
T h e o r .  A p p l .  G e n e t .  51 ,  2 0 1 - 2 1 0  ( 1 9 7 8 )  

�9 by Spr inge r -Ver l ag  1978 

Linear Differentiation of Cereal Chromosomes 
II. Polyploid Wheats 
T . G .  Z u r a b i s h v i l i ,  A . B .  I o r d a n s k y  a n d  N . S .  B a d a e v  
I n s t i t u t e  of  M o l e c u l a r  B i o l o g y ,  USSR A c a d e m y  of  S c i e n c e s ,  M o s c o w  
A l l - U n i o n  I n s t i t u t e  of  A p p l i e d  M o l e c u l a r  B i o l o g y  a n d  G e n e t i c s ,  VA SKHNIL,  M o s c o w  ( U .  S. S. R .  ) 

S u m m a r ~ r .  The BSG t e s t  w a s  u s e d  in  a c o m p a r a t i v e  s t u d y  of  t h e  l i n e a r  c h r o m o s o m e  d i f f e r e n t i a t i o n  a n d  t h e  i d i o -  
g r a m s  o f T .  maeha s s p .  t uba l i eumv .  ' l e t s c h c h u m i c u m '  D e k .  e t  M e n . ,  T. georgiewn D e k . ,  T. timopheevi Z h u k . ,  
T. ear th l icwn N e v s k i ,  T. dieoceum S c h r a n k .  v .  ' r u f u m ' ,  T. durum D e s f .  v .  ' A r n a u t k a '  w e r e  c o m p i l e d .  

The k a r y o t y p e  of  e a c h  p o l y p l o i d  w h e a t  s p e c i e s  c o n s i s t s  of two g r o u p s  of  c h r o m o s o m e s .  The f i r s t  i s  f o r m e d  
by  t e n  p a i r s  of  " c o n s t a n t "  c h r o m o s o m e s  o c c u r r i n g  a l m o s t  in  a l l  s p e c i e s  a n d  t h e  s e c o n d  b y  a l l  t h e  r e s t  of  t h e  
" v a r i a b l e "  c h r o m o s o m e s  t h a t  a r e  e i t h e r  f u l l y  s p e c i f i c  f o r  t he  s p e c i e s  in  q u e s t i o n  o r  o c c u r  o n l y  in  a f ew s p e c i e s .  
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of  s t r u c t u r a l  h e t e r o c h r o m a t i n  on  c h r o m o s o m e s .  The  r o l s  of  i n t r o g r e s s i o n  in  w h e a t  e v o l u t i o n  and  t he  n e c e s s i t y  
of  e s t a b l i s h i n g  a G e n e r a l  C y t o l o g i c a l  N o m e n c l a t u r e  of  C e r e a l  C h r o m o s o m e s  a r e  d i s c u s s e d .  

Kerr w o r d s :  H e t e r o c h r o m a t i n  - " C o n s t a n t "  a n d  ' ) V a r i a b l e "  C h r o m o s o m e s  - I n t r o g r e s s i o n  

I n t r o d u c t i o n  

The  d i f f e r e n t i a l  G i e m s a  s t a i n i n g  t e c h n i q u e  ( S u m n e r  

1972;  V o s a  1973)  p e r m i t s  i d e n t i f i c a t i o n  a n d  s t r u c t u r a l  

a n a l y s i s  of  i n d i v i d u a l  w h e a t  c h r o m o s o m e s  ( Z u r a b i s h -  

v i l i  e t  a l .  1974;  G i l l  a n d  K i m b e r  1974b;  I o r d a n s k y  e t  

a l .  1 9 7 7 ) .  T h e r e f o r e  i t  w as  r e a s o n a b l e  to  u n d e r t a k e  a 

k a r y o l o g i c a l  s t u d y  of  d i v e r s e  t e t r a p l o i d  a n d  h e x a p l o i d  

w h e a t s  in  a n  a t t e m p t  to  o b t a i n  n e w  d a t a  o n  t h e i r  p h y l o -  

g e n y  a n d  g e n o m e  c o m p o s i t i o n .  

E a r l i e r  we s t u d i e d  t h e  l i n e a r  c h r o m o s o m e  d i f f e r -  

e n t i a t i o n  of t h e  s u p p o s e d  a n c e s t o r s  o f  c o m m o n  w h e a t .  

T h i s  p a p e r  d e a l s  wi th  t h e  a n a l y s i s  of  c h r o m o s o m e s  

of  s o m e  e n d e m i c  f o r m s  of  p o l y p l o i d  w h e a t s  of  t he  C a u -  

c a s u s  a s  we l l  a s  T. dicoccum a n d  T. durum. 

M a t e r i a l s  a n d  M e t h o d s  

The s e e d s  o f T .  georgieum D e k .  K - 6 ,  T. tiznopheevi 
Z h u k .  K - 7  a n d  T. macha s s p .  tubalicum v .  ' l e t s c h c h u -  
m i c u m  ' D e k .  e t  M e n .  K- I I  w e r e  o b t a i n e d  f r o m  P r o f .  
L . L .  D e k a p r e l e v i c h  ( t h e  G e o r g i a n  A g r i c u l t u r a l  I n s t i -  
t u t e ,  T b i l i s i ) ,  T. carthl iewn N e v s k i  f r o m  P r o f .  P . A .  
G a n d i l y a n  ( t h e  A r m e n i a n  A g r i c u l t u r a l  I n s t i t u t e ,  Y e r e -  
v a n ) ;  T. durum D e s f .  v .  ' A r n a u t k a '  a n d  T. dieoeeum 
S c h r a n k .  v .  ' r u f u m  K - 3 8 9 1 5  ' f r o m  t h e  c o l l e c t i o n  of  
t h e  N . I .  V a v i l o v  P l a n t  B r e e d i n g  I n s t i t u t e  ( L e n i n g r a d ) .  

