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TOM TAT Viée sir dung cdc gen ty nhién trong qud trinh san xudt cdc san pham tdi 16 hop dung trong y hoc, dwoc hoc, hay cai
tao gidng cdy trong trong néng nghiép thiwong cho két qua biéu hién thap. Viéc thiét ké gen hay téi wu héa gen da dwoc tién
hanh nghién ciru ciia nhém Hugo G Menzella nam 2011. Vao nam 2014, nhém Agnieszka Zylicz-Stachula nam 2014 chitng minh
khd nang gia ting mirc dg biéu hién ciia gen muc tiéu sau khi t6i wu héa so véi gen tir nhién ban dau. Bdi viét nay trinh bay két
qud khao st cdc tham sé dnh hwedng dén t6i wu héa gen tir cic chwong trinh dang dwoc siv dung hién nay nhie: Eugene,
GeneOptimizer, VisualGeneDeveloper, OptimumGene. Pdnh gid cdc tiéu chi t6i wu héa cia chuwong trinh giita gen ti nhién va
gen t6i wu héa trén cing b gen MHAS. Cdc két quad thong ké dwoc dimg dé xdc dinh cdc tham sé quan trong cho viéc thiét ké
gen diing trong tdi t6 hop.

Tir khéa— Téi wu, sinh tin hoc
I. GIOI THIEU

Phén tir DNA tai t6 hop (recombinant DNA technology) dau tién trong 6ng nghiém (in vitro) dugc ra doi tir
nhitng nam dau cua thap nién 1970; d6 la co s0 cho su ra doi cia cong nghé sinh hoc hién dai: ky thudt di truyén
(genetic engineering) [1]. Su ra doi va phat trién nhanh chéng ciia linh vyc nay khong nhing da dua lai s hleu biét sau
sdc vé cdu triic va cac co ché hoat dong cua cac gen va bd gen; ma con tr¢ thanh lyc lugng san Xuét truc tiép cua xa
hoi, gop phan giai quyét nhitng van dé thyc tién dit ra trong y duoc hoc, nong nghiép va méi trudng.

Viéc san xuét protein tai td hop thuong duoc bat dau béng viéc lya chon mdt gen mong mudn, tiép theo 1a phan
lap gen va cit gen bang cac enzyme han ché. Gen tach duoc gin vao mot vector tao dong (plasmid) va dwa vao mot vét
chu; ¢ d6 doan gen nay dugc dich ma thanh mot protein dac biét [2] protein d6 dugc goi la protein tai to hop. Khi
tuyén chon gen ty nhién vao qua trinh san Xudt thuong cho két qua biéu hién thip vi cac gen khi dua vao hé théng biéu
hién s& c6 thé xuét hién sy khong tuong thich vé xu huéng st dung codon hay thanh phan GC cua gen, trinh ty 1ap lai.
Tir d6 1am giam kha nang biéu hién ra protein muc tiéu. Chon lya mot gen tdt cho viée san xuét s& 1am gia ting biéu
hién ra protein muc tiéu, diéu nay di dwoc nghién ctru ciia nhom Hugo G Menzella va cong sy nam 2011 [3] hay
AgnieszkaZylicz-Stachula va cong sy nam 2014 [4]..

Viéc thiét ké lai gen ty nhién hay tdi wu hoa gen dua trén co s& danh gia cac ti€u chi sinh hoc s& l1am nang cao
biéu hién gen muc tiéu [5]. P4 c6 nhidu phan mém hd trg cho nha sinh hoc viée tdi wu hoa gen nay. Nhin chung céc
phén mém dua trén mot sb nghién clru cia cac nha sinh hoc dé chon lva céac tiéu chi cho viée xay dung chuong trinh
t6i wu hoa gen. C6 ba phuong phép t6i ru hoa gen duoc cac phan mém nay ap dung nhu sau:

