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| ABSTRACT I

O bjectives : Synapsin lll near VCFS region on chromosome 22q affects. It could be an interesting candidate

gene for schizophrenia. D22S5280 is a highly polymorphic genetic marker residing in synapsin Ill. We exa-
mined association of D225280 marker on synapsin Il with Korean patients with schizophrenia.

Methods : The subjects were 46 male Korean patients with schizophrenia and 60 male normal controls. Using
polymerase chain reaction, gel electrophoresis, ABI 310 genetic analyzer, and GeneScan Collection 3.1 soft-
ware, we confirmed genotypes of D225280 marker. We examined Hardy—Weinberg equilibrium and case—con-
trol association using SAS/Genetic 9.1.3.

Results : Genotypes of both schizophrenia and control groups were in Hardy—Weinberg equilibrium. We could
not find any significant statistical differences in allele—wise(x°=10.4, df=6, p=0.098) and genotype—wise
(x*=22.1 df=19, p=0.258) analyses of D22S280 marker between schizophrenia and normal controls. Individual
allele analyses with df=1 showed significant differences in A1(p=0.025) and A7(p=0.034) allele, which were
not significant following Bonferroni corrections(A1 : p=0.177, A7 : p=0.235).
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Conclusion : We couldn’t find any association between schizophrenia and the synapsin Il gene. Given the
small number of subjects studied, further investigations are needed.
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of, B4 d= FEl|, AAs) JAH 55 Hole
WOo® 22q11 AAA §-919] AEow WAk,
Agelle 275 Al o] (neural crest cell migra-
tion)©] T3 g sh= Aoz A It Gol-
ding—Kushner 52& VCFSe]| o] ojglo]i= 174
At B8k 45s Holn, Fadr|E 7haA Azt
3 A Agke Beltka 319tk Kimber 5V mouse
£ gz o 14 A& W (gene targeting) A3
oA 17k 22q11el A8l H-AE olF AT 4
&(heterozygous deletion) A1Z1 mouse”} 25
F-(sensorimotor gating) 9IX ©1 A4S VeIt
Hskgict

o12] positional cloning A7-5°] 22q F$7F AA1H
7} #AA=o] & 7hsAel glvkal Huskgitt Pulver
=9 Gill 5% Karayiorgou 57 22q119] 9)x|8F
D225278 ¥AAe} Al arg el Ads Hash vt gl
T, Vallada 5"%& D225278 ©]9jel] VCFS 2le] 3l
+ D22S283 BAAE At a7} At (inkage) o]
Utk Rty SHAHAAE o §F AT
2has) =eE| 9l COMT, WKL1, PRODH, UFDIL,
ARVCF, PCQAP, SNAP29, YWHAH, ~72]37 synapsin
I 5ol 25o)”

Synapsin> C—AMP dependent protein kinase ZA]
ABAGEAC] EHl9b AlEA 7 (synaptic plasti-
city) & Z8skaL A~ A D (presynaptic terminal)
o] Al F=Z el o), wat AHEY] A (neu-

rite outgrowth) ¥ ZM%7]¢] A% (axonal elongation)
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S =18t A~ Hek(synaptic contacts) 2] §AIE

A Qsit), FHFolME synapsin a, b, Ila, Ib 71

2)31 synapsin M7} #1289 9th'Y Browning S1V2 A}
3 T A (postmortem study) S 53191 synapsin 1
o] gizrel] Hlste] HAlFgry g0 dntellA] wig- A
Al vk 213tk Teherepanovet Sokolov'?
= A e ATl #5553 (left superior
temporal gyrus) & #5 % 5573 (left middle tempo-
ral gyrus) olX] 43 synapsin 1a¢t 1b2] ko] o]
W AR Skt ol tizarel niste] <] QA
Tastdoka Baskde) Feng $19& Knockout 218
o] synapsin 7} %2%7] (axon) & A} A4 A&
¥ (synaptic vesicle) 2] Z7]¢] 9 wjxIchal 13T