The p r e p a r a t i o n s  a n d  i d i o g r a m s  w e r e  m a d e  a s  p r e -  
v i o u s l y  d e s c r i b e d  ( I o r d a n s k y  e t  a l .  1 9 7 7 ) .  The c h r o -  
m o s o m e s  of  e a c h  s p e c i e s  w e r e  c o m p a r e d  w i th  t h e  k a r y -  

o t y p e  of  T. aestivum L . ,  v a t .  ' D i a m a n t '  u s e d  a s  a 
s t a n d a r d .  T h u s ,  t h e  f i r s t  two r o w s  of  t he  k a r y o t y p e s  
c o n t a i n  c h r o m o s o m e s  s i m i l a r  to  t h e  c o r r e s p o n d i n g  
c h r o m o s o m e s  of t he  ' D i a m a n t '  v a r i e t y ,  w h e r e a s  t he  
l o w e r  r o w s  i n c l u d e  s p e c i f i c  c h r o m o s o m e s .  

R e s u l t s  

T. macha, E a c h  c h r o m o s o m e  of  t h i s  h e x a p l o i d  s p e c i e s  

h a s  a n  i n d i v i d u a l  p a t t e r n  of  s t r u c t u r a l  h e t e r o c h r o m a t i n  

d i s t r i b u t i o n  w h i c h ,  t o g e t h e r  wi th  t h e  s p e c i f i c  l i n e a r  

p a r a m e t e r s ,  p e r m i t s  t h e i r  r e l i a b l e  i d e n t i f i c a t i o n  ( F i g .  1 

N i n e  c h r o m o s o m e s  (1 to  3 ,  5 ,  8 to  12) a r e  s i m i l a r  to  

t he  c h r o m o s o m e s  of  T. aestiv~w L . ,  v a r .  ' D i a m a n t '  

w h i c h  s u g g e s t s  t h e i r  h o m e o l o g y .  The s a m e  c h r o m o -  

s o m e s  a s  we l l  a s  c h r o m o s o m e  14 e x h i b i t  s i m i l a r i t y  to  

t h o s e  of t h e  ' C h i n e s e  S p r i n g '  v a r i e t y .  The s i m i l a r i t y  

of the  a b o v e  c h r o m o s o m e s  of  T. macha wi th  T. aestivum 

L. v a r .  ' D i a m a n t '  i s  no t  a l w a y s  fu l l  a n d  i n  s o m e  r e -  

g i o n s ,  s u c h  a s  2q13 ,  3p22 ,  8q13 ,  m a r k e d  s t r u c t u r a l  

i n t e r s p e c i f i c  d i f f e r e n c e s  a r e  o b s e r v e d .  E i g h t  (6 to  17 

a n d  19) ou t  of  t he  o t h e r  12 c h r o m o s o m e s  h a v e  a d i s -  

t i n c t l y  s p e c i f i c  p a t t e r n  of h e t e r o c h r o m a t i n  d i s t r i b u t i o n  

d i f f e r e n t  f r o m  t h a t  of  the  ' D i a m a n t '  c h r o m o s o m e s .  

The a m o u n t  of  h e t e r o c h r o m a t i n  in  c h r o m o s o m e s  4 ,  18,  

20 a n d  21 i s  i n s i g n i f i c a n t ,  t h u s  a l t h o u g h  t h e y  c a n  b e  

0040-5752 /78 /0051 /0201 /$2o00  
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F i g .  1. a) I d i o g r a m  of the d i f f e r e n t i a l l y  s t a i n e d  c h r o m o s o -  
m e s  of T. macha b) D i f f e r e n t i a l l y  s t a i n e d  c h r o m o s o m e s  
Karyo type  of T. macha 

1 2 3 4 5 6 7 

8 9 10 11 12 13 1r 

15 16 17 19 19 20 21 

i den t i f i ed  wi th in  the  T. macha k a r y o t y p e ,  i t  i s  i m p o s -  

s i b l e  to e s t a b l i s h  t h e i r  s i m i l a r i t y  o r  d i s s i m i l a r i t y  with 

the  c h r o m o s o m e s  13 to 19 of the  v a r i e t y  ' D i a m a n t '  by 

t h e i r  c o m p a r i s o n .  U n d e r s c o r i n g  the  s i m i l a r i t y  of I0 

c h r o m o s o m e s  of T. macha and ' C h i n e s e  S p r i n g '  it 

shou ld  be no ted  tha t  on the  whole the  l a t t e r ' s  c h r o m o -  

s o m e s  c o n t a i n  c o n s i d e r a b l y  m o r e  h e t e r o c h r o m a t i n .  The 

s i m i l a r i t y  i s  p a r t i c u l a r l y  h igh in the  p a t t e r n  of h e t e r -  

o c h r o m a t i n  d i s t r i b u t i o n  of h o m e o l o g u e s  1 to 3.  

The c o m p a r i s o n  of the  r e s t  of the  spec i f i c  c h r o m o -  

s o m e s  of T. macha with the  c h r o m o s o m e s  of ' C h i n e s e  

S p r i n g '  ha s  not  r e v e a l e d  any  e x a m p l e s  of s i m i l a r i t y  

b e t w e e n  the  p a i r s .  

