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Abs t rac t .  - -Tissue c u l t u r e  techniques have been used t o  
o b t a i n  h y b r i d  pop1 a r s  w i t h  p u t a t i v e  r e s i s t a n c e  t o  l e a f  spot caused 
by Sep to r i a  musiva f rom c lones p r e v i o u s l y  s u s c e p t i b l e  t o  the  
disease. Stem i n te rnode  exp lan t s  were used t o  o b t a i n  p r o l  i f e r a t i n g  
c a l  l u s  cu l t u res .  A d v e n t i t i o u s  bud f o rma t i on  and shoot 
p r o l  i f e r a t i  on were then induced. E l  ongated shoots were exc i  sed and 
roo ted  i n  a  peat : p e r l i t e  medium under h i gh  humidi ty. A f t e r  
acc l  i m a t i  on, roo ted  p l a n t s  were t r a n s f e r r e d  t o  the greenhouse. 
V a r i a n t  p l a n t s  were se lec ted  among t h e  regenerants us ing  a  l e a f  d i s c  
b ioassay t h a t  r a p i d l y  d i s t i n g u i s h e s  p l a n t s  w i t h  h igh  res is tance .  
The i nc i dence  o f  somaclonal v a r i a t i o n  i n  d i  sease res i s tance  
d i f f e r e d  among t h e  genotypes tested.  Uver SOU t i s s u e  
c u l  t u r e - d e r i  ved p l a n t s  t e s t e d  f o r  r e s i  s tance u s i  ng t h e  b i  oassay 
have been p l a n t e d  i n  t he  f i e l d  and a re  be ing  eva lua ted  f o r  f i e l d  
performance. Somaclonal v a r i a t i o n  and t i s s u e  c u l t u r e  have the  
p o t e n t i a l  t o  s i  gn i  f i c a n t l y  change t r e e  breeding programs by 
reduc ing  t h e  t ime requ i red  f o r  s e l e c t i n g  and improv ing desi  r ed  
t r a i t s .  

A d d i t i o n a l  keywords: asep t i c  c u l t u r e ,  Populus, disease, S e p t o r i a  
musi va. 

INTRODUCTION 

Recent advances i n  t ho  man ipu la t i on  o f  p l a n t  c e l l s  and techniques f o r  
a s e p t i c  c u l t u r e  have inc reased  t h e  prospects  o f  develop ing improved t r e e s  
i n  ways never be fo re  poss ib le .  T issue and c e l l  c u l t u r e  techno log ies  p rov ide  
t h e  t o o l s  t h a t  make many new b io techno log ies  f eas ib l e .  The c u r r e n t  and 
p o t e n t i a l  a p p l i c a t i o n s  of asep t i c  c u l t u r e  techniques t o  f o r e s t  t r e e  
improvement have r e c e n t l y  been r e v i  ewed by severa l  authors  (Sederof f and 
L e d i g  1985, Durzan 1985, Miksche 1985, H a i s s i g  e t  a l .  1987). 

Asep t i c  c u l t u r e  techniques can be va luab le  t o o l s  f o r  t r e e  improvelnent 
programs by c a p t u r i n g  addi t i  ve and nonaddi t i  ve t r a i t s .  Perhaps even inore 
impo r tan t  i s  t h e  p o s s i b i l i t y  t h a t  asep t i c  c u l t u r e  may be a  new source of 
u s e f u l  gene t i c  d i v e r s i t y .  T issue c u l t u r e  has been used e x t e n s i v e l y  i n  the  
pas t  t o  c l o n a l  l y  propagate p l a n t s ,  bu t  use fu l  gene t i c  v a r i a t i o n  has been 
r e c e n t l y  found t o  occur  among regenerated p lan ts .  Passage o f  p l a n t  c e l l s  
th rough  a  t i s s u e  c u l t u r e  c y c l e  can r e s u l t  i n  increased spontaneous phenotyp ic  
and gene t i c  v a r i a b i l i t y .  Somaclonal v a r i a t i o n  i s  the  term used t o  descr ibe  
v a r i a t i o n  e x h i b i t e d  by p l a n t s  ob ta ined  from asep t i c  c u l t u r e  ( L a r k i  n  and 
Scowcrof t  1981). 

' ~ e s e a r c h  P l a n t  Pa tho log i s t s ,  Nor th  Cen t ra l  Fo res t  Experiment S t a t i o n ,  1992 
F o l w e l l  Avenue, St. Paul, MN 55108. 



