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Materials and methods. Mitosis was e x a m i n e d  m a i n l y  
in orcein s t a ined  ceils f rom t he  cerebra l  gangl ia  of 3rd 
i n s t a r  larvae,  and  meiosis  in  t he  deve lop ing  tes tes  of 
pupar ia .  The  Giemsa  s t a in ing  t e c h n i q u e  was iden t ica l  
to  t h a t  used on  t h e  ch romosomes  of O r t h o p t e r a n s  2 and  
Aeries aegypti 3. 

Mitosis. The  somat i c  pa i r ing  c o m m o n l y  found  in  m o s t  
D i p t e r a n s  is a f ea tu re  of t h i s  species, a n d  homologous  
au tosomes  i n v a r i a b l y  emerge f rom i n t e r p h a s e  a l r eady  
associa ted as  soma t i c  b iva len t s .  However ,  t he  sex chro-  
mosomes  are a n  except ion ,  for n e i t h e r  t he  two  X chro-  
mosomes  in females  no r  t he  X and  Y in males  ever  
a p p e a r  i n t i m a t e l y  associa ted  (Figure  2). As t h e  au tosomes  
c o n t r a c t  du r ing  p rophase  t he  close assoc ia t ion  t ends  to  
lapse a n d  t he  on ly  p o i n t  of c o n t a c t  is r e s t r i c t ed  to  a 
region s u r r o u n d i n g  homologous  cen t romeres .  B y  m e t a -  
phase  even  th i s  l ink  is lost. T he  r e m a i n d e r  of mi tos i s  is 
unexcep t iona l ,  s is ter  c h r o m a t i d s  m o v e  to  opposi te  poles 
a t  anaphase ,  a n d  fol lowing c leavage  of t he  c y t o p l a s m  to  
fo rm two  new ceils, t h e y  despira l ize  to  an  a m o r p h o u s  
nuc lea r  mass.  

I n  b o t h  sexes t h e  diploid c h r o m o s o m e  c o m p l e m e n t  in  
2 n = 10 + X X / X Y ,  a n d  the  male  k a r y o t y p e  is illus- 
t r a t e d  in t h e  id iogram (Figure 1). T he  la rges t  and  2 
sho r t e s t  a u t o s o m a l  pairs  are a lmos t  m e t a c e n t r i c  whereas  
pa i rs  2 a n d  3 are  n o t i c e a b l y  s ubm e t acen t r i c .  B o t h  t h e  
X a n d  Y c h r o m o s o m e s  are  ac roeen t r i cs  a l t h o u g h  t h e  
s h o r t  a r m  of t he  Y is app rec i ab ly  smal le r  t h a n  t h a i  of t h e  
X.  I n  overa l l  l e n g t h  t he  X resembles  t h a t  of ch romsosome  
1 whereas  t h e  Y is s l ight ly  s ho r t e r  t h a n  c h r o m o s o m e  5. 

The  C-band ing  t e c h n i q u e  was used to d iscover  w h e t h e r  
t he re  are a n y  add i t i ona l  cytological  m a r ke r s  ~ wh ich  
m i g h t  p rove  useful  in  research  i n v o l v i n g  c h r o m o s o m e  
m u t a t i o n s .  I n  th i s  respec t  t h e  m e t h o d  p roved  disap-  
po in t ing ,  for s imi lar  sized segmen t s  on  each  side of t h e  
c e n t r o m e r e  in all  t h e  au tosomes  s t a i ned  w i t h  equa i  
in t ens i ty ,  a n d  the re  were no  i n t e r c a l a r y  b a n d s  (Figure 2). 
However ,  t he  en t i r e  s h o r t  a rms  of t he  X a n d ' Y  chromo-  
somes s ta in ,  t o g e t h e r  w i t h  a s u b s t a n t i a l  s egm en t  p r o x i m a l  
to  t he  c e n t r o m e r e  in t h e i r  long arms.  

Meiosis. Cells in  meiosis  h a v e  been  iden t i f i ed  in 3rd 
i n s t a r  larvae,  p u p a e  a n d  adu l t s  t o g e t h e r  w i t h  a sub-  
s t a n t i a l  n u m b e r  of m i t o t i c a l l y  d iv id ing  cells. T he  onse t  
of meiosis  is h e r a l d e d  b y  the  a p p e a r a n c e  in t he  nuc leus  
of a d a r k  s t a in ing  h e t e r o c h r o m a t i c  mass  (Figure 3) wh ich  
cor responds  to  t h e  precoc ious ly  condensed  a n d  a l r eady  
associa ted  X a n d  Y chromosomes .  Like  o t h e r  D i p t e r a n  
species where  p r o n o u n c e d  soma t i c  pa i r ing  is a cha rac t e r -  
ist ic f ea tu re  t he re  is no  classical  l ep to t ene  or zygoten6~-% 

