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Increased Induction and Chromosome Doubling 
of Androgenetic Haploid Rye 
G. Wenzel ,  F .  Hoffmann und E .  Thomas 
P ro j ek tg ruppen  Haploide in de r  Pflanzenz~ichtung,  M a x - P l a n c k - I n s t i t u t  ffir P f l anzengene t ik ,  Ladenburg-  
Rosenhof  

S u m m a r y .  F u r t h e r  p r o g r e s s  of s tud ies  a imed  at i n c r e a s i n g  product ion  of androgene t i c  Seeale eereaZe plants  
v ia  the cu l tu re  of an the r s  i s  d e s c r i b e d .  Two cu l tu re  media  in i t ia l ly  deve loped  fo r  r i c e  and wheat an ther  cu l tu re  
have been shown to have pronounced inf luence on r y e .  It  has  been poss ib le  to i n c r e a s e  the a v e r a g e  p e r c e n t a g e s  
of r e s p o n s i v e  an the r s  ( i . e .  those producing e m b r y o i d s  o r  c a l l u s e s )  f r o m  0 .26  ~ to 10~ with a m a x i m u m  in c e r -  
ta in e x p e r i m e n t s  of o v e r  40 g. Of nea r ly  400 plants  produced in 1976, 1/4 a r e  g r e e n  and can be grown fu r the r  
by t r a n s f e r  to pott ing compos t ;  3/4 a r e  a lbino.  Stable g r e e n  haploid l ines  were  p r e s e n t  amongs t  the p lan t s ,  and 
a f t e r  vege t a t i ve  propaga t ion  of the l ines  r e p r e s e n t a t i v e  s a m p l e s  have been  t r e a t ed  with co lch ic ine  r e su l t i ng  in 
diploid,  t r ip lo id  and t e t r ap lo id  p lan ts .  The inf luence  of the gene t ic  background of the donor  plants  on the s u c c e s s  
r a t e  of an ther  cu l tu re  and on the pe r cen t age  of albino fo rma t ion  is  d i s c u s s e d .  
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In t roduct ion  

In p r ev ious  p a p e r s  (Thomas and Wenzel  1975; Tho- 

mas  et a l .  1975) we r e p o r t e d  upon the produc t ion  of 

e m b r y o i d s  and c a l l u s e s  f r o m  m i c r o s p o r e s  cu l t u r ed  

within an the r s  of Seea$e eereaZe. Although these  

r e s u l t s  were  r e p r o d u c i b l e  throughout  the y e a r ,  we 

were  faced with s e v e r a l  p r o b l e m s .  F i r s t l y ,  the num-  

be r  of an the r s  which gave r i s e  to m a c r o s c o p i c  c a l -  

l u se s  or  e m b r y o i d s  neve r  r e a c h e d  1 7~. Secondly,  

al though s o m e  haploid albino plants  w e r e  obtained,  

the f i r s t  g r e e n  plants  were  shown by gene t i ca l  ana-  

l y s i s  of the second se l fed  an ther  d e r i v e d  gene ra t ion  

(A 2) not to be homozygous ,  a fact  which led to the 

p roposa l  that  these  f i r s t  s even  g r e e n  l ines  o r ig ina ted  

f r o m  a b e r r a n t ,  poss ib ly  unreduced ,  m i c r o s p o r e s  

(Wenzel  et  a l .  1976).  In this  paper  we r e p o r t  f u r t he r  

p r o g r e s s  in i n c r e a s i n g  the pe r cen t age  of an the r s  c a -  

pable of undergoing  a n d r o g e n e s i s  and in e s t ab l i sh ing  

s tab le  g r e e n  haploid and probably  homozygous  diploid 

l i ne s .  

M a t e r i a l s  

The e x p e r i m e n t a l  m a t e r i a l  used  cons i s t ed  of the t e -  
t rap lo id  v a r i e t y  ' T e r o '  (v .  Lochow Pe tkus ,  B e r g e n  

G e r m a n y ) ,  a s e l f - f e r t i l e  diploid inbred  l ine  (obtained 
f r o m  H. Kuckuck,  Hannover )  and 10 diploid F~ hy-  
b r i d s .  These hybr ids  included mutants  (of  d e s c e n -  
dants  of the c r o s s  S. cereale • S. v a v i l o v i i ;  see  
Kuckuck 1976) c r o s s e d  with c o m m e r c i a l  v a r i e t i e s .  
The p a r t i c u l a r  hybr ids ,  l ines  and v a r i e t i e s  used in 
the d e s c r i b e d  e x p e r i m e n t a l  s e r i e s  a r e  l i s t ed  in Table 2. 

