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Tém tit: Diém nguy co da di truyén (polygenic risk scores, PRS) la mét gid tri wéc
liwong twong doi nguy co mdc bénh dia vdo viéc xdc dinh tdp hop cdc bién di di truyén dnh
hieong. Trong nhitng nam gan ddy, da c6 nhiéu cé gdng dwa tinh toan PRS #ng dung vao 1am
sang, tuy nhién viéc lira chon c&c bién di di truyén anh hwéng dén bénh c6 dé chinh Xac chira
cao dan dén hiéu qud mé hinh chia dat ky vong. Trong nghién ciru ndy, ching téi da thuc
nghiém cac mo hinh khac nhau dé chon ra tap hop cac bién di cho gia tri du dodn 16t nhat.
Dir liéu dwoe s dung 1a dir liéu trong cac nghién citu twong quan toan i¢é gen (Genome-Wide
Association Studies, GWAS) vé roi loan phé tir ky (Autism Spectrum Disorder, ASD). Tép hop
cdc bién di ban dau dwoc thu gon bang phirong phdp nhém va dat nguong (Clumping and
Thresholding, «C + T»), hoi quy logistic phat (Penalized Logistic Regression, PLR), va logi
bo dac trung dé quy dwa trén mdy vec-to twa (Support Vector Machine Recursive Feature
Selection, SVM-RFE). Két qua cho thdy phwong phdp SVM-RFE dwa ra diroc mot tdp SNPS
ma md hinh di dodn dat hiéu ndng tét nhat.

T khoa: Bénh da di truyén, diém nguy co da di truyén, GWAS, SNPs, mang SNP, hoc may,
bénh tu ky.

Abstract: Polygenic risk scores (PRS) are relative estimation values of disease risk
based on identification of effect variant set. In recent years, there have been many attempts
to apply PRS calculation to clinical practice, however, selection of genetic variants affecting
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diseases has not been accurate, leading to the model’s performance not yet reached hope.
In this study, we have implemented different models to choose the set of variants giving the
best prediction. The data used were taken from Genome-Wide Association Studies (GWAS)
of Autism Spectrum Disorder (ASD). Original set of variants was reduced by Clumping
and Thresholding (“C + T”), Penalized Logistic Regression (PLR), and Recursive Feature
Elimination based on Support Vector Machine (SVM-RFE). As a result, the SVM-RFE method
gives a set of SNPs that the prediction model has the best performance.

Keywords: Complex diseases, polygenic risk scores, GWAS, SNPs, SNP arrays, machine

learning, autism.
I. Pit vin dé

Hién nay, c&c ung dung lam sang
vé dy doan nguy co mic bénh di truyén
thuong tp trung vao cac bénh don gen
hiém gdp véi nguy co cao mic du phan
16n nguy co méc bénh c6 ban chét 1a da
gen. Ly do la vi d6 chinh xac trong cac
du dodn bénh da gen chua cao br:ing do
chinh xac trong cac du doan bénh don gen
[1]. Tur thyc t& d6, cac nha khoa hoc da
¢6 kha nhiéu cac nghién ciru cai tién du
doan nguy co da di truyén v6i muyc dich
dua phuong phap nay vao thyc hanh 1am
sang. Trudc tién, cac phuong phap duogc
phét trién dé thu hep tap SNPs [2], [3], [4]
sir dung cac ky thuat diéu chinh/thu hep
trong théng ké nhu LASSO hoic hoi quy
ridge (ridge regression) [3], hodc sur dung
cach tiép can Bayes thong qua viéc xac
dinh phéan phdi [2], [4], [5]. Sau do, cic
phuong phap chu trong hon dén viéc xac
dinh cac bién di anh huong thyc sy dén
kiéu hinh va tim cach danh trong sé phu
hop cho céc loai bién di nhu: cay hoéi quy
tang cuong gradient va diéu chinh mat can
bang lién két (GrabBLD) [6], du doan di
truyén da bién v6i ngudng tron [7], xac
dinh cac diém danh dau di truyén [8].