The  f i rs t  recognizable  s tage  is p a c h y t e n e ;  t he  a u t o s o m e s  
are closely synapsed  and  on ly  in occasional  cells can  t h e  
dup l i ca te  n a t u r e  of a c h r o m o s o m e  be ident i f ied.  A u t o s o m a l  
b i v a l e n t f f c o n t i n u e  to  c o n t r a c t  (Figure 4) u n t i l  a p o i n t  is 
r eached  w h e n  t he  i n t i m a t e  pa i r i ng  t ends  to lapse. Th i s  
is pa r t i cu l a r l y  no t i ceab le  in p rocen t r i c  regions b u t  can  
also be  de tec ted  a t  o the r  po in t s  a long  t he  b i v a l e n t s  
(Figure 5). I t  m a y  be  s ign i f ican t  t h a t  t h e r e  is no  d ip lo tene  
s tage of t he  t y p e  found,  for example ,  in t he  Culicini, for  
these  b i v a l e n t s  more  closely resemble  d iakines is  or pro-  
m e t a p h a s e  7. This  m a y  well  ref lect  a n  a c h i a s m a t e  mode  
of meiosis  a l t h o u g h  s t ruc tu re s  h a v e  been  obse rved  wh ich  
could be  i n t e r p r e t e d  as cross-overs  (Figures  5, 6 a n d  7). 
I t  seems a l m o s t  ce r t a in  t h a t  if t h e r e  is c h i a s m a  f o r m a t i o n  
on  t he  male  side t h e n  on ly  genet ica l  m e t h o d s  will p rov ide  
t he  answer,  for  t he  b i v a l e n t s  are so smal l  t h a t  n o r m a l  
cytological  t e chn iques  are i nadequa t e .  

T h r o u g h o u t  f i r s t  p rophase  t h e  h e t e r o m o r p h i c  s6x 
b i v a l e n t  r ema ins  h igh ly  condensed  a n d  in t he  m a j o r i t y  
of cells i t  is d i f f icul t  to  e s t ab l i sh  t he  pa i r ing  re l a t ionsh ip  
of t h e  X a n d  Y. However ,  i t  is t e n t a t i v e l y  sugges ted  t h a t  
t he re  is a n  e n d - t o - e n d  assoc ia t ion  of t h e  long a n d  s h o r t  
a rms  of t h e  2 ch romosomes  (Figures  5 a n d  6). The i r  
b e h a v i o u r  a t  a n a p h a s e  I is u n p r e d i c t a b l e  for t h e y  m a y  
move  to  oppos i te  poles in  conce r t  w i t h  t he  au tosomes ,  
t h e y  m a y  sepa ra te  precociously,  or t h e y  m a y  e x h i b i t  
delay.  

Fol lowing cy tok ines i s  a t  t h e  end  of t he  f i rs t  sequence  
meiosis, t h e  ch romosomes  re t i re  b r ie f ly  in to  an  in te r -  
phase  stage,  a n d  w h e n  t h e y  r e a p p e a r  a t  second p r o p h a s e  
c o n t r a c t  r ap id ly  to m e t a p h a s e  I I .  Precocious  c o n d e n s a t i o n  
is aga in  d i sp layed  b y  b o t h  t h e  X a n d  Y m e m b e r s  d u r i n g  
these  s tages  (Figures  8 a n d  9) a n d  is sti l l  ev iden t  a t  
a n a p h a s e  I I  (Figure 10). Af te r  t he  c h r o m a t i d s  h a v e  
a r r ived  a t  t h e  poles in  t e lophase  I I  t he  au tosomes  g radua l -  
ly  despira l ize  to  form a r e t i cu la t e  mass  in  t h e  s p e r m a t i d  
nucle i  b u t  b o t h  t h e  X and  Y ch romosomes  r e m a i n  as 
h e t e r o c h r o m a t i c  bodies.  
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E t h a n o l  as  a 'Food '  for  Drosophila melanogaster: I n f l u e n c e  of the  Ebony Gene  
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Summary. The  s u r v i v a l  t i m e  of a d u l t  Drosophila melanogaster flies w i t h o u t  food is g rea t e r  in  t i le  p resence  of e thanol ,  
especia l ly  io r  flies of s t r a in s  or  l ines w i t h  a h i g h e r  a lcohol  d e h y d r o g e n a s e  ac t iv i ty .  I t  seems t h a t  t h e  ebony gene can  
ac t  in  some popu la t i ons  as a se lect ive  f ac to r  f avor ing  t he  A D H  F allele, as well  as t he  m i n o r  genes  e n h a n c i n g  t h e  al- 
cohol  d e h y d r o g e n a s e  a c t i v i t y  level.  

