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Linear Differentiation of Cereal Chromosomes 
I. Common Wheat and its Supposed Ancestors 
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S u m m a r y .  Using the G i e m s a  technique of d i f fe ren t ia l  s ta in ing (the BSG t e s t ) ,  we have s tud ies  the ka ryo types  
and cons t ruc t ed  the i d i o g r a m s  of T. a e s t i v u m  L. v a r .  ' D i a m a n t '  and 'Ch inese  S p r i n g ' ,  T. monoeoccum L. v .  
' h o r n e m a n n i i '  s sp .  r o l e s  occ identa l i  g e o r g i c u m  D e k . ,  A e g i l o p s  s q u a r r o s a  L. v .  ' M e e y e r i ' ,  T. a e s t i v u m .  

The ka ryo types  of ' C h i n e s e  Spr ing '  and ' D i a m a n t '  d i f fer  d r a s t i c a l l y  both in total  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  
content  and i ts  l oca l i za t ion  on the nine morpho log ica l ly  homeologous  c h r o m o s o m e s .  The r e s t  of the twelve  p a i r s  
of c h r o m o s o m e s  showed no morpho log ica l  s i m i l a r i t y .  This ind ica tes  c o n s i d e r a b l e  d i f f e r e n c e s  in the phylogeny of 
the v a r i e t i e s ,  and a lso  an absence  of unique karyotype  in T. a e s t l v u m .  

Three  c h r o m o s o m e s  of Ae. s q u a r r o s a  a r e  s i m i l a r  to those  of ' C h i n e s e  S p r i n g ' ,  ye t ,  on the whole,  the c h r o -  
m o s o m a l  s t r u c t u r a l  spec i f i c i ty  of the diploids  s tudied is  so high that we fail  to unders tand  the na tu re  of the ho-  
mology between c o m m o n  wheat and i ts  supposed diploid a n c e s t o r s .  

The r o l e  of i n t r o g r e s s i o n  in the evolut ion  of the genom es  of Tritieum and Aegilops, and a lso  the meaning of 
the conjugat ion and BSG te s t s  in r e s o l v i n g  the phylogeny,  is  d i s c u s s e d .  

Key words :  C-banding - C h r o m o s o m e s  - Homology - Genomes  - I n t r o g r e s s i o n  

In t roduct ion  

Ident i f ica t ion  of c h r o m o s o m e s  is  an ob l iga to ry  s tage  

in any cy togene t i c  s tudy.  To this end,  an ob jec t ive  e s -  

t imat ion  of the poss ib i l i ty  of ident i fying each  c h r o m o -  

s o m e ,  which in f r equen t ly  i nves t iga t ed  ob jec t s  s t rong ly  

depends  on the ava i l ab i l i ty  of a s t andard  cy to log ica l  

n o m e n c l a t u r e ,  i s  abso lu te ly  e s s e n t i a l .  

The o v e r a l l  l eve l  of the c h r o m o s o m a l  a s say  in 

wheats  (and in plants  in g e n e r a l )  is  marked ly  below 

that in man and a n i m a l s ,  which s e r i o u s l y  h inde r s  the 

p r o g r e s s  of cy togene t ic  s tudies  of the phylogeny and 

b reed ing  of cu l t iva ted  c e r e a l s .  

Quite r e c e n t l y  it has  been shown (Zu r ab i shv i l i  and 

Io rdansky  1972; Zu rab i shv i l i  et  a l .  1974), by poly-  

k a r y o g r a m  ana lys i s  of the c h r o m o s o m e s  of T r i t i e w ~  

monococcumL, and T. aestivum L. v a r .  ' D i a m a n t '  that ,  

c o n t r a r y  to many of the e a r l i e r  r e p o r t s  ( s e e  fo r  r e -  

v iew,  Schu lz -Shae f fe r  and Haun 1961; M o r r i s  a n d S e a r s  

1967; Shchapova 1971; and o t h e r s ) ,  no r e l i a b l e  iden-  

t i f ica t ion  of any pa i r  of homologous  c h r o m o s o m e s  in 

the s o m a t i c  c e l l s  i s  poss ib l e  on the bas i s  of the l i n e a r  

p a r a m e t e r s .  Conce ivab ly ,  the c o n s i d e r a b l e  mor pho -  

log ica l  s i m i l a r i t y  ( h o m e o m o r p h i s m )  of the n o n - h o m o -  

logous c h r o m o s o m e s  toge ther  with the occas iona l  v a r -  

ia t ions  in the homologues  have m i s s l e d  the i n v e s t i g a -  

t o r s  in to e r r o n e o u s  ident i f ica t ion of some  c h r o m o -  

s o m e s ,  apparen t ly  s i m i l a r  on a g iven plate  but ac tua l ly  

not a lways homologous .  

