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Abstract We have constructed a genetic linkage map
within the cultivated gene pool of cowpea
(2n"2x"22) from an F

8
recombinant inbred popula-

tion (94 individuals) derived from a cross between the
inbreds IT84S-2049 and 524B. These breeding lines,
developed in Nigeria and California, show contrasting
reactions against several pests and diseases and differ in
several morphological traits. Parental lines were
screened with 332 random RAPD decamers, 74 RFLP
probes (bean, cowpea and mung bean genomic DNA
clones), and 17 AFLP primer combinations. RAPD
primers were twice as efficient as AFLP primers and
RFLP probes in detecting polymorphisms in this cross.
The map consists of 181 loci, comprising 133 RAPDs,
19 RFLPs, 25 AFLPs, three morphological/classical
markers, and a biochemical marker (dehydrin). These
markers identified 12 linkage groups spanning 972 cM
with an average distance of 6.4 cM between markers.
Linkage groups ranged from 3 to 257 cM in length and
included from 2 to 41 markers, respectively. A gene for
earliness was mapped on linkage group 2. Seed weight
showed a significant association with a RAPD marker
on linkage group 5. This map should facilitate the
identification of markers that ‘‘tag’’ genes for pest and
disease resistance and other traits in the cultivated gene
pool of cowpea.
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Introduction

Cowpea [»igna unguiculata (L.) Walpers] is an impor-
tant food legume in Sub-Saharan Africa, Brazil and
India, where it is grown in semi-arid regions, usually
intercropped with cereals (sorghum or millet) but also
in rotation as a sole crop. Cowpea is valued for its high
protein content and is consumed as dry seeds, fresh
southernpeas, green pods, or leaves. The residues of the
plant are used in animal feeding.

Cowpea is a member of the genus »igna Savi.,
which belongs to the tribe Phaseoleae. This tribe
also contains the common bean (Phaseolus vulgaris)
and the mung bean (»igna radiata) among other
legumes of economic importance. The latest taxonomic
treatment of »igna (Maréchal et al. 1978) places
cowpea in subg. »igna sect. Catiang, a section endemic
to Africa. Cultivated cowpea consists of three main
cultigroups: cv-gr unguiculata (cowpea), cv-gr biflora
(catjang) and cv-gr sesquipedalis (yard-long or aspara-
gus bean).

A major finding in genetic diversity studies in cow-
pea has been the genetic bottleneck induced by domes-
tication 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 et al. 1993; Panella et al. 1993). The total
genetic diversity in cultivated cowpea reported from
these studies was lower than that reported in many
other crops (Doebley 1989). Since the first traits were
described in cowpea (Harland 1919), many morpho-
logical and disease resistance loci have been identified
(Fery 1980, 1985 for reviews). However, prior to 1993
only a few reports of genetic linkage in cowpea were
found in the literature. A cowpea linkage map was
developed from a cross between an improved cultivar
and a putative wild progenitor type (»igna unguiculata
ssp. dekindtiana). 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. 1993).

Construction of genetic maps based on wide crosses
have the disadvantage of identifying loci that may be
polymorphic only between more divergent genotypes
but not between more closely related genotypes, espe-
cially the ones of interest. Molecular maps based on
crosses involving wild progenitors have also little direct
application in breeding programs that usually exploit
intraspecific variation within cultivated forms. A gen-
etic linkage map constructed from a cross within the
cultivated gene pool would, therefore, be most desir-
able. The low level of polymorphism at the isozyme
level within the cultivated cowpea revealed by the stud-
ies described previously, in addition to their low num-
ber, precludes the use of that type of marker in any
cowpea mapping study. Although RFLP markers re-
main extremely useful, they have failed to detect
enough polymorphism in intraspecific crosses of crops
with low genetic diversity (e.g., Foolad et al. 1993).
Alternative molecular markers showing higher level of
polymorphisms among closely related genotypes in-
clude microsatellites (Akkaya et al. 1995), RAPDs
(Williams et al. 1993), minisatellites (Sonnante et al.
1994) and, most recently, AFLPs (Vos et al. 1995).

The objective of the present study was the develop-
ment of a genetic map of cowpea based primarily on
RAPD and AFLP markers in a cross within the culti-
vated gene pool.

