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Div i s ion  of G e n e t i c s ,  N u c l e a r  R e s e a r c h  Labora to ry ,  Indian A g r i c u l t u r a l  R e s e a r c h  Ins t i tu te ,  New Delhi  

S u m m a r y .  The gene t ic  con t ro l  of d ip lo id - l i ke  c h r o m o s o m e  pa i r i ng  in Arena i s  d i s c u s s e d  and c o m p a r e d  with the  
d ip lo id iz ing  m e c h a n i s m s  in the  hexaplo id  b readwhea t  and the hexaplo id  ta l l  r e s c u e .  An examina t ion  of  the pub-  
l i s h e d  l i t e r a t u r e  r e v e a l s  that  t h e r e  i s  a r e m a r k a b l e  s i m i l a r i t y  in t he se  t h r e e  r e g u l a t o r y  m e c h a n i s m s  (Table 3 ) .  
It i s  f u r t h e r  conc luded  that the  d ip lo id iz ing  gene s y s t e m  in the  polyploid  s p e c i e s  of Arena is  as  c o m p l e x  as in wheat .  
A r e a p p r a i s a l  of the publ i shed  in fo rma t ion  on Arena and o the r  po lyp lo ids ,  fo l lowed by f u r t h e r  s t u d i e s ,  might  y ie ld  
m o r e  i n f o r m a t i o n  about the  funct ional  a s p e c t s  of the d ip lo id iz ing  m e c h a n i s m s .  

1. In t roduc t ion  

Although a l lopolyplo idy  has  p r o v i d e d  the ba s i s  for  the 

evolu t ion  of our  mos t  impor t an t  g r a i n ,  f o r age  and f i -  

b r e  c r o p s ,  the s u p e r - i m p o s i t i o n  of a p r e c i s e  gene t ic  

c o n t r o l  on c h r o m o s o m e  pa i r ing  could  be vi ta l  for  c o n -  

f e r r i n g  m e i o t i c ,  and hence  r e p r o d u c t i v e ,  s t ab i l i ty  in 

s e x u a l l y  r e p r o d u c i n g  po lyp lo ids .  Thus ,  in the a l l o -  

hexap lo id  (2n = 6x = 42) b r e a d w h e a t  (AABBDD) (Oka-  

moto  1957; Ri ley  1960),  a l l o h e x a p l o i d o a t s  (AACCDD) 

(Rajha thy  and Thomas 1972, 1974) and a l lohexap lo id  

tall fescue (Festuca arundinacea Schreb., AABBCC) 

(Jauhar 1975a,b) the diploid-like chromosome pair- 

ing is under genetic control. It is likely that the dip- 

loid-like meiosis in most, if not all, other natural 

polyploids is also genetically regulated: without such 

a control precise bivalent pairing in these polyploids, 

having several sets of related genomes, would not be 

achieved. And some evidence of this is available in 

the published literature on several polyploid taxa of 

grasses and of other families. 

In a recent comprehensive monograph on the cy- 

togenetics of oats, Rajhathy and Thomas (1974) have 

d i s c u s s e d  the gene t ic  con t ro l  of d ip lo id - l i ke  pa i r ing  

in the polyploid  s p e c i e s  of Arena .  I f e e l ,  h o w e v e r ,  

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

s e n c e  of a d ip lo id iz ing  gene  s y s t e m  in Awna in the 

pub l i shed  l i t e r a t u r e  than t h e s e  au tho r s  have  c o n s i d e r -  

ed, and s o m e  of th is  e v i d e n c e  is  d i s c u s s e d  in th is  r e -  

p o r t .  A r e a p p r a i s a l  of the pub l i shed  l i t e r a t u r e  on 

Avena, and indeed on s e v e r a l  o the r  polyploid  taxa ,  

may  also yie ld  s o m e  useful  i n fo rma t ion  on the gene t i c  

regu la t ion  of c h r o m o s o m e  p a i r i n g .  

2. E f f e c t i v e n e s s  of ~enet ic  con t ro l  of c h r o m o s o m e  
pa i r ing  in polyploid  s p e c i e s  

P a i r i n g  in e u - ,  aneu-  and nu l l i -hap lo ids  

The amount of c h i a s m a t e  pa i r ing  in the polyhaptoicls 

( e u - ,  aneu-  and nu l l i - hap lo id s )  of a s p e c i e s ,  o r  in 

the haploid  c o m p l e m e n t s  of i t s  hybr ids  with r e l a t e d  

s p e c i e s ,  could p rov ide  a c r i t i c a l  t e s t  of the e f fec -  

t i v e n e s s  of the gene t ic  con t ro l  of p a i r i n g .  Thus in a 

polyhaploid  (2n = 3x = 21) of ta l l  r e scue  (F~stuca 

arundinacea S c h r e b . ) ,  upto 7ii  (mean  = 4 .01 i i  p e r  

c e l l ) ,  among them s e v e r a l  r ing  b iva l en t s ,  w e r e  ob-  

s e r v e d  by Malik and Tr ipathi  (1970) ,  p r e s u m a b l y  as  

a r e su l t  of the  h e m i z y g o u s  i n e f f e c t i v e n e s s  of the g e n -  

er ic  con t ro l  in th is  s p e c i e s  ( J a u h a r  1975 a , b ) .  In 

wheat  (Ri ley  and Chapman 1958) and oa t s ,  A v ~ a  by-  

zan t ina  C.  Koch.  ( N i s h i y a m a  and Tabata 1964),  how-  

e v e r ,  the po lyhaplo ids  (2n = 3x = 21) show v e r y  l i t t l e  

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

is  e f f ec t ive  in the  h e m i z y g o u s  s t a t e .  In the wheat  eu -  

hap lo ids ,  rod  b iva l en t s  a r e  o c c a s i o n a l l y  f o r m e d  ( m e a n  

of 12 euhaploids  = 0 .97  p e r  c e l l ,  R i ley  1960),  w h e r e -  

as  in the oat euhaplo ids  even  rod  b iva l en t s  a r e  much 
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Table 1. Dosage  ef fec t  of the d ip lo id iz ing g e n e ( s )  in Arena 