Valid ident i f ica t ion  of the wheat c h r o m o s o m e s  be -  

c a m e  poss ib le  only with the appl ica t ion  of the BSG t ech -  

nique of d i f fe ren t ia l  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 .  

Using this  technique ,  we managed to identify the c h r o -  

m o s o m e s  of T. a e s t i v ~ w  L . ,  to compi l e  the cy to log i -  

cal  n o m e n c l a t u r e ,  and to p r e sen t  the i d iog ram ( Z u r a -  

b i shvi l i  et  a l .  1974).  

In an a t t empt  to find the c h r o m o s o m e - m o r p h o l o g i -  

cal  c r i t e r i a  for  ident i fying the genome s t r u c t u r e  in 

wheats of d i f fe ren t  ploidy,  and to unders tand  the pos -  

s ib le  r o l e  of i n t r o g r e s s i o n  in the i r  evolu t ion ,  we f u r -  

ther  extended our  i nves t i ga t i ons .  F i r s t  of a l l ,  we were  

conce rned  with the puta t ive  diploid a n c e s t o r s  of c o m -  

mon wheat and a l so  of the v a r i e t y  'Ch inese  Spr ing '  

most  widely used in gene t ic  s tud ies .  
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F i g .  1. 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  
(A) Ae. speltoides, (B) Ae. squarrosa 
b Di f f e ren t i a l ly  s ta ined c h r o m o s o m e s  
(A and B) diploid ka ryo types  of T. monococcum, 
(C) haploid karyotype  of Ae. s p e l t o i d e s ,  (D) haploid 
karyotype  of Ae. squat,  r o s a  

1 2 3 4 5 6 7 

1 2 3 r 5 6 ? 

Mate r i a l  and Methods 

Mate r i a l  

Seeds of T. monococcum L. v. 'hornemannii' ssp. proles 
occ identa l i  g e o r g i c u m  D e l . ,  Aegilopz speltoides 
T a u s c h . ,  obtained f rom P r o f e s s o r  L.L. D e k a p r e l e -  
v ich (the Georg ian  A g r i c u l t u r a l  Ins t i tu te ,  Tb i l i s i ) ,  
Ae. squarrosa L. v .  ' M e e y e r i  K-4-300 f and T. aesti- 
rum v a r .  ' D i a m a n t '  f r o m  the co l l ec t ion  of the N . I .  
Vavi lov  Plant  B reed ing  Inst i tu te  (Len ingrad) ,  and v a t .  
'Ch inese  Spr ing '  suppl ied by O . I .  Mays t renko  ( Ins t i -  
tu re  of Cytology and Gene t i c s ,  the S iber ian  Branch  of 
the USSR Academy of S c i e n c e s ,  Novos ib i r sk )  were  
used .  

Methods 

Seeds  were  g e r m i n a t e d  at 25~ The seed l ings  with 
1 to 2 cm long r o o t l e t s  were  i m m e r s e d  in a 0 .2  ~ c o l -  
ch ic ine  solut ion at 25~ for  2 to 3 h. The r o o t l e t s  were  
fixed in 45% ace t i c  acid  at 4~ for  5 to 20 h and hyd ro -  
lysed  in 0 .2  N HCI at 60~ for  5 rain. The t ips  were  
m a c e r a t e d  in a 1% solut ion of pec t inase  of c e l l u l a s e  
at 25~ fo r  app rox ima te ly  12 h. The enzyme  was wash-  
ed out,  then the m a t e r i a l  was i m m e r s e d  in 45 g ace t i c  
and squash  p r e p a r a t i o n s  made .  The c o v e r s l i p s  were  
r e m o v e d  with d ry  i ce ,  then the p r e p a r a t i o n s  were  p a s -  
sed through a s e r i e s  of a lcohols  at 60 to 100 ~ for  20 to 
30 min.  and d e s i c c a t e d  in heated  a i r .  Be fo re  s ta in ing,  
dry  s l i de s  were  i m m e r s e d  in a f r e sh ly  p r e p a r e d  s a -  
tu ra ted  solut ion of b a r i u m  hydroxide  at r o o m  t e m p e r -  
a tu re  for  6 min ,  washed in 1N HC1 for  1 to 2 min .  and 

in d i s t i l l ed  wa te r ,  d e s i c c a t e d  and i m m e r s e d  in a 2 • 
SSC solut ion (pH 7 . 0 ,  600 ) for  an hour .  Then the p r e -  
pa ra t ions  were  washed in d i s t i l l ed  water  and again 
d e s i c c a t e d .  Staining was p e r f o r m e d  in a Romanovsky  
a z u r e - e o s i n e  solut ion (1 :15)  in phosphate buffer  
(pH 6 .8)  for  20 to 30 min .  The s ta ined p r epa r a t i ons  
were  washed in four  changes  of d i s t i l l ed  wa te r ,  de -  
s i c c a t e d ,  s t o r ed  in xylol  overn igh t ,  and mounted in 
Canadian b a l s a m .  

