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Abstract        Gametoclones are double haploids plants obtained by 
androgenesis or ginogenesis that presents 100% homozygosity at all loci. 
They are are an important research tool and can be used for mutation studies, 
transformation experiments, genetic analysis and plant breeding. Somaclones 
are regenerants from somatic cells by tissue culture, which represent an 
important biological material that permits by selection to obtain lines with 
special qualities. In this study gametoclones were regenerated from anthers 
culture of two wheat genotypes, Dropia and Lovrin 41 on two culture media. 
Immature embryos culture via callus formation was used for somaclones 
regeneration from the same genotypes on other different culture media. Both 
anthers culture and immature embryos culture are influenced by the chemical 
composition of the culture media and by the genotype. The highest number of 
gametoclones was obtained for the cultivar Dropia and best results in all the 
culture stages were obtained, for anther culture, when P2 culture medium was 
used. The cultivar Dropia regenerated the highest number of somaclones and 
the best culture medium for immature embryos culture was constituted by the 
MS. 
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The possibility to obtain from one single 

vegetal cell an unlimited number of new plants 

genotypically identical, underline the idea that, modern 

biotechnologies can decrease the time needed to 

regenerate new plant organisms and can accelerate 

breeding process. If initially the idea that all the plants 

obtained through in vitro cultures are genotypically 

identical was widely believed, lately was proven that in 

vitro culture system can generate a wide genetic 

variability, named somaclonal or gametoclonal 

variation, depending on the explant type and the 

regeneration technique. This variation might be widely 

used in plants breeding programs.  

Haploids are autonomous, sporophytic plants 

that have a chromosome number equal to that of their 

gametes. Chromosomes may double either 

spontaneously or after applying an anti-mitotic agent 

such as colchicine and then become 100% homozygous 

at all loci. Haploids are an important research tool, and 

can be used for mutation studies (Castillo et al., 2001), 

transformation experiments (Folling and Olesen, 

2002), genetic analysis and plant breeding (Khan et al., 

2001).  

The rapidity with which an inbred line or a 

cultivar can be produced by anther or microspore 

culture results in a shortening of the breeding cycle. 

The biggest potential of in vitro doubled haploid 

production is the possibility of producing enormous 

numbers of different cultivars or inbred lines from one 

plant in a single step. If a highly heterozygous parent 

plant is considered, from an open pollinated population 

for example, each microspore derived via meiosis 

would be genetically dissimilar. Since each microspore 

has the potential to undergo androgenesis, hundreds of 

thousands of genetically different homozygous plants 

can be created in one season. These lines can be used 

for selection of desirable genotypes for creating 

hybrids. Traditionally, chromosome elimination from 

wide-crosses (Zhang et al., 1996) and anther culture 

were used extensively to produce haploid and doubled 

haploid wheat plants, but there has been a steady shift 

towards isolated microspore culture systems. In the last 

decade, yields of microspore-derived embryos from 

microspore cultures have far exceeded those obtained 

in the other systems (Zheng et al., 2003). Several 

factors are known to influence induction and 

regeneration of haploid and doubled haploid plants in 
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wheat. These include microspore developmental stage 

(Barnaba´s et al., 2001), pre- and post-initiation 

treatments, temperature (Touraev et al., 2001), osmotic 

potential (Kang et al., 2003), the type and strength of 

gelling agent (Patel et al., 2004) and the composition of 

the induction and culture media (Trottier et al., 1993).  

Reproducible, high-frequency regeneration of 

plants from wheat tissue cultures has been 

accomplished by using the immature embryo at a 

specific stage of development as the initial explant 

(Sharp et al., 1984). Immature embryos of wheat have 

been widely used as an explant source to study 

embryogenesis, plant regeneration and somaclonal 

variations (Maddock et al. 1983; Cooper et al. 1986). 

Cooper et al. (1986) have suggested that somatic 

embryogenesis takes place in tissue cultures of most 

cereal and grass species, although the degree of 

embryo organization may vary considerably. A plant 

cell callus consists of somatic undifferentiated cells 

that form a uniform histological structure (Raicu et al., 

1984). The callus is an important tool, an important 

biological material that permits by selection to obtain 

lines with special qualities, because of its genetic 

instability and easy inducing polyploidy. 

Thus, the aims of this study were: first, to 

establish the best method for producing doubled 

haploid plants (gametoclones) using genotypes known 

to be responsive and second to regenerate new diploid 

genotypes from immature embryos culture 

(somaclones) in order to identify somaclonal variation 

in vitro induced.  
  

