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ABSTRACT

Cowpea is a diploid plant species which contributes significantly to food security in developing
countries, especially in Africa. This research project was carried out in view of the upcoming
introduction of Bt cowpea in Africa which is likely to alter the equilibrium existing within the
cowpea taxa. The objectives of this study were to develop viable microsatellite markers and
construct the SSR based linkage map, identify quantitative trait loci that regulate yield,
domestication related traits as well as flower scent and identify the volatile compounds that
attract pollinators to cowpea flowers. In order to achieve these goals 159 F; recombinant inbred
lines including the two parents and 206 markers (202 SSRs and 4 morphological) were used. The
first SSR based linkage map of cowpea was constructed that spans a genetic distance of 2991cM.
QTL for seed weight (SW), domestication related traits (DRT), flower scent/aroma were mapped
in all 159 F; plants and the two parents 524B x 219-01. Six QTL associated with 74 % of the
phenotypic variance were detected for SW on chromosomes 1, 2, 3 and 10. Both the 524B and
219-01 alleles increased SW at six of the QTL on chromosomes 1, 2, 3 and 10. For
domestication related traits, nine QTL (four for testa size and five for pod fiber thickness layer)
explaining 54.5 and 47.9 % of the phenotypic variance, respectively were on chromosomes 1, 2,
4, 6, 7 and 10. The 524B allele increased DRTs at three-fourth of all QTL. QTL for SW and
DRTs were clustered on chromosomes 1 and 10. Association of SW and DRTs QTL may be the
cause of the significant phenotype and genotypic correlation detected between the two traits. The
test of linkage vs pleiotropy for SW and DRT QTL on chromosomes 1 and 10 suggested
pleiotropy. For flower scent/aroma, 63 QTL were detected on chromosomes 1, 2, 3,4, 5, 6, 7, 8,
and 10. In addition, a total of twenty-two different volatiles were identified by the GS-MS
technique. Clustering of QTL were observed on chromosomes 1, 2, and 4 mainly, suggesting that
it can occur either due to the presence of a single locus with pleiotropic effects on several volatiles or as a
result of tightly linked different loci. Such loci may encode transcription factors that co-ordinately
regulate genes, or they may encode enzymes that catalyse limiting steps in single pathways. It is
anticipated that this resource will have an important impact towards the development of marker
assisted selection systems for the cowpea breeding community, and for future genetic studies in
cowpea.

’

XVii



CHAPTER ONE

GENERAL INTRODUCTION

1.1 Background information

Cowpea [Vigna unguiculata (L.) Walp,] a tropical grain legume originated in Africa and is
composed of wild and cultivated forms with the wild form only encountered in Africa (Pasquet,
1999). It is widely grown in Africa, Latin America, Southeast Asia and in the southern United
States (Singh, 2005; Timko et al., 2007a). It is estimated that Cowpea’s annual production is
more than 3 million tons worldwide with West and Central Africa accounting for over 64% of
the 12.5 million hectares of the cultivated areas, followed by central and South America (19%),
Asia (10%), East and Southern Africa (6%) (Singh et al., 1997). The potential of cowpea is
limited by numerous factors, but field and storage insect pests are the most severe constraints, at
such a scale that a couple of insecticide sprays usually mliltiply the yield tenfold. However, most
African farmers don't have access to them. Conventional breeding has made some progress
towards developing and deploying insect-resistant cultivars, but the gene pool of cowpea lacks
adequate sources of resistance for certain insect pests, including pod borers, weevils, pod bugs
and thrips. Therefore, molecular biology seems to be the only way to introduce novel insect

’

resistance traits that will help solve this otherwise intractable problem.

Cowpea plays an important role in the livelihood of millions of relatively poor people in the less
developed countries in the tropics. It is used as a source of food, animal feed and cash (Quin,
1997). However, like many other crops, cowpea is susceptible to a wide variety of pests and
pathogens that attack the legume at all stages of its growth and potentially reduces its production.

In order to control cowpea pests and disease yields, the use of insecticides has been the most



commonly adapted method; but most farmers, cannot afford them due to their low income,
(Saxena and Kidiavai, 1997), can’t have the necessary equipment, don’t know how to apply them
safely and effectively and they are hazardous (Saxena et al., 1989). Due to the deleterious effects
of insecticides to man, the environment and livestock, alternative strategies for the insect pest
management are being developed like that of habitat management by the use of mixed cropping
system (Saxena and Kidiavai, 1997); on this aspect Dissemond and Hindorf (1990) revealed that
insect pest population was lower in sorghum/cowpea/maize intercrops than in pure cowpea
strands. The other strategy is the biological control method through biotechnology, i.e. the

genetic transformation and developing of resistant/tolerant cowpea cultivars.

Today, a large number of DNA based methods are available for characterization of population
variability, evaluation of genetic diversity as well as determination of genetic relationships
within or among animal and plant populations. Some of these DNA based methods are random
amplified polymorphism DNA (RAPD) (Laity et al., 2003; Fana et al., 2004), amplified
fragment length polymorphism (AFLP) (Coulibaly et al., 2002), restriction fragment length
polymorphism (RFLP) (Menéndez et al., 1997) and simple sequence repeat (SSR) (Li et al.,
2001) markers. The genetic linkage map of the wild and cultivated cowpea can be developed
using these molecular markers. Microsatellites also known as simple sequence repeat are
becoming the preferred markers for genome analysis because of their co-dominant nature as well
as their reproducibility. In a recent study, Li e al. (2001) used forty-six microsatellite DNA

markers to facilitate significant progress in the development of the cowpea genome.



