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Preface

Im a g in e  o u r  a n c es to rs  w h e n  th e y  liv e d  in  a h u n te r  /g a th e r  soc ie ty . T hey  w ere  
fo rced  to  p a y  a tte n tio n  to  th e ir  e n v iro n m e n t in  o rd e r  to  rem e m b er from  y e a r  to 
y ea r  w h e re  th e y  co u ld  f in d  h ig h  y ie ld in g  trees o r o th e r  p e ren n ia ls . So se lec tion  of 
o u ts ta n d in g  p la n ts  b e g a n  befo re  ag ricu ltu re .
W h en  th e  h u n te r /g a th e r  soc ieties ch a n g ed  to  ag ric u ltu ra l soc ieties a b o u t 14 000 
y ea rs  ago , th e n , I am  su re , fa rm ers  w o n d e re d  w h y  som e p la n ts  d iv e rg e d  fro m  
th e ir  n e ig h b o u rs .
T he d iffe ren ce  b e tw e e n  m o d e rn  v a rie tie s  o f food  cro p s  a n d  th e ir  w ild  an ces to rs  
sh o w , th a t  fa rm e rs , m o re  o r  le ss  v o lu n ta r ily , h a v e  se le c te d  fo r  p la n ts  w ith  
a t tra c tiv e  ch a ra c te rs  since  a g r ic u ltu re  b eg a n . H o w ev er, so m e of th e se  a t trac tiv e  
ch a rac te rs  ch an g e  w ith  tim e, an d  th e  se lec tion  h as  to  s ta r t ag a in  in  o rd e r  to  fu lfil 
th e  n e w  d e m a n d  o r n eed . B reed ing  can  acce lera te  the  fo rm a tio n  of n e w  v a rie tie s , 
b u t  m a n y  p e re n n ia ls  n e e d  a ce rta in  age befo re  th e  firs t f lo w erin g , o r n ee d  to  be 
fo llo w ed  fo r m a n y  y ea rs  be fo re  e v a lu a tio n  an d  se lec tion  is m ean in g fu l.
S election  of p la n ts  fro m  o ld  p la n ta tio n s , an d  th e ir  su b se q u e n t m u ltip lic a tio n  b y  
in vitro  c lo n in g  is a fast p o ssib ility  for resp o n se  to  th e  d e m a n d  fo r n e w  varie tie s.

The m a in  sub jec t o f th is  thesis  is clon ing  of a sp a ra g u s  (Asparagus officinalis) an d  
Alstroemeria x  hybrida  b y  so m a tic  e m b ry o g e n e s is , h o w e v e r, o th e r  p o ss ib ilitie s  
fo r in vitro  c lo n in g  are  co w ered  also.
T he e lite  p la n ts  o f a sp a ra g u s  w ere  se lec ted  from  a D an ish  p la n ta t io n , h o w e v e r, 
n o  re se a rch  g ro u p  in  D en m a rk  h a d  experience in  tis su e  cu ltu re  o f a sp a ra g u s . In  
o rd e r  to  c irc u m v e n t th is  d ra w b a c k  w e e s tab lish ed  a co llab o ra tio n  b e tw e e n  Dr. 
M arc Ju llien  from  IN R A , V ersailles a n d  th e  R esearch  G ro u p  P la n t B reed ing  an d  
P ro p a g a tio n , Å rs lev  - - a n d  I w e n t to  V ersailles.

T he f ru it o f th is  co llab o ra tio n  is p re se n te d  o n  the  fo llow ing  p ag es, b u t f irs t I w ish  
to  a c k n o w led g e  th e  h e lp , p a tien ce  a n d  flexibility  from  all m em b ers  of :

- R esearch  G ro u p  P lan t B reed ing  a n d  P ro p a g a tio n
D an ish  In s titu te  of A g ricu ltu ra l Sciences, Å rslev  

E specia lly  I w ish  to  thank : Kell K ris tian sen  an d  K irsten  B rand t

- R esearch  G ro u p  for V egetab les
D an ish  In s titu te  o f A g ricu ltu ra l Sciences, Å rslev  

E specia lly  I w ish  to  thank : Lis S ørensen

- P lan t B reed in g  a n d  B io technology
D en  Kgl. V e te rin æ r og L andbohø jsko le  (KVL)

E specia lly  I w ish  to  th an k : Sven B ode A n d ersen  a n d  B rian  D enn is
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- L ab o ra to ire  d e  B iologie C ellu la ire
In s titu t N a tio n a l d e  la  R echerche A g ro n o m iq u e  (IN RA ), V ersailles

- L ab o ra to ire  d e  B iologie d es  Sentences
IN R A , V ersa ille s

E specia lly  I w ish  to  th a n k  M arc Ju llien  an d  the  o th e r  m em b ers  of L ab o ra to ire  d e  
B iologie d es  S em ences fo r th e ir  p a tien c e  in  th e  b eg in n in g  (w h en  I sp o k e  d ep re ss- 
in g ly  little  F rench) a n d  for th e ir  p a tien c e  a n d  e n c o u rag em en t d u r in g  th e  w ritin g  
p e rio d .

H o lg er Ø rn s tru p  
A u g u s t 1997
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A bstract

The possibilities for in vitro cloning of asparagus (A sparagus officinalis  L.)and 
A lstroem eria x  hybrida L. are presented with special emphasis on somatic embryo- 
genesis.
Asparagus: In vitro  cultivated axillary meristems developed clusters of roots after a 
short N A A  treatment, and from the surface of these roots originated somatic embryos. 
Isolated embryos developed lines of somatic embryos, which were cultivated without 
growth regulators for more than two years.
Abscisic acid treatment or desiccation did not improve conversion frequency. 
Norflurazon stopped chlorophyll synthesis and reduced growth of the somatic em
bryos, however, conversion frequency was not effected. Improved air exchange and cul
ture on filter paper could improve the fresh weight of mature somatic embryos as com
pared to embryos cultured directly on the medium without air exchange. Plants have 
been transplanted to the field where their performances w ill be followed the next 
years.
A lstroem eria: Somatic embryos induced from immature zygotic embryos were cultivated 
in liquid medium without growth regulators. One month culture in liquid medium re
sulted in  a 12-fold increase in fresh weight. Regenerated plants flowered normally. 
A pical meristems and nodes from in vitro grown aerial shoots could produce normal 
plantlets. Wounded meristems produced between 1.3 - 1.8 plantlets from 40 -  100% of the 
explants after 58 days.
Somatic embryos were induced from in vitro cultivated rhizomes of A lstroem eria  on a 
basal medium with the growth regulator combinations: 10 |0.M 2,4-D + 50 |iM  BA; 20 |J,M 
2,4-D + 20 or 50 |iM  BA. Each growth regulator combination produced only few embryos, 
which germinated without secondary embryogenesis.

Resum é

Med hovedvægt på somatisk embryogenese, bliver mulighederne for in vitro kloning af 
asparges (A sparagus officinalis L.) og A lstroem eria x hybrida  L. præsenteret.
Asparges: In vitro dyrkede meristemer udviklede klumper af rødder efter en kort N A A  
behandling, og fra overfladen af disse rødder udvikledes der somatiske embryoer. 
Isolerede embryoer dannede linier af somatiske embryoer, der blev vedligeholdt uden 
vækst regulatorer i  over 2 år.
A bscisin  syre behandling eller udtørring øgede ikke konverterings frekvensen. 
Norflurazon stoppede klorofyl syntesen og reducerede væksten af de somatiske em
bryoer, men konversions frekvensen blev ikke påvirket. Øget ventilation og dyrkning på 
filtrerpapir kunne øge friskvægten af modne somatiske embryoer, sammenlignet med em
bryoer dyrket uden luftskifte, direkte på mediet. Planter er blevet udplantet i  marken, 
hvor deres udvikling og produktion vil blive fulgt de kommende år.
Alstroemeria'. Somatiske embryoer, der var induceret fra umodne zygotiske embryoer, 
blev dyrket i  flydende medie uden vækst regulatorer. Friskvægten blev i gennemsnit 
øget 12 gange i løbet af en 4 ugers kulturperiode. Regenererede planter blomstrede nor
malt.
Apikale meristemer og nodier fra in vitro dyrkede skud kunne danne normale planter. 
Sårede apikale meristemer dannede 1,3 - 1 , 8  småplanter med en frekvens på 40 -  100%, i 
løbet af 58 dage.
Somatiske embryoer blev induceret fra in vitro dyrkede rhizomer af A lstroem eria  på et 
basis medie med: 10 UM 2,4-D + 50 |iM  BA; 20 (0.M 2,4-D + 20 eller 50 UM BA. Hvert 
medie dannede kun nogle få embryoer der dannede småplanter uden sekundær embryo
genese.



Prologue

S o m atic  e m b ry o g e n e s is  is a m u lt i 
fa c e te d  to o l w i th  a m u l t i tu d e  o f 
a p p l ic a t io n s  in  m o d e rn  b re e d in g . 
S o m e  o f  th e s e  a p p l ic a t io n s  a re  
p r e s e n t e d  in  th e  i n t r o d u c t i o n  
(C h ap te r 1).
M o d e rn  p l a n t  b r e e d in g  is o f te n  
re fe rre d  to  as b io te ch n o lo g y , w h ich  is 
a  b r o a d  te rm  c o v e r in g  m u c h  m o re  
th a n  th e  d irec tly  p la n t re la ted  subjects. 
A  r e v i e w  o f  t h e  v a r i o u s  
b io te ch n o lo g ica l m e th o d s  w h ich  h av e  
b ee n  a p p lie d  to  a sp a ra g u s  is p re se n ted  
in  C h a p te r  2, w h ic h  a lso  in tro d u c e s  
th e  r e a d e r  to  th e  b o ta n ic a l  a n d  
g e n e tic a l p e c u lia r i tie s  th a t  ch a lle n g e  
th e  a sp a ra g u s  b reed er.
Y ie ld  o f  in d iv id u a l  p la n ts  in  a n  
a s p a ra g u s  p la n ta t io n  is v e ry  v ariab le , 
a n d  th e  m a le  p la n ts  g ive  h ig h e r  y ie ld  
a n d  lives lo n g e r  th a n  fem ale  p la n ts . It 
is  p o ss ib le  to  m e a su re  th e  y ie ld  an d  
q u a l i ty  o f  s p e a r s  f ro m  in d iv id u a l  
p la n ts , se lec t th e  b e s t m a le  p la n t an d  
m u lt ip ly  th is  p la n t.  In  th is  w a y  it is 
p o ss ib le  to  p la n t  h u g e  a re as  of h ig h  
y ie ld in g  a s p a ra g u s  p la n ts  w ith  w e ll 
k n o w n  c h a ra c te rs  e .g . a d a p ta te d  fo r 
s p e c i a l  e n v i r o n m e n t s  o r  w i th  
im p r o v e d  p a t h o g e n  r e s i s t a n c e .  
P re lim in a ry  re su lts  h a v e  sh o w n  th a t  
th e  av e ra g e  y ie ld  fro m  a D an ish  field  
of g re e n  a s p a ra g u s  can  b e  in c re ase d  
from  th e  n o rm a l ~ 2500 k g /h a  for seed  
p ro p a g a te d  p la n ts  to  m o re  th a n  7500 
k g / h a  if  th e  p la n ta t io n  is m a d e  of 
c loned  h ig h  y ie ld in g  p lan ts .
A s p a ra g u s  ca n  b e  c lo n ed  in vitro b y  
e i th e r  so m a tic  e m b ry o g e n e s is  o r  b y  
n o d e  cu ltu re .
P ro to c o ls  fo r so m a tic  e m b ry o g e n e s is  
h a v e  b e e n  e s ta b l is h e d  fo r  s e v e ra l  
c u l t iv a r s  o f  a s p a r a g u s .  H o w e v e r ,

ex is tin g  p ro to c o ls  fo r m u lt ip l ic a t io n  
b y  so m atic  em b ry o g e n esis  h a v e  to  be 
a d a p ta te d  each  tim e a n ew  cu ltiv a r  is 
ta k en  in  cu ltu re .
T he in d u c tio n  o f so m a tic  e m b ry o s  
f ro m  D a n is h  c u l t iv a r s  o f  g r e e n  
a s p a ra g u s  is p re s e n te d  in  C h a p te r  3. 
The re p o r te d  p ro ce ss  in v o lv e s  a v e ry  
s h o r t  g r o w th  r e g u la to r  t r e a tm e n t ,  
w h ic h  in d u c e s  r o o t  d e v e lo p m e n t  
fro m  th e  e x p la n ts . F u r th e r  th e  f irs t 
so m atic  em b ry o s  can  be iso la te d  from  
th ese  roo ts. E fficient co n v e rs io n  of the  
so m a tic  e m b ry o s  to  p la n t le ts  m a y  
in v o lv e  t r e a tm e n ts  ( im p r o v e d  a ir  
e x c h a n g e ,  h ig h  o s m o t ic  le v e l )  
a ffec tin g  to  th e  w a te r  c o n te n t o f th e  
e m b ry o s , a n d  in  th is  w ay  m im ic  th e  
n a tu ra l  d es icc a tio n  p ro c e ss  in  seed s. 
A s sh o w n  in C h a p te r  4 the co n v e rsio n  
o f th e  som atic  em bryos of a sp a ra g u s  to 
p la n tle ts  is n o t sim ple.
R e g en e ra te d  p la n ts  fro m  so m atic  e m 
b ry o s  h a v e  to  b e  t r a n s p la n te d  to  th e  
f i e l d  f o r  y i e l d  e v a l u a t i o n s .  
P o p u la t io n s  d e r iv e d  f ro m  s o m a tic  
em b ry o s are expected  to  b e  su p e rio r  to  
seed  p ro p a g a te d  p o p u la tio n s  b ec au se  
o f e l im in a te d  v a r ia t io n .  A s p a ra g u s  
p o p u la t io n s  d e r iv e d  f ro m  p la n ts  
m u lt ip l ie d  in vitro  b y  n o d e  c u ltu re  
m ay  b e  an o th er w ay  to  a tta in  th e  sam e 
g o a l. T h e  n o d e  c u l tu r e  te c h n iq u e ,  
h o w e v e r , is n o t co s t e ff ic ie n t a n d  
p r e s e n t  p r o b le m s  in  th e  r o o t  
in d u c tio n  p rocess (C h ap te r 5).

Y ield  im p ro v e m e n t b y  s e le c tio n  of 
e lite  p la n ts  is fa s t a n d , in  a s p a ra g u s , 
h i g h l y  r e w a r d i n g .  H o w e v e r ,  
in t r o d u c t io n  of n e w  c h a ra c te r s  in  
th e se  se lec ted  p la n ts  b y  c ro ss in g  w ill 
in e v ita b ly  a lso  in tro d u c e  u n w a n te d
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c h a ra c te r s .  I n tro d u c t io n  of sp e c if ic  
g e n e s  c a n  b e  d o n e  b y  v a r io u s  
tra n s fo rm a t io n  te c h n iq u e s  in c lu d in g  
m ic r o p ro je c t i le  b o m b a r d m e n t  a n d  
A  g  r o b a c t e r i u m . A l t h o u g h  
A g ro b a c te r iu m -m e d ia te d  t r a n s fo rm a 
t io n  o f  m o n o c o ty le d o n o u s  p la n ts  is 
f a ir ly  n e w  o n e  o f th e s e  p la n ts  is 
a s p a ra g u s .  A g r o b a c te r iu m -m e d ia t e d  
t r a n s f o r m a t i o n  o f  a s p a r a g u s  is 
p re se n te d  in  C h a p te r  6.

A l s t r o e m e r i a  m u lt ip l ic a t io n  b y  in  
vitro  c u ltu re  w a s  a lso  in c lu d e d  in  the 
p ro jec t.
N o rm a lly  A ls tro em er ia  is c u ltiv a te d  
fo r c u t f lo w e r p ro d u c tio n , b u t  it has  
a lso  a g re a t p o te n tia l fo r u se  as p o t 
p la n t. H o w ev er, se ed  p ro d u c e d  p la n ts  
v a ry  to  m u ch , a n d  few  v arie tie s  is su f
fic ien tly  low  fo r p o t p la n t p ro d u c tio n . 
E v e n tu a lly  in te r e s t in g  p la n ts  fro m  
b re e d in g  e ffo rts  c o u ld  fa ir ly  fa s t be 
v e g e ta t iv e  m u lt ip l ic a te d  b y  so m a tic  
em b ry o g en esis . G ro w th  o f th e  som atic  
em b ry o s  in  liq u id  m e d iu m  re p re se n ts  
a f u r t h e r  im p r o v e m e n t  in  th e  
m u lt ip l ic a t io n  p o te n tia l  (C h a p te r  7). 
H o w e v e r ,  i n d u c t io n  o f  s o m a tic  
e m b ry o s  in  A ls t r o e m e r ia  h a v e  o n ly

b ee n  re p o r te d  fro m  zy g o tic  em b ry o s . 
T he firs t in d ic a tio n s  of the p o ss ib ility  
to  in d u c e  som atic  em b ry o s  from  o th e r  
t is s u e s  as  w e ll a r e  p r e s e n te d  in  
C h a p te r  8.
A s p a r a g u s  a n d  A ls t r o e m e r ia  b e lo n g  
b o th  to  the Liliaceae, a n d  m a n y  s im i
la r i t ie s  c a n  b e  fo u n d , a n d  in  o u r  
con tex t th e  m o st in te re s tin g  s im ila rity  
is th e ir  c o m m o n  g ro w th  b y  rh izo m e. 
T h e  m o s t s tr ik in g  d if fe re n c e  is th e  
a p p a r e n t  n o n -e x is te n c e  o f  a x ia l ly  
m eris tem s on  th e  v eg e ta tiv e  sh o o ts  o f 
A ls tr o e m e r ia  c o m p a re d  to  th e  h u g e  
n u m b e r  o f  a x ia lly  m e r is te m s  o n  
A s p a r a g u s  s h o o ts . C u t t in g s  f ro m  
ae ria l sh o o ts  o f A ls tro e m e ria  a re  n o t 
ab le to  form  n e w  p la n ts  u n d e r  n a tu ra l 
co n d itio n s . O n ly  by  in vitro  c u ltu re  is 
it p o ss ib le  to  re g e n e ra te  n e w  p la n ts  
fro m  a e r ia l sh o o ts  o f A l s t r o e m e r i a  
(C hap ter 8).

I t  is  in  b o th  a s p a r a g u s  a n d  
Alstroem eria  th e  e n o rm o u s  p o te n tia l 
fo r c lo n a l m u lt ip lic a t io n  o f se le c te d  
p la n t s  th a t  h a v e  n o u r i s h e d  o u r  
in te re s t in  som atic  em b ry o g en esis .



Somatic embryogenesis — an introduction

T he so m a tic  em b ry o g e n es is  is a v e ry  effic ien t in vitro  re g e n e ra tio n  p ro c e ss  for 
c lo n in g  of p la n ts . It h a s  b ee n  a t ta in ed  in  h u n d re d s  of species b y  a m u lt itu d e  of 
te c h n iq u e s  (R a e m a k e rs  et al. 1995). T he specific  te c h n iq u e  fo r each  v a r ie ty  is 
h ig h ly  em p irica l, h o w e v e r, so m e co m m o n  ch a rac te rs  can  b e  fo u n d . In d u c tio n  is 
g e n e ra l ly  b y  a h ig h  le v e l o f h o rm o n e s ,  f re q u e n tly  a u x in , a n d  f u r th e r  
d e v e lo p m e n t a n d  c o n v e rs io n  is o n  m e d ia  w ith o u t,  o r  w ith  re d u c e d  leve l o f 
g ro w th  reg u la to rs . S om atic  em b ry o s w h ich  m u ltip ly  by  seco n d ary  em b ry o g en esis  
is a n  e f f ic ie n t to o l in  m o d e rn  p la n t  b re e d in g ; e s p e c ia lly  as  ta rg e ts  fo r  
tr a n s f o rm a t io n .  S o m atic  e m b ry o g e n e s is  re se m b le s  z y g o tic  e m b ry o g e n e s is ,  
c o n se q u e n tly  fu n d a m e n ta l resea rch  in  zygo tic  em b ry o  d e v e lo p m e n t (seeds) m a y  
p ro fit of o b se rv a tio n s  from  th e  som atic  em b ry o s an d  conversely .

A b rie f in tro d u c tio n  to  som e of th e  ap p lica tio n s of som atic  em b ry o g en esis  w ill be 
p re se n te d  o n  th e  n ex t pages.

Definition

S o m atic  e m b ry o g e n e s is  is th e  d e v e 
lo p m e n t  o f e m b ry o s  f ro m  ce lls  o f 
so m a tic  tis su e , i.e ., th o se  w h ic h  are  
n o t a d ire c t p ro d u c t o f gam etic  fusion .
T h ey  in c lu d e  e.g . ro o ts , co ty le d o n s , 
pe tio le s , leaves, a n d  ev e n  n ucellu s .
F ro m  th e  e a r l ie s t  s ta g e  th e  so m a tic  
e m b r y o s  a r e  w i t h o u t  v a s c u la r  
c o n n e c t io n  to  th e  "m o th e r  tis su e" .
D u r in g  d e v e lo p m e n t  th e  so m a tic  
e m b ry o s  u n d e rg o  s im ila r  o n to g e n e tic  
ch a n g es  as th e ir  zy g o tic  c o u n te rp a r ts , 
a n d  fin a lly  c o n ta in  a s im ila r  ran g e  of 
re se rv e s  a t m a tu r ity  (B ew ley & Black
1994).

A fe w  term s in  so m a tic  
embryogenesis

S o m e  t i s s u e s  c a n  fo rm  s o m a tic  
e m b r y o s  d i r e c t l y  w i t h o u t  a n  
i n t e r v e n in g  c a l lu s  p h a s e  ( d i r e c t  
em b ry o g e n e s is )  w h e n  ex p o se d  to  an  
a p p r o p r i a t e  m e d iu m .  I n d i r e c t  
em b ry o g e n es is  req u ire s  a tre a tm e n t to
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in itia te  m ito s is  w h ich  lead s to  a n  u n 
d if fe re n tia te d  ce ll m a ss , th e  c a llu s . 
The ca llu s is th e n  su b jec ted  to  fu rth e r  
m a n ip u la t io n  w h ic h  le a d s  to  th e  
d e v e lo p m e n t of th e  so m atic  em b ry o s . 
T he firs t em b ry o s , a t ta in e d  b y  e i th e r  
d ire c t o r in d ire c t e m b ry o g e n e s is , a re  
u su a lly  re ferred  to as p r im a ry  som atic  
em b ry o s. T hese p r im a ry  em b ry o s  can  
p ro d u c e  n e w  "secondary" em b ry o s  b y  
a p ro ce ss  ca lled  se co n d a ry  (rep e titiv e , 
rec u rre n t)  em b ry o g e n e s is  a n d  in  th is  
w a y  m a in ta in  a c u l tu re  o f so m a tic  
em b ry o s. C u ltu re s  p ro d u c in g  so m atic  
em b ry o s a re  o ften  ca lled  em bryogen ic . 
T he e x p re ss io n  "e m b ry o g en ic  ca llus" 
d o  c a u se  so m e c o n fu s io n  as i t  h a s  
b ee n  u se d  for an y  so rt of u n o rg a n ise d  
tis su e  fro m  w h ic h  so m a tic  e m b ry o s  
arise . T his u n o rg a n ise d  tis su e  can  b e  
e ith e r  a) g e n u in e  u n o rg a n is e d  tis su e  
(callus) from  w h ich  p r im a ry  em b ry o s  
a rise  o r b) m asses o f in d is tin g u ish a b le  
e a r ly  s t a g e  s o m a t ic  e m b r y o s  
( m a c r o s c o p i c a l l y  l o o k i n g  
u n o rg a n ise d )  fro m  w h ic h  la te  s ta g e  
so m a tic  e m b ry o s  a r ise . T h ese  la t te r  
cu ltu re s  are ac tua lly  m asses of som atic



e m b ry o s  w h ic h  p r o l i f e r a te  b y  s e 
c o n d a ry  e m b ry o g e n e s is  c re a tin g  c u l
tu re s  of p rin c ip a lly  ea rly  s tag e  som atic  
e m b ry o s ,  a n d  a m o re  d e s c r ip t iv e  
n a m e  m a y  b e  "cu ltu res  of ea rly  s tage  
e m b r y o s "  ( K r i k o r i a n  1 9 9 5 ) .  
"P ro em b ry o s"  h a s  b e e n  u se d  fo r v e ry  
e a r ly  s ta g e  so m a tic  e m b ry o s  (sm all 
g lo b u la r) , th e y  can  s tick  to g e th e r  an d  
fo rm  p ro e m b ry o g e n ic  m a sses  (PEM s) 
(M erk le  et al. 1990), h o w e v e r , th e se  
te rm s  a re  n o t c lea r  d e s c r ip tio n s  a n d  
h a s  b ee n  a v o id e d  in  th e  fo llow ing  tex t 
(if n o t q u o te d  d irectly ).
T he te rm  "co n v ersio n "  co v e r th e  d e 
v e lo p m e n ta l  p ro c e s s  f ro m  m a tu r e  
e m b ry o  to  a sm a ll a u to tro p h ic  p la n t 
w ith  n o rm a l p h e n o ty p e , b u t  is o ften  
c o n fu s e d  w ith  "g e rm in a tio n "  w h ic h  
d esc rib es  e lo n g a tio n  o f th e  em b ry o  ra 
d ic le  (R ed en b au g h  1993 b).
P la n ts  a re  re g e n e ra te d  w h e n  th e  em 
b ry o s  co n v e rt to  p lan ts .

The a p p lica tio n s o f som atic  
embryogenesis

T h ere  a re  se v e ra l f ie ld s  w h e re  c loned  
p la n ts  can  b e  va luab le .

- C lo n in g  of e lite  p la n ts . In  a sp a ra g u s  
th e  m a le  p la n ts  a re  p r e f e r r e d  fo r 
fem a le  p la n ts  b e c au se  of th e ir  h ig h e r  
y ie ld  a n d  b e t te r  su rv iv a l. C lo n in g  of 
m a le  p la n ts  is a s im p le  w a y  o f 
i m p r o v in g  y ie ld  in  a s p a r a g u s .  
M u lt ip l ic a t io n  o f e l ite  p la n ts  fro m  
s p e c ie s  w h ic h  c a n  n o t  b e  s e e d  
p r o p a g a te d  e .g . b a n a n a  a n d  y a m  is 
a n o th e r  u ti l is a t io n  o f c lo n in g . M an y  
p la n ts  ca n  be seed  p ro p a g a te d  b u t are 
v e ry  h e te ro z y g o u s  so  th e  d e v e lo p 
m e n t o f tru e - to - ty p e  h y b r id s  a re  v e ry  
d i f f i c u l t  o r  t im e  c o n s u m in g  e .g . 
a s p a ra g u s . N e w  v a r ie tie s  from  th e se

species can  be d ev e lo p e d  by  se lec tin g  
elite  p la n ts  for cloning.

- S elected  trees  a n d  o th e r  p la n ts  w ith  
long  life cycles can  b e  p ro p a g a te d  m ore 
easily  by  clon ing  th a n  b y  seeds.

- P la n ts  o b ta in e d  b y  p r o to p la s t  h y 
b r id iz a tio n  o r  in te rspec ific  crosses a re  
b y  n a tu r e  r a r e  a n d  n e e d  to  b e  
m u lt ip lie d  fo r e ff ic ien t u til is a tio n  in  
th e  b re e d in g . A lso  th e se  p la n ts  a re  
g e n e tic a lly  h e te ro z y g o u s  a n d  o f te n  
s te r i le , so w ith o u t  a p o s s ib ili ty  fo r 
c lo n in g  th e  n e w  gene tic  co m b in a tio n s  
m ay  be lost.

- M u ltip lica tio n  of n ew  v a rie tie s  b y  in  
vitro  c lo n in g  can  red u c e  th e  tim e p re 
c e d in g  co m m erc ia lisa tio n .

- S om atic  e m b ry o s  h a s  b ee n  u se d  as 
e x p la n ts  in  n u m e ro u s  tra n s fo rm a tio n  
e x p e r i m e n t s  a n d  c a n  s h o w  
tra n sfo rm a tio n  freq u en c ies  su rp a ss in g  
o th e r  e x p la n ts  (C h ris to u  1992, 1996; 
F iro o z a b a d y  et al. 1994; R a em ak ers  et 
al. 1995).

- In vitro se lec tion  m ak es it p o ss ib le  to  
iso la te  cells o r em b ry o s  w ith  d e s ire d  
t r a i t s  e .g . p a t h o g e n  r e s i s t a n c e  
(H a m m e rsch m a g  et al. 1995).

T he se co n d a ry  so m atic  em b ry o g e n es is  
is on e  of the  reaso n s for th e  g rea t in te 
rest in  som atic  em b ry o g e n esis  fo r p ro 
p ag a tio n . Each n ew  e m b ry o  is ab le  to 
p ro d u c e  sev era l n e w  so m atic  em b ry o s  
b y  se c o n d a ry  so m atic  em b ry o g e n esis . 
N o  o th e r  p r o p a g a t io n  m e th o d  can  
sh o w  s im ila r  m u lt ip lic a tio n  p o te n tia l 
e.g. in  a sp a ra g u s  on e  so m atic  em b ry o  
can  p ro d u c e  35 n e w  em b ry o s  each  4 
w eek s w h ich  g ives 3 .4*10 l 8 a fte r one 
y e a r  ( Ø r n s tr u p  & Ju ll ie n  1997), a
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s in g le  a lfa lfa  e m b ry o  c a n  p ro d u c e  
5 .3 1 >f1 0 l '7 a f te r  o n e  y e a r  (P a rro tt  & 
B ailey 1993), an d  in  M anihot esculenta 
w h e re  a cyc le  la s ts  45 d a y s  ca n  be 
fo rm e d  6 .6*1 0 H  em b ry o s  in  one y ea r 
(R a e m a k e rs  et al. 1995). H o w e v e r , 
ac tu a lly  o b ta in ed  p ro p a g a tio n  ra tes  are  
m u c h  lo w e r , b e c a u s e  of s u b o p tim a l 
h a n d l in g  m e th o d s . W h e n  th e  som atic  
em b ry o s  rea ch  a ce rta in  m a tu r ity  they  
can  co n v e rt to  p la n tle ts  b y  p ro d u c in g  
ro o t a n d  sh o o t. T he v a r io u s  s te p s  in  
th e  cu ltu re  of som atic  em b ry o s w ill be 
tre a te d  in  th e  n ex t pages.

Induction of somatic embryos

In d u c tio n  of th e  firs t som atic  em b ry o s 
is tis su e  a n d  sp e c ie s  d e p e n d e n t a n d  
h a s  b e e n  a c h ie v e d  b y  s e v e r a l  
tr e a tm e n ts .  G e n e ra lly  th e  e x p la n t is 
sub jec ted  to  a so rt o f stress. T he n a tu re  
a n d  d u ra t io n  o f th is  s tre s s  can  v a ry  
su b s tan tia lly  acco rd in g  to  p la n t v a rie ty  
an d  ex p la n t. M ost co m m o n ly  is u se d  
t h e  s y n t h e t i c  a u x i n  2 ,4 -  
d ic h lo ro p h en o x y ac e tic  ac id  (2,4-D) b u t 
o th e r  s tro n g  a u x in s  h a s  b ee n  u se d  as 
w ell. O ften  th e  a u x in  is ac co m p an ie d  
b y  a c y to k in in  a n d  it  is  th e n  th e  
r e la t iv e  p r o p o r t i o n s  b e tw e e n  th e  
g ro w th  re g u la to rs  th a t  d e te rm in e s  the  
in d u c tio n  o f th e  so m a tic  em b ry o s . In  
so m e cases , e sp ec ia lly  g y m n o sp e rm s , 
c y to k in in  a lo n e  h a s  b e e n  ab le  to  
in d u c e  so m a tic  em b ry o s  (N ø rg a a rd  & 
K ro g s tru p  1991; H u e tte m a n  & P reece
1993). H o w e v e r , th e  in d u c tio n  t r e a t
m e n t can  also  consis t o f e.g. h ig h  level 
o f K N O 3 (G h o sh  & S en  1991), h ig h  
lev e l o f su c ro se  (K u ra ta  et al. 1992; 
L ou & K ako 1995; T ay lo r et al. 1996); 
su c ro se  su p p lie d  w ith  so rb ito l (bo th  at 
n o r m a l  3%  le v e l )  ( O k a z a k i  & 
K o iz u m i 1995), o r  p r o l in e  s u p p ly  
(Jéhan et al. 1994).

A s p a r a g u s  o f f i c i n a l i s  is  a g o o d  
e x a m p le  o f th e  v a r ia t io n  in  th e  
tr e a tm e n ts  c o m p e te n t fo r  in d u c t io n  
a n d  m a i n t a i n i n g  o f  s o m a t i c  
e m b ry o g e n e s is  in  o n e  sp e c ie s . T he 
tre a tm e n ts  in c lu d es : a u x in  a lo n e  fo r 
10 (Levi & S in k  1991) o r  4 w e e k s  
(D e lb re i l  et al. 1994), a u x in  a n d  
c y to k in in  in  m ix tu re  (L ev i & S ink  
1992; Li a n d  W o ly n  1995) a n d  a n  
in h ib ito r  of G A  sy n th e s is  (ancym ido l) 
(K o h m u ra  et al. 1996). In m o st of th e  
re p o rts  w as  u se d  th e  au x in  N A A  b u t 
also  2,4-D h as  b ee n  u se d  (Li & W o ly n  
1995). In  A. cooperi so m a tic  e m b ry o s  
co u ld  b e  in d u c e d  b y  in c re a s in g  th e  
lev e l o f K N O 3 f ro m  1900 m g L 'l  to 
2900 m g L 'l  (G hosh & Sen 1991).

A lth o u g h  r a re ly  m e n tio n e d  as  th e  
so le  d e te r m in in g  c o m p o n e n t  th e  
m in e ra l c o m p o s itio n  o f th e  c u l tu re  
m e d ia  d o  h a v e  a g re a t in f lu e n c e  on  
th e  d e v e lo p m e n t a n d  m a in te n a n c e  of 
so m a tic  e m b ry o s  (B ab lak  et al. 1995; 
T aylor et al. 1996).
P h y s ic a l fa c to rs  c a n  in f lu e n c e  th e  
in d u c tio n  of so m atic  em b ry o s  as w e ll 
e .g ., in d u c tio n  a n d  m a in te n a n c e  is 
o f t e n  p e r f o r m e d  in  th e  d a r k  
(N ø rg aa rd  & K ro g s tru p  1991; B ablak et 
al.  1995; Z h a n g  et al. 1995), b u t  
reg e n e ra tio n  is n o rm a lly  in  th e  ligh t. 
E m bryo  p ro d u c in g  ca llu s  is  g en e ra lly  
in d u c e d  from  m e ris te m a tic  o r y o u n g  
tis su e  su ch  as e.g. g e rm in a tin g  seeds of 
rice (S ivam ani et al. 1996), iso la te d  z y 
gotic em b ry o s  of leek  (B u iteveld  et al.
1993) a n d  m a ize  ( Ish id a  et al. 1996), 
im m a tu r e  z y g o t ic  e m b ry o s  f ro m  
w h e a t (W eeks et al. 1993), sc u te lla  of 
w h e a t (Becker et al. 1994), c o ty led o n s  
o f c u c u m b e r  (L o u  & K ak o  1995), 
m e ris tem s  of Hemerocallis  (K rik o ria n  
& K ann  1981) a n d  Iris  (Jéhan  et al.
1994), co rm els o f g la d io lu s  (R em otti & 
L öffle r 1995), y o u n g  f lo w e rs  o f Iris
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(Jéhan  et al. 1994) o r  y o u n g  leav es of 
le ek  (B u itev e ld  et al 1993), su g a rc a n e  
(T ay lo r et al. 1992), a n d  Iris (Jéhan et 
al. 1994) b u t  p rac tica lly  an y  p a r t  o f a 
p la n t  ca n  b e  u se d  as a n  e x p la n t fo r 
i n d u c t i o n  o f  c a l l u s  ( r e v ie w :  
A m m ira to  et al. 1989; R aem ak ers  et al.
1995).
S o m atic  e m b ry o s  h a s  b e e n  iso la te d  
d irec tly  fro m  zygo tic  em b ry o s of w h ea t 
(N a re n d e r  et al. 1994), co ty led o n s  an d  
ap ica l tip s  o f c a rro t (K urata  et al. 1992), 
y o u n g  le a v e s  o f  Q u e r c u s  su b e r  
(F e rn å n d e z -G u ija r ro  et al. 1995), an d  
se v e ra l o th e rs  (R aem ak ers  et al. 1995). 
So th e  r e s p o n d in g  tis su e  m a y  v a ry  
from  species to  species.
A ctu a lly  th e  re sp o n se  w ith in  a species 
m a y  v a r y  f ro m  o n e  g e n o ty p e  to  
a n o th e r  e.g . in  a s p a ra g u s  (D elb reil et 
al. 1994; D e lb re il & Ju ll ie n  1994), 
m a ize  (D u n c an  et al. 1985), an d  alfalfa 
( R e d e n b a u g h  & W a lk e r  1990, a n d  
th e ir  re ferences). In  m a ize  91% of 218 
in b re e d  lin e s  w e re  ab le  to  p ro d u c e  
s o m a t ic  e m b r y o s  w i th  v a r y in g  
in d u c t io n  p ro c e d u re s  (D u n c a n  et al. 
1985).
A s il lu s tra te d  b y  th e se  ex a m p le s  th e  
specific  re q u ire m e n ts  fo r in d u c tio n  of 
so m a tic  e m b ry o s  v a ry  s u b s ta n tia l ly  
fro m  sp e c ie s  to  sp e c ie s  a n d  m u s t be 
d e te rm in e d  em p irica lly  for each  p lan t.

If a c a llu s  p ro c e e d s  th e  firs t so m a tic  
e m b ry o s  it  m u s t  in  m a n y  cases  be 
su b je c ted  to  se lec tio n , a n d  m a in ta in ed  
u n t i l  th e  f i r s t  e m b ry o s  d e v e lo p . 
G e n e ra l ly  th e  f i r s t  c a l lu s  w h ic h  
d e v e lo p s  f ro m  a n  e x p la n t  is fa ir ly  
h a r d  a n d  g re e n , b u t  s e v e ra l c a llu s  
ty p e s  can  d e v e lo p  fro m  o n e  ex p lan t. 
T ay lo r et al. (1996) d esc rib es  4 ca llu s  
ty p e s  f ro m  M a n ih o t  escu len ta  a n d  
B ab lak  et al. (1995) d esc rib es  5 ca llu s 
ty p e s  f ro m  Brachypodium distachyon.  
G ro w th  r e g u la to r  c o m p o s it io n  a n d

d u ra t io n  o f th e  t r e a tm e n t  s tro n g ly  
in f lu e n c e s  th e  c a llu s  d e v e lo p m e n t  
a n d  p a tien ce  is im p o rta n t.
O n ly  e m p irica l e x p e rien c e  can  sh o w  
w h ic h  c a llu s  ty p e  w ill d e v e lo p  th e  
f i r s t  s o m a tic  e m b ry o s ,  h o w e v e r ,  
g en e ra lly  th e  goal is to  f in d  "friable" 
c a llu s . T h is  f r ia b le  c a llu s  is o f te n  
w h i t e / y e l l o w  a n d  c o n s i s t s  o f  
n u m e ro u s  sm a ll u n a tta c h e d  sp h e ric a l 
u n its  (early  stage som atic  em bryos). To 
a v o id  c o n f u s io n  th e  e x p r e s s io n  
"callus" sh o u ld  a lw ay s be fo llow ed  b y  
a d e ta i le d  d e s c r ip tio n . M a in ta in in g  
th e  d if fe re n t so r ts  o f ca lli as d is t in c t 
lin es , fo llo w in g  th e ir  e v o lu tio n  a n d  
id e n tify in g  th e  f irs t so m a tic  e m b ry o s  
is  a c r u c ia l  o b s ta c le  in  s o m a tic  
em b ry o g en esis . F inally , w h e n  th e  firs t 
e m b ry o s  a r ise  th e y  m u s t b e  se lec ted  
a n d  tran sfe rred  to  n ew  m ed ia . R egu la r 
s u b c u l tu r in g  is  th e n  n e c e s s a ry  in  
o rd e r  to  m a in ta in  go o d  g ro w th .

M ainta in in g  of em b ryogen ic  
cultures

A fte r  in d u c tio n  o f  th e  f irs t so m a tic  
e m b ry o s  th e i r  m u l t ip l i c a t io n  b y  
s e c o n d a r y  e m b r y o g e n e s i s  is  
c o m m o n ly  m a in ta in e d  b y  lo w e r in g  
th e  a u x in  c o n te n t  in  th e  c u l tu r e  
m e d ia  ( R a e m a k e r s  et al. 1995). 
A lth o u g h  th e  in d u c t io n  o f so m a tic  
e m b ry o s  is n o t  u n d e r s to o d ,  i t  is 
g en e ra lly  be lieved  th a t in  th e  p resen ce  
o f a u x in  th e  v e ry  y o u n g  e m b ry o s  
w ith in  th e  ce ll c u l tu r e  s y n th e z is e  
e v e ry th in g  n ec essa ry  to  co m p le te  th e  
g lo b u la r  s ta g e  o f e m b ry o g e n e s is  b u t 
a l s o  c o n ta in  m a n y  o th e r  g e n e  
p r o d u c t s  w h ic h  in h ib i t  f u r t h e r  
p ro g re ss  in  e m b ry o  d e v e lo p m e n t. So 
w h e n  au x in  is rem o v e d  m a n y  gen es is 
in a c tiv a te d  a n d  th e  e m b ry o g e n e s is
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p r o g r a m  c a n  p r o c e e d  f u r t h e r  
(Z im m e rm a n  1993).
M a in ta in in g  o f em b ry o g e n ic  c u ltu re s  
o f a s p a ra g u s  h as  b ee n  p e rfo rm ed  w ith  
a u x in s  (Levi & S ink , 1992; K o h m u ra  
et al. 1996) b u t  a lso  w ith o u t g ro w th  
re g u la to rs  (Ju llien  1974; D elb re il et al. 
1994 a; Ø rn s tru p  & Ju llien  1997). O th er 
e m b r y o g e n ic  c u l t u r e s  c a n  b e  
m a i n t a i n e d  w i t h o u t  g r o w t h  
re g u la to r s  as w e ll e .g ., H em eroca ll is  
(S m ith  & K r ik o r ia n  1991), a lfa lfa  
(P a rro tt  & B a iley  1993), a n d  c itru s  
(K o ch b a  & B u tto n  1974; Y ao et al.
1996).
N u m e r o u s  o th e r  c h e m ic a l  fa c to rs  
th a n  a u x in  h a s  b e e n  r e p o r te d  to  
in f lu e n c e  th e  m a in te n a n c e  o f  th e  
e m b ry o g e n ic  c u l tu r e s ,  th e  v a r io u s  
c y to k in in s  b e in g  th e  m o s t co m m o n  
o n es  (R ae m a k ers  et al. 1995) b u t  also 
e.g ., case in  h y d ro ly sa te  a n d  g lu ta m in e  
w h ic h  in c re a se  th e  p ro life ra tio n  ra te  
of A bies  norm anniana  (N ø rg a a rd  & 
K ro g s tru p  1991).

