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TOM TAT : Bai todn tim cdc doan tuong tit trong cdc trinh ty sinh hoc ADN 1a mdt bai todn
quan trong trong cong nghé sinh hoc. Ti v tri ciia cdc dogn tuong tu, ching ta c6 thé suy dién
cde qui ludt ddc trung cho nhém gen hodc protein cd cung tinh trang hodc xdc dinh vi tri cho
cdc dét bién diém trong cdc gen. Trong bai bdo nay, ching téi phdn tich hai bai todn tim dogn
gidng hét va bai todn tim dogn tuong tu va sit dung thudt todn khdm phd tdp chi bdo lon dé
tim cdc doan giéng nhau va thudt todn di truyén dé tim cdc doan xdp xi trong tdp cdc trinh ty
sinh hoc ADN. Trong bai todn khdm phd chudi con Idp, ching téi xem chudi con ldp nhu mgt

- tdp chi bdo lén va ding thudt todn Apriori-TID ( Agrawal 94) dé tim cdc tdp chi bdo 1on 161
dai. Trong thudt todn khdm phd cdc doan xdp i, chiing t6i xem nhiém sdc thé nhu la mgt loi
gidi tiém ndng va ding thudt todn di truyén dé chon dung loi gidi. Cd hai thudt todn dé xudt
déu lam viéc tét trén cdc tdp dit ligu I6n nén rdt phit hgp vdi kho'i lugng dit ligu lon ciia cdc dit
liéu gen. Ngoai ra, chiing téi ciing con dé xudt mot heuristic cho phép ddy nhanh tién trinh tim
ra 13i gidi. Chiing t6i dd tién hanh thit nghiém thudt todn dé xudt trén tdp dit ligu promoter
ciia Pai hoc Irvine (Hoa ky) va trinh bay két quad thit nghiém.

1. GIGI THIEU

Bai todn tim cdc doan tudng t trong cic trinh ty sinh hoc ADN 1a mdt bai todn quan
trong trong cong nghé sinh hoc. T vi trf clia cdc doan tudng tu trong cdc trinh ty sinh hoc
ADN, chiing ta c6 thé suy dién cdc qui ludt-dic trung che nhém gen hodc protein cé cung
tinh trang hodc x4c dinh vi tri cho cdc dot bién diém [1][3][4]. Trong bai bdo nay, ching
to6i st dung hai thuét todn quan trong 13 thudt todn kham phd tdp chi bdo 16n dé tim cdc
doan gidng nhau va thuit todn di truyén dé tim cdc doan xap xi trong tap cdc trinh ty sinh
hoc ADN va tng dung vao tdp dit liéu DNA promoter ctiia Pai hoc Irvine (Hoa ky). Bai
bdo dudc 8 chitc nhu sau: 1) Gidi thiéu 2) Phat bi€u bai todn va do phirc'tap 3) Bai todn
tim doan ldp giong hét 4) Bai todn tim cdc doan lap xdp xi 5) K&t qua thir nghiém 6) Mot
heuristic d€ cai ti€n tdc d6 tim ki€m 7) K&t ludn va hudng phat trién.

2. PHAT BIEU BAI TOAN VA PO PHUC TAP

Cho mot tAp S = { 51,52,...,5m} gdm m trinh ty sinh hoc ADN, mdi trinh tu sinh hoc
ADN 12 mdt chudi cdc acid nucleotid A,C,G,T . Bai todn ditra 1a:

a) Tim cdc doan giong nhau trong m trinh ty sinh hoc ADN
b) Tim cdc doan x4p xi trong m trinh ty sinh hoc ADN.
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Vidu 1: Gid st S = {s1,52,53,54,55) 12 tdp 5 trinh tu sinh hoc ADN nhu sau:
$1="ACGTAAAAGTCACACGTAGCCCCACGTACAGT'
s2="CGCGTCGAAGTCGACCGTAAAAGTCACACAGT
$3="'GGTCGATGCACGTAAAATCAGTCGCACACAGT

s4=' ACGTAAAAGTAGCTACCCGTACGTCACACAGT
ss='ACGTAAAAGTCAACGACGTACGTCGTCACAGT

Vi bai todn 1, cdc 10i gidi kha di la: TCA, GTC, CACA, ACAGT, CGTAAAA
Vdi bai todn 2, mot 13i gidi tiéu biéu 1a CGTAAAAG.