T. ~eor~icum. The l i n e a r  d i f f e r e n t i a t i o n  of the  

s e v e n  c h r o m o s o m e s  ( F i g .  2 ) ,  abundan t  in  h e t e r o c h r o -  

m a t i n  ( l  to 3,  5, 8 to I0)  p r o v e d  to be r a t h e r  s i m i l a r  

to tha t  of the  c o r r e s p o n d i n g  c h r o m o s o m e s  of T. a e s t i -  

rum, v a r .  ' D i a m a n t '  ( I o r d a n s k y  et ell. 1977) .  Some  

d i f f e r e n c e s  b e t w e e n  the  T. georgicwn and T. aestivum 

h o m e o l o g u e s  a r e  m o s t  obv ious  when the  i d i o g r a m s  a r e  

c o m p a r e d ;  they l ie  in  the  r e g i o n s  Iq23 ,  2 p l l  and 3 q l l .  

D i f f e r e n c e s  b e t w e e n  s o m e  o t h e r  r e g i o n s  a r e  l e s s  s i g n i -  

f i can t  and dot not  p r e v e n t  e s t a b l i s h i n g  i n t e r s p e c i f i c  

h o m e o l o g y  of the  above  c h r o m o s o m e s .  The o t h e r  s e v e n  

c h r o m o s o m e s ,  of which c h r o m o s o m e s  4 and 14 a r e  

d i s t i n g u i s h e d  by the  d e n s e l y  s t a i n e d  i n t e r c a l a r y  r e -  

g ions ,  do not  show any n o t i c e a b l e  s i m i l a r i t y  with t hose  

of T. aestivum, v a r .  ' D i a m a n t ' .  The c o m p a r i s o n  with 

the  k a r y o t y p e  of T. aestivum, v a r .  ' C h i n e s e  S p r i n g '  

r e v e a l s  s i m i l a r i t y  b e tw een  c h r o m o s o m e s  I to 3, 5 and 

8 to I0 ,  a l though  not  so  g r e a t  a s  with  r e s p e c t i v e  c h r o -  

m o s o m e s  of the  ' D i a m a n t '  v a r i e t y .  This  can  be  a c -  

coun ted  for  by the h i g h e r  h e t e r o c h r o m a t i n  amoun t  in  

the  ' C h i n e s e  S p r i n g '  k a r y o t y p e .  

Among  the  c h r o m o s o m e s  s p e c i f i c  to T. georgicum, 

c h r o m o s o m e s  6 and  14 m a n i f e s t  s i m i l a r i t y  with r e s -  

p e c t i v e  c h r o m o s o m e s  of ' C h i n e s e  S p r i n g ' .  

A n u m b e r  of T. georgicum c h r o m o s o m e s  a r e  a l so  

s i m i l a r  to t hose  of T. macha, in  the  f i r s t  p l a c e ,  the  

above  s e v e n  c h r o m o s o m e s  ( I  to 3,  5, 8 to I0)  a r e  s i -  

m i l a r  to t h o s e  of T. aestivum and c h r o m o s o m e  14 i s  

m o r p h o l o g i c a l l y  s i m i l a r  to c h r o m o s o m e  14 of T. macha. 
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F i g .  2 . a )  I d i o g r a m  of t he  d i f f e r e n t i a l l y  s t a i n e d  c h r o m o s o -  
r u e s  of  T. georgicum b)  D i f f e r e n t i a l l y  s t a i n e d  c h r o m o s o -  
m e s  
K a r y o t y p e  of  T. georgicum 

1 2 3 4 5 6 7 

9 9 10 11 lZ 13 14 

F i g .  3 . a )  I d i o g r a m  of  t he  d i f f e r e n t i a l l y  s t a i n e d  c h r o m o s o -  
rue s  of T. timopheevi b)  D i f f e r e n t i a l l y  s t a i n e d  c h r o m o -  
s o m e s  
Karyotype of T. timopheevi 

1 2 3 4 5 6 7 

8 9 10 11 12 13 1~ 

H o m e o l o g y  b e t w e e n  c h r o m o s o m e s  7 ,  11 a n d  12 of T. 

georgicum a n d  4 ,  13 a n d  16 of  T. macha, r e s p e c t i v e l y ,  

i s  no t  r u l e d  o u t .  

T. timoFheevi. The d i f f e r e n t i a l  s t a i n  of  the  k a r y o -  

t y p e  d i f f e r s  n o t i c e a b l y  f r o m  t h a t  of  the  e n d e m i c  s p e -  

c i e s  d e s c r i b e d  a b o v e  a n d  f r o m  T. aestivum, v a t .  

' D i a m a n t  ' in  v e r y  l a r g e  b l o c k s  of  h e t e r o c h r o m a t i n  

o c c u r r i n g  in  s e v e r a l  c h r o m o s o m e s  a n d  h a v i n g  d i f f e r -  

en t  l o c a l i z a t i o n  c o m p a r e d  w i th  k n o w n  w h e a t  c h r o m o -  

s o m e s  ( F i g . 3 ) .  A s  a r e s u l t ,  i t  i s  m o r e  d i f f i c u l t  to  

e s t a b l i s h  t h e  h o m e o l o g y  b u t  e a s i e r  to  i d e n t i f y  c h r o m o -  

s o m e s  w i t h i n  t h e  k a r y o t y p e .  
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Table  1. C o m p a r i s o n  of c h r o m o s o m e  t y p e s  in  the  s p e c i e s  and  v a r i e t i e s  s t u d i e d  

G e n e r a l  c y t o l o g i c a l  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
1 n o m e n c l a t u r e  of  c e -  

r e a l  c h r o m o s o m e s  

2 G e n e t i c  n o m e n c l a t u r e  1B 2B 6B 4A 5B 6A 3B* 

3 S p e c i e s  T. aestivum v .  ' D i a m a n t '  

T. aestivum 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 4 
v .  ' D i a m a n t  

5 T. aes t i vum 1 2 3 5 8 9 10 11 12 
v .  ' C h i n e s e  S p r i n g '  

6 T. macha 1 2 3 5 8 9 10 11 12 
7 T. georgicum 1 2 3 5 8 9 10 
8 T. timopheevi 1 2 3 5 8 9 11 
9 T. dicoccum 1 2 3 5 8 9 10 11 12 

