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Summary. 1) A heterogeneous initial population which was founded by a double cross of four laboratory 
stocks was selected for developmental rates, two lines (KS and K) being selected for short developmental 
rate and two lines (LS and L) for long developmental rate. 

2) After 88 to 183 generations of selection, frequencies of the Aph-D-alleles D ~, D e, and D ~ and 
of the Est-6-alleles 6 F and 6 s were estimated by isoenzyme studies. 

3) With the exception of the reference line RE, the allele Est-6 s had been fixed. With the excePtlon 
of the lines RE and LS, the allele Aph-D ~ had been eliminated. 

4) In all lines the allele Aph-D ~ showed an almost constant frequency of about 0. 197, only in line 
LS was the frequency much higher, at 0. 265. 

5) The selection had no clearly distinctive effect on the distribution of the Aph-D- and Est-6-alleles, 
since the same mode of selection resulted in different allele frequencies. 

6) Selection restricts the degree of heterozygosity and the degree of allele polymorphism except for 
the Aph-D-alleles D e and D ~ in the line LS. 

I n t r o d u c t i o n  

The f i r s t  p u b l i c a t i o n s  of  t h i s  s e r i e s  ( M u h s  197 5 a ,b )  

both  dea l t  wi th  i s o e n z y m e  f r e q u e n c i e s  in s e l e c t i o n  l i n e s  

u n d e r  d i f f e r e n t  t e m p e r a t u r e  c o n d i t i o n s .  The s e l e c t i o n  

l i n e s  i n v e s t i g a t e d  in t h i s  and the  fo l lowing  p a p e r  have  

f ive  f a c t o r s  in c o m m o n  wi th  t he  l i n e s  u s e d  fo r  the  t e r n -  

p e r a t u r e  s e l e c t i o n  s t u d i e s :  (1)  the  f o u n d e r  s t o c k s  a r e  

t he  s a m e  four  l a b o r a t o r y  s t o c k s ;  (2) t he  t i m e  of  f o u n -  

da t ion  f r o m  t h e  s a m e  in i t i a l  popu la t i on  d i f f e r s  on ly  in 

a few g e n e r a t i o n s ;  (3) t hey  h a v e  the  s a m e  n o n - s e l e c t e d  

r e f e r e n c e  l i ne  R E ;  (4)  a l l  the  l i n e s  r e c e i v e d  the  s a m e  

food ;  (5)  a l l  of  t h e m  w e r e  c a r e d f o r  by the  s a m e  p e r s o n .  

T h e r e f o r e ,  the  r e s u l t s  of  al l  i n v e s t i g a t i o n s  can  be c o m -  

p a r e d .  

S i n c e  the  p r e s e n t  s t u d y  d e a l s  wi th  t he  d i s t r i b u t i o n  of  

t he  s a m e  a l l e l e s  d e s c r i b e d  in the  f i r s t  p a p e r  of  t h i s  s e -  

r i e s  ( M u h s  1975a) ,  it  c o n t r i b u t e s  a d d i t i o n a l  f a c t s  f o r  

d i s c u s s i o n  of  the  d i f f e r e n t  e f f e c t s  of  s e l e c t i o n  and  the  

d i f f e r e n t  r e a c t i o n s  of  the  popu la t i on  upon s e l e c t i o n .  

M a t e r i a l s  and  M e t h o d s  

The g e n e r a l  e x p e r i m e n t a l  t e c h n i q u e ,  a s  we l l  a s  t he  
Drosoph~.7.a s t o c k s  and the  m e t h o d  of  founding  the  in i t i a l  
popu la t i on  f r o m  which  all  s e l e c t i o n  l i n e s  w e r e  d e r i v e d ,  
have  a l r e a d y  b e e n  d e s c r i b e d  ( M u h s  1975a ) .  

* This  s t u d y  was  s u p p o r t e d  by the  D e u t s c h e  F o r s c h u n g s -  
g e m e i n s c h a f t .  

