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Tém tat: Dy doan cAu tric cia RNA dong vai trd quan trong trong nghién ctru cac qua trinh cla té bao.
Nhiéu thuat toan da dwoc phat trién trong hai thap ky qua dé dy doan cAu tric ctia chudi RNA da biét

trinh tw sap xép nucleotide, nhung dén nay van con nhiéu van dé ton tai. Phuong phap tiép can bang
toan mém da nhan dwoc sy quan thm cla cac nha khoa hoc trong viéc giai quyét cac trwéng hop phire
tap cla chi d& nay. O day, ching tdi mé ta cac khai nién co ban ctia RNA va cac yéu tb khac biét vé
cAu tric, cling nhu mét sé ky thuat tinh toan mém dwoc phat trién d& dw doan cu tric bac hai cia RNA.
Trong bai bao nay, ching t6i trinh bay cac két qua nghién cu vé viéc st dung thuat toan ACO (Ant
Colony Optimization) da cai tién dé dy doan cAu tric bac hai RNA, déng thoi dwa ra huéng nghién ctu

tiép theo can giai quyét.

Tir khéa: CAu tric clia RNA; axit ribonucleic; qua trinh t& bao; thuat toan tdi wu dan kién; tinh toan

mém.

1. D4t van deé

Trong sudt vai thap ky qua, viéc xac dinh cau trdc
RNA déng vai tro rat quan trong, vi né 1a co sé cho viéc
tim hiéu bénh di truyén va tim ra cac loai thubc mai [1].
Bai toan du doan ciu tric bac hai caa RNA 1a mét trong
nhiing van dé quan trong trong linh vyuc nghién ctu vé
sinh hoc phan tir. Phuong phap nhidu xa tia X c6 thé
dugc sir dung dé xac dinh truc tiép cau tric bac hai cua
RNA. Tuy nhién, phuong phap nay kho thyc hién, tén
nhiéu thoi gian va gia thanh cao. Vi vay, viéc phat trién
cac phuong phap toan hoc dé tinh toan, du doan ciu tric
bac 2 cia RNA 1a rat can thiét.

Bai viét nay dua ra mot cai nhin tong quan nhét
dinh vé ky thuat tinh todn mém dua trén nhitng ky thuat
da duoc phét trién trong nhimg nim qua cho bai toan dy
doan cau tric bac hai cia RNA. Dau tién, ching t6i md
ta c4c van dé co ban, lién quan dén sinh hoc cing voéi
nhiing cong viéc co ban trong du doan ciu trdc. Tiép
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theo, ching tdi trinh by nhiing céng cu tinh toan mém,
dac biét la thuat toan ACO, tir d6 dua ra hudng nghién
ctru va phat trién cac thuat toan ap dung cho bai toan duy
doan ciu bac hai RNA t6i wu trong twong lai.

2. Cau truc bac hai cua RNA

Céu trac bac hai cua phan tir RNA la sy sip xép
bén vitng trong khong gian (2 chiéu) cua cac nucleotide
co ban dya trén viéc cuén cia mach phan tua polymer va
cip doi (tao lién két khong hoa tri) gitra cac nucleotide
trong mach dé. Cau trac bac hai caa RNA la nén tang dé
tao thanh cau trac bac ba hoan chinh trong khéng gian 3
chiéu ciia phan tir nay va la yéu té quyét dinh tinh chat,
chirc niang cua né. Nguoi ta da chimg minh dugc rang
dbi vai cac phan tir RNA c¢6 chirc nang gidng nhau thi
CAu trac bac hai cua ching dugc bao ton [1].

M3i phan tir RNA biéu didn mot chudi dai cac don
phén goi 1a cac nucleotide va mdi nucleotide chira mot
base (bit ky trong céc loai sau: A (Adenine), C
(Cytosine), G (Guanine) va U (Uracil). Theo truyén
thdng, ciu trdc bac hai RNA dugc mé hinh hoa nhu mot
cdy. Sau do, cdu trac RNA duoc xem nhu mot chudi dic
biét va duoc goi 1a md hinh chudi [2, 6]. Mot day cu thé
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ctia cac base doc theo chudi dwoc goi la ciu tric chinh
cta phan tir. C4c cau trac thuong dugc md phong nhu
mot tir qua cac chir cai A, U, G va C. Théng qua viéc
tao ra hai nhom céc lién két hydro cua cac cap base bd
sung A-U va C-G dang cip base 6n dinh va duoc goi la
céc cap Watson-Crick, trong khi cap A-U hinh thanh hai
lién két hydro, cip C-G hinh thanh ba lién két hydro va
¢6 xu hudng 6n dinh hon nhitng cip A-U. Nhiing base
khéc ciing ddi khi ghép cap, dic biét la G-U. Cac cap G-
U duoc goi la cac cap base chao dao va hinh thanh chi
1a mot lién két hydro.

