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ABSTRACT

The gdhA gene from Escherichia coli encoding a NADPH-GDH was expressed in tobacco plants
exhibited high growth performance and enhanced herbicide resistance as well as drought
tolerance. In addition, the gdhA gene when expressed in maize plants could increase
productivity because of improving stresstolerance. In this study, we isolated and analyzed a
gdhA gene from the E. coli strain JM109. Then, the E. coli derived-gdhA sequence was modified
by using OptimumGene™ software for plant compatibility. The optimized gdhA gene was
inserted into an expression cassette containing the CaMV 35S promoter and the 35S terminator
of the pRTRA7/3 vector. The 35S::gdhA::35S construct was ligated into the plant expression
plasmid pPCAMBIA1300 which then introduced into the A. tumefaciens strain EHA105. In order
to examine the expression of the gdhA gene, we created gdhA-transgenic plants via
Agrobacterium-mediated transformation into N. tabacum K326. The PCR analysis showed that
two out of 20 plants were positive to the presence of the gdhA gene. The RT-PCR experiment
also revealed that gdhA was expressed at transcriptional level. These results suggested that the
gdhA expression construction can be transformed into other crops such as maize.
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TOM TAT

Gen gdhA ma hoa cho NAPH-GDH tir vi khuan E. coli khi biéu hién trong cay thuéc 14 da lam
tang cuong kha nang chdng chiu thudc bao vé thuc vat, tang sinh khéi thuc vat va ting kha ning
chiu han. Khi biéu hién gen gdhA & cdy ngd giup tang ning sut... nho cai thién kha nang chiu
dung han ctaa cay V6i muc dich c¢6 ngudn gen gia tri nay, ching tdi tién hanh phan lap gen gdhA
tir chung vi khuan E. coli IM109, tao dong va xac dinh trinh ty gen gdhA dé tim sy khac biét vé
gen trong chung hién c6. Bdng thai, ching toi thuc hién cai bién trinh tu gen gdhA bang phan
mém OptimumGeneTM cho phu hop véi thuc vat. Gen gdhA sau khi cai bién duoc ghep néi véi
promoter CaMV 35S va 35S terminator trong vector trung gian pRTRA 7/3 dé tao cau tric biéu
hién 35S::gdhA::35S. Céu triic nay da dugc chuyén vao vector pCAMBIA13OO tao nén vector
biéu hién thuc vat mang gen gdhA va bién nap vector vao té bao vi khuan A. tumefaciens ching
EHA105. Dé kiém tra su biéu hién cua gen gdhA chdng t6i tién hanh chuyén ciu tric biéu hién
gen gdhA vao cady mé hinh thuédc 14 N. tabacum K326 thong qua A. tumefaciens. Phan tich su c6
mit ctia gen trong 20 dong cay thudc 14 chuyén gen biang PCR va RT-PCR cho thay 2 trong s6 20
dong thudc 14 chuyén gen c6 mang gen gdhA hoat dong & mic do phién ma tao mRNA. Su biéu
hién cua cau trdc ndy & cay thudc 1a cho thay c6 thé sir dung cdu trdc mang gen dé chuyén gen
gdhA vao cay trong dich nhu cay ngo.

Tir khod: E. coli, cai bién gen, cay thuéc 14, chuyén gen, gen gdhA.

*Pja chi lién hé email: hthue@igr.ac.vn
MO PAU

Kho han la mot nguyen nhan guan trong
lam glam nang suat va chit luong san pham
cua cay trong Khi méi truong kho han, cay bi
stress mat nuéc dian dén nhiéu hau qua
nghiém trong (Abdullah et al., 2011; Belkheiri
& Mulas, 2013). Vi vay, de sbng sot trong
diéu kién han han, thuc vt da hinh thanh nén
nhiéu co ché chbng chiu. Trong phan g Vo
su thiéu nudc, thyc vat tich luy mot sé chat
chuyén hoa nhu duong (trehalose sorbitol va
mannitol), amino axit (proline va asparagine)
va amin (glycine betain va polyamines).
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Trong sb nay, viéc tich lity amino acid tu do
duong nhu c6 vai tro quan trong trong viéc
bao vé thuc vat (Good & Zaplachinski, 1994;
Rhodeset et al.,, 1999), nhung su tich Iy
amino acid duoc diéu chinh nhu thé nao khi
tham hut nuéc van chua dugc nghién ctu 1am
rd. Glutamate dong mot vai tro quan trong
trong viéc diéu chinh hoat dong cua nhiéu con
duong, dac biét 12 quéa trinh trao d6i amino
acid (Forde & Lea, 2007), su trao ddi chat
cacbon (Lam et al., 1998), chuyen héa amino
acid (Noctor et al., 2002) va dong hoa nitrate
(Stltt et al., 2002) Glutamate dehydrogenase
tu vi khuan (GDH, E.C. 1.4.1.1) va thyc vat
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(E.C. 1.4.1.2) xuc tac cho phan ung thuan
nghich. V&i qua trinh dong hoa, GDH la mot
trong sé it cac enzyme c6 kha ndng amin héa
khir ciia mot axit hiru co dé tao ra mot amino
acid; o- ketoglutarate duoC su dung dé san
Xuét glutamate voi sy hign di¢n cuia NAD(P)H
(Wooton, 1983). Doi véi qua trinh di hoa,
GDH la mot enzyme 0 kha ndng gidi phong
amino nito tir cac amino acid dé tao ra axit
keto va NH3 c6 thé duoc tai ché riéng dé sir
dung trong qua trinh chuyén héa cacbon va su
hinh thanh amide, dac biét la trong qua trinh
gia hoa (Aubert et al., 2001; Loulakakis et al.,

2002). GDH c¢6 the tham gia tong hop
glutamate dé cung cap khung carbon cho chu
trinh TCA va san xuat ning luong khi thiéu
hut carbon (Dubois et al., 2005; Kichey et al.,

