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1   PINUS L. 

1.1   

 

   (Pinus L.) -    ,  

 40-50      2-4 .     

 350-500  [51, 87].       

    , -   

.     ,    

,      , -  ,   

    .     

    [8].    - 

 ( )   ( ).   

    2-3  5 (     1  8) 

.    ,    

   .    

      ,   

  [47, 86]. 

      .  

    ,     : 

  -    [81].   ,  (1-2  

),      :  2-5  45  (  

).         , 

  .     ,  

    ,  -

 - .     2-3  6-11 

,         [8].  

      ,      

 . 
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,    5  50  [9].     

,       .    

   ,   -  ,   , 

  -   .     

     .   

 2-6     .    

 , , -    , 

    [62].     

   ,      

  [48]. 

      - ,  

 .     2-3   35    

.     .    

     .     

,           

  [85].        

 (  )   (  

).        

  .      

   .      , 

   ,      (  

  ) [65].  

      ,  

   ,    [23].  

   .     

   -   [58]. 
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1.2   

 

 Pinus     (Coniferopsida),   

(Pinaceae (Spreng ex F.Rudolphi)),   (Pinoideae).  

  1753   [19].       

  (Pinaceae).  ,    ,  

Pinus     – Strobus  Pinus.   Pinus   

70 ,    Strobus  40  [9].  

  Strobus   ,  

     .   

   -      5   

.         , 

   4  20 .      

 ,    .    

   [25]. 

  Pinus        . 

      ,    

 Strobus, ,     2 .   

 30  [9]. 

 

1.3      

 

   Larix Mill  Picea Mill.   Pinus 

       . 

    ,   

,     (Pinus merkusii Jungh. et de 

Vriese),       .  

         (  1). 

 10-15       
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  [9, 23].       

 (P. sylvestris L.).        

         

.       20  

   10  ,       [42, 74]. 

    8  ,    

   -   (P. silvestris)   

  (P. sibirica).     

        .    

  ,    -   

 ,    [44, 47]. 

 1 -    Pinus [23] 
:   –       

 

    ,   

   ,         

    [58].      

.     ,   

.      ,   

      , -

 .       

  - , , ,     [60, 68]. 
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1.4      Pinus 

sibirica Du Tour 

 

   -    .  

         (  

2).  

 
 2 – Pinus sibirica: 1 -      ; 2 —   

( ); 3 — - 4 —    ; 5 —      
  ; 6 — ; 7 —     ; 8 —   

; 9 —  [86] 
 

         

  20  40 ,    50-60  

[60].    1,5 .    .  

         , 
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 [85].   P. sibirica    

[74, 83].  - ,   100     

 .  ,    [56].  

  -  .   

        5 .  

  -  ,     

  .         [86].  

 ,    ,    7  15 

,   1-2 .    ,   

.      3  6 ,     

 . [56]. 

     .  , 

   ,     .  

           

.          

 .         

   [86]. 

      .  

     .     

          

[43].   -  ,     

  .          

- ,       [52].  

      ,    

-   [65].      

    .      

 .       , 

   .      

,    -      

.         
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 -  -   -  [73].   

  5  15 ,    ,    

  [54].  ,   , 

    ,   , .  

      .  

    , ,      

.        (― ‖) - 

 ,      [54]. 

       25-40 , 

     .     

       –   

   50-80 ,      70-100 

.  

       100  260 , 

   .     300   

      [59].   

 120-160-  .   (  4-6 )  

        [50].  1 

      100  ,   

 ;      [59]. 

       , 

    ,    

 [53, 55].    ,  

   ,   .      

    ,   

.         

  150  300 ,    . 

       .  

          [49]. 
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  P. sibirica    –  

  , ,       

 (  3).     

        , 

– -   [9, 23, 81]. 

 
 3 -      [44] 

 

   ,    –  

    .     

  ,        

.     P. sibirica    

 [9].   –    ,  

   ,       

      [85]. 

       – 

    -  . 
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 ,      ,  

  ,      

  .      
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,     , 

      -
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,   ,   , 

       [83]. 
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  .      

 ,        

 .      

        -

 .     

       

 .      

 ,    .   

   ,    
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      [83]. 

 

2.1        
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  « »  « ».  

       ,  

   ( )  .  