Dé md ta rd bai toan cAu trdc bac hai RNA, can thiét
tim hiéu mot sé dinh nghia cua ciu tric RNA [2].
2.1.Pinh nghia 1

Bén chir cai dugc sir dung dé biéu dién cho mot
chudi RNA, d6 la cau trac chinh caa RNA:
snvoisie {A,U,G,C}vai=1,2,...n
2.2.Dinh nghia 2 (Cac cép base chinh tac)

Trong mét cau tric bac hai cia RNA, cac cip base
duogc hinh thanh nhu 1a mot trong ba cap: C-G (G-C), A-
U (U-A) va G-U (U-G). Céac cap base €{(A, U), (U, A),
(C, G), (G, O} goi la cac cap Watson-Crick. Cap base
{(G, U), (U, G)} duoc goi cap base lic lu (Wobble).

iy

¢) Uracil-Guamne

S=515;..

W br} 18 Ry by

(a) Guanine—-Cytosine (b) Adenine—Uracil

Hinh 1. Cdc cdp base chinh tic

2.3.Dinh nghia 3

Vi (i, j) duoc biéu dién cho cap base hinh thanh
bai cac base tai vi tri tha i va base tai vi tri tha |, sao
cho mot tap con caa s = {(i, j), 1 <i<j<n}goilacau
tric bac hai RNA néu s thoa man céac diéu kién sau:

1.(i, j) 1a mot cap base chinh tic

2.Cho (I, j)e s, (i’,j7) € s, néu i <i’ <j<j’ thii=i’

3.Néu (i, j) € s, thi j-i>3
2.4.Dinh nghia 4

Ching ta c6 thé goi hai cap base (i, j) va (i, j°),
tuwong thich néu:

1.i=i’ va j=j’ (chung cing mat cap base)
’)) hodc
3.i<i’<j°<j ((i, ) bao gom (i°,j"))

2.1<G<4’<5” ((i, j) trude (i°,]

2.5.Pinh nghia 5

Cau trdc bac hai RNA khéng c6 cac nut that
(pseudoknot): - 1a mot ciu trdc bac hai RNA trong d6
khéng c6 hai cap khac biét (i, j) va (k, I) thoa man
i<k<j<l. Hinh 3 biéu dién c4c ciu tric bac hai RNA
khéng c6 nat thét.
2.6.Dinh nghia 6
2.6.1. Xép chéng cap base

Néu mét cap base (i, j) € P va (i+1, j-1) € P s& tao
thanh xép chong nhu duoc biéu dién & Hinh 2.

i+1 — 1
i

— J
3 —
2 J— n-1
1 — n

Hinh 2. Céc cdp base xép chong
2.6.2. Vong lap
La mot bo (i, i+1,... k), trong d6 Vi <j <k céc
base S; khdng tao thanh cap vaéi cac base con lai thi sé
hinh thanh vong lap. (Hinh 3 1a cac kiéu vong lap)

Ho

S

c d
Hinh 3. Cdc kiéu lién két tao thanh vong:
a. Vong kep toc (Hairpin), b. Vong lai ra (Bulge),
¢. Vong bén trong (Internal),
d. Vong nhiéu nhanh (Branch)
2.6.3. Vong nhiéu nhdnh

Bao gém nhiéu cap base (i1, j1)...(ik, jx) € P va mot
cap base dong (io, jk+1) € P, vai thuge tinh sau:
0<I<k:(i<itl)
vV 0 <1, I’ <k la dang thi khong c6 mot cip (i, ")
e PVoii effi...im]va i € [jr ... ir1]
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(in,j1)...(ikjk) duoc goi 1a céc xodn (helices) cua
vong nhiéu nhanh

Xoan

(Helices)

Hinh 4. Vong nhiéu nhénh

2.7.Dinh nghia 6

Céu trc bac hai RNA ¢6 cac nut thit (pseudoknot):
1a cau trac bac hai ma & do ton tai it nhat hai cip base
(s, t) va (u, v), ma s<u<t<v (chung thuong goi la cac
cap base chéo), véi 1<s<u<t<v<n

Hinh 5. Cdu triic RNA cé miit that (pseudoknot)

3.Bai toan dw doan cau truc bac hai chudi RNA

Bai toan tim céu tric bac hai cia RNA duogc dinh
nghfa boi bai toan tim P cua chudi RNA S vai S e {A,
U, G, C¥* ¢c6 chiéu dai la n = |S|, sao cho tong ning
lugng lién két E dat dén muc toi uu nhat (tic ning
lwong tu do c6 gi4 tri nho nhat).

