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S u m m a r y .  1) P e r m a n e n t  p o p u l a t i o n  l i n e s  of  Drosophila melanogaster, d e r i v e d  f r o m  a doub le  c r o s s  of 4 
l a b o r a t o r y  s t o c k s ,  w e r 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  (18 ~ C and  28 ~ f o r  at l e a s t  
125 g e n e r a t i o n s .  

2) The i s o e n z y m e s  of  t he  l e u c i n e  a m i n o p e p t i d a s e s  ( L A P )  c o n t r o l l e d  by two c l o s e l y  l i nked  loc i  on the  
t h i r d  c h r o m o s o m e  w e r e  i n v e s t i g a t e d :  L A P - A - l o c u s  in p o s i t i o n  9 8 . 0  and L A P - D - l o c u s  in p o s i t i o n  9 8 . 3 .  
Thus the  f r e q u e n c y  of  l inkage  g r o u p s  cou ld  b e  e s t i m a t e d  by  the  i s o e n z y m e  p a t t e r n s .  

3) In t he  l a b o r a t o r y  s t o c k s  the  l i n k a g e  g r o u p s  A~ ~ , APD F , ASD ~, A~ s and  ASD F w e r e  p r e s e n t .  
F o r  t he  s e l e c t i o n  l i n e s  and r e f e r e n c e  l i ne  t he  l a s t  two l i n k ag e  g r o u p s  w e r e  a b s e n t .  

4) The r e f e r e n c e  l i n e  h a d  m a i n t a i n e d  an a l l e l e  p o l y m o r p h i s m  wi th  t h e  f r e q u e n c i e s  of  t he  l i n k a g e  
g r o u p s :  p = 0 . 1 4 5  f o r  A~ r , q = 0 .605  f o r  AFD F , and  r = 0 . 2 5 0  f o r  ASD s . The r e f e r e n c e  l i ne  had  
l o s t  t h e  l i nkage  g r o u p s  A~ s and  ASD r . This  f ac t  c a n  b e  e x p l a i n e d  by  a c h a n g e  of  t h e  g e n e  pool  in t h e  
f i r s t  g e n e r a t i o n s  a f t e r  the  doub le  c r o s s .  

5) The s e l e c t i o n  l i n e s  d i f f e r e d  f r o m  t h e  r e f e r e n c e  l i ne  by  h i g h e r  f r e q u e n c i e s  of t he  l i n k a g e  g r o u p  
ASD s . 

6) A m o n g  the  s e l e c t i o n  l i n e s  the  f r e q u e n c i e s  w e r e  not v e r y  d i f f e r e n t .  S e l e c t i o n  s h o w e d  on ly  s m a l l  
e f f e c t s .  All  s e l e c t i o n  l i n e s  had  r e a c t e d  to s e l e c t i o n  in the  s a m e  way:  t h e  l i n k ag e  g r o u p  ArD F i n c r e a s e d  
and  the  l i nkage  g r o u p  ASD s d e c r e a s e d .  

7) A h igh  f r e q u e n c y  of  t h e  s i l e n t  a l l e l e  A ~ w a s  o b s e r v e d  in al l  l i n e s .  The m a i n t e n a n c e  of  t h i s  a l l e l e  
can  not be  e x p l a i n e d  a s  y e t .  

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

The i s o e n z y m e  of t h e  l e u c i n e  a m i n o p e p t i d a s e s  (LAP)  

wh ich  w e r e  i n v e s t i g a t e d  h e r e  a r e  c o n t r o l l e d  by  two 

c l o s e l y  l i nked  loc i  on the  t h i r d  c h r o m o s o m e :  t he  L A P -  

A - l o c u s  in p o s i t i o n  3 - 9 8 . 0  and  t h e  L A P - D - l o c u s  in p o -  

s i t i o n  3 - 9 8 . 3  ( F a l k e  and  M a c I n t y r e ,  1965; O ' B r i e n  

and M a c I n t y r e ,  1971) .  T h e s e  loc i  c a n  be  r e g a r d e d  a s  

m a r k e r s  of the  t h i r d  c h r o m o s o m e .  E f f e c t s  of r e c o m -  

b i n a t i o n  and s e l e c t i o n  w h i c h  a r e  r e s t r i c t e d  to  t h i s  s m a l l  

s e c t i o n  of  t he  t h i r d  c h r o m o s o m e  c a n  be  o b s e r v e d .  

The s e l e c t i o n  l i n e s  h a d  b e e n  d e r i v e d  f r o m  a doub le  

c r o s s  of  f o u r  l a b o r a t o r y  s t o c k s  and w e r e  s e l e c t e d  f o r  

t e m p e r a t u r e  a d a p t a t i o n .  Al l  l i n e s  w e r e  kept  at c o n s t a n t  

t e m p e r a t u r e  in  i n c u b a t o r s ,  two of t h e m  at 18~  

a n o t h e r  two at 2 8 ~  and  t h e  r e f e r e n c e  l i ne  a t  2 5 ~  

One of  t he  l i n e s  at 18~ and one  of t he  l i n e s  at  28~ 

w e r e  s p e c i a l l y  t r e a t e d  so  a s  to m a i n t a i n  a c o n s t a n t ,  a r -  

t i f i c i a l  m i g r a t i o n  of  g e n e s .  The o t h e r  l i n e s  , at 18~ and  

28~ d id  not ge t  s u c h  t r e a t m e n t .  C h a n g e s  of p o p u l a t i o n  

* Th is  s t u d y  i s  a p a r t  of  a t h e s i s  ( F a c u l t y  of F o r e s t r y ,  
U n i v e r s i t y  of  F r e i b u r g  ( G e r m a n y ) ) .  

s t r u c t u r e s  c a n  be  o b s e r v e d  at two  s t e p s  of  s e l e c t i o n  by 

c o m p a r i n g  

(1)  t h e  l a b o r a t o r y  s t o c k s  wi th  t h e  r e f e r e n c e  l ine  and  

(2)  t h e  r e f e r e n c e  l i ne  wi th  t h e  s e l e c t i o n  l i n e s .  

