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Selection for high and low number of sternopleural bristles 
in Drosophila ananassae: Correlated response in the 

frequency of chromosome inversions 

B.N. S INGH and S A L O M Y M A T H E W 

Genetics Laboratory, Department of Zoology, 
Banaras Hindu University, Varanasi , India 

Directional selection for high and low number of sternopleural bristles in 
Drosophila ananassae was applied for 13 generations. The selection produced a 
rapid divergence in the mean number of sternopleural bristles in the replicates 
high and low lines: i- high (H, - 25.75, H2 - 25.69); ii- low (L, - 14.16, L2 - 13.55); 
Hi- control (17.21) lines in G]r Regression coefficients for the high and low lines 
were significantly different from zero. The realized heritability over thirteen 
generations was 21-23 for the high lines and 14-18 for the low lines. The results 
suggest that the number of sternopleural bristles in D. ananassae is under 
polygenic control, with a substantial amount of additive genetic variation. 
Flies of the base population had three chromosome inversions: AL (2L), ZE (2R) 
and DE (3L). The comparison of chromosome arrangement between high and low 
lines (the G n generation of selection) indicates significant changes in the 
inversion frequency during the course of selection, providing evidence for 
correlation between the bristle number and particular chromosome arrangements. 

Key words: directional selection, Drosophila ananassae, inversion frequencies, 
sterno-pleural bristle number. 

I N T R O D U C T I O N 

K n o w l e d g e of the gene t ic bas is of phe -
n o t y p i c c h a n g e s is e s sen t i a l for u n d e r ­
s tanding how opera tes evolut ion in Men-
de l ian p o p u l a t i o n s ( L a n d e , 1983) . M a n y 
m o r p h o l o g i c a l fea tures of o rgan i sms are 
quan t i t a t ive in na tu re . It is impor tan t to 
clarify the genetics of quantitative variation 
in morpholog ica l trai ts . Po lygenes with a 
small effect on a particular character may 
supplement each other to produce observable 
quanti tat ive differences; the effects of poly­
genes are considered additive. Environmental 
effects may also produce deviations from the 
expected phenotypes . Quanti tat ive characters 
may also be controlled by few major genes 

supplemented by numerous genes with small 
effects (Shrimpton and Robertson, 1988b). 

The genetics of quantitative traits has been 
ex t ens ive ly s tudied in Drosophila mela-
nogaster by us ing di f ferent b r i s t l e p h e ­
notypes, particularly sternopleural and abdo­
minal bristle number (Breese and Mather , 
1957; Barnes, 1968; Parsons, 1970; López-
Fanjul and Hill, 1973; Schnee and Thomp­
son, 1984; Shereif and Skibinski, 1988a,b; 
Shrimpton and Robertson, 1988a,b; Mackay 
et al, 1994). Sternopleural bristle phenotypes 
in D. melanogaster have been frequent ly 
employed to study the effect of artificial and 
natural selection and to throw light on the 
genetic consti tution of natural popula t ions 
(Parsons, 1970; Gibson and Thoday, 1963, 

Cor respondence to : Prof BN Singh, PhD, DSc, Genetics Laboratory, Department of Zoology, Banaras Hindu University, 
Varanasi - 221 005, India. Fax: (91-542) 312-059. 



274 Biol Res 29: 273-281 (1996) 

1964; Barnes, 1968; López-Fanjul and Hill, 
1973; Kearsey and Barnes, 1970; Schnee and 
T h o m p s o n , 1984 ; Shere i f and Sk ib insk i , 
1988a; C a p y et al, 1993 ; M a c k a y et al, 
1994). Effects of different chromosomes on 
sternopleural bristle number have been de­
tected and different genetic factors control­
ling sternopleural bristle number have been 
located in different chromosomes by using 
marker strains (Breese and Mather , 1957; 
Thoday, 1967, 1973; Lopez-Fanjul and Hill, 
1 9 7 3 ; T h o d a y a n d T h o m p s o n , 1 9 7 6 ; 
Shrimpton and Robertson, 1988a,b). Genetic 
h e t e r o g e n e i t y for s t e r n o p l e u r a l b r i s t l e 
number has been found in Indian populations 
of D. melanogaster (S ingh and M a t h e w , 
1993). Intermediate phenotypes for sterno­
p leura l br i s t le n u m b e r w e r e s ignif icant ly 
more heterozygous at certain al lozyme loci 
than m o r e e x t r e m e ones , wh ich suppor t s 
addit ive and homeosta t ic models for gene 
act ion and this cou ld exp la in the h igher 
heterozygosity of central phenotypes (Shereif 
and Skibinski , 1988b). In certain cases, as ­
sociat ion be tween c h r o m o s o m a l invers ion 
po lymorphism and morphometr ic characters 
has been reported (Prevosti , 1967; Aguade 
and Serra, 1980; Mart inez-Sebast ian and de 
Frutos, 1986; Garc ia-Vazquez et al, 1989; 
Singh and Das 1991). 

