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TOM TAT

Dy doan gene gay bénh la mét trong nhirng muc ti€u quan trong trong nghién ctru y sinh. Hién nay co6 kha
nhidu phwong phap dwoc xay dung dé dw doan cac gene lién quan dén mot sb bénh cu thé. Tuy nhién, do méi quan
hé phurc tap gitra cac gene va b&nh nén rat nhidu cac gene 1a nguyén nhan gay ra mot sé bénh di truyén hién van
chwa dwoc phat hién ra. Bai toan phan hang gene dé tim ra cac gene bénh 13 mot trong bai toan dwoc nhidu nha
khoa hoc quan tam nghién ctru. D& tim ra mdt phwong phap tét véi muc tiéu 13 dw doan dwoc cac gene gay bénh véi
hiéu suét cao, ching téi da tién hanh khao sat mot sé phwong phap phan hang gene da c6 dwa trén mang sinh hoc,
sau d6 dé& xuat mot phwong phap dw doan st dung méd hinh mang Boolean Network. Trong mang sinh hoc cac
khuyét tat do dot bién vé gene/protein cé thé gay ra mot bénh ndo dé & ngwdi. Cling chinh vi thé, nhirtng ddt bién
clia gene/protein nay c6 thé anh huwéng dén gene/protein khac théng qua cAu tric clia cac mang sinh hoc. Phwong
phap mé&i st dung md hinh Boolean nay danh gia sy phu hop ctia nhitng gene (rng vién déi véi mot bénh nao d6
quan tam béng cach do mrc dd6 anh hudng dot bién tlr gene gay bénh da biét téi cac gene (ng vién. Dya trén gia tri
nay dé sap xép cac gene trng vién sao cho cac gene c6 kha nang lién quan t&i bénh dwgc nhan thir hang cao hon.
Sau khi phan hang, mét nhém nhé cac gene véi thiy hang cao sé dwoc Iwa chon dé kiém nghiém béng thwe nghiém
dé& xac dinh c6 lien quan dén bénh. Cac két qua gia 1ap trén mot bo di lieu gene - bénh da cho thay ring phwong
phap dé xuét cta chung téi tét hon phuong phap dwa trén giai thuat ngau nhién - Random Walk Restart. S&r dung
phuwong phap dé& xuét, két qua thtr nghiém da xac dinh dwoc 27 gene ¢6 lién quan dén bénh ung thw vi.

T khéa: Gene bénh, mang tin hiéu sinh hoc, Boolean déng, phuong phap dwa trén mang, thuat toan ngau nhién.
Study Method Base on Biological Networks for Disease Candidate Gene Prediction

ABSTRACT

Predicting genes which may associate with disease is one of the important goals of biomedical research. There
have been many computational methods developed to rank genes involved in a particular disease. However, due to
the complex relationship between genes and the diseases, many genes that cause genetic diseases have not yet
been discovered. The problem of ranking genes to identify the disease-associated gene has drawn attention of many
researchers. To find a good method to predict target genes that cause diseases with high performance, we have
conducted a survey of prediction methods based on biological network. We then proposed a new method using a
Boolean network model. In biological network, defects by mutations on genes/proteins may cause a disease to
occurin a person. Also, these mutations may affect other genes/proteins through structures of the biological networks.
In this study, we proposed to use Boolean network model to assess the relevance of candidate genes to a disease of
interest by measuring the degree of mutational effect from known disease-associated genes to candidate genes.
Particularly, we mutated known disease-associated genes and measured the effect of this mutation on candidate
genes based on Boolean dynamics of biological networks. Based on this measured value, candidate genes can be
prioritized and finally top-ranked candidate genes can be selected as novel promising disease genes. Simulation
results on a set of diseases showed that the proposed method is superior to a state-of-the-art one, which is based on
a random walk with a restart algorithm. Using the proposed method, we have identified 27 genes associated with
breast cancer with evidences from literature.
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Nghién ctru phong phap dwa trén mang sinh hoc dé dw doan cac gene gay bénh

Keywords: Disease candidate gene prioritization, human signaling network, Boolean dynamics, network-based

method, random walk with restart algorithm.

1. DAT VAN DE

Xac dinh gene gay bénh la bai toan quan
trong trong y sinh hoc va sinh hoc phan tt. Dé du
doan gene bénh da c6 mot s6 phuong phap dudgc
dé xuat (Kann, 2010). Truéc day, viéc xac dinh
gene giy bénh dudc thuc hién cht yéu bang cac
thuc nghiém sinh hoc. Phuong phap nay dugc
thuc hién cho hang tram gene Ging vién nim trén
mét ving nhiém sic thé kha nghi nén doi hoi
nhiéu thoi gian va chi phi rat cao. Phan hang
gene 1a st dung cac phuong phap tinh toan dé
sép x6p cac gene tng vién sao cho cac gene cb
kha nang lién quan téi bénh dude nhan thi hang
cao hon. Sau khi phan hang, m6t nhém nho céc
gene v6i thi hang cao sau d6 sé dudc lua chon dé
kiém nghiém bing thuc nghiém.

