular allelic data is likely
fto display, or is more likely to display than individuals who do not comprise the particular allelic
;qata. Look-up tables can be multidimensional, /.e. they can contain information about multiple
25 'ialleles for single markers simultaneously, or the can contain information about multiple markers,
and they may also comprise other factors, such as particulars about diseases diagnoses, racial
information, blomarkers, biochemical measurements, therapeutic methods or drugs, etc.

A “computer-readable medium®”, is an information storage medium that can be accessed by a
computer using a commercially available or custom-made interface. Exemplary compute-

30 'readable media include memory (e.g., RAM, ROM, flash memory, etc.), optical storage media
{e.g., CD-ROM), magnetic storage media (e.g., computer hard drives, floppy disks, etc.), punch
icards, or other commercially available media. Information may be transferred between a system
of 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,

35  or by other available methods, such as IR links, wireless connections, etc.

A "nucleic acid sample” as described hereln, refers to a sample obtained from an Individual that
'\contalns nuclelc acid (DNA or RNA). In certaln embodiments, i.e. the detectlon of specific
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the CNV. R = @BI%I?Iess‘ tRand4d c@pl &eshnad d:l\W? lf\éﬂﬁh e dr HBselab2hvel nelehedré On, bot h
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‘present in a|tern%te copy number in certam 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
Aqulte large, ranging from a few thousand nucleotides to over one million nucleotides in size, The

30 ‘absolute breakpoint at which the variation begins and ends can be difficult to define due to
experlmental limitations. Experimentally, what is determined Is the last polymorphism (or
?probe) that Is outslde the CNV segment upstream (5') of the segment, the first polymorphism
tjWIthm the CNV segment, the last polymorphism within the CNV segment and the first
_‘polymorphism outside the CNV segment downstream (3’) of the segment. Normally, the first

35 two markers and the last two markers (or nucleotide probes) in the abave will be adjacent
:markers. Thus the resulting CNV can be defined minimally as including the segment that begins
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Typically, a reference sequence Is referred to for a particoiar sequence.

AI leles that differ fromthe reference are sonetines referred to as
"variant" alleles. A variant sequence, as used herein, refers to a sequence

that diffeMd VUM 4lAe reference sequence but |s ot her WPSEIRHBLPUA i al |'y

simlar. Alieles at the polynorphic genetic markers described herein are

variants. Variants can 10i ncl ude chagges that affect a pol ypepticle.
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am no aci ce eype refers to a segnent DNA that is

char act erf‘?ésc?gg?f @E)%‘A?lfl c conbination of alleles arranged along the
segnent. For diploid organi sms such as humans, a hapi otype conpri ses one
"menber of the pair of alleles for each pol yrmrphic mar ker or iocus, in a
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avai lable to the person skilled In the art, one



or nore alleles at pol ynorphic markers, including mcrosatellites, SNPs or
ot her types of pol ynorphic markers, can be identified. In the nethods
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the condition; carriers of the CNV are at a different 'osk of the condition
than non-carriers. In other words, th& CNV is indicative of susceptibility
or risk o chi | a ndi.tion. ILn certain enbodi nments
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r econbi ndt ot sg Bf’%“heﬁ%rP °9 W@Rh%gt"ﬁiﬁ?i‘t deﬁreaseg "%( '(Sjreﬁs a8 es " ﬁ% am?her nT ficant
r2 val ue ee@adlwt AR ETES1 S EBP 3 GG, OGS, theyeessg oo
35 rlsk (or susceptibility) is at least 20%, including but not limited to at least 25%, at least 30%, at
least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
JIeast: 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95% and at least 98%.
In one particular embodiment, a significant decrease in risk is at least about 30%. In another
:embodiment, a significant decrease in risk is at least about 50%. In another embodiment, the
40  decrease in risk Is at least about 70%. Other cutoffs or ranges as deemed suitable by the person,



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 enbodi nent, the significant r) value can be at |east 0.2,
Xlternative j e diseqguilibriumas described herej to
finkage di sgaguzloliqjdgﬁgrn Characterized by val ues of llzlﬁ(glf'ﬂs%@g/ﬁ&eogosst 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, |inkage disequilkbbriumrepresents a correlation
between al |l el es of distinct markers. It is nmeasured by cone: at:on

coef fi ci eft"=Bf" PO © CrePtspet o8 '."LYET%""'a‘a‘*rmw‘i"(ﬁia'i?&’tt%i“pia}‘fg?”dltPPSEé'FtaE? n

enbodi ment$hn sPRACAHE PEFEGYAT"bri um i s defined in terns of values'for both
the r2 and 101 neasures, |In one such enbodi nent, a significant |inkage

cl i segul | iMtorpetson kOecin defatrvdthparscige MatlforanatkdrdVith tada1Bles preseanotilaer enbodi nent ,

a signifi gaddlatdni bak@geddhi (SRl LD Hmvxih&eig@ﬁé- NeElisdfnd7 ifredsed RdgeNly i, 9.
Q her %OU’Q#oD@&f'irfamﬁuMghmFaT{!dF éﬁe!a\&nrﬁhgt)opuﬁ@dﬁl, éom}]g'éd Rk c%nt&ﬁkgthle%hgp;lléle

determ nin i nkaoe cl.is i Abrium are al so conte ted, and are_a:so
ot thi 't far 58 O E QRS AL ARRAT AN e FefPd LB R b
det er m ned ST LHERPIRGIEN OTRER PSP StsPdie a'§§ oHeF MATE (HerBt RU"ddt 1t can be
det er mi ned<ierpedlmmgtricentridyidudf withdhgplraitor diearpn) ivdliba telahdikallelel alhite the gharmor e t hen
one human ap@Epul @ta ponectiveriione enbodi ment of the invention, LD is determ ned
in a sanple fromone or nore of the HapMap popul ati ons (caucasl an,. afri can,

j apanese, AGMREE)ariard Sss6kikdad a (REdsPor o ML NRRBRIKAE B)predlchth® A B e
embodi mentjiseaLQon] asgl\gﬁtggro%gle‘%ré B\alFem:gna%g spﬁgghg&%ﬁ{éreoafre Z§ Fb%%illlﬁ%plvap sarrpl es.

I n anot her enbodi nent determ I opul a . In yet

anot her eRbod! Fent ~/Ppe }V°sr "5ét re'sr'e(r‘ﬁarr'?gtdnef%ﬁrf’zé'g%Iagqs"f’ﬂ(ﬁi'ﬁ?fr?hhﬁét TEel andi ¢

popul at i oi?"20% RSK PSSHEFSIHER KAiPRF Als™YIHple'prcag En ket ke sRiEPde Pl pEndent at t he
popul at i ofmultiglg BINP afiangs, thergcprd D)ossitihgsnoteneek y 354 Fighteraomie trefmunbrem woul d need to
be i nvest bgabed ldciena s S@Giuabdr oNgosdstitldl @Sx cHrémB&EMI&i. adverall A&k MBiebdrerent

pol ynor phicgcustiadt BstiallyHOIVRY eat thd il Oridd flsEaentdbmaOWbdDniLIHEY, Retmeen _
poi yr nor pliesyitie &l9R oYty LSS RO BIL S0 BL SrRhEANU dhe SRSLS AL ed. whi ch
reduces tteerlsuv er. ol 25P0 artmarc Po Sr nfst that nee 4to et_l nvestigated in an
associ at i 61 'St Udy® PooBEeYRE" 881G i BRit PEEYE 4t 'SR ARDPhRr consequence
of IDis PHE HAEHOIPABIPI AMSOHAYRIIY & islesessreptironitSngrel due to the
fact t#at stiHersed golymoheohbesrsblagdsisk t samgirydugof the loatsetkciliGaskoriie -| D. maps have
been genepatvetth aBs a@ssspbite tpRb04EY| risd Bim@té@bmpkisd with e pBavsBoh eete REOposed to

serve as fdapBWAldbalddlon AREHHAGN & £825BeI6MESat LE S6D e tneSeoMBRKd ALt gas, K,

(o]

LI S e
est abl i sh@§°F Fat o ﬁ&"ﬁ‘(’)’?‘{aﬁsg %91 1Y TRURET R AT R B b Bk En i nt o

seri es®or "W SEECEAMAPTIB YA BF BE K&eE STHRIA I M BBAtU I hapi ot ypes: for
t hese bl oekwarell itk itagé (/di, seomairiershefi b dabaanpradli rdesothpard Vith teei dence

i ndi cat i ngopuBtNFileaainkON0 .( B @®pld®e Goted thdtlthe. group Bt noatash &b Binicbeh@ngdye 1K. |

Nat ur e Revér?%all%%tailﬁfgr. 14rg@Rubrioehf 106i2ZH83) that[P8eYits rdbvafde idorre H?Ig 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
418544-0543 (ZQOf%é, Phi Ill,i{)s, M5, etal ., 'Nature Genet, 33;382-387 (2003)).
24 ThePe APE™{SPIGHRATIIe! Mt RGO PdT M8 N4 iU rg ™M e e I gicgTRIBe ™t ocks: bl ocks
can be defferaePhare!ly Bg{iRYAY oM TRIITthATve Rerraatly Asserded R ottype’ di versity
(see, e. ggmmda|vyriantylforgemragn diseddat, andef @eamed are 2Q=R20l 2@RetiOOAP verPat h, N. et
al ., Sci ereg s2Bdle 1224 Se L1A2B réROHIt) pe EIBNS @QBmonktrat@dtac@iical, intNatcidhLbeddk8s 544- 548
(2002); Tharp, K et al., Proc. Natl. Aced. Sci. USA 99:7335-7339 (2002)),
or as - -

35 :By way of an example, let us consider a total of eight variants that have been described to
associate with prostate cancer (Gudmundsson, 1., et al., Nat Genet 39:631-7 (2007),
Gudmundsson, )., etal., Nat Genet 39:977-83 (2007); Yeager, M., et al, Nat Genet 39:645-49
_'(2007), Amundadottir, L., ef al., Nat Genet 38:652-8 (2006); Haiman, C.A., et al., Nat Genet



regi ons between transition zones having extensive historical reconbination

identified using |linkage disequilibdurn (see, e47,,, Gabriel, S.B. et at.,

Sci ence 296: 2225-2229 (2002); Phiiiips, MS. et at., Nature Genet

33: 382- 387 Wang, N. etal., Am J. Hum Cenet 34 (2002);

St unpf , MW 8 9&%“8& dstein, D,/B,, CumBlot 131-8 (200% ﬂ.]s%g/?(gg{r%ecentl y, a
ri ne-scal e map of reconbi natl on rates and correspondi ng hotspots across the
human genorne tohas been generated (eMyers, S., etal., Science 310, 321-32321
(2005); ers, S. et at, Mechem Sec Trans 34: 526530 2006%2} The map

reveal s BREBHOZATYs SPLEioBFEIPCi ¥ PECBRBIHAT B e YL He " enome, wi th

r econbi namrprowomaKeEheasta‘mughﬁrafsthi@e“@bg%ﬂolYP‘F Fabimt e tssse 3\t %, = 4t e cl oser to
0 in int asvesritige E@blyNNSassapiecharytriteiour #pstdipesstbler gisonk! be fonkiiiarict ed hapl ot ype
di ver si tYor%U@anmsGEksésQnenThﬁ TRy GaNnd haraierenie dasied inttee dafdrne hapl ot ype

bl OCk ump@éeéetlg\?ahlgn%g}moarlg bz !/alqa] ,ﬂ%g\]wtldn%ﬂtﬁ(ﬁmn@@trlsﬁ)%nm; §MI1§; As used

her ei n e I ude | ocks defined
by any 01{ ag:w& garﬁagl\épria'gg?ﬁ,s Et c&arcy correlat glrth tlgf en\t/)lronmental gﬁ&!)r Q?'tﬁhebga}tl ve net hods
used by t9E!SFEPSIEANKIONOPEHS Ftrisk Y"f‘éa’é?‘Ea“P%a%ﬁ?dﬁédeéﬁ??ﬂ“i’t@bﬁa%"ﬁé“° i api ot ype

bl ocks ( liwietekeibimdnskessusieaithetdhnmp-sarssoidapteyngskiEtaiediophenot ype and
hapl ot ypenter&itat us, using single markers or haplotypes conprising a
plurality of mar kers The mai n 20' papi otypes can be identified in each

hapl OEchQJsih!; &anm@dhgntttﬂﬁ@a@ros&t th® Eombirdg & dVerall &NB%oﬂitedWﬂ'%&itﬁah(ytdﬂe smal | est

set of Sti P s QL sog EJ‘@F‘thcM%ﬁQﬁQ mtcspbedisgséegg%r%;bnﬁ@ag CN\V&%erQE%HES) can

t hen be I 1 e S can neuchr% used In

assessnert ?ﬁss%‘ﬁ BRI 05T ?%grﬁ gma‘%\lfl ﬁ%ré'lg'\r}?dd'ﬂ%ﬂ"{her commonae t0 identify
associ at |fQ)‘-FP'%3é%°Wé@?F fpfhé’ﬁé‘ﬂ?E%‘e%‘ﬁ’d”?‘?ésm‘adtbﬁﬁ%'mafef’ ItRean7Ieegus fﬁsg|°@ﬁ°oor| ng

hapl ot ypehdydexciicsd etame.be assessed concurrently, as there may al so exi st
7.5l i nkage disequilibriurn anong the hapi otype bl ocks, It has thus becone
apparent that for any given observed association to a pol ynorphi c marker
(such as CNVs) in the genorne, it is liken/ that additional markers in the
genone al$R.s r)ﬁpggr@%mi ation. This is a natural consequence of the uneven
distribution of |D across the genom e, .as observed by the |arge variation
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sense represent ewg "E ) é da hapl ot ype bl ock or LD
. bl ock) tHifuing ea‘a‘é‘é‘l?&?l“é?"eﬁ TASgn wVé 'Eﬁ J %Yéeeur%” T Fa tf and as such are

useful ~ f Graussee (pnd wmncmmugv ?fn%fq'{'@i”feé Bhas heen ‘ftﬁcé‘seéeﬁtthait F‘F\?‘é’?ﬂ THR, One or

nMor e eausabtd weodcliraeibigimathy ganamd; aavbes, toere Matande vorirsionpay the &sdudesy @i t hi n t he

regi on f aufehbin@ioR@atés ROGrald @I Fediohd hidh GedBmatdn ften@nty (Flecalifiunct i onal
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nunber vari a rsio §é¢ gq\ﬁo nsert,wn Such
variants 33 loé‘iwetfﬁﬁeyfﬁe’ \?é‘?’v"éffff'%&ii’é%%?r%lﬁéaz ! &She'E A higher

rel atizve @471 (RRE7Br0080ds rati o (OR) than observed for t he taggi ng markers
used to detect the association, The present invention thus refers to the
mar ker s uisedgd meeqd@ties {ion gefaseeabatandmm dseprtrieet of iveexgraic elagentfeder i bed her ei n,
as V\e| I aSamBEKES Srticiar deRda@Em&ht &0 Win laildn df & BbIWhdrbhid M kened: k esetypd0Thus, in
certain &g g'nqepgéﬁatlgrf at ahr%qdeﬂé(t%ﬂ@ 'S@ﬁo%mdkaﬁ&ﬁertei%ﬁ‘\tant%&@rslaﬂa frdduicy h the

Bgr Egrez %f OSSBI(?O({ r[hgn %gprﬁé¥:9£00ﬁ%rance o?a ?er.ls\{)ﬁ%] L b&tﬁ%legﬁ%ﬁtléio ?ﬁgzgﬂbzr :Iﬂ’godl m);nt

rel ati¥e PFERNYRRyCGHFHLIGLELe F'&'P?'tSS ( Ve(/éfl U gseyREY" 4h for the

mar ker s oelerheapsi cotuy presthdriaf 4 fregbigngy fighgndlan ©2heheaseSEMattE Ag sHF PiPethe di sease,

as descr i mgsheh@eibriund, Rin@tthgnreranbednrert Sgethdiret suipreo gt thanvaekted's have RR or
OR val Uesln@!p@%ﬂrfreéﬁeh% of (lesRndeNt.bl Bleler SRlbaliret@ehclowolib eretretr ker s
initiallygf; OMngpegkqngb%@gam.yaéotragem.mhg Al BRaEmyARfERAL | Ded herein. An

| t h
D 0 aF B S R oA e aé%%re%ep T e B e e Re oen

vari ant (9ene@pRg iedyieHak i DrePeiteg ar el ™iniAg PR HPgrety ahibe ¢ cﬁurﬂ’ée Y<88ciating with
t he di seasiele os biaphvtyas inttheepopaatioantos pabelsitant betip!disr 4 numRE BIPREYPF Nng end usi ng
such markers for detecting the association discovered 10by the inventors as
descri bed: herein can be performed by routine nethods well known to the
person skilled in the art, and are therefore within the scope of the
present invention,



identification and assessnent of Copy nurnber Variations be novo
identification of CctiVs t5ldentification of novel copy nunber variations
can in general be done by nethods for assessing genom c copy nunber
changes. Such net hods include nethods that quantitatively estimate the
'nunber of dYprY0WH19a particul ar genom ¢ segnment, out atses200mbisge Net hods
that Indicate whether a particular segnent is present in a sanple or not.
The latter: I nclude for exanple hybri di'zzati on techni ques such as FISH 20In
one nethod, de novo CNVs genorne-w de ‘are detected by follow ng
transmi ssiiomsduat wg epilypes twé MeRSs-QMic &b BichHidr é@@n&%-eleh@nﬁqg.%ya atriad
of sanpl esma‘.-me(a,rﬁlaﬁlaﬂaeb,tggag parent of an individual, as well as the
i ndi vidual, (the offspring). The genotypes nmay be obtained for any
informati vg B, ' rker nveniently, the marker Is a single
nucl eot i de, porlp{féag%é ?g%%\,’%gﬂ&mdr g:co RIS F%‘Q%‘w R0 AGETEY 0 AR 2o
conpl ement a1y St o0 8ene8aTIsmsPts e dvAs lasoep grugteshunite &1dppwpgar GNP} foiconbi nat i on,
e rel 1 e*YPr'aDFgr asiesaehieispreN Vs yndie CODE sBen ekiticssr Soed hayde DosageM ner .
The pr ogr drdicetive lidesgeteddindtienathdur kowdibadedt aah@and:- chvn Has 6ebs @R i, ensi ty
dat a fo;I gafoltgz}ﬁu!)r:{afhegﬁfhgjsicﬁjcﬂwalﬁ@r!éﬁ; siRblErogie ﬂd?ﬁinn&aﬁé&ntd‘é— cWRm ! 22252; ggt
reported hy 8drd Apeden n at at  Nu i ¢ Aclds Res -
(200 Thavather et oA & et W e AP Bance orror
and the nébieghé)?rl n 'enoptrype co ?["Qi'] ai481E" LERP AP 48P 8 PArBcUeRSYY @0descr i bed
by Conrad et al % Sger apgndivighal isilikelule heyeries CNIBbapsargis/iep 8@8tvpe ahen onl y
one ' par efite N8 £ypwor e plsteypraciiting witntie Covcaalsttowseritigd easdidiecat i on of
del et i ons da8iledassadsinere pfthelgrerrone@r Mteras SRBSMBNby Hf meBEH QRAe, PAMSRT al
het er 0zygosint yilled periotl @it debyib&htneROME o 0 kt@h,igGﬁ’JchQG&aé!@n&?zﬂen‘?JnEPTa%%%! yze
genotype daka, fkpomtrios (parents plus their offspring) using sageM ner
atiV events stand out in the data fromtwo perspectives. First, all sanple
intensidi @s,f er §g#§453£5 bes within asa CNV should be Increased or decreased
relative t%.nel gh Or | NG SEDPOTEY Pifates W rgEndhef driesviiseedibavm secondl y
CNVs can B2 GYEE'REE G RINE- Ve GFrefics 29: 5 R s Parestcatore e | d.  To
det er mi ne ARG &L 1seATStidnrbetsiegralrs fihtakigissitey: Twe iBficait phiywisaoneaakds of g t he
i ntensiti es,r” Frestimes deadtezatland| |0 @BSIntih, &S, demdtic£BEN- O L) Ghanrek of a narker
or probe eamwrhe, deber Mpyetinky222J6ik1 Absd))Got QWA AGHGE LN 1, 1(10=
f( oc, 1 fof 4&?eqUﬁl5ﬁum 1 (‘%orijfpl Waﬁé %ilibrgkﬁ, h%?t%lg 5 elI'pFe(Eiaﬁﬁr?.'isl.sl’ h!i?y ffl\tlap It nlg(’:'ix’ Kij 1s
corour 1 n'is%.@fﬁﬁ'&# M.S c%ra wsaa% IﬁlsI u P -1 if J{) - 8.3 i I‘H ¢ 6?” N . C{:- Con-t ent
around SNB |, T iS4 "Shoot h'FHRCE TS Poctts Rt BRPosste haplowreraibi e specific
Par amet er‘§re%—28$' AL & 5htf @heur Ryesthie(iepiptypep grepprrseng eTietelprrea fve S Mifphe 14 for SNP
j, Ptgi, I8 ndigesggbhigipfiabrecombinatie mey faye ogrrreaimekwSNRwp sitepiredusesanpl e ef f ect ,
it is themupespkadiseduspalr’t ook <t het St Gielnucdoned gafmbgniBRd BRes) tHigs same nodel
Wi th aasot heilysedaraed ashdind RBHRES thSrelS@hatil], $108 QL8 o gi 8[%'@1 y. A

126 7- 318 (19E66)) can

i 0Ogener al kz@dcpdbibdol Ge o b es T vl 15t oniG
be used tgtretgﬁg a%ﬁggiﬁégﬁeqﬁhn%{?gw t?'E Xr%tér filt{l ﬁgw‘lrﬁ@b%@‘déﬁ the data is

normal i zed by renoving the systematic node! conponents, A region can be
consi dered trp be del eted/ duplicated if Me average intensity bver at |east
ten markel® " AR BETIBIRIIES Test [V WNaIs R dor aFFoeatph mprpmb] becadet terisned

t hr eshol d? sima'e indeseft retptipnshendlemneen demdhstamatkisiagrehwes toaktettiagbastRaygosi ty (LOU),
mar ker¥® chawde sspipiitility It end NP ETHES rida8B& Q6 delifed MARB LB 8l: rsrhgwe LOU,  2)
I\/B.{’ EerLaJ t 'li%'[icafi*cfnea3 H&&Qﬁ;ﬂm‘ﬁfﬁﬁﬁw s%ltgrlDI-hIQer?{]?\ éﬁ%irﬁ h@fok%aﬁco}wﬂﬁlg mgl% consi St(ent

Wi - oS Hic 3 s.pi. | o.these subcl asses; a) markers
that are gg&gi% en%:tgr;m\s;ﬁht% te%‘faa%'g(r?ﬁr'%i eﬁ'niw?heﬁﬁheﬁ%er"ﬂté?g%%%fs HrEeBhsi st ent
sal . h de nove LU R PAr'ETCHI°ar "HHT e ISSAShe 'ssexP e regiaaiiban drefistetior r eozyaous
for one al%81%P28lde 4 Bt s ias Woafzsayeeien ivrotstwohtortvend, ak brel €. A marker is
i ncons¥ st BRfeachi it 1 ULy infastrhe whith ek deseldped BIPORIBEgOURetids. Mande8r | s COconsi st ent
Wi th LOU srkaMniaer redabure hbg maaive@yng@stsn abik bdtequpad @atr o psrib@irpgyigass for the
same al | em6densh gbrRkaeS tAZYOALTs seblin GRSEal RGs @%cﬁﬂ{emkécah%@&% oyg For the sane
allele asprg\hfﬁ a(\smtiLtQallg' h@or&@ra&%ga I“% u?od?&': Stcﬁ@gterwinting wth(retgnrig] ?:t er3 ilaOU and In
case the %gcggortseppegglgg%%%us ,Tcg_r the other-afl e l"etRe" TarRE S s only
consi stent W th dé "nove oAU REERS ORI IMEIRY s EPIgEE  r ker showi ng
LOUis likely to be due to a genotyping error, In



25general, nodern genotypho tedi ncaogy has a low error rate, and usually

i ndependent of position on the genornei as a consequence, the occurrence of
nore than one marker showing LOU in a 'consecutive stretch on the cenone is
nore likely to be evidence of a deletion In the child, A region can be
consi der ed Mo Bt at i ve deletion if at | east two mREREPR099PWOT howi ng
LQU and de novo if consistent wwth de novo LOU, 10l n certain enbodi nents,
using LOU anal ysis we can define a candidate deleted region if nore than
one marker shows inheritance error wthin a region of honozygous markers.
The . geneigyifang’ ek aarCirut least b usiches athest as past ezl ot2s, dztossnd.ae.45he error is
due to uRispaESRLeab.65li0S06)78Y.8, 60868.55 0N dgads vi,dsa) $9526 86, roasIPY.El or T €MRI NI NG
putative, @saneyf H%Leearefgaﬂgu bl A%t mﬁ&qt Mg.u@ G ukul: of DosegeM ner,
and | ook et ? @ gsdlhsen ey t?r“( i fied 35by both

appr oaché\sem"’gv%ﬁ H‘@F Aol ”‘émgs‘fesﬁ(”f 10" I%epr 6sent” Teal dé novo dei eti ons.
Det ectd of"¥eteripgdiby valuep oSt Qb 1tieast O LE‘RRFSO %z?ri‘ Be Q:I?JI?J B 4% Sfge of

t echni qu@L5sULIPe, BT .- FBoer at [¢ed 0 HUr s dinkapediggeviidriah represerta QUedop hat can

sel ect i vektyedhedi@ssnr Aieinnhedrtees Ias paastried it @rreleivh osarsemel BiEgmend 1.0 s present
or absentand fb1aB td NEY. \th k@l emBAYIrRBLs UmRe hiosquaenatiy fding iChiMss of Lakeal |y, the

techni qu&y,! b§th%|reantdq0’g”1 L.'ei yln Ree mg& mQth asgﬂlngﬁt Iuﬂgg%%%gt}ulllbn]huw? determ ne

whet her I

i ndi vi duiﬁ dsep%grs aS(151xa F'é % %J?'&thgr em§°d"5?1"t’ apsl'gu'%caﬂt PKi%che, 3. at af. tot]
Cancer 79“55%5““'5'"(%9@63‘5 as 'a§ O\&éf“l‘ 'Dds>°r | Qs EXTOERTOTE ANSGFIHALIRHY di zat i on

(FI SH) ' tveledsrof Gamisi D'l Mmgem@ﬁnkmrv@mmm regbmobtegblaisd eaherablso be used,
such as Mnhieeislsadpe bitueingdntd. Pnedge disaquistyiviheahiecieegyidddfiyamsbgtd humSNP Ar r ay

6 0) anqomaswag A&YinchBeRMOL QUL ESe detelHiFddNAa @nb&an@a;repuamslndr@iﬁg nl um assays,

H I fen such as
N| 9. egerim Azégon? Lt@%hano%ﬂla}%p%) maaéemgan%h&th R@L&POLSIAQE) o ing

‘array t ectﬁrm ne8 iri a from one or)morﬁ of%gjﬁ%y[lapgxpulador%%caucasllag l n “of particuiar
probes, \itfrease: I@“ﬁ@p?@é&?ﬁﬂ é*ttipx/éf‘vﬂ‘f“aﬁ’a?pf‘i’%)uII'é\?"eéP‘lhéF\?%d'm‘fj‘F (Wl'sdes a
guant i t atdetpenitid sait)e Cilthfooyl izt pGhe flapMarnt faepiparip ipeaiteapmiadimente D iand by
consequenerrniosag®e vrafpofunbibd. an yalmdtier e dGhM, Lis geterstined m, saspiesce t he mar ker

I's sebgectigh iasSicAadRhbERItisEPr esent ative of the CNV and Is typlcaily
physcial l.y located within the CNV, 15if the CNV is a deletion, then the

b del et i f
?hze% IC}I allg)g‘lgr;'lkr th‘llusa}lrn th%\i&%‘é wgrle m%hp%ﬁdel'\tga ‘Er%%&ﬁa‘%m J#U&/g Qct Ll:I ;ﬁioﬁ) e ![ ggn |

i cat
t he si gndl®Y Fl?%‘g th?”é P ‘g'éeﬁ?g’t | &éesé?atTdH%asé?ﬁ%g?"esué or rtga’fse & with the C\V
is repre. %W%IVV‘@W F Stla‘ﬁé ROV ePkasndissgrRar Y bétf”e‘i’f‘e"PHB'HB\‘ %S‘Qﬁ es conmonly
used is pubvilded pplimPerids|ar( Perdvabrreljedahicr mIGTehhumbesf 447- 453 (2005)) ,

QO her zsuibgabronisiet thadseday ad hablgetet B ab Agosdkioh kted) tpesssvaa eanmcaltso be 20used,

and are Vﬁsgobbtr&nsﬁr%%rwnserqt@\cwf%@ma B¢ &3k neRRistROh 3 gk BRbGodmsker s that .are
In T nka%%vg dieeglt“e thP naPJELs‘é‘g& @JH S#é's%n Wﬁma@cﬂ be used as aurronates
u user u

for th ch markes ar |agnost|c setting for determ ning
whet her a Eartl cular CN\V is {)r esent |n an | ndi vi dual or % since they can
be used iH"PT'ELP BIPSRE PERAPITRE] 3705 e e8P PiPAY HTh T HREARS P4 The pol ynor phi ¢
mar ker | PrROBNR sefvy apframeserkdel martitslistesatoenes FiscD A I Merkiagads ot Seiende wi t hin the
CNV. Thusz73ilpLeesit apees) evdnads, et 8., obc VdveicabichotlsodR28-kas3i(3vvent | on, ' markers
Wi t hi n t heic¥Y cabenddseds it ®odes @eb1)t he presence or absence of the CNV. In
certain cenPodl nents, markers selected fromthe group consisting of the

markers sgf nwésuauéhpa Jab%a%i, Borti MO LGHE Ri-n BBLKEES bWbFohénnntB bgiechr omosone
1921.1 del e Iscr& eq'aplgltmeeblocés cFrl\'{ainlnq’1fe\g(gérr?rgﬁhgélaggggﬁrttk {?E.B’ I Ilni%< to scni thr enfa

or arelate 30 sel ected
from t he GEBUBTEOIRT 2PY9Rg "GF SYFrR RS REP Secaap!nFigh ESFF g Y3kt &P ?" whi ch are
mar kess wirtchirs XiaavatdyRerewoCetafcet PBh>97dr®3udat Ul <f élr Nefreiertitni ng a
suscepbi lastapo2e2 cotu)aivries. & eos!., acianed 25 ed25- 28R H00D)OPRL, Nnetgercaia ot her
enbodi Menie.17197BHK €061)5 84vR6t, @Ck: bil, 0BtukNR s GEO BB (@ iPSlib)§.DEt 4. he - mar kers
set forth,in, fapl 6;.8s,. wl(%ﬁre markers within the 15q13,3 deietion, are
usef ul for determning a suscCeptilllty to schizophrenia or a relat ed
condition. In such enbodi nents, 35determ nation of the presence of absence
of a particular allele is |nd|cat|ve of the CNV, |.e.



i ndi cative of whether the CW is prsesent in the individual or not. 29
fl apt otype Anal ysis One genera/ approach to hapl otype anal ysis |Invoives
usi ng iikelihood-based inference applied to '.NEsted Mels (G etarsdottir
5,, et af., Nat, Cenet. 35:131-38 (2003)). The nethod is :Inplenmented in
the programylyeelddeidhi ch aliows For many poiynorphic fg.ﬁf Sooomibs and
M orosatetiites. The nethod and software are specifical 3e5| gnhed for
case-control studies where the purpose Is to Identify naol ot ype groups that
confer different risks. It is also a2fool for studying LI) structures. in
NEMO, mexijum | ikel i ho e elihood ratios and p-vaities are
cai cul at e&we aret RN meq?‘ﬁs F"ﬁ%eq'g]f'%aﬁe heMBY RGP T RAPe T‘e('}FEdtaﬁe obser ved
dat a treat 7%G° ‘PfPNég"a'é“al\’)F Waited faRipatra INerENy| (e ¢ JRlrel- 4t b ulghrd Gekett i hood rati o
tests basé® 2@)9:12-'12|(%@I1L ot ds etoongrispedodil T1ecr b3y (26@y; dehenpbsesyeeudat a, Wi ch
have capt ur&shatsae (d00d)0rHaBg, KOt al. 056, GHICAdE SUNOSY doai3B4-Y33h 2dalgseand m ssing
genotypes regdbeBRer €4rsBsh z@ﬁbsthgw e\(@néf\élhkgn&f t)é@olrrhﬁ%on, |Een¥}9eld|ugrl t' Il he of

li
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1.oN
descri bed Nat‘l"e ge"§p39ﬁgai7((ﬁ°é’8)nﬁua%l'“ ﬁéboﬂ”ﬁ 155”7’ fﬁ?b&ft‘ at of
Statisti cé i?&"(‘]?)r'lisf}’gﬁpgf"t" 2pg Galgstelny B1Bi, 4T Aghilgeris@PaP)oMoGH k0?2 Bi onet ri cs,
60(2); 368f"7955C€'20@219f)’eca'9b'fa@tlwa'tauﬁ and comesb@riisg brtspots adross OTertaitnbrogensrBAS Ur €S
def i net f b#s teerndeagy@edvabry, . St a/aBelerics 3 liomgal-er@atRds)i MyINENQ: sPegiockd-Ngl € mar ker
associ at i @t s 84:6163€AG606)) Aife ;Ebp'sr@\ﬁ‘eﬁls@?é%%rm&ﬁ%ua%ﬂn bé%oﬁﬁr%goéa‘%rogé' cul ate
t wo- deqwe@e%ﬁnleuﬁt% rgc?r‘}\blﬁﬁgprake'g% N&hds}éqb 66l l\lgﬁ‘a hogéc%s wh%e’ close to 8 vol ues are

present ed' emjn ed for ﬁ% f'l cal Iy

i ndi cat ed;  The gbre%wc'esh‘f' &4 t?‘Pé‘cf ?ﬂ’ffe@??‘ffB’F'tet"rﬂ‘l"“?f‘?tﬁét"%'ls'ﬂ a(”%ﬁ'gh 8sti Ps and
hapi ot ypes)® "BiP&"aPePiede 116 futsfind haslobes RsisoHetpcisas esgions femkefipequenci es.  To
rni rerili zresonehinptids asraiuerstubrg heminatthe thmes bartittyot hieckpart L Biba” whialesver € recr ui t ed
as fam | i esckt eefibdiery sbydyhe ahdve bscadetl criec@AdEicd BpHRLe aitetlatel rNeQﬁadQ@@d be

el i m nat edy fhe editch BRIAH th&H toldkle sudilidglcher more, the test can be :repeated
for assocjation correcting for any remaining rel at edness anong the

patients i Adi ust ment ousl descri bed
(R sch, NP BEREROLSG B A g1 ARG B e DGR Y B8P shi pe o
that a can :Hs “S'quﬁ'“g &'y 'sgj’éﬂaé'}"gipesfcé?ﬁ”rfslnﬁla Piuga| 1 '8?7%"6? p$eMIAd present both
adj ustB8d 8WEOAFLE] brs'fsstifis naRriuissiomeg bieclyrmpaites et ofThresingtShescbrof  genor ni ¢
Control s ("Bx&E (the S"B“eS&SeRefédléer or niérkefBineqried wideEngbEDGTong 18I )tyeatadl so be used
to adj ust tHeobe itdnefiade otk CEaREENGS ortritexeisngh tbeaks: iR PAES bk Gples
stratificah @rraups-ghlﬁdhddufalg 8k 6H68RS ld@f{tey és%c&%ﬂ@ét@gen\ﬁﬁgrxtygggﬂld hapotyp g ected. To

th t [tipl
ggtsg:tsl ng@esﬁédQFEthE&ﬁ&ﬁa%lo&[pe &L&g g re’rgssestsed conct.urrenllply ljs g]nfacr‘?ﬁl;{égggﬁ?ré gg:lo?ypel pte

dat a. Zéoh""kf’gée dSF“”ﬁg W”ﬁ?ﬁ"gg g’ﬁaapé%‘f?ﬁb&"é can be randonized and the

associ ation analysis redone nmultiple tinmes (e.g.. up to 500,080 tines) and
the p-val 823 GUstR@MeLERFNBHAEI apegivenehieivenhessaciatian tpp pelvoerhicangikeval ue f or -
sone mar kerchak CuYse intthpagendnse, |t Gwedly thitandiamategtiats it e tdrempavadhoe we observed
usi ng t heassedagéonn ahis patra@Rl coastdued e ke lundvarh@dtiitsition3® EOEcrk0tHa oSiohg) e- mar ker
and hapi oby/qenaBs) 1S Bse viakiat ih V&ofdiskoRR). AP er@ uPeQI%’Ae@él on attributable

k (LA A
e st e praplab sl B SRS O Bl 4 Ul e B oL vpe

relative

(1992) an@ "1i 'i"f(t b f‘ﬁ§t"%ﬂ JiseagR or Wglin and: a5 pyFherecstf for uspin thet  3) 227-33
(1987)), [newods aRcite °ftthﬁapr?ﬁe%tk’§’e'éff°“t fiee or yoreakUsetive sfutripladvypes om 29 ' per son
carri es numbteliqob yay fEede vathmmisd regioni fhurBRR Hesssdohiaxing kstke @feadk o @biatthée t0 a, then
the risk @hctianaperis®malbd SHOHYOMPEs Adicl rkleatdhBly RERpkiERSchtad @ tniMstefite

het er Ciszyg(htrﬁcroseélllt%ﬁlq tBE{poéablggls.mgrmac;' a Qgpyﬁummlx&qt s%cﬁazﬂ anTnbgrsamJl tiplicative

del h t at -
Egpfat ySde"f‘eg?r\ &G BLOP %r Eryvarlan?‘s |n Eé ”'Hn tae vwnt?]?]eé?réeJ > m'WnTﬂ’rCP%?HU I\?ﬂh%rﬁln?‘ t he

af fected popiist R&ﬁ“&?&%s " <Pk)at§awaweﬁ for Hig 29818 F‘B’Ike’f) s5a Faderesithe As a
conseque n't',sé“'aﬁ%{‘plTb% RFBRENtCRYAMHo8 thyp refeseto sfefreacitersdiged for detecting assoclation to

the disease, as described herein, as well as markers in linkage disequilibrium with the markers.
40  Thus, in certain embodiments of the invention, markers that are in LD with the markers and/or




and controls each have nmultinornial distributions, but wwth different

hapi ot ype, frequencies under the alternative hypothesis. Specifically, for
two hapl otypes, bi and hp risk(niffrisk() /p)/(/p), where f end p denote,
respecti veww,2ofofoetpaenci es in the affected popul ati on erdr/ispoodh@oesont r ol
popul ation. Wiiie there is sone power loss If the true nodel is not
multiplicative, the 10loss tends to ?e mld except for extrene cases. Mbst
inportantly, p-vaities are always valid Since they are conputed with

respect T’\Q}IO%LJ of NERRALRES 2S desABeARPAE indl bOMes b AbgatetREredhd N One

i at tud f
3?1‘8192:' Z‘n%uorlg)gap%ug%?rgﬁ Eggong ee %ﬁ%%%rrlal%{vg rlgkeﬁﬁgﬂaqg P&gg |Iatlo J&?@Jldey roma

= o, & ! eg b Stf’irreltrg:t(?\uﬁlgera& adl @
di f f er enf™YBUARYP) ORIt RRor SAREYRST MHPIP RN M PeEERATCP 1Y) ("The " ddvant age of
repl i cat Horribsd pri¢ie sin ogher drzppdimenss. ﬁaméqgafemr‘@ﬁ@g\t%“ﬁé%? YRRt t he
repl i cat rentretaudyally anetminenoethe erkkre giakit foind gebr astoReting WaD Ihsisesat: nmeasur e
that |s apfkdeeh heRap!aAnCRirpRRf SkitieH @olime@R@uld be £MeNorSeBeigaraddi t i onal
case- contd 8] ,sCoRY JiSichad i Rq@dds JarRAMA DS RGEs Abre BIONnUbigr @Sessment  of

t he associ atjon sign i [ i i aneously
confirm ﬁa)u%h%'r}lreﬂ?eﬁfygmu? 'ﬂn@?gto 65%(%5% Ll?tg\glplg!l‘ at dg%§%§£cgg§tg’g%{ndlg% Jhe overall

Si gni f i cArEdedhertife [YBHET 9 ¥ séﬂ‘t'%éﬁer féf% NESEEE P i RUER. popul ations in
gener &l , bPOFHwentess e described GaTis s ¢ AeE B BRI HEE FEVR B Al so be

conbi ned péreonpkivadiitlde am, aoW e &letefmssidgsthesroreof theresarhideantisn ng ef f ect. The

met hodol ogy commonly used to conbine results frommultiple genetic

associ ation studies |Is the Mantel - Haenszel nodel (Mantel and Haenszel, i
Nat! Cancer |nas 22:719-48 (19590), The nodel is designed to deal with the
Situation ewtﬂrﬁ&f%n@%z&gés@%w?csﬁwnbé vbiiABnsdi f ferent popul ations, with each
possi bl y‘%aw ng a different population 25 frequency of the genetic variant,
are conbined. Jh(—r\ﬂ ntpdg}mt&onbi nes the results assum ng that the effect of
the vari ZAC°GAPNE T €K"CF the di sease, a neasured by the OR or RR Is the
sanme in all populations, while the frequency of the vg%i ant differ

bet weén tI‘F?ét"gE)‘t?f‘aﬁb‘i"i'é‘?PVGdPﬂifYﬁ”ﬁtg’“f fP@ ' B8RPt I SHTEROBAIPSBEPYI at i ons has
t he addedemdveambvageberitbanatsh Sudvetiald ingrdasiethpds tops pertitetively gimaliier | yi ng
associ at inombe ogddaiks dr 8 parhdilzegded s sagnentt ut bleein¢lyre retsesdha trdicitet | cal power
provi ded ByndU ARG IRIRETs SORATIE § sanfpll dr K&l MRY igter @BYded@fekarhp@nci es 1 n

i ndi vi d“%gbrﬁkﬁlogltécﬁr?quesfé%h £xappl e due to :unequal natching of cases and
controls or population stratification will tend to bal ance out when results

fromnultiple cohorts are conbi ned ain prqovidin r estimte of
the tfle ' r&é??‘?ﬂgn‘ﬁ "gendy %engrf’?"é@? .ére% ?ﬁedst{% féa}l“s)vsv'ggs%%énf&og‘%geu agnosti cs, '
30 | exanmpeRetypss MEFAT O8N B PR 141546 1P 0T of F2ER'D B8 58t RREAYE P i s one in

ni ne. ThatdMdwalt & wehys theindviduplEreeffsiring)e Tea $eneiynse may be ob@gecoBYbr east cancer
at sone pabratiiepolyferpiic hirves Conkbrgdotlyl, Shetnygpiee alalsingldvRasotde dolppyorptiroki ng at very
| arge nur@l@ﬁ).s T@fdgrﬁiwlngvo deidon€ frwd J&ﬁaaleﬁ_gntﬁy pathbdsGaH ﬁﬂ'exbrﬁﬂé bﬂlﬂ&_ﬂ . Riskis

of t enzspgea%%géﬁ{ijgdn&isné%rng‘gné;%%d@%QLHErgm%'e\%\%péﬁB_)de@J& Jd3edudd kaes R sk (RR).

