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Abstract Agrobacterium rhizogenes-mediated transfor-
mation has become a powerful tool for studying gene
function and root biology due to its quick and simple
methodology. This transformation method is particularly
suitable for those plants, including legumes, whose trans-
formation using Agrobacterium tumefaciens has been
challenging. Although there are some reports on A. rhiz-
ogenes-mediated transformation of legumes to produce
‘composite’ plants, conditions influencing A. rhizogenes-
mediated transformation of soybean [Glycine max (L.)
Merr.] have not been yet fully investigated. To better
understand A. rhizogenes-mediated root transformation in
soybean, we have evaluated the impact of genotype, plant
age for infection, bacterial inoculating concentration,
inoculation temperature, and other factors on transforma-
tion of soybean. The results have shown that there are
significant differences among soybean genotypes in their
susceptibility to A. rhizogenes. Soybean cv. Zigongdong-
dou is the most susceptible to A. rhizogenes strain K599
among 10 genotypes tested. The effects of seedling age
have been evaluated, and 1-day-old plantlets are found to
be optimal for hairy root induction. There are no significant
differences in hairy root induction for bacterial suspension
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from ODgpy = 0.2 to ODgpg = 1.2. Under 16 h photope-
riod, hairy roots can be induced both at 23°C/20°C and
28°C/25°C, but not at 33°C/30°C as day/night temperature
regimes. Using this transformation protocol, almost 100%
of the composite plants formed hairy roots within 2 weeks,
and based on GUS histochemical analysis, 94.2% trans-
formation frequency is obtained. Transgene integration has
been also confirmed by Southern blot analysis.

Keywords Agrobacterium rhizogenes - Composite
plants - Hairy roots - Soybean - Transformation

Abbreviation
DAI  Days of hairy root emergence after bacterial
infection

Introduction

Genetic transformation is of great importance for studying
gene function and molecular farming. Although numerous
methods have been developed for introducing genes into
plants, the transformation efficiency for some recalcitrant
plants such as soybean [Glycine max (L.) Merr.] still
remains low. Since the first successful transformation of
soybean was reported (Hinchee et al. 1988), two major
methods have been used in soybean transformation: one
is particle bombardment of embryogenic tissue and another
is Agrobacterium tumerfaciens-mediated transformation.
Both methods have limitations: the former is highly
genotype-dependent, requires a prolonged tissue culture
period and tends to produce multiple insertion events,
while the latter is labor intensive and requires special
trained personnel to undertake the work. As a result, in
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spite of previous improvements (Olhoft et al. 2003; Paz
et al. 2004; Zeng et al. 2004), soybean transformation is
still challenging for most of laboratories. It is estimated
that only if one performer can produce at least 300 trans-
genic lines every year, can the needs of existing soybean
genomics initiatives be met (Olhoft et al. 2003). Obvi-
ously, few laboratories can hit this target to date.

In some species, a rapid and simple method of hairy root
transformation with Agrobacterium rhizogenes has been
developed. Such a system can be used to produce sec-
ondary metabolites (Lodhi et al. 1996; Fujimoto et al.
2000; Sevon et al. 2002; Moyano et al. 2003), characterize
promoters (Xiao et al. 2005), analyze gene function in
connection with root development (Ivashuta et al. 2005),
and regenerate whole plant (Cho and Wildholm 2002;
Kuntal et al. 2006). In recent years, a new transformation
method has been developed which represented a significant
advancement due to its less time consuming to generate
transgenic plant tissue. This method produces ‘composite’
plant consisting of a wild-type non-transgenic shoot and
transgenic hairy roots (Hansen et al. 1999). As a potential
substitution of A. tumerfaciens transformation, the system
has now been successfully used in legumes mainly to
identify genes related to nodulation and mycorrhizal sym-
biosis (Ane et al. 2004; Bersoult et al. 2005; Frendo et al.
2005; Kalo et al. 2005; Limpens et al. 2005; Vieweg et al.
2005). Soybean transformation using A. rhizogenes has
also been reported elsewhere (Cheon et al. 1993; Lee et al.
1993; Taylor et al. 2006; Hayashi et al. 2008). To date the
hairy root transformation can be implemented through
‘ex vitro’ which is less costly than either in vitro or the
infection (Collier et al. 2005; Kereszt et al. 2007).

