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  Abstract 
 

In this article, the results of the genetic analysis of the nature of inheritance and diversity of 
the hybrid collection F1, F2 and parental forms of the species of Vigna unguiculata by means of the 
RAPD- and SCAR-analysis are presented.  

As a result of estimation of hybrids and their parental forms by means of RAPD-technique and 
morphological description, the conformities between the level of genomic polymorphism and the degree 
of variability of morphological signs have been revealed.  

The molecular genotyping performed using RAPD-markers has given the possibility to reveal 
and describe the genetic heterogeneity, some specificity and generality of DNA-fragments. 6 and 22 
unique amplicons detected in hybrid populations, can be regarded as species- and subspecies-specific 
markers. By means of SCAR-analysis was found also the specific DNA fragments which can be used as 
genetic markers. 

Moreover, RAPD- analysis has allowed finding out the new DNA-fragments, not peculiar to 
the parent forms in various hybrid populations, and to establish the presence of introgressive 
hybridization as well as to trace its dynamics in a number of generations. 

On the basis of the detected polymorphic RAPD-fragments four SCAR primers were created 
and an evaluation of efficiency of these primers for genotyping of the genus Vigna was carried out. 
  

Key words: Vigna unguiculata, RAPD-analysis, SCAR-analysis, hybrid combinations, genetic 
diversity, DNA fragments, polymorphism, generation, introgression. 
 
Introduction  
   

Recently many scientific projects looking into the nature of genetic diversity of genus 
Vigna, and studies of the introgression phenomenon from cowpea, phylogenetic relationships, 
as well as in the ways of phenotypic realization of the genetic information, and use of genetic 
monitoring in breeding and development strategies of conservation have been carried out. 
These directions involve using the molecular techniques (F.S. BA & al. [1], S. COULIBALY 
& al. [2], V. JAASKA [3], K. NKONGOLO [4], N. TOSTI & al. [5], R.Q. XU & al. [6]). 
 The RAPD (Random Amplified Polymorphic DNA) was one of the earliest methods to 
study plant genomes and marking them (S.A. GOSTIMSKY & al. [7], V.V. GRECHKO [8], 
A. RAFALSKI &  al. [9]). Molecular (RAPD) markers allow for quick, cost-saving and 
effective estimation of the genetic variation, similarity, relationship, level of introgression of 
different plant species as compared with the traditional (morphological, cytological) 
estimation methods (F. BARDAKCI [10];  A. KARP & al. [11];  V. SANTOS & al. [12]; YU. 
M. SIVOLAP & al. [13]; E. Z. KOCHIEVA & al. [14]; R. IVGIN & al. [15]). This method 
has been successfully used for the assessment of genetic diversity in the major cultural species 
of subgenus Ceratotropis and Vigna, their wild and weedy groups, as well as for studying the 
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phylogenetic relationships between taxa (F.S. BA & al. [1], K. NKONGOLO [4], R.Q. XU & 
al. [6], A. KAGA & al. [16], M. SANTALA & al. [17], M. MIMURA & al. [18]). 

As subsequently shown, the RAPD-analysis data are quite relative because of the 
method’s sensitivity to the reaction conditions (S.A. GOSTIMSKY & al. [7], V.V. 
GRECHKO [8], A. PAUL & al. [19]). Thus, developing of marker systems free of most 
disadvantages characteristic for RAPD-markers is needed. To overcome the reproducibility 
problem associated with the RAPD technique, the unique locus-specific SCAR-markers 
(Sequence Characterized Amplified Region) were developed. SCAR-markers are usually 
codominant, less sensitive to reaction conditions, more informative and effective than RAPD-
markers (S.A. GOSTIMSKY & al. [7], J. SOUFRAMANIEN & al. [20], D. SPOONER & al. 
[21], I. PARAN & al. [22]). 

SCAR-markers have been successfully used for the identification and mapping of 
resistance genes against various diseases in some species of the genus Vigna. Thus, several 
authors developed SCAR-markers based on AFLP-fragments, linked in coupling with Rsg1, a 
gene that gives resistance to parasitic weed Striga gesnerioides (Willd.) Vatke (O. BOUKAR 
[23]). In another study, Souframanien and Gopalakrishna [20] developed ISSR-marker linked 
to the MYMV resistance gene (mungbean yellow mosaic virus) in Vigna mungo which was 
used in designing effective SCAR-primers. 