Ploidy level Chromo- Genomic 
and some consti- 
hybrids number tution 

Supposed* 
number of 
regulators 

Mult iva len t s  
V IV III 

Arena satiua L. 2n = 20 A C D-1 Nil 
Nullihaploid 

A. sativa L. 2n = 21 A C D-1+1 1 
Nulli-tetra haploid 

A. byzantina 2n = 21 A C D 1 
Euhaploid 

A. s a t i v a  2n = 42 AA CC DD 2 

A. byze~tina 2n = 42 AA CC DD 2 

A. abyssinica 2n = 28 AA BB 2 

A. abyssiniea 2n = 35 AA BCD 2 
x A. 8ativa 

A. abyssinica 2n = 35 AA BCD 2 
X A. byzantina 

A. h i r t u l a  2n = 35 AAA CD 3 
x A. sativa 

A. abyssinica 2n = 70 AAAA BBCCDD 4 
x A. sativa 
Decap lo ids  

A. longiglur~s 2n : 28 A ACD Nil 
CW 57 ( whole 

• A. 8ativa var. regulatory 
Pendek apparatus 

presum ably 
switched off) 

0.08 

0.04 

- 0.50** 

- 0 . 0 0 3  "~'W'* 

1 . 0 7  

0.71 

0 .95 

0 .29 

0.11 0 .41 3.11 

* These  va lues  a r e  based  on the a s sumpt ion  that  A genome  has the  p r inc ipa l  r e g u l a t o r  l ike  the 
** The au thors  o b s e r v e d a  m e a n  of 3. 5 a s s o c i a t i o n s  p e r  c e l l .  The va lues  fo r  t r i v a l e n t s  and b iva len t s  
*** Only two t r i v a l e n t s  o b s e r v e d  in the 714 c e l l s  s c o r e d  

r a r e r  (Table 1) a n d a " r i n g - s h a p e d  b iva lent  was n e v e r  

o b s e r v e d "  in the 714 c e l l s  ana ly sed  (N i sh iyam a  and 

Tabata ,  l o c .  c i t ) .  

It would,  t h e r e f o r e ,  appea r  that  the gene t i c  c o n -  

t ro l  s u p p r e s s i n g  homoeo logous  pa i r i ng  is  much m o r e  

e f f ec t i ve  in the h e m i z y g o u s  s t a t e  in A. byzant ina,  and 

indeed in A. s a t i v a  (Bhat t i  1972; Thomas and Bhatt i  

1975),  than in Tr~ticum aestivum. It s e e m s  that t h e r e  

a r e  d i f fe ren t  d e g r e e s  of e f f e c t i v e n e s s  of gene t ic  c o n -  

t ro l  i n t h e s e  t h r e e  hexaplo id  s p e c i e s ,  being v e r y  s t rong  

in A. s a t i v a  and A. byzant ina and l eas t  e f f ec t ive  in the 

ta l l  r e s c u e  po lyhap lo ids .  An a l t e r n a t i v e  p o s s i b i l i t y  i s  

that  the  d ip lo id iz ing  g e n e ( s )  in the hemizygous  s t a t e  

show ampl i f i ed  a c t i v i t y  in oats  and wheat ,  but not in 

ta l l  r e scue  which i s  an inc ip ient  s p e c i e s .  M o r e  po ly -  

haplo ids  d e r i v e d  by an ther  c u l t u r e  ( C r a i g  1974; N i l -  

zeki  and Kita  1974) should be s tud ied  in al l  t h e s e  s p e -  

cies before drawing any more conclusions as to the 

functional aspects of these three diploidizing mechan- 

isms. A comparison of the three regulatory mechan- 

isms is given in Table 3. 

In a nu/li-tetrahaploid (2n - I + I = 21) of A. sa- 

tiva, which was nullisomic for one chromosome but 

had an extra dose of another (Bhatti 1972), very lit- 

tle chiasmate homoeologous pairing occurred and a 

mean of only 0.05ii per cell (in addition to one homo- 

logous bivalent) was observed; this is even less than 

one-third the figure obtained in the A. byzan~na poly- 

haploid (Table 1) and only about one-twentieth of that 

realized in the wheat euhaploids (Riley 1960). Fur- 

thermore, in this nulli-tetrahaploid side-to-side as- 

sociations of univalents at diakinesis and metaphase 

I, which are presumably a reflection of residual ho- 

mology in the haploids of bread wheat (Person 1955) 
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II I 

C h i a s m a t a  
C h i a s -  p e r  p a i r e d  Number  
mata  c h r o m o -  of c e l l s  
pe r  ce l l  s o m e  s c o r e d  Reference 

2.90 12.80 

(1+)0 .05  18.89 

0 .17  20.65 

21 - 39.70 0.945 

21 

14 - 26.65 0 .952 

5 .63  20.15 8 .10  0.546 

6.59  19.53 8 .33 0 .532 

6.85  18.45 14.30 0.864 

33.44 2.31 58.40 0.857 
(35i i  in 

s e v e r a l c e l l s )  
4 .83  6 .83 

237 

93 

714 

20 

20 

200 c e l l s  
( 10 hybr ids )  

100 c e l l s  
( 5 hybr ids )  

40 
(2 hybrids) 

IO0 
(5 hybrids) 

Gauth ie r  and 
McGinn i s ,  1968 

Ca lcu la t ed  f r o m  
Bhat t i ,  1972 

Ca lcu l a t ed  f r o m  
N i s h i y a m a  and Tabata ,  

Ca l cu l a t ed  from 
Thomas  and 
J o n e s ,  1964 

Rajhathy and 
T hom as ,  1972 

1964 

5B of wheat  
a r e  g iven  in Rajhathy and Thomas  ( 1974, p. 63) 

and of  Pennisetum typhoides ( J a u h a r  1970),  w e r e  l e s s  

f r equen t  than in wheat  ( P e r s o n ,  l oc .  t i t ) .  These  

somewha t  c o n t r a s t i n g  r e s u l t s  in the polyhaplo ids  of 

oa t s  and wheat have  been i n t e r p r e t e d  as ind ica t ing  

g r e a t e r  s t r u c t u r a l  d i v e r g e n c e  of  the cons t i tuen t  gen-  

o m e s  and a s t r o n g e r  s u p p r e s s i o n  of homoeo logous  

pa i r i ng  in A. sa t i va  than in T. aes t i~1n (Thomas  and 

Bhatt i  1975).  

