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ȺɇɇɈɌȺɐɂə 

 
Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɧɚ ɬɟɦɭ «ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɬɪɚɧɫɤɪɢɩɬɨɦɢɤɚ 

ɫɢɛɢɪɫɤɢɯ ɲɬɚɦɦɨɜ Heterobasidion annosum (Fr.) Bref. ɫ ɪɚɡɥɢɱɧɵɦ 

ɭɪɨɜɧɟɦ ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɢ» ɫɨɞɟɪɠɢɬ 43 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 

66 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 14 ɪɢɫɭɧɤɨɜ ɢ 6 ɬɚɛɥɢɰ. 

ɋɊȺȼɇɂɌȿɅɖɇȺə ɌɊȺɇɋɄɊɂɉɌɈɆɂɄȺ, ȽɊɂȻɇɕȿ 

ɌɊȺɇɋɄɊɂɉɌɈɆɕ, ɊɇɄ-ɋȿɄȼȿɇɂɊɈȼȺɇɂȿ, ɎɂɌɈɉȺɌɈȽȿɇɕ, 

ȾɂɎɎȿɊȿɇɐɂȺɅɖɇȺə ɗɄɋɉɊȿɋɋɂə ȽȿɇɈȼ. 

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɛɧɚɪɭɠɟɧɢɟ ɝɟɧɨɜ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ 

ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɶ ɩɭɬɺɦ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ ɢ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɫɢɛɢɪɫɤɢɯ ɲɬɚɦɦɨɜ Heterobasidion 

annosum ɫ ɪɚɡɥɢɱɧɵɦ ɭɪɨɜɧɟɦ ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɢ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɊɇɄ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɫɢɛɢɪɫɤɢɯ ɲɬɚɦɦɵ ɝɪɢɛɨɜ H. annosum. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ ɨ ɝɟɧɚɯ ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɢ H. Annosum, ɢ 

ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɯ ɞɚɧɧɵɯ ɞɥɹ H. annosum 

(Fr.) Bref. ɪɚɧɟɟ ɧɟ ɩɪɨɜɨɞɢɥɢɫɶ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 2 ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɟ ɫɛɨɪɤɢ 

H. annosum (Fr.) Bref. ɫ ɪɚɡɥɢɱɧɵɦ ɭɪɨɜɧɟɦ ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɢ, ɩɪɨɜɟɞɟɧ 

ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɣ ɚɧɚɥɢɡ, ɚ ɬɚɤɠɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ. 
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ȼȼȿȾȿɇɂȿ 

 
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɩɪɨɛɥɟɦɵ. Ʉɨɪɧɟɜɚɹ ɢ ɤɨɦɥɟɜɚɹ ɝɧɢɥɶ, ɜɵɡɜɚɧɧɚɹ 

ɝɪɢɛɚɦɢ ɤɨɦɩɥɟɤɫɚ Н. annosum s. l. ɩɪɢɜɨɞɢɬ ɤ ɫɟɪɶɟɡɧɵɦ ɷɤɨɧɨɦɢɱɟɫɤɢɦ 

ɩɨɬɟɪɹɦ ɥɟɫɧɨɝɨ ɯɨɡɹɣɫɬɜɚ. Ɏɢɧɚɧɫɨɜɵɟ ɩɨɬɟɪɢ, ɜɵɡɜɚɧɧɵɟ ɞɚɧɧɵɦ 

ɜɢɞɨɜɵɦ ɤɨɦɩɥɟɤɫɨɦ ɜ ȿɜɪɨɩɟ, ɨɰɟɧɢɜɚɟɬɫɹ ɜ 800 ɦɢɥɥɢɨɧɨɜ ɟɜɪɨ ɜ ɝɨɞ 

[1]. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ ɦɟɯɚɧɢɡɦɵ ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɢ ɢ ɛɢɨɥɨɝɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɲɬɚɦɦɨɜ H. annosum s. l. ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɭɱɟɧɵ 

ɧɟɞɨɫɬɚɬɨɱɧɨ. 

ɏɜɨɣɧɵɟ ɞɟɪɟɜɶɹ ɹɜɥɹɸɬɫɹ ɤɥɸɱɟɜɵɦɢ ɜɢɞɚɦɢ ɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ 

ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɜɢɞɨɜ ɞɟɪɟɜɶɟɜ ɜ ɫɟɜɟɪɧɨɦ ɩɨɥɭɲɚɪɢɢ. 

ɉɢɥɨɦɚɬɟɪɢɚɥɵ ɢɡ ɯɜɨɣɧɵɯ ɩɨɪɨɞ ɫɨɫɬɚɜɥɹɸɬ ɨɫɧɨɜɭ ɞɥɹ ɨɞɧɨɣ ɢɡ 

ɤɪɭɩɧɟɣɲɢɯ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜ ȿɜɪɨɩɟ, ɞɨɯɨɞ ɨɬ ɷɤɫɩɨɪɬɚ 

ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɟɬ ɦɢɥɥɢɚɪɞɵ ɟɜɪɨ ɜ ɝɨɞ, ɚ ɫɬɨɢɦɨɫɬɶ ɜ ɝɥɨɛɚɥɶɧɨɦ 

ɦɚɫɲɬɚɛɟ ɨɰɟɧɢɜɚɥɚɫɶ ɜ 370 ɦɢɥɥɢɚɪɞɨɜ ɞɨɥɥɚɪɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɩɨɫɥɟɞɫɬɜɢɹ, ɜɵɡɵɜɚɟɦɵɟ ɝɪɢɛɧɵɦɢ ɩɚɬɨɝɟɧɚɦɢ ɫɬɚɧɨɜɹɬɫɹ ɜɫɟ ɛɨɥɟɟ 

ɩɨɜɫɟɦɟɫɬɧɵɦɢ ɢ ɡɧɚɱɢɬɟɥɶɧɵɦɢ [2]. Ɉɞɧɨ ɢɡ ɫɚɦɵɯ ɪɚɡɪɭɲɢɬɟɥɶɧɵɯ 

ɯɜɨɣɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ - ɤɨɪɧɟɜɚɹ ɢ ɤɨɦɥɟɜɚɹ ɝɧɢɥɶ, ɜɵɡɜɚɧɧɚɹ ɝɥɚɜɧɵɦ 

ɨɛɪɚɡɨɦ ɛɚɡɢɞɢɨɦɢɰɟɬɚɦɢ (Allen et al., 1996), ɜɤɥɸɱɚɹ Heterobasidion 

annosum, Armillaria spp. (Shaw and Kile, 1991) ɢ Phellinus spp. (Hansen and 

Goheen, 2000) [3]. ȼ ɘɠɧɨɣ ȿɜɪɨɩɟ ɢ ɜ ɛɚɫɫɟɣɧɟ ɋɪɟɞɢɡɟɦɧɨɝɨ ɦɨɪɹ ɷɬɢ 

ɩɚɬɨɝɟɧɧɵ ɨɫɨɛɟɧɧɨ ɜɪɟɞɧɵ ɞɥɹ ɚɜɫɬɪɢɣɫɤɨɣ ɫɨɫɧɵ, ɜɵɡɵɜɚɹ ɞɟɫɬɪɭɤɰɢɸ 

ɪɚɫɬɭɳɢɯ ɩɨɛɟɝɨɜ ɢ ɝɢɛɟɥɶ ɞɟɪɟɜɶɟɜ, ɧɨ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɢ ɧɚ ɞɪɭɝɢɯ ɜɢɞɚɯ 

ɫɨɫɧɵ, ɜɤɥɸɱɚɹ P. pinea. 

ɗɤɫɬɪɟɦɚɥɶɧɵɟ ɮɚɤɬɨɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɚɡɜɢɬɢɸ 

ɮɢɬɨɩɚɬɨɝɟɧɨɜ, ɭɫɭɝɭɛɥɹɸɬ ɢ ɭɫɤɨɪɹɸɬ ɡɚɪɚɠɟɧɢɟ, ɜɵɡɵɜɚɸɬ ɞɪɟɜɟɫɧɨɟ 

ɭɫɵɯɚɧɢɟ  [4]. 

ɉɪɨɛɥɟɦɚ ɫɨɯɪɚɧɟɧɢɹ ɥɟɫɧɵɯ ɦɚɫɫɢɜɨɜ ɨɱɟɧɶ ɚɤɬɭɚɥɶɧɚ ɧɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ. ɉɨɦɢɦɨ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ, ɯɜɨɣɧɵɟ ɥɟɫɚ 

ɨɤɚɡɵɜɚɸɬ ɤɨɥɨɫɫɚɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɷɤɨɥɨɝɢɸ ɢ ɤɥɢɦɚɬ, ɢɝɪɚɸɬ ɜɚɠɧɭɸ 
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ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɪɨɥɶ ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɦɢɧɟɪɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɜ ɛɨɪɟɚɥɶɧɵɯ 

ɥɟɫɧɵɯ ɷɤɨɫɢɫɬɟɦɚɯ, ɚ ɬɚɤɠɟ ɭɱɚɫɬɜɭɸɬ ɜ ɝɥɨɛɚɥɶɧɨɦ ɭɝɥɟɪɨɞɧɨɦ ɰɢɤɥɟ. 

ȼɚɠɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɮɢɬɨɩɚɬɨɝɟɧɧɵɯ ɝɪɢɛɨɜ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ 

ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɧɢɹ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɦɨɱɶ ɜ ɫɨɡɞɚɧɢɢ ɷɮɮɟɤɬɢɜɧɵɯ 

ɝɟɧɨɦɧɵɯ ɦɟɬɨɞɨɜ ɫɟɥɟɤɰɢɢ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ 

ɫɨɯɪɚɧɟɧɢɹ ɥɟɫɧɵɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ. 

ɉɨɦɢɦɨ ɩɪɨɱɟɝɨ, ɝɪɢɛɵ ɹɜɥɹɸɬɫɹ ɛɨɝɚɬɵɦ ɢɫɬɨɱɧɢɤɨɦ ɜɬɨɪɢɱɧɵɯ 

ɦɟɬɚɛɨɥɢɬɨɜ ɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɞɥɹ ɥɸɞɟɣ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɬɵɫɹɱ ɥɟɬ. 

Ƚɪɢɛɵ ɪɨɞɚ Heterobasidion ɫɩɨɫɨɛɧɵ ɩɪɨɞɭɰɢɪɨɜɚɬɶ ɜɬɨɪɢɱɧɵɟ 

ɦɟɬɚɛɨɥɢɬɵ-ɮɨɦɚɧɧɨɤɫɢɧɵ, ɮɨɦɦɚɧɨɡɢɧɵ, ɮɨɦɚɞɠɨɪɢɧɵ ɢ ɞɪ. 

Ɏɨɦɚɧɧɨɤɫɢɧ ɢ ɮɨɦɚɧɧɨɡɢɧ ɨɛɥɚɞɚɸɬ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ, 

ɚɧɬɢɮɭɧɝɚɥɶɧɨɣ ɢ ɮɢɬɨɬɨɤɫɢɱɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ [5]. Ʉɪɨɦɟ ɬɨɝɨ, ɜɵɹɜɥɟɧɨ, 

ɱɬɨ ɮɨɦɚɧɧɨɤɫɢɧ ɢɝɪɚɟɬ ɪɨɥɶ ɢɧɝɢɛɢɬɨɪɚ ɛɢɨɫɢɧɬɟɡɚ ɛɟɬɚ-ɚɦɢɥɨɢɞɧɨɝɨ 

ɩɟɩɬɢɞɚ, ɜɨɜɥɟɱɟɧɧɨɝɨ ɜ ɪɚɡɜɢɬɢɟ ɛɨɥɟɡɧɢ Ⱥɥɶɰɝɟɣɦɟɪɚ [6]. 

Ɋɚɛɨɬɵ ɩɨ ɢɡɭɱɟɧɢɸ ɝɟɧɟɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɨɪɧɟɜɨɣ ɝɭɛɤɢ, ɢɯ 

ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɫɜɹɡɢ ɫ ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɶɸ ɟɞɢɧɢɱɧɵ [7]. ɇɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɟɬ ɞɨɫɬɨɜɟɪɧɵɯ ɞɚɧɧɵɯ ɨ ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɚɯ ɭ 

ɫɢɛɢɪɫɤɢɯ ɲɬɚɦɦɨɜ ɝɪɢɛɨɜ  Heterobasidion ɢ ɢɯ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɯ ɞɚɧɧɵɯ. 

ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢя. ɐɟɥɶ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɧɚɪɭɠɟɧɢɢ ɝɟɧɨɜ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɶ 

ɩɭɬɺɦ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɫɢɛɢɪɫɤɢɯ ɲɬɚɦɦɨɜ Heterobasidion annosum ɫ ɪɚɡɥɢɱɧɵɦ 

ɭɪɨɜɧɟɦ ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɭɤɚɡɚɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 

— ɚɧɚɥɢɡ ɮɢɬɨɩɚɬɨɝɟɧɧɵɯ ɞɚɧɧɵɯ; 

— ɨɛɪɚɛɨɬɤɚ ɧɭɤɥɟɨɬɢɞɧɵɯ ɞɚɧɧɵɯ ɊɇɄ-ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ; 

— ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɣ ɚɧɚɥɢɡ, ɜɤɥɸɱɚɹ ɚɧɚɥɢɡ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ; 

— ɚɧɧɨɬɚɰɢɹ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ. 
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ɉɪɚɤɬɢɱɟɫɤɚя ɡɧɚɱɢɦɨɫɬɶ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɢɛɢɪɫɤɢɯ ɲɬɚɦɦɨɜ 

Heterobasidion annosum (Fr.) Bref. ɢɦɟɟɬ ɰɟɧɧɨɫɬɶ ɞɥɹ ɥɟɫɧɨɣ ɝɟɧɨɦɢɤɢ ɢ 

ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɟɬ ɩɪɢɛɥɢɡɢɬɶɫɹ ɤ ɩɨɧɢɦɚɧɢɸ 

ɦɟɯɚɧɢɡɦɨɜ ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɞɚɧɧɵɟ ɨ 2 ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɯ ɫɛɨɪɤɚɯ ɝɪɢɛɨɜ Heterobasidion annosum ɢ 

ɩɟɪɜɢɱɧɵɟ ɞɚɧɧɵɟ ɨ ɝɟɧɚɯ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɶ. 

Ⱥɩɪɨɛɚɰɢя ɪɚɛɨɬɵ. Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɧɚ ɒɟɫɬɨɣ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ-ɫɨɜɟɳɚɧɢɢ «ɋɨɯɪɚɧɟɧɢɟ ɥɟɫɧɵɯ 

ɝɟɧɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ» ɜ 2019 ɝ. (ɝ. ɓɭɱɢɧɫɤ, Ɋɟɫɩɭɛɥɢɤɚ Ʉɚɡɚɯɫɬɚɧ) 

(http://kazniilha.kz/content/6-ya-meghdunarodnaya-konferenciya-soveschanie-

sohranenie-lesnyh-geneti) 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ. Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɢɫɤɪɟɧɧɸɸ ɩɪɢɡɧɚɬɟɥɶɧɨɫɬɶ ɂ. ɇ. 

ɉɚɜɥɨɜɭ ɢ ɫɨɬɪɭɞɧɢɤɚɦ ɟɝɨ ɥɚɛɨɪɚɬɨɪɢɢ ɥɟɫɧɵɯ ɤɭɥɶɬɭɪ, ɦɢɤɨɥɨɝɢɢ ɢ 

ɮɢɬɨɩɚɬɨɥɨɝɢɢ ɢɧɫɬɢɬɭɬɚ ɥɟɫɚ ɋɈ ɊȺɇ ɡɚ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ ɨɛɪɚɡɰɵ, ɇ. ȼ. 

