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Xay dung chuong trinh t6i wu hoa gene
dua trén thuat giai téi wu dan kién cho

Escherichia coli

V& Tri Nam, Lé Pang Loc, Huynh Qudc Viét, Tran Linh Thude, Nguyén Dirc Hoang

Tém tit—Trong san xuat protein tai té hop, viée
chuyén mgt gene hoang dai ciia sinh vit nay vao
mdt chiing chii biéu hién khac déi khi cho két qua
biéu hién thap vi sw khong twong thich giira gene va
h¢ théng biéu hién. Trong trudng hep dé, gene muc
tidu cAn dwoc téi wu héa dé twong thich hon véi hé
théng biéu hién thong qua viéc thay déi thanh phan
nucleotide céia n6 biang nhirng codon déng nghia
(synonymous codons) nhung vin khéng lam thay
dbi trinh ty protein. Trong cic chwong trinh ti wu
héa gene hién nay, nhiéu thuit gidi tim kiém da
dwge ap dung nhw Thuit Giai Di Truyén (Genetic
Algorithm) hay Cira S6 Trwot (Sliding Window)
nhiam tim ra trinh ty t6i wu. Trong nghién ciru nay,
chiing tbi sir dung thuit giai Téi Uu Pan Kién (Ant
Colony Optimization) dé xdy dung chwong trinh tbi
wu héa gene. Két qua cho thiy gene sau khi tdi uu
héa da cai thién xu hwéng st dung codon (codon
uasage), thanh phan GC va han ché cdc yéu té can
tré' qua trinh phién mi, dich ma nhuw polycodon,
polynucleotide, trinh tw 1ip lai va trinh tw Shine -
Dalgarno. Két qui so sianh véi cic chwong trinh
hién nay cho gene ma hoéa cho insulin nguoi ciing
cho thdy hi¢u qua ciia chwong trinh xiy dung tir
nghién ctru. Nhirng két qua nay da ching té tiém
ning ing dung ciia thuit giii Téi Uu Pan Kién cho
vén dé tdi wu héa gene.

Tir khéa—Thiét ké gene, t6i wu dan kién, téi vu
hoéa codon, téi wu héa gene

1 GIOI THIEU

6i uru hoa gene 1a mot k¥ thuat nham gia ting
mirc do biéu hién gene thong qua viéc ting
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cuong hiéu qua phién ma va dich mi. Piéu nay
duoc thuc hién béng cach cai thién cac tiéu chi
anh huong dén biéu hién gene nhu xu huéng sir
dung codon, thanh phﬁn GC hay trinh ty 13p lai.
Nguyén tic ciia t6i uru hoa gene 1 nhimg codon
ddng nghia c6 thé thay thé 1an nhau dé lam thay
d6i thanh phan nucleotide va tir d6 thay doi dic
tinh cua gene ma van gilt nguyén trinh tu amino
acid tao ra.

