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Correlated variation of chromosomal
inversion (3R)C and extra bristles in

Drosophila melanogaster
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Chromosomal inversion In(3R)C and extra dorsocentral and scutellar macrochaetae are correlated
in Asturian natural populations of Drosophila melanogaster in that selection for extra bristles
produced an increase in In(3R)C frequency. In the present work two populations with significantly
different frequencies of the In(3R)C inversion were created and a significant positive correlation
between In( 3R)C frequency and frequency of individuals carrying extra bristles was found. This
result confirms the correlation between bristles and In(3R)C. In addition, the correlation between
the two characters is also demonstrated at the individual level.
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Introduction

Correlation between chromosomal inversions and dif-
ferent characters is said by some workers to be the
main force that accounts for the maintenance of some
inversion polymorphisms in wild and domesticated
populations of Drosophila melanogaster (e.g. Afonso et
al., 1985). Other authors explain inversion poly-
morphisms by a selective advantage of heterokaryo-
types (e.g. Laurie-Ahlberg & Merrell, 1979; Barnes,
1983). Finally, some authors propose that supergenic
selection maintains inversion polymorphisms because
of co-adaptation (e.g. Watanabe & Yamazaki, 1976;
GarcIa-Vázquez & Sánchez-Refusta, 1989).

Polygenes that determine extra bristles are on all the
major chromosomes in D. melanogaster with variable
influence depending on the lines (Sheldon & Milton,
1972; Garcfa-Vázquez & Rubio, 1988). Rubio &
Albornoz (1982) found a zone in the 3R arm that
determines a significant increase in the bristle number
that overlaps more than 50 per cent with the In(3R)C.

Chromosomal inversion In(3R)C and extra macro-
chaetae were found in Asturian natural populations in
variable frequencies that can be very high (GarcIa-
Vázquez et a!., 1989). In these populations a correla-
tion between the variation of dorsocentral and scutellar
bristles and the frequency of In( 3R)C was discovered.
GarcIa-Vázquez & Sánchez-Refusta (1989) demon-
strated that by selecting recently caught lines for

increasing bristle number, In(3R)C heterozygote
frequency also increased. The higher the response to
selection for bristles, the higher the frequency of
In(3R)C maintained in such lines.

In this paper, we test the inverse phenomenon: in
recently caught lines managed with respect to their
In(3R)C frequency, the occurrence of extra bristles is
shown to be correlated with different In(3R)C fre-
quencies. In addition, we also investigate the existence
of the correlation at the individual level, in an attempt
to determine its biological significance.

Materials and methods

A sample of 56 Drosophila melanogaster females was
captured in a cellar of Asturias (North of Spain), using
yeasted banana traps. Isofemale lines, each from the
progeny of one female, were established in the labora-
tory.

Salivary gland chromosomes from five larvae per
line were analysed in the first laboratory generation,
according to Levine & Schwartz's (1970) method.
Chromosomal pattern was determined by direct
analysis, using Lefèvre's (1976) standard photographic
map.

To start the INV population,five virgin couples were
selected from each of the 10 isofemale lines showing
the highest frequency of the cosmopolitan inversion
In(3R)C. To start the STD population, the same
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procedure was followed with the 10 isofemale lines
showing the highest frequency of standard chromo-
somes.

The chromosomal patterns of 50 first-generation
larvae from each of the newly created STD and INV
populations were analysed by the same method
described above. We also recorded in this generation
the phenotypes of dorsocentral and scutellar macro-
chaetae of 500 males and 500 females from each
population. Flies with fewer bristles than the normal
phenotype appeared in negligible proportions (less
than 0.5 per cent) and are not considered in our results.

In this generation, 50 virgin females from the INV
population were crossed with 50 virgin males from the
STD population to create the INVX STD population.
The same procedure was followed with 50 females
from STD and 50 males from INV to create the
STD x INV one. Chromosomal arrangements and
extra bristles were recorded in the first generation of
these populations, following the procedure described
for INV and STD.

The INV and STD populations were maintained
separately in 10 bottles each, with standard culture
medium. Six generations without artificial selection
were obtained by means of rotational crosses. Inver-
sions were recorded in 30 larvae per population in
each of generations G.1, G.3, G.4 and G.6. Bristles
were recorded in 500 males and 500 females at G.6, in
both populations.