L o n g  t e r m  m a i n t e n a n c e  o f  
e m b ry o g e n ic  c u l tu re s  is f re q u e n tly  
a c co m p an ie d  b y  a loss o f th e ir  ab ility  
to  p r o g r e s s  to  m a tu r e  e m b ry o s  
(R e u th e r  1990; Z im m e rm a n  1993). It 
h a s  b e e n  p ro p o s e d  th a t  m a in te n a n c e  
o f th e  em b ry o g e n ic  c u ltu re s  o n  m ed ia  
d e v o id  o f g ro w th  re g u la to rs  p ro b ab ly  
se lec t fo r fu r th e r  e m b ry o n ic  cap ac ity  
ra th e r  th a n  fo r th e  a b ility  to  co n v e rt 
in to  p la n ts  (P a rro tt  & B ailey  1993). 
H o w e v e r , if r e g e n e ra tio n -c o m p e te n t 
c a llu s  (B u ite v e ld  et al. 1993) o r la te  
s ta g e  so m a tic  em b ry o s  are se lec ted  at 
e a ch  s u b c u ltu re  th e  a b ility  to  reach  
m a tu r i ty  a n d  co n v e r t to  p la n tle ts  can  
b e  m a in ta in e d  fo r  s e v e ra l  y e a r s  
(R e u th e r  1990; S a ito  et al. 1991; 
Ø rn s tru p  & Ju llie n  1997). E sp ec ia lly  
s u s p e n s io n  c u l tu re s  d o  o f te n  lo o se  
th e ir  r e g e n e ra tio n  capac ity . T his m ay,

h o w e v e r ,  b e  a t t r i b u t e d  to  th e  
s u b c u ltu re  te c h n iq u e s , as m a n y  o f 
th ese  invo lves  se lec tio n  of e a rly  s tag e  
em b ry o s  by  e.g. f iltra tio n . T hese e a rly  
s tage  em b ry o s are  se lec ted  b ec au se  of 
th e ir  h ig h  m u ltip lic a tio n  p o te n tia l b u t 
th e ir  se lec tio n  d o  a c tu a lly  e s ta b lish  a 
s tro n g  se lec tive  p re s s u re  fo r em b ry o s  
w h ich  b u d  off n ew  ea rly  s tage  em bryos 
w i th o u t  th e m s e lv e s  r e a c h in g  th e  
m a tu r e  s ta g e .  In  th is  w a y  th e  
m a tu ra tio n  ab ility  can  b e  su ccessiv e ly  
lo s t .  T h is  ca n  b e  c i rc u m v e n te d  b y  
se le c tin g  la te  s t a g e /m a tu r e  so m a tic  
e m b ry o s  fo r s u b c u ltu re  (Z im m e rm a n
1993). T he m u ltip lic a tio n  ra te  o f th e  
cu ltu re  w ill be lo w er b u t  it w ill m a in 
ta in  th e  ab ility  to  p ro d u c e  p la n tle ts . 
T he f iltra t io n  p ro c e ss  h as , h o w e v e r, 
th e  a d v a n ta g e  th a t  i t  g iv e s  th e  
possib ility  to  collect em b ry o s a t specific 
s izes  so  th a t th e  n ew  p o p u la t io n  is 
f a ir ly  h o m o g e n  in  d e v e lo p m e n t .  
F u r th e r  d e v e lo p m e n t  w ill  th e n  b e  
m o re  o r  le ss  s y n c h ro n o u s .  L a rg e  
q u a n titie s  o f sy n c h ro n o u s  d e v e lo p in g  
so m a tic  e m b ry o s  fa c il i ta te  f u r th e r  
w o rk  in  b o th  p ro p a g a tio n  a n d  fu n d a 
m e n ta l r e se a rc h  (M u n k s g a a rd  et al.
1995).

Conversion of somatic embryos to 
plantlets

G e n e ra lly  th e  d if fic u ltie s  in  so m a tic  
em b ry o g e n es is  can  b e  d iv id e d  in  tw o  
c lasse s: a) In d u c tio n ,  iso la tio n  a n d  
m a in ta in in g  of th e  so m a tic  em b ry o s , 
a n d  b) c o n v e r s io n  to  p la n t le t s .  
C o n v e r s io n  o f  m a tu r e  s o m a t ic  
e m b ry o s  to  p la n tle ts  w ith  ro o t a n d  
s h o o t in c lu d e s  s e v e ra l  s im ila r i t ie s  
w ith  the  zygo tic  em b ry o  d ev e lo p m e n t. 
Z y g o tic  e m b ry o  d e v e lo p m e n t p a s se s  
th ro u g h  se v e ra l s ta g e s  d u r in g  se e d  
d ev e lo p m e n t a n d  m a tu ra tio n  in  o rd e r
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to  p r e p a r e  th e  se e d  fo r d o rm a n c y , 
s u b s e q u e n t  d is s e m in a t io n  a n d  th e  
la te r  g e rm in a tio n  w ith  d e v e lo p m e n t 
o f  th e  m a t u r e  p l a n t .  D u r in g  
m a tu r a t io n ,  th e  se e d  in c re a s e s  in  
v o lu m e  a n d  m a ss  d u e  to  e m b ry o  d e 
v e lo p m e n t a n d  re se rv e  ac cu m u la tio n . 
T his is a v e ry  im p o r ta n t p h a se  fo r the 
z y g o tic  e m b ry o  as  w e ll as  fo r th e  
so m a tic  e m b ry o , b e c a u se  it is d u r in g  
th is  p h a s e ,  th a t  f u l ly - d e v e lo p e d  
em b ry o s  are  p ro d u ce d .
E m b ry o  d es icca tio n  occu rs n a tu ra lly  in 
m o s t seed s, a n d  h as  a ro le  in  th e  d ev e
lo p m e n ta l tra n s itio n  b e tw e e n  m a tu ra 
t io n  a n d  g e rm in a tio n  (T hom as 1993). 
T h e  c o n v e rs io n  o f so m a tic  em b ry o s  
h a s  b e e n  im p r o v e d  b y  v a r io u s  
t r e a t m e n t s  a f f e c t in g  th e  w a te r  
p o te n t ia l  in  th e  e m b ry o , in c lu d in g  
p o ly e th y le n e  g lyco l (PEG) (B row n et 
al. 1989; A ttre e  et al. 1991), in c re ase d  
c a rb o h y d ra te  leve l (B row n et al. 1989; 
L ev i a n d  S in k  1990 a n d  1992) an d  
im p ro v e d  a ir  e x c h a n g e  (S aito  et al. 
1991 ; R u e b  et al. 199 4 ). T h e  
p h y s i o l o g i c a l  e f f e c t  o f  th e s e  
t r e a tm e n ts ,  m im ic k in g  d e s ic c a tio n  
d u r in g  n a tu r a l  s e e d  d e v e lo p m e n t,  
c o u ld  in d u c e  a b sc is ic  ac id  (ABA ) 
s y n th e s is  w h ic h  m a y  th e n  a c tiv a te  
A BA  re s p o n s iv e  g e n e s  e s se n tia l fo r 
e m b ry o  m a tu ra tio n  (see below ).
A  n u m b e r  o f  o th e r  fa c to rs ,  b o th  
c h e m ic a l a n d  p h y s ic a l ,  h a v e  b e e n  
sh o w n  to  h a v e  a n  e ffec t o n  so m a tic  
e m b ry o  m a tu r a t io n  an d  c o n v e rs io n . 
T h ese  in c lu d e , a m o n g  o th e rs , am in o  
ac id s (H ig ash i et al. 1996), te m p e ra tu re  
(Li & W olyn  1996), su c ro se  (O kazaki & 
K o izu m i 1995), n ico tin ic  ac id  (P a rro tt 
& B a iley  1993), A BA  (B row n  et al.
1989), g ibbere llic  ac id  (L apena & Brisa 
1995; Y ao et al. 1996), p H  (S m ith  & 
K r i k o r i a n  1 9 9 1 ) , a n d  m in e r a l  
co m p o s itio n  of th e  m e d ia  (Jéhan et al.
1994). S om e of th e se  su b s ta n c e s  m ay

a c tiv a te  th e  d e s ic c a tio n  r e s p o n d in g  
g e n e s , e i th e r  b y  th e m s e lv e s  o r  b y  
seco n d ary  p ro d u c ts , from  th e ir  ac tion . 
A bscisic  ac id  re g u la te s , a m o n g  o th e r  
e v e n ts , e m b ry o  m a tu ra tio n  a n d  seed  
d o rm a n c y  (S k riv e r & M u n d y  1990). 
D u r in g  z y g o tic  e m b ry o  m a tu r a t io n  
ABA le v e ls  re a c h  a m a x im u m , s u p 
p re s s in g  p rec o c io u s  g e rm in a tio n  a n d  
m o d u la tin g  gene ex p re ss io n  to  in d u c e  
d e s ic c a tio n  to le ra n c e  a n d  p ro m o tin g  
ac cu m u la tio n  o f s to rag e  p ro d u c ts . The 
ABA c o n c en tra tio n  g e n e ra lly  d ec lin es  
rap id ly  w h en  the  seed  d ries  (B ew ley & 
Black 1994). Late em b ry o g en esis  a b u n 
d a n t  ( l e a )  g e n e s ,  w h o s e  
d e v e lo p m e n ta l e x p re ss io n  m a y  co in 
c id e  w ith  th e  rise  in  e n d o g e n o u s  seed  
ABA level, h a v e  b ee n  d esc rib ed  from  
v a r io u s  sp e c ie s  (S k r iv e r  & M u n d y  
1990; T hom as 1993).
L ow  o sm o tic  p o te n tia ls  can  in d u c e  
m a n y  o f th e  p h y s io lo g ic a l a n d  b io 
chem ical effects in d u c ed  b y  ABA tre a t
m en t, a n d  so m e tim es  also  in d u c e  e n 
d o g en e  ABA sy n th e s is  (K ong & Y eung
1995). It is ev e n  p o ss ib le  th a t o sm otic  
s tre s s  in c reases  th e  se n s iv ity  to  ABA. 
F u rth e r , it is like ly  th a t  th e  o sm o tic  
fac to r  a n d  ABA in te ra c t  d u r in g  th e  
se ed  d e v e lo p m e n t (B ew ley  & B lack 
1994). A ttre e  et al. (1992) fo u n d  fo r 
Picea glauca th a t  th e  o p tim a l c u ltu re  
co n d itio n s  for m a tu ra tio n , d es icca tio n  
s u rv iv a l ,  a n d  p la n t le t  r e g e n e ra t io n  
w ere  16-24 nM  ABA an d  7.5% PEG for 
e ig h t w eeks, fo llow ed  by  des icca tion  to 
81% re la tiv e  h u m id ity . A b o u t 80% of 
th e  d e s ic c a te d  s o m a t ic  e m b ry o s  
reg e n era te d  to p lan tle ts .
ABA tre a tm e n t in c re ase d  th e  n u m b e r  
o f  m a t u r e  s o m a t i c  e m b r y o s  
r e g e n e r a t e d  f ro m  w h e a t  ca  ll i ,  
h o w e v e r ,  th e ir  s h o o t d e v e lo p m e n t  
w ere  su p p re sse d  (B row n et al. 1989). It 
is  o f te n  o b s e r v e d  th a t  s o m a t ic  
e m b r y o s  c u l t i v a t e d  o n  m e d ia
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c o n ta in in g  A BA  s to p  th e ir  d e v e lo p 
m e n t a t  m a tu r i ty ,  a n d  th e n  co n v e r t 
w h e n  th e y  a re  tra n s fe rre d  to  m e d iu m  
w i th o u t  A B A  (S k r iv e r  & M u n d y
1990). T he tra n s fe r  to  A B A -d ep riv ed  
m e d iu m  d o  th e n  m im ic  th e  re d u c e d  
ABA  leve l in  m a tu re  seeds.

In  g e n e ra l th e  c o n v e rs io n  o f so m atic  
e m b ry o s  is  d if f ic u lt  to  h a n d le . T he 
s o m a tic  e m b ry o s  d o  o f te n  n e e d  a 
sp e c ia l tre a tm e n t in  o rd e r  to  s to p  the  
p ro d u c tio n  of se co n d a ry  em bryos. The 
e l im in a t io n  o f  s u g a r s  f ro m  th e  
m e d iu m  c a n  s to p  s e c o n d a ry  e m 
b ry o g e n e s is  (P a rro tt  & B ailey  1993). 
T h ese  a u th o rs  a lso  sh o w e d  th a t  th e  
c a rb o h y d ra te  a n d  its co n cen tra tio n  has 
a g rea t in flu en ce  o n  seco n d ary  som atic  
e m b ry o g e n e s is .  G ib b e re llic  ac id  h as  
im p r o v e d  c o n v e r s io n  o f  s o m a tic  
e m b ry o s  f ro m  Fragaria x  ananassa  
(W a n g  et al. 1984) a n d  D i g i t a l i s  
obscura  (L a p en a  & B risa 1995). T he 
n a tu re  o f th e  c o n v e rs io n  t r e a tm e n t 
can  b e  h ig h ly  v a riab le  b u t is o ften  re la 
ted  to  th e  w a te r  s ta tu s  o f th e  em b ry o  
w h ic h  d o  n o t n e e d  to  b e  to ta l ly  
d e s ic c a te d  in  o r d e r  to  in i t ia te  th e  
c o n v e rs io n  p ro ce ss . T he d e h y d ra tio n  
p r o c e s s  c a n  b e  s lo w e d  b y  
e n c a p s u la tio n  o f th e  s in g le  so m a tic  
e m b ry o s  in  a lg in a te  gels as re p o rte d  by  
T im b e rt et al., (1996 a) w h o  fo u n d  a 
g e r m in a t io n  r a te  o f  73% o f c a r ro t 
so m a tic  e m b ry o s  a f te r  a s lo w  (11.5 
d ay s)  d e h y d ra tio n  fro m  95%  to  15% 
RH .

Artificial seeds

A se e d  c o n s is ts  e s sen tia lly  o f th e  em 
b ry o , th e  re se rv e s , a n d  a p ro te c tin g  
e n v e lo p e .  T h e  r e s e rv e s ,  h o w e v e r ,  
m ay  be e ith e r  m a in ly  in  the  em b ry o  or 
in  th e  e n d o s p e rm  a c c o rd in g  to  the

sp ec ie s . A n  a r tif ic ia l se e d  c o u ld  be 
p ro d u c e d  if it w a s  p o ss ib le  to  g ive  a 
so m atic  em b ry o  a p ro te c tin g  en v e lo p e  
a n d  r e s e rv e s  r e s e m b lin g  th e  o n e s  
f o u n d  in  n o r m a l  s e e d s .  S o m a tic  
e m b ry o s  h a s  b e e n  e n c a p s u la te d  b y  
s e v e r a l  t e c h n i q u e s ,  t h e  m o s t  
c o m m o n ly  u se d  b e in g  a lg in a te  e n c a p 
su la tio n .
T he sy n th e tic  se ed  co a t m u s t b e  n o n 
d a m a g in g  to  th e  em b ry o , p ro te c t th e  
em b ry o  from  m ech an ica l d am a g e  d u r 
in g  h a n d l in g ,  a n d  a l lo w  r a d ic le  
e lo n g a tio n  a n d  c o n v e rs io n  to  o cc u r 
w ith o u t delay .
E n c a p s u la te d  so m a tic  e m b ry o s  h a s  
sh o w n  en h a n ce d  des icca tio n  to le ran ce  
a n d  e v e n  im p ro v e d  c o n v e rs io n  f re 
q u e n c y  c o m p a re d  to  n a k e d  so m a tic  
e m b ry o s  (T im b e r t et al. 1996 a, b). 
D esiccated  som atic  em b ry o s, e n c a p su 
la te d  o r n o t, can  fac ilita te  h a n d lin g , 
s to ra g e  a n d  t r a n s p o r t  c o m p a re d  to  
n o r m a l  m o is t  s o m a t ic  e m b ry o s .  
S u rv iv a l of th e  e n c a p su la te d  em b ry o s  
m a y  b e  im p ro v e d  b y  s u p p ly in g  th e  
e n c a p s u la tin g  m a tr ix  w ith  a d d i t iv e s  
e .g . fu n g ic id e s ,  m in e r a l  n u tr ie n ts ,  
c a rb o h y d ra te s  o r sy m b io tic  fu n g i a n d  
b a c te r ia  s p e c ia lly  a d ju s te d  to  th e  
specific  p la n ts  a n d  en v iro n m e n ts . F or 
fu r th e r  d e ta ils  see R e d e n b a u g h  (1993 
a).

Somaclonal variation

S o m a c lo n a l v a r ia t io n  in v o lv e s  a ll 
fo rm s of v a r ia tio n  e n c o u n te re d  in  tis 
su e  c u ltu re . V a ria tio n  can  b e  e i th e r  
h e r i ta b le  m u ta t io n s  o r  e p ig e n e t ic  
c h a n g e s .  T h e  v a r i a t i o n  c a n  b e  
c o n s id e r e d  p o s i t iv e  o r  n e g a t iv e  
a c c o rd in g  to  th e  g o a l ch o sen  b y  the  
researcher. P lan t b ree d e rs  d re a m in g  of 
n ew  v a ria n ts  an d  p ro p a g a to rs  cling ing  
to  th e  o ld  o n es . G e n e ra lly  p la n ts
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re g e n e ra te d  fro m  so m atic  em b ry o s  are 
id e n tic a l to  th e  d o n o r  p la n t b u t  a few  
h e r ita b le  v a r ia tio n s  h av e  b ee n  found . 
R uiz et al. (1992) o b se rv ed  93 p la n ts  re
g e n e r a t e d  f ro m  3 c u l t iv a r s  o f 
H o r d e u m  vu lg a re .  E ach  p la n t  v a s  
r e g e n e ra te d  fro m  a d if fe re n t p iece  of 
c a llu s . O n e  p la n t  s h o w e d  v is ib le  
h e r i t a b l e  v a r i a t i o n .  N o n v is ib l e  
v a r ia t io n  e.g . in  th e  b io c h e m is try  is 
m o re  d if f ic u lt to  e v a lu a te . H o w ev er, 
th e  iro n e  (e sse n tia l o ils) co m p o sitio n  
o f 18 Iris  c lo n e s  r e g e n e ra te d  fro m  
so m atic  em b ry o s  w e re  fo u n d  iden tical 
to  th e ir  m o th e r -p la n ts  (Jéh an  et al. 
1994).
R ueb et al. 1994 re g e n e ra te d  rice p la n ts  
fro m  m a tu re  zy g o tic  em b ry o s  v ia  so 
m a tic  e m b ry o g e n e s is  a n d  fo u n d  th a t 
sp ik e le t d e v e lo p m e n t w a s  d is tu rb e d  
fo r 2% o f th e  re g e n e ra te d  p la n ts . Tw o 
% of th e  p la n ts  w ith  n o rm a l sp ike le ts  
w e re  s te rile . F e rtility  w a s  n o rm a l for 
56% o f th e  p la n ts  a n d  red u c ed  for 42%. 
S m all a n d  th in  se ed s  w e re  p ro d u c e d  
b y  3% o f th e  p la n ts  a n d  se ed s  w ith  
tw ic e  th e  s ize  o f n o rm a l se ed s  w ere  
p ro d u c e d  b y  o th e r  3% of th e  p la n ts . 
H o w e v e r , n o  f u r th e r  g e n e tic  s tu d y  
w as  p e rfo rm ed .
G ene tic  s tab ility  o f w h e a t em bryogen ic  
tis su e  c u ltu re s  h as  b ee n  im p ro v e d  by 
im ita t in g  th e  n u tr ie n t  a n d  h o rm o n e  
le v e ls  in  th e  z y g o tic  o v u le  o f w h e a t 
(C arm a n  1995). The h y p o th e s is  b e h in d  
th is  W ork  w a s  th a t ab n o rm a l d ev e lo p 
m e n t m a y  b e  c a u se d  b y  a v a r ie ty  of 
p h y sio lo g ica l stresses , in c lu d in g  a) os
m otic  s tresses  e n c o u n te re d  d u r in g  cu l
tu re  b) in su ff ic ie n t ch e m ic a l e n e rg y  
for sy n th e s is in g  m a cro m o le cu le s  an d  
fo r  m a in ta in in g  tu r g o r  a n d  co rre c t 
io n ic  g r a d ie n ts  c) n u tr ie n t  su p p lie s  
less co m p lex  th a n  th o se  e x p e rien c ed  
in s i tu  c o n fe r  d iv e rs io n  o f e n e rg y  
s u p p l i e s  f r o m  g r o w t h  a n d  
d e v e l o p m e n t  to  p r e c u r s o r

b io sy n th es is , a n d  d) s lo w  o r v a ria b le  
ra te s  o f n u tr ie n t  a b s o rp tio n  a c ro ss  
p la sm a lem m as (C arm an  1995). A  s u p 
p o r t o f th is  h y p o th e s is  is th a t, som a- 
c lo n a l v a r ia tio n  in  a lfa lfa  can  b e  r e 
d u c e d  b y  th e  u se  o f c i tra te  in  th e  
m a in te n a n c e  m e d iu m  (R e d e n b a u g h  
& W alker 1990).
O b se rv a tio n  fo r so m a c lo n a l v a r ia tio n  
n ee d  lo n g -te rm  e x p e r im e n ts , a n d  b e 
c a u se  o f th is  it is ra re ly  p e r fo rm e d  
above th e  tru e -to -ty p e  level, b u t  th is  is 
a p ity  b e c a u s e  m u c h  c r it ic ism  of 
so m a tic  e m b ry o g e n e s is  is r e la te d  to  
th e  fear o f u n w a n te d  v aria tio n . 
H o w ev er, ev e n  n a tu ra l  p la n t p o p u la 
t io n s  c a n  sh o w  g re a t  v a r ia t io n  in  
c h ro m o so m e  n u m b e r. N o t e v e n  h a s  
ro o t tip s  of Agrostis  stolonifera  sh o w n  
h ig h ly  v a ria b le  ch ro m o so m e  n u m b e rs  
in  v a r io u s  g en o ty p es , b u t also  w ith in  
the  sam e p la n t (Kik et al. 1993).

Protoplast culture

R ecovering  of p la n ts  from  p ro to p la s ts  
can  be h ig h ly  efficien t if th e  p ro to p la s t 
so u rce  is an  em b ry o g e n ic  su sp e n s io n  
c u ltu re  (S h illito  et al. 1989; A ttre e  & 
F ow ke 1993; P an is  et al. 1993; Yin et al. 
1993; rev iew : R oest & G ilissen  1993). 
T he logic of th is a p p ro a c h  is th a t iso la
tio n  of p ro to p la s ts  from  tis su e  th a t  is 
ab le  to  re g e n e ra te  p la n ts  w ill lik e ly  
y ie ld  p ro to p la s t c u ltu re s  ab le  to  fo rm  
w h o le  p la n ts  as  w e ll (S h illito  et al. 
1989). R e g e n e ra tio n  fro m  p ro to p la s t  
fu sio n s can  be fac ilita ted  if on e  of the  
p a r t n e r s  o r i g i n a t e  f r o m  a n  
em b ry o g e n ic  c u ltu re  (K o b ay ah si et al.
1988).
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T ransformation

In  o rd e r  to  e s ta b lish  a successfu l p ro 
g ra m m e  fo r  p ra c tic a l  p la n t  g e n e tic  
e n g in e e rin g  it is im p o r ta n t to  d ev e lo p  
s y s te m s  fo r  th e  re c o v e ry  o f la rg e  
n u m b e rs  o f t r a n s fo rm e d  p la n ts . The 
re c o v e ry  o f t r a n s f o r m e d  p la n ts  is 
h i g h l y  i n f l u e n c e d  b y  t h e  
t r a n s f o r m a t io n  te c h n iq u e  a n d  th e  
p la n t  t is s u e  u s e d  as e x p la n t. T issu e  
fro m  se e d lin g s  a n d  zy g o tic  em b ry o s  
a re  ex am p les  o f y o u n g  (= fast g row ing) 
tis su e  w h ich  h as  p ro v e d  good  s ta rtin g  
m a te r i a l  fo r  t r a n s f o r m a t io n  e x 
p e r im e n ts  (K lein  et al. 1988; Becker et 
al. 1994; H iei et al. 1994; C h a u d h u ry  et 
al. 1995, Ish id a  et al. 1996), b u t som atic  
e m b ry o s , w h ic h  can  b e  p ro d u c e d  in  
la rg e  q u a n t i t ie s  a n d  a t d e f in e d  d e 
v e lo p m e n ta l  s ta g e s , se em s a n  e v e n  
b e t t e r  c h o i c e .  E p i d e r m a l  o r  
s u b e p id e r m a l  o r ig in  o f s e c o n d a ry  
so m a tic  e m b ry o s  (D e lb re il et al 1994; 
T a y lo r  et al. 1996) is p e r fe c t  fo r 
tra n s fo rm a tio n  b ec au se  it is ea sy  ac
cess ib le  fo r th e  tra n s fo rm a tio n  ag e n t 
e .g . m e ta l p a r tic le s  o r  b a c te ria . T he 
s in g le  ce ll o r ig in  o f th e  se c o n d a ry  
e m b ry o s  e l im in a te s  th e  r is k  fo r  
c h im e ra s  b e c a u se  s u s ta in e d  se lec tive  
p r e s s u r e  o n  p a r t l y  t r a n s f o r m e d  
e m b r y o s  r e s t r i c t s  th e  s e c o n d a r y  
s o m a t ic  e m b r y o s  to  a r is e  f ro m  
tra n s fo rm e d  tis su e . In  th is  w ay , o v er 
tim e, n u m e ro u s  tran sg e n ic  p la n ts  can  
be  p r o d u c e d  f ro m  a s in g le  e m b ry o  
(F iro o z a b a d y  et al. 1994). B ecause of 
th is  th e  so m a tic  e m b ry o s  re p re s e n t  
s o m e  of_ th e  b e s t  e x p la n ts  fo r  
t r a n s f o r m a t i o n  e x p e r i m e n t s .  
H o w e v e r , th e  h ig h  d iv is io n  ra te  of 
ea ch  ce ll in  th e  so m a tic  e m b ry o  is 
m a y b e  th e  m o s t im p o r ta n t  ch a ra c te r  
for p o s itiv e  resu lts . T his h as  in sp ire d  
re se a rc h e rs  to  w o rk  w ith  sin g le  cells 
(A re n c ib ia  et al. 1995) o r  p ro to p la s ts

( T o r i y a m a  & H i n a t a  1 9 8 5 ; 
M u k h o p a d h y a y  & D e s ja rd in s  1994) 
iso la ted  from  cu ltu re s  o f ca llu s  a n d  in  
t h i s  w a y  a v o i d  c h i m a e r i c  
t r a n s fo rm a n ts .  S u s p e n s io n  c u l tu re s  
a re  especially  ap p re c ia ted  as sou rces of 
tra n s fo rm a b le  tis su e  b ec au se  of th e ir  
h ig h  m u l t ip l ic a t io n  p o te n t ia l  a n d  
la rg e  su rfa ce  a re a  (F iner et al. 1992; 
V a in  et al. 1993; F iro o z a b a d y  et al.
1994). In  som e cases th e  e m p lo y m e n t 
o f tis su e  from  su sp e n s io n  c u ltu re s  h as  
e v e n  b e e n  r e p o r te d  c ru c ia l fo r  r e 
g e n e r a t io n  o f t r a n s g e n ic  p la n t s  
( S c h ö p k e  et al.  1 9 9 6 ) .  
M o n o c o ty le d o n o u s  p la n ts ,  h o w e v e r , 
o ften  n e e d s  lo n g  tim e  fo r th e  e s ta b 
lis h m e n t of s u s p e n s io n  c u l tu re s  so 
th e i r  u s e  h a s  b e e n  r e s t r ic te d  to  
r e l a t i v e l y  f e w  c u l t i v a r s  o f  
m o n o c o ty le d o n s  (F in e r  et al. 1992; 
G u o  et al. 1995; I sh id a  et al. 1996). 
H o w ev er, calli d ev e lo p e d  from  zygo tic  
e m b ry o s  h a s  b e e n  u s e d  d ire c tly  as 
t a r g e t  f o r  m i c r o p r o j e c t i l e  
b o m b a rd m e n t w ith  g o o d  r e s u lts  in  
w h e a t (W eeks et al. 1993) a n d  in  rice 
(S ivam ani et al. 1996). T ra n sfo rm a tio n  
ca n  e v e n  b e  p e r fo rm e d  b e fo re  th e  
c a llu s  s ta g e . N e h ra  et al. (1994) 
c u ltu red  scu tella  from  zygo tic  em b ry o s 
of w h e a t for tw o  d ay s  befo re  sub jecting  
to  m ic ro p ro je c tile  b o m b a rd m e n t.  So 
th e  firs t so m a tic  em b ry o s  a ro se  a f te r  
th e  t r a n s fo r m a t io n  e v e n t.  T h is  is, 
h o w e v e r ,  o n ly  p o s s ib le  if h ig h ly  
effic ien t p ro to c o ls  fo r in d u c tio n  a n d  
iso la tion  of som atic  em b ry o s  h a s  b ee n  
d e v e lo p e d . In  th e  case of w h e a t  th e  
m e th o d  h a s  p ro v e d  u s e fu l  in  10  
c o m m e rc ia l v a r ie t ie s  (N e h ra  et al.
1994). M a iz e  im m a tu r e  z y g o t ic  
em b ry o s  from  6 v a rie tie s  w h ich  w ere  
su b jec ted  to  A g r o b a c te r iu m - m e d ia te d  
t r a n s f o r m a t i o n  y i e l d e d
p h o s p h in o th r ic in  r e s is ta n t  ca lli from  
38%  to  90%  o f th e  e m b ry o s , a n d

17



tr a n s g e n ic  m a iz e  p la n ts  fro m  5% to 
30% of th e  in itia l em b ry o s  (Ish id a  et 
al. 1996).
E ven  in  th e  cases w h e re  no  effic ien t 
p ro to c o l fo r  so m a tic  e m b ry o g e n e s is  
h a s  b e e n  e s ta b l is h e d  th e  so m a tic  
e m b ry o s  m a y  b e  th e  m o s t e ff ic ie n t 
e x p l a n t  in  t r a n s f o r m a t i o n  e x 
p e r im e n ts . T his is b ec au se  th e  u se  of 
th e  (ra re )  o r ig in a l so m a tic  e m b ry o s  
can  g iv e  r ise  to  c u l tu re s  o f so m a tic  
em b ry o s  w h ich  can  b e  u se d  as exp lan ts 
in  t r a n s f o r m a t i o n  e x p e r im e n t s .  
T ra n s f o rm e d  p la n ts  c a n  th e n  b e  
r e g e n e r a t e d  f r o m  th e  s o m a t ic  
e m b ry o s .  O r ig in a l  e x p la n t s  fo r  
t r a n s f o r m a t io n  m a y  o n ly  p ro d u c e  
t r a n s f o r m e d  c a l l i  w i t h o u t
re g e n e ra tio n  ca p ac ity  (F iro o za b ad y  et 
al. 1994).

T ra n s fo rm a tio n  effic iency  is n o t o n ly  
re la te d  to  cho ice  o f e x p la n t b u t  also  
h ig h ly  d e p e n d e n t on  th e  chosen  tra n s 
fo rm a tio n  te c h n iq u e . M ic ro p ro je c tile  
b o m b a r d m e n t  h a s  b e e n  th e
d o m i n a t i n g  t e c h n i q u e  f o r  
t r a n s fo rm a tio n  o f m o n o c o ty le d o n o u s  
p la n ts  fo r  y e a rs  (re v ie w : C h r is to u  
1992, 1996). T h e  p r im a ry  fac to r th a t 
h a s  m a d e  p a r t ic le  b o m b a rd m e n t th e  
m o s t  w id e ly  u s e d  t r a n s f o r m a t io n  
m e th o d  is th e  p o ss ib ility  to  ta rg e t in 
ta c t e x p la n ts  in  th e  tr a n s fo rm a tio n  
e x p e rim en ts . In  th is  w ay  it is p o ssib le  
to  m in im is e  o r  e v e n  e l im in a te  th e  
c a llu s  o r  th e  s u s p e n s io n  c u l tu re  as 
ta rg e t ,  a n d  th u s  th e  a c c o m p a n y in g  
r e g e n e r a t i o n  d i f f i c u l t i e s .  
C o n s e q u e n t l y ,  b r e e d e r s  c a n  
c o n c e n tra te  th e  tra n s fo rm a tio n  effo rts  
o n  th e ir  m o s t a d v a n c e d  p la n t  lin es , 
w ith  s ig n ific a n t la b o u r  a n d  tim e  sa v 
in g s  in  th e  b r e e d in g  p ro g ra m m e s  
(C h ris to u  1996).
D esp ite  th e  su ccess  a n d  f lex ib ility  o f 
th e  v a r io u s  p a r t ic le  b o m b a rd m e n t

m e th o d s  th e  te c h n iq u e  d o e s  h a v e  
d raw b ac k s . T ra n sfo rm a tio n  fre q u en c y  
is g en e ra lly  low  a n d  th e  rec o v e ry  of 
tr a n s g e n ic  p la n ts  is f a ir ly  la b o u r  
i n t e n s iv e .  W e e k s  et al. (1993) 
reg e n e ra te d  2 fe rtile  w h e a t p la n ts  p e r  
1000 b o m b a rd e d  im m a tu re  em b ry o s , 
s u b s e q u e n t ly  N e h r a  et al. (1994) 
im p ro v e d  th is  f re q u en c y  to  a b o u t 20 
p e r  1000 b o m b a rd e d  scu tella  o f zygo tic  
w h e a t  e m b ry o s . F u r th e r  th e  g e n e  
in te g ra tio n  p ro ce ss  is n o t u n d e rs to o d  
a n d  so m e tim es  se v e ra l co p ies  o f the  
fo re ig n  g e n e  a re  in s e r te d  in  th e  
g e n o m e  m a k in g , f u r th e r  b r e e d in g  
w o r k  d i f f i c u l t .  I n e v i t a b ly  th e  
t r a n s f o r m a t io n  b y  m ic r o p ro je c t i le  
b o m b a r d m e n t  n e e d s  s p e c i a l  
e q u ip m e n t  a n d  d e s p i te  s u b s ta n t ia l  
s im p lifica tio n  the  la s t y ea rs  (G o d o n  et 
al. 1993) A g r o b a c t e r i u m - m e d i a t e d  
t r a n s fo rm a t io n  is te c h n ic a lly  m u c h  
s im p ler. But it h as  o n ly  rec en tly  b ee n  
p o ssib le  to  ap p ly  Agrobacterium  in  the 
tra n s fo rm a tio n  p ro ce ss  o f th e  m o n o 
c o ty le d o n o u s  p la n ts  e .g . a s p a r a g u s  
(D e lb re il et al. 1993), rice (H iei et al.
1994), a n d  m a ize  (Ish id a  et al. 1996). 
C o n tra ry  to  D elb re il et al. (1993) w h o  
u se d  som atic  em b ry o s H iei et al. (1994) 
a n d  Ish id a  et al. (1996) u se d  z y g o tic  
e m b ry o s  in  th e i r  t r a n s f o r m a t io n  
e x p e r i m e n t s .  H o w e v e r ,  p l a n t  
reg e n e ra tio n  w as in  all th re e  cases by  
s o m a t i c  e m b r y o g e n e s i s ,  h e n c e  
sh o w in g  th e  im p o r ta n c e  o f so m a tic  
e m b ry o g e n e s is  in  A g r o b a c t e r i u m -  
m e d ia te d  tra n s fo rm a tio n  o f m o n o c o ts  
w h ic h  in c lu d e  so m e  o f  th e  m o s t  
im p o rta n t food c rops in  th e  w o rld .

Germplasm preservation

In vitro  c u l tu r e s  o f  v e g e ta t iv e ly  
p ro p a g a te d  p la n ts  can  se rv e  as g en e  
b an k s , espec ia lly  a t low  te m p e ra tu re s .

18



T h e lo w  te m p e r a tu re s  w ill re d u c e  
g r o w th  a n d  in  th is  w a y  r e d u c e  
h a n d l in g  costs . H o w e v e r , su b s ta n tia l 
la b o u r  is  r e q u ire d  to  m a in ta in  a n  in  
v i tro  g e n e  b a n k . A n o th e r  a p p ro a c h  
c a n  b e  c r y o p r e s e r v a t i o n .  
C r y o p re s e rv e d  tis s u e  d o  n o t n e e d  
re g u la rly  h a n d lin g  a n d  m u ta tio n s  in 
d u c e d  d u r in g  s to rag e  can  b e  neg lec ted . 
S om atic  e m b ry o s  h a s  in  se v e ra l cases 
d e m o n s tra te d  th e ir  a b ility  to  su rv iv e  
c ry o p re se rv a tio n  e.g. c a rro t a n d  coffee 
(T esse reau  et al. 1994), rice (C ornejo  et 
al. 1995), M usa  sp p . (P an is & S w ennen
1995), a n d  a sp a ra g u s  (U ragam i 1995).

Fundamental research

E m b ry o g e n e s is  is th e  re su lt  o f lo n g 
te rm  e v o lu t io n a r y  p ro c e s s e s ,  a n d  
m u s t  b e  h ig h ly  c o n s e rv e d  a m o n g  
h ig h e r  p l a n t s .  A ll p l a n t s  th a t  
re p ro d u c e  b y  se e d  m u s t h a v e  all the  
n e c e s s a ry  g e n e s  fo r e m b ry o g e n e s is . 
T h e o r e t i c a l l y ,  f o r  s o m a t i c  
em b ry o g e n e s is  to  o ccu r, it is s im p ly  
n e c e s s a ry  to  a c tiv a te  th e  re q u ir e d  
g en e s  a t th e  a p p ro p r ia te  tim e a n d  in  
th e  n e c e s s a ry  se q u e n c e . In d iv id u a l  
ce lls , w ith  th e  c a p a c ity  to  u n d e rg o  
s o m a t i c  e m b r y o g e n e s i s ,  c o u ld  
co nceivab ly  be p ro d u c e d  b y  ac tiv a tio n  
of p ro m o to r  reg io n s  of key  genes th a t 
s t a r t  th e  e m b ry o g e n ic  p ro c e s s , o r  
a l te r n a t iv e ly ,  in a c t iv a te  r e p r e s s o r s  
w h ic h  w o u ld  o th e rw ise  s u p p re s s  th e  
p ro ce ss  (M erk le et al. 1990). M u ta tio n s  
can  g iv e  im p ro v e d  ab ility  to  p ro d u c e  
s o m a tic  e m b ry o s  e .g . in  a s p a ra g u s  
(D elb reil & Ju llien  1994).
T h e  to ta l  n u m b e r  o f  g e n e s  in  
Arabidopsis thaliana  h a s  b e e n  ca lc u 
la te d  to  b e tw e e n  16 000 a n d  43 500 
(G ibson  & S om erv ille  1993). Jü rg en s  et 
al. (1991) e s t im a te  th a t  A r a b id o p s i s  
c o n ta in  a p p r o x im a te ly  4000 g e n e s

e s se n tia l fo r e m b ry o g e n e s is . M e in k e  
(1991) e v a lu a te  th e  n u m b e r  o f 
e s se n tia l g en es  as lo w  as  500. B ody 
o rg a n isa tio n  in  th e  zy g o tic  e m b ry o  of 
Arabidopsis  can  m a y b e  b e  e s ta b lish e d  
b y  on ly  40 genes (M ayer et al. 1991). 
M u ta t io n s  in  z y g o tic  e m b ry o s  of 
Arabidopsis  h a v e  rev e a le d  th a t w h o le  
re g io n s  of th e  e m b ry o  b o d y  ca n  be 
d e le te d  b y  s in g le  m u ta tio n s . F o r ex 
a m p le ,  shoo t m er is te m le s s  d o  n o t 
d e v e lo p  th e  sh o o t m e ris te m  d u r in g  
e m b ry o g e n e s is  a n d  h a s  n o  le a v e s ; 
laterne do  n o t d ev e lo p  co ty led o n s  b u t  
h a s  n o rm a l  s h o o t  m e r is te m s  a n d  
le a v e s ; in  e m b ry o g e n ic  f l o w e r  th e  
a p ic a l m e r is te m  is d e le te d  a n d  a 
f lo w er m e ris te m  d ev e lo p  in s te a d , n o  
leaves is p ro d u c e d  on ly  flow ers; gurke  
h a s  n o  ap ica l reg io n ; m onopteros  h a s  
a n o rm a l ap ica l reg io n  b u t  th e  ce n tra l 
a n d  b asa l em b ry o  reg io n  is d e le te d  so 
th e  e m b r y o  d o  o n ly  d e v e lo p  
co ty led o n s an d  sh o o t m e ris tem  b u t no  
h y p o co ty l o r  roo t; short root a n d  hob- 
bit h a v e  a b n o rm a l ro o t d e v e lo p m e n t 
b u t  th e  ro o t m e ris te m  is n o t to ta lly  
d e le te d . M u ta tio n s  p e r tu r b in g  e v e n  
e a r l ie r  in  e m b ry o  d e v e lo p m e n t a re  
e.g. raspberryl  w h ich  fails to  u n d e rg o  
th e  g lo b u la r-h e a r t s ta g e  tra n s itio n , it 
rem a in s  g lo b u la r  a n d  d o  n o t d ev e lo p  
axis o r co ty ledons , a n d  knolle em b ry o s  
lack  a e p id e rm a l cell la y e r  a n d  s ta y  
ro u n d , w ith o u t d e fin e d  ap ica l o r  basa l 
reg io n s. T he knolle  m u ta n t  re se m b le s  
the  ca rro t som atic  em b ry o  m u ta n t t s l l  
w h ic h  d ev e lo p  a d efec tiv e  p ro to d e rm  
a n d  is a r re s te d  a t th e  g lo b u la r  s ta g e  
(De Jong  et al. 1992; G o ld b e rg  et al. 
1994 an d  th e ir  references; Jü rg en s  1995 
a n d  h is  references). The re a d e r  sh o u ld  
c o n s u lt  th e  l i t e r a tu r e  fo r  e x te n d e d  
d e s c r ip t io n s ,  h o w e v e r ,  a t t e n t io n  
sh o u ld  b e  p a id  to  th e  re se m b la n ce  of 
th e se  Arab idopsis  m u ta tio n s  a n d  th e  
v a r i o u s  e m b r y o  d e f o r m a t i o n s
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e n c o u n te re d  in  th e  w o rk  w ith  som atic  
e m b ry o s . M u ta tio n s  h o m o lo g o u s  to  
th e  o n es  d esc r ib e d  in  Arabidopsis  can  
m a y b e  e a s ily  b e  fo u n d  in  a b n o rm a l 
so m a tic  e m b ry o s  f ro m  m a n y  o th e r  
species.

B ecau se  th e  in it ia l  s ta g e s  o f zy g o tic  
e m b ry o  d e v e lo p m e n t  o c c u r  in  th e  
o v u le , i t  is  d if f ic u lt to  o b ta in  la rg e  
q u a n ti t ie s  o f th e  e a r ly  s ta g e s  in  th e  
e m b r y o  d e v e l o p m e n t .  S o m a t ic  
e m b ry o g e n e s is  h a s  b e e n  u s e d  as a 
m o d e l sy s te m  fo r  th e  s tu d y  of ea rly  
e m b ry o  d e v e lo p m e n t ,  s in c e  la rg e  
q u a n t i t i e s  o f  d e v e l o p m e n t a l l y  
sy n c h ro n ised  em b ry o s  can  b e  ach ieved  
( Z i m m e r m a n  1 9 9 3 ) . H o w e v e r ,  
so m a tic  e m b ry o s  c u l tu r e d  in vitro  
m a y  h a v e  d e v e lo p m e n ta l  p a t te r n s  
d i f f e r e n t  f ro m  in vivo  d e v e lo p e d  
zygo tic  em b ry o s, espec ia lly  in  the  la ter 
s ta g e s  o f d e v e lo p m e n t ,  b e c a u s e  of 
th e ir  lack  o f a s so c ia tio n  w ith  o v u la r  
t is su e  a n d  d iffe ren ce s  a sso c ia ted  w ith  
in vi tro  c u l tu r e  c o n d i t io n s  (Jan ick  
1993). T h e  n u m b e r  o f g en e s  iso la te d  
f ro m  s o m a tic  e m b ry o s  is a t  th e  
m o m e n t  f a i r ly  lo w , Z im m e r m a n
(1993) m e n tio n s  21, b u t  th is  n u m b e r  
m a y  inc rease  ra p id ly  th e  nex t years. 
G e n e s  fo r  th e  la te  e m b ry o g e n e s is  
a b u n d a n t  (LEA) p ro te in s  a re  a m o n g  
th e  b e s t s tu d ie d  g en e s  iso la te d  from  
so m atic  em b ry o s. T hey  are  ab u n d a n tly  
e x p r e s s e d  l a t e  in  z y g o t i c  
e m b ry o g e n e s is  a n d  th e n  r e p re s s e d  
b e fo re  d o rm a n c y . Lea gen es h a s  b ee n  
d e s c r ib e d  in  m a n y  p la n ts  in c lu d in g  
A r a b i d o p s i s ,  c o t to n ,  b a r le y ,  r ic e , 
o ilsee d  ra p e , a n d  w h e a t (D u re  et al. 
1989; S k riv e r & M u n d y  1990 an d  the ir 
re fe ren c es ; G o ld b e rg  et al. 1994). The 
t im in g  o f  t h e i r  e x p r e s s io n  in  
e m b ry o g e n e s is  a n d  th e ir  A BA  in- 
d u c ib ili ty  h a v e  led  to  th e  su g g e s tio n  
th a t  in  z y g o tic  em b ry o s , th e y  p la y  a

ro le  in  th e  em b ry o  m a tu ra tio n  p ro cess  
a n d  in  p r o te c t io n  o f th e  e m b ry o  
d u r in g  desiccation . In s itu  lo ca lisa tio n  
e x p e r im e n ts  h a v e  s h o w n  th a t  th e  
e x p re s s io n  p a t te r n  o f th e  lea  g en e  
EMB-1 in  c a r ro t so m a tic  e m b ry o s  is 
s im ila r  to  its  e x p re s s io n  p a t te r n  in  
c a rro t zygo tic  em b ry o s  (W u rte le  et al.
1993). T his sh o u ld  en c o u ra g e  th e  u se  
o f  so m a tic  e m b ry o s  as  m o d e ls  fo r 
zygo tic  em b ry o  d ev e lo p m e n t.

