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t ions  in  g r a s shoppe r s  ~7, bee t les  xs, Drosophila ananasse lg. 
However ,  some a u t h o r s  in  t h e  p a s t  ~0 h a v e  conc luded  t h a t  
t h e r e  is no  d i rec t  co r re l a t ion  b e t w e e n  t r a n s l o c a t i o n s  a n d  
specia t ion .  

W e  be l ieve  t h a t  t h e  p r e s e n t  s t u d y  i l lus t ra tes  v e r y  well  
t he  k a r y o t y p e  v a r i a t i o n  b e t w e e n  t h e  2 species of Microgale, 
M. dobsoni a n d  M. talazaci a n d  t h a t  t h e  m e c h a n i s m  b y  
w h i c h  such  a v a r i a t i o n  m i g h t  h a v e  occur red  in all  p r o b a -  
b i l i ty  is rec iproca l  i n t e r c h a n g e  of c h r o m o s o m e  seg- 
m e n t s  Zl, 22. 

Rdsumd. D e u x  esp~ces d ' insec t ivores ,  Microgale dobsoni 
et  M. talazaci, o n t  le m ~ m e  h o m b r e  de  ch romosomes ,  
2 n = 30. Leu r s  c a r y o t y p e s  respect i fs  p r 6 s e n t e n t  des  diff6- 
rences  p o r t a n t  su r  2 pa i r s  d ' a u t o s o m e s .  U n e  t r a n s l o c a t i o n  

r~ciproque,  d e v e n u e  h o mo cy g o t e ,  p e r m e t  d ' e x p l i q u e r  ces 
diff6rences.  On  p e u t  concevo i r  que  la sp6c ia t ion  es t  a lors  
i n t e r v e n u e  ~ la su i te  d ' e f fe t s  de pos i t ion ,  de la s t6ri l i t6 des  
h y b r i d e s  e t  de  la pr6f6rence  des p o r t e u r s  de  fo rmules  
c h r o m o s o m i q u e s  d i f f6ren tes  p o u r  telle ou tel le , n i che~  
6cologique.  
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On the  G e n e t i c s  of a Circad ian  R h y t h m  in Drosophila 

F r o m  all  we k n o w  so fa r  c e r t a i n  D N A - c o n t r o l l e d  pro-  
cesses seem to  p l a y  a n  i m p o r t a n t  p a r t  in  t h e  con t ro l  of 
ce l lu lar  c i r cad ian  r h y t h m s  1. I t  is, however ,  n o t  c lear  
w h e t h e r  t h e  en t i r e  genome,  c h r o m o s o m e  sect ions,  or 
s ingle genes  d e t e r m i n e  t h e  p a r a m e t e r s  of t h e  cel lular  
r h y t h m  a n d  m a i n t a i n  t h e  osci l la t ions.  P r o b i n g  exper i -  
m e n t s  h a d  led us to  t h e  idea  t h a t  sexua l  d i f ferences  in  
t h e  c i r cad ian  r h y t h m  m a y  be  co r re l a t ed  to t h e  r a t io  of 
X c h r o m o s o m e s  to  au tosomes .  I n  o rder  to  ana lyze  th i s  
ques t i on  in more  de ta i l  we t e s t e d  t he  p a t t e r n  of t he  cir- 
c a d i a n  r h y t h m  of oxygen  c o n s u m p t i o n  in 26 m u t a n t s  of 
Drosophila melanogaster Meigen.  