Rel ati'v are risks associating with tv riants or
the risks81e¥ iy JP?W%QF%TC"&E%%EE“B# ab%‘b@f%‘. a?q‘—’%t%mebgsée?rﬁ? @te"%ﬂ? d%tgn be used to
conpare dogrRBEPreEneapkEs AR aNEChIA FMREAOISIEPRF Y Sl $8Y group havi ng
a di f f er entlelgemet ypaiceFarnas Rdi 353 &25 OPB| Atd apeer PeihRd ipfolvepa pigsgfige t hat one
group hasytiiigG@hetititte i 68 tf nedensahogenbigpeaodtigsemsecoaparbiiietoobdier group. The
Ri skt RE SSRGS dyToMSHALl. YeohBe dﬁ'e?a{/.ﬁé?dnieﬁilﬁ:fsflm (@Oopﬁljravﬂ{igfargg:ne; g;jpeci Ij ic ;
genot ype .or erson,. co . G gender an
et hni ci ty?arehg‘éﬁse"zge"PVEe 'Fﬁ%faﬁﬁ‘ﬁjgfss' g? fqlﬁ’g og&ég}?g%é\é%ﬂ%g? ayﬁocl né)atl hnicity could
be corrperaéffs‘?'?F"h°f§‘?gf?ﬁT'Qarﬁ‘ﬁﬂﬁgfpz"ﬁﬁw'e?d@?, 1o donpared o Lhe

popul at i oavalviersendtipe data frefdlfrip (PATRNte RS PR PTEPTRIEUSFTPERS 9B and Y N S econd has
rel ative strgkutOp Bie dith @om tiveerspskvesf Fitshell fampistintgnsitlps/prcflBY/ Prefsapétied to the
seconds i Ngliwi B bd iScrebsdaloPddarebsd BelatiiSto Geigibbiidacipiie bRl that gendt&in copy nunber
variat i onau e deciaf OB bd QiddRa SR kil rahissloh flim b&a«&s&?smEt o e i e
schi zophreni a sk assessr e . . C . s in the
genoi ne of*""REF I E%ﬂsén 3 n%g%%%'fynﬁ%ggé&g\g%n%@%t ed&%ﬁg'ﬁfgh Eﬁl@s@gdr e found
nore frequently in individuals with schizophrenia, than in individuals

w t hout di agnosi s of schi zophrenia, Therefore, these CNVs have predictive
val ue for detecting schizophrenia, or a susceptibility to Scnizophrenia, In
an individual. Tagging markers in |inkage diseguilihriumwth the CNVs can
be



20:used as surrogates for the CNits and can thus be used for risk
assessnent. Markers with values 'of r2 equal to 3. are peilect surrogates
for the at-risk CNVvs, i.e. genotypes for the surrogate marker perfectly
predicts th%&%worlﬁgce of the CNV. Markers with smaller values of riE than
1. Can al so be surrogates for the CNV, but the detectedPFTERIRP0% end to
be lower than for the CNV itself, unless the risk conferred by the marker,
or another genetic variant in LE/ witds the marker, 25is higher than for the
CNV. Wthout Intending to he limted by theory, it is belived that the CNvVs
descri bed "HEFEROTGNFRIOGGaBE! % &@“Mi & Aops @R bofetesohed it ehthafcieges ent

f uncti onal®a¥?8pi:ant s ' predi sposing to the disease. Aiternativeiy, the CNvs
are in linkage disequlllbriumwi th a functional variant that Is
functionally causing the Increased risk, In certain enbodi ments, the
functional vasl, bl e+ 4D, Wi ¢h the CNV, resides within the segnent that
defines the CNV, i.e, 30'within the CNV itself. In other enbodinents, the
functionall variant is in Lb with the CNV, whjie physically |ocated outside
the CNV rg@iQn; fHnct i variant r for exanpl e be a tandem repeat,
such as a, ;cqigoégégﬁ Iiidtég' Jf)ll?- Qrgﬁlﬁqeé'%&%é@%wrﬁ?%selfyq% S%’f“ﬁgﬁ%g%@séc(ﬂdﬁ ¥nor phi sm
(SNP), or ;a transpoeait EoUnd St 2EBOYh fundin 9SG centeniehine sammirsPesifes ent

i nvent i on PEATHAPEE Sesotaie |B&E Ssthesrnotfe fargerhplsidprsogatie: mtelesP sfeftor t he CNVs
as di scl os¥d@enbpeitand SIPch Brimskele sifat, ¢, i3Ghanmnatiatedart sRpPegharmeudiigst ed 1 n

publ i c datalFasessan@snodd ith kideiahset & phla@etsk iisl k@GoiRd AN co@r ySAN al ternativel y
be readi | yererb@ik biditRembde SRAMENGIAG stNSoh 8H Qe cafpPALS Qi i Ne region
identifi e@th ﬂi%omrAkgrrﬁ%tin fthetrrbo%elp{heﬁa%glits nlrn\all'en%lla o8 Fn Bl i 'Of

i ndi viduals, and |denti f?‘/? m%r not phi shs "TAFRe> BBU IV Yrelip of
sequences; A PRERS e qUBITE &1 ferrnsiierS Brbe SR ped/Sriceted f e axgredecensiveadi |y and
"wit hout QYfAEEBYpRMHERNAFIM fRfle Agewyprevesremoigedie derermiced thrdsipld. | nkage
dise,quilitirlumwi th the 40" markers and CNVs descrl bed herein. The taggi ng
or surr ogat Eentttyrrens dénppnitizting ibds of teer@bgokity g koH), 3darkaNMan ab §0t IR vigeepr edi cti ve
val ue fsor clekaése ot Mangrsasa SliwaloHO2) Mafke @Adt 20 PRINERER with LoRardUs MERLA bi kty to
abodi Tonge. b g S Eirt ALY cn S0 Rt SACRE ol B0, 5B ¢ e
froman i hﬁfvl ﬁ%gf& l(t)r%%g“e, E@i}gwgreke%fham@'ﬂ%%"ét‘”it'gg‘d"%%@'l'n“ to be

Sassoci at 80" Wt REFT SRS O ERLYE Frireprvecys Brens abrlswd swamet i iolpdess st eps of
det ect i ng™f K& °jpedigifcemakerapsensstend fitialOpafited aid iahet@ddgousr A atrkbreast one

pol ynmoophraesistet kish LOHF the ikageodos@nslbddith dateAd Ihdnkbzfgbes 16NV sakhe bikg: et hods
wel | knowsr He@rdzfveuss ki tds@le pRES WhoRBA odublFob B LartlesBt kPRI NS MAeand based on
t he out Comslﬁgntﬁuﬁnar@ﬁ%mh in g&ttﬁg difis Wogygbgtréscfgnﬁe t{)(tn%rlalYelletheal f rom whom

t he Sanpl g.is 8 | s at increased or decre rs I'nCreased or
decr eased gusc'e%’ﬂ%%gfe W'%od]? nivd’ég i zophreni a. The presence of the CNV

conferri ng t| nir eased risk of schizophrenia is indicative of the individual
bei ng at 1 ACTeassy"?q BRIEITEEEEBR LUk sty be dug Yo & netutiisasphrleni a. The
absenc® of"fRle MY LOHWIRNIFHEPIdon basedeveritor tagk angifusgatihingeppitiesior gosition t he

i ndi vi duabn thegdnprié; @ab Fanesqodncd, e okduetenck eiiadre 1A o @iah@r dbwihgiaiaased ri sk of
schi zophr ensecauteotfeth e the RYnoB® KINiIRS SERIOHencLa&ERANIYRL Ymig I R€ 1 nvention
can be pragbi &Rde tnbibdrith e ?‘p@ﬁk@é@&ior‘?f&p&&%&{"gaJk?rfs OLIRLI QN about the
159enotypge,§)§,9i}%&§ ig;nt%rt Ie%§t Hne CNV (or at Teast pol yITDIngI C marker in

I i nkage di sequi 'Dr1um lWet"n 1% at | east CNV) for at |east one Individuai.
I n ot her fil\Dl‘ ds, a dataset containing inrmation about such genetic status,
for exanpl"&®TH THRUPEIYT9 LG8 BYINAsvecHLtsiRe 2rendidaterdgiersd mgloy frotopshi ¢ mar ker s,
an | ndi cal'Poifed36at shewrentsrieresrer vothinabyesn oehopozyaoysarnatiecul e CNV, an

quant i t at geretyrisRSSHETR furtfer 2 IGNtddSbiedlerdBie MiHEREEr 9l piiRsenaf a particul ar
region | ndidche. geReue irdlabaid HeremdthaViediahg putdle AGTUAleH6RALYREes for one or

more mar k@)ﬁﬁinemm th@ou%@(yf iD@Qgél‘@r’l’er,tanc? 1081 fgrsc%pa&o%s that are consisently identified

35 by both approaches. Such deletions are likely to represent real de novo deletions.

Detection of CNVs



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 Wich the dataset Is
derived is at increased susceptibility (lIncreased ri sk}él of schi zo hrenia. A
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35  Risk assessment and Diagnostics
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usi ng hybridizat |00 15 NRds: (oha8ErGY Frb @Ry BURE HRGLE aindiecub ar  Bi ol ogy,
Ausubel , F. et at, eds., John WIley Sons,



inciuding all supplenents). The presence of a specific marker alleie or a
particul ar genornic seornent conprising 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 nore than
one speci fi cwoasdeoi4dl | el e or several CNVs can be Indic g[ by usi ng
several sequence-specific nucleic add probes, each bei n?cgr é@”ﬁ?"&o%r a
particul ar; aiiele and/or CNV. A sequence-specific probe can be directed to
hybridi ze to genornic DNA, RNA, or et?NA A "nucleic add probe", as used
I5comi eﬁé‘gﬁiﬁa‘fgﬁq@ﬁ%ﬁg'_%fd%?is?&”?r Y PR%Re 1o pihibel o RoHow Lo desi gn
such a probe’'so That ' SETFATE &EHSBY PF 2YHYRS WinpaTiooHc pcntarsion] y i f a
parti cul ar"&Y"8PRY'L! $5resR Rt 2 $amPle ceemignniwclels eduBrel fierpen werkrRet sanpl e, The
i nvention ﬁ‘aPreaﬂnsiOVdJ@onra@dgmddbstm afSERDY OB, tsrkdtgardNY hEfieth GRlu@RNot ypl ng
met hod, 5 i r@iouadi magnbee rnetaeeadobylataN.as b leget SHNRMN Q) 53 gidig%{ hods for .
genot yphg roandeio® oH gadup BOhSIRER B i RS [h% §é‘la§ec,%gste%d ,l,%ht% 0" schi zophreni a
can be detigrd Befl. Ry ANAL flzallon, sanple can e TOIEA By Tontacting the
;g?}gmsgnpligevg’gspr%i%é‘gs\?\’ng‘f"%&?il{ %Tt‘g’hg‘ﬁ?ggﬁé nucl eic acid prégge. A, nfffiérmats i ﬁg
exanpl e of_a probe for detecting rfi RNA or genornic DNA is a | abel ed
nucl ei g{éaqu; \BP%‘B%‘ A H4es feseapapitethafinchgbniidiuals rgmtspecriabddAurougenom ¢ DNA
sequences FHESE Hiotsedertier @k nf 15Ther theiedeer 20, aa the PEONGS AL theage bOJ, €Xxanpl e, a
ful'l -1 engtohertecloebas awkithéie @AY, Sver G adt P, bl Q- é—.@?{geoggo, s§,‘ls%hstsa % an
ol i gonudept, @eor@b. Bther BRSEimdms of 3iinv %o I'_J,quﬁtzgtge qr, 500 _fucl eot des in
l'ength t h%iv|d§al§é§£é fe&ltﬁaqtests%ﬁs\%?e%% 't}hl C%eééﬁ?s)é&“ dl E7%2 Eﬁl?a’esg] St ngent

diti 5t iate’ : PN “Foir 1k %70t h | e
oo o B e apsroe. mestooesdnircqumnce o1 © ©
chr ono&on8l °"§¥ ghiBmfligeagedirpvi o§ batiruletyese ohaoe repsGefinkd Bthe AurbkatRtden, t he
chr onps onEes5ERS In2hechppiei o¢ atheronmertchigaichmadagange dbobkt. % iSQdel etion, the

chr ons omeontbqbBd e taabd @Bgedmal BeretMhORRS A0t et diRLI catj on, as

descr i bed ohef £imdie 104 LD Es Rk QRS HAR. BE J:he ,conpleme tér{ seqliénce of such a
sequence, bﬂé&%fateﬁ,%éi..@ %g, pr.obes f(gg use 1n t'Aedi agntetic® assays of the

i nventjon; are described her &g bﬁ% T 0 EEPD K EalFteden e rtut e by et hods
wed known:t 0 T he PEPEDIFAER MEHIYeR of dther gpider; sales ordengples. Current Protocol s in
Mol ecul ar: Bi ol ogy, Ausubel, F, eta!,, eds., Jan Wley & Sons, including all
suppl enenf 'ée)l?e'al"%c pREatRs GO atressien ponyiision di 'wethéro Purb@besrBestrg, Speei TiC

hybr i di zainer of sedies faydoiria désalestor Ot 1 ig@ehdFESERIE S Ge &amresao;mm(g,i di zation).
I'n one embodbeeptnlistel thyibdt ki 2L @fhy SOALE LLARSHEPFen3RESIf IS, h%/ ridization
are high .Sl’tg‘n-blﬂg@en@f)éd mSP@fEél;ﬂdE p Egiéndis%girtn i a(gpo’ciatlinf dﬁtr egen'tt s d% ected using
standasd peERGLS.LssReg L] C éGI’I di'zatl on oceUr'e Rt WA Asere mucl ei ¢ add
pr obe anda/tﬁ? nucz eic add’ Fri t ReCT ety SAAY9P £5rub Aead eiventy Rafobre ™. 41 cont ai ns
the sequence CHAL ‘F €1dAPPE REHRTEIY NS o HeAmbetreldridgeotinas); sscepr esent in the
nucl ei ¢ atlNd ¥-ABeCenpt40t 1HE3- HUEPI):Suddirtisqpr DBeecoMbabdrs: 4:9986t | cul ar al | el e
of a pol y@ei&htekansiokie,, eos. padgl i eddlsas: 28k sl R8s)f Hor@irRbiifakify of markers,
then speckdire sfaydasisdiob) Qitriufoshibdli (RbI N cBler BBSNYCIBL <ACl A being -

conpl ab el & a6 NIPELE B BsYsol Dol ) 1M1 E1AC eﬁgdsggnoe s 1hDC 0dl ng' ‘e particular
alleles agte@pﬁgd\égpr\pmg, merkers W thin the’pr 3be’ i 1% @PYY possible to
design a @i_g}g_ e Pr'ob’e contai ni hg?' {78 (RAnC YR trEk bret a digt @dreta parti cul ar
hapl ot ype (eé‘g. 2087 Frafiag. CYntasi s RevigwaFenet BE57ciR 4108 Rentdadotir, Lo, 2, 3, 4, 5
or all of®fhé?heaRefl6FHAI20PaK Granp S& ., porit Var ke, Jaab-ot yped)). el ection of

t he partiectiafindras kenesicadndt heubapireteYiPgenka) He&herefﬁ@m if obSr dofhidthdeat | Ye that

t he shaTtieuafhg bépaiasABPbE afidSanki R8s parti cul ar hapl otype (e.g., a hapl otype).
10l n one ‘preferred enbodi nent of allele-specific hybridization, a nethod
utili zi ngrhacllgt.eat | 1 tide prope conprising a fluorescent noiety
or group @y b §ssbcﬁ%r:%rbﬁgﬂgﬁdagg) beuaésﬁgﬁeerw'tﬁtscq' oghrea grebelipvsdile  and an
enhancer 0] | gorni ¢l eet| der=1SMaMPHSHees PaRicws sepedseattstsymikisingavi n et at

(Nucl ei ¢ "KYEeREEmanmppdationy 9By 3iso cqrifempfatadandwitiimihe sopedf yhecamntbe G g Har bor
Green or Sydkampadivet slate to hurneh lveiecs wihat arb lfrem fohl@ mescimnan PRugtidnes. The
detection probe is designed to hybridize to a 15 short nucl eoti de sequence
that includes the SNP pol ynorphismto be detected, Preferably, the SNP is
anywhere fromthe termnal residue to -6 residues fromthe 3 end of the
detection probe. The enhancer is a short oll gonucl eoti de probe which

hybri di zes to the DNA tenplate 3' relative to the detection probe. The
probes are designed such that a single nucl eotide gap exists between the
detection probe and the enhancer nucl eoti de probe when both are bound to
the tenplate, 20The gap creates a synthetic abasic site that is recognized



t he nucl eotide nol ecule (probe and/or priner) to the tenplate DNA for
exanple for Increasing the neltlno tenperature in regions containing a | ow
percentage of G or C bases, in which nodified Awith the capability of
form ng t hMWR2RYWEHgen bonds to its conpl enentary T caRChE20WP0982d, or for
decreasing the nelting tenperature in regions containing e high percentage
of G or C bases, for exanple by using sodified G bases that formonly two
hydr ogen bonds to their conplenmentary C base in 3 double stranded DNA

mol ecul e. t'tfluging et wof ireited érSeydésive mepulatiendi Buicpebnipastesiormr anadsaed i n t he desi gn
of the det eobuladnnsnErcds@oboratighE,clien popliytion®) tedtia@soubasan kapamiont,Eatthe skil | ed
person can M@n ppligedn thiddk eb&S opIBlidAo FericarPibRuibtids, SBbRRLERRuGE, SHi t abl e

bases |s V\Q!cLan}%E;gHuBtlgnL]eEtﬁ&p@Qﬁqu&l?tFopsE%néJéL Iblu?a(;e Po% II%Q& tp%eg hgn the teachings

herein @d%mempp_sler;sk AR known to the
skilled person?’ i onarty g aprdsr Hiat '\7'&599"“%15 étﬁf"l Dd‘é“"hqf@fa& c acid
(PNA) probd™®gh Gﬂé‘aﬂrsséﬁl"%hn%&dﬁﬁ' ilt@pnt f9lishoBulgariay é'a\dc §erbiam Bppen<izechadd probe

| n t he hybrGresk 2ed Tugrshperutptiehs. desstzin prebdimenteitie InygnfNAelitss ta inBAvasefii i ¢

havi ng a peptdsds-drigke, | norgani ¢ backbone, such as N (2-erninoethyl)glycine
units, with an organic base (A, G C, T or 1.0 attached to the glycine

ni trogen Vitae acBRbiytuesien GaliBaNsibietd RKLNIso(bs Q8ternfiRl bEFRBRIRaysN €l sen, P., et

at, Eli Q&OVHeHQm arg-‘glgbf éce’étry l('\;y4t¥ )carn%}'&m E) i Lﬂlrngpfmlgr%&te ?e rga%?I strﬂ&d to

speC|f|caII €,Sus ected contalnlng
one or n’orép(o HUt "n%'? ?a' ﬁAl’"e]I 1S GSFEtﬂap’lo(gf VP fhat are associated with
schi zophreni a. Hybrl di zation of the i sPNA pr obe is thus diagnostic for a
suscept i bi Af FE c@EIDBIFhNe Hivetion lashE Db GUTTEFOY/efhaplpRerer iforsfied ibn, a t est
sanpl e contsedciif papuigéme s desPied iolbteabeved THiermerspn tkiled B i3] agtotill dpgrecak tect ed and
the polyi nefecasessehaiiyedeambibram (KRaylgbe ugadnttrasumten bypida tf angernt  of

nucl ei Clﬁd¢o§m5nsCQﬁ|§]QBb@t@%@’%nt%ﬁ&lm Iﬁst@ﬁ{ Nmpéahﬁtﬁnampkﬁfong Mell'a§

I ndi cative Qf e Ry L erein,
i dentifi catﬁ: ﬁta?’%%tpl !' %U;‘RI rE,S |}f3 rsned usi ng a

variety of 9?1" “('f"%(‘gwé' . th§8§fﬁ°§r‘? edé’hﬁf?’%f@t ceﬁ?f&?%? B &4 n‘?"i"&?l on

di gesti on, SYPBRTKETCaKHFreft BoRHIPHPA reainfrgh afferent apritHons o PSR OB in

pol ynor phl one kepslales btSETPpnotiet. etk perpini skittaldic tha Ad MYiSiogsverstpply Jhe methodmnot her
enbodi ment ,avalbtagse st Swoight BeSOPlactiB ed phiger XPERSSIh AR ARAhYSInopfa0bn. €XaNpl e
by using quaBiay AbihdasRER ekt wrﬂof:pnkwk@@lm @Y &b rea.g.) o tmrée&%mbmue can,
for exarrpl % a%llcjelﬂt?fsthg%r%‘a{ fsltﬁal l&M & %z\ assl'. S ttlo%cwh:ﬂl the eC| <’: 0 Hlathonas Tadhl an
(Applied Bi &gyit ens ?;{ TRe chni Eu can assess the
presence of "EhSPYEK AP T8N o e PRE"E V[SPtJé’gglabFFs'S‘F °'b‘3?ﬁ5’t5‘§f‘atpl°8ﬁe ?PF"géwﬁ?)l ypept i de
or sol | ci ngd"VArMaReYFEpueragin Yagous e BReRPPHIFoBs. rHewb\el ¢tikiop chediedsdedvatied Wi t h
schi zopkr etfecert dad kemarkerstof the excprnelssntam, O invér@ovan ibaprbdtisad icany glven quant i fi ed
as physi calnbijarogopfiatch.Ct i Orla:ly different. In another enbodi nent of the
nmet hods of the invention, analysis by restriction digestion can be 39used
to detect a particular allele if the aele results in the creation or
elimnation of a restriction site relative to a reference sequence.
Restrictio ngt h pol ynor phi sm (RFLP) anal ysis can be conduct ed,
e.g., as derbg}(c':tgl beﬁa #is(f rrent Protocols In Mlecuiar Biology, supra, The
di gesti on pattern of the relevant DNA fragnent |ndicates the presence or
absence of THEPAFTE ST byl eqrescipts at‘%‘é“’%’é‘ﬁ'ﬂﬂ tgat the@W e dessisPysi s can

al so be3usdéarepd getrace nepechinse!vest prefideginapsolytefeoticpreg obisdidrivkla tveaiwill

Ther ef or e, devglopnerizeptbpdlionented cah@tiersmThatarians Gkcribficheines @eRerofidicaldsence of a
parti cul ar intReded bnddéridedr&SedikeifdR QL BGSLERHPNITES SBONERERANGIY &I S of a
test sanpl &f @\g In%rp\xnll %O[PQ B%puggssgcr QJE‘V\ﬁth§él’1P!o gémaorl'hll mgI'nYatigrr"sia PCR or

th 43 I
gCI gr Cg‘ppr (P\Qweﬁ/er ex%remetly \Z:] ua %l‘gr.: r?ﬁ& W.'rbm?fﬁﬂféé th‘gﬁ)glo? ﬂé it "e@é'ﬁpt?e of ngc e

speci fi & al't é‘i’g"a(%?ﬁ i"lﬁ'étﬁ Pfféenﬂéet’é%?f%%f 2P SR FHIhgerSEyEeRE PRGY Res/fol ynor phi ¢
site (or mmeniapixempleimpninr Yieiregsst ad/or ppepritapbfotypels, ofto sdheduperamiat DNA i n

t he sanpl e rtgulaanehhes iseitboginpeniorar oay & tefabiekd gentedaok b epiobes t hat
are conplenentary to target 5nucieic add sequence segnents from a subject,
can be used to identify polynorptilsirs in a

e?em:egm LD n spgisbﬁ%%!enoml re



nucl eic acid. For exanpie, an oiigonucleotide array can be used.
Gigonticlectlde arrays typically conprise a piurality of different

ol i donucl eot| de probes that are coupled to a surface of a substrate in

di fferent kgewmol@@al i ons. These arrays can general |y bg-pgagsssehsusi ng
mechani cal synthesis nmethods or Ei ght directed synthesis nethods that

i ncorporate a conbi nati on of sophotolithographic nethods and soiid phase
ol i gunucl eotide synthesis methods, or BY ot her nethods known to the person

skilled in f et at A ochern Eng

Bi ot echnot 1€ ge Zg%lj(gfa%cu'%gpmﬁo%ﬁré SConpgan'a arlglaf'atﬁf’dysc’ SHEt® 7, 20040 (2006) ;
Fan, at at > MEth c? ef:sw FETPAIONE #resg vidogysgove RRgwGESicderlag=alge £ vi dge,
G, Expert Fz@k‘/“tﬁf isY TR ABHO 6° RSB HFOG) O iRt thdrefere, itTls Mportast wibeEblenomi cs
85; 1- 15 (ZOG?ftab'kihélddfﬂelﬁaér'%ﬁms thattred aitl irghedisgnodsh e fediitdte @e didgneachi ngs of
each of whi gioualn @-demt pidpay@igaadioymsre frajueneanit®i, B)sotnVany addi ti onal
descriptions of the preparation and use of oligonucieotide arrays for

gez1 ggt IO 89 Ofhup Cth SknBRIERNR 6ITB 2 6B i OB Loned 0% r.&&@mh@p: s@m}zlg«-.r @gi 38‘; US
TR T iy

56, BIE'$Y1 and EP 373
203, the ent|Fa ésa8 eﬁ JPGFRARER 2 2F B AR SPYBPAS §deBrosthepeifte her ei n.
200t her net K ofe AYEvaEpes destripediipatinsnfer rrq'vatsk efrdeveippiad schbdrbrenls; fohose

skill ed i°n efwerlarthe ehans dretis@dfets@n defolidtcreasep aikk of Gehizaphrenlaj @h@arad wieh

pol ynor phi ctieigéreral Repses Mids vevesidiitdosiGct) 8 U 1f OliaR¥RE G, fr ect

manual sequeRebRdndiSdiks &l @aﬂgsﬁptzéﬂ'@"tﬁat tyEEaQQareA%t‘%dinu %gsgciaigal i SA 81

1991- 1995
5463- 5487 ( éi%f)ﬂlagrﬁﬁ@&%&ﬁngpmenlgg qja%y arl:?(% -rigk %I\Namay bgne%géonb%&y thegaetugﬁat ed

f1 uor escent Seq u&r?c?tﬁ pregfrﬁ'é‘f BB LhBEE "E‘EF?\‘F&F‘?‘F&‘H%HF PEBEYHATr phi sm assay's
(SSCP) ; ¢l af’f‘ﬁ@ﬂ‘atﬂféné{‘ﬂ‘i‘ﬁerf@d Hapls #abave iamdy Mgery of tBOBRpse, et@readateisiefy gr adi ent

gel el ect r opth®srigsiedort Gpod@EEd wWitBhafzbihednd makl.in @t catexPyradditioNalyicsrrydgadl. Set  USA,
86: 232- 236 (4:90%)a)-riskuddvivkriehiyyrranhdafiy tham o Singr theiieds. ™E cor@bal@l of geREOC. Net t

Aced. Set u&gxmg@@mam@gs%mmoem%am  diflet g&&bpmnsn&xgﬁedé&@k%nsef,s (Flavel |,

R' 1 at at I re ea rqvi SUC INTor| on. O e a Aced SCI
USA, 78: §08%ﬁ%d §5;I1 % gtgg i f Bl E'l %“f APIRTES g e PPé?ﬁ"Etﬁlpe'ﬁ‘i"srfﬁ‘f h 30

cl eavagé CW% (@0} %‘8 2 “'5'("&?’5"" algF’b?EC °°N€‘F'F" °54&'ér6'a" Enordeggnbe 385:t91397- 4401
(1985)); t'ifrrbctsbi?Pr°6rﬂ?teaf§§a%F§“f(W'é¥%at aRearly giseage sta®ei ence, 230: 1242- 1246
(1985); use of polypeptides that recogni ze nucl eoti de m smatches, such as
E. colt nut Sripewitdmsof ehelictal éitoetepesgirfas ech2fphienia b mpet bernuerhaedi nent of t he
invention, duagnasifcot o ENpiiieRicdgmar cherdTesiRinPiho&X AFah ReEXHT €ssi on
and/ or  CONP&Hloir®Bndden Aol IREOEARLREALRL: ferBuUGLRUG Al assoct at ed

W Uh Soly Z0RALGAL AL g (hBRE LoslaneEs vhcte: LIS R Rt ation of

the present i1nv

of the pol yBEats @€38$ﬂ6§'39’&ﬁ5%f99ﬁ'8§q & R3ftic a’é‘l?éé'é’b‘taf'b’l“f i Rejerpipatise pfi thophr eni a
can be rradeprﬁfﬁncé?é%#"n‘iaﬁg‘t%wrraétsS‘F@?ﬁe@mwtemng@bwp@gwuabm gefstione of these
poi ypept i defppeapncarivetirerurpclypemt doosnenad dedrdsyncacmudl aiidsasiassoci at ed

Wi t h schi zo@hy eadnasis, Whct rhﬂ&ﬁedrll}lﬁ-ﬁﬁrﬂ&\eﬁosmgr@enEﬂQeQﬁH‘ﬁW thusRRlu &%rto 95
hapl ot ypRe oih tﬁe%gu@%@%as'e rhVI@QLHIVQ‘.&ges4€eFJr§§1WrIEe$Ia L?p fo% Q&'

t Brladar?]
fﬁ2P°§Lo'w°22'g“é[;§§p‘F§%" | &l A5 P8 B Reymal riee i Btrnr, of oot

on one or F“'ﬁ?&‘é@mnﬂ%{?’ﬁﬁi‘d@%ﬁ%“w °é'9<‘°a‘ﬁt9Fé" gepdiic FEtN9SET ePrit endi ng t o
be Iinted bYPorRES Peseidisorigsgeneral |y expected that a deletion of a
chronmosomal segnent conprising a particular gene, or a fragnent of a gene,
will either result In a altered conposition or expression, or both, of the
encoded protein. Likew se, duplications (or high nunber coy nunber

vari ati ons,mem@bsas trip cations. etc.) are in genera expected to result

I n increased expression of encoded poiypepti de. Clher possi bl e mechani sns
affecti ng %@%sﬂﬁsﬂ'e&es@h’ynt aﬁcglllsQ%ahﬁgk&ggﬁsclﬁzo%réma are gescr{%ecpheférl’ 3 SC“ ptl on,

effects on g%ageébt% gtlorls In al'térnati ve
splice 10forns ot 1] Ve"%‘f"f 60t Vel BRSSP BT i“?“"déf’fae“(‘:eﬁ%”gcfﬂ transport
fromthe nucleus to cytoplasm and effects on the efficiency and accuracy
of translation. Thus, in another enbodi nent, the CNV variants (or tagging
mar kers or haprotypes) of the invention show ng association to

schi zophreni a affect the expression of a geen within the CNV region, or a
gene in LOwth the CNV region, Certain Chlie regions have fl anking
duplicated 15 segnents, and genes within such segnents can have altered
expression and/or conposition as a result of such genornic a:iterations, It
is also well known that regulatory el enent affecting gene expression may be
| ocated far away, even as far as tenths or hundreds of kdobaser, away, from



25M ni um fl uorescence. A test sanple froma subject is assessed for the
presence of an alteration in the expression and/or an alteration In
conposition of the poiypeptide encoded by a nucleic add associated with
schi zophreni a. Such alteration can, for exanple, be a in the
quant i t at i e 298{00¥tbt i de expression (i.e., the anount nP ’%g“ur"%dé’% de
produced). An alteration in the conposition of a pol ypeot el e can be an
alteration in the qualitative pol ypeptide expression 30(e.g., expression of
a nutant polypeptide or of a different splicing variant). In one

enbodi ment ndiditieegfeombisbittl obrespase &pt thbpeutiace f%éﬁi'zzmraeﬁ?th“ls & nade by
detecting grepainb tretrétives ks b therapeatid agert: fopcodtemtrdplp dgorerchugiele adsi d

associ at ed ¢ |d§§.4?nh ZARMi&Rh@conBlte@impRinbrt&dtl@tionp akitFbis@ingdaimpieng

variants. rgr;['\g Sl?bx %Ltré&rs@supgﬂﬁy %5%9}0‘)%@4’15 ¥&rRNSe duddntdrdbisiedy tkan al so be

present. Fionn i poi ypeptide expression or conposition, as
used herei H‘“e'}‘%'i‘ ers to an alteration in expression or conmposition in a test
sanpie, as conpared to the expression or conposition of the polypeptide in
a control sanple, A control sanple Is a sanple that corresponds to the test
sanple (e.g,, is fromthe sane type of cells), and is froma subject who is
not af f ect etolytjc sanetaerinavngthaises not nave a susceptibility to, or who has
not been di agnosed with schi zophrenia. In one enbodi nent, the 45 control
sanpl e i s fif QAbIA eSbHAjrR6E, thiiprkseBloRRntdO bertuld € @etpas bi diaghaing,GF Mnd lor a nar ker

allele or %Wlaﬂﬂ&éfs‘%f '.r.Jﬂlz&thnE RES 8\debiblityds SOGbAtRA, Mi delctig Phri@phedni a, as

descri bed herein ePle A Eu et = -ent splicing
vari ant S i nuTl?_ler v?rlatl%nmhaf’ia Pya\- monq EJ ﬁtﬁ/quﬁ &fh 9?@ b?Jt quugj %% Lli/oe‘{h fferent

amount's of SEACTFIRE BXFENOBITENA: 11 "V‘éﬁ“'aéﬂﬁ?g'f'ﬁﬁf ﬁ%e 'f've"tt(’q bt i% as conper ed
with 5the dentriwng as,saﬁﬁsmt@mtvcaffhﬁf@hiewaPt:daﬁtﬁcw Hieay CE\ﬁésc"éb“? PineseRy 1 o

schi zophr enthar enfnadiakdte tiatinventioh reldtdsdo @xpthedse defarminindco ApEeHt%iion of t he

pof r pept i deyudcapbing td RBtopSaPbyedeteamg @oBPBasRMIaN drhat ikiseoreppymabhisanpl e; can be
the resylt n%frl?eia ﬂ@'bxelséﬁwn@erntlmscnb@ﬁﬂeﬂﬁ& WHRRBS dedcti @voR prituiBEal¥{DF €S Si on or

compos! ts;(?pp,ae.au. BILIRERLIGE STRAA RY 8 RUBCLSoRRhA Sulnown Lo the

cQ
c. ol ori met rp{l"gn‘éf"é‘?ftpfeﬂﬁ‘lji’ﬁraégéYssca" fIROFE I ? (Eer'l’"é’ﬁﬁ °f’WE&"“‘%I%dt mfrﬂ)t|°§a Tinbassays
(e.g., Davindorep tha onset & syrfrems qlechizeph3Tig, I'fO?’eS%’IEEHe’éE“ PHANHBBY Bt ti ng (see,
e.g., Curr enbodnetas olethodsvt Mpkca eprlictionBiobdizggysis, par dipapedisaaetfymethizyst er 10,

Supr a) . »f0rmdxaFRk&sionkN 19BRerRFBESHRRNhe inddhtiorpeitbibod ynefredspf diagansiaat | body
with a det %ieﬂ\qka(%lorll gft%%l.ugceﬂtlbﬁ& pbrfor AR IHEE, e NinBOcah Be he PRtokreEsilaar t ar get

I t t ed th
2003//\5):2 :jeggcr ?ﬁ)ﬂl& s racep g cRan rgg aEQEQQEequy s@ RQSJO\%& v@-.le ASSOCi a eorv\n

lonal
i snonocl onalenotRs arwtsae‘e 2 Qe Faﬂ?ﬁ’&)fr°mc?f‘ "'Q'VFPaé 'ﬁ% rt? lev'de sTerV(:PrelaMa% Fab,
Fab', F(abedenstic detrfadtess gsakicuiqtigits @”r"t*PP"‘SF%B%?‘éEP ‘the ganptire Y EEME o t he probe or
ant i bodys i isdiidublgNel atle tusto@erd.ORgers Secittiologicat advartsed Ip agrowping BENYPIASe or anti body
by coupl i NGndiding high-EHRYShBldndty biigtk SMTharRersl elic @t BbIb@lac BB @ITC®Re broevt he pr obe
or anti body, tecrfh og\o'?é ﬁ‘ﬁ/m'etpg'GEr%eﬁlp)l ?rtaeﬂemgapfecﬁnbeg.&r(eaen%maa&wdacﬂy by

that Exanpl.gs of
II’ ﬁgﬁ[‘ Ie\(;![ t Iyawgllri |Hiam aﬁsa' aavegg?e |E Possu&e fOf ﬁd.%%@% ||\e)6e lh@lngllr? no Sfaol abel ed

usi.n

secondary afit ¥ aye (EoSNPs %lmP'Faﬂ'E?Fﬂ‘éé’éﬁFf' 'Vl"glﬁéf’séd %&c 'h?ﬁ&?')é'"aﬁft P'body) and
end| abel3b ngtheforanomiNAvaH e Pigienotypiop e*eﬁfqﬁmsmewetSH&%thitfepéea?Pt fras Hé?a&‘,‘t"éﬂ Wi th
fi uor escent doyy hunided @datdbs; apésaviathirns themfocree sftigddfonkadetesfiontohpastignet hod, t he
level or anguRtn HfindRlYPeRt kdRing fendtycasbrraadiDhveicH Gn BORPRMLedabM tbithet he | evei
or anpunt Of d thiL Qaqlb\égﬁ-p;;aFeQ%o I'ngrn?atlgrpg% thsea%@-ml'a‘ﬁ risPask@M@h wk vaabmunt  of

(2)r5t g.reﬂ)gﬁ![ O‘F \{shnga %{%giﬁly frfaqfée ﬁ%\ﬁn{)hpamcu ar Cl\’VS Irmuglnﬁrnfopnqatllo Wprh?‘n the |evel

di f f ereriée I"?’%‘t"&f”i"s‘ﬁ'%'&‘ 'P‘S?"%S Ghi T'i"é’ﬁ?ﬁ“"c agp"iC?ﬁ'(ﬂ'ir‘Tgfa{jst?f‘é ai??c'ager? Sea? ation in
t he expr essiomibef herdire cpehysieskanhte kemedriae thyhe Revidak fhejugh %i‘é'Vi'F oand is

di agnosti ¢ higheraeddipt basilbgi nedith loesunalivageh ot yepets obsgiorms fel & by ethidausi ng the
difference pouy %Mﬁé%ﬂe%@noty%'e%&&l%év\b@rl Yrne tH@ p&HM9 Sist bodRnet plotiesrpob ypept i de

in a test S?Eggpr&s genotyperr"?fa rmagonvn'omher.' ngtomer to provide service related to speclfic genetic



30 conposition of the polypeptide in a control sanpie. |In another

enbodi nent, both the | evel or anobunt and the conposition of the pol ypeptide
can be assessed in the test sanple and in the control sanple. In another
enbodi ment, the diagnosis of a susceptibility to schizophrenia is nmade by
detecting | emetolone&smwar ker or haplotype in LD with at iQQﬁ%SﬁEﬁmﬁ " of the
present invention, in conbination with an additional proteln-based,