A major finding in genetic diversity studies in cowpea is that a genetic bottleneck is induced by
domestication in spite of substantial variation in seed color, seed coat patterns, plant type, pod
type and seed size among cultivated cowpeas (Panella and Gepts, 1992; Vaillancourt ef al., 1993;
Panella et al., 1993). The total genetic diversity in cultivated cowpea reported in these studies
was lower than that reported in many other crops (Doebley, 1989). Since the first traits were
described in cowpea (Harland, 1919), many morphological and disease resistance loci have been
identified (Fery, 1985). However, prior to 1993 only few reports of genetic linkage map in
cowpea were reported in the literature. A cowpea linkage map was developéd from a cross
between an improved cultivar and a putative wild progenitor type (Vigna unguiculata var.
spontanea (N1963)) from Senegal. This cowpea map consisted of 87 random genomic and five
cDNA RFLPs, five RAPDs, and two morphological loci/locus clusters arranged in ten linkage
groups (Fatokun et al., 1992). Another cowpea linkage map was also developed from a cross
between two agronomically contrasting breeding lines, ‘‘IT84S-2049’° and‘‘524B’’. This
cowpea map consisted of 181 loci, comprising 133 RAPDs, 19 RFLPs, 25 AFLPs, three
morphological/classical markers, and a biochemical marker (dehydrin) (Menendez et al., 1997).
Ouédraogo et al (2002a) also constructed a cowpea linkage map based on the segregation of
various m’olecular markers and biological resistance traits in a population of 94 recombinant
inbred lines (RILs) derived from the cross between ‘IT84S-2049 and 524B’. This cowpea map
consisted of 11 linkage groups (LGs) spanning a total of 2670 cM, with an average distance of

6.43 cM between markers.

Constructions of genetic maps based on narrow/related crosses have the disadvantage of

identifying loci that may be polymorphic only between less divergent genotypes. For this reason

KENYATTA GRIVERSITY LIBRARY



molecular maps based on crosses involving wild progenitors have a greater impact in breeding
programs that exploits interspecific variation within cultivated and the wild forms. A genetic
linkage map constructed from a cross between the cultivéted and the wild gene pool would,
therefore, be desirable and is also used in order to introduce desirable characters from wild
relatives into cultivars. The low level of polymorphism at the isozyme level within the cultivated
cowpea revealed by previous studies (Fatokun ef al., 1993), in addition to their low number,
precludes the use of that type of marker in any cowpea mapping study. Although RFLP markers
remain extremely useful, they have failed to detect enough polymorphism in intraspecific crosses
of crops with low genetic diversity (Foolad et al., 1993). Alternative molecular markers showing
higher level of polymorphisms among closely related genotypes include microsatellites (Akkaya
et al., 1995), RAPDs (Williams ef al., 1993), minisatellites (Sonnante et al., 1994) and AFLPs

(Vos et al., 1995).

The rapid development of biotechnology has greatly promoted the research and development of
genetically modified (GM) crops worldwide. Consequently, a large number of transgenes
conferring diverse traits have been successfully transferred into crop varieties through the
transgenic’biotechnology_(Repellin et al., 2001; Lu and Snow, 2005; Lee et al., 2006; Zhao et
al., 2007). These traits include high protein contents and unique nutritional compounds (Gura,
1999; Hasler, 2000; Ye et al., 2000), disease and insect resistance (Datta et al., 1998; Huang et
al., 2005; Bock, 2007), virus resistance (Shepherd et al., 2007), herbicide resistance (Lutz et al.,
2001; Toyama et al., 2003), and salt and drought tolerance (Bahieldin et al., 2005; Tang et al.,
2006). Likewise, in the process of research and development of GM cowpea, beneficial traits

with unique functions have been transferred into this crop by genetic engineering. The great



success in transgenic biotechnology has had a tremendous impact on the world crop production
and cultivation patterns of agricultural species such as cotton, soybean, canola, and maize

(James, 2007).

The commercial production of GM crops with various agronomically beneficial traits provides
great opportunities for world's food security by enhanced efficiency of crop production.
However, the extensive environmental release and cultivation of GM crop varieties have also
aroused enormous biosafety concerns and debates worldwide (Stewart et al., 2000; Ellstrand,
2001, 2003), including food and health safety (Cromwell ef al., 2005; Hothorn and Oberdoerfer,
2006; Marshall, 2007), environmental safety (Conner ef al., 2003; Sanvido et al., 2007), as well

as socio-economical and ethic concerns (Finucane and Holup, 2005; Aerni, 2007; Einsele, 2007).

Among the environmental biosafety issues, transgene escape from a GM crop variety to its non-
GM crop counterparts or wild relatives has aroused tremendous debates worldwide (Ellstrand et
al., 1999; Ellstrand, 2001, 2003; Lu and Snow, 2005). This is because transgene escape can
easily happen via gene flow that may result in potential ecological consequences if significant
amount oft transgenes constantly move to non-GM crops and wild relative species. This is

particularly true when these transgenes can bring evolutionary selective advantages or

disadvantages to crop varieties or wild populations.

