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A b s t r a c t .  V i t r i f i e d  s h o o t s  r e g e n e r a t e d  
f r o m  c a r n a t i o n  p e t a l s  (1)ianthus 
caryophyllus L. cv. Scania) were 
recovered by culturing them in a 
medium containing 3.0 g/l Bacto- 
Peptone. Wax structures not found on 
vitrified shoots developed on the 
abaxial surface of leaves of recovered 
shoots and on those of normal leaves. 
Recovered shoots were rooted and 
successfully acclimatized while 
vitrified shoots could not survive the 
acclimatization process. The Bacto- 
Peptone solution was fractionated and 
the efficiency of each fraction for 
the recovery of vitrification was ex- 
amined. 0nly basic, non high 
molecular fractions whose molecular 
weight was less than 10,000 were ef- 
fective. 
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I n t r o d u c t i o n  

Vitrification is a knotty problem 
which often occurs in in-vitro 
plantlets regenerated from cultured 
c e l l  o r  t i s s u e  ( K e v e r s  e t  a l  1984) .  
V i t r i f i e d  s h o o t s  a r e  a b n o r m a l l y  
g l a s s y ,  t h i c k  and t r a n s l u c e n t .  In  a l -  
most  a l l  c a s e s ,  i t  i s  i m p o s s i b l e  t o  
o b t a i n  normal  mature  p l a n t s  f rom them. 
There  a r e  q u i t e  a few r e p o r t s  a t t e m p t -  
ing to  s o l v e  t h e  problem of  v i t r i f i c a -  
t i o n .  The t y p e s  and c o n c e n t r a t i o n  o f  
c a r b o h y d r a t e s  i n  t h e  medium ( R u g i n i  
1986, 0 r l i k o w s k a  1987),  l i g h t  i n t e n -  

sity (Sutter et al. 1979), photoperiod 
(Gimelli et al. 1984), and the types 
and concentration of gelling agents in 
the medium (Thomas et al. 1989, Leshem 
1 9 8 3 a b ,  H a k k a a r t  e t  a l .  1983)  a r e  
reported to affect the frequency of 
vitrified shoots. However, all of 
these treatments have no effect on the 
recovery of vitrified shoots. So far, 
there is no report which has succeeded 
in obtaining normal plants from 
vitrified shoots. In the present 
work, normal plantlets were obtained 
from vitrified shoots by transferring 
them to a medium containing Bacto- 
Peptone. 

Materials and Methods 

Plant material Carnation (Dianthus oaryophyllus 

L. cv. Scania) plants were grown in a green- 

house. 

Culture of petals Petals were excised from im- 

mature flower buds (10-15 mm diameter) before 

anthesis and cultured in test tubes (3 cm 

diameter, i0 cm height) covered with two-fold 

aluminium foil containing i0 ml of Murashige and 

Skoog's medium (1982) supplemented with 30 g/l 

sucrose, 0.2~ Gelrite (Wako Pure Chemical In- 

dustries Ltd., Osaka, Japan), 0.5 mg/l 1- 

naphthaleneacetic acid (NAA), and 0.5 mg/l ben- 

zylaminopurine (BAr) at 25~ under a 16 h light 

(white fluorescent lamp, 7.25 w/m2) - 8 h dark 

cycle. 

Recovery of vitrified shoots Vitrified shoots 

regenerated from the petals were transferred to 

a medium containing 1.0-5.0 g/l Bacto-Peptone 

(Difco, Michigan, USA), 3.0 g/l Hyponex 6.fi-6-19 

(Hyponex Corporation, Ohio, USA), 30 g/l sucrose 
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and 0.8~ agar (recovery medium) and cultured un- 

der the same conditions. This medium was a 

modified Kakehi (1979) medium used for rooting 

of cultured shoots of carnation. After 5 weeks, 

these shoots were transferred to Murashige and 

Skoog's medium containing 30 g/l sucrose and 

0.2~ Gelrite but no plant growth substances in 

order to induce rooting. The recovery effects 

o f  f o u r  t y p e s  o f  Poly Peptone ( J a p a n  P h a r -  

m a c e u t i c a l  Ltd., Tokyo), that is, Poly-Peptone 

(an enzymatically hydrolyzed milk casein), Poly- 

Peptone-Pl (an enzymatically hydrolyzed animal 

meat), Poly-Peptone-S (an enzymatically 

hydrolyzed defatted soybean), Poly-Peptone-Y (an 

enzymatically hydrolyzed yolk protein), and 

casamino acids (Difco, Michigan, USA) on the 

vitrified shoots were also examined by adding 

3.0 g/1 to the recovery medium in place of 

Bacto-Peptone. Vitrified shoots were trans- 

ferred to media containing one of these sub- 

stances, cultured for 5 weeks, then observed. 

