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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɞɟɪɠɢɬ 34 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 1 ɩɪɢɥɨɠɟɧɢɟ, 40 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 17 ɪɢɫɭɧɤɨɜ, 6 

ɬɚɛɥɢɰ. 

ɅɂɋɌȼȿɇɇɂɐȺ ɋɂȻɂɊɋɄȺə, ȺɇȺɅɂɁ ȽȿɇɈɆɈȼ, 

ɈɊɌɈɅɈȽɂɑȿɋɄɂɃ ȺɇȺɅɂɁ, ɋɌȺɊȿɇɂȿ ɅɂɋɌɖȿȼ, ȼȿɑɇɈɁȿɅЁɇɕȿ ɂ 

ɅɂɋɌɈɉȺȾɇɕȿ ȾȿɊȿȼɖə 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ — ɜɵɹɜɥɟɧɢɟ ɝɟɧɟɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɥɢɫɬɜɟɧɧɢɰɵ 

ɫɢɛɢɪɫɤɨɣ (Larix sibirica), ɫɜɹɡɚɧɧɵɯ ɫɨ ɫɬɚɪɟɧɢɟɦ ɥɢɫɬɶɟɜ. 

Ɉɛɴɟɤɬɚɦɢ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ 

ɦɟɯɚɧɢɡɦɨɜ ɝɟɧɟɬɢɱɟɫɤɨɣ ɪɟɝɭɥɹɰɢɢ ɥɢɫɬɨɩɚɞɧɨɫɬɢ ɧɚ ɩɪɢɦɟɪɟ ɫɪɚɜɧɟɧɢɹ 

ɩɨɤɪɵɬɨɫɟɦɟɧɧɵɯ ɢ ɝɨɥɨɫɟɦɟɧɧɵɯ ɪɚɫɬɟɧɢɣ.  

ȼ ɯɨɞɟ ɷɜɨɥɸɰɢɢ ɤɚɤ ɭ ɰɜɟɬɤɨɜɵɯ ɪɚɫɬɟɧɢɣ, ɬɚɤ ɢ ɝɨɥɨɫɟɦɟɧɧɵɯ 

ɫɮɨɪɦɢɪɨɜɚɥɨɫɶ ɬɚɤɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɤ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɭɫɥɨɜɢɹɦ ɨɛɢɬɚɧɢɹ, 

ɤɚɤ ɥɢɫɬɨɩɚɞ. ɋ ɪɚɡɜɢɬɢɟɦ ɬɟɯɧɨɥɨɝɢɣ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 

ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɧɚ ɝɟɧɟɬɢɱɟɫɤɨɦ 

ɭɪɨɜɧɟ. Ɇɟɯɚɧɢɡɦɵ ɪɟɝɭɥɹɰɢɢ ɩɪɨɰɟɫɫɚ ɥɢɫɬɨɩɚɞɚ ɢɡɭɱɚɸɬɫɹ ɧɚ ɩɪɢɦɟɪɟ 

ɰɜɟɬɤɨɜɵɯ ɪɚɫɬɟɧɢɣ. ɗɬɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɦɨɠɟɬ ɨɬɜɟɬɢɬɶ ɧɚ ɪɹɞ ɜɨɩɪɨɫɨɜ: 

«ɉɨɯɨɠɢ ɥɢ ɦɟɯɚɧɢɡɦɵ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ ɭ ɰɜɟɬɤɨɜɵɯ ɢ ɝɨɥɨɫɟɦɟɧɧɵɯ 

ɪɚɫɬɟɧɢɣ?», «Ɋɚɡɥɢɱɚɸɬɫɹ ɥɢ ɦɟɯɚɧɢɡɦɵ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ ɭ ɜɟɱɧɨɡɟɥёɧɵɯ ɢ 

ɥɢɫɬɨɩɚɞɧɵɯ ɪɚɫɬɟɧɢɣ?» 

Ȼɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɚɧɚɥɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɫɬɢ ɛɟɥɤɨɜ, ɫɜɹɡɚɧɧɵɯ ɫɨ 

ɫɬɚɪɟɧɢɟɦ, ɜ ɩɪɨɬɟɨɦɚɯ ɜɟɱɧɨɡɟɥёɧɵɯ ɢ ɥɢɫɬɨɩɚɞɧɵɯ ɞɟɪɟɜɶɟɜ. ȼɵɹɜɥɟɧɵ 

ɨɫɨɛɟɧɧɨɫɬɢ ɥɢɫɬɜɟɧɧɢɰɵ ɫɢɛɢɪɫɤɨɣ, ɫɜɹɡɚɧɧɵɟ ɫɨ ɫɬɚɪɟɧɢɟɦ ɥɢɫɬɶɟɜ. Ⱥ 

ɢɦɟɧɧɨ, ɨɛɧɚɪɭɠɟɧɨ ɨɬɥɢɱɢɟ ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɫɬɢ ɛɟɥɤɨɜ (EXL2-ɩɨɞɨɛɧɵɯ, 

DRM1-ɩɨɞɨɛɧɵɯ), ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɫɢɝɧɚɥɶɧɨɦ ɩɭɬɢ ɫɚɯɚɪɨɜ. Ɍɚɤɠɟ ɛɵɥɢ 

ɨɛɧɚɪɭɠɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɭ ɜɟɱɧɨɡɟɥёɧɵɯ ɪɚɫɬɟɧɢɣ ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɫɬɢ 

ɪɟɰɟɩɬɨɪɨɩɨɞɨɛɧɵɯ ɢɦɦɭɧɧɵɯ ɪɟɰɟɩɬɨɪɨɜ. 
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ȼȼȿȾȿɇɂȿ 

ȼ ɯɨɞɟ ɷɜɨɥɸɰɢɢ ɤɚɤ ɭ ɰɜɟɬɤɨɜɵɯ ɪɚɫɬɟɧɢɣ, ɬɚɤ ɢ ɝɨɥɨɫɟɦɟɧɧɵɯ 

ɫɮɨɪɦɢɪɨɜɚɥɨɫɶ ɬɚɤɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɤ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɭɫɥɨɜɢɹɦ ɨɛɢɬɚɧɢɹ, 

ɤɚɤ ɥɢɫɬɨɩɚɞ. ɋ ɪɚɡɜɢɬɢɟɦ ɬɟɯɧɨɥɨɝɢɣ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 

ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɧɚ ɝɟɧɟɬɢɱɟɫɤɨɦ 

ɭɪɨɜɧɟ. ɗɬɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɦɨɠɟɬ ɧɚ ɨɬɜɟɬɢɬɶ ɧɚ ɜɨɩɪɨɫ: «ɉɨɞɨɛɧɵ ɥɢ 

ɦɟɯɚɧɢɡɦɵ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ ɭ ɰɜɟɬɤɨɜɵɯ ɢ ɝɨɥɨɫɟɦɟɧɧɵɯ ɪɚɫɬɟɧɢɣ?» 

Ɇɧɨɝɢɟ ɡɚɦɟɱɚɥɢ, ɱɬɨ ɥɢɫɬɶɹ ɦɨɝɭɬ ɨɩɚɞɚɬɶ ɜɫɟ ɨɞɧɨɜɪɟɦɟɧɧɨ (ɥɢɫɬɶɹ 

ɠɢɜɭɬ ɜɫɟɝɨ ɨɞɢɧ ɜɟɝɟɬɚɰɢɨɧɧɵɣ ɫɟɡɨɧ), ɥɢɛɨ ɩɨɫɬɟɩɟɧɧɨ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ 

ɜɪɟɦɟɧɢ (ɥɢɫɬɶɹ ɠɢɜɭɬ ɧɟɫɤɨɥɶɤɨ ɥɟɬ). Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɰɜɟɬɤɨɜɵɯ ɞɟɪɟɜɶɟɜ 

ɯɚɪɚɤɬɟɪɟɧ ɦɚɫɫɨɜɵɣ ɥɢɫɬɨɩɚɞ, ɯɜɨɣɧɵɟ ɞɟɪɟɜɶɹ, ɜ ɨɫɧɨɜɧɨɦ, ɹɜɥɹɸɬɫɹ 

ɜɟɱɧɨɡɟɥɟɧɵɦɢ ɪɚɫɬɟɧɢɹɦɢ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɤɥɸɱɟɧɢɹ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ 

ɥɢɫɬɜɟɧɧɢɰɭ, ɤɨɬɨɪɚɹ ɨɬɧɨɫɢɬɫɹ ɤ ɯɜɨɣɧɵɦ ɪɚɫɬɟɧɢɹɦ, ɧɨ ɫɛɪɚɫɵɜɚɟɬ ɜɫɸ 

ɥɢɫɬɜɭ ɨɫɟɧɶɸ, ɤɚɤ ɛɨɥɶɲɢɧɫɬɜɨ ɰɜɟɬɤɨɜɵɯ.  

