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Nghién ciru kiém soat chat lwong b méu phan tich twong
quan toan by hé gen

Quality control of samples used for genome-wide association study

Ngyyén Ngoc Trugg*, Lé Gia Hoang Li*llh**, *Pai hoc Quoc gia Thanh phé Ho Chi Minh,
Tran Quang Nam , Mai Phwong Thao **Dai hoc Y Duwoc Thanh phé Ho Chi Minh

Hoang Anh Vii~, P Pirc Minh™

Tom tat

Muc tiéu: Cac nghién cdu tuang quan toan bé hé gen (GWAS: Genome-wide association study) la
mot cdng cu rat hiéu qua dé nghién clru vai trd cdia yéu té di truyén trong cac bénh ly da nguyén nhan
phuc tap. Tuy nhién, véi sé lugng cac diém da hinh don nucleotide rat 16n dugc st dung trong cac chip
microarray, viéc kiém soat chat luong dir liéu tir cdc mau nghién cdu la hét stic can thiét. Théng qua
nghién clu nay, ching t6i da sir dung cac ky thuat sinh tin hoc dé kiém soat chat lugng cac mau dugc
phan tich toan bé hé gen trén 494 ngudi binh thudng va 503 bénh nhan dai thao dudng tip 2. Béi tuong
va phuong phdp: 997 d6i tugng nghién ctiu (bao gém 494 ngudi binh thudng va 503 bénh nhan dai thao
dudng tip 2) dugc phan tich toan bd hé gen (khdo sat 644.303 diém da hinh) bang bé kit Infinium Global
Screening Array (GSA). Bang cach st dung phan mém GenomeStudio va PLINK, ching téi da kiém soat
chét lugng cho cadc mau nghién ctu theo chat lugng mau, chat lugng goi diém da hinh, sy phu hop gidi
tinh, muic d6 di hop td, mic d6 quan hé ho hang. Két qua: VSi ngudng kiém soat chat lugng cho mau la ti
Ié goi dugc bién thé (CallRate) > 0,98, cho cac diém da hinh 1a diém GenTrain > 0,7, diém Cluster Sep
Score > 0,3 va diém Call Freq > 0,95, déng thdi loai trit cdc mau cé gidi tinh khéng phu hgp, cé muc dé di
hagp ti cao va cé kha nang c6 quan hé ho hang, ching téi da loai trir 213 mau va 264.390 diém da hinh
khong dat chat lugng. Két ludn: V&i cac ngudng khao sat chat lugng néu trén, ching t6i da ap dung dugc
cac tiéu chudn kiém soét chat lugng dau vao cho cac mau dir liéu phan tich tuong quan toan bé hé gen
vGi bd mau bao gom 494 ngudi binh thudng va 503 bénh nhan dai thao dudng tip 2. Viéc kiém soét chat
lugng nay rat quan trong dé viéc phan tich tuang quan toan bo hé gen ciing nhu uéc tinh chi sé nguy co
di truyén da gen dat dugc tinh chinh xac.

Turkhéa: Nghién ctu tuang quan toan bo hé gen, GenomeStudio, PLINK, ki€ém soat chat lugng.

Summary

Objetive: Genome-wide association study (GWAS) is a very effective tool to investigate the role of
genetic contribution to the etiology of complex multifactorial diseases. However, due to the large
amount of single nucleotide polymorphisms in microarray bead chip, the quality control process of the
samples in GWAS is extremely necessary. In this study, bioinformatic tools were used to assess the
quality of microarray samples including 503 type 2 diabetic patients and 494 controls. Subject and
method: 997 subjects (494 controls and 503 type 2 diabetes cases) were genotyped using Infinium
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Global Screening Array (GSA) containing 644303 genetic markers. By using GenomeStudio and PLINK
softwares, the standard for quality control of these samples was set for sample quality, polymorphism
quality, sex-matching, heterozygousity, relationship. Result: Samples with any of the specific parameters
CallRate < 0.98, GenTrain Score < 0.7, Cluster Sep Score < 0.3, Call Freq < 0.95, sex unmatching, very
heterozygous, or potential relatives were considered not qualified. Finally, 213 samples and 264,390
polymorphisms were excluded from our data. Conclusion: With the quality threshold described above,
we have successfully performed the quality control for GWAS study including 503 type 2 diabetic
patients and 494 controls. These quality control steps are crucial for accurate genome analysis as well as

polygenic risk score calculation.

