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1. INTRODUCTION 

 

The sunflower is one of the most important oil-producing crops being on the second 

place in Europe after rapeseed and on the fourth place in world after palm tree, soybean and 

rapeseed (Honda et al., 2005; Fernandez-Martinez et al., 2007). In our country, until the 1990s 

sunflower was cultivated on more then 900 thousand ha (Vrânceanu, 2000). Because its 

economical value represents an important target for biotechnological research - interspecific 

fusion of the protoplasts and gene transfer techniques represents new ways for transferring 

valuable traits in sunflower genome. The first step for implementing such methods is the 

improving of the in vitro regeneration capacity of the sunflower (Pugliesi et al., 1993; Fiore et 

al., 1997). Sunflower is recognized for its poor in vitro regeneration among agronomical 

important plants (Freyssinet şi Freyssinet, 1988). Regeneration frequency depends on genotype 

and most genotypes are reported to be recalcitrant (Deglene et al., 1997). Therefore new 

researches are necessary for establishing efficient plant regeneration methods starting from 

different tissues and protoplasts (Alibert et al., 1994). 

Several progresses have been recently made regarding the in vitro sunflower regeneration 

but even so some issues still exist. These problems can now be resumed as: low reproducibility 

of the regeneration protocols which are genotype-dependant, inefficient rooting of the in vitro 

regenerated plants, and premature in vitro flowering (Power, 1987; Baker et al., 1999; Fauguel et 

al., 2008). 

Until now the most reliable explants source - with high regeneration potential for many 

genotypes - is the immature zygotic embryo. The great disadvantage of this biologic material is 

the difficulty of obtaining it. Therefore the necessity of finding a regeneration method based on a 

starting tissue which is easy to be obtained all year round can be considered as particularly 

important. Having all these aspects into consideration our goal was to establish a successful in 

vitro regeneration method applied for several genotypes with high agricultural value. For these 

genotypes the earlier established methods (Paterson and Everett, 1985) did not produce 

satisfactory results (Aurori et al., 2000). 

One of the main goals of this thesis was to find the most efficient ways to improve in 

vitro sunflower regeneration by starting from different types of explants. These studies included 

the role of explant age upon in vitro sunflower regeneration efficiency as this factor was always 

considered critical for this species. Also, the influence of the explant type on the in vitro 

regeneration was taken into consideration, using as starting material explants from mature 

ungerminated zygotic embryos. Previously, these tissue fragments were not frequently used for 

in vitro culture of sunflower. The most efficient regeneration methods which were found during 

these studies were subsequently applied for in vitro culture of several sunflower hybrids with 
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important agronomic traits. Also, a method to obtain fertile plants by in vitro tissue culture was 

established for Turbo hybrid. 

The embryonic meristematic dome, an explant which wasn’t used for in vitro sunflower 

cultivation until now, was subjected to study regarding the role of different auxins (IAA, IBA, 

NAA, 2,4-D, dicamba şi picloram) upon regeneration via organogenesis or somatic 

embryogenesis. Also, the role of sucrose concentration upon morphogenetic processes was 

studied in relation to the type of auxin used in culture media. A special attention was given to the 

aspects regarding the morphology of the regenerated somatic embryos.  

The oxygenation of the protoplasts in liquid culture medium may be a problem due to 

their fragility and therefore to the impossibility of their agitation. From these reasons their 

capacity to divide and to follow the development in culture may be affected. Considering these 

reasons the finding of some ways to improve the oxygenation of the immersed protoplasts was 

necessary. The perfluorocarbons and haemoglobin are some compounds with the ability to 

enhance oxygen concentration in liquid medium. This was previously demonstrated for cell and 

protoplasts cultures of other species than sunflower (Anthony et al., 1997b). Therefore, another 

goal of our study was to investigate the effect of haemoglobin in the liquid culture medium of 

sunflower protoplasts at protoplast plating efficiency level and at cell colony formation as well. 

Preliminary investigations regarding the best ways to improve genetic transformation of 

sunflower by using Agrobacterium tumefaciens carrying the reporter gene gfp were performed as 

well. This gene was not used until now for genetic transformation of mature tissues of sunflower. 