      ,  
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       ,    

   .     

       .  

       ,   
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  ,      – 

 [83]. 
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 :     

      

 . 

     :    
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   :      
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      [69]. 

 

2.2     

 

-   ( - ) –   

,        

 .        

 .      , 

   -   .   

   ,      

 .    ,   

      - ,  

    . - ,   , 

  ,       

 ,    ,   

,    .     

 : 

     ; 

     

 ; 

   ,     

  ( ); 

    . 

       -

.       ,  

    ,     -

  [17, 64, 69]  
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    -  (  1) 

   . .  [83]. 

 

 1 -    ,    
,    : ,    -

,   -  [83] 

  
   

-  
  

 ( ) -  

 RFLP1980 

SSR1989 
STS1989 

SSCP1989 
CAPS1993 
SCAR1993 

SNP1998 

 1985 

RAPD1990 
ISSR1994 
AFLP1995 
SSAP1997 
IRAP2006 

DArT2001 

 

         

.       -

,      1980-  .  

1990-      - ,  2000-     

  ,    - .  

          

      . 
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3     

    

3.1    

 

      - 

STMS (Sequence Tagged Microsattelite Site)  STR (short tandem repeat),  

SSR (simple sequence repeate).       

 :      SSR, 

       STR [69]. 

       2 - 8  

,    5  50 .    

    .   

   -   -   

     [14].    

        8 

 [27]. 

  SSR-      

 ,    (  

    ). -  

       

    ,    . 

     , 

,       .  

  ,      . 

    ,    

 .     ,   

    ,     

   . 
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   ,      

 .    ,   

       

.   ,   

       ,     

  .     (   75%).  

  ,    

 -   .     

 -   .    , 

        

 [64].  

 

3.2     

 

 ,       

   (  60%   ).   

,         

 .   ,     

      ( ,  

),         

  [83].    (10−3 - 10−6  ) 

[40],   ,    

         

  -    [64]. 

        

    .     

       ,  

        -

,   .     
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    ,   . 

       

    ,     

 . [22, 32, 35]. 

       

     ,   

  .        

,  SSR-     

  .  ,    

          

  .  ,   

           

,       

.    SSR-    « » 

,      -   

          

.          

 . [40]. 

      

   : 

 [83]  . [38].    

    , ,  SSR-

         

 ,      , 

     ( ).   

 ,      , 

       [37].  
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4    

   SSR  

 

      SSR-   

      ,  

       

 ,     , 

     -   

       .  

        ,  

       . 

   de novo     

  1991  .    [26],   

SSR-        SSR- . 

       ,   

        SSR- . 

       

   SSR-   . 

       

        

[10].      ,   

         

  [14].      

  ,   RAPD, AFLP  ISSR- ,  

      EST   

 [29]. , ,      

 ,   ,   
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 .      ,   

SSR- ,   -     

[12]. 

4.1 NGS-      

 

       SSR-   

      

    .   ,  

  ,    , 

  .    

        

  .  NGS ,   

   SSR-   454 Life Sciences  Illumina. 

     454  Illumina  

   ,    .   

      ,  

   .    [15]  

   NGS   

 SSR-      . 

      -  

 . ,   SSR    

     [5].     

       .  

454  Illumina      ,  

      . 

          

 .  ,    

    SSR-    NGS 

        [41],  

   NGS     
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   SSR- . 

4.2        

  

 

        

  .  , 

     ,   Tandem Repeat 

Finder (TRF) [2], MISA [33],  SciRoko [16].   , 

    ,       -

SSRLocator [4]  SSRPoly [7].      

        

   GMATo [36]. 

          

 .        

 15  30 . .      

   21–23 . . [13].   ,    

40–60% GC- .    

  3’-      

 . 

 

4.3      -   

 SSR  

 

  SSR-      

    ,   

  ,   

.         35 

   ,       

   92-95°C,    55–65°C   
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 72°C.        

  ,      

 ,    ,   

      , 

        

- .        

 .    ,   

         -

,        

.        

 . 

       

     ―touchdown‖(  

 ).       

        

     ,   

   .  

        

   - .    

          

       [1].   

,           

 . , ,     

   (    ABI 

PRISM (Applied Biosystems)).      

,      ,  

        ,  

     .   

