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S u m m a r y 
 

In the culture of anthers, obtained from donor hexa- and octoploid triticale plants and the Students variety, by the cytological techniques the au-
thors studied the development of microspores without action on anthers by cold shock. It was revealed, that shock temperatures are not required for an in-
duction of androgenesis. 
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Anther culture is one of techniques used for mass production of haploid plants of cereals. This method is based on formation of 
copies of zygotic embryos (embryoids) from microspores - androgenesis (haploid embryogenesis, pollen embryogenesis, androclinia), 
which occurs in plant anthers isolated in certain development stage and cultivated in nutrient medium with hormonal additives. Ho-
mozygous lines obtained on the basis of diploidized haploids are widely used in creation of varieties and source material for breeding 
work on spring and winter wheat, barley, rice and triticale (1).  

It has been demonstrated in numerous experiments the possibility of sporophytic development of microspores from donor 
plants under the induced action on spikes and anthers. To increase its frequency, the action of low positive temperature is in a wide-
spread use. In fact, cold exposure has become a routine procedure in a world practice of creation haploids. There are different opin-
ions about aftereffects of such cold stress on further development of sporophytic plants during their cultivation. It has been established 
in physiological studies, that cold pre-treatment reduces respiration intensity in anthers and thereby prolongs their vitality (2). 

 It is believed that cold stress causes reorientation in the spindle of I division resulting in formation of microspores with two 
equal nuclei (3). Low temperatures delay the destruction of anther cell wall, which causes an adverse impact on development of iso-
lated microspores in culture (cited from 4), and, at the same time, cold prolongs viability of microspores, as well as the period suitable 
for introduction of the anthers to in vitro culture (“embryogenic window”). This fact is important in cases when it takes time to deliver 
donor’s material to laboratory. The effect of cold is assumed to switch off the genes or to inhibit functions of gene products responsi-
ble for gametophytic program (5). It is also believed that cold stress applied under a certain regime works as the trigger of sporophytic 
development of microspores in critical multi-vacuolized stage (6).  

At the same time, it has been revealed an ambiguous influence of this factor on cultured anthers of cereals. Thus, cold exposure 
wasn’t necessary for induction of divisions in microspores of wheat anthers taken from donor plants grown in field. An ambiguous ef-
fect of cold stress was observed in different seasons (7). The cold pre-treatment of harvested barley spikes (duration 3 - 14 days) 
didn’t provide any positive results in anther culture (8). In experiments with two widely cultivated wheat varieties Acheloos and 
Vergina and hybrids from their crosses, it has been shown no need in cold stress for formation of haploids in anther culture: the main 
factors were donor genotypes and temperature of cultivation the anthers (9).  

The study of cold exposure effects on soft wheat of domestic selection (Saratov) having different degree of response revealed 
sporophytic development of microspores in anthers of freshly harvested ears; in some genotypes it occurred even more frequent than 
in anthers subjected to cold stress (1, 10). 

The purpose of this work was cytological study of sporophytic development of microspores in freshly harvested anthers not ex-
posed to cold stress.  

Technique. The object of study - donor plants of primary hexa- and octaploid triticale grown in field conditions (Saratov prov-
ince, 2006-2008). Ancestors of the studied triticale - domestic varieties of winter rye derived from breeding work in Saratov province 
and the variety Student approved for use in the same region. Freshly harvested ears with anthers containing vacuolized microspores 
were sterilized according to standard procedures and cultivated in nutrient medium N 6 with the addition of growth regulators 2,4-D 
(1,5 mg/l) and kinetin (0,5 mg/l ); sucrose content - 6%. After 4; 9; 14 and 21 days of cultivation, the anthers were fixed in Carnoy so-
lution (3:1) (50 pcs. for each period of maturation) and stained with aceto-carmine; pressed preparations were made by conventional 
cytological methods (11). Cytological examination and a consequent photomicrography were performed on the microscope IM35 
(“Opton”, Germany).  

The obtained data were statistically processed by variance analysis using the program Agros.  
Results. Cytological studies revealed various events during cultivation of freshly harvested anthers: the majority of microspores 

died even by the 7th day of cultivation, some - continued to develop in gametophytic program with further degeneration of division 
products; a very small population of cells passed to sporophytic development. The latter demonstrated an equal division of microspore 
(location of the pore and two resulting nuclei corresponded to an equilateral triangle) (Fig. 1), or the division leading to formation of 1 
vegetative and 1 generative cells (with subsequent mitotic activity of the vegetative cell) (see Fig., 2).  

A number of divisions resulted in formation of multicellular structures located inside a microspore capsule (see Fig., 3-6). The 
intensive growth of these newly-formed structures caused tension and break of microspore capsule and then – anther cover (see Fig., 
7-9). Have studied the frequency of formation of various androgenetic structures (embryoids and calli), it was shown that androgene-
sis in triticale anthers culture could be induced without exposure to shock temperatures. Moreover, two genotypes (the amphidiploid 
AD-1 and the variety-standard Student) manifested sporophytic development of microspores only in anthers of freshly-harvested ears 
not subjected to storage at low positive temperatures (frequencies, respectively, 1,7 and 7,8%) (Table).  

Thus, observations of cytological events in triticale anther culture not exposed to cold shock revealed different stages of sporo-
phytic development of microspores previously described for anthers affected by cold stress (3, 12).  

 



 

 
Cytological events of sporophytic development of microspores in triticale anther culture not subjected to 
cold stress (composition of cultivation medium - see “Technique”): a, b— first divisions of microspores; c, d, e -  
- formation of multicellular structures; f — general view of an anther; g, h, i— breaking of microspore capsule; j, 
k— formation of androgenetic structures (calli and embrioids); l — general view of an anther with androgenetic 
structures; a-i — staining with aceto-carmine; optical magnification ½10½60. 

 

 
It is believed, that stress is a key signal responsible for switching of microspores into alternative, i.e., sporophytic, development 

(13). In anther culture of barley (14), rice (15), wheat (16, 17), such stress can be affected by deficit in anthers of nitrogen or carbohy-
drates, in wheat anther culture (18) and isolated microspores (13) – by temperature (over 30 C). 

The obtained results on cultivation of anthers from triticale and wheat 
doesn’t support the opinion about low positive temperatures as the trigger of 
sporophytic development of microspores (6). Harvesting the ears from donor 
plant is a stress itself, which factor combined with in vitro cultivation of anthers 
can lead to repression of gametophytic genes and sporophytic development 
awoken without any other influences.  

Have analyzed the frequency of formation of androgenetic structures 
(calli and embryoids), it was found that shock temperatures are not required for 
induction of androgenesis in triticale anther culture. Consequently, the current 
procedure of anthers cultivation can be simplified by eliminating one of its 
stages - pre-treatment of anthers with low positive temperatures. 
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The frequency of sporophytic development 
of microspores in anther culture of triticale 
the different genotypes subjected to cold 
stress or without cold impact. 

Genotype 
Number of 
anthers, 
pcs. 

Frequency of 
embriogenic an-
thers, %  

Total frequency 
of newly formed 
structures, % 

AD-1:    
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control 456 0 0 
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AD-3:    
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control 507 0,99 0,99 

The variety Student (standard) :   
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НСР05  0,08 0,09 
Note: composition of cultivation medium – see “Technique”. Ex-
periment – without cold stress, control – exposed to cold impact.  
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