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Ctokzf dz" § bkhdzr § to
LOHJtY SO tiMmlsO

[ 8L Od ydzOw ,
IsC Odzy Y § ud
BsL OdydL d3

Wangetal., 2005

1OHJ Y O WdL dud
fMmdrdud MEsets ©0O
fdc s dalsdzO™ H gy
cdfgeyg dzsoydj 2,
( dzddydd Isj zO) , dz
Bd € tots O dzts &30 dzd

[ sL Od ydzOWw

Hsuetal., 1997

L d3d 6 dzdzOW Bk dBMis o
slsfls Qdxsflsizj L d W

BsL sdzdMistsets Isj d
G atsyJ W,0ded®H j toy €
wdLdyj mMEsets tcOL
o' Miskzf O dz'dj mdAs®
cdzzesC 8 fsMOY J d
MstcOBdL d3§, "N JtesC
tcOMmh j &zd &zO dzv B O,
MmMCjdzf s®SCd M teH

{jCZd" cdOw
BsL Od ydzOw

]l stemOdzts 9 C
1999; 2006 Wang
etal., 2005
Schinzel
2001

et 4d.,

[ dydoer i o&dUtetsOd
o1 S ddzta ¢ Rz

f 5Oy j dzdz’ § ¢ zOL

BIS W lsOd d&dv,

[ BL Od ydzOW
©j ¢k dvtsdzOw
s te d ) ts dgdzO W

n e s d3ts MpsE0)

] tstc ) O disHot
1999; 2008
Schinzel et al,

2001; Wang et al.,




dzdL S MOy § dedz" |
HiyWtstodzdtetseo Odzdz" |
cOCtsaddz , mMSEJ dzj
fstesCd MJjteHyo,

f stesCd tOLoadlIlsdw

Opter>9q 3 2 :
9933

(

2005

10 Ld3Mise j dzdzOW tslsfls|[ sL Od YydzOw | Hahnemannet al.,
teOfmh j dzd dzO G kBT 2005
fMd tHyo, Ui d
Hi WBtledB3Oydw yd ted

12 Ld3Mise j dzdzOW diEflafifly [ sL Od ydzOw | Machado et al,
tots fipazts 3O dzd d € dzO 2009; Wang et al.,
dzj e sydes? Otelsj tod 2005
dZzdyjorj &S tsOd

13 ¢ d dzH tots d3 fIsAdss®A: |t j ¢ 2z dzv tc dzO W] Schinzel et al,
(csdzsf esL L dzyj W Q d@3tsL Od ydzOw | 2001; Wang et al.,
cdf s &ZOL v dBsL 2005
Of zoL d% d edf sy
LtedIsj dz’ iz et
BsLYdYc o), &Bdst
tcOMmh j dzd 20O c kB
Odes BOdzd d fyd toH Yy O
fsud ¢

14 Ld3Mise j dzdzOW tslsfls|[ tsL Od YydzOW | von Sneiderretal.,
LOHjEBY SO ttshkO, 2008
otesy Hjdedzr | (tstets
CtedflsstendL o8

15 Yyitej-tedzegi o j d Mmf sL ©d ydzOw ,|Schinzel et al,
Odets 3O dzd d, otetsy H|tej 6z dzWw te dzOW| 2001; Wang et al.,
mJ teH Yo 2005

16 1 OHjteyCO tsMlsO | 5L O ydzOw | Wangetal., 2005
Zzdyjorj &< tsOd
oty Hjdede' |  Stets
Met , § sfzPk fsdd

BitstctsL HO
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1 OHJj ] SO Edmlse j§
wdLdyd mMEsets ttOL
BISCtesyj W oddw, i
Mz r ©, OkIsdflsd y
{50 H]dzdd

[BL Od ydzOw

Colladoet al., 2003

18

dsddzHtetsds C Ho OtcH M
C sdztsts dalB LcA s dzC
BsL Y J BEO sdzd Mists e
zdydord B tsO
LOHJtY SO tiMmlsO

1 sdzda®BwL Od y
Yyoflsd ydzoOw

l stemOdzts 9 G
1999; 2006 Wang
etal., 2005

20

1 dY st d ¢ Bisdzld @ Py
Wi desEil § St o
ZOtelzh j dzd2 Y fMdrd

v ¢ Odaj W 1L ugy
BgEL OdydL @3

Schinzel et al,
2001; Wang et al.,
2005

21

dddzHtotsdz | Oz dzO

{jCZd" cdOw
Istc Odzdzs € Oy
BsL Od ydzOw

1 ts tc ) O ditHot
1999; 200@
Roizenet al.,2003;
Dierssen et al.
2009

22

sddzHtctsdz Ctsh Oy’ j§
IsOCogkz Isted ZIstcts B dz
tshs@dL C s sMOyY j
cOCtsoaddy , c¢dfy
yofmisd ddyo, «&d¢
BdC e dzOIsdY, Od
cdfsfdecdj dsoOydv

[ 5L Od ydzOWw
Is tc d ) SIWICS ,
n o i3 Mts d3r
Hiztf dzd € Oydw
Stedisdyd MS t
Eyofmls¢ O

Schinzel, 2001
Liehr et al., 2004

*]

H O disifres dzd y &2

1 i MYy &0 ki,
Isted s d3d J 2
@Otk h j dzd v,

9 C dzs yj der

Yls ts
d ClgtdsdadfisBBde OX Is | to dzf
L Ols @ dndsg) @3 " digte ceOfggs o

H dzw

st dz Cod jiz) bzt bs jo tize] W § dzoz o ey Is ] 2 .

o MQ dets dFOsisficgds ) its Gdztiz"
lsw g dzr §

d d3j dzdzts

ko daSE 5 o3 O8O jWo BYQEOEYs j td Misd ¢ 52 .

11

f o dzOIs
Otz !



11.1.1.2] ts dzts i ts lRdztizy te ts d3'
ddzj Zf dZsdHdY codshsd (fsdkse' n R iesdBshsd)

ntosdBsMsd3 Y. Odiazdsdzj J tcOMY totsfyls wzO dzff dzdisj dogeH tc ¢s @K s
MddHtesdB 2z J g tg g€ Bdz@? daff btz @Y Fs@shsd’ A
- o ts d3ts Y6 dgPemaliaj et al, 2012) s JdzHtetsd3 s dzO2 dzW j dz Isj O W
oM d3dz” = of @t djsds@ded =, o Bk M cdf o )tz d3 s b dzd:
ki dzj J st tfias &dat BSjtalis delis fyt(\dgsootsak et al, 2006) s &zOfmfmd yj M¢ ts2

MddzH tes BO Myd s OgetlsT W H sAOEAfdzf(lg | ds'Hdzts 2 R tdBEE )N, By s &
Wy dzw j Isfpw dzOd B sdzj | Wofifisdf Az dztsde®@ E 2 1 g izt Rt s iz k2
sB dZOtckzydo®j B dL 5 0j0fMm @y d dalz@ s 5, Ylsts 1 sdg% ts H
LOBtSUzZ) 9 Oz dz =~ Ot OC Isj tedzO® Rk d3Mmise § dzdzOW SIsls O dzts f
BN dzd f§ tsdzzyg dz@ toj L zdz' IBGIOEC GO Cdzddyty te dgfO)dBoetingt abfytc j H
2009) 9 djk skB®@itslsOr s dMnOdas, Yls®] lstpc 2 t¢ dzdfjj to dat
f Oy d J; tels gy y Cdissigy@azpdj H § Gy OdzlsT Md dzH e B3O s &zO2 dzW
. deO dzchqdzfeistsdlzy § H s sdRdedfslsiisdytsds m, o M IABIXYO B Is iy v
1:17000 © 48XXXY & 150000 d, COC 0o ddzts, OfmMmsyddtet
Wi detslsdf dud ME o Bdsd dsfif). wladjddzdstidftedz0 ¢ d = ddzHdo dH ZEZ d35 0
ddxd, UJdB 2 f0Oydjddstse M ¢ dz@rartaglialgt i 20056 o d2Hctd ©dz
Zjtejh j oWk tsdzjstc © (45,ims)w  dz@p dzs @ Is-ElsBER 00 1: B9 O
[ OL dzgstsBtOL dg' | deOtelz" j dad WdzOfg diify ls P3N s jielipe dedgL dOOy d
L Ogjss@alz j Fdzdw e ls dz20 fMdrtsMmj CMzOdz desj tw©wOLoadIsd
sOSCyd LOBwOGdoOsls MdrndseduN®ydi O 4 & O dzydgr
Ld&iMise j dzdzOW BIsMIsOdzsMmIs: dzf wodzw jlsfw K OtOS Isj todzt
dzOB dz¥ H OB Isfqw  IstezH desisd © otMmMftedwisdd ftosMmisteOC
Hiwdydistsd f dgdats® diaf wisd ¢ dzd ded ud M < ddgie]  zZyjitgld Qgdin ¢ &
Gjtedzj 8O wWodwslsiw dedL S d?2 tsfmls, BjmMidsHdj, ¢t
dzOtelz " j ded v -Mfp ntzm jf dzts 21 thipgdipss) B3R e s s s dzde” = M d dzH t
dLdi3jdzj dzd j &3 S tdzd yj Mlso © = tetsdtsmisds, Btsdz! h 52 9 G
BAEsH j dzj ydsdede j]  BIStesHEZf dzdSOyddds j MddzeHtets
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47, XXY

Hapymense pedH,
VMEeHBIIeHHEIEH 06heM
KpaTKOBDEMEeHHOH ITaMATH,
JHCIeKCHd, JedHITHT BHEMAHH,
ITHHHEIE HOTH, PEIKHE BOIOCE
Ha Tele

BricokHii pocT

I'uHEeKOMAacTHI
Becmiogue

I'umoronagusM

tdm 1. AjdtsksdifdudmMsédy Meej ddtsmisd o Oted O dal

M.12f dStwetsH jdzj ydsdede § d BISCtesHEZYT dzd & Oy d 5 dzc
[dCtsHjd&jydd GittjHjdvel C0O¢ Rttdshtdd j
sl jtadomls S O 1 s -5t @3dzEg. to SfdRlz. If Lf ddgddz"CUiy i 2 Jofin d &5 d dzd
dzi MC szOG s delg BB deslsdf dyd MSdy §tsmdzj Hiplsedw H O
B Is! B idzOffaipjds’j 3 Istsdz! Mnts stsmwdets ) s ffdsdndzi H s Ols j dz
[ d¢teghydd Ofmdsdufifd stE® PH J dzj dzdz” 3d  TPef dzHASHPTO BIGE H M
dor w o dzwodzdtdify dzts 0 dzts d3 fifijs OfdsidNIs' dets 6 5 € O e fly ldscfiet(j dintayty edBs
¢cdBtedHdn DuyEFH). 1 O6dBBdzjj dLoj Mmisde Bd(H Hdzd uishs deds’
fd deides o ¥ vsdndey  fd derstes @i st dz0, 5 SdCdd v &M O, - )t
I d dzdzd § dzp dg@ 2O, 1O g q detf s o] ), 1 dff fdBdEHE{ £ O
(BB &z 2)so d HE G2 Odl 4tetantsls w2 CIOMH F 2 Y Qs @&l td db
Cdzd ded ud & k25 € Cote Sleftstdz , d decflzdd dzthy flsj f j dzd Mo W L Odz
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Widtyd?2 d wedwk W twOMmY tots fipls/ta@ digOdigiE dgofizmds jo deiddsizfst
(lourov et al., 2006) . 1 sdsd dzss d3d € tousufijldy y o B Is tc fotq QK G daF
dHdsf Oduj MS 2 k& difde g szt d dsbdsdgEstOrigsardsis diofiowet) d d
al, 2006,2008. [ dStetsH iz ddd € Bigd Wz H o 5 jSda] j 1 ImY OGS o3 f3dastalz f d
JHdzdds dL O d g EmEIECAcSH 2 dzd € Oy d tsdzdzr - fd dzH tc ts A3t
BIStesHEZf dzdS Oydd 22ql1. 2. jledy 1 dstslsy (jdmgHts)s didzy
mzz&dyd o § d&3d ¢,tc SLOQES|HROEJQ  Md - 5 Beskat ad RELE)S tcOL 9

vOBdkZdYO 2. 10dBBdzjj twWOMftesMistcOdzj deder | KBS toH,
MddzHntetsds” , Mow L Odzdz’ § M A dyfifdiplsjddigidit? etthifRODAS O dzts My Is

b  dzH to 5 O3 1 Otelzh ggedalscy OMists|s dzd dzd yj MSdJ =~ Ots

Il sdzr WO -1 4 dzi ydw 1:50000 |y OHj 6y SO totsfls

mdteh 7 tstedzO| 4pl6.3 Odzets 3O dzd d ,

sls s Odztsidy lsiz' 0 § dzd §

Cdzisor dzOtclzh j dad v

Md eH Yo
sted¢ O Ctsh|rjdzyyd Eydl:50000 |[svwy j dzOw L OH J
5t15. 2 fMdn Bttt dzts ¢ t5

tcOLodkdy jtolsj dztste
BOdzj dz €d2 f BSHB I
f4dtjdshmdyo, mnyj

lddz2 wdsim©O |1 j dzj ydw 1:20000 | ¢ dets &30 dzd d fMj teH Y

7q11.23 slsflsOdzishls: @ i §

df yj 9" j d&3d ¢ tocts Odzt

] tOH-Ji p@dzd |1 J dzd ydw 1:10000 | OH jte SO tcOL odl
15q11.2 slsfls Odztsfyls !

B hjyde 2kf Is iy d 4
Yted L d3j tede" 2

cdf sf dc dgj dzlskOdgidadz]
COL Bj O ¢ dzd ls Oz
¢ dzG j dz' d3Odz[r j dzj ydw EkYy1:10000 [ OHjty SO tOLodl
15q11.2 slsls Odzts s sls
cdf jtwcOCIsdo detsfls
dzj f toetsd L o sdz! dz" 2 ,
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BdCtesBteOndyj W Odz
BOC tosMis s d&zd W

d# BAMsOY jdzd fir 4 dzd ydw kY 1:25000 |v d3Mmis o j dzdzOW

17p11.2 cdf jtecOCIsd o detsls
dzd yd o " 3O ddfts  da(
ftsojH]jddW

1 jCoH®j B 2 dzd S OydW1:13700 (1 " fipskzf @8 h g2 wir
17p11.212 Hdzd dzr RO M Isj dzO
o dzlz Is to j dzdzd A ts to G|
z dsMils o j dzdzOW tsilsfls

stesdy BISteSH| dzj ydsdzdz 7 d  d3d S fipis jgifisih © GaPd s dec
Gjdzj Isqduj MS kzk &3ils & fsdatipgdsfiz@ Nl j o dasw s Bt datsaf j dzdz’ |
dL d3d dgj dedw C s ddesiisd fusOudagpisteaBls ) dz0 G288 ME 22 11 s

'l .1.3 J1OtedOydd ydfmdzO ¢t CONV)f sfpdzj Hiso Ols
I'oedoydd udmdzo §tf dshMifdhig asdCNV) sftejH]
[1 s tcOL d3j tetsd3 B tsdzj § 1000 i dz, o C dz¥g YyO¢b 8 datp i WHIsz
mMh jMmiseo jdadz" 2 9 C dzOH 9 9 0ted OB j dz' detsflsdzO oz dettad of -
LOstcOcdo O h drls OF Hdodf aReds b teddBrsda) wlD. tcOL o dilsdj
Mse j toh g Gelizlsyjt dzts BEEOFR] L O, clg QfisdiFay CGB § SNP array, B dzts
fsCOL OdNY dzjylsiistsdz! § ts Y OflstsO fiptfrdsticliy sy dejider  df s o
Bsckls wodwis! v ftodyddes?2 dHJBHT OGNY WO stds? W bp dghy I
MyseOHdud MEdBd d o' depode” YHEENSEsSHYPHBEPS! , Ul
Bsy plilstcj ycOUs fiffevstistdsj?e F h Os h j 2 yOfMmistsls z dzB® ts Gpapae’ -
(Kumar et al, 2008) u f swodzj dzd § 3 Mo toj d3j dzdz" ~ Isj - d
COted slsd §f ditdss@dDszd ' B L BBs ) dz€ OB B 2O Is¥izis dzqQizj B & ¢ Oedz! BzC
o Oted Oyd?2 fzlsjdg OdzO @drna@ini etfrpi,c2910).cCNUzERBE® zIs B " |
OmMmMsyddiso®Ealz’ h ddg SCtsdzdyj Mlse sd3 L OB &axsus@Wzd?2 0z0
5 Oted Oy ROBENY jd&s B " Is! o 5o dzj W daRd trgeteP Q@S G jflzf § M -
Bdzj L dzj2. | COwWwsheas; i Ghtediizy 1 j dzj NRKN1 o
(ZsC Odzd L s OdzdRElZE3de dOWDfEHEji YOMists O i)sCytsteticld@ W
Bf zO0 6§ dmMOdz0 EzjiftOnfdgdzists®L off Isfd W, sDIBl§ dad @38 d3,( M4
Hj dzj bl Oy doj deliztS o f(Gdgytonalal., 2012).CNV O € Is cp figdtedzj H tdso@Xaydjfr) -

df ol iMls o jededgds?0 (ks BB o7, &  5C OCNT,dzss © Wdsdengvds’ JBts G k2 ks
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BN Ist o L dzOyid Isfjddz wiBsRe @iy syd d tetse Odz" (of L O fgldned jo3iz
Ctedbbjtedjo oCdz yjdedv § Oyd] detf tizds ¢ @ dzdd fiishigerizjo sy dpts:
GJ dsigly dztsC kzfyg

Rdzls j tff to CNVf Bl s tc ] of o) sas{drts ¢ d ngz@ € fsdztb™ | zyd
HOdzdz" J , f BCRdlp deeztiz| getf 2 to & to Hfffipegi2n 2 ) 3" = o dzicPa dRy |
f4ted MitcmOMistsiylzte YO dIs@sdid ydz" § s § slezpiatplsdlz s ) dzts o
fted ddzls j toff toj Is @3tpdfirf ¢ HAD Az G S ¢ Oftata] jtsHshfld Qfaciere]jOsdzd |
BsL Oduyuder = fUElgthilisis S o tsL dzd € Ols ' , lsttfintisH W jo tesAscff ey
9 0y dzifs'tsH s Mo tgj d3j dzdd®ard et @).d2006; Q1 PVissejsetzt RT6).

1 i MdsslsteY dO Ists, ylst fANYOOCpYissites j dejtide d dfdisims el “ic
stsd, Wit to@fsE o Aded Oyd2 ¢ j Eis 3D MG HE @Y jzv j b i
fdzy Hizjls tslsejjistafHlsdz™, v tEGMEOREAINED s Y to j H1g dkj BEWO ) dz! dats

o Ote! ENY s8B! ydzs G € PAL | dzOck " | tzd v o3 stiszts GO 6-8 f dgzezts
f dacOL &34 t& ¢ o3 € t&ff Cotsffnddfus™ ~ €~ to s d3td fiplCitfpls -t O@ ditis s O o
Eujlbtsd dzdls | tc O BNV &) HHy QERaCsTpQted Oydd ¢ j desBO 160

Isr m f da.

v OB dzd GOV 3t d bk dsfyls o j dzdzs(l teyamil lst@ldA9m)s d

LYOMmMbsYudy | d detsdzdz’ jAjdzslsdfduimEdy ¢t
GjdzsdBO [ jtoj lstets|C ssteH d oz
(1)TH§dzjyd
#)i
Hizf dzd € Oy
1021.1 (1) 149,040,813 |1OH Y6 0O tOLoadlsdwW,
149,699,561 BIStcsOdetsBOdZdd tOL ¢
1921.1 (1) 145414990 || Otekh j dzdj MY sftsp dat
147,824,348
1921.0212 | (1) 154,064,944 |uvdsMis o j dzdzOV i@ Hi)js tOMIAS
154,792,944 tcOL o dIs ghvj WidsjitapggfO y d v
1921.3g31.1 | ( T ) 153,035,245 Wy JdzOw Mmilsj f j d k¢
159367,106 slsfiyls O,dze s B tcO2,d Y J
BJCtesOdes BOdzd d teOL ¢
Hd dzZOIs Oy d tsdzdzOW & Ote
CdzlstcrOC st dmiszy *
fpdzy cdyf s dzOL dW dststL
1p21.1 (1) 102,595,342 1 OH j tPL @ Plsde's W d v, d
102,849,782 |cdftscdzdC j &Bdw
1g21.1 (1) 149,040,813 1 OHJj 6 €O, tcBdzsof | Hs ¢
149,232,622 |OdzsBOdzdd tcOL o dlsdw,
Bk3d € cs@dldz tcOL o dIsd W
BOC tetsc dzsfmpd W
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1g21.2 (1) 149,041,013 vasMmis o § dzdzOV |, tsls ls O dzts
149,275,102 B tosyjWOMRdPIsOydw
1g42.2 (+) 231,749,489 10Hj BYCO ttOLoadlsdw,
231,814,121 tsB Iz yJyd=fisvj, tew, dzf dpfg 8 © §
B sOdsdiz0dzd d, dzOt
fd dzH tc teezwm@fdc " ~ s te dzO
1g42.3 (1) 234,665,301 1 OHjteyCO tOLoadlsdw
234,867,632
2p11.2 (+) 87,229,388 1 OHj ey CO OLadIsdw
87,786,674
2p25.2 (+) 4,568,002 LdiBMise j dzdzOW , sIsls O dzt
4,745,293 Lfddzy flsdW stedgdzr J ¢
2913 (+) 110,732,632 L34 toj dedpd@Wj dfy [k dsmise
110,964,737 tsls s O,dzty g s d Wigdlg © dz dz'
Offydls
2937.3 (1) 242,579,073 10H J to) CAs @@ icg Md o o
242,656,173 ftsojHgsdegy j Miso j dzdz" |
tcOL o Plsdevj,L dW L OH dzj
Widtssdf duj mMSdy ujt
rdrysteeadejd’ { dsH(d
3p26.3 (+) 117,535 10H i BYCO tOLoadIsdw
338,099
3p24.2p24.1 | (1) 26,279,385 1 OHj ey C 0O OLadIsdw
26,485,026
3q13.11 (1) 103,522,615 1 OHjteyCO tOLoadlsdw
103,883,630
3028 (1) 188,019,577 10tz j dzd § ¥ tw s dzf o
188,225,481 Yd tels™  Mmd dzH tc B8 dsQ tesCiz(
3929 (+) 196,745,068 1 OH Jj o) §& O, B0 t® jddsddjw
196,943,521
4p16.3 (+) 1,333,133 1 OHjtyC0O tOLodIsdw
1,742,790
4pl16.3 (+) 1,405,662 viliMmis o § dzdzOW  ds[isliyls O dzts
1,798,461 LOHJtYCO tOLoadlsdw
cdf j clstptf ¥ &5 O dats d30 dz(
4932.1 (+) 157,699,207 1 OH Jj o) & O, dsfChL to tx{Asdgyv d
158,086,013 tOLodlsdw, COIOtOC |
4p15.1 (+) 28,373,509 ANjdeslsdfdud MSdd udt
28,547,832 rdrytstHy d
4913.2 (1) 69,276,398 1O0HJ e €O tOLodIlsdw
69,483,248
4922.3 (+) 95,255,487 1 OHJ tB&PL O dIsdw

