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TOM TAT - Déng hing todn cuc mang tiwong tic protein la mét trong nhimng bai todn quan trong trong tin sinh hoc va dang
duoc nhzeu nguwoi quan tam nghién ciu. Cdac mang dwoc déng hang chinh xdc cho phép ta c¢é thé xdc dinh cdc orthologous protein.
Bdi viét nay, ching (6i giGi thiéu mot thudt toan déng hang todn cuc mang twong téc protein dia trén phwong phdp 16i wu hod dan
kién. Cdc thiee nghiém cho thdy phwong phdp d@é xudt cho két qud t6t hon hin cdc phirong phdp méi nhat hién nay.

Tir khéa - Dong hang toan cuc, mang twong tdc protein, t6i wu dan kién.
I. GIOI THIEU

Trude cach tiép can dong hang mang, viéc phat hién nhom céc orthologous protein chi dwa trén cic quan hé tién
hoéa, véi tiéu chi thuong dugce st dung la d6 tuong tu vé mit trinh tu [1, 23]. Tuy nhién, chi tinh twong déng trinh tu
thuong khong du dé xac dinh cac phtc hop protein duoc bao ton [12, 24, 26]. Sy phat trién cua cac k¥ thuat cong nghé
sinh hoc trong hon thdp ky qua da cho phép xdy dung dugc cic mang tuong tic protein Protein-Protein Interraction
Network — PPI Network) cho nhiéu loai sinh vat. Tir cac dir liéu nay, mot sO bai toan ve€ phan tich mang PPI da dugc dat
ra (xem [3, 7, 15-17]), ching han nhu: phan tich ciu tric t6 p6 mang 91, phat hién mo-dun [2]... Trong d6, dac blet quan
trong la cac bai toan dong hang mang PPI dya trén két hop thong tin vé sy twong tac gilia cac protein cung voi mdi quan
hé tién hoa giita cac trinh tu. Viéc so sanh tinh trong dong ctia cac mang PPI nay cung cip nhiéu thong tin hitu ich cho dy
doan cac chuc nang chua biét hodc kiém dinh cac chire nang da biét cua cac proteins [8, 11, 25].

Céc phuong phap dong hang mang tuong tac Protein duoc chia thanh 2 huéng tiép can: dong hang cuc b va
dong hang toan cuc. Muyc ti€u cua dong hang cuc b la xac dinh cac mang con gan nhau vé cdu trac mang va/hodc
tuong tu nhau vé trinh ty) (xem [13, 14, 21, 24]). V&i muc tidu d6, két qua cua dong hang cuc b thudong chira nhidu
mang con chong 14n nhau, vi vay c6 thé dan t6i sy nhap nhing khi dong hang mot protein voi nhiéu protein khac. Muc
tiéu ctia phuong phap déng hang toan cuc giita 2 mang protein 14 tranh cdc nhap nhing thudng gip & phuong phap
dong hang cuc bd. Bai toan nay dugc Aladag va Erten chirng minh 1a bai todn NP kho [1].

Thuét toan dong hang toan cuc dang chu ¥ dau tién 1a IsoRank [25] dwoc Sing et al. (2008) dé xuét, phat trién
dua trén dong hang cuc bg. Sau IsoRank, mdt sb thuat toan tuong tu da duoc dé xuat nhu PATH va GA [25], PISwap
[4, 5] nho dua thém cac ndi 1ong thich hop ciia ham danh gia trén tap cac ma tran ngau nhién hodc tng dung tim kiém
cuc bo trén dong hang thu duogc tir 101 giai mot thuat toan khac. MI-GRAAL [15,16] va cac bién thé [19,20] dua trén
két hop k¥ thuat tham an véi thong tin heuristics nhu: graphlet, hé sé phan nhom, do 1ap di (eccentricities) va do tuong
tu (gia tri E-values tir chuong trinh BLAST). Cac thuat todn nay déu dwa ra két qua nhanh va tot hon so véi cac thuat
toan trude do. Tuy nhién, nhitng thuat toan da néu chi t61 wu cho d6 chinh xac (ham muc tiéu) hodc tinh kha mé. Vi cac
mang PPI c6 thuong sé dinh 16n nén ca tinh chinh x4c va tinh kha mo (thoi gian chay) can dugc quan tam. Aladag va
Erten (2013) dé xuat thuat toanSPINAL [1] heuristic ¢6 thoi gian da thirc cho két qua tuong dbi tot. Thuat toan nay
gdm hai pha: pha dau tinh diém tuong dong cho tat ca cip protein; pha sau xdy dung don anh bang cach cai tién mot
cach cuc by ting tap con cua 101 giai hién c6. Cac thyc nghiém duoc chay trén cac bd dir liéu tiéu chuén 1a
Saccharomyces cerevisiae, Drosophila melanogaster, Caenorhabditiselegans va Homo sapiens cho thiy SPINAL cho
chat lwong 101 giai tot hon 2 thuit toan t6t nhat khi d6 1a IsoRank va MI-GRAAL.