C h an g es in  p ro te in  a p p e a ran c e  d u r in g  
em b ry o g en esis  h as  b ee n  s tu d ie d  u s in g  
som atic  em b ry o s of e.g. Digitalis lanata 
(R einbo the et al. 1992). T he a m o u n t of 
m o s t o f th e  230 p o ly p e p tid e s  ch o sen  
for d e ta iled  an a ly s is  ch a n g e d  d u r in g  
t h e  d i f f e r e n t i a t i o n  o f  t h e  
p ro e m b ry o g e n ic  m a sse s  in to  so m a tic  
e m b ry o s . A lso  th e  p ro te in s  lib e ra te d  
in to  th e  m e d iu m  d u r in g  su sp e n s io n  
c u l tu re  b y  th e  d e v e lo p in g  D ig i ta l is  
so m a tic  em b ry o s  c h a n g e d  in  a s ta g e  
specific  m a n n e r  in d ic a tin g  th a t  th ese  
p ro te in s  co u ld  b e  re g a rd e d  as m a rk e r  
p ro te in s  fo r  sp e c if ic  d e v e lo p m e n ta l  
s ta g e s .  In  c a r r o t ,  e x t r a c e l lu la r  
g ly c o p ro te in s  h a v e  b ee n  sh o w n  to  b e  
in v o lv e d  in  th e  a c q u is i t io n  o f th e  
em b ry o g e n ic  p o te n tia l (D e V ries et al. 
1988; D e Jong  et al. 1992; V an E ngelen  
& De V ries 1992).

T ra n s fo rm a tio n  b y  m ic ro in je c tio n  of 
sing le  cells in  som atic  em b ry o s  can  be 
u s e d  to  a n a ly se  th e  d e v e lo p m e n ta l  
ro u te  le a d in g  to  s e c o n d a ry  so m a tic  
e m b ry o s  (L u s a rd i  et al. 1994). T he 
in je c te d  m a rk e r  c a n  a lso  m a k e  it 
p o ss ib le  to  fo llo w  th e  fa te  o f s in g le  
cells d u r in g  e m b ry o  d e v e lo p m e n t so 
d e v e lo p m e n ta l p a th w a y s  in  em b ry o s  
can  b e  clarified .

A s th e  m a jo rity  of th e  w o rld s  ag r ic u l
tu re  re ly  on  seed  p ro p a g a te d  crops, it is
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c lea r th a t  se ed  v ita lity  is e ssen tia l for 
fu tu r e  n o u r i s h in g  o f th e  g ro w in g  
w o rld  p o p u la tio n . T he zygo tic  em b ry o  
is th e  m a in  fac to r  d e te rm in in g  seed  
v ita l i ty .  C o n s e q u e n t ly  a p ro f ic ie n t  
u n d e r s ta n d in g  of th e  d e v e lo p m e n t o f 
th e  z y g o tic  e m b ry o  is  e s se n tia l. The 
so m a tic  e m b ry o g e n esis  m a y  be on e  of 
th e  m a in  too ls in  th is  research .

Conclusions

T he p ro p a g a tio n  b y  som atic  em b ry o g e
n es is  h as  n o w  rea ch ed  a level w e re  it 
is ap p lica b le  a t a n  in d u s tr ia l level in  a 
few  p la n ts  as e.g. cacao a n d  coffee. 
A p p lic a tio n  o f so m atic  em b ry o g en es is  
in  th e  b r e e d in g  is  c o m m o n  fo r  
g e n o ty p e  m u lt ip lic a tio n , reg e n e ra tio n  
f r o m  p r o t o p l a s t s ,  a n d  p l a n t  
r e g e n e r a t io n  a f te r  t r a n s fo r m a t io n .  
T h e  i m p o r t a n c e  o f  s o m a t i c  
e m b ry o g e n e s is  m a y  in c re a se  in  th e  
f u tu r e  as  th e  n e e d  fo r  e f f ic ie n t  
t r a n s f o r m a t io n  p ro to c o ls  in c re a se s . 
F in a lly , th e  so m a tic  e m b ry o g e n e s is  
m a y  a s s is t th e  fu n d a m e n ta l  re se a rch  
in  z y g o t ic  e m b ry o  d e v e lo p m e n t  
(seeds).
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Introduction

T h e m a in  p ro b le m s  in  a s p a ra g u s  
b re e d in g  are  re la ted  to  sex d e te rm in a 
tio n  a n d  th e  p e re n n ia l n a tu re  of the 
p la n t  w h ic h  g iv es  a  lo n g  g e n e ra tio n  
cycle. M ale p la n ts  a re  p re fe rre d , b u t 
sex  e s tim a tio n  h a s  to  a w a it th e  firs t 
b lo o m in g . H a rv e s t s ta rts  3 y ea rs  afte r 
so w in g  b u t a p ro p e r  es tim a tio n  of the 
p o te n tia l y ie ld  n e e d s  rec o rd in g s  from  
se v e ra l se aso n s. A sp a ra g u s  b re e d in g  
u s in g  tra d itio n a l te ch n iq u e s  is a long  
p ro c e ss  o f te n  ta k in g  15 to  20 y ea rs  
f ro m  th e  s ta r t  o f  a b r e e d in g  p r o 
g ra m m e  to  th e  re lease  o f com m ercia l 
q u an titie s  o f seed .
A s an  o p e n -p o llin a te d  species th e  as
p a ra g u s  p la n t  is v e ry  h e te ro g e n e o u s  
g en e tic a lly , it d o  n o t to le ra te  s tro n g  
in b re e d in g ,  a n d  h e te ro s is  is co m 
m o n . C o n s e q u e n t ly  c o n s id e r a b le  
v a r ia tio n  ex is ts  in  y ie ld  of in d iv id u a l 
p la n ts  o f th e  sam e varie ty .

Origin

Asparagus officinalis L. is a  p e re n n ia l 
m o n o c o ty le d o n  w h ic h  b e lo n g s to  the 
L iliaceae.
Asparagus  is a la rg e  g en u s  (ab o u t 150 
species) o f h e rb a ceo u s  p e re n n ia ls  an d  
te n d e r  w o o d y  s h ru b s  a n d  v in e s , 
g ro w n  m o s t as o rn am e n ta ls , b u t  one, 
A sparagus  officinalis  is g ro w n  as a 
vege tab le . Before it w as  u se d  for food, 
a sp a ra g u s  w a s  u se d  as a m ed ic in e  for 
a lm o s t a n y th in g  fro m  th e  tre a tm e n t 
o f bee  s tr in g s  to  h e a r t tro u b le , d ro p sy  
a n d  to o th ach e . T he G reeks w h o  gave 
a s p a ra g u s  its  n a m e , c u ltiv a te d  a sp a 
rag u s  as a lu x u ry  veg e tab le  as ea rly  as 
200 B. C . A cc o rd in g  to  M o rea u  an d  
Z u a n g  (1977) th e  f ir s t  r e p o r ts  a re  
fro m  E g y p t a n d  G reece (b u t th is  w as 
m a y b e  th e  sp e c ie s  Asparagus acuti-  
f o l i u s ) .  T h e  s a m e  a u th o r s  q u o te

C a to n  fo r re p o r tin g  th a t th e  ro m a n s  
c u l t iv a te d  A s p a r a g u s  o f f ic in a l is .  
A lth o u g h  A. officinalis  is th e  o n ly  
a sp a rag u s  species c u ltiv a ted  as a v eg 
e tab le , e v e n  n o w  ru ra l  p e o p le  from  
S p a in  to  G reece co llec t a n d  e a t the  
y o u n g  s p e a r s  o f  th e  s p e c ie s  
Asparagus acutifolius,  w h ic h  g ro w s  
w ild  in  th e  c o a s ta l re g io n s  o f the  
M e d ite rra n e a n . H e re  w e  a lso  fin d  
A sp a ra g u s  m a r i t im u s  w h ic h  is th e  
w ild  spec ies  m o st s im ila r  in  a p p e a r 
ance to  A. officinalis. M ost o f th e  cu l
tiv a te d  "varieties" o f a sp a ra g u s  to d a y  
a re  m e re ly  s tra in s  o f A . officinalis, 
w ith  little  to  se p a ra te  th e m  m o rp h o 
log ically  one from  an o th er.

Botany

T he p e re n n ia l p a r t  o f th e  a s p a ra g u s  
p la n t  is th e  c ro w n , a rh iz o m e  like 
u n d e rg ro u n d  s tru c tu re  c o n s is tin g  of 
b u d s  an d  sto rag e  roo ts a lo n g  w ith  ab 
so rb in g  roo tle ts . E very  sp r in g  y o u n g  
s te m s, th e  sp e a rs , e m erg e  fro m  th e  
rh izo m e . T hey  re p re s e n t  th e  e d ib le  
p a r t  o f th e  p la n t  a n d  a re  co llec ted  
e v e ry  d a y  fo r  a p p ro x im a te ly  tw o  
m o n th s . A fter th e  h a rv e s t p e r io d  the  
2  m  h ig h  aeria l sh o o ts  a re  a llo w ed  to  
g r o w  a n d  d e v e lo p  " b r a n c h e s ” 
co v e red  w ith  n ee d le -lik e  c lad o p h y lls  
(leaf-like  s tru c tu re s  m o rp h o lo g ic a lly  
re la ted  to  stem s), w h ile  the  leaves are 
re d u c e d  to  sm a ll sc a le s  a lo n g  th e  
s tem s. T he fo liag e  is k n o w n  as th e  
fern .

A s p a ra g u s  f lo w e rs  a re  b o rn e  o n  
y o u n g  sh o o ts  a n d  re a c h  a n th e s is  
b e fo re  m a tu r i ty  of th e  sh o o ts  a n d  
c la d o d e s . O n e  p la n t  ca n  p ro d u c e  
a p p ro x im a te ly  400 so li ta ry  flo w ers , 
b o rn e  tw o  p e r  n o d e , o n e  a t each  side  
o f a la te ra l  b ra n c h  o r  c la d o p h y ll  
(L azarte  a n d  P alse r, 1979). O n  fem ale
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p la n ts  th e  f irs t  b lo o m in g  is se e n  a 
lit tle  la te r  (30-60 d ay s)  th a n  o n  th e  
m a le  p la n ts  so w n  a t th e  sam e tim e. 
T his a llo w s th e  fem a le  p la n ts  to  s u p 
p o r t th e  fairly  b ig  en e rg y  loss u se d  for 
seed  p ro d u c tio n . M a tu re  m ale  a n d  fe
m a le  p la n t s  w ill  f lo w e r  s im u l 
ta n e o u s ly .
In  D e n m a rk  fie ld  g ro w n  p la n ts  w ill 
f lo w er a b o u t 2  y ea rs  a fte r so w in g , in  
F ra n ce  1 4 - 1 6  m o n th s  a f te r  so w in g  
(M o re a u  a n d  Z u a n g ,  1977), a n d  
u n d e r  tro p ic a l c lim ates flo w erin g  can  
b e  seen  a p p ro x im a te ly  100 d ay s  afte r 
so w in g . A sp a ra g u s  h a s  m ale , fem ale 
a n d  h e r m a p h r o d i t i c  p l a n t s  (a 
d io ec io u s  p lan t) .

an d ro m o n o ec io u s , an d  occu r a t a fre 
q u en cy  of 0-1% of m a le  p la n ts . M ale 
a n d r o m o n o e c io u s  p la n t s  c a n  b e  
d iv id e d  in to  4 g ro u p s: a. p la n ts  p ro 
d u c in g  no  berries; b . p la n ts  p ro d u c in g  
1 - 1 0  b erries; c. p la n ts  p ro d u c in g  10  - 
100  b e r r ie s ; d . p la n ts  w ith  > 100 
b e r r ie s  p e r  y e a r  (F ra n k e n , 1970). 
F u n c tio n a l h e r m a p h ro d i t ic  f lo w e rs  
are  (probably) se lf-po llinated , a n d  can  
se t on e  o r m o re  v iab le  seeds. F em ale  
f lo w ers  h a v e  ru d im e n ta ry  s ta m e n s , 
n o n e  of w h ich  h a v e  b ee n  k n o w n  to  
p ro d u c e  p o lle n  (E llison , 1986). T he 
fru it, w h ich  co n ta in s  1-9 ro u n d  b lack  
seeds, is a reed  b e rry  (5-10 m m  d iam .) 
w h e n  m a tu re .

Figure 1. (A) Normal flower of male aspara
gus. Note rudimentary sterile ovary. Anthers 
are yellow and produce much pollen. (B) 
N orm al flower of female asparagus. Note 
rudimentary stamens. Anthers are white and 
do not produce pollen. (C) Androgenous flower 
of andromonoecious asparagus. Drawing by J. 
J. Kinelski from Ellison (1986).

M a le  p l a n t s  c a n  p r o d u c e  
h e r m a p h ro d i t ic  f lo w e rs  w ith  r u d i 
m e n ta ry  p is tils ; h o w e v e r, so m e tim es 
th e  fem ale  o rg an s  a re  su ffic ien tly  d e 
v e lo p e d  fo r p ro d u c in g  seed s. T hese  
b e r ry -b e a r in g  m a le  p la n ts  a re  ca lled

Flower induction and sex determina
tion
T he fac t th a t  th e  m a le  a n d  fem a le  
p la n ts  d iffe r in  se v e ra l ch a ra c te rs  of 
h o r tic u ltu ra l in te re s t, m a k es  th e  in 
h e rita n c e  of sex  e x p re ss io n  v e ry  im 
p o r ta n t  fo r th e  b re e d e r . M ale p la n ts  
a re  m o re  d e s ira b le  fo r co m m e rc ia l 
p ro d u c tio n  th a n  fem ale o n es  b ecau se  
o f  g r e a t e r  y ie ld ,  v ig o u r  a n d  
lo n g e v ity . F em ale  a n d  m a le  p la n ts  
can  o n ly  be d is t in g u ish e d  b y  th e  sex 
of the  flow ers. So ea rly  in d u c tio n  of 
f lo w e rs  in  s e e d l in g s  w ill  e n a b le  
e a rlie r  d is tin c tio n  of th e  sex. F lo w er 
in d u c t io n  b y  t e m p e r a t u r e  a n d  
d a y le n g th  h a s  b ee n  in v e s tig a te d  b y  
T h ev en in , (1967) a n d  H su n g , (1985) 
b u t th ey  w ere  n o t ab le to  u n co v e r the  
d e te rm in in g  co m b in a tio n s  for f lo w er 
in d u c tio n . H o w ev er, p ro c e d u re s  fo r 
f lo w e r  in d u c t io n  b y  a c h e m ic a l 
tre a tm e n t h as  b e e n  e s ta b lish e d . A be 
a n d  K am eya, (1986) u se d  th e  h e rb i
c i d e s  A t r a z i n e  a n d  D iu r o n ;  
M izo n o b e  et al., (1991) u se d  th e  an ti- 
c y to k in in s  s - tr ia z in e  a n d  c a rb a m a te  
to  in d u c e  f lo w e r in g  in  92%  of th e
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seed lin g s (if g e rm in a te d  a t 40 °C), an d  
re c e n tly  H a ra  et al. (1992) o b ta in e d  
80%  o f f lo w e r in g  b y  a n i l id e  a n d  
b e n z a m id  d e riv a tiv e s .
N a tu r a l ly  m a le  a n d  fe m a le  p la n ts  
occu r in  a b o u t e q u a l n u m b ers .
M a le  p la n ts  c a n  b e  h e te ro z y g o tic  
(M m ) (g e n e ra lly  a n d ro m o n o e c io u s )  
o r  h o m o z y g o tic  (M M ) (o ccas io n a lly  
a n d ro m o n o e c io u s )  a n d  h a v e  flow ers  
w ith  m o s tly  ru d im e n ta ry  p is tils  co n 
ta in in g  d e g e n e ra te d  o v u le s . F em ale  
p la n ts  a re  h o m o z y g o tic  (m m ) reces
s iv e ; th e i r  f lo w e rs  h a v e  s ta m e n s  
w ith  co llap sed  a n th e rs  lack ing  po llen  
(L azara te  a n d  P alser 1979).
C h e m ic a l f lo w e r  in d u c t io n  ca n  be 
u s e d  to  se le c t fo r m a le  p la n ts  fo r 
fu r th e r  p ro d u c tio n ,  b u t  can  a lso  be 
u se d  o n  a sm a ll se ed  lo t to  e s tab lish  
th e  sex  ra tio  in  a  c ro ssin g ; w ith  the  
f in a l g o a l to  d e d u c e  w h e th e r  th e  
m a le  p a r e n t  w e re  a n o rm a l m a le  
(M m ) o r  a s u p e r  m a le  (M M ). If the  
se e d  lo t c o n ta in s  o n ly  m a le  p la n ts  
(M m ) th e n  th e  p o lle n  d o n o r  m u s t 
h a v e  b e e n  a s u p e r  m a le  (M M ). 
P ro g e n y  o f th e  h e te ro z y g o tic  (M m ) 
m a le  w ill se g re g a te  m a le  (M m ) an d  
fem ale  (m m ) in  a 1 :1  ra tio .
S neep  (1953) p ro p o se d  th e  p o ssib ility  
o f u s in g  a n d ro m o n o e c is m  in  th e  
b re e d in g  of u n ifo rm  m ale  h y b rid s  by  
c ro ss in g  fem a le  (m m ) in b re e d s  w ith  
su p e rm a le  (M M ) in b ree d s . B ut as fe
m a les  (m m ) can  n o t b e  se lfed  because  
o f la ck  o f v ia b le  p o lle n  S neep  (1953) 
p r o p o s e d  s e lf in g  a n  a n d r o m o n o e 
c io u s  p la n t  (M m ), se le c tin g  an  M m  
in  SI fo r se lfing , a n d  c o n tin u in g  the  
se lf in g  se r ie s  to  h o m o z y g o ty . T he 
in b re d  fe m a le s  fro m  th e se  se lfin g s  
can  b e  u se d  as  p a re n ts . To p ro d u c e  
in b re d  s u p e rm a le s  (M M ) h e  p r o 
p o se d  a s im ila r  se lfin g  p ro g ra m  b e 
g in n in g  w ith  a n  a n d ro m o n o e c io u s  
(M m ) p la n t .  A  fa s te r  m e th o d  fo r

o b ta in in g  in b r e e d  p la n t s  is  b y  
c h ro m o so m e  d o u b lin g  o f h a p lo id s  
o b ta in ed  by  a n th e r  o r p o lle n  cu ltu re . 
T h e  m e g a g a m a to p h y te  c a n  b e  
c u l tu r e d  if th e  fe m a le  p la n t  is 
espec ia lly  in te restin g .
H ig h  se e d  p r o d u c t io n  o n  a n d r o 
m o n o e c io u s  p la n ts  ca n  d r a in  th e  
m a le  p la n t fo r a s s im ila te s  as  o n  th e  
fem a le  p la n ts .  So a n d ro m o n o e c is m  
m u s t b e  a v o id e d  in  o rd e r  to  m a in 
ta in  th e  s u p e r io r i ty  o f  th e  m a le  
p la n ts .  O n ly  m a le s  (M m ), o r  e v e n  
b e tte r ,  su p e rm a le s  (M M ) w ith  v e ry  
few  b e rr ie s  (less th a n  10 ) sh o u ld  b e  
u se d  as p o lle n  d o n o rs  in  p ra c tic a l 
b r e e d in g  p r o g r a m m e s  (F r a n k e n  
1970).
M o rp h o lo g ic a l  e v id e n c e  in d ic a te s  
th a t  sex d if fe re n tia tio n  in  a s p a ra g u s  
co n sis ts  essen tia lly  o f se lec tiv e  a b o r
tio n  o f g y n o ec iu m  o r a n d ro e c iu m  of 
in it ia l ly  h e rm a p h ro d i t ic  f lo ra l p r i-  
m o rd ia  o c c u rr in g  o n  g e n o ty p ic a lly  
d e te rm in e d  m a le  o r  fe m a le  in d iv i
d u a ls . The ab o rtio n  occu rs  in  p o llen - 
m o th e r  cells a n d  a n th e rs  o n  fem ales  
an d  in  m e g asp o re -m o th e r cells o f the  
o v a ry  in  m a les  (L a za rte  a n d  P a lse r  
1979; B racale  et al. 1991a). L ö p tie n  
(1979) h a s  s h o w n  th a t  th e  g e n e tic  
sy s tem  c o n tro llin g  a b o rtio n  of m ale  
o r  fe m a le  o r g a n s  is a p p a r e n t ly  
m onogen ic  (possib ly  a b ip a rt ite  gene) 
a s so c ia ted  w ith  ch ro m o so m e  p a ir  L5 
(a t leas t p a rtly ). The m o d if ic a tio n  of 
th e  d e v e lo p m e n ta l  p a t h w a y  is  
a c co m p an ie d  b y  ch a n g es  in  re la tiv e  
a b u n d a n c e  o f a u x in  a n d  c y to k in in  
(B racale  et al. 1991a). L a z a r te  a n d  
G arriso n  (1980) w ere  ab le  to  in d u c e  a 
h ig h e r  p e rc en ta g e  of h e rm a p h ro d itic  
f lo w ers  (ac tu a lly  su p p re s s  th e  a b o r
tio n  o f s ty le  a n d  o v a ry )  o n  m a le  
p la n ts  b y  a p p ly in g  th e  cy to k in in  PBA; 
b u t  th e  f ru its  w e re  s e e d le s s . O n  
fem ale  p la n ts  th e  sam e a u th o rs  w ere
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ab le  to  in d u c e  s te rile  a n th e rs  b y  a p 
p ly in g  g ib b e re llin s  (G A 3 ) a lo n e  o r 
to g e th e r  w ith  c y to k in in s  (PBA). In  
th e  f u tu re  it w ill  p ro b a b ly  b eco m e 
p o s s ib le  to  in d u c e  h e rm a p h ro d i t ic  
f lo w ers  o n  se lec ted  p la n ts  to  b e  u se d  
in  th e  b re e d in g  w ork .

In vitro  culture techniques 

Cloning

C lo n in g  o f se lec ted  p la n ts  can  h av e  
tw o  goals fo r a b re e d e r  a) m u ltip lic a 
t io n  o f  p la n t s  u s e d  in  f u r th e r  
b re e d in g  (e. g. se lec ted  p a re n ts  for 
c ro ss in g s  a n d  seed  p ro d u c tio n )  o r b) 
m u ltip lic a tio n  o f se lec ted  e lite  p la n ts  
a t a com m ercia l scale.
A sp a ra g u s  h a s  a lo w  m u ltip lic a tio n  
ra te  u s in g  c o n v e n tio n a l m e th o d s  fo r 
v eg e ta tiv e  p ro p ag a tio n . O ne p la n t (or 
c ro w n )  ca n  b e  d iv id e d  in  2-4 n ew  
p la n ts  p e r  y e a r , a n d  in  a d d i tio n  the  
in ju re d  su rface  is a site  for p es t in v a 
sion . T h u s  th is  te c h n iq u e  ca n  p ro 
d u c e  v e ry  lim ite d  n u m b e rs  o f p lan ts . 
P o t te d  p la n t s  k e p t  u n d e r  h ig h  
re la tiv e  h u m id ity  can  d ev e lo p  aeria l 
c ro w n s  o n  th e  s te m s  (Y an g  a n d  
C lo re ; 1973 a n d  1975). W h e n  th e y  
e n la rg e  th e se  ae ria l c ro w n s  w ill p ro 
d u c e  ro o ts  a n d  sh o o ts , a n d  can  be 
p la n te d  s e p a ra te ly . H o w e v e r , d iv i
s io n  o f c ro w n s  a n d  p ro d u c t io n  of 
a e r ia l c ro w n s  a re  n o t ec o n o m ic a lly  
fea s ib le . T h e  o n ly  su ita b le  m e th o d  
fo r c lo n in g  of se lec ted  p la n ts  a re  b y  
the  in vitro  te c h n iq u e s .
E sse n tia lly  th e re  a re  tw o  te ch n iq u e s  
for in vitro m u lt ip lic a tio n  of a s p a ra 
g u s  p la n ts : S hoo t c u ltu re  o r so m atic  
em b ry o g e n es is .

Shoot culture

In vitro  p r o p a g a t io n  o f  s e le c te d  
a s p a ra g u s  p la n ts  b y  th e  sh o o t ap e x  
( m e r is t e m )  w e r e  r e p o r t e d  b y  
(H a se g a w a  et al. 1973; M u ra sh ig e  et  
al. 1972; T akato ri et al. 1968). But the 
exc ision  of th e  ap ex  o r th e  m e ris tem  
is v e ry  d ifficu lt a n d  tim e co n su m in g . 
A n o th e r  in vitro  te c h n iq u e  u s in g  
sh o o ts  em e rg in g  as a x illa ry  b ra n c h 
in g  fro m  n o d a l c u t t in g s  h a s  b e e n  
re p o r te d  b y  s e v e ra l a u th o rs  (D o ré  
1975 a n d  1988; Y ang a n d  C lo re  1973). 
T he sh o o ts  e m erg in g  from  th e  n o d e s  
a re  c u t o f se v e ra l tim es  d u r in g  th e  
c u ltu re , a n d  s lo w ly  a rh iz o m e  w ill 
fo rm  at the  b ase  of th e  shoo ts . W hen  
su ffic ie n tly  la rg e  th e  rh iz o m e s  can  
ev e n  be d iv id e d  in vitro, h e re b y  im 
p r o v in g  th e  m u l t ip l ic a t io n  r a te .  
S u b se q u e n tly  th e  rh iz o m e  w ill p r o 
d u ce  roots. The tech n iq u e  can  be co n 
s id e re d  q u ite  e ff ic ien t a n d  is e v e n  
u se d  fo r c o m m erc ia l p ro d u c t io n  of 
a sp a ra g u s  p la n ts  in  F rance  a n d  N ew  
Z ea lan d . H o w ev er, the  h ig h  d e m a n d  
fo r  m a n p o w e r  d u r in g  th e  in vitro  
p ro d u c tio n  p h a se  is a lim itin g  fac to r 
in  th e  c o m m e rc ia lis a tio n  o f  th e se  
p la n ts .  T he rec a lc itra n c e  o f in vitro  
m u lt ip lie d  sh o o ts  to  fo rm  ro o ts  in  
vitro  (b efo re  tra n s p la n ta t io n )  seem s 
n o w  s o lv e d  (S h ig e ta  et al. 1996). 
T h ese  a u th o rs  u se d  g e lla n  g u m  (8 
g /1 )  a n d  g lu c o se  (4-5% ) in  th e  
ro o t in g  m e d iu m  to  im p ro v e  th e  
ro o tin g  frequency .
C lon ing  of sing le p la n ts  for b ree d in g , 
b y  in vitro m u lt ip l ie d  sh o o ts , w a s  
f irs t  r e p o r te d  b y  (Y ang  a n d  C lo re  
1973) a n d  is n o w  u se d  in  m a n y  b re e d 
in g  p ro g ra m s . A  re v ie w  o f m ic ro 
p r o p a g a t io n  of a s p a r a g u s  c a n  b e  
fo u n d  in  D esjard in s (1992).
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Somatic em bryogenesis

T he ro o tin g  p ro b le m s  e n c o u n te re d  
in  th e  in vitro  c u ltu re s  o f n o d e s  a n d  
rh izo m es  of a s p a ra g u s  h a v e  d irec ted  
m u c h  in t e r e s t  t o w a r d s  s o m a tic  
e m b ry o g e n esis .
S om atic  em b ry o g e n esis  is a v e ry  effi
c ie n t c lo n in g  te c h n iq u e  a n d  e a r ly  
s ta g e  so m a tic  e m b ry o s  can  b e  c u lti
v a te d  in  liq u id  c u l tu re ,  w h ic h  in  
a d e q u a te  c o n d i tio n s  ca n  y ie ld  s u s 
p e n s io n  c u l tu re s  w ith  a n  e n o rm o u s  
m u ltip lic a tio n  p o te n tia l. F u r th e r  the  
s o m a tic  e m b ry o s  a re  v e ry  g o o d  
s ta r t in g  m a te r ia ls  fo r g en e tic  t r a n s 
fo rm a tio n .
S om atic  e m b ry o s  fro m  Asparagus of
f i c i n a l i s  h a s  b e e n  in d u c e d  fro m  
se v e ra l e x p la n t  so u rces : h y p o c o ty ls  
(W ilm a r  a n d  H e l le n d o o r n  1968), 
s te m s  (R e u th e r  1977), c la d o p h y lls  
(H a ra d a  1973) an d  c lad o p h y ll cell cu l
tu re s  (Ju llie n  1974). In  so m e  cases 
lo n g -te rm  e m b ry o g e n ic  c u ltu re s  can  
b e  o b ta in e d  (Ju llien  1974; D elb re il et 
al. 1994a). T h e se  c u l tu r e s  ca n  b e  
m a i n t a i n e d  o n  h o r m o n e - f r e e  
m e d iu m  a n d  p ro d u c e , b y  se co n d a ry  
em b ry o g en esis , la rg e  q u an titie s  o f so 
m a tic  e m b ry o s  in  all d e v e lo p m e n ta l 
s ta g es  (D e lb reil et al. 1994a). T he fact 
th a t th e y  ca n  b e  m a in ta in e d  w ith o u t 
g ro w th  re g u la to rs  red u c es  th e  p o ss i
b ilitie s  fo r v a r ia tio n  in d u c e d  b y  long- 
terrft g ro w th  re g u la to rs .  H o w e v e r , 
D e lb r e i l  et al. (19 9 4 b ) p r e s e n ts  
e v id e n c e  fo r  a n  in vitro  in d u c e d  
m u ta tio n  w h ic h  im p ro v e s  th e  ab ility  
o f a s p a ra g u s  p la n ts  to  p ro d u c e  so m a
tic e m b ry o s  w h e n  ta k e n  in  c u ltu re . 
N o  o th e r  v a r ia t io n  w e re  d e te c te d  in  
th e  re g e n e ra te d  p lan ts .
R e u th e r  (1990) u se d  th e  p lo id y  level 
to  e x a m in e  v a r ia t io n  in  c a llu s  a n d  
th e  reg e n e ra te d  p la n ts . H e fo u n d  th a t 
c a llu s  w ith  a h ig h  r e g e n e r a t io n

p o te n tia l w as d ip lo id , an d  ca llus w ith  
re d u c e d  re g e n e ra tio n  a b ility  h a d  a 
h ig h ly  v a ria b le  p lo id y  level. A c tu a lly  
a l l  p l a n t s  r e g e n e r a t e d  f ro m  
su p e rm a le  ca llu s  lines w ere  d ip lo id . 
F em a le  c a llu s  lin e s  w e re  fo u n d  to  
h a v e  a h ig h e r  p lo id y  v a r ia tio n , an d  
10 % of th e  reg e n e ra te d  fem ale  p la n ts  
w e re  p o ly p lo id .  H o w e v e r , p lo id y  
c h a n g e s  a re  a c tu a lly  fa ir ly  b ig  re 
a r r a n g e m e n ts  in  th e  g e n o m e  a n d  
m u c h  v a r ia tio n  can  n o t be d e te c te d  
w i th  th is  te c h n iq u e .  M o le c u la r  
b io logy  tech n iq u es  h o ld s  m u ch  b e tte r  
p o s s i b i l i t i e s  fo r  e s t im a t io n  o f  
v a r ia tio n .
S y n th e tic  se ed s  co m p o sed  o f e n c a p 
su la te d  som atic  em b ry o s has b ee n  d e 
v e lo p ed  in  o rd e r  to  facilate h a n d lin g , 
a n d  im p ro v e  th e  p o s s ib il i t ie s  fo r  
s to r a g e  o f th e  s o m a tic  e m b ry o s . 
A lg in a te  e n c a p s u la t e d  s o m a t ic  
e m b ry o s  f ro m  A sp a ra g u s  cooperi 
(Baker), w h ich  h a d  b ee n  s to red  for 90 
d ay s a t 2 °C, w ere  able to  g e rm in a te  to 
p la n ts  a t a freq u en cy  o f 8.3% (G hosh  
a n d  Sen 1994). T h is c o n v e rs io n  fre 
q u en cy  is too  low  for com m ercia l u se  
b u t  su ffic ien tly  in te re s tin g  for fu rth e r  
s tudy .

Protoplast culture

R eg en e ra tio n  o f p la n ts  fro m  a s p a ra 
g u s p ro to p la s ts  h as  b ee n  re p o r te d  (see 
D an  a n d  S tep h en s  (1994) fo r rev iew ). 
E ffo rts  in  p r o to p la s t  r e s e a rc h  a re  
g en e ra lly  ju s tif ied  by  th e  p o ss ib ility  
fo r in tro d u c tio n  of fo re ig n  g en es  b y  
p r o to p la s t  fu s io n . K u n ita k e  et al. 
(1996) w ere  ab le  to  h y b r id iz e  p ro to 
p la s ts  o f A sparagus  o fficinalis  an d  
A s p a r a g u s  m a c o w a n i i  b y  e le c tro 
fu sio n , a n d  co n firm e d  th e  fu s io n  b y  
iso z y m e  a n d  R A PD  a n a ly s is  o f  th e  
re g e n e ra te d  p la n ts . H o w e v e r , a b ig
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d ra w b a c k  in  p ro to p la s t  fu s io n  is the  
u n p re d ic ta b le  re su lt. In tro d u c tio n  of 
i s o la te d  g e n e s  c a n  o v e rc o m e  th is  
obstacle , a n d  as p ro to p la s ts  b y  n a tu re  
a re  co m p o sed  of on e  sin g le  cell, they  
are  p e rfe c t su b je c ts  fo r tra n s fo rm a 
tion . A sp a ra g u s  p ro to p la s ts  h as  been  
t r a n s f o r m e d  b y  e l e c t r o p o r a t io n  
( M y k h o p a d h y a y  a n d  D e s ja r d in s  
199,4). T h e  la rg e s t  d ra w b a c k  in  th e  
w o rk  w ith  p ro to p la s ts  is th e ir  slow  
re g e n e r a t io n  to  p la n ts  (a t le a s t 6 
m o n th s  h a s  to  b e  c a lc u la te d  fro m  
p r o to p la s t  is o la t io n  to  p la n t le t ) .  
H o w e v e r , M ay  a n d  S ink (1995) w ere  
ab le  to  re d u c e  th e  tim e  fro m  p ro 
to p la s t  is o la t io n  to  p la n t le t  to  6 
w e e k s  b y  u s in g  p ro to p la s ts  iso la te d  
from  em b ry o g e n ic  cell su sp en sio n s.

Som aclonal variation

M ic ro p ro p a g a tio n  can  im p ro v e  the  
s u rv iv a l  o f g e n e tic a lly  a l te re d  cells 
a r is in g  s p o n ta n o u s ly  in  th e  so m a tic  
tissue , espec ia lly  if the  m ic ro p ro p a g a 
tio n  m e th o d s  in v o lv es a ca llu s p h ase  
(R e u th e r  1990). F o r  in s ta n c e  it 
a l lo w e d  th e  s e le c tio n  o f a h ig h ly  
e m b ry o g e n ic  m u ta n t  u se fu l in  fu n 
d a m e n ta l s tu d ie s  o f h o rm o n e  ac tion  
( D e lb r e i l  et al. 1 9 9 4 a ) . T h is  
so m aclo n al v a r ia tio n  can  b e  reg a rd e d  
as a p o s it iv e  o r  a n e g a tiv e  effect of 
m ic ro p ro p a g a tio n . If th e  p u rp o s e  is 
to  c lone a se lec ted  p la n t, som aclonal 
v a r ia tio n  w ill b e  a h ig h ly  u n w a n te d  
s u p p le m e n ta r y  effec t. H o w e v e r , in  
m u ta t io n  b re e d in g  th e  so m a c lo n a l 
v a r ia tio n  can  b e  a v a lu a b le  to o l fo r 
g a in in g  v a r ia tio n  (R eu th er 1990).

Gene banks

W o rld -w id e  th e  g en u s  Asparagus  in 
c ludes ab o u t 300 species.

O n ly  Asparagus  officinalis  is c u l t i
v a ted  as a vegetab le , b u t o th e r  species 
a re  c u ltiv a te d  fo r th e ir  o rn a m e n ta l  
v a lu e  as w ell. A s th e  tech n ica l p o ss i
b ili tie s  fo r in te rsp e c ie s  c ro sse s  in 
c re a s e s  th e  f u tu r e  b r e e d e r s  w ill  
c e r ta in ly  a p p re c ia te  c o lle c tio n s  o f 
c losely  re la te d  spec ies  (g en u s co llec
tions).
M an y  c h a ra c te rs  (e.g. p a th o g e n  re 
sis tance  a n d  salt- an d  co ld  to le rance) 
co u ld  b e  im p ro v e d  b y  in te r  sp ec ie s  
crossings.
A. densiflorus cv. S p re n g e r i a n d  cv. 
M y e rs ii rec e iv e d  th e  lo w es t ra tin g s  
fo r  s u s c e p t ib i l i ty  to  F u s a r i u m  
o x y sp o ru m  f. sp . a s p a r a g i  a n d  F.  
m o l i n i f o r m e  a m o n g  fo u r  te s te d  
species of A sparagus  (S tep h en s et al.
1989). A. asparagoides, A  compactus,  
A. densiflorus  cv. M y ers , A. dens i
f lo r u s  cv . S p re n g e ri, A. larcinus, A. 
uer t ic u l la tu s  a n d  A. v irugatus  h a v e  
b ee n  c lass ified  as b e in g  h ig h ly  re 
s is ta n t to  S te m p h y l l i u m  sp . (B ansal 
et al. 1986). A .  d e n s i f l o r u s  cv. 
S p rengeri h as  b ee n  classified  as b e in g  
im m u n e  to  P u c c in ia  a s p a r a g i  
(T h o m p so n  a n d  H e p le r  1956). A .  
densiflorus  cv. S p re n g e ri w a s  fo u n d  
to  b e  re s is ta n t to  Phoma asparagi (Tu 
et al. 1988). So th e re  a re  s e v e ra l 
(know n) p o ss ib ilitie s  fo r a d v a n ta g e s  
fro m  g en e  b a n k s . F u tu re  p a th o g e n  
p r e s s u r e  a n d  c o n s u m e r  d e m a n d s  
w ill su re ly  c h a n g e , a n d  th e  g e n e  
b an k s w ill be a v a lu ab le  toll for sa tis 
fy in g  n e w  d e m a n d s . In vitro  c u ltu re  
a n d  m o le c u la r  b io lo g y  te c h n iq u e s  
co u ld  b e  u se d  to  iso la te  a n d  tra n sfe r  
specific  gen es to  spec ies  w ith in  th e  
sam e genus.
I n d iv id u a l  p la n ts  o f A . officinalis  
a n d  o th e r  sp e c ie s  fro m  te m p e ra te  
c lim a te s  can  b e  m a in ta in e d  in  th e  
field , b u t specia l care  has  to  be tak en  
to  tro p ica l a n d  su b tro p ic a l species. In
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th e  a s p a r a g u s  c o l le c t io n  o f  th e  
U S D A , te n  t r o p i c a l / s u p t r o p i c a l  
sp e c ie s  a re  c u r re n tly  m a in ta in e d  as 
c lo n es  in  th e  g re e n h o u s e  (U rag am i
1995). A  specia l p ro b lem  of m a in ta in 
in g  a s p a ra g u s  p la n ts  in  th e  fie ld  is 
th a t  th e  in d iv id u a l  p la n ts  can  g ro w  
in to  o n e  a n o th e r . In  o rd e r  to  av o id  
th is  a su f f ic ie n tly  la rg e  a re a  is re 
q u ire d  p e r  p la n t. Self so w n  seed lin g s 
fro m  lo s t seed  h a v e  to  b e  com ple te ly  
rem o v e d  ev e ry  year.

In vitro  storage

In vitro  p ro p a g a tio n  a n d  s to rag e  can  
o v e rc o m e  m o s t o f th e  p ro b le m s e n 
c o u n t e r e d  w h e n  m a i n t a i n i n g  
g e rm p la sm  in  th e  field . G erm p la sm  
c u l tu re d  in vitro  can  b e  m a in ta in e d  
free  of p a th o g e n s  (fung i a n d  bacteria), 
a n d  w ith  a little  ex tra  effo rt can  v iru s  
b e  e l im in a te d  fro m  th e  s ta r t in g  m a 
te r ia l b e fo re  s to rag e . P a th o g e n  free 
g e rm p la sm  w ill fac ila te  in te rn a tio n a l 
exchange  of g e rm p lasm . This can  be a 
v e ry  s tro n g  a r g u m e n t  fo r in vitro  
c u ltu re .
H o w e v e r , n e w  p ro b le m s  w ill a r ise  
from  th e  m vitro c u ltu re , th e  g rea tes t 
p ro b le m  w ill b e  lo ss  o f in te re s tin g  
p ro p e r tie s  as  a re su lt o f genetic  in s ta 
b ili ty  d u r in g  lo n g -te rm  c u ltu re . This 
is n o rm a lly  n eg lig ib le  b u t can  n o t be 
ex c lu d ed .
In vitro  s to ra g e  can  b e  p e rfo rm e d  as 
c u ltu re s  o f 1 ) m e ris te m s  o r ax illa ry  
b u d s  f ro m  s h o o ts  th a t  h a s  b e e n  
g ro w n  in vitro, 2 ) c ro w n s  cu ltiv a te d  
in vitro, 3) so m a tic  em b ry o s  o r 4) cu l
tu re s  of callus.

