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АɇɇɈɌАɐɂə 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɯɚɧɢɡɦɵ ɜɨɡɧɢɤɧɨɜɟɧɢɹ «ɜɟɞɶɦɢɧɵɯ ɦɟɬɟɥ» 
ɧɟɩɚɬɨɝɟɧɧɨɝɨ ɬɢɩɚ ɨɫɬɚɸɬɫɹ ɧɟɜɵɹɫɧɟɧɧɵɦɢ. ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɬɚɤɢɟ 
ɭɱɚɫɬɤɢ ɤɪɨɧɵ ɫɨ ɫɥɚɛɨɜɵɪɚɠɟɧɧɵɦ ɜɟɪɯɭɲɟɱɧɵɦ ɞɨɦɢɧɢɪɨɜɚɧɢɟɦ ɢ 
ɨɛɢɥɶɧɵɦ ɜɟɬɜɥɟɧɢɟɦ ɹɜɥɹɸɬɫɹ ɮɟɧɨɬɢɩɢɱɟɫɤɢɦ ɩɪɨɹɜɥɟɧɢɟɦ ɫɨɦɚɬɢɱɟɫɤɢɯ 
ɦɭɬɚɰɢɣ ɜ ɜɟɝɟɬɚɬɢɜɧɵɯ ɩɨɱɤɚɯ ɪɚɫɬɟɧɢɹ. Ʉɥɸɱɟɜɚɹ ɡɚɞɚɱɚ ɪɚɛɨɬɵ – ɧɚɣɬɢ ɢ 
ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɝɟɧɵ ɫ ɪɚɡɥɢɱɢɟɦ ɜ ɭɪɨɜɧɟ ɷɤɫɩɪɟɫɫɢɢ ɭ «ɜɟɞɶɦɢɧɵɯ ɦɟɬɟɥ» 
ɢ ɭɱɚɫɬɤɨɜ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ ɭ ɞɜɭɯ ɯɜɨɣɧɵɯ ɜɢɞɨɜ: ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ 
ɤɟɞɪɨɜɨɣ ɢ ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ. Ȼɵɥ ɩɪɨɜɟɞɟɧ ɩɨɢɫɤ ɬɨɱɟɱɧɵɯ ɦɭɬɚɰɢɣ ɜ 
ɬɪɚɧɫɤɪɢɩɬɚɯ «ɜɟɞɶɦɢɧɵɯ ɦɟɬɟɥ» ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɞɯɨɞɚ ɞɥɹ ɩɨɢɫɤɚ 
ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɥɢɦɨɪɮɢɡɦɨɜ. 

Ⱦɥɹ ɩɹɬɢ ɞɟɪɟɜɶɟɜ ɛɵɥɨ ɫɟɤɜɟɧɢɪɨɜɚɧɨ 20 ɨɛɪɚɡɰɨɜ ɦɚɬɪɢɱɧɨɣ ɊɇɄ, 
ɫɨɛɪɚɧɵ ɬɪɚɧɫɤɪɢɩɬɨɦɵ ɫɨɫɟɧ. Ⱦɥɹ ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ ɤɟɞɪɨɜɨɣ ɧɚɣɞɟɧɨ 10 
ɝɟɧɨɜ ɫ ɪɚɡɥɢɱɢɹɦɢ ɜ ɭɪɨɜɧɟ ɷɤɫɩɪɟɫɫɢɢ, ɞɥɹ ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ – 7 ɝɟɧɨɜ. 
Ɍɚɤɠɟ ɧɚɣɞɟɧɨ 5 ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɥɢɦɨɪɮɢɡɦɨɜ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ 
ɨɛɪɚɡɰɨɜ «ɜɟɞɶɦɢɧɵɯ ɦɟɬɟɥ». 

 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: аɩɢɤаɥɶɧɵɣ ɪɨɫɬ, ɜɟɞɶɦɢɧɵ ɦɟɬɥɵ, 

ɞɢɮɮɟɪɟɧɰɢаɥɶɧая ɷɤɫɩɪɟɫɫɢя ɝɟɧɨɜ, ɨɞɧɨɧɭɤɥɟɨɬɢɞɵɟ ɩɨɥɢɦɨɪɮɢɡɦɵ, 
ɬɨɱɟɱɧая ɦɭɬаɰɢя, ɬɪаɧɫɤɪɢɩɬɨɦ. 
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ȼȼȿȾȿɇɂȿ 

Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɭ ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ ɤɟɞɪɨɜɨɣ (Pinus sibirica Du Tour.) ɢ ɫɨɫɧɵ 

ɨɛɵɤɧɨɜɟɧɧɨɣ (Pinus sylvestris Ledeb.) ɫ ɚɧɨɦɚɥɶɧɵɦ ɦɨɪɮɨɝɟɧɟɡɨɦ ɤɪɨɧɵ. 

Ȼɵɥɚ ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɧɚɣɬɢ ɝɟɧɟɬɢɱɟɫɤɢɟ ɦɟɯɚɧɢɡɦɵ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɟ 

ɨɛɪɚɡɨɜɚɧɢɟ «ɜɟɞɶɦɢɧɵɯ ɦɟɬɟɥ» (ȼɆ) – ɮɪɚɝɦɟɧɬɨɜ ɤɪɨɧɵ ɪɚɫɬɟɧɢɹ ɫ 

ɚɧɨɦɚɥɶɧɵɦ ɦɨɪɮɨɝɟɧɟɡɨɦ. ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɬɚɤɢɟ ɥɨɤɚɥɶɧɵɟ ɫɢɫɬɟɦɵ 

ɜɟɬɜɥɟɧɢɹ ɫ ɡɚɦɟɞɥɟɧɧɵɦ ɪɨɫɬɨɦ ɢ ɢɧɬɟɧɫɢɜɧɵɦ ɜɟɬɜɥɟɧɢɟɦ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ 

ɜɜɢɞɭ ɫɨɦɚɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɜ ɦɟɪɢɫɬɟɦɟ ɩɨɛɟɝɨɜ ɪɚɫɬɟɧɢɹ. 

ɐɟɥɶ ɪɚɛɨɬɵ — ɩɨɢɫɤ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ ɷɤɫɩɪɟɫɫɢɪɭɟɦɵɯ ɝɟɧɨɜ ɢ 

ɧɭɤɥɟɨɬɢɞɧɵɯ ɡɚɦɟɧ, ɩɨɬɟɧɰɢɚɥɶɧɨ ɫɜɹɡɚɧɧɵɯ ɫ ɚɧɨɦɚɥɶɧɵɦ ɦɨɪɮɨɝɟɧɟɡɨɦ 

ɤɪɨɧɵ ɭ ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ ɢ ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɛɵɥɢ 

ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

• ɩɨɥɭɱɢɬɶ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɟ ɫɛɨɪɤɢ ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ ɤɟɞɪɨɜɨɣ ɢ ɫɨɫɧɵ 
ɨɛɵɤɧɨɜɟɧɧɨɣ; 

• ɜɵɹɜɢɬɶ ɝɟɧɵ ɫ ɪɚɡɥɢɱɢɹɦɢ ɜ ɭɪɨɜɧɟ ɷɤɫɩɪɟɫɫɢɢ ɦɟɠɞɭ ɢɫɫɥɟɞɭɟɦɵɦɢ 
ɨɛɪɚɡɰɚɦɢ ɢ ɨɩɢɫɚɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɚɤɢɯ ɝɟɧɨɜ; 

• ɩɪɨɜɟɫɬɢ ɩɨɢɫɤ ɬɨɱɟɱɧɵɯ ɦɭɬɚɰɢɣ, ɤɨɪɨɬɤɢɯ ɜɫɬɚɜɨɤ ɢ ɞɟɥɟɰɢɣ, ɤɨɬɨɪɵɟ 

ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɨɬɤɥɨɧɟɧɢɹɦ ɜ ɩɪɨɰɟɫɫɟ ɦɨɪɮɨɝɟɧɟɡɚ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɟɥɟɤɰɢɹ ɯɜɨɣɧɵɯ ɩɨɪɨɞ ɜ Ɋɨɫɫɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 

ɧɟɫɤɨɥɶɤɢɦ ɧɚɩɪɚɜɥɟɧɢɹɦ: ɧɚ ɛɵɫɬɪɨɬɭ ɪɨɫɬɚ ɢ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɥɢɫɬɜɟɧɧɢɰɵ, 

ɟɥɢ, ɫɨɫɧɵ, ɩɢɯɬɵ ɢ ɦɨɠɠɟɜɟɥɶɧɢɤɚ; ɧɚ ɫɦɨɥɨɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɫɨɫɧɵ; ɧɚ 

ɭɪɨɠɚɣɧɨɫɬɶ ɤɟɞɪɨɜɵɯ ɫɨɫɟɧ; ɧɚ ɪɟɡɨɧɚɧɫɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ (ɡɜɭɤɨɜɵɟ 

ɤɚɱɟɫɬɜɚ) ɞɪɟɜɟɫɢɧɵ ɟɥɢ; ɧɚ ɞɟɤɨɪɚɬɢɜɧɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɩɪɨɦɵɲɥɟɧɧɵɦ 

ɜɵɛɪɨɫɚɦ ɫɨɫɧɵ, ɟɥɢ, ɥɢɫɬɜɟɧɧɢɰɵ, ɩɢɯɬɵ, ɦɨɠɠɟɜɟɥɶɧɢɤɚ, ɬɫɭɝɢ ɢ ɞɪ. 
ɉɟɪɫɩɟɤɬɢɜɧɵɣ ɢ ɦɧɨɝɨɨɛɟɳɚɸɳɢɣ ɩɭɬɶ — ɩɨɢɫɤ ɫɨɦɚɬɢɱɟɫɤɢɯ 

ɦɭɬɚɰɢɣ ɭ ɯɜɨɣɧɵɯ. ɏɚɪɚɤɬɟɪɧɵɟ ɩɪɢɡɧɚɤɢ ȼɆ, ɡɚɦɟɞɥɟɧɧɵɣ ɪɨɫɬ ɢ ɨɛɢɥɶɧɨɟ 

ɜɟɬɜɥɟɧɢɟ ɧɟ ɹɜɥɹɸɬɫɹ ɩɨɥɟɡɧɵɦɢ ɞɥɹ ɫɟɥɟɤɰɢɢ ɯɜɨɣɧɵɯ ɤɚɤ ɢɫɬɨɱɧɢɤɚ 
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ɞɪɟɜɟɫɢɧɵ, ɧɨ ɮɟɧɨɬɢɩ ȼɆ ɩɪɢɜɥɟɤɚɬɟɥɟɧ ɞɥɹ ɫɟɥɟɤɰɢɢ ɧɚ ɭɪɨɠɚɣɧɨɫɬɶ. Ɍɚɤ 

ɤɚɤ ɤɟɞɪɨɜɵɟ ɫɨɫɧɵ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɯ ɜɚɠɧɟɣɲɢɯ ɨɪɟɯɨɩɥɨɞɧɵɯ ɜɢɞɨɜ, 

ɚɤɬɭɚɥɶɧɚ ɢɯ ɫɟɥɟɤɰɢɹ ɧɚ ɧɢɡɤɨɪɨɫɥɨɫɬɶ ɢ ɫɤɨɪɨɩɥɨɞɧɨɫɬɶ. ȼɆ ɧɟɡɚɦɟɧɢɦɵ 

ɤɚɤ ɢɫɯɨɞɧɵɣ ɝɟɧɟɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɞɥɹ ɬɚɤɢɯ ɫɟɥɟɤɰɢɨɧɧɵɯ ɩɪɨɝɪɚɦɦ, ɜɟɞɶ 

ɧɟɤɨɬɨɪɵɟ ɬɚɤɢɟ ɞɟɪɟɜɶɹ ɨɛɥɚɞɚɸɬ ɰɟɧɧɵɦɢ ɩɪɢɡɧɚɤɚɦɢ: ɜɵɫɨɤɨɣ 

ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶɸ, ɡɚɦɟɞɥɟɧɧɵɦ ɚɩɢɤɚɥɶɧɵɦ ɪɨɫɬɨɦ, ɫɤɨɪɨɩɥɨɞɧɨɫɬɶɸ, 

ɨɛɢɥɶɧɵɦ ɩɥɨɞɨɧɨɲɟɧɢɟɦ ɢ ɧɨɪɦɚɥɶɧɵɦ ɤɚɱɟɫɬɜɨɦ ɲɢɲɟɤ. Ɇɧɨɝɨɨɛɪɚɡɢɟ 

ɮɨɪɦ «ɜɟɞɶɦɢɧɵɯ ɦɟɬɟɥ» ɞɚɟɬ ɫɟɥɟɤɰɢɨɧɟɪɚɦ ɛɨɥɶɲɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ 
ɜɵɜɟɞɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɞɟɤɨɪɚɬɢɜɧɵɯ ɫɨɪɬɨɜ ɯɜɨɣɧɵɯ, ɤɨɬɨɪɵɟ ɭɫɩɟɲɧɨ 

ɜɵɪɚɳɢɜɚɸɬɫɹ ɜ ɛɨɬɚɧɢɱɟɫɤɢɯ ɫɚɞɚɯ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɥɚɧɞɲɚɮɬɧɨɦ ɞɢɡɚɣɧɟ. 

