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III. Rye, Triticale and 'Aurora' Variety 
A . B .  Iordansky ,  T . G .  Zu rab i shv i l i  and N . S .  Badaev  
Al l -Union  Ins t i tu te  of Appl ied Molecu la r  Biology and Gene t i c s ,  VASKHNIL; Ins t i tu te  of M o l e c u l a r  Biology,  
USSR Academy of S c i e n c e s ,  Moscow (USSR) 

S u m m a r y .  The BSG tes t  was used  in an inves t iga t ion  of the l inea r  d i f fe ren t ia t ion  in r y e  v a r i e t y '  Zh i tk inskaya ' ,  
c o m m o n  wheat va r i e t y  ' A u r o r a '  and two seconda ry  T r i t i c a l e  namely  AD-196 and F -1239 .  

C h r o m o s o m e s  of ' A u r o r a '  v a r i e t y  and wheat c h r o m o s o m e s  within T r i t i c a l e  may be eas i ly  divided into 
"cons tan t "  and " v a r i a b l e "  c h r o m o s o m e s  as d e s c r i b e d  p r e v i o u s l y  ( Iordansky et a l .  1977; Zu rab i shv i l i  et a l .  
1977).  

It is n e c e s s a r y  to e m p h a s i z e  that the d i v e r s i t y  of " v a r i a b l e "  c h r o m o s o m e s  u n d e r l i e s  ka ryo typ ica l  po ly-  
m o r p h i s m  within wheat  and Tr i t i c a l e  s p e c i e s .  The p o l y m o r p h i s m  o b s e r v e d  ex i s t s  in p a r a l l e l  with s t r i c t  homo-  
m o r p h i s m  of homologous  c h r o m o s o m e s .  

In IB c h r o m o s o m e s  of ' A u r o r a '  v a r i e t y ,  the shor t  a r m  is  subs t i tu ted  by the r y e  c h r o m o s o m e  a r m .  The 
ka ryo type  of T r i t i c a l e  AD-196 c o n s i s t s  of s ix  p a i r s  of  r y e  c h r o m o s o m e s  and f i f teen p a i r s  of  wheat  c h r o m o -  
s o m e s .  
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In t roduct ion  

Ident i f ica t ion  and m o r e  de ta i led  morpho log ica l  i n v e s t i -  

gat ions of wheat c h r o m o s o m e s  by means  of the BSG 

tes t  opens up new p r o s p e c t s  not only for  phylogene t ic  

s tud ies  (Zu rab i shv i l i  et a l .  1974; Gill and K i m b e r  

1974; Iordansky et a l .  1977; Zurab i shv i l i  et  a l .  1977) 

but a l so  for  unders tand ing  the m e c h a n i s m s  of a p p e a r -  

ance and s t ab i l i za t ion  of ka rye types  (and genomes )  in 

c omp lex  s p e c i e s  and gene ra  hybr ids .  

Of p a r t i c u l a r  i n t e r e s t  and p r a c t i c a l  i m p o r t a n c e  in 

this  r e s p e c t  is  a study of s econda ry  T r i t i c a l e s  de r i ved  

f rom two wheat and one r y e  s p e c i e s ,  as  well  as  of 

those  v a r i e t i e s  in which comple t e  or  pa r t i a l  subs t i tu -  

t ion of a wheat for  a r y e  c h r o m o s o m e  is  expec ted  on 

the bas i s  of gene t ic  data .  

A d i f fe ren t ia l  s ta in ing  technique has  been r e p e a t e d -  

ly u sed  for  the c h r o m o s o m a l  ana lys i s  o f T r i t i c a l e  ( M e r -  

ke r  1973, 1973a, 1975), T r i t i c a l e  wheat hybr ids  ( M e r -  

ke r  1975) and al so of wheats  with r y e -  subs t i tu ted  c h r o -  

m o s o m e s  (Bennet  and Smith 1975).  Yet in al l  those  

s tud ie s ,  the au thors  confined t h e m s e l v e s  to iden t i f i ca -  

tion of r y e  c h r o m o s o m e s  without karyotyping wheat 

c h r o m o s o m e s ,  which could net be a f forded  b e c a u s e  of 

the i r  insuff ic ient  l i nea r  d i f fe ren t ia t ion  in the s a m p l e s .  

F o r  this  r e a s o n  Bennet  and Smith in the above-  

ment ioned  work with ' A u r o r a '  and  ' Caucasus  ' v a r i e -  

t ies  could only con f i rm  expec ted  t r a n s l o c a t i o n  be-  

tween r y e  and wheat but could not identify the wheat 

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

A p a r a l l e l  examina t ion  of r y e  c h r o m o s o m e s  is  

n e c e s s a r y  for  a ka ryo log ic  study of T r i t i c a l e  c h r o m o -  

s o m e s .  In mos t  publ i shed  works ,  the pa t t e r n  of l i nea r  

d i f fe ren t ia t ion  v a r i e s  cons ide rab ly  (Shmargon  1938; 

Schapova 1974; V e r m a  and R e e s  1974; Gill  and K i m -  

ber  1974a) due to d i f f e r enc i e s  in the s ta in ing  p r o c e -  

dure  or  modi f ica t ions  of o ther  t echn iques .  This makes  

the c o m p a r i s o n  of the r e s u l t s  e s p e c i a l l y  d i f f icul t .  In 

addit ion,  the r y e  c h r o m o s o m e s  w e r e  shown to be 

r a t h e r  po lymorphous  in the h e t e r o c h r o m a t i n  l o c a l i z a -  

tion (Weimarck  1975).  

In view of the g rea t  p r a c t i c a l  i m p o r t a n c e  of the 

c h r o m o s o m a l  ana lys i s  of dis tant  hybr ids  and v a r i e -  

t ies  of wheat ,  we have  used  the BSG tes t  to study 

l i nea r  d i f fe ren t ia t ion  p a t t e r n s  in c h r o m o s o m e  of r y e ,  

two seconda ry  T r i t i c a l e s ,  and the ' A u r o r a '  v a r i e t y  

in which the subs t i tu t ion  of an a r m  in one of the c h r o -  

m o s o m e s  was p r e s u m e d  ( Z e l l e r  1973 ; Met t in  et a l .  

