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Introduction 

The  c o m m e r c i a l  d e v e l o p m e n t  of  F 1 h y b r i d  w h e a t  d e -  

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

t o g e t h e r  w i t h  a y i e l d  a d v a n t a g e ,  o v e r  t h e  h i g h e s t  

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

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

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

d u c e d  by  t h e  c y t o p l a s m  of  T. timopheevi Z h u k .  M a l e  

s t e r i l e  l i n e s  of  T. aestiv~w L. c u l t i v a r s  a r e  o b t a i n e d  

by  r e p e a t e d  b a c k c r o s s i n g  to  a s o u r c e  of  T. timopheevi 

c y t o p l a s m .  On a l a r g e  s c a l e ,  m a l e  s t e r i l e  s e e d  i s  

p r o d u c e d  f r o m  b l o c k s  of  s t e r i l e  ( A - l i n e )  t h a t  h a v e  

b e e n  w ind  p o l l i n a t e d  by  a l t e r n a t i n g  b l o c k s  of  m a i n -  

t a i n e r  ( B - l i n e ) .  F 1 s e e d  i s  p r o d u c e d  i n  a s i m i l a r  

m a n n e r  by  r e p l a c i n g  t h e  B - l i n e  w i t h  a s e c o n d  c u l t i v a r  

( R e S t o r e r  o r  R - l i n e )  c a p a b l e  o f  r e s t o r i n g  m a l e  f e r t i l -  

i t y  in  t h e  F 1.  

I t  h a s  b e e n  s h o w n  t h a t  r e s t o r a t i o n  c a n  b e  c o m p l e x ;  

W i l s o n  ( 1 9 6 8 )  c o n c l u d e d  t h a t  r e s t o r a t i o n  d e r i v e d  f r o m  

T. timopheevi w a s  due  to a t  l e a s t  t h r e e  d o m i n a n t  g e n e s  

a c t i n g  w i t h  c u m u l a t i v e  e f f e c t ,  a n d  S a g e  ( 1 9 7 2 )  r e -  

p o r t e d  s i m i l a r  g e n e  a c t i o n .  M i h a l j e v  ( 1 9 7 3 ) c o n c l u d e d  

t h a t  r e s t o r a t i o n  in  ' V K - 6 4 - 2 8 '  w a s  c o n t r o l l e d  b y  a 

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

n a n t  a n d  a d d i t i v e .  

F o r  e a s e  o f  m a n i p u l a t i o n  s i m p l e  i n h e r i t a n c e  o f  

r e s t o r a t i o n  i s  d e s i r a b l e ,  p r e f e r a b l y  a s i n g l e  g e n e  

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

The only case reported where complete restoration 

in the F 1 was shown to be due to a single dominant 

gene was in T.spelta var. 'duhamelianum ~ where 

the gene was located on chromosome IB (Tahir and 

Tsunewaki 1969). 

Sources of genes in T. aestiwm, capable of res- 

toring fertility to male sterility induced by the cyto- 

plasm of T. ~mopheevi, have been reported in Euro- 

pean cultivars by Zeven (1968a) and Apltauerov~ 

(1967)o In some of these, eg. 'Minister', 'Domina- 

tor', 'van Hoek', 'BI& de Gironde ~ , and 'Carstens 

V', Zeven (1968a, 1968b) concluded that a major 

dominant gene provided restoration. Using rnonosom- 

ic analysis the major gene in 'Minister' was assigned 

to chromosome 1B; but chromosomes 4B and 7D 

were also found to contribute towards restoration 

(Zeven 1970, 1971). In another cultivar, 'Primepi', 

two genes giving restoration were located on chromo- 

somes IB and 5D by Bahl and Maan (1973) again us- 

ing m o n o s o m i c  a n a l y s i s .  

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

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

w h i c h  h a v e  b e e n  d e r i v e d  f r o m  T. timopheevl o r  T. zhu- 

kovskyi two o r  m o r e  c h r o m o s o m e s  h a v e  b e e n  f o u n d  to 

b e  i n v o l v e d .  A m a j o r  g e n e  on  c h r o m o s o m e s  1A i s  a l -  

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

s o m e s  7D o r  6B,  a n d  o c c a s i o n a l l y  on  c h r o m o s o m e s  

5A, 6D a n d  7B ( s e e  r e v i e w  by  S a g e  1 9 7 6 ) .  T h u s ,  w i t h  

t h e  e x c e p t i o n  o f  t h a t  on  7D t h e  r e s t o r e r  g e n e s  in  E u -  
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r o p e a n  w h e a t s  a r e  c a r r i e d  o n  d i f f e r e n t  c h r o m o s o m e s  

f r o m  t h o s e  t h a t  c a r r y  t h e  g e n e s  d e r i v e d  f r o m  T. t i m o -  

pheevi. 

