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Summar~r. We o b s e r v e d  pa i r ing ,  when the ph gene was p r e s e n t ,  be tween wheat (Triticum aestivum L. e m .  
The l l . )  c h r o m o s o m e  4B, and an Agropyron intermedium (Host )  Beauv .  c h r o m o s o m e  (Ai)  c a r r y i n g  a gene r e -  
s i s t an t  to wheat s t ream"mosa ic  (WSM).  In a monosomic  addit ion polyhaploid /2n  = 22-----19' + 5B'  (ph) + 4B '+  
A.~i' ] ,  we r e c o r d e d  an a v e r a g e  of 4 .1  b iva l en t s  and 0 .3  t r i v a l e n t s  pe r  c e l l .  Induced h o m o e o l o g ~ s  pairing'---was 
mos t  e f f ec t ive  when both 5B c h r o m o s o m e s  c a r r y i n g  ph gene were  p r e s e n t .  Our data  sugges t  that c h r o m o s o -  
me  __4B of wheat and the Ag---ropyron c h r o m o s o m e  (A_~) c a r r y i n g  a gene for  r e s i s t a n c e  to WSM a r e  h o m o e o l o -  
gous and that it i s  poss ib l e  to use e i t he r  ph mutant  o r  nu l l i som ic  5B s tock to induce gene t ic  r e combina t i on  
be tween  the two c h r o m o s o m e s .  
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In t roduct ion  

A p r i m a r y  obs tac le  for  t r a n s f e r r i n g  genes  f rom 

w h e a t - r e l a t e d  s p e c i e s  to wheat (Triticum aestivum 

L. e m .  The l l . )  is  the lack of pa i r ing  between h o m o e -  

ologous c h r o m o s o m e s ,  because  the long a r m  of wheat 

c h r o m o s o m e  5B c a r r i e s  a dominant  gene (Ph) that 

r e s t r i c t s  synaps i s  to homologous  c h r o m o s o m e s  only 

(Okamoto 1957; Ri ley  1958; Ri ley  and Chapman 1958; 

S e a r s  and Okamoto 1958).  To fac i l i t a t e  i n t e r s p e c i f i c  

gene t r a n s f e r  in wheat ,  t h r ee  methods  have been  sug-  

ges ted :  (1) ioniz ing r ad ia t ion ,  (2) induced h o m o e o -  

logous pa i r ing  and subsequent  c r o s s i n g  o v e r  and gen-  

e t i c  r e c o m b i n a t i o n  by r e m o v i n g  or  s u p p r e s s i n g  c h r o -  

m o s o m e  5B e f fec t ,  and (3) m i sd iv i s i ons  of two uni -  

va len t s  fol lowed by reunion of two t e l o c e n t r i c s  f r o m  

d i f fe ren t  un iva len ts  ( S e a r s  1972).  Among the t h r ee  

t e chn iques ,  induced gene t ic  r e combina t i on  appea r s  

to be the mos t  d e s i r a b l e  because  only a s egm en t  of 

c h r o m a t i n  may be involved  in c r o s s i n g  o v e r  and it  

i nvo lves  only homoeologous  c h r o m o s o m e s .  With the 

ava i l ab i l i ty  of plants  c a r r y i n g  r e c e s s i v e  ph a l l e l e s  

o r  de le t ion  of Ph locus  (Wal l ,  Ri ley  and Chapman 

* Contr ibut ion  No.  1657-j ,  Kansas  State A g r i c .  Exp t .  
S t a . ,  Manhattan,  KS. The r e s e a r c h  i s  pa r t i a l ly  sup-  
por ted  by a g ran t  f r o m  Kansas  Wheat C o m m i s s i o n  

1971; S e a r s  1975),  gene  t r a n s f e r  involving wheatand  

w h e a t - r e l a t e d  s p e c i e s  will  b e c o m e  a r e a l i s t i c  ap-  

p roach  (Wang and Liang 1977a).  

