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Abstract

An efficient system for Agrobacterium tumefaciens-
mediated transformation of Jatropha curcas was devel-
oped in this study. Several factors affecting the transfor-
mation efficiency were optimized, including the explant
type, preculture and coculture periods, usage of acetosy-
ringone and density of A. tumefaciens. Compared with
other explants, 2-day precultured and cocultured
hypocotyl explants showed a significant GUS transient
expression efficiency (67.7%). Moreover, adding AS
showed a remarkable increase in transformation effi-
ciency. After infecting with A. tumefaciens, hypocotyl
explants were subjected to expansion and proliferation
on MS medium with 1.0 mg·l–1 IBA and 0.5 mg·l–1 BA.
Transformants were demonstrated by the GUS assay
and PCR analysis. Rate of hypocotyl explants forming
resistant calli reached 67.08%. Furthermore, in the
transformed calli development, morphologic changes
(calli superficial development and internal structure)
were observed by SEM and LM. The present study has
provided a fundamental information and research
approach for the future study of inducing new traits to
J. curcas and genetic modification.

Key words: Jatropha curcas, Agrobacterium tumefaciens-medi-
ated transformation, light microscopy, scanning electron
microscopy.

Abbreviation: AS, Acetosyringone; BA, Benzylaminopurine;
GUS, beta-glucuronidase; IBA, Indole-3-butyric acid; LM, light
microscopy; MS, Murashige and Skoog medium; nos, nopaline
synthase; NPTII, Neomycin phosphotransferase; SEM, scan-
ning electron microscopy; X-Gluc, 5-bromo-4-chloro-3-indolyl-
beta-D-glucuronide.

Introduction

Jatropha curcas L., belonging to the family Euphor-
biaceae, is widely distributed in tropical and subtropical
areas (SCHMOOK et al., 1997). As a multi-purpose tree, it
has a long history in reclaiming land and making feed-
stuff, soap, cosmetics, pesticide, anti-cancerous, anti-
viral and anti-fungal medicine, and other traditional
Chinese medicine (STAUBMANN et al., 1999; OPENSHAW,
2000; LIN et al., 2004; MAMPANE et al., 2006; HUANG et
al., 2008). Recently, J. curcas has drawn increased
attention for its high seed oil content (50~60%), which
exceeds seed oil content of other biodiesel plants such as

cole and soybean. Furthermore, some traits for seed oil
from J. curcas, high-oleate and low-linolenate, can
increase oil stability and reduce the requirement of cat-
alytic hydrogenation in industrial process. These merits
make J. curcas be very promising as an energy plant.
However, the development of J. curcas biodiesel indus-
trialization was restricted because of its lower yield and
limited growth areas. As an oil-producing tree, J. curcas
still requires significant genetic improvement in order to
gain new traits, such as high-yield and freeze-resistant
characteristics. Therefore, an efficient transgenic sys-
tem for J. curcas will provide a new research approach
for its potential to be fully realized.

In recent years, regenerations of different explants
from J. curcas have been reported (SUJATHA et al., 1996;
SARDANA et al., 2000; WEI et al., 2004; RAJORE et al.,
2005; HOU et al., 2006; SUJATHA et al., 2006; JHA et al.,
2007; SHRIVASTAVA and BANERJEE, 2008). On the base of
regenerations of different explants, we have paid more
attention to A. tumefaciens-based genetic transforma-
tion of J. curcas. LI et al. (2008) reported the A. tumefa-
ciens-mediated cotyledon disc transformation method.
However, to date, no report showed an optimized system
for A. tumefaciens-mediated transformation using hypo-
cotyl of J. curcas. Furthermore, no report showed
morphology analysis of transgenic calli development in
J. curcas.

In this paper, we are trying to report a stable and effi-
cient transformation system using hypocotyl explants of
J. curcas. Several factors, including explant types,
preculture and coculture period, usage of AS and density
of A. tumefaciens, were optimized. Using this system,
transformed calli have been successfully achieved. In
transformed calli development, morphologic characteris-
tics (superficial development and internal structure of
transformed calli) were observed by LM and SEM. This
study provides fundamental information for the future
study of genetic modification in J. curcas.