Similar to A. tumefaciens, A. rhizogenes transfers its
endogenous T-DNA from the extrachromosomal replicon,
called the root-inducing (Ri) plasmid, into the plant
genomic DNA. As most previous studies reported on
A. tumefaciens, factors such as plant genotypes, bacterial
density, inoculation temperature and the age of plants are
known to affect T-DNA transfer. However, there is very
limited information on evaluation of composite plant
production by A. rhizogenes. Therefore, this study was
undertaken to assess the effect of plant genotypes, bac-
terial inoculating concentrations, different inoculation
temperatures and seedling ages on soybean hairy roots
induction.

Materials and methods
Agrobacterium rhizogenes strain and plasmid

The vector pPCAMBIAI305.1113 or pPGFPGUSPlus (Vickers
et al. 2007; EF546437) (a kind gift from Dr. Peter Gresshoff,
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University of Queensland, Australia) was introduced into
A. rhizogenes strain K599 (NCPPB2659) by electrotrans-
formation (Gene Pulser Xcell, Bio-Rad). The
pCAMBIAI305.1113 was created by replacing the GUS
fragment of pGFPGUSPIlus with a GmNMH7 gene coding
region (AY310303). The transformed A. rhizogenes were
streaked onto solid LB media containing 50 mg 1”' Kana-
mycin. Then single isolated colonies were incubated
overnight at 28°C in 40 ml liquid LB media culture with
shaking at 180 rpm. In the next morning, the cultures were
resuspended in sterile distilled water for infection.

Plant material

Ten different soybean genotypes including Beifeng 11,
Heihe 27, Jindou 19, Suinong 14, Yudou 25, Yuechun 04-5,
Zhongdou 19, Zhonghuang 40, Zhongpin 661, and
Zigongdongdou were tested to evaluate the effect of plant
genotypes on the A. rhizogenes-mediated transformation.
Soybean seeds were surface-sterilized for 16 h using
chlorine gas produced by mixing 3.5 ml of 12 N HCI and
100 ml commercial bleach in a tightly sealed desiccator.
The sterilized seeds were germinated in flowerpots covered
with transparent plastic film as a wrap to keep high
humidity and then kept in greenhouse. For each genotype,
30 uniform seedlings were selected for inoculation.

Induction of hairy roots

To assess the effect of seedling age on the DAI, 0-5 day(s)
old seedlings (Fig. 1a showed the 1-day-old seedlings),
about 20 seedlings for each age, were injected with
A. rhizogenes by stabbing at the cotyledonary node twice
with a syringe needle (Fig. 1b). To prevent the influences
of seed quality and seeding depth, the uniform seedlings
were selected for inoculation. The seedlings which just
emerged out of vermiculite surface and the cotyledons
were still yellow (about 3 days after sowing) were defined
as 0-day-old seedlings.

To evaluate the effect of bacterial density on root
transformation, four different A. rhizogenes concentrations
(ODggp = 0.2, 0.6, 1.0, or 1.3) were compared. The freshly
harvested bacterial culture as described above was then
resuspended in distilled water before the infection. Thirty
plants were inoculated for each treatment and DAI was
recorded.

To analyze the effect of culture temperatures on trans-
formation, three different day/night temperature regimes
(23°C/20°C, 28°C/25°C, or 33°C/30°C) were applied
to growth chambers immediately after soybean plantlets,
35 plants for each treatment, were inoculated with
A. rhizogenes.