E a c h  e x p e r i m e n t  was  s t a r t e d  w h e n  t h e  flies were 
3-6  days  old. O2-consumpt ion  was  m e a s u r e d  for  g roups  
of 5 a n i m a l s  a n d  for  s ingle con t ro l s  in  12 ml  a n d  6 ml  
W a r b u r g  flasks,  respec t ive ly .  T h e  w a t e r  b a t h  a r o u n d  t h e  
f lasks  was k e p t  a t  25 ° 4- 0.01 °C. The  flies were exposed  
to  l igh t  (90 lx) f rom 09.00 to 21.00 h. Read ings  f rom 3 
f lasks  (wi th  5 a n i m a l s  each)  were  a v e r a g e d  over  2 days  
a n d  t h e  s t a n d a r d  e r ror  ca lcu la ted .  I n  ou r  m e t h o d  t h e  
abso lu t e  va lues  m a y  d e p e n d  on  t he  di f fus ion-  a n d  absorp -  
t ion-ve loc i t i e s  of t h e  CO, emi t t ed .  F o r  t h e  p r e s e n t  a rgu-  
m e n t ,  however ,  on ly  r e l a t ive  changes  are  cons idered .  

T h e  resu l t s  of t h e  va r ious  m u t a n t  s tocks  i n d i c a t e  t h a t  
t he  c i r c a d i a n  p a t t e r n  of o x y g e n  c o n s u m p t i o n  of females  
(F igure  1, b,  c, d) a n d  males  (F igure  If, g, h) differ.  As 
s h o w n  p rev ious ly  ~, wild t y p e  females  a n d  males  show a 
m o r n i n g  a n d  a n  even ing  p e a k  of oxygen  c o n s u m p t i o n  
(F igure  ld ,  f), a p a t t e r n  t h a t  also a p p e a r s  in  t h e  h o r m o n a l  
s y s t e m  3. I n  females,  however ,  t he  m o r n i n g  m a x i m u m  is 
sma l l e r  t h a n  t h e  e v e n i n g  m a x i m u m ,  a n d  in ma le s  b o t h  
m a x i m a  a re  a l m o s t  equa l  w i t h  r e spec t  to  t h e  t o t a l  o x y g e n  
c o n s u m e d  b e t w e e n  2 min ima .  I n  a b o u t  ha l f  of t h e  m u t a n t s  
t e s t ed ,  t h e  f emales  show on ly  a s ingle p e a k  in t h e  e v e n i n g  
(F igure  l b ) ,  or  a second  p e a k  in  t h e  m o r n i n g  is j u s t  f a i n t l y  
ind ica t ed ,  e.g. in  a t r ip lo id  s tock  (Figure  lc) .  T h e  ma les  
n e v e r  h a v e  on ly  one  p e a k  in t h e  even ing .  T h e y  show, 
v a r y i n g  in ex t en t ,  h i g h e r  m o r n i n g  a n d  lower  e v e n i n g  

m a x i m a  (F igure  If, g, h), as c o m p a r e d  to  t h e  females.  
T h e  c lo sed -X n m t a n t s ,  in  pa r t i cu la r ,  y ie ld  a v e r y  smal l  
e v e n i n g  m a x i m u m  or, in some e x p e r i m e n t s ,  n o n e  a t  all. 

I f  t hese  d i f ferences  in  t h e  c i r cad i an  p a t t e r n  were  d u e  
to a d i f f e ren t  r a t io  of X c h r o m o s o m e s  to  a u t o s o m e s  i t  
shou ld  be  poss ible  to  s u p p o r t  th i s  idea  b y  t e s t i n g  o t h e r  
ra t ios ,  as r e p r e s e n t e d  e.g. b y  in te r sexes  (0.67) or  super -  
females  (1.5). I n t e r s e x e s  of t h e  t r ip lo id  s tock  (Figure  le) 
show, in  fact ,  a m o r n i n g  m a x i m u m  t h a t  is a b o u t  t h e  
i n t e r m e d i a t e  of t h e  females  (Figure  lc) a n d  t h e  ma les  of 
th i s  s tock.  (The a d d i t i o n a l  b r o a d e n i n g  of t h i s  p e a k  in to  
t h e  d a r k  pe r iod  is p r o b a b l y  c o n n e c t e d  w i t h  t h e  gene  w a, 
since w-males  also show th i s  change. )  F o u r  females,  o u t  
of a p p r o x i m a t e l y  900 females  of a n  a t t a c h e d - X  s tock  
cs53/y w bb) w h i c h  showed  wild p h e n o t y p e  a n d  t u r n e d  o u t  
to  be  sterile,  we a s s u m e d  to  be  super females .  I n  one  case 
we obse rved  a d e t a c h m e n t  in  t h i s  s tock,  where  t h e  
a p p r o p r i a t e  n u m b e r  of males  w i t h  y w bb t u r n e d  u p  in 
t h e  p rogeny .  T h e  a t t a c h e d - X  a n d  t h e  d e t a c h e d - X  females  
a n d  t h e  males  show a t w o - p e a k  p a t t e r n  of O2-consumpt ion  , 
whereas  t h e  4 supe r fema les  t e s t e d  e x h i b i t  a p r o n o u n c e d ,  
single m a x i m u m  in t h e  e v e n i n g  (Figure  la) .  