Drosophila ananassae is a cosmopoli tan 
and d o m e s t i c s p e c i e s . It b e l o n g s to the 
melanogaster species group of the subgenus 
Sophophora. This species occupies a unique 
status in the whole of genus Drosophila due 
to c e r t a i n p e c u l i a r i t i e s in i ts g e n e t i c a l 
b e h a v i o u r ( S i n g h , 1985 ) . A n u m b e r of 
investigations on genetics of D. ananassae -
par t icular ly popula t ion genet ics , c ross ing-
over, behaviour genetics and mu tagenes i s -
h a v e been ca r r i ed out by n u m e r o u s in­
vestigators (for references see Singh, 1985, 
1996; Tobari , 1993). Population genetics of 
three cosmopol i tan inversions in Indian D. 
ananassae has been extensively studied and 
the resul ts ob ta ined p rov ide ev idence for 
gene t ic dif ferent ia t ion in its natural pop ­
ulations (Singh, 1989). Genetic heterogeneity 
for metrical characters - s u c h as sternopleural 
bristle number and sex-comb teeth n u m b e r -
has also been found in Indian populat ions of 
D. ananassae (Singh and Lata, 1994; Singh 
and M a t h e w , 1995) . M e a n s t e rno p l eu ra l 

bristle number in D. ananassae is lower than 
D. melanogaster, and females possess more 
b r i s t l es than m a l e s (S ingh and M a t h e w , 
1995). 

On the b a s i s of p o s i t i v e r e s p o n s e to 
selection, evidence for polygenic control and 
additive genetic variation has been presented 
for phototactic behaviour, mat ing propensi ty, 
s p o n t a n e o u s m a l e r e c o m b i n a t i o n a n d 
pupation height (Markow and Smith, 1979; 
Singh and Chatterjee, 1988; Mo h an ty and 
Singh, 1992; Singh and Pandey, 1993). Thus 
D. ananassae is characterised by a consid­
erable degree of addit ive genetic variation 
with respect to a variety of traits. However , 
the effect of se l ec t ion on m o r p h o m e t r i c 
character such as sternopleural bristle phe­
notypes - w h i c h has been extensively studied 
in D. melanogaster- has not been inves ­
tigated in D. ananassae. In view of this, we 
studied the effect of directional selection of 
sternopleural bristle phenotypes in D. ana­
nassae and we also studied inversion poly­
morphism in the base populat ion, selection 
and control lines to test the relat ionship be­
tween chromosome arrangements and bristle 
number. 

M A T E R I A L S AND M E T H O D S 

In o rder to test the effect of d i rec t iona l 
se lect ion on the n u m b e r of s t e rnop leura l 
bristles in D. ananassae, a base populat ion 
w a s c o n s t r u c t e d by c r o s s i n g f ive m a s s 
culture stocks of different geographic origins 
( J ammu, Varanas i , Bar ipada , M a d r a s and 
Kanniyakumari ) . Virgin females and males 
of each stock were reciprocally crossed and 
the hybrids were randomly used to originate 
the base population. It was maintained for 
five generations of random mating. After 5th 
g e n e r a t i o n , b i d i r e c t i o n a l s e l e c t i o n w a s 
applied for high and low number of sterno­
pleural bristles. F rom the base populat ion, 
virgin aged 3-4 days females and males were 
c o l l e c t e d at r a n d o m and t h e n u m b e r of 
bristles (on left and right body sides) in 100 
females and 100 males was counted . The 
mean number of sternopleural bristles per fly 
was ca lcula ted by c o m b i n i n g the data of 
f e m a l e s and m a l e s , w h i c h is t h e m e a n 
number of G Q generation. F rom these flies, 



Biol Res 29: 273-281 (1996) 275 

Table I 

Variation of mean number (± S E M ) of sternopleural bristles in Drosophila ananassae 
during thirteen generations of selection to high (H) and low (L) number. Selected lines 

were replicated. (Data of control line also given). 