Materials and Methods

Plant materials, culture media, and culture conditions

The seeds of J. curcas were collected from Panzhihua
city, Sichuan province, P. R. China. Mature seeds were
decoated and rinsed in running tap water for 30 min.
The decoated seeds were surface-sterilized in 70% (v/v)
ethanol for 30 s, in 0.1% (w/v) HgCl2 for 15 min, and
finally rinsed five times with sterile water. The embryo
axes and papery cotyledons were excised and implanted
on MS (MURASHIGE and SKOOG, 1962) medium. 15-day-
old seedlings were used as explant source in the trans-
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formation experiments. Calli induction medium was MS
medium containing 1.0 mg·l–1 IBA and 0.5 mg·l–1 BA.
All culture media were supplemented with 3% (w/v)
sucrose, adjusted to pH 5.8 prior to the addition of 0.8%
(w/v) agar and autoclaved at 121°C and 15 psi for
20 min. Antibiotics used for removal of A. tumefaciens or
selection of transformed cells were filter-sterilized and
added to the autoclaved media after the media had
cooled to about 45°C. The cultures were maintained at
26 ± 2°C under the cycle of 16 h light and 8 h dark with
a light intensity of 90 µmol m–2 s–1 provided by fluores-
cent lamps.

Bacterial strains and plasmid

Agrobacterium tumefaciens strain EHA105 (HOOD et
al., 1993) containing the binary plasmid pBI121 was
used in the transformation experiments. The plasmid
pBI121 carries the NPTII gene and GUS gene. The
NPTII gene is under the control of the nos promoter and
the terminator from nos which provides polyadenylation
signal. The NPTII gene confers kanamycin resistance.
The GUS activity is under the control of the cauliflower
mosaic virus 35S promoter and the terminator from nos
provides polyadenylation.

Tolerance of explants to kanamycin

Hypocotyl explants were plated on calli induction
medium supplemented with 0, 20, 40, 60, 80, and 100
mg·l–1 of kanamycin to test their tolerance. Ten plates
(four explants per plate) were cultured for each of the
six levels of kanamycin.

Coculture, removal of A. tumefaciens and selection of
transformants

A single bacterial colony was inoculated into 50 ml liq-
uid YEB (SAMBROOK et al., 1989) containing 50 mg·l–1

each of streptomycin, kanamycin, and rifampicin and
grown overnight at 28°C on a shaker at 180 rpm. 2 ml
overnight culture was re-inoculated into 20 ml fresh
YEB medium containing the same antibiotics and grown
overnight. Bacteria were pelleted at 4,000 rpm for 10
min and resuspended in 20 ml liquid MS medium (PH
7.0) with 100 µM AS (or not adding AS), and agitated
(180 rpm) in a shaking incubator at 25°C for 30 min
before inoculation. About 0.5 cm hypocotyl segments
were excised from individual 15-day-old seedlings and
precultured (0, 2, 4, 6 days) on calli induction medium
prior to infection with A. tumefaciens. The precultured
hypocotyl explants were immersed in 20 ml bacterial
suspension of OD600 = 0.6 densities for 10 min respec-
tively. Then the hypocotyl explants were blotted dry on
sterile filter paper and cocultivated (0, 2, 4, 6 days) in
calli induction medium at 26 ± 2°C. Subsequently, cocul-
tivated explants were transferred to new calli induction
medium including 500 mg·l–1 cefotaximate and 40
mg·l–1 kanamycin (designated selective medium) for
selecting.

Preparation of samples for LM and SEM

Callus tissue was cut into 3 µm thickness by using
freezing microtome and viewed in Olympus BH-2 LM.

For SEM, small pieces of tissue (3–5 mm) were collected
and fixed in 10:5:85 (v/v) FAA (formalin : acetic acid :
94% (v/v) ethanol). The fixed tissues were dehydrated in
an ethanol series, infiltrated with 1:1 (v/v) Historesin:
95% (v/v) ethanol, substituted in pure acetone and
embedded in isoamyl acetate, dried with a critical point
dryer, covered with gold, and viewed in a scanning elec-
tron microscope.

Histochemical detection of GUS expression

GUS histochemical assay was performed according to
the method from JEFFERSON et al. (1987). The plant
materials were stained with 1 mM X-Gluc in a pH 7.0
phosphate buffer (100 mM primary sodium phosphate)
containing 10 mM EDTA, 0.5 mM potassium ferri-
cyanide, 0.5 mM potassium ferrocyanide, and 0.1% (v/v)
Triton X-100 at 37°C overnight. After staining, chloro-
phyll was cleared by soaking the plant materials in 95 %
(v/v) ethanol.

Genomic DNA isolation, PCR analyses

Genomic DNA was isolated from the putative transfor-
mants and untransformed control calli by CTAB method
(SANGHAI-MAROOF et al., 1984). NPTII gene was used as
a selectable marker, primers for amplification of NPTII
gene, forward primer (5’-ACAACAGACAATCGGCTG-3’),
reverse primer (5’-AAGAACTCGTCAAGAAGGCG-3’),
were designed. A total of 100-300 ng genomic DNA was
used as template. PCR was conducted as follows: denat-
uration at 94°C for 5 min , 30 cycles at 94°C for 40 s,
50°C for 1 min and 72°C for 1.5 min, and then 72°C for
10 min. The amplified bands were subjected to a 1%
agarose gel electrophoresis, and observed under UV
light. 