Gene flow can take place either through seed dispersal or pollen flow assisted by pollinators.
Results of assessing the risk of transgene dissemination associated with the introduction of

genetically modified crops in Africa using cowpea as a model show that hybrids between wild



and domesticated cowpea (as well as their progeny) are fit, and most importantly they can easily

take advantage of their inherent protection against insects to boost their seed production.

A report from a floral biology study (Pasquet, unpublished data) suggests a way of preventing
gene flow. The peak of bee activity is in the morning which is related to sunrise time while time
of cowpea flower opening fluctuates little during the year. Therefore, if domesticated cowpea
flowers open late, much later than the peak of bee activity, or do not open at all, gene flow can
be greatly reduced. The normal bee activity also suggests another way to prevent gene flow,
through nectar aroma; bees seem to detect the aroma level of the flowers and do not visit empty

flowers so changing flower aroma could be a second way to prevent gene flow.

Considering its importance cowpea improvement has not received a high priority, however a
considerable number of cultivars have been developed. The main characteristics improved by
conventioﬁal breeding methods are yield, maturity and disease resistance. However, several
important characters like seed size and yield are controlled by polygenes, which can not be easily
improved by conventional breeding. Molecular techniques, beginning in the 1980s, have become

useful tools in crop improvement programs.

The quantitative trait which shows continuous variation is difficult to make selections by
conventional methods. Genes are located at a particular location on a chromosome, called a
locus. Quantitative traits are controlled by many regions on the chromosomes, but each such
region may have multiple genes, or regulatory elements, simply referred to as quantitative trait

loci (QTL). Such QTL can be identified if there are markers associated with them. To identify a



QTL, it is important to map the loci controlling the trait of interest on the chromosome, then
identify the markers that are associated with the trait. Once these tasks are done, the markers can

be used in selection to improve the trait of interest.

Considering the limitations of RFLP and AFLP, a DNA marker capable of detecting the
polymorphism even in the event of multiple alleles at a single locus would be more useful.
Simple sequence repeat markers are single locus markers with multiple alleles serving as co-
dominant markers (Cregan et al., 1999). SSR markers are dependent on the number of alleles and
their frequencies to determine the polymorphism (Cregan et al., 1999). An SSR or microsatellite
is a small segment of DNA, usually 2 to 5 bp in length that repeats itself a number of times.
Useful SSRs usually repeat the core motif 9-30 times. The regions flanking the microsatellite are
generally conserved among genotypes of the same species and polymerase chain reaction (PCR)
primers to the flanking regions can be used to amplify SSR DNA fragments (Cregan et al.,
1999). Length polymorphisms are created when PCR products from different alleles vary in
length as a result of variation in the number of repeat units in the SSR. These can be analyzed by
electrophoresis and can resolve contrasting alleles. Currently SSR are regarded as a marker of
choice because of the hlgh level of informativeness, co-dominance, wide spread in eukaryotic

genomes, and ease of amplification by standard PCR technique.

Despite the importance of cowpea domestication as well as flower scent traits, no QTL have
been reported for both traits. Therefore, a need exists to continue construction of a cowpea

linkage map using microsatellite markers and utilize this map to locate QTLs for domestication,



aroma and agronomic traits to particular positions on the chromosomes to facilitate future
breeding programs to adopt marker assisted selection (MAS) and identify the chemical

compounds for the cowpea flower aroma. This research was directed to achieve these objectives.

1.2 Justification of the study

Cultivated and wild plants are not resistant to insect pests. For this reason, scientists have been
working to produce genetically modified cowpea plants with insect resistant gene, producing
insect specific toxin, such as Bacillus thuringiensis (Bt) toxin (Murdock and Shade, 2002). This
protein is specific in its activity against Coleoptera and Lepidoptera (Schnepf et al., 1998),
especially for Maruca Pod Borer (Maruca vitrata), which heavily reduce cowpea productivity in
Africa (Machuka et al., 1999). Therefore, with the upcoming introduction of Bt cowpea in
Africa, there are possibilities that the Bt gene will be transferred through hybridization and
backcross processes from transgenic p‘lants to other cultivars and wild relatives because of the
existence of weak genetic barriers within cowpeas (Fatokun, 1991).

P

1.3 Statment of the problem

Given that cultivated plant species and their putative wild relatives represent an interesting
system to study crop evolution, cowpea appears an excellent example in studying wild-
domesticated plant relationship. Molecular invesstigations highlight a unique domestication
event in V. Unguiculata (Panella and Gepts, 1992 ; Vaillancourt et al., 1993 ; Pasquet, 1993b ;

1998 ; 1999 ; 2000 ; Coulibaly et al., 2002 ; Ba et al., Feleke et al., 2006), the domestication



related as well as scent/aroma traits of cowpea is weakly documented. Thus, identification of the
quantitative traits of these traits ahead of the release of the genetically modified cowpea is
important since the possible dissemination of the inserted gene may interfere with the genetic

relationship existing between wild and cultivated cowpea.

It is likely that an introgressed wild plant will be able to take advantage conferred by an insect-
resistance gene. This raises a potential concern that an insect resistance transgene can turn wild
cowpeas into invasive weed. It is therefore important to construct a cowpea genetic linkage map
using a prominent molecular marker and identify those genes that regulate the domestication
traits as well as those that are responsible for the production of different volatile compounds in
cowpea flowers in order to overcome the problem and solve one of the major concerns related to

the introduction of GM cowpea in Africa since gene flow mainly takes place by pollen flow and

seed dispersal.

