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Hwei-Yu Chang, ‘Su-Hua Chang and Fei-JannLin (1987) Effects of climatic
factors on the heterozygosity of In(2L)B.Ds in Drosophila albomicans. Bull. Inst.
Zool., Academia Sinica 26(1): 39-45. The seasonal fluctuation of heterozygous inver-
sion, In(2L)B,Ds, was observed in natural population of Drosophila albomicans at

Wulai, Taiwan.

The heterozygosity of In(2L)B.Ds was negatively correlated with

the temperature, and possitively correlated with the relative humidity. These results
indicated that the flies with heterozygous In(2L)B:Ds have better fitness to the cold and
wet weather in winter. Heterosis might be the main mechanism for maintaining the
polymorphism in the natural population, and laboratory maintained isofemale stocks.

Hetrozygous inversion in Drosophila can
maintain a sequence of genes on a particular
chromosome and prevent them from crossing
over with the alleles on the homologous
chromosome carrying a different gene order.
Thus, an inversion in natural population may
represent a supergene. In fact, the frequen-
cies of inversions have been demonstrated
to fluctuate with the change of several
ecological factors (Dobzhansky and Epling,
1944; Dobzhansky, 1948; van Valen, et al,
1962; da Cunha, 1951; and Wagner, 1949).
Although they do not cause morphological
changes, this kind of variation is not neutral
{Dobzhansky, 1974). The population of Dro-
sophila albomicans at Wulai contains several
chromosomal inversion types. In(2L)B;Ds is
the most conspicuous one among them (Lin
and Chang, 1986). Therefore, in this com-
munication, we investigate the fluctuation of
the heterozygosity of In(2L)B,D; during the
period from April, 1977 to February 1978,
and the relationships between the inversion
heterozygosity and climatic factors, including
temperature, humidity and rain precipitation.

We find that In(2L)B;Ds shows heterosis in
both natural population and laboratory main-
tained isofemale stocks.

MATERIALS AND METHODS

Flies

Drosophila albomicans were collected from
a valley at Wulai (Fig. 1) every two weeks
from April 22, 1977 to February 24, 1978.
Fourteen female flies were cultured indivi-
dually from each collection. Totally 308 iso-
female stocks were established from 22 collec-
tions. One or two isofemale stocks from
each collection were saved purely by chance.
Thirty nine isofemale stocks of them had
been maintained in the laboratory (22°C and
759 relative humidity) for more than 8 years
until 1986, and the rest were discarded after
the F; generation. The flies were maintained
by a standard procedure described previously
(Lin and Chang, 1986).

Chromosome preparation

Six female F; larvae from each newly
established isofemale stock and 30 female
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Fig. 1. The collecting site of Drosophila albomicans.

of Taiwan.

larvae from each laboratory maintained stock
were sacrificed to make salivary gland chromo-
some slides. The salivary glands obtained from
third instar female larvae were subsequently
submerged in 45% acetic acid for one minute,
in 1N HCI for 15 to 30 seconds and then in
lacto-aceto-orcien for 20 minutes. The stained
salivary glands were squashed on a slide in
759 lacto-acetic acid (1:1.5). The inversion
types were identified microscopically accord-
ing to the standard map of the giant chromo-
somes (Lin, er al., 1974).

Wulai is indicated on the map

Heterozygosity of In(2L)B,D;

The heterozygosity (H) of In(2L)B,D; in
natural population was estimated from F,
female larvae, because the larvae of D. albo-
micans are hard to be found and identified
in nature. Let the frequencies of two homo-
zygous forms in the natural population be a
and b, and the probability that F; heterozy-
gosity=0 and the probability that F, hetero-
zygosity=1 be A4 and B, then A=a?*+5%* and
B=2ab. Thus, the estimated heterozygosity,
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H, which is equal to 1—(a+5), can be cal-
culated as follow: H=1—}  A+B. A and B

are estimated from the 14 samples for each
collection. In order to reduce the sampling

error, A and B are substituted by corrected
values, A4’ and B/, respectively, where A'—=
A—C, B'=B—C, and C=(1—A—B) X 0.015626/
0.958745. Heterozygosity of In(2L)B;Ds in
laboratory maintained stocks was determined
directly from 30 female larvae.

