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TOM TAT: Cau triic RNA la mot linh vurc nghién ciru quan trong. RNA la trung tam trong nhiéu giai dogn téng hop protein, ciing
6 vai tro cdu triic va chite ndng trong té bao. Dir dodn cau triic RNA ¢6 thé vuot qua dwoc nhiéu van dé véi viée xdc dinh cdu tric
vt Iy. Hién tai cdc phirong phap vt Iy cho di dodn cdu tric RNA 1a tén nhiéu thoi gian va chi phi, do dé cdc phirong phdp cho viéc
dy dodan tinh todn diege wa chugng. Cdc thudt todn khdc nhau d@a dwge sie dung dé dy dodn cdu triic RNA bao gém cd quy hoach
dong va cac phuwong phdp so sanh. Trong bai bao nay chiing t6i gidi thiéu thudt di truyén la mot phwong phdp dwoc dp dung cho bai
toan dy dodn cau truc RNA. Thudt toan di truyen ma chung toi ap dung la dd dege cdi tién mét s6 tham s6 trong cdc todn ti di
truyén nhe: chon loc, lai ghép va dét bién. Cuoi ciing nhém nghién ciru di so sanh va dénh gid véi nhing thudt todn lién quan cho
bai todn dw dodn cdu tric bac hai, d6 1a thudt todan quy hoach dong.

Tir khéa: RNA; Thugt toan di truyén; Quy hoach dgng; Cau tric bdc hai; Dy dodn;

I. GIOI THIEU

Ribonucleic acid (RNA) la mét phan tir sinh hoc quan trong. N6 dong mét vai trd chinh trong qué trinh téng hop
protein tir deoxyribonucleic acid (DNA). N6 cho phép hiéu vé vai trd ciu tric va xdc tac trong té bao [1]. M&i phan tu
RNA bao gém mét chudi ribonucleotide duoc lién két véi nhau bai lién két hda hoc cong héa tri va mai ribonucleotide
chtra mot trong bdn base: adenine (A), guanine (G), cytosine (C) va uracil (U), né c6 thé tu gap lai dé hinh thanh ciu
trdc bac hai véi cac cap base A=U, G=C va G-U, cac ddi xang cua ching 1a U=A, C=G va U-G. Nhiing cip base nay
goi 1 nhitng cap chinh tic. Mot chudi RNA c6 thé géap lai d& hinh thanh nhiéu ciu tric bac hai khac nhau. Viéc xac
dinh mét cau tric bac hai chinh xac dugc goi la bai toan dy doan cu tric bac hai [2].

Mot trong nhitng phuong phap don gian dy doan cau tric bac hai cuia mot chudi RNA 14 dua trén s lugng cac
cap base. Waterman va cac cong sy da thiét ké hai thuat todn quy hoach dong don gian tim sb lwong t6i da cac cap base
trong mot chubi RNA [3]. Mot s6 nha nghién ctru da c¢b gang can chinh mot vai chudi RNA véi thong tin cau trac bac
hai. Cac phuong phép cin chinh va gap chudi dugc tién hanh cing ltc [4]. Mot s6 cu triic bac hai ¢6 nt that
(pseudoknots) I phirc tap hon va kho khén trong viéce phan tich. Dé ma du doan cau tric bac hai RNA c6 nat that, mot
s6 nha nghién ctru di thiét ké ra mo hinh cay ngir phap dé biéu dién cho ciu tric nay [6], [7], [8]. Akutsu da sir dung

quy hoach dong giai quyét bai toan dy doan cau tric bac hai ¢ ndt that don gian, trong @( )théyi gian. Tabaska va
Stormo da didu chinh chudi RNA voi ciu trac c6 nat thit trong thoi gian da thirc. Pang tiée, cac phuong phap nay c6
thé chi du doan cau trdc caa mot chuoi RNA cé chiéu dai khdng qué 200 phan ti, trong thoi gian chap nhan dugc.

Thuat toan di truyen da duoc ap dung trong linh vuc du dodn cAu tric bac hai RNA bt dau vao diu nhirng ndm
90 cua thé ky trude [9]. Ke tir 6, c6 rat nhiéu cai tién trong viéc st dung thuat toan di truyén (genetic algorithm - GA)
vao bai toan du doan ciu trdc bac hai RNA. Mot thuat toan di truyén nhanh cho dy doan cau tric bac hai RNA la
GArna va duogc gigi thiéu trong [10]. Pay la thuat toan dwoc st dung cho viéc tinh toan nhanh cau tric bac hai RNA,
két qua cua no duoc sir dung dé giai thich cau tric bac hai RNA anh hudng nhu thé nao dén sy khoi tao dich ma va su
diéu chinh biéu dién.

V6i bai toan du doan cau tric bac hai RNA, thuat toan di truyén Ia thiét thuc hon vi né c6 thé giai quyét cho bai
toan vaéi kich thude Ién. Trong bai bao nay, ching toi giai quyét bai todn du doan ciu tric bac hai RNA véi thuat toan
di truyén da duoc cai tién. Chlng tdi s& thém vao mot s6 tham sé trong toén tir di truyén dé ting d6 chinh xac cua viéc
tim ra cAu trdc bac hai RNA ti wu. Két qua thuc nghiém cua ching tdi cho thiy c4c todn tir méi cua ching toi co
nhirng cai tién 16n so véi cc toén tir truyén thdng khéc.

Trong bai bao nay chiing tdi trinh by nhiing vin d& sau, dau tién la cac khéi niém va dinh nghia vé cau trlc bac hai
RNA dugc trinh bay ¢ muyc 11. Myc 111 chiing tdi gii thiéu v& mé hinh ning luong tu do va cac mé hinh khéc. Gidi thiéu vé
thuat toan GA & muc IV. Muc V két qua cua viéc ap dung thuat toan GA vao bai toan du doan cau tric bac hai RNA. Cudi
cting, muyc 6 Ia nhimg danh gia vé két qua va trinh bay ngan gon cac cong viéc sé tiép tuc thyuc hién trong tuong lai.

