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ABSTRACT 
 
 Three natural populations of D. melanogaster were collected, two from Egypt (Siewa Oasis and 
Alexandria) and one from Libya (Bani-Walid) to study the differences in chromosomal inversion and 
components of fitness under three different temperature (15°, 25° and 29°C). Total of eight different inversions 
were detected, (2R)NS, (2L)Cy, and (2L)NS on the second chromosome and (3R)P, (3R)C, (3R)Mo, (3L)P, and 
(3L)M on the third chromosome. Distribution of inversions among individuals of the different populations 
indicated that the Alexandria population is highly polymorphic than Siewa and Libyan populations. The fitness 
components measured in these comparisons were body size, development time and daily, average egg 
production. These measurements were applied on the populations from different localities and their offspring 
produced from all combination crosses between them and the F2 produced from these crosses. The obtained 
results clearly indicated that, the wing and thorax length of all crosses exceeded the mid-parent values. 
According to the different temperature treatment, significant genotype-environment interactions were detected 
for wing and thorax length. Development rate in the F1 hybrids was shorter. The F2 showed longer development 
time for all characteristics studied and the F2 populations exhibited high variability than the F1 individuals due to 
genetic segregation. 
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Introduction 
 
 Drosophila is the best material for studies on evolutionary and population genetics (Dobzhansky, 1970). 
The first inversions were detected in Drosophila through the suppression of crossing over in inversion 
heterozygotes (Sturtevant, 1926). Chromosomal inversion polymorphism is a common characteristic of the 
genome in the Drosophila genus. Inversions have been said to be the most common form of chromosomal 
rearrangement in the evolutionary history of Drosophila. Paracentric inversions are the most common types of 
inversions in nature (Aulard et al., 2002; Balanyà et al., 2004). Pericentric inversions and inversions involving 
the X-chromosomes are very rare (Navarro et al., 2005). Inversions have been regarded as a device for holding 
together co-adapted genes, and therefore an outstanding adaptation of organisms, because of the low rate of 
successful recombination within the inverted region (Hoffmann et al., 2004). D. melanogaster a cosmopolitan 
and domestic species, is highly polymorphic and over 500 inversions have been described from different regions 
of the world (Aulard et al., 2004). The extent of chromosomal variability varies from one species to another and 
from one population to another of the same species (Akpabio, 2000; Iriarte et al., 2003).  
 The fitness of an individual refers to its relative ability to survive and its relative contribution of offspring to 
the next generation corresponding to the abilities of all other individuals in the population. Individuals are 
genetically different in a sexually reproducing population and much of this genetic variation is revealed as 
phenotypic variations which are exposed to the action of natural selection. On the other hand, natural selection is 
an expression of the differences of fitness among individuals which is based on their relative capacities to 
denote genes to the future generations. Thus, the relative fitness of individuals determines the genetic 
composition of the population (Falconer, 1960). Components of fitness are the qualities of the individual of a 
certain genotype that influence, in any way, its final adaptive value. For instance longevity, fecundity, life time, 
egg production and percentage emergence are considered the most important factors affecting the components 
of fitness given population. These factors are also components of Darwinian fitness (Falconer, 1960). The aim 
of the present study in to clarify the difference between two different nature populations of D. melanogaster two 
from Egypt and the other one from Libya in the frequency of specific.   
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Materials and Methods 
 
 Natural populations of D. melanogaster flies were collected from three different localities in Egypt and 
Libya. These regions are Alexandria University Farm and Siewa Oasis from Egypt and one from Libya (Bani-
Walid). The optimal medium which consisted of the ordinary cornmeal-molasses-agar mixture was used in all 
experiments as recommended by Robertson and Reeve (1952). The media condition and preparation of the 
chromosomes and analysis was according to Strickberger, (l96l). Salivary gland chromosome preparations were 
made, using third instar larvae, by the usual salivary gland squash technique. Photomicrographs of prepared 
slides were taken under oil immersion (x100 objective). Body size: Thorax and wing length were chosen to 
represent body size according to Robertson and Reeve, (1952); Daily average egg production (Tantawy, et al., 
1980) and Development time. In produced from the crosses between populations, three characters, were used i.e. 
body size (wing and thorax length), development rate and daily average egg production. For Competitive ability, 
three series of interspecific competition experiments were carried out to study the competitive ability of each of 
the three populations.  
 
