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Genetic Heterogeneity among the Founders of Laboratory 
Populations of Drosophila melanogaster 

V. Sternopleural and Abdominal Chaetae in the Same Strains 

P. A. PARSONS 

Department of Genetics and Human Variation, La Trobe University, Victoria (Australia) 

Summary. 1. Single inselninated females of Drosophila mela~zogaster derived from the same population led to discrete 
strains for both sternopleural and abdominal chaeta number in agreement with other work, which indicates that the 
wild populations have genes polymorphic for these traits. Variability varied significantly between strains for sterno- 
pleural but not abdominal chaeta number. 

2. Overall, the data show a weak correlation between the two traits. Considering this by strain, the correlations 
go from negative (but not significantly ~ 0) to positive (but significantly ) 0). Therefore just as the rate of response 
to directional selection has been shown to be extremely rapid when based on strains extrelne in the direction of the 
required selection response, it seems that a similar process may be useful for directional selection based on two traits 
simultaneously, by using only those strains showing a positive correlation. 

Introduction 

In a recent series of papers (Parsons and Hosgood, 
1967; Hosgood and Parsons, 1967a, 1968; Parsons, 
MacBean and Lee, t969, and Parsons, 1968, 1970) 
experiments have been described which show that  
strains set up from single inseminated females differ 
genetically for a number of quantitative traits. These 
are morphological (sternopleural and scutellar chaeta 
number), behavioural (mating speed and duration of 
copulation) and physiological (resistance to high 
temperatures, dessication, and irradiation with Co6~ 7 
rays). Often where tested, the differences between 
extreme strains are mainly additive, as is indicated 
by diallel crosses between extreme strains for scutellar 
chaeta number and radioresistance. This means 
that  at least some of the traits are likely to be 

amenable  to detailed genetic analysis, in order to 
look at their genetic architecture. The two beha- 
vioural traits tested pose difficulties, since they in- 
volve an interaction between the two sexes, but a fair 
degree of additivity is often found (Hosgood and 
Parsons, t967a). The differences between strains are 
often large, which suggests genes of fairly large effect, 
rather than many polygenes of small effect. Un- 
published work of ours confirms this for radio- 
resistance and scutellar chaeta number, as does 
published work of I;raser et al. (1965) and Miller, 
Erway and Fraser (1966) for scutellar chaeta number 
and Thoday, Gibson and Spickett (1963, t964) for 
sternopleural chaeta number. 

Assuming genes of fairly large effect differentiating 
the strains, one implication is that  it should be 
possible to obtain extremely rapid responses to 
directional selection by basing selection on extreme 

strains. This has been demonstrated by Hosgood and 
Parsons 1967b and Hosgood, MacBean and Parsons 
(t968) for scutellar chaeta number where the t0 flies 
out of 100 with the highest chaeta number were 
selected in each generation. Thus taking the strain 
with the highest mean initially out of t6 strains, 
there was a 31}o increase in mean scutellar chaeta 
number in females over the first 7 generations of 
directional selection, and for a hybrid population 
derived from the 4 strains with the highest mean 
initially there was a 46~ increase, compared with 
an increase of 13~ for a hybrid population made up 
from all t6 strains. This last situation would be more 
analogous to the heterogeneous population upon 
which directional selection is often based. The initial 
selection of favourable strains in this way may not of 
course mean that the ultimate total response to selec- 
tion is greater than using a larger heterogeneous 
population, but tile initial selection of favourable 
strains does lead to early and rapid responses to 
selection, which often may take many generations 
to occur when using large and heterogeneous popula- 
tions. Another trait in D. mela~ogasler for which tile 
exploitation of variability between strains set up from 
single inseminated females has been effective is dura- 
tion of copulation (MaeBean and Parsons, t967), and 
an example can be cited in cotton (see Manning, 
~9~6). 

