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ABSTRACT 
 
 A total of 446 adult individuals (per 12 kilograms) representing four different insect pest species belonging 
to Bruchidae, order Coleoptera were counted from the residue samples collected from the seed warehouses 
located at El-Sahel stores, during 12 months of survey work. The four bruchid insect species detected were: 
Callosobruchus maculatus (Fab.), Callosobruchus chinensis (L), Bruchidius incarnatus (Boheman) and 
Acanthoscelides obtectus (Say). Generally, the lowest number of adult insects detected in the monthly seed 
residue samples was during January, meanwhile, higher number of insects was found in summer months. From 
the conducted survey, the encountered coleopteran species Callosobruchus maculatus and Callosobruchus 
chinensis presented the highest percentage of collected insects 45.92 and 30.90 %, respectively. These were 
followed by a lower percentage of 15.45 % for Bruchidius incarnates. Meanwhile, Acanthoscelides obtectus 
were presented by 7.73%...Three hymenopterous parasitoids were detected in the samples. Two of them were 
belonging to Pteromalidae i.e. Eupelmus vuilleti (Crawford) and Dinarmus basalis (Rond.), meanwhile the third 
Uscana lariophaga Steffan was belonging to Trichogrammatidae. Samples of bruchid insect pests and their 
associated parasitoids detected in the present work were subjected to RAPD-PCR with eight random primers. 
All RAPD primers used in the present study allowed for enough distinction among the seven species under 
study except both primers F04 and B17 (for parasitoid species), while the primer F04 was the only exception for 
insect pests species. Overall comparison among species across the eight primers revealed the ability of RAPD-
PCR in distinguishing among closely related species. C.maculatus and C.chinensis pests were shown to be the 
most genetically-close species (similarity index of about 81.50%). B.incarnatus was similar to C. chinensis with 
81.10% and to C.maculatus with 77.30% which indicates that B.incarnatus was closer to C.chinensis than to 
C.maculatus. A.obtectus was closer to C.chinensis and C.maculatus (73.30% and 72.50%, respectively) than to 
B.incarnatus with 66.70%. The parasitoid species E.vuilleti and D.basalis were shown to be the most 
genetically-similar species (a similarity index of about 81.30%), meanwhile, the similarity between 
U.lariophaga and also D.basalis was 81.50 % , while with E.vuilleti was 79.60.  
 
Key words: Bruchidae, Leguminous seeds, Parasitoids, RAPD-PCR Marker.  
 
Introduction 
 
 Legume seeds are considered a main source of protein for human and animal nutrition (Smartt, 1976). 
Bruchids are serious insect pests and cause considerable damage to seeds and grains (Shomar, 1963). Although 
numerous insect pests attacked all parts of bean plants, bruchids were the most important field and storage pests 
(Abat and Ampofo, 1996). Bruchid seed beetles are important parasites of legume seeds, but their effect on 
germination can be unpredictable. Beetles deplete seed resources and can kill the embryo but also scarify seeds 
(Fox et al., 2012). 
 Weight losses caused by the bruchids and other factors after 7 months of storage averaged 8.5% in dry 
beans stored by small-scale farmers. The storage losses caused by insects and factors other than insects were 
estimated as 6.9 and 1.6%, respectively, and bruchids accounted for 24.5% of the combined losses (Espinal et 
al., 2004).  
 Entomophagous insects including predators and parasitoids play a reasonable role in the biological control 
of stored grain and seed pets in warehouses. Bruchids destroying cowpea seeds are always associated with 
several entomophagous species of Hymenoptera. The most common entomophagous species listed were an egg 
parasitoid, Uscana lariophaga and three solitary larval and pupal ectoparasitoids, Dinarmus basalis, Eupelmus 
vuilleti and E.orientalis (Antoine et al., 2005; Huignard et al., 2005; Sanon et al., 2005 and Amevoin et al., 
2006). 
 RAPD- PCR technique has been employed to identify and detect interspecific and intraspecific genetic 
variations in different species which were not easily identified by morphological characters (Purves et al., 1997 
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and Vijay et al., 2006). DNA differences between species are measurable with confidence and can be identified 
from DNA sequences alone (Whiting et al., 1997).  
 The present work aimed to survey the stored leguminous seeds insect pests, and their associated parasitoids, 
in seeds residues taken from warehouses located in Cairo government. Furthermore, a molecular study was 
carried out to identify the detected bruchid beetle species and also their associated hymenopteran parasitoids to 
determine the genetic relationships among them using molecular markers in RAPD- PCR technique. 
 