10 T. durv~ 1 2 3 5 8 9 10 11 12 
11 T. c a r t h l i c u m  1 2 3 5 8 9 10 11 12 
12 Ae. speltoides 
13 Ae. squarrosa 

Secale cereale 
14 v .  ' Z h i t k i n s k a y a  
15 Triticale ' F - 1 2 3 9 '  1 2 3 5 
16 Triticale 'AD 196 '  2 5 

T. aestivum 
17 'Aurora' 

9 10 11 12 
9 10 11 12 8 

2 3 5 8 9 10 11 12 13 17 21 

G e n e r a l  c y t o l o g i c a l  50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 
1 n o m e n c l a t u r e  of c e -  

r e a l  c h r o m o s o m e s  

2 G e n e t i c  n o m e n c l a t u r e  

3 Species T. timopheevi T. dicocc~n T. durum Ae. speltoides 

T. aestivum 4 6 7 10 12 14 4 6 7 13 4 6 13 1 2 3 4 5 6 7 2 
v .  ' D i a m a n t '  
T. aestivum 
v .  ' C h i n e s e  S p r i n g '  
T. macha 
T. georgicum 
T. timopheevi 
T. dicoccum 
T. durum 7 
T. carthlicum 7 
Ae. speltoides 
Ae. squarrosa 
Secale cereale 
v. 'Zhitkinskaya' 
rriticale 'F-1239 ' 8* 
Triticale 'AD 196 '  3 
T. aestivum 
v. ' Aurora ' 

4 

5 

6 
7 
8 
9 

10 
11 
12 

13 

14 
15 
16 

17 

The chromosomes of each species are compared in succession with the chromosomes of all previous 
ple, out of 14 pairs of T. georgicum, chromosomes 7 (1,2,3,5,8,9 and I0) are similar to the cor- 
14 of the ' Chinese Spring ' variety. Among the remaining 5 chromosomes one (4) is similar to chro- 
and 13) do not show similarity with either chromosome of the species studied. The horizontal line I 
Kimber, 1974a,b). The vertical lines contain numbers of morphologically similar chromosomes. 
cal Nomenclature of Cereal Chromosomes (I horizontal line). 
* - the similarity of this chromosome with the corresponding chromosome in the 4th horizontal line 

Nevertheless, we may speak, with some probabil- 

ity, about the homeology between six chromosomes of 

T. timopheevi ( 1 , 2 , 5 , 8 , 9 , 1 1 )  and t h o s e  of  T. aesti- 

VUm, v a r .  ' D i a m a n t ' ,  the  p r o b a b i l i t y  b e i n g  the  h i g h e s t  

with respect to chromosome 5. 

The other nine T. timopheevi chromosomes are 

unique if compared to the 'Diamant' karyotype. The 

similarity pattern of the first six chromosomes with 
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22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 

7D 1D* 4B* 4D* 

T. aestivum v. ' C h i n e s e  S p r i n g '  T. macha T. georgicum 

4 6 7 13 14 15 16 17 18 19 20 21 4 6 7 13 15 16 17 18 19 20 21 4 6 7 11 12 13 

14 
6* 14 

6,,~ 

1 

13 6 ~ 3 
14 
14 13 ~ 4 ~ 
14 13 ~ 4 

7* 3* 4 

6~ 

14 6 
7 ~ 14 ~ 1 6 

19 ~ 18 ~ 4 

67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 

1R 2 R ~ 3 R 4 R  5R 6R 7R 

Ae. 8quarrosa S. cereale ' F - 1 2 3 9 '  ' A D - 1 9 6 '  T. aestivum v .  ' A u r o r a '  
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s p e c i e s .  In t he  h o r i z o n t a l  l i ne  4 only  t h o s e  c h r o m o s o m e s  a r e  m a r k e d  tha t  w e r e  no t  d e t e c t e d  e a r l i e r .  F o r  e x a m -  
r e s p o n d i n g  o n e s  in  t he  ' D i a m a n t '  v a r i e t y  of  c o m m o n  w h e a t  and  2 (6 and  14) a r e  s i m i l a r  to  c h r o m o s o m e s  6 and  
m o s o m e  3 of T~ timopheevi and  the  o t h e r  (7)  to c h r o m o s o m e  6 of  T. dicoccum. T h r e e  c h r o m o s o m e s  ( 1 1 ,  12 
i s  an  e n t i r e  e n u m e r a t i o n  of o r i g i n a l  c h r o m o s o m e s  of  a l l  s p e c i e s .  Line  2 i s  a g e n e t i c  n o m e n c l a t u r e  (Gi l l  a n d  
The c h r o m o s o m e s  w h o s e  m o r p h o l o g i c a l  s p e c i f i c i t y  g i v e s  r i s e  to  doub t  a r e  not  i n c l u d e d  in t he  G e n e r a l  C y t o l o g i -  

g i v e s  r i s e  to  doub t .  

t h o s e  of  ' C h i n e s e  S p r i n g '  i s  n e a r l y  t he  s a m e  a s  wi th  

' D i a m a n t ' ;  a m o n g  the  s p e c i f i c  c h r o m o s o m e s  of  T. 

timopheevi only  c h r o m o s o m e  13 s h o w s  s i m i l a r i t y  with 

c h r o m o s o m e  16 of  ' C h i n e s e  S p r i n g '  