1973).  
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Materials and Methods 

We used seeds of Secale cereale L., var. 'Zhitkinska- 
ya' and T. aestivum L., var. 'Aurora' as well as 
seeds of Triticale AD-196 and F-1239, obtained from 
Prof. A.F. Shulyndin ~the V.Y. Yuryev Institute of 
Plant Breeding and Genetics, Kh arkov, USSR). 

The techniques of sample preparation and of chro- 
mosomal analysis were described earlier (Iordansky 
et al. 1977). 

Results 

Secale cereale L., var. 'Zhitkinskaya' (Fig. l) 

Each pair of the chromosomes can be identified on the 

basis of the morphology and differential staining pat- 

terns. All the rye chromosomes have large blocks of 

telomeric heterochromatin, which in chromosomes 3 

and 4 are located on both arms. Centromeric hetero- 

chromatin, though much more weakly stained is ob- 

served in all the chromosomes. Small intercalary het- 

erochromatin bands are seen in chromosomes 1, 2, 3, 

5 and 6. No difference was found between the stain- 

ing patterns of homeologous chromosomes. 

The wheat chromosomes of the hybrid are much 

more difficult to analyze. The comparison of these 

chromosomes with chromosomes of all the species 

and varieties we have studied (see Zurabishvili et al. 

1967; Table I) makes it possible to single out a group 

of familar "constant" chromosomes (1, 2, 3, 5, 9, 

10, 11 and 12) and a "variable" group (4, 6, 7~ 8, 13 

and 14). 

Knowing that the hybrid originated from the com- 

mon and the durum wheats, we have carried out a 

more detailed comparison of the chromosomes of 

these species with those of Triticale F-1239. Unfor- 

tunately, we had not at our disposal the seeds of ori- 

ginal common or durum wheat variety, and this com- 

plicated the analysis considerably. 

Among the "constant" Triticale chromosomes a 

similarity has been found between chromosomes 2, 5, 

6 and 8 and T. durw~ chromosomes 2, 5, 4 and 7~ 

Fig. 1. Differentially stained chromosomes of Secale 
cereale L. var. 'Zhitkinskaya' 

Triticale F-1239 (Fig.2) 

This hybrid contains 7 pairs of rye chromosomes, 

6 of which (I, III, IV, V, VI and VII) are fairly sim- 

ilar to the corresponding chromosomes of the ' Zhit- 

kinskaya' variety. Only metacentric chromosome 

II, with large and equal in size telomeric regions, 

cannot be identified with any rye chromosome. In 

Triticale AD-196 such a chromosome also has not 

been found. 
F i g .  2. Di f fe ren t i a l ly  s ta ined  c h r o m o s o m e s  of T~ticale 
F -1239 
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respectively, while chromosome 9 is more similar 

to chromosome 9 of T.aestivum. 

Since homologous chromosomes I, 10, 11, 12 and 

14 in the original species are hard to distinguish, we 

failed to establish their exact origin in the hybrid. 

The short arm in chromosome 3 can be attributed 

to either T.aestivum or T. durum, while the origin of 

the long arm remains unclear. However, without the 

complete knowledge of the structural variability (poly- 

morphism) of the common and durum wheat chromo- 

somes we cannot state unequivocally the existence of 

translocations in these chromosomes. 

"Variable" chromosomes 6, 8 and 14 are found 

in T. durum; chromosome 14 occurs also in the 'Chi- 

nese Spring' variety. Wheat chromosomes 4 and 7 

are unique for the F-1239 and their origin is unknown. 

The important feature of the hybrid complement is 

that it is balanced; i.e., the homologous chromosomes 

are morphologically similar. 

Triticale A D - 1 9 6  

The well defined differentiation of the chromosomes 

of this hybrid facilitates identification of each pair of 

the chomosomes (Fig.3). The rye genome, unlike 

that of Triticale D-1239, is represented by 6 chro- 

mosome pairs that attract special attention in the chro- 

mosome complement of AD-196. It should be noted 

that the difference between the wheat chromosomes 

of the two hybrids has also been found: "constant" 

chromosomes i and 3 are absent in AD-196 which 

instead has two more "variab le" chromosomes. Only 

four pairs of chromosomes of rye were found to be 

similar in AD-196 and F-1239 (4, 5, 6 and, to ales- 

ser exten~, I) when the differential stalmng patterns 

were compared. When the karyotype of AD-196 was 

compared to those of the common and the durum wheat, 

it was found that chromosomes 3, 5, 8, 9 and 10 are 

similar to the durum wheat chromosomes; chromo- 

some 1 is similar to chromosome 4 of the common 

wheat var. 'Aurora'; chromosomes 13 and 14 are 

found in Triticale F-1239. Chromosomes 4, 6, 7 and 

15 are unique and their origin remains unknown. 

Fig. 3. Differentially stained chromosomes of Triticale 
AD-196 

the 'Diamant' variety chromosomes. As in the latter, 

the 'Aurora' chromosomes can be divided into two 

groups according to the amount of heterochromatin, 

(1, 2, 3, 5, 8, 9, 11 and 4, 6, 7, 10, 12-21) but in- 

dividual chromosomes in the two varieties differ con- 

siderably. Above all one should notice the absence of 

similarity between chromosomes 5, 6, 7, 14-16, 18- 

20 of the 'Aurora' variety to the corresponding chro- 

mosomes of  t h e  ' D i a m a n t ' .  C h r o m o s o m e  1 o f  t h e  

' A u r o r a '  a t t r a c t s  s p e c i a l  a t t e n t i o n  a m o n g  t h e  u n i q u e  

c h r o m o s o m e s :  i t s  s h o r t  a r m  w i th  l a r g e  t e l o m e r i c  h e t -  

e r o c h r o m a t i n  i s  s i m i l a r  to  t h e  s h o r t  a r m  of  c h r o m o -  

s o m e s  III a n d  VII o f  r y e  ( F i g . l ) ,  w h i l e  t h e  l ong  a r m  

i s  s i m i l a r  to t h e  l o n g  a r m  of  ' D i a m a n t  ' c h r o m o s o m e  1.  