S e l e c t i o n  l i n e s :  The f a c t o r  u s e d  in s e l e c t i o n  f o r  d e v e l -  
o p m e n t a l  r a t e  w a s  the  t i m e  f r o m  o v i p o s i t i o n  to the  e m e r -  
g e n c e  of  the  f ly .  E v e r y  g e n e r a t i o n  had  b e e n  founded  wi th  
240 f e m a l e  and m a l e  f l i e s  r e s p e c t i v e l y .  F o r  a f ew  d a y s  
they  w e r e  h e l d  in  a p o p u l a t i o n  c a g e  to a l l o w  r a n d o m  m a t -  
ing ,  t h e n  d u r i n g  4 8 h o u r s  24 food t u b e s  w e r e  put on to 
the  c a g e  fo r  o v i p o s i t i o n .  A f t e r  o v i p o s i t i o n ,  the  f l i e s  w e r e  
put a s i d e  and  the  food t u b e s  b r o u g h t  on  s p e c i a l  b o a r d s  
to the  i n c u b a t o r  w h e r e  the  n e w  g e n e r a t i o n  d e v e l o p e d .  

F o u r  of  the  24 food t u b e s  had  b e e n  s e l e c t e d  at r a n -  
d o m  as  c o n t r o l  t u b e s .  The e m e r g e d  f l i e s  w e r e  c o u n t e d  
da i ly  in o r d e r  to c a l c u l a t e  t he  m e a n  e m e r g e n c e  day ,  the  
v a r i a n c e  of  the  e m e r g e n c e  p e r i o d ,  and the  to ta l  n u m b e r  
of  e m e r g e d  f l i e s .  In e a c h  g e n e r a t i o n  480 n e w l y  e m e r g -  
ed  f l i e s  w e r e  s e l e c t e d  f r o m  the  o t h e r  20 food t u b e s .  

S e l e c t i o n  l i n e s  fo r  s h o r t  d e v e l o p m e n t a l  r a t e  KS and  K: 
Six m o n t h s  a f t e r  t he  l i ne  KS had  b e e n  e s t a b l i s h e d ,  the  
l i ne  K was  founded  ( F i g .  1 ) .  Bo th  l i n e s  had  the  s a m e  
m o d e  of s e l e c t i o n  and  had  b e e n  s e l e c t e d  up to the  183rd  
g e n e r a t i o n  ( l ine  KS) o r  156th g e n e r a t i o n  ( l ine  K) (Ta" 
b le  1 ) .  S e l e c t i o n  was  m o s t l y  c a r r i e d  out d u r i n g  the  f i r s t  
two d a y s  of  e m e r g e n c e  (8th  and  9th day a f t e r  o v i p o s i -  
t i o n ) .  The f i r s t  480 f l i e s  founded  the  n e w  p o p u l a t i o n  and  
w e r e  put in to  the  c a g e  f o r  o v i p o s i t i o n .  The r e m a i n i n g  
f l i e s  w e r e  d i s c a r d e d .  F l u c t u a t i o n s  in t he  s i z e  of  t he  p o p -  
u l a t i on  cou ld  not  be a v o i d e d .  T h e s e  f l u c t u a t i o n s  c o u l d  
be due to s e a s o n a l  i n f l u e n c e s  ( T i g e r s t e d t  1969) .  

S e l e c t i o n  l i n e s  f o r  long  d e v e l o p m e n t a l  r a t e  LS and  L: The 
l i ne  LS i s  about  h a l f  a y e a r  o l d e r  t han  l i ne  L ( F i g . l ) .  
They w e r e  s e l e c t e d  by the  s a m e  m o d e  of  s e l e c t i o n  up to 
t he  100th g e n e r a t i o n  ( l ine  LS) o r  88th g e n e r a t i o n  ( l i ne  
L ) .  In t h i s  c a s e  s e l e c t i o n  was  m a d e  d u r i n g  t h e  l a s t  4 to 
5 days of emergence (about the 14th to the 19th day after 
oviposition). The flies which emerged latest were used 
to found the new generation. 

