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Abstract The chimerical gene, Arabidopsis thaliana
sHSP18.2 promoter fused to E. coli gusA gene, was
Agrobacterium rhizogenes-mediated transformed into
Nicotiana tabacum as a heat-regulatable model, and the
thermo-inducible expression of GUS activity in N. tabacum
transgenic hairy roots was profiled. An activation of A. rhi-
zogenes with acetosyringone (AS) before cocultured with
tobacco’s leaf disc strongly promoted transgenic hairy roots
formation. Transgenic hairy roots formation efficiency of A.
rhizogenes precultured with 200 µM AS supplementation
was 3.1-fold and 7.5-fold, respectively, compared to the
formation efficiency obtained with and without AS supple-
mentation in coculture. Transgenic hairy roots transformed
with different AS concentration exhibited a similar pattern
of thermo-inducibility after 10 min to 3 h heat treatments
detected by GUS expression. The peak of expressed GUS
specific activity, 399,530 pmol MUG per mg total protein
per min, of the transgenic hairy roots was observed at 48 h
after 3 h of 42◦C heat treatment, and the expressed GUS
specific activity was 7–26 times more than that reported in
A. thaliana, tobacco BY-2 cells and Nicotiana plumbagini-
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folia. Interference caused by AS supplementation on the
growth of transgenic hairy roots, time-course of GUS ex-
pression and its expression level were not observed.
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Introduction

In the past few decades, we have seen plant cell cultures
established as chemical factories for secondary metabo-
lites (Rao and Ravishankar 2002). However, as there is an
increasing demand for recombinant proteins, plant cell cul-
tures have been considered a potent system for an efficient
production of recombinant proteins, providing an econom-
ical and safety-reliable supplement. Plant-derived proteins
are generally considered as possessing complete conforma-
tion and posttranslational modification which are essential
for most therapeutic proteins (Magnuson et al. 1996; Fis-
cher et al. 1999; Hong et al. 2002; James et al. 2002; Su
and Aris 2003). Furthermore, an ideal “protein factory”,
in a bioengineering sense, can be established by optimized
unit of plant cell cultures.

To introduce foreign genes into the genome of plant cells,
Agrobacterium-mediated transgenic assay has become the
most crucial method. The efficient capability of integrating
expressive cassette, within the T-DNA region, into plant
genomes governs a high transformation efficiency of plant
cells (Riva et al. 1998). Agrobacterium-mediated transfor-
mation results in fewer copies of transgene in the plant
genome and potentially reduces the problems of transgene
cosuppression and instability (Borsics et al. 2002; Cui and
Ezura 2003).

However, the reported studies of applying A. rhizogenes-
mediated transformations for recombinant protein expres-
sion are much less on the shelf than those of utilizing A.
tumefaciens-mediated transgenic strategies. Although the
“hairy root syndrome” has been demonstrated for the A.
rhizogenes-mediated transgenic plants in some cases, the
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altered phenotype may be applicable in other instances (Van
de Velde et al. 2003). The advantages of Ri-plasmid-based
transgenic plants include avoidance of the callus phase in
spontaneous shoot regeneration, high transformation rate,
and long-term regeneration capability (Giri and Narasu
2000). Moreover, A. rhizogenes-mediated roots possess sta-
ble regenerated ability after a long-term screening culture,
and have a growth rate similar to the level of suspension
cells (Shanks and Morgan 1999). However, most reports of
A. rhizogenes-transformed root cultures relate to the pro-
duction of secondary metabolites, such that the utilization
of transformed roots for recombinant protein production is
less reported (Doran 2000).

Acetosyringone, reported as a virulence inducer to
Agrobacterium that promotes Agrobacterium-mediated in-
fection of plant (Stachel et al. 1985; Stachel and Nester
1986), is widely used as an efficient enhancer for
Agrobacterium-mediated plant transformation. A number
of plant species and their mediating Agrobacterium, an ex-
ogenous supplement of AS has been reported applied via
pretreating plant explant (Guivare’h et al. 1993; Suniku-
mar et al. 1999) or Agrobacterium culture (Gelvin and Liu
1994; James et al. 1993; Sheikholeslam and Weeks 1987).
Moreover, by inclusion of the AS in the coculture medium
(Godwin et al. 1991; Holford et al. 1992) and by combin-
ing the pretreatment of explant and Agrobacterium culture
(Boase et al. 1998) had also been found to enhance the
efficiency of Agrobacterium-mediated transformation.