Ɉɛɴɟɤɬɚɦɢ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ 

ɦɟɯɚɧɢɡɦɨɜ ɝɟɧɟɬɢɱɟɫɤɨɣ ɪɟɝɭɥɹɰɢɢ ɥɢɫɬɨɩɚɞɧɨɫɬɢ ɧɚ ɩɪɢɦɟɪɟ ɫɪɚɜɧɟɧɢɹ 

ɩɨɤɪɵɬɨɫɟɦɟɧɧɵɯ ɢ ɝɨɥɨɫɟɦɟɧɧɵɯ ɪɚɫɬɟɧɢɣ. Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɭɠɟ 

ɫɟɤɜɟɧɢɪɨɜɚɧɵ, ɫɨɛɪɚɧɵ ɢ ɚɧɧɨɬɢɪɨɜɚɧɵ ɝɟɧɨɦɵ ɪɹɞɚ ɰɜɟɬɤɨɜɵɯ (ɬɨɩɨɥɶ, 

ɛɟɪёɡɚ, ɞɭɛ ɢ ɞɪ.) ɢ ɩɨɤɪɵɬɨɫɟɦɟɧɧɵɯ (ɟɥɶ, ɫɨɫɧɚ, ɥɢɫɬɜɟɧɧɢɰɚ ɢ ɞɪ.) ɞɟɪɟɜɶɟɜ. 

Ⱦɨɫɬɭɩ ɤ ɝɟɧɨɦɚɦ ɢ ɢɯ ɚɧɧɨɬɚɰɢɹɦ ɨɬɪɵɬɵɣ (ɧɚɩɪɢɦɟɪ, ɛɚɡɚ ɝɟɧɨɦɨɜ NCBI). 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ — ɝɟɧɨɦɵ ɢ ɩɪɨɬɟɨɦɵ ɜɟɱɧɨɡɟɥёɧɵɯ ɢ ɥɢɫɬɨɩɚɞɧɵɯ 

ɞɟɪɟɜɶɟɜ. 

ɐɟɥɶ: ɜɵɹɜɥɟɧɢɟ ɝɟɧɟɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɥɢɫɬɜɟɧɧɢɰɵ ɫɢɛɢɪɫɤɨɣ 

(Larix sibirica), ɫɜɹɡɚɧɧɵɯ ɫɨ ɫɬɚɪɟɧɢɟɦ ɥɢɫɬɶɟɜ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1) ɩɨɞɝɨɬɨɜɤɚ ɝɟɧɨɦɧɵɯ ɢ ɩɪɨɬɟɨɦɧɵɯ ɞɚɧɧɵɯ; 

2) ɩɨɢɫɤ ɢ ɚɧɧɨɬɚɰɢɹ ɨɪɬɨɥɨɝɨɜ, ɫɜɹɡɚɧɧɵɯ ɫɨ ɫɬɚɪɟɧɢɟɦ ɥɢɫɬɶɟɜ, ɜ ɩɪɨɬɟɨɦɚɯ 

ɜɟɱɧɨɡɟɥёɧɵɯ ɢ ɥɢɫɬɨɩɚɞɧɵɯ ɪɚɫɬɟɧɢɣ; 
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3) ɜɵɹɜɥɟɧɢɟ ɝɟɧɟɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ Larix sibirica, ɫɜɹɡɚɧɧɵɯ ɫɨ ɫɬɚɪɟɧɢɟɦ 

ɥɢɫɬɶɟɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 57-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 

ɧɚɭɱɧɨɣ ɫɬɭɞɟɧɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɆɇɋɄ – 2019» (ɝ. ɇɨɜɨɫɢɛɢɪɫɤ), ɚ ɬɚɤɠɟ 

ɧɚ XV Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱёɧɵɯ 

«ɉɪɨɫɩɟɤɬ ɋɜɨɛɨɞɧɵɣ – 2019» (ɝ. Ʉɪɚɫɧɨɹɪɫɤ). 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

1.1 Ɉɫɨɛɟɧɧɨɫɬɢ ɝɟɧɟɬɢɱɟɫɤɨɣ ɪɟɝɭɥɹɰɢɢ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ 

Ɋɟɝɭɥɹɰɢɹ ɝɟɧɨɜ, ɫɜɹɡɚɧɧɵɯ ɫɨ ɫɬɚɪɟɧɢɟɦ (SAG), ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ 

ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ: ɯɪɨɦɚɬɢɧ-ɨɩɨɫɪɟɞɨɜɚɧɧɚɹ ɪɟɝɭɥɹɰɢɹ, ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɚɹ, 

ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɧɚɹ, ɬɪɚɧɫɥɹɰɢɨɧɧɚɹ, ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɚɹ (ɬɚɛɥ. 1) [1].  

ɋɪɟɞɢ ɝɟɧɟɬɢɱɟɫɤɢɯ ɪɟɝɭɥɹɬɨɪɨɜ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦɢ ɢ ɯɨɪɨɲɨ ɢɡɭɱɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɛɟɥɤɢ ɫɟɦɟɣɫɬɜɚ NAC ɢ 

WRKY. ɋɢɧɬɟɡ ɢɫɫɥɟɞɭɟɦɵɯ ɝɟɧɨɜ ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɷɧɞɨɝɟɧɧɵɯ (ɢɡɦɟɧɟɧɢɟ 

ɭɪɨɜɧɹ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ (ȺɎɄ), ɪɇ, ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ, ɝɨɪɦɨɧɨɜ), ɬɚɤ ɢ 

ɨɬ ɜɧɟɲɧɢɯ ɫɢɝɧɚɥɨɜ (ɡɚɫɭɯɚ, ɯɨɥɨɞ, ɬɟɦɧɨɬɚ) [1].  

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [6–10] ɛɵɥɚ ɨɩɢɫɚɧɚ ɪɨɥɶ miRNA (ɦɚɥɵɯ ɧɟɤɨɞɢɪɭɸɳɢɯ 

ɊɇɄ) ɢ tasiRNA (ɬɪɚɧɫɚɤɬɢɜɢɪɭɸɳɢɯ ɦɚɥɵɯ ɢɧɬɟɪɮɟɪɢɪɭɸɳɢɯ ɊɇɄ) ɬɚɤɢɯ ɤɚɤ 

miR164, miR319, miR396, miR390, tasiR-ARF, ɤɨɬɨɪɵɟ ɭɱɚɫɬɜɭɸɬ ɜ ɪɟɝɭɥɹɰɢɢ 

ɩɪɨɰɟɫɫɚ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɫɬɭɩɥɟɧɢɟ ɷɬɚɩɚ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ 

ɪɚɡɜɢɬɢɹ ɫɚɦɢɯ ɥɢɫɬɶɟɜ ɫ ɦɨɦɟɧɬɚ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ. Ʉɨɨɪɞɢɧɚɰɢɹ ɷɬɚɩɨɜ ɪɚɡɜɢɬɢɹ 

ɥɢɫɬɶɟɜ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɝɟɧɚɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫ [1]: 

 Ʉɥɟɬɨɱɧɵɦ ɪɨɫɬɨɦ/ɩɪɨɥɢɮɟɪɚɰɢɟɣ (BOP1, KNAT1, TCP4, miR396, GPFs, 

GIFs, ARGOS, ANT, TOR); 