ɂɫɫɥɟɞɨɜɚɬɟɥɢ ɨɬɦɟɱɚɸɬ ɜɚɠɧɨɫɬɶ ɩɨɧɢɦɚɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɨɛɪɚɡɨɜɚɧɢɹ 

ɦɭɬɚɰɢɨɧɧɵɯ ȼɆ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɫɟɥɟɤɰɢɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɚɧɤɚ ɤɥɨɧɨɜ, 

ɨɞɧɚɤɨ ɭɪɨɜɟɧɶ ɢɡɭɱɟɧɧɨɫɬɢ ɦɭɬɚɰɢɨɧɧɵɯ «ɜɟɞɶɦɢɧɵɯ ɦɟɬɟɥ» ɞɨ ɫɢɯ ɩɨɪ 

ɨɫɬɚɟɬɫɹ ɤɪɚɣɧɟ ɧɢɡɤɢɦ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɚɩɢɤɚɥɶɧɨɟ ɞɨɦɢɧɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɨɣ 

ɞɟɪɟɜɶɟɜ ɢ ɢɡɭɱɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɟɝɨ ɨɩɪɟɞɟɥɹɸɳɢɯ ɹɜɥɹɟɬɫɹ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɨɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ȼɆ ɹɜɥɹɸɬɫɹ 

ɩɪɟɤɪɚɫɧɨɣ ɦɨɞɟɥɶɸ ɞɥɹ ɢɡɭɱɟɧɢɹ ɷɬɢɯ ɦɟɯɚɧɢɡɦɨɜ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɦɢɦɨ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɪɚɡɥɢɱɢɣ ɦɟɠɞɭ 

ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɨɣ (ɇɄ) ɢ ȼɆ, ɚ ɬɚɤɠɟ ɫɬɪɭɤɬɭɪɵ ɪɚɡɧɨɨɛɪɚɡɢɹ ɩɨɫɥɟɞɧɢɯ, ɫ 

ɩɨɦɨɳɶɸ ɨɰɟɧɤɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɜ ɩɚɪɚɯ ȼɆ/ɇɄ ɛɵɥɚ 

ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɭɫɬɚɧɨɜɢɬɶ, ɜ ɤɚɤɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɱɚɫɬɢ ɝɟɧɨɦɚ 

ɩɪɨɢɡɨɲɥɨ ɧɚɪɭɲɟɧɢɟ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ȼɆ. ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ 
ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɞɚɟɬ ɧɚɢɛɨɥɟɟ ɩɨɥɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɨɞɟɪɠɚɧɢɢ 

ɬɪɚɧɫɤɪɢɩɬɨɜ ɜ ɤɥɟɬɤɚɯ. Ȼɟɥɤɢ, ɫɢɧɬɟɡɢɪɭɸɳɢɟɫɹ ɛɥɚɝɨɞɚɪɹ ɊɇɄ, ɨɬɜɟɱɚɸɬ ɡɚ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɪɢɡɧɚɤɨɜ ɚɧɚɬɨɦɢɢ ɢ ɮɢɡɢɨɥɨɝɢɢ ɨɪɝɚɧɢɡɦɚ, ɩɨɷɬɨɦɭ 

ɪɚɫɲɢɮɪɨɜɤɚ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɦ ɤɥɸɱɟɜɵɦ ɲɚɝɨɦ ɤ ɩɨɧɢɦɚɧɢɸ 

ɩɪɢɪɨɞɵ ɦɭɬɚɰɢɨɧɧɵɯ ȼɆ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɛɵɥɢ ɜɵɛɪɚɧɵ ɤɥɨɧɵ ɞɜɭɯ ɜɢɞɨɜ, 

ȼɆ ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ — ɫɨɫɧɚ ɫɢɛɢɪɫɤɚɹ 
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ɤɟɞɪɨɜɚɹ ɢ ɫɨɫɧɚ ɨɛɵɤɧɨɜɟɧɧɚɹ. ȼɨɡɦɨɠɧɨ, ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɮɟɧɨɬɢɩɚ ȼɆ ɭ 
ɷɬɢɯ ɜɢɞɨɜ ɦɨɝɭɬ ɛɵɬɶ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɪɚɡɧɵɟ, ɯɨɬɹ ɢ ɩɨɞɨɛɧɵɟ ɩɨ ɩɪɨɹɜɥɟɧɢɸ 

ɦɟɯɚɧɢɡɦɵ. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ 

ɦɨɠɟɬ ɩɨɤɚɡɚɬɶ, ɩɪɨɢɡɨɲɥɢ ɥɢ ɢɡɦɟɧɟɧɢɹ ɧɚ ɨɞɧɨɦ ɭɱɚɫɬɤɟ ɝɟɧɨɦɚ, ɢɥɢ ɠɟ ɷɬɨ 

ɫɨɦɚɬɢɱɟɫɤɚɹ ɦɭɬɚɰɢɹ ɢɦɟɟɬ ɨɞɧɨɬɢɩɧɭɸ ɩɪɢɪɨɞɭ. 
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ɈɋɇɈȼɇАə ɑАɋɌɖ 

 

1.  Аɧɨɦɚɥɶɧɵɣ ɦɨɪɮɨɝɟɧɟɡ ɤɪɨɧɵ ɭ ɫɨɫɧɨɜɵɯ 

 

«ȼɟɞɶɦɢɧɵ ɦɟɬɥɵ» (ȼɆ) – ɮɪɚɝɦɟɧɬɵ ɤɪɨɧɵ (ɥɨɤɚɥɶɧɵɟ ɫɢɫɬɟɦɵ 

ɜɟɬɜɥɟɧɢɹ) ɫ ɚɧɨɦɚɥɶɧɵɦ ɦɨɪɮɨɝɟɧɟɡɨɦ – ɩɨɞɚɜɥɟɧɢɟɦ ɚɩɢɤɚɥɶɧɨɝɨ ɪɨɫɬɚ ɢ 

ɞɨɦɢɧɢɪɨɜɚɧɢɟɦ ɥɚɬɟɪɚɥɶɧɨɝɨ ɪɨɫɬɚ ɜɟɬɜɟɣ – ɜɫɬɪɟɱɚɸɬɫɹ ɭ ɦɧɨɝɢɯ ɜɢɞɨɜ 

ɪɚɫɬɟɧɢɣ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɭ ɞɪɟɜɟɫɧɵɯ ɮɨɪɦ. Ɉɛɢɥɶɧɨɟ ɜɟɬɜɥɟɧɢɟ ɩɪɢɜɨɞɢɬ 

ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɦɧɨɠɟɫɬɜɚ ɭɤɨɪɨɱɟɧɧɵɯ ɜɟɬɜɟɣ, ɤɨɬɨɪɵɟ ɱɚɫɬɨ ɮɨɪɦɢɪɭɸɬ 

ɩɥɨɬɧɵɟ ɫɤɨɩɥɟɧɢɹ – ɛɟɫɮɨɪɦɟɧɧɵɟ ɢɥɢ ɜ ɜɢɞɟ ɲɚɪɚ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ 

ɮɢɬɨɩɚɬɨɥɨɝɢɢ ɜɵɞɟɥɹɸɬ ɞɜɚ ɬɢɩɚ ȼɆ: ɩɚɪɚɡɢɬɚɪɧɵɟ (ɩɚɬɨɝɟɧɧɵɟ) ɢ 
ɦɭɬɚɰɢɨɧɧɵɟ (ɧɟɩɚɬɨɝɟɧɧɵɟ), ɪɚɡɥɢɱɚɸɳɢɟɫɹ ɩɨ ɩɪɢɱɢɧɚɦ ɜɨɡɧɢɤɧɨɜɟɧɢɹ, 

ɯɚɪɚɤɬɟɪɭ ɜɟɬɜɥɟɧɢɹ ɢ ɬɢɩɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜ ɥɟɫɧɵɯ ɷɤɨɫɢɫɬɟɦɚɯ. ɏɨɬɹ 

ɦɟɯɚɧɢɡɦɵ ɜ ɨɫɧɨɜɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɬɢɯ ɬɢɩɨɜ ɧɟ ɹɜɥɹɸɬɫɹ 

ɜɡɚɢɦɨɢɫɤɥɸɱɚɸɳɢɦɢ. Ɍɟɨɪɟɬɢɱɟɫɤɢ, ɩɚɬɨɝɟɧɧɵɟ ɮɚɤɬɨɪɵ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ 

ɤ ɫɨɦɚɬɢɱɟɫɤɢɦ ɤɚɤ ɷɩɢɝɟɧɟɬɢɱɟɫɤɢɦ ɬɚɤ ɢ ɝɟɧɟɬɢɱɟɫɤɢɦ ɦɭɬɚɰɢɹɦ ɝɟɧɨɜ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɚɩɢɤɚɥɶɧɵɦ ɢ ɥɚɬɟɪɚɥɶɧɵɦ ɪɨɫɬɨɦ ɜɟɬɜɟɣ. 

 

1.1. ɉɚɪɚɡɢɬɚɪɧɵɟ ȼɆ 

 

ȼɆ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɧɚ ɪɚɫɬɟɧɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 

ɮɢɬɨɩɥɚɡɦ, ɦɢɤɨɩɥɚɡɦ, ɪɠɚɜɱɢɧɧɵɯ ɝɪɢɛɨɜ, ɚɫɤɨɦɢɰɟɬɨɜ, ɝɪɢɛɨɜ ɪɨɞɚ 

Taphrina, ɜɢɪɭɫɨɜ ɢ ɞɚɠɟ ɞɪɭɝɢɯ ɪɚɫɬɟɧɢɣ, ɩɚɪɚɡɢɬɢɪɭɸɳɢɯ ɧɚ ɞɟɪɟɜɶɹɯ 

(ɤɚɪɥɢɤɨɜɚɹ ɨɦɟɥɚ) [1]. ɋɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɩɚɪɚɡɢɬɚɪɧɵɟ 

ȼɆ: ɛɨɥɟɡɧɟɧɧɵɣ ɜɢɞ, ɭɝɧɟɬɟɧɢɟ ɪɟɩɪɨɞɭɤɬɢɜɧɨɣ ɮɭɧɤɰɢɢ, ɨɱɚɝɨɜɵɣ 

ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ: ɧɚ ɩɨɪɚɠɟɧɧɨɦ ɞɟɪɟɜɟ ɢɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ȼɆ, ɚ 
ɬɚɤɢɟ ɞɟɪɟɜɶɹ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɝɪɭɩɩɚɦɢ. 

ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɦɧɨɝɢɯ ɥɟɬ ɩɪɢɨɪɢɬɟɬɧɵɦ ɫɱɢɬɚɟɬɫɹ ɢɡɭɱɟɧɢɟ 

ɩɚɬɨɝɟɧɧɵɯ ȼɆ, ɬɚɤ ɤɚɤ ɢɡ-ɡɚ ɡɚɪɚɠɟɧɢɹ ɚɝɪɨɤɭɥɶɬɭɪ ɫɬɪɚɞɚɟɬ ɭɪɨɠɚɣɧɨɫɬɶ. 
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ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɚɪɚɡɢɬɢɪɭɸɳɢɯ ɜɢɞɨɜ ɢ ɦɟɯɚɧɢɡɦɨɜ ɢɯ ɜɥɢɹɧɢɹ ɧɚ ɪɚɫɬɟɧɢɹ 
ɜɟɞɭɬɫɹ ɞɚɜɧɨ, ɨɞɧɚɤɨ ɪɚɡɜɢɬɢɟ ɝɟɧɨɦɢɤɢ ɜɵɜɟɥɨ ɷɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɧɨɜɵɣ 

ɭɪɨɜɟɧɶ. Ƚɟɧɨɦɵ ɪɚɡɥɢɱɧɵɯ ɩɚɬɨɝɟɧɧɵɯ ɝɪɢɛɨɜ ɢ ɛɚɤɬɟɪɢɣ, ɜɵɡɵɜɚɸɳɢɯ 

ɨɛɪɚɡɨɜɚɧɢɟ ȼɆ ɫɟɣɱɚɫ ɚɤɬɢɜɧɨ ɢɫɫɥɟɞɭɸɬɫɹ, ɛɵɥ ɫɟɤɜɟɧɢɪɨɜɚɧ 

ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɣ ɝɟɧɨɦ ɩɚɬɨɝɟɧɧɨɝɨ ɝɪɢɛɚ Moniliophthora roreri [2], 

ɢɡɭɱɚɸɬɫɹ ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ ɩɭɬɢ ɩɚɬɨɝɟɧɨɜ, ɷɜɨɥɸɰɢɹ ɩɥɚɡɦɢɞ ɛɚɤɬɟɪɢɣ [3]; 

ɜɟɞɟɬɫɹ ɩɨɢɫɤ ɝɟɧɨɜ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɩɚɬɨɝɟɧɧɨɫɬɶ [4]. ɂɫɫɥɟɞɭɸɬɫɹ 

ɨɪɝɚɧɢɡɦɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɫɭɳɟɫɬɜɥɹɬɶ ɛɢɨɤɨɧɬɪɨɥɶ ɧɚɞ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ 
ȼɆ, ɜɵɡɵɜɚɟɦɵɯ ɛɚɡɢɞɢɨɦɢɰɟɬɚɦɢ – Clonostachys rosea ɢ Trichoderma spp. 

[4, 5]. 

Ɉɬɦɟɱɚɟɬɫɹ [6], ɱɬɨ ɩɪɨɹɜɥɟɧɢɟ ɦɧɨɝɢɯ ɫɢɦɩɬɨɦɨɜ ɭ ɡɚɪɚɠɟɧɧɵɯ 

ɛɚɤɬɟɪɢɹɦɢ ɢ ɝɪɢɛɚɦɢ ɪɚɫɬɟɧɢɣ ɜɨɡɧɢɤɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɩɚɬɨɝɟɧɨɜ ɫ ɧɟɤɨɬɨɪɵɦɢ ɮɢɬɨɝɨɪɦɨɧɚɦɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɪɭɝɢɟ ɮɢɬɨɝɨɪɦɨɧɵ 

ɹɜɥɹɸɬɫɹ ɱɚɫɬɶɸ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ ɪɚɫɬɟɧɢɹ ɧɚ ɷɬɢ ɩɚɬɨɝɟɧɵ. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɧɟɤɨɬɨɪɵɟ ɮɢɬɨɝɨɪɦɨɧɵ ɫɬɢɦɭɥɹɬɨɪɵ ɪɨɫɬɚ ɜɵɡɵɜɚɸɬ ɪɚɡɜɢɬɢɟ ɫɢɦɩɬɨɦɨɜ 

ɩɚɬɨɝɟɧɧɨɣ ȼɆ. ɇɚɩɪɢɦɟɪ, ɚɭɤɫɢɧɵ ɧɟ ɬɨɥɶɤɨ ɫɬɢɦɭɥɢɪɭɸɬ ɞɟɥɟɧɢɟ ɢ ɪɨɫɬ 
ɡɞɨɪɨɜɵɯ ɤɥɟɬɨɤ, ɧɨ ɢ ɫɬɚɧɨɜɹɬɫɹ ɩɪɢɱɢɧɨɣ ɨɛɪɚɡɨɜɚɧɢɹ ɨɩɭɯɨɥɟɣ ɩɪɢ 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɢɧɜɚɡɢɹɯ [6]. 

 

1.2. ɇɟɩɚɪɚɡɢɬɚɪɧɵɟ ȼɆ 

 

Ɍɚɤɢɟ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹ ɜɨɡɧɢɤɚɸɬ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɢɡ-ɡɚ 

ɦɭɬɚɰɢɨɧɧɵɯ ɢɥɢ ɷɩɢɦɭɬɚɰɢɨɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɦɟɪɢɫɬɟɦɟ ɩɨɛɟɝɨɜ. Ɉɬ 
ɩɚɪɚɡɢɬɚɪɧɵɯ ȼɆ ɢɯ ɨɬɥɢɱɚɟɬ ɧɨɪɦɚɥɶɧɚɹ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ, ɜɵɫɨɤɚɹ 

ɞɨɥɝɨɜɟɱɧɨɫɬɶ, ɫɩɨɪɚɞɢɱɟɫɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ, ɨɬɫɭɬɫɬɜɢɟ ɩɚɬɨɝɟɧɨɜ ɢɥɢ 

ɫɥɟɞɨɜ ɢɯ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ. ȼɆ ɦɭɬɚɰɢɨɧɧɨɝɨ ɬɢɩɚ ɭ ɯɜɨɣɧɵɯ ɜɢɞɨɜ 

ɜɫɬɪɟɱɚɟɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɭ ɨɞɧɨɝɨ ɞɟɪɟɜɚ ɧɚ 5000 [7]. 