II. CAU TRUC BAC HAI RNA

Céc phan tor RNA duoc md ta dic diém boi mot chuéircﬁa bén loai ribonucleotide hoic 1a céc base: Adenine
(A), Cytosine (C), Guanine (G) va Uracil (U). Mot chuS‘i tuyen tinh cac base cua soi RNA tao thanh cau tric chinh
hozc chuoi. Dudi ddy ma mét s6 dinh nghia lam sang t6 vé chu6i RNA va cau tric bac hai RNA nhu sau:


mailto:doanduybinh@gmail.com
mailto:pmtuan@dut.udn.vn
mailto:long.dang@vnuk.edu.vn

Poan Duy Binh, Pham Minh Tuén, Ping Dirc Long 55

A. Dinh nghia 1

Mot chudi RNA c6 chiéu dai 1a N ribonucleotide 1a mot chudi X = x x,...x_ . trong dé
x e{AC,GU},Vie{l..n}

B. Dinh nghia 2

Trong mét cau tric bac hai cia RNA, cac cap base dugc hinh thanh 1a mot trong ba cip nhu sau: C-G (G-C), A-

U (U-A) va G-U (U-G). Céc cap base e{(A-U), (U- A), (C-G), (G-C)} goi la céac cip Watson-Crick. Cap base {(G-U),

(U-G)} duoc goi cap base khdng bén viing (Wobble). Sy 6n dinh cua céc cap base dugc cho bai mi quan hé sau day:
C-G> A-U > G-U [19], [20].

» , ‘ ‘ 2 3 ! ‘).\'_;,
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(3) Guanme-Cytosime (b) Adempe—Uracal (¢) Unal-Guamne

Hinh 1. Céc cip base chinh tic
C. Dinh nghia 3

Véi (i, j) duoc biéu dién cho cap base hinh thanh boi base tai vi tri thi I va base tai vi tri ther j, sao cho mot
tapconcua Y = {(i, N1<i<j< n} goi la cu triic bac hai RNA néu s thoa min céc diéu kién sau:

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

eCho(i,ey, (ijhey.nbui<i'<j<j'thii=1"

eNéu (i, j)ey,thii—j>3

 M&di base chi ghép cap véi mot va chi mot base khéc trong cau trdc.
D. Dinh nghia 4

Chang ta c6 thé goi hai cap base (i, j) va (i', j'), twong thich néu:

e i=i’va j=j’ (ching cung mdt cap base)
o i<j<i’<j’ ((i, ) trudce (i’, j’)) hoac
e i<i’<j’<j ((i, j) bao gom (i’, )

Vong kep téc
o« A 1. - \
Vong 10i ¢ 8 5 . s
\\ .d,_\-\ ong 101 . -Vong nhiéu nhanh Cip xép chong
\ ‘.\‘. - »
1 . . - - - 4
¢ F & ] I .« e < ¥ e e
P G N
Base ngoai —w ”
Vong lap trong

Hinh 2. Ciu tric RNA khong c6 nit thit (pseudoknot -free)

Budc dau tién trong viéc tim hiéu c4c cau tric bac hai RNA 1a x4c dinh cac cdu trac con ma chung duoc tao ra,
chiing ta goi la céc hoa tiét cau tric RNA. Cac hoa tiét cau trdc ching ta xem xét trong céng viéc nay la nhu sau:

e Vong kep téc (Hairpin loop) chira ding mot cdp base,

e Vong lap trong (Internal loop) chira ding 2 cép base,

e Vong 16i (Bulge loop) la truong hop dic biét cua vong lap trong ma khong co base ty do & mot bén va ¢ it
nhit mot base ty do & phia bén kia,

e Cip xép chong (Stack pair) 1a mot vong dugc hinh thanh boi hai cip base (i, j) va (i+1, j-1) lién tiép nhay,
vira 1a két thuc vira 1a lién két trén truc chinh,



56 CAI TIEN THUAT TOAN DI TRUYEN VA AP DUNG DU POAN CAU TRUC BAC HAI RNA

e Vong nhiéu nhanh (Multibranched loop) 1a vong 1ap chira nhiéu hon hai cip base
e Base bén ngoai (External base) 1a khéng nam trong bat ky vong nao.

E. Dinh nghia 5

Cau trdc bac hai RNA khdng c6 cac nit thit (pseudoknot free) Y tuong wng vai chudi RNA X co do dai N1a
cau tric bac hai RNA trong d6 bat ky hai cap base (i, j)va(i', j) ey, ching déu dang 16ng nhau, tic Ia
i <i'< j'< j, hoaclaliéntiép nhau, tic1a i < j<i'< j'. O day chung ta gia dinh ma khéng mat tinh tong quat
rang i< j, i'<jrvai<i'

F. Dinh nghia 6

Céu tric bac hai RNA c6 cac nit thét (pseudoknotted) S tuong ang véi chudi RNA Sc6 do dai 1ia céu trac
bac hai RNA ton tai it nhat hai cap base @, 1) va (i, j)es ,ma <t <J<lI (day thuong 1a cac cdp base giao
nhau). O day chung ta gia dinh ma khong mét tinh tong quat rang: i < j, i'< j'val<i'

S . — ™
— \
3
N I
/-r’ 7 — _..-___F/f
|I 3

Hinh 3. Céu triic RNA c6 nt thit (pseudoknotted)
II1I. MO HINH NANG LUQNG TU DO VA CAC MO HINH KHAC

