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3  

 
 

         

, ,        

 –       

       

 ( , 1950).      

     ( ,   . .).  

       

          

        

 . 

          

    .     . 

,  . Trollius    

 ,      

(Doroszewska, 1974).     -  

(Luferov et. al., 2018).       

   ,    

      ,  

, . 

  ,           

  , . .       

    , , 

 ,        

(Gupta, 1988, Chakraborty, 2018),      (Rajendran et. 

al., 2000). 

      . Trollius, 

    ,   T. asiaticus L., 
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T. vitalii Stepanov., T. sibiricus Schipcz., T. kolonok Stepanov., T. altaicus C.A. 

Mey  T. europaeus L. 

 :   -  

    . Trollius,   

   

: 
 

1.      . Trollius 

  ISSR-PCR ; 
 

2.      

  . Trollius; 

3.     . Trollius  

 ITS, matK  rbcL . 
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 1.  Ы 
 

1.1 щ я     . Trollius 
 

  (Trollius L.)     

(Ranunculaceae L.)      35 ,   

  ,     ( , 

2001).        

   ,     35  

    7 : Pumilotrollius (T. pumilus Don, T. micranthus Hand.-

Mazz., T. ranunculoides Hemsl., T. vaginatus Hand.-Mazz., T. farreri Stapf, 

T. sikkimensis (Brühl) grad. nov. et comb. nov.  T. bhotanicus (Brühl) Mukerjee), 

Yunnanotrollius (T. yunnanensis (Franch.) Ulbr. spp. yunnanensis,    

,  f. yunnanensis, f. ubra Stapf  f. eupetala Stapf; spp. anemonifolius 

(Brühl) comb. nov., T. papaverus Schipcz., T. citrinus Miyabe), Acailitrollius (T. 

acaulis Lindl., T. lilacinus Bge  T. afghanicus Hedge et Wandelbo), Longipetala 

(T. asiaticus L., T. ledebouri Bchb., T. chinensis Bge, T. hondoensis Nakai, T. 

macropetalus F. Schm., T. sibiricus Schipcz., T. kytmanovii Reverd.), Trollius (T. 

europeaeus L. var. europaeus  var. transsilvanicus (Schur) Bl, T. apertus (Perf.) 

Igosh., T. altaicus C.A.M. var altaicus  var. sajanensis Malyschev, T. 

dschungaricus Reg.  T. ranunculinus (Smith) Stearn), Insulaetrollius (T. 

riederianus Fisch. et Mey. var. riederianus  var. japonicus (Miq.) Ohwi, T. 

pulcher Makino, T. membranostylis Hulten, T. chartosepalus Schipcz.  T. 

schipczinskii Miyabe)  Laxotrollius (T. laxus Salib.    – var. 

laxus  var. albiflorus Gray). ,  ,    

  ,      

(Doroszewska, 1974).     19-20  (Luferov 

et. al., 2018),     (  12 ) 

   (Erst et. al., 2018). 
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 –     , 

        (  

  , 2012). 

 , ,   (20-50   

.),       .  , 

,   - .    

,   5-20(30),     . - 

   ,  ,    , 

,   5-20.  ,   . 

 ,  5-15(20)    

.   5-15(20) -     

  .  , .   

20-80        . 

      -  

,        ( , 2001). 

        

 50  ( , 2006). 

  Trollius  ,  

 (Li et. al., 2002, Cai et.al., 2006)   

 (Wang et.al., 2004).      

     ,  , , , 

 , ,         

.      ,  , T. macropetalus 

  ,      , 

, ,       

 (Witkowska-Banaszczak, 2015).     T. 

europaeus    , . .   

  C (Gruenwald et al., 2004). 
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Trollius asiaticus L.  ,   , 10—80  

.,  1,    ,     

 .     , 

    ,     5 

 ,     . 

    1—5,  ,  ,  

,   ,   .  

,  5   .  - ,   10— 

20,   .   2—3  

    , - ,   

      .   

 , 10—11  ,   (0.5—1 ) 

,     (    

, 2019).     ,  .  

    , ,     

  (Flora of China, 2019). 

    4  –      

.      :  

    25  (  )  11-14      

5-7   ( , 1993). 

        

     . 

Trollius vitalii Stepanov.    , 1-2 

.     .    