Materials and methods

Plant material

A recombinant inbred population of 158 individuals in the F
8

was
developed by single-seed descent from a cross between two ag-
ronomically contrasting breeding lines (Table 1), ‘‘IT84S-2049’’ and
‘‘524B’’. IT84S-2049 is an advanced breeding line developed at IITA
in Nigeria for multiple disease and pest resistance and has been
shown to have resistance to several races of black-eyed cowpea
mosaic virus (R. O. Hampton, personal communication 1994) and to
virulent root-knot nematodes in California (Roberts et al. 1996).
Line 524B is a California black-eyed type that shows resistance to
Fusarium wilt and was developed by one of us (A.E.H.) at the

Table 1 Morphological traits scored in the parental lines and
F
8

recombinant inbreds in the field

Trait IT84S-2049 524B

Flower color! White Tinged
Pod color Purple tips Green tips
Petiole pigmentation Intense red Light red
Pod position Drooping Erect
Internode length Long Short
Nodal position of 145 flower 10 5
Seed weight (100 seed) 13.2 27.1

!Phenotypes scored in the F
8
included white, tinged, pale purple and

dark purple

University of California, Riverside, from a cross between California
cultivars CB5 and CB3, which encompasses the genetic variability
available in cowpea in California.

Analysis of morphological/classical/biochemical traits

The recombinant inbred population, consisting of 158 individuals in
the F

6
generation, was planted under wide-spaced field conditions in

the summer of 1992. Parental lines and progeny were grown in rows
of ten plants each, but only one plant per line was scored for flower
color, pod color, nodal position of the first flower, and pod position
for all 158 lines. Only data from a subset of 94 randomly chosen
recombinant inbred lines were used in the linkage analysis. The
weight of 100 seeds was also measured for the same subset of 94
lines. The segregation of the dehydrin protein in the subset of 94
lines was detected by immunoblotting as described by Ismail et al.
(1997).

DNA extraction and RAPD analysis

Plants were maintained in dark conditions for 3 days prior to
harvesting leaf tissue. Total DNA was extracted from approximately
5 g of frozen leaf tissue from 94 randomly chosen F

8
recombinant

inbred lines following a modification of Dellaporta (1983) as de-
scribed by Dr. N. Young (personal communication). Three-hundred
and thirty two random 10-mer primers (Operon kits A, B, C, D, E, F,
I, K, M, P, S, W, X, Y, Z, AD and primers G5, G19, H8, H15, J1, J9,
J12, J20, N9, O15, T11, and U10) were used for PCR amplifications.
The amplification reaction contained 15 ng of total genomic DNA;
1]buffer (50 mM KCl; 10 mM Tris-HCl pH 9.0; 0.1% Triton X-
100); 0.4 lM of primer; 25 lM of each dNTP; 2 mM of MgCl

2
and

1 Unit of ¹aq polymerase (Promega, Madison, Wis.) in a total
reaction volume of 25 ll. DNA sequences were amplified using
a 96-well Twinblock (Ericomp) thermal cycler with the following
cycling parameters: 1 cycle at 94°C for 2 min; 3 cycles of: 1 min at
94°C, 1 min at 35°C, 2 min at 72°C; 32 cycles of: 10 s at 94°C, 30 s at
35°C, 1 s at 35°C, 1 min at 72°C; and 1 cycle of 5 min at 72°C. After
amplification, 5 ll of gel loading buffer was added to each sample
and the products (15 ll) were separated by electrophoresis at 100 V
for 8—12 h on a 10% (30 : 0.8) polyacrylamide gel (16]20]0.1 cm)
(Biorad, Hercules, Calif.), stained for 20 min (0.5 ll/ml of ethidium
bromide), and photographed under UV light.

RFLP analysis

Genomic DNA from parental lines and 69 F
8

recombinant inbred
lines (6—8 lg) was digested with eight restriction enzymes (EcoRV,
EcoRI, HindIII, HaeIII, BclI, BstNI, DraI and XbaI) according to
the manufacturer’s instructions (GIBCO-BRL, New England Bio-
labs). Southern transfer was performed as described in Nodari et al.
(1993).