The  T. aestivum p u r e  l i n e  b r e e d i n g  p r o g r a m m e  a t  

C a m b r i d g e  h a s  i n v o l v e d  c u l t i v a r s  w h i c h  a r e  k n o w n  to  

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

p l a s m .  P a r t  of  t h e  r e s t o r e r  b r e e d i n g  p r o g r a m m e  h a s  

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

t i o n s  f o r  h i g h  l e v e l s  of  r e s t o r i n g  c a p a c i t y .  It  i s  i n -  

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

w h i c h  c o u l d  b e  u s e d  d i r e c t l y  a s  r e s t o r e r s ,  o r  f r o m  

w h i c h  r e s t o r e r s  w i t h  i m p r o v e d  ou t  p o l l i n a t i o n  c h a r a c -  

t e r s  c o u l d  b e  b r e d .  S h o u l d  t h i s  r e s t o r a t i o n  p o t e n t i a l  

b e  i n a d e q u a t e  f o r  t h e  r a n g e  of  e n v i r o n m e n t s  m e t  in  

W e s t e r n  E u r o p e ,  t h i s  m a y  b e  i m p r o v e d  by  i n c o r p o r -  

a t i n g  r e s t o r e r  g e n e s  d e r i v e d  f r o m  o t h e r  s o u r c e s .  

T h i s  p a p e r  r e p o r t s  on  t h e  l e v e l  of  r e s t o r a t i o n  o b -  

t a i n e d  a n d  t h e  s e g r e g a t i o n  of  f e r t i l i t y  in  t h e  F 2 g e n -  

e r a t i o n ,  a n d  t h e i r  c o n s e q u e n c e s  to  t h e  F 1 h y b r i d  

w h e a t  p r o g r a m m e .  

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

F i v e  F~ h y b r i d s  w e r e  m a d e  f r o m  c r o s s e s  b e t w e e n  
m a l e  s t e r i l e  ( m s )  l i n e s  of ' M a r i s  H o b b i t '  a n d  ' M a -  
r l s  R a n g e r '  b a s e d  o n  t h e  c y t o p l a s m  of  T. t i m o p h e e v l  
a n d  f o u r  a d v a n c e d  h i g h  y i e l d i n g  s e m i - d w a r f  w i n t e r  
w h e a t  s e l e c t i o n s .  T h e s e  c r o s s e s  w e r e  d e s i g n a t e d  c m s  
1, 2, 3, 4 a n d  5 a s  f o l l o w s :  

F~ ~ P a r e n t  d P a r e n t  

c m s  1 
c m s  2 
c m s  3 
cms 4 

c m s  5 

m s  ( t i m o p h e e v i )  - ' H o b b i r  • F6 ' T J B  3 6 4 / 6 3 6 '  
. . . . . .  X Fe ' T J B  3 7 0 / 4 9 1 '  
. . . . . .  • F6 'TL 4 5 9 / 3 / 2 '  

m s  ( t i m ~ p h e e v i )  - ' M a r i s  • F6 ' T J B  3 6 4 / 6 3 6 '  
R a n g e r  5 , 

. . . . . .  x Fs ' T J B  3 6 8 / 2 6 8 '  

The  F~ s e e d l i n g s ,  s o w n  in  s m a l l  p l a n t  p o t s ,  w e r e  
v e r n a l i s e d  i n  a c o l d  c a b i n e t  a t  2~ day  t i m e  t e m p e r -  
a t u r e  w i t h  a n  8 h day  f o r  e i g h t  w e e k s .  They  w e r e  t h e n  
t r a n s p l a n t e d  in to  23 c m  d i a m e t e r  p l a n t  p o t s  a n d  g r o w n  
in  a g l a s s h o u s e  w h e r e  d a y l i g h t  w a s  s u p p l e m e n t e d  by  
f l u o r e s c e n t  l i g h t s  to  g i v e  a 1 6 h  d a y ,  w i t h  n i g h t  a n d  
day  t e m p e r a t u r e s  s e t  a t  10~ a n d  20~ r e s p e c t i v e l y .  
The  n u m b e r  of  F~ p l a n t s  g r o w n  p e r  c r o s s  v a r i e d  f r o m  
f o u r  to  e i g h t ,  a m a x i m u m  of  f o u r  p l a n t s  b e i n g  g r o w n  
in  a p o t .  

