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S u m m a r y .  1) L ines  of Drosophila melanogaster d e r i v e d  f r o m  a doub le  c r o s s  of four  l a b o r a t o r y  s t o c k s  and  
s e l e c t e d  fo r  m o r e  t h a n  125 g e n e r a t i o n s  w e r e  i n v e s t i g a t e d  by the  i s o e n z y m e  m e t h o d .  The r e f e r e n c e  l ine  RE 
w a s  h e l d  c o n s t a n t l y  at  2 5 ~  s e l e c t i o n  l i n e s  l a  and  3a had  a c o n s t a n t  e n v i r o n m e n t  at  18~C, t he  s e l e c -  
t ion  l i n e s  l b  and  3b at  28~  A d d i t i o n a l l y  a p e r m a n e n t  a r t i f i c i a l  m i g r a t i o n  w a s  m a i n t a i n e d  b e t w e e n  t h e  
s e l e c t i o n  l i n e s  3a and  3b by e x c h a n g e  of food t u b e s .  

2) The i s o e n z y m e s  of t he  e s t e r a s e  c o n t r o l l e d  by t h e  E s t - 6 - 1 o c u s  and  t h e  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  
c o n t r o l l e d  by  the  A p h - D - l o c u s  w e r e  a n a l y s e d .  

3) Two of t h e  l a b o r a t o r y s s t o c k s  c o n t a i n  both  a l l e l e s  6 r and  6 ~ of the  E s t - 6 - 1 o c u s ,  t he  o t h e r  two a r e  
h o m o z y g o u s  fo r  t h e  a l l e l e  6 . Al l  t h r e e  a l l e l e s  D ~ , D e , and  D O of t he  A p h - D - l o c u s  a r e  p r e s e n t  in e a c h  
of t h e  f o u r  l a b o r a t o r y  s t o c k s ,  e x c e p t  tha t  s t o c k  7 At l a c k s  the  a l l e l e  I ~ .  

4) In t he  r e f e r e n c e  l ine  RE both  E s t - 6 - a l l e l e s  and a l l  t h r e e  A p h - D - a l l e l e s  a r e  p r e s e n t ,  but t h e  a l l e -  
l e s  6 F and De o c c u r  at v e r y  low f r e q u e n c i e s .  The a l l e l e s  6 s and  D • a r e  t he  m o s t  f r e q u e n t  a l l e l e s ,  t he  s i l e n t  
a l l e l e  D ~ o c c u r s  at  a f r e q u e n c y  of 0 .  197. 

5) I n 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  6 s and  D ~ a r e  t h e  m o s t  f r e q u e n t  a l l e l e s ,  t oo .  The a l l e l e  6 F i s  l a c k i n g  
in a l l  s e l e c t i o n  l i n e s .  In t he  l i n e s  l a  and 3b t h e  a l l e l e  D 2 i s  m i s s i n g ,  but t h i s  a l l e l e  w a s  found  in t h e  l i n e s  
l b  and  3a at  v e r y  low f r e q u e n c y .  The s i l e n t  a l l e l e  D ~ i s  c o m m o n  to al l  s e l e c t i o n  l i n e s ,  wi th  t h e  n e a r l y  
c o n s t a n t  v a l u e s  of 0 . 1 4 1  to 0 .  177. T h e s e  f r e q u e n c i e s  a r e  s m a l l e r  t han  in t he  r e f e r e n c e  l i n e .  

6) All  s e l e c t i o n  l i n e s  h a v e  r a t h e r  s i m i l a r  a l l e l e  f r e q u e n c i e s  and c a n  be  c o m p a r e d  wi th  t h o s e  of t h e  
l ine  RE ( e x c e p t  t h e  a l l e l e  6 F ) .  But t h e s e  a l l e l e  f r e q u e n c i e s  d i f f e r  f r o m  t h o s e  of t he  four  l a b o r a t o r y  
s t o c k s .  This  i s  a t t r i b u t e d  to  a c h a n g e  in t he  l i n k ag e  g r o u p s  by r e c o m b i n a t i o n  and  t h e  o r g a n i s a t i o n  of new 
a d a p t i v e  g e n e  c o m p l e x e s  d u r i n g  the  f i r s t  g e n e r a t i o n s  a f t e r  t he  founda t ion  of  t h e  doub le  c r o s s .  

7) S e l e c t i o n  fo r  d i f f e r i n g  a d a p t a t i o n  to t e m p e r a t u r e  h a s  only  a s m a l l  e f f ec t  on the  o b s e r v e d  l o c i .  
8) The r e l a t i v e l y  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  D e found in all  l i n e s  i s  d i s c u s s e d  wi th  r e g a r d  to  

s e l e c t i v e  n e u t r a l i t y ,  p a r t i a l  s e l e c t i v i t y ,  and  a m u t a t i o n - s e l e c t i o n  b a l a n c e .  

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

The r e a c t i o n  of a p o p u l a t i o n  on s e l e c t i o n  wi l l  be  d e t e r m i n -  

ed  by  s e v e r a l  f a c t o r s ,  s u c h  a s  p o p u l a t i o n  s t r u c t u r e ,  t he  

m o d e  of a d a p t a t i o n  o f t h e p o p u l a t i o n ,  and the  t y p e  and  i n -  

t e n s i t y  of s e l e c t i o n .  The l a t t e r  c a n  be  r e g u l a t e d  by the  

e x p e r i m e n t e r .  A l though  in s o m e  c a s e s  it h a s  b e e n  s h o w n  

tha t  Drosophila melanogaster h a s  good t o l e r a n c e  wi th in  a 

b r o a d  n i c h e ,  a s  weI1 a s  h igh  ind iv idua l  h o m e o s t a s i s  and 

a low d e g r e e  of p o l y m o r p h i s m  ( L e v i n s ,  1965) ,  t he  m o d e  

of a d a p t a t i o n  r e m a i n s  m o s t l y  unknown .  

The s t r u c t u r e  of  t h e  g e n e p o o l  i s  a n o t h e r  unknown f a c -  

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

t i g a t i o n  of  i s o e n z y m e s ,  by w h i c h  e x a c t  da t a  c o u l d  be  o b -  

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

p a r t i c u l a r  loci  o r  gene  c o m p l e x e s .  Such da ta  g ive  a n i d e a  

* This  s tudy  w a s  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  

of the composition of the gene pool. By this method the 

population structures of artificial, and even natural, 

populations of several Drosophila species have been 

characterized (Hubby and Lewontin, 1966; Johnson et a l . ,  

1966; Lewontin andHubby, 1966; Stone et al . ,  1968; 

Ayala et al . ,  1972; Brncic et a l . ,  1969, Prakash et a l . ,  

1969; Berger, 1971; Kojima et a l . ,  1972). 