Some selection programs are based on the sinml- 
taneous selection of two or more traits, and the 
question arises as to whether variability between 
strains as described above can be exploited to obtain 
more rapid responses to selection than based on 
a large heterogeneous population. Selection based on 
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two or more  t r a i t s  involves  the  se t t ing  up  of select ion 
indices  which t a k e  into  account  cor re la t ions  be tween  
t ra i t s ,  and  c lear ly  a pos i t ive  cor re la t ion  be tween  two 
t r a i t s  impl ies  the  l ike l ihood t h a t  select ion would  be 
effect ive on bo th  t r a i t s  s imul taneous ly ,  as c o m p a r e d  
wi th  the  s i tua t ion  where  the re  is a nega t ive  corre la-  
t ion  be tween  two t ra i t s .  In  o rder  to look into  this ,  
t 8  s t ra ins  set  up  f rom single i n semina t ed  females 
were a s sayed  s imu l t aneous ly  for s t e rnop leu ra l  chae t a  
number ,  and  a b d o m i n a l  chae ta  n u m b e r  on the  four th  
segment  of the  abdomen .  I t  seemed reasonable  to 
select  t r a i t s  for which  some cor re la t ion  is expec ted ,  
t hus  select ion for chae ta  n u m b e r  in one region of a f ly 
of ten leads  of co r re la ted  responses  to select ion in 
o the r  regions of flies, i nd ica t ing  t h a t  pe rhaps  one of 
the  effects of select ion is to increase  the  t o t a l  re- 
sources for m a k i n g  chae tae  (Rendel ,  t963;  Hosgood,  
MacBean  and  Parsons ,  1968). However ,  there  is no 
d o u b t  t h a t  to  some e x t e n t  the  genet ic  cont ro l  of 
chae t a  n u m b e r  in d i f ferent  regions of flies is un ique  
for each p a r t i c u l a r  region.  

Method  
Eighteen D. melanogasler strains were derived fronl 

single, inseminated females collected (3 in December 1963 
and 15 in December 1965) at  Leslie Manor near Camper- 
down, Victoria, and set up in half-pint milk bottles at  
25 ~ The strains were transferred every 3 weeks to set 
up the next  generation. Fi f ty  flies per sex were scored 
for sternopleural and abdominal chaeta number. In  order 
to minimize environmental  variables, eggs were collected 
and newly hatched larvae were placed in vials at  a density 
of 25 per vial in the generation before scoring, since it is 
known tha t  larval density affects fly size (Parsons, 1961). 

Results  
(a) Means  and coefficients o~ variation 

Means 2 are  g iven  in Table  1, wi th  ana lyses  of 
va r i ance  of chae t a  number s  in Tab le  2 a  showing 

s igni f icant  effects for sexes and  s t ra ins  for b o t h  
s t e rnop leu ra l  and  a b d o m i n a l  chae t a  number ,  and  
a smal l  b u t  s igni f icant  i n t e r ac t i on  be tween  sexes and  
s t ra ins  for a b d o m i n a l  chae t a  number .  The  s igni f icant  
sexes effect  ref lects  the  usual  obse rva t i on  of more  
chae tae  in females  t h a n  males ,  b u t  th is  is more  
p ronounc e d  for a b d o m i n a l  chae t a  number ,  which is 
p r o b a b l y  r easonab le  as the  a b d o m e n  is the  region 
where  the  ma in  sex -d i f f e ren t i a t ing  t r a i t s  occur.  The  
s igni f icant  s t ra ins  effects are of mos t  s ignif icance in 
the  p resen t  con tex t ,  and  show t h a t  the re  are  signifi-  
can t  di f ferences  be tween  the  t8  s t ra ins  under  con- 
s ide ra t ion  as found  for the  va r ious  t r a i t s  c i ted  in the  
i n t r o d u c t i o n  ( including s t e rnop leu ra l  chae t a  number) .  