Generation 
of selection 

High line Low line Control 
population 

C 

Generation 
of selection 

H , L, 

Control 
population 

C 

Base 
population 17.1710.097 

1 18.87+0.152 18.73±0.136 17.7310.132 17.4210.125 17.5110.143 

18.43+0.375 18.39±0.146 16.6110.134 16.4810.124 16.95+0.136 

3 19.16+0.175 18.5010.176 15.9110.145 16.3210.127 17.59+0.158 

4 19.76+0.188 19.07±0.177 16.4410.162 15.7110.107 17.6610.138 

5 22.26±0.245 21.4610.419 16.29+0. J 68 15.9710.169 18.0810.155 

6 22.66±0.316 23.3010.244 16.6110.159 15.6010.130 19.0710.187 

7 21 .8Ü0.221 22.22+0.104 15.5110.143 14.5610.126 18.0310.149 

X 24.00±0.249 24.4810.290 15.09+0.125 14.4410.105 17.8510.127 

9 23.79+0.313 23.14+0.251 14.72+0.130 14.1810.118 17.20+0.129 

10 23.88±0.268 23.4610.198 14.2510.106 13.8810.123 17.1710.142 

1 ! 25.49±0.120 25.26+0.271 14.1910.113 13.6110.105 17.37+0.299 

12 25.89+0.297 25.6910.263 14.4210.119 13.6810.112 18.4710.188 

13 25.75±0.280 25.69+0.326 14.16+0.104 13.55+0.102 17.21+0.180 

two replicates of high line (H, , H 2 ) and two 
replicates of low line (L, , L 7 ) were set up. A 
control line was initiated by taking at random 
a sample of 10 flies of each sex from the 
base popu la t ion . T w o groups each of 10 
females and 10 males with highest bristle 
number were crossed to start the high (H, , 
R0) lines. Another two groups of 10 females 
and 10 males showing lowest bristle number 
were also crossed to initiate the low ( L p L 2 ) 
lines. In control line, bristle number of 50 
females and 50 males was counted in each 
g e n e r a t i o n and a r a n d o m s a m p l e of 10 
females and 10 males was transferred to get 
next generat ion. In the selected lines, virgin 
females and males were collected and the 
bristle number was scored in 50 females and 
50 males in each of the four lines. In high 

line, 10 females and 10 males with highest 
bristle number were transferred to a culture 
bottle to obtain next generation. In low line, 
10 females and 10 males with lowest bristle 
number were transferred to a culture bottle to 
o r i g i n a t e the n e x t g e n e r a t i o n . T h i s w a s 
repea ted in every genera t ion of se lec t ion 
exper iment . The selection exper iment was 
continued for 13 generat ions. All the cultures 
were ma in t a ined in the l abora to ry u n d e r 
s tandard cond i t ions ( t e m p e r a t u r e app rox ­
ima te ly 2 4 ° C ) on the n o r m a l a g a r - y e a s t 
culture medium. After G 1 3 , the high and low 
l ines w e r e r ec ip roca l l y c r o s s e d and the 
bristle number of 50 hybrids of each sex and 
cross was recorded. 

In order to test the relationship between 
bristle number and ch romosome arrangement 
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Fig 1. Mean number of sternopleural bristles in selection experiment in high (H,, H,), low (L,, L 2 ) and 
control (C) lines in Drosophila ananassae. 

f requency, c h r o m o s o m a l analys is of base 
p o p u l a t i o n was d o n e before s ta r t ing the 
selection experiment. Chromosomal analysis 
was again m a d e after G J 3 genera t ion of 
selection of all the five lines (H, , H 9 , L , , L 2 

l i n e s a n d t h e c o n t r o l C p o p u l a t i o n ) . 
Ch romosoma l analysis of base populat ion 
was performed by squashing 100 third instar 
larvae. After G , 3 , chromosomal analysis of 
all the five lines was done by squashing 
larvae (52-L, , 5 5 - L 2 , 50-H, , 5 , - H 2 and 60-
cont ro l ) . Usual lac to-ace to-orce in me thod 
was used (Singh et al, 1995). 

R E S U L T S 

Table I and Figure 1 show the mean number 
of s t e rnop leura l br is t les in flies selected 
du r ing 13 g e n e r a t i o n s for h igh and low 
br i s t l e n u m b e r . T h e cont ro l l ine is a l so 
s h o w n . M e a n n u m b e r of s t e r n o p l e u r a l 
bristles per fly is 25.75 and 25.69 in two 
replicates of high line, 14.16 and 13.55 in 
two rep l i ca t e s of low l ine and 17.21 in 
control line. From Figure 1, it is apparent 
that the response to selection for high bristle 
number was rapid from early generation of 
selection and selection response was slower 

in l ow l i n e s . T a b l e II s h o w s r e a l i z e d 
heritability, regression coefficient (regression 
of generation mean on generation number) 
and results of test of significance for H p H 2 , 
L, and L 2 lines. Realized heritabilities over 
13 generations of selection were 0.214 (Hj), 
0 .231 ( H 2 ) , 0 . 1 3 9 ( L , ) and 0 . 1 8 3 ( L 2 ) . 
Regression coefficients are 0.709 (H, ) , 0.713 
( H 2 ) , 0.929 ( L ( ) and 0.959 (L 2 ) . Results of 
t e s t of s i g n i f i c a n c e s h o w s i g n i f i c a n t 
deviation from zero slope for all four lines (P 
< 0.001). 