 Ƚɨɪɦɨɧɚɥɶɧɨɣ ɪɟɝɭɥɹɰɢɟɣ (AHKs ɢ CRFs (ɫɜɹɡɚɧɵ ɫ ɰɢɬɨɤɢɧɢɧɚɦɢ), ARF2 ɢ 

SAUR36 (ɫɜɹɡɚɧɵ ɫ ɚɭɤɫɢɧɚɦɢ)); 

 ɉɟɪɟɞɚɱɟɣ ɫɢɝɧɚɥɨɜ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ (FHY3, FAR1, REF); 

 ɋɨ ɫɜɟɬɨɜɨɣ ɩɟɪɟɞɚɱɟɣ ɫɢɝɧɚɥɨɜ (phyA, PHYb, PIFs, GLK2); 

 ɐɢɪɤɚɞɧɨɣ ɪɟɝɭɥɹɰɢɟɣ (TOC1). 
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Ɍɚɛɥɢɰɚ 1 – Ƚɟɧɟɬɢɱɟɫɤɢɟ ɪɟɝɭɥɹɬɨɪɵ ɩɪɨɰɟɫɫɚ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ [1] 
 

№ Ɋɟɝɭɥɹɰɢɹ 
Ɋɟɝɭɥɹɬɨɪɵ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ, ɫɜɹɡɚɧɧɵɯ ɫɨ ɫɬɚɪɟɧɢɟɦ 

ɉɨɥɨɠɢɬɟɥɶɧɵɟ Ɉɬɪɢɰɚɬɟɥɶɧɵɟ 

1 ɏɪɨɦɚɬɢɧ-

ɨɩɨɫɪɟɞɨɜɚɧɧɚɹ ɪɟɝɭɥɹɰɢɹ 

 HDA9 

 DDM1 ɢ DRD1 

 

2 Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɚɹ 

ɪɟɝɭɥɹɰɢɹ: 

1) ɋɟɦɟɣɫɬɜɨ NAC 

 ANAC016 

 ANAC019/055/072 

 ANAC029 (NAP) 

 ANAC032  

 ANAC046/087 

 ANAC059 (ORS1) 

 ANAC092 (ORE1) 

 ATAF1 (ANAC002) 

 ATAF2 

 NTL4 

 NTL9 

 ANAC042 (JUB1)  

 ANAC017/082/090  

 ANAC083 (VNI2)  

 

2) ɋɟɦɟɣɫɬɜɨ WRKY   WRKY6  

 WRKY22 

 WRKY53 

 WRKY75 

 WRKY54/70 

 WRKY18/40/60 

3) ɋɟɦɟɣɫɬɜɨ bHLH   PIF3/4/5 

 MYC2/3/4 

 bHLH03/13/14/17 

4) ɋɟɦɟɣɫɬɜɨ MYB   MYB44  

 LUX 

5) ɋɟɦɟɣɫɬɜɨ TCP  TCP2/3/4/5/10/13/24   TCP19, TCP20 

3 ɉɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɧɚɹ  miR319, miR390  miR164 

4 Ɍɪɚɧɫɥɹɰɢɨɧɧɚɹ  ORE4  

5 ɉɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɚɹ  MAPKKK18 

 MPK3, MPK6 

 

 ATL31 

 PUB12/13 

 SSPP 

 SAUL1 

 MEKK1 
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1.1.1 ɏɪɨɦɚɬɢɧ-ɨɩɨɫɪɟɞɨɜɚɧɧɚɹ ɪɟɝɭɥɹɰɢɹ  

Ɋɟɝɭɥɹɰɢɹ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɦɨɞɢɮɢɤɚɰɢɢ ɝɢɫɬɨɧɨɜ 

ɢ ɮɟɪɦɟɧɬɨɜ, ɦɨɞɟɥɢɪɭɸɳɢɯ ɯɪɨɦɚɬɢɧ. Ɍɚɤ, ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɢɡ Ʉɨɪɟɢ [2] ɛɵɥɨ 

ɜɵɹɜɥɟɧɨ, ɱɬɨ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ HDA9 (ɝɢɫɬɨɧɞɟɚɰɟɬɢɥɚɡɚ 9) ɫɩɨɫɨɛɫɬɜɭɸɬ 

ɡɚɦɟɞɥɟɧɢɸ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ. ɗɬɨ ɨɛɴɹɫɧɹɥɨɫɶ ɬɟɦ, ɱɬɨ HDA9 ɜ ɤɨɦɩɥɟɤɫɟ ɫ 

PWR (ɬɪɚɧɫɩɨɪɬ HDA9 ɢɡ ɰɢɬɨɩɥɚɡɦɵ ɜ ɹɞɪɨ) ɢ WRKY53 (ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɤ W-

ɛɨɤɫɭ) ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɩɪɨɦɨɬɨɪɚɦɢ ɤɥɸɱɟɜɵɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɪɟɝɭɥɹɬɨɪɨɜ 

ɫɬɚɪɟɧɢɹ (APG9, NPX1, WRKY57). Ɂɚɬɟɦ ɞɟɚɰɟɬɢɥɢɪɭɟɬ ɨɫɬɚɬɤɢ ɥɢɡɢɧɚ ɧɚ N-

ɤɨɧɰɟɜɨɣ ɱɚɫɬɢ ɝɢɫɬɨɧɨɜ, ɬɟɦ ɫɚɦɵɦ ɩɨɞɚɜɥɹɹ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ (ɪɢɫ. 1). 

 

 
 

Ɋɢɫɭɧɨɤ 1 – Ɇɨɞɟɥɶ ɯɪɨɦɚɬɢɧ-ɨɩɨɫɪɟɞɨɜɚɧɧɨɣ ɪɟɝɭɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɫ 

ɩɨɦɨɳɶɸ ɤɨɦɩɥɟɤɫɚ HDA9/PWR/WRKY9 [2] 

 
ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ [3] ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɭɬɚɰɢɢ ɜ ɝɟɥɢɤɚɡɧɨɦ ɞɨɦɟɧɟ ɜ 

SWI2/SNF2-ɩɨɞɨɛɧɵɯ ɯɪɨɦɚɬɢɧ-ɪɟɦɨɞɟɥɢɪɭɸɳɢɯ ɛɟɥɤɚɯ, DRD1 ɢ DDM1, 

ɡɚɞɟɪɠɢɜɚɸɬ ɫɬɚɪɟɧɢɟ ɥɢɫɬɶɟɜ ɭ Arabidopsis thaliana, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɥɨ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɯ ɠɢɡɧɢ. ȼ ɧɨɪɦɟ ɷɬɢ ɛɟɥɤɢ ɩɪɢ ɭɱɚɫɬɢɢ ȺɌɎ ɢɡɦɟɧɹɸɬ 

ɫɨɫɬɚɜ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɧɭɤɥɟɨɫɨɦ, ɩɨɡɜɨɥɹɹ ɞɪɭɝɢɦ ɛɟɥɤɚɦ ɩɨɥɭɱɚɬɶ ɞɨɫɬɭɩ ɤ 

ȾɇɄ, ɜ ɱɚɫɬɧɨɫɬɢ ȾɇɄ-ɦɟɬɢɥɬɪɚɧɫɮɟɪɚɡɚɦ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ 

ɩɨɞɚɜɥɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ (ɫɚɣɥɟɫɢɧɝɚ).  
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 1.1.2 Ɋɟɝɭɥɹɰɢɹ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɦɢ ɮɚɤɬɨɪɚɦɢ 

Ɋɚɫɫɦɨɬɪɢɦ ɪɨɥɶ ɬɚɤɨɝɨ ɮɢɬɨɝɨɪɦɨɧɚ ɤɚɤ ɠɚɫɦɨɧɨɜɚɹ ɤɢɫɥɨɬɚ (JA). 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ COI1 ɜ ɩɪɢɫɭɬɫɬɜɢɢ JA ɢɧɝɢɛɢɪɭɟɬ ɞɟɣɫɬɜɢɟ JAZ 

ɛɟɥɤɨɜ (ɪɟɩɪɟɫɫɨɪɨɜ ɫɬɚɪɟɧɢɹ) (ɪɢɫ. 2), ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɚɤɬɢɜɚɰɢɢ ɪɚɡɥɢɱɧɵɯ 

ɧɢɠɟ ɫɬɨɹɳɢɯ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ MYC2/3/4 ɢ 

bHLH03/13/14/17 [5].  