The i n v e s t i g a t i o n  d e s c r i b e d  in  t h e  f i r s t  p u b l i c a t i o n  

of t h i s  s e r i e s  ( M u h s ,  1975a) d e a l t  wi th  t he  d i s t r i b u t i o n  

of  the  i s o e n z y m e s  c o n t r o l l e d  by  the  E s t - 6 - 1 o c u s  ( W r i g h t ,  

1963) and  the  A p h - D - l o c u s  ( W a l l i s  and  F o x ,  1968) in 

t h e  s a m e  s e l e c t i o n  l i n e s .  Both  loc i  l i e  on the  t h i r d  c h r o -  

m o s o m e ,  t o o .  A c o m p a r i s o n  of  t h e  r e s u l t s  w i t h t h o s e  o b -  

t a i n e d  h e r e  i s  of  s p e c i a l  i n t e r e s t ,  b e c a u s e  bo th  i s o e n -  

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

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 ,  t h e  Drosophila 
s t o c k s  and  t h e  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  h a v e  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 ) .  About  15 and  25 g e n e r a t i o n s  fo l l owing  t h e  i n -  
v e s t i g a t i o n  of e s t e r a s e s  and  a l k a l i n e  p h o s p h a t a s e s ,  t he  
s e l e c t i o n  l i n e s  w e r e  a n a l y s e d  f o r  t h e  l e u c i n e  a m i n o p e p -  
t i d a s e s .  The r a n d o m  s a m p l e s  (256 p u p a e )  w e r e  c o l l e c t -  
ed  in t h e  s a m e  way  a s  d e s c r i b e d  in t h e  f i r s t  p u b l i c a t i o n  
Of t h i s  s e r i e s  ( M u h s ,  1975a ) .  F o r  t he  e l e c t r o p h o r e t i c  
i n v e s t i g a t i o n ,  p u p a e  w h i c h  had  r e a c h e d  t h e  l a s t  s t a g e  
of  p u p a t i o n  w e r e  u s e d .  At  t h i s  s t a g e  t h e  l e u c i n e  a m i n o -  
p e p t i d a s e s  s h o w  t h e i r  h i g h e s t  a c t i v i t y  (Saka i  e t  a l . ,  
1969). 
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I s o e n z y m e s :  The i s o e n z y m e s  a r e  c o n t r o l l e d  by  two 
c l o s e l y  l i n k e d  l o c i .  In bo th  loc i  s e v e r a l  d i f f e r e n t  a l l e l e s  
a r e  p r e s e n t :  f o r  t he  L A P - A - l o c u s  the  a l l e l e s  A r ( c o n -  
t r o l l i n g  a f a s t  m i g r a t i n g  i s o e n z y m e ) ,  A s ( c o n t r o l l i n g  
a s low m i g r a t i n g  i s o e n z y m e ) ,  and  A ~ ( h o m o z y g o t e s  
s h o w  no d e t e c t a b l e  e n z y m e  a c t i v i t y  i n t h e  r e g i o n  of t he  
A - b a n d s ,  h e t e r o z y g o t e s  h a v e  r e d u c e d  s t a i n i n g  i n t e n s i t y  
c o m p a r e d  wi th  t he  h o m o z y g o t e s  ArAr  o r  ASA s ) ; f o r  
t he  L A P - D - l o c u s  the  a l l e l e s  D r ( c o n t r o l l i n g  a f a s t  m i -  
g r a t i n g  i s o e n z y m e ) ,  D s ( c o n t r o l l i n g  a s l o w  m i g r a t i n g  
i s o e n z y m e ) ,  D x ( c o n t r o l l i n g  a v e r y  s low m i g r a t i n g  
i s o e n z y m e ) ,  and  D O ( h o m o z y g o t e s  s h o w  no d e t e c t a b l e  
e n z y m e  a c t i v i t y  in t h e  r e g i o n  of  t h e  D - b a n d s ,  h e t e r o -  
z y g o t e s  h a v e  on ly  ha l f  t he  s t a i n i n g  i n t e n s i t y  of tha t  of 
h o m o z y g o t e s  DFD r ,  DSD s ,  and  DXD • ( M u h s ,  1974b; 
1975b) .  In t h e  s e l e c t i o n  l i n e s  t h e  a l l e l e s  D x and  D O 
o c c u r r e d  on ly  v e r y  r a r e l y  and t h e y  a r e  not c o n s i d e r e d  
h e r e .  S i n c e  bo th  loc i  a r e  c l o s e l y  l i nked  and the  i s o e n -  
z y m e s  c o n t r o l l e d  by  t h e m  c a n  be  i d e n t i f i e d  in t h e  s a m e  
z y m o g r a m ,  t h e  l i n k a g e  g r o u p  f o r  e a c h  ind iv idua l  cou ld  
be  d e t e r m i n e d .  In al l  s e l e c t i o n  l i n e s  t he  fo l lowing  l i n k -  
age  g r o u p s  w e r e  m o s t l y  o b s e r v e d :  A~ e , ArD r and 
ASD s . T h e s e  t h r e e  l i nkage  g r o u p s  c a n  f o r m  s ix  
g e n o t y p e s  ( ' table  2 ) .  The g e n o t y p e s  A ~  r and 
AFDF/ArDF , as  we l l  a s  t h e  g e n o t y p e s  A ~  s and 
A r D r / A  s D s , c o u l d  not  be  c l e a r l y  d i s t i n g u i s h e d  in o u r  
z y m o g r a m s .  T h e r e f o r e  we  had  to  a r r a n g e  the  p h e n o -  
t y p e s  in f o u r  g r o u p s ,  in w h i c h  t h e  g r o u p s  II and  IV i n -  
c l u d e  two p h e n o t y p e s  e a c h :  
G r o u p  I : A O A O / D F D F  
G r o u p  II : A F A F / D F D F  and  A O A F / D F D F  
G r o u p  III : ASAS/DSDS 
G r o u p  IV : A O A S / D F D S  and A F A S / D F D 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 a l  m e t h o d s  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 ,  1975b) .  The s t a i n i n g  
m e t h o d  w a s  s l i g h t l y  m o d i f i e d  a f t e r  B e c k m a n  and J o h n -  
s o n  ( 1964) .  A m e t h o d  w h i c h  a l l o w s  a r e l i a b l e  and r a p i d  
i d e n t i f i c a t i o n  of  t he  i s o e n z y m e  b a n d s  AF and AS h a s  
b e e n  d e s c r i b e d  by  Muhs  ( 1974a ) .  

