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Tom tat:

Sin (Manihot esculenta Crantz) 1a ciy cé gia tri trong an ninh lrong thue va cong nghiép. Cai tao giéng sin
bang cong nghé sinh hoc c6 ¥ nghia 16m di véi khoa hoc va thue tién. Quy trinh chuyén gen nhim vao AGPopt
tong hop nhin tao dé gia ting ham lwong tinh bt 13 muc tiéu lau dai cia nghién ciru nay. Quy trinh tai sinh ciy
sin thong qua phédi soma tir dinh chdi va thity 14 non ciia 2 giong sin KM140 va KM94 da dwoc t6i wu trén méi
truong MS bd sung picloram 12 mg/l va tdi sinh trén méi trweong BAP 0,3 mg/l. Phéi soma so cip ciia sin dwge
lra chon dé chuyén gen. Céu tric gen AGPopt dwgc tong hop nhan tao dwa trén protein glgC ciia vi khuin E.
coli K12 (mi s6 AKD93525.1), thém ddt bién G336D, tdi wu hoa mi di truyén cho phul hop véi thue vét va gin
chudi peptide tin hiéu (gd0m 57 amino acid), dudi c-myc (11 amino acid) va trinh tw KDEL (4 amino aicd). Gen
AGPopt tong hop nhin tao di dwoc thiét ké hoan chinh vao vector pBI121 va di dwoc danh gia trén ciy thudc
12 md hinh. Két qua tao 32 dong ciy thudc 14 chuyén gen dwgc kiém tra dwong tinh bing PCR, déu mang gen
AGPopt bing lai Southern, tao duwgc protein AGPase biang Western blot, c6 hoat tinh AGPase trong 14 ting tir 121
(L6) dén 153% (L7) va c6 ham lwgng tinh bt ting tir 140,05 (L2) dén 168,99% (L7) so véi ddi chirng. Céu tric
gen AGPopt nay di dwoc sir dung chuyén vao ciy sin KM94 thong qua phdi soma nho A. tumefaciens, buée diu
thu dwoge 6 dong cdy hoan chinh, trong d6 5/6 dong dwoc xac dinh cé mit gen AGPopt. Cac dong sin chuyén gen
nay dang dwoc danh gia tiép tuc.

Tir khod: AGPopt tong hop nhén tgo, cdy sin (Manihot esculenta Crantz), chuyén gen, phoi soma, ting sinh tinh
bét.

Chi s6 phén logi: 1.6

san chuyén gen da duoc bat dau tir 25 ndm trudc va dén
nay da c6 nhimng thanh tyu, dic biét trong hudng cai tién
chat lugng cu nhu giam ham luong cyanogen, giam ty 18
amylose trong tinh bdt, ting ham luong protein, B-caroten,
sit, vitamin, tinh bot... Viéc ung dung cong nghé chuyén
gen nham tac dong vao qua trinh tong hop/thity phén tinh
bot dé ting kha ning tich lity tinh bot & co quan du tri¥,
hudng dén nang cao ning suat ciy san la muyc tiéu dai han
cua hudng nghién ctru nay.

o V4 PN
Pat van de

Cay san (Manihot esculenta Crantz) duoc trong & chau
Phi, chau A va chau My, dap img nhu cau luong thyc cho
800 triéu ngudi. Cu sidn c6 ham luong chét kho chiém 20%,
trong d6 80% la tinh bot, dugc sir dung chu yéu lam luong
thuc, thire an chan nuobi, tinh bot cong nghiép, nguyén li¢u
cho san xuit duong, nhién liéu sinh hoc [1]. O nudc ta san
pham tir sin d tré thanh mat hang xuét khau co gia tri,
dat kim ngach 1,32 ty USD trong nam 2015. Tuy nhién,
nang suét san cua Viét Nam chi dat 19,15 tén/ha, & muc
trung binh ciia thé gidi [2]. Dé phat trién cdy sin bén viing,
can thiét phai cai tao giéng san dé khong chi thu dugc lgi
nhuan cao ma con duy tri dugc do phi nhiéu ctia dat.

ADP-glucose pyrophosphorylase (AGPase) 1a enzyme
diéu hoa qua trinh tong hop tinh bot & bude chuyén
glucose-1-phosphate thanh ADP-glucose, nguyén liéu dé
tao thanh tinh bot [3]. Trong qué trinh nghién ctu, nguodi
ta da phat hién ra AGPase cua gen glgC & vi khuan E.

