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ABSTRACT: Rice transgenics could be performed based on Agrobacterium-mediated transformation which could
improve the rice breeding programs to settle for diseases, insect pests and the climate changes. In this study, the new
strategy of combination of sonication-assisted Agrobacterium-mediated transformation (SAAT) and vacuum infiltrationassisted Agrobacterium-mediated transformation (VIAAT) system for producing transgenic rice was developed. This
research demonstrated an Agrobacterium-mediated transformation protocol for whole rice seeds by employing both
sonication and vacuum infiltration. Two Agrobacterium tumefaciens strains AGL1 and EHA105, carrying a binary vector
pCAMBIA1301 (with a gusA-intron) or pCAMBIA1304 (with a gusA), were used to examine for embryo transformation
efficiency of the three rice grain cultivars, RD41, RD47 and PSL2. The results show that (1) SAAT for 10 min
was proved to be the best for increasing microwound regions on the embryo surface; (2) EHA105-pCAMBIA1304
gave higher transformation efficiency of dehusked seeds (87.5 ± 7.5%) than AGL1-pCAMBIA1304 (37.5 ± 2.5%); (3)
the combination of SAAT for 10 min followed by another 10 min of VIAAT gave the transient GUS expression in
coleoptile (18%) and primary leaf (2%) of husked seedling; and (4) the use of transformation protocol with EHA105pCAMBIA1301 showed that the rice cultivar PSL2 gave significantly higher transformation efficiency than RD41 and
RD47. This work thus suggests that genetic transformation in plants could be achieved by SAAT and VIAAT techniques
without tissue culture process.
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INTRODUCTION
Rice (Oryza sativa L.) is one of the most economically important cereal crops of Thailand, but the
main reduction of rice (O. sativa L.) quality and
quantity has been greatly affected by diseases, insect pests and the climate changes. Many conventional breeding programs have made a significant contribution to create and improve desirable
agronomic traits in rice; however, these require
tremendous, labor-intensive and time-consuming
process. To solve these problems, the development of modern biotechnology techniques such as
Agrobacterium-mediated transformation technology
has made the generation of transgenic rice simpler
and more reliable [1]. This is because Agrobacterium-mediated transformation provides a high opwww.scienceasia.org

portunity to transfer large DNA fragments, carrying
genes without any rearrangement, which is very
useful to study their cumulative and interactive
effects on polygenic traits. Moreover, it has high
inserted transgene as a single or low copy into
plant genome [2], which may give high efficiency
for gene expression in the next generation [3,
4]. Mostly, Agrobacterium-mediated transformation
protocols for plants are based on tissue culture techniques, which usually have some limitation such as
long process, skilled labor and expensive laboratory
equipment [5]. In contrast, in planta transformation
such as sonication- and vacuum infiltration-assisted
Agrobacterium-mediated transformation (SAAT and
VIAAT) can directly transfer gene into a plant with
no requirement of tissue culture techniques [6]. The
SAAT and VIAAT methods have been successfully
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employed in enhancing transformation rates in banana cv. Rasthali [7], Vigna unguiculata [6], Lens
culinaris [8] and Indian soybean [9].
In this study, for the first time, we report the
development of the use of the combination of SAAT
and VIAAT systems in rice embryo, so that this protocol can be potentially applied in routine experiments
for further producing transgenic rice.

(Shaking Incubator model SI-23MC; Bioer Technology, China). The culture was measured at 600 nm
(OD600 ) until it reached 0.8. The cell pellets were
harvested by centrifugation at 3512 × g for 3 min at
25 °C and resuspended in a final volume of 100 ml
standard inoculation medium (SIM), modified from
Clough et al [10] (½ MS medium, 5% sucrose,
44 nM 6-benzylaminopurine (BAP) and 0.075%
Tween-20, adjusted pH to 5.7).

MATERIALS AND METHODS
Chemicals
Rifampicin,
kanamycin,
6-benzylaminopurine
(BAP), MS medium and 5-bromo-4-chloro-3indolyl-β-D glucuronidase (X-gluc) were purchased
from Sigma, USA. Taq DNA polymerase was from
Vivantis, Malaysia.
Rice sample preparation
Three rice cultivars (standard paddy rice RD41,
RD47 and PSL2) used in this study were obtained
from Phitsanulok Rice Research Center, Thailand.
Mature rice seeds at least 2 kg were dehusked
by rice-milling machine model NW 1000 TURBO
(Natawee Technology, Thailand), and only complete
seeds (with embryo) were selected to use for transformation experiments whereas husked seeds were
used as a control group.

