Advance in Grain Legumes Genetic Transformation: The case of GM Pea and Cowpea
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Introduction
Grain legumes are agronomically and socio-economically important crops playing substantial roles in providing dietary protein for millions of households in the world (Gepts et al.,
2005). They also fix atmospheric nitrogen, thus contributing to the sustainability of farming systems by enriching soil fertility and maintaining the productivity of agricultural land
(Ferguson et al., 2010). However, different production factors have limited the productivity of grain legumes and are impacting their contribution to food security and poverty
alleviation. Furthermore, in the current trend of climate change, there is an increasing pressure on plant breeders to develop climate-smart crop varieties. To enhance the economic
contribution of grain legumes, genetic transformation approaches have been used to develop transgenic lines with new traits such as resistance to insects and disease and
tolerance to drought. In this paper, the experience and result of pea and cowpea Agrobacterium-mediated transformation will be presented. Especially emphasis will be given to the
success and challenges of transgenic insect resistance and its importance in these two important grain legumes. Finally, recommendation will also be discussed for future genetic
transformation to develop climate-smart variety of transgenic grain legumes.

Genetic transformation of grain legumes
Overview of pea transformation steps (modified from Schroeder et al., 1993) is shown in Fig 1.

Overview of Cowpea transformation
Overview of the transformation procedure is shown in Fig 5. Using the transformation procedure, a number
of putative transgenic lines were regenerated (Fig 6).
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Fig 1. Pea transformation step (Negawo et al., 2013)
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 The same transformation procedure has used to introduce a number of transgenes into pea for
enhancing disease resistance and abiotic stress tolerance (Richter et al., 2006; Hassan et al., 2009).

Fig 5. Overview of the optimized cowpea transformation step

Molecular Characterizations of Cry1Ac Transgenic Pea Lines and Their Progenies

Molecular analysis of putative transgenic cowpea shoots

 Stable integration and expression of the cry1Ac gene has been demonstrated(Fig 2 and 3).
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The result of PCR analysis showed the genomic integration of Cry1Ac gene in two putative lines (Fig 7).
RT-PCR and immunostrip assays showed the expression of the introduced cry1Ac gene at mRNA and
protein levels, respectively. Seeds were collected from the transgenic lines for further molecular,
segregation and functional analyses.
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L: GeneRulerTM 100 bp plus DNA ladder, +C: plasmid (pGII35S-cry1Ac) DNA
as a positive control, -C: genomic DNA of non-transgenic pea plant as a
negative control; W: water control, lane 1-12 and 14-20: cDNA from different
transgenic lines and lane 13: cDNA from non-transgenic control plant.

Fig 2. Expression of cry1Ac gene in transgenic pea lines
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L: GeneRulerTM 100 bp plus DNA ladder, +C: plasmid (pGII35S-cry1Ac) DNA as a positive control, -C: genomic DNA of nontransgenic cowpea plant as a negative control, W: water control and Lane 26-33: genomic DNA from putative transgenic shoots of
cowpea

→Transformation efficiency: 2 out of 246 (0.81 %)
Fig 3. Immunostrip detection
of Cry1Ac protein
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Insect bioassay:
 High level of larvae mortality and reduced feeding damage on transgenic plants (Fig 4)
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Fig 6. Expression analysis of transgene cry1Ac gene in the putative transgenic shoots of cowpea.
Achievement in cowpea transformation :


In vitro conditions for Agrobacterium–mediated transient transformation has been optimized.



Limited transformation success was obtained with the GOI.

 The result of this study highlights the recalcitrance of cowpea to in vitro conditions and the need
for further study to optimize a more efficient protocol for cowpea transformation.
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Achievement in pea transformation:
 Transgenic pea lines expressing cry1Ac gene were successful developed which
 could play a vital role in pea production and improvement program and
 can also be used in gene pyramiding with other transgenic type.

Conclusion:
 While recent achievements in a few legume species are encouraging, genetic transformation in many
pulses is still difficult due to their recalcitrance.
 Experience from successfully transformed legumes (e.g., pea, soybean, etc.) could help to address
some of the challenges for difficult-to-transform legume species to develop climate-smart varieties.
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