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Schizophrenia is a devastating mental illness that can lead to deterioration in the social and occupational functioning of affected
individuals with a major cost to society. A wide range of studies suggest a genetic component to the inheritance of schizophrenia.
The molecular genetic studies on schizophrenia have been actively performed since late 1980s. In linkage studies, no loci were rep-
licated across studies and there were no loci surpassing genome-wide significance. Candidate gene association studies showed
generally inconsistent results and there were no enrichment of smaller P-values. In the GWAS era, the community has coalesced
into large international consortia. The largest schizophrenia GWAS to date is 50,000 samples and efforts are ongoing to accumu-
late 50,000 cases and 50,000 controls as part of ‘PGC2’ collaboration. With the limitation of GWAS results, several alternatives
are being explored. In genotyping, the concepts of allelic spectrum including from common polygenic to rare penetrant variation
are emerging. Phenotypes include all phenomena beyond DNA. The developments in transcriptomic & proteomic approach and
intensive research on endophenotype will bring crucial insights into the nature of schizophrenia in the future. But there still re-
mains our task about research on many factors including environment that influence gene expression (epigenetics), age, and gen-
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FAgtAe] AeH e 2@l I f4%e
2 QA =tfst= wAIE e of AEAd g5 &
Z&H(epidemiological genetics)olAHE, 577 Z(genetic
pathway) & B4 ot= A (segregation analysis), T4}
& (molecular genetics) 52| FoF7} =] Ealo A=
EAHTAEE Zofol] Sl Almsf H iz gtk

Bzl o Akl TLo] MR 0 712k 7| H A0 2 48 (geno-
typing), 33 (phenotyping), FA8H(statistics)2] A|7FA] 7]
REAS E 3t} 9 AT tatoli= 97| kR A Single

Nucleotide Polymorphism : SNP)o |4 BH2-$7]c} & AJ (Copy
Number Variant : CNV)E 3%3}el= F A AHmarker), G714
97 (sequencing), mRNA, T (protein), Al|E(cell) 5

o] Qltk o] FHFo W= 57 targeted) ZHE A2}

A AE3Hfine-mapping), A %A (genome-wide), ZIA|



P

ro

Ao

<

SHslernol ZAISE

12

| = (whole—genome)2] W2 7
=L Qi) P2 HEAR] AHEAHZDSM-1V)
ot} FA AT F(CD-10)E oF&le 2 A8kl QUA|gk
gAl o] B at chF o2 QleliA] WA A% endophe-
notype)2] AH8&-& FAHolet a1} o] FAF T} HFHP
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2RE 7S 7R 2 gt A3dTH(linkage analysis) & %
O =2 gfA B2 277} o] Fo|F AL 2719 Al A

Be e 7% gouk Y At AgEes

Agredtol] gt k9] wlehE Al (meta—analysis) ol A=
79 B AWEAANES R Nes AN E
HojZA| e}

AB-F&(linkage equilibrium)S 7|02 k= ATAF
o} FAle] $HEwF¥(linkage disequilibrium)& 7|REe & 3}
+ FE%2Hcandidate gene)E 271918t AFHAT(associ-
ation study)'= ZUSHA| Al ojgit}, 7]&E0] FATAEH
HEE 7IHEe. 2 3l 7|54 (functional) Al=2} AFhol|A] B}
S FoPhe k= BISgt 91213 (positional) Al=7F &
Alof] oot A fith 270l B SR{ARE A ERAL o]

AEL B AF oI AR AuE Holio] G ghe 3]

g oldel Folow dPAWt £HP5E Fui
Az T v R 2AS ANNFAL Fotel 2
ol et fASH Aol WRBHE B ATAE Afole]

GWAS (Genome Wide Association study)
ATet AFAFE Eodvhe AFAQ EAASH
A+ HE] AL sl weEh 715 Alks 91X
A AEs Y FARE 7IRES = St A7t 2Holeh=
¥ o] BERE 7IRke. 2 St 4% (complex trait) 9] 7
2 qtgoll= A AlSAolet= s} ol ol thE
QIZHEgke] iRt FR4] Ak I|E ZolsiA gt
2] HR7F AA 34 (genome-wide) = EFEA] =]
of W2 thdS 7He sl o RS T Er It
Ae F FARE A HA| fAA R 2 o] oF 30~100%F
M| AR oheh SA-that FAA e AZA*
(Genome Wide Association study : GWAS)7} A &=E|A| ¥
oF SHARE o] 2714 Ao Ak FEElRh SRR (p<5x

