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ABSTRACT 

Protoplasts were isolated from seedling roots, 
hypocotyls, and cotyledons of four cu l t ivars  of 
Helianthus annuus and from leaves of axenic shoot 
cultures o f ~ i l d  species H. praecox, H. 
scaberimus and H. r ig idus.  O~tima--~T-c-uTtu~ 
condftions were"es~-a-~T~Ted for  the respective 
protoplast systems, using the agarose bead method of 
cul ture. Protoplast d iv is ion was induced for  a l l  the 
species examined. In the case of the cu l t ivars  of 
H. annuus, hypocotyl and cotyledon protoplast 
~ iv is ion  was sustained leading to cal lus formation, 
which in turn, could be induced to produce roots and 
organised meristematic regions in the presence of 
NAA and 6-BAP. 

ABBREVIATIONS 

6-BAP, 6-benzylaminopurine; NAA, R-naphthalene 
acetic acid; IAA, indole-3-acetic acid; 2,4-D, 
2,4-dichlorophenoxyacetic acid; [4S, Murashige and 
Skoog. 

INTRODUCTION 

The genus Helianthus comprises some 67 species, 
many of which are of potential  value through 
hybridisat ion with the cul t ivated sunflower (H. 
annuus) (Schi l l ing and Heiser 1981). Trai ts  Tuch as 
~ e  resistance (Georgieva-Todorova, 1976), 
superior o i l  qua l i ty  (Carter, 1978), elevated 
protein content (Thompson et a l . ,  1981) and sources 
of cytoplasmic male ster i l~y--( 'Leclecq, 1969) have 
been ident i f ied  in wi ld Helianthus species. 
Although l imi ted success hasbeen achieved using 
conventional hybridisat ion techniques many of the 
wild species are reproductively isolated (Thompson 
et a l . ,  1981). 

Tissue culture technology and somatic 
hybridisat ion in par t icu lar  o f fer  new options that 
could complement conventional breeding approaches. 
The number of studies on sunflower t issue culture 
are rather l imi ted (Sadhu, 1974; Greco et a l . ,  
1984; Bohorova et a l . ,  1985; Paterson ~d'-Everet t ,  
1985). The f i r s~ ' -v~y  b r ie f  report of sunflower 
protoplast iso lat ion and culture was described by 
Binding et a l . ,  1981, using an unnamed genotype. 
Recently-'[-e~e and Chupeau (1986) have tested the 
d iv is ion capabi l i ty  of sunflower protoplasts from 
mesophyll t issues, stems, cotyledons and hypocotyls, 
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but only those from hypocotyls underwent any 
d iv is ion.  

This report describes the conditions for  the 
reproducible iso lat ion and d iv is ion of sunflower 
protoplasts from roots, cotyledons and hypocotyls 
and from leaves of wi ld Helianthus species 
protoplasts, thereby providing a g r e a t l y  improved 
foundation for  fur ther  studies on the genetic 
manipulation of sunflower through cel l  fusion 
techniques. 

HATERIALS AND HETHODS 

Plant r4aterial 

Seeds of H. annuus (2n = 2x = 34) cu l t ivars  
Peredovik, Sta~iona--'a'n-d'-accession l ine NS-26 were 
obtained from the Ins t i t u te  of Wheat and Sunflower: 
General Toshevo, Bulgaria and the commercially 
avai lable cu l t i va r  Tall Single from Asmer Seeds 
Ltd. ,  Leicester, U.K. Seed of H. praecox E. and 
Gray (2n = 2x = 34), H. s c a b e r i ~ u s ~ y  (2n = 4x 
= 68) and H. r igidus ~est. ~2n = 6 x  = 102) was from 
the I n s t i t ~ t e ~ e t i c s ,  Sofia, Bulgaria. Al l  
seed material was surface s te r i l i sed  in 15% Domestos 
solution (Lever Bros., U.K.) (30 min ) followed by 
six changes of s te r i l e  tap water, and germinated on 
the surface of [lurashige and Skoog (1962) ([IS) 
medium lacking phytohormones but with 3% w/v sucrose 
or in the same medium with 0.01 mg/1 IAA, 0.03 mg/1 
kinet in and 0.001 mg/1 f o l i c  acid (BGS medium). Both 
media were so l i d i f i ed  with 0.8% w/v agar (Sigma), pH 
5.8. Seeds were maintained at 25°C and in the dark 
for  the cu l t i vars  of H. annuus and in the l i gh t  
(2,000 lux,  dayl ight T l u ~ n t  tubes, continuous 
i l luminat ion)  for  the wi ld species. Shoot cultures 
of the l a t t e r  group were maintained on BGS medium 
with the same cul tural  r~gime. 