Plant Cell Tiss Organ Cult (2009) 96:45-52

47

Fig. 1 Soybean hairy root
transformation. a 1-day
seedlings used for infection;

b Inoculation of A. rhizogenes
around the cotyledonary node
area using a syringe needle;

¢ Composite plant 10 days after
inoculation, and then the
primary roots were removed;
d Transformed root grown in
greenhouse for one month

To establish an efficient, simple and credible protocol
for A. rhizogenes-mediated transformation system, we used
Zigongdongdou as material and combined the optimal
parameters of the various conditions as determined in the
above single-factor experiments. About 30 composite
plants transformed with K599 harboring vector pGFP-
GUSPlus were analyzed with GUS histochemical analysis
when hairy roots were about 2-3 cm long, and the number
of GUS* plants was recorded in each of the three
replications. To further confirm the transformation, 50
composite plants, induced by K599 harboring vector
pCAMBIAI305.1113, with removal of primary roots by
cutting the hypocotyl approximately 1 cm under the
wounded site where the hairy roots were formed (Fig. 1c¢),
were transplanted in new flowerpots and were kept in
greenhouse. One mouth later, some roots were further
analyzed by PCR and Southern blot.

Assay for ff-glucuronidase activity

The hairy roots (about 1-2 cm in length) were assayed for
GUS gene expression by histochemical staining using a
modified method of Jefferson et al. (1987). Both wild-type
(negative control) and putatively transformed roots were
incubated at 37°C in the dark in an X-Gluc solution. The
X-Gluc solution contained 50 mM NazPO, (pH 7.0),
10 mM Na,EDTA, 0.1% (v/v) Triton X-100, 0.1 M K;
[Fe(CN)s], 0.1 M K4[Fe(CN)¢], 0.5g1™' 5-bromo-4-
chloro-3-indolyl--p-glucuronide  (X-Gluc) and 20%
methanol. The roots were subsequently washed in an eth-
anol gradient at room temperature (30 min in 70% ethanol,
30 min in 40% ethanol, and then 30 min in 20% ethanol).
After rehydration, the roots were kept in water and then
mounted on a slide for microscopic observations
(OLYMPUS BX51).

PCR and Southern blot analysis

Genomic DNA was extracted from putatively transformed
and untransformed hairy roots tissues using a CTAB
method as described by Murray and Thompson (1980).
Genomic DNA was extracted from putatively transformed
and untransformed hairy roots tissues. PCR analysis was
performed with a pair of GFP gene specific primers:
primer 1: 5-CTTCTCGTTGGGGTCTTT-3' and primer
2: 5-ACAAGTTCAGCGTGTCCG-3'. The PCR amplifi-
cation was performed under the conditions of pre-
denaturing at 94°C for 5 min, denaturing at 94°C for
30 s, annealing at 57°C for 50 s, and prolonging at 72°C
50 s for 30 cycles. The gel was stained in SYBR Green I
Nucleic Acid Gel Stains, and visualized under UV
illumination.

About 30 ng of genomic DNA was completely digested
with EcoR 1 (a single restriction site in the plasmid), sep-
arated on a 0.7% agarose gel and transferred to Hybond N
membrane (Amersham Biosciences, UK). The membrane
was hybridized with o->*P-labeled 915 bp fragment of the
GmNMH?7 coding region at 65°C for 16 h according to the
instruction of Prime-a-Gene Labeling System (Promega),
then washed in solutions of SDS detergent and SSC
to remove excess probe, and then exposed to X-ray film at
—80°C and subsequently developed.

