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Wild (Helianthus annuus, H. decapetalus, H. giganteus, H. macrophyllus, H. nutalli, H. occidentalis, H. tuberosus) and 
cultivated species of sunflower H. annuus (male fertile line VIR 114B, cytoplasmic male sterile line VIR 114A and cv. 
"Master") were analyzed in present study. Seeds and flowers were used as primary explants for in vitro culture utilizing fifteen 
combinations of plant growth regulators. Callus was successfully induced from seeds of H. annuus wild type (1 sample) and cv. 
"Master", also from seeds H. giganteus, H. occidentalis ssp. occidentalis and from H. tuberosus seeds and flowers. The optimal 
medium for callus formation was MS with BAP and NAA (ratio 2:1) or TDZ (Thidiazuron). Successful regeneration was 
obtained only from H. giganteus callus cultivated in the dark condition on MS media with low concentrations of BAP and NAA 
in 2:1 or 5:1 ratio.
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EPR R OT DN UAL CP T IF VEO  BYT I OEI LC O

O GS I SE TH ST

Several methods for callus induction, adventitious bud Seeds were collected from plants growing in the fields 
formation, shoot multiplication and rooting of in vitro formed of the Kuban Experimental Station of Federal Research 
shoots of sunflower have been used (Lupi et al. 1987, Weber et Center N.I. Vavilov All-Russian Institute of Plant Genetic 
al. 2000, Rath and Pearson 2004, Ozyigit et al. 2007, Resources (VIR). Introduction to the culture, research and 
Neskorodov 2011, Sujatha et al. 2012,  Khalil et al. 2015). In analysis of the results, as well as light microscopy studies were 
vitro induction of callus formation in sunflower has been quite carried out in Komarov Botanical Institute (BIN).

Culture in vitro—In the present experiments the seedlings successful, but stable plant regeneration from callus is 
obtained directly from seeds as primary explants were used. In difficult. However, regeneration has been successfully 
addition explants obtained from the Jerusalem artichoke (H. achieved direct from seed or of immature embryos. But in 
tuberosus) flowers were used. Jerusalem artichoke has been perennial species and interspecific hybrids has very low seed 
chosen as a model, as it is quite accessible in St. Petersburg and production, or exhibit complete sterility (Gavrilova and 
the Leningrad region from perennial sunflower species. Anisimova 2003), and it is difficult to obtain sufficient number 
Jerusalem artichoke inflorescences at the different flowering of seeds from them. In addition, regeneration by direct somatic 
stages were collected from the three different samples (two embryogenesis (embryoidogenesis) is not suitable for their 
plants from St-Petesburg’s gardens and one from Leningrad use in genetic transformation protocol (Weber et al. 2000). 
region).Another difficulty in finding the optimal protocol of regenera-

In the first series of experiments, the seeds were tion is high variability in the response to the conditions of 
superficially sterilized under complete aseptic conditions by cultivation of species and varieties of sunflower (Ozyigit et al. 
soaking in 96% ethanol for 20 min., and then treated over 2007, Sujatha et al. 2012).
the burner flame for 10-15 seconds. Seeds were germinated Developing new methods for plant regeneration from 
for 24 h in Petri dishes on filter paper moistened with distilled callus cultures in vitro is of great importance. Therefore, 
water. If at first day of germination the appearance of the present study has been made to achieve the production of 
hyphae of fungi in the testa was observed, the embryos of these stable callus in in vitro culture using different types of 
seeds were extracted from seed coat. These embryos were sunflower explants and selection of optimal conditions for 
subjected to additional treatment of 10% hydrogen peroxide successful regeneration of plants from stable callus.
solution in the course of 20 min., and then washed twice with 

MATERIALS AND METHODS
sterile distilled water.

Helianthus annuus wild type (three different samples), H. Plantlets were transferred to Petri dishes on a ½ MS 
decapetalus, H. giganteus, H. macrophyllus, H. nutalli, H. medium proposed by Murashige and Skoog (Murashige and 

Skoog 1962) but with a half dose of nutrients. Two week later, occidentalis ssp. occidentalis, H. tuberosus, H. tuberosus 
plantlets were cut into pieces. As explants we used all parts of velmoren, and also cultivated sunflower H. annuus variety 
the plantlets: pieces of root, stem, cotyledon, and bud with the “Master”, lines VIR 114 B (fertile form) and VIR 114 A pet 
leaves. Pieces of plantlets were placed on the MS medium. (CMS form) were selected for the present study. 