In addition, SCAR-analysis was used by many authors in studies of genetic diversity 
and genetic relationships, both within and between taxonomic groups of different genera of 
plants, such as: Lactuca, Triticum, Agrostis, Momordica, Rubus (A. PAUL & al. [19], I. 
PARAN & al. [22], P. HERNANDEZ & al. [24], A.S. ELIZABETH & al. [25], J.G. 
PARENT & al. [26]). 

As a consequence, widespread use of specific SCAR-analysis led to the development 
the most exhaustive and effective SCAR-primers, which are purposefully used for 
identification of the locus-specific and codominant markers (P. HERNANDEZ & al. [24], 
B.I. REISCH & al. [27], N. BARBACAR & al. [28], L.E. GUNTER & al. [29]). It has 
provided the possibility to map the genomic regions of interest and allowed for obtaining 
information on the structural-functional organization of genomes of various plants, 
including the genus Vigna. 

The aim of this study was to find new effective molecular markers (RAPD and 
SCAR) and use them for exploring of the nature of inheritance and genetic polymorphism as 
well as detect the presence and ratio of genomic introgression in the investigated hybrids of 
the genus Vigna. 
 
Materials and Methods 
 

Four hybrid combinations of F1 and F2, created by the author in the process of 
intraspecific hybridization between representatives of three cultivar-groups (unguiculata, 
cylindrica, sesquipedalis) species Vigna unguiculata subspecies unguiculata,  their parental 
forms and a representative of African cowpea V. unguiculata subsp. unguiculata (№ 46) were 
used in this study (Table 1). 

Genotypes from cultivar-groups unguiculata, cylindrica and sesquipedalis of Vigna 
unguiculata subsp. unguiculata of Catiang section were chosen based on hybrid fertility, 
qualitative and quantitative differences of the selected characters, geographical and ecological 
distance, which opened prospects of obtaining new forms with valuable properties. 
 Total genomic DNA was extracted from fresh young plants of cowpea by the 
technique described by Vallejos (C. E. VALLEJOS & al. [30]) with some modifications 
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followed by additional purification by means of 12 M solution of lithium chloride with 
reducing its final concentration in a solution to 4 M.  

 Polymerase chain reaction was performed in the thermocycler Genset 9700 "Applied 
Biosystems" according to the standard procedure (J. SAMBROOK & al. [31]). The 
commercial 10-mer primers of the family P (-39, -6, -2, -8) were used for RAPD-analysis. 
The amplification was programmed for 45 cycles, which were carried out according to the 
following steps: the first denaturation, 4 min at 95ºС; for 45 consecutive cycles, denaturation 
at 95ºС for 1 min, annealing at 39- 47ºС (depending on the primer) for 1.5 min, extension at 
72ºС for 2 min; and one extension in the last cycle at 72ºС for 7 min. 

Table 1. Representatives of the genus Vigna, used in the study 
№ Code of 

accession 
Accession 

number  
Taxonomic group Place of 

receipt 
(Donor) 

Origin 

1 9 MDI02804 V. unguiculata subsp. unguiculata Moldova – 
2 55 MDI02848 V.unguiculata subsp. unguiculata  

cv.-gr. unguiculata
Belgium – 

3 4 MDI02802 V. unguiculata subsp. sesquipedalis Germany – 
4 14 MDI02808 V. unguiculata subsp. cylindrica USA India 
5 75 MDI02868 V. unguiculata subsp. unguiculata  

cv.-gr. biflora 
Belgium – 

6 46 MDI02839 V. unguiculata subsp. unguiculata Germany Senegal 

7 9x14 F1, 

F2 
 V. unguiculata subsp. unguiculata x V. 

unguiculata subsp. cylindrica 
Moldova Moldova 

8 9x55 F1,  

F2 
 V. unguiculata subsp. unguiculata x V. 