Tiép ndi nhém phuong phap cai
thién do chinh xac trong viéc xac dinh
cac bién di anh huong thuc su dén bénh,

ching toi da ap dung mét sé phuong phap
thudc cac nhom rut gon dac trung khac
nhau nhu hdi quy logisic phat (Penalized
Logistic Regression, PLR) va loai bo
dac trung dé quy dua trén may vec-to
tua (Support Vector Machine Recursive
Feature Selection, SVM-RFE). D@t liéu
dugc str dung 13 cac mau rdi loan phd ty
ky (Autism Spectrum Disorder, ASD) bao
gom dir lidu kiéu gen toan hé gen duoc
truy xuat tir dir liéu trao do6i tai nguyén
di truyén bénh tu ky (Autism Genetic
Resource Exchange, AGRE) [9]. Dir liéu
sau qua trinh QC dwoc huan luyén bang
cac md hinh hoc may khac nhau. Két qua
sau khi so sdnh m6 hinh m6 hinh “Nhom
va dat nguong” (“C + T”), PLR, va SVM-
RFE cho thay m6 hinh sir dung SVM-RFE
cho hiéu nang tot nhat voi 100 SNPs.

Trong cAc phan tiép theo ctia bai bao
ching t6i s& trinh bay vé tién xir ly dit liéu
trong muc II, phuong phap trong muyc III.
Két qua so sanh gitta cac mo hinh duoc
trinh bay & muc IV. Cubi cing, chung t6i
két luan bai béo trong myc V.

I1. Co sé 1y thuyét

2.1. Dit liéu

2.1.1. Dit liéu co so

Dit liéu co s& (base data) bao gom
c4c théng ké tom tit cia GWAS (vi du, P,
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OR, P-values) cta twrong quan kiéu gen-
kiéu hinh tai mot bién dj di truyén (SNP).

O day, chang toi sir dung dit lidu
théng k& tom tit gdm 9,112,386 SNPs
dugc xay dung trén hé gen hgl9 [10].
Trong d6, diém thong tin ctia qua trinh
suy dién théng ké (imputation information
score) IN F OR > 0.7; tan sd alen phu
(Minor Allele Frequency, MAF) > 0.01;
hé sb di truyén h2G = 0.118 > 0.5. Dit
liéu nay dam bao tuan thu cac tiéu chuin
dé dua vao tinh toan diém nguy co da di
truyén™

2.1.2. Dit liéu dich

Dt li¢u dich la dr liéu GWAS ¢
cap do ca thé, bao gom dinh danh cta ca
thé, bd , me, va pha hé cua ca thé. Hon
nita, dit liéu ciing cung cap cac thong tin
vé gi6i tinh, kiéu hinh, cac alen, vi tri ctia
cac SNPs trén nhiém sic thé, khoang cach
di truyén ciing nhu céc hiép bién. Dir liéu
GWAS & mirc d6 cé thé thuong duge luu
dudi dang cac tép dinh dang PLINK [11].

Chung tdi sir dung dir liéu kiéu gen
- kiéu hinh cta cc mau rdi loan pho tu ky
(autism spectrum disorder, ASD)™" duogc
truy xudt tir dir liéu trao doi tai nguyén
di truyén bénh tu ky (Autism Genetic
Resource Exchange, AGRE) [9]. Du
liéu gdbm ba tép dinh dang PLINK *.fam,
* bim, va t€p nhi phan *.bed vo1 hé gen
tham chiéu hgl7. Trong d6 c6 399,147
bién di; 2,883 mau vai 1,816 nam va 1,066
nit, 1 ca thé chwa rd (nhan 1 duoc gan cho
nam, nhan 2 dugc gan cho nir); 2,879 ca
thé c6 kiéu hinh, 4 ca thé khong c6 kiéu

hinh (nhan 1 dwoc gan cho mau d6i ching,
nhan 2 duoc gan cho mau bénh).

2.2. Kiém soét chit lwong (OC)

Do chinh xac du doan cua PRS phu
thudc 16n vao chat lwong cua dit liéu co s
va dir liéu dich. Ca hai tap dir li¢u thuong
duoc tién hanh QC véi cac tiéu chuan QC
chung cua GWAS [12], [13], [14], va QC
cho tung loai dir liéu [15].

1) OC dit liéu co sé: Chiing t6i tién
hanh QC tiéu chuén cho dit liéu co s& voi
IN F O > 0.8, kiém tra cac SNPs tring
lap, va loai bo cac SNPs khong ro rang.
Sau qua trinh nay, dit liéu co sd con lai
7,301,379 bién di.