Three modifications were used, depending on the added RESULTS AND DISCUSSIONS
growth regulators (MS-1, MS-2, MS-3 - see Table 1). The 

 In vitro culture and stably growing callus of H. annuus 
plates were cultivated at t + 22°C in the dark or light. Then 

wild type (1 sample), H. giganteus, H. occidentalis ssp. 
callus was transplanted to five variants of culture medium 

occidentalis, H. tuberosus (callus from seeds and from (MS-4, MS-5, MS-6, MS-7 and MS-8). The plates were 
flowers) and H. annuus cv. “Master” were obtained (Figs.  1A-cultivated at t + 26°C in the dark or under 16 hour photoperiod.
C, G-J). It is difficult to obtain sterile seedlings using fresh In the second series of experiments the tubular flowers 
collected seeds. These seeds did not germinate well and were were used from the inflorescence of Jerusalem artichoke 
often infected with mildew. The seedlings had to be re-as explants. The inflorescences were sterilized during 20 min. 
sterilized after removal of the infected seed coat from them.in 10% solution of hydrogen peroxide, and then transferred to 

 Following was most productive protocol for obtaining a distilled water, disassembled into individual flowers, which 
stable callus cultures from the seeds: 1. Sterilization of seeds. were placed for 15 min. in peroxide solution, then washed 
2. Germination of seeds on filter paper moistened with twice with sterile distilled water. We planted them on five 
distilled water. 3. Re-sterilization and transfer of seedlings variants of MS medium (MS-4, MS-5, MS-6, MS-7 and 
on a medium ½ MS. 4. Using all parts of the seedling (root, MS-8).

For plant regeneration, the callus derived both from leaf, stem, cotyledon) as explants, 5. Culturing in the dark 
seedlings and from flowers were transplanted to a new variant condition or under 16 hour photoperiod (the second is 
of culture medium (MS-9, MS-10, MS-11 and MS-12). The preferable) and 6. Regular transplanting every 6-8 weeks. 
plates were cultivated at t + 26°C in the dark condition or Intensive formation of a new callus on MS-1, MS-2 and 
under 16 hour photoperiod. MS-3 or MS-11 media with equal success was observed. Thus, 

Callus with regeneration zones was transferred into a new callus was formed well on media containing NAA and BAP in 
version of the medium (МS-13, МS-14 and МS-15) to support the ratio 2:1 or in equal low concentration (0, 1 mg/l) with AS, 
the growth and rooting. Then, plants both having roots and as well as on media with Thidiazuron (TDZ).
without them were transplanted into larger flasks on medium The appearance of callus formation was recorded 7-10 
without hormones (MS-0). days after their transfer. Intensive callus formation continued 

Subsequently, the plants were transferred from the sterile from 2 to 5 months of cultivation. Callus formation was 
culture into non-sterile conditions. They were transplanted to observed in different parts of seedling (from pieces cotyledon, 
pots filled with sand and placed in a climatic chamber at t= + stem, leaves, roots, buds) (Figs. 1B, C).  Cytological analysis 
26°C under 16 hour photoperiod. showed that in callus histogenesis, the formation of centers of 
Light microscopy—Flowers or pieces of callus on the 

meristematic activity and elements of the vascular system 
different developmental stages were picked and fixed in FAA 

were occurred (Fig.1 L).
solution (formalin, acetic acid and 70% ethanol in 7:7:100 

In the case of using the tubular flowers as a primary 
ratio). The pieces were then dehydrated in an ethanol series, 

explants the optimal procedure for obtaining a callus was 
infiltrated in ethanol-chloroform mixtures and embedded 

simpler and shorter: 1. surface sterilization of inflorescences, 
in Histomix®. The material was treated according to the 

then isolation and sterilization of flowers, 2. culturing either in 
classical method (Barykina et al. 2000). Permanent prepara-

the darkness or under light and 3. regular transfers every 6-8 
tions for light microscopy were stained with: toluidine blue or 

weeks. Five different kinds of culture medium (MS-4, MS-5, 
Heidenhain's hematoxyline with alcyan blue (Zhinkina and 

MS-6, MS-7 and MS-8) were used for callus induction and Voronova 2000). The sections were observed and 
MS-4 medium was not suitable for callus formation. photographed using a Zeiss Axioplan 2 Imaging microscope. 

