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ABSTRACT 

By amplification of pools of genomic DNA from two isolated gregarious locust 

populations in Africa with short decamer primers of random sequences, we identified 

markers which can distinguish the two major locust populations: northern Schistocerca 

gregaria gregaria and southern Schistocerca gregaria flaviventris. Twenty primers were 

examined with the genomic DNA from the two sexes of both populations. Four primers 

produced polymorphic patterns at low molecular weight. One primer (A2) displayed a 

specific amplified band with the DNA obtained from southern S. g. flaviventris locust which 

was not recognized in the northern S. g. gregaria. Further examination by using southern blot 

technique revealed that, this sequence was highly specific to the southern locusts.  It is 

proposed that, S. flaviventris locusts may represent an evolutionary dichotomy which took 

place in the African continent. The results of this study suggest that it is possible to separate 

the two locusts populations into two different species. 
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INTRODUCTION 

In Africa, two subspecies of the desert locust are recognized; the northern 

Schistocerca gregaria gregaria (Forskal 1775) and the southern Schistocerca gregaria 

flaviventris (Burmeister 1838) (Meinzingen, 1993; FAO, 2014). Between plagues, S. g. 

gregaria inhibits a recession area covering about 14 million km
2
of deserts and semi deserts 

and extending from Sahara desert to western Asia. The invasion area of the southern S. g. 

flaviventris covers an area of about 860,000 km
2
in Namibia, Angola, South Africa, Ascension 

Islands and Botswana. It is recognized as subspecies separated from the northern population 

by the degree of phase changes, colouration and morphometrics (Nolte, 1965; Botha, 1967; 

Waloff, 1976; Harvey, 1981; Waloff and Pedgley, 1986; Lovejoy et al., 2006) 

In the past few years, there has been a remarkable increase in the application of the 

DNA techniques to problems in population genetics and systematic. There are several 

approaches for assaying DNA variations in population of organisms. Williams et al. (1990),  

Welsh and McClelland (1990) described a facile means of obtaining genetic markers which is 

not dependent on prior sequence information and which may be technically accessible to a 

wider range of molecular taxonomists (Lovejoy et al., 2006; Dushimirimana et al., 2012).The 

Random Amplified Polymorphic DNA Polymerase Chain Reaction (RAPD) uses short 

oligonucleotoide decamer primers of random sequences to obtain patterns from repetitive 

units located at numerous locations throughout the genome. DNA segments amplified with  

RAPD-PCR are inherited in a Mendalian manner in many organisms (Williams et al., 1990; 

De Barro et al., 2011; Martinez- Blanch et al., 2011). RAPD markers have used to generate 

molecular markers in a variety of insect studies for population differentiation, genetic studies 

and species diagnosis (Gasperi et al., 1993; Wilkerson et al., 1993; Gawel and Barlett, 1993; 

Hymer et al.,1993; Black, 1993; Favia et al., 1994; Sairkar et al.; 2013, Turki et al., 2014). 
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This study demonstrates the use of RAPD-PCR to differentiate between two locust 

populations in Africa. The effect of the geographical barrier on the isolation of these 

populations has discussed. 

 

MATERIALS AND METHODS 

Insects 

Schistocerca gregaria gregaria were collected from International Center of Insect 

Physiology and Ecology (ICIPE) field station located near the Red Sea (Sudan), while 

Schistocerca gregaria flaviventris were collected from the Plant Protection Institute, Pretoria, 

Republic of South Africa Institution. The F1 generations of both populations were collected 

after two weeks of maturation and frozen in 70
o 
C. for experiments. 

 

Isolation of DNA 

High molecular-weight template genomic DNA was prepared from individual locusts 

using method of Flook et al. (1992). For PCR reactions, DNA concentrations estimated by 

Qene-Gene II spectrophotometer (Pharmacia Inc., Piscataway, NJ, USA). DNA samples were 

diluted in double distilled water to final concentration of 20 ng/ ul. The diluted samples were 

stored at 4
o
 C. pools of DNA were prepared by mixing equal volumes of DNA from twenty 

individual insects of each sex. 

