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This study aimed to select Arabidopsis seeds after transformation with the
AtZAT]12 gene via Agrobacterium tumerfaciens. ZAT12 is a transcription
factor that inhibits other transcription factors FIT through the EAR
motif. FIT itself is a central transcription factor that controls Fe uptake
under Fe-deficient conditions. However, if Fe is absorbed excessively, it
will produce reactive oxygen species that could damage cells. That is the
reason why AtZAT1I2 transcription is elevated and FIT transcription is
inhibited under Fe deficiency for 10 days. To investigate the function, the
AtZAT12 gene was inserted into the pMDC107 vector for transformation
into Arabidopsis. The TO Arabidopsis seeds obtained after floral dip
transformation were placed on 1% MS agar supplemented with
15 ug/mL Hygromycin B. Beforehand, the TO seeds were sterilized and
kept in the dark for stratification. Subsequently, the seed plates were
subjected to a regime of 6 h of light, 48 h of dark and 24 h of light (3.25 d).
The hygromycin B-resistant seedlings had long hypocotyls (~ 1.0 cm),
while the non-resistant seedlings had short (~ 0.3 cm) hypocotyls. This
method took only 3.25 days to identify transgenic Arabidopsis seedlings.
After that, positive transgene lines were examined by PCR method for
AtZAT12,and the expression of AtZAT12was observed under microscope.

Cited as: Le, C. T. T., & Pham, N. T. (2023). Selection of Arabidopsis transformants containing AtZAT12. The
Journal of Agriculture and Development 22(4), 32-39.
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TOM TAT

Nghién ctu nay nhim chon loc cac hat Arabidopsis sau chuyén gen
AtZAT]12 gian ti€p qua Agrobacterium tumerfaciens. ZAT12 13 mot yéu
t0 phién ma c6 chtic nang tic ché yéu t6 phién ma khéc la FIT thong qua
motif EAR. Ban thin FIT ciing la mét yéu t6 phién ma trung tdm diéu
khién qua trinh hdp thu Fe trong diéu kién moi truong thiéu Fe. Tuy
nhién, khi Fe dugc hip thu qué nhiéu sé san sinh cac goc tu do gy tén hai
té€ bao. Co 1é do 1a ly do phién ma AtZAT12 dugc tang cao con phién ma
ctia FIT bj tc ché trong diéu kién thiéu Fe kéo dai 10 ngay. D€ nghién ctiu
chtic nang, gen AtZAT12 da dugc gan vao vector pMDC107 d€ chuyén
vao ciy Arabidopsis. Hat Arabidopsis TO thu dugc sau qua trinh bién
nap béng phuong phdp nhing hoa dugc dit trén mdi trudng thach MS
1% Agar b6 sung Hygromycin B 15 pg/mL. Céy Arabidopsis con khang
hygromycin B c6 cac 14 mdm dai (~ 1,0 cm), trong khi cac cay con khong
khéng khang sinh ¢6 cdc 14 mam ngin (~ 0,3 cm). Phuong phap chon
loc cai tién rut ngédn thdi gian xac dinh ciy Arabidopsis con bién d8i gen
nhanh hon chi trong 3,25 ngay. Sau d6, cac ciy dugc chon sé dugc kiém
tra sy c6 mét ctia gen bdng PCR ciing nhu sy hoat dong ctia gen chuyén

AtZAT12 duéi kinh hién vi.