Gan day, D Duc Pong va cac cong su (2014) ciing di gidi thidu mot thuét toan ngau nhién FastAn [6] gom 2
giai doan; giai doan dau 1a thu tuc xdy dung dong hang tho theo cach tiép can heuristic. Sau d6 tién hanh thi tuc
rebuild nho giir lai mot sb cip dinh t6t nhat da dugc dong hang trong 10i giai xay dung duogc ¢ giai doan 1 va déng
hang lai cho céc cap dinh con lai dé ting chat lugng 10i gidi. Cac thuc nghiém cho thiy FastAn c6 két qua tot hon ca vé
thoi gian chay va chét lugng 10 giai so voi SPINAL.

Bai bao nay dé xuit mot phuong phap dong hang toan cuc mang tuong tac protein dua trén ti uu dan kién goi
la ACOGA. Thuat toan dugc thuc hién theo nhiéu vong lap, trong moi vong lap, cac kién di xay dung loi giai, sau do
101 gidi cla kién t6t nhét s& dugc lua chon dé cap nhat vét mui va su dung tim kiém cuc bo dé tang chét luong 101 giai.
Két qua thuc nghiém cho thiy thudt toan dé xuat cho chét luong 16 giai tot hon nhiéu so voi FastAn.

Ngoai két luan, phan con lai cta bai bao c¢6 ciu triic nhu sau: Phan 2 gi6i thiéu cac khai niém lién quan dén bai
toan dong hang toan cuc mang twong tac Protein. Thudt toan méi ACOGA duoc gidi thiéu ¢ phan 3. Phan 4 trinh bay
cac thuc nghiém so sanh hi¢u qua cua thuét toan dé xuat voi cac thuat toan FastAn.
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IL. BAI TOAN DONG HANG TOAN CUC MANG TUONG TAC PROTEIN

Gia st G, =(V,,E)va G, =(V,,E,)1a 2 d6 thi mé ta 2 mang tuong tc protein, trong d6 ¥;, V> tuong tmg 1a tap
cac dinh m6 ta cic protein trong cidc mang G, va G, tuong ung;; E;, E;1a tp cac canh mo td cdc tuong tac gilta cic
protein twong Ung trong G, G,. Khong mat tinh tong quét ta c6 thé gia thiet | v, |<| v, | trong do |V] ky hiéu so phan

thcuatap V.

Déng hang mang toan cuc 1a tim mot don anh tir tap ¥, vao tap ¥, tot nhat theo mot tiéu chuan danh gia nao do.
O méi nghién ctru, ngudi ta dé xuat cac tiéu chuan danh gia khac nhau. Dudi day 1a dinh nghia dugc st dung chu yéu
trong cac nghién cuu trude day [1, 4, 5, 16, 25].

Pinh nghia 1. (Déng hang mang) D4 thi 4, = (,,E,, ) duoc coi la dong hang mang cua 2 do6 thi G, = (v, E,)va
G,=W,,E,) néu no thoa mén céac diéu kién sau:

i) M6i niit < u,,v; > ¥;, twong mg voi mot cp u; € V; vav; € V.

ii) Hai nat phén biét < u;, v; > va < ulf, v]f > cua V;, phai thod man u; # ulf vav; # 17]-'

iii) Canh (< u;, v; >, < u;, v; >) thudc tap E khi va chi khi (u;, u;) € Eyva (v),v)) € E,.

