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ʈʝʟʶʤʝ 

ɺ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ɸɹʂ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʫʢʩʠʥʦʚ ʠ ʤʦʨʬʦʛʝʥʝʟ 

in vitro ʫ ʜʝʬʠʮʠʪʥʦʛʦ ʧʦ ɸɹʂ ʤʫʪʘʥʪʘ ʷʯʤʝʥʷ AZ34 ʠ ʝʛʦ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʛʝʥʦʪʠʧʘ Steptoe. ʀʟʫʯʝʥʦ 

ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʚʣʠʷʥʠʝʤ ɸɹʂ ʥʘ ʤʦʨʬʦʛʝʥʝʟ in vitro ʠ ʪʨʘʥʩʧʦʨʪʦʤ ʘʫʢʩʠʥʦʚ, ʘ ʪʘʢʞʝ ʨʦʣʴ 

ʧʝʨʦʢʩʠʜʘʟ ʚ ʜʝʡʩʪʚʠʠ ɸɹʂ ʥʘ ʤʦʨʬʦʛʝʥʝʟ in vitro. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʢʘʣʣʫʩʘʭ ʤʫʪʘʥʪʘ AZ34 ʥʘ ʬʦʥʝ 

ʧʦʥʠʞʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʥʪʝʟʫ ɸɹʂ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʦʢʩʠʜʘʟ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢ ʟʘʜʝʨʞʢʝ ʨʘʟʚʠʪʠʷ ʵʤʙʨʠʦʠʜʦʚ. ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ɸɹʂ 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʘʥʩʧʦʨʪʦʤ ʘʫʢʩʠʥʦʚ, ʦʜʥʘʢʦ ʜʘʥʦ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ 

ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ɸɹʂ ʥʘ ʤʦʨʬʦʛʝʥʝʟ in vitro ʙʦʣʝʝ ʩʣʦʞʝʥ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ɸɹʂ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʦʨʬʦʛʝʥʝʟʘ in vitro, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʤʙʨʠʦʠʜʦʛʝʥʝʟʘ. 
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Resume 

The paper presents the results of the study of the effect of ABA on distribution of auxins and morphogenesis 

in vitro in ABA deficient barley mutant AZ34 and its parental genotype Steptoe. The linkage between the 

effect of ABA on morphogenesis in vitro and auxin transport as well as the role of peroxidases in the action 

of ABA on morphogenesis in vitro was studied. It was established that reduced level of ABA in the callus of 

Az34 mutant was accompanied by a decline in activity of peroxidases resulting, inter alia, in a delay in the 

embryoid development. ABA is suggested to participate in the implementation of the processes coupled with 

auxin transport although it is concluded that mechanism of ABA action on morphogenesis in vitro is more 

complicated. We conclude that ABA is necessary for normal passage of morphogenesis in vitro, including 

embryoidogenesis. 
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ɸɹʂ, ʘʫʢʩʠʥʳ ʠ ʧʝʨʦʢʩʠʜʘʟʳ ʚ ʤʦʨʬʦʛʝʥʝʟʝ in vitro 
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ɺʚʝʜʝʥʠʝ 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʨʬʦʛʝʥʝʟʘ in vitro ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʬʠʪʦʛʦʨʤʦʥʦʚ ʘʫʢʩʠʥʦʚ ʠ ʮʠʪʦʢʠʥʠʥʦʚ ʚ ʧʠʪʘʪʝʣʴʥʦʡ 

ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʝʱʝ ʚ 

ʧʠʦʥʝʨʥʭr ʨʘʙʦʪʘʭ ʉʢʫʛʘ ʠ ʄʠʣʣʝʨʘ [Skoog, Miller, 1957]. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vitro ʪʘʢʞʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʬʠʪʦʛʦʨʤʦʥʘ ɸɹʂ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩʳ 

ʤʦʨʬʦʛʝʥʝʟʘ (ʩʤ. ʥʘʧʨʠʤʝʨ, [Tretyakova et al., 2019]). 

ʉʨʘʚʥʝʥʠʝ ʤʦʨʬʦʛʝʥʝʟʘ in vitro ʫ ʜʝʬʠʮʠʪʥʦʛʦ ʧʦ ɸɹʂ 

ʤʫʪʘʥʪʘ ʷʯʤʝʥʷ AZ34 ʠ ʝʛʦ ʠʩʭʦʜʥʦʛʦ ʛʝʥʦʪʠʧʘ Steptoe 

ʚʳʷʚʠʣʦ ʬʘʢʪ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʨʬʦʛʝʥʥʦʛʦ ʢʘʣʣʫʩʘ ʫ 

Steptoe ʠ ʥʝʤʦʨʬʦʛʝʥʥʦʛʦ ï ʫ AZ34 ʙʝʟ ʚʚʝʜʝʥʠʷ ʚ 

ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ɸɹʂ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʦʨʬʦʛʝʥʥʦʛʦ ʢʘʣʣʫʩʘ ʫ AZ34 ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʚʚʝʜʝʥʠʷ ʚ ʩʨʝʜʫ ɸɹʂ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʫʯʘʩʪʠʝ ʵʪʦʛʦ ʬʠʪʦʛʦʨʤʦʥʘ ʚ ʤʦʨʬʦʛʝʥʝʟʝ in vitro 