T. aestivum L. v a r .  ' A u r o r a '  ( F i g s . 4  a n d  6) 

On t h e  b a s i s  of  t he  to t a l  c o n t e n t  a n d  d i s t r i b u t i o n  of  

h e t e r o c h r o m a t i n ,  t h e s e  c h r o m o s o m e s  a r e  s i m i l a r  to  

I n t e r p h a s e  N u c l e i  

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

clei of rye, Triticale and vat. 'Aurora' , as in other 
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Fig. 4. Differentially stained chromosomes of T, aestivum 
var. ' Aurora' Fig. 5. Differentially stained interphase nuclei A - 

Secale cereale B -  T r i t i c a l e  AD-196 
C - T. aestivum, var. 'Aurora' 

Rye chromocentres are shown by arrows 

species studied, is in a good agreement with the par- ~ ~ ~ ~ ~ ~ ~ 
ticularities of their chromosome structure (Fig. 5). 

There are few large chromocentres in rye nuclei 
differing strikingly from the numerous small chromo- 
centres of the common wheat. Therefore, parent chro- 
mocentres are easily distinguishable in Triticale. The 1 Z 3 4 5 6 7 
'Aurora' nuclei are particularly illustrative in this 
respect: twolargeryechromocentresareclearly ~ ~ ~ ~ ~ ~ ~ 
seen on the background of small wheat chromocentres 

As can be judged without resorting to the use of 
quantitative analysis, the relative location of rye chro- 
rnocentres is random--no nearing tendency was ob- 8 9 10 11 12 13 14 

served. 

Discussion 

A considerable amount of work has been devoted to the 
investigation of conventionally stained rye chromo- 

15 16 17 18 19 20 21 

F i g . 6 .  Id iogram of d i f f e ren t i a l ly  s t a ined  c h r o m o -  
s o m e s  of T. aestivum var. 'Aurora' 
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s o m e s  ( s e e  a r e v i e w  by  T u d o s e  1 9 7 0 ) .  N o w h e r e ,  h o w -  

e v e r ,  h a s  t h e  p o l y k a r y o g r a m  t e c h n i q u e  b e e n  u s e d  

( L e j e u n e  1965 ;  Z u r a b i s h v i l i  e t  a l .  1 9 7 4 ) ,  a n d  t h i s  

m a k e s  i t  i m p o s s i b l e  to  e v a l u a t e  t h e  v a l i d i t y  of  i d e n t i -  

f i c a t i o n  of  i n d i v i d u a l  c h r o m o s o m e s .  In a d d i t i o n ,  due  

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

t e c h n i q u e s  u s e d ,  t h e  h o m o l o g y  b e t w e e n  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  found  in  t h e  p u b l i c a t i o n s  of  d i f -  

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

gon  1938 ;  S a r m a  a n d  N a t a r a j a n  1973 ;  S c h a p e v a  1974 ;  

V e r m a  a n d  R e e s  1974 ;  Gi l l  a n d  K i m b e r  1 9 7 4 a ;  W e i -  

m a r k  1 9 7 5 ) .  We ,  t h e r e f o r e ,  g a v e  up  c o m p a r i n g  t h e  

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

t h e  c o m p a r i s o n  of  t h e  ' Z h i t k i n s k a y a '  v a r i e t y  c h r o m o -  

s o m e s  w i t h  t h o s e  of  t h e  ' I m p e r i a l '  v a r i e t y  ( G i l l  a n d  

K i m b e r  1 9 7 4 a ) .  T h i s  p e r m i t t e d  u s  to  e s t a b l i s h ,  w i th  

s u f f i c i e n t  r e l i a b i l i t y ,  t h e  h o m o l o g y  b e t w e e n  7 p a i r s  of  

c h r o m o s o m e s  of  t h e s e  v a r i e t i e s .  

L i t t l e  o r  no  d i f f e r e n c e  w a s  f o u n d  b e t w e e n  h o m o l o -  

gous  r y e  c h r o m o s o m e s  i n  t h e  ' Z h i t k i n s k a y a '  v a r i e t y  

a n d  in  t h e  k a r y o t y p e s  of  T r i t i c a l e  s t u d i e d .  C h r o m o -  

s o m e I I I i n  A D - 1 9 6  a n d  c h r o m o s o m e  II in  F - 1 2 3 9  

w e r e  s o  m o r p h o l o g i c a l l y  o r i g i n a l  t h a t  i t  w a s  i m p o s -  

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

c h r o m o s o m e  s i m i l a r  to  t h o s e  f o u n d  by  W e i m a r c k  

( W e i m a r c k  1 9 7 5 ) .  H e n c e ,  b a s e d  on  t h e  m a t e r i a l  s t u -  

d i e d ,  n e i t h e r  p o l y m o r p h i s m  of  r y e  c h r o m o s o m e s  n o r  

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

o n e s ,  a s  o b s e r v e d  in  w h e a t ,  c a n  b e  s t a t e d  w i t h  c o n f i -  

d e n c e  ( Z u r a b i s h v i l i  e t  a l .  1 9 7 6 ) .  P r e f e r e n t i a l  c r o s s -  

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

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

t y p e .  