Vén d& cua t6i vu hoa gene 1a sé luong trinh
tuy gene c6 thé mi hoéa cho cing mot chudi
polypeptide 1a rat 1on. Viéc khao sat tat ca cac
trinh ty s& tén kém rit nhiéu thoi gian va tai
nguyén may tinh. Do d6, nhidu nghién ctru da
dua ra cac thuat giai tim kiém trinh tu gene t6i
wu hoa. Trong s6 d6, Thuat Giai Di Truyén
(Genetic Algorithm), théng qua viéc moé phong
lai su tién hoa cua sinh vat trong moi trudong
séng dudi ap lyc cia chon loc ty nhién, da duoc
ap dung vao mot s6 chuong trinh tdi uru hoa gene
nhu Visual Gene Developer hay DNA 2.0 [4].
Tuy nhién, do thuat giai nay dua theo nguyén ly
cua loc ty nhién ludn loai bd nhiing trinh ty xau
nén c6 thé din dén két qua tdi wu cuc bo. Nam
2010, Raab va cong su [9] da dé xuit chuong
trinh GeneOptimizer st dung thuat giai Ctra SO
Truot (Sliding Window). Thuét giai nay t6i vu
hoa céc trinh ty con (sub-sequence) chdong lip
lén nhau béng mot “ctra sO bién thién” dich
chuyén tir dau dén cubi trinh ty acid amin. Tuy
nhién diéu d6 da lam giam di tinh linh dong cua
thudt giai nay khi danh gia va Iya chon cac trinh
tu do su dich chuyén “mdt chiéu” cia “cira sb
bién thién”, dan dén két qua tdi wu khong phai
lac nao ciing dat dugc. Thuét giai Téi Uu Pan
Kién (Ant Colony Optimization-ACO), dugc
gidi thiéu bdi Dorigo vao nam 1992, 1a mot thuat
giai manh va dang dugc ung dung trong nhiéu
linh vuc khac nhau [2, 7]. ACO m6 phdng lai
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hanh vi cua nhitng con kién trong ty nhién trong
lac chiing di chuyén qua nhiing con duong c6 chidu
dai khac nhau din t6i ngudn thirc in. Cu thé, mdi
con kién s& tiét ra mot loai hoa chét goi la
pheromone trén nhitng con dudng ma n6 di qua.
Chét nay s€ kich thich cac con kién khéc lua chon
di cac con duong d6 lan nita. Sau mot khoang thoi
gian di 16n, boi vi con duong ngan nhit sé tich liy
ndéng d6 pheromone cao nhit nén phan 16n kién s&
hoi tu vé con duong nay. Bing cach diéu chinh
ndéng d6 pheromone, ACO gitp lam giam nguy co
t6i wu cuc bo. Bén canh d6, thuat gidi ndy ngoai
viéc tinh diém cho toan b con dudng (twong (mg
v6i trinh tu gene trong bai toan tbi wu hoa gene) thi
con thé hién duge d6 tdi vu trén tung doan nho; va
viéc chon duong di dugc thyc hién 1ap lai nhiéu lan
theo thoi gian nén dam bao dugc tinh linh dong
trong qué trinh tim kiém két qua. Chung t6i da xay
dung chwong trinh tdi vu héa gene duwa trén thuat
giai ACO, sau d6 thuc hién danh gid va so sanh véi
cac chuong trinh khac nham kiém tra kha ning ting
dung cua thuat giai ACO trong van dé tdi uu hoa
gene.

2 VAT LIEU VA PHUONG PHAP

Thu nhén va phan tich dir liéu trinh tu

Amino acid
thir 3
Amino acid Amino acid n
thir 1 thi 2 v
Codon /
mo dau Lr K— L= K

S23

Dir liéu nhém gene biéu hién cao (Highly
Expressed Genes - HEG) cua Escherichia coli
str. K12 substr. W3110 duoc thu nhan tir co so
dir liéu HEG-DB tai dia chi
genomes.urv.cat/HEG-DB. T d6, do thich nghi
trong d6i cua codon (w.) dugc tinh toan dwa
theo nghién ctru cia Cannarozzi va cdng su [1].
Trinh ty gene ma hoda insulin ctia ngudi duge thu

nhén tir co s& dit liéu NCBI véi ma sb accession
NC_000011.10 c6 chiéu dai 333 nucleotide dugc
st dung dé danh gia chuong trinh.
X4y dung chwong trinh t6i wu hoa gene
M6 hinh bai todn

Thong qua viéc moé phdng nhirng con dudong
di bang céc trinh ty nucleotide mi hoa cho chudi
polypeptide, m6 hinh bai toadn s& c6 dang nhu
Hinh 1. T6 kién va ngudn thtc an lan luot 1a
codon mé dau va codon két thuc. r 13 codon hién
tai ma mot con kién (kién nhan tao) dang ¢ do. s
la nhitng codon cung ma hoéa cho cac amino acid
ké tiép tuong mg véi cic con duong ma con
kién c6 thé chon. Chiéu dai ciia mot duong di 1a
diém sb (Scorergeqn — duge néu trong ph?m ham
tinh diém) cua trinh tu nucleotide twong tng.