 

PCR amplification 

PCR reactions were performed in a total volume of 25 ul. Each reaction assembled on 

ice and contained 2.5 ul of 10X reaction buffer (500 mM KCL, 100 mM ris/ HCL (pH 9.1), 

1.0 % Triton X-100, 2.0 mM MgCL2, 1000mm dNTPs (25 mM each) (Promega Biotech Inc., 

USA), 5 picomoles of each 10- base primers kit A (Operon Tech. Inc, alameda, USA), 0.5 U 

Taq polymerase (Promega) and 60 ng of the template DNA.. Control reactions were included 

and contained the reaction mixture without any DNA. 

PTC-100 Programmable thermal controller (MJ Research Inc., Mass., USA) was used 

with the following cycles: first, the tubes heated to 95
0
C (5 min) and then cycled 45 times 

using 94
o
C (1 min), 33

o
C (1 min) and 72 

o
C (2 min). A final extension was carried out at 

72
o
C (10 min). After amplification, the Samples were stored at 4

o
C (Innis et al., 1990). The 

PCR products were separated by electrophoresis at 2.7 V/cm volts on 2% agarose gels and 

visualized under UV illumination after Ethidium Bromide (5 ul/ml) staining (Sambrook et al., 

1989). 

 

Cloning of PCR products 

Following PCR amplification of DNA samples using A2 primer, the products were 

resolved in 1 % low melting point agarose gel. The band of interest (600 base pairs) was 

excited from the gel and DNA extracted by Gene-Clean II kit (Bio 101, USA). The recovered 

DNA was then cloned in the pMOS vector (Amersham, UK) and the recombinant plasmids 

transformed into pMOS cells (provided in the kit).The cloned were then sequenced by DNA 

sequencing kit, version 2.0 (USB, USA). 

 

Genomic Southern blot analysis 

Genomic DNA samples (10-12 ug) were exhaustively digested with EcoR I and 

resolved by electrophoresis in a 1 % agarose gel overnight at 1.5 V/cm. DNA fragments were 

transferred onto nitrocellulose membrane. The cloned vector as probe was labeled with (p 32) 

dCTP (Amersham, Bucks, UK) by the nick translation method (Sambrook et al., 1989). 

Hybridization was carried out over night at 65
o
 C. Following hybridization, the membrane 
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was washed three times (10 min each) at room temperature followed by a final washing in 

0.1X SSC/ 0.1 % SDS at 65
o
 C. Autoradiography was carried out using a Fuji- RX film. 

 

RESULS 

Twenty primers were used to amplify pooled genomic DNA samples obtained from 

both males and females of two populations. Amplification with primers A2; A12; A18 and 

A20 (sequences of the twenty primers of group A listed in Table (1), produced RAPD 

patterns that clearly distinguished between the two locust populations (Fig.1). Typical 

patterns of bright bands together with faint bands detected. The fragments that differentiated 

between the two locust groups found in the low molecular weight region (100-600 bp). 

Primer A2 which produced diagnostic bands with pooled DNA samples was subjected 

to further screening. This primer was used to amplify DNA samples from 10 individual 

locusts (5 males and 5 females) of each population in order to test its diagnostic ability to 

investigate the amount of the genetic variability between the two locusts. In this test, the 

amplification patterns obtained were consistent for any given DNA template. A distinct band 

(600bp), clearly visible on Ethidium Bromide stained agarose gels, was produced with DNA 

samples of both males and females from southern S. g. flaviventris only (Fig. 2). The band 

was absent in all samples from northern S. g. gregaria. 

 

Southern blot analysis of genomic DNA 

Genomic DNA samples from north and south locusts were hybridized with the cloned 

600 bp product of southern locusts. The results showed strong hybridization to individual and 

pooled samples prepared from male (Fig. 3) and female (Fig. 4) insects. This result showed 

that these sequences are highly repeated in the genome of the southern population but not in 

the northern population. 

 

Computer analysis of Sequence data 

The DNA sequence of the 600 bp clone was compared with the other sequences 

available in the Gene-Bank. No homology  was observed with the sequences of either male 

and female clones. The sequence of the clones had submitted to the Gene-Bank, accession 

numbers: U60233 (male) and U60266665 (female). 

