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Objectives  Previous genome-wide association studies have indicated the association between ankyrin 3 (ANK3) and the vulnera-
bility of schizophrenia. We investigated the association between single nucleotide polymorphisms (SNPs) covering the whole ANK3
locus and schizophrenia in the Korean population.

Methods  The study subjects were 582 patients with schizophrenia and 502 healthy controls. Thirty-eight tag SNPs on ANK3 and five
additional SNPs showing significant association with schizophrenia in previous studies were genotyped.

Results Three (rs10994181, rs16914791, rs1938526) of 43 SNPs showed a nominally significant association (p < 0.05) with at least one
genotype model. But none of these associations remained significant after adjusting for multiple testing errors with Bonferroni’s correc-
tion.

Conclusions  We could not identify a significant association between ANK3 and schizophrenia in the Korean population. However,
three SNPs showing an association signal with nominal significance need to be investigated in future studies with higher statistical power
and more specific phenotype crossing the current diagnostic categories.

Key Words ANKS3 - Schizophrenia - Genetic association study.

Received: July 13, 2015 / Revised: July 18, 2015 / Accepted: August 26, 2015

Address for correspondence: Kyung Sue Hong, MD

Department of Psychiatry, Sungkyunkwan University School of Medicine, Samsung Medical Center, 81 Irwon-ro, Gangnam-gu, Seoul 06351, Korea
Tel: +82-2-3410-3584, Fax: +82-2-3410-0050, E-mail: hongks@skku.edu

A ANK3 9ol 9123t rs98041900] AHx} oAvhe] theled7]
t}&A(single nucleotide polymorphism, ©]8} SNP) 2.2 A

A

rhu

AP W JAABOR o5} Aol W 80% A AEWA AE FHE W] ARSI o F FIAFNE
£9] 2 §& (heritability & HOITE, ZHFL WA O 2 I P £ AHATEY ek A (meta-
40 0HS wEA) goul, thpet $AA7E ATAEIO]  analysis S F8) rs19385267 rsl00943360] Z7}H 0.2 gk
o] oS WAL B AEso 2 geld ok S BT 15109943362 AR AR 2ol Al

Ankyrin 3[°]5} ANK3, node of Ranvier(ankyrin G)l+=
10g21 72 =] YAIeE 2a v F=A43 oo o8 f-d
Aolck o] S FIYPoNE Qe 3 s 4

A A3 (Genome Wide Association Study, GWAS)e]|

151938526 ofAlofel /4ol TS O R §F T4
ATEoNAE W= AFEU HT AT} ofAlofel w
FE g2 o P A dg AT E et Al
3t HEF R Ao A= 154948418312] AAkAlo] AjEA BFEA|

Copyright © 2015 Korean Society of Biological Psychiatry 173



Korean J Biol Psychiatry 1 2015;22(4):173-178

71t apoiet”

ANK3S} 290 Rjete] g e w2ejolel Bk of
AFo 2 G A9 SR ATFATA ANK3 Yol 1K1 5
A Wolel 5107614827} S-olgt AFHe: HolA| @A) A

ASLATE? EgE el ZAY A SO 3 Aol
%= 15107614822F0] AvHdo] AAFEGLAL, - Aol A o]
o) ¥R FAfel A TR vt QI 1510094336 EFF
A4 wor” JEh 2T 2830 % 250l
FEIchs A Bl WY XS hPOR A
FE A Aol A= 1rs9804190, 1510994336, 1510761482

Qo] Ui erol? 7} et Bagk Aefelct.

ANK3+ ankyrin-G& dAsI= AR o] thalzl
T2 Az S Al A0 dZdshs dd2 st
o= el Glek” HAAAe] ol wH ofye)
B3] A7e] ZA57] 7|4l o] FakElg), of
of| 4] o] & F=(ion channe)7} Hestsle] S5 ANE
zﬂ /\ o]EE o].}: E]] _6__9_5]_ o:]‘g 5o 5}]—4_15)16) EL]-E]—H
27} vifsHe AAAIES] SEA Bolsts of S}
7163 SHoM = 2@ e Frldeat i
7FsA0] ik

