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  ,     , 
    .  
       -
  ( ),    

      .  
     ,   

ё         
   .      

 -       .  
           
 –        

      , . .   
  ,     . 

     
  ,         

.      -   
  ,         

  .  
 
1.1.2 -       

  
   -    

     ,  
  ,       ,  

    - .  
 ,    ,    

    .  
  ,      

    .    ,   
  ,     .   

   ,      
      ( ) [6]. 

, ,    rs2736990 (C/T)   
SNCA         

 . ,       
       1,75. 

 ,      
,   ,  , 

  CNV ( opy number variation)     
 [7].  

    –    ,  
        

    1 .   .  . 
CNV      , 

    .    CNV  

https://ru.wikipedia.org/wiki/%D0%A5%D1%80%D0%BE%D0%BC%D0%BE%D1%81%D0%BE%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B0%D1%80%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D0%BE%D1%81%D0%BD%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A5%D1%80%D0%BE%D0%BC%D0%BE%D1%81%D0%BE%D0%BC%D0%BD%D1%8B%D0%B5_%D0%BF%D0%B5%D1%80%D0%B5%D1%81%D1%82%D1%80%D0%BE%D0%B9%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%BB%D0%B5%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D1%83%D0%BF%D0%BB%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F
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.         

   , ,   
CNV         

 SNP- .     
      , , , 

      —   
 . 

   CNV     
         

TaqMan .         
      PARK2  SNCA.   

       PARK2  SNCA , 
      PARK2     

       . 
[8].  ,      , 

        
      .  

      ,    
    -  

.    - ,  , 
     ,     

  ,     
.     . .  [8].   

        (    
 )          

    ( ),   , 
ё     .  ,  

 68    29    .  
,     ,   , 

   PARK2  LRRK2,     
58%  19%       .   

 ,   , , , 
  .    ,     

    ,     
      .  

         
   ,    

   –      
  .      MLPA- .  MLPA 

     
 (  . Multiplex ligation-dependent probe amplification – MLPA).   
   MRC-Holland    

        .  

https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%82%D0%BE%D0%B3%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BA%D0%BE%D0%B4%D0%B8%D1%80%D1%83%D1%8E%D1%89%D0%B8%D0%B5_%D0%A0%D0%9D%D0%9A
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1.1.3     MLPA-  SALSA 
MLPA P051 Parkinson mix 1  SALSA MLPA P052 Parkinson mix 2 

     ,  ,   
,       ,   

  .     – 
      14.000  .  

  ,          
     ,     

     ,    .  
  MLPA- .  MLPA-   ,   

        . 
 MRC-Holland     

    MLPA- ,      
   .     
,    ,     

:  SALSA MLPA P051 Parkinson mix 1  SALSA MLPA P052 Parkinson 
mix 2.        65   

  PINK1, SNCA, ATP13A2, LRRK2, PARK2, PARK7, UCHL-1, 
GCH1, CAV-1, CAV-2.        

     .     
          .  

 
1.2       

  ( ) —   
,      

     .   
      «  »,    
 ё    1817       «   

 ».        
    [9]. 

     [10]    
, ,  127   100000    

  50-59 , 493   100000     80 
.       

    :  ,  ,  
,  ,     

.   . .   10%   
  .        

     2-2,5 ,    
 –      10 .      

 ,       4 – 5  [10]. 
  . ,     

  ,    .   
  ,      

       2 .  

http://www.sibmedport.ru/article/10502-bolezn-parkinsona-prichiny-simptomy-i-lechenie/
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(5–10%). ,     

      
    [11]. 

       
 .  , ,    

  120  180   100 000 ,  
    60   1%,      80  –  

 4% [12].      6 .  , 
        (   
     50 ) [12]. ,    

   ,       
      .  

         
 ,   ,   

-  ,     
  . 
        ,  

   ( ) α-    
 - ,        

     ,   
     « »   

   .  
         

       –   
,     ( , , 

)     [13].  
       

 .    1,4       
,      

 –  1,5–2   
 [14].  

     
,      

( , ,   .)  
   

   α-   
     

 α-  .   
    

   
 –   (  1).    — 

   
 .      

