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TOM TAT— Déng hang toan cuc cac mang tiwong tac protein (PPI) cung cap théng tin gidp phat hién cac chite ning cia protein,
Vi vdy bai todn nay dang dwot nghién cuu réng rdi. Bai bao nay gisi thieu mét thuat toan metaheuristics hiéu qua, ACOPPI, dé
dong hang mang PPI. Thudt toan ung dung phuong phdp toi uu dan kién xay dung dong hang va két hop tim kiem cuc bg. Thuc
nghiém cho thay thudt toan @é xudt cé diem ddng hang tot hon so véi cac thudt todn SPINAL, FastNA da cong bo.

T khéa— Protein-protein interraction network, ant colony optimization.

I.GIOI THIEU

Céch tiép can trudc ddy dé phat hién cac chic ning cia protein 12 dua trén cic quan hé tién hoa, véi tiéu chi
thuong duoc sir dung 1a do tuong tu gitra cac trinh tu [3, 23]. Tuy nhién, chi tinh twong dong trinh tu thuong khong du
dé nhan dang cac phutc hop protein dugc bao ton [12, 24, 26]. Sy phat trién cua cac k§ thuat cong nghé sinh hoc trong
hon thép ky qua da cho phép xay dung dugc cdc mang tuong tac protein (Protein- -Protein Interraction Network — PPI
Network) cho nhiéu loai sinh vat. Tur cdc dit liéu nay, mot sO bai todn ve phén tich mang PPI da dugc dat ra (xem [5, 8,
15-17]), chiang han nhu: phan tich ciu trac t6 pd mang [10], phat hién m6-dun [4]... Trong @06, dac biét quan trong la
c4c bai toan dong hang mang PPI dya trén két hop thong tin v€ su twong tac gitra cac protein cung voi mdi quan hé tién
hoa giita cac trinh tu. Viéc so sanh tinh trong dong cua cac mang PPI nay cung cép nhiéu thong tin hitu ich cho du
doan cac chtrc nang chua biét hodc kiém dinh cac chirc nang di biét cua cac proteins [9, 11, 25].

Céc k¥ thuat dong hang mang PPI phat trién theo hai hudng tiép can: dong hang cuc b va dong hang toan cuc.
Vi dong hang cuc bg, muc tiéu s€ 1a xac dinh cac mang con gén nhau vé to pd mang hodc tuong tu xau (xem [13, 14,
21, 24]). Thong thuong, két qua ciia dong hang cuc bd s& thé hién nhidu mang con chong l4n nhau, didu nay c6 thé dan
dén sy nhap nhing khi mét protein c¢6 thé dwoc déng hang véi nhiéu protein khac. Muc tiéu ciia dong hang toan cuc
mang 13 dwa ra mot don 4nh gitra cac protein ciia cac mang khac nhau dé tranh cac nhap nhing trong dong hang cuc bo.
Bai toan nay dugc Aladag va Erten [3] chirng minh la NP-hard.

Thuat toan dong hang toan cuc dang chi y dau tién 1a IsoRank [25]dwoc Sing et al. (2008) d& xuit, phat trién
dua trén dong hang cuc bg. Sau IsoRank, mot sb thuat toan tuong tu da dugc dé xuit nhu PATH va GA [26], PISwap
[6, 7] nho dua thém cac ndi 16ng thich hop ctia ham danh gia trén tap cdc ma tran ngau nhién hodc tng dung tim kiém
cuc b trén dong hang 11 giai c6 sin tir mot thuat toan khac. MI-GRAAL [15, 16] va cac bién thé [19, 20] dya trén két
hop k¥ thuat tham an véi thong tin heuristics nhu: graphlet, hé $6 phan nhom, d6 1ap di va do tuong tu (gia tri E-values
tir chuwong trinh BLAST). Céc thudt toan ndy déu dua ra két qua nhanh va tot hon so v&i cac thuat toan trude dé. Tuy
nhién, nhitng thuit toan da néu chi tdi vu cho d6 chinh xac (ham muc tiéu) hodc tinh kha mé (thoi gian chay). Vi cac
mang PPI ¢6 thuong sé ndt 16n nén ca tinh chinh x4c va tinh kha mé cn dwoc quan tim. Gan day, Aladag va Erten
(2013) dé xudt thuat toan SPINAL [3], la thuat toan cho két qua tot nhat va nhanh nhét 1a hién nay. SPINAL la mot
thuat toan heuristic thoi gian da thic, gom hai pha: pha dau tinh diém tuong ddng cho tat ca cip protein; pha sau xay
dung don anh xa bang cach cai tién mot cach cuc bo ting tap con cua 161 giai hién c6. Nam 2015, Do, D. D, cung cac
cong su, da dé xuat mot thudt toan moi 1a FastNA [25] dé dong hang toan cuc mang PPI. Thuat toan gom hai pha: pha
thir nhét xay dung dong hang ban ddu bang mot thuat toan heuristic dua trén sy twong quan gitra cau tric to po va su
tuong dong trinh tu gilta cac nit, sau pha ndy FastNA thu dwoc mot dong hang toan cuc ban dau, pha thir hai véi thi
tuc Rebuild 12 mét y twdong doc déo, nd tré diém manh cia thuat toan, ¥ tuong 1a giit lai nhitng phén dong hang tot va
dwa vao d6 dé dyng lai toan bd dong hang, diéu nay khic phuc nhuge diém cua pha thir nhit va cho mot két qua tét hon
han vé chat luong dong hang va ca thoi gian thuc hién so véi SPINAL.