C h r o m o s o m e s  3,  4,  7 ,  10, 12 to 14 o f T .  timopheevi 

e x h i b i t  no s i m i l a r i t y  wi th  t h o s e  of  T. macha. One c a n  

s u p p o s e  wi th  s o m e  c e r t a i n t y  the  h o m e o l o g y  b e t w e e n  

c h r o m o s o m e  6 of  T. t~nopheevi and  c h r o m o s o m e  13 
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F i g . 4 . a )  Id iog ram of the d i f f e ren t i a l ly  s ta ined  c h r o m o s o -  
mes  of T. dieoceum b) Di f f e ren t i a l ly  s ta ined c h r o m o s o -  
mes  
Karyotype  of T. dlcoacum 

1 Z 3 4 5 6 7 

9 9 10 11 12 13 14 

F i g .  5 .a )  Id iog ram of the d i f f e ren t i a l ly  s ta ined c h r o m o s o -  
m e s  of T. c a r t h l i c w n  b) Di f f e ren t i a l ly  s ta ined c h r o m o s o -  
mes  
Karyotype of T. c a r t h l i e w n  

1 2 3 4 5 6 7 

8 9 10 11 12 13 1/, 

of T. macha. The s i m i l a r i t y  of T. t imopheevi  c h r o m o -  

s o m e s  with those of o ther  spec i e s  a r e  shown in Table 1. 

T. dicoccum. In t e r m s  of total  h e t e r o c h r e m a t i n  the 

c h r o m o s o m e s  of this  spec i e s  l ie  half  way between T. 

t imopheevi  and T. aes t ivum of the ' C h i n e s e  Sp r ing '  

v a r i e t y  ( F i g . 4 ) .  Nine c h r o m o s o m e  pa i r s  (1 to 3, 5, 

8 to 12) a r e  s i m i l a r  to those  of the ' D i a m a n t '  v a r i e t y .  

C h r o m o s o m e  14 is  s i m i l a r  to that of ' C h i n e s e  Sp r ing '  

and T. gevrgicum, and only four c h r o m o s o m e s  ( 4 , 6 ,  

7 ,13)  p roved  to be unique in T. dicoccum. Other  c a s e s  

of i n t e r s p e c i f i c  s i m i l a r i t y  a r e  shown in Table 1. 

T. car th l i cum and T. durum. The karyotypic  simil- 

arity of these  s p e c i e s  i s  so high that the i r  c h r o m o -  

s o m e s  can be r igh t fu l ly  ana lysed  toge ther  ( F i g s .  5 , 6 ) .  
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F i g .  6. a) I d i o g r a m  of the d i f f e r en t i a l l y  s ta ined c h r o m o s o -  
m e s  of T. durum b) D i f f e r en t i a l l y  s ta ined  c h r o m o s o m e s  
Karyotype  of  T. durum 

1 2 3 4 5 6 ? 

B 9 10 11 12 13 1~. 

F e w  no t iceab le  d i f f e r e n c e s  a r e  o b s e r v e d  in the r e g i o n s  

Iq13,  2p24, 4q12, 5q77, 8q22 and 9p22 and a l so  in 

c h r o m o s o m e  6. 

Nine c h r o m o s o m e s  of these  s p e c i e s  (1 to 3, 5, 8 

to 12) show c e r t a i n  s i m i l a r i t i e s  with those  of T. aes -  

t ivum, v a r .  ' D i a m a n t '  and 'Ch inese  Sp r ing '  and two 

T. durum c h r o m o s o m e s  (6 ,14)  a r e  s i m i l a r  to the r e s -  

pec t ive  c h r o m o s o m e s  of ' C h i n e s e  S p r i n g ' .  C h r o m o -  

s o m e  6 of T. c a r t h l i c u m  i s  s i m i l a r  to that of T. geor -  

gieum. C h r o m o s o m e  7 of these  s p e c i e s  i s  s i m i l a r  to 

that of T. dicoceum. Thus c o m p a r e d  with the ka ryo types  

of the o the r  s p e c i e s  s tudied ,  T. aar th l i cum and T. durum 

contain only two (4 and 13) unique c h r o m o s o m e s .  

In t e rphase  nuc le i .  The s t r u c t u r e  of the i n t e rphase  

nucle i  in the BSG sta ined p r e p a r a t i o n s  r e f l e c t s  c l e a r l y  

the d i f f e r e n c e s  be tween wheat v a r i e t i e s  in the h e t e r -  

o c h r o m a t i n  content  in the c h r o m o s o m e s  ( F i g . 7 ) .  Thus 

in T. t imopheev i ,  p a r t i c u l a r l y  r i c h  in h e t e r o c h r o m a t i n ,  

the nucle i  d i f fer  g r ea t l y  f r o m  those of T. macha, T. 

georgicum, T. carthlicum and T. durum in the l a r g e  

number  of big,  dense ly  s ta ined c h r o m o c e n t r e s ;  in the 

s ize  of the c h r o m o c e n t r e s ,  T. dicoccum nucle i  occupy 

an i n t e r m e d i a t e  posi t ion be tween those  of T. timopheevi 

and the l a t t e r  four  s p e c i e s .  

D i scus s ion  

With the material analysed a complete karyological 

picture of the genus Triticum cannot be built up. This 

would require knowledge of the linear differentiation 

of chromosomes not only of many species but also of 

a great number of varieties and forms which might be 

expected to have a wide diversity of structurally uni- 

que chromosomes and variants of known chromosomes. 

Without this we cannot reconstruct the general scheme 

of the phylogenetic relationships between Triticum spe- 

cies, although the methods of analysis of linear chro- 

mosome differentiation in themselves are highly pro- 

mising. 

At the same time the results of studies of the dif- 

ferentially stained karyotypes of II species and varie- 

ties of Triticum and Aegilops (together with those pub- 

lished earlier-Iordansky et al. 1977) indicate some 
specific features of the evolution of polyploid wheat 

chromosomes. 

