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ABSTRACT

Background: Soybean (Glycine max) is high-value
grain crops recognized for their nutritional benefits
and soil-improving capacity. However, its tolerance to
droughtandsalinity isrelatively low. Within the soybean
genome, the AP2 gene family has been identified as
playing a key role in activating the transcription of
stress-responsive genes. Objectives: The aim was to
evaluate the gene’s function and establish a foundation
for developing transgenic soybean lines with enhanced
tolerance to drought and salinity. Methods: In this
study, a vector construct carrying the GmAP2 gene,
which encodes a transcription factor protein of the AP2
family, was successfully introduced into Nicotiana
tabacum cultivar K326 via Agrobacterium tumefaciens-
mediated transformation. Transformed samples
were regenerated in vitro, selected using antibiotic
resistance, and cultured to produce complete plants.
Results: Results showed that 62 leaf explants produced
multiple shoots, forming 145 shoot clusters. Among
these, 227 shoots were selected and elongated, with
112 successfully rooted. A total of 65 transgenic plants
were acclimatized and transferred to the substrate; 29
plants survived and grew under greenhouse conditions.
Conclusions: The pBI121-GmAP2 construct was
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successfully introduced into the K326 tobacco cultivar
via Agrobacterium tumefaciens. Transformed explants
were regenerated in vitro, selected using antibiotic
screening, and subsequently developed into transgenic
tobacco plants.

Keywords: Genetic transformation; GmAP2; Abiotic
stress; Transcription factor; Tobacco

BIEN NAP DI TRUYEN CAU TRUC MANG
GENE GMAP2 THONG QUA AGROBACTERIUM
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TOM TAT

Pit van dé: Dau tuong (Glycine max) 1a ciy trong
thu hat c6 gia tri kinh té cao, giau dinh dudng va gop
ph?m cai tao dat. Tuy nhién, dau tuwong lai c6 kha
nang chiu han va man kém. Trong hé gene cua dau
tuong, cac gene thudc ho AP2 da duoc xac dinh co
vai tro kich hoat phién ma cac gene lién quan dén kha
nang chong chiu khi ciy gip stress. Muc tiéu: Nhim
danh gia chtrc nang cua gene GMAP2 va tao nén tang
cho viéc phat trién cac dong dau twrong bién doi gene
c6 kha ning chiu han, chiu mian. Cac mau sau bién
nap duoc tai sinh in vitro, chon loc bang khang sinh
va tiép tuc nudi cay dé tao cay hoan chinh. Phwong
phap: Trong nghién ctru ndy, cdu trac vector mang
gene GMAP2, mi héa protein thudc phan ho nhan t6
phién ma AP2 cua dau tuong, thong qua phuong phéap
bién nap trung gian bai Agrobacterium tumefaciens
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(A. tumefaciens) di dugc chuyén thanh cong vao
gidng thudc 14 K326. Két qua: Ghi nhan 62 manh
14 hinh thanh da chdi, tao 145 cum choi, trong do
227 chdi duge chon loc va kéo dai, voi 112 choi ra
1& thanh cong. Tong cdng 65 cy dugc trong trén gia
thé, trong d6 29 cay sbéng sot va phat trién trong diéu
kién nha lugi. Két luan: Cau triic pBI121-GmAP2 da
dugc bién nap thanh cong vao gidng thude 14 K326
thong qua ching A. tumefaciens. Cac mau bién nap
duoc tai sinh in vitro, chon loc bang khang sinh va
tao cay thudc 14 chuyén gene.

Tir khoa: Bién nap di truyén; GmAP2; Stress phi sinh
hoc; Nhan t6 phién ma, Thubc 14

INTRODUCTION

Soybean (Glycine max (L.) Merrill) is among the
world’s most significant food crops, including in
Vietnam, due to its high nutritional value and its
role in improving soil fertility. Increasing demand
for soybean-based products is driven by their health
benefits, including prevention of chronic diseases
such as cancer, diabetes, and obesity, as well as their
contributions to lowering cholesterol and protecting
kidney function. Soybeans provide 32 - 52% protein
and 12 - 25% lipid content and are rich in essential
vitamins, amino acids, fiber, and secondary metabolites
beneficial to human health [1,2]. However, abiotic
stresses—particularly drought and salinity—can
cause substantial yield losses, sometimes up to 40%
[3]. As climate change intensifies, with prolonged
droughts and increased saline intrusion, it becomes
increasingly challenging to cultivate soybean under
conventional conditions. Developing stress-tolerant
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varieties is thus critical. Modern plant biotechnology,
particularly gene transformation, offers promising
tools for enhancing stress resistance [4]. Among these,
transcription factors (TFs)—proteins that bind to
promoter regions and regulate gene expression—play
a pivotal role. The AP2 (APETALAZ2) transcription
factor family has been shown to mediate responses
to drought and salinity by activating specific stress-
responsive genes [5]. The GmAP2 gene from soybean
encodes such a TF. Tobacco (Nicotiana tabacum) is
a widely used model plant in genetic transformation
due to its ease of in vitro regeneration, rapid life
cycle, and well-established transformation protocols
[6]. This study aims to introduce the GmAP2 gene
into tobacco K326 via Agrobacterium tumefaciens-
mediated transformation to explore its potential role
in stress tolerance and lay the groundwork for future
soybean transformation.