Ning lugng trén chudi S chinh 1a nang luong dong
g6p cua cac thanh phan trong ciu tric nhu sau:

- Vong kep téc (Hairpin Loop): eH (i,j)

- Xép chong (Stack): eS (i,j, i+1, j-1)

- Vong bén trong (Internal loop): el(i,j,i’,j”)

- Vong 16i ra (Bulge): eB(i,j)

- Vong nhiéu nhanh (MultiLoop): eM (jo, i1, j1, ik,
ji, Tke1)

Nang lugng eM duogc tinh nhu sau:
eM=a+bk+ck’ (1)
a, b, ¢ 1a cac trong s, voéi:
a = nang lugng cua cap base dong vong
k = s6 luong xoin (helices)
k’= s6 lugng base khong ghép cap trong vong.
b, ¢ = nang lugng tung ung véi k va k’.
Ning luong ciia cac thanh phan trong céu trac dugc
tinh nhu sau:
Ei"’j = Z e(, J) (2)
(i.j)eP
Trong d6 e (i, j) 1a sé nang luong ty do lién quan
dén cép base (i, j). e(i,j) dugc xac dinh bai phuong phap
nhiét dong hoc phan tir.
Ning lugng cta cau trdc bac hai trén chudi RNA S
va tap cau tric P s& la:
E(P)= > E, @)
(iepr
Gia tri nang lugng tu do duoc du doan (kcal/mol tai
37°C) cho céc cap base trong xép chdng duoc thé hién ¢
Bang 1 [10].

Bdng 1. Gid tri ndng lwong cdc cdp trong xép chong

AU | cic | cic | ua S’ /G

AU |-09 |-18 |-23 |-11 |-11 |-08

C/iG |-17 |-29 |-34 |-23 |-21 |-14
G/IC |-21 |-20 |-29 |-18 |-19|-1.2
UA |-09 |-17 |-21 |-09 |-1.0|-05
Gl |05 |-12 |-14 |-08 |-04]-0.2
ueG (-10 |-19 |-21 |-11 |-15 |-04

Gia tri nang lugng tu do dugc du doan (kcal/mol tai
37°C) cho céc thanh phan trong ciu tric bac hai, bai
kich thuéc vong lap [10]:

Bdng 1. Gid tri nang lwgng cho cdc kiéu vong voi so
luwong base twrong rng



Poan Duy Binh

Ki Vvongbén | Vongldi | Vong kep

ich >

thuée trong ra téc

(Internal) (Bulge) (Hairpin)

1 - 3.8 -
2 - 2.8 -
3 3.2 5.4
4 11 3.6 5.6
5 2.0 4.0 5.7
6 2.0 44 5.4
7 2.1 4.6 6.0
8 2.3 4.7 5.5
9 2.4 4.8 6.4
10 25 49 6.5
11 2.6 5.0 6.6
12 2.7 5.1 6.7
13 2.8 5.2 6.8
14 2.9 5.3 6.9
15 2.9 5.4 6.9
16 3.0 5.4 7.0
17 3.1 5.5 7.1
18 3.1 5.5 7.1
19 3.2 5.6 7.2
20 3.3 5.7 7.2
21 3.3 5.7 7.3
22 3.4 5.8 7.3
23 3.4 5.8 7.4
24 3.5 5.8 7.4
25 3.5 5.9 7.5
26 35 59 7.5
27 3.6 6.0 7.5
28 3.6 6.0 7.6
29 3.7 6.0 7.6
30 3.7 6.1 7.7

4. Tinh toan mém

Tinh toan mém (Soft Computing) [11] khac vai tinh
toan ctng truyén théng (Hard Computing) & chd tinh toan
mém cho phép sy khdng chinh xac, tinh bat dinh, gan
dung, x4p xi trong tinh toan. Cac mé hinh tinh toAn mém
thuong dua vao kinh nghiém ctia nguoi thuc hién trong
viéc sir dung dung sai cho phép, tinh bat dinh, gan ding,
xap xi dé tim loi giai hiéu qua. Trong thyuc té cudc sdng,
cac bai toan lién quan dén hoat dong nhan thuc, tri tué
cta con ngudi déu ham chira nhimg dai lugng, thong tin
ma ban chat 1a khéng chinh xac, khéng chéc chén, khong
day du. Vi dy: s& chang bao gio c6 cac thong tin, dit liéu
cling nhu cic mé hinh toan day du va chinh xac cho cac
bai toan du béo thoi tiét. Nhin chung, con nguoi ludn &

trong béi canh khong co thong tin day di va chinh xac
cho cac hoat dong dé ra quyét dinh ciia ban than minh.