1. Dit Vin Dé

Hién tai, phuong phap chon loc cic hat sau chuyén
gen khd ton kha nhiéu thoi gian va tuy thudc vao su
c6 mat cua gen chi thi. Gen chi thi thudng dugc st
dung trong chuyén gen & thuc vét la gen khéng khang
sinh (nhu Kanamycin, Hygromycin...) hodc khang
thudc diét co (nhu BASTA). Chon loc khang khang
sinh nhu kanamycin thuong mat 7 - 10 ngay sau khi
nay mam dé€ chon dugc dong chuyén gen duong tinh
(Bechtold & ctv., 1993; Clough & Bent., 1998). Qua
trinh chon loc ciing c6 thé gdp cac trd ngai nhu khi
nay mam, cac 14 mdm mdi moc thuong c6 mau xanh
dam khién cho cdc ciy con chuyén gen khong thé
phén biét véi cay khong chuyén gen. Khi chd khoang
7 - 10 ngay, cay khong chuyén gen sé chuyén mau
trdng va chi c6 cdy chuyén gen 14 vin ¢ mau xanh.
Tuy nhién, trong thoi gian nay, dia hat chon loc ¢6 thé
bi nhiém nim giéng nhu cdc nghién ciu vi ghép cay

(Altan & ctv., 2010). Nguyén nhan nhiém ndm c6 thé
6 trong hat thu dugc ti qua trinh nhing hoa béi vi
dung dich méi truéng nhung hoa cé dusng sucrose
va giai doan d4u sau khi nhing hoa, cy sé dugc day
bing chup nhya trong sudt dé giii trong moi trudng
4m va 4m nhung day lai 1a diéu kién ly tuéng cho ndm
phét trién (Clough & Bent, 1998; Hadi & ctv., 2002).
Trong qua trinh chon loc, dia hat bi nhiém ndm c6 thé
lam ngan can hiéu qua chon loc cuia chat khang sinh
hoac thudc diét ¢ c6 trong méi truong chon loc, do
d6 14 céc cay khong chuyén gen nhung van c¢é mau
xanh. Thém nia, cdy con ndy mim trén dia thach c6
mat d6 cao c6 thé lam cho ré phét trién bén trén moi
truong va do d6 dan dén qua trinh chuyén mau nhat
trén cay khong chuyén gen sé dién ra chim do ndng
do chét bd sung cho chon loc gidm nhu trong nghién
ctiu cua Ee & ctv. (2014) da gieo 100 hat trén dia c6
duong kinh 10 cm.
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Dé giai quyét vdn dé trén trong nghién ciiu nay
cay Arabidopsis con da dugc sang loc nhanh chéng
dé dang theo quy trinh chon loc cay Arabidopsis
chuyén gen khang Hygromycin B ctia Harrison & ctv.
(2006). Hygromycin B la khéng sinh dugc tao ra bdi
vi khufn phan lap ti dét Streptomyces hygroscopicus.
Thoi gian dau khang sinh nay dugc st dung nhu chét
tdy giun khi b6 sung vao thuc dn ctia ga va lgn. Gen
khang khang sinh nay dugc phat hién nam 1980 la
mot kinase tic ché Hygromycin théng qua qua trinh
phosphoryl hoa (Davies & Gritz., 1983; Kaster & ctv.,
1983; Rao & ctv., 1983). Gen khang nay dugc st dung
lam gen chi thi trong nhiing nghién ctu thuc vit,
ddc biét 1a chon loc céy sau chuyén gen. Khi sti dung
Hygromycin 50 mg/L sé gay doc cho cac callus khong
bién nap (Kauffman, 2009). Harrison & ctv. (2006) da
chon loc thanh cong cdc dong Arabidopsis chuyén gen
v6i Hygromycin B 6 n6ng d6 15 pg/mL.

Trong nghién ctu nay, cdy Arabidopsis da dugc
chuyén gen AtZAT12 nh Agrobacterium tumerfaciens
bing phuong phdp nhing hoa (Clough & Bent,
1998). AtZAt12 dugc gin vao vector pMDC107
c6 mang gen chon loc 1a gen khing khang sinh
Hygromycin B. C4u truic ctia vector dugc tom tat nhu

LA

5 attB1-zat12
PROMOTER

sau pMDC107:ZAT12-GFP, trong d6 gen AtZATI2
da loai bé di ma di truyén diing dich ma dé néi véi
gen huynh quang GFP phia sau. Véi viéc gan GFP vao
gen muc tiéu sé gitp sang loc hoat dong cta gen muc
tiéu bing huynh quang GFP duéi kinh hién vi. Vector
pMDC107 la vector nhi phan c6 chi thi chon loc & vi
khudn la gen khang kanamycin va chi thi chon loc &
thuc vat la gen khang khang sinh Hygromycin B (Le
& ctv., 2016). Nghién ctiu nay nhdm chon loc dugc
céc cay chuyén gen thanh cong béing cach dit cac hat
cta nhiing ciy chuyén gen trén moi trudng bd sung
khang sinh Hygromycin B nhanh va hiéu qua.

