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MO PAU

1. Tinh cép thiét caa luan an

Hién nay, viéc xac dinh cac gen dot bién gay ra bénh hay con duoc
goi 1a gen bénh duogc thyc hién cha yéu bang cac thuc nghiém xét nghiém
sinh hoc 1am sang trén cac mau bénh pham [3]. Cong viéc nay thuong duoc
thyuc hién thii cong trong phong thi nghiém cho hang nghin gen ng vién nam
trén mot viing nhidm sic thé kha nghi va cho d6 chinh x4c cao nhung doi hoi
nhiéu thoi gian va chi phi [4]. Bé giam khdi luong mau cho thyc nghiém 1am
sang, cac hudng tiép can cdng nghé da duoc gidi thiéu nhu thdng ké va hoc
maéy, bao gébm ca hoc sau. Tuy c6 nhiing déng gép quan trong nhung hai
huéng nay gap han ché 1a khong hiéu duoc trong tac gen va can tap mau lén,
trong khi viéc xac dinh tap mau van con la thach thuc.

Nhin tir goc d6 dd thi mang ludi, dit liéu sinh hoc c6 thé duoc mo
hinh héa thanh cac mang phirc hop, ma & d6 cac dinh duoc hiéu la cac gen
hodc san pham cua gen, lién két thé hién su twong tac gitra ching [11]. Vi
vay, viéc khai pha dit liéu sinh hoc c6 thé duoc quy vé bai toan khai pha di
liéu trén mang phuc hop. Cach tiép can nay thuong dan dén viéc dé xuat cac
mé hinh tinh toan trén mang [13], tir d6 dua ra bang xép hang cac dinh (gen)
theo thugc tinh nao do, cac dinh cd thir hang cao duoc cho la quan trong va
c6 thé lién quan dén muc tiéu du doan [13]. Sau khi xép hang, mét s6 luong
nho cac dinh (gen/protein) c6 tha hang cao dugc dua vao thuc nghiém Iam
sang, tim kiém minh chimg, dé khang dinh chirc nang cua gen c6 lién quan
dén bénh hay khéng.

2. Muc tiéu nghién cru caa luan an

Muc tiéu nghién ctru va phat trién cac mé hinh dong luc canh tranh
trong cac mang thong tin phirc hop, xac dinh thanh phan diéu khién mang,
g dung trén cac mang sinh hoc dyu doan gen muc tiéu diéu tri ung thu.

3. Ngi dung nghién cau



Hé thong hod cac kién thirc co ban vé ly thuyét do thi, Iy thuyét mang
phuc hop, dir liéu va mé hinh héa dir liéu mang sinh hoc, mé hinh dong luc
canh tranh mang, cac mé hinh va thuat toan phén hang du doan chirc nang
cua cac dinh trén mang phuc hop.

Chuwong 1. TONG QUAN VE PHAN HANG PE DU POAN GEN
MUC TIEU PIEU TRI UNG THU

1.1. Bai toan xép hang dé dw doan gen bénh
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Hinh 1.1. Biic tranh tong quan dy doan gen muyc tiéu diéu tri ung thu
trén cadc mang sinh hoc.
(a) huéng tiép can thong ké, (b) hudng tiép can hoc may, (c) hudng
tiép can dya trén mang, (d) thuc nghiém 1am sang.
Sau day, luan &n phat biéu bai toan xép hang dé du doan gen muc

tiéu diéu tri ung thu:
- Phéat biéu bai toan: Cho mot mang sinh hoc, du doan cac gen muc

tiéu diéu tri ung thu boi thudc.



- Pau vao: Cho mang sinh hoc G = (V, E), véi V la tap dinh
(gen/protein) (V = {v4,v,, ..., }), E la tap canh (twong tac cac gen) (E =
{(vi, vj)|vi, v, €V,i,j=1,..,n}).

- Pau ra: Mot méi quan hé R*(V,F), trong d6 V 1a tap dinh; F eR*
cho biét kha nang dot bién cua v gy ra ung thu va 1a muc tiéu diéu tri.

1.2. Co sé ly thuyét

1.2.1. Ly thuyét do thi

1.2.2. Biéu dién db thi trén mdy tinh

1.2.2.1. Ma trdn ké

1.2.2.2. Ma tragn trong 56

1.2.2.3. Danh sdch canh

1.2.3. Mang phirc hop

1.2.3.1. Cdc thanh phan co ban cia mang phirc hop

1.2.3.2. Dac trung trén mang phirc hop

1.2.3.3. Tinh chat co ban ciia mang phirc hop

1.2.3.4. Trung tam mang

1.2.3.5. Phdn cum mang

1.2.4. Dit liéu va mé hinh hoa dir liéu mang sinh hoc

1.3. Cac phwong phap va nghién ciu lién quan dy do4n gen diéu
tri bénh dya trén mang phirc hop

1.3.1. Thuéc tinh gin giii ciia mgt dinh

1.3.2. Thuéc tinh gin giii theo thir bic ciia dinh

1.3.3. Thugc tinh trung tam giita ciia mgt dinh

1.3.4. Thudt todn bwéc nhdy ngéu nhién cé quay lai

1.3.5. Thudgt todan ORIENT

1.3.6. Thuit todn sir dung xdc xudt tién nhigm PRINCE

1.4. Tong quan vé mang quy md Ién

1.4.1. Khdi niém mang quy mé lon

1.4.2. Mjt s6 hwong nghién civu trén mang quy mé lén



1.5. M6 hinh d9ng lwc mang
Chuong 2. MO HINH PONG LUC CANH TRANH TREN MANG
PHU'C HOP UNG DUNG TRONG DU POAN GEN PIEU TRI UNG
THU
2.1. M6 hinh dgng lwc canh tranh trén mang phic hop
Zhao va cong su [104] da gidi thiéu mot mo hinh déng luc hoc canh
tranh trén cac mang phtc hgp. M6 hinh thé hién su canh tranh gitta hai tac
nhan (dinh) bén trong mang vé kha nang kiém soét hay anh huéng cia cac
tac nhan con lai trong mang vai tic nhan do.
Cho mang trong sé G(V,E), n dinh va m lién két. Tap dinh V =
: néu k

nxn?

