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The ra tes  a t  which  dupl ica te  genes are silenced m a y  be 
changing  over  the  course of evolut ion.  In  the  early evo- 
lu t ionary  stages, soon af ter  a disomic pa t t e rn  of t rans-  
mismon has been es tabl ished,  the 2 loci should be suffi- 
c ient ly  s imilar  in s t ruc tu re  and regulat ion,  t h a t  the  si- 
lencing of one of these loci would not  have  serious con- 
sequences.  In  the  la ter  evo lu t ionary  stages, the  2 loci 
m a y  have  diverged suff ic ient ly  in the i r  s t ruc ture  and 
regula t ion  t h a t  a loss of express ion  at  e i ther  locus would 
t end  to be selected against .  This t e n d e n c y  for dupl ica te  
gene express ion  to be re ta ined  would resul t  f rom bo th  the  
s t ruc tu ra l  and regu la to ry  divergence of the  dupl ica te  
genes. One consequence  of the  d ivergence  in gene s t ruc tu re  
is t h a t  the  mul t ip le  locus i sozymes m a y  even tua l ly  acquire  
d i f fe ren t  kinetic  and  physical  proper t ies  and  then  come 
to  occupy  d i f ferent  metabol ic  niches of adap t ive  signifi- 
cance to  the  organism 24. Ano the r  consequence  of th is  gene 
divergence is the  d i f ferent ia l  regula t ion  of these dupl ica te  
genes dur ing  embryogenes is  and  in the  d i f fe ren t ia ted  adu l t  
t issues. Such s t ruc tu ra l  and  regula tory  divergence has  
been  repor ted  for some dupl ica te  loci in all t e t r ap lo id  

fishes examined  to da te  9, 15, 25, ~. The e x t e n t  of th is  diver- 
gence of dupl ica te  locus express ion should be able to serve 
as a ve ry  useful gauge of the  re la t ive  ra tes  of d ivergence 
of gene regula t ion  at  d i f ferent  periods af ter  a gene duplica-  
tion event .  Fu r the rmore ,  an e s t ima te  of the  e x t e n t  of such 
regula tory  divergence would  be helpful  in de te rmin ing  
how t igh t ly  coupled are the  ra tes  of evolut ion of struc- 
tural  and regula tory  genes. 
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Summary. 2 reference s t ra ins  of Drosophila subobscura ( 'Ki i snach t '  and  "ch-cu-Athens'), widely  used for the  s t u d y  of 
invers ion p o l y m o r p h i s m  in th is  species, were inves t iga ted  wi th  respec t  to  the i r  a l lozyme composi t ion  by  s ta rch  gel 
e lect rophores is  in 18 d i f ferent  enzyme sys tems coded by  18 d i f ferent  gene loci. Bo th  s t ra ins  are monomorph ic  for all 
18 loci wi th  only 1 except ion .  A s t anda rd ized  m e t h o d  of des ignat ion  is proposed,  to allow a di rect  compar i son  of all 
enzyme  da t a  in the  Drosophila obscura species group. 