Keywords: Genome-wide association study, GenomeStudio, PLINK, quality control.

1.Pat van dé

Déi thdo dudng tip 2 la mot ganh nang vé suc
khoe I6n trén toan thé gidi vai udc tinh c6 khoang
hon 700 triéu ngudi mac bénh vao nam 2045 [1].
Tuong tu véi cac bénh ly da yéu t6 phuc tap khac,
dai thao dudng tip 2 cé sy déng gop quan trong cla
yéu t6 di truyén va da dugc chiing minh qua nhiéu
cac nghién cuu tuong quan toan bd hé gen (GWAS:
genome-wide association study) & nhiéu chiing toc
[2, 3]. Tuy nhién, cho dén nay, cac nghién ctu toan
b6 hé gen nay van chua dugc tién hanh & nguai Viét
Nam, du cho quéc gia ching ta ¢6 dan so6 1én dén
gan 100 triéu nguai.

GWAS sur dung ky thuat microarray cung cap
nhimg théng tin vé cac diém da hinh (SNP: Single
nucleotide polymorphism), kiém tra hang tram nghin
dén hang triéu bién thé di truyén trén bd gen dé xac
dinh céc lién két gitra ki€u gen va kiéu hinh [4, 5].
GWAS ra ddi 1an dau tién vao ndm 2005 dé nghién ctiu
bénh thoai héa diém vang do tudi gia, han 50000 mai
lién hé cé y nghia trén toan bd hé gen da dugc bao
cédo gilta cac bién thé di truyén va cac bénh thong
thuong [5]. Su két hop nay dan dén nhiing hiéu biét
sau hon vé cau tric ¢ kha nang gay bénh (thong qua
viéc xac dinh cac gen va co ché gay bénh mdi), nhiing
cai tién trong cham séc lam sang (xac dinh cac muc
tiéu thuéc mai [4] va cac dau an sinh hoc gay bénh) va
y hoc ca thé (du doan nguy co va téi uu hoa liéu phap
diéu tri dua vao ki€u gen) [5].

Muc dich cla nghién ciiu GWAS la xac dinh
hang ngan bién thé di truyén két hop vai bénh ly va
tinh trang quan trong & ngudi [6]. MGt quy trinh
nghién ciu GWAS thudng bao gobm 4 phan chinh:
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tién xr ly di liéu tor di liéu tho (goi ki€u gen), tao ra
dir liéu mdi (kiém dinh chat lugng dit liéu), phan tich
thong ké va cac phan tich chuyén sau.

Vi dif liéu tho xuat ra ti cac nghién ciu GWAS
rat I6n nén can phai cé cac budc phan tich sinh tin
hoc dé dam bédo chat lugng clia cac mau dé cac
budc phan tich sau do cé két qua dang tin cay.
Théng qua nghién cdu nay, ching téi mo ta quy
trinh kiém soat chat lugng (QC: quality control) dir
liéu tir mot bé dit liéu thd GWAS bao gém 494 ngudi
binh thuong va 503 bénh nhan dai thao dudng tip 2.

2. Déi tugng va phuong phap
2.1. Déi tuong

D6i tuong ctia nghién ctu nay la bo dit liéu thé
GWAS ctia 997 déi tugng tham gia nghién ctu, bao
gém 494 ngudi binh thuong (nhém ching) va 503
bénh nhan dai thao duong tip 2 (hnhédm bénh). DNA
b6 gen clia cac doi tugng nay dugc tach va duoc
khdo sat vGi bd chip Infinium Global Array (GSA)
v2.0. B6 dir liéu tho dugc sao ra dudi dang file .idat la
d liéu dau vao.