In this paper long-term selection lines of Drosophila 
mel~ogaster have been studied in order to characterize 

the structure of four polymorphic loci which give some in- 

formation on the changes in allele frequencies caused by 

selection. The changes of allele frequency were obtained 

by analysing the lines for each group of isoenzymes. The 

following isoenzyme groups were chosen: the nonspecific 

esterases controlled by the Est-6-1ocus, the larval alka- 

line phosphatases controlled by the Aph-D-locus and the 

leucine aminopeptidases controlled by the LAP-A- and 

LAP-D-locus. The founder stocks were polymorphic for 

one or more of these loci. 
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The r e s u l t s  wi l l  be  g iven  in a s e r i e s  of fou r  p a p e r s :  

p a p e r s  I and  [II wi l l  dea l  wi th  t h e  e s t e r a s e s  and  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 s ,  p a p e r s  II and  IV wi th  t he  l e u c i n e  

a m i n o p e p t i d a s e s .  

A s  t h e  a l l e l e  f r e q u e n c i e s  w e r e  a n a l y s e d  only  o n c e  du-  

r i n g  t h e  l i f e  of e a c h  s e l e c t i o n  l i n e ,  no da ta  on g e n e t i c  

c h a n g e s  d u r i n g  the  w h o l e  p e r i o d  of s e l e c t i o n  c o u l d  be  ob -  

t a i n e d .  C o m p a r i s o n  wi th  t he  r e f e r e n c e  l ine  w a s  p o s s i b l e ,  

h o w e v e r ,  s i n c e  it w a s  e x a m i n e d  at t h e  s a m e  t i m e  a s  t he  

s e l e c t i o n  l i n e s .  T h e r e  w e r e  no e x a c t  da t a  on the  a l l e l e  

frequencies of the initial population (the reference line 

just after it was founded by a double cross of four labo- 

ratory stocks), from which all selection lines were de- 

rived, but such data could be reconstructed to a certain 

extent by analysing the four laboratory stocks from which 

the initial population was derived. 

The selection lines can be divided into two groups: 

(1) the temperature selected lines and (2) the lines se- 

lected for developmental rate. The temperature selected 

lines had large population sizes and overlapping genera- 

tions, i.e. backcrosses were possible at any time. The 

lines selected for developmental rate consisted of medi- 

um-sized populations with non-overlapping generations. 

The results of the first group of selection lines will be 

given in papers I and If, and of the second group in pa- 

pers Ill and IV. Tigerstedt (1969) has studied the lines 

of the second group in earlier generations. His results 

are of particular interest for the interpretation of the 

data presented in these papers. 

A general discussion of all selection lines will be gi- 

ven in paper IV. In particular, the mechanisms main- 

taining allelic polymorphism are discussed with regard 

to the allele distribution. 

Materials and Methods 

General experimental technique: All populations were 
kept in population cages of plexiglas (acrylic plastic) 
20 x 20 x 10cm in size. The cage had 24 sockets for food 
tubes 2.5cm in diameter and 8.5cm in length. Eachtube 
contained about 10g food prepared from maize (semolina), 
syrup, alcohol, dead bakers' yeast, agar, and nipagin. 
A ~pccial apparatus was used for supplying the tubes with 
equal amounts of food (see Tigerstedt, 1969). The food 
was stored in a refrigerator for not longer than six weeks. 
Before use the food was warmed to room temperature and 
supplied with a piece of pulp(laboratory quality) and with 
3 to 4 drops of living yeast suspensionprovidedwith some 
sugar. 

Selection was carried out under ether narcosis. The 
flies were then allowed to recover for two days to over- 
come sterility and inhibition of egg-laying as a conse- 
quence of ether shock. All populations were kept in incu- 
bators and were removed only for selecting and feeding. 
Drosophila s t o c k s :  In 1963 the  p r o j e c t  w a s  s t a r t e d  by K.  
S t e r n  in t h e  I n s t i t u t e  of F o r e s t  G e n e c t i c s  at  t he  U n i v e r -  
s i t y  of S t o c k h o l m .  F o u r  l a b o r a t o r y  s t r a i n s  of Drosophila 

melanogaster • w e r e  u s e d  a s  f o u n d e r  s t o c k s  to e s t a b l i s h  
a doub le  c r o s s  and i t s  r e c i p r o c a l s  a c c o r d i n g  to t he  fo l l ow-  
ing s c h e m e  : 

(7 A T x  K~is 60) x (10 A K~is • 9 D E ) .  

Each cross consisted of equal numbers of 250 female and 
250 male flies. This means that some 500 flies from each 
of the four founder stocks were used in the double cross. 
All crosses were carried out at 25 ~ in population cages, 
in which mating was assumed to occur at random. 

The initial population, which resulted from the double 
cross, was later called RE and maintained in a popula- 
tion cage at 25 ~ 

The different investigated selection lines were derived 
from the line RE. After 3 generations of random mating 
the lines selected for developmental rate were established. 
These lines will be described in paper III. About 17 to 19 
generations after the double cross had been carried out 
the temperature selected lines were founded. Before and 
during establishment of the selection lines the line RE 
showed fluctuations in population size, which disappeared 
a f t e r  s o m e  10 to  15 g e n e r a t i o n s .  

In 1964 the  who le  m a t e r i a l  w a s  t r a n s f e r r e d  to  t he  In-  
s t i t u t e  of F o r e s t  G e n e t i c s  at S c h m a l e n b e c k .  F r o m  1968 
to 1971 the  i n v e s t i g a t i o n s  w e r e  done  by the  i s o e n z y m e -  
t e c h n i q u e .  

In add i t ion  to t h e  s e l e c t i o n  l i n e s ,  t he  four  f o u n d e r  
s t o c k s  w e r e  a l s o  a n a l y s e d .  T h e s e  s t o c k s  w e r e  kept  u n -  
d e r  c o n s t a n t  l a b o r a t o r y  c o n d i t i o n s  b e f o r e  and a f t e r  t he  
founda t ion  of s e l e c t i o n  l i n e s .  In 1969 t h e  s t o c k s  w e r e  o b -  
t a i n e d  f r o m  the  In s t i t u t e  of G e n e t i c s  at t he  U n i v e r s t i y  of 
S tockho lm fo r  i s o e n z y m e  i n v e s t i g a t i o n .  
T e m p e r a t u r e  s e l e c t e d  l i n e s :  F o u r  t e m p e r a t u r e  s e l e c t e d  
l i n e s  w e r e  s i m u l t a n e o u s l y  d e r i v e d  f r o m  the  l i ne  R E .  Two 
of t h e m  ( the  l i n e s  l a  and 3a) w e r e  kept  at  18~ ( " l o w -  
t e m p e r a t u r e " ) ,  t h e  o t h e r  two l i n e s  ( l b  and  3b) at  28~ 
( " w a r m  t e m p e r a t u r e " ) .  All  l i n e s  w e r e  h e l d  in p o p u l a t i o n  
c a g e s .  Twice  a week  they  w e r e  fed  wi th  4 food t u b e s .  A f -  
t e r  21 d a y s  the  o l d e s t  food t u b e s  w e r e  r e n e w e d ,  it  b e i n g  
a s s u m e d  tha t  d u r i n g  t h i s  t i m e  e v e n  i n d i v i d u a l s  wh ich  d e -  
v e l o p e d  e x t r e m e l y  s lowly  had had  a c h a n c e  to  r e p r o d u c e .  