Pinh nghia 2. (Déng hang t6i wu toan cuc mang tuong tac protein) Mot dong hang A;, = (V5, Eq,) 1a 1oi gidi
cua bai toan dong hang toan cuc 2 mang tuong tac protein G;, G, néu no6 lam cuc dai tiéu chi GNAS cho boi cong thirc

(:

GNAS(4yy) = a|E |+ (1—002v< _similar(u;,v,) (1)

trong d6 o€ [0,1] 14 tham sb thé hién mdi twong quan giita su twong dong vé céu triic mang va do twong dong
v trinh ty. Gia triS imilar(ui, vj) duoc tinh xép xi nho sir dung BLAST bit-scores hay E-values.

Theo nghién ctru cia Aladag va Erten [1] bai toan tim tb1 wu toan cuc cua dong hang mang da dugc chiing minh
1a NP kho.

IILTHUAT TOAN PE XUAT
A. Lwoc dé chung
Cho céc do thi G,,G, ; tham sb o va cac do twong ty cua cac cap dinh < u;,v; >trong do u; e Vv els. Véi
mdi tAp con cac cip dinh V;, cua tap V; X V,, ta ky hiéu VI'2 =<u, €V, <u,v, >€ Vlz},Vé ={vj eV, <u,v, >€ V]Z}
(77, 1a tap cac cap cac dinh thudc tap dinh V. cia dd thi Gi da dugc dong hang). Thuat toan ACOGA duoc xay dung
nhu dudi day:
Budre 1. Khoi tao ma tran vét mui, va tap A gdm m kién.
Budc 2. Thyc hién 1dp trong khi chua thod man diéu kién dung
Véi mdi kién ta tién hanh cac budc sau:
2.1. Khi tao tap ¥}, =1<u;,v, >} 1a cap dinh c6 d6 trong dong 16n nhat.
2.2 Thye hién Ip véi k= 2 t6i |V
2.2.1. Tim dinh u, € V; =V}, ¢6 s0 canh tdi cac dinh trong ¥/, 16n nhét;
2.22.Timdinh v, eV, — V122 theo thii tuc budc ngau nhién dugc dic ta & muc B theo cong thirc (5)
2.2.3.Bb sung < u;,v; > vao Viy;

2.2.4. Cap nhat laiE,, dya trén V;,;
2.3. Thuc hién tim kiém cuc b6 trén 16 giai tot nhat do cac kién tim dugc dé cai thién chat lwong 101 giai.
2.4. Cap nhat lai 151 giai tot nhat.
2.5. Cap nhat vét mui theo quy tic SMMAS dua trén 16 giai tot nhat.

Bude 3. Luu lai 1oi giai tot nhat.
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Thuat toan nay dugc dac ta trong hinh 1.

Thuit toan 1: Thuat toan ACOGA
Input: D6 thi 1: G, = (Vy, E;); Do thi 2: G, = (Vy, E,);
Do twong dong giira cac cap dinh: Similar
Tham sb can banga
Output: Déng hang mang 4,, = (Vy5, E13)
Begin
Khéi tao; // Khéi tao ma tran vét mui va m kién (A);
While (Chua thoa man diéu kién ding) do
for each kién ag A do
Wiz ={<u,,v, >}/ <u,,v, >1a cip dinh c6 do twong tw 1on nhét.
for k=2 to |V;| do
u; = findMaxRelate(u; € V; — V)
v; = antMove(u,,V; —¥3)
Viz =V <u;,v; >
Update(E;,)
end for
end for
Tim kiém cuc bo;
Cap nhat 10i giai tot nhat;
Cap nhat vét mui theo quy tic SMMAS:
end while ) '
Ghi lai 101 giai tot nhat;
End.

Hinh 1. Dac ta thuit toAn ACOGA.

Cht y ring & budc 2.2.1, vide tim u; e V, =V} co s6 canh t6i cac dinh trong ¥}, 16n nhat nhim tang sb luong
céc canh c6 thé dugc bao toan sau khi dong hang, néu tim dugc nhiéu dinh t6t nhét thi s& lya chon ngau nhién mot dinh
tim dugc dé dong hang.

B. Cic thanh phin ciia ACOGA
Do thi ciu tric

Db thi cau trac cua thuat toan ACOGA duoc biéu thi trong hinh 2, gém 2 tﬁng, tﬁng thir i thé hién do thi G;. Cac
dinh ¢ tang trén dugc két ndi véi tit ca cac dinh & ting dudi. Khi xay dung 16 giai, kién s& xudt phat tir mot dinh thudc
tang 1 va lya chon dong hang vai 1 dinh thudce tang 2 theo cong thirc (5).