It m a y ,  wel l ,  be that  gene t ic  i n fo rma t ion  fo r  b i -  

va len t  pa i r i ng  is  p r e s e n t  in m o r e  than one g e n o m e  

( p o s s i b l y  A and C) of A. sa t i va ,  so that i f  one c h r o -  

m o s o m e  c a r r y i n g  the  ' r e g u l a t o r '  is  l o s t ,  e . g .  in the 

nu l l i - hap lo id  ( G a u t h i e r  and McGinnis  1968),  the  a -  

mount of  h o m o e c l o g o u s  pa i r ing  o b s e r v e d  is  s t i l l  f a r  

l e s s  than in the  nu l l i -SB haplo ids  of wheat ( R i l e y  

1960; N o r o n h a - W a ~ n e r  and M e l l o - S a m p a y o  1972) .  

The n u l l i s o m i c - t e t r a s o m i c  c o m p e n s a t i o n  pa t t e rn  in 

A. sativa (Bhat t i  1972 ; Thomas  and Bhatt i  1975) c o n -  

f o r m s  l a r g e l y  to that in wheat  ( S e a r s  1 9 6 6 ) ,  a l so  s u g -  

ges t ing  that  i n t e r - g e n o m a l  d i f f e ren t i a t ion  in A. sa t i va  

i s  not much d i f fe ren t  f rom that in T. aestivum. 

It s e e m s  that  the gene t i c  con t ro l  in A. s a t i v a  is  

a l so  as  com p lex  a s t h a t  being r e v e a l e d i n  T. a ~ s t i v ~ .  

This point i s  d i s c u s s e d  l a t e r  in th is  p a p e r .  

3. Is gene t ic  con t ro l  of pa i r ing  hemizygous  ine f f ec t ive  
in t e t r a p l o i d  s p e c i e s  of Arena7 

The type of h e m i z y g o u s  i ne f f ec t i ve  gene t i c  con t ro l  d i s -  

c u s s e d  in polyploid  s p e c i e s  of Festuca  ( J a u h a r  1975b) 

was a l so  i n f e r r e d  fo r  s o m e  t e t r a p l o i d  s p e c i e s  of  Arena, 

e . g . A ,  ba.rbata. H o w e v e r ,  the  i n f e r e n c e  of a h e m i z y -  

gous i ne f f ec t i ve  diploiclizing m e c h a n i s m  in .4. ba.r'ba~.a 
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(2n = 28) by Sadasivaiah and Rajhathy (1968) and by 

Bajhathy and Thomas ( 1974, p. 56) deserves reconsi- 

deration. Although the genomic constitution of bar- 

bats is not established, one view is that it is an au- 

totetraploid (Ladizinsky 1973), yet these workers 

based their conclusion on trivalent formation in its 

triploid hybrids (A s AA) with A. 8tr~gosa (A s A s) . 

On the basis of the published data (Thomas and 

Jones 1964) on chromosome pairing in autoallodecap- 

folds (AAAA BB CC DD) between A. abyssinioa (AA 

BB) ~nd A. sativa (AA CC DD), Jauhar (1975c) sug- 

gest(:d that A is the "hot genome" carrying the prin- 

cipal regulator of bivalent pairing, like the 5B of 

wheat. If this is indeed true, as discussed later in 

section 4 d, then the diploid-like pairing in A. barba- 

ra (AAAA) could perhaps be due to the dosage effect 

of the diploidizing gene which in four doses brings 

about 2 x 2 pairing of the homologous sets. This, then, 

would well explain the results of Ladizinsky (1973) 

that a single gene in the quadriplex condition could 

control bivalent pairing in barbara. A similar dosage 

effect of the regulatory mechanism was observed in 

dodecaploid (2n = 12x = 84) tall rescue (Jauhar 1975c). 

When the diploidizing mechanism is fully effective 

in the hemizygous condition in hexaploidoats, it should 

perhaps be effective in tetraploid oats too, unless a 

totally different regulatory mechanism is working in 

the tetraploids. It seems unlikely that the genetic con- 

trol of bivalent pairing should be hemizygous effec- 

tive in some tetraploid species of Arena (Rajhathy and 

Thomas 1974, p. 57), but ineffective in some other 

tetraploid species of the same genus (Rajhathy and 

Thomas 1974, p.56). 

It is not unlikely that the hemizygous ineffective 

genetic control of bivalent pairing observed in poly- 

ploid species of Festuca (Jauhar 1975b) may be of 

wide occurrence in the grass family, and that such a 

regulatory mechanism may be working in some poly- 

ploid taxa of other families also. The data of Khoshoo 

and Arora (1969) on chromosome pairing in the hexa- 

ploid Verbena aubleita (2n = 6x = 30) and its hybrids 

with the diploid V. tenuisecta (2n = I0) can be mean- 

ingfully explained on the basis of the existence of a 

regulatorymechanism in the hexaploid aub leita, which 

exercises its regulatory control on bivalent pairing 

when it is present in the disomic condition but is hemi- 

zygous ineffective: thus, is had no influence upon 

pairing in the haploid complements of the hybrids. 

Essentially similar data obtained in Ph~csw_r~z vitu- 

lif~rr (Mulligan 1967), and in Rhynchosin.~pis and 

Huter~ (Harberd and McArthur 1972) can also be 

satisfactorily explained on the basis of this regula- 

tion hypothesis. 