First of all, there is no morphological similarity 

between the chromosomes of the supposed diploid an- 

cestors of wheats (T. monococc~n, Ae. speltoides, Ae. 

squarrosa ) and of the polyploid s p e c i e s  s tudied .  As 

seen  f r o m  the c o m p a r i s o n  of the ka ryo types ,  the c h r o -  



208 Theor .  Appl.  Genet .  51 (1978) 

F i g . 7 .  D i f f e r en t i a l l y  s ta ined in t e rphase  nuclei  
A -  T. macha; D -  T. georgicum; C -  T. timopheevi; 
D - T. dicoccum; E - T. carthlicum; F - T. durum 

m o s o m e s  of polyploid s p e c i e s ,  poor  in h e t e r o c h r o m a -  

t in ,  may ten ta t ive ly  be a s c r i b e d  to A genome and the 

r e s t  to B and D genomes  p roceed ing  f r o m  gene ra l  con-  

s ide ra t i on  (without  ident i f ica t ion  and karyotyping)  of 

the d i f f e ren t i a l ly  s ta ined metaphase  p la tes  (Na ta ra j an  

and Sa rma  1974).  Only four  c h r o m o s o m e s  of Ae. s q u a t -  

r o s a  a re  the except ion;  t h ree  of these  exhibi t  s i m i l a r -  

i ty with T. a e s t i v u m ,  v a r .  'Ch inese  Sp r ing '  and one 

with T. maeha (Table 1).  

This marked  d i f f e rence  between diploids  and poly-  

ploids  may be due to both d ive rgence  in the c h r o m o -  

s o m e  s t r u c t u r e  (Kostov 1940) and i n t r o g r e s s i o n  ( I o r -  

dansky et  a l .  1977). The fact  that many f o r m s  within 

each  diploid s p e c i e s  of Triticum and  Aegilops have 

not beeen  ana lysed  yet  may a l so  be r e l e v a n t .  

Another  spec i f i c  f ea tu re  of polyploid wheat k a r y o -  

types  s tudied is  d i f fer ing  h e t e r o c h r o m a t i n  content .  It 

is  h ighest  in T. t i m o p h e e v i a n d  T. a e s t i v ~ ,  v a r .  ' C h i -  

nese  Sp r ing '  and somewhat  lower  in T. d ieoccwn.  

In T. t i m o p h e e v i  the c h r o m o s o m e s  r i c h  in h e t e r o -  

c h r o m a t i n  ( 1 , 2 , 5 , 8 , 9 , 1 1  and 13) have  a spec i f i c  uni -  

que d i s t r ibu t ion  of dense ly  s ta ined r eg ions  so it is  

r a t h e r  diff icul t  to e s t ab l i sh  the i r  morpholog ic  h o m e o -  

logy,  the karyotype  as  a whole being quite o r ig ina l .  

Since c h r o m o s o m e s  of T. monococcum (A genome)  a r e  

poor  in h e t e r o c h r o m a t i n ,  they may be supposed to b e -  

long to the second genome whose d i s t inc t ion  f r o m  the 

B genome of a ma jo r i t y  of o ther  polyploid wheats has 

been r e p o r t e d  by many au thors  (Li l ienfeld  and Kihara  

1934; Sve toza rova  1939; Kostov 1940; Sachs 1953). 

Our p r e l i m i n a r y  data a r e  ind ica t ive  of cons ide r ab l e  

s i m i l a r i t y  of the T. t i m o p h e e v i  karyotype  only with that 

of T. araraticum, which is  borne  out by e a r l i e r  s tud ies  

(Sve toza rova  1939; Menabde and Yer i t syan  1942; Mac 

Key 1966). 

In v i ew of the unique s t r u c t u r e  of T. t i m o p h e e v i  

c h r o m o s o m e s ,  we support  the opinion that this  s p e c i e s  

had i ts  individual  genes i s  and f o r m e d  a seconda ry  

branch  of wheat evolut ion not involved  in the deve lop -  

ment  of c o m m o n  wheat (Zhukovsky 1964; D e k a p r e l e -  

r i c h  1971). At the s a m e  t i m e ,  the concept  of the au-  

topolyploid o r ig in  of T. t i m o p h e e v i  f r o m  T. monoeoccum 

s e e m s  u n r e a l i s t i c  (Tumanyan 1939).  S e a r s  (1975) i s  

p r e s u m a b l y  r igh t  to sugges t  that  the weak synaps i s  in 

T. t i m o p h e e v i  and T. a e s t i v u m  c h r o m o s o m e s  can be 

due to the i r  s t r u c t u r a l  d i f f e r ences  and not to the p r e -  

sence  in the f o r m e r  of genes  favour ing  a s y n a p s i s ,  as  

was supposed by Wagenaar  (1966) .  

It can a l so  be r e m e m b e r e d  that ,  acco rd ing  to K o s -  

tov (1940) and Love (1941) ,  A genome of T. t i m o p h e e v i  

d i f fe r s  f r o m  that of c o n t e m p o r a r y  T. monococeum and 

polyploid wheats .  A c o m p a r i s o n  of the d i f f e ren t i a l ly  

s ta ined karyo types  suppor t s  this  v iewpoint .  