RNA- based or DNA--based assay. 46 Kits usefui in the nethods of the

i nvention conprise conponents usef ul ina%ny of the methods descri bed

herein, incl uifrgrs BEUEEARTestic FRHIR S HHRE hdUS! Ri6.A614 amLification,
hybri di zat i ofetdhRhRS of Lus ENNIBor P ARTmar ker aéi%}y °CtTtlf]o°ﬁ£;f’;rl5§|1[a?’i°élfﬂ?on enzymes
(e.g., for ng},,f;e, ,atLinsdaﬁ?es rnyuﬁl el € 2] d_probes, Pt BT PR Fed wi th
sui tabie |abels (¢ d. UBP ESEATTOPAB S 4TS AP PR E-PEpEIeD fifkcassessment
ol | gonucl ect 5068 (R ™y lavmapybe @ f the ndvidysbicliepdden infrm @V ashui @k gensyBCititic
probes), &nt"BoAMELuat Hdtndyiiqdde sboutaime rak tareeet BOaptpeRIGhAAC RRGRARADY 2
nucl ei c_aci dpacfeulerseiPd) nVienbfantidsiedRs frorh BRA RE LG dAcHatal Qu@ifiQedh ey ed
(native) polypephistenieagnsestvbin b BHALRkRAIT WS oAV EOLION, 85 descr i bed
herein, neanssvidk @R !tt%@%;ﬂé] oPJegll.%'.}'c\éSdagr.F 8&@%”?3%??,% ,& r Ee tias?fdesprl bed
herein, meang 'RS?\Fidu%néilc%‘%'aQ%’ L. DUl o a.ﬁ Al Cer g ACT M € aci ds
conpri sing CNVS as desal Bed e RYdeheuiveng hyenplsiteeyize Agvitdnenani no aci d
sequence Of & PBI"SHEHT 7" AEVaRE SRIRRINb YN Khe Plerivt corexiathe teihediagnadid”,associ at ed
with (In LD #fenase aguereiibiliet end "deremice b Sus@anbilfydTis rBeatp keerikd 1Sy WokRagpecessar y
buffers, nuclagicsticaaktihopy ihaming tfoey mabFHel gsbd1g nucl ei ¢ aci ds, and reagents for
all el e-specific detection of the fragnments anplified using such priners and
necessary enzyes efboddnentsDNANRRIYIETASEImiANN donal |y, ~ Ki ts can_pr ovi de
reagent's. f Ol ASSaN Ry LR WSl D gorbynat] on Wik '?“’Ifg,g. e Sihe
present Epvgg%&ggm“gm ., reagen fd QrcHs ' EW‘_IH@ 'S% assays for
schi zophrenia. 11 pneibe%ﬁ?f‘af £ deegiged fpthentardm ThestrainsONA G thenki t f or
assayi ng a S3IFEUSIP B AEahjeeriaut ayaiible exthe skiied prres.endes afgh-anr&ivut Wher ei n
the kit conpfisedndiwigent @nnecegsacyvEeLiic@bRebd kel Rttt #6hisig at | east one
particul ar @Ngtybing traetoge non@n@hiedt it stBbd/irdUkn a5l ér}%ipr,erndgcm@()dl ment, the
I nventi on pesripatenatdb@sed, Jél'atstJrﬁE a3 fr%o%?“?r%: ga_tfgtgrnaea A :OIPOt :-[O -det ect
the presancemdfuihsl Saalopal Ltgulal allele of el . edblidie Dol yifiiphi sm
assocl ate Wlttiona?da a : nht c g%notlanesu's i ! : N oa- perti cul ar
enbodi ment , ' The r exgatit 4 TERPIRegE Ssupsensttvondyzedit thy eresescesit kgemuc| eodde
that hybri di*¥BME &o47 {9 begHESPRIDIBY verteats e partiquRe hufan braitibiadiud shuad gea@PT i Si Ng
at | east CNVeriagp (@Vs braiées thepn@rop@bsy nBEAbEd SdMid. Nadnbdy M dafl cah \Mriedel B0t her
enmbodi ment, -ﬂ'teldaa Btﬁ&géﬁ?ﬁt@siﬁ@ﬁmrcj)rﬁ@wi@t da’tﬁﬁ@t\/ n%ﬁd.péglgulagttg rgL Lo%ﬁerrieggyeac’t | des
that hybsi dpaufapocBpRshises SdiaRCS, Bl vt $F0OMLG, ASEQER QDI AIAEY from a
subj ect, V\hg,rpeév[&usﬁ'\a& r‘fﬁllnéogr%pg%rgog({ e rgr; mer (Ba)l r iy é@l'é edt _
sel ecti vel yexaa% fv,a fra ment or 1 e "gYNe "BrRRIPE 2N s/PHUER) fdiat i ncl udes
at | east one | TOGPe NP g RERE™BIE fo5.2 bxMprotvpous errtistivfenathgdiar@ntos, t he
fragment i sSEEPPEYEt ThREIRRESSSE forlds Inpinidisil. gae be tha redthenskasraQdiss, berold S, t he
fragment i ssratficisenetipe 802 merroh. @obiat@So ihd agiage popdltidn@@s tnaRRedididePl des in
size, at3ol eaﬁmdtiﬂﬁ‘eﬁwbgﬁ@bbtﬂkﬂ& isR c&nl b%%xpr(%gedlagg%igi%g:p VQH€J cﬁ%elrgl?ssof! n size,
at | east 308rdnere b@dodpddEink ResAR ot raBibnck 885 ks 0Y, dQHeCi eolldes 1N size, at
| east 1000 L size, at | east 07" eI “SPPIRE S AlWRteRs or  at
UG u?a?ettlhgﬁﬁ o h énotype group relatiye fati b :
| east 10000, nucl eot| des LA St 20 CPreTUeE ilRRrRyaton FndispIba peteroddat t he
fragment can be of AR FeINKErY psed &1 z @mapiseogpertitur bartypserot n Ki t s
usefui to pPABR'T Blerea@oup Faskasf af pivriskiblieternf a Geredr cohpag@nuts inetébasorae nucl ei c
aci ds (€3g.3atrkiatielr| ednoohd grométios beedge they ipIceB@SembBdih SRIBAGh SOt LS Rr | Mers) can
be desi gnedsiusit pguipsratricaiise WHicntlidh@sy WGkl & GhAseavence. of .2 OV _or of a
cenor ni ¢ 35iei o irfafvidaau,q}'éédtohﬁﬁs/nbrsgekﬁg‘é‘f Hipa e, GV agee,g%s-u: 'aap‘glvg‘s”th ng region
of a a1V). 7l BRRRkLAS BIRQALTENL,  Lhe KITTConpr'i S€ d" BF PRARYPECT abel ed
nucl ei ¢ aC|SceJcsureca(%aI e of arlel e-@ﬁ@@ﬁ?tﬂ G VB P ehrite.cPrefereiee speci fi ¢
pol ynor phi ¢ mar K PE or hapl otypes in IDwith a CNV, and reagents for
detection of the label, Suitable iabels include, e.g., a radioisotope, a
fluorescent |abel, an enzyne |abel, an enzyne co-factor |abel, a maunetic
| abel , a spin |abel, an epitope 40iabel. 47 In one preferred enbodi nent,
the kit for detecting SNP markers conprises a detection olicionucleotide
probe, that hybridizes to a segnent of tenplate DNA containing a SNP



pol ynor phi sins to be detected, an enhancer oligonuclecitide probe and an
encl onucl ease. As explained In the above, the detection oligonucl eotide
probe conprises a fluorescent noiety or 5 group at its 3" termnus and 3
guencher at Its 5 term nus, and an enhancer oligonucleotide, is enployed,
as descri bwo dow/okuayavi n eta!, (Nucleic Acid Res, 340.P8I/[5200890005 The
fluorescent noiety can be G g Harbor Green or Yakina Yellow, or other
suitabl e fluorescent noieties, The detygction probe is designed to hybridize
to a short nucl eoti de sequence that Includes the SNP pol ynorphismto be

det ect ed, B @henabbigimehtaes SNRe braviadr ywwheruee ihitigeprdvivied seevidaiametthe eps ofue to - 6
10r esi dues by dehtthic Bha RRG Qipik BRvIBRILE SHel cOBoriti PRRormibE GerRPiARIG@Ie | S a snort

ol i gonuc- ! %9& BNP H%q%é‘éeﬁg chl¥pl§alsgiloﬁ%$e gtepotytgggat% Fe‘BSFPlh@F& tg‘ther elative to

t he detection )es $ % sych_ that a eSHng_! e nucl eoti de
gap exi st s ‘W&t vﬁéelﬁ' sf”ﬁ%“%"éte@@l I"BA %Beé"'cﬁ P PHERASRCEPe KUEF &6t i de probe
when botsh drErPBEHHE’ e Hetatadprsief ‘?é"'d"T*hée gEpeErast ©sPRYYEAREI ¢ abasl c
site that Weriapebeghpreeadrgtyeadatafovheiodiddse, In samstetis erByedonnisiteseseict V. The
enzyne cl eawegertnh® irdyie dest that iheudbiidchytygrarspivesrentiaeryredadnat the@enoypobe, but

cannot cl eqwg, SriRir@mid ANpPbARAtE PR &bhkHOndidibi 3B tusBmedhus, by nmeasuring
the fluorescence of the rel eased fluorescent noiety, assessnent of the

presence olo, g PAKHL GHIAL Bl LELE L ARE-RY SLEN denapibience of L he

detection REh BY gd 08 of @ny

sui t abl & S|e§aé"p' af THEUYh E)'Ppé'faé'l"ea'B?V' t$1é8%% W&Bg’af ‘0 PRI ATV a "SRG 20 In one
embodi ment Mutial thesskshiths o ¢relhesst. oo fPﬂRﬂ”é'@‘[‘trfERé’grdlcﬂc‘{'aé?fg‘tf e °I'"ﬁa"afﬁbt her
enbodi nent forthéiplgmabersi s from 10- 50 nuci eotides In Iength, and I n anot her
enbodi nent, the probe is from 12-30 nucl eotides in |engt h. Cther | engt hs of
the probe ak@esp0ss bddl eRentiiNhd\kieln] gartRGIBBIVObre biteciadd Wilh safizopHn@iaaver age per son

skilled in pmamﬁe ch&mos%mpa@zﬁqrdre@eﬂonembadamma sdsbe alNAubeRRi at e cont ai ni ng

fo?ueo?Nfo S'e%( %J% '§§E‘1&Za§£€BL thd c‘?.funQXon@E&’ 3%&%0%%9%@'&05%%3 léagse g PICE)the

reagent ki td “p“F?’i'°%ujé‘k?”%1ﬂ“tgﬁ‘B‘8r&l HehtY 'sf’rPfethaaEﬁ%F %7 &Y fB\TA"% SF \S/L&ep%btd
tenpl ate f GF“'ZIOPFéeWetI@é'PFtheW@Be"tatﬁﬁ'“’(%émb’ﬁ'htaﬁ@érmﬁ%’éBbd'agl‘??'"éﬁe enbodl ment ,
t he DNA t enpicadtigility So mplphrenizd alhymareiagigduel thilnethed Gamosins dakepninifigtbat | on (WGA)
met hods, prordénct 6 BSHESS BRAE: dnotnt ha npaasencem®é opea ifrbin ehepaiwarar phi c

mar ker s,as 3OdRsed 4 hed omhﬁllﬁeleégmfhggw BRGRInYElthe KRAWRMeQqdie skil | ed
person for I%t"lc}cnot"h@chrllg?]osom qé?%urﬁ Sudi \:héa c%rggcsfof?ig%qq{? adib onl %Ope of the

i nvention. are included
in the readBRMRre PEAPLEFR" é?Fo%ﬂFWFFF%!“%’fGD{shled“HECP%%‘t r"bﬂmgf obe, the
enhancer pregtyedimenydiicgpventve pptainysy Gethale g diagposinapisysrereBitty BRI R Ip enpl at e
by PCR i nclaudeat hevinse bpfcremma i @dkaiaseSyV selndtdfdimt)e poandseregloAt-and

35nodi f be£d detichN@e dsemRbmdmds.b baicdoas @& chdnodme usatl aldetton, tadj usti ng t he

mel ting t erm%&@&oWeEisﬁg 3%&&09‘49& @Qzﬂrgﬁ‘osm ﬁﬁw EalpRa@be pndher primer) to the
Lo ng Rrop Rt SEAIR b Fr b A SRR L e TR W S TRELAN @g & in regions

containing a ow percenta with the
capabi lity 56‘?'Z°P'6Frfﬁ ‘ﬁﬁfc{eﬂ)r' é%“ﬁ‘ﬁ?f?‘b@é'?f fEfS‘r‘FG‘éV °355 ‘f’f’sse"(?d"h?)'l’eé M4 | can be
413 used, dFonPoy sudieesrrerittipycoRtEs) ET ity eTROAPEPtat AT Er SA283eRioYFer 'd?fnt aining a
hi gh pencerrte&ge-moﬁ arGnaddasdd shaepeisifity kooschisxeraps, @udbty itusina g linkede disegdlib@hases t hat
formonly twe vy ogeqpRends 1d @rtlil ehbodERAB, tRyBdMfRdnYe &€ aRaS4ion &F tige oubl e

stranded D'\‘ésm 7 ﬁalelés'rrapm&f.@magae&qpaﬂa m,w&duﬁ hgl bases are used
nodi flughdasb<ase known to

in the desi nuc

t he skat ed gmlpgnaﬁnt slg%igcé‘\mie op?s‘%o&allon |? Waract@rlze%)lﬁl S a v Iu?shs L ection of
suitable b <P§°‘wéP PO tHhPHOL 178 8B he Pt RE ?W?QOB‘H %ep%‘]ﬁ ¥3%ed on the
teachi ngs herein and known bases avail abie from conmercial sources as known
to the $ki|hgusperntodments, thegrrsenst ofd it leasHRIFYYERING/Cativhdd Insteassénce of t he

mar ker or hapegibyipeo kdizéphdhie.abéts@ndihe aretche qppesenchodt lastpas Civcul ar CW and
t hus | ndi cadejeMEd @fm RB cHrotcdsEAS RE1.8 U8&RP I thddntdmoYorte®q$Lhipeaivnet a. 101 n

anot her enb%?om%?o%e’w IQ% og{e@o%eﬂg&r%osgrﬂ :f]:l(@éietlgr[; arla‘l%lmel cﬂFo)ﬁQ&rﬂe%Sél@@ cative

of response eutic ent ment ,

the pr esenc‘?é’péth'T‘W?VW’éfPW%rf"aB‘i” B%t%éhe pg't'w?dl‘qéséptp 'H"ty CoinFerrer ﬁgjgﬁg) of

schi zophrenia. In yet another enbodl ment, the presence of the marker or

hapl ot ype is indicative of progress of treatment of schi zophreni a. Such
treatment may Inciude intervention by surgery, mnedication or by other neans
(e.g., lifestyle



15changes). In a further aspect of tne present invention, a pharnaceutical
pack (kit) :5 provided, the pack conprising a therapeutic agent and a set
of Instructions for admnistration of the therapeutic agent to humans

di agnostically tested for one or nore variants (CNvs" or pol ynorphic
markers in | rtain t..-NYs) of the present invepLl j scl osed
her ein, Thebgohigrug@éﬁl?i c agent 20can be a snell nol ecul epéirvg’g?méﬁooggnti body,
a peptide, an antisense or RNAI nol ecul e, or other therapeutic nol ecul es.

I n one enbodi ment, an individual identi4Pied as a carrier of at |east one
vari ant of t sent .in ion is Instructed to take a prescribed dose of
the ther aped??%sg'g?rétﬁ? '.nd'Y'H%gnn'tge B TR BB RETVS: |merRQiniCaHtiRIth @At i fied as
a honozygousca'b?frqegﬁFd Bthediuclpipasisilevge 9y by digpitnugdotidereaysnermenby dthareneison i s

i nstruct ed t<geWdR e skilse by ¢rb ée ol from thehstiidogr Apadsee agheitb be | N 25anot her
embodi ment , dawrrmined by inckuadatiltedatasétioe sl da@shask BABHsBE InfokBdtioP bboBlthd £ASdcONE

vari ant of thee paes@NitH rBdpeAtd ROCINE, &r%FJelé%%i&%n{:ﬂ-}é%f Bfscribed dose of
the therapeutic agent. In certain enbodinments, the kit further conprises a

set of i nstyedd Si: [ ents conprising the kit. 30

Ther apeut i c getgfl;? gﬁjﬁg{e&tqlﬁgﬁ%%?pﬁﬁgﬁc e Al Bg”%@gﬁdizfﬁmi dentify

novel therapeutic targers 1ars & dp Ry Ausubdt exanmdrelohyWiryd ©ont ai ni ng,

or in |inkad&"“8rEsYGHRPIEMBIE IR RIPSEREe of hepeticxasker diele phaparticppomoatis, as wel |

as genes or SeaTEMcoPpriside e C8V.toheepresanetichi of @ CHV, yarate idretied BCdehyendeaget@t ed by or

i Nt er act 10w thypribeiseonwadardciagedne speafic tbhed farRUIGANAL S tnCAV. e frad-g&ted for

t he devel opiRRithdfond YRl §eRIEDLSallRv3aL Bﬁﬁ&caﬁ%'ﬁb EQu%hs'éx%Eéla’ or prevent
i

or delay onggfef-sRYMLAIE.ASPQel alRd W LD schizophreni d. erapeutic
agents may ggﬁgprcé_;seedf%n%bor;;&o(r;e é%i ﬁ%?g_sgicgﬁp‘lrfi,pa@ﬁ&rF"eﬁc?ﬂq’b'r%:‘["efn and non-
49 nucleic %'gg\gybe" PFe\b(g?%ﬁﬁgg,ﬁi F gpecfeﬁé%q g@%’t‘el EEOMIp P &Ny F ERIEYIPYCeicnuc] ei ¢
aci ds (DNA, o B B AePLIARNAFIrebe aTHEWN prope thetHebridideriavat | ves or

m et i cswhicttPlegartamsehybrae.eOnetpé sillimthke iad wod kHod ol @\wesign Dth 4 fiebetsati@et genes
or their geneuprodedtcsybriibionudloaduCondai HsrtRNsH Ddie ¥ dletdhh S gforidie i nventi on,
or nucl el ¢_aiéice CADELSHAG:  AEideREODIBLALY SFIURDGR, RY D used as

cells

t AT qudene expression in celTs, ‘tissues or
organs. The o r{](“)‘ﬁ‘;éftéfﬂ@gi’%%@?%{ 0 T S T2 eHE R H8ETPE el | known
a ,

to the skil Pd”artPean PANGPYC GuEETi bed and reviewed in AntisenseDrug
Technol ogy,' Principles, Strategies, and Applications, Crooke, ed.; Muircel
Dekker ifc. ,SUSRT@W”%&ECT?E)‘U&"}".WP Pe dstavained by admbridgaios eanmirche befoaeii dy nol ecul es
are desi gneéPntaging gheceshpimelrenitaniyg cozoahreegbseotiagl ndRidNAG] DexREessRAk by a
gene, so t hawa taheieanthias RS endMALOE W ABY DR heh-Heihgle@rioher b Biglr t hus bl ocki ng
transl at i onagécitdheriaicRMohRAA Rtk rucDEYES Bhoeth @ R225:81 %{(hyﬁr!]‘otl g Ed1S €

ol i gonucl eokkﬁj@or%&?}mlﬁ:w; ({ugn E{]é%gerlbésdlﬂele!ne d It fe 'dar?’ PR ﬁg cleavers
and bl ockers, The OLmBr, b rldc 0 target "RNA LIFEEY MRaeiatee ™l fiFPRRel | ul ar
nucl ease€ (BG. "IRAKESEH B leRiFa LeP1PPrtiop fgteoie fushzpen ofrenyciepiiieof #R1gAst 18] ocker s
bind to tar 6‘&?‘0'%359 HRPHPYclepdst lailensth tranis bufideotto byeciidaty iveridiienddeance of t he
ri bosor nes. stEgampbrdionsfio dplripotk @RBA drizedodtlEONAU EbredkainpRs thd SiucidiBcp abé NO
conpounds, tacketisawioh & bdti@or ths nadndrdengdubyck PhasRbQRaE 85 ENOARRRE. Drug

D scovery TﬁdWomoZénQell%'zai-Zelét%QQ@t}lrorrf%&tnle%gfsl.Zso%pl%%tkoqgtgyg!roen%t cl)rr|1edl%slfy e useful
direct| y3°asdg|e}gg{ %M%Jngso%gsytﬁB dea}él% g‘rrtﬁe (%Iroso o ul 1 Orn dtetser m Al ng and

val idating gene funct] otp or ~exanpl € by GEREMeiERK: 1P B fne knock- down
experi ment st ARt Sensd PTG DY OTPISPETRY sequeases 9 Bestl aiseuenesePeret al ., Gum
Opi n. Drug fiytebleprobesdas usp In the digpostic assays of the invention are described hereln.

Hybridization can be performed by methods well known to the person skilled in the art (see, e.g.,
Current Protocols In Molecular Biology, Ausubel, F. et al., eds., John Wiley & Sons, including all

35 supplements). In one embodiment, hybridization refers to specific hybridization, l.e.,
hybridization with no mismatches (exact hybridization). In one embadiment, the hybridization
conditions for speclfic hybridization are high stringency.

Speclfic hybridization, if present, is detected using standard methods. If specific hybridization
occurs between the nuclelc acld prabe and the nucleic acid in the test sample, then the sample



20569 (2003), Stephens et ac Cum ORPit? Mt Ther. 5:116-122 (2003), Kurreck,
Eur, 1. Cothed', 270:1628-44 (2003), Dl as er at, Not Cancer Ter. 1:347-55
(2002), Chen, Methods Mol. fried, 75;521-636 (2003), Wang etal., Cum Cancer
Drug Tar geW® 2010[0pF4196 (2001), and Bennett, Ant/sense NHEFE200980408f Dr ug. Dev,
12: 215-24 (2002) The variants described herein can be used for the

sel ection and design of antisense reaggnts that are specific for particular
variants (e.g., particular CNVs, or polynorphic markers in IDwth

parti cul ar c@Ki/e)the gdgienep thayfsgpmeiemantenato dhet nutitptide/hstiiamessntdese niclkedcither ei n,
anti sense @kdbgontieinaddid fRpradé codtalme s panilas erger apdeetthesmakdgbr speci fical Iy
target rnRYAE- Qs &5 ahidality Gﬂ'ngr@ér{' tHeR SpeBific mﬁtﬁzaéﬁﬁ@ lﬁcnéaﬁvecbf‘ the AGaddvent i on
can be deS|aggggn9 Joﬂpl&?b% ﬂgg?em %%QLII?C?EISCIa%Q ro an”iﬁe art)lculaS thatt contain
one or npre varian f es rgn I nve A rkers an ﬁaol ot ypes)
can be inhi"BYT¥q '%TarbTrf)‘ﬁ'ﬁ‘é’btﬁ ‘F'Plbeoﬁ S Urse R es'gf‘ﬁé'"%[’rP%eecr‘i%té'”'ﬁ‘bl ecules are
desi gned t d"%pE#1 e ERreyAIBETRi 2 derpaier haplervae (es: 1 3erabe cnernng(ellees, one or
several varprapemenaal th @l 9, anadl ofthhapkas ypesake upé parielat pgebe)nucl ei ¢ aci d,

t her eby i nitiekitdon Ageht pamshabhircens @theahapotQUE the 8rhpld iD@bIEANGE thitema blttsorspec] fi

al el e or hedlaebyR&IthdssticWEHnekotdR (89L 2 Rigepef her or alternate variants at
the specific polynorphir, sites of the target nucleic acid norecule, 3:3As

ant i Senge qpl)r% %Fﬁﬁed gn@lﬁbdﬂ%ntl’lﬁglgle sgecjlﬂ@ﬁ}/(;btrlhlyﬁl%r? HIII o) ‘.JI|I§I9%§§EIZ%CPOH| nhi bi t gene

expression,  a protein exf@ sed to treat
a di sease Or° 81’%‘385’ dére e%WHs"é?sa 8rﬁ1°’°§'3|5'l?fe8'rﬁr§r°“pfﬁéts ﬁéf’ﬁ‘éi‘df)?'l?@;ﬂ ‘E‘ﬁ'ﬁe i nvol ve
cl eavage by FEFRE™IBYS P1AEH 2 HES" QBTIUEFIIH ¢ SBlorasiorsiddis iasd gy vyl et al.

conpl enent ddyrlefcaicig Res. e 2B (28064) e dihe fisoresrent meletriRiNAe tGinctartat Greeruatrexinhdie ability
of the nMRNAeitod, fretHer QitedeHubdscerbidftidkRNAe de@iidpsobb RGEdMAEY tofhpiriaRx@MEP! €,

pnt ei n- godlspg: nu'él@otl"d@@q@éﬂ@e thétrhcﬂé’JsttﬂeCéHP%&yrpgrmnﬂ Q'bgggéc&g E’r%w'aglqsthe

g;)l’ gteﬁgt_)ndISﬂg{slagyv&?rtegrloxtﬂhecter%?r}a, redi Ju\é ’tc% % Fesi u%.ﬂ‘rom t n:g c[of thegjgrteg iQN:B\ngI ng sites,
T TRRAS 8 PR IR Py S Wt e o 8 OV RSP ot ERHEYS 81 nce i ¢ s

interferenc
ori gi nal dlt'é‘-’c‘{ﬁféw ProRe-C heél°éﬁjaffﬁsdef'meﬁ gucathapd singigueentide B9 XSO BPee(1998) ) ,
and i n recértdetee@ngrob¢ sndBimotneantdr aliclaggd® Arave Wheretioreind boofid thtiraemmtits ease has

been actd veahygdpurestdedsypthend :0xrditd thathd RtaBniRATS bn edatudefe Bek.as Cenet , 8173- 204
( 2007) ) Rwﬁdolnmztleefe 19r m%ﬁzv(ng%veﬂhé dectﬁ’l theel‘gll rqgeéénlamte@lﬂm p|'o§e Q@tsed on
usi ng dOUblcgnngggeQVrLdae&t CJIOH rog%%oﬁghlolg ndSéngk us by meaiun%gt efI 2 e%l’lgel P genes.

In the cell | asm c

processed B Eéﬁf‘gt‘m?ﬁ | "REs 2T AT TS AE T er?‘FP@Pf %Pﬂ%'amﬂeeifﬁn The si RNA
gui de the t"a‘i“ij’é‘!eiﬁwebqe°éth6FQ5%C§?WMAa’b@rPﬁtf@weqo 10specific si tes on a
target nRNA, |eading to cleavage of the ri 1RNA (Thonpson, Drug Di scovery
Today, % 9TRs &tettidn2002 Fan,be Bhady suiRBEsinD bioudhesefasbey thy/potead depthalyaodrt. 20, 21,
22 or 23 nugb@@inbetient,ihd @dbg ishirom LIS nudddBdB FNEGEN. Of ardobher dribs@RtdtORe I el at es
to isolat e@raaugn%%ésh@tlemegwneéﬁ,anawplanungre%&.,ﬂém ttne She T BCHL S f or RNA

interference

enbodi nent %u?eﬁhdgm ¥ f nelrj'(‘:3 érllscc’l;%'&pﬁlggarfj@oss‘ 8§"da“f'té“"f§° ﬁﬁﬁﬁl@é‘[“@o&hl des in
| ength, pr éfeé?gﬁﬂﬁml%'iﬁ’ BHeAticl eotides in length, nore preferably 20-24
nUC|eot|des In length, and nore preferably 21, 22 or 23 nucleotides In

| engt h. 3% Adbe Preferrprbantbadiperft ghe R tefnplpte dinairend tgqe?ﬂ‘@ rslyhespitdnig aoplified vat es i n
endogenous/rylyreereededn peactvaRCRNPror ©FAACtopr in-snthFRINANbddingnS EHel apiptfied DA Ch ar e
processed isgvdshie teebmhpidtOro BN Qiatish RERGRY $OEnnateMINAe( Pr e-rni RNA) . These

i TURNA Mol ecul es are exported fromthe nucleus to the cytoplasm where

20t hey undegag, phdg mﬂq 4 BRRBLAL Sd IS H%B%/mkee&meﬁ%F&%BW whi ch

di rect translpf sl t

i on he m ! 9& %}d ﬁ%o nlfZI Ilgll f]
untransl at 8471 &¢ i of ?na-ﬁ ArtrIs Bs S 8ne ‘ﬁﬂf\fﬁ FEYPEHRPTSA A5)
processing M9 eE‘e (Pl Mesified bPsts N ive é?efu' fos SHsENINBT TP'ENIRRIIPeratst ot
8:173-204 (t@@?l?cylde molecule (probe and/or primer) to the template DNA, for example for lncreaslng

the melting temperature in regions containing a low percentage of G or C bases, in which

maoadified A with the capability of forming three hydrogen bonds to its complementary T can be



Clinical applications of RNA.i include the incorporation of synthetic slRNA
dupi exes, which 25preferably are approxi mately 20-23 nucl eotides ih size,
and prererably have 3' overlaps of 2 nucleotides. Knockdown or gene
expressi on % Ral@phb shed by sequence-specific design fpr. ?&9/5& fet mRNA
Several commercial sites for optinmal design and synthesis o suc “nol ecul es
are known to those skilled In the art. O her applications provide |onger

sI RNA noi ecul es (typi caI Iy 25-30 nucleatides in |l ength, 30preferably about
27 nucl eoti des), as small hairpin RNAs (shRNAs, typically about 29
nucl eot i des“ﬁeﬁr of @ﬁ W?S'"Q'H‘Fem‘i"té{’tgt"’é’?peﬁf“ée 'ﬁéetglE?F%lcl°Pt9'”'é9<bF"é'§%ﬁé@“ta%@f&é’scr| bed in
Arri ar zoui ofP#rs f PEBRle [P N9 "PRYeEQ ppeghat (20T Jwo @Hresmibewds kythgy nt het i ¢

si RNAs and giTRNAsntay € bgalisd ¢amble strandad DiN@ mpievide. [Ih @ p@sskdgnbodimdnt) N SOME canes
provi de nor eodret @stes € 0Rd §i thedreibmer theRRctHR AldeBlideGRnb. ORS kddinba @te at, Nature

Bl ot echngt ZlaRer tggﬁlllém@éa can'Bk g@é’ce@tn tﬁ‘ése met'hlgésugng e <3 &lgp&%&tag g4l 231
35( 2005) ) Js O.relgﬁ&%rtﬂ? ?_tl:opeRolf\I(Ar‘\Se tslplreg perﬁn b|ased on the peaﬁ?n'gamr%riaqd? ﬂ'ﬁ" tljfEé d by

expr essi on, ?%l g_ elr
subsequent BRIPEFPYICYTBHE Sy FHPULP th ee"i%'ber"é’?é‘&:l shRNAs nedi ate | ong-term
stabl e knockdown of target transcripts, for as long as transcription of the
51 shRNA. t &ddéignahy, acéte(anu@@pmeauclelmldm?'@) Bicext @c hhoed RIIEEDYLH66 ( 2006) :

Br ur nr nel kanstt3d ob e nadieic Bdipene® tRIGbridaddn TRBi{28E8AYe, heBinnaenRNAIDNID] ecul es,

i ncl udi ng SinlRNavihg 4 ﬁdpm IRE) GhobARMNGS ckiRRd, sich a@N«?@ﬂHﬁ&%DQ%@ﬂﬂﬁmlth@nner

variants de&ﬁgn‘ctbgsq (b% %l f‘orQB@nRﬁesté ﬁg nedrﬁcﬁo:gF lmm I&%Q?r c;n Ilng’@t

recogni ze specific nuc S C risi

alleles andgge koﬁexamgle 'gse"’ vvhelt f’/ ﬁ‘(-)otm”?e% nsoi ‘HE}gTh&P(N,A 38?"0‘6%? ecul es not
conpri sing ‘feﬁ'é"*@:l‘\ffpe Fa'l’,’é‘ﬁﬂdiz’épﬁg“"(’ﬁq‘i%&" aéF'P'é‘f %’épeﬁtﬁd HEPNtBEigws oF Mhese RNA|
reagents caff therpasker gletsg pri nzeiotared thdbase pasgriated avith sahigerthreniac Hetirigizaidaofvind ecul es.

As with @ant Pl‘@ezr@eisrtlaagegﬁostjc féRNAudcetigiag endcsizapaanine useful as therapeutic
agents (i.e., for turning off disease-associated genes or

di sease- asSPGhaéRPAGERNRT MAIEBES b tesDddbnp BB tHiIS Qe e U dlaink@from the

characteri Z&ug)gcttls%ﬁ&e&'ﬁld tﬁiea&dyn'ngra C&in f'eg&@i EE& 95e9to’an%¥fé9? menpg}Ck out or

gene knock- a range

of net hodo Inu@w@ ag{?gaet COmQrEesf) %f °reem%rﬁ|p§Y%°68\'CH“TWéth3tr'¥'”d'ﬁ?é'?ﬁ?fdéuiﬁ?qt'm' ing
non-vi ral d@PFFVYVE AR BRIETCEHRT &5 (4BPEFation b atspeic i SToeeeallgles @0 b4 pi d particl e
( SNALP) ,20 he#wampéthed yring atvprisbay methadsrient segfeaty)analagt amalves by mstdctp@noparti ci es.
Viral deli végegtiomedpbaid sytirkiedtia 8intis etradfied| cerifbrinytioh Wslymaptednossk vt gssard

adeno- assocéiatrafhorétid dAslysisTBe ) Sin BN e BsalteRS dlgéragiﬁs hddomined SMQL-JB%M S

chemi cal | y mg§J "o?gxar'ngle 'b{;' G&%%%tltagfé FrC %l& ?&gtthMI ﬁy::nrr]\é)s Jﬁlg‘pechmque (l_'laqefor

nmodi fi cati ons

2' 4D-r net hi ?XE)TJ'?T UE"'ze cmd“%'aﬁy f‘fa%cg gf) ?°'°ﬁ‘ieﬁls'r‘fg§s TW’]P%HAW' 'HEsi st ance to
Rnase acfi Vif$" C"():?fér”t?ﬁ@ﬁ‘i“@ﬁl“’}ﬁféﬁs‘f ie BEFeRTRT At BteFES Ble@xnisfdokefown t 0

t hose ski | | @dpresiion pfe palvpeptiditve sfiicihd \ouintg) thafisenendedtty apudeit ehdd aasotisked her
summary of RiNAEhizogimehigd Fashiehithd dxpressioh orthd aF gefsj g b2 Quasiree bf pros@BNRS USi ng
RNAI : i m SLrulReWaiyNaterenlReV. CGenet. 6:173-194 (2007), Cher) & Rajewsky, Nat,
Rev. Cenet. 8: 93-103 (2007), Reynolds, at at, Nat, i3l otechnol. 22 325- 330

(it O a5l i B S L0
Chem Bi’0l . us'éd t§Q§te 35 )al ele %35 respite dfy the jmin (']g‘j‘E PeEEER" Dave)
6: 561-569 (JOORfYe @erfefwce FRISENCR rfisprictipy fragmept 'f@mymorswaewét) agaysis Dr ug
Di scov, 25Ta0ascorduted.(-94.6s (SO0RY in dvtivia Ausce In dbleddat BiolRaPsup@eniet . 3: 737- 747
(2002), Xl adigestioatpatteNadf the relevant DNA fragment indicates the presence or absence of the
particular allele In the sample.

35  Sequence analysis can also be used to detect specific alleles or haplotypes associated.
Therefore, in one embodiment, determination of the presence or absence of a particular marker
alleles or haplotypes comprises sequence analysis of a test sample of DNA or RNA obtained from
a subject or Indlvidual. PCR or other appropriate methods can be used to amplify a portion of a



Bi ot echnoi . 20: 1006-10 (2002), Piasterk et at, cum O-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 |eading to increased

pr edi sposi wiomoiiwia) sk for devel opnent of di sease, i nckOUiNYBWISZophr eni a,
or a defect causing the disease, may be corrected permanently by

30adm nistering to a subject carrying the defect a nudelc add fragnent that
i ncorporates a repair sequence that supplies the nornmal/wad-type

nucl eot | de(rsieci@dcidtcbRprBing &t 18kt dnb Bol@IAMd Faridefa8€the pRLIGR: S b bRuiBPAOE EdnC repair

sequence muengee&m&t.aaymé}%ﬂ@hgwmrﬂdeg&é@l ﬁ%ﬁ.ﬁ@hogm@m& RS to

pronot e endQgenous, .repair ct's genornic he 'adm ni stration of
the repair s'ge%p x“tﬁ en°m'c B'I‘A i hgrs?rege by an appropriate vehicle, such as a
complex with poI et hel enl m ne encaPsuI ated in anionic |ipospines, a viral
vect or sucH" %"”’ﬁhe“é\'ﬁé'ﬁ‘&\‘ﬂ ¥ S Slapieotse Pigbesabat g sp RN EAI b posi t i ons
sui t abl € f ovcIfg FsifFeIuUARSe BIsMeste Bbm a Fidiecty pandie esadfto idprdifyardivmpraitwesrieal nucl ei ¢

aci d. The geried ictl. def eetpleay oida@nlett@e ov@f @O beyses | PIg&utiv@decitaper | C

ol i gonucl eafdidBscompiue Blutait§ of dFERHPAGHuEIRdOFrotlel @2 FRbIeSE G YaREEfiaNt O t he
genone 01 tsh@tr&@m mﬁ’ﬁat'ent kn§»2n I'o«.e‘a?rmsnghetsé)ar%l:)gaﬁﬁﬁe%ﬂy pef pr&ﬁ?ed QQSQ%M%*CLI -type

gene pr Oducéntli\es me{hmps of Fq%mfﬁcteé syntg?smpme(%’hods tgnbt mctonéJara{e chliJinaqgn af per manent

repair and associ a fie di sease or

condi ti &h. "Wf&"”ﬁ’lg@B’?éﬁ’f‘eti‘c’r‘??/é’f‘?tSP'tS’rP“ifFB\ﬂ°Ef§§°W§tsY1‘8&§s Feffodss R PSfi ng conpounds
or agents tHedeigAwble thesstion willst in éhgtartdedsi e phierenf.ast sTAdBiockdmeEngNVs of t he

i nventi on aeecormefoal43ns3 (2avrsycioselfen.ot, et kkeGerdt 7 2ad-Lo@o@Ndenn.edevel opment  of
t her apeut i Qveag@¥nSymol #1030175 &os)e RRQELIEBNE BividslIE N £xpelk ROIS: biagd dide-sassayi ng
the abili tyz&ts) MRS, 2L Ggmﬁglé@q fsqzdwpy&o%@rem? @ﬂh‘eiéln Yhe BRAL OF

expression CNV
descri bed ﬁeaCh'"gﬁ OPeaCh HE Wh‘ah fic '"&e%Drat?dgde%ffre%cf%frﬁlé) nuel %q%é'mé?ﬁ‘?ac”pti"ﬁf s in turn
can be used "8 p'ieﬂaé?ﬂ”l‘ f"i/d lﬁﬁ%frﬂ'@“?ﬂm%ﬁﬁé‘ﬁﬁ?ié’e?ﬁﬁ? of APPSR er 10t he
undesi red deuniforteyancpte, mmUIreeSS 8RN US P 42h&R7 et DS 3h US| 58108.6376HS pr oduct . Assays
for perf orrh1¢36U0h 5 0xHEr VESIEB,2caslssopess, os Brek, 97, ©el, te4Bagsed smy st ens or
in ceil-freg:Syetrivs 208 theleh@uibatithgt Bravnek bleliRERBES Y tereleRiclhe@sed syst ens
include cells naturally expressing the nucleic add nol ecul es of interest,

or r eCOEG)I m‘- mgt?\lmls%f nl}"CIQI@'ECIJ‘é\ @sigﬁﬁq %@QEBIL} 9%&% smgiin ti1e acrlt \:%9 b@ése& 0 _expr €ss

a certain q xpressmn in a

e
patient can Etma Eartl[lcuércf"ﬁ'e % ax"ﬁw@g?ﬁﬁﬂteofze%[eﬁﬁt?‘i'vﬁﬁrfethggsd'fcﬁ'fjﬁ| XWEI eic acid
sequence ( fdFt é‘ﬁ%{'ﬁtﬂe‘é"e“‘ﬁ‘gdgﬂ’é‘ COHhTRERIFMRY Wt ARASE- TfedyidPTlal?ts of t he
present i nV&deel: Gangenhi et gy M. Aqedrfsic U5h Ed: SHa3t BERNAY 0ok dd, pi atigu.Bhe at

| east one \patentawat 5,2a@8Ed4)k Butbrobtey flsbrastsdt atq@ehcingl shgRrs@br@ed\Jonfodiatiby ai t er ed

expr esshPN pafmerphIan §5Bdyk Ydskhl: biyhRd 9%1uﬂh§geﬁ&éc@o§h@ﬁH@&@@E)dB@naﬁ:ﬁhgvar lants
affecting tba%leht%%?élec@&phﬁ'@st(%&eﬁ)q heﬁélgr\?se?'apr}rongatt/ /?cag'% "?é %] d.23sGE1 pts, for

exanpl e 20V, t or trol € gene. Assays
for gene ex egﬁsrf%rjl'ty sﬁitlaﬂﬂﬁ'sg rt‘t@@{ e?‘:ucl cNaé(C'fcdd af§’ ‘éﬁf 8¢ fsz'ﬁ“&) assays for
expressed prEPBi B EGRIEMeFalgs(HyE! &F - eééfl Cath aF:aF-+ L GREOUFREST RmebPlved i n a
pat hway, f droceedifree Sd. 8349 abospabdpiassl)) Fuat¢rbriepippirelyslt; kieemgriprigesihon of genes
t hat ar e upteavabe @MOWTotERQRL] @tae,PracNNaHeSRAITSE USA) sb:A®7sdagn@bsspakimsay can al so
be assayed.prdforeIROMAIMBALR, IRG!, &R, QPR AB! 1¥4d (lléds-l) NEe & phIGRMEERIENE, SuCh
as | uci ferf%g?gmztegu&e*a&dernﬁ%ltc% Co¥n 22 89! Al Jotan §nageﬁé?§£ep%2|f5 plnterest,

Modui at or s gene expression’'can in one e éntified when a
cell Is contacted with a candi date conpound or agent, and the expression of
MRNA i s det'®PTRREHM OTRE X BE DLt IPEGRT o SFZRRTYNIR CPhoe PRl BY REBRER of the
candi dat e CORPEAMAIGT carpentonioba pbpraifReNcedsd Phenuskisredassesiatel wfel I n t he
absencesof stirepicotrpotne ictanesy ehtre tHBasme dhudper tviTiagorcd e arsessdinyeng@ndi dat e
30conpoundsedits iRgetithge 1h e cbriatidnvg expedddidap tHe@Bil otRN ThE, ddfikiofd ed as those

nodul ati ng st,ézepuglﬁmo &mwpﬁsm fole betna&efwy XA pgg%ﬁam}/manp%w&.%éaeon of
rnRNA or tog S, st rgreater in the

presence of Ehﬁse polgpeatlc%sdtor anonler podﬁe "talEe encodeg% %/ ucllelgacnj ?s]?oaat %Xnt &hce, then the
candi dat e CEHSBUFHY- B‘r‘h“é‘@lﬁﬁfr‘cf@wneﬁém FePtEdags” %{"é‘f'?t}‘ﬁﬁl%ihﬁl’reﬁf't BEMBgul at or
of expression of the nucleic add. Wen nucleic acid expression or protein
level Is statisticaily significantly |ess asin the presence of the

candi dat e conpound or agent than in its absence, then the candi date
conmpound is identified as an inhibitor or down-regulator of the nucleic
acid expression. 53



The invention further provides nethods of treatnment using a conpound
identified through drug (conmpound and/or agent) screening as a gene

nodul at or (Le. Stinmulator and/or inhibitor of gene expression). 5 Mthods
of assessin i.lity of response to therapeutic age hods of
nmoni tori ng g%%ggl%f treatment and nmet hods of treat rreﬁ(ﬁls/@ﬂqg%%? 5y,
treatnment options for schizophrenia include (i) nedication, (I1I)

psychol ogi cal and SOCi al Intervention &Ad (ill) other therapies,

Medi cation: JIhe; n medication is antipsychotic medication, which
mei nl'y ser vg?reitngﬁ?’%&%ﬁ@,?&f’%ﬂ?é’ DAL POPHE G| D436 demmptebsy chat | G
nedi cati ons T ncl ude . CATBTPPAP VAR Rdray &EY p role thiveghazdimashct oFbnemphenzi ne
(Prol | xi n) " M%Ei% &% GoPySeenesn deredremalb WhiredhomietendThaitobeninxer iyehdoNen ane)

Thi ori dzi ne 3e"e §xagcted phat T pdidtbugdenambiomal(sSinehBdmPng alss@E@MPIgkdeCor a
(Lcocaparst , fragment of a gene, wiPeitHov@§uad &hereRtOGL RNRELAZLNE §,CRIP é}e”et' .
Buocast em  &icedeB8lotein) ,LikElibd, BpAdBonk (- AN "-ﬁvﬁgr 4ucl opent paltst ol g opi soi). The
never atypi galca@it, 2%t "‘é ngrrapeg(sec%r go usual B‘F efer réd POt SE5Phi ti al
treatment sjnce tltdp%\s{ are. Fan Dot o 101 EPEtEY HrEFsRR esersted with | ower
rates of tardrve dySKi RESPaMehPHHEaHt taasgesaytain Y eeolop kede, ¢.0, éacdeice wei ght
gai n and ob&TT5PENateds ¢fi RE4RIS99. afergysnealrelzing srpsiyis hodiie@attie Ygse | Ncl ude

cl ozapi N8 (RAMRNA, effedssp &NA eotmiey, RicspatGhspbr froninad RERRE REyLAYR! SIR) |

Quet i api na ¢f@es agiekficiend) PaaccEiablaiGadsE@ado, n), Aripiprazole (Abiiify),