Amino acid
thir 4

| codon két
thic

N

Sa3

Hinh 1. Thi dy v& mé hinh cta bai toan t5i uvu hoa gene bang thuét giai ACO

Thudt gidi t6i wu dan kién
Ham tinh diém
Ham tinh diém tong:

Téng diém ctia mdi trinh tu nucletiode duoc
tinh bang cong thirc sau: [9]

56 [wong tisu
chitoivru hoa
Scorergen = Gy 5core,
q=1
Trong do6: G, Trong s6 cuia mdi tiéu chi t6i
uu hoéa. Chuong trinh s€ mac dinh la 1 (Nguoi
ding c6 thé tiy chon)
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Score,: Lan luot 1a Scoregy, Scorege,
Scorep, Scovepy, Scoveg, Scoregp, Scoveyqe.
Moi Score thanh phan nay la doc lap va dugc nhu
sau:

Xu huéng st dung codon:

S6 diém (Scorec4;) duge tinh dya trén chi sb
CAI nhu sau: [1]

1
Scorec 4 = exp( E logw;)
0 ceC

tot

Trong d6: Ope: Tong sb codon cua gene cin
toi uu héa

w,: Do thich nghi tvong ddi ciia mot codon
cua tap HEG

Thanh phan GC:

6C iy — GC (GC < GCppy)
GC — GCpmay (GC = GCpgy)
0 (6C iy < 6C < GCpgy)

ScoreGC =

Trong d6: GC: %GC ctia gene can tdi hoa
GCmin = 0,5056 (*)
GC maz= 0,5367 (¥)

(*) Pugc xac dinh thong qua tr phan vi Q1
(25%) va Q3 (75%) trong tap HEG bang d6 thi
boxplot.

Polycodon:

n

len(PC;) — const
Scorepe; = Z const

Trong d6: len (PC;): Chiéu dai polycodon tht i

n: SO polycodon c6 chiéu dai = const véi
const = 3 (*%)

Polynucleotide:
= len (PN;} — const
Scoreny. = Z
oo const
I=1
Trong do: len (PN;): Chiéu dai

polynucleotide thir i

n: S6 polynucleotide c6 chidu dai > const véi
const = 3 (*¥)

Trinh tu 1ap lai:
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P i len(RS;) — const + 1
coregs, = & d—len(RS;)

Trong d6: len (R5;): Chiéu dai trinh ty lap lai
thir i

d: Khoang cach gitra 2 trinh tu 1ap lai

n: S6 cap trinh tu 13p lai co chiéu dai > const
véi const = 7 (¥*)

Trinh ty Shine - Dalgarno:

n

s Z len(SD) — mismacth;
FoTise = len (5D)

i=1

Trong d6: len (SD): Chiéu dai trinh ty Shine -
Dalgarno

mismacth;: S6 nucleotide sai khac cua trinh
tuy thit 1 so voi trinh ty Shine — Dalgarno bao tdn

n: S6 trinh tu twong ddng véi trinh ty Shine
— Dalgarno bao ton v6i mismacth = {0; 1} (*¥)

Ma két thuc 4n:

‘H5C, ‘H5C,
Sco:'eﬁ_\-t::min( S ,.1]+min( : .'J.]

Trong d6: H5C»: S6 lwong ma két thic an
nam & khung doc 2

HSC5: S6 lugng ma két thiic an ndm & khung
doc 3

(**) Cac thong sb const va mismacth trong
cac cong thirc trén dugc tham khao tir cac gia tri
khao sat trong nhém nghién ctu Tin - Sinh hoc
Truong PH Khoa hoc Ty nhién, PHQG-HCM [5].

Nhirng cong thirc trong cac budc tiép theo
déu dua trén nghién ctru vé thuat giai dan kién cua
Dorigo va Gambardella vé& bai toan ngudi ban
hang (Traveling Salesman Problem) [3]. Tuy
nhién, ching s& c6 vai sy bién d6i dé phu hop véi
bai toan toi uu hoa gene.

