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A b s t r a c t  

Callus cultures were initiated from isolated 
mature embryos of Triticum tur~idum L. 
Thell ssps durum and dicoecum on a basal 
medium supplemented with 2,4-D, 2~4,5-CI3POP 
or 2,4-D + CM. Shoot bud regeneration 
was observed on 2,4"5-CI3POP medium. In 
both the cult lvars of durum, further deve- 
lopment of shoot buds occurred on transfer 
of tissues to basal medium whereas in 
dicoccum basal medium supplemented with 
coconut milk or coconut milk with NAA 
(0.2 mg/l) was necessary. The regenerated 
shoot buds were induced to root on basal 
medium supplemented with NAA. The in vitro 
obtained plants were transferred to soil 
and successfully grown to maturity. 
Chlorophyll variants were observed among 
the regenerated plants of dicoccum. 

A b b r e v i a t i o n s :  BA, b e n z y l a d e n i n e ;  CM, 
c o c o n u t  m i l k ;  2 , 4 - D ,  2 , 4 - d i c h l o r o p h e n o x y -  
a c e t i c  a c i d ;  2 , i P ,  6 - ~ - r - d i m e t h y l a l l y l a m i n e  
purine; IAA, indoleacetie acid; NAA, o~- 
naphthalene acetic acid; Kn, kinetin; 
2,4,5-CI3POP, 2~4,5-trichlorophenoxypro- 
pionic acid; MS, modified Mnrashige and 
Skoog's medium; RH, relative humidity; 
Z ~ zeatin. 

I n t r o d u c t i o n  

R e c e n t  a d v a n c e s  i n  p l a n t  c e l l  and t i s s u e  
c u l t u r e s  have  r a i s e d  the  hope t h a t  t h i s  
t e c h n i q u e  may be u s e d  i n  g e n e t i c  m a n i p u l a t i o n  
o f  c e r e a l  s p e c i e s  i n  v i t r o  (Green  1 9 7 7 ) .  
However ,  one o f  the  b a s i c  p r e r e q u i s i t e s  f o r  
u s i n g  c e r e a l  c e l l  c u l t u r e s  f o r  g e n e t i c  
m a n i p u l a t i o n  s t u d i e s  i s  the  e s t a b l i s h m e n t  
o f  c e r e a l  c u l t u r e s  w i t h  a h i g h  i n c i d e n c e  of  
p l a n t  r e g e n e r a t i o n .  T h i s  p a p e r  r e p o r t s  on 
t h e  c o n d i t i o n s  which  l e a d  to  p l a n t  r e g e n e -  
r a t i o n  i n  c a l l u s  t i s s u e s  d e r i v e d  from m a t u r e  
embryos  of  durum and  emmer w h e a t .  

Materials and Methods 

Two e u l t i v a r s  each  o f  T r i t i c u m  t u r ~ i d u m  L. 
T h e l l  s sp  d i c o e c u  m ( c v s  N-4914 a n d ' 2 9 1 8 )  
and durum (cvs Bijaga yellow and dwarf 
duru~re used for experimental work. 
Seeds (presoaked in water for 16-20 hrs) 
were surface-sterilized with 70% alcohol 
for 30 seconds followed by 0.1% mercuric 
chloride solution for 5 minutes. The dis- 
infected seeds were washed five times with 
sterile distilled water. Embryos were 
removed under a dissection microscope in a 
laminar flow chamber and were placed on a 
basal medium with plumule - radicle axis in 
contact with the medium and the scuteller 
side facing up. The methods used were 
essentially those of Green and Phillips 
( 1 9 7 5 ) .  

The b a s a l  medium (MS) c o n t a i n e d  m i n e r a l  
e l e m e n t s  o f  M u r a s h i g e  and  Skoog ( 1 9 6 2 ) ,  the  
v i t a m i n s  o f  LJn and S t a b a ' s  medium ( 1 9 6 1 ) ,  
2% s u c r o s e  and 0.6% a g a r  and was a d j u s t e d  
to  pH 5 .8  b e f o r e  a u t o c l a v i n g .  The b a s a l  
medium was s u p p l e m e n t e d  w i t h  a u x i n s  ( 2 , 4 - D ,  

4 ,5-C13POP , NAA, IAA) and c y t o k i n i n s  } 

(Z, Kn, 2,i-P and BA) in various concen- 
trations. In some experiments CM was also 
used. All cultures were incubated at 
25 + 2°C under continuous illumlnation 
(95~ lux) and 55-60% RH. For histological 
s t u d i e s ,  t h e  c u l t u r e d  .embryos a nd  c a l l u s  
t i s s u e s  showing  r e g e n e r a t i o n  o f  s h o o t  buds  
were  f i x e d  i n  f o r m a l i n - a c e t i c  a c i d - a l c o h o l  
(FAA) and p r o c e s s e d  i n  a l c o h o l - x y l o l  s e r i e s .  
P a r a f f i n  s e c t i o n s  were  c u t  a t  10 /am on a 
r o t a r y  mi c r o t ome  and were s t a i n e d  w i t h  
s a f r a n i n - f a s t  g r e e n .  