P l a n t  m a t e r i a l  was grown throughout  the y e a r  in 
a t e m p e r a t u r e - c o n t r o l l e d  g r e e n h o u s e ,  main ta ined  at 
20 to 25~ and supplemented  in winter  with a r t i f i c i a l  
i l l umina t ion .  The d i s t ance  of the l ights  f r o m  the top 

Table 1. Induction medium for  m i c r o s p o r e  deve lop -  
ment  of Secale cereale within the an ther  (modi f ied  
N6 medium;  Hu, p e r s .  com m un .  ; Yin et a l .  1976) 

component  m g / l  component  m g / l  

KNO 3 2,830 g lyc ine  2.0 

KH2PO 4 400 th iamine  HC1 1.0 

(NH 4 ) 2SO4 463 pyr idoxine  HCI 0 .5  

CaCl 2 �9 2 H20 166 n icot in ic  acid  0 .5  

MgSO 4 �9 7 H 20 185 gluta thione 30.0  

NaFeEDTA 10-4M a s c o r b i c  acid I0 .0  

MnSO 4 �9 4 H 20  4 .4  g lucose  50 ,000 .0  

ZnSO4-7 H20 1.5 2 ,4 -D  2 .0  

H3BO 3 I .  6 kinet in  0 .5  

KJ 0 . 8  

ac t ive  ca rbon  2 ,000 .0  pH 5 .8  



82 T h e o r .  A p p l .  G e n e t .  51 ( 1 9 7 7 )  

T a b l e  2.  P e r c e n t a g e s  of  d e v e l o p m e n t  of  m a c r o s c o p i c  s t r u c t u r e s  in  b e s t  s i n g l e  e x p e r i m e n t s  a c c o r d i n g  to t he  
g e n o m e ,  t he  m e d i u m  and  t h e  t i m e  of c o l d  p r e t r e a t m e n t  

m e d i u m  A:  m o d i f i e d  N6 d a y s  of  
c o l d  

n u m b e r  of n u m b e r  of p r e t r e a t m e n t  % 

m e d i u m  B :  p o t a t o  e x t r a c t  

a n t h e r s  d e v e l o p i n g  a n t h e r s  d e v e l o p i n g  No .  F 1 h y b r i d  m e d . A  m e d . B  
p l a t e d  s t r u c t u r e s  p l a t e d  s t r u c t u r e s  

1 Mut  5 7 0 •  9 6 600 9 1 . 5  396 38 9 . 6  
2 Mut  5 4 3 •  I 10 10 432 26 6 . 0  120 6 5 . 0  
3 S t .  3 3 3 X M I I  6 7 300 23 7 . 7  156 17 1 0 . 9  
4 (S. vavilovii • S. cereale) 

• ' P e r o l o '  9 7 216 19 8 . 8  336 48 1 4 . 3  
5 Mut  543 •  ' 11 11 192 19 9 . 9  192 16 8 . 3  
6 Mut  5 0 4 •  II 9 7 228 22 9 . 6  180 28 1 5 . 6  
7 Mut  5 1 1 •  7 7 276 30 1 0 . 9  228 44 1 9 . 3  
8 Mut  5 3 0 •  6 5 648 91 1 4 . 0  300 92 3 0 . 7  
9 Mut  5 4 3 •  10 8 228 39 1 7 . 1  168 66 3 9 . 3  

10 Mut  5 3 0 •  7 7 192 69 3 5 . 9  156 68 4 3 . 6  

Mut  = M u t a n t s  a r i s e n  f r o m  F~o S. c e r e a l e  • S. v a v i l o v i i ;  M I = L e n i n g r a d  r y e ;  M II = B u l g a r i a n  s h o r t  s t a l k  
m u t a n t  ( a l l  k i n d l y  p r o v i d e d  by  H.  K u c k u c k ;  the  v a r i e t i e s  w e r e  o b t a i n e d  b y  v .  Lochow P e t k u s )  