Phuong phap ti wu dan kién (Ant Colony Optimization - ACO) [26] 1a cach tiép can metaheuristic, duoc gidi thi¢u
boi Dorigo nam 1991 dang dugc nghién ciru va img dung rong i cho cac bai toan tdi wu to hop kho. Bai bao nay dé thuat
toan ACOPPI sir dung phuong phap tdi uu dan kién, két hop véi thu tuc rebuild ctia FastNA nhu mot thi tuc tim kiém cuc
b6. Thuce nghiém cho thiy thuat toan dé xuat c6 diém dong hang tot hon so véi cac thudt toan SPINAL, FastNA.

Phan con lai cua bai bao duge td chirc nhu sau. Muc 2 phat biéu bai toan déng hang mang va gi6i thiéu mot sé

van dé lién quan. Thuat toan ACOPPI duoc trinh bay trong muyc 3. Muc 4 mo ta thuc nghiém so sanh ACOPPI voi
FastNA va SPINAL. Cac két luan va cong viéc tiép theo dugc trinh bay trong muyc cubi.

I1. BAl TOAN DONG HANG MANG VA CAC VAN DPE LIEN QUAN

Gia stt G; = (V,E;) va G, = (V,, E;,) 1a hai mang tuong tac protein, trong do Vy, V, ky hiéu tap cac nit mo ta
cac protein trong mang Gy, G, tuong tmg; Ey, E; ky hiéu tp cac canh md ta moi quan hé tuong téc gifra cdc protein
trong cac mang Gy, G,. Khong giam tong quét, ta xem |V;| < |V,| trong d6 |V| ky hiéu s6 phan tir cta tap V.
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Dong hang mang la tim mot don anh tir Vlvéq V, tot nhit theo mot tiéu chi danh gia nao d6. Hién nay chua co
dinh nghia rd rang cho tiéu chi nay, dugi day phat biéu toan hoc cho dinh nghia bai toan dong hang theo tiéu chi thong
dung dugc dung trong [1,4,5,14, 23].

Dinh nghia 1: (Dong hang mang) D4 thi A;, = (V;,, E;,) 12 mot mang dong hang ciia hai db thi G, G, néu nd
théa man:

i) Mbi nat cta V;, dugc ky hiéu 1a < u;, vj > twong ng v6i mot cdp ndt u; thude V; va v; thude V,.

ii) Hai nat phan bigt < u;, v; >va < u;, V]-' > thudc V;, thi u; # u; va v # V]:

iii) Canh (< u;,vj >, < u;, V]f >) thudc E;, néu va chi néu (u;, u;) € E; va (v;,v;) € E,.

Dinh nghia 2: M¢t dong hang mang A, = (V;,, E;,) 1a 101 giai cta bai toan dong hang toan cuc cla cac mang
proteins G, G, néu nd cuc dai global network alignment score (GNAS) cho béi:

GNAS(A1z) = alEp| + (11— ) Zv<ui,vj> similar(u;, vj) )

trong d6 o € [0,1] 1a tham s6 can bang giita su trong ddng vé to pd mang va su tuong ddng trinh ty giira cac
nat, gia tri Similar(ui, v]-)du’(_yc tinh xép xi dua trén BLAST bit-scores hodc E-values.

Trong [1] Aladag va Erten [1] dd chimg minh bai toan tim déng hang t&i uu nay 1a NP-hard.
I1l. THUAT TOAN ACOPPI
Khi &p dung phuong phap téi uu dan kién giai mot bai toan cu thé, can giai quyét cac van dé sau:

- Céch xay dyng hanh trinh cia méi kién;
- Chon quy tac cap nhat mui.