Isoenzyme and sample taking: The isoenzymes of the 
esterases and larval alkaline phosphatases and the sam- 
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(3 g e n e r a t i o n s  of  r a n d o m  m a t i n g )  

RE _ _ [ K S  ( s h o r t  d e v e l o p m e n t a l  r a t e )  
LS ( long  d e v e l o p m e n t a l  r a t e )  

(10 to 12 g e n e r a t i o n s )  

fK ( s h o r t  d e v e l o p m e n t a l  r a t e )  
RE LL ( long d e v e l o p m e n t a l  r a t e )  

(4 g e n e r a t i o n s  ) 

i l a  (18~ RE - -  3a (18~ with exchange of food tubes) 
3b (28~ with exchange of food tubes) 

RE lb (28~ 

F i g .  1. S o u r c e  of  s e l e c t i o n  l i n e s .  F o u r  l a b o r a t o r y  s t o c k s  
wh ich  w e r e  i n v o l v e d  in t he  doub le  c r o s s  founded  the  i n i -  
t ia l  p o p u l a t i o n  ( M u h s  1975a ) .  The in i t i a l  popu la t i on  was  
h e l d  at 25~ and  d e s i g n a t e d  R E .  A f t e r  the  t h i r d  g e n e r -  
a t i on  of  r a n d o m  m a t i n g  in a popu la t i on  c a g e  a s  f i r s t  s e -  
l e c t i o n  l i n e s ,  the  l i n e s  s e l e c t e d  f o r  s h o r t  d e v e l o p m e n t a l  
r a t e  ( l i ne  KS) and  long d e v e l o p m e n t a l  r a t e  ( l ine  LS) 
w e r e  d e r i v e d  f r o m  the  l i ne  R E .  About  10 to 12 g e n e r -  
a t i o n s  l a t e r ,  aga in  l i n e s  s e l e c t e d f o r  s h o r t  d e v e l o p m e n t a l  
r a t e  ( l i ne  K) and  f o r  long d e v e l o p m e n t a l  r a t e  ( l ine  L) 
w e r e  f o u n d e d .  A f t e r  a f u r t h e r  f o u r  g e n e r a t i o n s  the  l i n e s  
s e l e c t e d  u n d e r  d i f f e r e n t  t e m p e r a t u r e  c o n d i t i o n s  ( l i n e s  
l a ,  3a, 3b, l b )  w e r e  d e r i v e d  f r o m  the  l i ne  R E .  They 
h a v e  a l r e a d y  b e e n  d i s c u s s e d  ( M u h s  1 9 7 5 a , b ) .  

p i e - t a k i n g  h a v e  b e e n  d e s c r i b e d  e l s e w h e r e  ( M u h s  1975a) .  
It s h o u l d  be e m p h a s i z e d  tha t  t he  480 f l i e s  s e l e c t e d  f o r  
t h e  n e w  g e n e r a t i o n  w e r e  u s e d  f o r  a s e c o n d  o v i p o s i t i o n ,  
wh ich  w a s  t aken  f o r  t he  i n v e s t i g a t i o n s  r e p o r t e d  h e r e .  
The s a m p l e s  a m o u n t e d  to 256 l a r v a e  fo r  the  s t u d y  on a l -  
k a l i n e  p h o s p h a t a s e s  o r  256 f l i e s  f o r  t he  s tudy  on e s t e r -  
a s e s .  H o m o g e n i z i n g  and  e l e c t r o p h o r e t i c  m e t h o d s  will  
be  d e s c r i b e d  e l s e w h e r e  (Muhs  1975 c ) .  

R e s u l t s  

The mode of inheritance, the nomenclature and the iden- 

tification of the isoenzyme bands have already been des- 

cribed (Muhs 1975a). Two alleles of the Est-6-1ocus, 

6 F and 6 S, had been found which can form the pheno- 

types 6F6F, 6F6S, and 6S6S; and three alleles of the 

Aph-D-locus, D I, D 2 and D 0, which can form the pheno- 

Table  1. O b s e r v e d  f r e q u e n c i e s  of  A p h -  and E s t - p h e n o t y p e s  

types DIDI, D2D2, DOD0, DID2, DID0, and D2D0. As 

the alkaline phosphatases controlled by the Aph-D-locus 

probably had dimeric structure (Wallis and Fox 1968), 

the phenotypes can possess one, two or three isoenzy- 

me bands, which are designated in the same way as the 

phenotypes. 