In th is  paper  we show the e f f e c t i v e n e s s  of us ing 

the ph mutant  in inducing homoeologous  pa i r ing  b e t -  

ween wheat c h r o m o s o m e  41B and an Agropyron c h r o -  

m o s o m e  c a r r y i n g  a gene for  r e s i s t a n c e  to wheat s t r e a k  

mosa i c  v i r u s .  

Materials and Methods 

' C h i n e s e  Sp r ing '  monosomic  5B plants  w e r e  c r o s s e d ,  
as  f e m a l e ,  to CI 15092 ( W e l l s " ~  a l .  1973),  which is  
a d i som ic  subs t i tu t ion  l ine  in which a pa i r  of Agropyron 
inter~edium c h r o m o s o m e s  a r e  subs t i tu ted  for  the wheat 
4B pa i r .  P r o g e n y  p o s s e s s i n g  the Agropyron c h r o m o -  
s o m e  (Ai) were  ident i f ied  by the i r  r e s i s t a n c e  to wheat 
s t r e a k  m-osaic (WSM) and by m i c r o s c o p i c  e x a m i n a -  
tion for  the p r e s e n c e  of Ai c h r o m o s o m e .  R e s i s t a n t  
p lants  with 41 c h r o m o s o m e s  s e l e c t e d  f r o m  F~ p r o g -  
eny were  c r o s s e d ,  as  f e m a l e ,  to plants  having ph/ph 
genes  in c h r o m o s o m e  5B; the i r  p rogeny w e r e  t e s t ed  
for  r e a c t i o n s  to WSM, and r e s i s t a n t  plants  with 41 
c h r o m o s o m e s  [19" + 5B'  (ph) + 4B'  + A i ' ]  were  s e -  
l ec ted .  Those 41 chrom-osome pla-n'ts wer-e b a c k c r o s -  
sed as f e m a l e  to ph/ph plants  and the i r  progeny hav-  
ing the c h r o m o s o m e  c o m p l e m e n t  of 19" + 5B"(ph/ph)  
+ 4B'  + A i '  w e r e  ident i f ied .  In a separate--c ' ross  in -  
volving plants  of 20" + te lo  5BL' + telo 5Bs' and 19"+ 
5B'  (ph) + 4B '  + A i ' ,  one oT~pr ing  wit~-'40 c h r o m o -  
somes and resistance to WSM was obtained. 

Spikes from all plants resistant to NSM were fix- 
ed in Carnoy's B solution for 24 hours, pollen mother 
cells were stained in acetocarmine, and chromosome 
behavior was examined at metaphase I. Frequency of 
homoeologous pairing between chromosomes 4B and 
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F i g .  1. Metaphase  I conf igura t ion  in a polyhaploid plant (2n = 22 = 21 '  + A i ' ) ,  showing 3 b iva len t s  and 16 un i -  
va l en t s .  F i g .  2. Two metaphase  I conf igura t ions  showing a he t e rom orph i c -b iva l en t  ( a r r o w e d )  composed  of wheat 
c h r o m o s o m e  4B and a t e l o s o m i c  c h r o m o s o m e ,  Ai__s, in a 19"+ 5B" (ph/ph)  + 4B'  + tAi~ plant .  F i g . 3 .  Meta -  
phase  I configur'--ation in a 19" + 5B ' (ph) + 4B ' + Ai ' plant ,  showing the homo'e"ologo~s'pairing be tween 4B and 
Ai ( a r r o w e d ) .  F i g . 4 .  Metaphas"e-I configur-~'ion Tn'-the s a m e  plant as  in F i g . 3 ,  but in which the heterom--~phic  
~-valent  f o r m e d  by 4B and Ai had begun to desynapse  ( a r r o w e d )  

Ai in plants  c a r r y i n g  one o r  two doses  of ph a l l e l e  
~ s  d e t e r m i n e d  by (1) d i r e c t  obse rva t i on  and ( 2 ) p e r -  
cen tage  of me taphase  I c e l l s  not showing 4B and Ai 
as univa len ts  in plants  c a r r y i n g  ph gene minus  the 
p e r cen t age  of c e l l s  not showing 4..~B and nAi as uni -  
va len t s  in plants  c a r r y i n g  Ph genes .  The pe rcen t age  
of c e l l s  not showing 4B and Ai as  u n i v a l e n t s i n p l a n t s  
c a r r y i n g  Ph gene wa~--used a~--a cont ro l  in d e t e r m i -  
ning the homoeologous  pa i r ing  between c h r o m o s o m e s  
c h r o m o s o m e s  4B and Ai .  