I f  one  a r r anges  t h e  c u r v e s  acco rd ing  to  a r e l a t i ve  de-  
crease in t h e  e v e n i n g  m a x i m u m  a n d  to  a r e l a t i ve  inc rease  
in t h e  m o r n i n g  m a x i m u m ,  i t  b eco mes  e v i d e n t  t h a t  in  t h i s  
s equence  also t h e  r a t i o  of X c h r o m o s o m e s  to  a u t o s o m e s  
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Fig. la-h.  Circadian pattern of oxygen consumption. (a) Super- 
females from an attaehed-X stock (csS3/y w bb; Pasadena). (b) Females 
(sn ; G6ttingen). (c) Tfiptoid females (y*sc wa ec]FM4, y31d scs dra BIsc s. 
Y;  cn/cn[cn; Pasadena). (d) Wild females (Princeton). (c} Intersexes 
(cf. c). (f) Wild males (Princeton). (g) Males (l(2)g/ cn bs/SM5, 
al 2 Cy, ltVspi; Philadelphia). (h) Males (X c2, wVC/sc s, Y;  Tfibingen). 
Left ordinate: mean On-consumption during 24 h in mma/mg fresh 
weight/h. Right ordinate: X chromosome/autosome ratio. Abscissa: 
time in hours. Points of the dark phase are plotted twice on the same 
curve; vertical lines indicate the standard error, dotted line the 
approximate shift of the minima. 
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Fig. 2a-f. Crossings between stocks with different circadian pattern 
of On-consumption. (a) sn females. (b) Wild type females. (c) F 1- 
females from sn ~_~. X wild typec~ ~. (d) Males of an attaehed-X stock 
(cs~[y w bb). (e) Males (X c~, wVC/sc s. Y). (f) Fl-males from attached-X 
~ X closed-X c~c~. Ordinate, abscissa and standard error as in 
Figure 1. 

is dec reas ing  (F igure  t a  to  h).  I f  t h i s  co r r e l a t i on  is r e l e v a n t ,  
t h e  d i f ferences  a m o n g  va r ious  g e n o t y p e s  of t he  s a m e  r a t i o  
(X  c h r o m o s o m e s  to  au tosomes)  m i g h t  be  e x p l a i n e d  b y  
d i s t u r b a n c e s  in  t h e  effects  of X c h r o m o s o m e s  a n d / o r  
a u t o s o m e s  o n  t h e  c i r cad i an  p a t t e r n .  