The small heat shock proteins (sHSP) are of unusual
abundance and diversity in prokaryotic and eukaryotic cells
under heat stress (Sun et al. 2002). Their physiological
roles mainly appear to increase thermo-tolerance to sHSP-
expressed plants (Lee et al. 1995; Prändl et al. 1998), al-
though sHSP expression is also detectable during develop-
mental seeding (Wehmeyer and Vierling 2000; Tada et al.
2003) and ripening (Ramakrishna et al. 2003). The ex-
pression of the Arabidopsis HSP18.2-GUS gene has been
reported in cultured transgenic N. tabaccum BY-2 cells
(Yoshida et al. 1995) and in transgenic N. plumbaginifolia
(Moriwaki et al. 1999a, 1999b, 1999c). Hairy root cultures
are considered to be superior to suspension cell cultures in
genetic and biochemical stability. Doran (2000) reported
that the previous study (Sharp and Doran 1999) has shown
that recombinant protein levels are significantly higher in
hairy roots than in plant cell suspensions. The promoter of
Arabidopsis thaliana small heat shock protein 18.2 (Taka-
hashi et al. 1992) was introduced in this study to establish
and investigate the inducible expression of GUS activity in
transgenic tobacco hairy root cultures.

Materials and methods

Plasmid construction and A. rhizogenes transformation

The DNA fragment of small heat shock protein 18.2
(sHSP18.2), which contains heat-shock-factor (HSF)-
binding domains and promoter region, was originally iso-
lated from Arabidopsis thaliana genomic DNA (Takahashi

et al. 1992). The genomic DNA fragment which includes
77 bp of sHSP18.2 coding sequence was subsequently in-
troduced in-frame upstream to the E. coli gusA reporter
gene in binary vector pBI101.2. Thus, the complete fusion
of sHSP18.2 promoter and bacterial gusA gene in binary
vector pBI101.2 is named pHS/GUS. After confirming the
sequences of fused fragment of sHSP18.2 promoter and
gusA gene, the plasmid pHS/GUS was transformed into
the plasmid carrier host, E.coli strain JM109.

Purified binary vector pHS/GUS was prepared to trans-
form Agrobacterium rhizogenes strain 1724 by electropora-
tion (Mattanovich et al. 1989), and subsequently screened
for kanamycin resistance. To confirm the inheritance of
pHS/GUS in A. rhizogenes, PCR was carried out using the
specific primers 5′-ATGTTACGTCCTGTAGAAACCC-
3′ and 5′-TCATTGTTTGCCTCCCTGCTG-3′, in a
25 µl reaction solution containing 1 ng DNA,
0.8 µM dNTP each, 5U VioTaq polymerase (Viogene,
http://www.viogene.com), with 35 cycles of 30 s at 94◦C,
1 min at 55◦C, and 2 min at 72◦C. The amplified DNA frag-
ment was subjected to electrophoresis on a 1.2% agarose
gel (data not shown).

Plant materials and transformation

Seeds of Nicotiana tabacum var. TT5 (native fluecurred
tobacco var. Taiwan tobacco 5; P2, wide oval leaf) were
submerged in 0.5% (v/v) solution of sodium hypochlo-
ride for 10 min, before a surface sterilization by immer-
sion into 75% (v/v) ethanol for 30 s. The sterilized seeds
were then rinsed in double-distilled water. Seeds germi-
nated at 25◦C on medium consisting of 15 g l−1 sucrose,
half-strength inorganic salts, and vitamins of Murashige
and Skoog’s (MS) medium (Murashige and Skoog 1962),
solidified in 7 g l−1 agar. After germination, tobacco ex-
plants were transferred to culture boxes and allowed to
grow in a controlled chamber in 50% relative humidity
and a 16/8 h (day/night) light cycle at 25◦C. Five-week-old
leaf stalks of tobacco explants were used to carry out the
downstream of A. rhizogenes-mediated transformation. A.
rhizogenes harboring the modified binary vector pHS/GUS
was allowed to grow for 12 h at 37◦C in SOB medium con-
taining 100 µg ml−1 kanamycin, while the binary vector
-lacking A. rhizogenes was grown in antibiotic-free SOB
medium. Before executing A. rhizogenes-mediated trans-
formation, A. rhizogenes were precultured at 37◦C for 12 h
on agar medium which contains half-strength MS and 0,
200, or 400 µM of virulence activator, acetosyringone, re-
spectively.