1.4 Research null hypothesis
The research null hypotheses were:
1) Primary domestication traits are clustered like in Pear! millet
2) Using a wild parent will give more polymorphism
3) Wild parents that are agronomically inferior will improve agronomically important trait
4) Using SSR will give a regular coverage of the genome unlike clustered AFLP maps
5) Mapping genes controlling the amount of aroma compounds as well as domestication
traits and closely linked molecular markers is helpful for marker assisted selection

6) There will be one major gene that is responsible for cowpea flower scent

9
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1.5 OBJECTIVES OF THE STUDY

The general objective of the research was to construct a genetic linkage map of cowpea mainly
based on microsatellite markers and identification of QTLs that control yield, domestication

traits associated to cowpea and scent of cowpea flowers.

The Specific objectives were to:

i) to construct an SSR based genetic linkage map of cowpea

ii) to identify and map the different quantitative trait loci that regulate yield as well as
domestication traits of cowpea,

ii1) to identify and map the QTLs that governs scent of cowpea flowers

iv) to identify the aroma compounds that attracts bees to cowpea flowers

10



CHAPTER TWO

LITERATURE REVIEW

2.1Taxonomy and nomenclature of cowpea

Cowpea (Vigna unguiculata (L.) Walp) is one of the 80 species of the genus Vigna (Pasquet,
2001). It is a Dicotyledonea belonging to the order Fabales, family Fabaceae, subfamily
Faboideae, tribe Phaseoleae, subtribe Phaseolinae, genus Vigna (Padulosi and Ng, 1997). In the
United States, it is referred to as black-eyed pea, crowder pea, southern pea (Duke, 1981) or

black-eyed bean (Miller, 1989); this legume is called niébé in French speaking West Africa.

2.2 Ecology, biology and reproduction of cowpea

Cowpea is a herbaceous legume grown in tropical areas. As a warm season crop, cowpea is well
adapted in many areas of the humid tropics and temperate zones. It tolerates heat and dry
conditions but is intolerant to frost (Duke, 1981). Cowpea also performs well on a wide variety
of soils and soil conditions, but performs best on well-drained sandy loams or sandy soils from
highly aci’dic to neutral; and is less tolerant in alkaline conditions (Duke, 1981). Cowpea
germination is rapid at a temperature above 18°C with an optimum at 28°C (Craufurd et al.,
1997). Seed germination is epigeal with the cotyledons emerging from the ground. The first two
leaves above cotyledons are simple and opposite, the others are alternate, petiolate and trifoliate
(Pasquet and Baudoin, 2001). Peduncle that arises from the leaf axial contains commonly two or
three pods and sometimes can carry four or more pods. Some cowpea plant gives flowers 30 to
40 days after germinating with a life cycle of 60-240 days (Miller et al., 1989; Duke, 1981).
Strongly tap rooted in general, with a strong principal root and many spreading lateral roots on
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the soil surface; disposition enables the plant to explore the soil for moistures (Pasquet and
Baudoin, 2001). Cowpea’s roots have nodules containing nitrogen-fixing bacteria. It can be
grown in polyculture, associated with cassava, corn, sorghum or millets (Duke, 1981). Annual
cowpea primarily is a self-pollinating plant (Fery, 1985), the open display of flowers above the
foliage and the presence of floral nectarines attract insects some of which have been identified as
cowpea pollinators. The cultivated cowpea flowers open at the end of the night and close late
morning. Some wild cowpea forms are considered to be allogamous, due to a particular
arrangement of the anthers and stigma that prevent self-pollen to reach the stigfna (Pasquet and
Baudoin, 2001). In inbreeding plants (autogamous), the stigmatic surface and the anthers are in
contact (Lush, 1979). The low fertility in allogamous flower, which range from 0 to 40% versus
40 to 70% for autogamous flowers, can be compensated for by manual fertilization or insect

ripping (Pasquet and Baudoin, 2001).

2.3 Organisation of Vigna unguiculata

Vigna unguiculata (L) Walp. is composed of cultivated cowpea (V. unguiculata var unguiculata),
subdivided in five cultigroups or varieties namely wunguiculata, biflora, melanophthalmus,
sesquipedalis and textili& (Pasquet, 1998). Wild gene pool includes annual wild cowpea (Vigna
unguiculata ssp. unguiculata var. spontanea) and ten wild perennial subspecies divided in two
groups according to their breeding system. The perennial allo-autogamous subspecies
(dekindtiana, stenophylla, tenius, alba and pubescens) are the most closely related to the annual
forms than do the perennial allogamous subspecies (pawekiae, burundiensis, letouzeyi,

baoulensis and aduensis) (Pasquet and Baudoin, 2001).
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The cultivated cowpeas form a genetically coherent group and are closely related to the annual
wild cowpea, ssp. unguiculata var. spontanea (Schweinf) Pasquet. The morphology and growth
habits of this wild legume are very similar to those of cultivated cowpea except that its mature
pods contains small seeds (wild-like attribute) and are dehiscent, much smaller than those of

cultivated cowpea (Padulosi and Ng, 1997)