Hrﬂ

—[H o of

[‘1-0 oZ": '{E oN, rlr
Mo fr off ox do Ho r[o

_4

Jﬂ
2 .
?9,

ol2|gh w7 ol Al ANK3+= thaksh 5‘?3011*1 2@ T8
g SR{APL E 4= 9=, oF4] gh=el éﬁd‘% kAL o
FO2 3 A= Al v glch °l°ﬂ T2 ANK3 24|
Aol AH FEAAHmarker)7} H+= SNP(tag SNPE 4143}
o fHRte] thg gt Aol W E Y] AddS g
QI o= Yopr 1z} skGictk
g ¥

o/ A A7

QT TARE APIA Y, S AELAA 1 o)At )
A2 o B RS WS 84| o)Ak 704 olske] FA}
= AL oJAtef 9J3)] Diagnostic and Statistical Manual of
Mental Disorders—4th EditionS 7|50 & 2oz Aot
582789 gkl shelck AN xS 3 e F
Bl X}QJ??W om o7 folgt Aty Y 4 7S

Agho] gl A 502‘%‘% o= sk &

174

SNP A& 2 983 BA
B4 tjAF SNP= 4212 Hapmap(http:/www.khapmap.
org) A=E HIEC & Haploview v.4.0(http:/www.broad.
mit.edu/mpg/haploview) & 18-S 0]835}o] AA5}Ick
ANK3 77127} 325k ol sl o2k W= (mi-
nor allele frequency) 0.05 ©14, 1’ 0.8 oS 7|&0 &2 A%
5101 4ANK3 Ule] 7t Oq-‘ﬂf%‘_nﬁﬂ 29 i3 EAA} E
+ SNP(tag SNPE Ags}elrt. oo 3712 ¥y =&
ol 1 7|de %lTor% = ek ARA, Y B
M-S Fol - AR F ol shubele dAutdo] AARE HE SlF
SNP 57](rs9804190, rs10761482, rs10994336, rs4948418,
rs1938526)5 Sitoll EEAIZTE Y
Y 24 flal o B2HE T2FA 10 mLE A
&3}t 3 Wizard™ Genomic DNA Purification kit(Promega,
Madison, W1, USA)E AH&ste] Sapzt Alsgk el whef
DNAE +&, AAoI3tt SNP2| f-4x1s B4 o 7[¢]
SNPE HAlo] EA51= mass array A0 2 313t o],
iPLEX Gold technology(Sequenom Inc., San Diego, CA,
USA)E AR
tion time—of—flight mass spectrometry & 283} Zo)
o}, B4 t)zQlof = Sequenom’s MassARRAY Assay De-
sign, ver. 3.0(Sequenom Inc., San Diego, CA, USA)S Al
stk Seka A AMRE-S-(polymerase chain reaction, PCR)
2 iPLEX®] #22Q1 ¥ o= Agsiqlar, AHEY 24
ofl+== MassARRAY Typer, version 3.4(Sequenom Inc., San
Diego, CA, USA)E AH&-stgict & el & flsl 22He] SNP
Ut R SARE B4 AEE(genotype call rate)©]
95% o)slel 792} spectra/cluster plote] Zo] Hojz|= B

A2 SAIRA didelM A sttt

3l matrix—assisted laser desorption/ioniza-

SAIEAN

A A dmte] 1T ST JAF HQl vl
o= 7}o|A|lH AA(chi-square test) E t AA(t-test) S A
ST, AR 49 AedS HAs] flall B4 o

_|_4

A

[

Z2i-E e E FARE Hlko tig] Hardy—Weinberg
PP WU o5 2ARIAL, A o SNPEo]
FAFER] AL elshar SARA| ZFAF . 7t SNPQF
ZH o] FHAE AdHgenotypic association)= LoFE 7|
9 A28 B)7EA WS ARSI, A RS

"t

F7Velt A 51 B4 A 94 Ble s
SNP9] 2th-G A&} (minor alleles)S 7|F2 2 94
(domlnant) A (recessive) X F7Hd(additive) A& (trans-

mission)= 2§33tk theo] SHE A ARz Qg

([ okl
[Tﬂié?ér'
U

S



Table 1. Demographic characteristics of subjects

Schizophrenia and ANK31 Yang SY, et al

Table 2. Characteristics of the 43 SNPs of ANK3

Demographic Schizophrenia Confrol Statistics

characteristics (n =582 (n = 502)
Age (mean, SD)  33.9(9.5) 31.6(7.9) F=19.72, p<0.001
Sex (male, %) 53.6 438  4’=10.323, p = 0.002