of the  p l a n t s  w as  c r i t i c a l  f o r  t h e  f o r m a t i o n  of  good  
f l o w e r i n g  s p i k e s .  T h i s  w as  k e p t  a t  a m i n i m u m  of 1 m .  
D u r i n g  a r t i f i c i a l  i l l u m i n a t i o n ,  t he  CO2 c o n t e n t  of  t he  
a i r  was  i n c r e a s e d  t e n f o l d .  The v i t a l i t y  of  t h e  m i c r o -  
s p o r e s  w a s  c a r e f u l l y  m o n i t o r e d  by  f e r t i l i z a t i o n  a n d  
p o l l e n  t u b e  g r o w t h  t e s t s ,  a c c o r d i n g  to t he  m e t h o d  d e -  
s c r i b e d  by  P f a h l e r  ( 1 9 6 5 ) .  N e v e r t h e l e s s ,  in  s o m e  
r y e  t y p e s ,  t h e  p r o d u c t i o n  of p o l l e n  g r a i n s  of  l a r g e r  
c i r c u m f e r e n c e  ( p o s s i b l y  i n d i c a t i v e  of  t h e i r  u n r e d u c -  
ed  n a t u r e ;  W e n z e l  e t  a l .  1 9 7 6 ) ,  w as  i n c r e a s e d  in  
c o m p a r i s o n  to f i e l d  g r o w n  p l a n t s .  

M e t h o d s  and  R e s u l t s  

Cold Pretreatment 

I t  w a s  found  t h a t  by  s u b j e c t i n g  a n t h e r s  to  a c o l d  t r e a t -  

m e n t  b e f o r e  p l a t i n g  o n t o  a g a r  i t  w as  p o s s i b l e  to  i n -  

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

d e v e l o p m e n t .  T h i s  f i n d i n g  i s  i n  a g r e e m e n t  w i th  t h a t  

of N i t s c h  a n d  N o r r e e l  ( 1 9 7 3 )  f o r  N i e o t i a n a  and  Datura  

and  of  P i c a r d  a n d  de  B u y s e r  ( 1 9 7 5 )  f o r  T r i t i e u m .  In 

o r d e r  to  h a r v e s t  a x e n i c  a n t h e r s ,  t h e  g r e e n h o u s e  g r o w n  

s p i k e s  w e r e  d i s s e c t e d  a n d  p r e c u l t u r e d  u n d e r  s t e r i l e  

c o n d i t i o n s  ( T h o m a s  e t  a l .  1975)  in  t he  l i q u i d  m e d i u m  

g i v e n  in  T a b l e  1. T h i s  p r e c u l t u r e  m e d i u m  l a c k e d  h o r -  

m o n e s  a n d  a c t i v e  c a r b o n  ( c u l t u r e  c o n d i t i o n s :  26~  

wi th  a 12 h l i g h t  c i r c l e  of  7 , 0 0 0  l u x ) .  O n c e  t he  m i -  

c r o s p o r e s  in  t he  a n t h e r s  of t he  c e n t r a l  f l o r e t s  had  

r e a c h e d  t he  s t a g e  of  t he  f i r s t  m i t o s i s ,  t h e  s p i k e s  w e r e  

t r a n s f e r r e d  to a d a r k  r e f r i g e r a t o r  a n d  m a i n t a i n e d  a t  

6 ~  The l e n g t h  of  t he  c o l d  t r e a t m e n t  r e q u i r e d  f o r  

maximum anther response depended upon the genotype 

of the donor plant. Although we found that an average 

of 6 to I0 days was optimal (Table 2), it was possible 

to induce embryogenesis or callus formation from 

microspores even after 30 days of cold pretreatment. 

In the first experimental series using this cold pre- 

treatment routinely, the average rate of macroscopic 

structure development could be increased from 0.26 

(from 20,000 anthers plated) to 0.50 N (from 28,000). 

We believe there are three possible causes for the 

effect of cold treatment: I. ) As a result of cold stor- 

age, weak or non-viable anthers and microspores are 

killed leaving only vigorous material. We ourselves 

exert a positive selective pressure for such viable ma- 

terial by plating out only material which, as demons- 

strated by acetocarmine staining of representative 

samples, is highly active. 2. ) At 6~ increased num- 

bers of microsperes are arrested at or during the 

first microspore mitosis which gives an increased 

possibility of development on subsequent culture. 

3. ) Cold treatment may provide a non-specific shock 

resulting in the establishment of endogenous cellular 

conditions which permit development in the desired 

manner. 

