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TOM TAT

Bai toan t6i wu trong sinh hoc phan t& la mét trong nhirng linh vwc khoa hoc tinh toan
dwoc nghién cru nhiéu hién nay; trong dé cé van dé dy doan cau truc chudi RNA bang nhirng
thuat toan t6i wu. Thuat toan ACO (Ant Colony Optimization)- t6i wu dan kién — la phwong phap
nghién ctru ldy cdm hing tir viéc md phdng hanh vi ciia dan kién trong tw nhién nham muc dich
gidi quyét cac bai toan tdi wu phirc tap trong thyc té. Cac ca thé kién trao déi thong tin trén
duwong di thong qua vét mui (Pheromone) dé lai trén dwong di. Cac dwdng di ¢é ndng dd mui it
hon sé dwoc loai bd, cudi cung tat ca dan kién sé di trén con dwdng cé kha nang tré thanh con
dwdng ngan nhat tlr té6 dén ngudn thirc &n. Trong bai bdo nay ching téi gidi thiéu thuat toan
ACO (Ant Colony Optimization) 1a mét phwong phap méi gidi bai toan téi wu tim c4u trdc bac 2
ctia phan t&r RNA c6 téng nang lwong bén vikng nhét.

T khoéa: tdi wu hda, thuat toan ti wu dan kién, RNA, sinh hoc phan tt, Tin sinh hoc
1. Pit van dé:

Ti wu hoa 1a tim trang thai toi wu cia mot hé thong sao cho dat dugc myc tidu
mong mudn vé chit lwong theo mét tiéu chuin nao do.
Dang tong quat clia bai toan duoc cho bai (xem >Fl):
f(x) — Min (max)

gi(x)zbi I4 i=1, mi s
)

gj(X)Sbj ’ J=mi+l, mo

gk(x):bk r k:m2+ll m,

Trong d6 f(x) duoc goi 1a ham muc tidu; gi(x), (i = 1,m), duge goi 1a cac ham

rang budc. Mdi mot dang thire hay bt ding thire duoc goi 1a mot rang bude. Goi:

gi(x)Zbi, i=1, mq (2)
D=/xeR" gj(X)Sbj ; JFm1tl, mo

x) bk +1, m

goi 12 mién rang budc hay mi n chap nhan du:oc N[%l mot vector
X = (X1, X2,..., Xn) © D duogc goi l1a phuong an clia bai toan (hay 10i giai chip nhan
duoc). Phuong an x* € D dugc goi 1a phuong 4n tbi wu ciia bai toan néu thoa méan didu
kién sau:
f(x*) < f(x), VX € D (dbi voi bai toan tim Min)
f(x*) > f(x), VX € D (dbi voi bai toan tim Max)
khi d6 tuong tng f(x*) goi 1a gi tri toi uu.

Ngay nay, c6 mét chuyén nganh khoa hoc 1a Tin sinh hoc (Bioinformatics), véi
nhiém vu 13 img dung va phat trién cac phuong phap ctia cong nghé thong tin dé xir ly
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va khai thac lugng thong tin vo cing 16n trong sinh hoc phén tir, dang phét trién rat
nhanh. Trong linh virc nghién ctru ndy, cac bai toan tdi wu hoa rit phd bién, tir viéc so
sanh cac chudi phan tir sinh hoc, du doan cdu trac bén vimg cta cic phan tir DNA
(deoxyribo nucleic acid), RNA (ribo nucleic acid), protein, &én du doan twong tic cua
cac phan tir (xem [2]). Mot bai toan nhu thé 1 vin dé du doan céu trac bac 2 t6i vu cua
mot phan tr RNA nhét dinh dya trén thong tin vé chudi cua no sao cho cau trac nay co
ning luong tu do tong cong 1a 4m nhét (& trang thai bén vitng nhat). Viéc giai bai toan
nay mot cach chinh xac trong nhiéu trudng hop 1a chua thé thuc hién duoc (thude 16p
bai toan NP-hard). Do d6, hién nay dang c6 nhiéu thuit toan duoc dua ra dé giai quyét
van dé nay.

Thuét toan ACO (Ant Colony Optimization) la mgt thuat toan t61 wu hoa hién dai
duogc ung dung trong cac bai toan tdi wu phirc tap; co so cua thuat toan 1a dya trén sy di
chuyén cta dan kién trong qua trinh tim kiém ngudn thyuc an thong qua viéc phat ra cac
pheromone. Trong khu6n khd bao bao niy chang toi gii thiéu nguyén 1y cia viée sir
dung thuat todan ACO vao viéc du doan cau trac bac 2 t6i wu ciia mot chudi RNA.