95,482,719
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4026 (7 116,731,797 LV d&3Mise § dzdzOW tsilsMmls O dzt
117,012,211
4q935.2 +) 189,968,249 1 OHjtey SO tOLoadlsdw
190,231,734
5pl14.1 +) 25,086,038 1 OH j to) € O, tdg jogUsod®'fr)
25,376,266 zdsmis e § dzdzOW ff tsls fig® O gizt
dzd dzd d
5pl2pll (7 45,858,83 1OHj e €O WOhL EdBJd KIS
45,916,607 cdf slssdad®Is j e Odz! dzO
Gkze" (stwwddafif sL  ydw
mMemMkutse, OlOC MW
5035.3 +) 177,691,966 1 OH j o) € O, 1O da jdtflsfigfofvw
177,957,079
6011.1 (+) 62,238,605 1 OH J to) € O, Ltad) Ltcoy k1S9 s
62,351,058
6024925 (7 149,580,983 ¢ d dzH iR €3 tc 5 H j642492bd d
149,861,981 LOH j toty @ 109 ,oflds[d Gedsdn Is
H s dzd ~ 5 S8 @ gzg ¥ |
BICttsOdztsiz0dzd d, § sl
MdtHyo, cdf slstsdadv,
9 J dzlsted € kz dzas iz & POdiz@ v g
BsL sdzdMmistsets Isj dzO
6p25.1 (7 4,214,499 1 OHjtyC0O tOLodIsdw
4,383,020
7p21.1 (7 15,957,375 g d dzH tesd3 d3d S7p2th.b; § dzj 1
20,331,837 izsmis o § dzdzOW tsilsfls O dzts
sB kzyjdagdivC,d2 tossfis,
fyd detsfmisdsd $ te ts,y J tft 1Otsiad W
or MsC s dzv B, Md dzH
d Hd dzgd ydzOvY dzOH 5 dzdz®
7p211 +) 16,964,459 1 OH j ey €O, tc@ydztsg | €S ¢
17,373,868 OdzsdzOdzd d tOL o dlIlsdw
7911.21 (7 64,247,064 10Hj 6 €O  BOLCBFHGW O
64,708,495 OlsOC Mdw
7911.23 (7 76,139,082 10H ] .6 €O  BPE BEHGW O
76,623,565 OlsOC mMdw
7pl14.3 (7 33,491,78 1 OHj ey C O, tcydztsg |f @) ¢
33,722,347 Odzs zOdzdd tOL o dIsdw,
7p12.3 (7 48,518,636 1O0H J 6 C O tOLodIlsdw
48,671,021
7911.2/.3 (7 72,041,204 10H J e €O ,c@fazg e w
72,286,351
7911.23 (7 76,139,082 vasMmis o § dzdzOW! sils fls O dzts
76,558,165 B3q € tots Odzts B3O dzd of e LY ¢
7921.3 (7 96,359,034 1 OH j P10 Pls s dz ydfMm
96,594,968 teSHEsMdzse dats?2 , W j dzts |
fd dzH toc 5 d30 -] I tdA0zd j tc O
7931.1 (7 110,990,668 1 OHjteyCO tOLoadIlsdw
111,194,797
7935 (7 143,852,773 10H i Y SO By dBDPL S
144,204,314 dzOtelzh jdzdW, o dzzlsted
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CEMmis O

8p21.1 (+) 27,579,035 10H j Y SO 68y a ¢ dzd Y
28,776,494 yr f syc on
8p23.1 (+) 7,113,661 10H i BYCO WPl gdqdw
7,403,681 a3d € tets Y J dgdOU 9 ¥ O dzdzts
8p23.1 (+) 7,410,304 1 OHJ tBPL 0 Elesd vy © o 5
7,843,790 HJ OW tcOG d3f
8pl11.23/.22 | (1 39,135,835 1 OHj e C O, tcdztsg |f &) ¢
39,505,456 O dzts d30 dzd Qe@ts o tisdf gV t5
Wdadzj f pdw
8p24.3 (7 146,222,672 10H J 16 €O ,BPE &sEHY W O
146,235,484
90g22.33 +) 99,541,544 1 OHjteyCO tOLoadIlsdw
99,824,386
9g34.3 (+) 140,756,863 1 OH j ey €O, tc@d § s @ dzt
140,901,156 tcOL o Flea'F i lgf@zj f find W
10g11.22 (7 46,839,213 vdsMmis o § dzdzOW dgdsimds PHzts
47,074,861 dsdztsy § Mise j dzdz" PL © das ¢
HygWdSlsr CtsfMmilsj 2 yYdt
Bd € totsy j HPUgt Q dzts 3O d
tcOL o s e,istc j Istots ¢ dzO
dZOtelzh jdedj tOBBIS"T
Cdf sesdzOHdL &3, Y z1
Wi detslsdfdud MEdd ujt
1 tc OH-) 6 @dzd
10g23.1 (7 84,270,008 10H]j e €O 6@ ¥ BdY Iz
84,328,801 slsdzi Is€ d
10924.31/.32 | (+) 102,977,341 vasMmis o § dzdzOW  dg® Gntls OGS
103,047,710 LOHJtY SO tOLadlsdw
10926.3 (7 135,103,829 1 OH j ey €O, tc@d § s @ dzt
135,227,663 |t OL 9 Fled s,ls tsdag ¥ ¥ O dzts
fstesC MjtcHYyoO, o dzlzl
L OHJ BB O, W j dzsls(
yd telsr ,  dzOf sd3d dzOs h
[drytsteHy d
11924.3 (7 128,341,630 10HJ e €O ,cOHY ls §O
128,777,536
11924.3 (7 129,511,419 ¢ d dzH IR §3tc s H jliggd43d
129,519,794 fJted Mi ¢ Anind dizu figvs giztzdi3

11923qter(fn d dzH g fiy.j dz0
 dizsis o j dzdzOv tsls mls O dzt
odzzlsted s @B 5 dGeHFHB O
BOC-f ®alfd € tots Yy J & jOdizid, ¥ G
2§ dztsh jYfdgdied)dz£fitscheusds € ¢
detsfy, dedL CStstf sOY j da
cOCtso dde , &d ¢ totsc dal
CsdzsB sdBO, BICtotsC 5t
LicdlIsj dz! desets dzj tco O,
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Is t ts 3B Budbdlﬂiﬂlsilsdmcwd,w X!
CdHteBYj W Odzdwy, ¢ dzt

11p15.5 (+) 1,976,375 10Hj BYCO ttOLoadlsdw,
2,118,630 dzOMmdzy HMiIse | dzdzOV Istet
11924.3 (7 128,226,032 VdsMise § dzdzOV silsls O dzt
128,241,939
13913.3/.2 (7 35,605266 1 OH j te) € O, LtgdH jotaisCde
35,940,229 tcj yd
13g14.11 (7 44,450,435 1 OH J to) € O, tda@m ho jddadddzO
44,739,087 dzy B O
13g21.32 (7 67,001,748 10H J e €O ,@fazg &y w
67,169,837
13g21.33 (+) 72,302,975 10HJ e €O ,EQz54 530,
72,525,931 GJ BJOIstctsW w
13934 (+) 114,974,569 1OHjtyCO tOLodIsdw
115,016,766
14921.2 (+) 43,856,486 1 OH j toy € O, tda@m ho jddadddzO
44,179,120 dzy B O
14921.2/.3 (+) 44,786,536 1OHjtyC0O tOLodIsdw
45,109,511
15011.2913.1 | ( 1 27,486,180 1 OHjteyCO tOLoadIlsdw
27,499,728
15914 (+) 34,277,738 1 OHj ey CO OLadIsdw
34,657,934
15¢15.3 (+) 43,851,548 vV dsMmise § dzdzOV silsls O dzt
43,951,301
15026.2 (7 94,674,245 1 OH j to) € O, LA Cofrydsvd W
94,676,323
16p13.2 (+) 6,767,242 10H j 6 €O ,BPE & & Qg W
7,112,742
16p13.3 (] 6,920,942 1 OHjtey SO tOLodIsdw
7,078,722
16p12.2 (+) 21,474,860 1OHJ e €O tOLodIlsdw
21,837,692
17q21.31 (1 44,188,241 vadsfis o j dzdzOV tsls fyls O dztg
44,485,971 dsdztsy 4 Mise j dzdz" § Odats(
®Bd ¢ tesy juiodaf g e ™ " j
tictso ddg Qo leO  Ctoj C
18922.3 (7 69,442,044 1O0HJ 6 C O tOLoadlsdw,
69,711,288 Widetslsdf dyd mM€dd Mt
Of sd3d dzOs " d § fd dzH ¢
]l d dzdzd
19913.31 (+) 43,242,595 1O0H J 6 SO teOLodIlsdw
43,645,749
19913.3/.2 (+) 6,916,039 1 OHj X O @ j toff SH O
7,103,496 mMkmMsPo g sls tsdad v
19913.33 (+) 52,357,221 1 OH j &P @ didOdez h | dzd §
52,578,452 ftcdB OoaCd o gdenti Md v
22q13.2 (1 41,419,124 1 OH J 6 € O, delda " djlsdgd" j
41,577,188 ftcdBeB©oCd o ojMmj
22q11.22 (+) 22,336,068 1 OH j 6 SO, tc@rztsd |f @) ¢
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22,495,163 Odets 3O dzd d  dedPLL B tEftists[fry G
Zhdzr | tcOSCtsoaddz , 97
22q11.23 (1) 24,025,269 1OHj 6 SO ©OLoadIsdw,
24,233,684 dZOtelzh j dzed Vv  SoQ tftedsoz drdz
fMddHtesd3 | 2 dz0dz
Xp22.31 (+) 8,448,059 1 OH j@&YEOL 9 dIsd W
8,674,497
Xg26.3 (1) 137,779,548 sddzHtetsdy d3d S tetsH § dzj 1
137,782,146 |W j dzslsdf duj MSdj st
dzj S slsster n dfGIyYzjd;jdadisa
mMddzHn tesd3 | d dazdi e @Y
fijontsy Of @ gzirip @ § WO
fnd dzH to ts o3, fy tdzj! Q] € 2
tsls d34,Is CfdsIs § oW O fiptizz® &
Klippel-Fei | , Qs Ow
(Bdz' M d dzfyls o ts - Hf JOdB I
Xg28 (1) 153, 688 vasMmis e § dzdzOW tslsfls O dzts
153, 700 fj dzMtsdzj o e Oz dzOW s |
Xg28 (1) 153,688 ¢ ddzH IR stc s H jXd2By d d
153,724 LOteOEdo O h d2 ¢&j dz
ABCDL, BCAR31,d
SLBAS ZdisMIs e § dzdzOW tsis
LOH] ) SHOBEEHIsOp 1o
oL &P jese dzOIsd v,
BdCtesy j dzd iy, dzOtelzh |
fdud ded
Xg28 (1) 153,860 [ dCtesH jXA8ydw Olstc Oc
153,902 ¢ j &AVPR  L1ICAM-
z dzmis o Sted@ O dzs M©OF Ot
fsuddat .G HIBESYJ W OC
Xpll.22 (1) 53,460,111 1 OHjtyC0O tOLodIsdw
53,460,503
Xqll.1 +) 61,848,214 1 OH j oy S O, Al jofyffisddowd;
62,133,353 fsojH]dd
Xq27.2 ) 140,352,891 |uv di3Mis o j dzdzOw tsls fyls O dzf
140,557,758
Xg27.3 (1) 144,302,985 1 OISt ttOLodlsdw
144,511,278
Yqll.21 (+) 13,052,852 1 OHjtyCO tOLodIsdw
13,264,529

Il.14] sdzts G j dadz’ § fd dzH tets a3

fesOYydd, o fueafdzv QO drd L § f sMdzi HsSiodBETjiglz! ciginfg@ de
ZOkh O jets WkdSyds d o'L' 90Ols! k dsfyls o j dadt
tcOL dets s Bofe Gt jdrlztsts d f d ud M d dfdls Osfiplis B3j) dedzts i ls W 3
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vsOBdZd yo 3.
fMd dzH e s RO dz! dzts 2
WizdeC ydd

1 J foas fy dzjo Hotoaf @Iy of df' detasislssfe © -
d dzj id dzH tets B3O dz! dzts 2

B j dzC O Pétrij @ &) l2f1Q)dzs § ©

OmMmtsyddts
Z dsfmils o j dzdzts 2

ANz dzC ydw

1 4 deg

tdolzdzvwydw

OCIsdo dzsisd 1

ATRXRSK,ZNF41ZNF81 CREBBR
EHMT1,CUL48 UBESAMED12 BRWLB

tdfddeoydy

rvs d tj ¢ sdi

ERCCS8,ERCC6

s ts dzls tc ts dz!

LEMmy e MMdd 6J ¢

PHF6,FTSJ1,FMR1,FMR2,MECP2,SMC
ARX,PQBP1,UPF38

[inC dzj sBYdzOv

C sBBEdzd § O

GDI1,ARHGEF6,RK3,CRBN,AGTR2,
TSPAN7,FGD1,PRSS12,0PHN1

sdzj stsydzr 2 ydqeédz d ¢ tetsc{CENPJ
k4 tels
[ jrOdedL &3 HJdzj dedw € dzj Is { ASPM, MCPH1

[ OLHJ dzj ded |

(Winnepenninckx et al., 20(B). 1 Og5ts dzj J

z dsmis o § dzdats 2
t B d dzh e jj 2 dEdtrij et al., 2010
YdLrduyd MEsets
tclz €

f Odz' yr

slsfls Odzts fls d

©OL o qlsgw,
d dzsa,

¢ zlssMEs@Edes MY SOy | dzdzO W

L OBtsdzj 9 Odzd W 7,

[ § &Bdd dyO,
tcOLodIsdw.

E dsfls o j dzdzOw
fiis fls © o162 § %
1 O fds@w h g2

zdgmise

TOBER Wt dlzdghls o j dzdats 2
9T LT 9 0J s DHMCRIAS Dyt dz jdstfdzc
W2Ols fjds @ @4 s ilz&0 A &Odz yd§ so
&OMmdzj Hflse j deder 7

) OB 5czj & Odzd j

o fMjn
B dsd dzls

Wdesd 2 dyondstskmter ] Is fyw

n to s dgisEPs MISBAXA (Chiurazzietal., 2001) 1 O dzdz” 2  dg d algH edsdzw j Is fipw
6000

1:40001 :

d ROoLOSlk,tkdL

~OOCIs ] widgrddsdsd § d ud M< 02[2d30[

dg0 | fstsd ¢ S OPsj ¢ sted d

fted
J il te jj H j st tetadg" dpdztsWinjsdits Isdf § bf
o WOREH ¢ IS Odit s &y Pdizdpi3d§.c § dz]
slsfls Odzts fiyls -
CB8eHO fftsdsy) tien i gy e Tadrdicidzd © j s O
sls )k Is fiflsworddt 2 j dsts ¥ dzS Qff o dzd dzC jolstm dazcfeld@s, h O w

9T L’ 9 O didstifls Msj dzd &zOdzOdzd dzc d H tets € fnd dzOL T,
Ok Is s fyts f5dais i) i d o dats 2

LOBBBdzj 9 Odzed 2 5
nOttOCIsjtodz d3d ftod d3j teOC

Bsckls i) diyaks 1§ o 6y oo
Cobsiesd Sldj Yoy lsiw

Yyomlsts dzOB C
dpizfipd2jyr i3 Is

wog dzw j Is
tsls fyls O dzteidn ods.d3 4 taige] d
slsfls Odzts ls ' © fi

dzdats 2

d ft]
1) dethellPet &, 2083 Is o |

5 fudeinegasu o Ezdz fzfizs 2 0 & i3Mis 9, dadzt

b dsflso j dzdzO" s fiyls O dzts ) |

fn
Ejlkmw MmtejHdgj 2 ddzd Isw:
shtss j ddshlsw g ( BOS



o' Miskyf O¢ fd j MasEhts j (i sdzstsB tc @uscety H J ddzjisims)d d3ff
(¢df jwOClsdodtsfmls!, dLBjcOddj ¢d&OLdEEE & dzlsO!
[Odzdets ] L OBftsdzj @ Oded § 5B iy dgteadnfy Czlgf QrddiGGiFoBg) lsisltg s
fsMmdzj Hso Ols j dof JBXBMRE. d [Py § oMEGPR 820C > J Wo dzv s Isfyw
yomlsr & Hgkidpmdds? dhse j dds? skhksodkshisd. | O
tilssO k& HjoCtOwiSlsej cjdzibduijmedr fwodudd
Codzdyjflso jdeder & d fMtokSlskidy RE dadtolf ojj ded M & e g 2z
prTHjdvsls OS] {fdejdlsdujmSd) OdetsdsOdzd .

1.15¢d dcj dzj sdzQjeig @ d glzd W

Cfdejdjddull St hHminls O dzvig jsc zigty Byts[ MstczC Iskzter
ntets 30O Is d dzO, ts fdtsj CHQ detr A i © dzts fyls,  dgjj firletsvdg GO dzdzlz daC
COujfds® d3 ddzd S sdzdyud Mise j dede” d3 d L (31 i ded k dgv I tstl)a
dsHdWwdsoydd D EBAOF &BO d3j sddzdese Oded | rvs d
BsHdW dCOyds cdMmilstsdzts o (Oyjbddzdtetseo Odzd j dzd L d dz
s stcd dzd tetse Odzed § M s d 620 dzifitb thsf t©jdif dpdizdz@ dzd tc s 9-O dzd |
ted B 5L ddzd ekeamneréichl, P009. R L d3j dzj ded § 3 Is d dzd tefs o 0@jdad " dzdz )
ftesWdd §osbtcOddy ydsddzgs?2 BsHIW S Oydd cdflst
20 Myt mMimds cjdse, {(aYygdcddBdi S dL dii dziatzd)y |
f OtscjdzjL kd3Mmlsoe,] dalzts Y O fiplisdyts Qlsiafs,f s ff tc d (Featsktinjetatizv -
2011).

I sdzj L dzd d BY tcd dzls @ fiph © s #'ls & degzifissds O MM sy diddgs o O
tfdcejdzjsduj M d Bq dzezO B lis'tz] deadadgdf ozB d totso Qdgdase d F J df
Colstster 7 L CMftej MiMdielzs EMOS Is Fisde® o tizts §d agsh Sfjlso j
1 CMmytej Mipdw dzdets? , M dglasj tefiff dzfifs Is y s@deC et al., 2048).d3ts it
{ By YOy, ybt f(eddjtedts 1 %Idne'j desdyl teed dats i dzts a5 O
fsLotdvjld Kk igd eeEazed 3" & d&3j = Odzd © Bis dso dzi ddspr ety d
al, 2008). 1 Otekh jdzdj ftesyjmMmse kY & dzbzk § gadz@zs 2o s
sdeS sdztse d yd M d dizd L OB tsdzj & Odzed ¥ &3( , fdrdugidns d &
dzOtclz " j dzd J o daf o dediflsiads ] dzdzts 2 ®©lf) s Q diy figsdeHOalis d37 -1 6 OH
l ddzdzd d ¢ dg&njodzet &gl @&ID8). 1 to s B ts dyf dzH te tf dg@ Ay d dz©@ dzOtclz
sB dzOtelzy o OjIsmqw o CdzOMsjte] dhfteddalstetsg Bdediy® «
OfmMmMtstgy Gz I di3lzIs © {CHambpdainet al, 201 0) . t# d dzH td ®[dgzdzd tc !
dzOB dz6 HOj Isipw M YOMisslss?2 f il o3 @afacp 1 M1 AT @G yda 2

15q1413. [H dzQSeas dzj S Slstster 7 MAzEyOw s  dz0B dz* H O] Isfyw
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BZOIsj ted dzm ¢ 52 d etc dzBegE gsdzd v o yJ dzlstej d dgynwreptdzls d dzc
2008) . L BYAIYUd UgeBtse  dzOB dz H O(F i 1)t o3 Idf ffcisfatdstryG
slsytse MCtsdz Odzdzj dzj . J Mz yoj Mmd dektestas@ 6 ¢ @z6 j da'j
ftoeddzdd tedets © 3 % f)dzlzdg Oz tc oz CEeiipl: jime Quidldijedz sdeth) € sE 5 (
(Amoretal,2008) . dlssdls tslsd3i Isdls |, yss k dzj Cslstster .
chddzHtesdd ¢ dzé j dzt BOdzOe o WMEG2: sy dz@Glk O ded v d&5d
O0fmMmtsyd REMKSaMakzoetal,, 2005. R Mn SHWIsdts, &y des o] H Y t5dzts:
Gjdz BBy jls BT IS otsodzj yj dzcg AABERBA dz dzi g 8 d A B3¢ jo detdzts
15q1 1. i 2fmsedlsj dz dzts, Istc Odzm € to d § y JRI Gzlzl & s O a0 jdaifd
f si@stels | &) , fsLeotsdzddz sftjsj @MECR? OMmistsy ddjcHst 9
Otz jded j &5 + § dcj dzj ¢4 &EBEBNLs 26 j talgtsed iz deGARdaff] SABBIS o
tcOMY sdztsy J dzdz’ llgl3 (ogabréy & C2907;3anacaetal., 2005).