SD : standard deviation
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SNP Position Function Alleles MAF
154528269 60030573 Intron G >A 0.209
rs12357206 60030625 Intron G>A 0.130
rs7911953 60031281 Infron G>T 0.237
rs7906905 60034037 Intron T>C 0.161
rs10761445 60036150 Intron A>G 0.238
rs4948381 60036332 Intron T>C 0.306
rs2393576 60041262 Infron T>C 0.195
rs10740004 60041856 Intron C>T 0.253
rs10821662 60041981 Intron C>T 0.208
rs1002442 60043304 Intron >G 0.055
rs10994165 60047680 Infron T>C 0.181
rs10994171 60054294 Intron C>T 0.376
rs2393609 60055577 Intron A>C 0.069
rs4948384 60055609 Intron C>T 0.069
rs10761446 60140598 Infron T>C 0.146
rs10509121 60058107 Infron G>A 0.415
rs7907721 60060731 Intron G>A 0.093
rs7893313 60060873 Intron T>C 0.447
rs3802696 60073741  Coding-syn, G>A 0.113

infron, cds-ref
rs10994181 60077434 Intron G>A 0.044
rs9804190 60080073 Infron C>T 0.016
rs2241538 60080213 Intron G>A 0.244
rs2241540 60080702 Intron G>A 0.077
rs11596260 60087282 Infron C>T 0.060
rs10761451 60087788 Intron G>C 0.246
rs4948385 60090563 Intron C>T 0.373
rs10821673 60093728 Intron >G 0.197
rs10994198 60096277 Intron A>C 0.186
rs2393599 60097103 Intron G>A 0.108
rs3750800 60108958  Coding-syn, C>A 0.065
cds-ref
rs12049756 60110911 Intron A>G 0.467
rs2393612 60122179 Infron G>A 0.266
rs10761459 60122726 Intron G>A 0.318
rs10740011 60131179 Intron T>G 0.307
rs7086260 60131260 Infron C>T 0.129
rs10509123 60133387 Intron T>G 0.149
rs10509124 60133975 Intron T>C 0.209
rs16914791 60135789 Intron T>C 0.215
rs6479694 60140598 Intron, C>A 0.069
5'-UTR
rs10761482 60325579 Infron C>T 0.267
rs10994336 60420054 Intron C>T 0.295
rs4948418 60425736 Intron C>T 0.292
rs1938526 60540625 Intron T>C 0.393

rs9804190, rs10761482, rs10994336, rs4948418, rs1938526 were
chosen based on previous studies, and rest of SNPs were tag
SNPs selected by Haploview v. 4.0 program from the ANK3
gene region. All SNPs were intronic or synonymous SNP. SNP :
single nucleotide polymorphism, MAF : minor allele frequency,
coding-syn : coding-synonymous, cds-ref : cds-reference, 5'-
UTR : 5’-untranslated region
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Table 3. The result of association test for selected ANK3 SNPs and schizophrenia under each genetic model

Comparison with control groups (n = 502)