METHODS

Research Materials, Time and Location
Materials: Seeds of Nicotiana tabacum K326 were
provided by the Plant Cell Technology Department,
Institute of Biotechnology. The Agrobacterium
tumefaciens strain harboring the pBI121 AP2
expression vector was maintained at the Plant Cell
Technology Laboratory, Faculty of Biology, Thai
Nguyen University of Education.

Research Location: The study was conducted at
the Department of Biology, Thai Nguyen University
of Medicine and Pharmacy, and the Plant Cell
Technology Laboratory, Faculty of Biology, Thai
Nguyen University of Education.
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Timeline: January 2025 to June 2025.

Sampling Method: Seeds were selected based
on morphological characteristics, with preference
given to clean, mold-free, well-preserved seeds
demonstrating good germination potential.
Transformation and Regeneration Procedure

The method for introducing the GmAP2 gene
construct into tobacco was carried out following
the protocol described by Topping (1998), with the
following key steps:

(1) Preparation of transformation material: Tobacco
seeds were surface-sterilized by immersion in 70%
ethanol for approximately 20 seconds, followed
by treatment with a sterilizing solution containing
30% Javel and 0.05% Tween-20 for 20 minutes. The
sterilizing solution was then discarded, and the seeds
were rinsed five times with sterile distilled water.

(2) Preparation of the infectious bacterial suspension:
Agrobacterium  tumefaciens  harboring  the
transformation construct was cultured in 15 mL of
liquid LB medium supplemented with kanamycin (50
mg/L) and rifamycin (50 mg/L) at 280C, shaking at
200 rpm for 48 hours. Subsequently, 10 mL of the
bacterial suspension was transferred to 50 mL of
antibiotic-free LB medium and incubated under the
same conditions until the optical density at OD600nm
reached 0.8, which was considered the optimal cell
density for transformation. The bacterial culture was
then centrifuged at 5000 rpm for 15 minutes at 40C.
The resulting pellet was resuspended in 40 mL of
chilled 1/2 MS solution supplemented with 50 pL of
acetosyringone (AS), and kept on ice.
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(3) Induction of multiple shoot regeneration:
Following co-cultivation, the leaf explants were
washed by immersionin 1/2MS medium supplemented
with cefotaxime (400 mg/L) for 10 minutes, blotted
dry, and transferred to MS medium containing
kanamycin (50 mg/L) and cefotaxime (400 mg/L) for
selection and shoot regeneration.

(4) Shoot selection and elongation: After 3 - 4
weeks, the formed shoot clusters were dissected
into individual shoots and transferred to elongation
medium (SIM), which consisted of MS medium
supplemented with BAP (1 mg/L), kanamycin (50
mg/L), and cefotaxime (400 mg/L).

(5) Root induction: After 4 - 5 weeks, shoots that
had elongated to a height of 2 - 3 cm were excised
and transferred to rooting medium (RM), composed
of MS medium supplemented with IBA (0.2 mg/L),
kanamycin (50 mg/L), and cefotaxime (400 mg/L).
(6) Acclimatization and greenhouse transfer: After
an additional 3 - 4 weeks, rooted plantlets with 3 -
4 true leaves were transplanted into pots containing
a 1:1 mixture of husk and sand. Once the plants
developed 4 - 5 true leaves, they were transferred to
greenhouse conditions for further growth.

Data processing and calculations were carried out
using Excel software.

RESULTS
Preparation of transformation material and co-
cultivation
After surface sterilization, tobacco seeds were
germinated on MS medium. The resulting seedlings
were allowed to grow for approximately 3 - 5 weeks
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until they developed 3 - 4 true leaves, at which point
they were used for transformation experiments
(Figure 1A). Leaves from these plants were excised
into segments approximately 1 cm? in size and
mechanically wounded. The wounded leaf segments
were then immersed in a suspension of Agrobacterium
tumefaciens containing the plasmid construct with the
GmAP?2 gene for 10 minutes (Figure 1B). Following
inoculation, the leaf segments were blotted dry on
sterile filter paper and transferred to co-cultivation
medium on Petri dishes. The co-cultivation medium
consisted of MS supplemented with BAP (1 mg/L),
kanamycin, and cefotaxime, and was incubated at
25°C (Figure 1C).

Figure 1. Genetic Transformation Process

* A: In vitro tobacco K326 plantlet; B: Leaf segment from in vitro tobacco immersed in
recombinant A. tumefaciens suspension containing the gene construct; C: Co-cultivation

on selective medium.