I n  cross ing  e x p e r i m e n t s  we a imed  a t  a f u r t h e r  c lar i f ica-  
t ion  of t h e  role t h e  X c h r o m o s o m e s  a n d  a u t o s o m e s  p l ay  
in d e t e r m i n i n g  t h e  c i r cad i an  p a t t e r n .  I n  a f i rs t  series, we 
crossed females  w i t h o u t  a m o r n i n g  m a x i m u m  (Figure  2a) 
w i t h  wild t y p e  males .  T h e  F l - f ema les  (Figure  2c) show a 
smal l  m o r n i n g  m a x i m u m  t h a t  is a b o u t  equa l  to  t h a t  of 
wi ld  females  (Figure  2b). F r o m  th i s  e x p e r i m e n t ,  however ,  
no  decis ion can  be  m a d e  w h e t h e r  th i s  effect  is b r o u g h t  
a b o u t  b y  more  a u t o s o m e  ac t ion  or less X c h r o m o s o m e  
ac t ion  of t h e  wild genome.  I n  o rde r  to  d e t e r m i n e  t h e  
e x t e n t  to  w h i c h  t h e  X c h r o m o s o m e  fo rms  t h e  p a t t e r n ,  we 
crossed in severa l  series of expe r imen t s ,  fo l lowing t h e  
a t t a c h e d - X  m e t h o d ,  c losed-X males  (Figure  2e) w i t h  
a t t a c h e d - X  females.  T h e  p a t t e r n  of t h e  Fx-mates  (Figure  2f) 
co r r e sponds  well  w i t h  t h e  p a t t e r n  of t h e  c lo sed -X  fa thers ,  
b u t  n o t  w i t h  t h e  p a t t e r n  of t h e  wild t y p e  males  of t h e  
a t t a c h e d - X  s tock  (F igure  2d). Consequen t ly ,  s ince t h e  
a u t o s o m e s  a re  de r ived  f rom b o t h  pa ren t s ,  t h e  X ch romo -  
somes  c a n  b e  cons ide red  as t h e  d e t e r m i n i n g  fac to r  for  t h e  
smal l  even ing  m a x i m u m  in th i s  case. A clear  d o m i n a n c e  of 
t he  f a t h e r  a u t o s o m e s  would  offer  a n  a l t e r n a t i v e  expla-  
n a t i o n  b u t  in  v iew of t h e  a b o v e  desc r ibed  q u a n t i t a t i v e  
c h a r a c t e r  th i s  does  n o t  seem v e r y  likely.  

I n t e r p r e t i n g  t he se  resu l t s  one  m i g h t  specu la t e  t h a t  
t h e r e  a re  2 c i r cad i an  osc i l la t ions  w h i c h  h a v e  a p h a s e  
d i f ference  of 12 h a n d  wh ich  d e p e n d  q u a n t i t a t i v e l y  on  
t h e  X c h r o m o s o m e  a n d  au tosomes ,  respec t ive ly .  Var ious  
k i n d s  of i n t e r a c t i o n s  b e t w e e n  these  osc i l la t ions  m a y  occur,  
b u t  th i s  r e m a i n s  to  be  ana lyzed  in f u r t h e r  e x p e r i m e n t s  4. 

Z u s a m m e n [ a s s u n g .  Das  t agespe r iod i sche  M u s t e r  des  
S a u e r s t o f f v e r b r a u c h e s  y o n  D r o s o p h i l a m u t a n t e n  weis t  
m e h r  oder  weniger  grosse U n t e r s c h i e d e  zwischen  den  Ge- 
s ch l ech t e rn  auf :  v o n  zwei M a x i m a  is t  das  a b e n d l i c h e  bei  
d en  XVeibchen s tXrker  ausgeprAgt  als  be i  d en  MAnnchen ,  
bei  d e n e n  das  M o r g e n m a x i m u m  re l a t i v  h 6 h e r  ist.  Aus  
V e r s u c h e n  m i t  S u p e r w e i b c h e n  u n d  I n t e r s e x e n  sowie aus  
K r e u z u n g s e x p e r i m e n t e n  s ch e i n t  h e r v o r z u g e h e n ,  dass  das  
VerhAl tn is  y o n  X - C h r o m o s o m e n  zu A n t o s o m e n  bei  d e r  
A u s p r ~ g u n g  de r  b e i d e n  M a x i m a  eine Rol le  spielt .  
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