The c h r o m o s o m e s  were  photographed on M i c r a t -  
300 at a • 2900 magni f ica t ion  on p o s i t i v e s .  

The i d i o g r a m s  were  cons t ruc t ed  acco rd ing  to the 
r u l e s  accep ted  by the P a r i s  Conve rence  for  C h r o m o -  
s o m e s  of Man ( P a r i s  Confe rence  1971), keeping with 
the p rev ious ly  accep ted  cy to log ica l  n o m e n c l a t u r e  ( Z u r -  
ab ishvi l i  e t a l .  1974). 

Resu l t s  

T. monococcum. Using the BSG t e s t ,  we fa i led  to obtain 

a s tab le  and d is t inc t  pa t t e rn  of d i f fe ren t ia l  s ta ining 

along the c h r o m o s o m e s  ( F i g .  l b (A)  and ( B ) ) .  Only on 

s o m e  p la tes  individual  c h r o m o s o m e s  showed the tend-  

ency to a d e n s e r  s ta in ing of the t e l o m e r i c  r eg ions ;  on 

d i f fe ren t  p la tes  d i f fe ren t  c h r o m o s o m e s  had dense ly  

s ta ined  t e l o m e r e s .  Where  two (o r  m o r e )  c h r o m o s o -  
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F i g . 2 . a  C o m p a r a t i v e  i d i o g r a m  of  T. aestivwn v a r .  ' D i a -  
m a n t  ' a n d  ' C h i n e s e  S p r i n g  ' 
Two t o p  r o w s :  to  t h e  l e f t  - a c h r o m o s o m e  of  ' D i a m a n t ' ,  
to  t he  r i g h t  - i t s  h o m e o l o g u e  f r o m  ' C h i n e s e  S p r i n g ' .  The  
t h i r d  a n d  t h e  f o u r t h  r o w s :  c h r o m o s o m e s  of  ' D i a m a n t ' .  
The  f i f th  a n d  t he  s i x t h :  o f  ' C h i n e s e  S p r i n g '  
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. aestivwn v a r .  ' D i a m a n t '  
c 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. aestivw~ v a r .  ' C h i n e s e  S p r i n g '  
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s o m e s  of a c e l l  a r e  d i f f e r e n t i a l l y  s t a i n e d  ( F i g .  l b ( A )  ) 

t h e i r  h o m o l o g y  i s  q u e s t i o n a b l e .  

Ae. s~e l to ides .  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 s  

r e a d i l y  d e t e c t e d  on  a l l  c h r o m o s o m e s  of t h i s  s p e c i e s  

( F i g .  Ib(C) ). C h a r a c t e r i s t i c a l l y ,  i t  i s  l o c a l i s e d ,  in  

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

r e g i o n s .  The  l a r g e s t  b l o c k s  of  h e t e r o c h r o m a t i n  a r e  

found  in  c h r o m o s o m e s  4 a n d  7.  
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F ig .  3. Di f fe ren t ia l ly  s ta ined  in te rphase  nucle i  
(A) T. monococcum, (B) Ae. speltoides, (C)Ae. squar~ 
rosa, (D) T. aestivum var. 'Diamant', (E) T. aes- 
tivum var. 'Chinese Spring' 

The specific distribution of densely stained regions 

along each chromosome together with the peculiar chro- 

mosome morphology permitted us to identify them with 

certainty and to construct the idiogram (Fig. la(A)). 

A e. squarrosa. The linear differentiation of the chro- 

mosomes in this species has a clearcut specificity 

(Fig. Ib(B)) and is markedly distinguished from that 

in Ae. speltoides. As a whole, there is less hetero- 

chromatin, and small densely stained regions are lo- 

calized in the centromeres (I and 5) and intercalary 

in the short arms (1,2,4 and 5). The richest in heter- 

ochromatin is chromosome 5 having a densely stained 

region also in the telomere of the long arm. Chromo- 

somes 2 and 6 have little heterochromatin. The differ- 

ential stain and the morphological peculiarities permit 

reliable identification of all chromosomes in Ae. squar- 

rosa and construction of the idiogram (Fig. la(B)). 

T. aestivum var. 'Diamant'. In view of the size 

and number of heterochromatin regions the chromo- 

somes of var. 'Diamant' fall into three groups (Figs. 

2b and a). The first includes chromosomes abundant in 

heterochromatin predominantly localized in the centro- 

meric and adjacent (1,2,5,8,9 and li), and also in the 

intercalary (3 and I0) regions. The second group in- 

cludes chromosomes with the median density of stain- 

ing of the heterochromatin regions, localized predo- 

minantly in the centromeres and intercalary (6,7, 

12,13, 19 to 20). Chromosome 7 has a telomeric he- 

terochromatin region in the long arm. The rest of the 

chromosomes (4, 14 to 18) contain insignificant a- 

mounts of heterochromatin, only slightly stained and 

localized predominantly in the centromeres. 

