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Agrobacterium rhizogenes-mediated
gene transfer in mungbean (Vigna
radiata L. (Wilczek))

Pawan K. Jaiwal*, Christof Sautter' and
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Institute of Plant Sciences, Swiss Federal Institute of Technology,
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Stable transformation and expression of transgenes was
achieved in mungbean using Agrobacterium rhizogenes-
mediated system. Seedling hypocotyls, on cocultivation
with different A. rhizogenes strains containing Ri plas-
mid and a binary vector (pBin9GUSint) with neomycin
phosphotransferase II and GUS (with a intron in coding
region) as marker genes, produced roots which showed
GUS expression and rapid growth on hormone free-
medium containing 50 mg 1™ kanamycin and 500 mg I"*
cefotaxime. Transformation frequency varied with the
age of the explants, duration of pre-induction of explants,
cocultivation time and medium, concentration and strain
of Agrobacterium but did not vary too much with
different genotypes of mungbean. The transgenic roots
produced calli on callusing medium containing 50 mg I
kanamycin and 500 mg I"' cefotaxime. The calli showed
expression of nptll and Gus genes. Transfer of GUS
DNA into mungbean genome was confirmed by Southern
blot analysis. However, ncither transgenic roots nor
their calli could regencrate shoots on either the By or
Bs-containing different cytokinins or auxins alone or
in combination,

Generie transformation of grain legumes has, so far,
been a difficult and challenging problem probably due

*For correspondence.
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to the lack of efficient and reproducible regeneration
sysiems'. Of the various transformation techniques, Agro-
bacterium-mediated transformation system has been the
most efficient and widcly employed one for the pro-
duction of transformed plants with predictable patterns
of DNA integration®. In this system, the phytopathological
response depends on the type of the plasmid. Tumour-
inducing (Ti) plasmids of A. tumefaciens cause crown
gall tumours whereas root-inducing (Ri) plasmids of A.
rhizogenes cause hairy roots on susceptible dicotyledon-
ous plants’. Root induction is due to the integration of
the Ri-T PNA (transferred DNA) into the plant genome
and its subsequent expression®. Not all plant cells are
uniformly transformed in crown gall tumour tissues, but
all tissues' are uniformly transformed in hairy roots®.

Transformed roots are genetically stable, hormone auto-

trophic and are easily regenerated into shoots spon-
taneously or on exposure to suitable plant growth
hormones in a number of plantss. However, there are
only a few reports of recovery of transgenic plants from
transformed roots in legumes®. In addition to this, trans-
formed roots have been used in physiological, biochemi-
cal and molecular studies on Rhizobium and mycorrhizal
interactions, adaptation to drought, heavy metal uptake,
secondary product system and in sifu hybridization (see
Ramsay and Kumar’).

Mungbean is an important grain legume of the Indian
subcontinent which accounts for more than two-thirds
of the total world’s production. There are, so far, no
published reports on stable integration and expression
of transgenes using any of the transformation techniques
in mungbean®’. In the present report, the production of
transgenic roots and calli of mungbean using Agrobac-
terium rhizogenes has been described for the first time.
The stable transfer of transgenes and their expression
have also been shown by Southern analysis and enzyme
assays.

Seeds of different cultivars, ML-332, K-851, Pusa-105
and PS-7 were obtained from Pulse Research Lab,
Division of Genetics, IARI, New Delhi. Three strains
of A. rhizogenes, LBA 9402, ATCC 15834 and Ar 8196
carrying the respective Ri plasmid and the binary vector
pBin9Gusint'® containing nos-npt-nos and 35S-uidA-nos
genes were used in transformation studies. The GUS
contains an intron in the coding region to ensure that
the observed GUS expression is in plant cells and not
in the agrobacterial cells. These strains were grown
overnight in liquid TY medium containing 50 mg 1™
kanamycin at 28°C. Bacterial cells were pelleted at a
speed of 4000 rpm for 10 min and resuspended in liquid
B, plant culture medium with the density of 10° cells ml™'
(OD,,,=1) (unless otherwise mentioned).