2. Vat Liéu va Phuong Phap
2.1. Vat liéu nghién ciiu

Hat cdy Arabidopsis chuyén gen thu dugc sau
khi nhung hoa trong dung dich Agrobacterium
tumerfaciens da dugc bién nap cdu truc
pMDC107:ZAT12-GFP dugc cung cép tii nghién ctu
cha Le & ctv. (2016). Cu truc gen chuyén (Hinh 1
bén trén) va cu truc vector pMDC107 (Hinh 1 bén
dudi, Invitrogen, Dtic) dugc trinh bay trong Hinh 1
(Le & ctv., 2016).

37 attB2-zat12
NONSTOP

Sac 1(276) Cla 1(627)

Pvu 1(260)
A TQ227)
nos terminator
Eco RI(1)
M13 reverse primer site
Eco RV (10850)
Xno 1(10715)
sma 1(10700)
Xma 1(10698)

& gromycin resistance

Xho 1(9621)
L8
Sac II(9103)

kanamycin resistance
Eco RV (8226)

pBR322 origin
Not 1(6876)

Cla 1(6258)
pvs1

pMDC107.gb
11744 bp

ARl I (635)
mgfp6
Neo 1(842)

Kpn 1(1027)
Xho 1(1038)
Ase 1(1044)
[ atR2
Sal 1(1184)
Pst 1(119%)
ccdB
Xma 1(1443)
Sma 1(1445)
Bam H 1 (1859)
Neo 1(2011)
Chloramphenicol resistance
Eco RI(2312)
Bam HI(2562)
Not 1(2632)
attR1

N\ 2831)
\\_ M13 forward prime:
N Pvu 1(2964)
Pme 1(3051)
RB
Sph 1(3175)
i Not 1(3054)
Nor 1(5586)

Hinh 1. Céu truc gen chuyén AtZAT12 (A) dugc chén vao gitia vi tri attR1 va attR2 trén c4u tric cta vetor
pMDC107 (Invitrogen) (B) d€ bién nap vao Agrobacterium tumerfacien, sau d6 la chuyén vao cay Arabidopsis.
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2.2. Phuong phap chon loc ciac dong Arabidopsis
chuyén gen AtZATI12

Qua trinh chon loc hat ctia cac dong Arabidopsis
chuyén gen dugc tién hanh theo phucong phdp cta
Harrison & ctv. (2006). Hat Arabidopsis chuyén gen
thu dugc sau khi bién nap dugc kh triing trong dung
dich 50% hypochlorite trong 7 phut, dugc rta sach
ba l4n bing nudc cit khi truing. Hat sau khi trung
dugc ddt trén moi trudng thach Murashige va Skoog
(MS) 1% Agar c6 b6 sung Hygromycin B v6i néng
d6 15 pg/mL (Invitrogen, Ptic). M6i dia moi trudng
dugc dit khoang 500 hat. Hat dugc dit trong béng
t6i 2 ngay & 4°C. Sau d6 hat dugc chuyén sang tt sinh

truéng (CLF Plant Climatics, Dtic) va 0 trong 6 gié &
22°C trong diéu kién chiéu sang lién tuc dé kich thich
nay mam. Cac dia hat nay sau d6 dugc boc trong gidy
nhom trong 2 ngay ¢ 22°C d€ gii dia trong t6i, ngan
can anh sang. Sau d6, dia hat dugc 14y ra va giti trong
24 it 6 22°C trong diéu kién chiéu sang lién tuc. Qua
trinh chiéu sang trong 24 gi¢ cudi cung khong can
phai lién tuc; qua trinh chon loc hoat dong t6t khi
cay con dugc dit trong ché d6 sang 16 gio, t6i 8 gid
mdc du cdn c6 téng anh sdng 24 gi¢ dé€ chon loc t6i
uu. Duéi day la tién trinh chon loc hat Arabidopsis
chuyén gen trén moi truong MS 1% c6 bs sung khang
sinh Hygromycin B.