Ɉɪɟɲɤɨɜɨɣ ɡɚ ɊɇɄ-ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ, ȼ. ȼ. ɒɚɪɨɜɭ ɡɚ ɫɨɞɟɣɫɬɜɢɟ ɜ 

ɨɪɝɚɧɢɡɚɰɢɢ  ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɦ 

ɫɨɬɪɭɞɧɢɤɚɦ ɢ ɚɫɩɢɪɚɧɬɚɦ ɤɚɮɟɞɪɵ ɝɟɧɨɦɢɤɢ ɢ ɛɢɨɢɧɮɨɪɦɚɬɢɤɢ ɡɚ 

ɰɟɧɧɵɟ ɫɨɜɟɬɵ ɢ ɩɨɦɨɳɶ ɜ ɨɫɜɨɟɧɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 

Ɉɬɞɟɥɶɧɭɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɯɨɬɟɥɨɫɶ ɛɵ ɜɵɪɚɡɢɬɶ ɫɜɨɟɦɭ ɧɚɭɱɧɨɦɭ 

ɪɭɤɨɜɨɞɢɬɟɥɸ, ɩɪɨɮɟɫɫɨɪɭ Ʉ. ȼ. Ʉɪɭɬɨɜɫɤɨɦɭ ɡɚ ɰɟɧɧɵɟ ɭɤɚɡɚɧɢɹ ɢ 

ɤɭɪɢɪɨɜɚɧɢɟ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɪɚɛɨɬɵ. 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɜɵɩɨɥɧɟɧɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɥɟɫɧɨɣ 

ɝɟɧɨɦɢɤɢ ɋɎɍ ɢ ɤɚɮɟɞɪɵ ɝɟɧɨɦɢɤɢ ɢ ɛɢɨɢɧɮɨɪɦɚɬɢɤɢ (ɡɚɜ. ɤɚɮ. ɞ. ɛ. ɧ. 

ɂ. ȿ. əɦɫɤɢɯ) ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ «Ƚɟɧɨɦɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ 

ɛɨɪɟɚɥɶɧɵɯ ɥɟɫɨɨɛɪɚɡɭɸɳɢɯ ɯɜɨɣɧɵɯ ɜɢɞɨɜ ɢ ɢɯ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ 

ɩɚɬɨɝɟɧɨɜ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ» ɮɢɧɚɧɫɢɪɭɟɦɨɝɨ ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ ɊɎ 

(ɞɨɝɨɜɨɪ №14.Y26.31.0004) ɢ ɱɚɫɬɢɱɧɨɦ ɩɨ ɛɚɡɨɜɵɦ ɩɪɨɟɤɬɚɦ Ɏɂɐ Ʉɇɐ 

ɋɈ ɊȺɇ № 0356-2019-0024 ɢ № 0287-2019-0002. 

 

  

http://kazniilha.kz/content/6-ya-meghdunarodnaya-konferenciya-soveschanie-sohranenie-lesnyh-geneti
http://kazniilha.kz/content/6-ya-meghdunarodnaya-konferenciya-soveschanie-sohranenie-lesnyh-geneti
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

 

1.1 ȼɢɞɵ ɝɪɢɛɨɜ ɪɨɞɚ Heterobasidion 
 

Ƚɪɢɛɵ ɪɨɞɚ  Heterobasidion ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɫɚɦɵɯ ɢɧɬɟɧɫɢɜɧɨ 

ɢɡɭɱɚɟɦɵɯ, ɩɨɫɤɨɥɶɤɭ ɛɨɥɶɲɢɧɫɬɜɨ ɜɢɞɨɜ ɷɬɨɝɨ ɪɨɞɚ ɹɜɥɹɸɬɫɹ 

ɞɟɫɬɪɭɤɬɢɜɧɵɦɢ ɥɟɫɧɵɦɢ ɩɚɬɨɝɟɧɚɦɢ. ɗɬɢ ɩɚɬɨɝɟɧɧɵɟ ɜɢɞɵ ɲɢɪɨɤɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɢ ɜɵɡɵɜɚɸɬ ɤɨɪɧɟɜɭɸ ɢ ɤɨɦɥɟɜɭɸ ɝɧɢɥɶ ɭ ɛɨɥɟɟ ɱɟɦ 200 

(ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɯɜɨɣɧɵɯ) ɪɚɫɬɟɧɢɣ [8]. Ɋɨɞ Heterobasidion ɢɦɟɟɬ 

ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɮɚɤɬɨɪɨɦ, 

ɫɜɹɡɚɧɧɵɦ ɫ ɤɪɭɝɨɜɨɪɨɬɨɦ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɪɟɝɟɧɟɪɚɰɢɟɣ ɥɟɫɨɜ ɢ ɢɯ 

ɫɭɤɰɟɫɫɢɟɣ [9]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɥɟɤɫɚ H. annosum ɩɪɢɡɧɚɧɵ ɩɹɬɶ 

ɜɢɞɨɜ: H. abietinum Niemelä & Korhonen, H. parviporum Niemelä & 

Korhonen, H. annosum sensu stricto (s.s.) (Fr.) Bref., H. irregulare Garbel. & 

Otrosina ɢ H. occidentale Otrosina& Garbel. (Otrosina and Garbelotto 2010). 

ȼɢɞɵ ɷɬɨɝɨ ɤɨɦɩɥɟɤɫɚ ɪɚɡɥɢɱɚɸɬɫɹ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ, ɝɟɧɟɬɢɱɟɫɤɢ, 

ɷɤɨɥɨɝɢɱɟɫɤɢ ɢ ɝɟɨɝɪɚɮɢɱɟɫɤɢ ɦɟɠɞɭ ɫɨɛɨɣ. H. abietinum, H. parviporum ɢ 

H. annosum ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜ ȿɜɪɚɡɢɢ, ɜɢɞɵ Н. irregulare (Underw.) 

Garbelotto & Otrosina ɢ H. occidentale Otrosina & Garbelotto ɧɚɫɟɥɹɸɬ 

ɋɟɜɟɪɧɭɸ Ⱥɦɟɪɢɤɭ[10]. ȼ ɋɢɛɢɪɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɪɨɞɚ ɹɜɥɹɸɬɫɹ Н. 

annosum ɢ H. abietinum [11]. 

ɋɢɥɶɧɵɣ ɜɪɟɞ ɤɨɪɧɟɜɚɹ ɝɭɛɤɚ ɧɚɧɨɫɢɬ ɧɚɫɚɠɞɟɧɢɹɦ Pinus sylvestris 

L. ɜ Ɇɢɧɭɫɢɧɤɨɦ ɪɚɣɨɧɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ, ɚ ɬɚɤɠɟ ɜ Ⱥɥɬɚɣɫɤɨɦ ɤɪɚɟ 

[12, 13]. Ƚɪɢɛɵ Heterobasidion ɹɜɥɹɸɬɫɹ ɷɧɞɨɮɢɬɚɦɢ ɢ 

ɫɚɩɪɨɧɟɤɪɨɬɪɨɮɧɵɦɢ ɮɢɬɨɩɚɬɨɝɟɧɚɦɢ. 
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Ɋɢɫɭɧɨɤ 1 – Ʉɚɪɬɚ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɝɪɢɛɨɜ ɪɨɞɚ 

Heterobasidion ɜ ɫɟɜɟɪɧɨɦ ɩɨɥɭɲɚɪɢɢ[14]. 

 

1.2 ɉɚɬɨɝɟɧɧɨɫɬɶ ɝɪɢɛɨɜ ɪɨɞɚ Heterobasidion 
 

Ƚɪɢɛɵ ɜ ɩɪɟɞɟɥɚɯ ɜɢɞɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ Heterobasidion annosum sensu 

lato (s.l.) ɹɜɥɹɸɬɫɹ ɚɝɪɟɫɫɢɜɧɵɦɢ ɪɚɫɬɢɬɟɥɶɧɵɦɢ ɩɚɬɨɝɟɧɚɦɢ, ɤɨɬɨɪɵɟ 

ɜɵɡɵɜɚɸɬ ɤɨɪɧɟɜɭɸ ɝɧɢɥɶ, ɢ ɬɟɦ ɫɚɦɵɦ ɹɜɥɹɸɬɫɹ ɩɪɨɛɥɟɦɨɣ ɞɥɹ ɥɟɫɧɨɝɨ 

ɯɨɡɹɣɫɬɜɚ. ȼ ɨɫɧɨɜɧɨɦ ɨɧɢ ɜɥɢɹɸɬ ɧɚ ɯɜɨɣɧɵɟ ɩɨɪɨɞɵ. ɋɧɢɠɟɧɢɟ ɪɨɫɬɚ, 

ɪɚɡɪɭɲɟɧɢɟ ɜɧɭɬɪɟɧɧɢɯ ɱɚɫɬɟɣ ɫɬɟɛɥɹ ɩɪɢɜɨɞɢɬ ɤ ɞɟɜɚɥɶɜɚɰɢɢ ɞɪɟɜɟɫɢɧɵ, 

ɩɨɜɵɲɟɧɧɵɦ ɜɟɬɪɚɦ ɢ, ɜ ɯɭɞɲɟɦ ɫɥɭɱɚɟ, ɫɦɟɪɬɧɨɫɬɢ ɞɟɪɟɜɶɟɜ. 

H. annosum s.l. ɫ ɦɨɦɟɧɬɚ ɫɜɨɟɝɨ ɨɬɤɪɵɬɢɹ ɜ 1821 ɝɨɞɭ ɗɥɢɚɫɨɦ 

Ɏɪɢɫɨɦ, ɛɵɥ ɢɡɜɟɫɬɟɧ ɩɨɞ ɪɚɡɧɵɦɢ ɧɚɡɜɚɧɢɹɦɢ, ɨɬ Polyporus annosus ɢ 

Fomes annosum ɞɨ ɧɚɡɜɚɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɪɚɫɬɟɧɢɟɦ-

ɯɨɡɹɢɧɨɦ [15]. 

ȼɢɞɵ Heterobasidion ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɫɚɩɪɨɬɪɨɮɧɵɦɢ, ɬɚɤ ɢ 

ɧɟɤɪɨɬɪɨɮɧɵɦɢ ɩɚɬɨɝɟɧɚɦɢ. Heterobasidion ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɞɪɭɝɢɯ ɝɪɢɛɨɜ 

ɬɟɦ, ɱɬɨ ɫɚɩɪɨɬɪɨɮɧɚɹ ɮɚɡɚ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɤɚɤ ɞɨ, ɬɚɤ ɢ ɩɨɫɥɟ 

ɧɟɤɪɨɬɪɨɮɧɨɣ [16]. Ⱦɥɹ ɜɢɞɨɜ Heterobasidion, ɜ ɨɫɧɨɜɧɨɦ ɩɚɪɚɡɢɬɢɪɭɸɳɢɯ 

ɧɚ Pinus, ɛɨɥɶɲɢɧɫɬɜɨ ɩɟɪɜɢɱɧɵɯ ɢɧɮɟɤɰɢɣ ɩɪɨɢɫɯɨɞɢɬ, ɤɨɝɞɚ ɝɪɢɛɵ 

ɤɨɥɨɧɢɡɢɪɭɸɬ ɩɧɢ ɫɨɫɧɵ. Ʉɨɥɨɧɢɡɢɪɨɜɚɧɧɵɟ ɩɧɢ ɜɩɨɫɥɟɞɫɬɜɢɢ 

ɫɬɚɧɨɜɹɬɫɹ ɨɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɢɧɮɟɤɰɢɣ ɞɥɹ ɫɨɫɟɞɧɢɯ ɞɟɪɟɜɶɟɜ ɱɟɪɟɡ 

ɩɪɹɦɨɟ ɡɚɪɚɠɟɧɢɟ ɜɞɨɥɶ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɤɨɪɧɟɜɵɯ ɫɢɫɬɟɦ. 
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H. abietinum ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɜ ɪɚɣɨɧɟ ɋɪɟɞɢɡɟɦɧɨɝɨ ɦɨɪɹ ɢ 

ɡɚɪɚɠɚɟɬ ɯɜɨɣɧɵɟ ɜɢɞɵ ɪɨɞɚ Abies. H. parviporum ɢ H. annosum 

ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɫɟɜɟɪɧɨɣ ȿɜɪɨɩɟ, ɡɚɪɚɠɚɹ ɜ ɨɫɧɨɜɧɨɦ ɟɥɶ ɨɛɵɤɧɨɜɟɧɧɭɸ ɢ 

ɫɨɫɧɭ ɨɛɵɤɧɨɜɟɧɧɭɸ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [17]. 

Ɉ ɦɟɯɚɧɢɡɦɚɯ ɞɟɣɫɬɜɢɹ ɧɟɤɪɨɬɪɨɮɧɵɯ ɝɪɢɛɤɨɜɵɯ ɷɮɮɟɤɬɨɪɨɜ 

ɢɡɜɟɫɬɧɨ ɨɱɟɧɶ ɦɚɥɨ. Ƚɪɢɛɵ-ɧɟɤɪɨɬɪɨɮɵ ɢɫɬɨɪɢɱɟɫɤɢ ɫɱɢɬɚɥɢɫɶ 

ɧɟɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦɢ ɪɚɫɬɢɬɟɥɶɧɵɦɢ ɩɚɬɨɝɟɧɚɦɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɫɟɤɪɟɬɢɪɨɜɚɬɶ ɬɨɥɶɤɨ ɮɟɪɦɟɧɬɵ, ɪɚɡɪɭɲɚɸɳɢɟ ɤɥɟɬɨɱɧɭɸ ɫɬɟɧɤɭ 

(CWDE), ɱɬɨɛɵ ɜɵɡɜɚɬɶ ɧɟɫɩɟɰɢɮɢɱɟɫɤɭɸ ɝɢɛɟɥɶ ɤɥɟɬɨɤ ɩɭɬɟɦ ɧɚɪɭɲɟɧɢɹ 

ɰɟɥɨɫɬɧɨɫɬɢ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ ɪɚɫɬɟɧɢɹ [18]. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɪɹɞ 

ɞɨɤɚɡɚɬɟɥɶɫɬɜ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɧɟɤɪɨɬɪɨɮɧɵɟ ɝɪɢɛɵ ɦɨɝɭɬ 

ɩɪɨɞɭɰɢɪɨɜɚɬɶ ɢ ɫɟɤɪɟɬɢɪɨɜɚɬɶ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɛɟɥɤɢ, ɤɨɬɨɪɵɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɤɨɦɩɨɧɟɧɬɚɦɢ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ ɪɚɫɬɟɧɢɣ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɧɟɤɪɨɬɪɨɮɧɵɟ ɝɪɢɛɵ ɦɨɝɭɬ ɫɟɤɪɟɬɢɪɨɜɚɬɶ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɞɥɹ 

ɯɨɡɹɢɧɚ ɬɨɤɫɢɧɵ (HST), ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ ɧɟɤɪɨɬɪɨɮɢɱɟɫɤɢɟ 

ɷɮɮɟɤɬɨɪɵ [19, 20]. Ɇɧɨɝɨɟ ɢɡ ɬɨɝɨ, ɱɬɨ ɢɡɜɟɫɬɧɨ ɨɛ ɷɬɢɯ ɷɮɮɟɤɬɨɪɚɯ, 

ɫɜɹɡɚɧɨ ɫ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɩɚɬɨɝɟɧɨɜ ɤɭɥɶɬɭɪ Stagonospora nodorum ɢ 

Pyrenophora tritici-repentis, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɞɜɭɦɹ ɧɟɤɪɨɬɪɨɮɢɱɟɫɤɢɦɢ 

ɝɪɢɛɚɦɢ ɩɲɟɧɢɰɵ. ɉɟɪɜɵɦ HST, ɤɨɬɨɪɵɣ ɛɵɥ ɨɩɢɫɚɧ, ɛɵɥ ToxA, ɮɚɤɬɨɪ 

ɩɚɬɨɝɟɧɧɨɫɬɢ P. tritici-repentis, ɤɨɬɨɪɵɣ ɨɬɜɟɬɫɬɜɟɧɟɧ ɡɚ ɧɟɤɪɨɬɪɨɮɢɱɟɫɤɢɣ 

ɪɨɫɬ ɝɪɢɛɨɜ ɭ ɩɲɟɧɢɰɵ (Triticum aestivum) [21]. ɇɟ ɬɚɤ ɦɧɨɝɨ ɥɢɬɟɪɚɬɭɪɵ, 

ɨɩɢɫɵɜɚɸɳɟɣ ɧɟɤɪɨɬɪɨɮɢɱɟɫɤɢɟ ɷɮɮɟɤɬɨɪɵ, ɢ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɞɨɫɬɭɩɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɜ ɨɫɧɨɜɧɨɦ ɫɜɹɡɚɧɚ ɫ ɜɨɡɛɭɞɢɬɟɥɹɦɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ 

ɤɭɥɶɬɭɪ. 