2.4 Morphological diversity of cowpea

Cowpea morphologically is very diverse (Pasquet, 1999). From the wild, Cowpea has been
selected for various traits, giving several varieties with a lot of differences in their morphology.
The cultivated forms of cowpea show a great diversity in their seed and pod while the wild forms
present a lot of variability in their floral morphology and vegetative characters (Pasquet, 1993a).
Cultivated cowpeas differ from wild forms by having larger seeds and pods, non-dormant seeds
and non-dehiscent pods (Lush and Evans, 1981). Cowpea plant can be found erect, semi-erect,
prostrate or climbing in their grown areas. Fruits of the cowpea plant are pods that vary in size,
color and texture; they can be erect, crescent-shaped or coiled and are usually yellow when ripe
but can also be brown or purple in color. The length of the pod, which usually can reach 30 cm,
contains 8-20 seeds that vary in size, shape and color. Seed color is determined by the C gene, a
dominant gene associated with genes controlling pigments synthesis (Pasquet and Baudoin,
2001). They are very diverse, ranging from white, black, brown, purple, green, and red to various
types of mottled seeds. Cowpea stems are smooth or slightly hairy and sometimes tinged with
purple. Stigma orientation can be vertical or horizontal (Lush and Wien, 1980). Self-pollinating
flowers are arranged in raceme or intermediate inflorescence in alternate pair and can be white,

dirty yellow, pink, pale blue or purple in color. Flower length ranges from 21 to 43 mm (Pasquet,
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1993a). Wild cowpea has characteristics such as perenniality, hairiness, small size of pods and

seeds, pod shattering, outbreeding and bearded stigma (Padulosi and Ng, 1997).

2.5 Genetic diversity of cowpea

Previous studies carried out on cowpea reveal that the crop exhibits important genetic diversities
and variabilities (Pasquet, 1999; Li et al., 2001; Laity et al., 2003). Using allozymes variations to
study 199 germplasm accessions of wild and cultivated cowpea, Pasquet (19?9) showed that
cowpea taxa (ranked as subspecies) could be considered as different species considering the high

genetic distances observed between accessions from different taxa.

2.6 Uses of cowpea

Cowpea has several uses. It can be used at all stages of its growth (fresh leaves, peas and pods)
as a vegetable crop, several snacks and meal dishes are prepared from its grains (Quin, 1997). Its
tender green leaves are an important food source in Africa and are prepared as a potherb like
spinach. In industrialized countries, variety types of cowpea green seeds are cooked, canned or
frozen to make them ready to serve. Dried mature seeds are also suitable for boiling and canning.
With its high protein content (20-25%), cowpea has been referred to as a poor man’s meat (Laity
et al., 2003) and is considered as a source of cheap protein in both rural and urban tropical
African diet with its protein digestibility higher than that of other legumes (Marconi et al., 1990).
Proteins in cowpea seeds are rich in amino acid lysine and tryptophan compared to cereal grains;

however, it is deficient in methionine and cystine when compared to animal proteins. Therefore,
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cowpea seeds are valued as a nutritional supplement to cereals and an extender to animal

proteins.

Cowpea is also used to improve soil fertility (Ogbuinya, 1997). As nitrogen fixing crop through
the symbiotic association with the bacteria Bradyrhizobium ssp, cowpea contributes to the
available N level in the soil and in that case, increasing the yield of cereal crops when growing in
rotation. Therefore, cowpea is a versatile crop feeding people, their livestock and the next crop.
With its deep roots, cowpea helps to stabilize the soil preventing land deterioration and
minimizing soil erosion. The cultivar group textilis with its long floral peduncles is used for fiber

production in West Africa. Cowpea plant is also used for medicinal purposes (Padulosi and Ng,

1997).

2.7 Constraints of cowpea production

2.7.1 Abiotic factors

Environmental factors that include soil salinity, extreme temperatures and drought are the major
factors that limit agricultural productivity of cowpea. Some plant species have developed various
mechanisms to adapt in such stressful conditions (Hirt and Shinozaki, 2003). The result of the
environmental effects on plant growth may be the difference of the damage effect or stress
caused by the environment and the adaptive response controlled by the plant (Fitter and Hay,
1987). When the environmental factor/stress is dominant, damages may occur and are manifested
by the death of all or part of the plant, reduction in the growth rate and productivity. Cowpea is
largely cultivated in tropical and semi-arid zones where drought frequently occurs and it may be

the most serious environmental agent that is able to limit the cowpea production.
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2.7.2 Biotic factors

i) Diseases
A wide range of parasites and pests limits cowpea production and these include bacteria
(Xanthomonas axonopodis pv. vignicola, Clavibacter michiganensis subsp. michiganensis and
Acidovorax avenae subsp. Citrulli) (Gitaitis et al., 2004). Fungi in the Pythium ssp, such as
Rhyzoctonia solani and Phytophtora ssp mainly attack seeds while Corynespora cassiicola,
Cercospora canescens attack leaves; Cladosporium vignae, Choanephora cucurbitarum attack
the pods (Allen, 1983). Cowpea is also attacked by viruses such as CCMV (Cowpea Chlorotic
Mottle Virus), Yellow Mosaic Virus, transmitted by white fly (Bemisia tabaci) vector and affect
both vegetative and reproductive part of the plant (Yousaf et al., 2002). Yellow mosaic virus
may cause 14-54% decrease in plant height, 30 to 95% decrease in dry stem weight of cowpea
(Yousaf et al., 2002). Cowpea is further attacked by pests throughout its growth cycle like

nematodes (Meloidogyne, Rotylenchus and Pratylenchus) on the roots (Pasquet & Baudoin,

2001).