The p o t e n t i a l  a p p l i c a t i o n  o f  somacl onal v a r i a t i o n  f o r  crop improvement 
f i r s t  became evident  i n  work w i t h  sugarcane. Va r ia t i on  was observed i n  
morphol ogi ca l  , cytogenet ic ,  and isozyme t r a i t s  (Hei nz and Mee 1971 ). Tissue 
c u l t u r e  was used t o  ob ta in  va r ian ts  o f  a sugarcane v a r i e t y  t h a t  were h i g h l y  
r e s i s t a n t  t o  the F i j i  v i r u s  disease (Krishnamurthi  and T laska l  1974) and t o  
t h e  t o x i n  produced by sacchar i  , the cause o f  eyes pot  disease 
( L a r k i  n and Scowcroft 

Var iants i n  potatoes regenerated from p ro top las ts  were c a l l e d  
p r o t o c l  ones, whi ch had increased r e s i  stance t o  ea r l y  b l  i ght  caused by 
A1 t e r n a r i  a s o l  ani  and l a t e  bl i ght caused by i n f e s t a n s  i n  a d d i t i o n  
t o  several o ther  c h a r a c t e r i s t i c s  (Shepard e t  The authors proposed 
i n c o r p o r a t i n g  several t r a i t  v a r i a t i o n s  i n  a c u l t i v a r  e x h i b i t i n g  the  f i r s t  
desi  r a b l e  c h a r a c t e r i s t i c  by us ing  consecut ive c u l t u r e  cycles. 

Several authors have r e c e n t l y  reviewed the h i s t o r y  o f  somaclonal 
v a r i a t i o n ,  i t s  p o t e n t i a l  app l i ca t i ons ,  and the  use o f  t i s s u e  c u l t u r e  i n  crop 
improvement (Evans e t  al .  1984, Evans and Sharp 1986, l o r z  1984, Cha le f f  1983, 
Wenzel 1985, Scowcroft e t  al .  1983, Orton, 1984). 

Although the  cause o f  somaclonal v a r i a t i o n  i s  not  y e t  completely 
understood, t h e  phenotypic and genet ic  v a r i a t i o n  found i n d i c a t e s  tha t  many 
f a c t o r s  are involved. Somaclonal v a r i a t i o n  can be p r e e x i s t i n g  genet ic  
v a r i a t i o n  t h a t  i s  expressed i n  regenerated p lan ts ,  o r  i t  can be induced by the 
t i s s u e  c u l t u r e  process i t s e l f  (Scowcroft  and L a r k i n  1983). Working w i t h  
tomatoes, Evans and Sharp (1983) prov ided c l a s s i c a l  genet ic  p roo f  t ha t  t i s s u e  
c u l t u r e  can be rmtagenic. The p l a n t  species, genotype, source of explant  used 
f o r  c u l t u r e  i n i t i a t i o n ,  and perhaps most impor tan t ly ,  the  du ra t i on  o f  the 
c u l t u r e  cyc le  may i n f l u e n c e  the  v a r i a b i  1 i t y  observed (Lorz 1984). Meins 
(1983) saggested t h a t  t i s s u e  c u l t u r e  induces cel l u l a r  destabi  1 i z a t i o n  tha t  can 
r e s u l t  i n  d iverse  h e r i t a b l e  changes. I n  a d d i t i o n  t o  ep igenet ic  va r i a t i on ,  
t i s s u e  c u l t u r e  can cause genet ic  changes ranging from s i n g l e  base p a i r  changes 
t o  chromosome delet ions,  t rans loca t i ons ,  and changes i n  chro~nosome nu~nber 
(Evans and Sharp 1986). 

Somatic va r i  a t i  on, now consi dered a general phenomenon, has been observed 
i n  a v a r i e t y  o f  agronomic crops. Evidence a lso  was presented f o r  v a r i a t i o n  i n  
Populus. One growing season a f t e r  p lan t ing ,  a wide v a r i a t i o n  i n  he igh t ,  
number o f  branches, and l e a f  t r a i t s  was detected i n  t rees  from s i x  Populus X 
eurameri cana c lones regenerated from c a l l  us c u l t u r e  (Les ter  and Rerbee 1977 ). 