Entire mature cotyledons and hypocotyl explants
(10 mm in size) were excised from 2-day-old-etiolated
in vitro-raised seedlings® and immersed in bacterial sus-
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pension for 30 min to 24 h with gentle shaking. Infected
explants were blot-dried on sterile filter paper and cocul-
tivated on basal B, medium or B, containing BAP (0.1
or 1.0 mg 1"} under dark at 25+ 2°C. After cocultiva-
tion, explants were washed 3—4 times with sterile distilled
water with vigorous shaking and blotted dry on sterile
filter paper and cultured on basal B, medium or basal
B, medium+BAP (0.1 mgl"") containing kanamycin
(50 mg1™"') and cefotaxime (500 mg1™"). The roots that
developed at both the cut ends of the hypocotyl explants
were excised and subcultured on a fresh medium with
the same antibiotics after every 2 weeks till 8 weeks.
Transgenic roots (GUS +) developed calli on B, +BAP
(1.0mgI™") +2,4-D (0.5mg 1)+ NAA (0.5mgI™") con-
taining  kanamycin  (50mgl™?) and cefotaxime
(500 mg I''). The calli were subcultured on the same
medium with the same antibiotics after every 2 weeks
till 6-8 weeks. Regeneration from the transgenic roots
and their calli was tried on medium containing different
concentrations of BAP (1, 10, 20mgl™") or kinetin (1,
10mgI™") or TDZ (1, 2mgl™") either alone or in com-
bination with an auxin, IBA (0.05, 0.5 mg I""). Genomic
DNA from transformed and untransformed calli was
extracted by cetyltrimethyl ammonium bromide (CTAB)
method'". For Southern analysis, 20 pg of DNA samples

~was digested with HindIll and was separated on 0.8%

agarose gel, blotted to nylon membrane and probed with
DIG (Boehringer, Mannheim, Germany)-labelled coding
regions of GUS following supplier’s instructions. Neo-
mycin phosphotransferase activity in transformed calli
(grown on selection medium with 50 mg 1™ kanamycin)
was assayed by dot blot method using (*>-P) ATP and
kanamycin as substrate'?. GUS activity in transformed
roots and calli was determined by histochemical assay*.
The DNA isolated from A. rhizogenes strain 9402,
transformed and untransformed calli were subjected to
PCR analysis using virA primers to amplify a 1.0kb
fragment of virulence region (virA) of A. rhizogenes.
Out of three sirains of A. rhizogenes, LBA 9402,
ATCC 15834 and Ar 8196 used in transformation studies,
LBA 9402 was more effective than ATCC 15834 and
Ar 8196 in inducing higher transient GUS expression
in both the explants after 72 h of cocultivation (Figure
1). Agrobacterium LBA 9402 induced blue spots in 80%
and 100% of the cotyledon and the hypocotyl explants
respectively, after 3 days of cocultivation. The GUS
expression in cotyledons was confined to the distal end
on adaxial surface away from the regenerating proximal
end (results not shown) while in hypocotyl explants it
was localized to vascular tissues and epidermal cells
either at one (in a few explants) or at both the cut
ends in most of the explants (Figure 2 a). Other factors
influencing the transient GUS expression in hypocotyl
explants were also optimized. Hypocotyl explants of
2-day-old seedlings were more responsive compared to
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those from 4 to 6-days-old seedlings to infection with
strain LBA 9402 (Figure 3). Bacteria at a concentration
of 10° cells mI™ and cocultivation for 3 days gave an
optimal combination for higher transient transformation
rates and controllable bacterial growth (Figures 4 and

LBA ATCC Ar 8196
N

T ¥ 1 v 12 o
. ' I

0 10 20 30 40 50 60 70 80 9
%' of explants showing GUS
expression

Figure 1. Effect of various bacterial strains on transient transformation
frequency of mungbean hypocotyl explants.