Results and Discussion 
 
Chromosomal Polymorphism: 
 
 In all samples, three different paracentric inversions have been detected. These gene arrangements were 
found only in heterozygous condition in the F1 of the wild collected flies. One of the inversions is located on the 
second chromosome and the other is located on the third chromosome. The X-Chromosome and the small fourth 
one were free of inversions. The characteristics and designations of these inversions are as follows in Table 1 
and Figure 1. The results indicated that the amount and frequencies of the different chromosomal inversions 
varied from one population to another. All of these inversions were found in Alexandria population while some 
of these inversions were absent in Siewa and Libyan populations. Data in Table 2 presents the number of 
chromosomes examined and the frequencies of different chromosomal inversions in the three different localities. 
The percentage of larvae that were free of inversions indicates clearly that Siewa and Libyan populations are 
less polymorphic than the Alexandria population.  
 
Table 1: Chromosomal inversions of D. melanogaster from different localities. 

Chromosome two 
Type Breaks between Locality 

Left arm   
(2L)NS 23E 35F Alexandria & Siewa. 
(2L)CY 22D 23F Alexandria & Bani-Walid. 

Right arm    
(2R)NS 52A 56F Alexandria 

Chromosome three 
Left arm    

(3L)P 63C 72F Alexandria 
(3L)M 66D 71D Alexandria & Siewa & Bani-Walid 

Right arm    
(3R)P 89C 96C Alexandria 

(3R)MO 93D 98F Alexandria & Siewa. 
(3R)C 92d 100f Alexandria & Siewa. 

 
 The differences in frequencies of inversions may be due to both ecological and climatic factors. The 
differences may be ecological since inversion occurrence is an adaptive phenomenon, in which the population 
adapts to the environment where it may be found. The differences in inversion frequencies may also be climatic, 
location showing the effect of time and season of the year apart from the geographical location (mountain, 
lowland, island, etc.) of a sample site which determines the local climate (Hoffmann et al., 2004 and Aulard et 
al., 2002).  Our results agree with those Dobzhansky (1957) found that natural populations of D. pseudoobsoura 
in different geographical localities differed in the frequency of various inversions on the third chromosome. In 
addition to the geographical variations in relation to chromosomal polymorphism have been reported by Stalker 
(1976) and Choi (1977) on D. melanogaster suggested that there is migration from one place to the other or the 
inversions originated somewhere else and had been transported to other places. Finally, differences in inversion 
frequencies within the same geographical zone may be determined by many factors, such as: distance between 
sites, human traffic between sites, natural boundaries, level of urbanization, population size, industrialization etc 
(Iriarte et al., 2003).  
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Fig. 1: Microphotograph for (1) (2L)Cy; (2) In(2L)NS; (3) (2R)NS; (4) In(3R)P; (5) In(3R)C; (6) In(3R)Mo; (7) 

In(3L)P and (8) (3L)M inversion. 
 
Table 2: Frequencies of chromosomal inversions in the three different natural populations of D. melanogaster. 

Inversions Alexandria Siewa Libya 
Chromosome two 

 *№ % *№ % *№ % 
(2L)Cy 5 2.94 3 1.89 6 3.57 
(2L)NS 2 1.17 1 0.63 - - 
(2R)NS 1 0.58 - - - - 

Chromosome three 
(3L)M 4 2.35 1 0.63 5 2.97 
(3L)P 3 1.76 - - - - 
(3R)P 7 4.11 - - - - 
(3R)C 5 2.94 3 1.89 - - 

(3R)Mo 2 1.17 2 1.26 - - 
Examined chromosomes 170 158 168 

*№. Number of inversions detected. 

 
Components of fitness: 
 
 Under optimum temperature of 25°C, the differences in body size among populations are significant. It is 
clear that Libyan population had the smallest size (126.6±0.413), while Siewa population showed highest value 
(130.3±0.429 and 60.6±0.259, respectively) for wing and thorax length compared with the Alexandria 
population (128.2±0.443 and 58.9±0.242). At 15°C, there were significant differences in body size among the 
three populations. The data also illustrated the usual inverse relation between body size and temperature. At the 
low temperature of 15°C, both wing and thorax length showed general increase above the level of that at 25°C, 
while at 29°C, the values of the two traits declined below that level. The phenotypic correlation between wing 
and thorax length for each population clearly indicated that there is a high correlation between the two traits at 
averaged of 0.92 (Table, 3). 
 Data in Table 4 shows the mean values of wing and thorax length for the F1 and F2 generation. At the three 
temperatures, the F1 wing length of all crosses, except the cross Alexandria x Libya significantly exceeded the 
parent level. While the F2 significantly declined below level. The cross between Alexandria x Libya did not 
deviate significantly from the intermediacy neither in F1 nor in the F2 generations. However, there were no 
significant differences in body size between these two parental populations.  
 The pooled within culture variances of wing length for parents F1 and F2 generations at the three different 
temperatures used are shown in Table 4. The corresponding values for thorax length are shown in Table 4. At 
the three different temperatures the F1 and F2 generations of the crosses between Alexandria and Siewa had 
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almost the same level of variability for wing and thorax length as their parental populations. In all other crosses, 
the F1's were highly significantly less variable in the two traits than the parents. In the segregating generation, 
i,e., F2, the variability of wing and borax length increased to the level of that in the parental relations and in 
some cases these variability significantly exceeded that level. 
 