Previously, only immature zygotic embryos were transformed with gfp gene (Müler et al., 2001). 

Several wounding methods were approached in order to improve genetic transformation 

efficiency of sunflower by using mature embryonic axis as starting material.   
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2. MATERIAL AND METHODS 

                   

.     The first goal of this study was to investigate the role of the age and the type of the 

explants upon in vitro sunflower regeneration. The studies were carried out on the Florina hybrid 

and in the first step the role of the age of the explants were taken into consideration by 

comparing the in vitro response of the embryonic axis and the fragments of the cotyledon 

resulted from ungerminated zygotic embryo or from germinated embryo, having different days 

after germination (1-6 days). Also a comparative analysis of the morphogenetic response of 

different explants originated from mature sunflower embryos was made.  

     Several sunflower hybrids (Turbo, Florom 328, Select, HS2411, Alcazar, Rapid, Coril, 

Santiago, Felix, Splendor, Top 75, Florina şi Romina) and 47320bcd French line were tested for 

in vitro sunflower regeneration using mature embryonic axis as explants. In the case of Turbo 

hybrid, after in vitro regeneration of the plants they were rooted on different culture medium and 

ex vitro acclimatized afterwards. 

Using embryonic meristematic dome the role of auxin IAA, IBA, NAA, 2.4-D, dicamba, 

picloram upon in vitro morphogenetic process was analyzed. Several sucrose concentrations 

(3%, 6%, 9%. 12%) were added to the culture medium in order to improve somatic embryo 

development. 

The morphogenesis parameters taken into consideration were the regeneration ability 

representing the number of explant giving shoots (or embryos) per 100 explants plated and the 

regeneration efficiency representing the average number of shoots per regenerating explant. 

The effect of haemoglobin on protoplast plating efficiency and subsequently on the 

number of cell colony formation was investigated by adding this compound into the liquid 

culture medium of the protoplasts. 

Also, as was previously mentioned, we tested different ways to improve genetic 

transformation of mature embryonic axis by using Agrobacterium tumefaciens as transformation 

agent, carrying the genetic construction pHB2892 that contains nptII marker gene for kanamycin 

resistance and gfp reporter gene for green fluorescent protein synthesis (Molinier et al., 2000; 

Rakosy-Tican et al., 2000).     
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3. RESULTS AND DISCUSSIONS 

 

3.1. In vitro organogenesis of sunflower: the role of the explants age 

 

Organogenesis in sunflower is considered to be greatly influenced by the developmental 

stage of the explants (Deglene et al., 1997; Espinasse and Lay, 1989).  

The only explant allowing reproducible results with a wide range of genotypes is the 

immature zygotic embryo although the technique requires considerable time and effort (Hewezi 

et al., 2003; Power, 1987; Finer, 1987; Sujatha and Prabakaran, 2001). By different methods it 

was demonstrated that the explants resulted from plantlets loose their regeneration ability 

compared with those resulted from embryos (Power, 1987; Finer, 1987). The general conclusion 

is that the morphogenetic capacity is declined rapidly with increasing of the age of the explants 

(Knittel et al., 1991).  

 

Fig. 1 The starting material represented by the embryonic axis and the cotyledon fragments 

resulted from ungerminated mature embryo or germinated embryos (1-6 days)  

 

Up to date, the data regarding the regeneration of explants resulted from mature 

ungerminated embryos are still poor. Having these aspects into consideration in this report we 

compared the regeneration ability of the embryonic axis and the cotyledon fragments resulted 

from mature ungerminated embryos or from germinated embryos having different ages (1-6 

days) (Fig. 1). The experiments were carried out on Florina hybrid.  

