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HAoZ M2y Yl RTMHATE 2SN Chpol A STHOIEET [H(Genotype imputation)?S 018510 SOLAIOIR!
FULQIZ W2sto] Hust v QUTH4] J2iLE M2 CHE QIB0A  ME7|IME SMMBEE 7[8oZ EANoz RTH0| YEE
L2E FHRUS 2F 0[ZsHA 2f 7Hele| ZHol| et ofl=- ol SHEsIeH 0| Sl 2 172k 7He| DA F&H0| HE(high
U OESX|E S YN0 HE5P| QsiMeE 0I5 HE RTE SIE quality imputed SNP, imputation quality score > 0.8)2 S=SIKICE
@3tz 0| Eadolct 2 SNz 7B E0E Y 3 d3S ¢fet 7] E1 |AHO| FE= 20198 12E 31YS

2 S 2T ARIKIE tinR el QAR ASsHE  7IE GWAS catalogdll 7| E1E H(T2D), 352E &
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El
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TARIo} HRE QIS SESISICL FEE RAH0| P

=TA = T= (L o

UM ZntE Heloh| 2IsHAl 1,000 O|2te] MES tjyo=

SAHE HUHOE Azol A7 Aut= HM2letReH, st=el

=2 ot RUAYGEAAM &2l 7t5s Mo MBS FALS

= = FUHO|= O & =R |FHH0IE o2t thEE MESIICY

22 MEASLMHHAUMLEM(Genome—Wide Association 1 ZAnt = 1162712 SMHOIE AS Ao = SIGCHE 1, a2 1)

Study, Olst GWAS)E SahM it FEMEEE BAMeiT et gl 3 23 I E &, XIESR)E YMsgE:=

STtE QEHONE Yo Z YES 205t QUTh GWASE  RE 1, A2 22 52 15 AYA NS 9 s 4

24 Jtset 27t |0 Exfste ZE RTHOIO| kA U dRe= 2A0IM MASIRCHE 2). 0lZA FErlE 35 ¢,

Aetno| AN AUNS BAlotn I ZAutE siMst Aetyt  XEPA| YYGSiEE BEETELE HEEE HIGIRIoH,

AUE FTHOIE = YZst= A7 WHOICH 2020 108 HetE UMHASEES} 7| HE 1162702 FAH0(ete| ¢ty

Sixf 47610 =20IA YHE 213519702 Ak ¢t REHOZE BAERY: EXIAE FHEM S5 €E Y XEH R MY
GWAS catalog HI0|E{H|0|A(https://www.ebi.ac.uk/gwas/)0ll  Z|HEA)S 5L,

re
i
ox Mo

SEE/0] ATHSL.

2M Zal & P-value £ 0.058 otZE5H=

2 dF0ME M2g dx8(Type 2 Diabetes (T2D)  RXHOIE HBE A= 2FsI¥CH, 25 Z1t & 702749
Olst Hxt) 2 & = &QIXtel B2 Edf(Fasting  |FXHO7} =201 125,872 RTMEHE 2M0M 25 = A=z

Plasma Glucose, FPG)Zt X|ZR[P0f HZE|ACtD oMo  SQIZIUCHE 3). Y RFHHOIS0| [ ST ZHoM=

HUE |THolof sl cHZ et=Ql QIFETUM iy AS=EXl =
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~
10
S
on
H
05£
o_ﬁ
40
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HT
kl
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ofM
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FHH0|el RMXMQl St (genetic effect)E ASBStDA 2ol FEQ GWAS A7t ZuKeF 90T FH thA)E S IsIRCHE).
St StRQIQFMH| S Z ALAL (Korean Genome and 1 2| Yt M EOIXHBE & XRLX|)Q] AR =2 UK
Epidemiology Study, KoGES) Z04X} 125,872HS LA =2 Biobank®| 2Ff 330t &H S
ot=2Q1Z!(Korea Biobank Array)¥2 0|23t0 7| AAt 2 Gy B Znjet SUSH WHo 2 Aty BAZ SEIGIICHT].

HHlE RTUMFEEE 2MaCh. FHE =l FUMEEE REY U dFdMs S2et 43 7lES HEotUE W

2 MZ 7H0f| 99% 04 SYst RTHEE JIX|1 UCLY, of 1%= M2 T2 FEE JIX|1 QI 0 M2 O RTYEE 7K1 = g |XiH0l=tn
SHH M7t =SAt S Eeignt Chfet 2ol dafg F= Aoz Uaid Utk
?) MU= X[t Z2{| AHIZ(ow—density lipoprotein cholesterol, LDL), &-&X[EH(Triacylglycerol, TG), S22 AHIZ(Total Cholesterol, TC)
3) ot=QIEe SREAATR0IA 2015E=0] TS RTMTICR, 5t ST £(&sHE o 83PWHe| RAH0| FEE E11 QICHMoon et al. Scientific Reports,
2019:9:1382).
4) RTIHOIY 22l (genotype imputation): ~FEF 7 014 |HOIFEI} Q= MRRTX T E reference pane)2t KT RTHOIHEE H|wsiM RTXTl= SXIR
b