Cryopreservation

C ry o p re se rv a tio n  is a p o ss ib ility  for 
lo n g -te rm  p re se rv a tio n  of in te re s tin g  
g e rm p la sm  w ith o u t d a n g e r  of genetic

in s tab ility . C ell lin es  o f e m b ry o s  o r 
ca llus can  be s to red  b efo re  th ey  loose 
th e ir  reg e n e ra tio n  ab ility . M u ta te d  or 
g e n e tic a lly  m a n ip u la te d  g e rm p la sm  
can  be s to re d  sa fe ly  fo r fu tu re  use . 
A sp a rag u s  has b een  sub jec ted  to  sev 
e ra l s tu d ie s  o n  c ry o p re se rv a tio n  (see 
U ra g am i (1995) for a rec en t rev iew ). 
T he su rv iv a l o f c ry o p re se rv e d  a s p a 
rag u s  tissu e  is gen era lly  v ery  h igh . 
T he p e rc e n ta g e  o f so m a tic  e m b ry o s  
s u rv iv in g  c r y o p re s e rv a t io n  ra n g e s  
fro m  48%  (U ra g a m i et al. 1989) to  
80% (U rag a m i 1991). T he s u rv iv a l  
ra te  o f e m b ry o g e n ic  c a llu s  a f te r  6 
m o n th s  s to rag e  w e re  61% (U rag am i
1991). P lan ts  w ere  re g e n e ra te d  from  
70% o f n o d e s  w ith  a x illa ry  b u d s  
(U rag am i 1995) a n d  95% of m u ltip le  
b u d  c lu ste rs  from  a m eris tem  cu ltu re  
p ro d u c e d  sh o o ts  afte r a c ry o p rese rv a 
tio n  tre a tm e n t (K h o m u ra  et al. 1992). 
P r e v io u s ly  c r y o p r e s e r v a t io n  o f  
a s p a r a g u s  t is s u e  in v o lv e d  s e v e ra l 
s te p s  in c lu d in g  v a rio u s  fo rm s of p re 
c u l tu re  a n d  d e s ic c a tio n  t r e a tm e n t,  
u se  of c ry o p ro te c ta n ts , m o re  o r  less 
c o n tro lle d  d e c re a se  of te m p e ra tu re  
a n d  la te r  r is e  o f t e m p e r a tu r e .  
H o w e v e r , a s  th e  k n o w le d g e  a n d  
e x p e rien c e  in c re ase s  th e  tre a tm e n ts  
w ill be red u ced  a n d  s ta n d a rd ise d , an d  
th e  n e e d  fo r e x p e n s iv e  e q u ip m e n t  
for te m p e ra tu re  con tro l w ill decrease. 
U rag am i (1995) p laced  th e  d es icca ted  
tissue  in  a 1 m l p lastic  tu b e  a n d  tra n s 
fe r re d  th e  tu b e  d ire c tly  to  l iq u id  
n itro g en ; th a w in g  w ere  p e rfo rm e d  in  
a ir  a t ro o m  te m p e ra tu re  (no  sp ec ia l 
e q u ip m e n t w e re  n e e d e d ) . W ith  the  
d e v e lo p m e n t  o f  le ss  c o m p lic a te d  
c ry o p re se rv a tio n  m e th o d s  th e ir  im 
p lic a tio n  in  g e rm p la sm  s to ra g e  w ill 
su re ly  increase.
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Pollen

S to rag e  of p o lle n  is e sp ec ia lly  im p o r
ta n t fo r th e  b re e d e r , as it red u c es  th e  
n e e d  fo r s im u lta n e o u s  b lo o m in g  in  
the  p a re n ts  o f specific crosses.
S n o p e  a n d  E llison  (1963) fo u n d  th a t 
lo w e r in g  te m p e r a tu re  a n d  re la tiv e  
h u m id i ty  (RH ) in c re a se d  p o lle n  life 
c o n s id e ra b ly . P o llen  v ia b ility  d im in 
ish e d  r a p id ly  a fte r  2 w ee k s  a t 20°C  
w ith  75% RH , a fte r  8 w eek s a t 1°C  
w ith  75% R H  a n d  a f te r  8 w eek s at 
2 0 ° C  w ith  15, 45 a n d  75% RH . 
H o w e v e r ,  v ia b i l i ty  w a s  u n d im i 
n ish e d  a fte r  60 w eek s a t -20°C  w ith  
n o  c o n tro l o f R H  a n d  a t 1 °C  w ith  
15% a n d  45% RH.
E llison  (1986) s to re d  p o lle n  in  tig h tly  
c lo sed  v ia ls  in  a n  o rd in a ry  d o m estic  
f re ez e r , b u t  a l th o u g h  th e  p o lle n  re 
m a in e d  v ia b le  a f te r  m o re  th a n  6 
m o n th s  h e  re c o m m e n d s  th e  p o lle n  
to  b e  r e p la c e d  e a c h  6 m o n th s .  
F a llo o n , h o w e v e r , s to re d  p o lle n  a t 
-1 8 ° C  fo r 18 m o n th s  w ith o u t p r o 
b lem s.

Seed

A sp a ra g u s  p la n ts  a re  m o s tly  p ro p a 
g a te d  b y  s e e d s .  H o w e v e r ,  s in c e  
a s p a ra g u s  is  a n  a lm o s t co m p le te ly  
a l lo g a m o u s  p la n t,  u n iq u e  c o m b in a 
tio n s  o f g e n e s  o f in d iv id u a l  p la n ts  
c a n n o t b e  p re s e rv e d  th ro u g h  th e ir  
seeds.
L ow  g e rm in a tio n  is a  co m m o n  p ro b 
lem  w ith  a s p a ra g u s  se ed , b u t m o s t 
sp e c ie s  ca n  b e  p re s e rv e d  as se ed s  
(U rag a m i 1995). S eed  fro m  re d -rip e  
f ru it  is s u p e r io r  in  g e rm in a tio n  to 
s e e d  f ro m  le ss  m a tu r e  b r o n z e -  
c o lo u re d  f ru it  (S ch eer et al. 1960). 
W h e n  h a r v e s te d  th e  b e r r ie s  a re  
c ru s h e d  in  o rd e r  to  s e p a ra te  b e r ry  
sk in s  a n d  p u lp  fro m  th e  seed , w h ich

is th e n  sp re a d  o u t on  sc reens to  d ry  
o v e rn ig h t .
In  th e  a s p a ra g u s  co lle c tio n  o f th e  
U SD A, a sp a rag u s  seeds w ere  s to red  a t 
4 ° C  an d  40% R H  u n til  1991, w h e n  
th e y  w ere  m o w e d  to  a n e w  s to ra g e  
fac ility  m a in ta in e d  a t 4 °C  a n d  25% 
RH . S eeds s to re d  s ince  1983 h a d  a 
g e rm in a tio n  ra te  of 57-69%  in  1991 
(U ragam i 1995).
P a th o g en s o n  seed s  can  b e  a p ro b lem  
in  th e  in te r n a t io n a l  e x c h a n g e  o f 
g e rm p la s m . F u s a r iu m  s p o re s  a re  
c o m m o n  o n  a s p a r a g u s  s e e d , a n d  
tre a tm e n ts  w ith  e ith e r  fu n g ic id e s  or 
d is in fec tan ts  is a m u s t (E llison 1986). 
A sp a ra g u s  v iru s  2 (AV 2) is t r a n s 
m itte d  th ro u g h  seed , a n d  u p  to  67% 
of th e  seed  can  b e  in fec ted  (P a lu d a n  
1964).

Genetics and molecular biology

Asparagus officinalis h a s  10 c h ro m o 
som es (2n  = 20), a n d  h ap lo id  g en o m e 
size is a ro u n d  1.8 x 10^ kbp . (B racale 
et al. 1991a).

M onoclonal antibodies

M o n o c lo n a l a n t ib o d y  te c h n o lo g y  
a l lo w s  th e  p r o d u c t io n  of sp e c if ic  
a n tib o d ie s  s ta r t in g  fro m  a n  c ru d e , 
im p u r e ,  h e t e r o g e n e o u s  p r o t e i n  
( im m u n o g e n )  p r e p a ra t io n  a n d  h a s  
p ro v e d  to  be the  on ly  m e th o d  u se fu l 
w h e n  a n tig e n ic  p ro te in s  h a v e  n o t 
b ee n  p re v io u s ly  iso la te d  (B racale et 
al. 1991b).
Iso la tion  of an tib o d ie s  ag a in s t specific 
p a r ts  of th e  p la n t (e. g. the  m ale  a n d  
fem ale flow ers) can  be u se d  to  screen  
a n  e x p re s s io n  l ib r a ry  fo r  c lo n e s  
e x p re ss in g  th e  p ro te in s  o f in te re s t. 
M o n o c lo n a l a n th e r  sp e c if ic  a n t i 
b o d ie s  h a s  b ee n  ra ise d  a g a in s t a n ti
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gen es  fro m  a n th e rs  a n d  p o lle n  cells 
from  m a le  a sp a ra g u s  flow ers (Bracale 
et al. 1991b).
W h e n  p r o d u c in g  th e se  m o n o c lo n a l 
a n th e r  sp ec ific  a n tib o d ie s  B racale et 
al. (1991b) firs t iso la te d  c ru d e  p ro te in  
e x t r a c ts  f ro m  u n o p e n e d  a n th e r s ,  
leav es (c lad o p h y lls )  a n d  y o u n g  roo ts 
o f  m a le  a s p a ra g u s  p la n ts ,  th e n  in 
je c te d  th e  p ro te in  e x tra c t fro m  the  
a n th e rs  in  m ice  a n d  th e  a n tib o d ie s  
ra is e d  h e re  w e re  th e n  su b je c ted  to  
th e  th r e e  p r o te in  e x tra c ts  f ro m  
a n th e rs ,  le a v e s  a n d  ro o ts . P ro te in s  
fro m  le av e s  a n d  ro o ts  re p re se n tin g  
h o u s e k e e p in g  p ro te in s ,  p r e s e n t  in  
b o th  v e g e ta tiv e  o rg a n s  a n d  an th e rs . 
O n ly  an tig e n s  sh o w in g  p o s itiv e  reac
tio n s  a g a in s t a n th e r  ex tra c ts  a n d  no  
d e tec tab le  rea c tiv ity  w ith  leaf o r ro o t 
p ro te in s  w ere  se lected .
B esides th e  sc re e n in g  of a n  e x p re s 
s io n  lib ra ry  in  se a rc h  of th e  re la ted  
g e n e s , th e  a v a i la b i l i ty  o f p ro b e s  
s ig n a llin g  th e  e x p re ss io n  of specific  
m a le  a n tig e n s  can  b e  v e ry  im p o rta n t 
fo r  m o n ito r in g  th e  d e v e lo p m e n ta l  
p a t h w a y  o f  m a le  in f lo re s c e n c e ,  
p a r tic u la r ly  w h e n  th is  d e v e lo p m e n t 
ca n  b e  a l te re d . A s m e n tio n e d  e lse 
w h e re  in  th is  r e p o r t  th e  d e v e lo p 
m e n ta l p a th w a y  of a sp a ra g u s  flow ers 
ca n  b e  a l te re d  b y  e x o g e n o u s  t r e a t
m e n ts  w ith  h o rm o n es .

Isozym es

Iso z y m e  s y s te m s  a re  re s tr ic te d  in  
th e i r  u t i l i t y  b y  th e  n u m b e r  o f 
e n z y m e  s y s te m s  th a t  ca n  b e  v is u 
a lised ; a n d  b y  th e  fac t th a t  iso zy m e 
e x p r e s s io n  c a n  b e  in f lu e n c e d  by  
e n v iro n m e n ta l  c o n d it io n s  o r  m a n 
ag e m e n t p rac tices . U sin g  7 en zy m es 
G eo ffriau  et al. (1992) co u ld  on ly  find

specific b a n d s  in  4 of 21 accessions of 
A. officinalis. H o w e v e r , th e y  w e re  
ab le  to  e s tim a te  so m e  of th e  g en e tic  
v a r ia t io n  w ith in  th e  2 1  access io n s . 
T h re e  g r o u p s  w e re  e s t im a te d  as  
b e lo n g in g  to  e i th e r  a) w ild  ty p e  
(co llected  in  T u rk ey , n o t c u ltiv a te d )  
o r  b) a h ig h ly  im p ro v e d  g ro u p , in 
c lu d in g  som e of th e  m o s t in te re s tin g  
cu ltiv a te d  v a rie tie s  o r c) a n  in te rm e 
d ia ry  g ro u p  in c lu d in g  t ra d i t io n a l ly  
g ro w n  v a r ie tie s  fro m  S p a in  w h ic h  
h av e  b ee n  su b jec ted  to  v e ry  little  o r 
n o  b re e d in g . N o t s u rp r i s in g ly  th e  
v a ria tio n  w ith in  a g ro u p  w ere  fo u n d  
to  b e  m u ch  g rea te r in  the  w ild  p o p u 
la tio n  from  T u rk ey  an d  th e  in te rm e 
d ia ry  p o p u la tio n  from  S p ain  th a n  in  
th e  c u l t iv a te d  a c c e ss io n s . F u r th e r  
s u b g ro u p in g  co u ld  be d o n e  as w e ll 
(e .g . d is t in g u is h  th e  F re n c h  a n d  
A m eric an  accessions) a n d  d e d u c in g  
th e  o rig in  of the  T a iw a n ese  p o p u la 
tio n  to  b e  A m erican . H o w e v e r , th e  
u se d  iso z y m ic  m a rk e rs  w e re  c o n 
c lu d e d  n o t su f f ic ie n tly  to  id e n tify  
in d iv id u a l a sp a ra g u s  cu ltiv a rs .

D N A

D N A -b ased  m a rk e rs  o ffe r a n u m b e r  
o f  a d v a n ta g e s  o v e r  is o z y m e s  a n d  
o th e r  b io c h em ica l m e th o d s  in  th e ir  
d i s t in c t n e s s .  F i r s t ly ,  th e  D N A  
se q u en c e  o f a  o rg a n ism  is in d e p e n 
d e n t o f e n v iro n m e n ta l c o n d itio n s  o r 
m a n a g e m e n t p rac tice s . S econd ly , all 
so rts  of tis su e  a t an y  s tag e  of g ro w th  
h a s  th e  sa m e  D N A  c o n te n t; p la n ts  
c a n  a c tu a l ly  b e  s c re e n e d  a t  th e  
se ed lin g  s tage  - befo re  the  tra it is ex
p re s se d . U s in g  re s tr ic tio n  f ra g m e n t 
le n g th  p o ly m o rp h ism  (RFLP) o r  ra n 
d o m  a m p lif ie d  p o ly m o rp h ic  D N A  
(R A PD ) m a rk e rs  th e  re s o lu t io n  in  
th e  genetic  e v a lu a tio n  can  be g rea tly  
im p ro v e d . H u  a n d  Q u iro s  (1990)
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u se d  R A PD  m a rk e rs  to  d isc rim in a te  
a m o n g  14 d if fe re n t b ro cco li a n d  12 
d iffe re n t cau lif lo w er cu ltiv a rs .
A lso  ch a rac te rs  w h ich  are  a re su lt of 
a jo in t ac tio n  of sev era l gen es can  be 
in v e s tig a te d  b y  RFLP o r R A PD  m a r
k e rs .  S u c h  c h a r a c te r s  a r e  o f te n  
re fe rre d  to  as p o ly g e n ic  o r  q u a n tita 
tiv e . T he u n d e r ly in g  loci a re  ca lled  
q u a n t i t a t iv e  t r a i t  lo c i o r  Q T L s. 
E x a m p le s  a re : y ie ld , p a th o g e n  re 
s is ta n c e , d r o u g h t  to le ra n c e , h a rv e s t  
d a te  a n d  quality . T hese ch arac ters  are 
m u c h  m o re  d if f ic u lt  to  h a n d le  in  
b r e e d in g  p ro g ra m m e s  th a n  s in g le  
g en e  tra i ts . T he se a rc h  is m a d e  fo r 
a sso c ia tio n s  b e tw e e n  th e  se g re g a tin g  
R F L P /R A P D  m a rk e rs  an d  the  charac
te r o f in te rest.
In  b ack cro ss  b re e d in g  th e  D N A -pro - 
f ilin g  te c h n iq u e s  can  se rv e  as w ell. 
P la n ts  w h ic h  h a v e  th e  d e s ire d  tra i t  
a n d  a h ig h  leve l o f re c u rre n t p a re n t 
g e n o m e  can  b e  se lec ted  fo r fu r th e r  
b ac k c ro ss  b re e d in g . In  th is  w a y  th e  
n u m b e r  of g e n e ra tio n s  r e q u ire d  to  
e l im in a te  u n w a n te d  g en es lin k e d  to  
th e  d e s ire d  tra i t  c a n  b e  su b s tan tia lly  
re d u c e d . T an k sley  et al. (1989) sh o w  
an  ex am p le  of RFLP assis ted  selection  
w h e re  th e  n u m b e r  o f g e n e ra tio n s , 
n e e d e d  to  r e d u c e  th e  s iz e  o f th e  
(u n w a n te d )  lin k e d  D N A  to  2 cM , are 
r e d u c e d  f ro m  a p p r o x im a te ly  100 
g e n e ra tio n s  w ith  n o rm a l b re e d in g  
te c h n iq u e s  to  2  g e n e ra t io n s  w ith  
RFLP ass is te d  se lec tion . T he rev iew s 
of M orell et al. (1995) a n d  T anksley  
et al. (1989) su p p lie s  fu rth e r  de ta ils  of 
the  p o ssib ilitie s  in  D N A  pro filing .

Isolation of specific genes

U n til n o w  v e ry  few  g en es h a s  b ee n  
iso la te d  in  a s p a ra g u s . H o w e v e r , the  
is o la t io n  o f th e  w o u n d  in d u c e d  
p r o m o te r  A o P R l ( W a rn e r  et al.

1993), h as  o p e n e d  th e  p o ss ib ility  for 
s tu d y  o f p a th o g e n e s is  re la te d  (PR) 
re a c tio n s  in  a s p a ra g u s . A o P R l can  
ev e n  b e  th e  h a rv e s t- in d u c e d  p ro m o 
to r  fo r th e  gene e n c o d in g  a sp a ra g in e  
s y n th e ta s e  w h ic h  w a s  iso la te d  by  
D a v ie s  a n d  K in g  (1993). H a rv e s t-  
in d u c ed  genes a re  espec ia lly  in te re s t
ing  for a sp a rag u s  b ecau se  the  genera l 
q u a lity  o f th e  h a rv e s te d  s p e a rs  d e 
c lin es  ra p id ly  a f te r  h a rv e s t. If it is 
p o ss ib le  to  d o w n  re g u la te  key  gen es 
in d u c e d  d u r in g , o r sh o r tly  a fte r h a r 
v est, th en  the  q u a lity  o f the  co m m er
c ia lis e d  p r o d u c t  ca n  p ro b a b ly  b e  
im p ro v e d .

Genetic engineering

M e th o d s  fo r tr a n s fo rm a tio n  of d i 
c o t y l e d o n o u s  p l a n t s  b y  
A grobacterium  h a v e  b ee n  w ell e s ta b 
l is h e d , b u t  n o t  fo r  m o n o c o ty le -  
d o n o u s  species, excep t in  a few  cases 
(D e lb re il et al. 1993; H iei et al. 1994; 
I s h id a  et al. 1996). A lth o u g h  th e  
n u m b e r  o f  r e p o r t s  u s i n g  
A g ro b a c te riu m  fo r tra n s fo rm a tio n  of 
m o n o c o ty le d o n o u s  p la n ts  h a v e  in 
c re ase d  th e  la s t 2-3 y ea rs , th e  m o s t 
w id e ly  u s e d  (a n d  m o s t e ff ic ie n t)  
m e th o d  for tra n s fo rm a tio n  o f m o n o 
co ty led o n o u s p la n ts  is still the  b iobal- 
lis tic  p ro cess . B u t c o m p a re d  to  th e  
b ioba llis tic  p rocess: 1) Agrobacterium  
can  in tro d u c e  m u c h  b ig g e r p ieces of 
fo re ig n  D N A  in  th e  h o s t cell h e re b y  
in c reasin g  th e  p o te n tia l fu tu re  use , 2 ) 
G en es  in tro d u c e d  b y  A . tumefaciens 
w ill n o rm a lly  occu r in  s in g le  to  few  
cop ies  so th e  fu r th e r  b re e d in g  w o rk  
w ill b e  fa c ilita te d  c o m p a re d  to  the  
m u l t i  c o p ie s  o f te n  f o u n d  if th e  
b ioballis tic  p ro cess  is u se d  an d  3) the  
Agrobacterium  m e d ia te d  g en e  t r a n s 
fe r is a n a tu ra l  b io lo g ic a l p ro c e ss  
w h ic h  m in im ise s  th e  a l te r a t io n  of
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th e  s te a d y  s ta te  in  th e  h o s t cell com 
p a re d  to  th e  re la tiv e  la rg e  p h y s ic a l 
d a m a g e s  im p o s e d  w h e n  th e  p ro jec 
tile h its  th e  p o te n tia l h o s t cell. 
A sp a ra g u s  o ffic ina l is  is o n e  o f th e  
m o n o c o ty le d o n s  p la n ts  w h ic h  h av e  
b ee n  tra n s fo rm e d  b y  se v e ra l p ro c e 
d u r e s ,  in c lu d in g  A . tum efac iens .  
H e rn a ls te e n s  et al. (1984) iso la te d  tu 
m o u r  tis su e , fro m  y o u n g  a s p a ra g u s  
s te m s  in fe c te d  w ith  th e  o n co g e n ic  
C58 s tra in  o f A. tumefaciens. B yteb ier 
et al. (1987) e x te n d e d  th e  s tu d y  to  
in c lu d e  a n o n -o n c o g e n ic  s tra in  a n d  
s e le c te d  t r a n s f o r m e d  t i s s u e  o n  
k a n a m y c in  c o n ta in in g  m e d iu m . The 
t r a n s f o r m a t io n  w a s  c o n f irm e d  by  
D N A -h y b r id iz a tio n  (S o u th e rn ) , a n d  
k a n a m y c in  re s is ta n t  p la n ts  w e re  re 
g e n e ra te d . C o n n e r  et al. (1990) tra n s 
fo rm e d  A sp a ra g u s  w ith  th ree  species 
o f A g ro b a c te r iu m  (A. tumefaciens, A .  
rh izogenes  a n d  A. rubi). T h is w o rk  
s h o w e d  th a t  s e v e r a l  s p e c ie s  o f 
A g r o b a c te r iu m  a re  ab le  to  m e d ia te  
tr a n s f o r m a t io n  o f A sparagus  offici
nalis. M e ris tem s  fro m  se e d lin g s  an d  
w h o le  zy g o tic  em b ry o s  a re  ex am p les  
o f  y o u n g  (= fa s t g ro w in g )  t is su e  
w h ic h  c o u ld  b e  g o o d  s ta r t in g  m a te 
ria l fo r tr a n s fo rm a tio n  ex p e r im e n ts , 
b u t  so m a tic  em b ry o s , w h ic h  can  be 
p ro d u c e d  in  la rg e  q u a n titie s  a n d  a t 
s e v e r a l  d e f in e d  d e v e lo p m e n ta l  
s ta g es , se em s a n  ev e n  b e tte r  choice. 
S om atic  e m b ry o s  fro m  Asparagus of
f ic ina lis  can  as m e n tio n e d  e a r lie r  be 
in d u c e d  in vitro  f ro m  se v e ra l ex 
p la n ts  so u rce s . D e lb re il et al. (1993) 
fo u n d  th a t  c y lin d r ic a l so m a tic  e m 
b ry o s  (800 - 1600 |im ) co u ld  be tra n s 
fo rm e d  b y  A .  tumefaciens.  S om e of 
th e se  tra n s fo rm e d  so m a tic  em b ry o s  
d e v e lo p e d  a linq of so m atic  em b ry o s 
fro m  w h ic h  p la n ts  co u ld  be re g e n e 
ra ted .

T he p artic le  g u n  has b een  u se d  as an  
a l te rn a t iv e  to  A g ro b a c te r iu m  m e d i
a te d  t r a n s fo rm a t io n  o f  a s p a ra g u s .  
P e rri et al. (1994) c o n firm e d  in tro 
d u c tio n  of a p la sm id  c o n ta in in g  b o th  
th e  gus  an d  the  n p tII gene, to  an  e m 
b ry o g en ic  cell su sp e n s io n  by  reco v er
in g  k an a m y c in  re s is ta n t calli a n d  by 
p e r fo rm in g  X -G luc c o lo ra tio n  a n d  
PC R  a n a ly s is  o f th e  r e s is ta n t  calli. 
P lan ts  w ere  n o t reg en era ted . 
A sp arag u s  p ro to p la s ts  h as  b een  tra n s 
f o r m e d  b y  e l e c t r o p o r a t i o n  
( M u k h o p a d h y a y  a n d  D e s ja r d in s
1994), b u t p la n t reg e n e ra tio n  w as  n o t 
rep o r te d . So o n ly  Agrobacterium  m e
d ia te d  tra n s fo rm e d  a s p a ra g u s  tis su e  
h a s  b e e n  ab le  to  re g e n e ra te  p la n ts . 
B ut it is ju s t a m a tte r  o f tim e b efo re  
an  efficien t te ch n iq u e  for tra n s fo rm a 
tio n  of a sp a rag u s  w ill be rep o rted .

Haploid plants

Gene markers

H a p lo id  se ed lin g s  w e re  d e te c te d  b y  
B asset et al. (1971), w h o  u se d  a reces
sive  se ed lin g  m a rk e r  g en e  (red  b asa l 
s te m ) to  d e te c t p a r th e n o g e n e s is  in  
f e m a le  p la n ts .  W h e n  r e d - s ta lk  
fem a le  p la n ts  w e re  c ro sse d  w ith  a 
h o m o z y g o u s  d o m in a n t  g re e n -s ta lk  
m a le , a n y  se e d lin g s  in  th e  p ro g e n y  
th a t  sh o w e d  th e  rec ess iv e  re d -s ta lk  
c h a ra c te r  w e re  v e ry  lik e ly  to  b e  
h a p lo id .

Anther and pollen culture

A n th e r  c u l tu r e  is  p o te n t ia l ly  a 
p o w e rfu l too l fo r p ro d u c in g  h a p lo id  
o r d o u b le d  h a p lo id  a sp a ra g u s  p la n ts  
a n d  h a s  b e e n  re v ie w e d  b y  D o ré  
(1990). A n th e r  c u ltu re  has  b ee n  u se d  
to  p ro d u c e  h o m o z y g o u s  su p e rm a le s ,
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w h ic h  h a s  b e e n  u s e d  a s  p o l le n  
d o n o rs  in  th e  p ro d u c tio n  of all-m ale  
h y b rid s .
T he firs t re p o r ts  of a n th e r  cu ltu re  on 
a s p a ra g u s  p la n ts  re p o r te d  ca llus p ro 
d u c tio n  a n d  p la n t re g e n e ra tio n  from  
th is . H o w e v e r , c a llu s  can  o r ig in a te  
f ro m  so m a tic  tis s u e  o f th e  a n th e r  
r a th e r  th a n  fro m  p o lle n  m ic ro sp o re s  
(H o n d e lm a n n  a n d  W ilb e rg  1973) 
g iv in g  rise  to  p la n ts  o f p a re n ta l g eno 
ty p e  (D o ré  1979). E v en  a te s t for 
ch ro m o so m e  p lo id i ty  can  n o t safe ly  
in d ica te  w e a th e r  a tis su e  is o f som atic 
(d ip lo id ) o rig in  o r  m ic ro sp o re  o rig in , 
as a ll b u t  a few  (2.75%  to  8.25% ) 
h a p lo id  cells in v o lv e d  in  ca llu s  fo r
m a tio n  u n d e rg o  sp o n ta n e o u s  c h ro 
m o so m e d o u b lin g  to  p ro d u c e  d ip lo id  
o r  p o ly p lo id  lin e s  (F a lav ig n a  et al. 
1985; T say  a n d  H su  1985). W h en  no t 
o cc u rrin g  sp o n ta n e o u s ly  a t the  callus 
s ta g e  in  a n th e r  cu ltu re , con v ersio n  to 
th e  d ip lo id  s tag e  a p p e a rs  to  b e  a d iffi
c u l t  s te p .  H o w e v e r ,  c h ro m o so m e  
d u p lic a t io n  h a s  b e e n  r e p o r te d  b y  
sev era l a u th o rs  (D oré 1976 a n d  1990; 
R e u th e r  1990; S k ieb e  et al. 1991). 
B eyond  th e  te tra p lo id  level, a s p a ra 
g u s  p la n ts  a re  co m p le te ly  s te rile  an d  
sh o r t lived ; six  n  ch ro m o so m es is the 
h ig h e s t  p lo id y  le v e l o b s e rv e d  fo r 
a n th e r  d e r iv e d  p la n ts  su c c e ss fu lly  
tra n sfe rre d  to  soil (D oré 1990). 
M o r p h o lo g ic a l  m a r k e r s  c o u ld  
p ro v id e  a g o o d  m e th o d  fo r e v a lu 
a tin g  a n th e r  d e r iv e d  p la n ts  a n d  d e 
te rm in in g  h e te ro z y g o s i ty  o r  h o m o 
zy g o s ity . H o w ev er, v e ry  few  of such  
m a rk e rs  ex is t in  a s p a ra g u s , so  m a n y  
w o rk e rs  h a v e  u se d  th e  sex factor as a 
m a rk e r . B ut as  m a le  p la n ts  can  be 
b o th  h e te ro z y g o tic  (M m ) a n d  hom o- 
z y g o tic  (M M ) a te s t c ro ss in g  m u s t 
a lw a y s  b e  p e r f o r m e d .  I s o z y m e  
m a rk e r s  in  th is  c a se  w o u ld  b e  
s u p e r io r  to  m o rp h o lo g ic a l m a rk e rs

(no p o ss ib ility  fo r su b jec tiv e  e v a lu a 
t io n  o f m o rp h o lo g ic a l  c h a ra c te r s ) ,  
a n d  w i th o u t  th e  lo n g  w a i t  fo r  
b lo o m in g .
B ut th e  s im p le s t s o lu t io n  is to  u se  
p o lle n  as ex p lan ts  fo r p ro d u c tio n  of 
h o m o z y g o u s  su p e rm a le s , e x c lu d in g  
an y  p o ssib ility  o f d ip lo id  tis su e  from  
th e  "m other" p lan t. R ecen tly  th is  has  
becom e possib le  (Z hang  et al. 1994).

H ap lo id s from p o ly em b ry o g en ic  
seeds

H a p lo id  p la n ts  c a n  o c c u r  s p o n -  
ta n o u s ly  from  tw in  seeds. T hese  a re  
gen e ra lly  a re su lt of p a r th e n o g e n e s is  
w h ic h  h a p p e n s  a t  v e ry  lo w  f re 
quency . In  a sp a ra g u s  T h év en in  (1968) 
h a v e  e s t im a te d  th e  f re q u e n c y  o f 
p o ly e m b ry o lo g y  (tw in  seed s) to  0.22 
%. T he fre q u e n c y  of h a p lo id s  w a s  
e s tim a te d  to  2 % o f th e  tw in  se ed s , 
g iv in g  a p p r o x im a te ly  1 h a p lo id  
a m o n g  25000 seed s. M ore  th a n  100 
h ap lo id s  o b ta in ed  b y  T h év en in  (1968) 
w ere  all fem ale. M arks (1973) g e rm i
n a te d  se e d s  fro m  o p e n  p o ll in a te d  
s in g le  fem ale  p la n ts  an d  fo u n d  th a t 
th e  f re q u e n c y  o f h a p lo id  p la n ts  
a m o n g  tw in  seed s  d e p e n d e d  o n  the  
p la n t u se d  as so u rce  for th e  seeds. A s 
a n a tu ra l  so u rc e  o f h a p lo id s  tw in  
se e d s  are  v e ry  in te re s tin g , b u t  co n 
sid e rin g  the ir low  freq u en cy  h a p lo id s  
from  tw in  seeds a re  n o w  rep la ce d  by  
a n th e r  a n d  p o lle n  c u ltu re  as so u rce s  
for h ap lo id  p lan ts .

Conclusion

T he m o d e rn  a s p a ra g u s  b re e d e r  h a s  
access to  a la rge  a rray  of too ls , w h ich  
are  c o n s tan tly  ev o lv in g . T he in vitro 
c u l tu re  te c h n iq u e s  (p ro to p la s t  c u l
tu re , sh o o t c u ltu re , so m a tic  e m b ry o -
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g e n e s is , a n th e r  a n d  p o lle n  cu ltu re )  
a re  n o w  a lm o s t cu s to m a ry . T he effi
ciency  can  b e  im p ro v e d  in  all fie lds, 
b u t  th e  re su lts  a re  n o w  su ffic ien tly  
g o o d  fo r  u se  in  p ra c tic a l b re e d in g . 
Iso la tio n  o f specific  g en es  a n d  tra n s 
fo rm a tio n  te c h n iq u e s  o p tim ise d  fo r 
a s p a r a g u s  a r e  in  th e i r  in fa n c y . 
H o w e v e r , th e se  te c h n iq u e s  ev o lv es  
v e ry  fast, a n d  as d u ra tio n  an d  ex ten t 
o f a s p a ra g u s  b re e d in g  p ro g ra m m e s  
c a n  b e  re d u c e d  s u b s ta n tia l ly  th e ir  
im p lica tio n  w ill b e  fu rth e r  ad v an ced .
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so m a tic  em b ry o g en esis .

Abstract

S o m atic  e m b ry o s  w e re  o b ta in e d  fro m  in vitro  ro o t c u ltu re s  o f A s p a r a g u s  
officinalis  L. T he in itia l ex p lan ts  co n s is ted  1-2 m m  ax illa ry  sh o o ts , from  y o u n g  
sp e a rs , th a t w ere  sub jec ted  to  a 9 d ay  p u lse  of 53.7 N A A  an d  th e n  c u ltiv a ted  
w ith o u t g ro w th  re g u la to rs  fo r 12 - 14 w eeks. D u rin g  th is  p e r io d  th e  e x p la n ts  
d e v e lo p e d  c lu s te rs  o f ro o ts  an d  from  th e  su rface  of th ese  ro o ts  so m atic  em b ry o s  
em erg ed . Iso la ted  sing le  em b ry o s in  tu rn  gave rise to  s e c o n d a ry /te r t ia ry  som atic  
e m b ry o s , w h ic h  w e re  c u l tu re d  w ith o u t g ro w th  re g u la to rs  fo r m o re  th a n  tw o  
years . T he p o te n tia l m u ltip lic a tio n  cap ac ity  of th is  sch em e is v e ry  h ig h . P lan ts  
h a v e  b ee n  tra n sp la n te d  to  th e  field  w h ere  th e ir  p e rfo rm an ce  w ill b e  fo llow ed.

A b b re v ia tio n s :  BA - 6-b e n z y la m in o p u r in e  G A  - g ib b e re llic  a c id , N A A  - 
n a p h th a le n e a c e tic  acid.

Introduction

A sp a ra g u s  o fficinalis  L. w a s  a m o n g  
th e  firs t p la n t  species to  b e  c lo n ed  b y  
so m atic  e m b ry o g e n esis  a b o u t 30 years 
ag o  (W ilm a r  & H e lle n d o o rn  1968). 
S in ce  th e n  s e v e r a l  p r o to c o ls  fo r  
so m a tic  e m b ry o g e n e s is  in  a s p a ra g u s  
h a v e  b e e n  re p o r te d . Som atic  em b ry o s 
h a v e  b e e n  in d u c e d  b y  tre a tm e n t w ith  
au x in  a lo n e  fo r 10 (Levi & S ink 1991) 
o r  4 w e e k s  (D e lb reil et al. 1994), w ith  
a u x in  a n d  c y to k in in  (L ev i & S in k  
1992; Li & W o ly n  1995) o r  w ith  an

in h ib ito r  o f G A  sy n th e s is  (K o h m u ra  
et al. 1996).
E m b ry o g e n ic  c u l tu re s  o f a s p a r a g u s  
h a v e  b e e n  m a in ta in e d  w ith  a u x in s  
(Levi & S ink  1992; K o h m u ra  et al.
1996) b u t  a ls o  w i th o u t  g r o w th  
re g u la to rs  (Ju llien  1974; D elb re il et al.
1994).
H y p o c o ty ls  (W ilm ar & H e lle n d o o rn  
1 9 6 8 ), s te m s  ( R e u t h e r  1 9 7 7 ) , 
c l a d o p h y l l s  ( H a r a d a  1973) a n d  
c la d o p h y ll cell c u ltu re s  (Ju llien  1974) 
all h av e  b ee n  u se d  as e x p lan ts . L o n g 
te rm  e m b ry o g e n ic  c u l tu re s  o b ta in e d  
b y  Ju llien  (1974) a n d  D e lb re il et al.
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(1994) w e re  m a in ta in e d  o n  m e d iu m  
w ith o u t  g ro w th  r e g u la to rs  a n d  p ro 
d u c e d , b y  s e c o n d a ry  em b ry o g e n es is , 
la rg e  q u a n titie s  o f so m atic  em b ry o s in  
a ll d e v e lo p m e n ta l s ta g es . A  d e ta ile d  
d e s c r ip t io n  o f  in vitro  c u l tu r e  a n d  
so m a tic  e m b ry o g e n e s is  in  a s p a ra g u s  
h a s  b e e n  g iv e n  in  s e v e ra l re v ie w s  
(R eu th er 1984; D esjard in s 1992; Levi & 
S ink 1995).
H e re  w e  r e p o r t  a p ro to c o l fo r th e  
in d u c tio n  of so m a tic  em b ry o s  from  in 
vitro  p ro d u c e d  ro o ts  of a sp a rag u s , an d  
th e  m a in te n a n c e  o f th e se  c u ltu re s  on  
m e d iu m  w ith o u t g ro w th  reg u la to rs .

Materials and methods 

Plant material

T h ree  h ig h  y ie ld in g  m a le  p la n ts  (nos
15, 19, a n d  24) w e re  se lec ted  from  a 
th re e  y e a r  o ld  p la n ta t io n  o f th e  seed  
g ro w n  g re e n  v a r ie ty  "A a rs lev  270" 
(S ø ren se n  & T h u e se n  1992). F rom  a 
s im ila r  p la n ta t io n  of th e  g ree n  v arie ty  
"A arslev  136" o n e  p la n t  w as  se lec ted  
(no  132) (S ø ren se n  & T h u ese n  1992). 
T h ese  s e le c te d  p la n ts  w e re  u se d  for 
in itia tio n  o f th e  in vitro  cu ltu res .

In vitro  shoot cultures

S hoo t c u ltu re s  w ere  s ta r te d  from  n o d e  
e x p ia n ts  o f se c o n d a ry  b ra n c h e s  of the  
s e le c te d  f ie ld  g ro w n  p la n ts .  T h ese  
n o d e  c u l tu re s  w e re  m a in ta in e d  o n  a 
b a s a l m e d iu m  (D e lb re il et al. 1994) 
w ith  0.44 |iM  BA a n d  0.05 |iM  N A A , 
a n d  s e rv e d  as  s to c k  c u ltu re s  fo r the  
e x p e rim en ts . A x illa ry  sh o o ts  (1-2 m m  
lo n g )  f ro m  th e  p r im a ry  e m e rg in g  
sh o o ts  co u ld  b e  exc ised  ev e ry  4 w eeks 
w h e n  th e  n o d e  e x p la n t s  w e re  
su b c u ltu re d .

In d u ctio n  and m a in ten a n ce  o f  
somatic embryos

N o d e s  w ith  a x illa ry  m e ris te m s  w e re  
exc ised  from  sh o o ts  of 4 w ee k  o ld  in 
vitro  n o d e  cu ltu re s  an d  p laced  in  9 cm  
P etri d ish es  w ith  20 m l b asa l m e d iu m  
su p p lie d  w ith  53.7 |iM  N A A . A fter 9 
d ay s  ex p lan ts  w ere  tran sfe rred  to  basa l 
m e d iu m  w ith o u t N A A . A ris in g  ca llu s  
a n d  ro o ts  w ere  su b c u ltu re d  e v e ry  4 
w e e k s . S o m atic  e m b ry o s  e m e rg in g  
fro m  th e  ro o ts  w e re  s e le c te d  a n d  
t r a n s f e r r e d  to  b a s a l  m e d iu m  a n d  
s u b s e q u e n t ly  s u b c u l tu r e d  e v e ry  4 
w eeks. F or su b c u ltu re , th e  tis su e  w as  
f ilte re d  in  o rd e r  to  o b ta in  la te  s ta g e  
e lo n g a te d  som atic  em b ry o s , s ized  800- 
1600 |am.
A ll c u ltu re s  w ere  m a in ta in e d  a t 27 °C 
in  a 16-h p h o to p e rio d  50 (im ol-m '2 -s_1 
p ro v id e d  by a m ix tu re  of tw o  ty p e s  of 
f lu o re s c e n t tu b e s : 60%  M a z d a f lu o r  
TFRS 4 0 /B i a n d  40%  P h ilip s  TLM  
33RS.

Conversion, and transfer to the field

Iso lated  e longated  s tage  em b ry o s (800 - 
1600 |im ) w ere  p laced  o n  a filte r p a p e r  
(W h a tm an  n° 3) o v e rla id  o n  the  b asa l 
m e d iu m  in  9 cm  P e tr i  d is h e s .  
G e rm in a tin g  e m b ry o s  w e re  iso la te d  
a n d  c u l tu re d  in  150 m l t r a n s p a re n t  
p la s tic  c o n ta in e rs  ea ch  w ith  20 m l 
b a sa l m e d iu m  fo r 4-8 w e e k s  b e fo re  
t r a n s fe r  to  th e  g re e n h o u s e .  P la n ts  
w e re  tra n s fe rre d  to  th e  field  in  M ay- 
J u n e  a f te r  6 -12  m o n th s  in  th e  
g re e n h o u se .

Scanning microscopy

F re sh  p la n t  t is su e s  w e re  f ro z e n  in  
liq u id  n itro g e n  a n d  in se rte d  d ire c tly  
in  th e  m ic ro sc o p e  (P h illip s  625 M)
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Figure 1. A-E (This a n d  th e  fo llow ing  page). In d u c tio n  of som atic  em b ry o s  from  
ax illa ry  m e ris tem s.
A. B asal ca llu s  on  e lo n g a tin g  ax illary  shoo t afte r 9 d ay s  on  53.7 |jM  N A A  (bar = 1 
m m ).
B. C a llu s  w ith  sh o r t roo t-like  s tru c tu re s  a n d  w ell d e v e lo p e d  em b ry o  (a rro w h e ad ) 
afte r 8 w eek s o n  b asa l m e d iu m  (bar = 1 m m ).
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1 C. Root like structures in 
va r io u s  d eve lo pm en ta l 
stages and an emerging root 
(arrowdead) after 12 - 16 
weeks w ith o u t g row th  
regulators. The central 
callus necrosed, (bar = 1 
nrr)

1 D. G lo b u la r embryos 
arising from the surface of 
an elongated root after 12 - 
16 weeks w ithout growth 
regulators (bar = 1 mm).

1 E. G reen  elongated 
em bryos (a rro w s ) and 
clusters of growing somatic 
em b ryo s  (a r ro w h e a d ) 
emerging on the surface of 
an elongated root (bar = 1 
mrn^
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Figure 2. A-G Recurrent embryogenesis. Secondary somatic embryos (arrow) emerging through the epidermis o f  a primary 
som atic embryo.
A General view  o f  the surface o f  a primary somatic embryo. B First cell o f  a secondary em bryo emerges through the epidermis.
C  The First cell has enlarged and divided. D Embryo proper (arrow) sitting on suspensor-like structure. E Group o f  early stage 
som atic embryos. F General view  o f  the developm ent o f  a  secondary embryo (arrow). G M acroscopic view o f  various stages o f  
secondary em bryo development. Time between A and G was 15 days. G =  globular embryo, p = post globular stage, e = 
elongated (em bryo) stage and c =  clusters o f  somatic embryos. A-F: scanning microscope observations, size o f  bar indicated on 
each photo. G: bar = 1 mm.
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w h e re  th e y  w e re  sp u tte r -c o a te d  w ith  
g o ld . P ic tu re s  w e re  ta k e n  a t 5.2 - 10.4 
kv on  K odak  PXP 6057 film.

Results and discussion

Induction of somatic embryos

A fte r  o n e  w e e k  o n  N A A  c o n ta in in g  
m e d iu m  p r im a ry  g re e n  c a llu s  h a d  
in it ia te d  a t  th e  b a se  of th e  o r ig in a l 
a x illa ry  sh o o ts  (Fig. 1A). D u rin g  th e  
f irs t 4 w e e k s  o n  a u x in -fre e  m e d iu m  
th e  ca llu s  g rew  a n d  b ecam e h a rd  an d  
d a rk -g re e n . A fte r 4 a d d itio n a l w eek s  
w ith o u t a u x in  th e  tis su e  h a d  ev o lv ed  
in to  a m ix tu re  o f  g lo b u la r ,  f r ia b le  
lig h t-g re e n  ca llu s  a n d  sm a ll 2-4 m m  
e lo n g a te d  s tru c tu re s  w h ic h  resem b led  
ro o ts  (Fig. IB ). A t th is  s ta g e  a few  
so m a tic  e m b ry o s  c o u ld  b e  fo u n d  on 
so m e  o f th e se  ca llu ses , b u t  th is  w as  
ra re . A fter 12 w eek s w ith o u t au x in  the 
p r im a ry  c a llu s  w a s  n ec ro tic  a n d  the  
ro o ts  h a d  e lo n g a te d  to  10 -2 0  m m , 
so m e  w ith  n e w  c a llu s  a t  th e  d is ta l 
p o r tio n  of th e  ro o t tip  (Fig. 1C). F ou r 
w ee k s  la te r , m o s t o f th e se  ro o ts  w ere  
n ecro tic , b u t  in  a few  cases in d iv id u a l 
so m atic  em b ry o s  o r c lu ste rs  o f som atic  
em b ry o s  w e re  o b se rv e d  a ris in g  on  the  
su rfa ce  (Fig. ID  a n d  E). T he so m atic  
em b ry o s  em e rg e d  ir re g u la rly  all a long  
th e  ro o ts . T he p ro ce ss  is su m m a rise d  
in  T able 1.
S m ith  a n d  K rik o ria n  (1991) o b se rv e d  
in  H e m e r o c a l l is  ro o t- l ik e  s t r u c tu re s  
d u r in g  th e  t r a n s i t io n  f ro m  g ro w th  
r e g u la to r  c o n ta in in g  m e d iu m  to  
g r o w th  r e g u la to r  f re e  m e d iu m . 
S om atic  em b ry o s  w ere  iso la ted  afte r 24 
w e e k s  o n  m e d iu m  w ith o u t  g ro w th  
r e g u la to r s ,  b u t  d id  n o t  d e v e lo p  
d irec tly  from  the  roo ts.