. . Dat dia duéi dieu Dat dia hat Dat dia hat dudi .
Gitt hat trong t6i o L e e Chon cay
A kién chiéu sang trong toi diéu kién chiéu ,
sau khi khti trung . . . . duong tinh
trong 6 gio 48 gio sang trong 24 gio

2.3. Kiém tra cac dong Arabidopsis chuyén gen
duong tinh sau chon loc

Céc dong Arabidopsis chuyén gen thanh cong
sau khi dugc chon trén moéi trudng chia khéng sinh
hygromycin B sé dugc chuyén vao dat d€ thu hat thé
hé T1 va thu 14 tdch ADN d€ kiém tra cu tric gen
chuyén AtZAT12-GFP bang PCR.

L4 ctia cac dong dugc chon dugc tach chiét ADN
theo phuong phap ctia Clarke (2009). Phan ting PCR
kiém tra cdc dong Arabidopsis chuyén gen (ZAT12-
GFP) sé st dung 2 mdi la mot moi tai viung gen GFP
dugc ky hiéu la GFP rev (trinh tu la: 5-AAT TGG
GAC AAC TCC AGT GAA A-3’) va mdét moi ndm
6 vung gen AtZATI12 dugc ky hiéu 1a 5’ genotyping
ZAT12 (trinh ty la: 5-TCG CAT CCT TGT CCC ATA
TGT-3’). Thanh phin phan tung PCR bao gém: Taq
Ready Mix (Sigma-Aldrich, Ptic) 12,5 uL, Moi: GFP
rev 1 uL, 5 genotyping ZAT121uLvaH,0:9,5uLva 1
uL ADN ctia cdc miu chon loc duong tinh. Chu trinh
nhiét dugc ap dung nhu sau: 95°C: 3 phut, 30 chu ky
(95°C: 30 gidy, 59°C: 45 gidy, 72°C : 60 gidy), 72°C: 5
phat va gitt miu phén ting & 4°C. Céc sian phdm PCR
thu dugc sau d6 dugc kiém tra bing dién di trén gel
agarose 1%. Cudi cling, cac dong Arabidopsis chuyén

gen dugc chon ¢ thé st dung cho cdc nghién ciiu tiép
theo nhu nghién ctu sy biéu hién va vi tri biéu hién
ctia gen da dugc bién nap thanh cong.

2.4. Kiém tra sy biéu hién cta gen chuyén AtZATI12
duéi kinh hién vi huynh quang

Hat ctia dong Arabidopsis khéng chuyén gen va
hat Arabidopsis chuyén gen thé hé T3 dugc chon theo
quy trinh trén da dugc ddt trén moi truong thach MS
trong 5 ngay. Sau d6 thu ré cia nhiing ciy nay dé quan
sat duéi kinh hién vi LSM510. Do gen AtZAT12 dugc
gin v6i GFP nén khi ciu tric gen biéu hién sé phat
hién huynh quang GFP (budc séng 520 - 530 nm).
Kinh hién vi dugc dit 6 budce song kich thich: 488 nm,
kinh loc phét hién la: 500 - 530 nm.

