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ABSTRACT 

The master's thesis on the topic «Determination of somatic mutations by the 
method of fragment analysis in patients with a diagnosis of AML" contains 56 
pages of a text document, 34 illustrations, 8 tables and 84 sources used. 

ACUTE MYELOID LEUKEMIA, FLT3 GENE, FLT3-ITD MUTATIONS, 
FLT3-TKD MUTATIONS, SOMATIC MUTATIONS, FRAGMENT ANALYSIS, 
SANGER SEQUENCING, ALLELE BURDEN. 

The aim of the work is determine of somatic mutations in FLT3 gene by the 
method of fragment analysis in patients with AML. 

Based on the goal, the following tasks were formulated: 
1. Develop a test system based on fragment analysis to detect ITD and 

TKD mutations in the FLT3 gene in patients with AML 
2. Analyze the DNA of patients with AML for the presence of FLT3-ITD 

mutation with determination of allelic burden level using the developed test system 
3. Analyze the DNA of patients with AML for the presence of FLT3-

TKD mutation with determination of allelic burden level using the developed test 
system  

4. Compare the results of the mutation analysis in the FLT3 gene 
obtained by fragment analysis with the corresponding results obtained by other 
molecular genetic technologies. 

The relevance of the thesis is that somatic mutations in the FLT3 gene are 
associated with an unfavorable outcome of the disease in patients with acute 
myeloid leukemia, which is especially affected by the allelic burden of mutant 
allele. Thus, it is important not only to detect mutations, but also to quantify them. 
Therefore, in this area, fragment analysis has clear advantages over Sanger 
sequencing. 

In the work test system was developed for the identification and quantitative 
analysis of ITD and TKD mutations in the FLT3 gene based on fragment analysis. 
Using the developed test system was possible to identify FLT3-ITD mutations in 5 
patients (2 of which are children) from 18 cases of AML, to determine the tandem 
repeat length in each sample and the allelic burden level of the mutant allele. 
However, no FLT3-TKD mutations were detected in the group represented. The 
results obtained using fragment analysis are fully consistent with the results 
obtained by other molecular genetic technologies. Using 19 samples as an 
example, the advantage of using fragment analysis to study mutations in the FLT3 
gene before Sanger sequencing was shown. 
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 1 –       
 (  ) 

    
  

   * 

•   t(8;21)(q22;q22); RUNX1-
RUNX1T1 
•   inv(16)(p13.1q22)  
t(16;16)(p13.1;q22); CBFB-MYH11 
•     
t(15;17)(q22;q12); PML-RARA 
•   t(9;11)(p22;q23); MLLT3-MLL 
•   t(6;9)(p23;q34); DEK-NUP214 
•   inv(3)(q21q26.2)  
t(3;3)(q21;q26.2); RPN1-EVI1 
•  ( )  
t(1;22)(p13;q13); RBM15-MKL1 
•   BCR/ABL1* 

•     NPM1* 
•      
CEBPA* 
•     
RUNX1* 

 

 
      – , 

      ,    
 .      -  

 ,      ( 3) 
 t(15;17)(q22;q12), PML-RARA,   98 % . 

        ( 2) 
  t(8;21) (q22;q22), RUNX1-RUNX1T1  40%   

t(6;9)(p23;q34), DEK-NUP214  1%.       
  t(8;21)(q22;q22)  t(6;9)(p23;q34)   

  [7]. 
       

   .    
 ,    : 

 ,   , 
 ,   .   ,  

     
   .     

 85 %      10      [8]. 
      

     .  
, ,  ,  , 
   . [9].     

  , , , 
 ,  .     

       
      (     

  ) [10]. 
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     , 

   .      
 :  ,     

[11].     1-2     
   .    

,         
   5 %   (  

  21-28-  ) [12].        
«7 + 3»,   ,  ,  (7 

)   (3 ) [13].      
    ,   

 [14],        
  .     

       
   ,     

.     ,   
       

  .  50-65%    
     ё    

,    –  70-75% [15].   
        

    -  
   [16,17].     55-60 

   :    
,      5-7% [18,19].  

      , 
         .  

     11-20  
( ) [20,21]. 

    3-5   100 .   
 [22],     80    12-13  [23].   

   10500    [24].  
 ,       

5000     [25].  ,      
 1,5    (4,6  3,0   100 000  

 ) [26]. 
 

1.2      
 

       
     .    

 ,  ,    
  .    ,   
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   ,  ,  ,  
  .       

  – t(15;17)(q22;q12)    
.         

