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A b s t r a c t .  We have  assessed the capac i ty  of  
cu l t u r ed  pro toplas t s  f r o m  two tissue sources 
of  several  c o m m e r c i a l l y - g r o w n  broccol i  
cu l t i va r s  to r egenera te  plants.  A p rocedure  
tha t  employs  h y p o c o t y l  pro toplas ts  and  a 
cu l tu re  m e d i u m  wi th  a h igh  NAA:2,4-D aux in  
ra t io  was developed.  The p rocedure  permi ts  
h igh ly  e f f i c i e n t  f o r m a t i o n  of  colonies  tha t  
r egene ra t e  shoots at  f r e q u e n c i e s  of  8-17% 
wi th  two of  the fou r  cu l t iva r s  tested. The 
t ime r equ i r ed  for  the d e v e l o p m e n t  of  plants  
f r o m  pro toplas t s  was 8-11 weeks. No m t D N A  
r e a r r a n g e m e n t s  were observed among  any  of 
17 ana ly sed  regeneran t s .  Doub le - s t r anded  
RNAs were de tec ted  in m i t o c h o n d r i a l  DNA 
(mtDNA)  p r e p a r a t i o n s  of  some, but  not all, 
r egene ran t s  of  one of the cu l t ivars .  

A b b r e v i a t i o n s :  2 , 4 - D  = 2,4-d ich loropheno-  
xyace t i c  acid;  BAP = 6 - b e n z y l a m i n o p u r i n e ;  
GA 3 = g ibbere l l ic  acid;  IAA = 3- indoleace t ic  
acid;  NAA = 1 -naph tha l eneace t i c  acid; ZR = 
zeat in  r iboside;  CF = co lony  f o r m a t i o n ;  
m t D N A  = m i t o c h o n d r i a l  DNA 

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

The genus Brassica comprises  a large number  
of  i m p o r t a n t  crops (Will iams and  Hill  1986). 
Cons ide rab le  progress has been made  in recent  
years  in m a n i p u l a t i n g  the cy top lasmic  male- 
s t e r i l i ty  t ra i t  in these p lants  t h rough  
pro toplas t  f u s ion  and  cybr id  p roduc t i on  
(Kemble  and  Barsby 1988). E f f e c t i v e  
d e p l o y m e n t  of  cell fu s ion  t echno logy  in crop 
i m p r o v e m e n t  requi res  the capac i ty  for  
e f f i c i e n t  p lan t  r e g e n e r a t i o n  f r o m  cu l t u r ed  
p ro top la s t s .  I d e a l l y ,  the  r e g e n e r a t i o n  
p rocedure  should  be app l icab le  to a 
s i g n i f i c a n t  n u m b e r  of  a g r i c u l t u r a l l y  
i m p o r t a n t  geno types  and  should  give rise to 
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plants  tha t  are i d e n t i c a l  in geno type  and  
p h e n o t y p e  to the pa ren t  plant .  

Vege tab le  crops of  the species B. o leracea  
inc lude  cabbage,  c a u l i f l o w e r ,  broccoli ,  Brussel 
sprouts  and  kale. As a f i r s t  step towards  the 
i n t r o d u c t i o n  of  cy top la smic  genet ic  e lements  
f r o m  B. napus  into B. o leracea  t h rough  cyb r id  
f o r m a t i o n ,  we have  sought  to develop  an 
e f f i c i e n t  me thod  for  p lan t  r e g e n e r a t i o n  f r o m  
broccol i  protoplasts .  We have  focussed  our 
e f f o r t s  on broccol i  because of  the ease wi th  
wh ich  t ra i t s  a f f e c t i n g  f lo ra l  charac te r i s t i c s ,  
such as cy top l a smic  male - s te r i l i ty ,  can be 
ana lysed .  Broccoli  has r e l a t i ve ly  large f lowers ,  
is an a n n u a l  and requires  only  about  75 days  
to f lower .  By .contrast ,  most o ther  B. o leracea  
subspecies ,  such as cabbage,  Brussel sprouts  
and  kale e i the r  r equ i re  v e r n a l i z a t i o n  and  may 
take  up to a yea r  to set seed or, l ike 
c a u l i f l o w e r ,  have  been bred for  de l ay ed  
bol t ing  and  have  small  f lowers .  

