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A considerable amount of allozyme variation exists among different populations of a 

Drosophila species. Such allozyme variation can also be observed between two closely 

related species of Drosophila which show reproductive isolation but experience mating 

under laboratory conditions and produce hybrids. D. bipectinata and D. malerkotliana 

are two closely related sympatric species and belong to bipectinata species complex. 

Allozyme polymorphism studies conducted with them and their hybrids reveal that 

these two species have enough genetic differentiation due to allozyme variation at three 

enzyme coding loci; however, their hybrids exhibit common allozyme variants of both 

the species. The hybrids exhibit very little genetic differentiation from either of their 

parents.  

Keywords: allozyme; Drosophila bipectinata; hybrid; genetic differentiation, 
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INTRODUCTION 

Genetic variation describes naturally occurring genetic differences among individuals of 

a population or among different populations of a species. This variation permits survival of a 

population in the situation of changing environmental circumstances. It is therefore evident that 

genetic variation is an advantage to the existence of a species, as it is a form of preparation for 

the unexpected. Studying genetic differences between closely related species of Drosophila has 

often been a fascinating area of investigation. This is due to the fact that some of the Drosophila 

species are very much genetically close to each other and such species under special conditions 
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for example, laboratory conditions may mate with each other and produce hybrids too. In such 

cases genetic constitution of parental species and their hybrids can be scrutinized to see that to 

what extent the two species have undergone genetic differentiation and what genetic specificity 

their hybrids have (KUMAR and SINGH, 2016).   

Drosophila bipectinata species complex contains 4 species: D. bipectinata, D. 

parabipectinata, D. malerkotliana, and D. pseudoananassae. Taxonomically, the members of   

D. bipectinata species complex   belong to subgenus Sophophora of the melanogaster species 

group and the ananassae species subgroup. Earlier studies conducted by BOCK (1971) on their 

intra and inter-specific inversion differences, by YANG et al. (1972) on isozyme variability and 

the studies on the mating behavior by HEGDE and KRISHNAMURTHY (1976) on the above 

members of D. bipectinata species complex have revealed a close relationship between the 

members of this complex. GUPTA (1975) stated that the four species of this complex are 

morphologically very similar. Their females are indistinguishable but their males can be 

distinguished by their sex-comb teeth number and pattern and also by abdominal pigmentation. 

All the four species are inter-crossable in laboratory but do not hybridize in natural populations. 

However, there is only one report of natural hybridization between D. bipectinata and D. 

malerkotliana (GUPTA et al., 1980). The hybrids obtained by making crosses between D. 

bipectinata and D. malerkotliana, show distinct sexual dimorphism but their males are sterile 

and females are fertile which conforms to most interspecific hybrids in the genus Drosophila 

(MISHRA and SINGH, 2006).  

Allozyme polymorphism analysis has been one of the molecular methods to 

characterize and   gauge evolutionary histories and relationships between different species 

including Drosophila. However, some species are monomorphic for many of their allozymes 

which really make it difficult to assess the evolutionary relationships among those species. To 

scrutinize the phylogenetic similarity between two closely related species of Drosophila it is 

therefore essential to select those enzyme coding loci which are clearly expressed in both and are 

expressed by common/variable alleles. Analysis of alkaline phosphatase (APH), acid phophatase 

(ACPH) and esterase (EST) by polyacrylamide gel electrophoresis in the parental species as well 

as in their hybrids by HEGDE and KRISHNAMURTHY (1976) revealed certain interesting 

information. The zymograms of the hybrids of D. bipectinata and D. parabipectinata exhibited 

intermediary banding pattern while the hybrids between D. malerkotliana and D. bipectinata 

showed peculiar banding pattern resembling one of the parents. On the other hand, the hybrids of 

malerkotliana × pseudoananassae, bipectinata × pseudoananassae and parabipectinata × 

pseudoananassae showed disrupted banding pattern. 

The present work was performed with the objectives to study the pattern of allozyme 

polymorphism in two laboratory stocks of D. bipectinata and D. malerkotliana and also in their   

hybrids and to what extent the members of these two species have undergone genetic 

differentiation.    

