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1(0,7%) /   

,  4 
(#612164) 

22
FGF12 p.Thr181Ala 

p.Arg114His 

2(1,4%) 0.000813
0
/

  
,  47 

(#617166) 
23

EFHC1 p.Thr30Met 

1(0,7%) 0.01342   
 (#607631) 

  
 (#254770)

24
KCNQ2 c.1632-1G>A 

1(0,7%) /   
,  7 

(#613720) 
25 CDH15 p.Arg775Gln 1(0,7%) 0.002079 ,  3

(#612580) 
26 MECP2 p.Pro387fs 1(0,7%) /  » (# 312750)

13 

 

II.   ,   
     

     :
1.  ;
2.     (  ,   

,  );
3.      (    

,  );
4.    ;
5.    .

      
 ,       

.
        

         
 : , ,    ,  

,   .      ,    
    ,     , 
   .     

        .
         

  .
        

  .
    :

1. .       
      ,

  ;
2.   .     

     -  . 
 ,      

       . 
           

         
   ( )   ( ) . 

        -
.           

         
.   :    ,  
 ,    .     

       ( , 
)     ( ,  

   ). 
      :
 :

1)        
2)          

   (  - ),      
       

:
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-   
-    ( / )
- /
-     
- , 
-  /  
3)  /
4)  
5)  

 :
1)
2)
3)
4)     ( , )
5)    ( )
6)     ( )  60 /
7)  
8)      /  
8)   , ,   -    ,  

,   ,   
9)   , 
10)    
11)   (  ,   , 

 )
12)  ( , - )

 , , - ,    
       
  .

-   -   
      

       ,   
  .     
 ,       

.  ,      
        . 

     -    
,       ,  
    ,    .   

 : -      
  (copy number variations - CNV)     , 

    ( :  
,     ,  

 , -  )  
   (next generation sequencing - NGS). 

 
       

 ,        
     .    

   ,    
   ,     

 .

27 

 

   ,       
,        .

     NGS     
   (Ilummina, USA),   

    ,   ,    
         (  500 

  ),      (  ,  
,   ,      

 ,       .   
  180   (  20000 ,  

  1%    30   ). 
     85 %   ,   .   

 2017-2018 .   «  . .   » 52   
      «  

»       Ilummina. 
  3     ,     .

 3.   ,      
 (N=142)

n%   (OMIM) 

1
ALDH7A1 p.Arg82X 

p.Glu399Gln 

- 1(0,7%) \ *
\

-  
 (#266100)

2
CDKL5 p. Tyr286X

1(0,7%) \   
,  2 

(#300672) 
3

CNTNAP2 p.Gly285Ala 
p.Ile1331X 

 2(1,4%) 0,005
\

  –
   

(#610042)
- -   1 

(#610042) 
4

DOCK7 c.1872-8G>T 
p.Pro2074Leu 

2(1,4%) \
0,009 

  
,  23 (# 

615859) 
5

GRIN2B p.Arg1138Gln 
p.Arg1241Trp 

2(1,4%) 0,0002 
\

  
,  27

(#616139) 
6

HCN1 p.Ser403Leu 
1(0,7%) \   

,  24 
(#615871) 

7

CLCN2 p.Tyr134X 

1(0,7%) \  , 
   

 
  

(#607628) 
8

SLC25A22 p.Thr171Pro 
1(0,7%) \   

,  3 
(#609304) 

9

NRXN1

p. Ile649Val 
p.Leu748Ile 
p.Asp5His 
.2347+4 T>C

 
 

3(2,1%) 0,0006 
0,003

\
0,000411

- -   2 
(#614325)



V. -   
    

  NGS
           
   ,  , ,   , 

      
    

.   
          

 .       
,        ~ 60%    

        
.

 2014-2018 .   «  . .   » -
  142  -   

,       
   .   :  

,    , - ,   
  -   (   «  

»,  ).  
        

          
.   ,       
   ,    

    .
      

  2014-2016 .    «     
    »  

      «  
. .   »    34  (ARHGEF9, A2BP1, 

ARX, CDKL5, CNTNAP2, DLGAP2, FOXG1, GABRG2, GRIN2A, GRIN2B, MAPK10, 
MECP2, NRXN1, PCDH19, PNKP, RNASEH2A, RNASEH2B, RNASEH2C, SAMHD1, 
SCN1A, SCN1B, SCN2A, SCN9A, SLC25A22, SLC2A1, SLC4A10, SLC9A6, SPTAN1, 
STXBP1, SYNGAP1, TCF4, TREX1, UBE3A, ZEB2),     

 90      ,   .  
( )  ,      , 

        
    ( )  .  

      
,          , 

     .
       454 

Sequencing GS Junior (Roche)     NimbleGen. 
          

     (Roche).
       

