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TOM TAT — Xdc dinh gen gay bénh thirong bdt dau viéc phan hang cac gen ing vién theo mikc dé lién quan dén bénh. Viéc lam
nay nham muc dich thu hep tdp gen lién quan dén bénh cdn xdc dinh béi céc thec nghiém y sinh chuyén sau. Hién nay, c6 rat nhiéu
phuwrong phép khéc nhau dwoc dé xudt dé phan hang céc gen éing vién dua trén mdi quan h¢ giira cac protein trong mang tuong tac
gen/protezn Trong dé, hdu hét cae phirong phdp deu dira trén gid thiér “mé dun bénh”, tirc 1a cdc gen lién quan dén cung mot bénh
€6 xu hudng nam ké nhau trén cac mang nwong téc. Cdc phwong phdp nay cé xu hzmng uu tién nhiing gen ing vién gan véi gen gay
bénh da biét trén mang twong tic. Nhwng trong qua trinh thuc nghiém, chiing tdi nhén thdy véi nhiéu bénh, cdc gen lién quan di
biét ciing khéng hodn todn tao thanh mét mé dun ma tham chi chiing con cach nhau rdt xa trén Mang twong tdc. Do do, cac phuong
phap phan hang hién cé khong con dat hiéu qua cao. Pé gidi quyét van dé nay, ching 16i dé xuat mét phuong thuc cai tién maoi
nham muc dich iweu tién cho cac gen lién quan dén nhiing bénh c6 tinh chat trén bdng cdch ting cwong trong so lién két cho cac gen
& xa c&c gen gay bénh da biét. Ching t6i di kiém ching hiéu qua phan hang ciia phwong phdp nay véi 148 bénh trén mang tuong
tac protein cia nguoi va so sanh hi¢u qua phan hang cia phuong phdp dé xudt véi cdc phwong phap néi tréi hién cé nhie buéc ngdu
nhién c6 quay lai (RWR) va dia trén xac sudt lién két (ERIN). Keét qud thuec nghiém da chi ra rang phwong phdp cia ching t6i dat
dé chinh xac 1a 95.3%, tor hon RWR (93.4%) va ERIN (89.8%). Thém vio do, sir dung phirong phdp ciia minh, ching téi da xdc
dinh droC MGt S6 gen méi lién quan dén bénh ung thur tuyén tién liét.

Tur khdéa — Disease genes prioritization, protein interaction network, random walk with restart algorithm, prostate cancer.
I. GIOI THIEU

Xac dinh cac gen mai co lién quan dén bénh 12 mot bai toan quan trong trong nghién ctru y sinh. Day c6 thé coi
1a budc khoi dau trong viéc tim ra phwong phap diéu tri cho céc benh phat sinh do yéu té di truyen [1-3]. Trong giai
doan trudc day, viéc xac dinh gen gay bénh dugc thuc hién chu yéu bang thuc nghiém sinh hoc dé xac dinh cac vung
nhiém sic thé kha nghi lién quan bénh can nghién ctru [4, 5]. Tuy nhién, nhitng vang nhiém sic thé nay thuong chira
hang trim gen tng vién, trong khi chi c6 mot sé it cac gen thuc sy lién quan dén bénh [6]. Dé xac dinh duoc chinh xac
céc gen thuc sy lién quan dén bénh can nghién ctu, cac nha y sinh hoc phai tién hanh cac thi nghiém cho tirng gen
trong danh séch gen tng vién thu dugc. Py 1a cong viéc rat tén kém vé thoi gian va kinh phi. Thach thuc nay hién nay
mot phan da duoc giai quyét bang phuong phap phan hang gen (g vién lién quan dén bénh trong Tin sinh hoc va né
da tro thanh trong tam trong linh vyc di truyén hoc.