2005; Tercé-Laforgue et al., 2004). O vi
khuan, ammoni duoc dong hoa thanh amino
acid dya trén glutamate va aminotransferases.
O thyc vat, nghién ciu di cho thiy GDH
duoc cam Gng tang cuong biéu hién khi lu:orng
géc tu do ting 1én bai nhitng stress vo sinh
(Skopelltls et al., 2006) Nhu vay, gilta thuc
vat va vi khuian c6 nhiing diém tuong dong
dang chi y trong hé¢ gen. Nhleu gen & Vi
khuan lién quan dén kha niang chéng chiu cac
diéu kién méi truong stress khac nhau da
duoc xac dinh. Su biéu hién caa cac protein vi
khuan lién quan nay duoc biéu hién & thuc vat
da truc tiép hoac glan tiép bao vé cay chong
lai cac stress cia moi truong nhu khd han,
man, nhiét do thap Thuc vat chuyén gen
GDHs cua vi khuan da duoc cai thién déang ké
tinh chong chiu véi chat bao vé thuc vat, va
trong diéu kién thiéu nuéc.

Céc nghién ciu trude day cho thay, gen
gdhA méa hoa cho NAPH-GDH tir vi khuan E.
coli khi biéu hién trong cay thudc la
(Nicotiana tabacum cv.‘SR1’) lam tang cuong
kha ning chdng chiu thudc bao vé thuc vat
phosphinithricin (PPT), lam ting sinh khoi
thuc vat, ham lugng axit amin ty do va
carbohydrate (Ameziane et al., 2000), ting
kha nang chiu han (Mungur et al., 2006). Cac
enzyme GDH phu thugc NADPH dugc ma
ho4 bai gen gdhA caa E. coli khi biéu hién
trong ngd ciing cai thién sic song cua cy
trong diéu kién thiéu nudc (Lightfoot et al.,
2007). Do @9, trong nghién ctru nay, ching toi
tién hanh phan lap gen gdhA ma hoéa cho
GDH tir chung vi khuan E. coli JIM109, cai
bién gen nay va tai t6 hop vao vector biéu
hién thuc vat dé phuc vu cong tac chuyén gen
vao cay dich la cay ngd. Trudc tién, ching toi
tién hanh chuyén gen gdhA cai bién vao cay
md hinh thudc 14 dé kiém tra sy biéu hién cua
gen cai bién trong ciu tric da duoc thiét ké.

VAT LIEU VA PHUONG PHAP NGHIEN
cuu

Ba chung vi khuén E. coli JM109, ching
E. coli DH10p va chung A. tumefaciens
EHA105 di dugc luu giir tai Vién Nghién cau
hé gen, Vién Han 1am Khoa hoc va Céng nghé
Viét Nam.

Cac vector dugc str dung gom: vector tach
dong pJET 1.2, vector tach dong trung gian
pRTRA7/3 mang promoter CaMV35S, vector
biéu hién thyc vat pPCAMIA1300.

Bang 1. Céc cap primer duoc thiét ké dé nhan gen

Tén moi Trinh ty mdi
gdhAF 5’ GAAGGATCCAGGATGGATCAGACATATTCTCT 3
gdhAR S’ATTATGCGGCCGCTTATTAAATCACACCCTGCGC 3’
gdhABamHIF 5> ACAGATGGATCCGATCAGACATACTCTCTGGAGTC 3°
gdhANGotIR 5" AGTGATGCGGCCGCGATCACACCCTG 3’
HptF 5" AAAGCCTGAACTCACCGC 3
HptR 5" GCTTTCCACTATCGGCGA 3°
CaMV35SF 5" CACTGACGTAAGGGATGACGC 3’
cmycR 5" TATCGACGGGATCGGGCTAGAGTTCG 3’
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Phan ldp gen gdhA tir cac chiing vi khudn

Gen gdhA dugc nhan tir DNA téng s6 cua
3 chung Vi khuan E. coli biang ky thuat PCR
v6i cap moi gdhAF/R. San pham PCR dugc
tinh sach theo quy trinh cia bo kit GeneJET
Gel Extraction Kit cua hing Thermo
Scientific va dwoc tao dong trong vector
pJET1.2 theo quy trinh cua bo kit Clone JET
Kit cua hdng Thermo Scientific.

Xdc dinh va phén tich trinh tw gen gdhA

Trinh ty nucleotide dugc xéac dinh dua
trén nguyen tic cua phuong phap Sanger trén
hé thong may giai trinh ty ABI 3500. Két qua
giai trinh ty dwoc xir ly bang phin mém
BioEdit. Trinh ty gen sau khi xir 1y duoc so
sanh véi co s dir ligu trén ngan hang gen va
dang ky 1én ngan hang gen véi ma so
KT124225.

Cai bién gen gdhA

Trinh tu gen gdhA tir vi khuan chwa qua
cai bién duoc dua lén phén tich trén cong cu
phan tich codon hiém dé danh gla chi so CAl
cua gen gdhA khi dugc dua vao bleu hién
trong cdy ngd. Sau khi cai bién, chi sé6 CAl
tang Ién 0,8-1,0 coi nhu cai bién thanh cong.
Kiém tra trlnh ty amino axit cua gen dugc cai
bién bang phan mém Expasy dé danh gia muc

HindIIT

BamHI

pRTRA 7/3_CaMV358_gdhA_358Ter ‘ /;l

Hindlll, EcoRl, Sacl, BamHI

do chinh x&c cua nhiing thay doi nay. Trinh ty
cai bién duoc gitr nguyén cac dac diém cua
gen trén 2 nucleotide dau cua mdi ma bo ba,
chi cai bién vi tri thir 3 trén moi ma bo ba. Sau
do, gen duoc tong hop hoan chinh vagi cac ma
bo ba da cai bién.