R e s u l t s  

Laboratory stocks: Before and after foundation of the 

initial population from which all selection lines were 

derived the laboratory stocks have been kept under con- 

stant conditions in the laboratory. So it may be assumed 

that the observed allele polymorphisms are balanced. 

The distribution of the linkage groups in the four la- 

boratory stocks is shown in Table 1. Except in the stock 

I0 A K~s which had fixed the linkage group AOD F , all 

stocks were polymorphic for two or three linkage groups. 

The most frequent is the linkage group AOD F in the 

stocks 10 A K~s and K~s 60. In the line 7 AT this link- 

age group is present, but the linkage group ASD S pre- 

vails. The stock 9 DE lacks the linkage group AOD F , 

Table  1. The D i s t r i b u t i o n  of t he  Linkage  G r o u p s  in t he  
F o u r  L a b o r a t o r y  S tocks  of Drosophila melano- 
gas te r 

t h e  i n v e s t i g a t i o n  i s o e n z y m e s  w e r e  found which  a r e  

m t r o l l e d  by  the  l i nkage  g r o u p s  AOD F , A F D  F , ASD S , 

DDS,ASD F , and  ASD X .  The l i nkage  g r o u p  ASD X was  

fly o b s e r v e d  t w i c e  in t he  r e f e r e n c e  l i ne  RE and cou ld  

.~ d i s r e g a r d e d .  

The f i r s t  t h r e e  l i nkage  g r o u p s  w e r e  found in t he  l a -  

>ra tory  s t o c k s  w h i c h  h a d  b e e n  u s e d  to found the  in i t i a l  

~pulation of  t he  s e l e c t i o n  l i n e s  as  we l l  a s  in t he  s e l e c -  

~n l i n e s .  The l i nkage  g r o u p s  AOD S and ASD F w e r e  o n -  G e n o t y p e  

o b s e r v e d  in  t he  l a b o r a t o r y  s t o c k s .  L inkage  g r o u p s  

m on ly  be  d e t e c t e d  if  t h e  i nd iv idua l  i s  h o m o z y g o u s .  

ms  it i s  p o s s i b l e  tha t  t h e r e  a r e  s o m e  i n d i v i d u a l s  wi th  

Le l i nkage  g r o u p  AOD S and  ASD F in t he  p h e n o t y p e  

:oup IV in w h i c h  t h e  doub le  h e t e r o z y g o t e s  a r e  e n c l o s e d .  

I n d i v i d u a l s  b e l o n g i n g  to t h i s  p h e n o t y p e  g r o u p  w e r e  

u n d  in t h e  s e l e c t i o n  l i n e s  but  no i n d i v i d u a l s  wh ich  

e r e  h o m o z y g o u s  f o r  t he  l i nkage  g r o u p  AOD S o r  ASD F . 

m a y  be  c o n c l u d e d  tha t  t h e s e  two l i nkage  g r o u p s  do not  

cist  in  t he  s e l e c t i o n  l i n e s  o r  t h e y  e x i s t  on ly  at a low 

' e q u e n c y ,  so  t h e y  w e r e  not  t a k e n  in to  acco u n t  when  c a l -  

l l a t i ng  the  g e n e  f r e q u e n c i e s .  