At e v e r y  f e e d i n g ,  food t u b e s  of the  l i n e s  3a and  3b 
w e r e  e x c h a n g e d  in s u c h  a way tha t  two of t h e  fou r  t u b e s ,  
wh ich  had  b e e n  put on the  c a g e  t h e p r e c e d i n g  w e e k ,  w e r e  
b r o u g h t  f r o m  the  c a g e  of l ine  3a to that  of l ine  3b,  and 
v i ce  v e r s a .  In t he  e x c h a n g e d  food t u b e s  all  s t a g e s  of d e -  
v e l o p m e n t  of  t he  f ly ,  f r o m  egg  to i m a g o ,  c o u l d  be  found.  
This  e x c h a n g e  was  m a d e  s u p p o s i n g  tha t  al l  four  food t u b e s  
of t he  s a m e  f eed i n g  h a d e q u a l  n u m b e r s  of e g g s ,  l a r v a e ,  
and  p u p a e .  A l t o g e t h e r ,  t he  food t u b e s  of  t h e  l i n e s  3a and  
3b have  b e e n  e x c h a n g e d  542 t i m e s .  
Taking of  s a m p l e s :  F o r  t h e  i s o e n z y m e  i n v e s t i g a t i o n s  fou r  
g r a d u a t e d  o v i p o s i t i o n s  of t he  p o p u l a t i o n s  w e r e  p r e p a r e d .  
E a c h  o v i p o s i t i o n  c o m p r i s e d  4 food t u b e s ,  in to  w h i c h  the  
p o p u l a t i o n s  w e r e  a l l o w e d  to l ay  e g g s  fo r  two d a y s .  The d e -  
v e l o p m e n t  of the  l a r v a e  and f l i e s  took p l a c e  in i n c u b a t o r s  
at 25~ On 4 different days, samples of 4 larvae or 4 
flies were taken out of each tube. The total number of a~n- 
samples consisted of 256 larvae or 256 flies (4 oviposi- 
tions • 4 tubes X 4 days • 4 larvae or flies). 

For the investigation on the alkaline phosphatases lar- 
vae of the third instar, and for that of the esterases, 1 
to 4 day-old flies were used. 
Electrophoretic method: The method of homogenizing, the 
electrophoresis on starch gel, and the staining method 
are described elsewhere (Muhs, 1975). 
Isoenzymes: The investigations were made to find out 
which isoenzymes existed in an individual and how many 
individuals with the same isoenzymes could be found in 
one line. Only the isoenzymes 6F and 6S were examined, 

Courtesy of Dr. Ramel, Institute of Genetics at the 
University of Stockholm. 
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w h i c h  a r e  c o n t r o l l e d  by  two a l l e l e s  of  t h e  E s t - 6 - 1 o c u s  
( W r i g h t ,  1 9 6 3 ) .  C o n c e r n i n g  t h e  i s o e n z y m e s  of  t h e  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 s ,  t h e  i s o e n z y m e s  D 1D 1, D 2 D 2 ,  
D I D 2 ,  D I D 0 ,  D 2 D 0 ,  a n d  DOD0 w e r e  a n a l y s e d ,  w h i c h  a r e  
c o n t r o l l e d  by  t h r e e  a l l e l e s  of  t h e  A p h - D - l o c u s .  H e r e ,  
DOD0 h a d  no d e t e c t a b l e  a c t i v i t y  in  t h e  z y m o g r a m .  

The  E s t - 6 - 1 o c u s  h a s  b e e n  m a p p e d  on t h e  t h i r d  c h r o -  
m o s o m e  in position 36.8 by Wright (1963) and the Aph- 
D-locus on the third chromosome in position 47.3 by 
Wallis and Fox (1968). 

Results 

Alleles and isoenzymes: Both alleles 6 F and 6 S of the 

Est-6-1ocus coding for esterase isoenzymes are able to 

form three genotypes: 6F6 F, 6F6 S, and 6S6 S. The cor- 

responding phenotypes are called 6F6F, 6F6S, and 6S6S. 

The phenotypes are easily recognized because the phe- 

notypes 6F6F and 6S6S show one isoenzyme band each 

but with a difference in migration rate. The phenotype 

6F6S shows both bands. 

In the zymogram, up to 7 esterase isoenzyme bands 

have been observed. The isoenzymes 6F and 6S appeared 

as red bands because of their specificity to 2-naphthyl- 

acetate. On staining the gel with a mixture of I- and 2- 

naphthylacetate, most of the other esterase isoenzymes 

were coloured black because of their specificity to 

1-naphthylacetate. So did the esterase isoenzymes, con- 

trolled by the Est-C-locus (Beckman and Johnson 1964b), 

which were situated next to the esterase bands 6F and 6S 

in the zymogram. This staining technique allowed the 

bands controlled by the Est-6-1ocus to be easily identi- 

fied. In addition, all selection lines showed only one iso- 

enzyme band controlled by the Est-C-locus, so this band 

could be used as a marker for rapid recognition of the 

fast movingband 6F with respect tothe slow moving band 

6S during the serial investigations. 

The Aph-D-locus coding for alkaline phosphatases has 

three alleles which are marked D I, D 2, and D 0. The al- 

lele D 1 controls the fast migrating isoenzyme band, D 2 

D I D 1 ,  D I D 2 ,  a n d  D2D2.  The  h y b r i d  e n z y m e  b a n d  of D I D 2  

a p p e a r s  b e t w e e n  t h e  i s o e n z y m e  b a n d s  of  D I D 1  a n d  D2D2,  

bu t  c l o s e r  to  t h e  D ID 1  b a n d  i n s t e a d  of  m i d - w a y  b e t w e e n  

D1D1 a n d  D2D2.  The  h y b r i d  e n z y m e s  D1D2 a n d  D2D0 h a v e  

t h e  s a m e  p o s i t i o n  in  t h e  z y m o g r a m .  T h e y  a r e  e a s i l y  d i s -  

t i n g u i s h e d  b e c a u s e  D1D2 i s  a c c o m p a n i e d  by  bo th  b a n d s  

D1D1 a n d  D2D2,  w h i l e  D2D0 i s  o n l y  a c c o m p a n i e d  by  t h e  

b a n d  D2D2.  