T. aestivum vat. 'Chinese Spring'. The chromo- 

somes differ drastically from those of 'Diamant' by 

the large amount of heterochroma~in (Fig.2c and 2a). 

In addition, it has twelve chromosomes with such an 

original localization of heterochromatin that their 

homeology with any of the chromosomes of var. 'Dia- 

mant' could not be established. Among them, chro- 

mosomes 4 and 13, having a telomeric localization of 

heterochromatin characteristic of rye chromosomes, 

stand out. It is also noteworthy that chromosomes 6, 

7 and 17 are similar to chromosomes I, 4 and 3 of 

Ae. squarrosa respectively, in the heterochromatin 

distribution pattern and the chromosome arm length 

ratio. 

Nine chromosomes (I to 3, 5, 8 to 20) of 'Chinese 

Spring', though abundant in heterochromatin, may be 

treated as homeologues of respective chromosomes of 

the variety 'Diamant' for the general pattern of heter- 

ochromatin distribution. Yet, each of the above chro- 

mosomes has certain structural distinctions from its 

homeologue, as seen in the comparative idiogram 

(Fig.2a). 

The s t r u c t u r e  of in te rphase  nuc le i .  Specif ici ty of 

each of the inves t iga ted  spec ies  for the quanti ty and 

local iza t ion  of s t r u c t u r a l  he t e roch roma t in  in the k a r y -  

otypes is  a lso mani fes ted  in the s t r u c t u r e  of the i n t e r -  

phase nuclei  r e p r e s e n t e d  in the d i f fe rent ia l ly  s ta ined  

p repa ra t ions  ( F i g .  3 ) .  F o r  example ,  the nucle i  of T. 

m o n o c o c c u m  (F ig .  3 (A) ) whose c h r o m o s o m e s  have l i t t le  

he t e roch roma t in ,  conta in  a few s m a l l ,  fa int ly  s ta ined  

c h r o m o c e n t r e s .  The in t e rphase  nucle i  of Ae. s p e l t o i ~ s  

(F ig .  3 ( B ) ) ,  whose c h r o m o s o m e s  a re  cons ide rab ly  
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r i c h e r  in h e t e r o c h r o m a t i n ,  c o n t a i n  l a r g e ,  d i s t i n c t l y  

ou t l ined  and d e n s e l y  s t a i n e d  c h r o m o c e n t r e s .  In t h i s  

r e s p e c t  the n u c l e a r  s t r u c t u r e  of Ae. squarrosa ( F i g .  

3 (C)  ) i s  i n t e r m e d i a t e  a m o n g  the s p e c i e s  d i s c u s s e d .  

The d i s t i n c t i o n s  b e t w e e n  the  ' D i a m a n t '  and ' C h i n e s e  

S p r i n g '  c h r o m o s o m e s  in to ta l  h e t e r o c h r o m a t i n  a r e  a l so  

m a n i f e s t e d  in the  s t r u c t u r e  of the  i n t e r p h a s e  n u c l e i ,  

hav ing  m a r k e d l y  l a r g e r  c h r o m o c e n t r e s  in  ' C h i n e s e  

S p r i n g '  ( F i g s . 3 ( D  and C ) ) .  

D i s c u s s i o n  

In the  p r e s e n t  work we hold  to the  cy to log i ca l  n o m e n -  

c l a t u r e  for  the  c h r o m o s o m e s  of c o m m o n  wheat  a c -  

c e p t e d  e a r l i e r  ( Z u r a b i s h v i l i  e t  a l .  1974) ,  a l though  in 

a work  of Gil l  and K i m b e r  (1974)  the cy to log i ca l  i d e n -  

t i f i c a t i o n  was c o r r e l a t e d  with the  gene t i c  n o m e n c l a -  

t u r e  on the  b a s i s  of a s tudy  of d i t e l o c e n t r i c s  by the  

BSG t e s t .  

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

s o m e s  of the  v a r i e t i e s  ' D i a m a n t '  and ' C h i n e s e  S p r i n g '  

(Gi l l  and K i m b e r  1974) ,  we d i s c o v e r e d  s i m i l a r i t y  b e t -  

ween only f ive c h r o m o s o m e s .  C o m p a r i n g  the  s t a i n e d  

' C h i n e s e  S p r i n g '  c h r o m o s o m e s  in our  work with F i g .  4 

b o r r o w e d  f r o m  Gil l  and K i m b e r  ( 1 9 7 4 ) ,  we d i s c o v e r e d  

a g e n e r a l  s i m i l a r i t y  be tween  only  n ine  c h r o m o s o m e s .  

