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Abstraet. Xylogenesis w~s induce4 in cultures of cMli of Haplopappus graeilis (NvTT.) A. 
GRAY by metabolic shocks brought about by changes in nutrition. Xylogenosis was observed to 
occur in response to throe changes in c~llus nutrition, caused by the following modifications of 
Eriksson's rmtrient medium and culture conditions: i) omission of sucrose in the medimn for 3 
to 6 days and then transfer of the calli onto complete Eriksson's medium.; ii) replacement of 
sucrose by 0.36*reel 1 I xylose for the whole culture period; iii) omission of nitrogen sources (i.e. 
glycine and NHaNO3 omission and replacement of KNOa with equimolar KCl) for the whole 
culture period. 

The induction of xylogenesis in response to nutritional stress in tt. gracilis can be used as a 
suitable model system for research concermng plant cell differentiation. 

P l an t  cell d i f ferent ia t ion  has  been s tudied  in var ious  e x p e r i m e n t a l  sy- 
s tems:  in vitro in callus or cell suspension cul tures  or in exp lan t s  as well as 
in  vivo dur ing  morphogenes i s  of  p l an t  organs,  or wound  heal ing (Sm~I~GER 
1979, ALo~I 1980, FVKVDA and  KOMAMI~E 1980, PHILLI]~S 1980). A t t en t ion  
has  been  pa id  ma in ly  to  condi t ions  p e r m i t t i n g  and /o r  inducing  morphologica l  
d i f ferent ia t ion  of  cells and,  more  recent ly ,  to  some b iochemica l  aspec ts  o f  
cy tod i f fe ren t i a t ion  (KoMAMI~E and  FUKUDA 1982, ROBERTS et al. 1982). 
F u r t h e r  s tudy ,  however ,  will require  more  precise d e t e r m i n a t i o n  of  the  

enet ic  aspec ts  associa ted  wi th  the  regula t ion  of  gene express ion  (GOLD- 
EI~G 1986). 

A m o n g  higher  p lan ts ,  Haplopappus  gracilis (NvTT.) A. GI~AY seems to  be 
a su i tab le  model  o rgan i sm for  the  s t u d y  of cell d i f fe rent ia t ion  because  of  i ts  
v e r y  low, 2 n = 4 ,  c h r o m o s o m e  n u m b e r  (Fnl~ooI~ and  VIG 1980). The  only 
serious l imi ta t ion  for a b roade r  usage  of  th is  species is t h a t  so fa r  differentia-  
t ion and  organogenes is  in  vitro have  been  ach ieved  only  f r o m  shoo t - t ip  cul- 
tu res  (TAI~AKA and  IK~DA 1983) and  f r o m  young  leaves  and  s t em in te rnodes  
(RA~IULIY and  DIJI(~IVlS 1984). 

The  a im of  the  p r e l i m i n a r y  e x p e r i m e n t s  descr ibed in this  p a p e r  was  to  
induce  xylogenes is  in cul tures  of  H. "gracilis ealli p r o p a g a t e d  in vitro for  ove r  
7 years  in our  l a b o r a t o r y .  
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M A T E R I A L  A N D  M E T H O D S  

The seeds of Haplopappus gracilis (Nt~TT.) A. GRAY (Compositae) were 
generously provided by  Dr P. A. Th. J.  Worry (I.T.A.L. Wageningen, the 
Netherlands) to one of the authors (L. Wajda). 

The callus tissue was obtained from plants grown from these seeds in 1980. 
I t  was grown on Eriksson's nutrient medium (ER~KSSON 1965) with 0.2 mg 
1-1 of kinetin, 1.0 mg 1-1 of indol-3-ylacetic acid and 0.4 mg 1-1 of thiamine 
in the dark. The experiments described below were carried out in the dark 
to prevent  greening of the callus and the synthesis of sucrose. 

The formation of t raeheary elements in calli grown on control and modified 
media was followed with a light microscope (contrast phase or bright field). 
In some experiments the number of t racheary elements (TE) was determined 
in callus pieces derived from the control and experimentally treated calli 
and then calculated per 100 mg of fresh mass. 