Distribution of the alleles in the laboratory stocks and 

the  r e f e r e n c e  l ine :  Two of  the  fou r  l a b o r a t o r y  s t o c k s  

c o n t a i n e d  both  E s t - 6 - a l l e l e s ,  whi le  the  o t h e r  two s t o c k s  

w e r e  h o m o z y g o u s  fo r  the  a l l e l e  E s t - 6  S.  The a l l e l e  D 1 of  

the  A p h - D - l o c u s  was  the  m o s t  f r e q u e n t l y  o b s e r v e d  in all  

s t o c k s  e x c e p t  in one  w h e r e  the  a l l e l e  D 2 p r e v a i l e d .  The 

a l l e l e  D O was  p r e s e n t  in all  s t o c k s .  Thus the  A p h - D - l o -  

cus  was  p o l y m o r p h i c  in all  s t o c k s  ( s e e  Muhs  i 9 7 5 a ) .  

In the  r e f e r e n c e  l ine  the  a l l e l e  6 S of  the  E s t - 6 - 1 o e u s  

was  the  m o s t  f r e q u e n t  one ,  the  a l l e l e  6 F be ing  found at 

a f r e q u e n c y  of  l e s s  than  0 . 0 1 .  F o r  the  A p h - D - l o c u s ,  the  

a l l e l e  D 1 was  found m o s t  f r e q u e n t l y .  The a l l e l e  D 2 o c -  

c u r r e d  at a f r e q u e n c y  l o w e r  than  0 .01  and the  a l l e l e  D O 

at a f r e q u e n c y  of  0 .  197. All a l l e l e s  found in t he  l a b o r a -  

t o r y  s t o c k s  w e r e  p r e s e n t  in the  r e f e r e n c e  l i n e ,  but the  

f r e q u e n c i e s  had c h a n g e d  c o n s i d e r a b l y .  Thus the  a l l e l e s  

E s t - 6  F and Aph-D 2 had been  o b s e r v e d  on ly  at  r a t h e r  

s m a l l  f r e q u e n c i e s  ( s e e  M u h s  1975a ) .  

S e l e c t i o n  l i n e s :  Table i g i v e s  the  o b s e r v e d  n u m b e r s  of  

p h e n o t y p e s ,  whi le  Table 2 s h o w s  the  c o r r e s p o n d i n g  e s t i -  

m a t e s  of  the  a l l e l e  f r e q u e n c i e s  and t h e i r  v a r i a n c e s .  

In all  s e l e c t i o n  l i n e s  t he  a l l e l e  E s t - 6  S had  b e e n  f ixed  

and the  a l l e l e  E s t - 6  F had b e e n  e l i m i n a t e d .  C o m p a r e d  

with the  r e f e r e n c e  l ine  which  had m a i n t a i n e d  the  a l l e l e  

6 F at a low f r e q u e n c y ,  s e l e c t i o n  a f f e c t e d  the  f i xa t ion  

of  the  a l l e l e  6 S in all  l i n e s .  

As  in  the  r e f e r e n c e  l ine  the  a l l e l e  Aph-D 1 o c c u r r e d  

m o s t  f r e q u e n t l y  in all  s e l e c t i o n  l i n e s ,  which  s h o w e d  few 

d i f f e r e n c e s  in f r e q u e n c y  e x c e p t  fo r  the  l i ne  LS. T h e r e ,  

the  f r e q u e n c y  was  the  l o w e s t  ( 0 . 6 9 4 ) ,  whi le  in t he  o t h e r  

s e l e c t i o n  l i n e s  it v a r i e d  f r o m  0 .803  to 0 . 8 7 5 .  The a l l e -  

A p h - p h e n o t y p e s  E s t - p h e n o t y p e s  
Mode  of  S e l e c t i o n  D 1D 1 
s e l e c t i o n  l i n e  DID0 D1D2 D2D2 DOD2 DOD0 6 F 6 F  6F6S 6S6S 

25 ~ C Re  244 2 - - 10 - 3 253 
s h o r t  KS 246 - - - 10 - - 256 
s h o r t  K 252 - - 4 - 256 
long  LS 219 16 - 3 18 - - 256 
long  L 246 - - 10 - 256 

The e l e c t r o p h o r e t i c  m e t h o d  d o e s  not a l l ow the  p h e n o t y p e s  DiD1 and D1D0 to be d i s t i n g u i s h e d ,  t h e r e f o r e  be th  
appear in one group. 
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Table 2. Estimates of the frequencies of the Aph-D- and Est-6-alleles and the variances 

Frequencies of the Variances of the estimates of 
Aph-D-alleles Est-6-alleles Aph-D-alleles Est-6-alleles 