Acclimatization Rooted shoots in-vitro were 

potted using Perlite (Nenisanso No. i, Mitsui 

Mining and Smelting Company Ltd., Tokyo) as the 

substrate and grown in a mistroom setting in a 

greenhouse. The temperature in the greenhouse 

was maintained between 15~ and 30oC. In the 

mistroom, relative humidity (RH) was controlled 

by a humidifier and light intensity was reduced 

by shading. During the first week, the mistroom 

was maintained at i00~ RH and 80~ shaded. 

During the second week, the mistroom was main- 

tained a t  80~ RH a n d  80~  s h a d e d .  I n  t h e  t h i r d  

w e e k ,  h u m i d i f i c a t i o n  i n  t h e  m i s t r o o m  was  s t o p p e d  

b u t  80~  s h a d i n g  was  m a i n t a i n e d .  On t h e  f i r s t  d a y  

o f  t h e  f o u r t h  w e e k ,  t h e  p l a n t s  w e r e  moved  o u t  o f  

t h e  m i s t r o o m ,  g r o w n  f o r  1 w e e k ,  t h e n  t r a n s f e r r e d  

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

F r a e t i o n a t i o n  o f  B a c t o - P e p t o n e  1) S e p a r a t i o n  

by  m o l e c u l a r  w e i g h t  a t  M.W. 1 0 , 0 0 0  was  p e r f o r m e d  

b y  u l t r a f i l t r a t i o n  u s i n g  C e n t r i c o n - 1 0  (W. R .  

G r a c e  Co .  MA, U S A ) .  T h e  C e n t r i c o n - 1 0  w a s  a 

c y l i n d r i c a l  f o r m  16 mm i n  d i a m e t e r ,  128 mm i n  

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

m e m b r a n e ,  m e m b r a n e  s u p p o r t  b a s e ,  s a m p l e  r e s e r -  

v o i r ,  f i l t r a t e  c a p  a n d  r e t e n t a t e  c a p .  A 2 . 5  ml  

o f  B a c t o - P e p t o n e  s o l u t i o n  ( 0 . 1 5  g / m l  d i s t i l l e d  

w a t e r )  w a s  p u t  i n t o  t h e  C e n t r i c o n - 1 0  a n d  

c e n t r i f u g e d  a t  5 , 0 0 0  g .  f o r  8 h .  T r a n s u d a t e  i n  

the filtrate cap was collected. Distilled water 

(2 ml) was put into a unit of Centricon-10 and 

centrifuged again at 5,000 g. for 2 h. This was 

repeated 4 times. Transudates in the filtrate 

cap were collected and put together. The solu- 

tion was now composed of substances lower than 

10,000 in molecular weight. The remainder on 

t h e  m e m b r a n e  w as  c o l l e c t e d  a s  f o l l o w s .  The  

371 

centricon-10 was inverted and centrifuged at 

1,000 g. for I0 min. High molecular fractions 

c o m p o s e d  o f  s u b s t a n c e s  h i g h e r  t h a n  1 0 , 0 0 0  i n  

m o l e c u l a r  w e i g h t  w e r e  c o l l e c t e d  i n  t h e  r e t e n t a t e  

c a p .  T e n  ml  o f  B a c t o - P e p t o n e  s o l u t i o n  ( 0 . 1 5  

g / m 1 )  w a s  f r a c t i o n a t e d .  2)  B a c t o - P e p t o n e  s o l u -  

t i o n  w a s  s e p a r a t e d  i n t o  a c i d i c ,  b a s i c  a n d  

n e u t r a l  f r a c t i o n s  b y  i o n  e x c h a n g e  c h r o m a t o g r a p h y  

u s i n g  Dowex  50W-X4 a n d  Dowex  1W-X2 ( T h e  Dow 

C h e m i c a l  C o m p a n y ,  USA).  A s o l u t i o n  o f  1 . 5 8  g 

B a c t o - P e p t o n e  i n  10 ml d i s t i l l e d  w a t e r  w a s  p u t  

o n t o  a c o l u m n  ( 2 5  mm i n  d i a m e t e r ,  5 0 0  mm i n  

l e n g t h ,  700  ml  b e d  v o l u m e )  p a c k e d  w i t h  D o w e x  

50W-X4. The  b a s i c  f r a c t i o n  a b s o r b e d  b y  Dowex 

50W-X4 (H +) w e r e  e l u t e d  b y  2N NH4OH. The  f r a c '  