Pai i peri done (invega), Asenapine, |ioperidone (Zomarli), Sertindole
(Seriect), #otepPinb@er NELEHLR runoi t, Mel perone. Response of
synpt ons to,m;gﬁgi(jnggzhjir%nasgo?at}ég’;i%%li\éggp%ﬁgre{fgr?r'?ﬂfﬁ-arrkéré f’g'faﬁ'l‘ﬁypf‘l:?fit%phr enia" Is
a terrn used for ‘the “failure of COMBYLIE L FRETORE e witithofM y to at

| east two different altP BelERGlY egion paartal §VY rigiong Hivsflapditedyorcgtearay  be
prescri Béd EPBTEpPHEeaes widlD sush rromens cas bperitord eblfashiavenesspdiin saver al

pot ent i al | yrefuohwiEh erneeic afefagiortss Itilndoudii RGwASRAIAGY LiIOSLS afRthyuQcar di ti s.
Psychol ogi cabreand nipBalbeatsd b bNSNEIA BSar RIAHRGE RLARY: & Biold.del, Y, recommended

and used i nné femdit@aideRt ook, $r%§‘,ir€g%l%tlrrye?’?ém% no SErVI CES IRy of ten be

| t hough
. . hts for gene i
confined taq r herapy because of  reinbdf s%%@‘iﬁre B3I oatsise %‘F | ack of
training, q:gg}%?loimtn?a\?gggé?%jvmﬁ%? grfe c%ﬁ'e?’gws PCETIe] ¥ YRRy tuFbredttien sy npt ons
and i nprove rated"E%IEE Mol OR IRV the SV edenribeideein, prumckeromi ng, 5and
i nsi ght. Al"PHEURER MtUReVIth @sidne of thise G¥Ysl santoe Ll Sor wBERIng HEABLINUSIMEor MDT €
recent revireasofserggestoehdsat CBT can be an effective treatnment for the
psychotic synptons of schizophrenia, Another approach is cognitive
remedl at i o shay epkinods dof GhibeBPocIRrtln LML LOG.JAR, DeyRs : cogni | tive
deficits sonebifRmoRiRsERL,,d (@LI§E)thsQeQerI9tQ,IIr%En Boarsgmtﬁagns echil _E]ues of
neur opsyg:h%,g?_]foﬁlg);esgeggamtlsh'gazra';[ .on, ear.eﬁg. eVi'JEREEP'REY=8Mown it to be
cognitively effective,  w th- SO Mg Y6E Rerresed OF &P aeedcete ameliamstionbl e
changes i n braff 3 VYLT Bri'teatiorinsupesiony tianatypdptiteaincdVRI byA sitier | ar
appr oach krgHAFsEstad oA sthizorsreniah Syrb etheeation taneroa@yimplwhti Ghafeatis@sheon soci al
cggni tion ﬂ:;:%;:le ng;qnedxreonrﬁlni\ \%ZOITE a}ﬁi&&t lebe%bpﬁ‘Jefpirda@&M). AnESéFLJ inTlher apK or
Educati on, twhbapvsiastisra$siasptidd @an¥aqh aied: &1 | qk Ddividual with a
di agnosks  @f.q.S6Pi-ZRRRE SALEn: H?&p%@%Pof%%ﬁ%@e%{E:Zﬁ?'r‘agn% g%yﬁ%%td%e)grees%%lne“ cial,
at least ifytheguration. %g of ént ervention i s BRger "toar oASTHe from
therapy, the | nmpact of SchiZSPRPERTE BRYS yifriertag 2 apiticuenerliga demt on carer s
has been r 5’&%%%%!38‘,’”9\'/& %A 2Pt dith eebgprigeniaverial pattiplldr pyttepf ofsgicihe hel p hooks on
t he subject®@here |s al so some evidence for benefits from SOC 3i skills
trai ning, although there have also been significant negative findings,
Sore st udi 8gh hab eiteeatiphsanedtitiie apoasiclve) Bensf detrmes@f. MSkEadoher gRy and ot her
creative t heypajidesxpreélchy? coaoftion ZesTOM Gk relnSreRll & LA LY S, i &, kARAL ] ent
hospi tal tefabi®itin H8LRnAe g;&hngg_ldtrr%gei ():(arfg on aﬁpgr oach. '3 described as
a milieu-therapeutic recovéry metnod "cHArdCt &rr7BE By ok BuHird? as the
24 hour a 91%¥ar9£9 I catron ot Aot BIRleLh SArepAIeds ot e sl orPle (4.t iefrerent i ons by
a pe of cells), and is from a subject who is not affected by, and/or who does not have
a susceptibility to, or who has not been diagnosed with schizophrenia. In one embodiment, the



nonpr of essi onal staff, usually w thout neuroleptic drug treatnent, In the
context of a small, horneil ke, quiet, supportive, protective, and tol erant
soci al environnent". Although research evidence Is limted, a 2008

syst emat i cwoeaiewifiound t he progranmme equal |y as ef f ecPCVEs2e0/00008at nent

wi th nedication in people diagnosed with first and second epi sode

schi zophrenia. O her treatnent options;. El ectroconvul sive therapy is not
considered a first The treatnment but may he prescribed in cases where ot her
t reat nent s dawesdhgieliSebm 4 dubje& tHIDERs Afthedta pseicwirene (& ¥ MatkanBlelobr cat at oni a
ar e presenthapighsk ih 8o HECAMTBRORE I h sthepiidfless Mdheddbiedelsiigs, B the UK
30for cat ath&Er%e Iotf onE E)rerxérg Mﬁér%nt ?Jn&ﬁ%%én%% intthréqgsgparr;[ e,err%heI pSresQrQ: Efe conmendat i on
for use for S¢ qo(g renia ot herw se. Ps chosu_rg‘grp as now Becom_e arare
procedure arfd F8MhEYera" PRUBTHRENTET" e FEHES 't BF “StRM26pH M E "th one
aspect of t"HECTH &Aoo RN bE HEICTsNE Plearfrsceptily feichistPaenls AT algRYendt thehe CNV ri sk
vari ant s dexereisiyedr aep@itipn ¢folre pslupaptidpdt the hegt deewis, dsmorhddragdivith treryntone of t he
CNVs) | s usedplt,Gahigd tpe daiiter spartutashe@ivi efridus padds oCdkb@ining Bakdmnt nodal ity for

schi zophr enb@posRIC & a@8lyfPite ARG ddAMby b READRNGre KW R0 GRIFRIsHRIQN IR Gk eOf ,

shoul d be_ aaqmzﬁl b%tuﬁerd,eigdudi gpe\.[tac!s%g ,Ic5l§r§ é@nry,t I‘Iuc{}o tI'\Qr%s.iso %?éécmc:rolc&slng,s n9f bei ng

abl e '[Oléjl ggnose the di sease Iat K el\zlarrré st agep, and to se ect “the nost

appr opr iat e" TPEEEREAE Al MUY &Y B ESL BB HMPOTRPN S 6%08 % 0 naxi mi ze
t he |i kel i HOBEtEFsHSR fMolgeviar BiglppnRastiquarit Hertgialft sued)-ar t herapy. 55 The
present Invention also relates to nethods of nonitoring progress or

ef f ect i vendssexafple it sre@ainbeivtenppt argihodyde.g.satanziaphwen detectBble lab¢eadtment opti on
may i ncl udeagibl obbindidgeo 8PN NRIE] Y PGdd .31, BRI} peprdik RBSdGPBRRRIY Used.
This can becdens.Ranffl -y bGsQUL LS fn Hek&r Mhitdlibad, 0f pilyishaPsresence of a
p?.l’tl Cu|1§all’ adnb lﬁnYn@arc! a%ggadl rLH’? n§th| Mérgclf#gl.g., R Fa%, lgﬁ’nﬁgl;’)c) c§n erulggJ. in | D.
with the ., _or “b'}/ npni t or | Hg’ ee?(]gf' essi on ?, %ehes that afe assoclated with
the vari ant's® [FERNVREE'Er VIRERET © TSP PP s MR FHEPRBEHI YRS of t he
present i n/EKINIGHthe TiRke ¢riagtbodyd €ouPHNIZANRY REsi@einkprd @ detdctyita sypreaped e can be
measur ed i rthaprbhess ergibgirngsivel! ¢sgndirect lahelipe pi thédepigl or bitbody bg agapivey withr a bi opsy
sanpl e) . BExpée&segent el disscehandleor exampRiorliiret Bbdhiad inciddustedath dlat er m ned
before and gaingutobLRhEE Rbeldke M Hivddy e.8f § AblbMRNESRIed HcdREpativel y, or

seconcorni tapdy,. the status h res to \ nd o not ype and/ or
hapi ot ype S%Eeiltfo\é’é) 254 gngﬁ alﬁelg'ﬁg{,%)%epr?tiesvﬁ‘ﬁ\%o?? sé’ﬁ'?thgc\)w'rd agg ‘?eﬁeé{ﬁﬂgg'hi a presented
herein is JBPEFRIWETeRETEPR4Nhd during treatment to nonitor its

ef fectiveness. Alternatively, biological networks or metaboiic pathways

rel at ed to I Ree eadseniptthis methat thedeyelor amewt elirplrpertidedn ORYS2ORIS!er | bed herei n
can be nonicopeel oy tokgtverariambungofrinid defepandh @ kontrolkapot.ypepd brdenclrevel s. Thi s
can be donand glypexiadphiR,tesbyardpRIhd: RIHidR of oRERRM tRleteEIF@MSun@br tRO! ypept | des

for several,gengs ek EHbINGmIO shdhen R ¢l \Welen RNOL R RRINA%N, lsThaRARP! €S taken
before and durin Al elonging to the

treatment. ernativel t abol i t es
bi ol ogi cal neét mo(r'galggno'? g’r?éafpé%sgm %fttheaffﬁ(’/\?ﬁ}é&céétnmé%yg%t R ?ﬁ'a‘ga'be? ore and during
treat ment. PHOPBHT PLBNIELLG g ?fé‘aﬁ?té%trﬁiﬁ?ﬂs'q"‘é“&@ts@? H dEEresy ePpEieM ng
observed cHéAgayelyihesepredien oring rolre¢rsiinie e &dsbiample 9 ewedred vBOdher i ng t r eat nent
t 0 corr espondpagodetite dolyomideaas tdnyrolSeiyjle Cih anotien edbdidtetthenh dispesdr, t he CNVs
descri bed h@fohtind @& cdFRbedh Sf thélpdiyetd® EAWe bftessEAR tHRBestSARItafd th Ber €ase power
and effectiygness,Rf clinical trials. Thus, Individuals who are carriers of
at least One at-risk CNV or a surrogate marke for the CNV may be nore
likely to respond to a particular treatnent nodaljty for schjizophrenia. In
one_erbodi raAts YLl 8 “GAET b e R E aeUapraty & e BrieGERarS) 1 a
pat hway and?6t REREBOI NP HEE HdPRYIS GF 3%k PrerENY opae Priezent 'aveniordat nent (e. g. ,
smal | md¥ ecameindioygkh angddibangjerrdteveybased. @Nfrbesed pridkiatbgset @sspe r esponders to t he
treatnment. In another enbodinment, individuals who carry at-risk variants
for a gene, which expression and/or function Is altered by the at-risk
variant, are nore likely to be responders to a treatnent nodality targeting
t hat gene, 4i&sS expression or its gene product. This application can | nprove
the safety 300of cilnical trials, but can al so enhance the chance that a
clinical trial will denonstrate statistically significant efficacy, which
may be limted to a certain sub-group of the popul ation; Thug, one possible
outcone of such a trial Is that carriers of certain genetic variants, e.g.,
the markers and hapl otypes of the present invention, are statistically
significandy likely to show positive response to the therapeutic agent,
i.e. experience alleviation of synptons associated with schi zophreni a
35when taking the therapeutic agent or drug as prescrioed. In a further
aspect, the CAVs descri bed herein can be used for targeting the selection
of pharmaceutical agents for specific individuals. The pharmaceuti cal agent



56 conbi nation of the two, can be realized by the utilization of the
at-risk CrkArs or surrogate markers in LD with the CNVs. Thus, the
knowl edge of an individual's status for particular tis can be useful for
seiection o Ept options, for exanple for treatnepts that target
genes or geﬁlwé}%?@@% s affected by one or nmore of the 152 %”?Oﬁ?sn
conbi nations of variants, including 5those described herein, but also
conbi nations with other risk variants faer schi zophrenia, may be suitable
for one sel q(ﬁ%]i on of treatnent options, while other variant conbinations
may target other “t'? ESIMHERYS BPEiyrLion SHBHecomsN T YseiWen ot ojtae mateds may
| ncl ude one %aFGedRtreintivgydip@ior ammale, rritere éor viedtelcantl smpligatibro iybridizatinmr e
vari ants, asgrohededtlvpoottererken deeciuint dastdibmére@hes Ye.4.ebi 0P SapagLasy t he
sel ection oOfaci prets, "R iMna P08 with CaiGITRMESQE 5.1 ARISARNLER), ARAESLSc The CNVs
shown Ner-ei idoigic@S@9¢ b-Giliothdcic LPEHAASE hePHSEIBL! Dblofol 1l €
| ncreased r|a§g|)ere(af IS;%Qt'id%%FcQEe%'y a are [n cerfarn e c}dl Y SRR for
interpretation andsor - analyais” 8 GErse yhae Bsnton apAers ven herelp PP A
enbodi nent s " RHETEH R Y PURERIGR enspded Ay BipdcielcaRd gfjthednventoges destribedhsieeni a, as
L5shown her E15#s f5 pmaliicaipy of|Civaar fraomrotsyo©YYslhas deserinedigrein, mebrdd faviabdlyzagy one or
t he marker s thsmodaic duigiseiuence of fbaeiassie ednatiach oNvt bs &edba&aRRIERLRS rorS | Ndi cati ve
of the indi viduad it baim Wil lehR HLPMpYREe RIR1 B 4 VI8 £Rgks & | NCT eased
ri sk of SChLZGRRLSALn ub MuANRNSUEN AIRRULIENL o IEDANREUAL A, | o; Oener at ed
For at CNV §Q%md9ﬁrr|§4rsnfort 0 he associa ecfdvm th T sk of ‘schi2ophtenia, or at
- east one p?Ta/m)rp i'conarkar A" 2qT AMTRECTENG 2 RErsgEnCRSRY cidea can be
subsequent | VIS0 ARBECHLS S4B PEMED 2N nesERY epRMSDie;o- OO PelyaseRel-€ t he
i ndi vi dual PPN 2herodide @agenis frir asbESe beousedin r@HIES@IVItA thereetiais guar di an
of the indi thedwadnt ingeng@nat.y fpegedB fatiusawiplotiet anostidafBE ko adhizphrfgssi onal such
as a nediai doctor, a genetic counselor, an insurance provider, etc., for
Iextanpl € ;/i ?}fﬁ’nusrgﬁo;:il@ﬁ@fhgﬁﬁ&ltl@ﬁﬁeﬁﬁlﬁ@@a%it%\‘%{saﬁ@% er?&&‘FrEl#% subﬁe@.&giher with an
nt er pr et at jQH: @ i€ g, In the form ri sk measure
(such as an, ggrplapkgj?e?oiaeg%%f:gﬁt%kk'tf %r?ﬁnges _ "tso?ec%saaﬂ’éf?’? Sa?f‘l*ftgﬁ'y( OR)) 25for
the di sease’ (€. q., SchiZop T‘%nq A" 4 BEn RO A NN diMASAT e eabed e vari ant s
(anis or maPREVEUPHPEENT MA@ 1Ry NIdSATP'E frema Fyblegt tgdetest Yperedatadet deri ved
f rom an PndleA eritduianaliele afsx éeas @tk mIvchomaisl besscidtadovieh bltay assegssmadr tef the ri sk
conferred bydttiel. pnesencer afibosiceh, @it rdajels cVagrls@biist de thggdat eset are nmade
avai l a_bI e, 6136nuXABPIH G hybrRIizEs tS3%6n¢enml9ne'g@r§oerrefo%§Indlgllauépyon%r'lgr%rat least .
comuni cat i e, GRSk o6y hE3Hbh h Bl LSk RESEESIENt’ Can be Feported in
numeric forpm (a g’ by 1isk ; ﬁval ues. "SUch ds ABLSIETLn - SIF reaeg] ative risk,
and/ or an odds Tat fo. CBPehgT heoRaeetdss HeihPifize peosthstndsiof e gsrpEiced with 3
ref er endd) , SBYeGPEYFRSERM afklers whereinisichotigeayclentisia memes it @idesioneddrol | | ust r at e
the risk t oseertely atpbiM dfcramerftrobiire wimome bfive: igenob e indiaded at IBasti@ieicnehr As
under st ood bffadtrR@sea Ofiv. an dértaareshbsdihdrks, thd frdheenBiE bt reast ¥ehuEkAQ S AN,

I nf :)r mat ![ ogotd@sl%cidlbﬁdtshﬁé RighekeGNY |e%§%@‘ﬁhdt?éoéi£9i5n"¥lz£,'}t éSsEF&r‘RRQStt%QJ iﬁ%. may he

i mpl ement edgi {2 . . uter 35execu Instructions on
known coagpu%lz%r trlzgé(iéﬁuéregntggﬁ églzigﬁeag%fcg?t'%ﬁé sﬁ%t%%?fﬁ?fe’%’@?%‘%ﬁ "herei n may
be inpl enented i N har GAET e At PHEET P87 Juclepthles irdith aideataPobavclepyseenent ed in
sof t war e st 884 °f 3 e2%r 0UWR AgoEdes Brfize okt isthovevenesntempleted et tae frremeaamput er
readabl e meltfiohpyaRHEr julp ecaire Aprecbrien fape OKits EHAE tqFr80@IBOFrSsentASredtsn kNown, t he
processors Sioligaycliaedassoeiertads (Wt RbOBEoIgsuaTEig HeRE, fdoh&leStideCal cul ati on

units. and/ Odiri_rrﬂfsﬁl&rn bbl Bdslgfedfsing &%PWtﬁJnu%M§Lc@erq@,ﬂce'oppth)Ble9 a'qbh ﬁl'cr mware as
desir ed-35| frebl&ﬂlf@'&ﬁ@th@ﬂs L@w%ﬁﬁé E\Wﬁ.’g L %nk OUtgloneFa %R’X‘Ebe Sltnecr)rge(:? ll n a.”y
conputer reac %Hngt@emtr% such as | RA _ f Pas ’I’?IS’PV, 3 magnetic

di sk, a |aser diek, "oft BTRERS VESF AYE lhelesi AT 2ids Fpatia Sallddneaivic Li kewi se,
this sof t wal"EHRRY" 8 CHEPT SREFBTPOtYEORNIE BATHErE PTgplekures (reLDvith aZivy, dnown del i very
met hod i ncl gefertgfor fatactiancithpliadel. Svieble @bgontummi €qtd amoohpanaluositelt as a

t el ephone |ibtRe an éha@nd I1BHe€ b elzym@coWhdi@ | B8 Sa B ARRGILEIORN spirfibKe), an Sitodd @ @

t ranspong abb) medi um such as a conputer readable disk, flash drive, etc.
More general ly, and as understood by those of ordinary skill in the art,
the various steps described above may be inplenented as various bl ocks,
operations, tools, nodules and totechni ques which, in turn, may be

| mpl enented in hardware, firmmvare, software, or any conbi nation of
hardware, firmvare, and/ or software. Wien | nplenented I n hardware, sone or
all or the bl ocks, operations, techniques, etc. may be inplenmented in, for
exanple, a customintegrated circuit (1C, an application specific
integrated circuit (ASIC), a field programable |logic array (FPGY), a
programuabl e | ogic array (PLA), etc.



| SWhen I nplemented in software, the software may he stored in any known
conput er readabl e nmedi um such as on a magnetic disk, an optical disk, or

ot her storage nedium in a RAMor ROM or flash nenory of a conputer,
processor, hard disk drive, optical disk drive, tape orive, etc. Likew se,
t he sof t waw® 20ey00b@9 dei i vered to a user or a conputi ngPSYEREHIWOYH any known
delivery nethod Including, for exanple, on 3 conputer readable disk or

ot her transportabl e conputer 20storage,nechanism Fig, 8 iliustrates an
exanple of a suitable conputing system environnment 100 on which a system
for the st apsneafefértea eobainmed that lvodetamioh SyPpeariatsusmpriays dxetectpl enent ed. The
conmput i Ng  S)igoh@IBo3\bkdb& IRER Afbridifd td HseRbrt oOBAPIE BRPERLMingd sRri t abl e

conput i ng epg.vhmsrgmmns btk cled, anqﬁhaheaﬁ afa%qe&.ee au&gaﬁa;!;n aeynukléaq;t@tl on as to
t he scope of use o func f 25t he

clains. Neither shourd ?1“3 “n‘e“‘°”¥"9°"“°'8° o P'Sber%rﬁ‘f’”sﬁ)%’p 'es"'e?ft’“e°r'epyr°e't ed as
havi ng ahy %Béﬂﬁén‘@?“"ﬂﬁs a?‘bh‘li’??céﬁéﬁ? ?éel"a't"FSmQ“dtad *aRpeoNBOYF S nati on of
conponent s eMplovgstt #salessdbed iy KifeavisebsplVassfc Asfreieat3ptntred PPy omrreiierest@0. The

st eps of t heletyt @h medig mebiraulecandygiratreimwasretrepanads fomadcenwiroletigsu e ous ot her
general purdaR&Rn BlobsiP e&igadd 1P YbRA S0 6 NERHULIEE IS E1AT LR cIUQB RIS  OF

confi gur at i 30Repf Rk Gebld PRI, AkBOND muhwqqe%mrr&.dumvar onment s,

2‘32{ g::n gon{ Iﬁ slafrom tﬂe 3 encfiofg\e dXIiggﬁm 5rol)e a'plf_ enhanceli |s a sr{owI |%nucnotich%rort}9ds or

conputers,
server conﬂt'l‘chPéb"d'FFéﬁ?jthﬁBT“HteB‘P'a‘Ieép’FBb"ed%W E%tgc“”l‘ﬂEIPtte PROERESHE syst ens,

M cr opr ocegis¥gnehasiethasasinoiemgcieotids gap gpsthlerkessn the defgiiahereltsl aad e ahanser

el ect r oni cswclagtawstde wREshotmaraibaodpulicte®platanTieicp@treataaputedt sasidsist r i but ed
conputi ng emideapRRt 5y {l@btonldialdiden aNshdefuctRenabay enzissyste e 9 devi ces,

and the,l i kg. the T0f c§$ﬁ&§en8ﬁy delariofi bRb IR Jéﬁ%h@&é‘?&’ete%bf&%%& %Yalrprfpg descri bed

in the generl.?‘matcg\o F-exbé/dneﬁsuringnagpluor?s%ence olﬁreeﬁeased{}ﬁorescentt mo’gg assesa‘ningz PLg?LS?

nodul es, belng
routines, pf @@P?ﬁ%‘ce %ijé’&f“é?r a'l’ftﬁrﬁ’ﬁfﬁ‘ﬁeh‘t Ruclegfigp équ“t"F%‘tftt'l‘}rdé§°t'°eP'(‘,’be ©hat perform
particul ar beaskesmet | npl enent particul ar abstract data types. The mnet hods
and apparatus may al so he practiced in distributed conputing environnents
wher e t asksrhatd@edper drebe@cheldy arfy @tmable sip¢, Ei@sd figferekewthe gsbetih@tatigyeshédri.nked

t hr ough.@ GRBREMMLE@HERRe FH6Je WO dkn 5-Ldd f2B&d:BesiiMiQEH. ah 8chtRPEhiBbiskht fut ed

Computi g Sy LAIERLD nuRlALL maazdmd%amr Dob AERLESL b BRD, . geal and

renote conputer menor

ref er ence tnSC|f_°t' es Irglenggh (ﬂ-eer ep?t hefrobgglieévﬁsisgrbg c}n{)hlm% %/th q?ﬁlhoét Set eps of
the cl ai rrecP"'PféﬁetPGHma?‘fHe%'ygleéﬁﬁ i ncl udes a general pur pose conputl ng device
in the fonin of a conputer 110. Conponents of conputer 110 may include, but
are not | i nineeckfermed ersbogimeteths Plgytepniate cirR@ningthd BRtyapPemisRyPIEBOby and a
syst em bss rbRibertabeadhait Geati@IPORA biiod tSdeSeySdnednd @OREO RE S armpitdatichiang t he system
menory to t.md&r.a@res&agagklunﬂntsucla%QemJ&ﬁneﬁy%e%muéomrm thee@pite Of several
types of bqrtgégege% %Lﬂg\hgger% JEenory bus or menmory controlier, a

peri pheral bus us usi ng any of a variety of bus

architectures. mtation, suc chitectures
"ncl ude | nd0gE "ng"éva ?{&afﬂa"wgﬁ? i 0PARE PeRs b oo R e e on

Ar chi t ect ur@’%B’(‘ﬁ?ﬂBﬁf ASSto aFSPARARIE £ Se SIesEER A?eCB&@'V”WRﬂE@aEF@@f ronics

St andar ds ABsoibeddtereon S(aviEEApethale &elbknewn @itk fRYeljmeeralor EOMPUIINEA havt er connect
(Cl) bus almatiks®whd 88 wiMezscageione uéntiolCOMREE QEh dddibyid) reakhty fol NCl udes a

variety of compH.Sfca RAHARLE N FRALRencGRMPUt r readabl e nedia can be any
avai l abl e nedla that can be accessed by conputer 110 and |ncludes bot h

volatile anéj rtnlogvgodﬁ%elnlseof geg tect|on prcmg tﬂe n%ar?ére]rt Irza)gorg\d[oretrg‘e)vr mers usg;? Ira Cy way
of exanpl e, e tatio uter. Teadabl nprise

omput of . ot SRR EEa T R AT it ot FTAHRST Bt eins SBleigefred: o

i ncl udess bottifgdFafiid use efepdifieshipesis gl Weeisef\d'é?mvlam“@thamﬁ“'Pﬂ)‘ﬁmP%#b'@abl e nedi a
i npl ement edthé nucaptide Metetutxd pobe dnehprotady teaemgdtobigrg &r efemplffo@inmgesian such as
conput er r epgabligy leMsdrdtute i s cohdinthgStiswigd-dahese of PloPbaE8, Madhthes or ot her
dat a. Conpurt'u%r fie§§\%t§‘91@ cgﬁggfltaoﬂf&%n‘d(éﬁe h\}aH nI b%nc@% IL'SI c'o%l&rﬁ&tta caRﬁM ROM

EEPROM fl ash nmenory or other nmerhory technology, CO-ROM digital versatile
di sks (ON or other optical disk storage, magnetic cassettes, nagnetic
tape, magnetic disk storage or other magnetic storage devices, or any other
medi um whi ch can be used to store the desired Information and which can
accessed by conputer 110. Comruni cation nmedia typically enbodi es conputer
readabl e Instructions, date structures, program nodules or other data In a
nodul at ed data signal such as



30 a Carrier wave or other transport nmechani smand inciudes any
information delivery nedia. The term ' nodul ated data signer" neans a signal
that has one or nore of its characteristics set or changed in such a manner
as to encode Information in the signal. By way or exanple, and not
[imtation, tion nedia includes wired nedia su

net wor k or ﬁiemﬁ%ﬁ?ed connection, and wireless nedia EQT@ m@@éustl C,

RE, infrared and other wireless medi a. 35Combi nations of the any of the
above shoul d al so be IncI uded within th scope of conputer readabl e nedia,

The systeminern I Yok i ncl udes conput er stora e nedia In the form of
ed, or o decr

vol atil e and/of nonvofaéf‘? I"& MFEAD Y PR '”a§9'?”éé?:1‘ oy YaSPETS t9REMN) °r131 and

r andom access RREn DT §FaREAN) U@ podifed (ehsses thakietrt Iné/Livp bitdraggrs baas o 88ir( Bl OS)

cont ai ni ng threPi4REsiaLy G lver N A@subiergbndad b haectile amss esrerrdd Bmbstirednirat i on bet ween
el ements W triidifediom uteakedlid the desitmlvr M8 delattibit@asdiad frodePan} SoditkRibeaf iy stored
In R(?vn tl&il KRAM d 82 sltméeb&&ln cyn 6:0akedLd R trQ&tn%tr%Hsd/ A th9£e%%?%}£m Wl 8.t hat are
i mredi ately resen rocessing
unit 120. B l?%iigh egCOEQ fQ?['L- mtai I}%rsgn Ifasecﬂci(\ t?e%gaﬁﬁnq§r?1§reln§n rlowg{a%lss{)

oper at i ng sys'1 i°§14c°m5‘|5|5|a| LUETGR “HME it 5 #4189 PESS™ of her pr ogr am rmdw es

136, and program data 137. The conputer 110 may al so include ot her

r enovabl e/ ndhePERBERITRIMEwS. Ats Areskre Attt markdr er heotest ie indisatios efgahaedi a. By
way of exanpreeengndfy parfitutpr CBV,iahd et indida@® cdarhadrdhsedissiceibility @0 stAGbphas. reads
from or wri tresnother arondineOKEHERnce ROMY AbRENLHIFREPEL SR bfrespnsBRANEt i ¢ di sk
drive 151 t Iﬁ%?apétﬁl@-gg%ntfi@{&ﬂénﬂwﬁtaﬁoﬁhe; le?odl %mt\ﬁgpnlegem(:frlu?&\é%a%}eg‘ e magnetic

di sk 152,
removabi e aﬂ%ﬁ@*‘}e%‘ﬁ'°§f"*’e ol Blpdh S B i b S e opt | cal

medi a. Other reRdvAST %?Hgﬁe'rséfﬁﬁ?fﬁbf’fé’m%? AtFIBPHOhFrRt e T6hput er storage
medi a t hat E&ﬁmﬂé ¥ Bguderintementiendayrpploay ymesisestoa bl hygtrenmeane tmentestyrc| ude, but
are not 5 mchaegkst 0, nmagnetic tape cassettes, flesh nenory cards, dtal
versatile disks, digital video tape, solid state RAM solid state ROM and

the like, Thea ﬁilﬂlﬁdﬂ aghe kr el preRntlidvbntich, 4 sl da@l@(Qi@)ﬂ@ﬁ%\Q@dttﬂe %J&I@ system
bus 121 thr edighhsify NALaEEHD, @l’h'a?d J@W trkéag %'}Jrggﬁlg%}’!ﬁlon g‘%he A 140, and

magnetic dig i rive ef%ﬂel‘ connect ed
togt he systﬁ%&gﬁthm %ﬁ% °Q'calpl?85leggr8”erf§f?8? ST acH p°'§'ﬂ‘&fﬁ“ QE K%t er f ace

150. The driVes aﬁﬂ“{“ﬁé‘ ) L8 BEFAt BtV nistEsed bt mgRe tePertidbasouissed above
and il | u¥t r &8 2ishelFngecuig drupran\antihedis e eertidre améntisnrepu REA nToEada bt eher
i nstruct i ontheradatiamgquigs t InpesemLpHiOEHtadN itchull @SntaiBdastaat-Ress ad@istodeor t he

conput er  11Qariahtraf iz greseBs infeiion@XiAdREEBA ok d pﬁikéukeddj'E)&eVo?th%‘Herdp&dc Lidystrated as
storing opekddnkB@h S.M&Jd%tlé Indi@rﬂm h&BidaQD pJn%g{?gUs carrler df (a)tc}ealgE dne RL,QHr am

modul es 146, can either be
the sane, as fotg?% s? tgrgr;”en mSEauc Ope? tanﬁﬂeséf P &55F 113he thé%%l”f"ca&? o pr ogr ans

135, ot h@r F%WHWW)’&IH aé‘é”di"fs"&a' "Eﬁ%f'e ORI B PRt 1635t oneysiprttof g sy st em 144,
applicati onprﬁ?eﬁtﬁ“&hﬁ?” 45trugedte tekpp egmmdmm’ s thedbeutiapmin5pr ogr am dat a 147
are given different nunbers here to illustrate that, at a mninmum they are
di fferent copessn ervibodlsremts,mwitemrercom@mndsofaﬂdudtiﬁﬁs%rm%é 0B rdagdn@ t he

conput er 20cdnprionsghe ditnput devi ces such as a keyboard 162 and pointing
device 161, commonly referred to as a nouse, trackball or touch pad. O her
| nput devices (not shown) may include a m crophone, joystick, ganme pad,
satellite dish, scanner, or the |like. These and ot her input devices are

of ten 30connected to the processing unit 120 through a user input Interface
160 t hat®°i s"€EAPIEEPFS t he system bus, but may he connected by ot her
interface and bus structures, such as a parallel port, ganme port or a

uni ver sal sE®IGYNs mlbf{dm@&)can ¥e urehioti@@ntif] Bilel Oieraptinie Eardeyyrer Wfizogirsqd. ay devi ce
i's al so confeetaeief @2ndshentSiisd, 6N DrrSgeldsbqib@untH, &E%N@ﬁeﬂhe.ﬁ&ma@%sa vi deo
interface 19 asbhshe@sldhdid piaudOmbiie. &Tﬂa&!ytopukaureﬁgf?%'dia a g@ré(tergltmig'\ggdUde ot her

her al £ h
be connegt o eff;iw“egﬁf Bt e % SRRRITE 1 Sl Yo EoRbutor 110

may oper’ 5%'!??3?%&5@V%hv.°§'ah%%&°fixgipﬁ@s PR LAIWItR 6FHFBRYS"ENns to one or
nor e renot e CHAPHE 298!S MAYEITPHE cae Tt ¢, feosrpORiesmIBON-piden a@mot-e  conput er
180 may be a personal conputer, a server, a router, a network PC, a peer
devi ce or other common network node, and typically inciudes many or all of
t he el ements descri bed above relative to the



60 conputer 110, although only a nmenory storage device 181 has been
illustrated In Fig, a, The | ogicai connections depicted in Fig, 8 include a
| ocal area network (LAN) 171 and a wi de area network (WAN) 173, but may

al so i ncl ugde ,9tMelsnet wor ks, Such networ ki ng envi r onmepdsisadso@mosmonpl ace
In offices, enterprise-w de conputer networks, intranets end the Internet.
5Wien used in a LAN networkino environnent, the conputer 110 is connected
to the LAN 171 through a network intefface or adapter 170. Wen used in a
WAN net wor kj n viron . . . t ypL.cal i N d a nodem 172
or ot her rrlégﬁ%egt a?'gr"4 °(r§§i'eg§cf}§t§'ﬂslt’ﬁ tlgeg'mﬁﬁf{%# ,tri"syugl\%'g?é'ldt%%m}'l\%'}l\fﬁ%y .S uch as
the | nter nétePHePREYHTEER o172y o f"’c?ﬁmrfﬁi}‘erbcéwﬁ'ﬁ'f &P TRt MR PR A ey be
connect ed teyels pfahesyrgetanien AsthaPEN§o4UE user input interface 160, or other
appropriate 10nechanism In a networked environnent, program nodul es

depi ct ed r ehatuchie adids abdier vedampuf e inkdrBion, or nyoieicefidsrremiriies Beff , may be stored

i n the reMbepdRRRseqilEA8E btd@vddaeantByhsa\ayistaitts @xanl gne apckssiotinl i m tati on,
Fig, 8 illuskrRliRsoldihe. ern@RithbdoRby Rbbchfed 3R BRisdh8Dte@iqled & it Rgwalko MENDry
devi e 151 d @l ol 8 ARRLERLEL BN nlaIEAZbUP TN BRRNSALLADS Shown are
exenpl ary and Q? her  reans of “estapl1shing a.comunic é ns link between the
conput ers mH§CHE YELGPTEN FT?%'i?g?‘?"tWécelch?g‘beéf'ﬁg N?"éwk@ 412 I?'(?Frfeﬁa 'a detail ed
descri pt i odnEENsAORERGHS MiefYes Pre e WRHIG R AETR S epRY h2 PRV EANOn, it shoul d
be underst eemessdial atgbre, Sobyyeheahtisetre motpvenityibadizes & thehiiiiethupliocking wor ds of

t he cl ai N5 1sedlatibOsrihe rNAtiftepelR@. GévetahtiSsqaat fiibenseldiepnt@ibadel aecknoester i ption i s
to be constyddedadinereeiPhatdng@RbrsaRELIERES. RRitrResSHd DR rRMANEIROSSI bl y

erboci Tent ol ekfalMEMIQRRESMRELAPRALL Pl 00 RUR e RRISIA! BoBAROM! MTen!
woul d be inpracti éal I 1“ _nopt 1hpossi bl e, rous. ao ternaliyv eopbodl nment s
coul d be i P EHEHELA EbRICET BRI PisAE h'fr't‘g?:rﬁﬁ%[toegfy“c%ne?ec’:‘?‘n"ﬁ’o?sogy :
devel op&d &foekers indvde fycleic agdsg@pranaiio RpPYngratoetse NudffsicE R Abul d still fall

wi t hi n t he nsttopeosptionitie Tiodnabams Orde Pisqavamy Tadhe 7i M-8t (2842))- Whiskrset he ri sk

eval uat i on o8yhlcRBlRE ke TRFUNOEkctyaR theRb ALBE ahe B bk, alsh aseanl the@rerdieder | bed as
preferably el nghie RGLE ForleRarnif dy WekeBonodk EYor TBE KRGK-LEWR &pE@kad 1N
hardware, f In[isrprq\saerte%:hn %Ser?'rfhe ac{%gcri&%){n L%ger{/ npallegﬁpbﬁg A?y Y. BLJAPE:SQ{-O' c-sor.
Thus, the LR LA ] ereln may be Ir‘rpl enented In a st andard

mul t | - pet posd BBy BePhats e v P4l 19 BB PGRBE HAT AWSTEG - T A e such as
an appl i cat3a7e&A628pedRI0RY: Diap elefyr M- cdnaer Tee Ui 147 CASIOCY): Eendfaers Prar'ttwi r ed

devi ce as desizr-ezh (2003¢|wedg g/, Gut Camotr drigriatoed 11137-96 (R0 DGMPBereett, 110 of Fi g,
8. When i mireamateded Rusmid var & 21he (bt war e routine may be stored In any
conput er readable menory such as on a semagnetic disk, a |laser disk, or

gt {‘e[) stor 31?‘3vemé‘ﬁl%HJE_Lribled“het?erilr%MbQ?stemhgfselé’ctigpm'd&sf%‘g'h opinaiéh&@@a%&% shatt N any
at abase, etc. ew se j S SO e iyer er or a

di agnosti ¢ aéei/sspfe‘éflﬁ ‘\’/ripglé'édrw V@"ﬁr(')t\?vie'%’r%%lég?r@gs'areféﬂ\%&%er'?gt, ﬁ%ﬁ‘ I1%nc udi ng, for
exanpl e, orPPHUH YD e PIPEYAEBIY BPE K oP BiHEF PP IAEPOTTED®e conput er

st orage mectisanidsetidss oonkeer aaisensnmeipdueathrioRedlaalhi frspet FRhmeleculss el ephone i ne,
t he i nt er nedoptaioficadr @®8: va G4TELLN the &tverdion cagtbe desBBédatin thiy naeneer\vexeressidn ofs bei ng t he
same as or hENShARALARARRaiMbdeRr RER VARG tHSpedients OB (@ratkerd add/drr anspor t abl e
stor a.ge 35reqlaylnl'pes)TQH§e inf{B} omg:kidl. cfragr{e%%goﬁmgt,\fﬁerdnagehﬁ%]em_akée made in the
t echni ques [flna ?k‘l’ uct urlle%‘ escfgl Peql @r}gr I(l gla ugnteroggeggalbaer{aﬁtls nallmstahg\}d;
departing fPBAIE FePEYicHY P g AR e Ehe b o THE prESeit ™ © IAvant | o, Accor di ngl y,
it shoul d DEraNersY St GBHehALeE AL MRSFHRH IS D PRI EPFYE STARCHUESETT DY herein are
i |1 ustrati vVierotiswpeaficlaliale er realotybd, Aitmihist dupsd Aing roeroc Bisaetsivaionts 2f Higent i on.

Nucl ei ¢ aci fpscirapelypashyqeepd df esarget hecigtel elokcdei ds and pol y: matt* descri bed
herein can be used in nethods and kits of the

35 As antisense molecules can be used to inactlvate mRNA 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 mMRNA that attenuate the
ability of the mRNA to be translated, Such mRNA reglons include, for example, protein-coding



present invention. An "isolated" nucleic acid nolecule, as used herein, is
one that is separated fromnucleic acids that normally flank the gene or
nucl eoti de sequence (as in genornlc sequences) and/or has been conpletely
or partially 8uri fied fromother transcribed sequences (e.g., as in an RNA
library). FOYORXEAYHE an isolated nucleic acid of the IPeUEgsmiumoman be
10substantially Isolated with respect to the conplex cellular riSlieu In
which it naturally occurs, or culture nedi um when produced by reconbi nant
t echni ques, rgrion%hlerri cal precursors or other chem cals when chemcally
synt hesi zed. TR 50AE"TRE Prai§Reeding pgions sestesportinarmtacamitia betiniy, kutketdn@art of a
conposi ti on 'OPUPINGea HisEer otherdunatimalahaisek a poRINAI Ni Ng ot her subst ances) . ,
buf f er syste_g or reagent M X. In other circunstances, the material can be
purified to @sgenehabn dfews geneichds,(RIDMMad SLXaaRY ermned b
pol yacryl amideriged diebeet ih ePhERSES & BAFR) - ?gl.@g,ﬁ%dg??}?&%} %eé?dﬁp%'ye (e.g.,
HPLC) . Ans | s@leadfoke MATaBhG: 3G, ang%%%gggsgfo e 1l f78RYieBhncs Rt ot se at
| east about B0% .8t east ahau Vo or gt =" EREY PABRI{ 909 KIm: Reediar
basis) of all_macr ?rmf ec Ul At SHAEN o &N (niesaignce (R halsoegiter derteailqgemorsni ¢ DNA,
the term "I sol af e "9gePcHmnded Rt meleculesishRNAL toaoh df Brkiecsthes 1k fateaiar
separ at ed f YR detireotimaerBNANbIRcuh (dsiab bve pBedkibl oA SeRalw al 1y 20
associ at ed, SPatinteaimpRI (sRNE). iTsOH@e@IdB e kBidkn qDFEBJI"EEM e can contain |ess
than about 25@ifikéres FDrakBr mrbBOiekdhg 1199, é‘g?bf %{?m Py (i . 25°Kb.° 10 kb, 5
kb, 4 kb, 37kdy, o1k, bokh), Heﬁmlf m8£cu.6- KD OF 't RS} BBE P hat f1 ank
t he nucl ei c,,p'grjgﬁ_ rmlsegnuelag nfth e genor 57 %€ PRI pooptpQ. 2laRR of Bawslagtilesh t he
nucl ei ¢ aci d_ thecu1l &S SR8 VB dVenfipereiaise iodiotted ol tkiqroidemiskescana ke fused to
ot her codi ng>or " PEJUIAY'EYTY R dtirsfeceass, bmes Btall Inkerbeng2hia anstaenatha. spl at ed.
Thus, 1 econBISTaIeITA teoiptiaddmschinac maeiiarard B-d6nehided il Pdd1S ek tion of
"isol atet aF2usatotiierieiength AsOprett 80 8- 2h AMELET a5 4,0l ecul e§| e
r econbi nant 2DRACNDI rRE&H8S 1l Brghet er ol ogous host cel I's ‘or het 8rdia Jous
organi snms, as well as partially or substantially.purified DNA nolecules in
sol ution. ' A&tleAt-84,: i c acid nmo| ecui es al so enconpass in vivo and in
vitro RNA tF"FQﬁS’% %p;;é:%‘;? k‘ﬁﬁ%d%ﬁfﬁ\geﬁ%f'é&cl'ﬂgégg'ﬁfesf”rfé'd?ﬂﬁ'é%'én?ncwe\?‘emar@cl , 30An
i sol ated nuclel ¢ add noY SRIFESoFNHAES Resesserbin degeibtncenecanpremsbiutiena nucl ei ¢
aci d ol ecul?& BFYNudMEBMRYA msleenips ntsexiorted fransths yinteheditzagopbemieall y or by
r econbi rfAnt "MAEEAYI0 Bersting sodeatrard mated watd H8eSRAWRDRS Surah §ratsef ul, for
exanpl e, | nanbetonsmtibaod by ecodiizidofiero@aRAGAH. POLYRERLS 48, 35 pr obes for
i sol ati ng hobRhRGOHNASREHEGRGES, f&eding P_Lgd%%gt' er Rl an s HEci8s), for
gene Mappi ngnés.gr3-da¥ o%i,)hu hybri di zat 1 on w it h ¢ Rr OB dsrk dturedev-f or
detecting expression o% the gene In tissue (e.g., human tissue), such as by
Nort hern b'éﬂﬁica‘?gp%hééﬁinso LAeL her hybridization techniques. The invention
ai so pertains to nucl &P AET WdrBednceperation phiyttndty bR ipexasneles hi gh
stri noefity BYHPIGIS 2PIBIN2Eely?gi 28 inentestides ihe, asd prereraBgh&e i derByhni di zati on,
to a nuci edt'f'tdsederskioen dasar dxresdioh aresbiisted bPsequelbiCdoBlif ey fmt){weeCul es that
speci fi cal Itgradtyimnidbeverat @mBienidcHteabd HEmS tailning a pol ynorphic
site associkaivedo WobdbkiBed TRIKGE OF hapc{'ao'f yg%ﬁg’gﬁ?ﬁg%g ohséurchegﬂlfquggfﬁ
acid nol ecul es can be detected and/or Isolated by allele- or
sequence- SRR §J idization (e.g., under high stringency conditions).
Stringegey 6on ip?:::gﬁ%gﬂ%ﬁ 'ﬁr{?ferhséptﬁjé "?‘%F”"ﬁlﬁ'é’P'@’i“‘(:zSa%q ndclpapies idllezait,i ons are wel |
known to the ski'lT&G E%‘f’:%tf‘?es()s%é",e”éﬁﬁla!' hain RidAst (sHRNGS; ogakis absut bl ecul ar
Bi ol ogy, AUSTRSE{=S inpengthy.aThe lagtgitame Megblly egor@emsas dek@R3)n ardiiguliiiae s, M and
Aaronson,  SE5S kit AtSORS7 EAL (0w, CRORIHABnBER: (RhADak shiAE a8 sk Sl AChI Ngs of
whi ch ar e vieonpsiral ed byl 6ised WRAGRNELA Hne J08., dentity of two
nucl eot i de (1w ebdll PRURBILSEALENSES fﬁB@b e

0

gg_lracgpot o

be determ n "By & GAPHg t he
sequencas tRbs) _p,;,igg,ma, GRuRar i son pu e3° U & Ny flotcane Bé 2kt oduced i n
t he sequenﬁ]gacce)f rst sefuence)’

¢h 5nucl ei c

R _ d’ 5,a“T’E'Es'ﬁﬂﬁrlgé’éﬁq”élé@f%ﬂofamcn@eetd‘ds at
correspondi Ng posi T rOHE RSP RER eparted! divairds.t Bvecopredss extiesied@itnat Y bet ween
the two seﬁ‘ﬁ‘gﬁgﬁgg‘!eg“'étaf"eﬂiwkd@wn offtarydveraminmee for & iogthe frhhsedtiord SPRRSI t 1 ONs
shared by the sequences (l.e., %identity# of identical positions/total *
of positions x 100). In certain enbodinents, the I ength of a sequence
aligned for conparison purposes Is at |east 30% at Mast 40% at |east 50%
at least 60% at |least 70% at |least 80% at |east 90% or at |east 95% of
the length of the reference sequence. The actual conparison of the two
sequences can be acconpiished by well-known nethods, for exampie, using a
mat hemati cal 20al gorithm A non-limting exanple of such a mathemati cal
algorithmis described in Kerlin, S. and Altschul, S., Proc. Matt Aced. Sot
USA! 90: 5873-5377 (1993). Such an algorithmis incorporated Into the