Cac phuong phap phan hang gen gay bénh dua trén mang thuong can cir vao nguyén 1y “mo dun bénh” (nghla
1a, cac gen/protein lién quan dén cing mot bénh hoac cac bénh tuong ty nhau co xu huéng nam ké nhau trong cac
mang tuong tac [5]) dé tinh toan d6 twong tu tuong giira CAC gen &ng Vvién va cac gen gy bénh di biét. Co rat nhiéu
phuong phap dua trén mang da dugc dé xuit cho bai toan nay nhu: duya trén cac lang giéng gan nhat, duya trén cac cum
trén mang. Ngoai ra, cac thuét toan phd bién trong phan tich mang xa hoi va mang Web dung dé danh gia tam quan
trong twong dbi cta nat nhu: HITS with priors, PageRank with priors, K-step Markov [7], RL_Rank [8] va ERIN [9]
cling da dugc su dung cho bai toan phan hang céc gen Umg vién trén cac mang tuong tac gen/protein. Trong sb cac
phuong phap phan hang gen dua trén mang, phuong phép str dung thuat toan budc ngau nhién ¢ quay lai RWR [10-
12] dugc ap dung phd bién hon cac phuong phap khac vi thuit todn nay xem xét toan b¢ cac lién két gitra cac gen gay
bénh da biét véi cac gen tng Vvién trén mang tuong tic gen/protein, bao gom ca cac tuong tac truc tlep va gian tlep
Khoéng nhitng dat dugc hiéu qua cao trong bai toan phan hang gen tng vién lién quan dén bénh, thuat toan nay con
duoc st dung hiéu qua trong viéc xac dinh cac microRNA méi lién quan dén bénh [13] ciing nhu cac dich tac dong
méi cua thudc [14]. Tiép ndi thanh cong ciia thuat toan RWR cho bai toan phan hang va tim kiém gen gay bénh trén
mang tuong tac gen/protein dong nhat. Mot phién ban méi cua thuat toan da dugce dé xuat sir dung trén mang khong
dong nhat két hop giita mang tuong tac gen/protein va mang kiéu hinh bénh [15] hoic mang twong tu bénh [16] goi la
RWRH. Thut toan nay cho hi¢u qua du doan tt hon RWR trén mang protein dong nhit.

Tuy nhién, mot thach thirc can dwoc giai quyét 1a van dé nhidu dir lidu trong cac mang twong tac sinh hoc noi
chung va sy tong hop chua day du céc lién két giita cac gen trong mang tuong tac gen/protein dan dén mang twong tac
gen/protein hién c6 chua bao phu hét toan bo cac lién két cia hé gen ngudi. Cu thé, khi lam thyc nghiém ching toi
nhan thay véi nhidu bénh, cac gen lién quan da biét cling khong hoan toan tao thanh mét mé dun ma tham chi ching
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con céach nhau rat Xa trén mang tuong tac. Vi vay, cdc phuong phép phan hang gen hién c6 van chua dat duoc hiéu qua
cao. Bé glal quyét Van dé nay, chung toi dé xuit mot phuong phap két hop nham muc dich tim kiém cac gen ung vién
gay bénh co lién két yéu hoac ¢ xa nhitng gen gay bénh da biét. Trong phuong phap nay, chdng toi tién hanh phan hang
tat ca cac gen ung vién bang thuat toan dya trén xac suat lién két, sau do trich chon mét tap cac gen c6 do lién quan cao
nhét ddi vai cac gen bénh di biét. Tap gen con lai s& duoc ting cudng trong s6 lién két bang phuong phap RWRH dé
xac dinh thém cac gen c6 kha ning lién quan dén bénh di biét. Két qua thuc nghiém cho thiy phwong phap dé xuét t6t
hon dang ké so véi cac phuong phép da dwgc sir dung trong viéc tim kiém gen tng vién gay bénh.

Cac phﬁn con lai cua bai bao dugc bd cuc nhu sau: Phén 2 mo ta dir liéu, cac nghién ctru lién quan va phuong
phap dé€ xuat. Phan 3 trinh bay cac ket qua thuc nghiém. Cudi cing la phan ket luan néu cac dong gop chinh cua bai
bao va dé xuat cac hudng cai tien mai.