1 Otelzg § tetc G O dzd L~GeydEO Is d dzO dz@B fztcH O j 5 QW dzd ydz' ~
dzj osEdzyi MSdr L OBtsdzj 9 Odzd W ACGG Is tc df dEafCdglg itadds  HidE G &
GjEVRLYtced MddzHtetsdz] LkdhMmise j dzdets? lsflsOdzsMmisd, i
ftedosHdl € cdf jtoedzjIsddzdtcseo Odzd I 1 BMRI] & doff daHHt©® diz
stsWWddsrtcd vwo @y i Odgd Jv MO lzdgm ko j dzdzts?2 Slsfls O dzts M
MCJ dzj sO Kradgzefal.o2d@ 0(99) " Ldaz@xdztsis j 6 2 B izdL QqddEEmdtc
GJj dzRIK2 [ Odedzr 2 MddzHtetsdz B dz € dzOMMmd W g dstddy b @&zd §
C ORSK2d3ts ) j Is o dipfstddz € Isdz@ 2 - teis@ O J §240 diag i teje dedzy tc s o
¢ dMmlssdetzddzOtez " j alad @ d dstsH j 2 ICBR JHAT), it sster 2 M sMss
Oy Isddzd tc ts 9 O dgdrdingwoctigllL@O&ts o

. 2 1 jdejlsduimscédj Mt j dedetsfylsd OklIsd

vjtediddz ¢cOklsdL 3¢ Bsd&Odf g yodgmfédd tf Mdn d Ols
1913 ¢etHk. 1dzj2jtc dimMfsd Lo Odz Mizses sMisyj IsOded
ts H dzts cfited defftisds s s W tcj dzd d . Jdz sfdmMOdz OkIsdmlsd yd ME ts
dZztsecdS¢d d toj Odz desfls (. dz'. L s @dixiz] itols ts Ists HISiZOE dgd dz, d fr
LOBBdzj 8 Odedd, O daij Md BYflssdd.tc OKYsjj twal'C jO @S d 1 d3 tsES'
L OB tsdzj 9 Odzed W 9 1943 (dEBHLlE, 9 Cdzd dzd yj MS sz s
cOmMmMistets?2 Mise sd3s d dzOtelzh j dzd § dannezisy4] 3s)dz0 dzd dzts DszdzS
sOdgdzj o6 ftodL dzOo Odz OklsdL &3 kdzed ¢ Odz' dg' o3, tslsH j dz
dzj Sslstster j e j dedzesflsd OCdE Hjlj2, dzOfted Byt
dNJHd] odetsets t6OMY steW H C(@) Y cdy®te dzsiinds 1f § H)IPH ©gis fpd

B ZOMisd L dzOded 2, dzj MsecdzOmkzs hdjmy dy ded@lhdid
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MtsydOde dr A dedyd sUsa 5o Gapdizizjtsj Wdud s Odz, vyt Wk dzH
Hilkj2 M OklbdLdsd B &O daj M shse dshls! Mkt
floswo dzwe h Qwipw  f) sy Hjddw. [jlsd Btdjj Al
dedstediese Okd fdmilsmlsodj Hkedn dHj2, sdd ¢
dej Joteso " &3 fJtojHABISOR] BN jded® n fwdmkzismise
MsydOd dz | 2Ok s5fdegzd ls 20 thdsse Odzdd et

IS BSEHO dzj VYstddose Odd L dOoydd - sldsh jde?2

fOydjfstsdL sWiejda jR0EL0OC s t&dz@z0 I Kot OBARNR He-Qjd2) fijls 626 Q &
sfgHovw OkldL B, s Odzda telz] oigfjo dziz ff s RPQEEE | dzd W o
OWWiSkdods &5, d o fMotdd sfsihlzymOtds oS lsOE
L OB s dzj 1o Olslfffts dzs H dz' | OIS | ted9 5L dfts ydegts fiste  Ldd@mdO v
fedyuddy MmMemisswddy o f dtfls! -HSOEHI @R Is diusd Ot O fi fiy di ol
Y sEeBO §MdoisL O, dOfsHsed)] HjlMCB2 hdL ¥t ddd
fteduddes? jcets f§sweodzjdgdw BT dzd dzj f eOo g dz dzr j

I jlslsjdr 02 mBoddvdz HdISj dzj 2 o 2 IsHs@EC st lsksy |
Oklsdd &fQ zOdzdj woHdlsj dzj2, ylsss' d& topatghdns dz

1967 . lLedzwHT 1l jblsjdz RO2BO Wittdkdtotse Odzd fiy? i
fiMdr cs0dOddL O, sdz COkjesstedyj MSd slstedyodz ots
I Bsdapz! dzr 7 W OCItstese. [BdzOtlzy jdzdd Mmervmddj L,ddgv st
sOSddid € O¢ W jrzEidfh]ldeds dZEO Oddtsf: B, &Bscddits Mf f
shdeydesfisd §sfmdziHdi?2 Isjistedd, yYlkér Jd-B7 &tsH OF
1 Istsc dzlzy d dzetsfy: , d 1 Isd MddezHtesdBOdz dzf | Wistedzr O
(Cantwelletal., 197 9) . [-§h € 02198bIsdL d3 B dz ftedL dzOdz L

dOtelzh jddj &3 ©WOLodIlsdW d d&dshdd B disdgjey dizy diatid
ftoj HMIs Qo dzjf dzdzj ¢§ g GlflayjGEftsdzy o Odedd B dzts f sHC tej
j edgOfmdzj HMiso j dedets? HtodtosH' d - @fgistsipEasda] 39 1 BB
fnd dzH to ts By et al., 1985).1 j s istew  dzf wsfifts B ¥ Y lsH] O ¢ dzts iy ls «
Hd MW isd ded ldapeizd y ezt o O L f O 6 dzts L @l lsjcflzjddsz s H tc O L
ROtk jdzdj MBYydOd: dzgscts oL Od BssDp B bipls o G ozd 10T i
lddze d 1. 1] OkzH ftotse jdzd dMimdzjHtseOdedjy 173 H,
Cdt yjo'j Ce@glHqedubedd HEEFHOHO OklsdL &3O0e.
LOMMistets?2 Mise & ffcHHizGimisgE e Osifflztso dz & fzdzS stse ,
stej mndzj sdzj 6 5 oL tcOMIs O: zOtelzh j dzd J tej yud d o |
9LOd®sHj2Mseadwy, dOddudd HbJ tgf®ls dtfag Wihgasgpldey fndz
1979 Bertoglioetal.,2009. [ Hdfs S dz¥ yj o' n dzOtelzh jdzed?2 ftcod tcOM]
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My j CtlstistoOv o dzw j Isfpw o s Mmoo v @Y &Y A34Q tismdeEtifisd o L Ists2
Blfls! dzOMmlstsdz? €5 or" Oy J de'te,] HYIBEHOG@S &d 2z 18§ I©dc ) ded
MsydOdz' dgr » dzQo " Ctso dBsekzls fwosweodwis: mMv o tOL
Wy ifmisd.t grefplbdd Mdddyddteetcbe Lipdab©O&d, d, dzj Md
fsfriIs¢d dddyddttse Ols Csdzls Ol - MtE | B & tsf)de'd digd tc
Y O mididssjdzs H Gz dfzetsds di30dz! dzts tcOL 9 do O h dafmw Mo j temls dzd
sOCdrn oLOdh@sHj2Mlsed?2 @Haudket altg (99 O dzd fnls d y dEthitf s Is
stcHdetsmisd  etmMftedwisdj di fdzGojadat al., 210BE Y d 2 vHOE 3G
slsdzj yojlsmw dzj HsMisOIstsS tOL HJ dzj dzdzse s o dzgd dB3O dad W
ddzd MB" Isdd o d&3j Misj ) (Maberet &.c,d20FA0 8zt H ' YWY iIss B d
IStclzH datsmlsw d3d W © dats ¢ filpw dzts O S o §) §z6 dzelz=lesBECORALED et al.,

2001) d deOtelzh j RBoiifh etdatfdsOAI.d I " J ¥ Jted ud mdzj ded
MsydOdzdL Oydd ftwwdosuHwls € IstckzH dtshisw d3 E fiJedsdds o dzj
al, 1998).1 r dzts o r w9 dzj dzts, Ylsts dzOtelzh j dad § 4 © ttzd3tsdpfits®@
ftedyddes?2 BteOh jdzgdW¥W tsHdljdzj?2 ¢ Mfjydodzdmisk
tcjBj d2C O tsls€ dzsdzv j Dp@iacdsniset atlzts @ GO Yz! dztp O®odzm j I 2 M
s zOH j o O Is 1 C MY tchdghiscftoalzts20 0B ) Y vO (dBdetse ddisy 4 Is
cOLeBo Otcdoa Ol , dMisdy Lkzsls CdBi3zdzd S Oyds Isg 2 tsfiyc
des tej HE S HdzV. MtiydwWdzdn Oydd 1 t ¢ " OLOCIsjtedL 2]
dL Cbtster n dzgOdeBdzj §j yYyoOfmilsr s wo dzvw s Ismw | FderdZO dz
WtcONoengeta., 2005) . r hJ sHdzdd Md &Y lssdsd, ~n Ofts
Mjtejsbdfds] §YsejnHjdd d dJdidsjtimr, ddzOyj dat
Bsy il Hftodded 30! tOL detstsB o Oii zto g o W s @digtzts iy ldpte j & d 5
sBi Q&Js MsMmteJ HisSIssYJd dedzsmis! dz2O yYyOMmMlswes o HAZJ ISt
tc d Is z Gratter et(al., 1971). uwbjtitslsdfdd dBseckzls dih Ols!
ZzOo " C 5o, sO0¢ d fJtdsBtejlsjded® datser n. r 4y sd, iz
ftso jHnNdzRis,d hj2 ojtsWisdtsMmis: ¥ o tsoldapeyedal Q0 79 , d
Btsdz! h Ow 9" 60Oy J dedzts s Misjted sisdt 2 Bsy j Is w g
L OB s dzj BddfiAet al.,(2000).) toj HYf Sdztsy j dzdV¥ & Issd3, Yylsts Okl
ftoedtetsH 2, § wapCsypQjde/y H OIs* Mw o 1967 GtsHLIEz, CSGHO E
OkzlsdL &3O©G H dzv mMdB mMtse 9 cOL T orhj sBh jf s kzdw:
dimimdzj Hse Odgd W tsyj deddzd € tsdel StcH Odzls dgsfyls! H& HEW S
HdL dctsisdzr n B dzdizOdgjdaytsiodzts wilsisi3ts dzmistcd tots o O dzts o ¢ dz
dMmMmdzj HIzj Zz(Hap@®,Rdnpld, @8808) s Ctsdikzc&Bb s B dzts f 5C OL C

ROMdzj HEzj Bsfisd HdY H O dzdzs0B850.92(Wiess 22119 Odzd v Msfls Oo
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YyOMIstsls©®O OkzlsdL d30 dzO fmr O dads' das fdf s di jddzlslztsW & dzvinjslE ts 2
syd dzf J tcOMY esMmistc OMz§ Gadzs G dzd OB d LI Yybsts 1 Ists
ftotswo dzwes h j j mwy tefigf d3i © GipBOS(WisgleDal.,, 1979. a5 o toj d3j dzj d3,
HJOedzsiisdud M&di SCtedisjtedd o Mdgjdeddzd fy d3iddsddeie fiph
fsCOL OIG:dAO 00 o ,1 9HASDT IB:sH®O o 209djRo Gddrf'2 LGBIs d Mk
M jGlgtcOL: 500 L CHstEWMs — HodOzelsdd@utigen and Developmental Disabilities
Monitoring Network Surveillance 2002)

4 dztsy dzteffI©¢c des OBl § 1 B3O L O St fipzQs fjdhgnbf] diabd s O s te d
s § flsfteled —dEsEtE] Y jdftafn) etse, Ctlstster j dBtsedzd B' f 5H
HJOGdtsMIsdC O MmMstesdlsmw yj dzdstsd3 dzO dzOB dz¢ H j dzd
WJ detslsild ffPo v L dulstslsissd3H O dzsL o dzOfylstswh j ] ot dgw
fOss¥WdLdtsdzsedd, L OBtsdzj 98 OdzdW Olzlsd jnisd agjdiifictupEa o
O MCtsesf Qe h gz f 52 L Oeldzfoz@dzgd MC dr MJddzH s B O .

sl WWddydj dzls Mmdedels jddzddjid@ifE® d iz OZlsdMmisdud MEdd3 t6¢
tOL dzd YO Isfqw . [ dz d3essjtcsz O UesHtigee’ @lsj mdes ts@ j ¢t fdao
dzOB dz¥ HOj Isfyw , s tcOL -d&d Yodz" fitgziz th @Autiztn @uag, Developniziital
Disabilities Monitoring Network SurveillanceYear., 2002; Bertoglio et al., 2009. | 4 dzd Isd yJd M6
dzOtclzh j dzd v , or wodzw j a3 § ftcd t oy, d3ts y dzts tcOL H
~nlesdismMtsdidz” § OdetsdzOdzdd (5 %) , o Otcd Oy d €NV da dzo
20%)d d3sdzts G § dzdz J (5%) DEets, @&)lb) O dzd W

.21 § dzj sdud MS dJid fgdedsricstinds’dzdz" .j OapER@diftetso O dzdz" |

Micts d3ts i ts d3dzr J Odzes 3O dzd d o ' 9 o difwtetdsyfiyvdzls fstB d dgjdisidgto
OklsdL @Emy et al, 2006) 4 tOMMistes2Miso Odsd Oklsdmlsd:
OfmMmtsyd d it Qe Wz tojiz " j cdgddets (39d ¢ O dzts © d. IH s OB dzdR\pjl 2
ftoj HiNlsOo dzj dz" dzOd B tsdzj $ dzte BBftfea] W L Ofeig e j PBedftagljofgtéal] j
2009; Cohen et al,, 2005). v OCG,j dzj sy MSE 2 fJtedyddes?2 MJddzHtets
slsmizlsmisedj IbteoOdmStedf ydaj MPEIROIs | jo dedzfipOthy ts &zts y 4f ¢
15911913 d ftsHeojtyjdz ddsfteddzlsdqadzelz. 1 sMmdetse
(2/3 ls eaMmjrn MzEyoje), LOS d IstcOdzidyis ClOaNidy dz
Bz Is Oy d JUBESA (&ishino et al. , 199U . dzgpzlwch dzw j Isfpw tsBW L Ols
fnd dzH to s BO, Antslsw 9 dzj Stslstster i dMMdzj Hse Oded W 7 Y
Hjlkj2 f) tIsddg fMddzHtesdBsds dzOB dzs H O Isfyw  EZBj toj dzdzOw
Slsfmizlsmisedj tjud, Mmisjt] skfifsydd®od HjaGts OisE

TOOCkjtedkzO c¢df jwOCkdodasfls: , Yyt EREHhOjl M
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fsojHjdyudi MSdrs ftodL zZOC 0O dsckzls f tsdsdyj f tots H h Gsaixiz
fMd = d wiLCdJ §Jte]j d3j detal i2ONERIBERIOY('SUuBMe R &
 Odz0 d OkbdL Btk sMisOjlsmy M stedets?2, IsOC COC |
nOteOCIsjtcdzr OklbkdMmisdyjmMSdy udtels'. [HAdOCt 1 4§dH
sOC dr figdzEwOWSE% H jIsj 2 (FombOiteletdal 3t §9d2dls j WOlskztcj ¢
o' Hj dzdls! Mmj BBOMisBR) df?2f 8BYydj dzstse f fMddeH es B d
BOdzr yds o0 f dhisL Od y@ssgnenkttald &PBRRZY jof Y@ dets?2  fg digifHsts ts ¢
[ Oy § dedefiilz j Isfyw  ddels § tefls d yd O dzel3tiz@ s d3pl1 @Ao' ts Hfg dixjzryteft
nOttOCIsjtcdzr EkdsMmise j dzdzOW sis Mls O didshij l4f j , ddfBts Iz hizjostedfey] d4
otsf! dddH jMwisd ftosyjdelstse §Oydjdestso ftetswo dzv j Isfy
s dzd m 5ls d dzdzts &3O dzdwey Is dS2Lz fry Edgrfyj O dedQ ftf twoty dtsjodad2Q W Gs tdsd)j Sty C
B tsdzd , Otz j dzedw MdzO. rdilsd tBr ydets dzdL S tsets tot
Wddz Iste, ftescdOlsdL B, CteslsCdj tkzCd; OkzkdL d |
Hjdzj ydj ZyOmisS j  H-f @Y | dafdgtamiskef lal., 1994). & d dzH ters/iEC dz

[ OCH ] tc i3fHizdizj P2dq13.3, L Olstc O ¢ d & @ ffls @Az 2D i} is tzf dzdiftsdz jsy O
- tc s d3ts Base’ filptc © o dzd Hzj ez O@ZAAEs y d dhitc ¢s ¥PBelanetal., 2011).7 O d B tsdzj j§
Yomsts slsdj yoj i3 d MdBYIssBOB] Wodvs st IOy j

ZOtekzh j dzdzOW tej y', GjdzgjeOdkdL 5o OkkOw cdi sistsdd
IsteBOd d 2 ddzd EMStj ddyr 2 tetshls. wtjHd HikC
HeEddosyj W Oodkdy, OdsdkOd d'j bkhd j ©O0Steddyr ,
MHstofda iz, Ghdshdlsjd ds std "dj ©k¢d.