R e s u l t s  and D i s c u s s i o n  

M a t u r e  embryos  o f  durum and d i e o c e u m  
c u l t u r e d  on MS s u p p l e m e n t e d  w i t h  e i t h e r  
2 , 4 - D  o r  2 , 4  5-CI~POP e a c h  a t  5 mg/1 o r  
2~4-D (5 mg/1)+Cff (15%) showed the  I n i t i a t i o n  
of  c a l l u s  w i t h i n  a week and a t  t he  end  o f  
4 w e e k s ,  v i g o r o u s l y  p r o l i f e r a t i n g  t i s s u e s  
were  o b t a i n e d  ( F i g .  1 A ) .  Both  the  c u l t i -  
v a r s  of durum ( B i j a g a  y e l l o w  and  dw a r f  
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T a b l e  I. C a l l u s i n g  r e s p o n s e  of  embryos  of  d i f f e r e n t  whea t  c u l t i v a r s  on MS s u p p l e m e n t e d  w i t h  
growth adjuvants* 

S p e c i e s / C u l t i v a r s  

MS+2,4-D (5 mg/1)  

I n t e n s i t y  % c u l t u r e s  
of  c a l l u s  showi ng  
f o r m a t i o n  r e s p o n s e  

d i c o c c u m  (ev  29181 ++ 

durum (ev durum dwar f )  ++ 

durum (cv B i j a g a  y e l l o w )  ++ 

MS+2,4 ,5-C13pOP(5  mg/1) MS+2,4-D(5 mg/1)+CM(15~) 

I n t e n s i t y  % c u l t u -  I n t e n s i t y  % c u l t u r e s  
of c a l l u s  r e s  showing  of c a l l u s  showing  
f o r m a t i o n  r e s p o n s e  f o r m a t i o n  r e s p o n s e  

63 ++ 

71 +++ 

79 +++ 

46 + 21 

87 ++ 47 

90 ++ 35 

* Da ta  s c o r e d  a t  t he  end of  30 d a y s .  24 r e p l i c a t e s  p e r  t r e a t m e n t .  
+ ,  p o o r ;  ++, good;  +++, e x c e l l e n t .  

T a b l e  I I .  I n c r e a s e  i n  f r e s h  and d r y  w e i g h t  of  c a l l u s  
c u l t u r e s  on MS+2,4,5-C13POP (5 rag/ l )  

C u l t i v a r  F r e s h  w t .  (rag) Dry w t .  (rag) 

d i coccum ( c v - 2 9 1 8 )  

durum (cv  B i j a g a  y e l l o w )  

durum (cv  dwar f  durum) 

275 + 12 .6  29 + 1 .5  

281 +_ 17 .7  31 + 3 .8  

222 + 5 .9  27 + 0 . 6 9  

Data  s c o r e d  a t  t he  end  o f  40 d a y s .  24 r e p l i c a t e s  pe r  
t r e a t m e n t .  

durum) and one c u l t i v a r  o f  d i coccum (29181 
r e s p o n d e d  w h e r e a s  embryos  of  t h e  cv  N-4914 
f a i l e d  to  p r o d u c e  c a l l u s  on any  o f  t h e  m e d i a .  
C a l l u s i n g  r e s p o n s e  Of embryos  i n  t e rms  o f  
i n t e n s i t y a n d  p e r  c e n t  c u l t u r e s  showing  
c a l l u s  d e v e l o p m e n t  was opt imum on MS + 
2 , 4 , 5 - C 1 3 P O P  (5 mg/1) f o r  b o t h  c u l t i v a r s  o f  
durum w h e r e a s  f o r  d i c o c e u m  MS w i t h  2,4-D 
5 T 5 - ~ / 1 )  was b e s t  ( T a b l e  I ) .  However ,  when 
the  c a l l u s  c u l t u r e s  o f  t he  t h r e e  c u l t  i v a r s  
were  compared  f o r  i n c r e a s e  i n  f r e s h  and  d r y  
w e i g h t s ,  no s i g n i f i c a n t  d i f f e r e n c e  was 
o b s e r v e d  e x c e p t  i n  dwar f  durum ( T a b l e  I I ) .  