2) QC dir liéu dich: D li¢u dich
dugc chuyén toa do tir hé gen tham chiéu
hg17 sang hé gen tham chiéu hg19, c6 34
bién dj khong khop toa do hodc da bi loai
bo. Ching t6i thuc hién QC tiéu chuan
v6i tan s6 alen phu M AF > 0.01; ngudng
p-value tir kiém dinh %? hodc kiém dinh
Fisher cho can bang Hardy-Weinberg hwe
= 10°%; loai bo cac bién di va ca thé co
ty 1 kiéu gen bi thiéu v6i ngudng geno
= 0.01, mind = 0.01. Ngoai ra, qué trinh
pruning duoc thyc hién dé gitr lai cac
SNPs c6 twong quan thip r? < 0.25. Trén
thuc té, ty 1& di hop tir cao c6 thé do chat
lwong mau thap, ty 1& nay thap co thé do
anh huong ciia giao phdi can huyét, vi vay
74 cé4 thé dugc loc ra dé dir lidu dat dugc
ty 1& di hop tir tot nhat. Tiép theo, 134,126
SNPs khong khép cua dit ligu dich so voi
dir li€u co s¢ cling dugc xac dinh nho
phuong phap dao nguoc sgi DNA. Ngoai

** https://ipsych.dk/en/research/downloads/data-download-agreement-ipsych-pgc-asd-

nov2017/thank-you/

T https://figshare.com/articles/dataset/Autism_GWAS_data/14253230
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ra, dit liéu khong bao gdm 26 ca thé c6 sai
khac vé gidi tinh sinh hoc va 1,446 c4 thé
¢6 quan hé gan. Dit liéu dich sau QC bao
gbm 264,987 bién di; 1,138 mau, trong d6
c¢6 142 miu bénh, 996 miu d6i ching.

I11. Phwong phap nghién ciru

3.1. Tinh diém nguy co da di truyén
(Polygenic Risk Score, PRS)

Piém nguy co da di truyén
(Polygenic Risk Score, PRS) dugc tinh
bang tong diém co trong sb cua cac alen
nguy co véi trong s6 dya trén cac mire do
anh huong tir GWAS [16]. Cong thirc mac
dinh dé tinh PRS trong PLINK [11] la:

Trong d6 muc d§ anh hudng cua
SNP thtr i 14 S;; s6 cac alen anh huong cia
SNP thtr i dugc quan sat trong mau j 1a
Gi'j; don boi cia mau la P (thuong 14 2 cho
ngudi); tong sé SNPs ciia mau j 1a N; tong
s6 SNPs khong thiéu duoc quan sat mau
jlam,. Néu méu j c6 mot kiéu gen thiéu
SNP tht i thi tan s6 alen phu cta quan thé
dugc nhan véi don boi (M AF.P) duoc sir
dung thay thé G,.

3.2. Tinh todn phin ting quén thé

Su phén ting quan thé c6 thé dugc
hiéu 1a sy hién dién cua nhiéu quén thé
con trong dir li€u, vi du cac c4 nhan co
ngudn gbc dan toc khac nhau. Vi mirc do
anh hudng ung vai tan s alen phy co thé
khac nhau ddi v6i cac quan thé khac nhau
nén viée tinh toan PRS cho céac ca thé trd
nén khong chinh x4c. Do d6 cac thanh
phan chinh (Principal Components, PCs)
dai dién cho phan ting quan thé dugc dua
vao mo hinh du doan dé giam su sai léch
cia dir liéu GWAS. Tuy nhién, vin dé

nam & chd xac dinh sé luong thanh phan
chinh. Theo kinh nghi¢m, cac nha nghién
ctru thuong chon sé PCs 1a 10 [17], [14].
Mot cach khéc dé chon sé luong PCs thich
hop 13 thuc hién GWAS trén kiéu hinh
dang nghién ctru vé6i s6 lugng PCs khac
nhau. Sau dé, phan tich hdi quy diém mat
can bang lién két (LD Score regression,
LDSC) c6 thé duogc thuc hién trén tap hop
cac thong ké tom tit GWAS, s6 PCs ma
ciu trac quan thé duoc kiém soat chinh
x4c nhat 12 s6 PCs ma hé sb tu do cua
LDSC gan 1 nhat [15].