Mode of  S e l e c t i o n  
s e l e c t i o n  l i n e  D1 D2 D O 6 F 6 S D1 D2 D O 6 F 

0.00093 0.00002 25~ BE 0 . 7 9 9  0 . 0 0 4  0 . 1 9 7  0 . 0 0 6  0 . 9 9 4  0 .0 0 0 9 4  0 .00001  
s h o r t  KS 0 . 8 0 3  - 0 . 1 9 7  - 1 .000  0 . 0 0 0 6 2  
s h o r t  K 0 . 8 7 5  0 . 1 2 5  - 1 .000 0 .00043  
long  LS 0 . 6 9 4  0 .041  0 . 2 6 5  - 1 .000 0 .00060  0 .00008  0 .00063  
long  L 0 . 8 0 3  - 0 . 1 9 7  - 1 .000  0 . 0 0 0 6 2  

Table  3. T iming  of  E x p e r i m e n t s  

T i m e  in  g e n e r a t i o n s  ( e x c e p t  f o r  f o u n d e r  s t o c k s )  
at  the  t i m e  of e x a m i n a t i o n  f o r  i s o e n z y m e  f r e -  
q u e n c i e s  

O v e r a l l  s e l e c t i o n  t i m e  
f r o m  t h e  founda t ion  of  
t he  s e l e c t i o n  l i n e  

Mode of Selection 
selection line Est LAP* Aph Years 

25~ R E * *  132 148 162 6 1 /4  
s h o r t  KS 157 173 183 6 1 /2  
s h o r t  K 132 148 156 6 

long LS 86 95 I00 6 1/2 
l ong  L 77 84 88 5 3 /4  

Founder stocks Dec. 69 Feb. 70 Feb. 70 

* The r e s u l t s  o f  t he  L A P - i s o e n z y m e s  will  be  g iven  in  the  fo l lowihg  p a p e r  IV of  t h i s  s e r i e s .  

**  The n u m b e r s  o f  g e n e r a t i o n s  f o r  t he  r e f e r e n c e  l i n e  RE a r e  r o u g h l y  e s t i m a t e d ,  b e c a u s e  RE was  h e l d  
p e r m a n e n t l y  in a p o p u l a t i o n  c a g e .  

le D 2 was eliminated in the selection lines KS, K, and 

L, but was observed in the line LS at a frequency of 

0.041. This frequency is much higher than that of the 

reference line. Thus, 16 phenotypes DID2 and 3 pheno- 

types DOD2 were found in line LS (Table 1). 

The allele Aph-D 0 occurred in all selection lines and 

in the reference line at almost the same frequency of 

about 0. 197. There were two exceptions: line LS had a 

frequency of 0. 265, which was much higher than the 

average, while line K had the lowest frequency of 0. 125. 

It is striking that the lines which had been selected 

by the same method show differences. Lines LS and L 

are distinguished by the frequencies of the alleles D O 

and D 2, lines KS and K by a small difference in the 

frequency of the allele D 0. All selection lines differ from 

the reference line in lacking the alleles Est-6 F and 

Aph-D 2, except for the line LS which contains the allele 

D 2 . 

Timin G of experiments: Selection lines had been selected 

during long periods of up to 6 I/2 years. For technical 

reasons not all experiments were done at the sametime, 

so that the single lines were examined at different times. 

Usually the esterases were studied about one year Prior 

to the alkaline phosphatases. For the 'qong" lines L and 

LS this difference amounts to 11 to 14 generations, for 

the "short" lines K and KS it amounts to 24 to 26, and 

even 30 generations for the reference line BE (see Table 

3). However, the studies on esterases as well as alka- 

line phosphatases have been carried out successively 

within half a year, so we can assume that the allele fre- 

quencies had not changed much and the results can be 

compared. 

The founder stocks were analysed in 1969 and 1970, 

about 5 to 6 years after they had been used to found the 

initial population. During this time there may have been 

a shift of allele frequencies, but we assume that the 

founder stocks had maintained the balanced allele poly- 

morphisms (see Muhs 1975a). 