 Nhom giai phap Mgt amino acid — mét codon (One amino acid — one codon): Day la phuong phap dugc
phét trién som nhat. Phuong phap nay st dung codon wa thich nhéit cho mdi amino acid dwa vao bang thng
ké xu hudng su dung codon cho moi loai. Tt trinh tu amino acid cua protein muc ti€u, chuong trinh s€ thay
thé amino acid bang codon ua thich tuong tng. Phuong phap dugc chuong trinh GenOptimizer ap dung dua
trén giai phap cua Puigho P., Guzméan E.Romeu A. and Garcia-Vallvé S. 2007 [6].

e Nhom gidi phap M@t amino acid — nhiéu codon (One amino acid — one randomization): phwong phap nay
xét tat ca cac codon c¢6 thé ma hoa cho amino acid twong tmg trong trinh tu, két hop véi cac tiéu chi khac nhu
%GC, trinh tu nhan biét cta enzyme cét gid1 han, trinh tu 1ap lai, ... dé tir 6 c6 thé ma hoa ra trinh tu protein
muc tiéu. Phuong phap nay sir dung ham muc tiéu dé tim ra cac gen tdi uu. Pai dién cho phuong phap nay la
chuong trinh Eugene dua trén dé xuét cta Paulo Gaspar [3, 7].

e Phwong phdp két hgp (Hybrid construct): bay la phuong phap ket hop tir hai phuong phap trén, chi xét cac
amino acid duoc ma héa bdi cac codon co tan suat sir dung cao; vé nguyén tic co thé rat ngén thoi gian xu ly
nhung ¢6 thé bé qua mot sb trinh tu tot. Chuong trinh 4p dung phuong phéap nay 1a DNA Words, st dung giai
phap cua Hoover and Lubkowski [8].

Xu hudng ng dyng khoa hoc tinh toan hd trg cong viée thiét ké gen cho san xuét protein tai t6 hop dang dugc
cac nhom nghién ctru va cac cong ty vé cong nghé sinh hoc rt quan tdm. Cac san phim phan mém ndy thuong duoc hod
trg mién phi trén cac website hay cac phan mém ng dung. Nhitng nguoi nghién ctru sinh hoc khi can t6i uu hoa gene
dé nang cao kha niang biéu hién protein tai tb hop déu su dung cac chuong trinh t6i wu hoa gene da phat trién trén thé
gi¢i nhu GeneOptimizer, OptimunGene hay Eugene, hodc dit mua cac gen da duoc tbi wru hoa tir cong ty sinh hoc.
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Trong bai béo ndy véi muc dich khao sat cac phian mém thiét ké gen Eugene, GeneOptimizer, Visual Gene
Developer, OptimumGene. Tiéu chi khao sat d6 1a quy trinh thiét k&, tham sé dwoc st dung cho t6i wu hoa gen, thuat
toan ap dung, ciing nhu cong nghé thiét ké. Cac két qua thdng ké s& duoc so sanh véi san pham Gen mha5.1 — gen téi
o hgp dwoc td ng ho p t hang (Genscript), qua d6 xac dinh cac tham sb quan trong cho viéc thiét ké gen
tai to hop.

Céc phan con lai cua bai bio dugc trinh bay theo cic ndi dung nhu sau: phan 2 dwa ra phan tich va khao sat
tham so anh hudng, phan 3 trinh bay két qua thuc nghiém Gen ha5 trén tung phan mém thiét ké gen va so sanh voi gen
mhab.1, va phan cudi cung 1a két luan.

A. Bai toan fim cdc tham sé quan trong cho thiét ké gen tdi té hop
a) DNA tai to hop:

DNA tai t6 hop 1a phan tir DNA duoc tao thanh tir hai hay nhiéu trinh tw DNA ciia cac l0ai sinh vat khac nhau.
Trong k¥ thuat di truyén, DNA tai t6 hop thuong 1a dugc tao thanh tir viéc gin nhitng doan DNA ¢6 ngudn gbc khac
nhau vao trong vector tach dong. Nhirng vecto tich dong mang DNA tai t6 hop ndy c6 thé biéu hién thanh cac protein
tai to hop trong cac sinh vat nhu Hinh 1 [9].