I1. DU LIEU VA PHUONG PHAP
A. D ligu

Dé c6 the thuc nghiém vsi cac thuat toan phan hang dya trén mang, ching toi can mot mang twong tac
gen/protein va cac bénh da bict mot so gen lién quan. Cu the, chung t6i da sir dung mang tuong tac gen/protein tir [11,
17]. bay la m6t mang v6 huéng, 6 trong so (bieu thi do twong tu vé chirc ndng gitra cac gen/protein) gom 11.886 gen
va 111.943 lién két. Thém vao do, chﬁgg téirsfr dung cac co s& dir liéu vé bénh va cac gen lién quan da biét tr OMIM
[18]. KEt qua thu dwoc 622 bénh véi tong so 3246 gen lién quan, trong d6 148 bénh cd tr 2 gen lién quan tro 1én da
duoc phét hién. V&i moi bénh, tap cac gen da biét duoc sir dung nhu 1a tdp goc trong qua trinh phan hang bai céc thuat
toan.

B. Cdc phwong phdp phén hang dwa trén dé thj

Trong bai béo nay, mang tuong tac gen/protein duoc biéu didn bai mot d6 thi vo hudng, ¢é trong s6 G = (V, E)
trong do, tap cac nat V 1 cac gen/protein va tap cac canh E thé hién lién két twong tac giira cac gen/protein. Gia st, cho
trugc S (SSV) la tap cac gen bénh d biét (con goi 1a tap hat giéng hay tap nat goc), tic 1a mot sé lugng nho cac gen da
dugc phét hién co lién quan dén bénh trong céc nghién ciru trude d6, C (C €V) la tap cac gen &ng vién c6 lién két voi
céc ndt trong S. Muc tiéu cua bai toan phan hang gen 14 tinh toan diém sb cho cac gen trong tap C theo do lién quan véi
S. Céc diém s nay sau dé dugc xép hang va cin cir vao dé dé dé xuit cac gen gay bénh méi.

1. Thuat toan dua trén xac sut lién két (ERIN)

Thuat toan dua trén xac xuat lién két [9] 12 mot phwong phap méi trong phén tich mang x& hoi va da dwoc tng
dung cho bai toan phan hang gen gay bénh [19] dat két qua kha quan. Thuat toan nay xac dinh tat ca cac duong di
khong chu trinh tir mot ndt (hoac tap nat gbe) téi cac nt con lai trén d thi. Bit dau tr mot nat goc s chuyén téi cac nat
lang giéng bang phuong phap tim kiém theo chiéu sau (DFS). Tai mdi budc, nd tinh tong xé&c suat duong di tir ndt goc
t6i niat duge tham hién hanh. Qua trinh s& dimg khi tong xac suat duong di nho hon mét ngudng gié tri & cho trudc.
Diéu nay c6 nghia 1a duong di téi cac nat chua tham khong con quan trong boi Vi xac xuat duong di tir nlt goc toi cac
nat nay la qua nho.

Xac suat di chuyén tir nat v; téi ndt 1ang giéng v; biéu thi do lién quan caa nat v; véi v; va duge xac dinh theo
cdng thuc:

—f e(vy,vj)

V; F V;
kaeneighbor(vi) e(vy,vk) ! J

P(Ui,vj) =

trong do: e(v;,v)), e(vi,vi) la trong s6 c&c canh tuong (g gitra nut v; véi cac nit lang giéng vj va v ; fla hé s6 giam trir
(0< f <1). O day can cha y rang viéc lya chon gia tri h¢ so f dua trén 2 tiéu chi: 1) gia tri f phai bao toan dugc thude
tinh cta phuong phap budc ngau nhién; 2) cho phép xéc suat hoi tu & mac chap nhan duoc. Vé nguyén tic, hé sé f cang
nhé cang tét nhung khi d6 thai gian tinh ton s& tang 1én dang ké.

(1)

v; =Uj

X&c suit duong di tir mot nat khai dau s dén nat két thic t biéu hien mie do lién quan gitra s va t duoc xac dinh
theo cbng thuc:

PathProb(s,t) = P(s,v1) ([T P(v;, vi41))P (U, t) 2)

trong do, P(v;,v) duge dinh nghia ¢ cong thic (1). RG rang xac suit dudng di PPath 13 mot gia tri thuoc khoang [0, 1]
do céc thira s6 trong (2) ciing thudc khoang [0, 1].

