
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʅɸʋʏʅʆɽ 

ʋʏʈɽɾɼɽʅʀɽ çʅɸʋʏʅʆ-ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʁ ʀʅʉʊʀʊʋʊ 

ɹʀʆʄɽɼʀʎʀʅʉʂʆʁ ʍʀʄʀʀ ʀʄɽʅʀ ɺ.ʅ. ʆʈɽʍʆɺʀʏɸè 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

  

 

ʇʗʊʅʀʎʂʀʁ ʄʀʍɸʀʃ ɸʃɽʂʉɽɽɺʀʏ 

 

ɺʓʉʆʂʆʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆɽ ʉɽʂɺɽʅʀʈʆɺɸʅʀɽ 

ɺ ʄʆʃɽʂʋʃʗʈʅʆʁ ʆʅʂʆʃʆɻʀʀ: ʇʆʀʉʂ ʄʀʐɽʅɽʁ ʀ 

ʉʊʈɸʊʀʌʀʂɸʎʀʗ ʇɸʎʀɽʅʊʆɺ ɼʃʗ ʇɽʈʉʆʅɸʃʀɿɸʎʀʀ 

ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺʆʁ ʊɽʈɸʇʀʀ 

 

1.5.8. ð ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʙʠʦʣʦʛʠʷ, ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʝ ʢʦʥʩʫʣʴʪʘʥʪʳ: 

ʧʨʦʬʝʩʩʦʨ ʈɸʅ, ʜ.ʙ.ʥ. ʄʦʰʢʦʚʩʢʠʡ ʉ.ɸ. 

ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜ.ʙ.ʥ. ʃʠʩʠʮʘ ɸ.ɺ. 

 

 

 

 

ʄʦʩʢʚʘ 2022 



 

2 

 

ʆɻʃɸɺʃɽʅʀɽ 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ........................................................................................................ 5 

ɺɺɽɼɽʅʀɽ ................................................................................................................................... 6 

ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ ......................................................................................... 13 

1.1. ɺʓʗɺʃɽʅʀɽ ʂʈʀʊʀʏɽʉʂʀ ɺɸɾʅʓʍ ɻɽʅʆɺ ɺ ʈɸʂʆɺʆʄ ɻɽʅʆʄɽ .................................... 13 

1.1.1. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʄɽʊʆɼʓ ......................................................................................... 15 

1.1.2. ɺʓʏʀʉʃʀʊɽʃʔʅʓɽ ʇʈɽɼʉʂɸɿɸʅʀʗ .................................................................................... 19 

1.1.3. ʉʀʅʊɽʊʀʏɽʉʂʀɽ ʃɽʊɸʃʀ .................................................................................................... 25 

1.1.4. ɹɸɿʓ ɼɸʅʅʓʍ ...................................................................................................................... 28 

1.2. ʉʀʉʊɽʄʅʆ-ɹʀʆʃʆɻʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʊʈɸʅʉʂʈʀʇʊʆʄʅʓʍ ɼɸʅʅʓʍ ........................... 29 

1.2.1. ɸʅɸʃʀɿ ʇɽʈɽʇʈɽɼʉʊɸɺʃɽʅʅʆʉʊʀ ..................................................................................... 32 

1.2.2. ʊʈɸʅʉʂʈʀʇʊʆʄʅʓɽ ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʂɸʈʊʓ ................................................................ 33 

1.2.3. ɺʓʗɺʃɽʅʀɽ ʂʃʖʏɽɺʓʍ ʈɽɻʋʃʗʊʆʈʆɺ ʕʂʉʇʈɽʉʉʀʀ ɻɽʅʆɺ ............................................. 37 

1.2.4. ʉʀɻʅɸʃʔʅʓɽ ʀ ʄɽʊɸɹʆʃʀʏɽʉʂʀɽ ʂɸʉʂɸɼʓ ..................................................................... 41 

1.2.5. ʆɹʒɽɼʀʅɽʅʀɽ -ʆʄʀʂʉʅʓʍ ɼɸʅʅʓʍ ................................................................................. 44 

1.3. ʇɽʈʉʆʅɸʃʀɿɸʎʀʗ ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺʆʁ ʊɽʈɸʇʀʀ: ʂʃʀʅʀʏɽʉʂʀɽ ʀʉʇʓʊɸʅʀʗ ʀ 

ʇʈʆɻʈɸʄʄʅʓɽ ʀʅʉʊʈʋʄɽʅʊʓ ................................................................................................. 47 

1.3.1. ʇʈɽʎʀɿʀʆʅʅɸʗ ʆʅʂʆʃʆɻʀʗ ............................................................................................... 47 

1.3.2. ʂʃʀʅʀʏɽʉʂʀɽ ʀʉʇʓʊɸʅʀʗ ................................................................................................ 53 

1.3.3. ʇʈʆɻʈɸʄʄʅʓɽ ʂʆʅɺɽʁɽʈʓ ɼʃʗ ɸʅɸʃʀɿɸ ɻɽʅʆʄʅʓʍ ɺɸʈʀɸʅʊʆɺ ................................. 58 

1.3.4. ʌʋʅʂʎʀʆʅɸʃʔʅɸʗ ɸʅʅʆʊɸʎʀʗ ʀ ʂʃʀʅʀʏɽʉʂɸʗ ʀʅʊɽʈʇʈɽʊɸʎʀʗ ɻɽʅɽʊʀʏɽʉʂʀʍ 

ɺɸʈʀɸʅʊʆɺ .................................................................................................................................... 63 

ɻʃɸɺɸ 2. ʀʉʍʆɼʅʓɽ ɼɸʅʅʓɽ ʀ ʄɽʊʆɼʓ ʆɹʈɸɹʆʊʂʀ ...................................... 73 

2.1. ʀʉʍʆɼʅʓɽ ɼɸʅʅʓɽ ............................................................................................................. 73 

2.1.1 ɺʓʗɺʃɽʅʀɽ ʂʈʀʊʀʏɽʉʂʀ ɺɸɾʅʓʍ ɻɽʅʆɺ .......................................................................... 73 

2.1.2 ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʉʊʈɸʊʀʌʀʂɸʎʀʀ ʇɸʎʀɽʅʊʆɺ .......................................................... 73 

2.1.3. ʀɿʋʏɽʅʀɽ ʄʆʃɽʂʋʃʗʈʅʓʍ ʄɽʍɸʅʀɿʄʆɺ ʆʊɺɽʊɸ ʅɸ ʊɽʈɸʇʀʖ ʎɽʊʋʂʉʀʄɸɹʆʄ .......... 74 

2.1.4. ʊɽʉʊʀʈʆɺɸʅʀɽ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʅɺɽʁɽʈɸ ɼʃʗ ɸʅʅʆʊɸʎʀʀ ɻɽʅʆʄʅʓʍ ɺɸʈʀɸʅʊʆɺ . 75 

2.2. ɺʓʗɺʃɽʅʀɽ ɸʂʊʀɺʀʈʆɺɸʅʅʓʍ ʈɽɻʋʃʗʊʆʈʆɺ ʕʂʉʇʈɽʉʉʀʀ ......................................... 76 

2.3. ʊʈɸʅʉʂʈʀʇʎʀʆʅʅɸʗ ʌʋʅʂʎʀʆʅɸʃʔʅɸʗ ʂɸʈʊɸ ɼʃʗ ʉʊʈɸʊʀʌʀʂɸʎʀʀ ʇɸʎʀɽʅʊʆɺ 78 

2.3.1. ʉʈɸɺʅɽʅʀɽ ʉ ɼʈʋɻʀʄʀ ɸʃɻʆʈʀʊʄɸʄʀ ʀ ʆʎɽʅʂɸ ɺʆʉʇʈʆʀɿɺʆɼʀʄʆʉʊʀ ...................... 80 

2.3.2. ʆʇʈɽɼɽʃɽʅʀɽ ɼʀʉʂʈʀʄʀʅɸʊʆʈʅʓʍ ʂʃɸʉʊɽʈʆɺ ʈɽɻʋʃʗʊʆʈʆɺ ....................................... 82 

2.3.3. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ʄɽʊʆɼɸ ................................................................................ 82 

2.4. ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʂʈʀʊʀʏɽʉʂʀ ɺɸɾʅʓʍ ɻɽʅʆɺ ............................................................. 86 

2.5. ʇʆɼɸɺʃɽʅʀɽ ʕʂʉʇʈɽʉʉʀʀ ɻɽʅʆɺ ʀ ʆʇʈɽɼɽʃɽʅʀɽ ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

ʂʃɽʊʆʂ ʄɽʃɸʅʆʄʓ .................................................................................................................... 88 



 

3 

 

2.6. ʉɽʂɺɽʅʀʈʆɺɸʅʀɽ ʕʂɿʆʄʆɺ ............................................................................................... 89 

2.7. ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʅɺɽʁɽʈ ɼʃʗ ɸʅʅʆʊɸʎʀʀ ɻɽʅɽʊʀʏɽʉʂʀʍ ɺɸʈʀɸʅʊʆɺ ................... 90 

2.8. ʄʆɼɽʃʔ ɼɸʅʅʓʍ ʇʃɸʊʌʆʈʄʓ ɼʃʗ ʇʈɽʎʀɿʀʆʅʅʆʁ ʆʅʂʆʃʆɻʀʀ ................................ 95 

2.9. ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ............................................................................................ 99 

ɻʃɸɺɸ 3. ʋʗɿɺʀʄʓɽ ʊʆʏʂʀ ʇʈʆʊɽʆʄɸ ʂʃɽʊʆʂ ʄɽʃɸʅʆʄʓ .................... 100 

3.1. ɸʃɻʆʈʀʊʄ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʂʈʀʊʀʏɽʉʂʀ ɺɸɾʅʓʍ ɹɽʃʂʆɺ ..................................... 100 

3.2. ʂʈʀʊʀʏɽʉʂʀ ɺɸɾʅʓɽ ɻɽʅʓ ɼʃʗ ʄɽʃɸʅʆʄʓ ʆɹʆɻɸʑɽʅʓ ʄɽʄɹʈɸʅʅʓʄʀ ɹɽʃʂɸʄʀ: 

ɺʆɿʄʆɾʅɸʗ ʉɺʗɿʔ ʉ ʀʄʄʋʅʅʓʄ ʅɸɼɿʆʈʆʄ ....................................................................... 105 

3.3. ɼɽʊɽʂʎʀʗ ʈɸʅɽɽ ʀɿɺɽʉʊʅʓʍ ʆʅʂʆ-ɸʉʉʆʎʀʀʈʆɺɸʅʅʓʍ ɹɽʃʂʆɺ ............................. 108 

3.4. ʀʅʊɽʈɸʂʊʆʄ ʂʈʀʊʀʏɽʉʂʀ ɺɸɾʅʓʍ ɹɽʃʂʆɺ ʄɽʃɸʅʆʄʓ ........................................... 110 

3.5. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʇʈʆɺɽʈʂɸ ʂʈʀʊʀʏɽʉʂʀ ɺɸɾʅʓʍ ɻɽʅʆɺ ʄɽʃɸʅʆʄʓ ........... 113 

3.6. ʆɹʉʋɾɼɽʅʀɽ ...................................................................................................................... 118 

ɻʃɸɺɸ 4. ʉʊʈɸʊʀʌʀʂɸʎʀʗ ʇɸʎʀɽʅʊʆɺ ................................................................. 120 

4.1. ʉʊʈɸʊʀʌʀʂɸʎʀʗ ʂʆʃʆʈɽʂʊɸʃʔʅʆɻʆ ʈɸʂɸ ................................................................... 123 

4.2. ʂʃɸʉʊɽʈʀɿɸʎʀʗ ɿɸɹʆʃɽɺɸʅʀʁ ....................................................................................... 129 

4.3. ʄʆʃɽʂʋʃʗʈʅʓɽ ʄɽʍɸʅʀɿʄʓ ʆʊɺɽʊɸ ʅɸ ʊɽʈɸʇʀʖ ʎɽʊʋʂʉʀʄɸɹʆʄ ....................... 133 

4.4. ʆɹʉʋɾɼɽʅʀɽ ...................................................................................................................... 148 

ɻʃɸɺɸ 5. ɻɽʅʆʄʀʂɸ ʀ ʊʈɸʅʉʂʈʀʇʊʆʄʀʂɸ ɼʃʗ ʀʅɼʀɺʀɼʋɸʃʔʅʆʁ 

ʆʅʂʆʌɸʈʄɸʂʆʃʆɻʀʀ ..................................................................................................... 150 

5.1. ʇʈʀʄɽʈ ˉ1 ð ʂʆʃʆʈɽʂʊɸʃʔʅʓʁ ʈɸʂ ........................................................................... 150 

5.2. ʇʈʀʄɽʈ ˉ2 ð ɻɽʇɸʊʆʎɽʃʃʖʃʗʈʅɸʗ ʂɸʈʎʀʅʆʄɸ ..................................................... 159 

5.3. ʆɹʉʋɾɼɽʅʀɽ ...................................................................................................................... 168 

ɻʃɸɺɸ 6. ɺɽɹ-ʇʃɸʊʌʆʈʄɸ ɼʃʗ ʇʈɽʎʀɿʀʆʅʅʆʁ ʆʅʂʆʃʆɻʀʀ .................... 169 

6.1. ʌʋʅʂʎʀʆʅɸʃ ɺɽɹ-ʇʃɸʊʌʆʈʄʓ ...................................................................................... 171 

6.1.1. ʂʆʅʊʈʆʃʔ ʂɸʏɽʉʊɺɸ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ɼɸʅʅʓʍ .................................................... 173 

6.1.2. ʅʆʈʄɸʃʀɿɸʎʀʗ ʀ ʌʀʃʔʊʈɸʎʀʗ ɻɽʅɽʊʀʏɽʉʂʀʍ ɺɸʈʀɸʅʊʆɺ ......................................... 178 

6.1.3. ɸʅʅʆʊɸʎʀʗ ɻɽʅɽʊʀʏɽʉʂʀʍ ɺɸʈʀɸʅʊʆɺ ......................................................................... 178 

6.1.4. ʈɸʉʏɽʊ ʆʇʋʍʆʃɽɺʆʁ ʅɸɻʈʋɿʂʀ ....................................................................................... 179 

6.1.5. ʆʇʈɽɼɽʃɽʅʀɽ ɹʀʆʄɸʈʂɽʈʆɺ ɼʀʂʆɻʆ ʊʀʇɸ .................................................................... 180 

6.1.6. ʂʃʀʅʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ........................................................................................ 181 

6.1.7. ɻɽʅɽʈɸʎʀʗ JSON-ʌɸʁʃɸ ................................................................................................. 181 

6.2. ɹɸɿɸ ɼɸʅʅʓʍ ɹʀʆʄɸʈʂɽʈʆɺ ............................................................................................ 183 

6.3. ʀʅʊɽʈʌɽʁʉ ʇʆʃʔɿʆɺɸʊɽʃʗ ............................................................................................. 186 

6.3.1. ʈɸɿɼɽʃ çʀʅʌʆʈʄɸʎʀʗ» ................................................................................................... 187 

6.3.2. ʈɸɿɼɽʃ çɻʀʉʊʆʃʆɻʀʗ» ..................................................................................................... 187 

6.3.3. ʈɸɿɼɽʃ çʉɽʂɺɽʅʀʈʆɺɸʅʀɽ» ............................................................................................ 188 



 

4 

 

6.3.4. ʈɸɿɼɽʃ çɼʆʇʆʃʅʀʊɽʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ» ................................................................ 195 

6.3.5 ʈɸɿɼɽʃ çʇʈɽʇɸʈɸʊʓ» ....................................................................................................... 197 

6.3.6. ʈɸɿɼɽʃ çʂʃʀʅʀʏɽʉʂʀɽ ʀʉʇʓʊɸʅʀʗ» ............................................................................. 199 

6.3.7. ʈɸɿɼɽʃ çɿɸʂʃʖʏɽʅʀɽ» .................................................................................................... 200 

6.4. ʇʆʃʔɿʆɺɸʊɽʃʔʉʂʀɽ ʈʆʃʀ ʀ ʉʎɽʅɸʈʀʀ ʈɸɹʆʊʓ ........................................................... 202 

6.5. ʆɹʉʋɾɼɽʅʀɽ ...................................................................................................................... 203 

ɿɸʂʃʖʏɽʅʀɽ ....................................................................................................................... 205 

ɺʓɺʆɼʓ .................................................................................................................................. 210 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ ..................................................................................................... 211 

ʇʈʀʃʆɾɽʅʀɽ ....................................................................................................................... 232 

ʇʈɽɼʉʂɸɿɸʅʅʓɽ ʂʈʀʊʀʏɽʉʂʀ ɺɸɾʅʓɽ ɻɽʅʓ ɼʃʗ ʂʃɽʊʆʂ ʄɽʃɸʅʆʄʓ ......................... 232 

ʇʆʃʔɿʆɺɸʊɽʃʔʉʂʀʁ ʀʅʊɽʈʌɽʁʉ ɸɼʄʀʅʀʉʊʈɸʊʀɺʅʆɻʆ ʈɸɿɼɽʃɸ ɺɽɹ-ʇʃɸʊʌʆʈʄʓ .... 235 

ɹʃɸɻʆɼɸʈʅʆʉʊʀ ................................................................................................................ 239 

 

  



 

5 

 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

¶ ɹɼ ð ʙʘʟʘ ʜʘʥʥʳʭ 

¶ ʂɺɻ ð ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʛʝʥ 

¶ ʂʈʈ ð ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ  

¶ ʀɻʍ ð ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʷ 

¶ ʕʄʇ ð ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ 

¶ 1KG ð 1000 Genomes Project, ʇʨʦʝʢʪ 1000 ɻʝʥʦʤʦʚ 

¶ AUC ð Area Under Curve, ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ-

ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

¶ FDA ð Food and Drug Administration, ʋʧʨʘʚʣʝʥʠʝ ʧʦ ʥʘʜʟʦʨʫ ʟʘ ʢʘʯʝʩʪʚʦʤ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʝʜʠʢʘʤʝʥʪʦʚ ʉʐɸ 

¶ FISH ð ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ in situ ʛʠʙʨʠʜʠʟʘʮʠʷ 

¶ GSVA ð Gene Set Variation Analysis, ʘʥʘʣʠʟ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʥʘʙʦʨʦʚ ʛʝʥʦʚ 

¶ MSI ð Microsatellite Instability, ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

¶ NGS ð Next Generation Sequencing, ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

¶ PAM ð partitioning around medoids, ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʤʝʜʦʠʜʘʤ 

¶ SNEA ð Subnetwork Enrichment Analysis, ʘʥʘʣʠʟ ʦʙʦʛʘʱʝʥʠʷ ʧʦʜʛʨʘʬʘʤʠ 

¶ SNV, ʆʅʇ ð Single Nucleotide Variant, ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ 

¶ TCGA ð The Cancer Genome Atlas, ɸʪʣʘʩ ɻʝʥʦʤʘ ʆʧʫʭʦʣʠ 

¶ TMB ð Tumor Mutational Burden, ʤʫʪʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʧʫʭʦʣʠ 

¶ TNM ð Tumor, Nodus, Metastasis, ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʘʜʠʡ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʇʦʞʘʣʫʡ, ʥʠ ʦʜʥʘ ʜʨʫʛʘʷ ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ ʧʨʦʙʣʝʤʘ ʥʝ ʧʦʣʫʯʘʣʘ ʪʘʢʦʛʦ ʚʥʠʤʘʥʠʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʘʢ ʙʦʨʴʙʘ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʀʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʵʪʠʭ 

ʥʝʜʫʛʦʚ ʥʘʩʯʠʪʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ. ʆʜʥʘʢʦ, ʝʩʣʠ ʩʫʤʤʠʨʦʚʘʪʴ ʚ ʦʜʥʦʤ 

ʧʨʝʜʣʦʞʝʥʠʠ ʢʣʶʯʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʫʶ ʯʝʣʦʚʝʯʝʩʪʚʫ ʫʜʘʣʦʩʴ ʫʟʥʘʪʴ ʦ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʷʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 100 ʣʝʪ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʦ ʚʝʨʦʷʪʥʦ ʵʪʦ ʙʫʜʝʪ 

ʬʨʘʟʘ «ʈʘʢ ð ʵʪʦ ʙʦʣʝʟʥʴ ʛʝʥʦʚ». ʇʝʨʚʳʝ ʤʳʩʣʠ ʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʨʘʢʘ ʙʳʣʠ 

ʚʳʩʢʘʟʘʥʳ ʚ ʥʘʯʘʣʝ XX ʩʪʦʣʝʪʠʷ ʠ ʩʚʷʟʘʥʳ ʩ ʠʤʝʥʘʤʠ ɼʘʚʠʜʘ ʬʦʥ ɻʘʥʟʝʤʘʥʘ ʠ ʊʝʦʜʦʨʘ 

ɹʦʚʝʨʠ (Boveri, 2008). ʉ ʪʝʭ ʧʦʨ ʦʛʨʦʤʥʳʝ ʫʩʠʣʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʠ ʟʘʪʨʘʯʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʥʝʪʠʢʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. 

ʊʘʢ, ʨʘʙʦʪʳ ʧʦ ʘʥʘʣʠʟʫ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʮʝʧʣʝʥʠʷ ʚ 1990-ʭ ʛʛ. ʧʦʟʚʦʣʠʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʚʘʞʥʳʝ ʛʝʥʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʷʠʯʥʠʢʦʚ (BRCA1, 

BRCA2), ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ (MLH1, MSH2) ʠ ʤʝʣʘʥʦʤʳ (CDKN2A). ɺ 2000-ʝ ʛʛ. 

ʙʣʘʛʦʜʘʨʷ ʤʫʪʘʮʠʦʥʥʦʤʫ ʩʢʨʠʥʠʥʛʫ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʦʚʳʝ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʧʘʨʘʮʠʠ 

ɼʅʂ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ʨʘʢʫ, ʚʢʣʶʯʘʷ MUTYH, CHEK2, ATM ʠ PALB2 

(Turnbull, et al., 2018). 

ʈʝʘʣʠʟʘʮʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ «ɻʝʥʦʤ ʯʝʣʦʚʝʢʘ» ʚʢʫʧʝ ʩ ʨʝʚʦʣʶʮʠʦʥʥʳʤʠ 

ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ɼʅʂ ʦʪʢʨʳʣʘ ʥʦʚʫʶ, ʛʝʥʦʤʥʫʶ ʵʨʫ ʚ 

ʙʠʦʣʦʛʠʠ ʠ ʦʥʢʦʣʦʛʠʠ. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ (Next 

Generation Sequencing, NGS) ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʦʯʪʝʥʠʝ ʧʦʨʷʜʢʘ 1012 ʥʫʢʣʝʦʪʠʜʦʚ ʟʘ 

ʦʜʠʥ ʟʘʧʫʩʢ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳʩʪʨʦ ʥʘʢʘʧʣʠʚʘʪʴ ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ 

ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ NGS ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʠʧʳ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ ð ʦʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʭʨʦʤʦʩʦʤʥʳʭ ʪʨʘʥʩʣʦʢʘʮʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʯʠʩʣʘ ʢʦʧʠʡ ʛʝʥʦʚ ʜʦ ʚʳʷʚʣʝʥʠʷ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ. ʊʘʢʞʝ ʤʝʪʦʜʳ NGS 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʨʫʛʠʭ ʫʨʦʚʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʣʝʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ð 

ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʠ ʵʧʠʛʝʥʦʤʘ.  

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ ʩʦʚʧʘʣʦ ʩ ʥʘʯʘʣʦʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʤʘʩʰʪʘʙʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʨʦʬʠʣʠʨʦʚʘʥʠʶ ʦʧʫʭʦʣʝʡ. ɺ 2005 ʛ. ʚ ʉʐɸ ʙʳʣ 

ʟʘʧʫʱʝʥ ʧʨʦʝʢʪ The Cancer Genome Atlas [https://portal.gdc.cancer.gov/], ʘ ʚ 2008 ʛ. ʙʳʣ 

ʩʬʦʨʤʠʨʦʚʘʥ ʫʞʝ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʩʦʨʮʠʫʤ International Cancer Genome Consortium 

[https://dcc.icgc.org/]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʫʩʠʣʠʡ ʪʳʩʷʯʠ ʦʧʫʭʦʣʝʚʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʜʝʪʘʣʴʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʘ ʛʝʥʦʤʥʦʤ, ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʤ, ʧʨʦʪʝʦʤʥʦʤ ʠ ʵʧʠʛʝʥʦʤʥʦʤ ʫʨʦʚʥʷʭ. 
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ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʘʭ, 

ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʦʥʢʦʛʝʥʝʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʦ ʨʦʣʠ ʥʝʢʦʜʠʨʫʶʱʠʭ ʤʫʪʘʮʠʡ, ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʩʧʣʘʡʩʠʥʛʘ, ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʧʘʪʪʝʨʥʘʭ ʤʫʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʪ.ʜ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʬʠʣʝʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʠ ʢʣʠʥʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʪʠʧ ʜʘʥʥʳʭ. ɸʥʘʣʦʛʠʯʥʦ 

ʪʦʤʫ, ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʛʝʥʦʤʦʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠʚʝʣʦ ʢ 

ʧʦʷʚʣʝʥʠʶ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʥʦʤʠʢʠ ʠ ʧʦʟʚʦʣʠʣʦ ʧʨʦʣʠʪʴ ʩʚʝʪ ʥʘ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ 

ʵʚʦʣʶʮʠʦʥʥʦʡ ʙʠʦʣʦʛʠʠ, ʪʘʢ ʠ ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʦ ʤʫʪʘʮʠʷʭ ʚ ʦʧʫʭʦʣʠ 

ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʠʟʫʯʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʥʢʦʣʦʛʠʠ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʦʚʳʭ ʦʥʢʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ 

(Nussinov, et al., 2019), ʦʧʨʝʜʝʣʝʥʠʶ ʜʘʚʣʝʥʠʷ ʦʪʙʦʨʘ (Martincorena, et al., 2017), ʧʘʪʪʝʨʥʦʚ 

ʤʫʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (Alexandrov and Stratton, 2014), ʦʧʨʝʜʝʣʝʥʠʷ «ʪʨʘʝʢʪʦʨʠʡ» 

ʦʥʢʦʛʝʥʝʟʘ (Sun, et al., 2017). 

ʀʟʣʠʰʥʝ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʘʢʪʫʘʣʴʥʳ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ 

ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʷʭ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʙʦʨʴʙʳ ʩʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʅʘʧʨʠʤʝʨ, 

ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʫʪʘʮʠʡ ʤʦʞʝʪ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʛʝʥʳ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʤʘʣʠʛʥʠʟʘʮʠʶ ʠ ʧʨʦʛʨʝʩʩʠʶ ʦʧʫʭʦʣʠ (ʪ.ʥ. ʜʨʘʡʚʝʨʥʳʝ ʛʝʥʳ). ʇʨʠʤʝʨʘʤʠ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʙʥʘʨʫʞʝʥʠʝ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ BRAF ʚ 50% ʩʣʫʯʘʝʚ ʤʝʣʘʥʦʤʳ, ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ 

PIK3CA ʚ 25ï30% ʩʣʫʯʘʝʚ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ, ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ 

EFGR ʚ 10ï15% ʩʣʫʯʘʝʚ ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʣʝʛʢʦʛʦ ʠ ʪ.ʜ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚ, ʚʢʣʶʯʘʷ ʩʝʣʝʢʪʠʚʥʳʝ 

ʠʥʛʠʙʠʪʦʨ rRAF, MEK, ʠ EGFR (Hoelder, et al., 2012). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦ 

ʤʫʪʘʮʠʷʭ ʚ ʨʘʢʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʪʘʨʛʝʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʩʝʣʝʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʪʦʣʴʢʦ ʥʘ ʢʣʝʪʢʠ ʦʧʫʭʦʣʠ. 

ɼʨʫʛʦʡ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʦʜʪʠʧʦʚ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʚʩʷ ʢʦʛʦʨʪʘ ʧʘʮʠʝʥʪʦʚ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʛʨʫʧʧʳ (ʩʪʨʘʪʠʬʠʮʠʨʫʝʪʩʷ) 

ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʥʳʭ, ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʠ ʵʧʠʛʝʥʦʤʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʫʭʦʣʠ. 

ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʛʨʫʧʧʳ, ʦʙʲʝʜʠʥʝʥʥʦʡ ʦʙʱʠʤʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʦʥʢʦʛʝʥʝʟʘ, ʚʦʟʤʦʞʥʘ ʚʳʨʘʙʦʪʢʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʙʦʨʴʙʳ ʩ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʧʦʜʪʠʧʦʤ ʦʧʫʭʦʣʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʥʝʘʜʘʧʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʢʦʪʦʨʳʡ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʟʘʜ ʩʯʠʪʘʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 



 

8 

 

çʧʨʦʩʪʳʤè ʟʘʙʦʣʝʚʘʥʠʝʤ, ʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʜʝʣʝʥ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʦʜʪʠʧʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ 

(Kittaneh, et al., 2013). ɸʥʘʣʦʛʠʯʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʜʝʣʷʶʪ ʧʦʜʪʠʧʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʦʧʫʭʦʣʝʡ, ʥʘʧʨʠʤʝʨ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ (Cancer Genome Atlas, 2012).  

ʅʘʢʦʥʝʮ, «ʩʚʷʪʳʤ ɻʨʘʘʣʝʤ» ʦʥʢʦʣʦʛʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʟʫʯʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʜʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʪ.ʥ. ʧʨʝʮʠʟʠʦʥʥʘʷ ʦʥʢʦʣʦʛʠʷ. ʇʦʩʢʦʣʴʢʫ 

ʩʧʝʢʪʨ ʚʳʷʚʣʷʝʤʳʭ ʤʫʪʘʮʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʚʝʪʘ ʥʘ ʪʫ ʠʣʠ ʠʥʫʶ ʩʭʝʤʫ ʣʝʯʝʥʠʷ, ʪʦ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜʙʦʨʘ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʦʪʦʙʨʘʥʥʳʝ ʠ ʧʨʦʘʥʥʦʪʠʨʦʚʘʥʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ. 

ɿʜʝʩʴ ʟʘʜʘʯʘ ʧʨʠʢʣʘʜʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʙʣʝʛʯʘʶʱʝʛʦ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ NGS-ʘʥʘʣʠʟʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʛʨʝʩʩʠʠ ʦʧʫʭʦʣʠ ʠ ʚʳʷʚʣʝʥʠʷ 

ʙʠʦʤʘʨʢʝʨʦʚ ʩ ʪʝʨʘʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ. ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ 

ʜʨʫʞʝʩʪʚʝʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʧʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʘʢʪʠʢʫʶʱʠʤʠ ʭʠʤʠʦʪʝʨʘʧʝʚʪʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʥʝʜʨʝʥʠʶ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ (Pishvaian, et al., 2019). ɺ ʩʣʫʯʘʝ ʨʘʙʦʪʳ 

ʩ ʦʙʨʘʟʮʘʤʠ ʦʧʫʭʦʣʝʡ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʠʟ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ, ʦʪʜʝʣʴʥʦʡ ʟʘʜʘʯʝʡ ʤʦʞʝʪ 

ʷʚʣʷʪʩɹʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʚʥʦʚʴ ʚʳʷʚʣʷʝʤʳʭ ʤʫʪʘʮʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʦʥʢʦʛʝʥʦʤʠʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚ ʦʥʢʦʣʦʛʠʠ 

ʠ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʥʘʮʝʣʝʥʥʳʝ ʢʘʢ ʥʘ ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ (ʧʦʠʩʢ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ 

ʜʣʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ), ʪʘʢ ʠ ʦʙʣʘʜʘʶʱʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʙʳʩʪʨʦʛʦ ʪʨʘʥʩʣʠʨʦʚʘʥʠʷ ʚ ʢʣʠʥʠʢʫ (ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʧʘʮʠʝʥʪʦʚ, ʘʥʘʣʠʟ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʭʝʤʳ ʣʝʯʝʥʠʷ). ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʨʠʟʚʘʥʘ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ.  

ʎʝʣʴ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʧʨʠʤʝʥʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʙʝʣʢʦʚ ʚ ʧʨʦʪʝʦʤʝ ʦʧʫʭʦʣʠ, ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʠ ʧʦʜʙʦʨʘ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʧʦ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤʫ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ ʛʝʥʦʤʦʚ ʠ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ 

ʤʘʣʠʛʥʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. 
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ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʶʯʝʚʳʭ ʙʝʣʢʦʚ ʚ ʧʨʦʪʝʦʤʝ ʦʧʫʭʦʣʠ, 

ʯʴ̫ ʘʢʪʠʚʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠ ̫ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. 

2. ʇʨʠʤʝʥʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʜʘʥʥʳʭ ʦ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʷʭ ʚ 

ʢʣʝʪʢʘʭ ʤʝʣʘʥʦʤʳ, ʧʦʣʫʯʠʚ ʩʧʠʩʦʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ.  

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʷʚʣʷʝʤʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʛʫʣʷʮʠʠ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚ ʦʙʨʘʟʮʘʭ ʪʢʘʥʝʡ.  

4. ʉʨʘʚʥʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʧʨʠʤʝʥʠʪʴ ʝʛʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ ʥʘ ʧʨʠʤʝʨʝ ʮʝʪʫʢʩʠʤʘʙʘ. 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʥʚʝʡʝʨ ʧʦ ʘʥʥʦʪʘʮʠʠ ʠ ʧʨʠʦʨʠʪʠʟʘʮʠʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʦʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. 

6. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʢʟʦʤʳ ʦʙʨʘʟʮʦʚ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʠ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ ʠʟ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ, ʦʮʝʥʠʪʴ ʧʨʠʛʦʜʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʝʨʦʷʪʥʳʭ ʛʝʥʦʚ-ʜʨʘʡʚʝʨʦʚ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʝʧʘʨʘʪʳ. 

7. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʬʠʣʷ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʮʠʝʥʪʘ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʠʩʢʫ ʙʝʣʢʦʚ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʠ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʦ ʩʦʤʘʪʠʯʝʩʢʠʭ 

ʤʫʪʘʮʠʷʭ. ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʦ ʛʝʥʦʤʘʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʚʳʷʚʣʷʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʙʝʣʢʠ ʩ ʙʦʣʴʰʝʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʚʘʣʠʜʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʧʨʝʜʩʢʘʟʘʥʠʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʙʝʣʢʦʚ ʜʣʷ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ. 

ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ. 

ʄʝʪʦʜ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠ ʤʦʪʠʚʠʨʦʚʘʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ, ʧʦʟʚʦʣʷʷ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʵʢʩʧʨʝʩʩʠʠ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʛʝʥʦʚ ʢ 

ʘʢʪʠʚʥʦʩʪʠ ʜʝʩʷʪʢʦʚ ʢʣʘʩʪʝʨʦʚ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ. ʆʪʣʠʯʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʦʪ 

ʘʥʘʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ 

ʧʨʦʚʦʜʠʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ, ʪ.ʝ. ʥʘʙʦʨ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ 



 

10 

 

ʟʘʨʘʥʝʝ ʥʝ ʬʠʢʩʠʨʦʚʘʥ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʣʘʩʪʝʨʳ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʧʦʟʚʦʣʷʶʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʫ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʘʮʠʝʥʪʘ. 

ʇʦʢʘʟʘʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʜʣʷ ʟʘʜʘʯʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʢ ʪʝʨʘʧʠʠ ʮʝʪʫʢʩʠʤʘʙʦʤ ʚ ʩʣʫʯʘʝ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʥʚʝʡʝʨ ʜʣʷ ʘʥʥʦʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, 

ʠʥʪʝʛʨʠʨʫʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʦʥʢʦʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʦ ʥʘʣʦʞʝʥʠʶ ʵʢʟʦʤʦʚ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʨʦʩʩʠʡʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ ʥʘ ʛʣʦʙʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪ ʛʝʥʦʤʦʚ ʦʧʫʭʦʣʝʡ ʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ TCGA.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʘʙʦʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʰʘʶʪʩʷ ʪʨʠ ʟʘʜʘʯʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʛʝʥʳ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ɺʳʷʚʣʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʝʥʳ ʠ ʢʦʜʠʨʫʝʤʳʝ 

ʠʤʠ ʙʝʣʢʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʤʠʰʝʥʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʷʚʣʝʥʠʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ. 

ɿʥʘʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʘʮʠʝʥʪ, ʚʝʨʦʷʪʥʦ, ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʦʜʢʣʘʩʩʫ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʤʦʞʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʣʝʯʝʥʠʷ ʠ ʫʣʫʯʰʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ 

ʙʦʣʝʟʥʠ. 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʥʚʝʡʝʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʘʥʥʦʪʘʮʠʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʦʥʢʦʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʣʥʦʵʢʟʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʠ ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ 

ʢʘʨʮʠʥʦʤʳ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʥʚʝʡʝʨ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚʝʙ-

ʧʣʘʪʬʦʨʤʳ ʧʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʬʠʣʷ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʘʮʠʝʥʪʘ. ʊʘʢʘʷ ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʘʙʦʪʳ ʚʨʘʯʘ-

ʭʠʤʠʦʪʝʨʘʧʝʚʪʘ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʜʦʩʪʫʧ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʦ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 

ʙʠʦʤʘʨʢʝʨʦʚ ʠ ʛʝʥʝʨʠʨʫʷ ʦʪʯʝʪ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʠʣʠ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʪʝʨʘʧʠʠ 

ʥʘ ʦʩʥʦʚʝ ʟʘʛʨʫʞʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʤʦʣʝʢʫʣʷʨʥʦʤ ʧʦʨʪʨʝʪʝ ʦʧʫʭʦʣʠ. C ʧʦʤʦʱʴʶ 
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ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ ʚ ʆʆʆ «ʆʥʢʦ ɻʝʥʦʪʝʩʪ» ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʙʦʣʝʝ 

50 ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʳʭ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʧʦʠʩʢʘ ʫʷʟʚʠʤʳʭ ʤʝʩʪ ʚ ʨʘʢʦʚʦʤ ʧʨʦʪʝʦʤʝ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ɸʚʪʦʨ ʨʝʘʣʠʟʦʚʘʣ ʫʢʘʟʘʥʥʳʡ 

ʤʝʪʦʜ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʨʦʚʝʜʝʥʠʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ 

ʧʦ ʤʫʪʘʮʠʷʤ ʚ ʤʝʣʘʥʦʤʝ ʠ ʟʜʦʨʦʚʳʭ ʪʢʘʥʷʭ. ɸʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʘ ʢ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʚ. ɸʚʪʦʨ ʦʩʫʱʝʩʪʚʠʣ 

ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʧʨʦʚʝʣ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ʜʘʥʥʳʝ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʘʮʠʝʥʪʦʚ ʢ ʪʝʨʘʧʠʠ 

ʮʝʪʫʢʩʠʤʘʙʦʤ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʦʚʘʣ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʚʳʜʚʠʞʝʥʠʠ ʛʠʧʦʪʝʟʳ 

ʦʙ ʘʢʪʠʚʘʮʠʠ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ. ɸʚʪʦʨʦʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʥʚʝʡʝʨ ʧʦ ʘʥʥʦʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʧʨʦʚʝʜʝʥʘ 

ʦʙʨʘʙʦʪʢʘ NGS-ʜʘʥʥʳʭ ʜʣʷ ʦʙʨʘʟʮʦʚ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʘ ʧʨʠʤʝʥʠʤʦʩʪ ɹ ʢʦʥʚʝʡʝʨʘ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ. 

ɸʚʪʦʨʦʤ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʘʥʥʦʪʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ. ɸʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʠ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ. 

ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ, 

ʬʦʨʤʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʬʨʦʥʪʝʥʜ- ʠ ʙʵʢʝʥʜ-ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʣʘʪʬʦʨʤʳ, 

ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʥʘʡʜʝʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ. ʆʩʥʦʚʥʦʡ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʬʫʥʢʮʠʦʥʘʣ ʙʵʢʝʥʜ-ʢʦʤʧʦʥʝʥʪʘ 

ʩʠʩʪʝʤʳ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʘʚʪʦʨʦʤ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʈʝʟʫʣʴʪʘʪʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ ʛʝʥʦʤʦʚ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʠʩʢʘ ʙʝʣʢʦʚ, ʯʴʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʚʳʞʠʚʘʥʠʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ʊʘʢʠʝ ʙʝʣʢʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ ʥʦʚʳʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

2. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ 

ʩ ʧʦʤʦʱʴʶ ʚʳʷʚʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ. 

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʣʘʩʪʝʨʳ ʨʝʛʫʣʷʪʦʨʦʚ ʠʤʝʶʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠ 

ʧʦʟʚʦʣʷʶʪ ʚʳʜʚʠʛʘʪʴ ʛʠʧʦʪʝʟʳ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ 

ʧʦʜʪʠʧʦʚ ʟʘʙʦʣʝʚʘʥʠʡ.  
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3. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚʝʙ-ʧʣʘʪʬʦʨʤʘ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʢʣʠʥʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʧʘʮʠʝʥʪʘ, ʚʢʣʶʯʘʷ ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ ʦʙʨʘʟʮʦʚ ʦʧʫʭʦʣʠ.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʠʥʮʠʧʳ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʳ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʢʦʥʛʨʝʩʩʘʭ: ASCO 

Annual Meeting 2017, «ʄʦʩʢʦʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʙʠʦʣʦʛʠʠ» (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2013 ʠ 2015), «ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʝ ʨʝʛʫʣʷʮʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʛʝʥʦʤʘ» (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2012 ʠ 2018), 

HUPO 13th Annual World Congress (ʄʘʜʨʠʜ, ʀʩʧʘʥʠʷ, 2014), HUPO 12th Annual World 

Congress (ʁʦʢʦʛʘʤʘ, ʗʧʦʥʠʷ, 2013), HUPO 11th Annual World Congress (ɹʦʩʪʦʥ, ʉʐɸ, 

2012), 6th Congress AOHUPO (ʇʝʢʠʥ, ʂʠʪʘʡ, 2012), HUPO 9th Annual World Congress 

(ʉʠʜʥʝʡ, ɸʚʩʪʨʘʣʠʷ, 2010), HUPO 7th Annual World Congress (ɸʤʩʪʝʨʜʘʤ, ʅʠʜʝʨʣʘʥʜʳ, 

2008), 4th RECOMB Conference on Regulatory Genomics, Systems Biology and DREAM 

Challenges (ɹʘʨʩʝʣʦʥʘ, ʀʩʧʘʥʠʷ, 2011), 38th FEBS Congress (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 

2013), 62nd ASMS Conference on Mass Spectrometry and Allied Topics (ɹʘʣʪʠʤʦʨ, ʉʐɸ, 

2014), Genetics of Aging and Longevity (ʉʦʯʠ, ʈʦʩʩʠʷ, 2014), «ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ» 

(ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2014), 65th ASMS Conference on Mass Spectrometry and Allied Topics 

(ʀʥʜʠʘʥʘʧʦʣʠʩ, ʉʐɸ, 2017), «ʈʦʩʩʠʡʩʢʠʡ ʢʦʥʛʨʝʩʩ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʜʠʮʠʥʳ» (ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ, 2015 ʠ 2021), Big Data in Pharma (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2018), XVIII ɸʩʩʘʤʙʣʝʷ «ɿʜʦʨʦʚʘʷ 

ʄʦʩʢʚʘ» (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2020), Startup Village (ʉʢʦʣʢʦʚʦ, ʈʦʩʩʠʷ, 2016 ʠ 2021). 

ʇʫʙʣʠʢʘʮʠʠ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʳ ʚ 44 ʧʫʙʣʠʢʘʮʠʷʭ, ʚʢʣʶʯʘʷ 24 ʩʪʘʪʴʠ 

(5 ʠ 19 ʩʪʘʪʝʡ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 17 

ʧʫʙʣʠʢʘʮʠʡ ʚ ʜʦʢʣʘʜʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʘ ʪʘʢʞʝ ʚ ʪʨʸʭ 

ʛʣʘʚʘʭ ʢʦʣʣʝʢʪʠʚʥʳʭ ʤʦʥʦʛʨʘʬʠʡ. ʇʦ ʠʪʦʛʘʤ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ˉ2577107 «ʉʧʦʩʦʙ 

ʧʦʠʩʢʘ ʙʝʣʢʦʚ-ʤʠʰʝʥʝʡ, ʟʘʧʫʩʢʘʶʱʠʭ ʧʨʦʮʝʩʩ ʢʘʥʮʝʨʦʛʝʥʝʟʘ, ʚ ʦʙʨʘʟʮʘʭ ʪʢʘʥʝʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʬʘʨʤʘʢʦʪʝʨʘʧʠʠ», ʘ 

ʪʘʢʞʝ ʚʳʜʘʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ 

ˉ2020618223 çʇʣʘʪʬʦʨʤʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʭʦʣʝʡ ʯʝʣʦʚʝʢʘ ʜʣʷ ʧʦʜʙʦʨʘ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠè. ʀʥʜʝʢʩ ʍʠʨʰʘ ʩʦʠʩʢʘʪʝʣʷ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʩʠʩʪʝʤʳ Scopus ʩʦʩʪʘʚʣʷʝʪ 12 ʙʘʣʣʦʚ. 
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ɻʃɸɺɸ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʣʦʛʠʯʝʩʢʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ: ʚʳʷʚʣʝʥʠʝ 

ʫʷʟʚʠʤʳʭ ʪʦʯʝʢ ʚ ʨʘʢʦʚʦʤ ʛʝʥʦʤʝ, ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʧʘʮʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʘ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʘʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ ʜʣʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʪʝʨʘʧʠʠ. ʅʠʞʝ ʜʘʥ ʦʙʟʦʨ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʦʙʣʘʩʪʷʤ. 

1.1. ɺʳʷʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʛʝʥʦʚ ʚ ʨʘʢʦʚʦʤ ʛʝʥʦʤʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʦʨʴʙʳ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʟ-ʟʘ 

ʩʣʦʞʥʝʡʰʝʡ ʵʪʠʦʣʦʛʠʠ ʠ ʤʫʣʴʪʠʬʘʢʪʦʨʠʘʣʴʥʦʩʪʠ ʧʘʪʦʛʝʥʝʟʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ 

ʜʦʩʪʠʛʥʫʪʳʝ ʫʩʧʝʭʠ ʤʘʣʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʟʘʪʨʘʯʝʥʥʳʤ ʫʩʠʣʠʷʤ: ʪʦʣʴʢʦ 3% 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʤʝʞʜʫ 2000 ʠ 

2015 ʛʛ., ʙʳʣʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʦʜʦʙʨʝʥʳ ʜʣʷ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ (Wong, et al., 2019). ɹʦʣʝʝ 

ʪʦʛʦ, ʥʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʠʩʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʤʠʰʝʥʝʡ ð ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʦʥʢʦʛʝʥʝʟʦʤ, ð ʚʩʝ ʝʱʝ ʥʝʧʦʣʥʳ ʠ ʤʥʦʛʦʝ 

ʧʨʝʜʩʪʦʠʪ ʨʘʩʰʠʨʠʪʴ (Bailey, et al., 2018; Cheng, et al., 2017; Martincorena, et al., 2017). 

ʇʝʨʚʘʷ ʛʣʘʚʘ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʚ, 

ʯʴʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠʣʠ ʚʳʞʠʚʘʥʠʷ ʨʘʢʦʚʦʡ ʢʣʝʪʢʠ. 

ʊʘʢʠʝ ʛʝʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʛʝʥʘʤʠ (ʂɺɻ), ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʥʝ ʜʝʣʘʷ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʝʥʦʤ ʠ ʢʦʜʠʨʫʝʤʳʤʠ ʠʤ ʙʝʣʢʘʤʠ. ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ 

ʯʘʩʪʴ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʦʠʩʢʘ ʂɺɻ, ʠ ʚ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʙʦʪʳ 

(Pyatnitskiy, et al., 2018).  

ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʡ ʧʦʜʭʦʜ ʢ ʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʭʦʜʠʪʴ ʠ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʦʥʢʦʩʧʝʮʠʬʠʯʥʳʝ ʂɺɻ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʧʨʠ ʵʪʦʤ ʂɺɻ 

ʟʜʦʨʦʚʳʭ ʢʣʝʪʦʢ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʨʝʘʣʴʥʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʠʣʫ 

ʩʚʦʝʡ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʦʙʳʯʥʦ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʮʠʪʦʪʦʢʩʠʯʥʳʤ ʧʨʝʧʘʨʘʪʘʤ, ʧʦʚʨʝʞʜʘʶʱʠʤ ɼʅʂ ʠʣʠ ʥʘʨʫʰʘʶʱʠʤ ʤʠʪʦʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. ʂʣʠʥʠʯʝʩʢʘʷ ʧʨʘʢʪʠʢʘ, ʦʜʥʘʢʦ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʥʦʛʠʝ ʪʠʧʳ ʦʧʫʭʦʣʝʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʧʦʜʦʙʥʦʡ ʪʝʨʘʧʠʠ (Rabik and Dolan, 

2007). 
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ʅʝʢʦʪʦʨʳʝ ʪʠʧr ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪ.ʥ. 

ʬʝʥʦʤʝʥʦʤ «ʦʥʢʦʛʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ», ʩʦʩʪʦʷʱʝʛʦ ʚ ʪʦʤ, ʯʪʦ ʚʳʞʠʚʘʥʠʝ ʦʧʫʭʦʣʠ ʟʘʚʠʩʠʪ 

ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʂɺɻ ʠʣʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʥʠʤ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ 

(Pagliarini, et al., 2015). ʊʘʢʦʡ ʂɺɻ, ʟʘʯʘʩʪʫʶ ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʨʝʛʫʣʷʮʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ 

ʠ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ ʠ ʦʙʣʘʜʘʶʱʠʡ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ (ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʢʦʧʠʡ ʛʝʥʦʚ, ʪʦʯʝʯʥʘʷ ʟʘʤʝʥʘ, ʠ ʪ.ʜ.), ʥʘʟʳʚʘʝʪʩʷ 

ʦʥʢʦʛʝʥʦʤ.  

ʆʜʥʠ ʠʟ ʧʝʨʚʳʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʪʦʛʦ, ʯʪʦ ʧʨʦʣʠʬʝʨʘʮʠʷ ʠ ʚʳʞʠʚʘʝʤʦʩʪʴ ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ ʤʦʛʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʦʥʢʦʛʝʥʦʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ (Shirasawa, et al., 

1993). ɹr ʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʥʦʢʘʫʪ ʤʫʪʘʥʪʥʦʛʦ ʛʝʥʘ KRAS ʚʳʟʳʚʘʝʪ ʪʦʨʤʦʞʝʥʠʝ 

ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vitro ʠ in vivo. ʇʝʨʚʳʝ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʠʩʢʫ ʂɺɻ 

ʥʘ ʨʘʢʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ (Harborth, et al., 2001), ʛʜʝ ʩ 

ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠʟʫʯʘʣʠ 21 ʛʝʥ. ɺʧʦʩʣʝʜʩʪʚʠʠ, ʙʣʘʛʦʜʘʨʷ ʨʷʜʫ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʢʨʠʥʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʫʣʴʪʫʨʘʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʙʳʣ 

ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (Aguirre, et al., 2016; Cowley, et al., 

2014; Marcotte, et al., 2012; Marcotte, et al., 2016; Munoz, et al., 2016).  

ʌʝʥʦʤʝʥ ʦʥʢʦʛʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʠʝʣʦʠʜʥʳʭ ʢʣʝʪʦʢ ʦʪ ʧʦʚʳʰʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʠʥʘʟʳ ABL, ʩʚʷʟʘʥʥʦʡ ʩ ʝʝ ʪʨʘʥʩʣʦʢʘʮʠʝʡ ʧʦʜ ʧʨʦʤʦʪʦʨ 

ʚʳʩʦʢʦʵʢʩʧʨʝʩʩʠʨʫʝʤʦʛʦ ʛʝʥʘ BCR. ʇʦʩʢʦʣʴʢʫ ʙʝʣʦʢ ABL ʩʦʜʝʨʞʠʪ ʪʠʨʦʟʠʥʢʠʥʘʟʥʳʡ 

ʜʦʤʝʥ, ʪʦ ʧʦʣʫʯʠʚʰʘʷʩʷ ʭʠʤʝʨʘ BCR-ABL ʷʚʣʷʝʪʩʷ çʚʩʝʛʜʘ ʚʢʣʶʯʝʥʥʦʡ» ʪʠʨʦʟʠʥʢʠʥʘʟʦʡ, 

ʚʳʟʳʚʘʶʱʝʡ ʥʘʨʫʰʝʥʠʷ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʜʝʣʝʥʠ ʁ ʢʣʝʪʢʠ. ʈʘʟʨʘʙʦʪʢʘ ʠʤʘʪʠʥʠʙʘ, ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ 

ʭʠʤʝʨʥʦʛʦ ʙʝʣʢʘ BCR-ABL, ʧʨʦʠʟʚʝʣʘ ʨʝʚʦʣʶʮʠʶ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ ʭʨʦʥʠʯʝʩʢʦʛʦ 

ʤʠʝʣʦʠʜʥʦʛʦ ʣʝʡʢʦʟʘ (Druker, 2008). ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʝʥʦʤʝʥʘ 

ʦʥʢʦʛʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʣʝʪʦʢ ʦʧʫʭʦʣʝʡ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʨʝʮʝʧʪʦʨ ERBB2 (ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ HER2/neu) ʢ ʝʛʦ 

ʠʥʛʠʙʠʪʦʨʘʤ (ʣʘʧʘʪʠʥʠʙ, ʪʨʘʩʪʫʟʫʤʘʙ) (Hynes and Lane, 2005). 

ʇʦʤʠʤʦ ʘʥʘʣʠʟʘ ʦʜʥʦʩʣʦʞʥʳʭ ʧʨʠʤʝʨʦʚ ʬʝʥʦʤʝʥʘ ʦʥʢʦʛʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ 

«ʦʧʫʭʦʣʴ ʩ ʙʠʦʤʘʨʢʝʨʦʤ X ʫʷʟʚʠʤʘ ʢ ʝʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʶ», ʚʦʟʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ 

ʧʨʦʙʣʝʤʫ ʩʣʝʜʫʶʱʝʛʦ ʫʨʦʚʥʷ ð «ʩʫʱʝʩʪʚʫʶʪ ʣʠ ʦʧʫʭʦʣʠ ʩ ʙʠʦʤʘʨʢʝʨʦʤ X, ʫʷʟʚʠʤʳʝ ʢ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʙʠʦʤʘʨʢʝʨʘ Y?». ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʟʳʚʘʝʪʩʷ ʧʦʠʩʢʦʤ ʪ.ʥ. «ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʣʝʪʘʣʝʡ» ʠ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʚʠʜʝ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ. ʇʣʘʪʦʡ ʟʘ ʵʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 
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ʧʨʦʚʝʨʢʠ ʤʥʦʞʝʩʪʚʘ ʩʦʯʝʪʘʥʠʡ ʙʠʦʤʘʨʢʝʨ ð ʠʥʛʠʙʠʪʦʨ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʤʥʦʛʦʢʨʘʪʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɹʣʘʛʦʜʘʨʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ ʩʢʨʠʥʠʥʛʦʚʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʥʘʡʜʝʥ ʨʷʜ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ. ʊʘʢ, ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ ʩ ʤʫʪʘʥʪʥʳʤ ʛʝʥʦʤ ARID1A ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʙʝʣʢʘ ARID1B (Helming, et al., 2014), ʘ ʢʣʝʪʢʠ ʦʧʫʭʦʣʠ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʩ 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʛʝʥʦʤ MYC ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʧʣʘʡʩʦʩʦʤʳ (Hsu, et al., 2015). 

1.1.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ  

ʆʩʥʦʚʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʂɺɻ ʷʚʣʷʝʪʩʷ «ʚʳʢʣʶʯʝʥʠʝ» 

ʛʝʥʘ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

ɺ ʩʢʨʠʥʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪ ʪʝʭʥʦʣʦʛʠʠ ʈʅʂ-

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠʣʠ ʩʠʩʪʝʤʫ CRISPR/Cas9. ɼʘʣʝʝ ʦʙʘ ʵʪʠ ʤʝʪʦʜʘ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʧʦʜʨʦʙʥʝʝ. 

ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʷ 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦ «ʚʳʢʣʶʯʝʥʠʶ» ʛʝʥʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʝʥʦʤʝʥʘ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ ð ʤʝʭʘʥʠʟʤʘ ʢʦʥʪʨʦʣʷ ʵʢʩʧʨʝʩʩʠʠ ʥʘ 

ʧʦʩʪʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʤ ʫʨʦʚʥʝ. ɼʣʷ ʵʪʦʛʦ ʚ ʢʣʝʪʢʫ ʚʚʦʜʷʪ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʚʫʮʝʧʦʯʝʯʥʳʝ 

ʈʅʂ (ʪ.ʥ. ʤʘʣʳʝ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʝ ʈʅʂ, ʤʠʈʅʂ), ʢʦʪʦʨʳʝ ʠʥʠʮʠʠʨʫʶʪ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʘʩʢʘʜʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʜʝʛʨʘʜʘʮʠʠ ʮʝʣʝʚʦʡ ʤʈʅʂ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʜʚʝ ʚʦʟʤʦʞʥʳʝ ʩʪʨʘʪʝʛʠʠ. ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʡ ʩʪʨʘʪʝʛʠʠ, ʚ ʢʘʞʜʦʡ ʣʫʥʢʝ 

ʧʣʘʥʰʝʪʘ ʢʣʝʪʢʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʪʦʣʴʢʦ ʦʜʥʦʡ ʛʝʥʦʩʧʝʮʠʬʠʯʥʦʡ ʤʠʈʅʂ, ʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʂɺɻ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʠʛʥʘʣʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʣʫʥʢʠ. ɺ ʜʨʫʛʦʤ ʚʘʨʠʘʥʪʝ ʛʝʥʦʩʧʝʮʠʬʠʯʥʳʝ ʨʝʘʛʝʥʪʳ ʚʥʦʩʷʪʩʷ ʚ ʢʫʣʴʪʫʨʫ ʢʣʝʪʦʢ ʚ ʚʠʜʝ 

ʧʫʣʘ ʚʝʢʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʣʳʭ ʰʧʠʣʝʯʥʳʭ ʈʅʂ (ʤʰʈʅʂ) ʢʦ ʚʩʝʤ 

ʠʥʘʢʪʠʚʠʨʫʝʤʳʤ ʛʝʥʘʤ. ɺ ʢʣʝʪʢʝ ʤʰʈʅʂ ʧʨʦʮʝʩʩʠʨʫʶʪʩʷ ʚ ʘʢʪʠʚʥʫʶ ʤʠʈʅʂ, ʘ ʢʘʞʜʳʡ 

ʚʝʢʪʦʨ ʧʦʤʝʯʝʥ ʫʥʠʢʘʣʴʥʳʤ ʰʪʨʠʭʢʦʜʦʤ. ʇʦʩʣʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʪʨʘʥʩʬʝʮʠʨʦʚʘʥʥʳʝ 

ʢʣʝʪʢʠ ʩʝʢʚʝʥʠʨʫʶʪ ʠ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʥʝʜʦʩʪʘʪʢʫ ʧʨʦʯʪʝʥʠʡ ʩʦ ʰʪʨʠʭʢʦʜʦʤ 

ʦʧʨʝʜʝʣʷʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʂɺɻ (Housden, et al., 2017). 

ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʜʣʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʂɺɻ ʩʨʝʜʠ ʩʦʪʝʥ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ. ʆʜʥʠʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʪʘʢʦʛʦ ʨʦʜʘ ʩʪʘʣ ʧʨʦʝʢʪ ɸchilles (Cowley, et al., 2014). ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 216 ʨʘʢʦʚʳʭ ʣʠʥʠʡ, ʧʨʠʯʝʤ ʢʘʞʜʳʡ ʠʟ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ 11 000 ʛʝʥʦʚ 

ʷʚʣʷʣʩʷ ʤʠʰʝʥʴʶ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʤʰʈʅʂ. ɼʣʷ ʫʯʝʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʝʥ 
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ʥʝʩʢʦʣʴʢʠʭ ʤʰʈʅʂ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ATARiS (Shao, et al., 2013), ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʬʬʝʢʪ ʩʫʧʨʝʩʩʠʠ ʢʘʞʜʦʛʦ ʛʝʥʘ ʦʜʥʦʡ ʩʫʤʤʘʨʥʦʡ ʚʝʣʠʯʠʥʦʡ. 

ʅʝʜʘʚʥʦ ʧʨʦʝʢʪ ɸchilles ʙʳʣ ʨʘʩʰʠʨʝʥ, ʘ ʠʪʦʛʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʜʦʩʪʠʛʣʦ 501 (Tsherniak, et al., 2017). ʊʘʢʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ATARiS, ʧʦʣʫʯʠʚʰʘʷ ʥʘʟʚʘʥʠʝ DEMETER. ɺ ʥʦʚʦʡ ʚʝʨʩʠʠ ʜʣʷ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʩʫʧʨʝʩʩʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʪʘʨʛʝʪʥʦʤ ʛʝʥʝ 

ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʰʈʅʂ. ɹʳʣʦ ʥʘʡʜʝʥʦ 769 ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʦʜʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ, 

ʧʨʠʯʝʤ 20% ʠʟ ʢʦʜʠʨʫʝʤʳʭ ʙʝʣʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʤʠʰʝʥʠ ʜʣʷ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʦʣʴʢʦ 10 ʙʝʣʢʦʚ ʷʚʣʷʶʪʩʷ ʪʘʢʠʤʠ ʤʠʰʝʥʷʤʠ ʚ 58% 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ.  

ʊʝʭʥʦʣʦʛʠʷ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʂɺɻ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʦʜʭʦʜ ʥʝ ʩʚʦʙʦʜʝʥ 

ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʤʠʈʅʂ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʥʝʮʝʣʝʚʳʤʠ ʛʝʥʘʤʠ. ʊʘʢʞʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʷ 

ʧʨʠʚʦʜʠʪ ʪʦʣʴʢʦ ʢ ʚʨʝʤʝʥʥʦʤʫ ʧʦʜʘʚʣʝʥʠʶ ʬʫʥʢʮʠʠ ʛʝʥʘ (ʛʝʥʝʪʠʯʝʩʢʠʡ ʥʦʢʜʘʫʥ), ʥʝ 

ʠʥʘʢʪʠʚʠʨʫʷ ʝʛʦ ʧʦʣʥʦʩʪʴʶ (ʛʝʥʝʪʠʯʝʩʢʠʡ ʥʦʢʘʫʪ). ʇʦʵʪʦʤʫ ʧʦʤʠʤʦ ʧʨʦʙʣʝʤʳ 

ʣʦʞʥʦʧʦʟʠʪʠʚʥʳʭ ʥʘʭʦʜʦʢ (ʯʪʦ ʚʦʦʙʱʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʥʦʛʠʭ -ʦʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ) ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʠ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ ʠ ʣʦʞʥʦʥʝʛʘʪʠʚʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ, 

ʢʦʛʜʘ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʬʝʥʦʪʠʧʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʪʨʝʙʫʝʪʩʷ ʧʦʣʥʦʝ ʚʳʢʣʶʯʝʥʠʝ ʬʫʥʢʮʠʠ 

ʛʝʥʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʡ ʠʥʘʢʪʠʚʘʮʠʠ ʛʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʪʨʝʙʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʈʅʂ. ɽʱʝ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʰʠʙʦʢ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ 

ʪʦʣʴʢʦ ʥʘ ʤʠʈʅʂ ʠʣʠ ʤʰʈʅʂ. ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʛʝʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʂɺɻ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʣʘʪʬʦʨʤʳ (Bhinder and Djaballah, 

2013). 

ʊʝʭʥʦʣʦʛʠʷ CRISPR/Cas9 

ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʦʪʚʝʪʘ ʧʨʦʪʠʚ ʯʫʞʝʨʦʜʥʦʡ ɼʅʂ CRISPR/Cas9 

ʙʳʣʘ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʠ ʫʞʝ 

ʩʪʘʣʘ ʨʝʚʦʣʶʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚ ʛʝʥʥʦʡ ʠ ʛʝʥʦʤʥʦʡ ʠʥʞʝʥʝʨʠʠ (Cong, et al., 2013; Jinek, 

et al., 2012). ɺ ʦʪʣʠʯʠʝ ʦʪ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʩʠʩʪʝʤʘ CRISPR/Cas9 ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ 

ʥʘʩʣʝʜʫʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʜʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʥʝʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʝ ʦʙʣʘʩʪʠ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ CRISPR/SpyCas9 IIA 

ʧʦʜʪʠʧʘ ʠʟ S. pyogenes. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʥʝʩʧʝʮʠʬʠʯʥʦʡ 

ʈʅʂ-ʟʘʚʠʩʠʤʦʡ ɼʅʂ-ʵʥʜʦʥʫʢʣʝʘʟʳ SpyCas9 ʠ ʭʠʤʝʨʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʈʅʂ (ʭʥʈʅʂ). 

ʕʥʜʦʥʫʢʣʝʘʟʘ SpyCas9 ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩ ʭʥʈʅʂ, ʯʪʦ ʧʝʨʝʚʦʜʠʪ ʝʝ ʚ ʢʦʥʬʦʨʤʘʮʠʶ, 

ʢʦʤʧʝʪʝʥʪʥʫʶ ʜʣʷ ʧʦʠʩʢʘ ʤʠʰʝʥʠ ʚ ʛʝʥʦʤʝ. ʅʘʧʨʘʚʣʷʶʱʘʷ ʈʅʂ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʯʘʩʪʦʢ 

ʜʣʠʥʦʡ 20 ʥʫʢʣʝʦʪʠʜʦʚ (ʪ.ʥ. ʩʧʝʡʩʝʨ), ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʜʝʡʩʪʚʠʷ SpyCas9 ʠ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʡ ʮʝʣʝʚʦʤʫ ʫʯʘʩʪʢʫ ʛʝʥʦʤʘ (ʧʨʦʪʦʩʧʝʡʩʝʨ). ɽʩʣʠ ʦʙʨʘʟʫʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ 

ʛʠʙʨʠʜ ʩʧʝʡʩʝʨʘ ʠ ʧʨʦʪʦʩʧʝʡʩʝʨʘ ʈʅʂ:ɼʅʂ, ʪʦ SpyCas9 ʚʥʦʩʠʪ ʜʚʫʭʮʝʧʦʯʝʯʥʳʡ ʨʘʟʨʳʚ ʚ 

ɼʅʂ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʩʠʛʥʘʣʦʤ ʢ ʠʥʠʮʠʘʮʠʠ ʨʝʧʘʨʘʮʠʠ. ɺ ʢʣʝʪʢʘʭ ʚʳʩʰʠʭ ʵʫʢʘʨʠʦʪ ʯʘʱʝ 

ʚʩʝʛʦ ʪʘʢʠʝ ʨʘʟʨʳʚʳ ɼʅʂ ʨʝʧʘʨʠʨʫʶʪʩʷ ʩʠʩʪʝʤʦʡ NHEJ (Non-homologous End Joining), 

ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʩʪʘʥʦʚʷʪʩʷ ʚʩʪʘʚʢʠ ʠʣʠ ʜʝʣʝʮʠʠ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʳʚʘ. ɺ ʩʣʫʯʘʝ ʢʦʜʠʨʫʶʱʠʭ 

ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ ʵʪʦ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ʠʣʠ ʨʘʟʨʫʰʝʥʠʶ ʩʘʡʪʘ 

ʩʧʣʘʡʩʠʥʛʘ ʠ, ʚ ʠʪʦʛʝ, ʢ ʩʠʥʪʝʟʫ ʜʝʬʝʢʪʥʦʛʦ ʙʝʣʢʘ. ʉ ʮʝʣʴʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʨʫʰʝʥʠʷ 

ʬʫʥʢʮʠʡ ʛʝʥʘ ʩʠʩʪʝʤʫ CRISPR/Cas ʥʘʮʝʣʠʚʘʶʪ ʥʘ ʥʘʯʘʣʦ ʢʦʜʠʨʫʶʱʝʡ ʦʙʣʘʩʪʠ ʛʝʥʘ. 

ʆʜʥʘʢʦ ʥʝʙʦʣʴʰʠʝ ʜʝʣʝʮʠʠ ʚ ʤʘʣʦʟʥʘʯʠʤʦʤ ʜʦʤʝʥʝ ʠ ʥʝ ʚʳʟʳʚʘʶʱʠʝ ʩʜʚʠʛʘ ʨʘʤʢʠ 

ʩʯʠʪʳʚʘʥʠʷ ʤʦʛʫʪ ʠ ʥʝ ʧʦʚʣʠʷʪʴ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʘ. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ 

ʥʘʨʫʰʝʥʠʶ ʬʫʥʢʮʠʠ ʛʝʥʘ ʷʚʣʷʝʪʩʷ ʥʘʮʝʣʠʚʘʥʠʝ ʩʠʩʪʝʤʳ CRISPR/Cas ʥʘ ʫʯʘʩʪʢʠ, 

ʢʦʜʠʨʫʶʱʠʝ ʚʘʞʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʜʦʤʝʥʳ (Munoz, et al., 2016).  

ʊʝʭʥʦʣʦʛʠʷ CRISPR/Cas9 ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʥʦʛʝʥʦʤʥʳʭ 

ʩʢʨʠʥʠʥʛʦʚ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʯʝʣʦʚʝʢʘ. ʊʘʢ, ʚ ʨʘʙʦʪʝ (Shalem, et al., 2014) ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʙʠʙʣʠʦʪʝʢʘ ʠʟ 64 751 ʭʥʈʅʂ ʧʨʦʪʠʚ 18 080 ʛʝʥʦʚ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠ ̫ʂɺɻ ʜʣʷ ʢʣʝʪʦʢ ʣʠʥʠʠ 

A375 ʤʝʣʘʥʦʤʳ ʯʝʣʦʚʝʢʘ ʠ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ HUES62. ɺ ʨʘʙʦʪʝ (Wang, 

et al., 2015) ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʠʙʣʠʦʪʝʢʫ ʠʟ 73 151 ʭʥʈʅʂ ʧʨʦʪʠʚ 7114 ʛʝʥʦʚ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʚ, ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʡ ʢʦʪʦʨʳʭ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʭʨʦʥʠʯʝʩʢʦʡ 

ʤʠʝʣʦʛʝʥʥʦʡ ʣʝʡʢʝʤʠʠ ʢ 6-ʪʠʦʛʫʘʥʠʥʫ, ʘ ʫ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʡ ʣʠʤʬʦʤʳ ɹʝʨʢʠʪʪʘ HL60 ð 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʥʛʠʙʠʪʦʨʫ ɼʅʂ ʪʦʧʦʠʟʦʤʝʨʘʟʳ IIA ð ʵʪʦʧʦʟʠʜʫ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʦʙʥʘʨʫʞʝʥʳ ʛʝʥʳ ʨʝʧʘʨʘʮʠʠ MSH2, MSH6, MLH1 ʠ PMS2, ʘ ʚʦ ʚʪʦʨʦʤ ð ʛʝʥʳ TOP2A ʠ 

CDK6.  

ɺ ʨʘʙʦʪʝ (Hart, et al., 2015) ʘʚʪʦʨʳ ʩʦʟʜʘʣʠ ʙʠʙʣʠʦʪʝʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 176 500 ʭʥʈʅʂ 

ʧʨʦʪʠʚ 17 661 ʛʝʥʦʚ ʯʝʣʦʚʝʢʘ, ʠ ʧʨʦʚʝʣʠ ʩʢʨʠʥʠʥʛ ʥʘ ʂɺɻ ʫ ʢʣʝʪʦʢ ʨʘʟʣʠʯʥʳʭ ʣʠʥʠʡ 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ, ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ, ʛʣʠʦʙʣʘʩʪʦʤʳ, ʠ hTERT-ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʦʛʦ 

ʵʧʠʪʝʣʠʷ ʩʝʪʯʘʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ BAGEL. 

ɺ ʠʪʦʛʝ ʚʳʷʚʣʝʥʦ ʙʦʣʝʝ 2000 ʚʘʞʥʳʭ ʛʝʥʦʚ, ʚʢʣʶʯʘʷ 1580 ʂɺɻ (Hart, et al., 2014). 

ʀʥʪʝʨʝʩʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʙʣʠʟʢʠʤʠ ʣʠʥʠʷʤʠ 
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ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ. ʊʘʢ, ʨʦʩʪ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ DLD1 ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʦʜʘʚʣʷʝʪʩʷ 

ʠʥʛʠʙʠʪʦʨʦʤ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ EGFR ʵʨʣʦʪʠʥʠʙʦʤ, ʪʦʛʜʘ ʢʘʢ ʨʦʩʪ ʢʣʝʪʦʢ ʣʠʥʠʠ HCT116 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʦʜʘʚʣʷʝʪʩʷ ʤʝʪʬʦʨʤʠʥʦʤ ð ʠʥʛʠʙʠʪʦʨʦʤ ʢʦʤʧʣʝʢʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ETC I. 

ɺ ʨʘʙʦʪʝ Bertomeu ʠ ʩʦʘʚʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ ʠʟ 278 000 ʭʥʈʅʂ 

ʙʳʣʠ ʧʨʦʬʠʣʠʨʦʚʘʥʳ ʤʝʥʝʝ ʭʦʨʦʰʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ ʛʝʥʦʤʘ, ʚʢʣʶʯʘʷ 

19 000 ʛʝʥʦʚ Refseq ʠ 3900 ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʛʝʥʦʚ (Bertomeu, et al., 2018). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ 2280 ʂɺɻ, ʧʨʠʯʝʤ 486 ʠʟ ʥʠʭ ʧʝʨʝʢʨʳʚʘʣʠʩʴ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʨʘʙʦʪʘʤʠ 

(Blomen, et al., 2015; Hart, et al., 2015; Wang, et al., 2015).  

ʊʝʭʥʦʣʦʛʠʷ CRISPR/Cas9 ʥʝ ʣʠʰʝʥʘ ʥʝʜʦʩʪʘʪʢʦʚ, ʛʣʘʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʧʦʙʦʯʥʦʡ ʥʝʮʝʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ Cas9, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʭʥʈʅʂ (Peng, et al., 2016). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ: ʧʨʦʙʣʝʤʳ ʠ ʪʨʫʜʥʦʩʪʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʠʩʢʘ ʂɺɻ ʚ ʨʘʢʦʚʳʭ ʛʝʥʦʤʘʭ. ʆʜʥʘʢʦ ʚ ʦʙʣʘʩʪʠ ʧʦʢʘ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʦʝ ʤʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ «ʟʦʣʦʪʦʛʦ ʩʪʘʥʜʘʨʪʘ» ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʂɺɻ. 

ʉʢʨʠʥʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʂɺɻ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʤʥʦʛʠʭ ʤʦʜʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ. ɹʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʘʙʦʨ ʂɺɻ, ʦʙʱʠʭ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʢʣʝʪʦʢ. ʅʘʧʨʠʤʝʨ, ʚ ʪʨʝʭ ʨʘʙʦʪʘʭ ʧʦ 

ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ (Cowley, et al., 2014; Luo, et al., 2008; Marcotte, et al., 2012) ʩʦʦʙʱʘʣʦʩʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦ 250ï300 ʪʘʢʠʭ ʂɺɻ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʶ CRISPR, ʚ ʩʨʝʜʥʝʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʦʪ 1500 ʜʦ 2200 ʂɺɻ, ʢʦʪʦʨʳʝ 

ʦʙʦʛʘʱʝʥʳ ʬʫʥʢʮʠʷʤʠ ʤʝʪʘʙʦʣʠʟʤʘ, ʨʝʧʣʠʢʘʮʠʠ ɼʅʂ, ʪʨʘʥʩʢʨʠʧʮʠʠ, ʩʧʣʘʡʩʠʥʛʘ ʠ 

ʙʠʦʩʠʥʪʝʟʘ ʙʝʣʢʘ (Blomen, et al., 2015; Hart, et al., 2015; Wang, et al., 2015). ʇʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ 

CRISPR ʠ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʦʢʘ ʜʘʝʪ ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ 

ʧʫʙʣʠʢʘʮʠʠ (Evers, et al., 2016), ʪʝʭʥʦʣʦʛʠʷ CRISPR/Cas9 ʧʦʢʘʟʳʚʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ, ʘ ʚ ʨʘʙʦʪʝ (Morgens, et al., 2016) ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʦʙʝʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʧʷʪʴʶ ʢʣʝʪʦʯʥʳʤʠ ʣʠʥʠʷʤʠ ʪʦʣʴʢʦ 3% 

ʛʝʥʦʚ ʙʳʣʠ ʜʝʪʝʢʪʠʨʦʚʘʥʳ ʢʘʢ ʂɺɻ ʩʦʛʣʘʩʥʦ ʦʙʦʠʤ ʤʝʪʦʜʘʤ (Munoz, et al., 2016). ʇʦʵʪʦʤʫ 

ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʠʭ 

ʧʦʜʭʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ (Bertomeu, et al., 2018) ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ RANKS, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʦʙʦʠʤʠ ʪʠʧʘʤʠ ʜʘʥʥʳʭ, ʚʳʯʠʩʣʷʷ ʟʥʘʯʠʤʦʩʪ ɹʵʬʬʝʢʪʘ ʧʦʜʘʚʣʝʥʠʷ 

ʦʪʜʝʣʴʥʦʛʦ ʛʝʥʘ. 
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ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʨʘʟʣʠʯʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʥʦʢʜʘʫʥʘ ʩ ʧʦʤʦʱʴʶ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ (Housden, et al., 

2017). ʅʘʧʨʠʤʝʨ, ʛʝʥ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ, ʥʦ 

ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ, ʢʦʛʜʘ ʠʥʛʠʙʠʨʦʚʘʥ 

ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʪʘʢʦʡ ʛʝʥ ʙʫʜʝʪ ʜʝʪʝʢʪʠʨʦʚʘʥ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʂɺɻ 

ʩʦʛʣʘʩʥʦ ʥʦʢʘʫʪʥʳʤ ʤʝʪʦʜʘʤ (CRISPR/Cas9) ʠʣʠ ʢʘʢ ʢʦʥʪʝʢʩʪ-ʟʘʚʠʩʠʤʳʡ ʂɺɻ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʥʦʢʜʘʫʥʘ (ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʷ).  

ʉʫʱʝʩʪʚʫʶʪ ʠ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʂɺɻ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʛʨʘʥʠʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ 

ʧʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʠʯʠʥʘʤ ʛʝʥʝʪʠʯʝʩʢʠʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ in vivo ʧʨʦʚʦʜʠʪʴ ʥʝʚʦʟʤʦʞʥʦ. 

ʆʜʥʘʢʦ ʨʘʙʦʪʘ ʩ ʢʣʝʪʦʯʥʳʤʠ ʣʠʥʠʷʤʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʤʝʞʢʣʝʪʦʯʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ ʦʧʫʭʦʣʠ (Bissell and Hines, 2011). ʊʘʢʞʝ ʩʚʦʡʩʪʚʘ 

ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʤʦʛʫʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʫʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʚʢʣʶʯʘʷ ʥʘʢʦʧʣʝʥʠʝ ʥʦʚʳʭ ʤʫʪʘʮʠʡ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ 

ʙʳʪʴ ʚʘʞʥʳ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʂɺɻ ʠ ʟʘʪʨʫʜʥʷʪʴ ʪʨʘʥʩʣʷʮʠʶ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʘʢʪʠʢʫ. 

1.1.2. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʩʜʝʨʞʠʚʘʶʱʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʂɺɻ 

ʤʝʪʦʜʦʤ «ʛʨʫʙʦʡ ʩʠʣʳ», ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʙʦʨʘ ʤʥʦʞʝʩʪʚʘ ʢʦʤʙʠʥʘʮʠʡ ʠʟ 

ʧʦʜʘʚʣʷʝʤʦʛʦ ʛʝʥʘ, ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ «ʫʩʧʝʭʘ» ð ʦʙʥʘʨʫʞʝʥʠʷ ʂɺɻ. ʅʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ 

ʨʘʙʦʪʝ (Hart, et al., 2014) ʯʠʩʣʦ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʂɺɻ ʜʣʷ ʯʝʣʦʚʝʢʘ ʨʘʚʥʦ 291, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 

ʪʦʣʴʢʦ 1,4% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʝʥʦʚ. ʇʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʂɺɻ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʜʦʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʘʤʠ in silico, ʢʦʪʦʨʳʝ ʠ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʝ (ʩʤ. ʈʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1. ʈʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʧʨʝʜʩʢʘʟʘʥʠʶ ʂɺɻ, ʧʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ. 

(A) ʕʚʦʣʶʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ð ʧʦʠʩʢ ʛʝʥʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʟʥʘʢʠ ʥʝʛʘʪʠʚʥʦʛʦ ʦʪʙʦʨʘ (ʜʦʣʷ 

ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʤʫʪʘʮʠʡ ʤʝʥʴʰʝ ʜʦʣʠ ʩʠʥʦʥʠʤʠʯʥʳʭ ʤʫʪʘʮʠʡ). (ɹ) ʀʥʪʝʨʘʢʪʦʤʥʳʝ ʤʝʪʦʜʳ ð ʘʥʘʣʠʟ 

ʪʦʧʦʣʦʛʠʠ ʩʝʪʝʡ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. (ɺ) ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ð 

ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʘʢʮʠʡ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʦʩʪʘ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʦʧʫʭʦʣʠ. ʀʟ ʨʘʙʦʪʳ 

(Pyatnitskiy, et al., 2018) 

ʕʚʦʣʶʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʏʝʪʳʨʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʟʘʜ Wilson ʩ ʩʦʘʚʪʦʨʘʤʠ ʚʳʩʢʘʟʘʣ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʙʝʣʢʠ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʠʣʠ ʬʝʨʪʠʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʜʦʣʞʥʳ 

ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʤʝʥʠʤʳʤʠ ʙʝʣʢʘʤʠ, 

ʪ.ʝ. ʥʘʭʦʜʠʪʴʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ (Wilson, et al., 1977). ʇʦʵʪʦʤʫ ʦʜʥʠʤ 

ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʧʨʝʜʩʢʘʟʘʥʠʶ ʂɺɻ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʛʝʥʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʟʥʘʢʠ 

ʦʯʠʱʘʶʱʝʛʦ (ʥʝʛʘʪʠʚʥʦʛʦ) ʦʪʙʦʨʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʪʙʦʨʘ ʥʘ ʫʨʦʚʥʝ ʛʝʥʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚʝʣʠʯʠʥʫ dN/dS 

(ʠʟʚʝʩʪʥʫʶ ʪʘʢʞʝ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ Ka/Ks) (Nei and Gojobori, 1986), ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʝʩʠʥʦʥʠʤʠʯʥʳʤʠ ʠ ʩʠʥʦʥʠʤʠʯʥʳʤʠ ʤʫʪʘʮʠʷʤʠ. 

ɽʩʣʠ ʛʝʥ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʛʘʪʠʚʥʦʛʦ ʦʪʙʦʨʘ, ʪʦ ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʤʝʥʴʰʝ 

ʝʜʠʥʠʮʳ, ʧʦʩʢʦʣʴʢʫ ʥʝʩʠʥʦʥʠʤʠʯʥʳʝ ʤʫʪʘʮʠʠ ʚ ʪʘʢʦʤ ʛʝʥʝ ʠʤʝʶʪ ʤʝʥʴʰʠʡ ʰʘʥʩ 

ʟʘʢʨʝʧʠʪʴʩʷ ʚ ʧʦʧʫʣʷʮʠʠ. ʊʝʩʪ dN/dS ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ, ʘ 

ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʦʤʫ ʧʨʦʛʨʝʩʩʫ ʦʥʢʦʛʝʥʦʤʠʢʠ ʵʪʦʪ ʤʝʪʦʜ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʙʦʨʘ ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ (Ostrow, et al., 2014; Ovens and Naugler, 2012). 

ɺ ʛʣʘʚʝ 3, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʨʘʙʦʪʝ (Pyatnitskiy, et al., 2015), ʜʘʥʥʳʡ ʪʝʩʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʧʦ ʧʨʝʜʩʢʘʟʘʥʠ ʁʂɺɻ ʤʝʣʘʥʦʤʳ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʨʷʜʝ ʥʝʜʘʚʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʩʪʘ dN/dS ʜʣʷ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʟʘʥʠʞʝʥʥʳʤ ʦʮʝʥʢʘʤ ʵʪʦʡ 

ʚʝʣʠʯʠʥʳ, ʪʝʤ ʩʘʤʳʤ ʟʘʚʳʰʘʷ ʦʮʝʥʢʫ ʢʦʣʠʯʝʩʪʚʘ ʛʝʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʥʝʛʘʪʠʚʥʦʛʦ ʦʪʙʦʨʘ (Martincorena, et al., 2017; Van den Eynden and Larsson, 2017). ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ʤʫʪʘʮʠʡ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 
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ʜʦʣʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ (C>A, C>G, C>T, T>A, T>C, T>G) ʩ ʫʯʝʪʦʤ 

ʢʦʥʪʝʢʩʪʘ ʩʦʩʝʜʥʠʭ ʥʫʢʣʝʦʪʠʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʛʝʥʦʤʘ, ʧʨʠʯʝʤ ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʘʢʘ ʭʘʨʘʢʪʝʨʝʥ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʪʘʢʠʭ ʧʘʪʪʝʨʥʦʚ (ʩʠʛʥʘʪʫʨʘ) (Alexandrov, et 

al., 2013). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʤʫʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (Alexandrov and Stratton, 2014). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʤʝʣʘʥʦʤʳ 

ʭʘʨʘʢʪʝʨʥʘ ʩʠʛʥʘʪʫʨʘ ˉ7 ð ʤʫʪʘʮʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ 

ʜʘʚʣʝʥʠʷ ʦʪʙʦʨʘ, ʫʯʠʪʳʚʘʶʱʠʭ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʝ ʤʫʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʤʦʜʠʬʠʢʘʮʠʠ ʪʝʩʪʘ dN/dS (Martincorena, et al., 2017; Van den Eynden and 

Larsson, 2017), ʪʘʢ ʠ ʙʘʡʝʩʦʚʩʢʠʡ ʧʦʜʭʦʜ (Weghorn and Sunyaev, 2017). ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ 

ʨʘʙʦʪ ʩʦʛʣʘʩʫʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʚ ʨʘʢʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. 

ʊʘʢ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ Martincorena ʠ ʩʦʘʚʪʦʨʦʚ, ʪʦʣʴʢʦ 0,14% ʛʝʥʦʚ ʥʘʭʦʜʷʪʩʷ ʧʦʜ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʪʙʦʨʦʤ, ʜʣʷ ʥʝʙʦʣʴʰʦʡ ʜʦʣʠ ʛʝʥʦʚ (2,2%) ʭʘʨʘʢʪʝʨʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʦʪʙʦʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʥʦʚ ʘʢʢʫʤʫʣʠʨʫʝʪ ʤʫʪʘʮʠʠ 

ʥʝʡʪʨʘʣʴʥʦ ð ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ dN/dS ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳ ʝʜʠʥʠʮʝ 

(Martincorena, et al., 2017). ɽʜʠʥʩʪʚʝʥʥʦʡ ʢʘʪʝʛʦʨʠʝʡ, ʜʣʷ ʢʦʪʦʨʦʡ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ ʩʚʷʟʴ 

ʤʝʞʜʫ ʧʦʥʠʞʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ dN/dS ʠ ʵʩʩʝʥʮʠʘʣʴʥʦʩʪʴʶ ʛʝʥʘ, ð ʵʪʦ ʥʦʥʩʝʥʩ-

ʤʫʪʘʮʠʠ ʚ ʛʝʤʠʟʠʛʦʪʥʳʭ ʫʯʘʩʪʢʘʭ ʛʝʥʦʤʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʨʘʙʦʪʝ (Van den Eynden, et al., 2016). 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʚ ʨʘʢʦʚʦʤ ʛʝʥʦʤʝ 

ʯʘʩʪʠʯʥʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥ ʥʝʜʦʩʪʘʪʢʦʤ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʧʦ ʩʦʤʘʪʠʯʝʩʢʠʤ 

ʤʫʪʘʮʠʷʤ. ɺʣʠʷʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʩʣʦʞʥʝʝ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʪʙʦʨʦʤ, ʧʦʩʢʦʣʴʢʫ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʜʝʪʝʢʮʠʠ 

ʜʝʬʠʮʠʪʘ ʤʫʪʘʮʠʡ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʜʝʪʝʢʮʠʠ ʠʟʙʳʪʢʘ ʤʫʪʘʮʠʡ. ʇʦʤʠʤʦ ʫʧʦʤʠʥʘʚʰʠʭʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ, ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʟʘʪʨʫʜʥʷʶʱʠʤʠ 

ʨʘʙʦʪʫ ʵʚʦʣʶʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʷʚʣʷʪʁʩʷ ʨʘʟʣʠʯʠ ̫ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʫʪʘʛʝʥʝʟʘ ʚʜʦʣʴ ʛʝʥʦʤʘ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ «ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ» ʜʘʥʥʳʭ ʛʝʨʤʠʥʘʪʠʚʥʳʤʠ 

ʤʫʪʘʮʠʷʤʠ ʠ ʛʣʦʙʘʣʴʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʦʧʫʭʦʣʠ. 

ʀʥʪʝʨʘʢʪʦʤʠʢʘ 

ʂʣʝʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʢʘʞʜʦʛʦ ʙʝʣʢʘ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ 

ʙʝʣʢʘʤʠ: ʩʫʙʲʝʜʠʥʠʮʘʤʠ, ʝʩʣʠ ʙʝʣʦʢ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʣʠ 

ʧʨʦʯʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʝʩʣʠ ʙʝʣʦʢ ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ 

ʠʣʠ ʩʠʛʥʘʣʴʥʦʤ ʢʘʩʢʘʜʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʪʠ ʪʘʢʠʭ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 
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ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʂɺɻ ʚ ʩʨʝʜʥʝʤ ʠʤʝʁʪ ʙʦʣʴʰʝ ʧʘʨʪʥʝʨʦʚ ʚ ʩʝʪʠ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ ð ʪ.ʥ. ʢʦʥʮʝʧʮʠʷ «ʮʝʥʪʨʘʣʴʥʦʩʪʴ ð ʣʝʪʘʣʴʥʦʩʪʴ» (Jeong, et 

al., 2001). 

ʀʟ ʜʘʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʳʪʝʢʘʝʪ ʤʝʪʦʜ ʧʨʝʜʩʢʘʟʘʥʠ ̫

ʵʩʩʝʥʮʠʘʣʴʥʦʩʪʠ ʙʝʣʢʦʚ ʩ ʦʧʦʨʦʡ ʥʘ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʝʪʠ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (Yu, et al., 2004). ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʙʝʣʢʘʤʠ ʚ ʢʣʝʪʢʝ ʬʦʨʤʘʣʴʥʦ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʛʨʘʬʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʚʝʨʰʠʥ (ʙʝʣʢʦʚ) ʠ ʩʦʝʜʠʥʷʶʱʠʭ ʠʭ ʨʝʙʝʨ 

(ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʙʠʦʣʦʛʠʠ ʦʙʰʠʨʥʳʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ ʛʨʘʬʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ 

ʚʝʣʠʯʠʥʳ ʮʝʥʪʨʘʣʴʥʦʩʪʠ («ʚʘʞʥʦʩʪʠ») ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʛʨʘʬʘ: ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʷʱʠʭ ʠ 

ʠʩʭʦʜʷʱʠʭ ʨʝʙʝʨ (ʮʝʥʪʨʘʣʴʥʦʩʪʴ ʧʦ ʩʪʝʧʝʥʠ), ʯʘʩʪʦʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʜʘʥʥʫʶ ʚʝʨʰʠʥʫ 

ʢʨʘʪʯʘʡʰʠʭ ʧʫʪʝʡ ʤʝʞʜʫ ʚʩʝʤʠ ʧʘʨʘʤʠ ʚʝʨʰʠʥ (ʮʝʥʪʨʘʣʴʥʦʩʪʴ ʧʦ ʧʦʩʨʝʜʥʠʯʝʩʪʚʫ), 

ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʜʨʫʛʠʭ ʫʟʣʦʚ ʛʨʘʬʘ ʢ ʩʫʤʤʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʜʘʥʥʳʤ ʫʟʣʦʤ ʠ ʚʩʝʤʠ 

ʜʨʫʛʠʤʠ ʫʟʣʘʤʠ (ʮʝʥʪʨʘʣʴʥʦʩʪʴ ʧʦ ʙʣʠʟʦʩʪʠ) ʠ ʪ.ʜ. ɺ ʨʘʙʦʪʝ del Rio ʠ ʩʦʘʚʪʦʨʳ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʂɺɻ S.cerevisiae ʩʨʘʚʥʠʚʘʣʠ 16 ʨʘʟʣʠʯʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʮʝʥʪʨʘʣʴʥʦʩʪʠ 

ʚʝʨʰʠʥ, ʧʨʠʯʝʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʦʩʪʘʚʠʣʘ ʧʦʯʪʠ 70% (del Rio, et al., 

2009). ɹʣʘʛʦʜʘʨʷ ʚʚʝʜʝʥʠʶ ʥʦʚʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʣʦʢʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʮʝʥʪʨʘʣʴʥʦʩʪʠ, ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʟʜʥʝʝ ʫʣʫʯʰʝʥ ʧʦʯʪʠ ʥʘ 10% (Luo and Qi, 2015; Qin, 

et al., 2016). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʜʨʫʛʠʝ ʜʝʩʢʨʠʧʪʦʨʳ, 

ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʙʠʦʣʦʛʠʠ: ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʝʪ ʜʘʥʥʳʡ ʙʝʣʦʢ, 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʛʫʣʷʪʦʨʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ (ʜʣʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ), ʢʦʣʠʯʝʩʪʚʦ 

ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʷʭ ʩ ʤʝʪʘʙʦʣʠʪʘʤʠ, ʧʦʣʫʯʘʶʱʠʤʠʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʜʘʥʥʳʤ ʙʝʣʢʦʤ (ʜʣʷ ʬʝʨʤʝʥʪʦʚ) (da Silva, et al., 2008). 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʬʦʢʫʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʘʢʪʦʤʠʢʠ ʩʤʝʱʘʝʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʪ.ʥ. ʘʥʘʣʠʟʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʠ ʩʝʪʝʡ. ʉʝʪʴ ʩʯʠʪʘʝʪʩʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ, ʝʩʣʠ, 

ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʟʣʳ, ʝʝ ʚʦʟʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʚ ʞʝʣʘʝʤʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘ 

ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ (Liu, et al., 2011). ʅʝʜʘʚʥʦ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

CytoCtrlAnalyser, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʦ ʜʝʚʷʪʴ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʫʯʘʪʴ ʙʝʣʦʢ-

ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʠ ʩʝʪʠ (Wu, et al., 2018). ɺ ʨʘʙʦʪʝ 

Wuchty ʠ ʩʦʘʚʪʦʨʦʚ ʦʧʨʝʜʝʣʠʣʠ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʙʝʣʢʦʚ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (Wuchty, 2014). 

ʊʘʢʠʝ ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʙʝʣʢʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʢʨʝʩʪʢʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʦʛʘʱʝʥʳ ʦʥʢʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʙʝʣʢʘʤʠ. ʊʘʢʞʝ ʪʘʢʠʝ ʙʝʣʢʠ ʜʦʩʪʦʚʝʨʥʦ 
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ʯʘʱʝ ʢʦʜʠʨʫʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʂɺɻ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʘʥʘʣʠʟ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʠ ʢʘʢ ʥʦʚʳʡ ʤʝʪʦʜ ʧʦ ʧʨʝʜʩʢʘʟʘʥʠʶ ʫʷʟʚʠʤʳʭ ʪʦʯʝʢ ʚ ʛʝʥʦʤʝ ʠ 

ʧʨʦʪʝʦʤʝ (Khuri and Wuchty, 2015).  

ɸʥʘʣʠʟ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʠ ʩʝʪʝʡ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ (Kanhaiya, et al., 2017). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʥʦʡ ʠʥʪʝʨʘʢʪʦʤʥʦʡ ʩʝʪʴʶ ʪʨʝʙʫʝʪʩʷ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 70% ʚʩʝʭ 

ʙʝʣʢʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʩʝʪʴʶ ʠʟ ʦʥʢʦʩʧʝʮʠʬʠʯʥʳʭ ʂɺɻ ʪʨʝʙʫʝʪʩʷ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʣʴʢʦ 6% ʚʩʝʭ ʫʟʣʦʚ ʩʝʪʠ. ɺ ʭʦʜʝ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʙʝʣʢʦʚ-ʤʠʰʝʥʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʝʢʘʨʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʢʘ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʢ ʧʨʝʜʩʢʘʟʘʥʠʶ ʂɺɻ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. ʇʦʜʦʙʥʳʝ ʧʦʧʳʪʢʠ ʫʩʧʝʰʥʦ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʜʣʷ 

ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʪʘʢʠʭ ʢʘʢ E.coli (Edwards and Palsson, 2000), 

S.cerevisiae (Heavner, et al., 2013) ʠ M.genitalium (Karr, et al., 2012). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʭʘʨʘʢʪʝʨʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ 

ʫʩʢʦʨʝʥʥʳʡ ʨʦʩʪ ʠ ʧʨʦʣʠʬʝʨʘʮʠ ʁ ʢʣʝʪʦʢ (Maximchik, et al., 2016), ʚ ʯʘʩʪʥʦʩʪʠ 

ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʙʠʦʵʥʝʨʛʝʪʠʢʠ (Hanahan and Weinberg, 2011). 

ʄʥʦʛʦ ʫʩʠʣʠʡ ʙʳʣʦ ʟʘʪʨʘʯʝʥʦ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʩʝʪʝʡ ʚ ʪʢʘʥʷʭ 

ʯʝʣʦʚʝʢʘ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʘʣʠʟʤʘ. ʋʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʡ ʚʝʨʩʠʠ 

ʪʘʢʦʡ ʤʦʜʝʣʠ, Recon 1, ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʙʦʣʝʝ ʯʝʤ 1500 ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

(Duarte, et al., 2007). ɺ ʩʚʦʝʡ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ Recon 2.2 ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦ 

5324 ʤʝʪʘʙʦʣʠʪʘʭ, 7785 ʨʝʘʢʮʠʷʭ ʠ 1675 ʛʝʥʘʭ (Swainston, et al., 2016). ʅʘʢʣʘʜʳʚʘʷ 

ʨʘʟʣʠʯʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʣʥʦʛʝʥʦʤʥʫʶ ʤʦʜʝʣʴ (ʥʘʧʨʠʤʝʨ, ʫʯʠʪʳʚʘʷ 

ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʦʩʪ ɹʵʢʩʧʨʝʩʩʠʠ ʬʝʨʤʝʥʪʦʚ), ʚʦʟʤʦʞʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʤʝʪʘʙʦʣʠʟʤ ʚ 

ʠʥʪʝʨʝʩʫʶʱʠʭ ʪʠʧʘʭ ʢʣʝʪʦʢ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʘʥʳ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʢʘʢ MBA (Jerby, 

et al., 2010), mCADRE (Wang, et al., 2012) ʠ tINIT (Agren, et al., 2014).  

ʇʦʩʪʨʦʝʥʥʳʝ ʤʦʜʝʣʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʝʘʢʮʠʡ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʣʠʤʠʪʠʨʫʶʱʠʭ ʨʦʩʪ ʠ ʧʨʦʣʠʬʝʨʘʮʠ ʁʦʧʫʭʦʣʠ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʪ.ʥ. ʘʥʘʣʠʟ ʙʘʣʘʥʩʘ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʧʦʪʦʢʦʚ (Orth, et al., 2010). ɺ ʨʘʙʦʪʝ Gatto ʠ ʩʦʘʚʪʦʨʦʚ ɻ ʪʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʦʜʝʣʠ 

ʤʝʪʘʙʦʣʠʟʤʘ ʩʚʝʪʣʦʢʣʝʪʦʯʥʦʡ ʧʦʯʝʯʥʦʡ ʢʘʨʮʠʥʦʤʳ ʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʧʨʦʩʪʘʪʳ (Gatto, et 

al., 2015). ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʧʨʝʜʩʢʘʟʘʪʴ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʘʣʠʜʠʨʦʚʘʪʴ ʧʷʪʴ 
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ʂɺɻ (AGPAT6, GALT, GCLC, GSS, RRM2B) ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʨʘʢʘ ʧʦʯʢʠ, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ 

ʨʘʢʘ ʧʨʦʩʪʘʪʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʝʪʦʜʘ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʣʫʯʘʡʥʦʛʦ ʰʫʤʘ. ɺ ʨʘʙʦʪʝ Opdam ʠ 

ʩʦʘʚʪʦʨʦʚ ʠʟʫʯʘʣʠ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʂɺɻ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʭ 

ʤʦʜʝʣʝʡ ʤʝʪʘʙʦʣʠʟʤʘ ʩ ʧʦʤʦʱʴʶ ʰʝʩʪʠ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ (Opdam, et al., 2017). 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦ ʯʝʪʳʨʝʤ ʨʘʢʦʚʳʤ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʟʦʣʦʪʦʛʦ 

ʩʪʘʥʜʘʨʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʦʢʘʫʪʘ ʛʝʥʦʚ ʤʝʪʦʜʦʤ CRISPR. ʂʘʞʜʳʡ ʛʝʥ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ ʂɺɻ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʦʩʣʝ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʥʦʢʘʫʪʘ ʧʘʜʘʣʘ ʙʦʣʝʝ ʯʝʤ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʢʠʤ ʪʠʧʦʤ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʝ ʤʦʜʝʣʠ ʤʝʪʘʙʦʣʠʟʤʘ ʠʤʝʶʪ ʣʫʯʰʫʶ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʫʶ 

ʩʠʣʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʥʦʛʝʥʦʤʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʘ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʦʚ MBA, mCADRE ʠ 

INIT ʥʘʭʦʜʠʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ. ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ, ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʦʨʦʛʘ ʥʘ ʛʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʝʥʘ ʢʘʢ ʘʢʪʠʚʥʦʛʦ ʠʣʠ ʥʝʘʢʪʠʚʥʦʛʦ ʚ ʜʘʥʥʦʡ ʪʢʘʥʠ. ɹʦʣʝʝ ʩʪʨʦʛʠʝ 

ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʨʦʛʘ ʚʝʜʫʪ ʢ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʤ ʧʨʝʜʩʢʘʟʘʥʠʷʤ ʂɺɻ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʝʜʩʢʘʟʘʥʠʷ: ʧʨʦʙʣʝʤʳ ʠ ʪʨʫʜʥʦʩʪʠ 

ʇʨʠʤʝʥʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʥʢʦʩʧʝʮʠʬʠʯʥʳʭ ʂɺɻ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʳ ʩ ʥʝʧʦʣʥʦʪʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʠʥʪʝʨʘʢʪʦʤʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʩʝʪʠ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʜʥʘʢʦ ʧʦʩʣʝʜʥʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʚ ʩʣʫʯʘʝ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʘ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʳ ʥʘ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ (ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʜʣʷ S.cerevisiae). ʊʘʢʞʝ ʥʠʢʘʢ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ, ʪ.ʝ. ʟʘʚʠʩʠʤʦʩʪʴ 

ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʪ ʚʨʝʤʝʥʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʂɺɻ ʪʨʫʜʥʦ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʝʜʠʥʦʛʦ «ʟʦʣʦʪʦʛʦ ʩʪʘʥʜʘʨʪʘ», 

ʭʦʪʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʩʯʠʪʘʪʴ ʪʘʢʦʚʳʤʠ ʨʝʟʫʣʴʪʘʪʳ ʪʝʭʥʦʣʦʛʠʠ 

CRISPR/cas9.  

ʇʦʢʘ ʪʦʯʥʦʩʪʴ ʩʦʛʣʘʩʠʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʚʝʣʠʢʘ. ʅʘʧʨʠʤʝʨ ʚ ʨʘʙʦʪʝ 

Weghorn ʠ Sunyaev ʚʝʣʠʯʠʥʘ ʧʣʦʱʘʜʠ ʧʦʜ ROC-ʢʨʠʚʦʡ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 0,62, ʯʪʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʝʣʠʯʠʥʳ 0,5, ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʩʣʫʯʘʡʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ 

(Weghorn and Sunyaev, 2017). ʅʝʜʘʚʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ «DREAM Challenges» ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʩʦʨʝʚʥʦʚʘʥʠʝ 48 ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʧʦ ʧʨʝʜʩʢʘʟʘʥʠʶ ʂɺɻ ʜʣʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʡ (Gonen, et al., 2017). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟ ʧʨʦʝʢʪʘ Achilles (Cowley, et al., 

2014) ʙʳʣʠ ʨʘʩʰʠʨʝʥʳ ʜʦʙʘʚʣʝʥʠʝʤ ʝʱʝ 149 ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ, ʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ 

ʩʦʩʪʘʚʠʣʦ 17 000. ʋʯʘʩʪʥʠʢʘʤ ʪʨʝʙʦʚʘʣʦʩʴ ʧʨʝʜʩʢʘʟʘʪʴ ʩʪʝʧʝʥʴ ʵʩʩʝʥʮʠʘʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ 
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ʛʝʥʘ ʚ ʢʘʞʜʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ. ʋʩʣʦʚʥʦ ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʯʠʪʘʣʩʷ ʨʝʟʫʣʴʪʘʪ 

ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʤ DEMETER (Tsherniak, et al., 2017). 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʨʝʟʫʣʴʪʘʪʳ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʧʠʡ 

ʠ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ CpG-ʩʘʡʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʠʙʦʣʴʰʘʷ 

ʚʝʣʠʯʠʥʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʠ ʫʩʣʦʚʥʦʡ ʠʩʪʠʥʦʡ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 0,2, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʢʨʦʤʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʣʫʯʰʠʝ ʢʦʤʘʥʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʟʥʘʥʠ ̫ ʚ ʚʠʜʝ ʩʠʛʥʘʣʴʥʳʭ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʠ 

ʚʢʣʶʯʘʣʠ ʚ ʤʦʜʝʣʠ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʜʘʥʥʳʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʚʝʜʝʥʠʷ ʦ ʤʫʪʘʮʠʷʭ ʠ 

ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʢʦʧʠʡ ʛʝʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ. 

1.1.3. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʣʝʪʘʣʠ 

ʆʙʦʙʱʝʥʠʝʤ ʧʦʥʷʪʠʷ ʂɺɻ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʝʥʦʚ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʣʝʪʘʣʴʥʦʩʪʠ. ʊʝʨʤʠʥ «ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʣʝʪʘʣʴ» ʙʳʣ ʚʚʝʜʝʥ ʚ 40-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

ʌ. ɼʦʙʨʞʘʥʩʢʠʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʥʘʙʣʶʜʝʥʠʡ ʥʘʜ ʜʨʦʟʦʬʠʣʘʤʠ (Dobzhansky, 1946). 

ɺr ʷʩʥʠʣʦʩʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʯʝʪʘʥʠʷ ʤʫʪʘʮʠʡ ð ʥʦ ʥʝ ʢʘʞʜʘʷ ʤʫʪʘʮʠʷ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ ð ʷʚʣʷʶʪʩʷ ʣʝʪʘʣʴʥʳʤʠ ʜʣʷ ʦʨʛʘʥʠʟʤʘ (ʩʤ. ʈʠʩʫʥʦʢ 2). ɿʘ ʧʦʩʣʝʜʫʶʱʝʝ 

ʚʨʝʤʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʝʪʘʣʝʡ 

ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʘʧʨʠʤʝʨ, Constanzo ʠ ʩʦʘʚʪʦʨʳ ʧʨʝʜʩʪʘʚʠʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʝʢʪʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 23 ʤʠʣʣʠʦʥʘ ʧʦʧʘʨʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʠ ʚʳʷʚʣʝʥʦ 500 000 ʩʠʥʪʝʪʠʯʝʩʢʠ ʣʝʪʘʣʴʥʳʭ ʤʝʞʛʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ 

ʜʨʦʞʞʝʡ ʚʠʜʘ S. cerevisiae (Costanzo, et al., 2016). ʇʦʤʠʤʦ ʧʦʧʘʨʥʳʭ ʣʝʪʘʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʤʙʠʥʘʮʠʡ ʠʟ ʪʨʝʭ ʛʝʥʦʚ (Haber, 

et al., 2013). 
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ʈʠʩʫʥʦʢ 2. ʇʦʥʷʪʠʝ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʣʝʪʘʣʴʥʦʩʪʠ. ʇʦʪʝʨʷ ʬʫʥʢʮʠʠ ʂɺɻ ʧʨʠʚʦʜʠʪ ʢ ʥʝʤʝʜʣʝʥʥʦʡ 

ʛʠʙʝʣʠ ʢʣʝʪʦʢ (A), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʪʝʨʷ ʬʫʥʢʮʠʠ ʛʝʥʘ A ʠʣʠ ʛʝʥʘ ɹ ʥʝ ʦʙʣʘʜʘʝʪ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. 

ʇʨʠ ʵʪʦʤ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʧʦʪʝʨʷ ʬʫʥʢʮʠʠ ʦʙʦʠʭ ʛʝʥʦʚ A ʠ ɹ ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʪʝʪʠʯʝʩʢʦʤʫ ʣʝʪʘʣʴʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ð ʛʠʙʝʣʠ ʢʣʝʪʢʠ (ɹ). ʀʟ ʨʘʙʦʪʳ (Pyatnitskiy, et al., 2018) 

ʀʜʝʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʠʩʢʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʝʪʘʣʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ 

ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʙʦʣʝʝ 20 ʣʝʪ ʥʘʟʘʜ ʚ ʨʘʙʦʪʝ (Hartwell, et al., 1997). ʇʦʵʪʦʤʫ ʦʙʲʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʝʣʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʥʘ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ. 

ʆʜʥʘʢʦ, ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ RNAi ʠ 

CRISPR/cas9, ʦʙʱʠʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʦ ʠʟʫʯʝʥʠʶ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʝʪʘʣʝʡ ʚ ʨʘʢʝ ʙʳʩʪʨʦ 

ʨʘʩʪʝʪ (Dhanjal, et al., 2017; Thompson, et al., 2015). 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʜʣʷ ʧʦʠʩʢʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʝʪʘʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʙʨʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʯʝʪʘʥʠʡ ʛʝʥʦʚ ʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ. ʇʦʵʪʦʤʫ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ 

ʚʳʭʦʜʷʪ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʟʠʪʴ ʢʨʫʛ ʧʦʠʩʢʦʚ. ʅʘʧʨʠʤʝʨ, 

ʘʣʛʦʨʠʪʤ DAISY (Jerby-Arnon, et al., 2014) ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʣʝʪʘʣʠ, ʩʦʯʝʪʘʷ 

ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʠ ʢʦʧʠʡʥʦʩʪʠ ʛʝʥʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʥʦʢʜʘʫʥʘ ʩ ʧʦʤʦʱʴʶ 

shRNA. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ð ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

ʩʦʩʪʘʚʠʣʘ 0,78. ʊʘʢʞʝ ʫʜʘʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʝʜʩʢʘʟʘʥʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʰʝʩʪʠ ʠʟ ʜʝʚʷʪʠ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʤʝʥʷʚʰʠʭʩʷ ʜʣʷ ʩʫʧʨʝʩʩʠʠ VHL-

ʤʫʪʘʥʪʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʩʚʝʪʣʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʧʦʯʢʠ. ʅʝʜʘʚʥʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʘʣʛʦʨʠʪʤ MiSL (Sinha, et al., 2017), ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʝʨʠʬʠʮʠʨʦʚʘʥʦ ʩʠʥʪʝʪʠʯʝʩʢʦʝ ʣʝʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʫʪʘʥʪʥʳʤ ʛʝʥʦʤ IDH1 

ʠ ʛʝʥʦʤ ACACA ʧʨʠ ʦʩʪʨʦʤ ʤʠʝʣʦʠʜʥʦʤ ʣʝʡʢʦʟʝ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ, ʠʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʨʪʦʣʦʛʘʭ, ʧʦʟʚʦʣʷʶʪ 

«ʧʝʨʝʥʝʩʪʠ» ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʝʪʘʣʷʭ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 
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ʥʘ ʜʨʫʛʠʝ ʚʠʜʳ (Jacunski, et al., 2015). ʅʘʧʨʠʤʝʨ, Duffy ʠ ʩʦʘʚʪʦʨʳ ʩʫʤʝʣʠ ʚʦʩʧʨʦʠʟʚʝʩʪʠ 

ʥʘ ʣʠʥʠʠ ʨʘʙʜʦʤʠʦʩʘʨʢʦʤʳ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʣʝʪʘʣʴ, ʠʩʭʦʜʥʦ ʦʪʢʨʳʪʫʶ ʥʘ S.cerevisiae ʜʣʷ 

ʛʠʩʪʦʥʦʚʦʡ ʜʝʘʮʝʪʠʣʘʟʳ RPD3 ʠ ʪʠʨʦʟʠʣ-ɼʅʂ-ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ TDP1 (Duffy, et al., 2016). 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʧʝʨʝʥʦʩʘ ʥʘ ʦʩʥʦʚʝ ʵʚʦʣʶʮʠʦʥʥʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʣʝʪʘʣʴ ʛʝʥʘ PLK1 ʠ ʛʝʥʘ ʉKS1B, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥ ʧʨʠ 

ʦʧʫʭʦʣʷʭ ʣʝʛʢʠʭ ʠ ʧʝʯʝʥʠ (Reid, et al., 2016). 

ʈʘʟʚʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʢʦʥʮʝʧʮʠʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʣʝʪʘʣʴʥʦʩʪʠ ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʙʦʨʴʙʳ ʩ ʦʧʫʭʦʣʴʶ (Megchelenbrink, et al., 2015). 

ɺ ʨʘʙʦʪʝ Aksoy ʠ ʩʦʘʚʪʦʨʦʚ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ Statius, ʘʥʘʣʠʟʠʨʫʶʱʠʡ ʜʘʥʥʳʝ 

ʦ ʢʦʣʠʯʝʩʪʚʝ ʢʦʧʠʡ ʛʝʥʦʚ ʜʣʷ ʧʦʠʩʢʘ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʫʷʟʚʠʤʦʩʪʝʡ (Aksoy, et al., 2014). ɼʣʷ 

ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʝʥʳ ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʣʠʩʴ ʛʝʤʠʟʠʛʦʪʥʦʡ 

ʜʝʣʝʮʠʠ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʧʳʪʢʘ ʦʧʨʝʜʝʣʠʪʴ ʠʟʦʬʝʨʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ 

ʠʥʘʢʪʠʚʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʳʡ ʥʘʙʦʨ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʠʜʝʠ ʦ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʣʝʪʘʣʴʥʦʩʪʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʘʩʰʠʨʝʥʠʷ ʘʨʩʝʥʘʣʘ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʝʪ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʣʘʩʩ ʧʨʝʧʘʨʘʪʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʠ ʦʜʦʙʨʝʥʥʳʡ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʣʠʥʠʢʝ, ʪ.ʥ. PARP-ʠʥʛʠʙʠʪʦʨʳ. ɼʘʥʥʳʡ ʢʣʘʩʩ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʥʛʠʙʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʘ)-ʧʦʣʠʤʝʨʘʟ (Poly ADP-ribose polymerase, PARP), 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʧʘʨʘʮʠʠ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ. ɽʩʣʠ ʚ ʛʝʥʘʭ BRCA1/2, ʦʪʚʝʯʘʶʱʠʭ 

ʟʘ ʛʦʤʦʣʦʛʠʯʥʫ  ʁʨʝʧʘʨʘʮʠʶ ʜʚʫʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʠʤʝʶʪʩʷ ʧʘʪʦʛʝʥʥʳʝ ʤʫʪʘʮʠʠ, ʪʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ PARP ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʝʣʠ ʢʣʝʪʦʢ, ʭʦʪʷ ʜʝʪʘʣʠ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʝʱʝ ʥʝ ʢʦʥʮʘ 

ʠʟʫʯʝʥʳ (O'Neil, et al., 2017). ʆʜʥʘʢʦ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʵʪʦʛʦ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʫʩʧʝʰʥʦʛʦ 

ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʣʝʪʘʣʴʥʦʩʪʠ, ʥʝ ʚʩʝ ʧʘʮʠʝʥʪʳ ʦʜʠʥʘʢʦʚʦ 

ʨʝʘʛʠʨʫʶʪ ʥʘ ʪʝʨʘʧʠʶ PARP-ʠʥʛʠʙʠʪʦʨʘʤʠ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʚʘʝʪʩʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ 

(Bouwman and Jonkers, 2014). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʧʦʠʩʢʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʝʪʘʣʝʡ ʚ ʨʘʢʦʚʦʡ ʢʣʝʪʢʝ ʦʩʪʘʝʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʪʨʘʥʩʣʷʮʠʠ ʚ ʧʨʘʢʪʠʢʫ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʪʝʤ, ʯʪʦ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʣʝʪʘʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʛʝʥʘʤʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʦʧʫʭʦʣʠ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʪʦʜʳ ʦʪʙʦʨʘ ʧʘʮʠʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʣʝʪʘʣʠ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʳʤ. ʊʘʢʞʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʣʝʪʘʣʠ ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤ 

ʩʦʙʳʪʠʝʤ, ʠ ʜʣʷ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʨʝʙʫʶʪʩʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʩʢʨʠʥʠʥʛʦʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (O'Neil, et al., 2017). ʅʘʢʦʥʝʮ, ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʭʘʨʘʢʪʝʨʥʳ ʣʦʞʥʦʧʦʟʠʪʠʚʥʳʝ ʥʘʭʦʜʢʠ. ʅʘʧʨʠʤʝʨ, ʠʩʭʦʜʥʦʝ ʩʦʦʙʱʝʥʠʝ Scholl ʠ ʩʦʘʚʪʦʨʦʚ 
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(Scholl, et al., 2009) ʦ ʪʦʤ, ʯʪʦ ʢʣʝʪʢʠ ʩ ʤʫʪʘʮʠʝʡ ʚ ʛʝʥʝ KRAS ʟʘʚʠʩʷʪ ʦʪ ʘʢʪʠʚʥʦʩʪʠ 

ʩʝʨʠʥʪʨʝʦʥʠʥʦʚʦʡ ʢʠʥʘʟʳ STK33, ʙʳʣʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʧʨʦʚʝʨʛʥʫʪʦ (Babij, et al., 2011). 

ʆʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʜʣʷ ʙʦʨʴʙʳ ʩ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʘʭʦʜʢʘʤʠ ʤʦʞʝʪ 

ʷʚʣʷʪʩɹʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʘʥʘʣʠʟʘ, ʫʯʝʪ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʩʫʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠ 

ʧʝʨʝʢʨʝʩʪʥʘʷ ʧʨʦʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢ ʚ ʨʘʙʦʪʝ (Jaiswal, et 

al., 2017) ʧʫʪʝʤ ʨʝʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʤʰʈʅʂ ʠʟ ʧʨʦʝʢʪʦʚ Achilles 

(Cowley, et al., 2014) ʠ COLT-cancer (Marcotte, et al., 2012) ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʣʝʪʘʣʠ PIK3CA-PKN3 ʠ PIK3CA-HMX3. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʟʘʪʝʤ ʙʳʣ ʚʦʩʧʨʦʠʟʚʝʜʝʥ ʩ 

ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ CRISPR/cas9. 

1.1.4. ɹʘʟʳ ʜʘʥʥʳʭ  

ʅʠʞʝ ʦʧʠʩʘʥʳ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ,r ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʂɺɻ ʠ ʭʨʘʥʷʱʠʝ ʢʘʢ 

ʥʘʢʦʧʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʪʘʢ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʝʜʩʢʘʟʘʥʠʷ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʂɺɻ ʨʘʢʦʚʳʭ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʡ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʨʝʧʦʟʠʪʦʨʠʝʚ ʧʦ ʂɺɻ ʙʘʢʪʝʨʠʡ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʝ (Peng, 

et al., 2017). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʳʤ ʤʘʩʰʪʘʙʥʳʤ ʨʝʩʫʨʩʦʤ, ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʥʘ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʫʷʟʚʠʤʦʩʪʷʭ ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ, ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪ Cancer Dependency Map ʠʣʠ 

DepMap (Meyers, et al., 2017; Tsherniak, et al., 2017). ʅʘ ʚʝʙ-ʩʘʡʪʝ ʧʨʦʝʢʪʘ ʜʣʷ ʙʦʣʝʝ ʯʝʤ 

500 ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʜʦʩʪʫʧʥʳ ʜʘʥʥʳʝ ʧʦ ʩʫʧʨʝʩʩʠʠ ʛʝʥʦʚ ʤʝʪʦʜʘʤʠ CRISPR ʠ RNAi 

(ʧʨʦʝʢʪʳ Achilles, DRIVE, Avana), ʩʚʝʜʝʥʠʷ ʦ ʛʝʥʦʤʝ, ʪʨʘʥʩʢʨʠʧʪʦʤʝ ʠ ʤʝʪʠʣʦʤʝ (ʧʨʦʝʢʪ 

CCLE (Ghandi, et al., 2019)), ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ (ʧʨʦʝʢʪʳ PRISM (Yu, et al., 2016) ʠ CTRP (Rees, et al., 2016)). ʅʘ ʩʘʡʪʝ ʜʝʡʩʪʚʫʝʪ 

ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʚʝʙ-ʧʣʘʪʬʦʨʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʙʳʩʪʨʦ ʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʜʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʝʩʫʨʩ DEG (Database of Essential Genes) ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩ 2004 ʛ. ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʦʙʥʦʚʣʷʝʪʩʷ (Luo, et al., 2014). ʇʦʤʠʤʦ ʧʝʨʝʯʥʷ ʂɺɻ ʙʘʢʪʝʨʠʡ, ʘʨʭʝʡ ʠ ʵʫʢʘʨʠʦʪ, ʙʘʟʘ 

ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʥʝʢʦʜʠʨʫʶʱʠʭ ʈʅʂ, ʧʨʦʤʦʪʦʨʘʭ ʠ ʜʨʫʛʠʭ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

ɼʣʷ ʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ 

ʂɺɻ (Marcotte, et al., 2012) ʙʳʣ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ ʨʝʩʫʨʩ COLT-Cancer (Koh, et al., 

2012). ɺ ʙʘʟʝ ʜʘʥʥʳʭ ʭʨʘʥʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʶ 16 000 ʛʝʥʦʚ ʜʣʷ 

72 ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ. ʅʘ ʤʦʤʝʥʪ ʧʦʜʛʦʪʦʚʢʠ ʨʫʢʦʧʠʩʠ ʨʝʩʫʨʩ COLT-Cancer ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ. 
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ɺ ʙʘʟʝ ʜʘʥʥʳʭ OGEE (Online GEne Essentiality database) ʩʦʙʨʘʥʳ ʩʚʝʜʝʥʠʷ ʦ ʂɺɻ ʜʣʷ 

ʜʝʚʷʪʠ ʵʫʢʘʨʠʦʪ ʠ 39 ʧʨʦʢʘʨʠʦʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʝʚʷʪʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ (Chen, et al., 

2017). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʝʜʝʥʳ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʛʝʥʦʚ ʢʘʢ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ, 

ʤʝʞʚʠʜʦʚʘʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ, ʩʚʷʟʥʦʩʪʴ ʚ ʩʝʪʠ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

ʈʝʩʫʨʩ CancerGD ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʥʦʢʘʫʪʫ 

ʛʝʥʦʚ ʩ ʜʘʥʥʳʤʠ ʧʦ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʶ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ (Bridgett, et al., 2017). 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʪʨʝʭ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʤʰʈʅʂ-

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (Cowley, et al., 2014; Marcotte, et al., 2012; Marcotte, et al., 2016), ʦʜʥʦ ʤʠʈʅʂ-

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʘʟ (Campbell, et al., 2016) ʠ ʦʜʥʦ ʧʦʣʥʦʛʝʥʦʤʥʦʝ CRISPR-ʠʩʩʣʝʜʦʚʘʥʠʝ 

(Wang, et al., 2017). ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʥʘʭʦʜʦʢ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ ʧʦʠʩʢ ʚʟʘʠʤʦʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. 

ɹʘʟʘ ʜʘʥʥʳʭ SynLethDB ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʣʝʪʘʣʷʭ ʚ ʪʢʘʥʷʭ ʯʝʣʦʚʝʢʘ ʠ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ ʠʥʬʦʨʤʘʮʠʷ ʩʦʙʠʨʘʝʪʩʷ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʨʘʩʯʝʪʥʳʭ ʧʨʦʛʥʦʟʦʚ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʫʙʣʠʢʘʮʠʡ (Guo, et al., 

2016). ʂʘʞʜʘʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʣʝʪʘʣʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʫʨʦʚʥʝʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʨʠ ʧʦʤʦʱʠ ʠʥʪʝʛʨʘʮʠʠ ʩʚʝʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʊʘʢʞʝ ʨʝʩʫʨʩ 

SynLethDB ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʨʘʢʦʚʳʭ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʡ ʢ ʣʝʢʘʨʩʪʚʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʦʜʥʦʛʦ ʠʟ ʧʘʨʪʥʝʨʦʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʣʝʪʘʣʠ. 

1.2. ʉʠʩʪʝʤʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʦʧʠʩʳʚʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʦʙʨʘʟʮʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʛʫʣʷʪʦʨʦʚ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʠʩʪʝʤʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ (Pyatnitskiy, et al., 2014). 

ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʤʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ 

ʢʘʩʢʘʜʦʚ ʠ ʚʳʷʚʣʝʥʠʷ ʛʝʥʥʦ-ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʥʢʦʣʦʛʠʠ. 

ʊʨʘʥʩʢʨʠʧʪʦʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʧʦʣʥʳʡ ʥʘʙʦʨ ʪʨʘʥʩʢʨʠʧʪʦʚ ʚ ʢʣʝʪʢʝ, ʚʢʣʶʯʘʷ 

ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ ʠʣʠ ʧʨʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ (Wang, et al., 2009). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʥʦʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʢʣʶʯʘʷ ʢʘʢ ʢʦʜʠʨʫʶʱʠʝ, ʪʘʢ ʠ ʥʝʢʦʜʠʨʫʶʱʠʝ ʤʦʣʝʢʫʣʳ ʈʅʂ. 
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ɹʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ ʪʨʘʥʩʢʨʠʧʪʦʤʠʢʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʤʠʢʨʦʯʠʧʦʚ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʈʅʂ-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʪʥʠ ʪʳʩʷʯ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʟʤʝʨʝʥʳ ʛʣʦʙʘʣʴʥʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʨʦʬʠʣʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ in vivo ʠ in vitro ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʝʧʦʥʠʨʫʶʪʩʷ ʚ ʢʨʫʧʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ Gene Expression Omnibus (Barrett, et al., 2013), Sequence Read Archive 

(Leinonen, et al., 2011), Array Express (Athar, et al., 2019). ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʝʪʘʘʥʘʣʠʟʦʚ ʠ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʩʦʟʜʘʥʳ ʨʝʧʦʟʠʪʦʨʠʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʪ.ʥ. ʛʘʨʤʦʥʠʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʩʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʙʘʟʝ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʝʜʠʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʠʤʝʨʘʤʠ 

ʪʘʢʠʭ ʨʝʧʦʟʠʪʦʨʠʝʚ ʷʚʣʷʶʪʩʷ Toil (Vivian, et al., 2017), recount2 (Collado-Torres, et al., 2017) 

ʠ ARCHS4 (Lachmann, et al., 2018). ʆʙʠʣʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 

ʚʳʧʦʣʥʝʥʠʝ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, 

ʬʫʥʢʮʠʠ ʠ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʯʝʣʦʚʝʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʢʘʭ ʠ ʪʢʘʥʷʭ, ʧʦʤʦʛʘʷ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʪʘʢʠʝ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʝ 

ʧʘʪʦʣʦʛʠʠ, ʢʘʢ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʧʦʥʠʤʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʨʘʢʘ. ʈʘʢ ð ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʩʝʪʷʭ ʤʝʞʙʝʣʢʦʚʳʭ ʠ ʤʝʞʛʝʥʥʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (Hanahan and Weinberg, 2011). ʇʦʵʪʦʤʫ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʝʪʝʡ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʙʠʦʣʦʛʠʠ ʦʥʢʦʛʝʥʝʟʘ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʠʰʝʥʝʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʊʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʠʣʠ 

ʜʦʙʠʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ Cancer Genome 

Atlas TCGA ʧʨʦʚʦʜʠʪʩʷ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʪʳʩʷʯ ʦʙʨʘʟʮʦʚ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʩʘʤʦʡ ʨʘʟʣʠʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ. 

ʊʠʧʦʚʦʡ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʳʩʷʯʘʭ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʪʨʘʥʩʢʨʠʧʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʷ ʩʠʛʥʘʪʫʨʫ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʩʧʦʩʦʙʦʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʘʢʠʭ 

ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʩʧʠʩʢʘ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʤʝʞʜʫ ʟʜʦʨʦʚʦʡ ʠ ʦʧʫʭʦʣʝʚʦʡ 

ʪʢʘʥʴʶ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘʙʦʨʦʚ 

ʛʝʥʦʚ (ʪ.ʥ. ʛʝʥʥʳʭ ʩʠʛʥʘʪʫʨ) ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ 
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ʛʝʥʦʚ ʫ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʦʪ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʘʢʦ ʤʥʦʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʪʘʢʠʭ ʛʝʥʥʳʭ ʩʠʛʥʘʪʫʨ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʜʣʷ ʦʜʥʦʛʦ ʪʠʧʘ ʦʧʫʭʦʣʠ, ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʘʙʦʪʘʤʠ 

(Ein-Dor, et al., 2005; Haury, et al., 2011; Michiels, et al., 2005). ʅʘʧʨʠʤʝʨ, Michiels ʠ ʩʦʘʚʪʦʨʳ 

ʧʦʚʪʦʨʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʝʤʴ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʩʧʠʩʢʠ ʛʝʥʦʚ-ʧʨʝʜʠʢʪʦʨʦʚ ʙʳʣʠ ʢʨʘʡʥʝ ʥʝʩʪʘʙʠʣʴʥʳ 

ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʝʣʠ ʦʪ ʚʢʣʶʯʝʥʠʷ ʩʧʝʮʠʬʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʦʙʫʯʘʶʱʠʝ ʚʳʙʦʨʢʠ (Michiels, et 

al., 2005). ɻʝʥʥʳʝ ʩʠʛʥʘʪʫʨʳ, ʥʘʡʜʝʥʥʳʝ ʚ ʪʨʝʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʦʣʦʨʝʢʪʘʣʴʥʦʤʫ 

ʨʘʢʫ, ʠʤʝʣʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʦʙʱʠʡ ʛʝʥ (Hummel, et al., 2008). ʅʘ ʧʨʠʤʝʨʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʨʘʢʫ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʶʙʦʡ ʥʘʙʦʨ ʠʟ ʙʦʣʝʝ ʯʝʤ 

100 ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʭ ʛʝʥʦʚ ʠʤʝʝʪ 90%-ʡ ʰʘʥʩ ʠʤʝʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ 

ʮʝʥʥʦʩʪʴ (Venet, et al., 2011). 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʯʠʥ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʲʷʩʥʠʪʴ 

ʬʘʢʪ ʩʣʘʙʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʛʝʥʥʳʭ ʩʠʛʥʘʪʫʨ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʚʢʣʶʯʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ (çʧʨʦʢʣʷʪʠʝ ʨʘʟʤʝʨʥʦʩʪʠè), ʯʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ ʠ 

ʥʠʟʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʤʝʪʦʜʦʚ ʦʪʙʦʨʘ ʟʥʘʯʠʤʳʭ ʛʝʥʦʚ.  

ʉʣʘʙʦʤʫ ʧʝʨʝʢʨʳʪʠʶ ʩʧʠʩʢʦʚ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʛʝʥʥʳʭ ʩʠʛʥʘʪʫʨ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʨʷʜ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʥʫʪʨʠ- ʠ 

ʤʝʞʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (Cheng, et al., 2012). ɽɦ ʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʠ ʚ ʫʨʦʚʥʝ ʵʢʩʧʨʝʩʩʠʠ ʤʝʞʜʫ ʛʝʥʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ ʢʦʦʧʝʨʠʨʫʶʪ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʣʝʪʦʯʥʦʡ ʬʫʥʢʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʫʨʦʚʝʥʴ ʤʝʞʛʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʚʘʨʴʠʨʫʝʪʩʷ ʤʝʞʜʫ ʦʙʫʯʘʶʱʠʤʠ ʚʳʙʦʨʢʘʤʠ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪ ɹ ʢ ʥʝʩʪʘʙʠʣʴʥʦʤʫ 

ʫʧʦʨʷʜʦʯʠʚʘʥʠʶ ʜʠʩʢʨʠʤʠʥʠʨʫʶʱʠʭ ʛʝʥʦʚ ʚ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʪʫʨʘʭ (Pusztai, 2006). 

ʅʘʢʦʥʝʮ, ʧʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʘʮʠʝʥʪʦʚ ʠʛʥʦʨʠʨʫʝʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʟʚʝʩʪʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʛʝʥʘʤʠ. ʕʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʫ  ʁ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʥʘʡʜʝʥʥʳʭ ʛʝʥʥʳʭ ʩʠʛʥʘʪʫʨ ʠ ʚ ʠʪʦʛʝ 

ʟʘʤʝʜʣʷʝʪ ʢʣʠʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʪʨʘʥʩʢʨʠʧʪʦʤʠʢʠ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ 

(Koscielny, 2010). 
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1.2.1. ɸʥʘʣʠʟ ʧʝʨʝʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʚʳʙʦʨʝ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ 

ʬʘʨʤʘʢʦʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ 

ʥʘʨʫʰʝʥʳ ʫ ʦʪʜʝʣʴʥʦʛʦ ʧʘʮʠʝʥʪʘ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʠ 

ʧʨʝʜʧʨʠʥʷʪʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʩʧʝʭʠ ʪʨʘʥʩʢʨʠʧʪʦʤʠʢʠ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʦʜʭʦʜ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ 

(ʠʣʠ ʘʥʘʣʠʟ ʦʙʦʛʘʱʝʥʠʷ), ʩʦʩʪʦʠʪ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʥʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ ʚ ʦʧʫʭʦʣʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʭʦʞʜʝʥʠʝʤ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʙʦʨʦʚ ʛʝʥʦʚ ʠʣʠ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʛʜʝ ʥʘʙʣʶʜʘʝʤʘʷ ʜʦʣʷ ʜʝʨʝʛʫʣʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʦʞʠʜʘʝʤʦʡ ʚʝʣʠʯʠʥʳ. ʆʙʥʘʨʫʞʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦ ʦʙʦʛʘʱʝʥʥʳʭ (ʠʣʠ ʦʙʝʜʥʝʥʥʳʭ) 

ʜʝʨʝʛʫʣʠʨʦʚʘʥʥʳʤʠ ʛʝʥʘʤʠ ʢʘʩʢʘʜʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ 

ʵʢʩʧʨʝʩʩʠʠ ʦʪʜʝʣʴʥʦʛʦ ʧʘʮʠʝʥʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʧʝʨʝʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʦʜʥʦʛʦ ʠʟ ʧʠʦʥʝʨʦʚ ʦʪʨʘʩʣʠ, ʚʝʙ-ʨʝʩʫʨʩ DAVID (Dennis, et al., 

2003), ʠ ʧʦʧʫʣʷʨʥʳʡ WebGestalt (Wang, et al., 2013). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʪʦʯʥʳʡ ʪʝʩʪ ʌʠʰʝʨʘ), ʘ 

ʨʘʟʣʠʯʠʷ ʙʦʣʴʰʝ ʩʚʷʟʘʥʳ ʩ ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ (Khatri, et al., 2012). ʅʝʜʦʩʪʘʪʢʦʤ 

ʘʥʘʣʠʟʘ ʧʝʨʝʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʜʘʥʥʳʭ NGS (Finotello 

and Di Camillo, 2015). ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʘʥʘʣʠʟ ʧʝʨʝʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʦʙʦʛʘʱʝʥʥʳʭ ʛʝʥʘʤʠ 

ʩ ʩʦʤʘʪʠʯʝʩʢʠʤʠ ʤʫʪʘʮʠʷʤʠ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʟʘʰʫʤʣʝʥʳ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʪ.ʥ. «ʤʫʪʘʮʠʡ-ʧʘʩʩʘʞʠʨʦʚ», ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʚ ʦʧʫʭʦʣʠ. 

ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʢʣʘʩʩʦʚ, ʨʘʙʦʪʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦ ʚʩʝʤʠ ʛʝʥʘʤʠ, ʯʴʷ ʵʢʩʧʨʝʩʩʠʷ ʠʟʤʝʨʝʥʘ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʛʝʥʳ ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʦ ʚʝʣʠʯʠʥʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ. ɽʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʥʛʦʚ ʛʝʥʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʥʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʜʘʥʥʳʡ ʥʘʙʦʨ ʛʝʥʦʚ ʘʢʪʠʚʠʨʦʚʘʥ/ʜʝʟʘʢʪʠʚʠʨʦʚʘʥ. ʕʪʦʪ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʥʝʙʦʣʴʰʠʭ, ʥʦ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʵʢʩʧʨʝʩʩʠʠ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʛʝʥʦʚ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʨʝʘʣʠʟʫʶʱʠʡ ʦʮʝʥʢʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʣʘʩʩʦʚ: Gene Set 

Enrichment Analysis, GSEA (Subramanian, et al., 2005). ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʩʰʠʨʝʥʠʡ 
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ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʵʪʦʛʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʘ 

ʝʜʠʥʠʯʥʦʛʦ ʦʙʨʘʟʮʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʪʘʢʠʭ ʤʝʪʦʜʘʭ, ʢʘʢ singscore (Foroutan, et al., 2018) ʠ 

ssGSEA (Barbie, et al., 2009). 

ɺ ʩʣʫʯʘʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ NGS, ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʥʦʤʥʦʛʦ ʠ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ 

ʧʦʜʚʝʨʞʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʦʰʠʙʢʘʤ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤʫ ʛʝʥʦʤʫ, ʪʦ 

ʜʣʠʥʥʳʝ ʛʝʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʤʫʪʘʮʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʧʝʨʝʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʜʣʷ ʩʧʠʩʢʘ ʤʫʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʙʫʜʫʪ ʩʜʚʠʥʫʪʳ ʚ ʩʪʦʨʦʥʫ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʛʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʢʘʩʢʘʜʘʤʠ 

(Jia and Zhao, 2012). ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ RNASeq: ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʨʦʪʢʠʤʠ ʪʨʘʥʩʢʨʠʧʪʘʤʠ, 

ʜʣʠʥʥʳʝ ʪʨʘʥʩʢʨʠʧʪʳ ʛʝʥʝʨʠʨʫʶʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ, ʘ ʟʥʘʯʠʪ, ʩ ʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʫʜʫʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴʩʷ ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʝ 

(Oshlack and Wakefield, 2009). ʅʝʩʢʦʣʴʢʦ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʙʦʛʘʱʝʥʠʷ ʷʚʥʳʤ 

ʦʙʨʘʟʦʤ ʫʯʠʪʳʚʘʶʪ ʵʪʦʪ ʵʬʬʝʢʪ ʜʣʠʥʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʚ, ʥʘʧʨʠʤʝʨ GOSeq (Young, et al., 

2010), SeqGSEA (Wang and Cairns, 2014) ʠ GOglm (Mi , et al., 2012). 

1.2.2. ʊʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʘʨʪʳ 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʟʨʝʰʝʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʧʨʦʙʣʝʤ ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ ʛʝʥʥʦʡ 

ʵʢʩʧʨʝʩʩʠʠ ʥʘ ʫʨʦʚʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʛʝʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʠʛʥʘʣʴʥʳʝ ʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ. ʇʨʠ ʵʪʦʤ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʧʨʦʬʠʣʠ ʢʘʨʪʠʨʫʶʪʩʷ ʥʘ ʟʘʨʘʥʝʝ 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘʙʦʨʳ ʛʝʥʦʚ, ʯʘʩʪʦ ʚʟʷʪʳʭ ʠʟ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ɹɼ KEGG ʠʣʠ 

ʢʘʪʝʛʦʨʠʡ Gene Ontology. ʆʮʝʥʢʘ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʫʞʝ ʵʪʠʤ ʥʘʙʦʨʘʤ ʛʝʥʦʚ, ʪʝʤ 

ʩʘʤʳʤ ʦʧʠʩʳʚʘʷ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʧʨʦʬʠʣʴ ʧʘʮʠʝʥʪʘ ʚ ʥʦʚʦʡ «ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ». ʇʨʠ 

ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ «ʙʠʦʣʦʛʠʯʝʩʢʠ ʤʦʪʠʚʠʨʦʚʘʥʥʦʝ» ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʠʜʝʦʣʦʛʠʯʝʩʢʠ ʩʭʦʞʝʝ ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʛʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ (Principal Component Analysis). 

ʄʘʪʨʠʮʘ ʘʢʪʠʚʥʦʩʪʝʡ ʥʘʙʦʨʘ ʛʝʥʦʚ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʣʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʤʝʪʦʜʝ 

PathOlogist (Greenblum, et al., 2011) ʵʢʩʧʨʝʩʩʠʦʥʥʳʝ ʜʘʥʥʳʝ ʥʦʨʤʘʣʠʟʫʶʪʩʷ ʩʦʛʣʘʩʥʦ 

ʧʦʜʭʦʜʫ ʧʨʝʜʣʦʞʝʥʥʦʤʫ Efroni ʩ ʩʦʘʚʪʦʨʘʤʠ (Efroni, et al., 2008) ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ. ɿʥʘʯʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʘʥʘʣʠʟʘ, 

ʚʢʣʶʯʘʷ ʙʠʥʘʨʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ (ʥʘʧʨʠʤʝʨ, ʜʠʘʛʥʦʩʪʠʢʘ ʨʘʢ vs ʥʦʨʤʘ), ʢʦʨʨʝʣʷʮʠʶ 
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(ʥʘʧʨʠʤʝʨ, ʦʪʚʝʪ ʥʘ ʣʝʯʝʥʠʝ) ʠ ʧʨʦʛʥʦʟ ʚʳʞʠʚʘʝʤʦʩʪʠ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʘʥʘʣʠʟ ʥʘ ʫʨʦʚʥʝ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʜʘʝʪ ʙʦʣʝʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʧʝʨʝʢʨʳʪʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (Lee, et al., 

2008; Su, et al., 2009). ʂʘʢ ʫʞʝ ʦʙʩʫʞʜʘʣʦʩʴ, ʧʦʤʠʤʦ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʝʱʝ 

ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʭʦʜʘ ʦʪ ʛʝʥʦʚ ʢ ʛʝʥʥʳʤ ʩʠʛʥʘʪʫʨʘʤ ʷʚʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ: ʛʝʥʳ ʚ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʷʭ ʫʞʝ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ 

ʢʣʝʪʦʯʥʦʡ ʨʦʣʴʶ. 

ɺʳʰʝʦʧʠʩʘʥʥʫʶ ʦʙʱʫʶ ʠʜʝʶ ʧʨʦʝʮʠʨʦʚʘʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ ʥʘ ʫʨʦʚʝʥʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ (ʥʘʧʨʠʤʝʨ, ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ), ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʧʦʩʪʨʦʝʥʠʝʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʘʨʪ.r ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʣʦʞʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʝʨʝʡʪʠ ʦʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʢ 

ʘʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʘʨʪ rʷʚʣʷʝʪʩʷ 

ʘʣʛʦʨʠʪʤ GSVA (Gene Set Variation Analysis), ʧʨʝʜʣʦʞʝʥʥʳʡ Hanzelmann ʠ ʩʦʘʚʪʦʨʘʤʠ 

(Hanzelmann, et al., 2013). ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʪʁʩʷ ʤʘʪʨʠʮʘ ʛʝʥʥʦʡ 

ʵʢʩʧʨʝʩʩʠʠ ʠ ʥʘʙʦʨ ʠʟʚʝʩʪʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ, ʥʘʧʨʠʤʝʨ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ KEGG ʠʣʠ 

MSigDB. ɼʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ ʦʮʝʥʠʚʘʝʪʩʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ zij, ʦʪʨʘʞʘʶʱʘʷ ʤʝʨʫ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʯʪʦ i-ʳʡ ʛʝʥ 

ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ j-ʦʤ ʦʙʨʘʟʮʝ. ɿʘʪʝʤ ʚʝʣʠʯʠʥʘ zij ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʟʥʘʯʝʥʠʷ ʨʘʥʛʦʚ ʠ 

ʩʠʤʤʝʪʨʠʟʫʝʪʩʷ ʚʦʢʨʫʛ ʥʫʣʷ. ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʨʠʮʘ ʟʥʘʯʝʥʠʡ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʘʣʛʦʨʠʪʤʫ 

GSEA (Subramanian, et al., 2007; Subramanian, et al., 2005) ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʤʘʪʨʠʮʝ 

(ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ) × (ʦʙʨʘʟʮʳ), ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʪʁʩʷ ʚʝʣʠʯʠʥ,r 

ʧʦʢʘʟʳʚʘʶʱʠʝ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʚ ʢʘʞʜʦʤ ʧʘʮʠʝʥʪʝ. ɼʘʣʝʝ ʤʘʪʨʠʮʘ 

ʘʢʪʠʚʥʦʩʪʝʡ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʪʝʧʣʦʚʦʡ ʢʘʨʪʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ ʨʘʟʜʝʣʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʥʘ ʛʨʫʧʧʳ, 

ʪ.ʥ. ʩʪʨʘʪʠʬʠʢʘʮʠʠ. ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʚʥʫʪʨʠ ʛʨʫʧʧʳ ʦʧʫʭʦʣʠ ʦʙʣʘʜʘʶʪ ʩʭʦʞʠʤʠ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʚʢʣʶʯʘʷ ʘʢʪʠʚʘʮʠʶ ʦʙʱʠʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ), 

ʢʦʪʦʨʳʝ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʚʳʞʠʚʘʝʤʦʩʪʴ, ʧʦʜʪʠʧ ʦʧʫʭʦʣʠ, ʦʪʚʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʝʨʘʧʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʪʥʝʩʝʥʠʝ 

ʧʘʮʠʝʥʪʘ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʛʨʫʧʧʫ ʩʦʛʣʘʩʥʦ ʤʘʪʨʠʮʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʠʤʝʪʴ 

ʪʝʨʘʥʦʩʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. ʆʙ ʘɦ ̫ ʩʭʝʤʘ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ GSVA ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʈʠʩʫʥʦʢ 3. 
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ʈʠʩʫʥʦʢ 3. ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ GSVA, ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ ʨʘʙʦʪʳ (Hanzelmann, et al., 2013) 

ɼʨʫʛʦʡ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠ ̫ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʨʪ ʧʨʝʜʣʦʞʝʥ Lee 

ʠ ʩʦʘʚʪʦʨʘʤʠ (Lee, et al., 2008) ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʣʛʦʨʠʪʤʘ GSVA, ̫ ʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʦʙʫʯʝʥʠʷ 

ʩ ʫʯʠʪʝʣʝʤ, ʪ.ʝ. ʪʨʝʙʫʝʪ ʜʘʥʥʳʭ ʦʙ «ʠʩʪʠʥʥʦʡ» ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʦʚ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʠʟʚʣʝʯʝʥʠʠ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ ʪʘʢʠʭ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʨʝʘʛʠʨʫʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ (ʪ.ʥ. condition-responsive genes, CORGs). ʉʦʛʣʘʩʥʦ 

ʘʣʛʦʨʠʪʤʫ ʠʩʭʦʜʥʦ ʚʩʝ ʛʝʥʳ ʥʦʨʤʘʣʠʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮʳ Z, ʛʜʝ 

ʢʘʞʜʳʡ ʛʝʥ ʠʤʝʝʪ ʥʫʣʝʚʦʝ ʩʨʝʜʥʝʝ ʠ ʝʜʠʥʠʯʥʫʶ ʜʠʩʧʝʨʩʠʶ. ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ t-

ʩʪʘʪʠʩʪʠʢʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʩʩʦʮʠʘʮʠʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ Z ʠ ʤʝʪʢʘʤʠ ʢʣʘʩʩʦʚ 

(ʥʘʧʨʠʤʝʨ, ʥʦʨʤʘ/ʦʧʫʭʦʣʴ). ʅʘʢʦʥʝʮ, ʜʣʷ ʢʘʞʜʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ «ʞʘʜʥʳʤ» 

ʩʧʦʩʦʙʦʤ ʠʱʝʪʩʷ ʥʘʙʦʨ ʛʝʥʦʚ (CORGs), ʜʣʷ ʢʦʪʦʨʳʭ ʣʦʢʘʣʴʥʘʷ ʩʫʤʤʘ ʠʭ ʘʢʪʠʚʥʦʩʪʝʡ 

ʤʘʢʩʠʤʘʣʴʥʘ, ʠ ʬʠʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʩʢʘʜʘ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʵʢʩʧʨʝʩʩʠʠ CORG-

ʛʝʥʦʚ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ʢʦʣʠʯʝʩʪʚʘ ʛʝʥʦʚ ʚ ʩʠʛʥʘʣʴʥʦʤ ʢʘʩʢʘʜʝ. ʅʘ 

ʩʣʝʜʫʶʱʝʤ ʨʠʩʫʥʢʝ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʠʟ ʨʘʙʦʪʳ (Lee, et al., 2008), ʧʦʢʘʟʘʥʘ ʦʙʱʘʷ ʩʭʝʤʘ 

ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ CORG ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʘʨʪʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦʩʣʝ 

ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʤʫ ʧʨʦʬʠʣʠʨʦʚʘʥʠʶ ʚ ʦʙʨʘʟʮʘʭ ʨʘʢʘ ʣʝʛʢʦʛʦ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʪʘʢʦʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʘʨʪʳ 

ʚʦʟʤʦʞʥʦ ʨʘʟʣʠʯʘʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʛʥʦʟʦʤ. 
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ʈʠʩʫʥʦʢ 4. ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ CORG (ɸ) ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʘʨʪʘ ʜʣʷ 

ʨʘʢʘ ʣʝʛʢʦʛʦ (ɹ). ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ ʨʘʙʦʪʳ (Lee, et al., 2008) 

ʈʘʟʨʘʙʦʪʘʥ ʨʷʜ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫ  ʁ ʪʦʧʦʣʦʛʠʯʝʩʢʫ  ʁ

ʠʥʬʦʨʤʘʮʠ ʁʦ ʩʠʛʥʘʣʴʥʦʤ ʧʫʪʠ ð ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʝʪ ʛʝʥ/ʙʝʣʦʢ, ʪʠʧ 

ʨʝʘʢʮʠʠ (ʘʢʪʠʚʠʨʫʶʱʘʷ/ʠʥʛʠʙʠʨʫʶʱʘʷ), ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʢʮʠʡ ʚ ʢʘʩʢʘʜʝ ʠ ʪ.ʜ. 

ɺ ʤʝʪʦʜʝ SPIA, ʧʨʝʜʣʦʞʝʥʥʦʤ Tarca ʠ ʩʦʘʚʪʦʨʘʤʠ, ʜʣʷ ʢʘʞʜʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʠʟ 

ʨʝʩʫʨʩʘ KEGG ʢʦʤʙʠʥʠʨʫʶʪʩʷ ʜʚʘ ʪʠʧʘ ʩʚʠʜʝʪʝʣʴʩʪʚ: ʧʝʨʝʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʛʝʥʦʚ ʠ ʤʝʨʘ «ʚʦʟʤʫʱʝʥʥʦʩʪʠ» ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʵʢʩʧʨʝʩʩʠʠ ʧʦ ʪʦʧʦʣʦʛʠʠ ʛʨʘʬʘ ʤʝʞʛʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (Tarca, et al., 2009). ʀʪʦʛʦʚʘʷ ʩʪʝʧʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ 

ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʫʢʘʟʘʥʥʳʭ ʩʣʘʛʘʝʤʳʭ, ʘ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ 

ʤʥʦʛʦʢʨʘʪʥʦʡ ʩʣʫʯʘʡʥʦʡ ʧʝʨʝʩʪʘʥʦʚʢʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʛʝʥʦʚ. ɸʣʛʦʨʠʪʤ PWEA, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ Hung ʠ ʢʦʣʣʝʛʘʤʠ, ʫʯʠʪʳʚʘʝʪ ʪʦʧʦʣʦʛʠʶ ʩʠʛʥʘʣʴʥʦʡ ʩʝʪʠ ʠ ʢʦʨʨʝʣʷʮʠʶ 

ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʜʣʷ ʚʟʚʝʰʠʚʘʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ (Hung, et al., 2010). 

ʄʝʪʦʜ DEAP ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʪʘʢʠʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʛʜʝ ʥʘʙʣʶʜʘʝʤʳʝ ʜʘʥʥʳʝ ʛʝʥʥʦʡ 
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ʵʢʩʧʨʝʩʩʠʠ (ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ logratio) ʥʘʠʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ çʦʙʲʷʩʥʷʶʪʩʷè ʠʟʚʝʩʪʥʳʤʠ 

ʘʢʪʠʚʠʨʫʶʱʠʤʠ ʠ ʠʥʛʠʙʠʨʫʶʱʠʤʠ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʤʝʞʜʫ ʛʝʥʘʤʠ 

(Haynes, et al., 2013). ɼʣʷ ʵʪʦʛʦ ʚ ʛʨʘʬʝ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʴ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʢʦʧʣʝʥʥʦʡ ʩʫʤʤʦʡ, ʛʜʝ ʘʢʪʠʚʠʨʫʶʱʠʝ ʠʣʠ ʠʥʛʠʙʠʨʫʶʱʠʝ ʨʝʙʨʘ ʜʘʶʪ 

ʚʢʣʘʜ ʣʠʙʦ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʣʠʙʦ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʝʩʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʨʘʙʦʪʝ Bayerlova ʠ ʩʦʘʚʪʦʨʦʚ ʧʨʦʚʝʣʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʝʤʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦ 

ʚʳʷʚʣʝʥʠʶ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ (Bayerlova, et al., 2015). ɼʣʷ ʵʪʦʛʦ 

Bayerlova ʠ ʩʦʘʚʪʦʨʳ ʦʪʦʙʨʘʣʠ ʢʘʢ ʘʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʩʦʩʪʘʚʝ ʛʝʥʥʳʭ ʩʠʛʥʘʪʫʨ (ʪ.ʥ. geneset-based ʤʝʪʦʜʳ), ʪʘʢ ʠ ʘʣʛʦʨʠʪʤʳ, ʚ ʢʦʪʦʨʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʣʘʩʴ ʪʦʧʦʣʦʛʠʷ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ (ʪ.ʥ. pathway-based ʤʝʪʦʜʳ). 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 36 ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʩʦʧʦʩʪʘʚʣʝʥ ʝʜʠʥʩʪʚʝʥʥʦʤʫ «ʮʝʣʝʚʦʤʫ» ʩʠʛʥʘʣʴʥʦʤʫ ʧʫʪʠ ʠʟ ʙʘʟʳ 

KEGG. ʅʘʧʨʠʤʝʨ, ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʤʫ ʧʨʦʬʠʣʠʨʦʚʘʥʠʶ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʢʦʤ 

ʪʦʣʩʪʦʡ ʢʠʰʢʠ ʙʳʣ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʩʠʛʥʘʣʴʥʳʤ ʢʘʩʢʘʜʦʤ hsa05210 Colorectal cancer ð 

Homo sapiens. ʂʨʠʪʝʨʠʝʤ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥr ʭ ʤʝʪʦʜʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʷʚʣʷʣʩʷ ʨʘʥʛ ʮʝʣʝʚʦʛʦ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʚ ʠʪʦʛʦʚʦʤ ʩʧʠʩʢʝ ʦʪʨʘʥʞʠʨʦʚʘʥʥʳʭ ʛʝʥʥʳʭ ʩʠʛʥʘʪʫʨ. ɸʚʪʦʨʳ ʧʨʠʰʣʠ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ pathway-based ʤʝʪʦʜʦʚ ʥʝ ʠʤʝʣ ʷʚʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ geneset-

based ʘʣʛʦʨʠʪʤʘʤʠ, ʝʩʣʠ ʛʝʥʥʳʡ ʩʦʩʪʘʚ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʧʝʨʝʢʨʳʚʘʣʩʷ (ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦ 

ʜʣʷ ʢʘʩʢʘʜʦʚ ʠʟ ɹɼ KEGG). ɺ ʩʠʤʫʣʷʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠ ʛʝʥʝʨʘʮʠʠ 

ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ pathway-based ʘʣʛʦʨʠʪʤʳ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʤʦʝ 

ʫʣʫʯʰʝʥʠʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 20% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ geneset-based 

ʘʣʛʦʨʠʪʤʘʤʠ.  

ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʢʘʨʪʫ 

ʠʥʪʝʛʨʠʨʫʷ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ -ʦʤʠʢʩʥʳʭ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʦʙʲʝʜʠʥʷʷ 

ʜʘʥʥʳʝ ʦ ʯʠʩʣʝ ʢʦʧʠʡ ʛʝʥʦʚ ʩ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʤ ʘʥʘʣʠʟʦʤ. ʆʥʠ ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʜʝʣʝ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʳ. 

1.2.3. ɺʳʷʚʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʊʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʳʩʷʯʘʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʛʝʥʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʷ ʩʠʛʥʘʪʫʨʫ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ. ʂʘʢ ʫʞʝ ʦʙʩʫʞʜʘʣʦʩʴ, ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʩʧʦʩʦʙʦʤ ʘʥʘʣʠʟʘ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʩʧʠʩʢʘ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ. ʆʜʥʘʢʦ ʧʦʜʦʙʥʳʡ 

ʦʜʥʦʤʝʨʥʳʡ ʧʦʜʭʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʥʠʢʥʫʪʴ ʚ ʪʦʥʢʦʩʪʠ ʚʟʘʠʤʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʝʥʦʚ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʣʫʯʘʝ ʠʟʫʯʝʥʠʷ ʧʘʪʦʛʝʥʝʟʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʘʞʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʥʦʩʷʪ ʥʘʨʫʰʝʥʠʷ ʚ 

ʛʝʥʥʦ-ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʝʪʷʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʘʭ (Barillot, et al., 2012). ʇʦʵʪʦʤʫ ʙʦʣʝʝ 

«ʙʠʦʣʦʛʠʯʝʩʢʠ ʛʨʘʤʦʪʥʳʡ» ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʧʦ ʵʢʩʧʨʝʩʩʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʳʷʚʣʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʛʝʥʥʳʭ ʤʦʜʫʣʝʡ, ʪʝʤ ʩʘʤʳʤ 

ʧʨʝʚʨʘʱʘʷ ʦʜʥʦʤʝʨʥʳʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʧʨʦʬʠʣʠ ʚ ʩʝʪʠ ʛʝʥʥʦ-ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʠʟʚʣʝʢʘʷ ʨʝʛʫʣʷʪʦʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʤʠʤʦ ʠʟʫʯʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ 

ʠ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʨʪ, ʝʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʩʠʩʪʝʤʥʦ-

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʥʦʚ- 

ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ.  

ɺʳʷʚʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʛʝʥʦʚ ʪʝʤ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʩʘʤʠʭ ʨʝʛʫʣʷʪʦʨʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ) ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʙʦʣʴʰʠʤ ʠ ʟʘʯʘʩʪʫʶ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʢʘʢ 

ʟʥʘʯʠʤʦʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (t-ʪʝʩʪ, ʤʝʪʦʜ ʄʘʥʥʘ-

ʋʠʪʥʠ ʠ ʪ.ʜ.). ʅʘʧʨʠʤʝʨ, ʤʥʦʛʠʝ ʦʥʢʦʛʝʥ rʠ ʦʧʫʭʦʣʝʚʳʝ ʩʫʧʨʝʩʩʦʨ rʢʘʢ ʨʘʟ ʷʚʣʷʶʪʩʷ 

ʨʝʛʫʣʷʪʦʨʘʤʠ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʦʥʢʦʛʝʥʝʟʘ ʥʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʩʘʤʠ ʥʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʛʝʥʘʤʠ. 

ʅʘʧʨʦʪʠʚ, ʛʝʥʳ ʩ ʥʘʠʙʦʣʴʰʝʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʩʘʤʦʤ ʥʠʟʫ ʮʝʧʦʯʢʠ (downstream) ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ (ʛʝʥʳ-ʵʬʬʝʢʪʦʨʳ), ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʚʩʣʝʜʩʪʚʠʝ ʩʣʦʞʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (cross-

talk) ʤʝʞʜʫ ʙʝʣʢʘʤʠ ʥʘ ʚʝʨʭʥʠʭ ʫʨʦʚʥʷʭ ʨʝʛʫʣʷʮʠʠ. ʇʦʵʪʦʤʫ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʨʝʛʫʣʷʪʦʨʦʚ 

(ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʘʢʪʠʚʘʪʦʨʦʚ ʠ ʨʝʧʨʝʩʩʦʨʦʚ) ʦʧʠʨʘʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʠʟʫʯʝʥʠʝ 

ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʩʘʤʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʪ.ʥ. 

downstream genes). ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʚʳʷʚʣʝʥʠʶ ʛʝʥʦʚ-

ʨʝʛʫʣʷʪʦʨʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʦʢʘʟʘʚʰʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʦʙʣʘʩʪʠ.  

ʆʜʠʥ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʧʨʷʤʦʣʠʥʝʡʥʳʭ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʠ 

ʥʘʛʣʷʜʥʳʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ð ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ð ʙʳʣ ʧʨʝʜʣʦʞʝʥ Essaghir ʠ ʩʦʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ (Essaghir, et al., 2010). ɸʚʪʦʨʘʤʠ 

ʙʳʣ ʩʦʙʨʘʥ ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʩʢʘʯʠʚʘʥʠʷ ʢʘʪʘʣʦʛ ʠʟ 343 ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 2720 ʮʝʣʝʚʳʤʠ ʛʝʥʘʤʠ ʩʦʛʣʘʩʥʦ 6401 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ ʛʝʥʥʦ-ʨʝʛʫʣʷʪʦʨʥʳʤ ʩʚʷʟʷʤ. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ 

ʥʘʙʦʨ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 
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ʬʘʢʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʪʦʯʥʦʛʦ ʪʝʩʪʘ ʌʠʰʝʨʘ ʧʨʦʚʝʨʷʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ ʠʥʪʝʨʝʩʫʶʱʠʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʩʨʝʜʠ ʚʩʝʭ ʛʝʥʦʚ, ʨʝʛʫʣʠʨʫʝʤʳʭ ʜʘʥʥʳʤ 

ʬʘʢʪʦʨʦʤ. ɽʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʧʦʩʣʝ ʧʦʧʨʘʚʢʠ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʩʨʘʚʥʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ (ʦʙʳʯʥʦ 0,05), ʪʦ ʜʘʥʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ ʩʯʠʪʘʝʪʩʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʊʘʢʞʝ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʳ 

ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʟʚʝʩʪʝʥ ʟʥʘʢ ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʚʷʟʠ ð ʧʦʚʳʰʘʝʪ ʠʣʠ ʧʦʥʠʞʘʝʪ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʢʘʞʜʦʛʦ ʛʝʥʘ ʜʘʥʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ. 

ɺ ʨʘʙʦʪʝ ʂʝʣʷ ʠ ʩʦʘʚʪʦʨʦʚ (Kel, et al., 2008) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʥʘʣʠʟ ʧʨʦʤʦʪʦʨʦʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʛʣʘ ʙʳ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʨʘʥʩʢʨʠʧʪʦʤʝ. ɼʣʷ 

ʵʪʦʛʦ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʷʝʪ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʩʘʡʪʘ ʩʪʘʨʪʘ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʩʘʡʪʘ ʩʪʘʨʪʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ). ɺ ʦʪʢʨʳʪʦʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʜʦʩʪʫʧʥʳ 

6400 ʧʦʟʠʮʠʦʥʥʦ-ʚʝʩʦʚʳʭ ʤʘʪʨʠʮ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ. ɼʘʣʝʝ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ (ʪ.ʥ. ʤʘʩʪʝʨ-ʨʝʛʫʣʷʪʦʨʳ), 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ (upstream) ʠ ʤʦʛʫʪ 

ʘʢʪʠʚʠʨʦʚʘʪʴ ʠʣʠ ʠʥʛʠʙʠʨʦʚʘʪʴ ʥʘʡʜʝʥʥʳʝ ʨʘʥʝʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʨʝʛʫʣʷʪʦʨʥʘʷ ʛʝʥʥʘʷ ʩʝʪʴ, «ʦʙʲʷʩʥʷʶʱʘʷ» ʥʘʙʣʶʜʘʝʤʳʝ 

ʵʢʩʧʨʝʩʩʠʦʥʥʳʝ ʜʘʥʥʳʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʯʘʩʪʚʫʶʱʘʷ ʚ ʨʘʟʚʠʪʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʥʦʡ ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʝʪʠ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʧʘʪʦʛʝʥʝʟʝ ʙʦʣʝʟʥʠ ʂʨʦʥʘ (ʈʠʩʫʥʦʢ 5). ʉʝʪʴ ʥʘʯʠʥʘʝʪʩʷ 

ʩ ʤʘʩʪʝʨ-ʨʝʛʫʣʷʪʦʨʘ (ʢʦʤʧʣʝʢʩ H-Ras:GTP) ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʥʘʡʜʝʥʥʳʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʤʦʪʦʨʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ 

ʛʝʥʦʚ.  
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ʈʠʩʫʥʦʢ 5. ʇʨʠʤʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʥʥʦ-ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʝʪʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʯʘʩʪʚʫʶʱʝʡ ʚ 

ʧʘʪʦʛʝʥʝʟʝ ʙʦʣʝʟʥʠ ʂʨʦʥʘ. ʂʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʥʘʡʜʝʥʥʳʝ 

ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʤʦʪʦʨʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ. ʅʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʩʝʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʫʧʨʘʚʣʷʝʪʩʷ ʪ.ʥ. «ʤʘʩʪʝʨ-ʨʝʛʫʣʷʪʦʨʦʤ» (ʢʦʤʧʣʝʢʩ H-Ras:GTP). ʇʦʣʦʩʘ ʨʷʜʦʤ ʩ ʢʘʞʜʳʤ 

ʛʝʥʦʤ ʦʪʨʘʞʘʝʪ ʫʨʦʚʝʥʴ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʵʪʦʛʦ ʛʝʥʘ. ʀʟ ʨʘʙʦʪʳ (Kel, et al., 2008) 

ʆʙʘ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʘ (Essaghir, et al., 2010; Kel, et al., 2008) ʦʙʲʝʜʠʥʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʠʩʢʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʳʷʚʣʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʩʚʦʜʠʪʩʷ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʠʷ ʚ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ 

(ʥʘʧʨʠʤʝʨ, t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ) ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʦʪʙʦʨʫ ʪʝʭ ʛʝʥʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʨʦʚʝʥʴ 

ʟʥʘʯʠʤʦʩʪʠ ʧʨʝʚʳʰʘʝʪ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ (ʦʙʳʯʥʦ 0,05). ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ 

ʷʚʣʷʝʪʩʷ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʨʦʛʘ (ʧʨʠ ʝʛʦ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʧʠʩʦʢ ʛʝʥʦʚ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʩʷ), ʪʘʢ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʤʘʣʳʝ, ʥʦ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʤʠ. ʕʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʣʠʰʝʥ ʤʝʪʦʜ SNEA (Subnetwork Enrichment Analysis), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʨʘʙʦʪʘʭ (Sivachenko and Yuryev, 2007; Sivachenko, et al., 2007). 

ʄʝʪʦʜ SNEA ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ GSEA 

(Subramanian, et al., 2005) ʠ ʠʩʧʦʣʴʟʫʝʪ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʠʩʢʘ ʥʘʙʦʨʦʚ ʛʝʥʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ 

(ʥʘʧʨʠʤʝʨ, ʥʦʨʤʘʣʴʥʘʷ ʠ ʦʧʫʭʦʣʝʚʘʷ ʪʢʘʥʴ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʦʩʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ GSEA ʠ ʠʩʧʦʣʴʟʫʶʱʠʭ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʛʝʥʥʳʝ ʩʠʛʥʘʪʫʨʳ, ʚ ʧʦʜʭʦʜʝ SNEA 

ʥʘʙʦʨʳ ʛʝʥʦʚ ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ «ʥʘ ʣʝʪʫ». ɼʣʷ ʵʪʦʛʦ ʠʟ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʤʝʞʙʝʣʢʦʚʦʡ 

ʨʝʛʫʣʷʮʠʠ ʚʳʜʝʣʷʝʪʩʷ ʦʜʠʥ ʫʟʝʣ (ʮʝʥʪʨʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ, seed) ʠ ʥʘʙʦʨ ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʷ 
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ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʜʝʡʩʪʚʠ ̫ʵʪʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʈʝʛʫʣʷʪʦʨ ʩʯʠʪʘʝʪʩʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘʙʣʶʜʘʝʤʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʘʢʦʡ ʧʦʜʩʝʪʠ, ʠ ʬʦʥʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʚʦ ʚʩʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ.  

 

 

ʈʠʩʫʥʦʢ 6. ʈʝʛʫʣʷʪʦʨʥʘʷ ʩʝʪʴ ʧʘʪʦʛʝʥʝʟʘ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ, ʧʨʝʜʩʢʘʟʘʥʥʘʷ ʘʣʛʦʨʠʪʤʦʤ SNEA. 

ʋʨʦʚʝʥʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʧʦʢʘʟʘʥ ʮʚʝʪʦʚʳʤ ʛʨʘʜʠʝʥʪʦʤ (ʟʝʣʝʥʳʡ ð ʧʦʥʠʞʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ, ʢʨʘʩʥʳʡ ð ʧʦʚʳʰʝʥʠʝ). ʇʦʜʩʚʝʯʝʥʳ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʘʭ 

ʠʥʚʘʟʠʚʥʦʛʦ ʨʦʩʪʘ. ʀʟ ʨʘʙʦʪʳ (Sivachenko, et al., 2007) 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ SNEA ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʡʜʝʥʥʳʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ 

ʨʝʛʫʣʷʪʦʨ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʫʱʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ: 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʢʣʘʩʩʦʤ, ʢʣʝʪʦʯʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʤʧʣʝʢʩʦʤ ʠ ʪ.ʜ. ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʟʘʠʤʦʩʚʷʟʷʭ ʠʟʚʣʝʢʘʝʪʩʷ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʪʝʢʩʪʦʚ ʩʪʘʪʝʡ ʠ 

ʨʝʟʶʤʝ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ MedScan (Daraselia, et al., 2004; Novichkova, et al., 2003). ʅʘ 

ʈʠʩʫʥʦʢ 6 ʧʦʢʘʟʘʥʘ ʩʝʪʴ ʠʟ ʧʷʪʠ ʨʝʛʫʣʷʪʦʨʦʚ (E2F1, E2F4, RB1, CTCF, SMARCB1) ʠ ʛʝʥʦʚ-

ʵʬʬʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʢʘʢ ʜʦʩʪʦʚʝʨʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʦʣʦʨʝʢʪʘʣʴʥʦʤʫ ʨʘʢʫ.  

1.2.4. ʉʠʛʥʘʣʴʥʳʝ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʢʘʩʢʘʜʳ 

ʆʩʥʦʚʦʡ ʜʣʷ ʩʠʩʪʝʤʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʥʠʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʚʠʜʝ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ: 
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ʛʝʥʘʤʠ, ʈʅʂ, ʙʝʣʢʘʤʠ, ʢʦʤʧʣʝʢʩʘʤʠ, ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ ʪ. ʜ. ɺ ʧʨʦʩʪʝʡʰʝʡ ʬʦʨʤʝ ʵʪʫ 

ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʩʫʱʥʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ ʛʨʫʧʧʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʛʝʥʦʚ (ʪ.ʥ. genesets). ʏʘʱʝ ʚʩʝʛʦ ʛʨʫʧʧʳ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʛʝʥʦʚ ʧʦʣʫʯʘʶʪ ʣʠʙʦ ʠʟ ʢʘʪʝʛʦʨʠʡ Gene Ontology (Ashburner, et al., 2000), ʣʠʙʦ ʠʟ ʩʠʛʥʘʪʫʨ 

ʨʝʩʫʨʩʘ MSigDB (Liberzon, et al., 2015). ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʵʢʩʧʝʨʪʥʳʝ ʟʥʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʚ ʚʠʜʝ ʩʠʛʥʘʣʴʥʳʭ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ (pathways), ʦʧʠʩʳʚʘʶʱʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ. ʂ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʦʙʱʝʜʦʩʪʫʧʥʳʤ ʨʝʩʫʨʩʘʤ ʦʪʥʦʩʷʪʩʷ KEGG 

PATHWAY (Ogata, et al., 1999) ʠ Reactome (Fabregat, et al., 2018). ʅʝʩʢʦʣʴʢʦ ʙʘʟ ʜʘʥʥʳʭ 

ʢʦʤʧʠʣʠʨʫʶʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʨʷʜʘ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ: ConsensusPathDB (Kamburov, et al., 

2013), PathwayCommons (Cerami, et al., 2011). ʅʘʢʦʥʝʮ, ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʧʫʪʝʡ (ʯʴʠ ʛʨʘʥʠʮʳ ʫʩʪʘʥʦʚʣʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʦ), ʘ ʢʘʢ ʛʣʦʙʘʣʴʥʘʷ ʩʝʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʩʫʱʥʦʩʪʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. 

ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʶʪʩʷ STRING (Szklarczyk, et al., 2015) ʠ BioGRID (Chatr-

Aryamontri, et al., 2017). 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʳ ʠʤʝʶʪ ʩʠʛʥʘʣʴʥʳʝ ʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʢʘʩʢʘʜʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʫ ʠ ʬʘʨʤʘʢʦʜʠʥʘʤʠʢʫ ʨʘʟʣʠʯʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘʨʷʜʫ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʘʨʤʘʢʦʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʕʪʘ ʢʘʪʝʛʦʨʠʷ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʤʦʞʝʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʟʘʛʨʫʞʝʥʘ ʠʟ ʨʝʩʫʨʩʘ 

PharmGKB (Whirl-Carrillo, et al., 2012) ʠʣʠ The Small Molecule Pathway Database (Jewison, et 

al., 2014). ʆʙʲʝʜʠʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʩ ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ ʧʦ ʣʝʢʘʨʩʪʚʝʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʠ ʤʝʪʘʙʦʣʠʟʤʫ ʧʨʝʧʘʨʘʪʦʚ ʤʦʞʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʙʝʣʢʠ, ʷʚʣʷʶʱʠʝʩʷ 

ʤʠʰʝʥʷʤʠ ʨʘʥʝʝ ʦʜʦʙʨʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʪ.ʥ. ʨʝʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʣʝʢʘʨʩʪʚ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙɦʝʜʦʩʪʫʧʥʳʭ 

ʨʝʩʫʨʩʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʥʢʦʩʧʝʮʠʬʠʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʘʭ. 

ʅʘʧʨʠʤʝʨ, Pathway Interaction Database (Schaefer, et al., 2009) ʩʦʜʝʨʞʠʪ ʢʫʨʠʨʫʝʤʫʶ 

ʢʦʣʣʝʢʮʠʶ ʩʠʛʥʘʣʴʥʳʭ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʦʜʥʘʢʦ ʵʪʘ ʙʘʟʘ ʜʘʥʥʳʭ ʥʝ ʦʙʥʦʚʣʷʣʘʩʴ ʩ 2012 ʛ. ɹʘʟʘ ʜʘʥʥʳʭ Molecular 

Signatures Database ʭʨʘʥʠʪ ʩʦʪʥʠ ʩʠʛʥʘʪʫʨ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʜʝʨʝʛʫʣʠʨʦʚʘʥʳ ʧʨʠ ʨʘʢʝ. 

ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʩʠʛʥʘʪʫʨ ʥʝ ʩʦʟʜʘʥʳ ʵʢʩʧʝʨʪʘʤʠ, ʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ʠʟ ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʛʫʪ ʙʳʪʴ ʤʘʣʦʜʦʩʪʦʚʝʨʥʳʤʠ. ʈʝʩʫʨʩ Network of Cancer Genes, ʭʦʪʷ ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʙʘʟʦʡ 

ʜʘʥʥʳʭ ʦ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʷʭ ʚ ʙʫʢʚʘʣʴʥʦʤ ʩʤʳʩʣʝ, ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, 
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ʬʫʥʢʮʠʷʭ ʠ ʵʢʩʧʨʝʩʩʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2000 ʠʟʚʝʩʪʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʦʥʢʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʠ ʤʠʈʅʂ (An, et al., 2014). 

ʀʥʪʝʨʝʩʥʦʡ ʦʥʢʦʩʧʝʮʠʬʠʯʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ACSN, Atlas of Cancer 

Signaling Networks (Kuperstein, et al., 2015). ʕʪʦʪ ʨʝʩʫʨʩ ʩʦʜʝʨʞʠʪ ʢʦʤʧʣʝʢʩʥʳʝ ʢʘʨʪʳ 

ʩʠʛʥʘʣʴʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʜʝʨʝʛʫʣʠʨʦʚʘʥʳ ʚ 

ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ (Hanahan and Weinberg, 2011). ʂʣʶʯʝʚʦʡ ʠʜʝʝʡ ACSN ʷʚʣʷʝʪʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʘʥʮʝʨʦʛʝʥʝʟʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ: ʦʪ ʥʘʠʚʳʩʰʝʛʦ ʫʨʦʚʥʷ 

«ʧʪʠʯʴʝʛʦ ʧʦʣʝʪʘ» (ʢʘʨʪʳ ʧʷʪʠ ʦʩʥʦʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʢʣʝʪʦʯʥʳʡ 

ʮʠʢʣ ʠ ʨʝʧʘʨʘʮʠʶ ɼʅʂ) ʯʝʨʝʟ 52 ʜʝʪʘʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʷ ʚʧʣʦʪʴ ʜʦ ʝʜʠʥʦʡ 

ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʩ ʪʳʩʷʯʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺʩʝ ʩʠʛʥʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʨʘʟʚʦʨʘʯʠʚʘʶʱʠʝʩʷ ʚ ʨʘʢʦʚʦʡ ʢʣʝʪʢʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʩʤʦʪʨʝʥʳ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʡʩʘ 

Google Maps, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

ʅʝʩʢʦʣʴʢʦ ʚʝʙ-ʩʘʡʪʦʚ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʢʣʘʜʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʥʘ ʩʠʛʥʘʣʴʥʳʝ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ. ʅʘʧʨʠʤʝʨ, ʨʝʩʫʨʩʳ 

KEGGViewer (Villaveces, et al., 2014) ʠ Reactome (Fabregat, et al., 2018) ʩʦʜʝʨʞʘʪ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʩʢʨʘʩʢʠ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʈʝʩʫʨʩ ACSN ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʧʦʣʥʷʪʴ ʠʤʝʶʱʠʝʩʷ ʢʘʨʪʳ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ, ʜʘʥʥʳʤʠ ʦ ʢʦʧʠʡʥʦʩʪʠ ʛʝʥʦʚ ʠ ʚʳʷʚʣʝʥʥʳʤʠ 

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʚʘʨʠʘʥʪʘʤʠ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʙ-ʨʝʩʫʨʩʘʤʠ, ʘʚʪʦʥʦʤʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʦʙʳʯʥʦ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʙʦʣʝʝ ʙʦʛʘʪʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʚʥʳʝ 

ʚʠʜʳ ʩʠʩʪʝʤʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʠ ʩʝʪʝʡ. 

ʉʨʝʜʠ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʘʚʪʦʥʦʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʦ ʨʘʙʦʪʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ 

ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ Cytoscape (Shannon, et al., 

2003). ʇʨʦʛʨʘʤʤʘ Cytoscape ʧʨʝʜʣʘʛʘʝʪ ʙʦʛʘʪʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʨʘʬʦʚ, 

ʦʙʲʝʜʠʥʷʷ ʠʭ ʩ ʣʶʙʳʤʠ ʘʪʨʠʙʫʪʘʤʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʵʢʩʧʨʝʩʩʠʶ ʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʯʠʩʣʘ 

ʢʦʧʠʡ ʛʝʥʦʚ. ʊʘʢʞʝ Cytoscape ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʬʦʨʤʘʪʦʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʘ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥʘ ʙʦʣʝʝ ʯʝʤ 200 ʧʣʘʛʠʥʘʤʠ, ʨʝʘʣʠʟʫʶʱʠʤʠ 

ʤʥʦʞʝʩʪʚʦ ʩʠʩʪʝʤʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʍʦʨʦʰʠʡ ʦʙʟʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʣʘʛʠʥʦʚ 

Cytoscape ʩʦʩʪʘʚʠʣʠ Saito ʠ ʩʦʘʚʪʦʨʳ (Saito, et al., 2012). ɼʨʫʛʠʤʠ ʧʨʠʤʝʨʘʤʠ ʧʨʠʣʦʞʝʥʠʡ 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʷʚʣʷʶʪʩʷ PathVisio (ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʩ ʢʦʣʣʝʢʮʠʝʡ 

WikiPathways) (Kutmon, et al., 2015) ʠ GenMAPP (Salomonis, et al., 2007). 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ ʧʦ ʘʥʘʣʠʟʫ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ. 

ʇʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ Ingenuity® Pathway Analysis 
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[https://www.qiagenbioinformatics.com/products/ingenuity-pathway-analysis/], MetaCoreÊ 

[https://clarivate.com/products/metacore/] ʠ Pathway Studio® 

[https://www.pathwaystudio.com/]. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʩʥʘʙʞʝʥʳ ʚʩʝʦʙʲʝʤʣʶʱʠʤʠ ʠ 

ʪʱʘʪʝʣʴʥʦ ʧʨʦʨʘʙʦʪʘʥʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʧʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʚʠʟʫʘʣʴʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʠʣʣʶʩʪʨʘʮʠʠ ʩʝʪʝʡ ʠ ʢʘʩʢʘʜʦʚ. ɺʩʝ ʵʪʠ 

ʧʨʦʜʫʢʪʳ ʚʢʣʶʯʘʶʪ ʧʦʜʜʝʨʞʢʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ NGS. 

1.2.5. ʆʙʲʝʜʠʥʝʥʠʝ -ʦʤʠʢʩʥʳʭ ʜʘʥʥʳʭ 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ ʠʤʝʶʪ ʤʝʪʦʜʳ ʠʥʪʝʛʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ 

«ʦʤʠʢʩʥʳʤʠ» ʪʝʭʥʦʣʦʛʠʷʤʠ. ɹʠʦʣʦʛʠʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ: (ʵʧʠ)ʛʝʥʦʤʥʦʤ, ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʤ, 

ʧʨʦʪʝʦʤʥʦʤ ʠ ʤʝʪʘʙʦʣʦʤʥʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʮʝʩʩʘʭ ʚ ʦʧʫʭʦʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʫʤʤʠʨʦʚʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʦʧʠʩʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʘʩʧʝʢʪ rʢʘʥʮʝʨʦʛʝʥʝʟʘ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʘʙʦʨʦʚ ʠ/ʠʣʠ ʪʠʧʦʚ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ð ʨʘʟʜʝʣʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʥʘ ʧʦʜʛʨʫʧʧʳ (ʢʣʘʩʪʝʨʳ), 

ʦʙʲʝʜʠʥʝʥʥʳʝ ʦʙʱʠʤʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ 

ʟʘ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ. ɿʥʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʜʛʨʫʧʧʳ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʧʘʮʠʝʥʪ, 

ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʠ 

ʦʪʚʝʪʘ ʥʘ ʪʝʨʘʧʠʶ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʝʩʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ -ʦʤʠʢʩʥʳʭ ʜʘʥʥʳʭ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʫʭʦʣʠ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʜʘʥʥʳʝ ʦ ʯʠʩʣʝ ʢʦʧʠʡ ʛʝʥʦʚ, ʩʪʝʧʝʥʠ ʵʢʩʧʨʝʩʩʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʈʅʂ ʠ ʠʤʝʶʱʠʭʩʷ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʷʭ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʝʩʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʧʠʡʥʦʩʪʠ ʛʝʥʦʚ (ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ ʜʝʣʝʮʠʠ) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʪʝʧʝʥʴʶ ʵʢʩʧʨʝʩʩʠʠ. ɼʘʥʥʘʷ ʦʙʣʘʩʪʴ ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʡ, 

ʥʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. ʊʘʢ, ʚ ʥʝʜʘʚʥʠʭ ʦʙʟʦʨʥʳʭ ʨʘʙʦʪʘʭ (Bersanelli, et 

al., 2016; Subramanian, et al., 2020) ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

ʢ ʟʘʜʘʯʝ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʤʫʣʴʪʠʦʤʠʢʩʥʳʭ ʜʘʥʥʳʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʜʝʣʷʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʡʝʩʦʚʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠ ʪʝʦʨʠʠ ʛʨʘʬʦʚ. ʊʘʢʞʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʩʦʛʣʘʩʥʦ ʪʦʤʫ, ʧʨʠʤʝʥʷʝʪʩʷ ʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʣʦʝʚ -ʦʤʠʢʩʥʳʭ ʜʘʥʥʳʭ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʘʣʛʦʨʠʪʤʳ ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʫʯʝʪʦʤ ʦʩʥʦʚʥʦʡ ʜʦʛʤʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ, ʥʘʧʨʠʤʝʨ, 
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ʚʦʟʤʦʞʥʦ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʩʣʦʷ ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ ʥʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʫʣʴʪʠʦʤʠʢʩʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʪʦʯʥʷʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʦʜʥʦʛʦ ʩʣʦʷ ʧʫʪʝʤ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʥʠʞʝʣʝʞʘʱʠʭ ʩʣʦʝʚ. ɺ ʜʨʫʛʦʤ ʢʣʘʩʩʝ ʤʝʪʦʜʦʚ 

ʢʘʞʜʳʡ ʩʣʦʡ ʜʘʥʥʳʭ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʣʠʙʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʪʘʣʴʥʳʭ, ʣʠʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʵʪʘʧ ʩʣʠʷʥʠʷ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʦʙʲʝʜʠʥʷʶʪʩʷ ʤʘʪʨʠʮʳ ʧʦʧʘʨʥʦʛʦ ʩʭʦʜʩʪʚʘ 

ʦʙʨʘʟʮʦʚ ʠʣʠ ʛʝʥʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʪʜʝʣʴʥʳʭ -ʦʤʠʢʩʥʳʭ ʩʣʦʷʭ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʧʫʪʝʤ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ -ʦʤʠʢʩʥʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ PARADIGM (Vaske, et al., 2010), 

ʢʦʪʦʨʳʡ ʠʥʪʝʛʨʠʨʫʝʪ ʜʘʥʥʳʝ ʦ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʯʠʩʣʘ ʢʦʧʠʡ ʛʝʥʦʚ ʩ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʤ 

ʘʥʘʣʠʟʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʰʠʨʥʘʷ ʢʦʣʣʝʢʮʠʷ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ NCI PID (Schaefer, et al., 2009). ʂʘʞʜʳʡ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ 

ʚ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʤʦʜʝʣʴ (ʬʘʢʪʦʨʥʳʡ ʛʨʘʬ), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʩʢʨʳʪʳʝ ʠ ʥʘʙʣʶʜʘʝʤʳʝ 

ʩʦʩʪʦʷʥʠʷ. ʅʘʙʣʶʜʘʝʤʳʝ ʩʦʩʪʦʷʥʠʷ ʦʪʚʝʯʘʶʪ ʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʪʨʘʥʩʢʨʠʧʪʦʤʠʢʠ ʠ ʦʮʝʥʢʠ ʯʠʩʣʘ ʢʦʧʠʡ ʛʝʥʦʚ, ʘ ʩʢʨʳʪʳʝ ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʠʨʫʶʪ ʧʨʦʮʝʩʩʳ 

ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʪʨʘʥʩʣʷʮʠʠ. ʄʝʨʘ ʘʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʡ ʩʫʱʥʦʩʪʠ ʥʘ ʛʨʘʬʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʫʯʘʡʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ. ʇʦʣʫʯʝʥʥʘʷ 

ʤʘʪʨʠʮʘ ʘʢʪʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʘʮʠʝʥʪʦʚ. ɸʚʪʦʨʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʛʨʫʧʧʳ 

ʧʘʮʠʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ ʜʦʩʪʦʚʝʨʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʚʳʞʠʚʘʝʤʦʩʪʠ ʚ ʩʣʫʯʘʝ ʛʣʠʦʙʣʘʩʪʦʤʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʣʛʦʨʠʪʤʘ PARADIGM ʦʧʠʩʘʥʳ ʚʦ ʤʥʦʛʠʭ ʦʙʟʦʨʥʳʭ ʨʘʙʦʪʘʭ ʢʦʥʩʦʨʮʠʫʤʘ 

TCGA (Cancer Genome Atlas, 2012; Cancer Genome Atlas Research, 2014). 

ɼʨʫʛʦʡ ʧʦʧʫʣʷʨʥʳʡ ʩʧʦʩʦʙ ʦʙʲʝʜʠʥʝʥʠʷ «ʦʤʠʢʩʥʳʭ» ʜʘʥʥʳʭ ʥʘʟʳʚʘʝʪʩʷ iCluster+ 

(Mo, et al., 2013). ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʜʠʥʦʦʙʨʘʟʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʣʘʪʝʥʪʥʳʭ (ʩʢʨʳʪʳʭ) ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʚʩʝ ʩʣʦʠ «ʦʤʠʢʩʥʳʭ» ʜʘʥʥʳʭ. ɼʘʣʝʝ 

ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʪʠʧʘ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʪʝʥʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʛʨʝʩʩʦʨʦʚ. ʊʘʢ, ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʡ ʚ ʢʘʞʜʦʤ ʛʝʥʝ (ʙʠʥʘʨʥʘʷ ʧʝʨʝʤʝʥʥʘʷ) 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ. ɼʘʥʥʳʝ ʦ ʯʠʩʣʝ ʢʦʧʠʡ ʛʝʥʦʚ 

ʪʨʘʢʪʫʶʪʩʷ ʚ ʢʘʪʝʛʦʨʠʘʣʴʥʦʡ ʰʢʘʣʝ, ʠ ʜʣʷ ʠʭ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʝʪʩʷ ʤʫʣʴʪʠʥʦʤʠʘʣʴʥʘʷ 

ʣʦʛʠʪ-ʤʦʜʝʣʴ. ʅʘʢʦʥʝʮ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʤʈʅʂ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ RNASeq, 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʧʫʘʩʩʦʥʦʚʩʢʦʡ ʨʝʛʨʝʩʩʠʝʡ. ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʧʫʪʝʤ 

ʦʪʙʦʨʘ ʟʥʘʯʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ L1-ʥʦʨʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʶʪʩʷ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʪ.ʝ. ʵʢʩʧʨʝʩʩʠʷ, ʤʫʪʘʮʠʠ, ʢʦʧʠʡʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʥʦʚ), 
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ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʣʘʪʝʥʪʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʪʝʤ ʩʘʤʳʤ 

«ʦʙʲʷʩʥʷʷ» ʩʫʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ. ʂʦʣʠʯʝʩʪʚʦ ʩʢʨʳʪʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʧʝʨʤʫʪʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʪ.ʥ. «ʤʝʪʦʜʘ ʢʦʣʝʥʘ». ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʨʠʮʘ 

ʩʢʨʳʪʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʩʝ ʩʣʦʠ «ʦʤʠʢʩʥʳʭ» ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʥʘ ʛʨʫʧʧʳ. ʊʘʢʞʝ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʚʝʨʩʠʷ 

ʘʣʛʦʨʠʪʤʘ, ʧʦʣʫʯʠʚʰʘʷ ʥʘʟʚʘʥʠʝ moCluster (Meng, et al., 2016). ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ 

moCluster ʧʝʨʝʜ iCluster+ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʜʝʪʝʨʤʠʥʠʩʪʠʯʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʠ 

ʙʦʣʝʝ ʯʝʤ ʩʪʦʢʨʘʪʥʦʝ ʫʩʢʦʨʝʥʠʝ ʨʘʩʯʝʪʦʚ. 

ʇʨʠʤʝʨʦʤ ʧʦʜʭʦʜʘ ʢ ʠʥʪʝʛʨʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ -ʦʤʠʢʩʥʳʭ ʜʘʥʥʳʭ ʦʙ 

ʦʜʥʦʤ ʦʙʨʘʟʮʝ ̫ ʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ PHIAL, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʘʥʥʦʪʘʮʠʠ ʠ ʨʘʥʞʠʨʦʚʘʥʠʷ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʠʭ ʢʣʠʥʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʟʥʘʯʠʤʦʩʪʠ (Van Allen, et al., 2014). ʕʪʦʪ ʧʦʜʭʦʜ ʫʯʠʪʳʚʘʝʪ ʜʘʥʥʳʝ ʦ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʘʭ, ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʯʠʩʣʘ ʢʦʧʠʡ ʛʝʥʦʚ, ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʡʢʘʭ, ʘ ʪʘʢʞʝ 

ʪʦʧʦʣʦʛʠʶ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ: ʤʫʪʘʮʠʷ ʛʝʥʘ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤ ʛʝʥʦʤ ʩ 

ʠʟʚʝʩʪʥʳʤ ʢʣʠʥʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ, ʧʦʣʫʯʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʙʘʣʣ. 

ʉʚʦʝʦʙʨʘʟʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʪʘʢʠʤ ʧʨʦʩʪʳʤ 

ʧʫʪʝʤ, ʢʘʢ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʣʠʯʥʳʭ -ʦʤʠʢʩʥʳʭ ʘʥʘʣʠʟʦʚ ʥʘ ʦʜʥʦʤ ʛʨʘʬʠʢʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʦʥʢʦʛʝʥʦʤʥʭr ʜʘʥʥʳʭ: 

ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ, ʛʝʥʦʤʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʩʝʪʠ. ʍʦʨʦʰʠʡ ʦʙʟʦʨ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʜʘʥ Schroeder 

ʠ ʩʦʘʚʪʦʨʘʤʠ (Schroeder, et al., 2013). ʇʦʜʦʙʥʳʝ ʛʨʘʬʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʚʝʙ-ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ GItools 

(Perez-Llamas and Lopez-Bigas, 2011), Intogen (Gonzalez-Perez, et al., 2013), cBioportal 

(Cerami, et al., 2012), Cytoscape (Shannon, et al., 2003). ʏʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ʚ ʚʠʜʝ ʢʨʫʛʦʚʳʭ ʜʠʘʛʨʘʤʤ, ʛʜʝ ʛʝʥʦʤʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʭʨʦʤʦʩʦʤ ʟʘʢʦʣʴʮʦʚʘʥʳ, 

ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʨʦʞʢʠ ʜʘʥʥʳʭ ʢʦʜʠʨʫʶʪ ʩʦʤʘʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ, ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ 

ʯʠʩʣʘ ʢʦʧʠʡ ʛʝʥʦʚ, ʛʝʥʦʤʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʠ ʪ.ʜ. ʇʨʠʤʝʨʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʢʨʫʛʦʚʳʭ ʜʠʘʛʨʘʤʤ ʷʚʣʷʝʪʩʷ Circos (Krzywinski, et al., 2009). 

ʄʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʪʘʢʞʝ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʦʜʭʦʜ ʢ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʘʛʨʝʛʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʙʳʪʠʡ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʛʝʥʘʤ ʚ ʦʙʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʨʠʟʥʘʢʦʚ, ʪʝʤ ʩʘʤʳʤ ʫʧʨʦʱʘʷ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ (Creixell, et al., 2015). 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʝʜʩʢʘʟʘʥ ʢʘʢ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʘʥʩʢʨʠʧʪʦʤʥʤr ʘʥʘʣʠʟʦʤ. ɺ ʪʦʤ ʩʣʫʯʘʝ ʝʩʣʠ ʵʪʦʪ 

ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ, ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʩ ʘʢʪʠʚʠʨʫʶʱʝʡ 
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ʤʫʪʘʮʠʝʡ, ʪʦ ʵʪʦ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʛʠʧʦʪʝʟʘ, çʦʙʲʷʩʥʷʶʱʘè̫ ʥʘʙʣʶʜʘʝʤʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʦʧʫʭʦʣʠ ʠ ʤʦʞʝʪ ʜʘʪʴ ʢʣʶʯ ʢ 

ʧʦʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʨʘʧʠʠ. 

1.3. ʇʝʨʩʦʥʘʣʠʟʘʮʠ ̫ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ: ʢʣʠʥʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʇʷʪʘʷ ʠ ʰʝʩʪʘʷ ʛʣʘʚʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʳ ʧʨʠʤʝʨʘʤ ʧʨʠʤʝʥʝʥʠʷ 

ʪ.ʥ. ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ð ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʛʝʥʦʤʠʢʠ ʠ 

ʪʨʘʥʩʢʨʠʧʪʦʤʠʢʠ ʩ ʮʝʣʴʶ ʚʳʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʙʦʨʴʙʳ ʩ ʦʧʫʭʦʣʴʶ. ʇʦʵʪʦʤʫ 

ʚ ʥʘʩʪʦʷʱʝʡ ʯʘʩʪʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʚʥʝʜʨʝʥʠʷ ʛʝʥʦʤʥʳʭ ʠ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʦʥʢʦʣʦʛʠʶ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ ʦʧʫʭʦʣʠ. 

1.3.1. ʇʨʝʮʠʟʠʦʥʥʘʷ ʦʥʢʦʣʦʛʠʷ  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪ.ʥ. ʪʘʨʛʝʪʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʙʝʣʢʠ-ʤʠʰʝʥʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʨʦʩʪʫ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ʅʘʣʠʯʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ, ʜʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʦʪʜʝʣʴʥʳʭ ʛʝʥʦʚ ʠʣʠ ʮʝʣʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʘʩʢʘʜʦʚ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʦʥʢʦʛʝʥʝʟʘ. ʇʦʵʪʦʤʫ 

ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ 

ʧʦʟʚʦʣʠʪʴ ʠʟʙʝʞʘʪʴ ʥʘʟʥʘʯʝʥʠʷ ʟʘʚʝʜʦʤʦ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʩʭʝʤʳ ʣʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ 

ʪʝʭ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʪ ʥʘʠʙʦʣʴʰʫʶ ʧʦʣʴʟʫ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʪʘʨʛʝʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ɺʟʘʠʤʦʩʚʷʟʴ ʦʪʜʝʣʴʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ (ʠ ʙʦʣʝʝ ʰʠʨʦʢʦ ð ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʙʠʦʤʘʨʢʝʨʦʚ) ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʨʘʧʠʠ ʠʟʫʯʘʣʘʩʴ ʚ ʢʣʠʥʠʢʝ ʠ ʜʦ 

ʥʘʩʪʫʧʣʝʥʠʷ ʵʨʳ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʛʝʥʦʤʦʚ. ʊʘʢ, ʚ ʢʦʥʮʝ 1990-ʭ ʛʛ. ʙʳʣʦ 

ʥʘʡʜʝʥʦ, ʯʪʦ ʦʧʫʭʦʣʠ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʷʚʣʝʥʘ ʘʤʧʣʠʬʠʢʘʮʠ ̫ ʣʠʙʦ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠ ̫ʙʝʣʢʘ HER2, ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʣʝʯʝʥʠʶ ʪʨʘʩʪʫʟʫʤʘʙʦʤ (Pegram, et 

al., 1998). ɼʨʫʛʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʩʦʯʝʪʘʥʠʡ ʙʠʦʤʘʨʢʝʨ ð ʣʝʢʘʨʩʪʚʦ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ EGFR ʧʨʠ ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʤ ʨʘʢʝ ʣʝʛʢʦʛʦ (ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʛʝʬʠʪʠʥʠʙʘ ʠ ʵʨʣʦʪʠʥʠʙʘ) ʠ ʤʫʪʘʮʠʡ BRAF V600 ʧʨʠ ʤʝʣʘʥʦʤʝ (ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚʝʤʫʨʘʬʝʥʠʙʘ). ʊʝʩʪʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʦʪʜʝʣʴʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ 
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ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʚʩʝʤʝʩʪʥʦ ʚʥʝʜʨʝʥʦ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ. ʊʘʢ, ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʳ ʈʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʢʣʠʥʠʯʝʩʢʦʡ ʦʥʢʦʣʦʛʠʠ çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè ʧʨʦʚʦʜʠʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ KRAS, NRAS, BRAF, 

EGFR ʠ ʭʠʤʝʨʥʦʛʦ ʦʥʢʦʛʝʥʘ ALK-EML4.  

ʇʦʷʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʝʣʦ 

ʥʘʩʪʦʷʱʫʶ ʨʝʚʦʣʶʮʠʶ ʚ ʦʙʣʘʩʪʠ ʛʝʥʝʪʠʢʠ, ʧʦʟʚʦʣʠʚ ʨʝʘʣʠʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ The Cancer Genome Atlas (TCGA, 

https://cancergenome.nih.gov/) ʙʳʣʠ ʧʨʦʯʠʪʘʥʳ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʛʝʥʦʤʦʚ ʦʧʫʭʦʣʝʡ. ʕʪʦ 

ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʭʘʨʘʢʪʝʨʥʳʭ ʘʙʝʨʨʘʮʠʷʭ ʚ ʛʝʥʦʤʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʦʚʳʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʜʪʠʧʳ ʜʣʷ ʨʘʢʘ ̫ ʠʯʥʠʢʘ (Cancer Genome Atlas Research, 2011) ʠ ʨʘʢʘ ʧʦʯʢʠ 

(Sato, et al., 2013). ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ TCGA ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʠʥʠʮʠʠʨʦʚʘʥʠʶ ʨʷʜʘ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʘʨʛʝʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʜʛʨʫʧʧ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʪʘʢʞʝ 

ʩʪʠʤʫʣʠʨʦʚʘʣ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦ ʠʭ 

ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʫ. 

ʀʩʪʦʨʠʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʚ ʩʤʳʩʣʝ ʚʳʙʦʨʘ 

ʩʪʨʘʪʝʛʠʠ ʣʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ NGS-ʜʘʥʥʳʭ ʥʘʩʯʠʪʳʚʘʝʪ ʦʜʥʦ ʜʝʩʷʪʠʣʝʪʠʝ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʩʣʫʯʘʷ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʠʟʫʯʘʝʤʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʦʧʫʭʦʣʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʜʝʩʷʪʢʦʚ ʠʣʠ ʩʦʪʝʥ ʛʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʪ.ʥ. ʪʘʨʛʝʪʥʳʭ 

ʛʝʥʥʳʭ ʧʘʥʝʣʝʡ. ɺ 2017 ʛ. ʋʧʨʘʚʣʝʥʠʝ ʧʦ ʥʘʜʟʦʨʫ ʟʘ ʢʘʯʝʩʪʚʦʤ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʤʝʜʠʢʘʤʝʥʪʦʚ ʉʐɸ (Food and Drug Administration, FDA), ʧʨʝʜʦʩʪʘʚʠʣʦ ʢʦʤʧʘʥʠʠ Thermo 

Fisher Scientific ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʩʪʘ Oncomine Dx Target 

Test, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʘʥʘʣʠʟʘ 23 ʛʝʥʦʚ ʚ ʦʙʨʘʟʮʘʭ ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʣʝʛʢʦʛʦ, 

ʪʝʤ ʩʘʤʳʤ ʚʧʝʨʚʳʝ ʦʜʦʙʨʠʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʨʛʝʪʥʳʭ NGS-ʧʘʥʝʣʝʡ ʚ ʢʣʠʥʠʢʝ. ɼʘʣʝʝ 

ʦʜʦʙʨʝʥʠʝ FDA ʧʦʣʫʯʠʣʘ NGS-ʧʘʥʝʣʴ MSK-IMPACT ʚ ʄʝʤʦʨʠʘʣʴʥʦʤ ʦʥʢʦʣʦʛʠʯʝʩʢʦʤ 

ʮʝʥʪʨʝ ʠʤ. ʉʣʦʫʥʘ ʂʝʪʪʝʨʠʥʛʘ (MSKCC). ɼʘʥʥʘʷ ʧʘʥʝʣʴ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʙʠʦʤʘʨʢʝʨʳ ʪʘʢʠʝ ʢʘʢ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʟʘʤʝʥʳ, ʠʥʜʝʣʳ, 

ʚʘʨʠʘʮʠʠ ʯʠʩʣʘ ʢʦʧʠʡ ʠ ʭʨʦʤʦʩʦʤʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ. ʏʫʪʴ ʧʦʟʞʝ FDA ʙʳʣʘ ʦʜʦʙʨʝʥʘ 324-

ʛʝʥʥʘʷ ʧʘʥʝʣʴ FoundationOne CDxÊ (324 ʛʝʥʘ), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʦʜʥʠʤ ʠʟ ʧʠʦʥʝʨʦʚ 
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ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ð ʢʦʤʧʘʥʠʝʡ Foundation Medicine 

Inc® (Allegretti, et al., 2018). 

ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʨʛʝʪʥʳʭ ʧʘʥʝʣʝʡ, ʜʨʫʛʠʤʠ ʦʧʮʠʷʤʠ ʧʨʝʮʠʟʠʦʥʥʦʡ 

ʦʥʢʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʠʣʠ ʧʦʣʥʦʵʢʟʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ. ʆʙʘ ʫʢʘʟʘʥʥʳʭ 

ʚʘʨʠʘʥʪʘ ʜʘʶʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʝʥʦʤʝ ʦʧʫʭʦʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʨʛʝʪʥʳʤʠ 

ʧʘʥʝʣʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʟʚʦʣʷʷ ʙʦʣʝʝ ʪʦʯʥʦ ʚʳʷʚʣʷʪʴ ʪʘʢʠʝ ʪʠʧʳ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ, 

ʢʘʢ ʭʨʦʤʦʩʦʤʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʠ ʚʘʨʠʘʮʠʠ ʯʠʩʣʘ ʢʦʧʠʡ ʛʝʥʦʚ. ʆʜʥʘʢʦ ʚʘʞʥʳʤ 

ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʨʛʝʪʥʳʤʠ ʧʘʥʝʣʷʤʠ ̫ ʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʘʷ ʛʣʫʙʠʥʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʩʦʤʘʪʠʯʝʩʢʠʝ 

ʤʫʪʘʮʠʠ ʩ ʥʠʟʢʦʡ ʘʣʣʝʣʴʥʦʡ ʯʘʩʪʦʪʦʡ. ɽʩʣʠ ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʧʦʢʨʳʪʠʷ ʧʨʦʯʪʝʥʠʷʤʠ ʧʨʠ 

ʧʦʣʥʦʛʝʥʦʤʥʦʤ ʠʣʠ ʧʦʣʥʦʵʢʟʦʤʥʦʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 30ï50ʭ ʠʣʠ 100ï

150ʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʨʛʝʪʥʳʭ ʧʘʥʝʣʝʡ ʜʦʩʪʠʛʘʶʪʩʷ ʚʝʣʠʯʠʥʳ 

ʛʣʫʙʠʥʳ ʧʦʢʨʳʪʠʷ 500ʭ ʠ ʙʦʣʴʰʝ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʨʛʝʪʥʳʭ ʧʘʥʝʣʝʡ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʮʠʢʣʘ ʦʪ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʜʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ (Soldatos, et al., 2019). 

ʂʣʶʯʝʚʳʤʠ ʚʦʧʨʦʩʘʤʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʪʝʩʪʦʚ ʚ ʦʥʢʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʠʭ ʪʦʯʥʦʩʪʴ, 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ɻʦʚʦʨʷ ʦ 

ʪʦʯʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ NGS-ʪʝʩʪʦʚ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʥʠ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʣʠʥʠʢʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ NGS-ʧʣʘʪʬʦʨʤʳ ʧʨʠʛʦʜʥʳ ʜʣʷ 

ʜʝʪʝʢʮʠʠ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʜʘʞʝ ʚʦ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ɼʅʂ, ʚʳʜʝʣʷʝʤʦʡ ʠʟ 

ʧʘʨʘʬʠʥʦʚʳʭ ʙʣʦʢʦʚ. ʇʨʠ ʵʪʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 97%, ʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʦʩʪʠʛʘʝʪ 100% (Lih, et al., 2017). ʇʣʶʩʦʤ ʪʝʭʥʦʣʦʛʠʠ NGS ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʥʘʨʫʞʠʚʘʪʴ ʚʘʨʠʘʥʪʳ ʩ ʘʣʣʝʣʴʥʦʡ ʯʘʩʪʦʪʦʡ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 15%, ʯʪʦ 

ʥʝʜʦʩʪʫʧʥʦ ʤʝʪʦʜʫ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦ ʉʵʥʛʝʨʫ, ʷʚʣʷʶʱʝʛʦʩʷ ʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤ 

(Misyura, et al., 2016).  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ɼʅʂ ʦʧʫʭʦʣʠ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʤʫʪʘʮʠʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. 

ʂʣʦʥʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʦʧʫʭʦʣʠ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘʧʠʠ 

ʠ ʚʣʠʷʪʴ ʥʘ ʧʨʦʛʥʦʟ ʠ ʠʩʭʦʜ ʙʦʣʝʟʥʠ, ʚʢʣʶʯʘʷ ʧʦʷʚʣʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʦ-ʫʩʪʦʡʯʠʚʳʭ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʦʢ ʠ ʤʝʪʘʩʪʘʟʦʚ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʩʫʙʢʣʦʥʦʚ 

ʦʧʫʭʦʣʠ ʤʦʞʝʪ ʠʤʝʪʴ ʚʘʞʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ (Sutton and Rosenquist, 2015). 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʵʚʦʣʶʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʣʦʥʦʚ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʧʨʦʚʦʜʠʤʦʡ ʪʝʨʘʧʠʠ (Aparicio and Caldas, 2013). ʊʘʢ, ʫ ʧʘʮʠʝʥʪʦʚ, 



 

50 

 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʪʚʝʪʠʚʰʠʭ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʣʝʢʘʨʩʪʚʝʥʥʫʶ ʪʝʨʘʧʠʶ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʨʝʮʠʟʠʦʥʥʫʶ ʦʥʢʦʣʦʛʠʶ ʥʝʣʴʟʷ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʩʧʦʩʦʙʥʫʶ ʧʦʟʠʪʠʚʥʦ 

ʨʘʟʨʝʰʠʪʴ ʣʶʙʦʡ ʢʣʠʥʠʯʝʩʢʠʡ ʩʣʫʯʘʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʛʨʦʤʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʠ ʪʨʫʜʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ (ʠ ʰʠʨʝ, «ʦʤʠʢʩʥʦʡ» ʤʝʜʠʮʠʥʳ), ʦʙʣʘʩʪʴ ʨʘʟʚʠʚʘʝʪʩʷ ʛʦʨʘʟʜʦ 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʧʨʝʜʩʢʘʟʳʚʘʣʠ (Bossuyt, 2014). ʆʧʠʩʘʥʥʳʝ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʣʷ ʫʩʨʝʜʥʝʥʥʦʛʦ ʦʥʢʦʧʘʮʠʝʥʪʘ ʧʨʝʮʠʟʠʦʥʥʘʷ ʦʥʢʦʣʦʛʠʷ ʥʝ ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ ʧʝʨʝʜ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʧʨʦʪʦʢʦʣʘʤʠ. ʂʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʤʫʪʘʮʠʠ (ʪ.ʥ. actionable mutations) ʫʜʘʝʪʩʷ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʫ ʧʦʣʦʚʠʥʳ ʧʘʮʠʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʤʫʪʘʮʠʡ ʚ ʦʥʢʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʛʝʥʘʭ ʠʤʝʝʪ ʥʠʟʢʫʶ ʯʘʩʪʦʪʫ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʚ ʧʦʧʫʣʷʮʠʠ (ʤʝʥʝʝ 1%). ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʪʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʢʘʧʣʠʚʘʪʴ ʙʦʣʴʰʠʝ ʚʳʙʦʨʢʠ ʜʣʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ (Lawrence, et 

al., 2014).  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʙʱʠʝ ʫʩʧʝʭʠ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʛʝʥʦʤʦʚ ʦʧʫʭʦʣʠ ʥʝʩʦʤʥʝʥʥʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʨʘʟʜʝʣ ʟʥʘʥʠʡ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ ʟʘʢʨʝʧʣʷʪʴʩʷ ʚ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʧʨʘʢʪʠʢʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʠ ʧʦʵʪʦʤʫ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʟʚʘʥʳ ʥʝʜʦʩʪʘʪʢʦʤ ʢʣʠʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʆʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʪʝʤ, ʯʪʦ ʧʦʜʙʠʨʘʝʤʘʷ ʩ ʫʯʝʪʦʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʘʨʛʝʪʥʘʷ 

ʪʝʨʘʧʠʷ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʜʝʡʩʪʚʝʥʥʘ, ʙʫʜʫʯʠ ʧʨʠʤʝʥʝʥʥʦʡ ʢʘʢ ʢʦʤʙʠʥʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ. ʆʜʥʘʢʦ ʜʠʟʘʡʥ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʚʝʜʝʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʦʥʦʪʝʨʘʧʠʶ, ʯʪʦ ʤʦʞʝʪ ʠʩʢʫʩʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʧʦʪʝʥʮʠʘʣ 

ʛʝʥʦʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. ʊʘʢʞʝ ʧʦ ʵʪʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ʚ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʢʣʶʯʘʶʪʩʷ ʧʘʮʠʝʥʪʳ, ʫʞʝ ʠʩʯʝʨʧʘʚh ʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʧʦʵʪʦʤʫ ʧʦʜʚʝʨʛʘʶʱʠʝʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʤʫ ʣʝʯʝʥʠʶ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʦʪ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʝʚʝʣʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʣʠʥʠʡ 

ʪʝʨʘʧʠʠ ʢʘʞʜʦʝ ʧʦʩʣʝʜʫʶʱʝʝ ʣʝʯʝʥʠʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʫʜʝʪ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ. ʇʦʵʪʦʤʫ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʯʠʪʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʙʝʟ ʨʝʮʠʜʠʚʘ ʥʘ 

30% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʣʠʥʠʝʡ ʪʝʨʘʧʠʠ, ʭʦʪʷ ʜʘʞʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʳʜʫʱʝʡ ʣʠʥʠʠ ʪʝʨʘʧʠʠ ʫʞʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʜʦʩʪʠʞʝʥʠʝʤ (Lin and 

Yang, 2019). 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʜʠʝʡ ʨʘʟʚʠʪʠʷ ʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʦʤ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ (Schwartzberg, et al., 2017). ɼʣʷ ʧʘʮʠʝʥʪʦʚ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʟʘʙʦʣʝʚʘʥʠʷ 

ʠ ʧʨʦʭʦʜʷʱʠʭ ʩʪʘʥʜʘʨʪʥʳʝ ʩʭʝʤʳ ʣʝʯʝʥʠʷ ʦʙʳʯʥʦ ʥʝ ʪʨʝʙʫʝʪʩ ̫ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʛʝʥʦʤʘ 

ʦʧʫʭʦʣʠ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʤʝʪʦʜʳ NGS ʥʝ ʩʤʦʛʫʪ ʚʳʷʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʣʠʥʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʙʠʦʤʘʨʢʝʨʳ ʧʦʤʠʤʦ ʪʝʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪ ɹ ʫʩʪʘʥʦʚʣʝʥ r ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʵʢʩʧʨʝʩʩʠʷ ʨʝʮʝʧʪʦʨʦʚ ʵʩʪʨʦʛʝʥʘ, 

ʧʨʦʛʝʩʪʝʨʦʥʘ ʠ HER2 ʜʣʷ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ). ʅʘʧʨʦʪʠʚ, ʚ ʩʣʫʯʘʝ 

ʨʝʬʨʘʢʪʝʨʥʳʭ ʦʧʫʭʦʣʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʩʯʝʨʧʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʪʦʢʦʣʳ ʣʝʯʝʥʠʷ, ʚʦʧʨʦʩ 

ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ NGS-ʘʥʘʣʠʟʘ, ʚʠʜʠʤʦ, ʜʦʣʞʝʥ ʨʝʰʘʪʴʩʷ ʦʜʥʦʟʥʘʯʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ. 

ʆʧʫʙʣʠʢʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʜʝʣʴʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʫʩʧʝʰʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ, ʧʦʟʚʦʣʠʚʰʠʭ ʜʦʙʠʪʴʩʷ ʜʣʠʪʝʣʴʥʳʭ 

ʨʝʤʠʩʩʠʡ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʟʘʙʦʣʝʚʘʥʠʷ (Haslem, et al., 2017; Poddubskaya, et al., 2019; 

Sultova, et al., 2021). 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʛʝʥʦʤʠʢʠ ʚ ʦʥʢʦʣʦʛʠʠ (ʈʠʩʫʥʦʢ 

7). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʦʙʨʘʟʮʘ ʦʧʫʭʦʣʠ ɼʅʂ ʛʝʥʝʨʠʨʫʶʪʩʷ 

ʤʠʣʣʠʦʥʳ ʢʦʨʦʪʢʠʭ ʧʨʦʯʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʢʘʨʪʠʨʫʶʪʩʷ ʥʘ ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ. ʆʙʳʯʥʦ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ (ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʟʘʤʝʥʳ ʠ ʥʝʙʦʣʴʰʠʝ ʠʥʜʝʣʳ) ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 100 000 ʜʣʷ 

ʩʣʫʯʘʷ ʧʦʣʥʦʵʢʟʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʇʦʩʣʝ ʦʪʙʨʘʢʦʚʢʠ ʥʝʜʦʩʪʦʚʝʨʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʢʘʞʜʦʡ ʤʫʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦ 

ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʩʠʥʦʥʠʤʠʯʥʳʝ ʟʘʤʝʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʜʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10 000. ʆʩʪʘʚʰʠʝʩʷ ʤʫʪʘʮʠʠ 

ʘʥʥʦʪʠʨʫʶʪʩʷ ʧʫʪʝʤ ʧʦʠʩʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʙʘʟʘʭ ʟʥʘʥʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʨʘʟʜʝʣʝ ʥʘʩʪʦʷʱʝʛʦ ʦʙʟʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʦʣʥʦʪʳ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʥʥʦʪʘʮʠʦʥʥʳʭ ʙʘʟ, ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʩʥʠʞʘʝʪʩʷ ʜʦ ʜʝʩʷʪʢʦʚ ʠʣʠ ʩʦʪʝʥ. 
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ʈʠʩʫʥʦʢ 7. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ ʦʙ 

ʦʧʫʭʦʣʷʭ: ʫʟʢʦʝ ʤʝʩʪʦ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ ʨʘʙʦʪʳ (Good, et al., 2014) 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʰʘʛʠ ʧʦ ʘʥʘʣʠʟʫ ʛʝʥʦʤʘ ʦʧʫʭʦʣʠ ʦʙʳʯʥʦ 

ʧʨʦʚʦʜʷʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʥʝ ʪʨʝʙʫʶʪ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʚ ʩʤʳʩʣʝ ʫʨʦʚʥʷ ʠʭ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ 

ʩʦʩʪʘʚʣʝʥʠʝ ʠʪʦʛʦʚʦʛʦ ʦʪʯʝʪʘ ʪʨʝʙʫʝʪ ʨʘʙʦʪʳ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʪʦʚ-ʘʥʘʣʠʪʠʢʦʚ. 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʱʘʪʝʣʴʥʫʶ ʧʝʨʝʧʨʦʚʝʨʢʫ ʚʩʝʭ ʦʪʦʙʨʘʥʥʳʭ ʬʘʢʪʦʚ, 

ʧʨʠʦʨʠʪʠʟʠʨʦʚʘʪʴ ʠ ʩʚʝʩʪʠ ʚʦʝʜʠʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ ʚ 

ʢʦʥʪʝʢʩʪʝ ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʩʚʝʜʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ʉ ʫʯʝʪʦʤ ʢʨʠʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʘʧʠʠ, ʵʪʦʪ ʧʨʦʮʝʩʩ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʧʦʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʚʝʨʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʝʪʦʜʘʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʫʟʢʦʝ ʤʝʩʪʦ ʚʩʝʡ ʮʝʧʦʯʢʠ ʵʪʘʧʦʚ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ.  
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ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʛʝʥʦʤʦʤ ʦʧʫʭʦʣʠ 

ʧʦʤʠʤʦ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʛʝʥʦʤʠʢʠ (ʥʘʧʨʠʤʝʨ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ) ʪʨʝʙʫʝʪʩʷ ʠ ʥʝʢʦʪʦʨʳʡ ʦʧʳʪ ʚ ʧʨʠʢʣʘʜʥʦʡ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʝ (ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʘ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ). ʕʪʠ ʥʘʚʳʢʠ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʟʥʘʥʠʷʤ ʧʦ ʢʣʠʥʠʯʝʩʢʦʡ ʦʥʢʦʣʦʛʠʠ, ʦʯʝʥʴ 

ʨʝʜʢʦ ʩʦʯʝʪʘʶʪʩʷ ʚ ʦʜʥʦʤ ʩʧʝʮʠʘʣʠʩʪʝ, ʠ ʪʨʫʜʥʦ ʪʨʝʙʦʚʘʪʴ ʦʪ ʧʨʘʢʪʠʢʫʶʱʠʭ ʭʠʨʫʨʛʦʚ ʠ 

ʭʠʤʠʦʪʝʨʘʧʝʚʪʦʚ ʫʤʝʥʠʷ ʨʘʙʦʪʘʪʴ ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ ʠʣʠ ʚ ʛʝʥʦʤʥʦʤ ʙʨʘʫʟʝʨʝ. ʈʝʰʝʥʠʝʤ 

ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʠ ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʪ.ʥ. ʩʦʚʝʪʦʚ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʦʥʢʦʣʦʛʠʠ (molecular tumor board) ð ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʢʦʤʘʥʜʳ ʭʠʨʫʨʛʦʚ, 

ʭʠʤʠʦʪʝʨʘʧʝʚʪʦʚ, ʧʘʪʦʤʦʨʬʦʣʦʛʦʚ, ʛʝʥʝʪʠʢʦʚ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʦʚ. ʅʘ ʟʘʩʝʜʘʥʠʷʭ ʪʘʢʠʭ 

ʩʦʚʝʪʦʚ ʩʦʚʤʝʩʪʥʦ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʪʘʢʪʠʢʘ ʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ ʙʦʣʴʥʦʛʦ ʧʫʪʝʤ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʘʥʘʣʠʟʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʦʧʫʭʦʣʠ c ʫʯʝʪʦʤ ʢʣʠʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʮʠʝʥʪʘ 

(Singer, et al., 2018). ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ 

ʟʘʩʝʜʘʥʠʡ ʩʦʚʝʪʦʚ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʥʢʦʣʦʛʠʠ. ʊʘʢ, ʦʙʣʘʯʥʘʷ ʧʣʘʪʬʦʨʤʘ VMTB 

(ʚʢʣʶʯʘʶʱʘʷ ʙʘʟʫ ʟʥʘʥʠʡ ʧʦ ʙʠʦʤʘʨʢʝʨʘʤ, ʥʘʙʦʨ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʠ ʚʠʨʪʫʘʣʴʥʳʡ 

ʯʘʪ) ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʘʥʘ ʣʝʯʝʥʠʷ ʙʦʣʝʝ ʯʝʤ 1700 ʧʘʮʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʘʥʘʤʥʝʟʘ (Pishvaian, et al., 2019).  

1.3.2. ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʉ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ð 

ʚʳʷʚʣʝʥʠʝ ʠ ʪʘʨʛʝʪʠʨʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʝʥʦʤʥʳʭ ʥʘʨʫʰʝʥʠʡ ʚ ʦʧʫʭʦʣʠ ð ʚʳʛʣʷʜʠʪ 

ʨʘʮʠʦʥʘʣʴʥʦ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦ. ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʘʤ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʤʝʜʠʮʠʥʳ, 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʚʝʨʝʥʘ ʨʷʜʦʤ 

ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ.  

ɺ ʧʠʦʥʝʨʩʢʦʤ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʤ ʢʣʠʥʠʯʝʩʢʦʤ ʠʩʧʳʪʘʥʠʠ SHIVA, ʧʨʦʚʦʜʠʚʰʝʤʩʷ 

ʚ 2012ï2016 ʛʛ., ʠʟʫʯʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʟʥʘʯʝʥʠʷ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 46 ʛʝʥʦʚ (Le Tourneau, et al., 2015). ɼʣʷ ʵʪʦʛʦ ʩʨʘʚʥʠʚʘʣʠ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʙʝʟ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ (n=99) ʠ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʘʤʠ ʧʘʮʠʝʥʪʦʚ (n=96). ɺ ʦʙʝ ʛʨʫʧʧʳ ʚʭʦʜʠʣʠ ʚʟʨʦʩʣʳʝ ʧʘʮʠʝʥʪʳ ʩ ʤʝʪʘʩʪʘʪʠʯʝʩʢʠʤʠ 

ʩʦʣʠʜʥʳʤʠ ʦʧʫʭʦʣʷʤʠ ʣʶʙʦʛʦ ʪʠʧʘ, ʥʝ ʦʪʚʝʯʘʚʰʠʤʠ ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ 

ʨʝʞʠʤʳ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʜʠʘʥʘ ʚʳʞʠʚʘʝʤʦʩʪʠ ʙʝʟ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʠʣʘ 2,3 ʤʝʩʷʮʘ (95% ʜʦʚ. ʠʥʪ. 1,7ï3,8) ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʠ 2,0 ʤʝʩʷʮʘ (95% 

ʜʦʚ. ʠʥʪ. 1,8ï2,1) ʚ ʛʨʫʧʧʝ ʢʦʥʪʨʦʣʷ. ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 
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ʨʘʟʣʠʯʠʡ ʚ ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʣʝʯʝʥʠʶ 

ʦʧʫʭʦʣʠ (p=0,41).  

ʇʦʣʫʯʝʥʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʨʠʯʠʥʘʤʠ (Warner, 2017). ʉʦʛʣʘʩʥʦ ʠʩʭʦʜʥʦʤʫ ʜʠʟʘʡʥʫ, ʦʙʲʝʤ ʚʳʙʦʨʦʢ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʙʳʣ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 15%-ʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʩʢʦʨʦʩʪʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʩʨʝʜʥʷʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʘʮʠʝʥʪʘ ʩʦʩʪʘʚʠʪ ʰʝʩʪʴ ʤʝʩʷʮʝʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ 

ʧʨʘʢʪʠʢʝ ʤʝʜʠʘʥʘ ʚʳʞʠʚʘʝʤʦʩʪʠ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ ʜʚʘ ʤʝʩʷʮʘ. 

ʈʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʤʦʛʫʪ ʜʘʚʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʜʚʫʤ ʦʩʥʦʚʥʳʤ 

ʧʨʠʯʠʥʘʤ: ʣʠʙʦ ʧʨʝʜʣʘʛʘʝʤʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʣʝʯʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʬʝʨʝʥʩʥʳʤ ʧʦʜʭʦʜʦʤ, ʣʠʙʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ 

(ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ) ʠʩʧʳʪʘʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʘ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʛʦ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ. ʋʯʠʪʳʚʘʷ 

ʦʰʠʙʢʫ ʚ ʦʮʝʥʢʝ ʚʳʞʠʚʘʝʤʦʩʪʠ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ SHIVA, ʚʝʨʦʷʪʥʝʝ 

ʚʩʝʛʦ, ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʦʱʥʳʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʧʝʨʝʜ ʩʪʘʥʜʘʨʪʥʳʤ ʧʦʜʭʦʜʦʤ. ɼʨʫʛʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʨʠʯʠʥʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʷʚʣʷʝʪʩʷ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʦʧʮʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʜʦʩʪʫʧʥʳ ʙʦʣʝʝ 70 ʢʠʥʘʟʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ SHIVA ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʩʝʤʴ.  

ɺ ʧʨʦʩʧʝʢʪʠʚʥʦʤ ʢʣʠʥʠʯʝʩʢʦʤ ʠʩʧʳʪʘʥʠʠ, MOSCATO 01, ʠʟʫʯʘʣʠ ʢʣʠʥʠʯʝʩʢʫʶ 

ʧʦʣʴʟʫ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʦʣʠʜʥʳʤʠ ʬʦʨʤʘʤʠ ʨʘʢʘ (Massard, et al., 2017). ɼʣʷ ʵʪʦʛʦ ʦʮʝʥʠʚʘʣʠ ʜʦʣʶ ʧʘʮʠʝʥʪʦʚ, ʫ 

ʢʦʪʦʨʳʭ ʚʳʞʠʚʘʝʤʦʩʪʴ ʙʝʟ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʧʨʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʦʜʦʙʨʘʥʥʦʡ ʪʝʨʘʧʠʠ 

ʧʨʝʚʳʰʘʣʘ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʪʝʨʘʧʠʠ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 1,3 ʨʘʟʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʳʪʘʥʠʷ SHIVA, ʜʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ MOSCATO 01 ʥʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ ʢʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʧʨʦʬʠʣʴ ʦʧʫʭʦʣʠ (ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ 

40ï70 ʛʝʥʦʚ, ʦʮʝʥʢʘ ʢʦʧʠʡʥʦʩʪʠ ʤʝʪʦʜʦʤ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʥʦʤʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ) ʙʳʣ 

ʧʦʣʫʯʝʥ ʜʣʷ 843 ʧʘʮʠʝʥʪʦʚ (ʠʩʭʦʜʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʭʦʜʠʣʠ 1035 ʧʘʮʠʝʥʪʦʚ). ʂʣʠʥʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ 411 ʩʣʫʯʘʷʭ, ʠʟ ʢʦʪʦʨʳʭ 199 ʧʘʮʠʝʥʪʦʚ 

ʧʦʣʫʯʠʣʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʦʜʦʙʨʘʥʥʫ  ʁ ʪʝʨʘʧʠ.ʁ ʇʨʠʯʠʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʧʘʮʠʝʥʪʳ ʥʝ 

ʧʦʣʫʯʠʣʠ ʜʘʥʥʦʝ ʣʝʯʝʥʠʝ, ʚʢʣʶʯʘʣʠ ʨʝʟʢʦʝ ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ (n=64), ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʨʫʛʠʭ ʧʨʦʪʦʢʦʣʦʚ (n=45), ʦʪʢʘʟ ʧʘʮʠʝʥʪʘ (n=11) ʠ ʪ.ʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫ 63/193 (33%) 

ʧʘʮʠʝʥʪʦʚ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʙʝʟ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʥʘ 30% ʠ 

ʙʦʣʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʪʝʨʘʧʠʝʡ. ʍʦʪʷ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʢʘʞʫʪʩʷ ʚʝʩʴʤʘ 

ʦʙʥʘʜʝʞʠʚʘʶʱʠʤʠ, ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʪʦʣʴʢʦ 7% (63/843) ʫʩʧʝʰʥʦ ʧʨʦʰʝʜʰʠʭ 
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ʤʦʣʝʢʫʣʷʨʥʳʡ ʩʢʨʠʥʠʥʛ ʧʘʮʠʝʥʪʦʚ ʧʦʣʫʯʠʣʠ ʢʣʠʥʠʯʝʩʢʫʶ ʧʦʣʴʟʫ ʦʪ ʧʨʝʮʠʟʠʦʥʥʦʡ 

ʪʝʨʘʧʠʠ. 

ʅʝʜʘʚʥʦ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʨʫʧʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ NCI MATCH, Molecular Analysis for Therapy Choice, (Flaherty, et al., 2020). 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʜʦʣʠ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʨʝʬʨʘʢʪʝʨʥʳʤʠ ʬʦʨʤʘʤʠ ʨʘʢʘ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʦʙʲʝʢʪʠʚʥʳʡ ʦʪʚʝʪ ʥʘ ʪʘʨʛʝʪʥʫʶ ʪʝʨʘʧʠʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʣʝʯʝʥʠʷ. ɹʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 5954 ʧʘʮʠʝʥʪʘ, ʠʟ ʥʠʭ ʜʣʷ 93% 

ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ, ʩʦʩʪʦʷʚʰʝʝ ʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʫʯʘʩʪʢʦʚ 

143 ʛʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʪʘʨʛʝʪʥʦʡ ʧʘʥʝʣʠ Oncomine AmpliSeq, Thermo Fisher Scientific, USA 

(ʦʧʨʝʜʝʣʝʥʠʝ ʆʅʇ, ʠʥʜʝʣʦʚ, ʘʤʧʣʠʬʠʢʘʮʠʡ ʠ ʪʨʘʥʩʣʦʢʘʮʠʡ), ʘ ʪʘʢʞʝ 

ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʯʝʪʳʨʝʭ ʙʝʣʢʦʚ (PTEN, MLH1, MSH2, RB1). ʀʩʭʦʜʥʦ 

ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 38% ʩʣʫʯʘʝʚ, ʥʦ ʧʦʩʣʝ 

ʬʠʣʴʪʨʘʮʠʠ, ʩʦʛʣʘʩʥʦ ʢʣʠʥʠʯʝʩʢʠʤ ʠ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʨʠʪʝʨʠʷʤ (ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ 

ʚʘʨʠʘʥʪʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʢ ʣʝʯʝʥʠʶ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʘʨʛʝʪʥʘʷ 

ʪʝʨʘʧʠʷ ʙʳʣʘ ʥʘʟʥʘʯʝʥʘ 18% ʧʘʮʠʝʥʪʦʚ. ʏʘʩʪʦʪʘ ʥʘʟʥʘʯʝʥʠʷ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ ʚʩʣʝʜʩʪʚʠʝ 

ʥʘʣʠʯʠʷ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʙʠʦʤʘʨʢʝʨʦʚ ʰʠʨʦʢʦ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʦʧʫʭʦʣʠ. ʊʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʙʦʣʝʝ ʯʝʤ 25% ʧʘʮʠʝʥʪʦʚ ʩ 

ʭʦʣʘʥʛʠʦʢʘʨʮʠʥʦʤʦʡ, ʤʝʣʘʥʦʤʦʡ, ʨʘʢʦʤ ʧʨʦʩʪʘʪʳ, ʰʝʡʢʠ ʤʘʪʢʠ ʠ ʎʅʉ. ʅʘʧʨʦʪʠʚ, ʪʦʣʴʢʦ 

6% ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʙʳʣʘ ʥʘʟʥʘʯʝʥʘ ʪʘʨʛʝʪʥʘʷ ʪʝʨʘʧʠʷ, ʯʪʦ ʦʪʨʘʞʘʝʪ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʤʫʪʘʮʠʷʤʠ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʚ ʵʪʦʡ 

ʛʨʫʧʧʝ ʧʘʮʠʝʥʪʦʚ. 

ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ, ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ «ʩʣʦʝʚ» -ʦʤʠʢʩʥʳʭ ʜʘʥʥʳʭ 

ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʫʭʦʣʠ ʠ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʨʘʧʠʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʚʘ ʢʨʫʧʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʮʝʥʠʚʘʣʘʩʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʢʨʠʧʪʦʤʠʢʠ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ: ʠʩʩʣʝʜʦʚʘʥʠʝ WINTHER 

(Rodon, et al., 2019) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ CoPPO (Tuxen, et al., 2019).  

ɺ ʢʣʠʥʠʯʝʩʢʦʤ ʠʩʧʳʪʘʥʠʠ WINTHER ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ɼʅʂ, ʪʘʢ 

ʠ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʦʧʫʭʦʣʠ. ɸʥʘʣʠʟ ʛʝʥʦʤʘ ʦʧʫʭʦʣʠ 

(ʪ.ʥ. ʛʨʫʧʧʘ ɼʅʂ) ʩʦʩʪʦʷʣ ʠʟ ʪʘʨʛʝʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 236 ʦʥʢʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ 

ʩ 500-ʢʨʘʪʥʦʡ ʛʣʫʙʠʥʦʡ ʧʦʢʨʳʪʠʷ ʧʨʦʯʪʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʢʣʶʯʘʣ ʜʝʪʝʢʮʠʶ 

ʠʟʤʝʥʝʥʠʷ ʢʦʧʠʡʥʦʩʪʠ ʛʝʥʦʚ ʠ ʨʷʜʘ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ. ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ ʛʝʥʥʦʡ 



 

56 

 

ʵʢʩʧʨʝʩʩʠʠ ʚ ʦʙʨʘʟʮʘʭ ʟʜʦʨʦʚʦʡ ʠ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ 

ʜʚʫʭʢʘʥʘʣʴʥʳʭ ʤʠʢʨʦʯʠʧʦʚ (ʪ.ʥ. ʛʨʫʧʧʘ ʈʅʂ). Cʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ, ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ 

ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʜʙʦʨʘ ʪʝʨʘʧʠʠ ʪʦʣʴʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ 

ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʩʦʛʣʘʩʥʦ ɼʅʂ-ʘʥʘʣʠʟʫ. ʀʟ ʠʩʭʦʜʥʳʭ 

303 ʧʘʮʠʝʥʪʦʚ ʜʣʷ 69 ʙʦʣʴʥʳʭ (23%) ʙʳʣʘ ʧʦʜʦʙʨʘʥʘ ʪʝʨʘʧʠʷ ʩʦʛʣʘʩʥʦ ʪʘʨʛʝʪʥʦʤʫ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ ɼʅʂ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ 38 (13%) ʧʘʮʠʝʥʪʦʚ ʪʝʨʘʧʠʷ ʙʳʣʘ ʧʦʜʦʙʨʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʩʫʤʤʠʨʦʚʘʣ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʨʝʩʩʠʠ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʛʝʥʘ ʩ ʦʪʚʝʪʘʤʠ ʥʘ ʣʝʢʘʨʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʝʡ ʙʘʟʳ ʟʥʘʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʜʫ ɼʅʂ- ʠ ʈʅʂ-ʛʨʫʧʧʘʤʠ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʨʘʟʣʠʯʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʨʦʚʥʷ ʢʦʥʪʨʦʣʷ ʟʘʙʦʣʝʚʘʥʠʷ (23% ʧʨʦʪʠʚ 32%), ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚ 

ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʢ ʩʫʤʤʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʣʥʦʛʦ ʠ ʯʘʩʪʠʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʪʝʨʘʧʠʶ, 

ʚʢʣʶʯʘʷ ʩʪʘʙʠʣʠʟʘʮʠʶ ʩʦʩʪʦʷʥʠʷ ʙʦʣʝʝ ʯʝʤ ʥʘ ʰʝʩʪʴ ʤʝʩʷʮʝʚ. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʙʝʟ ʨʝʮʠʜʠʚʘ ʥʘ 50% ʥʘʙʣʶʜʘʣʦʩʴ ʫ 20% ʧʘʮʠʝʥʪʦʚ ʠʟ ʛʨʫʧʧʳ ɼʅʂ ʠ ʫ 26% 

ʧʘʮʠʝʥʪʦʚ ʠʟ ʈʅʂ-ʛʨʫʧʧʳ (ʨʘʟʣʠʯʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʤʠ). ɼʠʟʘʡʥ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʦʟʚʦʣʠʣ ʦʪʚʝʪʠʪʴ ʥʘ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʚʦʟʤʦʞʥʦ ʣʠ ʩʦʯʝʪʘʪʴ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʜʘʥʥʳʝ ʩ ʛʝʥʦʤʥʳʤʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʙʠʨʘʝʤʦʡ 

ʪʝʨʘʧʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ WINTHER ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʫʚʝʣʠʯʠʣʦ 

ʜʦʣʶ ʧʘʮʠʝʥʪʦʚ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 50%, ʩ 23% ʜʦ 36% ʫ ʧʦʣʫʯʠʚʰʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʝʨʘʧʠʶ ʧʘʮʠʝʥʪʦʚ.  