   1912 .      

 1 -   

https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B5%D0%B4%D0%B5%D1%80%D0%B8%D0%BA_%D0%93%D0%B5%D0%BD%D1%80%D0%B8_%D0%9B%D0%B5%D0%B2%D0%B8
https://ru.wikipedia.org/wiki/1912
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  ,    , 
        10 

.      ,  , 
.      

 - ,  ,  [15].  
 ,    - ,    

 ,    Ser129. 
,       ,  

   α- ,    
        

   ,    
     α-   

  ,     ,      
    [16].     

      [17]. 
         

 .        ,   – 
       . 

       
  [18,19].     

  ,      
       .   

       
,        10–24% 

.        
    4  10%,   . 

        (  40 ) 
 . 
     ,    

  .  ,      
 ,  SNCA, LRRK2, DJ1, PINK1  ATP13A2. [20]. 

   GBA,       
.       ,   

   ,       
 ё ,     

  [21].  
   «  »     

   ,    ( ) 
 ,        

      – ,  
   .     , 

   ,   
.      ,  , 

          

https://ru.wikipedia.org/wiki/%D0%AD%D0%BE%D0%B7%D0%B8%D0%BD%D0%BE%D1%84%D0%B8%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%82%D0%BE%D0%BF%D0%BB%D0%B0%D0%B7%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B1%D1%80%D0%B8%D0%BB%D0%BB%D1%8F%D1%80%D0%BD%D1%8B%D0%B5_%D0%B1%D0%B5%D0%BB%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D1%83%D0%BA%D0%BB%D0%B5%D0%B8%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%A3%D0%B1%D0%B8%D0%BA%D0%B2%D0%B8%D1%82%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D1%8C%D1%86%D0%B0_%D0%9B%D0%B5%D0%B2%D0%B8#cite_note-1
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   –    ,   
 .  

        ,   
       

 ,      . 
          

      
      , 

     .  
  –  –   , 

    . 
 
1.3 ,     
 
1.3.1  SNCA 

         
     

  -  [22].   
 ,     

  ,     -
,        

      . 
-  –   ,  

     .   
   ,   , 
    [23]. -     

     –   . 
  -    1%    

   . ,   -  
(SNCA),     (  4q21)     

,     ,   .  
       (140 

, 126   112 ),    
 140-  [24].  

 , ,        SNCA 
 .   SNCA     

,     50 .  ,   
   SNCA     ,  

     . 
      SNCA     - Ala53Thr 

(A53T), Ala30Pro (A30P).     ,  -
      (misfold). 

     SNCA      
.    SNCA    -
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.          
. 

  -       
  1997 .    SNCA,    -

  .   -  (A53T) 
    -   [25]   

            
-   .     

: A30P –     E46K –   -  
.      SNCA   

.  2011       15   , 
    SNCA.  

        
  SNCA,    -  

 .  ,      
         SNCA. 

       :    
  SNCA       40 

        [26].   
  SNCA     (  40 )   

       . 
  SNCA   1,5%    

  [25].    ,   SNCA,  
        SNCA 

    - ,    
   .  ,     

  SNCA       
  - ,      

[26]. 
   -    

.      , 
      .  
     

,    ,   ,   
   .   , , 

   Rab    ,   
 SNARE.    SNARE    

          
 .    ,  

        ,  
    [27]. F. Kamp  . (2010)   

 Caenorhabditis elegans (  )   
 -  ,       

   ,     
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      . , 
 ,   - , 

  PINK,   -   
 PINK1 G309D.    -  ( 53 , 30 ) 

      
,  ё     

-  ,      
    . 

      
  ,   SNCA,    

.    -   
   ( , )   

  SNCA ,   -
-      

  [28].  
 
1.3.2  LRRK2 

         
 LRRK2  (leucine-rich repeat kinase 2, .),  

  [29].         
-        - 

   ,         
  .      

 G2019S.          
   ,         
          
.  G2019S     

   1-2%     
   5-7%    ,    
  .     G2019S  

  ,          
      XIII  [30]. 