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

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

by  t h e  BSG t e c h n i q u e ,  i s  in  good  a g r e e m e n t  w i th  

a v a i l a b l e  d a t a  on  t h e  l o c a l i z a t i o n  of  r y e  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  w h i c h  w a s  o b t a i n e d  by  d i f f e r e n t  m e t h -  

o d s ,  ( L i m a - d e - F a r i a  1959 ;  D a r l i n g t o n  a n d  H a q u e  1966 ;  

N a t a r a j a n  a n d  A h n s t r o m  1970)  a s  we l l  a s  on  t h e  l o c a l i -  

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

( L i m a - d e - F a r i a  a n d  J a w o r s k a  1 9 7 2 ) .  The  t o t a l  l e n g t h  

of  t h e  d e n s e l y  s t a i n e d  b a n d s  c o n s t i t u t e s  a b o u t  10 p e r  

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

f a i r l y  we l l  w i th  t h e  10 to 12 p e r  c e n t  of  t h e  q u i c k l y  

r e a s s o c i a t i n g  DNA (Co t  = 0 . 0 1 )  in  t h e  r y e  g e n o m e  

( R a n j e a k a r  e t  a l .  1 9 7 4 ) .  

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

to r e v e a l  t h e  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  r e g i o n s  i n  

t h e  c h r o m o s o m e s .  T h i s  i s  a l s o  s u p p o r t e d  by  t h e  W a -  

g e n a a r '  s o b s e r v a t i o n  on  t h e  t e l o m e r i c  a s s o c i a t i o n  of  

c h r o m o s o m e s  in  t h e  s o m a t i c  c e l l s  of  r y e  ( W a g e n a a r  

1966 ;  G o d i n  a n d  S t a c k  1 9 7 5 ) .  

It  i s  m u c h  m o r e  d i f f i c u l t  to i d e n t i f y  c h r o m o s o m e s  

in  h y b r i d s  t h a n  in  t h e i r  p a r e n t  s p e c i e s .  T h e r e f o r e ,  t a k -  

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

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

( Z u r a b i s h v i l i  e t  a l .  1 9 7 4 ) ,  a n d  t h e  a b s e n c e  of  p o l y -  

k a r y o g r a m  a n a l y s i s  d a t a  on  w h e a t  a n d  r y e ,  t h e  i d e n t i -  

f i c a t i o n  of  T r i t i c a l e  c h r o m o s o m e s  ( S h i g e n a g a  a n d  L a r -  

t e r  1971 ; S h i g e n a g a  e t  a l .  1971 ; M e r k e r  1973)  a n d  of  

s u b s t i t u t i o n  l i n e s  ( L e l l e y  1973)  s e e m s  r a t h e r  u n c o n -  

v i n c i n g .  M e r k e r  ( 1 9 7 3 a )  a n d  W e i m a r c k  ( 1 9 7 4 )  o b -  

t a i n e d  d i f f e r e n t i a l l y  s t a i n e d  p r e p a r a t i o n s  of  T r i t i c a l e  

c h r o m o s o m e s  bu t  l i m i t e d  t h e m s e l v e s  to  t h e  g e n e r a l  

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

m o s o m e s  w i t h o u t  a n a l y z i n g  t h e i r  k a r y o t y p e  s t r u c t u r e .  

A c c o r d i n g  to  o u r  o b s e r v a t i o n s ,  t h e  k a r y o t y p e  s t r u c -  

t u r e  of  T r i t i c a l e  i s  r a t h e r  c o m p l e x .  E a c h  s e t  o f  c h r o -  

m o s o m e s  is represented by a unique mosaic of com- 

mon wheat, durum wheat and rye chromosomes. The 

origin of some chromosomes is unknown while inter- 

species translocations that took place in the centrome- 

tric site may be supposed in others. However, despite 

the general intricacies of AD-196 and F-1239 ge- 

nomes, their strictly balanced character cannot be 

overlooked. It manifests itself with a large similarity 

in the morphology and heterochromatin distribution 

pattern of homeologous chromosomes. 

Detailed pedigrees of these hybrids were not pub- 

lished. It is known, however, that the hybrids belong 

to the so-called "trispecies" Triticale (Shulyndin 

1970, 1972; Sisodia and McGinnis 1970; Fyodorova 

1973) and were obtained from common wheat, durum 

wheat and rye. 

Irrespective of a crossing sequence leading to the 

appearance of a secondary or a "trispecies" Triticale, 

the synthesis of such hybrids should include zygote 

formation containing 35 chromosomes of wheat, of 

which 21 (A, B, D) originate from common wheat 

and 14 (A, B) originate from durum wheat. Taking 

into account genetic differences between the A and B 

genomes of tetra and hexaploid wheat (Kostov 1940; 

Pisarev and Shilko 1970; Makhalin 1974) and our own 
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o b s e r v a t i o n s  on  s t r u c t u r a l l y  u n i d e n t i f i e d  h o m o l o g s  of  

T. a e s t i v w ~  a n d  T. dur~n ( Z u r a b i s h v i l i  e t  a l .  1 9 7 7 ) ,  

one  c a n  r e a d i l y  i m a g i n e  how c o m p l e x  a n d  h e t e r o m o r -  

p h o u s  t h e  F 1 k a r y o t y p e  m a y  b e .  And  t h i s  c o n c e r n s  

w h e a t  c h r o m o s o m e s  o n l y ,  t o t a l l y  d i s r e g a r d i n g  c h r o -  

m o s o m e  set of rye. 

If Mendelian segregation is assumed, then only 

- 1/214 or a very small proportion of F2Plants should 

be completely homozygous; i.e., contain only homolo- 

gous (homomorphous) pairs of chromosomes which 

originate from A and B genomes of common or du- 

rum wheat. As early as 1938, Sapegin (1938), analyz- 

ing a F 2 segregation from the crossing of durum and 

common wheat, found that the number of homozygotes 

(about 1%) was much higher than theoretically expect- 

ed. He supposed that in F 1 meiosis, chromosomes 

segregate not quite randomly; i.e., some of them are 

temporally linked to each other. This disturbs the 

Mendelian segregation in interspecific wheat hybrids 

and results in the appearance of unexpected and ir- 

regular segregations which were called "mad" seg- 

regations by N.N. Vavilov (Vavilov and Yakushkina 

1 9 2 5 ) .  