Thiét ké vector mang cdu trac biéu hién
CaMV35S::gdhA::35S

Vector tach dong pJET1.2 mang gen gdhA
da cai bién duoc dung 1am khuén trong phan
ung PCR véi primer gdhABamHIF/NotIR
nhan doan gen gdhA treo diém nhan biét cua
BamHI va Notl nhim gin véi vector trung
gian pRTRA7/3 da dugc xu ly BamHI va
Notl. Vector pRTRA7/3 ¢c6 chira ciu triic
CaMV35S::35S gdbm promoter CaMV/35S va
terminator 35S, gen gdhA dugc chen vao gitra
promoter va terminator dé tao cau trac biéu
hién CaMV35S::gdhA::35S. Sau do6 toan bd
cAu tric duoc doc trinh ty dé kiém tra lai tinh
chinh xé&c cua gen ciing nhu diém néi. Doan
c4u trc biéu hién gen dugc cat vai Hindlll va
ghép ndi voi vector biéu hién thuc vat
pCAMBIA 1300 da m¢d vong véi Hindlll
(hinh 1). Vector tai t6 hop pCAMBIA1300
dugc bién nap vao A. tumefaciens theo
phuong phap xung dién.

Nofl HindII

—$aézmém m
LB RB

pCAMBIA1300_gdhA

HindIIl

@emem

BamHI Notl HindIII

—p )

Hinh 1. So do6 thiét ké vector biéu hién thyc vat mang gen gdhA
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Chuyén gen gdhA vao cay thuéc 14 md hinh
N. tabacum K326 theo phwong phdp mdnh
la (Topping, 1998)

Chung vi khuan A. tumefaciens mang
vector tai t6 hop chira gen gdhA dugc nudi
cdy trong mdi trudng c6 khang sinh chon loc
kanamycm va rifamycin trong 48 gio, sau d6
nudi phuc hdi cho t6i khi dat ODggonm = 0,7.
Ly tam thu sinh khdi vi khuan, hoa tan trong
moéi truong % MS (Murashige and Skoog
medium) dé chuan bi bién nap. Cac manh
thudc 14 N. tabacum co kich thuec 1x1 cm
dugc ngdm trong dich huyén phu té bao vi
khuan trén trong 15 phat. Cac manh la nay sau
d6 duoc tai sinh trén moéi trudng ra chdi MS
c6 bd sung BAP (6-benzylaminopurine).
Nhitng chdi phat trlen t6t dugc cat chuyen
sang moi truong ra ré. Khi cay phat trién hoan
thién vé hinh thai duoc chuyén ra gié thé.

Ddnh gid cdy thuéc 14 chuyén gen gdhA thé
hé TO

Khi cac cay thudc 14 chuyén gen ra la méi
va phat trién binh thuong ching ti tién hanh
thu mau la non cua cay dé tach chlet DNA va
RNA tong s6. Cac mau DNA téng s6 sau d6
duoc sir dyng lam khudén mau cho phan ung
PCR v6i 2 cap moi: HptF/IR  va
gdhABamHIF/NotIR kiém tra sy c6 mat cua
cau trc biéu hién gen gdhA trong cay thuée 14
chuyén gen thé hé TO. Bong thoi, ching toi
ciing kiém tra sy hoat dong phién ma cua gen
gdhA thdng qua phan tng RT-PCR str dung
cap moi dac hiéu gdhABamHIF/NotIR.

KET QUA VA THAO LUAN

Phan lap gen gdhA tir ching vi khuan E.
coli IM109

Dua trén nhirng thong tin vé trinh tu gen
gdhA da cong bo trén GenBank, chung toi da
thiét ké cap moi dac hiéu gdhA F/R cho phan
rng PCR nhén doan gen gdhA. Trong nghién
ctu nay, DNA tong s6 dugc tach chiét tir ba
ching vi khudn E. coli (IM109, Topl0,
DH50) theo phuong phap tach DNA tong so
cta Sambrook et al. (1989).

N Phan tng PCR dugc thuc hién voi khudn
mau la DNA, st dun‘g enzyme DreamTaqg
polymerase vai cap moi gdhA F/R nhiét do

gdn moi 63°C. Két qud dién di san pham PCR
trén gel agarose 0,8% (hinh 2) cho thiy, ca 3
chung vi khuén E. coli: JIM109, Top10, DH5a
cho san pham PCR véi mét bang DNA véi
kich thuéc waéc tinh khoang 1,4 kb. Cac béng
déu séang, rd nét, kich thudc nay phu hop theo
tinh toan cua ching t6i khi thiét ké cap moi
nhéan gen gdhA.

1kb 1 2 3

1.5—
o

Hinh 2. Két qua dién di kiém tra san pham
PCR nhan gen gdhA: Duong chay 1: San
pham PCR véi khudn 1a DNA téng sé tach tir
chung JM109, dwong chay 2: San pham PCR
véi khudn 1a DNA téng s tach tir chuing
Top10, dwong chay 3: San pham PCR véi
khudn 1a DNA téng sé tach tir ching DH5a

Tuy nhién, dé khing dinh chinh xéc san
pham thu duoc Ia gen gdhA, chung toi da tién
hanh tach dong, xac dinh trinh tu nucleotide
va so sanh voi trinh tu gen gdhA trén
Ecogene. Plasmid tai t6 hop mang doan gen
ngoai lai duoc xac dinh trinh ty bing may giai
trinh ty ABI 3500, st dung cip moi
pJET1.2F/R. Két hop giita két qua giai trinh
ty moi pJETL.2F va pJET1.2R, ching toi thu
dugc trinh ty day da cia gen gdhA co kich
thuge 1344bp. Két qua xac dinh trinh tu duoc
xt 1y ban phan mém BioEdit va so sanh trinh
ty nay Vvéi trinh ty tham chiéu trén Ecogene
(ma s6: EG10372), cho thay gen gdhA phan
lap dugc c6 do twong ddng 100%. Trinh tu
gen gdhA phan lap dugc da dugc dang ky trén
ngan hang gen véi ma sé KT124225 (hinh 3).