To our  knowledge ,  only  one l a b o r a t o r y  has 
r epor ted  p lan t  r e g e n e r a t i o n  f r o m  protoplas ts  
of  broccol i  (Rober t son  and  Ear le  1986, 
Rober t son  et al. 1988). In those s tudies ,  
mesophyl l  or co ty l edon  protoplas ts  of  a single 
cu l t i va r  were employed .  We repor t  here  an 
e v a l u a t i o n  of  c o m m e r c i a l l y - g r o w n  h y b r i d  
broccol i  cu l t i va r s  fo r  p ro top las t  c u l t u r a b i l i t y  
and  subsequen t  p lan t  r egene ra t ion  us ing both 
h y p o c o t y l  and  leaf  sources. We have  e x a m i n e d  
the p lan t  r egene ran t s  fo r  possible tissue- 
c u l t u r e d  i n d u c e d  v a r i a t i o n  in m t D N A  since 
the re  have  been repor ts  of  m t D N A  a l t e ra t ions  
occu r r i ng  in p ro top las t  cu l tu re  ' systems 
(Kemble  and  Shepard  1984, Morgan  and  
Mal iga  1987). 

M a t e r i a l s  and  m e t h o d s  

Plant material. The following hybrid cultivars were 
employed: Green Hornet, a green broccoli lacking side shoots; 
Packman and Premium Crop, both standard green broccolis; 
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Table 1. Percentage survival, cell division and colony 
formation in hypocotyl protoplast  cult ures of different broccoli 
cultivars 

Cultivar 1 Survival Cell division Colony 
formation 

Premium Crop 79 • 2 29 • 3 5.0 • 0.9 
2 Green Hornet 85 • 2 12 • 4 - - -  
3 Packman 52 -+ 3 22 • 6 - - -  

Paragon 84 • 3 37 • 3 4.3 • 1.1 

1Cultured in K9 medium [salts, vi tamins and organic acids of 
Kao 's  medium (1977), 85.5 g/l  sucrose, 23.4 g/1 glucose, 1 
rag/1 NAA, 0.5 mg/ l  BAP, 0.2 mg/1 2,4-D, pH 5.6]. 

2Slow colony growth with negligible colonies at 20 days; small 
colonies subsequently developed. 

32-4 cell clusters developed. 

and Paragon,  a blue green hybrid obtained by crossing green 
broccoli with Chinese Kale (ssp. alboglabra). Seeds were 
surface-steril ized for 2 rain with 70% ethanol then for 20 rain 
with 2.4% sodium hypochlori te containing one drop of Tween 
20 per 100 ml. Seeds were rinsed thoroughly with sterile 
distilled water and grown aseptically on autoclaved 
germination medium [half-strength basal Murashige and 
Skoog's medium (1962), 10 g/l  sucrose, 12 g / l  s ta r ,  pH 5.8] 
and incubated at room tempera ture  in darkness. When 
necessary, 100-200 mg/ l  cefotaxime and 200 rag/1 ampicillin 
were included in the germination medium and the antibiotics 
were used at 5 rag/1 in other  media. 

Protoplas t  isolation and culture. Procedures were performed 
aseptically and all solutions and media were filter-sterilized. 
Hypocotyl explants from 5 day-old seedlings were cut 
transversely into 1-2 mm pieces and incubated in 10 ml 
enzyme solution (salts, vi tamins and organic acids of Kao 's  
medium (1977), 0.4 g/1 CaC12.2H20, 130 g/ l  sucrose, 10 g/1 
Onozuka R10, 1 g/1 Pectolyase Y23, pH 5.6) in 100 X 15 mm 
petri dishes, in darkness, without  agitation for 14-18 h, then 
with agitation on a rotary shaker (40 rpm) for 15-30 min. The 
mixture was filtered through a 63 um nylon screen into 
centrifuge tubes and an equal volume of 16% sucrose was 
added to each tube.  Following centrifugation (ca. 200 g, 5 
rain), the protoplast  band that  formed at the top of each tube 
was collected. Protoplas ts  were washed 3 times by 
resuspension in 10 ml of wash solution [solution W5 of 
Menczel and Wolfe (1984) at a reduced s t rength (0.8X)] 
followed by centrifugation at 200 g for 3 rain. 