The r e l a t i v e  l en g th s  and the  a r m  index of c h r o m o s o m e s  

we re  b o r r o w e d  f r o m  S e a r s  (1954)  who ob ta ined  h is  

da ta  at  the  t e l o p h a s e  II of m e i o s i s .  The l a t t e r  c i r c u m -  

s t a n c e  l e a d s  to a m a r k e d  i n c o n s i s t e n c y  be tw een  the 

p a r a m e t e r s  of the  c h r o m o s o m e s  on the  p la t e  and in 

the i d i o g r a m .  It  i s  exac t ly  what  would be e x p e c t e d  

t ak ing  in to  acco un t  the  d i f f e r e i n g  c h a r a c t e r  of d i f f e r -  

en t i a l  s p i r a l i s a t i o n  of the  c h r o m o s o m e s  ( I o r d a n s k y  

et a l ,  1975) in  m e i o s i s  and m i t o s i s  ( B r o w n  1949) .  

Gil l  and K i m b e r  (1974)  a l so  i n v e s t i g a t e d  the  l i n e a r  

d i f f e r e n t i a t i o n  of the c h r o m o s o m e s  of the  supposed  d ip -  

loid a n c e s t o r s  of c o m m o n  whea t .  

C o m p a r i n g  the k a r y o t y p e  of T. monococcum L. r e -  

p o r t e d  by t h e m  with our  o b s e r v a t i o n s  and a l s o  with 

the t e n t a t i v e  da t a  on the  l i n e a r  d i f f e r e n t i a t i o n  of the  

c h r o m o s o m e s  of T. ur~rtuj we have  not  found any s i -  

m i l a r  f e a t u r e s  but  h e t e r o c h r o m a t i n  d e f i c i e n c y .  A p p a r -  

en t ly ,  the  a u t h o r s  dea l t  with a d i f f e r e n t  f o r m  of e i n -  

k o r n  c l o s e l y  r e l a t e d  to T. boeoticum, s i n c e ,  a c c o r d i n g  

to ou r  p r e l i m i n a r y  d a t a ,  the  d i f f e r e n t i a l  s t a i n i n g  of 

the  c h r o m o s o m e s  of the l a t t e r  s p e c i e s  i s  s i m i l a r  to 

tha t  r e p o r t e d  by Gil l  and K i m b e r  (1974)  fo r  f .  mono- 

coccum. It i s  n o t e w o r t h y  t ha t  the  d i f f e r e n t i a l  s t a i n i n g  

of the  c h r o m o s o m e s  of e i n k o r n  o b s e r v e d  by us i s  s i -  

m i l a r  to tha t  o b s e r v e d  by D.  Kos tov  as  e a r l y  a s  1938. 

The d i f f e r e n t i a l  s t a i n i n g  p a t t e r n  o b s e r v e d  by us in  

Ae. spe l to ides  and Ae. squarrosa i s  a l s o  d i f f e r e n t  

f r o m  tha t  d e s c r i b e d  by Gi l l  and K i m b e r  ( 1 9 7 4 ) .  The 

only s i m i l a r i t y  was in the  t e l o m e r i c  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  in the  c h r o m o s o m e s  of Ae. spe l to ides .  

C o m p a r i n g  the k a r y o t y p e s  of the d ip lo ids  s tud ied  

with c h r o m o s o m e s  of h e x a p l o i d s ,  we d i s c o v e r e d  a 

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

dual  c h r o m o s o m e s  of Ae. squarrosa and ' C h i n e s e  

S p r i n g '  

The m a r k e d  d i f f f e r e n c e s  b e t w e e n  the  c h r o m o s o m e s  

of the  v a r i e t i e s  ' D i a m a n t '  and ' C h i n e s e s  S p r i n g ' ,  

r e v e a l e d  by the  d i f f e r e n t i a l  s t a i n i n g ,  were  qui te  un-  

e x p e c t e d ,  for  they be long  to the  s a m e  s p e c i e s  and the  

k a r y o t p y e  i s  c o n s i d e r e d  to be a f u n d a m e n t a l  and r e l a -  

t ive ly  s t a b l e  c h a r a c t e r  of a s p e c i e s .  

The e x i s t e n c e  of the  i n t e r v a r i e t a l  k a r y o t y p i c a l  h e -  

t e r o m o r p h i s m  is  s t i l l  m o r e  s u r p r i s i n g ,  a s  the  c h r o -  

m o s o m a l  p o l y m o r p h i s m  in the  v a r i e t i e s  i s  qui te  low 

and the  h o m o l o g u e s  do not  a c t u a l l y  show any m o r p h o -  

log ica l  d i f f e r e n c e s .  In add i t ion ,  by c o m p a r i n g  the  v a r -  

i e t y - s p e c i f i c  c h r o m o s o m e s  ( 4 , 6 , 7 , 1 3  to 21) no h o m e -  

o logous  p a i r s  we re  found,  the  d i f f e r e n c e s  b e t w e e n  

which could be exp l a ined  by expec t ed  t r a n s l o c a t i o n s  

( L a r s e n  1973) .  In o t h e r  w o r d s ,  12 c h r o m o s o m e s  of 

' D i a m a n t '  look " a l i e n "  in the k a r y o t y p e  of ' C h i n e s e  