B e f o r e  f l o w e r i n g  a l l  e a r s  w e r e  b a g g e d ,  a n d  a t  m a -  
t u r i t y  t h e  t o t a l  n u m b e r  of s p i k e l e t s ,  t h e  n u m b e r  of  
s p i k e l e t s  w i t h  g r a i n  a n d  t h e  n u m b e r  of  g r a i n  w e r e  r e -  
c o r d e d .  

The  F~ p r o g e n y  f r o m  e a c h  F~ w e r e  s o w n  in  t h e  
f i e l d  on  10th  N o v e m b e r  1975 a s  67 s p a c e d  p l a n t s / m  ~. 
On e  e a r  on  e a c h  p l a n t  w a s  s e c u r e l y  b a g g e d  b e f o r e  
f l o w e r i n g .  At  m a t u r i t y  t h e  h a r v e s t e d  e a r s  w e r e  s e p a -  
r a t e d  i n t o  t h o s e  wi th  a n d  t h o s e  w i t h o u t  g r a i n  s e t .  

W h e r e  c a r e f u l  e x a m i n a t i o n  of  s t e r i l e  e a r s  r e v e a l e d  
a n  o c c a s i o n a l  e a r  w i t h  o n e  o r  two g r a i n  s e t ,  t h e s e  
w e r e  i n c l u d e d  w i t h  t h e  s t e r i l e  e a r s .  In t h e  f e r t i l e  
e a r s  t h e  s a m e  e a r  c o m p o n e n t s  a s  o n  t h e  Fa p l a n t s  
were r e c o r d e d .  

R e s u l t s  

In g e n e r a l  m a l e  f e r t i l i t y  r e s t o r a t i o n  in  t h e  F 1 ' s  was  

h i g h  w i t h  a l l  f o u r  r e s t o r e r s  t e s t e d  ( T a b l e  1 ) .  W h e r e  

m a l e  s t e r i l i t y  w a s  r e c o r d e d  i t  o c c u r r e d  in  s p i k e l e t s  

a t  t h e  t i p s  of  t h e  e a r s .  The  n u m b e r  of  p l a n t s  a s s e s s e d  

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

l e v e l  of  g r a i n  s e t  p e r  e a r  v a r i e d  b e t w e e n  p l a n t s .  T h i s  

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

r e s t o r a t i o n  o b t a i n e d  f r o m  t h e  d i f f e r e n t  r e s t o r e r s .  

T h e r e  w e r e n o  d i f f e r e n c e s  b e t w e e n  c r o s s e s  in  t h e  n u m -  

b e r  of  g r a i n  s e t  p e r  e a r  a n d  a l t h o u g h  c m s  3 ( m s  ' H o b -  

b i t  4 '  • F s ' T L  4 5 9 / 3 / 2 '  ) a n d  c m s  4 ( m s ' M a r i s  R a n -  

g e r  5 '  • F 5 ' T J B  3 6 4 / 6 3 6 '  ) h a d  h i g h e r  p e r c e n t a g e s  of  

s p i k e l e t s  w i th  g r a i n  (91  a n d  93 p e r  c e n t ,  r e s p e c t i v e -  

l y ) ,  o n l y  t h e  l a t t e r  w a s  s i g n i f i c a n t l y  ( P  < 0 . 0 5 ) h i g h e r  

t h a n  t h e  o t h e r  c r o s s e s .  

N i n e  F 2 f a m i l i e s  f r o m  t h e  f i v e  c r o s s e s  w e r e  c l a s -  

s i f i e d  a c c o r d i n g  to f e r t i l i t y ,  n o n e  d e v i a t i n g  s i g n i f i -  

c a n t l y  f r o m  a r a t i o  of  t h r e e  f e r t i l e  to o n e  s t e r i l e .  