Céac phuong phap phan hang gene ting vién
da duge dé xuat co thé chia lam 3 huéng chinh:
1) Dua trén danh dau nhan chtic ning; ii) dua
trén mang va iii) dua trén hoc may. Trong dé,
cac phuong phap dua trén danh d4u nhan chitc
niang phan hang cac gene ting vién bang cach do
mic d6 tuong tu cia mdi gene ting vién téi mot
tap hop cac gene gay bénh da biét dua trén cac
ho so duge xay dung ti nhiéu ngudn di liéu
(Aerts, 2006). Do d6, nhiing phuong phap nay
chu yéu tap trung vao viéc tich hgp nhiéu bo dit
liéu sinh hoc khac nhau dé ¢6 duge su tuong tu
chinh xac hon dé bao pht toan bd hé gene ngudi.
Bén canh cac phuong phap dua trén danh diu
nhén chic ning, cac phudng phap dya trén hoc
may véi phan 16p nhi phan dé xac dinh cac gene
bénh tuong Ging ciing da duge nghién ctu. O thoi
ky diu, nhiing nghién ctu dua trén hoc may
thudng tiép can du doan gene bénh nhu bai toan
phan 16p nhi phan. Mot s6 ky thuat phan 1ép
nhi phan da dudc dé xuit cho van dé nay nhu:
ciay quyét dinh (Adie, 2005), k-lang giéng gin
nhat (Li, 2006), phan loai Naive Baysian (Calvo,
2006), mang noron nhan tao (Sun, 2009) va may
vector hé trg (Keerthikumar, 2009). Trong
nhiing nghién ctiu nay, cac mau hoc bao goém
mau huan luyén tich cuc va tiéu cuc. Trong do,
mau huan luyén tich cuc dudc xay dung ti cac
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gene gy bénh da biét, mau huan luyén tiéu cuc
la gene chua xac dinh 1a lién quan véi bénh. Day
12 han ché cua cac giai phap phan 16p nhi phan
cho bai toan du doan gene bénh vi tip huin
luyén tiéu cyc khong thuyc sy la nhiing gene
khong lién quan t6i bénh. Tuy nhién, viéc xay
dung tap di liéu nay la gAdn nhu khong thé
trong cac nghién ctiu y sinh béi vi trong y sinh
nhiing truong hop khéng quan sat dudc lién két
khong c6 nghia 1a lién két dé khong ton tai. Do
vay, dé gidm su khéng chic chén nay ctaa cac
phuong phap truéc d6, phuong phap ban giam
sat da dugec dé xu4t cho van dé, trong dé bd
phan loai dugc hoc tit ca hai: dii liéu ¢6 nhan (vi
du, gene bénh da biét) va khong c6 nhan (vi du,
cac gene chua biét). Tuy nhién, caAc mau tiéu cuc
vAn phai dugc xac dinh trong cadc nghién ciiu
nay. Pé khéc phuc nhiing han ché cta ca hai
phuong phap néu trén, cac phuong phap duya
trén mang dé xac dinh gene bénh da duge dé
xuat (Wang, 2011). Nhiing phuong phap nay
cht yéu dua trén cic mang sinh hoc nhu mang
tuong téc protein duge st dung khéa phé bién do
dii liéu tuong tac protein/gene ngay cang day du
va da dang. Ngoai ra, phuong phap nay vugt
troi so véi hai ti€p can trudc 14 bdi vi né dua
trén nguyén ly “module bénh” (chdng han cac
gene/protein gin két v6i cing mot bénh hodc cac
bénh tuong tu thudng cé xu huéng nim gin
nhau trong mang tudng tac gene/protein). Hon
nita, phuong phap dua trén mang nay nhim téi
ban chat ctia van dé du doan gene bénh, phan
hang thay vi phan loai cac gene ting vién (vi dy,
gan nhan cho mdt gene tGng vién la gene bénh
hodc khong) nhu cac phuong phap dya trén hoc
may thuc hién.

Theo 1y thuyét, cac khiém khuyét trong dot bién
trén gene/protein c¢6 thé 1a nguyén nhan gy ra
mét bénh & mot ngusi. Nhiing dot bién nay c6 thé
anh hudng dén gene/protein khac thong qua cac
cdu tric cua cac mang sinh hoc. Cac dot bién
trén gene/protein anh huéng dén mang sinh hoc
dude diéu khién bdi thude tinh ciu tric cia mang
sinh hoc. Duéi day 14 hinh anh qua trinh diéu
tiét gene trong mang diéu hoa.
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Hinh 1. M6 hinh mang diéu hoa diéu tiét hoat dong gene

Ghi chi: Céc thanh phan trong mang c6 thé anh hudng (tdc dong tich cuc hodc tiéu cuc) téi nhau trong qud trinh phién ma va

phién dich thanh céc chat tuong tng.

EN T

Hinh 2: Mot vi du vé mang luéi cac tuong tac gita cac gene phan doan ctia rudi gidm

Nguén: Albert, Boolean Modeling of Genetic Regulatory Networks, 2004.

Trén hinh 2 thé hién hinh 4nh ctia cac nit
véi cac chit tuong ting: mRNAs (elip), proteins
(chti nhat), protein complexes (bat giac). Ducng
tin hiéu clia mang thé hién phan tng sinh héa
(phién dich) hodc tuong tac diéu tiét (phién ma).
Pudng mii tén va dudng c6 nét ngang dau dong
dai dién tuong tac tich cyc va tiéu cuyc tuong ting

