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ON THE RESULTS OF THE STUDY OF SNP POLYMORPHISMS IN HORSES 

OF THE LOCAL BREED ZHABE OF THE KAZAKHSTAN POPULATION 
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Obstetrics, Surgery and Biotechnology of Reproduction, NJSC Kazakh National Agrarian Research 
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The authors of the article carried out genotyping of horses of the local breed to the toad KH 
«Kyzylsok» of the Zhambyl district of the Almaty region in the amount of 46 heads for the following gene loci: 
LCORL, PRKAG3 and B3GALNT2. It was found that the loci of the LCORL, PRKAG3 genes in the studied 
animals turned out to be polymorphic, i.e. genetic variants CC (89.13%), CG (10.87%) were identified, similar 
results were obtained for the second locus of the PRKAG3 gene, animals with the homozygous CC genotype 
prevail in this group (95.23%), the frequency of the heterozygous CT genotype was 4 .77%. For both studied 
loci, no other homozygous GG and TT genotypes were detected in the studied horses, there is also a 
violation of gene balance, alleles have a high frequency � =-0.94, =0.97, extremely low alleles: G=0.06 
and T=0.03. Thus, according to the results of genotyping in experimental animals, a high level of 
homozygosity for the loci of the LCORL and PRKAG3 genes was determined. No heterozygous carriers of 
the deleterious mutation B3GALNT2 were found in horses of the local breed by PCR-RFLP analysis. We 
recommend that, in the SNP perspective, the BIEC2-808543 polymorphisms in the LCORL gene and 
AAWR_02017454:g.121684T>C in the coding part of the PRKAG3 gene be used as a DNA marker of meat 
and reproductive function in horses. 

Key words: horse genotyping, LCORL, PRKAG3 and B3GALNT2 genes, PCR-RFLP analysis, gene 
balance, level of homozygosity and heterozygosity of the population, DNA markers of productivity. 
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  LCORL, PRKAG3     -
 ,       (89,13 %), G (10,87%),  

,  PRKAG3      (95,23%)   
 ,        4,77% 

.  ,        GG 
 TT   ,      -

     ,     =0,94, =0,97 -
  ,   G=0,06  =0,03    . , -

       LCORL  
PRKAG3        .  

  -     B3GALNT2  -
       .  

LCORL   BIEC2-808543 SNP   PRKAG3   
  AAWR_02017454:g.121684T>C          

       . 
 :  , LCORL, PRKAG3  B3GALNT2 , -

  ,   ,     
,   . 

 
.    ,    

 LCORL (Ligand dependent nuclear receptor corepressor-like)   ,   
          -

,  ,   ,   .    -
 314         LCORL,   

 ,   .     
       LCORL     

 .  ,   (Sangang He  )    -
  BIEC2-808543 SNP (  )   LCORL  

    .      
 -  ,   F-TGGAGTCAGTTGGGTTTAATG -3   R � 

GACCGGATAGCATAGAGAGAG,   284 . .,    LCORL 
     Alu I.    :  

   94°    5 ,  35 :   94    30 
,    56    30 ,   72°    30   

    72°    5   [1, . 289�291]. 
 2012    ,   83%    -

   : LCORL, HMGA2, ZFAT  LASP1 [2]. ,    
   -  ,  LCORL [3],     
      HMGA2 (   

),           , 
    [4, . 289�305], -  ,   

ZFAT   LASP1 [5, . 185�619]. 
         , LCORL, 

NCAPG  DCAF16,         .  
 214      Illumina equine SNP50 BeadChip  42 

          -
  BIEC2-808543  LCORL,      , 

   . Julia Metzger      
  : LCORL, NCAPG  DCAF16      

  (RT-qPCR).       LCORL 
  / -   40%,   / -   56%    -

    / .  ,    LCORL  -
       .  ,    

           
 .   BIEC2-808543      

 : Forward primer 5�- GCCATCTATTTGCATGTTCTTG 3�,  Reverse primer 5�- 
GGCAAGTTCATAGGCTGGTTC 3�,    347 . .,   -

     BsrI,       -
:  A 235 . ., 57 . .,  55 . .,  B 292 . ., 55 . . [6].  

    QTL (   )    
     3  9.     3    
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LCORL/NCAPG.     9    ZFAT.   -
  ,       . ,    
     .   QTL    

18,2%      [7].  
 -           

306     LCORL,       
 AluI.       , . .  

      .     
     ,      -

     (p < 0,01).       LCORL   
    -        

[8]. 
,         -

    ,    ,   -
    .      

SNP ,    AAWR_02017454:g.121684T>C    -
 PRKAG3,        [9, . 199-202]. 