W h e r e  m o r e  t h a n  o n e  f a m i l y  w a s  l o o k e d  a t  in  a c r o s s  

t h e y  w e r e  f o u n d  to b e  h o m o g e n o u s  a n d  w e r e  t h u s  

p o o l e d .  The  t h r e e  c r o s s e s  b a s e d  on  m s  ' H o b b i t  ' w e r e  

h o m o g e n o u s  a n d  s o  w e r e  t h e  two c r o s s e s  b a s e d  on  

m s ' M a r l s  R a n g e r '  ( T a b l e  2 ) .  The  o v e r a l l  g r a i n  s e t  

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

p l a n t s  to  w h i c h  f e r t i l i t y  h a d  b e e n  r e s t o r e d  ( T a b l e  2 ) .  

V a r i a t i o n  in  f e r t i l i t y  w i t h i n  f o u r  r e s p r e s e n t a t i v e  F 2 

f a m i l i e s  a r e  s h o w n  in  F i g .  1. In a l l  t h e s e  f a m i l i e s  t h e  

m a j o r i t y  of  t h e  f e r t i l e  p r o g e n y  h a d  o v e r  80 p e r  c e n t  

s p i k e l e t s  f e r t i l e ,  a n d  a n  a v e r a g e  o f  two o r  m o r e  g r a i n  

p e r  f e r t i l e  s p i k e l e t .  

D i s c u s s i o n  

The  d e g r e e  o f  m a l e  f e r t i l i t y  r e s t o r a t i o n  in  T. timo- 

pheevi cytoplasm varies according to the environ- 

ment, the level of restoration in the glasshouse being 

in general less than that in the field (see review by 

Johnson and Schmidt 1968). Although our conditions 

for growing the F 1 's cannot be regarded as being 
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Table 1. Fe r t i l i t y  of e a r s  in plants  f rom five r e s t o r e d  Fz hybrids  

Male s . d .  
s t e r i l e  F 1 plant No. No. gra in  within ~ spikele ts  
parent  e a r s  pe r  e a r  palnts  with gra in  

S.do 

within 
plants 

' Hobbit ' 

cms I 

cms 2 

o r e s  3 

1" 11 48.8 } 82 / 
2 4 32.5 11 99 63 
3 2 59.0 " 86 
4 2 31.5 5_7 

wtd mean 44.6 76 

1" 9 46.1 ] 70 ] 
2 3 50.3 79 
3 5 46.2 17.52 85 
4 6 37.8 85 
5 2 26.0 61. 

wid mean 43.0 77 

1" 4 51.3 ~ 98 
2 4 52.3 / 95 
3 5 41.6 11.15 85 
4* 4 41.8 91 
5 1 12.0 91 

wtd mean 44.5 91 

13.0 

15.8 

7.9  

' Maris 
Ranger ' 

ores 4 

cms 5 

-% 

1 4 4 8 . 5  | 96 

2 5 28.2 t 79 3 6 43.8 91 
4* 6 35.8 7.08 94 
5* 5 44.6 95 
6* 4 51.3 95 
7* 6 52.0 98 

wtd mean 43.1 9"-3 

1 4 46.8 99 
2 5 35.4 83 
3 5 37.2  87 
4 5 32.8 7 .44 76 
5 3 23.3 71 
6* 9 37.2  75 
7 4 37.0 62 
8 4 28.8 80 

wtd mean 35.4 79 

t 7.5  

12.5 

* Denotes  plants  subsequent ly  studied as F2 fami l ies  

Table 2. Segrega t ion  for  fer t i l i ty  r e s to r a t i on  and mean fer t i l i ty  of e a r s  in fe r t i le  p rogeny  f rom five Fz 
populat ions 

Male s t e r i l e  parent  ' Hobbit ' ' Mar l s  Ranger  ' 

F2 c m s  I c m s  2 c m s  3 Heterogenei ty  c m s  4 e m s  5 Heterogenei ty  

No. of families 1 1 2 4 1 
No. of fertile plants 94 92 109 186 65 
No. of s ter i le  plants 36 29 35 55 15 

X e (3-1)  0 .50 0 .07  0 .04  0 .59 0.61 1.67 
P > 0.2 NS NS NS NS NS NS 

No. of grain per ear  50.7 52.3 45.9 45.1 45.2 
and s .d .  (withinplants) (8.95) (10.51) (8.79) (12.55) (10.20) 