{1,2,...,n} va kién tr(c mang dugc md ta boi matran ké A=(a,)
tuong tac truc tiép vai |, thi c6 mot lién két ndi tir k dén 1 va au> 0; nguoc

+1 ®—©

(b)
Hinh 2.1: Mot vi du vé mé hinh dong luc canh tranh trong trén mang
phac hop [82].

(a) mang v6 hudng gom 10 dinh véi trong sé cac canh bang nhau,
cudc canh tranh gitta dinh a va dinh b két thic hoa. (b) mang c6 ngudn gdc
tir mang (a) va duoc thém mot canh gitra dinh j va dinh f, két qua canh
tranh dinh b chién thang. (c) mang c6 cau tric gidng nhu mang (a) nhung
¢6 trong sb canh khac nhau, din dén dinh a chién thang.



lai aw= 0. Gia sir c6 mot cudc canh tranh trong mang gitra dinh i va dinh j
ma c6 trang thai c6 dinh va khac nhau duoc biéu dién bai cong thic (2.1).
@) =+Lx,t)=-LVt=0;i, jeV (2.1)
Khi d6, mdi tac nhan binh thuong con lai trong mang diéu chinh
trang thai ciia minh theo mét giao thire ddng thuan phan tan, thé hién sy anh
huéng cua ting tic nhin binh thudng dén mdi tac nhan canh tranh va du
doan tac nhan canh tranh nao s& gianh chién thing. Trang théi cac tac nhan
binh thudng duoc biéu dién bai cong thie (2.2).
n

xE+ D =50 e ) au(a® -5 0)

=1
l#k
leV{k}

Khi d6 trang thai caa mdi tac nhan binh thuong cudi cung s& dat dén

2.2)

trang thai 6n dinh, tirc 1a t—oo va duoc tinh bai cong thic (2.3):
N
Xom () > X =(D-A)*[ cc, }{_J (2.3)

Xnorme R™2 dai dién vector trang thai hoi tu cta cac tic nhan binh thuong.

DAu cua trang thai 6n dinh thé hién su “thién vi” cua tac nhan do.
Xk >0 (Xx <0) nguy ring tac nhan k cudi cung s& hd tro doi thu canh
tranh i (j), va |%,| tuong tng véi mic d6 hd trg hay anh huong. Xk =0
ngu y tac nhén k la tac nhéan trung lap. Ta cé cong thac (2.4).

J n —
D, :k_lz sign(x«) 2.4)
KeV \{i,j}

trong biéu thuc trén, sign() 1a dau cua ham. Néu @, >0, thi tac nhan canh
tranh i s& chién thang, néu @, <0 tac nhan dbi 1ap j s& danh chién thang,
néu @; =0 canh tranh két thic voi ty s6 hoa.

Nghién ctru khong xem xét trudng hop mot déi thir canh tranh & bén
trong mang, trong khi ddi thu con lai & bén ngoai mang. Ngoai ra, viéc chi



xem xét cac twong tac tryc tiép tir cac dinh dén mdi dinh mang c6 thé chua
higu qua vaéi mang lon.

2.2. B¢ xuat md hinh ddng luc canh tranh ngoai trén mang phirc
hep

Cho truéc mot mang phic hop G(V, E), véi n 1a sé tac nhan (dinh)
vam lasé lién két gitra chiing. Tap céac tac nhan dugcmd tala V= {1,2,....n},
va kién tric cua mang dugc mo ta boi mot ma tran ké trong s6 W=w(u,v)xn;
néu tac nhan u lién két truc tiép vai tac nhan v thi wy > 0, nguoc lai wy = 0.
Gia str trang thai ban dau caa cac dinh trong mang x(to)=0, u V. Ching toi
gia dinh rang dinh aeV 1a mot tac nhan diéu khién (vi du nhu gen dich cia
thudc) va dinh feV 1a ddi thi canh tranh bén ngoai (tac nhan méi trudng,
thudc), trong d6 trang théi cua cac dinh diéu khién va tac nhan ddi tha c6 cac
trang théi ¢ dinh va khac nhau:

X, (1) =+L X, () ==L x,() =0,vt=20,,u eV, S ¢V (2.5)