ɇɟɞɚɜɧɨ ɛɵɥ ɩɨɥɧɨɫɬɶɸ ɫɟɤɜɟɧɢɪɨɜɚɧ H. irregulare TC 32-1, ɤɨɬɨɪɵɣ 

ɛɵɥ ɩɟɪɜɵɦ ɫɟɤɜɟɧɢɪɨɜɚɧɧɵɦ ɥɟɫɧɵɦ ɮɢɬɨɩɚɬɨɝɟɧɨɦ ɛɚɡɢɞɢɨɦɢɰɟɬɨɜ 

[22]. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɩɨɥɧɨɝɟɧɨɦɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɡɜɨɥɢɥɨ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɟ ɩɨɥɢɦɨɪɮɢɡɦɵ (SNP), ɫɜɹɡɚɧɧɵɟ ɫ 

ɝɪɢɛɧɨɣ ɜɢɪɭɥɟɧɬɧɨɫɬɶɸ [23]. Ɍɪɚɧɫɤɪɢɩɬɨɦɧɨɟ ɩɪɨɮɢɥɢɪɨɜɚɧɢɟ ɫɬɚɥɨ 

ɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɝɟɧɧɵɯ ɦɨɞɟɥɟɣ ɢɡ 
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ɬɚɤɫɨɧɨɦɢɱɟɫɤɢ ɛɥɢɡɤɢɯ ɜɢɞɨɜ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɚɤɬɢɜɢɡɚɰɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɷɤɫɩɪɟɫɫɢɟɣ ɝɟɧɨɜ [24, 25, 26]. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɛɨɥɟɟ ɱɚɫɬɵɟ ɡɚɫɭɯɢ, ɜɵɡɜɚɧɧɵɟ ɝɥɨɛɚɥɶɧɵɦ 

ɩɨɬɟɩɥɟɧɢɟɦ, ɩɪɢɜɟɞɭɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɱɚɫɬɨɬɵ ɩɨɹɜɥɟɧɢɹ ɩɚɬɨɝɟɧɨɜ 

ɞɟɪɟɜɶɟɜ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɱɟɪɟɡ ɤɨɫɜɟɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɮɢɡɢɨɥɨɝɢɸ 

ɯɨɡɹɢɧɚ [27]. Ȼɨɥɟɟ ɡɚɫɭɲɥɢɜɵɟ ɭɫɥɨɜɢɹ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɩɪɹɦɨɟ 

ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɚɬɨɝɟɧɵ, ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ ɢɧɜɚɡɢɜɧɵɟ ɷɤɡɨɬɢɱɟɫɤɢɟ ɜɢɞɵ 

H. irregulare ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɂɬɚɥɢɢ, ɤɨɬɨɪɵɟ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɥɭɱɲɟ 

ɩɪɢɫɩɨɫɨɛɥɟɧɵ ɤ ɪɚɫɫɟɥɟɧɢɸ ɜ ɫɪɟɞɢɡɟɦɧɨɦɨɪɫɤɨɦ ɤɥɢɦɚɬɟ, ɱɟɦ ɦɟɫɬɧɵɟ 

ɜɢɞɵ H. annosum [28]. Ʉɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɪɟɠɢɦɨɜ ɨɫɚɞɤɨɜ ɢɡ-ɡɚ 

ɢɡɦɟɧɟɧɢɹ ɤɥɢɦɚɬɚ ɦɨɝɭɬ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɫɬɚɞɢɸ ɪɨɫɬɚ, ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɢ 

ɩɚɬɨɝɟɧɧɨɫɬɶ ɢɧɮɟɤɰɢɨɧɧɵɯ ɚɝɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɮɢɡɢɨɥɨɝɢɸ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɪɚɫɬɟɧɢɹ-ɯɨɡɹɢɧɚ [29]. 

ɋɦɟɧɚ ɤɥɢɦɚɬɚ  –  ɷɬɨ ɧɟ ɩɪɨɫɬɨ ɩɨɫɬɟɩɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ ɢɥɢ 

ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɥɢ ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɨɫɚɞɤɨɜ, ɷɬɨ ɹɜɥɟɧɢɟ 

ɩɪɢɜɨɞɢɬ ɤ ɧɟɩɪɟɞɫɤɚɡɭɟɦɵɦ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɩɨɝɨɞɵ ɢ 

ɷɤɫɬɪɟɦɚɥɶɧɵɦ ɹɜɥɟɧɢɹɦ. ɗɬɨ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ, ɪɚɡɦɧɨɠɟɧɢɹ ɢ ɷɩɢɞɟɦɢɣ ɩɚɬɨɝɟɧɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

ɜ ɧɨɜɵɯ ɪɚɣɨɧɚɯ. ɇɚɩɪɢɦɟɪ, ɰɢɬɪɭɫɨɜɵɣ ɪɚɤ [30], ɛɚɤɬɟɪɢɚɥɶɧɚɹ ɛɨɥɟɡɧɶ, 

ɩɟɪɟɞɚɸɳɚɹɫɹ ɱɟɪɟɡ ɜɨɞɭ, ɫɬɚɥɢ ɝɥɚɜɟɧɫɬɜɭɸɳɢɦɢ ɡɚɛɨɥɟɜɚɧɢɹɦɢ ɜɨ 

Ɏɥɨɪɢɞɟ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɱɟɬɵɪɟ ɭɪɚɝɚɧɚ ɨɛɪɭɲɢɥɢɫɶ ɧɚ ɛɟɪɟɝ ɜ 2004 ɝɨɞɭ, 

ɢ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜɫɩɵɲɤɢ ɢɝɥɢɫɬɨɣ ɛɨɥɟɡɧɢ Dothistroma 

ɤɨɪɪɟɥɢɪɭɸɬ ɫ ɭɪɨɜɧɟɦ ɨɫɚɞɤɨɜ ɜ Ȼɪɢɬɚɧɫɤɨɣ Ʉɨɥɭɦɛɢɢ [31]. Morley ɢ 

Lewis (2014) ɢɡɭɱɚɥɢ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɚɬɨɝɟɧɵ ɡɚɫɭɯɢ, ɤɨɬɨɪɚɹ ɡɚɬɪɨɧɭɥɚ 

ȼɟɥɢɤɨɛɪɢɬɚɧɢɸ ɜ 1976 ɝɨɞɭ. ɍ ɝɪɢɛɨɜ ɷɬɢ ɷɮɮɟɤɬɵ ɡɚɜɢɫɟɥɢ ɨɬ 

ɩɚɬɨɝɟɧɧɨɝɨ ɨɛɪɚɡɚ ɠɢɡɧɢ: ɦɧɨɝɢɟ ɥɢɫɬɜɟɧɧɵɟ ɩɚɬɨɝɟɧɵ ɛɵɥɢ ɦɟɧɟɟ 

ɭɫɩɟɲɧɵɦɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɨɡɞɭɲɧɵɯ ɫɩɨɪ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɟɪɟɧɨɫɢɦɵɟ 

ɢɡ ɩɨɱɜɵ ɜɢɞɵ ɜ ɨɫɧɨɜɧɨɦ ɧɟ ɩɨɫɬɪɚɞɚɥɢ [32]. Ⱦɪɭɝɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ 

ɩɨɩɵɬɚɥɢɫɶ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɜɤɥɚɞ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɩɨɝɨɞɧɵɯ ɹɜɥɟɧɢɣ ɢ 

ɜɫɩɵɲɤɢ ɛɨɥɟɡɧɟɣ ɜɨ ɜɫɟɦ ɦɢɪɟ ɢ ɨɛɴɹɫɧɢɥɢ ɢɡɦɟɧɟɧɢɟ 
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ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ ɧɚ 10–80% ɷɤɫɬɪɟɦɚɥɶɧɵɦɢ 

ɩɨɝɨɞɧɵɦɢ ɭɫɥɨɜɢɹɦɢ [33, 34]. 

ȼɥɚɝɚ ɦɨɠɟɬ ɩɨ-ɪɚɡɧɨɦɭ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɤɚɤ ɧɚ ɪɚɫɬɟɧɢɟ-ɯɨɡɹɢɧɚ, ɬɚɤ 

ɢ ɧɚ ɩɚɬɨɝɟɧɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ. ɇɟɤɨɬɨɪɵɟ ɩɚɬɨɝɟɧɧɵɟ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ, ɬɚɤɢɟ ɤɚɤ ɩɚɪɲɚ ɹɛɥɨɧɢ, ɫ ɛɨɥɶɲɟɣ ɜɟɪɨɹɬɧɨɫɬɶɸ 

ɡɚɪɚɠɚɸɬ ɪɚɫɬɟɧɢɹ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜɥɚɝɢ, ɩɨɫɤɨɥɶɤɭ 

ɩɪɨɝɧɨɡɢɪɭɟɦɵɟ ɦɨɞɟɥɢ ɷɬɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɨɫɧɨɜɚɧɵ ɧɚ ɢɡɦɟɪɟɧɢɹɯ 

ɜɥɚɠɧɨɫɬɢ ɥɢɫɬɶɟɜ, ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɨɫɚɞɤɨɜ. 

Ⱦɪɭɝɢɟ ɩɚɬɨɝɟɧɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ, ɬɚɤɢɟ ɤɚɤ ɜɢɞɵ ɦɭɱɧɢɫɬɨɣ ɪɨɫɵ, 

ɢɦɟɸɬ ɬɟɧɞɟɧɰɢɸ ɩɪɨɰɜɟɬɚɬɶ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɨɣ ɜɥɚɠɧɨɫɬɢ [35]. 

ȼɵɹɜɥɟɧɨ, ɱɬɨ ɫɬɪɟɫɫ, ɜɵɡɜɚɧɧɵɣ ɡɚɫɭɯɨɣ, ɜɥɢɹɟɬ ɧɚ ɱɚɫɬɨɬɭ ɢ ɫɟɪɶɟɡɧɨɫɬɶ 

ɬɚɤɢɯ ɜɢɪɭɫɨɜ, ɤɚɤ MDMV ɢ BYV. Ȼɨɥɟɟ ɱɚɫɬɵɟ ɢ ɷɤɫɬɪɟɦɚɥɶɧɵɟ ɹɜɥɟɧɢɹ 

ɨɫɚɞɤɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɤɚɡɵɜɚɸɬɫɹ ɧɟɤɨɬɨɪɵɦɢ ɦɨɞɟɥɹɦɢ ɢɡɦɟɧɟɧɢɹ 

ɤɥɢɦɚɬɚ, ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɵɦ ɩɟɪɢɨɞɚɦ ɫ ɛɥɚɝɨɩɪɢɹɬɧɨɣ 

ɫɪɟɞɨɣ ɞɥɹ ɩɚɬɨɝɟɧɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 

 

1.3 ɋɩɨɫɨɛɵ ɢɧɮɢɰɢɪɨɜɚɧɢя ɝɪɢɛɨɜ ɪɨɞɚ Heterobasidion 
 

Ɇɟɯɚɧɢɡɦ ɡɚɪɚɠɟɧɢɹ ɞɟɪɟɜɶɟɜ H. annosum s. l. ɩɪɟɞɫɬɚɜɥɟɧ 

ɢɧɮɢɰɢɪɨɜɚɧɢɟɦ ɫɦɟɲɚɧɧɨɝɨ ɬɢɩɚ [2]. Ɂɚɪɚɠɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜɨɡɞɭɲɧɨ-

ɤɚɩɟɥɶɧɵɦ ɩɭɬɟɦ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɛɚɡɢɞɢɨɫɩɨɪɚɦɢ ɧɚ ɩɨɜɪɟɠɞɟɧɧɵɯ 

ɞɟɪɟɜɶɹɯ. Ȼɚɡɢɞɢɨɫɩɨɪɵ ɢɧɮɢɰɢɪɭɸɬ ɩɨɜɟɪɯɧɨɫɬɶ ɩɧɹ ɢɥɢ ɪɚɧɵ ɫɬɟɛɥɹ ɢ 

ɤɨɪɧɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ 5 ɞɨ 35 ° C. Ȼɚɡɢɞɢɨɫɩɨɪɵ ɩɪɨɪɚɫɬɚɸɬ ɢ 

ɤɨɥɨɧɢɡɢɪɭɸɬ ɩɧɢ, ɜɤɥɸɱɚɹ ɤɨɪɧɢ. ɉɨɥɭɱɟɧɧɵɣ ɦɢɰɟɥɢɣ ɦɨɠɟɬ ɞɨɥɝɨ 

ɠɢɬɶ ɜ ɩɧɹɯ, ɧɟ ɜɵɡɵɜɚɹ ɛɨɥɟɡɧɟɣ ɧɚ ɠɢɜɨɦ ɞɟɪɟɜɟ. Ƚɪɢɛ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ 

ɨɬ ɩɧɟɣ ɤ ɡɞɨɪɨɜɵɦ ɞɟɪɟɜɶɹɦ ɩɭɬɟɦ ɪɨɫɬɚ ɦɢɰɟɥɢɹ ɱɟɪɟɡ ɤɨɪɧɟɜɵɟ 

ɬɪɚɧɫɩɥɚɧɬɚɬɵ ɢɥɢ ɤɨɧɬɚɤɬɵ (ɪɢɫ. 2). 
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Ɋɢɫɭɧɨɤ 1 – Ɂɚɪɚɠɟɧɢɟ ɛɚɡɢɞɢɨɫɩɨɪɚɦɢ ɫɜɟɠɟɫɪɭɛɥɟɧɧɨɣ ɤɭɥɶɬɭɪɵ 

[36] 

 

Ɍɨɥɶɤɨ ɢɧɨɝɞɚ ɤɨɥɨɧɢɡɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɬɨɧɤɢɟ ɤɨɪɧɢ. Ƚɪɢɛ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɟɤɪɨɬɪɨɮɧɨ ɜ ɡɚɛɨɥɨɧɢ ɧɚ ɠɢɜɵɯ ɞɟɪɟɜɶɹɯ, ɧɨ ɩɨɡɠɟ 

ɪɚɫɬɟɬ ɜ ɫɟɪɞɰɟɜɢɧɟ ɛɨɥɶɲɢɧɫɬɜɚ ɜɢɞɨɜ ɞɟɪɟɜɶɟɜ, ɧɟɫɦɨɬɪɹ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ 

ɮɭɧɝɢɫɬɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ɉɧ ɩɪɨɢɡɜɨɞɢɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɮɟɪɦɟɧɬɨɜ 

ɪɚɫɩɚɞɚ ɞɪɟɜɟɫɢɧɵ ɢ ɧɟɫɤɨɥɶɤɢɯ ɬɨɤɫɢɧɨɜ: ɮɨɦɦɚɧɨɤɫɢɧ, ɮɨɦɦɚɧɨɡɢɧ, 

ɮɨɦɦɚɧɨɤɫɢɧɨɜɚɹ ɤɢɫɥɨɬɚ, ɨɨɫɩɨɧɨɥ ɢ ɨɨɫɩɨɝɥɢɤɨɥɶ [37]. ɇɟɫɤɨɥɶɤɨ 

ɩɨɡɞɧɢɯ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɚɤɬɢɜɢɪɭɸɬɫɹ ɭ ɯɨɡɹɢɧɚ 

ɧɚ ɩɨɡɞɧɢɯ ɫɬɚɞɢɹɯ ɢɧɮɟɤɰɢɢ, ɜɤɥɸɱɚɹ ɩɪɨɞɭɰɢɪɨɜɚɧɢɟ ɪɹɞɚ ɮɟɧɨɥɶɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɜɪɟɞɢɬɶ ɝɪɢɛɤɨɜɵɟ ɦɟɦɛɪɚɧɵ, 

ɥɢɝɧɢɮɢɤɚɰɢɸ, ɤɨɬɨɪɚɹ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɞɢɮɮɭɡɢɸ ɬɨɤɫɢɧɨɜ ɢ ɮɟɪɦɟɧɬɨɜ, 

ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɫɭɛɟɪɢɡɚɰɢɹ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɫɨɱɤɨɜ. ɉɪɨɢɡɜɨɞɹɬɫɹ 

ɧɟɥɟɬɭɱɢɟ ɬɟɪɩɟɧɵ, ɚ ɫɦɨɥɵ ɹɜɥɹɸɬɫɹ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɛɚɪɶɟɪɚɦɢ [38]. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɝɨɞɚ, ɫɨɞɟɪɠɚɧɢɹ ɜɥɚɝɢ ɜ ɡɚɛɨɥɨɧɢ, 

ɜɨɡɪɚɫɬɚ ɢ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɞɟɪɟɜɚ, H. annosum ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ 

ɫɨ ɫɤɨɪɨɫɬɶɸ ɞɨ 1–2 ɦ ɜ ɝɨɞ ɜ ɫɬɟɛɥɹɯ ɢ ɤɨɪɧɹɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɇɟɢɡɜɟɫɬɧɨ, ɤɚɤ ɞɨɥɝɨ ɤɨɥɨɧɢɹ ɦɨɠɟɬ ɨɫɬɚɜɚɬɶɫɹ ɠɢɜɨɣ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ 

ɭɱɚɫɬɤɟ, ɧɨ ɧɟɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɞɟɪɠɚɬɶ ɨɱɚɝɢ ɡɚɛɨɥɟɜɚɧɢɣ ɞɢɚɦɟɬɪɨɦ 50 

ɦ, ɤɨɬɨɪɵɟ, ɜɟɪɨɹɬɧɨ, ɦɨɝɭɬ ɛɵɬɶ ɫɬɚɪɲɟ 100 ɥɟɬ; ɩɚɬɨɝɟɧɧɨɟ ɡɚɪɚɠɟɧɢɟ 

ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɜ ɩɧɹɯ ɱɟɪɟɡ 62 ɝɨɞɚ ɩɨɫɥɟ ɪɭɛɤɢ ɢ ɜ ɤɨɪɧɟɜɵɯ ɫɢɫɬɟɦɚɯ 

ɛɨɥɶɧɵɯ ɞɟɪɟɜɶɟɜ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɢɥɟɬɢɣ [39, 40]. 