1078 AABH=TE V15T 2ot EEmn

PGC (Psychiatric GWAS Consortium)
W2 A A, Q1A TR} o] FoX] Adejol A 2] AtH|A]
FA 9 ATFARE B AubEES Ak (consortium)
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n= A7 A7 FA7F |
ZEUAL o= AA| 41A| Akl HERE A
analysis) e H|SS3E OJu|E 7R AL QIgieh 23 ek oy
2} oAy ate) s wdoll, AHlS, =7l Aet A
A, F-9-&7Fol, FAE A (statistical analysis) ¥ HAF 71
& (computational working group) S-oll4 Z2AE 7} ZI3)
o] Hlo| 27|43} W= sHct”

Large international consortia

FAlO A A A = o] Eof H-e- XIgYo] o]Fof
He=d], d3E2Q] A== Molecular Genetics of Schizo-
phrenia Collaboration (MGS), SGENE : Schizophrenia Ge-
netics Consortium (SG), International Schizophrenia Con-
sortium (ISC), Clinical Antipsychotics Trials of Intervention
Effectiveness (CATIE), University of Queensland & Austra-
lian Schzophrenia Research Bank (UQ & ASRB), Irish
Schizophrenia Research Bank (ISGC), Wellcome Trust Case
Control Consortium (WTCCC) 5-°] 11 W A7} v
SEE|QICE oEbE A TR 97)9] Aol A A 5-AA1A
9Ju)(genome-wide significance)’} 3= THLF7|HHEAAS B
e} 12719] FA1A om|7E Sl 1R7F IEH, 109243,
11g24.2, 18q21.22 H==9] 2] Aol S71& Ko+
AL 4709 QA= 2@ F=/374 o9 AFAH(oint anal-
ysis)ollA 7o) =Qiek sEARE o 7|4 AHg-H 919 g4
(risk allele)2 H1%=7} =31 (common, majority >0.3), Y=
+ o} u]2F3h(little penetrant, odds ratios mostly <1.2) gt
AZE GAglek

The Schizophrenia Psychiatric Genome—Wide
Association Study (GWAS) Consortium (PGC—SCZ)
Al F7HA] PR A KdYE 7 2 A A A
AL2A 51,6952 iAo 2 s 8712) R4 107
o] FARl ddd7ITE Al A=A AHE2E 5709
Z(1p21.3, 2g32.3, 8p23.2, 8q21.3 and 10q24.3)7} A|A|=|3lL
A7sat AAE R 2de Sa3E 9 sk wiAl
RNA®I MIR137, 6p21.3-p22.1 YA = Fo A AFHA
Al Sl 5.5 Mb G99 FE{HXTCF4, CSMDI,
CACNAIA and Cl0orf26)5°0] AAESILE 11pll.2+= FH7
FIPIES g2 T QT ErfolH AALRE T

Missing heritability

Azke] 14 oA AFE 4 d(missing heritabil-
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ity) 71go] AAIEA =ATEO o] G5 Ao A F
B2 AR S &3 dda7IvEdo] Bl Hd Al liability)
< Arget=t] AR|ek= A (causality)> 12+ 3% B3t
Sloh= giA] AJRRE|QIT) o] ISC GWASY PGC schizophre-
nia GWASOA gZo] E3ieh 7834 P ro] of g2 H
B =F ¢ HEA31 F-44 W¥ol(rare and highly pene-
trant variant)ol] 2J5}o] Amgo] E= 912k ™ Dickson &
5351 th9] 82414 Hol(common and polygenic variation)
9} EEAT )¢~ 2<529) 58X H(rare and highly penetrant
variation) & EHeE 2§42 Hol S i FelA &
Jaflobrt 1 Agke] f-A4 S A ok =43
o ol fAl oA fAFRoke] 7] ol A= A
Z(qualitative) 7N FollA W2 (quantitative) 7HL =2 2] th7st
(paradigm shift)o] B Q7S AA el =T} 4

Rare and de novo structural variation

A Ate) A A= Aghe] ARG e = =4 2]
913t o]y 3xo] sk ol2Rt ARl = 7HE de] 22o]
AH7 Ik ol A8 71489 Zd(deletion)olut vF
H= G7)A QG HHE S (duplication)ol] wa} EAAFO] &
e WHER7IHR o] Sltk 3ol thet Al
o Atoll A 22q11.2 F-919] 2 WHEA]Q1 Aol AA|%]
10718 5=9] f]|of|x] AA} S50 o] Hiet A
2 P/d(de novo)El RHEHE7|THE g2 dubltolA
= Ho|HA](rare, majority <0.1%) $|@E= A%
Yo (highly penetrant, odds ratios 2.7 to >26)
(large, >100 kb) th=2] 3-2&}o]l AL
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Rare and de novo sequence variation