ɉɟɪɜɵɟ ɭɩɨɦɢɧɚɧɢɹ ȼɆ ɦɭɬɚɰɢɨɧɧɨɝɨ ɬɢɩɚ ɭ ɟɜɪɨɩɟɣɫɤɢɯ ɜɢɞɨɜ ɫɨɫɧɵ, 

ɟɥɢ ɢ ɥɢɫɬɜɟɧɧɢɰɵ ɩɨɹɜɢɥɢɫɶ ɜ ɤɨɧɰɟ XIX ɜɟɤɚ ɜ Ƚɟɪɦɚɧɢɢ [8]. ȼ ɷɬɢɯ ɪɚɛɨɬɚɯ 
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ȼɆ ɨɩɢɫɵɜɚɸɬɫɹ ɤɚɤ ɜɩɨɥɧɟ ɠɢɡɧɟɫɩɨɫɨɛɧɵɟ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɨɥɝɨɜɟɱɧɵɟ 
ɮɪɚɝɦɟɧɬɵ ɤɪɨɧɵ ɫ ɨɛɢɥɶɧɵɦ ɜɟɬɜɥɟɧɢɟɦ ɢ ɭɤɨɪɨɱɟɧɧɵɦɢ ɩɨɛɟɝɚɦɢ. 

ɉɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɢɡɦɟɧɟɧɢɹ, ɜɵɡɵɜɚɸɳɢɟ ɨɛɪɚɡɨɜɚɧɢɟ ɬɚɤɢɯ 

ȼɆ ɩɪɨɢɫɯɨɞɹɬ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɧɚ ɝɟɧɨɦɧɨɦ ɭɪɨɜɧɟ, ɜ ɫɨɜɪɟɦɟɧɧɨɣ 

ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɝɟɧɟɬɢɱɟɫɤɢɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɷɬɨɝɨ 

ɩɪɨɰɟɫɫɚ ɧɟ ɢɦɟɟɬ ɫɬɪɨɝɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɢɹ. Ȼɨɥɶɲɢɧɫɬɜɨ ɪɚɛɨɬ ɧɚɩɪɚɜɥɟɧɨ ɧɚ 

ɢɡɭɱɟɧɢɟ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢ ɚɧɚɬɨɦɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ȼɆ ɦɭɬɚɰɢɨɧɧɨɝɨ 

ɬɢɩɚ – ɜɜɢɞɭ ɜɵɫɨɤɨɣ ɜɚɪɢɚɬɢɜɧɨɫɬɢ ɩɪɨɹɜɥɟɧɢɹ ɩɪɢɡɧɚɤɨɜ. ɋɪɚɜɧɢɬɟɥɶɧɵɣ 
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ȼɆ ɢ ɨɛɪɚɡɰɚ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ (ɇɄ) ɬɨɝɨ ɠɟ 

ɞɟɪɟɜɚ ɭ ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ ɤɟɞɪɨɜɨɣ ɩɨɤɚɡɚɥ, ɧɚɫɤɨɥɶɤɨ ɨɬɥɢɱɧɵ ɨɛɪɚɡɰɵ ȼɆ 

ɫ ɪɚɡɧɵɯ ɞɟɪɟɜɶɟɜ – ɨɬ ɩɨɥɧɨɫɬɶɸ ɧɟɠɢɡɧɟɫɩɨɫɨɛɧɵɯ ɜɜɢɞɭ ɜɵɫɨɤɨɣ 

ɩɥɨɬɧɨɫɬɢ ɞɨ ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɬ ɇɄ ɥɢɲɶ ɫɤɨɪɨɫɬɶɸ ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɵɯ ɨɫɟɣ 

ɜɟɬɜɥɟɧɢɹ. ɂɡɭɱɚɟɦɵɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɤɚɤ ɦɨɠɧɨ ɛɨɥɟɟ ɫɯɨɞɧɵɯ 

ɭɫɥɨɜɢɣ ɩɪɨɢɡɪɚɫɬɚɧɢɹ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɜɥɢɹɧɢɹ ɜɧɟɲɧɢɯ 

ɮɚɤɬɨɪɨɜ. Ɉɛɪɚɡɰɵ ɛɵɥɢ ɩɨɩɚɪɧɨ (ȼɆ ɢ ɇɄ ɬɨɝɨ ɠɟ ɞɟɪɟɜɚ) ɩɪɢɜɢɬɵ 

ɩɹɬɢɥɟɬɧɢɦ ɫɚɠɟɧɰɚɦ ɤɟɞɪɚ ɜ 2017 ɝɨɞɭ, ɢ ɩɨɫɥɟ ɜɨɫɶɦɢ ɥɟɬ ɩɪɨɢɡɪɚɫɬɚɧɢɹ, ɫ 
ɭɱɟɬɨɦ ɧɚ ɜɵɫɨɬɭ ɩɪɢɜɢɜɤɢ, ɞɢɚɦɟɬɪ ɫɬɜɨɥɚ ɜ ɦɟɫɬɟ ɩɪɢɜɢɜɤɢ, ɲɢɪɢɧɭ ɤɪɨɧɵ 

ɢ ɩɨɪɹɞɨɤ ɜɟɬɜɥɟɧɢɹ ɢɡɦɟɪɹɥɢɫɶ ɟɠɟɝɨɞɧɨ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 

1. Ⱦɥɢɧɚ ɫɚɦɨɝɨ ɜɵɫɨɤɨɝɨ ɬɟɪɦɢɧɚɥɶɧɨɝɨ ɩɨɛɟɝɚ. 

2. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɛɨɤɨɜɨɝɨ ɩɨɛɟɝɚ. 

3. Ʉɨɷɮɮɢɰɢɟɧɬ ɜɟɪɯɭɲɟɱɧɨɝɨ ɞɨɦɢɧɢɪɨɜɚɧɢɹ (ɨɬɧɨɲɟɧɢɟ ɫɚɦɨɝɨ 

ɞɥɢɧɧɨɝɨ ɬɟɪɦɢɧɚɥɶɧɨɝɨ ɩɨɛɟɝɚ ɤ ɫɚɦɨɦɭ ɞɥɢɧɧɨɦɭ ɛɨɤɨɜɨɦɭ). 

4. Ⱦɥɢɧɚ ɫɚɦɨɝɨ ɤɨɪɨɬɤɨɝɨ ɩɨɛɟɝɚ ɫ ɯɨɬɹ ɛɵ ɨɞɧɨɣ ɩɨɱɤɨɣ. 
5. Ⱦɥɢɧɚ ɫɚɦɨɝɨ ɤɨɪɨɬɤɨɝɨ ɩɨɛɟɝɚ ɫ ɞɢɯɨɬɨɦɢɱɟɫɤɢɦ ɜɟɬɜɥɟɧɢɟɦ. 

6. ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɯɜɨɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɞɚɥɨɫɶ ɜɵɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ ȼɆ 

ɦɨɠɧɨ ɞɨɫɬɨɜɟɪɧɨ ɨɬɥɢɱɢɬɶ ɨɬ ɇɄ. «ȼɟɞɶɦɢɧɵ ɦɟɬɥɵ» ɛɵɥɢ 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɩɨ ɜɵɪɚɠɟɧɧɨɫɬɢ ɷɬɢɯ ɩɪɢɡɧɚɤɨɜ [9]. 

ɉɹɬɢɥɟɬɧɢɟ ɤɥɨɧɵ ȼɆ ɧɟ ɨɛɪɚɡɨɜɵɜɚɥɢ ɦɭɠɫɤɢɯ ɲɢɲɟɤ, ɱɬɨ ɦɨɠɧɨ 

ɨɬɧɟɫɬɢ ɤ ɨɬɤɥɨɧɟɧɢɹɦ ɨɬ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɪɟɩɪɨɞɭɤɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɤɟɞɪɚ, 
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ɨɞɧɚɤɨ ɧɚ ɲɟɫɬɢ ɢɡ ɞɟɫɹɬɢ ɨɛɪɚɡɰɨɜ ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɠɟɧɫɤɢɟ ɲɢɲɤɢ, ɜ ɬɨ 
ɜɪɟɦɹ ɤɚɤ ɧɚ ɤɥɨɧɚɯ ɇɄ ɨɛɪɚɡɨɜɚɥɚɫɶ ɬɨɥɶɤɨ ɨɞɧɚ ɲɢɲɤɚ. 

ɋɪɚɜɧɟɧɢɟ ɚɧɚɬɨɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȼɆ ɢ ɇɄ ɭ ɩɢɯɬɵ ɫɢɛɢɪɫɤɨɣ 

(Abies sibirica Ledeb.) ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜ ɤɥɟɬɤɚɯ ɯɜɨɢ ȼɆ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ 

ɩɪɨɬɟɤɚɸɬ ɩɪɨɰɟɫɫɵ ɦɟɬɚɛɨɥɢɡɦɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɬɚɤɚɹ ɯɜɨɹ ɤɨɪɨɱɟ, ɲɢɪɟ ɢ 

ɬɨɥɳɟ, ɱɟɦ ɭ ɇɄ, ɚ ɦɚɫɫɚ ɭɜɟɥɢɱɟɧɚ ɜ ɫɪɟɞɧɟɦ ɧɚ 20 %. Ⱥɧɚɬɨɦɢɱɟɫɤɢɟ 

ɢɡɦɟɧɟɧɢɹ ɭɫɬɶɢɱɧɵɯ ɚɩɩɚɪɚɬɨɜ ɨɛɭɫɥɨɜɥɟɧɵ ɫɬɪɟɦɥɟɧɢɟɦ ɭɦɟɧɶɲɢɬɶ 

ɩɨɜɟɪɯɧɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ, ɭɜɟɥɢɱɟɧɵ ɨɛɚ ɫɥɨɹ ɦɟɡɨɮɢɥɶɧɵɯ ɤɥɟɬɨɤ, ɛɨɥɟɟ 
ɪɚɡɜɢɬɚ ɬɪɚɧɫɩɨɪɬɧɚɹ ɫɢɫɬɟɦɚ [10]. ɂɫɫɥɟɞɨɜɚɧɢɹ ɯɜɨɢ ɤɟɞɪɚ ɩɨɤɚɡɚɥɢ 

ɫɯɨɞɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɚɜɬɨɪɵ ɬɚɤɠɟ ɩɨɞɱɟɪɤɢɜɚɸɬ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɭɸ 

ɡɚɜɢɫɢɦɨɫɬɶ ɢɫɫɥɟɞɭɟɦɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɯɜɨɢ ɨɬ ɨɛɳɟɣ ɩɥɨɳɚɞɢ ɫɦɨɥɹɧɵɯ 

ɯɨɞɨɜ (ɬɪɚɯɟɢɞ) ɢ ɲɢɪɢɧɵ ɤɥɟɬɨɤ ɷɧɞɨɞɟɪɦɵ ɭ ȼɆ ɢ ɨɬɫɭɬɫɬɜɢɟ ɬɚɤɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɭ ɇɄ [11]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɪɨɹɬɧɨ, ɦɭɬɚɰɢɹ ɜɥɢɹɟɬ ɧɚ ɩɨɥɹɪɧɵɣ 

ɬɪɚɧɫɩɨɪɬ ɢɥɢ ɪɟɰɟɩɰɢɸ ɚɭɤɫɢɧɨɜ, ɱɬɨ ɫɧɢɠɚɟɬ ɚɩɢɤɚɥɶɧɨɟ ɞɨɦɢɧɢɪɨɜɚɧɢɟ ɢ 

ɜɵɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɹ ɜ ɤɫɢɥɨɝɟɧɟɡɟ – ɜ ɝɨɞɢɱɧɨɦ ɤɨɥɶɰɟ ɡɚɤɥɚɞɵɜɚɥɨɫɶ 

ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɬɪɚɯɟɢɞ, ɞɥɢɧɚ ɬɪɚɯɟɢɞ ɭɦɟɧɶɲɚɥɚɫɶ, ɧɨ ɭɜɟɥɢɱɢɜɚɥɢɫɶ 
ɞɢɚɦɟɬɪ ɬɪɚɯɟɢɞ, ɩɥɨɳɚɞɶ ɩɪɨɫɜɟɬɚ ɢ ɬɨɥɳɢɧɚ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ.  

ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɬɨɥɶɤɨ ȼɆ ɤɪɨɧɵ ɫɨɫɧɵ ɚɥɟɩɩɫɤɨɣ (Pinus halepensis) 

ɢɦɟɸɬ ɯɜɨɸ, ɛɨɥɟɟ ɞɥɢɧɧɭɸ, ɱɟɦ ɯɜɨɹ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ ɬɨɝɨ ɠɟ ɞɟɪɟɜɚ [12]. 

ɐɢɬɨɝɟɧɟɬɢɱɟɫɤɨɟ ɢɡɭɱɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɩɨɩɭɥɹɰɢɣ ɫɨɫɧɵ 

ɨɛɵɤɧɨɜɟɧɧɨɣ, ɜɤɥɸɱɚɸɳɟɟ ɜ ɫɟɛɹ ɤɚɪɢɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɢ ɚɧɚɥɢɡ 

ɯɪɨɦɨɫɨɦɧɵɯ ɧɚɪɭɲɟɧɢɣ, ɩɨɤɚɡɚɥɨ ɢɧɬɟɪɟɫɧɵɟ ɪɟɡɭɥɶɬɚɬɵ [13]. ȼ ɤɚɪɢɨɬɢɩɟ 

ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ ɢɦɟɟɬɫɹ 24 ɯɪɨɦɨɫɨɦɵ (ʹ𝑛 = ʹ4); ɞɚɧɧɵɣ ɜɢɞ ɹɜɥɹɟɬɫɹ 
ɞɢɩɥɨɢɞɨɦ; ɞɥɢɧɚ ɨɞɧɨɣ ɯɪɨɦɨɫɨɦɵ ɫɨɫɬɚɜɥɹɟɬ 10-18 ɦɤɦ. ɍ ɫɨɫɧɵ 

ɨɛɵɤɧɨɜɟɧɧɨɣ ɫ «ɜɟɞɶɦɢɧɨɣ ɦɟɬɥɨɣ» ɱɢɫɥɨ ɝɟɧɨɦɧɵɯ ɢ ɯɪɨɦɨɫɨɦɧɵɯ 

ɦɭɬɚɰɢɣ ɜɵɲɟ, ɱɟɦ ɭ ɧɨɪɦɚɥɶɧɵɯ ɞɟɪɟɜɶɟɜ ɧɚ ɛɨɥɨɬɟ [14]. Ⱦɟɪɟɜɶɹ ɫ 

«ɜɟɞɶɦɢɧɨɣ ɦɟɬɥɨɣ» ɜ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɫɨɞɟɪɠɚɥɢ ɬɪɢɩɥɨɢɞɧɵɟ ɢ 

ɬɟɬɪɚɩɥɨɢɞɧɵɟ ɤɥɟɬɤɢ. ȼ ɦɢɬɨɡɟ ɨɬɦɟɱɟɧɵ ɨɬɫɬɚɸɳɢɟ ɢ ɯɚɨɬɢɱɟɫɤɢ 

ɪɚɫɯɨɞɹɳɢɟɫɹ ɯɪɨɦɨɫɨɦɵ. ɋɨɫɧɚ ɫ «ɜɟɞɶɦɢɧɨɣ ɦɟɬɥɨɣ» ɨɬɥɢɱɚɟɬɫɹ ɟɳɟ 

ɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɹɞɪɵɲɤɨɨɛɪɚɡɭɸɳɢɯ ɡɨɧ, ɜɵɪɚɠɚɸɳɟɣɫɹ ɜ ɭɜɟɥɢɱɟɧɢɢ 
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ɱɢɫɥɚ ɜɬɨɪɢɱɧɵɯ ɩɟɪɟɬɹɠɟɤ ɞɨ 6 ɧɚ ɯɪɨɦɨɫɨɦɭ, ɚ ɬɚɤɠɟ ɧɚɪɭɲɟɧɢɟɦ 
ɫɬɪɭɤɬɭɪɵ ɢ ɮɭɧɤɰɢɣ ɹɞɪɵɲɟɤ ɜ ɢɧɬɟɪɮɚɡɧɵɯ ɹɞɪɚɯ. Ȼɵɥɢ ɨɛɧɚɪɭɠɟɧɵ 

ɚɧɨɦɚɥɶɧɵɟ ɮɨɪɦɵ ɹɞɪɵɲɟɤ ɢ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ «ɨɫɬɚɬɨɱɧɨɟ ɹɞɪɵɲɤɨ» ɜ 

ɦɟɬɚɮɚɡɟ ɦɢɬɨɡɚ. 