Nhu da dé& cap, gdhA 1a mot gen tir vi
khuén, do d6 néu chuyén vao thuc vat ma
khong duoc cai blen s& khd ¢ su biéu hién
caa proteln trong té bao thuc vat chuyén gen.
SG di ¢6 hién twgng nay la do sy khac biét
gitta ti 1¢ nucleotide AT va GC trong b gen
cta vi khuan va thuc vat. Tir do, mét chi so
(CAl-codon adoption index) dugc dua ra dé
danh gia va phan tich d¢ tuong thich cia cac
bo 3 ma hda codon trong su bicu hi¢n cua gen
trong mét vat chi khac loai. Dé danh gia duoc
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chi s6 nay, phan mém tin sinh
OptimumGeneTM dugc sir dung. Bang cac
thuat todn dugc str dung trong phan mem, gen
phan 13p tor mot nguon khac bicu hi¢n trén vat
chu méi phdi co chi 50 CAlI dat tir 0,8-1,0;
day dugc coi la chi sb t6i wru cho biéu hién caa
gen d6 1én té bao vat chu khac loai. Mot

protein c6 kha ning biéu hién cao khi chi sé
CAl caa no trong chung chu tir 0,8 tro I€n.
Gi4 trj tuyét ddi chi tan suat st dung cao nhat
ciia mot codon nhét dinh trong chung cha la
100, trong khi nhitng codon cé tin xuit st
dung dudi 30 ¢6 kha nang lam can trg sy biéu
hién protein.

gdha
gdha

gdha
gdha

gdha
gdha

gdha
gdha

gdha
gdha

gdha
gdha

gdha
gdha

gdha
gdha

gdha
gdhA

gdha
gdhA

gdhA
gdhA

gdhA
gdhA

gdhA
gdhA

gdha
gdhA

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

EG10372
KT124225

Hinh 3. So séanh trinh ty doan gen gdhA phan lap duoc tir vi khuan E. coli IM109

Thong thuong, khi mot gen duoc biéu
hién trén mot té bao vat chu khac loai, chi sé
CAI c6 xu huéng thap hon 0,8. Vi vay, dé gen
gdhA c6 thé biéu hién duoc protein ¢ hoat
tinh tét nhat trong thuc vat yéu cau can phai
cai bién cac nucleotide trén gen gdhA cho phu
hop Vé&i thuc vat bang cach lam ting chi s&
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CAI dat 0,8-1,0. Trén thyc té, nguyén Ii cai
bién gen tir vi sinh vat dé thich hop cho
chuyén gen 1a 1am ting ty 18 % GC trong bo
gen bang cach thay doi nucleotide thir 3 trong
b6 3 ma hoa cé nhiéu AT cuaa vi khuan chuyén
thanh nucleotide G hoic C voi didu kién
khéng 1am thay doi amino axit dwgc ma hoa
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boi codon d6. Tuy nhién, trong thyc té, khi
thay d6i md qua sau sic dé dua chi s6 CAl
dén 1,0, c6 thé luc dau protein dwoc biéu hién
rat tét nhung sau do dé bi dao thai khéng rd
nguyén nhan. Vi vay, théng thuong su cai
bién dwoc dinh hudng chi tdi wu mot phan ma
bo ba dé nang chi sé CAI cua gen Ién khoang
0,8 la thich hop nhat. Két thic qua trinh cai
bién, gen duoc téng hop theo con dudng hda
hoc dé lam nguyén liéu cho cac buéc nghién
ctu tiép theo.

Trinh ty gen gdhA duogc phén lap tu vi
khuan E. coli JM109 khi dua 1én phan tich
trén cong cu OptimumGeneTM-Codon
Optimization cho két qua chi sé CAI chi dat
0,69. Do d6, can ¢6 su cai bién gen tai nhitng
codon chira nhiéu nucleotide A va T thanh
céc codon chira nhiéu G va C thich hop cho
biéu hién trong thuc vat ma khong 1am anh
huéng dén trinh ty amino axit cia gen gdhA
ban dau.

Trinh te amino axit cta gen gdhA phéan
lap tu vi khuan E. coli IM109 duoc xac dinh
bang phan mém Expasy. Gen gdhA phéan lap
tu vi khuan E. coli JM109 m& hdéa cho mot
protein gom 447 amino axit. Trén trinh ty cua
gen gdhA c6 202 b ba codon giau AT c6 thé
thay thé tai vi tri nucleotide thir 3 thanh cac bo
ba glau GC thich hop & thuc vat. Ty 1€ cac bo
ba giau AT trén gen gdhA caa vi khuan chiém
45,19% trén toan bo gen. Sau khi xac dinh cac
b ba giau AT trong gen gdhA phéan Iap duoc
tir vi khuan dwa vao bang ma hoa amino axit
dé tién hanh thay thé nucleotide thu 3 trong
c4c bo ba md héa ma khong lam thay doi
amino axit trong trinh tu protein gen d6 ma
hoa. Trong nghlen ciru nay, chung toi da lya
chon céac bd ba mad hdéa nham nang cao chi 50
CAI cua gen, cac bo ba nay phai phan b6 déu
trén gen ddng thoi phai cé chi so6 cac amino
axit gay anh huéng khong tét 1én biéu hién
gen (negative CIS elements) thdp nhit c6 the
(< 3 negative). Két qua lua chon céac b ba dé
thay thé dugc thé hién & bang 2.