70 spikelets with grain 98.4 96.9 95.7 90.5 94.8 
and s .d .  (within plants) (2.97) (4.56) (9.38) (13.01) (8.37) 

0.53 
NS 
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P e r c e n t a g e  of s p i k e l e t e s  wi th  g r a i n  

F i g . 1 .  F e r t i l i t y  of  e a r s  in Fe p o p u l a t i o n s ,  c m s  3 / 1  (a )  and c m s  3 / 4  
( b )  d e r i v e d  f r o m  t h e  c r o s s  m s  ' H o b b i t  ~ • 176 'TL 4 5 9 / 3 / 2 '  and c m s  4 / 5  
( c )  and  c m s  4 / 7  (d)  d e r i v e d  f r o m  the  c r o s s  m s  ' M a r i s  R a n g e r  5' • 
Fe ' T J B  3 6 4 / 6 3 6 '  

p a r t i c u l a r l y  a d v e r s e  f o r  r e s t o r a t i o n ,  t he  l e v e l  of  

f e r t i l i t y  in a l l  c r o s s e s  was  good  f o r  g l a s s h o u s e  g r o w n  

p l a n t s  (Tab le  1 ) .  

A c c o r d i n g  to W i l s o n  ( 1 9 6 8 ) ,  t h e  m o s t  s t e r i l e  e n -  

v i r o n m e n t s ,  which  a r e  c o n s e q u e n t l y  t h e  m o s t  d i f f i -  

cu l t  in wh ich  to r e s t o r e  m a l e  f e r t i l i t y ,  o c c u r  in n o r -  

t h e r n  l a t i t u d e s  w h e r e  t he  grOwing s e a s o n s  a r e  s h o r t  

and t e m p e r a t u r e s  cOOlo As  the  B r i t i s h  I s l e s  fa l l  in to  

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

and a s  W i l s o n  s u g g e s t s ,  c o n s i d e r a t i o n  m a y  h a v e  to be  

g i v e n  to t he  d e v e l o p m e n t  of  f e m a l e  l i n e s  that  a r e  e a s y  

to r e s t o r e .  We h a v e  no p r e v i o u s  k n o w l e d g e  a s  to t he  

e a s e  of  r e s t o r a t i o n  of  t h e  two m a l e  s t e r i l e  l i n e s  u s e d  

in t h i s  w o r k ,  but  w h e r e  'TJB  364 /636  ' was  c r o s s e d  

onto  bo th ,  t he  F 1 wi th  ' H o b b i t '  ( c m s  1) had  76 p e r  

c e n t  of  the  s p i k e l e t s  with g r a i n ,  m d  tha t  wi th  ' M a r l s  

R a n g e r '  ( c m s  4) 93 p e r  c e n t  (Tab le  1 ) .  

The  v a r i a t i o n  in f e r t i l i t y  of  e a r s  wi th in  F 1 p l a n t s  

(Tab le  1, F i g .  1) d e m o n s t r a t e s  t he  d i f f i cu l t y  in c o m -  

p a r i n g  the  l e v e l  of  r e s t o r a t i o n  a c h i e v e d  by the  d i f f e r -  
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F i g .  2.  P e d i g r e e  of  F~ H y b r i d s  c m s  1 - 5  s h o w i n g  p o s s i b l e  s o u r c e s  o f  r e s t o r a t i o n  

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

e a r  o n  a f e w  p l a n t s  in  s o m e  F 2 f a m i l i e s ,  e g .  c m s  3 / 5  

( F i g .  1 ) ,  m a y  a c c o u n t  f o r  t h e  f e w  p l a n t s  w h i c h  a r e  

l e s s  f e r t i l e  t h a n  t h e  m a j o r i t y .  

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

F 2 p l a n t s  h a v i n g  o n e  o r  two f e r t i l e  s p i k e l e t s ,  e a c h  of  

w h i c h  s e t  o n e  g r a i n ,  e g .  c m s  3 / 1  a n d  c m s  4 / 5  ( F i g .  

1 ) .  B e c a u s e  t h e y  h a d  s o  f e w  g r a i n  a n d  w e r e  s o  d i f -  

f e r e n t  f r o m  t h e  m a j o r i t y  of  t h e  f e r t i l e  p l a n t s  t h e y  

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

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

o n e  f a m i l y ,  F 2 c m s  4 / 4  d i d  t h e  d a t a  f a i l  to  f i t  a 3 : 1  

r a t i o  ( P  = 0 . 0 3 ) .  

