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Relative nuclear DNA amounts in various species and subspecies of 
the green toad group and in Bu]o bu]o 

Species Source Relative SD SE Speci- 
DNA mens 
amount 

B. viridis turanensis Frunze, Kirgizistan 211 19 8 (5) 1 
B. viridis turanensis Frunze, Kirgizistan 120 27 13 (4) 1 
B. viridis arabicus Haifa, Israel 105 10 4 (6) 2 ~ 6  
B. viridis Viridis Izmir, Turkey 98 7 4 (3) 1 
B. viridis ssp. Corsica 103 7 3 (6) 2c~2 
B. viridis viridis Germany 106 8 4 (4) 1 ~2 
B. viridis boulengeri Tafraoute, Morocco 109 6 3 (3) 2 ~  

B. viridis, 
all diploid data 107 14 3 (26) 
B. brongersmai Tafraoute, Morocco 104 10 5 (4) 2 ~  
B. latastii Afghanistan 145 14 6 (6) 3 juv. 
B. calamita Germany, Holland 100 5 2 (6) 2 ( ~  
B. bu]o Northern Spain 138 6 2 (6) 2~c~ 

m e t e r  t y p e  GN-5.  Series of spec imens  were p r e p a r e d  
s imul t aneous ly ,  a n d  all  r e l a t ive  a b s o r p t i o n  va lues  were 
c o n v e r t e d  to  t h e  same  scale. 
Resul t  and discussion. T he  resu l t s  of these  m e a s u r e m e n t s  
are compi led  in t he  tab le .  E x c e p t  for 1 spec imen  of B. 
vir idis  f rom Frunze ,  Kirg iz is tan ,  all  B. viridis  h a v e  t he  
s ame  nuc lea r  D N A  c o n t e n t  w i t h i n  t he  l imi t s  of experi-  
m e n t a l  error.  The  re l a t ive ly  h igh  ave rage  d e t e r m i n a t i o n  
in t h e  diploid spec imen  f rom F r u n z e  seems to be  due to  
t h e  p r e p a r a t i o n ,  p a r t i c u l a r l y  since t he  va lue  for t h e  o the r  
spec imen  is v e r y  close to  twice  t he  ave r age  va lue  for all  
B.  viridis .  Thi s  spec imen  u n d o u b t e d l y  is a t e t r ap lo id ,  even  
t h o u g h  the re  is no cy to logica l  con f i rma t ion .  The  ex is tence  
of t e t r a p l o i d  ' p o p u l a t i o n s '  w i t h i n  diploid  a n u r a n  species 
is a f r e q u e n t  occur rence  and  has  also been  d o c u m e n t e d  
for Bu[o 7. 
The  re l a t ive  D N A  values  of tile t a b l e  c an  be  c o n v e r t e d  to  
a p p r o x i m a t e  abso lu t e  va lues  in  pg  of D N A  b y  c o m p a r i n g  
t h e m  to p u b l i s h e d  d a t a  for B.  viridis,  B.  calamita a n d  
B. bulo 8, 9. These  d a t a  h a v e  been  r e p e a t e d l y  s t a n d a r d i z e d  