Hién nay, trong cong tic chon tao gidng cdy trong,
cong nghé gen di tré thanh cong cu hiéu qua dé cai bién
di truyén, nhat la nhimg ciy duoc nhan gidng vo tinh la
chu yéu nhu cay sin. Trén thé giéi, nghién ciru tao cay
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coli c6 hoat tinh cao hon hang tram 14n so v6i & thue vat
[4]. Khi AGPase E. coli mang dot bién diém G336D thay
thé glycin & vi tri 336 bang axit aspartic c6 thé hoat dong
hiéu qua ma khong can chit hoat hoa fructose-1,6-bis
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Abstract:

Cassava is a high value crop for food security and
industry. Improving cassava using biotechnology is
providing important scientific and practical values.
The longterm objective of this study is to create AGPopt
transgenic cassava plants for enhancing the starch
synthesis. A plant regeneration protocol of the KM140
and KM94 cassava varieties via somatic embryos from
shoots and young leaf lobes was optimized on MS
supplemented with 12 mg/l picloram for induction
of somatic embryogenesis, and germinated on MS
supplemented with 0.3 mg/l BAP. The AGPopt gene
is synthetized using data from glgC protein of E. coli
K12 (code AKD93525.1) with 1527 bps, added with
the G336D mutation, their genetic codes optimized
in compliance with plants, the 5’ head attached with
the 171 bps fragment encoding for the signal peptide
(57 amino acids), the 3’ end attached the c-myc (11
amino acids), and the KDEL (4 amino acids) sequence.
The synthetic AGPopt has been constructed into the
pBI121 vector for transformation. Using tobacco
as the model plant, the transformation of AGPopt
vector has created 32 transgenic tobacco lines which
are proved to be positive by PCR; also positive by
Southern blot; positive for AGPase protein expression
by Western blot; increasing leaf AGPase activity (from
121 to 153%), and also starch content (from 140.05
to 168.99%). This has successfully proved that the
AGPopt vector has been used for transformation into
KM94 cassava via somatic embryos and resulted in 6
plant lines, S of which have been proved to be positive
for the AGPopt gene. Further analyses of the transgenic
cassava lines have been implemented.

Keywords: Cassava (Manihot esculenta Crantz),
enhancing starch synthesis, genetic transformation,
somatic embryo, synthetic AGPopt.

Classification number: 1.6
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phosphate, c6 4i lyc cao hon véi co chat (ATP va Glucose-
1-phosphate) va giam ai luc v6i chit e ché AMP [5]. Vi
vay, viéc hoan thién quy trinh nudi ciy mé tai sinh cdy sin
va tong hop gen nhédn tao 4GPopt ma hoa AGPase dua
trén gen AGPase ¢ vi khuan va mang dot bién mong muén
dong vai trd vo cling quan trong phuc vu viée chuyén gen
AGPopt vao ciy sin, gop phan tao tién dé cho cai bién
nang suit va cht luong mot sb giéng sin dang duoc trong
phé bién ¢ nudc ta.

Vat liéu va phuong phap nghién ciiu
Vit ligu
Gidng cay thude 14 K326 do Vién Kinh té ky thuat thude

14 (Téng cong ty Thude 14 Thing Long) cung cip, duoc st
dung dé biéu hién protein enzyme tai to hgp AGPase.

Hai giéng sin KM94 va KM 140 c6 ngudn gbc tir Trung
tam Tai nguyén thye vat (Vién Khoa hoc nong nghiép Viét
Nam) dugc st dung lam vat liéu cho tai sinh cay va tao cay
san chuyén gen.

Céc vector pBI121, pUCIDT-AMP va céac chung vi
khudn E. coli DH5a, A. tumefaciens CV58/pGV2260,
EHA105 va LBA4404 dugc luu giit tai Phong Cong nghé
té bao thuc vat (Vién Cong ngh¢ sinh hoc). Gen nhan tao
AGPopt duge nhom nghién ciru dé tai thiét ké va dat tong
hop tai hang Integrated DNA Technologies (M¥).

Phwong phap nghién ciru
Phurong phdp nuéi cdy mé va tdi sinh cdy san:

Cay san 12-14 ngay tudi, hinh thanh tir ch6i nga cia
mau cay trén moi truong MS, duge st dung lam vat liéu
cho nudi cay mo, tai sinh cdy va chuyén gen.

Céc loai vat liéu dinh chdi, cuéng 14, doan than non
mang chdi ngu, doan than non khong mang chdi ngu
(dai 1,5 cm) va thuy la non (kich thudc 1-2 mm), thuy 14
truong thanh (2x2 mm) duge nudi cay tao phoi soma va
kich thich ph6i nay mam trén méi truong MS theo phuong
phéap dugc mo ta boi [6] va [7].

To ong hop gen nhdn tao AGPopt ma hoa AGPase va
thiét ké vector chuyén gen mang gen AGPopt:

Dya trén cdu trac cua protein glgC (md sb
AKD93525.1) cua vi khuan E. coli K12 di duge cong bd
trén GenBank, suy dién thanh trinh tu gen c6 ma bo ba phu
hop biéu hién trong hé théng thuc vat va thém dot bién tai
vi tri G336D. B sung thém trinh ty protein tin hiéu vao
dau 5’va duge gin véi dudi c-myc va KDELvao dau 3’
Gen ma héa AGPase nhéan tao, ky hié¢u la AGPopt dugc dat
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tong hop tai hiang Integrated DNA Technologies (M) va
duoc nhan dong trong vector pUCIDT-AMP.