Materials and Methods 
 
1-Survey of insect pests infesting stored leguminous seeds and their associated parasitoids: 
 
 One- year survey was carried out in an open grain warehouse at El Sahel, Rod Elfarag in Cairo Governorate 
to distinguish insect pests that infested stored leguminous seeds as encountered in seed residues. The 
leguminous seeds stored in this warehouse were cowpeas (Vigna unguiculata L.) , faba beans (Vicia faba L.), 
chickpeas (Cicer arietinum L.), common beans (Phaseolus vulgaris L.) and soybeans (Glycine max Merrill). 
Seed residues refer to all left over the floor of the warehouse, damaged, mechanically broken, waste seeds or 
those mixed with dust and sweepings was inspected for determine the presence of any insect pests. Only adult 
insects were considered and identified according to the taxonomic keys provided by Shomar (1963) and their 
number was recorded. 
 At each monthly collection of the samples, the maximum and minimum temperatures as well as relative 
humidity were obtained from ''Ten days agro meteorological weather report, Ministry of Civil Aviation, 
Meteorological Authority, Cairo, Egypt. This was important to correlate the abundance of any insect species 
with its surrounding environment. Also, from the collected seed residues samples, the presence of parasitoids 
associated with the insect pests were surveyed. The mounted parasitoids were identified according to the 
taxonomic keys provided by Graham (1969).  
 Obtained data were statistically analyzed by using Bivariate correlation procedure of the SPSS for windows 
version 10.0 and SAS statistical computer program software. 
 
2-Molecular studies: 
 
 The collected samples of bruchid insect pests and their associated parasitoids were identified according to 
the taxonomic keys provided by Shomar (1963) and Graham (1969), respectively. Four insect species and three 
species of parasitoids were investigated and listed in Table 1. 
 
Table 1: Insect and parasitoids species used for DNA analysis. 

 Sample type                                          Scientific name                                                                     Family  

 Insect 
 species  

Bruchidius incarnatus (Boh.)  Bruchidae 
Callosobruchus maculates (Fab.)  Bruchidae 
Callosobruchus chinensis (L.)  Bruchidae 
Acanthoscelides obtectus (Say) 
 

 Bruchidae 

Parasitoids  
 species 

Eupelmus vuilleti (Craw.)  Pteromalidae 
Dinarmus basalis (Rond.)  Pteromalidae 
Uscana lariophaga Steffan  Trichogrammatidae 

 
2-1- DNA extraction: 
  
 The DNA extraction of four insect species and three parasitoid species was carried out according to Cenis et 
al., 1993. 
  
2.2. The electrophoresis conditions of the polymerase chain reaction (PCR): 
 
 Thirty random 10 bp primers were tested with the considered coleopteran insect pest and their 
hymenopterans' parasitoid species using Random Amplification Polymorphic DNA (RAPD) approach based on 
polymerase chain reaction (PCR) technology. Only eight of them were successful to detect amplified fragments 
in the tested species. Table 2 listed names and sequences of the successful random primers.  
 