aga ins t  va r ious  species in our  l abora to ry .  Our  c a l i b r a t i on  
leads to  h i g h e r  va lues  t h a n  those  ca lcu la ted  b y  Olmo10, 
which  a p p e a r  a b i t  too low. Bes t  ava i l ab le  e s t ima tes  for 
the  diploid  nuc lea r  D N A  a m o u n t s  are :  B. viridis 11.8 pg, 
B. calamita 11.4 pg, B. bu[o 14.8 pg  (da t a  sources  in  
OImol0). Therefore ,  to  o b t a i n  d ip lo id  nuc lea r  D N A  
a m o u n t s  f rom the  re la t ive  va lues  of our  tab le ,  t he  d a t a  
should  be  d iv ided  b y  9.0. Our  d a t a  add  2 species of Bu[o 
to  t he  l is t  of 20 for w h i c h  specific nuc lea r  D N A  a m o u n t s  
h a v e  been  p u b l i s h e d  to d a t e :  B. brongersmai, 11.4 pg, a n d  
B. latastii ,  16.0 pg. A va lue  of a b o u t  11 pg seems to  be  
typ ica l  for Bu[o. The  lowest  recorded  va lues  are 8.9 pg  
for B.  koyanoiensis  ( reca l ib ra ted  a f t e r  Olmo 1~ a n d  B. 
regularis 9. B. regularis is 1 of t he  Afr ican  species h a v i n g  
on ly  20 ch romosomes  i n s t e a d  of 22 in t he  diploid  comple-  
m e n t  11. 
B. latastii,  w h i c h  was h i t h e r t o  usua l ly  confused  w i t h  B. 
viridis,  has  t he  h ighes t  nuc lea r  D N A  va lue  recorded  ye t  
for a d iploid  Bu[o species. This  is the  green  t o a d  species 
of t he  Cen t ra l  As ian  m o u n t a i n  sys tems  sha r ing  a r e l a t ive ly  
low t e m p e r a t u r e  p re fe rence  a n d  r e l a t ive ly  large e r y t h r o -  
cy tes  w i t h  B. bu[o*, which  also ha s  a h igh  nuc lea r  D N A  
a m o u n t .  The  t e t r a p l o i d  F r u n z e  spec imen  of B. viridis  
(23.4 pg) ha s  one of t he  h ighes t  a n u r a n  D N A  a m o u n t s .  
I t s  e r y t h r o c y t e s  are larger  t h a n  those  of diploid B. viridis,  
b u t  on  ave rage  smal le r  t h a n  those  of large-sized B. latasti i  
spec imens  4. 
Our  d a t a  con f i rm  the  o b s e r v a t i o n  t h a t  t he  specific nuc lea r  
D N A  c o n t e n t  is a cons t an t ,  and  t h a t  closely re la ted  species 
m a y  h a v e  s imi la r  or ve ry  d i v e r g e n t  a m o u n t s .  The re  is no 
ev idence  of a c o n t i n u o u s  va r i a t ion ,  p a r t i c u l a r l y  no  evi-  
dence  for a g r adua l  c l inal  change  of genome size across t he  
range.  Such  a change  h a s  been  found  b y  Miksche  for 
severa l  species of conifers  13, b u t  t h e r e  is no  d o c u m e n t e d  
case of i t  for a n  a n i m a l  species. 

7 J .P .  Bogart, Science 193, 334 (1976). 
8 F .H.  Ullerich, Chromosoma 18, 316 (1966). 
9 K. Bachmann, Chromosoma 29, 365 (1970). 
10 E. Olmo, Caryologia 26, 43 (1973). 
11 J .P .  Bogart, Evolution 22, 42 (1968). 
12 J .P .  Miksche, Chromosoma 32, 343 (1971). 

Loss of redundant gene expression after polyploidization in plants 

F. Garc ia -Olmedo ,  P. Carbonero ,  C. Aragonci l lo  a n d  G. Salcedo 

Departamento de Bioqutmica,  E .  T. S. [ngenieros Agrdnomos,  M a d r i d - 3  (Spai~r 1 A u g u s t  1977 

S u m m a r y .  Based  on  c h r o m o s o m a l  loca t ion  d a t a  of genes encoding  28 b iochemica l  sys t ems  in a l lohexaplo id  whea t ,  
Tr i t i cum aest ivum L. (genomes A A B B D D ) ,  i t  is conc luded  t h a t  t he  p r o p o r t i o n s  of sys t ems  con t ro l l ed  b y  t r ip l ica te ,  
dup l ica te ,  a n d  single loci are 57%,  25%,  a n d  18% respect ive ly .  