 LRRK2    (2527  , 
286 ),    ,      
GTP .         
LRRK2- ,         

  .  LRRK2     ROCO, 
        ROC  COR. , 
 LRRK2   ,   GTP  ,  

  . LRRK2 –   ,   
 - , , ,   

GTP /   ,  , 
  -  , , -  

. 

http://medbiol.ru/medbiol/slom/00021c14.htm
http://medbiol.ru/medbiol/slom/00017770.htm
http://medbiol.ru/medbiol/slom/0005b9b0.htm
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   LRRK2      
  -   ,     
         .  

     LRRK2 (  75%  )   
   G6055A,      

 2019   (G2019S)   .   
     5–7%      0.6–1.6% 

 .    , , 
     - ,     

    30–40% [30].  ,   
G2019S      .    
  LRRK2   50  [31].   (   

- ),    ,   
      .  ,   

 LRRK2       [32]. 
  LRRK2,    12q12,   

 PARK8,        
  -   . 

      LRRK2     
        5%  

    0.6%     G2019S [32].  
   ,   ,      

           LRRK2   
  .   ,    

 ,   -       
  .    ,      
 G2019S   LRRK2,       .    

     G2019S   
  .  , ,    

  -   ,     
,      ,   , 

  G2019S LRRK2.       
      

    ,    
-       

,        . 
,    α-    

      (S87, Y125, S129, Y133, 
S136).    ,   
Ser129 (S129).  S129     

  α- ,    α- -
        . 

  LRRK2  α-    
    .   ,    
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 LRRK2,  ,  LRRK2    
 α- .     [33], , 

  ,   LRRK2,   
  α-    S129. 

 
1.3.3  PINK1  
PINK1 (phosphatase and tensin homolog (PTEN)-induced putative kinase 1) 

    PARK   1 35- 36    
  -   ,   

   (   32-48 )   
 .   8      581  

 (63 ),   PTEN-   
(PINK1).   PINK1   1-7%   

   ( ) (    ),  
       

   . PINK1 -  ,   
     

 .     PINK1 
          

     ,   ,   
           

 [34].  G411S       (  45 
)   .      

  PINK1   Ser-402   
.   PINK1    

    (  2).  (PARK2), 
  3- - ,     

 ,        
   .  , PARK2  PINK1 

    ,       
   . , ,     

 
 

 2 -   PINK1 
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        , 
     , ,   

 [35]. 
 
1.3.4  PARK7  

   PARK7 (DJ-1)       
,          ,  

    .  DJ-1   189   
 ,      

;       ,   
 .       

,        DJ-1, 
   1 36.      , 

        
       .  

   -   14 . . .,   1-5 , 
   .   -   L166P 

-       [36].     
      DJ-1 - A104T.      

          
,       .   

     .      
DJ-1      1%      

. 
  DJ-1   , , , 

         
 ,      -   

     .     , 
       PINK1/      

[36]. 
 
1.3.5  PARK2 

  (PARK2)     465  - 
 -E3- .      

 ,      
PINK1 –     -   
( . . 2) 

 PARK2   12      500 
. . .          

   .    
       .  

PARK2,    6q25.2-27      
  – -  ,    

.  PARK2   15%   4% 
      40  [37].    

http://medbiol.ru/medbiol/slom/0005b1ee.htm
http://medbiol.ru/medbiol/slom/0005b1ee.htm
http://medbiol.ru/medbiol/slom/00017770.htm
http://medbiol.ru/medbiol/slom/0005a98d.htm
http://medbiol.ru/medbiol/slom/0005bd2e.htm
http://humbio.ru/humbio/ng_genet/00028bb8.htm
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   –       .  
       

 ,      
      [38].  

   ,       , 
        . 

          
,       , 

   .      
  , ,    ,   

.       ,   ,  
     .  

       
, . .         

  I        
.     I   

        . 
 « »      

,    .   I   
MPTP       

       .  
       I  

  . 
 
1.3.6   ATP13A2 
       -  

      
    ,   

,     .  PARK9,   
 - ,    1 36.  

        
        -

 –   13 2 (ATP13A2).     29 . . .  
 29 .      