Statistical analysis

Data were analyzed with SPSS (Version 11.5) using LSD
Multiple Comparison Test and means were separated at
o = 0.05 or 0.01 level. Transformation frequency is cal-
culated by the number of composite plants divided by the
total number of inoculated seedlings.
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Results and discussion

Genotypic effects on DAI, the number of hairy roots
and the transformation frequency

Ten soybean genotypes were transformed with A. rhizoge-
nes strain K599 harboring the vector pGFPGUSPIlus.
Significant differences were found among genotypes in
DAI the number of hairy roots and the transformation
frequency. The average DAI were less than 8 in Zigong-
dongdou, 11 in Heihe 27 and between 8 and 11 in remaining
genotypes. The numbers of hairy roots were significantly
different among different genotypes (P < 0.05) with
Yuechun 04-5 being about six times more than that of Yu-
dou 25 (Table 1). Although not all hairy roots were
transgenic, a plant is considered to be transgenic as long as
it is composite, i.e., consisting of transgenic hairy roots as
detected by GUS gene expression. The genotype Zigong-
dongdou displayed the highest transformation frequency at
over 93% contrasting to Zhongdou 19 at only 30%
(Table 2). The transformation frequency of each of three
other genotypes, Yuechun 04-5, Suinong 14 and Zhongpin
661, was over 80%. The average number of transgenic hairy
roots was 1.9 for each composite plant (except Zhongdou
19) in the current experiment (data not shown).

In the soybean hairy root transformation system, it is
desirable for a soybean genotype to have short DAI, a large
number of hairy roots and a high transformation frequency.
However, the present study illustrated no single genotype
posses all these desirable characters. For example, Yuechun
04-5 produced the most number of hairy roots among 10
genotypes evaluated but its DAI was longer than that of
Zhongpin 661 and Zigongdongdou (Table 1); Zhongpin 661
had a relatively shorter DAI but produced a much less

Table 1 Genotypic variation of soybean in DAI and the number of
hairy roots

Genotype DAI (d) Number of roots per plant
Beifeng 11 9.7 £+ 0.4bcd 5.5 £ 1.3bcde
Heihe 27 11.1 £ 0.5a 4.7 £ 0.7de
Jindou 19 9.4 + 0.4bcd 6.9 £ 0.8bcd
Suinong 14 8.9 £ 0.5cde 6.6 £ 0.9bcd
Yudou 25 10.5 £ 0.6ab 2.5 £ 0.5e
Yuechun 04-5 8.5 £ 0.3de 17.7 £ 2.0a
Zhongdou 19 9.8 + 0.8bc 3.2 + 0.8de
Zhonghuang 40 8.9 &+ 0.3cde 6.7 £ 1.3bcd
Zhongpin 661 8.1 £ 0.3e 5.8 + 1.0bcde
Zigongdongdou 7.9 £ 0.5¢ 9.1 & 1.7bc

Note: The data were from the average of 30 plants in each genotype.
Numbers not followed by any same letters are significantly different
at 5% confidence level as detected by LSD tests. DAI days of hairy
root emergence after bacterial infection
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Table 2 A. rhizogenes-mediated transformation of seven soybean
genotypes

Genotypes Number Number of Transformation
of plants ~ GUS-positive frequency (%)
infected composite plants

Heihe 27 10 5 50.0

Suinong 14 12 10 83.3

Yuechun 04-5 14 13 929

Zhongdou 19 10 3 30.0

Zhonghuang 40 14 9 64.3

Zhongpin 661 10 8 80.0

Zigongdongdou 15 14 93.3

Note: Data were from histochemical assay for GUS expression

number of hairy roots than many other genotypes and dis-
played a lower transformation frequency (only 80%). Of all
10 genotypes, Zigongdongdou and Yuechun 04-5 were the
top two candidates as hairy root transformation materials
when the DAI, the number of hairy roots and the transfor-
mation frequency were overall considered. Therefore,
Zigongdongdou was used in our subsequent experiments.
Previously, the susceptibility of soybean genotypes to
A. rhizogenes infection was reported (Savka et al. 1990;
Cho et al. 2000). However, these studies concentrated on
the genotype capacity to produce hairy roots using the
cotyledons as the explant with no comparison of suscep-
tibility among different genotypes. In this study, we
assayed the genotypic effects on DAI, the capacity of hairy
root production and the transformation frequency and
identified two genotypes that are superior for transforma-
tion by A. rhizogenes strain K599. We emphasize that a
short DAI is important because of space and time saving.

