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Abstract Theuseof interesting characteristicsfromwild
Helianthus speciesin sunflower breedingislimited by poor
crossability or sterility of interspecific hybrids. To over-
come this barrier, mesophyll protoplasts of Sclerotinia
sclerotiorum-resistant clones of Helianthus maximiliani,
H. giganteus and H. nuttallii were fused with hypocotyl
protoplasts of H. annuus in the presence of polyethylene-
glycol and dimethylsulfoxide. Fusion products were em-
bedded in agarose and subjected to a regeneration proto-
col developed for sunflower protoplasts. Organogenic calli
were transferred onto solid medium and emerging shoots
were elongated in the absence of plant growth regulators.
Rooting of shoots was induced by a 1-naphthal eneacetic
acid treatment and putative hybrid plants from fusions
between H. annuus + H. maximiliani and H. annuus + H.
giganteusweretransferredinto thegreenhouse. All of them
exhibited ahybrid phenotypewith ahigh percentage of rhi-
zome producing plants. Their hybrid origin was confirmed
by random amplified polymorphic DNA analysis. Plants
flowered after 3—4 months and set seeds, of which 70-80%
germinated.
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Introduction

In recent years, the increased production of sunflower
(Helianthus annuus L.) has revealed several problems
linked with the narrow genetic base of the cultivars. Patho-
gens, for example Sclerotinia sclerotiorum and Botrytis
cinerea, are major limiting factors for sunflower produc-
tionin northern regions (Masirevic and Gulya1992), since
resistance against these fungi is lacking among sunflower
cultivars (Bazzalo et al. 1991). Wild Helianthus species
are regarded as important sources for disease resistance
(Seiler 1992; Skoric 1992; Henn et al. 1997) but their use
in sunflower breeding is limited by poor crossability and
sterility of interspecific hybrids (Atlagic et al. 1993; Van-
nozzi 1994; Atlagic et al. 1995). This barrier in classical
breeding protocols can be overcome using biotechnologi-
cal methods such as embryo rescue (Espinasse et al. 1985)
or somatic hybridisation via protoplast fusion. Interspe-
cific hybrids have been obtained with several wild Helian-
thus species using embryo rescue (Krauter et al. 1991),
whereas protoplast fusion followed by regeneration of hy-
brid plants has only been reported with H. giganteus as
wild species (Krasnyanski and Menczel 1995). Successful
application of the fusion technique demands a protocol for
plant regeneration from protopl asts. Regeneration of plants
from hypocotyl protoplasts of H. annuus (Wingender et al.
1996) and from mesophyll protoplasts of H. nuttallii and
H. giganteus (Henn et al. 1998) was achieved by similar
culture regimes which differed mostly with respect to cul-
tivation timing. That the media and growth regulator sup-
plementation were identical in both protocols should ren-
der them suitable for heterokaryons.

In this paper we describe (1) the fusion of H. annuus
hypocotyl protoplasts with mesophyll protoplasts from
Sclerotinia-resistant clones of H. maximiliani, H. gigan-
teus and H. nuttallii (Henn et al. 1997), (2) the regenera-
tion and morphology of fertile H. annuus + H. maximili-
ani and H. annuus + H. giganteus hybrid plants and (3)
random amplified polymorphic DNA (RAPD) analysisre-
vealing the presence of the parental genomes.



Materials and methods
Plant material and protoplast isolation

Hypocoty! protoplasts from H. annuus cv. Florom-328 (Institute of
Cereal and Industrial Plant Research, Fundulea, Romania) were iso-
lated as described by Wingender et al. (1996). Mesophyl| protoplasts
from the wild sunflower species, H. maximiliani Schrader (botani-
cal garden, Lisbon), H. nuttallii T& G (botanical garden, Bonn) and
H. giganteus L. (botanical garden, Mainz) were isolated according
to Henn et al. (1998).