Primer sets of gusA-intron and gusA detection
using PCR
Three primer sets used to amplify the gusAintron and gusA region were designed from entire sequences of pCAMBIA-1301 (AF234297.1) and
pCAMBIA-1304 (AF234300.1), respectively, which
are available on NCBI website. The primer set no. 1
was gusA-F1 (50 -CAACGAACTGAACTGGCAGA-30 )
and gusA-R1 (50 -TCTCTTTGATGTGCTGTGCC-30 ),
giving PCR product of 989 bp length in both
pCAMBIA-1301 and pCAMBIA-1304, primer set
no.2 was gusA-F2 (50 -TGCGTCACAGCCAAAAGC-30 )
and gusA-R2 (50 -CTCGCATTACCCTTACGC-30 ), giving PCR product of 245 bp length only in pCAMBIA1304 and primer set no. 3 was gusA-F1 and gusAR2 giving PCR product of 597 bp length only in
pCAMBIA-1301.
PCR condition

Binary plasmid, Agrobacterium strain and
culture condition
Two strains of Agrobacterium tumefaciens, AGL1
and EHA105 harboring pCAMBIA1301 or pCAMBIA1304 (kindly provided by Prof. Sompong
Techato), were used for rice transformation experiments. Both Agrobacteria contained rifampicin
and chloramphenicol resistant genes in bacterial
chromosome. The T-DNA region of both binary
vectors contains a marker gene (hygromycin phosphotransferase II; hptII) and a reporter gene (betaglucuronidase; gusA in pCAMBIA1304 or gusAintron in pCAMBIA1301). All these genes were
driven by the cauliflower mosaic virus (CaMV) 35S
promoter (Fig. 1). The Agrobacterium was maintained on LB medium (1% (w/v) tryptone, 0.5%
(w/v) yeast extract and 1% (w/v) NaCl) supplemented with 40 µg/ml rifampicin and 50 µg/ml
kanamycin, and then incubated at 28 °C for 48 h.
A single bacterial colony was cultured into 25 ml
of liquid LB medium supplemented with 25 µg/ml
rifampicin and 50 µg/ml kanamycin and incubated
at 28–30 °C for 24–48 h with shaking at 200 rpm

Genomic DNA (gDNA) was extracted from a single
colony of each Agrobacterium strain, and the PCR
reaction was performed in a total volume of 20 µl
containing 100 ng gDNA, 200 µM dNTP mix, 1X
ViBuffer A, 1.5 mM MgCl2 , 1 unit Taq DNA polymerase and 200 mM of each specific primer. The
PCR was carried out in T100™ Thermal Cycler (BioRad, USA) with optimal condition profile as predenaturation at 95 °C for 3 min, amplified by 35
cycles of denaturing at 95 °C for 30 s, annealing at
55 °C for 30 s and extension at 72 °C for 60 s, and
followed by final extension at 72 °C for 5 min. The
PCR products were electrophoresed on 1% (w/v)
agarose gel and visualized by 0.001% ethidium
bromide staining.
Transformation using SAAT and VIAAT
treatments
The rice seeds were soaked in water overnight.
After air drying for an hour, the rice samples were immersed in SIM individually containing Agrobacterium strain EHA105-pCAMBIA1301,
AGL1-pCAMBIA1301, EHA105-pCAMBIA1304 or
www.scienceasia.org

414

ScienceAsia 46 (2020)

A: pCAMBIA 1301
LB CaMV35S-T

lacO
CaMV35S-P

MCS

lacP

Hyg-R

lacZ

B: pCAMBIA 1304
LB CaMV35S-T

CaMV35S-P cat-intron

gus first exon

gusA

NOS-T

RB

6xHis

lacO
CaMV35S-P

Hyg-R

MCS

lacP

lacZ

CaMV35S-P

NOS-T

mgfp5

gusA

RB

6xHis

Fig. 1 T-DNA mapping in (A) pCAMBIA1301 [11] and (B) pCAMBIA1304 [12] binary vectors. Arrow indicates
the direction of RNA transcription; RB = right border; LB = left border; gusA = beta-glucuronidase reporter gene;
CaMV35S-P = Cauliflower mosaic virus 35S RNA gene promoter; cat-intron = catalase intron received from castor bean
catalase gene; NOS-T = Nopaline synthase terminator (0.25 kb); Hyg-R = Hygromycin B phosphotransferase gene;
CaMV35S-T = poly A terminator (0.3 kb), mgfp5 = modified green fluorescence protein reporter gene; and MCS = the
multiple cloning sites pUC18 polylinker.