Strains. Natura l  popu la t ions  of Drosophi la  subobscura ,  a 
E u r o p e a n  species of the  Drosophi la  obscura  group, have  
been  in tens ive ly  s tudied  for the  last  2 decades  by  several  
au thors  wi th  respec t  to ch romosomal  invers ion poly-  
rnorphism. For  these  invest igat ions ,  main ly  2 d i f ferent  
s t ra ins  have  been  used as s t a n d a r d  strains.  B o t h  are 
homozygous  for k n o w n  chromosomal  gene a r rangements .  
"The s t ra in  'K i i snach t '  or iginates  f rom a small  n u m b e r  of 
flies caugh t  wild a t  K i i snach t  (Switzerland) and is homo-  
ka ryo typ ie  for the  basic ' S t a n d a r d '  a r r angemen t s  in all 
6 ch romosomes  3. I t  was used by  Mainx 4 and  Kunze-  
Miihl 5 for d rawing  the  ch romosomal  map  of the  g ian t  
ch romosomes  of Drosophi la  subobscura .  The o ther  s t ra in  
is called ' ch -cu-Athens ' .  I t  is ch romosomal ly  ident ical  
w i th  'K i i snach t '  w i th  the  excep t ion  of being homozygous  
for the  gene a r r a n g e m e n t  O3+ a of ch romosome O. (For 
the  des ignat ion  of gene a r r a n g e m e n t s  see Kunze-Mfihl  and  
Sperlich6.) I t  is also homozygous  for the  recessive visible 
m u t a n t  alleles ' cher ry '  and  'cur led ' ,  thus  any  possible 
c o n t a m i n a t i o n  wi th  o the r  s t ra ins  can easily be recog- 
nized.  The s t ra in  is a d e s c e n d a n t  of the  ' f l -ch-cu-stock'  
descr ibed  by  Koske and M a y n a r d - S m i t h  7. I t  was ma in ly  
used as a s t anda rd  s t ra in  by  K r i m b a s  and  coworkers  for 
the i r  s tudies  on invers ion p o l y m o r p h i s m  in Greece. 
Symbols [or allozymes. Whereas ,  for invers ions  of Droso- 
phi la  subobscura ,  a c o m m o n  sys t em of des ignat ion  pro-  
posed  by  Kunze-Miihl  and  Sperl ich 6 has been accepted  
b y  prac t ica l ly  all inves t iga tors ,  th is  is no t  the  case for 
a l lozymes and the  alleles coding for them.  Since d i f ferent  
au tho r s  used d i f ferent  symbols  and  di f ferent  s t ra ins  as 
controls ,  some confusion exists.  I t  is the  in ten t ion  of th is  

paper  to  he lp  to make  the  s i tua t ion  for D. subobscura  
more  clear. 
The t e rmino logy  we are going to  propose  here is the  one 
which  was used by  Lakovaa ra  and  Saura*, 9, Saura  et  al. 1~ 
Saura 11 and Lakovaa ra  e t  al. 12-14. These au thors  s tudied  
the  geographical  var ia t ion  of a l lozyme po lymorph i sm in 
na tu ra l  popu la t ions  of D. subobscura  and D. obscura  and 
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Alleles at different loci of Drosophila subobscura 

Locus Alleles 
Kfisnacht ch-cu-Athens 
strain strain 

Most common 
allele 
in natural 
populations 

Adh 80 80 80 
Aph-3 100 100 107, 
Aph-5 97 97 97 
Est-4 100 100 100 
Est-8 112 115 112, 
Est-10 101, 99 99 101, 
~-Gpdh 100 100 1 O0 
Hk-1 101 101 99, 
Hk-3 96 96 9~ 
Idh 105 105 105 
Lap-4 106 104 104, 
Mdh-2 96 96 96 
Me 106 106 106 
Odh 100 100 100 
Pgm 101 101 101 
Sod (To) 100 100 100 