The  r a t i o  m o s t  l i k e l y  to  b e  c o n f u s e d  w i t h  a 3 : 1 i s  

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

d o m i n a n t  g e n e  f o r  r e s t o r a t i o n ,  w h e r e  t h e  e x p e c t e d  F 2 

r a t i o  wou ld  b e  13 f e r t i l e  to  3 s t e r i l e  p l a n t s .  W h e n  

t h i s  p o s s i b i l i t y  w a s  t e s t e d ,  t h e  f i t  to  a 3 : 1  r a t i o  w a s  

in  g e n e r a l  c l o s e r  t h a n  to a 1 3 : 3  r a t i o ;  t h e  s u m m e d  

d a t a  f o r  t h e  f i v e  p o p u l a t i o n s  (546  f e r t i l e s  to  170 s t e r -  

i l e s )  d i f f e r e d  s i g n i f i c a n t l y  f r o m  a 1 3 : 3  r a t i o  ( P  < 

0 . 0 0 1 ) .  If  a r e c e s s i v e  r e s t o r e r  g e n e  w a s  i n v o l v e d  i t  

wou ld  no t  h e  e x p r e s s e d  in t h e  F 1 a n d  wou ld  o n l y  b e  

m a n i f e s t  w h e r e  i t  w a s  h o m o z y g o u s  i n  F 2 p r o g e n y .  

The  e v i d e n c e  p r e s e n t e d  i s  t h u s  c o n s i s t e n t  w i th  t h a t  

e x p e c t e d  f o r  a s i n g l e  d o m i n a n t  g e n e .  

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

' T J B  3 6 4 ' ,  ' T J B  3 6 8 ' ,  ' T J B  3 7 0 '  a n d  'TL 4 5 9 '  a r e  

' H y b r i d  46 ' ,  ' P r o f e s s e u r  M a r c h a l '  a n d  ' C . I .  12633 '  

( F i g .  2 ) .  Of t h e s e  ' P r o f e s s e u r  M a r c h a l '  g a v e  t h e  

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

s t e r l l e  (T. t i m o p h e e v i )  - ' B i s o n '  ( Z e v e n  1 9 6 8 a ) .  B o t h  

' T J B  368 ' a n d  ' T J B  3 7 0 '  c o u l d  h a v e  d e r i v e d  r e s t o r -  

i ng  g e n e s  f r o m  a l l  t h r e e  s o u r c e s ,  t h e  r e s t o r a t i o n  

f r o m  ' C . I .  1 2 6 3 3 '  p o s s i b l y  c o m i n g  t h r o u g h  b o t h  p a r -  

e n t s ,  ' M a r i s  H u n t s m a n '  a n d  'TL 365a  2 5 / 5 '  f o r  t h e  
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f o r m e r ,  and  ' M a r i s  H u n t s m a n '  and  'TL 365a 34 /5  fo r  

the  l a t t e r .  Two s o u r c e s  of r e s t o r e r  g e n e s ,  ' H y b r i d  

46 '  and  ' C . I .  1 2 6 3 3 ' ,  a r e  p o s s i b l e  f o r  'TL 459 ~ whi l s t  

t he  only  s o u r c e  fo r  'TJB 364 '  i s  f r o m  ' C . I .  12633'  

which  i s  t he  only  s o u r c e  of r e s t o r a t i o n  c o m m o n  to a l l  

four  r e s t o r e r s  r e p o r t e d  and  was u s e d  e x t e n s i v e l y  at  

C a m b r i d g e  a s  a s o u r c e  of  m i l d e w  (E~jsiphe gPam~nis 

f .  s p .  t ~ t i c i )  r e s i s t a n c e .  

The mi ldew r e s i s t a n c e  in ' C . I .  12633', (T. timo- 

pheevs ' P . I .  94761 ' )<  [ ( ' I l l i n o i s  No. 1 ' ,  ' C . I .  

