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Mot phwong phap phan hang gen gay bénh mai
dwa trén tong xac suat lién két trong mang

twong tac protein
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Abstract: Prioritizing candidate disease-related
genes using computational methods and biological
networks data is an important problem in

bioinformatics. Random walk with restart (RWR)
algorithm is widely used for this problem due to its
relatively high accuracy. However, RWR s
computationally expensive as it considers every node
in a network. Here we propose to use a new method
for prioritizing candidate genes, in which genes with
low probability of association with disease genes are
excluded from further consideration, thus reducing
computational complexity. Experiments on real
protein interaction networks show that the proposed
method was computationally efficient, and more
accurate than RWR, as measured by AUC scores. We
applied the proposed method to prioritizing candidate
genes for human diabetes type 2. The results were
promising: among top 20 ranked genes, 11 are
associated with diabetes, as reported in the
biomedical literature.
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I. MO PAU

Xéc dinh cac gen mdi 6 lién quan dén bénh 13 mot
bai toan quan trong trong nghién ctru y sinh. Pay co
thé coi 1a budc khéi dau trong viéc tim ra phuong
phap diéu tri cho cic bénh phat sinh do yéu t6 di
truyén [1-3]. Trong giai doan trudc day, viéc xac dinh
gen gdy bénh dugc thuc hién chu yéu bing thuc
nghiém sinh hoc dé x4c dinh cac vung nhidm sic thé
kha nghi lién quan bénh can nghién ciu [4, 5]. Tuy

nhién, nhiing ving nhiém sic thé nay thuong chira
hang trim gen ung vién, trong khi chi co mot b it cac
gen thuc sy lién quan dén bénh [6]. Pé xac dinh duoc
chinh x4c cac gen lién quan dén bénh can nghién ciu,
cac nha y sinh hoc phai tién hanh cac thi nghiém cho
ting gen trong danh sach gen ung vién thu dugc. Pay
1a cong viéc rat ton kém vé thoi gian va kinh phi. Céac
kho khian nay hién nay da duoc giai quyét mot phan
bang phuong phap phan hang gen tng vién lién quan
dén bénh trong Tin sinh hoc.

Muc dich cta viéc phan hang cac gen ung vién
theo mirc do lién quan dén mot cin bénh 13 dé xac
dinh cac gen mdi c6 lién quan dén bénh. Cho dén nay,
dd c6 nhiéu phuong phap tinh toan dugc phat trién
nhdam muc dich phan hang cac gen mg vién lién quan
dén cac bénh di truyén [7-11]. Trong giai doan dau,
cac phuong phap tinh toan chu yéu dya trén dir liéu
cht giai chitc nang. Theo do, mic d6 lién quan cua
gen tng vién va bénh nghién ciru cidn cu vao do tuong
tu vé hd so chic nang dugc xay dung tir cac dir liéu
chu giai cua gen ung vién va cac gen bénh di biét [7,
9, 10]. Tuy nhién, han ché cua cac phuong phap nay
d6 1a cac dir liéu chu giai chirc nang thuong khong day
du cho tat ca cac gen/protein. Diéu nay anh huong dén
viéc xay dung cac ho so chirc ning cho tt ca cac gen.