Dua vao sy anh hudng clia cic qui trinh
chuyén héa trong mang, dot bién trén mot nut
6 thé lam anh hudng dén cac gia tri ctia cac nut
khac. Chinh vi thé trong nghién ctu nay nhém
nghién cu di khao sat mot s6 phuong phap du
trén mang sinh hoc dé phan hang va tim ra
gene bénh. Sau d6 chiing t6i di nghién ctiu va su
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dung mé6 hinh Boolean Network trong mang
diéu hoa gene dé do nhiing tac dong tii gene
bénh da biét (dude goi 1a gene dich) téi gene ting
vién 1a gene c6 nguy cd lién quan dén bénh. Dua
trén gia tri nay, cic gene tng vién c6 thé dudc
sip x&p theo thi tu uu tién va gene dudc xép
hang d4u tién c6 thé duge lua chon nhu gene
bénh méi dé thi nghiém. K&t qua so sanh hiéu
suét cua phuong phap nay véi thuat toan RWR
(Random Walk with Restart) trén mot tap gom
25 bénh cho thay phudng phap c6 st dung md
hinh mang Boolean Network thuyc hién t&t hon
phuong phap RWR. Ap dung phuong phap dé
xudt dé xac dinh gene lién quan dén bénh ung
thu va két qua lua chon 27 trong s6 50 gene ing
vién dugc xép hang cao va dugc chiing minh 1a
lién quan dén bénh ung thu va. Két quéa nghién
ctu trén dat dudc dua trén cac bd di liéu vé
mang sinh hoc va céac lién két gene bénh da biét
dugc thu thap va nghién ctu theo phuong phap
dugc trinh bay phan tiép theo cia bai bao.

2. CAC NGHIEN CUU LIEN QUAN VA GIAI
PHAP PHAN HANG GENE DE XUAT

Trong phan nay ching t6i khao sat mot s6
phuong phap dya trén mang da dugc cac nha
nghién ctiu cong bé trong va ngoai nude. Sau dé
ching t6i di nghién ctu cu thé vé mo hinh
Boolean network thudc mang diéu hoa gene
duge dé xuit vao ndm 1969 bdi Kauffmann va
thi nghiém trén bo di liéu thu thap dude. Sau
d6 so sanh hiéu sudt véi m6 hinh RWR da dudc
cac nhom nghién ctiu kiém nghiém (Le, 2012).

2.1. Cac nghién citu lién quan dén bai toan
du doan gene bénh dya trén phuong phap
mang sinh hoc

a. Phuong phap tinh toan dua vao tich hop
mang tuong tac protein, mang tuong tac
microRNA-gene va cac gene gdy bénh ung thu
da biét cua tac gia Tran Thi Bich Phuong va
coéng su da nghién citu nam 2013 (Tran Thi Bich
Phuong, 2013)

Phuong phap nay nham tich hgp thong tin
ti nhiéu ngudén dit liéu khac nhau thanh mot
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mang tong thé, sau d6 dua ra mot cach phéan
tich mang tuong tac nay dé biéu dién céc gene
théng qua cac gene khéac c6 tuong tac truc tiép
va gian tiép véi no. Y tudng chinh la tim cach
biéu dién duge su tuong tac cia mot gene véi cac
gene khac dé tit d6 doan nhan kha ning gay
bénh cta né. Piém mdéi trong phuong phap nay
la tich hgp théng tin mang tuong tac
microRNA-gene vao mang tudng tac protein va
dua ra mot cach phéan tich mang tuong tac dua
trén thuat toan tim ki€m theo chiéu rong dé
biéu dién cac nut trén mang. Phuong phap dudge
thii nghiém trén dii liéu thuc t& duge download
ti cac trung tAm di liéu sinh hoc trén thé giéi
va st dung cac phuong phap phan 16p phd bién
(SVM, C4.5, K-NN) dé danh gia higu qua. Két
qua kiém nghiém trén dit liéu thuc cho thdy do
chinh xéc ctia cac phuong phap du doan dugc
nang lén. Diéu nay chting t6 théng tin vé
microRNA 14 hitu ich trong viéc tién lugng cac
gene gy bénh. Cu thé ctua két qua dude cong bo
trén bai bao trén tap chi khoa hoc cta trusdng
Dai hoc Su pham Ha Néi (Tran Thi Bich
Phuong, 2013).

b. Cach tiép can khac st dung xac suét tién
nghiém la PRINCE

PRINCE (PRIoritizatioN and Complex
Elucidation) dugce phat trién bdi Vanunu et al.
(2010). PRINCE sti dung thuat toan lan truyén
dé du doan gene bénh dua vao théng tin tich
hop gitia kiéu hinh bénh va mang tuong téc
protein. Phuong phap nay tinh toidn méi lién
quan gitia mot bénh va gene bénh da biét véi
mot bénh khéc st dung ham logistic dua trén
su tuong ty kiéu hinh giiia hai bénh. Gene lién
quan t6i bénh sau d6 dugc st dung nhu xac
suét tién nghiém dé x4y dung chic ning phan
hang gene.

c¢. Phuong phap phian hang RI,_Rank va
RI,_Rank with priors

Phuong phap phan hang mé RL_Rank dugc
dé xuat béi Derhami et al. (2013) dua trén su lién
két ctia cac ntt trong do thi va khai niém vé hoc
ting cuong dé phan hang cac trang Web. Xudt
phat tit sy thanh céng cta cac thuat toan trén

A

trong viéc st dung “th@ hang dau” hay xac suat
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tién nghiém, dé bién do quan trong tuyét déi caa
cac nit trong mang thanh d6 quan trong tuong
do6i/dd tuong tu clia cic nut doi véi mot tap cac
nut goc. Sau d6 DPang Vit Tung va cs. (2015)su da
cai tién thuat toan RL_Rank thanh thuat toan
RL_Rank with priors bing cach b sung thém cac
xac sudt tién nghiém nham muc dich ning cao
hiéu quécta thuat toan. Thuat toan nay dudc cai
dit va thi nghiém cho bai toan phan hang va tim
kiém gene giy bénh dua trén bo di liéu mang
tuong tac protein. K&t qua thuc nghiém cho thay
dd chinh x4c ctia phuong phap dé xuat t6t hon so
v6i phuong phap PageRank with priors trén cung
bo dii liéu thii nghiém.