Ȼɵɥ ɩɪɨɜɟɞɟɧ ɜɫɟɫɬɨɪɨɧɧɢɣ ɚɧɚɥɢɡ ɪɨɫɬɚ ɢ ɝɟɧɟɪɚɬɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ 

ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ȼɆ ɤɟɞɪɚ ɫɢɛɢɪɫɤɨɝɨ, ɚ ɬɚɤɠɟ ɢɯ ɜɟɝɟɬɚɬɢɜɧɨɝɨ ɢ 

ɫɟɦɟɧɧɨɝɨ ɩɨɬɨɦɫɬɜɚ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɨɬɨɦɫɬɜɨɦ ɧɨɪɦɚɥɶɧɨɣ ɱɚɫɬɢ ɤɪɨɧɵ ɬɟɯ 

ɠɟ ɞɟɪɟɜɶɟɜ. ɉɪɢ ɪɚɡɦɧɨɠɟɧɢɢ ɩɪɢɜɢɜɤɨɣ ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ «ȼɆ» ɫɜɨɣɫɬɜɚ 
(ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɪɨɫɬ, ɦɨɪɮɨɝɟɧɟɡ ɢ ɩɥɨɞɨɧɨɲɟɧɢɟ) ɩɨɥɧɨɫɬɶɸ ɫɨɯɪɚɧɹɸɬɫɹ. 

ȼ ɫɟɦɟɧɧɨɦ ɩɨɬɨɦɫɬɜɟ ȼɆ ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɫɳɟɩɥɟɧɢɟ ɫɟɹɧɰɟɜ ɧɚ 2 ɤɥɚɫɫɚ: 

ɧɨɪɦɚɥɶɧɵɟ ɪɚɫɬɟɧɢɹ ɢ ɪɚɫɬɟɧɢɹ ɫ ɡɚɦɟɞɥɟɧɧɵɦ ɪɨɫɬɨɦ ɢ ɢɧɬɟɧɫɢɜɧɵɦ 

ɜɟɬɜɥɟɧɢɟɦ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1. ɉɪɢ ɷɬɨɦ ɧɨɪɦɚɥɶɧɚɹ ɩɨɥɨɜɢɧɚ ɩɨɬɨɦɫɬɜɚ 

«ȼɆ» ɧɢɱɟɦ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɨɬɨɦɫɬɜɚ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ ɬɨɝɨ ɠɟ ɞɟɪɟɜɚ 

[7]. ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɮɟɧɨɬɢɩɢɱɟɫɤɢɯ ɩɪɨɹɜɥɟɧɢɣ ɜ 

ɩɨɬɨɦɫɬɜɟ, ɛɵɥɨ ɫɞɟɥɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ȼɆ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɞɨɦɢɧɚɧɬɧɭɸ ɫɨɦɚɬɢɱɟɫɤɭɸ ɦɭɬɚɰɢɸ. 

ȼɨɡɦɨɠɧɨ, ɦɨɪɮɨɝɟɧɟɡ, ɩɪɢɜɨɞɹɳɢɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ȼɆ, ɨɛɭɫɥɨɜɥɟɧ 

ɦɭɬɚɰɢɹɦɢ ɜ ɝɟɧɚɯ ɮɢɬɨɝɨɪɦɨɧɨɜ, ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɧɨɪɦɚɥɶɧɨɟ ɪɚɡɜɢɬɢɟ 

ɪɚɫɬɟɧɢɣ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɭ ɤɚɪɥɢɤɨɜɨɣ ɮɨɪɦɵ ɚɪɚɛɢɞɨɩɫɢɫɚ (Arabidopsis 

thaliana), ɧɚɣɞɟɧɚ ɦɭɬɚɰɢɹ ɜ ɝɟɧɟ, ɤɨɞɢɪɭɸɳɟɦ ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ ɛɟɥɨɤ 

AtPGP1, ɜɨɜɥɟɱɟɧɧɵɣ ɜ ɬɪɚɧɫɩɨɪɬ ɚɭɤɫɢɧɨɜ. Ɇɭɬɚɧɬɧɵɣ ɚɥɥɟɥɶ ɩɨɞɚɜɥɹɟɬ 

ɬɪɚɧɫɩɨɪɬ ɷɬɨɝɨ ɮɢɬɨɝɨɪɦɨɧɚ [15]. 
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ɆАɌȿɊɂАɅɕ ɂ ɆȿɌɈȾɕ 

 

1. ɉɨɥɭɱɟɧɢɟ ɞɚɧɧɵɯ 

 

Ɉɛɪɚɡɰɵ ɬɤɚɧɟɣ ɩɨɱɟɤ ɫɨɫɧɵ ɢ ɤɟɞɪɚ ɛɵɥɢ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɂɧɫɬɢɬɭɬɨɦ 
ɦɨɧɢɬɨɪɢɧɝɚ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɋɈ ɊȺɇ (ɝ. Ɍɨɦɫɤ). 

ɂɫɫɥɟɞɭɟɦɵɟ ɤɥɨɧɵ ɛɵɥɢ ɫɨɡɞɚɧɵ ɞ.ɛ.ɧ. ɋ. ɇ. Ƚɨɪɨɲɤɟɜɢɱɟɦ ɜɦɟɫɬɟ ɫ 

ɫɨɬɪɭɞɧɢɤɚɦɢ ɫ ɩɨɦɨɳɶɸ ɩɪɢɜɢɜɨɤ ɜ 2007 ɝ. ɢ ɜɵɪɚɳɟɧɵ ɜ ɪɹɞɚɯ ɧɚ ɧɚɭɱɧɨɦ 

ɫɬɚɰɢɨɧɚɪɟ «Ʉɟɞɪ» ɂɆɄɗɋ ɋɈ ɊȺɇ, ɢɫɬɨɱɧɢɤɚɦɢ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɤɨɬɨɪɵɯ 

ɛɵɥɢ ɞɟɪɟɜɶɹ ɫ ɦɭɬɚɰɢɨɧɧɵɦɢ ȼɆ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɢɡ ɞɜɭɯ ɪɚɣɨɧɨɜ Ɂɚɩɚɞɧɨɣ 

ɋɢɛɢɪɢ. 

ɋɛɨɪ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɤɚɠɞɨɝɨ ɞɟɪɟɜɚ ɜ ɦɚɟ ɢ ɫɟɧɬɹɛɪɟ 2017 

ɝɨɞɚ, ɧɚ ɭɱɚɫɬɤɚɯ ɞɟɪɟɜɚ ɫ ɚɧɨɦɚɥɶɧɵɦ ɦɨɪɮɨɝɟɧɟɡɨɦ (ȼɆ) ɢ ɧɚ 

ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ ɧɨɪɦɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ (ɇɄ). ȼɫɟɝɨ ɛɵɥɨ ɫɨɛɪɚɧɨ 20 ɨɛɪɚɡɰɨɜ: 

8 ɞɥɹ ɞɜɭɯ ɞɟɪɟɜɶɟɜ ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ ɢ 12 ɞɥɹ ɬɪɟɯ ɞɟɪɟɜɶɟɜ ɫɨɫɧɵ 

ɫɢɛɢɪɫɤɨɣ ɤɟɞɪɨɜɨɣ. ɇɢɠɟ ɜ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɭɫɥɨɜɧɵɟ ɧɚɡɜɚɧɢɹ 

ɨɛɪɚɡɰɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɢɩɨɦ ɬɤɚɧɢ ɢ ɞɚɬɨɣ ɫɛɨɪɚ. 

 

Ɍɚɛɥɢɰɚ 1 – ɂɧɮɨɪɦɚɰɢɹ ɨɛ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ 

Ɉɛɪɚɡɟɰ Ɍɢɩ ɫɬɪɨɟɧɢɹ Ⱦɟɪɟɜɨ Ⱦɚɬɚ ɫɛɨɪɚ 
ɋɨɫɧɚ ɨɛɵɤɧɨɜɟɧɧɚɹ P. sylvestris 

010 Ⱥɧɨɦɚɥɶɧɨɟ ɜɟɬɜɥɟɧɢɟ (ȼɆ) Ⱦɟɪɟɜɨ 1 Ɇɚɣ 2017 
011 ɍɱɚɫɬɨɤ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ (ɇɄ) 
010.2 Ⱥɧɨɦɚɥɶɧɨɟ ɜɟɬɜɥɟɧɢɟ (ȼɆ) ɋɟɧɬɹɛɪɶ 2017 
011.2 ɍɱɚɫɬɨɤ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ (ɇɄ) 
014 Ⱥɧɨɦɚɥɶɧɨɟ ɜɟɬɜɥɟɧɢɟ (ȼɆ) Ⱦɟɪɟɜɨ 2 Ɇɚɣ 2017 
015 ɍɱɚɫɬɨɤ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ (ɇɄ) 
014.2 Ⱥɧɨɦɚɥɶɧɨɟ ɜɟɬɜɥɟɧɢɟ (ȼɆ) ɋɟɧɬɹɛɪɶ 2017 
015.2 ɍɱɚɫɬɨɤ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ (ɇɄ) 

ɋɨɫɧɚ ɫɢɛɢɪɫɤɚɹ ɤɟɞɪɨɜɚɹ P. sibirica 
032 Ⱥɧɨɦɚɥɶɧɨɟ ɜɟɬɜɥɟɧɢɟ (ȼɆ) Ⱦɟɪɟɜɨ 1. Ɋɵɯɥɚɹ 

ɦɟɬɥɚ 
Ɇɚɣ 2017 

033 ɍɱɚɫɬɨɤ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ (ɇɄ) 
032.2 Ⱥɧɨɦɚɥɶɧɨɟ ɜɟɬɜɥɟɧɢɟ (ȼɆ) ɋɟɧɬɹɛɪɶ 2017 
033.2 ɍɱɚɫɬɨɤ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ (ɇɄ) 
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036 Ⱥɧɨɦɚɥɶɧɨɟ ɜɟɬɜɥɟɧɢɟ (ȼɆ) Ⱦɟɪɟɜɨ 2. ɉɥɨɬɧɚɹ 
ɦɟɬɥɚ 

Ɇɚɣ 2017 
037 ɍɱɚɫɬɨɤ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ (ɇɄ) 
036.2 Ⱥɧɨɦɚɥɶɧɨɟ ɜɟɬɜɥɟɧɢɟ (ȼɆ) ɋɟɧɬɹɛɪɶ 2017 
037.2 ɍɱɚɫɬɨɤ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ (ɇɄ) 
054 Ⱥɧɨɦɚɥɶɧɨɟ ɜɟɬɜɥɟɧɢɟ (ȼɆ) Ⱦɟɪɟɜɨ 3. Ɇɟɬɥɚ 

ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ 
Ɇɚɣ 2017 

055 ɍɱɚɫɬɨɤ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ (ɇɄ) 
054.2 Ⱥɧɨɦɚɥɶɧɨɟ ɜɟɬɜɥɟɧɢɟ (ȼɆ) ɋɟɧɬɹɛɪɶ 2017 
055.2 ɍɱɚɫɬɨɤ ɧɨɪɦɚɥɶɧɨɣ ɤɪɨɧɵ (ɇɄ) 

 

ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ ɩɚɪɧɨ ɤɨɧɰɟɜɵɯ ɛɢɛɥɢɨɬɟɤ (paired-end) ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ 

ɧɚ ɩɪɢɛɨɪɚɯ Illumina HiSeq (17 ɨɛɪɚɡɰɨɜ), Illumina MiSeq (3 ɨɛɪɚɡɰɚ), ɞɥɢɧɚ 

ɜɫɬɚɜɤɢ ɫɨɫɬɚɜɢɥɚ 120 ɧ.ɨ. 
 

2. Ɏɢɥɶɬɪɚɰɢɹ ɩɪɨɱɬɟɧɢɣ 

 

ɉɨɥɭɱɟɧɧɵɟ ɫɵɪɵɟ ɩɚɪɧɵɟ ɪɢɞɵ ɩɪɨɯɨɞɢɥɢ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ ɨɱɢɫɬɤɢ 

ɢ ɮɢɥɶɬɪɚɰɢɢ. ɍɞɚɥɟɧɢɟ ɚɞɚɩɬɟɪɨɜ, ɮɢɥɶɬɪɚɰɢɹ ɩɨ ɤɚɱɟɫɬɜɭ, ɨɛɪɟɡɤɚ ɭɱɚɫɬɤɨɜ 

ɪɢɞɨɜ ɫ ɧɢɡɤɢɦ ɤɚɱɟɫɬɜɨɦ ɢ ɩɨɫɥɟɞɭɸɳɚɹ ɮɢɥɶɬɪɚɰɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɣ ɞɥɢɧɟ 

ɩɪɨɜɨɞɢɥɢɫɶ ɉɈ Trimmomatic [16]. ɋɨɩɭɬɫɬɜɭɸɳɚɹ ɩɪɨɰɟɫɫɭ ɜɢɡɭɚɥɢɡɚɰɢɹ 

ɫɬɚɬɢɫɬɢɤ ɛɵɥɚ ɫɞɟɥɚɧɚ ɩɪɢ ɩɨɦɨɳɢ ɉɈ FastQC [17]. 

Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɯ ɪɢɞɨɜ ɧɚ ɧɚɥɢɱɢɟ 

ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɯ, ɯɥɨɪɨɩɥɚɫɬɧɵɯ ɢ ɪɢɛɨɫɨɦɚɥɶɧɵɯ ɩɪɢɦɟɫɟɣ. ɋɨɝɥɚɫɧɨ 

ɦɟɬɨɞɢɤɟ ɢɡɜɥɟɱɟɧɢɹ ɦɚɬɪɢɱɧɨɣ ɊɇɄ ɡɚ ɩɨɥɢ-Ⱥ ɯɜɨɫɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɦɚɝɧɢɬɧɵɯ ɛɭɫɢɧ, ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɫɟɣ ɩɨɫɥɟ ɷɤɫɬɪɚɤɰɢɢ ɜ ɨɛɪɚɡɰɟ ɦɨɠɟɬ 

ɫɨɞɟɪɠɚɬɶɫɹ ɞɨ 40% ɪɢɛɨɫɨɦɚɥɶɧɨɣ ɊɇɄ [18]. Ⱦɥɹ ɨɱɢɫɬɤɢ ɪɢɞɨɜ ɛɵɥɚ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɛɚɡɚ ɪɢɛɨɫɨɦɚɥɶɧɨɣ ɊɇɄ Silva [19], ɫɨɞɟɪɠɚɳɚɹ ɢɧɮɨɪɦɚɰɢɸ ɨ 

ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ ɦɚɥɨɣ ɢ ɛɨɥɶɲɨɣ ɫɭɛɴɟɞɢɧɢɰ ɪɊɇɄ ɞɥɹ 
ɚɪɯɟɣ, ɛɚɤɬɟɪɢɣ ɢ ɷɭɤɚɪɢɨɬ. ɇɚ ɦɨɦɟɧɬ ɩɨɫɥɟɞɧɟɝɨ ɪɟɥɢɡɚ Silva ɫɨɞɟɪɠɢɬ 

ɨɤɨɥɨ 7 ɦɥɧ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɪɊɇɄ. ȼ ɪɚɦɤɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɬɚ ɛɚɡɚ ɛɵɥɚ 

ɞɨɩɨɥɧɟɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɪɊɇɄ ɯɜɨɣɧɵɯ, ɧɚɣɞɟɧɧɵɦɢ ɜ ɛɚɡɟ NCBI. 

ɉɪɨɜɟɪɤɚ ɩɪɨɱɬɟɧɢɣ ɧɚ ɧɚɥɢɱɢɟ ɨɪɝɚɧɟɥɥɶɧɨɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 

ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ RefSeq Organelle Genome Resources NCBI 

[20] – ɛɚɡɵ ɞɚɧɧɵɯ, ɫɨɞɟɪɠɚɳɟɣ ɬɪɚɧɫɤɪɢɩɬɨɦɵ ɦɢɬɨɯɨɧɞɪɢɣ ɢ ɩɥɚɫɬɢɞ. 



14 
 

ɉɚɪɧɵɟ ɩɪɨɱɬɟɧɢɹ, ɨɬɞɟɥɶɧɨ ɞɥɹ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ, ɛɵɥɢ ɤɚɪɬɢɪɨɜɚɧɵ ɧɚ 
ɩɨɥɭɱɟɧɧɵɟ ɛɚɡɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉɈ Bowtie2 [21]. Ɏɢɥɶɬɪɚɰɢɹ ɩɪɨɯɨɞɢɥɚ 

ɜ ɞɜɚ ɷɬɚɩɚ: ɫɧɚɱɚɥɚ ɧɚɦɢ ɛɵɥɢ ɨɬɨɛɪɚɧɵ ɩɚɪɧɵɟ ɪɢɞɵ, ɧɟ ɢɦɟɸɳɢɟ ɚɧɚɥɨɝɨɜ 

ɜ ɨɪɝɚɧɟɥɥɶɧɨɣ ɛɚɡɟ, ɡɚɬɟɦ ɷɬɢ ɪɢɞɵ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɤɚɪɬɢɪɨɜɚɧɢɹ ɧɚ ɛɚɡɭ 

ɪɊɇɄ. ɇɚ ɨɛɨɢɯ ɷɬɚɩɚɯ ɮɢɥɶɬɪɚɰɢɢ ɫɨɯɪɚɧɹɥɢɫɶ ɬɨɥɶɤɨ ɬɟ ɩɚɪɵ ɪɢɞɨɜ, 

ɤɨɬɨɪɵɟ ɧɟ ɜɵɪɨɜɧɹɥɢɫɶ ɧɚ ɛɚɡɭ ɤɨɧɤɨɪɞɚɧɬɧɨ, ɬ.ɟ. ɧɢ ɩɪɹɦɨɟ, ɧɢ ɨɛɪɚɬɧɨɟ 

ɩɪɨɱɬɟɧɢɟ ɧɟ ɢɦɟɟɬ ɢɞɟɧɬɢɱɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɛɚɡɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ, 

ɨɤɨɥɨ 55% ɩɪɨɱɬɟɧɢɣ ɛɵɥɢ ɭɛɪɚɧɵ ɢɡ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɤɚɤ ɜɨɡɦɨɠɧɵɟ 
ɩɪɢɦɟɫɢ: ɜ ɫɪɟɞɧɟɦ, 23% ɪɢɞɨɜ ɧɟ ɩɪɨɲɥɢ ɮɢɥɶɬɪɚɰɢɸ ɤɚɤ ɨɪɝɚɧɟɥɥɶɧɵɟ 

ɬɪɚɧɫɤɪɢɩɬɵ ɢ 32% ɤɚɤ ɮɪɚɝɦɟɧɬɵ ɪɢɛɨɫɨɦɚɥɶɧɨɣ ɊɇɄ (Ɍɚɛɥɢɰɚ 2). 

 

Ɍɚɛɥɢɰɚ 2 – Ɋɟɡɭɥɶɬɚɬɵ ɮɢɥɶɬɪɚɰɢɢ ɩɪɨɱɬɟɧɢɣ 

Ɉɛɪɚɡɟɰ Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɱɬɟɧɢɣ Ɉɫɬɚɥɨɫɶ 
ɩɪɨɱɬɟɧɢɣ, 

% 
Ⱦɨ ɮɢɥɶɬɪɚɰɢɢ ɉɨɫɥɟ 

ɮɢɥɶɬɪɚɰɢɢ 
ɨɪɝɚɧɟɥɥɶɧɨɣ 

ɊɇɄ 

ɉɨɫɥɟ 
ɮɢɥɶɬɪɚɰɢɢ 

ɪɊɇɄ 

010 4 915 882 4 142 660 2 445 082 49.7 
011 4 813 001 3 906 232 2 356 305 49.0 
010.2 93 702 967 76 202 257 43 880 751 46.8 
011.2 34 410 083 24 770 317 14 695 172 42.7 
014 2 745 771 2 295 272 1 468 096 53.5 
015 3 068 852 2 208 815 952 583 31.0 
014.2 3 871 235 2 366 039 817 850 21.1 
015.2 75 713 232 58 667 377 33 705 176 44.5 
032 25 373 965 16 755 968 8 601 099 33.9 
033 61 551 579 40387039 12 567 981 20.4 
032.2 4 610 092 2 965 970 2 097 731 45.5 
033.2 4 168 894 3 176 295 2 030 765 48.7 
036 2 726 968 2 409 483 1 503 842 55.1 
037 2 676 144 2 132 523 1 425 885 53.3 
036.2 87 427 824 68 499 795 36 276 122 41.5 
037.2 84 694 462 68 371 216 39 836 560 47.0 
055 5 638 051 4 708 394 1949863 34.6 
054.2 82 659 434 63 078 469 35 176 574 42.6 
055.2 91 296 159 74 541 258 49 580 639 54.3 
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ȼ ɨɛɪɚɡɰɟ ȼɆ ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ ɤɟɞɪɨɜɨɣ 054 ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɪɤɢ 
ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɤɨɧɬɚɦɢɧɚɰɢɢ ɱɟɥɨɜɟɱɟɫɤɨɣ ɢ 

ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɊɇɄ. Ɉɛɪɚɡɟɰ ɛɵɥ ɢɫɤɥɸɱɟɧ ɢɡ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ. 

 

3. ɉɨɥɭɱɟɧɢɟ ɢ ɦɨɞɢɮɢɤɚɰɢɢ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɯ ɫɛɨɪɨɤ 

 

ɋɛɨɪɤɚ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɪɨɝɪɚɦɦɨɣ Trinity [22, 23], 

ɜɟɪɫɢɹ 2.5.1. ɉɪɨɝɪɚɦɦɚ Trinity ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ de novo ɫɛɨɪɤɢ 
ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ ɧɚ ɞɚɧɧɵɯ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ. Ɋɚɡɪɚɛɨɬɱɢɤɢ 

ɜɵɞɟɥɹɸɬ ɬɪɢ ɷɬɚɩɚ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ: ɩɟɪɜɵɣ, InchWorm, ɫɨɛɢɪɚɟɬ 

ɩɪɨɱɬɟɧɢɹ RNA-seq ɜ ɭɧɢɤɚɥɶɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɪɚɧɫɤɪɢɩɬɨɜ, ɱɚɫɬɨ 

ɝɟɧɟɪɢɪɭɹ ɩɨɥɧɨɪɚɡɦɟɪɧɵɟ ɬɪɚɧɫɤɪɢɩɬɵ (ɤɨɧɬɢɝɢ) ɞɥɹ ɞɨɦɢɧɢɪɭɸɳɟɣ 

ɢɡɨɮɨɪɦɵ. ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ, Chrysalis ɪɚɫɩɪɟɞɟɥɹɟɬ ɷɬɢ ɤɨɧɬɢɝɢ ɜ ɤɥɚɫɬɟɪɵ ɢ 

ɤɨɧɫɬɪɭɢɪɭɟɬ ɩɨɥɧɵɟ ɝɪɚɮɵ ɞɟ Ȼɪɟɣɧɚ ɞɥɹ ɤɚɠɞɨɝɨ ɤɥɚɫɬɟɪɚ. Ʉɚɠɞɵɣ ɤɥɚɫɬɟɪ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɚɪɢɚɧɬɨɜ ɬɪɚɧɫɤɪɢɩɰɢɢ ɝɟɧɚ (ɢɥɢ ɧɚɛɨɪɨɜ 

ɝɟɧɨɜ ɫ ɢɞɟɧɬɢɱɧɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ). Ɂɚɬɟɦ Chrysalis ɪɚɡɛɢɜɚɟɬ ɧɚɛɨɪ 
ɜɯɨɞɧɵɯ ɩɪɨɱɬɟɧɢɣ ɧɚ ɷɬɢ ɝɪɚɮɵ. Ⱦɚɥɟɟ, ɬɪɟɬɢɣ ɷɬɚɩ – Butterfly ɨɛɪɚɛɚɬɵɜɚɟɬ 

ɨɬɞɟɥɶɧɵɟ ɝɪɚɮɵ ɩɚɪɚɥɥɟɥɶɧɨ, ɨɬɫɥɟɠɢɜɚɹ ɩɭɬɢ, ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɪɢɞɵ ɢ ɩɚɪɵ ɪɢɞɨɜ, ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ ɧɚɯɨɞɹ ɩɨɥɧɵɟ ɬɪɚɧɫɤɪɢɩɬɵ ɞɥɹ 

ɚɥɶɬɟɪɧɚɬɢɜɧɨ ɫɩɥɚɣɫɢɪɨɜɚɧɧɵɯ ɢɡɨɮɨɪɦ ɢ ɪɚɡɞɟɥɹɹ ɬɪɚɧɫɤɪɢɩɬɵ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɚɪɚɥɨɝɢɱɟɫɤɢɦ ɝɟɧɚɦ.ɉɪɨɝɪɚɦɦɚ Trinity ɛɵɥɚ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɛɨɪɨɤ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ, ɱɬɨ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ, 

ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɩɟɪɜɵɦ ɲɚɝɨɦ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɟɥɢɱɢɧ ɷɤɫɩɪɟɫɫɢɢ 
ɝɟɧɨɜ. Ⱦɜɟ ɫɛɨɪɤɢ, ɨɞɧɚ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɨɫɧɵ ɢ ɨɞɧɚ ɞɥɹ ɤɟɞɪɚ, ɛɵɥɢ 

ɫɝɟɧɟɪɢɪɨɜɚɧɵ ɩɪɨɝɪɚɦɦɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ 

ɩɚɪɚɦɟɬɪɨɜ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɤɚɱɟɫɬɜɚ 

ɩɨɥɭɱɟɧɧɵɯ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɪɨɝɪɚɦɦɚ BUSCO v3 [24]. 

BUSCO ɩɪɨɜɨɞɢɬ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɢɡɦɟɪɟɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɫɛɨɪɤɢ ɝɟɧɨɦɚ, 

ɧɚɛɨɪɚ ɝɟɧɨɜ ɢ ɩɨɥɧɨɬɵ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɧɚ ɨɫɧɨɜɟ ɷɜɨɥɸɰɢɨɧɧɨ ɨɛɨɫɧɨɜɚɧɧɵɯ 

ɨɠɢɞɚɧɢɣ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɨɞɧɨɤɨɩɢɣɧɵɯ ɝɟɧɨɜ-ɨɪɬɨɥɨɝɨɜ, 
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ɜɵɛɪɚɧɧɵɯ ɢɡ ɛɚɡɵ OrthoDB v9 [25]. ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 
ɧɚɛɨɪ ɝɟɧɨɜ-ɨɪɬɨɥɨɝɨɜ ɜɵɫɲɢɯ ɪɚɫɬɟɧɢɣ (Embryophyta), ɫɨɞɟɪɠɚɳɢɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɨɜ 1440 ɨɪɬɨɥɨɝɢɱɟɫɤɢɯ ɝɪɭɩɩ ɩɨ 31 ɜɢɞɭ ɪɚɫɬɟɧɢɣ. 

BUSCO ɫɨɡɞɚɟɬ ɨɬɱɟɬ ɨ ɩɪɟɞɫɬɚɜɥɟɧɧɨɫɬɢ ɷɬɢɯ ɝɪɭɩɩ ɜ ɬɪɚɧɫɤɪɢɩɬɨɦɧɨɣ 

ɫɛɨɪɤɟ: ɢɧɮɨɪɦɚɰɢɹ ɨ ɤɨɥɢɱɟɫɬɜɟ ɝɟɧɨɜ, ɧɚɣɞɟɧɧɵɯ ɜ ɨɞɧɨɣ ɤɨɩɢɢ, 

ɞɭɩɥɢɰɢɪɨɜɚɧɧɵɯ (ɩɪɢɱɟɦ ɩɪɨɝɪɚɦɦɚ ɭɱɢɬɵɜɚɟɬ ɧɚɥɢɱɢɟ ɢɡɨɮɨɪɦ), ɚ ɬɚɤɠɟ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɮɪɚɝɦɟɧɬɚɪɧɨ ɢɥɢ ɧɟ ɧɚɣɞɟɧɧɵɯ ɜ ɫɛɨɪɤɟ. 