Starting materaial 

Cotyledon fragment 
Embryonic axis 

 

Ungerminated 

mature embryo    

Gerinated embryos 

(1-6 days) 
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Fig. 2 The role of the age of the explants on plant regeneration efficiency in sunflower embryonic 

axis and cotyledons, cultivated on RMG medium  
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Fig. 3 The role of the age of the explants on plant regeneration efficiency in sunflower embryonic 

axis and cotyledons, cultivated on HaR medium 

 

 

The embryonic axis in the form in which it was used contained the two meristems – 

apical and radicular - the primary leaves, and about 1 mm of the cotyledonary base. In order to 

germinate the seeds were cultivated on 50 % concentration MS salts medium (Murashige and 

Skoog, 1962). During the germination process the hypocotyls of the embryonic axis are 
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elongating. Two culture media were used – RMG (Rakosy-Tican, 1998) and HaR (Paterson and 

Everett,1985). A two step procedure for in vitro regeneration of the explants was developed 

consisting in shoot inducing NAA and BAP containing medium and shoot development medium 

containing BAP and GA3. On the inducing step the cultures were maintained for 4-10 days in the 

dark and after that they were transferred to the light.     

The induced buds were visible to the naked eye as early as 4 days after the explants were 

cultivated on regeneration medium (Fig. 4). The age of both kinds of explants was critical for 

their regeneration ability but each type of explant had different requirements. The embryonic 

axis explants had the best response when they resulted from ungerminated embryos, contrary the 

cotyledon explants which reacted better when they were originating from 2 days germinated 

embryos (Fig. 2 and Fig 3).  

Organogenesis occurred directly for both type of explants. After two weeks since the 

tissue culture was initiated the potential of shoot regeneration was evaluated considering the 

percentage of explant giving shoots and the mean number of shoots regenerated per explant. The 

general observation was that although a great number of explants produced buds only a small 

percentage of them are capable to regenerate shoots.  

 

   
 

                      
 

Fig. 4 The shoots regenerated on the sunflower embryonic axis (A, B) or on the cotyledon 

fragments (C, D) on RMG culture medium (A, C) or HaR culture medium (B, D), in Florina hybrid 

  

The only explant type that keeps unchanged its potential for regenerating shoots 

compared to the potential of regenerating buds is the mature embryonic axis.        

The different types of culture media which were tested did not have a significant effect 

upon the regeneration efficiency.      

A B 

C D 
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In conclusion, the best in vitro response was obtained from embryonic axis resulted from 

ungerminated mature embryos.  

3.2. The role of the explant type on in vitro organogenesis of sunflower  

 

In order to establish the best response of ungerminated mature embryos for in vitro 

morphogenesis, 6 types of explants were compared (Fig. 5). Three of them resulted from 

embryonic axis (E1, E2, E3) and another three resulted by dividing cotyledons in two ways, 

lengthwise and transversal, respectively (E4, E5, E6). In vitro cultivation was performed as was 

described in the previous study. 

 

 

 

Fig. 5 The embryonic axis and the cotyledons explants resulted from ungerminated mature 

sunflower embryos 

 

Excepting the E3 explant who regenerated only callus, and the E4 who had a poor in vitro 

development, all the others had a good morphogenetic response, up to 60% of the explants 

regenerating buds. As we previously observed, only the E1, E2 explants types (on RMG and 

HaR medium) and E5 (on HaR medium) are capable to sustain the development of the buds up to 

shoots stage (Fig. 6). The efficiency of plant regeneration followed the same pattern.  

 

The explants resulted from embryonic axis 

The explants resulted from cotyledon 

E1 

E2 

E3 

E4 
E5 

E6 
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Fig. 6 The role of the explant type on plant regeneration efficiency on RMG or HaR culture 

media in sunflower, Florina hybrid 

  

 

The cotyledons are considered explants with a high regeneration potential in sunflower 

(Knittel et al., 1991; Baker et al., 1999). Because of the large number of regenerated buds on the 

cotyledon explant a competition may be created between them and their development could 

suffer (Christianson and Warnick, 1984). This fact was confirmed in our study also. Moreover 

we demonstrated that the intact embryonic axis have even a better response.    
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We can conclude that the most efficient explants for plant regeneration are the intact 

embryonic axis which possess both meristems – radicular and apical (E1) and the proximal half 

of the cotyledon as well(E5).    

 

3.3. Plant regeneration from mature embryonic axis of different sunflower 

genotypes. A reliable protocol of regenerating fertile plants for hybrid Turbo 

  

It has been demonstrated that plant regeneration response is under genetic control in 

sunflower (Deglene et al., 1997) and the most genotypes are reported to be recalcitrant (Power, 

1987; Witrzens et al., 1988; Deglene et al., 1997).  