Somacl onal techno1 ogy i s  a genet ic  engi neer i  ng approach t o  p l  ant  
improvement t h a t  i s  r a p i d l y  being app l ied  t o  many agronomic crops t o  improve 
many p l a n t  t r a i t s ,  i n c l u d i n g  disease resistance. Apply ing somacl onal 
technology t o  f o r e s t  t rees  o f f e r s  an even greater  advantage because of the 
1 ong generat ion t imes o f  t rees  and the  oppportuni t y  t o  in t roduce desi red  
t r a i t s  not  poss ib le  through t r a d i t i o n a l  breeding. 

I n  our study, we have used hyb r id  poplars t o  demonstrate the p o t e n t i a l  
a p p l i c a t i o n  o f  somacl onal technology f o r  inc reas ing  the  disease res is tance i n  
a t r e e  species. Populus was chosen because o f  i t s  worldwide importance as a 



source o f  f i  ber  and energy and i t s  amenabi 1  i t y  to .  whole p l a n t  regenera t ion  
th rough a  v a r i e t y  o f  c e l l  and t i s s u e  c u l t u r e  systems. A d d i t i o n a l l y ,  p o t e n t i a l  
biomass y i e l d s  from h y b r i d  pop la r  p l a n t a t i o n s  are now s e r i o u s l y  l i m i t e d  by the  
f o l  i a r  and canker diseases caused by t h e  fungal  pathogen Sep to r i a  musiva Peck. 
Somacl onal  v a r i  a t i  on has t he  po ten t  i a1 t o  enhance t h e  product  i v? t y  o f  h y b r i d  
p o p l a r s  by i n c r e a s i n g  d isease res is tance .  

MATEK IALS AND METHODS 

Popul us C l  ones 

Stock p l a n t s  o f  f i v e  h y b r i d  p o p l a r  c lones of  va ry ing  r e s i s t a n c e  t o  - S. 
musiva were propagated i n  t h e  greenhouse from hardwood c u t t i n g s .  The 
r e s i s t a n c e  o f  these c lones t o  S e p t o r i a  i n  f i e l d  t r i a l s  i n  Minnesota, 
Wisconsin, and Iowa has p r e v i o u s l y  been repo r ted  (Us t ry  and McNabb 1985, 
1986). The parentage and f i e l d  r es i s tance  t o  & musiva o f  these re fe rence  
c lones  a re  presented i n  Tab le  1. 

T i ssue  C u l t u r e  

Unorganized c a l  l u s  c u l t u r e s  o f  t h e  re fe rence  clones were i n i t i a t e d  from 
stem i n te rnode  exp lan ts  taken from t h e  greenhouse stock p l an t s .  Leaves were 
removed frorn 5-cm-long shoot t i p s ,  and t h e  stems were r i nsed  f o r  15 sec. i n  
70% ETOH. The stems were then p laced i n  a  beaker o f  2.5% NaUCl c o n t a i n i n g  10 
drops o f  Tween-20 p e r  l i t e r .  A f t e r  10 min. t h e  s o l u t i o n  was decanted, and the  
stems rece ived  t h r e e  5 min. r i n s e s  i n  s t e r i l e  d i s t i l l e d  water. Stern i n te rnode  
e x p l a n t s  1 crn i n  l eng th  were exc ised from the  shoot t i p s  and p laced 
h o r i z o n t a l l y  i n t o  s h e l l  v i a l s  c o n t a i n i n g  10 rnl o f  W ody P l a n t  Medium (WPM) 
( L l o y d  and McCown 1980) p l u s  209 1-1 sucrose, 6g D i f c o  Bacto agar, and 
2.3uM 2,400, Cu l t u res  were ma in ta ined  i n  t he  dark i n  an i ncuba to r  a t  2SC. 

Three t o  f o u r  weeks a f t e r  c u l t u r e  i n i t i a t i o n ,  p r o l  i f e r a t i n g  ca l  l u s  a t  the 
c u t  ends o f  t h e  exp lan t s  was exc ised  and subcul ts l red onto f r e s h  WPF4 c o n t a i n i n g  
U.45uM 2,4-D and re tu rned  t o  t he  incuba to r .  P r o l i f e r a t i n g  c a l l u s  c u l t u r e s  
were subsequent ly d i v i d e d  and subcu l tu red  onto f r esh  medium every 3  t o  4 
weeks. Ca l l us  c u l t u r e s  o f  c lones ranged from 5 t o  13 mos. o l d  be fo re  shoot 
p r o l  i f e r a t i o n  was induced. 