I n d u c t i o n  of M i c r o s p o r e  D e v e l o p m e n t  

In  t h e  p r e s e n t  s e r i e s  of  e x p e r i m e n t s ,  t he  m e d i u m  

g i v e n  in  T a b l e  1 was  t e s t e d .  T h i s  w a s  m o d i f i e d  f r o m  
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F i g .  1. A.  8 g r e e n  and 1 albino p lant le t s  developing  
f r o m  th'egeeaZe eereale an ther  shown in B,  toge ther  
with 22 f u r t h e r  m a c r o s c o p i c  s t r u c t u r e s ;  C.  haploid 
c h r o m o s o m e  n u m b e r  (2n = 7) in root  tips--of a g r een  
and rogene t i c  r y e  plant growing in potting compos t  
( they descend  f r o m  the p a r t i c u l a r  c r o s s  Mut 530 • 
M II) 

the N6 medium which was deve loped  for  r i c e  an ther  

cu l tu re  by the Ins t i tu te  of Botany,  Peking  (Hu, p e r s .  

c o m m u n .  ; Yin e t a l ,  1976). In the p r e s e n c e  of ac t ive  

ca rbon  (0 .1  to 0 .5  7"; Anagnos tak is  1974),  a s c o r b i c  

acid  (10 mg/1) and gluta thione (30 m g / 1 ) ,  it was 

poss ib le  to i n c r e a s e  the a v e r a g e  induct ion r a t e  ( i . e .  

the a v e r a g e  of al l  hybr ids  used  and r e c e i v i n g  5 to 10 

days of cold  p r e t r e a t m e n t )  f r o m  0 .5  to 3 ~ with a 

m a x i m u m  ( m o s t  succe s s fu l  hybr id  at op t imal  p r e -  

t r e a t m e n t )  of 30 7" (Table 2 ) .  E s p e c i a l l y  the t r i p e p -  

t ide gluta thione ( ~ - g l u t a m y l - c y s t e y l - g l y c i n e ) ,  which 

has an unspec i f i c  e f fec t  on many de toxi f ica t ion  p r o -  

c e s s e s  as  well as  some  r e g u l a t o r y  funct ions ( M e i s t e r  

1975) was v e r y  e f f ec t i ve .  Since it was au toc laved  be-  

fo re  use ,  e x p e r i m e n t s  with f i l t e r s t e r i l i z e d  gluta thione 

a r e  now in p r o g r e s s .  The number  of s t r u c t u r e s  dev -  

e loping per  an ther  a l so  i n c r e a s e d  c o m p a r e d  with the 

Ni t sch  and Ni t sch  med ium (1969) used  in e a r l y  ex -  

p e r i m e n t s  (Wenzel  and Thomas 1974).  F u r t h e r ,  the 

r e l a t i o n s h i p  of e m b r y o i d s  to c a l l u s e s  was pushed to 

the e m b r y o i d  s ide .  

By changing to the Chinese  potato e x t r a c t  med ium,  

o r ig ina l ly  composed  by the 301 R e s e a r c h  Group at the 

Ins t i tu te  of Gene t i c s  in Peking  for  wheat an ther  c u l -  

tu re  (Anonymous  1976),  a f u r t he r  i n c r e a s e  could be 

ach ieved .  This medium s imply  c o n s i s t s  pe r  l i t r e  of 

90 g s u c r o s e ,  10-4M NaFeEDTA,  toge the r  with the 

l iquid e x t r a c t  of 200 g po ta toes .  The f r e s h  pota toes  

(unpee led ,  but the eyes  r e m o v e d )  were  cut into s m a l l  

cubes ,  boi led  for  30 rain in 400 ml of wa te r ,  squeezed  

in this water  and then f r o m  the m a c e r a t e  the l iquid is  

s e p a r a t e d  by f i l t e r i ng  through a Bfichner  funnel .  The 

benef ic ia l  inf luence of the e x t r a c t  could be fu r the r  in-  

c r e a s e d  by boi l ing the pota toes  in the suga r  solut ion 

and p r e s s i n g  the m a c e r a t e  with a hydrau l ic  p r e s s .  