t i o n  w h i c h  p a s s e d  t h r o u g h  t h e  D o w e x  5 0 N - X 4  

c o l u m n  was  p u t  o n t o  a c o l u m n  (25  mm i n  d i a m e t e r ,  

300 mm i n  l e n g t h ,  350  ml  b e d  v o l u m e )  p a c k e d  w i t h  

Dowex IW-X2 ( O H - ) .  The  a c i d i c  f r a c t i o n  a h s o r b e d  

b y  Dowex  1W-X2 w a s  e l u t e d  b y  1N HC1.  T h e  

n e u t r a l  f r a c t i o n  w a s  t h e  f r a c t i o n  w h i c h  p a s s e d  

t h r o u g h  t h e  Dowex lW-X2 c o l u m n .  E a c h  f r a c t i o n  

was  c o n c e n t r a t e d  b y  r o t a r y  v a c u u m  e v a p o r a t o r  a t  

4 0 ~  From 1 . 5 8  g B a c t o - P e p t o n e ,  0 . 1 7  g a c i d i c  

f r a c t i o n ,  1 . 2 6  g b a s i c  f r a c t i o n  a n d  0 . 0 3  g 

n e u t r a l  f r a c t i o n  w e r e  o b t a i n e d .  

E a c h  o f  t h e s e  f r a c t i o n s  o b t a i n e d  f r o m  1 . 5  g 

o r  1 . 5 8  g B a c t o - P e p t o n e  w a s  a d d e d  t o  5 0 0  ml  

r e c o v e r y  med ium i n  p l a c e  o f  B a c t o - P e p t o n e  t o  e x -  

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

T h i s  c o n c e n t r a t i o n  was  e q u i v a l e n t  t o  t h a t  c o n -  

t a i n e d  i n  3 . 0  g / 1  B a c t o - P e p t o n e .  O b s e r v a t i o n  

was  c a r r i e d  o u t  a f t e r  5 w e e k s  o f  c u l t u r e .  

Scanning electron microscope Five millimeter 

square leaf segments of normal plants, vitrified 

shoots and recovered shoots were fixed in 0.2~ 

osmic acid for 24 hr. Thereafter, they were 

coated with gold by an ion sputter (JFC-II00, 

JEOL,Tokyo) and observed using a scanning 

electron microscope(JSM T220A, JEOL, Tokyo). 

Results and Discussion 

Recovery of vitrification 
Shoots were regenerated from cul- 

tured immature petals within 8 weeks. 
All of these shoots were vitrified, 
that is, they were translucent and not 
glaucous. They were rooted in a 
Murashige and Skoog's medium without 
plant growth substances (rooting 
medium). Vitrified plantlets obtained 
were transferred to an acclimatization 
process. However, all of them died 
out during this process. Vitrified 
shoots were recovered by transferring 
them to a medium supplemented with 
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F i g .  1 .  S c a n n i n g  e l e c t r o n  m i c r o g r a p h  o f  t h e  

a b a x i a l  l e a f  s u r f a c e  o f  a carnat ion(Dianthus  
caryophyllus L . ) .  ( A ) : N o r m a l  p l a n t  g r o w n  i n  a 

g r e e n h o u s e .  The s u r f a c e  i s  c o v e r e d  w i t h  c o m p l e x  

wax s t r u c t u r e s .  ~ a x  s t r u c t u r e s  a r e  i n d i c a t e d  b y  

a r r o w s .  S c a l e  b a r ,  5~s ( B ) : V i t r i f i e d  s h o o t  

i n  v i t r o .  The s u r f a c e  i s  s m o o t h  w i t h o u t  s t r u c -  

t u r e d  w a x .  S c a l e  b a r ,  5~s  ( C ) : R e c o v e r e d  

s h o o t  g e n e r a t e d  f r o l  a v i t r i f i e d  s h o o t .  Wax 

s t r u c t u r e s  d e v e l o p e d  on  t h e  s u r f a c e  t o  some e x -  

t e n t .  S c a l e  b a r ,  5 /Am. 