S tock  A0D r ArD r ASD s A0D s ArD s ASD r 

7 At + - ++ - + 
K~is 60 ++ + - + 
10 A K~s +++ . . . .  
9 D E  - ++ + - 

A p lus  s ign  m e a n s  tha t  t he  r e s p e c t i v e  l inkage  g r o u p  was  
found in the  s t o c k .  Two o r  t h r e e  p lus  s i g n s  po in t  to l i n k -  
age  g r o u p s  which  w e r e  m o s t  f r e q u e n t .  A m i n u s  s i g n  
s h o w s  tha t  t h e  r e s p e c t i v e  l i nkage  g r o u p  w a s  not found 
o r  i d e n t i f i e d .  S i n c e  on ly  64 pupae  f r o m  e a c h  s t o c k  w e r e  
e x a m i n e d ,  it  c anno t  be  e x c l u d e d  tha t  t h o s e  l i nkage  g r o u p s  
m a r k e d  by m i n u s  a r e  n e v e r t h e l e s s  p r e s e n t  in low f r e -  
q u e n c i e s .  The f i r s t  t h r e e  l i nkage  g r o u p s  in t a b l e  1 w e r e  
found  o n c e  m o r e  in t he  s e l e c t i o n  l i n e s ,  t he  o t h e r  t h r e e  
w e r e  n o t .  

Table 2. Relation between Genotype, Phenotype and Ex- 
pected Frequency 

Phenotype Expected 
Phenotype Group Frequency 

A ~ F/A ~ F AOAO/DFDF I pe 
A ~ F/A F D ~ AOAF/DFDF II 2pq 
A FD F/A F D F AFAF/DFDF II c~ 
ASDS/ASD s ASAS/DSDS III r 2 
A~ F/A sD s AOAS/DFDS IV 2pr 
A FD r/A sD s AFAS/DFDS IV 2qr 

the linkage group ASD S being most frequently observed 

in this stock. The linkage group AFD F could only be 

found in the stock K~is 60. Besides these linkage groups 

which occurred in the selection lines also, two linkage 

groups exist only in some stocks: the linkage group 
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T a b l e  3: T a b l e  3 s h o w s  t h e  o b s e r v e d  a n d  e x p e c t e d  n u m b e r s  of  t h e  p h e n o t y p e  g r o u P s .  The  x ~ - t e s t  i s  a g o o d n e s s  of  
f i t  t e s t ,  t h e  t a b l e  v a l u e  i s  3 . 8 4  f o r  one  d e g r e e  of f r e e d o m  (dr )  a n d  95% p r o b a b i l i t y .  The  x ~ - t e s t  i s  a h e -  
t e r o g e n e i t y  t e s t  a g a i n s t  t h e  r e f e r e n c e  l i n e  R E ,  t h e  t a b l e  v a l u e  i s  7 . 8 1  f o r  3 df a n d  95% p r o b a b i l i t y  

M o d e  of S e l e c t i o n  

S e l e c t i o n  L ine  

(~ 

25 RE 
18 l a  
18 3a 
28 3b 
28 l b  

P h e n o t y p e  G r o u p s  

O b s e r v e d  N u m b e r s  

I I I  III IV 

5 132 14 103 
5 193 3 54 

11 179 6 60 
6 181 6 63 

12 188 1 55 

Expected N u m b e r s  

I I I  I I I  IV x2 dI 

5 . 3 3  1 3 7 . 5 4  15 .88  9 5 . 2 5  
5 . 0 0  1 9 3 . 3 7  3 . 5 4  5 3 . 0 9  

10 .85  177 .18  5 . 2 2  6 2 . 7 5  
5 . 9 9  1 7 9 . 8 4  5 . 6 1  6 4 . 5 6  

11 .83  188 .67  3 . 3 8  5 2 . 1 2  

• df 

1 . 0 9 7  1 
0 . 1 6 9  1 
0 . 2 5 8  1 
0 . 4 1 2  1 
1 . 8 4 0  1 

3 2 . 8 6 0  3 
25.896 3 
22.600 3 
40.531 3 

T a b l e  4 .  E s t i m a t e s  of G e n e  F r e q u e n c i e s  a n d  t h e i r  V a r i a n c e s  

F r e q u e n c i e s  

M o d e  of S e l e c t i o n  L i n k a g e  G r o u p  

S e l e c t i o n  L ine  A ~ D r A ~ D r 

V a r i a n c e s  

L i n k a g e  G r o u p  

ASD s AOD F A r D  r ASD s 

2 5 ~  RE 0 . 1 4 5  0 . 6 0 5  
18 ~  l a  0 . 1 4 0  0 . 7 4 2  
1 8 ~  3a 0 . 2 0 6  0 . 6 5 1  
2 8 ~  3b 0 . 1 5 3  0 . 6 9 9  
2 8 ~  l b  0 . 2 1 5  0 . 6 7 0  

0 . 2 5 0  0 . 0 0 0 5 6  0 . 0 0 1 7 1  0 . 0 0 0 9 7  
0 . 1 1 8  0 . 0 0 1 1 0  0 . 0 0 0 9 6  0 . 0 0 0 2 0  
0 . 1 4 3  0 . 0 0 1 0 5  0 . 0 0 0 9 3  0 . 0 0 0 2 4  
0 . 1 4 8  0 . 0 0 1 1 1  0 . 0 0 0 9 5  0 . 0 0 0 2 9  
0 . 1 1 5  0 . 0 0 2 4 5  0 . 0 0 2 1 8  0 . 0 0 0 1 6  

AOD S in  t h e  s t o c k s  K~is 60 and  9 DE a n d  t h e  l i n k a g e  

g r o u p  ASD F in  t h e  s t o c k  7 AT.  The  l i n k a g e  g r o u p  AFD S 

w a s  no t  found  in  t h e s e  s t o c k s .  

