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Summary. Artificial seh.ciir f()r wing lengih in l)~'osoSlila ~ela~zogasler resulted in changed crossing-over frequen- 
ties between three marker genes on the 2nd chr(mloson~e, b, c~l and ~,g. 

The results suggest that artificial selection is a causal agent in producing the observed changes; moreover it is sug- 
gested that the modifications in cross over frequency are controlled by extra-nuclear factors. 

Introduct ion  

Recond) inat ion is the mechanism by  which a large 
a m o u n t  of the var iab i l i ty  present  in a popula t ion  is 
made available,  and  therefore inf luences the out-  
come of na tu ra l  and artificial selection. 

There is a large a m o u n t  of evidence tha t  l inkage 
in t ens i ty  is under  genetic control  (see: Bodmer  and  
Parsons,  1962; Net, t967;  Lindslcy et al. /968);  in 
par t icu lar  there is evidence, however scanty,  suggest- 
ing tha t  control  over recombina t ion  is polygenie 
(Detlefsen and  Roberts ,  !922; Parsons i958;  Muk- 
herjee 1961). 

In  order to de termine  whether  changes in recombi-  
na t ion  values m a y  have some impor tance  in evolu- 
t ionary  processes, it  would seem in teres t ing  to inves- 
t igate if these changes could be related to those in- 
duced in q u a n t i t a t i v e  clmracters. In  fact, selecting 
for a q u a n t i t a t i v e  character  also produces changes in 
the genotypic  s t ruc ture  outside the genetic basis of 
the character  considered; these changes could result  
in modified recombina t ion  values either as a corre- 
la ted response or a casual one. When  a correlat ion is 
detectable  between a selected measurable  character  
and  specific r ecombina t ion  values, it  seems safe to 
assume tha t  some kind of in te rdependence  exists 
between selection and  recolnbinat ion .  

Material  and M e t h o d s  
A disruptive selection for wing length was 1)erformed on ~ 

flies heterozygous at the loci b (brown), c~z (cimmbar) and 
z,g (vestigial) on the second chromosome, derived from 
a cross between a ( 'anton strain and a strain carrying the 
three recessive markers in the homozygous COl~dJtic)n. 
Within each selection line in each selection generation 84 
non-recombinant heterozygons flies were crossed with 
homozygous rccessives. Two selected lines were obtained : 80 

1. selection in plus direction, 
P = heterozygous 99 crossed to homozygous : ; ?S 

2. selection in minus direction 
3,/ = heterozygous 99 crossed to homozygous ? ?. 72 

Measurements were taken of the wing hmgth in all four 
lines considered, and counts of the cross over frequencies 
were made in lines where the heterozygous females were 
selected. 

The following crosses were performed in order to study 
the genetic contr()l <)f the. recombination between b, c~z, 
and vg loci: 

i l~esearch supported by ('.N.Ir Consiglio Nazi(male 
dclle ldcerche l~mm, (;r~mt 11. I | 5-2298.47!)1. 

a) backcrosses of female flies from the selected lines 
with the parental .~;tock carrying the markers b, c~z, and 

b) crosses between flies belonging to lines selected in 
different directions. 

Resul t s  

The percentage of n o n - r e c o m b i n a n t  flies at each 
generat ion of selection is shown in fig. t .  While  
selection for short wing does not  inf luence the cross- 
over f requency in the por t ion of the second chromo- 
some considered, the percentage of n o n - r e c o m b i n a n t  
flies increases when wing length is selected for in the 
plus direction. 

When  the two recombina t ion  in terva ls  be tween 
the marker  genes, b, c~z and  c~t, vg, are considered 
separately,  it  may  be seen (table t) t ha t  the f requency 
of crossover is modified only  in the former one when 
p lus-var ian t  flies are selected for wing length.  This 
k ind of localization of the modified crossover fre- 
quency  is similar to tha t  found by  Parsons  (1958) 
while performing a selection direct ly on recombina-  
t ion frequency.  No differences are observed be tween 
the two in tervals  considered when selection for short  
wing is made. 
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Fir4. t .  Pe rcen t age  of non-recoml>inant  flies scored a t  d i f ferent  
~election gene ra t ions  
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Table I. Regression coefficient values of the crossover per- 
centage on generation of selection in the lwo different direc- 

tions 

Plus Minus 
Phenotypes 

b t b t 

+ + + ;  bcnvg 0.3054 8.007** 0.0178 0.403 
b + + ;  + c n v g  --0.1906 8.099** 0.0445 t.346 
b c n + ;  + + v g  --0.0078 0.274 0.0072 0. t88 