Mawnbd

Hinh 1. Minh hoa hinh thanh DNA t4i t& hop tir Plasmid (vecto tach dong) va DNA la

2. Codon ddng nghia (Synonymous Condon)

Co s6 khoa hoc cua viéc tdi wu hda gen dua trén hién tuong codon dong nghia. Mot codon gdom ba nucleotide s&
6 4° = 64 loai codon. Tuy nhién 64 loai nay nhung do chi ¢6 20 amino acid, vi vy mot amino acid c6 thé dugc ma
hoa bai it nhét hai loai codon khéc nhau, tir d6 dan dén cac codon ddng nghia [11].

Vi du: Nhu minh hoa ¢ Hinh 2 - dwoc dong khung, Amino acid Ala (hay A) c6 bén codon ddng nghia 1a GCA,
GCC, GCG, GCU.

CGL A ey

qGo e vec
GCU  qGa GGU any CCU UCA ACU GUU
GCC  {GG GGC AUU  CUC CCC TCG  ACC GUC TAA
GCA 4GA MU GAU UGU CAA GAA GGA CAU AUC CUA A UUU CCA AGU ACA UAU GUA UAG
GOG 4GG MAC GAC UGC CAG GAG GGG CAC AUA CUG AAG  ALG LTC CCG AGC ACG UGG UAC GUG  TGA
Als Airg  fsp Am GOs Glw  Gin Gy His e Lew Lys Met Phe Pra Ser The Tep Tyr Val
La R D N C E Q G H 1 L K M F P s T w Y v

Hinh 2. Minh hoa cic codon ddng nghia.

B. Ham muc tiéu

Mot protein duoc ciu tao tir gen déng nghia duoc tao tur nhiéu amino acid, c6 thé dugc ma hoa bai nhiéu gen
khac nhau, cac gen nay dugc goi 1a gen dong nghia. Viée ti uu hoa gen s& lua chon gen dong nghia t6t nhat hay gen
mang lai hiéu suat biéu hién cao nhat théa man cac yéu cau vé toi uu. Tap hop cac yéu cau vé t6i wu duogc goi la tham
$6 quan trong cho qud trinh thiét ké gen va day ciing chinh 1a cac tham s6 dugc dung cho ham muyc tiéu cua bai toan t6i
wu hoa. Cac chuong trinh thiét gen hay t6i wu hoa gen hién nay ciing tap trung xy dung va cai tién ham muyc tiéu ny.


https://vi.wikipedia.org/wiki/ADN
https://vi.wikipedia.org/wiki/Lo%C3%A0i
https://vi.wikipedia.org/w/index.php?title=Protein_t%C3%A1i_t%E1%BB%95_h%E1%BB%A3p&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Protein_t%C3%A1i_t%E1%BB%95_h%E1%BB%A3p&action=edit&redlink=1
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Céc cach xay dung ham muc tiéu ciia cic chuong trinh tdi uu héa gen hién nay dya vao ba cach tiép can vé thiét ké gen
nhu da néu o trén d€ xay dung thuat toan cho ham tinh diém cho chuong trinh cia minh.

1. Céc ham tinh diém riéng 1é

Trong phuong phap nay, da sb cac tiéu chi duoc xem xét bang cach so sanh vi mot gia tri ngudng cho trudc.
Néu trinh tu xem xét thoa man diéu kién s& dugc thu nhan, nguoc lai sé bi loai bd. Bén canh d6, nhiing ti€u chi khong
xéac dinh dugce ngudng loai bo ¢ thé dung ham tinh diém riéng 1¢ dé xép thir tu cia céc trinh ty xem xét. Trinh ty thuc
hién ctia thudt toan s& xem xét lan luot ting tiéu chi theo thw tu duwoc quy dinh trudce tuy theo mirc do quan trong cua
c4c tiéu chi nay. Chuong trinh Visual Gene Developer ap dung phuong phap nay dé thiét ké gen t6i wu hoa.

2. Goi céc tiéu chi lan luot Ia:
. Xy : gia tri do thich nghi twong d6i (Wc) cia timg codon.
. Xz : la khoang gia tri %GC min-max.