Trong Iinh vuc khoa hoc ky thuat cling vay, cac hé
thong phurc tap trén thyc té thuong khong thé mo ta day
du va chinh xac boi cac phuong trinh toan hoc truyén
théng. Két qua la nhiing céch tiép can kinh dién dya
trén ky thuat tinh toan, phan tich va tinh toan bang cac
phuong trinh toan hoc nhanh chéng té ra khdng con phu
hop. Vi vay, ky thuat tinh toan mém s& gidp giai quyét
nhiing bai todn ma bang phuong phap tinh ton thong
thuong khong giai quyét duoc.

Mot s6 dic diém caa tinh toan mém:

- Tinh to4n mém can c trén cac dic diém, hanh vi
ctia con ngudi VA tu nhién dé dua ra cac quyét dinh hop
Iy trong diéu khién khéng chinh xac va khong chéc chan.

- Céc thanh phan cua tinh toan mém c6 sy bd sung,
hd tro 13n nhau.

- Tinh toan mém la mot huéng nghién ciu mo, bat
ky mot ky thuat mai nao duoc tao ra tir viéc bat chudc
tri théng minh cia con ngudi déu cé thé tré thanh mot
thanh phan cua tinh toan mém.

Tinh toan mém bao gom 3 thanh phan chinh:

1. Diéu khién mo;

2. Mang no-ron nhan tao;

3. Lap luan xac suit.

Nhiing giai thuat trong tinh todn mém lién quan dén
lap luan xé&c xuat bao gom giai thuat luyén kim
(simulated annealing - SA), giai thuat di truyén (genetic
algorithm - GA)[8,9], giai thuat dan kién (Ant Colony
Optimization - ACO),... SA xuét phat tir phuong thirc
xé&c suat va ky thuat luyén bao gom viéc nung va diéu
khién 1am nguoi cac kim loai dé dat dwoc trang théi
nang luong nho nhat. Trong khi d6, giai thuat di truyén
dua trén y tuong tir co ché di truyén trong sinh hoc va
tién trinh tién hoa trong cong ddng cac cé thé caa mot
loai. Giai thuat dan kién st dung chién luoc cua kién
trong thé gidi thuc dé giai bai toan t6i uu.

5.Tinh toan mém trong dw doan cau tric bac
hai RNA
5.1. Thuat toan ACO

ACO (Ant Colony Optimization) [6] — la phuong
phép nghién ciru ldy cam hang tir viec mé phong hanh
vi cua dan kién trong ty nhién nham muc dich giai quyét
c4c bai toan tdi wu phuc tap trong thyc té.
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Bt nguon tir nhitng con kién trong tu nhién, théng
qua hanh vi caa ching, Dorigo xay dung céc con kién
nhén tao (Artificial ants) ciing c6 nhitng déc trung nhu
kién tu nhién, tac 1a c6 kha nang san sinh ra mui dé lai
trén duong di, c6 kha ning lan theo nong d6 mui dé lya
chon con dudng c6 nong do mui cao hon dé di. Gan véi
mdi duong di tir dinh i dén dinh j (canh) 1a nong do mui

75 vathong so heuristic 77; trén canh do.
Ban dau, ndng d6 mui trén mdi canh (i,j) duoc khai tao
bang mot hang s6 ¢, hodc duoc xac dinh bang cong thic:

m 4)

o

Ti=To™

trong do:
Ty nong do vét mui trén canh (i,j),

- m: s6 luong kién,

- C™: chiéu dai cua duong di, duoc tao ra boi lang
giéng gan nhit.