In parallel to these experiments, two lines were
started from each of STD and INV populations using
10 couples per line. Selection for increasing number of
dorsocentral and scutellar bristles was performed in
the four STD-1, STD-2, INV-1 and INV-2 lines. The
10 females and 10 males with the best phenotype
(having at least one extra bristle) were selected from
each generation. From the first to the fifteenth genera-
tion the extra bristle phenotype of 50 females and 50
males, taken at random, were registered in each of the
four lines.

In the fifteenth generation, bristle phenotypes were
registered in 50 virgin females from STD-1 and in 47
virgin females from INV- 1. These females were then
individually mated to males from the Canton strain, a
strain standard for chromosome constitution. By
analysing five larvae in the offspring of each female, we
deduced (with a confidence level of 95 per cent) the
chromosomic arrangement of the female (St/St,
St/3RC or 3RC/3RC).

Individual correlations between the number of extra
bristles and the number of chromosome arms with
In(3R)C were then tested in the females from each of
the STD-1 and INV-1 lines.

Results

Inversion frequencies in the captured population were
8.03 per cent for In(2L)t, 7.14 per cent for In(2R)NS,
1.78 per cent for In(3L)P, 0.89 per cent for Tn(3R)P
and 15.18 per cent for In(3R)C.

Table 1 shows the frequencies of In(3R)C in the
newly created populations: STD, INV, STD x INV and
INVX STD. The frequencies of In(3R)C in STD and in
INV populations differed significantly in a contingency
chi-square test (x=89.6o; P<0.001) in the initial
generation (G.0.) but there was no significant dif-
ference for any other investigated inversions. On the
contrary, In(3R)C frequencies from the STD x INV
and INVX STh populations did not differ (x= 0.134):
no maternal effect on inversions is evident.

Transforming frequencies in Table 1 by the expres-
sion arcsin 'J (p being the frequency), a positive sig-
nificant correlation (r=0.970; P< 0.05) was revealed
between the percentage of chromosome arms carrying
In( 3R)C and the percentage of individuals with extra
bristles.

After six generations without artificial selection,
In(3R)C frequency decreased slightly in the INV
population and increased slightly in the STD popula-
tion, while the percentage of individuals with extra bris-
ties was maintained in both populations (Table 2). We
can see that the correlation between In(3R)C and extra
bristles did not change in the laboratory, at least in the
first generations.

Table 1 Frequencies (in per cent) of chromosome arms with
the inversion (3R)C (IN) and individuals carrying extra
bristles (EB), in the four analysed populations

Population IN EB

INV 71.00 8.2
STD 5.00 3.8
INVx STD 56.66 8.6
STDxINV 51.66 7.6

Table 2 Frequency (in per cent) of chromosome arms with
the inversion (3R)C in the analysed generations and per cent
of individuals carrying extra bristles (EB) at the sixth genera-
tion

Population

Generations

G.0 G.1 G.3 G.4 G.6 EB

INV 71.0 70.0 67.5 65.0 60.0 9
STD 5.0 5.0 5.0 5.0 10.0 3
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Table 3 Average of extra bristles per female or male for 15 generations of selection
in the four lines STD- 1, STD-2, INV- 1 and INV-2, regression coefficients (b)and
their significance in a Student's t-test

Generations

STD-1

9 d

STD-2

9

INV-1

d 9 d

INV-2

9 d

G.0 0.068 0.012 0.068 0.012 0.114 0.034 0.114 0.034
G.1 0.12 0.00 0.32 0.02 0.62 0,02 0.30 0.06
G.2 0.00 0.00 0.22 0.04 1.16 1.04 0.48 0.16
G.3 0.10 0.02 0.40 0.19 2.18 0.94 1.04 0.56
G.4 0.20 0.02 0.42 0.20 2.44 0.72 2.42 0.60
G.5 0.06 0.10 0.72 0.40 2.46 1.30 1.94 1.10
0.6 0.30 0.10 1.10 0.68 3.06 2.00 2.22 1.50
G.7 0.24 0.18 1.26 0.66 3.52 2.40 2.72 2.16
G.8 0.20 0.20 1.20 0,42 2.58 1.86 2.22 1.72
G.9 0.62 0.28 1.32 0.78 3.70 2.64 3.00 2.42
G.10 0.74 0.32 1.62 1.16 3,52 2.86 3,60 2.66
G.11 0.92 0.64 1.50 0.58 3.90 2.80 3.84 2.86
G.12 1.04 0.90 1.34 0.66 3.68 3.02 3.32 2.18
G.13 1.24 0.80 0.52 0.34 5.18 3.48 4.08 2.44
G.14 1.46 0.96 0.70 0.24 4.50 2.68 4.10 3.16
G.15 1.24 0.92 1.12 0.74 4.44 2.58 4.46 2.88