Protoplast fusion

Freshly prepared hypocotyl protoplasts from H. annuus were mixed
at aratio of 1/2 with mesophyll protoplasts from the wild species
which had been stored for 1 h at room temperature in the dark in
salt solution. The protoplast density was adjusted to 2x10° ml~ with
salt solution (340 mm KClI, 1.4 mm CaCl, - 2H,0 and 3 mm MES,
pH 5.6). The protoplasts were fused by mixing 250 ul each of pro-
toplast suspension and fusion solution [15% polyethyleneglycol
(PEG), 5% dimethylsulfoxide (DMSO), 90 mm mannitol, 60 mm
CaCl, - 2H,0, 25 mwm glycin] in a petri dish (10 cm diameter). Us-
ing H. giganteus as the donor of mesophyl| protoplasts, the PEG and
DMSO concentrations were raised to 20% and 10%, respectively.
After incubation for 20 min in the light, protoplasts were washed
with salt solution and collected by centrifugation at 120 g for 5 min.
The percentage of fused protoplasts was determined microscopical -
ly on the basis of the different chloroplast contents. Hypocotyl pro-
toplasts exhibit extensive cytoplasmic streaming while mesophyl|
protoplasts are densely packed with chloroplasts. Fusion products,
therefore, showed cytoplasmic streaming combined with the pres-
ence of chloroplasts.

Protoplast culture and plant regeneration

Protoplasts were cultured in 50-pl agarose-solidified droplets of cul-
ture medium (Shillito et al. 1983) at adensity of 8x10* ml~* and cul-
tured as described by Henn et al. (1998).

Calli with diameters of 1 mm were transferred to solid differen-
tiation (D) medium based on Murashige and Skoog (1962) saltswith
the following additions: 87.6 mm sucrose, 2.7 mm myo-inositiol,
3 mm MES, 7.4 um thiamine-HCI, 2 nm nicotinic acid, 1.2 nm pyri-
doxine-HCI, 13 um glycine, 5,8 pm silver nitrate and 4 g |2 phyta-
gel, pH 5.6. 6-Benzylaminopurine (BAP) and 1-naphthal eneacetic
acid (NAA) were added to final concentrationsof 4.4 um and 0.1 pum
respectively.

Organogenic calli were transferred onto hormone-free shoot el-
ongation (SE,g) medium (1/2 Murashige and Skoog salts, 58.43 mm
sucrose, 2.7 mm myo-inositiol, 3mm MES, 7.4 um thiamine-HCI,
2 nm nicotinicacid, 1.2 nv pyridoxine-HCI, 5.8 pm silver nitrateand
4 g 17 phytagel, pH 5.6).

Rooting of shoots occurred on modified SE,; medium (supple-
mented with 2 g 1™ casein-hydrolysate and 13 pm glycine) after dip-
ping the stemsinto 5.3 m NAA solution. Plantswith well-devel oped
roots were transferred to a 50/50 mixture of vermiculite and garden
soil and cultured in the greenhouse.

DNA isolation

DNA was isolated from plants 2 weeks after transfer to the green-
house. Fifty milligrams of fresh leaf material was ground in liquid
nitrogen and lysis was carried out using 4 ml CTAB buffer (2%
CTAB, 1% PEG, 1.4m NaCl, 100 mm TrissHCI, 20 mm EDTA).
After 20 min at 74°C, 4 ml chloroform/isoamylalcohol (24/1) was
added and cell debris was pelleted by centrifugation for 10 min
(5000 g, 4°C). The supernatant was removed and DNA was precip-
itated with isopropanol. After centrifugation (5000 g, 20 min, 4°C),
theDNA pelletwasresuspendedin1 ml 1 m NaCl, and 400 pg RNase
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was added followed by incubation at 37°C for 30 min. DNA was
further purified using anion-exchange columns (Genomic-tip 20,
Qiagen). DNA concentration and purity were estimated by measur-
ing the absorbance at 260 nm and 280 nm.

RAPD

DNA polymorphisms were investigated using RAPD analysis with
ten base primers from Pharmacia. Of the five primers screened, P1
(5'-CGGCCACTG-3') and P2 (5'-GGACTGGCG-3') were selected
on the basis of maximum differencesin polymorphisms between the
parents. PCR was carried out in a 25-pl reaction volume containing
50 ng DNA, 200 um each of dATP, dCTPR, dGTR, dTTPR, 0,3 um prim-
er, 50 mm KCl, 10 mm Tris-HCI, 1.5 mm MgCl, and 1 unit Tag poly-
merase. DNA was amplified in athermocycler (Autogene I, Grant
InstrumentsLtd.) at 94°C for 5 min followed by 38 cycles each with
36°C for 0.8 min, 72°C for 1.5 min, 94°C for 0.8 min and finally
36°C for 0.8 min, 72°C for 10 min. The PCR products were separ-
ated on 1.5% agarose gel scontaining 0.005% ethidium bromide. Gels
were analysed under UV light (302 nm).