I n  a d a p t i n g  i tself  to  t e m p e r a t e  c l imates ,  Drosophila 
melanogaster seems to  h a v e  modi f ied  i ts  ecological  n iche  
in order  to  explo i t  food sources  cha rac t e r i zed  b y  a h igher  
a lcohol  c o n c e n t r a t i o n :  E u r o p e a n  s t r a ins  are m u c h  more  
e t h a n o l - t o l e r a n t  t h a n  Af r i can  or A m e r i c a n  t rop ica l  
s t r a in s  2. Such  a n  a d a p t a t i o n  m u s t  be  in some w a y  r e l a t e d  
to  t he  genes con t ro l l ing  t he  a lcohol  dehyd rogenase  iso- 

zymic  p a t t e r n ,  as t he  ra t io  of t h e  A D H  r to  t h e  A D H  s al-  
lelic f requencies  var ies  in  t h e  E a s t e r n  U n i t e d  S t a t e s  
accord ing  to a c l ina l  p a t t e r n  f rom 1 to  9 in  t h e  S o u t h  to  
a b o u t  1 to  1 in  t h e  N o r t h  3. U n d e r  l a b o r a t o r y  condi t ions ,  
add i t i on  of a lcohol  to  t he  cu l tu re  m e d i u m  shi f ts  t he  A D H  F 
allelic f r equency  to  h ighe r  va lues  4. E n z y m a t i c  a c t i v i t y  is 
usua l ly  h ighe r  in  A D H F / A D H  F t h a n  in A D I t S / A D H S  



15.1. 1976 Specialia 23 

strains,  b u t  in b o t h  cases i t  is possible to select  sub-  
s t ra ins  w i th  h igher  or lower A D H  ac t iv i ty  levels, in- 
d ica t ing  t h a t  A D H  genes are also unde r  the  cont ro l  of 
polygenic  modif iers  5. 

The p re sen t  expe r imen t s  show t h a t  the  ebony gene is, 
in l abora to ry  condi t ions  a t  least,  an in te rna l  select ive 
fac tor  favor ing  the  A D H  F allele as well as the  modif iers  
enhanc ing  the  alcohol dehydrogenase  ac t iv i ty .  
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Fig. 1.5Iean ADH activity of 10 day-old flies. Assays were performed 
according to SAFER and URSPRUNG ~". Each value (95% confidence 
intervals) is based on 10 samples (5 flies each). Ordinate: unites of 
ADH activity• 105. ADH genotypes have been determined by 
acrylamide eleetrophoresis "of single fly homogenates, according to 
URSPRUNG and LEONE 17. 

An ebony e n s t ra in  f rom our l abo ra to ry  s tocks has  been  
shown to  have  a ve ry  high level of alcohol dehydrogenase ,  
as compared  wi th  a Canton  Special  wild controlS. More- 
over,  the  survival  t ime  of adul t  flies k e p t  in vials con ta in -  
ing a m e d i u m  made  of agar  and  wa te r  is h igher  in the  
presence  of e thanol ,  the  difference being m u c h  grea te r  
for t he  ebony t h a n  for the  wild Canton  Special flies ~. As 
our ebony e n s t ra in  t u rn ed  ou t  to  be po lymorph ic  for t he  
A D H  sys tem,  i t  was  easy to  select  subs t ra ins  homo-  
zygous for e i ther  t he  ADHS or A D H  F allele, hav ing  a 
lower or a h igher  alcohol dehydrogenase  ac t iv i ty  respec-  
t ively.  This  suggests  t h a t  the  high enzymat i c  ac t iv i ty  
previous ly  found  in our ebony e n s t ra in  s imply  reflects  
the  h igh  f requency  of t he  A D H F  allele in t h a t  popu la t ion  
(about  70%). 