Materials and Methods 

 
The biological material was constituted of two 

common wheat (Triticum aestivum (L.) Thell. Ssp. 

vulgare (Will.) MK var.erythrospermum Körn) 

cultivars used especially for bread flour, such as Lovrin 

41 and Dropia that proved to be responsive to in vitro 

culture.  

Anthers and immature embryos for 

gametoclones and somaclones regeneration, by in vitro 

culture were used. The hormonal balances used for 

aseptic cultures initiation are presented in table 1.  
 

 

Table 1 

Hormonal balances used for aseptic wheat cultures initiation depending on the culture system used 

Culture system Culture media 
Hormonal balance 

Lovrin 41 Dropia 

Anthers culture 

N6 

V1 V2 V1 V2 

2 mgl-1 2,4 D 

0,5 mgl-1  KIN 

10 mgl-1  IAA 

0,5 mgl-1  KIN 

2 mgl-1  2,4 D 

0,5 mgl-1  KIN 

10 mgl-1  IAA 

0,5 mgl-1  KIN 

P2 
2 mgl-1  2,4 D 

0,1 mgl-1  KIN 

10 mgl-1  IAA 

0,5 mgl-1  KIN 

2 mgl-1  2,4 D 

0,1 mgl-1  KIN 

10 mgl-1  IAA 

0,5 mgl-1  KIN 

Callus culture 
MS 2,5 mgl-1 2,4D 1 mgl-1  2,4D 2,5 mg/l 2,4D 1 mgl-1  2,4D 

B5 2 mgl-1  2,4 D 0,5 mgl-1 2,4D 2 mgl-1  2,4D 0,5 mgl-1 2,4D 

 
Anthers culture 

Spikes were harvested when microspores in 

the middle portion of the spike were in the late-

uninucleate stage. This was determined by squashing 

anthers onto a microscope slide, staining with 0.5% 

(w/v) acetocarmine, observing under a compound 

microscope, and relating this to morphological 

characteristics of the plants. Freshly harvested spikes 

were placed at 4 
o
C for 48 hours prior to induction. 

They were then decontaminated by immersion in 70% 

(v/v) ethanol for 30 s and air-dried in a sterile laminar 

flow bench. Anthers were dissected from the spikelets 

and placed on two culture media, namely N6 (Chu, 

1978) and P2 (Chuang et al., 1978) and than incubated 

in the dark at 25-27
o
C.  

Embryo-like structures (ELS) that had reached 

approximately 1.5–2 mm in size were transferred to 

MS added with kinetine (1 mg/l) and indolil acetic acid 

(1 mg/l) medium and placed in a culture room at 25 
o
C 

under a 16-h photoperiod with fluorescent tubes 

providing a radiant flux density of 12.6 μmol m
-2

 s
-1

. 

After 2 weeks, regenerated plantlets were placed in a 

misthouse for acclimatization. Once hardened off, 

plants were transferred to a greenhouse and grown till 

maturity. Plants were assessed for fertility by 

determining the number of plants that set seed. 

Following data were registered: percentage of 

answering anthers; regeneration of androgenic plants 

percentage, expressed by the number of green plants 

regenerated of 100 cultivated anthers. The regenerated 

plantlets were transfered on rooting culture medium 

and than acclimatized and cultured in the field for 

following observations and seed obtaining.  

 

Callus culture 
Spikes were yielded when immature embryos 

were in the optimum developing stage (0,8 - 1 mm). 

The excised embryos were cultured on both MS 

(Murashige and Skoog, 1962) and B5 (Gamborg et al., 

1968) media supplemented with 2,4 D, in order to 

induce callus formation (table 1). Culture incubation 

was realised in the dark at 24
o
C when callus formation 

and growth is desired. For plants regeneration callus 

was subcultured to MS and B5 added with kinetine (1 

mg l
-1

) and indolil acetic acid (1 mg l
-1

) and incubated 

under photoperiodism conditions as formentioned. The 
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regenerated shoots were multiplied and rooted on 

quarter strength MS medium supplemented with NAA 

(0,2 mg l
-1

). The rooted shoots were transplanted to soil 

and cultured in the field for following observations and 

seed obtaining.  
 

Results and Discussions 

 
Results obtained in anthers cultures 

 Sporophytic development induction of the 

male gametophyte in anthers culture by in vitro 

techniques involves a very complex process, controled 

by several factors, like the genotype (Bullock et al. 

1982), the culture media (Trottier et al., 1993) and the 

hormonal balance used.  