Dung vector pBI121 thay gen gus bang gen AGPopt.
Bién nap vector tai to hop vao A. tumefaciens bang phuong
phap xung dién.

Phirong phdp chuyén gen va danh gid gen chuyén o
cdy thude ld va cdy sdn:

Chuyén gen AGPopt vao cy thuc 14 mé hinh dugc
tién hanh theo thuong quy cta phong thi nghiém. Cac
dong thudc 14 chuyén gen dugc phan tich bang k¥ thuat
PCR véi cap moi dic hiéu G336F/G336KDEL R, k¥
thuat lai Southern, ky thuat lai Western. Tiép theo céac
dong dwong tinh trén dugc phan tich cdy chuyén gen bang
phuong phéap hoéa sinh xac dinh ham lugng tinh bot trong
14; x4c dinh hoat tinh ciia enzyme AGPase bang phuong
phap quang phd thong qua do hap thy tai bude song 340
nm cua NADPH thep phuong phép cua Konstantin [8].

Doi voi cay san, phdi soma dugce su dung dé chuyén
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gen thong qua lay nhiém véi huyén phu vi khuin bang
phuong phép lic (50 v/p) va siéu am. Su hién dién cua gen
chuyén trong cac dong sin tai sinh dugc xac dinh thong
qua PCR.

Céc sb lidu duge xur 1y bang phan mém IRRISTAT.
Phan tich trinh ty nucleotide cua gen va trinh ty amino
acid cua protein bang cong cu Clustal Omega dugc phat
trién bdi EMBL-EBI (http://www.ebi.ac.uk/Tools/msa/
clustalo/) va phin mém BioEdit.

Két qua

Két qua xdy dung quy trinh nudi cdy mo va tdai sinh
cdy san phuc vu chuyén gen

Vé6i nguyén liéu ban dau 1 dinh chdi va thuy 14 non
thong qua 3 budc gdm cam tng tao phdi soma trén moi
truong MS chuira 12 mg/1 picloram, sau dé cho phéi soma
nay mam trén méi truong MS chira 0,3 mg/l BAP va tao
ré trén moi truong khong c6 chét diéu hoa sinh trudng
(hinh 1).

Hinh 1. Tai sinh cay sidn qua cac giai doan khac nhau. A1 - M6 seo phét sinh ti dinh chdi; A2 - M6 seo phat sinh t
14 non; B, C - M6 seo dang phan hoa phoi; D, E, F - Phoi soma dang ndy mam; G - Phoi soma téi sinh thanh cay con;
H - Cay trén moi truong ra ré; | - Cay trong trén bau dat.
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Két qud toi wu hoa quy trinh chuyén gen vao cdy san

Hinh 2 mo ta quy trinh chuyén gen vao cay sin thong
qua phdi soma va vi khuan A. tumefaciens mang gen
dich.

1. Chung vi khuan/vector
A. tumefaciens CV58/pGV2260/pBIl121

U

o 2. Phuong phdp va vt ligu lay nhiém .
Lac mau véi huyén phu vi khuan véi toc do 50 v/p; manh la mam

3. Thoi diém lay nhidm va mat d¢ vi khuan
Mat dg khudn tgi OD, 0,8

Thoi diém: Sau khi cam iing trén méi truong tao phéi soma 2 ngdy

4. Nong d6 AS va thoi gian lay nhiém
AS 100 uM; thoi gian ldy nhiem 15 phut

11}

5. Thoi gian ddng nudi ciy thich hop
AS 150 uM; thoi gian dong nudi cdy 2 ngdy

U

6. Loai khang sinh va ngudng chon loc thich hop
Kanamycin 50 mg/l

Hinh 2. So do chuyén gen vao cay sin thong qua A.
tumefaciens.

Két qua thiét ké vector AGPopt mang gen ma héa
AGPase

Tong hop gen AGPopt nhén tao:

Dura trén ciu tric cia protein glgC (ma s6 AKD93525.1)
ctia vi khuan E. coli K12 da dugc cong b trén GenBank,
trinh tu DNA suy dién da duogc tao ra va déng thoi cac bd
ba mi hoa acid amin dd dugc tdi wu phu hop biéu hién
trong thyc vat. Hon nira, trinh ty nay da duoc dot bién dé
vi tri amino acid 336 glycin (G) duoc thay thé boi aspartic
acid (D) - hinh 3. Trinh tu nucleotide ctia gen da t&i uu
duogc dat tén 1a AGPopt.