D i s c u s s i o n  

C h a r a c t e r s  o f  s e l e c t i o n :  As  an a r t i f i c i a l  c h a r a c t e r  of  

s e l e c t i o n  we u s e d  the  t i m e s p a n  of  d e v e l o p m e n t ,  i . e .  t he  

i n t e r v a l  f r o m  o v i p o s i t i o n  to the  e m e r g e n c e  of  t he  young  

i m a g o .  In c o n t r a s t  to t he  l i n e s  s e l e c t e d  u n d e r  d i f f e r e n t  

t e m p e r a t u r e  c o n d i t i o n s ,  h e r e  t h e  on ly  i n d i v i d u a l s  a b l e  

to r e p r o d u c e  a r e  t h o s e  wi th  an  e x t r e m e l y  s h o r t  (at  the  

l i n e s  KS and  K) o r  an e x t r e m e l y  long (at  t he  l i n e s  LS 
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and L) d e v e l o p m e n t a l  r a t e .  F o r  e a c h  g e n e r a t i o n  ( a p a r t  

f r o m  s o m e  e x c e p t i o n s  w h e r e  on ly  240 i n d i v i d u a l s  w e r e  

u s e d )  480 f l i e s  had  b e e n  s e l e c t e d  f r o m  p o p u l a t i o n s  of  

about  6000 i n d i v i d u a l s ,  c o r r e s p o n d i n g  to a p e r c e n t a g e  

of  about  8% ( T i g e r s t e d t  1969) .  

The a v e r a g e  l i f e  t i m e  of  a f ly can  be  m o r e  than  two 

m o n t h s .  Our  s e l e c t i o n ,  h o w e v e r ,  was  m a d e  at o n c e  a f t e r  

e m e r g e n c e  ( n o r m a l l y  the  8th to 10th day  f o r  l i n e s  KS 

and  K and b e t w e e n  the  14th and 19th day f o r  the  l i n e s  

LS and  L) ,  so  v i a b i l i t y  w a s  on ly  t e s t e d  in the  f i r s t  t h i r d  

of  t he  whole  l i f e  s p a n .  The f u r t h e r  f a t e  of  the  ind iv idua l  

in the  p o p u l a t i o n  a f t e r  r e a c h i n g  m a t u r i t y  r e m a i n e d  un -  

know n .  

Two essential stages can be distinguished in the de- 

velopment from egg to emergence of the flies ; namely 

the larval and the pupal stages. The development of the 

larvae takes place under intense competition for food and 

living space because of the observed high density of lar- 

vae in the food tubes, so we may suppose that the com- 

petitive ab i l i t y  of  the  l a r v a e  p l a y s  an i m p o r t e n t  r o l e  

(Mather and Cooke 1962; Parsons 1958). However, 

contrary to the position in the temperature selected lines 

(which are permanent populations), every larva has a 

chance to get fresh food not used by the preceding gener- 

ations because each generation is newly founded and 

receives enough food. The pupal stage lasts from 3 days 

to about 7 to I0 days (e.g. in lines selected for long de- 

velopmental rate). In this stage pupae are independent 

of food. They run through a canalized development or 

hemeorhesis (Waddington 1957). In the lines selected for 

developmental rate all the pupae usually survive and the 

young flies have a chance to emerge, but in the tempera- 

ture selected lines only those pupae survive which have 

not submerged in the food constantly turned over by the 

larvae. 

The characters of selection are closely correlated 

with fitness with the following peculiarities: the chance 

to survive until maturity and fertility (Knight and Ro- 

bertson 1957). Fast development is advantageous for 

the larvae but the consequence of excessive shortening 

of the developmental rate is decreasing fertility of the 

flies (Hiraizumi 1961). Selection characters closely 

correlated with fitness only show small tolerance (Ma- 

rien 1958; Clarke et al. 1961) and have small addi- 

tive genetic variance (Falconer 1960). Thus selection 

for short developmental rate will soon reach a limit 

(Robertson 1960), where further selection is accom- 

panied by decreasing fitness (James 1962). Fitness in- 

creases best by the organization of new adaptive gene 

c o m p l e x e s .  In t h e s e  l i n e s  f i t n e s s  had  i n c r e a s e d ,  e x c e p t  

in  l i ne  L ( T i g e r s t e d t  1969) ,  so  we  can  a s s u m e  tha t  new 

gene  c o m p l e x e s  had b e e n  o r g a n i z e d .  