3.1. Céch xdy dwng hanh trinh ciia méi kién

MOi kién xay dyng hanh trinh twong (g vai viéc tao ra mot loi giai cua bai toan. Trong bai toan nay, khi kién
xay dung xong mot hanh trinh ciing twong &ng Vai Viéc tao ra mot phuong an dong hang mang. Bé kién xay dyng hanh
trinh, dau tién ta khai tao V;, 1a rdng. Sau dé, ta lap lai cong viéc sau cho toi khi tit ca cac nit cua V; déu dwoc ghép:
kién s& lua chon mot niit i(chua dugc ghép) thuge V3, dong thoi xac dinh nit j (chua dugc ghép) thue V, dé ghép voi i
va thém nut (i, j) vao V;,. NGt i € V; dugc lya chon véi tiéu chi la nat mang nhiéu théng tin nhat, & ndt cé nhiéu canh
ndi véi cac nlt da dugc ghép duoc trong V;. NGt j € V, duoc lya chon ngau nhién véi xac suat lya chon nit j € V, véi
nati € vV, la:

[Tl]] [Th]]
P, = {Zierltigl*mil?
0 ngwoc lai

néuj €R

)

Trong d6 1;; = GNAS(Vy, + (i,))) 1a gia tri thong tin heuristic, a, £ 1 hai tham sé quyét dinh dén su anh
huong tuong quan gitra thong tin mui va théng tin heuristic, R 1a tap cac dinh thuoc V, ma chua dugc ghép .

Sau khi mSi kién xay dung xong mot hanh trinh, twong &ng véi mot phuong 4n dong hang mang, phuong an
nay s& dugc cai tién nho thu tuc rebuild trong thuat todn FastNA [25].

3.2. Cdp nhit mui

Vét mii thé hién thdng tin hoc ting cudng qua mdi vong I13p. Trong bai toan ndy, t; ; danh gia do tét khi ghép
nat i € V; véi nat j € V,. Thuat todn ACOPPI sir dung phuong phap cap nhat mui SMMAS [27], ddy 1a cach cép nhat
mui don gian va hiéu qua, cu thé:

PTmin N€u dinh i € V; khéng ghép véi dinhj €V,
y 1- A A
mij < (1= pJey; + Ay v6i Aty = { PTmaxnéu dinh i € V; ghép véi dinh j € V,

3.3. M6 td thudt todn

Dir liéu dau vao bao gdm: D6 thi Gy, G,, tham sé a, Su trong ddng trinh ty giira cac nit < i,j > twong ng
cua V;,V,. V6i mdi tap con cac cap nut V;, cua tap V; X V,, ky hieu Vi, = {i € V,: < i,j SEV;,L VAR ={j € Vy:<
i,j >€ V)

Két qua ra la mot dong hang toan cuc A, ,.

Luoc dd thuat toan trong Hinh 1 va dugc thuc hién theo cac buéc sau:

Budc 1. Khgi tao: Viy = 0, Trax = 1 Tonin = Tmax/ Va2l

Khéi tao ma tran mui 7, ; = Ty, VOi i = 1,2,. |V1| j=12,..,|V;]

Buéc 2. Thuat toan thyc hién chay trong nhiéu vong Iap tlen hoa, diéu klen dirng ¢ thé thiét dat 1a gigi han s6 vong lap
tién hoa hoac gisi han thoi gian chay. Trong mdi vong lap tién hda, s& c6 n_ants kién xay dung hanh trinh, mdi kién
thuc hién xay dung hanh trinh nhu sau:
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Lap v6i k = 1 t6i |Vy| //mdi kién xay dyng hanh trinh

2.1. Kién chon nt i trong V; — Vi5,¢6 nhiéu canh ndi véi cac nut cia Vi,
2.2. Kién tim nit j trong V, — V3 dé ghép véi i theo (2)

2.3.Bosung < i,j > vao Vyy;

2.4. Cap nhat E;, dua trén V,;

2.5. Cai tién loi giai do kién xay dung bang thu tuc rebuild;

Buréc 3. Chon 1oi giai cua kién c6 két qua tot nhat tinh theo (1);
Buéc 4. Cap nhat mii 7, ;.
Algorithm 1 ACOPPI

Input: Do thi 1: G, = (Vy, E,); Do thi 2: G, = (Vy, E,);
Sy twong dong trinh tu giita céc nat: Similar[i][j];