ɺ ʢʣʠʥʠʯʝʩʢʦʤ ʠʩʧʳʪʘʥʠʠ CoPPO (Tuxen, et al., 2019) ʧʨʠʤʝʥʷʣʠ ʧʦʣʥʦʵʢʟʦʤʥʦʝ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ɼʅʂ, ʦʮʝʥʢʫ ʚʘʨʠʘʮʠʠ ʯʠʩʣʘ ʢʦʧʠʡ ʛʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ 

ʤʠʢʨʦʯʠʧʦʚ ʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʤʝʪʦʜʦʤ RNASeq. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ WINTHER ʜʣʷ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ ʟʜʦʨʦʚʦʡ 

ʪʢʘʥʠ, ʘ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʥʘʟʥʘʯʘʝʤʦʡ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ ʩ ʵʢʩʧʨʝʩʩʠʦʥʥʳʤ 

ʙʠʦʤʘʨʢʝʨʦʤ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʩ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ, 

ʯʘʩʪʦ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʤʝʪʦʜʦʤ ʀɻʍ. ʀʟ ʠʩʭʦʜʥʳʭ 500 ʧʘʮʠʝʥʪʦʚ ʜʣʷ 

352 (70%) ʙʳʣʠ ʥʘʡʜʝʥʳ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʛʝʥʦʤʥʳʝ ʠʣʠ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ 

ʙʠʦʤʘʨʢʝʨʳ. ʀʟ ʵʪʠʭ ʧʘʮʠʝʥʪʦʚ ʜʣʷ 145 (41%) ʙʳʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʣʝʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʛʝʥʦʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʦ ʧʦʜʦʙʨʘʪʴ ʪʝʨʘʧʠʶ ʜʣʷ 207 (59%) ʧʘʮʠʝʥʪʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʫʚʝʣʠʯʠʣʦ ʜʦʣʶ ʧʘʮʠʝʥʪʦʚ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʧʨʠʤʝʨʥʦ 

ʥʘ 50%, ʯʪʦ ʦʯʝʥʴ ʧʦʭʦʞʝ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ WINTHER. ʉʫʤʤʘʨʥʦ 

101 ʠʟ 352 ʧʘʮʠʝʥʪʦʚ (29%) ʧʦʣʫʯʘʣʠ ʪʝʨʘʧʠʶ, ʧʦʜʦʙʨʘʥʥʫʶ ʧʦ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʙʠʦʤʘʨʢʝʨʘʤ, ʠ 100 ʧʘʮʠʝʥʪʦʚ (29%) ʧʦʣʫʯʘʣʠ ʪʝʨʘʧʠʶ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʫʶ ʩʦʛʣʘʩʥʦ 
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ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʦʪʦʢʦʣʘʤ. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʙʝʟ ʨʝʮʠʜʠʚʘ ʥʘ 30% 

ʥʘʙʣʶʜʘʣʦʩʴ ʫ 32% ʧʘʮʠʝʥʪʦʚ ʠʟ ʧʝʨʚʦʡ ʛʨʫʧʧʳ (32 ʠʟ 101), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʚʪʦʨʦʡ 

ʛʨʫʧʧʳ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʩʦʦʙʱʘʣʩʷ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʠʭ 

ʧʦʜʭʦʜʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ WINTHER ʠ CoPPO ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʧʘʮʠʝʥʪʦʚ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ 

ʛʝʥʦʤʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʙʨʘʟʦʤ ʩʧʣʘʥʠʨʦʚʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘ ʥʝʣʴʟʷ ʛʦʚʦʨʠʪʴ ʦ ʜʦʩʪʦʚʝʨʥʦʤ ʧʨʝʚʦʩʭʦʜʩʪʚʝ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʧʦʜʭʦʜʘ ʚ ʪʝʨʤʠʥʘʭ ʢʣʠʥʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʀʥʪʝʨʝʩʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʥʫʞʜ ʦʥʢʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʦʪʚʝʪ ʥʘ 

ʧʨʦʪʠʚʦʨʘʢʦʚʫʶ ʪʝʨʘʧʠʶ, ʦʧʠʨʘʷʩʴ ʥʘ ʚʳʷʚʣʝʥʥʳʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ 

(Tkachev, et al., 2020). ʉʫʱʝʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ, 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʫʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʝʜʠʥʠʯʥʳʭ ʛʝʥʦʚ, ʙʫʜʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʆʜʥʘʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʣʛʦʨʠʪʤʳ ʧʦʢʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʠ ʥʝʟʘʚʠʩʠʤʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʢʣʠʥʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʧʦʢʘ ʥʝ ʧʨʦʚʦʜʠʣʩʷ. 

ʊʘʢʞʝ ʠʟʫʯʝʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʦʧʫʭʦʣʠ ʤʝʪʦʜʦʤ RNASeq ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʧʣʘʡʩ-ʬʦʨʤ ʤʈʅʂ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʛʝʥʦʤʘ. ʊʘʢ, ʫʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʢʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʚ 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʩʝʜʴʤʦʡ ʩʧʣʘʡʩ-ʬʦʨʤʳ ʨʝʮʝʧʪʦʨʦʚ ʘʥʜʨʦʛʝʥʦʚ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʘʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʪʝʨʘʧʠʠ ʵʥʟʘʣʫʪʘʤʠʜʦʤ ʠ ʘʙʠʨʘʪʝʨʦʥʦʤ ʧʨʠ ʨʘʢʝ 

ʧʨʦʩʪʘʪʳ (Antonarakis, et al., 2014). ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʢʨʠʧʪ METȹ14, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʢ ʢʨʠʟʦʪʠʥʠʙʫ ʧʨʠ ʣʝʯʝʥʠʠ ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ 

ʣʝʛʢʠʭ (Lu, et al., 2017). ɼʨʫʛʠʝ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʩʧʣʘʡʩ-ʚʘʨʠʘʥʪʳ, ʚʝʨʦʷʪʥʦ, ʙʫʜʫʪ 

ʦʧʨʝʜʝʣʝʥʳ ʚ ʙʫʜʫʱʝʤ. 

ʅʘʢʦʥʝʮ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚʘʞʥʳ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʯʘʩʪʠ ʪʨʘʥʩʢʨʠʧʪʦʤʘ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʝ ʩ ʠʤʤʫʥʥʳʤ ʦʪʚʝʪʦʤ, ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʦʪʚʝʪ ʥʘ 

ʠʤʤʫʥʦʪʝʨʘʧʠʶ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʙʦʣʝʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ (ʀɻʍ ʠ ʛʝʥʦʤʥʳʡ NGS) 

ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʣʴʢʦ 

ʚʝʜʫʪʩʷ (Lin and Yang, 2019). 



 

58 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤ ʚʥʝʜʨʝʥʠʝʤ ʚ 

ʢʣʠʥʠʢʫ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʤʝʪʦʜʦʚ. ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚʳʜʝʣʷʝʤʦʡ ʈʅʂ ʠ 

ʚʘʣʠʜʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʪʨʝʙʫʶʪʩʷ ʦʙʨʘʟʮʳ ʩʚʝʞʝʟʘʤʦʨʦʞʝʥʥʦʡ ʪʢʘʥʠ, ʧʨʠʯʝʤ 

ʚʝʩʴʤʘ ʞʝʣʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʙʠʦʧʩʠʷ ʠ ʟʜʦʨʦʚʦʛʦ ʫʯʘʩʪʢʘ ʧʦʨʘʞʝʥʥʦʛʦ ʦʨʛʘʥʘ. 

ʆʨʛʘʥʠʟʦʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʠ ʣʦʛʠʩʪʠʢʫ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʪʨʫʜʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʭʨʘʥʝʥʠʷ ʙʠʦʧʩʠʡ ʚ ʚʠʜʝ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʬʠʥʦʚʳʭ ʙʣʦʢʦʚ. 

1.3.3. ʇʨʦʛʨʘʤʤʥʳʝ ʢʦʥʚʝʡʝʨʳ ʜʣʷ ʘʥʘʣʠʟʘ ʛʝʥʦʤʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʱʘʷ ʩʭʝʤʘ ʠ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʥʚʝʡʝʨʦʚ 

ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ð ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʧʫʩʢʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʳʨʳʭ ʜʘʥʥʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʂʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʢʦʥʚʝʡʝʨʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʙʠʦʤʘʨʢʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʪʝʨʘʥʦʩʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʥʚʝʡʝʨʳ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʛʝʥʦʤʥʳʭ ʠ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʘʥʘʣʠʟʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʳ ʠ 

ʚʘʨʴʠʨʫʶʪʩʷ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʧʨʠʤʝʥʷʶʱʠʭ ʠʭ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʅʝʜʘʚʥʦ ɸʩʩʦʮʠʘʮʠʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʘʪʦʣʦʛʠʠ (Association for Molecular Pathology) ʚ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʉʦʙʨʘʥʠʝʤ ʘʤʝʨʠʢʘʥʩʢʠʭ ʧʘʪʦʣʦʛʦʚ (College of American Pathologists) 

ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʚʘʣʠʜʘʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʜʣʷ ʘʥʘʣʠʟʘ NGS-

ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʝʝ ʠʟ 17 ʨʝʢʦʤʝʥʜʘʮʠʡ (Roy, et al., 2018). ɼʘʥʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ 

ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤʠ ʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʭʦʪʷ ʥʘ 

ʧʨʘʢʪʠʢʝ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʠʥʦʛʜʘ ʘʥʘʣʠʟʠʨʫʶʪ ʠʟʤʝʥʝʥʠʷ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʤʈʅʂ ʠ 

ʤʠʈʅʂ. ɺ ʜʘʥʥʦʤ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʱʘʪʝʣʴʥʦʡ ʚʘʣʠʜʘʮʠʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʬʠʢʩʘʮʠʠ ʚʩʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʚʢʣʶʯʘʷ ʚʝʨʩʠʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʚ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʧʦʜʢʣʶʯʘʝʤʳʭ ʙʠʙʣʠʦʪʝʢ, ʠ ʪ.ʜ.), ʧʨʝʞʜʝ ʯʝʤ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʮʝʣʷʭ. ʃʶʙʦʝ 

ʠʟʤʝʥʝʥʠʝ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʥʚʝʡʝʨʘ ʪʨʝʙʫʝʪ ʧʦʚʪʦʨʥʦʡ ʚʘʣʠʜʘʮʠʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʣʘʩʪʴ ʛʝʥʦʤʠʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʙʫʨʥʦʤ ʨʘʟʚʠʪʠʠ ð ʵʪʦ 

ʥʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʫʣʫʯʰʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʨʘʩʰʠʨʝʥʠʝ ʟʥʘʥʠʡ ʦ ʩʪʨʫʢʪʫʨʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʝʥʦʤʘ, ʛʝʥʥʦ-

ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʝʪʷʭ ʠ ʢʣʠʥʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ ʛʝʥʦʤʥʳʭ ʠ ʵʧʠʛʝʥʦʤʥʳʭ ʚʘʨʠʘʥʪʦʚ. ʇʦʵʪʦʤʫ 

ʥʝʧʨʝʨʳʚʥʘʷ ʚʘʣʠʜʘʮʠʷ ʠ ʦʙʥʦʚʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʛʝʥʦʤʥʳʭ 

ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʭ 

ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʞʥʦ 
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ʦʪʤʝʪʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ Broad Institute ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ Genome Analysis Tool Kit  

(GATK) (McKenna, et al., 2010) ʠ ʨʝʧʦʟʠʪʦʨʠʡ R-ʧʘʢʝʪʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʫ, Bioconductor (Sepulveda, 2020). ʇʨʠ ʵʪʦʤ ʚʦ ʤʥʦʛʠʭ ʠʥʩʪʠʪʫʪʘʭ ʯʘʩʪʦ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʵʪʘʧʳ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʥʠʤʘʪʴ 

ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʥʦʚʣʷʪʴ ʠʩʧʦʣʴʟʫʝʤʳʝ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʅʘ ʈʠʩʫʥʦʢ 8 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʪʠʧʠʯʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʜʣʷ 

ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʝʥʦʤʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʜʠʡ: 1) ʛʝʥʝʨʘʮʠʷ ʧʨʦʯʪʝʥʠʡ (ʩʦʙʩʪʚʝʥʥʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ); 2) ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʨʦʯʪʝʥʠʡ ʥʘ ʛʝʥʦʤ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ; 3) ʘʥʥʦʪʘʮʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʪʦʛʦʚʦʛʦ ʦʪʯʝʪʘ; 4) ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʧʘʮʠʝʥʪʦʚ ʠ ʧʦʧʦʣʥʝʥʠʝ ʙʘʟʳ 

ʟʥʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʘ ʚʦʟʤʦʞʥʳʡ ʩʧʝʢʪʨ ʚʳʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʦʪ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʢ ʧʦʩʣʝʜʥʝʡ.  
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ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘ ʪʠʧʠʯʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʧʦ ʦʙʨʘʙʦʪʢʝ NGS-ʜʘʥʥʳʭ ʜʣʷ ʥʫʞʜ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ. ʇʝʨʝʚʝʜʝʥʦ ʠʟ ʨʘʙʦʪʳ (Sepulveda, 2020) ʩ ʠʟʤʝʥʝʥʠʷʤʠ 
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ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʘʥʘʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʚʝʨʪʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʝʢʚʝʥʘʪʦʨʘ 

(ʥʘʧʨʠʤʝʨ, ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʧʣʘʪʬʦʨʤʳ Illumina ʠʣʠ ʜʘʥʥʳʭ ʜʘʪʯʠʢʦʚ pH ʜʣʷ ʧʣʘʪʬʦʨʤʳ 

Ion Torrent) ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʦʚ (ʧʨʦʯʪʝʥʠʷ, reads). ʇʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʧʨʠʝʪʘʨʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʩʪʘʚʣʷʝʤʦʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʨʠʙʦʨʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ FASTQ, ʩʦʜʝʨʞʘʱʠʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʦʚ ʠ ʦʮʝʥʢʫ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ. 

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʯʪʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ: ʧʨʦʚʦʜʷʪ ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ 

(ʚ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ), ʪʨʠʤʤʠʨʦʚʘʥʠʝ ʠ 

ʬʠʣʴʪʨʘʮʠʶ ʤʘʣʦʜʦʩʪʦʚʝʨʥʳʭ ʦʩʥʦʚʘʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʢʘʢ Trimmomatic, Fastp, FASTX-Toolkit. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ 

ʧʝʨʚʠʯʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʜʣʷ ʯʝʛʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʛʨʘʤʤʫ FastQC.  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʯʪʝʥʠʷ ʚʳʨʘʚʥʠʚʘʶʪ (ʢʘʨʪʠʨʫʶʪ) ʥʘ ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ 

ʯʝʣʦʚʝʢʘ. ʍʦʪʷ ʟʘʜʘʯʘ ʚʳʨʘʚʥʠʚʘʥʠʷ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʘʚʥʦ ʨʝʰʝʥʘ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʙʠʦʣʦʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʵʪʦʡ 

ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʤʠʣʣʠʦʥʦʚ ʧʨʦʯʪʝʥʠʡ ʟʘʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʪʘʢʦʝ ʢʘʢ bowtie, bwa, TopHat, STAR. ʈʝʟʫʣʴʪʘʪ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʧʨʦʯʪʝʥʠʡ ʥʘ ʛʝʥʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʚʠʜʝ ʬʘʡʣʘ ʬʦʨʤʘʪʦʚ SAM, BAM ʠʣʠ CRAM. 

ʇʦʣʫʯʝʥʥʳʡ ʬʘʡʣ ʚʳʨʘʚʥʠʚʘʥʠʡ ʦʙʳʯʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ, 

ʩʦʩʪʦʷʱʝʡ ʚ ʩʦʨʪʠʨʦʚʢʝ, ʬʠʣʴʪʨʘʮʠʠ ʧʣʦʭʦ ʚʳʨʦʚʥʝʥʥʳʭ ʧʨʦʯʪʝʥʠʡ ʠ ʨʝʢʘʣʠʙʨʦʚʢʝ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʯʪʝʥʠʡ. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʣʷ ʧʨʦʯʪʝʥʠʡ-ʜʫʙʣʠʢʘʪʦʚ, ʜʦʣʷ ʫʩʧʝʰʥʦ 

ʦʪʢʘʨʪʠʨʦʚʘʥʥʳʭ ʧʨʦʯʪʝʥʠʡ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʧʨʦʯʪʝʥʠʷ ʠ ʪ.ʜ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʷʪʳʤ ʥʦʨʤʘʤ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 

ʆʪʢʘʨʪʠʨʦʚʘʥʥʳʝ ʧʨʦʯʪʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʙʳʪʠʡ ð ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ 

(ʪʨʘʥʩʣʦʢʘʮʠʠ, ʠʥʚʝʨʩʠʠ) ʠ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ (ʠʥʩʝʨʮʠʠ, ʜʝʣʝʮʠʠ, ʜʫʧʣʠʢʘʮʠʠ) 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʭʨʦʤʦʩʦʤ. ʅʘ ʈʠʩʫʥʦʢ 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦ ʚʳʷʚʣʝʥʠʶ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ (Bartha and Gyorffy, 2019). ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʢʣʠʥʠʢʝ ʧʦʣʫʯʠʣʦ ʠʟʫʯʝʥʠʝ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʠ ʥʝʙʦʣʴʰʠʭ ʠʥʜʝʣʦʚ (ʧʨʦʛʨʘʤʤʥʳʝ 

ʧʘʢʝʪʳ MuTect, FreeBayes, Strelka, VarScan). ʊʘʢʞʝ ʜʣʷ ʦʥʢʦʣʦʛʠʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʢʦʧʠʡʥʦʩʪʠ, ʜʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʢʘʢ Sequenza, 

ʉʊʄ-Seq, CNVnator ʠ ʪ.ʜ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʥʦʟʦʣʦʛʠʡ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʠʥʜʨʦʤʝ ʃʠʥʯʘ, 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʤ ʨʘʢʝ ʠ ʦʧʫʭʦʣʷʭ ʞʝʣʫʜʢʘ) ʧʨʠʙʝʛʘʶʪ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʣʠʯʠʷ 
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ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ (ʧʨʦʛʨʘʤʤʳ MSIseq, MSIpred, MSIsensor). ʄʝʥʝʝ 

ʠʟʫʯʝʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʩʬʫʥʢʮʠʠ ʛʦʤʦʣʦʛʠʯʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ 

(ʧʨʦʛʨʘʤʤʳ HRDetect, scarHRD) ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʫʭʦʣʝʚʦʡ ʢʣʦʥʘʣʴʥʦʩʪʠ (ʧʨʦʛʨʘʤʤʳ 

CloneFinder, LICHeE, MACHINA ). ʅʘʢʦʥʝʮ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʘʞʥʳʤ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ 

ʙʠʦʤʘʨʢʝʨʦʤ ʩʪʘʣʘ ʪ.ʥ. ʤʫʪʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʧʫʭʦʣʠ (Tumor Mutational Burden) ð 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʫ ʤʝʛʘʙʘʟʫ. ʕʪʦʪ ʙʠʦʤʘʨʢʝʨ 

ʧʦʷʚʠʣʩʷ ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ NGS, ʩʜʝʣʘʚʰʝʡ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʷʪʴ 

ʩʦʤʘʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʛʝʥʦʤʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʮʠʝʥʪʳ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ TMB ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ ʚʳʞʠʚʘʝʤʦʩʪʴʶ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʧʨʝʧʘʨʘʪʦʚ ð ʠʥʛʠʙʠʪʦʨʦʚ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ (Yarchoan, et al., 2017). ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʦʢʘ ʥʝ ʚʳʨʘʙʦʪʘʥʦ ʝʜʠʥʦʛʦ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʧʦ ʨʘʩʯʝʪʫ TMB, ʭʦʪʷ 

ʪʘʢʘʷ ʨʘʙʦʪʘ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ (Merino, et al., 2020). 

 

 

ʈʠʩʫʥʦʢ 9. ʊʠʧʳ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʠʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʇʝʨʝʚʝʜʝʥʦ ʠʟ ʨʘʙʦʪʳ (Bartha and 

Gyorffy, 2019) 
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ʅʘʡʜʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʙʳʪʠʷ ʘʥʥʦʪʠʨʫʶʪʩʷ, 

ʪ.ʝ. ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʠʟʚʝʩʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʯʘʩʪʦʪʝ ʠʣʠ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚʘʨʠʘʥʪʘ, ʪʘʢʠʝ ʢʘʢ ʨʝʩʫʨʩʳ gnomAD 

(Karczewski, et al., 2020), COSMIC (Tate, et al., 2019), ClinVar (Landrum, et al., 2014), dbSNP 

(Sherry, et al., 1999), dbNSFP (Liu, et al., 2016). ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʪʘʢʠʭ ʙʘʟ 

ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʦʛʝʥʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʘʥʥʦʪʘʮʠʠ ʢʘʢ SnpEff (Cingolani, et al., 2012), VEP (McLaren, et al., 2016), 

ANNOVAR (Wang, et al., 2010), Oncotator (Ramos, et al., 2015), vcfanno (Pedersen, et al., 2016). 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʚʝʙ-ʨʝʩʫʨʩʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʥʦʪʘʮʠʶ, ʪʘʢʠʝ ʢʘʢ VarStack 

(Howard, et al., 2020), AVIA  (Reardon, et al., 2021). ʆʜʥʘʢʦ ʦʙʳʯʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʥʦʪʘʮʠʠ 

ʥʘ ʩʪʦʨʦʥʥʠʭ ʩʘʡʪʘʭ ʦʛʨʘʥʠʯʝʥʳ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ. ɼʨʫʛʠʤ ʘʩʧʝʢʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʙ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʠʣʝʥʥʳʭ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ. 

ʀʪʦʛʦʚʳʡ ʩʧʠʩʦʢ ʙʘʟ ʟʥʘʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʥʥʦʪʘʮʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʚʘʨʠʘʥʪʦʚ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʥʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʠ 

ʚʢʣʶʯʘʪʴ ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ, ʪʘʢʠʝ ʢʘʢ HGMD ʠʣʠ JAX. ɿʘʜʘʯʠ 

ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʦʪʦʙʨʘʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʪʦʛʦʚʦʛʦ ʦʪʯʝʪʘ ʠ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʙʳʯʥʦ ʨʝʰʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʫʪʨʝʥʥʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ ʣʘʙʦʨʘʪʦʨʠʡ ʠ ʢʣʠʥʠʢ, ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ.  

ɺ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʩ ʢʣʠʥʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʘʧ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʥʥʦʪʘʮʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. 

1.3.4. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ ʠ ʢʣʠʥʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ  

ʇʨʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʛʝʥʦʤʘ ʦʙʨʘʟʮʘ ʦʧʫʭʦʣʠ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʣʠʷʪʴ ʥʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʝʣʢʦʚ. ʆʜʥʘʢʦ ʣʠʰʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʜʦʣʷ 

ʪʘʢʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ ʧʨʝʠʤʫʱʝʩʪʚʫ ʚ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʦʧʫʭʦʣʠ. ʊʘʢʠʝ ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʤʫʪʘʮʠʷʤʠ-ʚʦʜʠʪʝʣʷʤʠ ʠʣʠ ʜʨʘʡʚʝʨʥʳʤʠ ʤʫʪʘʮʠʷʤʠ (Krishnan and 

Ng, 2012). ʇʨʠ ʵʪʦʤ ʥʘ ʦʜʠʥ ʦʙʨʘʟʝʮ ʦʧʫʭʦʣʠ ʚ ʩʨʝʜʥʝʤ ʧʨʠʭʦʜʠʪʩʷ ʦʪ ʜʚʫʭ ʜʦ ʚʦʩɹʤʠ ʪʘʢʠʭ 

ʜʨʘʡʚʝʨʥʳʭ ʤʫʪʘʮʠʡ (Rodriguez-Antona and Taron, 2015). ʅʝʙʦʣʴʰʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ 



 

64 

 

ʤʫʪʘʮʠʡ ʤʦʞʝʪ ʙʳʪʴ «ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤè, ʪʦ ʝʩʪʴ ʠʤʝʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ, 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʠʣʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʫʯʪʝʥʦ ʚʨʘʯʦʤ ʧʨʠ ʚʳʙʦʨʝ ʩʪʨʘʪʝʛʠʠ ʣʝʯʝʥʠʷ (Dancey, et al., 2012). ʅʘʧʨʦʪʠʚ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ (ʪ.ʥ. ʤʫʪʘʮʠʠ-ʧʘʩʩʘʞʠʨʳ) ʷʚʣʷʶʪʩʷ ʧʦʙʦʯʥʳʤ ʩʣʝʜʩʪʚʠʝʤ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʢʦʚʦʛʦ ʛʝʥʦʤʘ (ʥʘʧʨʠʤʝʨ, ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʩʠʩʪʝʤʝ ʨʝʧʘʨʘʮʠʠ ɼʅʂ) ʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʚʣʠʷʶʪ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʫʪʘʮʠʠ-

ʧʘʩʩʘʞʠʨʳ ʥʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤʠ ʙʠʦʤʘʨʢʝʨʘʤʠ (Bozic, 

et al., 2010). ʆʜʥʘʢʦ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʪʘʢʠʝ ʤʫʪʘʮʠʠ ʤʦʛʫʪ 

ʙʳʪʴ ʩʣʘʙʦ ʚʨʝʜʥʳʤʠ ʜʣʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʠʟʤʝʥʷʷ ʭʦʜ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʦʧʫʭʦʣʠ 

(McFarland, et al., 2013). 

ʇʦʩʢʦʣʴʢʫ ʜʨʘʡʚʝʨʥʳʝ ʤʫʪʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ, ʪʦ ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʦʠʩʢʘ ʛʝʥʦʚ-ʜʨʘʡʚʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʣʝʜʦʚ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʩʨʝʜʠ ʛʝʥʦʤʦʚ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ. ʇʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʨʘʟʣʠʯʥʳʭ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʧʨʠʩʫʪʩʪʚʠʷ ʜʘʚʣʝʥʠʷ ʦʪʙʦʨʘ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ (Tamborero, et al., 2013) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʧʦʜʭʦʜʦʚ, ʚʢʣʶʯʘʷ ʧʦʠʩʢ ʛʝʥʦʚ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʢʦʨʦʩʪʷʭ ʤʫʪʘʛʝʥʝʟʘ ʠʣʠ ʦʙʦʛʘʱʝʥʥʳʭ ʤʫʪʘʮʠʷʤʠ ʩ 

ʚʳʩʦʢʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʧʨʠʟʥʘʢʘʤʠ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʢʦʜʠʨʫʶʱʠʭ 

ʤʫʪʘʮʠʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʙʝʣʢʘ ʠʣʠ ʟʘʪʨʘʛʠʚʘʶʱʠʤ ʩʘʡʪʳ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʘʢʦʛʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʝʪʘʘʥʘʣʠʟʘ, ʫʯʠʪʳʚʘʚʰʝʛʦ ʜʘʥʥʳʝ ʜʣʷ 

3220 ʦʙʨʘʟʮʦʚ, ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʠʟ 291 ʚʳʩʦʢʦ ʜʦʩʪʦʚʝʨʥʳʭ ʛʝʥʦʚ-ʜʨʘʡʚʝʨʦʚ. ʉʭʦʞʠʡ 

ʘʥʘʣʠʟ ʧʦ ʚʳʷʚʣʝʥʠʶ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʦʥʢʦʛʝʥʝʟʦʤ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʩʪʘʪʴʝ 

(Lawrence, et al., 2014). ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʦʙʲʝʜʠʥʷʣʠ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʪʠʧʘ ʩʠʛʥʘʣʦʚ 

ʧʨʠʩʫʪʩʪʚʠʷ ʧʦʟʠʪʠʚʥʦʛʦ ʦʪʙʦʨʘ, ʚʢʣʶʯʘʷ ʦʙʦʛʘʱʝʥʠʝ ʤʫʪʘʮʠʷʤʠ ʚ ʵʚʦʣʶʮʠʦʥʥʦ-

ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʘʡʪʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʣʷ 21 ʪʠʧʘ ʦʧʫʭʦʣʝʡ ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 254 ʜʨʘʡʚʝʨʥʳʭ ʛʝʥʘ. 

ʉʣʝʜʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʷʚʣʷʝʪʩʷ ʨʝʢʫʨʨʝʥʪʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʜʨʘʡʚʝʨʥʳʭ ʤʫʪʘʮʠʡ ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʘʭ ʠ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʧʫʭʦʣʝʡ (Gagan and 

Van Allen, 2015), ʧʦʵʪʦʤʫ ʧʝʨʚʳʡ ʫʨʦʚʝʥʴ ʘʥʥʦʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʩʪʦʠʪ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʛʦ, ʚʩʪʨʝʯʘʣʘʩʴ ʣʠ ʠʟʫʯʘʝʤʘʷ ʤʫʪʘʮʠʷ ʨʘʥʝʝ ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ɹʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ NGS ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʫʞʝ ʥʘʢʦʧʣʝʥʳ ʜʘʥʥʳʝ ʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʛʝʥʦʤʦʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʨʝʩʫʨʩʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ COSMIC (Tate, et al., 2019) ʠ TCGA (Cancer Genome Atlas, 2012). 

ʇʨʦʚʝʩʪʠ ʨʘʟʚʝʜʦʯʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ 
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ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ cBioportal (Cerami, et al., 2012) ʠʣʠ UCSC Cancer Genomics Browser 

(Cline, et al., 2013). ʋʢʘʟʘʥʥʳʝ ʨʝʩʫʨʩʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʦʙʨʘʟʮʦʚ.  

ʆʜʥʘʢʦ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʜʨʘʡʚʝʨʥʳʭ ʤʫʪʘʮʠʡ. ʍʦʪʷ ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʦʥʢʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ 

(ʥʘʧʨʠʤʝʨ, TP53, KRAS, BRAF, PTEN) ʥʝʩʫʪ ʤʫʪʘʮʠʠ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʧʫʭʦʣʝʡ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʥʦʚ-ʜʨʘʡʚʝʨʦʚ ʤʫʪʠʨʫʶʪ ʩ ʯʘʩʪʦʪʦʡ ʤʝʥʝʝ 1%, (Lawrence, et al., 2014).  

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʛʝʥʦʚ-ʜʨʘʡʚʝʨʦʚ ʠ ʦʪʜʝʣʴʥʳʤʠ 

ʜʨʘʡʚʝʨʥʳʤʠ ʤʫʪʘʮʠʷʤʠ. ʅʝ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʥʢʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʛʝʥʘʭ (ʛʝʥʘʭ-

ʜʨʘʡʚʝʨʘʭ) ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʜʨʘʡʚʝʨʥʳʝ ʤʫʪʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ ʧʨʦʪʦʦʥʢʦʛʝʥʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʨʘʡʚʝʨʥʦʡ ʤʫʪʘʮʠʝʡ ʪʦʣʴʢʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʦ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ ʛʝʥʘ ʠʣʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʦʙʨʝʪʝʥʠʶ ʥʦʚʦʡ ʬʫʥʢʮʠʠ. 

ɸʥʘʣʦʛʠʯʥʦ, ʜʨʘʡʚʝʨʥʘʷ ʤʫʪʘʮʠʷ ʚ ʛʝʥʝ-ʩʫʧʨʝʩʩʦʨʝ ʜʦʣʞʥʘ ʷʚʥʦ ʫʭʫʜʰʘʪʴ ʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. ʇʦʵʪʦʤʫ ʤʥʦʛʠʝ ʜʨʘʡʚʝʨʥʳʝ ʤʫʪʘʮʠʠ ʠʤʝʶʪ ʩʣʠʰʢʦʤ ʥʠʟʢʫʶ ʯʘʩʪʦʪʫ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʦʙʥʘʨʫʞʝʥʘ ʧʨʠ ʘʥʘʣʠʟʝ 

ʜʦʩʪʫʧʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʫʪʘʮʠʠ ʢʘʢ 

ʜʨʘʡʚʝʨʥʦʡ ʠʣʠ ʧʘʩʩʘʞʠʨʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ 

ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʯʘʩʪʦʪʫ ʤʫʪʘʮʠʠ, ʥʦ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʣʦʢʘʣʴʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠ ʛʝʥʦʤʥʳʡ ʢʦʥʪʝʢʩʪ. 

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʤʫʪʘʮʠʠ ʢʘʢ ʜʨʘʡʚʝʨʥʳʝ ʠʣʠ 

ʧʘʩʩʘʞʠʨʩʢʠʝ, ʘ ʪʘʢʞʝ ʦʪʨʘʥʞʠʨʦʚʘʪʴ ʧʝʨʚʝr ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʚʝʨʦʷʪʥʦʩʪʴʶ ʠʭ ʫʯʘʩʪʠʷ 

ʚ ʦʥʢʦʛʝʥʝʟʝ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʨʘʟʣʠʯʘʪʴ ʟʘʜʘʯʫ ʜʠʩʢʨʠʤʠʥʘʮʠʶ ʜʨʘʡʚʝʨʥʳʭ/ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ ʦʪ ʟʘʜʘʯʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʣʠʷʥʠʷ ʤʫʪʘʮʠʠ ʥʘ ʬʫʥʢʮʠʶ ʙʝʣʢʘ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʣʝʜʥʝʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ, ʚʢʣʶʯʘʷ SIFT (Ng and 

Henikoff, 2001), PolyPhen2 (Adzhubei, et al., 2010), MutationAssessor (Reva, et al., 2011), 

FATHMM (Shihab, et al., 2013) ʠ MutationTaster (Schwarz, et al., 2010). ʍʦʪʷ ʵʪʠ ʤʝʪʦʜʳ ʥʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʤʝʥʥʦ ʜʨʘʡʚʝʨʥʳʭ ʤʫʪʘʮʠʡ, ʫʢʘʟʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʢʦʨʝʝ ʥʝ 

ʧʦʚʣʠʷʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʶ ʙʝʣʢʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʢʣʘʩʩʫ ʤʫʪʘʮʠʡ-ʧʘʩʩʘʞʠʨʦʚ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʟʜʘʪʝʣʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ FATHMM 

ʠ MutationAssessor, ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʧʨʠʩʚʘʠʚʘʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʫʪʘʮʠʷʤ, ʢʦʪʦʨʳʝ ʟʘʪʨʘʛʠʚʘʶʪ 

ʜʨʘʡʚʝʨʥʳʝ ʛʝʥʳ. ʊʘʢ, ʫ ʘʣʛʦʨʠʪʤʘ FATHMM ʠʤʝʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʚʝʨʩʠʷ ʜʣʷ ʙʦʣʝʝ 



 

66 

 

ʜʦʩʪʦʚʝʨʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʨʘʡʚʝʨʥʳʭ ʤʫʪʘʮʠʡ, ʚ ʢʦʪʦʨʦʡ ʚʢʣʶʯʝʥʘ 

ʦʥʢʦʩʧʝʮʠʬʠʯʥʘʷ ʩʭʝʤʘ ʚʟʚʝʰʠʚʘʥʠʷ (Shihab, et al., 2013). ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʠʥʷʪ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ TransFIC (Krishnan and Ng, 2012), ʛʜʝ ʦʮʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʯʝʨʝʟ 

PolyPhen2, SIFT ʠ MutationAssessor, ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʣʠʯʘʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʜʨʘʡʚʝʨʥʳʝ ʤʫʪʘʮʠʠ ʦʪ ʧʘʩʩʘʞʠʨʩʢʠʭ. ɼʣʷ ʢʘʞʜʦʡ ʩʦʤʘʪʠʯʝʩʢʦʡ ʤʫʪʘʮʠʠ 

ʧʨʝʜʩʢʘʟʘʥʥʘ̫ ʦʮʝʥʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʮʝʥʦʢ 

ʜʣʷ ʛʝʨʤʠʥʘʪʠʚʥʳʭ ʤʫʪʘʮʠʡ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʝ ʛʝʥʳ. 

ʅʘʙʣʶʜʘʝʤʳʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʘʷ ʤʫʪʘʮʠʷ 

ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʘʟʚʠʪʠʠ ʨʘʢʘ. 

ɺ ʜʨʫʛʠʭ ʧʦʜʭʦʜʘʭ, ʪʘʢʠʭ ʢʘʢ CRAVAT (Masica, et al., 2017) ʠ CanPredict (Kaminker, 

et al., 2007), ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʘ ʤʫʪʘʮʠʠ ʩʚʦʜʷʪ ʢ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɼʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ (random forest) ʦʙʫʯʘʝʪʩʷ 

ʨʘʟʣʠʯʘʪʴ ʜʨʘʡʚʝʨʥʳʝ ʤʫʪʘʮʠʠ (ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʝʩʫʨʩʘ COSMIC (Tate, et al., 2019)) ʠ 

ʧʘʩʩʘʞʠʨʩʢʠʝ ʤʫʪʘʮʠʠ (ʛʝʥʝʨʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʘʩʪʦʪʘʤʠ ʬʦʥʦʚʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʟʘʤʝʥ). ʂʘʞʜʘʷ ʤʫʪʘʮʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʨʷʜʦʤ ʧʨʠʟʥʘʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʤʝʨʘ ʵʚʦʣʶʮʠʦʥʥʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʩʘʡʪʘ, 

ʧʨʝʜʩʢʘʟʘʥʥʘʷ ʣʦʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ. 

ɺ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ Funseq (Khurana, et al., 2013), ʚʤʝʩʪʦ 

ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʩʝ ʤʫʪʘʮʠʠ ʨʘʥʞʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ, ʚʢʣʶʯʘʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʤʫʪʘʮʠʠ ʚ ʧʨʦʝʢʪʝ «1000 ɻʝʥʦʤʦʚ», ʧʦʣʦʤʢʫ ʩʘʡʪʘ 

ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʥʘʭʦʞʜʝʥʠʝ ʚ ʛʝʥʝ ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʩʠʣʴʥʳʤ 

ʦʪʙʦʨʦʤ ʠʣʠ ʚ ʛʝʥʝ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʭʘʙʦʤ ʚ ʩʝʪʠ ʤʝʞʛʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʩʦʨʪʠʨʦʚʢʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʧʠʩʢʘ ʩ ʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʜʨʘʡʚʝʨʥʳʤʠ ʤʫʪʘʮʠʷʤʠ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

Funseq ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʥʞʠʨʦʚʘʪʴ ʤʫʪʘʮʠʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʝʢʦʜʠʨʫʶʱʠʭ 

ʦʙʣʘʩʪʷʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ, ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʝʩʪʘ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʤʝʪʦʜʦʚ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʨʘʡʚʝʨʥʳʭ ʤʫʪʘʮʠʡ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʠ ʦʜʠʥ ʤʝʪʦʜ ʠʣʠ ʢʦʤʙʠʥʘʮʠʷ ʤʝʪʦʜʦʚ ʥʝ ʩʤʦʛ ʧʨʝʚʳʩʠʪʴ 81% 

ʪʦʯʥʦʩʪʠ (Gnad, et al., 2013). 

ɼʦʩʪʦʚʝʨʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʜʨʘʡʚʝʨʥʳʭ ʤʫʪʘʮʠʡ, ʭʦʪʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʠ ʁʤʝʭʘʥʠʟʤʦʚ ʦʧʫʭʦʣʝʚʦʛʦ ʛʝʥʝʟʘ ʚ ʦʪʜʝʣʴʥʦʤ ʩʣʫʯʘʝ, ʚʩʝ ʞʝ ʤʦʞʝʪ ʥʝ ʠʤʝʪʴ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʠʣʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʝ ʢʘʞʜʘʷ ʜʨʘʡʚʝʨʥʘʷ 
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ʤʫʪʘʮʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʠ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʨʛʝʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ 

ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʥʘ ʛʝʥʳ-ʜʨʘʡʚʝʨʳ ʩ ʘʢʪʠʚʠʨʫʶʱʠʤʠ ʤʫʪʘʮʠʷʤʠ, ʥʘʧʨʠʤʝʨ 

ʢʠʥʘʟʳ. ʅʘʧʨʦʪʠʚ, ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʨʫʰʝʥʥʳʭ ʬʫʥʢʮʠʡ ʦʧʫʭʦʣʝʚʳʭ ʩʫʧʨʝʩʩʦʨʦʚ 

ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʛʝʥʥʘʷ ʪʝʨʘʧʠʷ (Hong, et al., 

2014), ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʛʝʥʦʚ (Nag, et al., 2014), ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ (Jackson and Chen, 2016) ʠ ʢʦʣʣʘʪʝʨʘʣʴʥʦʡ (Muller, et al., 2015) ʣʝʪʘʣʴʥʦʩʪʠ. 

ʆʙʟʦʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʪʝʨʘʧʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʬʫʥʢʮʠʡ ʛʝʥʦʚ-

ʩʫʧʨʝʩʩʦʨʦʚ, ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ (Morris and Chan, 2015). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʛʝʥʦʤʥʳʭ ʘʥʘʣʠʟʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʤʫʪʘʮʠʠ 

ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʊʘʢ, Jones ʩ ʩʦʘʚʪʦʨʘʤʠ (Jones, et al., 2015) ʫʜʘʣʦʩʴ 

ʚʳʷʚʠʪʴ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʩʦʤʘʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʜʣʷ 77% ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʩʣʫʯʘʝʚ, ʚʢʣʶʯʘʷ ʘʩʩʦʮʠʘʮʠʠ ʢʘʢ ʩ ʦʜʦʙʨʝʥʥʳʤʠ ʪʝʨʘʧʠʷʤʠ, ʪʘʢ ʠ ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʩʪʘʜʠʠ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʕʪʘ ʦʮʝʥʢʘ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ Rubio-

Perez ʩ ʩʦʘʚʪʦʨʘʤʠ, ʛʜʝ ʜʦʣʷ ʧʘʮʠʝʥʪʦʚ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʣʫʯʠʚʰʠʭ ʧʦʣʴʟʫ ʦʪ 

ʪʘʨʛʝʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʦʧʷʪʴ ʞʝ, ʚʢʣʶʯʘʷ ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʩʪʘʜʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ), 

ʩʦʩʪʘʚʠʣʘ 73% ʩʣʫʯʘʝʚ (Rubio-Perez, et al., 2015). ʆʜʥʘʢʦ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ 

ʦʜʦʙʨʝʥʥʳʝ FDA ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ, ʪʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 40%. ɽʩʣʠ ʞʝ ʫʯʠʪʳʚʘʪʴ 

ʪʦʣʴʢʦ ʩʪʘʥʜʘʨʪʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʪʦ ʜʦʣʷ ʨʝʣʝʚʘʥʪʥʳʭ ʧʘʮʠʝʥʪʦʚ ʩʦʩʪʘʚʠʪ 

ʚʩʝʛʦ 6%. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʮʠʬʨʳ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʨʝʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʠʣʣʶʩʪʨʠʨʫʶʪ ʧʦʪʝʥʮʠʘʣ ʧʨʝʮʠʟʠʦʥʥʦʡ 

ʦʥʢʦʣʦʛʠʠ ʜʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʚ (Martinez-Ledesma, et al., 2015; Rodriguez-Antona 

and Taron, 2015).  

ɼʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʝʩʢʦʣʴʢʦ 

ʨʝʩʫʨʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʚʝʜʝʥʠʷ ʦ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘʭ (ʊʘʙʣʠʮʘ 

1). ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʴ ʢʨʘʫʜʩʦʨʩʠʥʛʘ, ʪ.ʝ. ʧʨʠʚʣʝʯʝʥʠʝ ʵʢʩʧʝʨʪʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʛʝʥʝʪʠʢʦʚ ʠ ʦʥʢʦʣʦʛʦʚ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ 

ʩʚʝʜʝʥʠʡ ʦ ʢʣʠʥʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʷʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ.  
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ʊʘʙʣʠʮʘ 1. ʉʧʠʩʦʢ ʨʝʩʫʨʩʦʚ ʠ ʙʘʟ ʟʥʘʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʚʝʜʝʥʠʷ ʦ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘʭ. ʆʩʥʦʚʘʥ ʥʘ ʨʘʙʦʪʘʭ (Tsang, et al., 2017) ʠ (Li and Warner, 2020) ʩ ʠʟʤʝʥʝʥʠʷʤʠ. 

ʅʘʟʚʘʥʠʝ ʨʝʩʫʨʩʘ ɺʝʙ-ʩʩʳʣʢʘ 

CIViC  https://civic.genome.wustl.edu/home  

DGIdb  http://dgidb.genome.wustl.edu/ 

Cancer Genome Interpreter https://www.cancergenomeinterpreter.org/home  

DEPO http://depo-dinglab.ddns.net/ 

JAX Clinical Knowledge Base https://ckb.jax.org/ 

OncoKb  http://oncokb.org/ 

Cancer Driver Log  https://candl.osu.edu/  

MolecularMatch  https://www.molecularmatch.com/ 

My Cancer Genome  http://www.mycancergenome.org  

Personalized Cancer Therapy  https://pct.mdanderson.org 

PharmGKB  https://www.pharmgkb.org/  

Precision Medicine Knowledge Base https://pmkb.weill.cornell.edu/  

TARGET  https://software.broadinstitute.org/cancer/cga/target 

 

ʈʝʩʫʨʩ CIViC (Clinical Interpretation of Variants in Cancer) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʠʟʚʝʩʪʥʳʭ ʦʪʢʨʳʪʳʭ ʧʣʘʪʬʦʨʤ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʙʠʦʤʘʨʢʝʨʦʚ 

ʠ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 8000 ʢʫʨʠʨʫʝʤʳʭ ʟʘʧʠʩʝʡ ʦ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ 2700 ʚʘʨʠʘʥʪʦʚ, 

ʟʘʪʨʘʛʠʚʘʶʱʠʭ 440 ʛʝʥʦʚ (Griffith , et al., 2017). ʂʘʞʜʘʷ ʟʘʧʠʩʴ ʦ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 

(ʪ.ʥ. evidence) ʠʤʝʝʪ ʫʨʦʚʝʥʴ ʜʦʢʘʟʘʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʫʙʣʠʢʘʮʠʡ ʩ 

ʢʦʥʢʨʝʪʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ, ʠ ʩʦʜʝʨʞʠʪ ʪʝʨʘʥʦʩʪʠʯʝʩʢʠ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʇʣʘʪʬʦʨʤʘ CIViC ʦʙʥʦʚʣʷʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ, ʩʦʜʝʨʞʠʪ ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʝʜʝʥʠʷ ʦ 

ʛʝʥʝʪʠʢʝ ʨʘʢʘ ʫ ʜʝʪʝʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪ ʩʨʝʜʩʪʚʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʠʟʚʣʝʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ «ʤʫʪʘʮʠʷ ð ʧʨʝʧʘʨʘʪ» ʠʟ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ (Lever, 

et al., 2019). ʈʝʩʫʨʩ MyCancerGenome [www.mycancergenome.org] ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ 

ʤʫʪʘʮʠʠ ʚ ʦʧʫʭʦʣʠ ʠ ʪʘʨʛʝʪʥʳʝ ʪʝʨʘʧʠʠ, ʚʢʣʶʯʘʷ ʘʢʪʠʚʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ Broad Institute ʢʫʨʠʨʫʝʤʘʷ ʙʘʟʘ ʜʘʥʥʳʭ TARGET (Tumor Alterations 

Relevant for Genomics-drivEn Therapy) ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 135 ʛʝʥʘʭ, ʤʫʪʘʮʠʠ ʚ ʢʦʪʦʨʳʭ 

ʤʦʛʫʪ ʠʤʝʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ, ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ (Van Allen, 

et al., 2014). ʈʝʩʫʨʩ Personalized Cancer Therapy (PCT), ʨʘʟʨʘʙʦʪʘʥʥʳʡ MD Anderson Cancer 

Center, ʩʦʙʠʨʘʝʪ ʘʩʩʦʮʠʘʮʠʠ ʤʝʞʜʫ ʛʝʥʦʤʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʠ ʦʥʢʦʛʝʥʝʟʦʤ, ʦʪʚʝʪʦʤ 

ʥʘ ʧʨʦʚʦʜʠʤʫʶ ʪʝʨʘʧʠʶ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʧʨʝʧʘʨʘʪʦʚ, ʦʜʦʙʨʝʥʥʳʭ FDA ʠ ʥʘʭʦʜʷʱʠʭʩʷ 

ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ (Kurnit, et al., 2017). ɺ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʨʘʙʦʪʝ Meric-Bernstam 

ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʠʚʦʜʠʪʩʷ ʩʧʠʩʦʢ ʠʟ 120 ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʛʝʥʦʚ ʜʣʷ ʛʝʥʦʤʥʦʡ 



 

69 

 

ʪʝʨʘʧʠʠ, ʧʝʨʝʢʨʳʪʠʝ ʩ ʨʝʩʫʨʩʦʤ TARGET ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ʜʚʝ ʪʨʝʪʠ (Meric-

Bernstam, et al., 2015).  

ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʧʦ ʧʨʝʮʠʟʠʦʥʥʦʡ 

ʦʥʢʦʣʦʛʠʠ, ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

Jackson Laboratory Clinical Knowledgebase (JAX CKB) ʛʜʝ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʥʘʭʦʜʠʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʨʘʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ 9000 ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʣʘʪʥʘʷ ʚʝʨʩʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʚʝʜʝʥʠʷ ʦ 40 000 ʚʘʨʠʘʥʪʦʚ. ʈʝʩʫʨʩ MolecularMatch 

ʧʨʝʜʣʘʛʘʝʪ ʜʦʩʪʫʧ ʢ ʙʘʟʝ ʟʥʘʥʠʡ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʜʣʷ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ 

ʪʝʨʘʧʠʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʥʘʣʠʯʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ.  

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʙʘʟʳ ʟʥʘʥʠʡ ʧʦ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʙʠʦʤʘʨʢʝʨʦʚ 

ʙʳʣʠ ʩʦʟʜʘʥʳ ʩ ʨʘʟʥʳʤʠ ʮʝʣʷʤʠ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦʜʭʦʜʘʤʠ ʢ ʢʫʨʠʨʦʚʘʥʠʶ ʜʘʥʥʳʭ, 

ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʞʠʜʘʝʤʦʛʦ ʦʧʳʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦʵʪʦʤʫ ʥʝʠʟʙʝʞʥʦ 

ʨʘʟʣʠʯʥʳʝ ʨʝʩʫʨʩʳ ʙʫʜʫʪ ʠʤʝʪʴ ʨʘʩʭʦʞʜʝʥʠʷ ʠ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʩʦʙʦʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ɻʣʦʙʘʣʴʥʳʡ ʘʣʴʷʥʩ ʟʘ ʛʝʥʦʤʠʢʫ ʠ ʟʜʦʨʦʚʴʝ (Global Alliance for 

Genomics and Health, GA4GH) ʦʩʥʦʚʘʣ ʂʦʥʩʦʨʮʠʫʤ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʘʨʠʘʥʪʦʚ ʨʘʢʘ 

(Variant Interpretation for Cancer Consortium, VICC). ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʧʨʦʝʢʪʘ 

VICC ð ʠʥʪʝʛʨʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʝʩʫʨʩʦʚ ʧʦ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ 

ʤʝʪʘʙʘʟʳ ʟʥʘʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʰʝʩʪʴ ʙʘʟ ʟʥʘʥʠʡ: CGI 

[www.cancergenomeinterpreter.org], CIViC [https://civicdb.org], JAX CKB [https://ckb.jax.org], 

MolecularMatch [www.molecularmatch.com], OncoKB [https://oncokb.org] ʠ PMKB 

[https://pmkb.weill.cornell.edu]. ʕʪʘ ʠʥʪʝʛʨʘʮʠʷ ʧʨʠʚʝʣʘ ʢ ʩʦʟʜʘʥʠʶ ʝʜʠʥʦʛʦ ʨʝʩʫʨʩʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ 12856 ʠʥʪʝʨʧʨʝʪʘʮʠʷʭ, 3437 ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘʭ, 

415 ʛʝʥʘʭ, 357 ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ 791 ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʧʨʝʧʘʨʘʪʝ (Wagner, et al., 2020). 

ʊʘʢʞʝ ʧʨʦʚʦʜʷʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟ ʟʥʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ. ɺ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ Sakai ʩ ʩʦʘʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʧʣʘʪʬʦʨʤʳ (Watson for Genomics, QIAGEN Clinical Insight Interpret 

ʠ Oncomine knowledge-based reporter) ʜʣʷ ʘʥʥʦʪʘʮʠʠ 72 ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʜʣʷ 

25 ʧʘʮʠʝʥʪʦʚ (Sakai, et al., 2019). ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʚʩʝ ʪʨʠ ʨʝʩʫʨʩʘ ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʚʘʨʠʘʥʪʦʚ, ʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʦʮʝʥʢʝ ʫʨʦʚʥʝʡ ʜʦʢʘʟʘʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʢʪʨʝ ʧʦʜʦʙʨʘʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ. 

ʇʦʤʠʤʦ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ 

ʪʝʨʘʧʠʠ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʛʝʨʤʠʥʘʪʠʚʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʨʘʟʣʠʯʠʷʤ ʚ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ ʧʨʝʧʘʨʘʪʘ 
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(Rodriguez-Antona and Taron, 2015). ʅʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʧʦʣʠʤʦʨʬʠʟʤʦʚ ʚ ʛʝʥʘʭ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʠ ʪʨʘʥʩʧʦʨʪʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ 

ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʦʟʳ. ʇʨʠʤʝʨʳ ʚʣʠʷʥʠʷ ʛʝʥʦʪʠʧʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ 

ʜʦʟʠʨʦʚʢʫ ʧʨʝʧʘʨʘʪʦʚ ʚʢʣʶʯʘʶʪ ʧʦʣʠʤʦʨʬʠʟʤʳ ʚ ʛʝʥʝ TPMT ʠ ʪʠʦʧʫʨʠʥʦʚʳʝ ʧʨʝʧʘʨʘʪʳ, 

ʛʝʥ UGT1A1 ʠ ʠʨʠʥʦʪʝʢʘʥ, ʛʝʥ DPD ʠ ʬʣʶʦʨʦʫʨʘʮʠʣ. 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʪʠʧʦʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʘʨʤʘʢʦʛʝʥʦʤʠʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʘʷ ʟʘʤʝʥʘ (ʆʅʇ). ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʣʷ ʚʳʙʦʨʘ 

ʪʝʨʘʧʠʠ ʠʩʧʦʣʴʟʫʶʪ ʠ ʜʨʫʛʠʝ ʪʠʧʳ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ, ʚʢʣʶʯʘʷ ʠʥʜʝʣʳ, ʠʟʤʝʥʝʥʠʷ 

ʢʦʧʠʡʥʦʩʪʠ ʛʝʥʦʚ ʠ ʪʨʘʥʩʣʦʢʘʮʠʠ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʘʩʪʫʟʫʤʘʙʘ ʜʣʷ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʩ ʘʤʧʣʠʬʠʢʘʮʠʝʡ ʠʣʠ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʝʡ HER2 

(Romond, et al., 2005). ʇʨʠʤʝʨʳ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʚʢʣʶʯʘʶʪ 

ʭʠʤʝʨʳ EML4-ALK ʧʨʠ ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʤ ʨʘʢʝ ʣʝʛʢʦʛʦ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʢ ʢʨʠʟʦʪʠʥʠʙʫ 

(Kwak, et al., 2010), ʠ BCR-ABL ʧʨʠ ʭʨʦʥʠʯʝʩʢʦʤ ʤʠʝʣʦʣʝʡʢʦʟʝ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʢ 

ʠʤʘʪʠʥʠʙʫ (Kawajiri, et al., 2014). 

ʈʘʟʨʘʙʦʪʘʥ ʨʷʜ ʨʝʩʫʨʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʟʘʠʤʦʩʚʷʟʷʭ ʤʝʞʜʫ ʛʝʥʘʤʠ, 

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʘʚʪʦʨʠʪʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʢʫʨʠʨʫʝʤʘʷ ʵʢʩʧʝʨʪʘʤʠ ʙʘʟʘ ʜʘʥʥʳʭ PharmGKB (Whirl-

Carrillo, et al., 2012), ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʛʝʥʦʚ ʠ ʣʝʢʘʨʩʪʚ, 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʦʟʠʨʦʚʢʝ ʧʨʝʧʘʨʘʪʦʚ ʩ ʫʯʝʪʦʤ ʛʝʥʦʪʠʧʘ, ʩʠʛʥʘʣʴʥʳʝ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʢʘʩʢʘʜʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ, ʠ ʜʨʫʛʠʝ ʬʘʨʤʘʢʦʛʝʥʝʪʠʯʝʩʢʠʝ 

ʩʚʝʜʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʣʝʢʘʨʩʪʚ ʦʜʦʙʨʝʥʥʳʭ FDA. ɼʨʫʛʠʤ ʨʝʩʫʨʩʦʤ, ʧʦʩʚʷʱʝʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʛʝʥ ð ʣʝʢʘʨʩʪʚʦ (ʚʢʣʶʯʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʧʨʝʧʘʨʘʪʘʭ), ̫ ʚʣʷʝʪʩʷ ʙʘʟʘ DGIdb (Cotto, et al., 2018), ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʜʘʥʥʳʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ PharmGKB, DrugBank, Therapeutic Target Database (TTD) ʠ 

ClinicalTrials.gov. ɹʘʟʘ ʟʥʘʥʠʡ DisGeNET ʚʢʣʶʯʘʝʪ ʩʚʝʜʝʥʠʷ ʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘʭ ʠ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʘʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

(Pinero, et al., 2020). ʇʨʠʤʝʨʦʤ NGS-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʨʝʩʫʨʩʘ ʷʚʣʷʝʪʩʷ PGMD 

(PharmacoGenomic Mutation Database) (Kaplun, et al., 2016), ʢʫʨʠʨʫʝʤʘʷ ʢʦʣʣʝʢʮʠʷ 

ʛʝʥʦʤʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʬʘʨʤʘʢʦʛʝʥʦʤʥʳʤ ʵʬʬʝʢʪʦʤ. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʥʥʦʪʘʮʠʠ 

ʚʘʨʠʘʥʪʦʚ, ʷʚʣʷʝʪʩʷ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʦʩʪʴ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʠʧ ʦʧʫʭʦʣʠ (ʪʢʘʥʝʚʘʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʥʘʙʣʶʜʘʝʤʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʬʠʣʷ, 

ʦʛʨʘʥʠʯʠʚʘʷ ʧʨʠʤʝʥʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʪʝʨʘʧʠʠ. ʅʘʧʨʠʤʝʨ, ʭʦʪʷ ʢʣʝʪʢʠ ʤʝʣʘʥʦʤʳ ʩ 

ʤʫʪʘʮʠʝʡ V600ɽ ʚ ʛʝʥʝ BRAF ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʝʤʫʨʘʬʝʥʠʙʘ, ʢʣʝʪʢʠ 
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ʢʦʣʦʨʝʢʪʘʣʴʥʳʭ ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʤʫʪʘʮʠʝʡ ʫʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʚʝʤʫʨʘʬʝʥʠʙʫ (Prahallad, et al., 2012; Sosman, et al., 2012). ʕʪʘ 

ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʪʢʘʥʝʩʧʝʮʠʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ 

ʧʦʜʙʦʨʝ ʪʝʨʘʧʠʠ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʨʦʬʠʣʶ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʣʦʢʘʣʠʟʘʮʠʡ ʨʘʢʘ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʘʢʪʠʢʫ ʣʝʯʝʥʠʷ ʠʣʠ ʧʨʝʜʩʢʘʟʘʪ ɹʚʳʞʠʚʘʝʤʦʩʪ ɹ (Curtis, 

et al., 2012; Estevez-Garcia, et al., 2015; Fernandez-Retana, et al., 2015). ʉʙʦʨ ʜʘʥʥʳʭ ʦ 

ʚʟʘʠʤʦʩʚʷʟʠ ʙʠʦʤʘʨʢʝʨʦʚ ʩ ʢʣʠʥʠʯʝʩʢʠʤ ʦʪʚʝʪʦʤ ʜʣʷ ʢʨʫʧʥʳʭ ʢʦʛʦʨʪ ʧʘʮʠʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʤʝʨʦʧʨʠʷʪʠʝʤ, ʢ ʪʦʤʫ ʞʝ ʦʛʨʘʥʠʯʝʥʥʳʤ ʚ ʘʨʩʝʥʘʣʝ ʣʝʢʘʨʩʪʚ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ (Costello, et al., 2014). ɺʤʝʩʪʦ ʵʪʦʛʦ ʚʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʩʢʨʠʥʠʥʛ ʣʝʢʘʨʩʪʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ «ʦʤʠʢʩʥʳʤ» ʧʨʦʬʠʣʠʨʦʚʘʥʠʝʤ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ, ʢʦʪʦʨʳʝ ʩʭʦʞʠ ʩ ʧʝʨʚʠʯʥʳʤʠ ʦʧʫʭʦʣʷʤʠ (Kao, et al., 2009). 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʨʝʜʩʢʘʟʳʚʘʣʠ ʚʦʟʤʦʞʥʳʡ ʦʪʚʝʪ ʥʘ ʪʝʨʘʧʠʶ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ 

ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʣʝʢʘʨʩʪʚʝʥʥʳʤ 

ʧʨʝʧʘʨʘʪʘʤ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ. ɻʠʝʣʝʨ ʩ ʢʦʣʣʝʛʘʤʠ ʨʘʟʨʘʙʦʪʘʣ ʤʦʜʝʣʠ ʛʨʝʙʥʝʚʦʡ 

ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ ʫ ʧʘʮʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʦʧʫʭʦʣʠ ʠ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥʳ IC50 ʧʨʝʧʘʨʘʪʦʚ, ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʙʦʣʴʰʦʡ ʛʨʫʧʧʝ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ (Geeleher, et al., 2014). ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʚʪʦʨʳ 

ʧʨʠʤʝʥʷʣʠ ʨʝʛʨʝʩʩʠʶ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʯʘʩʪʥʳʭ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʮʝʣʴʶ ʧʦʩʪʨʦʠʪʴ 

ʤʦʜʝʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʢ ʢ ʵʨʣʦʪʠʥʠʙʫ ʠ ʩʦʨʘʬʝʥʠʙʫ (Li, et al., 2015). ʇʘʥʝʣʴ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫ 

ʧʘʮʠʝʥʪʦʚ, ʧʦʣʫʯʘʚʰʠʭ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʝʧʘʨʘʪ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 44 ʨʘʟʣʠʯʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʣʝʢʘʨʩʪʚʘʤ ʧʨʦʚʝʣʠ Costello ʩ ʩʦʘʚʪʦʨʘʤʠ 

(Costello, et al., 2014). 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʨʝʘʣʠʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʝʢʪʦʚ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 

ʢ ʨʘʟʣʠʯʥʳʤ ʧʨʝʧʘʨʘʪʘʤ. ɺ ʧʨʦʝʢʪʝ Genomics of Drug Sensitivity in Cancer (Yang, et al., 2013) 

ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 138 ʧʨʦʪʠʚʦʨʘʢʦʚʳʤ ʪʝʨʘʧʠʷʤ ʜʣʷ ʙʦʣʝʝ 

ʪʳʩʷʯʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ. ɼʣʷ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʪʘʢʞʝ ʩʪʨʦʠʪʩʷ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʨʪʨʝʪ 

ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ ʦ ʪʨʘʥʩʢʨʠʧʪʦʤʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʢʦʣʠʯʝʩʪʚʝ ʢʦʧʠʡ 

67 ʦʥʢʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ. ʈʝʩʫʨʩ Cancer Cell Line Encyclopedia (Barretina, et al., 2012) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʛʝʥʦʤʘʤ, ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ, ʢʦʧʠʡʥʦʩʪʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʬʠʣʷʤ ʜʣʷ ʧʦʯʪʠ 1500 ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ. ʈʝʩʫʨʩ Cell-Miner ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ 
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ʢ ʙʘʟʝ ʜʘʥʥʳʭ NCI-60, ʩʦʙʨʘʥʥʦʡ ʅʘʮʠʦʥʘʣʴʥʳʤ ʠʥʩʪʠʪʫʪʦʤ ʨʘʢʘ ʉʐɸ (Wang, et al., 2016). 

ʕʪʘ ʧʘʥʝʣʴ ʠʟ 60 ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʨʘʢʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʙʳʣʘ ʚʩʝʩʪʦʨʦʥʥʝ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʥʘ ʨʘʟʥʳʭ ʛʝʥʦʤʥʳʭ, ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʣʘʪʬʦʨʤʘʭ, ʚʢʣʶʯʘʷ ʧʦʣʥʦʵʢʟʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ, ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʤʠʢʨʦʯʠʧʦʚ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 20 000 ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʦʪʥʶ ʣʝʢʘʨʩʪʚ, ʦʜʦʙʨʝʥʥʳʭ 

FDA. 

ʄʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʯʪʦ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ 

ʤʝʪʦʜʘʤʠ in silico ʤʦʞʝʪ ʩʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʣʝʯʝʥʠʷ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʕʪʦ ʜʝʰʝʚʣʝ ʠ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ in vitro (ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʤʳʰʠʥʳʭ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪʦʚ), ʠ ʧʦʟʚʦʣʷʝʪ 

ʩʢʨʠʥʠʨʦʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʪʥʠ ʧʨʝʧʘʨʘʪʦʚ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʬʠʣʠ. ʆʜʥʘʢʦ ʨʘʙʦʪʘ ʩ ʣʠʥʠʷʤʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʠʤʝʝʪ ʩʧʝʮʠʬʠʢʫ, 

ʚʢʣʶʯʘʷ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ 

ʦʧʫʭʦʣʝʡ (Wilding and Bodmer, 2014). ʂʨʦʤʝ ʪʦʛʦ, ʥʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʥʠʤʘʶʪ 

ʚʘʞʥʳʝ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʣʦʭʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (Haibe-Kains, et al., 2013; 

Safikhani, et al., 2016). 

ɼʨʫʛʠʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʦʥʢʦʛʝʥʝʟ, 

ʪʘʢʠʭ ʢʘʢ ʠʥʘʢʪʠʚʘʮʠʷ ʦʧʫʭʦʣʝʚʳʭ ʩʫʧʨʝʩʩʦʨʦʚ ʚʩʣʝʜʩʪʚʠʝ ʤʦʜʠʬʠʢʘʮʠʡ ʛʠʩʪʦʥʦʚ ʠʣʠ 

ʛʠʧʝʨʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʦʤʦʪʦʨʘ (Sonkin, et al., 2013). ʍʦʪʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʝ 

ʚʩʝʛʜʘ ʜʦʩʪʫʧʥʳ ʜʣʷ ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʦ ʜʣʷ ʧʦʜʙʦʨʘ ʪʝʨʘʧʠʠ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ (Ahmed, et al., 2013). ʀʥʪʝʨʝʩʥʳʤ ʨʝʩʫʨʩʦʤ 

ʷʚʣʷʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ dbEM, ʢʦʪʦʨʘʷ ʢʦʤʧʠʣʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʥʘʯʠʤʦʩʪʠ ʛʝʥʦʚ, 

ʤʫʪʘʮʠʷʭ, ʚʘʨʠʘʮʠʠ ʯʠʩʣʘ ʢʦʧʠʡ ʠ ʫʨʦʚʥʝ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ (Nanda, et al., 2016). ɺʦʟʤʦʞʥʘʷ ʨʦʣʴ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʥʦʤʘʣʠʡ ʚ ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʦʙʟʦʨʘʭ (Easwaran, et al., 2014; Shen 

and Laird, 2013). 
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ɻʃɸɺɸ 2. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ 

2.1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

2.1.1 ɺʳʷʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʛʝʥʦʚ 

ʉʚʝʜʝʥʠʷ ʦ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʷʭ ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʠʟ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ Synapse [synapse.org] ʧʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ syn1729383. ʋʢʘʟʘʥʥʳʝ ʜʘʥʥʳʝ 

ʠʩʭʦʜʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʧʨʦʝʢʪʘ The Cancer Genome Atlas ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʦʬʠʣʴʪʨʦʚʘʥʳ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʛʝʨʤʠʥʘʪʠʚʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ Kandoth ʩ ʩʦʘʚʪʦʨʘʤʠ (Kandoth et al., 2013). 

ɼʣʷ ʤʝʣʘʥʦʤʳ ʩʫʤʤʘʨʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 181 175 ʩʦʤʘʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ. ɼʘʥʥʳʝ ʦ 

ʧʦʣʠʤʦʨʬʠʟʤʘʭ ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʩ ʩʘʡʪʘ ʧʨʦʝʢʪʘ «1000 Genomes» 

[www.internationalgenome.org] ʚ ʚʠʜʝ VCF-ʬʘʡʣʘ ʠ ʘʥʥʦʪʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ANNOVAR (Wang, et al., 2010) ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ 

(ʩʢʨʠʧʪ annotate_variation.pl, ʨʝʞʠʤ geneanno). ʀʪʦʛʦʚʘʷ ʪʘʙʣʠʮʘ ʩʦʜʝʨʞʘʣʘ 

425 069 ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʢʦʜʠʨʫʶʱʠʭ ʦʙʣʘʩʪʷʭ ʛʝʥʦʤʘ. ɻʝʥʳ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʦ ʥʘʡʜʝʥʦ ʤʝʥʝʝ 10 ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʣʠʙʦ ʜʣʷ ʤʝʣʘʥʦʤʳ, ʣʠʙʦ ʜʣʷ 

ʧʨʦʝʢʪʘ «1000 ɻʝʥʦʤʦʚ», ʙʳʣʠ ʫʜʘʣʝʥʳ ʠʟ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʳʝ ʧʦ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʤʫ ʧʨʦʬʠʣʠʨʦʚʘʥʠʶ ʦʙʨʘʟʮʦʚ ʤʝʣʘʥʦʤʳ (ʚ ʚʠʜʝ ʨʝʟʫʣʴʪʘʪʦʚ RNASeq-

ʵʢʩʧʝʨʠʤʝʥʪʦʚ) ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʠʟ ʧʨʦʝʢʪʘ The Cancer Genome Atlas. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʚʝʜʝʥʠʷ ʦʙ ʵʢʩʧʨʝʩʩʠʠ 20 531 ʛʝʥʦʚ ʜʣʷ 374 ʦʙʨʘʟʮʦʚ. 

2.1.2 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ 

ɼʘʥʥʳʝ ʧʦ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʦʣʫʯʘʣʠ ʠʟ ʨʝʩʫʨʩʘ NCBI GEO 

[www.ncbi.nlm.nih.gov/geo]. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʧʨʠʤʝʥʠʣʠ 

ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʤ GSE4183 (Galamb, et al., 2008), GSE3307 (Bakay, et al., 2006) ʠ GSE5851 

(Khambata-Ford, et al., 2007). ʊʨʝʙʦʚʘʥʠʷ ʢ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: 

ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʤʫ ʧʨʦʬʠʣʠʨʦʚʘʥʠʶ ʜʦʣʞʝʥ ʙʳʣ 

ʚʢʣʶʯʘʪʴ ʛʨʫʧʧʫ ʢʦʥʪʨʦʣʷ (ʠʥʪʘʢʪʥʫʶ ʪʢʘʥʴ), ʠ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʜʚʝ ʜʨʫʛʠʝ ʛʨʫʧʧʳ 

ʦʙʨʘʟʮʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʙʦ ʨʘʟʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʣʠʙʦ ʧʦʜʪʠʧʘʤ ʟʘʙʦʣʝʚʘʥʠʷ, ʣʠʙʦ 

ʜʨʫʛʠʤ ʢʣʠʥʠʢʦ-ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʛʨʫʧʧʘ ʜʦʣʞʥʘ ʙʳʣʘ 

ʚʢʣʶʯʘʪʴ ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʦʙʨʘʟʮʦʚ. 

ʇʝʨʚʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ (GSE4183) ʚʢʣʶʯʘʣ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʧʨʦʬʠʣʠ 

ʜʣʷ 15 ʦʙʨʘʟʮʦʚ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ (ʂʈʈ), 15 ʦʙʨʘʟʮʦʚ ʩ ʧʨʝʜʨʘʢʦʚʦʡ ʘʜʝʥʦʤʦʡ, 
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15 ʦʙʨʘʟʮʦʚ ʩ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʢʠʰʝʯʥʠʢʘ ʠ ʚʦʩʝʤʴ ʦʙʨʘʟʮʦʚ ʠʥʪʘʢʪʥʦʛʦ 

ʢʠʰʝʯʥʠʢʘ. 

ʅʘʙʦʨ ʜʘʥʥʳʭ GSE3307 ʩʦʜʝʨʞʘʣ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʨʘʥʩʢʨʠʧʪʦʤʘʭ ʜʣʷ 121 ʦʙʨʘʟʮʘ 

ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʯʝʣʦʚʝʢʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ 13 ʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ. ʋʢʘʟʘʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʟʘʜʘʯʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʜʚʫʤ ʪʨʝʙʦʚʘʥʠʷʤ ð 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʩʨʘʚʥʠʚʘʝʤʳʭ ʥʦʟʦʣʦʛʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʨʢʠ 

ʛʨʫʧʧʠʨʦʚʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʩʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʝʭʘʥʠʟʤʘʭ ʧʘʪʦʛʝʥʝʟʘ. ʀʟʚʝʩʪʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʚʢʣʶʯʘʣʠ 18 ʦʙʨʘʟʮʦʚ 

ʥʦʨʤʘʣʴʥʦʡ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮʳ ʯʝʣʦʚʝʢʘ, ʧʷʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʦʩʪʨʦʡ ʢʚʘʜʨʠʧʣʝʛʠʯʝʩʢʦʡ 

ʤʠʦʧʘʪʠʝʡ, 21 ʧʘʮʠʝʥʪ ʩ ʶʚʝʥʠʣʴʥʳʤ ʜʝʨʤʘʪʦʤʠʦʟʠʪʦʤ, ʜʝʚʷʪʴ ʧʘʮʠʝʥʪʦʚ ʩ 

ʘʤʠʦʪʨʦʬʠʯʝʩʢʠʤ ʙʦʢʦʚʳʤ ʩʢʣʝʨʦʟʦʤ, ʯʝʪʳʨʝ ʧʘʮʠʝʥʪʘ ʩ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʩʧʘʩʪʠʯʝʩʢʦʡ 

ʧʘʨʘʧʣʝʛʠʝʡ, ʚʦʩʝʤʴ ʧʘʮʠʝʥʪʦʚ ʩ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʝʡ ʕʤʝʨʠ-ɼʨʝʡʬʫʩʘ (ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ 

ʍ-ʩʮʝʧʣʝʥʥʦʡ ʨʝʮʝʩʩʠʚʥʦʡ ʬʦʨʤʳ ʠ ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ ʘʫʪʦʩʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʦʡ ʬʦʨʤʳ), ʩʝʤʴ 

ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʩʪʨʦʛʣʠʢʘʥʦʧʘʪʠʝʡ, ʚʳʟʚʘʥʥʦʡ ʤʫʪʘʮʠʝʡ ʚ ʛʝʥʝ FKRP, ʧʷʪʴ ʧʘʮʠʝʥʪʦʚ ʩ 

ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʝʡ ɹʝʢʢʝʨʘ, 10 ʧʘʮʠʝʥʪʦʚ ʩ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʝʡ ɼʶʰʝʥʥʘ, 

10 ʧʘʮʠʝʥʪʦʚ ʩ ʜʝʬʠʮʠʪʦʤ ʢʘʣʴʧʘʠʥʘ 3, 10 ʧʘʮʠʝʥʪʦʚ ʩ ʜʝʬʠʮʠʪʦʤ ʜʠʩʬʝʨʣʠʥʘ ʠ 

14 ʧʘʮʠʝʥʪʦʚ ʩ ʬʘʩʮʠʦ-ʩʢʘʧʫʣʦ-ʛʫʤʝʨʘʣʴʥʦʡ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʝʡ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ GSE5851 ʠʟʫʯʘʣʘʩʴ ʛʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ 80 ʦʙʨʘʟʮʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʛʦ ʂʈʈ. ɺ ʤʝʪʘʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʣʘʩʴ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʦʢʘʟʘʣʩʷ ʣʠ ʧʘʮʠʝʥʪ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʪʝʨʘʧʠʠ ʮʝʪʫʢʩʠʤʘʙʦʤ ʩʦʛʣʘʩʥʦ 

ʢʨʠʪʝʨʠʷʤ RECIST (Eisenhauer, et al., 2009). 

ʇʨʦʚʦʜʠʣʠ ʝʜʠʥʦʦʙʨʘʟʥʫʶ ʧʦʩʪʦʙʨʘʙʦʪʢʫ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʵʪʦʛʦ 

ʚʝʣʠʯʠʥʳ ʵʢʩʧʨʝʩʩʠʠ ʣʦʛʘʨʠʬʤʠʨʦʚʘʣʠ ʠ ʥʦʨʤʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʥʘ ʫʩʨʝʜʥʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦ ʚʩʝʤ ʧʘʮʠʝʥʪʘʤ ʠ ʥʦʨʤʠʨʦʚʘʥʠʝ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʢʘʞʜʳʡ ʟʦʥʜ ʠʤʝʣ ʥʫʣʝʚʦʝ ʩʨʝʜʥʝʝ ʠ ʝʜʠʥʠʯʥʫʶ ʜʠʩʧʝʨʩʠʶ. ɼʣʷ ʩʠʥʦʥʠʤʠʯʥʳʭ ʟʦʥʜʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʜʥʦʤʫ ʛʝʥʫ, ʦʪʙʠʨʘʣʠ ʟʦʥʜ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʩʨʝʜʥʝʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʨʝʜʠ ʚʩʝʭ ʦʙʨʘʟʮʦʚ. 

2.1.3. ʀʟʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʪʚʝʪʘ ʥʘ ʪʝʨʘʧʠʶ ʮʝʪʫʢʩʠʤʘʙʦʤ 

ʀʟ ʙʘʟʳ ʜʘʥʥʳʭ NCBI GEO [www.ncbi.nlm.nih.gov/geo] ʟʘʛʨʫʟʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʜʝʚʷʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ (GSE13294, GSE14333, 

GSE17538, GSE18105, GSE4107, GSE4183, GSE9348, GSE8671, GSE5851). ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʠʣʦ 863, ʠʟ ʢʦʪʦʨʳʭ 794 ʦʙʨʘʟʮʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪ ʙʦʣʴʥʳʭ 
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ʢʦʣʦʨʝʢʪʘʣʴʥʳʤ ʨʘʢʦʤ, ʘ 79 ʦʙʨʘʟʮʦʚ ʠʥʪʘʢʪʥʦʛʦ ʢʠʰʝʯʥʠʢʘ ð ʦʪ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ GSE5851 ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʯʠʧ Affymetrix HGU133A 2.0, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʣʘʪʬʦʨʤʝ Affymetrix HGU133 

Plus 2.0. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ 22 585 ʟʦʥʜʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʦʙʦʠʭ ʪʠʧʘʭ ʤʠʢʨʦʯʠʧʦʚ. ɼʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʘʣʛʦʨʠʪʤ FARMS, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʦʜʥʦʠʤʝʥʥʦʤ ʧʘʢʝʪʝ ʠʟ ʨʝʧʦʟʠʪʦʨʠʷ Bioconductor 

(Hochreiter, et al., 2006). ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ 

ʟʦʥʜʦʚ, ʩʦʛʣʘʩʥʦ ʵʪʦʤʫ ʤʝʪʦʜʫ, ʙʳʣʦ ʦʪʦʙʨʘʥʦ 9254 ʟʦʥʜʦʚ. ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʟʦʥʜʦʚ ʩ 

ʛʝʥʘʤʠ, ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʜʥʦʤʫ ʛʝʥʫ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʝʩʢʦʣʴʢʦ ʟʦʥʜʦʚ, ʦʪʙʠʨʘʣʠ 

ʪʦʣʴʢʦ ʦʜʠʥ ʟʦʥʜ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʀʪʦʛʦʚʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʩʦʩʪʦʷʣ ʠʟ 

863 ʦʙʨʘʟʮʦʚ ʠ 6377 ʛʝʥʦʚ. 