GGTAGCCACGGGATGACCCTTAACTCACTCRTTTCCERCAGTTRTGTGATCTCCAEITCG 1029
6.5, 0.6, 1. L NS LG YLLSLLGL 6L CL UYL TS LGS, 363

glgC
glgC

(GAAGTCATGGCATCACATTGAATTCCCTTRTCAGCGATGGTTRCATGATATCCGGATCAL200
.6..5. 0.6, 1.1, L.N..SL LG YLLSDL 6L GG YL TS LGS, 420

AGPopt
AGPopt

Hinh 3. Vi tri dt bién 336 clia gen AGPopt nhan tao.

Khi so sanh trinh ty nucleotide ctia 2 gen, chi ¢6 63%
ddng nhét gitra trinh tw gen tong hop AGPase véi gen glgC
& E. coli. Su khac biét v6i E. coli xuét phat tir sy khong
ddng nhat vé bo ba mé hoa giita sinh vét nhan so va sinh
vat nhan thyc va tinh thoai ho4 ctia ma di truyén trong d6
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mot amino acid co thé dugc ma hoda boi nhicu bd ba ma
hoa khac nhau.

Dé phuc vu cho chuyén gen vao cay trong, ngoai dot
bién G336D gen AGPopt can phai chira thém mot s6 ciu
trac phut hop cho biéu hién va phan tich biéu hién trong
thuc vat bao gém: Peptide tin hiéu dan g@)m 57 amino acid
gédn vao dau 5°, trinh ty nhan biét (c-myc) gdm 11 amino
acid va peptide & ddu 3’ gitip cho protein van chuyén trong
qué trinh tong hop (KDEL).

Gen AGPopt sau khi thiét ké co kich thuéc 1527
bp (hinh 4) duoc tong hop nhan tao, dugc nhan dong
trong vector pUCIDT-AMP tai hang Integrated DNA
Technologies (M¥).

Xbal site Peptide tin hiéu c-myc KDEL

et

«—— GenAGPOPt ——————>

aclsite

Hinh 4. So dd c4u tric gen AGPopt tong hgp nhan tao.

Thiét ké vector chuyén gen chira AGPopt tong hop
nhan tao:

Duya vao vector chuyén gen pBI121 dé tao ra vector
chuyén gen pBI121/AGPopt bang cach thay thé gen gus
boi gen AGPopt. Két qua thuc nghiém trén hinh 5 ching
minh vector chuyén gen chira AGPopt da dugc thiét ké
thanh cong.

20000 iy <0
10000 € A
5000
- 1, Ligation
— é aGPDD!.
150 2. Cat béng Xbal '
va Sacl

B

Hinh 5. K&t qua dién di san phdm PCR ctia qua trinh tdng
hgp vector pBI121/AGPopt. Vector nay dugc cit kiém tra
bang cap enzyme gigi han Xbal va Sacl.

Ddnh gid hoat dong ciia vector chuyén gen mang
AGPopt 6 cdy thuéc ld mé hinh

Bang 1 va hinh 6 trinh bay hi¢u qua chuyen gen vao
cdy thudc 14 v6i hiéu qua kha cao, tong sé thu duoc 39
dong thudc 14 TO dé phan tich tiép.
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Bang 1. Hiéu qua chuyén gen AGPopt vao cay thudc la
K326.

A A
SSminhlé  Sémanhld  Sbchdidwge 0 HO
A X N N tao thanh

lay nhiém tao md seo tao thanh o
Lan 1 100 82 17 n
Lan 2 100 87 18 3
Lan 3 100 79 23 16
Téng 300 248 58 39

Hinh 6. Chuyén vi khuan A. tumefaciens mang vector
pBI121/AGPopt vao cay thudc 1a K326. A- Manh mo
thudc 14 K326 dugc bién nap véi A. tumefaciens/pBI121/
AGPopt; B, C - Tao da chdi trén moi trudng chon loc; D -
Tao cay hoan chinh; E - Ra cay.

Két qua ddanh gia kha nang biéu hién ciia gen AGPopt
trong cdy thudc ld:

Két qua lai Western cho phép khang dinh gen AGPopt
da hoat dong va protein tai to hop AGPase di dugc bicu
hién trong 8 dong thudc 14 chuyén gen (hinh 7).

130 M  DBC 1 2 3

95 .
sh -
55 —a..

Hinh 7. Két qua lai Western kiém tra sy biéu hién clia
gen AGPopt trong cac dong thudc la chuyén gen K326/
pBI121/AGPopt. DC-: D6i ching am cay khong chuyén
gen; M: Marker protein (Thermo Scientific); 1-8: Cac dong
thu6c 1a K326 chuyén gen AGPopt.
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Pdnh gid s biéu hién ciia gen AGPopt qua hoat tinh
cua AGPase:

Két qua (hinh 8) cho thdy cac dong thudc 14 chuyén
gen AGPopt phan tich déu c6 hoat tinh AGPase trong 14
tang so voi doi chimg tir 121-153%. Trong 8 dong thude
1a chuyén gen phan tich (L1-L8), dong L7 c6 hoat tinh
AGPase cao nhit (153% so voi dbi chung), L2, L3, L8 c6
do tang hoat tinh AGPase so v6i ddi ching twong dwong
nhau (144-145%), L1 va L3 déu tiang 137% so véi ddi
chimg, L6 tang it nhat (121%).