4. C h r o m o s o m e  p a i r i n g  in  s o m e  h y b r i d s  and a m p h i p l o i d s  

No attempt will be made here to review the entire li- 

�9 terature on chromosome pairing in hybrids and amphi- 

ploids of Arena. However, some examples whichc]ear- 

ly demonstrate the genetic regulation of pairing will 

be discussed. 

a) A. ~byssinica (AABB, 2n=28) XA. str/gosa(ASA 2, 
2n = 14) amphiploids 

The data on chromosome pairing in some euploid (2n = 

42) and aneuploid (2n = 41, 40, 39, 38, 37, 25) amphi- 

ploids calculated from Thomas and Peregrine (1964) 

are given in Table 2. The A s A s genome of str/gosa is 

homologous enough to the AA genome of abyssinica to 

form some quadrivalents and trivalents even in the 

euploid amphiploids and it would be difficult to assess 

precisely the extent of homoeologous pairing. But if 

more homoeologous pairing occurs in the aneuploids 

it should be reflected in higher multivalent frequency. 

Thus, while 31.83 percent of the chromosomes paired 

as multivalents in the 42-chromosome amphiploids 

and most aneuploids also showed similar multivalent 

frequencies, the 40-, 38-, and 25-chromosome am- 

phiploids had 38.55, 43.47 and 48.00 percent, res- 

pectively, of their chromosomes paired as multival- 

ents (Table 2). 

Based on chromosome homologies alone, the mere 

loss of four chromosomes in the 38-chromosome am- 

phiploids, for example, should not markedly affect the 

multivalent frequency which goes up, however, by 11.64 

percent of the chromosome complement. This exces- 

sive pairing in these aneuploids studied by Thomas and 

Peregrine can be satisfactorily explained on the basis 

that some chromosomes carrying the genetic informa- 

tion for diploid-like pairing have been lost. This situa- 

tion is somewhat analogous to the euploid (2n = 56) and 

aneuploid (2n = 52, 53, 54) amphiploids between Tri- 

ticum aestivum and Aegilops longissima, with and with- 
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Table 2. C h r o m o s o m e  pa i r i ng  in some  euploid (2n = 42) and aneuploid  amphip lo ids  be tween Arena abyssinica 
(AA BB, 2n = 28) andA. strigosa (ASA s) 

of the 
Mul t iva ien t s  complemen t  

C h r o m o s o m e  Genomic  fo rming  
n u m b e r  cons t i tu t ion  VI V IV III Total II I mu l t iva len t s  

42 AAASASBB 0 .12  0 .18 1.88 1.41 3.59 13.10 2.35 31.83 
(0-1) (0-1) (0-3) (0-4) (8-19) (0-9) 

41 AAASASBB-I 0.01 0.15 1.85 1.54 3.55 13.15 1.61 31.29 
(0-1)  (0-1)  (0-4)  (0-3)  (9-17)  (0-4)  

40 AAASASBB-2 - 0 .71 2.00 1.29 4 .00  10.71 3.28 38.55 
(0-2)  (0-5)  (0 -2 )  (7-14)  (1-8)  

39 AAASASBB-3 0 .33 0 .12 1.38 0 .92  2.75 11.46 2.08 27.85 
(0-1) (0-I) (0-3) (0-2) (9-13) (0-6) 

38 AAASASBB-4 0 .13 0 .13 3.12 0.87 4 .25 10.12 1.25 43.47 
(0-1) (0-1) (1-5) (1-3) (9-12) (0-3) 

37 AAASASBB-5 - 0.20 2.20 0.80 3.20 10.18 2.80 32.97 
(0 -1 )  (1-4)  (0 -4 )  (7-12)  (2-4)  

25 AAASASBB- 17 - - 3.00 - 3 .00 5 .00 3.00 48.00 
(1-4) (3-5) (1-3) 

Range of c h r o m o s o m e  conf igura t ions  i s  g iven in b r a c k e t s  (Ca lcu la t ed  f r om:  Thomas and P e r e g r i n e  1964) 

out c h r o m o s o m e  5B which has  the p r inc ipa l  r e g u l a t o r  

of b iva len t  pa i r ing  (Ri ley  and Chapman 1963).  While  

the amphip lo ids  with 5B showed l i t t l e  homoeologous  

p a i r i n g ,  the loss  of 5B in the aneuplo ids  r e s u l t e d  in 

c o n s i d e r a b l e  homoec logus  p a i r i n g .  S i m i l a r  r e s u l t s  

have been  repor ted  for euploid and aneuploid  a m p h i -  

p loids  between Loliwn ~u l t i f lor~m and Festuoa arun- 

dinacea ( J auha r  1975b , c ) .  

b) A. abyss iniea • A, sa t i va  hybr ids  (2n = 5x = 35) 

S ince  the  diploidizing m e c h a n i s m  must  have developed 

in the hexaploid as  well as  t e t r ap lo id  s p e c i e s ,  it would 

be m o r e  appropr i a t e  to c o n s i d e r  c h r o m o s o m e  pa i r i ng  

in the pentaploid  hybr id s  between t h e m ,  and in  the 

de r i ved  decap lo ids .  The m e a n  c h r o m o s o m e  conf igu-  

r a t i o n s  in  ten pentaploid  (AABCD, 2n = 35) h yb r i d s  

as  ca lcu la ted  f rom Thomas and Jones  (1964) a r e  g iv-  

en in Table 1. While  most  of the b iva i en t s  could have  

f o r m e d  between the A genomes  of abys s in i ca  and s a -  

t i v a ,  the fo rma t ion  of t r i v a l e n t s  and quad r iva i e n t s  

is  a re f lec t ion  of i n t e r - g e n o m a l  p a i r i n g .  In ten  hy-  

b r i d s  a mean  of 0 .08IV + 1 .07i i  I + 5 .63I i  + 20.15 I 

was o b s e r v e d .  The fo rma t ion  of as many  as 5 .63  b i -  

v a l e n t s  in these  pentaplo id  hybr id s  would sugges t  that 

the A genomes  f rom the p a r e n t a l  spec i e s  a r e  suf f i -  

c i en t ly  homologous to p a s s  the d i s c r i m i n a t i o n  l i m i t s  

of the diploidiz ing g e n e ( s ) .  

c) Other  pentaploid  hybr ids  

The mean chromosome configurations in the penta- 

ploid hybrids between A. abysainica • A. byzantina, 

its reciprocal byzantina • abyssini~a, abyssinica • 

sterilis, and in hirtula (AAAA, 2n = 4x = 28) • sa- 

tiva have been calculated from Thomas and Jones 

(1964) and some of these data are given in Table I. 

