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GENETIC STRUCTURE OF A LABORATORY STRAIN OF AEDES
AEGYPTI L. (DIPTERA: CULICIDAE)
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Genetic structure of a laboratory strain of Aedes aegypti was analyzed by determining isozyme variability
on native Polyacrylamid gel electrophoresis (PAGE). Six genetix loci, coding for glucosophosphate
isomerase (GPI), phosphoglucomutase (PGM), malic enzyme (ME), phosphogluconate dehydrogenase
(PGD), glycerol 3-phosphate dehydrogenase (GPD) and isocitrate dehydrogenase (IDH) were analyzed. Av-
erage heterozygosity (H) of 0.123, and proportion of polymorphic loci based on Criteria | and 11 of 0.667 and
0.500 respectively were determined. Due to the presence of a null allele at Est-6 locus, electrophoretic data
for this locus could not be used for deducing population genetic structure of the species Ae. aegypti.
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INTRODUCTION

Aedes aegypti L. is one of more than 100 mosquito (Diptera: Culicidae) species
in the Ethiopian and Oriental subgenus Stegomyia. Ae. aegypti differs from other
species of the subgenus in the pattern on the mesonotum and structure of the hy-
popigium. The yellow fever mosquito, Ae. aegypti, is a complex species in the sense
of morphological, physiological, and behavioral variaton, which is greater than the
variation found in most insect species (Trris & HAUSERMANN, 1975). MATTINGLY
(1956) noted a variety and two subspecies of de. aegypti: Ae. aegypti aegypti (its
coloration is brownish and pale in comparison to the African subspecies); Ade. ae-
gypti formosus (the sub-Saharan African continent) and Ae. aegypti var. queenslan-
densis (pale form with scattering of cream-colored scales; often found mixed with
the type form). The probable ancestral habitat of the yellow fever mosquito, 4e. ae-
gypti are African forests. Eggs are deposited in suitable tree holes or artificial con-
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teiners where larval development takes place (WaLLis & TaBacHNICK, 1990). It is
distributed in tropics and subtropics of both hemispheres. The species was registered in
Southern Europe (France, Spain, Portugal, Italy, Yugoslavia, Albania and Greece).

The genetic structure of Aedes aegypti populations has been extensively stud-
ied by electrophoretic techniques in defining genetic distance and relationships be-
tween populations (TABACHNICK & POWELL, 1978; TABACHNICK et al., 1979; WALLIS
etal., 1984; WaLLIS & TABACHNICK, 1990); geographic and temporal patterns of ge-
netic variation (TABACHNICK, 1982); complexity and organization of the genome
(WARREN & CRAMPTON, 1991) and linkage map (WaLLIS & TABACHNICK, 1982;
SEVERSON et al., 1993). Esterase isozymes in particular have been extensively stud-
ied in Ae. aegypti due to their role as indicators of geographical variability (SAUL et
al., 1976) and their influence on insecticide resistance (MOCHES et al., 1987).

In this paper, the genetic structure of a laboratory strain of Aedes aegypti L.
based on allozyme variability of seven loci is presented.

MATERIAL AND METHODS

Laboratory population of Aedes aegypti London strain originates from a colony
provided from Department of Environmental Biology, University of Manchester
and was reared for five years in the laboratories of University of Novi Sad.

Soluble proteins of adult mosquitoes were separated in polyacrylamide gel
electrophoresis (PAGE), on 5% polyacrilamide slab gels. Isozyme variability was
studied using two buffer systems: (1) TBE buffer: glucosophosphate isomerase
(E.C.5.3.1.9), esterase (E.C.3.1.1.7), phosphoglucomutase (E.C.2.7.5.1), malic en-
zyme (E.C.1.1.1.40) and phosphogluconate dehydrogenase (E.C.1.1.1.43); (2) TC
buffer; glycerol 3-phosphate dehydrogenase (E.C.1.1.1.8), isocitrate dehydroge-
nase (E.C.1.1.1.42), according to MUNSTERMANN (1979). Individual adult specimens
were macerated in 25 microliters of a sucrose grinding solution and centrifuged for
three minutes at 15,000 g. Two to three microliters of the supernatant were applied
to each slab gel slot.