** = -P ~ 0.001. 

Table 2. Z 2 values for the comparisons between expected and 
observed crossover frequency in progenies of backcrosses 
between heterozygous females from selected lines and homo- 

zygous bcn vg flies 

b en -t-; -~- +vg 

0.00t 
3.83* 
O.lO 

lo.97"** 

Cross b '7 + ; +cu vg 

Plus • Parental  Strain t8 .48 '**  
Minus • Parental  Strain 3.38 
Plus •  8.90"* 
Minus x Plus 0.16 

* = P between 0.05 and 0.01 
** P between 0.01 and 0.001 

*** -~: P less than 0.00I. 

The  resul ts  o b t a i n e d  b y  crossing he te rozygous  
females f rom the  two se lec ted  lines wi th  b, cn, vg 
m a r k e d  males  e i ther  f rom the  p a r e n t a l  s t r a in  or f rom 
the  o ther  se lec ted  line are shown in t ab le  2. 

In  progenies  f rom p lus-se lec ted  females  the  fre- 
quency  of b + + and  + cnvg  flies is lower t han  
t h a t  expec t ed  while the  p roduc t s  of the  cross ing-over  
in the  cn, vg i n t e rva l  a p p e a r  in the  expec ted  per-  
cen tage ;  th is  suggests  t h a t  bo th  crosses give resul ts  
s imi lar  to those  obse rved  in the  popu la t i on  s tud ied  
unde r  selection.  I n  progenies  f rom minus-se lec ted  
females the  f requency  of b c n  + and  + + vg flies 
is s ign i f i can t ly  h igher  t han  t h a t  expec ted ,  while 
crossovers  p roduced  b y  cross ing-over  in the  cont i -  
guous i n t e rva l  (b, cn) are p resen t  in the  expec t ed  
f requency.  These  resul t s  differ  f rom those  obse rved  
in progenies  f rom plus-se lec ted  he te rozygous  females,  
where  the  changes  in crossover  f r equency  are  differ-  
en t  f rom those  o b t a i n e d  f rom minus-se lec ted  females  
crossed wi th  b, cn, vg males  f rom the  same se lec ted  
popu la t ion .  

The  compar i son  be tween  the  rec iproca l  crosses, 
p lus  • minus  and  minus  N plus  ( table  2), suggests  
t h a t  the  obse rved  changes  in crossover  f r equency  are 
de t e rmined  b y  ex t r a -nuc l ea r  factors .  

D i s c u s s i o n  

W h e n  i t  is cons idered  t h a t  select ion was pe r fo rmed  
for wing length  on flies which were n o n - r e c o m b i n a n t  
in respec t  of the  th ree  m a r k e r  genes, one migh t  
expec t  t h a t  there  should  have  been some select ive  
pressure  favour ing  geno types  wi th  decreased  re- 
combina t i on  values.  This  a s sumpt ion  could  exp la in  
a decrease  in crossover  f requency  be tween  the  m a r k e r  

genes which should  be s imi lar  in bo th  se lected l ines 
(plus- and  minus-se lec ted  flies). The  differences in 
r e c o m b i n a t i o n  obse rved  when compar ing  plus-  and  
minus-se lec ted  lines suggest  t h a t  the  modi f ica t ions  of 
crossover  f requency  m a y  be the  d i rec t  or ind i rec t  
resu l t  of the  select ion pe r fo rmed  on wing length.  This  
view is s t r e ng the ne d  by  the  evidence t h a t  changes  
in r e c ombina t i on  values  seem to be de t e rmined  b y  
e x t r a - n u c l e a r  factors .  In  fact  these f indings  rule out  
the  poss ib i l i ty  t h a t  the  obse rved  changes  in crossover  
f r equency  are d e t e r m i n e d  b y  the  select ion of modif ier  
genes l inked  to the  genes d e t e r m i n i n g  wing length.  

A fu r the r  compl ica t ion  is p roduced  b y  the  fact  
t h a t  va r i a t i on  in crossover  f requency  is not  de t ec t ab le  
in the  minus - se lec ted  l ine;  this  suggests  the  exis tence  
of nuc l eus -cy top l a sm in te rac t ions  in de t e rmin ing  
the  r e c ombina t i on  f requency.  I t  seems, therefore ,  
t h a t  the  se lect ion pe r fo rmed  for wing length  is effec- 
t ive  in mod i fy ing  e x t r a -nuc l e a r  effects which influen- 
ce the  crossover  f requency;  in o ther  words,  these 
resul t s  suggest  t h a t  select ion for wing length  is 
a causa l  agen t  in mod i fy ing  the r ecombina t i on  va lues  
in a t  leas t  one region (b - -  v g) of the  second chromo-  
some of Drosophila melanogaster. 

If  the  r e l a t ionsh ip  be tween  select ion and  recombi -  
na t i on  sugges ted  above  is of genera l  occurrence i t  is 
possible  to envisage a new mechan i sm of self-regula-  
t ion of selection.  
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