Statistical analysis

All the experiments were laid out in completely ran-
domized design with three repetitions. The GUS tran-
sient expression efficiency was presented as mean ±
standard error. The statistical significance of differences
between means was estimated at the 5% significance
level by the t test.

Results and Discussions

In order to improve the efficient transformation sys-
tem of J. curcas, some factors affecting transformation
were optimized.

Effect of explant types and AS

As shown in Figure 1, different explant types from
J. curcas exhibited a significant difference in transfor-
mation efficiency. Compared with other explants,
hypocotyl showed the highest GUS transient expression
efficiency (42.3% without AS or 67.7% with AS). The
reason was yet unknown. Maybe there was a difference
in component or wound response between hypocotyl and
other explants, resulting in a difference in bacterial
binding or activation of vir genes.

AS produced in wound response of plant cells, a phe-
nolic compound, can induce the transcription of the viru-
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lence genes of A. tumefaciens (SHARMA et al., 2005) to
increase transformation efficiency. Many reports showed
that AS could remarkably improve the transformation
efficiency in some plants, such as apple (JAMES et al.,
1993), rice (HIEI et al., 1994), and maize (ISHIDA et al.,
1996). However, a study from GODWIN et al. (1991) sug-
gested that adding AS could suppress virulence of some
A. tumefaciens strains. In this experiment, adding AS
enhanced obviously GUS transient expression efficiency
(the highest increment was up to 25%) in explants
(except for root) (Fig. 1).

Effect of preculture and coculture period

Through a series of culture period grads experiments,
as shown in Figure 2, the preculture for hypocotyl
explants could improve the GUS transient expression
efficiency (especially 2 days of preculture: efficiency up
to 75.97%). The result was similar as previous reports.
Reports from SANGWAN et al. (1992) and MCHUGHEN et
al. (1989) suggested that the preculture was associated
with the presence of phytohormones in the medium,
which promoted cell division. Moreover, actively divid-
ing cells were involved in delivery and integration of 
T-DNA. Furthermore, preculture might also reduce the
interference of the bacteria or the selection agent on cell
differentiation.

The period of coculture can directly affect the transfor-
mation efficiency (LÓPEZ et al., 2000). Compared with
coculture explants, explants with no coculture period
showed a little GUS transient expression efficiency
(14.38%). As shown in Fig. 2, when we prolonged the
coculture time to 2 days, GUS transient expression effi-
ciency increased rapidly, reaching a maximum (75.97%).
However, coculture periods (more than 2 days) would

result in decrease in transient GUS transient expression
efficiency. The reason might be that the explants, gener-
ated with excessive coculture, could result in Agrobac-
terium overgrowth and subsequent death of explants
during selection. Thus, in appropriate coculture period,
most calli were kanamycin-resistant, which bring higher
transgenic plants.

Forming and selection of transgene calli

Plant growth regulators are important factors, which
can selectively influence the genes triggering differenti-
ation of cells in culture (THORPE, 1983). In previous
reports (SUJATHA et al., 1996; LIN et al., 2002; WEI et al.,
2004), BA and IBA were shown as effective growth regu-
lators for the induction of calli from hypocotyl explants
of J. curcas. In our experiment, we used BA (0.1 mg·l–1,
0.5 mg·l–1, 1.0 mg·l–1) and IBA (0.1 mg·l–1, 0.5 mg·l–1,
1.0 mg·l–1) to determine the most suitable concentra-
tions. From Table 1, we observed that the most efficient
inducement (98%) for hypocotyl was from 0.5 mg·l–1 BA
and 1.0 mg·l–1 IBA combination. During the induce-
ment, we also observed that increased IBA concentra-
tion enhanced the calli inducement, and the influence
from change in BA concentration was less obvious than
that from change in IBA concentrations. IBA had the
main effect and BA had synergetic effect. Thus we used
BA (0.5 mg·l–1) and IBA (1.0 mg·l–1) combination to
induce transformed hypocotyl calli.

To select the transformants with kanamycin-resis-
tance, hypocotyl explants from untransformed in vitro
J. curcas were tested for tolerance to kanamycin. The
growth of hypocotyl cultures of J. curcas was rather sen-
sitive to kanamycin. When hypocotyl segments were cul-
tured on MS medium without the addition of
kanamycin, calli started to form at the edges of explants
after 1 week and proliferated rapidly in the following 3
weeks. However, at kanamycin levels of 40 mg·l–1 and
above, the growth of the hypocotyl segment was stopped
after only 1 week and necrosis rapidly developed. After

Figure 1. – Effect of explants type and AS on GUS transient
expression efficiency. Bar represents mean ± standard error of
three replicates. The GUS transient expression efficiency was
defined as the number of explants producing GUS-positive blue
spots as the percentage of the total number of explants. Posi-
tions with different letters above bars represent values fol-
lowed by the same letters are not significantly different from
each other by t (P = 0.05) test.

