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Abstract

Seasonal genetic variation was assessed in the common house fly Musca domestica. Allozymes at six gene
enzyme system viz., ACPH, EST, G6PD, ME, AO and XDH were analyzed. Fourteen loci with twenty seven
alleles were unraveled. The genetic variations were found to be affected to a great extent by environmental
influence .F statistics has been used to calculate genetic variation which revealed that very little genetic variation
has occurred among the house fly populations analyzed in the present study. Further, except ACPH-2, G6PD-2
and XDH-1 all the other loci show inbreeding (Fis>Fg). Thus it appears that the house fly populations analyzed
are characterized by high level of inbreeding. Nei’s genetic identity (1) and distance (D) values reveal a close
similarity between summer and rainy season collections.
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INTRODUCTION

The extent of genetic variability within
populations of a species reflects species vitality
and its potential for evolutionary response to
environmental changes (20). Allozyme variations
have unraveled changes in genotype frequencies
in relation to spatial, seasonal and temporal
variations emphasizing the role of environmental
heterogeneity in space and time to maintain
genetic  polymorphism  (2,5,6,8,11,15,16,17,
21,22).

The common house fly Musca domestica, a
synanthropic fly with world wide distribution,
has tremendous capacity to adapt to varying
environmental conditions. The spatial, temporal
and seasonal genetic variations in house fly
populations have been analyzed only in the new
world populations from USA, UK and Africa.
(3,7,13,14,18,19,24).Seasonal genetic variation in
house fly, M. domestica, populations from
Allahabad, India has been analyzed in the present
study.
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MATERIALS AND METHOD

Sample collection

The house flies Musca domestica L. were collected
from George Town locality of Allahabad city, 25°
8’North,81° 50’East ,using sweep nets, brought to the
laboratory and kept in insect rearing cages. The flies were
collected during summer (June, 2008, Temp. Max.44°C-
Min.28°C<:; Relative humidity Max. 35%, Min.7%), rainy
(August, 2008, Temp. Max.36° C-Min.26°C; Relative
humidity Max. 84%, Min.48%) and winter seasons
(December, 2008, Temp. Max.28°C-Min.6°C; Relative
humidity Max. 97%, Min.65%).

Electrophoretic studies

Single male flies were homogenized in 10 pl of chilled
double distilled water, homogenates were centrifuged and
the supernatant was used for enzyme separation.
Electrophoresis was performed on 7% polyacrylamide gel at
4°C.Fifty individuals were assayed for enzyme activity at
six gene enzyme systems viz., acid phosphatase (ACPH),
esterase  (EST), glucose-6-phosphate  dehydrogenase
(G6PD), malic enzyme (ME), aldehyde oxidase (AO) and
xanthine dehydrogenase (XDH). The staining protocols of
Ayala et al (1) and Tsukamoto (25) were followed for the
analysis of enzyme activity.

Data analysis

The relative mobility of each band was calculated and
expressed as Ry values (x 100) following the method of
Tsukamoto and Horio (26). Electrophoretic genotypes were
determined by comparison of relative mobility of the bands.
Genetic interpretations were made by conventional method;
single bands were considered to represent homozygotes and
multiple banded phenotypes represented heterozygotes (9).
At polymorphic loci, groups of similar Ry values were
considered to represent a single allele. The mean value for
each group was used to designate that particular allele. The
genotype information at each locus was used to calculate
allele frequencies (4).The genotype information, thus
obtained, was used to estimate genetic variability using
polymorphic loci, mean observed (H,) and expected (Hg)
heterozygosity (23). Test for conformity to Hardy-Weinberg
equilibrium was carried out by Chi-square and Wright’s F
statistics (27). Genetic identity (I) and genetic distance (D)
values were calculated according to the method of Nei (23).

RESULTS AND DISCUSSION

The fourteen genetic loci studied in three
collections revealed twenty seven putative alleles
at six gene-enzyme systems. The enzyme activity
at ME was confined to a single locus while all the
other enzymes show activity at multiple loci i e.,
ACPH (ACPH-1 and ACPH-2), EST (EST-1,
EST-2, EST-3, EST-4 and EST-5), G6PD
(G6PD-1 and G6PD-2), AO (AO-1 and AO-2)
and XDH (XDH-1 and XDH-2). Enzyme activity
at EST-4 and EST-5 was monomorphic in all the
samples while all the other loci were
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polymorphic. The flies collected during rainy and
summer season shared twenty one alleles except
six alleles at four genetic loci viz., EST-1, EST-5,
AO-1 and XDH-1. The activity at the loci EST-5
and AO-1 was not observed in the population of
rainy season, while the activity at the locus EST-
1 was totally absent in summer population
(Fig.1). XDH-1 is polymorphic in rainy season
while it is monomorphic in summer season
(Fig.2). Allelle frequencies and Chi-square values
are presented in table 1.The extent of genetic
variation among three collections, number of
alleles per locus, percentage of polymorphic loci
and the mean heterozygosities are summarized in
table 2.

{a) AQ Summer

¥ 4 5 1

(£} AOQ Winter
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Table 1. Allele frequencies and Chi-square values in seasonal collections of M. domestica.