2.1.4. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʜʣʷ ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʤʥʳʭ 

ʚʘʨʠʘʥʪʦʚ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʜʣʷ ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʤʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ (ʂʈʈ) ʠ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʨʦʚʝʣʠ ʧʦʣʥʦʵʢʟʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ 10 ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʜʣʷ ʧʷʪʠ ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʘʛʥʦʟʦʤ ʂʈʈ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʧʷʪʴ ʦʙʨʘʟʮʦʚ ʪʢʘʥʠ ʦʧʫʭʦʣʠ ʠ ʧʷʪʴ 

ʦʙʨʘʟʮʦʚ ʠʥʪʘʢʪʥʦʛʦ ʪʦʣʩʪʦʛʦ ʢʠʰʝʯʥʠʢʘ. ʅʠ ʦʜʠʥ ʠʟ ʧʘʮʠʝʥʪʦʚ ʜʦ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʥʝ ʧʦʣʫʯʘʣ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʠʣʠ ʭʠʤʠʦʪʝʨʘʧʠʠ. ʇʨʦʚʦʜʠʣʠ 

ʛʠʩʪʦʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʣʘʟʝʨʥʦʡ ʤʠʢʨʦʜʠʩʩʝʢʮʠʝʡ (ArcturusXT, 

Arcturus, ʉʐɸ). ɼʦʩʪʠʛʘʣʠ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (ʦʢʦʣʦ 70%) 

ʚ ʦʙʨʘʟʮʘʭ ʧʫʪʝʤ ʦʪʜʝʣʝʥʠʷ ʠʭ ʧʦʧʫʣʷʮʠʡ ʦʪ ʦʢʨʫʞʘʶʱʠʭ ʢʣʝʪʦʢ. ɻʝʥʦʤʥʫʶ ɼʅʂ ʠʟ 

ʪʢʘʥʝʡ ʧʦʩʣʝ ʤʠʢʨʦʜʠʩʩʝʢʮʠʠ ʧʦʣʫʯʘʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʙʦʨʘ QIAamp DNA Investigator Kit  

(QIAGEN, ʅʠʜʝʨʣʘʥʜʳ) ʧʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʂʘʯʝʩʪʚʦ ɼʅʂ ʦʮʝʥʠʚʘʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʥʘ ʧʨʠʙʦʨʝ Nanodrop®ND-1000 (Thermo Fisher Scientific, ʉʐɸ). 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʚ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʠʣʦ 70%. ʆʙʨʘʟʮʳ ʦʧʫʭʦʣʠ 

ʠ ʠʥʪʘʢʪʥʦʡ ʪʢʘʥʠ ʫ ʩʫʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩ ʠʭ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʛʣʘʩʠʷ, 

ʘ ʩʘʤʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪɻʠʯʝʩʢʦʤʫ ʢʦʜʫ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ʍʝʣʴʩʠʥʢʩʢʘʷ ʜʝʢʣʘʨʘʮʠʷ). ɻʠʩʪʦʣʦʛʠʯʝʩʢʠ ʚʩʝ ʦʙʨʘʟʮʳ ʙʳʣʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ. ʂʣʠʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʮʠʝʥʪʦʚ 

ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ (ʊʘʙʣʠʮʘ 2).  
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ʊʘʙʣʠʮʘ 2. ʂʣʠʥʠʯʝʩʢʠʝ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʮʠʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʵʢʟʦʤʘ ʦʙʨʘʟʮʦʚ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʠ ʠʥʪʘʢʪʥʦʡ ʪʢʘʥʠ ʢʠʰʝʯʥʠʢʘ  

ˉ ɺʦʟʨʘʩʪ, ʧʦʣ ʉʪʝʧʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʉʪʘʜʠʷ ʈʘʩʧʦʣʦʞʝʥʠʝ ʂʣʘʩʩʠʬ. TNM 

K25 51, ɾ ɺʳʩʦʢʦʜʠʬʬʝʨʝʥʮ. II  ʇʝʯʝʥʦʯʥʳʡ ʠʟʛʠʙ T4NxM0 

K26 59, ɾ ʋʤʝʨʝʥʥʦ ʜʠʬʬʝʨʝʥʮ. IV ʉʠʛʤʦʚʠʜʥʘʷ ʢʠʰʢʘ T4NxM1 

K27 69, ʄ ʋʤʝʨʝʥʥʦ ʜʠʬʬʝʨʝʥʮ. IV ɺʦʩʭʦʜ. ʦʙʦʜ. ʢʠʰʢʘ T4N+M1 

K28 74, ɾ ɺʳʩʦʢʦʜʠʬʬʝʨʝʥʮ. II  ʉʠʛʤʦʚʠʜʥʘʷ ʢʠʰʢʘ T3NxM0 

K31 72, ʄ ɺʳʩʦʢʦʜʠʬʬʝʨʝʥʮ. II  ʉʠʛʤʦʚʠʜʥʘʷ ʢʠʰʢʘ T4N0M0 

 

ʇʨʦʚʝʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʵʢʟʦʤʘ ʠ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʜʣʷ ʩʚʝʞʝʟʘʤʦʨʦʞʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ, ʥʝ ʦʩʣʦʞʥʝʥʥʦʡ ʛʝʧʘʪʠʪʦʤ ʉ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʨʘʟʮʘ 

ʧʨʠʣʝʛʘʶʱʝʡ ʟʜʦʨʦʚʦʡ ʪʢʘʥʠ ʧʝʯʝʥʠ. ʆʙʨʘʟʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʛʣʘʩʠʷ ʧʘʮʠʝʥʪʘ (66 ʣʝʪ, ʤʫʞʯʠʥʘ), ʘ ʩʘʤʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪɻʠʯʝʩʢʦʤʫ 

ʢʦʜʫ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ʍʝʣʴʩʠʥʢʩʢʘʷ ʜʝʢʣʘʨʘʮʠʷ). ʆʙʨʘʟʝʮ ʪʢʘʥʠ 

ʦʧʫʭʦʣʠ ʙʳʣ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥ ʢʘʢ «ʫʤʝʨʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʘʷ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʘʷ ʢʘʨʮʠʥʦʤʘ». 

ɻʝʥʦʤʥʫʶ ɼʅʂ ʠ ʦʙʱʫʶ ʈʅʂ ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʢʠʪʦʚ Wizard SV Genomic DNA 

Purification System, Promega and PureLink RNA Mini  Kit , Life Technologies with DNase 

treatment. ʂʘʯʝʩʪʚʦ ʈʅʂ ʧʨʦʚʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Agilent 2100 Bioanalyzer; ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʦʙʨʘʟʮʳ ʩ ʠʥʜʝʢʩʦʤ RIN, ʧʨʝʚʳʰʘʶʱʠʤ ʩʝʤʴ. ʇʝʨʝʜ ʧʦʜʛʦʪʦʚʢʦʡ 

ʙʠʙʣʠʦʪʝʢ ʫʜʘʣʷʣʠ ʨʠʙʦʩʦʤʥʫʶ ʈʅʂ ʩ ʧʦʤʦʱʴʶ Ribo-Zero Gold rRNA Removal Kit 

(Epicentre Biotechnologies, ʉʐɸ). ɼʝʧʣʝʪʠʨʦʚʘʥʥʫʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʈʅʂ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TruSeq Stranded mRNA Library Prep Kit (Illumina, ʉʐɸ). ɹʠʙʣʠʦʪʝʢʠ ʙʳʣʠ 

ʧʨʦʩʝʢʚʝʥʠʨʦʚʘʥʳ ʥʘ ʧʨʠʙʦʨʝ Illumina HiSeq2000 ʩ ʥʘʙʦʨʦʤ TruSeq v3. ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʨʝʞʠʤ ʧʘʨʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩ ʜʣʠʥʦʡ ʧʨʦʯʪʝʥʠʷ, ʨʘʚʥʦʡ 100 ʦʩʥʦʚʘʥʠʡ.  

2.2. ɺʳʷʚʣʝʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ 

ʆʩʥʦʚʫ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʧʘʮʠʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ SNEA, Sub-Network Enrichment Analysis 

(Sivachenko, et al., 2007). ʋʢʘʟʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ʩʠʩʪʝʤʥʦʡ ʙʠʦʣʦʛʠʠ ʤʝʪʦʜʘ GSEA, Geneset Enrichment Analysis 

(Subramanian, et al., 2005), ʢʦʪʦʨʳʡ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʥʘʙʦʨʳ ʛʝʥʦʚ (gene sets), 

ʧʦʢʘʟʳʚʘʶʱʠʭ ʜʦʩʪʦʚʝʨʥʦ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʦʩʪʦʷʥʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʙʦʣʝʟʥʴ ʠ ʥʦʨʤʘ). ʇʨʠ ʵʪʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʯʠʭ ʤʝʪʦʜʦʚ, 

ʷʚʣʷʶʱʠʭʩʷ ʨʘʩʰʠʨʝʥʠʝʤ GSEA, ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʝ a priori  ʥʘʙʦʨʳ ʛʝʥʦʚ, 
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ʥʘʧʨʠʤʝʨ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ SNEA ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʥʘʙʦʨʦʚ ʛʝʥʦʚ «ʥʘ ʣʝʪʫ», ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ ʛʣʦʙʘʣʴʥʫʶ ʛʝʥʥʦ-

ʨʝʛʫʣʷʪʦʨʥʫʶ ʩʝʪʴ. ʂʘʞʜʳʡ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʡ ʥʘʙʦʨ ʛʝʥʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʘ ʪʘʢʞʝ ʛʝʥʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʠʭ ʵʢʩʧʨʝʩʩʠʶ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ 

ʤʦʪʠʚʘʮʠʷ ʘʣʛʦʨʠʪʤʘ SNEA ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʝʩʣʠ ʩʨʝʜʠ ʥʘʙʦʨʘ ʛʝʥʦʚ, ʯʴʷ ʵʢʩʧʨʝʩʩʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʦʜʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ ʩ 

ʠʟʤʝʥʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ, ʪʦ ʪʘʢʦʡ ʨʝʛʫʣʷʪʦʨ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ. 

ʇʨʠʤʝʨ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʛʝʥʥʦʡ ʧʦʜʩʝʪʠ, ʚʳʷʚʣʷʝʤʦʡ ʘʣʛʦʨʠʪʤʦʤ SNEA, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 10, ʛʜʝ ʮʚʝʪʦʤ ʫʢʘʟʘʥ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʚ 

ʦʧʫʭʦʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʛʫʣʷʪʦʨ ʵʢʩʧʨʝʩʩʠʠ ð 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ HNF4G ð ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʚ 

ʦʧʫʭʦʣʠ, ʦʜʥʘʢʦ ʨʝʛʫʣʠʨʫʝʤʳʝ ʠʤ ʛʝʥʳ (ʚ ʯʘʩʪʥʦʩʪʠ, APOA1, PKLR, CYP3A4) ʧʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʵʢʩʧʨʝʩʩʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʙʣʶʜʘʝʤʦʝ 

ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʫʢʘʟʘʥʥʳʭ ʛʝʥʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʥʠʞʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʩʘʤʦʛʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ð ʨʝʛʫʣʷʪʦʨʘ. 

 

 

ʈʠʩʫʥʦʢ 10. ʇʨʠʤʝʨ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʛʝʥʥʦʡ ʩʝʪʠ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʣʛʦʨʠʪʤʦʤ SNEA. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴʶ ʮʚʝʪʘ ʟʘʢʦʜʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʚ ʦʧʫʭʦʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʦʡ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʘ (ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ HNF4G) ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʠʤ ʛʝʥʦʚ: APOA1, PKLR, CYP3A4 ʠ ʜʨ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʤʝʞʛʝʥʥʦʡ ʨʝʛʫʣʷʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥʥʦ-

ʨʝʛʫʣʷʪʦʨʥʫʶ ʩʝʪʴ ResNet (Elsevier, ʅʠʜʝʨʣʘʥʜʳ), ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʙʘʟʫ ʟʥʘʥʠʡ ʦ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʩʚʷʟʷʭ. ɽʝ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʟʣʳ ʛʨʘʬʘ ð 

ʚʩʝʚʦʟʤʦʞʥʳʝ ʢʣʘʩʩʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʫʱʥʦʩʪʝʡ (ʙʝʣʦʢ, ʛʝʥ, ʤʘʣʘʷ ʤʦʣʝʢʫʣʘ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʣʘʩʩ, ʢʣʝʪʦʯʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʤʧʣʝʢʩ ʠ ʪ.ʜ.) ð ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 
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ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʨʝʙʝʨ, ʚʢʣʶʯʘʷ ʨʝʛʫʣʷʪʦʨʥʳʝ (ʥʘʧʨʠʤʝʨ, ʨʝʛʫʣʷʮʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ) ʠ 

ʬʠʟʠʯʝʩʢʠʝ (ʥʘʧʨʠʤʝʨ, ʙʝʣʦʢ-ʙʝʣʢʦʚʳʝ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʪʴ ResNet 

ʠʩʭʦʜʥʦ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ MedScan (Daraselia, et al., 2004; Novichkova, et al., 2003). 

ʂ ʤʦʤʝʥʪʫ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʪʴ ResNet ʩʦʩʪʦʷʣʘ ʙʦʣʝʝ ʯʝʤ ʠʟ 1,5 ʤʠʣʣʠʦʥʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʙʦʣʝʝ ʯʝʤ 22 ʤʠʣʣʠʦʥʦʚ ʨʝʟʶʤʝ ʠ 880 ʪʳʩʷʯ 

ʧʦʣʥʳʭ ʪʝʢʩʪʦʚ ʩʪʘʪʝʡ ʧʦ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʝʤʘʪʠʢʝ. ʇʦʩʢʦʣʴʢʫ ʚ ʩʝʪʠ ResNet 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʫʱʥʦʩʪʝʡ, ʪʦ ʧʨʠ ʧʦʠʩʢʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʩʝʪʝʡ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ SNEA ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʜʨʫʛʘʷ 

ʥʝʬʠʟʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʝ ʠʟʤʝʨʷʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ð ʥʘʧʨʠʤʝʨ, ʛʨʫʧʧʘ 

ʛʝʥʦʚ/ʙʝʣʢʦʚ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʣʘʩʩ), ʢʣʝʪʦʯʥʳʡ ʧʨʦʮʝʩʩ ʠ ʪ.ʜ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ SNEA ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʦʜʭʦʜʝ ʜʣʷ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʬʠʣʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ. 

2.3. ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʘʨʪʘ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʧʘʮʠʝʥʪʦʚ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʩʚʦʜʠʪʩʷ 

ʢ ʧʦʩʪʨʦʝʥʠʶ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʯʠʩʣʝʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʦʪʨʘʞʘʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ 

ʚ ʨʝʛʫʣʷʮʠʠ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ. ʇʘʮʠʝʥʪʳ ʩʦ ʩʭʦʞʠʤ ʧʨʦʬʠʣʝʤ ʜʦʣʞʥʳ ʠʤʝʪʴ ʠ ʩʭʦʞʠʝ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʨʘʟʣʠʯʥʳʝ ʧʦʜʪʠʧʳ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ ʛʨʫʧʧʳ ʟʘʙʦʣʝʚʘʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʩʝʪʠ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ SNEA ʠ ʩʦʩʪʦʷʱʠʝ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʛʝʥʘ-ʨʝʛʫʣʷʪʦʨʘ 

ʠ ʥʘʙʦʨʘ ʨʝʛʫʣʠʨʫʝʤʳʭ ʠʤ ʛʝʥʦʚ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Pathway 

Studio 9.0 (Elsevier, ʅʠʜʝʨʣʘʥʜʳ) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʠʧ ʨʝʛʫʣʷʪʦʨʘ ʟʘʜʘʚʘʣʠ 

ʢʘʢ çʙʝʣʦʢè, çʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʣʘʩʩè ʠʣʠ çʢʦʤʧʣʝʢʩè, ʪʠʧʳ ʩʦʩʝʜʝʡ ʧʦ ʛʝʥʥʦ-

ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʝʪʠ ʟʘʜʘʚʘʣʠ ʢʘʢ çʙʝʣʦʢè, ʪʠʧʳ ʫʯʠʪʳʚʘʝʤʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʫʢʘʟʳʚʘʣʠ ʢʘʢ 

« ʢɻʩʧʨʝʩʩʠʷè ʠʣʠ çʩʚʷʟʳʚʘʥʠʝ ʩ ʧʨʦʤʦʪʦʨʦʤè. 

ʅʘʡʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ Pathway Studio ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʛʝʥʥʦ-ʨʝʛʫʣʷʪʦʨʥʳʝ ʩʝʪʠ 

ʦʙʲʝʜʠʥʷʣʠ ʚ ʢʣʘʩʪʝʨʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʭʦʞʝʩʪʠ ʥʘʙʦʨʘ ʨʝʛʫʣʠʨʫʝʤʳʭ ʛʝʥʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʨʫ ɾʘʢʢʘʨʘ (Jaccard distance): ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʘʨʦʡ ʨʝʛʫʣʷʪʦʨʦʚ r1 ʠ r2, 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʥʘʙʦʨʳ ʛʝʥʦʚ A1 ʠ A2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ:  
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ÄÒȟÒ ρ
ȿ!᷊!ȿ

ȿ!᷾!ȿ
 (1) 

ɺʳʯʠʩʣʷʣʠ ʤʘʪʨʠʮʫ ʧʦʧʘʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ɾʘʢʢʘʨʘ ʜʣʷ ʚʩʝʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʟʘʪʝʤ 

ʧʨʠʤʝʥʷʣʠ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʦʜʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʤʝʪʦʜʦʤ ʋʦʨʜʘ (Kaufman and Rousseeuw, 2005; Thalamuthu, 

et al., 2006). ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʢʘʟʘʣ ʩʝʙʷ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʚ ʩʨʘʚʥʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʠ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʳʤ ʧʘʨʘʤʝʪʨʦʤ 

ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʜʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʙʠʝʥʠʝ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʝʪʦʜʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ 

ʪ.ʥ. «ʩʠʣʫʵʪʦʚ» (silhouette) (Kaufman and Rousseeuw, 2005). ʄʝʪʦʜ ʩʠʣʫʵʪʦʚ ʩʦʩʪʦʠʪ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʘʟʙʠʝʥʠʠ n ʦʙʲʝʢʪʦʚ ʥʘ ʢʣʘʩʪʝʨʳ, ʜʣʷ ʢʘʞʜʦʛʦ i-ʛʦ ʦʙʲʝʢʪʘ 

ʦʧʨʝʜʝʣʷʪʁʩʷ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: 

¶ ai ð ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʭ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʚ ʩʚʦʝʤ ʢʣʘʩʪʝʨʝ; 

¶ d(i,ʉ) ð ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʭ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʚ ʢʣʘʩʪʝʨʝ ʉ; 

¶ bi ð min d(i,ʉ). 

ɼʘʣʝʝ ʜʣʷ i-ʛʦ ʦʙʲʝʢʪʘ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ swi, ʥʘʟʳʚʘʝʤʦʝ «ʰʠʨʠʥʦʡ ʩʠʣʫʵʪʘ» 

(silhouette width): 

Óύ
ὦ ὥ

ÍÁØὥȟὦ
 (2) 

ɼʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʠʣʫʵʪʦʚ: 

ίύ
ρ

ὲ
ίύ (3) 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ίύ ʦʮʝʥʠʚʘʝʪ «ʢʘʯʝʩʪʚʦ» ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʛʦ ʩʠʣʫʵʪʘ ʦʟʥʘʯʘʶʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʢʣʘʩʪʝʨʠʟʘʮʠʝʡ ʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʠʟʘʮʠʷ ʚʝʣʠʯʠʥʳ 

ʩʨʝʜʥʝʛʦ ʩʠʣʫʵʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ 

ʨʝʛʫʣʷʪʦʨʦʚ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʣʠʟʘʮʠʶ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʛʦ ʩʠʣʫʵʪʘ, 

ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʚ ʙʠʙʣʠʦʪʝʢʝ hopach (Pollard, et al., 2003). ʉʪʨʦʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʢʦʣʠʯʝʩʪʚʦʤ ʢʣʘʩʪʝʨʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʙʠʝʥʠʝ, ʠ ʚʝʣʠʯʠʥʦʡ ʩʨʝʜʥʝʛʦ ʩʠʣʫʵʪʘ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʩʯʠʪʘʣʠ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦ ʩʠʣʫʵʪʘ 

ʜʦʩʪʠʛʘʣʘ ʤʘʢʩʠʤʫʤʘ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ ʚʳʯʠʩʣʷʣʠ ʤʝʨʫ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ. ʇʫʩʪʴ Ò 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ (logratio) ʜʣʷ ʚʩʝʭ ʛʝʥʦʚ, 
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ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ i-ʳʤ ʨʝʛʫʣʷʪʦʨʦʤ. ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ logratio ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ 

ʚʳʯʠʩʣʷʣʠ ʢʘʢ ὰέὫ̞ ̠̋̒̐̑̆̒̒̉ ̃ ̖̞̠̏̐̔̏̌̉̋̒̐̑̆̒̒̉ ̃ ̝̎̏̑̍́̌̎̏̊ ̓̋́̎̉ϳ . ɼʣʷ 

ʢʘʞʜʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚʳʯʠʩʣʷʣʠ ʤʝʜʠʘʥʫ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥʳ logratio, ʫʤʥʦʞʝʥʥʫ  ʁʥʘ ʜʣʠʥʫ 

ʚʝʢʪʦʨʘ Ò:  

+ ÍÅÄÉÁÎÒ ȿÒ ȿ (4) 

ɼʘʣʝʝ ʜʣʷ ʚʩʝʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠʟ j-ʛʦ ʢʣʘʩʪʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ K 

ʩʫʤʤʠʨʦʚʘʣʠ ʜʣʷ ʚʩʝʭ . ʨʝʛʫʣʷʪʦʨʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʣʘʩʪʝʨʫ, 

# + (5) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʚʝʢʪʦʨʦʤ R, ʩʦʩʪʦʷʱʠʤ ʠʟ 

ʟʥʘʯʝʥʠʡ ʘʢʪʠʚʥʦʩʪʝʡ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ Cj.  

ɺʳʯʠʩʣʝʥʥʳʡ ʜʣʷ ʨʷʜʘ ʦʙʨʘʟʮʦʚ ʥʘʙʦʨ ʚʝʢʪʦʨʦʚ R ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠ ʢʘʢ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʢʘʨʪʫ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʥʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʠʣʠ ʤʘʪʨʠʮʫ ʩʭʦʞʝʩʪʠ 

ʦʙʨʘʟʮʦʚ S, ʛʜʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ i ʠ j ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ: 

Sij = 1 ï cor(Ri, Rj), (6) 

ʛʜʝ ʬʫʥʢʮʠʷ cor ʦʟʥʘʯʘʝʪ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ. ɼʘʣʝʝ 

ʧʦʣʫʯʝʥʥʫ  ʁʤʘʪʨʠʮʫ S ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʋʦʨʜʘ (Kaufman and Rousseeuw, 2005; Thalamuthu, et al., 2006), ʪʝʤ ʩʘʤʳʤ 

ʦʧʨʝʜʝʣʷ ̫ʩʭʦʞʠʝ ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ. 

2.3.1. ʉʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠ ʦʮʝʥʢʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ 

ʀʥʜʝʢʩ ʈʵʥʜʘ (Kaufman and Rousseeuw, 2005) ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʨʘʟʙʠʝʥʠʡ G1 ʠ G2, ʛʜʝ G1 ð ʛʨʫʧʧʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʘʢʪʠʚʥʦʩʪʴʶ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ, ʘ G2 ð ʛʨʫʧʧʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʦʝ ʣʠʙʦ ʩ 

ʧʦʤʦʱʴʶ ʜʨʫʛʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʣʠʙʦ ʨʘʟʙʠʝʥʠʝ ʩʦʛʣʘʩʥʦ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤ 

ʢʣʠʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʥʘʧʨʠʤʝʨ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʣʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʘʧʠʠ). 

ʀʥʜʝʢʩ ʈʵʥʜʘ ʚʳʯʠʩʣʷʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʦʙʨʘʟʮʦʚ ix  ʠ 
jx  

ʚʦʟʤʦʞʝʥ ʦʜʠʥ ʠʟ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ: 

ʘ) ix  ʠ 
jx  ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʥʦʡ ʛʨʫʧʧʝ ʚ G1 ʠ ʚ G2.  

ʙ) ix  ʠ 
jx  ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʟʥʳʭ ʛʨʫʧʧʘʭ ʚ G1 ʠ ʚ G2.  

ʚ) ix  ʠ 
jx  ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʥʦʡ ʛʨʫʧʧʝ ʚ G1, ʥʦ ʚ ʨʘʟʥʳʭ ʛʨʫʧʧʘʭ ʚ G2.  
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ʛ) ix  ʠ 
jx  ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʥʦʡ ʛʨʫʧʧʝ ʚ G2, ʥʦ ʚ ʨʘʟʥʳʭ ʛʨʫʧʧʘʭ ʚ G1.  

ʂʦʣʠʯʝʩʪʚʦ ʩʣʫʯʘʝʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʧʫʥʢʪʘʤ, ʦʙʦʟʥʘʯʠʣʠ ʢʘʢ 

a, b, c, d ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʚʘʨʠʘʥʪʳ ʘ) ʠ ʙ) ʦʪʚʝʯʘʣʠ ʩʦʛʣʘʩʦʚʘʥʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʦʙʨʘʟʮʦʚ, ʪ.ʝ. ʨʘʟʙʠʝʥʠʷ G1 ʠ G2 ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʠ ʜʨʫʛ ʜʨʫʛʫ. ʅʘʧʨʦʪʠʚ, 

ʚʘʨʠʘʥʪʳ ʚ) ʠ ʛ) ʦʪʚʝʯʘʣʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʦʙʨʘʟʮʦʚ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʨʘʟʙʠʝʥʠʷ G1 ʠ G2 ʧʨʦʪʠʚʦʨʝʯʠʣʠ ʜʨʫʛ ʜʨʫʛʫ. ʀʥʜʝʢʩ ʈʵʥʜʘ ʚʳʯʠʩʣʷʣʠ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʯʘʝʚ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʛʨʫʧʧʳ ʢ 

ʦʙʱʝʤʫ ʯʠʩʣʫ ʚʦʟʤʦʞʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ: 

2

a b a b
R

na b c d

+ +
= =
+ + + å õ

æ ö
ç ÷, 

(7) 

ʛʜʝ n ð ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ R ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (7) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ 

ʢʣʘʩʪʝʨʦʚ ʠ ʠʤʝʝʪ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ, ʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪ.ʥ. ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʠʥʜʝʢʩ ʈʵʥʜʘ (Kaufman and Rousseeuw, 2005): 

( )

( )( )( )( )( )
2 ab cd

R
a d d b a c c b

-
¡=

+ + + + +
 

(8) 

ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʝ, ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʈʵʥʜʘ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1, ʧʨʠʯʝʤ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʦʟʥʘʯʘʣʠ ʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʚʫʭ 

ʨʘʟʙʠʝʥʠʡ ʦʙʨʘʟʮʦʚ. 

ʆʮʝʥʠʚʘʣʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʘʟʙʠʝʥʠʡ ʦʙʨʘʟʮʦʚ ʥʘ ʛʨʫʧʧʳ. ɼʣʷ 

ʵʪʦʛʦ ʚʳʧʦʣʥʷʣʠ 1000 ʙʫʪʩʪʨʵʧ-ʮʠʢʣʦʚ, ʢʘʞʜʳʡ ʨʘʟ ʠʩʧʦʣʴʟʫʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʦʪʦʙʨʘʥʥʳʝ 90% ʦʙʨʘʟʮʦʚ ʠʟ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʥʜʝʢʩ ʈʵʥʜʘ, 

ʦʮʝʥʠʚʘʷ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʙʠʝʥʠʝʤ ʩʦʛʣʘʩʥʦ ʘʢʪʠʚʥʦʩʪʷʤ ʢʣʘʩʪʝʨʦʚ 

ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʨʝʬʝʨʝʥʩʥʳʤ ʨʘʟʙʠʝʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ 

ʙʫʪʩʪʨʵʧ-ʮʠʢʣʦʚ ʧʦʣʫʯʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʦʚ ʈʵʥʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʦʮʝʥʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʳʭ ʨʘʟʣʠʯʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʨʘʟʙʠʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʳʭ ʤʝʪʦʜʦʚ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʛʦʨʠʪʤ 

GSVA, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʦʜʥʦʠʤʝʥʥʦʤ R-ʧʘʢʝʪʝ (Hanzelmann, et al., 2013), ʘ ʪʘʢʞʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʧʨʦʬʠʣʝʡ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʝʪʦʜʦʤ Partitioning 

Around Medoids (PAM), ʨʝʘʣʠʟʦʚʘʥʥʫ  ʁʚ R-ʧʘʢʝʪʝ cluster (Maechler et al., 2014). ɼʣʷ ʦʙʦʠʭ 

ʨʝʬʝʨʝʥʩʥʳʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʩʪʨʦʡʢʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. 
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2.3.2. ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʩʢʨʠʤʠʥʘʪʦʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʢʨʠʤʠʥʘʥʪ ʌʠʰʝʨʘ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʜʠʩʢʨʠʤʠʥʘʪʦʨʥʫʶ ʩʠʣʫ i-ʛʦ 

ʢʣʘʩʪʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ a ʠ b ʠʤʝʶʱʠʤʠ ʩʨʝʜʥʶʶ ʘʢʪʠʚʥʦʩʪʴ ʈÉȟÁ ʠ ʈÉȟÂ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ ʜʠʩʧʝʨʩʠʠ ʘʢʪʠʚʥʦʩʪʠ ʎÉȟÁ
ς, ʎȟ,  

*
ʈȟ ʈȟ

ʎȟ ʎȟ
 (9) 

ʂʣʘʩʪʝʨ ʨʝʛʫʣʷʪʦʨʦʚ ʩʯʠʪʘʣʠ ʜʦʩʪʦʚʝʨʥʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤ ʩ ʤʝʪʢʦʡ ʢʣʘʩʩʘ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ p ʜʣʷ ʧʝʨʝʩʪʘʥʦʚʦʯʥʦʛʦ ʪʝʩʪʘ (1000 ʩʣʫʯʘʡʥʳʭ 

ʧʝʨʝʩʪʘʥʦʚʦʢ ʤʝʪʦʢ ʢʣʘʩʩʦʚ) ʥʝ ʧʨʝʚʳʰʘʣ ʟʥʘʯʝʥʠʷ 0,05 ʚ ʙʦʣʝʝ ʯʝʤ 90 ʠʟ 100 ʮʠʢʣʦʚ 10-

ʢʨʘʪʥʦʛʦ ʩʵʤʧʣʠʨʦʚʘʥʠʷ ʙʝʟ ʚʦʟʚʨʘʱʝʥʠʷ. ʊʘʢʞʝ ʚʳʯʠʩʣʷʣʠ ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ - ʩʧʝʮʠʬʠʯʥʦʩʪʴ (AUC, area under receiver operating characteristic) ʜʣʷ 

ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʠ ʜʠʩʢʨʠʤʠʥʠʨʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ. 

2.3.3. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ 

ʆʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʚʳʷʚʣʷʝʤʳʭ ʨʝʛʫʣʷʪʦʨʦʚ 

ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ 

ʩʦʩʪʦʷʣʘ ʠʟ ʥʘʙʦʨʘ ʩʢʨʠʧʪʦʚ ʥʘ ʷʟʳʢʝ R, ʨʝʘʣʠʟʫʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʯʠʩʣʝʥʠʷ ʠ 

ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʢʦʪʦʨʳʝ ʥʝ ʚʣʘʜʝʶʪ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʝ R. 

ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Embarcadero ® Delphi Community Edition ʠ ʪʝʩʪʠʨʦʚʘʣʩʷ ʜʣʷ ʨʘʙʦʪʳ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ Microsoft ® Windows 7. ɺʥʝʰʥʠʡ ʚʠʜ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ 

(ʈʠʩʫʥʦʢ 11). 
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ʈʠʩʫʥʦʢ 11. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʛʦ 

ʧʦʜʭʦʜ ʢ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʦʚ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ 

ɼʣ ̫ʟʘʧʫʩʢʘ ʧʨʦʮʝʜʫʨʳ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʪʨʝʙʫʶʪʩʷ ʜʚʘ ʚʭʦʜʥʳʭ ʬʘʡʣʘ. 

ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ SNEA ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ 

ʬʘʡʣʘ ʩ ʨʘʟʜʝʣʠʪʝʣʷʤʠ ʪʘʙʫʣʷʮʠʝʡ (ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ resSNEA.tab). ʈʝʟʫʣʴʪʘʪʳ ʘʣʛʦʨʠʪʤʘ 

SNEA ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʝʜʝʥʳ ʚ ʦʜʠʥ ʬʘʡʣ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʨʝʙʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʬʘʡʣʘ resSNEA.tab: 
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GSM123 ʈʝʛʫʣʷʪʦʨ1 p-ʟʥʘʯʝʥʠʝ 

ʄʝʜʠʘʥʘ 

ʠʟʤʝʥʝʥʠʡ 

ʵʢʩʧʨʝʩʩʠʠ 

ɻʝʥr, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʨʝʛʫʣʷʪʦʨʦʤ1 (ʯʝʨʝʟ 

ʟʘʧʷʪʫʶ) 

ʄʝʪʢʘ 

ʢʣʘʩʩʘ 

ʄʝʪʢʘ 

ʢʣʘʩʩʘ 

GSM123 ʈʝʛʫʣʷʪʦʨ2 p-ʟʥʘʯʝʥʠʝ 

ʄʝʜʠʘʥʘ 

ʠʟʤʝʥʝʥʠʡ 

ʵʢʩʧʨʝʩʩʠʠ 

ɻʝʥʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʨʝʛʫʣʷʪʦʨʦʤ2 (ʯʝʨʝʟ 

ʟʘʧʷʪʫʶ) 

ʄʝʪʢʘ 

ʢʣʘʩʩʘ 

ʄʝʪʢʘ 

ʢʣʘʩʩʘ 

é é  é é é  

GSM123 ʈʝʛʫʣʷʪʦʨ100 p-ʟʥʘʯʝʥʠʝ 

ʄʝʜʠʘʥʘ 

ʠʟʤʝʥʝʥʠʡ 

ʵʢʩʧʨʝʩʩʠʠ 

ɻʝʥʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʨʝʛʫʣʷʪʦʨʦʤ100 (ʯʝʨʝʟ 

ʟʘʧʷʪʫʶ) 

ʄʝʪʢʘ 

ʢʣʘʩʩʘ 

ʄʝʪʢʘ 

ʢʣʘʩʩʘ 

GSM567 ʈʝʛʫʣʷʪʦʨ1 p-ʟʥʘʯʝʥʠʝ 

ʄʝʜʠʘʥʘ 

ʠʟʤʝʥʝʥʠʡ 

ʵʢʩʧʨʝʩʩʠʠ 

ɻʝʥʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʨʝʛʫʣʷʪʦʨʦʤ1 (ʯʝʨʝʟ 

ʟʘʧʷʪʫʶ) 

ʄʝʪʢʘ 

ʢʣʘʩʩʘ 

ʄʝʪʢʘ 

ʢʣʘʩʩʘ 

GSM567 ʈʝʛʫʣʷʪʦʨ2 p-ʟʥʘʯʝʥʠʝ 

ʄʝʜʠʘʥʘ 

ʠʟʤʝʥʝʥʠʡ 

ʵʢʩʧʨʝʩʩʠʠ 

ɻʝʥʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʨʝʛʫʣʷʪʦʨʦʤ2 (ʯʝʨʝʟ 

ʟʘʧʷʪʫʶ) 

ʄʝʪʢʘ 

ʢʣʘʩʩʘ 

ʄʝʪʢʘ 

ʢʣʘʩʩʘ 

 

ʊʦʣʴʢʦ ʧʝʨʚʳʝ ʰʝʩʪʴ ʩʪʦʣʙʮʦʚ (ʚ ʫʢʘʟʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ) ʷʚʣʷʶʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤʠ, ʟʥʘʯʝʥʠʷ ʚ ʢʦʣʦʥʢʝ ʤʝʜʠʘʥʳ ʠʟʤʝʥʝʥʠʡ ɻ ʢʩʧʨʝʩʩʠʠ ʠʛʥʦʨʠʨʫʶʪʩʷ. ʐʝʩʪʦʡ 

ʩʪʦʣʙʝʮ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʤʝʪʢʫ, ʦʧʠʩʳʚʘʶʱʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʙʨʘʟʮʘ ʢ ʪʦʤʫ ʠʣʠ 

ʠʥʦʤʫ ʢʣʘʩʩʫ. ɼʦʧʫʩʢʘʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʬʘʡʣʝ ʥʝʩʢʦʣʴʢʠʭ ʪʘʢʠʭ ʩʪʦʣʙʮʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʛʨʫʧʧʠʨʦʚʘʥʠʶ ʦʙʨʘʟʮʦʚ. 

ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʩ ʨʘʟʜʝʣʠʪʝʣʷʤʠ ʪʘʙʫʣʷʮʠʝʡ, ʩʦʜʝʨʞʘʱʠʡ 

ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ log-ratio ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ (ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ expdata.tab). ʅʠʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʙʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʬʘʡʣʘ expdata.tab: 

GeneID GSM123.ʢʣʘʩʩ1 GSM124.ʢʣʘʩʩ1 GSM567.ʢʣʘʩʩ2 

10020 -1.58477 -1.90163 -1.86662 

9982 -1.32839 -1.57308 0.127928 

8608 -0.00444 0.922289 0.665545 

ʇʝʨʚʘʷ ʩʪʨʦʢʘ ʬʘʡʣʘ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʩʪʨʦʢʫ «GeneID» ʠ ʥʘʟʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ 

ʬʦʨʤʘʪʝ ʥʘʟʚʘʥʠʝ_ʦʙʨʘʟʮʘ.ʥʘʟʚʘʥʠʝ_ʢʣʘʩʩʘ. ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʬʘʡʣʘ expdata.tab 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʛʝʥʫ, ʧʨʠʯʝʤ ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ʪʘʙʣʠʮʳ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʢʘʟʘʥʥʦʛʦ ʛʝʥʘ ʚ ʬʦʨʤʘʪʝ EntrezGene. ɺ ʦʩʪʘʣʴʥʳʭ ʩʪʦʣʙʮʘʭ ʭʨʘʥʠʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʝʣʠʯʠʥʘʭ log-ratio ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʮʦʚ. 

ɺ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʘʣʛʦʨʠʪʤʘ ʠ ʨʘʟʣʠʯʥʳʝ ʦʧʮʠʠ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ.  
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ʊʘʙʣʠʮʘ 3. ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʦʜʘ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʦʚ. ɿʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʤʦʞʥʦ ʫʢʘʟʳʚʘʪʴ ʯʝʨʝʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʩʤ. ʈʠʩʫʥʦʢ 11. ʅʘʟʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʢʘʟʘʥʳ ʢʘʢ 

ʥʘʟʚʘʥʠʷ ʛʨʫʧʧ (Analysis, Samples, Regulators, Options) ʠ ʩʦʙʩʪʚʝʥʥʦ ʥʘʟʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ 

ʟʥʘʢʦʤ ó|ô.  

ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

Analysis | Type ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʘʢ SNEA. 

Analysis | Mode 

ʈʝʞʠʤ ʘʥʘʣʠʟʘ. ʄʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʢʘʢ «SNEA» (ʢʣʘʩʪʝʨʠʟʘʮʠʷ 

ʨʝʛʫʣʷʪʦʨʦʚ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ) ʠʣʠ ʢʘʢ «SNEA.cluster» (ʟʥʘʯʝʥʠʝ ʧʦ 

ʫʤʦʣʯʘʥʠʶ, ʨʝʛʫʣʷʪʦʨʳ ʩʦ ʩʭʦʞʠʤ ʧʨʦʬʠʣʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʛʝʥʦʚ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʢʣʘʩʪʝʨʳ). ʊʘʢʞʝ ʦʙʘ ʨʝʞʠʤʘ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʳ 

ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʡ ʘʢʪʠʚʥʦʩʪʝʡ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ. ʕʪʦ 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʦʙʨʘʟʮʦʚ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʩʭʝʤ ʨʘʩʢʨʘʩʢʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʪʝʧʣʦʚʳʭ ʢʘʨʪ. 

SNEA results 
ʇʫʪʴ ʢ ʬʘʡʣʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ SNEA ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

(resSNEA.tab). 

Expression data ʇʫʪʴ ʢ ʬʘʡʣʫ ʩʦ ʟʥʘʯʝʥʠʷʤʠ log-ratio ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ (expdata.tab). 

Output subdir name ʅʘʟʚʘʥʠʝ ʢʘʪʘʣʦʛʘ, ʢʫʜʘ ʙʫʜʫʪ ʚʳʚʦʜʠʪʩɹʷ ʬʘʡʣʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

Organism 
ʅʘʟʚʘʥʠʝ ʚʠʜʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʧʨʦʬʠʣʴ. 

ɼʦʣʞʥʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʢʘʢ Homo sapiens 

Samples | Distance 

Cʧʦʩʦʙ ʨʘʩʯʝʪʘ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ. ʇʦ ʫʤʦʣʯʘʥʠʶ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʇʠʨʩʦʥʘ. ʊʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ 

ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ ʠ ʝʚʢʣʠʜʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

Samples | Clustering 

ʄʝʪʦʜ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʧʘʮʠʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʦ ʋʦʨʜʫ (Ward). ʊʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʦʣʥʦʡ, 

ʩʨʝʜʥʝʡ ʠ ʙʣʠʞʥʝʡ ʩʚʷʟʠ 

Samples | #clusters ʂʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ 

Samples | Column with class 

label 

ʀʥʜʝʢʩ ʩʪʦʣʙʮʘ ʚ ʬʘʡʣʝ resSNEA.tab, ʩʦʜʝʨʞʘʱʠʡ «ʠʩʪʠʥʥʦʝ» ʨʘʟʙʠʝʥʠʝ 

ʧʘʮʠʝʥʪʦʚ ʥʘ ʛʨʫʧʧʳ 

Regulators | Distance 
Cʧʦʩʦʙ ʨʘʩʯʝʪʘ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʨʝʛʫʣʷʪʦʨʘʤʠ. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʨʘʩʩʪʦʷʥʠʝ ɾʘʢʢʘʨʘ (Jaccard distance) 

Regulators | Clustering 

ʄʝʪʦʜ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʛʨʫʧʧʠʨʦʚʘʥʠʷ 

ʨʝʛʫʣʷʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʦ ʋʦʨʜʫ (Ward). ʊʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʦʣʥʦʡ, 

ʩʨʝʜʥʝʡ ʠ ʙʣʠʞʥʝʡ ʩʚʷʟʠ 

Regulators | #clusters 
ʂʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ. ʄʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ (ʩʤ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʧʮʠʶ) 

Regulators | External list 

ʌʘʡʣ ʩʦ ʩʧʠʩʢʦʤ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ɽʩʣʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʟʘʜʘʥʦ, 

ʪʦ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥ ʪʦʣʴʢʦ ʨʝʛʫʣʷʪʦʨʘʤʠ, 

ʫʢʘʟʘʥʥʳʤʠ ʚ ʵʪʦʤ ʬʘʡʣʝ 

Options | Print gene annotations ɺʳʚʦʜʠʪʴ ʦʧʠʩʘʥʠʷ ʛʝʥʦʚ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʪʘʙʣʠʮʘʭ 

Options | Select regulators with 

p-value smaller than 

ʋʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʨʝʛʫʣʷʪʦʨʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ 

ʚ ʬʘʡʣʝ resSNEA.tab ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʦʝ 

Options | Select regulators with 

rank smaller than 

ʋʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʨʝʛʫʣʷʪʦʨʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʝ ʨʘʥʛʘ ʚ ʬʘʡʣʝ 

resSNEA.tab ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʦʝ. ɺʨʝʤʝʥʥʦ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

Options | Delete regulators 

encountered in less than samples 

ʋʜʘʣʷʪʴ ʨʝʛʫʣʷʪʦʨʳ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʦʚʘʥʳ ʨʝʞʝ, ʯʝʤ ʚ ʟʘʜʘʥʥʦʤ 

ʧʨʦʮʝʥʪʝ ʦʙʨʘʟʮʦʚ 

Options | Select regulators with 

median change 

ʋʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʨʝʛʫʣʷʪʦʨʳ ʩ ʤʝʜʠʘʥʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ. ɺʨʝʤʝʥʥʦ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

Options | Correspondence to GO 

biological processes 

ɺʳʚʦʜʠʪʴ ʢʘʪʝʛʦʨʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ Gene Ontology. 

ɺʨʝʤʝʥʥʦ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

Options | Output clusters to 

RNEF 
ɺʳʚʦʜʠʪʴ ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʦʚ ʚ ʬʦʨʤʘʪʝ RNEF 

Options | Plot avg. silhouettes vs 

#clusters 

ʆʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʢʣʘʩʪʝʨʦʚ 

ʠ ʚʝʣʠʯʠʥʦʡ ʩʨʝʜʥʝʛʦ ʩʠʣʫʵʪʘ (ʬʘʡʣ «dnd.regulators.avgsil.pdf»). ʊʘʢʞʝ 

ʙʫʜʝʪ ʚʳʯʠʩʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʩʦʛʣʘʩʥʦ L-ʤʝʪʦʜʫ 

(Stan and Philip, 2004) 

Options | Open results in 

Explorer 
ʆʪʢʨʳʪʴ ʧʘʧʢʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʘʥʘʣʠʟʘ 
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Options | Bootstrap runs ʂʦʣʠʯʝʩʪʚʦ ʙʫʪʩʪʨʵʧ-ʮʠʢʣʦʚ ʜʣʷ ʦʮʝʥʢʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʘʟʙʠʝʥʠʷ 

Options | Print summary table ɺʳʚʦʜʠʪʴ ʠʪʦʛʦʚʫʶ ʪʘʙʣʠʮʫ 

Options | Plot sample names ɺʳʚʦʜʠʪʴ ʥʘʟʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʪʝʧʣʦʚʳʭ ʢʘʨʪʘʭ 

  

ʊʦʣʴʢʦ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ð 

ʬʘʡʣ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʣʛʦʨʠʪʤʘ SNEA (resSNEA.tab) ʠ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ log-ratio ʜʣʷ ʚʩʝʭ 

ʦʙʨʘʟʮʦʚ (expdata.tab). ɿʥʘʯʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

ɼʣʷ ʟʘʧʫʩʢʘ ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ «SNEA results» ʠ 

«Expression data» ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ «Run». ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʛʨʘʬʠʢʦʚ ʠ 

ʪʘʙʣʠʮ ʙʫʜʫʪ ʚʳʚʝʜʝʥʳ ʚ ʟʘʜʘʥʥʳʡ ʢʘʪʘʣʦʛ (ʧʘʨʘʤʝʪʨ «Output subdir name»). 

ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʪʘʙʣʠʮ (ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ) ʠ ʨʠʩʫʥʢʦʚ ʚ ʬʦʨʤʘʪʝ PDF: 

¶ dnd.samples.clusterregs.pdf ð ʜʝʥʜʨʦʛʨʘʤʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ; 

¶ dnd.regulators.pdf ð ʜʝʥʜʨʦʛʨʘʤʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʨʝʛʫʣʷʪʦʨʦʚ; 

¶ heatmap.samples.clusterregs.pdf ð ʪʝʧʣʦʚʘʷ ʢʘʨʪʘ ʟʥʘʯʝʥʠʡ ʘʢʪʠʚʥʦʩʪʝʡ ʢʣʘʩʪʝʨʦʚ 

ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ; 

¶ expr.logratio.distr.pdf  ð ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ log-ratio ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ; 

¶ sample.regs.tab ð ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʚʩʝʭ ʨʝʛʫʣʷʪʦʨʦʚ; 

¶ sample.clusterregs.kvalues.tab ð ʪʘʙʣʠʮʘ ʘʢʪʠʚʥʦʩʪʝʡ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ; 

¶ clusters.onedimstat.tab ð ʦʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʠ ʧʦʧʘʨʥʦʝ ʤʝʞʢʣʘʩʩʦʚʦʝ 

ʩʨʘʚʥʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ; 

¶ cluster.regulators.tab ð ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʨʝʘʣʠʟʫʶʱʠʡ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʧʘʮʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʛʫʣʷʪʦʨʦʚ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ, ʦʧʫʙʣʠʢʦʚʘʥ ʥʘ ʦʙʱʝʜʦʩʪʫʧʥʦʤ 

ʨʝʩʫʨʩʝ SourceForge ʧʦ ʘʜʨʝʩʫ [https://sourceforge.net/projects/bsnea]. 

2.4. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʛʝʥʦʚ 

ɺʝʣʠʯʠʥʫ dN / dS (ʦʪʥʦʰʝʥʠʝ ʜʦʣʠ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ ʢ ʜʦʣʝ ʩʠʥʦʥʠʤʠʯʥʳʭ 

ʟʘʤʝʥ) ʜʣʷ ʚʩʝʭ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ ʯʝʣʦʚʝʢʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ Ostrow ʩ ʢʦʣʣʝʛʘʤʠ (Ostrow et al., 2014). ɼʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʩʘʤʳʡ 

ʜʣʠʥʥʳʡ ʪʨʘʥʩʢʨʠʧʪ. ɺ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ ɼʅʂ ʜʣʷ ʢʘʞʜʦʛʦ ʪʨʠʧʣʝʪʘ ʚʳʯʠʩʣʷʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ (N) ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ 

ʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ (S), ʩʫʤʤʠʨʫʷ ʚʝʣʠʯʠʥʳ ʧʦ ʜʣʠʥʝ ʪʨʘʥʩʢʨʠʧʪʘ. ɿʥʘʷ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʙʣʶʜʘʝʤʳʭ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ (n) ʠ ʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ (s), ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʚʝʣʠʯʠʥʫ Ä.
Ä3

ϳ

ϳ
. ɼʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ dN / dS ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦ ʩʦʤʘʪʠʯʝʩʢʠʤ 

ʤʫʪʘʮʠʷʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʚ 374 ʦʙʨʘʟʮʘʭ ʤʝʣʘʥʦʤʳ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʝʢʪʘ TCGA. 
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ʀʟ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠʩʢʣʶʯʘʣʠ ʪʝ ʛʝʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʯʠʩʣʝʥʥʘʷ ʚʝʣʠʯʠʥʘ dN / dS 

ʩʦʩʪʘʚʣʷʣʘ ʙʦʣʝʝ ʯʝʤ 0,25 (ʪ.ʝ. ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʘʭʦʜʷʱʠʭʩʷ ʣʠʙʦ ʧʦʜ ʥʝʡʪʨʘʣʴʥʳʤ, ʣʠʙʦ ʧʦʜ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʪʙʦʨʦʤ). 

ʇʘʪʦʛʝʥʥʦʩʪʴ ʤʠʩʩʝʥʩ-ʤʫʪʘʮʠʡ ʦʮʝʥʠʚʘʣʠ ʩʦʛʣʘʩʥʦ ʙʘʟʝ ʜʘʥʥʳʭ dbNSFP (Liu, et al., 

2016). ɼʘʥʥʳʡ ʨʝʩʫʨʩ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʦʣʝʝ 30 ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

(ʚʢʣʶʯʘʷ SIFT, PolyPhen2, FATHMM, MutationAssessor ʠ ʪ.ʜ.) ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʚʣʠʷʥʠʷ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʳ ʥʘ ʬʫʥʢʮʠʶ ʙʝʣʢʘ. ʋʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʚ ʤʘʩʰʪʘʙʘʭ ʚʩʝʛʦ ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ. ʇʦʤʠʤʦ ʧʨʦʛʥʦʟʦʚ 

ʧʘʪʦʛʝʥʥʦʩʪʠ ʤʫʪʘʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʦʪʜʝʣʴʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʨʝʩʫʨʩ dbNSFP ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʚʩʝʭ ʤʝʪʦʜʠʢ ʚ ʜʚʘ ʘʥʩʘʤʙʣʝʚʳʭ ʤʝʪʘ-ʟʥʘʯʝʥʠʷ, 

MetaSVM ʠ MetaLR, ʪʝʤ ʩʘʤʳʤ ʨʝʘʣʠʟʫʷ «ʢʦʥʩʠʣʠʫʤ» ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. ɹʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ MetaSVM ʠ MetaLR ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 

ʤʫʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʧʘʪʦʛʝʥʥʦʡ. 

ʇʘʪʦʛʝʥʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʦʮʝʥʠʚʘʣʠ ʢʘʢ ʜʣʷ ʚʳʙʦʨʢʠ 

ʜʘʥʥʳʭ TCGA (ʩʦʤʘʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ ʚ ʨʘʢʝ), ʪʘʢ ʠ ʜʣʷ ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ 1000 Genomes 

(ʛʝʥʝʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʛʝʥʦʤʘʭ ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ). ʉʯʠʪʘʣʠ, ʯʪʦ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʘʷ ʟʘʤʝʥʘ ʷʚʣʷʝʪʩʷ ʧʘʪʦʛʝʥʥʦʡ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ MetaSVM ʠʣʠ 

MetaLR ʧʨʝʚʳʰʘʣʦ 70%-ʧʝʨʮʝʥʪʠʣʴ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʊʘʢʞʝ ʢ 

ʧʘʪʦʛʝʥʥʳʤ ʦʪʥʦʩʠʣʠ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ: ʠʥʩʝʨʮʠʷ/ʜʝʣʝʮʠʷ, 

ʧʦʪʝʨʷ ʩʪʦʧ-ʢʦʜʦʥʘ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʪʦʧ-ʢʦʜʦʥʘ, ʤʫʪʘʮʠʷ ʩʘʡʪʘ ʩʧʣʘʡʩʠʥʛʘ. ʀʥʬʦʨʤʘʮʠʶ 

ʦ ʢʣʘʩʩʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʜʣʷ ʜʘʥʥʳʭ TCGA ʧʦʣʫʯʘʣʠ ʠʟ MAF-ʬʘʡʣʦʚ, ʘ ʜʣʷ ʜʘʥʥʳʭ 

ʧʨʦʝʢʪʘ 1000 Genomes ð ʠʟ ʨʝʟʫʣʴʪʘʪʘ ʘʥʥʦʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ VCF-ʬʘʡʣʘ 

ʧʨʦʛʨʘʤʤʦʡ ANNOVAR (Wang, et al., 2010). 

ɼʘʥʥʳʝ ʧʦ ɻʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʝʨʝʟ ʩʘʡʪ ʧʨʦʝʢʪʘ TCGA ʠ ʩʦʜʝʨʞʘʣʠ 

ʠʥʬʦʨʤʘʮʠʶ ʦ 20 531 ʛʝʥʘʭ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʚ 374 ʦʙʨʘʟʮʘʭ ʤʝʣʘʥʦʤʳ. ʇʨʦʬʠʣʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʘʙʩʦʣʶʪʥʳʝ ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʚ ʩʘʤʳʭ ʥʠʟʢʠʭ 20% 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʙʳʣʠ ʫʜʘʣʝʥʳ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʙʦʛʘʱʝʥʠʷ ʛʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʩʪʘ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʘ WebGestalt [www.webgestalt.org]. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʬʝʨʝʥʩʥʦʛʦ ʥʘʙʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʠʩʦʢ ʠʟ 16 172 ʛʝʥʦʚ ʩʦ ʩʨʝʜʥʝʡ ʵʢʩʧʨʝʩʩʠʝʡ 

ʚ ʢʣʝʪʢʘʭ ʤʝʣʘʥʦʤʳ, ʧʨʝʚʳʰʘʶʱʝʡ 20%-ʧʝʨʮʝʥʪʠʣʴ. ɼʣʷ ʧʦʧʨʘʚʢʠ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ɹʝʥʜʞʘʤʠʥʠ-ʍʦxʙʝʨʛʘ (Benjamini and Hochberg, 1995). 

ʉʧʠʩʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʙʳʣ ʟʘʛʨʫʞʝʥ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 

STRING v. 9.1 (Franceschini, et al., 2013) ʩ ʧʦʤʦʱʴʶ ʩʢʨʠʧʪʘ ʥʘ ʷʟʳʢʝ Python. ʈʝʩʫʨʩ 
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STRING ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʣʠʯʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ ʤʝʞʜʫ ʙʝʣʢʘʤʠ, ʩʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʪʝʦʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʧʨʝʜʩʢʘʟʘʥʠʷʤ ʥʘ ʦʩʥʦʚʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʥʦʤʠʢʠ ʠ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ ʧʦ 

ʧʨʝʜʩʢʘʟʘʥʠʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚʤʝʩʪʝ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʙʘʣʣʦʚ (ʪ.ʥ. score). ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʪʙʠʨʘʣʠʩʴ ʪʦʣʴʢʦ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(ʚʝʣʠʯʠʥʘ score ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ 0,9).  

2.5. ʇʦʜʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ 

ʇʨʦʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʚʝʨʢʫ ʟʥʘʯʠʤʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʷʜʘ 

ʦʪʦʙʨʘʥʥʳʭ ʛʝʥʦʚ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʈʅʂ-

ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʆʧʠʩʘʥʥʳʝ ʥʠʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʠʚʝʜʝʥʳ ʩʦʛʣʘʩʥʦ 

ʦʨʠʛʠʥʘʣʴʥʦʡ ʨʘʙʦʪʝ ʂʨʠʚʦʰʝʝʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (Krivosheeva, et al., 2020). 

 ɼʣʷ ʧʦʜʙʦʨʘ ʤʠʈʅʂ, ʠʥʛʠʙʠʨʫʶʱʠʭ ʪʨʘʥʩʣʷʮʠʶ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʦʛʨʘʤʤʫ siRNAfit, ʠʥʪʝʛʨʠʨʫʶʱʫʶ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʥʝʩʢʦʣʴʢʠʭ ʜʦʩʪʫʧʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʦ ʧʦʜʙʦʨʫ ʤʠʈʅʂ (siRNA Scan, siDirect, siExplorer, RFRCDB-siRNA, DSIR) ʠ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ʂʣʝʪʦʯʥʫʶ ʣʠʥʠʶ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʤʝʣʘʥʦʤ rʯʝʣʦʚʝʢʘ A375 ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ DMEM (Dulbecco's Modified 

Eagle Medium) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10% ʬʝʪʘʣʴʥʦʡ ʙʳʯʴʝʡ ʩʳʚʦʨʦʪʢʠ ʠ L-ʛʣʫʪʘʤʠʥʘ ʧʨʠ 5% CO2 

ʠ 37° C. ʇʝʨʝʜ ʪʨʘʥʩʬʝʢʮʠʝʡ ʢʣʝʪʢʠ ʪʨʠʧʩʠʥʠʟʠʨʦʚʘʣʠ, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ, ʨʘʟʙʘʚʣʷʣʠ 

ʜʦ 1 ʤʣ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʯʥʦʛʦ ʮʠʪʦʤʝʪʨʘ Partec (ʂʝʥʪ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʪʦʙʨʘʥʥʳʭ ʛʝʥʦʚ (ZNFx1, RHPN2, STK11IP ʠ UNC45A) ʙʳʣʠ 

ʧʦʜʦʙʨʘʥʳ ʦʪ ʦʜʥʦʡ ʜʦ ʪʨʝʭ ʤʠʈʅʂ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʨʘʙʦʪʳ Lagana ʠ ʩʦʘʚʪʦʨʦʚ 

(Lagana, et al., 2015). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʈʅʂ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ (ʊʘʙʣʠʮʘ 4). 
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ʊʘʙʣʠʮʘ 4. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʈʅʂ ʜʣʷ ʦʪʦʙʨʘʥʥʳʭ ʛʝʥʦʚ. ʀʟ ʨʘʙʦʪʳ (Krivosheeva, et al., 2020) 

ʅʘʟʚʘʥʠʝ ʤʠʈʅʂ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʫʢʣʝʦʪʠʜʦʚ 

siZNFx1#1 
 

siZNFx1#2 
 

siZNFx1#3 
 

siRHPN2 #1 
 

siRHPN2 #2 
 

siRHPN2 #3 
 

siSTK11IP #1 
 

siUNC45A #1 
 

 

ʇʨʦʚʦʜʠʣʠ ʪʨʘʥʩʬʝʢʮʠʶ ʚʳʙʨʘʥʥʳʭ ʤʠʈʅʂ ʚ ʢʣʝʪʦʯʥʫʶ ʣʠʥʠʶ ʤʝʣʘʥʦʤʳ 

ʯʝʣʦʚʝʢʘ A375. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʝʢʮʠʠ ʦʮʝʥʠʚʘʣʠ ʧʦ ʧʨʦʮʝʥʪʫ ʩʚʝʪʷʱʠʭʩʷ ʢʣʝʪʦʢ ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ, ʦʙʨʘʙʦʪʘʥʥʦʤ ʤʠʈʅʂ ʤʝʯʝʥʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʢʨʘʩʠʪʝʣʝʤ FAM 

(siFlu). ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʤʠʈʅʂ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 24 ʯʘʩʘ, ʟʘʪʝʤ ʣʠʟʠʨʦʚʘʣʠ ʠ 

ʚʳʜʝʣʷʣʠ ʈʅʂ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʇʎʈ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɼʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʯʝʪʳʨʝʭ 

ʨʝʬʝʨʝʥʩʥʳʭ ʛʝʥʦʚ (B2M, HPRT, TFRC, TBP). ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʚ ʧʷʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɸʥʘʣʠʟ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CellTiter-Blue® Cell Viability  Assay (Promega) ʯʝʨʝʟ 12, 24, 36, 48 ʠ 60 ʯʘʩʦʚ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʠʈʅʂ. 

2.6. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʵʢʟʦʤʦʚ 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʵʢʟʦʤʦʚ ʦʙʨʘʟʮʦʚ ʦʧʫʭʦʣʝʚʦʡ ʠ ʟʜʦʨʦʚʦʡ ʪʢʘʥʠ ʧʨʦʚʦʜʠʣʠ ʚ 

ʢʦʤʧʘʥʠʠ «ɻʝʥʦʪʝʢ» (ʈʦʩʩʠʷ). ʆʙʨʘʟʮr  ʛʝʥʦʤʥʦʡ ɼʅʂ ʬʨʘʛʤʝʥʪʠʨʦʚʘʣʠ ʥʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʧʨʠʙʦʨʝ Covaris (ʉʐɸ), ʩ ʧʦʣʫʯʝʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ ʬʨʘʛʤʝʥʪʦʚ, ʨʘʟʤʝʨʳ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʢʦʪʦʨʳʭ ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʤʝʞʜʫ 150 ʠ 200 ʧʘʨ ʦʩʥʦʚʘʥʠʡ. ʇʦʩʣʝ 

ʣʠʛʠʨʦʚʘʥʠʷ ʘʜʘʧʪʝʨʦʚ ʬʨʘʛʤʝʥʪʳ ʦʯʠʱʘʣʠ ʥʘ ʛʨʘʥʫʣʘʭ Agencourt AMPure SPRI beads 

(Agilent, ʉʐɸ), ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠ ʧʫʪʝʤ ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʣʠʛʠʨʦʚʘʥʠʝʤ ʇʎʈ ʠ ʦʙʦʛʘʱʘʣʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʯʠʧʘ Agilent SureSelect Human All  Exon Enrichment Kit  V4 (51 189 318 ʧ.ʦ.; 

Agilent, ʉʐɸ) ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʀʤʤʦʙʠʣʠʟʦʚʘʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ 
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ʬʨʘʛʤʝʥʪʦʚ ʩʝʢʚʝʥʠʨʦʚʘʣʠ ʥʘ ʧʨʠʙʦʨʝ Illumina HiSeq2000 (ʉʐɸ). ʌʘʡʣʳ ʠʩʭʦʜʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ Illumina base calling software 1.7 

ʩ ʫʩʪʘʥʦʚʢʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

ʇʨʦʚʦʜʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʣʘ ʫʜʘʣʝʥʠʝ ʘʜʘʧʪʝʨʦʚ ʠ ʥʝʜʦʩʪʦʚʝʨʥʳʭ ʧʨʦʯʪʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ 

ʥʫʢʣʝʦʪʠʜʦʚ ʙʳʣʠ ʧʨʦʯʪʝʥʳ ʩ ʢʘʯʝʩʪʚʦʤ 5 ʠ ʤʝʥʴʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʜʘʣʝʥʦ 5% 

ʠʩʭʦʜʥʳʭ ʧʨʦʯʪʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʯʪʝʥʠʷ ʢʘʨʪʠʨʦʚʘʣʠ ʥʘ ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ ʯʝʣʦʚʝʢʘ 

(ʚʝʨʩʠʷ hg19) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ BWA. ʇʦʠʩʢ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʧʨʦʚʦʜʠʣʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ SOAPsnp (Li, et al., 2009) ʠ MuTect2 (Van der Auwera, et al., 2013) 

ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʫʢʘʟʘʥʥʳʭ ʧʨʦʛʨʘʤʤ VCF-

ʬʘʡʣʳ ʧʝʨʝʩʝʢʘʣʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʛʝʥʝʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ, 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʦʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ɼʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʤʥʦʛʦʤʝʨʥʦʛʦ ʰʢʘʣʠʨʦʚʘʥʠʷ isoMDS ʠʟ ʧʘʢʝʪʘ MASS (Venables and 

Ripley, 2002). ʇʘʪʪʝʨʥʳ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ 

SomaticSignatures (Gehring, et al., 2015). ʉʦʩʪʘʚ ʩʠʛʥʘʣʴʥʳʭ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʙʳʣ 

ʟʘʛʨʫʞʝʥ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ KEGG (Kanehisa and Goto, 2000). 

2.7. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʥʚʝʡʝʨ ʜʣʷ ʘʥʥʦʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʈʘʟʨʘʙʦʪʘʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʘʥʥʦʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ. 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʣʩʷ ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ VCF, ʩʦʜʝʨʞʘʱʠʡ ʆʅʇ ʠ ʠʥʜʝʣʳ ʜʣʷ ʚʝʨʩʠʠ 

ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ hg19. 

ɼʣʷ ʧʝʨʚʠʯʥʦʡ ʘʥʥʦʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʘʢʝʪ SnpEff [http://snpeff.sourceforge.net]. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʩʪʨʦʝʢ ʫʢʘʟʳʚʘʣʠ 

ʦʧʮʠʠ «-canon» (ʪʦʣʴʢʦ ʢʘʥʦʥʠʯʝʩʢʠʝ ʪʨʘʥʩʢʨʠʧʪʳ) ʠ «-onlyProtein» (ʪʦʣʴʢʦ ʙʝʣʦʢ-

ʢʦʜʠʨʫʶʱʠʝ ʪʨʘʥʩʢʨʠʧʪʳ). 

ɼʣʷ ʘʥʥʦʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʩʫʨʩʳ ʠ ʙʘʟʳ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʠʞʝ (ʊʘʙʣʠʮʘ 

5). ʀʥʬʦʨʤʘʮʠʶ ʠʟ ʥʝʢʦʪʦʨʳʭ ʨʝʩʫʨʩʦʚ (ʥʘʧʨʠʤʝʨ, dbNSFP) ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʜʣʷ 

ʘʥʥʦʪʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʛʝʥʦʚ, ʪʘʢ ʠ ʜʣʷ ʘʥʥʦʪʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ (ʥʘʧʨʠʤʝʨ, Oncotator ʠ ConsensusPathDB) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʠʣʷʮʠʶ ʩʚʝʜʝʥʠʡ ʠʟ ʨʷʜʘ ʜʨʫʛʠʭ ʙʘʟ ʜʘʥʥʳʭ. 
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ʊʘʙʣʠʮʘ 5. ʂʣʶʯʝʚʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʨʝʩʫʨʩʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʥʚʝʡʝʨʝ ʜʣʷ 

ʘʥʥʦʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʅʘʟʚʘʥʠʝ ʨʝʩʫʨʩʘ ʆʧʠʩʘʥʠʝ ʉʩʳʣʢʘ 

ɸʥʥʦʪʘʮʠʷ ʥʘ ʫʨʦʚʥʝ ʛʝʥʘ 

Gene Ontology 
ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʬʫʥʢʮʠʠ ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ 
(Ashburner, et al., 2000) 

dbNSFP ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʝʥʝ (Liu, et al., 2016) 

ConsensusPathDB 
ʋʯʘʩʪʠʝ ʚ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʘʭ, ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʠ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ 
(Kamburov, et al., 2013) 

Oncotator ʈʦʣʴ ʛʝʥʘ ʚ ʦʥʢʦʛʝʥʝʟʝ (Ramos, et al., 2015) 

GTEx Portal ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʷʭ www.gtexportal.org 

TARGET ʂʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʛʝʥʦʚ (Van Allen, et al., 2014) 

dGene ʂʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʛʝʥʦʚ (Kumar, et al., 2013) 

ɸʥʥʦʪʘʮʠʷ ʥʘ ʫʨʦʚʥʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

gnomAD 
ʇʦʧʫʣʷʮʠʦʥʥʘʷ ʯʘʩʪʦʪʘ ʛʝʨʤʠʥʘʪʠʚʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ 

(Karczewski, et al., 

2020) 

COSMIC 
ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʚ ʨʘʢʦʚʳʭ 

ʦʙʨʘʟʮʘʭ 
(Tate, et al., 2019) 

Oncotator 
ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʚ ʨʘʢʦʚʳʭ 

ʦʙʨʘʟʮʘʭ 
(Ramos, et al., 2015) 

MutationAssessor ʇʨʝʜʩʢʘʟʘʥʠʝ ʧʘʪʦʛʝʥʥʦʩʪʠ ʤʠʩʩʝʥʩ-ʤʫʪʘʮʠʡ (Reva, et al., 2011) 

CHASM ʇʨʝʜʩʢʘʟʘʥʠʝ «ʜʨʘʡʚʝʨʥʦʩʪʠ» ʤʫʪʘʮʠʡ (Douville, et al., 2013) 

dbNSFP ʇʨʝʜʩʢʘʟʘʥʠʝ ʧʘʪʦʛʝʥʥʦʩʪʠ ʤʠʩʩʝʥʩ-ʤʫʪʘʮʠʡ (Liu, et al., 2016) 

PharmGKB ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʧʨʝʧʘʨʘʪʘʤ 
(Whirl-Carrillo, et al., 

2012) 

FunSeq ʕʬʬʝʢʪ ʥʝʢʦʜʠʨʫʶʱʠʭ ʚʘʨʠʘʥʪʦʚ (Fu, et al., 2014) 

SnpEff ʕʬʬʝʢʪ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ (Cingolani, et al., 2012) 

PhosphoSitePlus ʇʦʩʪ-ʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ (Hornbeck, et al., 2015) 

UniProt ɹʝʣʢʦʚʳʝ ʜʦʤʝʥʳ (UniProt, 2015) 

CRAVAT ɸʥʥʦʪʘʮʠʷ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ (Masica, et al., 2017) 

CIViC ʂʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʫʪʘʮʠʡ (Griffith, et al., 2017) 

CGI ʂʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʫʪʘʮʠʡ (Tamborero, et al., 2018) 

Drivers Actionability 

Database 
ʂʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʫʪʘʮʠʡ 

(Rubio-Perez, et al., 

2015) 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʷʚʣʷʝʪʩʷ ʪʘʙʣʠʮʘ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ 

ʬʘʡʣʘ. ʂʘʞʜʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʦʧʠʩʘʥ ʥʘ ʦʪʜʝʣʴʥʦʡ ʩʪʨʦʢʝ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ 

ʦʧʠʩʘʥʠʝ ʢʦʣʦʥʦʢ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʚ VCF-ʬʘʡʣʝ. 

 

ʊʘʙʣʠʮʘ 6. ʇʦʣʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʛʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʚʝʡʝʨʘ 

ʅʘʟʚʘʥʠʝ ʢʦʣʦʥʢʠ ʊʠʧ ʟʥʘʯʝʥʠʷ ʀʩʪʦʯʥʠʢ ʆʧʠʩʘʥʠʝ 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʝʥʝʪʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ 

Mutation.status ʉʪʨʦʢʘ VCF-ʬʘʡʣ 
ʊʠʧ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ð ʩʦʤʘʪʠʯʝʩʢʠʡ ʠʣʠ 

ʛʝʨʤʠʥʘʪʠʚʥʳʡ 

Chrom ʉʪʨʦʢʘ VCF-ʬʘʡʣ ʍʨʦʤʦʩʦʤʘ, ʥʘʧʨʠʤʝʨ chr1, chr2. 

Chr.locus ʉʪʨʦʢʘ VCF-ʬʘʡʣ ʃʦʢʫʩ ʥʘ ʭʨʦʤʦʩʦʤʝ, ʥʘʧʨʠʤʝʨ 13q31.2 

Start.position  ʎʝʣʦʝ ʯʠʩʣʦ VCF-ʬʘʡʣ ʇʦʟʠʮʠʷ ʥʘʯʘʣʘ ʚʘʨʠʘʥʪʘ 

End.position ʎʝʣʦʝ ʯʠʩʣʦ VCF-ʬʘʡʣ ʇʦʟʠʮʠʷ ʢʦʥʮʘ ʚʘʨʠʘʥʪʘ 
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Reference.allele ʉʪʨʦʢʘ VCF-ʬʘʡʣ ɸʣʣʝʣʴ ʚ ʨʝʬʝʨʝʥʩʥʦʤ ʛʝʥʦʤʝ 

Alt.allele ʉʪʨʦʢʘ VCF-ʬʘʡʣ ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʘʣʣʝʣʴ 

Norm.Coverage.Ref ʎʝʣʦʝ ʯʠʩʣʦ VCF-ʬʘʡʣ 
ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʨʝʬʝʨʝʥʩʥʦʛʦ ʘʣʣʝʣʷ ʚ ʦʙʨʘʟʮʝ 

ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʠ 

Norm.Coverage.Alt ʎʝʣʦʝ ʯʠʩʣʦ VCF-ʬʘʡʣ 
ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʘʣʣʝʣʷ ʚ 

ʦʙʨʘʟʮʝ ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʠ 

Tumor.Coverage.Ref ʎʝʣʦʝ ʯʠʩʣʦ VCF-ʬʘʡʣ 
ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʨʝʬʝʨʝʥʩʥʦʛʦ ʘʣʣʝʣʷ ʚ ʦʙʨʘʟʮʝ 

ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ 

Tumor.Coverage.Alt 

 
ʎʝʣʦʝ ʯʠʩʣʦ VCF-ʬʘʡʣ 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʘʣʣʝʣʷ ʚ 

ʦʙʨʘʟʮʝ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ 

Main.Effect ʉʪʨʦʢʘ SnpEff 
ʕʬʬʝʢʪ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʥʘ ʫʨʦʚʥʝ ʛʝʥʘ (ʢʨʘʪʢʦʝ 

ʦʧʠʩʘʥʠʝ). ʅʘʧʨʠʤʝʨ, exonic, intronic, intergenic, ʠ ʪ.ʜ. 

Effects.detailed ʉʪʨʦʢʘ SnpEff 

ʕʬʬʝʢʪ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʥʘ ʫʨʦʚʥʝ ʛʝʥʘ 

(ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ). ʅʘʧʨʠʤʝʨ, 

NON_SYNONYMOUS_CODING, FRAME_SHIFT, 

Is.coding Yes/No SnpEff ɺʘʨʠʘʥʪ ʨʘʩʧʦʣʦʞʝʥ ʚ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʝʡ ʦʙʣʘʩʪʠ 

ɸʥʥʦʪʘʮʠʷ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

Ref.AA ʉʪʨʦʢʘ SnpEff 
ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ, ʢʦʜʠʨʫʝʤʳʡ ʨʝʬʝʨʝʥʩʥʳʤ 

ʘʣʣʝʣʝʤ 

Mutated.AA ʉʪʨʦʢʘ SnpEff 
ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ, ʢʦʜʠʨʫʝʤʳʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʘʣʣʝʣʝʤ 

Position.AA ʎʝʣʦʝ ʯʠʩʣʦ SnpEff 
ʇʦʟʠʮʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʪʨʘʥʩʢʨʠʧʪʘ 

Gene.Symbol ʉʪʨʦʢʘ SnpEff ʆʙʦʟʥʘʯʝʥʠʝ ʛʝʥʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʚʘʨʠʘʥʪ 

Entrez.GeneID ʎʝʣʦʝ ʯʠʩʣʦ SnpEff ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʛʝʥʘ ʩʦʛʣʘʩʥʦ ʩʠʩʪʝʤʝ Entrez 

Transcripts ʉʪʨʦʢʘ SnpEff 
ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ ʪʨʘʥʩʢʨʠʧʪʦʚ, ʟʘʪʨʦʥʫʪʳʝ ʚʘʨʠʘʥʪʦʤ, 

ʥʘʧʨʠʤʝʨ NM_207420.2 

Exon.number ʎʝʣʦʝ ʯʠʩʣʦ SnpEff ʅʦʤʝʨ ʵʢʟʦʥʘ, ʟʘʪʨʦʥʫʪʳʡ ʛʝʥʝʪʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ 

Uniprot.id ʉʪʨʦʢʘ UniProt 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʪʨʦʥʫʪʦʛʦ ʙʝʣʢʘ ʩʦʛʣʘʩʥʦ ʩʠʩʪʝʤʝ 

Uniprot 

Refseq.id ʉʪʨʦʢʘ RefSeq 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʪʨʦʥʫʪʦʛʦ ʙʝʣʢʘ ʩʦʛʣʘʩʥʦ ʩʠʩʪʝʤʝ 

RefSeq 

ɸʥʥʦʪʘʮʠʷ ʛʝʥʘ 

Interactions ʉʪʨʦʢʘ 
IntAct, 

BioGRID 
ʉʧʠʩʦʢ ʧʘʨʪʥʝʨʦʚ ʧʦ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ 

Pathways ʉʪʨʦʢʘ 
BioCarta, 

KEGG 
ʉʧʠʩʦʢ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʝʪ ʛʝʥ 

Expression ʉʪʨʦʢʘ 
BioGPS, 

GNF 
ʉʧʠʩʦʢ ʪʢʘʥʝʡ, ʚ ʢʦʪʦʨʳʭ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʜʘʥʥʳʡ ʛʝʥ 

Essential.gene yes/no dbNSFP ʗʚʣʷʝʪʩʷ ʣʠ ʛʝʥ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ 
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ʊʘʙʣʠʮʘ 6, ʧʨʦʜʦʣʞʝʥʠʝ 

ɸʥʥʦʪʘʮʠʷ ʫʯʘʩʪʢʘ ʛʝʥʘ/ʙʝʣʢʘ 

UniProt.Region ʉʪʨʦʢʘ Oncotator ʆʙʣʘʩʪʴ ʙʝʣʢʘ, ʟʘʪʨʘʛʠʚʘʝʤʘʷ ʤʫʪʘʮʠʝʡ 

UniProt.Nat.Variations ʉʪʨʦʢʘ Oncotator ʀʟʚʝʩʪʥʳʝ ʚʘʨʠʘʥʪʳ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʤʫʪʘʮʠʝʡ 

UniProt.Experim.Info ʉʪʨʦʢʘ Oncotator 

ʆʙʣʘʩʪʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʜʘʥʥʳʝ ʧʦ 

ʤʫʪʘʛʝʥʝʟʫ ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ 

ʙʝʣʢʘ) 

PFAM.domains ʉʪʨʦʢʘ 
MutationAss

essor 
ɼʦʤʝʥʳ PFAM, ʟʘʪʨʦʥʫʪʳʝ ʛʝʥʝʪʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ 

Functional_region ʉʪʨʦʢʘ 
MutationAss

essor 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʟʥʘʯʠʤʦʡ ʦʙʣʘʩʪʴʶ ʙʝʣʢʘ (ʩʦʛʣʘʩʥʦ UniProt). ʅʘʧʨʠʤʝʨ, 

ACT_SITE, DISULFID, DNA_BIND, ʠ ʪ.ʜ. 

Protein.bind.site ʉʪʨʦʢʘ 
MutationAss

essor 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʦʙʣʘʩʪʴʶ ʙʝʣʢʘ, 

ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ 

(ʩʦʛʣʘʩʥʦ PDB). 

DNA.RNA.bind.site ʉʪʨʦʢʘ 
MutationAss

essor 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʦʙʣʘʩʪʴʶ ʙʝʣʢʘ, 

ʫʯʘʩʪʚʫʶʱʝʡ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʈʅʂ ʠʣʠ ɼʅʂ 

(ʩʦʛʣʘʩʥʦ PDB). 

Small.mol.bind.site ʉʪʨʦʢʘ 
MutationAss

essor 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʦʙʣʘʩʪʴʶ ʙʝʣʢʘ, 

ʫʯʘʩʪʚʫʶʱʝʡ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʘʣʦʡ ʤʦʣʝʢʫʣʦʡ 

(ʩʦʛʣʘʩʥʦ PDB). 