A. Nhiét dong hoc va mé hinh ning lwong tuw do RNA

Sy 6n dinh cua ciu tric bac hai RNA duoc dinh lugng bang su thay doi nang lwong ty do AG |, dwoc do theo
don vi keal/mol. Ning luong tu do AG cho biét huéng cua mot sy thay di tic thoi va dugc gidi thidu bai J. W. Gibbs

vao nam 1878 [11]. Su thay ddi ning lugng ty do AG lugng hoa sy khac bict vé nang lugng ty do giira trang thai gap
lai ciia c&c phan tir va trang thai khong gap. Mot RNA dwoc gap cd su thay dbi ning lwong tu do 4m va cang thip hon

1a cau tric cang on dinh. Su thay ddi niang lwong tu do 12 mot ham cua thay doi enthalpy AH | thay doi entropy AS va
nhiét do T (do Kelvin), theo Gibbs c6 ham nhu sau:

AG =AH -T AS W

Enthalpy (H) 1a mét thuéc do ctia dong nhiét nang xuat hién trong mot qua trinh. Su thay déi enthalpy AH cho
mot phan (ng toa nhiét, chang han nhu RNA gap (tic 1a cc dong nhiét niang tir hé thdng vao méi truong xung quanh)
1a am. Enthalpy dwoc do bang kcal/mol. Sy hinh thanh ciia nhitng than (stem/helix) RNA Ia nhan té chi phdi enthalpy,
thong qua lién két hydro va cac twong tac xép chong.

Entropy (S) dugc chip nhan rong rai nhu 1a mot ham nhiét dong hoc dé do su hdn loan cua hé théng. Nhu vay,
su thay d6i AS dung dé do su thay déi cua mac do hdn loan. Néu AS 1a duong, né c6 nghia 1a sy gia ting v& muc
hdn loan. Gi4 tri &m cho thidy mot su giam st s hdn loan.

Mot md hinh ning luong tu do RNA la xay dung mét Iy thuyét miéu ta duoc cic quy tic va cac bién tly theo
cac mo hinh cau tric (bac hai) cua cac chuoi RNA. Ching ta xem xét mot mé hinh néng luong tw do RNA ¢6 ba thanh
phan chinh:

e Mot tap cac dic diém cau tric ( fl, f2 yere fp) , trong d6 P 1a s6 luong cac dic diém cua mo hinh. Mot dic

diém 1a mot manh cia ciu trac bic hai RNA ma nhiét dong luc hoc dugc xem 1a quan trong cho viéc gép

RNA. Vi du: hdy xem xét mot mé hinh don gian véi P =3 dic diém: T; 13 dac diém cia cap base C-G, f,

1a d3c diém cua cap base A-U va f3 la dac diém cua cap base G-U.
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e Mot tap cac tham ) nang lugng ty do (91, (92 yorey Hp) , v6i tham sb nang lugng ty do Qi twong ung voi dac
diém T.. Tham s 6. doi khi duoc ky hidu boi AG(f.). Trong vi du véi mé hinh don gian c6 ba dic diém
chung t6i dua ra & trén, ta ¢6 thé c6 cac gia trj tuong tmg cho ba tham sd nhu sau: 6,=-20 kcal/mol, 0,=-
1.0 keal/mol va & = -0.8 kcal/mol.

e Mot ham nang Iugng tu do gitip xac dinh tinh on dinh nhiét dong lyc hoc ciia mot chudi X gdp lai thanh cAu
tric bac hai cu thé S | tirc 1a phai phu hop véi X .

Hau hét cac md hinh cho du doan ciu tric bac hai khdng cé nit thit (pseudoknott) véi ham ning lugng tu do

cuachudi X vaciutric S Iatuyén tinh trong céc tham sé &, , ¢6 dang:

p
AG(X,S,0) =Y c(X,S)8 =c(X,S)"6
B (2)
trong do,
e 0= ((91, (92 yrony ep) : biéu thi vecto cac gia tri tham ) gi

e G (X, S) 1a 56 1an dic diém fi xuét hién trong c4u tric béc hai S cta chudi X

. C(X ) S) = (cl(X ) S), ey cp(X ) S)) biéu thi vecto cta sb lugng dac diém C, (X,S)

B. MO0 hinh Turner

V6i bai todn du doan cau tric bac hai khong c6 that nit (pseudoknot), thi mé hinh Turner 14 mé hinh ning
lwong dugc sir dung rong réi nhat hién nay. Pay 1a mé hinh duoc cong nhan 13 thuc tidn v& mat sinh hoc, dua trén cac
thi nghiém tan quang, phé bién nhét 1a sir dung phuong phép thuc nghiém dé xac dinh su thay d6i nang lugng ty do cua
ciu tric RNA ngén, véi sai s6 chuan tir 2-5%.

Hinh 4. Céu tric bac hai cua chudi RNA tiy §. Pugc danh dau trong cac hop mau do la céc hoa tiét céu tric RNA, bao gdm xép
chong (1), vong kep toc (3, 4), vong lap trong (2, 5, 6, 7, 8 va 9) va base ngoai (10 va 11)

Mb hinh Turner chtra cac gia tri nang lugng tu do tai 37°C. Ngoai ra, cac md hinh Turner chira gia tri enthalpy
va entropy cho mdi dic diém ciia mo hinh. Diéu nay cho phép du doan cau tric bac hai nang lugng tu hoc toi thicu hda
(hodc chua toi wu) & nhigt do khac nhau tir 37°C, bang cach sir dung cong thic 1.
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Ning lugng tu do cho nhitng vong xép chdng (Stack loop).