The sha rp  d i f f e r ence  be tween  the c h r o m o s o m e s  of 

T. a e s t i v u m ,  v a r .  ' C h i n e s e  Sp r ing '  and ' D i a m a n t '  

and ' A u r o r a '  ( Io rdansky  et a l .  1977) may be i n t e r -  

p r e t ed  in t e r m s  of the concept  of N . I .  Vavi lov  (1958) 

accord ing  to which the Chinese  v a r i e t i e s  of c o m m o n  
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w h e a t  m a y  b e  r e g a r d e d ,  in  v i e w  of t h e i r  m o r p h o - p h y -  

s i o l o g i c a l  p e c u l i a r i t i e s ,  a s  a s u b s p e c i e s  of  T. aesti- 

w~m. C o n c e i v a b l y ,  t he  C h i n e s e  v a r i e t i e s  b r a n c h e d  off  

f r o m  t h e  E u r o p e a n  g r o u p  v e r y  l ong  ago  a n d  b e t t e r  c o n -  

s e r v e d  t h e  c h r o m o s o m e s  of  d i p l o i d  a n c e s t o r s  in  t h i e r  

k a r y o t y p e ,  w h i c h  a c c o u n t s  f o r  t h e  s i m i l a r i t y  of  t h e  

t h r e e  c h r o m o s o m e s  of  Ae. squarrosa a n d  ' C h i n e s e  

S p r i n g ' .  

We f i nd  i t  d i f f i c u l t  to  e x p l a i n  t h e  p r e s e n c e  of a 

l a r g e  a m o u n t  of  c o n s t i t u t i v e  h e t e r o c h r o m a t i n  i n  the  

T. dicoce~w g e n o m e .  M a c  K ey  ( 1 9 6 8 )  i s  i n c l u d e d  to  

c o n s i d e r  T. dicocaum a s  a n  a n c e s t o r  of  a l l  o t h e r  c u l -  

t i v a t e d  e m m e r s  ( M a c  Key  1 9 6 8 ) ,  of  w h i c h  we h a v e  

s t u d i e d  o n l y  t h r e e .  I f  h e  i s  r i g h t  t h e n  i t  s h o u l d  b e  e x -  

p e c t e d  t h a t  a t  l e a s t  s o m e  c h r o m o s o m e s  of  T. georgi- 

c ~ ,  T. car thl ic~w o r  T. durum would  b e  s i m i l a r  to  

t h o s e  of T. dicocc~m i n  t he  t o t a l  h i g h  a m o u n t  of  h e t e r -  

o c h r o m a t i n .  Y e t  t h i s  i s  no t  t h e  c a s e ,  t he  on ly  s i m i l -  

a r i t y  b e i n g  m a n i f e s t e d  b y  s e v e r a l  c h r o m o s o m e s  i s  in  

t he  l o c a l i z a t i o n  of the  d e n s e l y  s t a i n e d  r e g i o n s .  T a k i n g  

i n t o  a c c o u n t  on ly  the  t o t a l  h e t e r o c h r o m a t i n  c o n t e n t ,  

i t  s e e m s  t h a t  T. d i c o c ~  i s  m o r e  c l o s e l y  r e l a t e d  to 

T. t ~ o p h e e v i  t h a n  to t h e  a b o v e  s p e c i e s .  U n f o r t u n a t e l y ,  

t h e  g e n e r a l  l a w s  of  h e t e r o c h r o m a t i n  e v o l u t i o n  a n d  i t s  

a d a p t i v e  r o l e  r e m a i n  l a r g e l y  u n e x p l o r e d  ( C h u k s a n o v a  

1971)  a n d  c a n n o t  h e l p  in  t h i s  s t u d y .  

A t h i r d  s p e c i f i c  f e a t u r e  of  t h e  e v o l u t i o n  of  w h e a t  

k a r y o t y p e s  s t u d i e d  i s  r e v e a l e d  b y  t he  g e n e r a l  c o m p a r -  

i s o n  of t h e  c h r o m o s o m e  s t r u c t u r e  ( T a b l e  1 ) .  I t  t u r n e d  

out  t h a t  t he  k a r y o t y p e  of  e a c h  p o l y p l o i d  w h e a t  s p e c i e s  

a n d  v a r i e t y  c o n s i s t s  of  two r a t h e r  c l e a r c u t  g r o u p s  of 

c h r o m o s o m e s .  

The f i r s t  one  i n c l u d e s  t e n  c h r o m o s o m e s  c o m m o n  to 

a l m o s t  a l l  p o l y p l o i d  s p e c i e s .  In  s p i t e  of s o m e  s t r u c -  

t u r a l  d i f f e r e n c e s  t h e i r  m o r p h o l o g i c a l  h o m o l o g y i s  s t i l l  

u n d o u b t e d .  The s e c o n d  one  c o v e r s  a l l  r e m a i n i n g  c h r o -  

m o s o m e s  t h a t  a r e  e i t h e r  f u l l y  s p e c i f i c  to  a s p e c i e s  o r  

v a r i e t y  o r  o c c u r  in  f e w  s p e c i e s .  We s h a l l  c a l l  t h e  c h r o -  

m o s o m e s  of t he  f i r s t  g r o u p  " c o n s t a n t "  and  t h e  c h r o -  

m o s o m e s  of  t he  s e c o n d  o n e  " v a r i a b l e . "  

T h i s  s p e c i f i c  f e a t u r e  of p o l y p l o i d  w h e a t  k a r y o t y p e s  

d i c t a t e s  t he  n e c e s s i t y  of c o n s t r u c t i n g  t h e  G e n e r a l  C y -  

t o l o g i c a l  N o m e n c l a t u r e  of  C e r e a l  C h r o m o s o m e s  (GC 

N C C )  to c o v e r  a l l  i d e n t i f i e d  c h r o m o s o m e s  of  o r i g i n a l  

s t r u c t u r e  in  w h e a t s  a n d  o t h e r  c e r e a l s  c r o s s e d  w i th  

t h e m ,  no  m a t t e r  wha t  s p e c i e s  o r  v a r i e t y  t h e y  w e r e  

f i r s t  f ound  i n .  