200%

150%

100%
50% -]
0% T T T T T T
bC 11 2 13 L4 L5 L6 L7 L8

1 % AGPase so véi déi chiing

Hinh 8. Hoat tinh enzyme AGPase trong la cac dong
thudc 14 chuyén gen AGPopt so véi dong déi chiing khong
chuyén gen. DC: Cay thudc 14 K326 khong chuyén gen;
L1-L8: cac dong thudc 1a chuyén gen AGPopt. Don vj tinh:
% (so v6i doi ching).

Ham lwong tinh bét trong cdy thuoc ld chuyén gen
AGPopt:

Ca 8 dong K326/AGPopt c6 ham lugng tinh bdt cao
hon cdy dbi ching (bang 2), trong d6 L4, L7 thuéc nhom
c6 ham lugng cao nhit (223,94 mg/g va 228,34 mg/g), ting
165,74-168,99% so vai dbi ching, dong L2 ¢6 ham lugng
189,24 mg/g, ting so v6i ddi chimg thap nhat (140,05%).

Bang 2. Ham lugng tinh bgt trong 14 clia cay thudc 14
K326/pBI1121/AGPopt (mg/g khéi lugng tudi).

Cic dong thudc 14 Ham ll:::‘g%gt)inh bt % s0 véi dbi chimg

bC 135,12 100

L1 204,16 151,10
L2 189,24 140,05
L3 211,62 156,62
L4 223,94 165,74
L5 199,15 147,39
L6 200,45 148,35
L7 228,34 168,99
L8 210,23 155,59

23



s Khoa hoc Tu nhién

Chuyén gen AGPopt téng hop nhén tao vio ciy sin

Hinh 9 minh hoa két qua chuyén gen AGPopt vao ciy
san KM94 theo quy trinh chuyén gen mo ta ¢ phan trén.

Hinh 9. Tai sinh ciy tir phoi soma cta giong sin KM94
chuyén gen nhan tao AGPopt ma héa AGPase. A - Phoi
soma so cap; B - Phoi thi cdp hinh thanh tir phoi chuyén
gen sau 30 ngay nudi cdy trong moi truong CIM; C - Phoi
chuyén gen 60 ngay trong mdi trudng tai sinh; D - Chdi
dugc tai sinh tf phoi th cap; E - R dugc tai sinh ti phoi
tha cap.

V6i 1018 miu qua 6 16 thi nghiém, sé mu tao phoi thi
cap 12 69, chiém ty 18 6,78%: trong s6 d6 chi c6 4 mau tao
chdi véi téng s6 chdi thu duoc 12 6; tat ca 6 chdi déu tao ré.
Két qua thu dugc 6 dong cdy hoan chinh (bang 3).

Bang 3. Kha ning tao choi va ra ré clia cic mau sin
KM94/AGPopt.

$b. S ey
cdy  dwong tinh
hoan PCR
chinh

§6 minh
mo tao phoi
thit cip

S lwgng
minh mj
Iy nhiém

S0 choi
hinh
thanh

Ty 16 56 chii ra
ré/tong so choi

S0 ménh md
o choi

Lo thi
nghi¢m

1 180 14 1 2 100% 2 A

2 141 11 0 0 0 0 0

3 175 10 1 2 100% 2 1

4 163 10 0 0 0 0 0

5 155 13 1 1 100% 1 1

6 204 11 1 1 100% 1 1

Kiém tra cdc dong sdn chuyén gen bang PCR:

Dé kiém tra su c6 mit va hoat dong cua cAu tric gen
chuyén, phan tmg PCR nhan gen khang kanamycin st
dung cap mdi nptll F/R dugc thyce hién. Két qua, voi cac
cdy sin kiém tra, 5/6 cdy san chuyén gen da xuat hién
bang c6 kich thude gan 1 kb 1a kich thudc ciia gen nptll
(hinh 10A). Dya vao két qua nay, 5 cdy dwong tinh voi
cap moi nptll F/R (tu 2-6) duoc kiém tra sy c6 mit cia
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gen AGPopt bang PCR véi cip moi dic hiéu G336F/
G336KDEL R (hinh 10B).

bC+

M  BC- 1 2 3 4 5 6
1]