Figure 2a-d. Transient expression of GUS on hypocotyl explants
after 72 h cocultivation with LBA 9402 (pBin9Guslnt) (@), regencration
of roots from hypocoty! inoculated with LBA 9402 (b), GUS sminir)g
of transgenic roots (¢) and their calli (d) sclected on kanamycin
medium, .
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5). Cocultivation medium also affected transformation.
Explants cultured on B, with low BAP concentration
(0.1mg1™") showed higher GUS expression than those
cultured either on By alone or B with high BAP concen-
tration (1.0mgI™). Prior to cocultivation, inoculation of
explants in bacterial suspension for 1 to 12 h also affected
the transient transformation frequency. Six hours preinduc-
tion was found to be optimal (Figure 6). Four genotypes,
ML-332, K-851, Pusa-105 and PS-7 which were screened
for their susceptibility to A. rhizogenes showed GUS

. expression with minor variations.

Hypocotyls of 2-day-old etiolated seedlings after 3
days of cocultivation with 10® cells ml™ of LBA 9402
were cultured on B, supplemented with BAP (0.1 mg 17')
and cefotaxime (500mgl™') medium. On culture, 52%
of the explants either directly or through a slight callus
produced straight growing thicker roots at one or both
the cut ends after 10-14 days (Figure 2 b). The roots
were excised from explants and cultured on RM con-
taining kanamycin (50 mg 1) where they grew faster
with limited root hair and extensive lateral branching.
Twelve per cent of the putative transformed roots were
GUS positive (Figure 2 ¢). Roots excised from untrans-
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Figure 3. Effect of age of explant on transient GUS expression.

% explants infected

-~ > L

Concentration of Agrobacterium

Figure 4. Effect of bacterium concentration on frequency of explant
infection,
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formed explants failed to grow in the presence of
kanamycin. Eighty per cent of the cotyledon explants
which showed transient GUS expression on cocultivation
with LBA 9402 failed to produce roots either on B, or
B, with BAP (0.1 mgI""). The transgenic GUS-positive
roots (check by staining a small portion of roots with

v
[]
:._? X-gluc.) cultured on By or B, with BAP (1, 10 and
£ 20 mgl™") or kinetin (1, 10mgI™") or TDZ (1, 2 and
£
£
"6" (a) pBin9Gnsint
Y3

Hind I ¢ 3.1kb 3 Hind 11

No. of Cocultivation Days

. . . ~ 05 T
Figure 5. Effect of cocultivation days on explant infection. . e i

b it 2 3 4L45&TSG 0012135

5

5 8

e

DNA digosied by Hind HI, Probed for gus

Fa

1

Figure 7. a, T-DNA region of pBin9Gusint. BR, right border; BL,

- £ = N left border; Gus, B-glucuronidase; nptll, neomycin phosphotransferase;

358, 35S-promoter plus omega; int, intron; 35S ter, 35S terminator;

1 6 12 ( hrs nos, nopalin synthase promoter; pnos, 3 signal of nopaline synthase.

. : : b, Southern blot of transgenic root calli. Hindlll digested DNA un-

Prelnductl()n Tlme transformed calli (lane 3) and transformed calli (lanes §, 7, 9, 11, 13,

Figure 6. Effect of preinduction of explants in bacterial suspension 15} and undigested DNA from untransformed (lane 2) and transformed
on transient GUS expression. calli (Janes 4, 6, 8, 10, 12, 14) hybridized to GUS probe.