FERTAEL0] U= REHOIE SAXCZE FHolM &Y 4 U= B YHOICE FERTAEEE LB 2 HH7|IMBFE(whole genome sequencing)S ARSI

T
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EN NE 24 712
ME 4 125,872
ot HE
Lto|(H) 54.0 £8.73
01N (%) 80,146 (63.67)

HeP|lE: Ged ol Xz &, S
S5EY(FPG)(mg/dL) 90.26 +10.18 (oral glucose tolerance test, 75g
M A (HbATC) = 6.5%

St > 7.0 mmol/L (126 mg/dL), A7 RESR} ZAt

1=}
m glucose) & 2A1ZF &Y > 11.1 mmol/L (200 mg/dL) or

Y = X[ (LDL)(mg/dL) 120.66 +31.91 HRI7|1E: OlSAIAES UdE S8 L= 4K ) 400 mg/dL
ZMXEHTG)(mg/dL) 131.08 £91.22 HQl7|1ZE: OIMRITSES of2 28
Z S AHEZ(TC)(mg/dL) 197.69 +35.56 HQl7|1E: OIMRITSES o2 =28
11090 MY 71E: M2E Y T LO] ) 40 (AN Pl HQ), P XIRS e EL,
(B2 Z2¥Y > 7.0 mmol/L(126 mg/dL), A7 EELR5E HAL 2 2412H EY > 1.1
S () = mmol/L(200 mg/dL), ZataMA(HbAlC) = 6.5%
86,058 M 7IE MY P Y MY Y 0| glen, ZE&Y € 5.5 mmol/L(100 mg/dL),
(=) AT REYRS ZA S 2412 €Y (7.7 mmol/L(140 mg/dL), GEFEMA (6.0%
= AF0AME st=2! Y FECIAM 25 HBE 630712 Of| & EICH,
REUHOIE YR 2 215 HE LiEtLis RN oo ot SRl RERINIM HEE FixEut HetE FHH0IE
37|18 Hlw SAGIAUCEL 2 Zut Al r = 0842 ot=0lut 018510 ALkt RTA = H4~(Polygenic Risk Score, 0[5t
FERIOIM SSHeE FdS DXz FEHOL| ZR0l= RTA PRS)E 0[85t0] Hix 05 BAS $6IRICEL PRS= $F 7HRI0|
St HYS| AR A2 Selet 4 UACKT 2). J2iLt st=2l IR U= FEHO| EHE 0|Sot0] At st QI
E= RECIM HBE 1012712 FHHO|Z &6t 2GRS EE Fpsfet X2 YUHoZ 2t Ji010] RHMHO| KHE
M= A2l r = 0692 AtHMC 2 JHOIRCE 0l= 21E0]| [2kA Qofl sy RXHO|S RN Fut HEHIL JHEX|(weight) 2
SAN A48 e {UM ot OE M0l GEe= AHEELE 71E AT ZAutol| mMEH QILETHOAl PRS 2{0] A

o omol  BIALSUA  HIQEE S
oy £ 3 Q0| & nT sl #z

(p = 0.05) (p = 0.05) (p = 0.05) (p = 0.05) ()
35238 60 43 4 37 46 12 0.87
MU X| 233 156 202 144 212 17 0.82
SEXY 278 145 226 136 237 39 0.90
Z ZYlAHEZE 256 191 233 182 240 1 0.82
S 335 167 241 131 277 55 0.89
A 1,162 702 943 630 1,012 134 -
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(C) 3YXIE(TG) : r = 0.90
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Characteristics of Type 2 Diabetes Genetic Factors for Korean and European
Populations

Jang Hye-Mi, Kim Young Jin, Kim Bong-Jo
Division of Genome Science, Department of Precision Medicine, National Institute of Health, Korea Disease Control and Prevention
Agency(KDCA)

Diabetes is caused by a complex interaction of environmental and genetic factors with an estimated heritability of 40%. With
the rapidly growing volume of genotype data and the increasing number of genome-wide meta-analyses comprising hundreds
of thousands of samples, numerous variants associated with type 2 diabetes (T2D) have been identified. However, since the
majority of the loci were identified in individuals of European descent there is a lack of genome-wide association studies
(GWAS) conducted in populations with East Asian ancestry. This Euro-centric bias caused a significant reduction in disease
prediction accuracy when applied to non-Europeans. For genomic information based precision medicine in the Korean
population, itis essential to validate the genetic effect of reported variants in the Korean population. In this context, this study
examined the genetic effects of 1,162 established variants associated with T2D, fasting plasma glucose, and lipid traits in
125,872 samples of the Korean population. These variants were also validated in Europeans (up to 0.9 million samples). As a
result, 702 variants were validated (P < 0.05) in the Korean population and 87% of 1,162 variants were validated in either of
Korean or European populations. The genetic effects between Koreans and Europeans were mostly similar yet some variants
showed population specific genetic effects. Taken together, T2D associated variants discovered from diverse populations
should be continuously validated in the Korean population. These validated variants will be valuable scientific evidence for

upcoming future precision medicine in the Korean population.