Hinh 10A. Két qua dién di san pham PCR nhan gen ma
héa nptll tif cac cay sin KM94 chuyén gen. M: Thang
DNA chudn 1 kb; (DC+): S&n phdm PCR nhan gen ma
hoa nptll ti vector pBI121+AGPase; (DC-): Sdn phdm PCR
nhan gen ma hoa nptll tf cay sin KM94 khong chuyén
gen; 1-6: San phdm PCR nhan gen ma hoa nptll tf cac cay
sén KM94 chuyén gen (KM94/pBI121/AGPopt/1-6).

bC- M BC+ 2

kb

L5 <~ AGPopt

Hinh 10B. Két qua dién di sin phdm PCR cic cay sin
KM94 chuyén gen AGPopt véi cip moi dic hiéu G336F/
G336KDEL R. M: Thang DNA chuan 1 kb; (DC+): vector
pBI121/AGPopt; (DC-): DNA tdng s6 tii cay sin KM94
khong chuyén gen; 2-6: Cac cay sin KM94 chuyén gen
AGPopt 2-6 (duong tinh v6i nptll) duong tinh v6i cip moi
dac hiéu.

Dinh chdi va 14 non 1a 2 loai vat liéu khoi dau duoc
t6i wu tach tir cdy in vitro 10-14 ngay tudi, day 1a 2 loai
mo c6 kha ndng phan chia manh nhung chua phan hoa
sdu sic, vi vay, kha nang phan phan hoa quay tré lai trang
thai ban dau rat cao, d& dang chuyén hoa thanh phoi soma
khi gap moi truong phu hop [9-12]. D6i khi phoi hitu tinh
cling dugc su dung lam vat li¢u tai sinh. Hi€u qua trong
phat sinh ph6i soma va tai sinh cay theo quy trinh nay tao
tién dé cho cac nghién ctru tmg dung trong nhan giéng va
chuyén gen vao cay sin, phi hop véi cac nghién ciru trude
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day [9, 10] dd xac dinh rang phoi soma c6 thé dugc cam
g va cdy dugc tao ra tir mau 14 chua hoan chinh trén moi
truong Murashige va Skoog [13] b sung auxin. Céy tai
sinh theo cach nay 1a dang vo tinh cua vat lidu gbe truong
thanh, giit nguyén tit ca cac tinh trang cta cac té bao mam
co duoc.

Céc bao cao ban dau vé ciy bién doi gen xac nhan
rang, cdy chuyén gen c6 thé duoc tao ra boi giy nhiém
A. tumefaciens vao manh 14 mam [6] hodc sung bin gen
vao cac phoi soma dd hinh thanh 14 mam [14, 15]. Hiéu
qua chuyén gen vao cdy trong nodi chung va cy sin noi
riéng phu thudc vao rat nhidu yéu t, nhu kiéu di truyén
cua cdy, do khoe cua mau, loai vector, ching vi khuén 4.
tumefaciens, nong d¢ vi khuan, thoi gian cam tng, thoi
gian nhiém khuan, thao tic xir Iy mau truéce khi chuyén
gen. Higu qua chuyén gen trong nghién ctru nay dat
0,90%, twong tu v6i két qua cua Schopke [16]. Chung t6i
nhan thiy rang, két qua cta viéc danh gia nay ciing chi
mang tinh twong ddi vi c6 nhiéu cong trinh nghién ctru cho
thdy sau hon mot chu ky phat sinh ph6i soma, mé duong
tinh v6i gus bién mat. Hau hét két qua nay co thé dugc glal
thich boi su that 1a chi c¢6 té bao biéu bi méi duge chuyen
gen va no ciing chi ra rang trong phat sinh phoi soma thir
cép cuia sin, phodi phat sinh tir 16p té bao sau hon [9, 17].
Tuy nhién, day ciing 1a co s¢ dé xac dinh quy trinh chuyén
gen dich AGPase vao cdy sin KM94.

Dé ting biéu hién enzyme AGPase ¢ ciy san (Manihot
esculenta Crantz), tong hop gen AGPopt ma hda AGPase
dya trén trinh ty gen suy doan tir protein glgC & E. coli
chung K12 di duoc tién hanh. O vi khuan, gen nay ma
héa cho mét enzyme dai 431 amino acid. Dya trén trinh
ty amino acid tir E. coli, chung toi gy dot bién G336D
(két qua thay glycin (G) béi aspartic acid (D)) va trinh
ty DNA duoc tong hop theo bd ba codon twong tng &
thuc vat. Theo cong bd cua Themere [5], 2 dot bién & vi
tri 296 va 336 trén gen glgC cua vi khuan E. coli dé thay
thé Gly336 boi Asp va Lys296 boi Glu. Vi tri dot bién dic
hiéu Gly336 thanh Asp loai b6 diéu hoa nguoc boi FBP,
lam giam hoat tinh AGPase so v6i khong dot bién [18]. Vi
tri dot bién ddc hiéu thir 2 Lys296 thanh Glu can thiét dé
tang cuong hoat tinh cia AGPase. Dot bién kép K296E/
G336D (Lys296Glu/Gly336Asp) ciia AGPase vi khuin
lam giam diéu hoa allosteric khi c6 mit trong cdy va cd
hoat tinh twong ty enzyme vi khuan ban dau [18].