o

% Of Gus Expression Explants

St

Figure 8. PCR analysis of calli transformed by A. rhizogenes LBA 9402, DNAs were primed with
oligonucleotides specific to the virA gene of A. rhizogenes. Marker DNA lane 1, positive control (lane
2), water (Jane 3) negative control (lane 4) and transgenic calli (lanes S to B).
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5mgl™") alone or in combination with IBA (0.05 or
0.5 mgI™') (SRM) turned green with slight proliferation
but could not regenerate shoots even on prolonged
incubation for 2-3 months. Regeneration from trans-
formed roots indirectly via callus was also tried. The
transgenic roots on C (MS salts + B, vitamins) medium
containing 1 mg1"' of BAP, 0.5mgl! each of NAA
and 24-D, 50mgl”" of kanamycin and 500 mgl™"
cefotaxime started callusing within 2 weeks. The roots
with newly initiated callus were transferred to the same
fresh medium containing the same level of antibiotics
after every 2 weeks till 4 to 8 weeks. The calli turned
dark blue when stained with X-gluc. (Figure 2 d). The
growth of transgenic calli was normal up to 200 mg 1™
kanamycin. To confirm the absence of Agrobacterium
in transformed calli after 3-4 subcultures, they were
grown in the absence of cefotaxime. Bacterial growth
was not observed even after 2 more subcultures on
cefotaxime-free medium. Southern hybridization was car-
ried out in DNA from GUS-expressing calli. The GUS
DNA was detected as the fragment of expected size 3.1
kb (Figure 7). Since the GUS DNA probe only hybridizes
to DNA from transformed calli, the results indicated
that GUS DNA was transferred to mungbean genome.
To rule out the possibility of GUS DNA from agro-
bacterial contamination, a PCR reaction was set up
using the virA primers. The fragment of 1kb corre-
sponding to the sequence of virA gene was not detected
in the transformed calli (Figure 8). Southern hybridization
of DNA from GUS-expressing calli with Agrobacterium
virE2 probe showed no hybridizing bands. These results
indicate that GUS (+) kanamycin-resistant calli do not
contain a significant amount of residual Agrobacterium.
GUS-positive calli also showed the expression of nptll
activity by dot blot analysis (data not shown), suggesting
simultaneous insertion of both the genes in the host
genome. The transformed roots and their calli cultured
on SRM could not regenerate shoots even after prolonged
(6-8 weeks) incubation. Standardization of tissue culture
conditions for regeneration should permit the generation
of transgenic mungbean plants using A. rhizogenes.
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Variants of Trichophyton rubrum
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Variants of Trichophyton rubrum prevalent at
Rourkela were identified following the study of their
macromorphology and micromorphology and by spe-
cial tests like urease and hair perforation. Four
distinct variants were isolated and identified. One of
the variants was completely new.

TricHopHYron RUBRUM is an anthropophilic fungus and
infectious only to man'. It is one of the most common
and widely distributed cutaneous human pathogens®. T.
rubrum was first described by Castellani® who had
isolated the organism from a case of Tinea cruiris and
named it Epidermophyton rubrum. Later in the same
year, Bang! described a fungus and named it T. pur-
pureum. Sabouraud® studying the fungi of Castellani and
Bang, concluded that they were identical and their correct
nomenclature is 7. rubrum.

Before the Second World War, the fungus was endemic
to far-east®, Since then, it has spread across Asia to
Europe, East and South America and Australia. It occurs
at Rourkela, an industrially important town of Orissa,
India. The warm and humid climate of this part of the
world and due to general deterioration of hygiene caused
by widespread migration and concentration of population
after the establishment of the steel plant in the 1950s,
the rate of incidence of the mycotic desease has increased
rapidly’.

T. rubrum is distinguished from other red-pigmented
dermatophytes by its usually white tlutty or tuzzy surface
and dark red non-diffusing pigment under the thallus.
The microscopic morphology of its flufty mycelia con-
sists of long strands of hyphae with small lateral,
characteristically tear-shaped or peg-shaped microaleurio-
spores. Macroaleuriospores are absent or rarely present®,
However, due o the oceurrence of pleomorphisn, it is
difficult to define the species” ' In the present study,
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