Pa rsons  (1968) found  s t ra ins  to  differ  in v a r i a b i l i t y  
as measu red  b y  coefficients  of v a r i a t i o n  six (where s 
= the  s t a n d a r d  devia t ion)  for s t e rnop leu ra t  chae t a  
number .  Coefficients  of v a r i a t i o n  were used in an 
a t t e m p t  to avo id  a bias  due to cor re la t ions  be tween  s 
and  x. The  i n t e r p r e t a t i o n  of Pa r sons '  (1968) resul ts  
was t h a t  some s t ra ins  show high and  some low 
va r i ab i l i t y ,  pe rhaps  because  the  high v a r i a b i l i t y  
s t ra ins  have  genes of l a rger  effect segrega t ing  t h a n  
in the  l o w - v a r i a b i l i t y  s t ra ins ,  or t h a t  the  low- 
v a r i a b i l i t y  s t ra ins  m a y  be r e l a t i ve ly  homozygous ,  or 
a n y  segrega t ing  genes m a y  be  at  a low f r equency  in 
them.  

An  ana lys i s  of va r i ance  of the  coeff icients  of 
v a r i a t i o n  was car r ied  ou t  and  gave  a s igni f icant  
s t ra ins  effect for s t e rnop leu ra l  chae t a  n u m b e r  as 
found b y  Parsons  (t968), b u t  there  was no such signi- 
f icant  effect for a b d o m i n a l  chae t a  number .  I t  is 
dif f icul t  to  i n t e r p r e t  this ,  excep t  to suggest  t h a t  there  
m a y  be fewer m a j o r  genes cont ro l l ing  a b d o m i n a l  
chae t a  n u m b e r  t h a n  s t e rnop l eu ra l  chae t a  number .  
The  chae t ae  on the  s t e rnop leu ra l  p la t e  m a y  well make  
up  a fa i r ly  complex  sys t em (Spicket t ,  1963) p a r t s  of 

Table I. Mean sternopleural and abdominal chaeta numbers (~) with coe//icients o/varia- 
tion (s/~) /or the 18 strains 

Sternopleuralchaeta number Abdominal 

Strain Females Males Females Males 

s ~1~ ~ sl~ s ~1~ s ~1~ 

1 19.00 .1003 18.94 .1085 19.04 .0949 16.00 .0945 
2 16.68 .0910 16.24 .1081 23.24 .0751 18.32 .0945 
3 16.96 .0875 16.14 .0840 21.24 .0816 16.66 .0975 

20 16.90 .1370 16.52 .1068 20.48 .1189 16.88 .0877 
21 17.32 .t006 16.58 .1284 20.82 .0750 16.90 .0912 
22 17.30 .1026 16.78 .1131 20.68 . 0 8 8 7  16.56 .0962 
23 17.80 .0970 17.16 .1062 19.16 .o799 16.26 .1210 
24 19.oo .1135 17.64 .too3 20.04 .o8oo 16.1o .0898 
25 19.70 .09Ol 19.08 .t004 21.72 .o883 t8.18 .0921 
26 18.68 .0901 18.18 .1t15 21.88 .o859 17.50 .0881 
27 21.36 .1272 21.06 .1306 2~.14 .0956 17.62 .0979 
28 16.14 .o937 15.80 .o990 19.78 .09o9 17.26 .0834 
29 21.30 .1166 21.24 .1202 21.84 .o819 18.38 .0899 
30 18.50 .1279 17.58 .1360 19.92 .0854 16.24 .0710 
31 18.60 .1053 17.54 .t057 2o.3o .o834 15.98 .1031 
32 17.34 .o837 16.24 .o783 2o.98 .0864 16.92 .o725 
33 18.02 .0857 17.42 .o876 21.32 .0755 17.54 .0712 
34 18.88 .0955 18.24 .0862 20.82 .0762 17.16 .0680 

chaeta number 
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which m a y  be con t ro l l ed  Table 2a. Analyses o/ variance o/ sternopleural and abdominal chaeta m~mbers 

b y  d i f ferent  loci, since 
t h e y  can be d iv ided  Sternopleural Abdominal 

chaeta nmnber chaeta number 
in to  m a c r o c h a e t a e  and  Source Degrees . __ 
m i c r o c h a e t a e ;  a d is t inc-  o* variation of freedom Mean F Mean F 
t ion  which  canno t  be Square Square 
m a d e  for a b d o m i n a l  