Kao 5172 synapsin Il 444 22q12.3¢] 91
sl 3121, exon 29} exon 4A10lel D225280 AR}
7} EA3 L Bt D22S280% FAEAH ) o
¥ 7hs7do] B D22S5278 AR} 4.5 centimor-
gan BolA] glom, gl thoR Ak ¥R 7
Aol Tk AR A8 [polymorphism information
content (PIC)] Fke] 0.785% &2 7107 Yeht} 4
ATE S BAAE fEsitta & 5 Stk o AF
8k nke} 7o) synapsin = o8] A3 At Al
A FAgo] A&H 0w A7]EolR VCFS QT
xekar 9o, A7 (neurodevelopment) ¥
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2485 FEstol B w synapsin = FAEEH
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napsin [Ie] X8k ofe] BAAE oz FArdr
I AgkE 2R FAATTE AlE AT D22S280 %
AAe] 734, Stober 517 AL AR B} 7}
=& OO 7 transmission disequilibrium test2} G
A7+ (linkage analysis) & A%t A7 ojd AL 3t
< & vk Rtk Synapsin el 9l thE &
AAAE o g A7) Afolle AR Ax)7} ol
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ol Q% ks SR Wl AR $xjollA
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1. 820y

BALE AP BYHEA FAe]
s e 18/&] N 454 Afe]e] W) FAlwar $at
24 DSM-IV¥ ] 7128 %= A)7|a, th2 A48t

A A Aol gl AFRES o= Bisick &
At e 4690 7
Sk
A 2TE F 6002 18~454] Alo]9] WAl 1
2 golglor, FAal Azt Weo] §gly, ARk}
@2 5319 12} 1= (st degree relatives) Yol 7
o] WgEo] Sl Al ALt o5 H+ A
& 26.7A1(EFEAE 5.1) $iek # A7 814
7] 3]0 FelS Al FApe} thrt EFoAA
A FoE Atk

2. D225280 EAAY

ri{o oﬂi > rE riz

a7y 2l

1) 8 AN X DNARS

Gl Fxbrolt AgdRlelA JHE smiE AF sk
EDTA tube°l 2o 2|3t & 1.5ml microfuge tubeZ
A AF7RAA -20Ce] W Bttt DNAE
QIAamp Mini Kit(Qiagen, Chatsworth, CA)-& AF&-3}
o] FZ3oH, FHEALAATS o st S 7
= —20Ce] Basigiek

2) DNA 32
D22S280 FEAALR] =3 A i3l AR primer
+ 5 —~GCTCCAGCCTATCAGGATG-3 3} 5’ —GAT-
TCCAGATCACAAAACT-3' o] s 7] ¥4 (au-

tomated fragment analysis) & A183}7] €8l forward

o SMARY =)

primerE 3% A2kl FAM(5—carboxy—flourescein)
07 5 —labelingslitt. FEAANTES Perkin—
Elmer 9600 (Perkin—Elmer, Foster City, CA)& A&
8k 20 ¢l §RO R Ao, TS TSI 22
F10= At Hx W/dE 95Tl o AR+
95°ColA 13, 56 TellM 13, 72°CellN 30Z= 303], 3

% 72°CoIM 1023 Fd(extension) AHTE 2t SEE
2AHNES AR 5 412 agarose ge °ﬂ A7) 9% slo]
5 01‘:'2 golality. DNA 52 913 RE 34
Gyapay 577} Kao §'7] AMg-3t ol m3trt.

P ANE FFAAAANES AFES] 27]= ABI 310
genetic analyzer 2} GeneScan Collection 3.1 software
(Applied Biosystems, Foster City, CA) & =733tk
I8 AN AHE F ShuE pGEM T vec-
tor (Promega, Madison, WD o] E243}ion, 249
Sk AR 7MY Ao E CA WHE 757 19719&
FRIsIeInk &, o] 2249 #WEY] D22S280 XA AR=
210 base pair®| 2%, o] WE 2] =374l vhs Ak
=9 2715 RIS o183 Abs A7) 49 dix
Tow ARG

3. SHIEYN
SPSS version 11.55 AREsIo] QI 5A8H4 WS
B89 1, SAS/Genetics 9.1.32 AFEslo] fxl8HA]
Kol

A B4 Y8 tE SAS/Genetics 9.1.3 el
PROC ALLELEE A}-31% Hardy—Weinberg %3
Ao, SRz 15 (case—control association)
<2 PROC CASECONTROLS AREslo] #4985, 7Y
3 G FA4el gk AR 3& 218l Bonfer-

roni TFEH| A S ST
b -

Synapsin Il f87el Y1x]gk D22S280 EA A}l of
34 GT repeatsE X3t th5-7-421E- 208bpH-E| 220
bpZ7HA] & 77 ERISIICHGE 1), Ao gz
5% Hardy—Weinberg 33 el A3t A2}
PIC 7 0.7985% dl=ls tid o= A5-st Seond}
Kang'" 9] 5ue} fAtatgich. gantay st 44
e AW D225280 A (allele) 9F #1213
(genotype) &) HI%= 2}0]5 SAS/Genetics 9.1.32] PROC
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Table 1. Comparisons of allelic frequencies between patients with schizophrenia and normal controls for D225280

marker on synapsin lll gene

Patient with schizophrenia (N=46)