[ʉʝʣʴʜʠʤʠʨʦʚʘ ʠ ʜʨ. (Seldimirova et al.), 2019]. ɺ ʵʪʠʭ ʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩʚʷʟʴ ʫʨʦʚʥʷ ɸɹʂ ʩ 

ʘʫʢʩʠʥʘʤʠ: ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʀʋʂ ʫ AZ34, ʘ 

ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫ Steptoe ʠ ʫ AZ34 ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʵʢʟʦʛʝʥʥʦʡ ɸɹʂ. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʝʡʩʪʚʠʝ ɸɹʂ ʥʘ ʤʦʨʬʦʛʝʥʝʟ in vitro 

ʦʙʫʩʣʦʚʣʝʥʦ ʝʝ ʚʣʠʷʥʠʝʤ ʥʘ ʫʨʦʚʝʥʴ ʘʫʢʩʠʥʦʚ. ɼʘʥʥʘʷ 

ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʦʣʠ ɸɹʂ 

ʠ ʝʝ ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʫʢʩʠʥʦʚ ʠ ʤʦʨʬʦʛʝʥʝʟ in 

vitro ʫ ʜʝʬʠʮʠʪʥʦʛʦ ʧʦ ɸɹʂ ʤʫʪʘʥʪʘ ʷʯʤʝʥʷ AZ34 ʠ ʝʛʦ 

ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʛʝʥʦʪʠʧʘ Steptoe. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʮʝʩʩ ʤʦʨʬʦʛʝʥʝʟʘ in vitro ʥʝ ʪʦʣʴʢʦ ʵʢʟʦʛʝʥʥʦʡ ɸɹʂ, 

ʥʦ ʠ ʠʥʛʠʙʠʪʦʨʘ ʩʠʥʪʝʟʘ ʵʥʜʦʛʝʥʥʦʡ ɸɹʂ ï ʬʣʫʨʠʜʦʥʘ. 

ʇʦʩʢʦʣʴʢʫ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ 

ʜʝʡʩʪʚʠʝ ɸɹʂ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ 

[Yao et al., 2015], ʙʳʣʦ ʪʘʢʞʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʮʝʩʩʳ ʤʦʨʬʦʛʝʥʝʟʘ in vitro ʠʥʛʠʙʠʪʦʨʦʚ ʪʨʘʥʩʧʦʨʪʘ 

ʘʫʢʩʠʥʦʚ ï N-1-ʥʘʬʪʠʣʬʪʘʣʘʤʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʦʨʪʦʚʘʥʘʜʘʪʘ ʥʘʪʨʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʠʥʛʠʙʠʪʦʨʦʤ ɸɺʉ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ (ATP Binding Cassette), ʩʚʷʟʘʥʥʳʭ ʩ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ɸʊʌʘʟ ʠ ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʪʨʘʥʩʧʦʨʪʝ ʘʫʢʩʠʥʦʚ [Cho, Cho, 2013]. ʅʘʢʦʥʝʮ, ʚ ʨʘʙʦʪʝ 

ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʚʳʷʚʠʪʴ ʫʯʘʩʪʠʝ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ ʠ ʧʝʨʦʢʩʠʜʘʟ ʚ ʧʨʦʮʝʩʩʝ ʤʦʨʬʦʛʝʥʝʟʘ in vitro ʠ 

ʩʚʷʟʴ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝʜʥʠʭ ʩ ʛʦʨʤʦʥʘʤʠ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ 

ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟʳ ʦ ʩʚʷʟʠ ʚʣʠʷʥʠʷ 

ɸɹʂ ʥʘ ʤʦʨʬʦʛʝʥʝʟ in vitro ʩ ʪʨʘʥʩʧʦʨʪʦʤ ʘʫʢʩʠʥʦʚ ʠ 

ʚʳʷʚʣʝʥʠʝʤ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʨʦʣʠ ʧʝʨʦʢʩʠʜʘʟ ʚ ʜʝʡʩʪʚʠʠ 

ɸɹʂ ʥʘ ʧʫʪʠ ʤʦʨʬʦʛʝʥʝʟʘ in vitro. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʨʘʩʪʝʥʠʷ 

ʷʯʤʝʥʷ ʩʦʨʪʘ Steptoe ʠ ʝʛʦ ɸɹʂ-ʜʝʬʠʮʠʪʥʦʛʦ ʤʫʪʘʥʪʘ 

AZ34. ɼʦʥʦʨʥʳʝ ʨʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠ ʚ ʧʦʣʝʚʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘʫʯʥʦʛʦ ʩʪʘʮʠʦʥʘʨʘ ʋʬʠʤʩʢʦʛʦ ʀʥʩʪʠʪʫʪʘ 

ʙʠʦʣʦʛʠʠ ʋʌʀʎ ʈɸʅ (ʋʬʠʤʩʢʠʡ ʨʘʡʦʥ). 

