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The  Exp lo i ta t ion  of Genet ic  H e t e r o g e n e i t y  a m o n g  
the  F o u n d e r s  of Labora tory  P o p u l a t i o n s  of 
Drosophila Prior  to Direc t iona l  Se lec t ion  

PARSONS and HOSG00D I descr ibed exper iments  where  
a n u m b e r  of s t ra ins  of Drosophila melanogaster set  up f rom 
single insemina ted  females  col lected in t he  Wild f rom the  
same loca l i ty  (Leslie Manor,  Victoria),  were scored for 
scutel lar  chaetae.  In  a first  expe r imen t  the  incidence of 
fries wi th  more  than  the  normal  4 scute l lar  chae tae  (i.e. 
addi t iona l  chaetae)  was followed for 45 genera t ions  a t  
25 °C in 3 s trains col lected a t  the  same t ime.  Each  s t ra in  
had  a charac ter i s t ic  incidence of addi t iona l  chae tae  over  
this  t ime.  One s t ra in  had 15-30% of females and 3-10% 
of males  wi th  addi t ional  ehaetae,  the  second had  2 - 5 %  
of females and 0 - 4 %  of males, and the  th i rd  had  v e r y  few 
flies w i th  addi t iona l  chaetae.  A diallel  cross a t  the  24th 
genera t ion  in the  l abo ra to ry  conf i rmed t h a t  t he  differences 
be tween  s t ra ins  are  genet ic  in origin, p r e sumab ly  ar is ing 
f rom genet ic  differences be tween  the  3 inseminated  founder  
females.  I n  a fu r the r  exper iment ,  where  15 s t ra ins  f rom 
the  same local i ty  were  fol lowed for 9 generat ions,  each  
s t ra in  again  ma in ta ined  a charac ter i s t ic  incidence of 
addi t iona l  chaetae .  Similar  ev idence  has  been found for 
ma t ing  speed in D. pseudoobscura ~. 

The  he te rogene i ty  be tween  strains for addi t iona l  chae tae  
leads one to ask whether ,  if the  s trains are sub jec ted  to 
di rect ional  selection, the  response m a y  depend on the  
incidence of addi t iona l  chae tae  before selection. Thus  to 
ob ta in  a rapid  response to selection for addi t iona l  chaetae,  
i t  m a y  be advan tageous  to base selection on those strains 
hav ing  high incidences of addi t ional  ehaetae.  Such an 
expe r imen t  will  be repor ted  here. F r o m  16 of the  s trains 
discussed above,  4 repl icated select ion lines were  der ived  
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Fig. 1. The mean chaeta number in the 4 selection lines (S) and 
control lines (C) set tip from populations as described in the text 

(females). 

as follows: (1) the  s t ra in  h a v i n g  the  highest  incidence of 
addi t ional  chae tae ;  (2) a hyb r id  popula t ion  der ived  f rom 
the  4 s t ra ins  hav ing  the  h ighes t  incidence of addi t ional  
chae tae ;  (3) a hybr id  popu la t ion  der ived  f rom all  16 
strains,  and  (4) t he  s t ra in  hav ing  the  lowest  incidence of  
addi t ionM chaetae .  I n  these lines, d i rect ionM select ion 
was carr ied ou t  each genera t ion  by  select ing f rom the  100 
flies of each sex scored, the  10 of each sex h a v i n g  the  
h ighes t  numbers  of scute l lar  chae tae  to p rov ide  the  nex t  
generat ion.  

The  resul ts  for t he  selected and  cont ro l  lines over  the  
first  7 genera t ions  of select ion af ter  combin ing  replicates,  
are g iven in F igure  1. Throughou t ,  the  incidence of 
addi t iona l  chae tae  is h igher  in females  t h a n  in males as 
is usual  in mos t  work  on scutelIar chaetae.  The  incidence 
of addi t iona l  chae tae  in the  controls  in general  is in the  
sequence (1) > (2) > (3) > (4), as would  be expec ted  
f rom the  incidences of scutet lar  chae tae  in the  4 base 
populat ions ,  and  this  is general ly  ma in t a ined  o v e r  the  7 
genera t ions  as expec ted  f rom the  resul ts  of PARSONS and 
HOSGOOD 1. The  response to select ion was v e r y  r ap id  in 
(1) and (2), slow in (3) and absent  in (4). A t  genera t ion  7, 
the  pe rcen tage  response (see Table)  in (2) was grea ter  
t han  in (1), no  doub t  because (2) was based on a hyb r id  
popula t ion  of 4 strains,  so p rov id ing  a grea ter  level  of 
he te rogene i ty  for addi t iona l  chae ta  genes t h a n  in (1). 
Thus,  select ion of favourab le  s trains before se lect ing for 
ehae ta  n u m b e r  has led to a d ramat i c  response to select ion 
in (1) and (2). 