Muc tiéu: Kiém dinh chat lugng cac di liéu
microarray véi cac ngudng chat lugng thudng duoc
st dung cho cac nghién ciu GWAS.

2.2. Phuong phdp
2.2.1. Phdn mém GenomeStudio

Module Genotyping clla GenomeStudio xur ly tu
d{ liéu thé cta chip microarray lllumina thanh dinh
dang PLINK (la dinh dang chuan dé luu tri di liéu
kiu gen) [7]. Quy trinh x& ly trén phan mém
GenomeStudio Software v2.0 bao gbm mét s6 budc
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nhu mo ta trong Hinh 1 [8, 91. Phan mém nay ch yéu
dé khao sat chi s6 ti Ié goi dugc bién thé (Call Rate)
trong mau; chi s6 GenTrain Score dé xac dinh su phan
tach AA, AB hodc B cla ki€u gen; chi s6 Cluster Sep
Score danh gia kha nang phan cum chinh xac; chi s6
Call Freq cho thay xac suat mét SNP dugc dinh danh
tai moét locus cu thé & da s6 cac mau.

|

Qc méu

[Tacsne |

Hinh 1. Quy trinh kiém soat chat luong
va xac dinh kiéu gen trén phan mém GenomeStudio v2

2.2.2. Phdn mém PLINK

Phan mém PLINK dugc st dung dé xac dinh su
phu hgp vé giéi tinh gitta dit liéu gen va dir liéu khai
bdo ban dau, muc d6 di hgp ti ciia mau va kha nang
ho hang gilta cAc mau.

2.3. Viin dé dao di'c trong nghién ciu

Dé tai nghién ctu da dugc sy chap thuan cda
Ho6i déng dao duc trong nghién ctu Y sinh hoc Dai
hoc Y Dugc Thanh ph6 H6 Chi Minh véi quyét dinh
s6 350/HDDD-DHYD ngay 26 thang 5 nam 2020.

3.Két qua

3.1. Kiém dinh chdt luong mau bdng phdn
mém GenomeStudio

D liéu microarray thé tir 997 d6i tugng tham
gia nghién ctu (494 ngudi binh thudng va 503 ca
bénh) dugc xt ly bang phan mém GenomeStudio dé
xac dinh kiéu gen. Két qua dugc trinh bay & Hinh 2
cho thdy, 6 mau co ti Ié goi duoc bién thé (Call Rate)
< 0,98 va dugc loai bd khoi nghién ciu. Sau khi loai
bd 6 mau co6 gia tri Call Rate khéng phu hop, 991
mau con lai sé tiép tuc dugc danh gia chat lugng
SNP. DU liéu Call Rate con cho thay néng dé DNA va
chat lugng tach chiét DNA cla cac mau tham gia
nghién ctu dat chat lugng.

Cac SNP clia 991 mau sé dugc danh gia dua trén
cac chi s6 GenTrain Score, Cluster Sep Score va Call
Freq. D6i véi cac SNP cé chi s6 GenTrain Score thap
< 0,7 (Hinh 3A), cac SNP khéng dugc chia thanh 2
hoac 3 cum r6 rang trén do thi. Vi vdy, cac SNP nay
sé khong thé dugc xac dinh kiéu gen AA, AB hodc BB
va sé bi loai khoi nghién ctu. Doi véi cac SNP do
GenTrain Score > 0,7 (Hinh 3B, C, D), cdc cum kiéu
gen dugc phan chia ré rang va dac hiéu. Cac SNP
tiép tuc dugc danh gia chat lugng dua vao tiéu
chudn Cluster Sep Score > 0,3 va Call Freq > 95%.
Cac SNP c6 diém Cluster Sep < 0,3 cho thdy viéc
phan cum khéng dugc thuc hién chinh xac va Call
Freq < 95% cho thay SNP tai mot locus cu thé khong
dugc goi ¢ da s6 cac mau (Hinh 4A).