Effect of seedling age on DAI

The experiment was conducted to evaluate the infection
age of seedlings. Twenty seedlings were used for each
treatment. The hairy roots were induced at all six different
ages of seedlings (0, 1, 2, 3, 4, 5 days old), but the average
DAI of 0-day-old and I1-day-old seedlings was much
shorter than the others (Table 3). When infections were
conducted with the seedlings which were above 1-day-old,
the average DAI was above eight and there were no sig-
nificant difference among ages. This result indicated that
hairy roots can be induced on a wide range of ages of
seedlings, and it is better to use younger seedlings than the
older ones for rapid transformation.

Effect of A. rhizogenes concentration for infection
on DAI

Four different inoculating concentrations (optical density:
ODggo = 0.2, 0.6, 1.0, or 1.3) of A. rhizogenes were used
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Table 3 Effect of seedling age on DAI of soybean cv. Table 4 Effect of inoculation temperatures on DAI
Zigongdongdou
Temperature Number DAI (d)

Seedlings Number of DAI (d) (°C) of plants
age® (d) composite

plants 23/20 35 83 £ 0.1A
0 0 26+ 03b 28/25 35 6.4 £ 0.1B

DEERE 3330 35 >14.2 + 0.4C"

1 20 6.8 £ 0.3c
2 20 8.2 + 0.3ab Note: Numbers not followed by any same letters are significantly

5 3400 different at 1% confidence level as detected by LSD tests. DAI days of
3 0 8.3 + 0.2ab hairy root emergence after bacterial infection
4 20 8.5+02a * Only 3 plantlets each produced one hairy root 6 days after induction
5 19 89 + 0.2a

Note: Numbers not followed by any same letters are significantly
different at 5% confidence level as detected by LSD tests. DAI days of
hairy root emergence after bacterial infection

4 The day when seedlings just began to emerge from the vermiculite
surface was defined as day 0

to determine the optimal concentration for transformation.
The average DAI were approximate 9 days, but there was
no significant difference among the four concentrations on
DAI (data not shown). This result was different from the
previous reports using A. tumefaciens-mediated transfor-
mation in which the optimal inoculation concentration was
ODgpg = 0.7-0.8 (Paz et al. 2005) but concurs with the
results of Kereszt et al. (2007). And the similar results
were observed with the concentrated paste. It is likely that
strain K599 was so effective that even a low bacterial
inoculum was sufficient enough to induce hairy roots on
cotyledons of Zigongdongdou. On the other hand, a high
bacterial concentration was not detrimental to the cells or
tissues of composite soybean plants. Therefore, the effect
of A. rhizogenes concentration for infection on composite
soybean plants was little. We subsequently used the over-
night low concentration (ODggg & 0.3) of A. rhizogenes
for inoculation in the following experiments.

Effect of temperatures on DAI

Three different day/night temperature regimes (23°C/20°C,
28°C/25°C or 33°C/30°C) were examined in this study.
There was barely hairy root production at continuous high
temperatures (33°C/30°C). At 28°C/25°C, the average DAI
were 6.4, and the hairy roots emerged continuously and
grew well in all soybean plantlets. At 23°C/20°C, the
average DAI were 8.3 (Table 4). At 33°C/30°C, only three
plantlets each produced one hairy root 6.0 days after
inoculation and died 3 days latter. Apparently, 28°C/25°C
was optimal for A. rhizogenes-mediated hairy root induc-
tion in soybean, and a higher temperature (33°C/30°C) was
harmful for hairy root induction. That fact that hairy roots
were induced at both 28°C/25°C and 23°C/20°C, suggests
that the hairy roots can be induced at least within the
temperature range from 20°C to 28°C.

and they died in the following 3 days. Other 32 plantlets did not
produce any hairy roots at the end of experiment (15 days after
inoculation)