Bang 2. Trinh tu cac bo ba ma hoa amino axit dwgc thay thé

STT | Bobamihéagc | Bobamihdasaucai bién | Sé lwong trong gen gdhA
1 TAT TAC 5
2 AAT AAC 8
3 ATT ATC 4
4 TTA TTG 1
5 ATA ATC 1
6 TTT TTC 11
7 CTA CTG 2
8 GTA GTG 2
9 AAA AAG 18
10 CGT CGC 5
11 GTT GTG 16

Tong 72

Trén trinh ty gen gdhA cai bién, cac bo
ba TAT tai vi tri codon ma hoa cho acid amin
tha 5, 45, 56, 213 va 300 dugc thay thé bang
b6 ba TAC. B6 ba AAT tai vi tri codon méa
hoa cho acid amin thtr 20, 42, 118, 190, 322,
325, 345 va 370 duwgc thay thé bang bo ba
AAC. Bo ba ATT tai vi tri codon ma hoéa cho
acid amin the 106, 207, 428 va 444 duogc

thay thé bang bo ba ATC. Bo ba TTA tai vi
tri codon ma héa cho acid amin tha 50 dugc
thay thé bang b6 ba TTG. Bo ba ATA tai vi
tri codon ma héa cho acid amin thi 74 dugc
thay thé bang bo ba ATC. B6 ba TTT tai vi
tri codon ma héa cho acid amin thir 38, 63,
112, 147, 179, 202, 231, 255, 301 va 368,
436 dugc thay the bang bo ba TTC. Bo ba
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CTA tai vi tri codon mé hoa cho acid amin
thr 314, 367 dugc thay thé bang bd ba CTG.
Bo ba GTA tai vi tri codon ma hoda cho acid
amin tha 31, 366 duoc thay thé bang bd ba
GTG. B6 ba AAA tai vi tri codon mad hoa
cho acid amin thir 44, 92, 108, 112, 124, 132,
134, 180, 225, 251, 277, 279, 287,‘299, 343,
372, 396 va 399 duogc thay thé bang bo ba
AAG. Bo ba CGT tai vi tri codon ma hoéa cho
acid amin thu 78, 81, 146, 258 va 287 dugc
thay thé bang bo ba GCG. B ba GTT tai vi
tri codon ma héa cho acid amin tht 28, 55,
68, 102, 165, 172, 217, 236, 238, 270 316,
331, 342, 416 va 439 duoc thay thé bang bo
ba GTG.

Gen gdhA duoc cai bién tai 72 codon chia
nhiéu AT va nucleotide thtr 3 dwoc chuyén doi

10 20 30 40

thanh G hodc C nhung khong lam thay doi
trinh ty amino axit. Sau khi cai bién, thanh
phan GC trong gen da tang tir 53,57% lén
59,05% va chi s6 CAI cua gen gdhA tuong
thich biéu hién trong cay ngd da tang Ién 0,81,
mét chi sb phl hop cho viéc chuyen gen sau
cai bién vao biéu hién trong cay ngo. Trinh tu
gen gdhA sau khi cai bién duogc kiém tra trinh
tu amino axit bang phan mém BioEdit dé xac
dinh mtc do chinh xac cta nhimng thay doi
nay (hinh 4). Két qua phan tich cho thiy, viéc
thay ddi nucleotide trong doan gen gdhA da
suy bién khdng hé 1am thay doi trinh tw amino
axit cua gen gdhA ban dau. DBoan gen gdhA
thu dwoc da dap tng duoc yéu ciu cho viéc
biéu hién trong thyc vt va hoan toan cé thé
sir dung trong viéc chuyén gen vao thuc vat.

50 60 70 80 90 100

T T T T e [ (P T I P T R P
gdhA KT124225 MDQTYSLESFLNHVQKRDPNQTEFAQAVREVMITLHPFLEQNPKYROMSLLERLVEPERVIQFRVVHVDDRNQIQVNRAWRVQFSSAIGPYKGGMRFHPS

gdhA e

gdhA KT124225

LVYLEGQQPWSLPVDIALPCATQNELDVDAAHQLIANGVKAVAEGANMPTTIEATELFQQAGVLFAPGKAANAGGVATSGLEMAQNAARLGWKAEKVDA
gdhA

Hinh 4. Tr|nh tu amino axit ciia gen gdhA da qua cai bién

Thiét ké gen gdhA trong vector trung gian
PRTRA 7/3

Dé biéu hién gen trong té bao thyc vat,
gen gdhA can duoc dat duéi su diéu khién cua
promoter va terminator thich hgp. Ching toi
lya chon promoter CaMV35S va 35S
terminator dé diéu khién sy hoat dong cua gen
gdhA trong thuyc vat. Trong nghién cau
chuyén gen ¢ thyc vat, CaMV 35S promoter
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la mét trong nhitng promoter co dinh duocC su
dung rong réi nhat. CaMV 35S promoter duoC
s dung rong rdi nho kha nang diéu khién su
bién hién cua cac gen ngoai lai ¢ nhiéu loai
mo (Odell et al., 1985; Jefferson et al., 1987)
caa nhiéu loai céy khac nhau nhu: lua (Terada
& Shimamoto, 1990; Battraw & Hall, 1990),
khoai tay (Visser et al., 1991), cu cai duong
(Lindsey & Gallois, 1990), dau tuong (Yang
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& Christou, 1990), ngb (Rhodes et al., 1988),
cai dau (Fry et al., 1987), va dwa (Dong etal.,
1991). boan gen gdhA cai bién duogc tao dong
trong vector pJET1.2, plasmid tai to hop mang
gen gdhA da cdi bién duoc st dung lam khudn
mau cho phan tng PCR Vvéi cip modi
gdhABamHIF va gdhANotIR doan gen dugc
nhan Ién véi cdp moi nay s& co kich thudc
1.344 bp bao gom toan b vung CDS cua gen
sau do dugc ghép ndi véi vector tach dong
trung gian pRTRA c6 kich thuéc 4.247 bp
chira doan trinh ty can thiét cho biéu hién gen
gom promoter CaMV35S va 35S terminator,
gen dich duoc chen vao giira tai diém nhan
biét cua BamHI va Notl. Bdng thoi, san pham
PCR nhan gen gdhA su dung cdap moi
gdhABamHI F - gdhANotlI R ciing duoc xur ly
bing BamHI va Notl dé thu dugc doan gen
gdhA dang doan BamHI - Notl. San pham gen
gdhA va vector pRTRA sau khi xa ly enzyme
da duoc lai véi nhau va blen nap vao té bao E.
coli chung DH10b va tién hanh chon loc biang
enzyme BamHI va Notl. Két qua di¢n di san
pham xtr ly enzyme nay cho thiy doan DNA
1.344 bp (hinh 5) da xuit hién, chu:ng t6 doan
gen gdhA da duoc ghép noi vao vector
PRTRA tao céu tric CaMV35S::gdhA::35S.