Tai dinh i, mot con kién k s& chon dinh j chwa dugc
di qua trong tap lang giéng cua i theo mot quy luat phan
bé xac suét dwoc xac dinh theo cong thirc sau:

k_ [Tij]a [y ]ﬂ

= jeN" ()
ij ZIENT[TiI]a[m]ﬁJ N|

p

trong do:

p

k

i+ x4c suat con kién k Iya chon canh (i,j),
& : hé s6 diéu chinh anh huong cua Ti ,

Ty : thong tin heuristic gitip danh gia chinh xac su
lya chon cua con kién khi quyét dinh di tir dinh i qua
dinh j, dugc xac dinh theo cdng thirc:

77 =i
i,
d, ©)
trong d6 dij 1a khoang cach gitra dinh i va dinh j,

B hé sé diéu chinh anh huéng & ,

N tap cac dinh lang giéng caa i ma con kién k
chua di qua.

5.2.Giai quyét bai toan dw doan cau triic bac 2
cua RNA bang thuat toan ACO

Thuat toan kiém tra xem mot chudi cd phd hop
khong dugc thé hién nhu sau: xac dinh mot tap tat ca
céc than (stem) tir chudi chira cac nucleotide. S la chiéu
dai téi thiéu cua mdi than (stem) (thuong la 3), L 1a
chiéu dai téi thiéu cia mot vong lap duoc hinh thanh bai
mot than (stem) (thuong la 3). Chl y rang trong khi
vong lap 1am viéc thi kiém tra giéi han cua k, va thoat
khoi vong lap khi chi sb k vuot ra khoi hai dau caa day.

M@ gia cho thuat toan xac dinh than nhu sau:

Stems « Khoi tao rong

fori=0...ndo {n chiéu dai chudi}

forj=i+2S+L-1...ndo

Khai tao k = 0 {Bién dém cho kich thuéc cua than}

while cap base hop 1€ gitra (i+k) va (j-k) do Inc (k)

if k>=S then

Stems «— Chen than (i, j, k)

endif

endwhile

endfor

endfor

Sau khi xac dinh than (stem) trong vung chtra né la
can thiét dé xac dinh mot dai dién thich hop cua bai toan
dé mo ta 1am thé ndo nhiing con kién cé thé tao cac t6
hop tét nhat cua cac than ma khong loai trir 13n nhau.
C6 thé dua ra hai giai phép cho bai toan dy doan cau
tric bac hai cua chudi RNA trong bai bao nay Ia:
Chuyén tat ca cac phan tu cua chudi da duoc kiém tra
vao mot ma tran ning luong, sau d6 chuyén bai toan
thanh bai toan tim duong di ngan nhat trén do thi, véi
mdi dinh la cac gbc base, canh la céc lién két c6 thé
chap nhan duoc gitta cac base. Sau d6, ung dung thuat
ACO dé ap dung vao bai toan.

MGt giai phéap cho tit ca cac con kién 1a x4c dinh
duoc cAu tric bac hai tir viéc xay dung truc tiép cac tap
than chip nhan duoc. Kién sé lién luc thém xac suat cac
géc phil hop vao trong ciu trac cho dén khi khong thé bd
sung nhitng than c6 thé. Két qua cudi cung 1a khong chira
cac pseudoknot va khdng chira cac than loai trir 1an nhau.
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Xay dung mot tap cac than phu thuoc vao céc thiét
lap da duoc xac dinh. Xé&c suat dé mot con kién k chon
gbc i dugc thé hién qua cong thic sau:

= == - = B
[z(i, J] {7, )] W)
deNT[T(i‘ o)l“[nG,9)"

p,Gi.i)=

Trong do:

-N :‘lé lang giéng ciia con kién k, dugc dinh nghia
1a mot tap cac gbc ma dap ting dugc cac didu kién sau:

1. Than khéng thuc sy ¢ trong mot phan giai phap
cuak,

2. Than khong xung dot véi bat ky gdc nao da thuc
sy @ trong giai phap cuc bé cua k,

3. Than khéng tao thanh mét gia nat (pseudo-knot)
khi thém vao cau trac.

M4 gia dé kiém tra tinh tuong thich ciia than dich t
véi than trong ciu trac k. Trong pham vi cua than c6
nghia 1a chi sb thap nhat va cao nhat cua nucleotide tao
thanh cép base trong than.