G

1

G

2

Hinh 2. D6 thi cdu tric cua thudt toan ACOGA
Mot dong hang toan cuc ctia 2 d6 thi theo dinh nghia 1 1 mot duong di xuat phat tir 1 dinh cia G, dong voi 1
dinh cia G, sau d6 quay lai G, r6i tiép tuc dong véi 1 dinh cia G, , lap lai cho t6i khi tat ca cac dinh ciia G, da dugc
doéng hang.
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Vét muii va thong tin heuristic
Vét mui 7 trén canh <i,j > déng dinh u; € G, v6i dinh v, € G, dugc khdi tao bang Tynq, va sau d6 dugc cap
nhat lai sau mdi vong lap theo cong thirc (6).
Thoéng tin heuristic n j dugc tinh theo cong thuc 4.
77; =o* M +(1—0o)*similar(u;,v;) 4)
_ trong d6 o 1a hang so thé hién moi twong quan gitta d0 twong dong vé cau tric va tinh trong dong veé tril‘lh tw. M
1a tong s canh dugc bao toan sau dong hang néu dinh u; dugc dong voidinh v, similar(u,;,v;)1a do tuong dong gilra

2dinh u; va v,

Thii tuc buwéc ngdu nhién dé xdy dung déng hang
Tai mdi vong lap, d4u tién kién chon mot dinh u; €V}, sau do6 chon dinh v JEV, theo xé4c suét duoc cho béi

cong thue (5)

= T 5)
DIRCOTA
trong 6 RV, =V, —¥3 14 céc dinh cua d6 thi G, chua duge dong hang.
Sau khi lya chon dugc dinh v; € ¥, dé dong véi u; € 17, kién quay lai lya chon dinh tiép theo cia do thi G,dé
tiép tuc dong hang. Qua trinh 1dp lai cho dén khi tat ca cac dinh cia G, dugc dong hang véi cac dinh cua G,
Quy tic cdp nhdt vét mii
Sau khi tat ca cac kién da xay dung lo1 giai, 161 giai cua kién tot nhat dugc ap dung tha tuc tim kiém cuc b dé

tang chit luong 101 giai. Loi giai t6t nhit nay dugc st dung dé cap nhat vét mui trén cac canh theo quy tic cp nhat mui
SMMASJ[10], nhu dudi day:
o =(1-p) +4, ©)
A;. _ P*T,.  (ij)€ Dbest solution %)
P*T,.,  (ij)& bestsolution

trong d67,,,vaz,, la cac tham s6 dugce cho trude, p€ (0,1) 1a tham ) bay hoi cho trude quy dinh 2 thudc tinh, p
nho thé hién viéc tim kiém quanh thong tin hoc ting cuong, p 16n thé hién tinh kham pha.

Thii tuc fim kiém cuc bj

Thuét toan 2: Thi tuc tim kiém cuc b
Input: D6 thi 11 G; = (Vy, E;); Do thi 2: G, = (V,, E,);
Déng hang mang A1, Npest
Output: Déng hang mang t6t hon
Begin
Giir lai nvest cap <uy, v; > tot nhat cua Vig
For=npestt1 to | V1| do
u;= find_next_node();
v;= choose_best_matched_node(w; );
Viz=Visu<u;, v, >
Cap nhat E,
end-for
end

Hinh 3. Pic ta thu tuc tim kiém cuc bd
Trong mdi vong lap, sau khi tat ca cac kién da xay dung xong 10i giai. Loi giai tot nhit A, duoc kién xay dung
s& dugc ap dung tim kiém cuc bd. Thu tuc tim kiém cuc bd dugce dac ta nhu trong hinh 3.
Bue 1. Giit lai npey; dinh thude tap A, ¢6 score tot nhét theo tiéu chi cho boi cong thie (3):
score (u;) = axw(u; )+ (1-a)xsimilar (u;, f (u;)) (3)
trong do w; €] va f(u;) la dinh thudc V, dugc ghép voi u, trong A;,,w(u,) 1a s6 luong nat u; € Vyma

<uju; >€ Eyva < f(u), f(u;) >€ E,
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Buoc 2. Thyce hién 1ap voi k =nypeg + 1 t61 |V4]:

2.1. Thi tyc find_next_node(): Tim dinh «, € ¥, — ¥}, ¢6 s6 canh i cac dinh trong ¥}, 16n nhat.

2.2. Thi tuc choose_best_matched_node(y,) tim dinh v; e V, ;3 ma khi bo sung <u,,v; >vao Vy, thi
GNAS(A;) tinh boi cong thire (1) lon nhét, trong d6 4, 1a db thi c6 dinh 1a tap Vi, va céc canh cam sinh boi G4, G,.