The formation of as many as 6.5911 and 6.0311 in the 

abyssinica • byzantina, and abyssinica X steri lis hy- 

brids, r e s p e c t i v e l y ,  would also ind ica te  that the A 

genomes  of a b y s s i n i e a  and of the hexaploid spec ies ,  

byzant ina and s t e r ~ : l i s ,  a r e  highly homologous .  

d) A. ~byssinica • A, 8~tiva decaploids  (2n = 10x = 70) 

C h r o m o s o m e  pa i r i ng  in the au to -a l lodecap lo ids  

(AAAA BB CC DD) de r ived  by co lch ic ine  t r e a t m e n t  

of the pentaploid abyssinica X sativa hybrids des- 

cribed in section 4b was remarkably regular (see 

Thomas and Jones 1964). Whereas 3511 were observ- 

ed in several cells, the mean per cell in five decap- 

folds was 33.441i (.Table 1). The frequency of multi- 

valents was much lower than in the parental penta- 

ploid hybrids. 

Thomas (1963) and Thomas and Jones (1964) ex- 

plained the diploid-like synaptic behaviour of these 

decaploids entirely on the basis that the A genomes 
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of abyssinica and saCiva had sufficiently differen- 

tiated as to show preferential pairing. It appears, how- 

ever, that Thomas (1963) and Thomas and Jones 

(1964) have overemphasized the differentiation bet- 

ween the A genomes of abyssinica and sativa. Their 

explanation of the diploid-like pairing in the synthetic 

decaploids, resting entirely on the differentiation hy- 

pothesis, is questionable because it has been shown 

that there is complete homology between the A gen- 

omes of the tetraploid and the hexaploid species of 

Arena (Or i f f i ths  et a l .  1959; Rajhathy and M o r r i s o n  

1960).  Even  if the A genomes  of abyss in ica  and h i r -  

~ulg have  somewha t  d i f f e ren t i a t ed  f r o m  the  A genome 

of sativa~ as c l a i m e d  by Thomas (1963) and Thomas 

and J o n e s  (1964) ,  t h e i r  s i m i l a r i t y  would be m o r e  to -  

wards  homology  than homoeo logy .  In any c a s e ,  even 

s o m e  amount  of d i f f e ren t i a t ion  might  make  it e a s i e r  

for  the  d ip lo id iz ing  g~ne(s )  to make  them p a i r  as  b i -  

v a l e n t s .  

That the A g e n o m e s  f rom the  two s p e c i e s  ( abys-  

s i n i c a  and s a t i v a )  a r e  suf f ic ien t ly  homologous  is  

bo rne  out by the fact  that they pas s  the d i s c r i m i n a -  

tion l i m i t s  of the diploidiz ing g e n e ( s )  in the pen ta -  

ploid hybr ids  (AA B C D ) ,  in which as many as 5.6311 

(Thomas  and Jones  1964) a r e  f o r m e d .  A high p e r -  

c e n t r e  of  pol len s t a inab i l i t y  (Thomas  and J o n e s ,  l oc .  

c i t . )  and c o m p l e t e  s e e d  f e r t i l i t y  (Lesik  1948) in the 

decap lo ids  would f u r t h e r  discount  the  d i f fe ren t i a t ion  

hypo thes i s  of Thomas  ( 1963).  

The synapti.~ behav iou r  of the syn the t ic  a u t o - a l l o -  

decap lo ids  (Table 1) can be s a t i s f a c t o r i l y  expla ined  

on the  b a s i s  of gene t i c  regu la t ion  if  it i s  a s s u m e d :  

1) that  A,  which is  the  mos t  i m p o r t a n t  genome  in 

Avena c o m m o n  to a l l  the  b i v a l e n t - f o r m i n g  polyploid  

s p e c i e s  (Bajha thy  and M o r r i s o n  1959; Bajha thy1963) ,  

i s  the "hot  genome"  c a r r y i n g  at l ea s t  the m a j o r  in -  

f o r m a t i o n  fo r  b iva len t  pa i r ing  ( l ike  the 5B of wheat) ,  

and 2) that  m o r e  than two doses  of th is  d ip lo id iz ing  

gene s y s t e m  c o m p l e t e l y  s u p p r e s s  homoeo logous  

pa i r ing  and also b r i n g  about 2 x 2 pa i r ing  of the ho-  

mologous  c h r o m o s o m e s  of the  A g e n o m e s .  This con-  

c lus ion  i s  suppor ted  by the low f r e q u e n c y  of t r i v a l e n t s  

(only 0 . 9 5 i i  I p e r  c e l l  ins tead  of the 4 .62 i i  I expec ted  

at coe f f i c i en t  of r e a l i z a t i o n  = 0 .66)  in the  pentaplo id  

hybrids (AA.ACD) between hirtula (AAA~) and sa- 

$/va (AACCDD) (Table 1). 