Fourteen genotypes were used in this study: thirteen hybrids (Turbo, Florom 328, Select, 

HS2411, Alcazar, Rapid, Coril, Santiago, Felix, Splendor, Top 75, Florina and Romina) and one 

inbred line (47320bcd). The hybrids were selected on the basis of their important agronomic 

traits (Vrânceanu, 2000). The regeneration method based on using mature embryonic axis was 

previously described.  Mature embryonic axis has a good regeneration potential. The expression 

of this potential is influenced by a number of diverse factors. In order to improve the 

regeneration efficiency the explants were cultivated at higher temperature (28-30 
o
C). Also the 

main step in the regeneration process was the cutting of the developing shoots from the apical 

meristem after the adventitious buds become visible. The phenomenon, generally known as 

apical dominance was also observed in sunflower tissue culture by Hewezi et al. (2003). The 

regeneration was further stimulated by cutting the de novo-formed shoots.  

All the genotypes, excepting the line 4732bcd, have shown very high regeneration ability, 

85-100% of the explants being able to regenerate shoots (Fig. 7). Regarding the number of 

plants/regenerating explant the genotype can be divided in three categories: 1) with a very high 

regeneration potential giving a mean number of 30-40 plants/explant (Select and Turbo); 2) the 

second category with a good regeneration potential (Florom 328 and HS4211); 3) the third 

category regenerating a mean number of 10-20 plants/explant (Fig. 8). The shoots are 

regenerated in different points on the embryonic axis i.e. peri-meristematic, the hypocotyls, the 

base of the cotyledons, the epicotyls and the primary leaf (Table 1).     

Another goal of this study was the development of a method for obtaining fertile plants 

for hybrid Turbo. Three culture media were tested: RMG, HaR and MSc at different pH values 

(5.5, 5.8, 7). The rooting efficiency of regenerated shoots was tested on different culture media: 

MS, MS with 0.1 mg/L IBA or MS with 0.3% activated charcoal.  
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 Fig. 7 The plant regeneration ability of different sunflower genotypes: (T - Turbo, F328 - Florom 

328, Se-Select, HS - HS2411, A - Alcazar, R - Rapid, C- Coril, S - Santiago, F- Felix, G1 - 47320bcd  
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 Fig. 8  The plant regeneration efficiency of different sunflower genotypes: (T - Turbo, F328 - 

Florom 328, Se-Select, HS - HS2411, A - Alcazar, R - Rapid, C- Coril, S - Santiago, F- Felix, G1 - 

47320bcd 

 

Table 1. The plant regeneration efficiency of the hybrids: Splendor, Top75, Florina, Romina; the 

plant regeneration areas 

 

Hybrid Total 

regenerated  

plants 

Areas of plant regeneration 

Peri-

meristematic 

Hypocotyls Cotyledon 

 

Epicotyls Primary 

leaf 

Splendor 16 9 - 2 - 5 

Top75 69 4 7 43 14 1 

Florina 25 19 6 - - - 

Romina 8 3 - - 3 2 
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For Turbo hybrid the regeneration medium wasn’t the critical factor for regeneration 

efficiency but had an influence on further development of plants (Fig. 9). Plants resulted from 

HaR medium, pH 5.5, were the most vigorous and had the best rooting potential. Also, the most 

efficient rooting medium was MS with 0.1 mg/l IBA (Fig. 10).  

 The plants with well developed roots were successfully acclimated ex vitro and did set 

flowers that formed mature seeds (Fig. 12). 
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Fig. 9 Plant regeneration efficiency of sunflower embryonic axis, Turbo hybrid, on three culture 

media (RMG, MSc, HaR) and different pH values of the culture media (5.5, 5.8, 7)  
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 Fig. 10 The rooting efficiency of in vitro regenerated plants in sunflower, Turbo hybrid, on 

different rooting media (MS, MS+IBA, MS+ac) 
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 Fig. 11 The efficiency of ex vitro acclimatization of rooted plants in sunflower, Turbo hybrid 
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F 

 