 ,      
   (ELN) 2017  [4] (  2). 

 
 2 –      ELN, 2017 
    

 

• NPM1«+»/FLT3-ITD«-»  FLT3-ITD«+» ( ) 
•   CEBPA 
• t(8;21)(q22;q22); RUNX1-RUNX1T1 
• inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11 

 

• NPM1«+»/FLT3-ITD«+» ( ) 
• NPM1«-»/FLT3-ITD«-»  FLT3-ITD«+» ( )   

   
• t(9;11)(p22;q23); MLLT3-KMT2A (  MLLT3-MLL) 
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•   
•   
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• T(v;11q23.3); KMT2A (   
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• inv(3)(q21q26.2)  t(3;3)(q21;q26.2); RPN1-EVI1 
• t(6;9)(p23;q34); DEK-NUP214 
• T(9;22)(q34.1;q11.2); BCR-ABL1 
• NPM1«-»/FLT3-ITD«+» ( ) 
•  TP53 
•  RUNX1 (      

    ) 
•  ASXL1 (      

     
 

      :    , 
 ,     

,   –  ,    . 
  I     ,  

   .  , 
  ,        FLT3, KIT 

 RAS.      ,   
    ,       

    .   
   ,     

 ,    -  .  
 ,     , 

  [27].      
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,   ,     
 (   )  ,   

     (  
).  ,      

 ,       
:          [28]. 

       FLT3, KIT  RAS. 
   ,   
 ,    II  ,      

NPM1  CEBPA.        
   DNMT3A, TET2, IDH2, WT1, TP53   .,  

    .     
      « », 

       [29].  
 ,      , 

    ,     
,       

    .       
  ,      
 . 
      
 , , ,   

    ,   
,   .    

           
 [30].        

,        
. 

       
      :   

     30% ,    
    40-50% [31].   

 60%       NPM1, 30% –   
FLT3, 15% –   CEBPA  15%    (  1).  

          
  : FLT3 (39%), NPM1 (33%), DNMT3A (31%), 

NRAS (22%), RUNX1 (15%), TET2 (15%), IDH2 (14%), WT1 (13%), ASXL1 
(11%), PTPN11 (10%), SRSF2 (10%), TP53 (9%), CEBPA (8%)   [32, 
33].  
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 1 –        

 ,       
  ( , NPM1),   ,  FLT3 

,      . 
        

 . ,       
   .       de 

novo  ,   50%  3    
  [34].  Tripon et al [35]      

    .   
  FLT3-ITD (   86%)  D835, NPM1 (42%)  

DNMT3A.   FLT3-ITD      
 .   , . .  

Mevatee et al. [36]  100   ,    
,      FLT3 + DNMT3A + 

NPM1.         
    . , Loghavi et al. [37]  , 

       NPM1 + DNMT3A  
       FLT3-ITD + NPM1-

 .   ,  ,   
     ELN [4].   

       2.  
 

 
 2 –      FLT3  NPM1 



14 
 

 
  (2016 )   . [32] ,   

40%     NPM1  FLT3  
 ,     [38].   

    . 
 

1.3 FMS-    (FLT3) 
 
FLT3 (fms-   3),    

-1     -2 , 
     ( TK)  III.  FLT3 

     . 
     : 5 

      
 ,  ,  (JM) 

,   ,  2   
(TK1  TK2),      C-   

   (  4) [39]. 
 

 
 4 –     FLT3 

 
  FLT3 (  FLT3  FL)    1993 . 

FL      ,  
  ,       

[40]. FL       , 
  ,    .   

    ,    Kit (KL). 
,    in vitro -    

FL,    KL,     
 ,        

[41].   FLT3    5.  
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 5 –    FLT3: 

 –  ,  –   
 

   (TKD1  TKD2)    
,       ( - ).   

 JM    ,   -
,     .   

    ,   
   JM ,  ,   

.      
  ,   ,   

   .    MAP-  
 AKT .   STAT ,     

    FLT3 [42].  
 

1.4     FLT3 
 

       FLT3,  Nakao et al. [1] 
     FLT3  30    

         
.      (    

  ).  (ITD)     
 (  3 bp   > 400 bp),       ,  

     JM,   14  15. 
  ,      1236 bp [43],    JM 

  70%  ,    
    1 [44].   

,  FLT3-ITD        15-20% 
 [2]. 

  ,     FLT3,  
     20     
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  2 (TKD).       
     D835  I836,    

 9   (  6).     6,4% 
 7,7%       [2]. 