Such  a n o m e n c l a t u r e  i s  e x e m p l i f i e d  in  t h e  f i r s t  

h o r i z o n t a l  l i n e  of  T a b l e  1 c o n t a i n i n g  a s  m a n y  a s  75 

c h r o m o s o m e s ,  a g a i n s t  21 in  S e a r s '  g e n e t i c  n o m e n -  

c l a t u r e  ( 1 9 5 4 ) .  I t  i s  a l s o  s e e n  f r o m  T a b l e  1,  t h a t ,  

a c c o r i n g  to G C N C C ,  c h r o m o s o m e s  1, 2 ,  3 ,  5 ,  8,  9 ,  

10,  11,  12 a n d  26 m a y  b e  c l a s s e d  a s  " c o n s t a n t " .  

D e s p i t e  t he  w o r k  of  G i l l  a n d  K i m b e r  ( 1 9 7 4 b ) ,  t he  

r e l a t i o n s h i p  b e t w e e n  t he  g e n e t i c  n o m e n c l a t u r e  a n d  

G C N C C  i s  f a r  f r o m  b e i n g  c l e a r  y e t .  In  t he  c o m i n g  

y e a r s  a m u c h  w i d e r  s c o p e  of  i n v e s t i g a t i o n s  of  d i f f e r -  

e n t i a l  s t a i n i n g  m a y  b e  e x p e c t e d ,  a n d  a n  i n c r e a s e  of  

t h e  n u m b e r  of  s t r u c t u r a l l y  o r i g i n a l  c h r o m o s o m e s  of  

w h e a t s  a n d  r e l a t e d  c e r e a l s  up  to  300 to 500 wi l l  e n s u e .  

Of p a r t i c u l a r  i n t e r e s t  wi l l  b e  t h e  i n v e s t i g a t i o n s  of  

m o n o s o m i c s  of c o m m o n  w h e a t  v a r i e t i e s ,  f o r  t h e y  wi l l  

a l l o w  i d e n t i f i c a t i o n  of  s t r u c t u r a l  v a r i a n t s  of  e a c h  of  

t he  21 g e n e t i c a l l y  o r i g i n a l  c h r o m o s o m e s  a n d  wi l l  p o s -  

s i b l y  o p e n  t he  way f o r  s u b d i v i d i n g  a l l  " v a r i a b l e "  c h r o -  

m o s o m e s  i n to  e l e v e n  g r o u p s ,  g e n e t i c a l l y  h o m e o l o g i c  

bu t  m o r p h o l o g i c a l l y  d i f f e r e n t .  

A p p a r e n t l y ,  h o m e o l o g y  b e t w e e n  c h r o m o s o m e s  

w i t h i n  e a c h  h a p l o i d  g e n o m e  a n d  b e t w e e n  c h r o m o s o m e s  

of d i f f e r e n t  g e n o m e s  of  p o l y p l o i d  s p e c i e s  h a s  p r o v i d e d  

f o r  c o n s i d e r a b l e  i n t e r s p e c i f i c  c h r o m o s o m e  s u b s t i t u -  

t i o n  in  t h e  c o u r s e  of  c o n t i n u o u s  i n t r o g r e s s i o n  in  Tr~J- 

t i c ~  a n d  Aegilops.  C h r o m o s o m e  d i l u t i o n  of g e n o m e s  

o c c u r s  a t  a l l  l e v e l s  of  p l o i d y  bu t  i s  m o s t  i n t e n s i v e  in  

c u l t i v a t e d  p o l y p l o i d  f o r m s .  K a r y o t y p e  d i v e r g e n c e  of  

d i p l o i d  a n d  p o l y p l o i d  s p e c i e s  c a u s e d  by  i n t r o g r e s s i o n  

h a s  b e e n  s o  e x t e n s i v e  t h a t  a s e a r c h  fo r  wi ld  d i p l o i d  

a n c e s t o r s  of  c o n t e m p o r a r y  w h e a t s  in  t h e  e x i s t i n g  f l o r a  

would  b e  q u i t e  h o p e l e s s .  A t  a p o l y p l o i d  l e v e l  t he  d i -  

v e r g e n c e  has not been so crucial. Ten "constant" chro- 

mosomes of most polyploid species are, evidently, of 

the same origin, belonging to the polyploid wheatpre- 

karyotype, and six "constant" chromosomes of T. ti- 

mopheevi (and T. a~aratic~?) have retained the fea- 

tures of another ancient prekaryotype related but not 

identical to the first one. Currently, on the basis of 

chromosome analysis, we can accept as a rough scheme 

a biphyletic origin of tetraploid wheats, which, ingen- 

eral terms, is consistent with the ideas of Mac Key 

(1966, 1968), 

U n l i k e  the  " c o n s t a n t " ,  t h e  " v a r i a b l e "  c h r o m o s o m e s  

r e f l e c t  u n k n o w n  s t a g e s  of  t he  i n t r o g r e s s i v e  k a r y o t y p e  

e v o l u t i o n  of w h e a t  s p e c i e s  and  v a r i e t i e s  a n d  i n  t he  fu -  

t u r e  t h e y  m a y  g i v e  t he  k e y  to u n d e r s t a n d i n g  t h e i r  p h y -  
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logeny.  It i s  noteworthy that t he r e  i s  a l m o s t  full s i -  

m i l a r i t y  of " v a r i a b l e "  c h r o m o s o m e s  in T. carthlicum 

and T. durum ka ryo types  which may be only due to the 

c o m m o n  o r ig in .  

It may be an t ic ipa ted  that wider  inves t iga t ions  into 

l i n e a r  d i f fe ren t ia t ion  of c e r e a l  c h r o m o s o m e s  and the 

cons t ruc t ion  of the i r  s t andard  n o m e n c l a t u r e  will en -  

hance cons ide r ab ly  our  knowledge of the phylogeny of 

wheats and other  cu l t iva ted  p lan ts .  
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