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1. INTRODUCTION

To improve resistance of chickpea and cowpea against diseases and pests, it is
necessary to find sources of durable resistance in cultivated and wild gene-pools. Most of
these traits have been found in wild species which are generally cross-incompatible with the
cultivated ones. Furthermore, breeders need some years to release new genotypes, since the
long process based on crosses, back-crosses and selection makes difficult to respond to the
evolution of new disease and pest strains.

The use of genetic engineering methodologies in breeding programmes seems to be
very promising a. to find new resistance-related genes present in other phyla, to clone and
transfer them into plants, and b. to shorten the time to obtain an improved genotype since
only a single gene is involved in this process. The main "bottle-neck" to apply this scheme
in chickpea and cowpea is the absence of a reliable protocol of regeneration and genetic
transformation. In this frame, following some pilot experiments on these grain legumes to
induce regeneration and gene transfer, we attempted a. to find a regeneration medium, assay
the effect of different hormones on young tissues, and b. to select the best procedure for
transfer of genes into the plant genome.

2. MATERIALS AND METHODS

Two cowpea genotypes, cv. 'Cometto' and TVu83D442, were used in the experiments.
Immature leaflets and hypocotyls detached from mature seeds after sterilization were used as
explants in all experiments.

Regeneration of cowpea

Different combinations of two callus-inducing media and three regeneration media
were tested. Growth regulators added to callus-inducing media were 0.5 mg I"1 kinetin and
0.5 mg I 1 NAA or 0.5 mg l'Picloram, whilst 0.1-4.0 mg I 1 kinetin, 0.05 mg 1'2,4-D, 0.05
mg I"1 BAP, and 1-3 mg I 1 IB A were tested in combination with coconut milk. In some
experiments, explants were placed directly on the regeneration medium.

3. RESULTS AND DISCUSSION

Regeneration of new shoots was obtained from hypocotyl explants (3.1%) and from
immature leaflets (3.7%) of TVu83D442, after 70 days of culture from 301 explants. No
regenerants were obtained in cv. 'Cornetto', not even when explants were left to grow directly
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on a regeneration medium. This result confirms our hypothesis that to induce regeneration,
it is necessary to shock plant tissue explants with a pulse of hormone or growth regulator.
Furthermore, callus growth is necessary to obtain regeneration, but a profuse differentiation
of roots seems to inhibit shoot differentiation. Histological analysis was performed. We found
that regenerants occurred on the surface of callus with differentiation of new buds, suggesting
true differentiation, though at a low frequency

Genetic transformation of cowpea

Direct and indirect methods of gene transfer were studied to get the highest percentage
of transformed tissues with a stable expression of the transgene. Since regeneration is still a
low frequency event in cowpea and reliable protocols need to be established. We have tried
to transfer genes into already formed meristematic cells to obtain chimeric shoots. Thus,
electroporation of pDNA into meristematic cells was tested as direct gene transfer method,
and Agrobacterium tumefaciens co-culture with meristems was investigated as an indirect
method.

Electro-injection ofpDNA into cowpea meristems

The rationale of this method is to apply a high voltage field to plant cells to produce
micropores in cell walls and cell membranes, through which pDNA present in the electro-
injection solution can pass into cell cytoplasms. If enough PDNA molecules enter into
meristematic cells, there is a chance of integration of at least one pDNA molecule into the
cell genome, thus giving rise to a transgenic cell. In the presence of an appropriate marker
and/or reporter gene, it is then possible to find and/or select transgenic cell clusters, and
finally obtain transgenic shoots.

Pilot experiments were performed to study the resistance of cowpea mature embryos
to high voltage field. After applying voltages between 200 to 1,600 V cm'1, we found that 600
V cm"1 was the voltage that did not injure too much apical and lateral meristems; hence this
voltage was used in the subsequent experiments. Several cowpea apical and lateral meristems,
isolated from embryos obtained from sterilized mature seeds were submitted to electro-
injection. A plasmid carrying the gus reporter gene (B-glucuronidase), interrupted by an intron,
was added to the electro-injection solution. One week old shoots from explants cultured in
a hormone-free medium were analyzed for gus expression. About 30% of explants showed
apices with an intense blue colour. Histochemical analysis of some explants showed blue
crystals of indole inside cells, confirming the transgene expression. However, gus expression
was not confirmed in the three week-old shoots. This behaviour suggests that pDNA was not
stably integrated into plant genome, but only transiently expressed.

Co-culture of cowpea meristems with Agrobacterium tumefaciens

Two strain of A. tumefaciens were tested: AT8, a C58C1 derived strain harbouring the
plasmid p3SS-GUS/INT as binary vector (marker gene - nptH, resistance to kanamycin; and
reporter gene gus, and AT22, a LBA4404 strain carrying binary vector the plasmid pML106,
harbouring the nptH. and gus genes as marker and reporter genes, respectively, and an a-
amylase inhibitor gene isolated from common bean. This gene has been tested by others as
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effective against Lepidopteran larvae. Two explants were tested - apices and hypocotyls of
mature embryos obtained from sterilized seeds of 'Cornetto' and TVu83D422.

An unexpected effect of co-culture of the bacteria with 'Cornetto' was the regeneration
of immature leaflets and hypocotyl explants which was not obtained in the first set of
experiments as previously reported. Regeneration frequency of 'Cornetto' and TVu83D422
explants ranged between 0.8 to 17.1%, and 2.4 to 4.1%, respectively. We hypothesize that the
antibiotic cefotaxime used for stopping the Agrobacterium growth has a side effect on the
regeneration capability of the co-cultured cowpea tissues. This effect has already been
observed in other monocotyledon and dicotyledon plants by other authors.

After one month of in vitro culture on the selective medium containing 100 mg I1

kanamycin, explants were submitted to gus histochemical assay. On average, explants co-
cultured with AT22 showed a higher frequency of stably transformed tissues than AT8 (58.1%
vs 18.9%). No statistical differences were found in the frequency of immature leaflets or
hypocotyl explants expressing gus gene; however, no differentiated shoots were found to be
solid mutants.
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