NEI LAST and XBLAST prograns (version 2.0), as described in Atschul, S et

M N NN N AN P~ A PN N — P —



25t he website on the world wide web at ncbLnitr.nih.gov. In one enbodi nent,
paraneters for sequence conparison can be set at scores-100, wordi engthsl2,
or can be varied (e.g., W5 or W20). Another exanple of an al %orithm l's
FMAT (Kent WY one Res. 1Z: 65-64 (2002)), Other eX&AfP8L/PMEF ude t he
algorithmof Myers and MIler, CABIOS (1989), ADVANCE and ADAM as descri bed
in Torellls, A and Rabat:, C., Conputs: Appi. BicscL 10:3-5 (1994); and
FASTA 30des &i bed In Pearson, W and Lipman, D' Proc. Nati. Acad. Sc!. USA,
85: 2444- 48 i YA RIacE{EeNeE coith BH1RBRtchnon 23 569-6€R006H Sninintejabbetmeen t wo
am no aci d ¥etflfEFc@s BaSbaoeconpl i shed using the GAP programin the GCG
sof tware package (Acceirys, Canbridge, UK). The present Invention al so
provi des i sicaRl migalies) ioclamy SRMD IrerNAl 08 sHRRAacGR BERUdhcel fpbdd@d MRAer OF

por '([jl tOP] ; h%ri&h&@fetcdbeﬂ@@regr&g'%e J_aédcté-ms}én %{\lﬂilr&g th&?g'c éntlzlegcﬂe%ﬁg nouclg‘lc]?uflhel ¢

aci al  CREPlSRS., | i.sts e nycl eot| de sequence of the

chr onosone a@ék pea&glﬁ%ﬁﬂmgnif? e C(E‘&'? 8%{‘% S?r_cQorﬁa‘ggYpfs'cmEﬁ 1oL FEI9BANI Fuqi8ic

chr omosome 150/ . 2 deretion REVEIF SRPE YLt 4iEES 3" eelpieres ofheat Rithe

chr onosone TERI3 " FICr90 4t foestey thy taiers Pedtsici adie moleguirenewithanensi ng,  or
consi st i ng "I REAICRREENS @ hevrefuofs themenidefe@Bl(i.daoraague rE@seade- t he

chr omosone aig2dtedigenelak ebdastiassdchRd géhe QERSBIBUGTHER 212 bIWBhI ahi 9Rerihh e

chr onos anelabg)lalida?ndlh € tuh@Bn (L1 B Josletetion or the 63
chronosone 16p1301 dupli cat |( oghn, y\%hg?g?ﬁg?%éQ%itﬂ%rétg?@ee&%tgaﬁ"eﬂbe conpri ses
at | east ongRely I le contained ip the markers and hapl ot ypes
described hgr F&qo Es%lga \hﬁéé:cﬁg%rgecgt%a r]‘a?géed)?r%’ﬁt{’%dg'(??'est'ﬁ'gwrl Fﬁ\?’é’ﬁeﬁ"H?F 'BfE at | east
about 15, 8%" ST aBoaroT el dtyervasiugs cholsstrgle ptetit fudeis acicalimgg redine be 30, 40,
50, 100, 20Y"A-Sotravvideln antiberdvipemet (Rbr ertamard ednedestides. Vienddivery The nucl ei ¢
add fr agnefe¥og indude uderel/lenivirenadan@irussed adso-pisaies vOls. Thd MNASHdIdu@ssays such
as thos® desdr jdpedmhetreints. chériftadPD@sdifie® ko indMdabdBEiPstai€). Ohis ANQsLeot i des t hat
hyblri di ze !rradlacafﬁtseithe FRERIoh bChdTBIIRE fnal@ndor B A@qﬁ&ggﬁyz,_sttr) and oL a

nucl ei ¢ achghrsRlifigHiEe ilon to n , . Suc robes and priners
| ncl ude pohgsg%éi%g% }ﬁ’é’%“&“@%gt%'étgmgma?e K" Ye 8P| HEHH ﬁ'g?\ifcétl%%?f? P. et at,
Sci ence 254: 9 rttfér?i")s. LS 'Bltrt‘? & or primer conprises a region of

nucl eoti de_to sequence chat hybridizes to at |east about 15, typicaiiy
about 2025 "JRY"P FrieERres Aravide Afieler ey abR, adlposBBitierfortsPetb@nsecut i ve
nucl eoti’de&regfic EnesueheRNA aoh snfske alat. @ev. lcancarie1 76 MBOGOIWE Ndhen & RGeRKPbDE OF
primer conpiti BesGatt. b:easi3 (e7)AkdyRIE, @b st |RASH0DBE 3 ROJ3¥ REPNLG TBT ker o
at |east OmgPRANILOIAEE sHESA D6 R8I ekl D& LOBLEERAL I hereof, I n
particul ar ;8gbadLRNLS 2 (ppr,noggemorfopr_lsg%% Lan con})rl €80 of’ FEwer

me. . i eotidgs. for Ie%g%d‘_%f’e I CCar CAT R enbodr MBH LR P § -6 uroOmip Drug

15nucl et | e G5re" %57 8% LAY >hi- o6 Gepett 19:382 (0RA) €dvevea)., Dhug Distdver

enbodi riént £%2% HEPBHE KRBy Mtenyrest 2/, dataRed Gerst. 370U THRON), @l et aratvad east 80%

i denti cal , Bigfechhela2dt 108598 (2dentrlsatk et at, chreapt. &H% belenbiseab (2000), at | east 95%

i denti cal , Basberehe, Sante g0 us3nE¢loe®)! érdeiuﬁt@:q%‘rﬂ%/.@FR4E(Q4J2Q?999ﬁn’D| ement of
t he conti guous nucl eoti de sequence. |In another enbodi nent, the probe or

primer is &gpet Rretfieadfld @CIdtEL Y YR LD Zi he conti guous nucl eoti de
sequence Ofql gts&éo&?&;%g% 1y #bﬁ&c—..ggt%ﬁ |°{J%ﬁé°pr'?ﬁrﬁl°gao' d€ sequence.
h r pr

nment .o
Often, the probe or"p er’ #Fﬁfttcﬁuesgng g“&r‘?ﬁ?ﬁsg'é%agée FAt5Erd Pegmagently &y r adi oi sot ope,
a fluorescent 1T abel®? sdped rryhe thedpfett 2 nuvricanymenebthibeeoerateabelpair a magnet i ¢
| abel , a sPFYF fedbRE FuPPles thepomsifelid-tabreiuclecThes)reti the gikaof aeigeherddeaetl| 2eh Oof t he
i nvent i on, stsgediiasrdifresendese kinb@thasa v/ oA BligRuck 8RB tHaf dedi-and i sol at ed
usi ng st angtende efabgaals adpaibbral OGNt &EHAIL ENESTh‘é'%thinilét’r’b‘i’hé}%fttr% rL;Pﬁ skilled
p.er.som Thﬁm.%gémylbg bg‘grmVQﬁgb p}%rthgpe%!cPedsug eés%'cbmpl X Wit abel ed, .
fitiorgscentiye.Llabel gg%psglrald H]sae,g as %Hpr Gbe T or BRPEEH; ng a cDNA |ibrary
derived from hunan ¢elTe e Fhe CONARCHT B YEMPIL 'Y PHFA 19B1ORIA vesst: cont ai ned
In a suit ablPEeRRTBre I CHPPESHBId IR e i drrestiesnirdselubsiptaie efdhe DNA obt ai ned
fol | owi ng F9RINGieRed nesetsiasiiofhe damtc ddfist mbyahedheionsente, ganthbensaeguenced in
ei ther or djginhcletides ek it@nscodpyradiintor the @E-H@NEZRELe TR ROGSohOorlilentkdy the
correct reading frane encodi ng a pol ypeptide of the



30appropriate nol ecul ar weight. Using these or simlar nmethods, the

poi ypeptl de ant: the DNA encodi ng the pol ypeptide can be isol at ed,
sequenced and further characterized. Antibodi es Potyclonal antibodies
entijor noRpghOYAs@Nt i bodi es that specifically bind orgrfigh@book he gene
15product but not to the other formof the gene product are al so provided.
Anti bodi es are al so provided which bind a portion of either the variant or
t he ref erence gene product that contai A5 the polynorphic site or sites. The

term"anti ng&(ng t@§xp|'€§s¢cgl opﬁre ﬁ&rﬁwal/ﬁ{d%ypmggn% prorrmfI ﬁrglrepqacemimwt is gr%gagg(a:t%(li es and

i mmunol ogi cally act I_g t ’ g

ritiolecule.s Hef'"gcao??f "R é?‘ﬁa'irérédrf B ‘ﬁa’e YT’ﬁ‘g“starﬁ%f’f'a?f)@E'? ¢ &'58%F% bi nd an
antigen, A Pfd?@@lﬁ?l‘e that specifically binds to a pol ypeptide of the
Invention Is a rnolecuie that binds to that nol ypeptide or a fragnent

t her eof , bulhedmsent mpantigulyetican thethbds yor plemtdyirgtchrepoundsloe @ashte shat can e sapl €, esp. ,
a bi ol ogiscatres sdipbparenidBWTiue thdiaive bethd veaiatacd ussruitab earg2 iyfiePkiéndRatidExanpl es of
i r nmunol ooi Erﬁi}’o'rMev@l@ﬁrﬁe\ﬂ?ofwgpbﬂlegﬁﬂts hmumsmb.mehg SO rﬁ'eQ%li?lﬁcln.'vd@Cl ude F(ab)

and Fcab') ZaJsgyﬁg%QBIﬁw%én%? nQ%pc gougg{%%o%ula%e rha act v\f%fnd@rgwrﬁsgonno?al body wi th

an enzynme suc cem % ﬁ?fp i tron Pro m)nocl onal
anti bodi es PITSE 2B N 't 5% 81‘”' étd‘ﬁ“c?@e &Y Teﬁ%'b?dd\??m P'cfPie enfeiad pratyss

"monocl onal t“&ﬁ?‘?eﬁdﬁﬁ Thirin t“ﬁ"b‘ﬁ‘tbéf BsA e ¢ty Pesdly ocemposiit thainnhibit opajtepsed
her ei n, Pef Br gndegired aghpipiir axrressiorodf trarhdotirdidiyclemice prdes. Adsas fe partorhing onl y one
speci es of anh eptringen chi tedieg@msd ih ellaRRABYser@lor ih BEINHGYRAG] dsBowNth h &
particul ar @pitiRRge&h. @enp&LéeRwérAsdﬁcuueé cehmtdrﬂ%%ws% m{?m#’e%& onal ant I body
conposi ti OnmI)I Rs Sf){rgé gs@ | Yecﬁ',wb%{%l'l%l% thht ﬁaveg?eﬁ gvmzpca y rq?éafwglgﬁ aﬁ;d%%xrp Ct s

particul ar nvention w

Pdycl onal anf |'%§5?5§§ ?f‘é'ﬁ'CB%d BYeH'Sr ed as described above by | munizing a
suitabl e subject with 15a desired Irrinunogen, e.g., polypeptide of the

i nventi of of2 A" IREFHREPREICR RerpalNt caTihe asaeseqdIby eprestieneaf @ iverianteenthinnuini zed

subj ect cannysieic ptxhieti@nedfopwamplei ne@nbyonishan eaeadt dne edrantgiies pressneh as wit h an
enzyme /i nkedntighium@son berins@ssato REA-SAbnKS iha gt lkaxrBRivhiAedhdRtypept i de. | f
desired, thgardid RRWousT) &Cbz ofiedUd86hR0 UR1NR di&&% ook X&lﬁ@&d i can be

lated f fied b
i solate thi\ﬂﬁarﬁé)ﬁeamﬁkrﬁ eveli&?atrtern omsx/&reés(lfnﬁ?tgm rmal ran%:rlpt% or8g1[n-g>! nl tehe I>/gG

mell-knomn tec

fractior. AC 3N 'ﬁgﬁt’i?ﬁﬂﬁﬁécﬂ“ egtobhe P?ﬂ"’ruﬁfsi‘ﬁtf‘?réﬁ“e eépr§55'°0\,ﬁ‘9\"f’et he anti body
titers are HiSEHEYYC acd@pRIFSEFNMr BFEYE fon GPEasiel grotetirievsle, astsalsbedlifteraim t he

subj ect andcorgeds iovolye®ipamethmn®cbemak a sipial feddiegeSFutyiersib@ndaegresaahni ques,
such as t heorlyyee tdodré1ap- oriRireHuRte@in rBipbrak tthSSIbiRel, B akohaksaand _
Misteln, We%od?rﬁ@ut ﬁlg@'eél ra@l%%r?lé)g’a rLJaﬁer HEEBELclBasCI%fL \a}yht)}rthedr 5&@0& echni que

(Kozbor gtt . r,or | ay 4172 3)), the EB bri dorna
25t echnlzque %%\o‘}fﬂ%a?g%smwoﬁgcl onal Antl bOdI es and Cancer Therapy, Alan R

Li ss:1985, |Inc or triorria techniques. The technol ogy for

produci ng hWﬁ’r”'ia‘aE?PE%\eé‘e F’%’rﬁﬁ%‘?"l Caﬁkﬁd’ﬂﬁlerﬂbé’@@eﬁéﬁ@ﬁé‘f'ﬂlwmﬁ Fit COPPBELEBI s i n

| i nmunor ocsycaPdedUPmeRig aTrIant: aaf theErriessiyn 9f O1RNA \Adkteyniged SPiesexpresson,  New Yor k,
NY) . Bri ef | pvel @mRNmMOh¢ @kseawelof thk caneiddté sopipemt biyagantmy@mmpoedraihel s fused to

| ynphocyt esexpieysh b inyth& fse1a0 61tk £Bhpduh @R 28 HPEIIEY onl tREEHHpZ RGN, \%rrdmat@n

[ mnoge.l@ a&nﬂ&ﬁ@dr'@&dts@@@%ﬁing%Qoghpetng%arpﬂélI&eHerﬁd %&Ve% \ﬁﬁ th%I gn the

resul ti ng héQBrreL's%g %Pthg %riLr% gg %r'; eex%ltzagscllontopmhrgAeoqtthe <-:\Aco%ec!1 roteln is stat|st|cally

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 stimulataor or up-regulator of expresslion
of the nucleic acid. When nucleic acid expression or protein level is statistically significantly less
35 in the presence of the candidate compound or agent than in its absence, then the candidate
compound is identified as an inhlbitor or down-regulator of the nucleic acid expression.



produci ng a nonocl onal anti body that binds a pol ypeptide or the Invention,
Any of the many well known protocols used for fusing | ynphocytes and
immortalized cell iines can be applied for the purpose of generating a
nmonocl onal anti body to a pol ypeptide of the invention (s current
Pr ot ocol s wa20miuAtl ogy, . supra; CGelfre at at, Nature %&2‘5@%@%‘9“%( 1977);
R H Kenneth, In Mnoclonal Antibodies: A New D nension |In Biological
Anal yses, Pl enum Publishing Corp., News York, New York (1980); and Laner,
Yale Biol. M. 54;387-402 (1981)), Moreover, the ordinarily skilled worker
wi | | appr ecteaiventioh atrthérdpedvelesmehaiaifregtarentatsing p sompbung ikehtifisd tFRYEs that - al so
woui d be ugghbdund afdRr AdchBkficdhiny 65 4 enPmequaskdr NG. STONGC eniadr iraititarlodbekye secr et i ng
hybri domas,, 2 )ocl onal antibody to a pal ypepticie of the Invention can be
| dentified and i %ol at ed by screening a reconbi nant conbi natori al
i mmunogl obulin library (e.g., an anti body pnage display library) with the
pol ygeptide to thereby isolate irnnmunogi ohulin library nenbers that bind
t he pol ypeptide. Kits 5for generating and screenin ha isplay libraries
are comfer ¢EApIsy mf’f’ga‘{fft@b’?fé."fgf?sf’°’isﬁg°tﬁﬁfﬂ?eﬁtéccaf;%"t ec%’ﬁ%io%@%'?go%ﬁoge Ant i body
System Cabebes diyeatRght 9z 0vg¥ods gfivget™8& St r at agene SUr | ZAPTM Phage Di spl ay
Kit, Catal og No. 240612). Additionaily, ekanples-at nmethods and reagents
par ti cul ar loyrraeg nabirentfoptions Seschizoptenie maltder(t) meedicetisn KB SRICPRPISHENDBEY di spl ay
l'ibrary camehenfi@und ginef @Eragsanpl e, U.S. Patent No. 5,223,409; PCT
Publ i cati on No. WD 92/18619; PC 10Pubiication No. WD 91/17271; PCT
Egbl L@aggfg‘f%aé’°’¥\9c“i%%{£&&z"%“ rﬁgicgﬁl\%lisj &%s&@&icﬁlﬁhdicm,%cﬂéﬁgﬁg;sem tcPuEIOi cs\;)i on
: - ication . , fokda@ink On :
62/ 096088 PEPPIBIATRER F8 V50! 6@?4 @é"%g‘métﬁ %ie) B iﬁéog chnot ogy 9:
1370- 1372 (0B, The3/nedt Aohenz g 5o R HABY OB G6 RS 3 iont 1992): Huse
et at, Sci Shiowix@kgNavhes]SFhibp@ine (MYFY) Trifpreradnt (5327 Brerile (LpfPA80 3.
12725- 734 (16993, peibdddnd, Portadrieyazing Gaipdzinadivtcagend Bt mEde (P23 chimeric
and hunani zgg zompaelien@lopiRd. iTheslivesatymkermtipsgdnog: dogt breyaurtrpreiertedfisn- human
portionsg, thaq Bef@lhe plﬁce'fﬁeq%re]tfftgrl feRr oibRRd af dhstReRARINRN: rddiNAF taedni ques,
are wthin the Sgoﬁ’r%qufthé here rlngr\éﬁl%¥ 1@ C§Vvteigrn gginlaﬁgacrbhéljt Adifledtianad. zed
nonocl onal dqueﬂddl esgpar?/ at)_e roduced Y, ecor’r‘r])ci nant DN Blg&gmeques known
in the art .Atmf"r?"@‘éﬁ@?téﬂdf“géﬁf'Fdﬁéﬂfaég'eE) Zfrh)er'?pﬁr\/gﬁ? {}‘oﬁ_ e’ qg., .a nonocl onal
anti body) c@rie) @suEpioaXSEre@iebitZrasidpis (GRRIpR AiPerae'e PREV) RURHIEP SN by
standar d t egiveia0|uesapisdltbpeasnaizbingrill, §ertivol ieereg: &ppRneppmisulpride,
| MTUNOPRLECH BighrBhdk OMMelpePnB Ok ¥FHAR df ElerpSiaR s hbdicaBatis Boekje; Certhacidswett e t he
pur :jf I Cgt I O{?:hl?c{ghr?rﬁ%'ql Ao POLY RERE 'fa(ﬂﬁ'e &f 9Rbees losriizg&dl s&fsfaEtemeHHt@grté_&H';gzoy
produced po i de expressed 1 n host ¢ : . abdib y
specific fo‘?'¥£erg6'1t9ﬁé?:?f'%depatiefngt"hté"sicﬁsggmrﬁ%)an% éen,'%%:“ﬁ°§ip3‘ e'?}gz et((zl)g; et the
25pol ypept i geerpesizctiveness byt pruprphpptgptialhc/ghd sidg e LG e At ant . or ti ssue
sanpl e) in ovdedts.o eval uate the abundance and pattern of expression of the
pol ypepti de. Anti bodies can be used diagnostically to nonitor protein
levels In tissue as part of a clinical testing procedure, e.g., to, for
exanpl e, determne the efficacy of a given treatnent regi men. The anti body
can be coupled to a detectable substance to facliitate Its detection.
Exanpl es of detectabl e substances inciude 30yarl ous enzynes, prosthetic
groups, fluorescent materials, |um nescent nmaterials, biolumnescent
materials, and radi oactive materials. Exanpl es of suitabie enzynmes include
hor ser adi sh peroxi dese, al kali ne phosphat ase, befa-gal actosi dase, or
acetyl chol i nesterase; exanples of suitable prosthetic group conpl exes
i nclude streptavldin/blotin and avidin/biotin; exanples of suitable
fluorescent materials Include unbeiliferetie, fluorescein; fluorescein
i sot hi ocyanat e, rhodarnine, dlchlorotriazinylamne fluorescein, ciansyl
chloride or phycoetythrin; an exanple of a |um nescent material includes
I urni nol; exanples of bloiumnescent materials inciude |uciferase,
itictferin, and aeguorin, and exanples of suitable radioactive materi ai
inc,iude krtie i7xi? nisiH



66 Antibodies may al so be useful in pharmacogenonm ¢ analysis. In such
enbodi nents, antibodi es agai nst variant proteins encoded by nucleic acids
according to the invention, such as variant proteins that are encoded by
nucl eic acids that contain at |east one poiyrnorpfc marker of the
| nvention, cwo2moosied to identify Individuals that requj i fied
treatnent nodalities, Antibodies can furthernore he use%({ﬁfstg)[}rag@g@gssi ng
expression of variant proteins in disease states, sucn as in active, stages
of a disease, or in an individual with &predisposition to a di sease
rel ated to thechuged o intdA@,Rhote) i i cul ar schi zophreni a,
Ant i bodi es Sﬂ%ﬂn&itstEtQ{c;p@enYaﬁg&h%{]‘E}hps P?ég%?r%fgésqu{ehéeﬁgp’gﬁwﬂ NdgEhe fen that i s
encoded by abg&g{ngfir%m cld that conpri SELY gttenibe s ehe Psohapetherpii ¢ mar ker or
hapi ot ype asusoe!gfcr' ed ' Her SiFPPERR ohackebernitso Cervtive herboraltivesppr@spece 100f
the variant protelfi,. YOPCBXEHNectegelstes ewmrs fuorasacPésadinSRasIfic@iink O
schi zophr éni FENnifeeanetr tospits deamresencen@haish N Joall rehLot Sl Nt
Ant i bodi es CHA BE cargedn beciiehestmeRid OlSe, A S,m AN POdL ES are USeful as
di aonostic tobabs isfdagnitwaénléaBélJﬂQhePJpQ,taQLéﬂﬁque%“n%g ,as varl ant pr 6f€1%s of the
i nvention, iRAgeBIAMRLS d?&eWIJJEhi?”ﬁ‘r'eMSi s Dy “el'SCet GERTTER e nritstsparitty,
i soel ectrlc RiiLuot g%\lzteu&nor ot her' Fir%?feé’é’géecﬁfl"{j‘éfsqf,"ewpwcmlogu:sle in other
15physi ca} aé,gta%(s %h TS HBSEOWKt 9 Bsgogniyvehheiiegtive, witAndridiogioasneA@y al so be
used in tissue. aﬂg $AYreblersh AR % brein aetvistod peersyredbySpRGIRI M1 X BNt protein
has been corPPEPHT &WP™pirt fPorisereels®iennt therdby SPHRE iidciies L, s%éH%ogtnb(igr?as and.
ant i bodi es gpeeicknipnftas stolve ei@ky. ant protein can then be used to 1dentify
the specific tissue type. Subcollular |ocalization of proteins, including
vari ant pr otfenhsTheredror 84usioh QuhAR bkl Lpg,20anti bodi es, and can he
applied to assesSoABRLEAN., FLRCS! |°Hj§?f§ﬁ6'}é§!ifgg’5’( TSRS YA IdPIdtEiEn I n cel I s
in various G §8HERL, SHGD. USe can cpe appl T4 19 b5 Byesiet!i & leddfithadyratbut  ai so i n
moni toring g parti cul ar °1 reat Mske D HRIEPY jre ImRrctdhechierd@nibe faeniles gat Nent i s
ai med at correctihg PHE Bxprerisioiied witethe prreping senmaityah sdhip\Ladiaant protein
or aberrant "5UYErE " Hiegtls d4nrpmoevidencedeveleoR reR batal ﬁ?ﬁpfrﬁﬁﬁ Atho@ih thdi€ Vari ant
protein, ant?8at¢ bsn specirtinegsfi@rrintiRg. ¥ahd @Afes PJthefdlzﬁedgFe et e t hereof
can be usedotmus@Bren baarotleN@EAPEMLLGeLT f | Cacy. Antibodi 5 are FeiFt her
useful for inhibiting variant protein function, for exanple by blocking the
bi ndi ng @f ahevBtehi@aMbaePit RtBlall el indi ng nol ecul e or partner, Such uses
can al so be,appli gd Je&rié’edtaﬁ'gvﬁ ﬁggjgatt?!&tm&s ﬁ%ériitmf"ﬁ UEipA %:'H'"tenabra%dﬁﬁew i nvol ves
i nhi bi ting g .yariant gr ot el n''s" 1 URCPT'HRTCCREY antph cthyactaredive It foandexanpl e be
used to bl ock or compety Prisaicy of 'pnPEEnasherdinerylogit mes@bybns by a
30i nodui at i WGEG6TI23' F™ apuatinvithgermenbiag): diub €eagértMh e cSthext 5 LT €1 N.
Anti bodi.es ARSI st spmpete, AQRLNG] and PRGN obiaRFAGhdhe! ARIBNLS. SOt ai ni ng
sites r@bui ssnck GrimsEes bidsGy ket 0By RlnAGRLHSL, AN | ’.]{yaCt protein that is
associ at ed sMdatrkenBwithhedicon %‘%Je&plerrcﬁd%prs%"v?t fFor adm ni 8 &t FBiT9Pevi vo, an
anti body may be |inked with an addi trongl v REHSeY RISy reaEa.such as
radi onuci i d®per@dRa:5B% . j mmunogeni ¢ epitope, or a cytotoxic agent,
i ncl udi ng braagtbg%;e%_jﬂ ﬁg{?f’%gﬁeﬁl&f’mmﬁ% therapyis 08 SIngifgredt ok stiiRe treatrodnt s ri Ci n) .
The in VIVO hal f-TT T8 Of BHMER OB sPts Avefighein moheseaite wRye be i ncr eased
by pegyl at i%ﬂptf"ﬂﬁﬁﬁ?jﬁ”&fbﬁf ageent ord it eoqoheyieddmiytluenedgH e uidelinBin 116, PT €sent
I nventi &h {RIFEREHE I Blediowst efetiel theudhnerd i hdW@cotiteh sl BSuck o R0

. . . . A= Zophreni .
descri bed Ivéeeiin. PHiiosurbenChad des vechd a faR pmgdul-éa%fsengt to, Kits 0r""det ect i ng
t he pr eSen(teaﬁfentaor\é&ﬁz.bﬁlrﬁnlaprlqtoﬁé g}pécﬂof{i‘hetir?v%rgt Satn%h.ie.- ?dqewgcfegr red
enbodi ment £AEBL SRS ARL | Psgﬁﬂe?ﬁer&?@) as 'ac abel ‘ Ugit's FagiRsptatyF ef aant | body and
a corrpound,sg_[seoqggg"g adhor ge}]ec I'ng  vari"afte prrstreinAs with azy dog oltogineal  sanpl e,
means 5{or determ ning PRANARRD A RTUBHAr ErerEm et mewiiy Coreadtborenabsensanf vari ant
protein’in THe “?éPﬁYF'é’,'aé?@'ﬂaﬁwh%re%ohoutdmmaﬁihi&grea.hﬁmeaETlDéJIR-E wRifin t@r i ant
protein i nPtHElitsaniticins it fo dagsbame akdse 2sn WA bia@S 2l NS L LEL] %‘? ?or use of
the kit, TRerrigsestménnyvant é0Rs Wstible HVHRE sgésetjgpr!,aixi]:niizgt et? ﬁ?e ol | owi ng
non-il mti pgitex@BAehdSo the particular therapy. SISSeR e



68 EXAWMPLE 1. Large recurrent M Crodel etionS at 1g21,1, 1501.2 and tSql 3,3
associ ated with Schi zophreni a Reduced fecundity; associated wth severe
ment al di sorders | aces negative selection pressure on risk alleles and
may expl ai ¥V Q #1 %{’rlf why common variants have not been FPEUAWOVENRIE} ring risk
50f disorders such as autism schizophrenia and nental retardation. Thus,
rare variants may account for a largersfraction of the overall genetic ri sk
than previously assunmed. In contrast to rare single nucleotide nutations,
rare copy nUfBEFeny'arentanaisn seiateeip inptgyds ebmerniserind @togessen effrsiivegesgefror ne- wi de SNP
arrays. Thitseahvast dpgich foroscitidvehrerdke Mhe freat@énit oprioo naMheudesOEitatdelew t h nent al
retardati onme@ncheatibdtSent opt@INOmAPRY GRENTHR @ PIdcAY Bl BItG JRSmE & USe a | arge

popul at i on-dlassdatdh &Q@lﬁédné PRk dNQ¢IQlI 'atnynt%etﬁpqmgdug\ly% gpen&’cl owed by

testing ) n a.sa hoses

pati ent S; (p lﬂgﬁer?n D witlhg-u dNO qr b morﬂBrlng ex?resslon Pf;'ﬁsn%réal; ar&aiﬁ)ﬁ aﬁd \}%ﬁ’ iants from
phase 1 In Vzi’”%"é G ?'a{?adiffs 83 °8’pf5ﬁhh%@erlewh) offfie Praresiio ety 5k, where we
sear ched f oTE"HERIAR; EheERAzded rRefYpdrtidresgn Popeasitetio artisryk smwlet(hat 2 paripbdr® nDSt
often. |f tHved@wwld dertidpéy @dplay Expressive leyeld dwod bRuCEERREVhisbet he popul ati on
despi te r el aterieddbeldiedAd BlthgtrbBRerk 8f Ronftorlds LhacMRBest NRIABIRY, ort NEY are likely
to oe Un@ercoﬁl‘%ﬂ@;n‘dy@hess@t@%&\Q&p&ft%%%ﬁ(l%n w&notYp% héalgrtdépl%z;ye £RRILL, 11 sk of

di d t §
C:\lf/gr gg;z Ig@'on% ﬁga'%ﬁang Eé/sctuéopgre{ua p%?egtl;%d aerﬁlBSLﬁegEn? 'E)“H Bfggéad @é’ over de rove

Wl e (2460
trios and §'%§§"Hﬁr"‘§ﬂf°r FEPYING pai rs, none of which were known to have

schi zophreni a, 20Table 1) providi n% i nf ormation on 9,876 transm ssions. O
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chronosone 15 deletions found in the current study. The gene deletions in
the 15911.2 region are nost likely to he responsible for both the autistic
and i sobsessive conpul sive features observed in AS and PWs with class one
del etions, and the schi zophrenia phenotype in this study is CIFIP1 (Figure
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mainframe computers, distributed computing environments that include any of the above

35 systems or devices, and the like.

The steps of the claimed method and system may be described in the general context of
computer-executable instructions, such as program modules, being executed by a computer.
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detectable substance to facllltate Its detection. Examples of detectable substances include

30  various enzymes, prosthetic groups, fluorescent materials, luminescent materlals,
bioluminescent materials, and radioactive materials. Examples of suitable enzymes include
horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or acetylcholinesterase;
examples of suitable prosthetic group complexes include streptavidin/biotin and avidin/biotin;
examples of sultable fluorescent materials Include umbelliferone, fluorescein, fluorescein

35 isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansy! chloride or phycoerythrin;
an example of a luminescent material includes luminol; examples of bioluminescent materials
include luciferase, luciferin, and aequorin, and examples of sultable radioactive material include
1251' 13;1, 355 or *H.



del chi-1:144943150..146293262 clop chr1:241675290" 241777030 del chri
1 66467172..666816Th del ch. 2:19443-11594900 dun chr2:102606905. . 204072966
dup onf2:198763049- 198060613 del chr22396130643-242692520 del

chr 2: 5084704Q. 71 del chr2: 96614686. . 97033113 del ponc2009/000008
chr 3: 174602@02.05?10%% 373631 del chr3: 197326641, . 19770419 1 o]

1"chr3: 71223511. . 71619797 dup Chr3:950%?960-99373057

Antibodles may also be usefui In pharmacogenomic analysis. In such embodiments, antibodles
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 polymorplc marker of the
Invention, can be used to identify individuals that require modified treatment modalities.

5  Antlbodies can furthermore be useful for assessing expression of variant proteins in disease
states, such 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. Antlbodles specific for a
variant protein of the present invention that is encoded by a nucleic acid that comprises at least
one polymorphic marker or haplotype as described herein can be used to screen for the presence

10 of 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, antlbodles are useful as diagnostic tools 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

15  physical assays known to those skilled in the art. Antibodies may also be used in tissue typing.
In one such embodiment, a specific variant pratein has been correlated with expression In a
specific tissue type, and antibodles specific for the variant protein can then be used to Identify
the specific tissue type.

Subcellular localization of proteins, including varlant proteins, can also be determined using

20 antlbodies, and can be applied to assess aberrant subcellular localization of the proteln in cells in
various tissues. Such use can be applied In genetic testing, but also 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, antibodles specific for the variant protein or fragments thereof can be used to

25  monitor therapeutic efficacy.

Antibodies are further useful for inhibiting varlant protein function, for example by blocking the
Iblndlng 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

30 modulating (l.e., agonizing or antagonizing) the activity of the protein. Antibodies can be
prepared against specific protein fragments containing sites required for specific function or
against an intact protein that Is associated with a cell or cell membrane. For administration in
vivo, an antibody may be linked with an additional therapeutic payload, such as radionuclide, an
enzyme, an immunogenic epitope, or a cytotoxic agent, including bacterial toxins (diphtheria or

35  plant toxins, such as ricin). The in vivo haif-life of an antibody or a fragment thereof may be
Increased by pegylation through conjugation to polyethylene glycol.
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The present invention further relates to kits for using antibodies in the methods described
hereln. This Includes, but Is not limited to, kits for detecting the presence of a varlant proteln in
a test sample. One preferred embodiment comprises antlbodles such as a labelled or labelable
antibody and a compound or agent for detecting variant proteins in a biological sample, means

5 for determining the amount or the presence and/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 will now be exemplified by the following non-limiting examples.
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EXAMPLE 1. Large recurrent microdeletions at 1g21.1, 15911.2 and 15q13.3
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

5  of 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 varlations (CNVs) can be detected using
genome-wide SNP arrays. This has led to the identification of CNVs associated with mental
retardation and autism.

10  The approach we emplayed here was to use a large population-based discovery sample to
identify de novo CNVs, followed by testing for association in a sample of schizophrenia and
psychases patlents (phase I) and finally replicating the most promising variants from phase IIn a
second larger sample (phase II). The discovery phase, where we searched for de novo CNVs,
enriches for those regions that mutate most often. If the CNVs ldentifled are In very low

15 frequency in the population despite relatively high mutation rate (>1/10,000 meiosis), they are
lkely to be under negative selection pressure. Such variants may confer risk of disorders that
reduce the fecundity of those affected.

To uncover de novo CNVs genome-wide we analyzed data from a population based sample
(2,160 trlos and 5,558 parent offspring pairs, none of which were known to have schizophrenia,
20  Table 1) providing information on 9,878 transmissions. Of the 66 de novo CNVs Identified, 23
were flanked by low copy repeats (LCRs) and nine additional had a LCR flanking only one of the
deletion breakpoints. Of the remaining 34 CNVs (not flanked by LCRs), 27 were only found in a
single control sample (the discovery trio) out of the 33,250 tested whereas 18 out of the 23
CNVs flanked by LCRs were found in higher frequency in the large control sample (Table 2).

25  The 66 CNVs were tested for association In our phase I sample of 1,433 schizophrenia and
related psychoses patlents and 33,250 controls from the SGENE consortium (http://sgene.eu/),
all typed at deCODE genetics using the HumanHap300 chip. For eight of the 66 CNVs tested, at
least one schizophrenia patient carrled the CNV, and for three large deletions, nominal
association with schizophrenia was detected (uncorrected P-value < 0.05, Table 3). The three

30  deletions nominally associating with schizophrenla 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 1g21.1, 15g11.2 and 15913.3, significantly assoclate with schizophrenia and
psychosis in the combined sample (P=2.9x 10°%, OR=14.83, P=6.0x10, OR=2.73 and
P=5.4x10", OR=11,51, respectively). Removing cases with psychosis, other than DSMIV and

35  RDC defined schizophrenia (in total 161 cases, 49 with unspecified functional psychosis, 89 with
schizoaffective disorder, 17 with schizophreniform and six with persistent delusional disorders),
gave comparable results for the 1g21.1 deletion (P=2.31%10%, OR =15.44) while the association
for 15q11.2 and 15q13.3 deletlons was no longer significant (P=9.57x10", OR=2.66, and
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P=1.02x10", OR=11.29, respectively (uncorrected for 66 tests)). Historically, classification
schemes tend to group diseases by their signs and symptoms. There is, however, no reason
why the phenotypes assoclating with a particular CNV should be conflned to the current
nosological boundaries of any single psychiatric disorder. Qur findings, in this respect, resemble
those from the 16p11.2 deletlon (Welss, L. A. et a/. Association between Microdeletion and
Microduplication at 16p11.2 and Autism. N Eng/ J Med (2008)) and the translocation disrupting
the DISCI gene In a large Scottish pedigree (Millar, J. K. et al. 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
psychopathology. It Is therefore worth noting that among the eight controls carrying the
15q13.3 deletion there is one autistic individual (there are samples from 299 autistic individuals
among the 39,800 control samples genotyped 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 patlents, the deletion spans about 1.38
Mb (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 144,106,312 Mb, about 2.19 Mb
(Figure 1A and Figure 2). Seven of the eight Icelandic controls have the shorter form of the
deletion and one cantrol has the longer form. Previously reported 1g21.1 deletions in two cases
.of mental retardation Inoue, K. & Lupski, J. R. Molecular mechanisms for genomic disorders.
Annu Rev Genomics Hum Genet 3, 199-242 (2002), Lee, J. A., Carvalho, C. M. & Lupski, J. R. A
DNA replication mechanism for generating nonrecurrent rearrangements assoclated with
genomic disorders. Cell 131, 1235-47 (2007)), two autistic individuals (Ni, X. et a/. Connexin 50
gene on human chromosome 1q21 Is associated with schizophrenia in matched case control and
family-based studles. J Med Genet 44, 532-6 (2007)) and one schizophrenia case (Walsh, T. et
al. Rare structural variants disrupt multiple genes in neurodevelopmental pathways in
schizophrenia. Science 320, 539-43 (2008)) are consistent with the shorter form of the deletion.

The 1.38 Mb deleted segment common to both the large and the small form of the 1qZz1.1
deletion s gene rich (Figure 1A). The GJA8 gene has prevlously been reported as associated
with schizophrenia (Ni, X. et al. Connexin 50 gene on human chromosome 1q21 is associated
with schizophrenla in matched case control and family-based studies. J Med Genet 44, 532-6
(2007)). On the HumanHap300 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
(Brzustowicz, L. et al., Science 288, 678-82 (2000); Gurling, H. M, et al,, Am J Hum Genet 68,
661-73 (2001); Hwu, H. G., et al., Mal Psychiatry 8, 445-52 (2003); Zheng, Y. et al., Biochem
Blophys Res Commun 342, 1049-57 (2006)), the 1921 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 reciprocal
duplicatlion, using FISH (Figure 3), show that other rearrangements, such as chromosomal
translocations, are unlikely to be associated with the deletion.

chrl
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The deletion at 15q11.2 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 deletlon spans approximately 470 kb (chr15:20,306,549-
20,777,695) and several genes are deleted (Figure 1B and Figure 4). A single case with mental
retardation and severe speech impairment has previously been reported with the 15q11.2
deletion (Murthy, S. K, et al., Cytogenet Genome Res 116, 135-40 (2007). Although the region
is not Imprinted, it Is deleted In a minority of cases of Angelman syndrome (AS) and Prader Willi
syndrome (PWS). Recent analysis show that AS cases with class I deletions (includes the
15q11.2 deletion) are significantly more likely to meet criterla for autism. PWS type I deletions
are assoclated with increased risk of preservative/obsessive compulsive behavior, deficits in
adaptive skills and lower intellectual ability. Thus, the autistic features in AS and the preservative
behavior of PWS 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 be responsible for both the autistic and
obsessive compulsive features observed in AS and PWS with class one deletions, and the
schizophrenia phenotype in this study is CYFIP1 (Figure 1C). CYFIP1 interacts with fragile X
mental retardation protein (FMRP) as well as with the Rho GTPase Racl, which is involved ir
regulating axonal and dendritic outgrowth and the development and malntenance of neuronal
structures. Over 30% of children with Fraglle X syndrome meet criteria for autism(Rogers, S. J.,
et al., The behavloral phenatype in fragile X: symptoms of autism in very young childrer with
fragile X syndrome, idiopathic autism, and other developmental disorders. J Dev Behav Pediatr
22, 409-17 (2001)) with highest rates observed in cases with Prader Willi features without the
deletion on 15q. Notably, the Fragile X mutation results in a reduction in expression levels of the
CYFIP1 gene (Nowicki, S. T. et a/. The Prader-Willi phenotype of fragile X syndrome. J Dev Behav
Pediatr 28, 133-8 (2007} and Fragile X syndrome behavioral abnormalities resemble features of
schizaphrenla. Fraglle X syndrome is due to complete loss of function of FMRP, whereas the
hemizygous deletion of CYFIPI would only cause partial disturbance of FMRP function, in which
case an effect simllar to that observed In Fraglle X in females and obligate carriers might be
expected. These women have attentional deficit and extreme shyness and anxiety, and they may
also present with psychiatric disturbances of which psychotic behavior s the most frequent
(Borghgraef, M., et al., The female and the fraglle X syndrome: data on clinical and psychological
findings In 7 fra(X) carriers. Clin Genet 37, 341-6 (1990), Thompson, N. M. et al.,
Neurobehavioral characteristics of CGG amplification status in fragile X females. Am J Med Genet
54, 378-83 (1994),

The 15q13.3 deletion Is also significantly associated with schizophrenia and related psychoses in
the combined samples (Table 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 1C and Flgure S), the alpha7
nicotinic receptor gene (CHRNA?), is targeted to axons by Neuregulin 1 (Hancock, M. L., et al.,
Presynaptic type III neuregulinl-ErbB signaling targets {alpha}7 nicotinic acetylcholine receptors
to axons. J Cell Biol 181, 511-21 (2008), has been implicated in schizophrenia (Freedman, R. et
Ial., Linkage of a neurophysiological deficit in schizophrenia to a chromosome 15 locus. Proc Nat/

>5
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Acad Sci U S A 94, 587-92 (1997) and also in mental retardation (Sharp, A. ). et a/., Discovery

of previousty unidentified genomic disorders from the duplication architecture of the human
genome. Nat Genet 38, 1038-42 (2006). Mice lacking the alpha7 subunit of the neural nicotinic
receptor show a minor impairment in the matching-to-place task of the Morris water maze,
taking longer 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 CHRNA7 in schizophrenia and its
endophenotypes (Fernandes, C., et al., Performance deficit of alpha? nicotinic receptor knockout
mice in a delayed matching-to-place task suggests a mild impairment of working/episodic-like
memory. Genes Brain Behav 5, 433-40 (2006).

On the HumanHap300 array, 99 SNPs are affected by the deletlon on 1q21.1, 54 by the 15q11.2
deletion and 166 by the 15q13.3 deletion. Statlstically significant association, after correction
for the number of tests performed, was not found with schizophrenia and individual SNPs at the
three deletion loci, although some of the markers show nominally significant association (Tables
6 - 8). Itis however possible that some of these markers represent real association signals that
may show statistically signficant association given a larger sample slze. Furthermore, rare
variants at these loci might stilll associate with schizophrenia as they are not tagged by markers
on the HumanHap300 chip. Finding such variants probably requires re-sequencing of the deleted
Interval in a large sample of cases and testing Identified variants for enrichment in schizophrenia.

From avallable records, we see that cases carrying the 1q21.1, 15q11.2 and 15q13.3 deletlons
have clinical response rates to neuroleptics that are comparable to the general schizophrenic
patient population. Family history of schizophrenia in close relatives is also comparable to other
schizophrenia patlents 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 abilitles was only available for a fraction of the cases with
deletions. None of the cases carrying the three deletions were known to be mentally retarded;
however, three cases carrying the 1q21.1 deletion had learning disabllitles 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 22q11, previously shown to assoclate with schizophrenia (Murphy, K. C.
Schizophrenla and velo-cardio-facial syndrome. Lancet 359, 426-30 (2002), Ousley, O., et al., A
review of neurocognitive and behavloral profiles assoclated with 22q11 deletion syndrome:
implications for clinical evaluation and treatment. Curr Psychiatry Rep 9, 148-58 (2007). T he
large VCFS deletion was present In eight out of 3,846 cases tested (0.2%) (Icelandic (N=1),
Scottish (N=5), Dutch (N=1) and German (Bonn, N=1)) but was absent in 39,299 controls
(P=4.2x10°, OR=Inf).