, Néu tir nit khoi dau s t6i nit két thic t c6 nhiéu con dudong thi do lién quan cua t ddi vai s duge xéc dinh la tong
tat ca cic xac suat duong di tir n(t s dén ndt t va dugc xac dinh theo cong thuc:

I(t|s) = X, PathProb, (s,t) 3)

trong d6 ¥p < G, ¢o dlem bat dau Ia s va diém két thic t, PathProby(s, t) > . Nhu vay, néu nat s c6 nhiéu duong di t6i
t, diéu nay cho thay rang t c6 do lién quan cao doi vai s.
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Déi véi tap hop cac ndt truy vé}n S, thuat toan s& thuc hién cho tirng nit trong tap hop. D6 lién quan trung binh
cua nat t so véi mot tap cac nat truy van S duoc tinh theo cdng thac sau:

121S) = 1 Zses 1(t]s) 4)

Khi ap dung thuat toan nay cho bai toan phan hang va tim kiém gen gy bénh, gia st s 1a mot gen gay bénh da
biét va t 1a mot gen tng vién trén do thi mang tuong tac protein. Néu cac xac suat duong di cua tat ca cac con dudng tir
s t6i t déu nho hon ngudng gi4 tri & thi gen t hau nhu khong lién quan téi bénh. Vi vay, chlng ta chi xem xét cac gen
c6 it nhat mot dudng di toi s ¢6 Xac suat duong di 16n hon ngudng & cho truéc. DS véi mot tap gen bénh di biét S, do
lién quan trung binh ciia mdi gen tmg vién d6i véi S duoc sir dung dé xép hang cac gen ng vién. Cudi cling, cac gen
g vién c6 diém xép hang cao nhat s& duoc lya chon. Két qua cua thuat toan nay cho ching ta k gen c6 do lién quan
cao nhat vai cac gen bénh da biét. Trong d6, k 1a mot sb rat nho so voi tong sb gen trong dd thi mang tuong tac
gen/protein.

2. Thuat todn buéc ngau nhién cé quay lai (RWR)

Budc ngau nhién cé quay lui 1a mot bién thé cua thuat toan budc ngau nhién trén db thi. Theo thuat toan nay,
mot thuc thé xuit phat tir mot nit khoi dau. Sau dé, né di chuyén trén dd thi bang cach chuyén dén céc nit 1an can mot
cach ngau nhién véi xac suit ty 18 vai trong sb cua cac canh két ndi. Tai thoi diém t bat ky trong qua trinh di chuyén,
thuc thé ciing co thé quay lai nit khoi dau véi mot xac suat nhat dinh dugc goi 1a xac suat quay lai ¥ thudc khoang [0,
1]. Gia st G = (V, E) la mot d6 thi vo hudng 6 trong so, trong 6 V = (Vy, Vy, ...,V la tap cac nit va E = ((vi, vj) | vi, v
e V) la tap cé4c canh. Goi S  V la tap cac nat goc (nat khoi dau), W 12 ma tran ké cua dd thi G. Thuat toan budc ngau
nhién c6 quay lai dugc m6 ta nhu sau:

Pes1 = (1 —=YI)W'pe +¥po (5)

trong do: P 12 vector xac suat cua tap cac nit |V| tai thoi diém t, phan tir thir i biéu didn xéac suat cua thyc thé tai nit v;
e V; W’ 1a ma tran chuan héa tir ma tran k& W, trong d6 W; ij (ki hiéu cac phan tir (i, j) trong #°) biéu dién xac suit ma
thuc thé di chuyén tir v; toi Vi nam trong tap VM{vi}; Po la vector xac suat khoi dau trong dé cac phan tir ¢ gia tri 1a 0
(néu chling khong thudc tap nat goc) va 1/|S| (néu chung thudc tap nat goc).

Khi ap dung RWR cho bai toan phan hang gen tng vién duya trén mang [10, 12], tap hop cac nat gbc S la cac
gen bénh da biét va cac gen ung vién la cac gen con lai trén mang tuong tac gen/protein. Ma tran chuan héa W' dugc
xac dinh nhu sau:

"o We)ij
U Riwe)ij

(6)

trong d6 W 12 ma tran ké cua do thi mang twong tac gen/protein.