Bat cu khi nao c6 mot lién két tam thoi co thé két ndi tir # dén bét ky
dinh » ndo trong mang dé gay nhiéu loan ddi véi a, bt ctr khi ndo y diéu
chinh trang thai caa n6. Moi tdc nhan con lai duoc goi 1a dinh binh thudng
va ky hiéu 1a ueVi{a, B} c6 trang thai ¢ thoi diém t 1a x,(t) va cap nhat trang
thai ciia né o thoi diém t+1 1 x,(t+1) theo cong thic (2.6):

n
xa(t+1) = x,(6) + € Z w(w, v) * (o () — 22 (©)) 26)
vle’;{lu}
tham s6 0< & < Deg > nam giit mic d twong tic cua cac dinh gan kg,
cing voi Degmax 12 bac ngoai 16n nhat cua cac dinh trong mang; va
V{u}={veV|w(u, v)> 0 la tap hop cac dinh 1an can cua dinh u cd thé anh
huéng truc tiép dén dinh u. Vi t — oo, trang thai cia mdi dinh théng thuong
u hoi tu dén mot gia tri on dinh x,,, 1a t6 hop 15i cua céc trang thai ddi thu
trong cudc canh tranh. Dau (dm/duong) cua trang thai on dinh ciia mdi dinh
binh thuong: %,,>0 (¥,,<0) ngu Y rang dinh u cudi ciing s& tac dong hoic anh



huong bai dinh diéu khién « hodc S, va |x,| twong tng voi mic do tac
dong/anh huong, ,,= 0 néu dinh u la trung lap. Xem hinh 2.2.

Biéu thurc tinh téng trang thai tac dong/anh huong cua cac tc nhan
binh thudng danh cho mdi tdc nhan « chéng lai sy nhidu loan tir # duoc dé
Xuét boi cong thirc (2.8).

Hinh 2.2. Mét vi du vé mé hinh dong luc canh tranh ngoai.



n —
ToS(a)= > sign(x) (2.8)
ﬂ:\l/\{a,ﬁ}
Dinh diéu khién cua mang dugc xac dinh boi € = max ToS(a).
a

Mang c6 12 dinh (gen/protein) va 19 twong tac, gia su dinh a (do) la
dinh diéu khién cd trang thai dugc cb dinh bang +1, £ (xanh) 1a mét tc nhan
mai truong thiét 1ap trang thai ddi 1ap va c¢b dinh bang —1. O thoi diém t mot
tuong tac vo hudng duoc thém tam thoi gitra tac nhan méi trudng (thudc) téi
mot dinh nao d6 (dinh binh thudng trong mang), khi d6 trang thai cia cac
dinh binh thuong trong mang s& thay déi va hoi tu vé mot gia tri 6n dinh theo
mét giao thirc dong thuan phan tan 1a su két hop 16i cua trang thai cua cac
d6i tha canh tranh. Dai mau thé hién mirc d6 anh huéng cua ching téi dinh
diéu khién bén trong mang hay tac nhan bén ngoai. (a) trang thai mang & thoi
diém to, Xu(to)=0, ueV/(af). (b) trang thai mang & thoi diém t. (c) trang thai
cua mang & thoi diém t+1.

2.3. Xdy dung thudt todan ciia moé hinh dong luc hoc canh tranh
ngoai

2.3.1. Y twong ciia thudt todn

2.3.2. Chirc nang, dau vao, dau ra ciia thudt todn

2.3.3. So do luong va ma gid cia thudt toan

Ma gia cua thuat toan

Thuét toan 2.1. Thuat toan cia mé hinh dong lwc canh tranh ngoai.
function OutsideCompetition(Graph G(V,E), Node a €V)
1T W=w(u,V)nn = {start, end, direction, weight}.

1

begin
Epsilon = 2 * 1e-7f;
for each Node in V do

g b~ W DN

begin
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20
21
22
23
24
25
26
27
28
29
30
31
32
33

Xo[Node] « 0; //trang thai ban dau
end for
Xi[o] «-1; // Trang théi cua dinh diéu khién
Xea[o] « 1;
Support « new Dictionary<node, state>;
S «new Node; //khéi tao tac nhan ngoai
Xi[#l < —1,; //trang thai cua tac nhan ngoai
X[ f] < —1;
NormalAgents € V{a, f5};
for each y in NormalAgents do
begin
e «new Edge(B, y); //Tao két ndi y vai p
E=E u{e}; //Bbsungtap canh E
maxlterations «~n x m; // n1a sé dinh va m sé canh cua
G.
& « 1/Max(Deg(v), YveV);
t «0;
do
Converging « 0;
for each uinVdo
begin
if (u==aoru==p)
continue;
s «0;
for each v in Neighbors of u do
begin
s «s +weight(u, vV)*(X:[v]- X:[u]);
end for
Xw1[u] < Xi[u]+ &*s; // theo cbng thic 2.5
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34 Converging < Converging + Abs(Xw1[u]- X:[u]);

35 end for

36 Temp « X

37 Xi ¢ Xiet;

38 Xir1 < Temp;

39 t«t+1;

40 while (Converging > Epsilon and t < maxIterations)

41 Support[] « X[A;

42 E=E\{e}; //Huy kétnbivy dénp

43 end for

" return Support; //trang thai mang & thoi diém c6 két ndi
Vi f

45 | end function.
46 | function ToS(Graph G(V,E), Node a.€V)

47 begin

48 Support « new Dictionary<node,state>;

49 Support « OutsideCompetition(G(V,E), a);

50 TotalSupport «0;

51 for eachyinV - {a} do

52 begin

53 TotalSupport « TotalSupport + Support[/];
54 end for

6 return TotalSupport; //tong anh huong cua cac dinh dén

Q.

56 end function

Thuat todn gom 2 ham OutsideCompetition va ham TOS. (a) ham
OutsideCompetition (G(V,E), a €V) tinh toan sy anh huéng ciia mdi dinh
dén dinh ¢, & thoi diém mang c6 két ndi véi tac nhan ngoai A trong mo hinh
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dong luc canh tranh ngoai. (b) ham ToS(G(V, E), o € V) tinh tong trang thai
anh huong cua cac dinh trong mang dén dinh o.