T a b le  1. T he su ccessiv e  d e v e lo p m e n t 
o f th e  ex p lan ts  p rio r  to  th e  em erg en ce  
o f e m b ry o g e n ic  lin es  w ith  a s p a ra g u s  
A arslev  g en o ty p es. In itia lly  9 d ay s  on 
m e d ia  w ith  53.7 |aM N A A ; e x p la n ts  
w e re  su b c u ltu re d  e v e ry  4 w e e k s  on  
au x in  free basa l m ed ia .

Weeks on 
auxin free 

m edia

O bservation

0 Elongated axillary shoot, 
hard callus at basal end.

4 Hard green callus.

8 Friable callus with short 
roots and (rarely) normal 

• embryos.
12 Necrotic callus, elongated 

roots, callus at the proximal 
end of roots.

16 Somatic embryos arising on 
the surface of necrotic roots.

In  o u r  case , ea ch  o f th e  in d iv id u a l  
o r ig in a tin g  em b ry o s , o r c lu s te rs  co u ld  
b e  is o la te d  a n d  m a in ta in e d  a s  a 
d is t in c t  lin e  o f  so m a tic  e m b ry o s ,  
w h i c h  g r e w  b y  s e c o n d a r y  
e m b r y o g e n e s i s .  M o r p h o lo g ic a l l y  
ev id en ce  for se co n d a ry  em b ry o g e n esis  
can  be seen  o n  Fig. ID  a n d  E w h e re  
c lu s te rs  o f c ro w d e d  em b ry o s  e m e rg e  
fro m  v e ry  re s tr ic te d  su p e rfic ia l a re as  
o f  th e  r o o t ,  a n d  p r o l i f e r a te  b y  
s e c o n d a ry  s o m a tic  e m b ry o g e n e s is .  
W h en  m a tu re  e lo n g a te d  em b ry o s , as 
in  Fig. IE , w ere  su b c u ltu re d  o n  b asa l 
m e d iu m  th e y  p ro d u c e d  q u a n titie s  of 
s e c o n d a ry  e m b ry o s  b y  th e  p ro c e s s  
w h ic h  is d e sc r ib e d  in  F ig. 2. A  few  
em b ry o g en ic  cells em erg e  th ro u g h  the  
e p id e rm is  (Figs. 2A  a n d  2B) of the  
p r im a ry  em b ry o , an d  d iv id e  (Fig. 2C) 
to  p ro d u c e  c lu ste rs  of em b ry o s in  th e ir  
e a r ly  s ta g e  of d e v e lo p m e n t (Fig. 2D 
a n d  2E). S o m e o f th e s e  g lo b u la r  
e m b r y o s  w i l l  c o n t i n u e  th e  
d e v e lo p m e n t (Fig. 2F) a n d  e v e n tu a lly
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Figure 3. A -C G erm in a tin g  Asparagus  so m atic  em b ry o s  a n d  p la n tle t d e v e lo p e d  
fro m  so m a tic  e m b ry o . A  E lo n g a te d  e m b ry o . B R o o t e m e rg e n c e . C S h o o t 
em erg en ce . C o ty le d o n  (a rro w ), co ty lo d o n a ry  sh e a th  (a rro w h e ad ), ro o t (r), f irs t 
sh o o t (sh). Bar = 5 m m .

re p e a t th e  p ro ce ss  ag a in  if th e  cu ltu re  
m e d iu m  is n o t ex h a u ste d  (Fig. 2G).

T h ir ty  p e rc e n t o f th e  o rig in a l ex p lan ts  
p ro d u c e d  a t le a s t on e  lin e  of som atic  
em b ry o s. O n e  line  of som atic  em bryos 
fro m  e a c h  se le c te d  p la n t  h a s  b e e n  
m a in ta in e d  fo r m o re  th a n  tw o  y ea rs  
o n  b a s a l  m e d iu m  w ith o u t  g ro w th  
re g u la to rs . A s a lso  fo u n d  b y  R eu th e r 
(1990) a n d  S aito  et al. (1991) v isu a l 
se lec tio n  is v e ry  im p o r ta n t in  o rd e r  to  
m a in ta in  a h ig h  g ro w th  ra te  an d  h ig h  
c o n v e rs io n  p o te n tia l  o f th e  so m a tic  
e m b ry o s  in  th e  cu ltu re s . W e se lec ted  
la te  s ta g e  e lo n g a te d  em b ry o s  w ith  a 
g reen  co ty led o n  a t ev e ry  su b cu ltu re . 
D elb re il et al. (1994) o b ta in e d  in  som e 
F re n ch  'w h ite ' a s p a ra g u s  v a rie tie s  so 
m a tic  e m b ry o s  a lre a d y  4 w eek s  a fte r 
e n d  o f a u x in  t r e a tm e n t;  w h e re a s ,

h e r e in  w i th  th e  'g r e e n ' D a n is h  
g e n o ty p e s ,  o n ly  g re e n  c a llu s  w a s  
o b ta in ed  a t th is  tim e. So, w e  ex ten d e d  
th e  p e r io d  w ith o u t au x in  to  20 w eek s  
(5 su b c u ltu re s  o n  b a s a l m e d iu m ). In  
th ese  co n d itio n s , th e  ca llu s  d e v e lo p e d  
ro o ts  fro m  w h ic h  so m a tic  e m b ry o s  
a ro s e  as  d e s c r ib e d . T h e  o b s e rv e d  
d if fe r e n c e s  a re  p r o b a b ly  d u e  to  
d iffe ren ces in  th e  gen e tic  b a c k g ro u n d  
o f  th e  v a r i e t i e s ,  e .g .  p o s s ib le  
d iffe rences in  au x in  sensib ility . 
M a in ta in in g  e m b ry o g e n ic  c u l tu r e s  
w ith o u t g ro w th  re g u la to rs  m ay  red u c e  
p o t e n t i a l  s o m a c lo n a l  v a r i a t i o n  
in d u c e d  b y  l o n g - t e r m  g r o w t h  
re g u la to r  tr e a tm e n t (R ueb et al. 1994). 
H o w ev er, th e  v e ry  ab ility  to  m u ltip ly  
b y  se c o n d a ry  em b ry o g e n e s is  w ith o u t 
an  ex te rn a l su p p ly  o f g ro w th  re g u la 
to rs  (a so r t of h a b itu a tio n ) m a y  b e  in 
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t e r p r e t e d  a s  a m u ta t io n  b e c a u s e  
D e lb re il & Ju ll ie n  (1994) p re s e n te d  
ev id en c e  th a t so m e em b ry o g en ic  lines 
c a rr ie d  a n  in vitro  in d u c e d  m u ta tio n  
w h ic h  im p r o v e d  th e  - a b i l i ty  o f  
a sp a ra g u s  tis su es from  w h o le  p la n ts  to 
p r o d u c e  s o m a tic  e m b ry o s ,  w h e n  
su b jec ted  to  in vitro  c u l tu re .
W e d id  n o t co m p a re  th e  ab ility  o f the 
o r ig in a l  s e le c te d  p la n ts  to  p ro d u c e  
so m a tic  e m b ry o s  w ith  th e  a b ility  of 
p la n ts  re g e n e ra te d  from  th e  d e riv e d  
s o m a tic  e m b ry o s ,  b u t  r e g e n e ra te d  
p la n tle ts  ( 2 - 5  sh o o ts , 2 - 5  cm  h igh ), 
w h ich  w ere  re a d y  to  be tran sp la n te d  to  
th e  g r e e n h o u s e ,  o f te n  p r o d u c e d  
so m a tic  em b ry o s  from  th e  crow n-area . 
T h is w a s  n e v e r  o b se rv e d  o n  s im ila r  
s iz e d , in vitro  g ro w n , s to c k  p la n ts  
d e r iv e d  f ro m  n o d e s  o f th e  p a r e n t  
g e n o ty p e s . W h o le  p la n ts  o r ig in a tin g  
from  A e  iso la te d  e m b ry o g e n ic  lines 
a p p e a r  to  h a v e  an  im p ro v e d  ab ility  to 
fo rm  so m a tic  em b ry o s . T he h e r itab le  
c h a rac te r o f th e  em b ry o g en ic  ab ility  as 
p re se n te d  b y  D elb re il & Ju llien  (1994), 
h o w ev e r, sh o u ld  be te s ted  b y  cro ssing  
w ith  th e  c o r re s p o n d in g  ’w ild  ty p e ' 
g en o ty p e .

Growth potential and germ ination of 
somatic embryos

S ingle e lo n g a te d  em b ry o s  (1.0 -1.5 m g  
FW ) s ized  800-1600 um  w h e n  su b c u l
tu re d , c o u ld  p ro d u c e  61.7 ± 10.3 m g  
FW  (5%, n=80) o f em b ry o g e n ic  tis su e  
d u r in g  a 3 w ee k  c u ltu re  p e r io d , (an d  
a b o u t  40  e l o n g a te d  e m b r y o s ) .  
A p p ro x im a te ly  10% o f th e  iso la te d  
s o m a t ic  . e m b r y o s  (80 0 -1 6 0 0  (.im) 
p ro d u c e d  b o th  ro o t a n d  sh o o t a fte r 3 
w eek s o n  a filte r p a p e r  p laced  on  basal 
m e d iu m  (Fig. 3). P lan ts  from  all fo u r 
lin e s  h a v e  b e e n  tr a n s p la n te d  to  th e  
field  fo r fu rth e r  ev a lu a tio n .

Conclusion

W e re p o r t  h e re  a re liab le  a l te rn a tiv e  
fo r  in d u c t io n  o f s o m a tic  e m b ry o s  
f ro m  in vitro  d e v e lo p e d  ro o ts  o f 
A s p a r a g u s  o f f i c i n a l i s .  G r o w th  
re g u la to r  tr e a tm e n t is v e ry  sh o r t, b u t 
th e  d e v e lo p m e n ta l p e r io d  n e c e s sa ry  
fo r  th e  e m e rg e n c e  o f  e m b ry o g e n ic  
l in e s  w a s  lo n g e r  c o m p a r e d  w ith  
p r e v io u s  e x p e r im e n ts  w i th  o th e r  
a s p a ra g u s  g e n o ty p e s  (D e lb re il et al. 
1994). T h is  d if fe re n c e  c o u ld  b e  ex 
p la in e d  b y  g e n o ty p e  v a r ia t io n  in  
au x in  m e tab o lism  o r se n sib ility , if w e  
h y p o th e s is e d  th a t  a p p e a r a n c e  o f  
e m b ry o g e n ic  lin e s  n e e d  a h o rm o n e  
d e p r iv a tio n . T he re g e n e ra te d  p la n ts  
a p p e a re d  to  h av e  im p ro v e d  ab ility  to  
fo rm  so m atic  em b ry o s . T his co u ld  be 
su m m arise d  as an  ab ility  for h o rm o n e  
in d e p e n d e n t re c u rre n t em b ry o g en esis . 
W e ll  d e v e lo p e d  e m b r y o s  c a n  
g e rm in a te ,  a n d  p la n ts  h a v e  b e e n  
tra n sp la n te d  to  the  field . In d u c tio n  of 
so m a tic  e m b ry o s  o n  th e  2 D a n is h  
cu ltiv a rs  of g reen  a sp a ra g u s  rep re se n ts  
th e  f i r s t  s te p s  to w a r d s  g e n e t ic  
tran sfo rm a tio n  by  co c u ltu re  of th e  so 
m atic  em b ry o s  a n d  A grobacterium ,  as 
d e v e lo p e d  w i th  s o m e  F r e n c h  
gen o ty p es (D elbreil et al. 1993).
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em b ry o g e n esis .

Abstract

T he effec ts  o f a p p lic a tio n  o f e x o g e n o u s  fac to rs  su c h  as d e s icc a tio n  o r  g ro w th  
re g u la to r  tre a tm e n t, o n  th e  m a tu ra tio n  a n d  co n v e rs io n  of so m a tic  e m b ry o s  of 
a s p a ra g u s  (Asparagus officinalis L.) w e re  in v e s tig a te d . Im p ro v e d  a ir  ex c h an g e  
a n d  c u ltu re  o n  f ilte r  p a p e r  co u ld  im p ro v e  th e  fre sh  w e ig h t o f m a tu re  so m atic  
em b ry o s  (e lo n g a ted  1600-800 |im ) as co m p ared  to  em b ry o  cu ltu re  d irec tly  o n  the  
m e d iu m  w ith o u t a ir  ex ch an g e . A bscisic  ac id  (0, 5, 20, 40, 200, a n d  1000 ^M ) 
tre a tm e n t d u r in g  24 h  befo re  d es icca tio n  d u r in g  24 h  in  co n tro lled  en v iro n m e n ts  
d id  n o t im p ro v e  co n v e rs io n . E m b ry o s d es icca ted  to  73%, 61% o r 45%  re la tiv e  
h u m id ity  d id  n o t su rv iv e , reg a rd le ss  o f p re tre a tm e n t w ith  abscisic acid . 
N o rf lu ra z o n  s to p p e d  c h lo ro p h y ll sy n th e s is  a n d  re d u c e d  g ro w th  o f th e  so m atic  
em b ry o s. H o w ev er, co n v e rsio n  w as  n o t effected  b y  n o rflu razo n .

A bbrev ia tions: ABA - abscisic acid , FW  - fresh  w eig h t, RH - re la tive  h u m id ity , SD 
- s ta n d a rd  d ev ia tio n

Introduction

P r o d u c in g  p l a n t s  f ro m  s o m a tic  
em b ry o s of a sp a ra g u s  h as  b een  s tu d ied  
in ten s iv e ly  b ecau se  of g rea t d ifficu lties 
in  th e  c o n v e rs io n  p ro ce ss . G en e ra lly  
c o n v e r s io n  o f  m a tu r e  s o m a t ic  
e m b ry o s  to  p la n tle ts  w ith  ro o t a n d  
sh o o t h a s  m a n y  s im ila ritie s  to  zygo tic  
e m b ry o  d e v e lo p m e n t .  T h e  z y g o tic  
em b ry o  p a s se s  th ro u g h  sev era l stages 
d u r i n g  s e e d  d e v e lo p m e n t  a n d  
m a t u r a t i o n .  M a t u r a t i o n  e v e n t s

p re p a re  th e  seed  for g e rm in a tio n  an d  
s u b s e q u e n t  d e v e lo p m e n t  o f  th e  
m a tu re  p la n t. D u rin g  m a tu ra tio n , th e  
se e d  in c re a se s  in  v o lu m e  a n d  m a ss  
d u e  to  ce ll e x p a n s io n  a n d  re se rv e  
a c c u m u la t io n .  E m b ry o  d e s ic c a t io n  
o ccu rs  n a tu ra lly  in  m o s t se e d s , a n d  
h a s  a ro le  in  th e  d e v e lo p m e n ta l  
t r a n s i t io n  b e tw e e n  m a tu r a t io n  a n d  
g e r m i n a t i o n  ( T h o m a s  1 9 9 3 ) .  
D esiccation  to le rance  can  b e  im p ro v e d  
b y  e.g. te m p e ra tu re , p ro lin e , abscisic  
ac id  (A B A ), o r  o sm o tic  t r e a tm e n t
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(S k r iv e r  & M u n d y  1990). Im p ro v e d  
c o n v e rs io n  o f  so m a tic  e m b ry o s  h a s  
b e e n  r e p o r te d  b y  v a r io u s  d es icca tio n  
t r e a t m e n t s  i n c l u d i n g  o s m o t ic  
t r e a tm e n t  b y  p o ly e th y le n e  g ly c o l 
(A ttre e  et al. 1991), in c re a se d  c a rb o 
h y d ra te  leve l (Levi & S ink  1990 an d
1992) a n d  im p r o v e d  a ir  e x c h a n g e  
(Saito  et al. 1991).
A bscisic  ac id  leve ls  reach  a m ax im u m  
d u r in g  th e  la te r  h a lf  of zygo tic  em bryo  
d e v e lo p m e n t, s u p p re s s in g  p rec o c io u s  
g e rm in a tio n  a n d  m o d u la tin g  g en e  ex 
p r e s s i o n .  L a te  e m b r y o g e n é s i s  
a b u n d a n t  ( le a )  g e n e s ,  w h o s e  
e x p re ss io n  m a y  co in c id e  w ith  th e  rise 
in  e n d o g e n o u s  se ed  ABA  level, h av e  
b e e n  d e s c r ib e d  fro m  v a r io u s  sp ec ie s  
(S k r iv e r  & M u n d y  1990; T h o m a s
1993).
T he in flu e n ce  o f ABA o n  g e rm in a tio n  
o f so m a tic  e m b ry o s  of a s p a ra g u s  w as  
te s te d  b y  tre a tm e n t w ith  ABA (Li & 
W o ly n  1995), b u t  ABA a n tag o n is ts  o r 
A B A  s y n th e s i s  i n h ib i to r s  (e .g . 
n o r f lu r a z o n )  c o u ld  in d ir e c t ly  a lso  
sh o w  w h e th e r  ABA  p la y s  a ro le  in  
s o m a tic  e m b ry o  d e v e lo p m e n t  o f 
asp arag u s.
T h is  s tu d y  e x a m in e d  p a r a m e te r s  
r e la te d  to  d e s ic c a t io n ,  A BA  a n d  
n o r f l u r a z o n  t r e a t m e n t  in  th e  
c o n v e r s io n  p r o c e s s  o f  a s p a r a g u s  
so m atic  em b ry o s.

Materials and methods

Somatic embryos

S o m atic  e m b ry o s  w e re  iso la te d  from  
ro o ts  (Ø rn s tru p  & Ju llien  1997), a n d  
m a in ta in e d  o n  a g a r  so lid ified  (7 g /L )  
b a sa l m e d iu m  w ith o u t g ro w th  re g u la 
to rs  (D e lb re il et'al. 1994). F o u r w eek s 
o ld  e m b ry o  c u ltu re s  w ere  filte red  an d  
th e  1600-800 pm fra c tio n  (e lo n g a ted

stage) w as u se d  in  th e  co n v e rs io n  ex 
p e rim en ts . G enera l c u ltu re  c o n d itio n s  
as d e sc r ib e d  b y  Ø rn s tru p  & Ju ll ie n  
(1997).

Im proved air exchange and filter  
paper

S o m atic  e m b ry o s  (50 m g  FW ) w e re  
cu ltu re d  in  P etri d ishes, e ith e r  d irec tly  
o n  th e  b a sa l m e d iu m  o r o n  a f ilte r  
p a p e r  (W h a tm an  no  3) p la ce d  on  the  
m e d iu m . T he P etri d ish e s  w ere  e ith e r  
w ith o u t P arafilm  ('open ') o r c lo sed  by 
tw o  la y e rs  o f  P a ra f i lm  ( 'c lo s e d ') .  
R esu lts w ere  scored  afte r 21 d ay s , from  
on e  ex p e rim en t w ith  4 rep lica tio n s.

ABA and controlled desiccation

T issu e  w as  f iltra te d  a f te r  4 w ee k s  on  
b a sa l m e d iu m , a n d  th e  1600-800 p m  
fra c tio n  w a s  c u l tu r e d  24 h o u r s  in  
l iq u id  b a s a l m e d iu m , in  o rd e r  to  
m o is te n  a ll t is s u e  e q u a l ly .  A fte r  
c e n t r i f u g a t i o n  th e  t i s s u e  w a s  
c u ltiv a te d  d u r in g  24 h o u rs  in  liq u id  
b a sa l m e d iu m  s u p p lie d  w ith  v a r io u s  
lev e ls  o f ABA: 0, 5, 20, a n d  40 pM  
ABA (experim en t 1) an d  0, 40, 200, an d  
1000 pM  ABA (ex p e rim en t 2). T he cu l
tu re s  w e re  c e n tr ifu g ed  a f te r  24 h  an d  
th e  tis su e  w as  b lo tte d  o n  f il te rp a p e r  
b e fo re  e a c h  A B A  t r e a tm e n t  w a s  
d iv id e d  in  fractions for the  des icca tion  
tre a tm e n ts .
D esiccation  w as  p e rfo rm e d  by  p lac in g  
th e  tis s u e  in  55 m m  P e tr i  d is h e s  
p la c e d  in s id e  1 L t r a n s p a r e n t  g la ss  
c o n ta in e rs  su p p lie d  w ith  a p p ro p r ia te  
sa lts  to  rea ch  th e  d e s ire d  R H  levels . 
T he d e s icc a tio n  tre a tm e n ts  in c lu d e d : 
" N o rm a l t r e a tm e n t"  (7 m l a g a r  
s o l id if ie d  b a s a l  m e d iu m  in  P e tr i  
d ish e s  c losed  by  3 lay ers  o f P arafilm , 
p la c e d  in  c o n ta in e r  w i th o u t  sa lts ) ; 
"100% ” RH (c losed  by  P a ra film  b u t
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F ig . 1. S om atic  em b ry o s  (1600-800 (im); 50 m g /P e t r i  d ish ) w ere  c u ltu re d  fo r 21 
d a y s  in  P e tr i d ish e s  w ith  P ara film  ( 'c losed ') o r  w ith o u t P ara film  ( 'o p en ')  e i th e r  
d irec tly  o n  ag a r  so lid ified  m e d iu m  o r o n  a filte r p a p e r  p la ce d  o n  th e  ag a r. The 
o b ta in e d  tis su e  w as  frac tio n a ted , a n d  fre sh  w e ig h t w as  es tim a ted . B ars re p re se n t 
SD.

w ith o u t m e d iu m , p la ce d  in  co n ta in e r  
w ith o u t sa lts); 73% R H  (no P arafilm , 
n o  m e d iu m , in  c o n ta in e r  w ith  80 g 
N aC l + 9 m l w a te r ) ; 61%  R H  (no 
P a ra f ilm , n o  m e d iu m , in  c o n ta in e r  
w ith  80 g N H 4N O 3 + 7 m l w ater); 45% 
RH  (no  P ara film , no  m e d iu m , in  co n 
ta in e r w ith  80 g K2C O 3 + 16 m l w ater). 
T h e  d e s ic c a t io n  c o n ta in e r s  w e re  
p laced  in  th e  g ro w th  ch am b er a t 27°C, 
a n d  a f te r  24 h o u rs  th e  em b ry o s  w ere  
tra n s fe rre d  to  55 m m  P e tri d ish es  w ith  
7 m l agar- so lid ified  b a s a l m e d iu m ; 5 
e m b r y o s /P e t r i  d ish ; 5 re p lic a tio n s . 
R esu lts w ere  sco red  afte r 42 days.

N orflurazon

S o m atic  e m b ry o s  w e re  c u l tu r e d  in  
P e tri d ish es  d irec tly  on  b asa l m e d iu m  
s u p p lie d  w ith  e i th e r  0 o r  100 |J.M 
n o rflu ra z o n . The tre a tm e n t la s te d  fo r 
1, 2, o r 21 d ay s . A fte r tre a tm e n t th e  
e m b ry o s  w e re  tr a n s f e r r e d  to  b a s a l 
m e d iu m  w ith o u t g ro w th  reg u la to rs . 
R esu lts  w ere  o b ta in e d  from  o n e  ex 
p e r im e n t w ith  4 re p lic a tio n s  (10 e m 
b ry o s  p e r  P e tr i  d is h  to ta l l in g  40 
em b ry o s  p e r  trea tm e n t) . R esu lts  w ere  
scored  2 1  d ay s afte r in itia tion .
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Fig. 2. E ffect o f f il te rp a p e r  o n  g ro w th  a n d  m a tu ra tio n  of so m a tic  e m b ry o s  of 
a sp a ra g u s  a fte r 10 w eek s cu ltu re . Bar = 10 m m .

Fig. 3. E v o lu tio n  o f  s in g le  em b ry o s  (1600-800 |xm) a f te r  21 d a y s  d ire c tly  on  
m e d iu m . "N o no r." : N o n - tre a te d  e m b ry o s  w h ic h  w e re  tra n s fe r r e d  to  fre sh  
m e d iu m  a f te r  24 o r  48 h. "P u lse  nor.": E m b ry o s  w e re  tre a te d  w ith  100 |iM  
n o r f lu ra z o n  fo r 24 o r  48 h. "C ontin . nor.": E m b ry o s c o n tin u o u s ly  su b m itte d  to  
100 UM n o rflu ra z o n  for 21 d ay s , b u t  tran sfe rred  to  fresh  m e d iu m  afte r 24 o r  48 h. 
See tex t for deta ils . Bar = 5 m m .
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Fig. 4. Effect o f n o rf lu ra z o n  o n  ch lo ro p h y ll syn thesis . E ach in itia l e m b ry o  fo rm e d  
a n  a g g re g a te  of n e w  em b ry o s  d u r in g  th e  21 d ay s  cu ltu re  p e rio d . T re a tm en ts  a re  
re p re se n te d  b y  a 4 d ig it code. F irst d ig it ind ica tes in itia l level o f n o rflu ra z o n  0 = 0 
|iM , 1 = 100 (J.M. S econd  a n d  th ird  d ig its  in d ica te  d u ra tio n  of in itia l tre a tm e n t 24 
= 24 h , 48 = 48 h. The fo u rth  d ig it ind icates final level of n o rflu ra zo n  0 = 0 |iM , 1 = 
100 |iM . So e.g . 1480 in d ic a tes  th a t th e  em b ry o s  w ere  c u ltiv a te d  on  a m e d iu m  
w ith  100 p.M n o r f lu ra z o n  fo r 48 h  a n d  th e n  m o v e d  to  n e w  m e d iu m  w ith o u t 
n o rf lu ra z o n . F o u r rep lica tio n s  (P e trid ishes) w ith  each  10 em b ry o s; so in  to ta l 40 
em b ry o s  p e r  trea tm en t.

Results and discussion

C u l tu re  w i th o u t  P a ra f ilm  in c re a se d  
th e  f re sh  w e ig h t a n d  th e  fra c tio n  of 
la rge  (1600-800 |im ) em b ry o s (Fig. 1). 
T he fra c tio n  1600-800 (im is espec ia lly  
in te r e s t in g  b e c a u s e  it  in c lu d e s  th e  
e lo n g a te d  (m atu re ) em b ry o s  w h ich  are 
a b le  to  g e r m in a te  w h e n  is o la te d .  
R e d u c e d  r e la t iv e  h u m id i ty  in  th e  
P e tr i  d is h e s  w i th o u t  P a ra f ilm  m a y  
a c c o u n t fo r  so m e  o f th e  e ffec ts  o f 
im p ro v e d  a ir  ex ch an g e . A c tu a lly  th e  
e ffe c t o f im p ro v e d  a ir  e x c h a n g e  is 
d i f f i c u l t  to  e v a lu a te  b e c a u s e  it  
in f lu e n ces  a ll co m p o n e n ts  in  th e  co n 
ta in e r  a tm o sp h e re  e.g. 0 2 , C O 2 , an d  
e th y len e . Saito  e t al. (1991) im p ro v e d

co n v e rs io n  of so m a tic  em b ry o s  of a s 
p a ra g u s  u s in g  a v e n tila tiv e  f ilte r  to  
close th e ir  con ta ine rs . The RF1 w a s  n o t 
a ffec ted  b y  th is  f ilte r, b u t  th e  w a te r  
c o n te n t o f th e  so m a tic  e m b ry o s  w as  
r e d u c e d  f ro m  92 .1%  to  85 .3% ; 
c o n v e rs io n  w a s  fu r th e r  in c re a se d  b y  
c u l tu re  o n  m e d ia  s o lid if ie d  b y  1 % 
g e lr i te , as  c o m p a re d  to  th e  n o rm a l 
0.2%  gelrite . H ig h  leve ls  o f g e lif ican t 
m ay  re d u c e  w a te r  d isp o n ib ility  in  the  
m e d ia , a n d  v a p o u r  p re s s u re  in  th e  
a tm o sp h e re  above . P lac in g  a p iece  of 
(filter) p a p e r  b e tw e en  th e  em b ry o s a n d  
th e  m e d iu m  m a y  b e  a n o th e r  w a y  to  
r e d u c e  w a te r  d is p o n ib i l i ty  to  th e  
em bryos.
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Fig. 5. P ro d u c e d  tis su e  (FW, m g) p e r  em b ry o , 21 d ay s  afte r s ta r t  o f trea tm e n t, n  = 
40. F or codes see Fig. 4. Bars rep resen ts  SD.

O u r re su lts  sh o w ed  th a t cu ltu re  o n  fil
te r  p a p e r  w a s  ab le  to  inc rease  the  FW  
p ro p o r tio n  o f th e  tis su e  frac tion  1600- 
800 |.um a n d  re d u c e  th e  FW  p ro p o rtio n  
o f th e  sm a lle s t f ra c tio n  200-63 (im  as 
c o m p a re d  to  c u ltu re  d ire c tly  o n  th e  
m e d iu m  (Fig. 1). In  o u r  c o n d itio n s  
se c o n d a ry  em b ry o g e n esis  w as  red u c ed  
o n  filte r  p a p e r  a n d  m a tu ra tio n  of th e  
so m a tic  e m b ry o s  in c re a se d  (Fig. 2). 
E ffects o f im p ro v e d  a ir  ex ch an g e  an d  
f ilte r  p a p e r  w e re  a d d i t iv e  (Fig. 1). 
Im p ro v e d  a ir  ex ch an g e  as w ell as cu l
tu re  o n  f ilte r  p a p e r  can  b e  co n s id ered  
a s  a s o r t  o f  m ild  d e s ic c a t io n .  
D esicca tio n  o r  ABA tre a tm e n t o f w ell 
d e v e lo p e d  so m a tic  e m b ry o s  h a s  in  
s e v e ra l ca se s  im p ro v e d  th e  c o n v e r
s io n  ra te  o f e m b ry o s  o f m o n o c o ty le 
d o n s  e.g. B row n  et al. 1989 (w heat); Li 
& W olyn  1995 (asparagus).

W e fo u n d  n o  effec t o f e i th e r  ABA o r 
d e s ic c a t io n  in  c o n tro l le d  e n v i ro n 
m e n ts . T h is  c o u ld , h o w e v e r , be e x 

p la in e d  by  in a p p ro p r ia te  ex p e rim en ta l 
co n d itio n s . In  g y m n o sp e rm s  th e  o p ti
m a l e ffec t o f ABA  a n d  d e s ic c a tio n  
t r e a tm e n ts  is  a v e r y  r e s t r i c t e d  
c o m b in a tio n  (A ttre e  et al. 1991). Li & 
W o ly n  (1995) r e p o r te d  th a t  ABA  
t r e a tm e n t  o f  so m a tic  e m b ry o s  o f  
a sp a ra g u s  in c reased  th e  p ro p o rtio n  of 
e lo n g a te d  e m b ry o s  a n d  im p ro v e d  
th e ir  co n v e rs io n .
N o  em b ry o s  s u rv iv e d  o u r  c o n tro lle d  
d es icca tio n  a t 45, 61 a n d  73% RH; re 
g a rd le ss  o f ABA trea tm en t. If em b ry o s 
w e r e  s u b je c te d  to  v e r y  s l i g h t  
des icca tio n  (closed  P e tri d ish  w ith o u t 
m e d iu m ) o r  n o n e  a t all (c lo sed  P e tri 
d ish  w ith  m e d iu m ) n o  e ffec t o f th e  
ABA tre a tm e n ts  w e re  fo u n d  o n  th e  
p e rc e n ta g e  su rv iv in g  d es icc a tio n , th e  
p e rc e n ta g e  sh o w in g  n e w  g ro w th , o r 
th e  p e rc e n ta g e  of c o n v e r te d  em b ry o s  
( re su lts  n o t sh o w n ). T he d e h y d ra tio n  
sp e e d  ra th e r  th a n  th e  w a te r  co n te n t, 
co u ld  p la y  an  im p o r ta n t  ro le  in  th e
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lo ss  of v ia b ili ty  fo r th e  lev e ls  45, 61 
a n d  73% RH. S low  d e h y d ra tio n  
(-0.2% R H /h )  in  a tra n s itio n  p e r io d  in  
th e  b e g in n in g  o f  th e  d e s ic c a tio n  
tre a tm e n t  m ig h t a llo w  th e  in it ia t io n  
o f  d e h y d r a t io n  to le ra n c e  p ro c e s se s  
(A ttree  et al. 1991; L eo n a rd i et al. 1995). 
T he d e h y d ra t io n  sp e e d  m a y  th e n  be 
in c re a se d  a f te r  th is  tra n s itio n  p e rio d . 
T h e  d e h y d r a t io n  p ro c e s s  c a n  b e  
s lo w e d  b y  e n c a p su la tio n  of the  sing le  
so m a tic  e m b ry o s  in  a lg in a te  gels as 
re p o rte d  b y  T im b ert et al., (1996 a + b) 
w h o  fo u n d  a c o n v e rs io n  ra te  o f 73% 
of c a rro t so m atic  em b ry o s  afte r a slow  
(11.5 d ay s)  d e h y d ra tio n  from  95% to 
15% R H . E n c a p s u la tio n  of so m a tic  
e m b ry o s  f ro m  A s p a r a g u s  h a s  o n ly  
b e e n  p e r f o r m e d  fo r  A s p a r a g u s  
cooperi  a n d  th is  w ith  a c o n v e rs io n  
f req u en cy  as lo w  as 8.3% afte r 90 days 
a t 2°C (G hosh  & Sen 1994). H o w ev er, 
f u r t h e r  i m p r o v e m e n t  o f  th e  
e n c a p s u la t io n  a n d  d e s ic c a tio n  te c h 
n iq u e s  in  a s p a ra g u s  is n e e d e d  b efo re  
e n c a p s u la tio n  can  b e  u til is e d  to  im 
p ro v e  th e  co n v e rs io n  fre q u en c y  of as
p a ra g u s  som atic  em bryos.
T he 24 h  ABA tre a tm e n t of a sp a ra g u s  
so m a tic  e m b ry o s  m a y  ac tiv a te  ABA 
resp o n s iv e  genes, b u t  m a y  be too  sh o rt 
to  b u ild  u p  su ffic ien t q u an titie s  o f p ro 
d u c ts  g iv in g  im p ro v e d  d e s ic c a tio n  
to le ran ce . In h ib itio n  of ABA sy n th esis  
is a n o th e r  w a y  to  s tu d y  w h e th e r  ABA 
in f lu e n c e s  so m a tic  e m b ry o  d e v e lo p 
m e n t in  asp a rag u s .
W e o b se rv e d  th a t  c o n tin u o u s  cu ltu re  
o f a s p a r a g u s  s o m a tic  e m b ry o s  o n  
m e d iu m  c o n t a in i n g  n o r f lu r a z o n  
re d u c e d  th e  g ro w th  (FW ) a n d  b locked  
th e  c h lo ro p h y l l  s y n th e s is  (F ig. 3). 
H o w e v e r , th e  effect o f n o rf lu ra z o n  on  
c h l o r o p h y l l  s y n th e s i s  c o u ld  b e  
r e v e rs e d  w h e n  th e  t r e a tm e n t la s te d  
on ly  fo r 24 o r 48 h  (Fig. 3 an d  4). The 
fre sh  w e ig h t w a s  little  affec ted  b y  the

24 a n d  48 h  n o r f lu ra z o n  p u lse , b u t  
s t r o n g ly  r e d u c e d  b y  c o n t in u o u s  
n o rflu ra zo n  tre a tm e n t (Fig. 5). H e reb y  
in d ic a tin g  th a t n o rflu ra z o n  also  affects 
th e  ce ll m e ta b o lism  a t  o th e r  m o re  
su b tle  areas. As th e  effect o f n o rf lu ra 
z o n  is m e d ia te d  b y  in h ib i t io n  o f 
c a ro te n o id  sy n th e s is  th e  A BA  le v e l 
m a y  b e  re d u c e d  a lso . T he o b se rv e d  
g ro w th  re d u c tio n  m ay  b e  a reac tio n  to 
a lte ra ted  ac tiv ity  of genes n o rm a lly  re 
sp o n d in g  to  the  e n d o g e n e  ABA levels. 
S ev era l A B A -re sp o n s iv e  g e n e s  h a v e  
b ee n  iso la ted  (Skriver & M u n d y  (1990) 
a n d  th e ir  re fe ren ces), a n d  it is c lea r 
from  the  lite ra tu re  th a t ABA p la y s  an  
e s se n tia l ro le  in  m a n a g in g  th e  fin e  
e q u ilib riu m  w ith in  th e  cell, e sp ec ia lly  
d u r in g  osm otic  s tress  a n d  em b ry o  d e 
v e lo p m e n t .

In  c o n c lu s io n  w e  h a v e  s h o w n  th a t  
d e s ic c a t i o n  a s  r e p r e s e n t e d  b y  
im p ro v e d  a ir  exchange  a n d  c u ltu re  on  
f i l t e r  p a p e r  c a n  im p r o v e  th e  
p e rc e n ta g e  of la rg e  (m a tu re )  so m a tic  
e m b ry o s  as c o m p a re d  to  e m b ry o  
c u l tu r e  d i r e c t ly  o n  th e  m e d iu m  
w ith o u t  a ir  e x c h a n g e . F u r th e r  w e  
h a v e  s h o w n  th a t  n o r f lu ra z o n  s to p s  
c h lo ro p h y ll  s y n th e s is  a n d  re d u c e s  
g ro w th  of som atic  em b ry o s  of a s p a ra 
gus. W e fo u n d  no  d irec t effect of ABA, 
h o w e v e r , as n o r f lu r a z o n  in d ir e c tly  
sh o w s th a t ABA m ay  p la y  a ro le in  the  
d e v e lo p m e n t o f a s p a r a g u s  so m a tic  
em b ry o s . N ew  e x p e r im e n ts  in v o lv in g  
A BA  m a y  b e  ab le  to  in d ic a te  th is  
directly .
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Abstract

C lo n in g  of se lec ted  e lite  p la n ts  of g reen  Asparagus officinalis L. g en o ty p es  (Å rslev  
136 a n d  270) h a s  b e e n  in it ia te d  in  D en m a rk . E lite  p la n ts  w e re  se le c te d  by  
e v a lu a tio n  of in d iv id u a l  fie ld  g ro w n  p la n ts  fo r se v e ra l c h a ra c te rs  in c lu d in g : 
o v era ll y ie ld , n u m b e r  of firs t class sp ears , co lour, ea rliness  an d  firm ness. C lon ing  
w a s  p e r f o rm e d  b y  n o d e  c u l tu r e  a n d  so m a tic  e m b ry o g e n e s is .  P o te n t ia l  
m u ltip lic a tio n  cap ac ity  is v e ry  h ig h  in  b o th  tech n iq u es. F rom  in itia lly  14 n o d e s  
co u ld  b e  h a rv e s te d  a b o u t 3500 n e w  n o d e s  a fte r 11 w eeks. T he m u ltip lic a tio n  
fac to r fo r th e  so m a tic  em b ry o s  w as  b e tw e e n  30 a n d  300 ev e ry  4 w eek s. P lan ts  
re g e n e ra te d  by  b o th  te ch n iq u e s  h av e  b ee n  tra n sp la n te d  to  the  field  w h e re  th e ir  
p e rfo rm an ce s  w ill b e  fo llow ed  the  nex t years.

A b b rev ia tio n s: N A A  - n ap h th a le n ea ce tic  acid , SD - s ta n d a rd  d ev ia tio n

Introduction

C o m m e rc ia l a s p a ra g u s  (Asparagus of
f ic in a l i s  L.) p ro d u c tio n  in  D e n m a rk  
h as  th e  la st y e a rs  d ec lin e d  from  1670 
h a  in  1964 to  less th a n  50 h a  in  1993. 
D u e  to  lo w  y ie ld , h ig h  w a g e s  a n d  
c h e a p  im p o r t e d  a s p a r a g u s .  A n  
e x p la n a tio n  fo r th e  lo w  p ro d u c tio n  is 
th a t y ie ld  of s in g le  p la n ts  can  v a ry  as 
m u c h  as a 25 fo ld  d iffe ren ce  b e tw e e n  
th e  h ig h e s t a n d  lo w es t y ie ld in g  p lan ts , 
a n d  y ie ld s  as h ig h  as  13.5 t / h a  h a s  
b e e n  a c h ie v e d  f ro m  c lo n e d  p la n ts  
(F a lloon  et al. 1989).

T ra d itio n a l b re e d in g  in  D e n m a rk  h a s  
p r o d u c e d  h ig h  y ie ld in g  v a r ie t ie s  
(S ø ren sen  & T h u ese n  1992) b u t  h ig h  
v a r ia tio n  in  y ie ld  fro m  s in g le  p la n ts  
rem a in . A n ew  se lec tio n  p ro g ra m m e  
in  D e n m a rk  h a s  fo c u se d  o n  th e  
p o s s ib il i t ie s  w h ic h  in vitro  c u l tu r e  
g ives for clon ing  of se lec ted  p lan ts . 
S elected  p la n ts  can  b e  in vitro  m u lt i
p lie d  b y  e ith e r  n o d e  c u ltu re  (Y ang & 
C lo re  1973; D oré  1975; C o n n e r  et al. 
1992; D e s ja rd in s  1992; C o n n e r  & 
F alloon  1993; S h igeta  at al. 1996) o r b y  
so m a tic  e m b ry o g e n e s is  (W ilm a r  & 
H e l le n d o o r n  1968; H a r a d a  1973;
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Ju ll ie n  1974; L ev i & S ink  1991 a n d  
1992; R e u th e r  1977; D e lb re il et al. 
1994). A  rev ie w  o f m ic ro p ro p a g a tio n  
o f  a s p a r a g u s  c a n  b e  f o u n d  in  
D e s j a r d i n s  ( 1 9 9 2 ) .  ' S o m a t ic
e m b ry o g e n e s is  in  a s p a ra g u s  h a s  b een  
re v ie w ed  b y  Levi & S ink (1995). 
R o o tin g  p ro b le m s  in  th e  n o d e  cu ltu re  
h a s  d ire c te d  m u c h  re se a rc h  to w a rd s  
s o m a tic  e m b ry o g e n e s is .  H o w e v e r ,  
w e ll  g r o w in g  c u l tu r e s  o f  so m a tic  
e m b ry o s  a re  n o t  e a s ily  e s ta b lish e d ; 
e sp ec ia lly  th e  in d u c tio n  p h a se  can  b e  a 
d ifficu lt h u rd le . B ut a lso  d ev e lo p m e n t 
o f  ro o t a n d  sh o o t fro m  th e  so m a tic  
e m b ry o s  is d i f f i c u l t  to  m a n a g e . 
H o w e v e r ,  s u r m o u n t i n g  th e s e  
d ifficu lties  w ill b e  h ig h ly  re w a rd e d  by  
t h e  e n o r m o u s  m u l t i p l i c a t i o n  
p o te n tia l in  so m atic  em b ry o g en esis . 
H e r e  w e  r e p o r t  h o w  w e  c lo n e d  
se lec ted  h ig h  y ie ld in g  p la n ts  b y  n o d e  
c u ltu re  a n d  so m atic  em bryogenesis .

Materials and methods 

Plant material

P lan ts  w e re  se lec ted  from  a th ree  y ea r 
o ld  p la n ta t io n  o f th e  tw o  g ree n  v a r i
e tie s : A a r s le v  n o  136 a n d  n o  270 
(S ø re n s e n  & T h u e s e n  1992). E ach  
p l a n t  w a s  e v a lu a te d  fo r  s e v e ra l  
c h a r a c te r s  (S ø re n s e n  1996). F o u r  
re m a rk a b le  m a le  p la n ts  w e re  u se d  as 
"m o th e r  p la n ts "  fo r  s ta r t  o f th e  in  
vitro  c u ltu re .