Subsequently, A. rhizogenes was applied to the cut edges
of tobacco leaf discs (ca. 1 cm2) and the leaf discs were
placed on a fresh half-strength MS agar medium containing
0, 200, and 400 µM of AS, and proceed to the coculture
as well. This coculture continued for 4 days at 22◦C in the
dark. Cocultured leaf discs were then transferred to agar
media without acetosyringone but containing 300 mg l−1

cefotaxime to facilitate the sterile-cultivation, which lasted
21 days at 27◦C. Every leaf disc was processed calculating
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the number of countable roots, while the standard deviation
was derived from the results of 10-leaf discs and t-test was
introduced between groups defined by different concentra-
tions of AS. At the end of sterile culture, the transformed
roots were picked and then transferred onto hormone-free,
half-strength MS agar media containing 300 mg l−1 cefo-
taxime.

Heat-stress treatment of transformed roots

Sterile-transformed roots were further transferred and cul-
tured in half-strength MS liquid media with 3% sucrose in
an orbital shaker with 100 rpm at 27◦C in the dark. The inoc-
ulation was 50 mg in a 250 ml flask containing 50 ml of half-
strength MS medium with 3% sucrose. Finally, 28 clones
were obtained. Lasting for 10 min, 30 min, or 3 h respec-
tively, heat-shock treatments were subsequently applied to
21-day-old root cultures, carried out by a 42◦C water-
bath shaker with 100 rpm. To evaluate the heat-induced
GUS activity, time-coursed samplings were taken and the
GUS activity was measured during the recovery-culture
that was carried on at 27◦C right after given heat-shock
treatment.

Quantitative assay of GUS activity

Hairy roots that underwent the designed heat stress
were frozen by liquid nitrogen immediately. Subsequently,
lyophilized tissues were extracted for total proteins by a ho-
mogenizer with the GUS extracting buffer solution (50 mM
Na-PO4, 10 mM DTT, 1 mM Na2EDTA, 0.1% Triton
X-100, pH 8.0 at 4◦C). After centrifugation (12,000 × g,
15 min, 4◦C), the supernatant was collected, and the total
protein extract was used to analyze the activity of GUS
based on the 4-methylumbelliferyl β-d-glucuronic acid
(MUG) method (Jefferson et al. 1987). The reaction was
carried out at 37◦C for 30 min and then stopped by the
addition of 100 µl of 0.2 M Na2CO3. The reaction mixture
was carried into 50 µl of 1 mM MUG solution consist-
ing of 3–5 µg total proteins. Using a fluorometer (Hitachi
F-2000, http://www.hitachi-hta.com), fluorescence was de-

tected by an emission at a wavelength of 460 nm while an
excitation of 360 nm was given. The concentration of total
soluble proteins was measured by protein assay kit (Bio-
Rad, http://www.bio-rad.com) with bovine serum albumin
(BSA) as the standard. Relative GUS activity was calcu-
lated for catalytic activity based on the same total soluble
proteins among different root cultures.

Results

A. rhizogenes-mediated transformation of tobacco

During induction of transformed roots, every individual
primary root was counted to evaluate the efficiency of root
formation in groups defined by acetosyringone (AS) con-
centration. Activation of 200 and 400 µM AS in preculture
of A. rhizogenes, the transformed roots formed from the
damaged edges of the tobacco leaf discs were observed
on 4-day cocultures. This indicates that, AS contributes
more crucial enhancement during preculture of A. rhizo-
genes than coculture period (Table 1). Preculture of A.
rhizogenes with 200 µM AS significantly enhanced the
efficiency of the transformed root formation, however, that
further enhancement was achieved when the activation con-
centration of AS was doubled (400 µM) in the preculture
was less convincing . We also observed that the groups
treated with AS in both the preculture and coculture (i.e.,
200-200 and 400-400) showed no elevated effect in trans-
formed root induction, compared to the groups of 200-0
and 400-0 within 21 days (data not shown). According to
the efficiency of transformed root formation, the effects
were less pronounced when the AS was only supplied dur-
ing coculture although the preculture was lasted for only
12 h while the coculture was lasted for 4 days, suggesting
that activation of Agrobacterium with AS in preculture pro-
vides the major contribution to transformation efficiency.
Moreover, similar efficiency was concluded in pHS/GUS
inherited A. rhizogenes in terms of transformed root for-
mation, compared to the efficiency of native A. rhizogenes
1724 (Table 2). This undetectable difference suggests the
possession of pHS/GUS did not critically affect the trans-
formation ability to A. rhizogenes.