2.3. Data analysis: 
 
 Data of polymorphic, monomorphic and unique bands for both the considered coleopteran insect pests and 
hymenopteran parasitoid samples were scored together and analyzed using the UVP gel documentation system. 
The analysis was carried out according to Gurney et al., 2000. 
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Table 2: Names and sequences of the successful random primers. 
Name Sequence 
A07 5'-TGCCGAGCTG-3 
B14 5'-TCCGCTCTGG-3' 
B17 5'-AGGGAACGAG-3' 
B20 5'-GGACCCTTAC-3' 
F01 5'-ACGGATCCTG-3' 
F04 5'-GGTGATCAGG-3' 
F07 5'-CCGATATCCC-3' 
F09 5'-CCAAGCTTCC-3' 

 
Results: 
 
1. Survey of insect pests infesting stored leguminous seeds:  
 
 As presented in Table 3 a total of 466 adult individuals per 12 kilograms representing four different insect 
pest species belonging to Bruchidae, order Coleoptera were counted in the residue samples collected from the 
seed warehouses located at El-Sahel stores during 12 months of survey. The four bruchid insect species detected 
were: 
(1) The mung bean or cowpea beetle Callosobruchus maculatus (Fab.) 
(2) The azuki bean or southern cowpea beetle Callosobruchus chinensis (L.) 
(3) The small broad bean beetle Bruchidius incarnatus (Boheman). 
(4) The common (pinto) bean beetle Acanthoscelides obtectus (Say) 
 It is worth mentioning that this survey was only concerned with the encountered adult stage of the insect 
pests. The coleopteran species Callosobruchus maculatus and Callosobruchus chinensis presented the highest 
percentage of the total number of collected insects being 45.92 and 30.9%, respectively. This is followed by a 
lower percentage of 15.45% for Bruchidius incarnates. Meanwhile, Acanthoscelides obtectus were presented by 
only 7.73%.  
 

Stored leguminous crop insect pests Associated parasitoids 
Insect 
Species 
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Total 144.00 72.00 36.00 214.00 466.00 44.0 36.00 24.00 104.00 
Mean 12.00 6.00 3.00 17.83 38.83 3.66 3.00 2.00 8.66 
% 30.90 15.45 7.73 45.92  42.3 34.61 23.07  

 
2. Parasitoids associated with insect pests infesting stored leguminous seeds: 
 
 Three hymenopteran parasitoids were detected in the samples collected at the leguminous seed warehouses 
at El Sahel. Two of them were belonging to family Pteromalidae being Eupelmus vuilleti (Crawford) and 
Dinarmus basalis (Rond.). The third one Uscana lariophaga Steffan was belonging to Trichogrammatidae.  
 Data presented in Table 3, shows that a total of 104.00 adult parasitoid individuals per 12 kilograms were 
counted. The most abundant species was E. vuilleti being 44 adult during the year of survey, followed by 36 
adult insects of D. basalis and the least abundance was 24 adults by U. lariophaga. These species could be 
respectively represented by 42.30, 34.61 and 23.07 % of the total number of detected parasitoids. 
 In Table 4, the statistical analysis revealed that there were significantly positive correlations between the 
population size of each of C.maculatus and C.chinensis, and that of their two parasitoids E.vuilleti and 
U.lariophaga. The correlation coefficient values were 0.66; 0.60 and 0.51, 0.54 respectively. Meanwhile “r” 
values were 0.20 and 0.44 for the third parasitoid D.basalis.  
 B.incarnatus population dynamics were also positively correlated with those of their associated parasitoid 
E.vuilleti (r= 0.62), but not with those of D.basalis and U.lariophaga where “r” values were 0.28 and 0.46, 
respectively. 
 The “r” value was not significant in regard correlation between population size of A.obtectus and its 
associated parasitoids where it ranged 0.07-0.20. 
 The combined effects of the three parasitoids showed that these natural enemies were affected as a group 
with 25%, 39%, 18% and 51% on the population dynamics of C.chinensis, B.incarnatus, A.obtectus, and 
C.maculatus, respectively. 
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Table 4: Simple correlation and partial regression between changes in numbers of bruchid insect pests and their associated parasitoids.  