SlsMmisOdshisd d §ishie bz ste jOolsd OkIlsdmisdyd M&dJd

o 5L Bty @heldetal, 2011).} sid ks Oklkdmisdyi MSdr Yo dj d
g dzH s BOM S BOR ¢ jdzj sdyiMSdR L OetsdoOdd2, O
fiod ©OL&duder &= 920dOyd™y s ydneENOsfd2 §shdjHss
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GJdzj sdud m&dd

fddeH e,
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L d&3Mis o § (
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dz
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L OBBdzj 9 O(G j dats BO sls fls O dzt fseojHJddW
s § 4 d&

sddzHtesdy |[[IsMmEzlsMise|uvwy j 2OVt j y' Glkzlsmis1jttsdLotsdz dz@ 2 | dyderj OdzsBBOd

¢ dzG | dzt BBO(IstcOdzMm € tod Mjtejsldfdsi|ltejL Sy it &3 | BdStesyj W Odzdw ,
&3O Is § te d dzf cdyf JtcOCIsdo dzts Mzutstesydz §, ftod
Csfdd ¢ O OS¢ Mdw, dzOtelzh
UBE3A

sddzHtesd3 vtedMsdizdw|] Ote! dtecbuvwy jdzr §j Okld)OH iU sets |[[ dyjo' j OdsdBOd
Nt is s dg ftotswodzj dzdv o BslsstotdmBisasdlsdw |dzOtelzh jdzdj Mmj teH
Is t6 O dzfy dzts € f)dzkz yOWw A

sddzHtcsdB ¢f dStesHj dZ] Ote! Jichbue ORSy sotej Y HOIt JLSd) fitddBi|/] dyjoearj OdBOd

[ O dedfy |17p11.2 fosejddi, Mbsjldonistes] dd™, dyfjtdy ]y UugsiPpols

5o Hpdadef B5OJ
fmdsw)

cqdf slstsdag W

o d dzH o5 d3- |
[OCT § ed3d

rd dzd yois

vW oy J dzOVY

Wy jd j Oklsd
ftotsw o dzj ded v ,
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CdzOL dzse 5 € sz
ftsor h jdadzOW
ykzemlse dlsj dz' dz

ftcdC smdatse j dzd

et Mmdw

ldyslstsdzdv, § tsd
fslsssisH | dgddad jo '
O dz®dgd d
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¢ d dzH tc 5 43
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| OdzG J

[ 24 dzd € Oy
3026.3 27

I 0! dwel

l Ot dEBFisj B dz
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MOy satej YHO
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¢ ddzH tetsd3 )

[smizlsmise

1 tshdats g

10v L yde sfisqd

) sor hj dzda 2,

of

{rdted ded J

-1 d dzdzd stcOdzmC ted|tsls ¢ dzsdzdzs s+ €
slsyso M 5| 56 tc O dac
SNRPN HS
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vsddzHtetsdy §f ZlsOydd |1 shdtsdqulsjtej slsdfdd, (¢ctej Mindw 1 sfilsdzOls Odz dzOW
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H s ftsojHJdd
Z d3d toj dac
vsddzHtetsdy |1 J dzj Q123 (v d3j tej dzequ s j tej sIsdf dd, |)] Otes dqtelzs Is ¢/ dyts 1+ dz2 WOe
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JHEjOSIsdod
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Myd § ozj dzdeat
dzts S 52
7t s B ) ts o3t

FMR1

tedud, Mmbjtedt
ftsojHjddd

o f j tc Qifsidndse
fj st dov «d
6] OCIdo datsfyls

vz j totsL dzf
¢ dzj etsL
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I 0! dwel
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qdzse dzd § O
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dddzH BRI [ ZIsOydw |] Ote! Jiclue OB sotc] HHO {OLHEOydIsj dz' degt§] dyjor j OdetsdzOd
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. 2.2 10tdOyddf tsurpdde@s o¢Gdsjdd’ Chatefiffldid2 trras  (

I wo dzCMgffjtd f Mdrdyud MSda L OB Bdzj 9 Odzd v re il dzts
sj mndzedzted?2 dBsdzj Ckdvtcdztce s COtedtsilsdf Jtetso Odzedw (9
cdBtcdH diLaBayCGH d SNRarray (Lee et al., 2 0 0 6 )s.Is dztf y dfijls Otelds O tc Is dzt
Yydistse j dzj sqdud M¢ €& Ot d OO drfdta@®@edrdgd v )d3j IStsH ' fsLeotd
9 QAWOYdd d dOtelzh jdedWw G J desdzO t©OL d3j tesd3 tsIgFedketls ™ M
al., 2006).4 f sd3tAfrdy€EGHB " dzts tstf toj H j dzj dats, Ylsts € dzd ded yd
¢ J detddlg@VvO(f o MEzlsMis?d2 E%IsdizH Fo JHEEdB3se M d H darhalls d u J
et al., 2008;Miller etal., 2010 . v OS¢, {dfipfdEes jLdaydzdzts § M & O dztf 5 &5 9 @d
dzdzdz , Jaatmemonet al. (Jacquemonet al., 2006) or woddzd ¢ @Vl yJ
275% (829)f Oyd j dzstseo fp OkldL &3dsd3 d oi3d < tots O dzts zarezis © Gztf
ydistsej dzj Isdyd ¢ tsSeatetdlffdpddg itddoyQf@dyfro.r s kv ¢ sfqw & 1
dL  Mmjtsz dd dy tejms jdzetizdy j dzd ji3 e OA % dds dfyj d3* W=, GHJ
2 dzj MCtsdz €dr ydzj dese Mmj d&3* d, i 5 MhiSemtdpldzz0o7) i 1
Rt sdz' SNB Warray or MsC 2 i dzts|s dderdhlll et alf ss®8 o d dzd
dzj MB OdzOdzind @Np Odgsils fiflzIsmiseo 2z h d J ) C sdzlstetsdz! dzts 2
dzj ctsH Mise j dzdzr = M jMgjsRall efnal, QOB d L [dlssizz dJ dL EEUZOtcEz
ZOMmdzj difpleo Ot © € OC Issdz! ¢ 5 7 Wermvoazd ¢ sl foff @ g dzg dzh d &
JqHdsf Oldud MSd B OkekPicsdg 2 RISREhtty e s ¢ Otcd |
(The InternationalStandardCytogenomicArray Consortiun) tSff e dzd S so Odz BB L Sto
o Cdzo1 @ 216980 Oydj destse, d mMdzi H s ealsz@CH d i tf dshdjsdy
LOCdzs yjdede, vyt d@sdzj Czdzvtcdets] S Otcdtlsdf dtetse Odzd
152 0% H dzw GjdzgjIsduyd M sets sj Misdtetse Odzd W fOydJ
slsMlsOdzsmis! & , t ©a3d d OdataisOdrdjvddgd tOL o dlIlsdw, fts
COotcdtslsdtf qtetso Odzd j &5 ( S tsdzts 3%, MSCdzs yow fddzHtot
o3 Mtsdzdz’ j Miller dxralic 208 Mjles, Q011).R dzls j to f tcGNY/E@aPd dzO Mmls sw h
Bsd3j dzls sMisOj My Mzsy dpded iOMPAB M P SHe dzd H Oz
Cdzd dzd 4 MS d d zdeQdajdlgs>xF Is B ' Is! LOtczH dzj dzts 99 dHLE
dimmizg @dzd2, O LOCYJ] 6 ftodyddaj dzOdzd LGV (Ing ¢ &z dz
Lupski 2003) . | @dnastsdzufNVeRD fiiflls:ts € dzd dzd yj M € j H s B Y dzg
dzO  te d fddsdeie oz 2
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aHOMAJHH I7a3,
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tdfp. 2. 10detdzjj UYCONYstsSOhMisdyosd Qdebpy j M { ¢u, d dn thdtsed j ¢ dzd d

Carter etal., 2013)
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v OB z§.CRV Y tc @z Is d f dgyyanft etal.,

2017).

LUYOM S

M)THJ

HiTHE

sdf fitif

dzj ydq v
f dzd ¢ ©
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B Ctetsyj W O dz(
d3d € to ts Odiafs d30 (
tcOL 9,d IsYt8dzts g
Codzstf otsL + dz
GJ BIOIstesW d Y
1 d dzj YdfyddrQ det
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vdsmis o § dzdzOW

slsmisO@igdL |
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8p23.1
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33,484,325

dddHtesd3 ¢ Mt

9932

(+)

117,008,956
117,399,502

10H J tetg @109 ( Is
OklsdL o3

12923.1

99,574,445
99,961,604

10H J 6} € O ,tcO
OkldL o3

16p11.2/.1

34,481,842
34,727,492

vasmis o § dzdzOW
slsmisO@gigd L |
BzlsdL B
RBdzts ) J Mis o j dzg
O&B%O&dd,m(
@deBuJ O dz«

fslsj tow H f) i
i3d 1§ o ] tdy
34 % ¥ d dzlz H sy ¢
fJto]j GBS H € (
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Cs0teClsOydw
cdf slstsded v,
Ldzyg W Odzts d3d, ¢
Odzs ZOdzd v 1 |

VLBE JtoO
17pl11.2 (1) 21,736,081 1 OH j oY € O, to(
22,154,715 OkzlsdL o3,

Bdzts Y § Mis o j dag
Odzs B3O dzd d to (

19qg13.31 (+) 43,242,595 1 OHJ BPLO dIs
43,584,633 Okzls ffLCdE O dzd |
1§ d¢ Odzls
Xq28 (+) 154,664,137 10H J 6 € O ,tc O
155,252,027 OkzlsdL d3
Yqll.22 (1) 16,188,482 1 OH j e € O, tof
16,287,311 OklsdL &3

. 2. 3 -CQddedH OIlsT d Btsdese jdzdz" | Wistedzgr O

[ dzsedj dmowy @azgde’, = M { ¢delzt ROl OGffciipsyidkl L
sO¢ddkd C¢0O0¢ hdL Wt dedv, Zdismise j dzdzOwv Ismls Odzts
LOC dz¢ ydlis: , Yysts o yYyjdzsdd ¢ wodw jIspw fdztsy dzr «
o Oted Oydd tcOLteg ydzOr O gz ¢ BR3P GB Mz JwmEz d3j
G 4 dzj Is d W ik afidsid) dsdf ufd e 'disd v di3d d WOSItsteOBd Ctolzy (
1 Ofmdzj HMIse j dzgdzOW HtodtesHO [ o dL dzOYyOdz' degs B ' d
dimMmdzj Hise Odad W 7, 9 Cdz6 yos h da BdzdL dgj ysse d MmMdeMms
tcOL dzd ydz' 7 dorj dfjtustdDgseliydad (201 1) . 1" dzs EZMlsOdetse dzj c
olsstesets tjBjdC O M OkbkdL Btsds orhj o MmMjd wa, o
sBh j2 fofkzdvydd. 1 jtosdzOyod dts kOS2 tdMms
sBh j2 (ofbwvydedbd st Hddr ©OB sl OMDzosdfetd o O
2011). RL AGOYOd dzs [k teEs'odgr das §f € jsHigS deitcdz O Uz DO elayf d3J
BsdetsL e slBdeL & ¢ Ssdiaf mdzj yse Mt ¢ ¢, (Bailgysdt lnlg j18OF)ls o | «
I § sdzj refsistpididr Gelffindgdzj Hiso Odzd v § 56 OL Ocdzd, yYbsts § &
Bdzd L dzj ytseo ftsfyls ©o dMajinmyedzjal., 280J108" 1§ ff ROY%ezé(H j dzed W, o
o Weo dzj dzdsydgJ dnfkdef Blzls Oy dddts dztdf cojddzlipisitg b R Gy &£ Adp s twid3
yd ey deH etsiddtye ,C tslstster » - ORIDF Is nf digh e s gt 2z Az Is 0 | dzdzts
Myd § dzj dzdets?2 fy dzts 3G Hst@ o onjtedsdds st sSSP F 81 O3 o * W o dzj dzd
dHdBYf Olsdyd M dn i ou. R fy ) dzJ tfH tisLo O e dz Pefclizi tOdiZdZs 2 7 @
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GJdzj sdud MS d =y diabK tz n@®dedz’ FiBitgaN20Q7¢Basuet al., 2009;Anney et al.,
2010).1] dzOMmistsw hdfymdajte =@z dzH d H Ols s a ts O@ Is daafrE@sy d Oy d
L Issets L OBtsdzy 9 Oded Vv , ) s @2OF B ORWPEE U Y BsBPL Zdz! SO
o st totsd Loo tsajVLISGpvd i d3r =7 o ' B s € WOOZH.J H Ofty dzts IHREDEjHZQO } dg
7 te s Bts ) tS&TL d OXTRAZO 7 to ts d3tsHORRBJHOXAL, HOXBL, RELN  WNT2 dzO

n 6 s d3ts fi) CCBBRAS, GABRB3, GABRG3, UBEZPATPLOCdzO ¢ tots it 19ts dsjOC ¥ §
NLGN3 d NLGN4 dz@ =& tets iy G Bexdglio et al, 2009) 1 © ftotslsw y j
odzzlstcd zIlstetsB dzts G 15 tcdL dHPRDIWv H j T ilpsa Bj Is dzO Yydlst
ftotsL 4 dzgy JOWEOTRS@ydd { stsets ¢ jdzO0O M ¢y SOCYJ BT
l OkldL s d L OH | tcBufbwunet ®.@00)d.Is JPATHEL sHd tck j Is B |
Cslstster 2 Hj2Msokjls Mo d3j Misdes P d3dzizds ® M iz GO ts 1€ ¢
wg dzw jIsfqpw  IlcotQoidelis Ldgz" o3 dz] 2 tots dygii HiEs@lOske tsiEs 2 o dzi tc o dat
Bdzj s dlsOs h drn. RMMdzj H 5o OdzQ teldzf" j fae jj H { MpiinRC g ttfs |
ftedosHdls! ¢ f§tsor N j dzdzts 2fldids ¢ aizdz ez G Isaffticidg @z dzd W
ftsojHjtdagWg dzvfs M dnfw k2  d3bipts Odzds df JOMKEET UaisHsh el jdiss ¢
tod yd f Iststc Gdz@.C Md Isdsiyfifdzd H ts 0 OBZ] B8 W dz@ay s Slszds 7 ¢ j dz
otcOdzdz 3 tOLoOodIsdd ctdzso degsets @B Lo Y. s dydig Wasidsgy tdry Q)
fsHIse j toH d dAffted ydstsdzj j  Cav diyg Sdefsris§ g ds s tpPdz® d 0 O5 Is
dzj WEdz2S yd sdzOdz! dzr § § Dis b it s H #fGE@Dw O0C s f sdzlsfstcw s h d
Ho dX J iz BOXP2, § & f d Bs Bz, Mdp@ Wz 'Odeigdyds o O MplOdzt fif s of
94 teBOd dets?2 HAMY te®F fif dscfizdzf fpdzts 3 dits(ylg ‘o rd2j tsB 8 & Hzyf dgf
fiztse § Mdets?2 Otels d & &z dz¥fysfddd) d3@fdzdi*tc tsop dig BAidP@AEAS § IHOXEL) u d
ZyoOmlselzels o ©OL 9 s hd d3isifzme &jjcudts I ldxfdrisdrdpdpicds d3ts L «
wo dzWw s IsfpWiC @derdaPriIdls Odzd Olkzls ddzizOts Is i o § @ g &z digtdod o3
te OMMmis tc ts 2Affridsfatay B toctso d L z GedrddedO y dod W # ez dzelzO € dzOtclzh
orhjkzf sV dglzlsr = sB d&zOMmis v 7 dRELN dzsgedfEfizrgits BsL dzP2 tots
ftesddwjtoydd d BdeteOydd o Ly gy dzjitpjid d & d dqd
dzj 2 etsdese Wik dz€ y d ts dztf to v deighfig d 5 dzQaid Ldatxfidgsfcs bt My ls.j d3"
Ltezf f O dMmMmdz Hise Ol®jodsjd20\ t § dzd tesiipidzf) da@s o O leafiatz cQtts frplsjd
fOyddfgls®hlsdL dtisdy cfie ZY W § dzr d3 dzOtelzh j dzd §j 5 tef wed,
B hdftcdo tsHWIs ¢ i 5% jj cegiea|f G @C Isj tcdL &2 Ismw
mMtsyd Odz' dets § B fr) ds(Vapyinkssal., 2001) | | ABABRB, GABRA d GABRGIs ©y |

BT dzdj Hidig stsdg dMidzj Hiso Odeder ,cdztso Sy Bgzp @ vyt
GABRB M OkzlsdaOdfsdsdzj J fd dzasdzOv ¢ fmk@Rdn D@L dzd ydz" =

Chdzse dascEas  Bdzdz0k, oj@ tt Bzl s o d gzO ¢ tedjodsditd Ists K lz
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Mt e®@dgc @ls j dz' dats 3z 2z B jdfny th(ERimanfek al. 2002. | j d&BE3A

W dzV | ladiHg O dzy giagO4Q@ Mo 5 ¢ 5 teoUpYdaiEHt) Gz Ms yd Oy d
fnd dzH tets Bis o3 ¢ dack jlsds Isd3 OalzOdz te By © fflisfaffdfj dsC Calzf ol jde j dzy d tot
Cdzy Bz C ddgO B fr dzf jSIs B tqOMdz®s dzt H @ IOy | B lsle § d3dz] dz’

NLGN3 d NLGM € sH d teHzjg dgC  dzd 2 tetsdzd ¢ d dz' , 1§ jsts jsHaPdideOiigs® f
BRj Y HE dzj IBersglidetz], 2009)) skd & yOMmksts OMMsyddtlj &'
Movwfp 'L OB sdz§ B I Bsydzw j Isfqw, MmEh jMmMlsekze s fddzH o5k
Gjdzgi Isdud MSdr dzOtelzh j dzd 2, fted Cwltster a o8 Woi
OkzlsdL Bsds OMMsyddtelze Is PNz Hap tc tBBC © & RSB @ ozd dnd
MddzHtetsds EZdsMmiso j dedats 2 1 I lsBsad3s Rl |, - toitR§iFistinds jiziz@ts 2w to
Hiczedd . | Of dzts dzj HPEHENS @ listO dgts fiplds'dz! ¢ jodz@ OL o dIsd d Bis|
dzj 2tetsdeso  d dzgj 2 tots dzQ(Bexbdakmet al.if 2800 fr) Is of 5 dztz B ' d3j =~ Odzd L &
GJjdO M OkbdL BB dj " gPaslssH O] BY § EOEPH ] J Yls
ftcdyddzsj § tsHOo dzj dzdw -3ff dlsiaphtspHoitiostiflekisnash {Phgeet al.,

2009)f ZlsOydd ® Htkzednr Gj dzOR HOddS?2 ¢ dsdds?2 )
Gjdzr SCtod3tfdzj C MO Is ZESELCTSQ dzts clag 2 fig & iz {Meilate@yl] @&H04) v

Hilsj2 fm OkldL s JPTElzGEOY dWdpdDo ¢ dztss, j das B dzgOtelz ¥y «
BOCtetsyjWwWodzdy (SDsO 3sPCHis PtsHr h OjIsmw tdmMs 0O
L OB tsdzj 9 OdagRdzH tetistfizRts Is d , n OMcjOdRfilpWj tc tf b Hze dzj dzdz" @F, d dzk
fMd dzH OC Isd dzd j 2, Odes BOdzd W d3d fyJ toH Yy O, dzd yj o d&3d
OkzlsdMmisdud MEddi3d yJ RBEBGBNR EJ BACNAERY(Splavigki et al., 2004)

Slso j yorh jd3 L O WlzdQiztsh®  af i dizmip'tcdS dz@dg@ists Q J MMd o d
LOBtsdzj 9 Odzd § , ftod Ctbttotd dOBd&s HOjIsMw yYOMmisd
Qs BOdzdd H' - OdedV d e&@OGhY gedzf ] @I - Juj MEsEts
f 59 j Hj dzacivO.dzdfisdistiH tais@ipjdzs H @3zlis Y d §f dxlilll, S sH dtokzB ff jzdgC
Nz B j to(flites et al., 2011) s ddzH tetsdz bk disMise j dzdets? lsMmis OdzsMls d
Pl DAY sy d&zOdBtsdzj j] tOMY teshistcOdzj dedats 2t
slssOdEmsad GD00 BOd ydStse) .v @ didededsidis ds= dB% Izt
t ooy ZOBUsdzj 9o Oz N OEOSIjted® dzj S OW d & &{®j dzdz
4006 0) d e jHjdeyjmed2 Wjideslsdf g dzOtclzét d dimeftp 303
OffMsyddese Odz f dzOtlkzh jdzdw i3 tj ud, fisj oy Blsd{
fted S smdetsa jedpdp dy) dz" i3 d Lo kS o B33 iz dkBlzz®Ez, ¢ Had
cdyf jteOCIsdo dzsfls’ &, d i3y Zdz! fy dfig @Atstifists & t6 > H Ghssideodgzd
[ Mdzso dzts?2 R Hyd 8202 sfmw JHPMEC, G My sdasxi3] dzO - e d3tsf

(Amir et al., 1999 Stetso d HBls dzd &0 0 H eSSy p dzzdsddvg ¢ MEEP2
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9 C dzv g OKW Y j dzr j

stej d3E3E )< dJ

H Mdsstew d wdz' §
RO} MsydOd dsct dor Od &ssH | 2 Mlse dw

C ts¢ dzd sl dizs Q Is jdaRrtedzlisjp @d @ fiPislCtE Ry |
U j tols B to 1§, diztso Ostetisti jafgleicivw,

qd dg

v OB dzd.yQ dAB d B s dzj jO s thz jOds'ls iMilessidy., 2011)

14 dz | s€0OdzdL|1 OL 9 Oded § |AZdSC ydw BJ d2z€ O
NLGN3X Xq28 Neuroligin 3 ANstcdzdtcseo Odzd 4
W Iz dz$ y d 5 dedinjaftoiaCay Q)
NLGN4X Xp22.33 Neuroligin 4 ANBtedz3dtetso Odzed 4 d
W Iz dzC y d 5 dediafsinCaf diepQ)
NRXN1 2p16.3 Neurexin 1 vteOdemmd dzOf Isd ud Mm¢
MowL "™ 90dedt HAV d
SHANKS 22913 SH3 and multiple | { s Odzd L Oydvw  sMmls
ankyrin repeat f zslsdesfylsd o Mmoo wL
domains protein 3| dzj 2 tetsdzd ¢ d dzts o
CNTNAP2 7936 Contactin ] B9 dzjoy Jdalg ? to 5 dzO dz! ¢
associategrotein | &3 c e Oy d ¥
like 2
CNTN4and 6p26p25 Contactin4and | HG gde g dBsdzy ¢ zdz' ,
CNTN3 Contactin 3 L CMftej M s zdzh 9 (6§
PCDH10 40928 Protocadherin 10 |1 j 2 te 5 dzO dz! dz" R2d3tte1idy
detOls! tesdz o [
W Iz dzC y d ts dgdftc thef @ dz d 4
BB Y Cdzj stsyde" = Mo w
Ctodilsd ydets Hd&zv dzistg
OCMdetse o f jtoj HO
NRCAM 7931 Neuronal cell PHG 9 g dBsdzj € kzdzr ,
adhesion moleculg * S M tcj MMdtelzs h dj M
9 daj 2 totsdzO~n
MECP2 Xq28 Methyl CpG | dzsB Odz! dzf 2 toj Glzd
binding protein1 |Istc@dztcd f yd d
UBE3A 15911913 Ubiquitin protein |s sOSIsd o Olsstc IstcOd
ligase E3A 1 €Mt toj Md te zdgQsaw
A2BP1 16p13 Ataxin2-binding |t jeckdzdtkzjls 1€ Odzj
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proteinl My z02 Mddze  klsj d3
1 dzj o34 dals Iz
(UUGCAUGe fftoj HN j Mis:
B 1 s
EN2 7936 Engrailed2 Il Bodzj yjdz 9 tcOL 9 (
BsLeO d BsL Y ys
HOXA1 17p15.3 Homeobox Al Il sedzj yjdz © tw©OL 9 (
BsL ¢ O
HOXB1 17921922 Homeobox B1 Il Bodzj yj dz 9 tcOL 9 (
BEL GO
RELN 7922 Reelin u4dGdzOdz! dgr 2 B J dzts§
dzj 2 etsdzOdz! wgtf ¥ o3 G
WNT2 7q31 protein Wnt2 #dGdzOdz! dgr 2 B J dzts§
Cdzj ity ftosdzd W § t6 O
FOXP2 7931 forkhead box ANOCIstste IstcOdzmMC ted
protein P2 otsodzj yJ dedzr 2 9o L ¢
WizdeC ydesdzd tetso Odzd §
SLC9A9 3924 Solute carrier [ Y 23 OMmls sots af @slsi'H
family 9 Gz sMisOL O C O
(sodium/hydrogen
exchamer),
isoform 9
CACNA1C 12p13.3 Calciumchannel, |1 esHEYydtkzjls MmMkB]i
voltagedependent| d sdzdz" = ¢ OdzOdzts 9
L type, alpha 1C
subunit
GABRBS3, 15g11.2g12 GABAreceptor |1 J 2 etsdigte (lOtstc ditsL dz
GABRADS, subunits
GABRG3
SLC6A4 17q11.2912 Sodium-dependent v tc © dzf § ts tddstg dad dpQ o t3
serotonin
transporter
SLC25A12 2024 Mitochondrial vyomisle CidagP stclsy O

aspartate/glutamat

L ®Jkc35dde e d
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transporter sB A3 dz dzO @G dzt# 3OIs GQ
OXTR 3p26.2 Oxytocinreceptor |t 4 yd f stste tsCMmMdlstsy
LAMB1 7931.1 Laminin beta 1 CCMmMftc] Moz Ismw
sCOdzvn, ftetsHbkydtd
d3d d3B tc O dz" .
RNF8 6p21.3 RING finger stsOCIsdo Olstste IstcOd
protein 8

1dBBrBHdBE Blsdkilsdls: , bt o §cfffpdHy dzj dodd tc ff @
OklkdL B0 dz0® Edzj k& dzv tdzts 3 s fpdetsa dizs &3 % dBE Iz Pt b ity
CORZHdHOKO, O dJOj dedz™? dzff tzef jcfipQuE MG azi 2 &, d dzd ¢
f)j Is jOBRoak et al, 2012). [ ftej Hj dzj dedj oL Od BH j 2 flsiodzk20 dzdsy
fOltse | desflsdo r W o dzj dzd j (zOtekh j dzdzr 7 ftesyj e
Bhsest kOf dzz¥ OBk, ItjBléhbky foddj dj ded™ Bt
d bjndsksed?.