Sample Performance Plot

Call Rate
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Hinh 2. Danh gia chat lugng va hiéu suat DNA mau
tham gia nghién cuu

Sau khi loai trir cdc SNP nay, nhiing SNP dugc
phan cum tét va dugc goi & da s6 cac mau (Hinh 4B)
sé dugc loc dé tién hanh tao di liéu dau vao trén
phan mém PLINK (*.ped va *.map).

Trong téng s6 665.608 SNP trén bd kit Infinium
Global Screening Array v2, sau khi loc vé&i cac tiéu
chuan danh gia chét lugng c6 640.213 SNP (nhém
chiing) va 642.075 SNP (nhém bénh) dat yéu cau &
991 mau tham gia nghién ctru. Doi véi cadc SNP hiém
(tan suat bién thé < 0,01 va Call Freq < 0,9999), c6
téng céng 52.457 SNP nhom bénh va 55.381 SNP
nhom chiing dugc loc tir phan mém GenomeStudio
giup thu nhan dugc moét danh sach chda cac SNP
hiém khong dugc goi bang thuat toan GenCall. Cudi
cung, cac mau va SNP dat chat lugng sé dugc phan
mém GenomeStudio xuat dir liéu duéi dinh dang
PLINK bao gom 2 file: *.ped (chi(a théng tin lam
sang, ki€u hinh, dit liéu kiéu gen cla déi tugng) va
* map (ch’a théng tin vé ma s va vi tri cia SNP).
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Hinh 3. D6 thi mé ta chat lugng SNP dua vao chi s6 GenTrain Score. A) SNP véi diém GenTrain 0,0. B)
SNP v&i diém GenTrain 0,7126. C) SNP vi diém GenTrain 0,9552. D) SNP véi diém GenTrain 0,9609
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Hinh 4. D6 thi mo ta chat lugng SNP dua vao chi s6 Cluster Sep Score va Call Freq. A) SNP
véi Cluster Sep = 0 va Call Freq = 0,0696. B) SNP véi Cluster Sep Score = 1 va Call Freq = 1.

Bang 1. K&t qua loc dit liéu ki€u gen nhém bénh va nhém chiing véi phan mém GenomeStudio

Chiing Bénh
Truéc QC Sau QC Truéc QC Sau QC
N (S6 mau) 494 503
QC Mau Call Rate > 0,98 494 490 503 501
GenTrain Score > 0,7
QC SNP Cluster Sep > 0,3 665.608 640.213 665.608 642.075
Call Freq > 0,95

Rare SNP MAF < 0,01

bao gém
c(éc tiégu chi | Call Freq < 0,9999 665.608 55.381 665.608 52.457

G trén)

3.2. Kiém sodt chdt luong dir liéu bdng phdan

mém PLINK

D(r liéu tho tu file *.ped va *.map sau khi dugc
xuat ra ti phan mém GenomeStudio dugc chuyén
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vé dinh dang nhi phan bao gém 3 file *.bim, *.bed va
* map bang phan mém PLINK. T4t ca cac SNP dugc
tao ra sé dugc chuyén vé mach xudi theo bd gen
ngudi Hg19. 991 mau sé dugc danh gia su khac biét
vé gidi tinh gilra ki€u gen va ki€u hinh théng qua chi
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sO F tu phan mém Plink. Két qua cta nghién clu
dugc trinh bay trong Hinh 5. K&t qua cho thay trong
téng s6 991 mau, c6 1 mau bénh c6 gia tri F > 0,2 va
< 0,8 (mau FID = 402 v&i F = 0,2184) va 3 mau chuiing
c6 su khéc biét vé kiéu hinh thuc té so vdi kiéu gen
vdi gia tri F tuong ung la -0,0024629, 0,9363 va 0,949
(FID = 8, 20, 45). Ca 4 mau nay sé bi loai khoi nghién
clru dé ddm bao két qua khong bi danh hudng.