d. Thuat toan RWR (Random Walk Restart)

Thuat toan RWR khai thac cdu trdc téng
thé clia mang dua trén hanh vi ctia mot chuyén
dong ngau nhién trén mot mang hay d6 thi
(Lovasz, 1996). Theo hanh vi nay, moét thuc thé
xuét phat tit mét nit khéi dau sau d6 di chuyén
trén do6 thi bing cach chuyén dén céc nut lan
can mot cach ngiu nhién véi xac suat ty 1& véi
trong s cua cac canh két ndi. Tap hdp cac nit
trong qué trinh di chuyén 1a mét chudi Markov
va dudc goi 12 mot bude ngau nhién trén d6 thi
(random walk on graph) (Duc-Hau Le, 2012).
Tai thoi diém b4t ky trong qua trinh di chuyén,
thuc thé ciing c6 thé quay lai nat khéi dau véi
mot x4ac sudt nhat dinh dugdec goi 1a xac suit
quay lai (back-probability) y € (0, 1). Cac nut
duge tham nhiéu hon dudc coi 1a ¢6 dd quan
trong 16n hon. Dai lugng nay danh gia tAm quan
trong tuong déi/do tuong tu ctia cac nit con lai
so v6i tap cac nat goc. Uu diém chinh cua
phuong phap buéc ngau nhién 1a téc do thuc

hién nhanh do d6 c¢6 thé ap dung cho cAc mang
c6 kich thudc 16n. Khi ap dung thuat toan nay
cho bai toan phin hang gene giy bénh, cac gene
gay bénh da biét déng vai tro nhu cac nut khéi
d4u, cac gene con lai trén mang dude xem 1a cac
tng vién. K&t qua thi nghiém trén mét tap gdbm
25 kiéu hinh bénh cho thdy phuong phap nay
dat dugc hiéu niang du doan t6t. RWR c6 thé
duge mé ta bang cong thiic nhu sau:

Pt*l=(1-y) WPt+yP°

Trong d6, P* 14 mot vector xac sudt Nx1 caa
| V| nit tai buée thoi gian t, trong d6, phan ti
thii i dai dién cho xac sudt ngudi di dang & nut v;
€ Vva P°1a vector xac suat khdi tao NxI ma gia
tri cia mot phan ti tuong tng 1a 0 hodc 1//S/
tuong tGng véi nit d6 khong 1a nit ngudn hoac
1a nit ngudn. S 14 tap nit ngudén. Ma tran W’la
ma tran xac sudt chuyén vi, vi thé ( W), biéu thi
x4c sudt ngudi di di chuyén tit v; t6i v; trong V\{
v; } nat ¢6 thé. V& hinh thitc, d6i v6i mot mang
khéng trong s6, né la dude xac dinh nhu sau:

1
| (Voue )i

véi (V,,) tap nat di ra v,

(WI);;' =

2.2. Phan hang gene ing vién dua trén mo
hinh mang boolean dong

2.2.1. Cac bé dit liéu vé mang sinh hoc va
cac lién két gene bénh da biét

DPé danh gia tac dong dot bién trén cac gene
lién quan t6i bénh da biét téi cic gene ting vién,
bai bao st dung mang tin hiéu ctia nguoi véi
quy mo 16n thu duge tt mét nghién ctu da duge

Cot 1 (Ma gene) Cot 2 (Twong tac)

Cot 3 (Ma gene) Mo ta twong tac

10971 -1
10971 1
10971 0
10971 -1
7472 1
8882 1
8409 1

572 inhibition
572 activation
572 neutral
581 inhibition
23509 activation
29843 activation
11143 activation
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cong bd (Cui, 2009). Mang tin hiéu nay gém
1.539 nit va 4.754 tuong tac. Ngoai ra, mot tap
bénh va cac gene lién quan dén bénh da biét
dugec thu thap tu nghién ctu vé OMIM
(Amberger, 2009). Do st dung phuong phéap
kiém tra chéo bd ra mot (LOOCV: leave-one-out
cross validation) dé danh gia hiéu ning cia cac
phuong phap phan hang, nén mdi bénh phai c6
it nh4t hai gene lién quan. Do d6 ti co ¢4 dii liéu
mang tuong tac protein va quan hé bénh-gene,
ching téi loc ra duge 25 bénh giy ra béi tit hai
gene trd lén va cic gene nay c6 trong mang
tuong tac protein. Dii liéu vé mang tin hiéu dugc
thé hién duéi bang I nhu sau:

Chiing t6i st dung phan mém Cytoscape
phién ban 2.7 & mé phéng mang tin hiéu trén.

2.2.2. Phan hang gene tng vién dua trén
mé hinh mang boolean déng

Dé dinh nghia d6 do danh gid nhiing téc
dong dot bién trén cac gene lién quan dén bénh
da biét t6i cac gene ting vién, trong nghién ctu

nay ching t6i st dung md hinh mang Boolean
Network, diay 12 m6 hinh da dugc st dung rong
rdi dé biu dién cac mang sinh hoc va da dién
dat thanh cong mot vai thudc tinh sinh hoc
(Kauffman, 2003; Kwon, 2011). Dic biét, né
cling dudc st dung thudng xuyén trong gia lap
hanh vi d6ng cia nhiéu mang tin hiéu khéac
nhau (Kwone et al., 2011; Trinh, 2014). Duéi
day 12 mé hinh mang diéu hoa gene thé hién
qué trinh chuyén héa va cac tac dong gitta cac
thanh phan trong mang.

