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Tém tat: Trong thdi gian gan day, Diém nguy co da di truyén (Polygenic Risk Score - PRS) dugc xem nhu mot cong cu
tiém ning cho y hoc chinh x4c dua trén cac bién di di truyén phd bién c6 déng gép tit nho t6i vita dbi véi nguy co méc
bénh di truyén, nhung tdng gdp cac bién di nay lai c6 thé nang cao gid tri du dodn bénh trong quan thé. Pa c6 nhiéu
phuong phap hoc may dugc dua ra nhim cai tién kha ning du dodn ctia PRS ciing nhu nhiing nd luc dé dua PRS vao
ting dung trong 1am sang. Mic du vy, viéc lua chon phuong phap mot cich hé thdng va nhiing Gng dung ctia PRS van

chua thuc su rd rang. Vi vdy, trong bai bdo tdng quan ndy, chiing toi cung cAp mot cai nhin tdng quan vé diém nguy co

da di truyén va cdc nghién ctu cai tién st dung hoc may nhim ning cao khd ning dp dung trong 1am sang clia PRS.
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Title: An Overview of Machine Learning Applications in Polygenic Risk Prediction Towards Personalized Medicine

Abstract:

In recent times, the Polygenic Risk Score (PRS) has been considered as a potential tool for precision medicine based on

common genetic variants with small to moderate contributions to the genetic disease risk, but the aggregation of these
variations can enhance the predictive value of disease in the population. Many machine learning methods have been
proposed to improve the predictive ability of PRS as well as efforts to bring PRS into clinical application. However, the
systematic selection of methods and applications of PRS are still not really clear. Therefore, in this review, we provide
an overview of polygenic risk scores and innovative studies using machine learning to improve the clinical applicability

of PRS.
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I. GIOI THIEU

Vi su phat trién clia cong nghé sinh hoc, cc nha khoa
hoc ¢6 thé dua vao dit lieu DNA dé du doan nguy cd mic
bénh & ngudi. Ngoai trit cic dot bién xdma, dif liéu DNA
khong thay d6i trong subt thoi gian sdng cla chiing ta. Vi
vdy, nguy cd mic bénh lién quan dén gen clia mot ngudi
c6 thé xuit hién ngay tir khi ngudi d6 sinh ra. Diéu d6 cho
thdy viéc xac dinh nguy co mac bénh v& gen c6 y nghia
rit 16n trong y té du phong. Ching han, mot nghién ciu
vao nim 2017 udc lugng ring c6 khoang 72% phu nit thira
hudng dot bién gen BRCAI va khoang 69% phu nit thita

hudng dot bién gen BRCA2 sé phat trién ung thu trudc tudi
80 [I]]. Viéc phat hién mot bénh nhan mang cic bién di c6
hai s& hd tr¢ bic sy dua ra 15i khuyén gitip thay d6i 16i
séng theo hudng tich cuc hoic dua ra cic can thiép phong
nglia tuy theo mic do nguy co.

V6i cac bénh do mdt gen quy dinh, viéc ude lugng nguy
cd mic bénh clia mot ngudi co thé chi la tim kiém cic
bién di c6 hai trén mot gen nao d6. Cc nghién ciiu phan
tich lién két di truyén (Genetic Linkage Analysis) da dugc
phét trién tir 1au d€ xdc dinh vi tri clia gen bénh dua trén
mbi lién két clia n6 véi cdc vi tri danh diu di truyén trén
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nhiém sic thé. Phuong phap nay da rat thanh cong khi tim
ra cdc dot bién cia mot sd bénh don gen nhu mia giat
[2l B] hay ung thu vi [4]. Tuy nhién, phan tich lién két
chua cho thiy su hiéu qua dbi véi cdc bénh da di truyén va
phd bién. Tt nim 2005, cic nghién cu tuong quan toan
hé gen (Genome-Wide Association Studies - GWAS) da bat
dau tim kiém cdc da hinh don nucleotit (Single-Nucleotide
Polymorphism, SNP) phd bién (tan s alen phu, minor allele
frequency, MAF > 1%) [SH7]. GWAS ngay cang dudc tao
diéu kién thuan i nhS su phat trién cia cic mang SNP
(SNP array) véi chi phi tuong d6i thip, cic mang nay cé
thé chia tir 200.000 dén 2.000.000 SNP [8]. Ngoai ra, qua
trinh phan tich tdng hgp cdc nghién cifu tuong quan toan
hé gen riéng 18 ciing gop phan tao ra cac bo dit lisu GWAS
ngly cang 16n hon. Cic SNP bi thiéu trén mang SNP s&
dugc b sung thong qua qud trinh suy dién théng ké tir cac
SNP da dugc quan sét va cac kiéu gen don boi (Haplotype)
ctia dif liéu tham chiéu Chinh nh& qua trinh nay ma ta c6
dudc cac tap di liéu GWAS 16n nhu UK Biobank: 96 triéu
bién di cho gin 500 nghin c4 thé ma ban dAu chi c6 khoang
800 nghin SNP dugc xdc dinh bdi ki€u gen [9]. Mic du
viy, GWAS van to ra han ché trong du dodn cdc bénh da
di truyén, cho du sir dung cic SNP c6 tuong quan cao véi
bénh thi du doadn ciing khong thyc sy chinh xac [10, [11].
Dé nang cao hiéu suit du dodn, cic nghién ctu tip trung
vao viéc lya chon tdp SNP dic trung, thuc sy anh hudng
dén bénh. Cic phuong phap truyén théng thudng dua vao
dic diém sinh hoc va théng ké, dién hinh nhu loai bd cic
SNP do mit can bang lién két hodc do di truyén cing nhau
ma khong 4anh hudng dén bénh, gitt lai cac SNP c6 tuong
quan cao vSi bénh. V6i mot bénh cu thé, mic du mdi SNP
dic trung chi 4nh hudng mot phan nhd téi bénh, nhung két
hop ching v6i nhau c6 thé gidi thich mot phan dang ké ty
1é mac bénh trong quan thé [8, [12H14].

Dé lua chon tap SNP dic trung, ngoai cac phuong phap
dua vao dic diém sinh hoc, cic phuong phap 4p dung hoc
mdy ciing dang nd ro trong thdi gian gin diy. Cu thé, ta
c6 thé dua vin d& vé bai todn lua chon dic trung [15H17],
déac biét l1a cac phuong phap lwa chon déc trung ap dung
cho dit liéu chidu cao cé sb dic trung 16n hon nhiéu sb
mau. Pa ¢ nhiéu nhém phuong phap khac nhau dugc st
dung nhu loc bang cach dit ngudng [18], loai bd dic trung
ngay trong qué trinh hoc [19-21], ciing nhu tinh dén céc
anh hudng phi tuyén [22]]. Cc phuong phép c6 thé két hop
mot cach khéo 1éo trong mo hinh dy doan nguy co da di
truyén (Polygenic Risk Scores - PRS) [23] d& du doan nguy
cd mic bénh trong mot nhém thuan tap dich sit dung théng
ké tom tit GWAS ctia mot nhom thudn tap cd sd, doc lap
v6i nhém thuan tip dich [24) 25]. Su da dang trong céc
phuong phap gép phan gitip cic nha khoa hoc c6 mot sb
nghién ctiu quy mo trong nhiing nim gan day vdi nhiéu

hon céc bénh di truyén phiic tap, cing véi d6 1a cac tap di
liéu ngay cang 16n. V&i hiéu suit md hinh du dodn ngay
cang dugc cai thién, diém nguy co da di truyén dang gép
phan vao nd lyc phan ting nguy co di truyén va c6 trién
vong ap dung rong rai trong lam sang.

Trong céc phan tiép theo clia bai bdo ching tdi sé trinh
bay vé céc kién thic co s& trong Phin [T vé tién xi ly
dit liéu trong Phan Cic cai tién st dung hoc may dé
nang cao kha nang ap dung trong lam sang clda PRS dugc
trinh bay & Phan Phan [V| dé cap dén cdc xu hudng cii
tién hiéu ning cho md hinh du dodn nguy co da di truyén
trong tuong lai. Cubi cing, ching tdi két luan bai bdo &
Phin

II. KIEN THUC CO SO
1. Nghién citu tuweng quan toan hé gen (GWAS)

Nghién ctu tuong quan toan hé gen (GWAS) la mot
phuong phdp sang loc nhanh cac chi thi phan t& trén toan
bd DNA hoic bd gen ctia nhiéu ngudi, muc dich dé tim céc
bién di di truyén lién quan dén mot cin bénh cu thé hoic
mot tinh trang ma ta quan tim. D€ thyc hién mot nghién
cuiu tudng quan toan hé gen, cac nha nghién ctu st dung
hai nhém ngudi: nhém thuin tip ca bénh (case) va thuin
tap d6i ching (control). DNA thu dudc bing cach tach triét
mau mau hoic té bio niém mac miéng cla nhiing ngudi
tham gia dugc dat trén cac mang SNP va dudc quét trén
cac may tu dong. Cac may nay nhanh chong khdo sat bod
gen ctia mdi ngudi d€ tim ra cac SNP. Néu SNP nao dugc
tim thiy & nhitng ngudi mac bénh véi tan suit cao hon so
véi nhitng ngudi khong mic bénh, thi SNP d6 dugc cho 1a
c6 mdi tuong quan dén bénh. Cac SNP nay c6 thé dong
vai tro 14 nhiing diém danh diu di truyén (makers) chi din
dén khu vuc chifa gen bénh

Do phii tuan theo quy tic bao mit ctia ting du 4n nghién
ciu va cac chinh sach bao mit thong tin ca nhan ma viéc
truy cap vao dit litu GWAS cé hai muc do:

o Miic do thng ké tém tat: bao gdm céc gid tri dai dién
cho nhiéu diém di liéu, chang han nhu mic do anh
huéng va P-value cho sy tuong quan gitta mbi SNP
v6i mot kiéu hinh ma ta quan tim. Chd y rang, miic
do anh hudng dugc biéu dién bing ty 1& chénh léch
(Odds Ratio, viét tat 12 OR) vdi tinh trang rdi rac, va
dugc biéu dién bang chi sb S véi tinh trang lién tuc.
Ngoai ra, dit liéu con bao g6m cac alen, tén SNP va
vi tri ctia ching trén nhiém sic thé.

e Miic d6 ci thé: bao gdm dinh danh ctia ca thé, bd,
me, va pha hé clia ca thé. Hon nita, di liéu cling cung
clp cic thong tin vé& gidi tinh, kiéu hinh, cic alen, vi

Uhttps://www.genome.gov/about-genomics/fact-sheets/Genome-Wide-
Association-Studies-Fact-Sheet



tri cia cdc SNP trén nhiém sic thé, khoang cich di
truyén ciing nhu cic hiép bién. D lieu GWAS & miic
dd c4 thé thuong dugc luu dudi dang céc tép dinh dang
PLINK [26, 27].

Dit liéu thong ké tém tait GWAS c6 thé dudgc tra ciiu dé dang
véi nhiéu tinh trang khac nhau trong Danh muc NHGRI-
EBI vé cic nghién ciiu tuong quan toan hé gen [28§] El
Ngugc lai, cic dit lieu GWAS & mifc dd cd thé can dudc
cAp phép d€ truy cap nhu tai nguyén trén dbGaP [29] hay
UK Biobank [9].