Table 3: Average wing and thorax length of files of populations, (Females only), at the three different temperature. 

Populations Wing length Thorax length Correlation 
At 15°C. 

Alexandria 138.9±0.443 63.9±0.242 0.9015 
Siewa 141.3±0.429 61.6±0.259 0.9066 
Libya 138.6±0.413 62.8±0.270 0.9043 

Average 139.6 62.8 0.9045 
At 25°C. 

Alexandria 128.2±0.443 58.9±0.242 0.9015 
Siewa 130.3±0.429 60.6±0.259 0.9066 
Libya 126.6±0.413 58.8±0.270 0.9043 

Average 128.4 59.4 0.9045 
At 29 °C. 

Alexandria 114.2±0.443 54.1±0.242 0.9015 
Siewa 116.3±0.429 55.6±0.259 0.9066 
Libya 115.6±0.413 54.8±0.270 0.9043 

Average 115.4 54.8 0.9045 
 
Table 4: Comparisons of wing and thorax length between F1, F2 and the mid-parent of the three populations (females only) at the three 

different temperatures. 
Crosses Wing Length Thorax Length 

F1-MP F2-MP F1-MP F2-MP 
At 15°C. 

Alex. x Siewa +9.6 -9.2 +3.2 -1.2 
Alex. x Libya +0.9 -0.1 +0.9 -0.4 
Libya x Siewa +9.4 -9.1 +4.1 -4.4 

 At 25°C. 
Alex. x Siewa +4.6 -9.2 +2.6 -4.2 
Alex. x Libya +0.7 -0.1 +0.3 -0.3 
Libya x Siewa +5.4 -9.1 +4.4 -3.9 

 At 29°C. 
Alex. x Siewa +7.6 -7.2 +3.2 -4.2 
Alex. x Libya +0.3 -0.5 +0.1 0.5 
Libya x Siewa +9.4 -7.3 +4.1 3.9 

 
Development times: 
 
 At 25°C, Alexandria population had the longest period of development (Table 5). Changing the temperature 
from 25° to either 15° or 29°C produced considerable changes in development time. At 15°C development time 
increased above the level of that at 25°C, while at 29°C the duration of growth has been reduced below that 
level. Table 6 shows development time of the F1 and F2 of the crosses between the different populations. The 
data are expressed as deviation from the mid-parent values. Only in the cross between Siewa and Libya, both F1 
and F2 generations did not significantly deviate from the intermediacy at any given temperature. In all other 
crosses, the F1 significantly had shorter development time than the mid-parent level while the F2 generation 
significantly exceeded that level. However, the data may also reveal the inverse relation between temperature 
and development time. Development time was relatively longer at the low temperature than, at the high 
temperature. 
 
Table 5: Development time of flies from the widely separated geographic populations at different temperatures. 

Populations 15°C 25°C 29°C 
Alexandria 2.99±0.0039 2.69±0.0088 1.92±0.0070 

Siewa 2.19±0.0039 2.39±0.0088 1.92±0.0070 
Libya 2.88±0.0040 2.37±0.0043 1.91±0.0060 

Average 2.68 2.38 1.92 
 
Table 6: Deviations of developmental time for the F1 and F2 from the mid-parent of the three populations (females only) at the three 

temperatures. 
 