ɹʘʟʦʚʘʷ ʩʨʝʜʘ (ʢʦʥʪʨʦʣʴ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʣʣʫʩʦʚ 

ʩʦʜʝʨʞʘʣʘ ʤʘʢʨʦ,- ʤʠʢʨʦʩʦʣʠ ʠ ʚʠʪʘʤʠʥʳ ʧʦ ʧʨʦʧʠʩʠ 

ʄʫʨʘʩʠʛʝ-ʉʢʫʛʘ [Murashige, Skoog, 1962], ʘ ʪʘʢʞʝ 100 

ʤʛ/ʣ ʤʠʦ-ʠʥʦʟʠʪʘ, 30 ʛ/ʣ ʩʘʭʘʨʦʟʳ, 100 ʤʛ/ʣ ʛʠʜʨʦʣʠʟʘʪʘ 

ʘʣʴʙʫʤʠʥʘ, 2 ʤʛ/ʣ ʛʣʠʮʠʥʘ, 10 ʛ/ʣ ʘʛʘʨʘ, 2.0 ʤʛ/ʣ 2,4-ɼ, 

0.5 ʤʛ/ʣ 6-ɹɸʇ ʠ 12.5 ʤʛ/ʣ CuSO4 x 12H2O 

[ʉʝʣʴʜʠʤʠʨʦʚʘ ʠ ʜʨ. (Seldimirova et al.), 2017, 2019]. 

ʇʝʨʝʜ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʠʝʤ pH ʩʨʝʜʳ ʜʦʚʦʜʠʣʠ ʜʦ 5.7. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʵʢʟʦʛʝʥʥʦʡ ɸɹʂ, N-1-

ʥʘʬʪʠʣʬʪʘʣʘʤʦʚʦʡ ʢʠʩʣʦʪʳ (ʅʌʂ), ʦʨʪʦʚʘʥʘʜʘʪʘ ʥʘʪʨʠʷ 

(ʜʘʣʝʝ ï ʚʘʥʘʜʘʪʘ) ʠ ʬʣʫʨʠʜʦʥʘ ʥʘ ʤʦʨʬʦʛʝʥʝʟ in vitro 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʘʨʠʘʥʪʳ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜ: (1) ʙʘʟʦʚʘʷ 

ʩʨʝʜʘ + ɸɹʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.5 ʤʛ/ʣ, (2) ʙʘʟʦʚʘʷ ʩʨʝʜʘ + 

ʅʌʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 29 ʤʛ/ʣ, (3) ʙʘʟʦʚʘʷ ʩʨʝʜʘ + 

ʬʣʫʨʠʜʦʥ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʛ/ʣ, (4) ʙʘʟʦʚʘʷ ʩʨʝʜʘ + 

ʚʘʥʘʜʘʪ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 18.5 ʤʛ/ʣ. ɺʩʝ ʢʘʣʣʫʩʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʥʝʜʝʣʴ ʚ ʪʝʤʥʦʪʝ, ʧʨʠ 26ÜC.  

ʇʨʠʩʫʪʩʪʚʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʨʘʰʠʚʘʥʠʷ ʢʣʝʪʦʢ ʢʘʣʣʫʩʦʚ ʨʘʩʪʚʦʨʦʤ 

3,3-ʜʠʘʤʠʥʦʙʝʥʟʠʜʠʥʘ (ɼɸɹ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʛ/ʤʣ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʥʘ 0.05 ʄ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (pH 

6.2). ɼʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʦʢʩʠʜʘʟ ʨʝʘʢʮʠʶ 

ʦʢʨʘʰʠʚʘʥʠʷ ʠʥʜʫʮʠʨʦʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʢ 100 ʤʣ 

ʫʢʘʟʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 25 ʤʢʣ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 

[ʊʨʦʰʠʥʘ (Troshina), 2007]. ɺ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ 

ʢʘʣʣʫʩʳ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʢʨʘʩʠʪʝʣʷ ʪʝʯʝʥʠʝ 1 

ʯ ʧʦʜ ʚʘʢʫʫʤʦʤ, ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 3 ʯ ʧʨʠ ʫʩʣʦʚʠʷʭ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ ʢʘʣʣʫʩʳ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʨʝʘʢʪʠʚʝ 

ʏʝʤʙʝʨʣʝʥʘ ʠ ʛʦʪʦʚʠʣʠ ʧʦʩʪʦʷʥʥʳʝ ʧʨʝʧʘʨʘʪʳ 

ʩʦʛʣʘʩʥʦ [ʂʨʫʛʣʦʚʘ ʠ ʜʨ. (Kruglova et al.), 2013]. 

ʇʨʝʧʘʨʘʪʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Axio Imager.A1 light microscope 

(Carl Zeiss, Germany), ʦʩʥʘʱʝʥʥʦʛʦ ʦʙʲʝʢʪʠʚʦʤ EC Plan-

NEOFLURAL 10Ĭ/0.3, ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ AxioCam MRc5 ʩ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ Axio Vision 4.7 (Carl Zeiss, 

Germany). 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɻʠʩʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ɼɸɹ 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʦʨʤʦʥʳ ʨʘʩʪʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʘʭ 

ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ in planta [Xia et 

al., 2015]. ʇʦʵʪʦʤʫ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʦʮʝʥʢʘ ʫʨʦʚʥʷ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʨʬʦʛʝʥʝʟʘ in vitro. ʆʜʥʘʢʦ ʥʘʰʘ ʧʦʧʳʪʢʘ ʚʳʷʚʠʪʴ 

ʵʥʜʦʛʝʥʥʫʶ ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ ʚ ʢʘʣʣʫʩʘʭ ʦʙʦʠʭ 

ʛʝʥʦʪʠʧʦʚ ʷʯʤʝʥʷ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʢʨʘʩʠʪʝʣʷ ɼɸɹ 

ʦʢʘʟʘʣʘʩʴ ʥʝʫʜʘʯʥʦʡ. ʆʯʝʚʠʜʥʦ, ʚ ʢʘʣʣʫʩʥʳʭ ʪʢʘʥʷʭ 

ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʵʥʜʦʛʝʥʥʦʡ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʜʦʩʪʠʛʘʣʦʩʴ ʟʘ ʩʯʝʪ 

ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʦʢʩʠʜʘʟ.  

ɼʦʙʘʚʣʝʥʠʝ ʞʝ ʢ ʨʘʩʪʚʦʨʫ ɼɸɹ ʵʢʟʦʛʝʥʥʦʡ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʜʣʷ ʛʠʩʪʦʭʠʤʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ 

ʧʝʨʦʢʩʠʜʘʟ ʚʳʷʚʠʣʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠʭ 

ʬʝʨʤʝʥʪʦʚ ʚ ʢʣʝʪʢʘʭ ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʢʘʣʣʫʩʦʚ 

(ʠʥʠʮʠʘʣʝʡ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ ʤʦʨʬʦʛʝʥʝʟʘ in vitro), ʘ 

ʪʘʢʞʝ ʚ ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ ʘʧʝʢʩʦʚ ʧʦʙʝʛʦʚ ʠ 

ʢʦʨʥʝʡ (ʨʠʩ. 1ï6). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 



ɸɹʂ, ʘʫʢʩʠʥʳ ʠ ʧʝʨʦʢʩʠʜʘʟʳ ʚ ʤʦʨʬʦʛʝʥʝʟʝ in vitro 

 388 

ʜʘʥʥʳʤ ʦ ʚʘʞʥʦʡ ʨʦʣʠ ʧʝʨʦʢʩʠʜʘʟ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ ʟʘ ʩʯʝʪ 

ʠʥʘʢʪʠʚʘʮʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʠʥʜʫʮʠʨʫʶʱʝʡ 

ʧʨʦʮʝʩʩʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ [Tsukagoshi et al., 2010]. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʢʨʘʰʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ɼɸɹ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʵʢʟʦʛʝʥʥʦʡ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚʳʷʚʠʣʦ 

ʥʘʣʠʯʠʝ ʧʝʨʦʢʩʠʜʘʟ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʩʠʣʝʤʥʳʭ 

ʩʦʩʫʜʦʚ (ʨʠʩ. 2ï6), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ ʦ ʨʦʣʠ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʚ ʦʪʣʦʞʝʥʠʠ ʣʠʛʥʠʥʘ ʚ 

ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ 

ʪʨʘʭʝʠʜ [Marjamaa et al., 2009]. 

ɺ ʮʝʣʦʤ, ʦʢʨʘʠhʚʘʥʠʝ ʢʘʣʣʫʩʦʚ ʩ ʧʦʤʦʱʴʶ 

ɼɸɹ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʢʟʦʛʝʥʥʦʡ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 

ʤʦʞʝʪ ʙʳʪʴ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ 

ʘʥʘʣʠʟʝ ʤʦʨʬʦʛʝʥʝʟʘ in vitro, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʤʝʪʦʜ 

ʭʦʨʦʰʦ ʚʳʷʚʣʷʝʪ ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ. 

ɺʣʠʷʥʠʝ ʵʢʟʦʛʝʥʥʦʡ ɸɹʂ ʠ ʬʣʫʨʠʜʦʥʘ ʥʘ 

ʤʦʨʬʦʛʝʥʝʟ in vitro ʚ ʢʘʣʣʫʩʘʭ AZ34 ʠ Steptoe 

ɺ ʢʘʣʣʫʩʘʭ Steptoe ʥʘ ʙʘʟʦʚʦʡ ʩʨʝʜʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʟʦʥr 

(ʨʠʩ. 1ʘ), ʠʟ ʢʣʝʪʦʢ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʟʘʨʦʜʳʰʝʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ï ʵʤʙʨʠʦʠʜʳ, 

ʠʤʝʶʱʠʝ ʪʠʧʠʯʥʦʝ ʜʣʷ ʟʘʨʦʜʳʰʝʡ ʟʣʘʢʦʚ ʩʪʨʦʝʥʠʝ: 

ʩʝʤʷʜʦʣï̫ɦ ʠʪʦʢ, ʢʦʣʝʦʧʪʠʣʴ, ʘʧʠʢʘʣʴʥʳʝ ʤʝʨʠʩʪʝʤʳ 

ʧʦʙʝʛʘ ʠ ʢʦʨʥ̫ (ʨʠʩ. 1ʙ).  

ɺ ʢʘʣʣʫʩʘʭ AZ34 ʥʘ ʙʘʟʦʚʦʡ ʩʨʝʜʝ ʪʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʦʡ 

ʟʦʥʳ (ʨʠʩ. 2ʘ) ʠ ʥʘʯʠʥʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʵʤʙʨʠʦʠʜʦʚ ʩ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʘʧʠʢʘʣʴʥʦʡ ʠ ʙʘʟʘʣʴʥʦʡ 

ʯʘʩʪʷʤʠ (ʨʠʩ. 2ʙ). ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʵʤʙʨʠʦʠʜʦʚ ʫ AZ34 ʟʘʜʝʨʞʠʚʘʣʦʩʴ, ʠ ʦʢʨʘʰʠʚʘʥʠʝ ʠʭ 

ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ɼɸɹ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʢʟʦʛʝʥʥʦʡ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʙʳʣʦ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʘʰʠʚʘʥʠʝʤ ʢʣʝʪʦʢ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ ʩʦʩʪʘʚʝ 

ʵʤʙʨʠʦʠʜʘ.  