At t h e  end of  6-9  weeks  c a l l u s  c u l t u r e s  of  
b o t h  durum and  d i c o c c u m  g r o w i n g  on MS + 
2 , 4 , 5 - C 1 3 P O P  (5 m g / l )  e x h i b i t e d  l o c a l i s e d  
g r e e n i s h  p a t c h e s  from which  t i n y  s h o o t  buds  
w i t h  l e a v e s  s u b s e q u e n t l y  e m e r g e d .  The a p p e a -  
r a n c e  of s h o o t  buds  on t h i s  medium was a 
c o n s i s t e n t  phenomenon .  Such c u l t u r e s  showing  
i n i t i a l  s t a g e s  of  d i f f e r e n t i a t i o n  d i d  n o t  
d e v e l o p  f u r t h e r  i n  t h e  same medium. 

To o b t a i n  the  f u r t h e r  d e v e l o p m e n t  o f  s h o o t s  
a n d  p l a n t l e t s  the  c a l l u s  t i s s u e s  were  t r a n -  
s f e r r e d  to  MS b a s a l  medium as  w e l l  t o  MS 
medium s u p p l e m e n t e d  w i t h  d i f f e r e n t  g rowth  
a d j u v a n t s .  C a l l u s  c u l t u r e s  of d t c o c c u m  d i d  
n o t  show f u r t h e r  d e v e l o p m e n t  of  s h o o t  buds  

on MS medium a l o n e  o r  on MS s u p p l e m e n t e d  
w i t h  a u x i n - c y t o k i n i n  c o m b i n a t i o n s .  However ,  
on Ms + cM (15%) and  MS + CM (15%) + NAA 
( 0 . 2  m g / 1 ) ,  d e v e l o p m e n t  o f  buds  was ObServed 
i n  10 and  40% of  the c u l t u r e s  r e s p e c t i v e l y .  
I n  c a s e  of  durum c u l t i v a r s  i n  33% c u l t u r e s  
f u r t h e r '  d e v e l o p m e n t  o f  s h o o t  buds  was 
a c h i e v e d  on t r a n s f e r r i n g  t h e  t i s s u e s  to  MS 
medium o n l y .  A d d i t i o n  o f  CM 15% and  CM i n  
c o m b i n a t i o n  w i t h  NAA ( 0 . 2  m g / 1 ) t o  MS medium 
d i d  n o t  i n c r e a s e  t he  p e r c e n t a g e  of  c u l t u r e s  
show i ng  f u r t h e r  d e v e l o p m e n t  of  s h o o t  b u d s .  
Among t h e  a u x i n - c y t o k i n i n  c o m b i n a t i o n s  
t e s t e d ,  e n h a n c e d  s h o o t  bud d e v e l o p m e n t  was 
o b s e r v e d  o n l y  on MS + Z (1 mg/1) + IAA 
(O.1 rag / l )  i n  50% of  c u l t u r e s  of  durum 
c v .  B i j a g a  y e l l o w  and  67% of  ~urum d w a r f .  

The c a p a c i t y  f o r  r e g e n e r a t i o n  was m a i n t a i n e d  
f o r  up to  t h r e e  p a s s a g e s  i n  d i coccum and 
f o u r  p a s s a g e s  i n  durum.  The a v e r a g e  number  
o f  r e g e n e r a n t s  p e r  c u l t u r e  was 1 0 - 1 2 .  
T r a n s f e r  o f  c a l l u s  t i s s u e s  showing  p a r t i a l  
d i f f e r e n t i a t i o n  of  s h o o t  buds  to a g i t a t e d  
l i q u i d  medium v i z . ,  MS + Z (1 rag/ l )  + IAA 
( 0 . 1  r a g / l ) ,  f u r t h e r  e n h a n c e d  the  n u m b e r  o f  
s h o o t  buds  ( 2 0 - 2 5  r e g e n e r a n t s )  p e r  c u l t u r e  
( F i g .  1B).  The s t i m u l a t o r y  e f f e c t  o f  
a g i t a t e d  l i q u i d  medium i n  e n h a n c i n g  t h e  
p l a n t  r e g e n e r a t i o n  has  b e e n  r e c o r d e d  
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F i g .  1.  D i f f e r e n t  s t a g e s  o f  p l a n t l e t  r e g e -  
n e r a t i o n  i n  c a l l u s  c u l t u r e s  o f  durum 
and d i c o c c u m  w h e a t .  

CA) 3 0 - d a y - o l d  c a l l u s  c u l t u r e s  o f  
d i c o c c u m  on MS + 2 , 4 , 5 - C 1 3 P O P  
(5 m g / 1 ) .  

(B) P r o f u s e  r e g e n e r a t i o n  o f  p l a n t l e t s  in  
durum c u l t u r e s  i n  a g i t a t e d  l i q u i d  
medium MS.Z (1 mg/1)  . IAA ( O . i  mg/D. 

(C) R e g e n e r a t i o n  o f  a l b i n o  s h o o t s  o f  
d i c o c c u m  on MS+coconu t  m i l k  ( i5%) + 
NAA ( 0 . 2  r a g / l ) .  