R e p l a c e m e n t  of the s u c r o s e  by g lucose  was a lso  b e n e -  

f ic ia l  in some  r y e  types .  The phytohormone concen -  

t ra t ion  used was not c r i t i c a l .  Good r e s u l t s  could be 

obtained by addit ion of 1.75 mg/1 2 ,4 -D  and 0 .5  rag/1 

k inet in .  2 , 4 -D  concen t r a t i ons  above 5 mg/1 d e c r e a s -  

ed the r e s p o n s e .  The pH was n o r m a l l y  6.2 and r e -  

qu i red  no fu r t he r  ad jus tmen t .  Under  the inf luence  of 

this med ium the a v e r a g e  an ther  r e s p o n s e  r eached  

10 7" with a m a x i m u m  for  c e r t a i n  e x p e r i m e n t s  of o v e r  

40 g (Table 2 ) .  Opt imal ly  up to 30 s t r u c t u r e s  pe r  an-  

the r  were  f o r m e d  ( F i g .  1, A and B ) ,  e s p e c i a l l y  when 

pota toes  2 to 3 months a f t e r  ha rve s t i ng  were  used 

for  p r e p a r i n g  the e x t r a c t .  It turned out,  howeve r ,  

that t he re  is  a s t rong  inf luence  of the potato v a r i e t y  

used:  A c o m p a r i s o n  be tween  e x t r a c t s  p r e p a r e d  f r o m  

the d i f fe ren t  v a r i e t i e s  ' Cu lpa '  and ' Secunda '  ( Rag i s ,  

BrockhSfe ,  Germany)  showed that 1,075 an the r s  of 

11,376 (9 .5  7~) r e sponded  on media  with ' C u l p a '  ex -  

t r a c t ,  while on 'Secunda '  media  only 3 .9  7" (364 f r o m  

9~456) showed a n d r o g e n e s i s .  In a p a r a l l e l  e x p e r i -  

ment  with the defined sa l t  m ed ium ,  7 .3  7, of the pla ted 

an the r s  b e c a m e  androgene t i c .  This means  that  only 

a f t e r  s c r e e n i n g  the potato qual i ty ,  will the undefined 

potato medium be def in i t ive ly  b e t t e r  than the def ined 

sa l t  med ium.  F u r t h e r m o r e ,  the qual i ty  of the pota-  

toes  depends on the s t o r a g e  t ime ;  t h e r e f o r e  f rozen  ex-  

t r a c t s ,  p r e p a r e d  at the opt imal  s t o r a g e  t i m e  (2 to 3 

months a f t e r  ha rves t ing )  should be used .  It has a l -  

r eady  been shown that  d e e p - f r e e z i n g  is  not ha rmfu l  in 

r e l a t ion  to m i c r o s p o r e  r e s p o n s e .  In fu r the r  t e s t  ex -  

p e r i m e n t s  e x t r a c t s  such as  ma l t ,  co rn  m e a l ,  tomato  

f ru i t ,  r i c e  (pu rchased  f r o m  DIFCO,  D e t r o i t ,  USA) 

were  inac t ive  on the cu l tured  r y e  a n t h e r s .  C o m m e r c i a l  
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Tab le  3.  A n d r o g e n e t i c  l i n e s  p r o d u c e d  in 1976 f r o m  d i f f e r e n t  Secale cereale t y p e s  

l i n e s  in  v i t r o  
p lo idy  l e v e l  

a n t h e r  d o n o r  c h e c k e d  i x  lx+2)r  2X 4)r 

p l an t  F g r e e n  a lb ino  g r e e n  a l b .  g r e e n  g r e e n  a l b .  g r e e n  

g r e e n  c l o n e s  ~ 
g r o w i n g  in 

po t t ing  c o m p o s t  

F 1 No .  1 c 8 1 7 2 - - - 2 - 

F 1 No.  2 11 0 11 3 2 - - 1 - 

F 1 No.  3 20 1 19 4 2 1 - 1 - 1 

F 1 No.  4 31 18 13 8 2 - - 4 2 - 10 

F 1 No.  5 10 5 5 4 1 - - - 3 - 1 

F 1 No.  6 9 0 9 . . . . . .  

F 1 No .  7 15 0 15 2 - 2 . . . .  

F 1 No.  8 182 64 118 70 7 15 3 12 33 - 35 

F 1 No.  9 100 5 95 4 . . . .  4 - 

F I 0  S. eereale • 1 1 0 1 - - 1 - - - 1 
S. vavilovii 

4 • v a r i e t y  ' T e r o '  3 2 1 2 - - - 1 - 1 - 

10 21 17 46 
E 390 97 293 I00 5 I 48 

31 63 

according to the method of estimating the ploidy level for albinos by nucleoli counts, these groups are counted 
as diploids 

b each green clone represents an average number of 50 plants 
c the number corresponds to Table 2 

potato extract preparations (DIFCO) used in equiva- 

lent concentrations caused only a 3 % anther response 

in comparison to 10 % with freshly prepared medium, pos- 

sibly due to the potato variety from which they were 

prepared. Currently, extracts from effective pota- 

toes are being fractionated in an attempt to identify 

the active compounds. 