  : CDKL5 (n=4), CNTNAP2 (n=11), DLGAP2 (n=11), GABRG2
(n=4), GRIN2A (n=7), GRIN2B (n=14), MAPK10 (n=3), MECP2 (n=1), NRXN1 (n=7), 
PCDH19 (n=6), PNKP (n=4), RNASEH2A (n=5), RNASEH2B (n=2), RNASEH2C (n=2), 
SAMHD1 (n=1), SCN1A (n=18), SCN1B (n=4), SCN2A (n=7), SCN9A (n=15), SLC25A22
(n=3), SLC2A1 (n=6), SLC4A10 (n=2), SLC9A6 (n=2), SPTAN1 (n=10), STXBP1 (n=4), 
SYNGAP1 (n=6), TCF4 (n=3), TREX1 (n=2), UBE3A (n=3), ZEB2 (n=2).   15 

 

      
  ,     

     .     
         –   

 ,      
  ,      .
      ,  
 de novo,       

.        
      (FISH-

,   ).
     FISH-     –    

     , 
     (  

    )     – .  
         

 .
  

   ( )     
       

,      -
 .

       
   ,    ,   

    .
         

    ( , )   .   
 , ,     

   .
       

  :
   :

1.   ;
2.  ;
3. ;
4.     ;
5.   .

     (   
):

1.    ( , );
2.  ;
3.    ;
4. / ,     

 .
       

        
 

1.    ,   
 ;

2.          
   .      

 .
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 ACMG Standards and Guidelines for constitutional cytogenomic 
microarray analysis, including postnatal and prenatal applications: revision 2013; American 
College of Medical Genetics standards and guidelines for interpretation and reporting of 
postnatal constitutional copy number variants. 
1.  CNV.        

,           
   . 

2. CNV    –     
CNV,        ,   

.       
:   ; , , 

  ; , , 
   (  ).

3.  CNV.   ,    
       ,  

       /  CNV  
  . CNV   ,   

  1%   . 
 ,     : OMIM, 

ISCA, DECIPHER, GeneReviews, Database of genomic variants, PubMed.
-    ,   

         
,        

     (    
 -  )   - (  

       
 FMR1). 

   - next generation sequencing - NGS  
      

       
 ,  . . . ,    

       , 
       . 

      ,    
     .   

         (    
  ).     (NGS) —

        
  .  NGS  « » 

    ,      
   .   NGS    

        .
       

 : HiSeq, MiSeq  NextSeq 500 (Illumina), Ion torrent (Thermo Fisher 
Scientific)  SOLiD (Applied Biosystems).       

   ,  : ( )    
   ,      
       , ( )   

       
       ,   

    ,     
25 

 



24 

 

 2.    -  
     GLUT1

  
 1  2  3  4  5  6

  
 

6  9 3  3 9  9 4 5 3  8 

 6 1,5 1,5 1  2 1,5 11 

  
, 

 
, 

  
  

 
, 

, 
 

  
 

, 

 
, 

, 
 

-
 

 
, 

, 
  

, 

 .

 
,  

 
 

«
  

»  
 

, 

 
+ + + + + +

 - + + + + +

- + - - - -
- + - - + +
- + - - - -

 
- + - - + +

 
  

1,8 / . . 1,7 / 2,0 / 1,3 / 1,7 /

 
 

3 1 3 2,5 . 1  

  
 

, 
 

 

 
, 
 

 , 

, 

 
, 
 

 

 
, 
 

 , 

. . . .

  
 SLC2A1

.1305-
1306insTGAA
GA
(p.V435VF1) 

c.115-2A>G  
(IV S2-2A-G)   

c.101A>G 
(p.Asn34Ser) 

c.400G>A 
(p.Gly134Ser) 

17 

 

  ,  ( )     , 
    ,    

.        , 
     ,   

   .
NGS       

 .      500 ,   
     .   

 ,  ,   
         

   . NGS   , 
          

\   -    (  ). 
    

    ,    
  .   

  ,     
 ,    ,         

  .      
    ,       

   . ,  
  ,   

,         
 .

 «  »
1.   500 ,       

  ;
2.   ;
3.   ;

   :
1.   ;
2.     ;
3.    ;
4.        

   .
   :

1.    ; 
2.          6 . 

    ,       
 ;

3.         
 ; 

4.        
 ( ,  );

5.      ,   
,       

.
  

  (Exome sequencing) –    
   ( ).  (180000    30 . 

 )   1%  ,       
    ,    99%. 
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    :
1.    ;
2.   ;

  NGS (   ):
1. ,      ;
2.   ; 
3.     ;
4.  ;
5.       ( ,   

).
      

   NGS     
   

1.    ,   
 ;

2.          
   .      

 ;
3.     ,     

          
   .

 NGS 
  - ACMG Standards and guidelines for the interpretation of sequence 

variants: a joint consensus recommendation of the American College of Medical Genetics and 
Genomics and the Association for Molecular Pathology; Guidelines for diagnostic next-
generation sequencing; Standards and Guidelines for Validating Next-Generation Sequencing 
Bioinformatics Pipelines: A Joint Recommendation of the Association for Molecular 
Pathology and the College of American Pathologists; 

, .
    6      

 ACMG:
 1 –
 2 –  
 3 –     
 4 –  
 5 –
 6 – ,   .