These results  have  cer ta in  impl icat ions  in select ion 
expe r imen t  theory.  They  indica te  t h a t  he te rogeneous  and 
unrepea tab le  responses to selection of ten repor ted  in the  
l i t e ra ture  could be pa r t l y  due to  the  exac t  na tu re  of t he  
popula t ion  before  selection. Select ion exper iments  usual ly  
begin wi th  a r a the r  he te rogeneous  base popula t ion  as in 
(3) where  the  response is far  s lower t h a n  in (1) and  (2). I n  
m a n y  strains,  t he  n u m b e r  of scute l tar  chae tae  is r ig id ly  
canal ized to  4, as shown by  exper iments  of RENDEL 3 who  
found t h a t  t he  no rma l  n u m b e r  of 4 scute l lar  chae tae  was 
so t igh t ly  control led  deve lopmen ta l l y  t h a t  no change  in 
visible p h e n o t y p e  occurred for a considerable  a m o u n t  of 
gene subs t i tu t ion .  Once the  t ra i t  was moved  a w a y  f rom 
the  normal  p h e n o t y p e  i t  became easier to  modi fy  i t  
fur ther .  The  ini t ial  select ion of s t ra ins  wi th  poor  canaliza-  
t ion to 4 chae tae  has led to a d rama t i c  response to 
selection in (1) and (2) because a t  t i le outset ,  popula t ions  
were t aken  in which canal iza t ion  was no t  rigid. There  is 
r igid canal iza t ion  to 4 chae tae  in line (4) and thus  there  
is l i t t le  pheno typ ic  var iab i l i ty  on which to select. There-  
fore i t  is not  surprising t h a t  there  was no response to  
selection. 

Appl ica t ion  of the  resul ts  in l abo ra to ry  expe r imen t s  
will enable  a more  rapid  response to  select ion for scute l lar  

Percentage increase in seutellar chaeta number over 7 generations of 
selection 

Selection line (i) (2) (3) (4) 

Females 31 46 13 0.25 
Males 25 31 5,5 0.25 
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chae ta  number ,  and  p r o b a b l y  for chae t a  n u m b e r  else- 
where  on the  fly. Chae ta  n u m b e r  t ra i t s  seem to be con- 
trol led by  polygenic  ac t iv i ty  ma in ly  res t r i c t ed  to  specific 
pa r t s  of t he  genome  4,s. Thus  it is necessa ry  to  c o m m e n c e  
wi th  s t ra ins  h a v i n g  the  a p p r o p r i a t e  genes. Tra i t s  such as 
v iabi l i ty  and  f ecund i ty  are p r o b a b l y  inf luenced b y  an  
enormous  n u m b e r  of genes so t h a t  polygenic  a c t i v i t y  

cont ro l l ing  t h e m  m a y  be e x p e c t e d  to  be  ub iqu i tous  and  
less localized, leading p e r h a p s  to  less h e t e r o g e n e i t y  and  
hence  less var iab i l i ty  in t he  response  to d i rec t ional  selec- 
t ion.  There  is ev idence  t h a t  t he  genet ic  a r c h i t e c t u r e  of 
such  t ra i t s ,  which  in n a t u r e  are  ma in ly  sub jec t  to  direc-  
t ional  selection,  differs f rom those  such as c h a e t a  n u m b e r  
which  are  sub jec t  to  s tabi l iz ing  select ion 6n, so t h a t  a r t i -  
ficial d i rec t iona l  se lect ion will be expec ted  to  be less 
ef fect ive  for t r a i t s  no rma l ly  subj ec t  to  d i rec t ional  select ion 
t h a n  those  sub jec t  to  s tabi l iz ing select ion s . 
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Fig. 2. The mean chaeta number in the 4 selection lines (S) and 
COntrol lines (C) set up from populations as described in the text 

(males). 