 

 
 6 –     FLT3: ITD –    JM  TKD – 

   -  
 

 FLT3-ITD  FLT3-TKD     – 
      

  .  -       
  .  ,      

 «  »  .   JM  FLT3-
ITD       ,  

      ,  
    .    

 -   FLT3-TKD    ,     
JM      [45].  ,   

      ,  
     [46].  

    ,  
  ,      

[47].    Janke et al. [42],   
   FLT3-ITD  100%,   FLT3-TKD 

  14-42%.   FL  FLT3-ITD   
 ,  FLT3-TKD –  ,    

  (100%). FLT3-TKD    MAPK  
AKT       (WT),  FLT3-ITD – STAT . 

  ,      
      
  FL [48],     

   FLT3,      
. 
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   ,  FLT3-ITD  
     .   

        
    [49].   7  

    FLT3-ITD     
 :       

,     [50].    
      .    

,    15 bp     
[51].          

     .  
  

 
 7 –     FLT3-ITD     

  (0,32  32% –    ): 
 –  ,  –   

 
       FLT3-TKD-  

 ,   ,     
      ,    

     [52].   
      . 

        FLT3 
  30%   .    FLT3-ITD  

       .   
     12,6% [53],    

– 18,1% [54].         
      [55, 33].  ,  

,   FLT3-ITD    
 (  8):         1%, 7% –  

  5 , 17% –  10  20 ,     30%.  
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  FLT3-TKD    5-8%   
   [2] 

 

 
 8 –   FLT3-ITD  FLT3-TKD (   

 FLT3-ALM )   

   FLT3     ,   
       M2, M3, M4  M5 

   [53, 54].     
   10% ,    ,   

   [56]. 
          

JM,          [57]. 
 

1.5 -   (NPM1) 
 
NPM1 –   ,   
   .  -     

 (  ),      
,   ,     p53  

   (  9) [58]. 
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 9 –     

 
 B23.1  ,  , 

   . N-    
 ,     

 NPM1   ,    . 
   2  ,    
,       

 . -     288  
290,      NPM1   
[59].    (NLS)     (NES) 

      (  10). 
 

 
 10 –    NPM1 

 NLS      ,   
    (  288  290)    
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.   NPM1  Crm1 (exportin 1) [60]. 
,    NES, NPM1    

,         , . . 
 NES     Crm1. 
 

1.6     NPM1 
 

,     ,   
     (  11).    

   NES   -  ,  
    Crm1.      

    288  290 ,  ,    
.          
 [61]. 

 

 
 11 –    NPM1 

 
      [62]. 

     12 ,    
        

   ,     -   
 288  290 [63].    NPM1   25% 

    35%     [64, 65],    1  
[66]. 

    37  , 
      (  12 ). 75-80% 

    –  TCTG,  15-20%  
 B, D   [67] 
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 12 –       NPM1 

 
        NPM1,   

    FLT3-ITD,      
.  NPM1      

    -       
 [68]. 

 
1.7  ,      

 FLT3 
 

     FLT3  , 
    .   

   ,      
 .   ,     

  FLT3    -  
.     

    ELN,     FLT3 
     ,     

      [69, 4]. 
 ,    FLT3-ITD    

       .  
        

    .   FLT3-TKD 
,        ,   

   .  ,    
      ,     

  (    ).   
    ,    

         
  [70].       

   [51].  ,    ,    
     . 
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 ,  ,   ,   
         -   

    [71].      
 ,     
     . 

     NGS     
    ,       

  de novo   [72],      
 ,      

 . 
  .       

    FLT3:        
    MyBiosource  3B BlackBio Biotech 

India Ltd,     Invivoscribe   -
         [73]. 

       ,  
  ,       
        

  FLT3 [4]. ,  ,    
         ,   

     .     
     [74],  

,    . 
-   -   
  .      8-  

 «   3500» (Applied Biosystems, ),  
       FLT3   . 
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2    

2.1   
 

        . 
.     18    

 .   15      
   3  (  3).     

  [3, 6],       
      . 

 
 3 –      

№ 
 

 
 

 

  
  

 
 

1  ( 4) t (8;21)  
2  ( 2) t (8;21)  
3  ( 4) -  
4  ( 4) -  
5  ( 5 ) t (10;11)  
6  ( 1) t (8;21)  
7  ( 3) t (15;17)  
8  ( 2) t (8;21)  
9  ( 4) inv 16  
10  (  ) -  
11  (  ) -  
12  (  ) -  
13  (  ) -  
14  (  ) -  
15  (  ) -  

 

16 
 (   

) -   

17  (  ) -  

18 
 

 (  ) -   
 -   

 
        18 

 (19 ),         
    .     