 
Parasitoids 

Bruchid host species 
 C. chinensis B. incarnatus A. obtectus C. maculates 

E. vuilleti r 0.51* 0.62* 0.07 0.66* 
b 0.94 0.98 0.56 2.64 

S.E. 1.7 0.66 0.86 1.80 
D. basalis r 0.44 0.28 0.20 0.20 

b 1.20 0.07 0.83 1.49 
S.E. 1.98 0.77 1.01 2.11 

U. lariophaga r 0.54* 0.46 0.17 0.60* 
b 0.16 0.08 0.91 1.48 

S.E. 1.55 0.61 0.79 1.66 
a 11.67 2.44 0.25 9.64 

E.V.% 25 39 18 51 
a = regression constant, r=correlation coefficient, b=regression coefficient, S.E.=Standard Error, E.V.= Explained variance 

 
Molecular Identification: 
 
 The four coleopteran insect pests and their three associated parasitoids considered in the present work were 
subjected to RAPD-PCR with eight random primers; their photographed profiles are shown in Fig.1. The 
amplified fragments were weighted according to the molecular weights of known marker and classified to band 
types for insect pest and parasitoid samples (Table 5 A and B). 
 Primer F04 failed to detect any specific positive or negative marker with either the insect pest or parasitoid 
samples. This primer often gave monomorphic bands. Also, primer B17 failed to detect any positive or negative 
markers with the three parasitoid samples but gave just one negative marker (480 bp) for only C.maculatus but 
not with other three insect pests samples. 
 Two other primers showed few unique patterns in the considered samples of which primer F07 gave one 
positive marker (748 bp) for the beetle C.maculatus and also for the parasitoid U.lariophaga sample (861 bp) 
and another negative (1250 bp) were observed. In addition, primer B14 detected one positive marker (286 bp) 
for A.obtectus and two specific markers, a positive (550 bp) and a negative markers (854 bp) with D. basalis and 
U.lariophaga, respectively.  
 Other specific markers scored for both pest and parasitoid samples were primers A07, B20, F01 and F09:-  
(i) The first primer A07 exhibited five positive markers, i.e. 1490, 1139, 1002, 764 and 355 bp and two negative 
ones 711 and 596 bp for the insect pest samples and clearly marked the sample of A.obtectus. Furthermore, this 
primer gave a negative pattern (854 bp) for U. lariophaga and a positive one (550 bp) for D.basalis.  
 (ii) The second primer B20 scored two positive patterns with B. incarnatus (3572 bp and 2836 bp) and a 
negative pattern with C. maculatus (1175 bp). Also, a positive pattern (699 bp) was scored with E. vuilleti and 
three negative patterns (950 bp, 596 bp and 349 bp) for D. basalis. 
(iii) The third primer F01 detected five positive bands (1873 bp, 1584 bp, 978 bp, 450 bp and 361 bp) four of 
these bands appeared for A. obtecus and one (1584 bp) for C. chinensis . In addition, two positive bands 562 bp 
and 511bp were detected with the two parasitoids E. vuilleti and D. basalis, respectively. Meanwhile, two 
negative bands 399 bp and 277 bp were detected in B. incarnates and A. obtecus, respectively and a third band 
361 bp for U. lariophaga.  
(iv) The fourth primer F09 gave three positive markers 962 bp, 721 bp and 452 bp, the former two were detected 
for A. obtecus and the latter was in C. chinensis . Another three positive bands 764 bp, 509 bp and 355 bp 
appeared with E. vuilleti parasitoid. 
 The two negative markers 2125bp and 391 bp of this primer were evident in B. incarnates and one (1002 
bp) for D. basalis.  
 As seen in Table 5 A, as many as 25 out of 165 (about 15.16 %) bands total specific markers were useful 
RAPD markers for Coleoptern species. Of these bands 17 scored for the presence of a unique band i.e. positive 
markers, meanwhile 8 scored for the absence of a common band i.e. negative markers.  
 Table 5B shows that 17 total specific markers out of 106, i.e. 16.04% were useful RAPD markers for the 
parasitoid insects. Of these 9 scored positive for the presence of a unique band, meanwhile 8 scored as negative 
markers. 
 In summation, of the Coleoptern insect samples, A.obtectus scored the highest number of specific markers 
(14 bands) followed by B. incarnatus (5 bands), C. maculatus (4 bands) then the last C. chinensis (2 bands). Of 
the three parasitoids, D.basalis scored 7 specific markers meanwhile both of E.vuilleti or U.lariophaga scored 5 
specific markers. 
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 All of the RAPD primers used in the present study allowed for enough distinction among the four 
Coleoptern insect species except F04. Also, except for the two primers F04 and B17 the other primers were 
successful in the distinction of the three parasitoid species, (Fig.1). 
 The comparison among insect species by the eight primers revealed the ability of RAPD-PCR in 
distinguishing among closely related species. These markers can be used in subsequent experiments to detect 
molecular markers for polymorphic genes among these species.  
 