In  order  to  ob ta in  wild and  ebony subs t ra ins  w i th  the  
same genet ical  background,  males r a n d o m l y  t aken  f rom 
the  e n s tock have  been crossed wi th  wild Canton  Special  
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Fig. 2. Survival time (ordinate: % survival; abscissa: 
time in days) of starving fliesin the presence of (closed 
symbols) or in the absence (open symbols) of ethanol. 
Groups of 10 individuals of the same sex (10 days old), 
were put in 100 cm a vials containing 20 g hydrated 
agar medium (7,5 g agar for 250 ml water) to which 
amphotericine had been added in order to avoid any 
growth of yeasts or other microorganisms. Except for 
the controls, 2 ml of ethanol was also added. Every 
day, the surviving flies were transferred to a new vial 
containing fresh medium. 10 repetitions, of the con- 
trols as well as of the experimental animals, have been 
done. 
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females  (all h o m o z y g o u s  A D H S / A D H  s, as t h e  C a n t o n  
Special  s tock  is monomorph ic ) ,  and  t h e  F 1 ha s  been  self- 
crossed. F r o m  t h e  r e su l t i ng  F 2 progeny ,  p h e n o t y p i c a l l y  
wild females  h a d  been  al lowed to m a t e  w i t h  ebony males,  
and  th i s  crossing scheme h a d b e e n  r epea t ed  for more  t h a n  
50 genera t ions ,  in  o rder  to  e l imina te  t he  wild chromosomes .  
Therea f te r ,  ebony an d  wild s u b s t r a i n s  (so-called ebony 
'B '  a n d  wild 'B '  in  F igures  1 a n d  2) h a v e  been  selected in 
3 genera t ions .  W h e n  screened for  A D H  isozymic  p a t t e r n s  
and  t e s t ed  for  a lcohol  d e h y d r o g e n a s e  ac t iv i ty ,  b o t h  sub-  
s t r a ins  t u r n e d  ou t  to  be  h o m o z y g o u s  A D H F / A D H  F a n d  
to  h a v e  a v e r y  h igh  d e h y d r o g e n a s e  a c t i v i t y  level, even  
h ighe r  t h a n  t he  A D H  F /ADH F ebony e ~lsubstrain (Figure 1 ). 

W h e n  alcohol  is t he  on ly  source of ene rgy  avai lable ,  
t he  su rv iva l  t ime  is g rea te r  for flies of all  t h e  5 s u b s t r a i n s  : 
wild 'B '  a n d  ebony 'B' h a v e  t h e  h i ghes t  record,  followed 
b y  ebony e n A D H F / A D H  F, t h e n  ebony e n A D H S / A D H  s, 
and  f ina l ly  wild C a n t o n  Special,  also A D H S / A D H  s 
(Figure 2). 

Accord ing  to  JAcoBs s-~~ a h i g h  c o n c e n t r a t i o n  of 
h e m o l y m p h a l  f i-alanine is respons ib le  n o t  on ly  for  t he  
me lan ic  p h e n o t y p e  of t h e  ebony flies, b u t  also for t h e  
v e r y  poor  coo rd ina t ion  of t h e i r  m o v e m e n t s  as well  as for 
a def ic iency in c a r b o h y d r a t e  ca tabol i sm.  A - b e t t e r  
t o l e rance  for  alcohol,  and  some capac i t y  to  use  i t  as an  
energy  source, m a y  pa l l i a te  in  some w ay  the  b e h a v i o u r a l  
a n d  me tabo l i c  anomal ie s  of t h e  ebony flies; i t  could  also 
p rov ide  some select ive a d v a n t a g e  in t he  c o m p e t i t i o n  w i t h  

non-ebony flies, especia l ly  if t h e  food sources  are r i cher  
in  alcohol,  as, for  i n s t ance  in e n v i r o n m e n t s  where  fer- 
m e n t a t i o n  t akes  place. Such  cha rac te r i s t i c s  m a y  he lp  to  
exp la in  w h y  t h e  f r e q u e n c y  of t he  e genes  r e m a i n s  so 
h igh  in popu l a t i ons  where  i t  is in c o m p e t i t i o n  w i t h  i t s  
wild  t y p e  allele n - ~ ,  especial ly  in  t he  colder  e n v i r o n m e n t s  
wh ich  are k n o w n  to  f avo r  t h e  A D H  F allele. 

Moreover ,  i t  is k n o w n  t h a t  sexua l  a c t i v i t y  in ebony e n 
s u b s t r a i n s  is h i g h e r  for  A D H F / A D H  F t h a n  for  A D H S /  
ADHS flies *~, I n  each  of t h e  50 gene ra t ions  l ead ing  to  'B '  
subs t ra ins ,  ebony males  are  back-c rossed  w i t h  he te ro -  
zygous  females,  a n d  the re fo re  sexua l  se lec t ion favors  t h e  
A D H ~  allele:  t h i s  would  exp la in  w h y  b o t h  ebony a n d  
wild 'B '  s u b s t r a i n s  are h o m o z y g o u s  A D H F / A D H  F. 
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A u t o s o m a l e  C h r o m o s o m e n t r a n s l o k a t i o n e n  b e i m  F leck -  und B r a u n v i e h  

A u t o s o m a l  C h r o m o s o m e t r a n s l o c a t i o n  of P ieba ld  Catt le  and B r o w n  Catt le  

G. F. STRANZINGER u n d  M. FORSTER 1 

Lehrstuhl /~r Tierzucht an der Technischen Universitiit Mi~nchen, D-805 Freising-Weihenstephan (Bundesrepublik 
Deutschland, BRD), t6.Juli  7975. 