 ,     NGS:
1.      : OMIM, ClinVar, 

Orphanet,         
  ;

2.   : Polyphen2, SIFT, MutationTaster, 
PROVEAN; 

3.       - «1000 », 
Exome Aggregation Consortium  Genome Aggregation Database.
    ,   NGS  

      ,   
   (   ),    

    (      de
novo) –    .

23 

 

4.  ,  ,  
,      ;

5.    ,    
        

 ;
6.       (  2,2-3,3 

/ )      .
    « -  

     . . -  » 
 6      

 I  (   ),      SLC2A1.
   -    

   2.
         

        GLUT1 
(   ,     ).  

        –
 ,  ,      

 .  ,  ,   . 
 ,       . 
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 .       
 GLUT1,       -  , 

      .   
,         

   ,   .  
        ,   

   .  ( )  
  .    ,  

      
.    :   

 , , ,  ,   
.

        , 
     ,        

   . 
 .      . 

         
 .    .   
  GLUT1,  ,      

   . 
 .      

GLUT1  , , ,      
.      

   ,    . 
    (      
    (      9  

        
 GLUT1.

 SLC2A1 -  ,    ,  , 
   GLUT1.  SLC2A1,  GLUT-1,  

  10   9 ,     1  
(1p34.2).   150    SLC2A1,    

 GLUT1.    - , -
,     / ,   
   ( .1).       

de novo    SLC2A1.       GLUT1 –
  -   ,    

 (      SLC2A1)     
.

 1.        
SLC2A1 

    
 

SLC2A1  48/54 (89%) 
 / 6/54 (11%) 

       
   SLC2A1:

1.      1  6 ;
2.   , ;
3.  ;

19 

 

III. -   SCN1A-
 

  ,   -   
,     ,    

      ,  
   ,    :  -

   ( , , , );  
       ( -

  ( ), , )  . 
 -       , 

     .  ,  
       

  .    SCN1A, SCN2A  SCN1B   
       ( +, 

OMIM: #604233)      ( , 
OMIM: #607208).    SCN1A   10-20 %  +  80-
90%   . 

     -      
  SCN1A-  .  ,  , 

    ,      
.

        
 ,      SCN1A.  

     ,   
( -  ),  -  ,  , 

-  . 
  -      

    ,     
       

   ,      
   .    Ch. Dravet  

1978      .  –
1:20000-1:40000 ; -     

 (70-80%);    25%      
        . 

       ; 
  -     ;  
   2  ;    

  ,      
,  , , -    

.  95%      de novo    
SCN1A.

      ( +) - 
  -     .  

  —     SCN1A, SCN2A, SCN1B, 
GABRG2.        .  

  ,      —  4   6 . 
    -  .  

    ,     
     :  

 ;       
    ;   ,   
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 ;    , ,  
.       . 

    10–11 .     
          

,        
 .

 SCN1A  1    
  (OMIM:182389),     2  

(2q24.3),  -   – 6030   (  26 
).      1000   SCN1A ,  

     ( .1). 

 1.     SCN1A 

   SCN1A-     
   SCN1A .

       -
       SCN1A  

   :
1.         

  1  ;
2.    ,    

;
3.     - ,  

 (  ,   ,  
  );

4.       : 
 , ,  ,  , 

  .    –
 (   4 )  , 

    ,    
;

5.        ;
6.       –  

,       
  .

 2010-2018 .   «  . .   »  
-    SCN1A  220 .  
     SCN1A,     

    .
      SCN1  220  

 35 (15,9%) . 

21 

 

IV. -    
     

(   ; OMIM # 606777)
       
    1952 ,  Widdas et al ,  

        -
    .       

   .
         Na+ 

(SGLT),       .  
  SGLT: SGLT1, SGLT2  SGLT3. SGLT1 (  22q13.1)   

   -  . SGLT2 (  16p11.2),  
  SLC5A2),   SGLT1,      

 . SGLT3 (  22q12.2-q12.3)    
     .
   -      

GLUT.  -       
     . 
    12  GLUT.  GLUT1   

  ,       
      , GLUT2   

   – , GLUT3      
  , GLUT4  -  

   ,     ,  
    , GLUT5   

,   .  GLUT7     [18-
20].  

     1     1991 .   
     100   . 

     1 (GLUT1 deficiency syndrome, 
  , OMIM #606777, ORPHA71277)    
 ,      

 ,  ,  
  , ,    . 
  GLUT1  2  :

1.  (~ 90% ).     
  1  6   ~ 70% ,    2-    ~ 90%,   
  2-    ~ 10% .    

   , , 
    ,  , 
  ;

2.   (~ 10% - 15% ).    
     ,    

     ,  
 , , ,   

.
    GLUT1    

         
 .       GLUT1,  
     ,    

       .