 

 
 

Ɋɢɫɭɧɨɤ 2 – Ɇɟɯɚɧɢɡɦ JA-ɨɩɨɫɪɟɞɨɜɚɧɧɨɝɨ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ [5] 
 
ɉɨɠɟɥɬɟɧɢɟ ɥɢɫɬɶɟɜ ɢɡ-ɡɚ ɪɚɡɪɭɲɟɧɢɹ ɯɥɨɪɨɮɢɥɥɚ — ɨɞɢɧ ɢɡ ɜɢɞɢɦɵɯ 

ɩɪɨɹɜɥɟɧɢɣ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ. Ⱦɟɝɪɚɞɚɰɢɹ ɯɥɨɪɨɮɢɥɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ 

ɭɱɚɫɬɢɢ EIN3, ANAC092 (ɷɬɢɥɟɧ-ɨɩɨɫɪɟɞɨɜɚɧɧɚɹ) [16], MYC2/3/4 (ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɦɟɬɢɥɠɚɫɦɨɧɚɬɚ) [17]. Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ ANAC046 ɬɚɤɠɟ 

ɜɵɫɬɭɩɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ, ɤɨɬɨɪɵɣ ɧɚɩɪɹɦɭɸ 

ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɩɪɨɦɨɬɨɪɚɦɢ ɝɟɧɨɜ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɤɚɬɚɛɨɥɢɡɦɨɦ ɯɥɨɪɨɮɢɥɥɚ 

(NYC1, NYE, NYE2), ɚɤɬɢɜɢɪɭɹ ɢɯ ɷɤɫɩɪɟɫɫɢɸ [4].  

Ʉ ɢɧɝɢɛɢɬɨɪɚɦ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ANAC042, 

ANAC017/082/090, ANAC083, WRKY54/70, WRKY18/40/60, bHLH03/13/14/17, 

MYB44, LUX, TCP19, TCP20 [1]. 
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1.1.3 Ɋɟɝɭɥɹɰɢɹ ɧɚ ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɦ ɭɪɨɜɧɟ  

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [6–10] ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɧɚɹ 

ɪɟɝɭɥɹɰɢɹ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞ ɤɨɧɬɪɨɥɟɦ ɫɥɟɞɭɸɳɢɯ miRNA 

(ɪɢɫ. 3): 

1) miR164 — ɫ ɜɨɡɪɚɫɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɷɬɨɣ miRNA ɜ ɥɢɫɬɶɹɯ ɫɧɢɠɚɟɬɫɹ ɩɪɢ 

ɭɱɚɫɬɢɢ EIN2 [7]; ɜɵɫɬɭɩɚɟɬ ɢɧɝɢɛɢɬɨɪɨɦ ORE1 (ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 

ɝɢɛɟɥɢ ɤɥɟɬɨɤ ɢ  ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ ɭ Arabidopsis) [6];  

2) miR319 — ɪɚɫɬɟɧɢɹ ɫɨ ɫɜɟɯɷɤɫɩɪɟɫɫɢɟɣ ɷɬɨɣ miRNA ɩɪɨɹɜɥɹɸɬ ɮɟɧɨɬɢɩ 

ɡɚɦɟɞɥɟɧɧɨɝɨ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ; ɦɢɲɟɧɶɸ ɹɜɥɹɸɬɫɹ ɝɟɧɵ TCP, ɤɨɬɨɪɵɟ 

ɢɝɪɚɸɬ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ ɫɬɚɪɟɧɢɢ ɥɢɫɬɶɟɜ [8]; 

3) miR390 — ɚɤɬɢɜɢɪɭɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ tasiRNAs (ɨɛɪɚɡɭɸɬɫɹ ɢɡ TAS3), ɰɟɥɶɸ 

ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɝɟɧ ARF2 (ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɪɟɝɭɥɹɬɨɪ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ) [9]. 

 

 
 

Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ miRNA-ɪɟɝɭɥɹɰɢɢ ɪɚɡɥɢɱɧɵɯ ɷɬɚɩɨɜ ɪɚɡɜɢɬɢɹ ɥɢɫɬɶɟɜ: 

ɨɛɪɚɡɨɜɚɧɢɟ (A), ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ (ɨɬ ɸɜɟɧɢɥɶɧɨɝɨ ɤ ɜɡɪɨɫɥɨɦɭ) (B), 

ɦɨɞɢɮɢɤɚɰɢɹ ɮɨɪɦɵ (C) ɢ ɫɬɚɪɟɧɢɟ ɥɢɫɬɶɟɜ (D) [10] 
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1.1.4 Ɋɟɝɭɥɹɰɢɹ ɧɚ ɬɪɚɧɫɥɹɰɢɨɧɧɨɦ ɭɪɨɜɧɟ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɭɬɚɰɢɹ ɜ ɝɟɧɟ ORE4, ɤɨɬɨɪɚɹ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɞɥɟɧɧɨɦɭ 

ɫɬɚɪɟɧɢɸ ɢ ɫɧɢɠɟɧɢɸ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɥɢɫɬɶɟɜ. ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɷɬɨ ɫɜɹɡɚɧɨ 

ɫɨ ɫɧɢɠɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɮɨɬɨɫɢɧɬɟɡɚ ɡɚ ɫɱёɬ ɭɦɟɧɶɲɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ PRPSI7 

(plastid ribosomal protein small subunit 17). ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɦɭɬɚɰɢɹ ɡɚɞɟɪɠɚɥɚ 

ɟɫɬɟɫɬɜɟɧɧɨɟ ɫɬɚɪɟɧɢɟ, ɧɨ ɦɚɥɨ ɩɨɜɥɢɹɥɨ ɧɚ ɢɫɤɭɫɫɬɜɟɧɧɨ ɜɵɡɜɚɧɧɨɟ ɬɟɦɧɨɬɨɣ, 

ɚɛɫɰɢɡɨɜɨɣ ɤɢɫɥɨɬɨɣ (ABA), ɦɟɬɢɥɠɚɫɦɨɧɚɬɨɦ (MeJA) ɢ ɷɬɢɥɟɧɨɦ ɫɬɚɪɟɧɢɟ 

[11]. 

1.1.5 Ɋɟɝɭɥɹɰɢɹ ɧɚ ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɨɦ ɭɪɨɜɧɟ 

Ʉ ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɨɣ ɪɟɝɭɥɹɰɢɢ ɨɬɧɨɫɹɬ ɬɚɤɢɟ ɩɪɨɰɟɫɫɵ ɤɚɤ 

ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ, ɝɥɢɤɨɡɢɥɢɪɨɜɚɧɢɟ, ɭɛɢɤɜɢɬɢɥɢɪɨɜɚɧɢɟ, ɦɟɬɢɥɢɪɨɜɚɧɢɟ ɢ 

ɚɰɟɬɢɥɢɪɨɜɚɧɢɟ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɤɨɧɮɨɪɦɚɰɢɸ, ɚɤɬɢɜɧɨɫɬɶ, ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ 

ɥɨɤɚɥɢɡɚɰɢɸ ɛɟɥɤɨɜ [14]. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɭɸ ɪɟɝɭɥɹɰɢɸ ɮɟɪɦɟɧɬɚ WRKY53, ɤɨɬɨɪɵɣ 

ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ. ɗɬɨɬ ɮɟɪɦɟɧɬ ɦɨɠɟɬ 

ɮɨɫɮɨɪɢɥɢɪɨɜɚɬɶɫɹ ɫ ɩɨɦɨɳɶɸ MEKK1 (Mitogen-activated protein kinase kinase 

kinase 1), ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɢ ɫɜɹɡɵɜɚɬɶɫɹ ɫ 

ɩɪɨɦɨɬɨɪɚɦɢ-ɦɢɲɟɧɹɦɢ ɜ ȾɇɄ [12]. ȼ ɫɥɭɱɚɟ ɭɛɢɤɜɢɬɢɧɢɪɨɜɚɧɢɹ ɛɟɥɤɚ 

WRKY53 ɫ ɩɨɦɨɳɶɸ ɭɛɢɤɜɢɬɢɧɥɢɝɚɡɵ UPL5, ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɞɟɡɚɤɬɢɜɚɰɢɹ 

(ɪɢɫ.4) [13].   