Ngoai ra, bo sung mot doan nucleotide ma héa cho
chuoi peptide tin hi¢u dan protein vao luc lap cd ngudn
goc tir gen rbcS ma hoda tiéu phan nhé cua enzyme ribulose
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1,5-bisphosphate carboxylase & Arabidopsis & dau 5°,
ddng thoi bo ba két thuc (stop codon) dé gin thém mot
doan DNA mai hoa cho dudi c-myc va KDEL. Hai vi tri
nhéan biét cua enzyme gidi han Xbal va Sacl dugce thém
vao dau 5’ va 3’ clia gen, theo thir ty twong (mg. Mot trinh
tu ma hoa cho dudi c-myc/KDEL cung khung doc (frame)
tiép nbi sau codon ma héa cudi cing ciia gen. Tém lai, gen
AGPopt di duge tong hop cho budc tiép theo tao dong vao
vector biéu hién.

Sau cic phan Ung cit vector chuyén gen pBI121,
vector tach dong pUCIDT-AMP:AGPopt bdi cac enzyme
cét Xbal va Sacl va ghép ndi bai T4 _lygase, vector chuyén
gen pBI121/AGPopt d dugce tao thanh, sin sang cho bién
nap vao cady dich. Trong nghién ctu cia Ihemere [5],
pBI121 ciing dugc st dung lam vector chuyén gen, tuy
nhién promoter duoc st dung thay thé cho CaMV 35S 1a
1 doan gen chtra promoter patatin Class I 1,0 kb [19], theo
sau la mot peptide chuyén (400 bp) (TP) vao luc lap (cua
cay dau) [20] gin voi dau 5’ cua gen glgC cia E.coli 900
bp chta dot bién G336D [21].

Dé kiém tra kha ning xam nhép ctia gen AGPopt va
su hoat dong trong cay dich, vector mang gen AGPopt
dugc chuyén vao cdy mo hinh (cdy thudc 14 K326) thong
qua vi khuan 4. tumefaciens. Luya chon ngau nhién 8/32
dong thude 14 duong tinh v6i cip mdi ddc hiéu dé kiém
tra bang western blot cho thiy 8/8 ciy déu co mit cua
protein tai to hop, chirng té sy c6 mat va hoat dong cua
gen AGPopt. 8 dong nay tiép tuc duoc kiém tra hoat tinh
ctiia enzyme AGPase, két qua cho thiy hoat tinh enzyme
clia ca 8 dong déu tang so voi dbi ching tir 121-153%,
trong d6 L7 c6 hoat tinh ting manh nhat. Pong thoi véi
kiém tra hoat tinh enzyme AGPase, 8 dong nay duoc kiém
tra ham lugng tinh bot, két qua cho thay ham lugng tinh
bot cia 8/8 dong déu tang so voi dbi ching, trong d6 dong
¢6 hoat tinh enzyme ting manh nhét ciing 13 dong c¢6 ham
lwong tinh bot ting cao nhét (168,99%). Tuy nhién, hoat
tinh enzyme AGPase va ham lugng tinh bot khong phai ty
1& thuén véi nhau, diéu nay thé hién trén két qua kiém tra,
cu thé dong L6 c6 hoat tinh enzyme tang thip nhat (121%)
nhung dong L2 lai ¢ ham lugng tinh bot ting thip nhét
(140,05%) so véi d6i ching.