unguiculata subsp. unguiculata  cv.-gr. 
unguiculata 

Moldova Moldova 

9 9x75 F1,  

F2 
 V. unguiculata subsp. unguiculata x 

V.unguiculata subsp. unguiculata cv.-
gr.biflora 

Moldova Moldova 

10 14x4 F1,  

F2 
 V. unguiculata subsp. cylindrica x 

V. unguiculata subsp. sesquipedalis 
Moldova Moldova 

  
Annealing temperature (Tm) was selected for each pair of primers according to the 

formula    TACGTm  24  and was optimized empirically (L. GAVRILĂ [32]).                            
For SCAR-analysis, four SCAR-primers were used, which have been obtained on the 

basis of RAPD fragments: 
1. V1s (5'CCAGTGAAGGAGCCAGAGAAG3'); 
2. V1as (5'GACAGACAGACACACACGCTATA3'); 
3. V2s (5'TGCATCCTCATCCTTTAATCAG3'); 
4. V2as (5'ACTGTGATTGTGCAAGTTC3'). 

Amplification reaction was programmed for 45 cycles in the following conditions: the 
first denaturation at 94ºС for 4 min; for 45 consecutive cycles, denaturation at 94ºС for 1 min, 
annealing at 55ºС for 1 min, extension at 72ºС for 2 min; and one extension in the last cycle at 
72ºС for 7 min. 

The amplification products were loaded on 1.4-1.6% agarose gel and separated by 
electrophoresis in 1x TAE buffer (40 mM Tris-acetat, pH 8.0; 1mM EDTA) with intensity of 
the electric field of 2.5 V/cm (J. SAMBROOK & al. [31]). The Smart Ladder (Eurogentech, 
Belgium) was used as standard molecular weight marker. The gels were visualized on 
transilluminator under UV radiation (wavelength λ=305 nm) after staining with ethidium 
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bromide. The molecular analysis results were photographed through the orange filter with a 
digital camera Canon Power Shot A640. 

PCR product was cloned into pGEM-T Easy vector followed by transformation into 
Escherichia coli (strain DH5α) competent cells using Rapid Legation Kit according to the 
manufacturer's protocol (Promega, USA). 

Sequencing reaction was performed in an automated ABI PRISM sequencer using a 
Big Dye Terminator Cycle sequencing Ready Reaction Kit V2, following the protocols 
supplied by the manufacturer (Amersham, Great Britain) in the laboratory of Plant 
Reproduction and Development (Ecole Normale Supérieure, Lyon, France).  Single-pass 
sequencing was performed on each template using universal T7 and SP6 primers. PCR was 
performed in the thermocycler Genset 9700 "Applied Biosystems" according to the following 
program: 96ºС for 2 min– 1 cycler; 96ºС for 10 sec,  50º С for 15sec, 60ºС for 4 min– 25 
cycles; 4ºС for 5 min – 1 cycler. 

Statistical analysis of experimental data was carried out using Microsoft Office Excel 
2003 and Multalin programs. The genetic polymorphism P was calculated as follows (YU.M. 
SIVOLAP [33]):           

%.100(%) 
locitotal

locicpolymorphi

N

N
P                  

 
Results and Discussions 
 

Investigation of a hybrid collection of genus Vigna at the level of morphological 
characters has revealed the presence of a high level of intraspecific polymorphism. According 
to the type of plants, 4 groups of cowpea were obtained by complex evaluation of the 
generalized characters in F2 hybrid populations: plants of the mother's type, the father's type, 
intermediate and new formations. Estimation of nature of inheritance of some qualitative and 
11 quantitative characters (coloring of a seed and a flower, growth habit, the length of the 
plant and peduncle, the number of branches and pods per plant, weight of seeds per plant, 
height of attachment of the first pod, etc.) was carried out in the obtained F1 and F2 hybrid 
populations. This estimation has shown that the qualitative characters in the first generation of 
cowpea are inherited according to the complete or incomplete dominance type (intermediate 
expression of character) as a result of allelic interaction of genes, as well as by the wild type 
under the action of complementary non-allelic genes. According to the obtained data, 
inheritance of the majority of quantitative characters has the heterotic direction, some 
characters in the separate hybrid combinations are inherited intermediately or have a 
dominant direction. The analysis of the value of heritability coefficients indicate that the 
variability of quantitative characters is due to both genetic and paratypic influences.  