As active carbon was detrimental in combination 

with the potato medium, the agar is boiled new with 

charcoal and used for medium preparation after re- 

moval of the charcoal by passing through a hot Biich- 

n e r  f u n n e l .  

R e g e n e r a t i o n  of  C a l l u s e s  and  P l a n t l e t s  

When embryoids, formed from microspores within 

anthers, break out from the anthers and come into 

direct contact with the culture medium, the pre- 

sence of 2,4-D and the high sucrose level tend to 

induce callus formation or even death of many of the 

structures. To prevent this, transference to a second 

culture medium is necessary. An early transfer after 

4 w e e k s ,  i . e .  b e f o r e  t he  e m b r y o i d s  b e c o m e  v i s i b l e ,  

cou ld  n o t ,  h o w e v e r ,  p r e v e n t  c a l l u s  f o r m a t i o n ,  a l -  

though  m o s t  c a l l u s e s  s e e m  to d e s c e n d  f r o m  o r i g i n a l l y  

p r e f o r m e d  e m b r y o i d s .  R o u t i n e l y  m a c r o s c o p i c  s t r u c -  

t u r e s  f o r m e d  a f t e r  6 to 8 w e e k s  i n c u b a t i o n  in t h e d a r k  

a r e  r e m o v e d  f r o m  the  a n t h e r s  and  t r a n s f e r r e d  to  

1 .6  c m  2 4 - h o l e d  m u l t i d i s h e s  ( C o s t a r ,  C a m b r i d g e ,  

USA) in wh ich  e a c h  c u l t u r e  h o l e  c o n t a i n s  0 . 7 5  ml  m o -  

d i f i e d  N6 m e d i u m  with  20 g/1 g l u c o s e ,  o r  po ta to  e x -  

t r a c t  m e d i u m  with  2 ~ s u c r o s e ,  bo th  l a ck ing  g r o w t h  

h o r m o n e s .  The d i s h e s  a r e  t hen  i n c u b a t e d  u n d e r  l i gh t  

of  3 ,000  lux (16 h / d a y ) .  U n d e r  t h e s e  c o n d i t i o n s  a p -  

p r o x i m a t e l y  65 % of  the  m a c r o s c o p i c  s t r u c t u r e s  s u r -  

v i v e  ( h a l f  of t h e m  s t a y  a s  e m b r y o i d s ) .  20 ~ of  the  

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

f u r t h e r  g r o w t h ,  w h e r e a s  only  3 % of  the  s u r v i v i n g  c a l -  

l u s e s  f o r m e d  p l a n t l e t s  s p o n t a n e o u s l y .  

Table  3 s u m m a r i s e s  t he  n u m b e r  of  p l a n t l e t s  p r o -  

d u c e d  f r o m  m i c r o s p o r e s  of 9 F 1 h y b r i d s  and  two 

f u r t h e r  a n t h e r  d o n o r  t y p e s  p l a t e d  d u r i n g  1976. F o r  

a l l  t y p e s  e x c e p t  ' T e r o ' ,  a p p r o x i m a t e l y  30 ,000  a n t h e r s  

w e r e  p l a t e d  ( f o r  ' T e r o '  t he  n u m b e r  p l a t e d  w a s  9 , 0 0 0 ) .  

A s  i t  c a n  b e  s e e n  a l b i n i s m  i s  one  of  the  m o s t  s t r i k i n g  
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F i g . 2 .  Phenotype of 2 c lones  ( r igh t  and left)  of an-  
d rogene t i c  rye  descended  f rom d i f fe ren t  e m b r y o i d s  
of the same F~ hybr id  (S. vavilovii • S. cereale) • 
S. cereale var. 'Perolo', confirming meiotic segre- 
gation (in the centre plants of the anther donor type 
of corresponding age) 

problems in Secale microspore derived plantlets. 

About 75 % are chlorophyll deficient. From the plant- 

lets so far produced it can be seen that some hybrids 

produce higher rates of green plants (F 1 Nos.4 and 

5), and others, predominantly albino ones (F 1 No.9). 