ɋɬɪɚɬɟɝɢɢ ɛɨɪɶɛɵ ɫ ɤɨɪɧɟɜɨɣ ɝɧɢɥɶɸ H. annosum ɜɤɥɸɱɚɸɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɚɝɟɧɬɨɜ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɢ 
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ɦɟɬɨɞɢɤ ɥɟɫɨɜɨɞɫɬɜɚ. ɏɢɦɢɱɟɫɤɢɟ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ 

ɩɪɟɞɩɨɥɚɝɚɸɬ ɧɚɧɟɫɟɧɢɟ ɜɟɳɟɫɬɜ ɧɚ ɩɧɢ ɩɨɫɥɟ ɪɭɛɤɢ. Ɇɨɱɟɜɢɧɚ ɢ ɛɨɪɚɬɵ 

ɹɜɥɹɸɬɫɹ ɯɢɦɢɱɟɫɤɢɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

ɞɥɹ ɤɨɧɬɪɨɥɹ. ɉɨɫɚɞɤɚ ɜɢɞɨɜ ɫ ɧɢɡɤɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶɸ ɦɨɠɟɬ 

ɭɦɟɧɶɲɢɬɶ ɩɪɨɛɥɟɦɵ ɫ ɤɨɪɧɟɜɨɣ ɝɧɢɥɶɸ. 

 

1.4 Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɬɪɚɧɫɤɪɢɩɬɨɦɚ 
 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɪɟɜɨɥɸɰɢɹ ɜ ɫɟɤɜɟɧɢɪɨɜɚɧɢɢ ɫɥɟɞɭɸɳɟɝɨ 

ɩɨɤɨɥɟɧɢɹ (NGS) ɩɪɟɞɨɫɬɚɜɢɥɚ ɛɟɫɩɪɟɰɟɞɟɧɬɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ 

ɢɡɭɱɟɧɢɹ ɥɸɛɨɝɨ ɨɪɝɚɧɢɡɦɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɢɧɬɟɪɟɫ ɧɚ ɝɟɧɨɦɧɨɦ ɢɥɢ 

ɬɪɚɧɫɤɪɢɩɬɨɦɧɨɦ ɭɪɨɜɧɟ. ɋɛɨɪɤɚ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɩɟɪɜɵɦ 

ɲɚɝɨɦ ɞɥɹ ɢɡɭɱɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɨɫɧɨɜɵ ɢɧɬɟɪɟɫɭɸɳɢɯ ɮɟɧɨɬɢɩɨɜ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɊɇɄ-ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ (RNA-Seq). 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ NGS ɪɟɡɤɨ ɜɨɡɪɨɫɥɨ ɡɚ ɩɨɫɥɟɞɧɟɟ 

ɞɟɫɹɬɢɥɟɬɢɟ [41]. ɂɡ-ɡɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɪɟɜɨɥɸɰɢɢ ɜ NGS ɧɚɤɚɩɥɢɜɚɟɬɫɹ 

ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɚɤ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɯ, ɬɚɤ ɢ ɝɟɧɨɦɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɭ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɜɢɞɨɜ, ɨɫɨɛɟɧɧɨ ɜ 

ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɩɪɨɟɤɬɚɯ, ɜɤɥɸɱɚɹ Genome 10 K [42] ɢ Insect 5 K [43]. 

Ɍɪɚɞɢɰɢɨɧɧɨ, ɦɨɞɟɥɶɧɵɟ ɨɪɝɚɧɢɡɦɵ ɜɵɛɢɪɚɥɢɫɶ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 

ɧɚ ɨɫɧɨɜɟ ɞɨɫɬɭɩɧɨɫɬɢ (ɬɟ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɜɵɪɚɳɢɜɚɬɶ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɢ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɝɟɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ) ɢɥɢ ɢɯ ɷɜɨɥɸɰɢɨɧɧɨɣ ɫɜɹɡɢ 

ɫ ɱɟɥɨɜɟɤɨɦ. Ɉɞɧɚɤɨ ɜ ɧɵɧɟɲɧɸɸ ɷɩɨɯɭ «-ɨɦɢɤɢ» ɦɨɠɧɨ ɢɡɭɱɚɬɶ ɝɨɪɚɡɞɨ 

ɛɨɥɶɲɟɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɨɪɝɚɧɢɡɦɨɜ ɧɚ ɝɟɧɨɦɧɨɦ ɢ ɬɪɚɧɫɤɪɢɩɬɨɦɧɨɦ 

ɭɪɨɜɧɟ. 

RNA-Seq ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɰɟɥɵɯ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ [44, 45, 46]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, RNA-Seq 

ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ ɷɤɫɩɪɟɫɫɢɪɭɟɦɵɟ ɝɟɧɵ, 

ɞɚɠɟ ɟɫɥɢ ɧɟɬ ɞɨɫɬɭɩɧɨɝɨ ɷɬɚɥɨɧɧɨɝɨ ɝɟɧɨɦɚ: ɤɨɪɨɬɤɢɟ ɱɬɟɧɢɹ, 

ɩɪɨɢɡɜɨɞɢɦɵɟ ɫɢɫɬɟɦɚɦɢ Illumina, ɦɨɝɭɬ ɛɵɬɶ ɫɨɛɪɚɧɵ ɜ ɤɨɧɬɢɝɢ [45]. ȼ 
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ɢɞɟɚɥɟ ɤɚɠɞɵɣ ɤɨɧɬɢɝ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɨɣ ɢɡɨɮɨɪɦɟ ɬɪɚɧɫɤɪɢɩɬɚ. 

ɇɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ, ɩɪɨɰɟɫɫ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɩɨɯɨɠ ɧɚ ɫɛɨɪɤɭ 

ɝɟɧɨɦɚ, ɧɨ ɧɚ ɫɚɦɨɦ ɞɟɥɟ ɫɭɳɟɫɬɜɭɸɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɪɚɡɥɢɱɢɹ ɢ 

ɩɪɨɛɥɟɦɵ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɧɟɤɨɬɨɪɵɟ ɬɪɚɧɫɤɪɢɩɬɵ ɦɨɝɭɬ ɢɦɟɬɶ ɧɢɡɤɢɣ 

ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɪɭɝɢɟ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɷɤɫɩɪɟɫɫɢɸ 

[44, 47]. ɍ ɷɭɤɚɪɢɨɬ ɦɧɨɝɢɟ ɝɟɧɵ ɩɪɨɢɡɜɨɞɢɬ ɧɟɫɤɨɥɶɤɨ ɬɪɚɧɫɤɪɢɩɬɨɜ 

(ɢɡɨɮɨɪɦ) ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ [45]. Ʉɨɪɨɬɤɢɟ 

ɧɭɤɥɟɨɬɢɞɧɵɟ ɫɢɤɜɟɧɫɵ (ɩɪɨɱɬɟɧɢɹ), ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɫɟɤɜɟɧɢɪɨɜɚɧɢɢ, 

ɦɨɝɭɬ ɛɵɬɶ ɱɚɫɬɶɸ ɧɟɫɤɨɥɶɤɢɯ ɩɭɬɟɣ ɜ ɝɪɚɮɟ ɫɛɨɪɤɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɫɬɪɭɤɬɭɪɚ ɝɪɚɮɚ ɦɨɠɟɬ ɛɵɬɶ ɧɟɨɞɧɨɡɧɚɱɧɨɣ, ɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɢɡɨɮɨɪɦɵ 

ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɫɥɨɠɧɨɫɬɢ ɩɪɢ ɬɪɚɤɬɨɜɤɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɤɨɬɨɪɵɟ 

ɜɚɪɢɚɧɬɵ ɬɪɚɧɫɤɪɢɩɬɨɜ ɫ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ ɦɨɝɭɬ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɦɢ ɢɧɫɬɪɭɦɟɧɬɚɦɢ ɤɚɤ ɨɲɢɛɤɢ ɢ ɭɞɚɥɟɧɵ ɢɡ 

ɩɪɨɰɟɫɫɚ ɫɛɨɪɤɢ [48]. Ʉɚɤ ɢ ɩɪɢ ɫɛɨɪɤɟ ɝɟɧɨɦɚ, ɩɨɜɬɨɪɹɸɳɢɟɫɹ ɨɛɥɚɫɬɢ 

ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɫɟɪɶɟɡɧɨɣ ɩɪɨɛɥɟɦɨɣ ɞɥɹ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ [49]. 

ɉɪɨɛɥɟɦɚ ɫɛɨɪɤɢ ɫɬɚɧɨɜɢɬɫɹ ɟɳɟ ɛɨɥɟɟ ɫɥɨɠɧɨɣ, ɩɨɫɤɨɥɶɤɭ ɬɪɚɧɫɤɪɢɩɬɨɦ 

ɜɚɪɶɢɪɭɟɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɤɥɟɬɨɤ, ɭɫɥɨɜɢɣ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ 

ɜɪɟɦɟɧɢ. ɍɫɩɟɲɧɵɣ ɜɵɛɨɪ ɚɫɫɟɦɛɥɟɪɚ ɞɥɹ ɫɛɨɪɤɢ ɞɨɥɠɟɧ ɪɟɲɢɬɶ ɜɫɟ ɷɬɢ 

ɩɪɨɛɥɟɦɵ ɢ ɛɵɬɶ ɜ ɫɨɫɬɨɹɧɢɢ ɜɨɫɫɬɚɧɨɜɢɬɶ ɬɪɚɧɫɤɪɢɩɬɵ ɩɨɥɧɨɣ ɞɥɢɧɵ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɭɪɨɜɧɹɦɢ ɷɤɫɩɪɟɫɫɢɢ. 

De novo ɫɛɨɪɤɚ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ ɧɟɦɨɞɟɥɶɧɵɯ ɨɪɝɚɧɢɡɦɨɜ ɜ 

ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɧɚɯɨɞɢɬɫɹ ɧɚ ɩɨɞɴɟɦɟ, ɫɬɢɦɭɥɢɪɭɹ ɪɚɡɪɚɛɨɬɤɭ ɧɨɜɵɯ 

ɛɢɨɢɧɮɨɪɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ. Ɉɞɧɚɤɨ, ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɬɨɢɬ ɜɨɩɪɨɫ ɨ ɬɨɦ,  ɤɚɤɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢ 

ɤɚɤɢɟ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ ɯɨɪɨɲɟɣ 

ɫɛɨɪɤɢ. ɇɟɬ ɟɞɢɧɨɝɨ ɦɧɟɧɢɹ ɨ ɬɨɦ, ɤɚɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɞɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɫɛɨɪɨɤ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ de novo. 

ȼ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɧɟɫɤɨɥɶɤɨ ɩɪɨɝɪɚɦɦ 

ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ de novo [50, 51]. ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ 

ɫɨɡɞɚɧɵ ɩɨɜɟɪɯ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɝɪɚɦɦ ɫɛɨɪɤɢ ɝɟɧɨɦɚ [52,53]; 
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ɞɪɭɝɢɟ ɛɵɥɢ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɵ ɞɥɹ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ [54]. 

Ȼɨɥɟɟ ɫɟɪɶɟɡɧɚɹ ɩɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɥɢɱɢɢ ɜɫɬɚɜɨɤ ɪɚɡɥɢɱɧɵɯ 

ɪɚɡɦɟɪɨɜ, ɚ ɬɚɤɠɟ ɜ ɪɚɡɥɢɱɢɢ ɞɥɢɧɵ ɱɬɟɧɢɹ ɢ ɫɨɞɟɪɠɚɧɢɢ ɛɟɥɤɨɜɵɟ ɢ / ɢɥɢ 

ɧɟɤɨɞɢɪɭɸɳɢɯ ɫɬɟɧɨɝɪɚɦɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɨɩɬɢɦɚɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ ɫɛɨɪɤɢ 

ɞɥɹ ɜɫɟɯ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ RNA-Seq. Ɋɚɡɥɢɱɧɵɟ ɜɢɞɵ, ɩɪɨɬɨɤɨɥɵ 

ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɢ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɛɭɸɬ ɪɚɡɥɢɱɧɵɯ ɩɨɞɯɨɞɨɜ ɢ 

ɤɨɪɪɟɤɬɢɪɨɜɨɤ ɛɚɡɨɜɵɯ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɢɥɭɱɲɢɯ ɜɨɡɦɨɠɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɡɧɚɧɢɟ ɩɪɟɢɦɭɳɟɫɬɜ ɢ ɧɟɞɨɫɬɚɬɤɨɜ ɤɚɠɞɨɣ 

ɩɪɨɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɲɚɝɨɦ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɚɥɝɨɪɢɬɦɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɢ ɨɛɴɟɞɢɧɟɧɢɹ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɯ 

ɫɛɨɪɨɤ de novo. 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɷɤɫɩɪɟɫɫɢɹ ɝɟɧɨɜ ɨɬɧɨɫɢɬɫɹ ɤ ɚɧɚɥɢɡɭ ɢ 

ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɪɚɡɥɢɱɢɣ ɜ ɤɨɥɢɱɟɫɬɜɟ ɬɪɚɧɫɤɪɢɩɬɨɜ ɝɟɧɨɜ ɜ 

ɬɪɚɧɫɤɪɢɩɬɨɦɟ [55]. ɋɩɢɫɤɢ ɝɟɧɨɜ, ɤɨɬɨɪɵɟ ɪɚɡɥɢɱɚɸɬɫɹ ɦɟɠɞɭ ɞɜɭɦɹ 

ɧɚɛɨɪɚɦɢ ɨɛɪɚɡɰɨɜ, ɱɚɫɬɨ ɩɪɟɞɨɫɬɚɜɥɹɸɬɫɹ ɢɧɫɬɪɭɦɟɧɬɚɦɢ ɚɧɚɥɢɡɚ 

ɞɚɧɧɵɯ RNA-seq ɢɥɢ ɦɨɝɭɬ ɝɟɧɟɪɢɪɨɜɚɬɶɫɹ ɜɪɭɱɧɭɸ ɩɭɬɟɦ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ. ɂɡ-ɡɚ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɬɟɫɬɢɪɭɟɦɵɯ ɝɟɧɨɜ (ɧɚɩɪɢɦɟɪ, > 20000 ɜ ɝɟɧɨɦɟ ɱɟɥɨɜɟɤɚ) ɨɛɵɱɧɨ 