D i s t r i b u t i o n  of t h e  a l l e l e s  in  t h e  f o u n d e r  s t o c k s :  In o r d e r  

to ge t  a n  i d e a  of  t h e  d i s t r i b u t i o n  of  t h e  a l l e l e s  i n  t h e  l a -  

b o r a t o r y  s t o c k s  w h i c h  w e r e  u s e d  fo r  t h e  f o u n d a t i o n  of t h e  

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

B e f o r e  a n d  a f t e r  t h e  f o u n d a t i o n  of t h e  s e l e c t i o n  l i n e s  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  k e p t  u n d e r  t h e  s a m e  c o n d i -  

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

f r e q u e n c i e s  c o u l d  h a v e  s h i f t e d  o r  e v e n  f i x a t i o n  of an  a l l e -  

le  c o u l d  h a v e  t a k e n  p l a c e .  The  r e s u l t s ,  h o w e v e r ,  po in t  

t o w a r d s  b a l a n c e d  a l l e l e  p o l y m o r p h i s m s  ( s e e  T a b l e  1) .  In 

T a b l e  1 no f r e q u e n c i e s  a r e  g i v e n  b e c a u s e  o n l y  64 i n d i v i -  

d u a l s  of  e a c h  s t o c k  w e r e  t e s t e d ,  not  s u f f i c i e n t  f o r  a n  e s t i -  

m a t e .  T h e r e f o r e ,  a m i n u s  s i g n  in  t h e  t a b l e  d o e s  not  m e a n  

t h a t  t h i s  a l l e l e  d o e s  not  e x i s t ;  i t  o n l y  m e a n s  t h a t  it  w a s  

not  f o u n d  o r  r e c o g n i z e d .  

The  a l l e l e  D 1 of t h e  A p h - D - l o c u s i s  t h e  m o s t  f r e q u e n ~  

in a l l  l a b o r a t o r y  s t o c k s  e x c e p t  in  t h e  s t o c k  10 A K ~ s .  The  

a l l e l e  D 2 i s  no t  p r e s e n t  in  t h e  s t o c k  7 AT,  bu t  in  t h e  s t o c k  

10 A K ~ s  i s  t h e  m o s t  f r e q u e n t  o n e .  The  s i l e n t  a l l e l e  D O 

o c c u r s  in  a l l  s t o c k s  w i th  a l m o s t  t h e  s a m e  f r e q u e n c y .  

The  a l l e l e  6 S of t h e  E s t - 6 - 1 o c u s  i s  t h e  m o s t  f r e q u e n t  

o n e  in  a l l  s t o c k s .  The  a l l e l e  6 F c a n  be  f o u n d  in  t h e  s t o c k s  

7 At  a n d  K ~ s  60 but  i s  a b s e n t  f r o m  s t o c k s  10 A K ~ s  a n d  

9 D E .  B o t h  a l l e l e s  6 F a n d  D 2, w h i c h  h a v e  b e c o m e  r a r e  

in  t h e  s e l e c t i o n  l i n e s ,  a r e  wel l  r e p r e s e n t e d  in  t h e  s t o c k s .  

E a c h  s t o c k  i s  p o l y m o r p h i c  f o r  one  of t h e  loc i  e x a m i n e d  

h e r e ,  s o m e  a r e  e v e n  p o l y m o r p h i c  f o r  bo th  l o c i .  

t h e  s l o w  m i g r a t i n g  o n e ,  a n d  D O i s  a s i l e n t  a l l e l e .  B e c a u -  T a b l e  1. D i s t r i b u t i o n  of t h e  A p h - D -  a n d  E s t - 6 - a l l e l e s  
in  t h e  Prvsophila-stooks, w h i c h  a r e  t h e  f o u n -  

s e  of  t h e  d i m e r i c  s t r u c t u r e  of  t h e  i s o e n z y m e s  c o n t r o l l e d  

by t h e  A p h - D - l o c u s  f o u r  d i f f e r e n t  f o r m s  h a v e  b e e n  found  

a n d  n a m e d  D1D1,  D1D2,  D2D2,  a n d  D2D0.  D1D2 a n d  D2D0 

a r e  c a l l e d  h y b r i d  e n z y m e s .  DOD0 i s  an  i n a c t i v e  p r o t e i n  

w h i c h  o b v i o u s l y  h a s  t h e  p o s i t i o n  of D 1D 1 in  t he  z y m o g r a m .  

H e t e r o z y g o t e s  D1D O , w h i c h  p o s s e s s  b o t h  t h e  b a n d  of  

D1D1 a n d  t h e  h y b r i d  e n z y m e  of DIDO, on ly  s h o w  one  b a n d  

in  t h e  p o s i t i o n  of  D I D 1 .  T h e r e f o r e  t h e  h e t e r o z y g o t e  D I D  O 

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

m o z y g o t e  D1D 1. H o w e v e r ,  s i n c e  D2D0 a p p e a r s  o n l y  t o -  

g e t h e r  wi th  D2D2,  t h i s  h y b r i d  e n z y m e  c a n  e a s i l y  be  r e -  

c o g n i z e d .  H e t e r o z y g o t e s  D1D 2 p o s s e s s  t h r e e  i s o e n z y m e s  

d e r  s t o c k s  fo r  t h e  s e l e c t e d  l i n e s  

S tock  A l l e l e s  o f  t h e  
A p h - D - l o c u s  E s t - 6 - L o c u s  

D 1 D 2 D O 6 F 6 S 

7 AT ++ + + + 
K~is 60 ++ + + + + 
10 A K~is + *~ + - ++ 
9 DE ++ + + - ++ 

++ the allele is observed with a frequency more 
than O. 5 ; 

+ the allele is observed with a frequency less 
than O. 5 ; 

- the allele is not observed. 
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F r e q u e n c i e s  o f  i s o e n z y m e s  a n d  a l l e l e s  i n  t h e  s e l e c t i o n  

l i n e s :  T a b l e  2 l i s t s  t h e  o b s e r v e d  f r e q u e n c i e s  o f  t h e  p h e n o -  

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

e x c e p t  t h e  r e f e r e n c e  l i n e  R E  o n l y  t h e  i s o e n z y m e  6S h a s  

b e e n  f o u n d .  I n t h e  l i n e  R E ,  o n l y t h r e e  o f  256  e x a m i n e d  i n -  

d i v i d u a l s  h a v e  b e e n  f o u n d  t o  h a v e  b o t h  i s o e n z y m e s  6S a n d  

6 F ,  s o  t h e  a l l e l e  6 F s h o w s  a f r e q u e n c y  o f  l e s s  t h a n  0 . 0 1  

( s e e  T a b l e  3 ) .  T h i s  m e a n s  t h a t  t h e  a l l e l e  6 S h a s  b e e n  f i x e d  

in  a l l  s e l e c t i o n  l i n e s .  

T h e  b a n d  D 1 D 1  o f  t h e  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 s  i s  

t h e  m o s t  f r e q u e n t l y  o b s e r v e d  ( s e e  T a b l e  2 ) .  In  a d d i t i o n ,  

2 o r  3 o f  t h e  p h e n o t y p e s  D I D 2  h a v e  b e e n  f o u n d  in  t h e  l i n e s  

R E ,  3 a ,  a n d  l b .  T h e  f r e q u e n c y  o f  t h e  a l l e l e  D 2 t h e r e f o r e  

i s  b e l o w  0 . 0 1 ,  s o  c a n  b e  c o m p a r e d  w i t h  t h e  f r e q u e n c y  of  

t h e  a l l e l e  6 F o f  t h e  E s t - 6 - 1 o c u s  i n  t h e  l i n e  R E .  It i s  s u r -  

p r i s i n g ,  h o w e v e r ,  t h a t  t h e  p h e n o t y p e  DOD0 o c c u r s  in  a l l  

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

T h e  p h e n o t y p e  DOD0 s h o w s  no  d e t e c t a b l e  e n z y m e  in  t h e  

r e g i o n  o f  t h e  D - b a n d s  o f  t h e  z y m o g r a m .  It i s  no t  p o s s i b l e  

to  d i f f e r e n t i a t e  h e t e r o z y g o t e s  w i t h  t h e  h y b r i d  e n z y m e  

D i D O  f r o m  h o m o z y g o t e s  w i t h  t h e  i s o e n z y m e  D 1 D 1 ,  s o  

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

x i m u m - l i k e l i h o o d - m e t h o d  f o r  c a l c u l a t i n g  t h e  a l l e l e  f r e -  

q u e n c i e s  w a s  u s e d  a s  f a r  a s  p o s s i b l e  t o  g e t  a b e t t e r  e s t i -  

m a t i o n  o f  t h e s 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  ( s e e  

T a b l e  3 ) .  