T4t ca cac gen tng vién cudi cing duoc phan hang khi vector x4c suat p,, dat trang thai 6n dinh sau mot sé bugc
Iap (tic 1a chénh léch gitra pe va penhd hon mot gid tri t6i han, & day ching toi chon 13 10°°).

3. Thuat toan két hop xac suat lién két va budc nhau nhién cé quay lai (CRWR)

Dua trén y tuéng cua giai thuat RWRH cho mang khong ddng nhat da dwoc ap dung dé du doan cac gen giy
bénh dya trén mang khong dong nhat kiéu gen - kiéu hinh [15] va kiéu gen - bénh tuong tu [16]. Trong nghién ctru nay
chiing t6i dé& xuat mot phuong phap phan hang gen méi bang cach két hop thuat toan dua trén xéac suat duong di véi
RWRH goi la CRWR (Complex Random Walk with Restart), nham muyc dich ting cudng tam quan trong/do lién quan
cho cac gen ¢ xa cac gen bénh da biét trong cling mot mang twong tac gen/protein.

Dau tién, tir mang tuong tac gen/protein dong nhat, chung t6i str dung thuat todn dya trén xac suat duong di dé
tach mang tuong tic gen/protein thanh hai mang con Gy va Gy. O day, Gy chira cac gen c6 do lién quan cao nhat ddi
VGi c4c gen bénh da biét, G, chtra cAc gen con lai trong mang twong tac gen/protein.

Budc tiép theo, ching téi 4p dung thuat toan RWRH dé tang cuong trong sé cho cac mang trén. Cu thé 1a ma
tran W' duoc xac dinh nhu sau:

W' =

W'y W,HL] @)

W’LH W,L
trong d6: W'y, W', lan lwot 1a c&c ma tran chuan héa cua cac mang con Gy va Gi. W'y, W' 1a cac ma tran chuin hoa
cua cac lién mang con. Gia sir, A 1a xac suat chuyén ngau nhién cua thuc thé tir mang con Gy, sang mang con G, hoic
ngugc lai. Khi @6, cac ma trdn duge xac dinh nhu sau:

(AWHL)ij

(W’HL)iJ = {Zj(WHL)ij
0 nguoc lai,

néu Z](WHL)U *0 (8)
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(AWHL) ji &
AL neu 2;(Wyp)ji # 0
w5, = [ 2i (Wi 9)
. nguoc lai,
_Wiij néu 3;(Wy,)ij = 0
W' ), =P v
i (1-DWh)ij '
A-HWh)ij nguwoc 12_11,
2iWH)ij
Wy néu X;(Wi)ij = 0
W' )= Wi -
b T ) @=L i
A=-DWL)ij nguoc lai,
XiWL)ij

& day, Wy, W, va Wy, 12 cac ma tran ké ciia d6 thi mang Gy, G, va mang han hop.

Vi thuat toan chi 4p dung cho mat mang gen/protein thuan nhit nén vector khai diu po van dugc xac dinh nhu
thuat toan RWR theo céng thirc sau:

1 ~
Dy = {E néuv;, €S 12)
0 nguoec lai,

C. Phwong phdp danh gia

Dé danh gia hiéu suit cia phuong phap phan hang, ddi vai mdi bénh ching t6i sir dung phuong phép kiém tra
chéo bo-ra-mot (LOOCV: Leave-one-out cross validation). Theo d6, véi mai 1an 1ap, mot gen bénh da biét duogc lay ra
va coi nhu 12 mot gen tng vién binh thuong, cac gen con lai dwoc st dung nhu cac gen goc lam dit liéu dau vao cho
thuat toan. Cu thé nhu sau: véi tap gen bénh di biét S va tap gen tng vién C (14 tat ca cac gen con lai trén mang), mot
gen se S duoc lay ra va ching toi tién hanh phan hang tap gen CU{s} theo thuat toan dé xuét véi tap S\{s} duoc sir
dung nhur tap cac nut goc. Qua trinh nay dwoc lap lai cho tat ca cac gen bénh da biét. Sau d6 ching toi thay d6i ngudng
tir 1 cho dén |CU{s}|. Gia tri sensitivity va 1-specificity duoc tinh toan theo cc cong thirc:

sensitivity = (13)