Trong bai b&o nay, ching t6i dé xuat
phuong phép xé&c dinh sé luong thanh
phan chinh bang thuat toan phan cum k-
means clustering, mdt thudt todn hoc
khdng giam sét.

Gia thuyét 1. S6 cum t6i wu, sau
khi hudn luyén mod hinh dua trén chinh
dic diém cua dit liéu, tuong duong voi )
luong céc PCs.

Cac PCs véi s6 luong khac nhau
duoc dua vao huin luyén, ) luong PCs
cho két qua dy doan tét nhat chinh bang sé
cum ti wru da chimg minh cho gia thuyét
trén.

3.3. Phwong phap nhém va dat
nguwong (“C+T”)

Phuong phép truyén thdng thudng
dugc sir dung 1a “Nhom va bt ngudng”
(“Clumping and Thresholding”, hay con
goi la “C+T”). Cac SNPs duogc “Nhoém”
(“Clumping”, C) boi cong cu PLINK dé
chon ra cac SNPs c6 mdi tuvong quan thap
v6i nhau. Trudce tién, Clumping chon ra
mot SNP déc trung dugc goi la SNP chi
muc (SNP index) va tinh toan mdi tuong
quan gitta SNP nay véi cac SNPs gan
d6. O day, ching tdi duyét qua tit ca cac
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SNPs, coi ching déu la cac SNPs chi muc
(clump — pl = 1). Sau d6 no6 loai bo cac
SNPs vé6i khoang céch di truyén clump
— kb = 250 (kb) néu mdi twong quan
giita chiing 2 > 0.1 [19]. Nhu vay, buéc
Clumping gitip loai bé dir li¢u du thira do
mat can bang lién két (LD) gay ra. Sau qua
trinh “Clumping” ta lyra chon duoc 67,188
SNPs cho tinh toan PRS.

Phuong phédp “Pat ngudng”
(“Thresholding”) chon ra tdp hgp SNPs
cia GWAS tuong quan véi kiéu hinh duéi
cac nguong P-value khac nhau trong céc
ban doan (0, 107], (0, 1073, (0, 0.0225],
(0, 0.05], (0, 0.1], (0, 0.2], (0, 0.3], (O,
0.4], (0, 0.5]. Céc tap SNPs tuong tmg vai
cac ngudng s& duoc str dung dé tinh toan
PRS.

Ngoai ra, m6 hinh dy doan con c6
su dong gop cua hiép bién gidi tinh va cac
thanh phan chinh cta tap dich duoc tinh
toan dya trén phan tang quan thé. Mo hinh
ban dau (mé hinh 1), chua tinh dén dit liéu
kiéu gen, dugc coi nhu mo hinh vo hiéu
(null) dé so sanh do chinh xac dy doan voi
cac mo hinh c6 tinh dén cac tap SNPs voéi
cac ngudng P-value khac nhau (mo hinh 2).

p
1-p

log( ) = y*PC + o+SEX (1)

Iog(l%ﬁ) =f*X+y+PC + o+SEX (2)

trong d6 p" =P (y = 1) vdi y la kiéu
hinh ctia bénh (y € {1, 2}), PC 1a ma tran
ma cac cot la cac thanh ph'?ln chinh, SEX
1a hiép bién gidi tinh, X 1a vec to ma mdi
thanh phan 1a diém nguy co da di truyén
tuong tng ciia mot c& thé duoc tinh tuong
ung véi mot tap SNPs nao do. Vec to X
tuong ung vai P-value nao cho ra dugc do
chinh xac du doan ctia mé hinh cao nhat
va cao hon do chinh xac cua mo hinh vo
hi€u thi tdp hop cdc SNPs tuong ing véi
ngudng d6 s€ dugc xac dinh 1a c6 anh
hudng dén bénh.