  Chardulo L.A.L.       Mangalarga   
      ,    -

 ,  , ,  ,   
,  .  -       -
      SNP AY376689:c.773C>T   8    

PRKAG3. ,  SNP        Mangalarga,  
 AAWR_02017454g.121684T>C SNP   SPATA1    

.         SPATA1  523 . ., 
       RsaI [10]. 

 ,  -  XM_001491545 c.1423C>T    
B3GALNT2      ,   -

 ,    ,        
   .  ,     -
 ,       .   

   13   69     29 720 SNP 
,    XM_001491545 c.1423C>T,   

XP_001491595 p.Gln475  ,     : 
 , ,   .   -

   (n = 865)       ,  
   147      718   -

 , . .        
  0,085.  ,      -

            
   ,       [11]. 

,   Miguel Angel Ayala-Valdovinos   ,  
     -   -

,     ,     . 
  c.1423C > T    B3GALNT2,   .  

          PCR-RFLP  PCR-PIRA.  
  83     c.1423C > T     

B3GALNT2,           9,6% [12, . 69-71]. 
     -  B3GALNT2   -

    ,   2019       
 ,        .  

          
           [13]. 

  ,       
,    ,   . , -

       «Al KARAL»  -
    . -  . .   

   ,      -
      [14, . 29-34]. 

,       , 
    ,   . 
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 ,         . Orlando L. 

  ,            
3500 ,             

   .    ,    -
          

    SNP      [15].  
 ,  SNP     LCORL, PRKAG3, 

B3GALNT2         ,  
            

,      .   -
  �        LCORL, 

PRKAG3,     ,     
 ,         B3GALNT2  

    .  
   .       -

         53    
  « »,    .      

    « ,    » 
   .         

   .      2,0   , 
    14500 /    8 .    -

,         500    TES  -
   .        14500 /  

  8 .           500   TES. 
  ,    ,    -

 14500 /    8 .     50  10% SDS, 5   
.   ,    15   ,   
      37 °.     ,   

  500  5   NaCl,    ,   
 14500 /    5       , ( )  

 500           1:1. -
 ,    2-3    10 000 / .   

,    ,   70%  ,   -
  1   ,  50 .      : -

    0,8 %        
  (NanoDrop� 2000).  

        LCORL   
 :  F-5'- TGGAGTCAGTTGGGTTTAATG - 3    R � 5' �

GACCGGATAGCATAGAGAGAG - 3 ,     284 . .,  -
   LCORL    AluI    AG/CT, 

   : 284 . ., 169 . .  115 . .     -
.           LCORL,  

:    94 ° � 5 ,   33,  
 94 ° � 45 ,    56,6 ° � 45 ,   72 ° � 45   -

   72 °   5  [8].  
   8    PRKAG3    :  

 F-5' -GAGGTGGGACAGTCTGGGGGCT-3    R � 5' �ACTGAAGGGCTGGGGAAGGGACT 
-3 ,    182 . .,       
AluI,     : 182 . .,  118 . .  45 . .,    

 .      PRKAG3  : -
   94 ° � 5 ,   34,   94 ° � 30 , 

   66 ° � 30 ,   72 ° � 30      72 °  
 5 . 

  ,     : F-5' � 
CCTGTGGCTGTGTGAGAAGA-3   R: 5' �TCGGGCTTTCCTCAGACTTA-3 ,    204 
. .         B3GALNT2   

AciI   : CCGC,     : 157 . .  47 . .,  
   : 204 . .  157 . .  47 . .   

   B3GALNT2 :    95 ° � 5 ,   32,   
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94 ° � 20 ,    58 ° � 40 ,   72 ° � 30    
  72 °   5 .  

   .       -
   «     » -  -

  .      289,24 ng/µl, -
   1,2 ng/µl     1344,7 ng/µl.  -

        , . . -
       260/ 280, 85%    -

  1,70   15%     ,  1,70.   
      ,  -

  : 2,5  10     KCL,  1,0     , 2,0  
  dNTP, 0,2  Taq DNA Polymerase (recombinant) 5U/ l, 1,5  25 mM MgCl2, -

    15,8 ,   3,0 .    
    3,0%  ,   .  

 (  1)    284 . .,     
 11,   .     LCORL  -

  AluI,      T    -
   : 284 . ., 169 . .  115 . .,      

    : 169 . .  115 . . (  2).    LCORL   
 46   ,     : 50 

       2-3   3   . -
      ,     

:       T. 