2.4. Panh gia d¢ phurc tap ciaa thuit toan

Tong hop: Bo phirc tap tinh toan cua thuat toan dong luc canh tranh
ngoai la O(n® x m?).

2.5. Xay dung hé théng du dozn gen diéu tri ung thw sir dung mo
hinh dng luc hoc canh tranh ngoai

2.5.1. Bai todn duw dodn gen muc tiéu diéu tri ung thw

Pau vao: Cho truéc mot mang sinh hoc G(V,E), véi V la tap
gen/protein (dinh) (V = {v4,vy, ..., v, }), E la tdp twong tac cac gen (canh)
E ={(vi,v))|viv; €V,i,j =1,..,n}).

Pau ra: Bang xép hang cac gen theo téng trang thai anh huong cua
céc gen dén mdi gen trong mang. C4c gen c6 thir hang cao dugc tim kiém
minh ching sinh hoc la c&c gen muc tiéu diéu trj ung thu.

2.5.2. Dit liéu thuwc nghiém

Luén an st dung di liéu 17 mang tin hiéu ung thu tir co sé dir liéu
KEGG (www.genome.jp/kegg) dé tién hanh phan tich. Dit liéu sau tién xir ly
c6 thé tai vé tai duong dan sau https://github.com/tinhpd/NetCMD.git

2.5.3. Su twong quan giira cac phép do

Thir nghiém trén 17 mang truyén tin hiéu ung thu va 100 mang c6
huéng ngau nhién dugc tao ra boi md hinh phét trién mang Barabasi véi | V
| =50 va 49 <| E | < 100, cho thay rang tong su anh huong cia mdi dinh
tuong quan Véi mirc do gan giii va mirc 6 gan gili theo thir bac cua dinh, ma
thir hang cao cua hai phép do nay da duoc sir dung dé du doan gen bénh va
gen chi bao ung thu, ciing thuong 1a gen muc tiéu diéu tri ung thu (Hinh
2.5).


https://github.com/tinhpd/NetCMD.git
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Hinh 2.5. Su tuong quan phép do gan giii vdi tong su ho tro
2.5.4. M6 hinh tong thé hé thong chan dodn gen ung thuw dwa trén
mang phirc hop
Dau vao Daura
Mang sinh hoc Tienxtrly " Xép hang Tap hop minh ching
Start | End Gene Sjstfoln
d.gov
AKT3 | TGFA EGFR| 11.96
KRAS | RHOA Tinh téng GRB2 | -1.16 Gen muyc tiéu
KRAS | AREG |i  |stp anh huong| ey, i KRAS | -7.04 diéu tri ung thur
S0OS1 | SOS2 cua céfdinh SOS1| -8.12 G Total
EGFR |PIK3CB dén mai dinh 5082 | -8.12 |mp| " [support
GRB2 | AREG AREG | -16.18 EGFR | 11.96
HRAS | BAK1 EGF |-16.18| |GRB2| -1.16
JUN | EGF TGFA |-16.18 KRAS | -7.04
(a) (b) (c)

Hinh 2.3: Md hinh tong thé xac dinh gen muc tiéu diéu tri ung thu.
Mo hinh duoc thiét ké theo huéng tiép can mang phac hop. (a)
Tién xt ly dit liéu dau vao, (b) md hinh tinh toan va thuat toan, tinh toan
thudc tinh dinh caa mang, (c) t6 chuc dit liéu dau ra va ddi sanh co s dit
liéu dé dy doan gen tiém nang cho cac thuc nghiém tiép theo.

2.5.5. Két qud duw dodn gen muc tiéu diéu tri ung thw
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Thuc nghiém trén 17 mang tin hiéu ung thu, két qua 42/51 twong
duong 82.36% cac gen thudc top 3 ¢ tong sir anh hudng cao nhét 1a cac gen
muc tiéu diéu tri ung thu. Cac gen d4m gach chan 1 da dugc phé duyét san
xuit thudc, gen gach chan dang thuc nghiém 1am sang, cac gen con lai dugc
coi la gen tiém ning.

Bdng 2.1. Hiéu suét x4c dinh gen muc tiéu diéu tri ung thu béi mé hinh

dong lyc canh tranh ngoai.

Cacgen Top 3
Mang tin hiéu ung thw
Cl C2 C3
Bénh bach cau dong tay cip GRB2 FLT3 PML
Ung thu biéu md té bao day SUFU SMO GLI3
Ung thu bang quang RASSF1 FGFR3 HRAS
Ung thu v LRP6 LRP5 WNT1
Bénh bach cau dong tay man CRK CRKL GAB2
Ung thu dai truc trang EGFR GRB2 KRAS
Ung thu ndi mac tir cung EGF EGFR AXIN1
Ung thu da day LRP6 LRP5 WNT7A
U than kinh CALM1 | CALML5 | CALM2
Ung thu biéu mo té bao gan LRP6 WNT3A WNT7A
Khéi u &c tinh FGF2 FGF1 HGF
Ung thu phoi khong phai té
b0 nho ALK EML4 KRAS
Ung thu tuyén tuy KRAS AKT2 AKT1
Ung thu tuyén tién ligt IGF-1 INS PDGFB
Ung thu biéu mo té bao than HGF MET EGLN2
Ung thu phoi té bao nho ITGB1 | COL4A1l LAMB3
Ung thu tuyén giap NTRK1 TPR TPM3
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Bang 2.1 gdm c4c gen muc tiéu diéu tri ung thu dugc xac dinh theo
xép hang tong trang thai tac dong. Trong bang, C1, C2 va C3 biéu thij céc ky
hiéu gen NCBI caa ba gen hang dau c6 tong trang thai tac dong cao nhat.
Céc gen dugc gach chan (42 trong s6 51) trude day da duoc bdo céo la gen
dich cua thubc chéng ung thu. Trong s6 d6, o 12 gen gach chan va boi dam
1a cac gen dd duoc chap nhan dé san xuat thudc va 30 gen gach chan khong
boi dam 1a cac gen dang trong cac giai doan thir nghiém lam sang. Cac gen
con lai khéng duoc gach chan gém 09 gen van chua dugc nghién ciru dy du
c6 thé 1a gen dich cuia thubc chong ung thu tiém ning va c6 y nghia tham
khao.