Pre-hybridization and hybridization of filters with 32P-labeled
probes (Feinberg and Vogelstein 1983) were performed at 65 °C in a
Robbins Scientific Incubator in a solution containing 7.5% SDS,
5% SSPE and 1/100 (v/v) of salmon sperm. Washes were done at
increasing stringency: two washes of 15 min each in 2]SSC, 0.1%
SDS at room temperature, and a last wash at 60°C in 2]SSC, 0.1%
SDS for 30 min for heterologous probes (bean and mung bean
genomic sequences), or two washes of 30 min each in 0.1]SSC,
0.1% SDS for cowpea genomic probes. X-ray film was then exposed
to blots for 2—12 days at !70°C with intensifying screens. Under
these conditions membranes could be re-used up to eight times after
stripping the previous probe by two washes at 42°C in 0.4 N NaOH
and 0.1]SSC, 0.5% SDS, 0.2 M Tris pH 7.5, respectively.
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AFLP analysis

AFLP analysis was conducted on the same set of 69 lines as de-
scribed by Vos et al. (1995) with the following modifications. The
first selective pre-amplification reaction was performed with 5 ll of
template DNA using 75 ng each of the EcoRI#1 primer and the
MseI#1 primer and 1 unit of ¹aq polymerase (Promega, Madison,
Wis.) in a total volume of 50 ll. The cycle profile was 30 cycles of 30 s
at 94°C, 30 s at 60°C and 60 s at 72°C. Amplification products were
diluted 1 : 8 in TE 0.1 (10 mM Tris-HCl, 0.1 mM EDTA) pH 8.

For the second amplification, 12.5 ng of an EcoRI primer with
three selective nucleotides was end-labeled with [32P]dATP and T4
polynucleotide kinase (Pharmacia). The amplification cocktail con-
tained 2 ll of template DNA from the diluted first-amplification
product, 0.4 units of ¹aq polymerase (Promega), 0.4 mM of dNTPs,
6.25 ng of labeled EcoRI#3 primer, 23.75 ng of unlabeled
EcoRI#3 primer, and 30 ng of MseI#3 primer in a 20-ll total
reaction volume (in addition to the other components which were
unchanged from Vos et al. 1995). A ‘‘touch-down’’ PCR was conduc-
ted in a PE-9600 (Perkin Elmer) thermocycler. After 1 cycle of 30 s at
at 94°C, 30 s at 65°C and 60 s at 72°C, the temperature was lowered
0.7°C in each cycle during 11 cycles and was followed by 24 cycles of
30 s at 94°C, 30 s at 56°C and 60 s at 72°C. The reaction products
were analyzed on 5.5% denaturing polyacrylamide (19 : 1) gels with
7 M urea in 1]TBE buffer. Electrophoresis was performed at a con-
stant power, 70 W, for approximately 1.5 h on a 31]38.5-cm gel
apparatus (Gibco BRL, Alameda, Calif.). In order to increase the
resolution of low-molecular-weight fragments. 2]TBE was used as
a lower running buffer for some primer combinations. Gels were
placed for 2 h at 80°C in a gel dryer (Biorad, Hercules, Calif.). This
was followed by exposure of an X-ray film to the gel overnight.

Identification of clones and primers revealing polymorphisms
and locus nomenclature

Primers revealing polymorphisms were identified as those consis-
tently showing different banding patterns in at least two different
amplification events. These primers were then used to amplify a set
of eight recombinant inbreds lines of the IT84S-2049]524B popula-
tion. If the polymorphism was consistent with the parental pheno-
types, the rest of the population was screened. Polymorphic RAPD
fragments of decreasing molecular weight were alphabetically
labeled with an additional lower-case letter. The 123-bp ladder
(Gibco, BRL) and kDNA cut with EcoRI and HindIII were used as
the fragment size-markers.

Cloned DNA probes were hybridized to blots containing indi-
vidual restriction enzyme-digests of total genomic DNA from the
two parents. Probes revealing polymorphisms were identified as
those detecting differences between the parents in banding patterns
with at least one of the eight enzymes tested. When the same probe
detected more than one locus, fragments of decreasing size were
labeled alphabetically with an additional lower-case letter.