With regard to manifestations of heterosis in cowpea hybrids, both positive and 
negative influences of hybridization on the development of appropriate characters were found. 
In most cases, the manifestation of negative heterosis in F1 gives intensification of character in 
the second generation that cannot be said about the positive heterosis, for which indicators in 
the F2 generation are sharply reduced. It should be noted that the splitting in the existing 
hybrid combinations did not happen equally, and depended on the discrete nature of 
inheritance of traits. 

For more information concerning the characteristics of the hybrid collection we used 
the RAPD-markers. Preliminary screening using four primers of P family has allowed for 
selecting the P-6 primer which yielded clearer and more informative spectra of amplified 
cowpea DNA. In our experiments, some plants of F1, F2 hybrid populations (9х75, 9x55, 
14х4, 9х14) were similar to parental forms, while the majority of hybrids contained new 
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amplified fragments which were not present in parents. In hybrid forms, there were also cases 
missing the DNA-fragments present in parental forms (Fig. 1A and Fig. 1B). These data well 
agree with the results of morphological assessment of the same experimental material. The 
basic zone of separation of the fragments by the primer P-6 settled down in the range from 
150 to 1607 bp is shown in Fig. 1A. A total of 36 RAPD-loci have been revealed (Fig. 1A, 
Table 2). 600 bp and 773 bp general DNA fragments have been observed in spectra of both 
parental forms and in majority of F1, F2 hybrids (9x75 and 9x55), fact that confirms the hybrid 
origin of these combinations (Fig. 1A, Table 2). 

 Simultaneously with the general fragments the RAPD-analysis of DNA of hybrids and 
parents has allowed to reveal 12 polymorphic fragments (Fig. 1A, Table 2). The level of 
polymorphism between all investigated parental genotypes and hybrids averaged 33.33% 
(Table 2). 

Moreover, the RAPD-analysis detected the existing DNA polymorphism between F1, F2 
in separate hybrid combinations and respective parental forms. The highest level of 
polymorphism (50%) was observed between F1 hybrid 9х75 and both parental forms (Table 3). 

 

 
 
Fig.1. The electrophoretic analysis of amplified DNA fragments of four F1, F2 hybrid combinations (9х55 and 
9х75, 14х4 and 9х14) and their parental forms of the species V. unguiculata in 1.4% agarose gel. P-6 primer 
used. M - marker Smart Ladder (Eurogentech, Belgium). A: 1 - V. unguiculata subsp. unguiculata (№ 9 black), 2 
- V. unguiculata subsp. unguiculata cv-gr. biflora (№ 75), 3 - V. unguiculata subsp. unguiculata cv-gr. 
unguiculata (№ 55), 4 -  F1 hybrid 9x55, 5-13 - individual plants of F2 hybrid population 9x55, 14 - F1 hybrid 
9x75, 15-19 - individual plants of F2 hybrid population 9x75. B: 1 - V. unguiculata subsp. unguiculata (№ 9 
black), 2 - V. unguiculata subsp. unguiculata (№ 9 spotty), 3 - V. unguiculata subsp. cylindrica (№ 14), 4 - V. 
unguiculata subsp. sesquipedalis (№ 4), 5 - F1 hybrid 14x4, 6-8 - individual plants of F2 hybrid population 14x4, 
9 -  F1 hybrid 9x14, 10-18 - individual plants of F2 hybrid population 9x14. 
 

In the second generation, as shown in Table 3, the polymorphism between hybrids 
9х75 and parents decreased to 14.28%. This is consistent with the results obtained in the 
study of inheritance of quantitative traits, according to which the positive heterosis observed 
in the F1 9х75 was replaced by pronounced depression in the second generation. In other 
hybrid combination, 9x55, characterized by negative heterosis in F1 and enhancement of the 
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characters in F2, the first generation was marked by 8.33% of polymorphism, increasing up to 
42.11% in the second generation (Table 3). 

 
Table 2. DNA polymorphism of  the intraspecific hybrids F1, F2 and their parental forms of the species Vigna 
unguiculata, revealed by the RAPD-analysis with primer P-6. 