In the 13th generation of selection, high 
and low lines were reciprocally crossed to 
p r o d u c e Fj h y b r i d s . B r i s t l e n u m b e r of 
hybrids was scored. Mean number of bristle 
in selection lines at G 1 3 and in crosses (F, ) is 
p resen ted in T a b l e III . M e a n n u m b e r of 
br is t les in hybr ids r anges from 17.19 to 
19.27 in different crosses, which shows that 
hybrids possess intermediate bristle number 
between high and low lines. 

Chromosomal analysis of base populat ion 
before starting the selection experiment , and 
of H j , H 2 , L p L 2 and control lines after G 1 3 

was m a d e and different invers ions in the 
s e c o n d and t h i r d c h r o m o s o m e s w e r e 
de tec t ed . Tota l n u m b e r of c h r o m o s o m e s 
e x a m i n e d , f r equenc i e s of d i f fe ren t gene 
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Table II 

Realized heritability (h 2), regression coefficient (b) and results 
o f test of significance for H,, H 2 , L, and L, lines 

Line h 2 ± SE b df t P < 

H, 0.214 + 0.008 0.709 ± 0.022 11 8.885 0.001 * 

H 2 0.231 ±0 .007 0.713 ±0.029 11 6.790 0.001 * 

L, 0 .139±0.016 0.929 ±0.041 11 6.235 0.001 * 

L 2 0.183 ± 0.011 0.959 ± 0.027 11 9.989 0.001 * 

* Significance. 

Table III 

Mean number of sternopleural bristles (M) in selection lines at 
generation 13 and in crosses between them. 
(Sample size = 50 females and 50 males). 

Line Female Male M ± SEM 

Selected: 

L, L, L, 14.16±0.104 

L 2 L 2 L 2 
13.55 ±0 .102 

H, Hi H, 25.75 ±0 .280 

H 2 H 2 H 2 25.69 ±0 .326 

F, Hybrids: 

L, x H, L, H, 17.19 ±0 .149 

H, x L, H, L. 19.27 ±0.1 84 

L, x H 7 Li H 2 
17.51 ±0.215 

H 2 x L , H 2 L, 18.37 ±0 .165 

L, x H, L 2 H, 17.26 ±0.167 

H, x L 2 H, L 2 
17.96 ±0.171 

L, x H, L 2 H 2 17.20 ±0 .182 

H 7 x L, H 2 L 2 17.31 ±0.141 
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Table IV 

Frequency (in percentage) of ST and inverted gene orders in 2L, 2R and 3L in 
the base population (G 0) before starting the experiment, and in H,, H 2 L,, L 2 

and control lines after G, ' 1 3 

Line N 
2L 2R 3L 

M Line N 
ST AL ST ZE ST DE 

M 

Base 
population 200 55.50 44.50 81.50 18.50 86.50 13.50 1.23 

Control 120 64.17 35.83 68.33 31.67 100.00 0 1.35 

H , 
100 64.00 36.00 64.00 36.00 100.00 0 1.44 

H 2 102 65.69 34.31 65.69 34.31 100.00 0 1.37 

L l 104 38.46 61.54 100.00 0 76.92 23.08 0.85 

L 2 110 42.73 57.27 100.00 0 91.82 8.18 0.65 

N = Number of chromosomes examined. 
M = Mean number of heterozygous inversions per individual. 

arrangements and level of inversion heter­
ozygosi ty in base populat ion and different 
lines are given in Table IV. The ch romo­
somal analysis revealed the presence of three 
inversions : AL(2L) , ZE(2R) and DE (3L). 
The location of these inversions in different 
ch romosomes of D. ananassae is depicted in 
Figure 2. The data on inversion frequencies 
in the base populat ion have been analysed to 
test Hardy-Weinberg proportions and intra-
and in terchromosomal interactions and the 
results have been described elsewhere (Singh 
et al, 1995). Out of these three inversions, 
t w o ( A L and D E ) are c o s m o p o l i t a n in­
vers ions and the third one , i.e., Z E was 
detected for the first t ime in a laboratory 
stock es tabl ished from a female collected 
from Madurai in December 1984 (Singh and 
Singh, 1991). These invers ions have been 
found to persist in laboratory stocks (Singh, 

AL Z E 

3 L 
DE 

1 2 R 

I 3 R 

Fig 2. Location of AL, ZE and DE inversions in different 
chromosomes of Drosophila ananassae. 