2.3.Bosung <u;,v; > vao Vi,;

2.4. Cap nhatE;, dua trén V,,;

Sau mdi 1an thyc hién tha tuc tim kiém cuc bd ta c6 mot dong hang méi lam input A, cho lan 1ap tiép theo, qua
trinh nay ldp lai cho dén khi khong cai tién dugc GNAS(A4 ;) nita.

IV. THUC NGHIEM

Thuc nghiém duogc tién hanh dé so sanh thuat toan ACOGA véi thudt toan FastAn [6], 1a thudt toAn méi nhat va
da duogc chirng to t6t hon GNAS, trén 4 tap dir liéu benchmark dugc st dung trong [1]. Thuat todn dugc chay véi nhiéu
gid tri Nyese khac nhau bao gdm 1%, 5%, 10%, 20% va 50%. Cac két qua thuc nghiém chi ra ring v6i nye=1% s& cho
chat lwong 101 giai tot nhét.

D6i voi thuat toan dan kién, cac tham s6 rho duoc khoi tao tir ddu va sé luong kién trong mdi vong lap anh
hudng nhiéu dén chét luong 101 giai. Qua nhiéu thue nghiém chung t6i thdy véi rho=0.3 s& cho chat luong 101 giai tbt
nhit. D4i véi s6 lugng kién, néu sir dung nhidu kién dé xay dung 10i giai co thé cho duge két qua tét hon, tuy nhién lai
khién thuat toan chay lau. Dé can bang giita hai yéu tb nay, trong thuc nghiém chiing t6i chon s kién 1a 6. Cac tham s6
Tax dugc khoi tao béng Ivap _ 1 . Vi vay céc két qué dugc trinh bay & day tuong Gng voi gid tri npes=1%,

AR
p =0.3, Nyps=06 nhur da phan tich & trén.

. Céc thuat toan duoc so sanh dwa trén 2 tiéu chi 13 tiéu chuan GNAS va EC (Edge Correctness — S6 canh dugc
bao ton qua dong hang, hay [E,,|). Cac thuc nghiém duoc chay trén cung mét may tinh c6 cau hinh nhu sau: CPU Intel
Core 2 Duo 2.53GHz, RAM DDR2 3GB va h¢ diéu hanh Windows 7 32 bit.

A. D liéu

. BO dir liéu duoc st dung so sanh dé so sanh cac phuong phap 1a 4 tap dit liéu tiéu chuén dugc dung dé danh gia
chat lugng 101 giai cia SPINAL va FastAn. D6 1a cdc mang tuwong tac protein sau: Saccharomyces cerevisiae (sc),
Drosophila melanogaster (dm), Caenorhabditis elegans(ce), and Homo sapiens (hs). Cac mang tuong tac nay thu duge
tir [22]. Mo ta vé cac tap dir liéu nay dugc chi ra trong Bang 1. Ttr cac b dir liéu do chung tdi tao ra sdu cap mang dé
dong hang (ce-dm,ce-hs,ce-sc,dm-hs, dm-sc,hs-sc).

Béng 1. M6 ta b6 dit liéu

B0 dir liéu S$6 Protein S6 twong tac
ce 2805 4495
dm 7518 25635
sc 5499 31261
hs 9633 34327

B. Két qud thwe nghi¢m

Vi thuat toan ACOGA va FastAn 13 thuat toan ngau nhién nén ching toi tién hanh chay thudt toan 10 lan va sir
dung két qua trung binh cua 10 lan chay d€ so sdnh. Cac thuc nghiém so sanh cac thuat todn vdi cac gia tri a 1an luot 1a
0.3,0.4, 0.5, 0.6 va 0.7 nhu trong [1].

Bang 2. So sanh thuat toan ACOGA va thuét toan FastAn theo 2 ti€u chuin GNAS va EC véi cac gia tri o khac nhau.