Bang 1. (a). Vi du ctia niang luong cho nhitng vong xép chdng c6 kiéu nhu (b). (c) 1a mot gia tri cu thé tir bang, trong d6 x=G va

y=C

YA C G U 5@ g
X v -
A - - - -2.40 (b)
C - - -3.40
G - 330 - -1.50 5---G G---3
u 220 - 250 - PR L S
(a) «3,30hcamo

(©)

Nhirng ning luong bat 6n bai kich thugc vong.

Bang 2. (a) Ning lugng ty do cho timg vong véi kich thudce cu thé. (b) Mot vi du cta vong lap trong c6 chiéu dai 1a 4

Size Internal  Bulge Hairpin

1 - 3.80 -

2 - 2.80 - cUA

3 - 3.20 5.70 5---M <'33
4 1.70 3.60 5.60 ¥---A g C---5
5 1.80 4.00 5.60 70 kel

: : . . (b)

30 3.70 6.10 7.70

(@)

Ning lwong tu do cho céc vong kep téc tong quét.

Bang 3. (a). Bang ning luong ty do cho vong kep toc cia kiéu trong (b). () 1a mét vi du, trong d6 X = G va y=A

L A C G u I
A 150 150 140 180 b, .
C 100 090 -290 -080 ®
G 220 20  -160 -110 V]
u 170 -140 -180  -2.00 ,\é‘g%
@ s

©)

Ning lugng tw do cho vong kep toc vai chiéu dai la 4.

Bang 4. (a) Vi du cna gia tri nang lwong cho vong kep toc c6 do dai 4. (b) mot vi du cu thé cho nhimg vong kep toc.

Chudi Ning lugng

GGGGAC -3.00

GGUGAC -3.00

CGAAGG -2.50 s---8Y4
CUACGG 250 y ENA
e en -1.50 szal'mel
CGAGAG -2.00 (b)
GUGAAC -1.50

UGGAAA -1.50

(a)

Ning lugng ty do cho vong lap trong tong quat.



Poan Duy Binh, Pham Minh Tuén, Ping Dirc Long

59

Béng 5. (a) Bang nang luong cho vong lap trong véi cdp base dong la (C, G) . bay la kiéu dwoc hién thi trong hinh (b). (c) 1a vi

duma & d6 c6 gié tri dugc tim thdy trong bang & hinh (2), 6d6 X =G,y =Ava x=A, y=G

y —
. A c G U i Yoo
A 00.0 0.00 -1.10 0.00 G
C 0.00 0.00 0.00 0.00 (b)
G -1.10 0.00 0.00 0.00 g
U 0.00 0.00 0.00 0.00 5 'z( 5("
(a) ¥ i o A\C
UG
140 190 had sl
(©

Ning lwong tu do cho vong lap trong ddi xtng véi kich thudc 2.

Biang 6. (a) Nang luong ty do cho vong lap trong dbi ximg véi kich thude 2, va c6 kiéu dugce hién thi & (b). Nang luong cho vi du

véi vong 13p trong, trong d6 X =G va y = A, dugc hién thi & (c)

L A C G u

A 040 030 010 040

C |-040 050 040 0.0

G |040 040 170 040

U |040 050 040 -0.30
(@)

s'---cf"c -3
i
¥---G,G 5

(b)

3 0
]
'
'

G=C
AG G
G
'
1
5 3

-0 t0koaime

(©

Ning lwong tu do cho vong lap trong khong di ximg c¢6 kich thudc 3.

Bang 7. (a) Ning luong tu do cho vong lap trong khong dbi ximg véi kich thude 3, v6i kidu thé hién & (b), ning luong twong Gng

cho vidu ¢ (¢), véi X = Cva y = A; (d) Nang lugng ty do cho vong 13p trong khong dbi xung véi kich thude 3, voi kiéu thé hién

& (e), nang luong tuong ung cho vi du & (), véi X = Ava y=C

. YA c G U
A 360 320 310 550
c 370 400 550 3.70
G 550 550 550 5.50
U 550 370 550 2.80
@

y N c G U
A 100 060 040 4.00
c 400 400 400 4.00
G 080 400 220 4.00
U 400 400 400 4.00
(d)

5--- A '.:l---a

| .
3 u}r CU y

Ning luong tw do cho vong lap trong ddi xiing véi kich thudc 4.



60 CAI TIEN THUAT TOAN DI TRUYEN VA AP DUNG DU POAN CAU TRUC BAC HAI RNA

Bang 8. (a) Gid sir mot phin ciia bang ning luong tu do cho vong lap trong dbi xtmg véi kich thudc 4, kiéu vong thé hién 1a (b).
Nang lugng cho vidu la (¢), véi v=A, W= A, x=G va y=G

y
X AA AC AG AU AC .. GG GU UA UC UG UU
AA [130 120 030 200 160 100 -040 200 190 110 1.40
GG [100 09 0 200 140 080 -070 200 170 090 1.20
(a)
s---CY*XG---3 ST
| | b
3___ G wyc ___5 I:r::;-nr.i.:'r:
(b) (©)

Ning lwong tu do cho nhung diém cudi bén ngoai.

Bing 9. (a) Nang lwong tu do cho nhitng diém cudi hing ling v6i chiéu két thic 1a 3°, véi kiéu 1a (b), twong {mg niing lugng cho vi
du 1a (c); (d) Nang lugng tu do cho nhitng diém cudi ling lang vdi chiéu két thic 1a 5°, vdi kiéu 1a (e), twong Ging nang lugng cho vi
dula(f)

s—--G% ---¥
---C ¥
§

x | A C G u
|-110 -040 -130 -0.60 (b)
E)

(@)

C—G
0Uu

5§ 3
<060 zabed

()
X \A C G U -

020 -030 O 0
| (€)

?'

---3

|
T--- G, 5

(d)

——=in

1¢
CmG

b4
0.0 kca o
()
Céc quy tic nang luong ty do hdn hop.

