
    

   

  

«   » 

     

  

 

 

  

______ _____________ 

       ,  

«____» ______ 20 __ . 

 

 

  

06.03.01  

 

     

   
 

 

 

     ___________              . .- . ., .         . .   

 

 

                                                                                  . .  

 

 

 

 2020 



  

40        

, 37  , 28 , 3   2 .  

, ,    

, ,    

,  .  

— ,       

         

 . 

—     

,        

  NCBI.  

—     

       

   .  

,       

      

      .  

11       

.       

         

 .  

  

2 

 



 

 
2 

3 

4 

1  5 

1.1  5 

1.2 6 

1.3  7 

1.3.1    10 

1.3.2    12 

2   16 

2.1  Censor 16 

2.2  18 

3 20 

3.1    20 

3.2    25 

36 

  37 

 

 

 

3 

 



 

(transposable elements, TE) — ,        

.          

« ».        

        

.          

,          

[1].           

:           

, Arabidopsis, ( ,           

). TE ,       

,      

, .          

         

      .  

: Aegilops speltoides,       

, , , ,       

, , Oryza minuta, O.          

rufipogon   . 

— ,       

      

     . 

       : 

-        

; 

-     ; 

-   ; 

-     . 

4 

 



1   

1.1   
, , ,       

- ,       

.        

-      

[2].            

,           

, . -          

.         

, , [3].          

, ,        

. ,          

, ,         

,   .  

200 2000 . .           

,         

16,5 . [4]. ,             

        

, . ,         

, ,       

.       

       

    .  

     

. ,         

, , -        

,         

.        

5 

 



,        

  . 

.       

50 500             

. , ,         

, ,         

. ,       

,         

. ,          

            

. 

1.2  
        

1 .        

       

.        

, ,         

[5].            

, 80           

, ,        

  ,    [6]. 

, ( ),       

,      

[7, 8].         

.          

, ,          

          

  .  

6 

 



,     

,        

,        

       .  

       

[9].          

(IR),           

: (LSC)           

(SSC).       

120 160 . . ., 80            

, .          

. ,          

        

    ,     [10]. 

1.3 я  
,         

,         

( 1).  I,         

(LTR),      

,       

,  II           

.       

        

; , TE          

      .  

,       

gypsy-like copia-like.            

, .           

7 

 



,        

      .  

 

 

 1 –     

 

 II          

: - ,        

(TIR),     

         

, ,       

, ,       

8 

 



        

-  (  2). 

Non-LTR ( )     

(LINEs SINEs)          

.          

     .  

1. LTR ( ) ( )           

.       

non-LTR- , in situ (c),         

-LTR- (d). -       

« » (e)            

(f). GAG, (RT),         

(EN), (INT), (PR), (TP),        

- (TIR), -     

(TSD),  (RNP)    (VLP). 

 

 

 2 –     

GAG POL , (TPase)         

A (RPA) (HEL).          

(LTR), (PBS) (PPT)         

, - (TIR)    

9 

 



- 3′ .        

(PR),   (RT), RNaseH (RH)   (INT). 

(  I)       

,       

, ,         

         

. ,          

- (  II)       

.  

,       

, ,          

, -      

,        

,      

      

[11]. -      

        

        

      .  

1.3.1     
  

       

: 63 Genlisea 148 852              

Paris japonica. ,         

 LTR,       . 

, LTR      

400 ( , . . .) 2,4              

, TE         

,          

10 

 



LTR ,         

LTR          

.  

           

.         

( ,         

30% Zea mays),           

. S-          

,       

S- ,         

. ,         

        

, ,          

— ,            

       . 

          

[12]. ,        

,        

, - ,         

TE,         

.        

, TE,           

  Gossypium [13]   Oryza brachyantha [14].  

я  

       

,         

. ,          

, -        

     .  

11 

 



,      

(«breaker Ds») [15]       

.       

, ,           

, , ,       

  . 

я     

        

[16, 17].          

LTR,       

.         

,         

,        

( ,         

,          

). LTR-       

        

, - ,     

,        

    . 

1.3.2     
я я 

        

[18]. ,         

« » , ,        

         

       ( ).  

12 

 



я я    

TE,  II,        

,        

. , ,          

       

.        

,         

[19]. TE           

    . 

  

      

, . ,         

, ,        

.       

,     ,   [20].  

“ ”  

« »     

, /          

- . ,         

Daysleeper,       

; FAR1 FHY3,        

[21]; Mustang,          

[22]. « »          

 II,         

        . 

« » -         

.  II, Helitrons         

Pack-MULE [23], .         

        

13 

 



.      

,          

,          

     . 

  

       

- ,      

.       

. ,          

,          

, /           

EXPECT        

BLAST.  

я я  

,       

,       

.          

        

[24].          

mPing  II, ,        

, ,        

  ,   . 

я я я   

,        

,        

[25].         

         

,         

     . 

14 

 



       

         

          

.      

,       

. ,       

.        

, ,       

,        

.  

  

15 

 



2    

2.1  Censor 
Censor —        

, .        

WU-BLAST NCBI BLAST         

Repbase. CENSOR        

/ . CENSOR     

       

 (  -  NCBI BLAST) [26]. 

я   

        

. Censor      

, BLAST          
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BLAST — BLASTN, BLASTP, BLASTX  TBLASTN.  
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. ,           

,       

, Censor.          

        .  

  

Censor BLAST         

      

Repbase , .       

BLAST:        
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3   

3.1      
( 1)       

CENSOR ,       

Poaceae        

( ), Oryza ( ), Panicoideae ( ) Triticum ( ).         