Apart from association to schizophrenia, the deletions at 1921.1, 15q11.2 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 1921.1 and 62
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carry the deletion on 15q11.2. But not all of these cases resulted from ‘first-generation’ de novo
events, i.e, some cases inherited the deletions from their parents. Specifically, by examining the
haplotype (sequence of SNPs) background of the deletions and the known familial relationship
between the carriers, we deduced that the nine 1g21.1 deletions correspond to six independent
5 mutation/deletion events, the eight 15q13.3 deletions correspond to six independent
mutation/deletion events and the 62 15q11.2 deletions correspond to approximately 32 separate
events (It Is noted that the 15q11.2 deletions In the four Icelandic schizophrenia 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,

10 moreover, could pass on the deletion to their children. However, the probability that the carriers
could pass on the deletion to a child appears to be substantlally lower than that under a model of
neutrality and fecundity of carriers therefore reduced. All three deletions, particularly the
15q11.2, occurred rather frequently as a de novo event. Assuming that the deletions do not
repalr themselves (or only doing so with very low probability) during successive meioses, being

15 neutral, the deletions would be expected to have a much higher frequency in the population than
observed. Consider the 15q11.2 deletion. When we study the carrlers palr-wise, 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.

20 However, for two carriers that are separated by more than six meioses, it is nearly always that
the deletlons they carry are results from two separate deletion events. This implies that the
deletions 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 abserved out of 33,090 would correspond to an estimated

25 mutation/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 10,000. This is slightly higher, but not
inconsistent, with the 1 In 9878 transmissions 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

30  back 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 = 0.006, or about 198 carriers
in 33090 Individuals examined. This Is substantlally higher than the 62 carrlers we actually
observed.

We emphasize that the analysis described above Is only meant to be descriptive. Mare rigorous

35  investigation is needed to fully understand the selection pressure on the 1g21.1, 15q11.2 and
15q13.3 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 carrlers due to other phenctypes, and also transmission disequilibrium from carrier to child,

40  l.e. the normal chromosome had a higher probability to be passed on than the chromosome with
the deletion.
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All the CNVs are flanked by large and complex LCRs sequences (Figures 2, 4 and 5). The LCR can
medlate non-allellc homologous recombination (NAHR) which may result in loss or galn of
genomlc segments (Inoue, K. & Lupski, J. R. Molecular mechanisms for genomic disorders. Annu
Rev Genomics Hum Genet 3, 199-242 (2002). Through this process CNVs under negative
selection can be malntalned at low frequency In the population. Other mechanisms for
generating rearrangements (Lee, J. A. et al., A DNA replication mechanism for generating
nonrecurrent rearrangements associated with genomic disorders. Cell 131, 1235-47 (2007))
cannot be excluded. For none of the deletions, associating with schizophrenia, are we able to
pinpoint which LCRs are mediating the NAHR due to the complexity of the regions flanking the
deletions. It Is noteworthy that the same CNVs 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
schizophrenia, namely large recurrent CNVs likely to be under negative selection pressure, rather
than testing a large number of selectively neutral CNVs. 1t is ifmportant to identify all recurrent
CNVs under negative selection and test those variants for enrichment in well powered samples of
schizophrenia cases as well as cases of autism and mental retardation. To determine diagnostic
and treatment Implications It is also Important to study the CNVs conferring risk with respect to
drug response, disease progression and symptomatology. Two of the three deletions described
here confer high risk of schizophrenia (OR>11) whereas the third is more comman 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 likley to be clinically useful in diagnosis and risk assessment.,
Although the CNVs reported here only account for a very small fraction of the genetic risk of
schizophrenia this is an exciting step toward what promises to be a fruitful field for further
investigation.

METHODS

Subjects. This study was approved by the National Bioethics Committees or the Local Research
Ethical Committees and Data Protectlon Commisslons or laws In the respective countries,
Iceland, Scotland, UK, Germany, Finland, Italy, Denmark, Norway, The Netherlands and China.
Informed consent was abtained from all patlents Of the 4,726 genotyped cases, 4,565 were
diagnosed with schizophrenia, 49 with unspecified functional psychosis, 89 with schizoaffective
disorder, 17 with schizophreniform and six with persistant deluslonal disorders.

ed
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Genotyping. The SGENE samples (samples from seven European groups,
http:\\www.SGENE.eu) typed on the HumanHap300 chip, were used in phase I of the study
(Table 3). In phase II, (Table 4) CNV data were derived from; the HumanHap300 chip, the
HumanHap550 chip, the Affymetrix GeneChip(r) GenomeWide SNP 6.0 or dosage measured

5  uslng Tagman probes (Bleche, 1. et al., Novel approach to quantitative polymerase chain reaction
using real-time detection: application to the detection of gene amplification in breast cancer. Int
J Cancer 78, 661-6 (1998. The Scottish samples in Table 4, were typed at Duke University
{HumanHap550) in collaboration with GSK as were 420 of the German samples all from Munich
(HumanHap300). The remaining CNV data (HumanHap550) from Germany (Table 4, N=491)

10 were obtalned from the Unlversity of Bonn. Norweglan samples (Affymetrix GeneChip(r)
GenomeW|de SNP 6.0 array) were analyzed using the Affymetrix Power Tools 1.8.0. Desage data
for Danlsh and Chinese samples were generated at deCODE using Tagman assays (Bieche, 1. et
al. Novel approach to quantitative polymerase chain reaction using real-time detection:
application to the detection of gene amplificatlon In breast cancer. Int J Cancer 78, 661-6

15 (1998)). Samples with CNVs were verified by genotyping respective samples using the
HumanCNV370 chip.

Statistical analysis. For the genome-wide study of de novo CNV associating with schizophrenia
the significance threshold was set at 7.6x 10™, which Is approximately 0.05/66, the number of de
novo CNVs Identlfled and tested. All P-values are two-sided and there is no overlap between

20 samples in Tables 3 and 4. An exact conditional Cochran-Mantel-Haenszel test (conditional on
the strata margins) was used to test for association of schizophrenla and the varlous CNVs.

De novo CNV analysis and Dosage measurements

De novo CNV analysls. To uncover de novo CNVs, genome-wide we analyzed data from a

25 populatlon based sample of 2,160 trios and 5,558 parent offspring pairs, totaling 9,878
transmissions. Samples were genotyped using the Illumina HumanHap300 or the
HumanCNV370 chips. To identify de novo deletions, we combined two complementary methods:
DosageMiner, a Hidden Markov Model algorithm based on intensity data that is similar to that
reported by Colella et al. (QuantiSNP: an Objective Bayes Hidden-Markov Maodel to detect and

30 'accurately map copy number variation using SNP genotyping data. Nucleic Acids Res 35, 2013-
25 (2007)) and a procedure utilizing inheritance errors and the neighboring genotype
configurations comparable to that described by Conrad et a/.(A high-resolution survey of deletion
polymorphism In the human genome. Nat Genet 38, 75-81 (2006). When only one parent was
typed, using genotype information allowed us to identify deletions as putatively de novo by

35  assessment of regional parental heterozygosity. To identify de novo duplications we analyzed
'CNV data from the 2,160 trios using DosageMiner.
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CNVs in phase I were identified by using the DosageMiner software developed by deCODE
genetics and loss of heterozygosity analysis. CNV events stand out in the data from two
perspectlves. First, all sample intensities for SNPs/probes within a CNV should be increased or
decreased relative to neighboring SNPs/probes that are not in a CNV region, secondly CNVs can

5 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 were determined by a fit of the followlng equatlon:

log(xu ) = f(ar7gc(j))+ Hjgntiy T :Bi +é&,

10 where | is sample Index, JIs SNP index, x; is colour intensity for sample i in SNP j, gc(j) is an
Indicator of GC-content around SNP j, f is a smooth function of GC-content, g, are sample specific
parameters for GC content, gen(l,j) Is the genotype for sample | for SNP j, ¢ Is the SNP effect
for genotype gt and SNP j, B, is sample effect, g is the unexplained part of the signal, including
noise. The same model with another set of parameters Is used for the other colour yy. A

15  generalized 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 f. After fitting the model, the
data is normalized by removing the systematic model components. We conslder a region to be a
deletion/duplicatlon if the average intensity over at least ten markers in a region falls
below/above an emplrically determined threshold.

20 To identify regions demonstrating loss of heterozygosity (LOH) markers are split into three
classes: 1) Shows LOH, 2) Inconsistent with LOH, 3) Consistent with LOH. Class 3 is further split
Into these subclasses: a) consistent with transmitted LOH b) consistent with de novo LCH, A
marker shows LOH if a child is homozygous for one allele and a parent is homazygous for the
other allele. A marker is inconsistent with LOH if the child is heterozygous. A marker is

25  consistent with LOH if the child is homozygous and the parent is homozygous for the same allele
or heterozygdus. 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

30 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 genome is more likely to be
evidence of a deletion in the child. We consider a region to be a putative deletion If at least two
markers are showing LOH and de novo if consistent with de novo LOH.

We analyzed 9,878 offspring/parent pairs consisting of a total of 7,718 offspring and 7,121

35 parents. Using LOH analysis we define a candidate deleted region if mare than one marker shows
Inherltance error within a reglon of homozygous markers. We identified a total of 270 candidate
de novo deletions using this approach. Of these, 80 belong to six distinct individuals which all
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had multiple regions identifled as de novo deletions on the same chromosome. Upon further
inspection of the data for these individuals we concluded that they were examples of unlparental
disomy. Once these Individuals were removed, the remaining 190 putative de novo deletions
were compared with the output of DosageMiner, and 55 were consistently called deletions by
both approaches. These 55 de novo deletions represent 51 loci. In addition 15 large
duplications, of 20 or more consecutive markers, were also identified in the trio sample by
DosageMiner.

Dosage measurements — Tagman. The Danish and Chinese samples in Table 4 were typed
using Tagman assays (Bleche, I. et al., Novel approach to quantitative polymerase chain reaction
using real-time detection: application to the detectlon of gene amplification in breast cancer. Int
J Cancer 78, 661-6 (1998)). The 1g21.1 assay (PRK assay) and 15q11.2 (NIPA2 assay) were
designed using Primer Express software. Applied Biosystems provided FAM labeled probes for the
assay which were run as described by Bieche (Bieche, 1. et al. Novel approach o quantitative
polymerase chain reaction using real-time detection: applicatlon to the detection of gene
amplification in breast cancer. Int J Cancer 78, 661-6 (1998)). For the reference assay we used
a probe In the CFTR gene and use the same protocol. The second reference assay, RNASEP
ready to use assay, was supplied by Applied Biosystems (Foster City, CA, USA). Samples
identified with deletions or duplications by the Tagman dosage measurements were confirmed by
typing the sample on the [llumina HumanCNV370 array.

Probe and primers used for the 1q21.1 assay: 6FAM - CCTGCTGTGTGGGCT - MGB,
PRK - F CCTTCAGACCAGCGGATAACA and PRK-R CATGGCAGCAGGATTTGGA

Probe and primers used for the 15q11.2 assay: 6FAM - CAGAGCAGATTGTTATGTAC - MGB,
NIPA2 - F GACTGAAAACGCGCCGATT and NIPA2 - R CCATGGACAGACAAACATTCTTG

Probe and primers used for the CFTR assay: 6FAM - ATT AAG CAC AGT GGA AGA A - MGBNFQ,
CFTR-F AACTGGAGCCTTCAGAGGGTAA and CFTR- R CCAGGAAAACTGAGAACAGAATGA

Plates were sealed with optical adheslve cover (Applied Biosystems) and the Real time PCR
carrled out on an ABI 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°,.

SUBJECTS AND ASCERTAINMENT

Iceland. The Icelandic sample consists of 646 schizophrenics and 32,442 controls. Patients and

controls are all Icelandic and were recruited from all over Iceland. Diagnoses were assigned
according to Research Dlagnostic Criteria (RDC) (Spitzer, RL., et al. Research diagnostic criteria:
rationale and reliability. Arch Gen Psychiatry 35, 773-82 (1978)) through the use of the lifetime
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version of the Schizophrenia and Affective Disorders Schedule (SADS-L) (Spltzer RL., et al. The
schedule for affective disorders and schizophrenia, lifetime version, New York State Psychiatric
Institute, New York, 1977). Of the 646 subjects, 617 were diagnosed with schizophrenia, 24 with
schizoaffective disorder and five with unspecifled functional psychosis.

5  The 32,250 Icelandic controls used for this study were recrulted as a part of varlous 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),
Alzheimer's Disease (700), Anxlety and Panic Disorder (1100), Asthma (1400), Attention Deficlt

10 Hyperactivity Disorder (500), Benign Prostatic Hyperplasia (900), Breast Cancer (1600), Chronic
Obstructive Pulmonary Disease (900}, Colon Cancer (1000), Coronary Artery Disease (4000),
Deep Vein Thrombosis (1000), Dyslexia (700), Endometriosis (300), Enuresis (900), Obesity
(800), Glaucoma (200), Hypertension (2400), Infectious Diseases (2500}, Longevity (1600),
Lung Cancer (300), Melanoma (500), Migraine (1300), Osteoarthritis (2600), Osteoporosis

15 (3000), Polycystic Ovary Syndrome (1400), Periphera! Artery Disease (1500), Preeclampsia
(800), 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 populatlon controls (900). Because some of the Individuals used as controls were
participants In more than one program, the numbers of participants in individual programs sum

20 to more than 32,442.

Finland. The Finnish sample consists of 191 schizophrenics and 200 regionally selected controls
that had no medical history of schizophrenia. Approximately half of the sample originated from
an intermal isolate 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 dlagnosls to glve a best-estimate lifetime diagnoses according to the criterla
of Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-1V) (Diagnostic and
statistical manual of mental disorders, fourth edition (DSM-IV)}, Amerlcan Psychlatric Press, Inc,
Washington DC, 1994).

Scotland. The Scottish sample is comprised of 211 schizophrenla cases and 229 controls used in
30 phase I and a replication cohort, 451 schizophrenia cases and 441 controls. All participants self-
identified as born in the British Isles (95% in Scotland). All cases met DSM-IV and an ICD-10
criterla 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 lliness or use of
35  antlpsychotlc medication.
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UK. Samples from the UK subjects (N=105) were drawn from the Maudsley Family Study of
psychosis (Rosa, A., et al. Further evidence that congenital dermatoglyphic abnormalities are
associated with psychosis: a twin study. Schizophr Buil 28, 697-701 (2002)),

fhe psychosis twin study (Toulopoulou, T., et a/. Episodic memory in schizophrenic patients and
5  their relatives. Schizophr Res 63, 261-71 (2003)), and the genetics and psychosis (GAP) study.
All controls were unrelated white European Caucasians (N=96). All patients were interviewed
with the Schedule for Affective Disorders and Schizophrenia Lifetime Verslon (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
10 'uslng the Item Group Checklist (IGC) of the Schedule for Clinical Assessment in Neuropsychiatry
(SCAN, Manual,World Health Organization, 1594).:Only patients with an ICD-10 research
diagnosls of schizophrenia were finally Included as cases. Patients were receiving a variety of
antipsychotic medications at the time of assessment. The study received approval from the
Ethics Committee of the South London and Maudsley Trust and after complete description of the
15 study to the participants, written Informed consent was obtained.

Italy. Dlagnosis of the 85 Itallan subjects was identical to that for the GAP sample (See UK
subjects). Patients with a diagnosis of psychotic disorders (ICD-10, F20-F25) attending the
South Verona CMHS were identified from the South Verona Psychiatric Case Register, and cases
with ICD-10 research diagnosis of schizophrenla were finally Included. The controls (N=91) were

20  unrelated volunteers randomly selected from the general population of South Verona. The study
received ethlcal approval and after compiete description of the study to the participants, written
informed consent was obtained.

’Ggrmaaz — Munich. The Munich sample consisted of Caucasian 615 cases and 614 controls.
Cases diagnosed with DSM-1V schizophrenia were ascertained from the Munich area in Germany.

25  Samples from 195 cases and 192 controls were typed for phase [ and the remaining samples
used in the replication phase. Detailed medical and psychiatric histories were collected, including
a clinical interview using the Structured Clinical Interview for Axis I DSM-IV Disorders (SCID)
(First, MB., et al. Structured Clinical Interview for Axis I DSM-1V Disorders, Biometrics Research,
New York, 1994). Exclusion criteria included a history of head injury or neurological diseases.

30 'The conirols were unrelated volunteers randomly selected from the general population of
Munich,

Germany - Bonn. 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  )nformation including structured interview with the SCID (First, MB., et al. Structured Clinical
}ntewiew for Axis I DSM-1V Disorders, Biometrics Research, New York, 1994) or SADS-L
(Endicott and Spltzer, 1978) the OPCRIT (McGuffin, P., et al. A polydiagnostic application of
operatlonal criteria in studies of psychotic iliness. Development and reliability of the OPCRIT
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C 125.3 Fam nters ;}'om Utergch and additional 3, 393 control Individuals from Nijmegen in the Netherlands.
Inpatients and outpatients were recrulted from different psychiatric hospitals and Instltutlons
throughout the Netherlands, coordinated via academic hospitals in Amsterdam, Groningen,

10 Maastricht and Utrecht. Detailed medical and psychlatric histories were collected, including the
Comprehensive Assessment of Symptoms and History (CASH), an instrument for assessing
diagnosis and psychapathology. To exclude related patients and controls, all subjects were
fingerprinted (Illumina DNA panel, 400 SNPs). Only patients with a DSM-1V dlagnosis of
schizophrenia were included as cases. All patients and controls were of Dutch descent, with at

15  least three out of four grandparents of Dutch ancestry. The controls were volunteers and were
free of any psychiatric history. Ethical approval was obtained from the local Ethics Committees.
All participants gave written informed consent.

The addltlonal controls consisted of 3,333 samples, collected by the Radboud University
Nijmegen Medical Centre (RUNMC) for genetic studies (cancer and control samples). All 3,333

20  participants used In the present study are of self-reported European descent. The study protocol
was approved by the Institutional Review Board of Radboud University and all study subjects
gave written informed consent.

Penmark. The Danish sample Included 442 patients who have been recruited to Danish
Psychiatric Biobank from the psychiatric departments at the six hosplitals in the Copenhagen

25  region. All patients had been clinically diagnosed with schizophrenia according to ICD-10 (F20
and F25) without ever having received a diagnosls of mania or bipolar illness (F30-31). An
experienced research- and consultant psychlatrist verified high reliability of the clinical
diagnoses, using OPCRIT. Of the 442 patients 30 were schizoaffective, and six persistent
delusional disorder. 994 healthy controls subjects were recruited through the Danish Blood

30  Donor Corps in the Copenhagen area. Apparent behavioral abnormality was an exclusion
criterion and all Indlviduals stated that they felt completely healthy and were able to discuss
health related issues with a physician. Additional 445 population control samples from the
Copenhagen area Population controls were recrulted by the Danish Headache Center. The Danish
Scientific Committees and the Danish Data Protection Agency approved the study and all the

35  patients have give written informed consent prior to inclusion into the project.
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Norway. The Norwegian sample 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 DSM-IV (SCID) as schizophrenia (N=154) schizoaffective
(N=35), schizophreniform disorder (N=12) and psychosis NOS (N=44). The healthy control

5 subjects (N=272) were randomly selected from statistical records of persons from the same
catchments area as the patient groups. Only subjects born in Norway, ali of Caucasian orlgin,
were contacted by letter and Invited to participate. All subjects have given written informed
consent prior to incluslon Into the project and The Norweglan Sclentlfic-Ethical Committee and
the Norwegian Data Protection Agency approved the study.

10 China. The Chinese sample was from Sichuan Province, Southwest China, Cases (N=438) were
ascertained from West China Hospltal, and were Interviewed by a psychlatrist using the SCID.
Dlagnosis of schizophrenia was assigned on the basis of the interview and medical records
according to DSM-1V criteria. Patients were excluded if they had a history of neurological
disorders or head Injury, or reported intellectual disability. The unrelated controls (N=463) were

15 volunteers from the local population and were free of major mental iliness. Ethical approval for

the project was granted by West China Hospltal and written informed consent was obtained from
all participants.

The phase I samples were all typed at deCODE using the HumanHap300 chip. The additional
samples (phase II) were typed at Duke Unlversity (HumanHap300 or HumanHap550), Bonn

20 University (HumanHap550), UCLA (HumanHap550) and Expression Analysis, Durham (Affymetrix
GeneChip(r) GenomeWide SNP 6.0 array) and at deCODE (Dosage analysis, Tagman assays). All
Subjects identified with a CNV using the Tagman assays were confirmed by typing the respective
samples on HUManCNV370 chlp. 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

25 found in Table 1.

FLUORESCENT IN SITU HYBRIDIZATION ( FISH )

FISH was carried out at deCODE genetics. Interphases were harvested according to standard
CYTOGENETIC methods from human B-lymphoblastoid cell lines (EBV transformed) from six
individuals, based on information from the Tagman dosage analysis done previously. We used

30  two BAC probes, RP11-431G14 (covers PRK gene on chromosome 1q21) labelled with biotin
(green) and an anchor BAC, RP11-45817 labelled with digoxigenin (red). The BAC probes were
labelled with either Biotin-16-dUTP or Digoxigenin-11-dUTpP utllizing a nick translation kit (Roche
lAppIIed Sclence).

The hybridization procedure followed a standard protocol. In short the probes were denatured at
35  72°Cfor 5 minutes and pre-annealed at 37°C for 15 minutes, before being applied to denatured
5I|des. The slides were denatured In 70% formamide at 70°C for 2 minutes, quenched in 2xSSC
at 4°C and then dehydrated In an ethanol serles. Following an ovemight hybridization the slides
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were washed In 50% formamide at 42°C for 10 minutes and 2xSSC at 42°C for 5 minutes. The
biotinylated probe was detected with avidin/streptavidin FITC (Vector Lab) followed by a layer of
biotinylated Anti Avidin (Vector Lab) and again one layer of avidin FITC was added. The.
digoxigenin probe was detected using Sheep anti Digoxigenin Rhodamine (Roche Applied

5 science) followed by a layer of Donkey antl Sheep Texas red (Jackson Immuno Research). After
detection the interphases were counter-stained with 9x103ug 4',6-Diamidino-2-phenylindote
Dihydrochlaride:Hydrate (DAPI) (Sigma) in AFL mounting medium (Citifluor). The digital imaging
was done using a Zelss Axloplan 2 microscope with Asiocam MRm Zeiss camera, automatic
IScanning System Metafer software from Metasystems.

10
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Table 1. Summary of the samples used in the various stages of the study
. NV identification Phase | Phase I
Ste Aff Cir Aff Ctr At cw
iceland - 17596 646 32442 - =
Scotland - - 211 229 451 441
Germany (Munich) - 195 192 420 422
Germany (Bonn) - - - 491 875
UK - 105 96 - -
The Netherlands - - - 806 4039
Italy . 85 91
Flnland - 191 200 -
Denmark - - - 442 1439
Norway - - 245 272
China - - 438 463
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Table 2. Low copy repeats flanking CNVs found de novo.

Of the 66 identifled CNVs tested for assoclation 23 are flanked by large repetitive segments (distal or proximal)
likely to harbor LCRs. Those flanked by repetitive segments are In most cases seen in more (count) of the 32,442
controls tested. Reference Is given where we have found the CNV In a CNV database. Coordinates are based on
Build 36 of the human genome.

Iafrate: BAC microarray analysis of 236 putative CNP regions in 55 individuals®.

Tuzun: Fosmid mapping paired-end sequences from a human fosmid DN A library (297 ISV sites)?,

Redon: SNP and BAC microarray analysis of HapMap data phase II (270 Individuals)'!.

Locke: CNP in duplication-rich regions using array CGH in the HapMap populations(269 individuals)'2,
_McCarroll; Deletions from analysis of SNP genotypes, using the HapMap Phase I data, release 16a. (269
individuals)',

Carrlers Number of
Chiomosomal Regione | gy |fanain | I | womoogy | Gafrece freseninCRY
Proximal
chr1:144943150..146293262 del 8 >5 | >5 | gaen
chr1:144943150..146293282 dup 12 >5 |>5 | TEW
chr1:241675290..241777030 del 1 e I
chr1:66487172..66981676 del 2 = .
chr2:19443..11594900 dup 1 - .
chr2:197605805..204072066 dup 1 s .
chr2:198783049..199060613 del 1 - .
chr2:239980043..242692820 del 1 - 1 90.30%
chr2:50947040..51164471 del 1 - .
chr2:95514686..97033113 del 1 >5 |- i
chr3:174806420..176937369 del 1 - -
©hr3:197326041..197704191 | del 1 >5 | >5 |Maw o e
'chr3:71223511..71819797 dup 1 - -
"chr3:95019980..99373057 del 1 - .
chr3:97679021..101883423 del 1 = |-
-chr4:151856718..151884547 del 4 .
~chr5:34603067.,34668956 del 1 >5 |- {,:‘&;[V%m
-chr5:58116787..72845587 del 1 - =
chr6:162767020..162943840 del 35 = = Redon: 162760913-163153251
chr6:16699739..16803452 del 1 : ‘
~chr7:146077700..147445123 dal 1 4 z 98%
~chr7:149081..295765 del 1 - = Redon: 106472-298664
-chr7:15609872..16251148 dup 1 = :
-chr7:157553706..158812247 del 1 P :
-chr7:5050267..5190933 del 1 - 2 99.1%
-¢hr7:5229720..5653268 dup 1 - 2 99.1% lafrate: 5431460-5671684
-chr7:67212608..67659300 dup | 74 |5 |5 |mew
-chr7:72388281..73777987 del 1 >5 | >5 | Gt
“chr7:83887393..85199723 del 1 = 3
chr8:3931576..4252805 del 1 2 |- |eer7 s M mroan.
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-chr9:194201..5739305 del 1 > |-

-chr10:67880428..68013385 del 1 - -

¢hr10:7917790..8021528 del 2 - -

chr10:81567594..81962366 del 3 >5 | >5 | qav

chr11:128201807..134435899 | del 1 - -

chr11:84603291..85465999 dup 1 - -

-chr12:115338506..115813464 | dup 1 - -

-chr12:98512325..98707024 del 1 - -

Nr1620065400.20777695 | col | 8 | =5 |5 | parw | Nedortete g ataa

-chr15:20306549. 20777695 | dup 128 |>5 | >5 | ey | Redonafiate: 18263733.21365850

chr15:20306549..26208861 dup 6 *5 | >5 | Giferent

@15:28723577..30302218 del 7 >5 | >5 | gaoy .

:chr15:47635303..47679448 del 94 |- -

chr16:15032942..16197033 | del 10 >5 [>5 | AV

| chr16:21515973..21647775 del 31 >5 | >5 | TEY (Eetea AR 1

chr16:21856623.22331199 | del 17 |>5 | >5 | TE | Jeun2ldessiraasesdsis

-chr16:29563365..30085308 del 1 >5 | >5 | 7AW

~chr16:77757915..78273834 del 1 - -

chr16:81429793..81491808 del 1 - -

'chr16:86921984..87097684 del 1 - - Redon: 86986674-87137417

~chr17:14041754,.15390352 del 5 2 >5 differont

~chr17:15390352..20231611 | del 1 > | >5 | TEW

~chr17:31889664..33323543  dup 11 >5 | >5 | TEV

~chr17:796976..1155912 ' del 1 2 LI,

~chr17:9071043..9382978 | del 1 - -

“chr18:75020837..75408356 | dup 1 < -

-chr19:20844764..20914290 dup 6 2 1| 9%

~chr19:267040..1822341 del 1 - -

ohr19:54264641.54660863 del 1 >5[ >5 | gifferent

~chr20:14610721..14884935 del 1 - -

“chr20:14849776..15034277 del 2 |- .

chr20:14874333..15174767 | del 5 - -

-0hr21:34846103..35391627 | dup 1 - -

~ch22:17257787..17373128 | del 56 =6 [lil>5 [mav =~ |aele: PISSTAGTIA4TT &

-chr22:19063495..19792353 del 3 > | >5 | TEY

= MeCarroll! 21032391-21564096 &

CRRZZ00401.21304267 | del | 3|25 |36 | G | e adeas & 20t

21564096
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‘Table 3. Nominal assoclation of deletions at 1q21.1, 15q11.2 and 15¢13.3 with Schizophrenia In.
:the phase I sample. )

“Three deletions show nominal association with schizophrenia and related psychoses in the flrst sample of 1433
patients and 33,250 controls. These deletions are large, the 1g21 deletion spans approximately 1.38 Mb, the one
;"on 15q11.2 approximately 0.58 Mb and the one on 15q13.3 approximately 1.57 Mb. P-values (uncorrected for the
.66 tests) are from the exact Cochran-Mantel-Haenszel test and are two-sided. Coordinates are based on Build 36
_assembly of the human genome. 95% CI are given within brackets.

| WETOR BN S,

3 oeus chr1:144.94-146.29 chr15:20.31-20.78 chr15:28.72-30,30 -
Aff Ctrl Aff Ctrl Aff Ctrl

Iceland 1/646 832442 4/646 56/32442 1/646 7132442
‘Scotiand 21211 01229 21211 0/229 11211 01229
‘Germany 11195 01192 3195 0/192 11195 0/192
UK 0/105 0/96 11105 0/96 0/105 0/96 :
Italy 0/85 0/91 0/85 0/91 0/85 0/91 :
Finland | 0191 0/200 0191 11200 0r191 0/200 ;
OR B.68 (1.02, 49.76) 3.00 (1.42,9.37) 8.94 (0.79, 58.15)
“Pvalue 0.024 0.007 0.040



1 1.038: 0.6163 1 145537233 RCL9 1 1.031 0.6651 1 145628401 ACP6 1 1.021

0, 6572 i
0. 7095

1 145838200 LO0591092 WAS 1 0.913: 0,6923 1 14672: 193

145705110 GJAS 1.01: 0.1439 1 145585897 Acps
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Table 4. Significant association of deletions at 1

86

In the combined phase I and phase II samples

g21.1, 15q11.2 and 15g13.3 with Schizophrenia

‘142 1

PCT/1S2009/000005

[L—ocu . chr1:144.94-146.29 chr15:20.31-20.78 chr15:28.72-30.30 .
: Aff Ctrl Aff Cirl Aff Ctrl :
-Germany 2/911 | 01297 31911 4/1297 0/911_ 041297 i
Scotiand 2/451 | o441 5/451 1/441 0/451 0/441
The Netherlands | o/s0s | 04039 4/806 12/4039 3/806 1/4039 :
Norway 0/245 | 01272 0/245 01272 1/245 o7z |
Denmark- /442 | 01437 4/442 311432 0/375 0/501 '
China” 0/438 | 0/463 0/438 0/463 na na )
Phase li _

o Inf (2.85, Inf) 2.18(1.01, 4.60) 16.43 (1.51, 831.91) i
P-value 5.6x10° 0.032 8.0x10°
Phase 1 & Il :
OR 14.83 (3.55, 60.40) 2.73 (1.50, 4.89) 11.51 (2.6, 49.52) ;
P-value 2.9x10% 6.0x10* 5.4x10* :

5 .Table 5. Diagnosis, family history, age of onset, response to neuroleptics based on available "'
records and learning ability in cases carrying the 1g21.1 deletion associating with schizophrenia.

# N . Family Age of
; Case ID Diagnosis history i Gender Response Other .

i ; Aggressive, leaming
-Munich 1 DSMIV:295.3 Yes 24 male Yes disability, Not MR
-Bonn 1* DSMIV:295.3 No 33 female | Yes Not MR
x , relapse under Not MR, depressive:
IBonn 2 DSMIV:205.3 No 16 female medication symptoms )
“lcetand 1 RDC:126.3 No 26 female | Yes Not MR 3
“Scotland 1 DSMIV:295 No 43 female | Yes Not MR
‘Scotland 2" | DSMIV:295 Yes 21 male Yes Not MR
Scotland 3* | DSMIV:295 No 32 male Yes Not MR, mother with low IQ
] . ) Not MR, borderline Iearning
Scotland 4 DSMIV:295 No 33 female | Yes disaility .
:Denmark 1 DSMIV: 295 Yes 24 female | Yes Not MR

, Boarderline metal

Denmark 2 DSMIV: 295 No 23 male Yes retardation |
"Denmark 3 ICD10: Scz (F20) Nao 20 male No Not MR

" 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=mentally retarded.

10




; 1.011 07529 1 144970465 LOC440677 4 0.9E3 1 0.7631 146185099 4 1.031
0. 7723 145146427 FMD5 1 1.09; 0:6040 1 145153273 FMI6 ; 1.01 0.0304 1
146293202 R1."139739. RNO1R1 9 1 0.951 0.8300 1 145730875 G :1/4%
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.Table 6, Markers on the Illumina HumanHap300 within the 1921.1 deletion. Shown are results
=of association of the markers with schizophrenia, and genes associated with the marker are also
‘indicated. Data from 2,687 cases and 13,484 controls were used In the association analysis.

®

EN Pos. In

‘_Marker Allele | OR P-value Chr Build 36 Gene
1512406844 C 1.14 0.001 1 145436035

rs12141187 Cc 1.13 0.0023 1 145449387

rs10465885 C 1.12 0.0033 1 145699364 GJAS

156684174 Cc 1.11 0.0067 1 145683484

rs2644577 C 0.9 0.0075 1 145409110

- rs4950437 A 09 0.0076 1 145394019 OR1322P
18952477 A 1.1 0.0113 1 145716820 GJAS
~rs10793705 [ 1.1 0.015 1 145706931 GJAS

'rs4132958 ] 1.09 0.0258 1 145430649

rs12755965 C 0.92 0.03 1 145658465

rs12022413 A 0.92 0.0328 1 145463869 BCL9

rs613089 C 1.09 0.0356 1 145547811 BCLS

rs4950322 A 1.1 0.0372 1 145321460

rs10900321 C 0.92 0.0431 1 145096540 PRKAB2,LOC400780
81342709 C 1.08 0.0432 1 145744388

rs3766510 A 0.89 0.0434 1 145596846 ACP6

‘rs4950361 A 1.09 0.0472 1 145025789 LOC441904,L0OC440677
'rs2236570 A 0.92 0.0495 1 145560511 BCLY o
rs1932877 A 0.92 0.0603 1 145155565 FMO5
11240007 [#] 1.08 0.0662 1 145304073

15945742 A 1093 0.0728 1 145251781

-rs4950402 G 1.08 0.0787 1 145258026

rs903786 [} 1.09 0.0839 1 145830625 LOC391092,GJAB
"rs11240147 A | 113 0.0856 i 145824905 | LOC391092,GJAB
.rs104984251 A 1.14 0.1012 1 145490518 BCLY

rs903784 A 0.92 0.102 1 145830723 LOC391092, GJAB
rs999095 A 0.92 0.1048 1 145676851

'rs11811023 C 1.07 0.1075 1 145047742 LOC440678
rs21327 C 1.07 0.1119 1 144995145 LOC440677
‘183820129 A 1.06 0.1145 1 145558596 BCL9
-r311239984 A 0.94 0.1174 1 145258353

rs1417279 A 1.09 0.1212 1 145574517 BCL9
re2883318 G 1.06 0.1216 1 145315767

rs2353974 A 1.06 0.1297 1 145322880

rs1932978 C 0.95 0.1532 1 145194387 CHDI1L
r$12408395 A 1.07 0.1535 1 145372992

r$11239953 T 1.06 0.1559 1 145184188 CHD1L
rs2275552 C 1.06 0.1566 1 145598569 ACP6

rs647596 G 1.05 0.1593 1 145002018 LOC440677
rs6693752 C 1.06 0.1766 1 145196592 CHD1L
_rs2353986 C 0.95 0.1781 1 145288493

. PRKABZ2,
-1s2077749 A 1.05 0.181 1 145119261 LOCA400780,FMO5
rs11576760 C 1.09 0.1956 1 145806592 LOC391092
rs2353987 G 0.95 0.202 1 145294180

rs4950328 C 1.0 0.2235 1 145471435 BCLY
32353544 A 0.95 0.2365 1 145515224 BCL9
"rs2353983 C 1.04 0.2809 1 145279761

87541090 S 1.04 0.3058 1 145353686 OR13Z1P ]
1s627219 | G | 0.92 0.3068 1 | 145539979 [ BCLY N
“rs10900403 ] 0.95 0.3305 1 145807358

rs2999613 A 1.06 0.3586 1 146286966

“rs10494246 A 1.1 0.3592 1 145614928 ACP6

152354432 A 1.05 0.3811 1 145159853 FMO5

“rs885239 A 0.95 0.3831 1 145594226 ACP6

‘rs1353431 [ 0.94 0.3926 1 145764604 LOC391092
“r$1390510 A 1.07 0.3975 1 145497947 BCL9



1 0.99 : 018458 1 146262302 LOC440590 1 1.01 4 09523 1 146614707 ACP8
0.99 z 0.9009 1 145220003 C11131% 1.19%%1 08886 1 145207960 1 ile9
0.9097 1 145308966 0.99 4 1.01
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I Pos. In

I_Marker Allele | OR P-value Chr Bulld 36 Gene

-rs4950392 G 0.96 0.4064 1 145203172 CHDA1L

_rs10494245 A 1.04 0.4135 1 145637476

.rs1853782 C 1.04 0.43 1 144975398 LOC440677

184504949 A 1.06 0.4304 1 145368301 OR1322P

3584323 ] 0.97 0.4348 1 145442845

151541187 A 1.04 0.4534 1 145518117 BCLY

.rs1572825 A 0.97 0.4567 1 145473996 BCL9

rs6664767 €] 1.03 0.4681 1 145776067 LOC391092

_rs1814653 A 0.96 0.4757 1 146209659 LOC440679.L0OC383684

.rs894469 A 1.05 0.4853 1 145139530 FMO5

51015235 A 0.97 0.5032 1 145510166 BCL9

rs894467 o] 0.94 0.6305 1 145128642 PRKAB2,FMO5

r31908627 o} 0.95 0.5319 1 145727389 GJAS

54950574 A 1.03 0.5358 1 146216845 LOC440679,. OC388684

rs6937 A 0.97 0.5686 1 145093546 FRKAB2

‘15946904 C 0.08 1 0.5768 1 145589455 ACP6

rs2992453 A 0.98 0.5966 1 146253348 LOC440680

5596561 [¢} 0.97 0.611 1 145447612

rs1353428 G 0.98 0.6115 1 145792846

rs7526407 C 1.03 0.6163 1 145537233 BCL9

rs11804045 A 1.03 0.6551 1 145628401 ACP6

rs4950494 A 1.02 0.6672 1 145838200 LOC391092.GJA8

1310494257 A 0.98 0.6923 1 145721193 GJAS

'rs1495956 C 1.02 0.7095 1 145705110 GJAS

rs1344 A 1.01 0.7439 1 145585897 ACPB

“rs12141387 A 1.01 0.7529 1 144970465 LOC440677

“rs11261254 C 0.98 0.7631 1 146185099

*r510494243 Cc 1.03 0.7723 1 145146427 FMO5

156593746 A 1.03 0.8049 1 145153273 FMOS

r$2932454 G 1.01 0.8354 1 146293282 FLJ39739,RNU1P10

1512081877 C 0.99 0.8369 1 145730876 G.JAS

“rs1763457 [+ 0.99 0.8455 1 146262302 LOC440680

57530062 A 1.01 0.8523 1 145614797 | ACP6

152452 A 0.99 0.8609 1 145220003 CHD1L

86693109 A 1.01 0.8686 1 145287960

“rs11240000 A 0.99 0.8697 1 145308966

rs9661159 A 0.99 0.874 1 145224547 CHD1L

“rs1001193 o} 1.01 0.8784 1 145633001

‘rs1857208 A 1.01 ) 0.907 1 | 145758611

15671205 c 1 0.9479 1 144989346 | LOC440677

“rs2000072 A 1 0.9581 1 145437192
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3874 1 145224547 145633001 CHD11, 0.8784 1 , 1 1.01---.11907 - 1
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“Table 7. Markers on the Illumina HumanHap300 within the 15q11.2 deletion, Shown are results .
~of association of the markers with schizophrenia, and genes associated with the marker are also
<indicated. Data from 2,687 cases and 13,484 controls were used In the association analysls.

_Marker Allele | OR P-value Chr ;gs. InBuild | Gone

-1s8029320 A | 147 0.0008 15 | 20437666 CYFIP1
rs1897786 A 1.16 0.0061 15 20545323 CYFIP1
~rs009842 C_ |o091 0.0163 15 | 20551713 CYFIP1,NIPA2
“154778413 Cc_ [1.08 0.0507 15 | 20560833 NIPA2.CYFIP1
:rS6606817 cC 108 0.0647 15 | 20567999 NIPA2
-rs4778370 9] 0.91 0.0764 15 20578289 NIPA2
-rs8034210 C_|0.93 0.081 15 | 20347960

rs12911925 (s 1.4 0.0917 15 20568493 NIPA2
:1$4778334 A 0.93 0.11 15 20592297

srs7168000 G | 1.08 0.1283 15 | 20564567 CYFIP1.NIPA2
:rs7170838 Cc |0.93 0.1334 15 | 20572679 NIPAZ
:rs4778464 A 0.93 0.1518 15 20537129 CYFIP1
-1$2289819 C_ |o083 0.1522 15| 20512379 CYFIP1
54778575 T |095 0.2031 15 | 20605280 NIPA2,NIPA1
-rs1009153 C_ |o0985 0.2039 15 | 20528352 CYFIP1
.1s4293342 C | 1.05 0.2069 15 | 20455753 CYFIP1
.rs1991922 C 0.92 0.2'168 18 20610835 NIPA1 4
rs12594495 A_|1.05 0.2193 15 | 20499445 CYFIP1
rs7181789 A 096 0.2454 15 | 20595337 NIPA2,NIPA1
1512441373 A 1.13 0.2619 16 " | 20541350 CYFIP1
152289824 C | 0094 0.268 15| 20477670 CYFIP1
rs2028794 A 0.96 0.2818 15 20470856 CYFIP1
rs2278458 A 0.9 0.3075 15 20551298 CYFIP1,NIPA2
-rs8031642 C 1.04 0.3118 15 20351272 LOC390544
rs3693 A [1.04 0.329 15 | 20556334 CYFIP1,NIPA2
-rs2289815 G 0.96 0.3483 15 20421301 TUBGCP5S
rs4778470 C 0.96 0.3797 15 20523005 CYFIP1
“ts7167658 C [1.04 0.421 15 - | 20460862 CYFIP1
151347314 C_ 094 0.445 15 | 20585443 NIPAZ,NIPA
“rs7168367 Cc |1.04 0.4805 15 | 20818177 NIPA1
rs5006363 A | 0.95 0.4848 15 | 20398953 TUBGCP5
“rs722410 A | 1.03 0.4896 15 | 20475538 CYFIP1
#rs765763 c_ 097 0.5022 15 | 20428330 TUBGCP5,CYFIP1
:rsb606825 A | 1.04 0.5038 15 | 20614243 NIPA1
-rs4932679 C [ 1.03 0.5206 15 | 20322108 LOC390544
“rs2289823 A | 0.97 0.539 15 | 20479393 CYFIP1
“rs956120 C 1.02 0.5545 , 15 20489279 CYFIP1
~rs4592619 C |o97 0.562 15 | 20585244 NIPAZ NIPA1
rs8040193 C_ |[1.05 0.6146 15 | 20306549 LOC390544
irs7182576 G 0.98 0.6284 15 20546036 CYFIP1
-rs1579821 C 1.02 0.6338 15 20501269 CYFIP1
-rs3812924 A 1.02 0.6381 15 20599983 NIPA2.NIPA1
-rg3751566 C |0.98 0.6918 1§ | 20492111 CYFIP1
“ra2304341 ¢ |o97 0.7614 15 | 20542471 CYFIP1
rs722411 A | 1.01 0.7741 15 | 20475585 CYFIP1
~rs7174982 c_ | 1.0 0.8269 15 | 20517009 CYFIP1
-rs7168653 C | 099 0.8308 15 | 20516088 CYFIP1
-rs3883043 A 1.01 0.8321 15 20777695 LOC339005
«rs11636068 A | 0.99 0.8639 15 | 20629449 NIPA1,LOC400320
-irs8043036 A 1 0.9396 15 20434983 CYFIP1
-rs1544285 A |1 0.9665 15 |-20405438 TUBGCP5
‘rs4778298 A |1 0.974 15| 20505022 CYFIP1
-rs11263687 G |1 0.9838 15 | 20635884 LOC400320,NIPA1
|-rs2289816 G 1 0.9806 15 | 20506454 CYFIP1
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131463408 A _|0.88 0.0055 16 20243936 |

1112015265 c 0.89 0.0089 15 30196358 | CHRNAT?