ii) Insect pests
Cowpea also suffers from insect pests both in the field as well as in storage (Oghiakhe, 1995). In
Africa, no other crop suffers such high yield losses due to a plethora insect pest as cowpea does
(Hans, 1996) and these pests constitute the greatest constraint on cowpea production in Africa
(Oghiakhe, 1995). One of such pests is cowpea aphid (Aphid cruciform) (Nuessly et al., 2004). It
feeds by piercing plant tissues and sucking plant juices. Their feeding, especially on the fruiting
stem, considerably reduces the quantity of the plant nutrients available for pod and pea

development. Other insect pests include the very destructive maruca pod borer (Maruca vitrata),
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pod sucking bug (Chlavigralla tementosicollis) (Hans, 1996; Oghiakhe, 1995), bean fly
(Ophiomyia phaseoli), leafhoppers (Empoasca spp) and cowpea storage weevil (Callosobruchus
maculatus) (Oghiakhe, 1995); cowpea curculio cause blister like spots on the surface of the pod;
leaf feeding beetles that cause irregular shaped holes in the leave. Another most important
cowpea insect pest is legume or bean-flower thrips (Megalurothrips sjostedti). It is the most
destructive, attacking the reproductive structures of the cowpea during plant development

(Saxena and Kidiavai, 1997).
2.8 Genetic improvement of cowpea: Bt technology

Grain yield losses in cowpea are particularly due to biotic stresses and especially by insect pests
that include Maruca Pod Borer (Maruca vitrata), pod sucking bug, aphids, thrips and bruchids.
Conventional insecticides may not be the answer to the insect problems because many cowpea
growers cannot afford them. Insect resistant traits have been introduced into the cowpea genome
(Higgins, 2004). Studies carried out on some main cowpea insect pests indicated that these
insects could be controlled by Bacillus thuringiensis crystal protein or (Bt) toxin produced by
Bacillus thuringiensis (Bt), a bacterium occurring naturally in the soil (Lambert and Peferoen,
1992). Th; Bt toxin act by binding to the membrane of the insect midgut epithelial cell leading to

the lyses of the cell and eventually kills the insect (Schnepf ef al., 1998).
The Bt technology starts with the identification of the Bt gene producing the desired lethal

protein and then follows four steps. (1) The Bt gene is combined with a marker gene with

antibiotic resistance characteristic, (2) The combined Bt gene + marker is then inserted into the
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plant cell, (3) Plant cells are grown in the presence of antibiotics, (4) Plant cell carrying the Bt

and the antibiotic resistance gene grows in the plant and the plant survives from an insect attack.
2.9 Environmental risks linked to the introduction of transgenic or Bt cowpea

Scientists have made possible the development of the genetically modified cowpea called Bt
(Bacillus thuringiensis) cowpea through biotechnology with a highly effective insect resistant
gene (Murdock and Shade, 2002; Higgins, 2004). However, the introduction of this Bt cowpea
like other Bt crops is viewed with many perceived risks: (a) they can have a harmful effect on
non-target and beneficial insects; (b) after a widespread use they may transform the insect pests
that they are intended to control into insect species that are resistant to Bt toxin; (¢) accumulation
of the transgene through gene flow into the native materials will have the possibility of affecting
the genetic diversity of landraces and wild plants; (d) the possible transfer of the insect resistant
gene (Bt gene) through pollen flow from the transgenic plant to other cultivars and wild relatives
leads to the evolution of more aggressive weeds which are difficult to control (Ellstrand and
Hoffman, 1990) (Fig.1); and specially within Vigna unguiculata subspecies where genetic
barriers are weak (Fatokun, 1991). This happens because genetically engineered plants very
often have the potential to spontaneously hybridize with the wild relatives growing in proximity

(Ellstrand and Hoffman, 1990; Papa and Gepts, 2003).

2.10 Genetic exchange within cowpeas

Gene flow is the movement of gene among populations or within a population. It has a
significant influence on the distribution of the genetic traits (Hamrick, 1989). Gene flow occurs

through reproductive means such as cross-pollination or directly through “horizontal gene
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transfer” occurring between species like during genetic engineering. Between Vigna unguiculata

subspecies, reproductive barriers are weak (Fatokun, 1991) and thus, should facilitate gene flow.

Allozyme markers suggest that within Vigna unguiculata, gene flow is quite widespread between
the wild and the cultivated cowpea, giving a large crop-weed complex well distributed in the
entire Sub Saharan Africa (Pasquet, 1999). Nkongolo (2003) working with Malawian cowpea
using RAPD markers reported variation among cowpea accessions with variation accounting for
96% sustaining an uncontrolled gene flow. Coulibaly et al. (2002) also reported extensive gene
flow between wild and cultivated cowpeas when evaluating genetic relationships in 117
accessions of cowpeas (Vigna unguiculata (L.) Walp) using amplified fragment length

polymorphism (AFLP), with the wild cowpea more diverse than the cultivated.
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Figure 1. Escape process of transgene from domesticated plants into wild relatives (Gepts &

Papa, 2003)
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2.11 Methods used in plant gene mapping

2.11.1 Molecular markers

To be an effective genetic marker, the marker locus has to detect variation at different levels. The
variation could be a simple heritable phenotype or a difference in the nucleotide sequence (Liu,
1998; Mohan et al., 1997). This detectable and heritable variation at a locus is referred to as a
polymorphism and is essential to identify desirable traits. A number of genetic marker systems
have been developed for use in different plant species; however, some systems may not be
suitable for all purposes. In general, the desirable characteristics of a marker system are to detect
a high level of polymorphism, detect specific loci, provide clear, highly heritable genetic
information in a short period of time and be easily automated (Liu, 1998). The marker systems

available for any species depend on the amount of pre-existing genome information.