Kb 1 2

19—
s

Hinh 5. Két qua cat enzyme gigi han BamHI
va Notl trén plasmid pRTRA7/3: buong chay
1: Vector pRTRA + gdhA cdt véi BamHI va Notl;
dwong chay 2: Vector pRTRA7/3 mo vong véi
BamHI va Notl

Vung gen gdhA  trong  vector
pRTRA+gdhA sau d6 duwgc xac dinh trinh tu
bang cap moi CaMV35SF va cmycR dé dam
bao khong c6 sy thay doi trinh tu nucleotide
trong gen va cac vi tri ghép ndi vao vector.
Ket qud xéac dinh va so sanh trinh tu gen gdhA
gan diém BamHI-Notl véi gen gdhA da xac
dinh trinh ty trudc d6 cho thdy hoan toan

khoéng cd su sai khiac nucleotide. Pong thoi
cac vi tri gan cua gen véi ving CaMV35S va
35Ster khong c6 sy sai khac. Plasmid
PRTRA+gdhA duoc tiép tuc st dung cho cac
thi nghiém tiép theo.

Thiét ké vector biéu hi¢n thuc vdt mang gen
gdhA

Hién nay, cd nhiéu phuong phap chuvén
gen duoc cac nha khoa hoc sir dung dé chuyen
gen vao thuc vat nhu: phuong phap gidn tlep
sir dung A. tumefaciens, phuong phap truc tiép
st dung xung dién, vi tiém, xu Iy
polyethylene glycol (PEG) va dung stng bin
gen. Mdi phuong phap chuyén gen déu co
nhitng uu, nhuge diém riéng tiy vao tung loai
cay khac nhau. Trong d6 phuong phap chuyén
gen nho vi khuén A. tumefaciens dem lai hiéu
qua cao va it ton kém nhat. M6t trong nhitng
yeu to quan trong quyét dinh su thanh cong
cua thi nghiém chuyén gen vao thuc vat do la
lua chon dugc hé vector biéu hién phu hop.
Trong nghién cau nay, hé vector pPCAMBIA
duoc lya chon dé biéu hién gen gdhA trong
thuc vat. H¢ théng PCAMBIA c0 nhirng uu
diém nhu: (1) Cé sb luong ban sao 16n trong
E. coli nén lugng DNA thu duoc lon; (2)
Viing replicon pVS1 cho mtc do 6n dinh cao
trong Agrobacterlum (3) Kich thude nho, 7-
12 kb tuy thugc vao tung plasmid; (4) Cac
diém cat enzyme gi6i han cho phép dé dang
lap rap/ chen gen quan tam; (5) Chon loc vi
khuan bang chloramphenicol hoac kanamycin;
(6) Chon loc thuc vat bing hygromycm B
hodc kanamycin; (7) dé dang thiét ké cac cau
tric dung hop biéu hién véi gen chi thi gusA
(https://www.cambia.org).

Poan ciu  trdc  biéu hién
CaMV35S::gdhA::35S duoc gin ding c¢6 kich
thusc khodng 2,2 kb va dugc chuyen vao
vector biéu hién pCAMBIA1300 dé tao vector
chuyén gen. Két qua kiém tra vector
pCAMBIA 1300 tai to hop Véi cau trac
CaMV35S::gdhA::35S duoc thé hién &
hinh 6A, plasmid pPCAMBIA 1300 tai t6 hop
duogc cat véi Hindlll cho két qua mét doan
DNA hon 9 kb dung voi kich thuéc vector
pCAMBIA 1300 ddi chung khi cit mé vong
bang HindIIl. Trong khi d6, bing DNA phia
dudi c6 kich thuée khoang 2,2 kb bang doan
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cau tric biéu hién gém kich thuéc doan gen
gdhA 1,4 kb, promoter 35S khoang 0,5 kb va
terminator khoang 0,3 kb. Keét qua trén chirng
minh dugc rang, da thiét ké dugc vector biéu
hign  pCAMBIA1300 mang gen gdhA

Kb i 2

(A)

(PCAM/35S-gdhA). So dd cau tric bicu hién
mang gen dich gdhA va cau trdc mang gen
Hyg la chi thi chon loc thuc vat dugc thé hién
& hinh 6B.

BamHI (21)
Hindll (51)

AIRE) R (350 .
Netl (352)

HindIIT (2245)

PCAMBIA1300-gdhA
11,153 by

zzzzzzzzz
(szed Notl (4554)

Hinh 6. (A): Kiém tra vector biéu hién thuc vat mang gen gdhA: Duwong chay 1: Vector
PCAMBIA1300 mo vong véi Hindlll; Duong chay 2: Vector pPCAMBIA1300 - gdhA cat véi
Hindlll; (B): So d6 vector pPCAM/35S-gdhA

Tgo chiing vi khudn A. tumefaciens mang
vector tai té6 hop pCAMBIA1300-gdhA

Kbi(h) 1 2 3 4 5 6 T 8

1.5
1

Hinh 7. Kiém tra sy c6 mat gen gdhA trong vi
khuan A. tumefaciens: (+): PCR tir plamid ddi
chirng duong; 1-8: PCR tir cac dong khuan
lac A. tumefaciens

Vi muc dich chuyén gen vao thuc vat,
cac chung vi khuan A. tumefaciens EHA105
tai t6 hop mang cac ciu trGc biéu hién gen
(Ti-plasmid) dwoc tao ra bang phuwong phap
xung dién. C4c thé bién nap sau khi duoc sang
loc bang méi trudng nudi cay co bd sung chat
khéng sinh kanamycin (100 pg/ml) duoc tiép
tuc kiém tra sy c6 mat cua vector biéu hién
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gen bang phan ung PCR voi cac cap moi dic
hiéu. Két qua PCR thé hién trén hinh 7 cho
thiy mot sé dong duoc lya chon cho két qua
dwong tinh v&i gen gdhA. Két qua nay ching
t6 cac dong vi khuan A. tumefaciens dd mang
vector biéu hién c6 chira gen gdhA. Pay la
ngudn nguyén liéu sir dung cho cac thi
nghiém tiép theo nhim chuyén gen gdhA vao
thuc vat.