Fer r i s  a n d  W h i t t  1 h a v e  r ecen t l y  p r e s e n t e d  compel l ing  evi- 
dence  of an  ex tens ive  loss of dup l i ca t e  gene express ion  
a f t e r  po lyp lo id iza t ion  in Ca t o s t om i dae  f ish:  3 5 % - 5 0 %  
of dup l i ca t e  genes  expressed  in t he  m o s t  a d v a n c e d  t e t r a -  
p lo id  c a t o s t o m i d s  a n d  5 5 % - 6 5 %  in t he  m o s t  p r i m i t i v e  
species. T h e y  h a v e  also s u m m a r i z e d  t h e  p rev ious  f indings  
conce rn ing  t h i s  aspec t  of po lyp lo id  evo lu t i on  in fish. W e  
r e p o r t  here  t h i s  t y p e  of ca l cu la t ion  for  a l lohexap lo id  
w h e a t ,  Tr i t i cum aest ivum L. (genomes  A A B B D D ) ,  a m e m -  
be r  of t he  we l t -known p l a n t  po lyp lo id  complex  Aegilops-  
T r i t i cum.  
The  loss of r e d u n d a n t  gene expres s ion  in w h e a t  was re- 
al ized qu i t e  early.  R i l ey  3 p o s t u l a t e d  t h e  diploid- l ike s t a t u s  
of some sys t ems  in t e t r a p l o i d  w h e a t  on  t h e  basis  of indi-  
r e c t  evidence.  Some of us 3, �9 s u r v e y e d  t h e  d i s t r i b u t i o n  of 

genet ic  v a r i a n t s  of 2 b iochemica l  sys tems  (genes for s terol  
es te r i f ica t ion  a n d  the  pu ro th ion in s )  in  22 species of the  
Aeg i lops -Tr i t i cum group  a n d  conc luded  t h a t  r e d u n d a n t  
genet ic  a c t i v i t y  h a d  been  lost  in 25% and  50% of t he  
cases, respec t ive ly .  All  t he  observed  losses seemed to  oc- 
cur  in  a n o n - r a n d o m  fashion,  a f fec t ing  the  a d d i t i o n a l  
genomes  a n d  n o t  the  so-called p ivo t a l  ones. 
The  d e v e l o p m e n t  b y  Sears  5,~ of t he  c o m p e n s a t e d  nul l i -  
t e t r a s o m i c  series a n d  o t h e r  aneup lo ids  of t he  T. aest ivum 
cv. Chinese  Sp r ing  has  p e r m i t t e d  severa l  groups,  inc lud ing  
ours, to  i nves t i ga t e  the  c h r o m o s o m a l  loca t ion  of genes 
t h a t  con t ro l  d i f fe ren t  b iochemica l  sys tems.  These  da ta ,  
wh ich  are  s u m m a r i z e d  in t he  tab le ,  p e r m i t  no t  o n l y  t i le  
e s t i m a t i o n  of t h e  p e r c e n t a g e  of gene t r ip l i ca t ion  a n d  du-  
p l i ca t ion  expressed,  b u t  also to d iscern  where  t i le pre-  
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s u m e d  ' l o s s e s  of  r e d u n d a n c y ' ,  o r  i n a c t i v a t i o n s ,  h a v e  t a k e n  
p lace .  O u t  of  28 s e t s  of  h o m o e o l o g o u s  s y s t e m s ,  16 (57%)  
a r e  c o n t r o l l e d  b y  t r i p l i c a t e  loci,  7 ( 25%)  b y  d u p l i c a t e  loci,  
a n d  5 (18%)  b y  s i ng l e  loci.  I n  C a t o s t o m i d a e  f i sh  1, t h e  
p r o p o r t i o n  of  s i l e n c e d  loci  p e r  g e n o m e  r a n g e d  f r o m  1 8 % ,  
in  t h e  m o s t  p r i m i t i v e  spec ies ,  to  3 7 % ,  in  t h e  m o s t  a d -  
v a n c e d  o n e s .  I n  h e x a p l o i d  w h e a t ,  t h e  p r o p o r t i o n s  s i l e n c e d  
in  e a c h  g e n o m e  a r e  A (32%)  > B (18%)  > D (11%) .  T h e  
A a n d  B g e n o m e s  h a v e  c o e x i s t e d  in  t e t r a p l o i d  w h e a t  for  
s o m e  t i m e  b e f o r e  t h e  m o r e  r e c e n t  a d d i t i o n  o f  t h e  D 
g e n o m e  to  f o r m  t h e  h e x a p l o i d ,  so  t h e  h i g h e r  p r o p o r t i o n  
o f  s i l e n c e d  loci  in  t h e  A a n d  B g e n o m e s ,  a s  c o m p a r e d  w i t h  
t h e  D g e n o m e ,  c o u l d  r e f l e c t  t h e  l o n g e r  t i m e  t h e y  h a v e  
b e e n  u n d e r g o i n g  d i p l o i d i z a t i o n .  H o w e v e r ,  t h e  e s t i m a t e d  
f i g u r e s  for  s i l e n c e d  loci in t h e  w h e a t  g e n o m e s  m u s t  be  
c o n s i d e r e d  q u i t e  h i g h ,  a s  c o m p a r e d  w i t h  t h o s e  c a l c u l a t e d  
fo r  t h e  c a t o s t o m i d s ,  if t h e  m u c h  l o n g e r  e v o l u t i o n a r y  
h i s t o r y  of  t h e  l a t t e r  (50 m i l l i o n  v e r s u s  10 ,000 y e a r s )  
is  t a k e n  i n t o  a c c o u n t .  T h e  n u m b e r  of  t r i p l i c a t e  g e n e s  
e x p r e s s e d  in  w h e a t  c o u l d  be  u n d e r e s t i m a t e d  if t h o s e  
s e t s  in w h i c h  t h e  3 g e n e s  e n c o d e  p r o t e i n s  w i t h  t h e  s a m e  
e l e c t r o p h o r e t i c  m o b i l i t y  we re  o v e r l o o k e d .  H o w e v e r ,  t h i s  
is u n l i k e l y ,  b e c a u s e  s u c h  s y s t e m s  a re  a l so  d e t e c t e d  
u s i n g  a n e u p l o i d s ,  on  t h e  b a s i s  of  g e n e  d o s a g e  r e s p o n s e s ,  
a n d  t h e i r  f r e q u e n c y  s e e m s  to  be  l ow  in a n  a l l o p l o i d  l ike  
w h e a t .  