Nhin vao so d6 mang diéu hoa gene trén ta
6 thé xay dung duge mot db thi ¢6 hudng véi cac
duong tin hiéu nhu 6 hinh 4. Trong d6 protein A
tac dong tich cuc dén quéi trinh gene a phién ma
tao thanh mRNA a. Protein B tac dong tich cuc
dén qua trinh gene c phién ma tao thanh mRNA
c. Protein C tac dong tiéu cuc (ic ché) qua trinh
gene b phién méa tao thanh mRNA b va gene d
phién ma tao thanh mRNA d. Protein D tac
dong tidu cuc (tic ché) dén qué trinh mRNA b
tao thanh protein B.

Bang 1. D@t liéu mang tin hiéu gém 1539 nat va 4754 tuong tac

Cot 1 (Ma gien) Cot 2 (Twong tac)

Cot 3 (Ma gien) Mo ta twong tac

10971 -1
10971 1
10971 0
10971 -1
7472 1
8882 1
8409 1

572 inhibition
572 activation
572 neutral
581 inhibition
23509 activation
29843 activation
11143 activation

e

T

Hinh 3. M6 phdng lién két trong mang tin hiéu gém 1.539 nut va 4.754 tuong tac
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Hinh 4. Mot vi du vé m6 hinh mang diéu hoa gene biéu dién

bang mang Boolean network véi cac luat cap nhat tuong tGing

Mang Boolean dugc biéu dién béi mot d6 thi
c6 huéng G(V, E), mbi v,€V co gia tri 1a 1 ("bat")
hodc 0 ("tit"), biéu dién cho cac trang thai c6 thé
cua cac phan ti tuong ting. Gia tri cia médi bién
v, tai thoi didm t+1 dude xéc dinh béi gi tri ciia

k; cac bién khac Vi, Vigreo

v, lién két dén v,
L

tai thoi gian t bdng ham Boolean f; {0,1}¥ —

{0, Do d, c6 thé viet lai

L (t + -1} = ﬂ(ﬂ"é._(t): T-"':'z(t}ﬁ e v:’;{i (t}), 6 day
ching t6i chon ngiu nhién hoic logic hoi hoic
logic tuyén cho tét ca cac lién hé tin hiéu trong f;
v6i phan bs déu. Vi du, néu bién Boolean v cb
quan hé tich cuc ti v,, ¢6 quan hé tiéu cuc ti v,,
va c¢6 quan hé tich cuc v61 v, thi luat cap nhat
theo logic héi va logic tuyén tuong tng la
vt +1) = w(t) n 7(L) N vy(o)
vt +1) = () UT(0) U va(t).
truong hop logic hoi, gi4 tri cta v tai thoi diém
(t+1) 1a 1 chi khi cac gia tri caa 1w, v;, V3 tai
thoi diém ¢ tuong tng la 1, 0, 1, trong khi
truong hop logic tuyén, gia tri cia v tai thoi

va
Trong

diém t+11a 1 néu c6 it nh&t mot trong cac trang
thai cia ménh dé 1 {t), To(t), va va(t) 1a 1.
Mic dit ¢6 nhiéu ham logic khac ¢6 thé st dung
ngoai logic hoi va logic tuyén, trong nhiéu
nghién ctu trude, cac mang sinh hoc da dugc
miéu ta thanh céng bing mé hinh Boolean st
dung chi hai ham logic héi va logic tuyén
(Albert, 2004; Faure, 2006). Ngoai ra, tin hiéu
cua mdi lién két duge xac dinh 1a tich cuc hay
tiéu cuc mot cach hoan toan ngiu nhién. Tuy
nhién trong mang tin hiéu thu thap dé thu

nghiém cho mé hinh nay thi kiéu tuong téc la
thyc gita cac gene (activation, inhibition va
neutral).

Cho mdt mang Boolean v6i N bién Boolean,

vy, V..., Vp, ching ta dinh nghia trang thai

mang 14 mot vector gom gia tri ctia cac bién
Boolean: tit ca c6 2N trang thai c6 thé. Trang
thai nay chuyén sang trang thai khac théng qua
mot tdp N ham Boolean cap nhat: f;, f,..., f,.
Chung ta c6 thé xay dung s d6 chuyén trang
thai biéu dién su dich chuyén cta mdi trang
thai. Mot 10 trinh trang thai bit dau tit trang
thai khdi tao va cudi cung hoi tu dén mot diém
c6 dinh ho#c mot attractor vong hiiu han. Ngoai
ra, ching ta xac dinh mét chudi chuyén gia tri
cia node v nhu sau: Khi mang Boolean G(V, E)
khéi tao véi v,(0), v,(0)...., va v,(0) tai thoi diém
khéi dau 0, vi(t,, t,) biéu dién cho chubi cac gia
tri tam thoi ctia nit v; trong khoang thoi gian ti
t,dén t,.