ɺʚʝʜʝʥʠʝ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʵʢʟʦʛʝʥʥʦʡ ɸɹʂ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʵʤʙʨʠʦʠʜʦʚ ʚ 

ʢʘʣʣʫʩʘʭ AZ34 (ʨʠʩ. 3), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʣʫʯʝʥʥʳʤ ʥʘʤʠ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʘʤ [ʉʝʣʴʜʠʤʠʨʦʚʘ ʠ 

ʜʨ. (Seldimirova et al.), 2019] ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ɸɹʂ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ 

ʵʤʙʨʠʦʠʜʦʛʝʥʝʟʘ in vitro. 

 

 

 
ʈʠʩ. 1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ (ʘ) ʠ ʵʤʙʨʠʦʠʜʘ (ʙ) ʚ ʢʘʣʣʫʩʝ ʷʯʤʝʥʷ ʩʦʨʪʘ Steptoe.  

ʄʘʩʰʪʘʙ: (ʘ) ï 100 ʤʢʤ, (ʙ) ï 200 ʤʢʤ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɸʄʂ ï ʘʧʠʢʘʣʴʥʘʷ ʤʝʨʠʩʪʝʤʘ ʢʦʨʥʷ,  

ɸʄʇ ï ʘʧʠʢʘʣʴʥʘʷ ʤʝʨʠʩʪʝʤʘ ʧʦʙʝʛʘ, ʂʣ ï ʢʦʣʝʦʧʪʠʣʴ, ʄɿ ï ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ, ʑ ï ʱʠʪʦʢ. 

Fig. 1. Meristematic zone (a) and embryoid (b) formation in callus of barley cv. Steptoe.  

Scale: (a) - 100 ɛm, (b) - 200 ɛm. Legend: ɸʄʂ ï root apical meristem, ɸʄʇ ï shoot apical meristem,  

ʂʣ ï coleoptile, ʄɿ ï meristematic zone, ʑ ï scutellum. 
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ʈʠʩ. 2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ (ʘ) ʠ ʵʤʙʨʠʦʠʜʘ (ʙ) ʚ ʢʘʣʣʫʩʝ ʜʝʬʠʮʠʪʥʦʛʦ ʧʦ ɸɹʂ ʤʫʪʘʥʪʘ 

ʷʯʤʝʥʷ AZ34. ʄʘʩʰʪʘʙ: (ʘ) ï 200 ʤʢʤ, (ʙ) ï 100 ʤʢʤ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɸʧʏ ï ʘʧʠʢʘʣʴʥʘʷ ʯʘʩʪʴ 

ʵʤʙʨʠʦʠʜʘ, ɹʟʏ ï ʙʘʟʘʣʴʥʘʷ ʯʘʩʪʴ ʵʤʙʨʠʦʠʜʘ, ʄɿ ï ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ, ʇʂ ï ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʣʣʫʩʘ, ʉʊ ï 

ʩʦʩʫʜʠʩʪʘʷ ʪʢʘʥʴ. 

Fig. 2. Meristematic zone (a) and embryoid (b) formation in callus of ABA-deficient barley mutant AZ34.  

Scale: (a) - 200 ɛm, (b) - 100 ɛm. Legend: ɸʧʏ ï embryoid apical part, ɹʟʏ ï embryoid basal part, ʄɿ ï meristematic 

zone, ʇʂ ï callus surface, ʉʊ ï vascular tissue. 

 
 

 
 

ʈʠʩ. 3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʤʙʨʠʦʠʜʘ ʚ ʢʘʣʣʫʩʝ 

ʜʝʬʠʮʠʪʥʦʛʦ ʧʦ ɸɹʂ ʤʫʪʘʥʪʘ ʷʯʤʝʥʷ AZ34 ʥʘ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʜʦʧʦʣʥʝʥʥʦʡ ʵʢʟʦʛʝʥʥʦʡ ɸɹʂ. 

ʄʘʩʰʪʘʙ: 200 ʤʢʤ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɸʄʂ ï 

ʘʧʠʢʘʣʴʥʘʷ ʤʝʨʠʩʪʝʤʘ ʢʦʨʥʷ, ɸʄʇ ï ʘʧʠʢʘʣʴʥʘʷ 

ʤʝʨʠʩʪʝʤʘ ʧʦʙʝʛʘ, ʂʣ ï ʢʦʣʝʦʧʪʠʣʴ, ʉʊ ï ʩʦʩʫʜʠʩʪʘʷ 

ʪʢʘʥʴ, ʑ ï ʱʠʪʦʢ. 

Fig. 3. Normal embryoid formation in callus of ABA-

deficient barley mutant AZ34. Scale: 200 ɛm. Legend: 

ɸʄʂ ï root apical meristem, ɸʄʇ ï shoot apical meristem, 

ʂʣ ï coleoptile, ʉʊ ï vascular tissue, ʑ ï scutellum. 