The results of multiple shoot induction are presented
in Figure 2. After co-cultivation in darkness for two
days, the leaf explants were washed with cefotaxime
(400 mg/L) and transferred to shoot induction
medium (SIM) supplemented with BAP (1 mg/L) and
kanamycin (Figure 2A). After two weeks of culture,
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small shoot clusters began to emerge from the leaf
tissues (Figure 2B). When the shoots became more
distinct (after 3 - 4 weeks), the clusters were dissected
into individual shoots and transferred to a specialized
medium for shoot elongation (Figure 2C).

Figure 2. Multiple shoot regeneration and
development of transgenic tobacco plants

* A: Tobacco leaf explant on SIM medium; B: Leaf explant forming multiple shoots on SIM
after 2 weeks; C: Shoots growing on shoot elongation medium.

Results of transgenic plant generation

The transformation experiments using Agrobacterium
tumefaciens to introduce the GmAP2 gene construct
were conducted in three independent replicates. The
results of the transformation trials, along with the
corresponding control treatments, are presented in
Table 1.

Table 1. Results of genetic transformation of the construct into tobacco

Number Number of Number
. Number Number Number of
Transformation of plants -
. of of shoot of rooted surviving
and control trials longated transferred
explants  clusters shoots plants on
shoots tosubstrate
substrate
1 30 45 71 42 20 9
i 30 52 76 40 20 10
Experiment
30 48 80 60 25 10
Total 90 145 227 112 65 29
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COo" 30

0 0 0 0 0

C1 30

50 100 60 40 20

*: CO: Non-transformed tobacco leaf explants cultured on regeneration medium supplemented

with selective antibiotics; C1: Non-transformed tobacco leaf explants cultured on regeneration
medium without selective antibiotics.

Figure 3. Rooting stage and transplanting of transgenic plants to substrate
* A: Rooted shoots on rooting medium; B: Transgenic tobacco plants grown on substrate

under greenhouse conditions.

The results presented in Table 1 show that, after
three transformation trials involving a total of 90 leaf
explants from tobacco cultivar K326, 62 explants
survivedand regenerated into 145 shoot clusters. These
clusters were transferred to shoot elongation medium
supplemented with selective antibiotics, from which
227 individual shoots developed. Among these, 112
shoots successfully formed roots and were transferred
tothe substrate stage. Atotal of 65 plants survived the in
vitro phase, and ultimately, 29 plants exhibited healthy
growth under greenhouse conditions. Alongside the
transformation experiments using recombinant A.
tumefaciens carrying the GmAP2 gene construct, two
control groups (CO* and C1")—each consisting of 30
explants—were cultured through the same stages of
shoot induction, elongation, and rooting. In the C0"
group, non-transformed tobacco leaf explants were
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cultured on regeneration medium containing selective
antibiotics. As a result, all explants were eliminated
by the antibiotics, with no shoot formation observed,
confirming the effectiveness of antibiotic selection in
eliminating non-transformed tissues. In contrast, the
C1" group, in which non-transformed explants were
cultured on regeneration medium without selective
antibiotics, yielded 50 shoot clusters, 100 elongated
shoots, and 40 rooted shoots. These were subsequently
transferred to substrate, with 20 plants surviving under
greenhouse conditions. These results demonstrate that
tobacco tissue exhibits strong regenerative capacity
in the absence of selection pressure.

DISCUSSION

In recent years, tobacco has been widely utilized as a
model plant system in genetic transformation studies
due to its notable advantages, including ease of in vitro
culture, high regeneration efficiency, robust capacity
for multiple shoot formation, and particularly, a
high transformation rate. These characteristics
make tobacco an ideal platform for evaluating gene
function and optimizing transformation systems
prior to application in target crop species [6]. Several
studies have leveraged these advantages to investigate
the expression of soybean-derived genes using the
tobacco model. Specifically, genes such as GmP5C
[8], GmEXP1 [9], RNAIi constructs [10], HAL
[11], and GmDREB [12,13] have been successfully
introduced into tobacco to assess their biological roles
in conferring tolerance to abiotic stress conditions.
Rachmat et al. (2021) also employed Agrobacterium-
mediated transformation to introduce the OsNAC6
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gene into tobacco, reporting the highest transformation
efficiency of approximately 17% when using stem
explants. In comparison, leaf and callus explants
yielded lower transformation rates of 10% and 15%
[14], respectively. In our study, using 90 transformed
leaf explants, we obtained 29 surviving plants on
substrate, corresponding to a transformation success
rate of approximately 25% based on the number of
initial shoots. This efficiency is considered favorable.
The differences in transformation efficiency observed
across studies may be attributed to variations in culture
conditions, bacterial strains employed, or the specific
target gene used in the transformation process.

CONCLUSION

The pBI121-GmAP2 construct was successfully
introduced into tobacco cultivar K326 via
Agrobacterium tumefaciens-mediated transformation.
The transformed samples were regenerated in vitro,
selected using antibiotics, and developed into transgenic
tobacco plants. A total of 62 leaf explants produced
multiple shoots, resulting in 145 shoot clusters. From
these, 227 individual shoots were selected on elongation
medium, and 112 shoots successfully developed roots.
Ultimately, 65 transgenic plants were transferred to
substrate, with 29 plants surviving and growing under
greenhouse conditions.
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