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Successful application of somatic hybridization in sunflower breeding is limited by low regeneration 
percentage from fusion products. The effect of pre-treatment media composition on shoot regeneration 
from electrofusion products of wild and cultivated sunflower was investigated in this paper, with the aim 
to determine if there is room for improvement of the existing regeneration protocols in order to make 
them less genotype-dependent. Protoplasts isolated from hypocotyls of two inbred lines of cultivated 
sunflower were electrofused with mesophyll protoplasts of H. mollis and H. maximiliani. The regenera-
tion was induced only on calluses that were grown on the media with low auxin and high cytokinin 
contents during the development of calluses from microcalluses (pre-treatment), with silver nitrate as a 
medium component. Regeneration from fusion products was induced by treatment with a high concentra-
tion of TDZ or 2,4 D for a short period of time.

Keywords: Cytokinin – electrofusion – Helianthus – protoplasts – RAPD – regeneration

INTRODUCTION

Electrofusion is the most frequently used technique for the generation of somatic 
hybrid plants between different species, as it helps maintain protoplast viability and 
reduces membrane damage and protoplast distortion and disruption [7]. Electrofusion 
was used for fusion of sunflower protoplasts that resulted in the formation of calluses 
whose hybrid nature was subsequently confirmed by isozyme analysis [2]. It was also 
used for fusion of sunflower (Helianthus annuus L.) and Helianthus maximiliani 
Schrader protoplasts, where formation of hybrid calluses [31] and plants [24] was 
confirmed by random amplified polymorphic DNA (RAPD) analysis. Successful 
application of the fusion technique requires a protocol for plant regeneration from 
protoplasts.

One of the limiting factors of wider application of somatic hybridization in sun-
flower (Helianthus sp.) breeding is low plant regeneration percentage. In most cases, 
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only calluses or somatic embryos are regenerated from fusion products [1, 31]. It was 
found that genotype, culture conditions during callus regeneration and medium com-
position have a significant effect on sunflower protoplast regeneration capacity [10]. 
Similar results were obtained by Sarrafi et al. [21], who found that sunflower regen-
eration capacity depends on the culture conditions, genotype and their interactions.

Plant regeneration from fused sunflower protoplast was obtained on a wide range 
of media that differed in the type and concentration of added plant hormone [14, 16, 
28]. Fischer et al. [10] concluded that it is necessary to find optimal culture conditions 
for each sunflower genotype and that attention should be paid to hormone concentra-
tion, especially concentration of cytokinin. 

We studied the effect of pre-treatment media composition on shoot regeneration 
from electrofusion products of wild and cultivated sunflower with the aim to deter-
mine if there is room for improvement of the existing regeneration protocols, with the 
emphasis on making them less genotype-dependent. 

MATERIALS AND METHODS

Wild sunflower

Seeds of Helianthus mollis L., accession 1298, and Helianthus maximiliani, accession 
1631, were obtained from the wild Helianthus species collection of the Institute of 
Field and Vegetable Crops in Novi Sad, Serbia. Both wild species accessions were 
chosen for their resistance to the Sclerotinia sclerotiorum (Lib.) de Bary stem infec-
tion [13, 30]. 

The seeds from the H. mollis plants were surface sterilized in 14% commercial 
bleach, rinsed three times in sterile distilled water, and put on an MS medium [18]. 
Seedling tips were soaked in 1 mg ml–1 indolebutyric acid (IBA) solution for 5 min 
and placed on a DV’ medium [29]. Plants were further multiplied on the MS medium 
at 24 °C under 16 h photoperiod.

The apical shoots and nodal segments from a single Helianthus maximiliani plant 
were sterilized and propagated in vitro using a culture of apical shoots [29]. Prior to 
transfer onto propagation medium, clones were dipped into a 1 mg ml–1 IBA solution 
for 4 min. The same procedure was repeated every two weeks. The explants were 
grown on the MS medium at 24 °C and 16 h photoperiod.

Cultivated sunflower

Helianthus annuus inbred lines, code numbers Ha-74A and PH-BC2-91A, were 
obtained from the Institute of Field and Vegetable Crops in Novi Sad, Serbia. They 
were used for protoplast isolation due to their high regeneration capacity (unpubl. 
res.). Sterile plant material for protoplast isolation was obtained according to a proto-
col described by Taski and Vasic [23].
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Protoplast isolation and electrofusion

Protoplasts of both sunflower inbred lines (PH-BC2-91A and Ha-74A), H. mollis, and 
H. maximiliani were isolated as described by Taski-Ajdukovic et al. [24]. In order to 
fragment the genome of wild Helianthus species and enable asymmetric somatic 
hybridization, H. mollis and H. maximiliani protoplasts were treated with UV light 
according to the protocol described by the same authors.

