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Abstract

Polyacrylamide gel electrophoresis was applied for the analysis of the genetic
variation of 6 enzyme systems in 3 species of the Drosophila nasuta species sub-
group of the D. immigrans species group. Isozyme variations are shown both
among strains and among species. The heterozygosity values for those polymor-
phic loci are pretty high. There has no minor variation within strain been de-
tected. The preliminary data shows that D. albomicans and D. nasuta are more
similar to each other than to D. kepulauana, and isofemale strains tend to be
monomorphic while the natural population is polymorphic for certain enzyme
system. Thus, single isofemale strain can not represent a population for such
isozyme system. Given a number of isofemale strains, it is possible to estima‘e
the genetic variation in the natural population. Furthermore, heterosis seems to
be one of the main mechanisms to maintain the polymorphism within isofemale
strains,
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Introduction

The genetic variation is not only the fundamental material for natural selection to
operate, or the opportunity for organisms to evolve, but also a clue to understand the
population structure as well as the relationships among populations. There exists
a large quantity of genetic variation in natural populations. Among a variety of
different kinds of genetic variation, isozyme variation is frequently adopted for investi-
cation.

Drosophila albomicans, D. nasuta, and D. kepulauana are three species in the D. nasuta
subgroup of the D. immigrans group. The close relationships among them were already
noted by Wilson et al. (1969), Kitagawa et al. (1982), and others. In our laboratory, we
have acquired and established nine isofemale strains of three species. Thus, in the present
study, we compare the enzyme variation among those isofemale strains in order to get
more information about the relationship among these species.

Materials and Methods

Nine isofemale strains of 3 species of the nasuta complex of the D. immigrans group
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Table 1. Species and strains used in this study

Species and strains Locality Collector(s)
D. albomicans
0073.2 Waulai, Taiwan, R. O.C. Lin, Ting and Wang
0161.2 Chiang Mai, Thailand Kitagawa
0163.1 Okinawa, Japan Lin, and Yamamoto
D. nasuta
0181.8 Seycelles, Sri Lanka #SEZ-4 from University of Texas
0193.6 Kandy, Sri Lanka Kitagawa
0193.7 Mysore, India Kitagawa
0193.8 Mombasa, Kenya Kitagawa
D. kepulauana
0181.7 Brunei #3056.8 from University of Texas
0193.4 Plalwan, Philippines Kitagawa

—D. albomicans, D. kepulauana, and D. nasuta—were used in this study. The locality and
collector were listed in Table 1.

An isofemale strain is the one established from the offspring of a single female fly
captured from its natural habitat. Those isofemale strains were reared in our laboratory
by standard corn meal medium under the condition of 22°C and 75% relative humidity.

Six isozyme systems such as alcohol dehydrogenase (ADH), octanol dehydrogenase
(ODH), tetrazolium oxidase (TO), e-glucose phosphate dehydrogenase (a«GPDH), malate
dehydrogenase (MDH), and esterase (EST) were analyzed by vertical polyacrylamide gel
electrophoresis. Briefly, each individual fly was homogeneized with 20 uf distilled water
in an Eppendorf tube. After centrifugation for 10 min, 10«1 of supernatant wax mixed
with 2 g1 Bromophenol blue-glycerol solution, and loaded on-a well of a 7.5% polyacryl-
amide slab gel. Gel was run with Tris-glycine buffer (pH 8.3) at 4°C until the dye front
reaching the end of the gel. The isozyme patterns were then visualized by the specific
staining methods described by Avyala, et al. (1972). In order to detect minor variation
within an isofemale strain, 100 female flies from each strain were used for analysis.

Results and Discussion

Five of those isofemale strains were assayed for 6 enzyme systems and the other
four were used for just EST assay only. The zymogram patterns observed in this study
are shown in Fig. 1. Three enzyme systems, including ADH, TO and MDH, show only
one zymogram pattern. Therefore, they do not provide useful information in this study.
On the other hand, there are 2, 3 and 6 zymogram patterns for «GPDH, ODH and EST,
respectively. However, most of the isofemale strains are fixed on those isozyme gene
loci (Table 2), except Okinawa D. albomicans (stock number 0.163.01) on ODH locus,
and EST locus, and D. kepulauana (0181.7) on «GPDH locus.