3. Két Qua va Thao Luin

3.1. Chon loc cac dong Arabidopsis chuyén gen
bang khéang sinh Hygromycin B

Két qua thu dugc cho thdy khang sinh Hygromycin
b sung trong moi trudng MS khong lam anh hudng
dén khd ning ndy mam cta hat Arabidopsis. Tuy
nhién, cdy con chuyén gen dugc dit trén MS chiia
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Hygromycin B 15 pug/mL cé dic diém phat trién khac
biét gitp phén biét nhiing cay khong chuyén gen va
cdy chuyén gen khong thanh cong. Do céy chuyén
gen thanh cong c6 mang gen chi thi la gen khang
khang sinh Hygromycin B. Hygromycin B la khang
sinh ¢4 khé ning tic ché qua trinh t6ng hgp protein
do d6 tic ché qua trinh kéo dai ré & cay khong chuyén
gen. Trong nghién ctiu nay, sau 2 ngay giii trong t4i
trén moi truong chiia Hygromycin B (15 pg/mL), s6
ré clia cdc cdy tham gia chon loc déu giéng nhau (1
ré) nhung cdc dong Arabidopsis chuyén gen khang
Hygromycin B ¢6 tru dudi la mam dai khoang 1,0 +
cm, trong khi cidc dong khong chuyén gen ¢6 tru duéi
14 mam ngan (~ 0,3 cm) (Hinh 2A, C, D). L4 cta céc
cay tham gia chon loc khéng cé syu khac biét gitta
chuyén gen thanh cong va khong thanh cong. Ngoai
ra, trdi ngugc véi cdy con dugc dit trén moi trudng b

Dong chuyén gen Dong chuyén gen thanh cong
thanh cong (25 ngay tudi, mui tén tring)
(3,25 ngay tudi,

mii tén trang)

sung khang sinh Kanamycin hodc phosphinothricin,
tat ca cay con moc trén moi trudng chia Hygromycin
B déu c¢6 mau xanh sau 24 gi¢ chiéu sang. Két qua
nay tuong dong véi két qua quan sat sy phat trién ctia
cay Arabidopsis chuyén gen trén moi trudng MS c6 b
sung Hygromycin B ctia Harrison & ctv. (2006) va Ee
& ctv. (2014). Tham chi khi tiép tuc dé cay Arabidopsis
chon loc sinh trudng trén moi truong MS c6 chia
Hygromycin B, tinh khdng nay cang thé hién rd uu
thé sinh trudéng hon ciy chuyén gen khong thanh
cong nhu trong Hinh 2B. Cay con Arabidopsis chuyén
gen c6 gen khang Hygromycin B da sinh trudng tot
v6i 14 mau xanh dam. Két qua cua thi nghiém nay
sau khi chon loc bing Hygromycin B da chon dugc 8
dong duong tinh. Cac dong nay sau d6 dugc chuyén
ra dét va thu mau 14 d€ kiém tra tiép tuc sy c6 mit gen
chuyén bang ky thuat PCR.

Dong chuyén gen khong thanh cong
(4m tinh)
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14

O

1.2

Chiéu dai tru dwéi 1d mam

Cay chuyén gen thanh cong

Cay khoéng chuyén gen thanh cong

Hinh 2. Két qua chon loc dong Arabidopsis chuyén gen AtZATI2 trén moéi trudng MS bd sung thém khang
sinh Hygromycin B. Hinh 2A: cay con Arabidopis chuyén gen thanh cong c6 tru dudi la mam kéo dai (mai tén).
Hinh 2B: dong Arabidopsis chuyén gen thanh céng khang Hygromycin B (hinh tron trang) sau 25 ngay chon
loc. Hinh 2C: dong Arabidopsis chuyén gen khong thanh cong (4m tinh) ¢é tru dudi l4 madm ngan hon. Hinh
2D: chiéu dai tru dudi 14 mam cta cay chuyén gen thanh cong va khong thanh cong. Pon vi tinh: cm.