.re8038654 (¢} 0.83 0.0095 15 30072156

510438342 A 0.91 0.0169 15 30189338

.rsd779824 c 0.91 0.0174 15 29191586 | TRPM1

151223889 A 0.92 0.0243 15 29258764

152241494 A 0.92 0.0301 15 29155896 | TRPM1

1810152238 A 1.15 0.0377 15 30057610

:rs1647992 A 0.91 0.0459 15 29245430

rs4 770084 A 0.89 0.052 15 30302218

-151863279 A 1.08 0.053 15 29282405

81477534 A 0.93 0.0539 15 29271979

‘rsd779538 A 1.08 0.0598 15 29574400 | C150rf16

752651418 A 0.93 0.0642 15 30226673 | CHRNA7

'rs999876 A 0.93 0.0642 15 29272626

187173280 C 0.93 0.0759 15 29128656 | TRPM1

151035706 A 1.1 0.0795 15 29130377 | TRPM1

| r81978801 A 0.94 0.088 15 29294328 | LOC283710

5819001 A 1.07 0.0893 15 29144430 | TRPM1

86493543 G 0.94 0.0023 15 29324788 | .OC283710

“rs8042511 A 1.16 0.0971 15 29222034

rsB03534 C 0.94 0.1062 15 29215548

"r56493688 A 0.94 0.1139 15 20560167 | LOC400347,C1501T16

rs4779937 c 1.06 0.1178 15 29975287

-rs7162289 c 1.08 0.131 15 29373158

rs1672407 C 1.06 0.1344 15 29227096

=rs12442141 c 1.16 0.1345 15 29266578

181672409 A 0.95 0.1446 16 29228600

=rs1001555 A 1.12 0.1452 15 30060958

=rs1514254 A 0.94 0.1456 15 29998226

<ra1465778 c 1.06 0.146 15 29408613 | KLF13

~r$1580141 A 1.05 0.1981 15 29232062

~rs3784595 A 1.07 0.2043 15 29129507 | TRPM1

158493540 A 1.05 0.2115 15 29321882 | LOC283710

151465779 c 1.07 0.2226 15 29397182 | KLF13

151865873 c 1.05 0.2226 15 29303300 | LOC283710

~rs2278133 A 1.05 0.2238 15 29140680 | TRPM1

‘rs8034505 A 1.08 0.227 15 29460238 | KLF13,L0C440262

-152241493 C 1.06 0.2295 15 29149644 | TRPM1

-rs8035668 A 0.94 0.2296 19 30178638 | CHRNA7

152879262 c 0.95 0.2459 15 29344873

~rs4417522 Cc 1.04 0.2735 15 29974412

“1s7179733 Cc 0.96 0.2814 15 30160985 [ CHRNA7

rs1459200 A 1.04 0.2991 15 29594877 | C150rf16

152288242 A 1.05 0.3062 15 29117572 | TRPM1

152338834 Cc 1.04 0.3069 15 20125017 | TRPM1

-rs890158 Cc 1.04 0.3097 15 29157929 | TRPM1

~r$12900301 % 0.95 0.3122 15 29619936 | C150rf16

-rs1503004 A 1.06 0.3286 16 29827425

“rs3964705 c 0.96 0.3343 16 28822861 | LOC440261

- 156494039 C 1.07 0.3401 15 29979194

1512440180 c 1.04 0.3677 15 30072148

~rs1606659 A 0.96 0.3731 15 30119745 | CHRNA7

-rs4779939 Cc 0.95 0.3764 15 29985165

‘rs4779814 C 0.97 0.3814 15 29143717 | TRPM1

17169523 A 0.98 0.3831 15 29250670

rs2137856 A 0.97 0.3882 15 30016646

-rs7163696 C 0.96 0.3902 15 29313681 | LOC283710

-rs11630449 c 0.96 0.3953 185 29402033 | KLF13

-rs7163763 A 0.94 0.3977 15 29609507 | C150rf16
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18--"1641616 1 cYPifr: 20585244Nl PA2, NI'PA1 1520306549LQC390544

6ENFTPE 2"0E01 ocnr‘vcl 01 115205 QQQQI\II DAO NIPAL
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........... P eR, 1520"4‘929111( Y1 Plleu 520542%71CYFi | al | | 20475595
CYE| P1 5953326 C | 1.03 0.409 15 30004979
.rs3764601 C_ |o0.96 0.4097 15 29180766 | TRPM1
153096464 C_[1.03 0.4122 15 20256215
rsB98212 G_ | 103 0.4134 15 29578128 | C150rH16
“rs4779862 C_[1.03 0.42 15 20420453 | KLF13
rs4770750 A [ 1.03 0.4212 15 28751864
-rs1456212 A_[1.05 0.4215 15 29211346
=rs3743234 A [1.03 0.4329 15 29126965 | TRPM1
“rs1459198 A |1.03 0.4337 15 29649740 | C150rf16
1812901022 c_ |o0.97 0.4341 15 29100035 | TRPM1
:rs11638348 A | 1.03 0.4352 15 29714219 | C150rf16
151524878 G_|1.03 0.437 15 28041992
“rs2125615 A |1.03 0.4493 16 | 29587441 | C150rf16
152046362 | C | 0.97 0.4581 15 28723577
7rsB041717 G | 1.03 04719 15 29063737 | FLJ20313
~rs4779816 A | 097 0.473 15 29156415 | TRPM1
“rs3865080 C_ | 1.06 0.4734 15 29319602 | LOC283710
“rs8026705 A | 0.97 0.4835 15 29704566 | C150rf16
“s16956362 A | 107 0.4848 15 28986264 | KIAA1018
512430925 C_|1.03 0.4852 15 20386793 | KLF13
'rsB71330 C_ | 1.03 0.4885 15 29538956 | LOC400347
137174744 A_ 097 0.4961 15 28971039 | KIAA1018.LOC388104
11512442622 A |1.03 0.4971 [ 15 30045195
_rs11071179 C 0.97 0.4975 15 29635750 C1501f16
167175258 A [ 1.04 0.518 15 20484934 | LOC440262
~rs2337980 C |o0.98 0.5194 15 30231488 | CHRNA?
zrs10519712 A |1.03 0.523 15 23997162
184779889 G_ | 1.03 0.5245 15 20601495 | Cib5orf16
:rs7169662 A |0.98 0.5292 15 29438608 | KLF13
1511632955 G 0.98 0.54 15 29336409
-rs9672615 A 1.03 0.5436 15 30208847 |
.rsB8025608 C [1.02 0.5444 15 29186010 | TRPM1
57175607 c | 1.02 0.5606 15 30007740
$196493623 A | 1.03 0.5622 15 20444540 | KLF13
irs4779809 C_ | 0.98 0.5771 15 29131323 | TRPM1
1512439621 C | 1.05 0.5937 15 30096476 | CHRNA7
.rs12442954 A | 0.98 0.5955 15 30029658
1rs1060493 G | 1.02 0.602 15 29303762 | LOC283710
r§7402321 C_ | 1.02 0.6061 15 30207700 | CHRNA7
1516066762 A |0.98 0.614 15 29539275 | LOCA400347
£75964925 C_ [1.02 0.6145 15 29093271 | TRPM1
1752337233 C | 0.98 0.6206 15 30094507 | CHRNA7
:1s7182946 G | 0.98 0.6232 16 29182160 | TRPM1
:rs7178760 C | 097 0.6243 15 20318665 | LOC283710
irs17228178 C | 0.98 0.6295 15 29257220
2rs6493352 C_ | 1.02 0.6331 15 29021356 | FLJ20313 KIAA1018
%rg11070871 c 097 0.6503 15 20299944 | LOC283710
rs11636101 A__|0.98 0.6721 15 30061449 ]
-151524B76 C 0.98 0.6726 15 29050564 FLJ20313
~r$4779948 C 0.98 0.673 15 30046352
*rs8042404 A | 0.98 0.6904 15 29467308 | KLF13,L0CA440262
“rs2113045 C_ | o098 0.6905 15 29111823 | TRPM1
Cra7174211 A | 0.98 0.693 15 29425288 | KLF13
irs1474380 A |0.98 0.6997 15 29056527 | FLJ20313
152338670 A | 0.99 0.7029 15 29608133 | C150r16
2513329490 A [1.02 0.7102 15 30195523 | CHRNA7
‘1s4321165 A | 0.98 0.7117 15 29863575 | LOCA440263
“re12323080 C |0.907 0.7147 15 29363069
=rs4230558 A_ | 099 0.7193 15 29933027
rs11636160 c_ [0.98 0.7239 15 29489142 | LOC440262
'rs4268714 A |0.99 0.7304 15 20462745 | KLF13,L0C440262
*15065435 C | 1.02 0.74 15 30104501 | CHRNA7 i
157167632 A [1.01 0.7425 15 20935438
“rs4779520 C | 0.9 0.7456 15 29452735 | KLF13




1520517000 : CYF1Pl1 520516088CYF1P1 20776951. 00239005 13206294491

NI PALLOC400320 15 20434983CYFP1 15204054381 -111800P5 16205050221 CYF4P1
1520635684; LOC400320NI PA1 152050645465'6'1 :Table Il Markers on the
[1lum ne HomanHap305 within the 1503. 3 deletion. Shown are results )4' of
associ at i oﬁV%POIPﬁ@‘“{?ar kers with schizophrenia, and gend$TAERHYRd with
the marker are &so :indicated. Data from 2,687 cases and 13,484 controls
were used in the association anal ysis.qarkerAllele OR 3ol 572407C3 1, 06

, frS12442141 r51612409 3481001050 KLF1.5 203493549 n14657790 31,07 wsi3

182 . 1- fage o | n@2226 15 |p20301300 R 2637, 0 . i.5221141,31 A |
.03 022B815:291440686 1RO, 7,581103480550 by 1151
02V1529453 mﬂﬁgm Sia. 0. 1044026 P0.75858 7 24 16103 Cesdit54 O] Lo2BRei1 529149 344171P11341
ese9. 1566| [AOGAT 10.C229d815301 Y5636 (1] RINAZe084964 SXEPUDHEIRC|AT 1135

150302175 C_ |09 0.7596 29530870 | LOC400347

152280126 G_ 099 0.771 15 29308957 | L0OC283710

798081 A_|0.98 0.7775 15 28910527 | LOC390561

“rs2611605 C_ 099 0.7856 15 30228925 | CHRNA?

7811070619 | G | 1.02 0.7926 15 28896081 | LOC390561

*r$753636 A_|098 0.7935 15 20478345 | LOC440262

51514260 A__|1.01 0.7981 15 30086242

“rs1567865 A_|1.01 0.8297 15 30088094

152063722 A 0.99 0.8311 15 30083665

110519688 | C | 0.99 0.8362 15 [ 29021270 |

810519726 | A | 0.99 0.8404 15 29109167 | TRPM1

512604231 | C | 0.99 0.854 15 29963596

7rs17816055 | C | 1.01 0.8543 15 29619386 | C150rf16

4rs4779527 c_|1.01 0.8566 15 28523383 | LOC440262,LOC400347

1524877 C_ 099 0.8618 15 29058472 | FLJ20313

152203314 A 099 0.868 15 28097943 | KIAA1018

#rs1035707 C_[1.01 0.8721 15 29172089 | TRPM1

182081455 C_[0.99 0.8741 15 20210624

136493741 C_[1.01 0.8747 15 20609127 | C150rf16

rs11638086_| A | 0.99 0.8765 15 28853522 | LOG440261,L0C390561

rs9672180 c_ |01 0.8818 15 30300468

rs1088475 c_[101 0.888 15 | 28927992 | LOC300561

2219507 A__|1.01 0.8928 15 20646927 | C150r116

2132873 A |1 0.9116 15 29018547 | FLJ20313 KIAA1018

52339046 A [1.01 0.9146 15 20050962 | FLJ20313

5798104 c_[1.01 0.9313 15 28894118 | LOC390561

-1s3784569 A_|099 0.9331 15 29082006 | FLJ20313 TRPM1

-rs8027035 c_[1.01 0.9334 15 30149996 | CHRNA?

’rs1302808 G_ |1 0.0471 15 30108807 | CHRNA7

~rs4779556 c_ |1 0.9564 15 29960537

“rs4779910 c |1 0.9612 15 29734334 | C15ar16

+rg1075232 A 1 0.9619 15 29528508 LOC400347

“rs1378847 C 1 0.9674 15 29234640

512898600 | A |1 0.9694 15 29816985

rs6494223 C 1 0.9697 15 30183749 CHRNA7

151983459 A1 0.9703 15 28006041 | KIAA1018

157178637 C_ |1 0.9774 15 29665644 | C150716

‘rsA779794 A |1 0.9844 15 28984856 | KIAA1018

15905426 A_[1 0.9955 15 29870041 ]




+ ' 02459 1529244873 :s4417522C1. 0402735 1529974412 -:rol 19733C 0. 960
201415L30160955CHRNA7 nl459200 A 1, Q40. 29211151 23594877C15.0(115 wzaaN
A109 0062 151 2911757241al, 11 n2330834C 1340. 2089 L161 2912501773131141

r55501033 | :91.04a, 3097 S 291573129TRPML - rs12600301- ggnsg?& 8‘5{’%
2961993801 51800014P 593004 | AL, 00 0.3256 i S2962742 g4 500. 96
0. 334328822331L.C9( 440251 43348 .39Cl. 07034el ,z 23979194 . -;8124401801

040 38773 30072146 _ -reit:eel-AS i A t39p U3731154 30119745 1' Cli hNA?
15. 3704 -4T6 299p51450. |1 ns4779814 4 0.3e141291437173R13191 .-s7109523 1A

0,90 " O 333&23259&395, fa%ﬁ?hl&&%ﬁa%@@f Aseﬁqgonse_m_n_ebroi@ptﬁpbated Wadzidhe 016840

387162896 L_C_Z n 061 6.3902152931387311. 6E233710 -rs7/61763;171.3977:5(115

29402033 QCa;Q,D . 13P%°s]sl 2960%&:23C15 Ji?‘l;;};fS 3(&@%3 ;Resp]msg. 3951346
“Munich 1 DSMIV:295 | with 3f.yk‘?.°£'v’n'";'§y3{.?§?§£ 24 Male yes ag 3323'?2 gl

diagnosis

'.’Munich 2 DSMIV: 285 no 25 Female yes Not MR
I:)Munich 3 DSMIV: 295 mother depression 32 Male yes Not MR
R unich.4 DSMIV: 205 no 17 Male yes Not MR
,1\ilunich 5 DSMIV: 285 no 23 Female yes Not MR
Bonn 1 Male Not MR
Hoeland 1 no 39 Male yes Not MR
-f—I;a_r:d 2 no 29 Female yes Not MR
“lce;land 3 RDC: 126.3 Yes, schizophrenia 33 Male Yes Not MR
“lceland 4 RDC: 126 Yes, schizophrenia 16 Female Yes Not MR
-Scotland 1 DSMIV: 295 No 3r Female Yas Nleoatrr“:;ngﬁrigz:::zs
“Scofland 2 DSMIV: 295 23 | Female Yes Not MR
“Seotland 3 DSMIV: 295 (] 32 Female Yes Not MR -
‘Scofland 4 | DSMIV: 295 No 22 Male Yes Not MR
“Scotland5 | DSMIV:205 | No 31 | Female | Yes RohELI e
“Scoland& | DSMIV:205 | No 15 Male Yes N G
;:{Scotlanr_i 7 Yes, schizophrenia 24 Female
“England 1 ves: iggi.f\zf,:‘)mnia 25 Male Yes ’i‘:}u’;‘spm ;‘nf.}‘yg
Danmark 1 ICD10: F20 No 26 Male No NotMR ~
“Denmark 2 ICD10: F20 No (27, afa) Male NotMR ~
:Denmark 3 ICD10: F20 No 21 Male [ M':t;uii:‘""abis
Denmark 4 ICD10: F25 Yes 16 Male Yes Not MR
"Holland 1 DSMIV: 295.30 19 Female Not MR
E;nd 2 DSMIV: 295.30 No 20 Male Not MR
Holland 3 DSMIV: 295.30 No 20 Male Not MR "
"'Ho!,,_:;; & | DSMIV:295.30 22 Male NotMR

.fMR=mentally retarded.



95 ; EXAMPLE 2. Recurrent duplications of chronobsone 16p13J associated with
' -Tschi zophreni a sub-m croscont duplication on chronpbsone 16pl3./ was
recently found in two unre.lated _patients diagnosed with autism (Arran
etal., Human Mutation 28; 674-682,(2007)). The :dupiication enconpassed an

I nterval of wio Biieg41abases (Md), spanning positions 14, 88riRocbeecd® . M
(NCEI Build 36). Athird duplication was identified by quantitative PCP. In
a second Australian :cohort of 112 patients. Two of the duplications were
famlial, and In one famly a severelygfautistic brother also carried the
dupl i cat i on:Tasle@0.Qfiaghft@, BMML RS- 2 ' I ractive, :destructive
and aggr essirscerds meegm amhgﬁryaasigﬁ%ﬁﬁ%ﬁ\%ﬁ%ﬁ%&é’g%ﬁﬁ" g\gls'a)})%t 0 manage.
to tither caAf¥ereenianc] uded a sister, who had learning difficulties (sister)
and a nother who had learning difficulties coupled with obsessive -

conpul si ve [di sordeff. The two aqjerrcr arrentS"hqd—r, e ===
retardation: ckeof Or neugnoses de ABYo; lt_&g:tfrat E&lernaghspontd [ dl'y affect ed
:-Th

carrier inother. history e chronpsonme 16p13.1 )
dupl i cat i onfdetet+ontnterval—-s—-ocat-ed—-tn—a—region previously reported
tSilinked t@“ﬁ#@%; SMI S8 derYef Mei nne¥s et dfe'e Prlges  Nat | NotMR '

Sci, USA. 433( #99"180611- 13065 (¥¥996), |[¥Ewal d Mk at|vedbt Psyewmatry 7(7)];
734-744 (200ptandEkhodvm: 26 at|, Hum  Mpio. Genadae : 1264 5) @ IPQ{nd & (2003),
Kassem etal/, ,, A D sychiatry, T63(10): 1099- 104(2006) T ang .o _puerper al
psychosi s :]8?%6”\ e %ﬁ"’.ﬁ?%g‘\% 3. Psychi4t9). 16ar) : |28s- 258 @&5‘2}53&“."“‘?““
Furt her nor g, Hilmd & | ppamozeezon [de scan pfz 458 |Ra@ni Sh schi zpgphyeni a famTji es,
| i nkage was; ka@pes t eebvio20ER:SCl,d OCUS [ [ EKerung t—1at— b o
Psychiatiy.ygﬁédg RASR YN 351(2004)), YWhen—these—fa

I (V) 7

X FA--es—were—i-ater |
, 00ndi ti oned—For—a-r+sk—h ot-ype—spanning [iNWPrn 1 _and W of the DI SCI
gene, |inkalfB=weawlyTfiadend to 16pl13,1 ( lod 3.17)(Herinah et at, Hum WMat
Genet. 16(6):463-462 (2007)). The duplicated/del eted region contains the
gene coding the DI SCI binding protein NDElI. The authors found significant
allelic association between NDE1 and schi zophreni a. However this 25
_association was not confirmed in a recent Japanese study (Numata Set al.,
Schi zophr. Res. 199(1-3); 367-369 (2000)). Finally, association was
recently reported between NDEI and | echi zophrenl a, when schi zophreni a cases
and controls were conditioned by the presence of Cys residue at codon See
704Cys of DI SCI gene. (Burdick et at, Hum Mt GCenet.(2008)). In the
present study, we assessed association of CNVs in the 16n13.1 region with
schi zophreni a 3055 part of a genorne-w de scan using the |aurnina

Hur nanHap300 and Human Hapsso and Affyrnetrix SNP 6.0 genotyping arrays in
a sanple or 3,843 schizophrenia patients and 34,602 controls from seven

Eur opean popul ations (tceiand, Finland, Germany, Holland, Nonvey, Italy and
the UK). RESULTS W limted our search on 16pl13.1 to the region between Fib
14.66 and 18.70 Mo (Built136). For ; conparison, the duplications and

del etions reported by Ul nman etal. (Human Miutation 28:574- 6B2- (2007))
span Mo 14,8Si-16.39 (NCB! Bulid36). W subdivided the region into three
singie 96 copy sequence Intervals which we called 1,2 and 3, each was

fl anked by substantial |ow copy repeats (LCRs) extendi ng approxi mately

15. 2315, 38; 16. 38-16. 53 and 18. 19-18, 34 respectively, Figure 6 displays the
regi on on USCC browser and gi ves exanpl es of the dupiications and del eti ons
we observed. Duplicated intervals are identified by the nunbers 1, 2 and 3.
Interval 1 51s asitu!l island of Angie copy sequence enbedded in a
|arge cluster of LCRs... Table 11 lists the duplications and del eti ons
found in our series plus country of origin. None were found in cases and
controls fromthe UK sanples frominstitute of Psychiatry (n=103 and 92),
Italy (n=66 and 92). Finland (n.-191 and 200) and Norway (n=24$ and 272),
Accordi ngly, these sanples were hot included in Cochrane-Mantel -Haentze
enai ysis, 10W found a three fold excess of duplications and deletions in
cases conpared 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
anal ysed t kg slab/g1§@r associ ation using Cochrane Mant elpclig@soiihoot © correct
for stratification. Total duplications were significantly associated with

i sschi zophreni a (pt0.0045). Wen anal yS| s was restricted to duplications
containing intervals and 2, the signiffcance increased further (p<0.00018).
Dupl i.cati ongg ek resen n 4 nal.e 2 femal e
Scottish cases, PL@E R\éqr?eé’%an #gtloérsl §ﬁrﬁ%i°§?im?rgi5e lagségc'atﬁaﬂidﬁhcati ons were
found in 126Cf"é?1%h"@“'%1nd 6 male lcelandic controls, and 2 Dutch male
controls. ©Odds ratio was 8,50 (males) and 3.63 (fernaies). The two

| cel andi c m&mlmt®lcIdﬁhﬂ@;ﬂ&ﬂd'ﬁﬂﬁio}nysoﬁ(eaa@(}arvtaai-da_@ﬁiy ansh iae® dnRGlddded I n the
anal ysi s as»as&wa@memmamﬁuumvmﬁrHummmﬂatgﬁ9@@&40& Qfdo?)anﬂeyw s was

| ater ped f q{uﬁﬁgloH @r%rﬂ;?a@ée@g.'\ el Jf?lém%r Qges H\Hbt), sga \Aﬂﬂﬁ)smons 1‘2 Egonf(faaéfﬁgle: were

; Second de r carriers |
cases of aﬁ{:bo(ﬁcéllesé‘?ﬁt%%’g@r%”rp@ Elausing de"tﬁﬁ%?yé%??’é'ta&hﬂpc,&\n—ve°°"d Apstreliag) .ys 2
del eti on w8 "ProeErPetgnis é'WG@‘rt'f‘Fa%’P'ﬁqﬁ“ibﬁﬁFaéﬁiaba@a@wfa'm"mnee\@h'nnn and ten
| cel andi ¢ 28VEebrethe aso (Po@l tGHdupiaatthn 202 opthe sroBredalagtaniiowaypresent i n one
Scottish SGihstmd.'phIalaf‘ag&eﬁ&savhertthGﬁfuﬁﬁﬂbramgr wawBaskiCednaRsly 6 GHatd ol s
(P>0.05)c Mneh estiRdnadlde®) biferddn0Rk %Lr'nﬂ&dlf‘fﬁfltieél(!ist%d TRIKEF WnoQdq L he 111 umi ne

m croerray Sea%tdi%@mg&lehm gré@%l%e %o Ig 698d|sorcgr he th déﬁft 85ﬁ¥ghr gagdls g‘ CIC:,[S 23

and 13, 484. sontr Ejr’lla C%

(p<1.59- 05%° and" ¥ EnEr e s Tbﬁ"fmeé’é(ﬁstded‘PY%Fhel'iﬁE?D%ad\ﬁnﬂ'é'yé'?ﬁcﬁeééit”i*%n wi-th a
30P-val ue &1°"50043. This marker is located within intron of ABCC6.gene, In
view of the report (Burdick et al Hum Mt Geriet.2008) of association

bet ween NDEhe eyinosaushicp Gplhduelivhtanitkietvn sedriat Bplastenina r(g&ﬁ@&wmry&ep&&écﬁtl fied by
the presengdeceoto ysr tigsdet RInAEss S, PrEH ALY SciQlsa Pb3p5d): 19808 3068818k S O

condi ti onedwauet 5Chh29RMN:ER 3. féﬁ%@@qzoJﬁeEkP&rﬁQ a/SﬁLrZ%% gphP; 15821616, 1s

not On the 1%1%)”@09?91%%%639%5(; nT QOY\E)/m 6fch/a r)éé&gg% %aéo%?oi)g)\é“ H‘ rag2161. 5
i

35(1. surr

t her ef ore ugeﬁer? §§'2Ts'39 A7 deP A RETE LHID TR 7Va Sesherare 0 D7
Cys-carri el9SRA WS TCaE AF 158 Ennigy BlifsehreranEmtipre finkkasotee cepfrind tablisel baisassoci at i on
Wi th SNPs dfkebprbet RDED!. Pfyotats. o(11):11087-1040(20040L Penen Mastaiidsevemiiget fi cant |y
associ at ed conlitvened #dra rifkrapdthpeIMH ink htro® i aMd dxbH Por ksl de@ﬂ%?e W4 NDEL for
the Cys cakshd @ndpQ &R fj/%her%rpé%@ﬁ e MLPG&QPI%(? 3t8 yzloJ ﬁ ; Si nce
the majori tt:lb{pll eds’ fete lrle% h%&ga? tt?ea%r?scod PS LI% pr N <h V\e exam ned
t he haplotég F rourd Re"“dipi | EI BHY GI‘f"l%?I':I‘ﬁvB"c:currezd on a
di fferent E?rf) i}'ﬁ?%'%'ﬂﬁ?ﬂb?"ﬁ'lﬁﬁfﬁ? ?ﬁ'%%‘ﬁeePHBFW §ETZoPYIde Savaveids of t he non
| cel andc -PIFETAFPH Y St o matin @ ecors J4parkse et (Yyeatald et heedizah CRRE. Oon sane
hapl ot ype, 29Ackgica360(2888) )arfyalof astdeetidnoek amehtie rapars@detwddh MDESBgIUESt S t here
was no f ousdhebghreanpwieaedhizofhrdnARasRY 8atcsntios Welek@hdtiohdd bb@'}é%re%édc;s&rt s

| ndependentdspue 3ctdah Qerlﬁ&!yﬁg\‘cblé(.tl%g*ef (Bubdk e?gcpué? Mof %@ne%y Bgrpl : Catl on and
del etion subtypes found in nore than one I'ndi vi dua % e was no

f ounder nu JREL 8, MeL e enou h als in the |Icel andi c popul ation
with 1 plu t[r?t% gr’.! tl%% ons e se 30 t'&?é}%}“ﬁs’?g}“ﬁ P 4E4 818 schEprigtnier i ng

occurred af® "T°5 ée"B'F’eS"dfécaﬂ“?"l?ItEF flyeiaa ¢ W“@?%@Pé’dm?rf“a!’?@ agdipl i cati ons
wer e sel ectiXReEyx SHE §t0ranotyrlHo weare in a sawp!rahd, 678 Isthived hodniapattinstaan sk et ween

i ndi vi dual soniwbts frorh keyerl B2opelanloputaibisqrred@s Fihiomig érmbRaRoidid, Rorviie i@y her 16p13.t
p4v. categesdtesunye | ooked at here or anong the deletions associated with
schi zophreni a on other 15Chronosonal regi ons we have exam ned. DI SCUSSI ON

‘RESULTS

35  We limited our search on 16p13.1 to the region between Mb 14.66 and 18.70 Mb (Build36). For
comparison, the duplications and deletions reported by Ullman et al. (Human Mutation 28:674-
682- (2007)) span Mb 14.89-16.39 (NCBI Build36). We subdivided the region Into three single



We have exam ned chronbsonme 16pl13,1 region for recurrent duplications and
deletions En a |l arge set of European schi zophrenia cases and controls, W
find a three to four fold over- 20 , representation of both duplications
and del etions in schizophrenia cases conpared to controls. The

over - r epr esWRZEBH1IDF duplications is statistically siRAVEI0HHPP00S
(Ps0,0045). The great majority of duplications and del etions we found using
I[I'lum ne mcro-arrays are identical togihose reported by Unmarin et al
(Hurrpars Mutation 28:674-652(2007)) using SAC tiling pathway. They span
t he sanme 1, S°PKERAp®Gt B VERabich wedalrdas? dniBeEaclves flweked al bubdta@adowcopflowever a
mnority of regentd (LCRa1 bonSin Sandindelyat 2008 34; s, Biifc. Base ss. ANk AORLEA]SH,. have
br eakpoi nts spanning intervals 2 and 3. These have not been previ ously

;’ ggg{ égdl nTh@urbG eisHotnetr&ich @k Ug@'.tthovlsyrréﬁéﬁl@s ega%“pﬁg bﬂﬁé %Péaiiogggddog gr I’ee on
|
aélé:t‘@r% \AWOBQNJ&B g9 lghggd (I\’nQedva(Ilis are |Fﬁnpfe e|g| Llﬁ(ng-ne N}Hrinbéj & IPré'lfld 3. 1I§terv b]e c RIO

of genorni c;_ i nstabli rY

1: R57- 64 (256 TZF 'sﬁ‘}%’é’ & géercépy sé%szilemb%‘EF%ﬂ B ERS MEFLAESRST abferd lsteleon. The
repeats ar e?{PHPYPE AR dslsiires BPBIR PYtskrish plussedntiyohoralnt Bbrieavetrdorll Dgaws

r econbi nat i &M ENAIToN theetkveepies fresiosthu@ tfPsysBavEnt mshed dhatasissl dnkel y

expl anat i on9%)oinidnh en-r1ecandreneed BiwieSRs bRAIARANGRNBNYS, tRdsbRls fiei 1

| dentical shoéwiudeh i@ criéaiflcPMeROd ¥1aNQL.Phi s have previously been
described in the 15013.1 region (fuzun et at, Nat. Cenet.37(7):727-732

(2005) apd W@; . nt.s et a en Genene Research
(2006)), A o i yeQFolo"&!EE@Pof‘é&ﬁ,l:a%o Sa"cpgletego s"hca?ﬁ?ﬁ?r%“% ° 18¥ 45 43S on has

al so been rée ? ‘fp"(:f rgﬁ'ﬁ?eﬁreéf'ﬁl'"036f<h‘{f5°d¥?f’€fe”'35%‘ﬁs F09§-08°039Lre9 £2( 2006) ), and
a smaller d& ?PS% CREF wareipesAent 0 i@t cates a1d"0.Q3% dubtcbls (BeheR). Ddeltp4) : 249- 255
(2004)). HoveeWnsrgeqoraphibes origirt df E1e sprespeivie andjsttie tdiefoFatdiatioralsschiadnd ear ni ng
di fficul tieBantanbenaé el @ted For btPatifdatdd. @B@ILduRIcatBns e sidﬂ*ﬁﬂtl %S%Eed%pl i cation

(8frib) 1of dchephedl QRobaS). alvisd apﬁfsﬂ waf &F%gudm &“Exf %{ t réng @6 §a§l ents with
"SHit

autistic fe r , Qur nost
s? r: EI :19 flﬁ&j:ﬂ tﬁés'énﬁlc%%plncrgased ﬂ’m(‘frpf% BF) FeRia" r’é\a'%\’s@'t?& fed with >

dupl i cati on resﬁrlr’lg'f %@a'%@ﬁfeTa 't Betsn caﬁécﬁ??'éﬁf'a'@élaé‘f B Brish mple wssrer al | oci have
now been r eP8It¥as Y REtd it dhfemyle Sustsid mtledicwinthis. soh R 2ophmentatrbat to date
dupl i cat i on@idasdonissWdmaks)nsTol Zophee ThamwhavandDatds weRerBpdnsatat ed case

repor t s.20 Thaseertaigedt dne arkiincitiedl i@ Snatydis B4 KepdtNOVLRHGE HONSSE WhhEJeRealoSical

statistical Jnyly@»@matérfamm&\un%&@e%l QJ‘ef §9n't éw%cn*i)z‘é&h%%'} g guplication and
. del'etions we

schi zophre r i

have i dent H‘e?clgd Jf&%e It'% 8{11% %r'lers '"utge ff)?"éysgc ”tég g?efciai?ﬁf’f Jegelisihhde t comes to
assessi ng aSeoE At 3‘3‘3\/3 M Hhi zophrenia. Statistically, we have used the
10strai ghtforward approach of counting all duplications as equival ent
events, and® bM¥s? qelsHeD was PeEgeNt B 3¢S ekn tshizaphomiatches @ndGpnbcatitoneldtiat have
the samgs breeatkopdPrit@5) arst & hgusGr deiidhatas pRES ih @RQICHEh sofzoblitedcadd, wadt  ( Human

Mit at i on 28G7anGB2twWo20¥id conbid fpblEY). Cauti on must be exercised when
interpreting results frorn such a small nunber of cases, there are several

grounds forwd @itk g adsB@dioPHF aif éNQ‘E’AaFka% EEh@ nﬁ’ﬁqﬁ'npcrca r'a:yl'srtl?att SAhvERLhe rarity
|

f the duply kabl
gt at I gt I ggl 159ﬁt1 I'Q(_ﬂ(ﬁ\ |I\ 5"387as%l§zoo(élllrenla calseis am} ﬁBEéonrtrolf)l 8 'bﬁ;ﬂf%zggij?eg?frs :.I’ ey

Ponsi de, r ed gxeﬁﬁ% aﬁ%’lc'f’/tef Bed: 55@5)59"%&?6‘319&” nfiern Bter ey aisteicescion witib s o

| dent i caf duplur etk Thiamatkerds lpeet3vithin Ingeuss AReseeead. r eady been associ at ed
with autism What is nore, three of the schizophrenia duplication cases had
an early origeew ofthd lebare8editkleR al Aufr. adGeLB:. 208168 Jssdfatich Hetwebdiise1 RS pect

resenbl ed tsheodf@iadyhbn cek6hieiB cRaSRASTe aetaafeebm@‘sﬁséate% hLHE 2 Fﬁ?es al so had

eﬁlr | K Ionstet702(95 9f01$é1| g@ﬁes e gll‘éﬂo |t|o‘?l *éhl}étipﬁreﬁ cases The g %er? | S seems
g ch: zgpﬁr e%lNgqf nyffqﬁ g T'OQ el Q"eguum '@:agg"ﬁder af g“?f t\fl\i'i‘ettg”Fls gfn’e‘f"th '3821515
aeur opsyt hi'kt 13 ETH SEPHEP L hREF INMREPITHNts Westharefere usedxggeceth si nce an

overl ap ofdﬁWéHGFVWP@“ﬂ%H@ﬂ$E@Jbetmeen auti sm and AENI D has been
extensively reported, and individuals with ADHD are at |ncreased risk of
schi zophreni a. (Amm nger et at, Am 3. 25Psychfatryl156(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 al so perhaps noteworthy that nine of the

el even 1 plus 2 schizophrenia cases were nmaies. This cannot be accounted
for by the excess of males in the schizophrenia series under investigatiOn,
and resenbles the sex ratios observed In autism The duplications at this

| ocus appear to be under negative selection. Custer 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
penet r ant recur rent del etions we have recently describ gT/?srzoo%gh% | oci but
it Is presg’rﬁ’t OHEYE hel ess. It is consistent with the ower odds ratio we
al so observe. Finally the duplicated 'region contains two strong candi date
genes over- or under-express:on of onezor both of which at key stages of
neur odevel opnment coul d.predi spose to auti sm and/ or schi zophreni a. NTANI
gene |s Iocf-'a%'@d“elrFl"dtrﬁecasﬁﬂalgwuﬂss?"ﬂﬁ'tf“dﬂ""%‘l“i’f@!'@'cS%Eﬂ?é!?ib"éthc%’ﬂ jB&YWEEr val one.
It encodes l@aps iNtrenwa maupsa@pawagﬂmsaramsja@eedt Fatdata &g Shews In, or widat ed in
soci al behay QIdbasad vl NOBIOT tie CYO¢Fier and @M REBSSIraBs £ InNIANDhehtegdsold . r educt i on
In MAP2 protein expression through the utedul tinproteasorne pathway.

Reduced ex %@é&g 943 ofify oMﬁERU Y @se@wéﬂéecfou!sh mn&ﬁr e eRdmitt 3@MaS begped OPf
schi zophy and 1 ,12 iaéég%?;?c{fgqhﬁ ‘/'9 29 cﬁféléﬁrrhaé@tVBe b'a%gr%ﬁr?dl in: 99

Ne. ur epsychep ar mae

Res. 760( 1- <" 5 97 F?' ualy f°é¥'h'°“é1e6‘i’d 95pY V%%#%?r rys0(. 10);
743-749(200%9 2 CfBowma@F h@ilotwe mmmﬂmwpmf leglprpcayses. 37 sewgsi“szf) ).

Mut at i ons ofas dd 31E8r, antHaghudf therpamotigikaly kd pasEgeniejer@dense Witgrelcerend syndr one,
a neur ocl eyekoprEth af thatsaiupiRitioWbAd Ve REGQGbIAIeE buddih hBiei tianfopabdvi@sl, S
Recently, dg&s @%%%%uﬁaw&%é%no%é?é WGQQ.%%QH R QbRSh Mrcblmde%aulaaomihabol ism

has been re OthquicaltIQns 9 OOk at cgster n? §51 err{s Eeftgﬁngl\/?ad’f(] %% (?Jte &% t% g%loqgsgt ate

granule neur oNns

. Neur asta", 92%6‘7? i t"zfﬂ!%'CaZ'?we(e S0 "k PRt ma’%&‘ﬁ‘? PP
Res 50( 1) : Mistanggiep@eppdividyats ith He 142 dUP!Btaé?" wwwa&aﬁ%’s{he 2'}‘"6‘59%‘6‘( 2005) ) .
The neur onainvultegued wenpkedt @ age meansys the dele@ns rsedcstetl lvgh ecgig@hvighiy on other
connect iy¥i trombddRal eféhs a8 Havgie@gReng of the synapse, Including the
toturnover of pre and postsyreptic proteins Wdge and Antoni o,
titaurosci ence3: 054-861(2002); Collins CA and Di Antonio A, Curftpt Opinion
Neur obi ol ogy, 17:35-42 (2007)). Mce with disrupted NTAN1 gene show fes s
| oconoti on Algﬂg% @en field and I npai rnment of several spatial nenory tasks
(Kwon at at B10i . 20(11); 4135-4148 (2000); Eialogh et ai.,Learn
Priem7(5): 279-286 (2000)). 151 NDE1 and NDEL are highly honol o ous genes
i nvol ved i NV FroaBgRsRsiiERTe, ORIy BHA PRSI ERSPRIEAUBR ndiEativh and
synapse f orlsra¢ sebef.EuPhery sehirorheraiafcenes dgensiolss Welfind at'i'i’%l“b@i"d%i@ P¥er-i nteract with
Dl SCI and USdregartaddionisoth diblichtiohDirnll daip@eanistigoproeripaasentaipeangeattlse with Its

honoi og NDEfse o@‘-@é%%en‘:ﬁi@ﬁ ofwmaau.b@ iEXRERISadnean! (Pe.0d48). OBY gle@prmnty, The
11’51/ NDEL po@&i IOF‘S%HCI &Yq Hd mnglllnjm%ml@Q%Qgre%qﬂcgﬁgéﬁlnétr%rtm RELN
anot her ca dl r% Hg‘g utat?qn 8%99 gzgfbo%el usMré;l B%E: tlﬁ)na pathw Rll?hLN L"tl'h%]' pat hV\B‘y

cause iissel oY Ber oceprl aly
with thi nnlsr"l@e éér‘”lblre%ﬂ" t'l‘aéif‘é' ‘?eﬁﬁ't"é‘ﬁlﬂ “esglcyy 2n'ﬂﬁ¥ﬁé‘?’§ mer é’ﬁ YBifraiens

| nt er estzk nging délgtonpinpurghses pndeentiols havetbesd krpirts seenniva §eesvairi2tand 3-HeesdOpiei cat i on
had | ncr easetbdae pavicistycepafier ence. M ce di spl ay defects in neuron&
proliferation and neuronal mgration. NDEl protein directly interacts with

DI SCI  pr ot e} pRbkdbig f&bstﬁ&mmheléem/aw@&.od Sre Bknddah ark® With Kigh [aRGAEANG

25I\/Utat|on X = olofoli KOy, lc¥ner. (Kar raya at
ai." fhg![p%&eg%’ Lr%éo %%3‘ 5@%&?‘ ft%lb%i Q\ﬁ r%'% lklyge'i'sq{mn Gghfslgﬁar niiv
| ncl ude sch?"f‘b BhtBma? (2 T8F P& CEEPEP 2 $8Td E'Jreatsllﬁa O P EE S A and
severe a#ol 'éﬁ’@é?ft‘e AR armnsro?"a'tsﬁwmf'aoune%ﬁ"}b'naﬂﬂoné‘t‘ HR) bjessr 918%('6706) : 13- 16
(1990) ; Bl azkwownde eteatost, lik@yrexplandtomior Be reetrrenGO(f Hesef28ran@Re(t2 @B theirSachs
flat, (AM)idenkdtiMizeCan@t invd®Qdndblyd2Bhidhdha(e200bu}ly beap aést@dd a ther@psshl f t

30Mut at i on leBoPHrofah et gen& et 7NAIEL 1B AF00BEH Bh@Base bihuARGHitibRNzHRy Cases of

hi h t f
schi ggpcfgggcl a&}gf%%em JRRLEARE ! b%rﬁ%ql.ggtsﬁm%lp@mt O ity cases of |

gene has” al €6 PEXLNE P'5P %é’éﬁ‘?"%ﬁﬁaa'?@%%cfv%ftGéﬁetV\ﬁePﬁe(gh?@grh %&@@{5 PaRs and

Asper gees syfichiede npwcidugiication (Kaiek ¢l INYed- Paige 1@ 4P-2P3 (P21 0TVEGE N 2008) ) .

Si nce DI SCl thi Sittkrreptrt, tite kimathsr bisdNBEldaMDEIdiffattiesvitergretaien ielprphléncetit-iflons we
report here mght therefore be expected to have a simlar biological effect
as the truncating nutation associated with schizophrenia in the Scottish
famly, of increasing NDEl activity. Al duplications and deletions in our
study involve interval 2 that harbours the NDEl gene and this nakes
dye-regul ati on of NDEl1l expression the nost parsinonious explanation for the
I ncreased risk of the schizophrenia phenotypes we associate with the
region. On the other band 40the strongest association is with dupiicatlon
cases that also involves interval 1. Ris possible that 100 Conbined
changes in expr ESSI on of NTANL and NM i ncrease susceptibility over chanoes
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to determi ne the penetrance and expressivity Df the phenotypes observed at
the locus. Further work is required before the clinical inplications of
our findings becone clear. On the one hand the data strongly suggest that
recurrent ouplications at 16pl13.1 |locus increase risk of schizophrenia.
They al so swaengvdes9ot he hypothesis that there are shar edrgrneid@os i sk
rectors 15between schi zophrenia and auti sm However the odds ratios, even
for the I plus 2 duplications, are subs%antially | ess that the Increased

ri sks we have observed for recurrent defetions on chronosomes |, 15 and 22.