Chromosomal location of genes that  control biochemical systems in 
allohexaploid wheat, Triticum aestivum (genomes AABBDD) 

O n e  a s p e c t  of  t h e  d a t a  t h a t  m i g h t  be  s i g n i f i c a n t ,  in  t h e  
a b o v e  c o n t e x t ,  is t h e  f a c t  t h a t  m o s t  o f  t h e  p r e s u m a b l y  
s i l e n c e d  loci  a r e  a s s o c i a t e d  w i t h  e n d o s p e r m  p r o t e i n s  w i t h  
n o  a p p a r e n t  e n z y m a t i c  f u n c t i o n ,  wh i l e  m o s t  of  t h e  e n -  
z y m a t i c  loci  a r e  t r i p l i c a t e d .  T h i s  c o u l d  i n d i c a t e  t h a t  s o m e  
t y p e s  o f  h o m o e l o g o u s  s e t s  a r e  m o r e  c o n s t r a i n e d  t h a n  
o t h e r s  w i t h  r e s p e c t  to  t h e  loss  of  r e d u n d a n c y  a n d  t h a t  a 
g r e a t e r  f r a c t i o n  of  t h e  g e n o m e s  w o u l d  h a v e  t o  be  in-  
v e s t i g a t e d  to  g e t  a r e l i a b l e  e s t i m a t i o n .  H o w e v e r ,  t h e r e  
a r e  s o m e  a r g u m e n t s  t h a t  c o u l d  e x p l a i n  t h e  h i g h  d e g r e e  of  
g e n e  s i l e n c i n g  in  w h e a t :  
1. A m o r e  r a p i d  g e n e  loss  c o u l d  t a k e  p l a c e  in  t h e  e a r l y  
h i s t o r y  of  t h e  p o l y p l o i d .  A s  F e r r i s  a n d  W h i t t  1 h a v e  p o i n t e d  
ou t ,  t h e  p r o c e s s  d o e s  n o t  s e e m  to  be  e n t i r e l y  a t  r a n d o m .  
2. A n  a l l op lo id  is in  f a c t  a ' p e r m a n e n t  h e t e r o z y g o t e '  in  
w h i c h  p o s i t i v e  a n d  n e g a t i v e  h e t e r o t i c  i n t e r a c t i o n s  b e t w e e n  
h o m o e o a l l e l e s  a re  e f f e c t i v e l y  f i xed .  N e g a t i v e  h e t e r o s i s  c a n  
t h u s  be  c o n s i d e r e d  as  a d r i v i n g  fo rce  for  t h e  loss  of  d u p l i -  
c a t e  g e n e  e x p r e s s i o n .  T h i s  e f f ec t  w o u l d  be  i n i t i a l l y  m o r e  
i m p o r t a n t  in  a n  a l l o p l o i d  (whea t )  t h a n  in a n  a u t o p l o i d  
(fish) for  o b v i o u s  r e a s o n s .  3. T h e  d i s r u p t i o n  of  t h e  d o s a g e  
b a l a n c e  b e t w e e n  f u n c t i o n a l l y  r e l a t e d  g e n e s ,  i m p l i e d  in  t h e  
loss  of  r e d u n d a n c y ,  h a s  t o  be  c o n s i d e r e d  g e n e r a l l y  d e l e t e -  
r ious ,  a n d  t h u s  w o u l d  t e n d  to  c o u n t e r a c t  w h a t e v e r  f a c t o r s  
f a v o r  t h e  loss .  T h e  d i s r u p t i o n  w o u l d  be  less  d r a s t i c  if t h e  
e f f e c t i v e  g e n e  d o s a g e  is r e d u c e d  b y  1/3 in  a h e x a p l o i d  
(whea t )  t h a n  b y  1/2 in  a t e t r a p l o i d  (f ish).  F i n a l l y ,  a v a i l a b l e  
d a t a  on  D N A  c o n t e n t  o f  h e x a p l o i d  w h e a t  a n d  i t s  a n c e s -  
t o r s  ~ ,  s e e m  to  i n d i c a t e  t h a t ,  a s  in t h e  ca se  of  f i sh  1, t h e r e  
is  no  a p p a r e n t  D N A  loss  m a t c h i n g  t h e  loss  of  r e d u n d a n t  
g e n e  e x p r e s s i o n .  