S p r i n g ' ,  and v ice  v e r s a .  Two a l t e r n a t i v e ,  bu t  not  m u -  

tua l ly  e x c l u s i v e ,  e x p l a n a t i o n s  of the p h e n o m e n o n  may 

be o f f e r e d .  The f i r s t  one i s  the  e f fec t  of i n t r o g r e s s i o n  

invo lv ing  o t h e r  s p e c i e s  whose  c h r o m o s o m e s  a r e  not  

ye t  known and t h e r e f o r e  c a n n o t  be iden t i f i ed  in the in -  

v e s t i g a t e d  k a r y o t y p e s .  Since ' C h i n e s e  S p r i n g '  i s  con -  

s i d e r e d  to be one of the  m o s t  p r i m i t i v e  whea t  v a r i e -  

t i e s  ( S e a r s  1954; Ri ley  et  a l .  1967; L a r s e n  1973) ,  i t  

i s  r e a s o n a b l e  to suppose  tha t  i n t r o g r e s s i o n  took p l ace  

in the  h i s t o r y  of ' D i a m a n t ' .  This  p h e n o m e n o n  i s  we l l -  

known in the  evo lu t ion  of many  p l a n t s  ( Z h u k o v s k y  

1970) ,  inc lud ing  Aegilops and Tritieum ( Z o h a r y  and 

F e l d m a n  1962; P a z y  and Z o h a r y  1965; F e l d m a n  1965, 

1966; Va rd i  1973, 1974) ,  h e n c e  i t s  r o l e  in  v a r i e t y  

f o r m a t i o n  may a l so  be  p o s t u l a t e d .  

The s u g g e s t e d  r o l e  of i n t r o g r e s s i o n  in the  e v o l u -  

t ion of the  ' D i a m a n t '  k a r y o t y p e  i s  r e i n f o r c e d  by s i -  
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milarity between certain chromosomes of Ae. sq~zm- 

rosa and 'Chinese Spring' and lack of similarity with 

'Diamant'. This could be due to the substitution of 

the chromosomes originating from Ae. squarrosa into 

some unknown homeologous chromosomes of other 

species and forms. Such a substitution might be com- 

plete in the evolution of 'Diamant' but only partial 

in ' Chinese Spring'. 

The second, not unreasonable explanation of the 

intervarietal karyotypical differences, and of those 

between hexaploid wheats and their supposed diploid 

ancestors, is that evolutionary changes took place in 

the pattern of constitutive heterochromatin distribu- 

tion along chromosomes. The work of Vosa (1973) on 

Scilla sibiriaa demonstrated the p o s s i b i l i t y  of he- 

terochromatin in plants being highly variable. There- 

fore it may be suggested that in self-pollinators, such 

as sommon wheat, a change in some hterochromatin 

region will persist in the variety originated from such 

a plant and will be relatively stable. 

In view of the concept of the primitive karyotype 

of 'Chinese Spring' and the large quantity of hetero- 

chromatin detected in it, it may be supposed that the 

evolutionary process tended to decrease the quantities 

of the genetically inactive material in the genome of 

more advanced wheat varieties. 

The current concepts of the origin of each of the 

three genomes of common wheat are well known, to 

great extent due to the use of a conjugation test, i.e. 

analysis of pairing of homeologous chromosomes in 

different interspecific hybrids (Morris and Sears 1967; 

Yachevskaya 1971; Budashkina i971). 

In the first investigation in this direction, in which 

T. monoaooaum was identified as the donor of A-genome 

( S a x  1 9 2 2 ) ,  no  q u a n t i t a t i v e  e s t i m a t i o n  of  c o n j u g a t i o n  

was  m a d e ;  in  l a t e r  s t u d i e s ,  a s  a r u l e ,  t he  p r o p o r t i o n  

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

g u r a t i o n s  o c c u r r i n g  in  MI h y b r i d s  w as  d e t e r m i n e d .  

A s  a m a t t e r  of  f a c t ,  t h e  p r o p o r t i o n s  w e r e  n e v e r  a b -  

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

dua l  p l a n t s .  F o r  e x a m p l e ,  in  t h e  s t u d y  of R i l e y  a n d  

C h a p m a n  ( 1 9 6 0 ) ,  w h i c h  r e m a i n e d  u n t i l  n o w  a c o n v i n -  

c i n g  d e m o n s t r a t i o n  of Ae. squamrosa a s  t h e  d o n o r  of  

D - g e n o m e  ( K i m b e r  and  A t h w a l  1 9 7 2 ) ,  of  the  100 e x a -  

m i n e d  F 1 cells of T. aestivum, vat. 'Chinese Spring' 

• Ae. 8quarrosa only 60 cells contained 7 bivalents and 

14 univalents; in the rest the number of bivalents var- 

i ed  f r o m  4 to  6 .  The a u t h o r s  e x a m i n e d  t h e  h y b r i d  o r i -  

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

one  c o l l e c t i o n  s p e c i m e n  of Ae. squarrosa. 