Gan day, cac phuong phép tinh toan duoc chuyén
theo huéng duya trén cac mang sinh hoc do dir liéu vé
tuong tac giita cdc gen/protein ngay cang day dii va co
thé bao phu toan bo hé gen. Cac phwong phap nay
thuong can ctr vao nguyén 1y “md dun bénh” (nghia 1a,
cac gen/protein lién quan dén cung mot bénh hoic cac
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bénh twong tw nhau c6 xu hudng nam ké nhau trong
cac mang tuwong tac [4]) dé tinh toan do tuong tu
twong gitta cdc gen ung vién va cdc gen gay bénh da
biét. Co rat nhidu phuong phap dira trén mang da duoc
dé xuat cho bai toan nay nhu: dya trén cic lang giéng
gan nhét, dua trén cac cum trén mang. Ngoai ra, cic
thuét toan phé bién trong phan tich mang xa hdi va
mang Web ding dé danh gia tim quan trong twong dbi
cta nut nhu: HITS with priors, PageRank with priors,
K-step Markov [12], RL_Rank [13] va budc ngau
nhién c6 quay lui (RWR) [14] cling da dugc sir dung
cho bai toan phan hang cic gen uUng vién trén cac
mang tuong tac protein. Trong sé do, phuong phap
RWR duoc danh gia 1a phuong phap ndi troi nhat [15].
Phwong phap nay khai thac ciu tric tong thé ciia mang
dira vao hanh vi cua mot chuyén dong ngau nhién trén
mot mang hay do thi. Theo hanh vi nay, mot thuc thé
Xuét phat tir mot nat khoi dau sau d6 di chuyén trén do
thi bang cich chuyén dén cac nut 1an can mot cach
ngau nhién véi xac suat ty I vai trong sé cua cac canh
két néi. Tai thoi diém bét ky trong qua trinh di chuyén,
thuc thé ciing c6 thé quay lai nut khéi dau véi mot xac
suat nhat dinh dugc goi 1a xac suit quay lui (back-
probability). Cac nt trén do thi dugc tham nhiéu hon
sé dugc xem la c¢6 do quan trong lén hon, dai lugng
nay danh gia tim quan trong twong ddi/do lién quan
Clia cac nuat con lai S0 VGi tap cac nit gbe. Khi ap dung
thuat toan nay cho bai toan phan hang gen gay bénh,
cac gen gay bénh da biét dong vai trd nhu cc nat khoi
dau, cac gen con lai trén mang dugc xem la cac ung
vién. Kohler va cong su [14] da ap dung thuat toan nay
trén cac mang tuong tac protein dé xac dinh cac gen
gdy bénh moi. Két qua thir nghiém trén mot tap gém
110 bénh cho thiy phuwong phap nay dat dugc hiéu
ning dy doan tot va cao hon so véi cac phuong phap
dua trén dir li¢u chu giai chuc nang. Khong nhitng dat
dugc hiéu nang cao trong bai toan phan hang gen tng
vién lién quan dén bénh, thuat toan nay con duoc su
dung hiéu qua trong viéc cac dinh cac microRNA mai
lién quan dén bénh [16] ciing nhu cac dich tac dong
méi cua thudc [17]. Tuy nhién, RWR phai duyét qua
tat ca cac nut trén dd thi thong qua cac phép nhan ma
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tran, do d6 n6 c6 do phuc tap tinh toan cao ddi voi cac
db thi I6n nhu cac mang sinh hoc.

Trong bai bao nay, chung t6i str dung mot phuong
phap phan tich mang xa hoi cia HeyongWang va cong
Su [18] cho bai toan phan hang gen gdy bénh. Phuong
phap nay thyc hién tinh toan xac suét lién két gitra cac
gen mg vién va cic gen gy bénh di biét. Bong thoi,
thiét 1ap mot ngudng v nghia dé xac dinh nhiing lién
két quan trong nhat. Do d6 khi duyét, chiing ti co thé
bo qua rat nhiéu gen tmg vién khong dat d6 lién quan
can thiét dé xac dinh mot cach hiéu qua cac gen ung
vién ¢ do lién quan cao nhat dbi véi cac gen gay bénh
da biét. Thuat toan duoc cai dat va thr nghiém cho bai
toan phan hang va tim kiém gen gay bénh dya trén bo
dir liéu mang tuong tac gen/protein. Két qua thuc
nghiém cho thiy d6 chinh xac va thoi gian thuc hién
ctia phuong phéap sir dung tét hon so v&i phuwong phap
RWR trén cung bd dir liéu thu nghiém. Ching toi
cling d3 4p dung phuong phap dé dy doan cac gen
bénh méi lién quan dén bénh tiéu duong tuyp 2
(Diabetes Type 2) va xac dinh dugc 11 gen trong sb
20 gen c6 thir hang cao c6 bang ching vé sy lién quan
gitra chung v6i bénh nay tir cac tai liéu y van da cong
bd.

Céc phan con lai ciia bai bao dugc bd cuc nhu sau:
Phan 2 mo ta dir lidu, cic nghién ctru lién quan va
phuong phap dé& xuat ung dung. Phan 3 trinh bay cac
két qua thuc nghiém. Cubi cung 1a phan két luan néu
cac dong gop chinh cua bai bao va dé xuit cac huéng
cai tién mai.

I1.DU LIEU VA PHUONG PHAP
I1.1. Dir ligu

Pé co thé thuc nghiém véi cac thuit toan phén
hang dya trén mang, ching t6i can mot mang tuong
tac gen/protein va cic bénh di biét mot s6 gen lién
guan. Cu thé, ching t6i di st dung mang twong tac
gen/protein tu [19, 20]. Pay 1a mot mang vo hudng, co6
trong s6 (biéu thi do twong tu Vé chirc ning gitra cac
gen/protein) gébm 11.886 gen va 111.943 lién két.
Thém vao d6, chung toi str dung cac co sé dit liéu vé
bénh va cac gen lién quan di biét tir OMIM [21]. Két
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qua thu duoc 3.284 bénh, trong d6 mdi bénh c6 tur 1
dén 31 gen lién quan da duoc phat hién. Vi mdi bénh,
tap cac gen da biét dwoc sir dung nhu 1a tap gdc trong
qua trinh phan hang béi cac thuat toan.