 

 
 

Ɋɢɫɭɧɨɤ 4 – ɉɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɚɹ ɪɟɝɭɥɹɰɢɹ ɮɟɪɦɟɧɬɚ WRKY53 [14] 
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1.1.6 Ɋɨɥɶ ɮɢɬɨɝɨɪɦɨɧɨɜ ɜ ɪɟɝɭɥɹɰɢɢ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ 

ɋ ɜɨɡɪɚɫɬɨɦ ɜ ɥɢɫɬɶɹɯ ɫɨɞɟɪɠɚɧɢɟ ɨɞɧɢɯ ɮɢɬɨɝɨɪɦɨɧɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

(ɷɬɢɥɟɧ, ɠɚɫɦɨɧɨɜɚɹ ɤɢɫɥɨɬɚ, ɫɚɥɢɰɢɥɨɜɚɹ ɤɢɫɥɨɬɚ, ɰɢɬɨɤɢɧɢɧɵ), ɚ ɞɪɭɝɢɯ 

ɭɦɟɧɶɲɚɟɬɫɹ (ɝɢɛɛɟɪɥɢɧɨɜɚɹ ɤɢɫɥɨɬɚ, ɰɢɬɨɤɢɧɢɧɵ ɢ ɚɭɤɫɢɧɵ). ɋɱɢɬɚɟɬɫɹ, ɱɬɨ 

ɩɟɪɜɚɹ ɝɪɭɩɩɚ ɮɢɬɨɝɨɪɦɨɧɨɜ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɬɚɪɟɧɢɸ ɥɢɫɬɶɟɜ, ɜɬɨɪɚɹ — 

ɡɚɞɟɪɠɢɜɚɟɬ ɫɬɚɪɟɧɢɟ ɥɢɫɬɶɟɜ [15]. Ɉɞɧɚɤɨ, ɜ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɝɪɭɩɩɚɯ 

ɜɫɬɪɟɱɚɸɬɫɹ ɝɟɧɵ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɷɮɮɟɤɬɨɦ, ɧɚɩɪɢɦɟɪ, ɝɟɧ ARF2 

(ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ, ɫɜɹɡɚɧɧɵɣ ɫ ɨɬɜɟɬɨɦ ɧɚ ɚɭɤɫɢɧ) ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɫɬɚɪɟɧɢɸ ɥɢɫɬɶɟɜ. ɗɬɨ ɛɵɥɨ ɭɫɬɚɜɥɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɦɭɬɚɰɢɢ ARF2 

ɧɚɛɥɸɞɚɥɚɫɶ ɡɚɞɟɪɠɤɚ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ [18]. 

 
Ɍɚɛɥɢɰɚ 2 – ɋɩɢɫɨɤ ɝɟɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɜɨɫɩɪɢɹɬɢɢ ɢ ɩɟɪɟɞɚɱɟ ɫɢɝɧɚɥɨɜ 
ɪɚɡɥɢɱɧɵɯ ɮɢɬɨɝɨɪɦɨɜ, ɢ ɢɯ ɪɨɥɶ ɜ ɫɬɚɪɟɧɢɢ ɥɢɫɬɶɟɜ [15] 
 

№ Ƚɨɪɦɨɧ Ƚɟɧ 
ɇɚɡɜɚɧɢɟ ɝɟɧɚ 
ɜ Arabidopsis 

Ɋɨɥɶ ɜ ɫɬɚɪɟɧɢɢ ɥɢɫɬɶɟɜ 

ɉɨɥɨɠɢɬɟɥɶɧɵɣ 
ɪɟɝɭɥɹɬɨɪ 

Ɉɬɪɢɰɚɬɟɥɶɧɵɣ 
ɪɟɝɭɥɹɬɨɪ 

1 ɗɬɢɥɟɧ EIN2 AT5G03280 +  

EIN3 AT3G20770 +  

EIL1 AT2G27050 +  

2 ɀɚɫɦɨɧɨɜɚɹ 
ɤɢɫɥɨɬɚ 

COI1 AT2G39940 +  

JAZ7 AT2G34600  + 

MYC2 AT1G32640 +  

3 ɋɚɥɢɰɢɥɨɜɚɹ 
ɤɢɫɥɨɬɚ 

ICS1 AT1G74710 +  

NPR1 AT1G64280 +  

EDS1 AT3G48090 +  

PAD4 AT3G52430 +  

4 Ⱥɛɫɰɢɡɨɜɚɹ 
ɤɢɫɥɨɬɚ 

PYL9 AT1G01360 +  

SnRK2.8 AT1G78290 +  

ABI5 AT2G36270 +  

5 Ƚɢɛɛɟɪɥɢɧɵ DELLAS  AT1G14920  + 

6 ɐɢɬɨɤɢɧɢɧɵ AHK3 AT1G27320  + 

ARR2 AT4G16110  + 

7 Ⱥɭɤɫɢɧɵ TiR1 AT3G62980 +  

ARF2 AT5G62000 +  

8 Ȼɪɚɫɫɢɧɨɫɬɟɪɨɢɞɵ BRI1 AT4G39400 +  
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1.2 Ɇɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɪɬɨɥɨɝɨɜ 

Ⱦɜɚ ɝɟɧɚ ɝɨɦɨɥɨɝɢɱɧɵ, ɟɫɥɢ ɨɧɢ ɭɧɚɫɥɟɞɨɜɚɧɵ ɨɬ ɨɛɳɟɝɨ ɩɪɟɞɤɚ. 

Ɉɪɬɨɥɨɝɢɹ — ɷɬɨ ɨɫɨɛɵɣ ɬɢɩ ɝɨɦɨɥɨɝɢɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɜɚ ɝɟɧɚ ɜɨɡɧɢɤɥɢ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɜɢɞɨɨɛɪɚɡɨɜɚɧɢɹ. ȿɫɥɢ ɠɟ ɝɨɦɨɥɨɝɢɱɧɵɟ ɝɟɧɵ ɜɨɡɧɢɤɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɞɭɩɥɢɤɚɰɢɢ ɝɟɧɚ, ɬɨ ɬɚɤɢɟ ɝɟɧɵ ɧɚɡɵɜɚɸɬ ɩɚɪɚɥɨɝɚɦɢ [19]. 

 

 
 
 

 
 
 
 

Ɋɢɫɭɧɨɤ 5 – ɉɪɨɫɬɨɣ ɷɜɨɥɸɰɢɨɧɧɵɣ ɫɰɟɧɚɪɢɣ ɫ ɞɜɭɦɹ ɫɨɛɵɬɢɹɦɢ 

ɜɢɞɨɨɛɪɚɡɨɜɚɧɢɹ (S1 ɢ S2) ɢ ɨɞɧɢɦ ɫɨɛɵɬɢɟɦ ɞɭɛɥɢɪɨɜɚɧɢɹ (ɡɜɟɡɞɚ) (ɚ), 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɨɪɬɨɥɨɝɢɱɟɫɤɢɣ ɝɪɚɮ (b) [19] 

 
ɉɨɞɯɨɞɵ ɞɥɹ de novo ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɪɬɨɥɨɝɨɜ ɞɟɥɹɬɫɹ ɧɚ ɞɜɟ ɝɪɭɩɩɵ 

[20]:  

1. ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɞɟɪɟɜɟ (ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ: PhylomeDB); 

2. ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɝɪɚɮɚɯ (ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ: OMA, 

OrthoDB, OrthoFinder, OrthoMCL, InParanoid/HieranoiDB, OrthoVenn). 