Trong md hinh trén hinh 5 mé6 phéng mang
Boolean véi 8 nit va 14 lién két, duong miii tén
va dudng c6 nét ngang dau dong dai dién tuong
tac tich cuc va tiéu cuc tuong tng. 'AND' va 'OR'
biéu thi cdc ham cap nhat hdi va tuyén tuong
tng. Quy dao bit diu tu trang thai ban dau
(11010010) t6i trang thai khac (11011010) khi v,
chiu sy thay déi cta trang thai ban dau. Trang
thai ctia mang (chudi tam-bit trong hinh chii
nhat) dai dién cho cac gia tri cia v, qua v, trong
chudi va hinh chi nhat mau xam véi cac dudng
nét dut. Cac trang thai va quy dao dude tinh
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Hinh 5. Vi du minh hoa vé tinh d6é do anh hudéng cac ntit trong mang Boolean

toan tit mang. Sau d6, tinh toan d6 do anh
hudng tit v, dé v, Luat cap nhat va cac ham
chuyén trang thai tuong tng cac trudng hop
khdi tao ngiu nhién: Anh hudng tir ndt téi nit
trong mang boolean ngdu nhién

Trong cac mang Boolean, ching t6i dé xuat
moét d6 do mdi, goi 1a effectiveness, dé dinh
lugng su anh hudng ti mot node t6i mdt node
khac trong cu xt dong cia mang. Dé dinh nghia
do do nay, trudc tién ching ta dinh nghia hai
loai dao dong, dao dong trang thai khéi tao va
dao déng theo luat cap nhat. Cho modt mang
Boolean khdi tao véi vy(0), v;(0),..., va v,(0), dao
déng khéi tao tai nit v,eV la viée chuyén tit
v,(0) sang #;(0). Mat khac, dao dong theo luat
cap nhat tai v; eV'1a viéc thay d6i luat cap nhat
& v; tit logic hoi sang logic tuyén ho#c nguge lai,
tiy thudc vao kiéu ham dang duge st dung. Gia
dinh dao ddng & v, ching ta dinh nghia d6 do
effectiveness tut v; téi v;1a e(v;, v)), nhu sau:

1. Goi 6, la thoi gian hoi tu hgp 1é caa v, T;
= max {T, T'} trong d6 T; hodc T'; la cac budc
thoi gian dé mang hoi tu t6i mot attractor khi v,
bi dao dong va khong dao dong tuong Ging.

2. Chung ta nhan dugc hai chudi dich
chuyén khac nhau cta v, v(0, 6i) va v} (0, Ty)
tuong ting v6i khi v; chiu dao dong va khong.

3. Sau do, ching ta tinh e(v, v;) = d(v;(0, T;),
v'(0, T))/6; trong d6 d() la khoang cach
Hamming (téc 12 s6 bit c¢6 gia tri khac nhau)
gitta hai chudi. Do d6, e(v; v) thé hién do lén
ctua hanh trinh d61 véi v; khi bi anh hudng béi
dao déng 6 v. Diéu nay ciing do ludng anh
hudng dot bién cua v; téi v;.
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Vi vay, effectiveness 1a @6 do anh hudng 6
mobi niut khi bi anh hudng bsi dao déng d nit
khac trong khia canh dong. Trong mang
Boolean, mot nut dude goi la mot nut chic
ning quan trong néu mot dao dong tai niut dé
hodc khéng c6 dao dong tai nut d6 déu lam
tu téi
attractor ban dau. Trong linh vuc nay, cdc gene

mang hoi moét attractor khac vdéi
bénh cé thé duge coi l1a nit quan trong trong
mang tin hiéu va effectivness trong cadc mang
Boolean c6 thé dugdc st dung dé biéu dat su anh
hudng trén cac gene ting vién khi cac gene gin
két v6i bénh da biét bi dot biét trong cdc mang
hiéu. Hinh 1 cho thay vi du vé viéc tinh toan su
anh hudng cta v, téi v,. Dé tinh e(v,, v,), ching
ta nhan dudc hai chudi dich chuyén cta v,1a v,
0, 6,) va v,'(0, 6,) tuong tng véi khi v, bi dao
dong va khong bi dao déng.

Anh huéng tir mot tap niit t6i mét nit trong
mang boolean ngdu nhién

Theo cach tuong tu, cho mot trang thai khdi
tao, anh hudng tit tap nut S t6i mot nut c6 thé
dugc tinh toan bang cach ap dung cac dao dong
lén tat ca cac nut trong tap mot cach dong thai,
sau d6 tinh toan anh hudng ti cac nut dén mot
nut v; 1a e(S, v;). D61 véi tap cac trang thai ban
dau I, anh hudng ti tap cac nit dén mot nit
dugc xac dinh nhu sau:
X e(S v;)

L]

D61 véi viée xac dinh cic gene lién quan

e_(slvi) -~

bénh, S 1a mét tap gene da biét ciia mdot bénh
nao do6, v;la 1 gene trong tap cac gene ing vién,
£ (S,77;) do anh hudng ti tap cic gene bénh da
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biét t6i gene ting vién. Do d6, cac gene ting vién
¢6 thé duge x€p hang dua trén mtc d6 lién quan
t61 bénh thong qua d6 do nay.