Table 1 The effects of AS
supplementation in preculture
and in coculture on roots
formation

Time of sterile-culture (days)
The given AS concentration in preculture/ Efficiency (numbers LD−1)
coculture (µM) 7 14 21

0-0 0.00 0.38 ± 0.20 2.13 ± 0.66 A∗

200-0 0.17 ± 0.30 2.83 ± 0.93 4.50 ± 0.51 B
0-200 0.00 0.90 ± 0.60 2.50 ± 0.44 A
400-0 0.42 ± 0.19 2.42 ± 0.45 5.17 ± 0.94 B
0-400 0.00 1.13 ± 0.58 3.88 ± 0.46 C

Efficiencies were determined quantity of formed roots (roots/leaf disc (LD) ± SD) at the edges of leaf
discs. Ten-leaf discs were assessed. The AS was supplied either during preculture or coculture
∗The 21-day data were grouped by t-test when the p-value was less than 0.05 among values marked by
letters A, B, and C



32

Table 2 Efficiency of
transformed root induction

Time of sterile-culture (days)
Efficiency (numbers LD−1)

Strain AS supplement (µM) 7 14 21

Native A.
rhizogenes 1724

0 0.57 ± 0.58 1.62 ± 0.66 3.55 ± 0.86 A∗

200 2.23 ± 0.53 4.84 ± 0.70 5.86 ± 0.78 B
400 1.87 ± 0.76 4.82 ± 0.91 5.30 ± 1.06 B

pHS/GUS
possessing A.
rhizogenes 1724

0 0.13 ± 0.22 1.73 ± 0.46 3.13 ± 0.94 A

200 1.35 ± 0.34 4.26 ± 0.49 5.63 ± 0.83 B
400 1.63 ± 0.67 3.83 ± 0.85 5.87 ± 1.21 B

Root formation stratified by concentration of virulence inducer, acetosyringone, and strain. Efficiencies
were determined quantity of formed roots (roots/leaf disc (LD) ± SD) at the edges of leaf discs. Ten
leaf discs were counted. The AS was supplied during pre-culture of A. rhizogenes possessing pHS/GUS
or native Ri-plasmid only
∗The 21-day data were grouped by t-test when the p-value was less than 0.001 between values marked
by letters A and B

Hairy root culture

Selecting randomly from 1,048 independent root clones
after Agrobacterium removal, 48 transformed clones, in-
cluding 20 wild A. rhizogenes-transformed clones and 28
HS/GUS carried clones were liquid cultured. Possession
of the Ri-plasmid marker, rolC gene, was detected in the
genome of all of the 48 randomly selected clones (data not
shown). The typical features of A. rhizogenes-transformed
roots, abundance of lateral branches, lack of geotaxis, and
rapid growth, were noted in the liquid-cultured transgenic
hairy root tissues. The accumulated biomass of a 21-day
culture of the selected clones was evaluated (Fig. 1). Diver-
sities of accumulated biomass were demonstrated between
individual clones. The fresh weight of the accumulated
biomass ranged from about 3,000 mg to less than 100 mg
in the 21-day cultures.

Analyzing the growth of the 48 selected clones, there
were no distinguishable differences by comparing the wild
A. rhizogenes-mediated transgenic hairy roots and HS/GUS
transgenic hairy roots, in terms of their growth ability
(Fig. 1). This suggests that, regardless of expressed NPT
II for Kanamycin resistance, diversity of biomass accumu-
lation of the transformed roots was not resulted from the
insertion of sHSP18.2 promoter. Such results provide sup-
port to the potential application of sHSP promoter in terms
of regulated expression of recombinant proteins, especially
those reported for host toxicity, in plant cell cultures.