Now t h a t  o n e  k n o w s  t h e  a s s o c i a t i v e  p r o p e r t i e s  of 

h e t e r o c h r o m a t i n  and  v a r i o u s  t y p e s  of  a s s o c i a t i o n s  

a n d  l i n k a g e s  of  c h r o m o s o m e s  r e l a t e d  to i t  ( P r o k o -  

f i e v a - B e l g o v s k a y a  1966;  W a g e n a a r  1969;  Du P r a w  

1970;  A h o k a s  1971 ;  Y u n i s  a n d  Y a s m i n e c h  1972 ;  B a -  

d a e v  et  a l .  1973 ;  G o d i n  a n d  S t a c k  1 9 7 5 ) ,  i t  i s  e a s y  

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

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

DNA s e q u e n c e s  in  t he  h e t e r o c h r o m a t i c  r e g i o n s  ( M a y -  

f i e l d  a n d  E l l i s o n  1 9 7 5 ) .  The  f o r m a t i o n  of  t e m p e r a l  

i n t e r c h r o m o s o m a l  l i n k s  s e e m s  to i n c r e a s e  w i t h i n  t he  

t he  p a r e n t  s e t s  of  u n b a l a n c e d  h e t e r o m o r p h o u s  k a r y o -  

t y p e s  of F 1 h y b r i d  w h e a t ,  a n d  t h i s  r e s u l t s  i n  b o t h  a p -  

p a r e n t  d e c r e a s e  in  t h e  n u m b e r  of  " l i n k a g e  g r o u p s "  

a n d  d i s t u r b a n c e s  in  M e n d e l i a n  s e g r e g a t i o n .  

The  r e p e a t e d  s e l f - p o l l i n a t i o n  a n d  f e r t i l i t y  s e l e c -  

t i o n  f o l l o w i n g  t he  h y b r i d i z a t i o n  s h o u l d  c o n t r i b u t e  to  

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

w i th  b a l a n c e d  k a r y o t y p e s  a n d  t he  h o m o m o r p h i s m  by  

a l l  t h e  c h r o m o s o m e  p a i r s  a n d  p r e s e r v i n g  ( r e v e a l i n g )  

of  s u c h  r a r e  a n d  v a l u a b l e  p l a n t s .  The a p p e a r a n c e  of  

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

s e l e c t i o n  of  s e l f - p o l l i n a t i n g  p l a n t s  s u g g e s t s  t h a t  t h e  

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

m a t i n  in  h o m o l o g o u s  c h r o m o s o m e s  i s  a n  e s s e n t i a l  c o n -  

d i t i o n  fo r  t h e i r  n o r m a l  c o n j u g a t i o n .  

B e a r i n g  in  m i n d  t he  f o r m a t i o n  m e c h a n i s m s  of  s e -  

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

b e r  of  " v a r i a b l e "  c h r o m o s o m e s  in  Triticum, i t  i s  e a s y  

to  e x p l a i n  t h e  o b s e r v e d  d i f f e r e n c e  b e t w e e n  A D - 1 9 6  

a n d  F - 1 2 3 9  k a r y o t y p e s .  It  a p p e a r e d  a s  a r e s u l t  of  

p o s s i b l e  k a r y o t y p i c  d i f f e r e n c e s  in  w h e a t  a n d  r y e  u s e d  

in  b r e e d i n g  t h e s e  h y b r i d s ,  a n d  a l s o  a s  a r e s u l t  of  a n  

a c c i d e n t a l  c o m b i n a t i o n  of  c o m m o n  a n d  d u r u m  w h e a t  

c h r o m o s o m e s  in  t h e  f o r m a t i o n  of  F 1 g a m e t e s .  S u b s e -  

q u e n t  s e l f - p o l l i n a t i o n s  a n d  f e r t i l i t y  s e l e c t i o n  l ed  to 

s t a b i l i z a t i o n  of  t h e  k a r y o t y p e s  by  p r e f e r e n t i a l  c o n s e r -  

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

c h r o m o s o m e  p a i r s .  

The  m o s t  a p p a r e n t  f e a t u r e  of  t h e  c o m m o n  w h e a t  

v a r .  ' A u r o r a '  k a r y o t y p e ,  w h i c h  w a s  g e n e t i c a l l y  p r e -  

d i c t e d  ( Z e l l e r  1973 ;  M e t t i n e t  a l .  1 9 7 3 ) ,  i s  t h e  s u b -  

s t i t u t i o n  of  t he  s h o r t  a r m  of  v a r i a b l e  c h r o m o s o m e  1 

( IB)  fo r  t h e  y e t  u n i d e n t i f i e d  a r m  of  a r y e  c h r o m o -  

s o m e .  All  t h e  r e s t  of t h e  k n o w n  " c o n s t a n t "  c h r o m o -  

s o m e s  a r e  p r e s e n t  in  t h e  k a r y o t y p e  e x c e p t  f o r  t h e  

c h r o m o s o m e  w h i c h  i s  s i m i l a r  to c h r o m o s o m e  14 of  

t h e  ' C h i n e s e  S p r i n g '  v a r i e t y  ( s e e  Z u r a b i s h v i l i  e t  a l .  

1977~ T a b l e  1 ) .  At  t h e  s a m e  t i m e  t h e  ' A u r o r a '  k a r y -  

o t y p e  m a n i f e s t s  a c o n s i d e r a b l e  o r i g i n a l i t y  w i th  r e -  

s p e c t  to  t h e  " v a r i a b l e "  c h r o m o s o m e  c o n t e n t .  Only  

two of  t h e m  (17  a n d  21)  a r e  m o r p h o l o g i c a l l y  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 h e  ' D i a m a n t '  

v a r i e t y  w h i l e  t h e  r e m a i n i n g  n i n e  (6 ,  7 ,  1 3 - 1 6 ,  1 8 - 2 0 )  

h a v e ,  to o u r  k n o w l e d g e ,  no r e l a t i o n s h i p  to  any  of  t h e  