A d v e n t i t i o u s  bud fo rmat ion  and shoot p r o l  i f e r a t i o n  were induced by 
t r a n s f e r r i n g  c a l l u s  c u l t u r e s  t o  WPM c o n t a i n i n g  l . luM 6-benzylaminopurine ( B A )  
and 0 . 2 7 ~ 6  1-naphthaleneacet i  c  a c i d  (NAA). Cu l t u res  were incubated under 
1  i g h t  (300- lux )  w i t h  a  16 h r  pho toper iod  a t  2SC. 

E longated shoots were exc ised  and roo ted  i n  a  p e a t : p e r l i t e  medium under 
h i g h  hum id i t y  i n  a  l i g h t e d  growth room. A f t e r  gradual a c c l i m a t i o n  t o  lower 
hum id i t y ,  p l a n t s  were t r a n s f e r r e d  t o  t h e  greenhouse (18-30C, 18 h r  
pho toper iod) .  

S e l e c t i o n  o f  Somaclonal Va r i an t s  

I s o l a t e s  of 2. musiva were ob ta ined  from diseased h y b r i d  p o p l a r  leaves by 
p l a c i n g  5mm2 p ieces  of leaves on to  a  p o t a t o  dext rose agar inedium and 



Table 1. Po u lus  r e f e  rP- e p t i  b i  1 i t y  t o  Septor i  a i n 
f i e l d  t r i a  s 

D i  sease 
C l one a / res is tance-  

NE 41 - P. maximowi c z i j  X - P. tri chocarpa 'Androscoggi n ' M 

NE 314 P. n i g r a  var. charkowiensis X P. n i g r a  var. caudina - - H 

NE 299 - P. n i g r a  var. b e t u l i f o l i a  X - P. t r i choca rpa  L 

NE 319 P. n i g r a  var. charkowiensi s X P. t r i choca rpa  - - 
NE 293 P. n i g r a  var. b e t u l i f o l i a  X P. n i g r a  Vol ga - - 

L'H = no d e f o l i a t i o n .  M = premature d e f o l i a t i o n  i n  lower and mid crown, 
L = premature d e f o l i a t i o n  throughout crown 

Table 2. Percentages o f  somaclones not  reaching 50% necrosis.  

Source Number o f  Number and percent 
C 1 one regenerated not reachi ng 50% necrosis 

p l a n t s  tes ted  



i n c u b a t i n g  them a t  20C i n  an i n c u b a t o r  under con t inuous  l i g h t  (300 l u x ) .  To 
i n d u c e  s p o r u l a t i o n ,  c u l t u r e s  were l a t e r  t r a n s f e r r e d  t o  an agar medium 
c o n t a i n i n g  180ml / l  V-8 j u i c e  and 2g/1 CaC03 and incuba ted  under con t inuous  
l i g h t  a t  20C. 

C o n i d i a  of S. musiva were removed f rom 7 -  t o  10- day -o ld  c u l t u r e s  by 
f l o o d i n g  them w i t h  d i s t i  1  l e d  d e i o n i z e d  w a t e r  and g e n t l y  a g i t a t i n g  t h e  p l a t e s .  
A c o n i d i a l  suspens ion was a d j u s t e d  t o  a c o n c e n t r a t i o n  o f  1 x 1 0  c o n i d i a  pe r  
m l  o f  water.  An i n  v i t r o  b ioassay  ( O s t r y  e t  a l .  i n  p r e p a r a t i o n ) ,  deve loped t o  
i d e n t i f y  p o p l a r s  w i t h  r e s i s t a n c e  t o  S. musi va, was used t o  screen f o r  v a r i a n t  
p l a n t s .  Leaves t h a t  had j u s t  f u l  l y  expanded were c o l l e c t e d  f r o m  t i s s u e  
c u l t u r e - d e r i v e d  p l a n t s  and f rom t h e  ~ a r e n t  s tock  p l a n t s  ( s o u r c e  p l a n t )  o f  each 
c l o n e  tes ted .  A1 1  t i s s u e  c u l t u r e - d e r i v e d  p l a n t s  had been growing i n  the  
greenhouse f o r  a t  l e a s t  1 month. Leaves were r i n s e d  w i t h  d i s t i l  l e d  wa te r ,  and 
l8mm d iamete r  d i s c s  were e x t r a c t e d  u s i n g  a  co rk  borer .  Cor respond ing  we1 1s 
were removed f rom t h e  2% w a t e r  agar i n  p e t r i  p l a t e s ,  and t h e  l e a f  d i s c s  were 
p l a c e d  i n t o  them a b a x i a l  s u r f a c e  up. 