Inoculation temperature has been considered as a factor
affecting Agrobacterium to transfer the T-DNA to plant
cells (Fullner and Nester 1996; Banta et al. 1998; Bash and
Matthysse 2002). Baron et al. (2001) demonstrated that
incubation of explants with Agrobacterium at 28°C but not
at 26°C strongly inhibited extracellular assembly of the
major T-pilus component VirB2 as well as of pilus-
associated protein VirB5. Fullner and Nester (1996)
showed that 19°C was the optimal temperature for transfer.
Salas et al. (2001) indicated that 19°C may be the best
temperature for the Agrobacterium transfer machinery, and
co-culture at 25°C appears to be beneficial for plant cell
susceptibility to infection and for stable T-DNA insertion
into the plant chromosomes. Under our experimental con-
ditions, 28°C/25°C was found to be optimal for
A. rhizogenes to induce hairy roots. It is possible that the
hairy roots grow faster at 28°C/25°C than at 23°C/20°C.
The lack of hairy roots at 33°C/30°C is also consistent with
previous observations on plant tumor induction that
A. tumefaciens does not form tumors at 31.5°C (Lin and
Kado 1977).

A Hind IIT
EcoR 1 Hind 1 Bglll  |BStE I
LB, HPTI 2x358 |NOS GFP  2x358 | 35S| Gmymp7 | RBR
pCAMBIAI305.1113 T-DNA NOS
B _
EcoR 1 Hind Il Bgl II BStETI
LB HPTII 2x35S |NOSGFP 2x35S | 3s8 GUS RBR
NOS

pGFPGUSPIlus T-DNA

Fig. 2 a Binary vector T-DNA region of vector pPCAMBIAI305.1113
used for soybean transformation. GmNMH? is the probe for Southern
blotting DNA analysis. b Binary vector T-DNA region with GUS of
vector pPGFPGUSPIlus used for plant transformation. LB, T-DNA left
border; HPTII, hygromycin phosphotransferases, hygromycin resis-
tance gene; 2 x 35S, CaM V35S eukaryotic promoter with duplicated
enhancer region; NOS, nos terminator; GFP, green fluorescent
protein, S565T variant; 35S, CaMV35S promoter; GUS, GUSPlus-
His6, beta-glucuronidase; RBR, T-DNA right border repeat.
GmNMH?7, Glycine max NMH7, NMH7: Nodule MADS-box Homo-
logue 7
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1 2

Fig. 3 (1) GUS expression in transgenic hairy root; (2) Hairy root
induced by K599 (containing no vectors) as negative control

Table 5 DAI, number of roots and transformation frequency of soy-
bean composite plant in the experiment combining optimal conditions

Replication Number of DAI (d)  Number of Transformation
composite roots per frequency (%)
plants plant

1 32 6.8 £03 107£09 938

2 37 6.7+£02 104 £08 94.6

3 34 6.7+03 113+13 941

Average 343 6.7 10.8 94.2

Note: Data were from histochemical assay for GUS expression. The
conditions for this experiment can be found in the Materials and
Methods section. Numbers not followed by any same letters are sig-
nificantly different at 5% confidence level as detected by LSD tests.
DAI days of hairy root emergence after bacterial infection

Other results in our laboratory showed that the inhibition
by high temperature on the hairy roots induction was
greatly alleviated when the plantlets were first inoculated at
25°C for one day and then moved to 33°C/30°C (data not
shown), suggesting that a short time co-culture of
A. rhizogenes with plant cells at appropriate temperature
was inductive to hairy root growth. This treatment analogy
can be applied to the ‘composite’ plants which, after
inoculated with Agrobacterium, can be moved to the out-
side-lab conditions for large-scale propagation.