3.1. Phwong phép sir dung hoi
quy logistic phat (Penalized Logistic
Regression, PLR)

M6 hinh hdi quy logistic phat
(Penalized Lo-gistic Regression, PLR)
[20] chta hai ham diéu chinh. Ham
didu chinh L2 (“Ridge”) c6 tac dung
thu nhé cic hé sé va ham diéu chinh L1
(“LASSO” [21]) dua c4c mot phan CAc
hé s6 vé gia tri 0 va c6 thé duoc sir dung
dé chon bién ngay trong qua trinh hoc.
Két hop giita cac ham diéu chinh L1 va
L2 (“Elastic-Net” [22]) rat hiéu qua trong
truong hop sé lugng SNPs 16n hon rat
nhiéu s6 lugng mau.

Cu thé, bai toan duoc dua vé udc luong cac hé sb Po, p dé cuc tiéu hoa ham ton that

duoc diéu chinh

S 1
LA a) = —Z(MIDQ(ZJ + (1 —y)log(l —z)) + A((1 - a)gllﬁll% + al|Bl]4)

trong d6 z,= 1/(1 + exp(—=(B, + X
B))), X biéu dién kiéu gen va cac hiép bién
(cac thanh phan chinh va gidi tinh), y 1a
tinh trang bénh, A va a 1a hai siéu tham )

diéu chinh.

3.2. Phwong phép loai bo dic
trung dé quy dwa trén mdy vec-to twa
(Support Vector Machine Recursive
Feature Elimination, SVM-RFE)

Muc dich chinh cia SVM-RFE la
tinh toan cé4c trong s6 dugc xép hang véi
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tat ca cac dic trung va sap xép cac dac
trung theo cac vec-to trong s6. SVM-RFE
Ia qué trinh 1ap cua viéc loai bé nguoc cac
dac trung [23].

« Str dyng tap dir liéu hién tai dé
huén luyén mé hinh phén loai.

« Tinh toan trong s6 cho tat ca cac
dac trung.

« X06a cé4c dic trung voi trong s6 nho
nhét.

Chi tiét thuat tosn SVM-RFE dugc
dua ra boi Isabelle Guyon va cac dong
nghiép trong mot nghién ctru chon gen
cho phan loai ung thu [24].

3.3. Pdnh gid hiéu nang cia mo
hinh

Pé danh gia hiéu ning cua mo hinh
ta st dung duong cong dac tinh (Receiver
Operating Characteristic Curve, ROC)
biéu dién twong quan giira duong tinh gia
va duong tinh that véi cac ngudng nao do.
Hi¢u ndng mo hinh dugc danh gia thong
qua gia tri dién tich dudi duong ROC
(Area Under the Curve, AUC), gi4 tri nay
nam trong khoang (0, 1), AUC cang 16n
thi hiéu ndng ctia m6 hinh cang cao.

Mit khac, nhdm dam bao cac méd
hinh khac nhau dugc danh gia trén cung
mot tap kiém thu, dit liéu ban dau duoc
chia ngdu nhién thanh hai tap, tip huin
luyén v6i 80% dir liéu, tap kiém thir véi
20% dir liéu. V61 muc dich gidam su qua
khop (overfiting), k¥ thuat danh gia chéo k
lan (k-fold cross validation) dugc ap dung
voi tap huén luyén, day ta chon k = 5. Véi
mot md hinh nhét dinh, cac siéu tham sb
t6i uu duge xac dinh tuong ung véi AUC
trung binh cao nhit khi mé hinh khép véi
5 tap dir liéu khac nhau. Trong bai bao

Distortion

nay, tdp SNPs sau khi dugc thu gon nho
mo hinh PLR s€ duoc tinh toan PRS, sau
d6 dugc huan luyén va danh gia tuong tu
nhu phuong phap “C+T”. Diéu nay cho
thdy rd rang hiéu ning cua hai mé hinh
khi dugc dénh gia véi cung mot phuong

phap danh gia trén cling mot tap kiém thir.
IV.Két qua
4.1. Phén tang quan thé

Phuong sai cua tdm cac cum
(distortion) duoc tinh toan khi s6 cum ting
tr 1 dén 10. Tt cum thir 8 trd di, phuong
sai ciia tdm cac cum giam tuyén tinh. Theo
phuong phap khuyu tay, ta chon sb cum
t6i uu bang 8 (xem hinh 1). Ta tiép tuc
kiém tra gia thuyét 1 bang thuc nghiém
v6i phuong phap “C + T”. S6 luong PCs
thay d6i tir 4 dén 10 duoc dua vao md
hinh 2. Vi 8 PCs, AUC 16n nhat dat 0.776
(Xem hinh 2). Piéu nay chimg to véi dit
liéu hién tai va phuong phap “C + T”, ta
c6 thé lya chon sd lwong PCs chinh bang
s6 cum tbi wu ciia dir lidu kiéu gen.