This s i tua t ion  is  analogous to that in the  a u t o - a i l o -  

dodecaploid  tal l  f e scue  (AAAA BBBB CCCC;  2n = 

12x = 84) ,  in which the d ip lo id iz ing g e n e ( s )  in quad-  

r u p l i c a t e  dose not only c o m p l e t e l y  s u p p r e s s  h o m o e -  

o logous  p a i r i n g ,  as  ev idenced  by the  a b s e n c e  of hexa -  

va l en t s  o r  h ighe r  m u l t i v a l e n t s ,  but a lso  b r ing  about 

2 x 2 pa i r ing  of the 21 homologous  se t s  of 4 c h r o m o -  

s o m e s  each ( J auha r  1975c) .  Such a dosage  ef fec t  

s e e m s  to be exhibi ted  by the 5B s y s t e m  a l s o .  When 

e x t r a  doses  of the long a r m  of the 5B c h r o m o s o m e  

(5B L) w e r e  fed in the f o r m  of i s o c h r o m o s o m e s ,  sup -  

p r e s s i o n  of both homoeologous  and homologous  pa i r ing  

was o b s e r v e d  in wheat  ( F e l d m a n  1966, 1968) .  

5. Complex i ty  of the ~enet ic  cont ro l  and pos s ib l e  
dosage  ef fec t  of the diploidiz ing g e n e ( s )  

F r o m  Table I it is  c l e a r  that one dose  of the d ip lo id i -  

z ing g e n e ( s )  in the hexaplo id  s p e c i e s  Arena s a t i v a  

and A. byzant ina  is  v e r y  e f f ec t ive  in s u p p r e s s i n g  ho-  

moeo logous  p a i r i n g ,  as  ev idenced  by the a l m o s t  c o m -  

p le t e  absence  of pa i r ing  in the  haploids  of t h e s e  s p e -  

c i e s .  Table 1 l i s t s  s o m e  hap lo ids ,  euploid s p e c i e s ,  

i n t e r s p e c i f i c  hybr ids  and amphip lo ids  supposed ly  

having 0 to 4 doses  of the A g e n o m e .  In s o m e  i n t e r -  

spec i f i c  hybr ids  and the d e r i v e d  amphip lo ids  which 

have  m o r e  than two doses  of A g e n o m e ,  t h e r e  is a 

c o n s i d e r a b l e  tendency  towards  b iva len t  pa i r ing  (Table 

1) .  In such c a s e s ,  not only i s  homoeo logous  pa i r ing  

s u p p r e s s e d  but a l so  apparen t ly  homologous  c h r o m o -  

s o m e s  of a p a r t i c u l a r  g e n o m e  tend to p a i r  mos t ly  as 

b i v a l e n t s .  

If it i s  a s s u m e d  that the A genome  of Arena has  

the p r inc ipa l  r e g u l a t o r  of c h r o m o s o m e  pa i r i ng  l ike  

the 5B of wheat ( J a u h a r  1975c) ,  then o~Hssinica • sa -  

l i v a  decap lo ids  (AAAA BB CC DD) will  have  four  

doses  of th is  r e g u l a t o r y  m e c h a n i s m ,  which not only 

s u p p r e s s  homoeologous  pa i r ing  but a l so  d r a s t i c a l l y  

r e d u c e  quadr iva len t  fo rma t ion  even among h omolo -  

~ e s  of the four  A g e n o m e s .  This type of dosage  e f -  

fect  is  evident  in the hirtula x sativa pentaploid  hy-  

b r i d s  (AAACD) which,  with t h r e e  A g e n o m e s ,  show 

a v e r y  low f r e q u e n c y  of t r i v a l e n t s  (0 .95  t r i v a l e n t s  

p e r  ce l l  as  agains t  a t h e o r e t i c a l  expec ta t ion  of 7 ) .  

This s e e m s  to be a p l aus ib l e  explanat ion fo r  the  d r a s -  

t ic  r educ t ion  in t r i v a i e n t  f r e q u e n c y  in t h e s e  h y b r i d s .  
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B a s e d  on c h r o m o s o m e  pa i r i ng  in the  nul l ihaplo id  

of A. sa t iva ,  which was supposed ly  n u l l i s o m i c  fo r  a 

c r i t i c a l  c h r o m o s o m e ,  Gau th i e r  and McGinnis  (1968) 

i n f e r r e d  that  the m i s s i n g  c h r o m o s o m e  c a r r i e d  the 

gene t ic  i n fo rma t ion  fo r  the r egu la t i on  of  p a i r i n g .  It 

i s ,  h o w e v e r ,  not unl ike ly  that s o m e  o the r  c h r o m o -  

s o m e ( s )  a lso  c a r r y  such i n f o r m a t i o n  so that even  if 

one c r i t i c a l  c h r o m o s o m e  is  m i s s i n g ,  g e n e ( s )  on s o m e  

o the r  c h r o m o s o m e ( s )  c a r r y  out s o m e  r e g u l a t o r y  

funct ion .  This i s  ind ica ted  by the amount  of h o m o e -  

o logous  pa i r ing  in th i s  nu l l ihap lo id ,  which is  f a r  l e s s  

than in the nu l l i -SB haplo ids  of  wheat  (R i l ey  1960).  

Biva len t  pa i r ing  in the 8x ventricosa-sativa a m p -  

h ip lo ids  (AACuCuCCDD) (Thomas  1970) could a l so  

be due to gene t i c  enhancemen t  of the d i f f e r en t i a l  a f -  

f ini ty of  the C u and C g e n o m e s  o r  due to dosage  e f -  

fect  of the p o s s i b l e  d ip lo id iz ing  genes  on the A and 

C g e n o m e s ,  as  d e s c r i b e d  e a r l i e r  in the abyssinica • 

sa t iva  decap lo id s .  

It i s  l ike ly  that  the  d ip lo id iz ing  m e c h a n i s m  in 

A. sa t iva  is  a l so  as c o m p l e x  as  that of whea t .  Al -  

though 5B L has  the  p r i n c i p a l  r e g u l a t o r  of  c h r o m o -  

s o m e  pa i r i ng  in whea t ,  it i s  becoming  c l e a r  that  o t h e r  

c h r o m o s o m e s  a l so  have  s o m e  gene t ic  i n f o r m a t i o n  fo r  

b iva lent  pa i r ing ,  e . g .  3D (Upadhya and Swaminathan  

1967; M e l t o - S a m p a y o  1971) and 3A ( D r i s c o l l  1972).  

