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Abstract

Regeneration of cowpea (Vigna unguiculata Walp.) was achieved through massive bud formation induced
in apical and lateral meristems by the herbicide Thidiazuron (TDZ). The effect of TDZ (5, 10, or 20 fiM) was
tested in vitro on four different cowpea genotypes. Thidiazuron, even at the highest concentration, had no effect
on seed germination. After one month of culture, multiple bud cluster formation was observed in all genotypes
tested; about 80% of shoot apices regenerated multiple buds, whilst only 34% of cotyledonary nodes behaved in
the same way. Histology of regenerating multiple bud clusters revealed that regeneration initiated from pre-
existing meristems in the apex and cotyledonary node. Thidiazuron at 10 pM appeared to be the best concentration
to produce clusters with high number of buds, ranging from 5 to 10. Shoot elongation occurred only on MS
medium without TDZ. On the same medium, 75% of elongated shoots rooted. For genetic transformation of
cowpea, a direct DNA transfer methods in planta under in vivo conditions was tested by electroporation of
plasmid DNA into the nodal meristematic cells. Some transformed plants were obtained, and produced T,
transformed progenies; their transgenic nature was confirmed by Southern analysis.

1. INTRODUCTION

Cowpea {Vigna unguiculata Walp.) is affected by several insect pests in field and
during the storage [1]. Since the wild relatives of cowpeas, which are disease resistant and
few, are cross-incompatible with the cultivated types [2], researchers are trying to introduce
new genes into cowpea genome by genetic transformation to obtain improved genotypes
tolerant to insects.

Plant genetic manipulation is conventionally based on the formation of shoots from
tissues cultured in vitro. Both direct (e.g. gene gun, electroporation) or indirect (e.g.
Agrobacterium-mediated) DNA introduction methods into plant cell genome require the
development of buds formed from transformed tissues. In vitro, this phenomenon occurs
mainly as bud differentiation from undifferentiated cells or bud regeneration from already pre-
existent meristems. In vitro regeneration has been obtained using the herbicide Thidiazuron
in several grain legumes, e.g. in pea, chickpea, and lentil through organogenesis [3] or through
somatic embryogenesis as in peanut [4]. Here, we report results on the effect of this growth
regulator on multiple bud proliferation in cowpea and their origin through regeneration. Since
it is difficult to achieve stable transfer of DNA into cowpea meristematic cells using standard
procedures, a direct method was tested in planta under in vivo conditions. Plasmid DNA
electroporation was tried into nodal meristematic cells, as reported for some other grain
legumes [8].

2. MATERIALS AND METHODS

2.1. Materials

Four genotypes were used for in vitro culture. These were the Italian cv. 'Cornetto', one
IITA selected line, TVu9062, and two breeding lines, IFOB89/44A2 (OAU-10) and
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IFOB89/256 (OAU-3) developed at the Department of Plant Science, Obafemi Awolowo
University, Lie-ife, Nigeria, supplied by Dr. I.O. Obisesan. For transformation, cowpea cv.
'Cornetto' was used in the experiments.

2.2. Methods

2.2.1. Regeneration studies

Seeds of each genotype were sterilized as reported previously [5], and cultured on MS
medium containing 3% sucrose and supplemented with TDZ 0 (control), 5, 10, and 20 uM.
Gelrite 0.25% was used as gelling agent. Seed cultures were kept in a growth chamber in
darkness at 24°C for one month. Seed germination was scored after 15 days of culture.
Multiple bud proliferation from shoot apices and cotyledonary nodes was scored after 30 days
of culture for the presence of more than three buds arising from the apex and/or from the
cotyledonary node. Clusters were classified on the basis of well developed buds as follows:
0 - no multiple buds; 1 - one to five buds; 2 - six to ten buds; 3 - more than ten buds.

2.2.2. Shoot and root formation

The multiple bud clusters were removed from the embryo axis, and cultured on the
above medium without TDZ and kept at 24°C, under 16/8 hr light/dark. Elongated shoots were
transferred to the same medium, and maintained under the same conditions for rooting stage.
The rooted shoots were transplanted in soil.

2.3. Histology

Histological studies on regeneration process was carried out on cotyledonary nodes and
apices of all genotypes after 6, 11, 15, and 21 days of in vitro culture. Explants were fixed
in FAA (90 ml 96% ethanol, 5 ml 40% formaldehyde, 5 ml glacial acetic acid) for 24 to 48
hrs. Samples were dehydrated and embedded into paraffin wax as reported by Johansen [6].
Transverse sections (12 (am thick) of cotyledonary nodes and apices were stained in Schiffs
Reagent, and counter stained in Fast Green [6]. Analysis and microphotography were carried
out using a light microscope (20X and 80X).