B a c t o - P e p t o n e  (Tab le  1) .  Newly g e n -  
e r a t e d  l e a v e s  f rom v i t r i f i e d  s h o o t s  
were  g l a u c o u s  and  n o t  t r a n s l u c e n t .  
The maximum r e c o v e r y  r a t e  was a t t a i n e d  
wi th  3.0 g/1 (Table 1), whi le  5.0 g/1 
i n h i b i t e d  t h e  g rowth  o f  s h o o t s .  The 
r e c o v e r e d  s h o o t s  were  r o o t e d  in  t h e  
r o o t i n g  medium, t h e n  t r a n s f e r r e d  t o  
e x - v i t r o  c o n d i t i o n s  and a c c l i m a t i z e d .  
N i n e t y  two p e r c e n t  o f  them s u r v i v e d  
and grew, in  c o n t r a s t  to  the  ze ro  s u r -  
v i v a l  r a t e  o f  v i t r i f i e d  p l a n t l e t s  
(Table 2) .  
S u r f a c e  s t r u c t u r e s  o f  normal  p l a n t s ,  
v i t r i f i e d  shoo t s  and r e c o v e r e d  shoo t s  

There a re  e p i c u t i c u l a r  wax s t r u c -  
t u r e s  on t h e  a b a x i a l  l e a f  s u r f a c e  o f  
normal c a r n a t i o n  p l a n t s  (Fig.  1A). In  
c o n t r a s t ,  v i t r i f i e d  shoo t s  c o m p l e t e l y  
l ack  the  s t r u c t u r e d  wax (Fig.  1B). On 
the  a b a x i a l  l e a f  s u r f a c e  of  the  shoo t s  
r e c o v e r e d  from v i t r i f i c a t i o n ,  d e v e l o p -  

ment o f  t h e  wax s t r u c t u r e s  was ob-  
s e r v e d  ( F i g .  1C).  S u t t e r  e t  a l .  
(1979)  a l s o  o b s e r v e d  l e a v e s  o f  i n  
v i t r o  c u l t u r e d  p l a n t l e t s  of  c a r n a t i o n  
and r e p o r t e d  t h a t  g laucous  l e a v e s  were 
u s u a l l y  covered  wi th  e p i c u t i c u l a r  wax, 
as  those  of  normal p l a n t s ,  whereas  ab-  
no rma l ly  t h i c k e n e d ,  t r a n s l u c e n t  l e a v e s  
l acked  such wax s t r u c t u r e s .  The forma-  
t i o n  o f  t h e  wax s t r u c t u r e s  i s  con-  
s i d e r e d  to  be c l o s e l y  r e l a t e d  to  t h e  
r e c o v e r y  of v i t r i f i e d  shoo t s .  
E f f e c t  of  v a r i o u s  peptone  and casamino 
acids 

Casamino a c i d  and s e v e r a l  t y p e s  
of  peptone d i f f e r e n t  in  t h e i r  m a t e r i a l  
p r o t e i n  were  examined  f o r  t h e i r  e f -  
f e c t s  on t h e  r e c o v e r y  o f  v i t r i f i e d  
s h o o t s  (Tab le  3 ) .  Among them, o n l y  
Po ly -Pep tone  P1, which i s  an enzyma t i -  
c a l l y  h y d r o l y z e d  animal  meat showed a 
somewhat  h i g h e r  e f f e c t  t h a n  B a c t o -  



T a b l e  1. E f f e c t  o f  t h e  B a c t o - P e p t o n e  

c o n c e n t r a t i o n  i n  t h e  medium on t h e  r e c o v e r y  

o f  v i t r i f i e d  s h o o t s .  

P e p t o n e  

c o n c .  ( g / l )  0 1 . 0  2 . 0  3 . 0  5 . 0  

No. o f  

r e c o v e r e d  s h o o t s  0 10 14 20 16 

NO. Of 

u n r e c o v e r e d  s h o o t s  25 15 11 5 9 

P e r c e n t a g e  o f  

r e c o v e r y  (X) 0 40 56 80 64 

V i t r i f i e d  s h o o t s  w e r e  t r a n s f e r r e d  t o  med ia  

c o n t a i n i n g  0 -5  g / 1  B a c t o - P e p t o n e  and  o b s e r v e d  

a f t e r  5 w e e k s  o f  c u l t u r e .  