Vdi m 1a s6 lugng cdc trinh ty sinh hoc ADN c6 chiéu dai L va W 1a chiéu dai cda
doan cdn tim, rd rang vdi mot trinh ty ADN,chiing ta ¢c6 L-W+1 vi trf ¢6 thé ¢6 cho doan
lap lai, véi m trinh ty ADN chiing ta c6 (L-W+1)™ khd ning c6 thé cho mot 13i gidi cda bai
todn 1 hodc bai todn 2. Khi L,W,m I6n thi bai todn s& c6 do phic tap ra't 16n. Muc tiéu ctia
bai bdo 1a phat trién cdc thuat todn dé gii hai bai todn trén. Ngoai ra, chiing toi ciing dé
xudt mot heuristic nhim ting tdc d6 tim ki€m 13i giai.

3. BAI TOAN TIM POAN LAP GIONG HET

Chiing t6i st dung thuét todn tim tdp chi bdo 16n rit phd bi€n trong linh vuc khai
thdc dir liéu dé phdt hién tap chi bo I6n t&i dai. Mot s6 dinh nghia lién quan dé&n bai todn
va thudt todn dé nghi dugc liét ké sau day: '

3.1. Trinh ty sinh hoc ADN

Goi B = {*A’,’C’,’T’,’G’}, B dudc goi 12 tdp cdc base cdu tao nén trinh tu sinh hoc
ADN. Ta goi Isl 12 chiéu dai cda trinh tu sinh hoc ADN, day 12 sd acid nucleotid c6 mit
trong trinh ty s.

3.2. Tdp cdc chubi con

Cho s 12 mét trinh ty sinh hoc  ADN, goi P(s) 12 tdp cdc chudi con ctia chudi s. Trén
P(s) ta dinh nghia quan hé thi ty < nhu sau:Vs,,s, € P(s) , sa < Sp n€u s, 12 chudi con cia sy,

Ta goi sq 12 trdi truc ti€p clia s, n€u s,<sq va khong tdn tai mot s, € P(s) sao cho sy#sg
nhung s,<sp, va sp<Sq.

3.3. Poan con ldp phd bién

Cho S 1a m§t tdp m trinh ty sinh hoc ADN, P(s;) 12 tdp cdc chudi con clia chudi s; va
PU la hgp cia tat ci cic P(s;), i=1,...,m.

Goi N(s) 1a s6 trinh ty sinh hoc ADN chifa s;. Cho s, ePU va mot ngudng te[0,1], s,
dudc goi 1a mdt doan 13p phd bi€n (motif) trong S theo ngudng t néu N(s)/m >= 1.

Ta dinh nghia F(S, 1) = { s € PU | N(s)/m >=1]}.

Dé thdy né€u s, € F(S, 1) va sie P(s)) = s, € F(s, 1).
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3.4. Poan con ldp phd bién t6i dai

Cho S 1a mdt tdp c6 m trinh tu sinh hoc ADN va ngudng T, F(S, 1) 1a tdp cdc chudi
con phd bi€n theo ngudng ©. Cho a € F(S, 1), a 12 mdt chudi con phd bién t&i dai cla S
néu

aeFS,1)vai~3b € F(S, 1),a#b, a<h.

3.5. M§t thudt todn dé tim chudi con phd bién

Chiing tdi-st dung § tudng ctia thuit todn Apriotid dugc R. Agrawal 94 dé xudt [5] dé
phat trién thut todn im doan con lap phS bi€n va doan con ldp phS bi€n tdi dai. Goi
L(S.k,7) 1a tdp cdc chudi con phd bi&n theo ngudng t c6 chiéu dai biing k. Do céc trinh ty
sinh hoc ADN chi chifa cdc k§ ty ‘A’ ‘C’, *T’, ‘G’. Nén céc chudi con c6 chiéu dai bing 1
chi ¢6 thé 1a cdc chudi “A”, “C”, “T”, “G”. Thuit todn nhu sau:

Answer =J
Generate L(S,1, ©) tit { “A”, “C”, “T”, “G”}
For (k=2; L(S,k, t) <> {} ; k++) do
Tao L(S,k, ) t L(S,k-1, T) va L(S,1, 1)
- Answer = Uy L(S,k, 1)
" Return Answer;
a) Tao L(S,1, 7)

Motifs c¢6 chidu dai1a 1 chi ¢6 thé 1a cdc chudi “A”, “C”, “T’, ‘G’ trong chudi s, néu
chiing thda dinh nghia thi dua chitng vao L(S,1, 1).

b) Tao L(S,k,7) tir L(S,k-1, t) va L (5,1, 1)
Chiing ta s& tao L(S,k,7) tir L(S,k-1,t) va L(S,1,t). Thuit todn nhu sau:
Tao ma trin c¢6 dong va cdt 1a cdc phan ti cia L(S, 1, 1)..
LSk, t)=0
For(each sy, € L(S,k-1, 1)) do
For (each sy € L(S,1, 1) ) do
begin
S, = Sy + 8, // Todn ti ndi chudi
If (N(s,, t1¥/m >=1 ) and IsJ =k ) then
SaveFregMotif(s,, L(S,k, 1));
end;
Ans_wer = L(S,k, 1)

Return Answer
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Trong thuit todn trén ham SaveFregMotif(s,, L(S,k, 1)) 1a ham dé Iwu chudi con s
vao L(S,k, 1).

4. BAITOAN TIM POAN CON LAP XAP Xi

Goi W 1a chiéu dai ctia doan con lip xap xi, L 1 chiéu dai clia cdc trinh tu sinh hoc
ADN, céc y&u td clia thuét todn di truyén dugc tém tit nhu sau:

4.1. Biéu dién di truyén

Mot nhi€m sic thé 12 mot ma trdn c6 4 dong ng vdi 4 acid nucleotid va ¢c6 W ct.
Phén tif My; 12 tin sudt xudt hién cia ky ty b ( A,C,G,T) d ¢t j.

4.2. Phép todn lai ghép: Chon hai nhidm sic thé cha d€ lai ghép, chon ngiu nhién
mot cot cin lai ghép va hodn chuyén bd phan cho nhau.

Cédc nhiém sdc thé cha v Céc nhiém sdc thé con

0.6 |04 0.3- }0.% 0.6 |0.7 03 |04
0.2 |04 0.2 1 0.1 02F 01 02 |04
0.1 0.1 0.3 |01 0.1. 1.0.1 0.3 0.1
0.1 0.1 0.2 |0.1 0.1 |0.1 0.2 10,1

4.3. Phép todn djt bién

Dua trén x4c suit dot bi€n dé chon nhidm sic thé dot bi€n, chon ngiu nhién cot cén
dot bign ctia nhiém sdc thé va tao gid tri ngdu nhién cho cdc phan t trén cot nhung van
ddm bdo tdng gia tri trong cdt 12 1.0.

Nhiém sic thé cha Nhi€m sdc thé bi dot bi€n
06 (04 06 |02 Cotbi
02 {04 0.2 [0.2 / bot
0.1 10.2 0.1 |0.1 bién
0.1 0.2 i1 |05

5.4. Ham phu hop

Piém ctia mdt doan con S; ( Score((S;) ) trong trinh tu sinh hoc ADN dudc tinh bang
cdng thic:
W

Score(S;) = IT My;
i=1

Trong d6 My; 1a phin t dng vdi chif cdi b tai vi trf i cda doan ldp lai S; trong nhiém
sic thé. Véi mot ngudng T cho trudc, thuit todn sé& di tim doan con S; trong trinh ty sinh
hoc ADN X;. Piém ctia nhiém sic thé dugc tinh bing i sd gitta s6 lugng doan con vugt
ngudng véi tdng sd trinh ty ADN khéo sét.
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5. KET QUA THU NGHIEM

5.1. Thit nghiém tim dogn con lgp giong héi

Thit nghiém trén tdp dif li§u chia 106 doan promoter do Pai hoc Irvine(Hoa ky)
cung cip. Mot s8 trinh tit thudc 16p promoter(class+) va khong phdi promoter (class -)
dudc 1iét ké trong bang 1. . .