Phosphorylation.site ʉʪʨʦʢʘ PhosphoSite ʄʫʪʘʮʠʷ ʥʘʨʫʰʘʝʪ ʩʘʡʪ ʬʦʩʬʦʨʠʣʣʠʨʦʚʘʥʠʷ 

Noncoding_ENCODE._a

nnotation. 
ʉʪʨʦʢʘ ENCODE ɸʥʥʦʪʘʮʠʷ ʥʝʢʦʜʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ ɼʅʂ 

ɸʥʥʦʪʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ 

dbSNP.ID ʉʪʨʦʢʘ dbSNP ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʛʣʘʩʥʦ dbSNP 

dbSNP.count ʎʝʣʦʝ ʯʠʩʣʦ dnSNP ʏʠʩʣʦ SNP ʚ dbSNP ʜʣʷ ʜʘʥʥʦʛʦ ʛʝʥʘ 

ClinVar.rs ʉʪʨʦʢʘ ClinVar 
ɼʘʥʥʳʡ SNP ʫʧʦʤʠʥʘʝʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʚʘʨʠʘʥʪʦʚ ClinVar 

COSMIC.occurrences ʎʝʣʦʝ ʯʠʩʣʦ COSMIC 
ʏʠʩʣʦ ʦʙʨʘʟʮʦʚ ʚ ʙʘʟʝ ʜʘʥʥʳʭ COSMIC ʜʣʷ ʢʦʪʦʨʳʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʜʘʥʥʘʷ (ʩʦʤʘʪʠʯʝʩʢʘʷ) ʤʫʪʘʮʠʷ 

Cosmic.Count ʎʝʣʦʝ ʯʠʩʣʦ COSMIC 
ʆʙʱʝʝ ʯʠʩʣʦ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ ʩʦʛʣʘʩʥʦ ʙʘʟʝ 

ʜʘʥʥʳʭ COSMIC 

COSMIC.Tissue.Type.Af

fected 
ʉʪʨʦʢʘ Oncotator 

ʊʠʧʳ ʪʢʘʥʝʡ, ʚ ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʩʦʤʘʪʠʯʝʩʢʠʝ 

ʤʫʪʘʮʠʠ ʚ ʜʘʥʥʦʤ ʛʝʥʝ ʩʦʛʣʘʩʥʦ ʙʘʟʝ ʜʘʥʥʳʭ COSMIC. 

ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʩʢʦʙʢʘʭ 

1000Genomes.freq 
ʏʠʩʣʦ ʩ ʧʣʘʚ. 

ʪʦʯʢʦʡ 

1000 

Genomes 

ʇʦʧʫʣʷʮʠʦʥʥʘʷ ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ 1000 

Genomes 

ESP6500.freq 
ʏʠʩʣʦ ʩ ʧʣʘʚ. 

ʪʦʯʢʦʡ 
ESP6500 

ʇʦʧʫʣʷʮʠʦʥʥʘʷ ʯʘʩʪʦʪʘ ʤʠʥʦʨʥʦʛʦ ʘʣʣʝʣʷ ʩʦʛʣʘʩʥʦ 

ʧʨʦʝʢʪʫ ESP6500 

ExAC.freq 
ʏʠʩʣʦ ʩ ʧʣʘʚ. 

ʪʦʯʢʦʡ 
ExAC 

ʇʦʧʫʣʷʮʠʦʥʥʘʷ ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ ʩʦʛʣʘʩʥʦ Exome 

Aggregation Consortium 

CGC.Mutation.Type ʉʪʨʦʢʘ 
Cancer Gene 

Census 
ʊʠʧʳ ʤʫʪʘʮʠʡ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʛʝʥʘ 

CCLE.ONCOMAP.Overl

apping.Mutations 
ʉʪʨʦʢʘ Oncotator 

ʅʘʟʚʘʥʠʷ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʘʥʘʣʦʛʠʯʥʳʝ ʤʫʪʘʮʠʠ ʩʦʛʣʘʩʥʦ ʨʝʩʫʨʩʫ CCLE Oncomap 

CCLE.ONCOMAP.total.

mutations.in.gene 
ʎʝʣʦʝ ʯʠʩʣʦ Oncotator 

ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ ʩʦʛʣʘʩʥʦ ʨʝʩʫʨʩʫ 

CCLE Oncomap 

ACHILLES.Lineage.Res

ults.Top.Genes 
ʉʪʨʦʢʘ Oncotator 

ʊʠʧʳ ʢʣʝʪʦʢ, ʜʣʷ ʢʦʪʦʨʳʭ ʛʝʥ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʧ-200 ʂɺɻ 

ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ ACHILLES 

DNARepairGenes.Role ʉʪʨʦʢʘ Oncotator ɼʣʷ ʛʝʥʘ ʠʟʚʝʩʪʥʦ ʫʯʘʩʪʠʝ ʚ ʩʠʩʪʝʤʝ ʨʝʧʘʨʘʮʠʠ ɼʅʂ 

FamilialCancerDatabase.

Syndromes 
ʉʪʨʦʢʘ 

Familial 

Cancer 

Database 

ɻʝʨʤʠʥʘʪʠʚʥʳʝ ʤʫʪʘʮʠʠ ʚ ʜʘʥʥʦʤ ʛʝʥʝ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ 

ʨʘʟʚʠʪʠʝʤ ʬʘʤʠʣʴʥʳʭ ʬʦʨʤ ʨʘʢʘ 
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ʊʘʙʣʠʮʘ 6, ʧʨʦʜʦʣʞʝʥʠʝ 

ɸʩʩʦʮʠʘʮʠʷ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

Num.Cancer.Pubmed.Art

icles 
ʎʝʣʦʝ ʯʠʩʣʦ CHASM 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʪʝʡ ʚ ʩʠʩʪʝʤʝ Pubmed ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʟʘʧʨʦʩʝ ñʥʘʟʚʘʥʠʝ_ʛʝʥʘ + cancerñ 

Is.Cancer.Census ñyesò / òò 
Cancer Gene 

Census 
ɻʝʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʧʠʩʢʝ Cancer Gene Census 

Is.Foundation.One ñyesò / òò 
Foundation 

One 
ɻʝʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʘʥʝʣʠ Foundation One 

ʉancer.Kandoth ñyesò / òò 
(Kandoth, et 

al., 2013) 
ɻʝʥ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʦʥʢʦʛʝʥʝʟʦʤ (ʷʚʣʷʝʪʩʷ ʜʨʘʡʚʝʨʥʳʤ) 

ʉancer.Tamborero ñyesò / òò 
(Tamborero, 

et al., 2013) 
ɻʝʥ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʦʥʢʦʛʝʥʝʟʦʤ (ʷʚʣʷʝʪʩʷ ʜʨʘʡʚʝʨʥʳʤ) 

ʉancer.Lawrence ñyesò / òò 
(Lawrence, 

et al., 2014) 
ɻʝʥ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʦʥʢʦʛʝʥʝʟʦʤ (ʷʚʣʷʝʪʩʷ ʜʨʘʡʚʝʨʥʳʤ) 

Oncogene.Supressor 
Oncogene/ 

Supressor 
Oncotator ɻʝʥ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʩʫʧʨʝʩʩʦʨʦʤ ʠʣʠ ʦʥʢʦʛʝʥʦʤ 

Cancer.hallmarks ʉʪʨʦʢʘ 
(Chen, et al., 

2021) 

ɻʝʥ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʦʜʥʠʤ ʠʟ 10 ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʦʧʫʭʦʣʠ (ʩʠʩʪʝʤʘ ʉancer Hallmarks) 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ 

dbNSFP.SVM.pred 
T(olerated)/D(

amaging) 
dbNSFP 

ʗʚʣʷʝʪʩʷ ʣʠ ʛʝʥʝʪʠʯʝʩʢʠ ʚʘʨʠʘʥʪ ʙʝʟʚʨʝʜʥʳʤ (tolerated) 

ʠʣʠ ʧʘʪʦʛʝʥʥʳʤ (damaging) ʩʦʛʣʘʩʥʦ ʢʦʥʩʝʥʩʫʩʫ 

ʘʣʛʦʨʠʪʤʦʚ 

dbNSFP.Reliability ʎʝʣʦʝ ʯʠʩʣʦ dbNSFP 

ʂʦʣʠʯʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʠʥʠʤʘʚʰʠʭ ʫʯʘʩʪʠʝ ʚ 

ʢʦʥʩʝʥʩʫʩʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʦʛʝʥʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʚʘʨʠʘʥʪʘ 

PP2.score 
ʏʠʩʣʦ ʩ ʧʣʘʚ. 

ʪʦʯʢʦʡ 
PolyPhen2 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʩʪʝʧʝʥʠ ʧʘʪʦʛʝʥʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʚʘʨʠʘʥʪʘ 

MA.score 
ʏʠʩʣʦ ʩ ʧʣʘʚ. 

ʪʦʯʢʦʡ 

MutationAss

essor 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʩʪʝʧʝʥʠ ʧʘʪʦʛʝʥʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʚʘʨʠʘʥʪʘ  

CHASM.score 
ʏʠʩʣʦ ʩ ʧʣʘʚ. 

ʪʦʯʢʦʡ 
CHASM 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʩʪʝʧʝʥʠ ʜʨʘʡʚʝʨʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʚʘʨʠʘʥʪʘ 

VEST.pvalue 
ʏʠʩʣʦ ʩ ʧʣʘʚ. 

ʪʦʯʢʦʡ 
VEST 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʩʪʝʧʝʥʠ ʧʘʪʦʛʝʥʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʚʘʨʠʘʥʪʘ  

Funseq.coding.score ʎʝʣʦʝ ʯʠʩʣʦ Funseq 
ʂʦʣʠʯʝʩʪʚʦ ʩʚʠʜʝʪʝʣʴʩʪʚ ʚ ʧʦʣʴʟʫ ʜʨʘʡʚʝʨʥʦʩʪʠ ʜʣʷ 

ʥʝʩʠʥʦʥʠʤʠʯʥʦʡ ʤʫʪʘʮʠʠ 

Funseq.noncoding. score ʎʝʣʦʝ ʯʠʩʣʦ Funseq 
ʂʦʣʠʯʝʩʪʚʦ ʩʚʠʜʝʪʝʣʴʩʪʚ ʚ ʧʦʣʴʟʫ ʜʨʘʡʚʝʨʥʦʩʪʠ ʜʣʷ 

ʩʠʥʦʥʠʤʠʯʥʦʡ ʤʫʪʘʮʠʠ 

Network.hub PPI, REG Funseq 
ɻʝʥ ʷʚʣʷʝʪʩʷ ʭʘʙʦʤ ʚ ʩʝʪʠ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʠʣʠ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

Negative.selection Yes, no Funseq 
ɻʝʥ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ 

Motif.breaking Yes, no Funseq 
ʄʫʪʘʮʠʷ ʚ ʥʝʢʦʜʠʨʫʶʱʝʤ ʨʝʛʠʦʥʝ ʥʘʨʫʰʘʝʪ ʠʟʚʝʩʪʥʳʡ 

ʤʦʪʠʚ ʚ ɼʅʂ 

ɸʩʩʦʮʠʘʮʠʷ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

Associated.diseases ʉʪʨʦʢʘ Uniprot ɿʘʙʦʣʝʚʘʥʠʷ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʛʝʥʦʤ 

Associated.traits ʉʪʨʦʢʘ 
GWAS 

catalog 
ʇʨʠʟʥʘʢʠ ʠ ʩʦʩʪʦʷʥʠʷ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʛʝʥʦʤ 

Snp.disease ʉʪʨʦʢʘ PharmGKB 
ɿʘʙʦʣʝʚʘʥʠʷ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʜʘʥʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʚʘʨʠʘʥʪʦʤ 

CGC.Other.Diseases ʉʪʨʦʢʘ 
Cancer Gene 

Census 

ɿʘʙʦʣʝʚʘʥʠʷ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʜʘʥʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʚʘʨʠʘʥʪʦʤ 
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ʊʘʙʣʠʮʘ 6, ʧʨʦʜʦʣʞʝʥʠʝ 

ɸʩʩʦʮʠʘʮʠʷ ʩ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ 

DrugBank ʉʪʨʦʢʘ DrugBank 
ʉʧʠʩʦʢ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʛʝʥʦʤ 

Act.mut.rb ʉʪʨʦʢʘ 

(Rubio-

Perez, et al., 

2015) 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʠʤʝʝʪ ʢʣʠʥʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ 

Act.mut.td ʉʪʨʦʢʘ TARGET.db ɻʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʠʤʝʝʪ ʢʣʠʥʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ 

Act.mut.mb ʉʪʨʦʢʘ 

(Meric-

Bernstam, et 

al., 2015) 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʠʤʝʝʪ ʢʣʠʥʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ 

Snp.drug ʉʪʨʦʢʘ PharmGKB, 
ɻʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʧʨʝʧʘʨʘʪʘʤ 

dGene.class ʉʪʨʦʢʘ 
(Kumar, et 

al., 2013) 

ɻʝʥ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʣʝʢʘʨʩʪʚʘ 

(ʪ.ʥ. druggable gene) 

 

2.8. ʄʦʜʝʣʴ ʜʘʥʥʳʭ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ  

ʅʠʞʝ ʦʧʠʩʘʥʘ ʤʦʜʝʣʴ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʙʵʢʝʥʜ-

ʢʦʤʧʦʥʝʥʪʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʤʦʜʝʣʴ 

ʜʘʥʥʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʬʘʡʣʘ ʬʦʨʤʘʪʘ JSON. ɼʘʥʥʳʡ ʬʘʡʣ ʭʨʘʥʠʪ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʚʝʜʝʥʥʦʤ ʘʥʘʣʠʟʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʬʠʣʷ ʦʧʫʭʦʣʠ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʨʦʥʪʝʥʜ-ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʦʙʱʘʷ 

ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ (ʊʘʙʣʠʮʘ 7) ʠ ʦʧʠʩʘʥʠʷ ʧʦʣʝʡ ʢʣʶʯʝʚʳʭ ʪʘʙʣʠʮ. 

ʊʘʙʣʠʮʘ 7. ʄʦʜʝʣʴ ʜʘʥʥʳʭ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ð ʩʧʠʩʦʢ ʪʘʙʣʠʮ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ 

ʤʝʞʜʫ ʥʠʤʠ 

ˉ ʪʘʙʣʠʮʳ ʅʘʟʚʘʥʠʝ ʪʘʙʣʠʮʳ ʆʧʠʩʘʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ 
ɺʟʘʠʤʦʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ 

ʪʘʙʣʠʮʘʤʠ 

ʊʘʙʣʠʮʘ 8 GeneticVariants ɻʝʥʝʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ Genes 

ʊʘʙʣʠʮʘ 9 Genes ɻʝʥʳ - 

ʊʘʙʣʠʮʘ 10 StructuredOtherAssays 

ɹʠʦʤʘʨʢʝʨʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ NGS 

(ʥʘʧʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʳ ʀɻʍ, FISH) 

- 

ʊʘʙʣʠʮʘ 11 Drugs ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ - 

ʊʘʙʣʠʮʘ 12 ClinicalTrials Aʢʪʠʚʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ - 

ʊʘʙʣʠʮʘ 13 Evidences ʂʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʙʠʦʤʘʨʢʝʨʦʚ 

GeneticVariants, 

StructuredOtherAssays, 

Drugs 
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ʊʘʙʣʠʮʘ 8. ʉʧʠʩʦʢ ʚʩʝʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ (ʪʘʙʣʠʮʘ GeneticVariants) 

ʅʘʟʚʘʥʠʝ ʧʦʣʷ ʆʧʠʩʘʥʠʝ ʧʦʣʷ 

json_id ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʧʠʩʠ ʚ ʨʘʤʢʘʭ ʪʘʙʣʠʮʳ  

variant_name 

ʅʘʟʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʚ ʪʦʤ ʚʠʜʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʦ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʧʣʘʪʬʦʨʤʝ. ʌʦʨʤʠʨʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ HGVS. 

ʅʘʧʨʠʤʝʨ: «NOC2L p.I300V», «HCLS1 p.P372_E375dup» 

variant_type 
ʊʠʧ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ. ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ:  

SNV, INDEL, WILDTYPE 

variant_class 

ʂʣʘʩʩ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʝʛʦ ʢʣʠʥʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ. ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ: 

CLIN_SIGNIF, POLYMORPHISM,  

VUS, WILDTYPE 

chromosome ʍʨʦʤʦʩʦʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʛʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ 

position ʂʦʦʨʜʠʥʘʪʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʥʘ ʭʨʦʤʦʩʦʤʝ 

genome_version ɺʝʨʩʠʷ ʩʙʦʨʢʠ ʛʝʥʦʤʘ 

ref_allele ɿʥʘʯʝʥʠʝ ʨʝʬʝʨʝʥʩʥʦʛʦ ʘʣʣʝʣʷ 

alt_allele ɿʥʘʯʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʘʣʣʝʣʷ 

ref_depth ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʨʝʬʝʨʝʥʩʥʦʛʦ ʘʣʣʝʣʷ 

alt_depth ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʘʣʣʝʣʷ 

aa_change ʉʣʝʜʩʪʚʠʝ ʟʘʤʝʥʳ ʥʘ ʙʝʣʢʦʚʦʤ ʫʨʦʚʥʝ 

codon_change ʉʣʝʜʩʪʚʠʝ ʟʘʤʝʥʳ ʥʘ ʫʨʦʚʥʝ ʢʦʜʦʥʘ 

germline_somatic 
ʋʢʘʟʘʥʠʝ ʥʘ ʩʦʤʘʪʠʯʝʩʢʠʡ ʠʣʠ ʛʝʨʤʠʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ.  

ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ: SOMATIC, GERMLINE 

transcript  ʊʨʘʥʩʢʨʠʧʪʳ ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʟʘʤʝʥʘ 

biolog_impact 

ɺʝʨʦʷʪʥʳʡ ʪʠʧ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ  

PATHOGENIC (ʧʘʪʦʛʝʥʥʳʡ),  

LIKELY _BENIGN (ʥʝʧʘʪʦʛʝʥʥʳʡ),  

UNKNOWN (ʥʝʠʟʚʝʩʪʝʥ)  

biologimpact_summary ʊʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʚʣʠʷʥʠʷ ʟʘʤʝʥʳ ʥʘ ʙʝʣʦʢ.  

allelic_frequency ɸʣʣʝʣʴʥʘʷ ʯʘʩʪʦʪʘ 

population_frequency ʇʦʧʫʣʷʮʠʦʥʥʘʷ ʯʘʩʪʦʪʘ ʩʦʛʣʘʩʥʦ gnomAD NFE 

comment ʂʦʤʤʝʥʪʘʨʠʡ ʵʢʩʧʝʨʪʘ  

db_titles ʄʘʩʩʠʚ ʥʘʟʚʘʥʠʡ ʨʝʬʝʨʝʥʩʥʳʭ ʙʘʟ ʜʘʥʥʳʭ 

db_links ʄʘʩʩʠʚ ʩʩʳʣʦʢ ʥʘ ʨʝʬʝʨʝʥʩʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ 

gene ʉʩʳʣʢʘ ʥʘ ʪʘʙʣʠʮʫ Genes (ʧʦʣʝ json_id) 

exon ʅʦʤʝʨ ʵʢʟʦʥʘ ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʚʘʨʠʘʥʪ  

impact_so ɺʣʠʷʥʠʝ ʥʘ ʙʝʣʦʢ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ Sequence Ontology 
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ʊʘʙʣʠʮʘ 9. ʉʧʠʩʦʢ ʚʩʝʭ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʩʝʢʚʝʥʠʨʦʚʘʥʳ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʪʘʙʣʠʮʘ Genes) 

ʅʘʟʚʘʥʠʝ ʧʦʣʷ ʆʧʠʩʘʥʠʝ ʧʦʣʷ 

json_id  ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʧʠʩʠ ʚ ʨʘʤʢʘʭ ʪʘʙʣʠʮʳ  

symbol  HGNC-ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʛʝʥʘ. ʅʘʧʨʠʤʝʨ, KRAS 

locus ʃʦʢʫʩ ʥʘ ʭʨʦʤʦʩʦʤʝ. ʅʘʧʨʠʤʝʨ 12p12.1 

entrez_id  Entrez-ʠʜʝʥʪʠʬʠʢʘʪʦʨ  

ensg ENSEMBL-ʠʜʝʥʪʠʬʠʢʘʪʦʨ  

chr  ʍʨʦʤʦʩʦʤʘ 

start  ʂʦʦʨʜʠʥʘʪʘ ʥʘʯʘʣʘ ʛʝʥʘ 

end  ʂʦʦʨʜʠʥʘʪʘ ʢʦʥʮʘ ʛʝʥʘ 

panel_coverage  ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʛʣʫʙʠʥʳ ʧʦʢʨʳʪʠʷ ʢʦʜʠʨʫʶʱʠʭ ʫʯʘʩʪʢʦʚ ʛʝʥʘ 

full_name  ʇʦʣʥʦʝ ʥʘʟʚʘʥʠʝ ʛʝʥʘ. ʅʘʧʨʠʤʝʨ, KRAS proto-oncogene, GTPase 

description  ʆʧʠʩʘʥʠʝ ʬʫʥʢʮʠʡ ʛʝʥʘ (HTML)  

gene_type  

ʅʘʣʠʯʠʝ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʤʫʪʘʮʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʣʠʥʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʛʝʥʘ ʜʣʷ ʪʝʢʫʱʝʛʦ ʘʥʘʣʠʟʘ. ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ: 

NO_MUTATIONS, CLIN_SIGNIF, POLYMORPHISM, VUS, WILDTYPE 

 

ʊʘʙʣʠʮʘ 10. ʇʨʦʯʠʝ (ʥʝ-NGS) ʨʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ (ʪʘʙʣʠʮʘ 

StructuredOtherAssays) 

ʅʘʟʚʘʥʠʝ ʧʦʣʷ ʆʧʠʩʘʥʠʝ ʧʦʣʷ 

json_id  ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʧʠʩʠ ʚ ʨʘʤʢʘʭ ʪʘʙʣʠʮʳ  

assay  ʅʘʟʚʘʥʠʝ ʪʝʩʪʘ. ʅʘʧʨʠʤʝʨ, ñPanCK(AE1/3)ò, ñKi-67ò, ñMSIò. 

value  
ʈʝʟʫʣʴʪʘʪ ʪʝʩʪʘ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʝ. ʅʘʧʨʠʤʝʨ: ñ17%ò,ñ+++ò, ñʙʦʣʝʝ 

1%, ʥʦ ʤʝʥʝʝ 50% ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢò 

stdvalue  
ʈʝʟʫʣʴʪʘʪ ʪʝʩʪʘ ʚ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ. ʅʘʧʨʠʤʝʨ: 

ñOVEREXPRESSIONò, ñEXPRESSIONò  

description  ʆʧʠʩʘʥʠʝ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʪʝʩʪʘ (HTML ʬʦʨʤʘʪ). 

technique  

ʊʠʧ ʤʝʪʦʜʠʢʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ. ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ: 

ASSAY_FISH, ASSAY_IHC, ASSAY_MSI, ASSAY_RTPCR, 

ASSAY_SANGER, ASSAY_OTHER 

sample 

ʊʠʧ ʦʙʨʘʟʮʘ. ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ: 

SAMPLE_FFPE, SAMPLE_DNA, SAMPLE_TISSUE, SAMPLE_BLOOD, 

SAMPLE_PLASMA, SAMPLE_URINA, SAMPLE_FECES 

comment  
ʂʦʤʤʝʥʪʘʨʠʡ ʵʢʩʧʝʨʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʨʝʟʫʣʴʪʘʪʘ 

ʜʘʥʥʦʛʦ ʪʝʩʪʘ ʫ ʧʘʮʠʝʥʪʘ 
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ʊʘʙʣʠʮʘ 11. ʉʧʠʩʦʢ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʪʘʙʣʠʮʘ Drugs) 

ʅʘʟʚʘʥʠʝ ʧʦʣʷ ʆʧʠʩʘʥʠʝ ʧʦʣʷ 

json_id  ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚ ʨʘʤʢʘʭ ʪʘʙʣʠʮʳ 

drug_name  ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʝʧʘʨʘʪʘ 

drugbank_id  
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʝʧʘʨʘʪʘ ʚ ʙʘʟʝ ʜʘʥʥʳʭ DrugBank, (Wishart, et al., 

2006) 

description  ʆʧʠʩʘʥʠʝ ʧʨʝʧʘʨʘʪʘ 

indication  ʆʧʠʩʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʝʧʘʨʘʪʘ 

drug_class  ʂʣʘʩʩ ʧʨʝʧʘʨʘʪʘ, ʥʘʧʨʠʤʝʨ «ʤʫʣʴʪʠʢʠʥʘʟʥʳʡ ʠʥʛʠʙʠʪʦʨ» 

approved_in_this_disease  

ʇʨʠʤʝʥʠʤʦʩʪ ɹʧʨʝʧʘʨʘʪʘ ʧʨʠ ʜʘʥʥʦʤ ʟʘʙʦʣʝʚʘʥʠʠ. ɺʦʟʤʦʞʥʳʝ 

ʟʥʘʯʝʥʠʷ: APPROVED_FOR_THIS_DISEASE, 

APPROVED_FOR_OTHER_DISEASE, IN_RND 

 

ʊʘʙʣʠʮʘ 12 ʉʧʠʩʦʢ ʘʢʪʫʘʣʴʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʯʘʩʪʠʝ ʚ ʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʦ ʧʘʮʠʝʥʪʦʤ (ʪʘʙʣʠʮʘ ClinicalTrials). 

ʅʘʟʚʘʥʠʝ ʧʦʣʷ ʆʧʠʩʘʥʠʝ ʧʦʣʷ 

json_id  ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚ ʨʘʤʢʘʭ ʪʘʙʣʠʮʳ 

nct_id  
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ ʨʝʩʫʨʩʫ 

ClinicalTrials.gov (ʧʨʠ ʥʘʣʠʯʠʠ) 

name  ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʳʪʘʥʠʷ 

phase ʌʘʟʘ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʳʪʘʥʠʷ 

outcome_measure  ʎʝʣʴ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʳʪʘʥʠʷ 

location  ʄʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʳʪʘʥʠʷ 

contacts  ʂʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʢʣʠʥʠʯʝʩʢʦʤ ʠʩʧʳʪʘʥʠʠ 
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ʊʘʙʣʠʮʘ 13. ʂʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ (ʪʘʙʣʠʮʘ Evidences) 

ʅʘʟʚʘʥʠʝ ʧʦʣʷ ʆʧʠʩʘʥʠʝ ʧʦʣʷ 

json_id ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚ ʨʘʤʢʘʭ ʪʘʙʣʠʮʳ  

evidence_id ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ 

drugs 

ʆʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʜʘʥʥʳʤ ʙʠʦʤʘʨʢʝʨʦʤ. ʄʘʩʩʠʚ ʩʩʳʣʦʢ ʥʘ ʪʘʙʣʠʮʫ Drugs(ʧʦʣʝ json_id), 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʟʘʧʦʣʥʝʥʥʳʤ. 

drug_interaction_type 

ʈʝʞʠʤ ʪʝʨʘʧʠʠ. ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ: DRUG_COMBINATION, 

DRUG_SEQUENTIAL, DRUG_SUBSTITUTES 

variant_id 

ʂʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ. ʉʩʳʣʢʘ ʥʘ ʪʘʙʣʠʮʫ 

GeneticVariants (ʧʦʣe json_id), ʤʦʞʝʪ ʙʳʪʴ ʥʝʟʘʧʦʣʥʝʥʥʳʤ (ʥʦ ʪʦʛʜʘ 

ʟʘʧʦʣʥʝʥʦ ʧʦʣʝ assay_id). 

assay_id 

ʂʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʣeʢʫʣʷʨʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ (ʥʝ-

NGS). ʉʩʳʣʢʘ ʥʘ ʪʘʙʣʠʮʫ StructuredOtherAssays (ʧʦʣe json_id), ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʟʘʧʦʣʥʝʥʥʳʤ (ʥʦ ʪʦʛʜʘ ʟʘʧʦʣʥʝʥʦ ʧʦʣʝ assay_id). 

evidence_level 
ʋʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʙʠʦʤʘʨʢʝʨʘ. ʇʨʠʤʝʨʳ 

ʟʥʘʯʝʥʠʡ: EVID_LEVEL_A, EVID_LEVEL_B1, EVID_LEVEL_C ʠ ʪ.ʜ. 

evidence_type 

ʊʠʧ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʙʠʦʤʘʨʢʝʨʘ.  

ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ: EVID_TYPE_PREDICTIVE, 

EVID_TYPE_DIAGNOSTIC, EVID_TYPE_PREDISPOSING, 

EVID_TYPE_PROGNOSTIC, EVID_TYPE_BIOLOGICAL 

description ʊʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʙʠʦʤʘʨʢʝʨʘ. 

link  
ɻʠʧʝʨʩʩʳʣʢʘ ʥʘ ʠʩʪʦʯʥʠʢ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʢʣʠʥʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʙʠʦʤʘʨʢʝʨʘ 

title 
ʅʘʟʚʘʥʠʝ ʛʠʧʝʨʩʩʳʣʢʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʡ ʢʣʠʥʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʙʠʦʤʘʨʢʝʨʘ 

comment 
ʂʦʤʤʝʥʪʘʨʠʡ ʵʢʩʧʝʨʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʠʥʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʦʛʦ 

ʙʠʦʤʘʨʢʝʨʘ ʫ ʜʘʥʥʦʛʦ ʧʘʮʠʝʥʪʘ 

drug_type 

ʊʠʧ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ(-ʦʚ) ʫ ʜʘʥʥʦʛʦ ʧʘʮʠʝʥʪʘ. ɺʦʟʤʦʞʥʳʝ 

ʟʥʘʯʝʥʠʷ: DRUG_EFFECTIVE_IN_THIS_DISEASE, 

DRUG_EFFECTIVE_IN_OTHER_DISEASE, 

DRUG_NONEFFECTIVE, DRUG_TOXIC, 

DRUG_OTHER  

drug_comment 
ʂʦʤʤʝʥʪʘʨʠʡ ʵʢʩʧʝʨʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʘʥʥʦʡ 

ʪʝʨʘʧʠʠ 

 

2.9. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʢʨʠʧʪʦʚ ʥʘ ʷʟʳʢʝ R [www.r-project.org]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ SNEA-

ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Pathway Studio ʚʝʨʩʠʠ 9.0 (Elsevier, 

ʅʠʜʝʨʣʘʥʜʳ). ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʝʪʝʡ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʇʆ Cytoscape (Shannon, et al., 2003). ʈʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʚʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʦʚ Python, JavaScript ʠ R, 

ʧʨʦʛʨʘʤʤʥʳʭ ʙʠʙʣʠʦʪʝʢ Django ʠ Vue, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ MySQL.  
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ɻʃɸɺɸ 3. ʋʷʟʚʠʤʳʝ ʪʦʯʢʠ ʧʨʦʪʝʦʤʘ ʢʣʝʪʦʢ 

ʤʝʣʘʥʦʤʳ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʘ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʷʟʚʠʤʳʭ ʪʦʯʝʢ ʚ 

ʧʨʦʪʝʦʤʝ ʦʧʫʭʦʣʠ («essential proteins», ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʙʝʣʢʦʚ), ʯʴ ̫ ʘʢʪʠʚʥʦʩʪʴ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ʊʘʢʠʝ ʙʝʣʢʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʦʚʳʝ ʤʠʰʝʥʠ ʜʣʷ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ. ɺ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʤʝʪʦʜʘ ʣʝʞʠʪ ʧʦʠʩʢ ʙʝʣʢʦʚ ʧʨʦʪʝʦʤʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ, ʪʦ ʝʩʪʴ ʦʙʝʜʥʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʘʞʥʳʤʠ 

ʟʘʤʝʥʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʪʘʢʠʭ 

ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʭ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ʈʝʟʫʣʴʪʘʪʳ, 

ʦʧʠʩʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ, ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʙʦʪʝ ʇʷʪʥʠʮʢʦʛʦ ʩ ʩʦʘʚʪʦʨʘʤʠ (Pyatnitskiy, 

et al., 2015). 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʥʝ ʜʝʣʘʣʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʙʝʣʢʘʤʠ ʠ 

ʢʦʜʠʨʫʶʱʠʤʠ ʠʭ ʛʝʥʘʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʭʦʪʷ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ 

ʥʝʥʘʨʫʰʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ, ʦʜʥʘʢʦ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʥʦʤʦʚ ʦʧʫʭʦʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ. 

3.1. ɸʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʙʝʣʢʦʚ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʙʝʣʢʦʚ ʚ ʧʨʦʪʝʦʤʝ 

ʦʧʫʭʦʣʠ ʤʳ ʦʧʠʨʘʣʠʩʴ ʥʘ ʠʟʚʝʩʪʥʳʡ ʬʘʢʪ ʠʟ ʠʩʪʦʨʠʠ ʧʨʠʢʣʘʜʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʘ ʠʤʝʥʥʦ ð 

ʥʘ ʨʘʙʦʪʫ ɸʙʨʘʭʘʤʘ ɺʘʣʴʜʘ ʧʦ ʧʨʦʙʣʝʤʘʤ ʦʮʝʥʢʠ ʫʷʟʚʠʤʦʩʪʠ ʩʘʤʦʣʝʪʦʚ-

ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʦʚ (Wald, 1980). ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʧʦʩʪʘʚʣʝʥʥʘʷ ʧʝʨʝʜ ɺʘʣʴʜʦʤ, ʙʳʣʘ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʙʦʤʙʘʨʜʠʨʦʚʱʠʢ ʚʦʟʚʨʘʱʘʝʪʩʷ ʩ ʙʦʝʚʦʛʦ ʟʘʜʘʥʠʷ, 

ʧʦʚʨʝʞʜʝʥʥʳʡ ʟʝʥʠʪʥʳʤ ʦʛʥʝʤ ʧʨʦʪʠʚʥʠʢʘ; ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʜʣʷ ʢʘʢʠʭ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʝʡ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ʥʘʧʨʠʤʝʨ ʧʣʦʩʢʦʩʪʠ, ʬʶʟʝʣʷʞ, ʤʦʪʦʨ) ʩʣʝʜʫʝʪ ʫʩʠʣʠʪʴ 

ʙʨʦʥʠʨʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʘʤʦʣʝʪʘ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʮʝʥʟʫʨʠʨʦʚʘʥʥʳʤʠ, ʪ.ʝ. ʥʝʣʴʟʷ ʠʟʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʧʘʜʘʥʠʡ 

ʜʣʷ ʩʘʤʦʣʝʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʝʨʥʫʣʠʩʴ ʩ ʟʘʜʘʥʠʷ (ʪ.ʥ. ʦʰʠʙʢʘ ʚʳʞʠʚʰʝʛʦ). ʄʘʢʩʠʤʘʣʴʥʦ 

ʫʧʨʦʱʘʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ɺʘʣʴʜ ʧʨʝʜʣʦʞʠʣ ʫʩʠʣʠʚʘʪʴ ʙʨʦʥʠʨʦʚʘʥʠʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʪʝʭ ʯʘʩʪʝʡ ʩʘʤʦʣʝʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʚʦʙʦʜʥʳ ʦʪ ʧʦʧʘʜʘʥʠʡ ʧʫʣʴ ʠ ʩʥʘʨʷʜʦʚ. ʆʪʩʫʪʩʪʚʠʝ 

ʧʨʦʙʦʠʥ ʥʘ ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʝ, ʢʦʪʦʨʳʡ ʫʩʧʝʰʥʦ ʚʝʨʥʫʣʩʷ ʩ ʙʦʝʚʦʛʦ ʚʳʣʝʪʘ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʠʤʝʥʥʦ ʪʘʢʠʝ ʤʝʩʪʘ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʫʟʣʘʤʠ ʩʘʤʦʣʝʪʘ. ʇʦʧʘʜʘʥʠʝ ʚ ʵʪʠ 
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ʜʝʪʘʣʠ ʩʘʤʦʣʝʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʥʠʯʪʦʞʝʥʠʶ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʠ ʜʝʣʘʝʪ ʜʘʥʥʳʝ ʦʙ 

ʫʷʟʚʠʤʦʩʪʠ ʥʝʥʘʙʣʶʜʘʝʤʳʤʠ.  

ʀʩʧʦʣʴʟʫʷ ʩʭʦʞʫʶ ʣʦʛʠʢʫ, ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʝʩʣʠ ʚʤʝʩʪʦ ʫʩʧʝʰʥʦʛʦ 

ʚʦʟʚʨʘʱʝʥʠʷ ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʘ ʩ ʟʘʜʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʳʞʠʚʘʝʤʦʩʪʴ ʨʘʢʦʚʦʡ ʢʣʝʪʢʠ, ʪʦ 

ʘʥʘʣʦʛʦʤ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ ʩʘʤʦʣʝʪʘ ʷʚʣʷʶʪʩʷ ʙʝʣʢʠ ʢʣʝʪʢʠ, ʘ ʘʥʘʣʦʛʦʤ ʟʝʥʠʪʥʦʛʦ ʦʛʥʷ 

ʷʚʣʷʶʪʩʷ ʚʦʟʥʠʢʘʶʱʠʝ de novo ʧʘʪʦʛʝʥʥʳʝ ʩʦʤʘʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ, ʥʘʨʫʰʘʶʱʠʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʙʝʣʢʘ. ʈʘʩʧʨʦʩʪʨʘʥʷʷ ʠʜʝʶ ɺʘʣʴʜʘ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʝʥʳ, ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪ ʙʝʣʢʠ, ʦʙʝʜʥʝʥʥʳʝ ʧʘʪʦʛʝʥʥʳʤʠ 

ʩʦʤʘʪʠʯʝʩʢʠʤʠ ʤʫʪʘʮʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʨʘʢʦʚʦʡ ʢʣʝʪʢʠ. ʂʣʝʪʢʠ ʩ 

ʤʫʪʘʮʠʷʤʠ ʚ ʪʘʢʠʭ ʛʝʥʘʭ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʛʠʙʘʶʪ, ʘ ʠʭ ʛʝʥʦʤʳ ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʥʘʙʣʶʜʘʝʤʳʤʠ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʩʝʢʚʝʥʠʨʦʚʘʥʳ. ɸʥʘʣʦʛʠʷ ʤʝʞʜʫ ʨʘʙʦʪʦʡ ɺʘʣʴʜʘ ʠ 

ʛʠʧʦʤʫʪʠʨʦʚʘʥʥʳʤʠ ʙʝʣʢʘʤʠ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʠʞʝ (ʈʠʩʫʥʦʢ 12). 

ʈʠʩʫʥʦʢ 12. ɸʥʘʣʦʛʠʷ ʤʝʞʜʫ ʢʨʠʪʠʯʝʩʢʠʤʠ ʚʘʞʥʳʤʠ ʫʟʣʘʤʠ ʩʘʤʦʣʝʪʦʚ (ʨʘʙʦʪʳ ɸ. ɺʘʣʴʜʘ) ʠ 

ʛʠʧʦʤʫʪʠʨʦʚʘʥʥʳʤʠ ʙʝʣʢʘʤʠ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ɸ) ʋʟʣʳ, ʢʦʪʦʨʳʝ 

ʦʩʪʘʣʠʩʴ ʥʝʧʦʚʨʝʞʜʝʥʥʳʤʠ ʥʘ ʚʝʨʥʫʚʰʠʭʩʷ ʩ ʟʘʜʘʥʠʷ ʩʘʤʦʣʝʪʘʭ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ ʞʠʚʫʯʝʩʪʠ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ɹ) ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʙʝʣʢʠ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʯʠʩʣʦʤ ʧʘʪʦʛʝʥʥʳʭ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 
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ʎʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ, ʯʴʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʨʘʢʦʚʦʡ ʢʣʝʪʢʠ. ʊʘʢʠʝ ʙʝʣʢʠ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 

ʤʠʰʝʥʷʤʠ ʜʣʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ (Chang, et al., 2021). ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʠʩʢʣʶʯʠʪʴ 

ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʢʣʝʪʦʢ ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʛʠʧʦʪʝʪʠʯʝʩʢʦʝ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʩʨʝʜʩʪʚʦ ʙʫʜʝʪ ʪʨʦʧʥʦ ʠ ʢ ʟʜʦʨʦʚʳʤ ʢʣʝʪʢʘʤ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʙʝʣʢʠ, ʦʙʝʜʥʝʥʥʳʝ ʧʘʪʦʛʝʥʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʚʘʨʠʘʥʪʘʤʠ, 

ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʫ ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʬʠʣʴʪʨʦʤ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʙʝʣʢʦʚ (ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʠʰʝʥʝʡ) ʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʪʦʛʦ, 

ʯʪʦʙʳ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʝʥʘ ʜʦʣʷ ʥʘʙʣʶʜʘʝʤʳʭ ʧʘʪʦʛʝʥʥʳʭ ʤʫʪʘʮʠʡ ʚ ʟʜʦʨʦʚʦʡ 

ʪʢʘʥʠ ʙʳʣʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʣʝʡ ʧʘʪʦʛʝʥʥʳʭ ʤʫʪʘʮʠʡ ʚ ʦʧʫʭʦʣʠ. ʊʝʤ ʩʘʤʳʤ ʙʫʜʫʪ 

ʦʪʦʙʨʘʥʳ ʙʝʣʢʠ, ʯʴʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʢʣʝʪʦʢ ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʠ, ʥʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ.  

 ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʷʚʣʷʣʠʩʴ ʩʚʝʜʝʥʠʷ ʦ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʷʭ ʚ 

ʛʝʥʦʤʘʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ TCGA 

[https://portal.gdc.cancer.gov/], ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘʭ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ 

ʛʝʥʦʤʘʭ ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʠʟ ʧʨʦʝʢʪʘ 1000 Genomes 

[https://www.internationalgenome.org/].  

ɼʣʷ ʥʘʠʙʦʣʴʰʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʧʦʠʩʢʫ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʙʝʣʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʨʘʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ 

ʜʘʥʥʳʭ ʦ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʷʭ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʠʟʫʯʘʝʤʦʡ ʥʦʟʦʣʦʛʠʠ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʤʝʣʘʥʦʤʘ ʢʘʢ ʦʥʢʦʣʦʛʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʯʘʩʪʦʪʦʡ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʨʘʢʘ (Lawrence, et al., 

2013). ʅʘ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʜʣʷ ʤʝʣʘʥʦʤʳ ʙʳʣʦ ʥʘʠʙʦʣʴʰʝʝ 

ʘʙʩʦʣʶʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʨʘʢʘ, 

ʩʫʤʤʘʨʥʦ 181 175 ʚʘʨʠʘʥʪʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʙʝʣʢʦʚ ʤʝʣʘʥʦʤʳ ʢʦʞʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʪʙʦʨʦʤ 

ʏʪʦʙʳ ʥʘʡʪʠ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʝ ʛʝʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʪʙʦʨʦʤ 

ʧʨʠ ʨʘʟʚʠʪʠʠ ʦʧʫʭʦʣʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʣʠʯʠʥʫ dN / dS ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʜʘʚʣʝʥʠʷ 

ʦʪʙʦʨʘ (Yang and Bielawski, 2000). ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʚʳʯʠʩʣʷʝʤʘʷ ʜʣʷ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʝʛʦ 

ʫʯʘʩʪʢʘ ɼʅʂ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʜʦʣʠ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ 

ʟʘʤʝʥ dN ʢ ʜʦʣʝ ʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ dS. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ dN/dS ʤʝʥʴʰʝ 

ʝʜʠʥʠʮʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ, ʪ.ʝ. ʙʦʣʴʰʠʥʩʪʚʦ ʚʦʟʤʦʞʥʳʭ 
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ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ ʚʳʤʳʚʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʪʙʦʨʦʤ. ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʚʝʣʠʯʠʥʳ dN/dS, ʧʨʠʤʝʥʷʣʩʷ ʚ ʨʘʙʦʪʝ Ostrow ʠ ʩʦʘʚʪʦʨʦʚ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʚ ʛʝʥʦʤʘʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (Ostrow, et al., 2014). 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʦ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʚ ʤʝʣʘʥʦʤʝ, ʨʘʩʩʯʠʪʘʣʠ 

ʩʦʦʪʥʦʰʝʥʠʝ dN/dS ʜʣʷ ʚʩʝʭ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ ʯʝʣʦʚʝʢʘ. ʉ ʮʝʣʴʶ ʧʦʚʳʩʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ dN/dS ʠʟ ʘʥʘʣʠʟʘ ʠʩʢʣʶʯʘʣʠ ʛʝʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʠʟʚʝʩʪʥʦ 10 ʠ ʤʝʥʝʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ TCGA. ʉʯʠʪʘʣʠ, ʯʪʦ ʛʝʥ 

ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʪʙʦʨʦʤ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʝʣʠʯʠʥʘ dN/dS 

ʙʳʣʘ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ. ɼʣʷ ʚʳʙʦʨʘ ʧʦʨʦʛʘ ʧʦʩʪʨʦʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʟʥʘʯʝʥʠʡ dN/dS ʜʣʷ ʪʨʝʭ ʥʦʟʦʣʦʛʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʦ ʠʟʚʝʩʪʥʦ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʯʥʳʭ ʤʫʪʘʮʠʡ: ʤʝʣʘʥʦʤʳ ʢʦʞʠ, ʢʘʨʮʠʥʦʤʳ ɻ ʥʜʦʤʝʪʨʠʷ ʤʘʪʢʠ 

ʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ (ʈʠʩʫʥʦʢ 13). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʛʠʩʪʦʛʨʘʤʤ, ʚʦ ʚʩʝʭ 

ʪʨʝʭ ʩʣʫʯʘʷʭ ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʟʥʘʯʝʥʠʠ ʚʝʣʠʯʠʥʳ dN/dS, ʨʘʚʥʦʤ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,25. ʕʪʫ ʚʝʣʠʯʠʥʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʧʨʠ 

ʦʥʢʦʛʝʥʝʟʝ. 

 

 

ʈʠʩʫʥʦʢ 13. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʟʥʘʯʝʥʠʡ dN/dS ʜʣʷ ʪʨʝʭ ʪʠʧʦʚ ʨʘʢʘ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʠʟʚʝʩʪʥʦ ʦ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ: ʤʝʣʘʥʦʤʘ ʢʦʞʠ, ʢʘʨʮʠʥʦʤʘ ʵʥʜʦʤʝʪʨʠʷ ʤʘʪʢʠ ʠ 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʣʝʛʢʠʭ. ʃʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ dN/dS 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤʠ 0,25 (ʦʙʦʟʥʘʯʝʥʦ ʩʪʨʝʣʢʘʤʠ). ɹʝʣʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ dN/dS ʥʝ ʧʨʝʚʳʰʘʣʘ 

ʜʘʥʥʳʡ ʧʦʨʦʛ, ʩʯʠʪʘʣʠ ʥʘʭʦʜʷʱʠʤʠʩʷ ʧʦʜ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʪʙʦʨʦʤ 
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ɼʘʣʝʝ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʠ ʫʜʘʣʝʥʳ ʠʟ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʪʘʢʠʝ ʛʝʥʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʢʣʝʪʢʘʭ ʤʝʣʘʥʦʤʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʟʥʘʥʳ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʜʣʷ ʵʪʦʛʦ ʚʠʜʘ ʨʘʢʘ. ɼʣʷ ʵʪʦʛʦ ʧʦ ʜʘʥʥʳʤ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ TCGA (ʚʩʝʛʦ 374 ʦʙʨʘʟʮʘ) ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ ʨʘʩʩʯʠʪʘʣʠ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ 

ʝʛʦ ʵʢʩʧʨʝʩʩʠʠ ʚ ʦʧʫʭʦʣʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʛʝʥʳ, ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʢʦʪʦʨʳʭ ʧʨʠ ʤʝʣʘʥʦʤʝ ʥʝ ʧʨʝʚʳʰʘʣ 20%-ʧʝʨʮʝʥʪʠʣʷ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ ʚʩʝʭ ʛʝʥʦʚ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʠʟʫʯʘʣʠ ʩʪʝʧʝʥʴ ʧʘʪʦʛʝʥʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʢʘʢ ʩʨʝʜʠ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ (ʜʘʥʥʳʝ ʧʨʦʝʢʪʘ TCGA), ʪʘʢ ʠ ʩʨʝʜʠ 

ʛʝʨʤʠʥʘʪʠʚʥʳʭ ʧʦʣʠʤʦʨʬʠʟʤʦʚ (ʜʘʥʥʳʝ ʧʨʦʝʢʪʘ 1000 Genomes). ɺʩʝ ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʚʘʨʠʘʥʪʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ʧʦ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʙʝʣʢʘ. ɺʩʝ ʤʫʪʘʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʜʚʠʛʫ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ, ʥʦʥʩʝʥʩ-ʤʫʪʘʮʠʠ ʠ 

ʥʘʨʫʰʝʥʠʷ ʩʘʡʪʦʚ ʩʧʣʘʡʩʠʥʛʘ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ ʤʫʪʘʮʠʠ ʩ ʚʳʩʦʢʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ (ʫʩʣʦʚʥʦ ʧʘʪʦʛʝʥʥʳʝ). ʂʦ ʚʪʦʨʦʤʫ ʢʣʘʩʩʫ (ʤʫʪʘʮʠʠ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʷ 

ʥʘ ʙʝʣʦʢ) ʦʪʥʦʩʠʣʠ ʩʠʥʦʥʠʤʠʯʥʳʝ ʚʘʨʠʘʥʪʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ 

ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʝʜʩʢʘʟʘʥʠʷ 

(ʚʝʣʠʯʠʥʳ MetaSVM ʠ MetaLR), ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʝʩʫʨʩʘ dbNSFP (Liu, et al., 2016). ʉʯʠʪʘʣʠ, 

ʯʪʦ ʤʠʩʩʝʥʩ-ʤʫʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʥʦ ʧʘʪʦʛʝʥʥʦʡ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ MetaSVM ʠʣʠ 

MetaLR ʧʨʝʚʳʰʘʣʦ 70% ʧʝʨʮʝʥʪʠʣʴ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʩʯʠʪʘʣʠ, ʯʪʦ ʤʠʩʩʝʥʩ-ʤʫʪʘʮʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʙʝʣʦʢ. 

ʅʘʢʦʥʝʮ ʦʪʙʠʨʘʣʠ ʪʘʢʠʝ ʛʝʥʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʝʜʥʝʥʳ ʫʩʣʦʚʥʦ ʧʘʪʦʛʝʥʥʳʤʠ 

ʩʦʤʘʪʠʯʝʩʢʠʤʠ ʤʫʪʘʮʠʷʤʠ ʚ ʦʧʫʭʦʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʣʦʚʥʦ ʧʘʪʦʛʝʥʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʚʘʨʠʘʥʪʘʤʠ, ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʚ ʟʜʦʨʦʚʳʭ ʪʢʘʥʷʭ. ɼʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ ʚʳʯʠʩʣʷʣʠ ʜʦʣʶ 

ʫʩʣʦʚʥʦ ʧʘʪʦʛʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ä ʜʣʷ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ (äSKCM, ʜʘʥʥʳʝ 

ʧʨʦʝʢʪʘ TCGA) ʠ ʜʣʷ ʠʥʪʘʢʪʥʦʡ ʢʦʞʠ (ä1KG, ʜʘʥʥʳʝ ʧʨʦʝʢʪʘ 1000 Genomes) ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʩʦʢʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʫʪʘʮʠʡ, ʨʘʟʜʝʣʝʥʥʦʝ ʥʘ ʦʙʝɦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʫʪʘʮʠʡ. ɼʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʪʘʢʠʝ ʛʝʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ ä1KG > äSKCM. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʫʢʘʟʘʥʥʦʡ ʜʦʣʠ ʚ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʪʘʢʠʝ ʛʝʥʳ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʤʫʪʘʮʠʡ ʠ ʚ ʤʝʣʘʥʦʤʝ, ʠ ʚ ʟʜʦʨʦʚʳʭ ʪʢʘʥʷʭ 

ʧʨʝʚʳʰʘʣʦ 10. 
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3.2. ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʛʝʥʳ ʜʣʷ ʤʝʣʘʥʦʤʳ ʦʙʦʛʘʱʝʥʳ 

ʤʝʤʙʨʘʥʥʳʤʠ ʙʝʣʢʘʤʠ: ʚʦʟʤʦʞʥʘʷ ʩʚʷʟʴ ʩ ʠʤʤʫʥʥʳʤ ʥʘʜʟʦʨʦʤ 

ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʥʘʙʦʨʘ ʬʠʣʴʪʨʦʚ ʧʦʣʫʯʠʣʠ ʩʧʠʩʦʢ ʠʟ 91 ʙʝʣʦʢ-

ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʘʞʥʳʭ ʜʣʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ 

(ʇʨʠʣʦʞʝʥʠʝ 1). ʋʢʘʟʘʥʥʳʝ ʙʝʣʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ (ʊʘʙʣʠʮʘ 14). 

ʄʥʦʛʠʝ ʙʝʣʢʠ ʦʢʘʟʘʣʠʩʴ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʦʡ, ʚʢʣʶʯʘʷ ʠʦʥʥʳʝ 

ʢʘʥʘʣʳ ʠ ʪʨʘʥʩʧʦʨʪʝʨʳ ʨʘʟʣʠʯʥʳʭ ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʥʝʡʨʦʥʘʣʴʥʳʝ ʙʝʣʢʠ, ʤʦʣʝʢʫʣʳ 

ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʠ ʪ.ʜ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʦʣʝʝ ʧʦʣʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʪʦʛʦʚʳʡ ʩʧʠʩʦʢ, 

ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʚʝʙ-ʩʝʨʚʠʩʘ WebGestalt (Wang, 

et al., 2013). 

 

ʊʘʙʣʠʮʘ 14. ʌʫʥʢʮʠʠ ʥʝʢʦʪʦʨʳʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʩʢʘʟʘʥʳ ʢʘʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʜʣʷ 

ʚʳʞʠʚʘʥʠʷ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʘʪʝʛʦʨʠʠ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʝʤ ʨʫʯʥʦʡ ʙʠʦʢʫʨʘʮʠʠ 

ʂʘʪʝʛʦʨʠʷ ʅʘʟʚʘʥʠʷ ʛʝʥʦʚ 

ʄʝʤʙʨʘʥʥʳʡ ʪʨʘʥʩʧʦʨʪ 
ABCA3, CATSPER1, SLC12A8, SLC24A1, SLC26A7, 

SLC27A5, SLC45A1, SLC5A6, SLC9A3, TMC7 

ʄʝʞʥʝʡʨʦʥʥʳʝ ʢʦʥʪʘʢʪʳ, ʩʠʥʘʧʩʳ 
CADPS2, EPB41L1, MRGPRX3, MRGPRX4, NRP2, 

PLXNA2, SEMA4F, SEMA6C, THBS4, UNC5B 

ʄʝʞʢʣʝʪʦʯʥʳʝ ʢʦʥʪʘʢʪʳ, ʘʜʛʝʟʠʷ 
CDH11, GJB4, GJB5, ITGB5, LRFN1, LRG1, 

PCDHB13, PCDHGA12, PCDHGC5 

ʄʝʪʘʙʦʣʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ 
AKR1B1, ENGASE, GCNT3, INPP5B, NMNAT3, 

NNT, TGM5, UBIAD1 

ʇʨʦʪʝʘʟʳ ʠ ʧʝʧʪʠʜʘʟʳ 
ADAMTS15, BMP1, CAPN11, CAPN12, CASP10, 

PM20D1, TMPRSS9 

ʉʚʷʟʳʚʘʥʠʝ ʩ ʥʫʢʣʝʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ADAR, ERCC6, NFATC2, ZNF195, ZNF493, ZNFX1 

ʈʝʮʝʧʪʦʨʳ ʮʠʪʦʢʠʥʦʚ ʠ ʛʦʨʤʦʥʦʚ  CCR5, CXCR1, EDAR, MC2R, TNFRSF10A 

ʂʠʥʘʟʳ DAPK2, MLKL, PTK2B 

ʉʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ ʚ ʦʧʫʭʦʣʷʭ BCL2L12, MYCT1, RSPO1 
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ʈʠʩʫʥʦʢ 14. ɸʥʘʣʠʟ ʧʝʨʝʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʜʣʷ 91 ʙʝʣʢʘ, ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ ʢʘʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʜʣʷ 

ʚʳʞʠʚʘʥʠʷ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʳʭ ʢʘʪʝʛʦʨʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʨʤʠʥʳ Gene Ontology, 

KEGG ʠ PharmGKB. ʋʨʦʚʥʠ ʟʥʘʯʠʤʦʩʪʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʧʨʘʚʢʠ ɹʝʥʜʞʘʤʠʥʠ-

ʍʦʭʙʝʨʛʘ ʜʣʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ (False Discovery Rate, FDR). ɺ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʧʨʠʚʝʜʝʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʘʪʝʛʦʨʠʶ. ʆʪʤʝʯʝʥʳ ʪʝʨʤʠʥʳ Gene Ontology, 

ʧʦʢʘʟʳʚʘʶʱʠʝ ʦʙʦʛʘʱʝʥʠʝ ʙʝʣʢʘʤʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʦʡ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʝʨʝʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʢʘʪʝʛʦʨʠʷʤʠ Gene Ontology 

(Ashburner, et al., 2000), ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ ʠʟ ʙʘʟ ʜʘʥʥʳʭ KEGG (Kanehisa and Goto, 2000) 

ʠ PharmGKB (Whirl-Carrillo, et al., 2012), ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʝ 

ʦʙʦʛʘʱʝʥʠʝ ʙʝʣʢʘʤʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʠ ʧʝʨʠʬʝʨʠʠ ʢʣʝʪʦʢ (ʈʠʩʫʥʦʢ 14). ʅʠʞʝ 

ʜʘʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʙʝʣʢʦʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ ʩʨʝʜʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʂɺɻ ʤʝʣʘʥʦʤʳ. 

ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ, ʚʝʜʫʱʠʭ ʢ ʥʘʙʣʶʜʘʝʤʦʡ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʦʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ 

ʫ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤ,r ʤʦʞʝʪ ʙʳʪʴ ʫʭʦʜ ʦʧʫʭʦʣʠ ʦʪ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʢʣʦʥʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ (Kim, et al., 2007). ʄʫʪʘʮʠʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʦʘʥʪʠʛʝʥʦʚ, ʟʘʚʠʩʠʤʳʭ ʦʪ 

ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚʪʦʨʦʛʦ ʪʠʧʘ, MHC II (Fritsch, et al., 2014). 

ɹʝʣʢʦʚʳʝ ʵʧʠʪʦʧʳ, ʩʚʷʟʘʥʥʳʝ ʩ MHC II ʠ ʨʘʩʧʦʟʥʘʶʱʠʝʩʷ ʩʫʙʧʦʧʫʣʷʮʠʝʡ T-ʭʝʣʧʝʨʥʳʭ 

ʣʠʤʬʦʮʠʪʦʚ, ʦʙʨʘʟʫʶʪʩʷ ʧʫʪʝʤ ʧʨʦʪʝʦʣʠʟʘ ʬʘʛʦʮʠʪʠʨʦʚʘʥʥʳʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ ʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʙʝʣʢʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʝ ʯʘʩʪʠ ʤʝʤʙʨʘʥ. ʊʦʪ ʬʘʢʪ, 

ʯʪʦ ʪʘʢʠʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʤʝʤʙʨʘʥʘʤʠ ʙʝʣʢʠ ʦʙʝʜʥʝʥʳ ʧʘʪʦʛʝʥʥʳʤʠ ʤʫʪʘʮʠʷʤʠ, ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʫʭʦʜ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ ʦʪ ʠʤʤʫʥʠʪʝʪʘ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ CD4+ ʊ-ʢʣʝʪʢʘʤʠ. 

ʏʘʩʪʠʯʥʦ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʬʘʢʪʦʤ ʥʘʙʣʶʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ CD4+ T-ʢʣʝʪʦʢ ʥʘ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʝʦʵʧʠʪʦʧʳ ʦʧʫʭʦʣʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ ʤʝʣʘʥʦʤʦʡ (Linnemann, et al., 2015). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʩʫʪʩʪʚʠʝ ʩʨʝʜʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʙʝʣʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʦʚ ʢʣʝʪʦʯʥʦʡ ʧʝʨʠʬʝʨʠʠ ʠ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʧʨʦʪʠʚ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʘʥʪʠʛʝʥʥʳʭ ʊ-ʭʝʣʧʝʨʥʳʭ ʵʧʠʪʦʧʦʚ. ʇʦʩʣʝ 

ʪʦʛʦ ʢʘʢ ʤʫʪʘʥʪʥʳʡ ʙʝʣʦʢ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʧʨʦʪʝʦʣʠʟʫ (ʧʦʩʣʝ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʚʝʟʠʢʫʣʳ), ʧʦʣʫʯʝʥʥʳʝ ʤʫʪʘʥʪʥʳʝ ʧʝʧʪʠʜʳ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʤʦʣʝʢʫʣʘʤʠ MHC II ʢʘʢ ʥʝʦʵʧʠʪʦʧʳ, ʢʦʪʦʨʳʝ ʥʝ ʨʘʩʧʦʟʥʘʶʪʩʷ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʢʘʢ ʘʫʪʦʣʦʛʠʯʥʳʝ ʘʥʪʠʛʝʥʳ. ʂʣʝʪʢʘ ʦʧʫʭʦʣʠ, ʢʦʪʦʨʘʷ ʵʢʩʧʦʥʠʨʫʝʪ ʪʘʢʦʡ 

ʥʝʦʵʧʠʪʦʧ, ʥʝ ʤʦʞʝʪ ʠʟʙʝʞʘʪʴ ʠʤʤʫʥʥʦʛʦ ʥʘʜʟʦʨʘ ʠ ʫʥʠʯʪʦʞʘʝʪʩʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʛʝʥʦʤ 

«ʥʝʥʘʙʣʶʜʘʝʤʳʤ». ʀ ʥʘʦʙʦʨʦʪ, ʝʩʣʠ ʢʣʝʪʢʘ ʦʧʫʭʦʣʠ ʵʢʩʧʦʥʠʨʫʝʪ ʛʠʧʦʤʫʪʠʨʦʚʘʥʥʳʝ 

ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ, ʪʦ ʵʪʦ ʥʝ ʚʳʟʦʚʝʪ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʝʥʦʤ ʪʘʢʦʡ 

ʢʣʝʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʝʢʚʝʥʠʨʦʚʘʥ. ɼʘʥʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʥʠʞʝ 

(ʈʠʩʫʥʦʢ 15). 
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ʈʠʩʫʥʦʢ 15. ɻʠʧʦʪʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʧʨʦʪʠʚ ʥʝʦʘʥʪʠʛʝʥʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ 

ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ. ʈʘʢʦʚʳʝ ʢʣʝʪʢʠ, ʵʢʩʧʦʥʠʨʫʶʱʠʝ ʵʧʠʪʦʧʳ MHC-II  ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʤʫʪʘʥʪʥʳʤʠ 

ʘʥʪʠʛʝʥʘʤʠ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʫʜʫʪ ʵʣʠʤʠʥʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʊ-ʢʣʝʪʢʘʤʠ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʦʪʷ ʤʦʣʝʢʫʣʳ MHC II ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʥʘʙʦʨʝ ʪʢʘʥʝʡ, ʪʘʢʠʭ ʢʘʢ ʘʥʪʠʛʝʥ-ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʢʣʝʪʢʠ, ʠʤʝʥʥʦ ʢʣʝʪʢʠ 

ʤʝʣʘʥʦʤʳ ʩʧʦʩʦʙʥʳ ʢ ʵʢʩʧʨʝʩʩʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʝʮʝʧʪʦʨʘ (Mendez, et al., 2009). ʕʪʦ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʩʚʝʥʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ.  

ʂʦʥʮʝʧʮʠʷ ʠʤʤʫʥʦʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ ʦʧʫʭʦʣʠ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʦʪʠʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʪʠʛʝʥʦʚ, ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʰʝʡ ʛʠʧʦʪʝʟʦʡ 

(Matsushita, et al., 2012). ɺ ʨʘʙʦʪʝ Verdegaal ʠ ʩʦʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʭʦʜʥʫʶ 

ʜʠʥʘʤʠʢʫ ʨʝʧʝʨʪʫʘʨʘ ʨʘʩʧʦʟʥʘʚʘʝʤʳʭ ʊ-ʢʣʝʪʢʘʤʠ ʥʝʦʘʥʪʠʛʝʥʦʚ ʜʣʷ ʜʚʫʭ ʧʘʮʠʝʥʪʦʚ ʩ 

ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ ʤʝʣʘʥʦʤʦʡ (Verdegaal, et al., 2016). 

3.3. ɼʝʪʝʢʮʠʷ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʦʥʢʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ  

ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʂɺɻ ʜʣʷ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ 

ʨʘʥʝʝ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʠʭ ʫʯʘʩʪʠʝ ʚ ʦʥʢʦʛʝʥʝʟʝ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʧʫʭʦʣʠ (ʊʘʙʣʠʮʘ 14). ʅʠʞʝ 

ʧʨʠʚʝʜʝʥʳ ʠʟʚʝʩʪʥʳʝ ʬʘʢʪʳ ʥʘ ʧʨʠʤʝʨʝ ʭʝʤʦʢʠʥʦʚʳʭ ʠ ʩʝʤʘʬʦʨʠʥ-ʩʚʷʟʳʚʘʶʱʠʭ 

ʨʝʮʝʧʪʦʨʦʚ.  

ʆʜʥʠʤ ʠʟ ʙʝʣʢʦʚ, ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʢʘʢ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʘʞʥʳʭ ʜʣʷ ʚʳʞʠʚʘʥʠʷ 

ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ, ʷʚʣʷʣʩʷ ʭʝʤʦʢʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ ʪʠʧʘ 5 (ʛʝʥ CCR5), ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ 
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ʠʟʫʯʝʥ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʣʠʷʥʠʝ ʚʠʨʫʩʘ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ 

(ɺʀʏ) ʩ ʢʣʝʪʢʦʡ-ʤʠʰʝʥʴʶ. ɼʝʣʝʮʠʷ 32 ʧ.ʦ. ʚ ʜʘʥʥʦʤ ʛʝʥʝ (ʠʟʚʝʩʪʥʘʷ ʢʘʢ CCR5-ȹ32) 

ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʱʠʡʩʷ ʙʝʣʦʢ ʣʠʰʘʝʪʩʷ ʪʨʝʭ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʠ ʧʝʨʝʩʪʘʝʪ ʩʣʫʞʠʪʴ ʢʦʬʘʢʪʦʨʦʤ ʜʣʷ ʚʠʨʫʩʥʦʡ ʯʘʩʪʠʮʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʦʩʠʪʝʣʴ CCR5-ȹ32 ʧʨʠʦʙʨʝʪʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʟʘʨʘʞʝʥʠʶ ʨʷʜʦʤ ʰʪʘʤʤʦʚ 

ʚʠʨʫʩʘ (Abbas and Herbein, 2014). ʇʨʝʧʘʨʘʪʳ, ʙʣʦʢʠʨʫʶʱʠʝ CCR5 (ʥʘʧʨʠʤʝʨ, ʤʘʨʘʚʠʨʦʢ), 

ʩʯʠʪʘʶʪʩʷ ʪʝʨʘʧʠʝʡ ʚʳʙʦʨʘ ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʣʘʩʴ ʨʦʣʴ CCR5 ʚ ʧʨʦʛʨʝʩʩʠʠ ʦʧʫʭʦʣʝʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʵʪʦʪ ʨʝʮʝʧʪʦʨ ʯʘʩʪʦ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥ ʚ ʥʝʢʦʪʦʨʳʭ ʪʠʧʘʭ ʨʘʢʘ (Weitzenfeld and Ben-

Baruch, 2014). ʕʢʩʧʨʝʩʩʠʷ CCR5 ʠʥʜʫʮʠʨʦʚʘʣʘʩʴ ʧʦʩʣʝ ʦʥʢʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʣʝʪʦʢ 

(Sicoli, et al., 2014). ʉʫʱʝʩʪʚʫʶʪ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʜʘʥʥʦʛʦ 

ʨʝʮʝʧʪʦʨʘ ʯʝʨʝʟ ʝʛʦ ʣʠʛʘʥʜ, CCL5, ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ ʦʧʫʭʦʣʠ ʠ 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʪʘʛʦʥʠʩʪʳ CCR5 ʙʣʦʢʠʨʫʶʪ ʤʝʪʘʩʪʘʟʳ 

ʙʘʟʘʣʴʥʦʛʦ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (Velasco-Velazquez, et al., 2012). ʕʪʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ 

ʵʬʬʝʢʪʳ ʙʳʣʠ ʟʘʪʝʤ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʨʚʦʡ ʬʘʟʳ I ʘʥʪʘʛʦʥʠʩʪʦʤ CCR5 ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʤʝʪʘʩʪʘʟʘʤʠ ʚ ʧʝʯʝʥʠ ʩ ʨʝʬʨʘʢʪʝʨʥʳʤ ʂʈʈ (Halama, et al., 2016).  

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ CCR5 ʚʘʞʝʥ ʜʣʷ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ 

ʤʝʣʘʥʦʤʳ: ʫ ʤʳʰʝʡ CCR5 -/- ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʦʧʫʭʦʣʠ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʳʰʘʤʠ ʜʠʢʦʛʦ ʪʠʧʘ (Song, et al., 2012; Tang, et al., 2015). 

ɺ ʨʘʙʦʪʝ Vivanco ʠ ʩʦʘʚʪʦʨʦʚ ʪʘʢʞʝ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʨʦʩʪ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʤʝʣʘʥʦʤʳ 

ʠʥʛʠʙʠʨʦʚʘʣʠʩʴ ʫ CCR5 -/- ʤʫʪʘʥʪʥʳʭ ʤʳʰʝʡ (Vivanco, et al., 2014). ɸʚʪʦʨʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʩʠʛʥʘʣʠʟʘʮʠʷ ʯʝʨʝʟ CCR5/CCL5 ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

CD8 T-ʣʠʤʬʦʮʠʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʣʝʪʢʠ ʤʝʣʘʥʦʤʳ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

CCR5, ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ «ʫʭʦʜʫ» ʦʧʫʭʦʣʠ ʦʪ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. 

ʊʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʝʜʩʢʘʟʘʥʠʝ ʨʝʮʝʧʪʦʨʘ ʭʝʤʦʢʠʥʦʚ ʪʠʧʘ 5 ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʙʝʣʢʦʚ, 

ʚʘʞʥʳʭ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʤʝʣʘʥʦʤʳ, ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʧʦʜʭʦʜʘ ʢ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʂɺɻ. ʕʪʦʪ ʨʝʮʝʧʪʦʨ ʷʚʣʷʝʪʩʷ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʤʠʰʝʥʴʶ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʣʷ ʘʜʲʶʚʘʥʪʥʦʡ ʪʝʨʘʧʠʠ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʨʝʮʝʧʪʦʨʦʤ ʮʠʪʦʢʠʥʦʚ ʚ ʩʧʠʩʢʝ ʷʚʣʷʝʪʩʷ CXCR1 (ʊʘʙʣʠʮʘ 14). ʆʥ 

ʩʚʷʟʳʚʘʝʪ ʙʝʣʦʢ ʠʥʪʝʨʣʝʡʢʠʥʘ-8 (CXCL8), ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪ ʨʝʘʢʮʠʠ ʭʝʤʦʪʘʢʩʠʩʘ ʧʨʠ 

ʚʦʩʧʘʣʝʥʠʠ ʠ ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʢʣʝʪʦʢ, ʚʢʣʶʯʘʷ ʤʘʢʨʦʬʘʛʠ, ʤʦʥʦʮʠʪʳ, 

ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ CXCR1 ʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʡ 

CCR5 ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ ʠ ʠʤʝʶʪ ʪʝʩʥʦ ʩʚʷʟʘʥʥrʝ 
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ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʬʫʥʢʮʠʠ (Nasser, et al., 2005). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ CXCR1 

ʥʝʦʙʭʦʜʠʤʘ ʢʣʝʪʢʘʤ ʤʝʣʘʥʦʤʳ ʜʣʷ ʨʦʩʪʘ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ (Singh, et al., 2010). ʊʘʢʞʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʵʪʦʛʦ ʨʝʮʝʧʪʦʨʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʤʘʣʠʛʥʠʟʘʮʠʝʡ 

ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ (Uen, et al., 2015). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʠʥʪʘʢʪʥʳʭ CCR5 

ʠ CXCR1 ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʝʪʢʘʤʠ ʤʝʣʘʥʦʤʳ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʚ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʤ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʠ. 

ɽʱʝ ʦʜʥʦ ʠʥʪʝʨʝʩʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʙʝʣʢʦʚ ʤʝʣʘʥʦʤʳ ʩʚʷʟʘʥʦ ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʨʝʮʝʧʪʦʨʦʚ ʩʝʤʘʬʦʨʠʥʘ ʠ ʘʢʩʦʥʘʣʴʥʳʤ ʥʘʚʝʜʝʥʠʝʤ (ʈʠʩʫʥʦʢ 14). ʉʝʤʘʬʦʨʠʥʳ 

ʫʯʘʩʪʚʫʶʪ ʚ ʢʣʝʪʦʯʥʦʤ ʥʘʚʝʜʝʥʠʠ ʢʘʢ ʚʦ ʚʨʝʤʷ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʪʘʢ ʠ ʚʦ ʚʟʨʦʩʣʳʭ 

ʪʢʘʥʷʭ (Tamagnone, 2012). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʙʝʣʢʠ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʧʦʜʘʚʣʷʶʱʠʝ ʠʣʠ 

ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʘʛʝʥʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʨʘʢʘ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʘʥʩʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʥʳʭ 

ʪʠʨʦʟʠʥʢʠʥʘʟ (Cagnoni and Tamagnone, 2014). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʦʙʘ ʪʠʧʘ ʩʝʤʘʬʦʨʠʥ-

ʩʚʷʟʳʚʘʶʱʠʭ ʨʝʮʝʧʪʦʨʦʚ, ʧʣʝʢʩʠʥʳ ʠ ʥʝʡʨʦʧʠʣʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʧʠʩʢʝ ʧʨʝʜʩʢʘʟʘʥʥʳʭ 

ʂɺɻ ʠ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʚʳʞʠʚʘʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (Nasarre, et al., 2014). ʇʣʝʢʩʠʥ 

A2 (PLXNA2) ʟʘʱʠʱʘʝʪ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ ʦʪ ʛʠʙʝʣʠ ʧʦʩʣʝ ʠʥʬʠʮʠʨʦʚʘʥʠʷ 

ʧʘʧʠʣʣʦʤʘʚʠʨʫʩʦʤ ʯʝʣʦʚʝʢʘ (Shostak, et al., 2014). ɼʣʷ ʥʝʡʨʦʧʠʣʠʥʘ-2 (NRP2) ʝʩʪʴ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʝʛʦ ʨʦʣʠ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʤʝʣʘʥʦʤʝ, ʛʜʝ ʵʢʩʧʨʝʩʩʠʷ ʜʘʥʥʦʛʦ ʛʝʥʘ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝʤ ʦʧʫʭʦʣʠ (Rossi, et al., 2014). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʣʫʞʘʪ 

ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʤʠʰʝʥʝʡ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʩʨʝʜʠ ʢʣʘʩʩʘ ʩʝʤʘʬʦʨʠʥʦʚ. 

3.4. ʀʥʪʝʨʘʢʪʦʤ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʙʝʣʢʦʚ ʤʝʣʘʥʦʤʳ  

ʏʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʙʝʣʢʠ, ʚʘʞʥʳʝ ʜʣʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʝʣʘʥʦʤʳ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ STRING (Franceschini, et al., 2013). 

ʆʪʙʠʨʘʣʠ ʪʦʣʴʢʦ ʥʘʜʝʞʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʨʦʚʥʝʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʙʦʣʝʝ 0,9. ɹʝʣʢʠ-

ʧʘʨʪʥʝʨʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʜʣʷ 46 ʠʟ 91 ʠʟʫʯʘʝʤʳʭ ʙʝʣʢʦʚ (ʊʘʙʣʠʮʘ 15). ɹʦʣʴʰʠʥʩʪʚʦ ʙʝʣʦʢ-

ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʣʷ ʨʝʮʝʧʪʦʨʦʚ ʮʠʪʦʢʠʥʦʚ CCR5 (115 ʙʝʣʢʦʚ-

ʧʘʨʪʥʝʨʦʚ) ʠ CXCR1 (77 ʙʝʣʢʦʚ-ʧʘʨʪʥʝʨʦʚ), ʠʟ ʥʠʭ ʦʢʦʣʦ 70 ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʤʝʣʠ ʦʙʱʠʭ 

ʧʘʨʪʥʝʨʦʚ. ɼʨʫʛʘʷ ʧʘʨʘ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʤʥʦʛʠʤʠ 

ʦʙʱʠʤʠ ʙʝʣʢʘʤʠ-ʧʘʨʪʥʝʨʘʤʠ, ʩʦʩʪʦʷʣʘ ʠʟ ʢʘʩʧʘʟʳ-10 (CASP10) ʠ «ʨʝʮʝʧʪʦʨʘ ʩʤʝʨʪʠ» 

TRAIL-R1 (TNFRSF10A). 
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ʊʘʙʣʠʮʘ 15. ɹʝʣʦʢ-ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ-ʧʘʨʪʥʝʨʦʚ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʂɺɻ 

ʤʝʣʘʥʦʤʳ ʩʦʛʣʘʩʥʦ ʙʘʟʝ ʜʘʥʥʳʭ STRING. ʋʢʘʟʘʥʳ ʪʦʣʴʢʦ ʜʦʩʪʦʚʝʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʚʝʣʠʯʠʥʘ STRING 

score>0.9) 

ʅʘʟʚʘʥʠʝ ʙʝʣʢʘ ʂʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ-ʧʘʨʪʥʝʨʦʚ 

CCR5 115 

CXCR1 77 

PLD2 45 

NFATC2 44 

INPP5B 36 

PTK2B 35 

CYP2J2 31 

MC2R 27 

ERCC6 26 

ADAR 25 

ITGB5 24 

AKR1B1, CASP10, PLXNA2 15 

CDH11, OR2C3 12 

GCNT3, NMNAT3 11 

TNFRSF10A 10 

UNC5B 8 

BMP1, HBB, MYH9 7 

NRP2, SLC27A5 6 

EPB41L1, FGF5, IPO13, SLC9A3 4 

PVRL4, RSPO1, STEAP3, THBS4, VPS18 3 

ABCA3, CATSPER1, NNT, PDIA4, STK11IP, UBIAD1 2 

EDAR, MIB2, MLKL, MYCT1, MYO18A, UNC45A 1 

 

ʇʦʩʪʨʦʝʥʥʘʷ ʩʝʪʴ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʙʝʣʢʘʤʠ, ʛʠʧʦʤʫʪʠʨʦʚʘʥʥʳʤʠ ʚ ʤʝʣʘʥʦʤʝ, 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʜʛʨʘʬʦʚ (ʈʠʩʫʥʦʢ 16). ɺʦ-ʧʝʨʚʳʭ, ʚʳʷʚʣʷʶʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʪʨʝʤʷ ʨʝʮʝʧʪʦʨʘʤʠ, ʩʦʧʨʷʞʝʥʥʳʤʠ ʩ G-ʙʝʣʢʦʤ: CCR5, CXCR1 ʠ 

MCR2. ʈʦʣʴ ʵʪʠʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʤʝʣʘʥʦʤʝ ʯʘʩʪʠʯʥʦ ʦʧʠʩʘʥʘ ʚʳʰʝ (ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʚʳʞʠʚʘʥʠʶ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ). 
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ʈʠʩʫʥʦʢ 16. ʉʝʪʴ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʙʝʣʢʦʚ ʤʝʣʘʥʦʤʳ. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʟʫ ʜʘʥʥʳʭ STRING, ʧʦʨʦʛ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʪʘʥʦʚʠʣʠ 

ʨʘʚʥʳʤ 0,9 (ʚʳʩʦʢʦʜʦʩʪʦʚʝʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ). ʈʘʟʤʝʨ ʚʦʩʴʤʠʫʛʦʣʴʥʠʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʣʠʯʝʩʪʚʫ 

ʧʘʨʪʥʝʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʝʣʢʘ. ʐʠʨʠʥʘ ʣʠʥʠʠ ʦʪʨʘʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʙʱʠʭ ʧʘʨʪʥʝʨʦʚ. ɼʚʦʡʥʳʝ ʟʝʣʝʥʳʝ 

ʣʠʥʠʠ ʦʙʦʟʥʘʯʘʶʪ ʠʟʚʝʩʪʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɹʝʣʢʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʪʨʝʤʷ ʠʣʠ ʙʦʣʝʝ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ, ʧʦʢʘʟʘʥʳ ʚ ʚʠʜʝ ʩʠʥʠʭ ʦʚʘʣʦʚ: FYN, TP53, ADCY2 ʠ POMC 

ʉʘʤʳʡ ʙʦʣʴʰʦʡ ʧʦʜʛʨʘʬ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʠʥʪʝʛʨʠʥʦʤ ITGB5, 

ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ PTK2B, ʨʝʮʝʧʪʦʨʘʤʠ ʩʝʤʘʬʦʨʠʥʘ (PLXNA2) ʠ ʬʦʩʬʦʣʠʧʘʟʦʡ D2 (PLD2) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʦʙʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʙʝʣʢʦʤ FYN. ʕʪʦʪ ʙʝʣʦʢ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʦʡ ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ ʩʝʤʝʡʩʪʚʘ Src ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʊ-ʢʣʝʪʦʯʥʦʤ ʠʤʤʫʥʠʪʝʪʝ, 

ʘʢʩʦʥʘʣʴʥʦʤ ʥʘʚʝʜʝʥʠʠ ʠ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʨʦʪʦʦʥʢʦʛʝʥ (Saito, 

et al., 2010). ɺ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ Zhang ʠ ʩʦʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʝʣʦʢ Fyn 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥ ʢʘʢ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʤʝʣʘʥʦʤʳ, ʪʘʢ ʠ ʚ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ, ʘ 

ʝʛʦ ʥʦʢʘʫʪʠʨʦʚʘʥʠʝ ʟʘʤʝʪʥʦ ʦʩʣʘʙʣʷʝʪ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʡ ʬʝʥʦʪʠʧ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ in vitro 

ʠ in vivo ʟʘ ʩʯʝʪ ʧʦʜʘʚʣʝʥʠʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʛʣʠʢʦʧʨʦʪʝʠʥʘ CD147 

(Zhang, et al., 2020). ɹʝʣʦʢ CD147, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥ 

ʚ ʢʣʝʪʢʘʭ ʤʝʣʘʥʦʤʳ ʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʤʘʪʨʠʢʩʥʦʡ ʤʝʪʘʣʣʦʧʨʦʪʝʘʟʳ. 