 

DISCUSSION 

Pools of genomic DNA were used for PCR analysis of the two isolated populations of 

the desert locust. In previous studied of the identification of markers of loci controlling 

disease resistance in plants (Michelmore et al., 1991) and differentiation of two cattle species 

(kemp and Teale, 1994), pools of genomic DNA were constructed from individuals samples 

of a givens population. The justification was that; the constitution of such pools is random for 

all genetic regions except those contributing to the selected phenotype. The RAPD fragments 

which appear to be unique to pooled templates, would have high probability of being linked 

to the gene controlling the trait and high lighting consistent differences between the pools, 

while masking variability common to the pools (Lopez et al., 2008; Lovejoy et al., 2006; 

Dushimirimana et al., 2012; Amer and Elsayed, 2014). Wilkerson et al. (1993) also used 

pooled genomic DNA samples from cryptic mosquito species to study the ability of fifty-

seven primers to produce RAPD patterns. 

Twenty primers were screened for their diagnostic ability. Four primers (A2; A12; 

A18 and A20) produced polymorphic fragments that distinguished between southern from 

northern locust populations. One of the problems with RAPD technique is the lack of 

reproducibility of the bands. Three primers (A12; A18; A20) did not show consistent 
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amplification patterns when applied to different individuals from both populations (data not 

shown). This may be due to the sensitivity of the DNA templates to amplification conditions. 

The A2 primer, which generated polymorphic fragments, was screened further for 

population specificity in RAPD- PCR of pools and individuals of the two locust populations. 

The 600 bp product which by screening, was apparently found in all pools and individuals 

(males, females) of S. g. flaviventris and not shown in the amplification patterns of the DNA 

samples of S. g. gregaria. 

In order to examine the specificity of this 600 bp product produced by the A2 primer, 

the clones were used to probe Southern blot of EcoRI digested genomic DNAs of southern 

and northern males and females as well as pooled samples.  The results revealed that this 

sequence was highly restricted to flaviventris males and females and not found in all gregaria 

individuals. This suggests that A2 detects priming sites polymorphism in southern population 

and that priming sites is in repetitive DNA elements. The southern blotting approach proved 

simple, rapid and effective. It overcomes a number of problems potentially associated with 

the RAPD techniques. Dot blots technique can be used also for detecting the repetitive nature 

of the RAPD markers. (Favia et al.,1994; Teale et al., 1995; Sairkar et al., 2013; Turki et al., 

2014). 

Regions of the genome that contain repetitive sequences or inverted terminal repeats 

may contain a great number of sites amenable to RAPD amplification than the coding 

sequence regions. Repetitive DNA can change by a variety of translocation mechanisms of 

the sequences on the chromosome and the more important for systematic, the exact base can 

change (point mutation) by small deletions and insertions, but most commonly by 

substitutions. If two populations were isolated from one another they will accumulate 

independent substitutions and their DNA sequences will diverge (Posy et al., 1992; Gawel 

and Bartlett, 1993; Lopez et al.; 2008; Turki et al., 2014). 

The results demonstrated that RAPD-PCR technique is able to document differences 

in the DNA genomes of the southern flaviventris and northern gregaria populations of the 

African desert locusts. These differences in the repetitive copies of the DNA are attributed to 

the geographical barrier (natural isolation) which prevented the genetic constitutions to flow 

between these locust populations where sexual mating is prohibited. F1 hybrid generation 

between the two populations was recorded sterile (Dcik Brown, Personal communication). 

Completely isolated population exists in a biotic environment that is different from any other, 

and this shift of the biotic environment adds another powerful selection pressure. 

Competition, predation and other ecological interactions are apt to be entirely different. This 

local condition exerts selection pressures reinforcing the steady change of gene contents and 

leading to the development of numerous new adjustment. On the other hand, contiguous 

central populations are in the midst stream of multidirectional gene flow and harbor at all 

times a large store of freshly added immigrant gene (Mayr, 1970). This suggests that it is 

possible to separate the two populations into different species. 