3
4
5. Xs: chiéu dai trinh tu 1ap lai cing chiéu va ngugc chiéu tdi thiéu
6
Xn © gid tri tiéu chin
Ham tinh diém riéng 1é c6 dang

i f)=fx)=x,+x,++x, - Max(Min), 1.1)
véi cac dicu kién rang budc

|( X1 < b]_
Xy < bz
Xn < b,

kxl,xz,..xn =0
7. Ham tinh diém tuyén tinh

Ham muc tiéu dugc xay dung vdi muc tiéu t61 wu hoa gen theo nhiéu tiéu chi, cac chuong trinh c6 thé lva chon
toi wu dong thoi hay toi uu lan lugt cac ti€u chi nay. Khi chon t6i uu hoa dong thoi, thuét toan can xay dung mét ham
tinh diém tong d¢ c6 danh gia tong hop ve tat ca cac tiéu chi can xem xét.

Céc chuong trinh t6i wu hoa gen hién nay nhu GeneOptimizer sir dung ham tinh diém c6 dang t6 hop tuyén tinh
ctia cac ham tinh diém cho ting tiéu chi thanh phan. Dé thé hién mirc d6 anh huong, hay con goi 1a do wu tién cho ting
tiéu chi, hé s ding trude timg tiéu chi trong ham tuyén tinh s& dwoc chuong trinh hodc nguoi ding lwa chon dé tim
kiém két qua phii hop yéu cau. Chuong trinh GeneOptimizer sir dung ham tinh diém dang nay.

Ky hiéu cac tham s quan trong:
X1: Gia tri do thich nghi twong ddi (Wc) cia ting codon:
X: Khoang gia tri %GC min-max:

Xs: Chiéu dai trinh ty ldp lai cung chidu va nguoc chiéu tbi thidu:
Xn : gia tri tiéu chi n

Cy1,Cy C3.. Cp:lacac hé s6 cho timg tiéu chi
Ham tinh di€ém tuyén tinh [12] c6 dang nhu sau:

f) =cf(x) = c1xy + x5 + -+ cpx,, — Max(Min), (1.2)

voi cac di€u kién rang budc

f a11x1 + a12x2 + -+ alnxn S b1
a21x1 + azzxz + -+ aann S bz
AmnX1 + AppXy + 0+ A Xp < bm

X1,X9,.. % =0
8. Hamtinh diém phi tuyén

Co ché anh hudng cua cac yéu tb 1én sy biéu hién protein muc tiéu rét phuc tap. Céc yéu td nay c6 thé anh
huong (ho trg hodac xung d6t) 1an nhau nén can mot dang ham tinh diém khac hon dé biéu thi. Tuy vao thuét toan ap
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dung cua tung phﬁn Ipém ma chon hém muc tiéu nay dang, nhu phﬁn mém EuGene st dung thuat giai di truyén
(Genetic Algorithm) dé du doan gen to6i uu [13].

IL. PHAN TiCH CAC TIEU CHI TOI UU HOA GEN CUA MQT SO PHAN MEM

C6 nhiéu phian mém hd trg cong cu tdi wu hoa gen dang dugc sit dung nhu: Visual Gen Developer,
OPTIMIZER, OptimumGene, EUGene, DNAWork, Jcat, Synthetic gene designer, GeneDesign, Gene Designer 2.0,
mRNA Optimizer, COOL, D-Tailor, ... Cac phdn mém nay thuong cung cap mién phi va c6 hai hinh thirc nguoi dung
¢6 thé sir dung dang website hodc dang tng dung. Cac tham s6 dau vao cho chuong trinh duge sir dung nhu thé nao c6
thé tiry theo yéu céu cua nguoi st dung hodc khong can cung cap M&i phan mém déu c6 nhing dic trung riéng va co
tiéu chi riéng ve t6i wu hoa gen. Nhin chung cac phan mém déu c6 nhimng dic diém chung nhu: ngén ngir thiét ké cho
phép nang cap hay khong, cac thuat toan ap dung, quy trinh thyc hién, trong pham vi bai viét nay chung t6i trinh bay
céc théng ké vé dic diém chung nay cua cac nhom phan mém dai dién.

