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1   

1.1      

 ,    (SAG),   

 : -  , , 

, ,  ( . 1) [1].  

      

ё        NAC  

WRKY.        (  

    ( ), ,  , ),   

   ( , , ) [1].  

  [6–10]    miRNA (   

)  tasiRNA (    )   

miR164, miR319, miR396, miR390, tasiR-ARF,     

  . 

 ,        

      .    

   ,   [1]: 

  /  (BOP1, KNAT1, TCP4, miR396, GPFs, 

GIFs, ARGOS, ANT, TOR); 

   (AHKs  CRFs (   ), ARF2  

SAUR36 (   )); 

     (FHY3, FAR1, REF); 

     (phyA, PHYb, PIFs, GLK2); 

   (TOC1). 
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 1 –      [1] 
 

№  
  ,    

  

1 -

  

 HDA9 

 DDM1  DRD1 

 

2  

: 

1)  NAC 

 ANAC016 

 ANAC019/055/072 

 ANAC029 (NAP) 

 ANAC032  

 ANAC046/087 

 ANAC059 (ORS1) 

 ANAC092 (ORE1) 

 ATAF1 (ANAC002) 

 ATAF2 

 NTL4 

 NTL9 

 ANAC042 (JUB1)  

 ANAC017/082/090  

 ANAC083 (VNI2)  

 

2)  WRKY   WRKY6  

 WRKY22 

 WRKY53 

 WRKY75 

 WRKY54/70 

 WRKY18/40/60 

3)  bHLH   PIF3/4/5 

 MYC2/3/4 

 bHLH03/13/14/17 

4)  MYB   MYB44  

 LUX 

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

3   miR319, miR390  miR164 

4   ORE4  

5   MAPKKK18 

 MPK3, MPK6 

 

 ATL31 

 PUB12/13 

 SSPP 

 SAUL1 

 MEKK1 
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1.1.1 -    

       

 ,  . ,    [2]  

,     HDA9 (  9)  

  .   ,  HDA9    

PWR (  HDA9    )  WRKY53 (   W-

)       

 (APG9, NPX1, WRKY57).      N-

  ,      ( . 1). 

 

 
 

 1 –  -      

  HDA9/PWR/WRKY9 [2] 

 
  [3]  ,       

SWI2/SNF2-  -  , DRD1  DDM1, 

    Arabidopsis thaliana,    

  .         

   ,       

,   - ,    

   ( ).  



9 
 

 1.1.2    

       (JA). 

  COI1   JA   JAZ 

 (  ) ( . 2),     

   ,   MYC2/3/4  

bHLH03/13/14/17 [5].  

 

 
 

 2 –  JA-    [5] 
 

  -    —    

  .     

 EIN3, ANAC092 ( - ) [16], MYC2/3/4 (  

 ) [17].   ANAC046  

    ,   

   ,     

(NYC1, NYE, NYE2),    [4].  

      ANAC042, 

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

MYB44, LUX, TCP19, TCP20 [1]. 
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1.1.3      

  [6–10]  ,   

       miRNA 

( . 3): 

1) miR164 —     miRNA     

 EIN2 [7];   ORE1 (   

       Arabidopsis) [6];  

2) miR319 —     miRNA   

  ;    TCP,  

      [8]; 

3) miR390 —   tasiRNAs (   TAS3),  

   ARF2 (    ) [9]. 

 

 
 

 3 –  miRNA-     : 

 (A),   (    ) (B), 

  (C)    (D) [10] 
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1.1.4     

,     ORE4,     

     . ,    

     ё     PRPSI7 

(plastid ribosomal protein small subunit 17). ,    

 ,       , 

  (ABA),  (MeJA)    

[11]. 

1.1.5     

       

, , ,   

,    , ,   

  [14]. 

    WRKY53,  

    .    

   MEKK1 (Mitogen-activated protein kinase kinase 

kinase 1),         

-    [12].     

WRKY53    UPL5,    

( .4) [13].   

 

 
 

 4 –    WRKY53 [14] 
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1.1.6       

        

( ,  ,  , ),   

 (  ,   ). ,  

     ,  — 

   [15]. ,    

    , ,  ARF2 

(  ,     )  

 .      ,    ARF2 

    [18]. 

 
 2 –  ,       

 ,       [15] 
 

№   
  

 Arabidopsis 

    

 
 

 
 

1  EIN2 AT5G03280 +  

EIN3 AT3G20770 +  

EIL1 AT2G27050 +  

2  
 

COI1 AT2G39940 +  

JAZ7 AT2G34600  + 

MYC2 AT1G32640 +  

3  
 

ICS1 AT1G74710 +  

NPR1 AT1G64280 +  

EDS1 AT3G48090 +  

PAD4 AT3G52430 +  

4  
 

PYL9 AT1G01360 +  

SnRK2.8 AT1G78290 +  

ABI5 AT2G36270 +  

5  DELLAS  AT1G14920  + 

6  AHK3 AT1G27320  + 

ARR2 AT4G16110  + 

7  TiR1 AT3G62980 +  

ARF2 AT5G62000 +  

8  BRI1 AT4G39400 +  
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1.2    

  ,      . 

