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1.1    Heterobasidion 
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Otrosina  H. occidentale Otrosina& Garbel. (Otrosina and Garbelotto 2010). 
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    . H. abietinum, H. parviporum  
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Garbelotto & Otrosina  H. occidentale Otrosina & Garbelotto  
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       [54]. 
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 . 
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2    

2.1 я я   H. annosum 
    45-2  K-Ha-4  

Heterobasidion annosum (Fr.) Bref.     

  ,      

. . .      ( , ). 

       2014  2018 .  

 ,    Pinus sylvestris 

L. (  ).     

         

      – - -  

( );   0.5% ; -  ( ) ( . 3) [59]. 

 

 

 1 –       H. annosum 

 -     ( )  ,  

   ( ) 

 

       

6° .     ,   

 ,     24 ± 1° .   

 -      

   Nikon Eclipse i   
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 (―Nikon‖, )    

 Hitachi SEM -1000  10000    

 30  (―Hitachi Ltd.‖, ). 

    -

 .    

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

elongation factor 1-alpha)    Illumina MySeq 

(―Illumina‖, )     ―  

 ‖  -  

   ( - - , )   

― ‖ (   , , ). 

.      

      , 

    .   1,5–5,0 

;   ,  –   , ,  

  .  ,   2  

40 .   2,0–5,5 , , ,   

  .    ; 

, , ;  200    4-10   

.    6-15 ,   

 ,    , , 

   ; 3.5–8.0 × 2.5–6.5  ( . 24) 

[60]. 
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 2 –   45-2 Heterobasidion annosum, 

     ( - 

,  2500, )    ( - 

,  1500,    ). 

 .    22 °   

  (  )     

   , , -   ( . 

5 ).    ,   .  

   45-2  K-Ha-4  3,3  5,2 /  

    ;   

– 84  155.        

      ( . 5 ). 

    45-2  K-Ha-4    

 4,9  4,2 /  ;   – 190  
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76.    10 °      

 ;      

  ( . 5 ). 

    -    22 °   

   :   

          

-  .   , ;  

    4–11  (  5 , ).   

 (  6 )      

      (  5 )  

;  -  [61]. 

 

 
 

 3 – -    45-2 
Heterobasidion annosum in vitro 
 

 in vitro    

       .  

   Pinus sylvestris    10-  

   -     ;  

    20–22     28    
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 (%);       

 ( );    ( ); 

       (%).  

      1,5–2,5    

 10-      ,   

     .    

  20–22 °   12-      21 

     (%);    

  ( );    ( ). 

       

      

.      

    100 %-      8-10 

 .       

       

   34 % - ,    

   47 % ,      28 

   ,     

  P. sylvestris   . 

 

2.2   я   
 

         

 Plant/Fungi Total RNA Purification Kit  Norgen Biotec 

Corp.       

 Bioanalyzer 2100 Agilent Technologies c   

«RNA 6000 Nano Kit».       

Qubit   Qubit RNA BR Assay Kit. 

     (  

 Illumina      

 0.1-1 µg)     
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     : Poly–A 

     NEBNext Poly(A) mRNA 

Magnetic Isolation Module,       

  TruSeq Stranded Total RNA with Ribo-Zero Plant Illumina. 

     Illumina MiSeq,  

 MiSeq Reagent Kit v3 (150 ). 

 

2.3   я  я  
 
 

       

  FastQC,    

      (  

  , GC- ,  

   . .).    

   ,    

 Trimmomatic [Bolger, Lohse, Usadel, 2014]   

  ,      

        

 Illumina.       

  FastQC. 

 FastQC     

    (    

, GC- ,     

. .). 

       

 .     

 SortMeRNA  2.1,    

      8 

   [Kopylova, Noé, Touzet, 2012]. SortMeRNA   
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 Illumina, 454, Ion Torrent  PacBio    SAM  

BLAST-  . 

 

2.4   
 

     ,  

        de 

novo  – Trinity  2.8.4,     

  [Grabherr, 2011], RNASpades  3.12.0  

,   CLC Genomic Workbench. 

Trinity -    ,   

  : (1) Inchworm,    

 ; (2) Chrysalis,      

      ; (3) Butterfly,  

   ,      

   ( . 4). 
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 4 –    Trinity (  – Inchworm, b – 

Chrysalis, c – Butterfly) [62] 

RnaSPAdes -    de novo,   

SPAdes ( . 5).        Illumina 

RNA-Seq,  ,    IonTorrent 

RNA.    SPA4 3.14     

     , , PacBio Iso-seq  

Oxford Nanopore RNA. 

 rnaSPAdes      

  ,      ,   

           

    [63]. 

  SPAdes     : 

(1)     ; (2)  ,  
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     ; (3)  

    ;  (4)    ,  

      exSPAnder [64].  

          

         RNA-Seq, 

        

    ,  ,  

       

  de novo. 

 

 

 5 –    rnaSpades 

 

CLC Genomics Workbench –       

     (NGS).  

      ,   

       

 NGS. CLC Genomics Workbench      

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

novo . CLC Genomics Workbench   ,   

 ,       
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 Sanger, 454, Illumina Genome Analyzer, Helicos  SOLiD. 

  de novo    : - , 

      . 

- ,       

. 

     -  gVolante  

 BUSCO (Benchmarking Universal Single-Copy Orthologs) 

 1.0    Fungi,      

     . 

2.5 я     
  

 

  Heterobasidion   

   Blast2GO,  

      

     . 

 , Blast2GO      BLAST, 

  ,       

. 

   GO,     

 ,     GO . 

       GO,  

    InterPro    -  

InterProScan. GO-   ,  

   . 

    Blast2GO   5 

: BLASTing, , ,    

. 

,     

RNASpades,        
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nr(Fungi)  e-value  1e-5,   BLAST.   

  InterProScan,   Blast2GO, , 

    ,  

      , 

  .       

       (GO). 

      Tuxedo: 

Tophat2, Bowtie2  Cufflinks [Trapnell, 2010]    

 R cummeRbund  NOISeq. 
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3    

3.1   я  
 

       

   FastQC.   

     , 

   bash     . 

  6 ,   , Trimmomatic –

   ,   

        

Illumina (FASTQ),     .   

      FastQC.  

      

 1. 

 
 1 –         

   ( -1)   ( -2) 
 H. annosum 

 
 -1 -2 

 
 

 
 

 
 

 
 

 
 

, 
.  (  

 
). 

 
 

35-76 
 

 
 

40-60 

 
 

35-76 

 
 

40-60 

GC- , % 
 

55 
 

 
55 

 
54 

 
54 

 
 

 
15 829 710 

 

 
14 361 764 

 
20 214 250 

 
18 330 998 

% 
, 

   
 

 
90,72 

 
90,68 
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 12 .  



29 
 

 

 

      2 

     Heterobasidion 

annosum (Fr.) Bref.    .  

     Trinity,  

 —   CLC.    RNASpades 

    . 

  20.9  13.7   2  

Heterobasidion,          

,       . 

 37.7%  39.3%    CLCbio  BLAST2GO 

        

. 

     

 146 ,     

   . 

       

(ontology enrichment analysis)    

     (« ») 

   ,    . 
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