A. Phan mém Eugene

Eugene [13] la mot chuong trinh Gmg dung két hop nhidu thuat toan phuc vu cho viéc t6i wu héa gene duge phat
trién boi Paulo Gaspar cung cac ddng su va cong bd nam 2012. Chuc nang chinh cua chuong trinh 1a phén tich va thiét
ké lai gen sir dung nhiéu phuong phép t6i wu hoa nhim muc tiéu ting t6i da hiéu qua ma hoa cua gen. St dung két hop
2 thuat toan: thuat toan mo phong luyén kim (Simulated Annealing Alogorithm) va thuat toan di truyén (Genetic
Algorithm). Eugene thyuc hién t6i wu hoa da tiéu chi dua trén mot sb tiéu chi nhu xu huéng st dung codon (codon
usage), thanh phan codon (codon context), s6 phan trim GC (%GC), mi két thuc 4n (Hidden Stop Codons), trinh tu 1ap
lai, trinh ty Shine — Dalgarno.

) bay 1a phén mém thugc dang dong goi, chon lya mot hay nhiéu tiéu chi té‘i vu hoa gen va chd két qua hién thi
két qua cua phan mém vdi thiét ke t6i wu hoa da muc tiéu nén khi chon cang nhicu ti€u chi thi thoi gian thyc thi cang
lon. Sau day hoat dong tong quat cua Eugene. So do nhu Hinh 3.

Input Sequenge Cic tiéu chi tdi wu héa Codon usage, codon Inpyt Seauence

ntext, restriction site elimination,.

Hinh 3. So db hoat ddng nhém phan mém déng goi dang dong goi Eugene

B. GeneOptimizer

GeneOptimizer [8] 1a mot website 16n luu trit cac co so dir liéu quan trong nhu co s¢ dir lidu cac gen biéu hién
cao (HEG Database), co s¢ dir liéu xu huéng st dung codon ctia hon 150 hé thong biéu cung véi nhiéu cong cu tinh
toan trong tdi wru hda gene nhu CAlcal, E-CAI, Optimizer [8]. Chuong trinh t&i wu hoa GeneOptimizer cung cap cho
nguoi dung nhiéu phuong phap tdi vu hoéa gen: mot amino acid - mgt codon, mét amino acid — nhidu codon; trong do
st dung Phuong phap Monte Carlo. Céc tiéu chi nhu xu hudng sir dung codon, trinh ty nhan biét ctia enzyme cét gidi
han, %GC ciing dugc chuong trinh dua ra cho ngudi ding tiy chon trong qua trinh t6i vu hoa.

So dd hoat dong ciia GeneOptimizer dugc mé ta nhu Hinh 4: tir trinh ti ban diu chwong trinh tinh céc chi sé vé
st dung codon, c6 thé chon lya cac phuong &n t6i vu héa mdt amino acid-mét codon, mdt amino acid — nhiéu codon
ma tinh lai va cap nhat két qua thiét ke gen.

Input Sequenc ' Q

:> Condon |\ Restriction Site :>

usage Elimination
Output Sequence

Hinh 4. So db hoat dong nhom phin mém GeneOptimizer

C. Visual Gene Developer

Visual Gene Developer[14] Ia phin mém thiét ké chuyén nganh gen c6 nhiéu chirc nang dé phén tich, thiét ké va
t6i uu hoa gen. Ban déu, phan mem da duoc phat trlen dé t6i wu hoa chudi DNA (chi yeu 1a dé tdi wu hoa codon) ctia cac
gen muc tiéu da duoc nang cap dé c6 cac goi phan mém no6i chung ké tir nam 2008. Dé tan dung cac cong ngh¢ lap trinh
mo&i nhét, phan mém ép dung ngdn ngir 13p trinh Visual Studio .Net FrameWork va thiét ke lai tAt c4 cac ma ngudn cua
chuong trinh dé c6 thém tinh nang mai nhu phat trién module nguoi dung, thuat toan di truyén dugc st dung. Visual Gene
Developer ap dung ham tinh diém 14 riéng 1é va tinh ham tinh diém phi tuyén dé dy doan gen t5i wru hoa.
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V6i quy tic nhap vao trinh ty mot lan, ngudi dung chon cic module tinh toan pht hop, phan mém s& tinh toan
va tra vé két qua gen toi wu phu hop (Hinh 5).