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

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

' D i a m a n t '  a n d  t h e  ' C h i n e s e  S p r i n g '  k a r y o t y p e s  ( I o r -  

d a n s k y  e t  a l .  1 9 7 7 ) ,  t h e  d i f f e r e n t i a l  s t a i n i n g  o f ' A u r o -  

r a '  c h r o m o s o m e s  r e v e a l s  a k a r y o t y p e  o r i g i n a l i t y  

w h i c h  c a n  b e  a t t r i b u t e d  in  t h e  f i r s t  p l a c e ,  to  t h e  u n i -  

q u e n e s s  of  " v a r i a b l e "  c h r o m o s o m e s .  T h e s e  u n i q u e  

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

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

y s i s  of  b o t h  o r d i n a r y  v a r i e t i e s  a n d  T r i t i c a l e  a n d  o t h e r  

h y b r i d s .  " C o n s t a n t "  c h r o m o s o m e s ,  t h o u g h  m a n i f e s t -  

ing  a c e r t a i n  d e g r e e  of  p o l y m o r p h i s m ,  a r e  l e s s  s u i t -  

a b l e  f o r  t h i s  p u r p o s e .  On ly  t h e  ' C h i n e s e  S p r i n g '  

"constant" chromosomes might b e  an exception since 

they are highly enriched with constitutive heterochro- 

matin. 



lordansky, A.B. et al. : Linear Differentiationin Rye and Tritical Chromosomes. Ill. 287 

By i n v e s t i g a t i n g  n u m e r o u s  v a r i e t i e s  u s e d  in  ' A u -  

r o r a '  b r e e d i n g  (Lukyanenko  1970) i t  would  be  p o s s i b l e  

to a s s e s s  t he  c o n t r i b u t i o n  m a d e  by e a c h  of  t h e m  to t he  

' A u r o r a '  k a r y o t y p e  and to c l a r i f y  the  o r i g i n  of  the  

r y e  c h r o m o s o m e  f r a g m e n t .  

The c o m p a r i s o n  of  t he  k a r y o t y p e s  of  known f o r m s  

of  p o l y p l o i d  whea t  ( Z u r a b i s h v i l i  et  a l .  1977, Tab le  1 ) ,  

s h o w s  c l e a r l y  tha t  e a c h  of  t h e m  c o n t a i n s  two g r o u p s  

of chromosomes : the "constant" and the "variable" 

group. The uniqueness of each karyotype is deter- 

mined primarily by the "variable" chromosomes, 

the morphological diversity of which is rather high 

and, to our point of view, due to intensive introgres- 

sion. Such diversity is particularly high in common 

wheat. Its varieties differ considerably from each 

other by the karyotype structure making it impossible 

to establish a specific T. aestivw~ karyotype and pos- 

es the task of the analysis of the existing diversity 

of chromosome types in this cultured "superspecies". 

It should be noted that intervarietal karyotypic 

differences within T. aestivwn species may be far 

greater than interspecific ones. The latter were not 

found at all in comparing T. durum with T. corthlicam. 

This observation seems to indicate the relative char- 

acter of the existing classification within the genus 

friticwn. "Constant" chromosomes, though manifest- 

ing a certain level of interspecific and intervarietal 

polymorphism, constitute a basis of each karyotype 

and can be used in future reconstruction of an initial 

prekaryotype of polyploid wheat. 

The employment of the BSG test has considerably 

widened potential of chromosomal analysis. In the 

near future, investigation of linear differentiation of 

chromosomes will most likely become one of the prin- 

cipal t e c h n i q u e s  used in solving the problems of phi- 

l o g e n y ,  g e n e t i c s  and s e l e c t i o n  of  wh ea t  and o t h e r  c u l -  

t u r e d  c e r e a l s .  

Conclusions 

1. The p a t t e r n s  of  l i n e a r  d i f f e r e n t i a t i o n  of  c h r o m o -  

s o m e s  of  r y e  v a t .  ' Z h i t k i n s k a y a ' ,  c o m m o n  whea t  v a r .  

' A u r o r a '  and T r i t i c a l e  AD-196  and F - 1 2 3 9  w e r e  

s t u d i e d  u s i n g  the  BSG t e s t .  

2 .  In t he  k a r y o t y p i c  s t r u c t u r e  of  c o m m o n  whea t  

v a r .  ' A u r o r a '  a s  w e l l  a s  of  T r i t i c a l e  A D - 1 9 6  and 

F - 1 2 3 9  one  c a n  i den t i fy  t he  s a m e  d i v i s i o n  of  c h r o m o -  

somes into "constant" and "variable" as in other 

wheat species. 

3. Common wheat varieties have a considerable 

karyotypic polymorphism mainly due to the "variable" 

chromosomes, and this shows that no specific karyo- 

t y p e  e x i s t s  in  T r i t i c u m  a e s t i v u m  L. 

4. The s h o r t  a r m  of IB c h r o m o s o m e  of  t he  ' A u -  

r o r a '  v a r i e t y  i s  s u b s t i t u t e d  fo r  u n i d e n t i f i e d  r y e  s h o r t  

a r m .  

5.  The k a r y o t y p e  of  s e c o n d a r y  T r i t i c a l e  i s  r e p r e -  

s e n t e d  by a c o m p l e x  and u n i q u e  m o s a i c  m a d e  up of  

h o m o m o r p h i c  p a i r s  of  p a r e n t  s p e c i e s  c h r o m o s o m e s ,  

the  A D - i 9 6  h y b r i d ,  c o n t a i n i n g  on ly  s i x  p a i r s  of  r y e  

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

6. The " v a r i a b l e "  c h r o m o s o m e s ,  which  a r e  d i f f e r -  

en t  in d i f f e r e n t  h y b r i d s  and v a r i e t i e s  , c a n  b e  u s e d  a s  

m a r k e r s  in  c r o s s i n g s  o r  g e n e t i c  a n a l y s i s .  

7.  The m e c h a n i s m s  l e a d i n g  to the  a p p e a r a n c e  of  

b a l a n c e d  k a r y o t y p e s  of  T r i t i c a l e  and c o m m o n  whea t  

v a r i e t i e s  and to t he  m o r p h o l o g i c a l  d i v e r s i t y  of  t h e s e  

k a r y o t y p e s  a r e  d i s c u s s e d .  