2. Ciu tric cia RNA (xem5.[1]5.[3])

Céc RNA duoc ciu tao tir cac don phan la cac ribonucleotide; cac ribonucleotide
nay ndi két v6i nhau bang cac lién két 3',5'-phosphodiester tao thanh cac chudi
polyribonucleotide - cau triic so cip (bac 1) ciia cac phan tir RNA. Trong phan tir RNA ¢6
bbn loai don phan chinh (dua trén su khac nhau vé gbc base) 13 adenine (A), uracil (U),
guanine (G) va cytosine (C). Vé mat thong tin, mot phan tir RNA véi cdu tric bac 1 ¢6 thé
duoc biéu dién dudi dang mot chudi ky tur ctia bon chir cai: A, U, G, va C.

Vi du nhu phan tir 5S ribosome RNA c6 cAu tric bac 1 thé hién nhu sau:
WGUCUACGGCCAUACCACCCUGAACGCGCCCGAUCUCGUCUGAUCUCGGA
AGCUAAGCAGGGUCGGGCCUGGUUAGUACUUGGAUGGGAGACCGCCUGG
GAAUACCGGGUGCUGUAGGCUU®2)

v6i con s6 trong ngodc don danh déau vi tri thir ty ciia cac don phan trong chudi.

Trong co thé sinh vat c6 nhiéu loai phan tir RNA khac nhau nhu: RNA thong tin
(mRNA), RNA van chuyén (tRNA), ribosome RNA (rRNA), RNA nho trong nhan
(snRNA), RNA diéu khién nhu siRNA, miRNA, v.v. ... Cac phan tir nay c6 vai tro thiét
yéu trong qua trinh sdng va phat trién ctia moi sinh vat (xem 5.[4]). Dé thyuc hién cac vai
tro trong su sdng nhu vay, cac phan tir RNA phai ton tai voi cac cdu trac khong gian ba
chiéu nhat dinh (trang thai c4u triic bén viing nhat). Co s¢ cia cac ciu trac khong gian
ba chiéu d6 1a viéc hinh thanh cic ciu tric bac hai cta phan tir RNA. Ciu triic bac 2 cia
RNA duogc hinh thanh khi sgi don ciia chudi cac don phan cta ching udn cong va gap
khuc trong khong gian dé dua mot sb cac don phan lai gén nhau, tao ra cac lién két
khoéng hoa tri (chu yéu 1a lién két hydro giita cac cap don phan nhu G-C va A-U) va cac
cAu trac con nhu vong, cip toc, v.v..., dan dén trang thai bén vimng (1am ning luong tu
do am hon) cua ca chudi RNA. Do d6 viéc du doan cAu tric bac 2 ciia RNA ¢6 vai tro
quan trong trong viéc xac dinh ciu trac trong khong gian ba chiéu (bac 3) ciing nhu xac
dinh tinh chét, sy hoat dong cua phan tir RNA. Vi du vé ciu triic bac 2 va bac 3 ciia mot
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phan tr tRNA duoc mo ta trong & Hinh 1.

Lién k&t hydro gida
cdc base két cap

: - Anticodon
Hinh 1. Cau tric bac ba (trai) va bac hai ciia mot phén tir tRNA.
3. Thuét toan ACO (xem 5.[2])

ACO (Ant Colony Optimization) — 1a phuong phép nghién ctru ldy cam hung tir
viéc mo phong hanh vi ciia dan kién trong tu nhién nham muc dich giai quyét cac bai
toan toi uu phirc tap trong thyc té.

Vao nam 1991 A.Colorni va M. Dorigo, da gidi thicu Giai thuat kién va da nhan duoc
su chil y déng dao nhd vao kha ning t6i wu ctia nd trong nhiéu linh vuc khac nhau.
ACO lay cam hung tir viéc quan sat hanh vi ctia dan kién trong qué trinh tim kiém
ngudn thuc an. T su qua sat ddy, ngudi ta da kham pha ra rang, dan kién ludn tim duoc
nhimg ngudn thirc dn cach to cia ching v6i dudng di ngan nhét. Cac ca thé kién trao
d6i thong tin trén duong di thong qua vét mui (Pheromone) dé lai trén duong di. Vét
mui s& bay hoi din va mat di theo thdi gian, nhung no ciing c6 thé dugc cing c¢b néu
nhiing con kién khéc tiép tuc di trén con duong d6 lan nita. Ctr nhur vay, cac con kién
sau s& Iya chon con duong ndo c6 ndng do vét mui day dic hon va ching lai tiép tuc goi
thém mui trén con dudng ma ching da chon. Cac duong di c6 nong d6 mui it hon s&
dugc loai bo, cudi cling tat ca dan kién sé di trén con dudng c6 kha ning tré thanh con
duong ngan nhat tir to ¢én ngudn thire an.