Results and Discussion 

A WSM r e s i s t a n t  polyhaploid plant [2n = 22 = 19 ' + 

513' (ph) + 4B '+  Ai] was obtained ( F i g : l )  f rom a 

plant with c h r o m o s o m e  const i tu t ion  of 19" + 5B'  (ph) 

+ 4B ' + Ai ' .  The o r ig in  of the polyhaploid appea r s  to 

be tychopar thenogene t i c ,  in which the egg o c c a s i o n -  

a l ly  deve lops  into an individual  without f e r t i l i z a t i on .  

The f r e q u e n c i e s  of homoeologous  pa i r ing  in the poly-  

haploid plant and plants  having d i f fe ren t  c h r o m o s o m e  

c o m p l e m e n t  a r e  p r e s e n t e d  in Table 1. 

The r e s i s t a n t  polyhaploi  d plant  had  an a v e r a g e  of 

4 .1  b iva len t s  ( rang ing  f r o m  0 to 8) and 0 .3  t r i v a l e n t  

( rang ing  f r o m  0 to 1.0)  per  c e l l ,  The number  of b i -  

va len t s  o b s e r v e d  in the polyhaploid were  c o m p a r a b l e  

with that of the nu l l i somic  5__B_B haploid of ' H o ld f a s t '  

s tudied by Ri ley  and Law (1965) .  The nu l l i somic  5B 

plant (19" + 4B'  + A...~i' ) h a d a n  a v e r a g e  of 3.3 uni -  

va len ts  and 18.1 b iva len t s  pe r  ce l l ;  the 42 c h r o m o -  

s o m e  plant with both 5B c h r o m o s o m e s  c a r r y i n g  ph 

a l l e l e s  had an a v e r a g e  of 1.6 univa len ts  and 18.4 b i -  

va len t s  plus o ther  mu l t i va l en t s .  Apparen t ly  induced 

homoeologous  pa i r ing  was l e s s  f requen t  in nu l l i somic  

5B plants than in plants  with a pa i r  of ph a l l e l e s .  The 

h igher  f r equency  of homoeologous  pa i r ing  in ph/ph 

plants  might  a l so  have been a t t r ibu tab le  in pa r t  to the 

shor t  a r m  of c h r o m o s o m e  5B, which c a r r i e s  genes  

p romot ing  homoeologous  pa i r ing  ( F e l d m a n  1966; Ri ley  

and Chapman 1967).  

The f r equency  of homoeologous  pa i r ing  between 

c h r o m o s o m e s  4B and Ai apparen t ly  r e l a t e s  to the 

dosage  e f fec t s  of  the ph gene and pe rhaps  the p r o -  

mo te r  gene in the shor t  a r m  of c h r o m o s o m e  5B 

(Table 2 ) .  Because  plants  with 5B c a r r y i n g  Ph/Ph 

gene should not exhibi t  any homoeologous  pa i r ing ,  

we c o n s i d e r e d  the 18.6 g of meio t ic  c e l l s  not showing 

4B and Ai as  un iva len ts  as  a con t ro l l ing  f i gu re  in 

ca lcu la t ing  the homoeologous  pa i r ing  f r equency  in 

plants  with one and two doses  of ph a l l e l e .  T h e r e -  

f o r e ,  plants  with c h r o m o s o m e  cons t i tu t ion  of 19" + 

5B'  (ph) + 4B'  + Ai '  should have had an e s t i m a t e d  

7 7~ (25.6  g minus 18.6 ~) pa i r ing  be tween 4B and Ai .  