ɩɪɢɦɟɧɹɟɬɫɹ ɦɧɨɠɟɫɬɜɟɧɧɚɹ ɩɨɩɪɚɜɤɚ Ȼɨɧɮɟɪɪɨɧɢ [56]. ɉɨɫɤɨɥɶɤɭ ɝɟɧɚɦ, 

ɤɨɬɨɪɵɟ ɩɨ-ɪɚɡɧɨɦɭ ɷɤɫɩɪɟɫɫɢɪɭɸɬɫɹ ɦɟɠɞɭ ɨɛɪɚɡɰɚɦɢ ɧɟɨɛɯɨɞɢɦ ɦɟɬɨɞ 

ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɡɧɚɱɟɧɢɹ ɫɬɨɥɶ ɦɧɨɝɢɯ ɜɚɪɢɚɰɢɣ 

ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ, ɨɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ 

«ɨɛɨɝɚɳɟɧɢɟ ɝɟɧɧɨɝɨ ɧɚɛɨɪɚ» ɢɥɢ GSE (Hung et al., 2012; Subramanian et 

al., 2005). ȼ ɷɬɨɦ ɦɟɬɨɞɟ ɝɟɧ ɢɥɢ ɝɪɭɩɩɚ ɝɟɧɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɧɚɞɥɟɠɚɬ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɚɬɟɝɨɪɢɢ ɢ ɤɨɬɨɪɵɟ ɨɛɨɝɚɳɟɧɵ ɜ ɨɞɧɨɦ ɨɛɪɚɡɰɟ, 

ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɞɪɭɝɢɦ ɨɛɪɚɡɰɨɦ. Ⱥɧɧɨɬɚɰɢɢ ɝɟɧɧɨɣ ɨɧɬɨɥɨɝɢɢ (GO) 

ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɟɳɟ ɨɞɢɧ ɦɟɬɨɞ ɚɧɧɨɬɢɪɨɜɚɧɢɹ ɢ ɝɪɭɩɩɢɪɨɜɤɢ ɝɟɧɨɜ [57, 

58]. 
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2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

2.1 ȼɢɞɨɜɚя ɢɞɟɧɬɢɮɢɤɚɰɢя ɲɬɚɦɦɨɜ ɝɪɢɛɨɜ H. annosum 
Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɢ ɲɬɚɦɦɵ 45-2 ɢ K-Ha-4 ɜɢɞɚ 

Heterobasidion annosum (Fr.) Bref. ɢɡ ɤɨɥɥɟɤɰɢɢ ɱɢɫɬɵɯ ɤɭɥɶɬɭɪ 

ɥɚɛɨɪɚɬɨɪɢɢ ɥɟɫɧɵɯ ɤɭɥɶɬɭɪ, ɦɢɤɨɥɨɝɢɢ ɢ ɮɢɬɨɩɚɬɨɥɨɝɢɢ ɂɧɫɬɢɬɭɬɚ ɥɟɫɚ 

ɢɦ. ȼ.ɇ. ɋɭɤɚɱɟɜɚ Ɏɂɐ Ʉɇɐ ɋɈ ɊȺɇ (Ʉɪɚɫɧɨɹɪɫɤ, Ɋɨɫɫɢɹ). 

ɒɬɚɦɦɵ ɛɵɥɢ ɢɡɨɥɢɪɨɜɚɧɵ ɜ ɱɢɫɬɭɸ ɤɭɥɶɬɭɪɭ ɜ 2014 ɢ 2018 ɝɝ. ɢɡ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɛɚɡɢɞɢɨɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɞɪɟɜɟɫɢɧɟ Pinus sylvestris 

L. (Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ). ȼɵɞɟɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɭɬɟɦ ɪɚɫɤɥɚɞɤɢ 

ɮɪɚɝɦɟɧɬɚ ɩɥɨɞɨɜɨɝɨ ɬɟɥɚ ɜɨ ɜɥɚɠɧɭɸ ɤɚɦɟɪɭ ɢ ɦɟɬɨɞɨɦ ɫɩɨɪɨɜɨɝɨ 

ɨɬɩɟɱɚɬɤɚ ɢ ɧɚ ɫɟɥɟɤɬɢɜɧɵɟ ɩɢɬɚɬɟɥɶɧɵɟ ɫɪɟɞɵ – ɦɚɥɶɬ-ɷɤɫɬɪɚɤɬ-ɚɝɚɪ 

(ɆɗȺ); ɆɗȺ ɫ 0.5% ɬɚɧɢɧɚ; ɇɨɪɤɪɚɧɫ-ɚɝɚɪ (ɇɊɄȺ) (ɪɢɫ. 3) [59]. 

 

 

Ɋɢɫɭɧɨɤ 1 – ɂɡɨɥɢɪɨɜɚɧɢɟ ɜ ɱɢɫɬɭɸ ɤɭɥɶɬɭɪɭ ɲɬɚɦɦɨɜ ɝɪɢɛɨɜ H. annosum 

ɧɚ ɦɚɥɶɬ-ɷɤɫɬɪɚɤɬ ɚɝɚɪɟ ɫ ɬɚɧɢɧɨɦ (ɜɧɢɡɭ) ɢɡ ɛɚɡɢɞɢɨɦ, ɩɪɨɢɡɪɚɫɬɚɸɳɢɯ 

ɧɚ ɠɢɜɵɯ ɞɟɪɟɜɶɹɯ (ɜɜɟɪɯɭ) 

 

ɏɪɚɧɟɧɢɟ ɤɭɥɶɬɭɪ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɧɚ ɫɤɨɲɟɧɧɨɦ ɆɗȺ ɩɪɢ 

6°ɋ. Ɇɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɩɪɢɡɧɚɤɢ ɢɡɭɱɚɥɢ ɭ ɝɪɢɛɨɜ, ɜɵɪɚɳɟɧɧɵɯ ɧɚ 

ɦɨɪɤɨɜɧɨɦ ɚɝɚɪɟ, ɆɗȺ ɢ ɇɊɄȺ ɩɪɢ 24 ± 1°ɋ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɰɟɧɢɜɚɥɢ 

ɦɟɬɨɞɚɦɢ ɮɚɡɨɜɨ-ɤɨɧɬɪɚɫɬɧɨɣ ɢ ɫɜɟɬɨɩɨɥɶɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɬɨɜɨɝɨ ɦɢɤɪɨɫɤɨɩɚ Nikon Eclipse ɋi ɫ ɫɢɫɬɟɦɨɣ 
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ɮɨɬɨɞɨɤɭɦɟɧɬɚɰɢɢ (―Nikon‖, əɩɨɧɢɹ) ɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɤɚɧɢɪɭɸɳɟɝɨ 

ɦɢɤɪɨɫɤɨɩɚ Hitachi SEM ɌɆ-1000 ɫ 10000 ɤɪɚɬɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɢ 

ɪɚɡɪɟɲɟɧɢɟɦ 30 ɧɦ (―Hitachi Ltd.‖, əɩɨɧɢɹ). 

ȼɢɞɨɜɭɸ ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɲɬɚɦɦɨɜ ɜɟɪɢɮɢɰɢɪɨɜɚɥɢ ɦɨɥɟɤɭɥɹɪɧɨ-

ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ ɭɱɚɫɬɤɨɜ ɝɟɧɟɬɢɱɟɫɤɢɯ 

ɦɚɪɤɟɪɨɜ ITS (internal transcribed spacer) ɢ TEF-1alpha (transcription 

elongation factor 1-alpha) ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɟɤɜɟɧɚɬɨɪɟ Illumina MySeq 

(―Illumina‖, ɋɒȺ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ ―ɂɧɧɨɜɚɰɢɨɧɧɵɟ 

ɬɟɯɧɨɥɨɝɢɢ ɡɚɳɢɬɫɬɟɧɢɣ‖ ȼɫɟɪɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ 

ɢɧɫɬɢɬɭɬɚ ɡɚɳɢɬɵ ɪɚɫɬɟɧɢɣ (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ-ɉɭɲɤɢɧ, Ɋɨɫɫɢɹ) ɢ ɐɄɉ 

―Ƚɟɧɨɦɢɤɚ‖ (ɂɏȻɎɆ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤ, Ɋɨɫɫɢɹ). 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ. ɂɫɫɥɟɞɭɟɦɵɟ ɲɬɚɦɦɵ ɧɚ ɫɪɟɞɟ ɇɊɄȺ 

ɮɨɪɦɢɪɨɜɚɥɢ ɯɨɪɨɲɨ ɪɚɡɜɢɬɵɣ ɜɨɡɞɭɲɧɵɣ ɦɢɰɟɥɢɣ ɫ ɩɨɥɭɩɪɨɡɪɚɱɧɵɦɢ, 

ɬɨɧɤɨɫɬɟɧɧɵɦɢ ɝɟɧɟɪɚɬɢɜɧɵɦɢ ɝɢɮɚɦɢ ɫ ɫɟɩɬɚɦɢ. ɒɢɪɢɧɚ ɝɢɮ 1,5–5,0 

ɦɤɦ; ɜɟɬɜɥɟɧɢɟ ɩɨɞ ɨɫɬɪɵɦ, ɪɟɠɟ – ɩɨɞ ɩɪɹɦɵɦ ɭɝɥɨɦ, ɩɪɨɫɬɨɟ, ɨɬ 

ɭɦɟɪɟɧɧɨɝɨ ɞɨ ɫɪɟɞɧɟɝɨ. Ⱥɧɚɫɬɨɦɨɡɵ ɭɦɟɪɟɧɧɵɟ, ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ ɨɬ 2 ɞɨ 

40 ɦɤɦ. ɉɪɹɠɤɢ ɪɚɡɦɟɪɨɦ 2,0–5,5 ɦɤɦ, ɪɟɞɤɢɟ, ɩɪɨɫɬɵɟ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ 

ɩɪɹɦɨɣ ɲɢɪɨɤɨɣ ɝɢɮɟ. Ʉɨɧɢɞɢɨɮɨɪɵ ɫ ɚɩɢɤɚɥɶɧɨɣ ɜɟɡɢɤɭɥɨɣ; 

ɩɪɹɦɨɫɬɨɹɱɢɟ, ɩɪɨɫɬɵɟ, ɝɢɚɥɢɧɨɜɵɟ; ɞɨ 200 ɦɤɦ ɞɥɢɧɨɣ ɢ 4-10 ɦɤɦ ɜ 

ɞɢɚɦɟɬɪɟ. Ⱦɢɚɦɟɬɪ ɚɩɢɤɚɥɶɧɨɣ ɜɟɡɢɤɭɥɵ 6-15 ɦɤɦ, ɩɨɜɟɪɯɧɨɫɬɶ ɫ 

ɤɨɧɢɱɟɫɤɢɦɢ ɡɭɛɰɚɦɢ, ɧɚ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɨɞɧɨɤɥɟɬɨɱɧɵɟ, ɝɥɚɞɤɢɟ, 

ɝɢɚɥɢɧɨɜɵɟ ɤɨɧɢɞɢɢ ɹɣɰɟɜɢɞɧɨɣ ɮɨɪɦɵ; 3.5–8.0 × 2.5–6.5 ɦɤɦ (ɪɢɫ. 24) 

[60]. 
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Ɋɢɫɭɧɨɤ 2 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɲɬɚɦɦɚ 45-2 Heterobasidion annosum, 

ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɦɟɬɨɞɚɦɢ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (Ⱥ- 

ɫɥɟɜɚ, ɭɜɟɥɢɱɟɧɢɟ ɯ2500, ɦɢɰɟɥɢɣ) ɢ ɫɜɟɬɨɩɨɥɶɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ȼ- 

ɫɩɪɚɜɚ, ɭɜɟɥɢɱɟɧɢɟ ɯ1500, ɚɩɢɤɚɥɶɧɚɹ ɜɟɡɢɤɭɥɚ ɫ ɤɨɧɢɞɢɹɦɢ). 

Ʉɭɥɶɬɭɪɚɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ. ɂɫɫɥɟɞɭɟɦɵɟ ɲɬɚɦɦɵ ɩɪɢ 22 °ɋ ɧɚ 

ɧɚɬɭɪɚɥɶɧɨɣ ɫɪɟɞɟ (ɦɨɪɤɨɜɧɵɣ ɚɝɚɪ) ɮɨɪɦɢɪɭɸɬ ɤɨɥɨɧɢɢ ɫ ɯɨɪɨɲɨ 

ɪɚɡɜɢɬɵɦ ɜɨɡɞɭɲɧɵɦ ɦɢɰɟɥɢɟɦ ɛɟɥɨɝɨ, ɪɟɠɟ, ɫɜɟɬɥɨ-ɛɟɠɟɜɨɝɨ ɰɜɟɬɚ (ɪɢɫ. 

5Ⱥ). Ɋɟɜɟɪɫ ɤɨɥɨɧɢɢ ɧɟ ɨɤɪɚɲɟɧ, ɩɢɝɦɟɧɬ ɧɟ ɨɛɪɚɡɭɟɬɫɹ. Ɋɚɞɢɚɥɶɧɚɹ 

ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɲɬɚɦɦɨɜ 45-2 ɢ K-Ha-4 ɫɨɫɬɚɜɢɥɚ 3,3 ɢ 5,2 ɦɦ/ɫɭɬ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɫɟɞɶɦɵɟ ɫɭɬɤɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ; ɪɨɫɬɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ 

– 84 ɢ 155. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɧɚɬɭɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ ɧɚ 

ɫɢɧɬɟɬɢɱɟɫɤɢɣ ɦɨɪɮɨɥɨɝɢɹ ɤɨɥɨɧɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɨɬɥɢɱɚɥɚɫɶ (ɪɢɫ. 5Ȼ). 

Ɋɚɞɢɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɲɬɚɦɦɨɜ 45-2 ɢ K-Ha-4 ɧɚ ɫɪɟɞɟ ɇɨɪɤɪɚɧɫ 

ɫɨɫɬɚɜɢɥɚ 4,9 ɢ 4,2 ɦɦ/ɫɭɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ɪɨɫɬɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ – 190 ɢ 
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76. ɋɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 10 °ɋ ɩɪɢɜɟɥɨ ɤ ɡɚɤɨɧɨɦɟɪɧɨɦɭ ɡɚɦɟɞɥɟɧɢɸ 

ɪɨɫɬɨɜɵɯ ɩɪɨɰɟɫɫɨɜ; ɨɬɦɟɱɟɧɵ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢ 

ɰɜɟɬɚ ɤɨɥɨɧɢɢ (ɪɢɫ. 5ȼ). 

ɉɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɲɬɚɦɦɨɜ ɧɚ ɦɚɥɶɬ-ɷɤɫɬɪɚɤɬ ɚɝɚɪɟ ɩɪɢ 22 °ɋ ɧɟ 

ɨɬɦɟɱɟɧɨ ɫɭɳɟɫɬɜɟɧɧɵɯ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɨɬɥɢɱɢɣ: ɤɭɥɶɬɭɪɵ ɨɛɪɚɡɭɸɬ 

ɯɚɪɚɤɬɟɪɧɵɟ ɤɨɥɨɧɢɢ ɛɟɥɨɝɨ ɰɜɟɬɚ ɫ ɥɟɝɤɢɦ ɨɬɬɟɧɤɨɦ ɫɥɨɧɨɜɨɣ ɤɨɫɬɢ ɢɥɢ 

ɫɜɟɬɥɨ-ɛɟɠɟɜɨɝɨ ɰɜɟɬɚ. ȼɨɡɞɭɲɧɵɣ ɦɢɰɟɥɢɣ ɜɚɬɨɨɛɪɚɡɧɵɣ, ɩɭɲɢɫɬɵɣ; ɟɝɨ 

ɜɵɫɨɬɚ ɜɚɪɶɢɪɭɟɬ ɜ ɩɪɟɞɟɥɚɯ 4–11 ɦɦ (ɪɢɫɭɧɨɤ 5 Ƚ, Ⱦ). ɉɪɢ ɫɬɚɪɟɧɢɢ 

ɤɭɥɶɬɭɪɵ (ɛɨɥɟɟ 6 ɧɟɞɟɥɶ) ɜ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɮɨɪɦɢɪɭɟɬɫɹ ɩɥɨɬɧɵɣ 

ɤɨɠɢɫɬɵɣ ɫɥɨɣ ɪɚɡɥɢɱɧɵɯ ɨɬɬɟɧɤɨɜ ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ (ɪɢɫɭɧɨɤ 5ȿ) ɢ 

ɷɤɫɫɭɞɚɬ; ɪɟɜɟɪɫ ɬɟɦɧɨ-ɤɨɪɢɱɧɟɜɵɣ [61]. 