Protoplas ts  were resuspended in culture medium at a densi ty 
of 0.5-1.0 X 105 per ml and dispensed in 2 ml aliquots into 60 
x 15 mm petri  dishes (Falcon 1007). Protoplasts  were cultured 
in medium K9 [salts, vi tamins and organic acids of Kao's 
medium (1977), 85.5 g/1 sucrose, 23.4 g/ l  glucose, I rag/1 
NAA, 0.5 mg/ l  BAP, 0.2 rag/1 2,4-D, pH 5.6] unless otherwise 
specified, and incubated at 25~C, 16 h photoperiod,  in dim 
fluorescent light (25 uEm-2s-1) .  After 5-8 days in culture, 1- 
1.5 ml of feeder medium F5 [salts and vitamins of K3 medium 
(Nagy and Maliga 1976), 51.3 g/ l  sucrose, 9 g/1 glucose, 0.5 
rag/1 NAA, 0.25 mg/1 BAP, 0.1 rag/1 2,4-D, pH 5.6] were 
added to each dish and the dishes were placed under brighter  
fluorescent light (50 uEm-2s-1) .  At ca. 14 d, 1-2 ml of 
medium were removed from each dish and 2-3 ml of feeder 
medium F13 [basal Murashige and Skoog's medium (1962), 
30 g/1 sucrose, 0.5 mg/1 BAP, 0.1 mg/1 NA_A, pH 5.61 were 
added. The cultures were placed on a rotar~ shaker (40 rpm) 
under  bright fluorescent light (65-70 uEm-  s-J'). At ca. 21 d, 
the cultures were fed once more with feeder medium F13 as 
described above. 

Plant  regeneration. After 4-5 weeks in culture, colonies (1 
mm or larger in diameter)  were plated onto regeneration 
medium [basal Murashige and Skoog's medium (1962), 10 g/1 

sucrose, 2 mg/1 ZR, 0.1 rag/1 NA.A, 8 g/ l  agarose, pH 5.6]. 
Plates  were incubated under  the conditions described for the 
liquid cultures. Callus colonies were transferred onto fresh 
regeneration medium every 2 weeks. Regenerated shoots were 
transferred onto autoclaved rooting medium [half-strength 
basal Murashige and Skoog's medium (1962), 10 g/1 sucrose, 
0.05 mg/1 NAA, 8 g/ l  agar,2P_H15.8 ) and incubated under dim 
fluorescent light (25 uEm-  s- ). 

P lant le ts  were transferred to pots or flats containing 
PROMIX (Premier Brands Inc., Stanford, Ct.) and grown in 
a growthroom (20~ day /15~  night,  16 h photoperiod,  100- 
140 uEm-2s  -1 fluorescent and incandescent light at soil level). 
Plant le ts  were covered with t ransparent  plastic cups for one 
week to allow for acclimatization. 

Observations.  Protoplas t  survival (percentage of living 
cel ls / total  cells) and cell division rate (percentage of dividing 
cells/living cells) were determined after 2 and 6 days, 
respectively, based on a minimum sample of 400 cells per 
t rea tment .  Protoplas ts  were considered living when they had 
intact  plasma membranes  and organelles. Colony formation 
was assessed after 20 days in culture as the percentage of 
colonies with 8 or more cells/ total  initial protoplast  
population. Colony formation was est imated by colony counts 
from 60 25X magnification fields per t rea tment .  Shoot 
regeneration was assessed as the percentage of shoots 
produced from individual calli after 4 weeks on regeneration 
medium. Exper iments  were conducted 3 or more times. 

Mitochondrial  DNA analysis. Mitochondrial  DNA was 
extracted from 10-15 g flower buds by the procedure of 
Kemble (1987). Restr ict ion enzyme digestions were carried out 
using an excess of Sa__~ll and EcoR1 enzymes (Bethesda 
Research Laboratories) for 5 h or more. The samples were 
t reated with RNAse A (40 ug/ml)  for 15 min at 65~ unless 
otherwise indicated. RNAse- t rea ted  samples were purified by 
extract ing twice with phenol:chloroform and reprecipitat ing 
with ethanol at -70~ for 30 min. Following electrophoresis 
in 1% agarose /TBE buffer (1 M Tris base, 1 M boric acid, 20 
mM Na2EDTA), gels were stained with 0.5 ug/ml  ethidium 
bromide for 15-20 rain and photographed.  The 1 kb ladder 
marker DNAs were obtained from Betheseda Research 
Laboratories. 

