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1.	Introduction
Maize is one of the important food, feed and industrial plants. 
Breeding new varieties adapted to different environmental 
condition is necessary for practical use of maize and expand-
ing its production. Particularly relevant is the breeding of new 
highly productive and environmentally plastic varieties and 
lines for growing in temperate latitudes, since their genetic 
diversity is limited.

Biotechnological and genetic engineering methods can 
significantly accelerate the selection process. Plant regenera-
tion in vitro can occur both through direct organogenesis and 
through callus cultures with the subsequent development of 
de novo embryoids and shoots. Regeneration through callus 
cultures is often accompanied by somaclonal variability, which 
is undesirable when cloning unique genotypes and carrying 
out genetic engineering research. Plant regeneration through 
direct organogenesis, eliminating the stage of callus formation, 
can minimize the risk of somaclonal variability. Currently, 
considerable experience has been accumulated in the induc-
tion of somatic embryogenesis in maize when the explants are 
represented by immature and mature embryos (Huang, Wei, 
2004; Rakshit et al., 2010; Joshi et al., 2014), unfertilized 
ovaries (Alatortseva, Tyrnov, 2003), fertilized ovules (Tang 
et al., 2006), anthers (Obert et al., 2004), seedling segments 
(Santos et al., 1984), leaves (Ahmadabadi et al., 2007), etc. 
However, induction of direct organogenesis was performed 
only for single genotypes (Mushke et al., 2016; Ahmad et al., 
2017; Ovchinnikova et al., Humood et al., 2018; Olawuyi et 
al., 2019). It is known that the ability of regeneration in vitro 
largely depends on the plant genotype. It is believed that in 
maize only a small number of genotypes have regenerative 
capacities (Armstrong, Green, 1985). In this connection, the 
search for a new maize genotypes “responsive” to the in vitro 
culture and the induction of direct organogenesis in them is 
relevant.

The objective of the present study was to induce a direct 
organogenesis from mature embryos of maize. 
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2.	Materials and methods
The materials of the present study are maize lines: BM (Brown 
marker), AT-TM (bm, wx, y) and AT-TM (lg, y). Lines AT-TM 
(bm, wx, y) and AT-TM (lg, y) were developed at the Saratov 
State University (Gutorova et al., 2016).

The mature embryos were used as primary explants. 
The seeds were soaked in distilled water for 24 hours and 
surface- sterilized with ‘Domestos’, 70 % ethyl alcohol and 
0.1 % mercuric chloride for 5 min and rinsed four times with 
double distilled water. Embryos were isolated from the seeds 
and transferred onto nutrient medium for initiation of a sterile 
culture. The following media were tested: 1) starvation agar; 
2) Murashige-Skuga (MS) (Murashige, Skoog, 1962) with 
the addition of vitamins according to the prescribed medium, 
20 mg/l sucrose, 7 g/l agar (PanReac), without the addition 
of hormones; 3) MS supplemented with 0.5 mg/l 6-benzyl-
aminopurine (BAP). MS medium supplemented with differ-
ent concentrations of BAP (0.5 and 2.0 mg/l) were used for 
micropropagation. The medium was autoclaved for 20 min at 
120 °C. The cultures were maintained at 24 °C under a 16-h 
photoperiod in the Sanyo MLR-352 climatic chamber.

Statistical processing of the results was carried out using 
Microsoft Office Excel 2010 and AGROS programs.

3.	Results and discussion
Isolated embryos germinated with a frequency of about 90 % 
in all approved variants of medium. However, vitrification 
of seedling tissues took place on starvation agar. Various 
morphoses (coleoptile underdevelopment, leaf curling and 
others) were observed on the medium supplemented with 
0.5 mg/l BAP. Normal viable seedlings were obtained only 
on MS medium without hormones.

Seedlings after 7 days of cultivation were transferred to MS 
medium with 0.5 or 2.0 mg/l BAP. The frequency of explant 
survival was 55.4, 40.6 and 92.0 % in lines BM, ATTM (bm, 
wx, y) and AT-TM (lg, y), respectively. An effect of the geno-
type on the survival of the explants was revealed.
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Callus did not form both on medium supplemented with 
0.5 mg/l and 2.0 mg/l BAP. Seedling after 3–4 weeks of 
cultivation on MS medium with 0.5 mg/l BAP consisted of 
several short internodes and 4–5 leaves. From 1 to 3 axillary 
buds were found in the node after the leaves were removed 
from the seedling. Axillary buds germinated in shoots after 
5–7 weeks of cultivation. They had a length of 2–3 mm and 
were usually covered with a sheet vagina. In this regard, the 
explant visually looked like one primary shoot.

The process of axillary shoot formation was accelerated 
on MS medium with 2.0 mg/l BAP. The buds were formed 
in the first and second weeks of cultivation. Axillary shoots 
developed after 3–4 weeks of cultivation (Figure 1, a, b). Their 
number increased to 3–5. Regenerants looked like bundles of 
shortened shoots after 5 weeks of cultivation (Figure 1, c). 
The axillary shoot reached 10–15 mm in length. 

The explants were transferred to MS medium without 
hormones or MS with 0.2 mg/l BAP for elongation of axil-
lary shoots. Microshoots did not lengthen and turned yellow 
on medium without hormones. The elongation of the shoots 
was observed only on MS medium with 0.2 mg/l BAP. This 
made it possible to separate shoots and transfer them on MS 
medium supplemented with auxins for rooting. It should be 

Figure 1. Regenerants of maize line AT-TM (bm, wx, y). a–c: on MS medium with 2.0 mg/l BAP after 3 (a), 4 (b) 
and 5 (c) weeks of cultivation; d: a shoot with spontaneously developed roots on MS medium with 0.2 mg/l BAP 
after 10 days of cultivation.

noted that some shoots spontaneously rooted on MS medium 
with 0.2 mg/l BAP (Figure 1, d ).

4.	Conclusions
Thus, we successfully carried out the induction of direct or-
ganogenesis for three maize genotypes. Previously successful 
induction of direct shoot organogenesis in some maize lines 
was carried out using BAP in combination with other hor-
mones (IAA, GA3) (Ahmad et al., 2017). BAP is one of the 
most important cytokinins which play an important role in the 
multiplication and micropropagation of the plants. Only BAP 
was sufficient for shoot multiplication in the lines studied by 
us. The absence of the effect of the genotype on the number 
of developing axillary shoots and the influence of BAP con-
centration in the medium on this indicator were established. 

The results obtained open up prospects for the use of the 
developed technology in gene engineering studies with the 
lines studied. 
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