 —    ,       

 .        

 ,      [19]. 

 

 
 
 

 
 
 
 

 5 –       

 (S1  S2)     ( ) ( ), 

   (b) [19] 

 
  de novo       

[20]:  

1. ,    (  : PhylomeDB); 

2. ,    (  : OMA, 

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

 

1        B1        2       2               C1 
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     . 

   ,     ё   

[20].  

  ,         

  ,         .  

  —    «   ». 

     —      

  ё   [20]. 

    OrthoFinder,   

 .       ( . 3), 

OrthoFinder   , ,   

  /  ,   

 .       [22]. 

      . 6 [21]. 

 
 3 –     , 

    [22] 

 

№ 
 
 

  
 

 
 

 
 

 
 

1  Hieranoid + + +   

2  InParanoid +     

3  OMA + +   + 

4  OrthoFinder + + + + + 

5  OrthoMCL + +    

6  Orthoinspector +     

7  RBH/BBH +     

8  RSD +     

9  SonicParanoid + +    
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 6 –      OrthoFinder [21]  
 

   OrthoFinder     [21]: 

1.  : 

   BLAST [23]      

(DIAMOND [24]  MMseqs2)    

  «   »,   

 ; 

 ,     (  MCL [25]); 

2.       : 

a.    ,     

 (  DendroBLAST [26] / FastMe); 

b.      (MSA- ) — 

 MAFFT (  )  FastTree [27] 

(   ) 

3.    (  STAG [28]); 

4.    (  STRIDE [29]); 

5.          

 (  DLCpar [30]); 

6.   . 

  de novo   

   . ,     

    ,     

      [20].  
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2    

 ,      

 ,   . 4.    

       . 5. 

 
 4 –    

 

№ 
    

    
1  / 

  
(Gimnosperms/ 

Pinophyta)  
 

  
(Pinales) 

 
(Pinaceae) 

  
(Pseudotsuga menziesii) 

2     
(Larix sibirica) 

3     
(Pinus taeda) 

4     
(Pinus lambertiana) 

5     
(Picea abies) 

6  / 
 

 
(Angiosperms/ 

Magnoliophyta) 

 
(Gentianales) 

 
(Rubiaceae) 

  
(Coffea eugenoides) 

7     
(Coffea canephora) 

8   
(Malpighiales) 

 
(Salicaceae) 

  
(Populus euphratica) 

9    
(Populus trichocarpa) 

10   
(Euphorbiaceae) 

   
(Hevea brasiliensis) 

11   
(Sapindales) 

 
(Rutaceae) 

  
(Citrus sinensis) 

12   
(Citrus clementina) 

13   
(Rosales) 

 
(Rosaceae) 

  
(Prunus persica) 

14    
(Prunus dulcis) 
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 5 –       
 
№    

1  / 

 (Gimnosperms/ 

Pinophyta)  

   

(Pseudotsuga menziesii) 

    

(Pinus taeda) 

    

(Pinus lambertiana) 

    

(Picea abies) 

    

(Larix sibirica) 

 

2  / 

 (Angiosperms/ 

Magnoliophyta) 

    

(Hevea brasiliensis) 

  (Citrus sinensis) 

   

(Citrus clementina) 

   

(Coffea eugenoides) 

   

(Coffea canephora) 

   

(Populus euphratica) 

  

 

(Populus trichocarpa)  

   

(Prunus persica) 

   

(Prunus dulcis) 

 
     .7. 

 

 
 

 7 –       
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2.1      

   NCBI [31]     (  

 fasta),   (   gff) ,   , .  

   «Cufflinks» [32]    

,     ,   

 (CDS)     c   

EMBOSS [33].  

      

-   ( , , , )   

    «EggNOG-mapper» [34].  

2.2    щ  InterProScan 

      

     InterProScan [35].   

    : NAC, WRKY, MYB, TCP, bHLH, 

 ,      

   .      

 ,         

      .    

2.3   

       

  ё       c 

  OrthoFinder [21, 22].    ё   

   (     

 DIAMOND [24],       

DendroBLAST [26]).     (    

)  BLAST   «   ».  

2.4    щ  BLAST 

       , 

        

 BLAST   UniProt [23].  
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3     
 

       19–26 . 
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Ч  
 

,   ё     

 ,     .  

    .    

  ё       

LRR–  / –  At3g47570,    

Arabidopsis thaliana     .  

       .  

 ,    ,  

 ,   ,    

 .  ,      

 EXL2 (  ),   DRM1 ( ,   

),  .     

,        ,  

 . 
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