Germination of hybrid seeds

Seeds from hybrid plants were surface sterilised with 4.5% NaOCI
(35 min), washed three times in sterile water and germinated in a
12-h light period on a medium containing 1/2-strenght Murashige
and Skoog salts, 30 g | sucrose and 4 g I+ phytagel, pH 5.6.

Results and discussion
Protoplast isolation, fusion and agarose bead culture

The sensitivity of Helianthus protoplasts, especially mes-
ophyll protoplasts of wild species, to PEG treatment was
very high, as reported for leaf protoplasts of other species
(Hayduetal. 1977; Menczel and Wolfe 1984). On the other
hand, el ectrofusion, known to enhancetheregeneration po-
tential (Barth et al. 1993; Belarmino et al. 1996) was not
performed due to the differences in size between the pro-
toplasts, resulting in different sedimentation velocities.
The diameter of mesophyll protoplasts from the wild spe-
cies was about 26 um whereas hypocoty! protoplasts of
H. annuus varied between 20-92 um with most of them
being larger than 36 um. To reduce extensive damage of
protoplasts, lower PEG concentrations than those of Kras-
nyanski and Menczel (1995) were used in combination
with DM SO whichisknownto enhance PEG-mediated cell
fusion (Klebe and Mancuso 1982; Menczel and Wolfe
1984). The average yield of fusion products was depen-
dent on the wild Helianthus species used as mesophyll
protoplast donor. About 8-10% fusion products were re-
covered with H. giganteus and H. nuttallii, whereasfusion
rates of 5-6% were obtained with H. maximiliani. The fu-
sionyields and survival rates were also affected by the vi-
tality of protoplasts which was increased by storage for
about 1 h.

In the presence of 4 um BAP and 5 pm NAA, 40-50%
of the cells showed divisions after 6-8 days, whereasKras-
nyanski et al. (1995) obtained lower yields for H. annuus
+H. giganteusfusionsusing 8.8 um BAPand 0.5 um NAA.



Fig. 1 A Helianthus annuus+H. maximiliani rooted shoot after
NAA treatment (height 4 cm). B Plant in the greenhouse (height
45cm). C Flowering H. annuus+ H. maximiliani hybrid plant
(height 1.5 m), D, E Leaves of H. annuus + H. maximiliani hybrids
(from left to right: 4 cm, 10 cm, 7 cm, 7 cm). F From left to right,
leaf of H. annuus (8 cm), H. maximiliani (4 cm), H. annuus + H. ma-
ximiliani hybrid (6 cm). G Flower of H. maximiliani (7 cm diam-
eter). H Flower of H. annuus + H. maximiliani hybrid (12 cm diam-
eter). | Seeds of H. annuus (8 mm in length), H. maximiliani (4 mm
in length), H. annuus + H. maximiliani (6 mm in length)

H. annuus H. maximiliani

/g
J

Somatic hybrid of
H. annuus and H. maximiliani

With respect to cultivation timing, the tissue culture be-
havior of the fusions resembled wild sunflower (Henn
et al. 1998) more closely than H. annuus cells (Wingender
et al. 1996). The 2,4-dichlorophenoxyacetic acid treatment
during the 2nd week of bead culture wastherefore only ap-
pliedfor 5days(Hennet al. 1999). Subsequently, calli with
H. giganteus and H. maximiliani asfusion partners showed
vigorous growth; in contrast, most fusions with H. nuttal-
lii mostly stopped growing.



Table1 Resultsfrom regeneration of fertile somatic hybrid plants
of Helianthus annuus + H. maximiliani (four independent experi-
ments) and of H. annuus + H. giganteus (ten independent experi-
ments)

H. annuus + H. annuus +
H. maximiliani H. giganteus
Plating efficiency (%) 25 3.0
Organogenic calli (% of al calli) 0.5 0.1
Rooting frequency (%) 43 21
Hybrid plants in the greenhouse 125 47
Flowering hybrid plants 28 3
Number of seeds/plant 5-10 25-30
Regeneration time (months) 8-14 10-15

Callus cultivation and plant regeneration

The plating efficiency calculated from the total number of
protoplasts was 3.0% for H. annuus + H. giganteus and
2.5% for H. annuus + H. maximiliani fusions (Table 1).
During the next 2—4 weeks 0.1% H. annuus + H. gigan-
teus and 0.5% H. annuus + H. maximiliani calli produced
shoots. Since the latter exhibited extensive branching on
SE,, medium, the axillary shoots had to be cut off to pro-
mote shoot elongation. Over 2-3 months, the explants
reached a length of 1.0-1.5 cm and rooting was induced
by a NAA treatment. Most of the shoots formed callus at
their base which had to be cut off, and the treatment was
repeated. Finally, 43% of H. annuus + H. maximiliani and
21% of H. annuus + H. giganteus shoots rooted (Fig. 1A)
and 3-5 weeks later plants could be transferred into the
greenhouse (Fig. 1B). The results are summarized in Ta-
ble 1.