11933 ' )<  ' C h i n e s e  S p r i n g ' ,  ' C . I .  6 2 2 3 ' )  s e l e c t i o n  

2 6 6 6 A 2 - 2 - 1 5 - 6 - 3 1 3 ) ,  i s  due to a s i n g l e  d o m i n a n t  

gene  Pro2 (Mlx)  c o n f e r r i n g  r e s i s t a n c e  at  the  l - l e a f  

s t a g e  and  in the  adul t  p l an t  by t h i s  and  a s e c o n d  dorn-  

inan t  gene  Pro6 (Mlf)  ( A l l a r d  and Shands  1954; Ny-  

qu i s t  1963; B r i g g l e  1966; J C r g e n s e n  and  J e n s e n  1972, 

1973) .  A l l a r d  and  Shands  c o n c l u d e d  tha t  t he  g e n e s  

w e r e  d e r i v e d  f r o m  T. timopheevi Zhuk,  and  s u g g e s t e d  

tha t  s e v e r a l  m i l d e w  r e s i s t a n c e  g e n e s  may  be  on a 

c h r o m o s o m e  s e g m e n t  which  was t r a n s f e r r e d .  

If r e s t o r i n g  g e n e ( s )  l inked  with the  m i l d e w  r e s i s -  

tance genes were transferred from T. timopheevi to 

' C. I. 12633 ', selection for mildew resistance in breed- 

ing material derived from crosses involving this cul- 

tivar might, if there was close linkage, also retain 

the restorer gene(s). This would explain the relative- 

ly high frequency of restorers of T. timopheevi cyto- 

plasm in the T. aestiwm pure line breeding programme. 

Nyquist (1963) however, suggested that although 

Pm2 (Mlx) may have been transferred from T. timo- 

pheevi, it was  p o s s i b l e  t ha t  the  gene  c a m e  f r o m  ' I l l i -  

no i s  No.  1 ' .  Suppor t  fo r  the  gene  be ing  d e r i v e d  f r o m  

a s o u r c e  o t h e r  than  T. timopheevi c a m e  f r o m  M c l n t o s h  

and B a k e r  (1970)  who l o c a t e d  Pro2 on c h r o m o s o m e  

5D (one  of t he  two ' P r i m e p i '  c h r o m o s o m e s  c a r r y i n g  

a restorer gene). 

J~rgensen and Jensen (1973) suggested that the 

second mildew resistance gene Pm6 (Mlf) in 'C.I. 

12633' is on chromosme 2B because it was linked 

to stem rust resistance, probably gene Sr9c (SrTt) 

(J~rgensen and Jensen 1972), which was located on 

this chromosome by Sears and Loegering (1968). 

Thus, this second mildew resistance gene is on a 

chromosome which has not been reported as having 

a major restoring gene derived from T. timopheevi. 

An association between selection for mildew re- 

sistance and the presence of the restoring gene in the 

lines reported on here can only exist if the restoring 

gene is found to be on chromosome 5D or 2B. For 

the gene to be on 5D a translocat'ion from one of the 

T. timopheevi genomes would have to be involved. If 

there is no association between these two characters, 

it may be that restorer gene(s) are associated with 

some other desirable attribute such as vigour or yield 

which would also result in the relatively high frequen- 

cy of restoration in wheats bred at Cambridge. Ef- 

forts will be made to investigate these possibilities 

using cytogenetic and conventional analytical proce- 

dures. 

A single gene, with the high level of male fertility 

restoration shown by the four cultivars tested, would 

greatly simplify the breeding of restorer lines. Res- 

torer sources identified in this way could be used di- 

rectly in combination with male sterile lines for mak- 

ing Fl'S, but such cultivars often have poor anther 

extrusion and do not make good male parents. If, as 

in the case of the cultivars reported here, they are 

also semi-dwarfs, their cross pollinating capacity is 

further reduced in crosses with taller male sterile 

lines. Cultivars to be used as restorer lines must 

have adequate anther extrusion for cross pollination. 

The good anther extrusion which was observed amongst 

the F 2 progeny from these crosses should produce 

restorers with greater cross pollinating potential 

than their parents. 

Initial selection from these crosses for restora- 

tion, anther extrusion and agronomic characters, will 

be followed as soon as possible by test crosses, per- 

haps in the F 4 generation, to a range of three or 

more male sterile lines. This will serve to assess 

their cross pollinating potential and capacity for res- 

toration of fertility when in the heterozygous condi- 

tion. They can then be assessed for their combining 

ability, as measured by performance of the Fl'S in 

replicated micro plot yield trials. 
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