N3[ftcjHjdzjded ] Bdzj SEdzvtcdz » dBBj - OdedL dBso

J f sMmdzi g dginds Odetse d Is W, wEsH=e f dzdppzs o | slso jIsMls e
Otz jddj §MmdrdCd, S thadg jolefiksljdifsts geisdy®@ lac'dy 'y alp jndzCdtlpd,
o tso dzj 4 dzdz’ n 9 S H dzlzd dzq | dEsizgglzdr | Atz Isi ! dzd J Cdif ts
oLOdhisH j2MIsadw o dziz Isliciff to lo RO tehPC dsq tcdgtsdg) W J dzts s
ftotsw o dzp dedigely BkzIlsOY)d.2 Y BO,B dztf &z dzC y d s dz® cizicaetf i A to
Mt 6 §d di3j 45 ¢ j detso 0 Ol B y diyf isdsMmis o j dzdzd?  digj L iEdsCr
Mz yoOw s tded tcecteOdzd ydo Odzd B jlsAE dgio ¢ 3 19 a O IsFista t§
ol czdzv Iststcdz” d3d fJlsdzv &z, dzts o dzjtagrH | B WpEIZiy O &
WEdeS ydesdzOdz! dz" §| fmjlsd, MmMsmistswhdj dL (daBokhdaver € d A
2011). s OSC ddz3 tsBOL 503, B' dzs orf W9 dzj dzts, ddftists odg) dipplr 5
Edimilse j dedets?2 BlsflsOdzsmlis b Bseckzls Hj2Mlsotso Ols! dz
ftesyJimidzs MHj ZOdets oy B sd®plptzg dzd) ¢ sSif sdzj dzls ts
Mdlsd BYJHO]JBs BEHjIS ddiils! 0OdzOdzts e d(Qtdetal., 200§).dzts Is «
[ By dets orf Hj dzd Is! dzj MCtsdz? €5 tsBh drn d@sdzj Ckzdzw teder -
sfmdetseo ]  OlstsW dL dtsdzis @ f t dzjtfaligdf@ddasid el =, dzj 2 tots dzO o
Mddofisdud MSdy WwkdSydd, (Bhelly dxfals 20G6Y. Ui to 64 ik @ dz
f cOo d dzts, ZOtelkzh OjIsmw ftod f§Jjtwodyudes?2 BJStesyjwo

ROk jddj WkdSydd vyj dzstesiand et al 206Q).1 O 8 dzg § O dz
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Mow L Odedz" § M dzOtelzh jdzdjd3 BIcteOydd dzj 2tetsdztsa,
L ssEtssyj MMO. l sHBB Az | OdesdzgOdzdd dzOB dz¥ H OB Isfyw
OmMMmtsyddteseo Odadz" 7 M dz2Otelzh jdzadj &5 BB cteOydd dai}2 tetsc
Hd Mistets g dzduls@dz@Btsy jIs fteswodzw s Mw 65 ftedyddej teoj
¢jdtse, dFc te@edds sQ  ZdPOME, @MY, POMGNTL, LARGE FKTN, d

FKRP (van Reeuwijk et al. 2005). 10kh jddy cJdsdid ~ Ml
HQWW jtej dzydoydd d dBdeteOydd, Wsteddtetse Oded™  fc
B N Cdzj ssydetse ®» d¢L Qd dsjHjR2diylsyd d st OdzStedf ydd yc
SlsisOdztsimis: & o f mdn~ d (Yaiehdfetgt 20088 ts dzj ® Oded ¥ d3d

v OB dzd.yQ J SBIstster §j cjdzr, OmMMtsyddtetse Odedzr § f |
OkzlsdMmisdyj MSdddd ttOMMmistets? Miso Odzd , Oalss alzlz R y jdgtzde't jis dz
d ¢ tddikz ddyOdnsd dSdtastdvietal., 2014)

I dedsedu) M O% WikdS ydq J dz

AqSdz d kOd&hny sls | UGDI, CASK, APL,AP-2, AR3, AR
ojLdCEd 4,AP4BP1,AP4E1, AP4S1, AP4MLI,
ILLRAPL1, OPHN1, RAB39B,
STXBP1,SYN1,SYN11,SYP

[ @z C O ydlssmS j dzj SO | ARHGER, ARHGEP, FGD1, IQSEC,
LIMK1, OPHNL, OCRLL, MEGAPPAK3

dPHGEGJ LAWY G dzj Is-g§ dzOd Is d CASK CDH9, CDH10, CDH15, CNTM,
fjtej HOYO MMmdc dzOdzO CNTNAR, KIRREL3, NLGN3, NLGN4,
NRXNL, PTCHDL, PCDH9, PCDHI0,
PCDH19, SHANK, SHANK3

{jekd ydw IstcOdzidzy yddCUL4B, FBOX40, FMRP, HUWE1, MID
Bj S sotsets tsB dBj dzO MEF2, PARK2, PCDH10, RFWD2, UBR
UBE2A, UBE3A, UBE3B, UPF3B, UPF3
SMG6, EIF4A3, RNPS1

1.3.2h Otekzh jdzdj G desdzdzr = d | totsls jlisElazizdtc thoy Asdpd? J,
L tej BOHAEQ M s d Y dztififlsl20f Mts o

) ftoetsyyd Mg tcOL o dIsdw H S fsgefislo{ SoOB G 8 j 8

ddzls j delmd o detsdzse MstczCIskztcdtetso Odzd & dzj 2 e tsdzOdz! dz' ~

Mddof Mse. [HA&OSE, HJZOB]UJ MOV tafjdgizjds’ i d ISy

Ldz2Oyd dedy o wWOLddyde ~ OMy jSCIsOn tBERZYJ ddw, § OdkW
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YJ dztse j € O. [ J dzHtcd Is T Btsdz! h Jdzilseo © dzj 2tetsdzse  ff €
¢coO¢ Hj dzHtod Isdzr j hdqf d<d, Colsster j§ w g dzw 8 jsdnty

MddzOf sdyj MStsets o RtsHO. [ oW sdzsedw MddzOf itse

fsHe jtoce Ols! MW BT Miste™ i3 MstezSIskztedz" &3 dL d3j dzj dzd v o3
ZOL " 8P dpd dzOf Isd yj M< My eOf) ks @)Y detE gy ! Iséts,y dz' dz € s to t
f O dsWUsgprechtetal., 2004).r sdzG ts9 t6j d3j dzdzOW  SIsj dgyd Oydvw Mmd dz
ftoj HMMlsOo dzv j Is fMtsB 52 MsMmissWw dzd J ftsor h jdedw

Md dzO0f Isd yj M¢ ts2 fjteiHOYd o tejLEzdz sOIsj ftejHM ]
Mddof MO, bscHO® (#PFtcHigfdY) dv d@Y jlsmY L Osdimdd d
L WWiClsdoedesisd dzj 2tctsdzOdz? dzr = Md dzOf ftse . CIlsd d1
Bsckls HAzdls' v s dzgj MStsdz Cdr ,fOMBY L Oz dzfjy ¢ 5 d!
tcOL di3j to j d stV tsditbaited gt alf) RARO)Y\isS &k gL B4 ~ Odz
SftejHjdvsyddddofisduimMcdy dL&jdzjddy, BtyujosdHd
OHGjLdody 7 dsdzjSkdz (BsdjSkdzd cddStsfteslsj JHO (
SlsHjd dzF & BBt dsGydal® octhid C 6§ dzj k¢ HEkzg
IOlIstcOc do Os h da f)d dzO ftds@frfj ApCizds O Cjldef dztso ' 7 W d dad® dzg d
2§ dztsls daj RIA[f) , to @y ddgefecking) toj yJd ff Is2sxeis{edzisd H to $S5-C3f §-4f dz

dL 5C ffCetyd] sdzso 52 ( WCfdifipdisis T A k2 dz€ y 5 dzOdits telz @ oz @RED
ZOtlkh j dedegs? MddzOfsduj MSts2 WekdSydd Bj &S0, Of
LdzOydlsj dz¢ dets?2 Misjf i dd M stse Misdojdmo0dd {fdEirddesGidgddz
sB &zOMIsd Br dzd MHj zOdzr BBdzij j 40 dzjls ddOfplO@ dztdzfm Iof
dzj o ' W o dzj dzdzts 2(Purpusabtsatizd@7d),® § sfydzj Hize h j dMmidzi HEso
sy smisOo d d3r j 2Otz h j dednv Mzl dzrfteas dfte df H Iy EOdgERO , 10
slsMlisOdzsmisd, Myd § dzj dzdzts 2 RT (Fizlsel. B0D2).- e s RBsMs B2 M

1.3.220 @lz" j deffYOf to § M d dzO Y Iserf jur s lxfdz

Il sdzr "ddzmlse s Md dzOf Mse o dzgj tco dets? MdMmilsj B W o
tcj Ocdtockzsls dO t©OLHWEOY dIsj dzd, or MotsBtsy HOW dzj 2t
MsHjteydls Btsdzr htsj Ctsdzdyj ise shmwe jdzjdXtdztsirzj Hod O tis st
osLBEYHOENMN jets MddzOf MO, dzj 2tetslstcOdzmMdzdlIsls] tesdz W o
fJtcj digi h O Isfmyw ) OCIsdo dzlz © L s dzlz, ftcdmtsj Hddaw s |
WdSemdtekze Isfypw . 1 deddifnitsg oHtsfor@) wi@fdg , dzts §  tsBf) J i dr@aj dpdls d @
d3j d&3B tc O dats 2 o Cdz¢ yojls HJj2Mlse d il Bd dAisige W8Betal pt o |
2009). MzIs Oydd 9STXBRY dzf sHdtolzs M jidg Muwndzvls8smw § tod ydd

[sO- Om#ary ROtOSIjtedL ks jetsmw ddat Odzlodfisdyisyf j 2
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Iswy j dzts?2 Edifise j dzdg®rito ettals @Y. dztshils'tslso jIs dzO@ f smisk
ftedmMsjHddej dedzr | o jLdSkdzr ftsHO jtodOs Ismw 1 CLtsYydL
M 2O sdyj MS ks hjdr, cHJ BsdjSkd dj? tdjdad o
fsmismd 2O sdyd MS 2 Bj ©3B Oz . Ve Md dzOf Isd ud MS d
YyoOfmlsdesmisd Rab3, Colstster 2 detcOjls o 0Oy dgzs toj ¢ kzdzw
MsMisOodvsls fsHGfyk fMj if2Hso Oc R sz q ddsCefiy uef
sBydes OCIsdodigow OdEzkRy Mtsmisswdeadd d dzj OFCJsidrm ,dz"
CzOdzsL d dzH dCOREW-BE Y dz®dz M Mis W dzd 4 z 4Ot @sad dzvy jteldzfy W df
B &z ORd (GAPs) d ddededissttOodd HIMMsydoydd ¢
Eyoflse zs M df ey jimdigds B" dzd OMMsyddtese Ode" M [k
Rab3GAP. GDI U ¢ tSBId,tcztg Giff ts dety ydgtsodsizts d3 (D@Gamé& ebas,d3ts fi) t
1998).v " " j2 M desCOklstsds HOdzdzséts G jdz©@ B'" dzd tsB
9 J L Nk dz€ tc Ols € tsdp@tds j dAifd' dzOtf Is d yd ME ts2 (BirddOdn & 2008)s f s d
[ HdZO&B Rab3a agztstOnsfdfts OL " 9 O Is dzj Btsdd " € s ¢ drcfisc
ZOtclzh j dzedwWw Bsckzls oL ddSOl! Yjtej v ORBEE B, dagiz] @
M Jd ydW¥ ¢ ydesT, € st odztCCtOgiddzjliflsj | sdz' HY d, BT
f kdMise j dedets2 t s Mmis @ drteAp lYf ‘i .J 2 (GidpQehdesteet)q. W201d)d j 2
1 Otelzh jWadeS yd sdzd oso Odzd v f s Qeztiesd s € | defLQl3j dzj dzd
BsteW sdzsedd OSMsdzOdz! dzr 7 & 'sditzdglis o iy dedsyings®@d ¢d 1 LiedpG
Isj tod3d dapudzj 2 j ¢t Hj dzOj sk ts o R aditg Br0BES 8 s dg W tstc d3d tets 9 C
fSHH] e Oded W (Mo dEHfdpdsdy . f oV 3" df totp Jnd Hz@Y IstfjtaifBElnd ~
wodzw REmB GAP, ¢ tsldtgryd WisfQldss] ¢ tc CilsfGQilp, n® jv s O dzdzatizd
Rab3A.l IsOydd ©® Rab3GAP 9 fls t\prquegMisri 'O fitsfyte{dd teftsch daHizeis
tej yj mMid o dats 2 z dsfls o § dzdzts 2 slsfls Odztsls ' & , &=d ¢ to
cdfdglyOdzd ¢ Bedsd d3d B j dz¢ ORd, @Ofgfghise d tdasas @ dzdslsiffls (
de e O N d &3d Lte®Ody'd 3z yd ¢ dzj § 6] fd dzOY dsafiyl MBWRL 1o j
M d dzO f IRARLIO MMy d d dzjsfy @da s BOdz! dzts?2 £ i3M(Earrpeizs 2 ©
1999) tOmMMmistets2 Miseo sds Ok d My lsfd UV HRjtimEes al., iRH0B)Calsj taifs ¢
H Qs G ts cqaaod B dtelzjIs-L O @ bpd gy 2 1 CLBYydlsL d
dzj 2 o tsls tc O dzf(Gafrbilsojetc wlo 2007). & d dzOf fnd dz | tcjckzdzdtelzj Is
BiHJOE®B@Y j sy dzj 2tetsdzOdz dzr 3 W isfl s tetsls j d dats o3,
Mddofisdud MCdn o picd dhpadzO § i 2@t g f o @gzf dj 2 d |
tsils s © dz(Shydsa et al.,2004. | § toj d dzOf Isd yd MS § B < »siS tsBzy @dzd o 3
dzj Cslstster jB jiA @ ffisyd dJtetso Odzdz" | ) Lk @&fislsds jedzdets 2d G th
st ted HJ dzj dzdziVts tc dgdsteds © Gedzd dd  dfny dWiaDde@nifisth d ERE o OPHN1
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OomMmMsyddtetse Odzr M Lkdsmisq d dzdzsB s G ) dziD ozt if k2D IS o y Jls
BjdZ¢BooLOdhsts j 3 MRdcqd CAP] ds OL 3 j @zj A tc SdENT MAPAz S
Brdz MovwiBdenlse j dedzts?2  tgls MdswOrdtisdy) Is H wstdalsf of Y JA) © der M ts
RAzls j sl s Oy d ¢ j dzOm, ¢ SH CNTNAPR2  Bdj defjtftaa]joStsmdvds
fsatsydd ¥ jdssdfdud Mcdd { ixzm i ds fI&dE,¢ @@t d3qd c
etal., 2009).

11.3.23 Otclz h j=mfcvOdzd f @yt &) d dzOHf Is d sfimdstH?2  dztsls

I dzOMmlstswh jj otej di2Otcirh Wnafpde paltsz’ dzyBS® B Y H ©OT
CHds OOt e dyud MSdgdzdzf B hslizsd - s O§ dz 3 toEFityg BE B O
ftodyuddets? € tsio o] &5 9 p eiz] Qg IS Jfdbdfif2dsM s o | dzdets 2 s Istnds  dz
(Chaoetd., 2010;Malinow etal., 2002).1 tsdz! " d dzfyls o 5 & M fipdz 2O ds @ dzdnd dz0O t
tesdzd B @IS yd dtetse Odzdz' = M zdgipe®y Qledztsits BlS frplsdO didstd
dzO otsLBEYHOENJ] CGdzt sOBOIt e dyd MEdd dzj 2 to s
dz slsi j 3pEpMss ¥ stcdsd tetso OdzdvY J OBWIsd. wdzj Htse Olsj dz' «
HOdzdzr = SSfdfMmr o0jls dzOtelzh jdzdy tsMmisimd dzOfIsdyd M<d
gkh jmMsoakjls HOoO thMdsedz » ISdf O cdzkzlsORzOIsdz 7= toj 1
HjdzHtod Isdz" = h @ CHOs L Belalgs HSGX Ay d rexcitpthryzutarnatesynapses-
N-&3J s dz OMmY Ottls ©Ols ( NMDA) d [ Adgjopdfds s8¢ [ e - ,
Mzl gMuddzodft ¢ d tjiyjpbemgr MEMDAOd g0 tslOh jdagd)'da
tOLodIsdw dzj oo dzs? M fplsf dzicpdBRBT O G e Jaszmn j b3 Mize
dodtslstcsf dzetse s toj yjtflssted® it ¢, fMew L Odzr h Ekd
tOLoadlsdw EHWuuel azis2007% Ote ts d3d sts@ s, Is tc O dzfn diesrov@y d d
o dzd v s z@jj dBRIN2AJ GRIN?B, C tslstster | CtwsHdtokze s NRIE B I j WNdR
o Yyd f ststcO NMDRARGMNIS dnp dzdzt©z" f ffirisO drtdf fi@kgietptiald 2020),0
GjJ@PHNL C sdzlstctsdzdtelz jIs ML tej o Odzedy MddeOf mMse d 1§ dz
AMPA. [ CszB00 Bj dz¢tse B' dzd OfMMyddtetse Odg? fif defsts Hds,
0133d L ded mfeswriLdeydz" fp f j tco d ydzr d3d dzO tc (Baygsedl.V2Hd). dzj f
RMMdzj Hise Odgd™w dzO@ Y doewlsdgr = d JjMmisj Mmise j dzdzr j Bz
Bjdzitser n CogRfdi e foMismddOfisdul M¢ HY eBicize G
Csedzdisdo dzr » M tzdECOpEdPy ST lsasEzdz = OB j totc @ejmplos 'd dztslz I
9" W o dpj das jSHANKS, SHANK2, SYNGAP1d GKAPEz ddzHdoeodHEZEZBse M
slsMisOdasid ' ¥ d L sW (dwadlallgetal., 2010;Berkeletal., 2010;Pintoetal., 2010;).
[ ElsOwd dc SPYBAPL 3G 2Is Mtsfyls O dzwv lds ts dAs 1§ =1B) Wtd efids tc 6§ HHO dz-
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2 dsis o j dedets 2 (Hemdametatz®G)% o de @ovodzlz Is Oy d d SHANKSH t#z2j 1 % ff to
t ¢ uMoéssneetal. , 2007) d O, 5% Mmtej H d GauBierefa).,2PBE0E o ) h «

11.3.2.4 Otclkzh jogeditiej Is s yalas@dEdi3sH § 2 Mise dw

dbClsdoa Oydw toj yjfltstetso Czzls OO0 ddzd yddtslz g
Cdzj ssydets?2 fewird, o Ikt ydmdzi MdecdzOd dz@ 2 f kzk
podz h 5d3 $ t5dzd-G O Mgk ePR-GdsjOeas 7 L OB sdzj 9 Oded2 ( NCF C
1 zZdz® tzH 5B dzf 2 fnd dzH tc ts 43, MddHtcsds s tMisj dzdzts, dzj 2
fnd deH BRCHE d ) d dzH Werigght ét &l. g2010)sn j detsds i M S d 2, - Bfc O stg tc dz
HANCFCstslste Oy O Isfyw  f) f d3tshisitsw h @ 2 disfts 2 Efifsielisddts Lz » ff) [
Ras- HRas KfRas 1 sdzt hddzfflses dL S dzddedyd MSd tOmMyf sL dzC
BzlsOoydwdsd o d hHEsdzeddsd@®@as Mmjlswva, d, dzOts B 5 1
By jls Brils: ftodyddes?2 Hdzw tWwWHCOCNCRFESCY .0 dzV¥ j lisfju Izt
ddetdy J Yt dn HitgdidsCddss yai@psidade dzj MJ SJRBK- | j d
MTOR o {tfdzjHdzjj otcjdBY tftejHjdvjlksmy COC jhij
sB" YydeBtolzh O sg®L dfcfeffds tctZsy o tots dzts ¢ iy fy by & o & folfEOe | dzdzts
sisfls Odgsdnts du d 6 dzOdz! dz" 2 f kls! Pl 3KmTOR ¢ t5dls tddOdedzt
(Krab et al. , 2 0s08j)ls dftcdo sHJIs! ¢ OSdd LEBfdds] jodends
slsMmisOdzsmisd, dgts 3 Yl okt fjis (BigaR et al. 200883 L dz'l2z B € dz,
(Ehningeretal. , 2008) , B iy etdk 1990 kzdi j daPdzH tREcHrdietjals Is ©
2011). 1 s di3q di3ts G Jj dzts dzdz" - mMilj?2, dzOtelzh j dzd W Csls
WedC ydosdzdtetso Oded v dzj 2 tcsdztso tcOL dzd ydz" J § te®lsj s
C dzj Istsydz 2 yd ¢ dz, stcOdzmC ted f yd* d IsteOdzipdzw yd= ,
slsmlsOizsMmis! 8 d twwOMMistes? Mis@GO®PEz Okzlsdmisd yj MS e ts

v OB dzd.yO tosls jtsdgdze” j/ ¢ desdigde” §| Mmilsd, o e dzj yj dadz
L OB tsdzj 9 Odzd 2

1 OLoOdzd 4 |AlzdzC ydw 14 SBster §j dL
ftotsls j B dzdzts G J ditBojtsdzC
G J dats3ddip] Is |
RhoGTPase ]l so dzPayjtdzgl c zdzv yd¥¢ H d OPHNI1, MAGI2,
Pathway dzts € O dzls dz®2zfM ¢ tedf § sdedd dg ARHGEFG srGAP3, FGDI,
tcJ YyJ ¢ Isrecepoetrafficking). GTPO L | PAKS, LIMK,FMR1
W Iz dz2¢ yd ts decfCtdLscdgts dzj € Iz o
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f4ted & dzsey @igjiydade dzOS Is d
GDP-fp W L Odzdff o5 OS Is d oGAA

Mo w L Odedz” d3d  Mm(Bdgds & watlz
2010). } sH M j d3J Rhin 3@ &z GTP-

MowLr 9O h dno B J dz€ tB¢
tcOL o d it o dapPmls,j a3C dz¥

(Moon, Zheng 2003) , )
HjdHtcdIstse , Wistedzd to ts
"y dSdse dw W @pydfuzg B izt
(Threadgillet al. 1997,Goveket al. 2004),
NasuNishimuraetal. 2006).