Xac dinh ndng d6 pheromone ban dau

Su di chuyén ctia nhitng con kién phu thudc
vao ndéng do pheromone, vi thé dé khoi dong bai
toan, tit ca cac con duong s€ duoc dat mot gia tri
ndng do pheromone ban dau 10 theo cong thirc:

10 = Score;_/n
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Trong d6: n: Chiéu dai cua chudi polypeptide

Score._: Piém sb cua trinh tu tdi wu duoc
tim bang thuat gidi Nearest Neighbor [10]. Dit
mot con kién & vi tri codon khoi dau. Khi do,
codon khéi dau 1a vi tri hién tai ctia con kién nén
goi la r. Con s 1a nhiing codon cung ma hoa cho
cac amino acid ké tiép. Sau d6, chung ta tim mot
codon s sao cho Scorer,es; (r.5)1a 16n nhét rdi
dat con kién & codon s d6. Nhu vdy, codon s nay
s& tro thanh mot codon r méi. Tiép tuc nhu thé s&
tim mot codon s méi cho t&i khi két thic chiéu dai
trinh ty gene.

Xay dung duong di

Mot con kién tai codon r lya chon mdt codon
s dé di chuyén dua theo quy luat dugc cho boi
cong thirc sau:

[a.fgma.v.{[t':r:sll] les)]'P} v selfr) néugeg

3 néu o¥q,
Trong d6: arg max: arguments of the
maxima, nghia la tim codon s sao cho

(7, 5)] . [n(r, s)1*% dat gid tri 16n nhat
t{r.s): Nong d6 pheromone trén canh (r. s)

n(r.s): Piém sb trinh ty tinh tir codon khéi
dau t6i codon s

B: HE s6 anh huong cua 1 duge khao sat bén
duoi

g: Gia tri phat sinh ngau nhién trong doan [0; 1]

go: Gia tri ¢b dinh trong doan [0; 1] dugc
khao sat bén dudi

Ji(r): Tap hop cac codon s ma con kién thir

k tai codon r ¢6 thé lya chon

5: Codon ngiu nhién dugc lya chon duya theo
phan phéi xac suat dugc cho boi cong thirc:

[7(r,5)] .[n(r, s)1*F
% 7lr, 2] . [n(r, 2)] 48

Trong d6: 5.z € Jx(r)

e lr.s) =

Cép nhéat pheromone cuc bo

Sau khi mdi con kién di chuyén tir codon r
téi codon s, nong do pheromone trén canh {r.s)
s€ dugc cédp nhat bang cong thire sau:

tlr.s) = —p).tlr.s) + p.1

Trong d6: p: Ti 1¢ pheromone bay hoi dugc
khao sat bén dudi

Ty: Nong d6 pheromone ban dau

Sau khi tit ca cic con kién trong mdi vong
lap da hoan thanh xong dudng di cua chung tu
codon khoi dau toi codon két thuc, cac cap nhat
pheromone cuc b s€ dugc phuc hoi lai dé tra vé
trang thai dau vong lap, sau do tién hanh cap nhat
pheromone toan cuc.

Cép nhat pheromone toan cuc

Qua trinh cdp nhat pheromone toan cuc chi
ap dung trén nhitng canh thudc trinh ty cé diém sb
cao nhit. Qua trinh cép nhat dugc thyc hién theo
cong thuc sau:

(r.s) = (1 — p) .7(r.s) + p. A7

Trong do6: p: Ti 1€ pheromone bay hoi dugc
khao sat bén dudi

best X A A \
At Nong do pheromone thém vao dugc

tinh theo cong thirc:

a_best _ g7
*:'“.rm —L:'Psr

Trong d6 Lypgs 13 diém s6 cao nhét cua trinh
tu gene hoan chinh tinh cho téi thoi diém hién tai
Diéu kién két thuc

Qua trinh t&i wu hoa lip lai tir budc Xay
dung duong di cho téi khi s6 vong lap dat téi mot
gia tri cho trudc, bai toan s€ két thuc va dua ra
trinh tu gene tdi wu.

Khdo sdt tim bé théng so t6i wu cho chuwong trinh
16i wu héa gene

Nhiing thong s6 cua thudt giai ACO dugc
khao sat bao gém B=1{2;3;4;5} p=1{0,1;0,3;
0,5}, q0 = {0,5; 0,7; 0,9}, sb lwong kién 13 10 con
va s6 vong lap tir 1 t6i 150 vong.