 
 
Fig.1-a: profile of amplified fragments of Primer   Fig.1-b: Profile of amplified fragments of Primer  
(A07)         (B14) 
 

 
 
Fig.1-c: profile of amplified fragments of Primer   Fig.1-d: Profile of amplified fragments of Primer 
(B17)        (B20) 
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Fig.1- e:profile of amplified fragments of Primer   Fig1-f:Profile of amplified fragments of Primer 
(F01)        (f04) 
 

 
 
Fig.1 -g:profile of amplified fragments of Primer   Fig.1-h:Profile of amplified fragments of Primer  
(F07)        (f09) 
 
Fig. 1: Comparison of the RAPD –PCR banding patterns of four pests and three parasitoids samples amplified 

with random primers. M: 1kb ladder DNA Molecular marker. Lanes 1 -4 refers to pest samples and 5-7 
refers to parasitoid samples.  

 
Table 5A: Number of amplified fragments markers of four Coleoptern species based on RAPD– PCR analysis. 

RAPD Primers 
Insects species A07 B14 B17 B20 F01 F04 F07 F09 Total 

B. incarnatus AF 
SM 

4 
0 

6 
0 

4 
0 

5 
2 

5 
1 

3 
0 

4 
0 

3 
2 

34 
5 

C.maculatus AF 
SM 

3 
1 

7 
0 

3 
1 

2 
1 

6 
0 

4 
0 

6 
1 

10 
0 

41 
4 

C. chinensis AF 
SM 

4 
0 

6 
0 

4 
0 

4 
0 

7 
1 

4 
0 

4 
0 

7 
1 

40 
2 

A.obtectus AF 
SM 

8 
6 

8 
1 

4 
0 

4 
0 

9 
5 

3 
0 

3 
0 

11 
2 

50 
14 

 TSM 7 1 1 3 7 0 1 5 25 
 TAF 

PB 
19 
6 

27 
2 

15 
7 

15 
5 

27 
6 

14 
2 

17 
4 

31 
16 

165 
48 

TAF = Total amplified fragment, PB = Polymorphic bands, AF = Amplified fragment, SM = specific marker, including either the presence 
or absence of a band in pest species, TSM = Total no. of specific markers across pest species. 
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Table 5B: Number of amplified fragments markers of three parasitoid species based on RAPD –PCR analysis. 
RAPD Primers 

parasitoid species A07 B14 B17 B20 F01 F04 F07 F09 Total 
E.vuilleti AF 

SM 
4 
0 

4 
0 

3 
0 

6 
1 

4 
1 

9 
0 

4 
0 

6 
3 

40 
5 

U.lariophaga AF 
SM 

3 
1 

3 
1 

3 
0 

5 
0 

2 
1 

9 
0 

4 
2 

3 
0 

32 
5 

D. basalis AF 
SM 

5 
1 

5 
1 

3 
0 

2 
3 

4 
1 

9 
0 

4 
0 

2 
1 

34 
7 

 TSM 2 2 0 4 3 0 2 4 17 
 TAF 

PB 
12 
2 

12 
2 

9 
0 

13 
6 

10 
2 

27 
0 

12 
2 

11 
2 

106 
16 

TAF = Total amplified fragment, PB = Polymorphic bands, AF = Amplified fragment, SM = specific marker, including either the presence 
or absence of a band in parasitoid species, TSM = Total no. of specific markers across parasitoid species. 