Twelve l e a f  d i s c s  f rom each p l a n t  were i n o c u l a t e d  w i t h  0.1 in1 o f  the  spore 
suspens ion,  and two l e a f  d i s c s  served as u n i n o c l ~ l a t e d  c o n t r o l s ,  r e c e i  v i n y  
d i s t i l l e d  d e i o n i z e d  w a t e r  on ly .  Lea f  d i s c s  were i n c u b a t e d  i n  a  c o n t i n u o u s l y  
1  i g h t e d  (200 l u x )  growth room m a i n t a i n e d  a t  20-25 C. 

D isease  p r o g r e s s i o n  was mon i to red  by measur ing t h e  n e c r o t i c  area on each 
d i s c  eve ry  2  days by u s i n g  a d o t  g r i d  (25dots/1.8crn2). :leasurements c o n t i n u e d  
u n t i l  t h e  c o n t r o l  l e a f  d i s c s  s t a r t e d  t o  become n e c r o t i c ,  

Data  A n a l y s i  s  

A r e g r e s s i o n  a n a l y s i s  of t h e  poo led  measurements was performed w i t h  
p e r c e n t a g e  n e c r o s i s  and e lapsed  t i m e  as t h e  dependent and independent 
v a r i a b l e s ,  r e s p e c t i v e l y .  From t h i s ,  t h e  t i m e  e lapsed t o  5 0 h e c r o s i s  and t h e  
r a t e  a t  wh ich 50% n e c r o s i s  o c c u r r e d  were es t imated.  Based on these parameter  
e s t i m a t e s ,  t h e  r e s i s t a n c e  t o  S e p t o r i  a  of t h e  t i s s u e  c u l  t u r e - d e r i  ved p l a n t s  was 
compared t o  t h a t  o f  t h e  p a r e n t  p l a n t s .  

RESULTS 

A d v e n t i t i o u s  shoot p r o l i f e r a t i o n  f rom c a l l u s  c u l t ~ ~ r e s  v a r i e d  by c lone.  
C lone  NE 299 y i e l d e d  t h e  g r e a t e s t  number o f  r o o t a b l e  shoots  on t h e  c u l t u r e  
medium used. P r e v i o u s  work i n  our  l a b o r a t o r y  p r o v i d e d  ev idence t h a t  some 
Populus genotypes were more r e c a l c i t r a n t  than  o t h e r s  under i d e n t i c a l  c u l t u r e  
c o n d i t i o n s .  

There were no obv ious m t a n t  phenotypes among t h e  regenera ted  p l a n t s  from 
any o f  t h e  c lones  except  f o r  two p l a n t s  w i t h  mutant leaves t h a t  d i d  no t  r o o t .  
A1 1  p l a n t s  t h a t  r o o t e d  resembled t h e i r  p a r e n t  source p l a n t s .  

O f  t h e  t h r e e  S e p t o r i a - s u s c e p t i  b l e  c lones  used i n  t h i s  study,  (NE 41, NE 
299, and NE 319) ,  p l a n t s  w i t h  i n c r e a s e d  r e s i s t a n c e  were recovered f r o ~ n  two of 
them. Many regeneran ts  from c lones  NE 41  and NE 299 were s i g n ?  f i c a n t l y  more 
r e s i s t a n t  t o  S e p t o r i a  t h a n  t h e i  r p a r e n t  source p l a n t s .  



The est  clones are  presented i n  
F ig.  1. The suscept i b l  e t o  Septor i  a as 
t h e  parent  p n t  c lones (NE 293 and NE 
314) were mo t p lan ts ,  respect i vely. 

A range i n  d i  sease r e s i  stance was e x h i b i t e d  by the  regenerants from a1 1 
t h e  clones (Fig. 2 ) .  The v a r i a t i o n  i n  res is tance e x h i b i t e d  among the  
regenerants depended on genotype. Some o f  the  regenerated p lan ts  were more 
suscep t i b le  o r  near ly  as suscep t i b le  as the  parent  clone; however, some p lan ts  
were c l e a r l y  more res i s tan t .  Some o f  t he  l e a f  d iscs  from these p l a n t s  never 
d i d  reach 50% necrosis,  and several d i d  not  exhi b i t  any disease symptoms (Fig. 
3). The percentages o f  regenerated p lan ts  t h a t  were more h i g h l y  r e s i s t a n t  
than t h e i r  source p l a n t s  a re  presented i n  Table 2. 

v a r i a t i o n  detected i n  
r i a n t s  w i t h  increased 
ages. 