R e a c t i o n  upon s e l e c t i o n :  In t h i s  s tudy  s e l e c t i o n  f o r  a 

long  o r  s h o r t  t e r m  of  d e v e l o p m e n t ,  a s  wel l  a s  s e l e c t i o n  

u n d e r  d i f f e r e n t  t e m p e r a t u r e  c o n d i t i o n s  ( M u h s  1975a) ,  

c a u s e d  the  e l i m i n a t i o n  of  the  E s t - 6  F - a l l e l e .  

S e l e c t i o n  fo r  s h o r t  d e v e l o p m e n t a l  r a t e  e l i m i n a t e d  the  

A p h - D 2 - a l l e l e ,  too ,  but f o r  long d e v e l o p m e n t a l  r a t e  only  

in l ine  L. On the  o t h e r  hand the  l ine  LS p o s s e s s e d  the  

h i g h e s t  f r e q u e n c y  of  the  a l l e l e  D 2 of  all  l i n e s ,  i nc lud ing  

t h o s e  s e l e c t e d  u n d e r  d i f f e r e n t  t e m p e r a t u r e  c o n d i t i o n s .  

This  d i f f e r i n g  r e a c t i o n  to the  s a m e  m o d e  of s e l e c t i o n  

can  be e x p l a i n e d  by the fac t  that  the  l ine  LS was  d e r i v e d  

s h o r t l y  a f t e r  the  founda t ion  of  the  in i t ia l  popu la t i on ,  whi le  

line L was obtained about 10 to 12 generations later 

(see Fig. l). At that time the degree of heterozygo- 

sity of the reference line RE could already have been 

restricted so that the frequency of the allele D 2 decreased 

to the value 0.01, even less in the line RE. Elimination 

in the following generations may be explained by drift 

even if the allele D 2 should have an advantage of selec- 

tion for long developmental rate. Line LS reacted upon 

selection only to a small degree. Possibly the line had 

been able to resist the pressure of selection without los- 

ing fitness. On the other hand, line L had reacted upon 

selection with loss of additive genetic variance and of 

fitness (Tigerstedt 1969). There seems to be a corre- 

lation between allele polymorphism and fitness. 

It can not be explained conclusively why line LS, which 

shows a higher fitness value than line L, had enriched 

the silent allele D 0. Obviously a population selected for 

a character which is contrary to natural selection has 

to accept a higher degree of genetic load as long as it 

can resist the selection pressure and maintain fitness. 

In the lines KS and K selected for short develop- 

mental rate there were no significant differences ob- 

served in the distribution of the Aph-D-alleles. Why 

these lines also had maintained the silent allele D O can 

not be explained. The allele D O had also been found in 

the temperature selected lines (Muhs, 1975 a) and it 

was discussed whether there was a different mechanism 

maintaining the silent allele. 

AcknowledGements 

The author thanks Prof. Dr. K. Stern and Dr. R. Nassar 
for many helpful discussions, Prof. Dr. W. Langner for 
constant support, and Prof. Dr. Dr. H. Marquardt for 
final remarks on the manuscript. He is appreciative of 
the skilful technical assistance and of the evening hours 
devoted by Miss R. Schmidt and Mrs. R. Blankenburg. 



H . - J .  Muhs :  I s o e n z y m e  F r e q u e n c i e s  in L o n g - t e r m  S e l e c t i o n  L ines  of  Drosophila melanogaster. I l l .  195 

L i t e r a t u r e  

C l a r k e ,  J . M .  ; M a y n a r d S m i t h ,  J .  ; Sondhi ,  K . C .  : A s y m -  
m e t r i c a l  r e s p o n s e  to s e l e c t i o n  f o r  r a t e  of  d e v e l o p -  
men t  in Drosophila 8ubobscura. G e n e t .  IRes. -2, 70-81 
(1961) 

F a l c o n e r ,  D . S .  : I n t roduc t i on  to q u a n t i t a t i v e  g e n e t i c s .  
E d i n b u r g h  and London:  O l i v e r  and Boyd  1960 

H i r a i z u m i ,  Y.  : N e g a t i v e  c o r r e l a t i o n  b e t w e e n  r a t e  of  d e -  
v e l o p m e n t  and f e m a l e  f e r t i l i t y  in Drosophila: 
melanogaster. G e n e t i c s  1_.66, 615-624  (1961) 

J a m e s ,  J . W .  : Conf l i c t  b e t w e e n  c e n t r i p e t a l  and d i r e c -  
t iona l  s e l e c t i o n .  H e r e d i t y  1..~7, 487-499  (1962) 