 1-4,     (  1/2 ),  

 – .   -   

,   (  3/4 – 5/6) .   4-5 

  .  -  (   ), 

 ,   16-25, - ,  
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, 2-3  , 1,5-3  ,   15-20  

, 1-1,5  ,  ,     1,5  

    2   .   3-3,5 

.     .  1-1,5     3-5 

 ,        30-90.  

 1    ( , 1994). 

     ,   

   , ,    . 

       

 , . .       

 ,     

    . 

  ,      

   –  ,   

      (    , 

2012). 

. . ,  T. vitalii Stepanov –  , 

    T. bargusinensis Sipl. ( , 

1994),   . .      Trollius 

     T. bargusinenses  T. asiaticus ( , 1993). 

  . .    ,       

        

   Trollius    ( , 2006).    

. .    ,  T. vitalii Stepanov.    

 ,      

,         

 .   ,       

 T. asiaticus L.       



9  

   ,       

,           

( , 2018). 

Trollius kolonok Stepanov.   60   ,  100   

,     , 1–3- . 

    40–70 ;   ,  

16–26   ;   , 3- ,  

 - ;   .  

   ,   .  

 (5)7–8(9)   .    10–12(18), 

,    , 3,4–4 

× 2– 3,2 ,        .  

- - ,  ,   , 

25–30 × 4–5 , 12–14- .   1,5–1,7 .  18– 

20,   3–4  . 
 

   –   , 

        –    

  .       

       . 

          

   , . .    ,   

    ,    

 . 

   ,      

    ,     

 .       T. vitalii,    

            

,          

 ,        . 
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       ,    T. asiaticus, 

     ,      

 .   ,   

    5  .  12–14 ,  

      ( , 2018). 

Trollius sibiricus Schipcz.  20—35(40)  , , 3- 

, .     , 

-5- ,   ,   - 

 .  1—1.5  ,   

.  3—4   .    9—12, 

-   - , - . 

 - ,   ,    

 , , 3- .   5.5  ,  

,   ,    . 

 7—11  .  2—2.5  , ,   

  (    , 2020). 

  –  ,     

 ,     .    , 

   ,     

 . 

         

 , ,    , , , 

  , , , . 

Trollius altaicus C.A. Mey. ,  . 

 ,   - ,   

, , ,   5 ,  

.    10—20. -  

,  2   ,   , 

, .    .  



11  

.        . 

    - ,    

25—30  .  ,  ,   80—90 . 

  .        , 

.          

  -   . -  

  .   .  

, ,    . 

     ,    

 .        

   -   (    

 , 2020). 

      

  (in vitro)  ,  Staphylococcus aureus, Escherichia 

coli, Pseudomonas aeruginosa  Streptococcus pneumoniae, , 

    ,    (Yan, 2020). 

Trollius europaeus L.  25—60  ., , . 

 -   5 , 3-   

 ;  ,   .  2.5—3 

  .,  , .    12—15, 

- ,  ,   , 

- .  , - , 6—-10  ., 

,    ,     

.  , 8  .,    (  

1 ),   . 

        ,  

, ,   . 
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    (Maciejewska-Rutkowska, 2007).  

     ,   

 ,     

 (Witkowska-Banaszczak et. al., 2015)   . 

1.2 я   я   

я  

     

    ,   

  :      

 ( , 1985). 

        

(Markert et. al., 1959)     (Osborne, 1907). ,  

       ,    

 .  ,   

     ,      

   ( , 2011). 

       

      :   

.         

    ,    

      . 

   –     

,     ,   

     ( ). 

        

 : 
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     - SSR 

(Morgante et. al., 1993)      - ISSR 

(Zietkiewicz et. al., 1994) 

    SNP (Single Nucleotide 

Polymorphism) (Syvänen, 2001) 

  (Vos, 1995) – AFLP, RAPD, SSR, ISSR  . . 
 

   . 
 

  (SNPs  « »)  

      1  1000    

  ( . 1).    ,   

 ,       

 . SNPs    

        

 (Haica, 1999).  SNPs    

 ,    ,     

     .   SNPs   

   ,     

(Risch et. al., 1996). 
 

 
 1 –   
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 AFLP-       

 ,       

      

  (Savelkoul, 1999).     