Figure 2. – Effect of coculture and preculture on GUS transient
expression efficiency of hypocotyl explants. Bar represents
mean ± standard error of three replicates. The GUS transient
expression frequency and positions with different letters above
bars were defined as in Fig. 1.
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cocultured with A. tumefaciens, the hypocotyl explants
were transferred to selective medium. Calli inducation
media with 250 mg·l–1 cefotaxime could not suppress
A. tumefaciens overgrowth (data not shown). 500 mg·l–1

cefotaximate and 40 mg·l–1 kanamycin produce the rate

of hypocotyl explants forming resistant calli of 67.08%.
In Fig. 3a, small green growing tissues eventually arose
from the brownish material kept on selective medium
for several weeks. Others that had no target gene
became yellow, even brown, finally became necrotic.

Table 1. – The different concentrations of BA and IBA on calli inducation from
hypocotyl explants of J. curcas.

Figure 3. – Selection and morphology analysis of transgenic calli. (a) Selection of
putative transformants on kanamycin. (b) Stable GUS expression in transfor-
mats calli. (c) Amplification of the NPT II gene in transgenic calli of J. curcas.
Lane C: non-transformed control calli; lanes 1–8: transgenic calli; lane M: 2 kb
ladder DNA marker. (d) Cell structure of transformant calli, selected trans-
ferred calli cells arrange evenly and tightly (e) Cell structure of non-trans-
formed calli, non-transformed cells show the disorders arrangement. (f) Under
200 times, overview of transformant calli. The protuberance is large and spheri-
cal. (g) Under 1000 times, details showing one protuberance. It can be obviously
divided into 2 parts; smaller in the top and larger in the below. Bars in 
d, e = 100 µm.; f = 50 µm; g = 15 µm.
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Analysis of the transformants

Transformants were demonstrated by GUS assay and
PCR analysis. GUS histochemical assay showed that the
presence of GUS activity in all putative transgenic calli
(Fig. 3b). PCR analysis was carried out as a rapid iden-
tification for the presence of the NPTII gene in selected
transgenic calli. Fig. 3c showed that a 717 bp fragment
was amplified in transformed calli, but not in the non-
transformed calli. For avoiding false positive results,
virc-specific primers were used for further identification
(data not shown), which indicated that no residual
A. tumefaciens were present in the analyzed material.

Morphology analysis of transgene calli

In order to investigate the cell development in trans-
gene calli, morphology analysis of transgene calli was
performed. Frozen sections revealed the cells arrange-
ment in calli. As shown in Fig. 3d, selected transformed
calli cells arranged evenly and tightly. However, non-
transformed calli cells showed the disorder arrangement
(Fig. 3e). 

SEM revealed the cells from both calli (transformats
and untransformats) have certain differences in size and
appearance (Fig. 3f). According to observation for calli
growth, most of cells are spheroid. However, many sam-
ples showed that some protuberances are present at the
surface of calli cells. These protuberances are large and
spherical, and they can be obviously divided into two
parts (Fig. 3g): a smaller part in the top and a larger
part in the below. All parts have the trend to grow
upward. The functions of protuberances are still
unknown. HÄSLER et al. (2003) suggested that these
buds sometimes contain an accessory nucleus, which is
related to cell division.

Conclusion

We have shown here, a reliable method for the produc-
tion of transgenic calli via A. tumefaciens-mediated
hypocotyl transformation of J. curcas. Some factors that
affect the transformation efficiency were optimized,
including preculture and coculture periods (2 days),
explants source (hypocotyl explants), usage of AS. After
infecting with A. tumefaciens, the hypocotyl explants
were subjected to expansion and proliferation on MS
medium with 1.0 mg·l–1 IBA and 0.5 mg·l–1 BA. Trans-
formants were selected in selective medium. Histochem-
ical GUS assay and PCR analysis proved that putative
transgenic calli are stable, the rate of hypocotyl explants
forming resistang calli in J. curcas reached 67.08%.
Observed by LM and SEM, selected transformed calli
cells arranged evenly and tightly. Many protuberances,
with large and spherical, are present in calli cells, which
may be involved in cell division. This study provides not
only an efficient transformation system of J. curcas, but
also a fundamental information and new research
approach for the future study of inducing new traits to
J. curcas and genetic modification.
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