Table 1—The composition of growth factors added to the culture medium

Growth 
factors 
( mg/l)

BAP 2 0,1 2 4 4 4 0,2 0,5 1 1 0,5 1

TDZ 2 2 1 1 1 1

NAA 1 0,1 0,5 1 1,5 2 0,1 0,1 0,5 0,02 1 0,5

AS 40 40
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Abbreviations: BAP - benzylaminopurine, NAA - naphthylacetic acid, TDZ - thidiazuron, AS - adenine sulfate.
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Fig.1- Callus formation and regeneration of plant from seeds and tubular flowers of sunflower.
 A – H. giganteus seedling in vitro, B – different parts of seedling in Petri dish, C – callus formation and rhyzogenesis in primary explants after 4 
months, D – gemmogenesis after transferring on new medium, E – callus with shoots and roots after one year cultivation, F– new plant of H. 
giganteus in the pot., G – tubular flowers of H. tuberosus placed on Petri dish, H, I, J – three different stage of callus formation (J – callus on tubular 
flowers after 2 months cultivation), K – zone of initiation of callus formation on stamen filament, L – formation of elements of vascular system in 
callus. Legend: c i   – callus initiation, s f – stamen filament, v e – vascular element. Scale bar: A-J – 5 mm, K, L – 50 mµ.
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After 7-14 days of transfer of flowers on a fresh medium, rhizogenesis and hemmorghizogenesis – in sunflower culture 
changes similar to flowering in the wild - the disclosure of the in vitro. Thus, in literature, the different successful protocols, 
tops in anthers was observed (but pollen did not fall out, in which marked for this or that genotype of sunflower are noted, 
contrast to the natural condition). 4-6 weeks later, the but there is no uniform scheme guaranteeing the success of 
beginning of callus formation was noted which occurred micropropagation of any investigated sunflower varieties. 
intensively within 2, 5-3 months of cultivation, then the callus The response to influence of growth factors depends strongly 
growth stopped (Figs. 1 G-J). on the genotype chosen for experiment and is not predictable 

Callus initiation was observed at the bottom of the disc in advance. Also, the result depends on the choice of the 
nectar, and along the upper edge of the tube sepals from anther explants and culture conditions (see review in Khalil et al. 
and stigma tissues (Figs. 1 I, J).  Cytological study showed that 2015). 
in these parts the sections of tissue with small meristem-like Several studies on corn culture have been made where the 
cells with dense cytoplasm and nucleus are still persist, while genes responsible for regeneration in vitro have already been 
the surrounding tissue consists of large vacuolated cells with allocated (Tomes and Smith 1985, Armstrong et al. 1992, 
badly viewed nucleus (Fig. 1K). Checheneva and Trukhanov 1994). It seems that perhaps, 

Successful regeneration from callus was obtained only sunflower has similar genes responsible for the ability of cells 
for H. giganteus on MS media with BAP and NAA (ratio either to differentiate in gemmo- or embryoidogenesis in vitro. 
2:1 or 5:1 in low concentration, medium MS-9 and MS-11 or Kostina et al. (2013, 2015) have shown the positive influence 
MS-10 respectively) when cultivated in the darkness at t + of alleles of several genes on in vitro morphogenesis of 
26°C. sunflower.

More than one year of seeds placed on a Petri dishes and Acknowledgement—The author thanks Dr. V.A. Gavrilova 
callus transplanted several times on MS-9 medium gemmo- (VIR) for sunflower seeds. The present study was carried 
and rhyzogenesis (shoot and root formation) were observed out within the framework of the institutional research 
(Fig. 1D) and rhyzogenesis (root formation) (Fig. 1C), on project (AAAA-A18-118051590112-8 “Polyvariance of 
media MS-10 and MS-11,  only gemmogenesis (shoot morphogenetic programs for the development of plant 
formation) was recorded. 

reproductive structures, natural and artificial models of their 
Callus with regeneration zones was transferred into a new 

implementation”) of the Komarov Botanical Institute of the 
(МS-13, МS-14 and МS-15) to support the growth and rooting 
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