 
 1.     LCORL,  1-10, 12-14  

  284 . .,  11 �  ,  �   pUC19/MspI 

 
 2.    LCORL    AluI, 

 1-  ,  284 . ., 169 . ., 115 . .,  2-7, 
8-12   284 . .,  �   pUC19/MspI 

 
       PRKAG3   -
 ,      [9],   -

     182 . .   ,  -
     ,     1,3,5   ,   

     (  3).       53 
 ,       42 .   
    ,   6,7,8-11. 
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 3.    PRKAG3,  1,3,5  , 

 2, 4, 6-14    182 . .,  �   pUC19/MspI 
 

,    ,  1  , . .  
 ,   3   ,   5      -
,        .    

    PRKAG3    AluI.    
      � 118 . ., 45 . .,     
: 182 . ., 118 . ., 45 . . (  4).  

 
 4.    PRKAG3     AluI, 

 13-  ,  182 . ., 118 . ., 45 . .,  1-7, 8-12, 
14   118 . ., 45 . .,  �   pUC19/MspI 

 
       B3GALNT2,   
,     ,    [12].  -

 (  5) ,       ,   4-5 11,13, 
    53 ,    -     

 43 .      B3GALNT2  204 . . -
       B3GALNT2    -

     AciI,     -
       AciI  ,   

  : 157 . ., 47 . .,      (  6), 
    ,   ,     
    : 157 . ., 47 . .,  ,    , 

      AciI,      
         204 . . 

 

 
 5.    B3GALNT2,  4-5 11,13  

,  1-3, 6-7, 8,10, 12, 14    204 . .,  �   pUC19/MspI 
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        : 157 . ., 
47 . .   ,       -

   c.1423C > T    B3GALNT2. 
 

 
 6.    B3GALNT2    AciI, 

 1-14    157 . ., 47 . .,  �   pUC19/MspI 
 

   1 ,       
     ,        

 TT.    LCORL   46 ,    43   
  2-3  , 3 -   ,      

  ,   41   5     
T.     (LCORL)     -

    ,      , 
TT    (  -0,14 ,   ),    

 (  T)     (+0,27). 
 

 1.         
 LCORL  PRKAG3        « », 

   . 
 

  
  

       
LCORL (n=46) PRKAG3 (n=42) 

 T TT  
2 

    
2  

 
  

 
 

 
  

41,14 4,73 0,14  40,02 1,95 0,03  
 
 
 

 

 
 

  
  

 

38 5 0 0,159 37 2 0 0,025 
 3 0 0 3 0 0 

  -
   

-0,14 +0,27 -0,14  -0,02 +0,05 -0,03  

 
    PRKAG3   , . .   42 
, 40     ,      

  .       
 :   (-0,02),   -0,03),  . (+0,05). 

      ,     2 
     Equilibrium Hardy-Weinberg (https://gene-calc.pl/hardy-

weinberg-page).   2    LCORL     
0,159,     2   2=0,159   -

   0,95  0,90,      .  
   PRKAG3  2 = 0,025       

   0,90  0,50.        
  . 
          -

,    LCORL      � 89,13%, -
  G � 10,87%,    GG     
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.     PRKAG3   ,   -
       (95,23%),  -

    4,77% (  2). 
 

 2.      ,   
      LCORL  PRKAG3     

   
 

       Ho He 
LCORL  (n=41) 89,13 % =-0,94  

 
89,13 

 
 

10,87 
 G (n=5) 10,87% G=0,06 
 GG (n=0) 0,0%  

PRKAG3  (n=40) 95,23% =0,97  
 

95,23 

 
 

4,77 
  (n=2) 4,77% =0,03 
  (n=0) 0,0%  

 
       ,   -

    (0,94  0,97).  ,    
        -

,    LCORL   89,13,    PRKAG3 � 95,23, -
  , , 10,87  4,77,     

GG        .   40    3  -
       B3GALNT2,  

 , .  
.        -

 « »    .   : LCORL, PRKAG3  
B3GALNT2,       53     . 

,             -
    LCOR � 46 ,    PRKAG3 � 42     

B3GALNT2 � 43 .   LCORL      -
, . .         G,    -

  GG  .         
PRKAG3,        (95,23%),   

 4,77%.     LCORL  0,94,     PRKAG3   
   0,97,       -

     , 89,13  10,87, 95,23  4,77, -
. ,    LCORL       , SNP 

   PRKAG3       -
. ,        , 

          -
   :  ,  ,  ,  

,   ,    . 
     ,         -

     .    -
     , . ,   

         -
 ,         

         -
         

.  ,   LCORL    , , 
  ,            
 .   SNP    AAWR_02017454: 

g.121684T>C     PRKAG3     
 ,       B3GALNT2  -

,        . 
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