 
 

ʈʠʩ. 4. ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ ʵʤʙʨʠʦʠʜʘ ʚ ʢʘʣʣʫʩʝ 

ʷʯʤʝʥʷ ʩʦʨʪʘ Steptoe ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩʨʝʜʝ, 

ʜʦʧʦʣʥʝʥʥʦʡ ʬʣʫʨʠʜʦʥʦʤ. ʄʘʩʰʪʘʙ: 200 ʤʢʤ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɸʧʏ ï ʘʧʠʢʘʣʴʥʘʷ ʯʘʩʪʴ 

ʵʤʙʨʠʦʠʜʘ, ɹʟʏ ï ʙʘʟʘʣʴʥʘʷ ʯʘʩʪʴ ʵʤʙʨʠʦʠʜʘ,  

ʄɿ ï ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ, ʉʊ ï ʩʦʩʫʜʠʩʪʘʷ ʪʢʘʥʴ. 

Fig. 4. Embryoid development delay in callus of barley 

cv. Steptoe. Scale: 200 ɛm. Legend: ɸʧʏ ï embryoid 

apical part, ɹʟʏ ï embryoid basal part, ʄɿ ï meristematic 

zone, ʉʊ ï vascular tissue. 
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ɼʦʙʘʚʣʝʥʠʝ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʠʥʛʠʙʠʪʦʨʘ 

ʩʠʥʪʝʟʘ ɸɹʂ ʬʣʫʨʠʜʦʥʘ, ʥʘʧʨʦʪʠʚ, ʠʟʤʝʥʷʣʦ ʧʨʦʮʝʩʩ 

ʤʦʨʬʦʛʝʥʝʟʘ ʚ ʢʘʣʣʫʩʘʭ Steptoe, ʯʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʚ 

ʟʘʜʝʨʞʢʝ ʨʘʟʚʠʪʠʷ ʵʤʙʨʠʦʠʜʦʚ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ 

(ʨʠʩ. 4) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʩʪʨʫʢʪʫʨʝ ʵʤʙʨʠʦʠʜʦʚ AZ34, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʨʝʜʝ ʙʝʟ ɸɹʂ (ʨʠʩ. 2ʘ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ɸɹʂ ʫ AZ34, ʪʘʢ 

ʠ ʩʥʠʞʝʥʠʝ ʵʪʦʛʦ ʫʨʦʚʥʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʬʣʫʨʠʜʦʥʘ ʫ 

Steptoe ʧʨʠʚʦʜʠʣʦ ʢ ʟʘʜʝʨʞʢʝ ʨʘʟʚʠʪʠʷ ʵʤʙʨʠʦʠʜʦʚ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʪʦʛʦ ʛʦʨʤʦʥʘ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʵʤʙʨʠʦʠʜʦʛʝʥʝʟʘ in vitro.  

ɺ ʮʝʣʦʤ, ʚʳʷʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ɸɹʂ ʠ 

ʘʢʪʠʚʥʦʩʪʴʶ ʧʝʨʦʢʩʠʜʘʟʳ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʪʦʛʦ ʛʦʨʤʦʥʘ ʧʦʚʳʰʘʪʴ ʘʢʪʠʚʥʦʩʪʴ 

ʧʝʨʦʢʩʠʜʘʟ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [Miao et al., 

2006]. 

 

 

 

ɺʣʠʷʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ ʥʘ 

ʤʦʨʬʦʛʝʥʝʟ in vitro ʚ ʢʘʣʣʫʩʘʭ AZ34 ʠ Steptoe 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ɸɹʂ ʥʘ ʨʦʩʪ ʙʦʢʦʚʳʭ 

ʧʦʙʝʛʦʚ [Yao et al., 2015] ʠ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ [Wang 

et al., 2017] ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʭʦʜʩʪʚʦ ʚ ʜʝʡʩʪʚʠʠ ɸɹʂ ʠ 

ʠʥʛʠʙʠʪʦʨʦʚ ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ɸɹʂ ʥʘ ʨʘʟʚʠʪʠʝ 

ʨʘʩʪʝʥʠʡ ʩʚʷʟʘʥ ʩ ʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʛʦʨʤʦʥʘ ʥʘ 

ʪʨʘʥʩʧʦʨʪ ʘʫʢʩʠʥʦʚ. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠ ʚ 

ʠʟʫʯʘʝʤʦʤ ʩʣʫʯʘʝ ʚʣʠʷʥʠʝ ɸɹʂ ʥʘ ʤʦʨʬʦʛʝʥʝʟ in vitro 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʜʘʚʣʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ɸɹʂ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 

ʧʨʦʚʝʣʠ ʩʨʘʚʥʝʥʠʝ ʚʣʠʷʥʠʷ ɸɹʂ ʠ ʠʥʛʠʙʠʪʦʨʦʚ 

ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ ʥʘ ʤʦʨʬʦʛʝʥʝʟ ʚ ʢʘʣʣʫʩʘʭ in vitro. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 5, ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʨʝʜʝ ʪʘʢʦʛʦ 

ʠʥʛʠʙʠʪʦʨʘ ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ, ʢʘʢ ʅʌʂ ʚʳʟʳʚʘʣʦ 

ʠʟʤʝʥʝʥʠʷ ʚ ʤʦʨʬʦʛʝʥʝʟʝ in vitro ʚ ʢʘʣʣʫʩʘʭ AZ34, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʪʝʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʠʣʠ 