15 ,         
  «      
  »     09.2012 .  06.2017 , 

     .     
       

      . .   
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     . 

      №16,    
 (   )   «   » . 

 01.2020 .,        . 
  ,  -  ,   

  (2         
  ),     

  , . . 
          

     - -  ( , ). 
        «  

 -    EVA Green» ( , )  
 CFX96 (Bio-Rad, ).   FLT3-ITD  FLT3-TKD 
  14-15  20     

-       
 .   20   
  EcoRV ( , ).    

   GeneScan™ 500 LIZ™ dye Size Standard (Applied 
Biosystems, )       

 «   3500» (Applied Biosystems, ). 
      GeneMarker 

software (SoftGenetics, ).  FLT3-   
 (   )    

         BigDye™ 
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, ). 

       
«   3500» (Applied Biosystems, ),   

  –  Sequence Scanner software (Applied 
Biosystems, ). 

 
2.2         

« - -B» ( , ) 
 

        (   
    «  »)     

- -B ( , ). 
      

 ( , ):  1    250  
   ;    

   5 ,      5 ; 
  (8 . / , 2 );   

,   . 
       : 
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1.        1 
    65° . 

2.         300  
 .    ,   

 5     65 °    (5  / , 5 
). 

3.      
. 

4.      25  ,  
 ,      2 ,  

    5 .   (5  / , 30 ) 
  ;     

. 
5.      300     1, 

      ; 
 (5  / , 30 )   ;  

   . 
6.      500     2, 

      ; 
 (10  / , 30 )   ;  

   .   
        

. 
7.        

  5-10   65 ° . 
8.           50 

 - ,        
     5   65° ,  
  .  

9.   (13  / , 1 ).  
    . 

 
2.3       Quant-iT™ dsDNA 

HS Assay Kit   Qubit 3 (Invitrogen, ) 
 

       Quant-
iT™ dsDNA HS Assay Kit   Qubit 3. (Invitrogen, ). 

      
   -  (     ). 

  ,  ,  
   . 

     : 
1.       

. 
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2.       N+2  (  N –  
,  2 –     ): 1*(N+2)  

  + 199*(N+2)    . 
3.    0,5     – 190   
  10  ;   – 198     2  

. 
4.    2-3 ,    

 2 . 
5.   Qubit 3.0   dsDNA HS Assay. 
6.      №1 №2. 
7.       
/ . 
 

2.4       «   
-    EVA Green» ( , )   CFX 

96 (BioRad, ) 
 

     «   -   
 EVA Green» ( , )   CFX96 (Bio-Rad, 

).        
      4.    

        N+1  (  + 
 )    22    ,    
   3  .    

   2%  . 
 

 4 –    
     25  (1 ) 

95 °  3  1  ddH2O 13,25  

95 °  30  

30  

10     + EVA Green 2,5  
dNTP, 2,5  2,5  
MgCl2, 25  1,5  

62 °  40  
, 

10 /  
 1  
 1  

72 °  30  
SynTaq - , 

5 /  
0,25  

72 °  5  1   ,  ̴50  3  
 

  5      
   FLT3,      

     . 
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 5 –   

  (5'-3')  
 

 

FLT3-ITD 
forward 

TGCAGAACTGCCTATTCCTAACTGA 

326 bp [75] 
FLT3-ITD 

reverse 
TTCCATAAGCTGTTGCGTTCATCAC 

FLT3-ITD-FAM 
forward 

FAM-TGCAGAACTGCCTATTCCTAACTGA 

FLT3-TKD 
forward 

CCGCCAGGAACGTGCTTG 

114 bp [76] 

FLT3-TKD 
reverse 

GCAGCCTCACATTGCCCC 

FLT3-TKD-HEX 
forward 

HEX-CCGCCAGGAACGTGCTTG 

FLT3-TKD-FAM 
reverse 

FAM-GCAGCCTCACATTGCCCC 

 
   FLT3-ITD   14-15 

  326 bp,      JM 
.      

  ,    5'-   
 FAM . 

   FLT3-TKD   20 
  114 bp.      

    ,   5'-   
- :   – HEX ,  – 

FAM .         
   ,     

       (  
). 

    FLT3-   
    ,    . 

 
2.5      FLT3-TKD   

  EcoRV ( , )   MJ Mini 
Thermal Cycler (Bio-Rad, ) 

 
  FLT3-TKD    20  

 -     EcoRV ( , 
)   MJ Mini Thermal Cycler (Bio-Rad, ).  