Rac1/Cdc42/PAKs
Pathway

l s dzPyj dz o tcj Gz
OCIsdo dzscts/ d dzOC Is d o dzt
Rho (RadCdct 2 ) . 1 4
dzd 3 j dzg[ O 1 WW jCtster
Yydistsme jdzj S af dz g te
s stcd dzdtctso Oded j €
yj dzste Oz dz' 7 W
tcJ ¢z dzv JsdassdsdrO dzddrrtein(et
al., 2010).

ARHGEFR, PAKS, LIMK

RagRAP Pathway

Sstsdzlstesdzd telz j Is
WwdLdsdzse dudd)SRags BY mY
LI tsdze so toj g dzdzz & (LTP)S
ted yd f AEBAS(AMPARS), Is 5 6HQ
Rap BB EMdzOo dzg t8 &g 5o tc §
e dzj Is (LA j d dzdh § §f Slsj dz
(Zhu et al. 2002).Rasls ©C s d di3lz dz
dL B ssydzlz® tf HojsdzHz € d
h df d ¢Asendt dt al. 2004) ©Y
Rap M smtseMmlseolzjIs mt
¢ 5 dzd y JFu Btal©2007; Valnegri P et
al., 2012.

ERK, JNK, p38MAPK

gel | cycl

S digtsydz 2 yd¢ dz w9
e’ SBESdMISHWA g0

SMC1A CHEK2 RB],
STAG1EP30Q SMC1B
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ftedo sHMjhjd AH j dzj dzad ¥ | STAG2ANAPC10

t § Gk dadgffls tsy dzts ¢ Usdzs Y@ CDK6, ESPL1

fnj B w ftotsyj MMrigj h @y CDC1G CDC45 CUL1,
LdzOyj dedj Hdzv 97 ) dsa|CDKNIC MADI1L], ABL],
yd fdzj 5B dzOtclzy § dzd j | PCNA RBL2

Gjdzj sduj mSdn f 59 tc j| TFDP1, CCND2

ftoj HISISO tcON j dad j dz,
Cdzj stsydetsats Hj dzj dzd W

ERK/PI3K signalingl ERK and PI3K O¢ Is d o @& &d3( MET, PLAUR SERPINEL
pathway (mTOR), € s stwj Iy o z cCddjdzC
zo j dzd U & & O gizk) dzelspy ), 8o dzd
Is O ¢ i tc O LA dzj Is 5 Wizl &
HAW W J ey dizydiOsHe d X dats
9" 3 do ©deg Hevdtetal, 2009)

Wnt signalingl v yOMmlis o & jtistc G O dzd L @jytd af| DKK1, DKK4, NEUROQ,
pathway mMd Mmis.j dgdzdw j Is dzO f {t CTNNBEL

T4t Hdaj? yofmisd  da
smdese dz" § 2y Onts K W dzdi2|
ftcj H dzd 2 BsOK dzd 2d ),
f tots dzdWy o 1 Cdzj s8¢
fteiHh jMise j dedzd € 59

dzj ? e s dzOdz! dzOW Bd ¢ te @

dz0o j H j dad § , tcOL o dls
¥ stcd3d tots 9 Odzd j Crishing dzCatf,
2014).

1. 3.3 1©0OSkdui MS ] § tcd dsjHdajodafizd 2te jo3 iz S @ik teodz" oRfr
Zotclkzh jddw §MmMdad<d

t OL dzd ydz' § dMmmdzj H 50 @@ Iz, j dz@ §f tc Gxsdizjj dedz'dz) tc dz'
o 5o dzj Bl J df dOMMsyd d &G dede'daiizts ) 15 Isdn'is Ogisfepdsisdzts 6 d § ¢
ftod zO@lszj § RsEsht JL o j fifled vdglsdadO@d, dr ¢ Isj 60
fSHOBHS Bt | BcO@ilddqaddsddszts 87 Is!  of oS dedj ddef y j
dmyr sOw®f Bd &4 tc, Bdz N, dzfglezaft8 ¢ gl OdaP? ROdzr § G
cdf jeOCIsdo Gudfzif kislO H O dzdalsis B B dj e shtizls tisots O dgfyH Iz

fd ¢ OO, dreyds dhfisd Lo Ols 0 drds t G TPsOr gz drdd
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My dudv dag@zafgdgigsdr s Cslstster W o dzV¥ dsdgdPaviiasiyetdzj ¥ (
al.,, 2012).rdzc d B d tc t sO@dizfigLtcdOdtzm W | tc O L ~CoAdftalfdH ZHNEBOM S 1 9fif 5 6 3
disdzj ¢ Zdf®@ 3df g d3j 2 s o @ets Stzdntf iy " dats o iy ts dz'd3 teld © tizisiapw
OCIsdoaOydd Ras Ek dHH jdgg'2de sV p dedstHIOdRsA sd3 f J too tSC
dzj oefdgs - d Wi MC s5d3 dzOtelzh j e § tc 5B  Rat@rd ukiF (RBtizpadsky
etal, 2010. f ElsOydd o Hwkedr ¢ J D&M OMNdgdzE d, s Isdy i et
ddzOCIsdo defp &5 Blisded| g J e Odz! dzr § Isafjfdd dxdz'/ jRafipj IS PAK3
ILIRAPLL / ONK.  dI5id Az g @wOY j o siflug SdEg e HIs fiporwia' O dzr
OClkdo@dgjj2oh drn +WW,jiChtscse .

1 d MdBslstew dzgO@ ftescted MM o dL Ezyj ddd Bgts ddgCfdsdzmid
ptej i3v Mizh j Mseotz®dsd fiHsdiAd tzyd Odz! detsets s j e Of j 9 1§ dog Jsf
L OC dzs yO,  Isfmw ) Is ts d3, Ylstse’ My i ydWwdydets ®tecdoi dzl
Yd dzlstc Odz! dzts?2 dzjntdolsdyts 24 IS fifflstgwigidzy @30 W o dzw j Isfqpw  tsB h
fSHRtSHtSO , st d glads @ g st ©fdac O dzj dzddn jj Is ¢f ¢ jsdzts dgdz’ d§ dzO o
56 tc Odzed Wioddaf jrodgef\3j dzdz" J| t©WOREd, o ZOBEGEWEY [ ¢ o i
o tcjodgli, o Cdxjlsusitalisldi J BtsyziffdstdOdad BT dz¥ yJ dzd §  dBtsy dats
tOMMd3Olstcde Ols! Hoj Mmdsods j ©kjtcOfjolsduimsdy
Otz j dzdz" § Md ¢ dzOdz' dz § fkzlsd BJ d&z¢ O~ d ts ) dats ¢
ZOtolzh | dzgdes a3 Bz lSOYlH g &) § 5 dIsdg@@ § Olstsej dzd sdyj MSd
ZOtclzh juRAPRd &3 GBteOL 53, dLiyjdedj c6Jjdesdsde” = Mmjlsy
dzj sBRBHd B d@F Hdzv § sdzdtsyj dzdzse s O0dzOdzdL O toj L Zdz! [
Hi zOjls Bdtsd dgW stc B3OS y Mg dzts 2 O dzg@dgdp e © dz g Hzls jotddfdm] Is C
d Htc.;Jour@6tal. 32014, 2015).

. 4 [ jlktsH, dMftsd LEzjdk j HEY or wodz dadw & daj Lk
Adlstsc jdzj sdud M dqyd s sditg diglj SSkefdgj detf § d B J5d dalv 51
Mo sCRY dzfflgL o sdzv 8 Is ff s dzdes Qjcde®B | dzfy) i fpsdanovarksal.,
2010)
. 4.1 AdltscjdejlsduimMSd?2 oBjlstH
Ajd ¢ BindyddmnSs? ydbsejdjlsded wodvjlshvw
nOOCIsjtedsr » Sdzdddud MSdr W datslsdtf tso. b st a3tzj deth
BdZOGBHOY t©OLtOBSISC ] d&jlstsHtse i tew H dzpidif; PGOG; dzy d
Shaffer et al., 2013). |\ Od B tsdzj J tcOMY osMmistc Odzj dzdzr d3qd sdf Od
MisOdzH Otels dzts d3 & O to dftrdrpdiidd teds® OHiZY dfdz 92 GAftCdsIC dplo h v & d2vdac

ledG sC tc O d o l0eks(ddts M s d3dz" § ftcjf OwcOIsT sBtcOB O™ 9 C
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(fteslsj sdzdlsdyj MSd2 W jtcdsj dals) d HOdjj SCtOfmdlsj d
BjssHO dO FRtdscdkdOr MisOdatseo Wilsfw o dH dg Is j d3dz
My J ydW dud dz H &% ts diis@pisrg3asts e sCtcOh do Oded W f L otscC
fJjtedyj dzlstctsdzj tedzgr 2 EZyoOmlstsS COYHEB2 Rteb@smsd’ (
Gjlbjtotsn @uuspjOfas o ©).d Htc. , 2008

Il.4.2FISH

14 Mdisslstewy @BCEON JyBdedy M dmf sdz! L so @EHiwE ISt
ftoj ydzj sz wodzw j Isfpw tsis ) @ 6 & dzp Az Hsofsyu S ~ otEH; IBO 8 ©
Bsdzr hdd3 Stsdzdyd Msetsd Ijrdduyud MSdr cecteOded yJj dzd 2
MdtejHddg dOPO®e, W odzé st fy jndadeO FISH d sfifidsdidd@ Odzd v O d
B4 sSHEH dH ] dzls & @€ @Ylef J & g ld3db e dsdz" ~ Y g tachy Gndsticasq ¢ d
2006;Liehr T. etal.,, 200Y). v j n dAESHY s sdzV jIs B tej Hj dzWwiIs! F et
dzj sB dzOtclzy d ef Giddz"™ MisOdzH Otcls dzts d3 € Pl wdev Iff 'd to Sfotaigdfiyf-
BOtS jtodz” BSBF esBOBOCIsjtcdL sor 9 Ols! eOL dzd ydz' § 4
BIStetsHjdzj ydwr d BJCtesHEf dzdS Oyqdw s tOLter of Y0
sB zMmdzts o dzj dzr f solststcOdzd ) lowdzchpySrepelts (hCRE) dzts d3 ¢ $Stisfsd
fsLotsdzve s { tosd sy dolds d3tsdigs@d{dyjdels? toj S sd&3B  dzOyd d -
Yyofmists dzj fYtejorh Ojls 2 FlGjtdfidc tf midz ¢ ddy O tf dojsle delm ) dgd\" s
dmf sdz' L s Odzd s& IspdPBEBRHE yjcts LtsdzH o MlstcOdo
1 sdz " d dzfls o sFISHsItgES ivdzw dzO  Istsd G Olsj etsted d f solst
AleRBESMEBO ddzd kdzed ¢ Odz' dzr 2 ZyofmlstsC . 1 sdz hdd3
oftsL BEsy detsmis! Jjets fteddyd dgj dedwV dzO0O dadzlsj teWw OL dzg' = =~
OdzOdzd L j dzj € Ezdz' Isd o d (ourevetddd2006;GErier OB Ols ts o

. 4.3 [tdjSzdvteds] COtdtlsdf dqtotso Odz

[JHdddB dqL &BjIstsHBte tftcjHjdzjdedW RtetBsMsdds »
HOdzdzr 2 Bsdsj dzls WwWodzw jlsiw isdzj SkEdzwtedetsj § Otedt
B S tetsBOISted Ydz' 2 Y dzO oL (Sudhfelfad @ dz@Rd . 5 te POMASS O B H 16
Steso  d HG. ,] GyOldAs tOLodlsds Llsts?2 Ijrndsdasedd
Cjdsdides? cdEBH v dLOYiets(e j] Clststetsets dzj ydls MO
sBteOL YO § OydJ dzls Otc @L § @ ddiy tods i FSikaz B s dz® ez g’ dz" =
(Kallioniemi et al., 19%). RL d3j to j dad J Mssilsdetsh j dzd v Wazkztste j iy
T hssdR  SftjHjdvds tB&OMsd flsjttd d §iedt

(fej HfBZOGOJ MY, Yyt t6jdifjdsy deddsRy) 1 1ssis™e dvige
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Sctesdiidesy o dzdwdzedy, tMmtsBj dzdes dzO f sded BZOdzedJ ~ tefs
(Kallioniemietal, 199 , JjG6B8 G d&Oodz d3 dzj HSMISOISC A3 B'™ dZO dz
CO¢ f tc@o0d dftsB,, 5 tcj HisMiIsOo BISH] ZO L Bji Is D Ouaks D 5L @Bts
B34 S OW OL dz' § n SHtz@G dgf diftf dzfo , dzOdzj i dedzr = dzO yd ¢
(lourov et al., 2012) ) Mz yoO,] et CHBY tshie P j de'Odz@efy'h | tzG
ydmdzsd3 ( § dzslsdetsfyls: ¢ ) f ts)dajay @BEHQA IO dz' dzte i ISK > ydids 2
fOydj dzes© d Ctodzlstotsdz! dz 2 sBtOL j HdWW jted dayd
CtcOMmMdlsjdzi 3 d edBtedHdL s OMPO @z@BdzfHis P, dz®@d mifd g dL @
M dmf sdz' L =sod@ed(d)Hdef Ld@iy o Hf-dzH d © d H 2 € dgsrayCGH, dzs f kls
cdBtedHdL Copdods or g sd dzfCrber] 20€7) 3O

. 4. 4 1dsddW¥ stedzOIsdyj MSd2 o3j IstsH
ldzj Hicjdedjy o G BoMmj dzdd Misdzlzr JtOCIsdC k2 dEtsaegy$ kz dz
CGH d SNP array ff sL 9 tsdzd dzts mMih j Mise j dadzts o § gzt ydzlygd O
Bsdzj C oz Beats | dzj Is d yJ fpCtastwots O daltezdyL jJOB BE O Y dz2O 1 Ists
HOdzdzsG 85 3 SsSH O SISH j dzt des BIs ftsmdzjHkeh jes B
Hisdzy dets?2 Misjf jded tsBJ MY jydls! f tsdzdetsyj dzdzlz® Hnd Oc «
BICtosBZOstcd yodzd f totsc tcO 33" HdzZv OdzgOdzdL O tej L kdz
mMfsmMseds | BftjHjdvls! CtdzdyjMmlsets c¢jdtse o kyof
dzj HsMisOlstsydzgr Hddzv Isets, yYlstsBr MHj dzOIs! or gBH t

Mistets j dad W B j d&z€ O, 9 Jj oV Isdats 2 f Olstse j dedetsisd
fteso jJHjddY dBdzj SEdzvtcdese s S Otedtslsdf qtetseo Odegdw W
Gjdetsdzy ddzd @ J detsdzdy jrtc d3fihided Mpstedz? CBFIsfw Hdv s
dL d3j dzgj ded '€ sty ) dz@ tsfydzj Hiso Ols j dz' detsfylsd @ j dats 3O, ¢
ftedtsBtojlsjdeds @ j desdBdetsets BBOIsj tod OdzO f thFeutsdt dibtsh | o
2006). [ dz% HOdz dzgj 2N jeEts OdzOdzdL © d CN\zddrzdswe jnisSH e
d dzls jjtdsfdids s So@tlset al., 01) . 1 ' dzs s Isdgjj uig Istsste T jy lsasOted Oy d d
oafMmlstej] yos smw  yoOmists, o bkt ottjdW COC Htokzedj ('t
G OMY tots s COM tegdsl fjils Oo dzv s 5 B2 dStdOd df j o Ot

fOstsejdzjL BEBANY dgd.BBigZHCofjesw sdsfis! ¢ BEHEIS
LOBtsdzj 9 Odgds, nrtslw o dzgj SBIstster 7 MdzEyows OS]
gimdzi HEj Bs2 M &' d (Eshkipagtdbdzts MBE0 %)) .dzszOB sdz' " d daf
CNV CazommdW Jydlze Ismw s ¢ tistfdejd3 § dzlistladedak{q&6 P ff te j
i sdz L 26 sMw  Isted hdsedr 2 " 0OE0O: 1) fMteOs dzj dzg

Mz yojo (ddzd dzOyddzOdz dets?2 / d3j Y H z dzOtetsH dzts?2 B OL T
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HOdzedz" = 1 Oydj dzlstse dzOB tstec Ols Scdi@[te t£ HdAE?2 dBOAYL]tisXZOHED o
Gjdgtse, onfHWHhJR o HOddz 2 o@afduikletal, 2012 L &z v j dzd j

v OB d&ZdYyoO 8. sdNYMdWw S Oydw

[ idHEZdZOtctsH dzts ] CHY tsL dzG ) dzOyJ dzd J

Benign CNV 1 StedzOdz! dgr 2 ddzd dzj f OIS
9 Otcd Odzls

Likely berign CNV l jtlesVWisdes dzj §f Olstsc j dade

CNV of uncertain clinical relevance l OtedOdzls M dzj s toj H J dzf

(significance) L d&z0yd dztsmis+ ©

CNV of possible clinical relevance l Jteswilsdzs f Olstsc j dadzr 2

(significance)

Clinically relevant CNV 1 OlstsG | dedd QRazlse O

Il mMzjumlsod)] ofMmMjcect orh jzfcddw dizlssets sy dzts MmH
odzgjhdedr BOL H@gpzEMtEda)Xzdz®2 dgv j Isw  dzj sB R tsH J d3F d
tojLbkd sOlstse Bsdzj Ckdzvtcdetsets COtedtsisdf qotso Odad v .

1. 3.1 10L" HOddz' = Hdd ®EEWIAHZ @Y tcdes &z ISOEES Is |

lted dqdzlsjteftejlsOydd toiLbkzdz sOlstse disdzj € & dzv te dzts
HOdzdzr =, ftojHBMISOodzwe h dj tcOr @dedaizlz ¢ d df)dizits s idzdg®© d d
or M2 o jtosWilsdesMmis! & CNWYdtc j HJG tszd s Jndz . aldbdgiy adizgCidzd dac
ftcOCIsdSd d HOdz dzj 2 loufov et @lfipfld)j H F&SORFY L Oydw B
ydksejdzgiIsdud medn HOdzdzr = By jls tMkh j MHiUCED s fi
GenomeBrowser Ensembl G e nNCBleMaBVieowern s ear ffdsdzsh + s d -
oL sy dets kL dzOIs! , C0OCdJ 6 dz' UGHE BendoreBidwdgns Od 3 Ij O
fsLotsdzV jIs HtsBOodIs! 9 O0dOdzdL tOL dzdyde §j BOLT
SlssBteOY OjIsmw  dzO dLtsBteOY § dzd d . [ Odzdzr | & dzgj f O
Data b as e of Genomic Variant s, O JddeW sted3Oyd s
Odzs zOdzd v = , dz4 ftoswodzwe h s fmw W ] e €lfdndsqnpen € d
Anomaly Collection s dzd dzd i t6 59 o gz@ fiptfj s y d d tc oCDIMzdaRg ¢ BIS Is
slstsB tc Oy OMIM (online Mendelian inheritance in Man), DECIPHER (Database of
Chromosomal Imbalance and Phenotype in Humans using Ensembl Resources), ECARUCA
PhenotypeGenotype Integrator (PheGen§FARI Gened AutismKB. ¢ € i {f tc jcmifridiste ) dats

9 dL z0Odzd L tdstelzps® BieGPS d ExpressionAtlas. ¢ dzO deddels j tc Otf ts s aiz®Hnd Is o)
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dMmy sdz' L €ptdBcRdSTRING, OH O dzdigG jj dzts diglg’ ISy ts:H | tc p Rdsdtpme
Pathwaycommonsd KEGG (Kyoto Encyclopediaof Genesand Genome} (lourov et al., 2015)
codzwe Isqw @GNV Jagfded daBdide'sdgd , Ry dets ftotsB ! o Is H O pdz
Geneimprint wtjHd BOL HOdzdzr = d3j B J dz€ 5o 56 ISACT (d® d d3ts
Leeuwetal., 2012;lourovetal. , 2014). uvOCddz tsBtcOL 85d3, 6 J dztsdzdz
d o0Otdtdide | HOdzdz' ¥ HEdzOs s IJdEBYdedgisj IsOydd o C
fsmdzj Hse OlIsj dz' desfilsj 2 11 s .