Pdnh gid chwong trinh toi wu héa gene

B thong s6 tdi wu sau khi khao sat s& dugc
sir dung d¢é tdi wru hoa trinh ty gene ma héa insulin
dé danh gia hiéu qua cua chwong trinh. Gene
trude va sau khi t6i vu hoa duge so sanh duwa trén
cac yéu t6 anh huong dén kha ning biéu hién gene
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bao gdm: Xu huéng st dung codon, thanh phin
GC, polycodon, polynucleotide, trinh ty lap lai,
trinh ty Shine - Dalgarno, ma két thic an va kha
nang loai bo trinh ty nhén biét cua enzyme ct
gidi han. Trong bai bao nay, chuong trinh dugc
danh gia trén may tinh Linux OS, Intel Core i3,
3.5 GHz, v6i 8 GB RAM.

So sanh voi cac chuong trinh toi wu héa gene

khac

Céc chuong trinh dung dé so sanh bao gdm:
OPTIMIZER tai dia chi
genomes.urv.es/OPTIMIZER, Codon
Optimization OnLine — COOL tai dia chi
omictools.com/codon-optimization-online-tool, va
GeneOptimizer [9].
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3 KET QUA VA THAO LUAN

Xay dung chwong trinh téi wu héa gene va
khio sat bd thong sb tdi wu

Chuing t6i da thu nhan dwoc 255 gene HEG &
E. coli K12 trt HEG-DB va gene ma hoda insulin
nguoi tt NCBI. Dit liéu HEG sau d6 dugc dung
dé tinh toan cac gia tri we dé s dung trong
chuong trinh t6i wu héa gene. Sau khi tao dugc
chuong trinh t6i wu hoa gene, gene mi hoa insulin
ngudi duge sir dung dé minh hoa. Gene ma hoa
insulin truéc téi wu hoa (trinh ty thu nhén t
NCBI) di dugc tinh todn Scorery;;=59,768 dua
theo ham tinh diém téng. Sau do, su khao sat cac
thong sé B, p, q0 duoc thyc hién voi sb vong lap
duoc ¢b dinh 1a 150. Két qua dugc thé hién trén
Hinh 2A.

Scorery, cao nhat sau cac vong lap
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Hinh 2. Két qua khao sat cac thong sb.
(A) Céc thoéng sb cho chwong trinh t6i uru hoa gene, (B) Bo thong s6 (8: p; go) = (2; 0,1; 0,9)

Theo d6 Scorer,y clia gene mi hoa insulin
sau t6i wu hoa ludn dat két qua cao hon so véi
truge t6i wu héa. Bén canh do, tat ca cac to hop
clia cac thong sb ung véi gia tri q0 cang 16n thi
cho diém sb cang cao trir mot trudng hop cua to
hop (B; p; q0) = (3; 0,5; 0,7) lai cho két qua thap
hon t6 hop (B; p; q0) = (3; 0,5; 0,5). Tuy nhién,
khi q0 dat gia tri cyc dai tac q0 =1, thuat giai
ACO s& cho két qua gidng nhu thuat giai Nearest
Neighbor va tit ca cac t6 hop (B; p; q0) déu cho
cung mot két qua kha thip Scorer,..; = 64,909
(két qua khong hién thi trén biéu d6). Vi thé, q0
cang 16n thudng cho két qua cang cao nhung nén
nho hon 1.

Bo thong s6 (B; p; q0) = (2; 0,1; 0,9) cho
diém sb cao nhét. Vi thé, bd thong ) nay s€ duogc
chon 14 bo thong s6 tdi wru cho chwong trinh téi vu
hoa gene. Piém sb cua trinh ty sau khi t6i wvu hoa
tinh theo s6 vong lap (tir 1 dén 150 vong) va thoi
gian ciia b thong sd nay thé hién trén Hinh 2B.
Theo d6, khi sé vong lip cang tiang thi diém s
cao nhét cang ting nhung bién dé ting cham dan.
Cu thé, diém sd ting nhanh trong 19 vong lip dau
tién (ting 0,46 diém), sau d6 ting rat cham, tir
vong lap s6 19 dén 150 chi ting dugc khoang 0,05
diém. Piéu nay chimg t6 sau 19 vong lip, nong do
pheromone & cac con dudng c6 chiéu dai ngin (s6
diém cao) da tang cao hon cac con duong con lai
nén co sy tap trung cua dan kién & cac con dudng
nay. Tir vong lap 20 trg di, chuong trinh tiép tuc
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cai thién két qua tdi wu nhung bién d6 cham hon
do d¢ t6i wu cua 10i giai da dat d6 cao nhét dinh,
hay no6i cach khac 1a bat dau cé sy hoi ty. Tir vong
lap sb 107, diém sé duong nhu khong ting nira
(tang rat it). Vi vay, dbi voi bo thong sb nay, dé
c6 két qua tot nhat, nghién ctru khuyén céo nén
chay tir 110 vong lap tré 1én. Thoi gian xtr 1y cta
chuong trinh trong truong hgp nay khoang 165
phut (voi gene insulin dai 333 nucleotide).