le7

9.800

9.775

9.750

1 2 3 4 5 6 7 8 9 10
Number of clusters

Hinh 1. Xdc dinh s6 cum toi wu. So cum
toi wu la 8 khi phwong sai tam cua cac

cum giam tuyén tinh.
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Hinh 2. Hiéu nang cua mo hinh tuwong Hinh 4. Hiéu nang ciia mé hinh SVM-

ting véi s6 thanh phan chinh. Vi s6 RFE. AUC dat 0.783 véi 100 SNPs.

thanh phdn chinh 12 8, AUC ciia md hinh o
“C+T” cao nhat dat 0.776. V.Ket lugn

4.2. Sosanh hi¢u nang ciia cac mo Nhéim néng ?ao d? chinh xac cho dIZI

hinh doan nguy co da di trlrlyén cua roi loan p}‘16

tu ky, ching téi da tién hanh mot cach day

Doi véi phuong phap «C + T», md da cac budoc QC dir li€u theo cac nghién

hinh dat AUC 16n nhit bang 0.776 véi tap
hop 262 SNPs cé P —values < 0.001 (Xem
hinh 3). Véi phuong phap PLR, ta chon
duoc 215 SNPs sau khi rtt gon déc trung,
AUC cua mo6 hinh dat 0.75, thép hon so
v61 mo hinh “C + T”. Khi cac déc trung
duoc lua tron béng mo hinh SVM-RFE,
AUC dat gié tri 16n nhat 13 0.783 vé6i 100
SNPs (Xem hinh 4). So sanh ba mé hinh
“C + T”, PLR, va SVM-RFE cho thiy
phuong phap SVM-RFE c¢6 thé tim dugc

ctru trude day ciling nhu s dung cac mo
hinh hoc may khéac nhau dé Iya chon duoc
tap SNPs cho két quia du doan tot nhat.

1.0 [ —
1 r —
I —

0.8 - 'ug

PLR, AUC = 0.75
SVM-RFE, AUC = 0.783

True Positive Rate (Positive label: 2)

’r —— C+ T, AUC = 0.776
0.0

tép hO’p Cé.C SN Ps voi g'é. trl AUC cao nhét > lg.azlse Positi\l/):Rate (Po:i'gve Iabel:o.;_s) e
(Xem hinh 5).

0.78

Hinh 5. So sanh hiéu nang cua cac mo
ST hinh “C + T”, PLR, va SVM-RFE. M6
hinh SYM-RFE cho gid tri AUC cao nhat
12 0.783

0.77

e
N
o

e
N
o

M5 hinh truyén théng “C + T” van
cho thy su don gian nhung hiéu qua hon

e
N
»

e
N
w

mod hinh PLR trong truong hgp ap dung

e i voi dir liéu cia bai bdo. Tuy nhién, mo
Thresholds of Prvalue hinh PLR cho phép ta chon bién mét cach

Hinh 3. Hiéu nang cua mo hinh “C + tu dong ngay trong qua trinh huan luyén
T”. ACU dat 0.776 tai 262 SNPS vdi P — md hinh. Do d6, két qua cia PLR khong

value < 0.001. phu thudc nhiéu vao kinh nghiém nhu
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viéc lya chon cac ngudng P — values cua
phuong phéap “C + T”. Pac biét, phuong
phap chon bién thong qua viéc xép hang
cac dac trung cia SVM-RFE giup ta thu
duoc tap hop SNPs cho du doan tdt nhat.

Tt qua trinh thuc nghiém tinh toan
PRS str dung c4c md hinh hoc may, mot sd
g0i mo ciing nhu phuong phdp mai sé€ dugc
tiép tuc cai thién dé tang do chinh xac cho
du doan nguy co da di truyén va mo rong
pham Vi img dung cua PRS trong |am sang.
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