11.2. Bai toan phan hang gen dwa trén mang

Tinh toan tdm quan trong/do lién quan cua cac nit
trén do thi mang la van d& da duge nghién cuiru trong
mot thoi gian dai, dac biét 1a cac mang xa hdi, mang
phan tich lién két va mang sinh hoc. Hau hét cac
nghién ctu tdp trung vao viéc danh gia do lién quan
clia cac nut véi mot nat (hoic mot s6 nat) trung tam
con goi 1a cac nut gbc dira vao lién két giita cac nut.
Gia sir G = (V, E) 1a mot do thi vo hudng, c6 trong sé
véi V 1a tap cac nut, E 1a tap cac canh. Cho S (SEV) la
tap cac nit goc va C (C €V) 1a tap cac nut c6 lién két
v6i S. Yéu cau cia bai toan dit ra 1a tinh toan do lién
quan cia cac nit trong C ddi véi S.

Khi 4p dung md hinh nay cho bai toan phan hang
gen, mang twong tic gen/protein s& dugc biéu dién boi
d6 thi G, trong do tap cac nit V 1a cac gen/protein va
tap cac canh E thé hién lién két twong tac gitta cac
gen/protein; S 1a tap cic gen bénh da biét, C 1a tip cac
gen tng vién co lién két véi cac gen trong S. So d6
tong quan cua bai toan phan hang gen dua trén mang
duoc biéu dién nhu Hinh 1. Sau khi tinh ton diém sb
va xép hang cho cac gen tng vién, cic gen co thi
hang cao sé 1a cac gen c6 kha nang lién quan tai bénh.
11.3. Cac phwong phap phan hang lién quan
11.3.1. Thudt todn dwa trén xdc sudt duong di

Trong phan nay, ching toi trinh bay thuat toan dya
trén xac suat duong di. Thuat toan nay dugc ching toi
ung dung cho bai toan phan hang gen gay bénh da gidi
thiéu. Do cac mang sinh hoc trén thuc té co cac dic
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tinh c4u triic twong ddng Véi cac mang xa hoi va mang
web nhu “kich thudc ty do” (scale-free) va “thé gidi
nho” (small-world) [22], nhiéu nghién ciru da 4p dung
cac thudt toan duoc su dung dé phan hang cac nut
trong mang xa hdi va mang Web cho bai toan phan
hang cac gen/protein trong cac mang sinh hoc [23].
Theo [18], mot s6 khai niém duoc dinh nghia nhu sau:

Puong di khong chu trinh 13 duong di khong c6 bat
ky nat nao duogc lap lai. Gia s p la mot duong di
khong chu trinh trén dd thi G = (V, E), né duoc mo ta
nhu sau:

P =((V1, Vo, ..., Vi) [Vi, J: 1< T, J<m, vie Vva vty

néu i #j) 1)

Cén luu ¥ rang trong trudng hop mot nit truy van s
chi c6 mot nat lang giéng, md hinh budc ngau nhién
trén do6 thi s& coi s va lang giéng cta nd c6 do lién
quan dén s nhu nhau. Bé chic chan rang nit s quan
trong hon nut lang giéng, mot hé s giam trir f dwoc sir
dung trong md hinh budc ngiu nhién va né cé thé
duogc hiéu nhur 1a sy mat mét thong tin trong qua trinh
lan truyén. Nhu vay, d6 lién quan ctia mot nut lang
giéng u ddi véi nut s duge dinh nghia 13 xac suat tir s
chuyén ngau nhién toi u véi hé s6 giam trir f (0< f <1)
va xac dinh nhu sau:

. e(s,u)
P(S: u) = {(1 f) Zveneighbor(s) e(s,v) s#u (2)

1 s=u
trong do: e(s,u), e(s,v) 1a trong sb cac canh twong ting
gita nit s Vi cac nat lang giéng u va v. Viéc lya chon
gia tri hé s6 f dua trén 2 tiéu chi: 1) gia tri f phai bao
toan dwoc thudc tinh ciia phuong phap budc ngau
nhién; 2) cho phép xic suat hoi tu & mac chap nhan
dugc. Vé nguyén tic, hé s f cang nhé cang tot nhung
khi d6 thoi gian tinh toan sé ting 1én déng ké.

Hinh 1. So d6 phdn hang gen dua trén mang
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Khi quyét dinh duong di p 1a quan trong, mot khai
niém mai goi 1a xac suat duong di cua p duge xac dinh
dé tinh toan do lién quan cua nut két thic t dbi véi nat
truy van s théng qua con dudng xac sudt p nay. Xac
suat duong di PPath,(s, t) ciia duong di tir s dén t
trong do thi theo mot dudng di khong chu trinh p = (s,
Vi, Va, ..., 1), dugC xac dinh nhu sau:

PPath,(s,t) =

P(s, v) (T2 P, vis ) )P, ) (3)
trong d6, P(v,vi+1) dugc dinh nghia & cong thiac (2).
R& rang xac sudt duong di PPath 1a mot gia tri thudc
khoang [0, 1] do cac thura s6 trong (3) ciing thudc
khoang [0, 1]. M&i dudng di bao gdm mot s6 lién két
gitta nut bat dau s va nat két thuc t, néu xac xuit
dudng di 1a 16n, duong di nay s& biéu hién do lién
quan cao gitra nit bit dau va nut két thuc.