In vitro  node cultures

S hoo t p ro d u c in g  c u ltu re s  w ere  s ta rted  
fro m  n o d e s  of se c o n d a ry  b ra n c h e s  of 
s e le c te d  f ie ld  g ro w n  p la n ts .  T h ese  
n o d e  c u l tu re s  w e re  m a in ta in e d  o n  a 
b a s a l m e d iu m  (D e lb re il et al. 1994) 
w ith  0.44 UM BA a n d  0.05 |iM  N A A ,

a n d  se rv e d  as s to ck  c u ltu re s  fo r th e  
f u r t h e r  w o r k .  C u l t u r e s  w e r e  
m a in ta in e d  a t  27 ° C  in  a 16-h 
p h o to p e r io d  w ith  50 (im o l-m '2 -s~  1 
p ro v id e d  b y  a m ix tu re  of tw o  ty p e s  of 
f lu o re s c e n t tu b e s : 60%  M a z d a f lu o r  
TFRS 4 0 /B i a n d  40%  P h il ip s  TLM  
33R S. N o d e s  f ro m  th e  e m e r g in g  
ax ially  shoo ts  co u ld  be exc ised  ev e ry  4 
w eeks, an d  se rv ed  as ex p lan ts  fo r n ew  
c u ltu re s . O ld  n o d e s  fro m  w h ic h  th e  
s h o o ts  h a d  b e e n  h a r v e s te d  w e re  
re tu rn e d  to  cu ltu re . S u b seq u e n tly  they  
d e v e lo p e d  s h o o t  c l u s t e r s  a n d  
rh iz o m e s .

Rooting of shoot clusters originating  
from nodes

Several tre a tm e n ts  w ere  tr ie d  in  o rd e r  
to  im p ro v e  th e  ro o tin g  fre q u e n c e  of 
s h o o t c lu s te rs  o r ig in a t in g  f ro m  th e  
n o d e s . N o d e s  c u l tiv a te d  4, 8 o r  12 
w e e k s  o n  s h o o t  m e d iu m  w e r e  
t r a n s f e r r e d  to  m e d ia  w ith  su c ro s e  
levels o f 5, 7, an d  9% com b in ed  w ith  0, 
16, a n d  54 fiM N A A . M ed ia  w ith  6% 
su c ro se  w a s  c o m b in e d  w ith  16 fiM 
N A A  o r 0.39 ^M  a n c y m id o l. R esu lts  
w ere  sco red  afte r 100 days. T rea tm en ts  
in c lu d e d  8 -20  n o d e s  p e r  c o n ta in e r ,  
w ith  2-6 rep lications. D ata  is p re se n te d  
as m ean  ± SD.

Induction of somatic embryos

S om atic  em b ry o s  w e re  in d u c e d  from  
sh o o ts  o f 4 w ee k s  o ld  in vitro  n o d e  
c u l tu re s . E x cised  a x ia lly  m e ris te m s  
w ere  p laced  in  P etri d ish e s  w ith  basa l 
m e d iu m  su p p lie d  w ith  54 |iM  N A A . 
A fter 9 d ay s  the  ex p la n ts  w ere  t ra n s 
fe r re d  to  m e d iu m  w ith o u t  g ro w th  
r e g u la to r s .  S o m atic  e m b ry o s  w e re  
iso la te d  fro m  e m e rg in g  ro o ts ,  a n d  
m a i n t a i n e d  w i t h o u t  g r o w t h  
reg u la to rs  (Ø rn s tru p  & Ju llien  1997a).
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Germ ination of somatic embryos and 
transfer to the field

Iso la ted  e lo n g a te d  em b ry o s (1600 - 800 
(im ) w e re  p la te d  o n  a f il te r  p a p e r  
(W h a tm an  n o  3) o n  b a sa l m e d iu m  in  
P e tr i  d is h e s . G e rm in a t in g  e m b ry o s  
w e re  iso la te d  a n d  c u ltu re d  in  150 m l 
t r a n s p a re n t  p la s tic  c o n ta in e rs  d u r in g  
4-8 w eek s  be fo re  tran sfe r  to  th e  g ree n 
h o u se . P la n ts  from  b o th  n o d e  cu ltu re  
a n d  so m a tic  em b ry o s  w e re  tran sfe rred  
to  th e  f ie ld  in  M a y -Ju n e  a f te r  6-12 
m o n th s  in  th e  g reen h o u se .

Results and discussion 

Node cultures

A x illa ry  sh o o ts  d e v e lo p e d  fro m  th e  
n o d e s  o n  th e  sh o o t m e d iu m . T hese 
ax illa ry  sh o o ts  co u ld  y ie ld  n ew  n o d es  
fo r  f u r th e r  m u l t ip l ic a t io n .  F ro m  
in itia lly  14 n o d e s  co u ld  b e  h a rv e s te d  
a b o u t 3500 n e w  n o d e s  a fte r 11 w eek s  
(Fig. 1). T h eo re tica lly  th e se  14 n o d es  
can  y ie ld  a b o u t 10 ^2  n o d es  d u r in g  one 
year.
A fter d e c a p ita t in g  th e  n ew ly  d e v e lo p 
e d  sh o o ts  th e  o ld  n o d es  w ere  re tu rn e d  
to  c u ltu re . S u b se q u e n tly  th e y  d e v e l
o p e d  rh iz o m e s  a t  th e  b a s is  o f th e  
s h o o t c lu s te rs . N e o fo rm e d  rh iz o m e s  
of a s p a ra g u s  d o  n o t ro o t w e ll (Y ang & 
C lo re  1973; D e s ja rd in s  et al. 1987; 
K h u n a c h a k  et al. 1987). H o w e v e r , 
S h ig e ta  at al. (1996) re p o r te d  74% of 
th e  rh iz o m e s  fo rm in g  ro o ts  a f te r  10 
w ee k s  o n  ro o tin g  m e d iu m  co n ta in in g  
g e llan  g u m  (8 g /1 ) a n d  g lucose  (5%). 
In  n a tu re  a s p a r a g u s  d e v e lo p s  b o th  
th in  ab so rb in g  ro o ts  a n d  th ick  s to rag e  
ro o ts . F o rm a tio n  o f s to ra g e  ro o ts  in  
v i t r o  b e fo r e  t r a n s p l a n t a t i o n  c a n  
g rea tly  im p ro v e  th e  su rv iv a l of the

F ig . 1. N u m b e r  o f n e w  n o d e s  
h a rv e s te d  d u r in g  th e  first 1 1  w eek s  of 
cu ltu re . N u m b er of n e w  n o d es  = 20,11 
exp(0,489 * w eeks); = 0,97.

tra n sp la n te d  a sp a ra g u s  p la n ts  (C onner 
et al. 1992). In  v itro  d e v e lo p m e n t of 
s to ra g e  ro o ts  ca n  b e  in c re a s e d  b y  
c u ltu re  o n  m e d iu m  c o n ta in in g  6% s u 
crose, 0.054 |iM  N A A  an d  0.39 |iM  an- 
c y m id o l  ( C o n n e r  et al. 1992). 
H o w e v e r , 6 a n d  7% su c ro se  w ith o u t 
g ro w th  re g u la to rs  w as  su ffic ie n t fo r 
p ro m o tin g  of ro o tin g  in  s e v e ra l a s 
p a ra g u s  c lones (D esja rd in s  et al. 1987; 
C o n n e r  et al. 1993). It m ay  b e  th e  o s
m o tic  e f fe c t o f  th e  h ig h - s u c r o s e  
m e d iu m  w h ic h  tr ig g e rs  th e  in itia tio n  
of ro o ts , an d  th e  n u tr itio n a l effects of 
th e  h ig h  su c ro se  c o n c e n tra tio n  th a t  
s t im u la te  th e  d e v e lo p m e n t  o f th e  
s to ra g e  ro o ts  (D e s ja rd in s  et al. 1987; 
C o n n e r et al. 1993). T his h y p o th e s is  is 
b a se d  on  re su lts  sh o w in g  th a t  se v e ra l 
n o n - o r p o o rly -m e ta b o lise d  c a rb o h y 
d ra te s  s u p p lie d  a t e q u im o la r  le v e ls  
w e re  o n ly  ab le  to  in it ia te  sh o r t, th in  
a n d  p o o rly  d ev e lo p e d  ro o ts . W ell d e 
v e lo p ed  s to rag e  ro o ts  cou ld  o n ly  fo rm  
o n  6 a n d  7% su c ro se  w h ic h  is ea s ily  
m e tab o lised .
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Fig. 2. R oot p ro m o tin g  effect o f som e roo t in d u c in g  m edia.
T he v a r io u s  m e d ia  a re  re p re se n te d  b y  a 3 d ig it  code: F irs t d ig it  in  th e  co d e  
in d ic a te s  th e  p e rc e n ta g e  o f su c ro se  in  th e  m e d iu m , th e  tw o  n ex t d ig its  in d ic a te  
th e  s u p p le m e n te d  g ro w th  re g u la to r  co n c e n tra tio n : 00 = n o  g ro w th  re g u la to r  
a d d e d , 16 = 16 (i,M N A A , 54 = 54 (iM N A A , 39 = 0.39 (iM ancym ido l. F igu res sh o w  
ro o tin g  fre q u en c y  from  n o d es  of tw o  clones (19 an d  D l) , su b c u ltu re d  3 tim es on  
sh o o t in d u c in g  m e d iu m  befo re  tran sfe r  to  th e  ro o t in d u c in g  m ed ia . Bars in d ica te  
SD.

T he ro o t p ro m o tin g  effect o f a n c y m i
d o l a n d  o th e r  g ib b e re llin  sy n th e s is  in 
h ib ito rs  is d u e  to  a re d u c tio n  in  the  
e n d o g e n e  le v e l o f g ib b e re llin  w h ich  
h as  b e e n  fo u n d  to  b e  su p ra o p tim a l in  
a s p a ra g u s  n o d e  c u ltu re s  (K h u n a ch a k  
et al. 1987).

W e d id  n o t f in d  th a t  ro o t fo rm a tio n  
fro m  in vitro  p r o d u c e d  rh iz o m e s  
cou ld  be in c reased  by  cu ltu re  o n  h ig h  
lev e l (9%) s u c ro se  m e d iu m , o r  o n  
m e d iu m  s u p p lie d  w ith  6% s u c ro se  
co m b in ed  w ith  an c y m id o l (0.39 |^M). 
N o n e  o f  o u r  t r e a tm e n ts  s h o w e d
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Fig. 3. T he ro o t p ro m o tin g  effect o f tw o  ro o t in d u c in g  m e d ia  (616 a n d  639) on  
th ree  c lones (132, D4 a n d  D 6). L ines sh o w  SD. F or ex p lan a tio n s see Fig. 2.

s ig n ific an t effec t o n  ro o tin g , h o w e v e r 
t r e n d s  c o u ld  b e  s e e n . F ig u re  2 
re p re se n ts  re su lts  from  tw o  clones (19 
an d  D l).
M ed ia  co n ta in in g  6% su c ro se  su p p lie d  
w i th  16 |xM N A A  o r  0 .39 |iM  
a n c y m id o l w e re  te s te d  fo r th e ir  ro o t 
in d u c in g  effec t o n  th re e  c lones (132, 
D4 a n d  D 6). B u t n o  s ig n ific an t effect 
w ere  fo u n d  (Fig. 3).
A s n o  sp e c if ic  t r e a tm e n t  c o u ld  b e  
s e le c te d  w e  r e c o m m e n d  m e d ia  
w ith o u t g ro w th  re g u la to rs  in  th e  ro o t 
i n d u c t i o n  m e d iu m  (e . g . 9%  
s a c c h a r o s e ) ,  in  o r d e r  to  a v o id  
u n w a n te d  s id e  effects from  the  g ro w th  
re g u la to rs .
O n e  o f th e  v a rie tie s  (132) sh o w ed  th a t, 
sh o o t c lu s te rs  cu ltiv a te d  fo r 12  w eeks 
o n  sh o o t m e d iu tn  b e fo re  tra n s fe r  to  
ro o tin g  m e d iu m  h a d  a h ig h e r  ro o tin g  
p e rc e n ta g e  th a n  sh o o t c lu s te rs  c u lti
v a te d  d u r in g  o n ly  4 o r  8 w e e k s  o n

sh o o t m e d iu m . T h is  d if fe re n c e  w a s  
p r o b a b ly  d u e  to  b e t te r  r h iz o m e  
d e v e lo p m e n t  o n  th e  m o s t  m a tu r e  
sh o o t c luste rs (Fig. 4).

In d u c tio n  a n d  c o n v e rs io n  o f so m a tic  
em bryos

Som atic  em b ry o s  w e re  iso la te d  fro m  
ro o ts  an d  m a in ta in ed  o n  g ro w th  re g u 
la to r  free m e d iu m  for m o re  th a n  tw o  
years  (Ø rn s tru p  & Ju llien  1997a).
T he c u ltu re s  g rew  b y  se c o n d a ry  e m 
b ry o g en esis  a n d  re ta in e d  th e ir  reg e n e 
ra tio n  p o te n tia l d u r in g  th e  tw o  y e a r  
c u l tu re  p e r io d . In  c o n v e rs io n  te s ts , 
10 % o f th e  iso la te d  so m a tic  e m b ry o s  
p ro d u c e d  b o th  ro o t a n d  sh o o t a f te r  3 
w e e k s  ( Ø r n s tr u p  & Ju ll ie n  1997a). 
S evera l tre a tm e n ts  re la te d  to  d es icca
tio n  o r abscisic ac id  h a v e  b ee n  in v e s ti
g a ted  (Ø rn s tru p  & Ju llien  1998) b u t no  
im p ro v e m e n t o f c o n v e rs io n  ra te  h a s
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Fig. 4. S ev era l v a r ie tie s  a n d  th e ir  a g e /s i z e  as e x p re sse d  b y  th e  n u m b e r  of 
su b c u ltu re s  o n  sh o o t m e d iu m  (e.g. 132-3 = v arie ty  no  132 su b c u ltu re d  3 tim es = 90 
day s) be fo re  tra n sfe r  to  ro o t in d u c in g  m e d iu m  su p p lie d  w ith  6% su c ro se  a n d  16 
pM  N A A . Bars = SD.

R oot in d u c tio n  6% sucrose  + 16|iM  N A A
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V arie ty  an d  su b cu ltu res  before trea tm en t

b e e n  fo u n d . H o w e v e r , o n e  e m b ry o  
can  p ro d u c e  a b o u t 3 .4*10 l 8 n e w  e m 
b ry o s  p e r  y e a r  (Ø rn s tru p  & Ju llie n  
1997a), so  e v e n  a n  e m b ry o  co n v e rsio n  
fre q u en c y  o f 10 % can  g ive  an  im p re s
sive  n u m b e r  o f p la n tle ts .

Conclusion

W e h a v e  c lo n e d  se le c te d  a s p a ra g u s  
p la n ts  b y  n o d e  cu ltu re  a n d  b y  som atic  
e m b ry o g e n e s is .  R e g e n e ra te d  p la n ts  
h a v e  b ee n  tra n sp la n te d  to  th e  field. In  
th e  n e x t  y e a r s  th e  y ie ld  a n d  
u n ifo rm ity  of th e  c loned  p la n ts  w ill be 
c o m p a re d  to  seed  p ro p a g a te d  p la n ts  of 
th e  sam e varie tie s .
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Summary

Asparagus offic inalis  w as tra n s fo rm e d  by  Agrobacterium tum efac iens .  T he best 
re su lt w a s  fo u n d  u s in g  a su p e rv iru le n t s tra in  (A g ll)  co n s titu tiv e ly  e x p re ss in g  th e  
v iru le n c e  genes. T his su p p o rts  th e  h y p o th e s is  th a t ex u d a te s  fro m  m o n o c o t cells 
on ly  a t a v e ry  lim ite d  leve l are able to  ac tiv a te  th e  v iru le n c e  genes in  s ta n d a rd  
s tr66

Plant Cell Reports (1998)
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Introduction

T he m o s t co m m o n ly  u se d  m e th o d  for 
tra n s fo rm a tio n  of m o n o c o ty le d o n o u s  
p la n ts  is th e  b ioballis tic  p rocess 
(C h ris to u , 1996). H o w ev er, p ro to co ls  
for tra n s fo rm a tio n  of m o n o c o ty le 
d o n o u s  p la n ts  by  A g ro b a c te r iu m  h a v e  
b ee n  e s tab lish ed  in  a few  cases e.g. in  
a sp a rag u s  (D elbreil et al., 1993), rice 
(H iei et al., 1994), an d  m a ize  (Ish ida et  
al., 1996). Asparagus o fficinalis  L. 
(Liliaceae) h as  b een  tra n sfo rm e d  by 
sev era l p ro ce d u re s , in c lu d in g  A .  
tumefaciens  [H e rn a ls teen s  et al. (1984); 
B u teb ie r et al. (1987); C o n n e r et al. 
(1990)].
S om atic  em b ry o s  from  A sp a ra g u s  
officinalis  can  be in d u c e d  in v i t r o  
f rom  se v e ra l ex p lan ts  sources: 
h y p o c o ty ls  (W ilm ar an d  H e lle n d o o rn , 
1968), s te m s (R eu th er, 1977), clado- 
p h y lls  (H arad a , 1973) an d  c lad o p h y ll 
cell c u ltu re s  (Ju llien , 1974). In  so m e

cases lo n g -te rm  em b ry o g en ic  ca llu ses  
can  be o b ta in ed  (Jullien, 1974; D elb re il 
et a l ,  1994). D elbreil et al. (1993) fo u n d  
th a t cy lind rica l em b ry o s (800-1600 |im )  
co u ld  be tra n s fo rm e d  by  A. t u m e f a 
ciens  (C58 pG V 2260-35SG us-int); g lo 
b u la r  em bryos (200-400|xm) w e re  
assayed also  b u t no  tr a n s fo rm a n ts  
w ere  found .
T he p artic le  g u n  h as  b ee n  u se d  as a n  
a lte rn a tiv e  to  A g r o b a c te r iu m - m e d i 
ated  tra n s fo rm a tio n  of a sp a rag u s  
(Perri et al., 1994). A sp a ra g u s  p ro to 
p lasts  h a v e  b ee n  tra n sfo rm e d  by e lec
tro p o ra tio n  (M u k h o p ad h y a y  a n d  
D esjard in s, 1994), b u t p la n t re g e n e ra 
tio n  w as  n o t re p o rted . So o n ly  
A g ro b a c te r iu m  m e d ia te d  tra n s fo rm e d  
Asparagus  tissu e  h as  b ee n  ab le  to  re 
g en e ra te  p lan ts .
The ex p e rim en ts  rep o rte d  h e re  w e re  
p e rfo rm ed  in  o rd e r  to  im p ro v e  p r e v i
o u s re su lts  o n  tra n s fo rm a tio n  of 
Asparagus o fficinalis  by
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A g ro b a c ter iu m  tum efaciens  (D e lb re il 
et al. 1993).

Materials and methods

Agrobacterium strains:
T ra n s fo rm a tio n  w a s  c a rrie d  o u t w ith  
tw o  c o m b in a t io n s  o f  v e c to r  a n d  
A grobac ter ium  tum efaciens : C58 GV 
2260-G us-in t (GV2260) (D elb reil et a l ,
1993); a n d  A g il pB PG i (su p e rv iru len t, 
c o n s t i tu t iv e ly  e x p re s s in g  th e  v i r u 
le n c e  g e n e s ) ,  c o n s t r u c te d  b y  th e  
a u th o rs .
M o st o f th e  w o rk  w as  d o n e  w ith  A .  

tumefaciens  s tra in  C58 GV 2260 w h ich  
c o n ta in s  a 35S G u s-in t a n d  a n o s-n p t II 
g en e  (D eb laere  et al., 1985; V ancanney t 
et al., 1990).

C o n str u c tio n  o f tra n sfo rm a tio n  
vectors:
The p la sm id  pB PG i w as  co n s tru c ted  by  
s t a n d a r d  r e c o m b in a n t  te c h n iq u e s  
(M a n ia tis  et al., 1982) (F ig  1). T he 
p la sm id  p35SA c (d eriv a tiv e  of pU C  18 
w ith  th e  bar g e n e  in tro d u c e d ; a g ift 
from  D r. P. Eckes, H o ech st, G erm any) 
w a s  c u t b y  Eco RI a n d  th e  re su lt in g  
f ra g m e n t c o n ta in in g  th e  bar g en e  b e 
tw e e n  th e  35S p ro m o to r  a n d  th e  35S 
te rm in a to r  w a s  lig a ted  in to  th e  Eco RI 
d ig e s te d  b in a ry  v e c to r  p B in  19 
(B ev a n , 1984; B ev an  a n d  C h ilto n , 
1982) w h ic h  a lre a d y  c o n ta in e d  a n  npt
II g en e  c o n tro lled  b y  th e  nos p ro m o te r  
a n d  te rm in a to r  (see f ig u re  1). T he re 
s u l t a n t  i n t e r m e d i a t e  p l a s m i d  
(pBIPA T) w a s  o p e n e d  b y  H ind  III an d  
a f ra g m e n t o b ta in e d  f ro m  H i n d  III 
d ig e s tio n  o f p35S -G us-in t [w ith  a n  in 
tro n  c o n ta in in g  u id A  g en e  c o n tro lled  
b y  th e  35S p ro m o to r  a n d  th e  35S te r
m in a to r , (O hta  et al., 1990)] w as  liga ted  
in  th e  pB IPA T. T his n e w  b in a ry  v ec to r 
is r e fe r re d  to  as  pB PG i. pB PG i w as  
m o b il is e d  in to  th e  s u p e r  v i r u le n t

ÜS 1ST

v X

11
Final product.

Figure 1. The two steps involved in the construction 
of the plasmid pBPG i, which combines the gene for 
kanamycin resistance (npt II), the gene for Basta re
sistance (bar) and the ß-glucuronidase gene (u idA )  
containing an intron. The orientations of the bar and 
uid A  genes were deduced after enzymatic digestion. 
See text for details.

s tra in  A. tumefaciens  A g ll u s in g  the  
tr ip a re n ta l m a tin g  sy stem  (D ra p p e r  et 
al., 1988). The n ew  s tra in  is re fe rred  to  
as A g ll pBPGi.
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Plant material 
Somatic embryo culture:
T w o em b ro g en ic  lines w ere  u sed : Line 
A  (S 81 A.2) iso la te d  from  a m ale  line 
(F l  h y b r id  81 A) p ro v id e d  by  IN R A , 
V ersa ille s  a n d  lin e  B (S 8.1) iso la te d  
from  a m ale  p la n t p ro v id e d  b y  Jacques 
M a rio n n e t G FA . H a b itu a te d  em b ry o - 
gen ic  lin e s  o f A sp a ra g u s  officinalis  
w ere  o b ta in e d  acco rd in g  to  D elb re il et 
al., 1994. T h ese  h a b i tu a te d  em b ry o - 
gen ic lines w e re  su b c u ltu re d  ev e ry  3-4 
w e e k s  o n  M S N -m e d iu m  (D e lb re il et 
al., 1994) in  a g ro w th  ch am b er 25 °C , 
70 % re la tiv e  h u m id ity  a n d  1 6 h /d a y  
flu o re sc en t lig h t (40-70 f iE m ^ s '1).

W h o le  p la n ts  a re  n o rm a lly  o b ta in e d  
b y  tra n sfe rr in g  ro o t a n d  sh o o t fo rm in g  
e m b ry o s  to  a n e w  m e d iu m  w ith o u t 
g ro w th  re g u la to r s ,  a n d  la te r  t r a n s 
p la n tin g  th e  p la n tle ts  to  th e  soil u n d e r  
g re e n h o u se  co n d itio n s .

Fractionation of embryos:
T h e e m b ry o g e n ic  tis su e  w a s  fra c tio 
n a te d  b y  w a s h in g  w ith  liq u id  M SN  
th ro u g h  a se ries  o f filte rs  w ith  th e  fo l
lo w in g  m e sh  sizes: 63, 125, 200, 400, 
800, an d  1600 |im . For m o st of the  ex
p e r im e n ts  w a s  o n ly  u se d  th e  frac tio n  
r e ta in e d  o n  th e  800 |im  m e sh  filte r  
(e lo n g a ted  em bryos).

Bacteria:
B acteria s to red  a t 4 °C for 4-8 w eeks on 
ag a r  so lid ified  LB m e d ia  su p p lie d  w ith  
th e  a p p ro p r ia te  an tib io tica  w ere  rev i- 
ta liz a te d  a t 28 °C d u r in g  24 h  on  so lid  
LB m e d ia  su p p lie d  w ith  the  a p p ro p r i
a te  an tib io tica . T he d a y  befo re  the  co
c u l tu re  10 m l o f liq u id  LB m e d iu m  
w a s  in o c u la te d  w ith  b ac te ria  a n d  p u t 
o n  sh a k e r  o v e rn ig h t (18 h , 28 °C , 190 
rp m ). W h en  th e  o p tica l d e n s ity  a t 600 
n m  (ODfioo) reach ed  0.8 (= 10 8 b ac te ria  
p e r  m l) th e  cu ltu re  w a s  cen trifu g ed  (15

m in  a t 2000 g). a n d  th e  p e lle t w a s  re 
su sp e n d e d  in  liq u id  M SN.

Coculture:
O n e g ram  o f em b ry o s  w a s  u se d  p r  5 
m l of b a c te r ia  so lu tio n . A fte r  15-20 
m in  co cu ltu re  th ey  w ere  sub jec ted  to  a 
3 x 3  m in  v a c u u m  in f iltra tio n  (-0.79 
b ar). A fte r  c e n tr ifu g a tio n  (4 m in  a t 
840 rp m  = 140 g) the  b ac te ria  so lu tio n  
w as  p ip e tte d  off a n d  the  em b ry o s w ere  
b lo tted  d ry  befo re  tran sfe r  to  p a p e r  fil
te rs  (W h a tm an  n o  3, 7 cm  in  d ia m e 
te r)  in  P e tri d ish e s  c o n ta in in g  20 m l 
a g a r  so lid ifie d  M S N -m e d iu m  (50 o r 
500 m g  e m b ry o s  p e r  P e tr id is h ) .  In  
som e cases th e  b lo tte d  e m b ry o s  w ere  
s u s p e n d e d  in  l iq u id  m e d iu m  (50 
m g /m l)  an d  one m l w as  tra n sfe rre d  to  
each  P e tr id is h /p a p e r  filter. To te s t the  
effect o f acetosyringone it w as  a d d e d  to 
th e  c o c u ltu re  m e d iu m  (M SN) to  g ive 
fin a l co n c e n tra tio n s  of 0, 2.5, 10 a n d  
100 (J.M. E x p erim en ts  w ere  p e rfo rm e d  
w i th  a t  l e a s t  tw o  r e p l i c a t io n s  
(frequen tly  w ith  3 o r 4 rep lications).

Selection of transformants:
T he c o c u ltu re  w a s  p e r fo rm e d  in  th e  
d a rk  a t 27 °C for 48 o r 72 h. T he filte r 
p a p e rs  w ith  th e  e m b ry o s  w e re  th e n  
tra n s fe rre d  to  m e d iu m  co n ta in in g  ce
fo tax im e  (400 m g /L )  a n d  p la c e d  in  
ligh t. G en e ra lly  th e  filte r p a p e rs  w ith  
th e  em b ry o s  w e re  tra n s fe rre d  to  th e  
s e l e c t i o n  m e d iu m  c o n t a i n i n g  
k an am y c in  (100 m g /L )  a n d  cefo tax im e 
(400 m g /L )  at d a y  7 afte r s ta r t of cocul
tu re . S u b c u ltu re  to  n e w  m e d iu m  for 
se lec tion  w as  p e rfo rm ed  ev e ry  2 1  d ay s  
(day  28, 49 an d  70 afte r s ta r t of cocu l
tu re ). A fter a t leas t 70 d a y s  o n  se lec
tio n  m e d iu m  th e  g re e n  a n d  h e a lth y  
lo o k in g  c a llu s /e m b ry o s  w e re  se lec ted  
fro m  th e  m o re  o r  less b ro w n  n o n  
tra n sfo rm e d  tissue , a n d  tra n s fe rre d  to  
n e w  k a n a m y c in  a n d  ce fo tax im e  con-
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ta in in g  m e d iu m . E m b ry o s  su rv iv in g  
h e re  w e re  c o n s id e re d  t ra n s fo rm e d , 
a n d  sub jec ted  to  fu rth e r  test.

GUS histochemical assay.
H is to c h e m ic a l G U S a s sa y  w a s  p e r 
f o r m e d  e i t h e r  o n  a p p a r e n t l y  
k a n a m y c in  re s is ta n t  tis su e  o r  6 d ay s  
a f te r  c o c u ltu re , w ith o u t su b je c tin g  to  
se lec tion . T he p ro c e d u re  d esc rib ed  by  
Jefferson  (1987) w as  a p p lied  w ith  a few  
m o d if ic a tio n s .  S a m p le s  w e re  in c u 
b a te d  in  a 0.5 m g /m l  so lu tio n  o f X- 
G luc (5 -b rom o-4-ch lo ro -3 -indo ly l-B -D - 
g lu c o ro n id e , fina l conc. 7 m M ) in  as
sa y  b u f fe r  (50 m M  p o ta s s iu m  p h o s 
p h a te  b u ffe r  a t p H  7.0 a n d  0.05 m M  
e a c h  o f  p o ta s s iu m  fe r r ic y a n id e  a n d  
p o ta s s iu m  f e r ro c y a n id e ) .  S a m p le s  
w e re  su b m e rg e d  a n d  su b je c ted  to  10 
m in  v a c u u m  in filtra tio n  (-0.79 bar) b e 
fo re a 24 h  in c u b a tio n  a t 37°C . G reen  
tis su e  w a s  th e n  d e c o lo ra te d  b y  70 % 
e th a n o l d u r in g  20 m in ., a n d  th e  n u m 
b e r o f G U S ex p re ss io n  u n its  (b lue cells 
o r g ro u p s  of cells) w e re  o b se rv e d  u n 
d e r  a d issec tin g  m ic roscope (table 2 ).

Results and discussion

S om atic  e m b ry o s  of A. officinalis th a t 
h a d  b ee n  c o c u ltiv a te d  w ith  A. tumefa
ciens  AGL1 pB P G i w e re  c u ltu re d  on  
k a n a m y c in  c o n ta in in g  m e d iu m , a n d  
a fte r  2 m o n th s  it w a s  p o ss ib le  to  iso 
la te  6 lin es  o f g ree n  a n d  w ell g ro w in g  
tis s u e  f ro m  a to ta l o f 8 P e tr i d ish e s  
w ith  each  50 m g  so m a tic  em b ry o s  
in itia lly ; a n d  a fte r a  fu rth e r  4 w eek s it 
w a s  p o ss ib le  to  iso la te  fu r th e r  4 lines 
o f g ree n  tissue . T h u s g iv in g  1 line p er 
40 m g  o f o rig in a l tissu e . H o w ev er, o f 
th e se  10  lin e s  o n ly  o n e  s u rv iv e d  th e  
su b c u ltu re  to  n ew  k an am y c in  co n ta in 
in g  s e le c tiv e  m e d iu m . So th e  f re 
q u en c y  o f s tab le  tran sfo rm a tio n  w as

Effect of kanamycin.

0  5 15 35 40 50 75 100 200  400

Kanamycin, mg/L.

Figure 2. Growth of somatic embryos (size 1600 - 800 
^xm) after 70 days on the respective levels of 
kanamycin. Cefotaxime (400 m g/L) was included at 
all levels. Results are mean of three replications w ith 
bacteria (+b) or without bacteria (-b). Error bars in
dicate SD  level. Initial FW  = 50 mg.

on e  p e r  400 m g  tis su e  (= 2.5 p r  g ram  
tissue). T his line sh o w e d  p o s itiv e  re 
sp o n se  in  a GUS test.
In o rd e r  to  m in im ise  th e  chances fo r a 
false  p o sitiv e  GUS resp o n se , th e  rea c
tio n  w as s to p p e d  by  w ash in g  the  tissu e  
in  e th an o l afte r 2 h  30 m in  in  the  GUS 
re a c tio n  m e d iu m . A lre a d y  a f te r  on e  
h o u r  in  th e  GUS rea c tio n  m e d iu m  the  
m e r is te m a tic  r e g io n s  fo r  b o th  th e  
sh o o t a n d  th e  ro o t o f th e  te s te d  e m 
b ry o s  w as d en se ly  b lu e . T he v e ry  few  
t r a n s fo rm a n ts  fo u n d  w h e n  G V 2260 
w as u se d  (Table 2) m ay  b e  ex p la in ed  by  
low  ac tiv a tio n  of th e  v iru le n c e  g en es  
in  G V 2260 a s  th e  s u p e r  v i r u le n t  
b a c te r ia l  s t r a in  A g l l  g a v e  m o re  
t r a n s f o r m a n t s .  T h e  s u c c e s s f u l  
A g ro b a c te r iu m -m e d ia te d  t r a n s fo rm a -  
m a tio n  p ro to c o ls  fo r  rice  (H ie i et al.
1994) an d  m a ize  (Ish ida  et al. 1996) in 
c lu d e d  s u p e r v i r u l e n t  s t r a i n s  o f 
A grobacter ium  as  w ell. H o w e v e r , th e  
choice of v ec to rs  a n d  b ac te ria l s tra in s  
w as  v e ry  im p o rta n t (H iei et al. 1994).
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Table 2. Transformation events expressed in number of strongly Gus positive areas in the total of the cocultured 
tissue.
(-) no test performed.

Exp. no Plasmid Plant line Cocultured, mg Age at Gus 
test

Gus pos Lines
kanamycin
resistant

Lines kan. res 
and Gus pos.

1 GV2260 S8.1 2400 0 0

II GV2260 S8.1 2100 0 0

III GV2260 S81 A.2 3000 70 days 0 0 0

IV GV2260 S81 A.2 1 500 78 days 2 0 0

V GV2260 S81 A.2 no filtra t io n  
9500

28 days 8 0 0

VI GV2260 S81 A.2 600 6 days 1 1 not tested

VII Agl 1 
pBPGi

S8.1 400 70 days 1 1 0 1

F u r th e r  A g r o b a c t e r i u m - m e d i a t e d  
t r a n s fo rm a t io n  e ffo rts  o n  a s p a ra g u s  
sh o u ld  p a y  a t te n tio n  to  th is  p ro b le m  
as th e  re c a lc itra n c e  o f m o n o c o ts  to  
tra n s fo rm a tio n  b y  Agrobacterium  m ay  
b e  d u e  to  lo w  ac tiv a tio n  o f v iru len ce  
g en e s  in  A g ro b a c te r iu m  b y  e x u d a te s  
f ro m  s c a r if ie d  c e lls  o f m o n o c o ts  
(B aron an d  Z am b ry sk i, 1995). W e d id  
n o t  sc a r ify  th e  t is s u e  o n  p u rp o s e .  
H o w ev er, w e  su p p o se  o u r  h an d lin g  of 
th e  e m b ry o s  o n  th e  s te e l f ilte rs  d id  
h u r t  th e  e m b ry o s  su ffic ien tly . N o  ef
fects of ac e to sy rin g o n e  w ere  found .

Selection of transformants:
M o n o c o ty le d o n o u s  p la n ts  h a v e  in  se
v e ra l cases sh o w n  re la tiv e  h ig h  re s is 
tan ce  to  k a n a m y c in  (Schro tt, 1995). In 
o u r  e x p e rim en ts , th e  som atic  em b ry o s 
of A. officinalis h a v e  sh o w n  a re la tiv e  
h ig h  r e s i s t a n c e  to  k a n a m y c in .  
H o w e v e r , th e  g ro w th  o f th e  so m atic  
e m b ry o s  w a s  s u b s ta n t ia l ly  re d u c e d  
(fig u re  2 ); as w ell as ch lo ro p h y ll sy n 
thesis . N o n  tra n s fo rm e d  tis su e  g ro w n  
o n  100 m g /L  k a n a m y c in  is b ro w n  or 
tra n sp a re n t 9 w eek s afte r cocu ltu re.

B asta a p p e a re d  to  b e  m o re  toxic th a n  
kanam ycin . A ll em b ry o s d ie d  in  a p re 
l im in a ry  e x p e r im e n t w ith  6 m g /L  
(re su lts  n o t p re se n te d ) . W ith  th e  c o r
rec t level for se lec tion  B asta m a y  b e  a 
good  selective ag e n t in  tran sfo rm a tio n  
w o rk  w ith  asparagus.
W e f o u n d  t h a t  th e  400  m g /1  
C efo tax im e m e d ia  a c tu a lly  im p ro v e d  
g ro w th  of the  em b ry o s (figure 3).

Size of explants for transformation
Severa l a u th o rs  h av e  fo u n d  th a t co m 
p e te n c e  fo r t r a n s fo rm a t io n  w a s  r e 
s tr ic te d  to  a c e r ta in  d e v e lo p m e n ta l  
s tag e  of th e  p la n t cells (M cK innon  et 
al., 1996), a n d  as D elb re il et al. (1993) 
sh o w ed  th a t th e  e lo n g a te d  em b ry o s  in  
th e  size  of 1600-800 u m  w a s  th e  b es t 
r e s p o n d in g  tis su e , m o s t o f o u r  w o rk  
w as  p e rfo rm e d  w ith  th is  d e v e lo p m e n 
ta l s tage  of the  em bryos.
H o w e v e r , w h e n  G U S s ta in in g  w a s  
p e rfo rm ed  afte r on ly  7 d ay s  co cu ltu re , 
d a rk  b lue  s ta in in g  w as restric ted  to  the 
sm all g lo b u la r  se co n d a ry  em b ry o s  on  
th e  su rface  of th e  o rig in a l em bryos.
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Effect of cefotaxime.
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Figure 3. Effect of cefotaxime on growth of somatic 
embryos (size 1600 - 800 pm) after 70 days on the 
medium. Fresh weight (mg) is higher on cefotaxime con
taining medium. Results are mean of three replications 
w ith bacteria (+b) or w ithout bacteria (- d ). Error 
bars indicate SD. Initial F W  = 50 mg.

W e g e n e ra lly  u se d  4 w e e k s  o ld  cu l
tu re s  w h ic h  w ere  filte re d  a n d  u se d  a t 
o n ce ; b u t  a s  c u l tu r e  ag e  h a s  b e e n  
sh o w n  to  b e  im p o r ta n t (M cK innon  et 
al., 1996) o u r  re su lts  m a y  be im p ro v e d  
if th e  v a r io u s  f ra c tio n s  w e re  t r a n s 
fe rre d  to  n e w  m e d iu m  a few  d ay s  b e 
fo re  c o c u ltiv a tio n . S carifica tio n  a few  
d a y s  b e fo re  c o c u ltu re  co u ld  a lso  in 
d u c e  ce ll d iv is io n , so , y o u n g  fast d i
v id in g  cells w e re  a b u n d a n t a t th e  co
c u ltu re .
A s w e  d o  n o t p re s e n t  co n firm a tio n  of 
th e  t r a n s f o r m a t io n s  n e i th e r  b y  
m o le c u la r  b io lo g y  (S o u th e rn )  n o r  by  
th e  h e r i t a b i l i ty  o f  th e  in t ro d u c e d  
c h a ra c te rs  (B asta a n d  k a n a m y c in  re 
s is tan c e  a n d  ß -g lu c u ro n id a se  activ ity ) 
th e  p re s e n te d  re su lts  sh o u ld  o n ly  be 
c o n s id e r e d  p r e l im in a r y .  H o w e v e r ,  
th e se  co n firm a tio n s  a re  u n d e r  w ay .
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Long term culture of Alstroemeria x hybrida L. 
somatic embryos in liquid media 

without growth regulators.
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K ey  w o rd s :  In c a  l i ly ,  m ic r o p r o p a g a t io n ,  o r n a m e n ta l ,  o v u le ,  s o m a tic
em b ry o g e n esis , su sp e n s io n  cu ltu re .

Abstract

S om atic  e m b ry o s  w e re  in d u c e d  from  im m a tu re  zy g o tic  e m b ry o s , c o n ta in e d  in  
ov u le s , iso la te d  8 d a y s  p o s t p o llin a tio n . In d u c tio n  of so m atic  em b ry o s  co u ld  be 
p e rfo rm e d  b o th  w ith  a n d  w ith o u t g ro w th  reg u la to rs . The so m atic  em b ry o s  w ere  
o b ta in e d  e i th e r  b y  n e o fo rm a tio n  o n  a b n o rm a l p la n tle ts  a r is in g  fro m  th e  c u lti
v a te d  o v u le s , o r  d irec tly  fro m  th e  ov u le , com in g  p ro b ab ly  from  th e  g e rm in a te d  
zygo tic  em b ry o . N ew  som atic  em bryos d ev e lo p ed  by  seco n d a ry  em b ry o g en esis  an d  
co u ld  b e  u se d  fo r in itia tio n  of em b ry o g en ic  cu ltu res . T hese c u ltu re s  w ere  m a in 
ta in e d  fo r 18 m o n th s  o n  a m o d ifie d  M u rash ig e  a n d  S koog sem i so lid  m e d iu m  
w ith o u t g ro w th  reg u la to rs ; an d  in  the  liq u id  e q u iv a le n t of th is  m e d iu m  d u r in g  9 
m o n th s . S eco n d a ry  em b ry o g e n e s is  w a s  p re v a ilin g  in  b o th  liq u id  a n d  so lid ified  
g ro w th  re g u la to r-fre e  m e d iu m . O n e m o n th  cu ltu re  in  liq u id  m e d iu m  re su lte d  in 
a 12-fold inc rease  in  fresh  w eig h t. By se lec ting  the  b es t d ev e lo p e d  (e longa ted ) e m 
b ry o s  fro m  th e  c u l tu re s  a h ig h  ra te  o f c o n v e rs io n  w as  o b ta in e d  g iv in g  b o th  
p la n tle ts  a n d  f lo w erin g  p lan ts .

A b b rev ia tio n s: BA - 6-b en z y lam in o p u rin e , D A P - d ay s p o s t p o llin a tio n , 2,4-D  - 2,4- 
d ich lo ro p h en o x y ace tic  ac id , FW  - fresh  w eig h t, N A A  - n ap h th a len eace tic  acid.