Crosses 
15°C 25°C                              29°C 

F1-MP F2-MP F1-MP F2-MP F1-MP F2-MP 
Alex. x Siewa +4.1 -0.3 +5.2 -5.6 +10.2 -6.2 
Alex. x Libya +6.1 -1.7 +6.1 -1.3 +8.3 -5.5 
Libya x Siewa +0.4 -0.7 -1.4 -1.1 +0.9 -0.1 
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Daily average egg production: 
 
 Data in Table 7 shows the daily average egg production/female, for the different populations. The results 
indicated that the changes in the temperature produced considerable changes in egg production, increasing with 
low temperature and decreasing at the high temperature of 29°C. Average daily egg production for the F1 and F2 
generations of the different crosses are presented in Table 7. F1 and the F2 of the crosses between Alexandria 
and Libya populations in Table 8 did not deviate significantly from their mid-parent level. In the other crosses, 
the F1 generation exceeded the mid-parent levels while the F2 generation was inferior to the F1 in all cases. 
Viability of their F1 and F2 generations, from the parent’s level, changing the temperature to 15° or 29°C, only 
the F2 generation showed higher variability than that obtained for each of the F1 and the parental populations. 
 
Table 7: Average daily egg production of files for the three different   populations at different temperatures.  

Populations 15°C 25°C 29°C 
Alexandria 34.0±4.35 30.3±4.22 23.4±4.26 

Siewa 32.0±4.51 29.5±5.15 22.8±3.81 
Libya 33.9±4.51 30.6±4.15 23.1±3.77 

Average 33.0 30 23 
 
Table 8: Deviations of daily average egg production for the F1and F2 from the mid-parent of the three populations (females only) at the three 

temperatures. 
 

Crosses 
15°C 25°C                              29°C 

F1-MP F2-MP F1-MP F2-MP F1-MP F2-MP 
Alex. x Siewa +6.1 -10.1 +5.2 -5.6 +10.2 -8.2 
Alex. x Libya +9.2 -8.7 +6.1 -1.3 +8.3 -8.5 
Libya x Siewa +7.4 -8.4 +6.4 -5.4 +9.9 -9.1 

 
Competitive ability (pure culture): 
 
 The results in Table 9 clearly showed that D. melanogaster had relatively higher percentage of emergence 
than D. simulans especially for the two populations collected from Alexandria and Siewa  
 
Table 9: The viability of the three Drosophila melanogaster populations collected from Alexandria, Siewa and Libya. 

Population 
On optimum medium 

Generation 
1st 2nd 3rd 4th 5th 

Alexandria (D.m) 85.8 83.1 83.8 85.1 82.1 
Siewa (D.m) 82.8 86.1 86.8 84.8 82.4 
Libyan (D.m) 81.3 78.0 80.7 79.3 80.0 
D. simulans 69.8 70.6 65.9 70.8 70.7 

 
Competitive ability (mixed culture): 
 
 The outcome of competition between Alexandria population of D. melanogaster and D. simulans (Farm) on 
the optimum medium is presented in Table 10. The results clearly indicated considerable changes in the viability 
of the population with the changes in its input frequency. With decreasing the initial frequency of D .simulans , 
the viability of D. melanogaster greatly increased specially for the first five generations of the competition 
between the two species. At equal proportions of the two species, D. melanogaster showed higher viability than 
D. simulans especially at the last three generations of the experiment. When the input frequency of D. 
melanogaster decreased than that of D. simulans, the two species showed equal percentage of emergence. 
 Concerning to the population of D. melanogaster collected from Siewa and  D. simulans population (Farm) 
in the optimal medium is shown in Table 10. The results showed that D. melanogaster had considerably higher 
viability than D. simulans when the initial frequency of the later species did not exceed the input frequency of 
the former one. The viability of D. melanogaster flies comparatively declined in cultures with higher frequency 
of D. simulans. The results clearly indicated that D. melanogaster flies performed much better than D. simulans 
in cultures with less than 5o% initial frequency of the later population. Increasing the input frequency of D. 
simulans  above 50% of the total population size led to a decline in the competitive ability of D. melanogaster 
population below the level of that in D. simulans (Farm) one.  
 Body size in Drosophila is correlated with fitness in the sense of evolutionary success; Tantawy and 
Vetukhiv (1960) found that larger flies lay more eggs and live longer than do smaller ones. Comparisons 
between the natural populations revealed that Alexandria population had the smallest body size, i.e., wing and 
thorax length while Siewa population had relatively the larger size. This means that one-third to two-fifth of the 
total variation in body size is genetic and hence this character is rather accessible to selection. The crosses 
between the different widely separated populations illustrate selection, at a narrow level, within each population. 
The test for differences in genetic integration between the different populations was based on the behavior of the 
F2 and the parental populations. If the various genes for body size act additively, then each hybrid generation 
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should be the average of the size of its mid-parents (Masry et al., 1985). Heterosis occurs when the hybrids are 
larger than the mid-parent. Over dominant loci often contribute to heterosis (Falconer, 1960). The comparisons 
were carried out at the three different temperatures, i.e., 15°, 25° and 29°C. The F1 wing length of all crosses, 
exceeded the mid- parent level while the variability of the wing declined below that level. The within-culture 
variance was used as index of the population variability. This variance contains both genetic and environmental 
components. The differences in the variability among the parents and the hybrid generation should be largely 
genetic. Our data indicated significant breakdown of the wing with significant increase in the phenotype 
variability among the individuals of the F2 generation. The breakdown indicates the breaking apart, by 
recombination, of gene complexes which had been selected for favorable interaction. The increased variability 
reflects the many new combinations among the different collections of genes for wing length in the various 
populations.  
 