Bang 10. Céc quy tic ning luong tyr do hdn hop

STT | Quytic Tén Gia tri

1 P,hép rlgo%i_ sgy cho céc vong 16n cua vong lap trong, kep Len Par 1.079
téc hoac 16i 16n hon 30 -

2 Vong lap trong khong déi xing: hiéu chinh gi trj cuc dai | Asym_Max 3.00

3 Vong lip trong khéng dbi xung: mang Ninio Asym _Par 05050.50.5

4 Vong da nhanh — phan nhanh Multi_a 3.40

5 Vong da nhanh — tén thét trén xoén Multi_b 0.40

6 Vong da nhanh — tén thét trén base tu do Multi_c 0

7 Tén thét cho su két thic khong 1a GC Non_GC_terminal 0.50

8 Su téng cho vong kep toc GGG bonusGGG -2.20

9 Sudn kep téc nhidu C C_Hairpin_1 0.30

10 Phan doan kep toc nhiéu C C_Hairpin_2 1.60

11 Kep téc 3 nhiéu C C_Hairpin_3 1.40

12 Ning luong ty do khéi tao gilra cac phéan tu Intermol 4.10
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IV. THUAT TOAN DI TRUYEN

Céc nguyén ly va tinh nang co ban

Thuat toan di truyén (Genetic Algorithms — GA) dugc gisi thi¢u dau tién boi Holland [21] vao ndm 1975 va tr¢
thanh mot trong nhitng ky thuat dugc st dung chu yeu dé giai quyét cac bai toan tdi vu té hop, tuyén tinh va phi tuyén.
Ngay nay ciing c¢6 nhitng thuat ngir tinh toan mém va thuat toan thong minh thuong duoc sir dung dé chi dén linh vyc
nghién ctru nay.

Thuat toan di truyén (GA) la ki thuat tim kiém ngau nhién toan cuc vai viéc gia lap cac quy luat tién hoa va di
truyén hoc dé cb gang tim ra giai phap t6i uu cho van dé tdi wu hoa phuc tap. GA dat dwoc vé mat Iy thuyét va thyc
nghiém da dugc chirng minh nham cung cip cho viéc tim kiém manh mé trong khéng gian phiic tap va chung dugc ap
dung rong rai trong ky thuat, kinh doanh va gigi khoa hoc.

So b thuat toan GA:

Bt dau

o
Khéi tao quan thé

1

bung

. - Tiéu chuan A oo
— Danh gia dimg? Két quara
| ¥
Cac toan tir
di truyeén
(Choc lgc - Lgi ghép
— Dot bien)

Hinh 5. Luu dd thuat toan di truyén
Nhirng thuat ngi va nhitng toan tir cua thuat toan di truyén
a) Cathé
Mot ca thé 1a mot giai phap riéng biét. Cac nhém ca thé cé cuing hai dang giai phap sau:

e Nhiém sic thé, day chinh 1a thong tin di truyén tho (kiéu gen) ma GA giai quyét.

e Kiéu hinh, day chinh Ia cach biéu hién caa nhidém sic thé trong diéu kién ciia mé hinh.
b) Gen

Gen la nhiing chi dan co ban dé xay dung mét thuat toan di truyén. Mot nhiém sic thé 1a mot chudi cua nhiing
gen. Gen c6 theé dugc mo ta mot gidi phap kha thi cua bai toan, ma khong thuc sy 1a giai phap. Mot gen la mot chudi so
bit ¢c6 d6 dai tuy y. Chuoi bit Ia mot bieu dien nhi phan cua so géc khodng tr mot gidi han duci. Mot gen la mot biéu
dien cia GA ve mot gia tri nhan to duy nhat cho mét yeu to kiem soat, ma ¢ d6 yeu to kiem soat phdi c6 can trén va
can dudi. Pham vi nay c6 thé chia thanh mét sé6 khoang ma cé thé dugc biéu dien bai chuoi bit cua gen. Mat chuoi bit
¢6 d6 dai n c6 thé tuong tng véi 2" —1 khoang.

¢) Quan thé

Mot quan thé 1a mot tap hop céc ca thé. Mot quan thé bao gom mot s ca thé dang dugc kiém tra, nhitng tham
s0 kiéu hinh xac dinh nhirng ca thé va mot s6 thong tin vé khong gian tim kiém.
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d) Ma héa
M4 hoéa la qué trinh biéu dién gen riéng 1é. Qua trinh d6 c6 thé dugc thuc hién bang cach st dung céc bit, cac sb,

cay, mang, danh sach hogc nhimg déi twong khac. Viéc mé hod phu thudc chi yéu vao bai toan can giai quyét. Vi du,
ngudi ta co thé ma hda tryc tiép so thuc hoac sé nguyén.

e) Chonloc

Chon loc 1a qué trinh lya chon hai cha me tir quan thé cho lai ghép. Sau khi quyét dinh ma hod, budc tiép theo la
quyét dinh 1am thé nao dé thuc hién chon loc nhu 12 1am thé nao dé chon nhiing cé thé trong quan thé sé tao ra con céi
cho thé hé tiép theo va bao nhiéu con ma mdi ca thé s& tao ra. Muc dich ciia viéc chon loc 1a nhan manh vao céc ca thé
thich hop trong quan thé véi hy vong rang nhiing con cai cua chiing c6 kha nang thich nghi cao hon.

f) Laighép

Lai ghép la qua trinh lay hai giai phap cha me dé sinh san mot dira con. Sau qua trinh chon loc, quan thé 1a dugc
lam phong pht thém véi nhitng ca the tot hon. Sy sinh san thu dugc nhitng ban sao cua chudi tot nhung khong tao ra ca
thé mai. Toén tir lai ghép dwoc 4p dung cho ving luu trit ghép doi vai hy vong rang no tao ra mot con tot hon.

g) Dot bién

Sau khi lai ghép, cac chudi s& bi dot bién. Dot bién truyén thong dugc coi nhu ma mot toan tir tim kiém don
gian. Néu lai ghép duoc cho la khai thac cac giai phap hién tai dé tim ra nhitng con tét hon, dot bién s& gidp cho viéc
kham pha toan bo khong gian tim kiém. D6t bién duge xem nhu mot toan tir co sé dé duy tri sy da dang di truyén trong
quan thé. N6 dua ra cac cau tric di truyén mai trong quan thé bang cach sira d6i ngau nhién mot sé khéi can ban cua
n6. Dot bién gidp thoat khoi cai biy cua cuc tiéu cuc b va duy tri su da dang trong quan thé.