AGL1-pCAMBIA1304. They were placed in a bathtype sonicator model WUC-D22H (Daihan Scientific, Korea) and then subjected to ultrasound at
a frequency of 30 kHz for 5–10 min. After that,
the rice samples were placed in a vacuum oven
model VWR 1410 (Sheldon Manufacturing, Inc.,
USA) consisting of a vacuum pump at 27 inch of
mercury for 5–10 min. At the end of treatments,
explants were removed from the tubes, placed on
sterile filter paper surface to blot off excess bacteria
and then transferred to co-cultivation in SIM for
1 day [13].
Histochemical GUS assays
Transient gusA (or gusA-intron) expression was examined using GUS activity according to histochemical assay [14]. The seed samples were immersed
in 90% acetone for 1 h and removed to incubate
at 37 °C overnight in GUS staining solution containing 50 mg/ml 5-bromo-4-chloro-3-indolyl-β-D
glucuronidase (X-gluc), 10 mM EDTA (pH 7), 0.1 M
Na2 PO4 , 0.5 mM K4 (F4 (CN)6 ), 10% Triton X-100
and 20% methanol. After removal of GUS solution,
the stained seeds were washed once with mixed
solution of methanol:acetic acid (3:1) at room temperature (25–28 °C) overnight. The samples were
transferred into 70% ethanol and stored at 4 °C at
least 2 h. The transient GUS activity of seeds was
determined as blue spots under the stereo microscope model Olympus S2H10 with camera model
www.scienceasia.org

Olympus SZX7 (Olympus, Japan). The transformation efficiency (%) was calculated according to the
equation;
Efficiency (%) =

No. of GUS-stained seeds
×100.
Total no. of seeds

RESULTS AND DISCUSSION
To develop the gene transformation method in
rice seed, two strains of Agrobacterium (AGL1
and EHA105) carrying individual pCAMBIA1301 or
pCAMBIA1304 were used to examine transformation efficiency in rice embryo by using SAAT followed by VIAAT treatments.
Confirmation of gusA-intron and gusA in T-DNA
region of binary vectors
The gusA-intron in pCAMBIA1301 and gusA in
pCAMBIA1304 of Agrobacterium strains AGL1 and
EHA105 were detected by using colony PCR with
three sets of specific primers (as given above). The
results showed that primer set no. 1 gave an expected PCR-product size of approximately 989 bp
length in both binary vectors (Fig. 2; lanes 2–5). For
primer set no. 2, the amplified fragment gave an expected band at approximately 245 bp length in only
pCAMBIA-1304 but not in pCAMBIA-1301 (Fig. 2;
lanes 6–7). For primer set no. 3, the amplified
fragment gave an expected band at approximately
597 bp length in only pCAMBIA-1301 but not in
pCAMBIA-1304 (Fig. 2; lanes 8–9). These results
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Fig. 2 The confirmation of the presence of gusA-intron and gusA gene in pCAMBIA1301 and pCAMBIA1304, respectively,
using colony PCR with 3 primer sets. Lane M represents 100 bp DNA ladder. The Agrobacterium strains AGL1pCAMBIA1301 (lanes 2 and 8), AGL1-pCAMBIA1304 (lanes 3 and 6), EHA105-pCAMBIA1301 (lanes 4 and 9), and
EHA105-pCAMBIA1304 (lanes 5 and 7). PCR products were separated on a 1% agarose gel, and DNA bands were
visualized under UV light. The PCR fragments of approximately 989 bp (lanes 2–5), 245 bp (lanes 6–7) and 597 bp
(lanes 8–9) were observed using primer pair F1-R1, F2-R2 and F1-R2, respectively. Lane 1 represents a negative control.