It was found that wheat behaves different 

depending on the genotype when polinic 

embryogenesis induction is desired. While some 

genotypes manifest regeneration aptitude other 

genotypes do not regenerate in vitro, being named as 

―disobedient to in vitro culture‖. Androgenic capacity 

is a complex poligenic determined character that 

manifest in the presence of at least one dominant allele 

(Badea et al., 1992). Differences between genotypes in 

terms of capability to undergo androgenesis are well 

documented (Jones and Petolino, 1987; Puolimatka and 

Pauk, 2000; Kang et al., 2003). 

 

 

1  2 

3  
4 

5  6 

Figure 1. Callusing wheat anther (1), Immature embryos generating callus (2),  Shooting callus (3), Callus with embryos 

and shoots (4), Regenerated plants from calli (5), Seeds producing somaclones and gametoclones in soil (6) 

 
Bullock et all (1982) studied anthers culture 

answer percentage for 5 cultivars and 6 hibrids of 

wheat and great differences were registered between 

the different genotypes, identifying two cultivars with 

good androgenic capacity and two genotypes with a 

very low androgenic capacity.  

The cultivars chosen for these 

experimentations were proved to have high androgenic 

capacity (Badea et all, 1991) and have a great 

economical importance in the Western counties of 

Romania. Wheat haploids plants were obtained 

successfully on two culture media as N6 (Chu, 1978) a 

completely synthetic medium and P2 (Gamborg et 

al.1968) that contains 10% of potato extract (table 2).

  
Table 2 

Anthers answer to in vitro culture and green plants regeneration percentage  

given by culture media composition and genotype influence   

Genotype 
AR/AC x 100 PV/AR x 100 PV/AC x 100 

N6 P2 N6 P2 N6 P2 

Dropia 8,6  15,4  4,56 7,69 0,43 1,18 

Lovrin 41 7,2  12,7  5,26 3,22 0,70 0,24 
AR/AC x 100 = responding anthers /cultivated anthers 

PV/AR x 100 = green plants /responding anthers 

PV/AC x 100 = green plants/cultivated anthers 

 



 

 246 

Both Dropia and Lovrin 41, cultivars know to 

be responsive, were amenable to anther culture and 

culture media used. Responding anthers percentage 

were comparable for both cultivars on the both culture 

media, whilst green plants regeneration differed 

between the two cultivars depending on the culture 

medium used. Dropia produced 4.92 fold more plants 

per cultivated anthers than Lovrin 41 on P2 culture 

medium but 1.62 fold less plants than Lovrin 41 when 

cultivated on N6 medium. This differential response is 

intriguing since both cultivars were cultured in the 

same conditions and on the same media, and the same 

pretreatment (induction) was applied to all anthers. 

This suggests that the anther wall influences 

androgenic development, probably because uptake of 

nutrients and hormones by the microspores is 

dependent on their position within the anther (Touraev 

et al., 2001).  

Badea et al (1993) studied androgenic 

capacity of doubled haploid plants of common wheat 

(Triticum aestivum L.) and observed statistical 

significantly differences between the studied 

genotypes.  

Microspores answer to in vitro culture is 

determined in a significant measure by the donors’ 

genotype and the microspors efficiency in overing 

androgenesis is polygenic controlled. Wheat 

androgenesis, manifested as the regeneration capacity 

of green plants is a complex character with three 

different components, independent inherited, namely: 

embryogenic structures induction rate, regeneration 

capacity and albino plants appearance (Johnes and 

Petolino, 1987). This migh be an explanation to the 

differences that appeared between the two cultivars 

studied regarding their regeneration capacity from 

anthers culture.  

The rapidity with which haploids, that can 

easily emphasize genetic variation, can be produced by 

anther or microspore culture results in a shortening of 

the breeding cycle (Wu, 1986) generating new valuable 

genotypes. Conventional breeding programmes are 

both unpredictable and time consuming where several 

generations of selfing is required to obtain 

homozygous pure lines. One of the biggest potential of 

in vitro doubled haploid production is the possibility of 

producing enormous numbers of different inbred lines 

from one plant. Haplomethods used in a breeding 

programe can increase selection efficiency. Mendels  

 Induction of androgenesis results in a 

complete switch in the developmental program from 

gametophytic to sporophytic. This implies suppression 

of many genes involved in pollen development, and 

transcription of a plethora of new genes required to 

redirect growth and development. The induction 

treatment involves a stress situation that results in 

production of low molecular weight heat shock 

proteins, as well as rearrangements of the cytoskeleton 

that result in change in polarity (Reynolds, 1997). 