Discussion 

Before discussing the results two aspects should be exam- 

ined more closely: (I) the role of the isoenzymes and 

the selectivity of their corresponding alleles; (2) the 

characters of selection. 

T h e  r o l e  o f  t h e  i s o . e n z : f m e s  a n d  t h e  s e l e c t i v i t y _  o f  t h e i r  

c o r r e s p o n d i n ~  a l l e l e s  

( a )  E s t e r a s e s :  T h e  i s o e n z y m e s  c o n t r o l l e d  b y  t h e  E s t - 6 -  

l o c u s  a r e  n o n s p e c i f i c  ( W r i g h t ,  1963)  ; t h e y  c a n  b e  f o u n d  

d u r i n g  t h e  w h o l e  l i f e  c y c l e  o f  t h e  i n d i v i d u a l  b u t  a r e  

b e s t  d e t e r m i n e d  i n  1 - 8  d a y - o l d  f l i e s .  O t h e r  i s o e n z y m e s  a r e  

o b s e r v e d  i n  t h e  z y m o g r a m  t o g e t h e r  w i t h  t h e  E s t - 6 - e s t e -  

r a s e s ,  b u t  t h e y  do  no t  s h o w  t h e  s a m e  s t a i n i n g  i n t e n s i t y  

w h e n  u s i n g  1 -  a n d  2 - n a p h t h y l - a c e t a t e  a s  a r t i f i c i a l  s u b -  

s t r a t e .  It  i s  no t  k n o w n  w h e t h e r  t h e s e  i s o e n z y m e s  c a n  r e -  

p l a c e  t h e  E s t - 6 - e s t e r a s e s  i n  t h e i r  p h y s i o l o g i c a l  r o l e .  

W r i g h t  ( 1 9 6 3 )  s u g g e s t s  t h a t  t h e  e s t e r a s e s  h a v e  o n l y  a 

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

i m p o r t a n c e  r e m a i n s  o b s c u r e .  

Table 2. Observed frequencies of Aph- and Est-phenotypes 

M o d e  of  L i n e  A p h - p h e n o t ~ p e s  E s t - p h e n o t ~ q 0 e s  
s e l e c t i o n  D 1D 1 

( ~  D 1 D 0  D I D 2  D 2 D 2  DOD2 DOD0 6 F 6 F  6 F 6 S  6S6S 

25 R E  244 2 - 10 - 3 253 
18 l a  250 - - 6 - 256 
18 3 ~  e 247 2 - 7 - 256 
28 3b  ~e 248 - - 8 - 256 
28 l b  248  3 - 5 - - 256 

RE reference line 
*~ lines with exchange offoodtubes 

T a b l e  3 .  E s t i m a t e s  o f  t h e  f r e q u e n c i e s  o f  t h e  A p h - D -  a n d  E s t - 6 - a l l e l e s  a n d  t h e i r  v a r i a n c e  

M o d e  o f  L i n e  F r e q u e n c i e s  o f  t h e  V a r i a n c e  o f  t h e  e s t i m a t e s  o f  
s e l e c t i o n  A p h - D - a l l e l e s  E s t  - 6  - a l l e l e s  

( ~  D 1 D 2 D O 6 F 6 S D 1 D 2 D O 6 F 

25 R E  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 . 0 0 0 0 1  0 . 0 0 0 9 3  
18 l a  0 . 8 4 7  0 . 1 5 3  - 1 . 0  0 . 0 0 0 5 1  - - 
18 3 ~  ~ 0 . 8 3 1  0 . 0 0 5  0 . 1 6 4  _ 1 . 0  0 . 0 0 0 9 3  0 . 0 0 0 0 1  0 . 0 0 0 9 2  
28 3 ~  ~ 0 . 8 2 3  0 . 1 7 7  - 1 . 0  0 . 0 0 0 5 7  - 
28 l b  0 . 8 5 3  0 . 0 0 6  0 . 1 4 1  - 1 . 0  0 . 0 0 3 6 8  0 . 0 0 0 0 1  0 . 0 0 3 6 8  

0.00002 

The variance of the estimate of the allele 6 F is equal to that of 6 F in the strain RE. The variance 

of the estimate of the allele D 1 is equal to that of D O in the strains la and 3b. 

l i n e  w i t h  e x c h a n g e  o f  f o o d  t u b e s .  
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M a c l n t y r e  a n d  W r i g h t  (1966)  r e p o r t e d  d i f f e r e n t  h e a t  

s t a b i l i t i e s  f o r  t h e  i s o e n z y m e s  c o n t r o l l e d  by  t h e  E s t - 6 -  

l o c u s ,  but  d o u b t e d  t h a t  t h i s  c o u l d  b e  s i g n i f i c a n t  w i t h i n  t h e  

r a n g e  of  t e m p e r a t u r e s  u s e d .  In t h i s  i n v e s t i g a t i o n  no a t -  

t e m p t  h a s  b e e n  m a d e  to t e s t  d i f f e r e n c e s  in  h e a t  s e n s i t i -  

v i t y .  

T h e r e  i s  l i t t l e  known  a b o u t  t h e  s e l e c t i v i t y  of t h e  E s t -  

6 - a l l e l e s .  B o t h  a l l e l e s  a r e  c o d i n g  f o r  a c t i v e  e n z y m e s  w i th  

e q u a l  a c t i v i t y  ( M a c I n t y r e  and  W r i g h t ,  1966 ) .  K o j i m a  a n d  

Y a r b r o u g h  (1967)  a n d  Y a r b r o u g h  a n d  K o j i m a  ( 1967 ) found  

a f r e q u e n c y  d e p e n d e n c e  w i t h  e q u i l i b r i u m  f r e q u e n c y  of a -  

bou t  0 . 3  to  0 . 4  f o r  t he  a l l e l e  6 F .  M a c I n t y r e  a n d  W r i g h t  

(1966)  a l s o  s h o w e d  f r e q u e n c y  e q u i l i b r i a  f o r  t h e  E s t - 6 -  

a l l e l e s .  They  c o n c l u d e d  t h a t  t h e  e q u i l i b r i u m  i s  a b y - p r o -  

duc t  of s e l e c t i o n  f o r  l i n k e d ,  i n t e r a c t i n g  g e n e  c o m p l e x e s .  