2.5.6. So sanh két qua dw dodn

Ca hai nghién cau déu duoc tién hanh trén cung bo dir lidu 1a 17
mang tin hiéu ung thu KEGG. Két qua thé hién & bang 2.3.
Bang 2.2: Két qua so sanh giita hai mo hinh khéac nhau trén ciing b di

liu.
S6 mang Tyléde | Tong thai gian
3 duw doan doan trén | thuc thi (phut)
dwoc top 3
M6 hinh tinh toan thuoc 37/48 gen,
tinh gan giii theo thtr bac 16/17 tuong duong 124
[13, 99]. 70,59%,
Mo hinh dong lec canh 42/51 gen,
tranh ngoai 17/17 tuong duong 126
82,36%




15

Hé thong thir nghiém: ASUS X510U, Intel i5-8250U CPU, xung nhip
1.6GHz (8CPUs), bo nhd DDRAM 8GB DDR IV, Rander NVIDIA GeFore
940MX 2GB, SSD M2 120GB Intel.

Chuwong 3. TUONG TAC GIAN TIEP TRONG MO HiNH PONG
LUC CANH TRANH NGOAI VA UNG DUNG DU POAN GEN
PIEU TRI UNG THU
3.1. P& xuit mé hinh déng luc canh tranh ngoai cii tién

Luén an goi F 1a ma tran anh hudng (tac dong/ tuong tac giira cac
phan tir trong mang), trong d6 mdi phan tir ciia ma tran F mo ta sw anh huong
cta tic nhan (dinh) nay 1én tac nhan khac. Luu y rang néu c6 mot lién két
truc tiép tir tac nhan U dén tac nhan v, khi d6 ta hiéu tic nhan v tuong tac/anh
huéng truc tiép dén tac nhan u. Trong trudng hop khac, khong co lién két
truc tiép tr u dén v, nghia 12 c6 mot twong tac tir tic nhan u dén tac nhan y
va mot twong tac tir tac nhan y dén v, khi d6 tac nhan v tic dong gian tiép dén
tac nhan u thong qua tac nhan vy, Tac dong gian tiép nhu vay thuong s& yéu
hon tac dong truc tiép.

Gia sir, goi D=(du)nxn 12 ma tran khoang cach biéu dién mang.

Luén an dinh nghia ma tran F=(fu)nw 12 ma trdn anh huong cia
mang, thé hién su anh huoéng cua tac nhan v dén tac nhan u, véi Yu,v €V, va
dugc tinh bang cong thirc (3.5).

f(u,v)= L)z (3.5)
(d(u,v) ) '

Trong d6, Xy 1a trang thi ctia dinh v ¢ thoi diém t, t—o0; dy 12
khoéang cach duong di ngan nhét tir u—v.

Goi f 12 phan tr cia ma tran anh hudng F trén hang thir a va cot
thir v. Khi d6 v sé& tac dong / anh hudng dén o mot dai luong nao do, va biéu
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thirc tinh tdng su anh huong cua cac tac nhan v dén mdi tac nhan didu khién
a dugc tinh boi cong thuc (3.6).

n

ToSF(a)= >, sign(f(av)-f(BV) 34

v=1
veV\{a,f}

Trong do, sign() la dau (+) hay (-) thé hién sy anh hudng/tac dong
dén dinh didu khién « hay tac nhan bén ngodi canh tranh S Néu
f{a,v)>f(BV)thi dinh v s& anh huong nhidu dén dinh diéu khién a hon, ngugc
lai f{a,v) <f{B,v) c6 nghia la dinh v s& anh huéng/tac dong nhiéu vé tac nhan
bén ngodi S hon, néu f{a,v) = f(BV) thi dinh v 14 trung 1ap; ToSF(a) tra vé
muc d6 anh hudng/tac dong cua cac dinh binh thuong v trong mang dén dinh
diéu khién o trong mé hinh déng luc canh tranh ngoai cai tién.

3.2. Xdy dung thudt todn tinh todn twong tic gidn tiép dong lwc
canh tranh ngoai

3.2.1. Thudt todn tinh ma trdn khodng cdch

Trong noi dung nghién ctiru nay, luan an sir dung thuat toan Floyd-
Warshll [100] dé tinh ma tran khoang cach gitta cac dinh trén dd thi mang c6
trong sb. Thuat toan c6 3 vong lip vai n 1an, vi vay do phuc tap cua thuét
toan la O(nd).