Table 2. Effect of NAA:2,4-D auxin ratio on the percentage 
survival, cell division and colony formation in hypocotyl 
protoplast  cultures of cv. Premium Crop 

Medium 1 Auxin Survival Cell division Colony 
(mg/1) formation 

K9 1 NAA 80 -+ 2a 2 20 - 4a 5.3 • 1.ha 
0.2 2,4-D 

KM9 0.6 NAA 75 -+ 3a 26 -+ 8a 2.7 • 0.2b 
0.6 2,4-D 

KR9 0.2 NAA 78 • 2a 24 -+ 6a 2.3 - 0.9b 
1 2,4-D 

1Auxins added to a medium containing salts, vitamins and 
organic acids of Kao's  medium (1977), 85.5 g/1 sucrose, 23.4 
g/1 glucose, 0.5 mg/1 BAP, pH 5.6. Fed with modified feeder 
medium F5 containing half the growth regulator 
concentrat ions of media K9, KM9 and KR9 respectively. 

2Waller-Duncan 's  Multiple Range Test conducted on arcsine 
t ransformed data. Values with different letters within a 
column are significantly different at p ---- 0.05. 



Fig. I. Ec....~oRl (A) and Sa...~ll (B) digested mtDNAs of broccoli 
cv. Premium Crop. Mitochondrial DNAs were isolated from 
individual plants either grown from seed (lane 1) or 
regenerated from protoplasts (lanes 2-4 and 2-7 of A and B, 
respectively. M designates 1 kb ladder marker DNAs. 

Results and Discussion 

Viable hypocotyl protoplasts were isolated 
from each of the four  cultivars. The average 
yields of protoplasts f rom Premium Crop and 
Paragon were 9 X 106 and 4 X 106 per 100 
seedlings, respectively, as estimated af ter  the 
washing procedure. At 2 days, survival of 
protoplasts from Premium Crop, Green Hornet 
and Paragon was high (79-85%), while 
survival of protoplasts f rom Packman was 
moderate (52%) (Table 1). Protoplasts of 
Paragon and Premium Crop started to divide 
af te r  2 clays and continued to divide rapidly. 
At 6 days, cell division rates averaged 29% 
and 37% for Premium Crop and Paragon, 
respectively, but were lower for Packman and 
Green Hornet,  averaging 22% and 12%, 
respectively. By 2-3 weeks, microcalli were 
visible in cultures of Premium Crop and 
Paragon. Consistent high f requency colony 
format ion was observed for Premium Crop 
(CF=5.0%) and Paragon (CF--4.3%). Colony 
development with Green Hornet  was slower 
but eventual ly  occurred. In the case of 
Packman, only 2-4 cell clusters developed. 
Similar examples of genotypic effects  on 
protoplast cul ture are well-documented in B. 
oleracea (Bidney et al. 1983, Jourdan and 
Earle 1985, Bauer 1988, Robertson et al. 1988) 
and other Brassica species (Pelletier et al. 
1983, Glimelius 1984, Barsby et al. 1986, 
Chuong et al. 1987, Sproule 1987, Kao 1988). 
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Variations of the standard medium that 
d i f fe red  only in the ratio of NAA:2,4-D 
(Table 2) were tested. No signif icant  
d i f fe rences  in protoplast survival or cell 
division rate were detected but d i f ferences  in 
colony format ion were significant.  The 
f requency of colony format ion (Table 2) and 
colony size were largest in the medium with 
the highest NAA concentration. A high NAA 
to 2,4-D ratio has been used in cotyledon 
protoplast cultures of cabbage (Lu et al. 1982) 
and caul i f lower (Vatsya and Bhaskaran 1982), 
mesophyll and cotyledon protoplasts of 
broccoli (Robertson and Earle 1986, Robertson 
et al. 1988) and root protoplast cultures of 
cabbage (Xu et al. 1982). By contrast, high 
levels of 2,4-D have been found to be 
beneficial  for colony prol iferat ion in 
hypocotyl protoplast cultures of cabbage 
(Lillo and Shahin 1986, Yamashita and 
Shimamoto 1987) and leaf and callus 
protoplast cultures of cabbage, caul if lower 
and Brussel sprouts (Bauer 1988). 

Protoplast-derived calli f rom Premium Crop 
and Paragon were induced to regenerate 
shoots. At 4 weeks, many of the calli were 1 
mm or larger. These were plated on a 
regenerat ion medium consisting of Murashige 
and Skoog's medium (1962) supplemented with 
10 g/1 sucrose, 2 mg/1 ZR and 0.1 mg/1 NAA. 