W i t h i n  t he  s e l e c t e d  l i n e s  i n v e s t i g a t e d  in  t h i s  s t u d y ,  s u c h  

a b a l a n c e  b e t w e e n  t h e  E s t - 6 - a l l e l e s  d o e s  not  e x i s t .  No 

f r e q u e n c y  e q u i l i b r i u m  w as  o b s e r v e d .  The  a l l e l e  6 S w a s  

f i xed  in a l l  s e l e c t i o n  l i n e s  bu t  not  in  t h e  r e f e r e n c e  l i n e  R E .  

(b )  P h o s p h a t a s e s  : O c c u r r e n c e ,  a c t i v i t y  a n d  i n h e r i t a n c e  of 

t h e  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 s  c o n t r o l l e d  by  t h e  A p h - D -  

l o c u s  h a v e  b e e n  we l l  a n a l y s e d  ( B e c k m a n  a n d  J o h n s o n ,  

1964 a , c ;  S c h n e i d e r m a n  e t  a l . ,  1966;  W a l l i s  a n d  F o x ,  

1 9 6 8 ) .  They  a r e  p r o b a b l y  t i s s u e  s p e c i f i c .  (1)  P h o s p h a -  

t a s e s  f r o m  t h e  l a r v a l  gut  of young  l a r v a e  s h o w  a n  e l e c t r o -  

p h o r e t i c  m o b i l i t y  s i m i l a r  to  t h a t  of t h e  p u p a l  f o r m s ;  t h e y  

d i s a p p e a r  a t  t h e  e n d  of t h e  t h i r d  i n s t a r  l a r v a l  p e r i o d .  

(2)  P h o s p h a t a s e s  f r o m  l a r v a l  s k i n  h a v e  a s t r o n g  a c t i v i t y  

in  t h e  t h i r d  i n s t a r ,  t h e y  h a v e  a d i f f e r e n t  e l e c t r o p h o r e t i c  

m o b i l i t y  and  c a n  b e  m o d i f i e d  i n to  p u p a l  f o r m s .  (3)  P h o s -  

p h a t a s e s  f r o m  p u p a e  a p p e a r  a s  s o o n  a s  t h e  b a n d s  f r o m  the  

s k i n  d i s a p p e a r  and  t h e y  p e r s i s t  i n to  t h e  f i r s t  few h o u r s  

of a d u l t  l i f e  ( S c h n e i d e r m a n ,  1 9 6 7 ) .  The  f o r m s  (2)  a n d  

(3)  a r e  c o n t r o l l e d  by  t h e  s a m e  l o c u s  o r  by  two c l o s e l y  

l i n k e d  o n e s  ( W a l l i s  a n d  F o x ,  1 9 6 8 ) .  In t h i s  i n v e s t i g a -  

t i on  on ly  t h e  p h o s p h a t a s e s  of t h e  t h i r d  i n s t a r  l a r v a e  w e r e  

e x a m i n e d .  T h e s e  i s o e n z y m e s  b e l o n g  to  t h e  f o r m  (2 )  a n d  

d i s a p p e a r  a b o u t  9 to  10 h o u r s  a f t e r  p r e p u p a r i u m .  They  

a r e  s p e c i f i c  to  s k i n  t i s s u e  and  a r e  o n l y  a c t i v e  f o r  a s h o r t  

p e r i o d  w i t h i n  t h e  l i f e  c y c l e ,  f r o m  t h e  b e g i n n i n g  of t h e  

t h i r d  i n s t a r  to  e m e r g e n c e  of t h e  f ly .  If we a s s u m e  t h a t  

t h e  p h o s p h a t a s e s  of t he  f o r m s  (2)  a n d  (3)  a r e  c o n t r o l -  

l e d  b y  two d i s t i n c t ,  bu t  c l o s e l y l i n k e d ,  loc i  ( W a l l i s  a n d  

F o x ,  1 9 6 8 ) ,  t h e  t i m e  i s  s h o r t e n e d  to  l e s s  t h a n  h a l f  d u -  

r i n g  w h i c h  s e l e c t i o n  c a n  a f f e c t  t h e  f r e q u e n c y  of t h e  i s o e n -  

z y m e s .  In t h i s  c a s e  t h e  s t a g e  of t h e  t h i r d  i n s t a r  e x c l u -  

s i v e l y  i s  e s s e n t i a l .  

The  m o s t  s t r i k i n g  d i f f e r e n c e s  b e t w e e n  t h e  a l k a l i n e  

p h o s p h a t a s e s  a n d  t h e  e s t e r a s e s  a r e  t h e  t i s s u e  s p e c i f i -  

c i t y  a n d  t h e  d e v e l o p m e n t a l  s t a g e  a t  w h i c h  t h e  i s o e n z y -  

mes occur. 

(c) Silent alleles: Phenotypes were found which had no 

detectable enzyme activity controlled by the Est-6-1ocus. 

In these cases silent alleles are assumed (Muhs, 1975). 

In the case of the Est-6-1ocus only a few individuals have 

been observed. These individuals were found in inbred 

but  not  in  s e l e c t i o n  l i n e s  ( M u h s ,  1 9 7 5 ) .  It s e e m s  t h a t  

t h e  l o s s  of E s t - 6 - e s t e r a s e  e n z y m e  a c t i v i t y  i s  not  l e t h a l ,  

bu t  a d e t r i m e n t a l  e f f e c t  in  i n d i v i d u a l s  w i t h o u t  a n  a c t i v e  

E s t - 6 - e s t e r a s e  e n z y m e  c a n  not  b e  e x c l u d e d .  M a c I n t y r e  

and  W r i g h t  (1986)  r e p o r t e d  on  a s t r a i n  l a c k i n g  d e t e c t a -  

b l e E s t - 6 - a c t i v i t y .  J o h n s o n  (1964)  found  h o m o z y g o u s  d e -  

f i c i e n c y  of a n o t h e r  e s t e r a s e  a c t i v i t y  g o v e r n e d  by  t h e  

E s t - C - l o c u s ,  w h i c h  d id  not  n o t i c e a b l y  a f f e c t  t h e  v i a b i l i -  

ty  of t h e  f l i e s .  