The first available molecular markers used were allozymes, protein variants detected by
differences in migration on starch gels in an electric field. Since the late 1960s, protein markers
were used extensively and were relatively inexpensive to score in large numbers but there was
often insufficient protein variation for high-resolution mapping. During the mid 1980s, methods
became available to evaluate genetic variation directly at the DNA level and lead to allozymes
being replaced with DNA based markers in mapping studies (Tanksley, 1993; Liu, 1998). The
advent of molecular DNA technology has made it possible to map and characterize the genes
controlling economically important traits in crop species. DNA-based molecular markers are

used in genomic analysis and provide the foundation for marker-assisted selection.
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There are two basic approaches, hybridization or amplification, used to detect variation in DNA.
Detection of variation through random fragment length polymorphisms (RFLPs) is hybridization
based, while amplification based technologies use the polymerase chain reaction (PCR) and
includes random amplified polymorphic DNA (RAPDs), amplified fragment length
polymorphism (AFLPs), and microsatellite markers also known as simple sequence repeats
(SSRs) (Mohan et al., 1997; Gupta et al,. 1999; Liu, 1998). Molecular markers may exhibit
either codominance or dominance characters. Codominant markers distinguish between
homozygous and heterozygous genotypes while dominant markers are scoréd as present or

absent and cannot distinguish heterozygous from homozygous individuals.

The main application of molecular markers in legumes and other field crops can be divided into
three categories; (a) assessment of genetic variability and characterization of germplasm; (b)
identification and characterization of genomic regions controlling quantitative traits and (c)

marker assisted selection following the identification of specific genomic regions (Ribaut et al.,

2002).

2.11.1.1 SSRs (Simple Sequence Repeats)

Microsatellites, or Simple Sequence Repeats (SSRs), are polymorphic loci present in nuclear
DNA and organellar DNA that consist of repeating units of 1-6 base pairs in length. They are
typically neutral, co-dominant and have wide-ranging applications in the field of genetics,
including kinship and population studies. Microsatellites can also be used to study gene dosage

(looking for duplications or deletions of a particular genetic region) (Wang ef al., 2003).
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They are tandemly repeated motifs of 1-6 nucleotides found in all prokaryotic and eukaryotic
genomes (Zane et al., 2002). According to Pupko and Graur (1999), any number of tandem
repeats of a certain nucleotide combination may be regarded as a microsatellite. These repeats
are present in both coding and non-coding regions (Hancock, 1995) and are usually characterized
by a high degree of length polymorphism (Zane et al., 2002). Microsatellite loci are inherently
unstable with high mutation rates, a phenomenon that is reported to be caused by DNA
polymerase slippage and/or unequal recombination (Li ef al., 2001). Due to their high mutability,
SSRs play a significant role as molecular markers for evolutionary and population genetic

studies.

Microsatellites offer several advantages compared to other molecular markers: they are highly
reproducible, highly polymorphic, PCR-based and readily portable within a species (Edwards et
al., 1996). In a recent study comparing SSRs, RAPDs and AFLPs for the genetic analysis of
yeast (Saccharomyces cerevisiae) strains, Gallego et al. (2005) reported that SSR analysis gave
the highest level of information content. Similar results had earlier been reported in soybean
(Powell er al., 1996). Microsatellites have also attracted scientific attention because they have
been shown to be part of or linked to some genes of agronomic interest (Yu et al., 2000). All
these positive attributes coupled with their multi-allelic nature, co-dominant transmission,
relative abundance, extensive genome coverage and requirement of only a small amount of
template DNA have contributed to the extraordinary increase of interest in SSRs in many

organisms (Zane et al., 2002).
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According to the quality of the repeat, microsatellites can be classified into three
i) Perfect microsatellites where the sequence consist of a single motif repeated without
interruption
ii) Imperfect microsatellites where there is a break within the repeat sequence
iii) Compound microsatellite where the sequence consists of two or more adjacent different

repeats

The genomes of higher organisms contain three types of multiple copies of lsimple repetitive
DNA sequences (satellite DNAs, minisatellites, and microsatellites) arranged in arrays of vastly
differing size (Hancock, 1995). Microsatellites (Litt and Luty, 1989), also known as simple
sequence repeats (SSRs; Tautz et al., 1986), short tandem repeats (STRs) or simple sequence
length polymorphisms (SSLPs; McDonald and Potts, 1997), are the smallest class of simple
repetitive DNA sequences. Some authors (e.g. Hancock, 1995) define microsatellites as 2-8 bp
repeats, others (e.g., Goldstein and Schlotterer, 1999) as 1-6 or even 1-5 bp repeats (Schlotterer,
1998). Chambers and .MacAvoy (2000) suggested following a strict definition of 2—6 bp repeats,
in line with the descriptions of the original authors. Microsatellites are born from regions in
which var{ants of simple repetitive DNA sequence motifs are already over represented (Tautz et
al., 1986). It is now well established that the predominant mutation mechanism in microsatellite
tracts is ‘slipped-strand mispairing’ (Levinson and Gutman, 1987). This process has been well
described by Eisen (1999). When slipped-strand mispairing occurs within a microsatellite array
during DNA synthesis, it can result in the gain or loss of one, or more, repeat units depending on
whether the newly synthesized DNA chain loops out or the template chain loops out,