In  s o m e  r e s p e c t s  t h i s  w o r k  i s  r a t h e r  t y p i c a l ,  v i z .  

w h e a t ' s  p h y l o g e n y  i s  r e s o l v e d  on  t he  b a s i s  of  r a t h e r  

i n d e f i n i t e  d a t a  o b t a i n e d  t h r o u g h  t he  c o n j u g a t i o n  t e s t .  

W h e n  in  t h e  c r o s s e s  wi th  t he  s a m e  ' C h i n e  S p r i n g '  

t he  r o l e  of  Ae. spe l to ides  a s  t he  d o n o r  of  B - g e n o m e  

was  a n a l y s e d  wi th  s e v e r a l  c o l l e c t i o n  s p e c i m e n s  ( K i m -  

b e r  a n d  A t h w a l  1 9 7 2 ) ,  t hey  t u r n e d  ou t  to  f a l l  i n to  t h r e e  

g r o u p s  d i s t i n g u i s h e d  b y  t he  d e g r e e  of c o n j u g a t i o n  wi th  

T. aestivum c h r o m o s o m e s .  C o n c e i v a b l y ,  the  a u t h o r s  

w e r e  q u i t e  r i g h t  to  c o n c l u d e  t h a t  Ae. spe l to ides  was  

no t  a d i r e c t  d o n o r  of B - g e n o m e .  H o w e v e r ,  t he  p a p e r  

i s  i n t e r e s t i n g  f o r  u s ,  a b o v e  a l l  b e c a u s e  i t  d e m o n s t r a t -  

ed  by  m e a n s  of  t h e  c o n j u g a t i o n  t e s t  s i g n i f i c a n t  p o l y -  

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

I t  s u g g e s t s  t h a t  a r i g o r o u s  e s t i m a t i o n  of  t he  d e g r e e  

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

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

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

lo id  s p e c i e s .  In  o t h e r  w o r d s ,  t h e  g e n e r a l  body  of  d a t a  

on t h e  c h r o m o s o m e  c o n j u g a t i o n  in  F i of i n t e r s p e c i f i c  

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

e v i d e n c e  of  t he  o r i g i n  of  a n y  of  the  t h r e e  T. a e s t i v ~  

genomes. 

A novel test for estimating the homeology of chro- 

mosomes of related species is comparison of the pat- 

terns of their differential staining by the BSG method, 

or by peculiar distribution of constitutive heterochro- 

matin along individual chromosomes of somatic cells. 

It should be taken into account that the heterochroma- 

tin regions of chromosomes are responsible for the 

normal process of conjugation (Barr and Ellison 1972). 

Complete conjugation is preceded by approximation of 

the heterochromatin regions (Maguire 1967; Wagenaar 

and Sadasivaiah, 1969) and their binding by the DNA 

strands (Ahokas 1971; Drets and Stoll 1974). Appar- 

ently, conjugation is a random process, depending 

upon the degree of homeology of the DNA carrying re- 

peated nucleotide sequences, its quantities in the he- 

terochromatin regions, the pattern of their distribu- 

tion along chromosomes, and the effects of the resi- 

dual genotype. It is worth noting that in three chro- 

mosomes of nulli-5B haploid 'Chinese Spring', which 

are not isochromosomes, conjugation occurs between 

the arms (Upadhya 1969). The differential staining 
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a l so  p e r m i t s  de tec t ion  in the karyotype  of the v a r i e t y  

t h r ee  c h r o m o s o m e s  (1 ,4  and 13) with a t e l o m e r i c  lo -  

ca l i za t ion  ( s y m m e t r i c a l  with r e s p e c t  to the c e n t r o -  

m e r e )  of l a rge  h e t e r o c h r o m a t i n  r e g i o n s .  It s e e m s  

probable  that conjugat ion be tween the a r m s  o c c u r s  jus t  

in these  c h r o m o s o m e s  owing to the a s soc i a t i on  of the 

t e l o m e r i c  h e t e r o c h r o m a t i n  r e g i o n s  approx ima ted  at 