For the experiments the control Eriksson's medium was modified by:  
i) the omission of sucrose; ii) replacement of sucrose by  0.36 mol 1-1 of xylose 
or 2 % glycerol; and iii) the omission of glycine and NH4N03 and replacement 
of 18.8 mmol 1-1 of KNOa by  18.8 mmol 1-1 of KCI. 

R E S U L T S  

The callus of H. cracilis which was cultured on Eriksson's nutr ient  medium 
did not differentiate and showed no signs of morphogenesis. Only in very old 
cultures might a few tracheary elements sometimes be found. I t  was observed 
that  after 5 to 10 days of culture on Eriksson's medium in which sucrose was 
omitted numerous noduli of t racheary elements appeared in the callus 
(Fig. la,b). Differentiation of parenchymal cells to t racheary elements was 
also observed if the callus was incubated for 3 or 6 days on the sucrose-free 
Eriksson's medium and then transferred onto the complete Eriksson's 

TABLE 1 

Induc t ion  of  t racheary  elements  (TE) in calli of  H. gracilis s tarved for sucrose for 3 or 6 days 
and  then  t ransferred onto the full medium. N um ber s  of  TE were es t imated in samples of  100 mg  
of  fresh mass  21 days after  the re turn  t ransfer  of  the calli onto  the full medium. Restora t ion of 
growth  after  the re turn  t ransfer  is expressed as the ratio of  fresh mass  at  the end of  the exper iment  
minus  the fresh mass  of  the callus re turned onto the full medium to the fresh mass of the re turned 
callus. Average data of  4 - -6  replicates 

N u m b e r  of  TE Growth  
Pre t re~tment  per 100 mg  of  callus 

of fresh mass 

Control 
wi thout  
s tarvat ion  

4 4.79 ~ 1.33 

3 days 
of  sucrose s ta rva t ion  8". ) 3.78 -~ 1.22 

6 days 
of sucrose s ta rva t ion  90 1.23 ! 0.71 
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TABLE 2 

Induction of tracheary elements (TE) by nutritional stress in calli of Haplopappus gracili~ 
grown on modified Eriksson's medium EM. TE were observed after 14 days of calli incubation 
on the control or modified media. Denotations: less than 1 TE in the microscopic field of view = 
0; 1--2 TE : -5; 3--6 TE : -?+; more than 6 = -5-5+. On average 50 to 100 cells were 
observed in one microscopic field of view, magnification 150 x ; 20 fields were observed 

Medium Number of TE per microscopic 
field of view 

Control-complete EM 

EM without sucrose 

E3I in which sucrose was 
replaced by 2 % glycerol 

EM in which sucrose was 
replaced by 0.36 reel 1-1 xylose 

EM without nitrogen- 
containing compounds 

0 

+ +  

+ 

+ + +  

+ + +  

med ium.  T w e n t y - o n e  d a y s  a f te r  the  r e tu rn  t r ans fe r  n u m e r o u s  t r a c h e a r y  
e l emen t s  were found  {Table 1). T h e y  were usua l ly  chao t ica l ly  d i s t r ibu ted  
t h r o u g h o u t  the  calli as g roups  of  several  d i f fe rent ia ted  cells c l u m p e d  toge ther .  
No  paral lel  a l i gnmen t  of  t r a c h e a r y  e lements  could be  de tec ted .  I n  several  
repe t i t ions  of  these two  e x p e r i m e n t s  i t  was  obse rved  t h a t  the  n u m b e r s  of  
t r a c h e a r y  e lements  wi th  a wel l -developed seconda ry  cell wall  p a t t e r n ,  usual ly  
of  the  re t icu la te  t ype ,  exceeded  in p e r m a n e n t l y  or 3 - - 6  d a y s  suga r - s t a rved  
cul tures  20 to  100 t imes  those  found  in control ,  well nour i shed  cultures.  

I n  the  nex t  series of  expe r imen t s ,  in which  s u c r o s e  in the  m e d i u m  was  
rep laced  by  0.36 reel 1-1 xylose,  g roups  of  t r a c h e a r y  e l emen t s  were found  in 
callus i n c u b a t e d  for 14 days  on this  m e d i u m  (Table 2). The  calli su rv ived  
m u c h  be t t e r  on the  m e d i u m  in which sucrose was rep laced  b y  xylose  t h a n  on 
t h a t  in which  sucrose was s imply  omi t t ed .  