In t h e  c a s e  of t h e  A p h - D - l o c u s  s e v e r a l  i n d i v i d u a l s  

h o m o z y g o u s  f o r  t h e  s i l e n t  a l l e l e  D O h a v e  b e e n  found  in  

e a c h  l i n e .  The  f r e q u e n c y  of t h i s  a l l e l e  w a s  a l m o s t  t h e  

s a m e  f o r  a l l  l i n e s .  The  m e c h a n i s m  r e s p o n s i b l e  f o r  t h e  

m a i n t e n a n c e  of t h e  s i l e n t  a l l e l e  D O i s  no t  k n o w n .  It c a n  

b e  i n t e r p r e t e d  in t h r e e  w a y s :  (1)  D O r e a c t s  in  a s t r i c t -  

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

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

q u e n c i e s  of t h e  a l l e l e  D O ( s e e  T a b l e s  2 a n d  3 ) .  (2)  The  

h o m o z y g o t e s  D0D 0 s h o w  a s e l e c t i v e  d i s a d v a n t a g e ,  t h e  

h e t e r o z y g o t e s  D0D 1, a n d  D0D 2 no  n o t i c e a b l e  d i s a d v a n -  

t a g e .  In t h i s  c a s e  t h e  a l l e l e  D O wi l l  b e  e l i m i n a t e d ,  i f  no  

new m u t a n t s  of t h e  t y p e  D O a r e  p r o d u c e d .  The  e l i m i n a -  

t i o n  m a y  b e  b a l a n c e d  by  m u t a t i o n  so  t h a t  a m u t a t i o n - s e -  

l e c t i o n - e q u i l i b r i u m  wil l  b e  m a i n t a i n e d .  In f a c t ,  t h e r e  i s  

r e a s o n  to b e l i e v e  t h a t  s u c h  a n  e q u i l i b r i u m  e x i s t s ,  s i n c e  

a l l  s e l e c t i o n  l i n e s  h a v e  m a i n t a i n e d  a l m o s t  t h e  s a m e  e q u i -  

l i b r i u m  - f r e q u e n c y  i n d e p e n d e n t  of t h e  m o d e  a n d  i n t e n -  

s i t y  of s e l e c t i o n .  (3)  A s e l e c t i v e  a d v a n t a g e  of t h e  h e t e -  

r o z y g o t e s  D0D 1 and  D0D 2 m a y  e x i s t  d u r i n g  c e r t a i n  s t a -  

g e s  of d e v e l o p m e n t  o r  in  s o m e  p o p u l a t i o n  s t r u c t u r e s .  In 

t h i s  i n v e s t i g a t i o n  no e x p e r i m e n t s  h a v e  b e e n  m a d e  to  c a l -  

c u l a t e  f i t n e s s  v a l u e s  of t h e  d i f f e r e n t  g e n o t y p e s .  Thus  s e -  

l e c t i v i t y  i s  not  p r o v e d .  

C h a r a c t e r s  of s e l e c t i o n  

S e l e c t i o n  e s s e n t i a l l y  h e l p s  to  d e t e r m i n e  w h i c h  g e n o t y p e s  

h a v e  t h e  c h a n c e  to r e p r o d u c e .  On ly  r e p r o d u c i n g  g e n o t y -  

Des c a n  i n f l u e n c e  t he  p o p u l a t i o n  s t r u c t u r e  of t h e  f o l l o w -  

ing  g e n e r a t i o n s .  
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In t h i s  i n v e s t i g a t i o n  the  l i ne  RE m u s t  be  r e g a r d e d  

a s  a d i r e c t  c o n t i n u a t i o n  of t he  i n i t i a l  p o p u l a t i o n .  It w a s  

a l w a y s  h e l d  at  25 ~ t h e  o p t i m a l  t e m p e r a t u r e  fo r  

Drosophila me~anogaster. T h e r e f o r e  it c an  be  u s e d  a s  

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

S o m e  g e n e r a l  c h a r a c t e r s  of  s e l e c t i o n ,  wh ich  a r e  

m o s t l y  c o m m o n  to  al l  s e l e c t i o n  l i n e s  a s  wel l  a s  to t he  

l i ne  R E ,  wi l l  be  e x a m i n e d  in d e t a i l .  

(a)  T e m p e r a t u r e :  The e n v i r o n m e n t  of  t he  " c o l d "  l i n e s  at 

18~ d i f f e r s  c l e a r l y  f r o m  the  o p t i m a l  t e m p e r a t u r e  of  

2 5 ~  The " w a r m "  l i n e s  at  28~ s e e m  to h a v e  an e n v i -  

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

wi th  t h e  t e m p e r a t u r e  of  25 ~ But t h e s e  a r e  r e a l l y  e x -  

t r e m e  c o n d i t i o n s :  e v e n  at  a t e m p e r a t u r e  of  30 ~ to 32 ~ 

the  f e m a l e s  do not  lay any e g g s  and  t h e p o p u l a t i o n  d i e s  out .  

(b) H u m i d i t y :  It w a s  not p o s s i b l e  to f ind  out how f a r  t h e  

e n v i r o n m e n t  i s  i n f l u e n c e d  by o t h e r  f a c t o r s .  It i s  c o n c e i v -  

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

t h e  d e v e l o p m e n t  of t he  l a r v a e  and  p u p a e ,  e . g .  e x t r e m e -  

ly h u m i d  food p r o l o n g e d  the  d u r a t i o n  of l a r v a l  and  pupal  

d e v e l o p m e n t  by s e v e r a l  d a y s .  D u r i n g  s u m m e r  in t he  co ld  

incubators (18~ condensation water was formed and 

in these cases atmospheric moisture of about 100% was 

reached. This may have influenced the developmental 

conditions in these cages. 

(c) Overlapping generations: An important and common 

character of the selected lines is that they are perma- 

nently held in big population cages holding about 6000 

flies. The generations are not distinctly separated but 

overlap extensively so that backcrosses can not be ex- 

cluded. The experimenter does not directly interfere 

with the process of the selection. Every individual is 

a potential ancestor of the following generation. 

(d) Population density: During the first generations of 

the initial population there was a rapid expansion of po- 

pulation size. Later, the density of population was regu- 

lated by the population itself. The amount of food is a 

minimizing factor; that means that only a few larvae 

are able to develop in fresh food. 

(e) Competition: The selection is marked by strong com- 

petition for food and living space. The competition conti- 

nues after maturity and determines the success of mating 

and oviposition. Selection pressure will be high and con- 

stant so that competition will be a most important cha- 

racter of selection. 

S e l e c t i o n  l i n e s  

The d i f f e r e n c e s  in a l l e l i e  f r e q u e n c i e s  had  to  be  i n t e r p r e -  

t e d  wi th  two q u e s t i o n s  in  m i n d :  (1) What  h a s  h a p p e n e d  

d u r i n g  the  t i m e  f r o m  t h e  founda t ion  of t h e  in i t i a l  p o p u l a -  

t ion  to t h e  e s t a b l i s h m e n t  of  t he  s e l e c t i o n  l i n e s ?  (2)  How 

h a v e  the  a l l e l i e  f r e q u e n c i e s  c h a n g e d  s i n c e  e s t a b l i s h i n g  

the  s e l e c t i o n  l i n e s ?  Both  a n s w e r s  can  g ive  an idea  of t h e  

m e c h a n i s m  r e s p o n s i b l e  f o r  the  c h a n g e  in a l l e l e  f r e q u e n -  

c i e s .  