Bit nguodn tir nhitng con dan kién trong ty nhién, théng qua cac hanh vi cia ching,
Dorigo xdy dung cac con kién nhan tao (Artificial ants) ciing c¢6 nhimng dic trung nhu
kién tu nhién, tirc 1a c6 kha nang san sinh ra mui dé lai trén duong di, c6 kha nang lan
theo néng do mui dé lya chon con duong co néng dd mui cao hon dé di. Gan v&i mdi
duong di (i,j) (canh) 1a ndng d6 mui T va thong sb heuristic n;; trén canh do.

Ban dau, néng dd mui trén mdi canh (i,j) duoc khai tao béng mot héng sb ¢,
hoic duoc xac dinh bang cong thirc:

m (©)
c"

Ti=To~
trong do:
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Ti Nong d6 vét mui trén canh (i,j)

m: SO lugng kién,
C™: Chiéu dai hanh trinh cho béi phuong phap tim kiém gan nhit.
Tai dinh i, mot con kién k s& chon dinh j chua duoc di qua trong tap lang giéng cia i,

©

© ?

| Y
® T e

theo mot quy luat phan bo xac xuat duoc xac dinh theo cong thirc sau:

k [Tij:lg[nij]ﬁ
S S B N

k

,JeN,

(4)

trong do:
p: : Xac suat con kién k lya chon canh (i,j),
a : Hé sb diéu chinh anh hudng cia Ti
n; - Thong tin heuristic gitip danh gia chinh xac sy lya chon cua con kién khi quyét dinh

di tur dinh 1 qua dinh j, dugc xac dinh theo cong thirc:

1 (%)

77ij = d i
trong do djj 1a khoang cach gitta dinh i1 va dinh j,
S : Hé s diéu chinh anh huong Mij

N :j : tp cac dinh lang giéng ctia i ma con kién k chua di qua.

4. Giai quyét bai toan dy dodn ciu triic bac 2 ciia RNA bing thuét toan ACO
4.1. Phan tich bai toan

Pé du doan ciu trac bac 2 ciia mot chudi RNA, chung t6i dua vé bai toan tim
ciu tric (tap hop cac lién két khong hoa tri) c6 ning lugng tu do nhod nhat cho chudi
nay. Ning luong tu do cia mot cau trac bac 2 dugc xac dinh boi tong cac dong gop
nang lugng ctia cac phan tir cap doi, vong, cip toc, v.v.... Gia tri ciia cac dong gop vé
ning luong cta cac phan tir cau triic con riéng 1é da dugc xac dinh bang thuc nghiém
(xem 5.[1]5.[4]). M6 hinh duoc thé hién nzh:u: (sau: )

elr;, I’j

min E(S) = ijes (6)

véi E(S) 1a ning luong cta toan bo chudi, e(ri,rj) 1a ning lwgng ciia cac
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phan tir gitra don phan i va j trong chudi S.

Phuong phap t6 hop (combinatorial) c¢6 thé giai quyét bai toan téi wu nay. Khi
d6, cac cu tric bac 2 dugce tao ra béng cac to hop tat ca cac cap doi co thé theo tat ca
céc cach co thé va tao nén mot day cac cAu trac. Nang luong tu do cua cac cAu tric cua
day nay dugc tinh todn cu thé tir dit liéu thuc nghiém va cong thue (6), sau d6 chon ra
cAu trac cd nang luong nho nhét. Nhung trén thuc té, néu chung ta thyc hién phuong
phap t6 hop don gian nhu vay thi khéi lwong tinh toan va yéu cau bo nhé s& ting theo
cap sb mil cua chiéu dai chudi. Trén 1y thuyét, sd cac cdu triic bac 2 c6 thé cua mot
chudi s& 16n hon hay bang 1.8V, trong d6 N 1a s6 don phan (ky tw) cta chudi. Do d6
phuong phép t6 hop don gian chi thyc hién dugc véi cac chudi ngian (nhoé hon 200 don
phan) (xem 5.[1]5.[4]) . Thuét toan ACO sé& duoc sir dung & ddy dé giai quyét bai toan
t6i wu to hop nay trong thoi gian va véi bo nhé cho phép trong thuc té.