Summary. Dif fe ren t  a u t o s o m a l  c h r o m o s o m e  fusions of p ieba ld  ca t t l e  a n d  b r o w n  ca t t l e  are descr ibed.  I n  r a n d o m l y  
i nves t i ga t ed  b reeds  of ca t t l e  in  G e r m a n y ,  we found  1/25 t r a n s l o c a t i o n  in p ieba ld  ca t t l e  a n d  a 1/29 R o b e r t s o n i a n  fus ion 
in b r o w n  ca t t le .  F e r t i l i t y  differences were inves t iga ted .  

Die u m f a n g r e i c h e n  U n t e r s u c h u n g e n  fiber die 1/29- 
T r a n s l o k a t i o n  b e i m  R i n d  (GI~STAVSSON 2 ; RIECK et  al. 3 ; 
QUEINNEC et  al.4; PoP~;SCU u n d  BOSCHERS; HAGELTORN 
u n d  GUSTAVSSON 6) h a b e n  gezeigt,  dass  das  A u f t r e t e n  
dieser C h r o m o s o m e n a n o m a l i e  in  E u r o p a  gehSmft, j edoch  
n i c h t  n u r  auf  diese L~nde r  beschrSmkt  ist. Zus~tz l ich  
wurde  e rkann t ,  dass  eine Pr / id ispos i t ion  b e s t i m m t e r  
C h r o m o s o m e n  zur  R o b e r t s o n s c h e n  F u s i o n  vor l iegt ,  je- 
doch  die A u s w i r k u n g e n  dieser  A b e r r a t i o n  auf  p h ~ n o t y p i -  
sehe Merkmale  yon  den  ve r sch i edenen  A u t o r e n  u n t e r -  
sehiedl ich  eingesch~Ltzt u n d  i n t e r p r e t i e r t  werden .  

I n  eigenen,  s t i c h p r o b e n a r t i g e n  U n t e r s u c h u n g e n  an  
ca. 200 Tie ren  al ler  in  D e u t s c h l a n d  v e r t r e t e n e n  R i nde r -  
rassen  k o n n t e n  in zwei Rassen  un te rsch ied l iche ,  in  he te ro -  
zygote r  F o r m  a u f t r e t e n d e  T r a n s l o k a t i o n e n  ge funden  
werden.  

D a  der  ers te  au fge fundene  Fa l l  v o n  e inem weib l i chen  
Tier  ausg ing  n n d  die N a c h k o m m e n  vo r  e inem zfiehteri-  
schen E i n s a t z  als h e t e r o z y g o t  e r k a n n t  wurden ,  b l ieb die 
in  den  fo lgenden  A b s c h n i t t e n  besch r i ebene  T r a n s l o k a t i o n  
au f  wenige  Tiere besehr / inkt .  Der  zweite  au fge fundene  
Typ  einer  T r a n s l o k a t i o n  t r a t  bet  e inem B e s a m u n g s s t i e r  
m i t  e iner  grossen N a c h k o m m e n z a h l  auf, so dass  die Ver-  
b r e i t u n g  dieser  F o r m  bere i t s  yon  B e d e u t u n g  ist. 

E ine  genaue  zy togene t i sche  U n t e r s u c h u n g  d u r c h  spe- 
zielle F~Lrbeverfahren a n  den  C h r o m o s o m e n  der  Trans lo -  
ka t ions t r / ige r  e rgab  zwei ve r sch iedene  F u s i o n s t y p e n .  

I m  e r s t en  ge fundenen  Tier  (Fleckvieh)  wa r  d u t c h  eine 
no rma le  Anf~Lrbung de r  C h r o m o s o m e n  de r  kurze  A r m  des 
T r a n s l o k a t i o n s c h r o m o s o m s  15roger als das  k le ins te  Chro-  
m o s o m  Nr. 29. D u r c h  eitte B~nderungsfS . rbung  (SEA- 
BRIGHT 7) wurde  die MOglichkeit  geprfift ,  dass  ein an-  
deres als das  29. C h r o m o s o m  an  der  T r a n s l o k a t i o n  be-  
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