AFLP fragments were generated from 17 primer combinations:
S02 (AAC), S05 (ACA), and C01 (AGT) as Eco#3, and G01 (AAG),
G04 (AGA), G06 (AGC), G19 (GTA), G14 (GAC) and G05 (AGG)
on the MseI#3 side (Vos et al. 1995). However, only primer
combinations that showed three or more polymorphic fragments
were used to screen the progeny. Polymorphic fragments detected
with the same primer combination were labeled alphabetically with
an additional lower-case letter. Molecular weights were calculated
by running a [32P]dATP-labeled sequencing ladder (Sequamark,
Research Genetics) on the denaturing polyacrylamide gels.

Segregation and linkage analysis

Segregation of individual markers was analyzed by a chi-square test
for goodness-of-fit to a 1 : 2 : 1 or 3 : 1 ratio. Linkage analysis of the

entire set of markers was performed using MAPMAKER 3.0b
(Lander et al. 1987). To identify linkage groups, pairwise compari-
sons and grouping of markers were performed using the ‘‘Group’’
command under the following conditions: (1) recombination fre-
quency below 30% and (2) LOD score equal to or above 3.0. To
establish the most-likely order within each linkage group, the
‘‘Order’’ command was used based on three-point linkage data with
the above mentioned linkage criteria, an initial window size of 5 and
3, and an exclusion threshold of 3.0 LOD score units. The markers
placed by this procedure in each linkage group were labeled frame-
work markers (in bold type in Fig. 1). Additional, non-framework
markers were placed at a threshold LOD score between 2 and 3 (in
normal type in Fig. 1). The orders were confirmed by permuting all
adjacent markers by the ‘‘Ripple’’ function (window size of 5 and
3 for large and small linkage groups, respectively). Markers that
could not be placed on a linkage group at a LOD threshold above
2.0 (but appear to be linked to this group based on two-point linkage
data), were listed below the respective linkage group (Fig. 1). Re-
combination fractions were converted into map distances in centi-
morgans (cM) using the Kosambi (1944) mapping function.

Chi-square analyses to detect linkage relationships between mo-
lecular markers and morphological traits were performed using
PROC FREQ of SAS (1988). Traits associated with markers at the
P(0.001 level were then analyzed with MAPMAKER as described
above. A regression analysis of seed weight and nodes to first flower
on all molecular markers was performed using the PROC GLM
procedure in SAS (1988) and a significance level of P(0.001.
Duncan’s tests were used to test for differences in means of genotypic
marker classes.

Results

Segregation of markers

Three-hundred and thirty two random 10-base RAPD
primers (Fig. 2) were screened in amplification reac-
tions using DNA isolated from parents IT84S-2049 and
524B, and their F

8
recombinant inbred population

consisting of 94 lines. Of these primers, 269 resulted in
the amplification of a total of 1522 scorable fragments
(average of 5.7 scorable fragments/primer). The level of
polymorphism was low in our intraspecific cross. Only
12% of the fragments appeared initially to show differ-
ences between our parental lines and only 9% of the
fragments were eventually mapped. The other frag-
ments were discarded due to lack of reproducibility,
lack of segregation, or difficulties in scoring the
F
8

population (Table 2).
RAPD fragments ranged in size from 225 bp to 2 kb.

The number of ‘mappable’ markers generated from
a single primer ranged from 1 to 3 with an average of
1.4 polymorphic fragments/polymorphism-detecting
primer. The average number of fragments revealed by
polymorphism-detecting primers was slightly greater
than in the general population of primers (7.7 frag-
ments/primer). Segregation ratios that significantly de-
parted from the expected ratio at the 5% level were
observed in 19 loci (14%). Most RAPDs segregated in
a dominant manner although a small proportion of
them showed co-dominance (5.3%). Polymorphic loci
identified by the same primer mapped, in general, in
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Fig. 1 Map of ». unguiculata. Linkage group numbers are indicated
at the top. Cumulative Kosambi map distances are indicated at the
left side of each marker. »ertical bars to the right of each linkage
group indicate multiple orders with log-likelihood-differences less
than 2.0 units. The D- and M-prefixes indicate RFLP loci detected
by P. vulgaris and ». radiata genomic clones, respectively. The P-
prefixes indicate RFLP loci detected by ». unguiculata genomic
clones. The O-prefixes indicate RAPD loci detected with Operon
Technologies primer. Morphological traits are Pt and Pod position.
Chi represents the locus for chitinase. Markers indicated in bold
represent framework markers for which a gene order with a LOD
threshold value of 3.0 or above could be identified. The order of
markers in normal type had a LOD value between 2.0 and 3.0.
Markers listed below linkage groups appeared linked to the linkage
group based on two-point linkage data, but LOD values of gene
orders based on three-point data were below 2.0. ‘‘*’’ identify loci
with distorted segregation (P(0.05)