Ngudng y nghia & 1a mot gia tri nam trong khoang
[0, 1]. Pudng di c6 y nghia tir nut s dén nut t 1a dudng
di co xac suat I6n hon hoac bang ngudng gié tri &

PPath,(s,t) > (4)

Khi d6, d6 lién quan ciia mot nat t dbi voi mot nit
s dugc xéac dinh 1a tong tat ca cac xac xuat duong di o
y nghia tir nit s dén nut t:

I(t|s) = X, PPathy, (s,t) (5)

trong d6 vp < G, c6 diém bat dau 1a s va diém két thuc
t, PPathy(s, t) > .
Do lién quan trung binh ctia nat t so véi mot tap
cac nit truy van S dugc tinh theo cong thirc sau:
1
I(t19) = o Tses 1 (t]5) ©)
néu nut s co nhiéu duong di co ¥ nghia ti t, didu nay
cho thdy rang t c6 do lién quan cao ddi vai s.

Muc tiéu ciia bai toan phan hang gen 1a tim kiém va
phan hang tat ca cac gen c6 lién quan téi gen bénh di
biét, sau d6 trich chon k gen c6 d6 lién quan cao nhét
dé cac nha y sinh hoc lam cac thyc nghiém y sinh dé
khing dinh thém kha ning lién quan dén bénh. Trong
do, k 1a mot sb rat nho so voi tong sb gen trong do thi
mang twong tic gen/protein. Néu xic suit duong di
clia cac con duong tir gen bénh s t6i gen t déu nho hon
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ngudng & thi gen t hau nhu khong lién quan véi gen
bénh s. Thuat toan tinh tong xac suat duong di cia moi
gen tng vién t6i gen bénh s di biét dugc mo ta nhu
Sau:

void SingPathSum(node, &, PPath[])
{
Initialize: danh_dau_da_duoc_duyet(node);
PPath[node] = 1;
EnStack(node);
While (Stack !'= rong)
{
s = DeStack();
For (u la lang gieng cua s)

If (u chua duoc duyet)
{

PPath = PPath[s] * (1-
f)*e(s,u)/tong_trong_so_lang_gieng_cua_s;
If (PPath < 9)

{

continue;

}
EnStack(u);
danh_dau_da_duoc_duyet(u)
PPath[u] = PPath;
}
}
}
}

For (u' la lang gieng cua s)

{
¥

SingPathSum(u', o, PPath[]);

Hinh 2. Thudt todn SigPathSum tinh tong xdc sudt dwong di
cuia moi gen ing vién téi gen bénh s

Dbi vai tap hop cac gen bénh S da biét cua mot
bénh, thuat toan s€& thuyc hién cho tieng gen trong tap
hop. D6 lién quan trung binh ctia mdi gen tng vién dbi
VGi tap hop cac gen bénh S duoc sir dung dé xép hang
cac gen tmg vién. Cudi cing, cac gen Umg vién co
diém xép hang cao nhat s& dugc lya chon.

11.3.2. Thudt todn bwéc ngdu nhién cé quay lui
(RWR)
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Trong bai bao nay, ching t6i so sanh hiéu nang
phan hang cia phuong phap duge dé xuat véi phuong
phap dua trén thuat toan dugc danh gia 1a t6t nhat hién
nay cho bai toan phan hang gen tng vién li€n quan
dén bénh, d6 13 RWR. Theo thuat toan nay, mét thuc
thé xuat phat tr mot nat khoi dau. Sau do, né di
chuyén trén d6 thi bang cach chuyén dén cac nit 1an
can mot cach ngu nhién voi xac sudt ty 18 véi trong
s6 cua cac canh két ndi. Tai thoi diém t bat ky trong
qua trinh di chuyén, thuc thé ciing c6 thé quay lai nat
khoi dau voi mot xac suit nhat dinh dugc goi 1a xac
suat quay lai » thugc khoang [0, 1]. Gia sit G = (V, E)
1a mot dd thi vo hudng c6 trong sb, trong d6 V = (vy,
Vy, ...,Vp) la tap cac nat va E = ((vi, vj) | vi, vj € V) la tap
cac canh. Goi S c V 1a tap cac nut gbe (nut khoi dau),
W 12 ma tran ké cua do thi G. Thuat toan buéc ngau
nhién c6 quay lai dugc mo ta nhu sau:

Pe+r = (L=yYI)Wpe +vpo (7)
trong d0: Py 12 vector x4c sudt cua tap cac nut |V tai
thoi diém t, phan tu tha i biéu didn xac suat cua thuc
thé tai nat v; e V, Po 1a vector xac suét khai dau trong
d6 cac phan tir co gid trj 1a 0 (néu chung khéng thudc
tap nut gbe) va 1/|S| (néu chung thudc tap nut gbc).