ɍɥɭɱɲɟɧɢɟ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɯ ɫɛɨɪɨɤ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɉɈ 

EvidentialGene, ɫɤɪɢɩɬ tr2aacds [26]. ɗɬɚ ɩɪɨɝɪɚɦɦɚ ɪɚɛɨɬɚɟɬ ɤɚɤ 

ɤɥɚɫɫɢɮɢɤɚɬɨɪ, ɪɚɫɩɪɟɞɟɥɹɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɪɚɧɫɤɪɢɩɬɨɜ ɩɨ ɲɟɫɬɢ 

ɝɪɭɩɩɚɦ:  

• ɬɪɚɧɫɤɪɢɩɬɵ ɫ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦɢ ɢɡɨɮɨɪɦɚɦɢ, 

• ɬɪɚɧɫɤɪɢɩɬɵ ɛɟɡ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɡɨɮɨɪɦ, 

• ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɢɡɨɮɨɪɦɵ ɫ ɜɵɫɨɤɢɦ ɢɥɢ ɫɪɟɞɧɢɦ ɭɪɨɜɧɟɦ 
ɜɵɪɚɜɧɢɜɚɧɢɹ ɧɚ ɩɟɪɜɢɱɧɵɣ ɬɪɚɧɫɤɪɢɩɬ, 

• ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɢɡɨɮɨɪɦɵ, ɢɦɟɸɳɢɟ ɮɪɚɝɦɟɧɬɢɪɨɜɚɧɧɵɟ ɭɱɚɫɬɤɢ, ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɜɢɱɧɵɦ ɬɪɚɧɫɤɪɢɩɬɨɦ, 

• ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɨɬ ɩɟɪɜɢɱɧɨɝɨ 

ɬɪɚɧɫɤɪɢɩɬɚ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ 

ɤɨɞɢɪɭɸɳɟɝɨ ɪɟɝɢɨɧɚ (CDS), 

• ɤɨɪɨɬɤɢɟ, ɧɟɩɨɥɧɵɟ ɢ ɮɪɚɝɦɟɧɬɢɪɨɜɚɧɧɵɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

ȼ ɢɬɨɝɟ, ɷɬɨ ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɝɪɭɩɩɵ, ɚ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɪɚɜɧɢɜɚɧɢɹ ɧɚ 

ɛɟɥɤɨɜɵɟ ɛɚɡɵ ɞɚɧɧɵɯ ɢ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɟɧɧɵɯ ɛɟɥɤɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

(ɪɚɡɦɟɪ, ɩɨɥɧɨɬɚ) ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɪɢɫɜɨɟɧɢɹ ɬɪɚɧɫɤɪɢɩɬɚɦ ɡɧɚɱɟɧɢɣ 

«okay» (ɫɨɯɪɚɧɹɟɦɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ) ɢ «drop» (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, 

ɢɫɤɥɸɱɚɟɦɵɟ ɢɡ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ). Ʉɥɚɫɫ «drop» ɫɨɞɟɪɠɢɬ ɢɡɛɵɬɨɱɧɵɟ ɢ 

ɧɟɢɧɮɨɪɦɚɬɢɜɧɵɟ ɬɪɚɧɫɤɪɢɩɬɵ, ɜɤɥɸɱɚɹ ɢɡɛɵɬɨɱɧɵɟ ɬɨɱɧɵɟ ɤɨɩɢɢ 

ɬɪɚɧɫɤɪɢɩɬɨɜ ɢɡ «okay» ɝɪɭɩɩɵ ɢɥɢ ɬɨɱɧɵɟ ɮɪɚɝɦɟɧɬɵ ɷɬɢɯ ɬɪɚɧɫɤɪɢɩɬɨɜ ɢ 
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ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡɨɮɨɪɦ, ɢɦɟɸɳɢɟ ɢɞɟɧɬɢɱɧɵɟ ɫ ɩɟɪɜɢɱɧɵɦ 
ɬɪɚɧɫɤɪɢɩɬɨɦ ɤɨɞɢɪɭɸɳɢɟ ɪɟɝɢɨɧɵ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɯ ɫɛɨɪɨɤ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 

ɫɥɟɞɭɸɳɢɟ ɤɥɚɫɫɢɱɟɫɤɢɟ ɜ ɛɢɨɢɧɮɨɪɦɚɬɢɤɟ ɩɨɤɚɡɚɬɟɥɢ: ɫɪɟɞɧɹɹ ɢ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɤɨɧɬɢɝɚ, ɨɛɳɚɹ ɞɥɢɧɚ – ɫɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɧɭɤɥɟɨɬɢɞɧɵɯ ɨɫɧɨɜɚɧɢɣ ɜ ɫɛɨɪɤɟ, GC-ɫɨɫɬɚɜ - ɞɨɥɹ ɝɭɚɧɢɧɚ ɢ ɰɢɬɨɡɢɧɚ ɫɪɟɞɢ 

ɜɫɟɯ ɧɭɤɥɟɨɬɢɞɧɵɯ ɨɫɧɨɜɚɧɢɣ ɬɪɚɧɫɤɪɢɩɬɨɦɚ, ɜɟɥɢɱɢɧɚ N50. ɋɬɚɬɢɫɬɢɤɚ N50 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɚɦɵɣ ɤɨɪɨɬɤɢɣ ɤɨɧɬɢɝ ɩɪɢ ɫɭɦɦɢɪɨɜɚɧɢɢ ɞɥɢɧ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɤɨɧɬɢɝɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɭɦɦɵ, ɛɨɥɶɲɟɣ ɢɥɢ ɪɚɜɧɨɣ 

ɩɨɥɨɜɢɧɟ ɞɥɢɧɵ ɫɛɨɪɤɢ. 

 

4. ɗɤɫɩɪɟɫɫɢɹ ɝɟɧɨɜ 

Ⱥɧɚɥɢɡ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɛɵɥ ɩɪɨɜɟɞɟɧ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦ Trinity ɢ Blast2GO [27]. ɗɬɨ ɦɧɨɝɨɷɬɚɩɧɵɣ ɩɪɨɰɟɫɫ, ɫɨɫɬɨɹɳɢɣ ɢɡ 

ɫɛɨɪɤɢ ɬɨɬɚɥɶɧɨɝɨ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ, ɜɵɪɚɜɧɢɜɚɧɢɹ ɧɚ ɷɬɨɬ 

ɬɪɚɧɫɤɪɢɩɬɨɦ ɩɪɨɱɬɟɧɢɣ ɪɚɡɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ, ɨɰɟɧɤɢ 

ɢɡɛɵɬɨɱɧɨɫɬɢ ɬɪɚɧɫɤɪɢɩɬɨɜ, ɫɨɡɞɚɧɢɹ ɦɚɬɪɢɰɵ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɜɫɬɪɟɱɚɟɦɨɫɬɢ 

ɬɪɚɧɫɤɪɢɩɬɨɜ ɜ ɨɛɪɚɡɰɚɯ ɢ ɩɨɩɚɪɧɨɟ ɫɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɢɡɛɵɬɨɱɧɨɫɬɢ 
ɬɪɚɧɫɤɪɢɩɬɨɜ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɟɧɨɦɧɨɝɨ ɪɟɮɟɪɟɧɫɚ: ɦɟɬɨɞɵ ɧɚ ɨɫɧɨɜɟ 

ɜɵɪɚɜɧɢɜɚɧɢɹ ɪɢɞɨɜ ɧɚ ɬɪɚɧɫɤɪɢɩɬɨɦɧɭɸ ɫɛɨɪɤɭ ɢ ɦɟɬɨɞɵ ɛɟɡ ɜɵɪɚɜɧɢɜɚɧɢɹ 

– ɫɪɚɜɧɟɧɢɟ ɭɪɨɜɧɹ ɩɪɟɞɫɬɚɜɥɟɧɧɨɫɬɢ k-ɦɟɪɨɜ ɜ ɪɢɞɚɯ ɢ ɜ ɬɨɬɚɥɶɧɨɣ ɫɛɨɪɤɟ, 

ɨɬɥɢɱɚɸɳɢɟɫɹ, ɩɨɦɢɦɨ ɨɫɧɨɜɧɨɝɨ ɩɪɢɧɰɢɩɚ, ɭɪɨɜɧɟɦ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ 

ɜɪɟɦɟɧɟɦ ɪɚɛɨɬɵ. ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ ɧɚ ɨɫɧɨɜɟ 

ɜɵɪɚɜɧɢɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ ɩɪɨɝɪɚɦɦ RSEM [28] ɢ Bowtie2. 

RSEM ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɨɰɟɧɤɭ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɢ ɢɡɨɮɨɪɦ ɞɥɹ 

ɞɚɧɧɵɯ RNA-seq ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ, ɫ ɩɨɦɨɳɶɸ Bowtie2 ɪɢɞɵ 

ɜɵɪɚɜɧɢɜɚɸɬɫɹ ɧɚ ɬɪɚɧɫɤɪɢɩɬɨɦ, ɢ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɜɵɪɚɜɧɢɜɚɧɢɣ ɫɱɢɬɚɟɬɫɹ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɫɬɶ ɬɪɚɧɫɤɪɢɩɬɚ ɢ ɞɨɜɟɪɢɬɟɥɶɧɵɟ ɢɧɬɟɪɜɚɥɵ. 
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Ɇɚɬɪɢɰɚ ɝɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɩɪɢ ɩɨɦɨɳɢ ɫɤɪɢɩɬɚ 
abundance_estimates_to_matrix, ɜɯɨɞɹɳɟɝɨ ɜ ɩɚɤɟɬ Trinity. ɉɪɢ ɫɨɡɞɚɧɢɢ 

ɦɚɬɪɢɰɵ ɭɱɢɬɵɜɚɸɬɫɹ ɨɬɧɨɲɟɧɢɹ ɝɟɧ-ɬɪɚɧɫɤɪɢɩɬ-ɢɡɨɮɨɪɦɚ. ɉɨɫɬɪɨɟɧɧɚɹ 

ɦɚɬɪɢɰɚ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɨɤɪɵɬɢɢ ɪɢɞɚɦɢ ɝɟɧɨɜ ɞɥɹ ɤɚɠɞɨɝɨ 

ɨɛɪɚɡɰɚ ɛɟɡ ɧɨɪɦɚɥɢɡɚɰɢɢ; ɨɬɞɟɥɶɧɨ ɫɨɡɞɚɸɬɫɹ ɦɚɬɪɢɰɵ ɫ TPM (Transcript per 

million) ɢ TMM ɧɨɪɦɚɥɢɡɨɜɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɷɤɫɩɪɟɫɫɢɢ. 

Ɇɚɬɪɢɰɚ ɫ ɧɟɧɨɪɦɚɥɢɡɨɜɚɧɧɵɦɢ ɞɚɧɧɵɦɢ ɹɜɥɹɟɬɫɹ ɜɯɨɞɧɵɦ ɮɚɣɥɨɦ ɧɚ 

ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɚɧɚɥɢɡɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ, ɞɥɹ ɩɚɤɟɬɚ edgeR, 

ɩɨɡɜɨɥɹɸɳɟɝɨ ɜɵɩɨɥɧɹɬɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɡɚɪɚɧɟɟ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɝɟɧɨɦɧɵɯ ɫɬɪɭɤɬɭɪ (genomic features) [29, 30]. ɉɚɤɟɬ ɪɟɚɥɢɡɭɟɬ 

ɬɨɱɧɵɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɞɥɹ ɦɧɨɝɨɝɪɭɩɩɨɜɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, 

ɪɚɡɪɚɛɨɬɚɧɧɵɟ Ɋɨɛɢɧɫɨɧɨɦ ɢ ɋɦɢɬɨɦ [29], ɚ ɬɚɤɠɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, 

ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɨɛɨɛɳɟɧɧɵɯ ɥɢɧɟɣɧɵɯ ɦɨɞɟɥɹɯ [31, 32]. ȼ ɯɨɞɟ ɪɚɛɨɬɵ EdgeR 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɩɚɪɧɨɟ ɫɪɚɜɧɟɧɢɟ ɜɫɟɯ ɨɛɪɚɡɰɨɜ, ɫ ɭɱɟɬɨɦ ɢɯ ɫɬɚɬɭɫɚ 

ɢɫɫɥɟɞɭɟɦɚɹ «ɝɪɭɩɩɚ»/«ɤɨɧɬɪɨɥɶ». Ɏɚɣɥ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɫɨɞɟɪɠɢɬ ɡɧɚɱɟɧɢɹ 

logFC – ɞɜɨɢɱɧɵɣ ɥɨɝɚɪɢɮɦ ɪɚɡɧɢɰɵ ɜ ɤɨɥɢɱɟɫɬɜɟ ɜɫɬɪɟɱɚɟɦɨɫɬɢ 
ɬɪɚɧɫɤɪɢɩɬɨɜ. ɉɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ logFC ɭɤɚɡɵɜɚɸɬ ɧɚ ɜɵɫɨɤɭɸ 

ɷɤɫɩɪɟɫɫɢɸ ɬɪɚɧɫɤɪɢɩɬɚ, ɚ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɧɚ ɩɨɧɢɠɟɧɧɭɸ ɷɤɫɩɪɟɫɫɢɸ. 

Blast2GO – ɛɢɨɢɧɮɨɪɦɚɬɢɱɟɫɤɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɚɧɧɨɬɚɰɢɢ 

ɫɟɤɜɟɧɢɪɨɜɚɧɧɵɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. ɉɈ ɢɫɩɨɥɶɡɭɟɬ ɚɥɝɨɪɢɬɦ BLAST ɞɥɹ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɨ ɫɭɳɟɫɬɜɭɸɳɢɦ ɛɚɡɚɦ ɢ 

ɩɨɫɥɟɞɭɸɳɟɣ ɩɪɢɜɹɡɤɢ ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɚɧɧɨɬɚɰɢɣ 
ɢɡɭɱɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɤ ɧɨɜɵɦ. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ 

ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɛɚɡɨɣ Gene Ontology (GO) [33]. ɉɨɦɢɦɨ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ 

ɚɧɧɨɬɚɰɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɜ Blast2GO ɪɟɚɥɢɡɨɜɚɧɚ ɜɫɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɨɞɩɪɨɝɪɚɦɦ Trinity ɞɥɹ ɚɧɚɥɢɡɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɷɤɫɩɪɟɫɫɢɢ: ɫɨɡɞɚɧɢɟ de novo ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ, ɦɚɬɪɢɰ ɷɤɫɩɪɟɫɫɢɢ, 

ɚɧɚɥɢɡ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ ɷɤɫɩɪɟɫɫɢɪɭɟɦɵɯ ɬɪɚɧɫɤɪɢɩɬɨɜ. 
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5. ɉɨɢɫɤ ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɥɢɦɨɪɮɢɡɦɨɜ 

Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɯ ɡɚɦɟɧ, ɜɫɬɚɜɨɤ ɢ ɞɟɥɟɰɢɣ, ɤɨɬɨɪɵɟ 

ɦɨɝɥɢ ɛɵ ɩɪɢɜɨɞɢɬɶ ɤ ɚɧɨɦɚɥɶɧɨɦɭ ɦɨɪɮɨɝɟɧɟɡɭ, ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɪɹɞ 

ɩɪɨɝɪɚɦɦ: Bowtie2, SAMtools ɢ BCFtools [34]. ɉɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ 
Bowtie2 ɮɚɣɥɵ ɜɵɪɚɜɧɢɜɚɧɢɣ ɜ ɮɨɪɦɚɬɟ SAM (Sequence Alignment/Map) 