different linkage groups with four exceptions: on link-
age group 1 (LG1), OI2a and OI2b and OZ13a and
OZ13b; on linkage group 2: OM11a and OM11b and
OW1a and OW1c.

Sixty five heterologous (47 from common bean and
18 from mung bean) and seven cowpea random
genomic probes plus two additional cloned gene se-
quences were successfully tested on the two parental
DNAs digested individually with eight restriction en-
zymes. Of the 92 putative loci identified by these DNA
probes, 24% appeared initially to show RFLPs be-
tween the parental lines, but because of scoring difficul-
ties only 21% were eventually mapped (Table 2). The
greatest number of RFLPs were identified after diges-
tion with EcoRV (Fig. 3). Of the clones that revealed
polymorphism, a majority (16/20) detected a polymor-
phism between the parental genotypes with only one of

1213



Fig. 2 Amplification reaction
using Operon primer Z8 and
parental and progeny template
DNAs. The molecular-weight
marker (M) is a 123-bp ladder
and the sizes of the marker
fragments (in bp) are given on the
left. Parental lines correspond to
the two lanes on the right: (I)
stands for IT84S-2049 and (B)
stands for 524B. Scored
fragments are indicated by
arrows on the right with their
molecular weights. A negative
control (without DNA) is
indicated by ‘‘C-’’

Table 2 Levels of polymorphisms detected between two inbred lines
of cowpea (». unguiculata) with different types of molecular markers

Type of No. of No. of Proportion of Proportion
marker probes or presumed polymorphic mapped

primers loci loci

RAPD 332 1522 0.12 0.09
RFLP 72 92 0.24 0.21
AFLP 17 220 0.12 0.11

the eight restriction enzymes tested. Only one probe
identified polymorphisms with two restriction enzymes,
and three probes detected polymorphisms with more
than three enzymes. This observation suggests that
point mutations at restriction sites are the primary
cause of polymorphisms in cowpea and is in contrast
with the situation in common bean where a majority of
the RFLPs could be attributed to insertion/deletions
(Nodari et al. 1992). The majority of the random
genomic probes hybridized to a single fragment, as
expected with single-copy clones (Nodari et al. 1993),
and, with few exceptions (D1301a, D1301b, and
D1711a), they segregated in a co-dominant manner.

Analysis of the fragment patterns generated with the
four AFLP primer combinations (Fig. 4) gave informa-
tion for 25 loci (out of a total of 220 loci assayed). The
proportion of polymorphic loci was therefore similar
to that for RAPDs (12%) (Table 2). AFLP fragments
ranged from 65 to 600 bp in size and the number
of polymorphic loci varied from 3 to 12 depending
on the primer combination. The average number of
fragments/primer combination was 55 with a range
from 32 to 69.

Linkage analysis

Segregation analyses were conducted on 181 markers.
Of these, 179 (99%) could be assigned to 12 linkage
groups by two-point linkage data. Further analysis
with three-point linkage data generated a framework
map with 101 marker loci placed at a log-likelihood
threshold of at least three units (in bold type in Fig. 1).
An additional 57 marker loci were placed at log-
likelihood threshold values between two and three
(in normal type in Fig. 1). Based on the same three-
point data, 21 marker loci could not be ordered on
their respective linkage group at log-likelihood values
above two, although they were attached to these link-
age groups by two-point data (markers listed under-
neath linkage groups in Fig. 1).