For chon mét gdc s trong giai phap cuc bo cua k do
if s =tthen
return sai, trung lap
else if bit ky cap base nao nam giira s va t then
return sai, xung dot
else if (chong chéo khoang giira cac gbc s va t) va (s
khéng long trong t va t khdng long trong s ) then
return sai, gia nét
endif
endfor
return success
5.3. Cai dat thuat toan cho bai toan
5.3.1. Di¥ liéu vao va két qua ra cua bai todn
Dir liéu vao (Input):
- Chudi RNA, bao gdbm céc phan tir (A, U, G, C)
- Bang nang lugng dugc xay dung théng qua cac file.
- S6 lugng dan kién cho thuat toan
- Hang s bay hoi: p
- Lugng pheromone va cac hé sb diéu chinh anh
huong @,

Két qua dau ra (Output):

- CAu tric bac hai cua chudi RNA véi mic ning
lwong nho nhat (Am nhat)

5.3.2. Cdc théng s6 dau vao cua thuat toén

Thuat toan ACO duoc thyc hién véi nhitng mé ta
trong bai béo. Trir khi c6 didu nguoc lai dugc néu ra thi
tat ca thi nghiém déu dwoc chay bang cach st dung cac
tham s6 sau:

Hang s6 bay hoi: p =0.6

Ma tran pheromone dugc khoi tao voi cac gia tri
ngau nhién tir 1 d&én 6.

Luong pheromone thém vao 12 9

& : hé s6 diéu chinh anh huong cta pheromone, c6
giatrilal

S : hé s6 diéu chinh anh hudng cta heuristic, c6
giatrilal

Kich thugc nho nhat caa mot vong lap 1a 3

Cac chudi duoc sir dung la tat ca cac ribosomal
RNA tir cac sinh vat khac nhau.

Nhiing tham s6 nay da dugc chon loc trong qué
trinh thuc nghiém véi thuat toan ACO cho bai toan du
doan cau trac bac hai RNA.

5.3.3. S6 kién

Vi thuat todn ACO mot noi chac chan dé bat dau
diéu tra 1a thay d6i sé lugng kién nham xac dinh tinh
chat quan trong cua thuat toan la dwa trén mat do cua
kién. S6 lwong kién sir dung trong bai toan thay doi tir 1
dén dén 220 va sé 1an lap thay ddi tir 1.100 xudng 5 dé
bu dip cho sb lwong cua kién.
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Hinh 6. S6 heong kién bién doi tir 1 dén 220.
Chuéi la: E.Coli
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So sanh két qua khi s dung phuong phép quy
hoach dong (Dynamic Programming — DP) [7].

Mot hai thi nghiém dugc thyc hién bang cach su
dung cting mot chudi RNA va hai phuong phap du doan
ciu trdc bac hai. T4t ca ACO chay bang hiéu suit cua
thuat toan quy hoach dong vé ning lugng tu do nho

nhat, mic di ¢ nhimng thay d6i nho vé chat luong cua
base phu hop va cap base phu hgp. Nhin chung, thuat
toan ACO ngang tam véi thuat toan quy hoach dong dé
xac dinh cau tric tdi wu cua chudi E.Coli, dai 120
nucleotide. Tuy nhién, véi mot sé ciu tric khéc thi van
chua t6i wu (Bang 3).

Bing 3. Két qua so sanh khi sit dung thudt todn ACO va DP
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Thuat toan ACO da thé hién nhiéu wu diém trong
viéc giai bai toan ti wu té hop; n6 di duoc sir dung dé
giai quyét van dé du doan ciu trdc bac 2 cua RNA.
Trong nghién ctu nay, chung t6i da ap dung thuit toan
ACO vao bai toan du doan ciu tric bac 2 chudi RNA
nhung méi chi dung lai véi nhitng cau tric khong xoan
va dd thu dugc két qua thuc nghiém khé tt. Huéng
nghién ctu tiép theo cua ching t6i 1a t6i wu hoa thuat
toan ACO dé thuc hién véi nhitng ciu tric xoén, ciing
nhu két hop véi mot sb thuat toan tién hoa khac dé xay
dung thuat todn ACO mai, &p dung cho 16p céc bai toan
sinh hoc phéan tu.
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USING A SOFT COMPUTING TECHNIQUE TO PREDICT THE RNA SECONDARY STRUCTURE

Abstract: Prediction of an RNA structure plays an important role in studying cellular processes. Over the last two decades,
many algorithms have been developed to predict the structure of an RNA sequence with a known nucleotide order; however,
problems have still remained until now. The soft computing approach has gained attention of researchers in solving complex cases of
this topic. Here we describe the basic concepts of RNA and its distinctive structural elements, as well as some of the soft computing-
based techniques developed for RNA secondary structure prediction. In the paper, we present the results of our research on the use
of the Ant Colony Optimization (ACO) algorithm which has been improved to predict the RNA secondary structure, then introduce
approaches for further research.
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