2.2.3. Phuong phap danh gia hiéu suat

Hiéu suat xép hang dugc danh gia théong
qua qua trinh kiém tra chéo bd ra mot goi tit 1a
LOOCV (leave-one-out cross-validation). Déi
v6i mdi kiéu hinh bénh (d), mdi vong LOOCV
14y ra mot gene s lién quan t6i bénh d da biét.
Phan con lai cia tap gene lién quan t6i bénh d
dugc dac td nhu tap cadc nit ngudn (tic 1,
S\{s}). Cac gene tng vién trong mang tin hiéu
ky hiéu W. C4c gene bi 14y ra va cic gene con lai
trong mang tin hiéu vén khéng biét 1a c6 lién
quan véi bénh d hay khong thi dudc xép hang
theo hai phuong phap néu trén. Sau d6, ching
t6i vé do thi dudng cong ROC va tinh toan dién
tich dudi duong cong AUC (Hanley, 1982) dé so
sanh hiéu suat ctia hai phuong phap nay. Dudng
cong nay dai dién cho cac méi quan hé gifia do
nhay (sensitivity) va d0 dic hiéu (specificity).
Mbi cip gia tri sensitivity va (1-specificity)
tuong tGing v6i mot diém trén dudng cong ROC,
trong d6 d6 nhay 1a ty 1é phan tram cta cac
gene lién quan dén bénh da biét dugc x&p hang
trén mot ngudng cu thé va d6 dac hiéu 1a ty 1é

0.8

o
o

Sensitivity

o
ks

0.2

0 0.2 0.4
1-Specificity

phan tréam cta cac gene vén chua biét 1a c6 lién
v6i bénh hay khong dugc xép hang & duéi
ngudng nay. Gia tri sensitivity va 1-specificity
dugc tinh toan theo cac cong thiic:

P

Sensitivity = TP T EN

FP
FP + TN
Trong d6: TP (true positive) 1a s6 trudng
hop thi nghiém ma tht hang cia s < 6, FN
(false negative) 1& s6 truong hop thi nghiém ma
thii hang caa s > 6, FP (false positive) 1a
sotrudng hgp thii nghiém ma thi hang cia w <

1 — specificity =

6 (véi méi w € W) va TN (true negative) 1a s6
truong hgp tht nghiém ma tha hang cia w > 6
(v6i méi we W). Mbt cap gia tri sensitivity va 1-
specificity tuong tng véi mot diém trén dudng
cong ROC.

3. KET QUA VA THAO LUAN

3.1. Panh gia hiéu suit

Dé danh gia higu suat ctia phuong phap st
dung mé hinh Boolean Network nay d6i véi bai
toan xép hang cac gene tng vién lién quan téi
bénh, trong nghién ctiu thit nghiém ta chon ngau

—RWR (AUC = 0.73)

BoolDGP (AUC = 0.77)

0.6 0.8 1

Hinh 6. So sanh hiéu suit gitta Boolean Network va RWR

Ghi chii: Hiéu suét ctia hai phuong phap duogc danh gia bing phuong phap LOOCYV trén tap 25 loai bénh tir OMIM. Déi véi
Boolean Network, phuong phap dao dong trang thai ban ddu va tap 100 trang thai ban ddu duogc st dung. P61 véi RWR, xac

sudt da dugc thiét lap 0,5.
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nhién I, = 100 trang thai khdi tao va st dung
LOOCV dé vé dudng cong ROC va tinh toan gi
tri AUC cho tap caa 25 kiéu hinh bénh thu thap
tt OMIM. Dé so sanh hiéu nang ciua phuong
phap dé xuat véi phuong phap dua trén RWR,
nhém nghién ctu tién hanh mot tha tuc tuong
tu nhu da lam cho Boolean Network va thiét lap
xac suét quay luila 0,5 vi hiéu ning ctia phuong
phap dua trén RWR 6n dinh vé6i su thay déi caa
tham s6 xac suét quay lui. Hinh 6 cho thay hiéu
nang cua hai phuong phéap, rd rang ring
Boolean Network (AUC = 0,77) vugt trdi so véi
dua trén phuong phap RWR (AUC = 0,73). Két
qua nay cho thay van dé phan hang gene bénh
c6 thé dudc tiép can hiéu qua véi gia thuyét
ring dot bién trén cac gene gdy bénh da biét ctia
moét bénh anh hudng dén cac gene khac va su
anh hudng nay c6 thé dugde stt dung nhu mic do
gén két gitia cac gene ting vién va bénh.

Trong nghién ciu nay, tat ca cac nit trong
mang cudi cing dugdc xép hang dua theo vector
xac suét ¢ trang thai én dinh F** thu duge bang
cach 14p cac vong lap cho dén khi | |Pt*1-Pt| | <
1076,

Doi véi viée xac dinh cac gene lién quan
dén bénh, S 1a mot tap cac gene lién quan téi
mot loai bénh cu thé da biét, mét phan ti cta
#* do luong miic d6 lién quan cta S t61 mot
gene trong mang. Vi vay, n6 c6 thé goi @6 chinh
la miic 0 lién quan gitia mot gene Gng vién va
bénh quan tam.

Phuong phap RWR dudc tién hanh trén goi
Plugin GPEC jar
Cytoscape 2.7 dudc nhém tac gia Lé Diic Hau va

chay trén phan mém
cong su nghién ctu va phat trién vao nam 2012
(Le, 2012). Cac budc tién hanh phuong phap nay
dudc thuc hién theo so do sau:

-

@ RWRA-based

Prioritization

e

OUTPUT i

{ - @ “
: Protein/Gene J p Known Genes N\ Candidate Genes A\ 1
E Relationship Network OMIM Neighbors of Training Genes i
i Chromosome Regions Artificial Linkage Interval |
i @ GO Terms Non-Training Genes E
i C KEGG Pathways Susceptible Chrom Regions i
| ? Training (Source) ] User-defined User-defined |
k Genes /‘ J '}

b

td
___________ -

3 Optional SE
i

Leave-one-out ROC i
Cross Validation AUC | |
i

’f

Validation Of Prioritization

Score-based Visualization ]