 (EcoI  MseI),  4  6  ,  

     3’- .  

     ,  « » 

   (    3’-  

 ).      

.    ,  

  EcoRI  MseI.     

      EcoRI  

MseI,      . 

       EcoRI  MseI   

3’-   1  3  ,   

,    ( . 2).   

    ,    

  (Vos, 1995). 

 

 

 2 –  AFLP  



15  

   RAPD,    

       

 -        

 .       

 ,     .   

        

       ,  

        

( ,     ),   

  .      

,     ,  

       . 

          

     ,    

   .     

    ,   

     (Williams, 1995). 

 ,      

,      

  ,      1 

 4 (Braaten, 1988).        SSR- . 

   ,   ,    

  ,    

 ,    SSR- . , 

         

      ( ) 

(Morgante et. al., 1993). 

    

(ISSR – Inter sequence short repeats) –  ,   



16  

        

        

 ( . 3) (Reddy, 2002).     

    , , 

 ,    . .    

       ,  . 

 ,    ,     

   SSR-PCR (Short sequence repeats), AFLP- 

PCR (Amplified fragment length polymorphism)  RAPD-PCR (Random 

amplified polymorphic DNA) (Staub et al., 1996).   ISSR-PCR   

   ,   , 

 AFLP- ,      

RAPD-         

,  SSR-  (Zietkiewicz et al., 1994). 

     ,    

   ,   

   ,  ,    (Richard 

etal., 2008). 
 

 
 3 –  ISSR-  

 
1.3 я -   я   

 
 –    , 

       .  

     ,   



17  

    ,    

.        : 

      ; 
 

   ; 
 

        ; 
 

    . 
 

  ,    ,   

     

,        (   ,   

  ). ,    

,    . ,    

   .  ,  

     ,  

  /   . 

1.3.1  я 
 

Д ,  а а (   , ) – 

   ,   .   

     ,    , 

     , 

  .       

,   (      ), а , 

 ч   (  ,   

    ), ч   (  

    ), а а ч   

(  ,       ), OTUs 

(operational taxonomic unit–  )  я,   ( . 4) 

(Saitou et. al., 1987). 
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,      ,  

       – .  

  : soft (   )  hard (   

). 

,       ,  

      : 

  : 
 

o  –     ; 
 

o  –         

; 

      (Avise, 2009): 
 

o  –     ; 
 

o  –    -  : 
 

  –       

(   ); 

  –     ,  

    . 
 

 
 4 –    
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1.3.2  я 
 

 –  ,   

        

 ,       . 

      : 

  
 

o  (Global) –       

 (Needleman et. al., 1970); 

o  (Semi-global, glocal) (Brudno et, al., 2003); 
 

o  (Local) –     

 (Smith et. al., 1981). 

  
 

      

  . 

CLUSTAL –     

 (Larkin et. al., 2007).    ,   

     NJ – 

Neighborhood-Joining (Saitou et. al., 1987).  ,   

   .      ,  

    ,      

  ( . 5).  ,     

,    . 

       

   MAFFT, T-Coffee  MUSCLE.  

     , . .    

   ,   

   . 
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 5 –      CLUSTAL 
 

MAFFT –       

  .  ,    

,    (Katoh et. al., 2005). T-Coffee  

  (Notredame et. al., 2000).     

  ,       

MUSCLE,       T-Coffee,    

Clustal (Edgar, 2004). 

   3 :  ,  

   .     

    ,  

  .       

(Kimura distance)    ,   

 ,     .   

   .      

.       

  –        

    ,      , 

     (Edgar, 2004). 

1.3.3 я  
 

  –     

    ,   
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     . ,  

  ,     « » ? 

     . 

 . - ,      

  ,      .  

    ( - )  

,      .  , 

      ,    

. - ,  ,      

 ,     , 

      ,     

  (Wong et. al., 2008). 

 .   ,  , , 

    ,  ,  

   . ,  ,   

     , 

   ,       

       - ,  

   , . .  , 

      (Tan et. al., 2015). 

       

GBlocks. 
 

GBlocks –  ,     

     

   .    

 ,     .   

       

     , 
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   ,     

    (Castresana, 2000). 

1.3.4     
 

           

 ,       

     .   

  ,      ML  

    (Sullivan et. al., 2005).  