Regula t ion  of b iva len t  pa i r i ng  i s  such an impor t an t  

c h a r a c t e r ,  so v i ta l  fo r  the s u r v i v a l  of the  wheat  p lan t ,  

that it i s  un l ike ly  that  it would be gove rned  just  by 

one gene  o r  a few genes  l oca t ed  on one c h r o m o s o m e .  

Many m o r e  c h r o m o s o m e s  c o n c e r n e d  with the r e g u -  

la t ion of  pa i r ing  may  subsequen t ly  b e c o m e  known but 

5B is  unques t ionab ly  the  " c h i e f  cons tab le"  which " d i s -  

c ip l i ne s "  the c h r o m o s o m e s .  P e r h a p s  it may  n e v e r  

be p o s s i b l e  to d e t e r m i n e  p r e c i s e l y  the n u m b e r  of c h r o -  

m o s o m e s  invo lved  in the  r egu la t i on  of  pa i r i ng  by the  

t echn ique  of n u l l i s o m i c  a n a l y s i s ,  for  the s i m p l e  r e a -  

son  that  i n  a n u l l i s o m i c  for  one c r i t i c a l  c h r o m o s o m e  

the func t iona l ly  s i m i l a r  genes  on the o the r  c h r o m o -  

s o m e s  might  show a m p l i f i e d  a c t i v i t y .  P e r h a p s  th is  

phenomenon of gene ampl i f i ca t i on  wil l  need  to be c o n -  

s i d e r e d  when d e r i v i n g  conc lu s ion  based  on the s tudy 

of n u l l i s o m i c s  o r  even  m o n o s o m i c s .  

An a l t e r n a t i v e  explana t ion  f o r  the a l m o s t  c o m p l e t e  

ab sence  of c h i a s m a t e  homoeo logous  pa i r i ng  in the 

m ono-5B  of wheat  could  b e t h a t  the d ip lo id iz ing  g e n e ( s )  

on the 5B m o n o s o m e  o r  on o t h e r  c h r o m o s o m e s  show 

a m p l i f i e d  a c t i v i t y .  This s e e m s  an i m a g i n a t i v e  hypo-  

t h e s i s  appa ren t ly  diff icul t  to put to e x p e r i m e n t a l  v e r i -  

f i ca t ion .  But pe rhaps  one way in which the complex i ty  

of th is  cont ro l  could  be t e s t e d  is  to c r o s s  wheat with 

d i f fe ren t  genotypes  of Aeoilo~s speltoides and o ther  

r e l a t e d  s p e c i e s  which i n t e r f e r e  with the r e g u l a t o r y  

m e c h a n i s m .  Ae. spe~.oides o r  o the r  r e l a t e d  genotypes  

could  p r e s u m a b l y  "swi tch  off" o r  r e p r e s s  the en t i r e  

r e g u l a t o r y  appara tus  in i ts  hybr ids  with wheat .  The 

quantum of c h r o m o s o m e  pa i r ing  in such hybr ids  

should t h e r e f o r e  be c o m p a r e d  with that in d i f ferent  

aneuplo ids  of wheat  and i ts  hybr ids  def ic ien t  for  dif-  

f e ren t  c h r o m o s o m e s .  Such a c o m p a r i s o n  might  g ive  

a f u r t h e r  c lue  as to how many  c h r o m o s o m e s  e x e r c i s e  

a r e g u l a t o r y  ef fec t  on pa i r i ng .  The s a m e  o r  s i m i l a r  

genotypes  should  be used  in o r d e r  to avo id  genotypic  

background  ef fec t .  

Some  v e r y  i n t e r e s t i n g  o b s e r v a t i o n s  have  been 

m a d e  in Arena sa t iva  (Table 1 ) .  When th is  s p e c i e s  

is  c r o s s e d  with a genotype  (CW 57) of A. longiglu- 

rr~s, the  r e g u l a t o r y  m e c h a n i s m  con t ro l l i ng  bivalent  

pa i r i ng  is  s e r i o u s l y  i n t e r f e r e d  with in the  h y b r i d s .  

Although in th is  c r o s s  (AACD) about s e v e n  b iva l en t s  

and 14 un iva len t s  would be expec ted ,  a l a r g e  n u m b e r  

of t r i v a l e n t s  and q u a d r i v a l e n t s  a r e  f o r m e d  in addi -  

t ion to b i v a l e n t s .  These  m u l t i va l en t s  would be  f o r m e d  

only through e x t e n s i v e  homoeo logous  pa i r i ng  which 

is  even  m o r e  than in the nul l ihaplo id  of sa t iva  sup-  

posed ly  def ic ien t  for  a c r i t i c a l  c h r o m o s o m e .  

It would appea r  that th is  p a r t i c u l a r  genotype  of 

longigl~r~s somehow " s w i t c h e s  o f f '  the  whole  r e g u -  

l a t o r y  appa ra tus  in sat iva,  so that  the  mul t iva len t  

f r e q u e n c y  in the hybr id  i n c r e a s e s  to n e a r l y  seven  

t i m e s  that  i n t h e  mul t ihap lo id  of sat iva  (Table 1).  In 

the m i c r o b i a l  s y s t e m s  t h e r e  a r e  s o m e  i n s t a n c e s  known 

w h e r e  s e v e r a l  func t iona l ly  s i m i l a r  genes  a r e  con-  

t r o l l e d  through the ac t ion  of the s a m e  r e p r e s s o r .  In 

Escher~chla eo l i ,  fo r  e x a m p l e ,  the b io syn the s i s  of 

a r g i n i n e  i s  under  the  con t ro l  of eight s t r u c t u r a l  gen -  

es which ,  a l though not c l o s e l y  l inked,  a r e  c o o r d i n a t -  

e ly  c o n t r o l l e d  through the ac t ion  of one r e p r e s s o r  

( J acoby  and Gor in i  1969).  