 

Ⱥ1        B1        ȼ2       Ⱥ2               C1 

Ɉɪɬɨɥɨɝɢ 

ɉɚɪɚɥɨɝɢ 

Ƚɨɦɨɥɨɝɢ 
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ɉɟɪɜɵɣ ɩɨɞɯɨɞ ɨɫɧɨɜɚɧ ɧɚ ɦɧɨɠɟɫɬɜɟɧɧɨɦ ɜɵɪɚɜɧɢɜɚɧɢɢ ɝɨɦɨɥɨɝɢɱɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫ ɞɚɥɶɧɟɣɲɟɣ ɪɟɤɨɧɫɬɪɭɤɰɢɟɣ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɞɟɪɟɜɚ. 

ɗɬɨɬ ɦɟɬɨɞ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɵɣ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɚɧɚɥɢɡɟ ɛɨɥɶɲɢɯ ɨɛɴёɦɨɜ ɞɚɧɧɵɯ 

[20].  

ȼɬɨɪɨɣ ɩɨɞɯɨɞ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɝɟɧ ɨɞɧɨɝɨ ɜɢɞɚ ɞɨɥɠɟɧ ɛɵɬɶ ɛɨɥɟɟ ɫɯɨɠ 

ɫ ɟɝɨ ɨɪɬɨɥɨɝɨɦ, ɱɟɦ ɫ ɥɸɛɨɦ ɞɪɭɝɢɦ ɝɟɧɨɦ ɜɬɨɪɨɝɨ ɜɢɞɚ ɢ ɧɚɨɛɨɪɨɬ. ɉɟɪɜɵɣ 

ɷɬɚɩ ɩɨɞɯɨɞɚ — ɩɨɩɚɪɧɨɟ ɫɪɚɜɧɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ «ɜɫɟ ɩɪɨɬɢɜ ɜɫɟɯ». 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɦɟɬɨɞɨɜ ɧɚ ɨɫɧɨɜɟ ɝɪɚɮɨɜ — ɷɬɨ ɛɵɫɬɪɨɬɚ ɚɧɚɥɢɡɚ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 

ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɛɨɥɶɲɢɟ ɨɛɴёɦɵ ɞɚɧɧɵɯ [20]. 

Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɩɪɨɝɪɚɦɦɭ OrthoFinder, ɨɫɧɨɜɚɧɧɭɸ ɧɚ 

ɦɟɬɨɞɟ ɝɪɚɮɨɜ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɨɛɟɫɩɟɱɟɧɢɣ (ɬɚɛɥ. 3), 

OrthoFinder ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɨɪɬɨɥɨɝɢ, ɨɪɬɨɝɪɭɩɩɵ, ɚ ɬɚɤɠɟ 

ɩɪɨɢɡɜɨɞɢɬɶ ɭɤɨɪɟɧɟɧɢɟ ɝɟɧɧɨɝɨ/ɜɢɞɨɜɨɝɨ ɞɟɪɟɜɚ, ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɨɛɵɬɢɹ 

ɞɭɩɥɢɤɚɰɢɢ ɝɟɧɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɨɬɟɨɦɵ [22]. 

Ɉɛɳɚɹ ɫɯɟɦɚ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 6 [21]. 

 
Ɍɚɛɥɢɰɚ 3 – ɋɪɚɜɧɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɪɚɡɥɢɱɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɨɛɟɫɩɟɱɟɧɢɣ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɚɧɚɥɢɡɨɦ ɨɪɬɨɥɨɝɢɢ [22] 

 

№ 
ɉɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ 

Ɉɪɬɨɥɨɝɢ Ɉɪɬɨɝɪɭɩɩɵ 
ɍɤɨɪɟɧɟɧɢɟ 

ɝɟɧɧɨɝɨ 
ɞɟɪɟɜɚ 

Ⱦɭɩɥɢɤɚɰɢɢ 
ɍɤɨɪɟɧɟɧɢɟ 

ɜɢɞɨɜɨɝɨ 
ɞɟɪɟɜɚ 

1  Hieranoid + + +   

2  InParanoid +     

3  OMA + +   + 

4  OrthoFinder + + + + + 

5  OrthoMCL + +    

6  Orthoinspector +     

7  RBH/BBH +     

8  RSD +     

9  SonicParanoid + +    
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Ɋɢɫɭɧɨɤ 6 – Ʉɨɧɰɟɩɰɢɹ ɚɧɚɥɢɡɚ ɨɪɬɨɥɨɝɢɢ ɫ ɩɨɦɨɳɶɸ OrthoFinder [21]  
 
ɋɬɚɧɞɚɪɬɧɵɣ ɩɪɨɰɟɫɫ ɜ OrthoFinder ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ [21]: 

1. ȼɵɹɜɥɟɧɢɟ ɨɪɬɨɝɪɭɩɩ: 

 ɉɪɢ ɩɨɦɨɳɢ BLAST [23] ɢɥɢ ɛɨɥɟɟ ɛɵɫɬɪɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɚɤɟɬɨɜ 

(DIAMOND [24] ɢɥɢ MMseqs2) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɩɚɪɧɨɟ ɜɵɪɚɜɧɢɜɚɧɢɟ 

ɛɟɥɤɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ «ɜɫɟ ɩɪɨɬɢɜ ɜɫɟɯ», ɫ ɞɚɥɶɧɟɣɲɟɣ 

ɧɨɪɦɚɥɢɡɚɰɢɟɣ ɪɟɡɭɥɶɬɚɬɨɜ; 

 Ⱦɚɥɟɟ, ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɛɟɥɤɨɜ ɜ ɨɪɬɨɝɪɭɩɩɵ (ɩɪɨɝɪɚɦɦɚ MCL [25]); 

2. ȼɵɜɨɞ ɝɟɧɧɨɝɨ ɞɟɪɟɜɚ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɞɜɭɦɹ ɩɭɬɹɦɢ: 

a. ɇɚ ɨɫɧɨɜɟ ɦɚɬɪɢɰɵ ɪɚɫɫɬɨɹɧɢɣ, ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɩɚɪɧɨɝɨ 

ɜɵɪɚɜɧɢɜɚɧɢɹ (ɩɪɨɝɪɚɦɦɚ DendroBLAST [26] / FastMe); 

b. ɇɚ ɨɫɧɨɜɟ ɦɧɨɠɟɫɬɜɟɧɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ ɛɟɥɤɨɜɵɯ (MSA-ɩɨɞɯɨɞ) — 

ɩɪɨɝɪɚɦɦɚ MAFFT (ɦɧɨɠɟɫɬɜɟɧɧɨɟ ɜɵɪɚɜɧɢɜɚɧɢɟ) ɢ FastTree [27] 

(ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɝɟɧɧɨɝɨ ɞɟɪɟɜɚ) 

3. ȼɵɜɨɞ ɜɢɞɨɜɨɝɨ ɞɟɪɟɜɚ (ɩɪɨɝɪɚɦɦɚ STAG [28]); 

4. ɍɤɨɪɟɧɟɧɢɟ ɝɟɧɧɵɯ ɞɟɪɟɜɶɟɜ (ɩɪɨɝɪɚɦɦɚ STRIDE [29]); 

5. ȼɵɜɨɞ ɨɪɬɨɥɨɝɨɜ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɫɨɛɵɬɢɣ ɞɭɩɥɢɤɚɰɢɢ ɝɟɧɨɜ ɢɡ ɝɟɧɧɵɯ 

ɞɟɪɟɜɶɟɜ (ɩɪɨɝɪɚɦɦɚ DLCpar [30]); 

6. ȼɵɜɨɞ ɨɛɳɟɣ ɫɬɚɬɢɫɬɢɤɢ. 

Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ de novo ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɷɬɚɥɨɧɧɵɯ ɛɚɡ ɞɚɧɧɵɯ ɨɪɬɨɥɨɝɨɜ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɨɪɬɨɥɨɝɨɜ ɢ 

ɜɵɜɨɞ ɜɢɞɨɜɨɣ ɮɢɥɨɝɟɧɢɢ ɬɟɫɧɨ ɩɟɪɟɩɥɟɬɟɧɵ, ɝɢɩɨɬɟɡɚ ɨɪɬɨɥɨɝɢɢ ɬɚɤɠɟ ɦɨɠɟɬ 

ɛɵɬɶ ɩɪɨɜɟɪɟɧɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɜɢɞɨɜɨɣ ɮɢɥɨɝɟɧɢɟɣ [20].  
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2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ 

ɝɟɧɨɦɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɫɫɥɟɞɭɟɦɵɯ ɨɪɝɚɧɢɡɦɨɜ 

ɧɚ ɜɟɱɧɨɡɟɥɟɧɵɟ ɢ ɥɢɫɬɨɩɚɞɧɵɟ ɪɚɫɬɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥ. 5. 

 
Ɍɚɛɥɢɰɚ 4 – Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ  
 

№ 
ɋɢɫɬɟɦɚɬɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ ɢɫɫɥɟɞɭɟɦɵɯ ɨɪɝɚɧɢɡɦɨɜ 

Ɉɬɞɟɥ ɉɨɪɹɞɨɤ ɋɟɦɟɣɫɬɜɨ ȼɢɞ 
1  Ƚɨɥɨɫɟɦɟɧɧɵɟ/ 

ɏɜɨɣɧɵɟ ɪɚɫɬɟɧɢɹ 
(Gimnosperms/ 

Pinophyta)  
 

ɏɜɨɣɧɵɟ  
(Pinales) 

ɋɨɫɧɨɜɵɟ 
(Pinaceae) 

ɉɫɟɜɞɨɬɫɭɝɚ Ɇɟɧɡɢɫɚ 
(Pseudotsuga menziesii) 

2  Ʌɢɫɬɜɟɧɧɢɰɚ ɫɢɛɢɪɫɤɚɹ  
(Larix sibirica) 

3  ɋɨɫɧɚ ɥɚɞɚɧɧɚɹ  
(Pinus taeda) 

4  ɋɨɫɧɚ Ʌɚɦɛɟɪɬɚ  
(Pinus lambertiana) 

5  ȿɥɶ ɨɛɵɤɧɨɜɟɧɧɚɹ  
(Picea abies) 

6  ɉɨɤɪɵɬɨɫɟɦɟɧɧɵɟ/ 
ɐɜɟɬɤɨɜɵɟ 
ɪɚɫɬɟɧɢɹ 

(Angiosperms/ 
Magnoliophyta) 

Ƚɨɪɟɱɚɜɤɨɜɵɟ 
(Gentianales) 

Ɇɚɪɟɧɨɜɵɟ 
(Rubiaceae) 

Ʉɨɮɟ ɟɜɝɟɧɢɟɜɢɞɧɵɣ 
(Coffea eugenoides) 

7  Ʉɨɮɟ ɤɨɧɝɨɥɟɡɫɤɢɣ  
(Coffea canephora) 

8  Ɇɚɥɶɩɢɝɢɟɰɜɟɬɧɵɟ 
(Malpighiales) 

ɂɜɨɜɵɟ 
(Salicaceae) 

Ɍɨɩɨɥɶ ɟɮɪɚɬɫɤɢɣ 
(Populus euphratica) 

9  Ɍɨɩɨɥɶ ɜɨɥɨɫɢɫɬɨɩɥɨɞɧɵɣ 
(Populus trichocarpa) 

10  Ɇɨɥɨɱɚɣɧɵɟ 
(Euphorbiaceae) 

Ƚɟɜɟɹ ɛɪɚɡɢɥɶɫɤɚɹ  
(Hevea brasiliensis) 

11  ɋɚɩɢɧɞɨɜɵɟ 
(Sapindales) 

Ɋɭɬɨɜɵɟ 
(Rutaceae) 

Ⱥɩɟɥɶɫɢɧ  
(Citrus sinensis) 

12  Ʉɥɟɦɟɧɬɢɧ 
(Citrus clementina) 

13  Ɋɨɡɨɰɜɟɬɧɵɟ 
(Rosales) 

Ɋɨɡɨɜɵɟ 
(Rosaceae) 

ɉɟɪɫɢɤ  
(Prunus persica) 

14  Ɇɢɧɞɚɥɶ  
(Prunus dulcis) 
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Ɍɚɛɥɢɰɚ 5 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɫɬɟɧɢɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɥɢɫɬɨɩɚɞɧɨɫɬɢ 
 
№ Ɉɬɞɟɥ ȼɟɱɧɨɡɟɥɟɧɵɟ Ʌɢɫɬɨɩɚɞɧɵɟ 

1  Ƚɨɥɨɫɟɦɟɧɧɵɟ/ 

ɏɜɨɣɧɵɟ (Gimnosperms/ 

Pinophyta)  

 ɉɫɟɜɞɨɬɫɭɝɚ Ɇɟɧɡɢɫɚ 

(Pseudotsuga menziesii) 

 ɋɨɫɧɚ ɥɚɞɚɧɧɚɹ  

(Pinus taeda) 

 ɋɨɫɧɚ Ʌɚɦɛɟɪɬɚ  

(Pinus lambertiana) 

 ȿɥɶ ɨɛɵɤɧɨɜɟɧɧɚɹ  

(Picea abies) 

 Ʌɢɫɬɜɟɧɧɢɰɚ ɫɢɛɢɪɫɤɚɹ  

(Larix sibirica) 

 

2  ɉɨɤɪɵɬɨɫɟɦɟɧɧɵɟ/ 

ɐɜɟɬɤɨɜɵɟ (Angiosperms/ 

Magnoliophyta) 

 Ƚɟɜɟɹ ɛɪɚɡɢɥɶɫɤɚɹ  

(Hevea brasiliensis) 

 Ⱥɩɟɥɶɫɢɧ (Citrus sinensis) 

 Ʉɥɟɦɟɧɬɢɧ  

(Citrus clementina) 

 Ʉɨɮɟ ɟɜɝɟɧɢɟɜɢɞɧɵɣ 

(Coffea eugenoides) 

 Ʉɨɮɟ ɤɨɧɝɨɥɟɡɫɤɢɣ 

(Coffea canephora) 

 Ɍɨɩɨɥɶ ɟɮɪɚɬɫɤɢɣ 

(Populus euphratica) 

 Ɍɨɩɨɥɶ 

ɜɨɥɨɫɢɫɬɨɩɥɨɞɧɵɣ 

(Populus trichocarpa)  

 ɉɟɪɫɢɤ  

(Prunus persica) 

 Ɇɢɧɞɚɥɶ  

(Prunus dulcis) 

 
ɋɯɟɦɚ ɩɪɢɦɟɧɹɟɦɵɯ ɦɟɬɨɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.7. 

 

 
 

Ɋɢɫɭɧɨɤ 7 – Ɇɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢɡɚ ɝɟɧɨɦɧɵɯ ɞɚɧɧɵɯ 
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2.1 ɉɨɞɝɨɬɨɜɤɚ ɝɟɧɨɦɧɵɯ ɢ ɩɪɨɬɟɨɦɧɵɯ ɞɚɧɧɵɯ 

ɂɡ ɝɟɧɨɦɧɨɣ ɛɚɡɵ NCBI [31] ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɝɟɧɨɦɵ (ɜ 

ɮɨɪɦɚɬɟ fasta), ɢɯ ɚɧɧɨɬɚɰɢɢ (ɜ ɮɨɪɦɚɬɟ gff) ɢ, ɜ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ, ɩɪɨɬɟɨɦɵ. ɋ 

ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ «Cufflinks» [32] ɢɡ ɝɟɧɨɦɨɜ ɢɫɫɥɟɞɭɟɦɵɯ 

ɨɪɝɚɧɢɡɦɨɜ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ ɚɧɧɨɬɚɰɢɹɦɢ, ɢɡɜɥɟɤɚɥɢɫɶ ɤɨɞɢɪɭɸɳɢɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (CDS) ɢ ɬɪɚɧɫɥɢɪɨɜɚɥɢɫɶ ɜ ɛɟɥɤɢ c ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ 

EMBOSS [33].  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɛɟɥɤɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɤ 

ɤɚɤɨɦɭ-ɥɢɛɨ ɧɚɞɰɚɪɫɬɜɭ (ɚɪɯɟɢ, ɛɚɤɬɟɪɢɢ, ɷɭɤɚɪɢɨɬɵ, ɜɢɪɭɫɵ) ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ 

ɩɨɢɫɤ ɨɪɬɨɥɨɝɨɜ ɧɚ ɫɟɪɜɢɫɟ «EggNOG-mapper» [34].  