It may be that in certain situations albinism is cor- 

related with the genotype of the anther donor material, 

in which case albinism would be genetically based. 

Such a strong influence of the genome is also demons- 

strafed in the appearance of quite a high percentage 

(up to 5 %) of albinos segregating in sexually produced 

F 2 generations from anther donor F 1 hybrids. How- 

ever, in two instances from the same callus, green 

and albino plantlets arose, either documenting chi- 

maerism or demonstrating the influence of physio- 

logical factors. The influence of the genome is fur- 

ther demonstrated by different percentages of micro- 

spore plantlets produced by different hybrids (Tables 

2 and 3). The hybrids yielding large numbers of ma- 

croscopic structures and later of microspore plant- 

lets do possess a common pollinator - the Bulgarian 

short stalk mutant M II (obtained by H. Kuckuck). 

Most of the plantlets so far obtained, including green 

haploids (2n = 7; Fig. IC) capable of growth in pot- 

ting compost, were derived predominantly from par- 

ental stocks containing this M II genome. This cor- 

responds with the results of conventional breeding 

work with these stocks. Lines M I, M II and Mut 530 

are also superior parents in normal crossing pro- 

gramms (Kuckuck, pers. commun.). Figure I shows 

a cu l tu red  an ther  of such a hybr id  which has  p rodu-  

ced 8 g r e e n ,  1 albino p lan t le t s  and 22 c a l l u s e s .  

Apar t  f r o m  10 haploid g r e e n  l ines  so f a r  found, 

four  plants  were  de tec ted  where  dur ing  propagat ion  

haploid and l a t e r  diploid plants  a r o s e .  E i t h e r  the 

m a c r o s c o p i c  s t r u c t u r e s  these  plants  o r ig ina ted  f r o m  

were  a l r e ady  composed  of mixed  m a t e r i a l  coming  

f r o m  d i f fe ren t  m i c r o s p o r e s ,  o r  spontaneous doubling 

has o c c u r r e d .  Within the albino p lan t le t s  such mixed  

populat ions were  not de tec ted ,  s ince  no root  tip c h r o -  

m o s o m e s  but r a t h e r  leaf  nucleol i  were  counted.  This 

method a l lows only a quick s c r e e n i n g  into haploids  

or  diploids  ( s e e  r e v i e w  Ni tzsche  and Wenzel  1977).  

P lan t s  c loned f r o m  the haploid g r e e n  plants  so fa r  

obtained have been d ip lo id ized  by t r ea t ing  the roo t s  

of the young p lant le t s  for  5 h with 0 .5  % aqueous  c o l -  

ch ic ine  as d e s c r i b e d  by J e n s e n  (1976) for  b a r l e y  hap-  

lo ids .  The su rv iva l  r a t e  of the a n t h e r - d e r i v e d  plant -  

le t s  was about 50 %. N e a r l y  20 % of the su rv iv ing  plants  

showed an a l t e r e d  c h r o m o s o m e  n u m b e r ,  y ie ld ing  

diploid,  t r ip lo id  and te t rap lo id  c l o n e s .  In the f i r s t  

d ip lo id ized  o f f spr ing ,  a high r a t e  of comple t e  s t e r i l -  

i ty appea red ,  poss ib ly  due to c h r o m o s o m e  a b e r r a -  

t ions .  

Since the F 1 hybrid  an the r  donor  plants  a r e  he -  

t e rozygous  for  s e l f - f e r t i l i t y ,  a c e r t a i n  number  ( t he -  

o r e t i c a l l y  50 %) of the diploid plants  c a r r i e d  the r e -  

c e s s i v e  a l l e l e  and were  s e l f - s t e r i l e ,  document ing  

the i r  me io t i c  o r i g in .  F r o m  t h e s e ,  h o w e v e r ,  s eeds  

could be obtained by c r o s s - p o l l i n a t i o n .  The p r e s e n c e  

of the s e l f - f e r t i l e  p lants  makes  a quick p ropaga -  

tion v ia  se l f ing  pos s ib l e .  F i g u r e  2 shows the v a r i -  

abi l i ty  of diploid A 1 plants  o r ig ina t ing  f r o m  d i f f e r -  

ent e m b r y o i d s  of the s a m e  F 1 hybr id ,  in th is  p a r -  

t i cu l a r  c a s e  f r o m  the hybr id  ( S.  v a v i l o v i i  x S.  e e -  