Our map covers 972 cM. There are seven linkage
groups of 50 cM or more, and five smaller linkage

Fig. 3 Autoradiograms of Southern blots of genomic DNA, digested
with EcoRV, of parental lines and segregating progeny of the cross of
IT84S-2049 and 524B hybridized with common bean genomic clone
D1711. Alleles are designated a and b
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Fig. 4 AFLP fingerprint of parental lines IT84S-2049 (I) and 524B
(B) and 20 F

8
RILs with primer combination S05G04

(EcoRI#ACA/MseI#AGA). Scored fragments are indicated by
arrows on the right with their molecular weights on the left

groups ranging from 3 to 30 cM. The number of
markers per linkage group ranged from 2 to 41. The
longest group spans 257 cM while the shortest group’s
length is 3 cM. Among linkage groups the average
distance between two markers varied from 2 to 14 cM.
The average linkage distance between pairs of markers
among all linkage groups was 6.4 cM. Approximately
three quarters of the intervals were smaller than 10 cM.

The 19 RFLP loci were distributed in six linkage
groups: 4 in LG1, 4 in LG2, 1 in LG3, 1 in LG4, 1 in
LG6, 2 in LG7, 3 in LG10, 1 in LG11, 1 in LG12
(Fig. 1). One cloned sequence and one morphological
trait, pod position, remained unassigned. This observa-
tion, together with the discrepancy between the haploid
chromosome number (n"11) and the current number
of linkage groups (12), suggests that additional markers
should be mapped to fill the gaps between linkage
groups and unassigned markers.

Segregation and mapping of genes controlling
morphological and biochemical traits

The presence of anthocyanin in pods is conditioned by
a single gene P where purple pigmentation of the pods
is dominant over green pods (Harland 1920). Several
P-locus alleles have been described, among which

P
t
produces a green pod with a purple tip. IT84S-2049

carries the recessive allele without pigmentation. Pres-
ence or absence of purple tips on pods segregated
according to a 1 : 1 ratio in the F

6
generation

(s2"2.72, P"0.09) and the P locus mapped on LG1
(Fig. 1). Singh and Jindla (1971) showed that erect pod
attachment is dominant to drooping pod attachment
and conditioned by a single gene. Fery (1980) suggested
that this gene be designated Er. When plants are young,
line 524B shows erect pods while IT84S-2049 bears
drooping pods. The traditional pod-erect trait found in
all members of cultigroup biflora is not present in 524B
as pods tend to bend as plants mature, so we are
dealing with a different locus. This locus showed dis-
torted segregation from the expected 1 : 1 ratio
(s2"6.26, P"0.025) and although it showed signifi-
cant associations to markers in LG1 with the s2 analy-
sis, linkage could not be confirmed using MAP-
MAKER and it remains unassigned.

Flower color showed significant associations with
markers on LG3 and LG1, suggesting that flower color
may be conditioned by two different genes in this par-
ticular population. The presence of anthocyanin in the
flowers is dependent on the presence of the general
color factor C, which mapped on LG1 (Fig. 1). The
presence and extent of development of anthocyanin are
associated with seed coat color and pattern (Fery 1980).
However, we did not observe the expected associations
in our mapping population.

The number of nodes to first flower is an indirect
measure of earliness as it is positively correlated with
the number of days to first flower in cowpea for geno-
types that begin flowering on the main stem (Ehlers and
Hall 1996). The number of nodes to first flower was
mapped on LG2 in an interval spanning 26 cM around
RFLP marker locus D1301a, which showed the largest
association with this trait (21% of the phenotypic vari-
ation observed for that trait). Seed weight is a highly
heritable trait in cowpea with published heritability
estimates averaging 68% (Fery 1985). Variation for
seed weight (but only 9%) could be associated with
RAPD marker locus OB6a on LG5. The consistency of
the quantitative trait loci identified for both the num-
ber of nodes and seed weight needs to be investigated in
further experiments.

Finally, a 35-kDa dehydrin protein was mapped at
one end of LG7 (Fig. 1). This protein has been asso-
ciated with chilling tolerance during the emergence of
cowpea (Ismail et al. 1997). Parent 524B, a breeding line
developed in temperate to subtropical climatic condi-
tions, expresses this protein, whereas parent IT84S-
2049, developed under tropical conditions, does not.