1982; Singh and Singh, 1991). In the base 
popu la t ion , all the th ree inve r s ions were 
p r e s e n t at s u b s t a n t i a l f r e q u e n c y b e f o r e 
start ing the exper iment and A L invers ion 
w a s m o r e f r e q u e n t t h a n t h e o t h e r t w o 
inversions. In two replicates of high line, D E 
(3L) invers ion was e l imina ted du r ing the 
course of select ion and the l ines b e c a m e 
monomorphic for ST gene order in the third 
chromosome. In both replicates of high line, 
the frequency of Z E inversion has increased 
and the f r equency of A L i n v e r s i o n has 
dec reased as c o m p a r e d to the base p o p ­
ulation. The level of inversion heterozygosi ty 
has also increased in both the replicates of 
high line in comparison with the base pop­
u l a t i o n . W h e n t h e c o m p a r i s o n of c h r o ­
mosoma l variabi l i ty is m a d e be tween the 
base populat ion and low line, there is a con­
s i d e r a b l e c h a n g e in t h e c h r o m o s o m a l 
constitution of low line during the course of 
selection. These changes are: i- decrease in 
the level of inversion heterozygosi ty; //- in 
both replicates of low line D E inversion was 
retained during the course of selection but 
Z E w a s e l i m i n a t e d , a n d 2 R b e c a m e 
monomorph ic for ST gene order ; Hi- AL 
chromosomes were more frequent in both 



Biol Res 29: 273-281 (1996) 279 

r e p l i c a t e s of l o w l i n e t han t h e b a s e 
p o p u l a t i o n . T h u s , t he r e were s ign i f ican t 
c h a n g e s in the d e g r e e of c h r o m o s o m a l 
variability and in the frequencies of chro­
mosome arrangements in high and low lines. 
The chromosomal analysis of the control line 
after G n revealed that D E was lost and the 
f r e q u e n c y of A L , Z E and the l eve l of 
inve r s ion h e t e r o z y g o s i t y w e r e s imi la r to 
those in high line. 

DISCUSSION 

It is evident from the results that selection 
for high and low number of sternopleural 
bristles in D. ananassae was effective. As a 
consequence, two lines which differ in the 
mean number of bristles were obtained. The 
mean number of bristles in the control line 
r ema ined very c lose to that of the base 
populat ion. Thus in D. ananassae, the nature 
of r e sponse to select ion for s ternopleural 
bristles indicates addit ive genetic variation 
for this trait. The intermediate bristle number 
in F , hybrids obtained by crossing high and 
low lines suggests a polygenic control for the 
trait. Fur thermore, an asymmetr ic response 
to selection was also obtained. That is the 
selection applied was more rapid in the high 
lines than in the low lines. 

The asymmet r i ca l response to artificial 
selection has been reported earlier in several 
s t u d i e s w h i c h r e s u l t s f r o m g e n e t i c 
asymmetry (Frankham, 1990). In the case of 
D. melanogast-er, it is be l i eved that the 
increased variance in the high lines compar­
ed to that in low lines is due to accumulation 
of new muta t ions on the loci cont ro l l ing 
bristle number (Mackay et al, 1994). Non-
l inear i ty wou ld be e x p e c t e d in the phe ­
nomenon of accelerated response to selection 
(Mather and Harrison, 1949), since this is 
due to the occurrence of recombinants for 
h igh c h a e t a n u m b e r b e t w e e n in te rac t ing 
p o l y g e n e s . T h e r e c o m b i n a n t s a r e t h e n 
favoured by selection, and so chaeta number 
would rise rapidly. 