bl b2 b3 b4 b5 b6 b7 b8

bvalues 0.098 0.072 0.066 0.041 0.279 0.209 0.286 0.219
t(b=0) 9.42*** 9.17*** 3.07** 2.80* 994*** 8.39*** 13.34*** 11.30***

***=P<0,001.
**=P<0.01.
*=p<005

Table 3 shows the average of extra bristles per
individual along 15 generations of selection, in the four
lines from STD and INV populations. The regression
coefficients of mean extra bristles against generation
number were significant in all cases and therefore the
response to selection was significant.

Males and females exhibit sexual dimorphism for
bristle number although following the same pattern
(Table 3); hence, only one sex is taken into account,
usually the females. The response to selection was
analysed by comparing the female regression slopes
bi, b3, b5 and b7 following Sokal & Rohlf(1981). The
four slopes were significantly (P < 0.001) different
(Table 4) but by separating the analysis of variance into
its components, one can see that the differences
between hi and b3 (STD-1 and STD-2 lines) and
between b5 and b7 (INV-1 and INV-2 lines) are not
significant. The only significant difference (P < 0.001)
is that between bS (corresponding to STD lines pooled)
and bI (corresponding to INV lines pooled) (Table 4).
That is, lines derived from the INV population reached
averages of extra bristles per female that were sig-
nificantly different (about four times higher) than lines

Table 4 Analysis of variance for the differences among the
regression coefficients (bs) of the four selected lines

Source of variation d.f. SS MS F

Among bs (bl, b3, b5, b7) 3 13.8512 4.6171 29.807***
Betweenbl&b3 1 0.1670 0,1670 1.078
Between b5 & b7 1 0.0102 0.0101 0.065
Between bS & hI 1 13.6740 13.6740 88.276***
Within bs(error) 56 8.675 0.155

***= P<0.001.

from the STD population. The response to selection
for increasing the number of extra bristles is very much
faster in lines with the In(3R)C than in lines with the
standard arrangement.

Chromosomal constitution and the number of extra
bristles per female from STD- 1 and INY- 1 in genera-
tion 15 are shown in Table 5. The frequency of
In(3R)C increased from 5 per cent at G.O to 16 per
cent at G. 15 in STD- 1 through selection for bristles,
showing Hardy—Weinberg proportions (x= 0.087) in
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Table 5 Females from the fifteenth generation in STD-1 and INV-1 lines showing
their chromosomic constitution and number of extra bristles. Average of extra
bristles per female

Number of
extra bristles

Line STD- 1 Line INV-1

St/St St/3RC 3RC/3RC St/St St/3RC 3RC/3RC

0 14
1 17 1 1

2 4 13 4
3 1 3 5
4 1 6 4
5 1 12 3
6 4 1

7 1
10 1

Totals 35 14 1 9 29 9
AverageofEBperfemale 0.71 1.93 3 2.89 4.62 4.89

the fifteenth generation. On the contrary, in INV- 1 the
frequency of In(3R)C decreased from 71 per cent at
G.0 to 50 per cent at G.15, although it too was in
Hardy-Weinberg equilibrium (= 2.57).

By testing the correlation between the number of
chromosomes with In(3R)C (none in St/St, one in St/
3RC and two in 3RC/3RC) and the number of extra
bristles in each female, a highly significant individual
correlation was revealed in females from STD-1 line
(r=0.731; P<0.001) and from INV-1 line (r=0.407;
P< 0.01). Even if the correlation is established in all
females without taking into account what line the
females are from, the correlation is still highly signifi-
cant (r = 0.671; P < 0.001). The average number of
extra bristles is about twice in females with In(3R)C
than in those without this inversion.