Tham sé can bang a
Output: Dong hang mang A;, = (Vi3, E12)
Begin
Khai tao ma tran mui va cac tham sé;
while (diéu kién két thac) do
for ant=1to n_ants do
for k = 1to |V;| do
i = next_node_align(G,); // chon nt i c6 nhiéu canh ghép vai thanhV;,
j = best_node_align(i, G, G,); // kién tim n(it j & déng hang vai i
Update(V,,)/IVy, = Vi, U< i, >
Update(E;,)// cap nhat cac canh cua A,
end-for
Cai tién 15i giai do kién xay dyng bang thu tuc rebuild:;
end-for
Update(GNAS); //chon két qua tét nhat
Update(t);// cap nhat mui
end-while
End

Hinh 1. Luge dd thuat toan ACOPPI

IV. THUC NGHIEM, SO SANH KET QUA VOI PHUONG PHAP SPINAL VA FastNA

Ching tdi tién hz‘jnh thuc nghiém vai cac bo dir liéu ma SPINAL va FastNA dung thuc nghiém theo tiéu chi
GNAS, tir @6 lam co s¢ dé so sanh hiéu qua véi hai phuong phap nay.

4.1. Thuc nghiém
Bing 1. Thong tin vé dit liéu

Dir liu S0 lugng protein (sO nit) S0 lugng tuwong tac (so canh)
Ce 2805 4495
Dm 7518 25635
Sc 5499 31261
Hs 9633 34327

Véi 4 bo dir lieu mang PPI: Saccharomyces cerevisiae (sc), Drosophila melanogaster (dm), Caenorhabditis
elegans (ce) va Homo sapiens (hs). C4c dit liéu nay lay tir [20] véi s6 protein (sé nat) va tuong tac (s6 canh) dugc cho
trong bang 1. Thuc nghiém trén 6 cap mang khac nhau (ce-dm, ce-hs, ce-sc, dm-hs, dm-sc, hs-sc. Tham s6 a nhan 5 gi&
tri 1an luot bang 0.3, 0.4, 0.5, 0.6, 0.7 nhu trong [1]. S6 kién sir dung 1a n_ants = 10 kién va sé vong lap tién hoa la 100.

~ V6i mdi cap mang PPI va mot tham s6 a, chiing toi cho chuong trinh ACOPPI chay 20 lan, théng ké két qua tét
nhat, toi nhat, trung binh cta 20 lan chay. Ngoai ra, ching t6i thong ké ca do Iéch chuan dé danh gia sy 6n dinh cua
thuat toan.

Két qua thuc nghigm cho thy chi c6 03 b¢ di liéu c6 do léch chuén trén 5% (ce-dm, a=0.4; dm-hs, a=0.3; ce-
hs, a=0.3), con lai déu dudi 5%. Diéu d6 cho thay thuat toan twong d6i 6n dinh.
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Bang 2. Két qua thuc nghiém cua ACOPPI theo tiéu chi GNAS

Dit licu « .GNAS _ bo léch
j Tot nhat T6i nhat Trung binh chuan
0.3 871.90 832.52 845.87 28.2
0.4 1132.28 1098.48 1117.88 17.1
ce-dm 0.5 1423.58 1370.75 1398.01 30.9
0.6 1695.37 1640.24 1675.85 25.5
0.7 1988.85 1882.64 1948.93 49.8
0.3 907.83 879.68 897.11 14.0
0.4 1204.98 1151.3 1182.04 28.1
ce-sc 0.5 1533.92 1464.01 1490.97 47.1
0.6 1814.15 1777.82 1794.66 22.0
0.7 2125.83 2038.63 2091.70 43.1
0.3 947.17 921.03 933.16 16.2
0.4 1253.58 1216.44 1233.45 23.4
ce-hs 0.5 1584.46 1526.57 1552.57 37.1
0.6 1881.86 1827.45 1856.31 29.8
0.7 2209.16 2093.65 2161.71 56.4
0.3 2338.23 2279.92 2311.71 314
0.4 3100.49 3065.58 3078.24 24.2
dm-hs 0.5 3903.09 3807.47 3843.51 67.1
0.6 4643.84 4592.64 4614.06 34.3
0.7 5418.28 5237.49 5355.05 83.6
0.3 2064.87 2016.55 2045.85 22.6
0.4 2745.92 2709.92 2728.14 21.5
dm-sc 0.5 3440.56 3387.25 3408.96 35.7
0.6 4146.21 4072.89 4107.10 46.6
0.7 4823.11 4734.98 4782.83 45.8
0.3 2470.01 2430.87 2448.04 25.8
0.4 3292.55 3224.92 3262.86 375
hs-sc 0.5 4121.73 4047.1 4090.46 39.5
0.6 4948.06 4823.59 4893.83 64.3
0.7 5770.44 5678.02 5733.31 50.1

4.2. So s&nh
Tu dit ligu trong bang 2, chiing toi tién hanh lay két qua trung binh cua 20 Ian chay dé so sanh véi két qua cua hai thuat
toan SPINAL va FastNA, thé hién trong bang 3.