  22 . .    -  -,   
-      

    .    ATP13A2  
Caenorhabditis elegans      

 - ,    ATP13A2    
   ,      

       
 .   ,   

   ,    [39]. 
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1.3.7   GCH1 
 GCH1 (   1)   6 ,  

 14            - 
       .  GCH1 

      .    
         

 . 
       

.      
        

  .  ,   
     ,   

    ( ).  
      

   ,    
(   ).     

   .     
    , 

 –        ; 
  , , , 
  ,   ё  -

     (  ё ) [40]. 
      .  

1994 .  -     . 
,         

  – -  1 ( -1,  GCH1).  
-1     - ; 

,   ,     
 ( 4) –  - , 

      ( .3).  
 

 
 3 -    

 

     GCH1    
     ,    

       [41].  
     40-50%    

  , . .      

http://medbiol.ru/medbiol/slom/00014458.htm
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-1       40-50%  
.     ( ,   G201E)  

   20%  .  
     [42]   

11   , 6      .  
        

    GCH1     . 
   GCH1         - 

0,52%,    – 0,15%.  
 
1.3.8   UCH-L1 
UCH-L1 (Ubiquitin carboxy-terminal hydrolase L1)    

 ,     C-  
     .  

UCH-L1        
    .       

 (  1-2%     ),  
    /  [43].   UCH-L1 

    90,    176    
 161,      .  

  I93M,       
     .    , 

             
 [44].  ,  ,   S18Y   

    , . .   
  .    

  S18Y UCH-L1      
. ,     , , 

,  , ,     -  
 [45]. 
        S18Y  

    L1     
    .     

 1970      2224   
 .       

S18Y  .    Y/Y  Y/S  S/S)  
  0,84,      Y/Y  S/S  

Y/S    0,71.      
   .   ,  UCHL1  

,      ,    
         

[46].       . 
   ,    ,  

 S18Y   UCHL1      [47].   
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1.3.9   CAV1  CAV2 
 CAV1  CAV2   .   
    – 1,2  3 .    
  ,      

ё    ,     
.  CAV-1    -    

   -  Ras- .  
CAV-1  CAV-2       7   

  ,   [48].  
    , , ,  

      [49]. 
         

.       ,   
,     -

  CAV-1 [50].  CAV-1    
  ,    ,    . 

     -E3-   
    CAV-1,    

-1  2  .       
        ,  
  .  ,     
,    [51]. 

 
1.2.10   GBA 

 GBA ( )       
         MRC-Holland . 
   ,        . 
  .     (GBA)  

       
  ( ).  GBA     

 6–7     [52].   ,  
          

 4–5%    [53].     
GBA     ,     

   -   . 
 GBA   11      – 

,     .  
   ,    GBA, 

    ,   
     , ,   

,       - , 
        
  (  4).  

 

https://ru.wikipedia.org/wiki/%D0%A5%D0%BE%D0%BB%D0%B5%D1%81%D1%82%D0%B5%D1%80%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D1%84%D0%B8%D0%BD%D0%B3%D0%BE%D0%BB%D0%B8%D0%BF%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B4%D0%BE%D1%86%D0%B8%D1%82%D0%BE%D0%B7
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BD%D1%86%D0%B5%D1%80%D0%BE%D0%B3%D0%B5%D0%BD%D0%B5%D0%B7
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%82%D0%BE%D0%B3%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D1%83%D1%81
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[         
.       .  

  ,   , 
  "   ".]  

  
  

   
  
  

   
     

536
87 45 312 5 6 8 46  [       

  .      
 .    ,  

 ,   "   
".]  

  
  

   
  
  

   
     

536
87 
45 312 5 6 8 46 87 96 5 3 1 4 87 6 5 32

1 54 87 6 35 21 45 8 6 5 3 21 568

65 89 32 65 32
. .

. .

. 10365984512 6 8 451 6
8 4 5 1 2 5 68 97 45 12 5 68 4 1 2

65 84 12 5 6
87 96 5 3 1 4 87 6 5 321 54 87 6 35 21

45 8 6 5 3 21 568

65 89 32 65  [       
  .      

 .    ,  
 ,   "   

".]
 