=

= -
/ \
= -
\ /
= =

S~ -

tdim. 3. RdAdWSttdzOydvw, dhfisd LEzshoOowmw HdAv ddals
COtcdtslsdf Jtetso Odzd W .
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.47 OC dzs yj dzd J .

Clsddztecd¥W st®C dzOtclz j dzd 2¢C ASMdOHE ffL &3 d IsdiMlse
sMmis O fds mw w ) dej 5de6zG B dzz YO ) O dzts 8 © QdRoizeris et ,al., ZDABO 6
Schaefertal,2009. R L d3j dzgj dzad J W lzdzS ydtsdzOdz! dzts?2 OSCIsd o dztsmls
d tfdejdagjlsduimscdj deOtelkzh jdedv dBsclkzls fodotpleyls!
nOtOCIsjtedzts Hdzv EZdsMisoe j dzdzts wOEsig O gz Misde j dsw Ol ls of |
~loRBEMsdR3, CNOJ/ S(@EYR | oL @3ty des M fsdiish ' & Mo to] d3d
Gj desbs@ts o REO5 Stetseo 5d 1 HEOOL) | 5L sy detsfls st HJ
COdaHAfls s Htodoe jdzO € f toj H s didy jJddedis{f Hz welsisy, J Isls OE € C
o dzd W dzdidzsg® Mlse s ftesyd Mtse , ftosd Mndse @&z of ds 1Hds Otp (
Sftej H]dzj dzd j, dzzQ @R Fdzd Yo Mdaso p 1L @B s dfftoiBazd s
dHJ dzlsd W dzO @i bt §f dedaisR dzthygl Isdfmeo W L Odzgdz" » BI Y HE MsB B2
HickzdlGsd M ¢ ftesyd MistpdzH dfH OB fseziso ddzlsj ef o j SOYydW
Yydlstsejdzgj sduimMSdmas OdzOdzdL s, ko jdzdyjdedj <+ WWJjGCIs
Bsdzj € &z dzv todzr n B3 &Pudztpjc B o] Is dzOMIstsw h j | o toj d3w
BdsddW sted3OIls d uj M@ dcic MO §fzd MDA ddexsg +H2005) Chenet al.,
2011;Hehir-Kwa et al., 201Q lourov et al., 2009; lourov et al., 2012, 20132014, Paratoreet al.,
2012 Xu et al. 2014). Rd2W St BOYdY  Fomdzjumlseadw s dL d3j dzj
Bsdzj Cdzv todesdz Etctso dzj dzj sBrasHd®BO Htod dL Ekzyj dzd
f tosW o didyladedulet al.,, 2012. [ j ISSH T dL zyjirdzgito, fegidddiggey & h  j ipw
BB jdzdvW ¢ J detsdzde” &) de@dzdf Gls ts ety tfdselgsHnjlsd o Ot d Oy -
dqdzls j cOCIssd3dze' » d foslsjtsdigde = MJlsj dzd d s figts Bzj- Sztztiz
Yydilstse j daj sdud MS dclrovka22]3) se Odzd 2

vOCdd3 sH®@BEA) J O¢ISkzOd! G ld3ddf dedd3ffla aiz)s dyaisedios d
O HOdzdzsds { sOf j twOLadlkdw Mo te] dfddddsziidz jsSdiAxiny jtaic
Ydilstsc j dzj 6 dste g € dedizvddg dete i Chpide B~ d s d dzw s to d3OW® dzQ gzt £ ©
HdzZ?w dHjdasdWdSeOoOydd dEtsdzj Sdwitcder = d Cdzj stsyds =~
fdRded
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.01 3Es @ R FuOr 3 @J rr {1 o1 RC
m. 1. [Bil jCIs dMmMmdzj Hise Odzed W

{[Bl jCIstsds dMMmMdzj Hiseo Odzd W  Woo dztflaPESHs® LN 2  dedodgWistd
fJtedWjtedy ME 2 Ctetso d 374 Hilsd 2 fn 0
fMdrcRslsttedzse s/ f Mdr Stcj Yyj 9 sets tc OL¥9,d Is ¢ s 5 MJHdgddzdz
fstesC OB d/ ddzd d3d ¢ tc sOsHssizasd wdkfi tefos dsfds s mis Oo
[ JiCdsj dzj sdud MmE dd dmmdzj His9 Odad W Btsdz dz" - ftoso
ZOMmdzy HMlse jdzdzr » L OBtSdzj 90dzd?2 Bk HJjlji2 f dOwkh j d
Adbtsejdzgj IsduyjmMSts] dimmdzjHseo Odedj dza ftecelf atcOlsa x
253 fOoydpdisasissj SHE) ded Ofpd ¥ B H 6. BEINEDEASSOOS ™ B
i sdzlz yJ4 dz’ dL ¢ kzadzhls Joadddghasopdiisip o= f etcdW etcd yems o2
BN dzdf MMmdzj H p Od's s h 4 & Bsdzj C Zdzv odzts G ts COotedtsisd{
sted ¢ d dzOdz! dzts 2 sjrndesdzEedd BdBddeW sted3Olsdyd ME 86 ts
d M dzj HdgjolO=IBBPdsray OH .oz ¢ d)j B(RARMfHdzj HAdep OEHR tsd3 at T BB tc C(
Ho W IstsH thelztste gidg ddsisdgvdz, 2 2 Oy Gzasdzsif tsdgsez] BIs W j dzl
fsHBdteOdnY ydf M Btd "dd Csdadud MOhEEY] teE] d
RTT. RfMMdzy Hiseo Odzdw B" dzd Gtetso j HJ dz M kEuyibtd {to
Gj dzj gFPeafetd.,2000) d BHBtejdzg 1 IduyujmMédds S sd3dls,
fmMdrdyj Mitsetts LHBSKGSO ! We.

M. 2 [ jlsHr dhMmdzj Hise Odad W
] OB tsls | f tod s de¥ dzd fy- Ydilstsw g bzpts gf ugj B ud M
BdtsddW stedzsOlsdyj MSdy dBjlstsHr dMmimdzj Hise Odzed W .

. 2.1 skdz Isdoe dtctseeOdid jtc Jdid dpidapjdi€tss?2 Ctotse
skdz sdodqtetso Odzadj dzddiWsydlstse fjtedW jtoedyd M2
s  MOdedz" 3 ff oisgwpEds deGelz ,( 11999) . 1 0O0Btste Ctetseod H
fsdisshd fkdSydd dsClsjots? o jd tsH dztstc Otisd r 130 B tif t
¢ tc ts aVdcutainey . skdz sdedtetse Odzd j ftoctso SH d dzts )¢ dz0
(etslstsoa OV ¢ dMmf sdz' s H ©azd 820 § tf(Rabpisef Rirk \B2B &bl Institute
mediun)). } sdzseo d dzlz 3| gzdizd dizipR tc @ tetso d d f wist 23 figeizdHizd
fsdi3i n Odzd o MmMlsjteddz dzr § HsBdtcC d, fsfdzy yJgt
Isj B3 j @B &tcj 1 dzv  oldefeslljlzdofvls hyds OH d d  dBj s OW OL d
tcOLtjh jddvy A0iEdghdghsisz WL @9 j tch j dzedv CEdz sdeodtetse Od

Cdzyddz ( Csdzj ydzO¥ 0 § % dayy elzls dgea)y . W
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212 ) tsdziz ) dlztff § wQiissioO L dz'effd @B O L dap&ipcods
skzjlsSd oadkifMmlsj M §dlsOljd ds?2 MtejHs?2 §shdi

o f tetsB dHedz] YJ dzlsted W z cfduchipzjOdzd ¥ ¢ 5 DR & Odad dn© dzdyi Jd
Bq dzzls, 1500 1 Hetste sk sfakZsdyd dz)H j § O dzls d s o O Q o hyddRHAE
fsHO jtlec Odw ¢ dif 5ls s ded Qi iyl B 30 p Gdb%op ~ ded A
Cadzd W ) ., frte@dzisiH d ZOM! W dSMOoydw ¢ dzj (s ts©O -z ddrtdndzo vin oy
o Moslkdsh) ddds Hjfmwis: , IstedpOowddsz k. L0 j h j dzd
yjdstedi zctfitetse ®dzd gzd 20 MSssflsd 1500 GBstskts
MMy jdoL ¢ ©OMC O™ 0 Odzd 2O@ o Oy dz' j 155 dZO¥[HEE dzdz’
sYyjdSd SOyjmsoO ficjf OOt dMisd L so OZEBE &g S

m. 2. 1. 3. sfEBsdoaOdzdYy rteB@BsMmsdy ( Gu G)

GCtcOh d8 Bedffdtdy sHddzts! 5 BjlstsHEz, odqHBIL &
dzO B s te O Isdsticdd jdS Iz dzW tc dats 2 Y J Isinse fig iz dsf jS IS  Rizd telo OB sdzj ©
1 jHdOkBdgdbri ght, 1971; l stemMOdeso © d Hte. |, 199
s j ¢ dzO, LOjd3 isdkjh Odzd o tOMmlsotste Istcdy ifd dzO
sBteOBBISSCd btedf Mddesds © Isj ypsted NS Ozd 50 Hisls Dazs iz €
sted HYyOIs: MmJ ¢ kzdzrsy o § Sdey 4 dzis ©B Y dav @z P P dfO 96 %M Iz "
zO Laitgnj ftod € tsd3dzOstidassi]dzjist] gkl § SBOGlEtcj s tcOh d 8 O dzc
CteOmdisj v JddisL "  (5%), {§tedcisjstspHin] das.d3 [dEDe OF ty
ftetso SHJdztsm! 8- dsdidezjilslzd JH Bdzi | Mlsj ¢ dZO  tesd3" 9 Odzd
o' Meh do Odzd 2O oL HEZA] ftod Ctdi3dOlsdets? Isj B j tcOls

m. 2. 1. 4. s¢ftibBcdoO@dzdv FEEBRsMsA (

[ ilsc#C®E0Oh do Odzdy = tesdits Mt d] ] § azs Mds@igan Ofp Is flztc §
(1l stemMOdzgsoa © d Htc., 2008) . 1 tctf CfiplOdsts tc tisd3 tcddP HOUSES tB
9 bjujddj HoOHYOLd diddlzls { tcdz0¢ Ha3d® Isdets2izy | 3z
Mlsj CdzO ki3 Odzd ¢ sH f tosls s ydplsy tog S s,0lsidz® R | dy tsifiz
AzZstcdHO d YdJdglda®o0Kk QO 5zQOEPY ftcd Isj B j tOIlsktej 65
9 70% d 96% tOMmMsoatteORr 1 IsOdetsdzO@, dgj dBBjdajj 30
[ CtcOh do Odzd ftojf OcOIlsso i tcts o toBlaflazts f§ 't O frpd Is Js dzjuds
ftcdcetslstso dzj dzdets d3 dzO pM GHY Ol gk fkC &z@ W f eiF &3 9 Odzd H  Fr
oHES?2 d o' Mkhdo Odzd dzO eoetLHER .

57



.2.1.5f j Is mdadzdaf ®ffatcalsoe = tots 3ts iy ts 3
[ilOWOLde J f zOMisddeS d Hdzv dMfpdzj H tso Puded tzv Isls dge
Ctodlsj cl$@N2DI3 ¢ dzOdzd L Jtetso Odzd ! Htej f Ote Ol [K ot
ftod 3] deC-Hdjddg ssHiso SO doOdegdw. [ dzv COY3HBEB
15 d&ikoWwoLdr » f d&zOMmisd dzts ¢, X s O Q tedzd © dzdfiy , 1 te[d «
GO j dzdz" = ) fCusCdnjOdzjddadOjdey v . HYAAD ip@@iafek jdriy dstesifie tO dB 0
9 MazkyoOj o7 wodzj dzdvw vydfmdzj dzdzs?2 dadzd MlstclkzC Is Iz to dats 2

m. 2. 2.6. [ tdj s kzdvitdsjdids@ted s d fOd tc t5aGQ dzd §
17 Hjdzj dzd § rvs HAvw fteso jH jdyddiic sdx®dlzd ¥ Iz dif tdaiptst
f cfgsh & MisOdzH Otels dzr = i tctsy 2005 tc pOfEBdr] ¢ H dzv 1B ¢
COtcdtlsdf Jtetso OQdrdyyj CCHzJ s tsezd dzd ftod M sdz L tso Oc
tcj OC Is f 5 gy O Madfldegen [ dzw Odz0Odzd L © BNinddegem 1 2 & ® &P yd
teOL g ijfited d3j BdztS 00 [ ff ugj ded J Cj desdsdets?2 r1s Oy
smih j Mis & dzyf dztff fip!dztsh d W d2yos @fSrltc tld§s odzdz f totsB d 1@C jd3das O
RandomPrimerBufferd 4 bdi&MErcaptoethanoll tc ts B  t€C§3dRandomd Cy5 Random
Yyd dzlsted W 2 ¢ d tc HoBdA]o, dzw LdXYls jOF dedfdz fjds] il d L 106dz) gdz o
ftcsBdtcC On sBl jdi3ssdz 0, 2 Bz M3 "dJe Odzd 0, 5 d3<
C tsdzls te s dz! dzts 03 BEARANdamI9 d3¢ @5 Random ] tsH 52 PORez®s 9 5 H d dzg
fsdzdzr 2 Bl j 3 ¥ dHS BiPls disCodz. § tq B @ jdizdaieiif §COH @ dezds fy dzj
YjGEts 9" C dzOH ) as@drch dad dgvdyy .y W dc OF w3t Bzt ©C § dAj diglsd Ps
dNTP Mix, 8 3¢ BCRGradeWater, 2 &S dz W tcOG. i3i;sdzlO® dzy dzg dztf 5O 2 0
WicOGcd3d dzls© s dzj detso Gz. o 1fjtestgedzfith S\ Oy . dzyHOIs j d3 ff tots B ¢
sMisOo dzv dzd dzO0 o SHW B2 8 Gdgjdzjdz@)d2' sqO@M @ (@FH W dats 2
Hdzw ddzcdB dtetso Odzd W  tppaiplslzg deOlr clalcd ts d6@ & y diffJ tc J dzts )
3¢ dz, HitsB Qo dzv dzd ts tfif tdsts f 101dAs dz@ S dz) o j &3 h d o O dzd , tsfls
Isj o5 j tORSECI®j His55j n jdzedd BjL HEsMiszf O Mo jlkO. 1 Od
Bddzzls M MEtssMmis: ¥ 12000 Gettslsss o iddkzlskz,
0,5 oz MYdtelsO, Bipky BfqgeO®E] YI ddddizlsr, 12
Mzt J tdzOIs Odzls . I MOHBSE or Mkh deoOdzd o L Ohdh j dzdztsd
fticsBdtcs kz fn sMOHC B HtsB Qo dzv dzd o 535, RBY dgzte JHFid
Yy dzstcedW zedteso Odzd, tMlsOQoadzwdzd HEts f sdzdzse s tOMmise
RL B teWwdzd Ctsdayd dzlsteOyde 1 s f WahoDfothermafishier] j € |
Scientifig) .  Odzj J ftosotsHddzd cdetedHdL Oyds d tslsd3r o ¢

[1S HBBOo MW dzd oBBHEZ, MBedzOMds §tj HEMISOs dzj dzdz" d
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9 (PByHitesBdicE z) .

ftosB el Iz
Y4 dzlstc s ©dzd .

HisB Q9 dzv dzd

| slstse d dzd
( 8 8, 5 HytgldidajionComponentA ( 3 5, 5 AliggéhemjOligo( 3, 6
i ts 8, 3

BS &) .
BS dz

Hm 1 Rlixerd dzOGtcj o OQled Idfjtogj ddRjA 5 &ddzkzls. 1t 6 BCdz ¢
ydyf, d kit Odd jet ot o dzOydkzd CAed]lsizy - teDic t
Y Gsfip . r dzv sl 8 ¢d cetlstsoddzd 1f tcOfMmlseo stc HJIsdts
stejls! j2 tlsd3 osC. |1 OcGtejo0Odzd G tcolgdt sy dgy " Qudgw
dzj MC sz S5 MjSkzdzh, L OB fsd3jh Odzd ftsfdzj Hise Ols
Ny Skdevg. gty o MEh doa Odzd d MSCOdzdtetseo Odzd. ¢ dzO
Mt j yd Odz' dzts?2 DEVAYS ¢ ¢ OB d @2 st di3OIs  yj MS 52 s j 7 dats dzts

m. 2. 2.7
[ sdzj § Iz dzv to dzts j

MmMsHjteydls BtsdZj jJ 2, 6
Slsdazduydd & fteddydyf O
(tedfm 4).
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tdimedj i30lsd di g wPyY | dzd |

[ sdzj S kv todzts j- 5§ O8NP @I § d tsts0 Odzd j
COoted sls JING tatsy @ dzds p s HiZ] detiship'ts oBdf tc
SBlkH o Odiymettixdreddsyr OdzOdzd L © ( MGywSranHms p O dafip 2 y qi

Rd dzdz \tes ots CorOrins NS @eisdd'dz' Qi
HOdzdzse 5 d3j IsStsSH O

JHK

TIaMeHTa

SNP array

_*_ N 3 Allele A
m S Allele 8

l Tubpunusanus

d3j deay ICGH d ShIPasriy/l$ 't Habela et

al., 2013).