2. Téng quan vé diém nguy co da di truyén (PRS)

Diém nguy co da di truyén (Polygenic Risk Score, PRS)
dugc tinh bang tdng diém c6 trong sb ciia cic alen nguy
0 v6i trong sb dua trén cic miic do anh hudng tif GWAS
[24]. Cong thifc mic dinh d€ tinh PRS trong PLINK [26]
la:

trong d6 mic dd anh hudng cta SNP thi i 1a S;; s6 cac
alen anh hudng ctia SNP thii i dugc quan sit trong mau j 1a
G;,j; don boi clia mau la P (thudng 1a 2 cho ngudi); tOng
s6 SNP ctia miu j 1a N; tong s6 SNP khong thiéu dugc
quan st & mau j 12 M;. Néu mau j c6 mot ki€u gen thiéu
SNP thif i thi tan s alen phu ctia quan thé dugc nhan véi
don boi (MAF;.P) dudc st dung thay thé G j.

Nguy co
mic bénh cao

Tan suat ca thé

Do .

Nguong nguy ca PRS

Hinh 1. Biéu dé phéq phéi cia diém nguy co da di truyén.
Nhiing ca thé ¢6 PRS nim trong ngudng nguy cd & phia dudi phai
ctia phan phdi c¢6 nguy cd mac bénh da di truyén cao.

Diém nguy co da di truyén (PRS) dang dugc coi la do
do tuong dbi d€ moi ngudi c6 thé tim hiéu vé nguy co phat
trién bénh ciia ho. Ta c6 thé biéu dién céc gid tri PRS dudi
dang biéu dd phan phdi tan suit ma mot cd thé c6 nguy co
mic bénh cao sé nim trong ngudng nguy cd & dudi phai ctia
phan phdi (Xem hinh . Tuy nhién, do chinh x4c cuia cac
du doan nguy co mac bénh dbi v6i cac nhém ngudi 1a khac
nhau do né phu thudc vao su diy di cta dit lieu GWAS.

Zhttps://www.ebi.ac.uk/gwas/
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Tinh dén nim 2018, phan 16n cdc nghién ciu tuong quan
toan hé gen da dugc thuc hién vdéi ty 1& sb luong cé thé dua
trén sic tdc bao gdm 78% ngudi chau Au, 10% ngudi chau
A, 2% ngudi chau Phi, 1% ngudi gbc Tay Ban Nha va tat
ca cdc sic toc khac chi chiém nhoé hon 1% GWAS [30].
Ngoai ra, PRS ciing chi ra dong gép ctia cic yéu td da di
truyén ddi v6i mot kiéu hinh ma dit lieu GWAS khong phat
hién dugc. Vao nim 2009, mét GWAS cho bénh tim than
phan liét do Purcell va cic dong nghiép thuc hién da tim
thiy chi mot SNP tuong quan véi kiéu hinh, mic di bénh
nay dugc biét dén nhu 13 mot bénh c6 tinh di truyén cao.
Tuy nhién, bang cach xdy dung mot PRS st dung céc két
qua GWAS va kiém tra diém nguy co da di truyén trong tap
dit liéu doc 1ap khac, Purcell da ching minh ring c6 mot
dong gop da di truyén tSi bénh tAm than phan liét [31]. Do
d6, phan tich da di truyén cho thiy dit lieu GWAS & giai
doan diu 12 chua dd manh, ma chiing ta can c6 ¢ mau 16n
hon [32]. Muc dich khic ctia viéc st dung PRS 1a d€ kiém
tra mbi tuong quan gitta cic SNP v6i mot kiéu hinh khac
v6i ki€u hinh duge st dung trong GWAS. K§ thuat nay cho
phép céc nha nghién citu ching minh ring c6 su dong gép
da di truyén chung gitta hai tinh trang. Cu thé, Purcell da
chiing minh rang c6 su dong gop di truyén chung giita bénh
tdm than phan liét va r6i loan ludng cuc (xem Hinh .

Néu nhu nghién ctiu ctia Purcell di chi ra mot s6 dic
diém co ban 1a nén moéng cta PRS thi gan day mot sd
nghién cttu 16n da cai thién mot cach dang k€ do tin cay
ctia két qua du doan. Nim 2018, Amit V. Khera va cic dong
nghiép da di st dung di liéu di truyén toan bo hé gen va
cdc phuong phdp suy dién théng ké dé€ ddnh gia hang triéu
bién di di truyén phd bién lién quan dén 5 bénh phd bién:
dong mach vanh, rung nhi, tiéu duodng loai 2, viém rudt,
va ung thu vi. P6i v6i mbi bénh, ho di 4p dung mot thuat
toan tinh diém nguy co da di truyén tif tit c cdc bién di
dé€ phan 4nh tinh nhay cam di truyén cia mot ngudi dbi
v6i nhitng bénh nay [33[]. Nam 2019, mdt nghién ctu véi
272 tac gia va td chifc st dung dit lieu GWAS vé ung thu
vii dudc coi 1a 16n nhét véi tap hop tit 69 nghién ciiu gdm
94,075 miu bénh va 75,017 miu dbi ching. Két qua da
tim ra dugc 313 SNP cho tinh todn PRS tdt nhét v6i AUC
dat 63%, do tin cay 95%. Ngoai ra, nhom tac gia da phan
tang nguy cd mic bénh dua trén ca lich sit gia dinh va cdc
yéu td nguy co khac [34]. Mot sb nghién ciiu dot pha trong
lich st phat trién cla phuong phép tinh diém nguy co da
di truyén & trén dudc tom tit trong Béng

D€ xay dung mo hinh tinh diém nguy co da di truyén ta
can hai loai dit lidu:

o Dii liéu co s6 (base data): bao gom cic théng ké tém
tt cia GWAS (vi du, B, OR, P-values) cla tudng quan
kiéu gen-kiéu hinh tai mot bién di di truyén (SNP).

« Dii lidu dich (target data): kiéu gene, ki€u hinh clia
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Bang I
CAC NGHIEN CUU bOT PHA TRONG TINH TOAN PRS.

Hop 1 | Mét sb khai niém co ban

STT Tac gia Nam Noi dung

Xac dinh anh hudng da di truyén
1 S. M. Purcell | 2009 | chung giita bénh tdm than phan liét
va rbi loan ludng cuc [31].

DPanh gia hang triéu bién di phd
2 A.V.Khera | 2018 | bién lién quan dén nim bénh da
di truyén phé bién [33].

Phén tang nguy co ung thu vi dua
3 N. Mavaddat | 2019 | trén dif liéu 16n ctia miu bénh va
mau dbi ching [34].
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Tam thin phéan liét R&i loan ludng cwc  Khong tam than

Hinh 2. Céc thanh phan da di truyén véi cic mau doc lap cha
bénh tam than phan liét va ri loan ludng cwe. C6 sy dong
g6p da di truyén chung giita bénh tdm than phéan liét va r6i loan
ludng cuc. Hinh anh dugc tham khao tir nghién citu cia Hiép hoi
Tam than Qubc t& [31].

cac c4 thé.

Mot bénh phat sinh ngoai nguyén nhan do di truyén thi
con c6 cdc nguyén nhian khic nhu moi trudng, 16i sbéng. ..
Do d6 bénh khong chi duge du dodn hoan toan nhg cac
yéu t6 di truyén, ma cic yéu t6 nay chi chiém mot ty 1&
nhit dinh h* (ciing dugc goi 1a hé s6 di truyén SNP: £3 .,
xem dinh nghia & hop 1). Vi viéc xdc dinh tap bién di 4nh
hudng hoic udc lugng mic dd anh hudng c6 thé chua chinh
xdc, cling nhu ¢ su khac biét giita cdc mau co s8 va cac
miu dich ma ty 1& dy dodn cia PRS nhé hon h%, . D&
dam bio md hinh PRS ¢6 dugc hiéu suét du dodn cao ta
can kiém tra ky ludng va tién xi 1y dit liéu theo cac tiéu
chi sau:

« Cic mau trong dif liéu co s& va dif liéu dich can doc
lap v6i nhau.

o Di liéu co sé va di liéu dich c6 cac vi tri SNP dudc
xdy dung tif cing modt hé gen tham chiéu.

Alen nguy co (Risk Allele): alen cia SNP
lam ting nguy co mic bénh. Mot alen anh
hudng chi la alen ¢6 tuong quan véi bénh va
c6 thé ting hodc gidm nguy co.

Tan s6 alen (Allele Frequency): ty 1& cic
nhiém sic thé mang alen d6 trong mot quan
thé.

Tan s6 alen phu (MAF): tin s6 ma alen phd
bién thd hai xuit hién trong mot quin thé
nhét dinh.

Bién di nhin qua (Causal Variant): bién di
tai mot vi tri xac dinh trong nhiém sic thé c6
tuong quan manh véi ki€u hinh, cic bién di
ndy thuc su c¢6 anh hudng sinh hoc dén kiéu
hinh [35].

Mic do anh hudéng (Effect Size): mic do
tuong quan gitia tan sb alen cta bién di véi
mot bénh nao do.

He s6 di truyén (Heritability): mic do giai
thich ctia cic yéu t6 di truyén vé6i ki€u hinh
trong mot quan thé (ky hiéu: h? hodc h%
[36].

Mit can bang lién két (Linkage
Disequilibrium, LD): thuéc do su két
hop khong ngiu nhién gilia cic alen & cac vi
tri khac nhau trén cing mot nhiém sic thé
trong mot quan thé nhit dinh. Cac SNP c6
trong LD khi tan s6 tuong quan clia cic alen
cua chung cao hon mong dgi [27].

Phian ting quin thé (Population
Stratification): sy hién dién cda nhiéu
quan thé con (vi du: cdc cd nhan c6 ngudn
gbc dan toc khac nhau) trong mot nghién ciu.
Su phan ting quan thé c6 thé din dén cic
tuong quan duong tinh gia.

ROC (Receiver Operating Characteristic
Curve): dudng cong dic tinh biéu dién tuong
quan gita duong tinh gia va duong tinh that
vGi cac ngudng nao do [37, 38].

AUC (Area Under the Curve): dién tich duéi
dudng ROC, gia tri AUC nam trong khoing
(0, 1), gia tri nay cang 16n thi hiu qua cua
mo hinh cang cao [39].

Precision: ti 1¢ s6 di€m duong tinh that trén
s6 diém dugc phan loai 1a duong tinh (duong
tinh that + duong tinh gia).

Recall: ti 1& s6 diém duong tinh that trén s6
diém thuyc su 1a duong tinh (duong tinh that +
am tinh gia).

Opverfitting: hién tugng mdé hinh tim dudc
quéa khép véi dit lieu huin luyén din dén do
chinh xdc ctia du doan khong con tbt trén dit
liéu kiém thii. Vi tin sd alen c6 thé khac nhau
gitta cac quan thé€ con nén su phan ting quin
thé c6 thé din dén céc tuong quan duong tinh
gia.

Np)




« Thuc hién day dd qua trinh kiém soét chit lugng cho
dit lidu co sd va di lidu dich.

Ngoai ra, phan tang quin thé, yéu t6 gdy nhiéu trong

GWAS, lai ¢6 thé dudc sit dung d€ tinh toan PRS t6t hon.

3. Ung dung ciia PRS trong cong nghiép

PRS c6 thé dugc wng dung dé€ du dodn nguy co mic
bénh trong cong nghiép tif miu nudc bot hodic miu mau
st dung cong nghé dinh kiéu gen (Genotyping) khong ton
kém. Mic du vay, PRS khong bao gid ¢6 thé du doan chic
chin vé tinh trang clia cdc bénh phd bién phic tap vi cic
yéu tb di truyén chi déng gép mot phan nguy co va PRS
cling chi nim bat dugc mot phan cic déng gép di truyén
d6.Tuy nhién, cling gibng nhu y hoc 1am sang sit dung vo
s6 c4c bién phap du doan khac, PRS dong mdt vai tro déng
ké nhu 14 mot phan ciia cac thuit toan du doan da bién [40]).