Electrophoresis was performed for 3-4 hours at a constant voltage of 220V (TC
buffer) or 330V (TBE buffer). Gels were then placed in the appropriate staining so-
lutions at 37°C with substrates specific for the enzyme being assayed. Gels were
fixed in a methanol-water-acetic acid mixture (5:5:1).

Genetic variability was defined by allele and genotype frequencies, number of
alleles per locus, percentage of loci polymorphic at 0.99 and 0.95 criteria, mean het-
erozygosity and Hardy-Weinberg expectations of mean heterozygosity. Expected
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heterozygosity at a single locus was calculated by H.=1- Ep. , where p, is the fre-
quencies of the i’ " allele out of a total of n alleles at the locus.

RESULTS AND DISCUSSION

Four out of six isozyme loci investigated, showed some electrophoretically
scorable variation (Tables I & II; Figure 1). Among six loci, only Me and Gpd were
monomorphic. The mean proportion of loci which were found to be polymorphic
was 0.667 and 0.500 (criteria I: Py 40; and II: Py o). The average heterozygosity per
locus (H) was 0.123 (Table III). In two loci, Pgm and Pgd, the average observed het-
erozygosities were lower than expected heterozygosities based on Hardy Weinberg
values (Table I).

Idh-2

A B
Fig. 1. Zymograms of A) Isocitrate dehydrogenase (IDH) and B) Phosphogluconate dehydrogenase
(PGD) and Glucosophospate isomerase (GPI).

Ae. aegypti represents a suitable model-system for studies of evolutionary
mechanisms (selection, genetic drift, inbreeding, gene flow) as well as changes in
genetic structure of populations. Comparing the mean number of alleles, heterozy-
gosity and polymorphism, it has been shown that those values are always lower in
laboratory populations than in natural ones (MUNSTERMANN, 1979). It has also been
confirmed that sylvan strain carried more alleles per locus and had a greater average
heterozygosity of domestic and island populations (TABACHNICK & PowELL, 1978;
TaBACHNICK et al., 1979; TABACHNICK, 1982). Explanation of this phenomenon lies
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in the fact that natural forest populations probably are exposed to a much more het-
erogeneous environment than laboratory populations (MUNSTERMANN, 1979).
PowkLL (1971) has shown that a heterogeneous environment is largely responsible
for maintaining or increasing the level of enzyme polymorphism. Therefore steady
environment could be responsible for maintaining lower levels of isozyme variabil-
ity and for the fixation of certain alleles and/or coadapted gene complexes in labora-
tory strains. Effects of inbreeding, genetic drift and selection, however, will act to
increase this disparity, and reduce heterozygosity, as shown for isolated island
populations (WALLIS et al., 1984).

Table I

Genotype frequencies at variable loci of the laboratory strain of Ae. aegypti.

Locus Pgm Idh-2 Gpi Pgd

Genotype aa bb ab aa ab bb ab aa bb ab

Frequencies  0.846 0.077 0.077 0933 0.067 0.586 0414 0.179 0.643 0.178

Hy 0.077 0.067 0.414 0.178

He 0.203 0.064 0.328 0.392
Table I1

Allelic frequencies at variable loci of the laboratory strain of Ae. aegypti.

Locus Pgm Idh-2 Gpi Pgd

Allele a b a b a b a b

Frequencies 0.885 0.115 0.967 0.033 0.207 0.793 0268 0.732

n 26 30 29 28
Table III

Estimates of genetic variability of the laboratory strain of de. aegypti.