Panh gia chwong trinh tbi wu héa gene
Xu hwong swr dung codon

Xu hudng str dung codon 1a ti€u chi dugc st
dung trong tat ca cic chuong trinh tdi uvu hoa gene
hién nay boi tim quan trong tiéu chi nay trong
biéu hién gene [6]. Xu hudng st dung codon biéu

(A)

thi qua chi s6 CAL co gia tri tr 0 dén 1, thé hién
tong thé kha nang phu hop giita thanh phan codon
trong gene v&i xu hudng su dung codon cua hé¢
thong biéu hién. Hinh 3A cho thdy CAI cua gene
sau t6i wu hoéa cao hon 2 1an so véi trudce tdi wu
héa va cao hon gia tri trung binh cua nhém HEG
(0,75) 1,2 lan. Nhu vay, chuong trinh da thanh
cong trong viéc cai thién CAI ciia gene ban dau.

Thanh phan GC

Thanh phan GC (%GC) anh huong dén do
manh lién két gitra 2 mach cia phan tt DNA nén
n6 tac dong 16n dén mirc @6 biéu hién gene [9]. So
voi trude tdi wu hoa, %GC cua gene sau tdi uu
hoa dd dugc diéu chinh vé gan ngudng %GC cia
HEG (0,5056 dén 0,5367) (Hinh 3A). Diéu d6 cho
thdy hiéu qua t6i wu héa %GC ciia chuong trinh.

(B)

5 .
o ' l 0 0 :
0 ‘ —

=

Sau téi wu héa
O Polynucleotide

Trwéc téi wu hoa
o Polycodon

= Trinh tw lap lai ® Trinh tw Shine - Dalgarno

1

Khung 3
Sau téi wu hoa

1 0,9185 20
0,9
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0.7 0,6456 15
0.6 0,5646 o
0,5 0,4439 210
0,4 O
0,3 ®
0,2
0,1
o 3 .
Trwére téi wu hoa Sau t6i wu hoa
mCAl =%GC - CAlcua HEG === Khoang %GC
cua HEG
C
7 ©
6
5
5
o
§.4
o 3
Q
2
?2
1 .
0
Khung 2
= Trwée téi wu hoa
Hinh 3. Két qua d4nh gia chuong trinh ti wu hoa gene.
(A) Xu huéng sir dung codon, thanh phan GC.
(B) Polycodon, polynucleotide, trinh ty lap lai, va trinh tir Shine — Dalgarno. (C) M két thuc 4n
DNA motif

Cac DNA motif 1am giam hiéu qua biéu hién
gene nhu polycodon, polynucleotide, trinh tu 1ap
lai va trinh ty Shine - Dalgarno déu da duogc
chuong trinh loai bo hay giam sé lan xuat hién.

Cu thé, s6 luong polycodon, polynucleotide va
trinh ty Shine - Dalgarno sau t6i vu hoa da duge
chuong trinh giam vé 0 va trinh tu lap lai duogc
giam di 2 trinh ty (Hinh 3B). Nhu vay chuong
trinh da giam dugc cac yéu td tiéu cuc anh huong
dén biéu hién gene.
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MG két thiic én

Ma két thic an 1a nhimng codon két thiuc nim
trong vung ma hoa cuia gene nhung thudc khung
doc 2 hoidc khung doc 3. Ma két thiic 4n co vai tro
gitip dimg su dich mi 1éch khung nham tranh tao ra
cac san pham protein sai va tiét kiém thoi gian
cling nhu vat chét bén trong té bao [8]. Gene sau tdi
wu hoa da co sy gia ting s6 lwong ma két thuc an &
ca 2 khung doc (Hinh 3C). Nhu vay chuong trinh
da thanh cong trong vi¢c tang cudng sy xuét hién
clia cac ma két thuc an trong gene.