Histogram of Sexcheck

0 —

0.00 025 0.50 075 1.00
X Chromosome F

Hinh 5. Kiém soat chat lugng gidi tinh gilra ki€u gen va
ki€u hinh

D liéu sau d6 tiép tuc dugc st dung dé danh
gia muc do thiéu thong tin da hinh va ty |é di hop tu.
Két qua clia nghién ctu dugc thé hién & Hinh 6. Két
qua Vai truc x la ty lé thiéu dir liéu da hinh véi do
léch chudn +0,001546 va truc y la ty lé di hgp t& véi
dé léch chudn +0,001979284. Két qua cho thay c6
210 mau tham gia nghién ctu c6 ty 1é di hop tur cao.
DaGi véi thiéu dit liéu cac diém da hinh dua trén phan
tich nay, hau hét cac mau da dugc danh gia chat
lugng vé muic d6 thiéu dir liéu da hinh & muc > 0.98
(muc rat cao). Vi vay, déi vai budc kiém soat chat
lugng nay sé loai bo 210 mau cé muc do di hop
t’ cao.
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Hinh 6. D6 thi hién thi muc d6 thi€u dir liéu ki€u gen
va di hop tir

Cac mau tiép tuc dugc danh gia vé muic do quan
hé ho hang hodc mau bi 13p lai trong qua trinh
nghién ctu. Két qua cho thdy trong téng s6 991 mau
tham gia nghién ctru, c6 2 cap mau c6 chi sé PI_HAT
> 0,185 thuéc nhém bénh la mau 33 va 82 (vdi
PI_HAT = 1); mau 338 va 368 (vsi PI_HAT =1). Ca 4
mau nay sé bi loai khoi nghién clu.

Cac mau con lai sé dugc tiép tuc danh gia chat
lugng SNP dua vao ngudng tan xuat alen 14 0,01, gia
tri p-value cla can bang Hardy-Weinberg (HWE:
Hardy-Weinberg equilibrium) 1a 10-5 va chi s6 phan
cum cla tat cd cac SNP. Két qua dugc trinh bay &
Hinh 7. Cac gia tri -log,o(p) trong khodng tu 0-2 cho
thay khong c6 su phan tang quan thé hodc cac déi
tuong tham gia nghién ctu c6 quan hé ho hang. Gia
tri trong khoang tur 3-6 cho thay cé kha nang xuat
hién cac SNP két hop vaéi bénh ly.

Observed (-logP)

o T T T T T T 1
o 1 2 3 a s ] 7

Expected (—logP)
Hinh 7. D6 thi Q-Q Plot biéu hién gia tri p-value
mong doi va p-value thuc té.

Sau khi kiém soat chat lugng cac diém da hinh
va cac doi tugng tham gia nghién ctu, két qua dugc
trinh bay & Bang 2 va Bang 3. DU liéu kiéu gen sau
khi dugc kiém soat chat lugng con lai 397 ca bénh va
381 ca chiing bao gébm 311 nam va 467 nir dat tiéu
chuan. Trong t6ng s6 665.608 SNP, c6 264.390 SNP
bi loai khoi nghién ctu (Bang 2). C6 tdng cong 213
mau bi loai khoi nghién ciu, trong d6é c6 4 mau bi
loai do khéc biét gidi tinh ghi nhan trén kiéu gen so
vGi thuc té; C6 210 mau bi loai do muc dé di hop t
cao; 4 mau bi loai do c6 quan hé ho hang hoac mau
bi 13p lai trong qua trinh x{ ly. Trong téng s6
264.390 SNP bi loai c6 6.448 SNP bi thiéu kiéu gen &
da s6 cac mau; 6.444 SNP bi loai do ti & goi kiéu gen
gita nhédm bénh va ching qua chénh léch. Co
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257.880 SNP bi loai do ¢6 tan suat alen lan (MAF) <
0,01 va 61 SNP bi loai do sai quy luat HWE. Sau khi
loai bé tat ca cdc mau va SNP dudi ngudng QC. Toan

bé dir liéu con lai dat yéu cau sé tiép tuc dugc su
dung dé xac dinh mai lién hé giira ki€u gen va kiéu
hinh bénh ly di thao dudng tip 2.