2.4. Plasmid vectors

Plasmid pML112 carrying reporter gene gus, marker gene nptll and useful gene a-
amylase inhibitor (supplied by Prof. M. Chrispeels, University of California, San Diego, USA)
and PGPT 1.0 (EcoR 1 /Hind III fragment of the plasmid p35SGUSINT [7], carrying the gus
gene interrupted by an intron cloned into pUC8 vector [8], were used in the electroporation
experiments. Plasmids were amplified in Escherichia coli DH5a strain, and isolated using the
Quiagen Maxi Preparation Kit™. Purified DNA was re-suspended in TE buffer (1 mM Tris
0.1 mM NajEDTA, pH 7.8).

2. 5. In planta DNA electroporation

Electroporation was carried out according to the procedure of Chowra et al. [8]. The
day before electroporation, plants were de-budded, leaving only the top axillary bud
underneath the terminal one. The next day, 2 ml of the electroporation buffer (200-300 ug of
plasmid DNA dissolved in 150 RI of lipofectin, suspended into 2 ml of sterilized Murashige
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& Skoog salt solution) were injected in the axillary bud using a Hamilton syringe. The bud
was then dipped into the electroporation buffer containing in a circular electrode, 18 mm
diameter (Hoefer Scientific). Two pulses of 99 msec each (square wave) were delivered at 100
V using the electroporation system Progenetor™ (Hoefer Scientific). The electroporated buds
on the plants were allowed to grow and set seeds. Seeds were collected from each plant.

2.6. GUS assay

Two to three weeks after electroporation, leaves from branches that grew out of the
treated buds were assayed for GUS activity according to the histochemical staining procedure
described by Jefferson [9]. The same assay was performed on the primary leaves taken from
the T, seedlings. Only well stained tissues were scored as GUS positive.

2.7. DNA isolation and Southern Blot Analysis

Leaf samples (1-2 g) from GUS-positive T, plants were used for DNA isolation
according to the CTAB protocol of Doyle & Doyle [10]. Approximately 25 (ig of genomic
DNA was restricted with EcoR I and with EcoR 1/ Hind III. Undigested and digested DNA
was subjected to electrophoresis on 0.8% agarose and blotted on Bio-Rad Zeta Probe
Membrane. The target DNA was fixed by baking at 80°C for 2 hours. The Sspi/Sacl (about
2.4 kbp) fragment from PGPT 1.0 was used as probe. The Genius™ kit (Boehringer
Mannheim), involving the non-radioactive method of detection, was adopted. Labeling,
hybridization, and detection were done according to the manufacturer's protocol.

3. RESULTS

3.1 Cowpea regeneration

After 15 days of in vitro culture on regeneration media, seeds were scored for
germination. Only seeds showing a very well growing root and a healthy plumule, i.e. without
yellow or greenish spots, were considered fully viable and, hence, potential producers of
regenerants. Percentages of viable seeds are shown in Table I. No statistical differences were
noticed in the germination frequency with different TDZ concentration in each genotype and
control, whilst differences were found between genotypes. On average, germination frequency
of treated seeds was high for cv. 'Cornetto' (96%) and low for the Nigerian breeding line
OAU-3 (47%).

After one month of in vitro culture, seeds were scored for regenerantion. All controls
were green and did not show any regeneration, but the seeds cultured on media containing
TDZ showed regeneration. They showed clusters of many buds replacing the original shoot
apex and cotyledonary node buds. The regeneration frequency was significantly higher for
apices in all genotypes compared to that from cotyledonary nodes (Table II). On average, more
than 80% of apices showed multiple bud proliferation, whereas only 34% of cotyledonary
nodes produced bud clusters.

Based on the number of buds per cluster the best concentration of Thidiazuron was 10
uM which induced formation of at least 5 buds per cluster. Apices produced more buds per
cluster in all genotypes than cotyledons; the best result was obtained in TVu9062, with more
than 20% of clusters bearing six to ten buds (Fig. 1). However, cv. 'Cornetto' showed that
about 80% of clusters formed had between one to five buds. OAU-10 genotype performed
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better than OAU-3; the former when cultured on medium with 10 uM TDZ produced 15%
apices with six to ten buds. In TVu9062, an increase in TDZ concentration strongly inhibited
the number of regenerated buds per cluster in cotyledonary nodes, whereas data for other
genotypes did not show any specific trend.