Although the procedure for producing doubled haploid 

plants from wheat is now routinely practiced in many 

countries, the number of doubled haploid plants that 

become successful commercial cultivars appears 

disproportionately low. There may be several reasons 

for this, including complex genetic interactions due to 

the genome being derived from three ancestors and 

characters a part of quantitative trait loci (QTL). In 

many cases, the theoretical potential of these 

techniques has never been fully converted into 

successful practical applications. Since embryo 

development and plant regeneration from microspores 

are strictly regulated developmental processes, it is 

important to assess different genotypes for their 

competence to produce haploid and doubled haploid 

plants. 

Doubling the number of chromosomes was 

realized by calluses culture on media with conchicine 

(0.5%).  Plants were assessed for fertility by 

determining the number of plants that set seed. There 

were obtained seven gametoclones from the cultivar 

Dropia and four double haploid gametoclones for 

Lovrin 41 that was cultured in the field. Only green 

plants were regenerated from the calli resulted from 

anther culture, even if other studies (Maddock et al., 

1983, Barnabas et al., 2001) regenerated both green 

and albino plants from anther or microspores culture.  

 

Results obtained in immature embryos culture 

In the same manner as anthers culture, the 

immature embryos culture depends on different factors 

as: culture media composition, genotype but also on 

immature embryos position on the medium surface. 

The immature embryos should be placed with his 

scutelum in direct contact with the medium to induce 

callus formation from epiblast. 

 A large number of embryos were inoculated 

on both culture media from both cultivars. A number of 

285 embryos were excised and cultured for the cultivar 

Dropia and 291 for the cultivar Lovrin 41.  

Observations were made four weeks after 

inoculation and following data were recorded: 

embryogen calli, shoots generating calli, regenerated 

plants reported to the number of calli and regenerated 

plants from the number of immature embrios 

inoculated. Both cultivars manifested callusing 

capacity in different proportions depending on the 

culture media.                                                                                               

  Significantly differences were recorded 

between the culture media used for callus generation, 

the best results being registered on MS culture medium 

with 88,24%. 
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Table 3 

The meaning of differences between cultivars, culture media and cultivar x culture medium combinations 

concerning the callusing percentage obtained  
Cultivar 

Media 
Dropia Lovrin 41 X % Diference Signification 

MS 94,45      a 88,24     ab 91,35 100 - Control 

B5 71,09      b 76,55      b 73,82 80,81 - 17,52 00 

X 82,77 82,39 Medium  LSD5% =9,84 LSD1% =14,32  LSD0,1% = 21,48 

Cultivar x  medium  LSD5% = 13,92 LSD1% = 20,25  LSD0,1% = 30,38 

Cultivar LSD5% = 7,00 LSD1% = 11,59 LSD0,1% = 21,69 

 

% 100 99,54 

Diference - - 0,38 

Signification Control - 

   

Statistical interpretation of the obtained results 

exhibited that there are no significantly differences 

between the cultivars regarding the callusing 

percentage, but there are significantly negative 

differences between the culture media, better results 

being obtained on the culture medium MS. The best 

desirable results were accomplished with the cultivar 

Dropia on the culture medium MS (table 3).    

Data presented in table 4 emphasised that 

embryogenic callus percentage was significantly higher 

when MS culture medium was used. The most 

embryogenic calli was given by the cultivar Dropia that 

exceded the cultivar Lovrin 41 with 25,48 percentes on 

MS and 7,38 percentes on B5 culture medium. 

 

 
Table 4 

The meaning of differences between cultivars, culture media and cultivar x culture  

medium combinations concerning embryogenic callus percentage obtained 
Cultivar 

Media 
Dropia Lovrin 41 X % Diference Signification 

MS 61,45      a 35,97       b 48,71 100 - Control 

B5 32,57      b 25,19       b 28,88 59,29 - 19,83 000 

X 47,01 30,58 Medium  LSD 5% = 6,91 LSD 1% = 10,06 LSD 0,1% = 15,09 

Cultivar x  medium  LSD 5% = 14,27 LSD 1% = 22,84  LSD 0,1% = 40,69 

Cultivar LSD 5% = 12,53 LSD 1% = 20,74 LSD 0,1% = 38,82 
 

% 100 65,05 

Diference - -16,42 

Signification Control 0 

  
These results migh be due to the culture media 

composition that differs in a great measure but also to 

the genotype that can have different needs.  