Introduction

A ls tro em er ia  sp e c ie s  a re  rh iz o m a to u s  
m o n o c o ty le d o n o u s  p e re n n ia ls  w h ic h  
h a v e  p r o d u c e d  m a n y  h y b r id s  g ro w n  
fo r th e ir  a t tra c tiv e  f lo w ers  w ith  excel

le n t vase-life . C o m m erc ia l in te re s t h as  
fo rm e rly  b e e n  re s tr ic te d  to  cu t-f lo w er 
p ro d u c tio n . H o w e v e r , th e  in c re a s in g  
in te re s t for p ro d u c in g  Alstroem eria  as 
p o t p la n ts  m akes b re e d in g  fo r low  a n d  
u n ifo rm  p la n ts  n ecessary , as w e ll as an  
e ff ic ie n t m e th o d  to  p ro d u c e  q u a lity
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p la n tle ts . C lo n in g  o f se lec ted  p la n ts  in  
Alstroem eria  is a t p re se n t m a d e  by  rh i
z o m e  d iv is io n ,  e i th e r  in vivo  o r  i n 
vitro  (H u tc h in so n  et al. 1994; M o n e tte  
1992).
T h e  in vi tro  m u l t ip l ic a t io n  r a te  in  
A l s t r o e m e r i a  is d e te r m in e d  b y  th e  
n u m b e r  o f  r h iz o m e  t ip s  o n  th e  
p la n tle ts  w h e n  th e y  are  d iv id e d . O th er 
m e th o d s  fo r  e ff ic ie n t m u lt ip lic a t io n  
e.g . rh iz o m e  in d u c t io n  f ro m  a p ic a l 
b u d s  o f v e g e ta tiv e  s te m s (Ø rn s tru p  et 
al. 1994) o r  b y  so m a tic  e m b ry o g e n es is  
(G o n z a le z -B e n ito  & A ld e rs o n  1990, 
1992 a, b; H u tch in so n  et al. 1994; Schaik 
et al. 1996) h a v e  b ee n  in v e s tig a ted , b u t 
n o  e ff ic ien t te c h n iq u e s  fo r la rg e  scale 
p ro p a g a tio n  h a v e  y e t b ee n  p u b lish ed . 
F o rm e rly  r e p o r te d  in d u c t io n  o f so 
m a tic  e m b ry o s  a n d  th e ir  m a in te n a n c e  
o n  a g a r  so lid ifie d  m e d iu m  h a v e  u se d  
zy g o tic  em b ry o s  as ex p lan ts , espec ia lly  
im m a tu r e  z y g o t ic  e m b r y o s  h a v e  
p ro v e d  g o o d . Im m a tu re  z y g o tic  e m 
b ry o s  h a v e  a lso  b e e n  a p p l ie d  in  th e  
b r e e d in g  o f  A ls tr o e m e r ia  in  o rd e r  to 
o v e rc o m e  in te rsp e c if ic  h y b r id iz a tio n  
b a r r ie r s  (B u ite n d ijk  et al. 1995; Jeu  & 
Jacobsen  1995; K ris tian sen  1995; W insk i
& B ridgen  1988).
H ere  w e  re p o r t  h o w  ab n o rm a l g e rm i
n a t in g  im m a tu r e  z y g o t ic  e m b ry o s  
c o u ld  in d u c e  so m a tic  e m b ry o s  th a t  
w ere  ab le to  m u ltip ly  b y  seco n d a ry  em 
b r y o g e n e s is  o n  m e d iu m  w i th o u t  
g ro w th  re g u la to rs ,  a n d  in  th e  liq u id  
e q u iv a le n t o f th is  m e d iu m .
T h is e x p e r im e n t is p a r t  o f a p ro je c t 
w ith  th e  o v e ra ll  a im  to  im p ro v e  m i
c ro p ro p a g a tio n  effic ien cy  in  o rd e r  to  
m ake  a p ro d u c tio n  of m ic ro p ro p a g a te d  
A ls t r o e m e r i a  p la n tle ts  fo r p o t p la n t  
p ro d u c tio n  p ro fitab le .

Materials and methods 

P la n t m a te ria l

In terspecific  crosses w ere  p e rfo rm e d  b e 
tw e e n  (A): A. presliana  a n d  A. ligtu  
a n d  (B): A. pulchella  a n d  A. pelegrina. 
L ik ew ise  se lf p o llin a te d  f lo w ers  fro m  
a n  u n n a m e d  c lo n e  o f  th e  'B u tte rf ly ' 
ty p e  ( te t r a p lo id  A. Pulchella  X A  . 
Pelegrina) w ere  u sed  (C).

O b ta in in g  som atic  em b ry o s

C alli from  cross A  an d  B w ere  o b ta in ed  
f ro m  o v u le s  p r o d u c in g  a b n o r m a l  
p la n tle ts  as d e sc r ib e d  b y  K ris tia n se n
(1995). O varies w ere  rem o v ed  8-14 d ay s 
a f te r  p o llin a tio n  (D A P ), s te r i lis e d  b y  
d ip p in g  th e m  in  96%  e th a n o l  a n d  
b u rn in g  th e  e th a n o l a f te rw a rd s . T he 
im m a tu re  s e e d s  (o v u le s )  w e re  th e n  
d is s e c te d  a n d  p la c e d  o n  a b a s a l  
m e d iu m  (BM ) c o n s is t in g  o f  M S- 
m e d iu m  (M u ra sh ig e  & S k o o g  1962) 
w ith  6% su c ro se . " G e rm in a tio n "  o c
c u rre d  a b o u t 7 w eeks a fte r s ta r t  o f cu l
tu re . T h en  th e  "g e rm in a te d "  o v u le s  
w e re  tra n s fe rre d  to  a b a sa l m e d iu m  
(K r is t ia n se n  1995) w ith  3% s u c ro se  
(BM3) an d  4 w eek s la te r  calli w ith  so 
m atic  em b ry o s w ere  iso lated .
O v u les  from  se lf p o llin a te d  'B u tte rfly ' 
flow ers w ere  d issec ted  8 o r  12-14 D A P 
as d esc r ib e d  ab o v e , a n d  c u l tu re d  on  
b asa l m e d iu m  w ith  3, 6 o r  25 % s u 
c ro se  s u p p lie d  w ith  0, 1, 20 p,M BA 
com bined  w ith  0, 1, 20 2,4-D  in all
co m b in a tio n s; o r 20 (iM k in e tin  w ith  
20 |iM  N A A . A fte r 7 w e e k s  o v u le s  
w e re  tra n s fe rre d  to  g ro w th  re g u la to r  
free  BM3 m e d iu m  a n d  su b se q u e n tly  
su b c u ltu re d  on  th is  m e d iu m  e v e ry  4 
w ee k s . F ina l re su lts  w e re  sc o re d  16 
w ee k s  a fte r iso la tio n  o f o v u le s . A fter
12  w eek s a few  ab n o rm a l g e rm in a tin g  
z y g o tic  e m b ry o s  h a d  d e v e lo p e d  a
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w h ite  n o n  d if fe re n tia te d  co m p ac t t is 
su e  (callus) from  w h ich  it w as  possib le 
to  iso la te  so m a tic  em b ry o s . Iso la te d  
so m a tic  em b ry o s  w e re  m a in ta in e d  on  
BM3 (20 m l in  9 cm  P etri d ishes). A t 
each  su b c u ltu re  (ev e ry  4 w eeks) a v i
s u a l  s e le c tio n  w a s  p e r fo rm e d , a n d  
o n ly  s in g le  em b ry o s  (g lo b u la r o r la te r 
s tag es) o r  tis su e  w ith  e a r ly  s ta g es  of 
em b ry o s  a ttac h ed  w ere  su b c u ltu red . 
C u ltu re s  w e re  m a in ta in e d  a t 20°C d ay  
a n d  15°C n ig h t in  a 16-h p h o to p e r io d  
a n d  a p h o to n  fluence of 50 |im o l-rrr2- 
s ' 1 p ro v id e d  b y  a m ix tu re  of tw o  types 
of f lu o re sc e n t tu b e s : 60%  M a z d a flu o r  
TFRS 4 0 /B i a n d  40%  P h il ip s  TLM  
33RS.

Liquid culture and conversion of so
matic embryos

A  liq u id  c u l tu re  w a s  in i t ia te d  fro m  
c ro ssin g  (A), 9 m o n th s  afte r iso la tion  of 
th e  firs t so m a tic  em b ry o s , b y  tra n sfe r
r in g  400 m g  e m b ry o s  to  250 m l 
E rlen m e y er flasks w ith  40 m l m ed iu m . 
T he in itia te d  c u ltu re s  w ere  m a in ta in ed  
in 150 m l tra n sp a re n t p lastic  co n ta in e rs  
w ith  20 m l liq u id  m e d iu m  a n d  200 m g 
in o c u lu m . A  sa m p le  of 200 m g  tis su e  
co n s is ted  of e ith e r  a b o u t 40 g lo b u la r or 
e lo n g a te d  so m a tic  e m b ry o s  (800-1600 
|im ), o r 3-4 ag g re g a te s  o f em b ry o g en ic  
tis su e  a t a n  ea rly  s tage  of d ev e lo p m en t. 
T he liq u id  m e d iu m  co n s is te d  of BM3 
m e d iu m  w ith o u t  a g a r . T h e  m e d iu m  
w as  ch a n g ed  ev e ry  7 d ay s , b y  decan ting  
th e  o ld  m e d iu m . F re sh  w e ig h t (FW ) 
w a s  d e te rm in e d  a t  e a c h  c h a n g e  of 
m e d iu m . A ll liq u id  c u ltu re s  w e re  ag i
ta te d  o n  a n  o rb ita l  sh a k e r  ( 110  rp m ), 
u n d e r  d iffu se  ligh t. N e w  cu ltu re s  w ere  
in itia ted  ev e ry  28 d ay s  b y  se lec ting  em 
b ry o s  a t d e fin e d  s tag es (sing le g lobu la r, 
s in g le  e lo n g a te d  o r ag g re g a te s  of early - 
s ta g e  em b ry o s)  fro m  o ld e r  c u ltu re s  in

liq u id  m e d iu m . C u ltu re  c o n d itio n s  as 
m e n tio n e d  ea rlie r .
F or co n v e rs io n  iso la te d  em b ry o s  w ere  
c u l tu r e d  o n  a g a r  s o l id i f i e d  BM 3 
m e d iu m . R e s u lt in g  p la n t le t s  w e re  
t r a n s p la n te d  to  s te r i l is e d  s p h a g n u m  
an d  g ro w n  u n til f lo w erin g  in  a g re e n 
h o u se .

Histological observations

E m b ry o g e n ic  a g g re g a te s  f ro m  fo u r  
w eek s o ld  liq u id  c u ltu re s  w ere  se lected  
a t d a y  0 an d  d a y  28 a f te r  tra n s fe r  to  
so lid  m e d iu m . F ixation  w a s  p e rfo rm e d  
o v e rn ig h t a t ro o m  te m p e ra tu re  w ith  
8% p a ra fo rm a ld e h y d e  in  a 0.1 M  so lu 
tio n  of P ipes bu ffe r (pH  6.9) fo llow ed  b y  
a se rie s  o f e th a n o l a n d  h is to lem o n e®  
(C arlo  E rba) w a sh e s . T he tis su e  w as  
th e n  e m b e d d e d  in  p a ra ff in  w ax , sliced  
in  10 o r  15 (im  se c tio n s  a n d  s ta in e d  
w ith  to lu id in e  b lu e  (0.1 % a q u e o u s  so 
lu tion ) for a few  seconds, befo re  o b se r
v a tio n  by  a ligh t-m icroscope .

Experimental design

G en o ty p e  C ex p e rim en ts  co n sis ted  of 5 
o v u le s  p e r  tr e a tm e n t a n d  in c lu d e d  3 
rep lica tio n s  fo r th e  o v u le  ag e  "8 d ay s  
p o s t  p o llin a tio n "  a n d  2 o r  3 re p lic a 
tions fo r th e  o v u le  age "12-14 d ay s p o s t 
p o l l i n a t io n " .  R e s p o n s e  f ro m  th e  
’B u tte rf ly ' o v u le s  w e re  sp o ra d ic  (raw  
d a ta  are p resen ted  in  tab le 1 an d  2 ). 
G ro w th  e s tim a tio n s  in  liq u id  c u l tu re  
w ith  s ta r t in g  FW  = 200 m g  in c lu d e d  
m e an  from  4 e x p e rim en ts  w ith  a t leas t 
4 r e p l ic a t io n s  in  e a c h  e x p e r im e n t .  
R e su lts  w ith  s ta r t in g  FW  = 500 a n d  
1000 m g  in c lu d e d  m e a n  fro m  o n e  ex 
p e r i m e n t  w i t h  4 r e p l i c a t i o n s .  
E x p o n e n tia l c u rv e  f i t t in g  w a s  p e r 
fo rm e d  b y  D e l ta G r a p h  2 .0 .2  fo r  
M a c in to sh .
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Results

In d u c tio n  o f so m a tic  em bryos: effect of 
s u g a r ,  g ro w th  r e g u la to rs  a n d  ag e  of 
o v u le s

O v u le s  fro m  se lf p o llin a te d  'B u tte rfly ' 
flow ers  w ere  iso la ted  a few  d ay s  (8 an d  
12-14) p o s t  p o llin a tio n  a n d  p la te d  on 
d if fe re n t  c o m b in a tio n s  o f s u g a r  an d  
g ro w th  reg u la to rs .
T he re s p o n s e s  w e re  sc o re d  in  th re e  
c lasses : a) o v u le s  p r o d u c in g  n o rm a l 
p la n tle ts  b) o v u le s  p ro d u c in g  ab n o rm a l 
p la n tle ts  a n d  c) o v u le s  p ro d u c in g  so 
m atic  em b ry o s  d irec tly . D ead  o r non-re- 
s p o n d in g  o v u le s  w ere  n o t scored . 
N o rm a l p la n tle ts  g rew  v ig o ro u s ly  an d  
n e v e r  p ro d u c e d  so m a tic  em b ry o s . O n  
th e  c o n tra ry , a b n o rm a l s lo w  g ro w in g  
p la n t le ts  f re q u e n tly  fo rm e d  a n  e n 
la rg e d  d e fo rm e d  co ty led o n  p ro d u c in g  
a ch a rac te r is tic  so r t o f w h ite  co m p ac t 
t is s u e  w h ic h  p ro d u c e d  so m a tic  e m 
bryos.
T h e  th i r d  c la s s  o f  o v u le s  g a v e  no  
p la n tle ts ,  b u t  p ro d u c e d  so m a tic  e m 
b ry o s  d irec tly  w ith o u t an  in te rm ed ia ry  
ca llu s  p h ase . T hese em b ry o s  co u ld  o ri
g in a te  f ro m  th e  g e rm in a te d  z y g o tic  
em b ry o .
T h e  n u m b e r  o f  r e s p o n d in g  o v u le s  
w ere  low  a n d  sp o rad ic  (Tab. 1 an d  2). 
T w e n ty  tw o  p e rc e n t o f th e  450 o v u le s  
iso la te d  8 d a y s  p o s t  p o llin a tio n  w ere  
ab le  to  g e rm in a te  n o rm a lly ; 14% p ro 
d u c e d  a b n o rm a l  p la n t le ts  a n d  10 % 
w ere  ab le  to  p ro d u c e  so m atic  em b ry o s 
(Tab. 1).
O n ly  1.3% of the  320 ov u les  iso la ted  12- 
14 d a y s  p o s t  p o llin a tio n  w e re  ab le  to  
g e rm in a te  n o rm a lly , 2 .2 % p ro d u c e d  ab 
n o rm a l p la n tle ts  a n d  n o n e  p ro d u c e d  
som atic  em b ry o s  (Tab. 2). 
A p p ro x im a te ly  10% of th e  o v u le s  in cu 
b a te d  on  3 o r  6% su c ro se  d e v e lo p e d  
n o rm a l p la n ts  as  c o m p a re d  to  1.5% on

a m e d iu m  w ith  25% su c ro se . N o rm a l 
p la n tle ts  w e re  fo u n d  o n  a ll c o m b in a 
tions of BA an d  2,4-D.
A b n o rm a l p la n tle ts  w ith  a w h ite  e n 
la rg e d  c o ty led o n  a n d  so m atic  em b ry o s  
(Fig. 1) w ere  fo u n d  on  g ro w th  reg u la to r  
fre e  m e d ia  a n d  o n  s e v e ra l c o m b in a 
t io n s  o f  g ro w th  r e g u la to r s  w ith  n o  
c le a r  t r e n d .  N o  o v u le s  p la te d  o n  
m e d iu m  su p p lie d  w ith  k in e tin  20 (iM 
a n d  N A A  20 |iM  g erm in a te d .
A b n o rm a l p la n tle ts  d e v e lo p e d  e i th e r  
b o th  th e  sh o o t a n d  ro o t m e ris te m , or 
o n ly  th e  p r im a ry  ro o t m e ris tem . T hey  
y ie ld e d  o ften  a w h ite  e n la rg e d  co ty le 
d o n  w ith  n u m e ro u s  so m a tic  em b ry o s  
(Fig. 1) p ro b a b ly  o r ig in a tin g  fro m  th is  
c o ty le d o n . S o m a tic  e m b ry o s  w e re  
fo u n d  e i th e r  o n  th e  s u r fa c e  o f th e  
w h ite  co m p ac t tis su e , o r  m o re  o r  less 
e m b ed d e d  in  it. Som e of th ese  em b ry o s 
w ere  iso la ted  b y  carefu l d issec tio n  from  
th e  tissue.
In  so m e cases, th e  c o ty le d o n  of th e se  
a b n o rm a l p la n tle ts  d e v e lo p e d  a b u n 
d a n t ly  a p a r t ic u la r  v a r ie ty  o f  c a llu s  
e v o lv in g  fro m  th e  d is ta l  p a r t  o f th e  
c o ty le d o n  to w a rd s  th e  m e ris te m a tic  
p art.
T h is c a llu s  w a s  m a in ly  c o m p o se d  of 
w h ite  g lo b u la r u n its , 2-4 m m  in  d ia m e 
te r, w h ich  co lo u re d  th e  m e d iu m  d a rk  
b y  ex c re tio n s  (Fig. 2). T he ca llu s  itse lf  
w as  also  p a r tly  co v e red  b y  th e se  b lack  
excretions. As e lo n g a te d  em b ry o s co u ld  
d ev e lo p  from  th is  b lack  ex c re tin g  callus 
2-4 w e e k s  a f te r  s u b c u ltu re  (on  BM 3 
w ith o u t g ro w th  re g u la to rs )  w e  in te r 
p re te d  th ese  g lo b u la r  u n its  as  g lo b u la r  
em bryos.
"N on  g e rm in a tin g  ov u les" y ie ld e d  in  
so m e cases d irec tly  so m atic  em b ry o s . 
In  th is  case the  o v u le  tu rn e d  d a rk  an d  
p ro d u c e d  a few  w ell d e v e lo p e d  e m 
b ry o s  w h ic h  co u ld  eas ily  b e  iso la te d  
a n d  m a in ta in e d  o n  se m i so lid  BM 3 
m e d iu m .
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Table 1. Development of self pollinated 'Butterfly' ovules isolated 8 days post pollination. Results are number of 
ovules responding. Normal pkmtlet = ovules producing plantlets with normal shoot and root; Abnormal plantlet = 
ovules germinating with white deformed cotyledon; Somatic embryos = ovules producing somatic embryos without 
intervening callus phase; n = 15 in all treatments; total = number of plated ovules pr growth regulator combination. 
Results were scored after 16 weeks. Growth regulator concentration as (iM.

Response Normal plantlets Abnormal plantlets Somatic embryos

Sucro'

BA

se (%) 

2,4-D

3% 6% 25% All 3% 6% 25% All 3% 6% 25% All

0 0 2 1 0 3 /4 5 1 2 0 3 /4 5 0 3 0 3 /4 5

0 1 0 2 0 2 /4 5 1 3 0 4 /4 5 0 1 0 1/45

0 20 1 2 0 3 /4 5 0 0 0 0 /4 5 0 0 0 0 /4 5

1 0 1 3 0 4 /4 5 0 2 3 5 /4 5 1 2 0 3 /4 5

1 1 2 0 1 3 /4 5 1 0 0 1/45 2 0 0 2 /4 5

1 20 1 0 0 1/45 0 0 0 0 /4 5 1 0 0 1 /4 5

20 0 3 2 0 5 /4 5 1 1 2 4 /4 5 0. 1 0 1 /4 5

20 1 4 3 1 8 /4 5 1 1 1 3 /4 5 1 1 0 2 /4 5

20 20 1 3 0 4 /4 5 0 1 0 1 /45 1 1 0 2 /4 5

Kin 20 NAA 20 0 0 0 0 /4 5 0 0 0 0 /4 5 0 0 0 0 /4 5

Total 15/150 16/150 2 /1 5 0 3 3 /450 5 /1 5 0 1 0/150 6 /150 21/450 6 /1 5 0 9 /150 0 /1 5 0 15 /450

10.0 10.7 1.3 22.0 3.3 6.7 4.0 14.0 4.0 6.0 0.0 10.0

Table 2. Development of self pollinated 'Butterfly' ovules isolated 12-14 days post pollination. Number of ex
plants varied, so results are presented as number of explants germinating or producing abnormal plantlets with an 
enlarged white cotyledon per number of cultured ovules. Results were scored after 16 weeks. Growth regulator 
concentration as |aM. For abbreviations see table 1.

Response Norm al plantlets Abnormal plantlets

Sucrose (%) 3 % 6% 2 5 % A l l 3 % 6% 2 5 % A ll

B A 2,4-D
0 0 0/15 1 /15 0/10 1/40 1 /15 1 /15 0/10 2/40

0 1 0/10 1 /15 0/10 1/35 0/10 1 /15 0/10 1/35

0 20 0/10 0/15 0/10 0/35 0/10 0/15 0/10 0/35

1 0 0/15 0/10 0/10 0/35 0/15 0/10 0/10 0/35

1 1 0/10 0/10 0/10 0/30 0/10 0/10 0/10 0/30

1 20 0/10 0/15 1/10 1/35 0/10 0/15 0/10 0/35

20 0 0/10 0/15 0/10 0/35 1/10 0/15 1/10 2/35

20 1 1/20 0/15 0/10 1/45 1/20 0/15 0/10 1/45

20 20 0/10 0/10 0/10 0/30 1/10 0/10 0/10 1/30

Total 1/110 2/120 1/90 4/320 4/110 2/120 1/90 7/320

% 0.9 1.7 1.1 3.2 3.6 1.7 1.1 2.2
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F ig u re  1. Abnormal 
Alstroemeria plantlet 
(from a 'Butterfly' 
ovule) germinating 
with a deformed 
cotyledon from which 
the first somatic em
bryos (arrowhead) 
originate after 2 
weeks on BM3 
medium. Cotyledon 
(cot), primary root 
(pr). Bar = 5 mm.

F ig u r e  2.
Alstroemeria callus 
from a 'Butterfly' 
genotype producing a 
characteristic black 
exudate. The globular 
structures 
(arrowhead) could 
develop lines of so
matic embryos from 
which plantlets were 
regenerated. Bar = 1.2 
rrm

F ig u r e  3.
Alstroemeria inter
specific crossing be
tween A. presliana 
and A. ligtu. Various 
stages of embryogenic 
tissue after 28 days in 
liquid BM3 medium.
Aggregate* (ag) as
well as single somatic 
embryos (arrowhead) 
are visible. Bar = 1.2 
rrm
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F ig u r e  4.
A ls tr o e m e r ia  inter
specific crossing be
tween A . presliana  
and A. ligtu. Various 
stages of single em
bryos and small ag
gregates after 28 days 
in  l iq u id  BM 3  
m edium . G lo b u la r 
embryo (g), elongated 
em bryo (e), partly  
e longated em bryo  
(pe), aggregate (ag). 
Bar = 5 mm.

F ig u re  5. A-B
A ls t r o e m e r ia .  The 
elongated stage of an 
embryo developed in 
liquid  culture (5A), 
resembles a mature 
zygotic embryo (5B). 
Cotyledon (c), root 
end (r). Bar = 1 mm.
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F ig u re  6. A l s t r o e m e r i a  
in te rsp ec ific  c ro ss in g  b e 
tw e e n  A . presliana  a n d  
A .  l i g t u .  G l o b u l a r  
(sec o n d a ry )  e m b ry o  e m 
b e d d e d  in  th e  su rfa ce  of 
an  o ld e r  em b ry o . Bar = 50 
|im .
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Days

F ig u r e  7. K inetic of growth in liquid medium of 
Alstroemeria somatic embryos isolated from crossing 
A.
Each curve represents a set of 4 containers, initiated 
from one container belonging to the preceding set of 
containers. E. g. the 4 containers represented by curve 
C  were all initiated from one of the 4 containers repre
sented by curve B. Curve A  represents only one con
tainer (the initial). N ew  cultures were started each 28 
days, in 20 ml BM3 medium. The subcultured tissue 
consisted of a mix of globular and elongated embryos 
and small aggregates. Medium  was changed, and FW  
determined each 7 days.
Estimated fitted curves for the 4 growth curves:
Curve A : y  = 178.2 exp(0.096 days); R 2 = 0.97 
Curve B: y  = 218 exp(0.080 days); R2 = 0.99 
Curve C: y  = 275 exp(0.084 days); R 2 = 0.93 
Curve D: y  = 198 exp(0.078 days); R2 = 0.99

B oth  so m a tic  e m b ry o s  w h ic h  h a d  d e 
v e lo p e d  o n  a b n o rm a l p la n t le ts  a n d  
fro m  "n o n  g e rm in a tin g  o v u le s” co u ld  
b e  t r a n s f e r r e d  to  a se m i so lid  BM3 
m e d iu m  w h e re  th e y  g rew  fro m  a b o u t 
300 m g  FW  (g lo b u la r  s tag e) to  1400 ± 
234 m g  (n  = 10, 5% level) afte r 1 m o n th  
of cu ltu re . T hese  calli, m o n th ly  su b c u l
tu r e d  o n  BM 3, m a in ta in e d  a p p ro x i
m a te ly  th e ir  4x m o n th ly  m u ltip lic a tio n  
r a te  a n d  th e ir  r e g e n e r a t io n  a b ili ty  
d u r in g  18 m o n th s .

Growth of somatic embryos in liquid 
medium

S om atic  em b ry o s  w h ich  h a d  d ev e lo p e d  
fro m  a b n o rm a l g e rm in a tin g  p la n tle ts

D ays
F ig u re  8. Effect of inoculum-size, on the kinetics of
frowth in liquid medium, of Alstroemeria somatic em- 

ryos isolated from crossing A . Fitted curves repre
sent the data. Starting inoculum 200 mg (- • - • - ) y  = 
221.5 exp(0.088 days); R 2 = 0.99; doubling time 8.1 
days. Starting inoculum 500 mg (- o - o -) y  = 572.7 
exp(0.067 days); R 2 = 0.97; doubling time 10.7 days. 
Starting inoculum 1000 mg (- A - A -) y  = 921.3 
exp(0.056 days); R 2 = 0.97; doubling time 12.1 days. 
Number of containers varied: n = 34 for 200 mg; n = 4 
for 500 and 1000 mg.

o r  w h ic h  ca m e  d ir e c tly  f ro m  "n o n  
g e rm in a tin g  ov u les"  w e re  s u b c u ltu re d  
in  liq u id  m e d iu m .
In itia lly , s in g le  g lo b u la r  e m b ry o s  in 
cre ase d  in  s ize  from  1 m m  to  4-5 m m  
in  d ia m e te r  afte r 14 d ay s  o f cu ltu re , an d  
se c o n d a ry  e m b ry o s  w e re  v is ib le  o n  
th e ir  su rfa ce  a f te r  21 d a y s  (Fig. 3). A t 
th e  e n d  of a 28 d a y s  c u ltu re  cyc le th e  
in itia l g lo b u la r  em b ry o s  h a d  d ev e lo p e d  
to  4-6 m m  ag g reg a te s  of ea rly  s tag e  e m 
b ry o s  fro m  w h ic h  s in g le  g lo b u la r  o r  
e lo n g a te d  e m b ry o s  w e re  re le a se d  in to  
th e  m e d iu m  (Fig. 4). E lo n g a ted  so m atic  
e m b ry o s  f ro m  th e  l iq u id  c u l tu r e s  
lo o k e d  lik e  m a tu re  z y g o tic  e m b ry o s  
(Fig. 5 A  an d  B).
A g g reg ates  of em b ry o s fro m  liq u id  cu l
tu re  h a d  a m o re  sm o o th  su rfa ce  th a n  
th e ir  h o m o lo g u e s  o n  a g a r  so lid if ie d  
m e d iu m , p ro b a b ly  b e c a u se  o f fric tio n  
am o n g  th e  ag g reg a te s  in  th e  liq u id .
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M ic ro s c o p ic a l  o b s e rv a t io n s  s h o w e d  
e a r ly -s ta g e  e m b ry o s  e m b e d d e d  in  th e  
s u r fa c e  o f  th e  a g g re g a te s  (F ig. 6 ). 
E lo n g a ted  em b ry o s  w e re  lib e ra ted  in to  
th e  liq u id , leav in g  a charac te ris tic  little 
g ro v e  in  th e  tissue .

F re sh  w e ig h t in c re a se d  e x p o n e n tia lly  
w ith  tim e d u r in g  fo u r ru n s  of 28 d ay s 
w ith  m e d iu m  ex c h a n g e  e v e ry  7 d a y s  
(R2 ran g e d  from  0.93 to  0.99 for th e  four 
su b c u ltu re s ) . T he d o u b lin g  tim e o f the  
c u ltu re s  w a s  a p p ro x im a te ly  8 d ay s  (Fig.
7 a n d  8). T he g ro w th  cu rv e s  a re  w ith 
o u t lag  p h ase .

P re lim in a ry  re s u lts  s h o w e d  th a t  th e  
g ro w th  ra te  co u ld  b e  fu r th e r  inc reased  
b y  m e d iu m  e x c h a n g e  e v e ry  4 d a y s  
(re su lts  n o t sh o w n ).
T he effec t of in o c u lu m -s iz e  w a s  s tu d 
ied for a n  in itia l FW  of 200 m g, 500 m g, 
a n d  1000 m g  p e r  20 m l (Fig. 8). The 
g ro w th  ra te  d ec re a se d  w ith  in c reasin g  
in o c u lu m  d e n s ity . A n  in o c u lu m  d e n 
sity  o f 200 m g  re su lte d  in  a d o u b lin g  
tim e of 8.1 d ay s , w h erea s , w ith  a in o cu 
lu m  o f 1000 m g , th e  d o u b lin g  tim e w as 
12.1 d ay s  (Fig. 8).
A n in o c u lu m  d e n s ity  of 200 m g  in  20 
m l liq u id  m e d iu m  (10  m g  m l" l)  gave a 
final b io m a ss  o f 117 ± 10 m g m l" l FW 
(n = 28, 5%) a f te r  1 m o n th  of cu ltu re . 
A s th e  200 m g  in o c u lu m  w ere  e q u iv a 
l e n t  to  a b o u t  40  e m b r y o s  
(m a c ro s c o p ic a lly  v is ib le )  th e  g ro w th  
co u ld  a lso  b e  ex p re ssed  as an  inc rease  
from  2 em b ry o s  m l" l to  23 em b ry o s ml" 
1 a fte r  1 m o n th .
T he c u l tu re d  tis su e s  h a d  a m e an  d ry  
w e ig h t p e rc e n ta g e  of 10.2 ± 1.3% (n =
16, 5% ). T h is  h ig h  p e rc e n ta g e  of d ry  
m a tte r  re flec ts  th e  d o m in a n c e  of m eri- 
s te m a tic  ce lls  w ith  d e n s e  c y to p la sm

a n d  sm a ll v ac u o le s  in  th e  liq u id  cu l
tu re s .
In  so m e  c u ltu re s , ex c re tio n s  c o lo u re d  
th e  m e d iu m  in k  d a rk  a few  d a y s  a fte r 
m e d iu m  ch a n g e . T he c o lo ra tio n  w as  
n o t d u e  to  c o n tam in a tio n . S election  of 
w h ite  tis su e  (em bryos) for in itia tio n  of 
n e w  c u ltu re s  co u ld  n o rm a lise  c o lo ra 
tio n  an d  g ro w th . T he g ro w th  c u rv e s  
p re se n te d  in  Fig. 7 an d  8 h av e  b ee n  o b 
ta in e d  w ith  "no rm a lised "  cu ltu res .

P la n t re g e n e ra tio n  an d  ac c lim a tisa tio n

T en  p e rc e n t o f se lec ted  e m b ry o s  (th e  
e lo n g a te d  e m b ry o s  in  F ig. 4 a n d  5A) 
c o n v e r te d  to  p la n tle ts  w ith  sh o o t an d  
ro o t a f te r  tra n s fe r  to  se m i so lid  BM3 
m e d iu m  (Fig, 9 an d  10). S elected  e m 
b ry o s  from  liq u id  c u ltu re  c o n v e rted  to  
p la n tle ts  w ith  th e  sa m e  f re q u e n c y  as 
em b ry o s  from  ag a r so lid ified  m e d iu m . 
G e rm in a tio n  c a p ac ity  w a s  m a in ta in e d  
afte r 18 m o n th s  o f cu ltu re  on  a g a r  so li
d if ie d  m e d iu m  as w e ll  a s  a f te r  9 
m o n th s  of liq u id  cu ltu re . F ifty  p la n tle ts  
in  to ta l o f g en o ty p e  A  an d  B, a n d  10 of 
g e n o ty p e  C w ere  su ccessfu lly  acc lim a
tised  a n d  tran sfe rred  to  th e  g ree n h o u se  
w h ere  th ey  f lo w ered  n o rm a lly  w ith o u t 
v isib le  v a ria tio n  (Fig. 11).

Discussion

L u  & B rid g e n  (1996) m a in ta in e d  on  
au x in  co n ta in in g  m e d iu m  a loose  ty p e  
of Alstroemeria  c a llu s  w h ic h  w a s  r e 
p o r te d  id e a l fo r su s p e n s io n  c u l tu re , 
h o w e v e r , n o  fu r th e r  in fo rm a tio n  r e 
la te d  to  th e  su s p e n s io n  c u l tu re  w a s  
p re se n te d . In  p re v io u s  re p o rts  v a r io u s  
c o m b in a t io n s  of g ro w th  r e g u la to r s  
h a v e  b ee n  u se d  in  o rd e r  to  m a in ta in  
lo n g  te rm  c u ltu re s  o f so m atic  em b ry o s  
(H u tc h in so n  et al. 1994; Lu & B ridgen  
1996; S chaik  et al. 1996). A s w e  h a v e
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Figure 9. A-E "Germination" 
of somatic embryos of 
Alstroemeria interspecific 
crossing between A. 
presliana and A. ligtu. A: 
Elongated embryo; root end 
on the left. B: Development 
of the cotylodonary sheath 
(arrowhead). C: Emergine of 
primary root (arrowheaa). 
D: Growth of primary root. 
E: Emergence of the first 
leaf. Bar = 5 mm.

Figure 10. Plantlet of Alstroemeria originating from a somatic embryo obtained from a crossing between A. pulchella and 
A. pelegrina. Note persisting primary root (arrowhead) and cotyleaon. Bar = 5 mm.

Figure 11. Flowering plant originating from a somatic embryo obtained from a crossing between A. presliana and A. ligtu. 
Natural flowering (without flower induction by cold treatment) about 9 months after transplanting to greenhouse.
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in d u c e d  so m a tic  em b ry o s  on  m e d ia  of 
v a r io u s  h o rm o n a l c o m p o s itio n s  e s p e 
cially  in  te rm s  of a u x in /c y to k in in  ra tio  
a n d  e v e n  w ith o u t  g ro w th  re g u la to rs  
(Table 1 a n d  2), it is p o ssib le  th a t su b tle  
v a r ia t io n s  in  e x p la n t  d e v e lo p m e n t  
w e re  th e  d e te rm in in g  fac to r fo r in d u c 
tio n  o f so m a tic  e m b ry o s , ra th e r  th a n  
th e  g ro w th  su b stan ce s  in the  m edia. 
H u tc h in s o n  et al., (1994) fo u n d  ca llu s 
from  th e ir  v a r ie ty  o f A ls tr o e m e r ia  to 
b e  d e p e n d e n t o n  g ro w th  reg u la to r  su p 
p ly  fo r lo n g -te rm  m a in te n a n c e  o f the  
e m b ry o g e n ic  c a p a c ity . In  o u r  case , 
h o w e v e r, h a b i tu a te d  em b ry o g e n ic  cell 
lines w e re  o b ta in e d  afte r successive  se 
le c tio n s  o n  th e  g ro w th  re g u la to r  free  
m e d iu m . H a b itu a te d  em b ry o g e n ic  cell 
lines h a v e  a lso  b ee n  d esc rib ed  for o live 
(Leva e t al. 1995), H em ero ca llis(S m ith  
& K rik o rian  1991), C itru s  (K ochba e t al. 
1972; K o ch b a  & B u tto n  1974) a n d  
A sp a ra g u s  o ffic ina l is  (D e lb re il et al.
1994). H a b itu a te d  som atic  em bryogene- 
sis in  a s p a ra g u s  h a s  b ee n  sh o w n  to  be 
c o n tro lle d  b y  a m e n d e lia n  d o m in a n t 
m o n o g e n ic  m u ta tio n  th a t  d o es  n o t af
fect th e  p h e n o ty p e  a t th e  w h o le  p la n t 
le v e l  ( D e lb r e i l  & J u l l ie n  1994). 
H a b itu a te d  cell c u ltu re s  red u c e  the  risk  
fo r  so m a c lo n a l v a r ia t io n  in d u c e d  by  
the  g ro w th  reg u la to rs  in  lo n g  te rm  cu l
tu re s . M u ta tio n s  w ill th e n  b e  res tric ted  
to  th e  in it ia l  g ro w th  re g u la to r  t r e a t
m e n t a n d  th u s  d o  n o t d e te r io ra te  the  
re g e n e ra tio n  p o te n tia l.
A m u ta t io n  in  A l s t r o e m e r i a  g iv in g  
im p ro v e d  a b ility  to  fo rm  so m atic  em 
b ry o s , co u ld  b e  d e te c te d  b y  u s in g  so 
m a tic  e m b ry o  d e r iv e d  p la n ts  as d o n o r  
p la n ts  fo r n e w  so m atic  e m b ry o  in d u c 
tio n  as w a s  d o n e  o n  Medicago sativa  
(L u p o tto  1986) a n d  in  Asparagus offici
nalis (D elbreil & Ju llien  1994).
O u r  o rig in a l so m atic  em b ry o s  em erg ed  
from  th e  w h ite  e n la rg e d  co ty le d o n  of 
a b n o rm a l p la n tle ts ,  b u t  once  iso la te d

th ey  g rew  b y  se co n d a ry  em b ry o g en esis  
w ith  a s ta b le  m u ltip lic a tio n  ra te . T his 
m u lt ip l ic a t io n  r a te  w a s  f u r th e r  im 
p ro v e d  by  cu ltu re  in  liq u id  m ed ia .
W e ca n n o t rea lly  ch a ra c te r ise  o u r  liq 
u id  c u l tu re s  as  s u s p e n s io n  c u l tu re s  
w h ic h  in v o lv e s  m u c h  s m a lle r  tis su e  
a g g lo m e ra te s .  It is, h o w e v e r ,  n o te 
w o rth y  th a t th e  k in e tic s  of th e  liq u id  
c u ltu re s  w e re  s ta b le  a n d  e x p o n e n tia l 
d u r in g  fo u r m o n th s  of c u ltu re , a n d  a 
lo w  in o c u lu m  d e n s i ty  g a v e  s h o r te r  
d o u b lin g  tim e  th a n  h ig h  in o c u lu m  
d en s ity . U su a lly  in  su sp e n s io n  c u ltu re  
in c reasin g  in o c u lu m  d en s ity , a t least in  
a c e r ta in  ra n g e , d o e s  n o t m o d ify  th e  
d o u b lin g  tim e. T his is n o t tru e  in  o u r  
case, a n d  the  d iffe rence can  p ro b ab ly  be 
a t tr ib u te d  to  th e  fac t th a t  w e  d id  n o t 
e s tab lish  real su sp e n s io n  cu ltu res . 
H o w e v e r ,  o u r  c u l tu r e s  in  l iq u id  
m e d iu m  h a d  a go o d  g ro w th . T he final 
b io m ass  reach ed  afte r 1 m o n th  cu ltu re  
(130-221 g l ' l  FW), w as close to  the  th e 
o re tic a l m a x im u m  b io m a ss  v a lu e  of 
100-200 g l ' l  FW for s u sp e n s io n  c u l
tu re s  w ith o u t m e d iu m  ch an g e  (Scragg
1995). F inal b io m ass  v a lu es  m ay  b e  in 
creased  b y  a d d in g  fresh  m e d iu m  to  the  
cu ltu re  a t in te rv a ls  (fed -ba tch  cu ltu re ); 
o r th e  m e d iu m  can  b e  rep laced  w ith o u t 
re m o v in g  th e  tis s u e  (p e r fu s io n  c u l
tu re )  (Scragg  1995). P e rfu s io n  c u ltu re  
does ac tua lly  d escrib e  o u r  cu ltu re  tech 
n iq u e  n ic e ly , a n d  th e  h ig h  b io m a ss  
levels can  p ro b ab ly  be a ttr ib u te d  to  the  
re g u la r  m e d iu m  change.
O u r h ig h  b iom ass p ro d u c tio n  is esp ec i
ally  in te re s tin g , b e c a u se  it o p e n s  the  
p o ss ib ility  for fu rth e r  rese a rch  in  m ass 
p ro p a g a tio n  of A ls tro e m e r ia ,  a n d  for 
g e n e r a t in g  s u b s ta n t ia l  q u a n t i t ie s  o f 
h ig h ly  su sc ep tib le  ta rg e t tis su e  fo r u se  
in  g e n e tic  t r a n s f o r m a t io n  s y s te m s  
(Vasil 1995; H u n o ld  et al. 1994). E arly- 
s ta g e  som atic  e m b ry o s  of Alstroemeria  
w e re  sh o w n  to b e  lo ca ted  o n  th e  s u r 
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face o f p r im a ry  em b ry o s , m a k in g  th e  
cells fro m  w h ic h  th e  n ex t g en e ra tio n  of 
e m b ry o s  d e v e lo p  accessib le  to  t r a n s 
fo rm a tio n  b y  A g r o b a c t e r i u m ,  as has  
b ee n  re p o r te d  fo r a sp a ra g u s  (D elbreil et 
al. 1993), rice  (H ie i et al. 1994), a n d  
m a ize  (Ish id a  et al. 1996).
W e  c o n c lu d e  t h a t  c u l t u r e  o f 
A l s t r o e m e r i a  so m a tic  e m b ry o s  in  
l iq u id  m e d iu m  h a s  a  g ro w th  p o te n tia l 
w h ic h  is h ig h ly  in te re s tin g  fo r  b o th  
p ro p a g a tio n  a n d  tran sfo rm a tio n .
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Rhizome formation from aerial shoots and 
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K ey words:  In c a  L ily ; m ic r o p ro p a g a t io n ;  o rn a m e n ta l ;  r h iz o m e ; s o m a tic  
em b ry o g en esis .

Abstract

M ic ro p ro p a g a tio n  o f Alstroemeria x  hybrida is p e r fo rm e d  b y  rh iz o m e  d iv is io n . 
H o w ev er, th e  m u ltip lic a tio n  ra te  co u ld  b e  im p ro v e d  su b s tan tia lly  if p la n ts  co u ld  
b e  p ro d u c e d  fro m  o th e r  p la n t o rg an s as w ell. W e p ro d u c e d  p la n tle ts  from  ap ica l 
m e ris te m s  a n d  n o d e s  f ro m  in vitro  g ro w n  a e r ia l sh o o ts . P la n tle t  fo rm a tio n  
o c c u rre d  o n  se v e ra l m e d ia  co m p o sitio n s , h o w e v e r, a d d i tio n  of b e n z y la d e n in e  
(BA) w a s  im p e ra tiv e . M ore  th a n  40% of th e  ap ica l m e ris tem s co u ld  p ro d u c e  at 
leas t on e  p la n tle t afte r 58 d ay s  on  m e d ia  su p p lie d  w ith  10 o r 20 |iM  BA to g e th e r  
w ith  20 (iM  n a p h th a le n e a c e tic  ac id  (N A A ). W o u n d e d  m e ris te m s  p ro d u c e d  a 
m e a n  o f 1.8 p la n tle ts  fro m  40% of th e  ex p lan ts  w h e n  th e  m e d iu m  w a s  su p p lie d  
w ith  20 UM BA co m b in ed  w ith  10 jiM  2 ,4 -d ich lo rophenoxyacetic  acid  (2,4-D); an d  
a m e a n  o f  1 .3  p la n tle ts  fro m  10 0% of th e  e x p la n ts  w h e n  th e  m e d iu m  w a s  
su p p lie d  w ith  50 H-M BA com bined  w ith  20 |iM  2,4-D.
S o m a tic  e m b ry o s  w e re  in d u c e d  f ro m  in vitro  c u l t iv a te d  rh iz o m e s  of 
Alstroemeria  o n  a b a sa l m e d iu m  w ith  th e  g ro w th  reg u la to r  com binations: 10 (J.M
2,4-D + 50 |i,M BA; 20 uM  2,4-D + 20 or 50 |iM  BA. O n ly  few  em b ry o s w ere  found  
o n  e a c h  g r o w th  re g u la to r  c o m b in a tio n . T he so m a tic  e m b ry o s  g e rm in a te d  
w ith o u t se c o n d a ry  em b ry o g en esis . P lan ts  w ere  o b ta in ed  b y  b o th  te ch n iq u e s  an d  
tra n sp la n te d  to  th e  g reen h o u se .

Abbreviations:  BA - 6-b e n z y lam in o p u rin e , IA A  - indo le-3 -ace tic  acid ; LSD - least 
s ig n i f ic a n t  d i f f e r e n c e ,  N A A  - n a p h th a le n e a c e t ic  a c id ,  2 ,4 -D  - 2 ,4 - 
d ich lo ro p h en o x y ace tic  ac id , SD - s ta n d a rd  dev ia tion .