Sexes 1 t71.13 46.30*** 64Io.89 
chaetae .  Because  of th is  Strains t 7 226.90 61.39* ** 75.17 
complex i t y ,  the re  m a y  Sexes x strains t7 3.00 0.81 8.86 
be more  genes of m a j o r  Error t764 3.70 2.79 
effect i nvo lved ,  t h a n  

*** P ~ 0.001 
for a b d o m i n a l  c h a e t a  

number .  Table 2b. Analyses o/ variance o/ the coefficients o/ variation /or sterno- 
flle~,~rat and abdominal chaeta nz~ncbers 

(b) Correlations between sternopleural 
and abdominal chaeta number 

Table  3 gives the  cor re la t ion  coeffi- 
c ients  for the  50 p a i r e d  obse rva t ions  for 
each of the  t8  s t ra ins ,  t a k i n g  sexes 
s epa ra t e ly .  The  coeff ic ients  for the  t o t a l  
d a t a  for each sex are  also given,  which 
are  pos i t i ve  and  s igni f icant ,  a l though  
the  degree  of cor re la t ion  is qu i t e  low. 
E v e n  so, these  las t  coeff ic ients  i nd ica t e  
t h a t  in a he te rogeneous  p o p u l a t i o n  (which would  be 
s imu la t ed  b y  pool ing the  d a t a  or all 18 s t ra ins) ,  t he re  
is a low level  of cor re la t ion  be tween  t i le  n u m b e r  of 
chae t ae  a t  the  two si tes unde r  cons idera t ion .  This  is 
also i n d i c a t e d  f rom the  cor re la t ion  coeff icients  based  
on the  means  for the  t8  s t ra ins  in t ab l e  t ,  which are  
pos i t ive  b u t  no t  s igni f icant .  

Look ing  now at  the  cor re la t ion  coeff icients  for each 
of the  t 8 s t ra ins ,  there  are  more  coeff icients  dev i a t i ng  
s ign i f i can t ly  f rom 0 t h a n  would  be e x p e c t e d  b y  
chance,  and  all  of these  are  for r ~ 0, aga in  conf i rm-  
ing the  low level  of pos i t ive  cor re la t ion  as above.  This  
can be seen n a i v e l y  in ano the r  way.  F o r  the  18 s t ra ins ,  
the re  are  36 cor re la t ion  coeff icients  of which 29 are  
pos i t ive  and  7 nega t ive ,  whereas  on a hypo thes i s  of 
no cor re la t ion  be tween  the  two sites,  18:18 would  be 
expec ted ,  and  compar ing  obse rved  wi th  expec t ed  
gives g~. = t3 .44  (P  < 0.00t) .  Thus  we conc lude  
t h a t  the re  t ends  to be a weak  pos i t ive  cor re la t ion  
be tween  the  n u m b e r  of chae t ae  a t  the  two si tes.  This  
is mos t  p ronounced  for s t r a in  20 where  r > 0 signi- 
f i c an t ly  in b o t h  sexes (P  ~ 0.05 in females  and  

0.001 in males) .  Thus  if one were  wishing to  
select  s i m u l t a n e o u s l y  for chae t a  n u m b e r  at  bo th  sites, 
th is  migh t  be one good s t r a in  to  use. 

Discussion 
Some of the  po in t s  ra i sed  have  been  discussed in 

recen t  pub l ica t ions ,  e.g. those  speci f ica l ly  r e l a t ing  
to  s ign i f ican t  di f ferences  in means  and  coeff icients  
of v a r i a t i o n  be tween  s t ra ins  set up  f rom single in- 
s e m i n a t e d  females.  The  po in t  not  d iscussed previ -  
ous ly  is whe the r  select ion among  ce r ta in  s t ra ins  set 
up  from single i n s e m i n a t e d  females  is a useful  proce-  