TABLE I. GERMINATION OF FOUR COWPEA GENOTYPES AT THREE TDZ LEVELS
SCORED AFTER 15 DAYS OF IN VITRO CULTURE

TDZ
(mM)

0
5
10
20

Cornetto

germ.
(%)

100.0
96.9

100.0
91.7

Genotype
TVu9062O

germ.
(%)

95.4
93.6
90.0
94.1

OAU-10

germ.
(%)

88.9
75.0
75.0
90.0

OAU-3

germ.
(%)

58.0
36.5
48.1
55.8

TABLE II. REGENERATION OF MULTIPLE BUD CLUSTERS FROM APICES AND
COTYLEDONARY NODES OF COWPEA AFTER ONE MONTH IN VITRO
CULTURE IN THE PRESENCE OF TDZ

GENOTYPE

TDZ
CORNETTO

APEX COTYL.
(%)

TVU9062
APEX COTYL.

OAU-L
APEX COTYL.

OAU-3
APEX COTYL.

5
10
20

89
90
82

31
21
23

91
91
74

81
47
38

83
95
99

17
28
27

48
81
57

30
29
33

Histology of controls showed an initial development of buds from cotyledonary node,
which lasted almost two weeks, followed by degeneration of meristematic tissues. No shoot
development or multiple bud formation was observed in the controls after one month of in
vitro culture. On apices and cotyledonary nodes isolated from plantlets of all genotype grown
in presence of 5, 10, and 20 uM TDZ, the histological analysis did not reveal any substantial
differences either among genotypes or TDZ concentration. Distinct regeneration sites were
observed in 15 day-old cultured meristems, isolated both from apices and from cotyledonary
nodes. At the end of bud induction, the size of the apex and the cotyledonary node buds
increased 4 to 5 times compared with the controls.
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Cornetto TVu9062 OAU-1 OAU-3

Fig. 1. Percentage of bud clusters regenerated (6 to 10 buds per cluster)from cowpea apices (open
area) and cotyledonary nodes (dotted bar) after one month of in vitro culture in the presence
of 10 urn TDZ.

Shoot elongation occurred only when apical and cotyledonary node-derived bud clusters
were detached from the plantlet and transferred to the elongation medium. The average number
of elongated shoots per each bud cluster was different for each genotype. In general, the apical
multiple buds, regenerated in presence of 10 or 20 uM TDZ, were more efficient to produce
many healthy elongated shoots. The cv. 'Cornetto' and the IITA genotype TVu9062 performed
better than the Nigerian lines OAU-10 and OAU-3, with 3.7 and 3.0 shoots per cluster,
respectively. More than 75% of elongated shoots, taken from clusters, rooted in about three
weeks when transferred to fresh medium without TDZ.

3.2. Cowpea genetic transformation

When cowpea plants were electroporated using the vector containing gus, nptll and a-
amylase inhibitor genes, 6.4 % of tested T, seeds were positive for both GUS expression and
resistance to kanamycine (Table III). More than 5300 cowpea putative transformed seeds are
now under biological test, i.e., being fed to larvae of Callosobruchus maculatus.

TABLE HI. IN VIVO NODAL MERISTEM ELECTROPORATION OF COWPEA CV.
•CORNETTO1

Plants*
(No.)

Produced T,

seeds
(No.)

Tested T,

plantlets
(No.)

Phenotypic Response

kan+ GUS+ kan+/GUS+

Electroporated
294 5373

Controls
60 1151

373

41

10.4

12.1

22.3

31.7

6.4

2.4

* Number of treated plants and putative T, seeds produced, and the frequency of putative T, plantlets
showing the transgene phenotype. Plantlets producing secondary roots in presence of kanamycin 200
mg/1 were scored as kan+; plantlets showing gus positive tissues after histochemical assay of leaflets
were scored as gus+.
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In another experiment, carried out with the same genotype, the plasmid PGPT 1.0,
harboring the gus gene interrupted by an intron was electroporated into cowpea nodal meristem
of 40 plants. Nine gus positive T, plants were obtained. On the basis of their progenies, we can
assume that some of the To plants were chimeric for the transgene. Two T, plants were
analyzed for the stable integration of the transgene; the resulting Southern blot is presented in
Figure 2. The presence of high molecular signals in undigested genomic DNA and
hybridization at the expected molecular weight in digested genomic DNA definitively
confirmed the transgenic nature of these progenies, and hence the stable integration of the gus
gene for one generation .