Introduction

In  A l s t r o e m e r i a ,  th e  a e r ia l sh o o ts  
o r ig in a t e  f ro m  th e  s y m p o d ia l  
g r o w in g  rh iz o m e . U n d e r  n a tu ra l  
g ro w th  c o n d itio n s  n o  a b o v e -g ro u n d  
p la n t  p a r t s  a r e  a b le  to  p r o d u c e

a d v e n tiv e  sh o o ts , so  to  p r o p a g a te  
Alstroemeria  it is n ec essa ry  to  d iv id e  
t h e  r h i z o m e .  C o n s e q u e n t l y ,  
com m ercia l p ro p a g a tio n  is m a in ly  by  
m ic r o p ro p a g a t io n  (fo r re v ie w  see  
M one tte  1992).
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A ls tr o e m e r ia  m ic r o p ro p a g a t io n  b y  
rh iz o m e  d iv is io n  h a s  b ee n  d escrib ed  
(e.g.: K ris tia n sen  e t al. 1997; P ed ersen  
e t al. 1995; M o n e tte  1992; P ierik  e t al. 
1988; G ab ry szew sk a  & H em p el 1985). 
T h e  m u l t i p l i c a t i o n  r a t e  in  
A ls t r o e m e r ia  is  d e te rm in e d  b y  th e  
n u m b e r  o f  m e r i s te m s  o n  th e  
rh izo m e  w h e n  it is d iv id e d  fo r a n ew  
s u b c u ltu re .  G e n e ra lly  o n e ' i n  vitro  
rh iz o m e  ca n  b e  d iv id e d  in  2 to  3 
e v e ry  4 w e e k s . T he m u lt ip l ic a t io n  
ra te  co u ld  be in c reased  sign ifican tly  if 
th e  a e ria l sh o o ts  a lso  co u ld  be u se d  
fo r m u lt ip lic a t io n . A n e v e n  h ig h e r  
m u ltip lic a tio n  ra te  co u ld  b e  ach ieved  
if c lo n in g  b y  so m a tic  e m b ry o g e n esis  
w a s  p o ss ib le . Im m a tu re  a n d  m a tu re  
zy g o tic  e m b ry o s  h a v e  se rv e d  as ex 
p la n ts  fo r  in d u c t io n  o f so m a tic  
em b ry o s  in  Alstroem eria  (G o n za lez - 
B en ito  & A ld e rso n  1990, 1992 a, b; 
H u tc h in so n  e t al. 1994; V an  Schaik e t 
al. 1996), b u t  th e  p e r fo rm a n c e  of 
p la n t s  f ro m  z y g o t ic  e m b ry o s  is 
u n k n o w n  a t tim e  of so m atic  em b ry o  
in d u c t io n .  I n d u c t io n  o f  s o m a tic  
em b ry o s  from  tissu e  of m a tu re  p la n ts  
is n e c e s sa ry  for c lo n in g  o f tru e - to -  
ty p e  p la n ts ,  b u t  it h a s  n o t y e t b een  
re p o r te d  in  Alstroemeria .
H ere  w e re p o r t in vitro e x p e r im e n ts  
w ith  v a r io u s  p a r ts  o f th e  p la n t  as 
e x p l a n t s  in  o r d e r  to  f in d  
a l t e r n a t i v e s / s u p p l e m e n t s  to  th e  
rh iz o m e  d iv is io n .

Materials and methods

In vitro  c u ltu re s  o f u n n a m e d  clones 
o f  B u t te r f ly  h y b r id s  n o  1 w e re  
m a in ta in e d  o n  a b a s a l  m e d iu m  
(M u ra sh ig e  & S koog  1962) su p p lie d  
w ith  2 g L~1 G elrite®  a n d  3% sucrose  
(K ris tia n se n  1995, K ris tia n se n  e t al. 
1997) w ith o u t g ro w th  re g u la to rs . A t

e a c h  s u b c u l tu r e  r h iz o m e s  w e re  
d iv id e d , so each  n ew  e x p lan t h a d  one 
b u d  an d  1 -2  b a sa l p a r ts  fro m  ae ria l 
sh o o ts  w h ic h  w e re  ex c ised  p r io r  to  
s u b c u l t i v a t i o n .  C u l t u r e s  w e r e  
m a in ta in e d  a t le a s t 4 m o n th s  b e fo re  
an y  ex p e rim en t. T hese stock  c u ltu re s  
w e re  g r o w n  in  150 m l p la s t ic  
co n ta in e rs  w ith  20 m l b asa l m e d iu m . 
R oo t m e ris te m s , ro o t  s lices , n o d e s , 
in te r n o d e s ,  le a v e s ,  a n d  a p ic a l  
"m eristem s" w ere  te s te d  as e x p la n ts  
fro m  th e  in vitro  g r o w n  p la n ts ;  
y o u n g  in f lo re s c e n c e s , p e ta ls  a n d  
se p a ls  fro m  in vivo  g ro w n  p la n ts  
w e re  te s te d  as  w e ll. T h e  a p ic a l 
"m e ris te m s"  w e re  ta k e n  f ro m  th e  
ap ica l p a r t  o f th e  a e ria l sh o o ts  a n d  
co n s is ted  of th e  3-4 m m  ste m  w h ic h  
e n c lo s e d  th e  m e r i s t e m .  F o r  
c o n v e n ie n c e  th is  e x p la n t  w ill  b e  
called  "m eristem " in  the  fu r th e r  text. 
T he ap ica l m e ris te m s  w e re  a lso  c u t 
l o n g i t u d i n a l l y  to  o b t a in  tw o  
w o u n d e d  " h a lf -m e r is te m s ”. S in g le  
b u d s  fro m  rh iz o m e s  w e re  u s e d  in  
o n e  ex p e rim en t.
R esu lts  p re se n te d  h e re  in c lu d e  th re e  
e x p e r im e n ts :  A ) M e r is te m s  a n d  
n o d e s  w e re  c u l tu r e d  o n  b a s a l  
m e d iu m  w ith  a ll c y to k in in /a u x in  
co m b in a tio n s  of 0, 5, 10, 20 (J.M BA; 
10, 20 |aM indo le-3 -ace tic  acid  (IAA); 
10, 20 \iM  N A A ; 10, 20, 50 |iM  2,4-D. 
B) M eris tem s w ere  c u ltu re d  o n  b asa l 
m e d iu m  w ith  a ll c o m b in a t io n s  of 
10, 20, 50, 80 UM BA an d  10, 20, 50 ^M  
N A A . C) W o u n d e d  m e ris te m s  a n d  
b u d s  from  rh iz o m e s  w e re  c u l tu re d  
o n  b a s a l  m e d iu m  w i t h  a l l  
co m b in atio n s of 0, 10, 20, 50 ^M  BA 
a n d  0 ,10 , 20, 50 (iM 2,4-D.
Five m e ris tem s o r n o d e s  w e re  p la te d  
p e r  P e tri D ish  w ith  20 m l m e d iu m . 
Five b u d s  from  rh izo m es w ere  p la te d  
in  each  150 m l co n ta in e r  w ith  20 m l 
m e d iu m . E x p erim en ts  co n s is te d  of 1
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o r 2 re p lic a tio n s . T re a tm e n ts  la s te d  
fo r 6 o r  8 w ee k s  w ith o u t su b c u ltu re ; 
th e n  su b c u ltu re  w as  p e rfo rm e d  every  
4 w e e k s  o n  b a s a l m e d iu m  w ith o u t 
g ro w th  r e g u la to r s .  C u l tu re s  w e re  
m a in ta in e d  a t 20°C  d a y  a n d  15°C 
n ig h t ;  a 1 6 -h  p h o to p e r i o d  50 
(j,m ol m '2 -s' 1 p ro v id e d  b y  a m ix tu re  
o f tw o  ty p e s  of f lu o rescen t tubes: 60% 
M a z d a f lu o r  TFRS 4 0 /B i a n d  40% 
P h ilip s  TLM  33RS.
F o r th e  e x p e r im e n ts  A , B, a n d  C 
o b s e r v a t i o n s  w e r e  r e c o r d e d  
re sp e c tiv e ly : 42; 58 a n d  97 d ay s ; 56 
a n d  120 d a y s  a fte r  c u ltu re  s ta rt. The 
p e r c e n ta g e  o f  e x p la n ts  p r o d u c in g  
ro o ts , sh o o ts , calli, em b ry o s, a n d  n ew  
p la n ts  w ith  ro o t, rh iz o m e  a n d  sh o o t 
w ere  reco rd ed .
T h e  tw o  " h a lf -m e r is te m s "  w h ic h  
c o n s t i tu te d  o n e  o r ig in a l  m e ris te m  
w e r e  o b s e rv e d  a s  o n e  e x p la n t ,  
b e c a u se  u n e q u a l re sp o n se  c o u ld  be 
a t tr ib u te d  to  u n e q u a l d iv is io n  of the 
o r ig in a l m e ris tem . F or rh iz o m e s  th e  
r e c o r d i n g s  i n c l u d e d  a) " n e w  
m e ris te m s" : th e  n u m b e r  o f  b u d s  
la rg e r  th a n  2 m m  a n d  b) "new  
e x p la n ts " : th e  p o te n tia l  n u m b e r  of 
n e w  e x p la n ts  w h ic h  co u ld  be ta k e n  
fro m  o n e  o r ig in a l e x p la n t a t tim e of 
o b se rv a tio n  (o n e  n e w  e x p la n t co u ld  
i n c l u d e  s e v e r a l  m e r i s t e m s ) .  
S ta tis tic a l a n a ly s is  w a s  p e r fo rm e d  
u s in g  th e  JM P s ta tis t ic a l  p a c k a g e  
(SAS) fo r M acin to sh .

Results

A lm o s t a n y  fo rm  o f e x p la n t (ro o t 
m e r i s t e m s ,  r o o t  s l ic e s ,  n o d e s ,  
i n t e r n o d e s ,  l e a v e s ,  m e r i s t e m s ,  
in f lo re s c e n c e s , p e ta l s  a n d  se p a ls )  
w e r e  t e s t e d .  H o w e v e r ,  o n ly  
m e ris te m s  of a e r ia l sh o o ts  a n d  the  
f i r s t  d i s t in g u is h a b le  n o d e  b e lo w

reg e n e ra te d  n ew  p la n ts  (Ø rn s tru p  et 
al.  1994). T h u s , o n ly  r e s u lts  fro m  
m e ris te m s , n o d e s  a n d  rh iz o m e s  are  
fu rth e r  p rese n ted .

M e ris tem s an d  n o d es

N ew  p la n ts  w ere  p ro d u c e d  from  b o th  
n o d es  an d  m eristem s (Fig. 1 an d  2). A 
clear effect o f g ro w th  re g u la to rs  w as 
o bserved  (Tab. 1).
M e ris te m s  p ro d u c e d  ro o ts  w ith o u t  
BA o r a t low  BA levels (0-5 |iM ) an d  
sh o o ts  a t h ig h  am o u n ts  o f BA (10-20 
(J.M). A lso  it se em s th a t  th e  sh o o t 
r e g e n e ra tio n  is re la te d  to  a c e r ta in  
a m o u n t of sy n th e tic  a u x in  as  IA A  
in d u c es  few er sh o o ts  th a n  N A A  a n d
2,4-D (Tab. 1).

In  a su b se q u e n t e x p e r im e n t (B) BA 
a n d  N A A  w ere  te s ted  o n  ap ica l shoo t 
m e ris tem s. A fter 58 d a y s  40-50%  of 
th e se  m e ris te m s  h a d  p r o d u c e d  a t 
le a s t o n e  n e w  p la n t le t  if  th e y  h a d  
b ee n  su b jec ted  to  10 o r 20 fiM  BA. 
T he level of N A A  h a d  n o  s ig n ifican t 
effect on  ex p lan ts  su b jec ted  to  10 (jM 
BA, h o w e v e r , 20 (iM  N A A  g a v e  
s ig n ific an tly  m o re  p la n tle ts  th a n  10 
o r 50 |iM  N A A  w h e n  co m b in ed  w ith  
20 ^M  BA (Fig. 3).
A s th e  c u l tu r e s  g re w  o ld e r ,  th e  
p e rc e n ta g e  o f m e ris te m s  p r o d u c in g  
n ew  p la n ts  g en e ra lly  d id  n o t ch an g e  
s u b s t a n t i a l l y ,  h o w e v e r ,  t h e  
m e ris tem s w h ich  h a d  b ee n  su b jec ted  
to  50 |J.M N A A  i n c r e a s e d  
c o n s id e ra b ly  th e ir  n u m b e r  o f n e w  
p la n ts  a t ta in in g  a p p ro x im a te ly  th e  
sam e level as th e  o th e r  N A A  levels 
(Fig. 3).
E lo n g a tio n  w as n o t sco red  d u r in g  the  
e x p e r im e n ts , b u t  it w a s  su b s ta n tia l. 
M e ris te m s  o r ig in a lly  3-4 m m  lo n g  
co u ld  p ro d u c e  a sh o o t o f 60-80 m m  
d u r in g  g ro w th  re g u la to r  tre a tm e n t, 
w ith  leaves reach in g  a le n g th  of 30-50
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Fig. 1. Node from A lstroem eria  with growing shoots from basal area after 42 days on medium with 
10 (0.M BA and 20 nM N A A . New shoots come from the development and ramification of the 
preformed axillary meristems of the node. Roots w ill appear after further 14 days. Bar = 5 mm.

Fig. 2. Neoformed shoots and roots from meristem of Alstroem eria after 42 days on medium with 20 
|iM BA and 20 |iM N A A . Arrow = root, arrowhead = shoot. Bar = 5 mm.
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F ig . 3. G ro w th  r e g u la to r  e ffec t o n  p la n t  n e o fo rm a tio n  f ro m  a p ic a l sh o o t 
m e ris tem s afte r 58 an d  97 d ay s  trea tm en t, n  = 10.
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T ab . 1 . T he e ffec t o f v a r io u s  g ro w th  
r e g u la to r  c o m b in a t io n s  o n  ro o t o r 
sh o o t in d u c t io n  o n  ap ic a l m e ris te m  
c u l tu r e s .  S c o re d  a f te r  6 w e e k s  
tre a tm e n t. T o ta l ro o ts  a n d  to ta l shoo ts 
r e p re s e n ts  re sp e c tiv e ly  to ta l n u m b e r  
o f ro o ts  a n d  sh o o ts  fro m  5 exp lan ts .

B A
|iM

N A A
U M

I AA
U M

2.4-D
p M

Total
roots

Total
shoots

0 0 0 10 17 0

0 0 0 20 0 0

0 0 0 50 0 0

0 0 10 0 0 0

0 0 20 0 0 0

0 10 0 0 2 0

0 20 0 0 4 0

5 0 0 10 0 0

5 0 0 20 0 1

5 0 0 50 2 0

5 0 10 0 0 0

5 0 20 0 0 1

5 10 0 0 0 0

5 20 0 0 0 0
10 0 0 10 0 2

10 0 0 20 0 0

10 0 0 50 0 4

10 0 10 0 0 0

10 0 20 0 0 1

10 10 0 0 0 4

10 20 0 0 0 6

20 0 0 10 0 5

20 0 0 20 0 4

20 0 0 50 0 4

20 0 10 0 0 1
20 0 20 0 0 0
20 10 0 0 0 0
20 20 0 0 0 2

m m . S h o o ts  o r ig in a te d  o n ly  fro m  
ax ils  o n  th e  s te m s  o f th e  e lo n g a te d  
m e ris tem s, h o w ev e r, ro o ts  co u ld  arise 
all o v er th e  stem .

A x illa ry  b u d s . In  so m e  cases sev era l 
n e w  b u d s  w e re  p ro d u c e d  a lre ad y  afte r

6 w e e k s  g iv in g  so m e th in g  lo o k in g  
like a n e w  rh izo m e  (Tab. 1, 2 a n d  3). 
H o w ev er, w ith  tim e ev e ry  d ev e lo p in g  
a x i l la ry  b u d  g a v e  a n e w  rh iz o m e  
w h e n  t r a n s f e r r e d  o n  th e  b a s a l  
m e d iu m  (Fig. 3).
N o d e s  w e re  n o t  a f fe c te d  b y  IA A  
( re s u l ts  n o t  p r e s e n te d ) .  H o w e v e r ,  
n o d e s  su b jec ted  to  lo w  leve l o f N A A  
o r 2,4-D (10 |iM ) p ro d u c e d  ro o ts  a t low  
lev e l o f BA (0-5-10 (iM ), b u t  n o t a t 
h ig h  lev e l o f BA. In c re a se d  lev e l o f
2.4-D a p p a re n tly  re d u c e d  th e  n u m b e r  
o f ro o ts . S hoo ts w ere  n o t fo rm e d  o n  
m e d ia  lack in g  BA (Tab. 2). In  th e  b es t 
h o rm o n a l c o n d itio n , ea ch  n o d e  p r o 
d u c e d  a b o u t o n e  s h o o t w h ic h  a p 
p e a re d  to  o rig in a te  from  th e  b asa l p a r t  
o f th e  s tem  (Fig. 2). D ev e lo p m e n t w as  
r e ta rd e d  b y  2-3 w e e k s  r e la t iv e  to  
m e ris te m s .

T h e  w o u n d e d  m e r i s te m s  ( " h a lf -  
m eris tem s") w e re  e ff ic ien t in  p r o d u 
c in g  n e w  p la n ts ,  7, 10 o r  13 n e w  
p la n tle ts  from  o rig in a lly  10  m e ris tem s 
w ere  fo u n d  in  sev era l m e d ia  (Tab. 3). 
W o u n d e d  m e r is te m s  p r o d u c e d  a 
m e a n  o f 1.8  p la n tle ts  fro m  th e  r e 
s p o n d in g  40% of th e  e x p la n ts  w h e n  
the  m e d iu m  w as  su p p lie d  w ith  20 |U.M 
BA com b in ed  w ith  10 |^M 2,4-D; a n d  a 
m ean  of 1.3 p la n tle ts  from  100% o f re 
sp o n d in g  e x p la n ts  w h e n  the  m e d iu m  
w as  s u p p lie d  w ith  50 (iM BA co m 
b in e d  w ith  20 |iM  2,4-D. N ew  p la n ts  
co u ld  n o t be in d u c ed  w ith o u t BA, b u t 
th e  re sp o n se  to th e  v a r io u s  BA leve ls  
w a s  n o t  s ig n i f ic a n t  (p  = 0 .25 ). 
H o w e v e r , th e  n u m b e r  o f n e o fo rm e d  
p la n ts  fro m  th e  w o u n d e d  m e ris te m s  
w as  in fluenced  by  th e  2,4-D level (p = 
0.046); a n d  th e  h ig h  level (50 p,M) of
2.4-D  s u p p re s s e d  p la n tle t  in d u c tio n  
a lm o st to ta lly .
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T a b . 2. T he effec t of v a r io u s  g ro w th  
re g u la to r  c o m b in a tio n s  o n  ro o t a n d  
sh o o t in d u c tio n  o n  n o d es . Scored  afte r 
6 w eek s  tre a tm e n t. n=  5. For leg en d s 
see Tab. 1.

B A
UM

N A A
I^M

2.4-D
|jM

Total
roots

Total
shoots

0 0 10 13 0
0 0 20 0 0
0 0 50 0 0
0 10 0 0 0
0 20 0 1 0
5 0 10 2 0
5 0 20 0 0
5 0 50 0 0
5 10 0 0 1
5 20 0 0 0

10 0 10 1 0
10 0 20 0 0
10 0 50 0 3
10 10 0 0 2
10 20 0 0 3
20 0 10 0 5
20 0 20 0 0
20 0 50 0 0
20 10 0 0 4
20 20 0 0 0

R h iz o m e s

T h e a v e ra g e  n u m b e r  o f n e w  m e ri-  
s te m s  a n d  p o te n t ia l  n e w  e x p la n ts  
in d u c e d  o n  rh iz o m e  e x p la n ts  w e re  
s ig n if ic a n tly  (p  < 0.0005) h ig h e r  on  
m e d ia  w ith o u t 2 ,4-D  th a n  o n  m e d ia  
su p p lie d  w ith  2,4-D , a n d  th is  re g a rd 
less o f th e  BA level (Tab. 4). C y to k in in  
lev e l sh o w e d  n o  s ig n ific an t effect on  
e i th e r  th e  n u m b e r  of n e w  m e ris tem s 
(p = 0.65) o r  th e  n u m b e r  of n e w  ex
p la n ts  (p = 0.79) in d u c e d  o n  rh izom es. 
T h e  rh iz o m e s  c o u ld  p r o d u c e  tw o  
v a r ie tie s  of calli a g ree n  a n d  a yellow  
o n e  (Tab. 5). T he g ree n  ca llu s w as  re 
s tr ic ted  to  m e d ia  w ith  aux in . The y e l
low  ca llu s a p p e a re d  rare ly , b u t has

T ab . 3. N e w  p la n ts  p ro d u c e d  fro m  
w o u n d e d  m e r is te m s  s u b je c te d  to  
v a r io u s  c o m b in a tio n s  o f 2 ,4-D  a n d  
BA. Scored afte r 120 d ay s  cu ltu re . The 
f irs t  56 d a y s  w ith  g ro w th  re g u la to r  
trea tm en t, n  = 10 .

2,4-D
UM

BA
UM

Responding 
explants %

Mean of new 
plants per 
responding 

explant

SD
new

plants

0 0 0 0 0
0 10 40 1.5 1.0
0 20 40 2.5 0.6

0 50 50 1.4 0.5

10 0 0 0 0

10 10 30 1.7 1.2

10 20 40 1.8 0.5

10 50 70 1.4 0.5

20 0 0 0 0

20 10 0 0 0
20 20 20 1.0 0.0

20 50 100 1.3 0.5

50 0 0 0 0

50 10 10 1.0 0

50 20 0 0 0

50 50 0 0 0

in  o th e r  cases g iv e n  rise  to  so m a tic  
em b ry o s (Ø rn s tru p  & Ju llien  1998). 
R h izom es w ere  th e  on ly  ex p lan ts  ab le 
to  p ro d u c e  som atic  em b ry o s. E m bryos 
w e re  fo u n d  in  th re e  tre a tm e n ts : 10 
(IM 2,4-D + 50 |iM  BA; 20 2,4-D  +
20 o r 50 |iM  BA (Tab. 5). T h ese  a re  
v e ry  few  e m b ry o  in d u c tio n s . So n o 
th in g  can  b e  c o n c lu d e d  in  te rm s  of 
g ro w th  reg u la to r  effect. B ut it is n o te 
w o r th y  th a t  th e s e  m e d ia  in c lu d e d  
b o th  a u x in  a n d  c y to k in in . T h e  in 
d u ce d  em b ry o s w ere  iso la ted , b u t  co n 
v e rte d  to  p la n tle ts  b efo re  e m b ry o  cu l
tu r e s  c o u ld  b e  e s ta b l is h e d . P la n ts  
e s ta b lish e d  in vitro w e re  tra n s p la n te d  
to  th e  g ree n h o u se  a n d  y ie ld ed  n o rm a l 
lo o k in g  p la n ts .
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T ab . 4. A v e rag e  n u m b e r  o f n e w  m e ris tem s an d  p o te n tia l n e w  ex p la n ts  in d u c e d  
on  rh iz o m e s  w ith  on e  b u d . Scored afte r 120 d ay s cu ltu re . The firs t 56 d ay s  w ith  
g ro w th  reg u la to r  trea tm en t, n  = 10 .

2.4-D
UM

BA
UM

New
meristems

SDnew
meristems

New
explants

SDnew
explants

0 0 17.5 8.1 8.7 5.1
0 10 23.2 11.1 8.8 4.0
0 20 24.0 -7.2 8.3 2.9
0 50 17.8 10.6 6.7 3.8
10 0 3.1 2.5 1.2 0.8
10 10 6.2 9.4 3.0 4.7
10 20 4.0 5.1 1.8 1.8
10 50 7.3 7.9 3.5 3.4
20 0 1.5 2.8 0.4 1.3
20 10 2.9 4.7 1.1 1.6
20 20 1.1 2.4 0.8 1.6
20 50 0.8 1.0 0.5 0.7
50 0 0.3 0.7 0.3 0.7
50 10 0.0 0.0 0.0 0.0
50 20 1.6 3.0 0.7 1.3
50 50 2.8 4.5 1.4 2.5

T a b . 5. N u m b e r  o f rh iz o m e -e x p la n ts  
w ith  in d u c e d  em b ry o s, g ree n  ca llus o r 
y e llo w  ca llu s . S co red  a f te r  120 d a y s  
c u ltu re . T he firs t 56 d ay s  w ith  g ro w th  
reg u la to r  trea tm en t, n  = 10 .

2.4-D
UM

BA
|iM

Embryos Green
callus

Yellow
callus

0 0 0 0 1
0 10 0 0 0
0 20 0 0 0
0 50 0 0 0
10 0 0 5 0
10 10 0 3 0
10 20 0 2 •0
10 50 1 8 0
20 0 0 4 1
20 10 0 4 0
20 20 1 6 1
20 50 1 2 1
50 0 0 10 0
50 10 0 7 0
50 20 0 7 1
50 50 0 0 1

Discussion

In d u c tio n  of n e w  p la n ts  fro m  m e r i
s te m s a n d  n o d e s  of v e g e ta tiv e  ae ria l 
sh o o ts  h a v e  n o t y e t b ee n  re p o r te d  in  
A ls t r o e m e r ia .  Z \v  et al. (1973) u se d  
y o u n g  in f lo re sc e n c e  s te m s  in  th e ir  
p io n e e r w o rk , b u t  th is  e x p la n t d id  n o t 
w o rk  in  o u r  h a n d s . V eg e ta tiv e  tis su e  
is a m o re  re liab le  ex p lan t, av a ilab le  all 
y e a r  ro u n d  in vivo, a n d  as a su rp lu s  
fro m  in vitro rh iz o m e  m u lt ip l ic a t io n  
as w ell. A lth o u g h  n o  o p tim a l g ro w th  
reg u la to r  co m b in a tio n  co u ld  be fo u n d , 
a ce rta in  level (at least 10 |iM ) o f BA 
se em s e s se n tia l fo r p la n t  n e o fo rm a 
tion . The necessity  for au x in  w as in d i
ca te d  b y  th e  fact th a t  IA A  in d u c e d  
few er sh o o ts  th a n  N A A  a n d  2,4-D. In 
c o n c lu s io n ,  th e  m o s t  e f f i c i e n t  
m e d iu m  f o r  m u l t i p l i c a t i o n  o f  
Alstroem eria  by  ap ica l m e ris te m s  h a s  
to  in c lu d e  b o th  c y to k in in  a n d  au x in ,

96



a n d  it is p ro b a b ly  th e ir  re la tiv e  p ro 
p o r tio n  w h ich  is im p o rta n t. 
R e a c t iv a t io n  o f  in a c t iv e  a x i l la ry  
m e ris te m s  can  b e  d o n e  b y  d is tu rb in g  
th e  d o m in a n c e  im p o se d  b y  th e  ap ica l 
m e r is te m . T h is  c a n  b e  d o n e  b y  
d e le t in g  o r  w o u n d in g  th e  a p ic a l  
m e ris te m . E x p la n ts  fro m  w o u n d e d  
m e r is te m s  ( " h a lf -m e r is te m s " )  p r o 
d u c e d  a r o u n d  2 n e w  p la n ts  p e r  ex 
p la n t a n d  m a y  b e  a g o o d  a lte rn a tiv e  to  
m e ris tem s  o r n o d es . H o w ev er, fu rth e r  
rese a rch  is n e e d e d  to  es tab lish  th e  b est 
c o m b in a tio n  of g ro w th  re g u la to rs  an d  
ex p lan ts .

R h izo m es w e re  th e  o n ly  ex p lan ts  able 
to  p ro d u c e  so m atic  em b ry o s . T he re 
su lts  w e re  too  sp o ra d ic  to  in d ica te  the 
b e s t  g ro w th  r e g u la to r  c o m b in a tio n , 
b u t  a re  v e ry  e n c o u ra g in g  for fu r th e r  
w o rk . A  h a rd  y e llo w  ca llus is o ften  the  
la s t s te p  b e fo re  a t ta in in g  so m atic  em 
b ry o s  (R em otti & Löffer 1995; T aylor et 
al. 1992) a n d  m a y  b e  co n s id ered  as d e 
fo rm e d  p r im a ry  so m a tic  em b ry o s. So, 
th e  a p p e a ra n c e  of a y e llo w  ca llus m ay  
be  a n  in d ic a tio n  of m e d ia  com position  
p e rm ittin g  so m atic  em b ry o  in d u c tio n . 
A lso  th e  in c id e n t o f y e llo w  ca llus an d  
e m b ry o  in d u c t io n  o n  20 p.M 2,4-D  
sh o u ld  b e  n o te d . A ux in , a n d  especially
2,4-D is co m m o n ly  u se d  for ca llu s in 
d u c tio n , so  th e  s in g le  o b se rv a tio n  of 
th e  y e llo w  c a llu s  o n  m e d ia  w ith o u t 
an y  g ro w th  re g u la to r  w as  su rp ris in g . 
W in sk i & B rid g en  (1988) in d u c e d  so 
m a tic  e m b ry o s  o n  m e d ia  w i th o u t  
g ro w th  reg u la to rs , h o w ev er, th ey  u sed  
im m a tu re  zygo tic  em b ry o s as exp lan ts . 
B ut, d u e  to  th e ir  u n k n o w n  g e n o ty p e , 
z y g o tic  e m b ry o s  a re  n o t  u se fu l fo r 
la rg e  scale m u ltip lic a tio n . M ore g en e 
tic  w e ll-d e f in e d  e x p la n ts  h a v e  to  be 
u s e d .  C e n tr a l  s lic e s  o f G l a d i o l u s  
co rm els  w ere  m o re  effec tive  th a n  a p i
cal o r b asa l slices as ex p lan ts  for in d u c 

tio n  of so m a tic  em b ry o s  in  Gladiolus  
(R em otti & Löffler 1995). The absence  
of m eris tem s o n  th e  cen tra l slices w as  
d e sc r ib e d  as th e  rea so n . S lices fro m  
Alstroemeria  rh iz o m e s  w ith o u t v is ib 
le m eris tem s m ay  b e  a p o ssib le  ex p lan t 
fo r  in d u c t io n  o f so m a tic  e m b ry o s . 
C a llu s  h a s  in  A ls tr o e m e r ia  b e e n  re 
p o r te d  from  slices o f f lo w erin g  s te m s 
a n d  m a tu re  o v a r ie s  (Z iv  et al. 1973), 
f ro m  im m a tu r e  z y g o t ic  e m b ry o s  
(W insk i & B ridgen  1988; V an  Schaik  
et al. 1996) a n d  from  m a tu re  zy g o tic  
e m b r y o s  ( G o n z a l e z - B e n i t o  & 
A ld e rso n  1990, 1992 a, b , H u tc h in so n  
et al. 1994). H o w e v e r , th is  is th e  firs t 
r e p o r t  of so m a tic  e m b ry o s  in it ia te d  
f r o m  v e g e t a t i v e  t i s s u e  o f  
A ls tro em er ia .
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Summary and concluding remarks

T he p o ss ib ilitie s  fo r in vitro c lon ing  of a sp a ra g u s  (Asparagus officinalis) an d  
Alstroemeria x  hybrida a re  p re se n te d  w ith  specia l em p h as is  on  som atic  
em b ry o g e n esis .

I n d u c t io n  o f  so m a tic  e m b ry o s  in  
a s p a r a g u s  w a s  d o n e  f ro m  in vitro  
c u l t iv a te d  a x illa ry  m e ris te m s , w h ic h  
d e v e lo p e d  c lu s te rs  o f ro o ts  a f te r  a 
s h o r t  N A A  tr e a tm e n t .  F ro m  th e  
s u r fa c e  o f  th e s e  r o o ts  o r ig in a te d  
so m a tic  e m b ry o s . I s o la te d  e m b ry o s  
d e v e lo p e d  lin e s  of so m a tic  em b ry o s , 
w h ic h  w e r e  c u l t i v a t e d  w i th o u t  
g ro w th  re g u la to rs  fo r m o re  th a n  tw o  
years.
In  Alstroem eria  so m a tic  em b ry o s  w ere  
in d u c e d  f ro m  im m a tu re  z y g o tic  e m 
b ry o s , a l th o u g h  n o  specific  tre a tm e n t 
fo r th e  in d u c tio n  w a s  fo u n d . T he firs t 
in d u c e d  so m a tic  e m b ry o s  p r o d u c e d  
c u l tu r e s  o f e m b ry o s  b y  s e c o n d a ry  
so m atic  em b ry o g e n esis . T hese  cu ltu re s  
c o u ld  b e  m a in ta in e d  o n  a b a s a l  
m e d iu m  w ith o u t g ro w th  reg u la to rs . 
S o m atic  e m b ry o s  f ro m  A ls tr o e m e r ia  
w e re  a lso  c u ltiv a te d  in  liq u id  m e d iu m  
w ith o u t g ro w th  reg u la to rs . O n e  m o n th  
c u ltu re  in  l iq u id  m e d iu m  re su lte d  in  a 
1 2 -fo ld  increase  in  fresh  w eigh t. 
F u 9 9 c e d  f ro m  in v i tro  c u l t iv a te d  
rh iz o m e s  o f  A ls tr o e m e r ia  o n  a b asa l 
m e d iu m  w ith  th e  fo llo w in g  g ro w th  
re g u la to r  co m b in atio n s: 10 UM 2, 4-D  + 
50 nM  BA; 20 |iM  2, 4-D + 20 o r 50 |i.M 
BA. F ro m  th e se  rh iz o m e s  w e re  o n ly  
p r o d u c e d  a fe w  e m b ry o s ,  w h ic h  
g e r m i n a t e d  w i t h o u t  s e c o n d a r y  
e m b ry o g e n esis .
In  b o th  cases in d u c tio n  of th e  firs t so 
m a tic  e m b ry o s  n e e d e d  a g ro w th  
r e g u la to r  t r e a tm e n t  (w h ic h  c a n  b e  
in te r p re te d  as  a s tre s s ) , b u t  fu r th e r

c u l tu re  o f th e  e m b ry o s , f ro m  b o th  
a s p a r a g u s  a n d  A l s t r o e m e r i a ,  w a s  
p o ss ib le  w ith o u t g ro w th  re g u la to rs .  
So, d id  the  s tress  ac tiv a te  o r  su p p re s s  
th e  sam e gen es in  th e se  tw o  p la n ts?  
A s m e n tio n e d  i n . th e  in tro d u c tio n  to  
so m atic  e m b ry o g e n esis  (C h ap te r  1), it 
is p o ssib le  to  in d u c e  som atic  em b ry o s  
b y  s e v e ra l tr e a tm e n ts ,  e v e n  to  th e  
sam e species. So, th e  n ex t q u e s tio n  is: 
h o w  c a n  d i f f e r e n t  t r e a t m e n t s  
in f lu e n c e  th e  s a m e  f u n d a m e n ta l  
p ro cess  (in d u c tio n  of so m atic  e m b ry o 
genesis) in  a p la n t?  A n d  fu rth e r: h o w  
can  one p ro d u c t (e.g. 2, 4-D) in d u ce  so 
m a tic  e m b ry o g e n e s is  in  d i f f e r e n t  
species?
T h ese  q u e s tio n s  h a v e  n o t y e t b e e n  
s o lv e d , h o w e v e r , a u n ify in g  th e o ry  
w a s  p r e s e n te d  b y  O k k e ls  (1988). 
A cco rd in g  to  O kkels (1988) th e  au x in  
t r e a tm e n t  r e s u l t s  in  a s u c c e s s iv e  
d e m e th y la t io n  o f th e  D N A  in  th e  
d iv id in g  ce lls  — a n d  th e  r e s u l t  is 
c a l lu s .  A t a c e r t a in  le v e l  o f  
d e m e th y la tio n  a rise s  a  sp e c ia l ca llu s  
ty p e , n o rm a lly  re fe rre d  to  as e m b ry o 
genic. W h en  the  em b ry o g en ic  ca llu s is 
t r a n s f e r r e d  to  a m e d iu m  w ith o u t  
a u x in , m e th y la tio n  is a g a in  p o ss ib le  
an d  em b ry o  d e v e lo p m e n t can  in itia te . 
T he m a in  p ro b le m  in  th is  h y p o th e s is  
is th a t  m a n y  d if fe re n t tr e a tm e n ts  o f 
th e  in it ia l  e x p la n t can  g iv e  r ise  to  a 
em bryogen ic  callus. T he re a d e r  sh o u ld  
c o n su lt C h a p te r  1 a n d  th e  l i te ra tu re  
fo r  f u r th e r  d is c u s s io n  o f th e o r ie s  
ex p la in in g  th e  som atic  em b ry o g en esis .
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C onversion  o f the som atic em bryos to 
plantlets

A  g e n e ra l d ifficu lty  in  th e  w o rk  w ith  
so m a tic  e m b ry o s  is a lo w  c o n v e rs io n  
frequency .
In  a sp a ra g u s  n e ith e r  abscisic acid trea t
m e n t n o r  d e s ic c a tio n  im p ro v e d  th e  
c o n v e r s io n  f re q u e n c y . N o r f lu ra z o n  
s to p p e d  ch lo ro p h y ll sy n th e s is  a n d  re 
d u c e d  g ro w th  o f th e  som atic  em bryos, 
h o w e v e r , c o n v e rs io n  f re q u e n c y  w as  
n o t  e f fe c te d . T h e  in h ib i t io n  o f th e  
c a ro te n o id  sy n th e s is  re d u c e s  the ABA 
le v e l; b e c a u s e  th e  ABA  s y n th e s is  
n e e d s  c a ro te n o id s . A s A BA  p la y s  an  
e s s e n tia l  ro le  in  m a n a g in g  th e  fine  
e q u ilib r iu m  w ith in  th e  cell, espec ia lly  
d u r in g  o s m o tic  s tr e s s  a n d  e m b ry o  
d e v e l o p m e n t ,  a n o t h e r  w a y  to  
in f lu e n c e  th e  ABA  lev e l m a y  b e  by  
d e s ic c a tio n  o r  so m e  s o r t  o f o sm o tic  
s tre s s . W e fo u n d  th a t  im p ro v e d  a ir  
ex c h a n g e  a n d  c u ltu re  o n  f ilte r  p a p e r  
c o u ld  im p ro v e  th e  fre sh  w e ig h t o f 
m a tu re  so m a tic  em b ry o s  as co m p ared  
to  e m b ry o s  c u l tu re d  d ire c tly  o n  th e  
m e d iu m  w i t h o u t  a i r  e x c h a n g e . 
F u r th e r  e x p e r im e n ta t io n  in v o lv in g  
ABA an d  v a r io u s  fo rm s of desiccation  
m a y  in  th e  fu tu re  sh o w  th e  w a y  to  in 
c re a se d  c o n v e rs io n  ra te s  in  so m a tic  
e m b ry o s  of b o th  a s p a ra g u s  a n d  o th e r  
p la n ts .

W h e n  th e  p la n t le ts  a re  b ig  e n o u g h  
th e y  h a v e  to  b e  t r a n s p la n te d  to  th e  
g r e e n h o u s e  o r  th e  f ie ld . T h is  s te p  
re p re se n ts  a  h u g e  s tress  fo r th e  p la n tle t 
a n d  p re c a u tio n s  m u s t b e  tak en  in  o rd e r  
to  in s u re  a h ig h  s u rv iv a l  ra te . It is 
e s p e c ia lly  im p o r ta n t  to  k ee p  a h ig h  
r e l a t i v e  h u m i d i t y  in  t h e  
ac c lim a tisa tio n  area.

P la n ts  re g e n e ra te d  fro m  so m a tic  e m 
b ry o s  o f a s p a ra g u s  h a v e  b e e n  t r a n s 
p la n te d  to  th e  f ie ld  a n d  w ill  b e  
e v a lu a ted  the  fo llow ing  years. It w ill be 
v e r y  in te r e s t i n g  to  c o m p a r e  th e  
d e v e lo p m e n t a n d  y ie ld  fro m  p la n ts  
p ro p a g a te d  b y  se ed , c lo n e d  b y  n o d e  
c u l tu r e  a n d  c lo n e d  b y  s o m a tic  
em b ry o g en esis .
A s A l s t r o e m e r i a  is  a n  o r n a m e n ta l  
p la n t, th e  m ost im p o r ta n t fea tu re  for a 
reg e n era te d  p la n t is the  g en e ra l h ab itu s  
an d  especia lly  the  flow er. F or p o t p la n t 
p ro d u c tio n  an  e v e n  a n d  fa s t f lo w erin g  
is v e ry  im p o rta n t. B ecause th e  so m atic  
e m b ry o s  a ro se  fro m  o v u le s  w e  h a v e  
n o t b een  ab le to  ev a lu a te  th e  s im ila rity  
o f  r e g e n e r a te d  p la n t s  a n d  th e i r  
an ces to rs . H o w e v e r , a few  (50) p la n ts  
re g e n e ra te d  fro m  so m a tic  e m b ry o s  of 
Alstroemeria  in te rsp ec ific  c ro sses  g rew  
a n d  f lo w e r e d  n o r m a l ly  in  th e  
g re e n h o u se .

M u ltip lica tio n  o f  Alstroemeria  from  
sh oots

W h e n  w e  te s te d  th e  v a r io u s  p o ss ib le  
e x p la n ts  fo r  in d u c t io n  o f  s o m a tic  
em bryos an  u n ex p ec ted  ex tra  re su lt w as 
o u r  d isc o v e ry  o f th e  a b ility  of ap ica l 
m e ris te m s  a n d  n o d e s , f ro m  in vitro  
g ro w n  aeria l shoo ts , to  p ro d u c e  n o rm a l 
p l a n t l e t s .  W o u n d e d  m e r i s t e m s  
p ro d u c e d  b e tw e e n  1.3 - 1.8 p la n tle ts  
from  40 - 100% of the  ex p lan ts  a fte r 58 
days.
T h e  u se  o f a p ic a l m e r is te m s  f ro m  
a e r ia l  s h o o ts  o f in v i tro  g r o w n  
rh iz o m e  c u ltu re s  o f A ls tro em er ia  can  
im p ro v e  th e ir  in vitro m u lt ip l ic a t io n  
ra te  su b stan tia lly  in  th e  fu tu re .

1 0 0



The final words

A s p a r a g u s  a n d  A l s t r o e m e r i a  h a v e  
m a n y  s im ila r i t ie s  — b u t  a lso  m a n y  
d iffe rences.
A sp a ra g u s  is a w ell s tu d ie d  p la n t, b o th  
in  th e  fie ld  a n d  in vitro,  a n d  a lm o st all 
p o ss ib le  b io tech n o lica l te ch n iq u e s  h av e  
b ee n  a p p lie d  to  a sp a ra g u s  (see C h a p te r  
2 ). T h is  is  n o t  th e  c a s e  fo r  
A l s t r o e m e r i a ,  a n d  w e  ca n  ju s t  h o p e  
th a t  th e  w o rk  p r e s e n te d  h e re  can  
a c c e l e r a t e  f u r t h e r  r e s e a r c h  in  
A ls t r oe m er i a .
T he tra n s fo rm a tio n  w o rk  o n  a sp a ra g u s  
h a v e  sh o w n  g re a t p ro g re ss , a n d  in tro 
d u c t io n  o f q u a l i ty  im p ro v in g  g en e s  
(e .g . e th y le n e  in se n s ib il i ty )  is n o w  
techn ica lly  p o ssib le  (A yub et al. 1996).
If (cloned) h ig h  y ie ld in g  p la n ts  also  are 
ab le  to  p ro d u c e  a h ig h -q u a lity  p ro d u c t, 
w h ich  can  k eep  th is  q u a lity  a few  d ay s  
m o r e  t h a n  n o w , th e n ,  b o th  th e  
p r o d u c e r  a n d  th e  c o n s u m e r  w ill b e  
h ap p y .
W e re g re t th a t  th e  se ed  in d u s try  a n d  
p o t  p la n t  p ro d u c e rs  h a v e  n o t fo u n d  
o u r  r e s u lts  su ff ic ie n tly  in te re s tin g  to  
finance  fu r th e r  w o rk  o n  these  p lan ts .
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