Chuyén gen vao cay thusc 14 md hinh N.
tabacum K326

Dé kiém tra su hiéu qua cua viéc thiét ké
vector bieu hi¢n thuc vat mang gen gdhA, thi
nghi¢m chuyén gen gdhA vao cay thuoc la mo
hinh N. tabacum K326 dugc thuc hig¢n. Két
qua cua chuyén gen gdhA vao cay thuoc la the
hién & bang 3. Sau ba lan lay nhiém, thu dugc
20 cay thuoc la chuyen gen TO. Tat ca cac cay
nay dugc danh so va kiém tra sy c6 mat cua
gen gdhA bang ky thuat PCR.
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Bang 3. Két qua chuyén gen vao cay thudc 1a mé hinh N. tabacum K326

S6 mau bién nap | S6 mau tao choi

S6 chdi tai sinh | S cay thu duoc

100 74

37 20

Khi cdy da ra 14 moi va phat trién binh
thuong, mau la non caa tat ca cac cay thudc 14
chuyén .gen dugc thu ngau nhién dé tach chiét
DNA tong sb va PCR kiém tra. Trong nghién
cau nay, phan ung PCR dugc thuc hién sir
dung hai cap moi: Cap moéi Hpt F/R nhan
doan gen md hoa cho gen chi thi khang
Hygromycin va cdp moi nhdn gen dich
gdhABamHIF/NotIR. Két qua dign di kiém
tra san pham PCR duoc thé hién trén hinh 8.
Ket qua dién di cho thiy, khi PCR véi cap
mdi HptF/R c6 4 mau: 10, 13, 15 va 18 (twong
rng voi cac duong chay: 4, 5, 6 va 7 trén gel
agarose) xuat hién bang DNA c¢6 kich thudc

(A)

tuong duong V6i doi ching duong, trong khi
d6 khi PCR bang cap moi nhan gen dich chi
c6 2 mau xuét hién doan DNA c6 kich thuéc
twong dwong Véi kich thuéc san pham PCR
cia mau déi chang dwong (mau so6 15 va 18
twong ung voi duong chay 0 6 va 7 trén gel
agarose). Nhu vay, c6 thé khang dinh rang,
trong 20 mau cay non thu duoc 2 mau mang
c4u trdc biéu hién gen gdhA S6 15 va sb 18.
Cac cdy duong tinh véi phan tng PCR duoc
giit lai, tiép tuc quan sat phuc vu nhung phéan
tich, danh gia kha nang hoat dong va biéu hién
cua gen.

+ - W12 3 45 67 8 kb

15
l

(B)

Hinh 8. Két qua kiém tra sy c6 mat ciia gen chuyén trong cy thudc 1a chuyén gen TO béang
PCR, (A): PCR kiém tra bang cap mdi nhan gen Hygromycin (HptF/R) (-): PCR tur nuoc, (+):
PCR tir plasmid pPCAM1300_gdhA; WT: PCR tir DNA téng so cua cay thuoc 14 khdng chuyen
gen; 1-8: PCR tir DNA tong sé cua mét so cay thuoc 14 chuyen gen gdhA (twong 1ung Voi cac
cay: 1, 4,7, 10, 13, 15, 18); (B): PCR kiém tra bang cap mdi nhan gen gdhA (-): PCR ter nuéc,
(+): PCR tur plasmid pCAM1300_gdhA; WT: PCR tir DNA tong sé cua cay thusc 14 khong
chuyén gen; 1-8: PCR tir DNA tong S6 ciia mét so cay thuoc 1a chuyén gen gdhA (tuwong img
vai cac cay: 1, 4,7, 10, 13, 15 va 18)

1kb + - i 2

Hinh 9. Két qua kiém tra gen gdhA trong cay
thudc 14 TO bang RT-PCR: (+): PCR ti
plasmid pCAM1300_gdhA; (-): PCR tur nuorc;
1-2: RT-PCR tir cDNA cua 2 cay thuoc 14
chuyén gen gdhA 15 va 18

Tuy nhién, PCR duong tinh khong dong
nghia voi chuyén gen thanh cong vi ¢6 nhiéu
cach dé giai thich sy c6 mat cia DNA trong
mau phan tich: (1): Trong cac nghién ctu

chuyén gen nho A. tumefaciens, loai vi khuan
nay thuong ton tai lau dai trong mé té bao
thuc vat méc du da tra qua qua trinh loai bé vi
khuan va chon loc te bao thuc vat chuyén gen.
(2): Gen chuyén ton tai tu do trong té bao
chat, cd th¢ bien mat qua sinh san hitu tinh,
(3): Gen chuyén khéng biéu hién thanh
protein c6 chic nang sinh hoc. Do do, ky
thuat RT-PCR duoc sir dung dé xéac dinh kha
ndng hoat dong cua gen gdhA trong cac cay
thuoc 1a chuyén gen duong tinh véi phan ng
PCR. Pay la ky thuat cho phép phat hién su
biéu hién cua gen chuyen théng qua hoat dong
phién ma ctia gen ngoai lai trong cay thuéc 1a
chuyen gen. Cac tong cay thu0c la dugc tach
chiét RNA sd, thuc hién tong hop cDNA soi
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thir nhat theo bo kit cua hang Affymetrix va
sau d6 tién hanh phan tmg PCR véi cip mdi
dic hiéu gdhABamHIF/gdhANotIR. San
pham PCR duoc kiém tra trén gel agarose
0,8% (hinh 9).