S e l e c t i o n  l i n e s :  The  s i x  d i f f e r e n t  g e n o t y p e s  a r e  s h o w n  

in  T a b l e  2 t o g e t h e r  wi th  t h e  c o r r e s p o n d i n g  p h e n o t y p e s ,  

t h e  g r o u p  of p h e n o t y p e s  and  t h e  e x p e c t e d  f r e q u e n c i e s .  

H e r e  t h e  f r e q u e n c y  of  t h e  l i n k a g e  g r o u p  AOD F i s  m a r k e d  

b y p ,  t h a t  of  A F D  F b y q ,  a n d  t h a t  of ASD S b y  r .  

T a b l e  3 s h o w s  t h e  o b s e r v e d  a n d  e x p e c t e d  f r e q u e n c i e s  

f o r  e a c h  of t h e  f o u r  p h e n o t y p e  g r o u p s ,  a n d  T a b l e  4 t h e  

c o r r e s p o n d i n g  f r e q u e n c i e s  of  t h e  l i n k a g e  g r o u p s .  In l i n e  

R E ,  w h i c h  c a n  b e  r e g a r d e d  a s  r e f e r e n c e  l i n e  f o r  a l l  s e -  

l e c t i o n  l i n e s ,  a l l  p h e n o t y p e s  w e r e  f o u n d .  M o r e  t h a n  h a l f  

of t h e  o b s e r v e d  n u m b e r s  (132  ou t  of  256)  w e r e  of p h e -  

n o t y p e  g r o u p  I I ,  w h i l e  t h e r e  w e r e  103 i n d i v i d u a l s  of 

p h e n o t y p e  g r o u p  I V .  The p h e n o t y p e s  I a n d  III h a v e  b e e n  

f o u n d  o n l y  5 and  14 t i m e s ,  r e s p e c t i v e l y .  F r o m  t h e s e  

d a t a  t h e  l i n k a g e  g r o u p  f r e q u e n c i e s  w e r e  c o m p u t e d  b y  

t h e  m e t h o d  of m a x i m u m  l i k e l i h o o d .  The  c o r r e s p o n d i n g  

f r e q u e n c i e s  w e r e :  p = 0 .  145 f o r  AOD F , q = 0 . 6 0 5  f o r  

A F D  F ,  a n d  r = 0 . 2 5 0  f o r  ASD S.  

It i s  c o m m o n  to t h e  s e l e c t i o n  l i n e s  t h a t  t h e y  d i f f e r  

m a i n l y  in  t h e  f r e q u e n c i e s  of  t h e  p h e n o t y p e  g r o u p s  II a n d  

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

l i n e s  t h e  p h e n o t y p e  g r o u p  II a p p e a r e d  m o s t  f r e q u e n t l y ,  

with more than two-thirds of the total numbers. The ob- 

served numbers varied between 179 (line 3a) and 193 

(line la). In phenotype group IV the selection lines 

showed frequencies between 54 (line la) and 63 (line 

3b). In the phenotype groups I and III the observed num- 

bers varied from 5 to 12 and from 1 to 6, respectively. 

Here the frequency of phenotype group I of line RE was 

equal to the lowest of the selection lines, and the fre- 

quency of the phenotype group I11 of the line RE was 

much higher than those of the selection lines. 

Between the selection lines only small differences 

could be found. The most frequent linkage group AFD F 

varied from 0.651 (line 3a) to 0.742 (line la). Here 

the "cold" line (la) showed the highest frequency and 

the "warm" line (lb) a rather low one. The linkage 

group AOD F was less frequent in line la ("cold") and 

showed higher frequency in the "warm" line ( lb). The 

lines with exchange of food tubes (3a and 3b) had ra- 

ther similar frequencies. They showed a somewhat 
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h i g h e r  f r e q u e n c y  of l i n k a g e  g r o u p  ASD S t h a n  t he  s e -  

l e c t i o n  l i n e s  w i t h o u t  e x c h a n g e  of food  t u b e s .  C o n c e r n -  

ing  t h e  l i n k a g e  g r o u p  AOD F t h e  l i n e s  3a a n d  3b h a d  

f r e q u e n c i e s  l y ing  b e t w e e n  t h o s e  of t h e  l i n e s  l a  and  l b .  

The  g o o d n e s s  of  f i t  of t h e  o b s e r v e d  n u m b e r s  to  t h e  

v a l u e s  e x p e c t e d  f r o m  t h e  H a r d y - W e i n b e r g  r u l e  i s  good ,  
2 a n d  i s  g i v e n  b y  •  in  T a b l e  3.  The  d i f f e r e n c e  of 

t h e  s e l e c t i o n  l i n e s  f r o m  t h e  r e f e r e n c e  l i n e  w a s  t e s t e d  

w i t h  t h e  •  The  v a l u e s ,  w h i c h  a r e  s h o w n  b y  t h e  

•  in  T a b l e  3,  a r e  v e r y  h i g h  a n d  s i g n i f i c a n t ,  and  

c l e a r l y  d i s t i n g u i s h e d  a l l  t h e  s e l e c t i o n  l i n e s  f r o m  the  

r e f e r e n c e  l i n e  R E .  