Tir vi du phan tir 58 ribosome RNA ¢6 ciu trac bac 1 thé hién nhu sau:
WGUCUACGGCCAUACCACCCUGAACGCGCCCGAUCUCGUCUGAUCUCGGA
AGCUAAGCAGGGUCGGGCCUGGUUAGUACUUGGAUGGGAGACCGCCUGG
GAAUACCGGGUGCUGUAGGCUU*29)

Ta c6 thé biéu dién cac don phan ctia chudi RNA trong ma tran ¢ (NxN). Khi d6 cac
cdp ddi co thé s& 1a cac diém trén dudng chéo ciia ma tran d6 (Hinh 3).

ey
Hinh 3. D6 thi tao cip trong chudi biéu thi trong cac don phéan tir RNA

Bai toan dat ra la lam sao tim ra dwoc mot tap hop cap déi va cac khu vuc gitra
chding trong toan chudi (dudng di tir ddu dén cudi ma tran) sao cho niang lwong tong hop
cuia ca chudi RNA (trén ca duong di) 1a nho nhat (dm nhat).
Bai toan duoc quy vé bai toan t6i uu trén dd thi, ndi cac cip diém trén d thi. Cho d thi
G=(C, L) trong d6 C la tap cac phan tir trong chudi RNA, véi chudi RNA gom cac phan
tr A, U, G, C; valLlatap tat ca két ndi chép nhan dugc gilra cac phén tir cua chudi
RNA.
4.2. Gidi quyét bai todn

Tir viée phan tich trén, ching t6i trién khai va tim dugc mot do thi cac ning
luong két gitta cac phéan tir cia chudi RNA. Tir 6 ching t6i dung thuat toan ACO dé
thuc hién viéc tim duong di giita cac tap dinh cta chudi RNA véi ham muc tiéu la:
f(x) — Min
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Mo hinh cau tric bac hai cia chuéi RNA tuong ung voéi vi du trén:
) -
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Hinh 4. Cau triic bac hai clia chudi RNA.
4.3. So' d6 thudt todan ACO dp dung cho bai todn

\ 4

Dinh vi kién ngau nhién trong

nhiing phén tir RNA trén ludi

va cét phan tir hién thoi (dau
chudi) trong danh sach da duyét

A

\ 4

Xac dinh x4c suat c6 thé
dén phan tir nao tiép theo Sai

\ 4

S6 vong lap t6i da
da duoc thuc hién

Di chuyén t6i phén tir tiép
theo va dat phan tir nay
trona danh sach da duvét

\ 4

Két thiic

Tét ca cac cac phan
tu da dugc duyét qua

Ghi lai téng néng luqng va Xoa N Xac dinb mitc ning lwong nhd nhét tir
danh sach di duyét = trudc dén nay va cap nhat pheromone

Hinh 5. So d6 thuat toan ACO 4p dung cho bai toan.
5. Két ludn
Véi thuat toan ACO di thé hién nhiéu wu diém trong viéc giai bai toan tdi uu t6
11
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hop, nhung né chwa duoc sir dung dé giai quyét van dé du doan cdu trac bac 2 cua phan
tir RNA. O day chung t6i da phén tich dic diém cua van dé nay va cua thuit toan ACO
va chimg minh rang thuat todan ACO phu hop va c6 nhiing wu diém tt dé giai quyét van
dé ¢ day. Chung t6i di xay dung so dd giai thuat cin ban sir dung thuat toan ACO dé du
doan dugc cau triic bac hai cta chudi RNA. Tiép theo chung t6i s& xay dung phan mém
can cu trén so do giai thuat tao ra dé dy doan mot cach chinh xac va thuan tién hon ciu
tric bac 2 cua phan tir RNA.
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APPLICATION OF ACO ALGORITHMS TO DEALING WITH MOLECULAR
BIOLOGY PROBLEMS
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ABSTRACT

Optimization problems in molecular biology is one of the most investigated fields in
computer science today; one notable case is the prediction of RNA structures by optimizing
algorithms. ACO (Ant Colony Optimization) algorithm is the research method inspired from the
simulation of the behavior of ants in nature for the solution to optimization problems. The
communication among ants or between ants and the environment is based on the use of
chemicals produced by the ants; these chemicals are called pheromones. Roads with fewer
pheromones will be gradually removed; eventually all ants will go on the road having the
potential to become the shortest path from their nest to a food source. This paper introduces
the ACO (Ant Colony Optimization) algorithm as a new way to solve the problem of predicting
the optimal secondary structures of RNAs that have the most stable total energy.

Key words: optimization, Ant Colony Optimization, RNA, molecular biology,
Biolnfomatics
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