C h r o m o s o m a l a n a l y s i s of t h e b a s e 
population revealed that it was polymorphic 
for three inversions: AL(2L) , ZE(2R) and D E 
(3L) . These invers ions cover considerable 
length of the second and third chromosomes 

(see Fig 2). In the H , , H 2 , L , , L 2 and control 
lines, it was found that significant changes 
had occur red in the se lec t ion l ines wi th 
respec t to c h r o m o s o m e a r r a n g e m e n t fre­
quencies during the course of selection. Both 
the replicates of high line were fixed for ST 
gene arrangement in the third ch romosome 
due to the loss of D E inversion. However , 
b o t h r e p l i c a t e s of l o w l i n e r e m a i n e d 
polymorphic in the third ch romosome due to 
the persistence of D E inversion. Similarly, 
there were significant differences be tween 
the high and low lines with respect to the 
f requencies of gene orders in the second 
chromosome. Both Lj and L 2 were fixed for 
ST gene order in 2R due to loss of Z E 
invers ion but H, and H 2 r e m a i n e d po ly ­
morph ic in 2R due to pe r s i s t ence of Z E 
inversion at considerable frequency. The 2L 
remained polymorphic in both high and low 
lines, but the frequency of A L inversion was 
h igher in both r ep l i ca t e s of low l ine as 
compared to high line. Fur thermore, the level 
of i n v e r s i o n h e t e r o z y g o s i t y w a s m o r e 
pronounced in the high line than in the low 
line. Thus, the lines for high and low number 
of sternopleural bristles had undergone con­
s ide rab l e c h a n g e s wi th r e s p e c t to c h r o ­
m o s o m a l variabi l i ty du r ing the course of 
s e l e c t i o n a n d s e l e c t i o n l i n e s s h o w e d 
significant changes from the base populat ion. 
However , the control line remained similar 
to the high line after G 1 3 . 

Comparison of chromosome arrangement 
f r e q u e n c y b e t w e e n h i g h a n d l ow l ines 
indicates that there is a correlation between 
t h e b r i s t l e n u m b e r a n d c h r o m o s o m e 
a r r a n g e m e n t f requency in D. ananassae. 
High mean number of bristles is correlated 
w i t h S T ( 2 L ) , Z E ( 2 R ) a n d S T ( 3 L ) 
ar rangements , and low number of brist les 
correlates with AL (2L), ST (2R) and D E 
(3L). Thus, these findings provide evidence 
that a s ignif icant gene ac t iv i ty affect ing 
br i s t l e n u m b e r is p r e s e n t in bo th m a j o r 
autosomes (II and III) of D. ananassae. 

The present study in D. ananassae is the 
first report of correlation between the num­
ber of sternopleural bristles and ch romosome 
a r r a n g e m e n t f r e q u e n c y . T h e r e a r e few 
s tud ies c o n c e r n i n g the r e l a t ion b e t w e e n 
inversion po lymorphism and morphometr ic 
variation. A significant correlation between 
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chromosome arrangements and body size has 
been observed in Moraba scurra (White and 
Andrew, 1960). Butlin et al (1982) reported 
a correlation between wing length in males 
and t h r ee d i f fe ren t k a r y o t y p e s of c h r o ­
m o s o m e I in Coelopa frigida. P r e v o s t i 
(1967) investigated the relationship between 
wing length and inversion polymorphism in 
D. subobscura. Se lec t ion for long wings 
favours he te rozygous combina t ion for S T 
with inversions. However , selection for short 
w i n g s g e n e r a l l y f i x e s in h o m o z y g o u s 
c o m b i n a t i o n spec i f i c c o m p l e x i nve r s ion 
order. Prevosti (1967) suggested that genes 
for short wings are located in inverted gene 
orders, but genes for long wings lie in ST 
gene order which occurs in he te rozygous 
combinat ion with inversions. A significant 
association between inversion polymorphism 
and wing lengths and between inversions and 
extra scutellar and dorsocentral bristles in D. 
melanogaster h a s a l s o b e e n r e p o r t e d 
(Aguade and Serra, 1980; Garcia-Vazquez et 
al 1989; Singh and Das 1991). Selection for 
increased phenotypes of extra bristles corre­
sponded with identical pattern of response in 
the frequency of In (3R) C inversion in D. 
melanogaster (Das and Singh, 1992). While 
selecting for abdominal bristle number in D. 
subobscura, Mart inez-Sebast ian & de Frutos 
(1986) found that structural homozygosi ty 
was generated in both directions of selection. 
In s o m e c h r o m o s o m e s , the s a m e g e n e 
arrangement was fixed in the high selection 
lines but not in the low selection lines, but in 
o ther c h r o m o s o m e s the reverse was t rue 
(Mar t inez-Sebas t ian and de Frutos , 1986). 
The role of O chromosome of D. subobscura 
on the manifes ta t ion of abdominal bristle 
number was analyzed in detail by performing 
bidirectional selection experiments by Garcia-
Augustfn et al (1993). They suggested that 
c h r o m o s o m e 3R of D. melanogaster and 
chromosome O of D. subobscura retain simi­
lar function as it has been found that the third 
chromosome of D. melanogaster influences 
abdominal bristle number (Davies, 1971). The 
p r e s e n t r e su l t s i nd i ca t e that both major 
autosomes (II and III) influence sternopleural 
bristle number as there are significant changes 
in the frequency of gene arrangements in both 
the chromosomes of D. ananassae. 