Fig. 4 PCR analysis of GFP
gene in transgenic hairy roots 1.
DNA Marker; 2-3. Hairy roots
induced by K599 (containing no
vectors) as negative control; 4—
21. Positive hairy roots induced
with K599 with the vector
pCAMBIAI305.1113

1000bp —»
500bp —»
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Other transformation-related factors including humidity,
light, and the infection site were also investigated in the
present study. No hairy roots were induced when soybean
seedlings were cultured in a pot without covering by plastic
bag after inoculation, indicating that high humidity is
essential for the hairy root induction. Previous reports also
illustrated that light could affect the A. rumefaciens trans-
formation during the co-cultivation (Zambre et al. 2003).
Our results showed that there was no remarkable difference
between strong and weak illuminations in hairy root
induction (data not shown). The results also indicated that,
besides the cotyledonary node, many other organs and parts
of the plant, such as hypocotyl, stem and cotyledon, can
also be used as sites of infection to induce hairy roots.

A rapid and highly efficient soybean composite plant
production

By combining the optimal conditions determined above,
we established a rapid and efficient A. rhizogenes-mediated
root transformation system of soybean as highlighted in
Fig. 1. The protocol can be best illustrated by soybean cv
Zigongdongdou as follows: 1-day-old seedlings (about
4 days after sowing) are inoculated at the cotyledonary
node with A. rhizogenes strain K599 (containing a binary
vector such as pGFPGUSPlus or pCAMBIAI305.1113)
(Fig. 2) suspension (ODgyg ~ 0.3) and the inoculated
plants are kept in 12 h light/12 h dark at 28°C/25°C in a
growth chambers for about 6 days until hairy roots appear.
Then the plantlets can be transplanted into new flowerpots
and kept in the greenhouse for further analysis. At day 11
after inoculation, the number of hairy roots per plant was
10.8, the frequency of composite plants showing expres-
sion of GUS (Fig. 3) was 94.2% (Table 5). The number of
transgenic hairy roots for each GUS-positive composite
plant ranged from 1 to 5.

For preliminary screening of composite plants, we did
PCR analysis of GFP gene from hairy root tissues of 18
composite plants transformed with vector pCAMBI-
Al305.1113 a month after inoculation. The results showed
that hairy roots from all PCR-positive plants carried the
GFP gene (Fig. 4). For Southern blot analysis, soybean
genomic DNA from hairy roots of composite plants was
digested with EcoR 1 and the stable integration of the
transgene into the hairy root genome was confirmed using

5 6 7 8

15 16 17 18 19 20 21

=

9 10 11 12 13 14

O
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Fig. 5 Southern blot analysis of transgenic soybean hairy roots.
Genomic soybean genomic DNA (approximately 30 ng) was digested
with EcoR 1, which recognizes a single site within pCAMBI-
Al305.1113, and hybridized with the GmNMH7 probe. 1-2.
pCAMBIAI305.1113 plasmid DNA digested with EcoR I; 3. Marker
probed with GeneRuler DNA Ladder Mix; 4-6. DNA from transgenic
hairy roots transformed with pCAMBIAI305.1113; 7. DNA from
wild-type hairy roots induced by K599 (containing no vector) as
negative control

an o->P-labeled GmNMH?7 probe (Fig. 5). No hybridiza-
tion signal was detected in wild-type negative control hairy
roots induced by A. rhizogenes strain K599 without vector
pCAMBIAI305.1113.

In summary, previous studies were conducted to inves-
tigate the conditions affecting A. rhizogenes-mediated
transformation in some plant species, but no assessments
have been done in soybean. Here, we assessed the condi-
tions affecting the hairy root transformation process based
on the previously published results (Kereszt et al. 2007).
Two soybean genotypes, Zigongdongdou and Yuechun
04-5, were found to be superior for genetic transformation
mediated by A. rhizogenes K599. Other factors that influ-
ence the hairy root induction and the transformation
efficiency were also studied. The protocol described in this
study is rapid, simple and little environment-dependent and
therefore, can be used in the outdoor conditions and for
large-scale experiments of gene functional characteriza-
tion. And using this protocol, salt tolerance genes were
analyzed well in our lab (data not shown).
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