3.2.2. Thudt todn tinh todn ma trdgn dnh huéng

1 | function Matrix F[,] InfluenceMatrix(Graph G(V,E), Node a V)
//dau vao: ma tran ké cd trong s6 W=w(U,v)nm; o
//dau ra: ma tran anh huong F=Ff(U,v)n
D « DistanceMatrix(G(V,E)) // Tinh ma tran khoang cach
X ¢« OutsideCompetition(G(V,E),a) Il Tinh trang thai cac dinh
for each vertex u in V do // duyét hang
for each vertex vin V do // duyét cot
if D[u,v]==0 then // Gid tri trén duwong chéo
F[u,v] « NA // Gan gia tri khong xac dinh

~N O O A WDN
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else
Flu,v] < X(v)/ (D[u,v])*2 /l Tinh anh huéng
10 end if

11 end for
12 end for
13 return F //ma tran anh huong F

14 | end function

Do phtc tap thoi gian tinh toan cua ham InfluenceMatrix la
O(n*+m?).
3.2.3. Thuit todn tinh tong sw anh huéng trén moi dinh mang
function ToSF(Graph G(V,E), Node a, out result)
1 | // dau vao: matran ké trong sb W, a.

// d4u ra: téng sw anh hudng cua cac dinh dén dinh a
F« InfluenceMatrix(G(V,E),a) // Tinh ma tran anh hudng
TotalSupportF « 0 // Khéi tao tong su anh hudng
foreachvinV - {a, f} do
TotalSupportF « TotalSupportF + (F[a, v] — F[£, V])

> /I theo cbng thac 3.6

6 end for

. result « TotalSupportF // Tong su anh huong cua cac dinh
dén dinh o.

8 | end procedure
Do phtrc tap thoi gian caa ham ToSF 1a O(n+m?).,
3.3. Tinh toan hi¢u ning cao cho mé hinh dong luc canh tranh

ngoai
3.3.1. Xdy dwng thudt toan tinh todn hi¢u nang cao cho mé hinh
function Matrix DnF[,] ParFindDriverNode(Graph G(V,E))
1 | //dau vao:ma tran ké trong s6 W=(wu)na, {start, end, direction,

weight};
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// dau ra: tong su anh hudng cia cac dinh trong mang dén mai

dinh mang

DnF = new Matrix[n, n] // Khai tao bién két qua

// Thyc hién tinh toan song song cho mai dinh « trong V
parallel for each a in V do

g b~ W DN

result «— 0 // Bién cuc bd dé luu két qua cho mdi a
ToSF(G(V,E),a, result) 1/ Goi ham ToSF dé tinh tong su
anh huong

»

Wait for all works done // Chd cho tét ca cac cong viéc hoan
thanh (synchronize)
DnF[a, / « result // Luu két qua vao ma tran DnF
end parallel
10 r,eturrj DnF //Ma tran tdng su anh huéng cua cac dinh trong mang
dén moi dinh mang
11 | end function

Do phic tap thoi gian phu thude vao d6 phirc tap thoi gian caa ham
ToSF, bao gdm tinh todn ma tran anh huong véi do phuc tap 1a O(n*+m?).

3.3.2 Thiét ké cong cu phan mém tinh todn hiéu ning cao

Phan mém Drivergen.net duoc phét trién dya trén mé hinh dong luc
canh tranh ngoai véi kha nang tinh toan hiéu nang cao trén CPUs da 16i. NO
duoc thiét ké hoat dong nhu mot trinh cam Cytoscape, vai giao dién d6 hoa
(GUI). Chi tiét vé phan mém cuing dix liéu thuc nghiém c6 thé duoc tai xudng
tu https://github.com/tinhpd/Drivergen.qgit

3.3.3. Ddnh gid hiéu sudt va toc dj tinh todn ciia thudt todn
Bang 3.3 cho thay két qua thar nghiém caa phan mém Drivergen.net
vé6i cac ché do tinh toan khac nhau trén 04 mang sinh hoc. Két qua cho thay
téc do tiang toc cai thién dat tir 51 — 145 Ian tuy thudc vao loai mang cu thé.
Bang 3.3. Nang lyc tinh ton trén mang quy mé 16n
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Thoi gian
Thudc tinh . Tang
(phut) £
Mang . . \ toc
Loai So S0 | Tuan | Song N
(1an)
mang dinh | canh tw | song
Mang virus
213 | 1214 57| 011 51,8
cytomegalo R
Vo
Mang tuong téac )
S . hudng
protein vi khuén 850 | 1193 | 341 5 68,2
E. coli
Mang luéi diéu | Mang co
. 943 | 3917 | 207 7 29,5
hoa gen huéng
Mang tin hiéu té Mang
. . 1549 | 5074 | 5092 35| 1455
bao hon hop
Hé thng thur nghiém: Dell OptiPlex 5050, CPU Intel i7-7700 tdm nhan
véi xung nhip 3,6GHz, b6 nhé DDRAM 32GB DDR IV.

3.4. Thyc nghiém
3.4.1. Dir liéu thwe nghiém
Luén an thuc nghiém trén 03 loai mang sinh hoc quy md I6n, duoc

tai vé tir nhitng cong bd uy tin trude day. Dir lidu sau tién xir ly caa 03 mang

duoc  luu  trir

va c¢6 thé

https://github.com/tinhpd/Drivergen.qit

tai

3.4.2. Kién triic ciia mé hinh duw dodn

s

tai

dudng

dan
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Total
Gene sugpin - Puhhe(lgav

TPS3 -2028.5

GRBZ | 20495
PXN | 20608 Candidate cancer|

* TRAF2 | -2078.2 drug target gene
cCDC8sB| -2078.6
SMAD2 | 20804
VoL | 20823
EGFR -2090.5