Bang II )
10 BENH HOAC TINH TRANG Y TE PUQC FDA
THONG QUA CHO CAC XET NGHIEM VE NGUY
CO MAC BENH DI TRUYEN CUA 23ANDME.

Bénh Mo ta

R&i loan hé théng than kinh anh
huéng dén chuyén dong

Parkinson

Ching r6i loan nio tién trién pha
hiy tri nhé va ky nang tu duy

Alzheimer khéi phat mudn

R&i loan din dén khong thé tidu
hoéa gluten

Celiac

Thiéu Alpha-1 antitrypsin

R&i loan lam ting nguy co mic
bénh phéi va gan

Loan truong luc ¢ nguyén
phat khéi phat s6m

R&i loan van dong lién quan dén cic
con co that co khong tu chu va cac
cli dong mat ki€ém soat khac

Thiéu yéu t6 XI

R&i loan déng méu

Gaucher loai 1

R&i loan co quan va md

Thiéu hut Glucose-6-
Phosphate Dehydrogenase

Con dugc goi la G6PD, mét tinh
trang hdng cau

Huyét sic t6 di truyén

R&i loan qué tii sat

Mau khé dong di truyén

R&i loan dong méu

Nim 2017, Co quan Quan ly Thuc pham va Dugc phim
Hoa Ky (U.S. Food and Drug Administration - FDA) da cho
phép tiép thi cic xét nghiém nguy co stic khoe di truyén
(Genetic Health Risk, GHR) cta dich vu hé gen cd nhan
23andMe d6i véi 10 bénh hoic tinh trang y t& (Xem Béang
. Pay 1a cic xét nghiém dau tién dudc FDA cho phép
cung cép thong tin vé khuynh huéng di truyén clia mot ca
nhan d6i v6i mot sb bénh hoic tinh trang y t& nhit dinh
Cic xét nghiém GHR ciia 23andMe hoat dong bang céch
phan 1ap DNA tif miu nudc bot, sau d6 dugc kiém thir véi
3https://www.fda.gov/news-events/press-announcements/fda-allows-

marketing-first-direct-consumer-tests-provide-genetic-risk-information-
certain-conditions
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hon 500,000 bién di di truyén. Sy hién dién hodc ving mit
ctia mot sd bién di nay c6 lién quan dén viéc ting nguy co
phét trién ctia bénh.

Tai hodi nghi South by Southwest (SXSW) 2019,
23andMe di thong bdo ho sé cung cAp phan tich nguy
co dua trén di truyén v6i bénh ti€u duong loai 2 cho hang
triéu khach hang. Thong tin di truyén tif cic ca nhan véi dit
liéu lién quan dén stic khée ciing hd trg viéc xay dung cic
mo hinh thdng ké cho tinh toan PRS va du dodn cic tinh
trang va cic tinh trang y té khac nhau tit mot DNA c4 nhan.
Dic biét trong bdo cio vé bénh tiéu dudng loai 2 vao nim
2022, 1.1 triéu khach hang ctia 23andMe da dong y tham
gia nghién cdu gitip tao ra co s dif liéu ki€u gen-kiéu hinh
16n vé6i 11,999 bién di di truyén. Nho dé, cidc nha nghién
ctiu ctia 23andMe da nang cao dugc do chinh xdc trong
tinh todn PRS véi hon 1000 bién di lién quan dén bénh El

IIL. TIEN XU LY DU LIEU
1. Kiém soat chat luwgng (Quality Control, QC)

Do chinh xdc du doan cia PRS phu thudc 16n vao chit
lugng cla dif liéu co s6 va dit liéu dich. Do dé, da c6 nhiéu
nghién ctiu cho qué trinh ki€ém sodt chit lugng (Quality
Control, QC). Ca hai tap dit liéu thuong dudc tién hanh
QC v6i cac tiéu chudn QC chung cua GWAS [27 41} 42].
Vao nim 2020, Shing Wan Choi va cic dong nghiép da chia
ra ba cip QC lién quan dén ting loai dit liéu [43]]. Dua vao
cac budc QC tu nhiing nghién ctdu trudc day, chuing téi da
sap xép lai d€ dua ra mot quy trinh kiém soat chit lugng
rd rang va ddy da (Xem Hinh [3).

« QC chi lién quan dén dit liéu co s6: gdm kiém tra
hé s di truyén va xdc dinh cic alen anh hudng.

« QC chi lién quan dén dit liéu dich: ¢3 miu dugc
khuyén nghi 16n hon hoic biang 100 [44] va than trong
v6i nhitng phéan tich st dung dit liéu cd sé co hg NP
thip v ¢d miu dif liéu dich nhé. Mit khac, can kiém
sodt chit lugng trén mot sb tiéu chi nhu: i 18 kiéu gen
(Genotyping Rate > 0.99), ty 1&é miu thiéu (Sample
Missingless < 0.02), can bing Hardy-Weinberg (P >
1079), loai bd nhiing c4 thé c6 hé s6 F (dai dién cho
ty 1& di hop ti) 16n hodc nhd hon 3 1an do 1éch chuin
so véi trung binh, loai bd cac SNP tuong quan véi
r? > 0.25.

« QC tiéu chuin: dp dung cho ca dit liéu co s3 va
dit liéu dich. Do dit liéu 16n, ta cAn dam bao dit liéu
khong bi 16i trong qua trinh tdi hodc chuyén tép. Céc
dit liéu can dude QC theo cic tiéu chi chung cho dit
lisu GWAS nhu: tan sb alen phu (MAF > 1%, hoic
MAF > 5% néu sb lugng mau dich nhé hon 1000),
diém thong tin (Info Score) bd sung (Imputation) 16n

“https://blog.23andme.com/23andme-research/screening-for-t2d/
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hon 0.8. Ngoai ra, ta can loai bd céc ca thé c¢6 su khéc
biét gidi tinh, x& ly cac SNP khong khdp, loai bd céac
SNP trung ldp, loai bé cdc miu trung 13p hodc céc
mau cé quan hé ho hang.

Dt liéu co sé va dir liéu dich sau khi duge QC riéng sé
tham gia qua trinh QC tiéu chuin d€ tao ra dit liéu cubi
cung phuc vu cho tinh toan diém nguy co da di truyén.

2. Kiém soat mit can bang lién két (Linkage Disequi-
librium, LD)

Sau qua trinh QC trén dit liéu co s va dit liéu dich va
dinh dang cdc tap dif liéu mot cach phu hop, ta can lya
chon mot tp hdp cdc SNP 4nh hudéng trén toan hé gen dé
phuc vu tinh toan PRS. Cong viéc nay kha phtc tap do mbi
tuong quan giita cac SNP dugc sinh ra tit sy mit cin bing
lién két. Ta c6 thé lua chon tap hop ciac SNP anh hudng
thong qua:

o Tinh todn mit cin bing lién két (Linkage Disequilib-
rium, LD).

o Thu hep muc d6 anh hudng dugc udc lugng bdi GWAS
(Shrinkage).

Phuong phap truyén théng thudng dugc st dung 1a "Nhém
va bit ngudng" ("Clumping and Thresholding", hay con goi
la "C+T"). Cac kiém dinh mbi tuong quan trong GWAS
dugc thuc hién ting SNP mot, trong khi ciu tric tuong
quan trén toan bo hé gen rat phic tap, nén viéc uéc luong
céc tac dong di truyén doc 1ap 1a mot van dé thach thic.
Cac SNP ¢6 thé duge "Nhém" ("Clumping”, C) bdi cong
cu PLINK d€ chon ra cac SNP c6 mbi tuong quan thip véi
nhau. Trudc tién, Clumping chon ra mot SNP dac trung
dugc goi 1a SNP chi muc (SNP index) va tinh toin mbi
tuong quan giita SNP niy véi cic SNP gan d6 (trong mot
khoang céch di truyén vi du 250kb). Sau d6 né loai bd céc
SNP gan d6 néu méi tuong quan giita ching 16n hon mot
ngudng nhit dinh (vi du > = 0.2, [32]). Nhu viy, budc
Clumping gitip loai bd dit liéu du thita do mit can bing
lién két (LD) gay ra. Tap hop SNP ctia GWAS tuong quan
v6i ki€u hinh dudi mot ngudng P-value ndo d6 sé dugc lua
chon dé€ tinh todn PRS, phucng phdp nay con dugc goi 1a
"Pit ngudng" ("Thresholding", T). Vi khong thé xac dinh
trudc ngudng P-value tdi uu, nén nhiéu tip SNP véi nhiéu
ngudng P-value khac nhau sé dudc 1an lugt dugc dua vao
mo hinh huin luyén. Mé hinh nay con c6 su déng gép cla
cac hiép bién va cic thanh phan chinh cla tip dich dudc
tinh todn dua trén phan tang quan thé. Ngudng P-value nao
cho ra dugc do chinh xdc du dodn cao nhét thi tip hop cic
SNP tuong ung v6i ngudng do sé dudc lya chon cho tinh
toan PRS [24, 31}, 45].

Uu diém ciia phuong phap "Nhém va Pit ngudng" 1a
tbc do tinh todn nhanh do céc tap dif liéu tuong ting véi

cdc ngudng khac nhau c6 dang ma tran (cic hang la céac
ca thé, cac cot 1a cic SNP) dugc chuyén vé mot vec to ma
mbi phan td 12 diém nguy co da di truyén cla tiing cé thé.
Tuy nhién, nhudc di€ém 16n cta phuong phdp nay la viéc
lga chon cac ngudng hoan toan dua trén kinh nghiém, vi
viy khé tim ra mot cich dit ngudng nhit quan cho cdc
nghién ctiu khdc nhau. Hon nita, phuong phdp vin c6 thé
bd sét cac SNP ngoai pham vi cia ngudng nhung thuc sy
4nh hudng dén bénh.

Thay vi dua vao kinh nghiém d€ lua chon céc tap SNP,
mot loat cac phudng phap thu gon stt dung hoc may da duge
phit trién dé c6 thé loai bd cac SNP khong anh hudng dén
ki€u hinh ngay trong qua trinh hoc. Ngoai ra, cdc phuong
phdp méi nhét di su vao viéc tim hiéu cic dic diém sinh
hoc két hop véi hoc mdy dé giit lai nhiing SNP thuc su
c6 anh hudng dén bénh cho du ching c6 thé khong doc
1ap v6i nhau. Mot s6 phuong phép ciing gép phan céi thién
kiém sodt mét can bang lién két (Xem Phan [IV).