lOO 

113, 115 
99 

lO l  

lO6 

the  interspecif ic  var ia t ion  wi th in  the  D. obscura  group. 
In  all the  s tudies  men t ioned ,  the  symbols  for the  enzyme  
loci and  the i r  alleles have  been  ar ranged in a cons is ten t  
fashion according to t he  des ignat ion  used by  several  
Amer ican  authors ,  e.g. H u b b y ,  Lewont in ,  Prakash ,  
Ayala,  Powell  and others .  The enzyme loci are des igna ted  
by  the  abbrev ia t ion  of t he  t r iv ia l  n a m e  of the  enzyme 
(e.g. Est ,  Adh,  Mdh. etc.). W h e n  several  forms of a spe- 
cific enzyme  exist ,  each coded by  a d i f ferent  gene locus, 
h y p h e n a t e d  n u m b e r s  are added  to the  enzyme symbols  
(e.g. Est-4,  Est-8,  Est-10),  increasing wi th  anodal  migra-  
t ion  of the  cor responding  enzymes.  W h e n  only  a single 
form of a specific enzyme has  been found,  no index  num-  
ber  is given. E lec t rophore t i ca l ly  separable  a l lozymes and 
the  cor responding  allele symbols  are ident i f ied  by  an 
index  n u m b e r  according to the  mobi l i ty  of the  a l lozyme 
in e lec t rophores is  (e.g. Mdh-21~176 Mdh-296, Mdh-2105). In  
order  to  make  compar i sons  possible be tween  species of 
t he  D. obscura  group, D. obscura  was chosen for reference: 
Consequent ly ,  the  basic value 100 is given to t he  mos t  
c o m m o n  allele of th is  species. All o ther  cor responding  or 
homologous  a l lozyme b a n d s  of any  species of the  D. ob- 
scura  group should be des igna ted  by  an index  n u m b e r  
according to  the i r  difference in migra t ion  measured  in the  
gel to  the  D. obscura  s t a n d a r d  al lozyme b a n d  in mm.  As 
a s t a n d a r d  procedure  for e lectrophoresis ,  the  s ta rch  gel 
t echn ique  descr ibed by  Lakovaa ra  and  Saura s,9 is used. 
In  D. subobscura  the  mos t  common  al lozyme of the  I d h  
enzym e  is e.g. I d h  ~~ U n d e r  s t anda rd  condi t ions  of 
e lectrophoresis ,  it  moves  5 m m  fa r ther  t owards  t he  anode 
t h a n  IdW 00 of D. obscura.  
Genic constitution o/ the marker strains. Al though  s t ra ins  
of D. obscura  are avai lable  and  single individuals  could be 
and  of ten  are used as s t anda rds  in every  e lec t rophore t ic  
analysis  of D. subobscura ,  in m a n y  cases it is still  des i rable  
to  have  a ccn t ro l  s t ra in  of D. subobscura .  Such a reference 
s t ra in  is especial ly i m p o r t a n t  in the  case where  crossings 
are m a d e  in order  to  check the  Mendel ian  inher i t ance  of 
an observed  band ing  pa t t e rn .  Hence,  we Studied the  
2 s t ra ins  'K i i snach t '  and  ' ch -cu-Athens '  and  the  a l lozyme 
cons t i tu t ion  at  18 loci were de te rmined .  The resul ts  are 
given in t he  table.  Using the  same enzyme  assay and 
m e t h o d s  as in the  s tudies  of Lakovaa ra  and  Saura 8, no t  