AR A71 A E 1 (sequencing)> OFA2 Z HEA0]7]
= ST g R Ved MEEEE 7t gF
S 7P ] S7HE Bofolal A At Q714G

2842} (hypothesis—driven candidate gene)ol| that A7}
o|FojHiet AFAH o & YPAJH Mol Tkl it &
7], ~400 bp 719} A 3d(synapse) F-¢19] f-2A}ol| 7129k
27|23, AHAdH o2 F44H missense EHO|Y T} 5
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GWAS &H(GWAS Limitations)

A Ao g ROl e S o] F4 "o
(common polygenic variation)2} S=&AT v]9- 25491
Ho](rare and highly penetrant variation)& %% 3glafjof
SHo Qa0 2] Agtoletis THAIZ AISHAEE B4

A 2ol gt 7P 2 7F 2 GWAS A= PGC-SCZ
(Ripke, et al., N=21856 GWAS, N=29839 replication)=A ,34)
ol thgk GWAS A-(type 2 diabetes, N=47117 GWAS,
N=94337 replication, Voight et al.)2} Bl QItk® =3
ol et A Al At A 50,0007 Aot
50,0007 9] thxtS SR AL M= glar 1 X4l
Ao Al WaE AL ek ol= 180712 F-4A14 &fn]
7} Sl 91A7E A= 189HE o] HrofAtE 7|Hke. &2 gt A%
(height)oll thet A 784 AgtATtol vid=gnkst
(equivalent power)S 7Aoot}
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t}E2 AHZFE(Other strategies)

Hol-2l(immunochip ; immunogenetics), <3 (exome
chip ; nonsynonymous, splicing, and nonsense), 841-%]
(psych—chip) 52 o2} st GdA7 e84 5ol 7h
Qo A7 o A83) 7ha BAIR Aol ZIsE|ar gl
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QI &8 A F7ud WHol(sequence variation)of] Tk
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B2 FES mRSHE ofF choe Batke] Attt
HAF RN E 2L BAe] Yol Edo] Hgo] =
o} EJ%% A2 DNAS Hofue e A=t 9
Saolct deEE BEYES mRNA, Gl
[Protein, (Enzyme, 2nd messenger)], A Molecules, [Wa-
ter, Electrolytes, Proteins, Lipids, Carbohydrates)], ©]-2(lons),
AJ3E[Cells, Membranes, Endoplasmic reticulum, Ribosomes,
Golgi apparatus, Lysosomes, Peroxisomes, Mitochondria,
Nucleus)] 5] A% = AESH] 7dES E£36HA Hrh
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Functional genomics
ZAHtranscription)d H£5o] o]@7| AP =A] = Q3
Fld] sl d= RNA F-44F G714 858 (RNA-seq),
AxF ®8 oFAP2A ¢ *|[expression quantitative trait loci
QTL)] % &4 A4 91X (splicing QTL), B HA-G
A ¥ FAA Q71X+ (CHIP-seq) 59 theFeh e
o] qitt E3H DNASE T2l o] 45 AvtatAlof tigh /%14
9] A4 & bisulphate 3%} G714 H1E ol Aot
13 (epigenetic modification) = 7o)
E=t Juptek AR = (postmortem brain)E AF&-SH=T
gtk A Sold, 22 W AliE Solido] AT Holet= 2+
Hzjo| 1k u|g gl AITHES 7R ik
S fdsh= 214 A Z(molecular pathway)E BF
AsE7| 912t = ZIggo] E|ojgk=t] O'Dushlaine 52| ¢
C AFWN=6909)2t 7414] A H YESL=Z A
T(N=2729)% v}EFO. 2 NRXNI 2 CNTNAP2 52 AIXF
o} Lips 5% Glessner 52 uHaad7|ckgA] 7]6ke] A=
BAS AT Kirov 579 dF= Igich
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Cellular model

A A A £714)E (induced pluripotent stem cells
iPSO)eF 159 417 2 wA|=o] £3} 9 A|A|sLo] 417
© 29 AR Zgho] gk A= SR A Al
(patient-derived neuronal cell lines) & =410 &2 o| o] L}
ok @7kx] B a7k §lojgt=d| Brennand 5 28-S 71
Shrpoll A sl AR AAA, s S5 8419 #9
=3k AMPE Wit AlS A A Ao 4] A 28] #3) Y
FPA e FEAEof| 2 WIS Kok skR|q 2R 4=
O tht, AL A 2 o] i s o] Hatet= Tl
A GRFARI ) 4al7dat wlj ok A|aEete] Aol Aol
3 A FAle) 7RIS