Ket qua dién di cho thdy, & ca 2 duong
chay déu xuét hién doan DNA voi kich thudc
twong dwong véi kich thudc cua mau dpl
chimg. Nhu vay, ca hai cdy thuéc 14 chuyén
gen TO chuyén gen duong tinh véi PCR déu
mang gen hoat dong phién ma tao san pham
mRNA. Hai cay thudc & chuyén gen gdhA thé
hé TO duong tinh voi phan tng RT-PCR dugc
tiép tuc theo ddi phuc cac phan tich tiép. Cac
nghién cau trén thé gisi cho thiy ning suat
cua cay trong bi dnh hu:cmg bai rat nhieu cac
yéu t6 khach quan bén ngoai. Mot trong sb do
la han han do tc ché sy phat trién va lam giam
qua trinh quang hop ¢ cay. Lightfoot et al.
(2007) khi nghién ctu sy biéu hién cua gen
gdhA cua E. coli md hod cho enzyme GDH
phu thu6c NADPH trong cidy ngb di chi ra
gen gdhA gitip cdy ngd ting ning suét trong
Mot vai nam, dac biét trong moi troong stress
han, do d6 su ting ning sudt c6 thé 1a do su
cai thién kha nang chiu dung stress han cua
cay ngd chuyén gen gdhA. Céac tac gia ciing
chi ra nhitng cay ngé chuyén gen gdhA c6 kha
nang chiu duoc mat nuéc trong 7 ngay, dong
thoi kha niang quang hop cua cac chuyén gen
gdhA trong diéu kién han ciing khong giam di
nhiéu trong khi cac cay khong chuyén gen thi
quéa trinh quang hop bi giam dang ké. Hon
nita, nghién ctru trude d6 cua Mungur va cong
su (2006) ciing chi ra cay thUOc P chuyen gen
gdhA ¢6 kha nang chiu dyng mat nudc tét hon
cac cdy khong chuyén gen. Co ché dé gen
gdhA gitip ting cuong khd ndng chiu dung su
thiéu nuoc ¢ thuc vat co thé lién quan dén su
thay doi lwong glutamate hodc qua trinh trao
ddi chat. Trong cac nghién ciiu cua Ameziane
et al. (2000) va Mungur et al. (2005) cho thay
¢ la va re cua cac cay thudc 14 chuyén gen
gdhA ndng do cua hau hét amino acid tu do
déu nhiéu gap ddi so véi binh thuong. Céc
acid amin tang lén trong cay chuyén gen gdhA
c6 thé lién quan dén tang glutamate, proline
va arginine la cac chat c6 hiéu qua anh huong
dén chat tham thau, diéu nay cd thé giai thich
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mot phan trong viée duy tri nuéc cia cac cay
chuyén gen gdhA duéi diéu kién stress nuGC.
Tuy nhién, cac anh hudéng gian tiép cua sinh
truong va trao doi chat anh huong dén kha
ning chiu dung thiéu nudc 1a qua trinh rat
phic tap. GDH-NADPH dugc biéu hién trong
té bao chét cua cac cay chuyen gen, trong khi
cac gen néi sinh t6ng hop cac enzyme trong té
bao chét sau d6 dwgc chuyén dén ty thé hoic
luc lap. Cé&c nghién ctru trong tuong lai véi
cay chuyen gen gdhA sé tap trung xac dinh
xem chat chuyén hoa nao bi thay doi va nhirng
Chat nao lién quan dén kha ning chdng chiu
mat nude. Nhu vay, gen gdhA cua E. coli da
dugc cai bién dé phu hop véi hé gen cua thuc
vat, khi chuyen gen gdhA cdi bién vao cay md
hinh thudc 14, da kiém tra duoc sy hoat dong
cua gen gdhA & mirc d6 phién ma.

KET LUAN

Trong nghién ctu nay, gen gdhA ma hoa
cho NADPH-GDH tir chang E. coli IM109 da
duoc phan lap va tao d(‘)ng thanh cong. Bong
thoi, gen gdhA da duoc cdi bién cho ph hop
thuc vat va tai td hop thanh cong trong vector
biéu hién pCAMBIA1300 dudi su didu khién
cua promoter CaMV35S, tao dugc chung vi
khuan A. tumefaciens mang vector tai to hop
nay lam nguyén liéu phuc vu chuyen gen thuc
vat. Két qua chuyén gen gdhA vao cay thuéc
1a md hinh N. tabacum K326 thu dugc 20 cay
tai sinh va khi tién hanh chon loc thu dwoc 2
cay (cay s6 15 va cay sb 18) co két qua duong
tinh v6i PCR bang cip mdi nhan gen dich
gdhABamHIF/gdhANotIR. Sy hoat dong cua
gen gdhA & mirc d6 phién ma trong céac cay
nay da duoc kiém ching voi RT-PCR. Két
qua budc dau nay cho thay cau tric biéu hién
gen gdhA trong vector pCAM/35S-gdhA ma
chiing t6i thiét ké co thé hoat dong & cay dich.
Cac thi nghiém tiép theo 1a chuyén gen nay
vao cay dich dé kiém tra sy hoat dong ciia gen
gdhA trong cdy dich va kiém tra & mic do
phién m&, dich ma va danh gia tinh chiu han
nhén tao trén cay dich.

Loi cdm on: Cong trinh dugc thuc hién tai
Vign nghién ctru h¢ gen véi Kinh phi tir dé tai
cap nha nudc “Phan lap thlet ké gen chiu han
phuc vu cong tac tao giong ngd bién doi
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gen”do B Nong nghiép va Phat trien Nong
thon quan ly va mét phan tir nguon kinh phi
cap co so.
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