          Fig. 12 Different stages of plant regeneration starting from mature embryonic axis in 

sunflower, Turbo hybrid: A, B – initial stage of shoot regeneration; C – one pare leaf stage of the 

regenerated shoots; D, E, F – well developed acclimated plants; G- plantlet resulted from seeds 

obtained from in vitro regenerated plants 

G 
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3.4. The role of auxin on induction of caulogenesis versus embryogenesis in in vitro 

sunflower embryonic meristematic dome  

 

Immature zygotic embryos often have a high morphogenetic potential and are frequently 

used for plant regeneration in species where regeneration from other types of tissues is difficult 

(Charriere and Hahne, 1998). The direct regeneration system for in vitro cultured immature 

zygotic embryos of sunflower is particular in that it is possible to experimentally orientate the 

regeneration response to either organogenesis or somatic embryogenesis, both events originating 

from an identical and well characterized cell population situated in the crown (Charriere and 

Hahne, 1998). As we previously mentioned the great disadvantage of this biologic material is the 

difficulty of obtaining it. Therefore the necessity of finding a regeneration method based on a 

starting tissue which is easy to be obtained all year round can be considered as particularly 

important.  

The role of the auxin 2.4-D, dicamba, picloram, NAA and IAA were tested for induction 

of somatic embryogenesis in immature zygotic embryo explants. Only two of them, dicamba and 

2,4-D, were optimal for somatic embryo initiation. No somatic embryos were formed when 

mature embryo or seedling tissues were placed on a medium which induced somatic 

embryogenesis from immature zygotic embryos (Finer, 1987).     

Having all these aspects into consideration our goal was to establish a successful in vitro 

regeneration method starting from embryonic meristematic dome, a small explant having about 

200-300 µm, resulted from mature ungerminated embryo (Fig. 13). A wide range of auxins IAA, 

IBA, NAA, 2.4-D, dicamba and picloram were tested in culture, in inducing medium at different 

concentrations. The culture medium that was used was MA1 (Rakosy-Tican, 1998) modified for 

nitrogen source and containing 3% sucrose.  

 

 

Fig. 13 Embryonic meristematic dome represented by apical meristem and primary leaf   

 

200 µm 
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Fig. 14 Shoots regeneration efficiency in sunflower embryonic meristematic dome, Florina 

hybrid, on the culture medium with auxins IAA, IBA or NAA (A, B, C) and somatic embryo regeneration 

efficiency on the culture medium with auxins 2.4D, dicamba or picloram (D, E, F)   

 

The response of embryonic meristematic dome was different depending on the type of the 

auxin from the culture medium. By applying the auxins IAA, IBA or NAA the regeneration 

occurred via organogenesis (Fig. 14 A, B, C). Contrary, by using the auxins 2.4-D, dicamba or 

picloram somatic embryos were obtained (Fig. 14 D, E, F). Among the organogenic auxins 0.25 

A 

B 

D 

E 

C F 
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or 0.5 mg/l IAA had the best response, up to 55% of the explant regenerating shoots. 

Surprisingly among the embryogenic auxins picloram had shown the best response, 100% of 

explants regenerating embryos. The auxins 2.4-D and dicamba induced, on the initiation 

medium, the regeneration of somatic embryos in globular and torpedo stages (Fig. 16). Only the 

picloram sustained the maturation of the embryos on the initiation medium containing in the 

same time 3% sucrose (Fig. 17).  

 

  
 
Fig. 15 Shoots regenerated in sunflower embryonic meristematic dome, Florina hybrid, on 

MA1v8 culture medium with 0..25 mg/l IAA (A) or 1 mg/l IAA (B) after 4 weeks; the shoots are 

regenerated on different points on the explant level – on the stem of the apical plant (A) axillary buds   

(B) 

 

 

 

    

Fig. 16 Initial development stages of the somatic embryos regenerated in sunflower embryonic 

meristematic dome, Florina hybrid, after two weeks in culture on MA1v8 medium with 5 mg/L 2.4-D 

(A); somatic embryo in advanced globular stage - detail (B); heart shape stage of the somatic embryo (C) 

A 
B 

B C 

A 
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Fig. 17 Mature somatic embryos regenerated in sunflower, Florina hybrid, on MA1v8 culture 

medium with 2 mg/l picloram and 3% sucrose, after 4 weeks since the in vitro culture was initiated 

 

To our knowledge, the embryonic meristematic dome resulted from mature ungerminated 

embryos has not been previously reported for sunflower regeneration. This kind of explant, 

consisting exclusively in meristematic cells, offers the opportunity of orienting the regeneration 

in either the direction of organogenesis or somatic embryogenesis, depending on the auxin type.  