Select
Highly Ranked Genes
(Most promising genes)

S e

- Evidence Search from GeneRIF, PubMed and OMIM
- Annotationswith respect to GO Terms and KEGG Pathways
- Analyze Gene Set with DAVID Tool

T B S B B

Hinh 7. So d6 thuc hién phuong phap RWR trén géi plugin GPEC.jar
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3.2. Nghién cttu thit nghiém trén bénh ung
thu va

Két qua bai bao dudec thi nghiém trén
phuong phap da dé xuat véi bénh ung thu vi
(OMIM 1ID: 114.480), day 1a mot bénh phtc tap
v6i 22 gene c6 lién quan dén bénh da biét. Tuy
vay, chi c¢6 10 gene trong s6 d6 1a c6 sdn trén
mang tin hiéu. St dung nhiing gene nay nhu la
cac nit ngudn va xem xét cac gene khac trong
mang nhu cac gene ting vién, ching t61 tinh do
anh hudng ti nhiing gene da biét lién quan dén

bénh nay t6i tit ca cac gene tng vién, cic gene
{ing vién sau d6 dugc xép hang duya trén do do
anh hudéng da dudc tinh toan. Két qua lya chon
dugc 50 gene ting vién dude xép hang cao dé tim
bing chiing vé su lién quan v6i ung thu vd theo
Iy thuyét y sinh hoc. Sau khi tim kiém bing
chiing thi két qua thu dudc 1a 27 gene trong s6
cac gene d6 c6 it nhat mot bang chiing c6 lién
quan t6i bénh ung thu va (Bang 2). Cac gene
tng vién khéac trong top 50 c6 thé st dung nhiéu
cho cac nghién ctiu trong tuong lai.

Bang 2. Tong 27 gene trong s 50 gene duge x&p thi hang cao nhat
c6 bang chiing y van lién quan dén bénh ung thv va & ngudsi

GEe”nt;elzD Gene Symbol PubMed ID

111 CHEK1 20567916, 21401699, 21752283, 23844225

1647 GADDA45A 15735726, 18350249, 19728081, 23158659, 23706118

1649 DDIT3 21741997, 23065795, 24625971

1839 HBEGF 17962208, 24013225

1843 DUSP1 15448190, 15590693, 19724859, 25377473

2150 F2RLA 16650817, 16925462, 19074826, 19543320, 19795460, 24177339, 24568471, 12813467,
15580312, 17631500, 17911267, 18612547, 18652687, 18787170, 18831768, 20030877,
20459645, 20479250,

2475 MTOR 21046231, 21963359, 22349822, 23991038, 24323026, 24630930, 24637915, 25659153

2908 NR3C1 15590693, 17512111, 18668364, 19875955, 21868756

3339 HSPG2 23436656

375 ARF1 18990689, 21478909, 24407288
15492785, 16807677, 16821086, 17259657, 17262178, 17592771, 17726138, 19671875,
20204503, 20428939, 20720556, 21409393, 21671140, 21872972, 24265520

4846 NOS3 21409393, 21671140, 21872972, 24265520

51085 MLXIPL 19252981

5111 PCNA 12088102, 22238610, 22622474, 23542172

51341 ZBTB7A 20394500, 21392388

5204 PIK3CG 17515959, 18625725, 18652687, 18725974, 19269083, 19471547, 20030877, 20226014,
20458733, 23500535

5313 PKLR 19655166

5333 PLCD1 11960991, 20657189

5524 PPP2R4 19890961, 24958351

5581 PRKCE 18317451, 20198332, 23562764, 24825907

6097 RORC 22404826, 24911119

6647 SOD1 16423367

7015 TERT 19501078, 19596972, 19787269, 20056641, 20225759, 21411498, 21526393, 21627565,
21911295, 21949822, 22037553, 22134622, 23065203, 23158658, 23629941, 23677713,
23741361, 24216762

7161 TP73 15450420, 15849742, 16814250, 17446929, 21127199, 21933556, 22535334, 23443851

79444 BIRC7 16026775, 17035597, 23524337

8915 BCL10 16280327

8976 WASL 17985201, 20880986, 22559840

9181 ARHGEF2 22002306
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4. KET LUAN

Trong bai viét nay, ching t6i da trinh bay
cic nghién ciu vé cac phuong phap phan hang
gene ting vién c6 kha ning lién quan dén bénh,
sau d6 dé xuat mot phuong phap dua trén mang
dé du doan cac gene lién quan dén bénh. Nghién
ctu nay duge dya trén mang sinh hoc boolean
dong dudi gia thuyét rang su dot bién vé gene
gy bénh da biét anh hudng dén gene khac
théng qua mang va mtic d6 anh hudng nay cé
thé dude st dung nhu 1a mtc d6 lién két gita
cic gene ting vién v6i bénh quan tam. Cac két
qua gia lap cho thady ring phudng phap cua
ching t61 vugt trol hon so v6i phuong phap dva
trén dua trén mang hién tai. St dung phuong
phap dé xuat, ching t6i cling du doan 27 gene
méi lién quan dén bénh ung thu vad. Trong
nghién c@u tuong lai, bén canh Boolean ddng,
chung t6i sé tich hgp tinh chat ciu tric cua
mang sinh hoc dé do lién két gitia c4c gene tng
vién va bénh vi mot vai nghién ciiu da cho thay
nhiing tinh chit cau tric d#c biét clia cac gene
bénh trong cac mang sinh hoc.
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