Based on our resu l t s ,  i t  i s  apparent t h a t  t i s s u e  c u l t u r e  can be used i n  
at tempts t o  increase disease res is tance i n  poplar  clones. The p u t a t i  ve 
r e s i s t a n t  clones regenerated from t i s s u e  c u l t u r e  c l e a r l y  reacted d i f f e r e n t l y  
i n  t h e  bioassay than t h e i r  parent source p lants.  Because the  cause f o r  t h i s  
v a r i a t i o n  i s  not  known, these p l a n t s  cannot be considered t r u e  mutants u n t i l  
t h i s  phenotypic change observed i s  shown t o  r e s u l t  from a permanent h e r i t a b l e  
genet ic  change. However, even a s t a b l e  ep igenet ic  va r i an t  of  an e l i t e  pop lar  
c lone would be o f  value because pop1 ars  are usual l y  vegetat i ve ly  propagated. 

We do not  know i f  o ther  t r a i t s  besides t h e i r  disease res is tance have been 
a l t e r e d  i n  these p lants.  The des i rab le  q u a l i t i e s  o f  the clones must be 
re ta ined,  and the  new t r a i t  mst be expressed f o r  somaclonal technology t o  be 
o f  any value. I n  add i t ion ,  a change i n  the res is tance t o  one pathogen may 
e i t h e r  increase o r  decrease the  res i s tance  o f  a clone t o  o ther  pathogens or  
i nsect pests. Th is  underscores the  importance and need f o r  f i e l d  t e s t i n g  
p l a n t  genotypes regenerated from t i s s u e  cu l tu re .  The p l a n t s  from our study 
have been p lan ted  and are being monitored fo r  growth and disease res is tance i n  
t h e  f i e l d .  

Somacl onal techno1 oay i s  s impler  t o  expl o i  t than o ther  types o f  genet ic  
engi nee r i  ng. Scowcroft and L a r k i  n (1983) have proposed t h a t  somacl onal 
v a r i a t i o n  generates rmtant  genotypes s i m i l a r  t o  those r e s u l t i n g  from 
spontaneous o r  induced rmtat ion,  but  a t  a much h igher  frequency. They be l i eve  
t h a t  most o f  the genet ic  changes responsib le f o r  solnatic v a r i a t i o n  are induced 
by t h e  c u l t u r e  cycf e i t s e l f *  Somatic v a r i a t i o n  rnay be a b e t t e r  mans fo r  t r e e  
improvement than e i t h e r  d i  r e c t  gene i n s e r t i o n  o r  ~ b r o b a c t e r i  um-medi a ted  
t rans fo rma t ion  because o f  t h e  many techn ica l  d i f f i c u l t i e s  t h a t  must be 
overcome w i t h  those methods. 

I n  the  work repor ted  here, we screened regenerated p lants.  A f a r  more 
powerfu l  technique would be s e l e c t i o n  a t  the  ce l  l u l a r  l eve l ,  f avo r ing  growth 
o f  on l y  t he  va r ian t  c e l l s  r e s i s t a n t  t o  disease. We are c u r r e n t l y  researching 
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Figure 3 .  Disease severity on leaf discs from source plant ( l e f t )  and  
regenerated somacl one ( r i gh t ) .  



techniques t o  use p a r t i a l l y  p u r i f i e d  c u l t u r e  f i l t r a t e s  t o  screen fo r  o r  se lec t  
Populus c e l l s  t h a t  are r e s i s t a n t  t o  S. musiva. The advantages and l i m i t a t i o n s  
o f  i n  v i t r o  screenins and s e l e c t i o n  To r  disease res is tance have recen t l y  been 
reviewed (Daub 1986, "~ammerschl ag 1984). It i s  o f  pr imary importance t h a t  the 
d e s i r e d  t r a i t  be expressed o r  se lec tab le  i n  cu l tu re .  

Somaclonal v a r i a t i o n  and c e l l u l a r  s e l e c t i o n  f o r  disease res is tance,  
coupled w i t h  ear ly ,  r a p i d  screening o f  regenerated p lan ts  i s  a new, more 
e f f i c i e n t  technology f o r  t r e e  improvement. This  technology needs t o  be 
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