Input Sequence

—t ¢ T T T 1

Codon
Module 1 Module 2 Module 3 Module 4 Usage

=
“ L gutput Sequence

Hinh 5. So db hoat dong phan mém Visual Gene Deverloper

D. OptimumGene

OptimumGene [15] la phin mém cua cong ty hang dau thé giéi vé dich vu téng hop gen. Cac thuat toan
OptimumGene dua vao xem xét mot loat cac yeu t6 quan trong lién quan dén giai doan khac nhau cua biéu hién
protein, ching han nhu kha ning thich img codon, cau tric mRNA, va yéu t6 phién mé va dich ma.

Quy trinh hoat dong cua phin mém kha don gian nhu hinh 6, chi can nhap vao doan gen can tbi wu, phan mém
s& tinh toan va tra vé két qua trinh ty mong mudn cua gen.

Input Sequence Cond
ondon | Restriction Site :>

v usage Elimination

Output Sequence

Hinh 6. So db hoat dong phin mém OptimumGene

E. Xdc dinh cdc két qua hé thong tham sé dwa trén két qua thong ké
Céc tham sb duogc sir dung trong cac phdn mém duge mo ta vé gia tri sinh hoc nhu sau [1]:

» Oligo generation: cac doan trinh ty nho, chi ’sé nay chorbié't trong by gene c6 chira cdc codon hiém hodc it
duoc “ua thich” doi s€ lam lam giam hi¢u suat cia hé thong bicu hién.

e Condon usage: xu huéng sir dung codon. Chi s6 thich nghi codon (Codon Adaptation index — CAI gia trj dao
dong tir 0 dén 1. Gia tri CAI = 1 chi céc gene c6 xu hudng sir dung cac codon phd bién nhéat dbi voi hé thong
biéu hién va gia tri CAI = 0 chi cac gene sir dung cac codon khong duge dung trong hé théng biéu hién.

e Condon context: thanh phan codon.

e GC.AT content: Ham lugng GC phan bd doc theo chiéu dai ciia gen. Ti 1é GC cao thi lyc lién két giira hai
mach s€ 16n, gay kho khan cho su cit dut lién két trong qua trinh tach mach.

e Restriction site manipulation: bang ghi nhan céc vi tri thay d6i vang trinh ty.

e mMRNA secondary structure: quyét dinh tinh bén cta phan tir, con anh hudng tryc tiép dén kha ning tham gia
vao qua trinh dich ma tao protein.

¢ Motif avoidance: loai bé motif trong trinh tu.

¢ Repetitous base removal: trinh ty l3p lai.

e Hidden stop codons: ma két thic an, Viéc xuat hién cac ma két thuc nay gitip qua trinh dich mé tranh dugc cac
san phém dich ma 1éch khung.

Bing 1. Tham s tham s6 dugc ding trong cac phin mém théng ké

Tham s6
c
2 o
s = =
2 = 3
= -~
5 ? g 2
c - IS g @ o S
£ o % 5 g g £ g 8
s 2 = £ s S S = =
~ A A @ 2] Q o c 3 = (%] o
Tén phan mém 5 > o o =) 3 g 3 7
()] = = [ ° ] 4= c
S S 2 < = S
=] S o < = = b= D S
=) = c : D s o S
= S S @] @ 04 ) 5} =
o o O o vd S = [vd T
Optimizer X X X X X
Visual Gene Developer X X X X X X X
EUgene X X X X X X X
OptimumGene X X X X X
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Cic tham s6 quan trong dung trong cic phin mém
thi€t ké gen

N W b 1

0 S6 thudc tinh

Hinh 7. Két qua tdng hop cac tham sb quan trong duoc chon cho bai toan t&i wu hod gen cd tai tb hop