(D) R e g e n e r a t i o n  o f  a l b i n o  and  g r e e n  
s h o o t s  f rom d i c o c c u m  c u l t u r e s  on 
MS + c o c o n u t  m i l k  ( i5%) + NAb 
(0.2 rag/l). 

(E) h r e g e n e r a t e d  s h o o t  f rom d i c o c c u m  
w i t h  w e l l - d e v e l o p e d  r o o t s  on MS+NAA 
(1 m g / 1 ) .  

F i g .  1 

F i g .  2. (A) A s t r i a t e d  r e g e n e r a n t  o f  
d i e o c c u m  one  week a f t e r  t r a n s f e r  
t o  v e r m i c u l i t e  i n  p a p e r  c u p .  

(B) I n  v i t r o  r e g e n e r a t e d  p l a n t s  o f  
durum s u c c e s s f u l l y  e s t a b l i s h e d  
i n  p o t  s h o w i n g  f l o w e r i n g .  

F i g .  2 



218 

t, r e v i o u s l y  ( t h e n  e t  a l .  1977) .  

H i s t o l o g i c a l  e x a m i n a t i o n  of  p r o l i f e r a t i n g  
t i s s u e s  r e v e a l e d  t h a t  c a l l u s  was i n i t i a t e d  
from the  s c u t e l l a r  node and the r e g i o n  of  
the  r a d i c l e .  Shoot  buds  were  p r o d u c e d  from 
the  s u r f a c e  o f  the  c a l l i  and had l e a f  
p r i m o r d i a  a round  an a p i c a l  m e r i s t e m .  The buds 
were p r o d u c e d  d£e noyq ,  the  o r i g i n a l  embryon~ 
s h o o t  and a x i l l a r y  buds d i d  no t  c o n t r i b u t e  
to  the p r o c e s s  of  r e g e n e r a t i o n .  No t e n d e n c y  
f o r  s o m a t i c  e m b r y o g e n e s i s  was o b s e r v e d .  In  
Panicum (Rangan 1974) and maize  ( S p r i n g e r  
~'~aT~. 1979) de novo o r i g i n  of  a p i c a l  
m e r i s t e m s  l e a d i n g  to  p l a n t l e t  r e g e n e r a t i o n  
has  a l s o  been  r e p o r t e d .  

In  d i coccum,  50~ o f  c u l t u r e s  showed 
variants on MS + CM (15~) + NAA (0.2 rag/l), 
amnngst which were chlorophyll variants 
llke striatas and albinos (Fig.i C,D). No 
such variants were observed in durum. 
The r e g e n e r a t e d  s h o o t s  i n c l u d i n g  c h l o r o p h y l l  
v a r i a n t s  were  r o o t e d  on MS + 1 mg/1NAA 
( F i g .  1 E ) .  C h l o r o p h y l l  v a r i a n t s  ( F i g .  2A),  
s u r v i v e d  f o r  two weeks u n d e r  l a b o r a t o r y  
c o n d i t i o n s ,  b u t  c o u l d  n o t  be r e a r e d  t o  
f l o w e r i n g  s t a g e  u n d e r  f i e l d  c o n d i t i o n s .  
The m a j o r i t y  o f  g r e e n  p l a n t s  which  were  
t r a n s f e r r e d  to  the  f i e l d  were f e r t i l e  
( F i g .  2B). 

The f o r e g o i n g  a c c o u n t  has  d e m o n s t r a t e d  t h a t  
c a l l i  o f  ma tu re  embryo o r i g i n  o f  durum and 
dicoeeUm c u l t i v a r s ~  have the  c a p a ~ t o  
r e g e n e r a t e  p l a n t s  in  c o n t r a s t  to  e a r l i e r  
r e p o r t s  where m e s o e o t y l  e x p l a n t s  were  
m a i n l y  used  f o r  r e g e n e r a t i o n  s t u d i e s  
(Masea renhas  e t  a l .  1975, B e n n i c i  e t  a l .  
1979) .  The wi--de-~peetrum o f  v a r i a n t s  
o b s e r v e d  in t h e  p r e s e n t  i n v e s t i g a t i o n  is i n  
ag reemen t  w i t h  the  p r e v i o u s  r e p o r t s  on o a t s  
(Cummings e t  a l .  1976) and f o r a g e  g r a s s e s  
(Gamborg e~- -a~ .  1970, Lo e t  a l .  1980) .  

The c a p a b i l i t y  o f  i n d u c i n g  l a r g e  number o f  
p l a n t l e t s  from matu re  embryo d e r i v e d  c e l l  
c u l t u r e s  of  durum and di~occum c u l t i v a r s  o f  
wheat  opens  up t h e  p o s s i b i i i ~ y  o f  u t i l i z i n g  
t h i s  t e c h n i q u e  f o r  g e n e t i c  s t u d i e s  r e l a t e d  
to  wheat  b r e e d i n g  program.  
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