Khi ap dung RWR cho bai toan phan hang gen ung
vién dya trén mang, tap hop cac nut gbc S 1 cac gen
bénh da biét va cic gen mg vién 1a cac gen con lai
trén mang. T4t ca cac gen trong mang cudi cing duoc
phan hang khi vector x4c suét p., dat trang thai 6n dinh
sau mot s budc 1ap (tc 1a chénh 1éch giita puy va p
nho hon mdt gia tri toi han, ¢ day ching t6i chon la
10°).

11.4. Phwong phap danh gia

Pé danh gia hiéu suat ciia phuong phap phan hang,
d6i v6i mdi bénh chung toi sir dung phuwong phap kiém
tra chéo bo-ra-mot (LOOCV: Leave-one-out cross
validation). Theo d6, véi mdi 1an lap, mot gen bénh da
biét dugc lay ra va coi nhu 1a mot gen mg vién binh
thuong, cac gen con lai dugc sir dung nhur cac gen goc
lam dit liéu dau vao cho thuét toan. Cu thé nhu sau:
Vi tap gen bénh d3 biét S va tap gen tmg vién C (la tat
ca cac gen con lai trén mang), mot gen se S duoc liy
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ra va chang t6i tién hanh phan hang tap gen Cu{s}
theo thuat toan dé xuat voi tap S\{s} duogc str dung nhu
tap cac nat géc. Qua trinh nay duoc lap lai cho tat ca
cac gen bénh di biét. Sau d6 chang toi thay doi
ngudng 7 tir 1 cho dén |CU{s}|. Gia trj sensitivity va
1-specificity dugc tinh toan theo cac cong thic:

TP
TP+FN

(8)
(9)

trong d6 TP (true positive) 1a sd truong hop thi
nghiém ma thir hang cua s < 7, FN (false negative) la
sb truong hop thir nghiém ma tha hang cua s > 7, FP
(false positive) 1a s6 truong hop thir nghiém ma thi
hang cua ¢ < 7 (voi mdi ceC) va TN (true negative) 1a
sb truong hop thir nghiém ma tha hang caa ¢ > 7 (Voi
mdi ceC). Mot cap gia tri sensitivity va 1-specificity
tuong ung voi mot diém trén duong cong ROC. Tiép
d6, hiéu suat cua phuong phap phan hang dugc xac
dinh bang cach tinh toan gia tri AUC (Area Under
ROC Curve) 1a phan dién tich duéi dudng cong ROC.

sensitivity =

FP
FP+TN

1 — specificity =

I1l. THUC NGHIEM VA KET QUA

Trong phan nay, chiing t6i danh gia anh huong cua
cac tham s6 toi tinh 6n dinh cua thuat toan dong thoi
lwa chon bd tham sé t6i wu nhat ca vé& do chinh xéc va
thoi gian thyc hién. Sau do, ching t6i so sanh hi¢u
Suit cta phuong phap dé xuat voi phuong phap RWR
trén cung bo dir liéu theo gia tri AUC va thoi gian thuc
hién. Do sir dung phuong phap LOOCV dé danh gia
hiéu ning ctia cdc phuong phap phan hang, nén moi
bénh phai c6 it nhit hai gen lién quan va cac gen nay
déu phai nam trén mang twong tic di thu thap. Tir co
s¢ dir liéu, chung t6i loc ra dugc 398 bénh phu hop
cung voi cac gen li€n quan cua chung dung cho cac
thuc nghiém danh gid. Hiéu ning cta mdi phuong
phéap 1a gia tri AUC trung binh trén 398 bénh nay.
Cubi cung, chang t6i ap dung phwong phap dugc dé
Xuat dé tim kiém cac gen gay bénh moi lién quan dén
bénh tiéu dudng tuyp 2.

[11.1. Anh hwéng ciia cic tham s
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Thyc nghiém déu tién dugc ching toi tién hanh dé
xac dinh anh huong cua tham s f toi hiéu qua cua
phuong phap dé xuat ung dung. Véi mot ngudng & ¢o
dinh (8= 10°), chiing t6i nhan thay khi f < 0.1, gi4 tri
AUC khong thay d6i nhiéu nhung khi f > 0.1, s6 luong
gen bi loai bo nhiéu, din dén gia tri nay giam rat
nhanh. Mat khac, thoi gian thuc hién trung binh khi f =
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0.1 gan gip ddi thoi gian thyc hién trung binh khi f =
0.3. Két qua thuc nghiém duoc ghi nhan trong Bang 1
va Hinh 3. Dé thoa mén ca 2 tiéu chi vé thoi gian thuc
hién nhanh va hiéu nang theo AUC cao, trong cac thuc
nghiém con lai cua bai bao nay, chung t6i lya chon f =
0.1.