W h e n  t e s t i n g  f o r  h o m o g e n e i t y  in  t h e  s e l e c t i o n  l i n e s  

i a ,  l b ,  3a a n d  3b ,  a ~ 2 - v a l u e  of 1 0 . 5 4  w a s  c a l c u l a t e d ,  

w h i c h ,  w i t h  9 d e g r e e s  of f r e e d o m ,  w a s  s m a l l e r  t h a n  

t h e  s c a l e  v a l u e  of  1 6 . 9 0 ,  i . e .  t h e  l i n e s  s e l e c t e d  f o r  

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

In o r d e r  to  t e s t  f o r  t h e  p o s s i b l e  i n f l u e n c e  of t h e  t a k -  

ing  of  r a n d o m  s a m p l e s  on  t h e  r e s u l t s ,  a n  a n a l y s i s  of  

v a r i a n c e  w i th  t h r e e - w a y - c l a s s i f i c a t i o n  w a s  c a r r i e d o u t .  

The  t r a n s f o r m a t i o n  ~ + x w a s  g e n e r a l l y  u s e d ,  in  o r -  

d e r  no t  to  h a v e  to c o m p u t e  w i th  u n f i l l e d  c l a s s e s .  The 

s o u r c e s  of  v a r i a b i l i t y  c a n  b e  s p l i t  up in t h e  f o l l o w i n g  

w a y :  g r a d u a t e d  o v i p o s i t i o n  (A)  ( e a c h  p o p u l a t i o n  w a s  

a l l o w e d  to  l ay  e g g s  f o r  two d a y s ,  4 t i m e s  in  s u c c e s s i o n ) ,  

food  t u b e s  ( B ) ,  day  of  s a m p l i n g  ( C ) ,  t he  i n t e r a c t i o n  

b e t w e e n  g r a d u a t e d  o v i p o s i t i o n s  a n d  food  t u b e s  ( A B ) ,  

t h e  i n t e r a c t i o n  b e t w e e n  g r a d u a t e d  o v i p o s i t i o n s  and  day  

of s a m p l i n g  ( A C ) ,  t h e  i n t e r a c t i o n  b e t w e e n  food t u b e s  

and  day  of s a m p l i n g  ( B C ) .  At t he  5% l e v e l ,  on ly  t h e  

F - v a l u e s  of t h e  p h e n o t y p e  g r o u p  I of  t h e  l i n e  RE f o r  t he  

i n t e r a c t i o n s  ( A B )  a n d  ( B C )  a r e  s i g n i f i c a n t .  A l l  o t h e r  

F - v a l u e s  i n c l u d i n g  t h o s e  of t h e  m a i n  e f f e c t s  a r e  not  

s i g n i f i c a n t .  

Thus  i t  c a n  b e  a s s u m e d  t h a t  a n  i n f l u e n c e  of t h e  

s o u r c e s  of v a r i a b i l i t y  d o e s  not  e x i s t ,  a n d  t h a t  t h e  r a n -  

d o m  s a m p l e s  w e r e  t a k e n  w i t h o u t  b i a s .  The F - v a l u e s  

w e r e  c a l c u l a t e d  b y  m e a n s  of  t h e  a p p r o x i m a t e  F - t e s t  a c -  

c o r d i n g  to S a t t e r t h w a i t e  ( f r o m  O s t l e ,  1 9 6 4 ) .  

Discussion 

Characters of selection and isoenzymes: The charac- 

ters of selection and their relation to natural selection 

were described in the first publication of this series 

(Muhs, 1975a). The importance of the leucine amino- 

peptidases, which have other functions during develop- 

ment than those of the esterases and alkaline phospha- 

tases, will be discussed in more detail. The leucine ami- 

n o p e p t i d a s e s  a r e  p a r t i c u l a r l y  a c t i v e  d u r i n g  t h e  m a s s i v e  

h i s t o l y s i s  in  t he  pupa l  s t a g e .  They  a r e  d e t e c t a b l e  in  

l a r v a e  of  t h e  t h i r d  i n s t a r  and  in  young  a d u l t s  ( S a k a i  et  

a l . ,  1 9 6 9 ) ,  but  t h e  s t a i n i n g  i n t e n s i t y  of t h e  i s o e n z y m e  

b a n d s  i s  c o n s i d e r a b l y  s m a l l e r  t h a n  in  t h e  p u p a l  s t a g e .  

It c a n  b e  c o n c l u d e d  t h a t  t h e  l e u c i n e  a m i n o p e p t i d a s e s  p l a y  

an  e s s e n t i a l  p a r t  at  t h e  pupa l  s t a g e  of m e t a m o r p h o s i s .  