Endophenotypes

oA Aol BRI A FHY o = o] Mgk 2
S Egshe FAIAEZ | gk fAdgRoke| E
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A §44 A E FAHLE )% 5o 2211 AAS
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imaging) & WEHEAS F39F A7 G4 A (enabling neuro-
imaging genetics through meta—analysis : ENIGMA) 5%

= =] 100,101
%23 g sk

Psychopathologic overlapping heterogeneity

AR Jeke] BRI 0 = QIsfA] AR o] XIekA|A o gt
Ae stk au R olefet IS S5 1%t
e A& o] Rof2|al Ql=d| 29vt ¥ A=o| Adl 7H=
& ooz o tieg]d” dinta S2A7Y Fol 9l
ok oA o] HAT 2dH S ENE
2t 22 AA FAA AdAFolA= dIZHA] A
%7} A= ACHANKS, CACNAIC, ITIH3-ITIHA and ZN-
F8044).7 A3t 2495, FARA|, FER|H|, 852 ot
2 AZurea Askite] THE SHS WGl Deletions
in 2p16.3 (NRXNI), 1q21.1 and 15q13.3 50| Z&ga3qt op
g} ) AvEd Qg 9 PR A A E 2 | gl
oju] YA sl HAR= 3¢29 and 16pll.2 &
o) 927} A HE ool e B wglet PP o=
AAIAZEO] FE(comorbidity) I #eo] ISRl Ut
FARZE ofe] 2AF S FEAEZ0lE= H(pleiotropy)©ll
71915k &3t S A7 e AT = HEA IR S
(sharing) ¥ Y44 A (overlapping)ol= 7]QlsHRlo & K

?lq‘107)

Animal model

choret rehE g W o] golel o] BabE, AlEA, 4]
A8 WAl FBAT WA Uk S Fu
¢Ro] 5] 54 ANE FUAEACRb = 7Sk 4
ApzAko| ofFk A+t7h XIggo] Ea1Qlar 22q11.2 W NRXNI
ol Aseick SRt Qirkaste] ake A T o
QITFE ol AolZ ShI3] HRIsAIE FRITH: B o7k

gl et L] TR WAYOR of AR

;

Epigenetics

A oFs xgshe T A48 A (Epigenetics)
< @A m]A| = Eols) A2 o AR 23
g 25k AAlEgke] Wle] g 7HA|(one individual), 2
Ati(all generations) F+= R3}2 A S AHevolutionary his-
tory)< -5 olA] A5 S 4] Z+Ql(genomic imprint-
ing) HAA 534 TE E= g4 9 2 HlEeE M

2)

o) ol AA] sz :

r
I
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5
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ATAA &2 S0l gt
B4 Aol B8l S84 = ARl
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Age and gender issues

Wt (development) ) E]$Hdegeneration) WA  Yol7tA
Z2Hevolution)& 7|9ES. 2 dl4= L}o](age)2} A(sex)o]2k
AEAol AUolA 9 T8t 2 aE AA A

apuk ZggtstA Bhgeg QL= sk w A7 Eolslh o]
dAAe] 2HYA] ezt 71 trai ol el (state)o | 3t
AR AZo] Eofflo] #7] ofe]e: mlAEF o]k

(o o 2 o

2 E

o]}t 4 (gene), 7 (environment), Lro](age), A(sex)©]
= B¢ (variable)7} o 9A] 2AHS 237 TheFet A
AoJatd #HlFPS o] EAoIY st EAlE Axole =
2 pete] ol = °5H Y] Fele = A4k 9l
23t WAl (equation)& = IS 419 ¥4
of A= QI7Ee] ko] Blf-EaE QlSFlolth
4ol ofdAIsH-ouA] A4 HEnergyomics-energe-
nomics), NJEFTEZ]o} A1) AAMA FH(Translational Ap-
proaches to Mitochondrial Research), &3t 23l n|&x

=ajobz] 221(A mitochondrial etiology of common diseases),

I
2

fl

o]0 48t 2 HANJEHSHImmunogenetics : Psychoneu-
roendocrinology), A5+ 8HEvolutionary Genetics), E7|
A5} (Statistical Genetics), A H-EA 51/ HA 25} (Biosta-
tistics/Bioinformatics), &2 8H(Pharmacogenomics),
Akl gt 2f-H= A1 (Owning the Genome) 52 W&
olfrEol Al7|E

£42 3z gt o|=(Genetic risk prediction) & &
A4 Q2 vigo = 3 A= 2|29 7l (Development
of novel therapeutics)> 7§13 95 2d} 2| =2 o2 A
H(Prospects for personalized interventions and therapeu-
tics) &= W AZICE

S4 B0l 2 A4 fAR ARt e Aes
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