Discussion

The set of 47 bean probes were selected because they
represented single-copy sequences, evenly distributed
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along the P. vulgaris map (Nodari et al. 1993). Based on
the mapping of the loci detected with these Phaseolus
probes and the »igna probes, together with the in-
formation available on the correspondence between the
mungbean and common bean maps (Boutin et al. 1995),
we can tentatively relate parts of the cowpea linkage
map with those of the common bean map. This com-
parison is based only on the presence of a limited
number of RFLP markers and therefore should be
interpreted cautiously. The correspondence is as fol-
lows: LG1 of cowpea to D5 of common bean; LG2 to
D2 and D5; LG3 to D7; LG4 to D3; and LG6 to D6.
Three small linkage groups, 10, 11 and 12, correspond
to common bean D4, D3 and D8 respectively.

RAPDs were relatively more efficient for mapping
markers than RFLPs (Table 2). We averaged close to
one polymorphism for every two RAPD primers tested
(137/332) and less than one polymorphism for every
four RFLP probes (16/72). AFLPs were not signifi-
cantly different from RAPDs in terms of polymorphism
(12%), but a more extensive AFLP study should be
conducted to confirm these results. The efficiency of the
AFLP screen was low (only 4 out of 17 primer combi-
nations showed polymorphism) and similar to RFLPs,
but this is clearly dependent on the primer combina-
tions that are used because they can exhibit large differ-
ences in the level of polymorphism revealed.

The inheritance pattern of the 181 markers analyzed
in the F

8
population followed the expected 1 : 1 ratio in

82% of the cases. A small fraction of the markers
deviated significantly (P"0.05) from the 1 : 1 ratio.
The proportion of IT84S-2049 alleles was slightly high-
er (0.542) than that of the 524B alleles (0.458). For the
33 markers on LG1, 9 markers at one end showed an
excess of 524B alleles whereas the 10 markers with
distortion at the other end showed an excess of IT84S-
2049 alleles. Similar proportions of distorted segrega-
tion had been found in rice (18.8%, McCouch et al.
1988), but higher proportions of distorted segregation
were reported in a wild ] cultivated cowpea cross
(22%, Menancio-Hautea et al. 1993) and in potato
(25%, Gebhardt et al. 1989). Clustering of markers with
distorted segregation had been previously reported for
several crops including lettuce (Kesseli et al. 1994),
common bean (Nodari et al. 1993), barley (Heun et al.
1991) and potato (Bonierbale et al. 1988).

The comparison of mapping parameters between the
previous cowpea map (Fatokun et al. 1993) and the
present results is conditioned by the different nature of
the crosses (intra- vs inter-subspecific) and the popula-
tions used (F

2
vs F

8
) which will affect mapping distan-

ces. The present cowpea map spans 972 cM vs 684 cM
for the earlier map, and has an average distance of
6.4 cM instead of 7 cM. The maps differ also in the type
and proportion of the different markers used. The ma-
jority of the markers mapped in the inter-subspecific
cross were RFLPs (93%) and only a small proportion
were RAPDs (5%). In our cross, 74% of the markers

mapped were RAPDs and this was due to the higher
level of polymorphism revealed by RAPDs compared
to RFLPs (only one-fourth of the RFLP probes were
polymorphic versus one-half of the RAPD primers). In
addition, maps developed from crosses between cul-
tivars are most useful for breeding applications as they
identify markers that are polymorphic within the culti-
vated gene pool, and are therefore more likely to be
present in other cultivated ] cultivated crosses used by
breeders. Our mapping of the C and Dehydrin loci
illustrate the potential of this map for locating genes of
agronomic interest. Maps based on wide crosses are
also more likely to exhibit a reduction in genetic distan-
ces due to impaired pairing and recombination, and
segregation distortion due to reduced viability and
fertility. In addition, the quick and easy assays possible
with RAPDs are a significant advantage for breeding
purposes.

In conclusion, we have developed the first map for
cowpea within the cultivated gene pool. The develop-
ment of this map was facilitated by the adaptation of
the RAPD technology to cowpea with the use of sensi-
tive detection methods (use of polyacrylamide gels). An
extensive AFLP analysis could be used to saturate the
current map given the large number of loci screened per
reaction. However, a prior selection of polymorphic
primer combinations would be necessary to increase
efficiency. This low-density map can be used to map
several disease- and pest-resistance traits and other
phenotypic traits segregating in this population.
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