ACKNOWLEDGEMENTS 

W e thank the two anonymous reviewers of 
this j o u r n a l for t he i r c o m m e n t s on the 
manuscript. 

R E F E R E N C E S 

AGUARDE M, SERRA L (1980) Spanish Cellar populations 
of Drosophila melanogaster. 1. Study of variability 
at three different levels: quantitative, chromosomal 
and molecular. Genetika 12: 111-120 

BARNES BW (1968) Stabilizing selection in Drosophila 
melanogaster. Heredity 23: 433-442 

BREESE EL. MATHER K (1957) The organisat ion of 
p o l y g e n i c ac t iv i ty wi th in a c h r o m o s o m e in 
Drosophila. Heredity 1 1: 373-395 

BUTLIN RK. READ IL, DAY TH (1982) The effect of a 
chromosomal invers ion on adult size and male 
mating success in the seaweed fly Coelopa frigida. 
Heredity 49: 51-62 

CAPY P, PLA E. DAVID JR (1993) Phenotypic and genetic 
var iab i l i ty of morphome t r i c a l t ra i t s in natura l 
p o p u l a t i o n s of Drosophila melanogaster and 
Drosophila simulans. 1. Geograph ic var ia t ions . 
Genet Sel Evol 25: 517-536 

DAS A. S INGH BN (1992) Se lec t ion for i nc reased 
p h e n o t y p e s of ex t r a b r i s t l e s in Drosophila 
melanogaster: Correlated response in the frequency 
of In (3R) C inversion. Evol Biol 6: 15-38 

DAVIES RW (1971) The genet ic re la t ionship of two 
quantitative characters in Drosophila melanogaster. 
II. Location of the effects. Genetics 69: 363-375 

FRANKHAM R (1990) Are responses to artificial selection 
for reproduc t ive fitness charac te rs cons i s ten t ly 
asymmetrical? Genet Res 56: 35-42 

GARC1A-AGUSTIN P, M A R T I N E Z - S E B A S T I A N MJ. 
MENSUA JL (1993) Effect of the O chromosome of 
Drosophila subobscura on abdominal bristle number. 
Hereditas 119: 15-20 

GARCIA-VAZQUEZ E, SANCHEZ-REFUSTA F, RUBIO J 
(1989) Chromosome inversions and frequency of ex­
tra bristles in natural populat ions of Drosophila 
melanogaster. J Hered 80: 193-196 

GIBSON JB. THODAY JM (1963) Effects of disruptive 
se lec t ion . VIII , Imposed q u a s i - r a n d o m mat ing . 
Heredity 18: 513-524 

GIBSON JB. THODAY JM (19641 Effects of disruptive 
selection. IX. Low selection intensity. Heredity 19: 
125-130 

KEARSEY MJ, BARNES BW (1970) Variation for metrical 
characters in Drosophila populat ions. II. Natural 
selection. Heredity 25: 11-21 

LANDE R (1983) The response to selection on major and 
minor mutations affecting a metrical trait. Heredity 
50: 47-65 

LOPEZ-FANJUL C, HILL WG (1973) Genetic differences 
between populations of Drosophila melanogaster for 
a quantitative trait. I. Laboratory populations. Genet 
Res 22: 51-68 

MACKAY TFC, FRY JD, LYMAN RF. NUZHDIN SV 
(1994) Po lygen ic m u t a t i o n in Drosophila 
melanogaster: Estimates from response to selection 
of inbred strains. Genetics 136: 937-951 

MARKOW TA, SMITH LD (1979) Genetics of phototactic 
behaviour in Drosophila ananassae, a member of the 
melanogaster species group. Behav Genet 9: 61-67 



Biol Res 29: 273-281 (1996) 2 8 1 

M A R T I N E Z - S E B A S T I A N MJ, DE FRUTOS R (1986) 
C h a n g e s in c h r o m o s o m a l p o l y m o r p h i s m when 
selecting for a neutral trait in Drosophila subobscura. 
Genética 68: 189-195 

MATHER K, HARRISON DJ (1949) The manifold effect of 
selection. Heredity 3: 1-52, 131-162 