L i t e r a t u r e  

A h o k a s ,  H .  : Cy to logy  of  h e x a p l o i d  c r a n b e r r y  wi th  
s p e c i a l  r e f e r e n c e  to  c h r o m o s o m a l  f i b e r s .  H e r e d i -  
t a s  68,  123-136  (1971)  

B e n n e t ,  M . D .  ; S m i t h ,  J . B .  : C o n f i r m a t i o n  of  t he  i d e n -  
t i f i c a t i o n  of  the  r y e  c h r o m o s o m e  in 1 B / 1 R  w h e a t -  
r y e  c h r o m o s o m e  s u b s t i t u t i o n  and t r a n s l o c a t i o n  
l i n e s .  C a n a d .  J .  G e n e t .  C y t o l .  1._~7, 117-120  (1975)  

D a r l i n g t o n ,  C . D .  ; H a q u e ,  A .  : O r g a n i s a t i o n  o f  DNA 
s y n t h e s i s  in r y e  c h r o m o s o m e s .  C h r o m o s o m e s  t o -  
day 1 ,  102-107  (1966)  

D u P r a w ,  E . J .  : DNA and C h r o m o s o m e s .  N e w  Y o r k :  
R e i n s h a r t  Wins ton  1970 

F y o d o r o v a ,  T . N .  : W h e a t - r y e  a m p h i d i p l o i d  ( T r i t i c a l e )  : 
a d v a n c e s  and p r o s p e c t s .  G e n e t i k a  9 ( 9 ) ,  153-167  ( in  

R u s s i a n )  (1973) 
Gill, B.S. ; Kimber, G. : The giemsa C-banded karyo- 

type of rye. Prec. Nat. Acad. Sci., (USA) 7__[I, 
1247-1249 (1974a) 

Gill, B.S. ; Kimber, G. : Giemsa C-banding and the 
evolution of wheat. Prec. Nat. Aead. Sci. (USA) 
7__~I, 4086-4090 (1974) 

Godin, D.E. ; Stack, S.M. : Heterechromatic connec- 
tives between t he  chromosomes of  Seaale cereale, 
C a n a d .  J .  G e n e t .  C y t o l .  1._77, 269-273  (1975)  

I o r d a n s k y ,  A . B .  ; Z u r a b i s h v i l i ,  T . G .  ; B a d a e v ,  N . S .  : 
L i n e a r  d i f f e r e n t i a t i o n  of  c e r e a l  c h r o m o s o m e s .  I .  
C o m m o n  whea t  and i t s  s u p p o s e d  a n c e s t o r s .  T h e o r .  
A p p l .  G e n e t .  5._1_1, 145-152  (1978)  

K a l t s i k e s ,  P .  ; E v a n s ,  L.  ; L a r t e r ,  E .  : M o r p h o l o g i c a l  
and m e i o t i c  c h a r a c t e r i s t i c s  of  e x t r a c t e d  AABB 
t e t r a p l o i d  c o m p o n e n t  of  t h r e e  v a r i e t i e s  of  c o m m o n  
wheat. Canad. J. Genet. Cytol. II, 65-71 (1969) 

Kostov, D. : Wheat origin and breeding from the cyto- 
genetic point of view. Izv. AN SSSR, otd. biol. I ,  
56-93 (in Russian) (1940) 



288 Theor .  Appl.  Genet .  51 (1978) 

Lejeune, J. : Le caryotype humain normal. In: Les 
chromsomes humains, Turpin R. et Lejeune, J., 
Paris, pp. 45-77, 1965 

Lelley, T. : Identification of added rye chromosomes 
in wheat. Proc. 4th Inter. Wheat Genet. Syrup. 
697-701 (1973) 

L i m a - d e - F a r i a ,  A. : Different ia l  uptake of t r i t i a t ed  
thymidine  into he t e ro -  and euchromat in  in Melanv- 
p~us and Secale. J.  Biochem.  Biophys.  Cytol .  6,  
457-466 (1959) 

L i m a - d e - F a r i a ,  A. ; J aworska ,  H. : The r e l a t i on  be-  
tween the c h r o m o s o m e  s i ze  g r a d i e n t  and the s e -  
quence of DNA rep l i ca t ion  in r y e .  Hered i tas  7_.0_0, 
39-58 (1972) 

Lukyanenko, P .P. : Breeding of new varieties of in, 
tensive type fall wheat. Vestnik selskokhoz, nauki 
I, 54-61 (in Russian) (1970) 

Makhalin, M. A. : On the genome formulae of hexaploid 
and tetraploid wheat and certain forms of Triti- 
cale. In: Selektsiya otdelnykh gibridov i poliploi- 
dov (ed. N.V. Tsitsfn), USSR Academy of Sciences, 
Moscow (in Russian) (1974) 

Mayfield, J.E. ; Ellison, J.R. : The organization of 
interphase chromatin in Drosophilidae. The self 
adhesion of chromatin containing the same DNA 
sequences. Chromosoma 5._~2, 37-48 (1975) 

Merker, A. : Identification of aneuploids in a line of 
hexaploid Triticale. Hereditas 74, I-6 (1973) 

Merker, A. : A Giemsa technique for rapid identifica- 
tion of chromosomes in Triticale. Hereditas 75, 
280-282 (1973a) Merker, A. : Chromosome c-o-m- 
position of hexaploid triticale. Hereditas 8_9_0 , 41- 
52 (1975) 

Mettin,  D . ;  B lu thner ,  W . D . ;  Schlegel ,  G . :  Addit io-  
nal evidence  on spontaneous  IB/IR whea t - rye  sub-  
s t i tu t ion and t r a n s l o c a t i o n s .  P r o c .  4th Int .  Wheat 
Genet .  Symp. 179-184 (1973) 

Nata ra jan ,  A.T.  ; Ahs t rom,  G. : The loca l iza t ion  of 
rad ia t ion  induced ch romosome  a b e r r a t i o n s  in r e l a -  
tion to the d i s t r ibu t ion  of h e t e r o c h r o m a t i n  in 
Secale cerea~e. Chromosoma 30, 250-257 (1970) 