 

 
 
Ɋɢɫɭɧɨɤ 3 – Ʉɭɥɶɬɭɪɚɥɶɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɲɬɚɦɦɚ 45-2 
Heterobasidion annosum in vitro 
 

Ɏɢɬɨɩɚɬɨɝɟɧɧɨɫɬɶ in vitro ɨɰɟɧɢɜɚɥɢ ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ 

ɦɨɧɨɫɩɨɪɨɜɵɯ ɤɭɥɶɬɭɪ ɧɚ ɬɜɟɪɞɨɣ ɢ ɩɨɥɭɠɢɞɤɨɣ ɩɢɬɚɬɟɥɶɧɵɯ ɫɪɟɞɚɯ. ȼ 

ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɫɟɦɟɧɚ Pinus sylvestris ɪɚɫɤɥɚɞɵɜɚɥɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 10-ɬɢ 

ɫɭɬɨɱɧɨɣ ɤɭɥɶɬɭɪɵ ɧɚ ɦɚɥɶɬ-ɷɤɫɬɪɚɤɬ ɚɝɚɪɟ ɜ ɱɚɲɤɢ ɉɟɬɪɢ; ɢɧɤɭɛɢɪɨɜɚɥɢ 

ɜ ɤɥɢɦɚɬɨɤɚɦɟɪɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20–22 ɋ ɜ ɬɟɱɟɧɢɟ 28 ɫɭɬɨɤ ɢ ɨɰɟɧɢɜɚɥɢ 
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ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ (%); ɞɥɢɧɭ ɝɥɚɜɧɨɝɨ ɤɨɪɧɹ ɢ ɫɬɟɛɥɹ ɡɞɨɪɨɜɵɯ 

ɩɪɨɪɨɫɬɤɨɜ (ɦɦ); ɫɬɟɩɟɧɶ ɩɨɪɚɠɟɧɢɹ ɩɪɨɪɨɫɬɤɨɜ (ɛɚɥɥɵ); 

ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɜɵɠɢɜɲɢɯ ɪɚɫɬɟɧɢɣ ɧɚ ɫɜɟɠɟɣ ɤɭɥɶɬɭɪɟ ɝɪɢɛɚ (%). ȼɨ 

ɜɬɨɪɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɪɨɪɨɫɬɤɢ ɫ ɞɥɢɧɨɣ ɤɨɪɧɹ 1,5–2,5 ɫɦ ɪɚɡɦɟɳɚɥɢ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ 10-ɬɢ ɫɭɬɨɱɧɨɣ ɤɭɥɶɬɭɪɵ ɝɪɢɛɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɤɨɪɧɢ 

ɛɵɥɢ ɩɨɝɪɭɠɟɧɵ ɜ ɩɨɥɭɠɢɞɤɭɸ ɫɪɟɞɭ ɇɨɪɤɪɚɧɫ. ɉɨɫɟɜɵ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ 

ɤɥɢɦɚɬɨɤɚɦɟɪɟ ɩɪɢ 20–22 °ɋ ɫ 12-ɬɢ ɱɚɫɨɜɵɦ ɮɨɬɨɩɟɪɢɨɞɨɦ ɜ ɬɟɱɟɧɢɟ 21 

ɫɭɬ ɢ ɨɰɟɧɢɜɚɥɢ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɪɚɫɬɟɧɢɣ (%); ɞɥɢɧɭ ɧɚɞɡɟɦɧɨɣ ɱɚɫɬɢ 

ɡɞɨɪɨɜɵɯ ɩɪɨɪɨɫɬɤɨɜ (ɦɦ); ɫɬɟɩɟɧɶ ɩɨɪɚɠɟɧɢɹ ɩɪɨɪɨɫɬɤɨɜ (ɛɚɥɥɵ). 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɞɜɭɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɨɬɨɛɪɚɧɵ ɦɨɧɨɫɩɨɪɨɜɵɟ 

ɤɭɥɶɬɭɪɵ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɢ ɦɢɧɢɦɚɥɶɧɵɦɢ ɮɢɬɨɩɚɬɨɝɟɧɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ. ɇɚɢɛɨɥɟɟ ɜɢɪɭɥɟɧɬɧɵɣ ɲɬɚɦɦ ɜɵɡɵɜɚɥ ɧɟɤɪɨɬɢɱɟɫɤɢɟ 

ɩɨɪɚɠɟɧɢɹ ɤɨɪɧɟɜɨɣ ɫɢɫɬɟɦɵ ɢ 100 %-ɸ ɝɢɛɟɥɶ ɨɩɵɬɧɵɯ ɪɚɫɬɟɧɢɣ ɧɚ 8-10 

ɫɭɬɤɢ ɜɟɝɟɬɚɰɢɢ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɦɨɧɨɫɩɨɪɨɜɨɣ ɤɭɥɶɬɭɪɵ ɫ ɦɢɧɢɦɚɥɶɧɨɣ 

ɜɢɪɭɥɟɧɬɧɨɫɬɶɸ ɨɬɦɟɱɟɧɨ ɡɚɦɟɞɥɟɧɢɟ ɪɚɡɜɢɬɢɹ ɝɥɚɜɧɨɝɨ ɤɨɪɧɹ ɢ 

ɧɚɞɡɟɦɧɨɣ ɱɚɫɬɢ ɭ 34 % ɬɟɫɬ-ɪɚɫɬɟɧɢɣ, ɪɚɡɜɢɬɢɟ ɥɨɤɚɥɶɧɵɯ ɧɟɤɪɨɡɨɜ 

ɤɨɪɧɟɜɨɣ ɫɢɫɬɟɦɵ ɭ 47 % ɫɟɹɧɰɟɜ, ɨɞɧɚɤɨ ɦɚɫɫɨɜɨɣ ɝɢɛɟɥɢ ɪɚɫɬɟɧɢɣ ɧɚ 28 

ɫɭɬɤɢ ɜɟɝɟɬɚɰɢɢ ɧɟ ɩɪɨɢɡɨɲɥɨ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɟɹɧɰɟɜ P. sylvestris ɤ ɢɫɫɥɟɞɭɟɦɨɦɭ ɤɥɨɧɭ. 

 

2.2 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥя ɬɪɚɧɫɤɪɢɩɬɨɦɧɨɣ ɫɛɨɪɤɢ 
 

ɊɇɄ ɨɛɪɚɡɰɨɜ ɛɵɥɚ ɜɵɞɟɥɟɧɚ ɢɡ ɦɢɰɟɥɢɹ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ 

ɪɟɚɤɬɢɜɨɜ Plant/Fungi Total RNA Purification Kit ɤɨɦɩɚɧɢɢ Norgen Biotec 

Corp. Ʉɚɱɟɫɬɜɨ ɜɵɞɟɥɟɧɧɨɣ ɊɇɄ ɩɪɨɜɟɪɹɥɢ ɧɚ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɟ Bioanalyzer 2100 Agilent Technologies c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɩɨɜ 

«RNA 6000 Nano Kit». Ʉɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɟɧɧɨɣ ɊɇɄ ɡɚɦɟɪɹɥɢ ɩɪɢ ɩɨɦɨɳɢ 

Qubit ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Qubit RNA BR Assay Kit. 

ȼɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɚɹ ɊɇɄ ɜ ɧɟɨɛɯɨɞɢɦɨɦ ɤɨɥɢɱɟɫɬɜɟ (ɞɥɹ 

ɩɪɨɬɨɤɨɥɨɜ Illumina ɨɩɬɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɨɬɚɥɶɧɨɣ ɊɇɄ ɞɨɥɠɧɚ 

ɫɨɫɬɚɜɥɹɬɶ 0.1-1 µg) ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 
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ɬɪɚɧɫɤɪɢɩɬɨɦɧɨɣ ɛɢɛɥɢɨɬɟɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯ ɧɚɛɨɪɨɜ: Poly–A 

ɫɟɥɟɤɰɢɹ ɦɊɇɄ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ NEBNext Poly(A) mRNA 

Magnetic Isolation Module, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɦɊɇɄ ɜ ɤȾɇɄ ɩɪɨɢɡɜɨɞɢɥɢ ɩɪɢ 

ɩɨɦɨɳɢ ɧɚɛɨɪɚ TruSeq Stranded Total RNA with Ribo-Zero Plant Illumina. 

ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ ɛɢɛɥɢɨɬɟɤ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɫɟɤɜɟɧɚɬɨɪɟ Illumina MiSeq, ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ MiSeq Reagent Kit v3 (150 ɰɢɤɥɨɜ). 

 

2.3 Ɉɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɫɟɤɜɟɧɢɪɨɜɚɧɢя ɢ ɮɢɥɶɬɪɚɰɢя ɪɢɛɨɫɨɦɚɥɶɧɨɣ 
ɊɇɄ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɞɚɧɧɵɯ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ 

ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ FastQC, ɤɨɬɨɪɨɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɧɚɛɨɪ 

ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɜɵɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ (ɨɛɳɢɣ 

ɩɨɤɚɡɚɬɟɥɶ ɤɚɱɟɫɬɜɚ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ, GC-ɤɨɧɬɟɧɬ, ɧɚɥɢɱɢɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɚɞɚɩɬɟɪɨɜ ɢ ɬ.ɞ.). ɍɞɚɥɟɧɢɟ ɚɞɚɩɬɟɪɨɜ ɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫ ɧɢɡɤɢɦ ɤɚɱɟɫɬɜɨɦ, ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɪɢ ɩɨɦɨɳɢ 

ɩɪɨɝɪɚɦɦɵ Trimmomatic [Bolger, Lohse, Usadel, 2014] ɜ ɥɚɛɨɪɚɬɨɪɢɢ 

ɥɟɫɧɨɣ ɝɟɧɨɦɢɤɢ ɋɎɍ, ɷɬɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɢ ɩɨɞɯɨɞɢɬ ɞɥɹ ɨɛɪɟɡɤɢ ɞɚɧɧɵɯ ɧɢɡɤɨɝɨ ɤɚɱɟɫɬɜɚ 

ɩɥɚɬɮɨɪɦɵ Illumina. ɉɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ ɞɚɧɧɵɟ ɜɧɨɜɶ ɩɪɨɜɟɪɹɥɢɫɶ ɩɪɢ 

ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɵ FastQC. 

ɉɪɨɝɪɚɦɦɚ FastQC ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɧɚɛɨɪ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ 

ɜɵɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ (ɨɛɳɢɣ ɩɨɤɚɡɚɬɟɥɶ ɤɚɱɟɫɬɜɚ 

ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ, GC-ɤɨɧɬɟɧɬ, ɧɚɥɢɱɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɚɞɚɩɬɟɪɨɜ ɢ 

ɬ.ɞ.). 

Ⱦɚɥɟɟ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɮɢɥɶɬɪɚɰɢɹ ɪɢɛɨɫɨɦɚɥɶɧɨɣ ɊɇɄ ɩɨ 

ɦɟɬɚɬɪɚɧɫɤɪɢɩɬɨɦɧɵɦ ɞɚɧɧɵɦ. Ɏɢɥɶɬɪɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ 

ɢɧɫɬɪɭɦɟɧɬɚ SortMeRNA ɜɟɪɫɢɢ 2.1, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ 

ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɟ ɥɨɤɚɥɶɧɨɟ ɜɵɪɚɜɧɢɜɚɧɢɟ ɫɱɢɬɵɜɚɧɢɣ ɪɊɇɄ ɩɨ 8 

ɛɚɡɚɦ ɞɚɧɧɵɯ ɪɊɇɄ [Kopylova, Noé, Touzet, 2012]. SortMeRNA ɪɚɛɨɬɚɟɬ ɫ 
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ɞɚɧɧɵɦɢ Illumina, 454, Ion Torrent ɢ PacBio ɢ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶ SAM ɢ 

BLAST-ɩɨɞɨɛɧɵɟ ɜɵɪɚɜɧɢɜɚɧɢɹ. 

 

2.4 ɋɛɨɪɤɚ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ 
 
ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɩɪɨɝɪɚɦɦ ɞɥɹ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ, ɜ 

ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɛɨɪɤɚ ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ ɬɪɺɯ de 

novo ɚɫɫɟɦɛɥɟɪɨɜ – Trinity ɜɟɪɫɢɢ 2.8.4, ɡɚɩɭɫɤ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɫɨ 

ɫɬɚɧɞɚɪɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ [Grabherr, 2011], RNASpades ɜɟɪɫɢɢ 3.12.0 ɢ 

ɫɛɨɪɳɢɤɚ, ɜɫɬɪɨɟɧɧɨɝɨ ɜ CLC Genomic Workbench. 

Trinity - ɷɬɨ ɚɜɬɨɧɨɦɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɫɨɫɬɨɹɳɟɟ ɢɡ 

ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɦɨɞɭɥɟɣ: (1) Inchworm, ɤɨɬɨɪɵɣ ɫɧɚɱɚɥɚ ɝɟɧɟɪɢɪɭɟɬ 

ɤɨɧɬɢɝɢ ɬɪɚɧɫɤɪɢɩɬɚ; (2) Chrysalis, ɞɥɹ ɢɯ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɢ ɩɨɫɬɪɨɟɧɢɹ 

ɩɨɥɧɵɯ ɝɪɚɮɨɜ ɞɟ Ȼɪɟɣɧɚ ɞɥɹ ɤɚɠɞɨɝɨ ɤɥɚɫɬɟɪɚ; (3) Butterfly, ɤɨɬɨɪɵɣ 

ɨɛɪɚɛɚɬɵɜɚɟɬ ɨɬɞɟɥɶɧɵɟ ɝɪɚɮɵ ɩɚɪɚɥɥɟɥɶɧɨ, ɱɬɨ ɜ ɢɬɨɝɟ ɩɪɢɜɨɞɢɬ ɤ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɪɚɧɫɤɪɢɩɬɨɜ (ɪɢɫ. 4). 
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Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɞɟɣɫɬɜɢɣ ɩɪɨɝɪɚɦɦɵ Trinity (ɚ – Inchworm, b – 

Chrysalis, c – Butterfly) [62] 

RnaSPAdes - ɷɬɨ ɫɛɨɪɳɢɤ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ de novo, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 

SPAdes (ɪɢɫ. 5). Ɉɧ ɛɵɥ ɜ ɨɫɧɨɜɧɨɦ ɩɪɨɬɟɫɬɢɪɨɜɚɧ ɧɚ ɞɚɧɧɵɯ Illumina 

RNA-Seq, ɜɤɥɸɱɚɹ ɞɚɧɧɵɟ, ɬɚɤɠɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɫɱɢɬɵɜɚɧɢɹ IonTorrent 

RNA. ɇɚɱɢɧɚɹ ɫ ɜɟɪɫɢɢ SPA4 3.14 ɨɧ ɬɚɤɠɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɝɢɛɪɢɞɧɭɸ 

ɫɛɨɪɤɭ ɢɡ ɤɨɪɨɬɤɢɯ ɢ ɞɥɢɧɧɵɯ ɩɪɨɱɬɟɧɢɣ, ɧɚɩɪɢɦɟɪ, PacBio Iso-seq ɢɥɢ 

Oxford Nanopore RNA. 

Ɉɞɧɚɤɨ rnaSPAdes ɨɛɵɱɧɨ ɩɪɟɜɨɫɯɨɞɢɬ ɞɪɭɝɢɟ ɚɫɫɟɦɛɥɟɪɵ ɩɨ 

ɬɚɤɨɦɭ ɜɚɠɧɨɦɭ ɫɜɨɣɫɬɜɭ, ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɫɨɛɪɚɧɧɵɯ ɝɟɧɨɜ ɢ ɢɡɨɮɨɪɦ, ɢ ɜ 

ɬɨ ɠɟ ɜɪɟɦɹ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɬɚɬɢɫɬɢɤɭ ɬɨɱɧɨɫɬɢ ɜ ɫɪɟɞɧɟɦ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɛɥɢɠɚɣɲɢɦɢ ɤɨɧɤɭɪɟɧɬɚɦɢ [63]. 