This approach may have general use as a means of revealing DNA sequences that are 

characteristic of entire species and of genetically distinct populations. Additionally, this 

method can be used in developing molecular markers in the Acrididae locusts and other 

insect species. 
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Table 1:RAPD primers (kit A) used in the differentiation of the desert locust populations, 

Schistocerca gragaria . 

 
 

 

 

 
Fig. 1:  RAPD implication products of DNA  pools from two  locust population with  four  

primers (A2,  A12 , A8 , A20 ) . The arrow indicates the polymorphic bands in the two 

locusts. a=males S. g. flaviventris ; b= males  S.  g. gregaria ; c= females  S. g. falviventris ; 

d= females S. g. gregaria ; m= DNA size  markers (Blue scripts sk+/ HeaIII digest ) 
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Fig. 2:  RAPD amplification products from DNA individuals and pools of the two locust 

populations with primer A2. The arrow pointed to the 600 bp specific bands in the  

individuals  and pools  of the south locust , S. g. flaviventris. A, a= individual s and pools 

DNA of male S. g. flaviventris; B,b= individual s and pools  DNA  of male S. g.  gregaria ;  

C,c = individual and pools  and DNA of  females S.g. flaviventris ; D, d = individuals and 

pools DNA of females  S.g. gregaria ;ct= control samples without  DNA  templates , M= 

DNA size marker (Promega). 

 

 

 

 

 

 

 

 
Fig. 3:Autoradiograph following a Southern blot  of genomic  DNA of the north  and  south  

African  locust  males  with  the  cloned 600 bp RAPD- PCR south male product . The cloned 

product  can be  seen to hybridize to multiple amplifications of the males of S. g. flaviventris 

but not to males of S. g. gregaria. A, a= individuals and pools DNA of males S.g. flaviventis, 

B, b= individuals and pools DNA of males S. g. gregaria. 
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Fig. 4: Autoradiograph following a Southern blot of genomic DNA of the north and south 

African locust females with the cloned 600 bp RAPD-PCR south female product the cloned 

product can be seen to hybridize to multiple amplifications of females of S. g. flaviventris but 

not any to the females of S. g. flaviventris; D,d = individuals and pools DNA  of females S.g. 

gregaria. 
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 (أكريذيذا: أورسوبيترا)شيستوسيركا جريجاريا إنتاج علاهاث هن الذنا لوجتوعين هعزولين هن الجراد الصحراوي 

باستخذام طريقت الربيذ 

 

حاتن عبذ الفتاح إبراهين 

. قسن علن الحشراث، كليت العلوم، جاهعت عين شوس، القاهرة، هصر- 1

 

إفزٗق٘ا لخضخ٘وَ هع بادئاث صغ٘زة فٖ  فٖ حن اسخخذام هجوْع هي الذًا هي هجخوع٘ي هي الجزاد الصحزإّ

حن اسخخذام . قذ حن ححذٗذ علاهاث هو٘زة للخو٘٘ز ب٘ي الوجخوع٘ي، الٌْع الشوالٖ ّالٌْع الجٌْبّٖ. الطْل لِا حزح٘ب عشْائٖ

  اظِز حزهَ A2البادئ رقن . أربع بادئاث  فقظ أًخجج اخخلافاث فٖ الذًا. عشزّى بادئ هع الذًا للجٌس٘ي هي الوجخوع٘ي

ّباسخخذام طزٗقت الطبع الجٌْبٖ للذًا ّجذ أى ُذٍ . فٖ الوجخوع الشوالٖ هي الذًا هو٘زٍ للوجخوع الجٌْبٖ ّل٘سج هْجْدة

إى الجزاد الجٌْبٖ حذد لَ حغ٘ز حام عي الجزاد  ُذا ٗؤدٓ إلٔ. الحزهت هو٘زة للجزاد الجٌْبٖ ّلا حْجذ فٖ الجزاد الشوالٖ

. إلٔ ًْع جذٗذ هخخلف حواها عي الٌْع الشوالٖ هي الجزاد الشوالٖ ّاًَ لا بذ هي فصل الجزاد الجٌْبٖ

 

 

 

 

 

 

 
 