Twen ty  f i v e  v i t r i f i e d  s h o o t s  w e r e  t e s t e d  f o r  

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

P e p t o n e .  B a c t o - P e p t o n e ,  w h i c h  i s  a 
m i x t u r e  o f  e n z y m a t i c a l l y  h y d r o l y z e d  
a n i m a l  mea t  and  m i l k  c a s e i n ,  showed  
i n t e r m e d i a t e  e f f i c i e n c y  b e t w e e n  t h a t  
o f  P o l y  P e p t o n e  P1 and  P o l y  P e p t o n e ,  
w h i c h  i s  an e n z y m a t i c a l l y  h y d r o l y z e d  
m i l k  c a s e i n .  I n t e r e s t i n g l y ,  casamino  
a c i d s ,  w h i c h  i s  an  a c i d  h y d r o l y z e d  
c a s e i n ,  showed no e f f e c t .  C o n s i d e r i n g  
t h e  f a c t  t h a t  P o l y - P e p t o n e ,  an  e n -  
z y m a t i c a l l y  h y d r o l y z e d  c a s e i n ,  showed  
s i g n i f i c a n t  e f f i c i e n c y ,  t h e  a c t i v e  
s u b s t a n c e ( s )  may be p e p t i d e ( s ) ,  n o t  
amino a c i d s .  

T a b l e  2. S u r v i v a l  r a t e  o f  v i t r i f i e d  and  

r e c o v e r e d  s h o o t s  a f t e r  t h e  a c c l i m a t i z a t i o n  

process. 
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N o . o f  t e s t e d  No. o f  R a t e  o f  

t e s t e d  p l a n t s  t h a t  s u r v i v a l  

p l a n t l e t s  s u r v i v e d  (~)  

Vitrified 

shoots 

R e c o v e r e d  

s h o o t s  

50 O 0 

50 46 9 2 . 0  

V i t r i f i e d  and  r e c o v e r e d  s h o o t s  w e r e  

t r a n s f e r r e d  t o  t h e  a c c l i m a t i z a t i o n  p r o c e s s  and  

o b s e r v e d  a f t e r  4 w e e k s .  

E f f i c i e n c y  o f  B a c t o - P e p t o n e  f r a c t i o n s  
i n  r e c o v e r y  

B a c t o - P e p t o n e  was  s e p a r a t e d  i n  
two f r a c t i o n s  w h e r e  t h e  m o l e c u l a r  
w e i g h t s  w e r e  l o w e r  a n d  h i g h e r  t h a n  
1 0 , 0 0 0 ,  a n d  t h e  e f f i c i e n c y  o f  e a c h  
f r a c t i o n  i n  t h e  r e c o v e r y  o f  t h e  
v i t r i f i e d  s h o o t s  was e x a m i n e d .  The 
low m o l e c u l a r  f r a c t i o n ,  w h e r e  t h e  
m o l e c u l a r  w e i g h t  w a s  l o w e r  t h a n  
1 0 , 0 0 0 ,  was a c t i v e  ( T a b l e  4 ) .  B a c t o -  
Pep tone  was a l s o  s e p a r a t e d  by i on  ex -  
c h a n g e  r e s i n  i n t o  t h r e e  f r a c t i o n s ,  
t h a t  i s ,  a c i d i c ,  b a s i c ,  and  n e u t r a l ,  
and  t h e  e f f i c i e n c y  o f  e a c h  f r a c t i o n  
was examined .  Only t h e  b a s i c  f r a c t i o n  
c o u l d  r e p l a c e  B a c t o - P e p t o n e  (Tab le  5 ) .  

T a b l e  3 .  R e c o v e r y  e f f e c t  o f  s e v e r a l  t y p e s  o f  p e p t o n e  a n d  c a s a m i n o  a c i d s .  

Types  o f  p e p t o n e ( 3 . 0  g / l )  

Bpa p p a  pp1 a p p s  a p p y a  CA a 

No. o f  t e s t e d  s h o o t s  30 30 30 30 30 25 

No. o f  r e c o v e r e d  s h o o t s  19 14 21 10 6 1 

R e c o v e r y  r a t e ( ~ )  6 3 . 3  4 6 . 7  7 0 . 0  3 3 . 3  2 0 . 0  4 . 0  

aBp: B a c t o - P e p t o n e ,  a m i x t u r e  o f ,  a n i m a l  meat  and  m i l k  c a s e i n , e n z y m a t i c a l y  h y d r o l y z e d .  