respectively. The relative propensity for either chain to loop out seems to depend in part on the
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sequences making up the array, and in part on whether the event occurs on the leading
(continuous DNA synthesis) or lagging (discontinuous DNA synthesis) strand (Freudenreich et
al., 1997). SSR allelic differences are, therefore, the results of variable numbers of repeat units
within the microsatellite structure. The repeated sequence is often simple, consisting of two,
three or four nucleotides (di-, tri-, and tetranucleotide repeats, respectively). One common
example of a microsatellite is a dinucleotide repeat (CA)n, where n refers to the total number of
repeats that ranges between 10 and 100. These markers often present high levels of inter- and
intra-specific polymorphism, particularly when tandem repeats number is ten or greater (Queller

etal., 1993).

PCR reactions for SSRs is run in the presence of forward and reverse primers that anneal at the
5" and 3" ends of the template DNA, respectively. PCR fragments are usually separated on
polyacrylamide gels in combination with AgNO; staining, autoradiography or fluorescent
detection systems. Agarose gels (usually 3%) with EtBr can also be used when differences in
allele size among samples is larger than 10 bp. However, the establishment of microsatellite
primers from scratch for a new species presents a considerable technical challenge. Several
protocols have been developed (Bruford et al., 1996; McDonald and Potts, 1997; Hammond et
al., 1998; Schiotterer, 1998) and details of the methodologies are reviewed by different authors
(e.g., Chambers and MacAvoy, 2000; Zane et al., 2002; Squirrell et al., 2003). A review by Zane
et al. (2002) describes some of the technical advances that have been made in recent years to
facilitate microsatellite development. They cover a range of methods for obtaining sequences

rich in microsatellite repeats (some of which can be undertaken in a matter of days), and also
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highlight the availability of companies who will undertake the construction of enriched

microsatellite libraries as a commercial service.

According to Roder et al. (1998) the development of microsatellite markers involves several
distinct steps from obtaining the library to developing a working set of primers that can amplify
polymorphic microsatellite loci. These include:

(1) Microsatellite library construction,

(ii) Identification of unique microsatellite loci,

(iii) Identifying a suitable area for primer design,

(iv) Obtaining a PCR producf,

(v) Evaluation and interpretation of banding patterns,

(vi) Assessing PCR products for polymorphism,

SSR primers are developed by cloning random segments of DNA from the target species. These
are inserted into a cloning vector, which is in turn, implanted into Escherichia coli bacteria for
replication. Colonies are then developed, and screened with single or mixed simple sequence
oligonucléotide probes that will hybridize to a microsatellite repeat, if present on the DNA
segment. If positive clones for microsatellite are obtained from this procedure, the DNA is
sequenced and PCR primers are chosen from sequences flanking such regions to determine a
specific locus. This process involves significant trial and error on the part of researchers, as

microsatellite repeat sequences must be predicted and primers that are randomly isolated may not

display polymorphism (Queller et al., 1993; Jarne and Lagoda, 1996).
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The next step is to select the best candidate markers and then to optimize conditions for their
amplification. Optimization of microsatellite systems involves a more or less comprehensive
survey of PCR conditions for amplification of candidate loci. The objective here is to adequately
balance the often conflicting requirements for high specificity and high intensity of amplification
products. Thus, the issue of signal strength and purity remains the primary focus. Other
considerations include obtaining products from various loci with non-overlapping ranges of
allele sizes, which can be amplified with similar efficiency under a standard set of conditions and
enables multiplexing for high throughput analysis (Schlotterer, 1998). Microsatellite loci are
more common in some organisms than in others, and screening may produce few useful loci in
some species (Cooper, 1995). The efficiency of microsatellite marker development depends on
the abundance of repeats in the target species and the ease with which these repeats can be

developed into informative markers.

During isolation of plant microsatellites, about 30% of the sequenced clones, on average, can be
lost due to the absence of unique microsatellites. Of those sequences that contain unique
microsatellites, a number of the clones in a library can contain identical sequences (and hence
there is a level of redundancy) and/or chimeric sequences (i.e., one of the flanking regions
matches that of another clone). At each stage of SSR development, therefore, there is the
potential to lose loci, and hence the number of loci that will finally constitute the working primer
set will be a fraction of the original number of clones sequenced (Squirrell et al., 2003). The
conversion of microsatellite-containing sequences into useful markers can be quite difficult,
especially in species with large genomes (Smith and Devey, 1994; Kostia ef al., 1995; Roder et

al., 1998; Pfeiffer et al., 1997; Song et al., 2002). The low conversion rates of primer pairs to
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useful markers in these species are due to the high level of repetitive DNA sequences in their
genomes. The recovery rate for useful SSR primers is generally low due to different reasons:

a) The primer may not amplify any PCR product,

b) The primer may produce very complex, weak or nonspecific amplification patterns,

c¢) The amplification product may not be polymorphic,

Loci containing tri and tetra-nucleotide repeat arrays are preferred rather than dinucleotide arrays
because the formér frequently give fewer “stutter bands” (multiple near-identical ‘ladders’ of
PCR products which are one or two nucleotides shorter or longer than the full length product;
(Hearne et al., 1992; Diwan and Cregan, 1997). Thus, allele sizing is less error prone using tri-
and tetra-nucleoti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>