IV. NHONG CAI TIEN SU DUNG HOC MAY PE
NANG CAO KHA NANG AP DUNG TRONG LAM
SANG CUA DU POAN NGUY CO PA DI TRUYEN

Mic du PRS dudc tao ra tur cac nghién ciiu hé gen quy
mo 16n, nhung do su phic tap cia yéu t6 da di truyén két
hop véi cic yéu t6 mdi truong ma viéc dp dung 1am sang
& quy mo rong cia PRS db6i mit véi nhiing thach thic
ding ké. D€ ning cao khi ning st dung clia PRS trong
lam sang cic nha khoa hoc di dua ra mot sb cich tiép
can khiac nhau. Cach tiép can thi nhit, du doan chi dua
trén cac SNP c6 tuong quan cao véi bénh da biét trong
dit liéu GWAS. Cich tiép can thd hai, cic phuong phap
chon bién va hoc mdy dugc phat trién dé€ thu hep tap SNP
[46] st dung cdc ky thuat diéu chinh/thu hep trong thong
ké nhu LASSO hoidc hdi quy Ridge (Ridge Regression)
[47), hoic st dung cich tiép can Bayes thong qua viéc xic
dinh phan phdi [46] [48]. Céch tiép can thi ba, mo6 hinh du
doan tinh dén ty 1& clia cac bién di nhin qua trong tong
s6 bién di di truyén nhu phuong phiap LDpred. Hiéu ning
clia cdc md hinh dudc danh gid trong Nghién ctu Dich té
hoc Di truyén vé& Stic khoe Ngudi trudng thanh va Lio héa
(the Genetic Epidemiology Research on Adult Health and
Aging, GERA) [49] dudc gidi thiéu & Bang

Hién nay, cic phuong phap chi trong hon dén viéc xic
dinh cic bién di anh hudng thuc su dén kiéu hinh va tim
cach danh trong s6 phu hop cho céc loai bién di nhu: ciy
hdi quy ting cuvng gradient va diéu chinh mét cin bang
lién két (GrabBLD) [50], du doan di truyén da bién véi
ngudng tron [51]], x4c dinh cdc di€ém danh diu di truyén
[52]. Mit khic, diém nguy co da di truyén thudng cung
cip mot do do tuong d6i vé nguy co dudc danh gid & cp
dd mot nhém ngudi chit khong phéi & cip do cd nhan [53]]
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ia 3 No a arn s
gg léﬁll'mc;‘ s& da — QC chi cho dif liéu co'sé Dif liéu dich da QC chua?
QC chi cho dit liéu dich Yes
Dit liéu cd’ sé trén mot
tinh trang hay khéng? >
No . .
—* QC tiéu chuan

Chay phan tich GWAS da tinh
trang (Vi du: GenomicSEM
hodc MTAG).

QC CHi CHO DU LIEU CO SO
* Bam bao b*,, > 0.05
* Xéc dinh cac allele anh hudng.

QC TIEU CHUAN
« MAF = 0.05 (hodc 0.01 néu sd mau > 1000), info score = 0.8.
« Xit Ij céc SNPs khang khdp giita hai tap dif licu.
+ Loai bo cac SNPs tring 13p va khong ro rang,

* Loai bo cac mdu tring lap va cac mau co quan hé gia dinh gitta hai t3p dir ligu.
» Loai bé cdc nhiém sic thé gidi tinh va cdc mau co gidi tinh khing khdp.

QC CHI CHO DU LIEU BICH
* 56 mau 1én hon 100.
= Ty 1& kiéu gene (genotyping rate) > 0.99.
* Ty 1& mdu thigu (sample missingness) < 0.02.
« Can bang Hardy-Weinberg: P > 1.10%
« Di hop tir véi do léch chun 1a 3
* Loai bo cac SNPs tuong quan vdi r* > 0.25

Hinh 3. S¢ dd kiém soat chit lugng cho tinh toan PRS. Trudc tién, dif liu dich va dif liéu co s§ dudc tién hanh QC riéng, néu dit
liéu co sé dugce xdy dung trén nhicu tinh trang thi ta can chay phan tich GWAS da tinh trang. Sau d6, ca hai tip d liéu dugc QC tiéu

chuéin dé tao ra mot tap dif liéu phuc vu cho tinh todn PRS.

nén viéc 4p dung PRS trong ldm sang nhu mdt cong cu
du doan kha ning mic bénh clia c4 nhan gip nhiing khé
khin nhét dinh. D€ gidi quyét van dé nay, phuong phap udc
lugng gidi han tin ciy da cho phép tinh toan gia tri xdc suit
c6 diéu kién cla tinh trang bénh trén tiing c4 nhan [53].
Dic biét, phuong phdp hoc siu ciing cho thiy sic manh
trong viéc du doan nguy cd mac bénh da di truyén khi so
sanh v6i mot loat cdc phucng phdp hoc mdy trudc d6 [54].
Trong khuon khd bai bdo, chiing tdi sé gidi thiéu chi tiét
hon mot vai phuong phéap dién hinh gan day st dung hoc
mdy dudc liét ké trong Bang

1. Mé hinh hoi quy logistic phat (Penalized Logistic
Regression, PLR)

Nhém nghién citu cia Florian Privé da dua ra mo hinh
hdi quy logistic phat (Penalized Logistic Regression, PLR)

d€ cai thién hiéu qua cho tinh todn PRS [53]. Trong md
hinh nay, ham diéu chinh L2 ("Ridge") c6 tic dung thu nhd
cdc hé s6 va ham diéu chinh L1 ("LASSO") dua cic mot
phan cic hé sb vé gid tri 0 va c6 thé dudc st dung dé€ chon
bién ngay trong qua trinh hoc. Két hop giita cdc ham diéu
chinh L1 va L2 ("Elastic-Net") rit hiéu qua trong trudng
hop s6 lugng SNP 16n hon rit nhiéu sé lugng mau.

Cu thé, bai toan dudc dua vé udc luong cic hé sb o, B
dé cuc tiéu héa ham tén that dudc diéu chinh

n
L(,@) == (yilog(z) + (1= y)log(1 - z)
i=1
1
+ (1= a) 115 +allBlh)
trong d6 z; = 1/(1 + e~ Bo+xi B)) x biéu dién kifu gen va

cdc hiép bién (vi du: cdc thanh phan chinh, tudi, gidi tinh),
y 1a tinh trang bénh, A va « 13 hai siéu tham s6 diéu chinh.
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Bang III
SO SANH HIEU NANG CUA CAC PHUONG PHAP THUQC
BA CACH TIEP CAN KHAC NHAU TRONG TINH TOAN PRS
VvOI DU LIEU GERA. BANG SO SANH PUGC THAM KHAO
TU NGHIEN CUU CUA M. THOMAS VA CAC PONG NGHIEP

Céc phuong phap tinh PRS | Sé biéndi | AUC (95% CI)

Cach tiép can 1: Cac bien di GWAS da biét

Cac bién di da biét [ 140 [ 0.629 (0.613-0.645)

Cach tiep can 2: Lua chon SNP va Hoc may

Ridge 10000 0.633 (0.617-0.648)

Lasso 10000 0.629 (0.601-0.646)

Elastic Net 10000 0.630 (0.612-0.641)

XGBoost 10000 0.629 (0.614-0.643)

Cach tiép cin 3: LDpred

LDpred | p =1 1180765 0.620 (0.603-0.637)
p =03 1180765 0.625 (0.608-0.642)
p=0.1 1180765 0.628 (0.611-0.645)
o =0.03 1180765 0.635 (0.619-0.651)
p =001 1180765 0.646 (0.630-0.662)
p = 0.005 1180765 0.649 (0.633-0.664)
p = 0.003 1180765 0.654 (0.639-0.669)
o = 0.001 1180765 0.643 (0.628-0.658)

Véi LDpred, p 1a ti 1& cac bién di nhan qua trong tdng sb bién di

ctia bénh ung thu dai truc trang (Accurate colorectal cancer, CRC).

Dii liéu dudc st dung 1a kiéu gen thuc t& clia cac ca thé
ngudi chau Au tit nghién citu dua trén thuin tip ca bénh
va thuan tip d6i ching cho bénh Celiac [56]. PE loai bd
su phan ting di truyén giy ra bdi phan ting quan thé, cic
tdc gid chi sit dung 15,155 ca thé vé6i 4,496 miu ca bénh
va 10,659 méu dbi ching sau khi loc; ca hai thuan tap nay
chwra 281,122 SNP.

Nhém nghién cttu da xay dung ba kich ban md phong
dé xét dén su dnh hudng cta cic yéu tb da di truyén ciing
nhu ¢ miu dén két qua du doan. PLR cho thiy hiéu qua
du doan tot hon "C+T", gi4 tri AUC (xem hop 1) cao hon,
trong hau hét cic kich ban ngoai trit mot vai trudng hop
yéu tb da di truyén cao va hé s di truyén thip. Ngoai ra,
nhém nghién ciu ciing da phét trién hai géi cong cu trén
R Ia bigstatsr va bigsnpr. Vin dé bo nhé dudc gidi quyét
bing cach st dung dinh dang dif liéu dugc luu trit dudi
dang tép nhi phan. C4c chic ning dudc cung cip trong cic
g6i cong cu nay déu dugc song song héa. Trong khi géi
bigstatsr cung cip cac thudt todn tiéu chuin trong phén tich
théng ké thi goi bigsnpr dudc xdy dung trén géi bigstatsr
cung cip cic thuat toan danh riéng cho GWAS.

2. Cay hoi quy ting cudng gradient va diéu chinh
mét can bang lién két (Gradient Boosted and LD,
GraBLD)

Mot phuong phap méi st dung céc k¥ thuat hoc may dua
trén cay hdi quy ting cudng gradient va diéu chinh mét can
bang lién két (Gradient Boosted and LD, GraBLD) dé ting
hiéu qua du dodn nguy co da di truyén. Day 1a lan dau
tién ma cay hoi quy ting cudng Gradient dugc st dung dé
tdi uu hoa trong sé ctia SNP két hop vé6i viéc diéu chinh

cdc ving giy ra bdi su mit can bang lién két [50]. Mot sd
ké qui kha quan ctia GraBLD 4p dung véi cac bd dit liéu
tuong ung voi céc tinh trang khac nhau dugc liét ké dudi
day:

o Dit lidu théng ké tom tit tit Piéu tra di truyén cdc
tinh trang nhan tric hoc (Genetic Investigation of
Anthropometric Traits, GIANT) cho tinh trang chiéu
cao va tinh trang trong lugng co thé trén binh phuong
chiéu cao (Body Mass Index, BMI) trong nghién cifu
ctia UK Biobank [57] (130 nghin cd thé; 1.98 triéu
SNP): GrabBLD giai thich dugc tuong tng 46.9% va
32.7% clia toan bd phuong sai da di truyén.

« Dif liéu théng ké tom tat tir phan tich tdng hop
va sao chép di truyén bénh tiéu dudng (Diabetes
Genetics Replication And Meta-analysis, DIAGRAM)
trong nghién ciu UK Biobank: dién tich duéi duong
cong dic tinh (AUC) 1a 0.602.

GraBLD vugt trdi hon cdc phuong phap tinh diém truyén
théng khi 4p dung d€ du doan chiéu cao (p < 2.2 10716)
vi BMI (p < 1.57 + 107%), va tuong duong v6i LDpred
dbi v6i bénh ti€u dudng. V& mit phuong phdp, ciy hdi quy
tang cuong gradient la phuong phdp manh mé va linh hoat
két hop céc phan loai yéu dé€ tao ra mot phuong phép hoc
manh cho du doan dau ra 1a bién lién tuc. GraBLD c6 kha
ning cai thién cic trong s6 SNP trong diém nguy co da di
truyén ma khong yéu cau kiéu gen ¢ miic do ca thé vi n6
c6 thé mo hinh héa cic mdi quan hé phi tuyén ma khong
can lua chon dic trung.