Bang 2. Cac thong s k§ thuat va dia chi tai cac phin mém

Tén chuong trinh | Dia chi tai va st dung Céc thudt toan tham | Ngon ngir 1ap | Khd ndng néng cép nguoi
phan mém khéo chinh trinh dung
Optimizer http://genomes.urv.c | Puig bo et al (2007), | PHP Khong
at/OPTIMIZER/
Monte Carlo
Visual Gene http://visualgenedev | Jung and McDonald | .Net Co6 khd nang nang cip mot
Developer eloper.net (2011) Framework s6 modules, nhung khong
chinh stra nhitng module da
thiét ké
EUgene http://bioinformatics | Gaspar et al (2003) | Java Khong
.ua.pt/eugene/
OptimumGene http://www.genscrip | OptimumGene™ PHP Khong
t.com/codon- (2011)
opt.html

II. KET QUA THU'C NGHIEM

Trong bai viét sir dung gen has.1 (mi s6 AJ 867074) tir ngan hang gen NCBI, ding trinh ty gen nay kiém tra cho
céc phan mém d néu trén va thu nhan cac bang so sanh vé cdc tham s6 nhu: CAL; ham lugng GC; vi tri tuong dbi cac
nucleotide; ty 1¢ phan trim ma bo ba. Gen téi wu dugc thiét ké lai dugc goi 1a mhas.1 do hing Genscript tong hop. Cac
chi sb nay da kiém dinh béng thuc nghiém cta nhém nghién cu V6 Viét Cw & ng, Lée Thi Hué , D& Thi
Huy n, Lé Quynh Giang, Nguyé n Thi Quy, Trw o ng Nam HA i da ching minh ring gen cai bién mha5.1 c6
kha ning biéu hién tot hon gen ha5.1[10]. Két qua kiém dinh cta cac phan mém trén tirng tiéu chi so sanh véi hai gen
ha5.1, mha5.1:

A. Tham sé codon usage - Chi s6 thich nghi codon- CAl

Gen has.1 trudc cai bién co chi s6 CAI thap, CAI = 0,69, Sau khi cai bién ma, gen mhas.1 ¢6 chi sb phu hop ma
CAlda t 0,98 [10]. Cac phA n mém dw ¢ ¢ kié m tra trén cung gen hab.1 cho k&t qud cling khac
bié t va trw & ng ho p phd n mam Eugene chi dung chi s& codon dd ng nghia — RSCU (Relative
Synonysmous Codon Usage) dé ap du ng cho tham sb codon usage néen gia tri cl a phd n mam nay
la 0 cho bié u dd thd ng ke. Do ap du ng thud t toan don gid n nén phd n mam Optimizer cho
k&t qud cao nhd t 100% va thd p nhd t la Visual Gene Deverloper 66, 7%,
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Ty 1€ CAI cia gen haS.1 va mha5.1
15
1
0.5 mha5.1
0 N . - = mha5.1
N . .
&

Hinh 8. Két qua kiém tra ctia c4c phin mém khi so sanh tham sb codon usage— CAI

B. Tham s6 sir dung condon dong nghia Enc- Efective Number of Codons.

Phd nmadmdwoc thiét ké theo phw o ng phap Mot amino acid — mét codon nhu Optimizer cho Kkét
qué ty 18 nay & gen tbi wu thdp hon so v6i gen ty nhién. Cac phan mém sit dung Mot amino acid — nhiéu codon s& cho
ty 18 nay cao hon & gen dwoc thiégt k&. Ddc biét két qud Enc cla phdn mam
Optimungene ting ma nh tlr 44% lén 94% [10].

Ty 1€ Enc ciia gen ha5.1 va mha5.1
100
80
60
40
2 I . ® ha5.1
0 ® mha5.1
w q} ol &
) & o) S
& - S
R R

Hinh 9. Két qua kiém tra ctia cic phan mém khi so sanh tham sé Enc
C. Tham s6 GC.AT content

Ham lugng GC cao va phén bd khong déu dé tao cu troc thir cép, nhu céu trac kep toc. Cau trac thir cap duoc
hinh thanh hay mét di gin vung mRNA khong dich ma va gin mi bd ba khoi dau ¢6 anh huong den téc do suy thodi
mRNA va anh hudng t6i khoi dau dich ma. Ham lugng GC trung binh giam xudng cta gen sau khi tdi wu cua cac phian
mém déu giam xudng.