the p r e m e i o t i c  i n t e r p h a s e .  Approached  in th is  way, 

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

of the two v a r i e t i e s  of T. aestivum L. may be c o m -  

pa red  with the p r e v i o u s l y  ment ioned data on p o l y m o r -  

phism of the Ae. spe l to ides  populat ion.  The d i f f e r e n c e s  

in the d e g r e e  of conjugat ion could be due to the po ly-  

m o r p h i s m  of the t h r ee  g roups  of co l l ec t ion  s p e c i m e n s  

of Ae. spe l to ides  in the d i s t r ibu t ion  pa t t e rn  and the 

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

As  a whole,  the v a r i e t y  ' C h i n e s e  Spr ing '  p roved  

to be cons ide r ab ly  r i c h e r  in h e t e r o c h r o m a t i n  than 

' D i a m a n t ' .  M o r e o v e r ,  these  two v a r i e t i e s  of c o m m o n  

wheat have only 9 c h r o m o s o m e s  s i m i l a r  in cont i tu t ive  

h e t e r o c h r o m a t i n  pa t t e rn .  T h e r e f o r e  the i r  c h r o m o s o m e s  

may be expec ted  to have d i f fer ing  abi l i ty  conjugate  in 

i n t e r s p e c i f i c  and i n t e r v a r i e t a l  c r o s s i n g s .  

Unfor tuna te ly ,  so far  t he r e  has  been no a t tempt  to 

i nves t iga t e  the l i nea r  d i f fe ren t i a t ion  of the s o m a t i c  

c h r o m o s o m e s  of two s p e c i e s  (o r  v a r i e t i e s )  and at the 

s a m e  t i m e  to make a quant i ta t ive  a s s a y  of the con ju-  

gat ion in F 1 hybr ids .  Such a study would enable  ob j ec -  

t ive  eva lua t ion  of each  tes t  in the d e t e r m i n a t i o n  of 

the d e g r e e  of homology of homeologous  c h r o m o s o m e s .  

And without i t ,  in v iew of the r e v e a l e d  karyo typ ica l  

h e t e r o m o r p h i s m  of T. aest ivwn L. v a r i e t i e s ,  it s e e m s  

i m p o s s i b l e  to r i g o r o u s l y  d e t e r m i n e  the d e g r e e  of ho-  

mology be tween  the c h r o m o s o m e s  of hexaploid  wheat 

and its putative ancestors. In this case, we may speak 

only about the degree of apparent similarity of the 

homeologues compared, not excluding the possibility 

of lack of homology at a genetic level. Consequently, 

the attempt to establish homology betwen particular 

chromosomes of the diploid species ( T. monococeum, 

Ae. speltoides, Ae. squarrosa)and T. aestivum on 

the bas i s  of the BSG tes t  a lone ,  s e e m s  unconvincing 

(Gil l  and Kimber  1974). 

Using the BSG t e s t ,  we would not so lve  unambigu-  

ously  the r o l e s  of T. monococcum, Ae. spe l to ides  and 

Ae. squarrosa as  donors  of the t h r ee  genom es  of T. 

aest ivw~ L. Conce ivab ly ,  to so lve  this  p r o b l e m ,  the 

BSG tes t  should be appl ied to the c h r o m o s o m e s  of a 

number  of v a r i e t i e s  of c o m m o n  wheat and a host  of 

f o r m s  of diploid and polyploid s p e c i e s .  

Conc lus ions  

1. The l inea r  d i f fe ren t ia t ion  of the c h r o m o s o m e s  of 

T. aestivum var. 'Chinese Spring' and 'Diamant', 

and a l so  of the diploids  T. monococcum, Ae. spe l to ides  

and Ae. s q ~ r r o s a j  putat ive a n c e s t o r s  of c o m m o n  wheat,  

was s tudied by means  of the BSG te s t .  

2. The v a r i e t i e s  s tudied d i f fe r  d r a s t i c a l l y  in the i r  

c h r o m o s o m e  c o m p l e m e n t ,  only nine c h r o m o s o m e s  

mani fes t ing  morpho log ica l  s i m i l a r i t y ,  which ind ica tes  

a lack of spec i f i c  karyotype  in T. a e s t i v ~ .  

3. No l i n e a r  d i f fe ren t ia t ion  of the T. m o n o e o c ~  

c h r o m o s o m e s  has  been r e v e a l e d  by the method used .  

4. The c h r o m o s o m e s  of Ae. spe l to ides  and Ae. 

squ~rosa  have c l e a r c u t  individual  l i n e a r  d i f f e r e n t i a -  

t ion pe rm i t t i ng  the i r  r e l i a b l e  ident i f ica t ion .  

5. The c o m p a r i s o n  of the c h r o m o s o m e s  of diploids  

with those of common  wheat v a r i e t i e s  has r e v e a l e d  

s i m i l a r i t y  only be tween t h r ee  c h r o m o s o m e s  of Ae. 

squarrosa and 'Chinese Spring'. No similarity has 

been found between the chromosomes of the variety 

'Diamant' and putative ancestors of common wheat. 

6. The role of introgression in the evolution of 

wheat and ints ancestors is discussed. 
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