Datasets a=03 a=04 a=05 a=0.6 a=0.7
FASTAn | ACOGA | FASTAn | ACOGA | FASTAn | ACOGA | FASTAn | ACOGA | FASTAn | ACOGA
ce-dm 778.46 798.67 1034.20 1057.34 1290.11 1327.15 1545.86 1601.13 1801.24 1861.08
2560.7 2629.20 2564.6 2622.9 2567.2 2642 2567.7 2660.4 2567.6 2653.4
ce-hs 863.46 885.47 1144.17 1177.49 1429.89 1461.74 1708.81 1758.37 1994.87 2049.1
2842.8 2916.1 2838.1 2922.40 2844.9 2909.1 2838.0 2921.1 2843.4 2921
cesse 834.79 857.45 1109.93 1144.56 1389.21 1435 1663.39 1688.11 1936.83 1996.96
2761.1 2837.3 2761.2 2849.4 2769.7 2861.6 2766.5 2808 2763.1 2849
dm-hs 2260.31 2315.78 3007.11 3052.08 3755.36 3803.79 4496.45 4574.12 5242.32 5319
7478.3 7663 7481.9 7597 7429.0 7584.3 7478.2 7607.8 7478.8 7588.6
dm-sc 1977.82 2023.60 2631.85 2653.53 3290.03 3337.87 3950.16 3989.68 4603.41 4651.2
6569.7 6721 6565.5 6619 6570.7 6666.6 6577.4 6643.30 6572.3 6641.1
hs-sc 2268.21 2300.318 3017.96 3048.78 3772.96 3838.3 4520.51 4640.28 5279.88 5422.18
7531.8 7640 7528.5 7609.12 7535.2 7666.0 7527 7726.90 7538.1 7742
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Céc két qua so sanh duoc thé hién trong Bang 2. Mbi 0 trong bang thé hién 2 tiéu chuén so sanh 1a tiéu chuan
GNAS va tiéu chuan EC. Cac két qua tot hon dugc chiing t6i thé hién bang chit in dam.

Qua bang 2 ta co thé thay 16 trong ‘Eét ca cac truong hop thi thuat toan ACOGA déu cho céc két qua t6t hon so
voi thuat toan FastAn do6i vai ca 2 ti€u chuan 1a GNAS va EC.

V& mit thoi gian chay, do ACOGA 1a thuat todn metaheuristic dugc thuc hién véi nhiéu vong lap, nén thoi gian
chay lau hon so véi thudt toan FastAn (1a mot thudt toan theo hudng ti€p can heuristic), vi vy & day chung t6i khong
dua ra céc bang so sanh.

V.KET LUAN

Bai bao nay d& xuat mot thuat toan dong hang toan cuc mang tuong tac protein duwa trén giai thudt t6i wu dan
kién. Trong moi vong 1dp cua thudt toan, tat ca cac kién xay dung 101 giai, sau d6 kién cé chat lugng 101 giai tot nhat
duogc lya chon dé cap nhat vét mui va ap dung tim kiém cuc b dé tang chat lwong 161 giai. Céac thyc nghiém trén b dix
liéu chuan da chi ra rang thuat toan chung t6i dé xuat cho két qua tot hon cac thuat toan mai dé xuat doi véi 2 tieu
chuan GNAS va EC doi vdi tat ca cac truong hop.

Thu tuc tim kiém cuc bd dugc sit dung trong thudt todn phu thudc nhiéu vao gid trj Nyeg, hi€n dugce chon nye, Mot
cach thu cong. Trong thoi gian toi chung t6i s€ nghién clru d€ c6 the xac dinh duoc gia tri nbest mot cach ty dong dé co
the cho chat lugng 101 giai tot nhat.

Ngoai ra dé tang chét lwong 10i giai con co thé ting s luong kién trong mdi vong lap. Tuy nhién dé khong ton
thoi gian trong moi lan chay thi can phai tién hanh song song hoa thuét toan ACOGA.
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AN EFFICIENT ANT BASED ALGORITHM FOR GLOBAL ALIGNMENT
OF PROTEIN-PROTEIN INTERACTION NETWORKS

Tran Ngoc Ha, Hoang Xuan Huan

ABSTRACT - Global alignment of two protein-protein interaction networks is an important problem in bioinformatics/
computational biology. This is studied by many researchers. Accuracy aligned networks allow us to identify functional orthologous
proteins. In this article, we introduce an ant-based algorithm for global network alignment called ACOGA. The experiments show
that the proposed method outperforms the state-of-the-art algorithms