Bang 2. Sé lugng ddi tuong va SNP trudc va sau khi QC

Bénh Chung Nam N SNP
Trudc QC 501 490 394 597 644.303
Sau QC 397 381 311 467 379.913
Bang 1. S6 luong ddi tuong va SNP bi loai bé & cac buéc QC
Bénh Chiing
Gidi tinh khéng chinh xac 3
B Di hop tir 102 108
QC do6i tugng - -
Quan hé ho hang 0
Phan tang quan thé 0 0
Thiéu kiéu gen 6.448
Dt liéu SNP gilra Case va Control 6.444
QC SNP
HWE 61
MAF 257.880
. R VGi su lua chon nay, ching to6i da loai trr 6 mau
4.Ban luan

Qua céac budc dung cac phan mém sinh tin hoc
nhu GenomeStudio va PLINK, ching t6i da loai tru
dugc cadc mau va cac diém da hinh khéng dam bao
chat lugng dé co6 thé phan tich tiép tuc & cac budc
sau. T d6 cho thay tinh quan trong cda viéc kiém
soat chat lugng mau trong cac nghién clu tuong
quan toan bd hé gen. Day la cac két qua nudc dau
giup cho viéc phan tich sau hon dé so sanh vé maéi
lién hé va su khac biét gitta bd gen ngudi dai thao
duong tip 2 so véi ngudi khéde manh thong thudng
& dan s6 ngudi Viét Nam.

Ngudng lua chon gia tri Callrate thong thudng
dugc lya chon tUr 95-98% tuy vao muc d6é chat ché
cua thiét két nghién ciu dugc xem la tiéu chuan
chung cho cac nghién ctu tuong quan toan bd hé
gen [9]. VGi ngudng lua chon nay, ti 1&é mau thudng
bi loai tri khoi nghién cdu la tir 1-2% dan sé nghién
cuu [7]. Viéc lya chon gid tri nay la 98% trong nghién
cltu clia ching téi nhdm tao ra mét tiéu chuan chat
ché cho chét lugng cac mau tham gia nghién cuu,

166

nghién ctu, dan dén ti 1€ loai trir do chi so6 Callrate la
6%. M6t phan 16n cadc mau sau kiém dinh chat lugng
cling bi loai trir do muic d6 di hgp td. Tinh di hgp ta
quaé cao trong cac mau nghién cdu cé thé 1a nguy co
cUa viéc ngoai nhiém mau, ngugc lai khi tinh di hop
tir qua thap la nguy co cua viéc cdc mau cé quan hé
ho hang [7]. D€ loai tri hai kha nang nay, da c6 210
mau bi loai khdi budc phan tich nay dé dam béo
chat lugng ctia quan thé mau nghién cuu.

Mét chi s6 quan trong hang dau khi kiém dinh
chat lugng cla cac SNP la chi s6 Gentrain, chi s6
danh gia muc dé phan cum cla cac SNP, dugc biéu
thi vdi gia tri tir 0 dén 1. Viéc lua chon ngudng 0,7
cho cic SNP dugc xem la ngudng chung cla cac
nghién cudu trén thé gidi, gitup cho cac cum kiéu gen
dugc phan dinh ré rang, tranh trudng hop xuat hién
tinh trang phan tan hodc s6 lugng cum da hinh
nhiéu hon 3 (khéng tuan tha dinh luat Mendel) [7,
9]. Tuy nhién, da phan cac SNP bi loai trong budc
kiém dinh chat lugng nay la do MAF < 0,01, mét ly
gidi c6 thé cho su loai trir nay 1a do su khac biét vé
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chiing toc. D6i véi cac chliing téc chua co trinh tu
tham khao toan b hé gen véi s6 mau Ién nhu ngudi
Viét Nam, viéc phan tich cadc SNP c6 MAF thap la mét
thach thuc vi tan suat thap & ching toc nay c6 thé
cao & chiing toc khac va nguagc lai. Do d6, rat can cé
thém cac nghién cuiu giai trinh tu toan bo hé gen véi
c& mau Ién & ngudi Viét dé xac dinh dugc vai trod clia
cac SNP c6 MAF thap, tranh viéc loai trtr qua miuc
mot s6& SNP cé thé ¢ mdi lién quan vai tinh trang
bénh ly can khao sat.