Although AS and its time point of supplements are key
factors in efficiency transformation, the growth ability of
transformed root tissues appeared to be unaffected by the
utrilization of AS, inferring that the virulence genes’ ex-
pression level of the transforming A. rhizogenes is not re-
lated to the growth of the transformed roots.
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Fig. 2 Heat-inducible GUS activity of transgenic hairy roots. A
Wild A. rhizogenes transformed roots. B pHS/GUS-possessing A.
rhizogenes transformed roots. The heat-shock treatments were given

to 21-day cultures at 42◦C for 3 h; GUS activity was detected 4 h
after the treatment. HSP/GUS transgenic clones: 0 HG, 200 HG, and
400 HG; wild type of tobacco hairy roots: 0 W, 200 W, and 400 W

Heat-shock inducibility of transformed roots

All of the 28 HS/GUS-transformed clones were detected
as positive possession of the Ri-plasmid marker, rolC gene,
and the HS/GUS chimeric gene (data not shown). Treated
by a given heat stress, the heat-shock-inducibility of GUS

activity in the sHSP18.2 promoter-possessing hairy roots
was determined. The GUS activity of the liquid-cultured
roots was detected after exposure to 42◦C for 3 h (Fig. 2).
Clearly, wild A. rhizogenes-transformed roots revealed ex-
tremely low heat-induced GUS specific activity (lower than
20 p mole MUG per mg total protein per min) no matter
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before or after heat-shock treatment. In Fig. 2B, heat-shock-
inducible GUS activity was observed in 26 of the 28 se-
lected transgenic HS/GUS clones, and the expressed GUS
specific activity was most ranged from 500 to 4500 pmol
MUG per mg total protein per min, although all of these
28 clones present transgenic HS/GUS fragments in their
genomes. In these data, we also realize that the utilization
of AS in hairy root induction do not significantly interfere
the co-transformation efficiency. Nevertheless, only back-
ground level of GUS activity was detected in two of the 28
HS/GUS-transformed clones (200HG1 and 200HG3), the
heat-shock-inducibility was blocked in these two clones
with unclear reasons.

Transgenic hairy roots, 0HG4, 200HG8 and 400HG5,
which were transformed using 0, 200, and 400 µM AS-
precultured A. rhizogenes, respectively, were subsequently
evaluated for time-coursed inducible GUS activity by heat-
shock treatment at 42◦C for 10 min, 30 min, or 3 h (Fig. 3).
The three clones were selected because of their higher heat-
inducible GUS productivity (Fig. 1 and Fig. 2B). The peak
of expressed GUS specific activity was detected 48 h after
heat-shock treatment, regardless of the exposure time in the
heat-stress environment or the concentration of added AS
when they underwent gene transformation. However, the
3-h treatment produced higher expression activity to the
sHSP18.2 promoter compared to the 10 min analog, sug-

gesting the expressing activity of sHSP promoter is time-
of-exposure dependent.

Discussion

Many parameters related to Agrobacterium-mediated trans-
formation efficiency have been studied in the past such as
plant species, Agrobacterium strain, type of Ti/Ri plas-
mid, nature of binary vectors, and the size of the modified
T-DNA. Transformation efficiency is though directly re-
lated to the activation of Agrobacterium vir genes (Riva
et al. 1998) while the accumulation of wounding sig-
nals induces high vir gene expression. Moreover, ace-
tosyringone and its relative compounds increase the ca-
pability for transformed cell formation (Baron et al. 2001;
Joubert et al. 2002). However, so far no report directly
demonstrates the impacts of AS-mediated enhancement on
the transformed cells, although the AS has been widely
used.

The previous study demonstrated that AS pre-incubation
of tobacco leaf segments increases transformation ef-
ficiency and induces stronger expression of vir genes
(Sunikumar et al. 1999). In our study, tremendous transfor-
mation capability was demonstrated for A. rhizogenes 1724
precultured with AS (Table 1). Compared to the AS-non-
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precultured A. rhizogenes, AS precultured A. rhizogenes
was potent in terms of the transformation efficiency, sug-
gesting that activation of Agrobacterium vir genes governed
a highly efficient transformation. No noticeable improve-
ment in transformed root formation was observed where
AS was subsequently added to the coculture medium if the
A. rhizogenes had been precultured with AS. This evidence,
again, suggests AS induced more crucial effect in precul-
ture of A. rhizogenes before coculture with leaf discs. Some
explanations for the different effect of AS in preculture
and coculture, in terms of the enhancement of transforma-
tion efficiency, are suggested as follows. (1) The endoge-
nous wounding signals and delayed accumulation exoge-
nous AS, which supplied in coculture media, contributes
only minor improvement to transformation efficiency. The
supplied AS in preculture of A. rhizogenes induces much
stronger expression of vir genes. (2) The A. rhizogenes
AS preculture guaranteed activation of the vir genes, and
that the transformation was dominated by the readily ex-
pressed viral proteins (Engstorm et al. 1987). Thus, the
whole T-DNA integrating mechanism is ready-assembled
for AS precultured A. rhizogenes, which promotes the cell-
cell recognition and T-DNA transfer. (3) There implied an
AS independent mechanism in the transformed root for-
mation, which plays a crucial role in plant-Agrobacterium
interaction. Preculture with AS might enable A. rhizogenes
to escape from plant defensive actions against bacterial
pathogens, or might be capable to transform the infected
plant cells reduce activating effective defenses.