Moreover this is the first report that proves the efficiency of picloram in regenerating mature 

somatic embryos in sunflower.    

 

3.5. The role of sucrose in induction and maturation of sunflower somatic embryos, 

Florina hybrid 

 

In this study an attempt to optimize the induction and maturation of somatic embryos by 

raising the concentration of sucrose in the culture medium. The regeneration method was 

described in the previous section. Several sucrose concentrations (3%, 6%, 9%. 12%) were 

added to the culture medium in order to improve somatic embryo development. In this case two 

factors had influence on the morphogenic response: the auxin type and the concentration of 

sucrose.  

The best response was obtained on the medium containing 12% sucrose. Although the 

percentage of the explants that regenerate embryos remain unchanged for different sucrose 

concentrations the number of the somatic embryos on the explants is increasing in the case of 

using 12% sucrose. Therefore all the experiments were conducted further on 12% sucrose in the 

medium and compared with the control (3% sucrose).   

  Mature somatic embryos were regenerated on the induction medium when 12% sucrose 

was used in combination with 2.4-D, dicamba or picloram. By contrast to the situation in which 

the mature somatic embryo were obtained on media containing 3% sucrose and picloram, when 

they had a translucent white colour and thin cotyledons, on the medium with 12% sucrose all the 

mature somatic embryo presented a compact aspect of the cotyledons (Fig. 18, Fig. 19, Fig. 20).   
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Fig. 18 Mature somatic embryos regenerated in sunflower, Florina hybrid, on culture medium 

with 1 mg/l 2.4-D and 12% sucrose, after 4 weeks since the in vitro culture was initiated 

 

 

Fig. 19 Mature somatic embryos regenerated in sunflower, Florina hybrid, on culture medium 

with 0.5 mg/l picloram and 12% sucrose 

 

 

Fig. 20 Mature somatic embryos regenerated in sunflower, Florina hybrid, on culture medium 

with 2 mg/l dicamba and 12% sucrose 
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Somatic embryos were obtained in sunflower starting from immature zygotic embryos on 

medium with 12% sucrose and 2,4-D or dicamba (Finer 1987). In some cases it was proved that 

somatic embryogenesis ca be induced on medium containing 12% sucrose and no auxins 

(Jeannin et al., 1995). In other case the maturation of the somatic embryos was achieved in two 

steps: in the first the embryos were induced on medium with 3% sucrose and in the second one 

they developed up to maturity on a medium containing 6% sucrose (Wilcox McCann et al., 

1988).   

To our knowledge this is the first report of a one step method for regenerating mature 

somatic embryos in sunflower starting from embryonic meristematic dome by using different 

types of auxin and 12% sucrose in the culture medium. The usefulness of picloram on somatic 

embryo induction in an efficient manner was also emphasized.  

 

3.6. The morphology of in vitro regenerated somatic embryos in sunflower and the 

relation with the embryo conversion   

   

Abnormal morphological phenotypes have frequently been observed in in vitro 

regeneration of sunflower plants (Hewezi et al., 2003). The morphology of the somatic embryo 

wasn’t discussed until now for sunflower. Abnormalities in somatic embryo and cotyledon 

development have been observed for other species such are peanut (Wetzstein and Baker, 1993), 

soybean (Buchheim et al., 1989) and apple (Paul et al., 1994). 

The most frequent abnormalities observed in this study were similar to those described in 

soybean (Buchheim et al., 1989) i.e. trumpet types resulted by fusion of the cotyledons, those 

with long hypocotyls, vestigial cotyledons, monocotyledonous, or fasciated. The majority 

resulted when the auxins NAA and 2.4-D were presented in the culture medium or when 2.4-D 

was used as sole auxin.   