2.2 Ⱥɧɧɨɬɚɰɢɹ ɛɟɥɤɨɜ ɫ ɩɨɦɨщɶɸ InterProScan 

Ⱥɧɧɨɬɚɰɢɹ ɛɟɥɤɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɨ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɞɨɦɟɧɚɦ 

ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ InterProScan [35]. Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ 

ɚɧɚɥɢɡɚ ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɥɟɞɭɸɳɢɟ ɞɨɦɟɧɵ: NAC, WRKY, MYB, TCP, bHLH, 

ɩɨɫɤɨɥɶɤɭ ɛɟɥɤɢ, ɫɨɞɟɪɠɚɳɢɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɞɨɦɟɧɵ ɩɪɨɹɜɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɟ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ. Ɍɚɤɠɟ ɜɨɡɦɨɠɧɨ ɪɚɫɫɦɨɬɪɟɧɢɟ ɢ ɞɪɭɝɢɯ 

ɫɟɦɟɣɫɬɜ ɛɟɥɤɨɜ, ɜ ɤɨɬɨɪɵɯ ɜ ɯɨɞɟ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɬɟɨɦɨɜ ɛɭɞɟɬ 

ɨɛɧɚɪɭɠɟɧɨ ɪɚɡɥɢɱɢɟ ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɫɬɢ ɜ ɫɪɚɜɧɢɜɚɟɦɵɯ ɨɪɝɚɧɢɡɦɚɯ.    

2.3 ɉɨɢɫɤ ɨɪɬɨɥɨɝɨɜ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɳɢɯ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɛɟɥɤɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜ 

ɢɫɫɥɟɞɭɟɦɵɯ ɝɟɧɨɦɚɯ ɜɟɱɧɨɡɟɥёɧɵɯ ɢ ɥɢɫɬɨɩɚɞɧɵɯ ɞɟɪɟɜɶɟɜ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ c 

ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ OrthoFinder [21, 22]. Ⱦɥɹ ɚɧɚɥɢɡɚ ɛɨɥɶɲɢɯ ɨɛɴёɦɨɜ ɞɚɧɧɵɯ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɬɚɧɞɚɪɬɧɵɟ ɩɚɪɚɦɟɬɪɵ (ɜɵɜɨɞ ɨɪɬɨɝɪɭɩɩ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɪɟɡɭɥɶɬɚɬɨɜ DIAMOND [24], ɜɵɜɨɞ ɝɟɧɧɨɝɨ ɞɟɪɟɜɚ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ 

DendroBLAST [26]). Ⱦɥɹ ɚɧɚɥɢɡɚ ɦɚɥɵɯ ɜɵɛɨɪɨɤ (ɧɚ ɭɪɨɜɧɟ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɫɟɦɟɣɫɬɜ) ɢɫɩɨɥɶɡɨɜɚɥɫɹ BLAST ɞɥɹ ɫɪɚɜɧɟɧɢɹ «ɜɫɟɯ ɩɪɨɬɢɜ ɜɫɟɯ».  

2.4 Ⱥɧɧɨɬɚɰɢɹ ɛɟɥɤɨɜ ɫ ɩɨɦɨщɶɸ BLAST 

ɉɨɫɥɟ ɬɨɝɨ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɛɟɥɤɨɜɵɯ ɞɚɧɧɵɯ ɜ ɨɪɬɨɥɨɝɢɱɟɫɤɢɟ ɝɪɭɩɩɵ, 

ɛɟɥɤɢ ɜ ɢɧɬɟɪɟɫɭɸɳɢɯ ɨɪɬɨɝɪɭɩɩɚɯ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɵ BLAST ɜ ɛɚɡɟ UniProt [23].  
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3 Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɹ 
 
ȼ ɫɜɹɡɢ ɫ ɚɜɬɨɪɫɤɢɦɢ ɩɪɚɜɚɦɢ ɛɵɥɢ ɢɡɴɹɬɵ 19–26 ɫɬɪɚɧɢɰɵ. 
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ɁȺɄɅɘЧȿɇɂȿ 
 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭ ɜɟɱɧɨɡɟɥёɧɵɯ ɞɟɪɟɜɶɟɜ ɫɚɦɵɦɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ 

ɹɜɥɹɸɬɫɹ ɛɟɥɤɢ, ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɟ ɜ ɤɚɱɟɫɬɜɟ ɢɦɦɭɧɧɵɯ ɪɟɰɟɩɬɨɪɨɜ. Ɉɧɢ 

ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɜɵɲɟɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɩɚɬɨɝɟɧɚɦ. ɇɚɢɛɨɥɶɲɢɣ ɜɤɥɚɞ ɜ 

ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɜɟɱɧɨɡɟɥёɧɵɦɢ ɢ ɥɢɫɬɨɩɚɞɧɵɦɢ ɪɚɫɬɟɧɢɹɦɢ ɜɧɨɫɹɬ ɨɪɬɨɥɨɝɢ 

LRR–ɩɨɞɨɛɧɨɣ ɫɟɪɢɧ/ɬɪɟɨɧɢɧ–ɩɪɨɬɟɢɧɤɢɧɚɡɵ At3g47570, ɚɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɨɣ ɜ 

Arabidopsis thaliana ɜɨɡɪɚɫɬɚɟɬ ɜ ɩɪɨɰɟɫɫɟ ɫɬɚɪɟɧɢɹ ɥɢɫɬɶɟɜ. ɉɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɪɨɥɶ ɢɦɦɭɧɧɨɣ ɡɚɳɢɬɵ ɜ ɪɟɝɭɥɹɰɢɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɠɢɡɧɢ ɥɢɫɬɶɟɜ.  

Ⱦɥɹ ɥɢɫɬɜɟɧɧɢɰɵ, ɤɚɤ ɩɪɟɞɫɬɚɜɢɬɟɥɹ ɥɢɫɬɨɩɚɞɧɵɯ ɯɜɨɣɧɵɯ, ɯɚɪɚɤɬɟɪɧɨ 

ɨɛɨɝɚɳɟɧɢɟ ɨɪɬɨɝɪɭɩɩ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɛɟɥɤɢ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɫɢɝɧɚɥɶɧɨɦ 

ɩɭɬɢ ɫɚɯɚɪɨɜ. Ⱥ ɢɦɟɧɧɨ, ɨɛɧɚɪɭɠɟɧɨ ɨɬɥɢɱɢɟ ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɫɬɢ ɨɪɬɨɥɨɝɨɜ 

ɛɟɥɤɨɜ EXL2 (ɪɟɰɟɩɬɨɪɚ ɭɝɥɟɜɨɞɨɜ), ɚ ɬɚɤɠɟ DRM1 (ɛɟɥɤɚ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɝɨ ɫ 

ɩɨɤɨɟɦ), ɢɧɞɭɰɢɪɭɟɦɨɝɨ ɝɟɤɫɨɡɚɦɢ. Ɉɛɧɚɪɭɠɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɬɟɦ, ɱɬɨ ɫɚɯɚɪɚ ɭɱɚɫɬɜɭɸɬ ɜ ɪɟɝɭɥɹɰɢɢ ɬɚɤɨɝɨ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɚɤ 

ɫɬɚɪɟɧɢɟ ɥɢɫɬɶɟɜ. 
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