 
 As exhibited in Table 6, the two bruchids, C. maculatus and C.chinensis were shown to be the most 
genetically-close species with a similarity index of about 81.50%. B.incarnatus was similar to C.chinensis with 
81.10% and to C.maculatus with 77.30% which indicates that B.incarnatus was closer to C.chinensis than to 
C.maculatus. Meanwhile, A. obtectus was slightly closer to C.chinensis and C.maculatus ( 73.300% and 
72.50%, respectively) than to B. incarnatus with 66.70%. 
 
Table 6: Similarity matrix of insect pests as revealed by RAPD data. 

Insect species B. incarnatus C.maculatus C. chinensis A.obtectus 
B. incarnatus 1.000 0.773 0.811 0.667 
C.maculatus 0.773 1.000 0.815 0.725 
C. chinensis 0.811 0.815 1.000 0.733 
A.obtectus 0.667 0.725 0.733 1.000 

 
 The parasitoid species E. vuilleti and D. basalis were shown to be the most genetically similar species with 
a similarity index of 81.30%. Meanwhile, the similarity between U. lariophaga and also D. basalis was 81.50 
%, while with E. vuilleti was 79.60 (Table7). 
 
Table 7: Similarity matrix of three parasitoids as revealed by RAPD data. 

Insect species E.vuilleti U. lariophaga D. basalis 
E.vuilleti 1.000 0.796 0.813 
U. lariophaga 0.796 1.000 0.815 
D. basalis 0.813 0.815 1.000 

 
Discuusion: 
 
 Although leguminous seeds are infested by many insects, bruchids were the most important field and 
storage insect pests (Abate and Ampofo, 1996; Akkaya, 1998 and Sanon et al., 1998). In Niger, Alebeek (1996) 
found that eggs of C. maculatus composed 96% of samples after sampling cowpea seeds collected from storage 
units. In Portugal, Mateus and Carvalho El-Mexia (2003) found that Bruchus rufimanus and B. pisorum were 
the most abundant insects infesting stored beans and peas. In Brazil, C. analis was a major pest to stored 
soybean (Costa et al., 2007). In Mexico, Corral et al. (1992) found Acanthoscelides obtectus only in pinto beans 
(Phaseolus vulgars). 
 Bruchids that infect cowpea seeds are generally associated with several entomophagous species of 
Hymenoptera. The most widespread ectoparasitoids were reported to be Uscana lariophaga, Eupelmus vuilleti 
and Dinarmus basalis (Sanon et al., 1998; Zaghloul and Mourad, 1998; Gauthier et al., 1999; Islam, 2001; 
Schmale et al., 2001; Amevoin et al., 2007; Ndoutoume-Ndong and Rojas-Rousse, 2007 and Velten et al., 
2007).  
 The analysis of PCR provides an effective dimension for distinguishing among organism according to the 
banding patterns of PCR products (Bebeli et. al.1997). 
 By the use of eight primers complete identification was obtained for the four studied Coleopteran insect 
species, B. incarnatus, C.maculatus, C. chinensis and A. obtectus and their three parasitoid, Eupelmus vuilleti, 
Dinarmus basalis and Uscana lariophaga. These results confirm the importance of RAPD-PCR technique as an 
efficient tool for identification of insect species especially when they were closely related. Also, this technique 
is most important for the identification of species which were not easily identified by morphological characters. 
These markers can be used in subsequent experiments to identify polymorphic genes and therefore distinguish 
among these closely related species. 
 Many authors used this method for insect species identification, for example, Gawel and Barro and Driver 
(1997), Beitia et al. (1997), Guirao et al. (1997); Moreno et al.(2010) and Veijalainen et al.(2011).  
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