Fig. 2. (A) Sall digested (lanes 1,2) and undigested (lanes 
3,4) mtDNA preparations of broccoli cv. Premium Crop 
regenerant PC11 before (lanes 1,3) and after (lanes 2,4) 
treatment with RNAse A. (B) Undigested mtDNA 
preparations of broccoli cv. Premium Crop regenerants PC5 
(lanes 1,2) and P C l l  (lanes 3,4) obtained at early (lanes 1,3) 
and late (lanes 2,4) flowering stages. Position of double- 
s t randed RNAs are indicated by arrows. M designates 1 kb 
ladder marker  DNAs. 
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Shoots were regenerated f rom up to 17% of 
the Paragon calli and up to 13% of the 
Premium Crop calli. Shoots fo rmed  at an 
average of 8-10% in both cases. Other 
regenera t ion  media consisting of various 
combinat ions of Murashige and Skoog (1962) 
or K3 (Nagy and Maliga 1976) media 
components with d i f f e r e n t  growth regulators 
(BAP, kinet in,  ZR, IAA, NAA or GA3) were 
tested. Shoots regenera ted  in these media at 
f requencies  comparable  to or lower than that  
obtained with the s tandard  medium. 

Most shoot pr imordia  fo rmed  8-14 days af te r  
plating. Eighty to 90% of the shoots were 
morphological ly  normal  and rooted within 2 
weeks on the rooting medium. The 10-20% 
abnormal  shoots eventual ly  died. A lower 
light intensi ty  (25 uEm-Zs -1) appeared to 
enhance rooting and prevent  the accumulat ion 
of an thocyanins  in the young shoots. One to 2 
weeks a f t e r  root ing,  p lant le ts  were 
t r ans fe r red  to pots containing PROMIX. 
A l m o s t  al l  p l a n t l e t s  s u r v i v e d  the  
t ransplant ing.  The process f rom protoplast to 
plantlet  took 8-11 weeks. 

Various modif ica t ions  to this procedure 
were tested. These included dispensing the 
protoplast  suspension over an agarose feeder  
layer  dur ing  early culture,  using prol i fera t ion 
plates for  microcall i  growth and using leaf 
tissue as the explant  source. Although layering 
of protoplast suspensions over agarose has 
increased colony format ion  in stem cortex 
protoplast cultures of 13. naous (Klimaszewska 
and Keller  1987), the use of the agarose 
feeder  layer  with our system usually resulted 
in slower divisions and poorer colony growth. 
Prol i fera t ion  plates have been beneficial  for  
calli pro l i fera t ion  and subsequent shoot 
regenera t ion  in B. napus (Glimelius 1984, 
Barsby et al. 1986), but growth of broccoli 
microcall i  was only occasionally enhanced by 
cul ture  on prol i fera t ion plates and shoot 
regenerat ion was usually una f fec t ed  or 
reduced.  The response of the genotypes to 
mesophyll  protoplast  cul ture  was inconsistent. 
Mesophyll protoplasts f rom young leaves of 2- 
4 week old in vi t ro-grown seedlings were 
isolated and cul tured  fol lowing the described 
procedures but with 5 g / 1 0 n o z u k a  RI0 in the 
enzyme solution and without  agitat ion dur ing 
enzymat ic  digestion. Heal thy  protoplasts were 
isolated f rom all genotypes but by 2 days the 
protoplasts usually had low survival (20-50%) 
and colonies developed only in a few 
experiments.  In similar experiments  in 13. 
napus however,  mesophyll protoplasts have 
been successfully cul tured and regenera ted  to 
plants (Kao and Seguin-Swartz 1987). 
Mesophyll protoplast cultures have been 
reported to be more variable in response and 

general ly more recalc i t rant  in caul i f lower  
(Vatsya and Bhaskaran 1982), cabbage 
(Yamashita  and Shimamoto 1987), and 
Chinese kale (Pua 1987), as well as in B. napus 
(Glimelius 1984, Chuong et al. 1985). 