Isolated protoplasts of sunflower inbred line Ha-74A and H. mollis, as well as 
PH-BC2-91A and H. maximiliani were mixed at a ratio of 1 : 1. The protoplast den-
sity was adjusted to 6.7 × 105  ml–1 with fusion solution [1]. Electrofusion was carried 
out in Eppendorf Multiporator®, in which the protoplasts were fused with three 
pulses of 1250 V cm–1 for 30 μs. Electrofused protoplasts were incubated overnight 
in the dark at 25 °C in L4 medium [27].

Callus culture and plant regeneration

Fusion products were cultured in 200 μl Agarose solidified droplets, in L4 and L4’ 
media, at a density of 105 ml–1, incubated at 4 °C for 1 hour and cultured [27] until 
the formation of microcalluses. Protoplast-derived microcalluses were individually 
picked from the Agarose droplets and gently transferred onto solid pre-treatment 
media used by different authors for culture of fusion products in an attempt to induce 
plant regeneration (Fig. 1). All media contained MS macro- and microelements and 
differed in vitamin and hormone content and concentration (Table 1). Microcalluses 
were incubated at 24 °C under 16 h photoperiod.

Table 1
Media used in pre-treatment during the growth of calluses from microcalluses

Medium Authors NAA  
(mg ml–1)

BAP  
(mg ml–1)

GA3 
(mg ml–1)

AgNO3 
(mg ml–1) Vitamins and supplements

TR Trabace et al. [27] 0.5 0.5 – – myo-inositol, B1, B3, B6

D Wingender et al. 
[32] 0.02 1 – 1 myo-inositol, B1, B3, B6, 

glycine, MES

KM-3 Krasnyanski and 
Menczel [15] 0.01 0.2 0.1 1 myo-inositol B1, B3, B6, 

casein

KM Krasnyanski and 
Menczel [16] 0.1 2.2 – –

myo-inositol, B1, B3, B6, 
adenine sulphate, glu-
tamine

R 501 Burrus et al. [5] 1 1 0.1 – MS vitamins, casein

KR-R-Ag Vasic et al. [29] 0.01 2.2 – 1 myo-inositol, B1, B3, B6

PE Paterson and 
Everett [20] 1 1 0.1 – MS vitamins, casein, myo-

inositol, adenine sulphate
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A portion of the calluses developed on a D medium was transferred onto an SE 
medium [32] containing 10 mg ml–1 2,4-dichlorophenoxyacetic acid (2,4 D) (SE 2,4 
D medium). It was kept there for three days and then transferred back onto the hor-
mone-free SE medium. The other calluses were placed on the D medium containing 
2.2 μM thidiazurone (TDZ) [25] (instead of 6-benzylamino-purine (BAP) (DTDZ 
medium), left there for two weeks, and then transferred back onto the SE medium 
(Fig. 1).

Fig. 1. Regeneration of fusion products Ha-74A + H. mollis and PH-BC2-91A + H. maximiliani



218 KSENIJA TASKI-AJDUKOVIC et al.

Acta Biologica Hungarica 61, 2010

Half of the well-developed calluses grown on a KR-R-Ag medium were trans-
ferred to the same medium without BAP and naphthalene acetic acid (NAA) but with 
10 mg cm–1 2,4 D (R 2,4D medium). They stayed there for three days and were then 
transferred back onto the KR-R-Ag medium. The other half of the calluses was trans-
ferred onto the DTDZ medium for two weeks and then transferred back onto the 
KR-R-Ag medium (Fig. 1).

The obtained shoots were cut off from the calluses and transferred onto the MS 
medium supplemented with 2% sucrose and solidified with 0.8% agar. 