TP+FN
FP
FP+TN

1 — specificity = (14)
trong d6 TP (true positive) 1a s6 truong hop thir nghiém ma thir hang cua s < 7, FN (false negative) 1a sé truong hop
thir nghiém ma thir hang cua s > 7, FP (false positive) 1a s trudng hop thar nghiém ma tha hang cuia ¢ < 7 (v6i mdi
ceC) va TN (true negative) 1a sé truong hop thir nghiém ma thir hang cua ¢ > 7 (voi mdi ceC). Mot cap gia tri
sensitivity va 1-specificity tuong tng véi mot diém trén dudng cong ROC. Tiép do, hiéu suat cua phwong phéap phan
hang dugc xac dinh bang céch tinh toan gia tri AUC (Area Under ROC Curve) la phan dién tich dudi duong cong
ROC.

I1l. THUC NGHIEM VA KET QUA

Trong phan nay, ching t6i danh gia anh hudng ciia cac tham s6 t6i sy 6n dinh ciing nhu hiéu qua ciia phuong
phap dé xuét. Déng thoi lwa chon bd tham sé tot nhat dé so sanh hiéu qua phan hang véi RWR va ERIN trén cung mot
bo dir ligu theo gia tri AUC. Cudi cling, chung t6i tmg dung phwong phép nay dé xac dinh cac gen mdi lién quan téi
bénh ung thu tuyén tién liét.

A. Anh hwong ciia tham sé

Thuc nghiém dau tién dugc ching t6i tién hanh dé xac dinh anh huéng cua tham sé A t6i hiéu qua ctua phuong
phap dé xut. Ching toi lan luot thay ddi gia tri tham s6 A tir 0.1 dén 0.9 sau d6 d6 tinh toan gia tri AUC cho ting
truong hop theo phuong phap da dé xuat ¢ phan I1.C. Két qua thuc nghiém dugc mo ta trong Hinh 1. Dya trén két qua
thir nghiém, ching t6i nhan thay khi gla tri tham s A < 0.2, thuét toan d& xuét cho gié tri AUC cao nhét; trong truong
hop 02<1<0.7, ket qua phan hang hau nhu khong thay dbi va A > 0.7, két qua phan hang giam mot cach dang ké.
Diéu nay cho thiy rang V6i gia tri A duoc lra chon phu hop (cu thé 13 4 = [0.1, 0.2]), thuét toén d& xuét s& wu tién ca
nhitng gen &ng vién nam trong phéan ving cach xa cac gen gay bénh da biét, dan dén dat hiéu qua tot hon.
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B. So sanh véi RWR va ERIN

D¢ khang dinh hiéu qua phuong phap dé xuat, chiing t6i tién hanh thuc nghiém va so sanh két qua phan hang
vGi cac phuong phap RWR, ERIN trén cung mot bo dir liéu ¢& mé ta trong phan IlLA va phuong phap danh gia
LOOCYV. Dua trén két qua phan hang gen gay bénh cua [10-12] va [9], ching tdi thiét Iap gia tri cac tham sé y = 0.7
cho phuong phap RWR va & = 10, f= 0.1 cho phuwong phap ERIN. Déi Vi m&i phuong phap, ching toi tién hanh vé
duong cong ROC va tinh gia tri AUC trung binh cho tat ca 148 bénh bang cach tinh cac gia tri sensitivity va 1-
specificity cho ting bénh, sau do tinh gia trj sensitivity va 1-specificity trung binh cua 148 bénh tai cic ngudng = Hinh
2 biéu dién duong cong ROC va gia tri AUC trung binh cta ca ba phuong phap duoc so sanh.

1

Sensitivity

04

e CRWR {AUC=0.953)
—=RWR [AUC=0.934)
ERIN (AUC=0.898)
! Random Prediction

0 01 0.2 03 Q4 05 06 07 08 09 1

1-Specificity
Hinh 2. Puong cong ROC biéu dién két qua thuc thi cia cac thuat toan

Vi két qua thyc nghiém nay, chang tdi nhan thay rang S0 V6i cac phuong phap phén hang dua trén mang tuong
tac proteln khac nhu RWR, ERIN thi phuong phap dé xuat cta chung t61 dat duoc higu suat cao hon ro rét. Diéu nay
cho thay rang do chinh xac cia CRWR I tét hon bai sy uu tién trong so lién két ciia cac gen nam ¢ phan viing xa cac
gen gay bénh da biét.