Bang 3. So sanh két qua thuc nghiém cia ACOPPI véi SPINAL va FastNA

Dit liéu Thuat toan oa=0.3 oa=04 oa=0.5 a=0.6 oa=0.7
SPINAL 717.99 941.19 1159.93 | 1350.59 | 1586.87
ce-dm FastNA 778.46 1034.20 | 1290.11 | 1545.86 | 1801.24
ACOPPI 845.87 1117.88 | 1398.01 | 1675.85 | 1948.93
SPINAL 728.26 993.07 1229.95 | 1501.61 | 1764.93
ce-hs FastNA 863.46 1144.17 1429.89 1708.81 1994.87
ACOPPI 933.16 1233.45 | 155257 | 1856.31 | 2161.71
SPINAL 709.12 963.28 1168.95 | 1422.74 | 1683.13
ce-sc FastNA 834.79 1109.93 | 1389.21 | 1663.39 | 1936.83
ACOPPI 897.11 1182.04 1490.97 1794.66 | 2091.70
SPINAL 1883.22 | 2517.23 | 3160.48 | 3790.79 | 4451.60
dm-hs FastNA 2260.31 | 3007.11 | 3755.36 | 4496.45 | 5242.32
ACOPPI 2311.71 | 3078.24 | 3843.51 | 4614.06 | 5355.05
SPINAL 1579.06 | 2075.14 | 2668.65 | 3180.27 | 3759.07
dm-sc FastNA 1977.82 | 2631.85 | 3290.03 | 3950.16 | 4603.41
ACOPPI 2045.85 | 2728.14 | 3408.96 | 4107.10 | 4782.83
SPINAL 1731.81 | 2253.66 | 2839.00 | 343454 | 4066.22
hs-sc FastNA 2268.21 | 3017.96 | 3772.96 | 4520.51 | 5279.88
ACOPPI 2448.04 | 3262.86 | 4090.46 | 4893.83 | 5733.31

V6i mdi bo dir liéu 1a mot cap mang PPI va mot gia tri tham s6 o ching t6i so sanh két qua cua thuat ton
ACOPPI v6i SPINAL va FastNA theo hai tiéu chi GNAS. Bang dit ligu 111 cho thay toan b ket qua cia ACOPPI deéu
vuot troi so véi SPINAL va hon dang ké so voi FastNA. Dac biét, ket qua toi nhat trong 20 lan chay cia ACOPPI ciing
déu tot hon FastNA va SPINAL.

V. KET LUAN VA HUONG PHAT TRIEN
ACOPPI 1a phuong phap meta heuristic cho bai toan dong hang toan cuc cdc mang tuong tac protein. So vai

céc phuong phap heuristic truée day, thdy thuat toan dé xuét co tinh 6n dinh va c6 diém dong hang vuot trdi so véi
SPINAL va tot hon dang ké so vai FastNA.
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Trong [1], cac tac gid co d& xuat mot phién ban cua SPINAL cho tiéu chi GOC. Trong thai gian téi, ching toi
s& nghién ctru, phéat trién ACOPPI theo hudng nay.

VI. LOI CAM ON
Bai bao duoc hoan thanh trong khudn khé cua dé tai KHCN cap PHQGHN, Mi sb dé tai: QG.15.21.
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AN EFFICIENT ANT COLONY OPTIMIZATION FOR GLOBAL
ALIGNMENT OF PROTEIN-PROTEIN INTERACTION NETWORK

Do Xuan Quyen, Nguyen Hoang Duc, Thai Dinh Phuc, Do Duc Dong

ABSTRACT— Global alignment of protein-protein interaction (PPI) network provides helpful information to discover features of
protein, therefore the problem has been well studied worldwide. We present an effective metaheuristics algorithm ACOPPI, to tackle
this problem. The algorithm applies Ant Colony Optimization (ACO) method to align PPI network combined with local search.
Based on experiments, our algorithm showed better results than the published SPINAL algorithm and fastNA algorithm.