 

MATERIALS AND METHODS 

Drosophila bipectinata and Drosophila malerkotliana mass culture stocks derived from 

Puri, India (collected in Dec. 2014) are being maintained in laboratory condition i.e. at 24±1ºC in 

12 hour light-dark cycle in yeast-agar medium. Flies were analyzed for their genetic 

constitutions for Esterase (Est), Xanthine dehydrogenase (Xdh) and alkaline phosphatase (Aph) 
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loci. Based on the frequency of allozymes of 3 enzyme coding loci, it was also tried to see the 

level of genetic differentiation among the natural populations of this species. 

The virgin flies of both the stocks were crossed reciprocally to obtain the hybrids. After 

setting crosses, the culture bottles were properly labeled and kept at 25ºC. After 10-12 days the 

hybrid flies started in the culture bottles. A single fly was homogenized in 50 μl 20 mMTris 

buffer (pH 7.4) and the homogenate was centrifuged at 12000 rpm at 4°C for 10 minutes 

(KUMAR and SINGH, 2013). Supernatant was separated into two aliquots and subjected to 8% 

native polyacrylamide gel electrophoresis in 25mM Tris and 250 mM Glycine electrode buffer 

(pH 8.2) at 200V for 4 hour at 4°C. In-gel staining for enzymes was done according to SHAW and 

PRASAD (1970) and AYALA et al., (1972). The locus and allele designations were done following 

the standardized genetic nomenclature for enzyme coding loci (KUMAR and SINGH, 2014b).  

Quantitative data on allozyme frequencies in Drosophila bipectinata, D. malerkotliana 

and their reciprocal hybrids were utilized to arrive at genetic variability, F-statistics (WRIGHT, 

1951) and Nei’s genetic distance (NEI, 1972).  Genotypic, allelic frequencies and genetic 

variability i.e., mean observed heterzygosity (HO) and expected heterozygosity (HE) were 

estimated by using software, GenAlEx 6.5 (PEAKALL and SMOUSE, 2012). Population structure 

analysis was done using traditional F-statistics following WRIGHT (1951) by using GenAlEx 6.5 

(PEAKALL and SMOUSE, 2012). Genetic distance (D) approach was also utilized to determine the 

pattern of genetic variation among Drosophila bipectinata, D. malerkotliana and their reciprocal 

hybrids. It was computed by using GenAlEx 6.5 (PEAKALL and SMOUSE, 2012) according to 

NEI’S (1972).   

 

RESULTS AND DISCUSSION 

In the present study, allozyme loci corresponding to 3 enzymes viz, APH, XDH and 

EST in Drosophila bipectinata, D. malerkotliana and in their reciprocal hybrids were analyzed. 

Each of enzyme loci was found to be expressed by two alleles which were named and designated 

according to their migrating behaviour in the gel matrix. The number of individual analyzed, 

allelic frequencies and chi- square values for testing Hardy- Weinberg equilibrium are given in 

Table 1. Xdh of both Drosophila bipectinata and D. malerkotliana were not found to be in 

Hardy- Weinberg Equilibrium. The frequencies of Aph0.98 allele were ranging from 0.00 (bi) to 

0.408 (mal), Aph1.00 were found to range from 0.480 (bi) to 0.592 (mal) and for Aph1.02 0.00 (mal) 

to 0.520 (bi). Likewise the frequencies of Xdh0.96 were ranging from 0.00 (bi) to 0.359 (mal), for 

Xdh0.98 it ranges from 0.375 (bi) to 0.722 (malbi) and for Xdh1.00, 0.00 (mal) to 0.625 (bi). 

Similarly, in case of Est0.96 allele frequencies were ranging from 0.143 (bi) to 0.286 (bi mal), for 

Est0.98, 0.357 (bi) to 0.567 (mal), and for Est1.00, 0.183 (mal) to 5.0 (bi). 

Estimates of genetic variability are given in Table 2. Observed heterozygosity was 

found to be minimum at Xdh locus in all four groups and maximum expected heterozygosity was 

found at Aph except for mal. Estimate of overall genetic variability was calculated and it was 

found that maximum observed heterozygosity (HO) was observed in bimal (0.616) and minimum 

HO was found in mal (0.271). Maximum expected heterozygosity (HE) was found in bimal (0.59) 

and minimum HE in mal (0.509) (Table 3). 
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Table 1. Frequency of different alleles of three enzyme loci and values of Chi-square for Hardy-Weinberg 

test in Drosophila bipectinata and D. malerkotliana and their hybrids 

bi = Drosophila bipectinata; mal = D. malerkotliana; bimal = bipectinata ♀ × malerkotliana ♂; malbi = malerkotliana 