Whet her t he es&@Er dpIdsioh abPoriR: NSaLY BsdfEn apll RaLE OPSarSpafedeat ure of
the 16p13, 1 JuRGitgnd gt (r.né?l[etai ! ﬁedoéérktﬂ(v)%gP{zB er rule than recurrent

duplications are general ess penetrant than're )ur rent del etions renains
to be deter Q;lupeglSt t‘ll'q %89 : t 20du licati ons we observe are rare, at a rate
of about 3 of 4 pEFEIBNLEYEL oA sk T SRIZEARE TR BFFETRTY BB SHIAIPT ING ¢ he
present stud§?? 3&6‘6?& RecUygNtoislerfons ptyseversi fogl have ndvbesn pregkigss! sionifighinthf i cul t t o

obt ai n priecirsecEagsevreriraiadit 1 chte Zagitationiassoamnelf voth sauutoprsmuarhas«mosemal ysi s
of CNV dat a béenaswlaeetde ebortsC ABiES tRITolst LD Blrkndwiagd WaraBbY islsafgediy t han the
sets we repeigkhificit elidnge &P 3RELatioNbHtGddn 'ardt?'pﬁtaftlor*ﬂdg&‘zgphl'eﬁlam}ﬁe J’nrs]tn Sk ar QESt

assem si ed hg Lpﬁca{lo%gﬁ qgletlo-ﬂpﬁg ﬁav}g lagfa:%y% the L %{3 uﬁ?sérlﬁﬁoe%%@ hge'sggles can be

25be ansmere ore e exc
used In cli n| Tl opraRereE e 6?5°°éﬁ“grg‘ﬁ'8‘ssfh'%93“re’lfﬁ éé%@%a'm ¥eR3ve psedticon or
genetic t° sﬁ'?‘\ﬁthEFar?ﬁE@fANDt"I\ET‘HEEQt'S%FerPwa'sv epentsp ] onbyftheB 5ik8 taf f ect ed
and 34602 cetmditiel @ thesedaplidasionEthebipearhe poyE HrakpoOrsSas\wer @igisal 00 spbitddiby exani ned
for Cfilis atmirheat(wondhontatict 28c67@ Gshene)). Ididd g &llichORiF &ruxac.&awwt s and
28554 CONt I Gherpritfhy VdsGiddb® sfidhQrivbingnreeds and, th§FeQ.LJ s%wﬂau %Gr( ﬁ&g' and,
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I'tal d F t 8E6
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Duke Uni ver §3jeredpgraraiely @cp-80rS2nHP 88200 & resregively X rAtamidBoisal, dudertinesay

genot yped atheBomA-1Urhstarsilteydydaeh S&6iavichautas e8haa RanoAd) BPeccdter ol s. The

| cel andi ¢ sampberetiaasdiction GkesB4banSGhY ZRANF BREGS2,aRANRIBATsCARIRLS. A
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associ at j,on. t her tis
di sor derio @ﬂ%@é%?é Pa%'?e yegff?seleqﬁa%éafy%hise%lmsd‘fné'?e"'ft? 5%‘%"?&% PEE 8l at i onshi ps
to schi zophf Léonfaﬁmgcﬁtsf%????s VLT ERE ST AR AN IEIRNH P98 PR 219 Wi @BPandi ¢ and

di agnoses WeTEPPASYTBRERrdaEdsEPNPH TRe Saar wkxrBiteigpitos i we@piof er i a ( RDC)
(Spitzer et plEhotypicApatives t@aveen R8iyre AndADHP h3hheer7 $Bendi&Ry eddd28 ang Intiidualigh t he
Suse of thewlt AmHoi deat Weresded Askak sdhiRébhR6hi AARRE&NRE 21, and;, Af f ective Disorders

Schedul exs( SM&MIJG&@'S&?%O(HMW&(@V% e?talatsghlfﬁl}f'c&ys @g(li §s- 43{1(‘3\,\%5 '{lhgr‘et New York,

(1977)). The | osen fro ave
partici pat eg( Isg ogrﬁgregééeiggi ?% 229?{%@652) 1 At g '&E’%’ﬂy Eat"”?ﬁ%”@cot tish
sanple I's cORPPi §§ﬁl STEHET 8 CREL BPhPERT 5“'%‘&%@%"%6?”@5“5“6%? Bicess of| |

parti ci pant 8282 fheiseiRpriasareagndsoinrestigaticrh endBesempletthe s eagiof @5&ddrin Scot | and)
and net DSMWsmanhel dG)cions AArer ipaaappbo Rsheohid hédatveAsisdion . atlisean ark88asr WHO,
1994 48)3ocr tHepiva 2 aicab e dv@RPia tiRNtefendiPh ROIBRS fifds\WerR id j':‘fem.(r JEBERE(MeQuf fi n
et at, . Argkhe d@l&tmr?%?e@e@&&éf ﬁe%ErZﬂths r(qugﬁlf]:lée tloqq;'rﬁ EQ on%r(cgd asq unt eer s

d
:T'g:’:][ ;: t Ie| In t h‘nr (Rldgpengtgﬂ?rre?lmgptdpa% Inggvs ave ref_(l:entlérqr% rébe%atr?érleéltogautdtf Is %’iT"tCaucaglr an

cases and 617"'@[?&53& BFPEBTE MO g‘e o ‘@%s TS @BFevE t 2 hSie fuPlissteRi zophr eni a
wer e ascer t EPRREPNRING HYOtsFHRNIIvRITIdets 9ares averTer GrdenmmiessiohSDbregn bl of whals atmade
accordi g t tevB8RsloVherodevelopraentigul grefl@sSioraustnuinésdr hirdpheas. | nt er vi ew for
Axis | DSMI{V Disorders (SOLD) (First et at, flinmetrics Research, New

Yor k, 1994) nTAND@erz0d1bda®dh § tHedn@ I LRREbralnge séd@énk%ﬁe@rlﬁer(laﬁg@meycoﬁlaﬁﬁt ed from
the general temmﬂkﬁgﬂaaﬁsg%ldm@ﬁa@ nas bIQﬁmEIlcgwd n roﬁfﬁ%)!v?ouﬁ%@ﬂle%égdo\%t 191

hi zoph t t di cal
story of Senea0on i (8Nl EPELBte SR TR o ot ia of

Di agnost i c &tﬁta:ltig;e gtfa?sgrpf eaérrway Reduced expression of MAP2 may be a useful marker for dlagnosis
40  of schizophrenia and bipolar disorder /n vivo (Whitaker-Azmitia et a/.,



20 Manual of Mental D sorders, 4th edition (DSM1V). The sarrstle fromthe
UK consi sted of cases (n --e 104) and controls (n = 95) who were unrel ated
whi t e European Caucasi ans, Al patients were interviewed with the Schedul e
for Affective Disorders and Schi zophrenia Lifetine Verzi iﬁ%ﬁ 9/0?)&«35 "Item

G oup ChecHiQWOWIEE) of the Schedule for dinical Ass&S n

Neur opsychiatry (SCAN) (WHO, Schedules for dinical Assessnent in

Neur opsychi etry (SCAN) Manual, 1994) amd 25 dl egnosed according to 100-10
P.DC. UK controls were unrelated Individuals with no history of major

ment al || | M€g€rsyehrrigierst/asy A3k 58 2851990 Mazeh elths & Reso¥PE e 98ocal popul ati on
of Sout h Veronaw)wvas ratitsoMay et BBidrfdychi@DsS00PEE- #4820 CHHomepdtréni a, and t he
91 contr ol saciméopumps/aba e d7heat o). wolatidis eewst3 baun@doiRirytes edaeted from t he
sanme popul %ﬁs@ﬂngemﬁsﬁ@%ﬂ\e,sﬁr@rlo@evlaI%n%quéléoﬁﬁpwigfaséb@ilte@ﬁ}tiktﬁ%a&répd _881

cont 1ol s RalhfNh S8l SEbH e, [ LML FONRERN MU IORRILA! ALl §ST Ons and
30 were al I’ of ‘Cerman descent . Tn. patients 1 Ferl ne est est | mat e

di agnoses &0CBPHRY? YOS '2950ACFY Feéfafeagrwéi"é‘e‘ﬁ%{?é@mo“?‘ﬁmrﬁ"faﬁaﬁe”?our ces of

i nf or mat i orfMdfePUefidng-ErrertAiNed P RTEr (A0BW YiWH of He SBEA(-Brr X dl- at, 1994)
or SADS- L (ZEfrdbDoAlter @trad BBpirszeptry58DFBY6(200RR. PEUEUbdd e@ufthprotedmal , , 1991),
nedi ca: r ecdels con@gltht BRedidyYicbryiediliet Qfidion BrSIgnad bk sPnaficagbammsnaNer €

obt ai negh f oMbt of bRASE Ectsvwnasemﬁ&eaﬁsrm@ge RRYARINR! FdurkSd RSVE AL Q8HosY, S -

Controls riyed, trom .wo r.man, 35 ul ation- rts, PopGan
(o462 " and s SarBianh PRl B HBOR, PPl ORIEMEMET 21 O DS
pati ents WG RE] "BEEPePEEPYFEEoTd P N Pep f&"{d&a‘f/'”fPP'%Pﬁ"&?flse"fﬁbsf’ﬁ%ag'/chi atric
hospital s iTEMoREaRs (Kyoapleh. MorHe! fat2Pent ¢ 3adi €8 @PRYiaseet detsfdi ng to
Structural Mem-mbxare-1sag@omew for OSI1-1V (SOLD, The heal thy control

subj ects_ ( 2 e random vy selected fForn the sane catchMents area as
The pat FoatoE] St nlbEL Bl BRE BildesBE sBfes RoileaRy ol dRBRME: SEUGAl Lo o T i
40wer e contPATTEENOhY I EOF 837 YASS PIUTPYRd ThY peert foE PpEetnT Bt AAkEY approval was
obt ai ned f riggae¢tinsh PEEA PndRIH ipcoteirGomth NDEE empearp Ito hydnteichepgrablt witgtlve writt en

i nformed caonsen NDEDNEcqpathbt NIE1 tslreprédsddadariisranpdvelomans i Bt ed1/abelGRGwpat | ent s
and 706 coné i@ad inlbfadel @b niaRélr-udtRady 0T, SndtRdr QankiRSE Hink @ 102 from

di fferent RYeB-ah  MulQIR aah,sugmxdw@iQULMSLemahaw) aeaqnmac?nmgab.e

Net her | ands,  coordi nated Vi cadem c hospitals In Ansterd oni ngen,
Mmastricht 37 FEP U aeRr ™" H5E B RE &TIA SRR BERHTALYIE T S8 Tas wer e

col | ect ed, PHKEFRdY fY Whe remisPEre AEFY casps WBSBHERICAHM "y et eahd Hi story
(CASH), an dragtferense ntice daplag destsgn myrods agfiestisn addeysyotigpienhdPelgy. To

excl ude r el pétad didpatintedates wismi SCiombteio bisthe @kdrmisallapEbitss aed & the gestpy i Nt ed
(11T um Be DNAetRARBbried 10Re SNRSH psENir¥hsB@bbEBh S, Watlya 8r SPSM, Vol agnosi s of
schi zophr eni g (z&iﬁﬁ-@%iz%zdo@ﬁ' wdgdy RS infifﬂ%ﬁm\( %ﬁ?deéédzopr&'ﬁ- patients and
control s were of Dutch descent., wth at |east three out four

gr andpar ent™S" SPTENE SR AR cCBYY GRS PR A WS R 0198 e RRET &S ﬂ'ﬁ‘i'cgeé'r@ Ciat”ieél were free
of any psychi Grreo@ET¥:é3y6 (LRI Hi RakwRp BT BvAT: MEE™ G564 960 4#E B t he | ocal

Et hi cs Conmi@aipe Sachiptial. ham.t/i pademsst. GaRE 4% #33t(2495)) drottevdrai@dinsent . The
remai ni ag Dudtechn Ganscigjensia apheerconeiisice din@hididonIBGsésvb s gpui@nis aeiol | ect ed by
t he Radboudnditia¥fEssibd the PidfpRAEMiNRAD GRLs FPEREGEERNYR od-aFd Q8 0REI & St udies.

ALl 3,333 paltl fe%ap#ﬂéens. Jre g&d {;‘eg% gagoa{% 3%%%% b§e§1‘€9u¥% grlsﬁcnaf’efa w?tﬁ’%iﬁ's&epor ted

Eur opean descen udy p apgr QV " The [nstitutional
Revi ew Bear 8™ RAUATBEE BATIEPE Y eld oMo & yﬁ‘ﬂif’yslag}{'é%b%é%ﬂ?@’wi tten

i nformed cotseRiSC! BEnade QEENMDRIAYRS adiviyereduriqaiers wa rePHEPIRIFISManHap300
BeadAr r ay m therkfongive prapectSetn hide @ gjilarlUBApical effae GOBE trgeawingatioTdseocaddi t | onal
sanpl es fr omnAbeopteen iamd sbsih edmiywer Ackyspedipedt acBuke University in

col |l aboration with d axoSnithiline on Humanhl ap5S0y3 and Humani | ap300

BeadAr r ay T" ay(dubilcidhd Waa deh@RnAE B stublPAvole GREES b iniha¥oourt R NERIMRESHd T OM Bonn
were typed g -aREANN L NCIEY o B -ddr WhIGANERZ R0V Bgatrl avin (11| umi ne,
San Di ego, §B§). e “Dut ch arrpf 8 Y75 Ut r&cht . uni VErsity were enot yped
at the Uni VBYErEy'sop tesaichioh AT AP eI B9 s nigerwite i "Ndﬁ%??Hé’ﬁéS’O’Wr E‘gédAr ra?'
(I'11um e, tSasropiesipssocipIBA)s witlifdplisatiaarasesippt Bise Erevsairtehest Wik eosgelinBvy ped at
deCCDE genetics on iltimani dap300 BeadArraym (11l um ne, San D ego, USA).
The Nonvegi an sanpl es were genatypeci on Aftynetei xGeneChip(r) GenorneW de
SNP 6.0 array and 25anal yzed using the Affynmetrix Power Tools 121.0.

Sampl es with Contrast QC below 0.4 were excluded as recomrended by the
manuf actory. 011V detection DosageM ner software devel oped at deCODE
genetics and Quanti SNP software devel oped at Sc, weHcorne Trust Centre for
Human Genetics and the University of Oxford

(http:i/whii,v.well,ox:ac.oki Quanti SNP/) was used to identify deletions and
duplications within the region reported by Ul man etal. (2007) in ail



35nodel s factors such as SNP effect, sanple effect and GC-content the in
nei ghbourino region to normalise the intensities, The software then
automatically registers SNP [ oci where Intensities fali above or bel ow an
enpirical threshold. The Quanti SNP programrelies on an Objective Bayes

Hi dden- Mar ke odei419 0 esti mate copy nunber vari ations p&ptsedobmaocasyd Yau et
al,, Nucleic Acids Research 2007), fn this nodel, the hidden states denote
t he unknown copy nunber at the inspect ?q% Shi Ps. Genotype data was used to
compute different states, Based on the'rTatio of fluorescent dye ratios
(I'ook) and sénitale€ BRBgeO T exprbBioRbd@RNT HIWEOITPULESs B RBYESovE AR QLs if hat SAused
to calibrat %xp‘ﬁ%gorm?ﬂﬁ%; at10 e, g"o)égodev'{dxrgzgoflallegit zaa‘slsgc?a-tigrpéilr}c}n}{leo%e Qe)%r[(%r rate, h
Bayes fact oqocattedriggnhiotm K S £onsi d?r ed as a Er'om Si rllg A e for the
possi bl e preSence o a CRR--"USHAIE §° "—URER"GHF ered Jeeirr "8 1
consecut i ve YSRPELEpregicpte preraiap M ERE: dherDivf feappleneers cinditi@ed PESe pali rs may
result | braZEesRybvi7@taataren stoehartouexaofinaGMRf prodes wiernkagatyhe risk of
miscal | ing geeoinypesontdios rav@ vafhis 2@t fnerast Rikf scRdthichi@NRiB%S bIRSeBary

ol ocus- specid dnclyFmruAkMEprétOn RAGusR Qépa_@ive ﬁdllcQQp;r&gBr{ @Itryg\hé%n 1&Ct ed by both

ft war eser ) i | inspected.and confir Associ ati on
Zgal ysis %Q@lé?ﬂ%?%ggﬁéJo¥or¥éeﬁ%%n%rydosage al 9tloss, for examp%t;rouggg /IllodedS ratios

e e LAY RS modnmn b Fpcs o 1
teas performed, Stratifyrng . 15SShBMESBY e SintPyeGoorfgtsnet o t ake account
of the pBssi'Bia"ef PR TIsPtalRitygicat RFEwF 2<iag traer<sire!ope HRELY el may helb t he
anal ysis. 20 de@ﬁﬁne'rtabbeeetralnce&upIe*m:asﬁritvmstthl&hMﬁnemétisermdam_dﬁllceﬁg. ons or 16p
13,1 Scotland Scz (86111665) I n European populations Ctirl Scz itjcVa
Ger many Hol Famer vicad iS&hL@@H before the clinical implications of our findings become clear. On the one
hand the data strongly suggest that recurrent duplications at 16p13.1 locus increase risk of
schizophrenia. They also strengthen the hypothesis that there are shared genetic risk factors
15 between schizophrenia and autism. However the odds ratios, even for the 1 plus 2 duplications,
are substantlally less that the increased risks we have observed for recurrent deletlons on
'_chromosomes 1, 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 16p13.1
20 duplications 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 assembled, will be required. These and many other questions will need to
25  be 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

30 'Atotal of 3843 affected and 34602 controls from six European populations were successfully
examined for CNVs at the two loci studied here; 1435 schizophrenia patients and 28554 control
individuals from the Iceland, Scotland, Germany, England, Italy and Finland (The SGENE sample;
http://www.SGENE.eu), additional 866 schizophrenics and 856 controls from Aberdeen, Scotland
énd Munich, Germany which have been collected with support from GSK and were genotyped 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 648
schizophrenics and 27747 controls. A further 5630 genotyped samples were examined but
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excluded from association analysis due to other psychiatric disorders (autism, bipolar disorder,

ADHD, dyslexia and alcoholism) and/or first degree relatlonships to schizophrenic patients.

Patients and controls were all Icelandic and diagnoses were assigned according to Research
Diagnostic Criteria (RDC) (Spitzer et al., Arch. Gen. Psychiatry 35, 773-782 (1978) ) through the
use 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 665 controls. All participants self-
Identified as born in the British Isles (95% in Scotland) and met DSMIV and ICD-10 (American
Psychiatric Assoclation, 1994; WHO, 1994 48) criteria for schizophrenia. Diagnosis was made by
OPCRIT (McGuffin et a/,, . Arch. Gen. Psychiatry764-770, (1991)). Controls were volunteers
recruited through general practices In Scotland, and subjects with major mental iliness were
excluded. The Munich sample consisted of 611 Caucasian cases and 612 Caucasian controls.
Cases dlagnosed with DSMIV schizophrenia were ascertained from the Munich area In Germany.
Diagnosis was made according to DSMIV criteria using the Structured Clinical Interview for Axis 1
DSM-IV Disorders (SCID) (First et al., Blometrics 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
.hlstory of schizophrenia. Diagnosis was according to the criteria of Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV). The sample from the UK consisted of cases (n
= 104) and controis (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 Clinlcal Assessment in Neuropsychiatry (SCAN)
(WHO, Schedules for Clinical Assessment in Neuropsychiatry (SCAN) Manual, 1994) and
diagnosed according to ICD-10 RDC. UK controls were unrelated individuals with no history of
major mental lliness. Diagnosis of the 85 Italian cases from the local population of South Verona
was also by 1GC and ICD-10 RDC 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 contrals. Patlents 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 information including structured interview with the
SCID (First et al., 1994) or SADS-L (Endicott and Spitzer, 1978), the OPCRIT (McGuffin et a/.,
1991), medical records, and the family history. Best estimate diagnoses were obtained from at
least two experienced psychlatrists/psychologists. Controls were derived from two German
population-based cohorts, PopGen (N=492) and Heinz Nixdorf Recall (N=383). The Norweglan
sample included 245 patients who had been recruited to the TOP study from all the psychlatric
hospitals in the Oslo area. The patlents were dlagnosed according to Structural Clinical Interview
for DSM-1IV (SCID. The healthy control subjects (N=272) were randomly selected from the same
catchments area as the patient groups. Only subjects born in Norway, all of Caucastan origin,
were contacted by letter and invited to participate. Ethlcal approval was obtalned from the local
Ethics Committees. All particlpants gave written informed consent. One part of the Dutch
sample consisted of 806 patients and 706 controls, Inpatients and outpatients were recruited

58
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:from different psychiatric hospitals and institutions throughout the Netherlands, coordinated via
:academic hospitals in Amsterdam, Groningen, Maastricht and Utrecht. Detalled medical and
psychiatric histories were collected, Including the Comprehenslve Assessment of Symptoms and
:History (CASH), an instrument for assessing diagnosis and psychopathology. To exclude related
5  patients and controls, ail subjects were fingerprinted (Illumina DNA panel, 400 SNPs). Only

patients with a DSM-1V diagnosis of schizophrenia were finally included as cases (295.xx). All
patients and controls were of Dutch descent, with at least three out of four grandparents of
Dutch ancestry. The controls were volunteers and were free of any psychiatric history. Ethical
approval was obtained from the local Ethics Committees. All participants gave written informed

10 consent. The remalning Dutch control sample consisted of 3,333 individuals collected by the
Radboud University Nijmegen Medical Centre (RUNMC) for genetic studles. All 3,333 participants
used In the present study are of self-reported European descent. The study protocol was
approved by the Institutional Review Board of Radboud University and all study subjects gave
written informed consent,

15

The SGENE samples were typed on the HumanHap300 BeadArray™ (Illumina, San Diego, USA)
at deCODE genetics. The additional samples from Aberdeen and Munich were typed at Duke
University in collaboration with GlaxoSmithKline on HumanHap550v3 and HumanHap300
BeadArray™ (Ilumina, San Diego, USA, respectively. The samples from Bonn were typed at

20 Bonn University on HumanHap550v3 BeadArray™ (Illumina, San Diego, USA). The Dutch
samples from Utrecht University were genotyped at the University of California, Los Angales, on
HumanHap550v3 BeadArray™ (Illumina, San Diego, USA). Theremaining Dutch samples were
genotyped at deCODE genetics on HumanHap300 BeadArray™ (Illumina, San Diego, USA). The
Norwegian samples were genotyped on AffymetrixGeneChip(r) GenomeWide SNP 6.0 array and

25  analyzed using the Affymetrix Power Tools 1.8.0. Samples with Contrast QC below 0.4 were
excluded as recommended by the manufactory.

CNV detection

DosageMiner software developed at deCODE genetics and QuantiSNP software developed at

30  Wellcome Trust Centre for Human Genetlcs and the University of Oxford
(http://www.well.ox.ac.uk/QuantISNP/) was used to Identify deletions and duplications within
the region reported by Ullman et a/. (2007) in all samples except the Norwegian samples .
bosage miner, described in detail elsewhere (Stefansson et al., submitted), uses the intensities
from SNP probes on the Illumina microarrays to estimate copy number of genomic reglons, and

35 _models factors such as SNP effect, sample effect and GC-content the in neighbouring region to
normalise the intensities, The software then automatically registers SNP loci where intensities fall
above or below an empirical threshold.
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The QuantiSNP program relies on an Objective Bayes Hidden-Markov Model to estimate copy
number variations (Colella and Yau et al., Nucleic Acids Research 2007). In this model, the
hidden states denote the unknown copy number at the Inspected SNPs. Genotype data was used
to compute dlifferent states. Based on the ratio of fluorescent dye ratios (logR) and stretches of,

5 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 5-10 consecutive SNPs are
deleted/duplicated. Differences in GC base pairs may result in blased hybridization behaviour of
SNP probes bearing the risk of miscalling genotypes. To normalize for this, QuantiSNP assigns a

10 locus-specific GC value to each probe. All potential CNVs detected by both softwareswere

subsequently visually inspected and confirmed.

Association analysis

A Cochrane-Mantel-Haenzsel analysis assuming common odds ratios was performed, stratifying
15  samples by country of origin to take account of the possible effect of geographical variation on
the results of the analysis.

20



0ooo0oo0oo0000) " 2,i3 02 10 0200 105 Tabl e 13. Description
of cases 584584! AA021K21 G8K0263

WO 2010/001419 PCT/1S2009/000005

104

Table 11. Duplications and deletions of 16p 13.1 In European populations

Iceland Scotland Germany Holland

Status Scz Ctrl Scz Ctrl Scz Ctrl Scz Ctrl
No of cases (648) (27747) (661) (665) (1102) (1493) (806) (4039)
% Male 63 30 72 58 57 49 76 60
All Dupl 2 24 6 1 1 0 3 6
All Del 0 12 1 0 3 3 0 0
Dup_1+2 2 18 6 0 0 0 3 2
Dup_2 0 3 0 1 0 0 0 1
Dup_2+3 0 3 0 0 1 0 0 3
Del_1+2 0 10 0 0 3 1 0 0
Del_2 0 0 0 0 0 0 0 0
Del_2+3 0 2 1 0 0 2 0 0
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Table 13. Description of cases
Age
Case No Gender Dup/del Diagnosis of Famlly history Other
anset
Had a breakdown
aged 16/17 when he
saw a psychiatrist.
584584/ mother suffereda 14,0596 grief
AAQ2IK2/ Scatland M 243  del Schizophrenia 17 b k% " reaction, following
GSK0253 i death of mother
1959 contact with
psychiatric services
?Anxiety and?
Schizoid personality
583786/
ABSZ1389/ o n Paternal mother is
Operit no Scotland F 142 dupl Schizophrenia 12 ‘odd'
3885
1993 Low mood
{poor sacial
Father Bipolar clrcumstances).
583447/ iliness. Paternal Drug atuse.
ABSZ1728/ Chronic uncle schizophrenia. 1995 ;odd
Operit no Scotland M 1+2  dup! schizophrenia/ 19 Mother died M| behaviour
7020 paranoia 1994. Oldest sister  flaughing
murdered 1395, inappropriately/
known drug abusér.  taking to
; himself/{month
after sister died}
Obsessional tralts-
IG“;?(%);;?/ Scotland M 142 dupl Schizophrenia 30 specific routes and
routines
Mother treated in
Dundee Royal for -
depression,
Brother drinks
536751 Paranold 34
Scotland M 142 dupl. 3 : excessively and has
GSKo183 schizophrenia abnormal
. personality.
osemar M M el ydupt ::t:?zrt‘)mgrenla 23
P Father suffered from
nervous breakdown
1956, inpatient.
543523/ Father died
AAQ2CAT/  Scofland F 142 dupl Aarsads 29 alcoholic. cirhosis
GSK3102 RS of liver
No FH Behavioural
gvbffgagm- Germany F 142 del Schizephrenia 23 disturbance since chronic
childhood
mother depression,
father alcohol
abuse, brother
586835 Germany M 1+2  del Schizophrenla 15 heroin dependence;  chronic
grandfather (father's
side) possible
schizophrenia
weoo12763- Gemany M 142  del Schizaphrenia 18 Mother depression chronic "
DNADO7
No FH behavioural -
gﬁ:g} 3761' Germany M 2+3  dupl Schizophrania 17 disturbance since chronic
childhood
NE50218 Holland M 142 dupl, Schizophrenia X X X
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NE71403 Holtand M 1+#2 .dupl, Schizophrania X X X
NEDB0E03  Holland M 142 dupl Schizophrenis 34 | sychosis and X

depression sisters

Ice014 Iceland M dupl Schizophrenia X Yes, see pedigree X

lce032 fceland M dupl Schlzophrenia 23 Yes, see pedigroe chronic
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Duplication on chr 505 associated with schi zophrenia By assessnent of CNVs
using SNP markers on the Illurrilna Hurler.Nagai () chip in sanples from

| cel and/ we have Identified a region on chronosone 505.2 that is duplicated
i n indivi dusoogiiagndsed wi th schi zophreni a. The 9035. 2pdusheogadoen spans a
region flanked by markers rsl1S45976 and rs2220368, between position
175,939, 217 and 176, 013, 058, on chronosopge 5 (Figure 7). Several genes in
the clupilcated region may contribute to the devel opment of schizophrenia
in individuais carrying the 505.2 duplication, The duplicated region
contains the %@%8 ﬁgher LKC recur sor gene (PCLKC), a gene encodingi 10G
prot ei n- r egul Hhdulapl ??Imﬂ@ FP”{%“@[PF@QC&RE%W(W'NEWE”Q bet a- synucl ei n
gene (SNCB) and a gene encoding transnmenbrane 4 super famly nmenber 11
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non- cl assi cal aigasbewn it snitpmtnid. Une 648N @sicadh Gai dependenat,, Gﬁlklerscel l

adhesi on mpl ecides NS BRE LA 2RA ¥SLS A6 AT PLAL D, LEQLons, shovs

wi de distri bu@l on_in brain tissue an céntral nervous® sy emwth

hi ghest expre B in the spinal cord, Northern blot analysis of nouse

ti ssues det ecd ed X ression In brain onlqv_{ and Western anal %TPES det ect ed
the GPKINL protef i "RuLe AH 88T Tt P SUt%ﬁ?d"er"ét’e'??ﬁ*@?)‘d’ﬁFCB WP3tna cells.
Usi ng | nr nunofd(iyple stwine theSpifch dslicatid- West ern anal ysi s of cell fractions.
It has been found that GPRINL is a nenbrane- 20bound protein that is
enriched in tThe depiepdireaen sersalesfthaRserpdadhedn Lisgrpdecersor gerehPGLEC)aa pore shdottieg

schi zophr eni & paeidireataed ifdedetofSiHECdueirdWth GPRADY 686tk 8fradeih fenP (RBENAALI C
nerve term nadeﬁe enk&dlng%n%ﬁgrangyﬁgertfm&gg]nggr 19%%}#8#% fsé‘;ﬂﬁg)em ¢ for human

ai ptia- and beta-synucl ein have decreas accumul at1on al pha-

synu0| el n-im #?&Stgér@ﬁ&E»éc\b?ecE'r@Mer%L tol tﬁ'&ér&&a%ﬁn %any si?rﬁ:er%%yt%g rotocadherin

neur odegeneraf Ao %n%'d f %" 8 ? eg %/ ransgeni ¢ for human
al pha- synucl el mI°A"Vi rt'°r"oc aSS'C§ almeaghed ”Eftlﬂ'd?s ?'cgﬁcﬂﬁ% R B 0 nucl el n
Coi mrmunoor ech‘f"(C%ifsed wi th al oha-synuclein and that cells transfected with
beta-syrniclein were resistant to al pha-synufdein accurul ati on, The

findi ngs $tigd@stuEnLiptratlySnet Bungappraine@dng SfmdyWlﬁéd'a”Mmeé?ra'mgatand/@er egul at or
of al pha- synuwettel renaggsyetlgawito highdstaxpresion inithe dpasl chraevorthet Bidt dnbigdis g ul t ur ed
Neur ons over exXquELEsed getltela@xH¥RIUCh 8hah g tink m&%%%sé‘é&te&ﬁﬂ@&ﬂaﬂﬁ
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rot enone conpared S OVer express I'n rol
cell's. Downr eséi'l?leéf'id%s'i?f" aAR'YS'SaPéfﬁ"\/'F‘FS‘?"Su%ﬁﬁd’eﬂ&’”f‘g |‘*RMPW%'&PFEBDFP’?F i ncr eased
suscept i bi?f i topundpratdiethpideemiched inchedrpvet taeodf newitesror @s such is a possible
Col m nunopr eckcipdobrabriinsanddatdi es suggested a direct nol ecul ar interadl on
bet ween bet a- synuci el n and Akt.
Beta synuciein is concentrated in presynaptic nerve terminals. It has been found that mice 4

doubly transgenic for human alpha- and beta-synuclein have decreased accumulation of alpha-
synucleln-immunoreactive neuronal Inclusions and less severe neurodegenerative alterations c
25 compared to mice singly transgenic for human alpha-synuclein. In vitro cell culture studies
showed that beta-synuclein coimmunoprecipitated with alpha-synuclein and that cells transfected
with beta-synuclein were resistant to alpha-synuclein accumulation. The findings suggested that
beta-synucleln may be a natural negative regulator of alpha-synuclein aggregation. Furhter, it
has been found that cultured neurons overexpressing beta-synuclein had increased Akt signaling
30  activity and were resistant to neurotoxic effects of the pesticide rotenone compared to cells ‘
overexpressing alpha-synuclein and control cells. Downregulation of Akt activity using Akt 5iIRNA
resulted In Increased susceptibility to the neurotoxic effects of rotenone, Colmmunoprecipitatioﬁ

studies suggested a direct molecular interactlon between beta-synuclein and Akt.



109 WHAT IS CLAIMED IS 1. A nethod of determ ning a susceptibility to a
schi zophrenia condition in a human individual, the nmethod conprising:

anal yzi ng nucl eic acid sequence information about a human individual and
identifying the chronmpbsonme 15ql1.2 del etion that includes markers rs8040193
and rs3883043 in the genome of the i nfi¥idual, wherein the presence and
absence of the chronpbsone 15ql11.2 del eti onare associated wth different
susceptibhilities to the condition in humans, and determ ning a

suscept | BVIHAT IBELAMEBAS ti on for hindividual fromthe nucleic acid

sequence data, 2. The nethod of claim1 wherein determnation of a
suscepti bi 1§t § "(}eéqu?ggtg”@alﬁggrsflﬁcﬁg'f%'gy Fﬂﬁ;f‘%‘lz PR iR "M or nat i on to

a dat abase comdixidnpinthecenthad crirgeingiat a bet ween t he chronosone 15(111.2
del eti onand susceptibility to the condition. 3. The nethod of claim 2,

wherei n the datARASGUEIREREH SERieAle thBASItioR RBotlaHKinTdR dfiiRialdnd SUSEGPLI bi 1 ity

to the condition for the I me 15ql11.2 deletian The of
claim 2, wher SIS IRPsgAE ég‘gég@ei%ﬁpit%agﬁcédfso%ﬁr-kﬁrs rcggépfebglcagatrséa:g%%d%gq"at | east
one risk meastheaepéme picthe tndiyiduplo Whergin thepregdice pRrs FECEDEEENPTYEI] | on. 5.
The nmethod of 1641y.008tiehark RSsopERE AGth RIFfeedn bR eptibhiGELionthatmmbiyian Mg nucl ei ¢
aci d sequencehL ngrpsr anati on conprises analyzing at | east one pol ynorphic
marker in a nlcrerc®acid in a biol ogi cal sanmple fromthe hunman i ndivi dual .
6. The nmethod of Claim5, wherein analyzing the at |east one pol ynorphic
mar ker conpri detsrreiniad p sisegptiptlity teatbe conddiop Mryhdingiideal frkiee nedsis eddknt at i ve
of the chr ormgéqmgnclg@gﬂal. 2 deletion. 7. The nethod of claimb5, wherein the
at | east one polynmorphic marker is in |inkage disequilibriumwth the

chronosone 15ql11.2 deletion. 8 The nmethaod of claimB or 7. wherein the at
| east one pol 3%5”&“‘?&0%?'5?&' ngrefno%éﬁr@h’aﬁﬂ i ansuf%eg%:'ﬁv it rg‘ﬁseco%%pc%iﬁg 2

del etion. 9. Wenudeickod sefuenep/inforipatish te p alptyBass-cgntaipingceirelationaielezi ng t he at
| east one pol yemephine chRiesm&E O5H i2SRetiohindisbédagtiting agee beasishenent dat a
for the at | east one pol ynorphic marker representative of the chronpsone
15q11. 2 deletion. 110 10. The nethod_of_ any one of the precedi | ai s,
wher ei n ana?'yﬂ'%ﬁ'e?’ﬂi%%[ﬂne%' &%S@f"&nggaﬁﬂ%ﬁ égrf'%?sg?ﬁ%l ?s(t)ﬁnéé%%pr%ss@g of

i denti fying t hesceibiipoodhecongigion fop thfethsemesamgdPagl-adHeierei ¢ aci d probe
selective for a nucleic acid segnent that conprises the chronosone 15q11l. 2

del etion. 14. 1fhgietiBl BPGaiRf2, Ghalel thO datdhRe RbMplidae a ekl pitsvi@ednehiniidde
conprises a |

bel, and wherein identifyi t.he chraomas 1.2 deletion
conprises all gﬂﬁftnod'et”ﬁ'é"ﬁﬁsé’fee?gclh%l&?ng'tﬁpo?)rggef S RYBIGi zgp]tr'goed%%g%hud eic acid
segnment, such that when bound to the nucleic acid segnent, the |abel is
r epr esent at $.v@homethad ohanytrer obfheqogrieding dhintshehereigmpaiyzingmuckis aciddi vi dual .
12. The met hodeREn@N¥oRMRioR borhpriteiBnaly-thg atftas@ng pbip@ofue ntirkeraca d sequence
information is rgbt ai.cpied fr oma? é)rﬁe%d stt' nﬂmga%c"%gdua}& The met hod of any
one of the pr8edr AT Qe Aol Eiy eerroneo!r‘r%rl $ing reporting the
susceptibility to at |east one entity selected fromthe group consisting of
t he i ndi vi d&ialThe metodpticlzim Hiwheten anabizivg theat leaat erepolygerphistmarkerof t he
individual, a.ganeti EnahBhYiat Raft gAY ipBiPMorpRicPiBiRdrGh@Bsentitiveetithal
organi zation, and a ne ﬁﬁ%ﬁl pgur er. 14. The nethod of any one of the
precedi ng cl a8 &9 & °Chtompsone 15q deletion is indicated by a
genetic marker in linkage disequilibriumwth the chronosone 15qll. 2
del eti on. 15. Th@metnet hbdaimf5, @Gharein thd at lshssoee polyherphie matlier isfimtika@ge i s a
singl e nucl eoljsgg,IRALKTHRRE SKFomadmeTg1 BBIRGOT any one of the preceding
clainms, further conprising determ ning whether an additional genetic risk
variant for Schi zophrenia is present in the genone of the individyal. 17. A
conput er prégr E\?TF‘FE'P" QEHRMA ?i hyhareyeihest !Easit?fa‘? BAYBPPRiIG aEeE BHPS S hr eni a
condition in aithoreectirodossma@uhll.Mdeletdann t he conputer programis adapted to
be executed on the processor to analyze information about the chronosone

15q11. 2 del gt gD B3k of 56 JAIRP TS 88, SureRAP 4R 2R o AFat S38ARPAR oA
marker comprises obtaining dosage measurement data for the at least one

polymorphic marker representative of the chromosome 15q11.2 deletion.



generate an out put based on the information about the chronosone 15qll.2
del etion, wherein the output conprises a risk neasure of the chronosone
15911. 2 deletion as a genetic indicator of the schizophrenia condition for
t he human individual. 111 18. The computer program of Caim 17, wherein

t he conputer readable nenory further ]c?rS’rrpri ses data for at |east one

pol ynorphic marker in a plurality of individuals diagnosed with the

schi zophre ToaTrfég-ﬁgch&df &ny %ﬁ'g_olqg_& Brek@ind dMEmatwHefas bndifgRA NUIFRIHRIdC mar ker

inaplurality ref erence 1ndjvidual erein the i S .representative
of the chr omgeSH%‘CEMT_a§°'H%Q"&rF65n',gef§W§“%\§Q'gFéﬁ°ﬂ‘°§°"?"i %%?Erfgé%%?%" lfs'sr%baased on
a conpari son wicleiraackigmoltagetectiverfort hpudgic dcsisepmeniehatetoRersesdie t he human

i ndi vidual tocpehéemedatty.? aéletidhe plurality of individuals with the
schi zophreni a condition. 19. The conputer program of claim 18, wherein the

data for the at |east one I r.phi c rker i s dosage data for the at

| east one rﬁrmmetgeﬁ °f‘l%é'“ggn%ﬂe?‘é'ﬁ%'B‘g@ﬁrﬁcgfpr%ﬁyw@ﬁeseé q?bﬁ'!é aﬁ? aims 17 -
19, wherei n t Weereiongentiingrtesactabhesomertonil.2 deletfrarcopprigns iPbdnHAE AUFIHEi cat i ve
01;] the risk Oécidjﬁ‘\é&%j &Pingdiiéﬂ@ tﬁ&h&mﬁﬁébﬁheﬁo&dihtthﬂﬂvhassaﬁidabEdzhwith t he
chronosone 15ql1l.2 del etign ' | r uman

i ndi vi dual i s&bceécea 'dosﬁgrge%b%g%%ls%ﬁg%%egtiag}’%gﬁg H'f‘?'ﬁgé#g ?Jg%sof)trpr‘g 15¢911.2

del etion for te9@enuifdie PAYIdY?ldual to the risk associated with the
chronosone 15ql1.2 deletlon. 21. The conputer program according to Caim
20, wher ei not AR RERBUbEINy bR dRddiMs IR Ah¥relnlthé Redei€ sdiPsdqa@e thidrdationdi cat i ve
of the frequenc anedtfrg% chr%o T |Sn§ > ofpd11. 2 deletion in a plurality of

i ndi vi dual s disé’é gsed Wt hthe s chi zophreni a condition, and data indicative
of the frequency of the chronosone 15gl11.2 deletion in a plurality of

ref erence ii3diha dethbd of aamdnehtiheiprecedindclaims deteerapimRgsitePYErd $8phr eni a
condition is BASGMLAY B o€ RERDNE SAMity Qéledtterrdr EXHRBGY codbistinaes efer onbsone
1511, 2 del et g0, & A-HLahS Wi ARROS Sthritlehb G RE MR RBLI £piAuLONdI L1 on
and ref er ence™ NEI'eh 4851S" 3 . The conput'er program according to any one of
the clainms 17sergide prareereiaPhyFigahisRediReheigrzation cand Adeedel 28by an Odds
Ratio (OR) or a Relative Risk (RR). 23. A nethod of determ ning a

Susﬁegti bi it ynd rﬂetgoﬂﬂnmp@bemla@r&@mti E14i@8, ieréin Iﬂwmmnildad@wwhm:z theh_

met hod conpri §i etermnin ) . C i n pol ynor phi sm
is present i ng?I%g)"dseﬂg'ﬁ%pe%ky? Hg_&?'% |3ﬁegbndwgﬁ%{%ﬁlgbr¥ﬂh@%% nunber
variation is €Hemesrsnosbhd delster. 2 del etion that includes markers
rs8040193 and rs3883043, and wherein the presence of the copy nunber
variation iy, fleme@p@®brCIfm 1d)hkrai thé geratic rarkendi catdlertucrbticen i ncr eased
susceptibilit ol Qo he,condition. 24. The method of claim1l, substantially
as herein desB?IBE§ " W'th reference to any one of the Exanpl es and/or
Figures thereof, 25. The nethod of any one of clains 1 to 16, substantially
as herein ddshd bettiod oflany ope of the@resedipaitlaims PirBhera9MBrisied eatermnng

subst anti al | yywash&eineidaitides gendiie diskwirlint ©f sdhepgeeiio isangsenrie tiafgebbree Exanpl es

and/ or Fi gur es, %Q?znrd%?({?al 27. The conputer programof any one of clains 17 to
22, substanti alﬁy as hefein described. 28. The nethod of claim 23,

substantially as herein described with reference to any one of the Exanples
and/ or Fi gut7Zes comeytenprograg, forTérsermining@ gesfetie Indicptar (23 a seiizpabrapip cadtipnas
herei n descri Befhuman 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 rs3883043, 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.



18.

19.

20.

21.

22.

23.

24.

25.
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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.

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.

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.

The computer program according to Claim 20, wherein the computer readable
memory further comprises data 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 15g11.2
deletion in individuals diagnosed with the schizophrenia condition and reference

individuals.

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).

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.

The method of claim 1, substantially as herein described with reference to any one of

the Examples and/or Figures thereof.

The method of any one of claims 1 to 16, substantially as herein described.



26.

27.

28.

29.

112

The computer program of claim 17, substantially as herein described with reference to

any one of the Examples and/or Figures thereof.

The computer program of any one of claims 17 to 22, substantially as herein
described.

The method of claim 23, substantially as herein described with reference to any one
of the Examples and/or Figures thereof.

The method of claim 23, substantially as herein described.