ɤɨɧɜɟɪɬɢɪɨɜɚɥɢɫɶ ɫɨɪɬɢɪɨɜɚɧɧɵɟ ɜ BAM-ɮɚɣɥɵ ɩɪɨɝɪɚɦɦɨɣ SAMtools. Ⱦɥɹ 

ɚɧɚɥɢɡɚ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɜɵɪɚɜɧɢɜɚɧɢɹ ɧɚ ɬɨɬɚɥɶɧɵɟ ɬɪɚɧɫɤɪɢɩɬɨɦɵ, ɞɥɹ 

ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɪɟɮɟɪɟɧɫɧɚɹ ɬɪɚɧɫɤɪɢɩɬɨɦɧɚɹ 

ɫɛɨɪɤɚ [35]. ɉɪɨɝɪɚɦɦɚ SAMtools ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ 

ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɥɢɦɨɪɮɢɡɦɨɜ (Ɉɇɉ), ɩɪɟɨɛɪɚɡɨɜɵɜɚɹ ɷɬɢ ɮɚɣɥɵ ɜ 

Pileup – ɬɟɤɫɬɨɜɵɣ ɮɨɪɦɚɬ ɞɥɹ ɫɭɦɦɢɪɨɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɢɫɤɚ Ɉɇɉ ɜ 
ɜɵɪɨɜɧɟɧɧɵɯ ɪɢɞɚɯ ɧɚ ɪɟɮɟɪɟɧɫɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɨɛɴɟɞɢɧɹɹ ɞɚɧɧɵɟ 

ɩɨ ɜɫɟɦ ɨɛɪɚɡɰɚɦ. ȼ ɬɚɤɨɦ ɮɚɣɥɟ ɤɚɠɞɚɹ ɫɬɪɨɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɟɧɨɦɧɭɸ 

ɩɨɡɢɰɢɸ, ɫɨɫɬɨɢɬ ɢɡ: 

• ɧɚɡɜɚɧɢɹ ɯɪɨɦɨɫɨɦɵ (ɤɨɧɬɢɝɚ), 

• ɤɨɨɪɞɢɧɚɬ ɧɭɤɥɟɨɬɢɞɚ, 

• ɫɚɦɨɝɨ ɪɟɮɟɪɟɧɫɧɨɝɨ ɧɭɤɥɟɨɬɢɞɚ, 

• ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɱɬɟɧɢɣ, ɜɵɪɚɜɧɢɜɚɸɳɢɯɫɹ ɧɚ ɞɚɧɧɭɸ ɩɨɡɢɰɢɸ, 

• ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɞɚɧɧɨɣ ɩɨɡɢɰɢɢ ɭ ɜɵɪɚɜɧɢɜɚɸɳɢɯɫɹ ɩɪɨɱɬɟɧɢɣ, 

• ɤɚɱɟɫɬɜɚ ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɩɪɨɱɬɟɧɢɹɯ, 

• ɤɚɱɟɫɬɜɚ ɜɵɪɚɜɧɢɜɚɧɢɣ ɩɪɨɱɬɟɧɢɣ. 
ɂɧɮɨɪɦɚɰɢɹ ɨ ɫɨɜɩɚɞɟɧɢɹɯ, ɧɟɫɨɜɩɚɞɟɧɢɹɯ, ɜɫɬɚɜɤɚɯ ɢ ɞɟɥɟɰɢɹɯ, 

ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ, ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɪɢɞɨɜ ɡɚɤɨɞɢɪɨɜɚɧɚ ɜ ɨɬɞɟɥɶɧɨɦ ɫɬɨɥɛɰɟ. ȼ 

ɮɢɧɚɥɶɧɨɦ ɜɚɪɢɚɧɬɟ ɮɚɣɥɚ ɜ VCF (Variant Call Format) ɮɨɪɦɚɬɟ ɫɨɞɟɪɠɢɬɫɹ 

ɬɚɤɠɟ ɢɧɮɨɪɦɚɰɢɹ ɨ ɝɟɧɨɬɢɩɚɯ ɢ ɜɟɪɨɹɬɧɨɫɬɹɯ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ. 

ɉɪɨɢɡɜɨɞɢɥɚɫɶ ɮɢɥɶɬɪɚɰɢɹ Ɉɇɉ ɩɨ ɬɪɟɦ ɩɚɪɚɦɟɬɪɚɦ: 

1. Ɇɢɧɢɦɚɥɶɧɨɟ ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɞɥɹ ɤɚɱɟɫɬɜɚ ɜɵɪɚɜɧɢɜɚɧɢɣ 

ɧɚ Ɉɇɉ – 30. 

2. Ɇɢɧɢɦɚɥɶɧɨɟ ɩɨɤɪɵɬɢɟ ɩɨɡɢɰɢɢ ɩɪɨɱɬɟɧɢɹɦɢ – 30. 
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3. Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɱɬɟɧɢɣ ɫ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦɢ ɧɭɤɥɟɨɬɢɞɚɦɢ ɧɚ 
ɩɨɡɢɰɢɢ – 10. 

Ⱦɚɥɟɟ ɧɚɦɢ ɨɬɛɢɪɚɥɢɫɶ ɬɨɥɶɤɨ Ɉɇɉ, ɜɫɬɚɜɤɢ ɢ ɞɟɥɟɰɢɢ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ 

ɩɨ ɨɛɪɚɡɰɚɦ ɬɚɤ, ɱɬɨ ȼɆ ɨɤɚɡɵɜɚɥɢɫɶ ɝɟɬɟɪɨɡɢɝɨɬɚɦɢ ɩɨ ɚɥɶɬɟɪɧɚɬɢɜɧɨɦɭ 

ɚɥɥɟɥɸ, ɚ ɨɛɪɚɡɰɵ ɇɄ ɧɟ ɨɬɥɢɱɚɥɚɫɶ ɨɬ ɪɟɮɟɪɟɧɫɚ. ɉɪɨɜɟɪɤɚ Ɉɇɉ ɧɚ 

ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɤɨɞɢɪɭɸɳɟɦɭ ɪɟɝɢɨɧɭ ɬɪɚɧɫɤɪɢɩɬɚ ɩɪɨɜɨɞɢɥɚɫɶ ɨɧɥɚɣɧ-

ɫɟɪɜɢɫɨɦ ORFfinder [36]. 
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ɊȿɁɍɅɖɌАɌɕ 

 

1. Ɍɪɚɧɫɤɪɢɩɬɨɦɧɵɟ ɫɛɨɪɤɢ 

 

Ȼɵɥɨ ɩɨɥɭɱɟɧɨ ɧɟɫɤɨɥɶɤɨ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɯ ɫɛɨɪɨɤ Trinity: ɢɡ 

ɩɪɨɱɬɟɧɢɣ ɞɨ ɮɢɥɶɬɪɚɰɢɢ ɪɢɛɨɫɨɦɚɥɶɧɨɣ ɢ ɨɪɝɚɧɟɥɥɶɧɨɣ ɊɇɄ, ɩɨɫɥɟ 

ɮɢɥɶɬɪɚɰɢɢ. Ɍɪɚɧɫɤɪɢɩɬɵ, ɫɨɛɪɚɧɧɵɟ ɢɡ ɩɪɨɲɟɞɲɢɯ ɮɢɥɶɬɪɚɰɢɸ ɩɪɨɱɬɟɧɢɣ, 

ɛɵɥɢ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɉɈ EvidentialGene ɫ ɰɟɥɶɸ ɭɥɭɱɲɟɧɢɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɛɨɪɤɢ: ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɫɤɪɢɩɬɨɜ ɡɚ ɫɱɟɬ ɭɞɚɥɟɧɢɹ 

ɞɭɛɥɢɤɚɬɨɜ ɢ ɮɪɚɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɬɪɚɧɫɤɪɢɩɬɨɜ, ɫɨɯɪɚɧɹɹ ɩɪɢ ɷɬɨɦ 
ɩɨɥɭɱɟɧɧɵɣ ɭɪɨɜɟɧɶ ɩɨɥɧɨɬɵ ɫɛɨɪɤɢ. ȼ ɬɚɛɥɢɰɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɛɨɪɨɤ ɞɨ ɮɢɥɶɬɪɚɰɢɢ, ɚ ɬɚɤɠɟ ɞɨ ɢ ɩɨɫɥɟ ɩɨɩɵɬɤɢ 

ɭɥɭɱɲɟɧɢɹ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɩɨɫɥɟ ɭɞɚɥɟɧɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɱɬɟɧɢɣ 

ɭ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɤɟɞɪɚ ɭɜɟɥɢɱɢɥɚɫɶ ɨɛɳɚɹ ɞɥɢɧɚ ɢ ɤɨɥɢɱɟɫɬɜɨ ɫɚɦɢɯ 

ɬɪɚɧɫɤɪɢɩɬɨɜ, ɚ ɞɥɹ ɫɨɫɧɵ ɷɬɢ ɩɨɤɚɡɚɬɟɥɢ ɜ ɰɟɥɨɦ ɨɫɬɚɥɢɫɶ ɛɟɡ ɢɡɦɟɧɟɧɢɣ. 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɫɤɪɢɩɬɨɜ ɛɟɡ ɢɡɦɟɧɟɧɢɣ ɨɛɳɟɣ ɞɥɢɧɵ ɫɛɨɪɤɢ 

ɦɵ ɦɨɝɥɢ ɛɵ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɮɢɥɶɬɪɚɰɢɹ ɜɵɡɜɚɥɚ «ɪɚɡɞɪɨɛɥɟɧɢɟ» ɪɚɧɟɟ 
ɫɨɛɪɚɧɧɵɯ ɬɪɚɧɫɤɪɢɩɬɨɜ: ɢɡɜɥɟɱɟɧɢɟ ɱɚɫɬɢ ɪɢɞɨɜ ɩɨɜɥɢɹɥɨ ɧɚ ɫɩɨɫɨɛɧɨɫɬɶ 

ɫɛɨɪɳɢɤɚ ɫɨɟɞɢɧɢɬɶ ɭɱɚɫɬɤɢ ɸɧɢɝɟɧɨɜ ɢ ɜ ɧɨɜɨɣ ɫɛɨɪɤɟ ɨɧɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ 

ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɟ ɬɪɚɧɫɤɪɢɩɬɵ. 

Ɍɚɛɥɢɰɚ 4 ɫɨɞɟɪɠɢɬ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɉɈ BUSCO ɢ ɨɬɨɛɪɚɠɚɟɬ 

ɩɨɥɧɨɬɭ ɩɨɥɭɱɟɧɧɵɯ ɫɛɨɪɨɤ ɞɨ ɭɥɭɱɲɟɧɢɹ ɫ ɩɨɦɨɳɶɸ EvidentialGene ɢ ɩɨɫɥɟ. 

ɉɪɢ ɧɟɛɨɥɶɲɨɣ ɩɨɬɟɪɟ ɩɨɥɧɨɬɵ ɞɚɧɧɵɯ ɡɚɦɟɬɧɨ ɭɦɟɧɶɲɢɥɨɫɶ ɤɨɥɢɱɟɫɬɜɨ 

ɞɭɛɥɢɤɚɬɨɜ – ɫ 40% ɞɨ 5,5% ɜ ɬɪɚɧɫɤɪɢɩɬɨɦɟ ɤɟɞɪɚ ɢ ɫ 24% ɞɨ 4% ɜ 
ɬɪɚɧɫɤɪɢɩɬɨɦɟ ɫɨɫɧɵ. 
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ɁАɄɅɘɑȿɇɂȿ 

 

Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɟ ɫɛɨɪɤɢ ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ ɤɟɞɪɨɜɨɣ 

(ɜɩɟɪɜɵɟ ɞɥɹ ɞɚɧɧɨɝɨ ɜɢɞɚ) ɢ ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ ɞɥɢɧɨɣ 218 314 180 ɧ.ɨ. ɢ 
116 712 954 ɧ.ɨ. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ ɩɨɥɧɨɬɚ ɫɛɨɪɤɢ, 

ɫɨɝɥɚɫɧɨ ɩɪɟɞɫɬɚɜɥɟɧɧɨɫɬɢ ɝɟɧɨɜ-ɨɪɬɨɥɨɝɨɜ ɜɵɫɲɢɯ ɪɚɫɬɟɧɢɣ, ɫɨɫɬɚɜɢɥɚ 

75,3%, ɞɥɹ ɤɟɞɪɚ – 77,9%, ɞɨɫɬɢɝɧɭɬ ɦɢɧɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ 

ɞɭɩɥɢɰɢɪɨɜɚɧɧɨɫɬɢ ɬɪɚɧɫɤɪɢɩɬɨɜ. 

ȼ ɬɪɚɧɫɤɪɢɩɬɨɦɟ ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ ɧɚɣɞɟɧɨ 7 ɝɟɧɨɜ ɫ ɪɚɡɥɢɱɢɹɦɢ ɜ 

ɭɪɨɜɧɟ ɷɤɫɩɪɟɫɫɢɢ ɦɟɠɞɭ ɨɛɪɚɡɰɚɦɢ ȼɆ ɢ ɇɄ, ɞɜɚ ɫ ɩɨɧɢɠɟɧɧɵɦ ɭɪɨɜɧɟɦ 

ɷɤɫɩɪɟɫɫɢɢ ɢ 5 ɫ ɩɨɜɵɲɟɧɧɵɦ. Ȼɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɢ 
ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɚɧɧɨɬɚɰɢɹ ɷɬɢɯ ɝɟɧɨɜ, ɜɵɹɜɥɟɧɵ ɝɟɧɵ, ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɬɜɟɬɚ ɧɚ ɩɚɬɨɝɟɧɧɭɸ ɢɧɜɚɡɢɸ. 

ȼ ɬɪɚɧɫɤɪɢɩɬɨɦɟ ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ ɤɟɞɪɨɜɨɣ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ 10 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯɫɹ ɝɟɧɨɜ, 6 ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ 

ɷɤɫɩɪɟɫɫɢɢ ɢ 4 ɫ ɩɨɧɢɠɟɧɧɵɦ. Ⱦɨɫɬɨɜɟɪɧɨ ɨɩɪɟɞɟɥɢɬɶ ɮɭɧɤɰɢɢ ɷɬɢɯ ɝɟɧɨɜ ɧɟ 

ɭɞɚɥɨɫɶ. 

ȼ ɨɛɪɚɡɰɚɯ ȼɆ ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ ɤɟɞɪɨɜɨɣ ɨɛɧɚɪɭɠɟɧɨ 5 

ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɥɢɦɨɪɮɢɡɦɨɜ, ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɚɧɨɦɚɥɶɧɵɯ ɮɟɧɨɬɢɩɢɱɟɫɤɢɯ ɩɪɢɡɧɚɤɨɜ. ɂɡ ɧɢɯ ɱɟɬɵɪɟ 

ɧɚɯɨɞɹɬɫɹ ɜ ɤɨɞɢɪɭɸɳɢɯ ɪɟɝɢɨɧɚɯ ɢ ɜɵɡɵɜɚɸɬ ɧɟɫɢɧɨɧɢɦɢɱɧɵɟ ɡɚɦɟɧɵ, 

ɩɪɢɜɨɞɹɳɢɟ ɤ ɢɡɦɟɧɟɧɢɸ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɫɨɫɬɚɜɚ ɛɟɥɤɚ. 