DNA preparation and RAPD analysis

DNA for RAPD analysis was isolated [12] from the leaves of both parents and their 
somatic hybrid. Analysis was done using fifteen 10-base primers, A11 (5’-CAATCGC-
CGT-3’), A14 (5’-TCTGTGCTGG-3’), C02 (5’-GTGAGGCGTC-3’), C04 (5’-CCG-
CATCTAC-3’), C14 (5’-TGCGTGCTTG-3’), C15 (5’-GACGGATCAG-3’), C19 
(5’-CCTCTAGACC-3’), E03 (5’-CCAGATGCAC-3’), E05 (5’-TCAGGGAGGT-3’), 
E09 (5’-CTTCACCCGA-3’), and E15 (5’-ACGCACAACC-3’) according to Sossey-
Alaoui et al. [22] as well as A05 (5’-AGGGGTCTTG-3’),  A07 (5’-GAAACG-
GGTG-3’), A08 (5’-GTGACGTAGG-3’), A19 (5’-CAAACGTCGG-3) and A20 
(5’-GTTGCGATCC-3’). Polymerase chain reaction (PCR) was carried out as 
described in Taski-Ajdukovic et al. [24]. PCR products were separated on 2% agarose 
gels containing 0.005% ethidium bromide. The gels were analysed under UV light.

RESULTS

Protoplasts isolation and culture

There was no difference in the yield of H. mollis and H. maximiliani purified proto-
plasts (about 5 × 106 per gram of fresh weight). Protoplasts of cultivated sunflower 
were fused with either H. mollis or H. maximiliani protoplasts, and the fusion prod-
ucts were embedded in agarose droplets and cultured using the protocol of Trabace et 
al. [27] until microcalluses became visible. 

Callus cultivation and plant regeneration

Developed microcalluses were transferred onto pre-treatment media differing in vita-
min and hormone content and concentration (Table 1). Regeneration did not occur on 
any of tested media, but the most vigorous growth of calluses was observed on media 
D and KR-R-Ag, while on media PE and R501 no callus development could be 
observed. The D and KR-R-Ag media were low auxin/high cytokinin and supple-
mented with silver nitrate.
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Calluses from the pre-treatment media TR, D, KM, KM-3 and KR-R-Ag were 
transferred onto the regeneration media containing 2,4 D or TDZ in an attempt to 
induce regeneration by high hormone treatment (Fig. 1). Regeneration from fusion 
products of sunflower inbred line Ha-74A + H. mollis (Fig. 2A) occurred on calluses 
cultured on the D pre-treatment medium. The calluses were grown on the DTDZ 
regeneration medium for two weeks and then transferred onto the SE medium. 
Calluses that underwent 2,4 D treatment regenerated roots after the transfer onto the 
SE medium (Fig 2B). The formation of PH-BC2-91A + H. maximiliani shoots has 
been observed when calluses grown on the pre-treatment medium KR-R-Ag were 
transferred back onto the KR-R-Ag medium after the treatment with a high concen-
tration of 2,4 D for a short period of time [24]. Shoots of PH-BC2-91A + H. maximil-
iani somatic hybrids showed signs of hyperhydration, while shoots of Ha-74A + H. 
mollis exhibited no such signs (Fig. 2C). Regenerated hybrid plants between Ha-74A 
and H. mollis failed to elongate (Fig. 2D).

Characterization of hybrid nature of the regenerated plants

In order to prove the hybrid nature of regenerated plants, molecular analysis of regen-
erated shoots was carried out using RAPD markers. The band patterns obtained by 
ten primers showed bands characteristic of Ha-74A. In the band patterns obtained 

Fig. 2. A – Shoot regeneration of fusion products Ha-74A + H. mollis; B – Root regeneration of fusion 
products Ha-74A + H. mollis; C, D – Regenerated somatic hybrid Ha-74A + H. mollis
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with primers C15, A14, A05 (Fig. 3A), A07 (Fig. 3A) and A19 (Fig. 3B) the presence 
of 750 bp, 300 bp and 500 bp bands characteristic of H. mollis was observed, indicat-
ing the presence of a part of the species’ genome in hybrid regenerants. The presence 
of the 850 bp band characteristic of H. maximiliani was detected on the RAPD profile 
obtained with the primer A08 (Fig. 3C). The RAPD analysis confirmed that all regen-
erated shoots were somatic hybrids, which showed that regeneration was achieved 
only from heterokaryons and not from unfused protoplasts. 