3. Du doan di truyén da bién véi ngudng tron
(Smooth-Threshold Multivariate Genetic Prediction,
STMGP)

Nghién ctu clia Yuta Takahashi va cidc dong nghiép
vao nam 2020 da dua ra mot thuit toan du doan mdéi, du
doén di truyén da bién v6i ngudng tron (Smooth-Threshold
Multivariate Genetic Prediction, STMGP), thuit toan da cai
thién do chinh xéc trong viéc du doan céc ki€u hinh bénh
than kinh da di truyén bing cich giam overfitting (Xem
dinh nghia trong hop 1) thong qua viéc lua chon céc bién
di va xdy dung md hinh hodi quy phat [51]. M6 hinh du dodn
stt dung tap huén luyén gdm 3685 ngudi & quan Miyagi, tap
kiém thtt doc 1ap gom 3048 ngudi ¢ quin Iwate tai Nhat
Ban. Trong d6, ki€u hinh 1a cdc triéu chiing trim cdm va
céc kiéu hinh dugc md phong véi do phiic tap khac nhau
va su phan b6 miic d6 anh hudng khic nhau ctia cic alen
nguy co (xem dinh nghia trong hop 1).

Nghién ctiu di chi ra nguyén nhan khién cic nghién ctiu
di truyén trudc day bi han ché trong viéc du doan céc kiéu
hinh ctia bénh tdm than bing cich xem xét hai loai bién di
chii yéu (Xem Hinh :
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Bang IV
CAC NGHIEN CUU NOI BAT GAN PAY SU DUNG HOC MAY PE CAI THIEN PO CHINH XAC CUA DU POAN BENH DA DI TRUYEN.
STT | Tén nghién ciru Tac gia Nam | Phuong phap | Noi dung chinh
Machine-learning heuristic to St dung cdy hoi quy tang cudng gradient va diéu chinh
1 improve gene score prediction of G. Paré 2017 | GraBLD mét can bing lién két d€ ting hiéu qua du dodn nguy
polygenic traits cd mic bénh da di truyén.
Efficient Implementation of St dung md hinh hoi quy logistic phat véi dit liéu kiéu
2 Penalized Regression for F. Privé 2019 | PLR gen-kiéu hinh va céc hiép bién dé chon céc dic trung
Genetic Risk Prediction ngay trong qua trinh hoc.
Machine learning for effectively Phuong phap gitp gilt lai cac bién di nhay thuc sy cé
3 avoiding overfitting is a crucial Y Takahashi | 2020 | STMGP z’mh. hLﬂr()n,g dé& bér.lh:nhung co t.LEdng,quan vGi n}laLE, va
strategy for the genetic prediction loai bo céc bien di rong bang viéc danh trong so céc
of polygenic psychiatric phenotypes tap bién di va xay dung hoi quy ridge.
Ffl;)r:ﬁ:ﬁ?crﬁ Esgg)fné:dﬁ;ii;oiﬁz Dga vao do d9 NCM dugc zipﬂdl_mg trép tap hiéu chinh
4 . . J. Sun 2021 MCCP dé tim xdc suat ma mot ca thé thudc vé mot 16p, tir do
confidence bounds of risk P A « .
L xé4c dinh dugc gidi han tin cdy ctia mot du dodn.
prediction
M0 hinh dudc chiing minh la hoat dong tot hon cic ky
Deep neural network improves the thuat hoc mdy va cdc thudt todn thdng ké truyén théng
5 estimation of polygenic risk scores A. Badré 2021 | DNN nhu BLUP, BayesA va Ldpred nhd tao ra dugc hai
for breast cancer phan phdi chudn cla hai 16p c6 trung binh khac biét va
tinh dén céc anh hudng phi tuyén.
Improving the Utility of Polygenic é(lfl}l; dtL;mgt.r;rthdgu};ltrH{}f l?,c ‘:f danh/ tr(l‘)(rlgtgofihw
6 Risk Scores as a Biomarker for D. Vlachakis | 2021 | Biomarker " tao tien €e cho vice ap dung cac &y thugt hoc
Alzheimer’s Disease mady trong viéc nang cao do chinh xdc cua du doan
AD, ciling nhu cédc bénh da di truyén khéc.

« Bién di nhay thuc su: 1a cic bién di anh hudng dén
bénh. Trong d6, c6 cic bién di nhay thuc su doc lap
v6i nhau (mau cam) va céc bién di nhay thuc su tuong
quan v6i nhau (mau vang). Cac bién di nay lam ting
dd chinh xac ctia du doan.

« Bién di réng (mau xanh): 1a cic bién di khong anh
hudéng dén bénh. Céc bién di rong lam giam do chinh
xac cua du doan.

Do kha niing gidi han trong viéc phan biét cac bién di nhay
thuc su v6i cac bién di rng, nén mo hinh c6 thé khép mot
s6 lugng 16n nhiéu 1a céc bién di réng, két qui din dén
overfitting (Xem dinh nghia trong hop 1). Pay chinh la
vin d& cta cdc nghién ctiu vé PRS truéc d6 khi né uéc
luong qua mic mot sd lugng 16n cac bién di rdng két hop
véi céc bién di dugc nhém trong qua trinh Clumping (Xem
Phan [[I1.2)), ciing nhu loai trif cdc bién di thuc sy nhay
tuong quan v6i nhau nhung c6 lién quan dén bénh.

STMGP xdy dung md hinh du doan dua trén tdp céac
bién di dugc lua chon bdi cic ngudng P-value cia GWAS
tuong tu nhu PRS. Tuy nhién, STMGP khic phuc dudc cac
van dé cia PRS & hai khia canh. Thit nhit, STMGP c6 thé
tranh overfitting béi viéc danh trong sb cac bién di, trong
d6 cac bién di nhay thuc su c6 trong sb cao hon céc bién
di réng. Thi hai, STMGP sit dung ca céc bién di nhay thuc
su tuong quan v6i nhau ma c6 thé déng gép vao do chinh
x4c du doan bdi viéc xdy dung hdi quy Ridge tdng quat.

4. Udc lugng gidi han tin ciy cia du doan nguy co
da di truyen

Dé& du dodn tinh trang bénh cho tiing c4 nhan Jiangming
Sun va dong nghiép di gi6i thiéu mot ky thuat hoc may,
MCCP (Mondrian Cross-Conformal Prediction), d€ tim ra
gia tri xac suét c6 diéu kién vé tinh trang bénh cho tiing c4
nhan thong qua udc lugng gidi han tin cdy cia du doan PRS
t6i nguy co mic bénh [53]. MCCP xay dung do do NCM
(Nonconformity Measures) nho cac gia tri dugc dy doan
trén tip hiéu chinh biang mo hinh dudc huin luyén trén tap
huan luyén (doc 1ap va cling phan phdi véi tap hiéu chinh);
tap hudn luyén va tap hiéu chinh déu chia thong tin kiéu
hinh.

NCM, = -y = d(x;)

trong d6 y la cdc 16p khac khong, chang han (1, -1), va
d(x;) 1a gia tri quyét dinh nhan dugc tif ham quyét dinh
ctia md hinh dugc hoc tir dit liéu huin luyén. Xdc suit ma
cd thé i thudc vé 16p y dudc tinh nhu sau:

. Hi=1.Npe, 1 yi=y,NCM; > NCM;}|
p =
Y {Nhe, +1:y: =y}

trong d6 Npc, 1a cd mau cla 16p y trong tap hiéu chinh.
V6i mot sai sd ky vong a € [0, 1] két qui cda ving du
doan dugc xac dinh duéi day:

'={yeY:p,>a}

trong d6 Y la tap hop céc 16p, py la gid tri xdc sult khi
mot ca thé thuoc vé 16p y, ving du doan I'? 1a mot tap
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a) PRS
P-value cia GWAS
(-log) Huan luyén Kiém thw
Toéng cua tich s6 lvgng
- alen nguy co twong tng
v6i mdi SNPs v6i hé so
] h6i quy cta n6
Cat bd

SG lugng bién di (log)

® Bién di nhay thyc sy (doc 1ap) Il Bién di dugc phan cum
[ Bién di nhay thyc sy (twong quan) O Bién di c6 trong md hinh
® Bién di rong

b) STMGP
P-value cia GWAS
(-log) Huén luyén ?énh trong s6  Kiém thi
Ho6i quy
Ciit b6 = m) Ridge
@it tong quat
S6 luwgng bién di (log)

@ Bién di nhay thuc sv (doc 1ap) ¥ Bién di rong
D Bién di nhay thuc sy (twong quan) O Bién di c6 trong md hinh

Hinh 4. So sanh gita PRS va STMGP. a) PRS bi overfitting
do mb hinh khép v6i mot s6 lugng 16n nhiéu 1a cic bién di rong
(mau xanh) va cic bién di dugc nhém bdi Clumping. Trong khi
n6 chi gift lai cic bién di nhay thuc su ddc 14p (mau cam) va loai
bé céc bién di nhay thuc sy c6 tuong quan véi nhau (mau vang)
nhung lai dong gép vao do chinh xac cia mo hinh. b) STMGP
khong nhiing tranh dudc overfitting do viéc danh trong sb cic
bién di, ma con giit lai dudc cic bién di nhay thuc su c6 tucng
quan v6i nhau nhung dnh hudng dén bénh nhé mé hinh hdi quy
ridge t6ng quét. Hinh dnh dugc tham khao tlf nghién cifu clia Yuta
Takahashi va cic dong nghiép [S1].

hop c6 thé rdng hoic chita mot hodc chia hai 16p. Do tin
cdy cia MCCP dugc dinh nghia nhu sau:

sup{l—a:T% <1}

12 gid tri 16n nhat cia 1 — & v6i T'? 1a mot 16p duy nhét,
ching han 16p bénh hoic 16p dbi chiing. Nhu vay, v6i mot
cé thé ¢6 trang thai dudc du dodn, MCCP c6 thé udc lugng
gidi han tin cdy clia dy doan do.

Nhom nghién citu da 4p dung MCCP dbi v6i bénh dong
mach vanh (CAD), dai thao dudng typ 2 (T2D), bénh viém
rudt (IBD) va ung thu vi (BRCA) st dung tai nguyén cuia
UK Biobank [9, [57] va hai bd dif liéu b8 sung dua trén
quan thé, mau bénh tim than phan liét (SCZ) trong nghién
clfu tam than tich hgp (iPSYCH) [58] va mau T2D trong
nghién ctfu ché d¢ in kiéng Malmo va ung thu (MDC) [59].
Két qua cho thiy & cip d6 ca nhan, MCCP bdo cdo xdc
suit du dodn dugc hiéu chinh tét, u6c tinh c6 hé thong gidi
han tin cdy clia cia PRS trong du do4n nguy co mic bénh
phiic tap & ngudi. O cip do nhém, MCCP vuot trdi hon cic
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phuong phap tiéu chuin trong viéc phan ting chinh xac céc
céd nhan thanh cdc nhém nguy co.

5. Mang no-ron sau (Deep Neural Network, DNN)

Vao nim 2021, Adrien Badré va dong nghiép da so sénh
mot loat cdc mo hinh tinh todn dé€ udc tinh PRS cho bénh
ung thu vd. Mgt mang no-ron sdu (Deep Neural Network,
DNN) dudc chitng minh 13 hoat dong tét hon cac ky thuat
hoc mdy va cac thuit toan thong ké truyén thong nhu BLUP,
BayesA va LDpred [54]]. Vé hiéu qué ctia mo hinh, dién tich
du6i dudng cong dic tinh (AUC) 1a 67,4% dbi v6i DNN,
64,2% dbi véi BLUP, 64,5% dbi v6i BayesA, va 62,4% dbi
v6i LDpred. Uu diém 16n nhét cia DNN 1a c6 thé tach
quan thé ca bénh thanh hai quan thé: mot quan thé con c6
nguy co di truyén cao véi PRS trung binh cao hon ding
ké so v6i quan thé dbi chiing, mot quan thé con cé nguy
cd binh thudng véi PRS trung binh tuong ty nhu quin thé
dbi ching. Nguyén nhan 1a vi PRS do DNN tao ra tuin
theo hai phan phdi chuin vé6i cic trung binh khac nhau 1o
rét. Ngudc lai, BLUP, BayesA va LPpred déu tao ra PRS
tuan theo chi mot phan phdi chuin trong quan thé ca bénh.
Diéu nay cho phép DNN dat dugc recall 18,8% & precision
90% (Xem dinh nghia recall va precision ¢ hop 1) trong
thuan tap ki€ém thd. Mit khac, mo hinh DNN con xdc dinh
dugc cic bién di dic trung ma chi dudc gan gia tri P-value
khong diang k& bdi GWAS, cdc bién di ndy c6 thé tuong
quan v6i kiéu hinh thong qua cdc mdi quan hé phi tuyén.
Pay ciing 12 uu diém 16n clia cdc mang hoc siu so véi cdc
phuong phip hoc mdy truyén thong.