Furthermore, great co-transformation efficiency was
noted among those 28 randomly selected root clones, all
of them were detected possessions of transgene, HS/GUS.
The co-transfer efficiency, which indicates the efficiency of
transfering recombinant genes into the plant cell genome
in parallel to the T-DNA of Ri-plasmid, should attract more
attention during evaluation of the efficiency of the gene
transformation. Compared to the previous reports for A.
tumefaciens-mediated transformation of tobacco (Masoud
et al. 1996; Tackaberry et al. 1999; Roger et al. 2001;
Pandey et al. 2002), our results are remarkable in terms
of both high transformation efficiency and great cotransfer
efficiency of foreign genes. We assume that the pathogenic
nature of the Ri-plasmid in A. rhizogenes strain 1724
may be partially responsible for the high cotransformation
efficiency, although the detail mechanism behind is
still poorly understood. However, notable diversities in
growth rate imply uncertainty of Agrobacterium-mediated
transformed roots, suggesting that a screening after cell
transformation still plays a crucial role to obtain the
highest productive cell line.

Moriwaki et al. (1999c) detected higher heat-induced
GUS activity of sHSP18.2 promoter in root organs of
transgenic N. plumbaginifolia explants, compared to other
plant organs. This result supports that the A. rhizogenes
transformed root cultures may be a better system compared
to regenerated explants and undifferentiated suspension
cells, in terms of high productivity. Indeed, the expressive
productivity of sHSP18.2 promoter induced by heat
stress was impressive in A. rhizogenes transformed N.

tabacum roots. Compared to the previous investigations
of transgenic A. thaliana (Takahashi et al. 1992), tobacco
BY-2 cells (Yoshida et al. 1995) and N. plumbaginifolia
(Moriwaki et al. 1999a), the expressive activity of the
sHSP18.2 promoter in the A. rhizogenes-transformed roots
was higher. Based on the same MUG-based quantitative
procedures (Jefferson et al. 1987), the GUS specific
activity in the A. rhizogenes-mediated transgenic root
tissues was 7–26 times more than that reported for A.
thaliana, tobacco BY-2 cells and N. plumbaginifolia. Our
results suggest that, this different thermo-inducibility of
sHSP18.2 promoter in N. tabacum refers to a root-specific
heat-induced behavior. Different mechanism of heat
stress-associated action to the sHSP18.2 promoter might
be existed in root-differentiated tissues.

Currently, transgenic hairy roots are often developed
by A. rhizogenes infection of leaf explants from high-
expression transgenic plants. However, this is laborious
and time-consuming. In this work, through a simple and
direct transformation with A. rhizogenes, transgenic hairy
root clones can be developed. Moreover, the regeneration of
transgenic plant can be developed from the transgenic hairy
root via a simple adjustment of media condition. Therefore,
using direct A. rhizogenes-mediated transformation will be
an efficient tool. Meanwhile, we examined the effects of AS
in the process of A. rhizogenes-mediated transformation.
The sHSP18.2 promoter exhibits an extraordinary strong
thermo-induced activity in A. rhizogenes transformed roots.
Such fundamental results not only revealed new signs to the
studies of plant in heat stress but set up a great possibility
to utilize hairy root cultures for an efficient expression of
recombinant proteins.
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Prändl R, Hinderhofer K, Eggers B, Schumacher G, Schöffl F (1998)
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Riva GA, González-Cabrera J, Vázquez-Padrón R, Ayra-Pardo C
(1998) Agrobacterium tumefaciens: a natural tool for plant trans-
formation. Electron J Biotechnol 1:118–133

Roger D, Lacoux J, Lamblin F, Gaillet D, Dauchel H, Klein D,
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