 

ɉɪɨɞɟɥɚɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɩɪɨɟɤɬɚ ««ȼɟɞɶɦɢɧɵ ɦɟɬɥɵ» 
ɦɭɬɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɭ ɪɨɫɫɢɣɫɤɢɯ ɜɢɞɨɜ Pinus: ɯɚɪɚɤɬɟɪ 

ɪɚɡɧɨɨɛɪɚɡɢɹ ɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɚɹ ɩɪɢɪɨɞɚ» ɂɧɫɬɢɬɭɬɚ 

ɦɨɧɢɬɨɪɢɧɝɚ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɋɈ ɊȺɇ (ɪɭɤɨɜɨɞɢɬɟɥɶ 

ɫ.ɧ.ɫ., ɤ.ɛ.ɧ. ȿ. Ⱥ. ɀɭɤ, ɫɨɪɭɤɨɜɨɞɢɬɟɥɶ ɩɪɨɮ. Ʉ. ȼ. Ʉɪɭɬɨɜɫɤɢɣ), 
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ɮɢɧɚɧɫɢɪɭɟɦɨɝɨ Ɋɨɫɫɢɣɫɤɢɦ Ɏɨɧɞɨɦ Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɂɫɫɥɟɞɨɜɚɧɢɣ 
(ɊɎɎɂ) ɜ ɪɚɦɤɚɯ ɉɪɨɝɪɚɦɦɵ ɢɧɢɰɢɚɬɢɜɧɵɯ ɩɪɨɟɤɬɨɜ (ɝɪɚɧɬ № 16-04-00440). 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɜɵɩɨɥɧɟɧɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɥɟɫɧɨɣ ɝɟɧɨɦɢɤɢ 

ɋɎɍ ɢ ɛɚɡɨɜɨɣ ɤɚɮɟɞɪɵ ɡɚɳɢɬɵ ɢ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɦɨɧɢɬɨɪɢɧɝɚ 

ɥɟɫɨɜ (ɡɚɜ. ɤɚɮ. ɞ.ɛ.ɧ. ɂ. ȿ. əɦɫɤɢɯ) ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ «Ƚɟɧɨɦɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɛɨɪɟɚɥɶɧɵɯ ɥɟɫɨɨɛɪɚɡɭɸщɢɯ ɯɜɨɣɧɵɯ ɜɢɞɨɜ ɢ ɢɯ 
ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɩɚɬɨɝɟɧɨɜ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ», ɪɭɤɨɜɨɞɢɦɨɝɨ 

ɩɪɨɮ. Ʉ. ȼ. Ʉɪɭɬɨɜɫɤɢɦ ɢ ɮɢɧɚɧɫɢɪɭɟɦɨɝɨ ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ ɊɎ (ɞɨɝɨɜɨɪ 
№14.Y26.31.0004). 

Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɢɫɤɪɟɧɧɸɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɇ. ȼ. Ɉɪɟɲɤɨɜɨɣ ɡɚ 

ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɭ ɢ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ, Ⱦ. Ⱥ. Ʉɭɡɶɦɢɧɭ ɢ ȼ. ȼ. ɒɚɪɨɜɭ ɡɚ ɩɨɦɨɳɶ 

ɜ ɫɛɨɪɤɟ ɬɪɚɧɫɤɪɢɩɬɨɦɚ, ɘ. Ⱥ. ɉɭɬɢɧɰɟɜɨɣ, Ɇ. Ƚ. ɋɚɞɨɜɫɤɨɦɭ ɢ Ʉ. ȼ. 

Ʉɪɭɬɨɜɫɤɨɦɭ ɡɚ ɩɨɦɨɳɶ ɜ ɤɨɦɩɶɸɬɟɪɧɨɦ ɚɧɚɥɢɡɟ, ɡɚ ɢɞɟɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 

ɨɛɳɟɟ ɪɭɤɨɜɨɞɫɬɜɨ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɪɚɛɨɬɵ. Ɍɚɤɠɟ ɚɜɬɨɪ ɜɵɪɚɠɚɟɬ 

ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɜɫɟɦ ɱɥɟɧɚɦ ɥɚɛɨɪɚɬɨɪɢɢ ɥɟɫɧɨɣ ɝɟɧɨɦɢɤɢ ɡɚ ɭɱɚɫɬɢɟ ɜ 

ɨɛɫɭɠɞɟɧɢɢ ɪɚɛɨɬɵ, ɩɨɦɨɳɶ ɢ ɰɟɧɧɵɟ ɫɨɜɟɬɵ. 



30 
 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼАɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 

 

1. Bendix, C., Lewis, J. D. The enemy within: phloem-limited pathogens // 

Molecular Plant Pathology. – 2016. doi:10.1111/mpp.12526. 

2. Costa, G.G. et al. The mitochondrial genome of Moniliophthora roreri, the 

frosty pod rot pathogen of cacao // Fungal Biol. – 2012. – 116(5). Pp. 551-62. 

doi: 10.1016/j.funbio.2012.01.008. 

3. Ishii, Y. et al. Process of reductive evolution during 10 years in plasmids of a 

non-insect-transmissible phytoplasma // Gene. – 2009. – 446(2). Pp. 51-7. doi: 

10.1016/j.gene.2009.07.010. 

4. Gildemberg, A. L. et al. Searching for Moniliophthora perniciosa pathogenicity 

genes // Fungal Biology. – 2010. – 114(10). Pp 842-854. doi: 

10.1016/j.funbio.2010.07.009. 

5. Loguercio, L. L. et al. Selection of Trichoderma stromaticum isolates for 

efficient biological control of witches’ broom disease in cacao // Biological 

Control. – 2009. – 51(1). Pp. 130–139 doi:10.1016/j.biocontrol.2009.06.005. 

6. Ludwig-Müller, J. Bacteria and fungi controlling plant growth by manipulating 

auxin: Balance between development and defense // Journal of Plant Physiology. 

- 2015. - 172. Pp 4-12. doi: https://doi.org/10.1016/j.jplph.2014.01.002. 

7. əɦɛɭɪɨɜ, Ɇ. ɋ. «ȼɟɞɶɦɢɧɵ ɦɟɬɥɵ» ɤɟɞɪɚ ɫɢɛɢɪɫɤɨɝɨ ɤɚɤ ɫɩɨɧɬɚɧɧɵɟ 
ɫɨɦɚɬɢɱɟɫɤɢɟ ɦɭɬɚɰɢɢ: ɜɫɬɪɟɱɚɟɦɨɫɬɶ, ɫɜɨɣɫɬɜɚ ɢ ɜɨɡɦɨɠɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɟɥɟɤɰɢɨɧɧɵɯ ɩɪɨɝɪɚɦɦɚɯ/ Ɇ. ɋ. əɦɛɭɪɨɜ, ɋ. ɇ. 

Ƚɨɪɨɲɤɟɜɢɱ // ɏȻɁ. – 2007. - №2-3. 

8. Wittmack, L. Deutsche Garten-Zeitung // Wochenschrift für Gärtner und 

Gartenfreunde. – 1886. 

9. Zhuk, E., Vasilyeva, G. & Goroshkevich, S. Witches’ broom and normal crown 

clones from the same trees of Pinus sibirica: a comparative morphological study 

// Trees. – 2015. doi:10.1007/s00468-015-1187-2. 



31 
 

10. Yamburov, M.S. & Titova, K. Needle anatomy of mutational witches' brooms 

of siberian fir // World Applied Sciences Journal. – 2013. – 28(7) Pp. 909-913. 

· doi: 10.5829/idosi.wasj.2013.28.07.13834. 

11. Vasilyeva, G. & Zhuk, E. Needle structure of mutational witches’ brooms in 

Pinus sibirica // Dendrobiology. – 2016. – 75(1). Pp. 79-85.  doi: 

10.12657/denbio.075.008. 

12. Vrgoc, P. Witches’ broom of Aleppo pine (Pinus halepensis Mill.) and its use 

for new ornamentals // Proceedings XX EUCARPIA Symposium. – 2002. – Part 

2. Pp. 199–205. 

13. Ɇɭɪɚɬɨɜɚ, ȿ. ɇ., ɋɟɞɟɥɶɧɢɤɨɜɚ, Ɍ.ɋ. Ƚɟɧɨɦɧɵɟ ɢ ɯɪɨɦɨɫɨɦɧɵɟ ɦɭɬɚɰɢɢ ɭ 

ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɢɡɪɚɫɬɚɧɢɹ / ȿ. ɇ. 

Ɇɭɪɚɬɨɜɚ, Ɍ. ɋ. ɋɟɞɟɥɶɧɢɤɨɜɚ // ɏɜɨɣɧɵɟ ɛɨɪɟɚɥɶɧɨɣ ɡɨɧɵ. – 2004. – ȼɵɩ. 

2. – ɋ. 128-140. 

14. ɋɟɞɟɥɶɧɢɤɨɜɚ, Ɍ.ɋ. Ʉɚɪɢɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɫɧɵ ɤɟɞɪɨɜɨɣ 

ɫɢɛɢɪɫɤɨɣ (Pinus sibirica Du Tour) ɧɚ ɛɨɥɨɬɚɯ Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ / Ɍ.ɋ. 

ɋɟɞɟɥɶɧɢɤɨɜɚ, ȿ.ɇ. Ɇɭɪɚɬɨɜɚ // ɗɤɨɥɨɝɢɹ. – 2002. – № 5. – ɋ. 323-328 

15. Ye, L., Liu, L., Xing, A., Kang, D. Characterization of a dwarf mutant allele of 

Arabidopsis MDR-like ABC transporter AtPGP1 gene // Biochem Biophys Res 

Commun. – 2013. – 441(4). Pp. 782-6. doi: 10.1016/j.bbrc.2013.10.136. 

16. Bolger, A. M., Lohse, M., & Usadel, B. Trimmomatic: A flexible trimmer for 

Illumina Sequence Data // Bioinformatics. – 2014. 

17. Andrews, S. FastQC: a quality control tool for high throughput sequence data. 

[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://www.bioinformatics.babraham.ac.uk/projects/fastqc. 

18. Nicholas M. et al. Comparison of Three Magnetic Bead Surface Functionalities 

for RNA Extraction and Detection // Haselton ACS Applied Materials & 

Interfaces. – 2015. – 7(11). Pp. 6062-6069. doi: 10.1021/am506374t 

19. Quast C., Pruesse E., Yilmaz P., Gerken J., Schweer T., Yarza P., Peplies J., 

Glöckner F.O. The SILVA ribosomal RNA gene database project: improved data 

http://www.bioinformatics.babraham.ac.uk/projects/fastqc


32 
 

processing and web-based tools // Nucl. Acids Res. – 2013. – 41(D1). Pp. D590-

D596. 

20. NCBI Reference Sequence (RefSeq) project [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: https://www.ncbi.nlm.nih.gov/genome/organelle/ 

21. Langmead B, Salzberg S. Fast gapped-read alignment with Bowtie 2 // Nature 

Methods. – 2012. – 9. Pp. 357-359. 

22. Grabherr MG, Haas BJ, Yassour M, Levin JZ, Thompson DA, Amit I, Adiconis 

X, Fan L, Raychowdhury R, Zeng Q, Chen Z, Mauceli E, Hacohen N, Gnirke A, 

Rhind N, di Palma F, Birren BW, Nusbaum C, Lindblad-Toh K, Friedman N, 

Regev A. Full-length transcriptome assembly from RNA-seq data without a 

reference genome // Nat Biotechnol. – 2011. – 29(7). doi: 10.1038/nbt.1883. 

PubMed PMID: 21572440. 

23. Haas BJ, Papanicolaou A, Yassour M, Grabherr M, Blood PD, Bowden J, 

Couger MB, Eccles D, Li B, Lieber M, Macmanes MD, Ott M, Orvis J, Pochet 

N, Strozzi F, Weeks N, Westerman R, William T, Dewey CN, Henschel R, 

Leduc RD, Friedman N, Regev A. De novo transcript sequence reconstruction 

from RNA-seq using the Trinity platform for reference generation and analysis. 

// Nat Protoc. – 2013. – 8(8). Pp. 1494-512. doi: 10.1038/nprot.2013.084. 

24. Felipe A. Simão, Robert M. Waterhouse, Panagiotis Ioannidis, Evgenia V. 

Kriventseva, and Evgeny M. Zdobnov. BUSCO: assessing genome assembly 

and annotation completeness with single-copy orthologs // Bioinformatics. – 

2015. doi: 10.1093/bioinformatics/btv351. 

25. Zdobnov EM et al. OrthoDB v9.1: cataloging evolutionary and functional 

annotations for animal, fungal, plant, archaeal, bacterial and viral orthologs // 

NAR. – 2016. 

26. EvidentialGene: Evidence Directed Gene Construction for Eukaryotes. 

[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://arthropods.eugenes.org/EvidentialGene/. 

27. S. Götz et al. High-throughput functional annotation and data mining with the 

Blast2GO suite // Nucleic Acids Research. – 2008. – 36. Pp. 3420-3435. 

https://www.ncbi.nlm.nih.gov/genome/organelle/
http://arthropods.eugenes.org/EvidentialGene/


33 
 

28. Li B, Dewey CN. RSEM: accurate transcript quantification from RNA-Seq data 

with or without a reference genome // BMC Bioinformatics. – 2011. - 12. 

doi:10.1186/1471-2105-12-323. 

29. Robinson, MD., and Smyth, GK. Small sample estimation of negative binomial 

dispersion, with applications to SAGE data // Biostatistics. – 2008. – 9. Pp. 321–

332. 

30. Chen Y, Lun ATL, and Smyth, GK. From reads to genes to pathways: 

differential expression analysis of RNA-Seq experiments using Rsubread and 

the edgeR quasi-likelihood pipeline // F1000Research. – 2016. – 5. Pp. 1438. 

31. Lund, S., Nettleton, D., McCarthy, D., and Smyth, G. Detecting differential 

expression in RNA-sequence data using quasi-likelihood with shrunken 

dispersion estimates // Statistical Applications in Genetics and Molecular 

Biology. – 2012. – 11(8). 

32. McCarthy, D.J., Chen, Y., and Smyth, G.K. Differential expression analysis of 

multifactor RNA-Seq experiments with respect to biological variation // Nucleic 

Acids Research. – 2012. – 40. Pp.4288–4297. 

33. Ashburner et al. Gene ontology: tool for the unification of biology // Nat Genet. 

– 2000. – 25(1). Pp. 25-9. 

34. Li, H. A statistical framework for SNP calling, mutation discovery, association 

mapping and population genetical parameter estimation from sequencing data // 

Bioinformatics. – 2011. – 27(21). Pp. 2987-93. 

35. Wachowiak W, Trivedi U, Perry A, Cavers S. Comparative transcriptomics of a 

complex of four European pine species // BMC Genomics. – 2015. – 16(1). Pp. 

234. doi:10.1186/s12864-015-1401-z. 

36. Open Reading Frame Finder. [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://www.ncbi.nlm.nih.gov/orffinder/. 

 