SNP Dominant model Additive model Recessive model
p* OR Cl p* OR Cl p* OR Cl

rs4528269 0.427 1.533 0.861-1.377 0.509 1.664 0.867—-1.334 0.959 2.610 0.525-1.843
rs12357206 0.409 1.505 0.847—1.446 0.479 1.614 0.848—1.420 0.908 2.478 0.376—2.384
rs7911953 0.169 1.184 0.929-1.474 0.362 1.436 0.895-1.353 0.524 1.689 0.478-1.457
rs7906905 0.633 1.883 0.816—1.346 0.346 1.413 0.883—1.426 0.084 1.087 0.900—-5.389
rs10761445 0.160 1.174 0.932-1.477 0.117 1.124 0.961-1.432 0.271 1.312 0.801-2.201
rs4948381 0.249 1.283 0.904-1.425 0.359 1.432 0.907-1.311 0.914 2.494 0.682-1.533
rs2393576 0.579 1.784 0.834-1.337 0.718 2.051 0.835-1.299 0.705 2.025 0.445-1.729
rs10740004 0.157 1.170 0.934-1.479 0.175 1.191 0.940—1.404 0.594 1.811 0.691-1.904
rs10821662 0.153 1.165 0.935-1.489 0.127 1.136 0.953—1.469 0.383 1.467 0.697-2.565
rs1002442 0.694 2.001 0.616—1.306 0.632 1.882 0.609-1.351 0.970 2.637 NA'
rs10994165 0.103 1.108 0.957-1.557 0.169 1.184 0.934-1.480 0.853 2.346 0.447-1.947
rs10994171 0.125 1.133 0.947-1.509 0.467 1.595 0.895-1.273 0.490 1.633 0.628—1.249
rs2393609 0.912 2.490 0.682—1.340 0.841 2.318 0.679-1.371 0.539 1.715 0.039-5.469
rs4948384 0.324 1.382 0.835-1.640 0.380 1.463 0.828-1.643 0.763 2.144 0.125-4.603
rs10761446 0.760 2.138 0.796—1.317 0.595 1.813 0.837-1.364 0.356 1.428 0.612-3.913
rs10509121 0.234 1.263 0.904—1.459 0.122 1.130 0.964-1.369 0.176 1.193 0.904-1.731
rs7907721 0.173 1.189 0.907-1.649 0.123 1.131 0.940-1.674 0.243 1.276 0.642-5.738
rs7893313 0.562 1.754 0.827-1.366 0.301 1.351 0.920-1.310 0.257 1.293 0.878—1.629
rs3802696 0.098 1.103 0.954-1.669 0.067 1.069 0.982-1.722 0.211 1.235 0.613-9.169
rs10994181° 0.057 1.059 0.987-2.257 0.047"  1.049° 1.005-2.319" 0.335 1.398 0.325-27.085
rs9804190 0.224 1.251 0.297-1.198 0.224 1.251 0.297-1.328 NA' NA' NA'
rs2241538 0.439 1.551 0.857-1.379 0.753 2.124 0.842—-1.269 0.441 1.554 0.491-1.363
rs2241540 0.958 2.607 0.712—-1.363 0.903 2.467 0.734-1.419 0.715 2.044 0.244-7.811
rs11596260 0.826 2.284 0.653—-1.332 0.736 2.088 0.642—-1.367 0.968 2.632 NA'
rs10761451 0.924 2.520 0.773-1.221 0.740 2.095 0.788-1.185 0.499 1.648 0.482—1.427
rs4948385 0.067 1.069 0.984—1.567 0.223 1.249 0.933-1.345 0.816 2.261 0.664—-1.380
rs10821673 0.399 1.490 0.696—-1.116 0.455 1.576 0.738-1.146 0.965 2.625 0.501-1.938
rs10994198 0.101 1.106 0.958-1.558 0.134 1.144 0.948-1.4%90 0.811 2.251 0.543-2.182
rs2393599 0.119 1.127 0.938—1.672 0.187 1.206 0.911-1.608 0.654 1.924 0.238—2.462
rs3750800 0.379 1.461 0.812—1.642 0.332 1.394 0.828—1.748 0.969 2.635 NA'
rs12049756 0.376 1.457 0.868—1.428 0.188 1.207 0.944-1.339 0.202 1.224 0.901-1.641
rs2393612 0.335 1.398 0.695-1.095 0.568 1.764 0.774-1.151 0.598 1.818 0.695-1.882
rs10761459 0.450 1.569 0.712-1.124 0.741 2.099 0.801-1.171 0.567 1.764 0.739-1.737
rs10740011 0.329 1.390 0.885-1.391 0.257 1.293 0.923-1.352 0.397 1.488 0.778-1.885
rs7086260 0.068 1.070 0.577-0.981 0.093 1.097 0.623-1.037 0.861 2.364 0.372-2.282
rs10509123 0.181 1.198 0.917-1.525 0.123 1.131 0.949-1.542 0.229 1.258 0.721-3.915
rs10509124 0.117 1.125 0.950—1.524 0.238 1.269 0.919-1.402 0.740 2.097 0.512-1.610
rs16914791" 0.012"  1.012"  1.075-1.724" 0073  1.076 0.982-1.505 0.368 1.445 0.422-1.377
156479694 0.480 1.615 0.621-1.192 0.488 1.629 0.629-1.248 0.991 2.694 0.061-15.940
rs10761482 0.193 1.213 0.667-1.049 0.259 1.296 0.745-1.083 0.773 2.165 0.609—1.445
rs10994336 0.231 1.260 0.909-1.436 0.159 1.173 0.947-1.393 0.277 1.320 0.818-2.014
rs4948418 0.237 1.268 0.907-1.432 0.210 1.233 0.933-1.373 0.448 1.565 0.757-1.879
rs1938526° 0.984 2.676 0.776-1.238 0.106 1.1 0.970-1.370 0.002" 1.0021° 1.212-2.380°
Associations of each SNP and schizophrenia were tested by logistic regression with age and sex covariates. But none of these as-
sociations remained significant after adjusting for multiple testing with Bonferroni's correction. # : nominal p-value, T: not appli-

cable due to too small number of minor allele homozygote, T : SNPs show an association with nominal p-values < 0.05. SNP : sin-
gle nucleotide polymorphism, OR : odds ratio, Cl : confidence interval, NA : not applicable
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