Mean No. alleles Mean Observed Mean Expected Percentage of loci
per locus heterozygosity heterozygosity polymorphic *
1.667 0.123 0.165 0.667 (0.500)

* A locus is considered polymorphic if the frequency of the most common allele does not exceed 0.99 (0.95)
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The esterases include complex group of enzymes that hydrolyze different ester
bonds. Different isozymes are coded by at least six gene loci, expression of which is
dependent on the substrate of the catalyzed reaction. In addition to three other al-
leles, a null allele at the Est-6 locus was registered, when the gels were incubated in

a solution containing a-naphtyl acetate (heterozygous with the null allele presuma-
bly had single banded phenotype and were scored as homozygoutes). Due to the
presence of this allele, electrophoretic studies of this locus alone could not be used
to deduce the population genetic structure of the species Ae. aegypti (SAUL et al.,
1976; TaBacuNICK & PowkLL, 1978). TrREBATOSKI & CRAIG (1969) studied an es-
terase locus which they called esterase 6 and located on linkage group II, 23,3 cm
from the spot locus.

The four alleles registered in the survey of electrophoretic variability of Est-6
locus (Table IV) forms two homo- and four heterozygotes (Table V). This locus
shows the highest value of observed heterozygosity (H=0.689, Table V) of all other
loci in this study (Table I). Allele number at Est-6 locus was lower in the laboratory
strain, which can be attributed to the bottleneck effect, inbreeding and genetic drift,
and depends on the number of generations. Thus, SAauL et al. (1976) showed marked
decrease inn, from 2 in F_to only one allele in F , as well as a decrease from four to
only tv o alleles after 45 years of rearing a laboratory population. Natural popula-
tions are characterized by a higher number of alleles present at Est-6 locus, from two
to seven in domestic and three to seven feral populations and from three to six in
peri-domestic populations (SauL et al., 1976) and 9 allele in feral populations
(MUNSTERMANN, 1979). The number of Est-6 phenotypes in natural populations is
also higher (5-10, TABAcHNIK & POWELL, 1978).

Table IV
Allelic frequencies at Est-6 locus of the laboratory strain of de. aegypti

Allele a b C d
Frequencies 0.414 0517 0.017 0.052
n 29

Table V

Genotype frequencies at Est-6 locus of the laboratory strain of Ae. aegypti

Genotype a/a b/b a/b b/c b/d
Frequencies 0.318 0172 0.552 0.035 0.103
H, 0.689

H. _ 0.558
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IFEHETHYKA CTPYKTVYPA JIABOPATOPUJCKE ITOITYJIALIUJE BPCTE
AEDES AEGYPTI L. (DIPTERA: CULICIDAE)

B. MUJIAHKOB, Jb. BATIA, /1. TIETPH,
[. OBPEXT, M. TAHYPLIMR u A. BYJUR

Hi3son

AHanu3upaHa je TeHeTHUKa CTPYKTYpa 1abopaTopHjcke momnynanuje spere Aedes
aegypti MeTO10M nonuaxpuiamus ren enexrpodopese (PAGE) na ocHoBy anosumcke
BapHjabHIIHOCTH IIECT JIOKYCa KOjH JAETEPMUHHILY CHHTE3y eH3uMa: riyko3odocdar
nzomepase (GPI), dochornykomyraze (PGM), mammunn enszum (ME), docdo-
riaykoHat aexuaporeHase (PGD), riouuepon 3-docdar mexuaporenasze (GPD) u
H30LMTPAT JiexuaporeHase. YTepheno je na je npoceuna xereposurotroct (X) 0.123,
U MoIHMOpQHOCT Ha ocHOBY KputepHjyma [ u Il 6una 0.667 u 0.50. V npucycTBy o-
Ha)TUII aleTaTa je aHaIM3MpaHa alo3HUMcKa BapujabunHoct Est-6 nokyca. 36or
NIPHCYCTBA HYITOr ajesia eleKTpoopeTcka NMpoyvyaBama OBOT JIOKYCa Cé HE MOry
KOPHUCTUTH y OJIpehuBamy reHeTHUKe CTPYKTYpe Tonyaauuje Bpete Ae. aegypti.
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