4. DISCUSSION

4.1. Cowpea regeneration

Thidiazuron induced massive bud proliferation in cowpea through regeneration of new
meristems from the ones already present. The results obtained were in good agreement with
those reported in bean [11]. Among genotypes, TVu9062 ranked the first while VITA 4 was
the worst, suggesting that there is enough genetic variability in cowpea for "regeneration".
However, Thidiazuron had detrimental effect in inducing multiple bud proliferation, even at
the highest concentration tested.

Fig. 2. Southern blot of two Tj cowpea plants. Legend: Lane 1. Size marker (k EcoR 1/Hind III);
Lane 2. PGPT 1.0 Linear. Lane 3. Cowpea genomic DNA Control. Lanes 4 and 7. PT 10.2
and PT 15.21, Undigested DNA. Lanes 5 and 8. PT 10.2 and PT 15.21, digested with EcoR
1. Lanes 6 and 9. PT 10.2 and PT 15.21 digested with EcoR 1/ Hind III.

The enlargement of apical and lateral buds was mainly due to the pre-existing
meristematic cell divisions and the histological analysis clearly showed that bud clusters were
initiated from these cells; moreover, new vascular tissues were regenerated. In our experiments,
differentiation of new buds from undifferentiated cells or somatic embryogenesis induced by
TDZ was not observed; however, we cannot exclude its occurrence at very low frequency, as
reported in Nicotiana [12] and peanut [4].

Thidiazuron had a detrimental effect on the elongation of regenerated shoots. In a
preliminary experiment on cv. 'Cornetto' (data not shown), bud clusters derived from both
apices and cotyledonary node buds were cultured on the elongation medium without and with
10 uM TDZ. Shoots coming from bud clusters in the absence of TDZ elongated, while those
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from TDZ medium did not grow. The cytokinin-like activity of Thidiazuron [13], a phenylurea
derivative, inhibited shoot elongation.

Rooting was not affected either by bud origin or TDZ concentration in the induction
medium (data not shown). This latter result is not in agreement with the those obtained on
Miscanthus sinensis by Nielsen et al. [14], and on Cucumis melo by Leshen et al. [15].

4.2. Cowpea transformation

Genetic transformation of grain legumes, except soybean, is still difficult by in vitro
techniques widely used in other species, i.e., Solanaceae. This is mainly due to the lack of a
reliable protocol of regeneration of shoots from leaves, stems, roots, etc. Recently, genetic
transformation of important grain legumes has been obtained, e.g. in pea (Pisum sativum L.)
[16,17] through in vitro co-culture of embryos with Agrobacterium tumefaciens, and bean
(Phaseolus vulgar is L.) [18] through micro-projectile bombardment. Both methods rely on
DNA transfer into meristems, thus giving stable transformed progenies without in vitro
differentiation, but by regeneration of new meristems from those already present. The bud
regeneration pathway through meristematic cell division highly reduces the chance of inducing
somaclonal variation, but increases the frequency of chimeric shoot formation in contrast to
other transformation methods based on differentiation.

Genetic transformation of cowpeas has been attempted by several researchers in recent
years. It has been definitely demonstrated that this species is susceptible to Agrobacterium
tumefaciens [19]; thus, chimeric tissues, expressing both nptll and gus genes [20], were
obtained. However, no transformed progenies were obtained from these tissues, because of the
lack of in vitro differentiation protocols. This bottle-neck forced us to develop a genetic
transformation system based on highly morphogenic tissues, like meristems, already present
in the apex and nodal buds. In this context, direct (i.e. electroporation-mediated) DNA transfer
method has been applied to the plants, in order to avoid all the problems related to in vitro
techniques, and to make the overall protocol easier, which can be followed in the absence of
in vitro culture facilities.

DNA electroporation in cowpea mature embryo cells has been reported by Akelia &
Lurquin [21], resulting in the expression of gus reporter gene. However, no transformed plants
were obtained from somatic tissues, although all cell layers in the apical dome of germinated
shoots were positive for GUS assay. The present results suggest the possibility to transfer DNA
directly inplanta, by electroporating intact nodal meristems without in vitro tissue culture. This
protocol was used in pea, lentil, and soybean plants. Some To and T, transgenic plants were
obtained; their transgenic origin was confirmed from gus expression [8]. In our experiments,
the presence of strong molecular signals in undigested genomic DNA and on hybridization
with the expected molecular weight in digested genomic DNA, definitively confirmed the
transgenic nature of the progeny, and hence the stable integration of the gus gene for one
generation.
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