Mitochondria l  DNA alterat ions have been 
repor ted to occur in protoclones of Solanum 
tuberosum (Kemble and Shepard 1984), of an 
ogu CMS line of B. napus (Morgan and Maliga 
1987) and in cul tured cells of 13. campestris 
(Shirzadegan et al. 1988), Zea mays 
(Gengenbach et al. 1981, Kemble et al. 1982, 
Umbeck and Gengenbach 1983, McNay et al. 
1984), GIycine max (Morgens et al. 1984) and 
Beta vulgaris (Brears et al. 1989). We therefore  
sought to de termine  if  mtDNA organizat ion 
remained  stable during the procedure 
described above. Mitochondrial  DNA analyses 
were conducted  on 11 randomly  selected 
Premium Crop regenerants  and 6 randomly 
selected Paragon regenerants.  The mtDNA of 
each regenerant  was restr icted with Sail 
and /o r  EcoR1. The f ragment  patterns 
obtained resembled those reported for 13. 
oleracea by others (Lebacq and Vedel 1981, 
Chetr i t  et al. 1984, Palmer 1988). In each case, 
the mtDNA fragments  generated were 
ident ical  to those of control plants grown 
f rom seed (Fig. 1). A similar absence of 
mtDNA al terat ions has been noted for 
Nicot iana and most B. napus protoclones 
(Nagy et al. 1983, Morgan and Maliga 1987, 
Kemble et al. 1988). 

Mitochondria l  DNA alterat ions could result 
f rom ei ther  the tissue culture system 
employed (Kemble et al. 1988) or f rom the 
par t icular  plant genotype studied (Morgan 
and Maliga 1987). In the present study, 
apparent ly  nei ther  the tissue culture system 
employed nor the genotypes studied are 
condusive to producing mtDNA alterations. 

RNAse A-sensitive bands, similar to the 
RNA molecules described by Kemble et al. 
(1986) and Monroy et al. (1990), were observed 
in some but not all Premium Crop regenerants  
(Fig. 2) and not in any of the Paragon 
regenerants  analysed. The presence of the 
RNAs in cer tain plants appeared to increase 
with plant age (Fig. 2). This observation 
suggests that the abundance  of these RNAs 
may be developmental ly-regulated.  No 
morphological  d i f fe rences  were observed 
between regenerants  that did or did not 
possess the RNAs. 

We have improved the protoplast cul ture 
systems available in broccoli. The described 
procedure  is re la t ively  simple and yields 
e f f i c ien t  plant regeneration.  We have 
regenerated over 100 plants f rom cul ture  
e x p e r i m e n t s .  Most of  these a p p e a r  
morphological ly normal; only 2 plants were 



found that were stunted in growth. In 
addit ion,  we have regenerated plants f rom 
somatic cybr id iza t ion  experiments  employing 
B. oleracea as the nuclear  recipient.  Two 
genet ical ly  diverse cultivars,  Paragon, a blue- 
green broccoli obtained f rom a cross with 
Chinese kale (ssp. alboglabra) and Premium 
Crop, a commonly-grown green broccoli, were 
successfully cultured.  Both cultivars are 
agronomical ly-desirable  and thus, useful plant 
regenerants  can easily be incorporated into a 
breeding program. 

Robertson et al. (1988) reported a shoot 
regenerat ion f r equency  of 17-75% f rom 
mesophyll  or cotyledon protoplast cultures of 
broccoli. However,  they used plant material  
that  had been regenerated through one or two 
cycles of tissue cul ture  and thus had been 
"selected" for  high regenerabil i ty.  Plant 
regenerat ion f r equency  f rom seed-grown 
plants of  this par t icular  cul t ivar  was lower (1- 
53%) and variable f rom exper iment  to 
exper iment  (Robertson and Earle 1986, 
Robertson et al. 1988). The hypocotyl  
protoplast cul ture  system described in this 
report  yields lower but relat ively e f f i c ien t  
and consistent (8-10% on average) shoot 
regenerat ion.  The short growth period of 
seedlings avoids the variable envi ronmenta l  
inf luences  which may a f fec t  reproducibi l i ty  
of cul ture  and regenerat ion.  An ef f ic ien t  
hypocotyl  protoplast cul ture  system is 
advantageous  in that: 1) relat ively high yields 
of protoplasts can be obtained af ter  a short 
growth period; 2) hypocotyl  protoplasts are 
more stable in cul ture  and are more resistant 
to the ef fec ts  of protoplast fusion (Sundberg 
and Gl imel ius  1986, Yamash i t a  and 
Shimamoto 1987, Kao 1988) and 3) hypocotyl  
protoplasts have dense cytoplasms which make 
them an excellent fusion par tner  since they 
can be dist inguished f rom mesophylI 
protoplasts in fusion experiments.  
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