MOHANTY S. SINGH BN (1992) Effect of directional 
selection on spontaneous male recombinat ion in 
Drosophila ananassae. Ind J Exp Biol 30: 19-22 

PARSONS PA (1970) Genetic heterogeneity among the 
founders of laboratory populations of Drosophila 
melanogaster. V. S te rnopleura l and abdomina l 
chaetae in the same strains. Theor Appl Genet 40: 
337-340 

PREVOST1 A (1967) Inversion heterozygosity and selection 
for wing length in Drosophila subobscura. Genet Res 
10: 81-93 

S C H N E E F B . T H O M P S O N JN Jr (1984) Condi t ional 
polygenic effects in the sternopleural bristle system 
of Drosophila melanogaster. Genética 76: 206-217 

SHEREIF NAK. SKIB1NSKI DOF (1988a) Stabil izing 
selection on three chaeta characters in Drosophila 
melanogaster. Heredity 60: 427-433 

SHEREIF NAK, SKIBINSK1 DOF (1988b) Association of 
enzyme heterozygosi ty and s ternopleural chaeta 
number in Drosophila melanogaster. Genética 76: 
206-217 

SHRIMPTON AE. ROBERTSON A (1988a) The isolation 
of polygenic factors control l ing bristle score in 
Drosophila melanogaster I. Allocat ion of third 
c h r o m o s o m e s t e r n o p l e u r a l b r i s t l e ef fec ts to 
chromosome sections. Genetics 118: 437-443 

SHRIMPTON AE. ROBERTSON A (1988b) The isolation 
of polygenic factors control l ing bristle score in 
Drosophila melanogaster. II Distribution of third 
ch romosome bris t le effects within ch romosome 
sections. Genetics 118: 445-459 

SINGH AK, SINGH BN (1991) A new inversion in Indian 
Drosophila ananassae. Drosophila Inf Serv 70: 201-
202 

SINGH BN (1982) Pers is tence of chromosomal poly­
morphism in various strains of Drosophila ana­
nassae. Genética 59: 151-156 

SINGH BN (1985) Drosophila ananassae: a genetically 
unique species. Nucleus 28: 169-176 

SINGH BN (1989) Inversion po lymorphism in Indian 
populations of Drosophila ananassae. Hereditas 110: 
133-138 

SINGH BN (1996) Population and behaviour genetics of 
Drosophila ananassae. Genética (In Press) 

SINGH BN, CHATTERJEE S (1988) Selection for high and 
low mating propensity in Drosophila ananassae. 
Behav Genet 18: 357-369 

SINGH BN, DAS A (1991) Assoc ia t ion of invers ion 
polymorphism and frequency of extra bristles in 
Indian natural popula t ions of Drosophila mela­
nogaster. Evol Biol 5: 185-200 

SINGH BN, LATA S (1994) Genetic heterogeneity for male 
sex comb teeth number in Indian populations of 
Drosophila ananassae. Evol Biol (In press) 

SINGH BN, MATHEW S (1993) Genetic heterogeneity for 
a met r ica l cha rac t e r in Indian p o p u l a t i o n s of 
Drosophila melanogaster. Evol Biol 7: 313-325 

SINGH BN, MATHEW S (1995) Genetic differentiation 
with respect to sternopleural bristle number in Indian 
populations of Drosophila ananassae. Genelika 27: 
11-18 

SINGH BN, PANDEY M (1993) Selection for high and low 
pupation height in Drosophila ananassae. Behav 
Genet 23: 239-243 

S I N G H BN, M A T H E W S, S R I V A S T A V A T (1995) 
Inversion polymorphism in Drosophila ananassae: 
Persistence of inversions, heterosis and intra- and 
in t e rch romosomal a s soc ia t ions in expe r imen ta l 
populations of mixed geographic origin. Ind J Exp 
Biol 33: 641-645 

THODAY JM (1967) Genes in the study of continuous 
variation. Cienc Cult 19: 54-63 

THODAY JM (1973) The origin of genes found in selected 
lines. Atti Acad Sci Inst Bologna, Classe Sci Fisiche, 
memorie, ser III, anno 261. C 15-25 

THODAY JM, THOMPSON JN Jr (1976) The number of 
segregating genes implied by continuous variation. 
Genética 46: 335-344 

TOBARI YN (ed) (1993) Drosophila ananassae: Genetical 
and Biological Aspects. Tokyo: Japan Scientific 
Societies Press 

WHITE MJD, ANDREW LE (1960) Cytogenetics of the 
grasshopper Moraba scurra. V. Biometric effects of 
chromosomal inversions. Evolution 14: 284-292 