I t  was also obse rved  t h a t  the  callus of  H. gracilis su rv ived  m u c h  longer on 
Er iksson ' s  m e d i u m  wi t hou t  n i t rogen  t h a n  w i thou t  sugar.  Af ter  25 d a y s  of  
cu l ture  on such a m e d i u m  the  fresh mass  was still increasing (Fig. 2). W h e n  
the  samples  of  calli g rown on the  n i t rogen-f ree  Er iks son ' s  m e d i u m  were 
ana lyzed  a b u n d a n t  t r a c h e a r y  e lements  were found  af ter  6 to  14 d a y s  of  
cul ture .  The  n u m b e r  of  t r a c h e a r y  e l emen t s  per  100 m g  of fresh mass  of  callus 
a lways  exceeded  several  t imes  t h a t  in controls  and  in t r a n s p l a n t e d  calli a t  
zero t ime  of the  expe r imen t .  I n  some samples  the  n u m b e r s  of  t r a c h e a r y  
e lements  r eached  over  250 in 100 m g  of  callus bu t  usual ly  60 to  80 t r a c h e a r y  
e lements  per  100 mg of  callus were found.  The  absence  of n i t rogen  sources 
induced  the  same  response  in the  callus of  H. gracilis, i.e. xylogenesis ,  as did 
sugar  s t a r v a t i o n  or r e p l a c e m e n t  of  sucrose wi th  xylose.  

D I S C U S S I O N  

The  resul ts  r e p o r t e d  here  are in a g r e e m e n t  wi th  those  of  o the r  inves t iga to rs ,  
who carr ied out  the i r  research  on different  p l a n t  species (WET•ORE et al. 
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1964, RIElZ and BESLOW 1967, ROBEI~TS and BA~A 1982, SILVENTE and 
Tn~rm 1986, SVmYAMA et al. 1986). Nevertheless, in our experiments some 
new problems emerged. I t  was observed that  in the same callus three different 
modifications in cell nutrition evoked the same cell response, i.e. xylogenesis. 
In the above-cited papers attention was paid to concentrations of sugar or 
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Fig. 2. Effect of nu t r i t iona l  stress upon  g rowth  of the callus of H .  g r a c i l i s .  - -  The complete Eriks.  
son 's  med ium (control O);  Er iksson 's  medium modified by  replacement of sucrose with 2 % 
glycerol (Q) ;  Er iksson 's  medium modified by nitrogen sources omission ( / , ) .  

No growth  was obserxed w h e n s u c r o s e  was omit ted  in this  medium. Fresh mass  increment  
(FMI) was expressed as 

(FMe - FMb)/FM~) 

where:  FM(, -- fresh nmss of callus cul tured fl)r a num ber  of (lays shown in tile Figure; FMb - 
fresh mass  of t ransplanted  callus a$ l, he beginning of the exper iment .  

of nitrogen-containing compounds and there was no agreement as to the 
most suitable concentrations of particular compounds for xylogenesis. Our 
results seem to suggest tha t  processes of cytodifferentiation are induced as 
the cell response to nutritional stress. This conclusion corresponds with all 
previous results as well as with the li terature data  concerning the effects 
of various stress-inducing conditions upon the regulation of plant gene ex- 
pression. As pointed out by MATTERS and SCANDAL:OS (1986), changes in 
gene expression elicited during periods of environmentally induced stress 
provide models for the s tudy of gene regulation in differentiatedtcells. The 
function of such stress-induced genes is unknown. Nutritional stress, on 
the other hand, has been shown to induce processes of differentiation in such 
dissimilar organisms as acellular and cellular slime mould plasmodia or animal 
cells (for example KONIJN and VAN HAASTEI~T 1984, SCARPA e ta / .  1985, 
SCgAA~ e ta l .  1985). I t  remains to be seen whether it is only an incidental 
similarity of responses to nutritional stress in various eukaryotic organisms 
or if there is a similar molecular mechanism underlying the undifferentiated 
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cell reaction. The callus of H. gracilis,  a plant with the low chromosomal 
number, 2n=4,  seems to be a suitable model system for the study of cyto- 
differentiation of plant cells. 
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