Shots regeneration from callus can be induced 

in the presence of a citokinin which determines cells 

differentiation and stimulated lateral dominance. The 

calli obtained in our studi was transferred on both 

culture media supplemented with kinetine (1 mg/l) and 

indolil acetic acid (1 mg/l) and incubated under 

photoperiodism conditions. 

  

 
Table 5 

The meaning of differences between cultivars, culture media and cultivar x culture medium combinations 

concerning callus with shoots percentage obtained 
Cultivar 

Media 
Dropia Lovrin 41 X % Diference Signification 

MS 55,43      a 44,43      a 49,93 100 - Control 

B5 51,39      a 49,94      a 50,67 101,46 0,73 - 

X 53,41 47,19 
Medium  LSD 5% = 22,67 LSD 1% = 32,98 LSD 0,1% = 49,76 
Cultivar x medium  LSD 5% = 32,07 LSD 1% = 46,64 LSD 0,1% = 69,97 

Cultivar  LSD 5% = 17,83 LSD 1% = 29,51 LSD 0,1% = 55,24 

 

% 100 88,35 

Diference - - 6,22 

   

Signification Control - 

 
Shooting callus percentage was comparable 

for both cultivars on the both culture media and no 

statistically significant differences were registered 

(table 5). These results suggest that shoot regeneration 

from callus is not dependent in such a great measure on 

the medium composition or the genotype.  

Both a friable and a compact type of callus 

were produced. The friable callus contained 

meristematic centers in which the peripheral cells 
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ceased dividing, elongated, and could be easily 

separated. Roots were frequently formed in this type of 

callus. The compact, yellowish, and nodular callus 

arose from the epithelial and sub-epithelial cells of the 

embryo scutellum. Such callus had a smooth surface 

and characteristic chlorophyllous areas.  

Plants were regenerated only from the 

compact callus. The first sign of differentiation in the 

compact callus was the formation of a cleft or notch on 

the smooth surface, followed by the appearance of 

trichomes and the direct development of leafy 

structures which were not associated initially with any 

shoot meristems. Multiple shoots subsequently arose at 

the bases of the leafy structures, which are considered 

modifications of the scutellum, a definitive part of the 

cereal embryo.  

In conclusions it could be observed that the 

cultivar Dropia gave best results for callusing capacity, 

embriogen callus frequency and shooting callus 

percentage on MS medium, while the best results for 

the character green plants regenerated/ shooting 

calluses were obtained for the same cultivar on B5 

medium. Finally, the biggest number of green plants 

regenerated from calluses was obtained also for Dropia 

on MS medium.   

Looking at Lovrin 41 cultivar, can be 

observed that concerning callusing capacity and 

embriogenic callus percentage are superiors on MS 

medium, but the other parameters are superior on B5 

medium.  

 Comparing both genotypes on both culture 

media can be observed that cultivar Dropia gave better 

results on both media and can be concluded that in 

vitro culture capacity or predisposition is more 

genotype dependent than culture media. Somatic cell 

ability to undergo embryogenesis or organogenesis is 

genotype influenced being under a genetic strictly 

control (Badea et al., 1991, Baker, 1984). Also, plants 

regeneration from calli culture is genetically 

determined; this characteristic is transmited to the 

descendants by conventional breeding techniques 

(Badea et al., 1993).  

Studies made of genotype influence on 

somatic cell regeneration capacity of monocots, and 

especially of cereals, revealed a high variation on calli 

regeneration capacity depending on the genotype used 

(Street, 1974, cited by Badea et al., 1991). Tonelli 

(1990) cultured in vitro immature embryos from 

several wheat genotypes and identified, by selection, 

highly, medium and low regenerative genotypes. 

Crossing the highly regenerative genotypes with the 

intermediary regenerative varieties emphasized that 

green regeneration capacity is a quantitative character 

polygenic determined.  
 

Conclusions 

 
Our studies revealed that both anthers culture 

and immature embryos culture are influenced by the 

chemical composition of the culture media ad by the 

genotype used.  

For anthers culture followed by haploids regeneration 

the culture medium P2 proved to be the most suitable 

and is recommended for this type of culture, even for 

double haploid plants regeneration unless some results 

depended strictly by the genotype. Valuable 

somaclones can be obtained by immature embryos 

culture and the best basal medium proved to be the 

MS, that rised significantly better results. Both 

genotypes studied gave desirable regeneration answers, 

but in some stages, the cultivar Dropia exhibited better 

values under laboratory condition and therefore may be 

worthy genotype to use as parents for breeding. 
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