Fig. 3 Histochemical assay of GUS transient expression after gene transformation of gusA gene via SAAT, followed by
VIAAT (A) a control group of dehusked seed, (B) GUS-stained in embryo (Em), endosperm (En) and seed coat (Sc) of
dehusked seed, (C) a control group of husked seed and (D) GUS-stained trichome (TC) and pericarp (PC) of husked
seed.

indicated that pCAMBI-1301 and pCAMBIA-1304
contained gusA-intron and gusA gene, respectively.
The gusA-intron can be expressed only in eukaryotic
cells but not in prokaryotic cells including A. tumefaciens cells. Therefore, they can be used to monitor
efficiency of gene transformation.
Effect of husked and dehusked mature seeds of
rice on gene transformation efficiency
The dehusked or husked seeds were immersed
in Agrobacterium strain AGL1-pCAMBIA1304 and
subjected to SAAT for 10 min and followed by
VIAAT for 10 min. The result showed that the
gusA gene was expressed and located in seed

coat (97 ± 1%), endosperm (6 ± 2%) and embryo
(4 ± 2%) of dehusked seeds, but expressed only in
pericarp (100%) and trichome (100%) of husked
seeds (Fig. 3). This indicated that the pericarp
can be resistant to Agrobacterium infection into the
endosperm and embryo of husked seeds because
the pericarp has a hard structure consisting of high
cellulose, hemicellulose and lignin contents [15].
Moreover, this result may indicate that Agrobacterium can infect the dehusked seeds which causes
microwounds within and on the tissue [16], inducing phenolic-compound synthesis [17] and vacuum
infiltration might allow better access and infection
of plant cells by Agrobacterium [8].
www.scienceasia.org
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Table 1 Influence of dehusked and husked seeds on
transformation efficiency using Agrobacterium-mediated
transformation via SAAT and VIAAT combination.
Agrobacterium strain

Transformation efficiency (%)
Control

SAAT & VIAAT
a

AGL1-pCAMBIA1304
17.0 ± 2.0
EHA105-pCAMBIA1304 35.0 ± 5.0b

a

37.5 ± 2.5
87.5 ± 7.5b

Values are mean ± SD, n = 100 with triplicated experiments. Letters indicate significant difference at 95%
confidence (p < 0.05) via t-test within column.

Effect of Agrobacterium strains on the
transformation efficiency in dehusked seeds
Two Agrobacterium strains (AGL1 and EHA105),
carrying the binary vector pCAMBIA1304, were
used to evaluate a potential of the transformation efficiency in dehusked-rice seeds. The
histochemical assay of GUS transient expression
in rice embryo demonstrated that the treatment
of SAAT and VIAAT combination for Agrobacterium strains AGL1 (37.5 ± 2.5) and EHA105
(87.5 ± 7.5) gave significantly higher transformation efficiency than untreated AGL1 (17.0 ± 2) and
EHA105 (35.0 ± 5) (used as a control). Moreover,
the result revealed that the Agrobacterium strain
EHA105-pCAMBIA1304 (87.5 ± 7.5) gave significantly higher transformation efficiency than AGL1pCAMBIA1304 (37.5 ± 2.5) at p < 0.05 (Table 1).
Although both strains of Agrobacterium (EHA105
and AGL1) contained supervirulent (vir) genes from
oncogenic strain A281, which is able to transfer and
insert a T-DNA region into various plant species, this
result showed that Agrobacterium strain EHA105
was more efficient than AGL1 to transfer a T-DNA region containing gusA and nptII genes into dehuskedrice seeds. It has also been reported that Agrobacterium strain EHA105 gave higher transformation
efficiency in tobacco than AGL1 [18]. Therefore,
the use of this protocol should be evaluated for
transformation efficiency in other rice cultivars.
Effect of sonication-treatment period on
microwound induction
To investigate the influence of SAAT treatment period on microwound induction, the dehusked seeds
were immersed in SIM medium and sonicated for
different time durations of 5 and 10 min (unsonicated treatment was used as a control). All
seeds were dried at 45 °C for 2 days in an oven.
The microwounds on seed surfaces were evaluated
www.scienceasia.org

Table 2 Transformation efficiency in different organs of
germinated seeds suspended in EHA105-pCAMBIA1304
and treated with SAAT followed by VIAAT.
Plant organ

Transformation efficiency (%)

Coleoptile (CT)
Radicle (R)
Coleorhiza (CR)
Primary leaf (PL)
Embryo (Em)
Endosperm (En)
CT and CR
CT and R and PL
CT and CR and PL
CT and R and CR and PL
CT and R and CR
CT and R
CT and PL
R and PL
R and PL and CR
R and CR
PL and CR

18
2
14
2
0
0
6
4
2
0
6
6
4
2
2
10
0

The number of seeds is 100 seeds with 3 biological
replicates in each treatment.