Trinh tw nhdn biét cua enzyme cat gioi han

Cubi cung, chuong trinh duoc danh gia dua
trén kha ning loai bo ving nhan biét cia cac
enzyme cit gidi han. Thi dy, c¢6 3 trinh ty nhin
biét ciia enzyme Pyl trén gene ma hoa insulin co
thé duoc dé loai bo trong trinh tu t6i wu. Vi tri
nhan biét cua enzyme nay trén trinh tu t6i wu co
thé duoc thay doi cho phu hop (két qua khong
duoc thé hién). Nhu vay, chuong trinh tdi wu hoa
gene da thanh cong trong viéc tdi uu cac tiéu chi
xu huéng st dung codon, thanh phan GC, céc
DNA motif va trinh ty nhan biét cta enzyme ct
gi6i han. Tiép theo, tién hanh so sanh hi¢u qua t6i
uu hoéa cua chuong trinh xay dung dugc véi céac
chuong trinh tdi wu hoa gene khac hién nay dé c6
két luan khach quan hon vé kha ning tdi cua
chuong trinh.

So sanh véi cac chwong trinh toi wu hoéa gene
hién nay

Céc chuong trinh dugc s dung dé so sanh
bao gom OPTIMIZER, GeneOptimizer va COOL.
S6 lugng va céac loai tiéu chi t6i wu hoa gene trong
cac chuong trinh 13 khic nhau. Vi thé dé co su
khach quan, nghién ctru chi chon ra cac tiéu chi
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gidng nhau giira cac chuong trinh dé thuc hién so
sanh.

Két qua so sanh v&i hai chwong trinh
OPTIMIZER va GeneOptimizer dugc thé hién
trén Bang 1. Theo doé chuong trinh xay duyng cai
thién chi sé CAI cao hon 2 chuong trinh con lai.
Vé %GC, chuong trinh xay dung cho két qua t6t
hon OPTIMIZER (d6 léch thap hon 2,6 lan)
nhung vin chua nam trong khoang %GC ciia
HEG nhu GeneOptimizer. Tuong tu, két qua so
sanh gitra chuong trinh xay dung véi chuong trinh
COOL & Bang 2 ciing cho thiy sy cai thién CAI
ctia chuong trinh xay dung t6t hon so véi COOL.
Cu thé, chuong trinh x4y dyng cai thi¢n dugc chi
s6 CAI tang 1én 0,45 diém, trong khi do gia tri nay
1a 0,23 diém d6i véi COOL. Nguoc lai, cac tiéu
chi nhu %GC, trinh ty 13p lai, ma két thic an thi
COOL cho hiéu qua cai thién tdt hon.

Dua vao cac két qua trén, chuong trinh xay
dung tir nghién ctru da cho thay kha ning t6i uu
hoéa twong duong so véi cac chuwong trinh khac.
Tuy nhién, mdi chuong trinh cho hiéu qua tbi wu
& mdi tidu chi khac nhau. Chuong trinh xay dung
ttr nghién ctru vuot tréi & xu hudng st dung codon
so v6i ca 3 chuong trinh dugce so sanh, nguoc lai
cho hiéu qua kém hon & céc tiéu chi nhu %GC
hay trinh ty 13p lai. Mirc d6 t6i uu hoa & cac tidu
chi phu thudc vao ham tinh diém téng. Do do, voi
su thay d6i trong sb trong ham tinh diém tong,
chwong trinh duge du dodn co thé cho phép ngudi
dung chon lya mic do tdi wu & cac tiéu chi cho
phil hop véi nhu cau sir dung trong timg trudng
hop cu thé. Mot thé manh khac cua chuong trinh
dd xay dung 1a kha niang két hop da dang nhiéu
tiéu chi t6i uu hoa khic nhau cho phép ngudi
dung lya chon so v6i 3 chuong trinh da so sanh.