Bang 1. Két qua thuec hién thudt todn véi gid tri f thay déi, tinh trung binh trén 398 bénh

f Thoi gian thuc hién S6 gen duoc duyét Gia tri AUC
0.01 6690.82s 3889 0.927
0.1 6013.35s 3614 0.925
0.3 3090.19s 1933 0.781
0.5 2860.59s 1256 0.778
0.7 1416.40s 1191 0.759
0.9 1238.25s 544 0.745

Bang 2. Két qud thuc hién thudt todn véi gid tri 8 thay doi, tinh trung binh trén 398 bénh

1) Thoi gian thuc hién So gen duoc duyét Gia tri AUC
10°® 6013.35s 3614 0.925
10° 3239.93s 1866 0.882
10* 1410.71s 643 0.827
1073 614.27s 132 0.740
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Hinh 3. Puwong biéu dién cdc gid tri AUC trung binh khi thay doi gid tri f
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Tiép theo, chung toi thiét lap cac gia tri ngudng &
khac nhau. Dbi véi mdi ngudng, ching ti tién hanh
phén hang cac gen Ung vién va tinh gia tri AUC trung
binh trén 398 bénh, ddng thoi tinh sé lwong cac gen
ung vién dugc duyét va thoi gian thuc hién cho ting
truong hop, két qua thuc nghiém duoc cho trong Bang
2. Ching t6i nhan thdy rang, khi gia tri nguong &
giam, sb luong cac gen dugc duyét ting dan dén két
qua phan hang clng tang. Tuy nhién, thoi gian thyc
hién thuat toan ciing ting mot cach dang ké (tur
614.27s v6i 8 = 10 dén 6013.35s vai 5= 10°). Viéc
chon gia tri ngudng 6 dong mot vai tro rat quan trong
trong phuong phap tiép can nay. Véi gia tri ngudng &
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dugc lya chon phu hop, thuit toan c6 thé dat dugc su
ti wu ca vé d6 chinh xac va thoi gian thuc hién.
II1.2. So sanh véi RWR

Pé khang dinh hiéu quéa ciia phuong phap dé xuat,
chung t6i thiét lap gia tri cac tham sé f = 0.1, 5= 10°
va so sanh két qua phan hang véi phuong phap RWR.
Theo [19] thi RWR dat dugc hiéu qua I6n nhat véi xac
suat quay lui =0.7.

Két qua thuc nghiém trong Bang 3 va Hinh 4 cho
thdy véi & = 10°°, gia tri AUC dat duoc 16n hon mot
chat so vdi phuong phap RWR nhung thoi gian thuc
hién chi bang 1/6 thoi gian thuc hién RWR.

Bang 3. Két qua thuc hién SigPathSum véi f = 0.1, 5= 10° va RWR véi y = 0.7, tinh trung binh trén 398 bénh

Thuadt toan Thoi gian thuc hién S6 gen duoc duyét Gia tri AUC
SigPathSum 6013.35s 3614 0.925
RWR 37133.98s 11592 0.919
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Hinh 4. Biéu dién dirong cong ROC ciia SigPathSum va RWR
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Bang 4. Danh sdach cdac gen gay bénh tiéu duong tuyp 2
va so lién két trong mang PPI

Ky hiéu | Ma Entrez cia | S0 lién két
TT ;
cia gen gen PPI
1 6833 ABCCS8 6
2 208 AKT2 92
3 54901 CDKAL1 23
4 5167 ENPP1 7
5 2642 GCGR 2
6 2645 GCK 13
7 2820 GPD2 21
8 3159 HMGA1 8
9 6927 HNF1A 16
10 6928 HNF1B 44
11 3172 HNF4A 69
12 10644 IGF2BP2 2
13 3569 IL6 242
14 3667 IRS1 99
15 8660 IRS2 45
16 3767 KCNJ11 8
17 3990 LIPC 19
18 9479 MAPKS8IP1 26
19 4760 NEUROD1 18
20 50982 NIDDM3 0
21 100188782 NIDDM4 0
22 5078 PAX4 13
23 3651 PDX1 0
24 5468 PPARG 27
25 5770 PTPN1 24
26 56729 RETN 2
27 6517 SLC2A4 27
28 169026 SLC30A8 5
29 6934 TCF7L2 13
30 7422 VEGFA 249
31 7466 WFS1 0
Tong s lién két trong mang PPI 1120

Tur két qua thuc nghiém thu duoc, chung t6i nhan
thdy: véi cac d6 thi co kich thudc 16n nhu mang twong
tac protein cua ngudi, phuong phap RWR c6 chi phi
tinh toan cao ca vé thoi gian va khong gian luu trix can
thiét. Khi do, phuong phap dé xuat tng dung 1a mot
lya chon téi wu hon so véi RWR.