Protoplast iso lat ion and culture 

H. annuus 

Dark grown seedling material was the preferred 
source and a l l  were handled s i m i l a r i l y .  Apical root 
pieces (1.0 cm) cut transversely, of 3 day-old 
seedlings: cotyledons (I mm wide pieces) and 
hypocotyl sections, cut long i tud ina l l y ,  both of 7 
day-old seedlings were placed in CPW sa l t  solution 
with 13% w/v mannitol (Frearson et a l . ,  1973) (CPW 
13~4 medium) for  I-2 hours. The p-'Ta~ tissues were 



transferred to a f i l t e r - s t e r i l i s e d  enzyme mixture 
which consisted of 2% w/v Rhozyme HP 150 (Rohm and 
Haas Ltd. ,  Philadelphia, U.S.A.), 2% w/v Meicelase 
(Meij i  Seika Kaisha Ltd. ,  Tokyo, Japan), 0.03% w/v 
Macerozyme RIO (Yakult Biochemicals Ltd. ,  Tokyo, 
Japan), in CPW 1311 medium, pH 5.8, and incubated at 
25°C for  16 hours on a rotary shaker (30 cycles/min). 
After incubation the digested t issue was passed 
through a nylon sieve (64M pore size) with gentle 
washing in small volumes of CPW 13M medium. 

Root protoplasts were col lected by 
centr i fugat ion (120 x g, 10 min) and freed of 
ce l l u la r  debris by f l o ta t ion  in CPW sal ts medium 
with 21% w/v (CPW 21S medium) coupled with 
centr i fugat ion (150 x g, 15 min). Hypocotyl and 
cotyledon protoplasts were harvested in a s imi la r  way 
with an extended period (18 min) of centr i fugat ion in 
CPW 21S medium. 

Protoplasts were washed twice in CPW 1311 medium, 
resuspended in the appropriate culture medium and 
plated in a range of densit ies (5 x 10 ~ - 2.5 x I0 s 
protoplasts/ml).  

Wild Helianthus species 

Leaves of axenical ly  grown shoots (4 weeks old) 
were cut into I mm wide s t r ips  and protoplasts 
isolated as described for  H. annuus but with the 
fol lowing modif ications. The enzyme mixture 
consisted of 2% w/v Cellulase RIO (Kinki Yakult 
Manuf. Co. Ltd. ,  Japan) and 0.05% w/v Macerozyme RIO 
in CPW 13M medium, pH 5.8. Following incubation 
leaf  protoplasts were pel leted at 120 x g (7 min) and 
f loated at 150 x g (10 min). 

Media and handling protocol 

Three media were u l t imate ly  found to support 
protoplast d iv is ion for  the Helianthus species using 
agarose bead culture ( S h i l l i t o  et a l . ,  1983). Molten 
agarose (F.M.C. Corp., Marine Co--TloTds Div. ,  RoCkland, 
U.S.A.) was prepared at double strength (0.8% w/v) in 
d i s t i l l e d  water, mixed 1:1 with double strength 
medium and th is in turn mixed 1:1 with the 
protoplasts (at twice the i r  required density) in 
single strength medium. The protoplast/agarose 
mixture (5.0 ml) was dispensed as small beads (0.25 
ml) into a 9 cm petr i  dish which in turn contained 
6.0 ml of l i qu id  culture medium. Dishes were sealed 
with Nescofilm and cultured e i ther  in the dark or in 
the l i gh t  (700 lux, dayl ight f luorescent tubes, 
continuous i l l umina t ion) .  

As an a l te rna t i ve ,  protoplasts were plated 
d i rec t l y  in l iqu id  medium (4.0 ml) in 5.0 cm petr i  
dishes at the appropriate density. 

The media used for  i n i t i a l  protoplast culture 
and subsequent reduction of the osmotic pressure 
were:- K8P medium or K8P medium mixed with K8 
medium (Kao, 1977) in the fol lowing rat ios:  3:1, 
2:1, 1:1, 1:2; KII8P medium or KII8P medium mixed 
with Kr18 medium (Kao and Hichayluk, 1975) in the 
same ra t ios ;  MS medium with 2.0 mg/1NAA, 0.5 mg/1 
6-BAP with 9% mannitol (HSPI 9M medium). 

For the agarose bead cul ture,  fresh medium (0.5 
ml per dish) of progressively lower osmotic pressure 
was added at 7-10 day in tervals  coupled with a pr ior  
withdrawal of a s imi la r  volume from the dish. 

Plating e f f i c iency ,  defined as the percentage 
of the or ig inal  protoplasts giving colonies (10-60 

257 

cel ls )  was measured at 20 days. 

Following the f ina l  d i lu t ion  (7-10 weeks) three 
cultures y ie ld ing c lear ly  v i s i b le  colonies/cal lus 
were transferred to a range of agar -so l id i f ied  (0.5% 
w/v) MS based media with d i f fe r ing  growth 
regulators:-  2.0 mg/1NAA, 0.5 mg/1NAA, 0.5 mg/1 
6-BAP (MS3); 0.05 mg/1NAA, 0.25 mg/1 6-BAP (MS4); 
0.1 mg/1NAA alone (MS5) and 1.0 mg/1 zeatin alone 
(MS6). 