 Number of loci Percentage of 
polymorphism In total common polymorphic specific 

Figure 1A 36 2 12 22 33.33 
Figure 1B 15 4 5 6 33.33 

 
 Along with that, RAPD-analysis revealed fragments that can be considered as specific 
markers. Only 22 specific amplicons have been found (Table 2). The size of the specific 
fragments varied from 150 to 1607 bp  (Fig. 1A). It should be noted that specific fragments 
were detected in all hybrid combinations F1, F2 (9х75 and 9x55) and parental forms, 
indicating the presence of high variability in the initial genotypes and hybrid populations. The 
emergence of new   DNA   fragments  not   found  in  the  parental   forms  is  probably   
explainable  by  the 
 
Table 3. DNA polymorphism of the intraspecific hybrids F1, F2 and their parental forms of the species V. 
unguiculata, revealed by RAPD-analysis with primer P-6 (%). 

Genotype/ hybrid 
combination 

9x55 
F1 

9x55 
F2 

9х75 
F1 

9х75 
F2 

9x14 
F1 

9x14 
F2 

14х4 
F1 

14х4 
F2 

♀ № 9 and ♂№ 55 8.33 42.11       
♀ № 9 and ♂№ 75   50.0 14.28     
♀ № 9 and ♂№ 14     37.50 28.57   
♀ № 14 and ♂№ 4       42.86 11.11 

recombination processes arising at interaction of two genomes, which leads to the formation 
of new combinations of characters in offspring. 
  RAPD-analysis conducted on two other hybrid combinations of F1, F2 (14х4 and 
9х14) and parental forms using primer P-6, revealed a total of 15 loci (Fig. 1B, Table 2). The 
size of accounted amplified fragments ranged from 571 to 1785 bp (Fig. 1B). Four common 
fragment sizes, 1062, 743, 649 and 571 bp, were observed in spectra of majority of the 
investigated hybrids and their parents that assumes commonality of structural and functional 
organization of their genomes (Fig. 1B, Table 2). 
 Besides that, the genetic variability was detected at 5 polymorphic loci within size 
limits of 657-1369 bp (Fig. 1B, Table 2). The overall level of polymorphism detected was 
33.33% (Table 2). Variability of the fragments in the first and second generation of hybrid 
combination of 9x14 changed insignificantly with respect to the parents as compared to the 
previously examined hybrids (9x55 and 9х75) (Table 3). This was not the case for hybrid 
combination of F1, F2 14x4 (Table 3). The highest level of polymorphism in 42.86% and 
37.50%, has been noted for hybrid combination F1 (14x4), as well as F1 (9х14), and their 
parents, respectively (Table 3). Between the hybrid combinations of F2 (9x14 and 14x4) and 
parents, polymorphism was observed at 28.57 and 11.11 % respectively (Table 3). 

Along with the presence of common and polymorphic fragments, several specific 
fragments, characteristic only for individual accessions, have been revealed. Five specific 
RAPD-fragments have been found in F2 hybrid populations of combinations 9x14 and 14x4, 
including one specific fragment for the parent № 4 (Fig. 1B, Table 2). This fact suggests the 
presence of low genetic variability in the initial genotype and hybrid populations. The size of 
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the amplified DNA specific for the above-mentioned six genotypes, ranged from 1141 to 
1785 bp. 
Six unique amplicons detected, can be regarded as species- and subspecies-specific markers. 

SCAR analysis was used for assessing the genetic variety of the hybrid collection and 
the parental forms. Comparing to RAPD, the advantage of SCAR consists in the ability of 
providing specific information about the molecular organization of cowpea genome, as well 
as exact mapping of the identified loci.   

The synthesis of SCAR primers was based on two RAPD fragments: 914 bp, 
identified in V. unguiculata subsp. unguiculata (№9) and 650 bp from V. unguiculata subsp. 
unguiculata (№46), generated during amplification of genomic DNA with the use of P-2 
primer (gACAgACAgACA) (I. BIVOL [34]). After sequencing, the primary structures of 
both fragments were analyzed using Multalin. Differences in 3 nucleotides (position 16, 42, 
and 844) were attested (Fig. 2). 