r e a l e  ) • S. oe rea le  v a r .  ' P e r o l o ' .  Their  d i f fe ren t  

phenotype d e m o n s t r a t e s  me io t i c  s e g r e g a t i o n  and 

the i r  m i c r o s p o r e  o f f spr ing .  Such m a t e r i a l  should 

al low a v e r y  e f fec t ive  s e l e c t i o n ,  fo r  ins tance  for  a l -  

k y l r e s o r c i n o l - p o o r  l ines  (Hoffmann and Wenzel  1977), 

i m m e d i a t e l y  d e l i v e r i n g  m a t e r i a l  of e conomic  i m p o r -  

tance. 

Discussion 

It has  been  poss ib le  to p roduce  v iab le  g r e e n  haploid 

plants  f r o m  m i c r o s p o r e s  of rye  by c lo se ly  moni to -  

r ing  the p r e c u l t u r e  of the an ther  donor  p lan ts ,  by 
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a l t e r ing  the media  used for  the cu l tu re  of an the r s  

and by s c r e e n i n g  d i f fe ren t  geno types .  Since the plant 

m a t e r i a l  v a r i e s  r a t h e r  widely ,  not only dur ing  d i f -  

f e r e n t  s e a s o n s ,  but a l so  under  quite con t ro l l ed  con-  

di t ions (due to the ou tbreed ing  c h a r a c t e r  of r y e ) ,  

not too sma l l  n u m b e r s  of an the r s  must  be plated to 

e n s u r e  s igni f icant  r e s u l t s  at each  s tage  in m a c r o -  

scopic  s t r u c t u r e  product ion .  F u r t h e r m o r e ,  to d e t e r -  

mine the op t imum condi t ions  for  plant le t  product ion  

f r o m  the m a c r o s c o p i c  s t r u c t u r e s  again r e q u i r e s  the 

product ion of l a rge  n u m b e r s  of the s t r u c t u r e s .  The 

abi l i ty  to handle high number s  i s ,  consequen t ly ,  one 

impor tan t  p r e r e q u i s i t e  for  con f i rma t ion  of the con-  

di t ions  leading to haploid plant fo rma t ion  via  an ther  

c u l t u r e .  Using r y e ,  one can now concen t r a t e  on s p e -  

c i f ic  condi t ions  for i n c r e a s i n g  the number  of d i f f e r -  

ent  l ines  for  t e s t ing  whether  such plants  can make a 

useful  cont r ibu t ion  to applied plant b reed ing .  

The genome of the pa ren t s  used for  product ion  of 

the F 1 hybr id  an ther  donor  plants  appea r s  to be v e r y  

impor t an t  in d e t e r m i n i n g  the subsequent  s u c c e s s  r a t e  

of anther culture. An increase of up to 500 % in mi- 

crospore development could be observed in hybrids 

possessing the pollinator M II as one of the parents 

in hybrid production. As there are other hybrids of 

high commercial value but yielding only a few em- 

bryoids, it might be necessary first to make a se- 

cond c r o s s  with a fa ther  inher i t ing  a good r e g e n e r a -  

tion capac i ty ,  and then to s t a r t  an ther  cu l tu re  fo l -  

lowed by an extended s c r e e n i n g  for  d e s i r e d  genotypes .  

Although we s t i l l  face  n u m e r o u s  p r o b l e m s  such 

as a lb in i sm,  it has now been d e m o n s t r a t e d  that g r een  

haploid plant product ion  is  poss ib le  f r o m  m i c r o s p o r e s  

of r y e .  It r e m a i n s  to be shown that  the homodiplo ids  

d e r i ved  f r o m  them a r e  advantageous  for  appl ied b r e e d -  

ing p r o g r a m m s .  The r e c e n t  r e s u l t s  obtained with an -  

d rogene t i c  homodiploid  r i c e  l ines  in appl ied b r eed ing  

(Yin et a l .  1976) and a lso  those  of Re inbe rgs  et  a l .  

(1976) with b a r l e y  c l e a r l y  d e m o n s t r a t e  that homo-  

zygous l ines  produced  by unconvent ional  methods  in 

v e r y  sho r t  t i m e  pe r iods  d e l i v e r  m a t e r i a l  which is  at 

l ea s t  c o m p a r a b l e  to that  produced by convent ional  

b r eed ing  techniques. 
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