Ty 1€ % C-G ciaa gen ha5.1 va mha5.1

®ha5.1
® mha5.1

Hinh 10. Két qué kiém tra ciia cac phin mém khi so sanh tham s GC.AT content
Theo két qua phan tich cia nhom tac gia khao sat [10] thi “sau khi cai bién mé, gen mha5.1 c6 chi s6 phu hop
mi CAI dé biéu hién trong P. pastoris da t 0,98. Cac md bd ba ddu co tan sé6 s dung & m¥c cao
trén 60% va khong con cac ma bd ba hiém. Ham lw ¢ ng GC trung binh gid m xub ng con 36, 64%,
lw o ng GC phan bd dadu hon so v&@ i trwdc cd i bién DPadc biét tdn sud t sk du ng cac
md bd ba & m®c 91-100% tang ma nh tlr 44% lén 94% con la i 2% cac md bd bap han bd &
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ml ¢ 51-60% 2% phan b6 & m® c 71-80% . Trinh tw nucleotide gen Aab.1 va mhab.1 trw & ¢ va
sau cd 1 bién c6 d0 tw o ng dd ng 77% Trinh ty axit amin do hai gen Aab.1 va mhab.1 md hoa
c6 d0 tw o ng dd nglo0%. Két qua ndi bat cua nghién ctru 1a gen sau cai bién d3 duoc biéu hién ra protein c6 hoat
tinh HA cao ma chiing t6i khong thiy ¢ dong gen chua dugc cai bién”[10].

Nhu vdy phan mém OptimunGene véi cac tham s Condon usage, Condon context GC.AT, content mRNA,
secondary structure, Motif avoidance, két hop hop ham tinh diém da diém cho qua trinh t6i wu héa gen nén cho két
qué gen stra d6i c6 chét luong tuong dbi tot va rat hiru ich cho cac nha sinh hoc khi thie nghiém. Tuy nhién day 1a mot
phin mém c6 tra phi khi ap dung ti wu hoa gen c6 trinh ty 16n. Viée khao sat cic phan mém hd trg cho thiét ké gen dé
chon lya cac tiéu chi quan trong Oligo generation Condon usage, Condon context, GC.AT content, Restriction site
manipulation, mMRNA secondary structureMotif avoidance, Repetitous base removal , Hidden stop codons va cac gia tri
rang budc cho cac tham s nay duge ding xay dung ham muc tiéu va ap dung cac giai thuat phu hop dé xay dung phan
mém thiét ké gen tai t6 hop.

IV. KET LUAN

Bai bao trinh bay céc cach thirc thiét ké gen tai to hop ciing nhur cach tiép can cac phin mém c6 hd tro thiét ké
gen va céc két qua khao sat vé cong nghé thiét ké cac phan mém nay, quy trinh thyc hién t6i wu hoa gen, giai thuat hay
phuong phap tiép can ham muc tiéu, thong ké so sanh hiéu qua cua gen tai t6 hop dugc ap dung thuce nghiém trén gen
ha5.1. Cac két qua bude dau da khing dinh céc tham sb xac dinh trong bai viét nay 1a nhiing tham s6 quan trong cho
qué trinh thiét ké gen cho tai t6 hop.
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IDENTIFYING IMPORTANT PARAMETERS FOR DESIGN FOR
RECOMBINANT DNA DESIGN
Duong Thi Kim Chi, Tran Van Lang, Le Mau Long

ABSTRACT— The use of natural genes in the manufacturing process of recombinant products used in medicine, pharmacology, or
breeding of agricultural crops often result in low expression. The design of the gene or genes that have been optimized for the study



854 XAC PINH THAM SO QUAN TRONG CHO VIEC THIET KE GEN DUNG TRONG TAI TO HOP

of group G Menzella Hugo et al 2011 or Agnieszka Zylicz-Stachula et al in 2014 demonstrated the ability to increase the expression
level of target genes after optimizing natural than the original gene. This article presents the results of the survey parameters
optimization affects genes from the program being used now as Eugene, GeneOptimizer, VisualGeneDeveloper, OptimumGene.
Assessment criteria of program optimization between natural and genetically optimized gene on the genome MHAS. The statistical
results are used to determine the important parameters for the design used in the recombinant DNA Design.