Méi quan tam khi thiét ké thuat toan
Khi mot GA duoc sir dung dé giai quyét cac bai toan t6i wu héa, tuan theo cac diém luu ¥ sau ddy né rat co gia tri:

e Lya chon mot bai toan tdi uvu héa va hiéu nhirng gi ban ¢6 thé thay ddi dé dat duoc cac giai phap;
e Chon mot sy biéu dién thich hop. Biéu dién dugc trinh bay chi tiét qua lam gia ting do phirc tap tinh toan,
trong khi biéu dién kém qué Iam giam d6 chinh xac cua bai toan;

_ Hay thi sir dung céc toan tir di truyén khéc, diéu ndy c6 nghia rang hau hét ca thé phii hop s& duoc sao chép vao
thé hé tiép theo ma khong bi nhiéu loan baéi lai ghép hoic dot bién. Biéu nay thuong dan dén mot toc d6 hdi tu nhanh.
V.AP DUNG THUAT TOAN GA VAO BAI TOAN DU POAN CAU TRUC BAC HAI RNA

A. Thugdt toan sinh helix

Trong m6 hinh cua nhém qghién ctru, mot helix dugce xac dinh boi ba rang bugf)c. Tht nhit, mdi heli)g phai co it th?1‘[ ba
cap base chinh tac x€p chong 1én nhau. Thir hai, moi chuoi hoac cép ket ndi hai than phai c6 chieu dai it nhat 1a 3
ribonucleotide. Thit ba, mdi helix khong dugc chia r& cic base 1an nhau. Thut toan sinh helix nhu sau:

Sinh tap c6 thé ciia cac cap base (r, , I’j) tir chudi RNA di cho;
Khai tao helix N;
For mdi cap (|', ) I'J-) do
While (helix N 1a dung) va (helix N chwa hoan thanh) do
1f ((r, I'J-) la cap base chinh tic) va ((F, I’j) khéng la phan cia mot helix da ton tai) then

Thém cap base (I’, : l’j) vao trong helix h

else
if helix hchua it hon 3 cap base then
helix h 1a khéng hop é; ,
else if helix co it hon 3 base ¢ gitra cap base cuoi then
helix N 1a khong hop 18;
else
helix h 1a hoan thanh;
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endif
endif
endif
endwhile
if (helix h1a hop I¢) then

chén helix h vao trong tap cac helix H
endif

endfor

Hinh 6. M4 gia sinh helix

B. Khéng gian tim kiém

Mot nhan xét chung vé kich thudc cua khong gian tim kiém la két qua tir thuat ton tao helix nén duoc thuc hign. Néu ching
ta coi nhu rang moi helix thanh I14p trong cau tric hogc hién dién hoac vang mat, thi toan b sé lugng cac cau trac dugc tao ra tir mot

chudi cho trusc 1a 2", trong @6 H 12 tap céc helix.

Bang 11. S6 luong cac helix thanh 1ap ciia mdi chudi twong tng

Tén sinh vat Chiéu dai chudi | Tdng sb Helix
thanh lap
Saccharomyces cerevisiae (Nim banh mi) 118 175
Caenorhabditis elegans 697 6074
Acanthamoeba griffini 556 3637
Hildenbrandia rubra 543 3933
Haloarcula Marismortui 122 198

] Vi dy, véi chiéu dai 697 cua chuéi Caenorhabditis elegans s& thanh 1ap duoc 6074 helix va khéng gian tim kiém cua 2007
cau tric c6 thé, mot khdng gian tim kiém cuc lon.

C. Thugt toan di truyén (GA) cho du dodn cdu tric bac hai RNA

Cac tham s va toan tu cho thuat toan GA

Céc toan tt va tham sb cho GA ap dung véi bai toan dy doan cAu trac bac hai RNA nhu sau:
e Théhs,
e Kich thudc quﬁn thé,

e Xac suat lai ghép ( Pc ):

e Xac suét dot bién (P,),

Toan tir lai ghép,

Chién luoc chon loc,

Lua chon ti wu (On/Off),

M6 hinh nhiét dong hoc,

Nt thit (On/Off),

Gieo ngau nhién.

Thé hé 1a s6 lugng thé hé ma GA sé& thuc hién.

Kich thuée quan thé 13 sb luong ca thé trong mot quan thé.

PC la x4c suat cua lai ghép xay ra trén mot cip bd me.

Pm la xac suat cua dot bién xay ra trén mét con da cho.

Lai ghép 1a kiéu lai ghép duoc dung.

Chién hrgc chon loc 14 tham s6 cung cp hai loai chién lugc quan 1y dau ra cua lai ghép. Chon loc mAu (STDS)
chi don gian la cho hai con lai ghép tryc tiép dé sinh ra thé hé ti€p theo, khong quan tdm dén tinh thich nghi cta chiing.
Sao chép tot nhat (KBR) Iua chon cha me phu hop nhat va con phit hop nhat va chuyén ching sang thé hé tiép theo.