    (   ): 

 Jukes and Cantor (JC, JC69) –      

 (Jukes et. al., 1969); 

 Felsenstein (F81) –   ,    

 (Felsenstein, 1981); 

 Kimura 1980 (K89, K2P) –     

,    (Kimura, 1980); 

 Hasegawa, Kishino and Yano (HKY, HKY85) –   

  ,    (Hasegawa et. al., 

1985); 

 Tamura and Nei (TN, TN93) –  ,   HKY,  

         

(Tamura et. al., 1993) 

 Kimura 1981 (K81, K3P) –       

 (Kimura, 1981); 

 General time reversible (GTR) –      

,         

(Tavare, 1986)  . 



23  

        

,  jModelTest2 (Darriba et. al., 2012)  IQTree (Nguyen et. al., 

2015).    Bayesian Information Criterion 

(BIC) (Chen et. al., 1998)  Akaike Information Criterion (AIC) (Akaike, 1976). 

       BIC,    

   ,   AIC   

,       (AIC  BIC 2020, 2020). 

1.3.5    
 

     

  .     

   : 

 я .     

   ,       

    

    (UPGMA) (Sneath, 1973); 
 

    (NJ); 
 

    (LS); 
 

   (ME) (Rzhetsky et. al., 1993); 
 

      

 – , ,   . . 

   (MP) (Goodman et. al., 1977); 
 

   (ML); 
 

   (MB); 
 

     ML  MB,    

 . MP  ,     



24  

, . .   ,      

   (Khan, 2008).     

   ,     

    . 



25  

 2. Ы  Ы  
 

2.1  я 
 

     ,  

,  .      

-     (  ).   

      

(  ),     

(    )       

 .      (   

 ). 

    –  

     .    

 – -       

    .    

     .   

    :  ( )  

 ( ) (   ., 1962). 

    ( , 2006). 

    – 0,5-0,6 ,   

 -28,7 ,  - +15,7 .      

338  380          

 .  ,   . 

       . 

, ,         

2-4  ,       2-3,3   (   ., 2016). 

   .   

        

    . ,  , 



26  

    ,  

,       .  

     ,  

   .   

      

   ( , 1962). 

  –   ,    

 ,       .   

        

  (   , 1998). 

       , 

     .   - 

 ,   . ,    

  ( , 1976). 

   –     

  .       -25,9 ,  

 –  -34,9 .     12,3-12,6  (  ), 

 10  (  ).   –  ,  –  . 

       

 ,    - - ,  

   .    

,      (   

, 2020). 

     -  

.   , , 

,  ,     

(   ., 1981). 

   -    

 .        - 



27  

18 ,   -19 .    .    

14,1 . 

   - ,    

,      , 

 ,  ,   -  

.        

 .  ,    

,        

  -   ( , 2020). 

       1. 
 

 1 –    .Trollius 
 

№  ,  
 

TA-1 
Trollius asiaticus L. 

- -   -  ( . . 
,  ,  ) 

 
TA-2 

Trollius asiaticus L. 
  -  ( . . ,  . , 

 ,  ) 
 

TA-3 
Trollius asiaticus L. 

-   -  ( . . , 
 ,  ) 

 
TA-4 

Trollius asiaticus L. 
   -  (  .   

,  ,  ) 
 

TA-5 
Trollius asiaticus L. 

    -  ( . , 
 ,  ) 

 
TA-6 

Trollius asiaticus L. 
- (   ,  ,  

) 

 
TA-7 

Trollius asiaticus L. 
  -  (  . , 

  ,  ,  
) 

 
TV-1 

Trollius vitalii Stepanov. 
   (   ,  

 ,  ,  ) 
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  1 
 

№  ,  
 

TV-2 
Trollius vitalii Stepanov. 

   (   , 
 ,  ,  ) 

 
TS-1 

Trollius sibiricus Schipcz. 
 -   ( . . , 

 ,  ) 
 

 
      

,         6. 
 

 
 6 –     

 
2.2   

 
2.2.1 я -   я  

 
       10   

 p. Trollius: 7  T. asiaticus, 2  T. vitalii   

 T. sibiricus.       

  10  ,     . 
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2.2.1.1   
 

    30-40    

    CTAB-  (2% , 1,4 M NaCI, 

20 M , 100 M -HCI pH 8) (Doyle et al., 1987). 

 : 
 

1)  30-40 .     . 