All  cultures were kept at 25°C with a 
continuous i l luminat ion of 700 lux. 

RESULTS AND DISCUSSION 

Protoplast y ie lds are given in Table I .  For 
a l l  the protoplast systems and species examined 
protoplast d iv is ion was not sustained in l iqu id :  
media (a l l  three) and at densit ies below I x I0 s 
protoplasts/ml for  both agarose and l iqu id  cultures. 
MSPI 9M medium did not support continued d iv is ion 
(H. annuus only) much beyond 20 days. On the basis 
oT t ~  experiments agarose appears to be an 
essential ge l l ing agent for  Helianthus protoplast 
cul ture. 

For Helianthus annuus, hypocotyl protoplasts 
c lear ly  gave the hig~-eTt--plating e f f ic ienc ies  as 
compared to root or cotyledon systems, with K8P 
medium being superior (Table I ) .  Dark culture 
conditions reduced the plat ing e f f ic iency for  a l l  
non-leaf cultured protoplasts. Leaf protoplasts of 
the wild Helianthus species responded in the reverse 
manner exhib i t ing superior plat ing e f f ic ienc ies  when 
maintained for  an i n i t i a l  period of I-4 weeks in the 
dark (Table I ) .  

F i rs t  d iv is ion was a f te r  2 days (root,  hypocotyl) 
or 5 days ( lea f ,  cotyledon) with v i s i b le  colonies 
(8-60 ce l ls )  a f te r  14-21 days in K8P/KM8P media; 
thus emphasising the need for  r ich media to support 
Helianthus protoplast d iv is ion.  Protoplasts of only 
two var ie t ies  of H. annuus, Peredovik and Tall Single, 
divided in MSPI 9~mel--dTu'm'-but to a l imi ted extent. 

Perhaps the most c r i t i c a l  factor for  Helianthus 
protoplast culture is the procedure for  lowering the 
osmotic pressure of the media in order to sustain 
d iv is ion and minimise browning of ce l l s .  Di lut ion 
was most e f fec t ive  when i n i t i a ted  a f te r  14 days and 
thereafter at 10 day in terva ls .  

By 7-8 weeks colonies of the H. annuus cu l t ivars  
could be transferred, using f ine f~rceps, to the 
surface of the MS regeneration media. Calluses of 
hypocotyl or cotyledon protoplast or ig in pro l i ferated 
on MSI, MS2 and 11S6 media. Most calluses were white, 
f r i ab le  and grew vigorously. 

Calluses on MS3 medium produced masses of 
meristem-like structures and upon transfer to MS5 
medium, roots were pro l i ferated.  I t  would appear 
therefore, that NAA and 6-BAP are important in 
st imulat ing cal lus formation and organogenesis in 
sunflower. This is in agreement with ea r l i e r  
observations on Helianthus cal lus i n i t i a t i o n  and 
shoot regeneration (Bohorova et a l . ,  1985). 

This study forms the basis for  the development 
of selection procedures, fol lowing induced 
protoplast fusion and u t i l i s i n g  the i n - b u i l t  visual 
iden t i f i ca t ion  of in te rspec i f i c  fusion products 
between leaf  protoplasts of wild Helianthus species 
(H. praecox, H. scaberimus, H. rig~du{) and 
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TABLE Io Yield,  plat ing ef f ic iency and media response of protoplasts of cul t ivated sunflower 
and wild Helianthus species 

Species/cul t ivar 
r = root; hyp = hypocotyl; 
c = cotyledon; I f  = leaf  

Helianthus annuus 

Peredovik r 
hyp 
C 

Tall Single r 
hyp 
C 

Stadion hyp 
C 

NS-26 hyp 
C 

H. praecox I f  

Yield 
x I0 s per g 

fresh wt. 

2 
5 
I 
2 
6 
2 

4.5 
I 
4 
2 

H. scaberimus I f  4 12 

H. r igidus I f  3 0 

Medium/Plating Eff ic iency (%) 
1 = ligI~t~ d = dark; * d iv is ion not sustained 

K8P 
1 d 

Km8P MSPI 9M 
1 d 1 d 

40 0 4* 8* 
53 0 23 19 3* 6* 
24 0 16 11 0 0 
27 23 6* 7* 
50 43 39 11" 14" 
25 - 0 0 
51 2 5 0 0 0 
18 2 7 10 0 0 
35 33 49 36 0 0 
14 12 21 19 0 0 

10 40 13 23 0 0 

50 11 25 0 0 

44 0 0 0 0 

colourless, et io lated hypocotyl or cotyledon 
protoplasts of cu l t ivated sunflower, H. annuus. 
Plant regenerative capacity in such s ~ m a ~ b r i d  
combinations is l i k e l y  to be provided by the wild 
Helianthus parent species since cal lus,  of the three 
species described here, obtained d i rec t l y  from 
explants, can be induced to undergo plant 
regeneration on MS3 medium (unpublished data). 
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