Luwa chon t6i wu néu dugce ap dung, giit lai nhitng c4 thé tot nhat tir thé hé trude cho thé hé tiép theo.

Mo hinh nhiét dong hoc 1a tham s6 x4c dinh mé hinh nao dugc st dung trong GA.

Todn tir nit thdt xac dinh xem nut thit co duoc phép xuét hién trong cAu trac duoc du doan.

Gieo ngdu nhién 13 toan tir cho phép ngudi sir dung chon gieo ngau nhién dé khai tao mot s ngiu nhién ciia GA.
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Ma gia cua thuat toan GA cho bai toan nhu sau:

Sinh tap c6 thé cua cac cap base tir chudi RNA di cho;
Sinh tap c6 thé céc helix sir dung tap cac cap base;
Sinh quan thé ngiu nhién ban dau.
For tat ca thé hé do
For kich thiéc cia quan thé/2 do
Lwa chon hai cha me;

If gia trj ngau nhién < PC then
Lai ghép cha me dé tao ra hai con;
else
Chuyén cha me sang thé hé sau;
endif
for mdi con do
if gia tri ngau nhién < Pm then
Dot bién ngau nhién con duoc chon nay;
endif
endfor
if chién Lot chon loc KBR then
Giit lai cha me va con tét nhat dua trén thich nghi;
else if chién luoc chon loc 14 STDS then
Lubn gitr lai con ;
endif
Chén nhirng c4 thé duoc gir lai vao trong quan thé moi ;
Ap dung lya chon téi wu =1va giitr lai ca thé tot nhat tir thé hé
trudce ;
endfor
endfor

Pua ra ciu tric tt nhit ;

Hinh 7. M4 gia 4p dung GA cho bai toan tim ciu tric RNA
VI. PANH GIA VA SO SANH KET QUA

A. Ddnh gid

Khi thuc hién thuat toan di truyén cho bai toan du doan céu trac bac hai RNA can phai thiét 1ap cac thong sb
ban dau cho céc tham so cua thuat toan. Cac thong s6 dugc thé hién dudi day:

Bang 12. Gia trj cac tham s6 cho GA

Tham sb Giatri
Thé hé, . i 700
Kich thuéc quan thé, 800
Xac suat lai ghép (P.), 70%
Xac suat dot bién (P, ), 80%
Toan tir lai ghép, CX, OX2, PPX
Chién ]u‘(_JC'Ch(_)n loc, STDS, KBR
Lya chon toi vu (On/Off), 1
Mo hir]h nhiét dong hoc, INN-HB
Nt thit (On/Off), 0
Gieo ngau nhién 20

Két qua thyc hién véi mot s6 chudi nhu sau:

Chudi Caenorhabditis elegans véi toan tir lai ghép 1a OX2
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Bang 13. Cac tham sb duoc thiét 1ap dé kiém tra chudi Caenorhabditis elegans véi toan tir lai ghép OX2

Nang lugng ty do Toén tir Toanti | p p Mb hinh nhigt
(AG kcal/mol) chon loc lai ghép c m dong hoc
-299.88 STDS OX2 70% 80% INN-HB
-299.78 STDS OX2 70% 80% INN-HB
-299.73 STDS OX2 70% 80% INN-HB
-297.86 STDS OX2 70% 80% INN-HB
-297.67 STDS OX2 70% 80% INN-HB
-296.78 STDS OX2 70% 80% INN-HB
-295.78 STDS OX2 70% 80% INN-HB
-295.68 STDS OX2 70% 80% INN-HB
-295.88 STDS OX2 70% 80% INN-HB
-294.98 KBR OX2 70% 80% INN-HB
-294.78 KBR OX2 70% 80% INN-HB
-292.18 KBR OX2 70% 80% INN-HB
-291.28 STDS OX2 70% 80% INN-HB
-290.18 KBR OX2 70% 80% INN-HB
-286.45 KBR 0OX2 70% 80% INN-HB
-285.78 KBR OX2 70% 80% INN-HB
-283.69 KBR OX2 70% 80% INN-HB
-277.25 KBR OX2 70% 80% INN-HB
-274.91 KBR OX2 70% 80% INN-HB

Chudi Caenorhabditis elegans vai toan tir lai ghép 1a CX.

Bang 14. Cac tham s6 duoc thiét 1ap dé kiém tra chudi Caenorhabditis elegans véi toan tir 1ai ghép CX

Nang luong tu do Toan tir Toan tir P p M® hinh nhiét
(AG keal/mol) chon loc lai ghép c m dong hoc
-298.85 STDS CX 70% | 80% INN-HB
-298.78 STDS CX 70% | 80% INN-HB
-298.63 STDS CX 70% | 80% INN-HB
-297.68 STDS CX 70% | 80% INN-HB
-297.63 STDS CX 70% | 80% INN-HB
-295.58 STDS CX 70% | 80% INN-HB
-294.78 STDS CX 70% | 80% INN-HB
-294.68 STDS CX 70% | 80% INN-HB
-293.88 STDS CX 70% | 80% INN-HB
-292.98 KBR CX 70% | 80% INN-HB
-291.78 KBR CX 70% | 80% INN-HB
-288.12 KBR CX 70% | 80% INN-HB
-287.48 STDS CX 70% | 80% INN-HB
-286.28 KBR CX 70% | 80% INN-HB
-284.65 KBR CX 70% | 80% INN-HB
-284.88 KBR CX 70% | 80% INN-HB
-281.68 KBR CX 70% | 80% INN-HB
-272.56 KBR CX 70% | 80% INN-HB
-271.45 KBR CX 70% | 80% INN-HB

Chudi Caenorhabditis elegans véi toan tir lai ghép 1a PPX.