111.3. Dy doan cac gen bénh méi lién quan dén
bénh tiéu dwong tuyp 2
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Trong phan nay, chung t6i kiém chiang kha ning
xéac dinh cac gen méi lién quan dén bénh cia phuong
phap dé xuét bang cach ap dung phuong phéap nay cho
mot bénh cu thé. Bé thuc hién diéu nay, chung to6i tién
hanh xac dinh cac gen mdi lién quan dén bénh tiéu
duong tuyp 2 (Diabetes type 2) c6 ma OMIM 125853.
Tiéu duong tuyp 2 1a mot nhom bénh rdi loan chuyén
hoa cacbohydrat khi hooc mén insulin cua tuy bi thiéu
hay giam tac dong trong co thé, biéu hién bing
muc duong trong mau ludn cao. Pay la mot trong
nhitng nguyén nhan chinh cta nhiéu cin bénh hiém
nghéo khac, dién hinh 1a bénh tim mach vanh, tai bién
mach mau ndo, mu mét, suy than, hoai thu, v.v..

Theo OMIM, c6 31 gen da dugc xac dinh la lién
quan dén bénh tiéu duong tuyp 2, trong d6 c6 27 gen
nam trén mang twong tac gen/protein da thu thap duoc
st dung nhu cac nat gbc. Danh sach cac gen nay dugc
liét ké trong Bang 4. Chung t6i coi cac gen con lai trén
mang déu 1a cic gen ung vién va tién hanh phan hang
dua vao thuat toan da dé xuat.

Sau khi tit ca cac gen tmg vién déu dugc phan
hang, chiing t6i chon ra 20 gen c6 thir hang cao nhit
va thu thap cac bang chimg y vian dugc cong bd trong
co s6 dir lieu PubMed [24] vé su lién quan ctia cic gen
nay vai bénh tiéu duong tuyp 2. Tir két qua tra ciu thu
thap duoc, chung t6i thy ring c6 11 gen da duoc bao
c4o c6 lién quan truc tiép dén bénh tiéu duong tuyp 2
(cic gen danh du * trong Bang 5). Vi du gen INSR,
mi héa cac thy thé insulin, 14 mot gen ng vién cho
bénh tiéu duong type 2 [25]. Hon nita, khi phén tich
DNA trong té bao mau ciia 128 bénh nhén tiéu duong
tuyp 2 nguoi Iran, Bahram Kazemi va cong sy [26]
cho thdy két qua c6 26% bénh nhan bi dot bién gen
INSR. Deniz Rende va cong su [27] thong qua phéan
tich cau tric md dun bénh da chimg minh rang gen
CREBBP ¢ lién quan mat thiét tsi bénh tiéu duong
tuyp 2. Trong nghién cru ctia minh, Stephen A. Myers
va cong su [28] dd néu bat vai tro ctia hé théng van
chuyén kém (cac gen SLC30AX) va vai tro sinh hoc
clia ching trong qua trinh phat sinh bénh tiéu duong
tuyp 2 V.v..
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Bang 5. Danh sdch cdc gen co thir hang cao va cdc y van lién quan
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Tai liéu y van

T Kwy hi¢u Ma? Entrez Diém phan Mb ta tham Kkhio
cua gen cua gen hang trén PubMed
1 | 3764 KCNJ8 0.474112 g;ersli IIlllally lién quan dén dot bién bénh ti€u duong & tré [32]
bot bién gen nay c6 lién quan v6i hoi chimg
2 3759 KCNJ2 0.351654 Andersc;n, dugc dac trung boi tinh trang té 1iét tuan [33]
hoan, r6i loan nhip tim.
3 | 3175 ONECUT1 0.319095 Dot bién gen nay gay ra bénh ung thu tuyén tuy. [34]
Gen nay mi hoa cic thy thé insulin, gdy khang
* g L
4 | 3643 INSR 0.309135 | 4 Culin, 1a mot mg vién cho banh tidu duong tuyp 2 [25], [26]
5 | 3670 ISL1 0.306483 Ma hoa gen nay lién quan t6i bénh tiéu duong tuyp 1 [35]
6 | 1387 CREBBP* 0285394 fon nay‘chf) thay}mo% lién quan giira bénh tiu duong [27]
tuyp 2 va bénh than kinh co
7 | 7779 SLC30A1* | 0263269 | [1¢ thong van chuyén kém déng vai tro quan trong [28]
trong vi¢c tong hop, bai tict va hoat dong cuia insulin.
8 | 2033 EP300* 0237035 Gﬁen nay tuo‘ng tac’ v6i phloridzin 1a tic nhan gay ra [36]
bénh tiéu dudng tuyp 2
Cac da hinh trong gen nay lién quan toi viéc dung nap
9 | 6514 SLC2A2* 0.236819 gluco va di€u tiet insulin. Bien the di truyén c6 nguy [37], [38]
co gy mac bénh tim mach
10 | 6667 Sp1* 0230503 Ge‘n r‘1a}'fxdugc‘ chung minh c6 lién quan dén bénh béo [39]
phi va ti€u duong tuyp 2
11 | 148867 | SLC30A7* | 0224545 | 116 thong van chuyén kém déng vai tro quan trong 28]
trong viéc tong hop, bai ti€t va hoat dong cta insulin.
12 | 5451 POU2F1* 0222273 Q?n nay nam tret}xvung‘ nhlen) sac thé 1q24 c¢6 moi [40]
lién két v4i bénh tiéu duong tuyp 2
13 | 59084 ENPP5 0.216666 Gen nay méd hoa mot mang glycoprotein type-1, dong [41]
vai trd truyén thong cua céc té bao than kinh.
14 | 3110 MNX1 0.209235 | La nguyén nhan gy ra bénh tiéu dudng & tré so sinh [42]
15 | 1080 CETR 0197098 Dﬁ)t bién gen nay c6 lién quan voi bénh xo nang va [43]
viem tuy
Céc r6i loan cua gen nay dan dén cac bénh nhu ung
16 | 207 AKTL 0.19335 thu, tiéu duong, tim mach va cac bénh vé than kinh. [44]
17 | 1906 EDN1 0192944 Lle‘n quan toi bénh ly vong mac cua bénh nhén tiéu [45]
duong type 2
18 | 55532 SLC30A10* 0192821 H¢ thong van chuyén kém dong vai tré quan trong 28]
trong viéc tong hop, bai tiét va hoat dong cua insulin.
Gen nay dugc xac dinh co lién quan dén bénh tiéu
19 | 3766 KCNJ10* 0.188767 duong tuyp 2 & ngudi da do Pima va sau nhom nguoi [46]
khac
Cac nucleotide polymorphisms (SNPs) trong loci
20 | 8091 HMGA2* 0.187472 | HMGA?2 lién quan dén bénh nhén tiéu duong tuyp 2 & [47]