~ The triple bands of ODH pattern 1 (Fig. 1) indicate that a dimer protein form is
present in the heterozygous individual in the polymorphic Okinawa D. albomicans strain
(0163.01). If the two alleles are named F for fast, and S for slow locomotion on the
gel, the frequencies of FF, FS, and SS individuals are 0.38, 0.49, and 0.13, respetively.
The ODH allele of D. nasuta is indistinguishable from the F allele of D. albomicans, but
D. kepulauana has a different ODH allele (Fig. 1).
The polymorphic locus of #GPDH also corresponds to a dimer protein enzyme. The
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Fig. 1. Zymogram patterens observed in flies of the D. nasuta subgroup
species. See Materials and Methods for detail. ADH, alcohol
dehydrogenase; ODH, octanol dehydrogenase; TO, tetrazolium
oxidase; aGPDH, a-glycerophosphate dehydrogenase; MDH, malate
dehydrogenase; and EST, esterase.

frequencies of FF, FS and SS individuals are 0.42, 0.58, and 0 repectively in the D. kepu-
lauana strain (018L.7). D. albomicans and D. nasuta are both fixed at an allele which is
indistinguishable from the S allele of D. kepulauana.

The esterase variation shown in Fig. 1 is controlled by alleles at the EST-F locus
(Kanapi and Wheeler, 1970). The Okinawa D. albomicans is polymorphic on EST locus
for Fast and null allels (F—: null=64:36). Although eight out of nine strains are fixed,
the result shows that they are all polymorphic within species. D. albomicans has three
alleles—F, S and null. D. nasuta and D. kepulauana have their own F and S alleles.

In general, our data provide three implications. (1) these preliminary data support
the previous reports that D. albomicans and D. nasuta are more similar to each other than
to D. kepulauana (Kitagawa, et al.,, 1982); (2) The three polymorphic loci in isofemale
strains are all showed high heterozygosity. Our previous finding that heterozygous

Table 2. Zymogram patterns of five strains of D. nasuta subgroup species

Strain number ODH aGPDH EST
0073.2 2 1 1
0161.2 2 1 2
0163.1 1 1 2*
0181.8 1 3
0193.6 ND ND 4
0193.7 ND ND 4
0183.8 ND ND 3
0181.7 3 2 5
0193.4 ND ND 6

* This strain contains a null allele and is polymorphic at this EST locus.
ND—none done
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inversions, such as In(2L)B,D;, are preserved in isofermale strains at high frequencies too
(Chang, er al., 1986). These results indicate that heterosis could be the main mechanism
for maintaining the polymorphism in isofemale strains. Therefore, it is obvious that the
maintenance of polymorphism in isofemale strain might be different from that in natural
population. (3) Genetic variation within single isofemale strain can not represent the
whole natural population. However, it is possible to estimate the genetic variation in a
natural population through the analysis of a large number of isofemale strains.

Acknowledgements

This work was supported by the National Science Council of the Republic of China
(Grant No. NSC74-0201-B001a-38).

References

Avyala, F.J.,, I.R. Powell, M. L. Tracey, C. A. Mourao and S. Perez-Salas. 1972. Enzyme
variability in the Drosophila willistoni group. IV. Genetic variation in natural popu-
lations of Drosophila willistoni. Genetics 70: 113-139.

Chang, H. Y., S. H. Chang and F.J. Lin. 1987. Effects of climatic factors on the hetero-
zygosity of In(2L)B,Ds in Drosophila albomicans. Bull. Inst. Zool., Academia Sinica
26: 39-45.

Kanapi, C.G. and M. R. Wheeler. 1970. Comparative isozyme patterns in three species of
the Drosophila nasuta complex. Texas Rep. Biol. Med. 28: 261-278.

Kitagawa, O., K-I. Wakahama, Y. Fujiyama, Y. Shimada, E. Takahashi, M. Hatsumi, M.
Uwabo and Y. Mita. 1982, Genetic studies of the Drosophila nasuta subgroup, with
notes on distribution and morphology. Jpn. J. Genet. 57: 113-141.

Wilson, F., M. R. Wheeler, M. Harget and M. Kambysellis. 1969. Cytogenetic relations in
the Drosophila nasuta subgroup of the immigrans group of species Univ. Texas Publ.
6918: 207-253.

=i B (Drosophila nasuta Complex)
2 BHERBR

* R B & EBE R

1. s R SR B BRI
2. B EMASLHEYRBERR

BBk B A KRG (Drosophila immigrans species group) HyHEEHTHER (D. nasuta
species subgroup) H={ETEMEHAERERIER o LI REUREME B AR HEE R o
A % REVERVISIREE » BAEARIA (heterozygosity) HHE® ° MARL R A EHRYWBRIFE o
B E TP BRI RERRKER B A RRERS BN ) BESR AN ERENES - W
SEEAIAT S SR TR E B REEH REENS T o LATFE SRS » I e RHEERRA
BERER BT o