         6. 
  1  30   37 ° ,   20   80 °   

 .     
  8%  ( ) . 
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 6 –    
   20  (1 ) 

ddH2O 10,5  
10   W 2  
BSA, 1 /  2  

 EcoRV, 20000 . ./  0,5  (10 . .) 
 ,  ̴100  5  

 
     FLT3-TKD , 

   ,    13.  
 

 13 –      FLT3-TKD :  – 
   EcoRV [77],  –   

     (TKD)    (WT) 
 

        
( ) –    ,   

 -       
    .     

         
 ,         

 ,     .  
         

 ,        
, , , -      .  

          
    . 

 
2.6      «  

 3500» (Applied Biosystems, ) 
 

    0,5  -
   (FLT3-ITD)   (FLT3-TKD) 

  0,5  GeneScan™ 500 LIZ™ dye Size Standard (Applied 
Biosystems, )  9  Hi-Di™ Formamide (Applied Biosystems, ).  

     –    
   FLT3.       95 
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°    3     4 °    2 .   
  10   96-    , 
         . 
    8-   

«   3500» (Applied Biosystems, ),  POP-7 
(Applied Biosystems, ).     

  GeneMarker software (SoftGenetics, ).   
       14.  

 

 14 –        FLT3:  –  FLT3-
TKD ,  –  FLT3-ITD : HEX, FAM –    

 , WT –   
 

       
: Вы а ика 𝑚𝑡Вы а ика 𝑊𝑇 + вы а ика 𝑚𝑡 ∗ %, 

 
–  WT – ,   , mt – 

,   ,     
   

     ,   
-       

       
   (  15).   

        
 ,     

  . 
 

 
 15 –    [78]  
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.     :    
5'-  -     dNTPs.  

  ,       
    -  , 
    dNTPs,     

    . ,   FLT3-ITD 
   ,    FLT3-TKD  –  

 .        
   ,   

      
   .       [78]. 

        
 ,    «  

 3500».       , 
         

  ,   ,   ,    
, - .     

     (   
)    20-100 ,   

(  ).        
     ,   

 ,   .     
   ,   , 

  CCD .    
         

        . 
        

  .    
     ,  

     ,  , 
  MPLA-   . 

 
2.7       «  

 3500» (Applied Biosystems, ) 
 
FLT3        

ExoSAP-IT (Applied Biosystems, ).     
 dNTPs (  )   (  

I),     ,      
 . 

     : 
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1.  ExoSAP-IT     -20°C,  
  . 

2.     5  -   2  ExoSAP-
IT- .  

3.    MJ Mini Thermal Cycler (Bio-Rad, )  
   :  37 °C   15   

   80°C   15    ExoSAP-IT 
.  

      BigDye™ 
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, )   
Veriti (Applied Biosystems, ).     

         7. 
   N*2 –       

       . 
 

 7 –    
     10  (1 ) 

96 °  1  1  dH2O 3  
96 °  10  

25  

  
  mix* 

3  50 °  5  

60 °  4  
Forward/Reverse 2  

** 2  
*       N*2.   : 1  5X Sequencing 
Buffer  2  BigDye™ Terminator v3.1 Ready Reaction Mix. 
**       ,   3,5  

  1,5  dH2O. 
 

       BigDye® 
XTerminator™ Purification Kit (Applied Biosystems, )   

: 
1.     5  -   22,5  

 SAM™ Solution (    ). 
2.   XTerminator™ Solution    5 

 (    ddNTPs). 
3.    30   . 
4.       31,5    

        
XTerminator™ Solution   . 

       
«   3500» (Applied Biosystems, ),   

  –  Sequence Scanner software (Applied 
Biosystems, ). 
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1.  -      
 ITD  TKD    FLT3    . 

2.   -    
FLT3-ITD   5  (2   )  18  , 

         
   . 

3.  18 ,   -
, FLT3-TKD    . 

4. ,     
,   ,    

 -  .   19   
      

    FLT3    . 
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bp – base pair 
dNTP –  
ELN –      
FL –  FLT3 
FLT3 – fms-   3 
FLT3-ITD –    FLT3,    

  
FLT3-TKD –    FLT3,   

    
HRM – High Resolution Melt (    ) 
JM –   
KL –  Kit 
mt –   
NES –    
NLS –    
NPM1 –  
WT –    

-  –    
 –    
 –    
 –   
 –    
 –   
-  –      

 – +   
TK –    

 –   
 – - -      
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