It s e e m s  that  the  r e g u l a t o r y  m e c h a n i s m  in the 

hexap lo id  oat i s  qui te  c o m p l e x - p e r h a p s  even m o r e  

than in wheat - and that  many c h r o m o s o m e s  may  be  

c o n c e r n e d  with the ba lanced  r egu la t ion  of c h r o m o s o m e  

pa i r i ng .  The data in Table 1 s t rong ly  sugges t  the  corn-  



294 Theor .  Appl .  Gene t .  49 (1977) 

Table 3. S i m i l a r i t i e s  and d i f f e r e n c e s  of the t h r e e  r e g u l a t o r s  of c h r o m o s o m e  pa i r ing  d i s c o v e r e d  so f a r  in the 
g r a s s  f a m i l y  

Gene t i c  r e g u l a t o r y  s y s t e m s  and r e f e r e n c e s  

F e a t u r e s  5B con t ro l  R e f e r e n c e  C con t ro l  R e f e r e n c e  A con t ro l  R e f e r e n c e  

Spec i e s  in Te t rap lo id  Okamoto ,  Festuca arundinacea, J a u h a r ,  Te t r ap lo id  
which c h r o -  and hexa -  1957 ; S e a r s  F. z~ubma and o the r  1975a,b and h e x a -  
m o s o m e  p l o i d w h e a t s  and Okamo-  polyploid  f e scues  p l o i d s p e c i e s  
pairing is to ,  1958 ; of Arena 
r e g u l a t e d  Ri ley  and 

Chapman,  
1958 

P r o b a b l e  5B L S e a r s  and C genome?  J a u h a r ,  A genome?  
loca t ion  Okamoto ,  

1958 ; R i l e y ,  
1960 

E f f e c t i v e -  H e m i z y g o u s  R i l ey  and Hemizygous  J a u h a r ,  H e m i z y g o u s  
n e s s  e f f ec t i ve  Chapman ,  ine f fec t ive  t 975a ,b  e f f e c t i v e  

1958; 
R i l e y ,  1960 

Dosage  . F e l d m a n ,  + J a u h a r ,  + 
ef fec t  1966, 1968 ]975c 

G e n e t i c a l l y  R i l e y ,  1960 ; J auha r ,  
r e p r e s s i b l e  + Dvo~-s + 1975b, c + 

1972 

Rajhathy and 
T h o m a s ,  1972 

J a u h a r ,  1975c 

N i s h i y a m a  and 
Tabata ,  1964; 
Bhat t i ,  1972; 
Rajha thy  and 
T hom as ,  1972 

J a u h a r ,  1975c 
i a d i z i n s k y ,  1973 

Rajha thy  and 
Thom a s ,  
1972, 1974 

Note :  The r e g u l a t o r y  m e c h a n i s m s  in the hexaplo id  tal l  r e s c u e s  and in the hexaplo id  oa t s  a r e  t en t a t i ve ly  r e f e r -  
r ed  to as C - c o n t r o l  and A - c o n t r o l ,  r e s p e c t i v e l y ,  b e c a u s e  it i s  fel t  that the m a j o r  gene t ic  i n fo rma t ion  fo r  the 
r egu la t i on  of b iva len t  pa i r ing  is  loca ted  in the C and A genom es  of  these  s p e c i e s  

p lex i ty  of th is  con t ro l  and the need  for  a f u r t h e r  s tudy 

by ana lys ing  a lso  the d e g r e e  of s u p p r e s s i o n  of h o m o e -  

ologous  pa i r ing  in hybr ids  of hexap lo id  s p e c i e s  of 

Avena with d i f ferent  genotypes  of A. longiglur~s and 

o the r  s p e c i e s  which could  i n t e r f e r e  with the  r e g u l a -  

t o ry  m e c h a n i s m .  

t h e s e  hexaplo id  s p e c i e s  of the g r a s s  f a m i l y .  A l l t h r e e  

show dosage  effect  and a r e  g e n e t i c a l l y  r e p r e s s i b l e .  

The r e g u l a t o r s  in wheat and oa t s  a r e  h e m i z y g o u s  e f -  

f ec t ive  whi le  the one in ta l l  f e s c u e  s e e m s  i n e f f ec t i ve .  

F u r t h e r  s tudies  on t he se  l ines  might  g ive  m o r e  c lues  

as  to the  funct ional  a spec t s  of t h e s e  t h r e e  d ip lo id iz ing  

m e c h a n i s m s .  

6. C o m p a r i s o n  of the r e g u l a t o r  F m e c h a n i s m s  in wheat ,  
oa ts  and ta l l  r e scue  

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

in the  b r e a d w h e a t ,  oa ts  and the hexap lo id  ta l l  r e scue  

is  g iven in Table 3. Whi le  the m e c h a n i s m  in wheat  

i s  des igna ted  as 5B b e c a u s e  the p r inc ipa l  r e g u l a t o r  

i s  l oca t ed  in th is  c h r o m o s o m e ,  the  m e c h a n i s m s  in 

ta l l  r e scue  and in oa t s  a r e  r e f e r r e d  to as C - c o n t r o l  

and A - c o n t r o l ,  r e s p e c t i v e l y ,  b e c a u s e  it i s  fel t  that  

the m a j o r  i n f o r m a t i o n  fo r  the r egu la t ion  of  pa i r ing  

could  be  loca t ed  in the  C and A g e n o m e s  of  t h e s e  s p e -  

c i e s  ( 3auha r  1975c) .  

It i s  evident  f r o m  Table  3 that  t h e r e  i s  a r e m a r k -  

ab le  s i m i l a r i t y  in the t h r e e  r e g u l a t o r y  s y s t e m s  in 
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