   ,     , 

   .  
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5    

5.1    

 

        

        18 

 ,       [46]. 

         

- .      P. 

sibirica,   2014       

   . . .     . 

 

 2 –    P. sibirica [46] 

    
 

 

Ps_2040062 (GAT)12 
F: TGGTATGAAAACCTTCAGCCTC 
R: TAATGTCGTCTTCGTCGTCGT 

175-175 

Ps_31489 (AGA)6 
F: CACCCAAACAAGACAAACCTCT 
R: TTCTTCCTCCTTCCCCTTATTC 

182-188 

Ps_25463 (GGT)7 
F: ACTACTCCCGAAGGCGTAAAC 

R: TTTTGAGATGTGT GGAGAGGAC 
107-116 

Ps_80612 (AAG)10 
F: CTTCTAAGTGGGTCATCTTGGC 
R: CTGTCTAGGCTTTTGGCCTTTA 

162-180 

Ps_1502048 (AAT)11 
F: AGATCCATCCCAATCACAGTTC 
R: AGGGACCTAGCACTTTCATCCT 

177-201 

Ps_2040062 (GAT)12 
F: TGGTATGAAAACCTTCAGCCTC 
R: TAATGTCGTCTTCGTCGTCGT 

175-175 

Ps_1915155 (TAT)11 
F: TTGTTGGATTGGCTCATGG 

R: TCTCCAGTACACACCTCGATTG 
160-205 

Ps_30675 (ATG)6 
F: GGCTCATAGTGCTGATAAAGGC 
R: GACTGGTCTCATGGCTGCTAAC 

194-200 

Ps_718958 (TAT)10 
F: CTATGTATGGGTCAATGGTGTCC 
R: GATGCAACAAATGCACATGACT 

198-210 

Ps_26193 (TGA)6 
F: ACGATAACATGGACTCGGTGA 

R: AGGAGTTCTCATCATCAACAAAGAG 
131-152 

Ps_364418 (TGA)10 
F: TCGGACCTAAAGAAAAGAGGTG 
R: AAGATTCGTCTGAGTGGACGTT 

162-177 

Ps_806389 (ATA)11 
F: AACTTCTCGTCCCACACTCAAT 
R: ATGGTTGTCGATTTACCTCACC 

214-241 

Ps_1375177 (CAT)10 
F: ATGGGCTAGATGGTAGCAGTTC 
R: GGTGGTTTGGCTCTCTTAAATG 

206-239 
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Ps_25981 (TATT)5 
F: TTGAGTGGGATGGACATAGAG 
R: TTGCCCCAAGTCTACAAGAT 

170-178 

  2 

Ps_39709 (ATGT)5 
F: GTTCTCTTAACCTCGAACTTGTGAT 

R: CTGAAAACCCTGTCAAACAACA 
202-226 

Ps_86750 (ATAC)6 
F: ATGATCCCTAACGAGCCTG 
R: TCTGTCGATGTTGTGCATGT 

234-242 

Ps_31919 (AATA)5 
F: TGAGTTGCTCTCTGAAGTGTTTG 
R: GGTGCAGATCCGAGTTTAAGAT 

188-208 

Ps_1179752 (TGC)10 
F: GCTGCTGAAAGACACTGCTACT 

R: CAGAGAAAGGAAGCAACAACAG 
191-206 

 

        

    P. sibirica,    

         

   .    

     8-10     

         -

.       «touchdown» 

(  3)    .   

    ,   

  . 

 

 3 -    

    
 

 
 
 

94°C 1  1 

 94°C 30  

9   
60°C,    
1°C   (  

50°C) 
30 , 

 72°C 1  
 94°C 30  

24   50°C 30  
 72°C 30  
 72°C 10 . 1 
 4°C – – 
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   (CTAB)    

,     (  4) [6].   

        

«GenePak PCR Core»   «  »,  

  «  » Taq- - , 

   .   

    6%-     

 -EDTA-       

 .         

    .    

     pBR322 E. coli,  

 HpaII. ,       -

    ,  . . 

  . .  [77]. 

 



30 
 

 4 -  ,     
-     :  -   

   ,  -        ,  - 
   HpaII,  -     . 
5.2       

 P. sibirica 

 

     

   7    , 

    .     

    4.    30 

. 