   1,5 . . 

2)  1000  CTAB 2%-       

2,5   65 . 

3)     13000 / .   20 

  20 . 

4)  700 .    ,  

   - ,    

. 

5)     13000 / .   20 

  20 . 

6)  600-650 .    , 

    ,    

. 

7)     13000 / .   15 

  20 . 

8)   6-7       (  

). 

9)     500 . ,  

   ,    

 3-4   ,      40 

.         (  

  4   15 ). 



30  

10)     13000 / .   15 

  4 . 

11)   (   ),  700 . 80%- 

  ,   . 

12)     13000 / .   10 

  4 . 

13)   11-12  2 . 

14)           

(  1 ). 

    40   . 
 

2.2.1.2 ISSR-PCR  
 

 ,   – -, -, 

-     ,    16- 

25  .     

  ,       

 ,  

 ,      1-3  

 « » ,    

  (Gupta et al., 1994). 

        

         

(Qian et al., 2001; Tanya et al., 2011).        

     Ranunculaceae (Odat et al., 2004).  

        

    ,    

  (   ., 2018; Roy et al., 2006). 

      

ISSR-PCR (Inter Sample Sequence Repeats)    
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,        

.    20   , 

  10   PCR-  (  « », ), 

6   , 2    2  .  

: 

1) 95  (5 ) –     

 Taq- ; 

2) 13 : 95  (20 ) – « » , 55  (45 , 

   0,7     ) –  

, 72  (90 ) –  ; 

3) 25 : 95  (20 ) – « » , 44  (30 ) 

–  , 72  (90 ) –  ; 72  (7 ) – 

  . 

        2. 
 

 2 –  ,    
 

  
17899A 5’-CAC-ACA-CAC-ACA-AG-3’ 
17899B 5’-CAC-ACA-CAC-ACA-GG-3’ 

HB8 5’-GAG-AGA-GAG-AGA-GG-3’ 
HB9 5’-GTG-TGT-GTG-TGT-GG-3’ 
HB10 5’-GAG-AGA-GAG-AGA-CC-3’ 
HB12 5’-CAC-CAC-CAC-GC-3’ 
HB13 5’-GAG-GAG-GAG-GC-3’ 
HB14 5’-CTC-CTC-CTC-GC-3’ 
HB15 5’-GTG-GTG-GTG-GC-3’ 
844A 5’-CTC-TCT-CTC-TCT-CTC-TAC-3’ 

ISSR-09 5’-ATG-ATG-ATG-ATG-ATG-ATG-3’ 
ISSR-17 5’-GAC-AGA-CAG-ACA-GAC-A-3’ 
ISSR-23 5’-ACA-CAC-ACA-CAC-ACA-CTA-3’ 

 

 
       

     Bio-Rad Sub-cell GT  
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 100V.        

    .    

  - . 

       

17899A, HB12, ISSR-17  HB14,    

  .   ( ) 

 73. 

2.2.1.3 я   
 

      , 

    «1»,    – «0».    

    ,  

,   (Reddy, 2002). 

  ,     ,  

    PopGene (Population Genetics),  1.32 (Yeh, 

1999),      : 

 P –   ; 

 He –    (Nei, 1972),  

 : 𝐷 = −ln (
   ∑ 𝑖 𝑖 ), √∑ 2 ∑ 2

 𝑖 𝑖 
 

 ai–    , bi –    ; 
 

 Io –   ,   

    (MacArthur, 1955). 

 Gst –   . 
 

     

  (Wright, 1978).   Gst,  
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  0  0,05,    , 

0,05-0,15 –   , 0,15–0,25 –  

   0,25 –     . 

      . 
 

,   TFPGA (Tools for Population Genetic Analysis) 

(Miller, 1997)     , 

      ISSR- . 

       

     (1972) (Nei, 1972). , 

     TFPGA –    (1978) 

   PAST4 -    UPGMA (Hart, 

1983),   –  . 
 

       

  (MCMC – Markov Chain Monte-Karlo),   

 STRUCTURE 2.3.4. (Pritchard et. al., 2000).  

  (burn-in) – 20000   MCMC – 60000 . 