Normal control (N=60)

Allele (size in base pair)
Number of allele

Frequency of adllele

Number of allele Frequency of allele

A1(208)* 1 0.0109 10 0.0833
A2(210) 25 0.2717 34 0.2833
A3(212) 0.0435 4 0.0333
A4(214) 9 0.0978 13 0.1083
A5(216) 29 0.3152 36 0.3
A6(218) 15 0.1630 20 0.1666
A7 (220)* 9 0.0978 3 0.025

Allele wise (¥ 2=10.4, df=6, p=0.098) and genotype wise ( x 2=22.1 df=19, p=0.258) analyses show no significant

statistical differences. * :

Individual allele analyses with df=1 show significant differences in A1 (p=0.025) and A7

allele (p=0.034) . Following Bonferroni correction, these values are noft significant (Al : p=0.177, A7 : p=0.235)

CASECONTROLS AH-812 100,000 permutaion 2!
& 5 FAeglEl, o] S alelE EE 4 gtk
(allele wise : #=10.4, df=6, p=0.098, genotype
wise : x°= 22.1 df=19, p=0.258). Z2+9] digH4
Ztell thste] Fisher's exact testE ARE8R] H]w 4
ot A3 Al -3 AH208 base pair) oA 28t 3k
(df=1, p=0.025)< Ao}, Bonferroni BH] w47
AT (p=0.177) oA g zpolE #A3t 5= i3l
3k A7 42220 base pair) A% 23t 3k
(df=1, p=0.034) & ¥ 21}, Bonferroni thaH] w7
% Ao (p=0.235) oA F25t Afol& HEE F Ut
(ZD.

=0l YAE o R 8t Aol synapsin 1
225280 EAALS} gl Bk AL
olef FeJgt Agte] ltkal AEAE F UTh Synap-
sin I F-AAR= 22q2] VCFS f3A} Qlel] 9=k
glom, Fujo] Wty 7|5 Tt &S sk Ao
2 4EA Qo] F&I o] HY, WRE Al
9] ool Bt FHokstrkar defA] ik o]e] gl ¢
S o ® H% = synapsin M2 GAEEGH7E 7
= ZARIGANE HUl FAwdy SR ES tdeE
719] Stober 5179 A7Az9} Lol folF

ol = §ileh 2eu o] A7 A¥E AT 9 &
oJafok & Mol qurk. BE e 2710 sh EA4)

o) YEAP oo whrE 73 BRI} Qdgo] glrk

o
2
N
>
jg
o
)

o o ot X

BT AR oz A7) 5, B v Ad A
S 1HE u HE2] F449 9] positional cloning ¢
T el AAAAE b Aolek= Holtt.

AF A= A dhdetel Z27] (sample size) 7F &
A Eojo} st} Positional cloning -4 223 3}
A(power) & Zh= tdr-e] & APFsH7] S8 Al
w2, ST f I ATrellA AAds g
9] A7)= A9 genotypic relative risk, p—value, T
HgAa wiee] ojsle] 44= 4 k7 o2 So,
Owen 52& AAgelN §212F Agtadro] Bas
W] 5 Axket vt gl 94 379 7P stel
TS A7) e EA A biallelic marker) &
o2 80%2) FAE sk, 1) genotypic relative
risk7} 291 AW FAAE gAste ™ 499~273%,
2) genotypic relative risk7} 591 7% 33~21974<] tj
Zdare] Fasitka stk & A2 A Ak 4
Zdojze] 242t 4637 60801, iy FA7E 771 o]
B2 Owen 5270] A 274 thdd 55 FH8] 1
FA713 okl & 4 glvk E=o E AgRide] @
A FAEEY SRkel A tixdS diasitia aprlel
=
5l