 

 
                 4 -   GBA    

 

 2004    ,     
         
    [54].    ,   

   ,        
GBA,     .    

      [55, 56]. 

     GBA   300 ,  
 , , ,   , 

 . ,       
      ,      

    MLPA-   MRC-Holland.   
    .     
  A1226G (N370S)  T1448C (L444P)    

 ,  45  23%  ,  [57]. 
    GBA      

    ,   
  . , ,      

T1448C (L444P)  5%,   A1226G (N370S) – 13% [58]. 
  –       

     , . .    
          
,  .  
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2    
 

2.1   
    ,   

   25   ,   
  -  . .     

 . .      , 
 -  . .     

      Brain Bank [4]. 
 25   15   10 ,   

 – 60%  40% .     – 
52,4±11,3 .           

,  ,    ,    
,         –  40 . 

    ,    
,    MLPA- . 

  
2.2    Promega Wizard Genomic DNA 

Purification Kit 
 MRC-Holland    MLPA-  

         
  Promega - Promega Wizard Genomic DNA Purification Kit. 

      . 
        (   

300 ): 
1.   ,      900  

Cell Lysis Solution. 
2.   (    )    

,    ,  
  300      ( . 1) 

3.        
    ,     
 ,        

 ~ 1-2 . 
4.    5 .  10 . .  

     ! 
5.      ,   

 ,     ,    
   . 

6.     500  Cell Lysis Solution,  
      30 . – 1  

7.  . 4,  .     , 
    (10-15 ) 

8.  300  Nuclei Lysis Solution  ,  
 .   ,   
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.     .     
 ,    37°C   ,    
  .       1 ,  

 100  Nuclei Lysis Solution   . 
9.  100  Protein Precipication Solution    

   10-20 .      
  . :    6   

 Nuclei Lysis Solution,     130  
       300 . 

10.   13000-16000 g   3    
.    -    

11.     1,5   
,  300    . 

12.      ,    
     . 
13.   13000-16000 g   1   

 .       . 
14.     300  70% .  

   ,    .  
     . 13. 

15.    .     
  ,        

.        
      10-15 . 

16.  100  DNA Rehydration Solution    
 ,   65°C   1 .  

 ,    .   
          

   4°C. 
17.    2-8°C. 

        
, . .  MLPA-     
 ,    .  
    50  250 ,     

   50-100 . 
 
2.3    

    ,   
  ,   .  

  ,    
 .      

 . 
      Quant-

iT™ sDNA AssayKit  Qubit (Invitrogen)   
 : 
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     . 
1.    0,5    (n),    

  2 .       
. 

2.   : 1×n   + 199×n   
3.   :  
)   190    + 10  ; 
)   : 199 –180    + 1 – 20  

 
4.  2 –3 ,  . 
5.  2 . 
6.  Qubit  .      , 
       . 

7.    (ssDNA HS Assay),   ↑  ↓. 
 GO. 

8.  : 
)    – Use last calibration.  GO. 

 
)   : 

-   №1,  GO; 
-   №2,  GO. 
9.   ,  GO.    . 
10.  . 
11.     ,    
 GO. 

 
2.4   MLPA-  

 MLPA-      6  : 
, ,  , -  

 4 - MLPA-  
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 - ,     
  ,      

  Coffalyzer.Net. 
       

 ,      
    c   ,  

.     ,    
    (  50 ).    

 ,        
   .   

,    ,  ,   
 ,      

 (  4). 
        

        .   
        
.   

 MLPA-      .   
 (  5)   :  

 

 
        5 –  MLPA-    

 

         ,  
    .  
1.   .  

       
     .  

    ,       
,     « »   .    

   ,     
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. 
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 16—20       , 

     — .  « »   
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        ,   
         

   . 
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    - ,    
 ,   .  

  - ,    
    , . .     
 ( ) ,     .  

      . 
 -       

  ,         
.        
    ,        

   ,   
.     ,    

    .      
     , ,   

,   ,  . 
4.  . 

        
 .       . 

      .   
  .    -   

    « » —  ,  
          

,    .   
      -     
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5.   . 
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     MLPA- . 

 
2.5       
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   : 
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