Characterization of hybrid plants

To select hybrids, regenerated plants from the greenhouse
were subjected to RAPD analysis. Thistechniqueisatool
for hybrid characterisation (Rieseberg and Ellstrand 1993)
which proved to be ideal for Helianthus since knowledge
of itsgenomeis sparse and genetic markerswere not avail -
able. Furthermore, it requires only very small amounts of
tissue and can be applied at an early stage of plant devel-
opement. The band patterns of H. annuus + H. maximili-
ani hybrids (Fig. 2, lanes 4—7) showed all characteristic
bands of H. annuus (lane 2) as well as those of H. maxi-
miliani (lane 3), indicating that parts of the genomes from
both parents were combined in the hybrids. Separation of
amplification products of H. annuus + H. giganteus hybrid
plants (Fig. 3, lanes 4—6) showed likewise that parts from
different genomes (H. annuus and H. giganteus) were
present in these plants. Mostly additive banding patterns
were obtained, but rearrangements and | oss of genetic ma-
terial cannot be excluded.

In four independent experiments we obtained 125 hy-
brids of H. annuus + H. maximiliani and 47 hybrids of
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Fig. 2 RAPD patterns with primer P1 with DNA of H. annuus
(lane 2), H. maximiliani (lane 3) and four different H. annuus + H.
maximiliani hybrids (lanes 4-7). (lanes 1 and 8 100-base-pair lad-
der)
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Fig. 3 RAPD patterns with primer P2 with DNA of H. annuus
(lane 2), H. giganteus (lane 3) and three different H. annuus + H. gi-
ganteus hybrids (lanes 4-6). (lanes 1 and 7 100-base-pair ladder)

H. annuus + H. giganteus in 10 independent experiments
(Table 1). The high number of regenerated plants argues
for no inhibitory effect of PEG on tissue culture. None of
the greenhouse plants showed abanding pattern typical for
only one of the parents, either because the fusion solution
is toxic to the parental protoplasts, or their growth is in-
hibited by hybrid regenerants, a phenomenon already de-
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scribed for other genera like Brassica (Polgar et al. 1993)
and Dianthus (Nakano and Mii 1993).

Morphology of somatic hybrid plants

Somatic hybrid plants showed high variability for most
morphological traits, as described for Medicago (Nenz
et al. 1996). Most plants were intermediate in leaf length
and width between the parents (Fig. 1F); asymmetrical
and serrated |eaves were also observed (Fig. 1D, E). For
3—4 months, some plants grew unbranched up to a height
of 1.5-1.8 m and formed one flower bud (mostly H. an-
nuus + H. giganteus). Other plants were branched in the
upper third and formed two to three flower buds which
flowered in succession (mostly H. annuus + H. maximili-
ani) (Fig. 1C).

Headswereintermediatein size between the parents but
ligulate flowers were similar to H. annuus (Fig. 1G, H).
Six weeks after reciprocal pollination, 5-10 seeds were
harvested from each H. annuus + H. maximiliani hybrid,;
hybrids of H. annuus + H. giganteus yielded 25-30 seeds
per plant (Table 1). Seeds were similar in shape but were
much smaller than H. annuus seeds (Fig. 11). Numerous
hybrid plants were perennial, a character typical for wild
sunflowers, since they produced rhizomes from which
shoots emerged after seed harvest. After 3 months storage,
70% of H. annuus+ H. maximiliani and 80% of H. an-
nuus + H. giganteus seeds germinated.

Fertile somatic hybrid plants of H. annuus + H. gigan-
teus and for the first time of H. annuus + H. maximiliani
were regenerated via organogenesis with asimilar culture
regime recently described for H. annuus (Wingender et al.
1996), H. giganteusand H. nuttallii (Henn et al. 1998). Re-
generation of the hybrids required much more time, be-
cause shoot elongation and rooting were found to be diffi-
cult. Further experiments are underway to find out whether
the Sclerotinia resistance from thewild Helianthus species
(Hennetal. 1997) can betransferred to H. annuusviaback-
crossing.
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