C. Dw dodn cdc gen lién quan dén bénh ung thw tuyén tién liét

~ Trong phan nay, chiing toi kiém ching kha ning xac dinh cac gen méi lién quan dén bénh ciia phuong phap dé
xuat bang cach &p dung phuong phap nay cho mot bénh cu thé. Bé thyc hién diéu ndy, ching toi tién hanh xac dinh cac
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gen mdi lién quan dén bénh ung thu tuyén tién liét (prostate cancer) co ma MIM la 176807 va thu thap cac bang ching
y van cua cac gen c6 thi hang cao trong két qua phan hang.

Ung thu tuyén tién liét xay ra khi nhitng té bao bat thuong phét trién trong tuyén tién liét. Nhiing té bao nay cé
thé tiép tuc nhan 1én mot cach khong kiém soat va doi khi lan ra ngoai tuyén tién liét sang nhirng bo phan ké can hay xa
hon clia co thé. Tra ctu trong co s¢ dir lisu OMIM, ching t6i thu thap duge 22 gen da dugc ching minh 1a c6 lién
quan t6i bénh. Trong d6 ¢ 7 gen khong co lién két trong mang twong tac gen/protein chiing toi st dung dé lam thuc
nghiém. Tap 15 gen con lai dugc st dung nhu 1a tap goc trong qua trinh phan hang, cac gen con lai trong mang twong
tac gen/protein duoc coi la cac gen ung vién va phan hang theo phuong phap da dé xuat... Théng tin vé cac gen lién
quan t6i bénh duoc trinh bay trong Bang 1

Bang 1. Cac gen gay bénh ung thu tuyén tién ligt va s lién két trong mang gen/protein

Ky hiéu | Ma Entrez ciia | S0 lién két Ky hiéu M&aEntrez | S0 lién két
TT ; TT > "
ciia gen gen PPI ciia gen ciia gen PPI
1 [ 367 AR 108 12 [ 100188789 | HPC6 0
2 | 675 BRCA2 42 13 [ 347747 HPCQTL19 0
3 | 3732 CD82 17 14 [ 9566 HPCX 0
4 | 999 CDH1 64 15 [ 1316 KLF6 3
5 | 11200 CHEK?2 80 16 | 8379 MAD1L1 6
6 | 60528 ELAC2 3 17 [ 4481 MSR1 14
7 | 3029 HAGH 25 18 | 4601 MXI11 10
8 | 6928 HNF1B 44 19 [ 7834 PCAP 0
9 | 408259 HPC3 0 20 | 5728 PTEN 30
10 | 408260 HPC4 0 21 | 7991 TUSC3 8
11 | 619402 HPC5 0 22 | 463 ZFHX3 3

Sau khi phan hang, chang tdi lya chon 30 gen c6 thir hang cao nhit va tién hanh thu thap bang chiing vé méi
quan hé giira cac gen nay vai bénh ung thu tuyén tién liét tir co so dir liéu PubMed [19]. Théng tin vé cac gen va ma
cac van y ching minh sy lién quan gitra cac gen nay véi bénh dugc trinh bay trong Bang 2. Cac gen con lai méc du
chwa ¢ bang ching tryc tiép lién quan dén bénh can nghién ctiu nhung ching ciing la nguyén nhan gay ra cac bénh
ung thu khac nhu: ung thu tuyén giép, tuyén mo, dai trang,... Cac gen nay ching toi dé xuét vai cac nha y sinh hoc
nghién ciru va tim kiém thém céc ching ct lién quan dén bénh bang cac thi nghiém y sinh chuyén sau.