Knight ,  G . R .  ; R o b e r t s o n ,  A.  : F i t n e s s  a s  a m e a s u r a b l e  
c h a r a c t e r  in D r o s o p h i l a .  G e n e t i c s  4.~2, 524-530 (1957) 

M a r i e n ,  D.  : S e l e c t i o n  fo r  d e v e l o p m e n t a l  r a t e  in 
Drosophila pseudoobscura. G e n e t i c s  4..~3, 3-15  (1958) 

M a t h e r ,  K.  ; Cooke ,  P .  : D i f f e r e n c e  in c o m p e t i t i v e  a b i l -  
i ty  b e t w e e n  g e n o t y p e s  of  Drosophila. H e r e d i t y  17, 
381-408 (1962) 

Muhs, H.-J. : [soenzyme frequencies in long-term selec- 
tion lines of Drosophila melanogaster: I. Isoenzyme 
frequencies of the esterases (Est) and larval alkaline 
phosphatases (Aph) in temperature selected lines. 
Theoret. Appl. Genetics 46, 101-108 (1975a) . 

Muhs, H.-J. : Isoenzyme fre'-quencies in long-term se- 
lection lines of Drosophila melanogaster: II. Isoen- 

z y m e  f r e q u e n c i e s  of  the  l e u c i n e  a m i n o p e p t i d a s e s  
(LAP)  in t e m p e r a t u r e  s e l e c t e d  l i n e s .  T h e o r e t .  Appl .  
G e n e t i c s  4.66, 123-128 (1975b)  

Muhs ,  H . - J .  : F r e q u e n c y  of  p h e n o t y p e s  wi th  i s o e n z y m e  
p a t t e r n s  of  l e u c i n e  a m i n o p e p t i d a s e  ( L A P ) ,  l a r v a l  a l -  
k a l i n e  p h o s p h a t a s e  ( A p h ) ,  and e s t e r a s e  ( E s t )  s e l d o m  
o b s e r v e d  in l a b o r a t o r y  s t r a i n s  of  Drosophila 
melanogaster. In p r e s s  (1975) 

P a r s o n s ,  P . A .  : C o m p e t i t i o n  b e t w e e n  g e n o t y p e s  in 
Drosophila melanogaster. N a t u r e  182, 271 (1958) 

R o b e r t s o n ,  A.  : A t h e o r y  of  l i m i t s  in a r t i f i c i a l  s e l e c t i o n .  
P r o c .  Boy .  Soc .  B 153, 234-249 (1960) 

S c h n e i d e r m a n ,  H ,  : A l k a l i n e  p h o s p h a t a s e  r e l a t i o n s h i p s  
in Drosophila. N a t u r e  216,  604-605 (1967)  

T i g e r s t e d t ,  P . M . A .  : E x p e r i m e n t s  on s e l e c t i o n  fo r  d e -  
v e l o p m e n t a l  r a t e  in Drosophila melanogaster. Ann. 
A c a d .  S c i e n t .  F e n n i c a e ,  S e r i e s  A, IV.  B i o l o g i c a  148,  
(1969) 

Waddington ,  C . H .  : The s t r a t e g y  of  the  g e n e s .  London:  
A l l e n  and Unwin 1957 

W a l l i s ,  B . B .  ; F o x ,  A . S .  : Gene t i c  and d e v e l o p m e n t a l  
r e l a t i o n s h i p  b e t w e e n  two a l k a l i n e  p h o s p h a t a s e s  in 
Drosophila melanogaster. B i o c h e m .  G e n e t i c s  --2, 141- 
158 (1968) 

Wrigh t ,  T . R . F .  : The g e n e t i c s  of  an e s t e r a s e  in 
Drosophila melanogaster. G e n e t i c s  4.~8, 787-801 (1963) 

]Received J a n u a r y  8, 1975 
C o m m u n i c a t e d  by W. S e y f f e r t  

D r .  H a n s - J .  Muhs  
F o r s t b o t a n i s c h e s  Ins t i tu t  d e r  
A l b e r t - L u d w i g s -  Univers i t~i t  
B e r t o l d s t r .  17 
D - 7 8  F r e i b u r g  ( G e r m a n y / B I R D )  