p

=

2

T2} Qlek iEolA, Al digfztel A7t
2k} 734 ¥]5 Bonferroni tRsH A4 Folli= ¢
w7k Gl Ao FPEPARE P 2717 AR A
$old A7} vgA] A5 4 glvt wepr] B &
< el diste] 4% <A77 Fesitta & 4 qlch
Synapsin I -F212] 7= 380~400kbo]™, coding
region®] 1,74371¢] 171& 573 %0] lof & Hell &35
thar 8 2= 9tk '” Synapsin M= 494,144 base pair,
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440 amino acid® 7%l Qo1 2,184712] SNPo]
QIth= Ba7) Yok whd, D22S280 o] 2ol Sy-
napsin 112] Th thgAd Bx|#}e|| thalo] HAEArg s}
A AT7F AHA o2 S T Q). African Ameri-
cansE o= g dAtellA L469L 7 S470N ®o]s}
AL, Caucasiang F HPIOZ 3 Ao S4TON
FAR AT Agke maslolth ) RS gito
2 gk Aol —631C/Ge}F —196G/ASk= Aol EA]
3 srerhs 37} gl s dpgo® g <
Tl g.-631C>G, g.—196G>A, g.69G>A% A
EAatA] oh=the B2} gltk dapow, IR

T2 EA Rl tfste] 2ARSE ArfolA |tk AEQIS Ul
o7 gt AFE] A= A, Hol= Foprlo}
= synapsin [l F34}9] H1lwdn Bz
ol E-S 7H| sty IHelE A r
2] 77], Wl o g 3 Aol FoEtA Y&
ANES aefE & o, A A5 Erle o
t}. webr, &% synapsin I A ol AA ¥} vk
3+ SNP} tbaA) 42} Z128]3l haplotypes tio®
o ¥5 A7 dQsith

Cox 57 3t fa7e] Azt Aol 29 15%
Aol AT FRAFLT ME FSAES st &
W] g 98 oty Wuslith g 1dS 4k
HE of AR E Fa87 fARE 53l (com-
plex genetic disorder) 2t1 & 4= Qi = o8] 79
A 877 s Agsh el o
AJo] =t} Synapsin ¢} synapsin 1, 5 AAEA
o] i B4 A2 EO](DNA STAR) & AH8-5to
ASE A3 o)F Aolell fiAko] EAfgth= Hart §l
t} o] RS AR synapsin [ 827} synapsin 1
22k} kel A synapsin FAAFAA FElElS
7¥5/37, synapsin I, I, I F327}F §34; 52 @
“F(gene duplication event) & Ea|4 SRS 7
e FARE Ak olglel Al AL Alo]e]
249 geolgh Rk 9k’ Synapsin I FAAR=
A 3p250e] $ABk=t] I F-9li= ATATE T3
A AalEde] B 7ksAde] Al7lE Ftolw, AR
9] microarray A7 ellA] 7ha® 7o) BAHA T,

Chen 59 uRehys a0 A3He Mg v

0
=2
2

¢

itk Synapsin 1 F-42R= Xplle] YA)8laL glom o
o} AgAToIA HAlEd T} A=t Fus)
ATEP Y 1 A a)i= Al e] whel| synapsin
I A7 #=] oS 7Fs/do] felskAl =4 &
thar JEREAEE ok s e85 T8l 1
W] synapsin 1, I f3xk9} 428 sha] gAlEd

o
ol we] AP 4TS T S FAT 5 ok
]

<

A4S 24T F 3= UARICE positional cloning A
T A, BTG synapsin 52 #A7L
s wield Flolzka Azttt o]9lel® 1¢22
o $1x]8F CAPON -7A= NMDA 84| A|2Ele
A signal transduction®l] #osh= AR A4 3l
), synapsin 19} & 2-getHs B 9a'” g
Bz} Ago] wAHYthE Bk QlektY wge 7
ZojlA £ ulf, CAPONX positional cloning?] A sy-
napsin M9} 4% 8- AR & F73 7F7F Qirh
AEAoR, B AFelrs Fledye] F2 A
2991 22q°l A8t synapsin I F314F2] D225280
EARRS} Azt Ak wdek & gloict o) ok

FAAE ARl delat tiRielS: tldo ' AR
[e)
ol
-

o

AgelA Aol AR gt A}l A E,
FoprJoflelA] o] FHARe] Agte] tiste] S-S A
ok 2ed, 1) vld F synapsin I 74212 217]
£ e o A7) BAREA D22S2802] diE/del
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A4 Foll= o7t gl Flo= IEHUARE Agte] &
ALY A, 783 11 2919 bsAde] H Q=
R B3t A uPdre] 3270, 3) e QlEE
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3

o ofj

l

o
Ag AN WA A FA 4) A
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s40w Bostrh & 5 ok

-

28 ©9 : JaEAH - Synapsin I - D22S280 - ¢Igh
HAzd

1. Kimber WL, Hsich P, Hirotsune S, Yuva-Paylor L, Su-
therland HF, Chen A, et al. Deletion of 150 kb in the
minimal DiGeorge/velocardiofacial syndrome critical re-
gion in mouse, Hum Mol Genet 1999;8:2229-2237.