2301.94"** 
26.99*** 

3.1S*** 

Source of Degrees of 
variation freedom 

Sexes I 
Strains 17 
Error  1 7 

Sternopleural Abdominal 
chaeta number chaeta number 

Mean F Mean F 
square square 

0.000120 t.36 0.000121 0.92 
0.000420 4.78** 0.000147 1.11 
0.000088 0.000132 

** P ~ 0.01 

Table 3. Correlation coefficients (r) between sternople,ral 
and abdominal chaeta numbers 

Strain n Females Males 

t 50 0.2193 0.1248 
2 50 0.0219 0.1219 
3 5O O.O594 0.216S 

20 50 0.2948* 0.5482*** 
21 .50 --0.2409 --0.0441 
22 50 0.4123"* 0.0078 
23 50 --0.0958 0.3184" 
24 50 0.0767 0.1260 
25 50 --0.0791 --0.0619 
26 50 --0.0639 0.3362* 
27 50 0.2881 * 0.1941 
28 50 0.2817 * 0.2862* 
29 50 0.1304 0.2732 
3O 50 0.1673 0.0225 
31 50 0.2092 --0.1501 
32 5O 0.2974* 0.0912 
33 50 0.1287 0.2212 
34 5O 0.2562 0.0899 
Fronl the means 
in table I IS 0.0971 0.34t 8 
From the 
total  da ta  900 0.1298"** 0.t993"** 

* P ( o . 0 5 ,  ** P ( o . o i ,  *** P ( o . o o t  
(for deviation from r := 0) 

dure  when ca r ry ing  out  d i r ec t iona l  se lect ion s imul-  
t aneous ly  for two or more  t ra i t s .  I n  th is  case the  two 
t r a i t s  involve  chae tae ,  and  i t  would  of ten h a p p e n  
t h a t  select ion p rog rams  invo lv ing  2 or more  t r a i t s  
would  be based  ou t r a i t s  of a s imi lar  na tu re .  The  
t e n t a t i v e  conclusion is t h a t  select ion among  s t ra ins ,  
before  in i t i a t i ng  a d i rec t iona l  se lect ion p rog ram,  m a y  
be useful  even when 2 or more  t r a i t s  are involved ,  if 
some s t ra ins  show pos i t ive  corre la t ions .  Clear ly  t i le  
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responses are l ikely to be far less d ramat ic  t han  for 
di rect ional  selection based on one trai t ,  bu t  the 
responses may  well be more rapid t h a n  based on 
a large and  heterogeneous popula t ion .  Direct ional  
selection exper iments  analogous to those of Hosgood 
and  Parsons  ( t967b) for scutel lar  chaeta  number ,  
exploi t ing extreme strains,  have no t  so far as I am 
aware, been carried out  for two t ra i t s  s imul taneous ly ,  
bu t  would cer ta in ly  be worthwhile.  E v e n  so, as 
ind ica ted  several t imes in the l i te ra ture  (see for 
example  Lee and Parsons,  1968), if the ac tua l  genes 
control l ing q u a n t i t a t i v e  t ra i ts  can be located and  
s tudied ind iv idua l ly ,  as has been carried out  for some 
q u a n t i t a t i v e  t ra i t s  (see in t roduct ion)  then  the direct 
effects of the genes could be assayed and  their  cor- 
re la ted effects. This would enable  them to be mani -  
pu la ted  in a Mendel ian m a n n e r  to achieve a desired 
object.  Thus  u l t imate ly ,  one can envisage the selec- 
t ion exper iment ,  as is known today,  being par t ly  
replaced by  the m a n i p u l a t i o n  of genes in to  cer ta in  
combinat ions ,  and  a s tar t  in this direct ion has been 
made by  selection among the founder  females as in 
the work of Hosgood and Parsons  (1967b). Needless 
to say, complicat ions  m a y  occur, since new combi- 
na t ions  of genes m a y  emerge not  predic ted by  gen t  
man ipu la t ions ,  since in new genetic env i ronments ,  it  
is possible for genes to change radical ly  in their  
effects. 
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