W a d d i n g t o n  ( i 9 5 7 )  d e s c r i b e d  t he  p a r t  of t h e  o n -  

t o g e n y ,  w h i c h  i s  i n d e p e n d e n t  of food  and  o t h e r  e x t e r n a l  

c o n d i t i o n s ,  a s  a c a n a l i z e d  d e v e l e p m e n t  o r  h o m e o r h e -  

s i s ,  w h i c h  a u t o m a t i c a l l y  s e e m s  to fo l low a p r e - d e s i g n e d  

p a t h .  B a k k e r  ( 1 9 5 9 ,  q u o t e d  f r o m  T i g e r s t e d t ,  1969) 

found  t ha t  v a r i a t i o n  of t he  e n v i r o n m e n t a l  c o n d i t i o n s  

which exist before this stage indeed influences the size 

and form of the adults, but not the length of the canal- 

ized development. My own unpublished results show that 

inbred lines which were homozygous for the allele D S 

of the LAP-D-locus had a longer period of development 

than those which were homozygous for the allele D F . 

The delay in development was achieved by prolonging 

the pupal stage up to half a day. This indicates that ge- 

netic constitution determines the length of the canalized 

development. However, a short period of pupation may 

be advantageous for the emerging flies. This may be an 

explanation for the fact that the allele D F occurs much 

more frequently than D S. 

L a b o r a t o r y  s t o c k s :  In 1963 t h e  l a b o r a t o r y  s t o c k s  w e r e  

u s e d  to found  t h e  i n i t i a l  p o p u l a t i o n  f r o m  w h i c h  a l l  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 .  The i s o e n z y m e  i n v e s t i g a -  

t i o n  w a s  c a r r i e d  out  at  t he  end  of 1970.  In t he  m e a n t i m e  

t h e  l a b o r a t o r y  s t o c k s  h a v e  b e e n  kep t  u n d e r  c o n s t a n t  c o n -  

d i t i o n s  in  t h e  l a b o r a t o r y ,  so  t h a t  a f r e q u e n c y  s h i f t ,  a s  

we l l  a s  t h e  l o s s  o r  t h e  m a n i f e s t a t i o n  of a l i n k a g e  g r o u p ,  

i s  c o n c e i v a b l e .  But  s i n c e  t he  l a b o r a t o r y  s t o c k s ,  d u r i n g  

t h e  c o u r s e  of m a n y  y e a r s ,  h a d  a d a p t e d  to t h e  l a b o r a t o r y  

e n v i r o n m e n t ,  i t  i s  to  b e  e x p e c t e d  t h a t  a b a l a n c e  b e t w e e n  

t h e  l i n k a g e  g r o u p s  in  e a c h  s i n g l e  l i n e  h a s  a r i s e n  w h i c h  

to  a g r e a t  e x t e n t  h a s  r e m a i n e d  s t a b l e .  Th i s  m a y  b e  t r u e  

f o r  a l l  s t o c k s  e x c e p t  t h e  s t o c k  10 A K~is, w h i c h  h a d  

f i x e d  t h e  l i n k a g e  g r o u p  AOD F .  

T h e r e f o r e  we m a y  a s s u m e  t h a t  a t  t h e  t i m e  w h e n  t h e  

i n i t i a l  p o p u l a t i o n  was  f o u n d e d ,  and  at  t h e  t i m e  of  i s o -  

e n z y m e  i n v e s t i g a t i o n ,  t h e  a l l e l e  f r e q u e n c i e s  w e r e  n e a r -  

ly  t h e  s a m e .  If t h i s  i s  t r u e ,  t h e  g e n e  pool  of t h e  i n i t i a l  

p o p u l a t i o n ,  w h i c h  w a s  c o m p o s e d  of a q u a r t e r  of e a c h  

g e n e  poo l  by  c r o s s i n g  t h e  f o u r  l a b o r a t o r y  s t o c k s ,  h a d  

c h a n g e d  d r a s t i c a l l y  c o m p a r e d  wi th  t he  g e n e  poo l  of t h e  

r e f e r e n c e  l i n e  R E .  



H . - J .  M u h s :  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 i n e s  of Drosophila melanogaster I I .  127 

D u r i n g  t h e  t i m e  of s e l e c t i o n  b o t h  t h e  l i n k a g e  g r o u p s ,  

AOD S a n d  ASD F , w e r e  l o s t .  The l i n k a g e  g r o u p  A F D  F , 

w h i c h  o c c u r r e d  o n l y  in  t h e  s t o c k  K~s  60 ,  h a d  r e a c h e d  

t h e  h i g h e s t  f r e q u e n c y  in  a l l  s e l e c t i o n  l i n e s .  B o t h  l i n k -  

a g e  g r o u p s  AOD F and  ASD S,  w h i c h  w e r e  t h e  m o s t  f r e -  

q u e n t  in  t he  s t o c k s ,  h a d  b e e n  r e d u c e d  to a f r e q u e n c y  of 

l e s s  t h a n  0 .  250 .  T h i s  d r a s t i c  c h a n g e  in  t h e  g e n e  poo l  

of  t h e  i n i t i a l  p o p u l a t i o n  c a n  b e  e x p l a i n e d  b y  t h e  l a r g e  

f l u c t u a t i o n s  of  p o p u l a t i o n  s i z e ,  w h i c h  s h o w e d  a n  a l t e r -  

n a t i n g  s e q u e n c e  of o v e r c r o w d i n g  and  b r e a k d o w n  ( M u h s ,  

1 9 7 5 a ) .  Th i s  i n t e r p r e t a t i o n  c a n  a l s o  e x p l a i n  why  a l l  s e -  

l e c t i o n  l i n e s  s h o w  s i m i l a r  a l l e l e  f r e q u e n c i e 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  h a d b e e n  

o b t a i n e d  abou t  17 to 19 g e n e r a t i o n s  a f t e r  f o u n d i n g  t h e  

i n i t i a l  p o p u l a t i o n .  D u r i n g  t h e s e  f i r s t  g e n e r a t i o n s  t h e  

s t r i k i n g  c h a n g e s  in  t h e  g e n e  poo l  m a y  h a v e  h a p p e n e d .  