♀ × bipectinata ♂., * P<0.05, ** P<0.01, *** P<0.001 

 

 

Table 2. Number of individuals, observed and expected heterozygosity and fixation index (F) in Drosophila 

bipectinata and D. malerkotliana and their hybrids 

bi = Drosophila bipectinata; mal = D. malerkotliana; bimal = bipectinata ♀ × malerkotliana ♂; malbi = malerkotliana 

♀ × bipectinata ♂ 

 

 

  Allele bi mal bimal malbi 

ph  N 49 49 45 47 

  0.98 0.000 0.408 0.233 0.298 

  1.00 0.480 0.592 0.511 0.500 

  1.02 0.520 0.000 0.256 0.202 

  χ2 0.980 5.14* 8.689* 10.518* 

Xdh  N 44 39 24 45 

  0.96 0.000 0.359 0.208 0.144 

  0.98 0.375 0.641 0.646 0.722 

  1.00 0.625 0.000 0.146 0.133 

  χ2 13.978*** 17.284*** 12.284** 8.521* 

Est  N 49 30 49 31 

  0.96 0.143 0.250 0.286 0.226 

  0.98 0.357 0.567 0.480 0.500 

  1.00 0.500 0.183 0.235 0.274 

  χ2 11.563** 14.159** 1.410 10.875* 

Species Locus N Ho He F 

bi Aph 49 0.429 0.499 0.141 

 Xdh 44 0.205 0.469 0.564 

 Est 49 0.388 0.602 0.356 

mal Aph 49 0.327 0.483 0.324 

 Xdh 39 0.154 0.460 0.666 

 Est 30 0.333 0.583 0.428 

bimal Aph 45 0.778 0.619 -0.256 

 Xdh 24 0.500 0.518 0.035 

 Est 49 0.571 0.633 0.098 

malbi Aph 47 0.809 0.620 -0.303 

 Xdh 45 0.444 0.440 -0.011 

 Est 31 0.516 0.624 0.173 
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Table 3. Observed and expected heterozygosity in Drosophila bipectinata and D. malerkotliana and their 

hybrids 

Species Ho He F 

bi 0.340 0.523 0.354 

mal 0.271 0.509 0.473 

bimal 0.616 0.590 -0.041 

malbi 0.590 0.561 -0.047 

bi = Drosophila bipectinata; mal = D. malerkotliana; bimal = bipectinata ♀ × malerkotliana ♂; malbi = malerkotliana 

♀ × bipectinata ♂ 

 
 
Table 4. Pairwise FST values in Drosophila bipectinata and D. malerkotliana and their hybrids 

bi = Drosophila bipectinata; mal = D. malerkotliana; bimal = bipectinata ♀ × malerkotliana ♂; malbi = malerkotliana ♀ 

× bipectinata ♂ 

 

The levels of genetic differentiation among these four groups have been computed by 

using pair-wise FST and Nei’s genetic identity (I) approach. The results showed that pair-wise FST 

values ranged from 0.003 (bimal vs malbi) to 0.163 (bi vs mal) (Table 4). Pair-wise genetic 

identity values were calculated, considering Drosophila bipectinata, D. malerkotliana and in 

their reciprocal hybrids (Table 5).The values ranged from 0.003 (bimal to malbi) to 0.163(bi to 

mal).  

 

 

 Table 5. Pairwise matrix of Nei genetic identity in Drosophila bipectinata and D. malerkotliana and their 

hybrids. 

bi = Drosophila bipectinata; mal = D. malerkotliana; bimal = bipectinata ♀ × malerkotliana ♂; malbi = malerkotliana 

 

Studies of enzyme differences controlled by alleles at a single locus or by a number of 

loci provide information about genetic variation in the populations. These studies help to 

measure the amount of genetic differences between populations. In this study, two closely related 

species of Drosophila which belong to bipectinata species complex have been used to measure 

genetic differences based on allozyme variations between them. Before undertaking this work it 

 Bi mal bimal malbi 

bi 0.000    

mal 0.163 0.000   

bimal 0.081 0.024 0.000  

malbi 0.094 0.023 0.003 0.000 

 Bi mal bimal malbi 

bi 1.000    

mal 0.588 1.000   

bimal 0.785 0.945 1.000  

malbi 0.763 0.949 0.992 1.000 
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was seriously considered that whether allozyme differences can be used as diagnostic features of 

these two closely related species. The answer could be sought by going through the studies of 

earlier workers (AYALA et al., 1972b; EISSES et al., 1979; GONZILEZ et al., 1982) that in this 

genus allozyme differences are good diagnostic features to measure genetic variation between 

the species. 