S i m i l a r l y ,  p lants  with two doses  of ph a l l e l e  had an 

e s t i m a t e d  16 ~ homoeologous  pa i r ing .  The e s t i m a t e d  

f igu re s  were  r ea sonab ly  c l o s e  to those  o b s e r v e d  d i r -  

ec t ly ,  
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Table 1. F r e q u e n c y  of homoeologous  pa i r ing  in t h r ee  types  of plants  d i f fe r ing  in c h r o -  
m o s o m e  cons t i tu t ion  

A v e r a g e  number  per  ce l l  
C h r o m o s o m e  No. ce l l s  
cons t i tu t ion  examined  Univ.  B iv .  T r iv .  Quad. Quin.  Hexa .  

22=19'+5B'(ph)+4B'+Ai' 31 12.9 4.1 0 .3  . . . . . . . . . . . .  
40= 19"+4B ' +Ai '  30 3.3 18.1 0 .1  0 .03  . . . . . . . .  
42=19"+5B"(ph/ph)+4B'+Ai' 36 1.6 18.4 0 .6  0 .30  0 .05  0 .03 

Table 2. Homoeologous  pa i r ing  be tween c h r o m o s o m e  4B of Triticum aestivum and A_~i of Agropyron interme- 
dium in plants  d i f f e r r i ng  in n u m b e r  of ph a l l e l e s  

E s t i m a t e d  pa i r ing  be tween 4B and Ai Obse rved  4B-Ai  pa i r ing  

Chromosome No. plants No. cells % cells Estimated No. of No. of 
complement examined examined without 4B-Ai plants cells 

univ. pairing ( % ) 

No. cells 
showing 
4B-Ai pairing 

19"+5B" (Ph/Ph) +4B' +Ai '  
19"+5B ' (ph)+4B'  +Ai 
19"+5B" ( ph/ph ) +4B' +Ai '  
19"+5B" (ph/ph)+4B '+Ai" 

5 161 18.6 0 5 150 
2 328 25.6 7 6 180 
2 288 34.5  ~ 16 4 120 
. . . . . . . . . .  1 56 

0 
5 

13 
10 

* Signif icant ly  d i f fe ren t  f rom 18.6 % at 0 .05  l eve l  

As the shor t  a r m  of c h r o m o s o m e  Ai i s  known to c a r r y  

a gene for  r e s i s t a n c e  to WSM (Wang andLiang 1977b),  

we a l so  analyzed  the pa i r ing  f r equency  be tween  c h r o -  

m o s o m e  4B and A i s ,  f inding that  c h r o m o s o m e s  4B 

and A..~s were  pa i red  in 10 out of 56 ( 1 7 . 8 ~ )  m e t a -  

phase  I c e l l s  (Table 2 and F i g . 2 ) .  S i m i l a r l y ,  Cau-  

de ron ,  Saigne ,  and Dauge (1973) r e c o r d e d  a 15 ~ ho-  

moeologous  pa i r ing  involving an Agropyron intercnedium 

t e l o c e n t r i c  c h r o m o s o m e ,  which is homoeologous  to 

group 7 and c a r r i e s  s t e m  r u s t  r e s i s t a n c e .  In that  de -  

synaps i s  often o c c u r r e d  be tween c h r o m o s o m e  4B and 

the 2 - a r m e d  A...~ ( F i g s . 3 ,  4 ) ,  the pa i r ing  f r equency  

be tween  4B and Ai p r e s e n t e d  inTable  2 could be lower  

than the i r  ac tual  f r e q u e n c i e s .  

C u r r e n t l y  we a r e  examin ing  the progeny of those  

plants  in which c h r o m o s o m e s  4B and Ai were  pa i red  

for  WSM r e a c t i o n  and fo r  c h r o m o s o m e  behav io r  to 

s e a r c h  for  induced gene t ic  r ecombina t ion  involving 

the W S M - r e s i s t a n t  gene .  The cy to log ica l  ev idence  

we o b s e r v e d  ind ica tes  that  Ai o r  Ai was h o m o e o -  
~ S  

logous to c h r o m o s o m e  4B of T. aestivum and that  

the i r  pa i r ing  f r equency  was high enough in the p r e -  

sence  of ph/ph gene to conclude that  i n t e r g e n e r i c  

gene t r a n s f e r  be tween T. aestivwn and A. intercne- 

d i m  i s  f e a s i b l e .  
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