Bdng 1: Cdc dogn promoter trong cdc GENE ciia Pai hoc Irvine(Hoa ky)

# , DU LIEU : CLASS
TACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGGGCTTGTCGT | +
TGCTATCCTGACAGTTGTCACGCTGATTGGTGTCGTTACAATCTAACGCATCGCCAA +
GTACTAGAGAACTAGTGCATTAGCTTATTTTTTTGTTATCATGCTAACCACCCGGCG P
AATTGTGATGTGTATCGAAGTGTGTTGCGGAGTAGATGTTAGAATACTAACAAACTC | +
A_TATGAACGTTGAGACTGCCGCTGAGTI'ATCAGCTGTGAACGACATTCTGGCGTCTA
CGAACGAGTCAATCAGACCGCTTTGACTCTGGTATTACTGTGAACATTATTCGTCTC
CAATGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGAGGAACTATATGCG
TTGACCTACTACGCCAGCATTTTGGCGGTGTAAGCTAACCATTCCGGTTGACTCAAT

o= || |8 Wb |-

K&t qua fim mdt s doan con 1ap giong hét toi dai:
Céc doan gidng hét t6i dai trong 53 doan promoter + la: G, AT, CA, TA

Céc doan gi6ng hét t8i dai trong 53 doan promoter - 13 : AC, AT, AG, CA, CT, TC,
TG

Vi ngudng 1 =0.3, chiing tdi phdt hién 97 doan con l3p phd bi€n nhu sau:
A: C:T: G; AA; AC; AT; AG; CA; CC; CT; CG: TA: 7C: 1T; TG; GA;
GC; GT; GG; AAA; AAC; AA’I‘;ﬁAAG; ACA;: ACC; ACT; ACG; ATA;-
ATC: ATT; ATG; AGA; AGC; AGT; AGG; CAA; CAC; CAT

CAG; CCA; CCT; CCG; CTA; CTC; CTT; CTG; CGA; CGC

CGT; CGG; TAA; TAC; TAT; TAG; TCA; TCC; TCT; TCG; TTA
TTC; TTT; TTG; TGA; TGC; TGT; TGG; GAA; GAC; GAT; GAG
GCA: GCC; GCT; GCG; GTA; GTC; GTT; GTG; GGA; GGC; GGT
AACT: AATG; ATGC; CAAT; CTTT; CTTG; TAAC; TACT; TACG
TTTI: TTIGA; TTGT; GCAT; GCCT; GCIT

va 58 doan con lap phé bién 18i dai:

AAA; AAG; ACA; ACC; ATA; ATC; ATT; AGA; AGC; AGT; AGG
CAC; CAG; CCA; CCG; CTA; CTC; CTG; CGA; CGC; CGT; CGG
TAT: TAG; TCA; TCC; TCT; TCG; TTA; TTC; TGG; GAA; GAC
GAT; GAG; GCG; GTA; GTC; GTT; GTG; GGA; GGC; GGT; AACT
AATG; ATGC; CAAT; CTTT; CTTG; TAAC; TACT; TACG; TTTT;
TTGA; TTGT; GCAT; GCCT; GCTT ‘
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5.2. Thit nghi¢m tim dogn con Idp xdp xi

Vdi dit liu 1a 1a 53 doan promoter trong GEN va chiéu dai ciia doan xap xi 1AW= 3,
ching t6i thu dude vi tri va gid tri ciia cdc doan xap xi vdi cdc tham sd cho thuit todn di
truyén 1a: pop_size = 60 nhiém sic thé, x4c suat lai ghép 0.1, xdc sudt dot bi€n 1a 0.1. K&t
qué ching tdi phat hién duge mot doan xap xi va vi tri cla chiing trong trinh tuy' :