For Aph enzyme, three alleles were recorded (0.98, 1.00 and 1.02). In D. bipectinata 

flies only two alleles i.e., 1.00 and 1.02 were observed. Whereas, in D. malerkotliana, the alleles 

which were expressed were 0.98 and 1.00. Therefore allele 1.00 is common in both the species. 

The hybrids obtained from the reciprocal crosses of both these species showed the presence of all 

the three alleles. Interestingly, the highest frequency was of allele 1.00 in the hybrids. For Xdh 

enzyme, the three alleles observed were 0.96, 0.98 and 1.00 but in D. bipectinata 0.98 and 1.00 

alleles were only in the appearance whereas in the case of D. malerkotliana 0.96 and 0.98 alleles 

were observed. The hybrids showed the presence of all the three alleles with maximum 

frequency of the common allele that is, 0.98. Regarding esterase, three distinct alleles were 

ascertained. These three alleles were found to be present in both the species as well as their 

hybrids. However, the intermediate allele that is 0.98 was in maximum representation in the 

hybrid flies of both the reciprocal crosses. In this study, it is quite distinct that observed 

heterozygosity in the two species is less than their expected heterozygosity indicating that these 

two laboratory stocks are experiencing inbreeding. This is well expected because these are 

laboratory populations and are founded by few individuals in every fresh culture. However, the 

hybrids showed very high level of heterozygosity and the inbreeding coefficient indicate that 

heterozygotes are always superior. In fact, hybrids of these crosses do not form any population 

so this explanation can only be theoretically made because hybrids will always show this genetic 

composition. By using various parameters of F-statistics, FST values were also calculated which   

denote genetic differentiation between the populations. The highest genetic differentiation i.e., 

0.163 was observed between these two species. Similar test conducted with their hybrids 

indicated that they show least genetic differentiation e.g., between hybrids of bimal. and malbi 

(0.003).  FST value was observed to be 0.094 between bi and malbi that indicates that hybrids are 

very less genetically differentiated from their parents. Genetic identity calculations also reveal 

that bimal and malbi are maximally genetically identical (0.992) than their two parental species 

(genetic identity between bi and mal comes to be 0.58).   

With respect to hybrids, taxonomists have been able to see morphological features of 

either parent in the male hybrids only (as females of both species and their hybrids look similar 

from each other). A male hybrid possesses black abdominal tip which is a feature of D. 

melarkotliana male and sex comb pattern more prominently matching with D. bipectinata male. 

These morphological traits, one can observe in the hybrid males of both the cross types i.e., 

(reciprocal crosses). Allozyme polymorphism in hybrids also exhibited features of either of the 

species but such features can be observed in both the sexes of hybrid flies. Therefore allozyme 

analysis helps to reveal a common pattern of allozyme configuration in both the sexes of hybrids.  

HEDGE and KRISHAMOORTHY (1976) studied Allozyme polymorphism in the hybrids of D. 

bipectinata complex. They chose Aph, Acph and Est gene loci for studying genetic constitution 

of parental species and their hybrids. Based on the electrophoretic variants and their frequency 

they described that pattern of zymogram of hybrids of D. bipecinata, D. parabipectinata and D. 

malerkotliana resemble very much to their parents. 
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Izvod 

Značajno alozimsko variranje postoji između različitih populacija Drosophila vrsta.Takvo 

alozimsko variranje može se primetiti između dve blisko povezane vrste Drosophila koje 

pokazuju reproduktivnu izolovanost ali iskustvo ukrštanja pod laboratorijskim uslovima i 

stvaranje hibrida. D. bipectinata i D. malerkotliana su dve blisko srodne simpatičke vrste i 

pripadaju kompleksu vrste bipectinata. Ispitivanje polimorfizma alozima sprovedene sa njima 

otkriva da ove dve vrste imaju dovoljno genetičke diferencijacije zbog alozimske varijabilnosti u 

tri enzima koji kodiraju lokus; njihovi hibridi imaju zajedničku alozimsku varijantu od obe vrste. 

Hibridi pokazuju malu genetičku diferencijaciju od bilo kog roditelja.  
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