Total
= Gene

jsupport

TP53 | 20285
GRB2 | 20496
PXN | -2060.6

C

Hinh 3.1. M6 hinh du doan gen muc tiéu diéu tri ung thu trén mang 16n
(a) dix liéu mang sinh hoc dau vao, (b) kién trac thiét ké cho md hinh
tinh toan, (c) t chuc dit liéu dau ra va tim kiém minh ching déi séch. Dir

liéu thyc nghiém, phan mém va huéng dan st dung caa nghién ciru nay duoc
luu tri va cd thé tai vé tai duong dan https://github.com/tinhpd/Drivergene
3.4.3. Két qud dw dodn gen muc tiéu diéu tri ung thw
Két qua dur doan trén 03 mang sinh hoc quy mé 16n cho thiy 86,67 %,
tic 13 26 trong tdng s6 30 gen top 10 c6 ¢ tdng trang thai anh huéng cao

nhét 1a cac gen muc tiéu caa thudc trong lidu phap diéu tri ung thu.

Bdng 3.4. Xac dinh gen muc tiéu thudc ung thu trén 3 mang 16n.

Mang Thugc tinh .
inh - 1 Ta Minh chirng tir co sé
sin i 4 4 én gen
Logi | So | So J dir liéu PubMed.gov
hoc | mgng | dinh | canh
NFKB1 30205516
RELA | Cho nghién ciu tiép theo
Mang JUN 32917236
| Mang
ludi i FOS 34610301
. co 943 | 3917
dieu ) MYC 22464321
. hudéng
hoda gen STAT1 33608980
CCND1 29969496
CREB1 30127997
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STAT3 24743777
HIF1A 28358664
SRC 11114744
AR 24425228
AKT 27232857
SHC | Cho nghién ciu tiép theo
Mang | Mang
L i SMAD3 20010874
tinhiéu | hon | 1549 | 5074
. RAC1 32460002
té bao hop
GAB2 22858987
PI3K 30782187
PKA 24212646
SMAD4 29602802
TP53 23115424
GRB2 29550383
PXN 34135128
Mang TRAF2 30294322
Mang Y
tuong R DIPA | Cho nghién cuu tiép theo
, vO 7279 | 21911
tac ) SMAD2 20010874
.| huong B 2
protein VCL Cho nghién ctu tiep theo
EGFR 28368335
SRC 11114744
SMAD3 20010874

Ngoai ra, cac gen top 10 trong bang 3.4 duoc tim thay thugc 18i K-
core va R-core [49] trong cling ctia mang.
Bang 3.5. Xac dinh 18i K-core va R-core

Loai I6i

Loai mang
T K-core R-core

Mang tin hiéu té bao 80%
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Mang diéu hoa gen 70%

Mang tuong tac protein 60%

Két qua nay phu hop véi két qua cua cac nghién ciru trude day rang
céc gen dau an sinh hoc ung thu quan trong thuong nam & I8i trong cling cua
mang luéi sinh hoc [168-170].

3.4.4. So sdnh két qua dw dodn véi cdc nghién civu khdc

- So sanh duogc thyuc hién gitra hai mo hinh dé& xuét & chuong 2 va
chuong 3 cua luan an trén cing mot bo dix liéu.

Bang 3.6. Két qua dy doan trén 2 md hinh véi céi tién gian tiép

M4 hinh dong lwc canh . Ty I¢ duw doan
. Dir lidu R
tranh ngoai trén top 10

Chi xét cac tuong tac truc | - 01 mang tin héu té bao

. 82.36 %
tiép (Chuong 2) - 01 mang tuong tac

Xeét bd sung twong tac gian | protein

gluomgtdcgian | P 86,67 %

tiép (Chwong 3) - 01 mang diéu hoa gen
- So sanh dugc tién hanh gitra cac nghién ciru doc 1ap véi két qua

nghién ciru cia luan an. Luan an str dung két qua du doan gom danh sach cac
gen c6 minh ¢ Bang 2.1 va Bang 3.4. Két qua cho thay s gen du doan cua
luan &n 1a16n nhat, véi 55 gen, va ddng thuan véi 3/4 phuong phap, cling voi
sb gen giao thoa Ién nhat 1a 5 gen. Trong khi cac phwong phap con lai ¢6 s6
lwong gen du doan 16n nhat 1a 30 gen va sé giao thoa I6n nhat 1a 4. Biéu nay
ngu y rang két qua du doan cua luan an tét hon cac phuong phap tham gia so
sanh.
Bang 3.7. So sanh két qua du doan véi cac nghién ctru trude do

S0 phuwong So luwgng gen

, .. . yen . X 86 en
Tacgid f_k'" digncia | .0 ddng | khong trang lap iaogt]hoa
nghién ciu thuan dw doan dwgc g
Luan an 3/4 55 5

Emig [126] 214 17
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Wang [125] 1/4 25
Li [127] 2/4 16
Peng [128] 2/4 30

KET LUAN VA KIEN NGHI

Chén doéan va diéu tri ung thu da va dang d6i mat véi nhiéu thir thach
kho khin va thuc té van chwa dat dugc nhiéu thanh cong trong thuc tidn. Mot
trong nhitng cach tiép can trong diéu tri bénh ung thu 1a dy doan dwoc gen
c6 kha ning dot bién gay ra bénh, nham huéng toi phat trién phuong thudc
diéu tri hiéu qua. Nghién ciru hudng t6i d& xuat cac mé hinh tinh toan dong
luc hoc canh tranh mai trén mang phirc hop ma tng dung trén cdc mang sinh
hoc c6 thé gitp chin doan duoc gen gay bénh mot cach chinh xac. Pay la
nghién ctru c6 y nghia thoi su, khoa hoc va thyc tién.