Cʨʝʜʠ ʛʠʧʦʤʫʪʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʘʨʪʥʝʨʳ 

ʰʠʨʦʢʦʠʟʫʯʝʥʥʦʛʦ ʦʧʫʭʦʣʝʚʦʛʦ ʩʫʧʨʝʩʩʦʨʘ TP53. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʬʠʟʠʯʝʩʢʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʙʝʣʢʠ ʢʘʩʧʘʟʘ-10 (CASP10) ʠ «ʨʝʮʝʧʪʦʨ ʩʤʝʨʪʠ» TRAIL-R1 

(TNFRSF10A). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ TRAIL ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ 

ʩʪʠʤʫʣʷʪʦʨʦʤ ʘʧʦʧʪʦʟʘ, ʧʨʠʯʝʤ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 
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TRAIL-ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ ʘʧʦʧʪʦʟʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ (Quast, et al., 

2014). ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ ʢ ʘʢʪʠʚʘʮʠʠ TRAIL ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʦʜʥʘʢʦ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʢʘʩʢʘʜʘ ʜʣʷ ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. 

ʅʝʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʚʢʣʶʯʘʶʪ 

ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʭr ʘʛʦʥʠʩʪʦʚ ʨʝʮʝʧʪʦʨʦʚ TRAIL ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʢʠʥʘʟʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

(Eberle, 2019). 

3.5. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʛʝʥʦʚ 

ʤʝʣʘʥʦʤʳ 

ʇʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʚʝʨʢʫ ʟʥʘʯʠʤʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʧʨʝʜʩʢʘʟʘʥʳ ʢʘʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʢʣʝʪʦʢ 

ʤʝʣʘʥʦʤʳ (ʇʨʠʣʦʞʝʥʠʝ ˉ1). ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʆʧʠʩʘʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʂʨʠʚʦʰʝʝʚʦʡ ʠ ʢʦʣʣʝʛʘʤʠ ʚ ʨʘʙʦʪʝ (Krivosheeva et al., 2020). 

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʞʠʚʦʪʥʳʭ ʤʦʜʝʣʷʭ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤ ʥʦʢʘʫʪʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʭʦʜʠʣʦ ʟʘ ʨʘʤʢʠ ʧʨʦʝʢʪʘ ʚʩʣʝʜʩʪʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʤʘʩʰʪʘʙʘ 

ʥʘʩʪʦʷʱʝʡ ʯʘʩʪʠ ʨʘʙʦʪʳ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʣʝʪʦʯʥʫʶ ʣʠʥʠʶ ʤʝʣʘʥʦʤʳ ʯʝʣʦʚʝʢʘ A375. ʕʪʦ ʥʘʣʦʞʠʣʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʳʙʦʨ 

ʚʘʣʠʜʠʨʫʝʤʳʭ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ, ʧʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʷ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʫʯʝʩʪʴ ʥʘʣʠʯʠʝ ʤʝʞʢʣʝʪʦʯʥʳʭ ʢʦʥʪʘʢʪʦʚ ʠ ʥʝ ʤʦʜʝʣʠʨʫʝʪ ʧʨʦʛʨʝʩʩʠʶ ʦʧʫʭʦʣʝʡ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝʤ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʙʳʣʦ ʧʨʠʟʥʘʥʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʙʣʦʢʠʨʦʚʘʪʴ ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʤʠʰʝʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʘʥʦʚʠʣʠʩʴ ʥʘ 

ʧʦʜʘʚʣʝʥʠʠ ʵʢʩʧʨʝʩʩʠʠ ʤʝʥʝʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʤʠʰʝʥʝʡ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʘʣʴʥʦʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʠ ʵʢʩʧʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʯʝʪʳʨʝ ʛʝʥʘ-ʢʘʥʜʠʜʘʪʘ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: UNC45A, RHPN2, ZNFX1, STK11IP. ʂʣʝʪʦʯʥʘʷ ʨʦʣʴ 

ʢʘʞʜʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʛʝʥʦʚ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ (ʊʘʙʣʠʮʘ 16). 
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ʊʘʙʣʠʮʘ 16. ʌʫʥʢʮʠʠ ʛʝʥʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ 

ɻʝʥ ʆʧʠʩʘʥʠʝ 

UNC45A 

ʋʯʘʩʪʚʫʝʪ ʚ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ ʠ ʩʣʠʷʥʠʠ ʤʠʦʙʣʘʩʪʦʚ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʝʮʝʧʪʦʨʦʤ 

ʧʨʦʛʝʩʪʝʨʦʥʘ (PGR) ʠ ʙʝʣʢʦʤ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ 90 (HSP90) ʠ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʨʝʛʫʣʷʪʦʨ 

ʰʘʧʝʨʦʥʠʨʦʚʘʥʠʷ ʨʝʮʝʧʪʦʨʘ ʧʨʦʛʝʩʪʝʨʦʥʘ. 

RHPN2 
ʏʣʝʥ ʨʦʬʠʣʠʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ Ras-ʛʦʤʦʣʦʛʠʯʥʳʭ ʙʝʣʢʦʚ. ʂʦʜʠʨʫʝʤʳʡ ʙʝʣʦʢ, 

ʚʝʨʦʷʪʥʦ, ʫʯʘʩʪʚʫʝʪ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʘʢʪʠʥʦʚʦʛʦ ʮʠʪʦʩʢʝʣʝʪʘ. 

ZNFX1 

ʎʠʥʢʦʚʳʡ ʧʘʣʝʮ NFX1-ʪʠʧʘ. ɸʥʥʦʪʘʮʠʠ Gene Ontology, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʵʪʦʤʫ ʛʝʥʫ, 

ʚʢʣʶʯʘʶʪ ʭʝʣʠʢʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʩʚʷʟʳʚʘʥʠʝ ʩ ʈʅʂ ʠ ʠʦʥʘʤʠ ʮʠʥʢʘ. ɺʘʞʥʳʤ 

ʧʘʨʘʣʦʛʦʤ ʵʪʦʛʦ ʛʝʥʘ ʷʚʣʷʝʪʩʷ ʛʝʥ AQR. 

STK11IP 

ʎʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʙʝʣʦʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ ʢʠʥʘʟʦʡ LKB1 ʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ SMAD4, ʚʭʦʜʷʱʠʤ ʚ ʩʠʛʥʘʣɹ ʥʳʡ ʢʘʩʢʘʜ TGBɓ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ LKB1 ʢʦʥʪʨʦʣʠʨʫʝʪ ʤʝʪʘʙʦʣʠʟʤ ʠ ʨʦʩʪ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʘʢʪʠʚʘʮʠʠ 

AMPK, ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʜʘʚʣʷʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 

ʨʝʘʢʮʠʠ ʚ ʤʘʢʨʦʬʘʛʘʭ. ɿʘʙʦʣʝʚʘʥʠʷ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʛʝʥʦʤ STK11IP, ʚʢʣʶʯʘʶʪ 

ʩʠʥʜʨʦʤ ʇʝʡʪʮʘ-ɽʛʝʨʩʘ ʠ ʩʠʥʜʨʦʤ ɹʘʥʥʘʷʥʘ-ʈʘʡʣʠ-ʈʫʚʘʣʴʢʘʙʳ.  

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʘ ʵʪʘʧʘ. ʇʝʨʚʳʡ ʵʪʘʧ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 

ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ ʜʣʷ ʩʧʝʮʠʬʠʯʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʛʝʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʣʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʩ ʧʦʜʘʚʣʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʙʳʣʦ ʧʦʜʦʙʨʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʠʈʅʂ (ʧʦ ʪʨʠ 

ʤʠʈʅʂ ʜʣʷ ʛʝʥʦʚ ZNFX1 ʠ RHPN2, ʠ ʧʦ ʦʜʥʦʡ ʤʠʈʅʂ ʜʣʷ ʛʝʥʦʚ UNC45A ʠ STK11IP). ɼʣʷ 

ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʦʙʨʘʥʥʳʭ ʤʠʈʅʂ ʧʨʦʚʝʣʠ ʠʭ ʧʨʦʙʥʫʶ ʪʨʘʥʩʬʝʢʮʠʶ ʚ 

ʢʣʝʪʦʯʥʫʶ ʣʠʥʠʶ ʤʝʣʘʥʦʤʳ ʯʝʣʦʚʝʢʘ A375. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʝʢʮʠʠ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʧʨʦʮʝʥʪʫ ʩʚʝʪʷʱʠʭʩʷ ʢʣʝʪʦʢ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ, ʦʙʨʘʙʦʪʘʥʥʦʤ ʤʝʯʝʥʦʡ FAM-

ʢʨʘʩʠʪʝʣʝʤ ʤʠʈʅʂ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʝʢʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚʠʣʘ 

ʦʪ 74% ʜʦ 90%.  

ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʦʪʦʙʨʘʥʥʳʭ ʛʝʥʦʚ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʤʠʈʅʂ ʦʮʝʥʠʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ. 

ʉʨʘʚʥʠʚʘʣʠ ʵʬʬʝʢʪʳ ʦʪ ʮʝʣʝʚʦʡ ʤʠʈʅʂ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʤʠʈʅʂ ʩʦ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʧʝʨʝʤʝʰʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʫʢʣʝʦʪʠʜʦʚ. ʆʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʤʠʈʅʂ, ʧʦʜʦʙʨʘʥʥʳʝ 

ʢ ʦʜʥʦʤʫ ʛʝʥʫ, ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ-

ʤʠʰʝʥʠ. ɺ ʮʝʣʦʤ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʚʫʢʨʘʪʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ-ʤʠʰʝʥʝʡ (ʈʠʩʫʥʦʢ 17). ɼʣʷ ʛʝʥʘ ZNFx1 ʪʦʣʴʢʦ ʦʜʥʘ ʤʠʈʅʂ ʠʟ ʪʨʝʭ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʪʨʘʥʩʢʨʠʧʪʘ ʜʦ 42% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ, ʦʙʨʘʙʦʪʘʥʥʳʤ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʤʠʈʅʂ. ɼʣʷ ʛʝʥʘ 
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RHPN2 ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʤʠʈʅʂ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʜʦ 

ʫʨʦʚʥʷ 46% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ɼʣʷ ʛʝʥʘ UNC45A ʵʢʩʧʨʝʩʩʠʶ ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʪʦʣʴʢʦ 

ʜʦ 53% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʇʨʠ ʵʪʦʤ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʪʦʣʴʢʦ ʜʣʷ ʛʝʥʘ STK11IP ð ʜʦ 13%. ɺ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ ʜʣʷ 

ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʢʘʞʜʦʛʦ ʛʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʦʜʥʫ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ 

ʤʠʈʅʂ. 

 

 

ʈʠʩʫʥʦʢ 17. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʦʪʦʙʨʘʥʥʳʭ ʛʝʥʦʚ ʨʘʟʣʠʯʥʳʤʠ ʤʠʈʅʂ. ʀʟ 

ʨʘʙʦʪʳ (Krivosheeva et al., 2020) ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ɼʣʷ ʘʥʘʣʠʟʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʥʩʬʠʮʠʨʦʚʘʣʠ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ ʰʝʩʪʠ ʜʥʝʡ 1000 ʢʣʝʪʦʢ ʚ ʢʘʞʜʦʡ ʣʫʥʢʝ ʚ 96-ʣʫʥʦʯʥʦʤ ʧʣʘʥʰʝʪʝ. 

ʇʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʄʊʊ-ʪʝʩʪʘ ʯʝʨʝʟ 12, 24, 36, 48 ʠ 

60 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʠʈʅʂ. ʆʮʝʥʠʚʘʣʠ ʫʨʦʚʝʥʴ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʪʦʯʥʦʛʦ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʘ, ʦʧʨʝʜʝʣʷʣʠ ʘʙʩʦʣʶʪʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʯʝʨʝʟ 12, 24, 36, 48 ʠ 60 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʢʫʣʴʪʫʨʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʠʈʅʂ. ʇʝʨʝʜ ʮʠʪʦʤʝʪʨʠʝʡ ʢʣʝʪʢʠ ʪʨʠʧʩʠʥʠʟʠʨʦʚʘʣʠ ʠ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ.  

ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ UNC45A, RHPN2, ZNFx1, 

STK11IP ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 
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ʤʝʣʘʥʦʤʳ ʯʝʣʦʚʝʢʘ A375 (ʈʠʩʫʥʦʢ 18). ʊʦʣʴʢʦ ʜʣʷ ʛʝʥʘ STK11IP ʥʘʙʣʶʜʘʣʩʷ ʩʣʘʙʳʡ 

ʵʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʩ ʧʦʜʘʚʣʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ, ʦʜʥʘʢʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʦʩʪʠʯʴ ʥʝ ʫʜʘʣʦʩʴ. ɸʥʘʣʠʟ ʧʨʦʣʠʬʝʨʘʮʠʠ ʪʘʢʞʝ ʥʝ ʧʦʢʘʟʘʣ 

ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʢʣʝʪʦʢ ʤʝʞʜʫ ʥʦʢʜʘʫʥ ʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 18. ʀʟʤʝʥʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ɸ375 ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʜʘʚʣʝʥʠʠ ʵʢʩʧʨʝʩʩʠʠ 

ʚʳʙʨʘʥʥʳʭ ʛʝʥʦʚ. ʀʟ ʨʘʙʦʪʳ (Krivosheeva et al., 2020) ʩ ʠʟʤʝʥʝʥʠʷʤʠ. ʆʇ ð ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ɼʘʣʝʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʘʧʦʧʪʦʟʘ ʚ ʢʣʝʪʢʘʭ ʩʦ ʩʥʠʞʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʧʦ ʠʟʤʝʥʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʘʩʧʘʟ 3/7. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ Caspase-Glo® 3/7 Assay (Promega), ʩʦʜʝʨʞʘʱʫʶ ʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʩʫʙʩʪʨʘʪ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʢʘʩʧʘʟʳ 3/7 ʧʝʨʝʚʦʜʷʪ ʚ ʚʝʱʝʩʪʚʦ, ʷʚʣʷʶʱʝʝʩʷ 

ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʣʶʮʠʬʝʨʘʟʳ. ʇʦʷʚʣʷʶʱʝʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʩʚʝʯʝʥʠʝ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʦʩʪʠ ʢʘʩʧʘʟ 3/7 ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʢʘʩʧʘʟ 3/7 ʚ ʢʣʝʪʢʘʭ ʤʝʣʘʥʦʤʳ ʯʝʣʦʚʝʢʘ A375 ʯʝʨʝʟ 

48 ʯʘʩʦʚ ʧʦʩʣʝ ʠʭ ʦʙʨʘʙʦʪʢʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʤʠʈʅʂ ʢ ʠʟʫʯʘʝʤʳʤ ʛʝʥʘʤ ʠʣʠ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ (ʢʦʥʪʨʦʣʴʥʦʡ) ʤʠʈʅʂ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʪʦʡ 
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ʯʘʩʪʠ ʨʘʙʦʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ (ʈʠʩʫʥʦʢ 19). ɺ ʩʣʫʯʘʝ ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʩʧʘʟ 3/7, ʚ ʜʚʘ ʨʘʟʘ ð 

ʜʣʷ ʛʝʥʘ ZNFx1, ʚ 1,5 ʨʘʟʘ ð ʜʣʷ ʛʝʥʘ UNC45A ʠ ʚ 1,2 ʨʘʟʘ ð ʜʣʷ ʛʝʥʘ RHPN2. ʀʟ ʵʪʦʛʦ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʜʘʚʣʝʥʠʝ ɻ ʢʩʧʨʝʩʩʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ 

ʘʧʦʧʪʦʟʘ.  

 

 

ʈʠʩʫʥʦʢ 19. ɸʢʪʠʚʥʦʩʪʴ ʢʘʩʧʘʟ 3/7 ʚ ʢʣʝʪʢʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʤʠʈʅʂ ʢ ʚʳʙʨʘʥʥʳʤ ʛʝʥʘʤ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, 

ʭʦʪʷ ʧʦʜʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʦʪʦʙʨʘʥʥʳʭ ʛʝʥʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʝʪʢʘʭ ʤʝʣʘʥʦʤʳ ʯʝʣʦʚʝʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʧʦʧʪʦʟʦʤ, ʥʘ ʫʨʦʚʝʥʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʩʢʦʨʦʩʪʴ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʵʪʦ ʥʝ ʚʣʠʷʝʪ.  

ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ɼʣʷ ʪʨʝʭ ʠʟ ʯʝʪʳʨʝʭ ʛʝʥʦʚ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʪʦʣʴʢʦ 

ʜʚʫʢʨʘʪʥʦʝ ʠ ʦʙʨʘʪʠʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ. ɺ ʩʣʫʯʘʝ ʛʝʥʘ STK11IP, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʜʦ 13%, ʥʘʙʣʶʜʘʣʩʷ 

ʩʣʘʙʳʡ ʵʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʪʦʨʳʡ, ʦʜʥʘʢʦ, ʥʝ ʙʳʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʜʦʩʪʦʚʝʨʥʳʤ. ɺʦʟʤʦʞʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʥʦʢʜʘʫʥʘ ʛʝʥʦʚ 

(ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ), ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ CRISPR/Cas9, ʧʨʠ ʢʦʪʦʨʦʤ 
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ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʙʳʣʦ ʙʳ ʥʝʦʙʨʘʪʠʤʳʤ. ɼʨʫʛʠʤ ʦʙʲʷʩʥʝʥʠʝʤ 

ʥʘʙʣʶʜʘʶʱʝʛʦʩʷ ʬʝʥʦʤʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʦʟʜʘʥʠʷ ʥʘ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ 

ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʢʣʝʪʢʠ ʤʝʣʘʥʦʤʳ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʤʘ, ʪʘʢʠʝ ʢʘʢ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ ʠ ʤʝʞʢʣʝʪʦʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

3.6. ʆʙʩʫʞʜʝʥʠʝ 

ʂʦʥʮʝʧʮʠʷ ʛʝʥʦʤʘ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ, 

ʙʫʢʚʘʣʴʥʦ ʨʝʚʦʣʶʮʠʦʥʠʟʠʨʦʚʘʣʘ ʧʦʥʠʤʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʨʘʢʘ (Futreal, et al., 

2004). ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʦʚ ʧʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ ʛʝʥʦʤʦʚ ʨʘʢʘ ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʳ, ʧʦʟʚʦʣʷʷ ʦʧʨʝʜʝʣʷʪʴ ʢʣʶʯʝʚʳʝ 

ʪ.ʥ. ʛʝʥʳ-«ʜʨʘʡʚʝʨʳ», ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʦʩʪ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʦʧʫʭʦʣʝʡ (Lawrence, et al., 

2014). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʚʩʝ ʙʝʣʢʠ-«ʜʨʘʡʚʝʨʳ» ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʤʠʰʝʥʷʤʠ ʜʣʷ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʪʝʨʘʧʠʠ. ʄʥʦʛʠʝ ʚʠʜʳ ʨʘʢʘ ʦʙʫʩʣʦʚʣʝʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʨʫʰʝʥʠʷʤʠ ʬʫʥʢʮʠʡ 

ʦʧʫʭʦʣʝʚʳʭ ʩʫʧʨʝʩʩʦʨʦʚ ʚʩʣʝʜʩʪʚʠʝ ʠʥʘʢʪʠʚʠʨʫʶʱʠʭ ʤʫʪʘʮʠʡ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʪʝʨʘʧʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʪʨʘʯʝʥʥʦʡ ʬʫʥʢʮʠʠ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʘ ʠ ʧʦʢʘ ʥʝ ʥʘʰʣʘ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ 

(Zhu, et al., 2014). ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʥʦʚʳʭ ʤʠʰʝʥʝʡ, ʧʨʠʟʚʘʥʥʳʡ ʨʘʩʰʠʨʠʪʴ ʘʨʩʝʥʘʣ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ, ʦʩʪʘʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʥʢʦʣʦʛʠʠ ʚ ʧʦʩʪʛʝʥʦʤʥʫʶ ʵʧʦʭʫ. 

ʂʦʥʢʫʨʝʥʮʠʷ ʦʧʫʭʦʣʝʚʳʭ ʢʣʦʥʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʦʚ-«ʜʨʘʡʚʝʨʦʚ» ʦʥʢʦʛʝʥʝʟʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʥʘʣʠʯʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʚ ʦʥʢʦʛʝʥʘʭ ʠ 

ʛʝʥʘʭ ð ʩʫʧʨʝʩʩʦʨʘʭ ʦʧʫʭʦʣʝʡ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʛʠʧʝʨʤʫʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ-«ʜʨʘʡʚʝʨʦʚ» (Lawrence, et al., 2014). ʀʟʣʦʞʝʥʥʳʡ ʚʳʰʝ ʨʘʟʜʝʣ 

ʨʘʙʦʪʳ, ʥʘʧʨʦʪʠʚ, ʧʦʩʚʷʱʝʥ ʧʦʠʩʢʫ ʙʝʣʢʦʚ, ʯʴʠ ʛʝʥʳ ʛʠʧʦʤʫʪʠʨʦʚʘʥʳ ʚ ʦʧʫʭʦʣʠ, 

ʪ.ʝ. ʠʩʧʳʪʳʚʘʶʪ ʜʘʚʣʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʧʨʠ ʦʥʢʦʛʝʥʝʟʝ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ 

ʪʘʢʠʝ ʙʝʣʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʠʰʝʥʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ ʫʷʟʚʠʤʳʤʠ 

ʪʦʯʢʘʤʠ ʨʘʢʦʚʦʛʦ ʧʨʦʪʝʦʤʘ. 

ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʥʘʤʠ ʧʦʜʭʦʜʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ, ʤʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ð 

ʩʦʦʪʥʦʰʝʥʠʝ dN/dS. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʧʨʠʚʝʜʝʪ ʢ ʜʨʫʛʦʤʫ ʩʧʠʩʢʫ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʛʝʥʦʚ (Van den 

Eynden, et al., 2016; Weghorn and Sunyaev, 2017). 
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ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʷʟʚʠʤʳʭ ʙʝʣʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʤʝʶʱʝʛʦʩʷ ʨʘʟʤʝʨʘ ʚʳʙʦʨʢʠ ð ʯʝʤ ʙʦʣʴʰʝ 

ʠʟʚʝʩʪʥʦ ʜʘʥʥʳʭ ʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʛʝʥʝ ʤʫʪʘʮʠʷʭ, ʪʝʤ ʩ ʙʦʣʴʰʝʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʦ ʩʪʝʧʝʥʠ ʵʩʩʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʛʝʥʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʛʝʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ ʚʳʩʦʢʦʧʘʪʦʛʝʥʥʳʭ ʤʫʪʘʮʠʡ (MacArthur, et al., 2012), ʯʪʦ 

ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʫʶ ʩʠʣʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʥʝʫʢʣʦʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʜʦʩʪʫʧʥʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʧʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ 

ʛʝʥʦʤʦʚ ʦʧʫʭʦʣʝʡ ʷʚʣʷʝʪʩʷ ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʵʪʦʡ ʛʣʘʚʝ ʤʝʪʦʜʘ. 

ɺʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʦʧʠʩʘʥʥʦʛʦ ʚ ʵʪʦʡ ʛʣʘʚʝ ʤʝʪʦʜʘ. 

ʅʘʧʨʠʤʝʨ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʜʘʥʥʳʤ ʧʦ ʧʘʪʦʛʝʥʥʳʤ ʤʫʪʘʮʠʷʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʧʨʝʜʝʣʷʪʴ ʪʘʢʠʝ ʛʝʥʳ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʦʤʦʟʠʛʦʪʥʦʡ ʜʝʣʝʮʠʠ 

ʪʦʣʴʢʦ ʚ ʨʘʢʦʚʦʡ ʢʣʝʪʢʝ, ʥʦ ʥʝ ʚ ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʠ. ɼʨʫʛʠʤ ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʥʪʝʨʝʩʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʥʘʤʠ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʫʶ ʤʦʜʝʣʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʥʦʢʘʫʪʠʨʦʚʘʥʠʶ ʛʝʥʦʚ ʚ ʢʣʝʪʢʘʭ ʦʧʫʭʦʣʠ (Tsherniak, et al., 

2017).  
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ɻʃɸɺɸ 4. ʉʪʨʘʪʠʬʠʢʘʮʠʷ ʧʘʮʠʝʥʪʦʚ 

ʕʪʘ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʘʟʜʝʣʷʪʴ ʥʘ ʛʨʫʧʧʳ 

(ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʪʴ) ʧʘʮʠʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʷʚʣʷʝʤʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʛʫʣʷʮʠʠ 

ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚ ʦʙʨʘʟʮʘʭ ʪʢʘʥʝʡ (Pyatnitskiy, et al., 2014; Yuryev and Daraselia, 2012).  

ʇʦʣʦʞʝʥʥʳʡ ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʘʣʛʦʨʠʪʤ ʚʳʷʚʣʷʝʪ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʛʝʥʥʳʝ ʩʝʪʠ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʛʝʥʘ-ʨʝʛʫʣʷʪʦʨʘ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʠʤ ʛʝʥʦʚ. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

ʩʣʫʞʘʪ ʨʝʟʫʣʴʪʘʪʳ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʢʘʢ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ NGS-ʪʝʭʥʦʣʦʛʠʡ (RNA-Seq), ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʯʠʧʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʠʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ ʵʢʩʧʨʝʩʩʠʠ ʨʘʟʤʝʨʥʦʩʪʠ (ʦʙʨʘʟʮʳ × 

ʛʝʥʳ) ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʥʦʩʪʠ (ʦʙʨʘʟʮʳ × ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʴʥʳʝ 

ʢʘʩʢʘʜʳ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʤʠʤʦ ʩʦʙʩʪʚʝʥʥʦ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʙʣʘʛʦʜʘʨʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʘʮʠʝʥʪʘ.  

ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʩʤ. ʈʠʩʫʥʦʢ 20). ɸʥʘʣʠʟ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʘʙʦʨʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʢʦʥʪʨʦʣʴʥʫʶ 

ʛʨʫʧʧʫ ʦʙʨʘʟʮʦʚ ʠ ʦʙʨʘʟʮʳ ʦʪ ʧʘʮʠʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʢʣʘʩʩʦʚ ʟʘʙʦʣʝʚʘʥʠʷ (ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʧʘʮʠʝʥʪʦʚ, ʨʘʟʙʠʝʥʠʝ ʥʘ ʢʣʘʩʪʝʨʳ), 

ʧʨʠʯʝʤ ʢʘʞʜʳʡ ʧʦʜʢʣʘʩʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʧʘʪʪʝʨʥʦʤ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʛʫʣʷʮʠʠ 

ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ. 

ɸʣʛʦʨʠʪʤ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʩʢʨʠʧʪʦʚ ʥʘ 

ʷʟʳʢʝ R. ʊʘʢʞʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʦʙʦʚʘʪʴ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʪʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʣʘʜʝʶʪ ʨʘʙʦʪʦʡ ʚ ʩʠʩʪʝʤʝ R. ʊʨʝʙʫʝʤʳʡ ʬʦʨʤʘʪ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘʩʪʨʦʡʢʠ ʘʣʛʦʨʠʪʤʘ 

ʦʧʠʩʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʜʝʣʝ ʛʣʘʚʳ 2. 
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ʈʠʩʫʥʦʢ 20. ʉʭʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ 

ʜʘʥʥʳʭ. SNEA ð Subnetwork Enrichment Analysis, ʘʣʛʦʨʠʪʤ ʚʳʷʚʣʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ 

ɼʘʥʥʳʝ ʠʟ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʫʩʨʝʜʥʷʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʦʡ 

ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʠ. ʆʙʨʘʟʮʳ ʠʟ ʛʨʫʧʧʳ ʠʟʫʯʘʝʤʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʩʨʘʚʥʠʚʘʣʠ ʩ 

ʫʩʨʝʜʥʝʥʥʳʤ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʪ.ʥ. ʚʝʣʠʯʠʥʫ logratio ʜʣʷ ʢʘʞʜʦʛʦ 

ʛʝʥʘ. ɺʝʣʠʯʠʥʫ logratiʦ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʣʦʛʘʨʠʬʤ ʦʪʥʦʰʝʥʠʷ ʩʨʝʜʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʢʘʞʜʦʛʦ 

ʛʝʥʘ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʠ ʜʝʣʝʥʥʦʝ ʥʘ ʩʨʝʜʥʶʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ logratio ʧʦʩʪʫʧʘʣʠ ʥʘ ʚʭʦʜ ʘʣʛʦʨʠʪʤʫ SNEA, ʧʦʣʫʯʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʧʠʩʦʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʩʦʭʨʘʥʷʣʠ ʧʝʨʚʳʝ 

100 ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʘʥʥʳʡ ʩʦʛʣʘʩʥʦ SNEA 

ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʣ ʟʥʘʯʝʥʠʷ 0,05. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʧʨʦʠʟʚʦʜʠʣʠ ʛʨʫʧʧʠʨʦʚʢʫ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʢʣʘʩʪʝʨʳ. ʕʪʦʪ ʰʘʛ 

ʥʝʦʙʭʦʜʠʤ ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʠʯʠʥʝ: ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʟ-ʟʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʘʭ ʘʣʛʦʨʠʪʤ SNEA ʯʘʩʪʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʨʘʟʥʳʝ 

ʨʝʛʫʣʷʪʦʨʳ, ʢʦʪʦʨʳʝ ʪʝʤ ʥʝ ʤʝʥʝʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʩʠʛʥʘʣʴʥʦʤʫ ʧʫʪʠ. 
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ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ ʙʝʣʦʢ SMAD3 ʙʳʣ ʥʘʡʜʝʥ ʢʘʢ ʜʦʩʪʦʚʝʨʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʨʝʛʫʣʷʪʦʨ ʚ 

ʦʜʥʦʤ ʦʙʨʘʟʮʝ, ʪʦʛʜʘ ʢʘʢ ʚ ʜʨʫʛʦʤ ʦʙʨʘʟʮʝ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʙʝʣʦʢ SMAD4. ʆʙʘ 

ʨʝʛʫʣʷʪʦʨʘ ʩʚʷʟʘʥʳ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʩʠʛʥʘʣʴʥʳʤ ʧʫʪʝʤ TGF-ɓ/SMAD, ʠ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ ʘʢʪʠʚʠʨʦʚʘʥ ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʦʙʲʝʜʠʥʷʪʴ ʚ ʛʨʫʧʧʳ ʨʝʛʫʣʷʪʦʨʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʩʭʦʜʥʳʤʠ ʥʘʙʦʨʘʤʠ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ. ʕʪʦ ʧʨʝʜʣʦʞʝʥʠʝ ʠʤʝʝʪ ʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʩʤʳʩʣ, ʧʦʩʢʦʣʴʢʫ ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʥʩʪʚʦ 

ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʨʝʛʫʣʷʪʦʨʦʚ), ʢʘʢ ʠʟʚʝʩʪʥʦ, ̫ ʚʣʷʶʪʩʷ ʠʟʙʳʪʦʯʥʳʤʠ ð ʦʜʠʥ ʯʣʝʥ ʩʝʤʝʡʩʪʚʘ 

ʤʦʞʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʠʥʘʢʪʠʚʘʮʠʶ ʜʨʫʛʦʛʦ (Walhout, 2011). ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʝʱʝ ʦʜʠʥ ʰʘʛ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʤʦʪʠʚʠʨʦʚʘʥʥʦʤ ʦʪʙʦʨʝ 

ʧʨʠʟʥʘʢʦʚ: ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʦʪʙʠʨʘʶʪʩʷ ʩʦʪʥʠ ʨʝʛʫʣʷʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʜʝʩʷʪʢʠ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ. ʄ  rʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʦʙʱʘʷ 

ʪʦʯʥʦʩʪʴ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʪʠʚʥʦʩʪʝʡ 

ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʚʤʝʩʪʦ ʩʘʤʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʇʦʩʣʝ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʩʭʦʞʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʢʘʞʜʦʤʫ ʢʣʘʩʪʝʨʫ ʧʨʠʩʚʘʠʚʘʣʠ 

ʟʥʘʯʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʨʝʩʩʠʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʣʘʩʪʝʨ ʛʝʥʦʚ (ʩʤ. ʨʘʟʜʝʣ 2.3). ʊʝʤ ʩʘʤʳʤ ʠʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʧʨʦʬʠʣʝʡ ʨʘʟʤʝʨʥʦʩʪʠ N × m, ʛʜʝ N ð ʯʠʩʣʦ ʛʝʥʦʚ, ʘ m ð ʯʠʩʣʦ 

ʧʘʮʠʝʥʪʦʚ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠ ʚ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʥʦʩʪʠ r × m, ʛʜʝ r ð ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ 

ʨʝʛʫʣʷʪʦʨʦʚ, ʧʨʠʯʝʤ rḺN. ʆʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ r ʦʧʨʝʜʝʣʷʣʠ 

ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʛʦ ʩʠʣʫʵʪʘ (Kaufman and Rousseeuw, 

2005), ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ, ʚ ʯʘʩʪʥʦʩʪʠ L-ʤʝʪʦʜ (Stan and Philip, 2004). 

ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʨʠʮʘ ʘʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʘ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʧʦ ʋʦʨʜʫ ʠ ʢʦʨʨʝʣʷʮʠʶ 

ʇʠʨʩʦʥʘ ʢʘʢ ʤʝʨʫ ʩʭʦʜʩʪʚʘ ʜʚʫʭ ʦʙʨʘʟʮʦʚ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʝʥ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʤʝʪʨʠʢʦʡ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʘʪʨʠʮʳ ʘʢʪʠʚʥʦʩʪʝʡ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʜʝʣʝʥʠʝ (ʩʪʨʘʪʠʬʠʢʘʮʠʷ) ʧʘʮʠʝʥʪʦʚ ʥʘ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʧʦʜʪʠʧʘʤ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ.  

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʦʮʝʥʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʦ-ʧʝʨʚʳʭ, 

ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʠʩʪʠʥʥʳʝ ʧʦʜʪʠʧʳ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʦ ʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʪʦʯʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʦʙʨʘʟʮʦʚ ʵʪʠʤ ʧʦʜʪʠʧʘʤ ʩ ʧʦʤʦʱʴʶ 

ʪ.ʥ. ʠʥʜʝʢʩʘ ʈʵʥʜʘ, ʧʦʢʘʟʳʚʘʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʤʝʨʫ ʩʦʚʧʘʜʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʨʘʟʙʠʝʥʠʷʤʠ. ʇʦʤʠʤʦ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʘʞʥʦ ʙʳʣʦ ʦʮʝʥʠʪʴ ʠ 
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ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʢ ʚʘʨʴʠʨʦʚʘʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʵʪʦʛʦ ʚʳʧʦʣʥʷʣʠ 

100 ʧʨʦʛʦʥʦʚ 10-ʢʨʘʪʥʦʡ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ, ʚʳʯʠʩʣʷʷ ʠʥʜʝʢʩ ʈʵʥʜʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʛʦʥʘ. 

ʉʨʘʚʥʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʦʚ ʈʵʥʜʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʞʝʩʪʚʘ ʧʨʦʛʦʥʦʚ, 

ʚʦʟʤʦʞʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʮʝʥʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʜʭʦʜʘʤʠ 

ʢ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ.  

ɺʦ-ʚʪʦʨʳʭ, ʚʦʟʤʦʞʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʦʩʪʘʚʘ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʕʪʦʪ ʪʠʧ ʘʥʘʣʠʟʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʦʠʩʢʘ ʦʙʦʛʘʱʝʥʠʷ ʢʣʘʩʪʝʨʦʚ 

ʩʠʛʥʘʣʴʥʳʤʠ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʢʘʩʢʘʜʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʠʱʫʪʩʷ ʢʣʘʩʪʝʨʳ ʨʝʛʫʣʷʪʦʨʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʜʦʣʷ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʩʠʛʥʘʣʴʥʦʤ ʧʫʪʠ, ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʬʦʥʦʚʦʡ ʯʘʩʪʦʪʳ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʘʩʪʝʨʳ ʨʝʛʫʣʷʪʦʨʦʚ, ʯʴʷ 

ʘʢʪʠʚʥʦʩʪʴ ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦ ʨʘʟʣʠʯʥʘ ʤʝʞʜʫ ʧʦʜʛʨʫʧʧʘʤʠ ʧʘʮʠʝʥʪʦʚ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʘʥʘʣʠʟʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʅʠʞʝ ʤʳ ʦʙʩʫʜʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʝʪʦʜ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥ ʜʣʷ ʜʠʩʢʨʠʤʠʥʘʮʠʠ 

«ʙʝʟ ʫʯʠʪʝʣʷ» ʤʝʞʜʫ ʢʦʣʦʨʝʢʪʘʣʴʥʳʤ ʨʘʢʦʤ, ʧʨʝʜʨʘʢʦʚʦʡ ʘʜʝʥʦʤʦʡ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʢʠʰʝʯʥʠʢʘ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʙʨʘʟʮʘ ʠʟʚʝʩʪʥʘ ʠʩʪʠʥʥʘʷ ʤʝʪʢʘ ʢʣʘʩʩʘ, ʪʦ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʨʠʤʝʥʷʣʠ ʠʥʜʝʢʩ ʈʵʥʜʘ. ɿʘʪʝʤ ʙʫʜʝʪ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʥʦʟʦʣʦʛʠʡ, ʘ ʥʝ ʦʪʜʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʩʪʠʥʥʦʝ ʨʘʟʙʠʝʥʠʝ ʥʝʠʟʚʝʩʪʥʦ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʶʱʠʝ ʢʣʘʩʪʝʨʳ ʟʘʙʦʣʝʚʘʥʠʡ 

ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ. ʅʘʢʦʥʝʮ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʳʜʚʠʞʝʥʠʷ ʛʠʧʦʪʝʟ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʢʦʣʦʨʝʢʪʘʣʴʥʳʤ ʨʘʢʦʤ ʢ ʘʥʪʠ-EGFR ʪʝʨʘʧʠʠ.  

4.1. ʉʪʨʘʪʠʬʠʢʘʮʠʷ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘʤʠ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʥʘʙʦʨ ʜʘʥʥʳʭ 

GSE4183 (Galamb, et al., 2008), ʩʦʜʝʨʞʘʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʨʘʥʩʢʨʠʧʪʦʤʝ 53 ʦʙʨʘʟʮʦʚ, 

ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: ʠʥʪʘʢʪʥʳʡ ʢʠʰʝʯʥʠʢ, ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ, ʧʨʝʜʨʘʢʦʚʘʷ 

ʘʜʝʥʦʤʘ, ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʠʰʝʯʥʠʢʘ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʥʘʤʠ 

ʘʣʛʦʨʠʪʤʫ, ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʜʣʷ ʦʙʨʘʟʮʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (ʠʥʪʘʢʪʥʳʡ ʢʠʰʝʯʥʠʢ) 

ʙʳʣʠ ʫʩʨʝʜʥʝʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʦʜʠʥ «ʫʩʣʦʚʥʦ ʥʦʨʤʘʣʴʥʳʡ» ʧʘʮʠʝʥʪ. 

ɼʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʚʝʣʠʯʠʥʳ logratio, ʠʩʧʦʣʴʟʫʷ 

ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʥʦʨʤʫ ʢʘʢ ʨʝʬʝʨʝʥʩ. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʜʣʷ 81,3% ʚʩʝʭ ʛʝʥʦʚ 
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ʚʥʫʪʨʠʛʨʫʧʧʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʤʝʞʛʨʫʧʧʦʚʘʷ, ʪʝʤ ʩʘʤʳʤ ʧʦʜʜʝʨʞʠʚʘʷ 

ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʜʘʥʥʦʛʦ ʫʩʨʝʜʥʝʥʠʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ SNEA ʩʫʤʤʘʨʥʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

1214 ʨʝʛʫʣʷʪʦʨʦʚ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʩʠʣʫʵʪʦʚ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʳʤ ʛʨʫʧʧʠʨʦʚʘʥʠʝʤ ʨʝʛʫʣʷʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 28 ʢʣʘʩʪʝʨʦʚ. ʆʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ 

ʫʢʘʟʘʥʥʳʭ 28 ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 21). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʜʝʥʜʨʦʛʨʘʤʤʳ 

ʥʘ ʪʨʠ ʧʦʜʛʨʫʧʧʳ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʧʦʣʫʯʘʝʤʳʝ ʢʣʘʩʪʝʨʳ ʧʘʮʠʝʥʪʦʚ ʭʦʨʦʰʦ 

ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʠʩʪʠʥʥʳʤʠ ʢʣʠʥʠʢʦ-ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʘʢ, ʣʝʚʳʡ ʢʣʘʩʪʝʨ 

ʩʦʩʪʦʷʣ ʠʟ 15 ʧʘʮʠʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ 11 ʧʘʮʠʝʥʪʦʚ (73%) ʦʪʥʦʩʠʣʠʩʴ ʢ ʢʣʘʩʩʫ ʘʜʝʥʦʤʳ, 

ʘ ʯʝʪʳʨʝ ʧʘʮʠʝʥʪʘ ʙʳʣʠ ʧʨʠʧʠʩʘʥʳ ʢ ʢʣʘʩʩʫ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ. ʀʟʫʯʝʥʠʝ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʝʥʜʨʦʛʨʘʤʤʳ ʣʝʚʦʛʦ ʢʣʘʩʪʝʨʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʨʠ ʠʟ ʯʝʪʳʨʝʭ ʦʙʨʘʟʮʦʚ 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʪʘʢʞʝ ʢʣʘʩʪʝʨʠʟʦʚʘʣʠʩʴ ʩʦʚʤʝʩʪʥʦ (ʈʠʩʫʥʦʢ 21). ʉʨʝʜʥʠʡ ʢʣʘʩʪʝʨ 

ʩʦʩʪʦʷʣ ʠʟ 10 ʧʘʮʠʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʝʤʴ ʧʘʮʠʝʥʪʦʚ (70%) ʦʪʥʦʩʠʣʠʩʴ ʢ ʢʦʣʦʨʝʢʪʘʣʴʥʦʤʫ 

ʨʘʢʫ, ʘ ʪʨʠ ʧʘʮʠʝʥʪʘ ð ʢ ʢʣʘʩʩʫ ʘʜʝʥʦʤʳ. ʅʘʢʦʥʝʮ, ʧʨʘʚʳʡ ʢʣʘʩʪʝʨ ʩʦʩʪʦʷʣ ʠʟ 

20 ʧʘʮʠʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ 15 ʧʘʮʠʝʥʪʦʚ (75%) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤ 

ʟʘʙʦʣʝʚʘʥʠʷʤ ʢʠʰʝʯʥʠʢʘ, ʯʝʪʳʨʝ ʧʘʮʠʝʥʪʘ ð ʢʦʣʦʨʝʢʪʘʣʴʥʦʤʫ ʨʘʢʫ ʠ ʦʜʠʥ 

ʧʘʮʠʝʥʪ ð ʘʜʝʥʦʤʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʢʣʘʩʪʝʨ ʥʘ 70% ʠ ʙʦʣʝʝ ʩʦʩʪʦʷʣ ʪʦʣʴʢʦ ʠʟ 

ʧʘʮʠʝʥʪʦʚ ʦʜʥʦʡ ʥʦʟʦʣʦʛʠʠ. 

ʇʨʦʚʝʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩ ʮʝʣʴʶ ʩʦʧʦʩʪʘʚʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʛʦʨʠʪʤ Gene Set Variation Analysis (GSVA) ʢʦʪʦʨʳʡ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ 

ʜʘʥʥʳʝ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚ ʘʢʪʠʚʥʦʩʪʠ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ (Hanzelmann, et al., 2013), 

ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ Partitioning 

Around Medoids (PAM), ʨʝʘʣʠʟʦʚʘʥʥʫ  ʁʚ R-ʧʘʢʝʪʝ cluster (Maechler et al., 2014). ɼʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʨʘʟʙʠʝʥʠʡ ʩ ʢʣʠʥʠʢʦ-ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʦʙʨʘʟʮʦʚ ʚʳʯʠʩʣʷʣʠ ʠʥʜʝʢʩ ʈʵʥʜʘ. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ 

ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʘʢʪʠʚʥʦʩʪʝʡ ʨʝʛʫʣʷʪʦʨʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʪʦʯʥʦʩʪʠ ʢʘʢ ʤʝʪʦʜ PAM, ʪʘʢ ʠ ʘʣʛʦʨʠʪʤ GSVA. ʉʨʝʜʥʠʡ ʠʥʜʝʢʩ ʈʵʥʜʘ ʜʣʷ 100 ʧʨʦʛʦʥʦʚ 

10-ʢʨʘʪʥʦʡ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʣ 0,370 Ñ 0,014, ʪʦʛʜʘ 

ʢʘʢ ʘʥʘʣʦʛʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 0,320 ± 0,009 ʠ 0,349 ± 0,015 ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʤʝʪʦʜʦʤ PAM ʠ ʘʣʛʦʨʠʪʤʘ GSVA ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ p 

ʜʣʷ ʥʝʧʘʨʥʦʛʦ ʢʨʠʪʝʨʠʷ ʋʠʣʢʦʢʩʦʥʘ ʥʝ ʧʨʝʚʳʰʘʣ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ 0,05. ʄʦʞʥʦ ʩʜʝʣʘʪʴ 
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ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ ʪʦʯʥʦʩʪʴ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʘʣʛʦʨʠʪʤʘʤʠ PAM ʠ GSVA. 

 

 

ʈʠʩʫʥʦʢ 21. ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʘʢʪʠʚʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ, ʵʢʩʧʝʨʠʤʝʥʪ GSE4183 (Galamb, et al., 2008). ʂʘʞʜʳʡ ʢʣʘʩʪʝʨ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʪʨʦʢʦʡ, ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ð ʩʪʦʣʙʮʦʤ. ɺ ʩʢʦʙʢʘʭ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠʚʝʜʝʥʦ ʢʦʣʠʯʝʩʪʚʦ 

ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ. ʎʚʝʪ ʷʯʝʡʢʠ ʢʦʜʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ʢʣʘʩʪʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʦʪʦʙʨʘʞʘʝʪ ʜʝʣʝʥʠʝ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʥʘ ʪʨʠ ʢʣʘʩʪʝʨʘ. ʀʩʧʦʣʴʟʦʚʘʥ ʠʝʨʘʨʭʠʯʝʩʢʠʡ 

ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʋʦʨʜʘ 

ɼʘʣʝʝ ʧʝʨʝʰʣʠ ʢ ʚʳʷʚʣʝʥʠʶ ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʜʦʩʪʦʚʝʨʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʤʝʞʜʫ ʠʟʫʯʘʝʤʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ (ʢʘʨʮʠʥʦʤʘ, ʘʜʝʥʦʤʘ ʠ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʠʰʝʯʥʠʢʘ). ɿʥʘʥʠʝ ʩʦʩʪʘʚʘ ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ 

ʚʳʷʚʣʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʠʩʢʨʠʤʠʥʘʥʪ ʌʠʰʝʨʘ, ʘ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʩʪʘʥʦʚʦʯʥʦʛʦ 



 

126 

 

ʪʝʩʪʘ. ʊʘʢʞʝ ʚʳʯʠʩʣʷʣʠ ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ð ʩʧʝʮʠʬʠʯʥʦʩʪʠ (AUC) 

ʜʣʷ ʜʦʩʪʦʚʝʨʥʦ ʜʠʩʢʨʠʤʠʥʠʨʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ.  

 

ʊʘʙʣʠʮʘ 17. ʉʧʠʩʦʢ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʜʠʩʢʨʠʤʠʥʠʨʫʶʱʠʭ ʠʟʫʯʘʝʤʳʝ ʩʦʩʪʦʷʥʠʷ (ʢʘʨʮʠʥʦʤʘ, 

ʘʜʝʥʦʤʘ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʠʰʝʯʥʠʢʘ). ʇʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʩ ʜʦʩʪʦʚʝʨʥʳʤ AUC 

ʩʦʛʣʘʩʥʦ ʧʝʨʝʩʪʘʥʦʚʦʯʥʦʤʫ ʪʝʩʪʫ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʫʢʘʟʘʥ ʧʨʦʯʝʨʢ. ʇʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ 

ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʪʘʙʣʠʮʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ AUC 

ˉ ʢʣʘʩʪʝʨʘ 

ʨʝʛʫʣʷʪʦʨʦʚ 

ɺʦʩʧʘʣʝʥʠʝ vs ʘʜʝʥʦʤʘ, 

AUC 

ʂʘʨʮʠʥʦʤʘ vs ʘʜʝʥʦʤʘ, 

AUC 

ɺʦʩʧʘʣʝʥʠʝ vs ʢʘʨʮʠʥʦʤʘ, 

AUC 

#10 0,991 0,742 0,707 

#17 0,991 - 0,947 

#15 0,938 - 0,787 

#27 0,893 - 0,778 

#13 0,947 - 0,707 

#7 0,884 0,760 - 

#3 0,991 - 0,556 

#4 0,769 - 0,689 

#28 0,796 - 0,636 

#1 0,769 - 0,660 

#9 0,876 - - 

#24 0,867 - - 

#21 0,813 - - 

#11 0,813 - - 

#6 0,742 - - 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʘ 17. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʩʫʱʝʩʪʚʫʝʪ ʦʜʠʥ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʡ ʢʣʘʩʪʝʨ ʨʝʛʫʣʷʪʦʨʦʚ (ʢʣʘʩʪʝʨ #10), 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ ʜʣʷ ʚʩʝʭ ʧʦʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ. ɿʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʢʣʘʩʪʝʨʘ ʧʦʟʚʦʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʦʰʠʙʦʯʥʦ ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʪʴ ʘʜʝʥʦʤʫ ʠ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʠʰʝʯʥʠʢʘ (AUC=0,991), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʨʘʚʥʝʥʠʡ 

ʢʘʨʮʠʥʦʤʘ vs ʘʜʝʥʦʤʘ ʠ ʢʘʨʮʠʥʦʤʘ vs ʚʦʩʧʘʣʝʥʠʝ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʥʠʞʘʝʪʩʷ ʜʦ 

ʫʨʦʚʥʷ AUC=0,742 ʠ AUC=0,707 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʢʞʝ ʠʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʨʘʟʣʠʯʘʪʴ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʠʰʝʯʥʠʢʘ ʢʘʢ ʦʪ ʢʘʨʮʠʥʦʤʳ, ʪʘʢ ʠ ʦʪ ʘʜʝʥʦʤʳ 

(ʢʣʘʩʪʝʨʳ ˉ10, ˉ17, ˉ15, ˉ27, ˉ13, ˉ3, ˉ4, ˉ28, ˉ1), ʠʣʠ ʪʦʣʴʢʦ ʦʪ ʢʘʨʮʠʥʦʤʳ 

(ʧʦʤʠʤʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʝʱʝ ʢʣʘʩʪʝʨʳ ˉ7, ˉ9, ˉ24, ˉ21, ˉ11, ˉ6), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʪʦʣʴʢʦ ʜʚʘ ʢʣʘʩʪʝʨʘ (ˉ10 ʠ ˉ7) ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʥʠʠ ʢʘʨʮʠʥʦʤʳ ʧʨʦʪʠʚ 

ʘʜʝʥʦʤʳ. ʊʘʢʞʝ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʘʨʮʠʥʦʤʘ ʠʤʝʝʪ ʙʦʣʴʰʝ çʚʦʩʧʘʣʠʪʝʣʴʥʳʭè ʧʨʠʟʥʘʢʦʚ 
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(ʠʤʝʝʪ ʙʦʣʝʝ ʙʣʠʟʢʠʡ ʧʨʦʬʠʣʴ ʢ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʢʠʰʝʯʥʠʢʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʘʜʝʥʦʤʦʡ. 

ʉʨʝʜʠ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ, ʯʴʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ 

ʢʘʨʮʠʥʦʤʫ ʦʪ ʘʜʝʥʦʤʳ, ʩʣʝʜʫʝʪ ʦʩʦʙʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʣʘʩʪʝʨ ˉ10 ʠ ʢʣʘʩʪʝʨ ˉ7. ʐʝʩʪʴ ʠʟ 

52 ʨʝʛʫʣʷʪʦʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʢʣʘʩʪʝʨ ˉ10, ʷʚʣʷʶʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: 

NFATC2 (nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 2), FOXP3 

(forkhead box P3), RELB (v-rel reticuloendotheliosis viral oncogene homolog B), TBX21 (T-box 

21), IRF4 (interferon regulatory factor 4), TXBT (T, brachyury homolog). ɺʩʝ ʦʥʠ, ʚʢʫʧʝ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʥʪʝʨʣʝʡʢʠʥʘʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʙʝʣʢʘʤʠ T-ʢʣʝʪʦʢ, ʩʚʷʟʘʥʳ ʩ 

ʘʢʪʠʚʘʮʠʝʡ ʊ-ʣʠʤʬʦʮʠʪʦʚ, ʧʨʦʜʫʢʮʠʝʡ ʮʠʪʦʢʠʥʦʚ ʠ ʠʤʤʫʥʥʳʤ ʦʪʚʝʪʦʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ 

ʩʦʛʣʘʩʠʠ ʩ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʜʘʥʥʳʤʠ, ʘʢʪʠʚʘʮʠʷ ʊ-ʢʣʝʪʦʢ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʢʠʰʝʯʥʠʢʘ (Kappeler and Mueller, 2000), ʪʘʢ ʠ ʩ ʢʦʣʦʨʝʢʪʘʣʴʥʦʡ ʢʘʨʮʠʥʦʤʦʡ 

(Koch, et al., 2006). ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʊ-ʭʝʣʧʝʨʦʚ ʘʢʪʠʚʠʨʫʶʪʩʷ ʧʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʤʘʣʠʛʥʠʟʘʮʠʠ ʢʦʣʦʨʝʢʪʘʣʴʥʦʡ ʘʜʝʥʦʤʳ ʚ ʢʘʨʮʠʥʦʤʫ (Cui, et al., 2012). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʤʦʞʝʪ ʙʳʪʴ ʚʪʦʨʠʯʥʳʤ ʵʬʬʝʢʪʦʤ ʦʥʢʦʛʝʥʝʟʘ, 

ʘʢʪʠʚʘʮʠʶ ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʡ 

ʬʘʢʪʦʨ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʨʝʜʠʢʪʦʨ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʮʠʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ 

ʫʯʝʩʪʴ, ʯʪʦ ʘʥʪʘʛʦʥʠʩʪʳ ʩʝʤʝʡʩʪʚʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ NFAT ʧʨʦʷʚʣʷʶʪ ʩʠʣʴʥʫʶ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ (Jauliac, et al., 2002), ʘ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ 

ʨʝʮʝʧʪʦʨʘ CCR4 ʩʝʣʝʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ FoxP3+CD4+ ʨʝʛʫʣʷʪʦʨʥʳʝ ʊ-ʢʣʝʪʢʠ, 

ʚʳʟʳʚʘʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ (Sugiyama, et al., 2013). 

ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʠʟ ʜʠʩʢʨʠʤʠʥʠʨʫʶʱʝʛʦ ʢʣʘʩʪʝʨʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ 

ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʳ ʦ ʚʦʟʤʦʞʥʳʭ ʦʙʨʘʟʝʮ-ʩʧʝʮʠʬʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ 

ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ ʚʳʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʤʠʰʝʥʠ ʜʣʷ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʪʝʨʘʧʠʠ ʚ ʢʦʥʪʝʢʩʪʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʤʳ ʧʨʦʚʝʣʠ ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʜʣʷ ʥʘʡʜʝʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ 

ʨʝʩʫʨc cBioPortal (Cerami, et al., 2012).  

ɺʳʷʩʥʠʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʟʘʪʨʦʥʫʪʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʠʟ ʢʣʘʩʪʝʨʘ ˉ10 ʷʚʣʷʣʩʷ ʛʝʥ 

NFATC2, ʢʦʪʦʨʳʡ ʣʠʙʦ ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʩʷ, ʣʠʙʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʧʦʚʳʰʝʥʠʝʤ 

ʵʢʩʧʨʝʩʩʠʠ ʤʈʅʂ ʚ 33% ʩʣʫʯʘʝʚ. ɺ ʨʘʙʦʪʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ Gerlach ʠ ʩʦʘʚʪʦʨʘʤʠ, ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢʦʣʠʪ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʢʦʣʦʨʝʢʪʘʣʴʥʦʡ ʢʘʨʮʠʥʦʤʳ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʳʰʠ ʩʦ ʩʥʠʞʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʬʘʢʪʦʨʘ NFATC2 ʙʳʣʠ ʟʘʱʠʱʝʥʳ ʦʪ ʨʘʟʚʠʪʠʷ 
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ʦʧʫʭʦʣʠ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʥʳʤʠ ʫʨʦʚʥʷʤʠ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ð ʠʥʪʝʨʣʝʡʢʠʥʦʚ IL21 ʠ IL6 (Gerlach, et al., 2012).  

ɺ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʤ ʥʘʤʠ ʥʘʙʦʨʝ ʜʘʥʥʳʭ GSE4183, ʛʝʥ NFATC2 ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʠʤʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚ ʜʚʫʭ ʦʙʨʘʟʮʘʭ (GSM95508 ʠ GSM95509), ʧʨʠʯʝʤ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʵʢʩʧʨʝʩʩʠʷ ʠʥʪʝʨʣʝʡʢʠʥʦʚ IL6 ʠ IL21 ʣʠʙʦ ʙʳʣʘ ʩʥʠʞʝʥʘ, ʣʠʙʦ ʠʟʤʝʥʝʥʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. ʊʘʢʞʝ ʦʙʘ ʦʙʨʘʟʮʘ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ çʢʘʨʮʠʥʦʤʘè ʩʦʛʣʘʩʥʦ ʤʝʪʘʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ GSE4183. 

ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʦʚ (ʩʤ. ʈʠʩʫʥʦʢ 21), 

ʦʙʘ ʫʢʘʟʘʥʥʳʭ ʦʙʨʘʟʮʘ ʷʚʥʦ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʪʝʨʫ çʧʨʝʜʨʘʢʦʚʦʡ ʘʜʝʥʦʤʳè. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 1000 ʙʫʪʩʪʨʵʧ-ʟʘʧʫʩʢʦʚ, ʛʜʝ ʢʘʞʜʳʡ ʨʘʟ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʦʪʙʠʨʘʣʠ 90% ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʦʙʨʘʟʮʳ GSM95508 ʠ GSM95509 ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʧʨʠʥʘʜʣʝʞʘʚʰʠʝ ʢ 

çʢʣʘʩʪʝʨʫ ʘʜʝʥʦʤʳè ʚ 70,8% ʠ 98,2% ʚʩʝʭ ʧʨʦʛʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʝʤ ʩʘʤʳʤ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʦʣʝʝ çʘʜʝʥʦʤʘ-ʧʦʜʦʙʥʳʡè, ʘ ʥʝ çʢʘʨʮʠʥʦʤʘ-ʧʦʜʦʙʥʳʡè ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʧʨʦʬʠʣʴ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʩʥʠʞʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʨʝʛʫʣʷʪʦʨʘ 

NFATC2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʩʣʫʯʘʡ ʩ ʦʙʨʘʟʮʘʤʠ GSM95508 ʠ GSM95509 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʪʦʛʦ, ʢʘʢ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʧʦʪʝʟ ʦʙ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ 

ʧʘʪʦʛʝʥʝʟʘ. 

ʂʣʘʩʪʝʨ ʨʝʛʫʣʷʪʦʨʦʚ ˉ7 (ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʡ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ 

ʢʠʰʝʯʥʠʢʘ ʦʪ ʘʜʝʥʦʤʳ ʠ ʢʘʨʮʠʥʦʤʳ ʦʪ ʘʜʝʥʦʤʳ) ʩʦʜʝʨʞʘʣ 54 ʨʝʛʫʣʷʪʦʨʘ, ʚʢʣʶʯʘʷ ʪʨʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʘ (EPAS1, endothelial PAS domain protein 1; ETV4, ets variant 4; 

CITED2, Cbp/p300-interacting transactivator with Glu/Asp-rich carboxy-terminal domain, 2), 

ʤʦʣʝʢʫʣʳ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ, (ʪʘʢʠʝ ʢʘʢ CYR61), ʤʘʪʨʠʯʥʳʝ 

ʤʝʪʘʣʣʦʧʝʧʪʠʜʘʟʳ, ʪʨʦʤʙʦʮʠʪʘʨʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ ʠ ʪ.ʜ. ɸʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ 

ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʘʤʠ ʚʘʩʢʫʣʷʨʠʟʘʮʠʠ, ʚʳʞʠʚʘʝʤʦʩʪʴʶ ʠ ʤʠʛʨʘʮʠʝʡ ʢʣʝʪʦʢ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ ʩʚʷʟʘʥʘ ʩ ʘʥʛʠʦʛʝʥʝʟʦʤ, ʘ ʚ ʩʣʫʯʘʝ 

ʢʘʨʮʠʥʦʤʳ ð ʩ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝʤ ʠ ʠʥʚʘʟʠʝʡ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʙʦʪʦʡ 

Sillars-Hardebol ʠ ʩʦʘʚʪʦʨʦʚ, ʛʜʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʘʥʛʠʦʛʝʥʝʟʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʂʈʈ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʜʝʥʦʤʘʤʠ (Sillars-Hardebol, et al., 2010). 

ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʨʝʮʝʧʪʦʨʘ 

PDGFRB (ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʚ 8,7% ʩʣʫʯʘʝʚ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ cBioPortal) 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʧʫʭʦʣʝʚʦʛʦ ʙʠʦʤʘʨʢʝʨʘ. 



 

129 

 

ʉʨʝʜʠ ʜʨʫʛʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠʟ ʢʣʘʩʪʝʨʘ ˉ7, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʤʫʪʠʨʦʚʘʥʳ ʣʠʙʦ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥʳ ʚ ʦʧʫʭʦʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʨʝʩʫʨʩʘ cBioPortal, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʛʝʥ TNC (tenascin C). ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ ʚ ʜʘʥʥʦʤ ʛʝʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 12,8% 

ʩʣʫʯʘʝʚ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ, ʘ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʩʧʨʝʩʩʠʠ ʤʘʪʨʠʯʥʳʭ 

ʤʝʪʘʣʣʦʧʝʧʪʠʜʘʟ. ɻʝʥ TNC ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʘʢ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʡ ʙʠʦʤʘʨʢʝʨ ʂʈʈ ʚʦ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ (Kressner, et al., 1997; Sis, et al., 2004). ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʥʳʡ ʚ 8,2% ʩʣʫʯʘʝʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ EPAS1 (ʠʥʜʫʮʠʨʫʝʤʳʡ ʛʠʧʦʢʩʠʝʡ 

ʬʘʢʪʦʨ 2a), ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʘʢʪʠʚʘʮʠʶ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ VEGF ʠ ʘʥʛʠʦʛʝʥʝʟʘ. ʅʘʣʠʯʠʝ 

ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʦʤʝ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʛʥʦʟʦʤ ʧʨʠ 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʤ ʨʘʢʝ (Cleven, et al., 2008). 

ɺ ʮʝʣʦʤ, ʦʙʘ ʢʣʘʩʪʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʚʝʩʪʥʳʤ ʦʥʢʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʘ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʵʪʠʭ 

ʢʣʘʩʪʝʨʘʭ ʨʝʛʫʣʷʪʦʨʳ ʯʘʩʪʦ ʧʨʝʜʣʘʛʘʶʪʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʙʠʦʤʘʨʢʝʨʳ 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, 

ʚʦʟʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʛʠʧʦʪʝʟʳ ʦ ʤʝʭʘʥʠʟʤʘʭ ʦʥʢʦʛʝʥʝʟʘ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʘʮʠʝʥʪʘ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʘʥʘʣʠʟʝ ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ ʠ ʧʘʪʪʝʨʥʦʚ ʠʟʤʝʥʝʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. 

4.2. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʟʘʙʦʣʝʚʘʥʠʡ 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʧʦʜʭʦʜ ʧʦ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʘʢʪʠʚʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʙʳʣ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʜʨʫʛʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ ð ʜʣʷ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʩʦ ʩʭʦʞʠʤʠ ʧʘʪʪʝʨʥʘʤʠ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʚʤʝʩʪʦ ʛʨʫʧʧʠʨʦʚʘʥʠʷ 

ʦʙʨʘʟʮʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʝʢʩ ʈʵʥʜʘ ʜʣʷ ʦʮʝʥʢʠ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʬʦʨʤʘʣʴʥʦ-ʠʩʪʠʥʥʦʝ 

ʛʨʫʧʧʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʠʟʚʝʩʪʥʦ a priori. ɺʤʝʩʪʦ ʵʪʦʛʦ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʳ ʟʘʙʦʣʝʚʘʥʠʡ ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʵʢʩʧʨʝʩʩʠʦʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ GSE3307, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʨʘʥʩʢʨʠʧʪʦʤʘʭ 121 ʦʙʨʘʟʮʘ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʯʝʣʦʚʝʢʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ 

13 ʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ. ʋʢʘʟʘʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʙʳʣ ʚʳʙʨʘʥ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʚʫʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ð ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʨʘʚʥʠʚʘʝʤʳʭ ʥʦʟʦʣʦʛʠʡ ʠ ʥʘʣʠʯʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʛʨʫʧʧʠʨʦʚʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʩʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʧʘʪʦʛʝʥʝʟʘ. ʀʟʚʝʩʪʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʛʨʫʧʧʳ ʚʢʣʶʯʘʣʠ 18 ʦʙʨʘʟʮʦʚ ʥʦʨʤʘʣʴʥʦʡ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮʳ ʯʝʣʦʚʝʢʘ, ʧʷʪʝʨʳʭ ʧʘʮʠʝʥʪʦʚ 
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ʩ ʦʩʪʨʦʡ ʢʚʘʜʨʠʧʣʝʛʠʯʝʩʢʦʡ ʤʠʦʧʘʪʠʝʡ (ʆʂʄ), 21 ʧʘʮʠʝʥʪʘ ʩ ʶʚʝʥʠʣʴʥʳʤ 

ʜʝʨʤʘʪʦʤʠʦʟʠʪʦʤ (ʖɼʄ), ʜʝʚʷʪʝʨʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʙʦʢʦʚʳʤ ʘʤʠʦʪʨʦʬʠʯʝʩʢʠʤ ʩʢʣʝʨʦʟʦʤ 

(ɹɸʉ), ʯʝʪʳʨʝʭ ʧʘʮʠʝʥʪʦʚ ʩ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʩʧʘʩʪʠʯʝʩʢʦʡ ʧʘʨʘʧʣʝʛʠʝʡ 4-ʛʦ ʪʠʧʘ (ʅʉʇ4), 

ʚʦʩʴʤʝʨʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʝʡ ʕʤʝʨʠ-ɼʨʝʡʬʫʩʘ (ʕɼʄɼ, ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ 

ʍ-ʩʮʝʧʣʝʥʥʦʡ ʨʝʮʝʩʩʠʚʥʦʡ ʬʦʨʤʳ ʠ ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ ʘʫʪʦʩʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʦʡ ʬʦʨʤʳ), 

ʩʝʤʝʨʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʩʪʨʦʛʣʠʢʘʥʦʧʘʪʠʝʡ, ʚʳʟʚʘʥʥʦʡ ʤʫʪʘʮʠʝʡ ʚ ʙʝʣʢʝ FKRP (ɼɻʇ-

FKRP), ʧʷʪʝʨʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʝʡ ɹʝʢʢʝʨʘ (ʄɼɹ), 10 ʧʘʮʠʝʥʪʦʚ ʩ 

ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʝʡ ɼʶʰʝʥʥʘ (ʄɼɼ), 10 ʧʘʮʠʝʥʪʦʚ ʩ ʜʝʬʠʮʠʪʦʤ ʢʘʣʴʧʘʠʥʘ 3 (ʂʇ), 

10 ʧʘʮʠʝʥʪʦʚ ʩ ʜʝʬʠʮʠʪʦʤ ʜʠʩʬʝʨʣʠʥʘ (ɼʇ) ʠ 14 ʧʘʮʠʝʥʪʦʚ ʩ ʬʘʩʮʠʦ-ʩʢʘʧʫʣʦ-ʛʫʤʝʨʘʣʴʥʦʡ 

ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʝʡ (ʌʉɻɼ). 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʚʰʠʡ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʠ ʛʨʫʧʧʠʨʦʚʘʥʠʝ ʛʝʥʦʚ-

ʨʝʛʫʣʷʪʦʨʦʚ, ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʳʯʠʩʣʷʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ ʢʘʞʜʦʛʦ ʛʝʥʘ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʠʪʴ çʪʠʧʦʚʦʛʦè ʧʘʮʠʝʥʪʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʩʝ ʟʘʙʦʣʝʚʘʥʠʝ ʚ ʮʝʣʦʤ, ʠ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʫʞʝ ʥʘ ʵʪʠʭ ʫʩʨʝʜʥʝʥʥʳʭ 

ʦʙʨʘʟʮʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝ ʥʝ ʦʪʜʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ, ʘ ʨʘʟʣʠʯʥʳʭ 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʋʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʙʨʘʟʮʘʤ 

ʥʦʨʤʘʣʴʥʦʡ ʤʳʰʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʣʠʯʠʥ logratio. 

ʇʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ SNEA ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 714 ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ, 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ 34 ʢʣʘʩʪʝʨʘ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʣʠ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʦʤ 

12Ĭ34 ʦʧʠʩʳʚʘʚʰʫʶ ʘʢʪʠʚʥʦʩʪʴ 34 ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ 12 çʪʠʧʦʚʳʭè ʧʘʮʠʝʥʪʦʚ. 

ʂʘʢ ʠ ʨʘʥʝʝ, ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʋʦʨʜʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʬʝʨʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʜʝʥʪʠʯʥʳʡ ʪʠʧ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʤʝʪʦʜ ʋʦʨʜʘ) 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʤʘʪʨʠʮʳ ʟʥʘʯʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʜʣʷ çʪʠʧʦʚʳʭè ʧʘʮʠʝʥʪʦʚ, ʪʦ 

ʝʩʪʴ ʙʝʟ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ 

ʨʘʩʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʨʨʝʣʷʮʠʶ ʇʠʨʩʦʥʘ. 
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ʈʠʩʫʥʦʢ 22. ʉʨʘʚʥʝʥʠʝ ʢʣʘʩʪʝʨʠʟʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. A) ɼʝʥʜʨʦʛʨʘʤʤʘ 

ʩʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ɹ) ɼʝʥʜʨʦʛʨʘʤʤʘ 

ʩʦʛʣʘʩʥʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʣʠ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨʥʳʡ 

ʘʥʘʣʠʟ ʧʦ ʋʦʨʜʫ, ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʨʘʩʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʨʨʝʣʷʮʠʶ ʇʠʨʩʦʥʘ. ʀʟ ʨʘʙʦʪʳ (Pyatnitskiy, et 

al., 2014), ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʇʦʣʫʯʝʥʥʳʝ ʜʝʥʜʨʦʛʨʘʤʤʳ ʜʣʷ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ ʢ ʚʳʜʝʣʝʥʠʶ ʩʭʦʞʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʦʢ 22. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʤʝʪʦʜʫ (ʈʠʩʫʥʦʢ 22, 

A) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʝ ʧʘʪʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʜʚʝ ʙʦʣʴʰʠʝ 

ʛʨʫʧʧʳ. ʂʣʘʩʪʝʨ ˉ1 ʚʢʣʶʯʘʣ ʚ ʦʩʥʦʚʥʦʤ ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ ʤʠʦʧʘʪʠʠ ʠ ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ 

ʩʠʥʜʨʦʤʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʜʝʛʝʥʝʨʘʮʠʠ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ: ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ ʠ ɹʝʢʢʝʨʘ, 

ʜʠʩʪʨʦʛʣʠʢʘʥʦʧʘʪʠʶ, ʜʝʬʠʮʠʪʳ ʢʘʣʴʧʘʠʥʘ 3 ʠ ʜʠʩʬʝʨʣʠʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʪʝʨ ˉ1 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʨʫʧʧʫ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʤ 

ʧʦʚʨʝʞʜʝʥʠʝʤ ʚʩʣʝʜʩʪʚʠʝ ʤʫʪʘʮʠʠ ʚ ʝʜʠʥʠʯʥʦʤ ʛʝʥʝ. ʂʣʘʩʪʝʨ ˉ2 ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 

ʥʝʤʳʰʝʯʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ (ʙʦʢʦʚʦʡ ʘʤʠʦʪʨʦʬʠʯʝʩʢʠʡ ʩʢʣʝʨʦʟ, ʶʚʝʥʠʣʴʥʳʡ 

ʜʝʨʤʘʪʦʤʠʦʟʠʪ) ʠ ʟʘʙʦʣʝʚʘʥʠʷ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ 

ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʦʨʛʘʥʠʟʤʝ ʠʣʠ ʩʣʦʞʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ 

(ʦʩʪʨʘʷ ʢʚʘʜʨʠʧʣʝʛʠʯʝʩʢʘʷ ʤʠʦʧʘʪʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʧʦʪʝʨʷ ʤʠʦʟʠʥʘ ʠ ʤʠʦʟʠʥ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʬʠʣʘʤʝʥʪʥʳʭ ʙʝʣʢʦʚ (Larsson, 2008), ʬʘʩʮʠʦ-ʩʢʘʧʫʣʦ-ʛʫʤʝʨʘʣʴʥʘʷ 

ʤʳʰʝʯʥʘʷ ʜʠʩʪʨʦʬʠʷ ð ʧʨʦʛʨʝʩʩʠʨʫʶʱʘʷ ʩʣʘʙʦʩʪʴ ʤʳʰʮʳ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʝʣʘ ʠʟ-ʟʘ 

ʫʜʘʣʝʥʠʷ ʧʦʚʪʦʨʘ D4Z4, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʢʦʥʮʝʚʦʡ ʦʙʣʘʩʪʠ ʭʨʦʤʦʩʦʤʳ 4 (Ottaviani, et al., 

2009). 
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ʀʩʩʣʝʜʦʚʘʥʠʝ «ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ» ʢʣʘʩʪʝʨʦʚ ʪʘʢʞʝ ʚʳʷʚʠʣʦ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʘʪʦʣʦʛʠʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʜʚʫʤʷ ʜʝʬʝʢʪʘʤʠ 

ʷʜʝʨʥʦʡ ʦʙʦʣʦʯʢʠ, ʚʩʣʝʜʩʪʚʠʝ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ EMD ʠ LMNA, ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʩʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ ʥʘʨʫʰʝʥʠʷʤʠ, 

ʠʤʝʶʱʠʤʠ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʙʝ ʤʫʪʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʬʝʥʦʪʠʧʫ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ʕʤʝʨʠ-ɼʨʝʡʬʫʩʘ, 

ʢ ʍ-ʩʮʝʧʣʝʥʥʦʡ ʨʝʮʝʩʩʠʚʥʦʡ ʠ ʘʫʪʦʩʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʦʡ ʬʦʨʤʘʤ (ʕɼʄɼ-ʍ ʠ ʕɼʄɼ-ɸɼ ʥʘ 

ʜʝʥʜʨʦʛʨʘʤʤʘʭ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ Bakay ʠ 

ʩʦʘʚʪʦʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʡ ʧʦʜʭʦʜ ʜʣʷ ʘʥʘʣʠʟʘ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʥʘ 

ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ (Bakay, et al., 2006). ɼʨʫʛʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ, ʩʜʝʣʘʥʥʦʝ ʥʘ ʦʩʥʦʚʝ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʪʦʣʦʛʠʷʤʠ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʢʘʣʴʧʘʠʥʦʤ 3 ʠ ʜʠʩʬʝʨʣʠʥʦʤ (ʂʇ ʠ ɼʇ ʥʘ ʜʝʥʜʨʦʛʨʘʤʤʘʭ). 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʫʪʘʮʠʠ ʚ ʦʙʦʠʭ ʛʝʥʘʭ ʧʨʠʚʦʜʷʪ ʢ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ʧʦʷʩʥʠʯʥʦʛʦ 

ʧʦʷʩʘ, ʪʠʧ 2ɸ ʠ 2ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʦʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʢʘʣʴʧʘʠʥ 3 ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʠʩʬʝʨʣʠʥʦʤ (Huang, et al., 2005). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʪʨʫʜʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ 

ʩʧʘʩʪʠʯʝʩʢʦʡ ʧʘʨʘʧʣʝʛʠʝʡ, ʚʳʟʚʘʥʥʦʡ ʤʫʪʘʮʠʝʡ ʚ ʛʝʥʝ SPG4, ʠ ʜʠʩʪʨʦʛʣʠʢʘʥʦʧʘʪʠʝʡ, 

ʚʳʟʚʘʥʥʦʡ ʤʫʪʘʮʠʝʡ ʚ ʙʝʣʢʝ FKRP, ʚʦʚʣʝʯʝʥʥʦʡ ʚ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ ʜʠʩʪʨʦʛʣʠʢʘʥʘ. 

ʅʘʧʨʦʪʠʚ, ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʢʣʘʩʪʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʵʢʩʧʨʝʩʩʠʠ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʝʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʪʝʨʠʟʘʮʠʝʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʘʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʦʚ (ʈʠʩʫʥʦʢ 22 ɹ). ʅʘʧʨʠʤʝʨ, ʜʦʩʪʘʪʦʯʥʦ ʩʭʦʞʠʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʧʣʘʥʝ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ ʠ ɹʝʢʢʝʨʘ (ʦʙʘ ʟʘʙʦʣʝʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʤʫʪʘʮʠʠ ʚ 

ʛʝʥʝ ʜʠʩʪʨʦʬʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʄɼɼ ʠ ʄɼɹ ʥʘ ʜʝʥʜʨʦʛʨʘʤʤʘʭ) ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʨʘʟʥʳʤ 

ʢʣʘʩʪʝʨʘʤ. ʊʦ ʞʝ ʩʘʤʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʬʦʨʤʘʤ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ʕʤʝʨʠ-

ɼʨʝʡʬʫʩʘ.  

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʥʘʤʠ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ 

ʨʝʛʫʣʷʪʦʨʦʚ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʫʶ 

ʛʨʫʧʧʠʨʦʚʢʫ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʧʨʝʚʦʩʭʦʜʠʪ ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʨʦʬʠʣʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. 
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4.3. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʪʚʝʪʘ ʥʘ ʪʝʨʘʧʠʶ ʮʝʪʫʢʩʠʤʘʙʦʤ 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʢʘʢ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ, ʪʘʢ ʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʊʝʧʝʨʴ ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʥʝ ʬʦʢʫʩʠʨʫʷʩʴ ʥʘ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʘʟʙʠʝʥʠʡ. 

ɿʘʜʘʯʘ ʵʪʦʛʦ ʵʪʘʧʘ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ, ʧʨʠʤʝʥʠʤ ʣʠ ʨʘʟʚʠʚʘʝʤʳʡ ʥʘʤʠ 

ʧʦʜʭʦʜ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʘʪʦʛʝʥʝʟʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʠʟʫʯʘʣʠ ʦʪʚʝʪ ʥʘ ʪʝʨʘʧʠʶ ʮʝʪʫʢʩʠʤʘʙʦʤ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʢʦʣʦʨʝʢʪʘʣʴʥʳʤ ʨʘʢʦʤ (Yuryev and Daraselia, 2012). ʎʝʪʫʢʩʠʤʘʙ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʭʠʤʝʨʥʦʝ ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ IgG1, ʥʘʧʨʘʚʣʝʥʥʦʝ ʧʨʦʪʠʚ ʨʝʮʝʧʪʦʨʘ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ 

ʬʘʢʪʦʨʘ ʨʦʩʪʘ, EGFR.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʙʠʦʤʘʨʢʝʨʳ ʦʪʚʝʪʘ ʥʘ ʘʥʪʠ-EGFR 

ʪʝʨʘʧʠʶ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʫʶ ʩʪʨʘʪʝʛʠʶ. ʉʧʝʨʚʘ ʤʳ ʩʦʙʨʘʣʠ ʦʙʰʠʨʥʫʶ ʢʦʣʣʝʢʮʠʶ 

ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʤʫ ʧʨʦʬʠʣʠʨʦʚʘʥʠʶ ʙʠʦʧʩʠʡ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ 

ʨʘʢʘ (ʂʈʈ) ʠ ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʝʡ ʪʦʣʩʪʦʡ ʢʠʰʢʠ. ɼʘʣʝʝ, ʩʦʛʣʘʩʥʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ 

ʧʦʜʭʦʜʫ, ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʦʧʨʝʜʝʣʠʣʠ ʢʣʶʯʝʚʳʝ ʨʝʛʫʣʷʪʦʨʳ ʵʢʩʧʨʝʩʩʠʠ ʩ ʧʦʤʦʱʴʶ 

ʘʣʛʦʨʠʪʤʘ SNEA, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʪʝʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʧʨʦʬʠʣʠ ʘʢʪʠʚʥʦʩʪʝʡ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʠʟʚʝʩʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʦ ʪʠʧʝ ʦʪʚʝʪʘ ʧʘʮʠʝʥʪʦʚ ʥʘ ʣʝʯʝʥʠʝ ʮʝʪʫʢʩʠʤʘʙʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʦʙʰʠʨʥʳʤ ʘʥʘʣʠʟʦʤ ʣʠʪʝʨʘʪʫʨʳ ʩ 

ʮʝʣʴʶ ʧʨʝʜʣʦʞʠʪʴ ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʪʨʘʞʘʶʱʠʡ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʤʝʭʘʥʠʟʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʘʥʪʠ-EGFR ʪʝʨʘʧʠʠ. 

ɹʳʣʠ ʩʦʙʨʘʥʳ ʜʝʚʷʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʤʫ ʧʨʦʬʠʣʠʨʦʚʘʥʠʶ ʂʈʈ 

ʯʝʣʦʚʝʢʘ: GSE13294, GSE14333, GSE17538, GSE18105, GSE4107, GSE4183, GSE9348, 

GSE8671, GSE5851. ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʠʣʦ 863, ʠʟ ʢʦʪʦʨʳʭ 

784 ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʷʣʠ ʧʘʮʠʝʥʪʦʚ ʩ ʂʈʈ ʠ 79 ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪ ʟʜʦʨʦʚʳʭ 

ʜʦʥʦʨʦʚ. ɺ ʥʘʙʦʨʝ ʜʘʥʥʳʭ GSE5851 (80 ʦʙʨʘʟʮʦʚ) ʩʦʜʝʨʞʘʣʘʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʦʢʘʟʘʣʩʷ ʣʠ ʧʘʮʠʝʥʪ ʚʦʩʧʨʠʠʤʯʠʚ ʢ ʪʝʨʘʧʠʠ ʮʝʪʫʢʩʠʤʘʙʦʤ. ʇʨʠ ʵʪʦʤ 

ʪʠʧʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʮʝʪʫʢʩʠʤʘʙʘ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ ʢʣʘʩʩʘ: ʧʦʣʥʳʡ 

ʦʪʚʝʪ, ʯʘʩʪʠʯʥʳʡ ʦʪʚʝʪ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ.  

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʣʦʩʴ ʢʦʨʨʝʢʪʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʝʪʘʘʥʘʣʠʟʘ. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ ʦʪʦʙʨʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʘʚʪʦʨʳ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ GSE13294 ʘʚʪʦʨ rʧʨʠʤʝʥʷʣʠ ʘʣʛʦʨʠʪʤ MAS5.0, ʪʦʛʜʘ ʢʘʢ 
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ʥʘʙʦʨ ʜʘʥʥʳʭ GSE18105 ʙʳʣ ʥʦʨʤʘʣʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ RMA. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʙʦʨ 

ʤʝʪʦʜʘ ʥʦʨʤʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʣʠʷʪʴ ʥʘ ʩʧʠʩʦʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ (Fujita, et al., 2006; 

Steinhoff and Vingron, 2006). ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʥʦʨʤʘʣʠʟʘʮʠʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʘʘʥʘʣʠʟʘ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʧʨʦʚʝʩʪʠ ʨʝʥʦʨʤʘʣʠʟʘʮʠʶ ʠʩʭʦʜʥʳʭ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ (CEL-ʬʘʡʣʦʚ) ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʤʝʪʦʜʦʤ, ʘ ʠʤʝʥʥʦ ʘʣʛʦʨʠʪʤʦʤ FARMS (Factor Analysis for Robust Microarray 

Summarization), ʧʨʝʜʣʦʞʝʥʥʳʤ Hochreiter ʠ ʩʦʘʚʪʦʨʘʤʠ (Hochreiter, et al., 2006).  

ʉʦʛʣʘʩʥʦ ʧʦʜʭʦʜʫ FARMS, ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʩʠʥʦʥʠʤʠʯʥʳʭ ʟʦʥʜʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʙʘʡʝʩʦʚʩʢʠʡ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʧʨʠʯʝʤ ʜʣʷ ʢʘʞʜʦʛʦ 

ʟʦʥʜʘ ʩʪʨʦʷʪ ʤʥʦʛʦʤʝʨʥʫʶ ʤʦʜʝʣʴ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ FARMS 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʙʠʨʘʪʴ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʥʘʙʦʨʳ ʟʦʥʜʦʚ, ʪ.ʝ. ʪʘʢʠʝ, 

ʚ ʢʦʪʦʨʳʭ ʙʦʣʴʰʠʥʩʪʚʦ ʟʦʥʜʦʚ ʠʟ ʥʘʙʦʨʘ ʧʦʢʘʟʳʚʘʶʪ ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʈʅʂ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʯʠʧʘʭ (Talloen, et al., 2007). ʇʦʵʪʦʤʫ ʤʝʪʦʜ FARMS 

ʤʦʞʥʦ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʢʘʢ ʘʣʛʦʨʠʪʤ ʦʪʙʦʨʘ ʧʨʠʟʥʘʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ ʟʦʥʜʦʚ ʩʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ FARMS ʥʘʤʠ 

ʙʳʣʦ ʦʪʦʙʨʘʥʦ 9254 ʟʦʥʜʘ. ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʟʦʥʜʦʚ ʩ ʛʝʥʘʤʠ, ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʜʥʦʤʫ 

ʛʝʥʫ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʝʩʢʦʣʴʢʦ ʟʦʥʜʦʚ, ʦʪʙʠʨʘʣʠ ʪʦʣʴʢʦ ʦʜʠʥ ʟʦʥʜ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ.  

ʀʤʝʶʱʠʡʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ ʦ ʂʈʈ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʫ, 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʚʢʣʶʯʘʣʘ ʦʙʨʘʟʮʳ ʂʈʈ ʠʟ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʘʙʦʨʘ GSE5851, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ (ʠʪʦʛʦ ʚʳʙʦʨʢʘ ʚʢʣʶʯʘʣʘ 703 ʦʙʨʘʟʮʘ ʂʈʈ). ʆʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʷʚʣʷʶʱʠʭʩʷ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʧʨʠ ʂʈʈ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʠʟ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠʥʪʘʢʪʥʦʡ ʪʦʣʩʪʦʡ ʢʠʰʢʠ, ʟʘʧʫʩʢʘʣʠ ʘʣʛʦʨʠʪʤ SNEA. ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʘʣʛʦʨʠʪʤ SNEA, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Pathway Studio (Elsevier, 

ʅʠʜʝʨʣʘʥʜʳ) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʠʧ ʨʝʛʫʣʷʪʦʨʘ ʙʳʣ ʟʘʜʘʥ ʢʘʢ çʙʝʣʦʢè, 

çʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʣʘʩʩè ʠʣʠ çʢʦʤʧʣʝʢʩè, ʪʠʧ ʩʦʩʝʜʝʡ ʧʦ ʛʝʥʥʦ-ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʝʪʠ ʙʳʣ 

ʟʘʜʘʥ ʢʘʢ çʙʝʣʢʠ», ʫʯʠʪʳʚʘʣʠʩʴ ʚʟʘʠʤʦʩʚʷʟʠ ʪʠʧʘ «ʕʢʩʧʨʝʩʩʠʷ» ʠʣʠ «ʉʚʷʟʳʚʘʥʠʝ ʩ 

ʧʨʦʤʦʪʦʨʦʤ». ʊʝʤ ʩʘʤʳʤ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ SNEA ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʛʝʥʳ ʠ ʙʝʣʢʠ, 

ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʷʚʣʷʣʠʩʴ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʵʢʩʧʨʝʩʩʠʠ ʜʨʫʛʠʭ ʛʝʥʦʚ. 

ɺʩʝʛʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 695 ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 



 

135 

 

ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʦʜʥʦʤ ʦʙʨʘʟʮʝ (ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ p<0,05). ʈʝʛʫʣʷʪʦʨʳ 

ʵʢʩʧʨʝʩʩʠʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʧʘʮʠʝʥʪʘʤʠ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ çʨʝʜʢʠʝè, ʝʩʣʠ ʦʥʠ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʝʥʝʝ ʯʝʤ ʚ 20 ʦʙʨʘʟʮʘʭ. ʆʙʥʘʨʫʞʠʣʠ 522 ʪʘʢʠʭ çʨʝʜʢʠʭè ʨʝʛʫʣʷʪʦʨʘ 

ʠ ʠʩʢʣʶʯʠʣʠ ʠʭ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʞʝ ʙʳʣʠ ʫʜʘʣʝʥʳ ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ, ʚ ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʥʘʡʜʝʥʳ ʪʦʣʴʢʦ çʨʝʜʢʠʝè ʨʝʛʫʣʷʪʦʨʳ. ɺ ʠʪʦʛʝ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʚʢʣʶʯʘʣʘ 

699 ʦʙʨʘʟʮʦʚ ʠ 173 ʨʝʛʫʣʷʪʦʨʘ.  

ɿʘʪʝʤ ʦʪʦʙʨʘʥʥʳʝ 173 ʨʝʛʫʣʷʪʦʨʘ ʵʢʩʧʨʝʩʩʠʠ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʢʣʘʩʪʝʨʳ. ɼʣʷ 

ʵʪʦʛʦ ʚʳʯʠʩʣʠʣʠ ʤʘʪʨʠʮʫ ʨʘʩʩʪʦʷʥʠʡ ɾʘʢʢʘʨʘ ʠ ʧʦʩʪʨʦʠʣʠ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʋʦʨʜʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʪʦʛʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ L-ʤʝʪʦʜ (Salvador and Chan, 2004), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʦʨʦʛʘ ʩʦʩʪʘʚʠʣʦ 1,6, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 14 ʢʣʘʩʪʝʨʘʤ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʠʪʦʛʦʚʘʷ 

ʜʝʥʜʨʦʛʨʘʤʤʘ ʨʝʛʫʣʷʪʦʨʦʚ (ʩʤ. ʈʠʩʫʥʦʢ 23). 
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ʈʠʩʫʥʦʢ 23. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ 173 ʨʝʛʫʣʷʪʦʨʦʚ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʛʦʨʠʪʤʘ SNEA ʧʦ 699 ʦʙʨʘʟʮʘʤ ʂʈʈ. ʄʝʨʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʞʜʦʡ ʧʘʨʦʡ ʨʝʛʫʣʷʪʦʨʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʢʘʢ ʜʦʣʷ ʦʙʱʠʭ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ. ʇʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥʦ ʨʘʟʜʝʣʝʥʠʝ ʥʘ 14 ʢʣʘʩʪʝʨʦʚ. ʀʟ ʤʦʥʦʛʨʘʬʠʠ (Yuryev 

and Daraselia, 2012) ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʢʣʘʩʪʝʨʳ ʨʝʛʫʣʷʪʦʨʦʚ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʝ 

ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ. ʅʘʧʨʠʤʝʨ, ʢʣʘʩʪʝʨ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʝʥʜʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʟʚʝʩʪʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ TGF-ɓ / SMAD, ʚʢʣʶʯʘʶʱʠʡ ʨʝʮʝʧʪʦʨ (TGFBR1), ʣʠʛʘʥʜʳ 

(BMP2, BMP6, BMP7) ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪ (SMAD3) ʠʣʠ 

ʠʥʛʠʙʠʨʫʶʪ (SMAD7) ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ. ɽʱʝ ʦʜʠʥ ʵʣʝʤʝʥʪ ʢʣʘʩʪʝʨʘ, ʛʝʥ INHBA, 

ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʜʫʮʠʨʦʚʘʥʠʠ ʘʢʪʠʚʠʥʦʚ, ʠ ʧʨʠʥʘʜʣʝʞʠʪ ʩʫʧʝʨʩʝʤʝʡʩʪʚʫ TGF-ɓ. 
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ɼʨʫʛʦʡ ʢʣʘʩʪʝʨ ʨʝʛʫʣʷʪʦʨʦʚ (ʥʠʞʥʷʷ ʯʘʩʪʴ ʜʝʥʜʨʦʛʨʘʤʤʳ) ʩʦʜʝʨʞʠʪ ʨʷʜ ʙʝʣʢʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʘʭ ʩʚʝʨʪʳʚʘʥʠʠ ʢʨʦʚʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʠʙʨʠʥʦʛʝʥ, ʬʘʢʪʦʨʳ 

ʢʦʘʛʫʣʷʮʠʠ III (ʛʝʥ F3) ʠ VII (ʛʝʥ F7). ɺ ʥʝʩʢʦʣʴʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʤʝʞʜʫ 

ʩʚʝʨʪʳʚʘʥʠʝʤ ʢʨʦʚʠ ʠ ʦʥʢʦʛʝʥʝʟʦʤ (Miller, et al., 2004; Vossen, et al., 2011). ʆʧʫʭʦʣʝʚʳʝ 

ʢʣʝʪʢʠ ʘʢʪʠʚʠʨʫʶʪ ʩʚʝʨʪʳʚʘʥʠʝ ʢʨʦʚʠ ʧʫʪʝʤ ʵʢʩʧʨʝʩʩʠʠ ʧʨʦʢʦʘʛʫʣʷʥʪʦʚ ʠ 

ʬʠʙʨʠʥʦʣʠʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʬʠʙʨʠʥʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʥʘʣʠʯʠʝʤ ʤʝʪʘʩʪʘʟʦʚ ʜʣʷ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ 

(Kockar, et al., 2005). ɺʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʵʪʦʛʦ ʞʝ ʢʣʘʩʪʝʨʘ, ʙʝʣʦʢ ʜʝʢʦʨʠʥ, ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ 

ʩʙʦʨʢʫ ʬʠʙʨʠʥʘ ʠ ʧʨʦʮʝʩʩʳ ʩʚʝʨʪʳʚʘʥʠʷ (Dugan, et al., 2006).  

ɼʘʣʝʝ ʤʳ ʧʨʠʚʝʜʝʤ ʜʨʫʛʠʝ ʧʨʠʤʝʨʳ ʪʦʛʦ, ʢʘʢ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʣʘʩʪʝʨʳ 

ʨʝʛʫʣʷʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʩʧʝʮʠʬʠʯʝʩʢʦʤ ʧʘʪʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ.  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʪʝʩʪʦʚʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ GSE5851, 

ʚʢʣʶʯʘʚʰʠʡ ʚ ʩʝʙʷ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʧʨʦʬʠʣʠ 80 ʦʙʨʘʟʮʦʚ ʂʈʈ. ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʨʦʬʠʣʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʘʮʠʝʥʪʦʚ ʩ ʂʈʈ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʪʘʢʪʥʦʡ ʪʢʘʥʴʶ 

ʪʦʣʩʪʦʡ ʢʠʰʢʠ. ɹʳʣʦ ʥʘʡʜʝʥʦ 383 ʨʝʛʫʣʷʪʦʨʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʜʦʩʪʦʚʝʨʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ 

ʩʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ SNEA ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʦʜʥʦʤ ʦʙʨʘʟʮʝ. 

ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʩ ʨʘʥʝʝ ʩʦʟʜʘʥʥʦʡ ʚʳʙʦʨʢʦʡ, ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ 

ʠʩʢʣʶʯʠʣʠ ʚʩʝ ʨʝʛʫʣʷʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ (699 

ʦʙʨʘʟʮʦʚ ʂʈʈ), ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʠʪʦʛʦʚʦʤʫ ʩʧʠʩʢʫ ʠʟ 118 ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ. ʆʥʠ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ 14 ʢʣʘʩʪʝʨʘʤ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʨʘʥʝʝ ʚ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ, ʥʘʡʜʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʤ SNEA ʚʤʝʩʪʝ ʩ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʦʧʠʩʘʥʠʝʤ (ʊʘʙʣʠʮʘ 18). 
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ʊʘʙʣʠʮʘ 18. ʂʣʘʩʪʝʨʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ, ʥʘʡʜʝʥʥʳʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʙʫʯʘʶʱʝʡ ʠ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʠʩʘʥʠʷ ʢʣʘʩʪʝʨʘ ʧʨʠʚʝʜʝʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʭʦʜʷʱʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚ ʛʝʥʳ-ʨʝʛʫʣʷʪʦʨʳ. ʀʟ ʤʦʥʦʛʨʘʬʠʠ 

(Yuryev and Daraselia, 2012) 

ʂʣʘʩʪʝʨ ʈʝʛʫʣʷʪʦʨʳ ʚ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʘ ʆʧʠʩʘʥʠʝ ʢʣʘʩʪʝʨʘ 

C1 
CDX2, Homeo, GATA6, HNF1A, HNF1B, CDX1, 

GATA4 

ʈʝʛʫʣʷʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʧʝʯʝʥʠ 

ʠ ʢʠʰʝʯʥʠʢʝ 

C2 
IL17A, TAC1, JAK, TLR2, IL22, CALCA, IKBKB, 

TLR4, MYD88 
ɺʦʩʧʘʣʠʪʝʣʴʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ 

C3 

laminin-111, GAST, P-TEFb, nuclear hormone 

receptor, histone, PAX6, TBX1, PDX1, PKNOX1, 

NFYB, insulin, NR5A2, IL9, POU2AF1, NR1I2, NGF 

family, MAP2K7, CALR, NCOA2, POU2F1, 

MYOCD, THRA 

ɸʜʠʧʦʮʠʪʦʢʠʥʦʚʘʷ ʠ ʛʦʥʘʜʦʪʨʦʧʥʘʷ 

ʩʠʛʥʘʣʠʟʘʮʠʷ 

C4 

CCL5, IL1R1, chemokine, IL11, CCL2, MIF, 

HMGB1, IL1F8 prostaglandin-endoperoxide synthase, 

TNFR 

ʀʤʤʫʥʦʨʝʛʫʣʷʪʦʨʥʳʝ ʠ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

C5 
CAMP, adenosine nucleotide receptor, CFTR, FGF18, 

TLR5, IL17F 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʧʘʪʦʛʝʥʦʚ ʠ ʘʢʪʠʚʘʮʠʷ 

ʠʤʤʫʥʥʳʭ ʨʝʘʢʮʠʡ 

C6 
OSM, TGFB2, IL1A, PRL, HGF, CEBPB, LIF, 

NR3C1, LEP, MAPK3, NR, CEBPA 
ʈʝʛʫʣʷʮʠʷ ʤʘʩʩʳ ʪʝʣʘ 

C7 WNT3A, TCF4, LEF1, MEK1/2 ʉʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ Wnt 

C8 F7, fibrinogen, F3, DCN, MET, C5AR1 ʉʚʝʨʪʳʚʘʝʤʦʩʪʴ ʢʨʦʚʠ 

C9 
SMAD4, SMAD, INHBA, SMAD3, SMAD7, BMP7, 

BMP2, TGFBR1 
ʉʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ TGF-ɓ/SMAD 

C10 
IL1i, CD14, lipoxidase, IL20, MAP3K7, SYK, p38, 

TXN 
ʈʝʛʫʣʷʮʠʷ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ 

C11 

laminin complex, collagen type I, CTGF, MAP2K3, 

MAP2K4, IL13, ETS2, small monomeric GTPase, 

ETV4, CDH1, FN1, KNG1, ICAM1, vitronectin 

receptor (integrin) 

ʕʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ 

ʧʝʨʝʭʦʜ, ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʢʘʥʴ 

C12 MIRN29C, ZEB1, MYBL2, Maf, MAF ʈʝʛʫʣʷʮʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ 

C13 NR4A2, PTHR1, FOSL1, NPPB ʆʪʚʝʪ ʥʘ ʛʠʧʦʢʩʠʶ 

C14 IRF3, DDX58 
ʈʝʛʫʣʷʮʠʷ ʧʨʦʜʫʢʮʠʠ ʠʥʪʝʨʬʝʨʦʥʘ, 

ʦʪʚʝʪ ʥʘ ʚʠʨʫʩʥʫʶ ʠʥʬʝʢʮʠʶ 

 

ɺʳʯʠʩʣʷʣʠ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʩʦʛʣʘʩʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʥʘʤʠ ʤʝʪʦʜʫ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʪʝʧʣʦʚʘʷ ʢʘʨʪʘ ʘʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ GSE5851, ʘ ʪʘʢʞʝ ʦʪʨʘʞʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʘʮʠʝʥʪʦʚ ʢ ʪʝʨʘʧʠʠ ʮʝʪʫʢʩʠʤʘʙʦʤ (ʩʤ. ʈʠʩʫʥʦʢ 24). 
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ʈʠʩʫʥʦʢ 24. ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʘʢʪʠʚʥʦʩʪʠ 14 ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ ʜʣʷ 80 ʧʘʮʠʝʥʪʦʚ ʂʈʈ, 

ʧʦʣʫʯʘʚʰʠʭ ʮʝʪʫʢʩʠʤʘʙ. ɺʝʨʭʥʷʷ ʰʢʘʣʘ ʢʦʜʠʨʫʝʪ ʪʠʧ ʦʪʚʝʪʘ ʦʧʫʭʦʣʠ ʥʘ ʪʝʨʘʧʠʶ ʮʝʪʫʢʩʠʤʘʙʦʤ (ʧʦʣʥʳʡ 

ʦʪʚʝʪ, ʯʘʩʪʠʯʥʳʡ ʦʪʚʝʪ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ). ʇʫʥʢʪʠʨʦʤ ʚʳʜʝʣʝʥ 

ʢʣʘʩʪʝʨ ʦʙʨʘʟʮʦʚ ʂ2, ʩʦʩʪʦʷʱʠʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʧʘʮʠʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʚʰʠʭʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʦʪʚʝʪʘ ʥʘ 

ʪʝʨʘʧʠʶ ʮʝʪʫʢʩʠʤʘʙʦʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ TGF-ɓ / SMAD 

(ʢʣʘʩʪʝʨ ʨʝʛʫʣʷʪʦʨʦʚ ʉ9), ʘ ʪʘʢʞʝ ʤʘʨʢʝʨʘʤʠ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʢʣʘʩʪʝʨ ʨʝʛʫʣʷʪʦʨʦʚ 

ʉ11). ʀʟ ʤʦʥʦʛʨʘʬʠʠ (Yuryev and Daraselia, 2012) 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, 80 ʧʘʮʠʝʥʪʦʚ, ʧʦʣʫʯʘʚʰʠʭ ʪʝʨʘʧʠʶ 

ʮʝʪʫʢʩʠʤʘʙʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ ʢʣʘʩʪʝʨʘ (ʂ1, é, ʂ4). ʇʨʠ ʵʪʦʤ ʜʣʷ ʪʨʝʭ ʠʟ 

ʯʝʪʳʨʝʭ ʢʣʘʩʪʝʨʦʚ (ʂ1, ʂ3, ʂ4) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘʷ ʧʨʦʧʦʨʮʠʷ ʧʘʮʠʝʥʪʦʚ, 

ʦʪʚʝʪʠʚʰʠʭ (ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʯʘʩʪʠʯʥʳʡ ʠ ʧʦʣʥʳʡ ʦʪʚʝʪ) ʠ ʥʝ ʦʪʚʝʪʠʚʰʠʭ ʥʘ 

ʘʥʪʠ-EGFR ʪʝʨʘʧʠʶ (ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ). ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʢʣʘʩʪʝʨ 

ʧʘʮʠʝʥʪʦʚ ʂ2, ʢʦʪʦʨʳʡ ʚʳʜʝʣʝʥ ʢʨʘʩʥʳʤ ʧʫʥʢʪʠʨʦʤ (ʈʠʩʫʥʦʢ 24). ɼʘʥʥʳʡ ʢʣʘʩʪʝʨ ʩʦʩʪʦʠʪ 

ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʧʘʮʠʝʥʪʦʚ, ʥʝ ʦʪʚʝʪʠʚʰʠʭ ʥʘ ʪʝʨʘʧʠʶ ʮʝʪʫʢʩʠʤʘʙʦʤ ð ʜʣʷ 15 ʠʟ 

17 ʧʘʮʠʝʥʪʦʚ ʦʪʤʝʯʝʥʦ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʪʦʣʴʢʦ ʜʣʷ ʜʚʦʠʭ ʧʘʮʠʝʥʪʦʚ 

ʥʘʙʣʶʜʘʣʘʩʴ ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. ʕʪʘ ʛʨʫʧʧʘ ʧʘʮʠʝʥʪʦʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦ. 

ʆʧʨʝʜʝʣʷʣʠ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʢʣʘʩʪʝʨʘʤʠ ʧʘʮʠʝʥʪʦʚ, ʩ ʮʝʣʴʶ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʦʪʩʫʪʩʪʚʠʝ ʦʪʚʝʪʘ ʥʘ ʪʝʨʘʧʠʶ ʮʝʪʫʢʩʠʤʘʙʦʤ. ʄʳ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʟʘ ʚʳʜʝʣʝʥʠʝ ʢʣʘʩʪʝʨʘ ʧʘʮʠʝʥʪʦʚ ʂ2, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 
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ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʪʝʨʘʧʠʠ ʮʝʪʫʢʩʠʤʘʙʦʤ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ «ʦʪʚʝʯʘʶʪ» ʢʣʘʩʪʝʨʳ 

ʨʝʛʫʣʷʪʦʨʦʚ ʉ9 ʠ ʉ11. ɺʳʯʠʩʣʠʣʠ 95% ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʘʢʪʠʚʥʦʩʪʝʡ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ C9 ʠ C11 ʜʣʷ ʦʙʨʘʟʮʦʚ ʚʥʫʪʨʠ ʠ ʚʥʝ ʢʣʘʩʪʝʨʘ ʧʘʮʠʝʥʪʦʚ 

ʂ2. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ ʉ9 ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʪʦʪ ʢʣʘʩʪʝʨ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʠʣʦ 

152,9 ± 40,8 (ʫʩʣʦʚʥʳʝ ʝʜʠʥʠʮʳ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʧʨʦʯʠʭ ʦʙʨʘʟʮʦʚ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʟʥʘʢʘ ʩʦʩʪʘʚʠʣʦ 11,9 ± 6,5 (ʫʩʣʦʚʥʳʝ ʝʜʠʥʠʮʳ). ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʘ ʉ11 ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʚʥʫʪʨʠ ʠ ʚʥʝ ʢʣʘʩʪʝʨʘ ʧʘʮʠʝʥʪʦʚ ʂ2 ʩʦʩʪʘʚʣʷʣʠ 132,7 Ñ 37,5 ʠ 34,4 Ñ 10,0 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʥʝʧʘʨʥʦʛʦ ʪʝʩʪʘ ʋʠʣʢʦʢʩʦʥʘ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ ʩʦʩʪʘʚʠʣ ʤʝʥʝʝ 0,001. ʊʝʤ ʩʘʤʳʤ ʘʢʪʠʚʥʦʩʪʴ 

ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ C9 ʠ C11 ʜʦʩʪʦʚʝʨʥʦ ʨʘʟʣʠʯʘʣʘʩʴ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʢʣʘʩʪʝʨ ʧʘʮʠʝʥʪʦʚ ʂ2 (ʧʘʮʠʝʥʪʳ, ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʪʝʨʘʧʠʠ ʮʝʪʫʢʩʠʤʘʙʦʤ). 

ʇʝʨʝʡʜʝʤ ʢ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʉ9 ʠ ʉ11. 

ʂʣʘʩʪʝʨ C9 ʩʦʜʝʨʞʘʣ ʛʝʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʠʛʥʘʣʴʥʦʤʫ ʢʘʩʢʘʜʫ TGF-ɓ/SMAD (ʊʘʙʣʠʮʘ 

18). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ TGF-ɓ ʠʛʨʘʶʪ ʨʦʣʴ ʚ 

ʧʘʪʦʛʝʥʝʟʝ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʘʟʚʠʪʠʠ ʂʈʈ (Bellam and Pasche, 2010; 

Feagins, 2010; Gulubova, et al., 2010). ʊʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡ ʨʦʩʪʦʚʦʡ ʬʘʢʪʦʨ TGF-ɓ 

ʫʤʝʥʴʰʘʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʫʪʝʤ ʠʥʜʫʢʮʠʠ ʠʥʛʠʙʠʪʦʨʦʚ CDK ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʣʝʪʦʯʥʦ-ʤʘʪʨʠʢʩʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ. ʅʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʙʝʣʢʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʠ ʦʧʫʭʦʣʝʡ, ʪʘʢʠʭ ʢʘʢ Snail, Slug (ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ 

ʨʝʧʨʝʩʩʦʨʳ ʩ ʜʦʤʝʥʘʤʠ ʪʠʧʘ «ʮʠʥʢʦʚʳʡ ʧʘʣʝʮ») ʠ Smad-ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʙʝʣʦʢ 1 

(SiP1), ʧʦʣʦʞʠʪʝʣʴʥʦ ʨʝʛʫʣʠʨʫʶʪʩʷ TGF-ɓ. ʃʶʙʦʝ ʥʘʨʫʰʝʥʠʝ ʚ ʩʠʛʥʘʣʴʥʦʤ ʢʘʩʢʘʜʝ TGF-

ɓ ʣʠʙʦ ʚʩʣʝʜʩʪʚʠʝ ʤʫʪʘʮʠʦʥʥʦʡ ʠʥʘʢʪʠʚʘʮʠʠ, ʣʠʙʦ ʚʩʣʝʜʩʪʚʠʝ ʧʦʥʠʞʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ 

ʣʶʙʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʝʨʝʜʘʯʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʦʚ, ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʦʧʫʭʦʣʠ. ʅʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʦʥʢʦʛʝʥʝʟʘ ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ TGF-ɓ 

ʥʘʦʙʦʨʦʪ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʠ ʧʨʦʤʝʪʘʩʪʘʪʠʯʝʩʢʠʤ (Muraoka-Cook, et al., 

2005). ɺʩʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʜʝʪʘʣʠ ʵʪʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʚʳʷʩʥʠʪʴ, ʦʜʥʘʢʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʝʪ 

ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ (ʕʄʇ), ʢʦʪʦʨʳʡ ʠʥʜʫʮʠʨʫʝʪʩʷ ʩʠʛʥʘʣʴʥʳʤ 

ʢʘʩʢʘʜʦʤ TGF-ɓ. 

ʂʣʘʩʪʝʨ C11 ʩʦʜʝʨʞʘʣ ʛʝʥʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʕʄʇ: ʵʧʠʪʝʣʠʘʣʴʥʳʝ 

ʤʘʨʢʝʨʳ (ʢʦʤʧʣʝʢʩ ʣʘʤʠʥʠʥʘ, ʢʦʣʣʘʛʝʥ I, E-ʢʘʜʛʝʨʠʥ) ʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʤʘʨʢʝʨʳ 

(ʠʥʪʝʛʨʠʥ, ʬʠʙʨʦʥʝʢʪʠʥ, CTGF). ɼʨʫʛʠʝ ʨʝʛʫʣʷʪʦʨʳ ʠʟ ʢʣʘʩʪʝʨʘ C11 (ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ 

ʬʘʢʪʦʨʳ ETV4 ʠ ETS2) ʘʢʪʠʚʠʨʫʶʪ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʤʘʪʨʠʢʩʥʳʝ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʚʘʟʠʝʡ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝʤ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (ʊʘʙʣʠʮʘ 18). ɺ ʩʚʦʝʤ 
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ʠʩʩʣʝʜʦʚʘʥʠʠ Yeasmin ʠ ʩʦʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʢʠʥʘʟʳ MAP2K4 (ʚʭʦʜʷʱʝʡ ʚ 

ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʘ ʉ11), ʩʚʷʟʘʥʘ ʩ ʠʥʚʘʟʠʝʡ ʦʧʫʭʦʣʝʡ ʚʩʣʝʜʩʪʚʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʩʭʦʞʠʭ ʩ ʕʄʇ (Yeasmin, et al., 2011). ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʯʠʥʦʡ 

ʦʪʩʫʪʩʪʚʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʣʝʯʝʥʠʶ ʘʥʪʠ-EGFR ʧʨʝʧʘʨʘʪʘʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʮʝʪʫʢʩʠʤʘʙʦʤ) ʷʚʣʷʝʪʩʷ TGF-ɓ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ. 

ʄʳ ʨʘʩʰʠʨʠʣʠ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʧʨʦʚʝʜ ̫ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʧʫʭʦʣʠ ʢ ʘʥʪʠ-EGFR ʪʝʨʘʧʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʚʳʯʠʩʣʣ̫ʠ ʧʨʦʬʠʣʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʝʞʜʫ ʧʘʮʠʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ 

ʯʘʩʪʠʯʥʳʡ ʠʣʠ ʧʦʣʥʳʡ ʦʪʚʝʪ ʥʘ ʪʝʨʘʧʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʮʠʝʥʪʦʚ ʩ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ 

ʟʘʙʦʣʝʚʘʥʠʝʤ. ʕʪʠ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ SNEA ʜʣʷ ʧʦʠʩʢʘ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʚʳʷʚʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʦʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʝʛʫʣʷʪʦʨʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ 

ʛʝʥʦʚ ʤʝʞʜʫ ʧʘʮʠʝʥʪʘʤʠ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʦʪʚʝʪʘ ʥʘ ʪʝʨʘʧʠʶ ʮʝʪʫʢʩʠʤʘʙʦʤ (ʊʘʙʣʠʮʘ 19). 

ʊʘʙʣʠʮʘ 19. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʝʛʫʣʷʪʦʨʳ ʜʣʷ ʧʨʦʬʠʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʝʞʜʫ 

ʧʘʮʠʝʥʪʘʤʠ ʩ ʧʦʣʥʳʤ ʠʣʠ ʯʘʩʪʠʯʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʮʝʪʫʢʩʠʤʘʙ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʟʠʩʪʝʥʪʥʳʤʠ ʢ ʪʝʨʘʧʠʠ 

ʬʦʨʤʘʤʠ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʘʣʛʦʨʠʪʤʘ SNEA ʜʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ GSE5851. ʀʟ ʤʦʥʦʛʨʘʬʠʠ 

(Yuryev and Daraselia, 2012) 

ʈʝʛʫʣʷʪʦʨ 
ʈʘʟʤʝʨ 

ʧʦʜʩʝʪʠ 
ʈʝʛʫʣʠʨʫʝʤʳʝ ʛʝʥʳ 

ʋʨʦʚʝʥʴ 

ʟʥʘʯʠʤʦʩʪʠ, p 

FOXM1 7 
ESR1, CYP3A4, SFTPB, SFTPC, SFTPD, SCGB1A1, 

NKX2-1 
0,001 

FGF10 6 ELF5, LFNG, SFTPB, SFTPC, HOXB13, NKX3-1 0,002 

HIF1A 12 
ESR1, FOXP3, AGER, SLC6A4, NT5E, SLC11A1, PDPK1, 

AQP4, TGFB1, ENO1, AGTR2, AREG 
0,004 

CD40LG 5 IL17A, IL15, SERPINB9, SLC6A4, TNFRSF11B 0,007 

Interferon 13 
ESR1, IL15, BAX, RUNX2, OPTN, NF1, IL13, MME, 

DHFR, TGFB1, TNFRSF11B, ROCK1, NEU1 
0,011 

NKX2-1 6 SFTPB, SFTPC, AGER, SFTPD, TGFB2, SCGB1A1 0,014 

IL1 family 15 

IL11, BAX, PTPRG, SLC6A4, NT5E, CRHR2, STAR, 

PDGFA, IL17A, CD1A, SFTPB, AQP4, TNFRSF11B, 

TGFB1, AGTR2 

0,017 

TGFB1 42 

THRA, IL11, SLC6A2, IL13RA1, ESR1, FOXP3, PAX2, 

CYP19A1, SFTPC, RARG, CSRP2, MME, STAR, NR2F2, 

CCNG1, ALPI, COL11A2, TPM1, LAMA1,  PLS3, 

CHRM2, ECM1, EGFR, BAX, GFAP, RUNX2, AGER, 

AIFM1, PSIP1, LALBA, CALCR, NKX2-1, PDGFA, 

THBS1, IL17A, CCR4, SFTPB, TNFRSF11B, KCNMA1, 

TGFB2, AREG, ADRBK1 

0,019 

AGT 23 

SLC6A2, EGFR, PAX2, NR0B1, BAX, MTUS1, AIFM1, 

EREG, MC2R, CYP11B1, PDGFA, THBS1, CREM, 

PDE3A, TRPM6, UBE2I, TPM1, DHFR, TNFRSF11B, 

TGFB1, ZFP36L1, AGTR2, ROCK1 

0,029 

NCOA1 6 ESR1, SFTPB, PTCRA, RNF14, SS18, MC2R 0,031 

 

ʉʨʝʜʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʙʳʣʠ ʥʘʡʜʝʥʳ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ 

FOXM1 ʠ NKX2-1. ʊʘʢʞʝ ʥʘʙʣʶʜʘʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʤʠʰʝʥʝʡ ʮʠʪʦʢʠʥʘ 
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TGFB1. ʀʟʚʝʩʪʥʦ, ʯʪʦ NKX2-1 ʠʥʛʠʙʠʨʫʝʪʩʷ ʯʝʨʝʟ ʢʘʥʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ TGF-ɓ / 

SMAD (Kang, et al., 2004; Li, et al., 2002; Xing, et al., 2008) ʠ ʘʢʪʠʚʠʨʫʝʪʩʷ ʜʚʫʤʷ ʩʪʨʫʢʪʫʨʥʦ 

ʙʣʠʟʢʠʤʠ ʢʠʥʘʟʘʤʠ ERK1 ʠ ERK2 (Missero, et al., 2000). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ NKX2-1 

ʠʥʛʠʙʠʨʫʝʪ ʕʄʇ, ʚʳʟʚʘʥʥʳʡ TGF-ɓ, ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʵʧʠʪʝʣʠʘʣʴʥʳʡ ʬʝʥʦʪʠʧ ʚ ʢʣʝʪʢʘʭ 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ. ʕʪʦʪ ʵʬʬʝʢʪ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʩʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ ð ʤʠʰʝʥʝʡ TGF-ɓ, ʚʢʣʶʯʘ̫  ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʨʝʛʫʣʷʪʦʨʳ ʕʄʇ, ʪʘʢʠʝ ʢʘʢ Snail 

ʠ Slug (Saito, et al., 2009). ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ FOXM1 ʪʘʢʞʝ ʧʦʜʘʚʣʷʝʪ ʕʄʇ (Park, et al., 2011). 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ FOXM1/NKX2-1 ʫ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʮʝʪʫʢʩʠʤʘʙʫ ʧʘʮʠʝʥʪʦʚ ʫʢʘʟʳʚʘʝʪ ʣʠʙʦ ʥʘ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ TGF-ɓ, ʣʠʙʦ ʥʘ ʥʝʢʘʥʦʥʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ TGF-ɓ, ʥʝ 

ʚʢʣʶʯʘʶʱʫ  ʁNKX2-1 ʠ FOXM1. 

ʏʪʦʙʳ ʫʪʦʯʥʠʪʴ ʩʚʝʜʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʪʠʨʦʟʠʥʢʠʥʘʟʳ EGFR, ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʜʚʘ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ GSE4342 (Coldren, et al., 2006) ʠ GSE20854 (Albitar, et al., 2010). ɺ ʫʢʘʟʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʫʯʘʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʢʣʝʪʢʘʭ 

ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʣʝʛʢʦʛʦ ʠ ʦʧʫʭʦʣʠ ʵʥʜʦʤʝʪʨʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʨʝʮʝʧʪʦʨʘ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ EGFR ʩ ʧʦʤʦʱʴʶ 

ʛʝʬʠʪʠʥʠʙʘ. ʕʪʠ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʧʨʦʬʠʣʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪ.ʝ. 

ʚʳʷʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʛʝʥʦʚ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʤʝʞʜʫ ʣʠʥʠʷʤʠ ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ, ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ EGFR ʠ EGFR-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢʣʝʪʦʯʥʳʤʠ 

ʣʠʥʠʷʤʠ. ʂʘʢ ʦʙʳʯʥʦ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ ʤʳ 

ʧʨʠʤʝʥʷʣʠ ʘʣʛʦʨʠʪʤ SNEA, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʣʠʪʝʨʘʪʫʨʥʳʡ ʘʥʘʣʠʟ ʥʘʡʜʝʥʥʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʛʝʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ (ʊʘʙʣʠʮʘ 20). 
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ʊʘʙʣʠʮʘ 20. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʝʛʫʣʷʪʦʨʳ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʘʣʛʦʨʠʪʤʦʤ SNEA ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʧʨʦʬʠʣʝʡ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʘʥʪʠ-EGFR ʪʝʨʘʧʠʠ (ʥʘʙʦʨʳ ʜʘʥʥʳʭ GSE4342 ʠ GSE20854). ʉʥʦʩʢʦʡ ʦʪʤʝʯʝʥʳ 

ʨʝʛʫʣʷʪʦʨʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʩʠʛʥʘʣʴʥʦʤʫ ʧʫʪʠ TGF-ɓ (*) ʠʣʠ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʕʄʇ (**). ʀʟ 

ʤʦʥʦʛʨʘʬʠʠ (Yuryev and Daraselia, 2012) 

ʈʝʛʫʣʷʪʦʨ 
ʈʘʟʤʝʨ 

ʧʦʜʩʝʪʠ 
ʈʝʛʫʣʠʨʫʝʤʳʝ ʛʝʥʳ 

ʋʨʦʚʝʥʴ 

ʟʥʘʯʠʤʦʩʪʠ, p 

GSE4342 ð ʚʦʟʜʝʡʩʪʚʠʝ ʛʝʬʠʪʠʥʠʙʘ ʥʘ ʢʣʝʪʢʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʦʛʦ 

HGF 16 

CDH1, HMOX1, CLDN3, OCLN, CDH3, LAMC2, BAX, 

DUSP1, ITGA2, CLDN7, CLDN4, F3, KRT19, SERPINE1, 

CCND1, VIM 

0,007 

INHBA* 7 CDH1, CDH2, OCLN, FGFR2, SERPINE1, MYH10, VIM 0,016 

FOXA2 6 TACSTD1, AGR2, AQP3, WNT7B, FOXA1, MAP1B 0,019 

BMP7* 6 CDH1, HMOX1, STS, SERPINE1, NR3C2, VIM 0,022 

SNAI1**  5 CDH1, CLDN3, OCLN, VDR, SERPINE1 0,030 

GSE20854 ð ʚʦʟʜʝʡʩʪʚʠʝ ʛʝʬʠʪʠʥʠʙʘ ʥʘ ʢʣʝʪʢʠ ʦʧʫʭʦʣʠ ʵʥʜʦʤʝʪʨʠʷ 

ZEB1**  13 
COL2A1, CDH1, COL1A1, TP73, FN1, MIRN21, HPGD, 

CDH2, MMP1, TP53, ATP1A1, CCNG2, VDR 
<0,001 

laminin-111 11 
FGF2, IL8, PLAU, CXCR4, CA2, MMP9, MMP1, LAMA1, 

PODXL, JAG1, FGFR1 
0,001 

HOXD3 8 DSP, CDH1, ITGB3, PLAU, JUP, ITGA3, JAG1, TGFBI 0,002 

SOX9 23 

COL2A1, CTNNBIP1, NES, BAG1, CEBPB, COL4A2, 

VPRBP, RUNX2, SOX6, CEBPD, PRKCA, NFATC1, 

MATN1, LXN, CDH2, MITF, SOX5, TP53, COL9A2, 

ERBB3, CCND1, PRAME, SOX17 

0,002 

MET 11 
CASP3, CDH1, CTGF, THBS1, IL8, PTGS2, MMP1, FN1, 

RELN, TNFSF10, BIRC4 
0,002 

 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ SNEA, ʚ ʦʙʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠ ʁʨʝʮʝʧʪʦʨʘ EGFR ʚʳʷʚʣʷʝʤʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʝʛʫʣʷʪʦʨʳ ʣʠʙʦ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʠʛʥʘʣʴʥʦʤʫ ʧʫʪʠ TGF-ɓ (INHBA, BMP7), ʣʠʙʦ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ 

ʕʄʇ (ZEB1, SNAI1). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʚ ʦʙʦʠʭ ʧʨʦʬʠʣʷʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʝ 

ʛʝʥʳ-ʤʠʰʝʥʠ ʢʣʶʯʝʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ ʙʠʦʤʘʨʢʝʨʘʤʠ ʕʄʇ, 

ʪʘʢʠʤʠ ʢʘʢ ʵʧʠʪʝʣʠʘʣʴʥʳʡ ʠ ʥʝʡʨʦʥʘʣʴʥʳʡ ʢʘʜʛʝʨʠʥʳ (CDH1, CDH2), ʚʠʤʝʥʪʠʥ (VIM ), 

ʦʢʢʣʶʜʠʥ (OCLN), ʩʝʨʧʠʥ-1 (SERPINE1), ʢʣʘʫʜʠʥ-3 (CLDN3), ʬʠʙʨʦʥʝʢʪʠʥ (FN1) ʠ ʪ.ʜ. 

ʈʦʣʴ ʕʄʇ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʪʝʨʘʧʠʠ ʮʝʪʫʢʩʠʤʘʙʦʤ ʪʘʢʞʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ Oliveras-

Ferraros ʠ ʢʦʣʣʝʛʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʵʧʠʜʝʨʤʦʠʜʥʳʭ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ (Oliveras-Ferraros, et al., 2011). ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 
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ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʫ ʛʠʧʦʪʝʟʫ ʠ ʫʢʘʟʳʚʘʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ 

FOXM1 / NKX2-1 ʢʘʢ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʕʄʇ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʘʥʪʠ-EGFR ʪʝʨʘʧʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (GSE5851, GSE20854, GSE4342), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʝʮʝʧʪʦʨʘ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ EGFR ʩʚʷʟʘʥʘ ʩ 

ʥʝʢʘʥʦʥʠʯʝʩʢʦʡ TGF-ɓ ʩʠʛʥʘʣʠʟʘʮʠʝʡ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʕʄʇ.  
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ʈʠʩʫʥʦʢ 25. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ, ʦʪʨʘʞʘʶʱʠʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʧʫʭʦʣʠ ʢ ʪʝʨʘʧʠʠ ʮʝʪʫʢʩʠʤʘʙʦʤ. ʆʙʲʝʢʪʳ, ʚʳʜʝʣʝʥʥʳʝ ʩʠʥʠʤ ʮʚʝʪʦʤ, ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʣʘʩʪʝʨʫ ʨʝʛʫʣʷʪʦʨʦʚ C11 (ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ). ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʦʙʲʝʢʪʳ ʠʟ 

ʢʣʘʩʪʝʨʘ C9 (ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ʯʝʨʝʟ ʢʘʩʢʘʜ TGF-ɓ/SMAD). ɺʥʠʟʫ ʧʦʢʘʟʘʥʘ ʣʝʛʝʥʜʘ ʦʙʲʝʢʪʦʚ ʠ 

ʩʚʷʟʝʡ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Pathway Studio (Elsevier, ʅʠʜʝʨʣʘʥʜʳ). ʀʟ ʤʦʥʦʛʨʘʬʠʠ (Yuryev and 

Daraselia, 2012) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʧʦʠʩʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Pathway Studio (Elsevier, ʅʠʜʝʨʣʘʥʜʳ) ʥʘʤʠ ʙʳʣ 

ʧʦʩʪʨʦʝʥ ʜʝʪʘʣʴʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʧʫʭʦʣʠ ʢ ʪʝʨʘʧʠʠ ʮʝʪʫʢʩʠʤʘʙʦʤ (ʩʤ. ʈʠʩʫʥʦʢ 25). ʅʘ ʨʠʩʫʥʢʝ ʚʳʜʝʣʝʥʳ 

ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʥʝʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚ ʢʣʘʩʪʝʨʝ ʨʝʛʫʣʷʪʦʨʦʚ C9 (ʩʠʛʥʘʣʴʥʳʡ 

ʢʘʩʢʘʜ TGF-ɓ/SMAD, ʦʪʤʝʯʝʥʦ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ) ʠ ʢʣʘʩʪʝʨʝ C11 (ʵʧʠʪʝʣʠʘʣʴʥʦ-

ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ, ʦʪʤʝʯʝʥʦ ʩʠʥʠʤ ʮʚʝʪʦʤ). ʅʫʤʝʨʘʮʠʷ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʜʘʥʘ 

ʩʦʛʣʘʩʥʦ ʊʘʙʣʠʮʘ 18. 

ʇʨʘʚʘʷ ʩʪʦʨʦʥʘ ʨʠʩʫʥʢʘ ʠʟʦʙʨʘʞʘʝʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʦʪ 

ʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʘ EGFR. ʎʝʪʫʢʩʠʤʘʙ ʠʥʛʠʙʠʨʫʝʪ ʨʝʮʝʧʪʦʨ EGFR, ʢʦʥʢʫʨʠʨʫʷ ʩ 

ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʵʧʠʜʝʨʤʘʣʴʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ (EGF), ʘʤʬʠʨʝʛʫʣʠʥ (AREG) 

ʠ ɻʧʠʨʝʛʫʣʠʥ (EREG). ʉʚʷʟʘʚʰʠʩʴ ʩ ʬʘʢʪʦʨʦʤ ʨʦʩʪʘ, ʨʝʮʝʧʪʦʨ EGFR ʬʦʩʬʦʨʠʣʠʨʫʝʪʩʷ, ʯʪʦ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʙʝʣʢʘ SHC1. ɿʘʪʝʤ ʢ ʵʪʦʤʫ ʢʦʤʧʣʝʢʩʫ 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʙʝʣʢʠ GRB2 ʠ SOS1, ʯʪʦ ʯʝʨʝʟ ʙʝʣʦʢ KRAS ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʣʝʜʫʶʱʝʤʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʠʛʥʘʣʘ ʚ ʮʠʪʦʧʣʘʟʤʝ ʯʝʨʝʟ ʭʦʨʦʰʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʡ ʢʠʥʘʟʥʳʡ 

ʢʘʩʢʘʜ MAPK/ERK. ɸʢʪʠʚʥʦʩʪʴ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ MAPK ʩʪʠʤʫʣʠʨʫʝʪ ʷʜʝʨʥʫʶ 

ʪʨʘʥʩʣʦʢʘʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ FOXM1, ʛʜʝ ʧʦʩʣʝʜʥʠʡ ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴ 

ʧʨʦʤʦʪʦʨ ʬʘʢʪʦʨʘ NKX2-1. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, NKX2-1 ʠʥʛʠʙʠʨʫʝʪ TGF-ɓ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ 

ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʵʧʠʪʝʣʠʘʣʴʥʳʡ ʬʝʥʦʪʠʧ (Saito, et 

al., 2009). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ NKX2-1 ʠ FOXM1 ʷʚʣʷʶʪʩʷ ʤʝʩʪʦʤ 

ʧʝʨʝʢʨʝʩʪʘ ʤʝʞʜʫ ʩʠʛʥʘʣʴʥʳʤʠ ʢʘʩʢʘʜʘʤʠ MAPK/ERK ʠ TGF-ɓ. 

ʃʝʚʘʷ ʩʪʦʨʦʥʘ ʨʠʩʫʥʢʘ ʦʪʦʙʨʘʞʘʝʪ ʨʦʣʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ TGF-ɓ / 

SMAD ʧʨʠ ʟʘʧʫʩʢʝ ʧʨʦʮʝʩʩʘ ʕʄʇ. ʈʘʟʣʠʯʥʳʝ ʣʠʛʘʥʜʳ ʠʟ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ TGF-ɓ (ʬʘʢʪʦʨʳ 

ʨʦʩʪʘ TGFB1, BMP2 ʠ BMP7) ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʨʝʮʝʧʪʦʨʦʤ TGFBR1, ʢʦʪʦʨʳʡ ʬʦʩʬʦʨʠʣʠʨʫʝʪ 

ʨʝʮʝʧʪʦʨ-ʨʝʛʫʣʠʨʫʝʤʳʡ ʙʝʣʦʢ SMAD3 ʠʟ ʩʝʤʝʡʩʪʚʘ SMAD (ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʧʦʜʪʠʧʫ R-

SMAD), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʘʢʪʠʚʠʨʫʝʪ ʩʚʷʟʳʚʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʩ ʙʝʣʢʦʤ SMAD4 (ʧʦʜʪʠʧ 

co-SMAD). ʂʦʤʧʣʝʢʩ SMAD3/4 ʪʨʘʥʩʣʦʮʠʨʫʝʪʩʷ ʚ ʷʜʨʦ ʢʣʝʪʢʠ, ʛʜʝ ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʫʯʘʩʪʢʘʤʠ ɼʅʂ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʘʢʪʠʚʘʪʦʨʘʤʠ ʠʣʠ ʨʝʧʨʝʩʩʦʨʘʤʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʙʝʣʢʘʤʠ SNAIL1 ʠ SNAIL2 (Herranz, et al., 2008). ɹʝʣʢʠ 

ʩʝʤʝʡʩʪʚʘ SMAD ʪʘʢʞʝ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ZEB1 ʠ ZEB2. ɹʝʣʢʠ ʠʟ ʩʝʤʝʡʩʪʚ Snail ʠ Zeb ʧʦʜʘʚʣʷʶʪ ʵʢʩʧʨʝʩʩʠʶ ʵʧʠʪʝʣʠʘʣʴʥʦʛʦ 

ʢʘʜʛʝʨʠʥʘ (CDH1), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʘʜʛʝʟʠʚʥʳʭ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʵʧʠʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ Snail ʠ Zeb 

ʫʩʠʣʠʚʘʶʪ ʵʢʩʧʨʝʩʩʠʶ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʙʝʣʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʠʙʨʦʥʝʢʪʠʥ (FN1) ʠ ʚʠʤʝʥʪʠʥ 
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(VIM ), ʪʝʤ ʩʘʤʳʤ ʘʢʪʠʚʠʨʫʷ ʧʨʦʛʨʘʤʤʫ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʊʘʢʞʝ 

ʵʢʩʧʨʝʩʩʠʷ SNAIL1 ʤʦʞʝʪ ʙʳʪʴ ʠʥʜʫʮʠʨʦʚʘʥʘ ʠʥʪʝʛʨʠʥ-ʩʚʷʟʘʥʥʦʡ ʢʠʥʘʟʦʡ (ILK) ʧʨʠ 

ʵʢʩʧʨʝʩʩʠʠ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ CTGF (Shafieian, et al., 2015). ʅʘ ʙʦʣʝʝ 

ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʠ ʬʘʢʪʦʨ TGF-ɓ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ ʬʦʩʬʦʠʥʦʟʠʪʠʜ-3-

ʢʠʥʘʟʳ PI3K ʠ ʢʠʥʘʟʳ AKT (Hamidi, et al., 2017; Suwanabol, et al., 2012). ʉʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ 

PI3K/AKT ʨʝʛʫʣʠʨʫʝʪ ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ, ʘ ʝʛʦ ʘʙʝʨʨʘʥʪʥʘʷ ʘʢʪʠʚʘʮʠʷ 

ʯʘʩʪʦ ʩʚʷʟʘʥʘ ʩ ʧʨʦʛʨʝʩʩʠʝʡ ʦʧʫʭʦʣʠ ʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʢ ʪʝʨʘʧʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʫʭʦʣʠ 

ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʤʦʛʫʪ ʧʦʣʘʛʘʪʴʩʷ 

ʥʘ ʩʠʛʥʘʣʳ ʨʦʩʪʘ, ʦʪʣʠʯʥʳʝ ʦʪ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ EGF, ʠ ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʘʥʪʠ-EGFR ʪʝʨʘʧʠʠ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʧʫʭʦʣʠ ʢ 

ʪʝʨʘʧʠʠ ʮʝʪʫʢʩʠʤʘʙʦʤ, ʚʢʨʘʪʮʝ ʨʝʟʶʤʠʨʫʶʱʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ. ʇʦʢʘʟʘʥʳ 

ʧʝʨʝʢʨʝʩʪ rʤʝʞʜʫ ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ TGF-ɓ ʠ EGFR, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʫʨʦʚʥʝ 

SMAD3/4 ʠ ERK1/2, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ NKX2-1 ʠ FOXM1 ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʱʝʡ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ (ʩʤ. ʈʠʩʫʥʦʢ 26). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ 

ʛʠʧʦʪʝʟʳ, ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ EGFR ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʜʝʨʝʧʨʝʩʩʠʠ ʧʨʦʮʝʩʩʘ ʕʄʇ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ ʧʦʚʪʦʨʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ ʦʧʫʭʦʣʠ ʠ ʝʝ ʜʘʣʴʥʝʡʰʝʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʨʝʮʝʧʪʦʨʘ 

EGFR ʜʣʷ ʨʦʩʪʘ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ. 

 

ʈʠʩʫʥʦʢ 26. ʋʧʨʦʱʝʥʥʘʷ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʪʝʨʘʧʠʠ ʮʝʪʫʢʩʠʤʘʙʦʤ ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʝʢʨʝʩʪʘ ʤʝʞʜʫ ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ TGF-ɓ ʠ EGFR. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ EGFR ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʨʝʧʨʝʩʩʠʠ ʕʄʇ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʪʦʨʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʦʧʫʭʦʣʠ ʠ ʝʝ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʢʪʠʚʥʦʩʪʠ EGFR ʜʣʷ ʨʦʩʪʘ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ. ʀʟ ʤʦʥʦʛʨʘʬʠʠ (Yuryev and Daraselia, 

2012) 
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4.4. ʆʙʩʫʞʜʝʥʠʝ 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ ʧʨʝʜʩʪʘʚʠʣʠ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʥʘʙʣʶʜʘʝʤʳʡ ʬʝʥʦʪʠʧ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ «ʩʚʝʨʪʢʝ» ɻ ʢʩʧʨʝʩʩʠʦʥʥʳʭ ʜʘʥʥʳʭ, 

ʧʝʨʝʭʦʜʷ ʦʪ ʧʦʣʥʦʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʧʨʦʬʠʣʝʡ ʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʨʝʛʫʣʷʪʦʨʘʤ ʵʢʩʧʨʝʩʩʠʠ, 

ʘ ʟʘʪʝʤ ʠ ʢ ʢʣʘʩʪʝʨʘʤ ʪʘʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʦʙʦʛʘʱʝʥʠʷ 

ʧʦʜʩʝʪʷʤʠ (SNEA) ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʯʨʝʟʤʝʨʥʦ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʤʘʣʦ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʨʦʛʨʝʩʩʠʠ ʦʧʫʭʦʣʠ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ 

ʧʘʮʠʝʥʪʘ. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʦʙʨʘʟʮʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʨʫʧʧʠʨʦʚʘʥʠʝʤ ʥʘʡʜʝʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ 

ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚʳʙʦʨʢʫ ʙʝʟ ʫʯʠʪʝʣʷ (ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʨʘʪʠʬʠʢʘʮʠʶ), 

ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʟʠʩ ʜʣʷ ʨʝʣʝʚʘʥʪʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɻʝʥʳ-ʤʠʰʝʥʠ 

ʚʳʷʚʣʝʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʙʠʦʤʘʨʢʝʨʘʤʠ ʜʣʷ 

ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ ʢ ʘʥʘʣʠʟʫ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʧʨʦʬʠʣʝʡ 

ʦʙʨʘʟʮʦʚ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʚʳʜʚʠʥʫʪʴ ʥʝʩʢʦʣʴʢʦ ʠʥʪʝʨʝʩʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ. ʊʘʢ ʤʘʨʢʝʨʳ ʘʢʪʠʚʘʮʠʠ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 

(ʕʄʇ) ʠ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ TGF-ɓ / SMAD ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʳ ʫ 

ʧʘʮʠʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʦʪʚʝʪʘ ʥʘ ʪʝʨʘʧʠʶ ʮʝʪʫʢʩʠʤʘʙʦʤ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʥʦʚ ʩ ʨʘʟʣʠʯʘʶʱʝʡʩʷ ʵʢʩʧʨʝʩʩʠʝʡ ʧʦʟʚʦʣʠʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ TGF-ɓ ʠ NKX2-1 / FOXM1. ʇʦʩʣʝʜʥʠʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʠʥʛʠʙʠʨʫʝʪ ʩʦʙʳʪʠʷ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʬʘʢʪʦʨʦʤ TGF-ɓ. ʋʛʣʫʙʣʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʫʞʝ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʫʩʪʦʡʯʠʚʳʭ ʢ ʘʥʪʠ-EGFR ʪʝʨʘʧʠʠ ʪʘʢʞʝ ʫʢʘʟʘʣ ʥʘ 

ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ TGF-ɓ ʠ, ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦ, ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʕʄʇ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʝʣʢʠ-ʤʠʰʝʥʠ FOXM1/NKX2-1 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʝʛʫʣʷʮʠʠ ʕʄʇ, ʘ ʪʘʢʞʝ ʢʘʥʦʥʠʯʝʩʢʘʷ ʠ ʥʝʢʘʥʦʥʠʯʝʩʢʘʷ 

ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ EGFR ʤʦʛʫʪ ʙʳʪʴ ʢʘʥʜʠʜʘʪʘʤʠ ʚ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʙʠʦʤʘʨʢʝʨʳ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʪʚʝʪ ʥʘ ʘʥʪʠ-EGFR ʪʝʨʘʧʠʶ 

ʜʣʷ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʡ ʦʧʳʪ ʧʦ ʘʥʘʣʠʟʫ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʙʠʢʣʘʩʪʝʨʠʟʘʮʠʝʡ ʨʝʛʫʣʷʪʦʨʦʚ 
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ʵʢʩʧʨʝʩʩʠʠ ʠ ʦʙʨʘʟʮʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʘʨʛʝʪʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ, ʥʦ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ʊʘʢʞʝ ʤʦʞʥʦ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʪʦʯʥʝʥʠʷ 

ʠʤʝʶʱʠʭʩʷ ʟʥʘʥʠʡ ʦ ʛʝʥʥʦ-ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʝʪʷʭ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʙʫʜʝʪ ʜʘʚʘʪʴ ʚʩʝ 

ʙʦʣʝʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʝ ʧʨʝʜʩʢʘʟʘʥʠʷ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʩʦʜʝʨʞʠʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʴ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦʜʭʦʜʘ ʢ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʧʘʮʠʝʥʪʦʚ ʚ ʪʦʤ ʚʠʜʝ, ʚ ʢʘʢʦʤ ʦʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʷʚʣʷʝʪʩʷ 

ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ SNEA, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ResNet ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʛʝʥʥʦ-ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʚʟʘʠʤʦʩʚʷʟʝʡ. ʆʛʨʘʥʠʯʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ SNEA ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʫʯʝʪʘ ʪʠʧʘ ʤʝʞʛʝʥʥʦʡ 

ʨʝʛʫʣʷʮʠʠ ð ʘʢʪʠʚʠʨʫʶʱʝʡ ʠʣʠ ʠʥʛʠʙʠʨʫʶʱʝʡ. ɼʨʫʛʠʤʠ ʚʘʞʥʳʤʠ ʵʪʘʧʘʤʠ ʥʘʰʝʛʦ 

ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʪʝʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʠ ʧʨʠʤʝʥʝʥʠʝ ʜʨʫʛʠʭ 

ʙʘʟ ʟʥʘʥʠʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʨʝʛʫʣʷʪʦʨʦʚ, ʧʨʠʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʟʙʠʝʥʠʷ ʦʙʨʘʟʮʦʚ.  
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ɻʃɸɺɸ 5. ɻʝʥʦʤʠʢʘ ʠ ʪʨʘʥʩʢʨʠʧʪʦʤʠʢʘ ʜʣʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʦʥʢʦʬʘʨʤʘʢʦʣʦʛʠʠ 

ʊʝʧʝʨʴ ʧʝʨʝʡʜʝʤ ʢ ʧʨʠʤʝʨʘʤ ʘʥʘʣʠʟʘ ʵʢʟʦʤʘ ʠ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʦʙʨʘʟʮʦʚ ʦʧʫʭʦʣʠ ʩ 

ʥʘʤʝʨʝʥʠʝʤ ʚʳʷʚʠʪʴ ʚʝʨʦʷʪʥʳʝ ʛʝʥʳ-ʜʨʘʡʚʝʨʳ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʝʧʘʨʘʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʠ ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ ʠʟ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ. ʅʠʞʝ 

ʥʘʤʠ ʙʫʜʝʪ ʦʧʠʩʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʜʣʷ 

ʤʥʦʛʦʧʣʘʥʦʚʦʡ ʘʥʥʦʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʨʠʟʚʘʥʦ ʦʙʣʝʛʯʠʪʴ ʨʘʙʦʪʫ ʙʠʦʣʦʛʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʥʢʦʣʦʛʦʚ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʩ ʜʘʥʥʳʤʠ ʤʠʨʦʚʳʭ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ 

ʦʥʢʦʛʝʥʦʤʠʢʝ.  

5.1. ʇʨʠʤʝʨ ˉ1 ð ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ 

ʇʨʦʚʝʣʠ ʧʦʣʥʦʵʢʟʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʷʪʠ ʦʙʨʘʟʮʦʚ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʠ ʧʷʪʠ 

ʧʘʨʥʳʭ ʦʙʨʘʟʮʦʚ ʟʜʦʨʦʚʦʡ ʪʢʘʥʠ ʢʠʰʝʯʥʠʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠ ʚ ʩʨʝʜʥʝʤ 

105 ʤʠʣʣʠʦʥʦʚ ʧʘʨʥʦʢʦʥʮʝʚʳʭ ʧʨʦʯʪʝʥʠʡ ʜʣʠʥʦʡ 100 ʦʩʥʦʚʘʥʠʡ. ʇʦʩʣʝ ʢʘʨʪʠʨʦʚʘʥʠʷ ʥʘ 

ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ ʯʝʣʦʚʝʢʘ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʧʦʢʨʳʪʠʷ ʧʨʦʯʪʝʥʠʷʤʠ ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʯʝʤ 

100-ʢʨʘʪʥʦʡ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʢʨʦʤʝ ʦʙʨʘʟʮʘ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ K31, ʛʜʝ ʛʣʫʙʠʥʘ ʙʳʣʘ 

84-ʢʨʘʪʥʦʡ.  

ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ ʯʪʦ ʜʠʟʘʡʥ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʢʣʶʯʘʣ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʢʘʢ ʦʙʨʘʟʮʦʚ 

ʦʧʫʭʦʣʠ, ʪʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʦʙʨʘʟʮʦʚ ʠʥʪʘʢʪʥʦʡ ʪʢʘʥʠ, ʙʳʣʦ ʚʦʟʤʦʞʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʩʪʦʚʝʨʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʦʧʫʭʦʣʠ ʩʦʤʘʪʠʯʝʩʢʠʝ 

ʤʫʪʘʮʠʠ, ʪʘʢ ʠ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚʦ ʚʩʝʭ ʢʣʝʪʢʘʭ ʦʨʛʘʥʠʟʤʘ ʛʝʨʤʠʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ. ɼʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤ rSOAPsnp (Li, et al., 2009) 

ʠ MuTect2 (Van der Auwera, et al., 2013) ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʈʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ 

ʜʠʘʛʨʘʤʤ ɺʝʥʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ (ʈʠʩʫʥʦʢ 27, A). ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʛʨʘʤʤʘ SOAPsnp ʜʝʪʝʢʪʠʨʦʚʘʣʘ ʙʦʣʴʰʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ Mutect2. ɺ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʦʙʦʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʦʙʨʘʟʮʘʭ K25, K26 ʠ K27 

ʙʳʣʦ ʥʘʡʜʝʥʦ 107, 102 ʠ 109 ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʨʘʟʮʳ K28 ʠ K31 

ʩʦʜʝʨʞʘʣʠ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ: 31 ʠ 49 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 27. ɸ) ʈʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʩʦʤʘʪʠʯʝʩʢʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʚ ʵʢʟʦʤʘʭ ʦʙʨʘʟʮʦʚ 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ Mutect2 ʠ SOAPsnp. ɺ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʘʨʠʘʥʪʳ, 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʙʦʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ɹ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʧʦʚ ʵʬʬʝʢʪʦʚ ʜʣʷ ʦʪʦʙʨʘʥʥʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʚ 

ʩʨʝʜʥʝʤ ʙʳʣʦ ʥʘʡʜʝʥʦ 69,6 ʤʠʩʩʝʥʩ-ʤʫʪʘʮʠʡ, 2,8 ʠʥʩʝʨʮʠʡ ʠ ʜʝʣʝʮʠʡ (ʠʥʜʝʣʦʚ) ʩʦ ʩʜʚʠʛʦʤ 

ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ, 0,6 ʠʥʜʝʣʦʚ, ʥʝ ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʜʚʠʛʫ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ, 5,4 ʥʦʥʩʝʥʩ-

ʤʫʪʘʮʠʡ ʠ 1,0 ʤʫʪʘʮʠʡ ʩʘʡʪʦʚ ʩʧʣʘʡʩʠʥʛʘ (ʈʠʩʫʥʦʢ 27, ɹ). ʇʨʠ ʵʪʦʤ ʜʣʷ ʪʨʝʭ ʦʙʨʘʟʮʦʚ (K25, 

K26, K27) ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʩʦʩʪʘʚʠʣʘ 1,1 ʥʘ 106 ʦʩʥʦʚʘʥʠʡ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ (K28 ʠ K31) ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʤʫʪʘʮʠʡ ʩʦʩʪʘʚʠʣʘ 0,8 ʥʘ 

106 ʦʩʥʦʚʘʥʠʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʂʈʈ ʠʟ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʩʨʘʚʥʠʚʘʣʠ ʩ 

ʜʘʥʥʳʤʠ ʧʦ ʩʦʤʘʪʠʯʝʩʢʠʤ ʤʫʪʘʮʠʷʤ ʜʣʷ 216 ʦʙʨʘʟʮʦʚ ʪʦʡ ʞʝ ʥʦʟʦʣʦʛʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʧʨʦʝʢʪʝ TCGA (Cancer Genome Atlas, 2012). ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʥʝ ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʦʥʢʦʛʝʥʝʟʝ ʤʫʪʘʮʠʡ-«ʧʘʩʩʘʞʠʨʦʚ», ʚ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʥʝʩʠʥʦʥʠʤʠʯʥʳʝ 

ʤʫʪʘʮʠʠ ʚ 260 ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʦʧʫʭʦʣʷʤʠ ʪ.ʥ. «ʛʝʥʦʚ-ʜʨʘʡʚʝʨʦʚ», ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ 

Lawrence ʠ ʩʦʘʚʪʦʨʦʚ (Lawrence, et al., 2014). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 2679 ʠ 

23 ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘ ʚ ʵʢʟʦʤʘʭ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʠʟ TCGA ʠ ʠʟ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʜʘʥʥʳʭ TCGA ʤʫʪʘʮʠʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 239 ʛʝʥʘʭ ʠʟ 260. 

ʇʦʩʪʨʦʠʣʠ ʙʠʥʘʨʥʫʶ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʥʦʩʪʠ 221Ĭ239, ʛʜʝ ʩʪʨʦʢʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʧʘʮʠʝʥʪʘʤ, ʘ ʩʪʦʣʙʮʳ ð ʛʝʥʘʤ. ʕʣʝʤʝʥʪ ʤʘʪʨʠʮʳ ʙʳʣ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʝʩʣʠ ʫ ʜʘʥʥʦʛʦ 

ʧʘʮʠʝʥʪʘ ʚʩʪʨʝʯʘʣʠʩʴ ʤʫʪʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʛʝʥʝ, ʠ ʥʫʣʶ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʵʢʟʦʤʦʚ ʂʈʈ ʠʟ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʛʣʦʙʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪ 

ʵʢʟʦʤʦʚ ʠʟ ʧʨʦʝʢʪʘ TCGA ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʤʥʦʛʦʤʝʨʥʦʛʦ ʰʢʘʣʠʨʦʚʘʥʠʷ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʨʳ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ð ʨʘʩʩʪʦʷʥʠʝ ɾʘʢʢʘʨʘ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʣʦʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʈʠʩʫʥʦʢ 28, ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ʂʈʈ ʠʟ ʨʦʩʩʠʡʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ ʦʢʘʟʘʣʠʩʴ ʩʭʦʞʠʤʠ ʩ ʜʘʥʥʳʤʠ TCGA ʧʦ ʢʨʠʪʝʨʠʶ ʥʘʣʠʯʠʷ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ-

ʜʨʘʡʚʝʨʘʭ. ʆʙʨʘʟʝʮ K31, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʤʝʥʴʰʠʤ ʧʦʢʨʳʪʠʝʤ, ʫʜʘʣʝʥ ʦʪ ʦʩʥʦʚʥʦʛʦ 

ʢʣʘʩʪʝʨʘ ʦʙʨʘʟʮʦʚ (ʦʙʣʘʩʪʠ ʩ ʥʘʠʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʯʝʢ).  
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ʈʠʩʫʥʦʢ 28. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʛʝʥʦʤʦʚ ʂʈʈ ʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ TCGA ʠ ʦʙʨʘʟʮʦʚ 

Kʈʈ ʠʟ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʩʨʘʚʥʝʥʠʷ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʵʢʟʦʤʘʤʠ ʂʈʈ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʤʫʪʘʮʠʦʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ð ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ 

(C>A, C>G, C>T, T>A, T>C, T>G), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʤʫʪʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʈʘʩʩʯʠʪʘʣʠ ʤʫʪʘʮʠʦʥʥʳʝ ʧʘʪʪʝʨʥʳ ʚʩʝʭ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʜʣʷ ʜʘʥʥʳʭ 

TCGA ʠ ʜʣʷ ʚʥʦʚʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 29). ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʨʘʚʥʝʥʠʠ, 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʵʢʟʦʤʳ K25-K31 ʩʭʦʞʠ ʩ ʵʢʟʦʤʘʤʠ ʂʈʈ ʠʟ ʧʨʦʝʢʪʘ TCGA. 

ɼʦʤʠʥʘʥʪʥʳʡ ʤʫʪʘʮʠʦʥʥʳʡ ʧʘʪʪʝʨʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʟʘʤʝʥ ʪʠʧʘ C>T ʠ 

ʩʦʚʧʘʜʘʝʪ ʩ ʩʠʛʥʘʪʫʨʦʡ 1A ʠʟ ʨʘʙʦʪʳ Alexandrov ʠ ʩʦʘʚʪʦʨʦʚ (Alexandrov, et al., 2013). 

ʆʜʥʘʢʦ ʜʣʷ ʵʢʟʦʤʦʚ ʠʟ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʣʝʜʦʚ ʩʠʛʥʘʪʫʨʳ 10, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʟʘʤʝʥ ʪʠʧʘ TCT>TAT, ʢʦʪʦʨʘʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʮʘʭ TCGA. 
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ʈʠʩʫʥʦʢ 29 ʇʘʪʪʝʨʥʳ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʜʣʷ ʛʝʥʦʤʦʚ ʂʈʈ ʦʙʨʘʟʮʦʚ Kʈʈ ʠʟ ʨʦʩʩʠʡʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ (A) ʠ ʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ TCGA (ɹ) 

ʅʘʡʜʝʥʥʳʝ ʩʦʤʘʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʨʘʡʚʝʨʥʳʭ ʠ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʤʫʪʘʮʠʡ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʧʦʜʨʦʙʥʦʡ 

ʘʥʥʦʪʘʮʠʠ ʚʩʝʭ ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ (ʩʤ. ʈʠʩʫʥʦʢ 

30). ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʥʚʝʡʝʨ, ʠʥʪʝʛʨʠʨʫʶʱʠʡ ʪʠʧʦʚʳʝ 

ʩʪʦʨʦʥʥʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʙʘʟʳ ʜʘʥʥʳʭ. ʌʫʥʢʮʠʷ ʢʦʥʚʝʡʝʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʢʦʤʧʠʣʠʨʦʚʘʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʥʘʭ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘʭ, ʢʦʪʦʨʘʷ ʧʨʠʟʚʘʥʘ ʦʙʣʝʛʯʠʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʨʝʟʫʣʴʪʘʪʦʚ NGS-ʘʥʘʣʠʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʪʝʨʘʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʠʣʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʛʨʝʩʩʠʠ ʦʧʫʭʦʣʠ. 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʷʚʣʷʶʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ 

ʚ ʚʠʜʝ ʬʘʡʣʘ VCF-ʬʦʨʤʘʪʘ ʜʣʷ ʩʙʦʨʢʠ ʛʝʥʦʤʘ hg19. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʬʘʡʣʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʷʜʘ ʩʪʦʨʦʥʥʠʭ ʧʨʦʛʨʘʤʤ ʠ ʨʝʩʫʨʩʦʚ (ʊʘʙʣʠʮʘ 5). ʈʝʟʫʣʴʪʘʪʦʤ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ, ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʧʦʣʷ ʩ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʘʞʜʦʤ ʛʝʥʝʪʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ. ʇʦʣʥʳʡ ʩʧʠʩʦʢ ʧʦʣʝʡ ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʘ 

6. ʇʦʣʫʯʝʥʥʳʡ ʬʘʡʣ ʫʜʦʙʥʦ ʟʘʛʨʫʟʠʪʴ ʚ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ (Microsoft Excel, Gnumeric ʠ 
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ʪ.ʜ.) ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʅʠʞʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʰʘʛʠ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʚʝʡʝʨʘ. 

 

 

ʈʠʩʫʥʦʢ 30 ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʧʦ ʘʥʥʦʪʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ 

ʀʩʭʦʜʥʦ ʛʝʥʝʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʧʘʢʝʪʦʤ SnpEff 

(Cingolani, et al., 2012), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʚʠʯʥʘʷ ʘʥʥʦʪʘʮʠʷ: ʦʧʨʝʜʝʣʝʥʠʝ 

ʟʘʪʨʦʥʫʪʳʭ ʤʫʪʘʮʠʷʤʠ ʛʝʥʦʚ ʠ ʪʨʘʥʩʢʨʠʧʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʛʦ ʵʬʬʝʢʪʘ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ (ʤʦʣʯʘʱʘʷ ʤʫʪʘʮʠʷ, ʤʠʩʩʝʥʩ-ʟʘʤʝʥʘ, ʠʟʤʝʥʝʥʠʝ ʩʘʡʪʘ ʩʧʣʘʡʩʠʥʛʘ 

ʠ ʪ.ʜ.). ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʶʪʩʷ ʪʦʣʴʢʦ ʪʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ, ʢʦʪʦʨʳʝ 

ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʜʠʨʫʝʤʳʡ ʙʝʣʦʢ. 

ɸʥʥʦʪʘʮʠʷ ʟʘʪʨʦʥʫʪʳʭ ʥʝʩʠʥʦʥʠʤʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʛʝʥʦʚ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ. 

ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ ʘʥʥʦʪʘʮʠʷ ʛʝʥʦʚ ʠ ʢʦʜʠʨʫʝʤʳʭ ʠʤʠ ʙʝʣʢʦʚ. ɼʣʷ 

ʵʪʦʛʦ ʠʟ ʙʘʟ ʜʘʥʥʳʭ ʟʘʧʨʘʰʠʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʬʫʥʢʮʠʠ ʛʝʥʘ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʝʥʘ 










































































































































