DISCUSSION

It was observed that regeneration was induced only on calluses grown on the media 
with low auxin and high cytokinin contents during the development of calluses from 
microcalluses (pre-treatment). This agrees with the results of Wingender et al. [32], 
who found that high BAP concentrations were crucial for the organogenic response 
in Helianthus irrespective of the genotype in the presence of low NAA concentration. 
Furthermore, it could be noticed that silver nitrate was an important medium compo-
nent, as the regeneration was not induced on calluses grown on the KM medium 
during the pre-treatment. The KM medium also had low auxin/high cytokinin con-
tents, but no silver nitrate was added. Adding silver nitrate to culture media is known 
to have positive effect on sunflower somatic embryo development [29] and to stimu-
late shoot regeneration in sunflower [6]. These effects are considered to be a conse-
quence of inhibition of ethylene binding by silver ions [3].

Fig. 3. RAPD profiles generated by the primers. A – A05 (1. Ha-74A, 2. Ha-74A + H. mollis, 3. H. mollis, 
4. 100 bp DNA ladder), A07 (5. Ha-74A, 6. Ha-74A + H. mollis, 7. H. mollis); B – A19 (1. Ha-74A, 2. 
Ha-74A + H. mollis, 3. H. mollis, 4. 100 bp DNA ladder); C – A08 (1. 100 bp DNA ladder, 2. PH-BC2-

91A, 3. PH-BC2-91A + H. maximiliani, 4. H. maximiliani)
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Shoot regeneration occurred after the treatment of calluses with high concentra-
tions of either 2,4 D or TDZ. In several dicotyledonous species including sunflower, 
it has been shown that exposure of cultures to high concentrations of auxines, notably 
2,4 D, for a limited period could induce subsequent development of somatic embryos 
or improve the embryogenic response of protoplast derived colonies [15]. Thidiazuron 
is among the most active cytokinin-like substances and it induces greater in vitro 
shoot proliferation than many other cytokinins in many plant species [11]. It is also 
known to possess 3–5 times higher cytokinin activity than natural plant hormones.

The difference in regeneration response of PH-BC2-91A + H. maximiliani and 
Ha-74A + H. mollis calluses after the 2,4 D treatment could be explained by the dif-
ference in organogenic potential of different calluses [26]. In a previous investigation 
of the regeneration ability of different sunflower inbred lines (unpubl. res.), inbred 
line Ha-74A had lower regeneration ability than PH-BC2-91A, although both lines 
were among the best responding genotypes. This could provide an explanation as to 
why regeneration on Ha-74A + H. mollis callus occurred only after the treatment with 
TDZ, which had already been successfully used for achieving regeneration in a num-
ber of plant species [4, 9]. Beside the possible simulative effect TDZ treatment had 
on Ha-74A + H. mollis callus regeneration, there is a high possibility that this com-
pound also prevented elongation of regenerated hybrid plants. It is known that TDZ 
can inhibit the elongation of shoots [8], which, in our case, was impossible to over-
come even by adding GA3 into the medium.

Shoots of PH-BC2-91A + H. maximiliani showed signs of hyperhydration, but no 
such signs were observed in Ha-74A + H. mollis shoots. It is known that one of the 
factors that could promote hyperhydratation is a medium with high mineral elements 
content [19], such as the MS medium. That is why in some cases the use of a medium 
with a lower concentration of mineral elements could improve the development of 
plants [33]. The fact that Ha-74A + H. mollis shoots were grown on the SE medium 
with half-strength MS salts could be one of the reasons why hyperhydration was 
avoided. Cytokinin can also trigger hyperhydration. This effect can be neutralized by 
reducing the levels of this substance [17]. PH-BC2-91A + H. maximiliani shoots were 
regenerated on a medium with a high level of BAP and Ha-74A + H. mollis shoots on 
a medium without hormones, which was most likely the reason for the hyperhydra-
tion of PH-BC2-91A + H. maximiliani regenerants and a lack of hyperhydration dur-
ing the development of Ha-74A + H. mollis hybrid plants.

The aforementioned data indicate that, irrespective of the genotype of fusion prod-
ucts, culture on a high cytokinin/low auxin media with the addition of silver nitrate 
during the development of calluses from microcalluses is crucial for induction of 
plant regeneration. This is in accordance with the results of Krasnyanski and Menczel 
[15] and Wingender et al. [32], who found that high BAP concentrations enhance 
organogenic response in Helianthus. The pre-treatment of the calluses with high cyto-
kinin concentrations in the presence of silver nitrate was important for induction of 
plant regeneration in all fusion products, which could be of importance for the devel-
opment of optimal protoplast regeneration media instead of the existing genotype-
specific ones.
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