Bang 15. Céc tham s6 dwoc thiét 1ap dé kiém tra chudi Caenorhabditis elegans v&i toan tir lai ghép PPX

Nang luong tu do Toan tir Toan tir P p M® hinh nhiét

(AG keal/mol) chon loc lai ghép c m dong hoc
-276.55 STDS PPX 70% 80% INN-HB
-276.78 STDS PPX 70% 80% INN-HB
-275.63 STDS PPX 70% 80% INN-HB
-273.68 STDS PPX 70% 80% INN-HB
-273.63 STDS PPX 70% 80% INN-HB
-272.58 STDS PPX 70% 80% INN-HB
-271.78 STDS PPX 70% 80% INN-HB
-270.68 STDS PPX 70% 80% INN-HB
-269.88 STDS PPX 70% 80% INN-HB
-269.98 KBR PPX 70% 80% INN-HB
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Ning lugng ty do Toén tir Toén tir P P M6 hinh nhiét

(AG keal/mol) chon loc lai ghép c m dong hoc
-267.78 KBR PPX 70% 80% INN-HB
-267.12 KBR PPX 70% 80% INN-HB
-266.42 STDS PPX 70% 80% INN-HB
-265.38 KBR PPX 70% 80% INN-HB
-264.45 KBR PPX 70% 80% INN-HB
-263.84 KBR PPX 70% 80% INN-HB
-262.66 KBR PPX 70% 80% INN-HB
-261.76 KBR PPX 70% 80% INN-HB
-260.65 KBR PPX 70% 80% INN-HB

Vi viée 4p dung GA vao bai toan dy doan céu tric bic hai RNA cho thdy rang vdi toan tir lai ghép OX2, CX
va toan tir chon loc STDS s€ tim ra nhitng cau truc c¢6 ning luong thap hon.

B. Sosanh

Quy hoach dong (DPA) [12], [13] [14], [15] [16] [17] [18] dwoc ép dung cho dy doén cAu tric bac hai RNA.
bac biét duoc thé hién qua phan mém mfold. Phan mém nay sir dung mo hinh nhiét dong hoc cho danh gia nang lugng
tu do ctia cAu trac. Thudt toan quy hoach dong, song song véi mé hinh nay, cb ging tim ra mot ciu truc ¢6 nang luong
cuc tiéu. Mfold sir dung mo hinh nhiét dong hoc chuén INN-HB, nhung bd sung mo hinh cho cac cAu tric RNA con
chung. Nang lugng duoc tinh chinh 13 ning lugng cac thanh phan da dugc trinh nay & muc I11.B.

Khi thyc hién mfold thi véi ciu tric duge du doan cho nhitng chudi ngén t6t hon so véi nhung chudi dai. Khi &p
dung GA thi ning luong thap nhét va cac cip base chinh xac nhiéu hon.

Nhin chung khi ap dung GA véi mé hinh nhiét dong hoc don gian ciing gidng nhu DPA véi md hinh nhiét dong
hoc phuec tap.

Céc két qua duoc so sanh qua cac bang sau:

Bang 16. Xenopus laevis v6i chiéu dai chudi 1a 945 - S8 luong cip base duoc biét 12 251

Mfold - DPA GA ( AG - Cap base dugc Cap base duoc Ty 1€ (%) dugc
(AG -kcal/mol) kcal/mol) du dodn du doan chinh x4c du doén chinh xac
-250.6 -222.85 249 92 36.7
-249.6 -219.75 251 71 28.3
-248.0 -216.51 245 113 45.0
-244.3 -223.49 246 86 34.3
-242.5 -202.27 251 81 32.3

Bang 17. Drosophila virilis v6i chiéu dai chudi 1a 784 - S6 luong cap base dugc biét 1a 233

Mfold - DPA GA( AG - Cép base dugc Cap base duoc Ty € (%) duoc
(AG -kcal/mol) keal/mol) dy doan du doan chinh xac du doan chinh xéc
-146.3 -124.43 236 37 15.9
-146.2 -124.07 246 37 15.9
-142.8 -120.26 252 82 35.2
-142.2 -131.55 254 33 14.2
-139.0 -122.10 238 22 9.4

C. Kétlugn

Thuat toan di truyén cho phép ap dung du doan nhing céu tric bac hai RNA v6i nhimg chudi 16n. Trong mé
hinh nhiét dong hoc don gian thi thuat toan di truyén tinh todn nang lugng tu do cia cau truc dugc thuc hién tot hon
khi 4p dung DPA v6&i md hinh nhiét ddng hoc phurc tap.
D. Hwéng nghién creu tiép theo

Cai thién thém vé thuat toan GA dya trén nhiing cai tién hién co6 va lai ghep voi thuat toan dan kién (ACO). Ap
dung nhiing cai tién nay dé du doan nhitng cau tric bac hai RNA tdi wu, bao gom ca nhimg céu tric c6 nut thit.
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IMPROVED GENETIC ALGORITHMS AND THE APPLICATION OF PREDICTIVE RNA
SECONDARY STRUCTURES

Doan Duy Binh, Pham Minh Tuan, Dang Duc Long

ABSTRACTS. RNA structure is an important area of research. RNA is the center of many stages of protein synthesis, which also
plays a role in the structure and function of the cell. Predicting the RNA structure can overcome many problems with determining
the physical structure. Currently, physical methods for predicting RNA structures are time consuming and costly, so methods for
predicting computations are preferred. Various algorithms have been used to predict RNA structures including dynamic
programming and comparative methods. In this pape we introduce genetic algorithm as a method applied to the problem of
predicting RNA structure. The genetic algorithm we adopt is that some of the parameters in genetic operators such as selection,
crossover and mutation have been improved. Finally, we compared and evaluated with another algorithm for the secondary
prediction problem, such as dynamic programming algorithm.