nguoi Nhat Ban

Céc gen con lai mic du khong co bang ching truc
tiép lién quan dén bénh nhung ching la nguyén nhan
gdy ra cac bénh tiéu duong tuyp 1, viém tuy, ung thu
tuyén tuy, rdi loan san sinh insulin, khang insulin va
bénh xo nang. Cac bénh nay ciing da duoc chung

thi nghiém.
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IV. KET LUAN

Trong bai bao nay, ching t6i di dé& xuat eng dung
mat thuat toan mai trong phan tich mang xa hoi, mang
web dé phan hang va tim kiém cac gen tng vién c6 do
lién quan cao nhat ddi véi cac gen bénh di biét dua
trén tong xac suat duong di giira hai gen/protein trong
mang. Thuc nghiém cho thay khi sir dung mot gié tri
ngudng nhat dinh (5 = 10°) két qua phan hang dat
dugc t6t hon so v6i phuong phap dua trén thuat toan
RWR nhung véi thoi gian thuc hién it hon. Chu y
ring, mang tuong tac gen/protein cd thé dugc hinh
thanh boi cac tuong tac vat 1y giita chiing hodc co thé
duge xdy dung dua trén do tuong ty vé chirc ning
giita cac gen/protein trén mang. Dan dén, cic mang
gen/protein c6 thé cé kich thuéc rat 16n dé phan anh
day du méi quan hé chirc ning phic tap gitra cac thanh
phan trong té bao. Phuong phap nay dugc dé xuat dé
ap dung trén cac mang tuong tac gen/protein c6 kich
thugc 16n trong khi van dam bao hiéu ning dy doan
cao. Két qua thuc nghiém ciing cho thay ngoai dat
dugc hiéu ning t6ng thé cao, phuong phap nay con c6
thé sir dung dé xac dinh cac gen méi lién quan dén
mot bénh cu thé. Cac gen co thir hang cao nhung chua
¢6 bang chung y sinh truc tiép vé méi lién quan giira
chung v6i bénh xem xét co thé duge dé& xuat dé cac
nha nghién ctu y sinh hoc tiép tuc nghién cuu thyuc
nghiém.

V6i cac két qua nghién ctru va thyc nghiém da thu
dugc, ching toi hy vong co thé phat trién phuong phap
dé xuat ung dung thanh céng cu tim kiém gen gay
bénh trong twong lai nhu [48]. Thém vao do, voi su
gia tang khong ngiing cua cac dir liéu sinh hoc, nhiéu
mang sinh hoc ciing duoc cdu thanh dua trén cac dit
liéu nay. Viéc tich hop nhiéu loai dit liu lién quan dén
bénh s€ cai thién hiéu ndng cla cac thuat toan dua trén
mang, cling nhu tao dong luc dé dé xuat cac thuat toan
méi hiéu qua hon [19]. That vay, bang viéc tich hop
thém dit liéu vé do twong tu gitra cac kiéu hinh bénh,
Li va cong su [49] da sir dung thuat toan budc ngau
nhién c6 khoi dong lai cho mang khong ddng nhat
bang cach két hgp mang gen va mang kiéu hinh.
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