6. Xac dinh cac diém danh diu di truyén

Dé cai thién do do PRS, cic nha khoa hoc di dé xuit
mot quy trinh méi ap dung cho bénh Alzheimer (AD) nhim
nang cao do chinh xic du doan tif cic yéu t6 da di truyén
[52]. Nhom tic gia lac quan ring cic phan tich du kién
trong tuong lai ctia ho sé chiing minh céch tiép can nay c6
thé nang cao dang k& hiéu suit cda PRS va kha ning ting
dung cta né trong 1am sang. Cac budc cua quy trinh dugc
tém tat nhu sau:

» Budc 1: Xem xét mang quan hé gitra cac SNP trong cac
khu vuc gin gen AD. C6 thé c6 cac SNP khong anh
huéng dén kiéu hinh di kém v6i cac SNP dic chung
vi ching dudc lién két hoic di truyén cuing nhau.

« Budc 2: Panh trong s6 cic SNP cao hon trong céc
gen ma héa vi nhitng thay d6i ma chiing mang lai cho
chudi polypeptit c6 thé cé tic dong stia d6i sau dich
ma.

« Budc 3: Panh trong s6 cao hon cho cic SNP tuong
quan véi cac dang nghiém trong hon ctia kiéu hinh bat
nguon tlf cac nghién ciu GWAS khic nhau.



Céc nha khoa hoc da phat trién mot tap di liéu tich hop
v6i tht ca cdc gen lién quan dén bénh Alzheimer. Cac SNP
tu cadc nghién ctiu dudc anh xa vao 1241 gen lién quan
dén AD ma dugc Iua chon theo qui trinh. Két qua cubi
cung cho ra ba nhém SNP. M6t nhém bao géom ciac SNP
dugc xac dinh trong ca tap di liéu bénh Alzheimer va bénh
Alzheimer khéi phat muén ma khong duge thudng hay phat.
Mot nhém bao gdm cac SNP chi ¢6 trong cic nghién citu
GWAS vé AD va lién tiép dugc thudng (vi chiing thudc
nhom biéu hién lam sang ning). Mot nhém bao goém céc
cac SNP chi c6 trong di liéu AD khdi phat mudn va bi
phat vi chiing dudc lién két v6i mot biéu hién nhe hon clia
AD. Phuong phap ndy c6 thé mé dudng cho cic ting dung
méi clia hoc may hé gen vao dif litu GWAS trong nd luc
x4c dinh cic diém danh diu di truyén cho cic bénh phic
tap.

V. CAC XU HUONG CAI TIEN HIEU NANG CHO
MO HINH DU POAN NGUY CO PA DI TRUYEN
TRONG TUONG LAI

1. M6 rong nghién ciru twong quan toan hé gen

Véi su phat trién manh mé cla cdc nghién ctiu tuong
quan toan hé gen, GWAS s€ khong chi tip trung vao nhém
ngudi chau Au ma dang mé rong ra cic nhém ngudi khac
trén toan thé gidi [60-66]. Pidu nay lam cho di lisu GWAS
trd nén dang tin cy hon khi st dung dé du doan nguy co
da di truyén. Hon nita, cic co s6 dit liéu nhu HapMap [67],
du 4n 1000 hé gen [68] vin dang tiép tuc dugc hoan thién
gitip cho qud trinh suy dién théng ké bS sung ciac SNP bi
thiéu trong cac bo dit liéu tir cac nghién cifu riéng 1é trd
nén chinh xac hon [69} [70]. Céc phan tich t6ng hdp (meta
analysis) két hop cic nghién ciiu riéng 18 véi nhau sé tao
nén nhiing bd dif liéu 16n bao gdm nhiéu tinh trang khac
nhau [71174]. Pic biét, xu huéng két hop dit liéu GWAS
v6i dif liéu giai trinh ty thé hé méi dang trd nén phd bién
khi ma gia thanh gidi trinh tu ngay cang ré [73 [76]. Piéu
nay gép phan tao ra mot s6 lugng SNP 16n can thiét ma
tru6c day chua bao gid co.

Nhu vy, nhd sy phat trién manh mé cic nghién cttu ma
cdc bo dit litu GWAS ngay cang day dd va dang tin cay.
Day 1a diéu kién can dé€ thic ddy cdc nghién ciu du dodn
nguy co da di truyén cho nhiéu tinh trang méi véi do chinh
xac cao hon trude, tir d6 gidp md rong pham vi dp dung
ctia PRS trong 1am sang.

2. Phat trién mé hinh dv doén nguy co méc bénh

D& huéng t6i y hoc chinh xdc, cic md hinh du doan nguy
co da di truyén dang dan dudc phat trién dé c6 thé xac dinh
nguy cé mac bénh ctia ngudi trong mot khung thdi gian cu
thé. Pai dién cho huéng phat trién nay 12 mo hinh tinh todn
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nguy co tuyét ddi dugc gidi thiéu bsi Nilanjan Chatterjee
va cdc cong su vio nim 2016 [77]. Tir d6 dén nay di c6
mot sd nghién ctiu vé nguy co tuyét dbi cho cic bénh khéc
nhau nhu: dong mach vanh [78], ung thu va [79]], ung thu
phdi [80], ung thu dai truc trang [81]], ung thu tuyén tién
liét [82]. PE cai thién hiéu ning du dodn, ta c6 thé bé sung
cic yéu t6 dudc tong hop tif cac nghién citu dich t& chét
luong cao véi ¢ mau 16n bao gdm: bién di di truyén, yéu
td nguy co tif mdi trudng, cic diu hiéu sinh hoc v& phoi
nhiém, trong d6 c6 tinh dén su tuong tic gilta cic yéu td
nguy cd. Dic biét d€ du bao nguy co phat trién ctia bénh
trong mot khoang thoi gian cu thé ta can thém phan phbi
clia cdc yéu td nguy co nhu do tudi khéi phat bénh, ty 1&
ti vong trong quan thé nghién ctu. Khi d6 mo hinh cé
kha ning tinh toan xdc suét cia mot c4 thé khong c6 triéu
chiing sé& phat trién bénh trong mot khoing thdi gian nio
do.

Viéc phat trién md hinh du doan nguy co da di truyén
nhiam xdc dinh nguy co tuyét dbi cé tiém ning 16n trong
tuong lai, né cé thé duge ap dung rong rii trong 1Am sing
khi kha niing tiép can cic dif liéu 1am sang va dif liéu dich
t€ trd nén dé dang hon.

VL. KET LUAN

Trong bai bao nay ching t6i da gidi thiéu mot cich téng
quan vé du dodn nguy co da di truyén tii qua trinh phat
trién cia GWAS cho dén cdc nghién cdu cai tién phuong
phép tinh todn PRS lién quan dén hoc mady.

Chiing t6i da phan tich va sip xép lai cic budc kiém
sodt chit lugng dé dua ra mot quy trinh tién xi 1y di liéu
1o rang va diy dd. Pay 1a quy trinh rit quan trong vi né
4nh hudng truc tiép dén hiéu sult cia mo hinh khi ma di
liéu phuc vu cho qua trinh hun luyén mo hinh thuong dén
tl nhiéu nghién ctiu khac nhau. Mit khédc, ching t6i ciing
thiy ducc nhitng thach thiic ma cdc nha khoa hoc gip phai
khi tim cach ap dung PRS vao 1am sang. Vi vdy, nhiing
nhugc diém ctia PRS va cic phucng phdp ngiy cang tot
hon gitip gidi quyét nhiing nhugc diém d6 ciing dugc liét
ké mot cach kha ddy di. Theo d6, mot loat cdc nghién citu
cdi tién dién hinh lién quan dén hoc mdy trong thdi gian
gan ddy dugc Iwa chon va trinh bay tém tit mot cach cé hé
thong.

Véi da dang céc nghién ctiu theo nhiéu huéng tiép cin
khic nhau ctia hoc mdy da gép phan nang cao dd chinh
x4c clia cac du dodn dua vao PRS cho cic bénh phd bién.
Cac tac gia khong nhiing tip trung vao loai bd ciac SNP
la nhiéu do mit can bang lién két ma con xdc dinh dudgc
chinh x4c hon 4nh hudng ctia cdc SNP véi kiéu hinh. Céc
phuong phap xac dinh c6 thé tim dudc cic dnh hudng tuyén
tinh nhu tucng quan gitta SNP véi ki€u hinh, ciing ¢ thé
tim dugc cdc dnh hudng phi tuyén. D6 chinh xdc ctia PRS
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dugc cdi thién gép phan nang cao do chinh xdc cla tinh
todn nguy co tuyét dbi gitip phan tang nguy co di truyén
trong lam sang.

Chiing t6i hy vong cdi nhin tdng quan vé PRS, nhit 1a
trong thdi gian gan dy, sé gidp cic nha nghién ctu dé
dang hon trong viéc tiép can, ciing nhu tim ra nhitng huéng
nghién citu cai tién méi c6 gid tri nham md rong pham vi
ung dung cda PRS trong 1am sang.

LOI CAM ON

Toan bd nghién ctiu dudc tai trg bdi quy Nghién ctiu va
Ung dung LB.Sci ciia Cong ty TNHH LOBI Viét Nam.

TAI LIEU THAM KHAO

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

Kuchenbaecker, K.B. et al. (2017) "Risks of Breast, Ovar-
ian, and Contralateral Breast Cancer for BRCA1l and
BRCA2 Mutation Carriers", JAMA, 317(23), pp. 2402-2416.
doi:10.1001/jama.2017.7112.

Wexler, N.S. et al. (1987) "Homozygotes for
Huntington’s disease", Nature, 326(6109), pp. 194-197.
doi:10.1038/326194a0.

Gusella, J.F. (1989) "Location cloning strategy for char-
acterizing genetic defects in Huntington’s disease and
Alzheimer’s disease", FASEB journal: official publication of
the Federation of American Societies for Experimental Biol-
ogy, 3(9), pp. 2036-2041. doi:10.1096/fasebj.3.9.2568302.
Ford, D. et al. (1998) "Genetic Heterogeneity and Penetrance
Analysis of the BRCA1 and BRCA?2 Genes in Breast Cancer
Families", The American Journal of Human Genetics, 62(3),
pp. 676—689. doi:10.1086/301749.

Klein, R.J. et al. (2005) "Complement factor H
polymorphism in age-related macular degeneration”,
Science (New York, N.Y.), 308(5720), pp. 385-389.
doi:10.1126/science.1109557.

Burton, P.R. et al. (2007) "Genome-wide association
study of 14,000 cases of seven common diseases and
3,000 shared controls", Nature, 447(7145), pp. 661-678.
doi:10.1038/nature05911.