ʥʘ ʩʨʝʜʝ, ʜʦʧʦʣʥʝʥʥʦʡ ʵʢʟʦʛʝʥʥʦʡ ɸɹʂ (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 5. ʄʦʨʬʦʛʝʥʝʟ in vitro ʚ ʢʘʣʣʫʩʘʭ ʷʯʤʝʥʷ ʩʦʨʪʘ Steptoe (ʘ) ʠ ʝʛʦ ʜʝʬʠʮʠʪʥʦʛʦ ʧʦ ɸɹʂ ʤʫʪʘʥʪʘ AZ34 (ʙ)  

ʥʘ ʩʨʝʜʝ, ʜʦʧʦʣʥʝʥʥʦʡ ʠʥʛʠʙʠʪʦʨʦʤ ʧʦʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ ï ʥʘʬʪʠʣʬʪʘʣʘʤʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʅʌʂ). 

ʄʘʩʰʪʘʙ: (ʘ) ï 100 ʤʢʤ, (ʙ) ï 200 ʤʢʤ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɸʄʂ ï ʘʧʠʢʘʣʴʥʘʷ ʤʝʨʠʩʪʝʤʘ ʢʦʨʥʷ,  

ɸʄʇ ï ʘʧʠʢʘʣʴʥʘʷ ʤʝʨʠʩʪʝʤʘ ʧʦʙʝʛʘ, ʉʊ ï ʩʦʩʫʜʠʩʪʘʷ ʪʢʘʥʴ, ʑ ï ʱʠʪʦʢ. 

Fig. 5. Morphogenesis in vitro in calli of barley cv. Steptoe (a) and its ABA-deficient mutant AZ34 (b) in a medium 

supplemented with the inhibitor of polar auxin transport ï naphthylphthalamic acid (NPA). Scale: (a) - 200 ɛm,  

(b) - 100 ɛm. Legend: : ɸʄʂ ï root apical meristem, ɸʄʇ ï shoot apical meristem, ʉʊ ï vascular tissue, ʑ ï scutellum. 
 

 

ɺʤʝʩʪʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʤʙʨʠʦʠʜʦʚ ʥʦʨʤʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʵʪʦ ʚʳʷʚʣʝʥʦ ʚ ʢʘʣʣʫʩʘʭ AZ34 ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʵʢʟʦʛʝʥʥʦʡ ɸɹʂ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʌʂ 

ʦʪʤʝʯʝʥ ʠʥʦʡ ʧʫʪʴ ʤʦʨʬʦʛʝʥʝʟʘ in vitro ï ʨʠʟʦʛʝʥʝʟ, ʩ 

ʘʥʦʤʘʣʴʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʬʘʩʮʠʠʨʦʚʘʥʥʳʭ ʢʦʨʥʝʚʳʭ ʤʝʨʠʩʪʝʤ (ʨʠʩ. 5ʙ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʅʌʂ ʥʝ ʩʤʦʛ ʠʤʠʪʠʨʦʚʘʪʴ ʨʦʣʴ 

ʜʝʡʩʪʚʠʝ ɸɹʂ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ, 

ʯʝʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ, ʨʦʣʠ ʜʘʥʥʦʛʦ 

ʛʦʨʤʦʥʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʷʚʥʳʝ ʨʘʟʣʠʯʠʷ 

ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʅʌʂ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʘʥʦʤʘʣʠʷʤ 

ʤʦʨʬʦʛʝʥʝʟʘ in vitro ʚ ʢʘʣʣʫʩʘʭ AZ34 ʠ Steptoe. ɽʩʣʠ ʚ 

ʩʣʫʯʘʝ AZ34 ʅʌʂ ʠʥʜʫʮʠʨʦʚʘʣʘ ʧʨʦʮʝʩʩ ʘʥʦʤʘʣʴʥʦʛʦ 

ʨʠʟʦʛʝʥʝʟʘ (ʨʠʩ. 5ʙ), ʪʦ ʫ Steptoe ʦʪʤʝʯʝʥʘ ʠʥʘ̫ 

ʘʥʦʤʘʣʠʷ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʘʧʝʢʩʘʤʠ ʧʦʙʝʛʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ 

ʦʙʱʠʤ ʢʦʨʥʝʚʳʤ ʧʦʣʶʩʦʤ ï ʧʦʣʠʵʤʙʨʠʦʜʦʚ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 
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ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʝʟʨʝʣʳʭ ʟʘʨʦʜʳʰʝʡ ʧʰʝʥʠʮʳ ʥʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʠʥʛʠʙʠʪʦʨʦʚ 

ʧʦʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ ï ʅʌʂ ʠ ʢʚʝʨʮʝʪʠʥʘ 

[Fischer et al., 1997], ʘ ʪʘʢʞʝ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʧʳʣʴʥʠʢʦʚ ʧʰʝʥʠʮʳ ʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 2,4-ɼ [ʊʠʪʦʚʘ ʠ ʜʨ. (Titova 

et al.), 2016]. ɺʳʷʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʮʝʩʩʘʭ 

ʤʦʨʬʦʛʝʥʝʟʘ in vitro ʥʘ ʩʨʝʜʝ ʩ ʚʚʝʜʝʥʠʝʤ ʅʌʂ ʫ 

ʨʘʩʪʝʥʠʡ ʷʯʤʝʥʷ ʜʚʫʭ ʛʝʥʦʪʠʧʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ɸɹʂ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʟʥʘʯʝʥʠʠ ʫʨʦʚʥʷ ʵʪʦʛʦ ʛʦʨʤʦʥʘ ʚ ʜʝʡʩʪʚʠʠ ʥʘ ʨʘʩʪʝʥʠʷ 