Locus Allele Summer Rainy Winter
ACPH-1 a 0.55 0.56 0.52
(n=50) b 0.45 0.44 0.48

%2 1.14 1.77 1.97
ACPH-2 a 0.68 0.55 0.49
(n=50) b 0.32 0.45 0.51

%2 19.99 7.76 2.87
EST-1 a - 0.40 0.53
(n=50) b - 0.54 0.43

x> - 9.52% 11.43*%
EST-2 a 0.56 0.51 1.00
(n=50) b 0.44 0.49 -

%2 6.15% 1.27 -
EST-3 a 0.57 0.46 1.00
(n=50) b 0.43 0.54 -

%2 4.69% 6.33%
EST-4 a 1.00 1.00 1.00
EST-5 a 1.00 - 1.00
G6PD-1 a 0.45 0.59 0.52
(n=50) b 0.55 0.41 0.48

X2 11.26* 2.30 1.97
G6PD-2 a 0.42 0.62 1.00
(n=50) b 0.58 0.38 -

%2 0.47 8.23* -
ME a 0.50 0.66 1.00
(n=50) b 0.50 0.34 -

%2 9.68% 7.07* -
AO-1 a 0.48 - 0.54
(n=50) b 0.52 - 0.46

X2 3.89 - 6.33*
AO-2 a 0.42 0.36 0.42
(n=50) b 0.24 0.40 0.32

c 0.34 0.24 0.26

X2 28.84* 17.72% 5.71%
XDH-1 a 1.00 0.53 0.54
(n=50) b - 0.47 0.46

x> - 5.04* 13.36%*
XDH-1 a 0.49 0.40 1.00
(n=50) b 0.51 0.60 -

%2 11.51* 1.39 -

n= number of individuals in each sample;
*=Populations not in Hardy Weinberg equilibrium.

Table 2. Genetic variability in seasonal collections of house flies populations.

Population | Sample Number Mean effective Percentage Mean observed | Mean expected
Size of loci no. of alleles of polymorphic | hetero-zygosity | Hetero-zygosity
loci (H,) (Hg)
Summer 50 14 2.00 71.43% 0.333 0.504
Rainy 50 14 2.01 78.57% 0.362 0.501
Winter 50 14 1.94 50.00% 0.354 0.520
Mean 50 14 1.98 66.67% 0.350 0.508

Ho = No. of heterozygote / Total no. of individuals
He = 1- Xx2 ( Nei, 1972 ), where X; is the frequency of ith allele at a locus
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The mean effective number of alleles per
locus ranged from 1.94 to 2.01, with a mean of
1.98. The percentage of polymorphic loci ranged
from 50% to 78.57%, with a mean of 66.67%

The mean observed heterozygosity ranged
from 0.333 to 0.362, with a mean of 0.350 and
mean expected heterozygosity ranged from 0.501
to 0.520, with a mean of 0.508. Allele
frequencies and electrophoretic  phenotype
frequencies at eleven loci were not found to be in
accordance with the Hardy-Weinberg equilibrium
due to a deficiency of heterozygote in the
sampled population. The deficiency could be
attributed to sampling error and/or inbreeding in
the population (10). The percentage of
polymorphic loci was highest in the samples of
rainy season and lowest in winter collection.

1

2 3

{a) XDH Summer
1 2 3
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(c) XDH Winter

The present result shows a very close
similarity between collections of summer and
rainy season, as there is a great deal of similarity

+

in mean effective number of alleles and
percentage of polymorphic loci in the two
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populations as compared to the winter
collections. Thus it may be surmised that the
seasonal genetic variations of allozymes is
influenced to a great extent by the environmental
conditions as has earlier been observed by
Mateus and Sene (20) in Drosophila antonietae.
This contention is further supported by the Nei’s
genetic identity (I) and genetic distance (D)
values which revealed a very high value of
genetic identity (0.844) between summer and
rainy season collections (Table 3).

Table 3. Genetic identity (1) and distance (D) among
the three collections.

(L]

Population Summer Rainy Winter
Summer 0.844 0.335
(D)
Rainy 0.170 0.261
Winter 0.715 0.770 -
1= IxyNIx Ty
D=-Inl

Where Jx y is the arithmetic mean of Jx =x ;y; over all
loci, Jx is the arithmetic mean of ix = ix ;2 over all loci, and
X; (or y; is the frequency of the ith allele in the first (or
second) population.

Table 3. Genetic identity (1) and distance (D) among
the three collections.

Loci Fis |

ACPH-1 0.180 0.002
ACPH-2 0.341 0.487
EST-1 0.457 0.005
EST-2 0.254 0.227
EST-3 0.331 0.244
GO6PD-1 0.324 0.013
G6PD-2 0.238 0.266
ME 0.410 0.216
AO-1 0.317 0.011
AO-2 0.244 0.011
XDH-1 0.417 0.419
XDH-2 0.327 0.299

Wright’s F statistics further supports the fact
that very little genetic variation has occurred
among house fly populations analyzed in the
present study. Except ACPH-2, G6PD-2 and
XDH-2 all the other loci reveal inbreeding
(Fis>Fs) (Table 4). Kimura and Crow (12) have
opined that a negative F; value is indicative of
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random mating. Thus, it seems plausible that the
house fly populations surveyed in the present
study are characterized by a high level of
inbreeding.
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