The abnormalities of somatic embryos are often related with impossibility of their further 

conversion. In this study the embryos cultured on media without growth regulators rooted well 

but were deficient for apical meristem development. 

In order to improve the recovery of plants from somatic embryos we included in the 

regeneration medium an amino acid compound – 500 mg/L tryptone. Although the embryos are 

grouped in clusters, they were able to develop both meristems (Fig. 21).     
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Fig. 21 Somatic embryos in globular stage (A) and grouped somatic embryos in mature stage (B), 

regenerated on MA1 medium with tryptone and germinated on RMB5 medium (C); regenerated plant – 

detail (D) 

 

 

3.7. The role of haemoglobin on protoplast plating efficiency and cell colony 

formation in sunflower, Select hybrid  

 

Novel approaches, involving supplementation of aqueous culture medium with 

haemoglobin solution have been evaluated to facilitate cellular oxygen availability to promote 

mitotic division (Anthony et al., 1997b). This compound was used in protoplast or cell culture 

for different species (Anthony et al., 1997a; Anthony et al., 1997b).  

The goal of our study was to stimulate protoplast plating efficiency and the cell colony 

formation by adding to the culture medium the 1:50 (vol:vol) haemoglobin (Erytrogen). 

Protoplasts isolated from hypocotyls were embedded in an alginate disc and immersed in liquid 

culture medium.  

The protoplast plating efficiency was evaluated at 4 and 20 days of culture. The mean 

initial protoplast plating efficiency after 4 days with haemoglobin was significantly higher 

C 

D 

A B 
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(6.41±1.11%) than in untreated control (2.63±0.63%). The final plating efficiency at 20 days had 

the same pattern, a two–fold increase of the mean value on haemoglobin (30.79±1.93 %) as  

compared to the control (14.97±1.63 %).  

   The beneficial role of haemoglobin was further reflected in the mean number of 

protoplast-derived cell colonies visible by naked eye after 40 days in culture (87.56±19.8%) 

compared with the control, 52±21.05 %. Considering three independent experiments the total 

number of cell colonies obtained on culture medium supplemented with haemoglobin vas 787 

comparing with 424 obtained in the control (Fig. 22).       
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 Fig. 22 The initial (at 4 days) and final (at 20 days) protoplast plating efficiency and the cell 

colony recovery in sunflower with or without 1:50 (vol:vol) haemoglobin in the liquid culture medium  

  

 Further studies are required to determine the precise mechanism by which haemoglobin 

can facilitate the protoplasts and the cells division. The present data imply that the commercial 

Erythrogen could be incorporated routinely into culture medium, in order to increase protoplast - 

derived cell colonies regeneration.    
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3.8. Enhancing transient expression of gfp gene by wounding of intact embryonic 

axis prior to Arobacterium infection      

  

Preliminary investigations regarding the best ways to improve genetic transformation of 

sunflower by using Agrobacterium tumefaciens carrying the reporter gene gfp were performed. 

This gene wasn’t used until now for genetic transformation of mature sunflower tissues. 

Previously, only immature zygotic embryos were transformed with gfp gene (Müler şi colab., 

2001).  

Several wounding methods were approached in this study in order to improve genetic 

transformation efficiency of sunflower by using mature embryonic axis as starting material, for 

Turbo and Florina hybrids. One of them consisted in the simple scratching with a scalpel blade 

of the embryonic axis prior to Agrobacterium treatment. The superficial wounding of the 

explants significantly increased the transient expression of gfp in sunflower tissues, up to 94% of 

the explants manifesting the green fluorescence in UV light compared to 70% in unwounded 

controls (Fig. 23).      

 

Another way for wounding of the tissues was the superficial enzymatic digestion of the 

mature embryonic axis for about 4 ours, using a solution of 0.1% or 0.2% macerozyme. After 

enzymatic digestion the explants were treated with Agrobacterium. Among the two enzyme 

concentrations which were tested only the 0.2% value was efficient for enhancing the transient 

expression of the gfp (Fig. 25).   

In order to improve transformation efficiency the explants were subjected to electrical 

pulses during the Agrobacterium treatment. Among different parameters of the electric pulses the 

most efficient were those having a voltage of 200 V/cm and duration of 400 µs (Fig. 24).  