S e l e c t i o n  l i n e s :  If o n e  c o m p a r e s  t h e  r e s u l t s  of L e v i n s  

( 1 9 6 5 ) ,  who s t u d i e d  t h e  a d a p t i v e  p o s s i b i l i t i e s  of t h r e e  

s p e c i e s  of D r o s o p h i l a ,  w i t h  out  d a t a  s h o w i n g  s l i g h t  

d i f f e r e n c e s  in  t h e  f r e q u e n c i e s  of t h e  l i n k a g e  g r o u p s ,  

i t  c a n  p a r t l y  b e  e x p l a i n e d  b y  t o l e r a n c e  in  f a c e  of  a 

b r o a d  n i c h e  a nd  a h i g h  i n d i v i d u a l  h o m e o s t a s i s ,  s i n c e  

a l l  f o u r  s e l e c t i o n  l i n e s  w e r e  a b l e  to  k e e p  t h e  s a m e  a l -  

l e l e  p o l y m o r p h i s m  on  t h e  L A P - A -  a n d  L A P - D - l o c u s .  

The  •  ( s e e  t a b l e  3 ) ,  h o w e v e r ,  po in t  to  a c l e a r  

d i f f e r e n c e  of t h e  l i n e  RE f r o m  a l l  o t h e r s ,  so  t h a t  h e r e  

a c h a n g e  in  t he  g e n o t y p e  f r e q u e n c i e s  m u s t  b e  a s s u m e d .  

In c o n t r a s t ,  t h e  s e l e c t i o n  l i n e s  a r e  s i m i l a r  in  t h e i r  f r e -  

q u e n c i e s  a n d  t h e i r  h o m o g e n e i t y  a s  s h o w n  by  t h e  •  

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

t h a t  t h e  a d a p t a t i o n  to  t e m p e r a t u r e  c o u l d  not  b e  a c h i e v e d  

b y  m e r e  t o l e r a n c e  a n d  i n d i v i d u a l  h o m e o s t a s i s ,  bu t  t h a t  

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

s a m e  way  in  t h e  c a s e s  of t h e  L A P - A -  a n d  L A P - D - l o c u s .  

The  a b i l i t y  to  r e a c t  to  s e l e c t i o n  p r e s s u r e s  w h i c h  

s u d d e n l y  a r i s e  i s  c a l l e d  p r e - a d a p t a t i o n  an d  i s  a n  e s s e n -  

t i a l  c h a r a c t e r i s t i c  of  a p o p u l a t i o n .  Th i s  a b i l i t y  c o u l d  b e  

p r e s e n t  a l s o  in  t h e  l i n e s  s e l e c t e d  h e r e ,  a l t h o u g h  e v i -  

d e n c e  b y  e x a c t  m e a s u r e m e n t  o f ,  f o r  e x a m p l e ,  t h e  f i t -  

n e s s  v a l u e  c o u l d  not  b e  g i v e n  at  t h e  d i f f e r e n t  t e m p e r a -  

t u r e s .  G e n e t i c  v a r i a b i l i t y  i s  a p r e r e q u i s i t e  f o r  p r e - a d a p -  

t a t i o n .  On t h e  L A P - A -  a n d  L A P - D - l o c u s  a l l e l e  p o l y -  

morphism was indeed observed. This indicates that me- 

chanisms maintaining allele polymorphism are present. 

This will be generally discussed in paper IV of this se- 

ries ( M u h s ,  1 9 7 5 c ) .  

The  s i l e n t  a l l e l e  A O :  A r e m a r k a b l e  r e s u l t  i s  t h a t  t h e  

a l l e l e  A O h a s ,  f o r  a s i l e n t  a l l e l e ,  a h i g h  f r e q u e n c y  in  

a l l  l i n e s  a s  w e l l  a s  in  t h r e e  of  t h e  f o u r  l a b o r a t o r y  

s t o c k s .  In t h e  s t o c k  10 A K~is t h i s  a l l e l e  a l o n e  w a s  

found  ( s e e  t a b l e  1 ) ,  s o  t h a t  i t  c a n  b e  a s s u m e d  t h a t  t h e  

c a r r i e r s  of t h i s  s i l e n t  a l l e l e  h a v e  a g r e a t  s e l e c t i v e  a d -  

v a n t a g e  e i t h e r  in  t h e m s e l v e s  o r  in  p a r t i c u l a r  l i n k a g e s  

( h e r e  t h e  l i n k a g e  g r o u p  A O D F ) .  At  p r e s e n t  t h e  f i t n e s s -  

v a l u e s  of t h e  l i n k a g e  g r o u p  h a v e  not  b e e n  e s t i m a t e d ,  s o  

t h a t  f u r t h e r  i n t e r p r e t a t i o n  i s  not  p o s s i b l e .  
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