Loos, RJ.F. (2020) "15 years of genome-wide association
studies and no signs of slowing down", Nature Communica-
tions, 11(1), p. 5900. doi:10.1038/s41467-020-19653-5.
Visscher, PM. et al. (2017) "10 Years of GWAS
Discovery: Biology, Function, and Translation", Amer-
ican Journal of Human Genetics, 101(1), pp. 5-22.
doi:10.1016/j.ajhg.2017.06.005.

Bycroft, C. et al. (2018) "The UK Biobank resource with
deep phenotyping and genomic data", Nature, 562(7726),
pp- 203-209. doi:10.1038/s41586-018-0579-z.

Pepe, M.S. et al. (2004) "Limitations of the Odds Ratio
in Gauging the Performance of a Diagnostic, Prognostic,
or Screening Marker", American Journal of Epidemiology,
159(9), pp. 882-890. doi:10.1093/aje/kwh101.

Jakobsdottir, J. et al. (2009) "Interpretation of Genetic Asso-
ciation Studies: Markers with Replicated Highly Significant
Odds Ratios May Be Poor Classifiers", PLOS Genetics, 5(2),
p- €1000337. doi:10.1371/journal.pgen.1000337.

Wray, N.R., Goddard, M.E. and Visscher, P.M. (2007) "Pre-
diction of individual genetic risk to disease from genome-
wide association studies", Genome Research, 17(10), pp.
1520-1528. doi:10.1101/gr.6665407.

12

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

Manolio, T.A. et al. (2009) "Finding the missing heritabil-
ity of complex diseases", Nature, 461(7265), pp. 747-753.
doi:10.1038/nature08494

Cecile, A., Janssens, J.W. and Joyner, M.J. (2019) "Poly-
genic Risk Scores That Predict Common Diseases Us-
ing Millions of Single Nucleotide Polymorphisms: Is
More, Better?", Clinical Chemistry, 65(5), pp. 609-611.
doi:10.1373/clinchem.2018.296103.

Sha, Z., Hu, T. and Chen, Y. (2021) "Feature Selection
for Polygenic Risk Scores using Genetic Algorithm
and Network Science", in 2021 [IEEE Congress
on Evolutionary Computation (CEC), pp. 802-808.
doi:10.1109/CEC45853.2021.9504993.

Klinger, J.E. et al. (2021) Interaction-based feature
selection algorithm outperforms polygenic risk score
in predicting Parkinson’s Disease status. medRxiv, p.
2021.07.20.21260848. doi:10.1101/2021.07.20.21260848.
Kulm, S., Mezey, J. and Elemento, O. (2022) Benchmarking
Polygenic Risk Score Model Assumptions: towards more
accurate risk assessment. bioRxiv, p. 2022.02.18.480983.
doi:10.1101/2022.02.18.480983.

Privé, F. et al. (2019) "Making the Most of Clump-
ing and Thresholding for Polygenic Scores", The Ameri-
can Journal of Human Genetics, 105(6), pp. 1213-1221.
doi:10.1016/j.ajhg.2019.11.001.

Hahn, G. et al. (2021) "A fast and efficient smoothing
approach to Lasso regression and an application in statistical
genetics: polygenic risk scores for chronic obstructive pul-
monary disease (COPD)", Statistics and Computing, 31(3),
p. 35. doi:10.1007/s11222-021-10010-0.

Pattee, J. and Pan, W. (2020) "Penalized regression and
model selection methods for polygenic scores on sum-
mary statistics", PLOS Computational Biology, 16(10), p.
¢1008271. doi:10.1371/journal.pcbi.1008271.

Dickson, S.P. et al. (2021) "GenoRisk: A polygenic risk
score for Alzheimer’s disease", Alzheimer’s & Dementia:
Translational Research & Clinical Interventions, 7(1), p.
el2211.

Peng, J. et al. (2021) A Deep Learning-based Genome-
wide Polygenic Risk Score for Common Diseases Identifies
Individuals with Risk. medRxiv, p. 2021.11.17.21265352.
doi:10.1101/2021.11.17.21265352.

Zhao, B. and Zou, F. (2021) "On polygenic risk
scores for complex traits prediction", Biometrics [Preprint].
doi:10.1111/biom.13466.

Euesden, J., Lewis, CM. and O’Reilly, PF
(2015a) "PRSice: Polygenic Risk Score software",
Bioinformatics (Oxford, England), 31(9), pp. 1466-1468.
doi:10.1093/bioinformatics/btu848.

Uffelmann, E. et al. (2021) "Genome-wide association stud-
ies", Nature Reviews Methods Primers, 1(1), pp. 1-21.
doi:10.1038/s43586-021-00056-9.

Purcell, S. et al. (2007) "PLINK: A Tool Set for Whole-
Genome Association and Population-Based Linkage Anal-
yses", American Journal of Human Genetics, 81(3), pp.
559-575.

Marees, A.T. et al. (2018) "A tutorial on conducting genome-
wide association studies: Quality control and statistical
analysis", International Journal of Methods in Psychiatric
Research, 27(2), p. e1608. doi:10.1002/mpr.1608.

Buniello, A. et al. (2019) "The NHGRI-EBI GWAS Catalog
of published genome-wide association studies, targeted ar-
rays and summary statistics 2019", Nucleic Acids Research,
47(D1), pp. D1005-D1012. doi:10.1093/nar/gky1120.
Tryka, K.A. et al. (2014) "NCBI’s Database of Genotypes
and Phenotypes: dbGaP", Nucleic Acids Research, 42(D1),
pp- D975-D979. doi:10.1093/nar/gkt1211.



(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Sirugo, G., Williams, S.M. and Tishkoff, S.A. (2019) "The
Missing Diversity in Human Genetic Studies", Cell, 177(1),
pp- 26-31. doi:10.1016/j.cell.2019.02.048.

Purcell, S.M. et al. (2009) "Common polygenic variation
contributes to risk of schizophrenia and bipolar disorder",
Nature, 460(7256), pp. 748-752. doi:10.1038/nature08185.

Wray, N.R. et al. (2014) "Research review: Polygenic meth-
ods and their application to psychiatric traits", Journal of
Child Psychology and Psychiatry, and Allied Disciplines,
55(10), pp. 1068-1087. doi:10.1111/jcpp.12295.

Khera, A.V. et al. (2018) "Genome-wide polygenic scores
for common diseases identify individuals with risk equiva-
lent to monogenic mutations", Nature Genetics, 50(9), pp.
1219-1224. doi:10.1038/s41588-018-0183-z.

Mavaddat, N. et al. (2019) "Polygenic Risk Scores for
Prediction of Breast Cancer and Breast Cancer Subtypes",
American Journal of Human Genetics, 104(1), pp. 21-34.
doi:10.1016/j.ajhg.2018.11.002.

Hormozdiari, F. et al. (2015) "Identification of causal genes
for complex traits", Bioinformatics, 31(12), pp. i206-i213.
doi:10.1093/bioinformatics/btv240.

Visscher, PM., Hill, W.G. and Wray, N.R. (2008) "Her-
itability in the genomics era — concepts and miscon-
ceptions", Nature Reviews Genetics, 9(4), pp. 255-266.
doi:10.1038/nrg2322.

Lusted, L.B. (1971) "Signal detectability and medical
decision-making", Science (New York, N.Y.), 171(3977), pp.
1217-1219. doi:10.1126/science.171.3977.1217.

Fawcett, T. (2006) "An introduction to ROC analy-
sis", Pattern Recognition Letters, 27(8), pp. 861-874.
doi:10.1016/j.patrec.2005.10.010.

Hanley, J.A. and McNeil, B.J. (1982) "The meaning
and use of the area under a receiver operating char-
acteristic (ROC) curve", Radiology, 143(1), pp. 29-36.
doi:10.1148/radiology.143.1.7063747.

Wray, N.R. et al. (2021) "From Basic Science
to Clinical Application of Polygenic Risk Scores:
A Primer", JAMA Psychiatry, 78(1), pp. 101-109.

doi:10.1001/jamapsychiatry.2020.3049.

Anderson, C.A. et al. (2010) "Data quality control in genetic
case-control association studies", Nature Protocols, 5(9), pp.
1564-1573. doi:10.1038/nprot.2010.116.

Coleman, J.R.I. et al. (2016) "Quality control, impu-
tation and analysis of genome-wide genotyping data
from the Illumina HumanCoreExome microarray", Brief-
ings in Functional Genomics, 15(4), pp. 298-304.
doi:10.1093/bfgp/elv037.

Choi, S.W., Mak, T.S.-H. and O’Reilly, P.F. (2020) "Tutorial:
a guide to performing polygenic risk score analyses", Nature
Protocols, 15(9), pp. 2759-2772. doi:10.1038/s41596-020-
0353-1.

Han, B. and Eskin, E. (2011) "Random-Effects Model Aimed
at Discovering Associations in Meta-Analysis of Genome-
wide Association Studies", American Journal of Human Ge-
netics, 88(5), pp. 586-598. do0i:10.1016/j.ajhg.2011.04.014.
Allan, B.L. (1987) "Calculating medication error rates",
American Journal of Hospital Pharmacy, 44(5), pp. 1044,
1046.

Ge, T. et al. (2019) "Polygenic prediction via Bayesian
regression and continuous shrinkage priors", Nature Commu-
nications, 10(1), p. 1776. doi:10.1038/s41467-019-09718-5.
Mak, T.S.H. et al. (2017) "Polygenic scores via penalized
regression on summary statistics", Genetic Epidemiology,
41(6), pp. 469-480. doi:10.1002/gepi.22050.

Newcombe, PJ. et al. (2019) "A flexible and parallelizable
approach to genome-wide polygenic risk scores", Genetic
Epidemiology, 43(7), pp. 730-741. doi:10.1002/gepi.22245.

13

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Tip 2022, S6 1, Thing 6

Thomas, M. et al. (2020) "Genome-wide Modeling of Poly-
genic Risk Score in Colorectal Cancer Risk", The Amer-
ican Journal of Human Genetics, 107(3), pp. 432-444.
doi:10.1016/j.ajhg.2020.07.006.

Paré, G., Mao, S. and Deng, W.Q. (2017) "A machine-
learning heuristic to improve gene score prediction of
polygenic traits", Scientific Reports, 7(1), p. 12665.
doi:10.1038/s41598-017-13056-1.

Takahashi, Y. et al. (2020) "Machine learning for effectively
avoiding overfitting is a crucial strategy for the genetic pre-
diction of polygenic psychiatric phenotypes", Translational
Psychiatry, 10(1), pp. 1-11. doi:10.1038/s41398-020-00957-
5

Vlachakis, D. et al. (2021) "Improving the Utility of Poly-
genic Risk Scores as a Biomarker for Alzheimer’s Disease",
Cells, 10(7), p. 1627. doi:10.3390/cells10071627.

Sun, J. et al. (2021) "Translating polygenic risk scores
for clinical use by estimating the confidence bounds of
risk prediction", Nature Communications, 12(1), p. 5276.
doi:10.1038/s41467-021-25014-7.

Badré, A. et al. (2021) "Deep neural network improves
the estimation of polygenic risk scores for breast can-
cer", Journal of Human Genetics, 66(4), pp. 359-369.
doi:10.1038/s10038-020-00832-7.

Privé, F., Aschard, H. and Blum, M.G.B. (2019) "Ef-
ficient Implementation of Penalized Regression for Ge-
netic Risk Prediction", Genetics, 212(1), pp. 65-74.
doi:10.1534/genetics.119.302019.

Dubois, P.C.A. et al. (2010) "Multiple common variants for
celiac disease influencing immune gene expression", Nature
Genetics, 42(4), pp. 295-302. doi:10.1038/ng.543.