Keywords : Diabetes, Genome research, Genome-wide association studies, Genetic variant, Genetic effect

Table 1. Number of variants used for validating genetic effects in the Korean population

Trait No. of variants No. of variants
(GWAS catalog) (Independently associated*)

T2D 1,189 335

FPG 214 60

LDL 1,591 233

TG 1,673 278

TC 1,623 256
Total 6,290 1,162

* Among correlated variants, only one representative variant was selected if available in Korean genome data and independently associated (in linkage disequilibrium
(LD r? ) 0.2) based on 504 East Asian samples of the 1,000 Genomes project phase 3).
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GWAS catalogue (As of 31th Dec 2019)
(n =6,290)

Traits: FPG, LDL, TG, TC, T2D

l

Independently associated variants
(n =1,162, based on East Asians)

Selection criteria

1. MAF ) 0 in East Asians of 1,000 Genomes project (EAS)
2. Imputation quality > 0.8 (info score)
3. Independently associated variant (LD r> > 0.2, EAS)

Association analysis
(1,012 replicated (87.1%))

Association test

1. Korean (n=125,872
2. European: Quantitative traits (UK Biobank, n=337,475),
T2D (DIAMANTE European, n=898,130)

Figure 1. Overall analysis scheme

Table 2. Characteristics of type 2 diabetes (T2D) related phenotypes in the Korean population

Characteristics Description
Number of samples 125,872
General information
Age (years) 54.0 & 8.73
Female, n (%) 80,146 (63.67)

Biochemical measures
Or Type 2 Diabetes

On T2D treatment, fasting plasma glucose = 7.0 mmol/L (126 mg/dL), plasma glucose 2-h
FPG (mg/dL) 90.26 = 10.18 after ingestion of 75gm oral glucose load = 11.1 mmol/L (200 mg/dL, when available) or
HbAlc = 6.5% (when available)

LDL (mg/dL) 120.66 + 31.91 Lipid-lowering therapy or TG ) 400 mg/dL
TG (mg/dL) 131.08 £ 91.22
TC (mg/dL) 197.69 + 35.56 Lipid-lowering therapy

T2D diagnosis age 7 40 and non—gestational diabetes and on T2D treatment or fasting
11,090 (case) plasma glucose = 7.0 mmol/L (126 mg/dL), plasma glucose 2-h after ingestion of 75gm oral

glucose load = 11.1 mmol/L (200 mg/dL, when available) or HbAic = 6.5% (when available)
T2D

Non-gestational diabetes and no past diagnosis T2D and fasting plasma glucose ¢ 5.5
86,058 (control) mmol/L (100 mg/dL), plasma glucose 2-h after ingestion of 75gm oral glucose load { 7.7
mmol/L (140 mg/dL, when available) or HoAlc < 6.0% (when available)
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Table 3. Summary of replication results
No. of EAS EUR EAS and EUR EAS or EUR Correlation
Trait ass oci'ations Not replicated
(p < 0.05) (p = 0.05) (p < 0.05) (p < 0.05) (r)
FPG 60 43 4 37 46 12 0.87
LDL 233 156 202 144 212 17 0.82
TG 278 145 226 136 237 39 0.90
TC 256 191 233 182 240 11 0.82
T2D 335 167 241 131 277 55 0.89
Total 1,162 702 943 630 1,012 134 =
(A) FPG:r=10.87 (B) LDL : r=0.82 (C) TG:r=0.90
o i~ e @
X _ | _&“t.‘ X | - X . |
2 < t‘:z ) o - J!f =< .
Korean Korean 7 Korean 7
(D) TC:r=0.82 (E) T2D:r=0.89
i * ] p " 8
. =
2. Y 2 <.
@ e I°
EA i o
3 S
1 ‘ : : : Sl ‘ : ‘ ‘
Korean . . Korean -

Figure 2. Effect size in East Asians and Europeans
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Figure 3. T2D prevalence by polygenic risk score (PRS) group and origin of effect sizes
*KOR: Polygenic risk score (PRS) using genetic effects from the Korean population; EUR: PRS using genetic effects from the European population
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