Although the manifestation of gfp in tissues was transient and none of the regenerated 

plants showed transgenic expression, the method presents the great advantage of direct 

Fig. 23 Areas of gpf expresion in trangenic tissue (in the UV light) - the root zonne (A), or the 

wounded zone obtined by scratching with a scalpel blade of the embryonic axis (B) 

B A 
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visualisation of the green fluorescence in tissues thus permitting further optimisation of the 

protocol.     
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Fig. 24 The efficiency of transient gfp expression in mature embryo axis as resulted by applying 

of two electric pulses during the Agrobacterium treatment  
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Fig. 25 The efficiency of transient gfp expression in mature embryo axis as resulted by enzymatic 

digestion with macerozyme of the explants prior to Agrobacterium treatment  
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4. GENERAL CONCLUSIONS 

 

The first study involves, in an extended way, the comparison between age dependant 

embryonic axis regenerating potential and age dependant cotyledon fragments regenerating 

potential. The explant age was equally critical for cotyledon explants and for embryonic axis 

upon regeneration. The regenerative potential of the embryonic axis is higher when they resulted 

from ungerminated mature embryos compared whit the cotyledon explants who respond better 

when they resulted from two days old germinated embryos. Between the two types of explants 

the most efficient for plant regeneration was the embryonic axis. 

By comparing 6 types of explants resulted from ungerminated mature embryos it was 

proved once more that the intact embryonic axis explant has high regeneration potential in 

sunflower. 

By using the intact embryonic axis resulted from ungerminated mature embryos, an 

efficient regeneration method was established for in vitro plant regeneration at 14 genotypes: 

thirteen hybrids and one line. The fertile plant regeneration was achieved for Turbo hybrid. The 

presence of IBA and pH 5.5 were found suitable for the efficient rooting of the regenerated 

plants.  

A new regeneration method was found by starting from embryonic meristematic dome. 

During the experimental testing of the auxins IAA, IBA, NAA, 2.4-D, dicamba and picloram, it 

was demonstrated that three of them had organogenic potential (IAA, IBA, NAA) and the others 

had embryogenic potential (2.4-D, dicamba and picloram). The picloram proved to be efficient 

for mature embryo regeneration on the induction medium. 

Using the sucrose in high concentration (12%) the maturation of the embryos was 

achieved on the induction medium for all the embryonic auxins (2.4-D, dicamba and picloram). 

The abnormalities of the embryos were correlated with deficiencies of apical meristem 

development on the medium without growth regulators. Using tryptone in the induction medium 

the conversion of the embryos was possible. 

The stimulatory effect of haemoglobin was proved by its ability to enhance the protoplast 

plating efficiency and protoplast-derived cell colony regeneration in sunflower. 

The embryonic axis resulted from mature ungerminated embryos was used for 

Agrobacterium – mediated transformation. The transient gfp expression was obtained at callus 

stage. Different wounding ways of the embryonic axis can enhance the transformation 

efficiency.   
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Original elements  

- a regeneration method for several hybrids of sunflower was established; 

- the high regeneration ability of the sunflower embryonic meristematic dome by 

organogenesis was induced, in the presence of the auxins IAA, IBA, NAA, or somatic 

embryogenesis, in the presence of the auxins 2.4-D, dicamba or picloram; 

- the role of picloram in inducing mature somatic embryo regeneration to sunflower 

was demonstrated; 

- the stimulatory effect of haemoglobin was demonstrated in sunflower protoplasts 

culture.  

 

Recommendation and perspective 

 

 The embryonic meristematic dome can be considered a useful model system for the study 

of morphogenesis in plants because it’s high regeneration response and high plasticity of 

regeneration. The type of regeneration can be easily oriented towards organogenesis or somatic 

embryogenesis by modifying a single parameter, the auxin type.  

 The usefulness of the reporter gene gfp in transgenic tissue was demonstrated once more 

in our study. Because it’s easy detection in tissues it permits a direct evaluation of the 

transformation efficiency and, if it’s necessary, subsequent improvements of the method of 

recovery transgenic plant.  
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