      ΔK (Evanno et. 

al., 2005).    ( )   2  12  

 .      

 STRUCTURE Harvester Web 0.6.94 (Earl et. al., 2012). 

 
2.2.2 я я я  . Trollius 

 
      , 

   6  . Trollius.  

       

 ITS (ITS-for – 5’-CGT-AAC-AAG-GTT-TCC-GTA-G-3’, 

ITS-rev – 5’-GGA-ATC-CTT-GTA-AGT-TTC-TTT-3’), matK (matK 1R_KIM – 

5’-CGT-ACA-GTA-CTT-TTG-TGT-TTA-CGA-G-3’, matK 3F_KIM – 5’-CCC- 

AGT-CCA-TCT-GGA-AAT-CTT-GGT-TC-3’)  rbcL (rbcL 1F – 5’-ATG-TCA- 



34  

CCA-CAA-ACA-GAA-AC-3’, rbcL   724R   –   5’-TCG-CAT-GTA-CCT-GCA- 

GTA-GC-3’).       

  100V.      

     BigDive Terminator v. 3.1 

(Applied Biosystems, MD, USA).   

 forward-      

 ABI 3130 ( . ). 
 

     ABIF,      

     ,  

      ( . 

7).         

    FASTA (     

   )   

 Unipro UGENE v 34.0 (  UGENE) (Okonechnikov et. al., 2012). 

 

 
 7 –   ITS Trollius altaicus 

 
     ,    

,     ,   

   .    

 ,  ,  

    ,    .  ,   
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    Papaver somniferum L.,    

,         

    ,  

 .   ,   

   ,  Papaver somniferum L.   

 ;       

 (Wang et. al., 2009).    

    NCBI,   «Nucleotide» (  3). 

 
      

.     

 MEGA v10.1.8 (  – MEGA) (Kumar et. al., 2018)   

 MUSCLE    UPGMA. 

 
 3 – ,     NCBI 

 
 

rbcL matK ITS 
Aconitum barbatum 

JF940656.1 
-//- 

JF953024.1 
-//- 

KY417292.1 
Actaea spicata 
KF997475.1 

-//- 
JQ033440.1 

-//- 
Z98279.1 

Adonis amurensis 
EU053900.1 

-//- 
FJ626486.1 

-//- 
KU570389.1 

Anemone narcissiflora 
MF572154.1 

-//- 
MF543478.1 

-//- 
MF543747.1 

Caltha palustris 
EU053906.1 

-//- 
AB069845.1 

-//- 
AY148283.1 

– Clematis vitalba 
HE967387.1 

-//- 
GU732643.1 

Coptis chinensis 
AB817806.1 

-//- 
AB817805.1 

-//- 
JF423949.1 

Halerpestes ruthenica 
KF312697.1 

H. cymbalaria 
KC474866.1 

H. uniflora 
GU552270.1 

Papaver somniferum 
MF973030.1 

-//- 
JN896016.1 

-//- 
AY689330.1 

Paraquilegia microphylla 
EF437146.1 

-//- 
EF437136.1 

-//- 
JX233771.1 
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  3 
 
 

rbcL matK ITS 
Ranunculus repens 

MK526485.1 
-//- 

AY954182.1 
-//- 

HQ338339.1 
Thalictrum simplex 

FJ449863.1 
T. occidentale 
KX677446.1 

T. simplex 
KC417090.1 

Trollius ledebouri 
EU053926.1 

-//- 
AY515237.1 

-//- 
AY148271.1 

 

      

.     
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 8 –     
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   ,    ,   

    . 
 

     GBlocks 

v0.91b      ,    
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       ,  

     . 
 

       

 .      

jModelTest2 v2.1.6   XSEDE.     

 :      

 – Maximum Likelihood (ML),     

– Subtree Pruning and Regrafting (SPR),   – Bayesian 

Information Criterion,   –  . 
 

,       

       

 –    (ML) (Murshudov et. al., 

1997)    (Beaumont et. al., 2002).  ML   

  MEGA,      

MrBayes (Huelsenbeck, 2001)     UGENE. 

 
    ML    

:  – 1000,     – SPR,  

   – NJ,   –   

     .   

  MrBayes     

      . 
 

     MEGA.
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 . 
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     matK  T. 
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 ,    ,   

 . 
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