Rdsumd. Chacune  de 16 souches,  f i l iat ions de Iemelles 
uniques ,  e t  f6cond6es dans  la na ture ,  m o n t r a i t  une  pro-  
p o r t i o n  carac t6r i s t ique  de mo u c h e s  a y a n t  p lus  de 4 soies 
scutel la i res  (soies suppl6menta i res ) .  La  s~lection pour  
soies supp l6menta i re s  al lai t  g une  v i tesse  b ien  plus g rande  
chez les lign6es p o r t a n t  un  h a u t  n iveau  de soies suppM- 
men ta i r e s  que  chez les lign6es oil ce n iveau  6tai t  plus bas.  
Ces r6sul ta ts  o n t  une  r~percussion i m p o r t a n t e  sur  la 
th~orie des exp6r iences  de s$1ection. 
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O b s e r v a t i o n s  o n  t h e  C e n t r o m e r e  A r e a  of  H u m a n  
C h r o m o s o m e s  

U n c e r t a i n t y  over  t he  exac t  func t ion  and  s t ruc tu re  of 
the  cen t romere  area of ch romosomes  pers is t s  1-5. The  area 
a d j a c e n t  to  the  c e n t r o m e r e  of ten  has a pa r t i cu la r ly  br ight ,  
clear, s l ight ly  refract i le  appea rance  (Figure).  GERMAN 
i n d e p e n d e n t l y  has  m a d e  the  same obse rva t ion  and  com- 
m e n t e d  t h a t  t he  c h r o m a t i d s  in t he  area of exchange  in 
somat ic  crossing over  were  a t  t imes  d i s to r t ed  by  a mate r ia l  
s imilar  in appea rance  to  t h a t  which  no rma l ly  i nden t s  the  
cent romere% This  appea rance  of t he  cen t romere  area  has  
no t  o therwise  been  c o m m e n t e d  upon  or s tud ied  intensively .  
The t e r m  cen t romere  area  will be  used to  descr ibe  th is  
area a d j a c e n t  to  the  c e n t r o m e r e  and  the  t e r m  cent ro-  
mere  will refer  to  the  na r rowed  por t ion  of t he  c h r o m o s o m e  
itself. I t  is t he  purpose  of t he  p r e s e n t  r epo r t  to  record  
cer ta in  obse rva t ions  on the  behav io r  and  a p p e a r a n c e  of 
the  cen t romere  area  in cu l tu red  h u m a n  lymphocy te s .  

Methods. The  obse rva t ions  were  m a d e  p r imar i ly  by  
phase  mic roscopy  on  a i r -dr ied h u m a n  leucocytes  s ta ined  
wi th  ace to-orce in  af ter  a cul ture  per iod  of 3 days  as 
prev ious ly  desc r ibedL E x c e p t i o n s  are inc luded unde r  
observa t ion .  Acr id ine  orange s ta in ing  for R N A  was  
carr ied ou t  as descr ibed  by  GLUCK et  al. s and  D D D  s ta in-  
ing for SH groups  as descr ibed by  BARNETT et  a12,1°. 

Monoch roma t i c  l ight  was  o b t a i n e d  wi th  a green fi l ter  and  
a Zeiss m e r c u r y  arc UV- l igh t  source.  

Observations. A br ight ,  clear, w e l l - d e ma r c a t e d  circle 
was  p r e s e n t  a t  near ly  eve ry  cen t romere  area  in some cells 
(Figure a), and  a t  few or none  in o the r  cells. Clear areas  
have  been  seen a t  t he  c e n t r o m e r e  of eve ry  ch romosome ,  
and  a l though  usual ly  p r e s e n t  bi la teral ly ,  a t  t imes  m a y  be 
e i ther  less ev iden t  or a b s e n t  a t  1 of t he  2 cen t romere  
areas  of a c h r o m o s o m e  (Figure a). T h e y  were bes t  seen by  
phase  microscopy,  b u t  were  also p r e s e n t  on b r i g h t  field 
e x a m i n a t i o n  as well as w h e n  observed  wi th  monoch ro -  
ma t i c  l ight.  W h e n  the  b r i g h t  appea rance  was  p r e s e n t  a 
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