(a)  C o m p a r i s o n  of t he  f o u n d e r  s t o c k s  and  the  l ine  RE : 

No i n f o r m a t i o n  e x i s t s  about  t he  a l l e l e  f r e q u e n c i e s  of t h e  

f o u n d e r  s t o c k s  c o n c e r n i n g  the  E s t - 6 -  and  A p h - D - a l l e l e s  

i m m e d i a t e l y  b e f o r e  t he  founda t ion  of  t he  in i t i a l  p o p u l a -  

t ion .  But s u c h  da ta  m a y  be  r e c o n s t r u c t e d ,  i f  we  a s s u m e  

tha t  t h e  f o u n d e r  s t o c k s  have  not c h a n g e d  t h e i r  a l l e l e  f r e -  

q u e n c i e s  g r e a t l y .  This  a s s u m p t i o n  can  be  m a d e  b e c a u s e  

the  s t o c k s  w e r e  h e l d  u n d e r  l a b o r a t o r y  c o n d i t i o n s  f o r  s e -  

v e r a l  y e a r s  b e f o r e  t he  in i t i a l  p o p u l a t i o n  w a s  founded .  Du-  

r i n g  tha t  t i m e  they  m a y  have  m a i n t a i n e d  a b a l a n c e d  p o l y -  

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

a r e  s i m i l a r  to t h o s e  b e f o r e  founding  the  in i t i a l  p o p u l a t i o n .  

On t h e  f u r t h e r  a s s u m p t i o n  tha t  a l l  four  f o u n d e r  s t o c k s  

had  c o n t r i b u t e d  one  q u a r t e r  to t he  in i t i a l  p o p u l a t i o n ,  t he  

new g e n e  pool  of t h e  in i t i a l  p o p u l a t i o n  m u s t  h a v e  b e e n  

h igh ly  h e t e r o g e n e o u s .  In t e r m s  of a l l e l e  f r e q u e n c i e s  t h i s  

m e a n s  tha t  a l l  i n v e s t i g a t e d  a l l e l e s  ( A p h - D  1, D2, ' DO; 

and  E s t - 6  F 6 S) w e r e  p r e s e n t ,  t h e  l o w e s t  one  wi th  a f r e -  

q u e n c y  of  5% o r  m o r e .  F r o m  t h i s  we m a y  c o n c l u d e  tha t  

t h e  n e w l y  e s t a b l i s h e d  g e n e  pool  of  t h e  in i t i a l  p o p u l a t i o n  

m u s t  h a v e  c h a n g e d  f u n d a m e n t a l l y ,  if  c o m p a r e d  wi th  t he  

a l l e l e  f r e q u e n c i e s  of the  l ine  R E .  Both  the  E s t - 6  F and 

the  A p h - D S - a l l e l e  e x i s t  only  at  a f r e q u e n c y  b e l o w  0 . 0 1 .  

The change in the gene pool of the line RE is evident. 

Indeed fluctuations were observed during the first gene- 

rations of random mating, which can be explained by he- 

terosis and by a partial breakdown of the following gene- 

ration. In this time and during the following generations 

the gene complexes which were adapted for the single 

stocks were destroyed by recombination. Newly adapted 

gene complexes were built up for the new gene pool of 

the line RE. As the selection lines were not derived un- 

til the 17 th to 19 th generation after foundation of the ini- 

tial population, the allele frequencies of the line RE had 

probably found new equilibria. This may explain the 

great similarity in allele frequencies between the line 

RE and the selection lines. 

(b) Comparison of RE and selection lines: The line RE is 

the only one investigated here which has maintained all 

alleles. The most frequent alleles are the Est-6 S- and 

the Aph-Dl-alleles. This result is common to all selec- 

tion lines. There are only three peculiarities of the line 
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R E  d i s t i n g u i s h i n g  i t  f r o m  t h e  o t h e r  l i n e s :  (1 )  t h e  a l l e l e  

E s t - 6  F o c c u r r e d  o n l y  in  l i n e  R E ,  w i t h  a s m a l l  f r e q u e n -  

cy ;  (2)  t h e  a l l e l e  A p h - D  2 w a s  found  a t  a low f r e q u e n c y  

in  l i n e  R E ,  a n d  h a s  a l s o  b e e n  o b s e r v e d  in  two s e l e c t i o n  

l i n e s  w i t h  e q u a l  f r e q u e n c i e s  ( l i n e  3a  w i t h  e x c h a n g e  of 

food tubes, 18~ and line lb, 28~ (3) line RE had 

the highest frequency of the Aph-D0-allele, which was 

found in all the selection lines, too, but at somewhat lo- 

wer frequencies. 

We may conclude that in the selection lines selec- 

tion had merely a small effect. This is true for both the 

"cold" lines (18~ and the "warm" lines (28~ The 

exchange of food tubes necessarily accompanied by the 

e x c h a n g e  of g e n e s  of t h e  l i n e s  3a  ( 1 8 ~  a n d  3b ( 2 8 ~  

h a d  no  n o t i c e a b l e  i n f l u e n c e  on  t h e  d i s t r i b u t i o n  of  t h e  

a l l e l e  f r e q u e n c i e s .  Al l  d i f f e r e n c e s  b e t w e e n  t h e  s e l e c -  

t i o n  l i n e s  i n c l u d i n g  t h e  r e f e r e n c e  l i n e  a r e  no t  s i g n i f i -  

c a n t .  

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

r e s u l t s  : 

(1 )  W i t h i n  t h e  t i m e  of  s e l e c t i o n  f r o m  t h e  i n i t i a l  p o p u l a -  

t i o n  to t h e  d a t e  of  e x a m i n a t i o n  t h e  c h a n g e s  in  a l l e l e  f r e -  

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

t i o n s  of s e l e c t i o n .  (2)  The  r a t h e r  s m a l l  f r e q u e n c i e s  of  

t h e  E s t - 6  F -  a n d  t he  A p h - D  2 a l l e l e s  c a n  no l o n g e r  b e  

r e g a r d e d  a s  b a l a n c e d  f r e q u e n c i e s .  E l i m i n a t i o n  by  d r i f t  

in  t h e  m o r e  t h a n  125 g e n e r a t i o n s  of  s e l e c t i o n  wou ld  b e  

c o n c e i v a b l e  in  t h o s e  c a s e s  in  w h i c h  t h e s e  a l l e l e s  h a d  

b e e n  e l i m i n a t e d .  How f a r  t h e  d i s t r i b u t i o n  of t he  a l l e l e s  

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

A p h - D - l o c u s  (on  p o s i t i o n  3 - 4 7 . 3 )  a n d  t h e  E s t - 6 - 1 o c u s  

(on  p o s i t i o n  3 - 3 6 . 8 )  o r  o t h e r  g e n e s  o r  g e n e  c o m p l e x e s  

r e m a i n s  o b s c u r e .  

(3)  The  m o s t  s u r p r i s i n g  r e s u l t  i t  t h e  a l m o s t  i d e n t i c a l  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 p h - D  0 in  a l l  l i n e s .  W h a t  i s  

a s i l e n t  a l l e l e  a n d  how c a n  i t  b e  m a i n t a i n e d  in a p o p u l a -  

t i o n ?  Can  t h e  p o p u l a t i o n  f i t n e s s  b e  i n c r e a s e d  by  i t?  At  

p r e s e n t  t h e r e  a r e  no  a n s w e r s .  
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