 

 
 
Fig. 2. Comparative analysis of 2 DNA fragments amplified in different genotypes of Vigna unguiculata using 
Multalin software. 

 
Four SCAR primers (V-1s, V-1as, V-2s, and V-2as) were used. V-1s and V-1as were 

the most efficient for molecular characterization of Vigna sp. These specific primers had the 
size of 21 and 23 nucleotides with the following contents: V-1s – 57% GC, 43% AT and V-
1as – 48% GC, 52% AT. In the analyzed hybrid populations, these markers showed an 
insignificant heterogeneity (1 – 5 fragments) for different hybrid forms and their parents (Fig. 
3A, 3B). 

The diversity of amplified DNA fragments detected in hybrids in many respects 
depends on DNA material of initial parental forms. The recent results revealed that parental 
forms genetically differ from each other (I. BIVOL [34]), which allowed receiving quite 
heterotic material as a result of breeding (Fig. 3A, 3B). As figure 3A shows, the main zone of 
fragments separation is in the range from 194 to 1974 bp. In total 28 SCAR loci, 10 
polymorphic and 18 specific fragments were obtained (Table 4). The polymorphism level 
between all studied parental genotypes and hybrids averaged 35.71 % (Table 4). 

The 672 bp fragment present in the majority of parental genotypes was also detected 
in all hybrid forms of the first generation of both hybrid combinations 9x55 and 9х75 (Fig. 
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3A). It was established that the hybrid combination F1 9x55 has a range of DNA fragments 
similar to maternal genotype and distinct from the paternal one, and the second hybrid 
combination F1 9х75 contains a spectrum analogous to maternal genotype and a common 
fragment of 672 bp, present in both parental forms (Fig. 3A).  

 

 

 
 
Fig. 3. Electrophoresis results of amplified DNA fragments of four F1, F2 hybrid combinations (9х55 and 9х75, 
14х4 and 9х14) of V. unguiculata and their parental forms in 1.6% agarose gel. Primers: V-1s and V-1as. M – 
marker Smart Ladder (Eurogentech, Belgium). A: 1 – V. unguiculata subsp. unguiculata (№9 black), 2 – V. 
unguiculata subsp. unguiculata (№9 spotty), 3 – V. unguiculata subsp. unguiculata cv-gr. biflora (№75), 4 – V. 
unguiculata subsp. unguiculata cv-gr. unguiculata (№55), 5 – F1 hybrid 9x55, 6-14 – individual plants of F2 
hybrid population 9х55, 15 – F1 hybrid 9х75, 16-20 – individual plants of F2 hybrid population 9х75. 
B: 1 – V. unguiculata subsp. unguiculata (№9 black), 2 – V. unguiculata subsp. unguiculata (№9 spotty), 3 – V. 
unguiculata subsp. cylindrica (№14), 4 – V. unguiculata subsp. sesquipedalis (№4), 5 – F1 hybrid 14х4, 6-8 – 
individual plants of F2 hybrid population 14х4, 9 – F1 hybrid 9х14, 10-18 – individual plants of F2 hybrid 
population 9х14. 
 
 As a result of segregation, a more heterogeneous DNA material was detected in the 
second generation, especially for the hybrid combination 9x55 (Fig. 3A, Table 5). Fragments 
characteristic for parental forms (233, 672, 707 bp), as well as 13 new fragments absent in 
parents were revealed in the hybrid combination F2 9x55 (Fig. 3A). Moreover there were 
cases, namely for the hybrid combination 9х75, when hybrids of the second generation did 
not inherit DNA fragments of parental forms (Fig. 3A). 

SCAR-analysis carried out on two other hybrid combinations of F1, F2 (14х4 and 
9х14) and parental forms by means of primers V-1s and V-1as revealed only 19 loci (Fig. 3B, 
Table 4). The size of accounted amplified fragments ranged from 685 to 1033 bp (Fig. 3B). 
Four polymorphic and fifteen specific fragments were detected in the spectra of the studied 
hybrids and their parents (Table 4). The polymorphism level constituted 21.05 % (Table 4).  
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Table 4. DNA polymorphism of intraspecific hybrids F1, F2 and their parental forms of the species Vigna 
unguiculata, detected by SCAR analysis with primers V-1s and V-1as. 