12 2 CGC 2l CRC 24 : CTT o (Rl B 1 44 : CGC 29 1 COT

28 : LGC L5 Ay 42 : CGC 44 : CGC a1 #0060 44 : CGC
44 : CGC 44 . CGC 12 ¢ CGC 49 OO0 127 06C . 125 : €IC

23 : €GO 2 £ LGE 16 : CGC 12 2 CGC 48 : CGC 32 1 C6C

19 : CTIT 14 : CTT 1.5 C6C 341 CCC 13 4 CLT 24 : CGC

3% : CIC 48 : CGC 4 : CGC 20 CGC 26 : CGC 19- 2 CGC

33 & 0aU 46 : CGC 3 5 CeE 19 5 0OT 4 : CGC 3 1 EGC

19 £0C 6 CIC 27 : CTC 28 : CGC 263 CGT 48 " CGC

42 : C1C i o R B b 50 ¥ COC 21.: €GC 24 : TG

6. MOT HEURISTIC B CAI TIEN TOC PO TiM KIEM

Trong ti€n trinh tim cdc doan con lap gidng hét, ching toi luu lai vi tri clia cdc doan
con Iap gidng hét va st dung cdc vi tri nay d€ dé hd trd tim ki€m nhanh céc doan con trong
trinh ty ¢6 di€m cao va khdi tao ma trin ban diu cho c4c nhidm sic thé. Két qua phat hién
cdc vi trf 6 mét cdc doan giéng hét trong c4c trinh ty ADN ing véi promoter clia 5 trinh tw
dau tién dudgc liét ke trong bdng 2.

Bdng 2: Vi tri ciia cdc doan gidng hét trong cdc trinh ty ADN

Doan lap Trinh tu Vi tri DPoanldp | Trinh tu | Vi tr
TCA 1 10 CACA 4 26,28
TCA 2 24 CACA 5 27

TCA 3 18 ACAGT 1 28

TCA 4 25 ACAGT 2 28

TCA 5] 10,26 ACAGT 3 28

GTC 1 91 ACAGT 4 29
GTC 2 4,10,23 | ACAGT S 28
GTC 3 2,21 | CGTAAAA 1 2
GTC 4 24 | CGTAAAA 2 16
GTC - 5 9,22,25 | CGTAAAA 3 1
CACA 1 11 | CGTAAAA 4 3

7. KET LUAN VA HUGNG PHAT TRIFN

Chiing 01 phdt trién cdc thuat todn kham phéd cdc trinh ty gidng hét va cdc trinh ty
xap xi trong tdp cdc trinh ty sinh hoc ADN. K&t qua thit nghiém trén tip cdc trinh twv ADN

10
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ctia promoter 12 rat kha quan. Chiing tdi ti€p tuc nghién ciu viéc ing dung cdc doan xp xi
vao cdc bai todn nhin dang GEN dé€ c6 thé nh4n dang cdc vang tin hiéu khédc trong GEN
nhu viing code va non code, exon, intron va xdy dung md hinh todn hoc cho bai todn nhin
dang GEN.

DEVELOPING ALGORITHMS FOR FINDING THE SIMILAR MOTIF
IN DNA SEQUENCES
Hoang Kiem - Do Phuc

ABSTRACT : The problem of discovering the similar sub-sequences in a set of DNA biological
sequences is an important problem of bio-technology. From the positions of similar sub-
sequences, we can discover the features of a group of similar function genes or the position for
point mutation. In this paper, we analyze two problems of repeated and approximate sub-
sequence discovery and employ the large set discovery algorithm for discovering the repeated
sub-sequence and the genetic algorithm for discovering the approximate sub-sequence in a set
of DNA biological sequence. In the repeated sub-sequence discovery algorithm, we consider
the repeated sub-sequence as a large set and employed the Apriori-TID algorithm (Agrawal ,
1994) for discovering the maximal large set. In the approximate sub-sequence discovery
algorithm, we consider the chromosome of genetic algorithm as a potential solution and
employ the genetic algorithm for selecting the right solution. Two proposed algorithms work
very well with large data set, therefore they satisfy the demand of the large data set of genes.
Besides, we also propose a heuristic for improving the speed of solution discovery. We apply
our proposed algorithms to the data of the promoters from the University of Irvine, USA and
show the experiment results.
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