ʠʥʛʠʙʠʪʦʨʘʤʠ ʧʦʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ. ʕʪʦ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʩʚʝʜʝʥʠʷʤ ʦ ʚʣʠʷʥʠʠ ɸɹʂ ʥʘ ʪʨʘʥʩʧʦʨʪ 

ʘʫʢʩʠʥʦʚ [Yao et al., 2015; Wang et al., 2017]. ʆʜʥʘʢʦ, 

ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʜʝʡʩʪʚʠʝ ɸɹʂ ʥʘ ʤʦʨʬʦʛʝʥʝʟ in 

vitro ʥʝ ʩʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʢ ʵʪʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

ɺʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʛʝʥʝʟ in vitro ʚ ʢʘʣʣʫʩʘʭ AZ34 ʠ 

Steptoe ʚʘʥʘʜʘʪʘ (ʠʥʛʠʙʠʪʦʨʘ ɸɺʉ ʪʨʘʥʩʧʦʨʪʝʨʦʚ) 

ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʜʝʡʩʪʚʠʷ ʅʌʂ. ɼʦʙʘʚʣʝʥʠʝ ʚ 

ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʚʘʥʘʜʘʪʘ ʫ ʦʙʦʠʭ ʛʝʥʦʪʠʧʦʚ 

ʧʨʠʚʦʜʠʣʦ ʢ ʠʥʜʫʢʮʠʠ ʪʘʢʦʛʦ ʧʫʪʠ ʤʦʨʬʦʛʝʥʝʟʘ in 

vitro, ʢʘʢ ʛʝʤʤʦʨʠʟʦʛʝʥʝʟ (ʨʠʩ. 6). ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʚ 

ʜʝʡʩʪʚʠʠ ʥʘ ʤʦʨʬʦʛʝʥʝʟ in vitro ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʣʷʨʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ ʅʌʂ ʠ ʚʘʥʘʜʘʪʘ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʤʠʰʝʥʷʤʠ ʠʭ ʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʨʘʟʥʳʝ 

ʧʝʨʝʥʦʩʯʠʢʠ ʘʫʢʩʠʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʛʨʘʪʴ 

ʨʘʟʣʠʯʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʤʦʨʬʦʛʝʥʝʟʘ.  

ɽʱʝ ʦʜʥʦ ʦʪʣʠʯʠʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʚʘʥʘʜʘʪʘ, 

ʚʳʷʚʣʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʦʜʠʥʘʢʦʚʦʤ ʝʛʦ ʜʝʡʩʪʚʠʠ ʥʘ ʦʙʘ 

ʛʝʥʦʪʠʧʘ ʷʯʤʝʥʷ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʩʠʥʪʝʟʫ ɸɹʂ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ɸɹʂ ʥʝ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʷ ʚ ʨʝʛʫʣʷʮʠʠ 

ʪʨʘʥʩʧʦʨʪʘ ʘʫʢʩʠʥʦʚ ʩ ʫʯʘʩʪʠʝʤ ɸɺʉ-ʧʝʨʝʥʦʩʯʠʢʦʚ. 

 

 
 

ʈʠʩ. 6. ɻʝʤʤʦʨʠʟʦʛʝʥʝʟ in vitro ʚ ʢʘʣʣʫʩʘʭ ʷʯʤʝʥʷ ʩʦʨʪʘ Steptoe (ʘ, ʙ) ʠ ʝʛʦ ɸɹʂ-ʜʝʬʠʮʠʪʥʦʛʦ ʤʫʪʘʥʪʘ AZ34 (ʚ) 

ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʜʦʧʦʣʥʝʥʥʦʡ ʚʘʥʘʜʘʪʦʤ. ʄʘʩʰʪʘʙ: 200 ʤʢʤ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɸʄʂ ï ʘʧʠʢʘʣʴʥʘʷ 

ʤʝʨʠʩʪʝʤʘ ʢʦʨʥʷ, ɸʄʇ ï ʘʧʠʢʘʣʴʥʘʷ ʤʝʨʠʩʪʝʤʘ ʧʦʙʝʛʘ, ɸʕ ï ʘʥʦʤʘʣʴʥʳʡ ʵʤʙʨʠʦʠʜ, ʂʨ ï ʢʦʨʝʥʴ,  

ʉʊ ï ʩʦʩʫʜʠʩʪʘʷ ʪʢʘʥʴ. 

Fig. 6. Gemmorhizogenesis in vitro in calli of barley cv. Steptoe (a, b) and its ABA-deficient mutant AZ34 (c) in a 

medium supplemented with the vanadate. Scale: - 200 ɛm. Legend: ɸʄʂ ï root apical meristem, ɸʄʇ ï shoot apical 

meristem, ɸʕ ï abnormal embryoid, ʂʨ ï root, ʉʊ ï vascular tissue. 