Bing 1. Két qua so sanh giita chuong trinh xdy dung v6i GeneOptimizer va OPTIMIZER

Trudc khi tdi vu héa

Sau khi t6i wu hoa

Cic tiéu chi tdi wu héa

Chuong trinh xay

gene i GeneOptimizer OPTIMIZER
CAI 0,4439 0,9852 0,8195 0,8090
%GC 0,6456 0,5646 05225 0,6096
Dy léch so véi khoang
b 1¢ Thud khos
%GC cia HEG [0,5056; 0,1089 0,0279 uoe OME 1.0729

0,5367]

%GC HEG




TAP CHI PHAT TRIEN KHOA HQC & CONG NGHE: 29
CHUYEN SAN KHOA HQC TU NHIEN, TAP 2, SO 2, 2018

Béng 2. Két qua so sanh giita chwong trinh x4y dung véi COOL

Truéc Kkhi tdi wu héa

Cic tiéu chi t6i wu hoa gene

Sau khi t6i wu héa

Chuong trinh xay

COOL
dung
CAI 0,4439 0,8937 0,6757
%GC 0,6456 0,5526 0,5285
Do léch so véi khoing %GC cia HEG
v 0,1089 0,0159 Thuéc khoang %GC HEG
[0,5056; 0,5367] ’ > udc khoang %
Trinh ty lap lai 17 15 0
Polynucleotide 1 0 0
i R Khung doc 2 2 5 5
Ma ket thic an
Khung doc 3 1 5 9
Trinh ty Shine - Dalgarno 5 0 0

4 KET LUAN

Nghién ctru da xay dung thanh cong chuwong
trinh t8i uu hoa gene dwa trén thuat giai Téi Uu
Dan Kién. B thong s6 tdi uu cho chuong trinh 1a
B=2,p=0,1,q0=0,9 v6i s6 vong lap tir 110 tro
lén. Chuong trinh xay dung cho kha ning t6i uu
héa twong dwong véi cac chuong trinh Gene
Optimizer, OPTIMIZER va COOL. Cac két qua
trén thé hién kha ning (mg dung hiéu qua cta
thuat giai ACO cho van dé t6i uu hoa gene. Ngoai
ra, dé két qua danh gia chuong trinh dugc toan
dién va khach quan hon, can tién hanh tdi vu hoa
bang cac trinh ty gene khic ngoai insulin ciing
nhu cin tién hanh thuc nghi¢m dé kiém tra kha
ning biéu hién gene sau tdi wu héa.

Loi cam on: Nghién cuu nay dwoc tai tro boi
Trung tam Khoa hoc va Cong nghé Sinh hoc va tu
dé tai cap Trwong ma sé T2016-22, Truong Pai
hoc Khoa hoc Tw nhién, PHQG-TP.HCM. Cam
on PGS.TS. Tran Vian Lang dd gép y sit dung
thudt giai Toi Uu Pan Kién dé giai quyét van de.
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Abstract—In recombinant protein production,
transferring a wild type gene of one organism into
another expression host sometime resulted in a low
gene expression due to incompatibility between the
gene and the expression system. In that case, the
target gene needed to be optimized to be more
compatible with the expression system through gene
optimization process in  which nucleotide
composition of original gene would be replaced by
synonym codons while
sequence. In existing gene optimization programs,
many optimization algorithms have been applied,
such as Genetic Algorithm or Sliding Window, to
search for the optimized gene sequence. In this

retaining the protein

research, we applied the Ant Colony Optimization
(ACO) algorithm to construct a gene optimization
program. The results showed that the gene after
optimization has been improved in codon usage, GC
content and reduced the occurrence of factors
reducing transcription and translation efficiencies
such as polycodon, polynucleotide, repeated
sequence, and Shine - Dalgarno sequence.
Comparing with some current programs using a
gene encoding for human insulin also proved the
efficiency in the gene optimization this program.
These results have demonstrated the capabilities of
applying ACO algorithm in the gene optimization
problem.

Keywords—Ant Colony Optimization, Codon optimization, gene design, gene optimization