Bang 2. Céc gen lién quan t&i bénh ung thu tuyén tién liét trong sé 30 gen c6 thir hang cao nhét

Xép hang Ky hiéu ctia gen Mai Entrez ciia gen Ma y vin tham khao trén PubMed
2 4602 MYB 26089205
3 10401 PIAS3 11071847
4 1487 CTBP1 23097625
7 1051 CEBPB 25772238
9 688 KLF5 24931571
15 6184 RPN1 19064571
21 6185 RPN2 17220478
24 7157 TP53 25827447
25 9611 NCOR1 23129261
26 4609 MYC 25973080
28 10608 MXD4 15862967

IV. KET LUAN

Trong bai béo nay, ching toi da dé xuat mot phuong phap két hop giira thuat toan dua trén xac suat duong di va
buoc ngau nhién cé quay lai ap dung cho bai toan phan hang gen véi muc dich tim kiém cac gen ung vién gay bénh
nam xa c4c gen bénh da biét trén dd thi mang tuong tic gen/protein. Két qua thuc nghiém cho thiy phuong phap dé
xuét dat duoc hiéu qua tot hon so vé6i cac phuong phap dwoc s dung mét cach don I¢ truée d6. Chung t6i cling da ap
dung phuong phéap dé xuit dé tim klem cac gen lién quan dén bénh ung thu tuyén tién liét va thu dugc két qua kha
quan. Vi két qua nay, c6 thé thiy ring kha ning du doan gen bénh méi dya trén do6 lién quan/ tim quan trong tuong
dbi ctia chung so véi cac gen bénh di biét 1a hoan toan kha thi. Cac gen ung vién thir hang cao ¢ thé dugc dé xuat cho
céc nha nghién cau y, sinh hoc kiém tra bang cac thi nghiém sinh hoc chuyén sau. Phuong phap dé xuat trong bai béo
c6 thé dugc phat trién thanh mot phan mém ung dung, trién khai trong cac co s& nghién ctu y sinh hoc phuc vu cong
tac nghién ctru va dao tao. Pong thoi ciing co thé ung dung dé phat hién cac gen lién quan dén nhimg cin bénh di
truyén cu thé. DAy ciing 1a budc tién d& cho viéc tim ra cac phuong phap diéu tri thich hgp cho cac bénh lién quan dén
gen. Trong cac nghién ctu tiép theo, chlng tdi s& thuc hién thém cac kiém nghiém két qua bang cach tim cac bang
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chimg y van vé méi lién quan giita c4c gen (ng vién c6 thir hang cao va bénh dang dugc xem xét. Dong thoi, ching toi
cling s& thir nghiém phuong phép dé xuat véi cac do thi mang sinh hoc khac nhu: mang trao doi chat, mang dieu hoa
gen, mang tuong tac di truyén... dé khang dinh thém veé hiéu qua thuat toén.
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AN IMPROVED METHOD FOR DETERMINING
DISEASE-RELATED GENES

Nguyen Dai Phong, Dang Vu Tung, Le Duc Hau, Tu Minh Phuong

ABSTRACT — In computational biology, the identification of disease genes often begins with prioritizing candidate genes according to
their relevance to a disease phenotype. This helps to narrow the set of disease-related genes which need to be identified by intensive
biomedical experiments. Currently, many different methods have been proposed to prioritize candidate genes based on the relationships
between proteins, which are encoded in gene/protein interaction networks. Most of these methods are based on the assumption of “module
disease”, i.e. genes relating to the same disease tend to be located next to each other on the interaction network. These methods prioritize
candidate genes which are close to known disease genes on the interaction network. However, during the course of experiments, we found
that for many diseases, the known genes do not completely form a module, but are located far from each other on the interaction network. In
such cases, the existing methods for gene prioritization are no longer effective. In this paper, we propose an improved method to prioritize
genes related to the abovementioned diseases by increasing the linking weights for genes which are located away from known disease
genes. We experimentally evaluate the efficiency in prioritizing genes of this method on 148 diseases on human’s interaction network and
compare its performance with that of other significant methods, such as Random walk with restart (RWR) algorithm and method based on
the probability of association (ERIN). The experiment results show that our proposed method achieves high performance of 95.3%, which is
better than RWR (93.4%) and ERIN (89.8%). In addition, by using such method, we are able to identify a number of new genes which are
related to prostate cancer.