2. Golding-Kushner KJ, Weller G, Shprintzen RJ. Velo-



10.

11.

12.

14.

15.

16.

17.

cardio-facial syndrome: language and psychological pro-
files, J Craniofac Genet Dev Biol 1985;5:259-266.

. Pulver AE, Karayiorgou M, Wolyniec PS, Lasseter VK,

Kasch L, Nestadt G, et al. Sequential strategy to iden-
tify a susceptibility gene for schizophrenia: report of
potential linkage on chromosome 22q12-q13.1: Part 1,
Am J Med Genet 1994;54:36-43.

. Pulver AE, Karayiorgou M, Lasseter VK, Wolyniec P,

Kasch L, Antonarakis S, et al. Follow-up of a report of
a potential linkage for schizophrenia on chromosome
22q12-q13.1: Part 2, Am J Med Genet 1994;54:44-50.

. Gill M, Vallada H, Collier D, Sham P, Holmans P, Mur-

ray R, et al. A combined analysis of D22S278 marker
alleles in affected sib-pairs: support for a susceptibility
locus for schizophrenia at chromosome 22q12. Schizo-
phrenia Collaborative Linkage Group (Chromosome 22),
Am ] Med Genet 1996;67:40-45.

. Karayiorgou M, Morris MA, Morrow B, Shprintzen RJ,

Goldberg R, Borrow J, et al. Schizophrenia susceptibi-
lity associated with interstitial deletions of chromosome
22q11, Proc Natl Acad Sci USA 1995;92:7612-7616.

. Vallada H, Curtis D, Sham PC, Murray RM, McGuffin

P, Nanko S, et al. Chromosome 22 markers demonstrate
transmission disequilibrium with schizophrenia, Psychiatr
Genet 1995;5:127-130.

. Vallada HP, Gill M, Sham P, Lim LC, Nanko S, Asher-

son P, et al. Linkage studies on chromosome 22 in fa-
milial schizophrenia, Am J Med Genet 1995;60:139-146.

. Mowry BJ, Holmans PA, Pulver AE, Gejman PV, Riley

B, Williams NM, et al. Multicenter linkage study of schi-
zophrenia loci on chromosome 22q, Mol Psychiatry
2004;9:784-795.

Kao HT, Porton B, Czernik AJ, Feng J, Yiu G, Haring
M, et al. A third member of the synapsin gene family,
Proc Natl Acad Sci USA 1998;95:4667-4672.

Browning MD, Dudek EM, Rapier JL, Leonard S,
Freedman R. Significant reductions in synapsin but not
synaptophysin specific activity in the brains of some schi-
zophrenics, Biol Psychiatry 1993;34:529-535.
Tcherepanov AA, Sokolov BP. Age-related abnormali-
ties in expression of mRNAs encoding synapsin 1A, sy-
napsin 1B, and synaptophysin in the temporal cortex of
schizophrenics, J Neurosci Res 1997;49:639-644.

. Feng J, Chi P, Blanpied TA, Xu Y, Magarinos AM, Fer-

reira A, et al. Regulation of neurotransmitter release by
synapsin III, J Neurosci 2002;22:4372-4380.

Seon MS, Kang SJ. Dimeric short tandem repeat poly-
morphsm analysis using automated fluorescent detection
in Korean population, Mol Cells 1996:6:266-270.
Rapoport JL, Addington AM, Frangou S, Psych MR. The
neurodevelopmental model of schizophrenia: update 2005,
Mol Psychiatry 2005;10:434-449.

Lewis DA, Levitt P. Schizophrenia as a disorder of neu-
rodevelopment, Annu Rev Neurosci 2002;25:409-432.
Stober G, Meyer J, Nanda I, Wienker TF, Saar K,

— 265 —

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

33.

Knapp M, et al. Linkage and family-based association
study of schizophrenia and the synapsin III locus that
maps to chromosome 22q13, Am J Med Genet 2000;96:
392-397.

Ohmori O, Shinkai T, Hori H, Kojima H, Nakamura J.
Synapsin III gene polymorphisms and schizophrenia,
Neurosci Lett 2000;279:125-127.

Ohtsuki T, Ichiki R, Toru M, Arinami T. Mutational
analysis of the synapsin III gene on chromosome 22q12-
q13 in schizophrenia, Psychiatry Res 2000;94:1-7.