Panicoideae  :  ,       

 ,      .   

 1 –    Poaсeae 

   ( ) CDS GC% 
  

Oryza sativa NC_007886.1 0,491 54 43.84 

Oryza rufipogon NC_013816.1 0,559 41 44.04 
Oryza minuta NC_029816.1 0,515 59 44.04 

  
Triticum aestivum NC_036024.1 0,452 36 44.35 

  
Triticum timopheevii NC_022714.1 0,443 35 44.35 

Aegilops speltoides NC_022666.1 0,476 34 44.43 
  

Eleusine indica NC_040989.1 0,521 34 43.3 

  
Saccharum officinarum NC_031164.1 0,301 20 43.95 

  
Tripsacum dactyloides NC_008362.1 0,704 33 43.93 

  
Zea mays NC_007982.1 0,569 163 43.93 

  
Sorghum bicolor NC_008360.1 0,468 32 43.73 

 

Poaceae, Oryza Triticum         

Oryza rufipogon — 282, 274, 30, ,           

– 108, 100 12, ( 2).            

Panicoideae:       

 (71),      (35). 

2 –          

  4   

20 

 



     
  108 100 35 12 

  127 124 47 19 
  136 131 52 19 

Aegilops speltoides 139 134 56 19 
  143 134 53 14 

  168 165 51 18 
  191 193 71 27 
  195 189 66 25 

  249 238 58 24 
O. minuta 268 263 57 27 

O. rufipogon 282 274 62 30 
 

         

.       

          

Panicoideae.         

     . 

Censor      

. 3 ,          

- , (180,         

192, 280). 32         

80 ,        

non-LTR- . 

( 4)       

 1 Oryza minuta (24)          

(20).       Oryza   .  
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 3 –        

  

 

 4 –     

   

22 

 



 

 5 –        

 

      

( 5) - MuDR, 2        

copia gypsy. (        

6) MuDR ,         

 .  

23 

 



 

 6 –      

   

3          

.     

  . . 

3 –          

( Poaceae), 1 –        

Aegilops speltoides, 2 – , 3 – , 4 –             

, 5 – , 6 – , 7 –            

, 8 – , 9 – Oryza minuta, 10 – Oryza rufipogon, 11 –                

. I – - , II – Helitron, III – MuDR, IV – EnSpm/CACTA,             

V – Harbinger, VI – , VII – copia, VIII – gypsy. 

/ 
 1 2 3 4 5 6 7 8 9 10 11 

I 918 913 532 740 819 1890 772 826 2983 916 1317 

II 94 94 27 161 195 442 161 202 54 57 299 

III 17 69 505 579 624 1387 611 624 2007 59 1018 

IV - 50 - - - - - - - - - 

24 

 



V - - - - - 61 - - 122 - - 

VI - - - - - 883 -  2837 1587 1587 

VII - - - - - 497 - - 2837 587 1587 

VIII - - - - - 386 - - - - - 

 

,         

, -       

[37]. .        

- .        

( , Oryza minuta)          

  . 

3.2     
         

— ,        

.         

    CLC Genomics Workbench. 

: Oryza rufipogon         

– 5; – 5; – 5;  – 8;             

– 9; – 9; – 11;            

Aegilops speltoides – 12; – 13; – 13; Oryza             

minuta – 15.         

CENSOR,        

    . 

(Poaceae)        

 7- 28. 

25 

 



 

 7 –      

 Oryza rufipogon  

 

 8 –      Oryza 

rufipogon 

Oryza rufipogon        

. – 2             

MuDR-N206C, – N124B, - MuDR-N68E           

EnSpm-3. 
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– 24 - , , 9 2           
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 16 –       

 

       

. – 8 - ,           

4 2 (non-LTR); ,           

– MuDR-N206C_OS; – N136B            

copia 33_BD-I;   –  gypsy  4 MuDR. 
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 18 –       

 

       

. – 17          

- , 13 4 non-LTR; –           

 MuDR-N206C_OS;   –  copia 33_BD-I.  
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 19 –      

   

 

 20 –       

 

       

. – MuDR-12_SBi;           

– N67; – copia 33_BD-I N136; – 7                

MuDR, N100 2 gypsy; – copia 30_BD-I             

 N124B;   –  MuDR-N206C. 
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 21 –      

 Aegilops speltoides 

 

 22 –      Aegilops 

speltoides  

Aegilops speltoides       

. — MuDR            

N206C; — copia 33_BD-I; — N124B;            

 — 2   MuDR N206C. 
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 23 –      

   

 

 24 –       

 

       

. — MuDR N206C;            

— copia 33_BD-I; — gypsy 118 non-LTR LINE1-61;             

— N124B; — 10 MuDR, N132 2             

(copia 118, gypsy 173); — 2           

MuDR N206C. 
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 25 –      

   

 

 26 –       

 

       

. — MuDR 64; —              

2 MuDR N206C MuDR N1; — copia 33_BD-I;              

— 6 gypsy 2 opia, 4 , 3 MuDR N206C              

1 - Harbinger; — N8B;          

— 6   MuDR N206C   N124B. 
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 27 –      

 Oryza minuta 

 

 28 –      Oryza 

minuta  

Oryza minuta        

. — ;            

— N17B; — 2 MuDR N206C; —              

copia 33_BD-I; — N136 -            

EnSpm1_HV; — MuDR N206C; —         

copia-30_BD-I; — N124B; —         

 N199B, 3 MuDR  2  gypsy. 
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