Ⱥɫɫɟɦɛɥɟɪ ɝɟɧɨɦɚ SPAdes ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ: 

(1) ɩɨɫɬɪɨɟɧɢɟ ɫɠɚɬɨɝɨ ɝɪɚɮɚ ɞɟ Ȼɪɺɣɧɚ; (2) ɭɩɪɨɳɟɧɢɟ ɝɪɚɮɚ, ɤɨɬɨɪɨɟ 
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ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɭɞɚɥɟɧɢɟ ɯɢɦɟɪɧɵɯ ɢ ɨɲɢɛɨɱɧɵɯ ɪɟɛɟɪ; (3) ɨɬɨɛɪɚɠɟɧɢɟ 

ɩɚɪ ɱɬɟɧɢɹ ɧɚ ɝɪɚɮɢɤ ɫɛɨɪɤɢ; ɢ (4) ɩɨɜɬɨɪɟɧɢɟ ɢ ɫɨɡɞɚɧɢɟ ɫɟɬɢ, ɢɫɩɨɥɶɡɭɹ 

ɫɨɜɦɟɳɟɧɧɵɟ ɩɚɪɧɵɟ ɨɩɟɪɚɰɢɢ ɱɬɟɧɢɹ ɫ ɚɥɝɨɪɢɬɦɨɦ exSPAnder [64]. ɏɨɬɹ 

ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɚ ɢ ɨɬɨɛɪɚɠɟɧɢɟ ɩɚɪɧɵɯ ɨɩɟɪɚɰɢɣ ɱɬɟɧɢɹ ɧɟ ɡɚɜɢɫɹɬ ɨɬ 

ɬɢɩɚ ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɢ ɧɟ ɬɪɟɛɭɸɬ ɢɡɦɟɧɟɧɢɣ ɞɥɹ ɞɚɧɧɵɯ RNA-Seq, 

ɭɩɪɨɳɟɧɢɟ ɝɪɚɮɢɤɚ ɢ ɩɪɨɰɟɞɭɪɵ ɩɨɜɬɨɪɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫɢɥɶɧɨ ɡɚɜɢɫɹɬ 

ɨɬ ɫɜɨɣɫɬɜ ɝɟɧɨɦɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɸɬ 

ɡɧɚɱɢɬɟɥɶɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɢ ɧɨɜɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ 

ɬɪɚɧɫɤɪɢɩɬɨɦɧɨɣ ɫɛɨɪɤɢ de novo. 

 

 

Ɋɢɫɭɧɨɤ 5 – ɗɬɚɩɵ ɪɚɛɨɬɵ ɚɫɫɟɦɛɥɟɪɚ rnaSpades 

 

CLC Genomics Workbench – ɷɬɨ ɧɨɜɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɚɧɚɥɢɡɚ ɢ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ (NGS). Ɉɧ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɟɪɟɞɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɚɥɝɨɪɢɬɦɵ, ɚ ɬɚɤɠɟ 

ɩɨɞɞɟɪɠɢɜɚɟɬ ɢ ɢɧɬɟɝɪɢɪɭɟɬɫɹ ɫ ɨɫɬɚɥɶɧɵɦɢ ɬɢɩɢɱɧɵɦɢ ɪɚɛɨɱɢɦɢ 

ɩɪɨɰɟɫɫɚɦɢ NGS. CLC Genomics Workbench ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɫɟ ɮɭɧɤɰɢɢ 

«CLC Main Workbench» (G6G Abstract Number 20096A) ɢ ɜɨɡɦɨɠɧɨɫɬɶ de 

novo ɫɛɨɪɤɢ. CLC Genomics Workbench ɩɨɞɞɟɪɠɢɜɚɟɬ ɤɚɤ ɤɨɪɨɬɤɨɟ, ɬɚɤ ɢ 

ɞɥɢɧɧɨɟ ɱɬɟɧɢɟ, ɩɨɞɞɟɪɠɢɜɚɟɬ ɩɚɪɧɨɟ ɱɬɟɧɢɟ ɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɞɚɧɧɵɟ 
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ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ Sanger, 454, Illumina Genome Analyzer, Helicos ɢ SOLiD. 

ɉɪɨɰɟɫɫ ɫɛɨɪɤɢ de novo ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ: ɜɨ-ɩɟɪɜɵɯ, 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɨɧɬɢɝɢ ɫɨɡɞɚɸɬɫɹ ɩɭɬɟɦ ɜɵɪɚɜɧɢɜɚɧɢɹ ɜɫɟɯ ɱɬɟɧɢɣ. 

ȼɨ-ɜɬɨɪɵɯ, ɜɫɟ ɱɬɟɧɢɹ ɨɛɴɟɞɢɧɹɸɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɮɟɪɟɧɫɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɫɛɨɪɤɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɜɟɛ-ɫɟɪɜɢɫ gVolante ɫɨ 

ɜɫɬɪɨɟɧɧɵɦ BUSCO (Benchmarking Universal Single-Copy Orthologs) 

ɜɟɪɫɢɢ 1.0 ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ Fungi, ɤɨɬɨɪɵɣ ɩɪɨɢɡɜɨɞɢɬ ɨɰɟɧɤɭ ɫɛɨɪɤɢ ɢ 

ɩɨɥɧɨɬɵ ɚɧɧɨɬɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɤɨɩɢɣɧɵɯ ɨɪɬɨɥɨɝɨɜ. 

2.5 Ⱥɧɧɨɬɚɰɢя ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ ɢ ɚɧɚɥɢɡ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 
ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ 
 

Ⱥɧɧɨɬɚɰɢɹ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ Heterobasidion ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɫ 

ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ Blast2GO, ɤɨɦɩɥɟɤɫɧɨɣ 

ɛɢɨɢɧɮɨɪɦɚɬɢɱɟɫɤɨɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɚɧɧɨɬɚɰɢɢ ɢ 

ɚɧɚɥɢɡɚ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɨɦɚ ɢɥɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ. 

ɉɨ ɫɭɬɢ, Blast2GO ɢɫɩɨɥɶɡɭɟɬ ɥɨɤɚɥɶɧɵɣ ɢɥɢ ɭɞɚɥɟɧɧɵɣ ɩɨɢɫɤ BLAST, 

ɱɬɨɛɵ ɧɚɣɬɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɨɯɨɠɢɟ ɧɚ ɨɞɧɭ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɜɯɨɞɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 

ɉɪɨɝɪɚɦɦɚ ɢɡɜɥɟɤɚɟɬ ɬɟɪɦɢɧɵ GO, ɫɜɹɡɚɧɧɵɟ ɫ ɤɚɠɞɵɦ ɢɡ 

ɩɨɥɭɱɟɧɧɵɯ ɫɨɜɩɚɞɟɧɢɣ, ɢ ɜɨɡɜɪɚɳɚɟɬ ɨɰɟɧɟɧɧɭɸ ɚɧɧɨɬɚɰɢɸ GO ɡɚɩɪɨɫɚ. 

Ɏɟɪɦɟɧɬɧɵɟ ɤɨɞɵ ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɢɡ ɷɤɜɢɜɚɥɟɧɬɧɵɯ GO, ɜ 

ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɨɬɢɜɵ InterPro ɧɚɩɪɹɦɭɸ ɡɚɩɪɚɲɢɜɚɸɬɫɹ ɜ ɜɟɛ-ɫɥɭɠɛɟ 

InterProScan. GO-ɚɧɧɨɬɚɰɢɸ ɦɨɠɧɨ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɹ 

ɫɬɪɭɤɬɭɪɭ ɨɬɧɨɲɟɧɢɣ ɝɟɧɧɨɣ ɨɧɬɨɥɨɝɢɢ. 

Ɍɢɩɢɱɧɵɣ ɛɚɡɨɜɵɣ ɜɚɪɢɚɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ Blast2GO ɫɨɫɬɨɢɬ ɢɡ 5 

ɷɬɚɩɨɜ: BLASTing, ɦɷɩɢɪɨɜɚɧɢɟ, ɚɧɧɨɬɢɪɨɜɚɧɢɟ, ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɢ 

ɜɢɡɭɚɥɢɡɚɰɢɹ. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɚɫɫɟɦɛɥɟɪɚ 

RNASpades, ɛɵɥɢ ɜɵɪɚɜɧɟɧɵ ɧɚ ɧɭɤɥɟɨɬɢɞɧɭɸ ɛɚɡɭ ɞɚɧɧɵɯ ɝɪɢɛɨɜ 
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nr(Fungi) ɫ e-value ɪɚɜɧɵɦ 1e-5, ɢɫɩɨɥɶɡɭɹ ɚɥɝɨɪɢɬɦ BLAST. Ⱦɚɥɟɟ ɩɪɢ 

ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɵ InterProScan, ɜɫɬɪɨɟɧɧɨɣ ɜ Blast2GO, ɬɪɚɧɫɤɪɢɩɬɵ, 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɤɨɧɜɟɪɬɢɪɨɜɚɧɧɵɟ ɜ ɛɟɥɤɨɜɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɛɵɥɢ 

ɩɪɨɜɟɪɟɧɵ ɧɚ ɧɚɥɢɱɢɟ ɢɡɜɟɫɬɧɵɯ ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɚɤɬɢɜɧɵɯ ɫɚɣɬɨɜ, 

ɞɨɦɟɧɨɜ ɢ ɩɨɜɬɨɪɨɜ. ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɫɬɚɥ ɩɨɢɫɤ 

ɫɨɨɬɜɟɬɫɬɜɢɣ ɧɚɣɞɟɧɧɵɯ ɝɨɦɨɥɨɝɨɜ ɫ ɬɟɪɦɢɧɚɦɢ ɝɟɧɧɨɣ ɨɧɬɨɥɨɝɢɢ (GO). 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɷɤɫɩɪɟɫɫɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɚɤɟɬ ɩɪɨɝɪɚɦɦ Tuxedo: 

Tophat2, Bowtie2 ɢ Cufflinks [Trapnell, 2010] ɢ ɩɚɤɟɬɵ ɹɡɵɤɚ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ R cummeRbund ɢ NOISeq. 
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3 Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

3.1 ɋɛɨɪɤɚ ɢ ɚɧɧɨɬɚɰɢя ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ 
 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɫ 

ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ FastQC. Ɉɬ ɚɞɚɩɬɟɪɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɪɨɱɬɟɧɢɹ ɨɱɢɳɚɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɩɚɣɩɥɚɣɧɚ, 

ɧɚɩɢɫɚɧɧɨɝɨ ɧɚ ɹɡɵɤɟ bash ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɥɟɫɧɨɣ ɝɟɧɨɦɢɤɢ ɋɎɍ. 

ɉɚɣɩɥɚɣɧ ɢɫɩɨɥɶɡɭɟɬ 6 ɢɧɫɬɪɭɦɟɧɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ, Trimmomatic –

ɦɧɨɝɨɩɨɬɨɱɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɤɨɦɚɧɞɧɨɣ ɫɬɪɨɤɢ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɛɪɟɡɤɢ ɞɚɧɧɵɯ ɧɢɡɤɨɝɨ ɤɚɱɟɫɬɜɚ ɝɟɧɨɦɧɨɣ ɩɥɚɬɮɨɪɦɵ 

Illumina (FASTQ), ɚ ɬɚɤɠɟ ɞɥɹ ɭɞɚɥɟɧɢɹ ɚɞɚɩɬɟɪɨɜ. ɉɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ 

ɞɚɧɧɵɟ ɜɧɨɜɶ ɩɪɨɜɟɪɹɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɵ FastQC. Ɋɟɡɭɥɶɬɚɬɵ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1 – ɋɬɚɬɢɫɬɢɤɚ ɩɨ ɪɢɞɚɦ ɩɨɫɥɟ ɨɱɢɫɬɤɢ ɨɬ ɚɞɚɩɬɟɪɨɜ ɢ 
ɧɟɤɚɱɟɫɬɜɟɧɧɵɯ ɪɢɞɨɜ ɫɥɚɛɨɩɚɬɨɝɟɧɧɨɝɨ (ɇ-1) ɢ ɫɢɥɶɧɨɩɚɬɨɝɟɧɧɨɝɨ (ɇ-2) 
ɲɬɚɦɦɨɜ H. annosum 
 

Ɋɢɞɵ ɇ-1 ɇ-2 

 
ɞɨ 

ɨɛɪɚɛɨɬɤɢ 
ɩɨɫɥɟ 

ɨɛɪɚɛɨɬɤɢ 
ɞɨ 

ɨɛɪɚɛɨɬɤɢ 
ɩɨɫɥɟ 

ɨɛɪɚɛɨɬɤɢ 
Ⱦɥɢɧɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, 
ɧ.ɨ (ɞɥɹ 

ɨɞɧɨɤɨɧɰɟɜɵɯ 
ɩɪɨɱɬɟɧɢɣ). 

 
 

35-76 
 

 
 

40-60 

 
 

35-76 

 
 

40-60 

GC-ɫɨɫɬɚɜ, % 
 

55 
 

 
55 

 
54 

 
54 

ȼɫɟɝɨ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

 
15 829 710 

 

 
14 361 764 

 
20 214 250 

 
18 330 998 

% 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, 
ɩɪɨɲɟɞɲɢɯ ɨɬɛɨɪ ɩɨ 

ɤɚɱɟɫɬɜɭ 

 
90,72 

 
90,68 
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ɂɡɴɹɬɨ 12 ɫɬɪɚɧɢɰ.  
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɩɟɪɜɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 2 

ɬɪɚɧɫɤɪɢɩɬɨɦɧɵɟ ɫɛɨɪɤɢ ɫɢɛɢɪɫɤɢɯ ɲɬɚɦɦɨɜ ɝɪɢɛɨɜ Heterobasidion 

annosum (Fr.) Bref. ɫ ɪɚɡɥɢɱɧɵɦ ɭɪɨɜɧɟɦ ɮɢɬɨɩɚɬɨɝɟɧɧɨɫɬɢ. ɇɚɢɛɨɥɟɟ 

ɞɥɢɧɧɵɟ ɬɪɚɧɫɤɪɢɩɬɨɦɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɚɫɫɟɦɛɥɟɪɨɦ Trinity, ɧɚɢɛɨɥɟɟ 

ɤɨɪɨɬɤɢɟ — ɩɪɢ ɩɨɦɨɳɢ CLC. ɋɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɨɜ  RNASpades 

ɫɨɞɟɪɠɚɥɢ  ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɤɪɢɩɬɨɜ. 

Ȼɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ 20.9 ɢ 13.7 ɬɵɫɹɱ ɬɪɚɧɫɤɪɢɩɬɨɜ 2 ɨɛɪɚɡɰɨɜ 

Heterobasidion, ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɤɨɬɨɪɵɯ ɛɵɥɨ ɧɚɣɞɟɧɨ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜ ɛɚɡɚɯ 

ɞɚɧɧɵɯ, ɫɨɞɟɪɠɚɳɢɯ ɢɧɮɨɪɦɚɰɢɸ ɨ ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɞɨɦɟɧɚɯ ɢ ɩɨɜɬɨɪɚɯ. 