Table 10: The effects of competition, in optimum medium between D. melanogaster and D. simulans, under uncrowning feeding condition 

for five generations.  
Proportion  of 
populations 

D. melanogaster (Alexandria) 
and D. simulans (Farm) 

D. melanogaster (Siewa) and D. 
simulans (Farm) 

D. melanogaster (Libya) and D. 
simulans (Farm) 

F1 
D.m D.s D.m D.s D.m /D.s D.m D.s D.m /D.s D.m D.s D.m /D.s 
40 20 61.6 49.1 1.25 61.5 65.7 0.93 88.9 50.7 1.8 
30 30 42.8 45.7 0.94 41.0 58.3 0.70 96.0 58.7 1.6 
20 40 43.6 70.1 0.62 43.8 60.1 0.73 66.7 62.2 1.4 

  F3 
40 20 63.4 45.7 1.38 63.2 53.4 1.18 74.7 48.0 1.6 
30 30 45.3 37.8 1.19 44.1 52.0 0.85 84.0 57.3 1.5 
20 40 55.7 64.9 0.86 50.8 64.8 0.78 58.7 66.7 0.9 

  F5 
40 20 66.8 34.9 1.91 66.9 37.5 1.78 67.6 37.3 1.8 
30 30 77.2 41.1 1.88 77.3 33.4 2.31 80.0 48.0 1.7 
20 40 58.8 67.1 0.87 58.8 57.9 1.02 48.0 63.0 0.8 

 
 With respect to the other two components of fitness, i.e., development time and daily average egg 
production, differences in genetic integration between the natural populations with respect to the former trait 
have been found. The superiority of the F1 of the crosses between different geographical populations of 
Drosophila with respect to body size and some fitness components have been reported by many investigators 
(Bonnier, 1961).  
 With respect to daily average egg production, the data obtained for the different crosses revealed that 
differences between populations were almost affected by environmental variations. The higher variability in this 
case should be attributed to environmental effects since this character posses low heritability estimate of about 
0.2. In pure cultures, the treated flies of D. melanogaster had relatively higher viability than D. simulans 
specially Alexandria population. With respect to competition between species, the outcome of competition 
between D.melanogaster and D.simulans depends on their relative frequencies in the parental generation. Such a 
phenomenon could be of considerable importance in colonization. On cultures with high input frequency of D. 
melanogaster, this species was generally superior to D. simulans. When the initial frequency of D. siniulans 
increased the competitive ability of D. melanogaster decreased. In all treatments, the competitive ability of D. 
melanogaster considerably changed over the five successive generations.  
 
Conclusion: 
  
 In all samples, three different paracentric inversions have been detected, these gene arrangements were 
found only in heterozygous condition in the F1 of the wild collected flies. The results of the present research 
showed, a total of eight different cosmopolitan inversions i.e. (2R)NS, (2L)Cy, and (2L)NS on the second 
chromosome and (3R)P, (3R)C, (3R)Mo, (3L)P, and (3L)M on the third chromosome. The X-chromosome and 
the fourth one were totally free of any inversion. All inversions were found in Alexandria population while 
some of these inversions were absent in Siewa and Libyan populations. These results indicate that the different 
populations have different make ups at least for the characters under study. It is well known that natural 
selection operates on fitness characters. Hence the genetic material of fitness traits is altered to bring about 
changes in fitness characters leading to a maximum fitness. The outcome of the competition is affected by 
different factors such as, the changes of the relationship between the competitors, their relative fitness and their 
relative frequencies as well as the physical factors of the environment.  
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