Luén 4n da trinh bay nhitng kién thirc co ban vé mang phirc hop, tién
hanh khao sat cac phuong phap xac dinh gen gay bénh, danh gia hiéu qua
cua cac phuong phép tir d6 dé xuat phuong phéap xac dinh gen gay bénh bang
k§ thuat mang phtic hop. Luan 4n di tién hanh thuc nghiém trén cac bo dix
liéu dé danh gia hiéu qua.

Hai két qua chinh dat duoc caa luan an gdom:

- Luan 4n dé xuat mot mé hinh dong luc hoc canh tranh mai trén cac
mang phuc hop, goi 1a mo6 hinh déng luc hoc canh tranh ngoai. M6 hinh mé
ta sy canh tranh giita cac dinh (tac nhan) bén trong mang (tic nhan diéu
khién) véi tac nhan méi trudng bén ngoai mang (thudc). M6 hinh c6 thé xéac
dinh dugc cac dinh diéu khién, noi troi trong mot mang phuc hop bat ky.
Ung dung mé hinh dé xuat trén cac mang sinh hoc ¢6 kha ning du doan gen
diéu trj ung thu;

- Lu4n 4n dé xuat mot mo hinh dong hrc canh tranh ngoai cai tién
v6i kha nang xtr 1y twong tac gian tiép giita cac dinh mé hinh mang phic
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hop, gilp nang cao kha ning dy doan gen muc tiéu diéu tri ung thu, dic biét
trén cadc mang sinh hoc ¢o kich thudc lon.

Ngoai ra, mang phuc hop la mét linh vyc nghién ctru da nganh va co
su hop luu gitra cac loai mang khac nhau, nhu mang xa hoi va mang sinh
hoc. Vi vay, két qua nghién ctru caa luan an c6 thé duoc ap dung cho nhiéu
loai mang khac nhau véi bai toan cu thé.

- Huéng nghién ciu tiép theo

M6 hinh déng luc hoc canh tranh ngoai va canh tranh ngoai cai tién
ma luén 4n dé xuit da cho két qua thuc nghiém kha quan trong viéc du doan
gen muc tiéu diéu tri ung thu trén cac mang sinh hoc. Tuy nhién, mé hinh dé
Xuit mai xét trudng hop tai mot thoi diém t hay t+1 chi cd mét lién két (twong
t4c) tir tc nhan bén ngoai toi hé théng. Trong tuong lai, c6 thé tiép tuc nghién
ctu phat trién mé hinh dong luc canh tranh ngoai vai truong hop tai cling
mét thoi diém cé nhidu hon mot tuong tac dén hé thdng (tdc nhan c6 nhiéu
tuong tac cung lac hay c6 nhidu tac nhin ngoai ciing tuong tac dén hé thong).
Day la truong hop khong hiém gap trong cac bai toan thuc té, vi du nhu trong
diéu tri bénh, cac phap dd cd thé dugc s dung két hop tai cing mot thoi
diém (hoa tri, thudc dich), hay mot loai thude dich c6 thé c6 nhiéu hoat chét
dugc tong hop hodc ding nhiéu hon mot loai thude cing lic trong diéu tri
bénh.



25

DANH MUC CAC BAI BAO PA XUAT BAN LIEN QUAN PEN
LUAN AN

1. Tien-Dzung Tran, Duc-Tinh Pham, 2021, Identification of
anticancer drug target genes using an outside competitive dynamics model
on cancer signaling networks, Scientific Reports, vol. 11, no. (1), p. 14095.
(SCI Q1).

2. Duc-Tinh Pham, Tien-Dzung Tran, 2024, Drivergene.net: A
Cytoscape app for the identification of driver nodes of large-scale complex
networks and case studies in discovery of drug target genes, Computers in
Biology and Medicine, ISSN: 1879-0534. Revised(SCIE Q1).

3. Nguyen, Trong-The, Thi-Kien Dao, Duc-Tinh Pham, and Thi-
Hoan Duong. 2024. "Exploring the Molecular Terrain: A Survey of
Analytical Methods for Biological Network Analysis" Symmetry 16, no.
4: 462, ISSN 2073-8994. (SCIE Q2)

4. Duc-Tinh Pham, Do-Thanh-Tung Hoang, Trong-The Nguyen,
Thi-Kien Dao, Thi-Xuan-Huong Nguyen, 2024, A Hybridized Network
Analysis and Community Detection for Unraveling Disease Spreading
Covid-19 Pandemic Mechanisms, Journal of Network Intelligence, 2024
ISSN 2414-8105. (Scopus Q3).

5. Duc-Tinh Pham, Hoang Do Thanh Tung, Tien-Dzung Tran, 2021,
Xac dinh gen muc tiéu thudc ung thu bang moét mé hinh dong luc canh
tranh mang, Ky yéu Hgi thao Quac gia lan thiz XXIV: Mt s6 van dé chon
loc ciia COng nghé thdng tin va truyén théng (@) — Thai Nguyén, ISBN:
978-604-67-1744-7, trang 622-628.

6. Duc-Tinh Pham, Tien-Dzung Tran, 2020, Phan tich hé gen virus
nCoV bing khoa hoc mang ludi, Ky yéu Héi thao Quac gia lan thi XXIII:
Mgt sé vén dé chon loc cua Cong nghé thdng tin va truyén thong (@) —
Quang Ninh, ISBN: 978-604-67-1744-7, trang 382-387.