Ⱦɥɹ 37.7% ɢ 39.3% ɬɪɚɧɫɤɪɢɩɬɨɜ ɫ ɩɨɦɨɳɶɸ CLCbio ɢ BLAST2GO 

ɩɪɨɝɪɚɦɦ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɝɟɧɧɵɟ ɨɧɬɨɥɨɝɢɢ ɢ ɩɪɟɨɛɥɚɞɚɸɳɢɟ ɤɥɚɫɫɵ 

ɮɟɪɦɟɧɬɨɜ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɩɨɡɜɨɥɢɥ 

ɜɵɹɜɢɬɶ 146 ɝɟɧɨɜ, ɷɤɫɩɪɟɫɫɢɹ ɤɨɬɨɪɵɯ ɪɚɡɥɢɱɚɟɬɫɹ ɦɟɠɞɭ 

ɫɥɚɛɨɩɚɬɨɝɟɧɧɵɦ ɢ ɫɢɥɶɧɨɩɚɬɨɝɟɧɧɵɦɢ ɲɬɚɦɦɚɦɢ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɚɧɚɥɢɡɚ ɝɟɧɧɨɣ ɨɧɬɨɥɨɝɢɢ 

(ontology enrichment analysis) ɞɥɹ ɫɜɹɡɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ 

ɷɤɫɩɪɟɫɫɢɪɭɟɦɵɯ ɝɟɧɨɜ ɫ ɩɨɜɵɲɟɧɧɵɦ ɩɪɢɫɭɬɫɬɜɢɟɦ («ɨɛɨɝɚɳɺɧɧɨɫɬɶɸ») 

ɫ ɝɟɧɚɦɢ ɨɩɪɟɞɟɥɺɧɧɵɯ ɫɟɦɟɣɫɬɜ, ɜɨɡɦɨɠɧɨ ɫɜɹɡɚɧɧɵɯ ɫ ɩɚɬɨɝɟɧɧɨɫɬɶɸ. 

  



30 
 

ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɭɟɦɨɣ ɥɢɬɟɪɚɬɭɪɵ 

 

1 Asiegbu F. O., Adomas A., Stenlid J. A. N. Conifer root and butt rot caused by 

Heterobasidion annosum (Fr.) Bref. sl //Molecular plant pathology. – 2005. 

– Ɍ. 6. – №. 4. – ɋ. 395-409. 

2 La Porta N. et al. Forest pathogens with higher damage potential due to 

climate change in Europe //Canadian Journal of Plant Pathology. – 2008. – 

Ɍ. 30. – №. 2. – ɋ. 177-195. 

3 Brunette M., Caurla S. An economic comparison of risk handling measures 

against Hylobius abietis and Heterobasidion annosum in the Landes de 

Gascogne Forest //Annals of Forest Science. – 2016. – Ɍ. 73. – №. 3. – ɋ. 

777-787. 

4 Puddu A. et al. Environmental factors related to damage by Heterobasidion 

abietinum in Abies alba forests in Southern Italy //Forest ecology and 

management. – 2003. – Ɍ. 180. – №. 1-3. – ɋ. 37-44. 

5 Hansson D. et al. Sesquiterpenes from the conifer root rot pathogen 

Heterobasidion occidentale //Phytochemistry. – 2012. – Ɍ. 82. – ɋ. 158-165. 

6 González-Ramírez M. et al. A natural benzofuran from the patagonic 

aleurodiscus vitellinus fungus has potent neuroprotective properties on a 

cellular model of amyloid-β peptide toxicity //Journal of Alzheimer's 

Disease. – 2018. – Ɍ. 61. – №. 4. – ɋ. 1463-1475. 

7 Hansson D. et al. Secondary metabolite comparison of the species within the 

Heterobasidion annosum sl complex //Phytochemistry. – 2014. – Ɍ. 108. – 

ɋ. 243-251. 

8 Murray A. C., Woodward S. In vitro interactions between bacteria isolated 

from Sitka spruce stumps and Heterobasidion annosum //Forest Pathology. – 

2003. – Ɍ. 33. – №. 1. – ɋ. 53-67. 

9 Gonthier P. et al. Annosus root and butt rots //Infectious forest diseases. – 

2013. – ɋ. 128-158. 

10 Garbelotto M., Gonthier P. Biology, epidemiology, and control of 



31 
 

 

Heterobasidion species worldwide //Annual review of phytopathology. – 

2013. – Ɍ. 51. – ɋ. 39-59. 

11 Chen J. J. et al. Phylogeny, divergence time estimation, and biogeography of 

the genus Heterobasidion (Basidiomycota, Russulales) //Fungal Diversity. – 

2015. – Ɍ. 71. – №. 1. – ɋ. 185-200. 

12 ɉɚɜɥɨɜ ɂ. ɇ., ɉɟɬɪɨɜɚ ȿ. ȼ. ɏɜɨɣɧɵɟ ɛɨɪɟɚɥɶɧɨɣ ɡɨɧɵ. – 2003. 

13 Ⱥɪɟɮɶɟɜ ɋ. ɉ. ɢ ɞɪ. Ƚɪɢɛɧɵɟ ɫɨɨɛɳɟɫɬɜɚ ɥɟɫɧɵɯ ɷɤɨɫɢɫɬɟɦ. – 2012. 

14 Chen J. J. et al. Phylogeny, divergence time estimation, and biogeography of 

the genus Heterobasidion (Basidiomycota, Russulales) //Fungal Diversity. – 

2015. – Ɍ. 71. – №. 1. – ɋ. 185-200. 

15 Hu Y. et al. The conifer root rot pathogens Heterobasidion irregulare and 

Heterobasidion occidentale employ different strategies to infect Norway 

spruce //Scientific reports. – 2020. – Ɍ. 10. – №. 1. – ɋ. 1-10. 

16 Vainio E. J., Hantula J. Taxonomy, biogeography and importance of 

Heterobasidion viruses //Virus research. – 2016. – Ɍ. 219. – ɋ. 2-10. 

17 Olson Å., Stenlid J. Mitochondrial control of fungal hybrid virulence 

//Nature. – 2001. – Ɍ. 411. – №. 6836. – ɋ. 438-438. 

18 Kubicek C. P., Starr T. L., Glass N. L. Plant cell wall–degrading enzymes 

and their secretion in plant-pathogenic fungi //Annual review of 

phytopathology. – 2014. – Ɍ. 52. – ɋ. 427-451. 

19 Keller N. P. Fungal secondary metabolism: regulation, function and drug 

discovery //Nature Reviews Microbiology. – 2019. – Ɍ. 17. – №. 3. – ɋ. 

167-180. 

20 Faris J. D., Friesen T. L. Plant genes hijacked by necrotrophic fungal 

pathogens //Current Opinion in Plant Biology. – 2020. – Ɍ. 56. – ɋ. 74-80. 

21 Ciuffetti L. M., Tuori R. P., Gaventa J. M. A single gene encodes a selective 

toxin causal to the development of tan spot of wheat //The Plant Cell. – 

1997. – Ɍ. 9. – №. 2. – ɋ. 135-144. 

22 Olson Å. et al. Insight into trade-off between wood decay and parasitism 



32 
 

 

from the genome of a fungal forest pathogen //New Phytologist. – 2012. – Ɍ. 

194. – №. 4. – ɋ. 1001-1013. 

23 Dalman K. et al. A genome-wide association study identifies genomic 

regions for virulence in the non-model organism Heterobasidion annosum ss 

//PLoS One. – 2013. – Ɍ. 8. – №. 1. – ɋ. e53525. 

24 Van der Nest M. A. et al. Gene expression associated with intersterility in 

Heterobasidion //Fungal Genetics and Biology. – 2014. – Ɍ. 73. – ɋ. 104-

119. 

25 Lunden K. et al. Transcriptional Responses Associated with Virulence and 

Defence in the Interaction between Heterobasidion annosum s. s. and 

Norway Spruce //PLoS One. – 2015. – Ɍ. 10. – №. 7. – ɋ. e0131182. 

26 Raffaello T. et al. Transcriptomic profiles of Heterobasidion annosum under 

abiotic stresses and during saprotrophic growth in bark, sapwood and 

heartwood //Environmental microbiology. – 2014. – Ɍ. 16. – №. 6. – ɋ. 

1654-1667. 

27 Burgess T. I. et al. Current and projected global distribution of Phytophthora 

cinnamomi, one of the world's worst plant pathogens //Global Change 

Biology. – 2017. – Ɍ. 23. – №. 4. – ɋ. 1661-1674. 

28 Otrosina W. J., Garbelotto M. Heterobasidion occidentale sp. nov. and 

Heterobasidion irregulare nom. nov.: a disposition of North American 

Heterobasidion biological species //Fungal Biology. – 2010. – Ɍ. 114. – №. 

1. – ɋ. 16-25. 

29 Luck J. et al. Climate change and diseases of food crops //Plant Pathology. – 

2011. – Ɍ. 60. – №. 1. – ɋ. 113-121. 

30 Gottwald T. R., Graham J. H., Schubert T. S. Citrus canker: the pathogen and 

its impact //Plant Health Progress. – 2002. – Ɍ. 3. – №. 1. – ɋ. 15. 

31 Drenkhan R. et al. Global geographic distribution and host range of 

Dothistroma species: a comprehensive review //Forest Pathology. – 2016. – 

Ɍ. 46. – №. 5. – ɋ. 408-442. 



33 
 

 

32 Morley N. J., Lewis J. W. Extreme climatic events and host–pathogen 

interactions: The impact of the 1976 drought in the UK //Ecological 

complexity. – 2014. – Ɍ. 17. – ɋ. 1-19. 

33 Anyamba A. et al. Recent weather extremes and impacts on agricultural 

production and vector-borne disease outbreak patterns //PloS one. – 2014. – 

Ɍ. 9. – №. 3. – ɋ. e92538. 

34 Luck J. et al. Climate change and diseases of food crops //Plant Pathology. – 

2011. – Ɍ. 60. – №. 1. – ɋ. 113-121. 

35 Das T. et al. Climate change impacts on plant diseases //SAARC Journal of 

Agriculture. – 2016. – Ɍ. 14. – №. 2. – ɋ. 200-209. 

36 Vainio E. J. et al. Population structure of a novel putative mycovirus 

infecting the conifer root-rot fungus Heterobasidion annosum sensu lato 

//Virology. – 2012. – Ɍ. 422. – №. 2. – ɋ. 366-376. 

37 Deflorio G. et al. Gene expression profiles, phenolics and lignin of Sitka 

spruce bark and sapwood before and after wounding and inoculation with 

Heterobasidion annosum //Physiological and Molecular Plant Pathology. – 

2011. – Ɍ. 75. – №. 4. – ɋ. 180-187. 

38 Oliva J., Bendz-Hellgren M., Stenlid J. Spread of Heterobasidion annosum ss 

and Heterobasidion parviporum in Picea abies 15 years after stump 

inoculation //FEMS microbiology ecology. – 2011. – Ɍ. 75. – №. 3. – ɋ. 

414-429. 

39 Oliva J., Bendz-Hellgren M., Stenlid J. Spread of Heterobasidion annosum ss 

and Heterobasidion parviporum in Picea abies 15 years after stump 

inoculation //FEMS microbiology ecology. – 2011. – Ɍ. 75. – №. 3. – ɋ. 

414-429. 

40 Gunulf A., Rönnberg J., Berglund M. Comparison of colonization capacity 

by asexual spores of Heterobasidion species in Norway spruce wood 

//Forest Pathology. – 2012. – Ɍ. 42. – №. 4. – ɋ. 338-344. 

41 Metzker M. L. Sequencing technologies—the next generation //Nature 



34 
 

 

reviews genetics. – 2010. – Ɍ. 11. – №. 1. – ɋ. 31-46. 

42 Koepfli K. P. et al. The Genome 10K Project: a way forward //Annu. Rev. 

Anim. Biosci. – 2015. – Ɍ. 3. – №. 1. – ɋ. 57-111. 

43 Poelchau M. et al. The i5k Workspace@ NAL—enabling genomic data 

access, visualization and curation of arthropod genomes //Nucleic acids 

research. – 2015. – Ɍ. 43. – №. D1. – ɋ. D714-D719. 

44 Wang Z., Gerstein M., Snyder M. RNA-Seq: a revolutionary tool for 

transcriptomics //Nature reviews genetics. – 2009. – Ɍ. 10. – №. 1. – ɋ. 57-

63. 

45 Conesa A. et al. A survey of best practices for RNA-seq data analysis 

//Genome biology. – 2016. – Ɍ. 17. – №. 1. – ɋ. 13. 

46 Hrdlickova R., Toloue M., Tian B. RNA-Seq methods for transcriptome 

analysis //Wiley Interdisciplinary Reviews: RNA. – 2017. – Ɍ. 8. – №. 1. – 

ɋ. e1364. 

47 Sahraeian S. M. E. et al. Gaining comprehensive biological insight into the 

transcriptome by performing a broad-spectrum RNA-seq analysis //Nature 

communications. – 2017. – Ɍ. 8. – №. 1. – ɋ. 1-15. 

48 Haas B. J., Zody M. C. Advancing RNA-seq analysis //Nature biotechnology. 

– 2010. – Ɍ. 28. – №. 5. – ɋ. 421-423. 

49 Hölzer M., Marz M. De novo transcriptome assembly: A comprehensive 

cross-species comparison of short-read RNA-Seq assemblers //Gigascience. 

– 2019. – Ɍ. 8. – №. 5. – ɋ. giz039. 

50 Robertson G. et al. De novo assembly and analysis of RNA-seq data //Nature 

methods. – 2010. – Ɍ. 7. – №. 11. – ɋ. 909-912. 

51 Baker M. De novo genome assembly: what every biologist should know 

//Nature methods. – 2012. – Ɍ. 9. – №. 4. – ɋ. 333-337. 

52 Schulz M. H. et al. Oases: robust de novo RNA-seq assembly across the 

dynamic range of expression levels //Bioinformatics. – 2012. – Ɍ. 28. – №. 

8. – ɋ. 1086-1092. 



35 
 

 

53 Bankevich A. et al. SPAdes: a new genome assembly algorithm and its 

applications to single-cell sequencing //Journal of computational biology. – 

2012. – Ɍ. 19. – №. 5. – ɋ. 455-477. 

54 Grabherr M. G. et al. Full-length transcriptome assembly from RNA-Seq data 

without a reference genome //Nature biotechnology. – 2011. – Ɍ. 29. – №. 7. 

– ɋ. 644-652. 

55 Conesa A. et al. A survey of best practices for RNA-seq data analysis 

//Genome biology. – 2016. – Ɍ. 17. – №. 1. – ɋ. 13. 

56 Napierala M. A. What is the Bonferroni correction //AAOS Now. – 2012. – 

Ɍ. 6. – №. 4. – ɋ. 40. 

57 Ashburner M. et al. Gene ontology: tool for the unification of biology 

//Nature genetics. – 2000. – Ɍ. 25. – №. 1. – ɋ. 25-29. 

58 Schulze-Kremer S. Adding semantics to genome databases: Towards an 

ontology for molecular biology //Ismb. – 1997. – Ɍ. 5. – ɋ. 272-275. 

59 Ȼɢɥɚɣ ȼ. ɂ., ɗɥɥɚɧɫɤɚɹ ɂ. Ⱥ. Ɉɫɧɨɜɧɵɟ ɦɢɤɨɥɨɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɜ 

ɮɢɬɨɩɚɬɨɥɨɝɢɢ. Ɇɟɬɨɞɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɢɤɨɥɨɝɢɢ //Ʉɢɟɜ: 

ɇɚɭɤɨɜɚ ɞɭɦɤɚ. – 1982. 

60 Antipova T. V. et al. Secondary Metabolites of the Siberian Strains 

Heterobasidion annosum sensu lato //Applied Biochemistry and 

Microbiology. – 2020. – Ɍ. 56. – ɋ. 185-193. 

61 Ʌɢɬɨɜɤɚ, ɘ. Ⱥ., and ɂ. ɇ. ɉɚɜɥɨɜ. "Ɏɢɬɨɩɚɬɨɝɟɧɧɨɫɬɶ ɢ ɦɨɪɮɨɥɨɝɨ-

ɤɭɥɶɬɭɪɚɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɝɪɢɛɨɜ Heterobasidion annosum sl., 

ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɨɱɚɝɨɜ ɦɚɫɫɨɜɨɝɨ ɭɫɵɯɚɧɢɹ ɯɜɨɣɧɵɯ ɥɟɫɨɜ ɫɢɛɢɪɢ». 

62 Grabherr M. G. et al. Trinity: reconstructing a full-length transcriptome 

without a genome from RNA-Seq data //Nature biotechnology. – 2011. – Ɍ. 

29. – №. 7. – ɋ. 644. 

63 Bushmanova E. et al. rnaSPAdes: a de novo transcriptome assembler and its 

application to RNA-Seq data //GigaScience. – 2019. – Ɍ. 8. – №. 9. – ɋ. 

giz100. 



36 
 

 

64 Bankevich A. et al. SPAdes: a new genome assembly algorithm and its 

applications to single-cell sequencing //Journal of computational biology. – 

2012. – Ɍ. 19. – №. 5. – ɋ. 455-477. 