Sudlow, C. et al. (2015) "UK Biobank: An Open Access
Resource for Identifying the Causes of a Wide Range of
Complex Diseases of Middle and Old Age", PLOS Medicine,
12(3), p. €1001779. doi:10.1371/journal.pmed.1001779.
Pedersen, C.B. et al. (2018) "The iPSYCH2012 case—cohort
sample: new directions for unravelling genetic and environ-
mental architectures of severe mental disorders", Molecular
Psychiatry, 23(1), pp. 6-14. doi:10.1038/mp.2017.196.
Berglund, G. et al. (1993) "The Malmo Diet and Cancer
Study. Design and feasibility", Journal of Internal Medicine,
233(1), pp. 45-51. doi:10.1111/j.1365-2796.1993.tb00647 .x.
Stevenson, A. et al. (2019) "Neuropsychiatric Genetics
of African Populations-Psychosis (NeuroGAP-Psychosis): a
case-control study protocol and GWAS in Ethiopia, Kenya,
South Africa and Uganda", BMJ Open, 9(2), p. €025469.
doi:10.1136/bmjopen-2018-025469.

Wang, Y.-F. et al. (2021) "Multi-ancestral GWAS identifies
shared and Asian-specific loci for SLE and links type
IIT interferon signaling and lysosomal function to the dis-
ease", Arthritis & Rheumatology (Hoboken, N.J.) [Preprint].
doi:10.1002/art.42021.

Swart, Y. et al. (2022) GWAS in the southern African
context. bioRxiv. doi:10.1101/2022.02.16.480704.

Shen, H. et al. (2020) "Polygenic prediction and GWAS
of depression, PTSD, and suicidal ideation/self-harm in a
Peruvian cohort", Neuropsychopharmacology, 45(10), pp.
1595-1602. doi:10.1038/s41386-020-0603-5.

Cardona Tobar, K.M. et al. (2020) "Genome-wide associ-
ation studies in sheep from Latin America. Review", Re-
vista mexicana de ciencias pecuarias, 11(3), pp. 859-883.
doi:10.22319/rmcp.v11i3.5372.

Yang, Z. et al. (2021) "Genome-wide association
study reveals genetic variations associated with ocean
acidification resilience in Yesso scallop Patinopecten
yessoensis", Aquatic  Toxicology, 240, p. 105963.
doi:10.1016/j.aquatox.2021.105963.



Cic céng trinh nghién cifu, phdt trién va iing dung CNTT va Truyén thong

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

(82]

Peng, W. et al. (2021) "Identification of growth-related SNP
and genes in the genome of the Pacific abalone (Haliotis
discus hannai) using GWAS", Aquaculture, 541, p. 736820.
doi:10.1016/j.aquaculture.2021.736820.

Gibbs, R.A. et al. (2003) "The International HapMap
Project", Nature [Preprint]. doi:10.1038/nature02168.

Siva, N. (2008) "1000 genomes project", Nature Biotechnol-
ogy, 26(3), pp. 256-257.

Jadhav, A., Pramod, D. and Ramanathan, K. (2019) "Com-
parison of Performance of Data Imputation Methods for
Numeric Dataset", Applied Artificial Intelligence, 33(10), pp.
913-933. doi:10.1080/08839514.2019.1637138.

Austin, P.C. et al. (2021) "Missing Data in Clinical
Research: A Tutorial on Multiple Imputation", Cana-
dian Journal of Cardiology, 37(9), pp. 1322-1331.
doi:10.1016/j.cjca.2020.11.010.

Choquet, H. et al. (2021) "A large multiethnic GWAS
meta-analysis of cataract identifies new risk loci and sex-
specific effects", Nature Communications, 12(1), p. 3595.
doi:10.1038/s41467-021-23873-8.

Powell, V. et al. (2021) "Investigating regions of shared
genetic variation in attention deficit/hyperactivity disorder
and major depressive disorder: a GWAS meta-analysis",
Scientific Reports, 11(1), p. 7353. doi:10.1038/s41598-021-
86802-1.

Levey, D.F. et al. (2020) GWAS of Depression Pheno-
types in the Million Veteran Program and Meta-analysis
in More than 1.2 Million Participants Yields 178 In-
dependent Risk Loci. medRxiv, p. 2020.05.18.20100685.
doi:10.1101/2020.05.18.20100685.

Taherkhani, L. et al. (2022) "The Candidate Chromosomal
Regions Responsible for Milk Yield of Cow: A GWAS Meta-
Analysis", Animals, 12(5), p. 582. doi:10.3390/ani12050582.
Li, J.H. et al. (2021) "Low-pass sequencing increases the
power of GWAS and decreases measurement error of poly-
genic risk scores compared to genotyping arrays", Genome
Research, 31(4), pp. 529-537. doi:10.1101/gr.266486.120.
Huang, J. et al. (2022) "A Next Generation Sequencing-
Based Protocol for Screening of Variants of Concern
in Autism Spectrum Disorder", Cells, 11(1), p. 10.
doi:10.3390/cells11010010.

Chatterjee, N., Shi, J. and Garcia-Closas, M. (2016) "De-
veloping and evaluating polygenic risk prediction models
for stratified disease prevention", Nature Reviews Genetics,
17(7), pp. 392-406. doi:10.1038/nrg.2016.27.

Natarajan, P. (2018) "Polygenic Risk Scoring for
Coronary Heart Disease", Journal of the American
College of Cardiology, 72(16), pp. 1894-1897.

doi:10.1016/j.jacc.2018.08.1041.

Zhang, X. et al. (2018) "Addition of a polygenic risk
score, mammographic density, and endogenous hormones
to existing breast cancer risk prediction models: A nested
case—control study", PLOS Medicine, 15(9), p. €1002644.
doi:10.1371/journal.pmed.1002644.

Hung, R.J. et al. (2021) "Assessing Lung Cancer Abso-
lute Risk Trajectory Based on a Polygenic Risk Model",
Cancer Research, 81(6), pp. 1607-1615. doi:10.1158/0008-
5472.CAN-20-1237.

Carr, PR. et al. (2020) "Estimation of Absolute Risk
of Colorectal Cancer Based on Healthy Lifestyle, Ge-
netic Risk, and Colonoscopy Status in a Population-
Based Study", Gastroenterology, 159(1), pp. 129-138.e9.
doi:10.1053/j.gastro.2020.03.016.

Darst, B.F. et al. (2021) "Combined Effect of a Poly-
genic Risk Score and Rare Genetic Variants on Prostate
Cancer Risk", European Urology, 80(2), pp. 134-138.
doi:10.1016/j.eururo.2021.04.013.

14

SO LUGC VE TAC GIA
Trinh Thi Xuéan

Ta Van Nhan

Tot nghiép Thac s§ nganh Cong nghé Thong
tin nam 2007 tai Truong dai hoc Cong nghé,
Pai hoc Qubc Gia Ha Noi.

Hién la giang vién, ph6 bd mon cd sé, khoa
cong nghé thong tin, Truong dai hoc Mé Ha
Noi.

Linh vuc nghién ctu: khai pha di liéu, tin
sinh hoc.

Email: trinhxuan@hou.edu.vn

Nhén bing thac si nganh Khoa hoc di liéu
nam 2021, truong Pai hoc Khoa hoc ty
nhién, Pai hoc Qudc gia Ha Noi.

Hién 1a chuyén vién tin sinh hoc tai cong
ty TNHH LOBI Viét Nam.

Linh vuc nghién ctdu: giai trinh tu hé gen
ngudi, du doan nguy co méic bénh da di
truyén, dudc hoc hé gen, mo hinh Markov
4n va mang Bayes trong tin sinh hoc.
Email: nhanta@lobi.vn

Hoang P6 Thanh Tung

Tot nghiép Tién si nganh Khoa hoc Mdy
tinh tai trudng dai hoc qudc gia Chungbuk,
Han Qubc.

Hién la Trudng phong Nghién ctu hé
théng va quéan ly, vién Cong nghé Thong
tin, VAST.

Linh vuc nghién cdu: cdc giai phdp luu
trit, nén, bién ddi, danh chi sb va cdc mod
hinh cd s& dit liéu sinh tinh hoc nhim ting
hiéu qua luu tri, khai thac thong tin sinh

hoc nhu vé ngudn gbc gidng loai, bénh, thudc v.v..
Email: tunghdt@gmail.com

Trudng Nam Hai

Nim 1988 nhian biang Tién si Sinh hoc
phan t& tai Lién X6. Nam 2004 dugc
phong PGS nganh Sinh hoc. Nam 2012
dugc phong GS nganh Sinh hoc. Nguyén
Vién trudng Vién Codng nghé sinh hoc va
1a NCV Cao cép.

Hién cong tic tai phong K§ thuat di truyén,
vién Cong nghé Sinh hoc, VAST.

Linh vuc nghién cdu: nghién ctiu tao céc
protein tdi t8 hop s dung trong y dudc,

nghién ctu tao cdc bo sinh phidm chan doan bénh cho ngudi,
dong vat, nghién ciiu tao vaccine bing protein tdi t6 hop, nghién
ctiu gen, lodi trong quan thé/khu hé vi sinh vat bing ky thuat

metagenomics.

Email: tnhai@ibt.ac.vn

Tran Ding Hung

Tot nghiép Thac s§ nganh Khoa hoc
may tinh tai trudng Pai hoc Cong nghé,
PHQGHN nim 2006. Tét nghiép Tién sy
nganh khai pha tri thic nam 2009 tai vién
Khoa hoc va Cong nghé tién tién Nhat Ban
(JAIST).

Hién la Trudng khoa khoa Cong nghé
Thong tin, Trudng Pai hoc Su pham Ha
Noi.

Linh vyc nghién cifu: khai pha di liéu sinh

hoc phén tt, khai phd mang sinh hoc, hoc may.
Email: hungdt@hnue.edu.vn



	GIỚI THIỆU
	KIẾN THỨC CƠ SỞ
	Nghiên cứu tương quan toàn hệ gen (GWAS)
	Tổng quan về điểm nguy cơ đa di truyền (PRS)
	Ứng dụng của PRS trong công nghiệp

	TIỀN XỬ LÝ DỮ LIỆU
	Kiểm soát chất lượng (Quality Control, QC)
	Kiểm soát mất cân bằng liên kết (Linkage Disequilibrium, LD)

	NHỮNG CẢI TIẾN SỬ DỤNG HỌC MÁY ĐỂ NÂNG CAO KHẢ NĂNG ÁP DỤNG TRONG LÂM SÀNG CỦA DỰ ĐOÁN NGUY CƠ ĐA DI TRUYỀN
	Mô hình hồi quy logistic phạt (Penalized Logistic Regression, PLR)
	Cây hồi quy tăng cường gradient và điều chỉnh mất cân bằng liên kết (Gradient Boosted and LD, GraBLD)
	Dự đoán di truyền đa biến với ngưỡng trơn (Smooth-Threshold Multivariate Genetic Prediction, STMGP)
	Ước lượng giới hạn tin cậy của dự đoán nguy cơ đa di truyền
	Mạng nơ-ron sâu (Deep Neural Network, DNN)
	Xác định các điểm đánh dấu di truyền

	CÁC XU HƯỚNG CẢI TIẾN HIỆU NĂNG CHO MÔ HÌNH DỰ ĐOÁN NGUY CƠ ĐA DI TRUYỀN TRONG TƯƠNG LAI
	Mở rộng nghiên cứu tương quan toàn hệ gen
	Phát triển mô hình dự đoán nguy cơ mắc bệnh

	KẾT LUẬN