 

 4 -      , 
      

 
-

 
 

 , 
  . 

 

 ,  , 
  

Pinus sibirica 

 
 

, 
 ,  ,  

-1 
54°37´44´´ . . 
88°35´37´´ . . 

1300  

  
    

(  ). -  
 c   

.  
  

Betula nana, Betula tortuosa, Sorbus 
sibirica, Salix sp.  

« »    , 
 . P. sibirica 

  
( ) . 

  1  . 

0,5-1 5-12 80-110 

-2 
54°36´91´´ . . 
88°36´18´´ . . 

1290  

    
   

  (  ). 
 -

 (Salix sp.)   
 .   

 P. sibirica 
  

  , 
  . 

7-10 27-53 
 

200 
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  4 

-3 
54°40´52´´ . . 
88°38´69´´ . . 

1370  

    
  (  ). 

-   
c   , 

   
  « » . 

  P. sibirica 
  

. 

2-3 12-18 100-130 

-4 
54°40´52´´ . . 
88°38´69´´ . . 

1370  

    
  (  ). 

-   
c   , 

   
  « » . 

 P. sibirica 
  

   100-200 
/ . 

0,2-0,3 1-3 10-20 

-5 
54°41´33´´ . . 
88°49´29´´ . . 

780  

   
   .  

(   
 ).  

-   
. P. sibirica  

   
  . 

12-15 40-65 180-250 

-6 
54°46´07´´ . . 
88°53´08´´ . . 

650  

    
   .  

(   
 ).  

-   , 
  . P. sibirica 

  
   

-   
. 

14-20 25-60 100-180 

-7 
54°20´53´´ . . 
89°16´41´´ . . 

830  

   
    

 . . 
  

 -
  . P. 

sibirica  
   

  . 

8-12 35-40 10-120 

 

  –  ,     -  

       -  



32 
 

-  .       

 -  ,    -  - -  

,   –   ,   -  

.    38 .  .  

     ,  -  

 . 

        

 ,    .   

       ,  

  -  .     

       

  ,    .   

   .     

  -   ,   - 

   -    [45, 51].  

     : 

 ( -   ),  ( ,  

 )  .       

  .      

 : - -  (Pinus sibirica – Picea obovata 

Ledeb. - Abies sibirica Ledeb.)  , -  (Populus tremula 

L. – A. sibirica) [67, 68]. 

 -1, -3, -4, -5, -6  -7     

,  -2 –   (  5, 6). 
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 5 –         (  

 . .) 
 

 
 6 –         
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5.3     

 

        

,      (A),   (Ho)  

  (He),    (NE). 

     (NA)      

      .  

 (Ho)      

        . 

      

: 

= 1 −  2,     (1) 

 fk —  ,   k-  . 

      : 

n = 1  1 −  ,      (2) 

 He —      

. 

       

     F-   

[70].      (FIS): 

= 1 −       (3) 

 Ho —  ;   —   . 

     (FIT)   

: 

= + (1 − )      (4) 
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   (FST)   

  i-    ,      

: 

=
− 

 ,   = 1 −   2   (5) 

  —   i-  . 

  ,     

,     . 

      

       

 .  [21]  : 

D =  −ln 𝑁 ,   𝑁 =
  𝑌 (  2 )(  2 )

,    (6) 

 I —   ; 

jk   jk  —  j-   k-     . 

        

  null-     MICRO-

CHECKER [34].         

 null-        

,       .  

        

    -     

  GenAlEx 6.5 [24].     

  (UPGMA)    STATISTICA [30]. 

        

   [20].  
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6    

6.1    

 

 13 . 
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1. 11    , 

 -  -     

 ,     -

   . 

2.      44  

.        4  12. 

3.      

      -5 (N
A
 = 3,545; HO = 0,494). 

         -6, 

          . 

 (N
A
 = 2,818; HO = 0,415). 

4.      , 

    10%-     

 (F
IS 

= -0,100)   5%-  (F
IT 

= -0,046)  . 

 5%     (F
S

 = 0,049)   

.      

 . 

5.     ,   

  .  (D
N
)     

  (  0,019  0,061).     

    -2  -4(D
N
 = 0,061),    

  .    

    -6  -7(D
N
 = 0,019). 

6.     ,   

     ,   

       

     .  
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