Tsai MT, Hung CC, Tsai CY, Liu MY, Su YC, Chen YH,
et al. Mutation analysis of synapsin III gene in schizo-
phrenia, Am J Med Genet 2002;114:79-83.

Porton B, Ferreira A, DeLisi LE, Kao HT. A rare poly-
morphism affects a mitogen-activated protein kinase site
in synapsin III: possible relationship to schizophrenia,
Biol Psychiatry 2004;55:118-125.

Pilowsky LS, Kerwin RW, Murray RM. Schizophrenia:
a neurodevelopmental perspective, Neuropsychopharma-
cology 1993;9:83-91.

American Psychiatric Association. Diagnostic and Statis-
tical Manual of Mental Disorders. 4th ed. Wahsington
DC, American Psychiatric Press;1994.

Gyapay G, Morissette J, Vignal A, Dib C, Fizames C,
Millasseau P, et al. The 1993-94 Genethon human ge-
netic linkage map, Nat Genet 1994;7:246-339.

Riva A, Kohane IS. SNPper: retrieval and analysis of hu-
man SNPs, Bioinformatics 2002;18:1681-1685.
Lachman HM, Stopkova P, Rafael MA, Saito T. Asso-
ciation of schizophrenia in African Americans to poly-
morphism in synapsin III gene, Psychiatr Genet 2005;15:
127-132.

Buckland PR. Genetic association studies of alcoholism-
problems with the candidate gene approach, Alcohol
Alcohol 2001;36:99-103.

Risch N, Merikangas K. The future of genetic studies of
complex human diseases, Science 1996;273:1516-1517.
Owen MJ, Holmans P, McGuffin P. Association studies
in psychiatric genetics, Mol Psychiatry 1997;2:270-273.
Cox NJ, Frigge M, Nicolac DL, Concannon P, Hanis
CL, Bell GI, et al. Loci on chromosomes 2 (NIDDM1)
and 15 interact to increase susceptibility to diabetes in
Mexican Americans, Nat Genet 1999;21:213-215.

. Hosaka M, Sudhof TC. Homo- and heterodimerization

of synapsins, J Biol Chem 1999;274:16747-16753.

. Mirnics K, Middleton FA, Marquez A, Lewis DA, Levitt

P. Molecular characterization of schizophrenia viewed by
microarray analysis of gene expression in prefrontal cor-
tex, Neuron 2000;28:53-67.

Chen Q, He G, Qin W, Chen QY, Zhao XZ, Duan SW,
et al. Family-based association study of synapsin II and
schizophrenia, Am J Hum Genet 2004;75:873-877.

. Chen Q, He G, Wang XY, Chen QY, Liu XM, Gu ZZ,

et al. Positive association between synapsin IT and schi-
zophrenia, Biol Psychiatry 2004;56:177-181.



38.

39.

. Demirhan O, Tastemir D. Chromosome aberrations in

a schizophrenia population, Schizophr Res 2003;65:1-7.

. Thiselton DL, McDowall J, Brandau O, Ramser J, d’Es-

posito F, Bhattacharya SS, et al. An integrated, func-
tionally annotated gene map of the DXS8026-ELK1
interval on human Xp11.3-Xp11.23: potential hotspot for
neurogenetic disorders, Genomics 2002;79:560-572.

. Wei J, Hemmings GP. Searching for a locus for schizo-

phrenia within chromosome Xp1l, Am J Med Genet
2000;96:4-7.

Wei J, Hemmings G. Linkage disequilibrium mapping of
chromosome Xp11 for a schizophrenia susceptibility lo-
cus, Mol Psychiatry 1999;4:416-417.

Hovatta I, Varilo T, Suvisaari J, Terwilliger JD, Ollikai-

— 266 —

40.

41.

nen V, Arajarvi R, et al. A genomewide screen for schi-
zophrenia genes in an isolated Finnish subpopulation,
suggesting multiple susceptibility loci, Am J Hum Genet
1999:65:1114-1124.

Jaffrey SR, Benfenati F, Snowman AM, Czernik AJ,
Snyder SH. Neuronal nitric-oxide synthase localization
mediated by a ternary complex with synapsin and CA-
PON, Proc Natl Acad Sci USA 2002;99:3199-3204.
Brzustowicz LM, Simone J, Mohseni P, Hayter JE,
Hodgkinson KA, Chow EW, et al. Linkage disequili-
brium mapping of schizophrenia susceptibility to the
CAPON region of chromosome 1q22, Am J Hum Genet
2004;74:1057-1063.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