 Number of loci Polymorphism 
percentage Total common polymorphic specific 

Figure 3A 28     – 10 18 35.71 
Figure 3B 19 – 4 15 21.05 

  
It is worth mentioning that the nature of inheritance and variation of DNA fragments 

in hybrid combinations 14х4 and 9х14 (1-2 fragments) differs substantially from the above 
analyzed hybrid combinations 9x55 and 9х75 (1-5 fragments) (Fig. 3A, 3B). The figure 3B 
illustrates that already the first generation of hybrids of both combinations acquire the specific 
fragments  of 963  and 721 bp (9х14),  as well as 935 and 721 bp (14х4),  which are absent in  

 
Table 5. Comparative study of genetic polymorphism  dynamics in hybrids 9x55, 9х75, 9x14 and 14х4 (F1, F2) 
of V. unguiculata and parental forms using the SCAR data with V-1s and V-1as primers, %. 

Genotype/ hybrid 
combination 

9 x 
55 F1 

9 x 
55 F2 

9 х 
75 F1 

9 х 75 
F2 

9 x 
14 F1 

9 x 14 
F2 

14 х 4 
F1 

14 х 4 
F2 

♀ № 9 and ♂№ 55 25.00 47.06       
♀ № 9 and ♂№ 75   0.00 23.08     
♀ № 9 and ♂№ 14     0.00 14.29   
♀ № 14 and ♂№ 4       0.00 33.33 

 
parental forms. In the F2 hybrid combination 14х4 hybrid forms of 2 types were revealed: 1) 
hybrids containing both new DNA fragments (941, 935, 916 and 721 bp), and a fragment of 
paternal form (717 bp); and 2) hybrids not repeating the fragments from the spectra of 
parental 
forms. The F2 hybrid combination 9х14 did not inherit DNA fragments of parental forms and 
acquired new fragments (Fig. 3B). As table 5 shows, DNA polymorphism between these F2 
hybrid combinations and the corresponding parental forms was insignificant, being 
completely absent in the first generation. The highest level of polymorphism of 33.33 % was 
observed between F2 hybrid 14x4 and both parental forms (Table 5). 

 
Conclusions 
 
 Studies of morphological characters and DNA spectra carried out on 4 cowpea 
intraspecific hybrids and their parental forms have revealed concordance between the results 
of both methods. RAPD-analysis of hybrids and parental forms has confirmed the hybrid 
nature of obtained plants at the genomic level with the presence of high level of introgression 
of parental genotypes (especially in hybrids 9x14 and 9x55), on the basis of the detected 
common, specific and polymorphic DNA fragments for initial genotypes and their hybrids. 
 It was found that the dynamics of genomic introgression in a number of hybrids 
generations is depending on hybrid combination. DNA fragments of the parental forms, 
detected in the first generation, and also additional parental fragments were observed in 
hybrids with high levels of introgression (9x14 and 9x55) in the second generation. Opposite 
results were observed in hybrids with lower level of introgression (14x4 and 9x75). There was 
either repetition of the same fragments in the first and the second generation, or new 
fragments, missing in the first generation, but in smaller quantity than in the first generation. 
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 Establishing the hybrid inheritance of traits through the use of DNA specificity present 
in the progenitor accessions, makes it possible to generate genetic identity cards of each 
accession useful in the identification and the control of efficiency of selection-genetic process.  

From the 4 SCAR primers (V-1s, V-1as, V-2s, V-2as), developed for genotyping of 
genus Vigna, 2 primers (V-1s, V-1as) appeared to be quite effective marker systems. SCAR-
analysis showed some heterogeneity (1-5 fragments) between the various hybrid forms in the 
analyzed hybrid populations, as evidenced by morphological and RAPD analyses.  

From the above-stated follows that combining ability of parental forms predetermines 
the characteristics of future offspring. Thus, SCAR analysis allows to track the distribution of 
genetic information in the succeeding generations of hybrids depending on initial parental 
forms and to identify homozygous genotypes in hybrid population. 
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