System* Chromosomes No. of loci Ref. 

Acp 4A, 4B, 4D 3 + 3 7 
Adh 4A, 4B, 4D 3 8 
~-Amy 6A, 6B, 6D 3 9 

7A, 7B, 7D 
Apep 6A, 6B, 6D 3 10 
Epep 7A, 7B, 7D 3 11 
Est  3A, 3B, 3D 3 12, 13 

6A, 6B, 6D 3 13 
7A, 7B, 7D 3 12 

Got 3A, 3B, 3D 3 14 
6A, 6B, 6D 3 + 3 

Lpx 4A, 4B, 4D 3 11 
5A, 5B, 5D 3 

Pth 1A, 1B, 1D 3 15 
fi-Amy 4A, - ,  4D 2 16 
Px - ,  1B, 1D 2 13 
Glut-sub , 1B, 1D 2 17 
CM1, 2 - ,  7B, 7D 2 18 
NGE 16, 17 4A, - ,  4D 2 19, 20 
NGE 12, 13 4A, - ,  4D 2 19, 20 
NGE 5, 7 - ,  3B, 3D 2 19, 20 
Glut-sub , , 4D  l 17 
NGE 11 , , 7D 1 19, 20 
NGE 2 - ,  6B, - 1 19, 20 
NGE 10 - ,  6B, 1 19, 20 
NGE 14 - ,  3B, - 1 19, 20 

*Acid phosphatase (Acp); Alcohol dehydrogenase-NAD (Adh); 
0c-Amylase (s-Amy) ; Aminopeptidase (Apep) ; Endopeptidase (Epep) ; 
Esterases (Est) ; Glutamate oxalacetate transaminase (Got) ; Lipoxi- 
dase (Lpx); Purothionins (Pth); fl-Amylase (fi-Amy); Peroxidase 
(Px); Glutenin subunits  (Glut-sub); Chloroform:methanol proteins 
1 and 2 (CM1, 2); Non-gliadin 70 % ethanol extracted proteins (NGE), 
homoeologies of NGE proteins are based on their characterization by 
aminoacid analysis, MW determination, solubility properties, etc. 
(19, 20 and our unpublished results). Genes encoding gliadins, located 
in chromosomes of groups 1 and 6 (Wrigley and Shepherd 21) have 
not  been included in our calculations because in this system there 
are presumably tandem duplications. 
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