RESULTS AND DISCUSSION

From 1977 to 1978, 1,848 polytene chro-
mosome slides had been examined. Total of
eight inversion types were detected, but only
In(2L)B;D; (Fig. 2) with the average fre-
quency of 55% was a meaningful inversion
type for further discussion (Brncic, 1972).
Seasonal fluctuation of heterozygous inversion
has been observed in several Drosophila species
(Brncic, 1972; Dobzhansky, 1951; Dobzhansky,
1970; Patterson and Stone, 1952; Speiss, 1968).
The seasonal fluctuation of climatic factors and

inversion heterozygosity of In(2L)B;Ds during
the experimental period (April, 1977 to Feb-
ruary 1978) are showed in Fig. 3. According to
Chi-square analsis, the frequency of In(2L)B;D;
was significantly fluctuated during the year.
Furthermore, In(2L)B,D; was negatively cor-
related to the temperature but positively
correlated to the relative humidity (Fig. 4).
However, no correlation was revealed between
the inversion frequency and rain precipitation
(Fig. 4). For the convenience of further
analysis, we pooled our data into 3 groups,
l.e. from April 22 to July 15, July 30 to
Nov. 5, and Nov. 19 to Feb. 24. As shown
in Table 1, the average temperature was
decling, but the average relative humidity and
the heaterozygosity were increasing during
this period. In the first two groups (from
April to November), the average temperature
was over 25°C and the relative humidty is
less than 70%, and the heterozygosity of
In(2L)B,Ds; was around 50%. However, in
the third group, the average temperature
was 17°C and the average relative humidity

Fig. 2. The heterozygous In(2L)B.Ds of Drosophila albomicans.
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Fig. 3. The seasonal fluctuation of three climatic factors and the heterozygosity of
In(2L)B:Ds from April 22, 1977 to February 24, 1978.

was near 80%, whereas the heterozygosity
of In(2L)B:Ds; was 66.1%, indicating that
In(2L)B;D; showed heterosis -in winter (Table
1). These results indicated that the files with
heterozygous inversion of In(2L)B,D; may
have better fitness to the cold and wet winter.

In(2L)B;D; heterosis: was confirmed in
laboratory maintained stocks. We re-examined
the heterozygosity of In(2L)B,D; eight years
after the experimental period, i.e. approxi-
mately equivalent to 150 generations. Total
of 1,166 polytene chromosome slides have
been made. Seven of the 39 isofemale lines
were monomorphic at begining, and no spon-
taneously mutated inversion was observed

among them. This result is consistence to
the general finding that mutation rate of
inversion is very low. However, 10 out of
32 (31%) originally polymorphic stocks went
fixation, i. e. no heterozygous In(2L)B;D; was
further detected, indicating a strong effect of
genetic drift in isofemale lines. Therefore,
isofemale lines, unless using a large number,
are not ideal source to study the genetic
variation in natural population. The remain-
ing 22 isofemale stocks,” which are originally
polymorphic, are still polymorphic eight years
after the stocks were established. The dis-
tributions of heterozygosity of In(2L)B:Ds
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Fig. 4. The relationship between inversion heterozygosity and meteorological factors.
Solid lines were obtained by the linear regression. Dotted and dash lines
represent 99% and 952 confident interval, respectively.

TaBLE 1
Estimated heterozygosity of In(2L)B,D; in nature population

April 22 July 30 November 19
to to to
July 15 November 5 February 24

Heterozygosity (%) 46.8 52.6 66.1
Ave. Temp. (°C) 27.1 26.5 17.0
Ave. Rel. Humidity (%) 61.3 67.4 78.1
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Fig. 5. The expected (considering genetic drift only) vs. observed distributions of
32 isofemale stocks on heterozygosity.

is shown in Fig. 5. According to Hardy-
Weinberg’s law, the heterozygosity should not
be over 50% even in the presence of genetic
drift. Our data show that 12 (55%) labora-
tory maintained stocks have the heterozygo-
sity of In(2L)B;D; over 50%5. These results
indicate that heterozygous In(2L)B,Ds; did
show heterosis in long-term culture in labo-
ratory. In fact, the laboratory condition,
which is constant during the years, is similar
to the winter weather at Wulai as presented
in Table 1.

In conclusion, although the frequency of
heterozygous In(2L)B;Ds was fluctuated
during the year, heterozygous In(2L)B,D;s
shows heterosis in both natural population
and laboratory maintained stocks in cold and
wet condition. However, further investigation
is needed to understand what genes located

within the segment of In(2L)B;Ds are re-
sponsible for the heterosis.
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