PP: P o l y  P e p t o n e ,  an  e n z y m a t i c a l l y  h y d r o l y z e d  m i l k  c a s e i n .  P P I :  P o l y  P e p t o n e  P1, an  

e n z y m a t i c a l l y  h y d r o l y z e d  a n i m a l  m e a t .  PPS: P o l y  P e p t o n e  S, an  e n z y m a t i c a l l y  h y d r o l y z e d  

d e f a t t e d  s o y b e a n .  PPY: P o l y  P e p t o n e  Y, an  e n z y m a t i c a l l y  h y d r o t y z e d  y o l k  p r o t e i n .  

C A : c a s a m i n o  a c i d s ,  a c i d - h y d r o l y z e d  c a s e i n .  

V i t r i f i e d  s h o o t s  w e r e  t r a n s f e r r e d  t o  med ia  c o n t a i n i n g  3 . 0  g / 1  p e p t o n e  o r  c a s a m i n o  a c i d s .  

O b s e r v a t i o n  o f  t h e  r e c o v e r y  o f  v i t r i f i e d  s h o o t s  was  c a r r i e d  o u t  a f t e r  5 w e e k s  o f  c u l t u r e .  
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T a b l e  4 .  R e c o v e r y  e f f e c t  on v i t r i f i e d  s h o o t s  

o f  f r a c t i o n s  o f  B a c t o - P e p t o n e  s e p a r a t e d  by  

m o l e c u l a r  w e i g h t .  

H o r e c u l a r  w e i g h t  o f  f r a c t i o n  

h i g h e r  t h a n  l o w e r  t h a n  

10 ,000  10 ,000  

NO. of 

tested shoots 75 75 

NO. o f  

r e c o v e r e d  s h o o t s  14 61 

R e c o v e r y  r a t e ( X )  1 8 . 7  8 1 . 3  

V i t r i f i e d  s h o o t s  were  t r a n s f e r r e d  t o  med i a  

c o n t a i n i n g  e i t h e r  a h i g h  o r  low m o l e c u l a r  

f r a c t i o n  o f  B a c t o - P e p t o n e  a t  c o n c e n t r a t i o n s  

e q u i v a l e n t  t o  t h o s e  i n  3 . 0  g / 1  B a c t o - P e p t o n e .  

O b s e r v a t i o n  was c a r r i e d  o u t  a f t e r  5 weeks  o f  

c u l t u r e .  

Table 5. Recovery effect on vitrified shoots 

of acidic, basic and neutral fractions of 

Bacto-Peptone. 

F r a c t i o n s  o f  B a c t o - P e p t o n e  

B a c t o - P e p t o n e  a c i d i c  b a s i c  n e u t r a l  

No.of 150 150 150 150 

tested shoots 

No. o f  85 

r e c o v e r e d  s h o o t s  

11 87 15 

R e c o v e r y  5 6 . 3  7 .3  5 8 . 0  10 .0  

r a t e ( X )  

V i t r i f i e d  s h o o t s  were  t r a n s f e r r e d  t o  med i a  

c o n t a i n i n g  e i t h e r  0 . 1 7  g / 1  a c i d i c ,  1 . 26  g / 1  

b a s i c ,  0 . 0 3  g / 1  n e u t r a l  f r a c t i o n  o r  3 . 0  g / 1  

B a c t o - P e p t o n e .  O b s e r v a t i o n  was c a r r i e d  o u t  

a f t e r  5 weeks  o f  c u l t u r e .  

R e c o v e r y  by B a c t o - P e p t o n e  p r o b -  
a b l y  canno t  be a t t r i b u t e d  to  i t s  amino 
a c i d  make-up .  I t  may be a t t r i b u t e d ,  
r a t h e r ,  t o  s o m e  s p e c i f i c  b a s i c  
p e p t i d e ( s )  s m a l l e r  t h a n  E,W. 1 0 , 0 0 0 .  
To o b t a i n  i n t a c t  p l a n t s  f rom c u l t u r e d  
c e l l s  o r  t i s s u e s  i s  t h e  g o a l  o f  most  
p l a n t  t i s s u e  c u l t u r e  e x p e r i m e n t s .  
The re  a r e  q u i t e  a few c a s e s  i n  w h i c h  
o n l y  v i t r i f i e d  s h o o t s  can be o b t a i n e d  
o r  m o s t  o f  r e g e n e r a t e d  s h o o t s  a r e  
v i t r i f i e d .  The t e c h n i q u e  p r e s e n t e d  i n  
t h i s  p a p e r  c o u l d  be t h e  s o l u t i o n  f o r  
such prob lems .  
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