under photoelectron microscope (PEM). Among the
different time durations, the SAAT treatment for
10 min was proved to be the best for increasing
microwound regions on the embryo surface (Fig. 4).
These microwounds may facilitate Agrobacterium
to deeply penetrate into plant tissues, increasing
transformation efficiency [7, 19].
Effect of different genotypes of rice on
transformation efficiency
The transformation efficiency of the dehusked seeds
of three rice cultivars (RD41, RD47 and PSL2)
was examined using Agrobacterium strain EHA105pCAMBIA1301 with combination of SAAT and VIAAT techniques. The successful transformation was
determined by GUS assay. The result showed that
the PSL2 (8.25 ± 0.35%) gave significantly higher
transformation efficiency in its embryo than RD41
(1%) and RD47 (1%) at p < 0.05 (Duncan’s new
multiple range test).
Influence of husked-seed germination on
transformation efficiency
To evaluate the influence of husked-seed germination on transformation efficiency, the husked seeds
of rice cultivar RD41 were immersed in water for
3 days until germinated, and then dried on air for
6 h. The germinated seeds were suspended to
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Fig. 4 Photoelectron microscope (PEM) image of microwounds on the rice-embryo surface of SAAT-treated dehusked
seed (A) no sonication, (B) SAAT-treated dehusked seed for 5 min and (C) 10 min. Bar indicates 20 µm.

Fig. 5 Influence of husked-seed germination on transformation efficiency. Germinated seeds of RD41 rice were
immersed in EHA105-pCAMBIA1304 and treated with SAAT and VIAAT followed by GUS assay in (A) control (no
gusA expression) and (B) gusA expression in radicle, coleorhiza, coleoptile and primary leaf of treated germinated
seeds. Bar represents 2 mm.

EHA105-pCAMBIA1304 and treated with SAAT for
10 min, followed by VIAAT for 10 min. The result
revealed that transient GUS expression was found
in coleoptile (CT), radicle (R), coleorhiza (CR) and
primary leaf (PL) of germinated seeds (Table 2,
Fig. 5). The expression was high in coleoptile,
coleorhiza, radicle and coleorhiza, as 18%, 14% and
10%, respectively, whereas there was no expression
of transient GUS in Em, En, CT and R and CR and PL,
and PL and CR. This result indicated that the seed
germination may induce wounds on surface of plant
tissue that could be stimulated bacterial infection.

transformation efficiency by GUS assay. The GUS
stained areas were observed in embryo (Em) and
endosperm (En) with the same level of 0.67% in
one-day-old seedlings (Fig. 6A-B), and in root (Ro)
and shoot (So) with 1% and 2%, respectively, in
two-day-old seedlings (Fig. 6C-D).
These results indicated that this protocol has the
potential for the successful gene transformation by
VIAAT method, especially into embryo and shoot.
Embryo and shoot could be developed into germ line
in both male and female that can be inherited to the
next generation during the fertilization.

Determination of the success of transformation
by SAAT and VIAAT combination

CONCLUSION

To determine the transient gusA expression in
seedlings of rice cultivar RD41, six hundred
dehusked seeds were immersed in EHA105pCAMBIA1301 and treated with SAAT for
10 min, followed by VIAAT for 10 min. Threehundred-dehusked seeds were determined for the

This work demonstrates that SAAT and VIAAT techniques could be alternatively used for direct riceembryo transformation to avoid plant tissue culture
system. This will reduce the requirement of laborintensive and time-consuming process. We found
that Agrobacterium strain EHA105 gave significantly
higher transformation efficiency than the strain
www.scienceasia.org
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Fig. 6 Histochemical localization of gusA activity in different tissues of transformed dehusked-rice seedling at (A and
B) one-day old, and (C and D) two-day old. Dehusked seeds of RD41 rice were immersed in EHA105-pCAMBIA1301
and treated with SAAT and VIAAT, followed by GUS assay. Blue-stained seedling tissues indicate gusA expression in
transformed regions such as embryo (Em) (A), endosperm (En) (B, C and D), roots (Ro) (C and D) and shoot (So) (C).
Bar equals to 2 mm.

AGL1. Using SAAT for 10 min was proved to be
the best for increasing microwound regions on the
embryo surface. SAAT in combination with VIAAT
led to a transfer and insert of a T-DNA region into
microwound of dehusked-rice embryo induced by
milling machine or sonication and into microwound
of husked-rice embryo induced by seed germination.
In addition, the rice cultivar PSL2 was the best for
transformation efficiency when compared to RD41
and RD47.
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