3.2. Kiém tra sy c6 mit ctia gen AtZATI12 trén cac
dong Arabidopsis chuyén gen da dugc chon.

Céc ciy con Arabidopsis khang Hygromycin B da
dugc xdc dinh ti thi nghiém chon loc trén la nhiing
cay Arabidopsis chuyén gen thanh cong thé hé T1 sé
duoc thu mau 14 dé€ tién hanh kiém tra sy cd mit clia
gen chuyén bing ky thuat PCR. Trong thi nghiém

chon loc & trén, két qua thu dugc 8 dong duong tinh
v6i Hygromycin B va 8 dong nay dugc thuc hién phan
ting kiém tra gen v6i hai mdi 5’ genotyping ZAT12 va
GFP rev. Két qua cho thiy ca 8 dong dugc chon déu
phat hién bang ADN c6 kich thude khoang 1092 bp
nhu mong doi la cdu tric gen AtZAT12-GFP (Hinh
3). Két qué nhu vy di khing dinh viéc 4p dung thanh
codng phuong phap chon loc nhanh sau bién nap.

Hinh 3. Két qué kiém tra su c6 mit ctia gen chuyén trong cic dong Arabidopsis chuyén gen khang Hygromycin
B sau khi chon loc. Giéng 1-8: 8 dong chuyén gen dugc chon sau khi chon loc bing Hygromycin B.

3.3. Kiém tra hoat dong cta gen chuyén AtZAT12
trén ciy Arabidopsis sau khi chon loc bang
Hygromycin B

Sau 2 thé€ hé T1 va T2 ¢6 ty 1é chon loc dugc xdc
dinh 14 100% bang ky thuat PCR nhu vy dong chuyén
gen ching t6i chon loc dugc & trang thai dong hop

tu. Hat Arabidopsis chuyén gen thé hé T3 thu dugc
ti bang cach dé€ cac dong duong tinh thé hé T1, T2
tu thu phén sé dugc dit trén moi trudng MS trong 5
ngay v6i diéu kién chiéu sang 16 gid sang/8 gis toi.
Sau do, ré ctia nhiing ciy nay dugc quan sat dudi kinh
hién vi d€ phat hién huynh quang GFP (budc séng
520 - 530 nm). Két qua dugc thé hién trong Hinh 4
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cho thdy céu tric ZAT12-GFP da dugc biéu hién &
trong nhan caa té bao ré. Két qué nay cing tuong
ung véi két qua cua Le & ctv. (2016) khi quan st thiy
vi tri biéu hién ctia gen AtZATI2 trong t€ bao ré cay

Dong Arabidopsis chuyén
gen sau chon loc

Arabidopsis 1a tai nhan ctia té bao. Két qua nay mot lan
nita khing dinh qui trinh chuyén gen va chon loc da
dugc thanh cong rat ngan hon va hiéu qua giup tiét
kiém thai gian.

Dong Arabidopsis Col-0
khoéng chuyén gen

Hinh 4. Hinh anh biéu hién duéi kinh hién vi ctia gen AtZAT12 trong nhén t€ bao ré ciy Arabidopsis chuyén
gen thanh cong (Hinh A va C, hién mau xanh 14 nhu dugc chibéi cic mii tén tring) va dong Arabidopsis khong
chuyén gen (Hinh B va D, khong hién mau xanh 14) sau khi chon loc bang Hygromycin B. Hinh A va B la hinh
anh huynh quang. Hinh C va D la hinh két hgp gitta huynh quang va hinh anh DIC (differential interference

contrast microscopy).

4. Két Luan

Nghién ctiu nay da 4p dung thanh cong quy
trinh chon loc cdy Arabidopsis chuyén gen khang
Hygromycin B hiéu qua. Tt ca cdc dong thé hé TO
dugc chon déu da dugc xac dinh lai la duong tinh
trong phan ting kiém tra bang ky thust PCR va cé thi
nghiém kiém tra biéu hién gen chuyén dudi kinh hién
vi huynh quang. Quy trinh nay ciing d4 dugc riat ngan
v6i thoi gian chon loc (3,25 ngay) nén tranh dugc
hién tugng dia chon loc ¢ thé bi nhiém nim do su
kéo dai ctia qua trinh chon loc dan dén két qué duong
tinh hodc am tinh gia va ton thoi gian.

L6i Cam Doan

Chuing t6i cam doan bai bao do nhém téc gia thuc
hién va khong c6 bat ky méiu thuin nao gitia cac téc gia.
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