P i s a r e v ,  B . E .  ; Zhi lk ina ,  M.D.  : T-'~iticale (2n= 42) .  
Genetika 4, 3-12 (in Russ ian) (1967)  

P rokof ieva -Be lgovskaya ,  A . A .  : The na tu re  of a s so -  
c ia t ions  of human a c r o c e n t r i c  c h r o m o s o m e s .  
Tsi tologiya -8, 169-178 (in Russ ian)  (1966) 

Ran jeka r ,  P . K . ;  Lafontaine,  J . G . ;  Pa l lo ta ,  D . :  
C h a r a c t e r i s a t i o n  of r epe t i t ive  DNA in rye  (Secale 
aerea~e) Chromosoma  4__88, 427-440 (1974) 

Sapegin, A .A .  : C h a r a c t e r i s t i c s  of segrega t ion  of 
common and durum wheat hybr ids .  T ransac t ions  
of the Ins t i tu te  of Genet ics  1._.22, 6-66 (in Russ i an )  
(1938) 

Sarma, N.P. ; Natarajan, A.T. : Identification of het- 
erochromatic regions in the chromosomes of rye. 
Hereditas 7_~4, 233-238 (1973) 

Received October 17, 1977 
Communicated by D.K. Belyaev 

Schapova, A.I. : Differential staining of plant chro- 
mosomes. I. Secale aereale. Tsitologiya I_~6, 370- 
372 (in Russian) (1974) 

Shmargon, E.N. : New data on the morphology of rye 
chromosomes. DAN SSSR 20, 43-45 (in Russian) 
(1938) 

Shulyndin,  A . F .  : The syn thes i s  of t r i s p e c i e s  and 
whea t - rye  amphidip lo ids .  Genet ika 6 (6) ,  23-25 
(in Russ ian)  (1970) 

Shulyndin,  A . F .  : Whea t - rye  al lopolyploid (Tr i t i ca le )  
in r e l a t ion  to the p r o b l e m s  of winter  r e s i s t a n c e ,  
i mmun i t y ,  qual i ty and y ie ld  of c e r e a l s .  Genet ika  
--8 (12) ,  61-74 (in Russ ian)  (1972) 

Shigenaga,  S. ; La r t e r ,  E . R .  : Karyotype ana lys i s  of 
hexaploid t r i t i c a l e .  Canad.  J .  Genet .  Cytol .  1_~3, 
585-591 (1971) 

Shigenaga,  S. ; La r t e r ,  E . N .  ; McGinnis ,  R . C .  : Iden-  
t i f icat ion of c h r o m o s o m e s  con t r ibu t ing  to aneu-  
ploidy in  hexaploid Tr i t i ca le ,  cu l t iva r  ' R o s n e r ' ,  
Canad.  J .  Genet .  Cytol.  1..~3, 592-596 (1971) 

Sisodia,  N. ; McGinnis ,  R.  : New methods of u t i l i z ing  
wheat and rye  germ p lasm in Tr i t ica l  b reed ing .  
Crop.  Sci.  1_.O0, 163-164 (1960) 

Tudose,  J .  : Studiul car io t ipu lu id  la Seeale cereale L. 
(2n = 14).  Anale le  St i iut i f ice Un ive r s i t a t i i .  "A1. 
J .  Cuza" .  ( s e r  nov~) ,  1_..66, 235-248 (1970) 

Turbin ,  N .V.  ; Shilko, T .S .  : Effects  of p r i o r  i n t e r -  
va r i e t a l  hybr id iza t ion  on the c r o s s e s  between com-  
mon and durum wheat.  In:  "Otdalennaya g ib r id i -  
zatsi~ra r a s t e n i y " .  "Kolos" publ i sh ing  house,  Mos- 
cow (in Russ ian)  1970 

Vavilov,  N . I .  ; Yakushina,  �9  : On the phylogene-  
s i s  of wheat .  Hybridological  ana lys i s  of T.persicum 
Vav. and in t e r spec i f i c  hybr id iza t ion  of wheat.  
Trudy P r i k l .  Bot.  Can.  Sel.  1._~5 (1) ,  3-159 (in 
Russ i an )  (1925) 

V e r m a ,  S .C .  ; Rees ,  H. : Giemsa  s ta in ing  and d i s t r i -  
bution of heterochromatin in rye chromosomes. 
Heredity 32, 118-120 (1974) 

Wagenaar, E.B. : End-to-end chromosome attach- 
ments in mitotic interphase and their possible sig- 
nificance to meiotic chromosome pairing. Chro- 
mosoma 26, 410-426 (1969) 

Weimark, A~-~'Elimination of wheat and rye chromo- 
somes in a stain of octoploid Triticale as revealed 
by Giemsa banding technique. Hereditas 7_~7, 281- 
286 (1974) 

Weimark, A. : Heterochromatin polymorphism in the 
rye karyotype as detected by Giemsa C-banding. 
Hereditas 79, 293-300 (1975) 

Yunis, J.J. ; Yasminech, W.G. : Heterochromatin, 
satellite DNA and cell function. Science 174, 1200- 
1209 (1971) 

Z u r a b i s h v i l i ,  T .G.  ; Iordansky,  A . B .  ; Badaev,  N .S . :  
P o l yka r yog r a m ana lys i s  and inves t iga t ion  of dif- 
f e ren t i a l  staining of Triticum aestivum L. chromo- 
somes. DAN SSR 218, 207-210 (in Russian) (1974) 

Zurabishvili, T.G. ; Iordansky, A.B. ; Badaev, N.S.: 
Linear differentiation of cereal chromosomes. II. 
Polyploid wheat. Theor. Appl. Genet. 51, 201- 
210 (1978) 

A.B. Iordansky 
T.G. Zurabishvili 
N.S. Badaev 
All-Union Institute of Applied 
Molecular Biology and Genetics, 
Vaskhnil ; 
Institute of Molecular Biology 
USSR Academy of Sciences 
Moscow (USSR) 