Quy trinh chuyén gen gus vao cdy sin la co sé dé chuyén
gen dich AGPopt vao cdy san. Chung A. tumefaciens
CV58/pGV2260 chira vector pBI121/AGPopt ma hoa
AGPase duoc diéu khién boi promoter 35S theo sau 1a mot
doan peptid tin hiéu dugc chuyén vao gidng sain KM94.
Nghién ctru gan day cua Themere [5] ciing sir dung vector
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pBI121 nhung dugc diéu khién bai promoter patatin Class
I vao giéng san TMS 71173. Trong nghién ciru nay, véi sb
lugng mau chuyén gen 13 1018 cho 6 16 thi nghiém, cac
phoi soma truéng thanh khoe manh vé6i 14 mam da phat
trién dugc lya chon. Cac manh 14 mam sau khi lay nhiém
v6i huyén phu khuan trong 15 phut duge dong nudi cdy
trén moi trudng MS bd sung 12 mg/l picloram chira chat
dan du acetosynringone (AS) v6i ndng d6 100 mM. Sau 2
ngay dong nudi cdy, cac manh mé dugc chuyén sang moi
truong CIM méi chira 500 mg/1 cefotacim va kanamycin
50 mg/l (chon loc nptll). Sau 1-2 tuan, manh mo bt dau
xuét hién cac phoi soma tai cac mép cua manh mo, dugc
cdy duy tri trén méi truong CIM chon loc. Két qua cho
théy s6 mau tao phoi the cép 14 69, chiém ty 1€ 6,78%.
Trong khi do, lhemere phat hién trong 26 phdi khang
khang sinh paromomycin trén tong s6 872 phdi soma
nghién ctru (chiém ty 1& 2,98%) [8]. Sau khi lay nhiém
tir 3 dén 4 tuan, cac cum phoi (manh mau) duoc chuyén
1én moi truong MS bo sung BAP 0,3 mg/l, chon loc bang
kanamycin 50 mg/l dé tai sinh cay (tao chdi). Themere [5]
da st dung paromomycin lam khang sinh chon loc. Sau
3-4 tudn, chdi xuét hién tir cac cum phoi. S6 chdi xuét
hién dao dong 1-2 chdi trén mot cum (manh mau). Trong
69 mau tao phoi thir cip, c6 4 mau tao thanh tong sb 6
chdi. 100% s6 chdi déu tao 1& khi chuyén sang méi trudng
cam Ung ra ré, vi vay c6 6 cdy hoan chinh duoc tao thanh.
Sau khi dénh gia so bo bang PCR véi cip mdi dic hiéu
nptll va G336F/G336KDEL R két qua cho thay 5/6 ciy
tao thanh mang gen AGPopt. Trong 26 phoi tao thanh sau
chon loc, Themere (2006) xac dinh c6 5 dong mang gen
chuyén nho ky thuat PCR. Két qua nay ciing phu hop véi
mot s6 nghién ciru str dung A. tumefaciens dé dua truc tiép
gen vao céu tric ciia phoi duoc tao ra boi cac thuy 1a. Didu
nay c6 thé xay ra bang cich chuyén tryc tiép vao mau
thity 1a dé tao ra phoi chuyén gen so cip, hodc bang cach
dong nudi cdy voi phoi thir cap von duoge nhan 1én nhanh
chong tir tai sinh phoi dau tién. Nuoi cdy tiép theo trén moi
truong chon loc dam bao chi ting sinh mé chuyén gen,
sau d6 phuc hdi phéi truéng thanh va nay mam dé tao cay
hoan chinh [22, 23].

Nhu vay, nghién ctru da thyc hién va hoan thién quy
trinh tai sinh in vitro cac dong sdn thuong mai tai Viét Nam;
tong hop dwoc gen nhan tao AGPopt mi héa AGPase;
thiét ké duoc vector biéu hién thuc vat mang gen ma hoa
AGPase va kiém tra hoat dong cua gen trén cay thude 1a;
xdy dung dugc quy trinh chuyén gen chi thi chon loc gus
vao cdy sin KM94, dua vao dé chuyén gen AGPopt tong
hop nhan tao vao cdy sin KM94, budc dau xac dinh dugc
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su ¢6 mit cta gen AGPopt trong cy sin KM94.

Nghién ciru 14 cong trinh dau tién & Viét Nam cong bd
vé cac nghién ctru tai sinh va chuyén gen qua phoi soma
trén d6i twong cdy san dang dugc canh tic ¢ Viét Nam.
Két qua nay 1a co so khoa hoc va thyc tién cho cac nghién
ctru nhan nhanh va chon tao dong sdn co san lugng tinh
bot duogc cai thién.

1. Quy trinh tai sinh cdy san thong qua phoi soma tir
dinh choi va thuy 14 non cua 2 gidng sain KM 140 va KM94
& Viét Nam da duoc t6i uu trén moi truong MS b sung
picloram 12 mg/1 va tai sinh trén moéi truong BAP 0,3 mg/1.
Tir d6 quy trinh chuyén gen thong qua A. tumefaciens vao
cdy san dugc xay dung voi phoi soma dat hiéu qua chuyén
gen 0,90%.

2. Thong qua t6i ru hoa ma di truyén, bo sung dot bién
thay thé G336D, gin véi trinh tu doan ma héa peptide tin
hiéu va bd sung dudi c-myc, KDEL, trinh tu nhan biét
enzyme Xbal va Sacl trén co s& gen glgC cua E. coli K12,
gen AGPopt duoc tong hop nhan tao gdbm 1527 bp va thiét
ké v6i vector pBI121 thanh vector chuyén gen.

3. Gen AGPopt dugc chitng minh cé kha nang lam tang
hoat tinh cua enzyme AGPase va ham luong tinh bot ¢ 14
ctia cay thudc 14 mo hinh.

4. Chu triic gen AGPopt da duoc st dung chuyén vao
cay sin KM94 thong qua phoi soma nhd A. tumefaciens,
tao 6 cay hoan chinh. Buéc dau kiém tra duoc sy co mat
ctia gen AGPopt trong cdy sin chuyén gen: 5/6 ciy c6 mat
gen nptll va AGPopt.
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