59

¢ d B tc d HHf/hridizateOtButar 2
1 Ols |
cdetedHdL Oy
{ Mls Oo dzv dzd CadzOls j5to s gz Bls § 1 O AU Y5 dA

Wo dzv § st B



]l sSHEBItsa CO ydqyo ¢ O0dzOdzd L £ ( B)®c eaPdn@zizO M tc t
ftej HsMIs OLdsjdgifd=edfirnedrix, to d ). sBSL OB SISC O ¢ jtegsigdz& B Oy 5
zdcdtetso Odzff f sz dhjtte OL dzOW Y jufddiE@s s Ote jJOREYRW) d y.d tets o
dL d3j 6§ tedzyl j dZlgytqFyd¥te Oc di3j dzlsOydv, dBj yddedj, bOGE,
BEW jtodzr 2 tOMmMsoaste M ddL Cddz MsHjtey Odedi 53 S1 6o
¢ qaiifs 1sdO ) B @ dzlz dzts W dz' R 5 dR PO fipze g fipls if tetsB disd P ON d &3
Gjdetzegdg s, t©OLBOO dzj dedets? HtsB EY j tda@ [ dg®& Rdzlns {f s1d3ds h
fjtejBiNhdoOdzd dz0O ostlsjCMmj o kjujddjy 3 fMmj ¢ kdzH
g € totstwlad Istfej tco sets tsBtOL YALY Jzpdas @] (e d gz &F &2 |
fjtojdshddadm:! ©OSdd 3] BBtOLtsd. | MdeyteSck S tdz
ReagentKit ( +) f j toj dats MA[7dzdLo@ EDBALZTED W er (1) o  ox& dzC k dzOdz" |
LOCte oyQdddstafd W e dqtetso Odzd o Isjyjdedd 1 dBddalzlsr {f to
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tdme 3 BOduUd MEs] dL B tOy j dod j deCaEfjdsijH. j dzj

[ Odzjfjlctso tsisd 2P B 85 A K tc Y Is Gl LD meaptong Master Mix, L Ols j d3
fsfdzj Hded 2 HtsB Oo dzW dzd o { tots Bsig Sy (i gaplpdsdpBts2d o1
f dzOdzh jIs dz0@ ottlsjSMmj ftod or MsCts?2 MEtstwsmisd o I
2000 fsB odhdsds®Y ) ols@Qded) dzd § 1QG tefiapderdsd . §f dzOdzh j Is o
LOf EMS Odzd o CythScdn Dige@t @3Bz YO M P i3t st O s, tc j 2 03 7 dgq dalz Is
sj B jtcOELth O&FA ftsHHjYy 9 0)) MOk i fisQlslists®@ o -
dzd ¢ d tots of Gebsced:te € f Y J dzls to d WA J tatsatCaiixfls Ot do  2ls j U § dzd .
it 3" doOdzd3 da@OOBelsy CHPL  ©dz] J MY Sk dziggs PO dzd e &
dzd ¢ d tc s Oz v Cbo. d2wSdrifigfoniMasterMix ¢ € Oy wEstE@L Yy Iz to s © & b T3
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domistew ndf® O2A0/0 0 B StctylCxip) ] & fip @Y dztf s i GyteScanbgEszO

sj ety dE Zu®mno §wed ISLdY 26 0ugzls 1 6 ©dAC)Iss) sfH @& C
i tc 5 G tc Oytg&s@nLigateL O9 j toh OdzOM! , o dzgd BOdzd f dzOdz" jIs d
B dzlzlsT . 1 Olsjd3 HisB Oo dzWv dzd 7j5. diCtals BocfsteiSr d €6 & Qs dHd?
o' M 82 MEBStetsMmisd o Isjyjdedy 1 Mmj SlzdzHr, L Olsj o3
1 dddzzlskz. 1 0 dzdydet & yOMmls: tcOBBYJ 2 o jton detstr
cl At e. [ sBOQo dzv dzd 10 RBC dzo&“®Q e 8 wEaztdOIJyd® oz
stelzlsd dzd HaOSROOB®g yj dzdJ 1 dBwBPARMssterMixy sl ts 8 @ datft dizq
PCRMasterMix ¢ C O3 HBREZ ®tBttOL ylkz. r Odzj J dz0 td=fipldt f J t
sterh Sk bjteddsydSdzj O dzOGctcj 9 B .9 1lissiffaizits yud © e§ o
i tc ts ¢ tc OGigddran PCR [ Odzj § toj L zdz sOIst 1 At odL O
1L dzj SstesWstej L ©O. [ Mdzd tOL digjtc OB dzd W d ydtetso O dzdets 2
150 fd d 2000 f§dzg, §JjtednrmtsHddzd ¢ fnByifieddon Wastglz 1
Buffer, L Olsj d3 H B8 O dxgiifidedrign Beadso COYH'™ 2 BteOL J VY. I
fJtd di3i h de Odzd, fjtcl ostcOyYdo O 10 t©OoL, L Olsj o3
Isj B j cOktefitsB@®EA] L Octelzy Odzd o yjdstedWkzeclkz d
BOSC Md 3O dz! des?2 MEstesMlsd (16100 tBBttslstsa) . 1 tesB
fste, f5CO0 SMOHBE daj §Jted B Misdlsmw 5 dzOf teOo dzj
EHOdzv dzd, dPuriidatoashBuffaf-1 didz ¢ C Oy Hts2 { tadsBydcel @ dzd
2O otstlsj My 2 dBJdzzlsr ftod BOS M BFOAz! dets?2 M stes
B dzlzls, OCYJ fHtod BOSMHdBOM dets?2 MEstesMmisd. 1 toss
SMOHBS dof §Jted 3 Misdismw  frsi ¢ dadste eplzdf jPoirff20 OB gzldg O
sfmils O dzv I  fgoOS & dzH 2O BOSC Md BOdz! dzts 2 M stesMmisd .
L dz6 Jtelkze M j e s [BBEANQLIGOY © Ctsdzdyjmlej 47 &S dz jte]
ZO f dzOdzh jIsj . [ Odzj j fJjtejrnHddzd ¢ dL d3j tod ded ®
NanoDrop ggazlstcOyds dJL BBjtewdzd o 2 BEdz COYHBEBE B
320 dmMfsdz L s Odzd € OC¢ CCtidzlsdignlis dim Q fy ) Wiz up j Qiidiscfte Gy &1

HT
KonuenTpauua = Nanodrop Concentration — % 10 <+ 1000
MET

( fpdzd te j LintsdylskO@iszw 3z 0 BRS¢/ BS dz, i JWetg @ dsdl jd dats[O y
]l sHetSIsOo ezf ¥ Paxfjdn ) H dzv W tofp ¢ dzjCdslg @Ry A8 B @Efaiy R
COYHBRBE BBtOL yYykz. Al dzstedW zedtetso Odzd dzO tsn dzOY H
3 dzlzIs " . ¥ FO€ dpgf dfstOzyef jdtew dzd dzO  dzj SstesWtstejL jy d
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Labeling MasterMix H 5B Q9 W dgg e O f O BB5 B¢ dz) , LOIsjdz Ctolzls
or MsC 2 MEBtesMmisd, LOjd3 1 dddzzlskz Htwd 2000
cdetedHdL Oydd. 1 © ¢ Bdigh'RegistjatopFilel s yls@s8 O dzdL Otcj ¢ d f
dzse " 2 B tOL JARCC (4ifgfeixzGaneiip CommandConsolePorta). | slstso d
cdBtedHdL Oyd ts dzdelz®ls j ffglz jHisB DB dzesbzdz §ts SOy HEsBEZ 5B te
sBtOL yodzd Hsd3j " Odzd o t©OLBSGte] s’ 2 CpScdpEyh 10 dzj to
B3d dezls  fted IsjA%Y j m@dsfEied o9 § o QiU \dTIs 5 B3teOL Y
fsd3j " Odzd ! dz© ud§ ., fftf r2 qf0sdgf? @,dzdyf v daff jwidosz et
® 6dBtedHdL Oydisdadzze ¢ j y' . L£0d§Q wBEYiHts|e s/ ddaf fi
Hts 18 yOfmtse. 1 tMmdzy 1 Istset©, f jst€ jtcion Hch ddtEids § O ¢ Fnfk O
COYHEBSEts Sydfd® B SltssyJ dzelstedW 2y dz" § ftetsBdteSCd HEB O
BE ZC tc O do O h j,¢ s5 BOBEEGIO® do O h j @ts 8 B WgagdHobiing

Buffer. s sGHO 1 IsO0f tslsd3r a¢d d sSficOhde O@dY OBl Ptch
ftotso § oW dzd  dzOdzd 4 POAGCE oL "B tcOstzrf. CyoSdatsHD Ardzy 450

WodwE hd2fmw Mt tetse sy Hj dzad j.dy OUzj § Is @l d dg®© @dlzd S &
dmf sdz' L 59 OdzGgnehifi$€atndzdoRooG ( ted . f P dz' dzj 2 "GO HE@BARID B
ftotso SH d dzO ! M fsdsh s M j ydDdafiyntpiisds sCordaizsomds s |
Analysis Suite (ChAS). CHAS dmf sdz L zj Is G J dztsd3dghkds d O fiztzs |§ @y C
sBdetso dzw j 3" j] HOdedz” j, f DR QMIN dRefSeqdL B OL H Odzdz" =

L
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m. 2. 2.8 1dsddW stedzgOIsdyj M¢d2 OdzOdzd
rdzv  ftetsojHjdzdy BdtddW sted3BOIdui ME et O0dzOdzd L
sdetseo Odzdzr | dz20 OdzgOdzdL j ¢ jdesdsder n/ 1 f ¢ j datsdzdzer n
Hickednr Mot Mlse ORY teigjdgidspd V( B dESHsottg” ~rd dB OC 3y j BT dz
[fdMOdedj MlstcOIsjedd Wddz steOydd d tcOdzy Noeaud dzd
etal., 2012, lourovetal., 2014 Yurov etal.,, 2013. 1 dzOyOdzj ftdtstcdlsjL Oydw
Mtse dzOMmdets W Rdgldzpd d + € fftftads) Mid d, HOdzdz" i3 5 eSS
fsmdzj HiMlsedw BzlsOydd dO Ektctse dzj B j dz€ O, 34 ) B J
ftesy M@dydzr §] © dzgj f Olstsejdzdzr » 9 0tedOydw e G J dats dzC
Variant s. dtso dzj h Ow gz e 3O Pt , HPdedzlz § j dzddly 4
ftoswedzj dzgdv digdd  Oydj delsse, f sdzzyddzd o &LOEEMJdBNES
My IsOdzd di MO dzghj a0@eO dgd Issu D @ j H Mis O 9 dHgudaBet alzO o
2014).

> PeB}'.]'leaT MOJIERVIIAPHOI'O RapuHoTHIIHPOBAHISA ]

* OTOO0p reHOB-KAHANIATOB HA OCHOBAHHI IX (PYHKIIHII, DeKYPPeHTHOCTH,
ACCOIHHPOBAHHOCTH € 3a00/1eBAHHSMIL, YIIoMIHAHUI B DGV

= 0T60p TeHOB-KAHAIIATOB Ha OCHOBE AHAJH3A YRCIIPpEeCCHII T'¢eHOB

* AHams HHTEPAKTOMA I'¢eHOB-KaJHIATOB

* BriaB.iaenue mnyJjaa BBRHI\'IO,I[eﬁCTB}-’IOH.IHX reHoB

* BrigB1eHHE re HOMHBIX ceTel AJH KaKI0TI0 reaa ms3 InyJa
BTSRHI\'IO,I[CF]CTB}’IO]HHX reHoB

€CE€CEeC

* OnpeaeJieHe NpoLecCcOB-KAHAIIATOB HA 0CHOBE COBMECTHOI0 AHAJI3A
HH$popMaLun 13 6a3 JaHHBIX.

tdf. BojBkO Bdddl sedkOsdyj MS et djls
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dnd B0 fodsEgy nbdaapHdzd " 3 ke @y dz;, o tse dzj
GJ desdzdzze ff jtoj Mistets2C 2z, lBdtcOs Ismw o Mtlse jIsMmlis
i sdzlz yJ dzdzOw dlL GJ desdzdz n/ Jtetslsj dzdz” =~/ o3 s OB Bdzs
f smistets§ deddvy ddistR § ydfjwdets dsdets2  Mmd Isd, nOtOC Isj todats 2 H
mMsmisswdzdw ddzd Wi dessdfdud MSdr tMtse j dzdzsmis 2 ;
GJ dz@ddflzH d H Ols O3], syJ dzd o O¢ (Edisanoviigsal. 2010z Yulpy & Blic OL
2017) [ B jHdHzPdzdel = dL BBdz "sets Ccdzdyd Mlse © dMmistsy
9 J tetW s dzts, ZzOdetsdzj J 1 WWJ CIlsdo dzr d3 imylison{@enedal, § tcd
2017, Ganetal., 2013;Aertsetal. 2006;Chenetal., 2009 lourov etal., 2014;Yurov etal., 20717).
[ftejHjdzj ded § s 0dzdL Oydd ¢ jdse thmikzh j ML dzts f
GenomeBrowser EnsemblGenomeBrowserd NCBI Map Viewer. g4 food@sh s LiIsdr
9" wWo dzw dzts fiy! G J dazdzts § MBHJ ey Odgddgd dzdLuQ@ HNQ didets G of te t
OfmMmMtsyddcts €zdz Bj"r dff f tetsOdzOdzd L d tOBIMAdrline Mendlisnd3ts i
inheritance in Man), DECIPHER (Database of Chromosomal Imbalance and Phenotype in Human
using Ensembl Resources), ECARUCA, Phenoigpeaotype Integrator (PheGenBFARI Gened
AutismKB. ¢ € M { tc jofg igase da@ L z O dzd Lff tistsxsOBE@&PSd GenAtlas.¢p dzO dzd L
d dzls | tc OF 16 ts a3©® Hipf[digfif s dz' L STRINKE] NCBI gened BioGRID, OH O dzdss |
G J dzts d3fdg B = dAff s dzlz yg dReactome KEGG (Kyoto Encyclopedia of Genes and
Genomes), Gene Ontology NCBI biosystems.NCBI GeneVw o dzv flddigY ¢ tc OnlOshals B
tc OL dzd te fizn 2 teffgas! ot tc dp@ UsdsWs tsas digts o dgidJIsHipiER olztizs 6 O C b © dgde” j
9 NCBI gene mts B d tc Ok L) ' Iz tBINBD p BioGRID, EcoCy¢ HIV-1, human protein
interactiondatad HPRD (Brown etal., 2015).1 O 1 O dzd®TRING (SearchTool for the Retrieval
of InteractingGene#Proteind f sfo v ¥ k dz® y d ts dzO g tzy ZB 1 o 8 I dz¢ @edBd
G dztsB O diZ taligwdgla] O d d3ts H j 2SRING[tfv s dalz y § dz' dL dzi MEtsdzr €+
LS jted Bj delsOdz! dz" | f ste®diiEH pHMisdd™ § g o dydz' =~ BC
Mdlsd MmMtsBdtOs Ismw dL BOL HOdzdz' =, Ctcdtclzj d3r =
sj SMIsO ftoddzd dgw jIsfqpw  Hdzw o7 wodzj dzgdwvw MisOIlsdMmisd yd
BJ dz€ Odzd drOO dsiiuldtserd(IJS Natonal Library of Medicine National Institutes of
Health) d Btsdz! h 52 Ctsdzdzj S ydd f sdzdetsls j € fistsde BRovo Mls ©
ftejHMEOLTr 908 Isfqw M Tod@Eshi ¥ ©GWHO Odestedlsd@se,
sOCY] fEklsjdg OdzOdzdL © ¢ 1 1§ dndBloGRin(dhe Biadogical\Ggneral L O d
Repositoryfor InteractionDatasets - B OL O HOdzdz" » Gl ssets HBMISE
GJdel Isdud MSdJ d BJd&EtOTr j oLOdBsHj2Mlse VW, s
zdlsj Ol kzter Hdzw o fMmjnrn thdtsddztbBo d3tfH ygzdztzo g S OdH &

fnj dzlsv B te! 2 BIdGRID ttsH Qe dIs 749912 9L OddBsH| 2 Mis:
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f zB dzd ¢ Regatoihe- + Ists tsB detso dzv j 3" 2 6 Mkztem, sj Ch Ow
Odzdzsls Oydd Hdzv 7 6€8BH dofalz ¥ 20 0f7R7 4¢ |l € 5195 1d0]7s j deifldstiz
GJ dzsdgdzr 2 fkzls! . 10LO HOdzdzr = NCBI Bi oSystems
HOdzdz' = Btz dfuddgddfnd ndddy e B d f5 pt dpbzp o3 ¢ ¥ f5 s
Byl Momistswis: gL oLOdBSH] 2Mso & o) tddised s
BdtsmMdmislsds L OBtsdzj 98 Odzd J , CRlststets § Bsydls o ¢ dz y
B d t5d30 tc Cdgjtdr O tedn) Istp tg AR tg QulsOL © H Odzdz' = NCBI Bi oSyst
MsHjtwydls LOfdMmd dL dej MSEsd $dr dMa tsH dzPdhway OL
Interaction Database Wi ki Pat hways d G e nGene antolbgy Isd gy g CBJO
Bdtsdsedui MCdj tegdaso tslgnfjady Ml tsal n ¢ zO MM H) HEONy g
CdzOMmMmtse Bsdzy Cdzvtede” = WlkdeC yd?2, Bddzseduyj M dn
Zyotmds ¢S dzj sSd, eHJ ded oMmlstej yore smw ( € dzj Istsydz |
dn. ¢ GO annotatione tfdMmre0Ojls Mmowy! i3 Y HE Coc
HsC OL OlIsj dz' plse O, fsHIso § sz O Yy |, dzGifeagafu@Npgdz . j
d di3f tc dedszls O dzdz" o3 B dzts i tc 59 jGenpidgeint M o tf jsHigsh 'B¥OL

3 Y B iJExEts 9o L O d3tsH § 2 Mis o dhtACTHfbP RiPEde leeeuwet alzRG1L2;lourov

etal., 2014). & J lafj ¥ B j dz® t5 ®'d @3ts H jpRofils prafenintéraction PP) - L dzOy d d3r 2
ol Mzwm dquiak ] cf tcj IsOydd 6 Jj desdgdz" = HOdzdz" ~. 1 4 MABSISH
ZOSC s dzj des o wlsdesh jdzdd B dzC 59, Celstster §j YOMISE
tejLEzdz2 IsOIsT ms{ SHRISIP o izjj diag dsdz’ fipdls § R O dzdz” d3d . ] BH A S
stsc ts, Y ldgsBdzd Is 'z iy IH O dzdzlz ¢ f totsB dzj d3lz, zOL " 9 Oj Isfy
oL Od &3t H j physiealdinteéactiof enrichment PIE). PIE d Mt sdz! L 2jls detstedy
CslststcOv tsBiMfJjydoOjls tOodetsj tOMftejHJjdzjdzadd L
mMilj 2, ¢ tsisdedey QdIs Mwdz ffftgPasH ¢ sdzd yd Milso j dzdets s
sj Mssosdz dzOBtsStcjy B ZEBBe Bsdz hj oL OddBsHJ2MIse d:
Movwmdud &3 ®csydzs fMHj dzOs! o oatsH © ¢ fffydrjuy dnE SRP if
(Samaet al. , 2016&) sB1OL §d3, G j detsdzdz" | , fteslsj sd3der | ,
HOdzdzr | dcetcOsls thdeso dzglz tetsdzr o t©WOLwOBBISE ji Odzc
COdZHdH OIsse .

m. 2. 2.9 wbOsdmMisdyi MSd2 0O0dzOdzd L
#lsOldmisdu MEd2 OdBYzg ) H § txfsdztb¥  dath@y il 42 ¢ ¢
Bdtsddet stedzOIsd yd MEtses OdzOdzdL ©. | dzv dBOMMde © d dzH
fMlsOdzH Otels dats j tsils € dztsMiE3SizdMVH+2S0, M¢Stizls | 18 OffeCipddsiel = fd ¢

C6899. T, dctehOd dsd ©OMY ) Hj di ded df ede s e dz@d
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MfeOe O I MiejHdzj ¢t L dzOy dedfviyl. 81 tejqHOjf DA 1S dzff H Bt
MtejHdz) €65 L dzOYj ded™ ZORGHWIsMY6 § sUBYH. Hb jH BE®RY BYS
HokR fMdcd fOHOjIl §SHOs dzW 95 45%.] B  dz'j M AHOIE o ts to
EC d&zOH'™ 8 0% v § ©OCIsd yIHYSU. [ dz'f) | dzj @iV dzs O
fitejdsjdedsr 7 65 CwO2dgj?2 Rjtej 88, 8% MdzzyOjo {§ i
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V. tryuvf?2uvduv3 R [l1d8Uryrpr1RY
V. 1 RMMdzjHs9Odzedj HjIsj2 M EdoMse j ddes?2 slsMmis Odzts
My jSClstcO® BIIssHOBRB] dBdzj Cdzvtedzsets C Oted s
[ JjssHOBR] Bsdz] Sz tcdktseg sdz0DiY kP ftc®OBQEdY B
374 twijB] @«BJL BB d/ ddzd L OHjty (2 §Mdr tdiEsilsts:
Zdsmise j dzdzts?2 slsMmisOdzsfls & otetsy Hjdedz" 3 § stetsS Od
dimfMdzy Hizj B2 Ctsetsls) § Oydj dzlstses dEordaff o "HYj edap jydg'd:
Hsf sdzdzd Is j dz dzse s R dsMsBdtsets BOjted OO tOL
GjlsjtetsL dcsis@sinBddaior d dyd fots g Gelizdz] dzd W J dzdlg y Ofpdsih d=G
fstedq cJjisjtesL deBlsdztafgdyd b J A@E O lsizdd @is gatdgtsiipds HAM IsB tc O
Masyd ~tesdshsdd | §J tsjoplsize®) S d sedag.ud nsd L da
f Ostsejdzdzr » 90t dOdzlstse G Jj desdzO dzy B' dzts tsB dzOtclz y §
5B dzOtclzy jdz@ k2 108 §Oydjdalstse (28, 9%), ddiB, ©&iIs§1
Mz yovw ), O HGYsdddlsj d d' 2 ~Fttsdkshtsdidz 2 dg3OIs ] tec
dtcjH rntodiitmMtsdde » OdesBOdZd2 IsOC Y J dzOB dz68 HOdzd M
Hef zd S Oydd (5 Hilji?2, 1,3%), 0O OCy,j thiffplyoj @
LOstcOcdo O q@MmisttsCddd 15 yJ dasle j g fimidePs) s o(Calzdss 21 0C
f OydJ dzlstso (7 %) BN dzd IsOC yJ or weo dzj dz mMdzz yod
OdzsdzOdzd2) o odHJ Mtsyd sO0dedw dzidfimIstsdeis Odiz v - & o dgE3
OtedzsOdzdd d fwlsjted cGilsjtesL detslsdtsmisd o d &Y tcd dzl
(0, 5%) tsls 3y YO dzO ! G J dzts d3dzO W dzi Mils OB d dz' Gl figls !
~nlotsdiiIsmtsdidz’ 2 OdgsdfpP.dl 1 Ho En Mz yoOw A (0, 5%): BT
BsdetsMsdzd W r 2t sdge Msdgd v '~vc {dgfifisdh 2 sH dese s § Oyd J dz
9" Wodzj dzO dasL O ydzOvY IStedmsdizdw ~tesBsMsd’ 8 daj
BN dzts ftoj H Bdztsy j dzts dzO dzd y d J BOte s J todzts 2 - tots
CibjsLdelsdtsMmisd, BROGIS) tztetc s H i)lzy | dzfpisddj2de tc O ts
Mz yow s (3,.5%)(stgddry. 163j Isj tesL deslsdetsmisd o o &3 ted «
Mz yowv s (9, 6%) . sO0¢Cddz BBOL A3, Otz j dzedw @
Odzts 3O dzd 2 , Mdztsy dzr = =~ €5 d3stintslsizidis & df 4j o) thsLedsg ts Is dats
Hdlsj?2 Bl Cteso destesHMIse j dzgdzr = BKOSCtS, O ISOCYJ
G4 dzOn , B dzd o' W o dzj dz'( ls® B tiz520 Isfitpcz by wifoly = (d4& %)o J teot
9 0tcdOdzlstse dzgy BT dzs o("™W%)dzj ddB B P11 MdEWO)" ~f Oyd
f Olstse j dzdz" § d o J €NV dsdias o Rists@ g joatatze 0L ki tejsidds tsts?2 4
Hts 500 (MdsrOmp.dz. f1da ) .
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