Discussion

Populations INV and STD were created by selecting
lines only with respect to their frequency of In(3R)C
and differed significantly in the frequency of that inver-
sion. It was shown that the frequency of individuals
with extra bristles in those populations and in
STD x INV and INV x STD populations was cor-
related with their In(3R)C frequency (Table 1). The
frequency of In(3R)C changed slowly over the six
generations scored without artificial selection in both
the STD and INV populations (Table 2), and although
frequencies increased in STD and decreased in INV,
differences in the frequency of In(3R)C and in the
frequency of individuals with extra bristles persisted
between the two.

In Asturian populations, In(3R)C is correlated with
dorsocentral and scutellar bristles (GarcIa-Vazquez et

al., 1989) and by selecting for increasing bristle
number, the frequency of In(3R)C also increased
(GarcIa-Vázquez & Sánchez-Refusta, 1989). In the
present work, selection for a higher frequency of
ln(3R)C brought, as a consequence, a higher frequency
of extra bristles. Again there is a positive correlation
between In(3R)C frequency and extra bristles in
laboratory populations. GarcIa-Vázquez & Sanchez-
Refusta (1989) explained the correlation between the
two characters by postulating the presence of genetic
factors determining extra bristles on Asturian In(3R)C
and the present results are in agreement with this.

As expected, the response to selection for increasing
bristle number was much more effective in lines with a
high In(3R)C frequency than in the standard ones
(Tables 3—5) and, in addition, the correlation between
In(3R)C and bristles is shown to occur at the individual
level (Table 5).

The different response to selection according to the
frequency of In(3R)C, and the individual correlation
between In(3R)C and bristle number, prove again that
some genetic factors involved in the increase in bristle
number are included in the inversion. Although all the
three main chromosomes contribute to increased
bristle number, chromosome 3 makes the highest con-
tribution by increasing chaetogen production in dor-
socentral and scutellar areas (Rubio & Albornoz,
1982; Albornoz & Rubio, 1986; GarcIa-Vazquez &
Rubio, 1988).

Following on from the usual explanation for the
persistence of inversions in natural populations (e.g.
Fontdevila et a!., 1983), In(3R)C in Asturian popula-
tions could be a co-adapted set of genes which has
captured allelic variants of bristle polygenes that deter-
mine the increased chaetogen amount (GarcIa-Vázquez
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and Sánchez-Refusta, 1989). This explains why, in the
two lines, the best response to selection came from the
INV population. Here, a high frequency of In(3R)C is
maintained and with many alleles producing chaetogen.
In the lines derived from the STD population the
response to selection was slower but the bristle number
and the In(3R)C frequency increased together.

Alahiotis eta!. (1977) and Inoué (1979) found that
the frequency of inversions decreased quickly in lines
of Drosophila kept in laboratory conditions as we
found in the INV line without artificial selection (Table
2). A regression of inversion percentage against
generation for the INV line yields a slope of — 1.811
(P< 0.01), whereas that for the STD line is not sig-
nificant. However, GarcIa-Vázquez & Sánchez-Refusta
(1989) found that the frequency of In(3R)C hetero-
zygotes increased in lines selected for extra bristles,
reaching values around 10—15 per cent.

In the present work, after 15 generations of selection
for extra bristles, In(3R)C frequency increased from 5
to 16 per cent in the STD-1 line and, although it
decreased in the INV- 1 line, was maintained at a higher
level (50 per cent) (Table 5). The frequency of In(3R)C
did not differ significantly from Hardy—Weinberg
equilibrium in the two STD- 1 and INV- 1 lines with no
excess of heterozygotes. Therefore, bristle selection
and not heterokaryotype advantage can be in this case
the main force behind an increase or can maintain the
frequency of In(3R)C at a high level.

The existence within In(3R)C of gene factors for
bristle number increase is probably not an adequate
explanation for the persistence in high frequency of this
inversion in natural Asturian populations. Genes
directly concerned with fitness could also be carried by
the In(3R)C, and so contribute to its persistence at a
high level in natural populations.
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