only the  'K i i snach t '  and  the  ' ch -cn -Athens '  s t ra in  of 
D. subobscura  were  run on the  same gel, b u t  also usual ly 
controls  of o the r  s t ra ins  of D. subobscura  f rom di f ferent  
geographical  origin. In  addi t ion ,  some individuals  f rom 
o ther  species were  e lec t rophoresed  on the  same gel, in- 
cluding D. obscura ,  D. b i fasc ia ta  and  D. ambigua  in order  
to make  compar i sons  possible.  The n u m b e r  of individuals  
used for the  analysis  of a given enzyme sys tem lies be- 
tween  30 and  50 in each strain.  As can be seen f rom the  
table,  ' ch -cu -Athens '  appears  to be homozygous  for all 
loci s tud ied ;  'K i i snach t '  is po lymorph ic  only for Est-10.  
The 2 s t ra ins  differ  from each o the r  a t  Lap-4  and Est-8.  
Bo th  of these  loci are h ighly  po lymorph ic  in na tu ra l  
popula t ions  of D. subobscura  1~ 
All earlier inves t iga t ions  on enzyme po lymorph i sm have  
bccll made  by  e lec t rophores ing  adul t  flies only. Aph-3,  
hm~cver, can be ana lyzed  more  rel iably in larvae.  All 
o ther  enzyme sys t ems  l is ted in the  tab le  can be s tudied  
b o t h  in larvae  and  in adu l t  flies w i th  the  except ion  of 
Aph-5,  e -Gpdh  and Hk-1. The la t t e r  3 enzymes  are n o t  
ac t ive  in larvae of D. subobscura .  Addi t iona l  bands  in the  
Lap-4  sys t em can be observed  when  larval  leucine amino 
pept idases  are s tained.  Some difficult ies exist  w i th  re- 
spect  to es terases  since d i f fe rent  au thors  have  descr ibed 
several  es terase  sys tems  in D. subobscura .  Our Est -4  i s  a 
cholinesterase.  Loukas  and  K r i m b a s  1~ found out  t h a t  an 
Es t  locus, which  they  call Est-9,  is 'a  complex  locus con- 
sist ing of several  ve ry  closely l inked loci wi th  act ive and 
si lent alleles'.  Our Est-8  is p robab ly  the  mos t  rap id ly  
s ta in ing p a r t  of the  p roduc t s  of t h a t  complex  locus. Our 
Est-10 cor responds  to the  mos t  anodal  group of esterase 
bands .  I t  is 2-banded in he terozygotes .  There are ve ry  
large differences in ac t iv i ty  levels of Est -10 vary ing  f rom 
si lent  to ve ry  s t rongly  s ta in ing bands .  These var ia t ions  
are seen among  individuals  wi th in  the  same s t ra in  as 
well as among  individuals  f rom di f ferent  s trains.  The 
reasons for th is  var iab i l i ty  are unknown.  In  some 'ch-cu-  
Athens '  gels, Est-1090 has 2 bands  and  resembles  the  
s i tua t ion  in Est-10"~ he terozygotes .  We believe, how-  
ever, t h a t  ' ch -cu -Athens '  is homozygous  for Est-1099/99 
and  t h a t  the  2-bandedness  is due to an ar tefact .  Ac- 
cording to  our experience,  the  va r ia t ion  of es terases  
in D. subobscura  is ve ry  compl ica ted  and  di f ferent  elec- 
t rophore t i c  techniques ,  or even uncontro l led  var ia t ions  
of the  same technique ,  m a y  give d i f ferent  resul ts  for 
these  enzymes.  
Addi t iona l  in fo rmat ion  no t  l isted in t he  tab le  is available 
for fumarase  (Fu) and mi tochondr ia l  ma la te  dehydro-  
genase (Mdh-1). Bo th  enzymes  show no var ia t ion  in the  
'K i i snach t '  and  ' ch -cu-Athens '  s trains.  W i t h  the  usual  
s ta rch  gel e lectrophoresis ,  Mdh-1 migra tes  cathodal ly .  
Since there  are no publ i shed  d a t a  for these  enzymes  in 
D. obscura,  no reference can be made  to  t he  mos t  co mmon  
allele of th is  species. Fu  and  Mdh-1 al lozymes p resen t  
in 'K i i snach t '  and  ' ch -cu-Athens '  are, however,  mos t  
p r o b a b l y  the  mos t  co mmo n  ones of D. subobscura .  
The table  con ta ins  no t  only  the  d a t a  for the  2 s t an d a rd  
s t ra ins  bu t  also a list  of t he  mos t  c o m m o n  alleles of the  
18 enzyme loci observed  in our  l abora to ry  s t rains  as well 
as in na tu ra l  popu la t ions  of D. subobscura  inves t iga ted  
by  Saura et  al. 1~ W h e n  the re  is a clearly es tab l i shed  mos t  
c o m m o n  allele a t  a given locus, th is  allele is l isted in the  
table.  W h e n  the re  are several  co mmo n  alleles, none  of 
which  p redomina tes ,  the  mos t  c o m m o n  ones are given. 
I t  is clear f rom the  tab le  t h a t  ne i ther  of the  2 s t a n d a r d  
s t ra ins  is homozygous  for a rare  allele. 
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