Mot han ché cta nghién clu nay la sé lugng
mau chua nhiéu (d6i véi cac nghién clru hé gen, s6
lugng mau cé thé can lén dén vai ngan mau dé co
thé thdy duoc cac diém da hinh ¢6 lién quan vdi
nguy ¢ bénh ly), tuy nhién, day sé la mét trong cac
két qua ban dau phuc vu cho cac phan tich gop vé
hé gen trén ngudi chau A sau nay.

5. Két luan

Qua nghién ctu nay, ching t6i da xac dinh dugc
céac tiéu chuan va tién hanh kiém dinh chat lugng
mau cla cac nghién cttu GWAS. Cac budc thuc hién
nay c6 thé dugc ap dung réng rai cho cac nghién
cliu GWAS sau nay.

Loi cam on: Nghién ciu da dugc tai trg bdi Quy
Phat trién Khoa hoc va Céng nghé Quéc gia
(NAFOSTED) trong dé tai ma s6 108.01-2019.319.

Tai liéu tham khao

1. Saeedi P, Petersohn |, Salpea P et al (2019) Global
and regional diabetes prevalence estimates for 2019
and projections for 2030 and 2045: Results from the
International Diabetes Federation Diabetes Atlas,

9th edition. Diabetes Res Clin Pract 157: 107843.
doi:10.1016/j.diabres.2019.107843.

Xue A, Wu Y, Zhu Z et al (2018) Genome-wide
association analyses identify 143 risk variants and
putative regulatory mechanisms for type 2 diabetes.
Nat Commun 9(1): 2941 doi:10.1038/s41467-018-
04951-w.

Wheeler E, Barroso | (2011) Genome-wide
association studies and type 2 diabetes. Brief Funct
Genomics 10(2):52-60. doi:10.1093/bfgp/elr008.

Cao C, Moult J (2014) GWAS and drug targets. BMC
Genomics 15(4): 5.doi:10.1186/1471-2164-15-54-S5.

Tam V, Patel N, Turcotte M, Bossé Y, Paré G, Meyre
D (2019) Benefits and limitations of genome-wide
association studies. Nat Rev Genet 20(8): 467-484.
doi:10.1038/541576-019-0127-1.

Zhu Z, Zhang F, Hu H et al (2016) Integration of
summary data from GWAS and eQTL studies predicts
complex trait gene targets. Nat Genet 48(5): 48-487.
doi:10.1038/ng.3538.

Zhao S, Jing W, Samuels DC, Sheng Q, Shyr Y, Guo
Y (2018) Strategies for processing and quality
control of Illumina genotyping arrays. Brief
Bioinform 19(5): 765-775. doi:10.1093/bib/bbx012.

Fountain ED, Zhou LC, Karklus A et al (2019) Cross-
Species Application of lllumina iScan Microarrays for
Cost-Effective, High-Throughput SNP  Discovery.
Front Ecol Evol. 2021;9. Accessed June 21, 2022.
https://www. frontiersin.org/article/10.3389/fevo.2

021.629252.

Guo Y, He J, Zhao S et al (2014) lllumina human
exome genotyping array clustering and quality
control.  Nat  Protoc  9(11):  2643-2662.
doi:10.1038/nprot.2014.174.

167



