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ʈʘʙʦʪʘ  ʚʳʧʦʣʥʝʥʘ ʥʘ ʬʘʢʫʣʴʪʝʪʝ ʙʠʦʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʄʦʩʢʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʚ ʩʝʢʪʦʨʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʤ. 

ɸ.ɸ. ʍʘʨʢʝʚʠʯʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

 

 

 

 

 

 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: 

 

 

 

 

 

 

 

 

 

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: 

 

 

 
ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ 14 ʜʝʢʘʙʨʷ 2015 ʛʦʜʘ ʚ ____ ʥʘ ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 

002.077.04 ʧʨʠ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʝ ʧʨʦʙʣʝʤ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠʤ. ɸ.ɸ. ʍʘʨʢʝʚʠʯʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʧʦ ʘʜʨʝʩʫ: 127994, ʛ. ʄʦʩʢʚʘ, ɻʉʇ-4, ɹʦʣʴʰʦʡ 

ʂʘʨʝʪʥʳʡ ʧʝʨʝʫʣʦʢ, ʜ. 19, ʩʪʨ. 1. 

ʉ ʪʝʢʩʪʦʤ ʘʚʪʦʨʝʬʝʨʘʪʘ ʠ ʜʠʩʩʝʨʪʘʮʠʠ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʤ. ɸ.ɸ. ʍʘʨʢʝʚʠʯʘ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʘ ʪʘʢʞʝ ʥʘ ʩʘʡʪʝ ʀʇʇʀ ʈɸʅ ʧʦ ʘʜʨʝʩʫ http://www.iitp.ru/ru/dissertation/*  

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ  "_"  ______ 2015 ʛ. 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ     ɻ.ʀ.   ʈʦʞʢʦʚʘ 

 

 

 

 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ  

ɹʘʟʳʢʠʥ ɻʝʦʨʛʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʤ. ɸ.ɸ. ʍʘʨʢʝʚʠʯʘ ʈʦʩʩʠʡʩʢʦʡ  

ʘʢʘʜʝʤʠʠ ʥʘʫʢ  

 

ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ  

ʆʨʣʦʚ ʖʨʠʡ ʃʴʚʦʚʠʯ  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ  

ʀʥʩʪʠʪʫʪ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

 ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 
ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʫʣʘʢʦʚʩʢʠʡ ʀʚʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ  

ʀʥʩʪʠʪʫʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠʤʝʥʠ ɺ.ɸ. ʕʥʛʝʣʴʛʘʨʜʪʘ  

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

 ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʙʠʦʣʦʛʠʠ ʈʦʩʩʠʡʩʢʦʡ  

ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

http://www.iitp.ru/ru/dissertation/*


 

3 

ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ʆʙʠʣʠʝ ʜʘʥʥʳʭ, ʢʘʢ ʧʦ ʥʘʙʦʨʘʤ ʧʦʣʠʤʦʨʬʥʳʭ ʤʫʪʘʮʠʡ, 

ʪʘʢ ʠ ʧʦ ʧʦʣʥʳʤ ʛʝʥʦʤʘʤ ʨʘʟʥʳʭ ʚʠʜʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʪʝʤ, ʯʪʦ ʩʪʘʣʠ ʠʟʚʝʩʪʥʳ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɼʅʂ, ʧʦʩʪʘʚʠʣʦ ʨʷʜ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʟʘʜʘʯ. ɹʳʣʘ ʦʪʢʨʳʪʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʨʝʧʣʠʢʘʮʠʠ ʠ ʩʢʦʨʦʩʪʴʶ ʤʫʪʠʨʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ɼʅʂ, 

ʦʜʥʘʢʦ ʤʝʭʘʥʠʟʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ, ʦʩʪʘʣʠʩʴ ʥʝʠʟʚʝʩʪʥʳʤʠ. ʇʦʷʚʠʣʩʷ 

ʥʦʚʳʡ ʧʣʘʩʪ ʨʘʙʦʪ, ʬʦʢʫʩʠʨʫʶʱʠʭ ʥʘ ʧʨʝʜʩʢʘʟʘʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʫʪʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʝʪʢʝ ʧʦ ʜʘʥʥʳʤ ʦ ʥʘʙʣʶʜʸʥʥʳʭ ʤʫʪʘʮʠʷʭ. ʅʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʧʨʦʛʨʝʩʩ ʚ 

ʧʦʥʠʤʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʤʫʪʠʨʦʚʘʥʠʷ, ʦʯʝʥʴ ʤʘʣʦʠʟʚʝʩʪʥʦ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʫʪʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʫʯʘʩʪʢʘʭ ʛʝʥʦʤʘ ʩʠʣʴʥʦ ʧʦʜʚʝʨʞʝʥʥʳʭ ʤʫʪʠʨʦʚʘʥʠʶ (ʛʦʨʷʯʠʭ ʪʦʯʢʘʭ 

ʤʫʪʘʛʝʥʝʟʘ). ʊʘʢ ʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʩʣʦʞʥʳʝ ʤʫʪʘʮʠʠ ï ʟʘʤʝʥʳ, ʟʘʪʨʘʛʠʚʘʶʱʠʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʩʘʡʪʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʤʝʞʚʠʜʦʚʳʭ 

ʩʨʘʚʥʝʥʠʡ ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʠʟʫʯʘʪʴ ʩʣʦʞʥʳʝ ʤʫʪʘʮʠʠ 

ʠ ʨʝʜʢʠʝ ʩʦʙʳʪʠʷ, ʪʘʢʠʝ ʢʘʢ ʤʫʪʘʮʠʠ, ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʧʘʚʰʠʝ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʘʡʪ ɼʅʂ. 

ɹʦʣʝʝ ʪʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʪʘʣʠ ʠʟʚʝʩʪʥʳ ʤʝʭʘʥʠʟʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʩʣʦʞʥʳʭ ʤʫʪʘʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʘʪʴ ʢʘʢʠʝ ʠʤʝʥʥʦ ʩʚʦʡʩʪʚʘ ɼʅʂ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʵʪʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ.  

ʅʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʦʨʷʯʠʝ ʪʦʯʢʠ ʤʫʪʘʛʝʥʝʟʘ ʚ ʭʦʨʦʰʦ ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʙʨʘʥʥʳʭ ʛʝʥʦʤʘʭ Homo sapience ʠ Drosophila melanogaster. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʫʷ ʤʝʞʚʠʜʦʚʳʝ ʩʨʘʚʥʝʥʠʷ, ʤ  rʦʙʥʘʨʫʞʠʣʠ ʤʥʦʞʝʩʪʚʦ ʤʫʪʘʮʠʡ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ 

ʩʨʘʟʫ ʜʚʘ ʥʫʢʣʝʦʪʠʜʘ ï ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ (ɼʅʄ). ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤ  r ʫʜʝʣʠʣʠ GCŸAA/TT ɼʅʄ, ʷʚʣʷʶʱʠʤʩʷ ʨʝʟʫʣʴʪʘʪʦʤ  ʨʘʙʦʪʳ   

ʥʝʪʦʯʥʦʡ ʧʦʣʠʤʝʨʘʟʳ ʟʝʪʘ (ʧʦʣ ɕ).  

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʯʝʯʥʦʛʦ ʠ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ ʫ ʵʫʢʘʨʠʦʪ. ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʦʙʱʠʝ ʠ ʯʘʩʪʥʳʝ ʟʘʜʘʯʠ: 

  ʉʦʙʨʘʪʴ ʜʘʥʥʳʝ ʧʦ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʠʟʦʰʝʜʰʠʤ ʚ ʦʜʥʦʤ ʩʘʡʪʝ (ʤʥʦʞʝʩʪʚʝʥʥʳʤ) 

ʤʫʪʘʮʠʷʤ ʠ ʜʘʥʥʳʭ ʧʦ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʫʞʝ ʩʣʫʯʠʚʰʝʡʩʷ çʫʩʣʦʚʥʦʡè 

ʤʫʪʘʮʠʠ.  
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʤʫʪʘʮʠʡ ʚ ʩʘʡʪʘʭ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʤʫʪʘʮʠʡ ʠ ʩʨʘʚʥʠʪʴ ʠʭ ʩʦ ʩʨʝʜʥʝʛʝʥʦʤʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʈʘʩʩʤʦʪʨʝʪʴ ʩʣʦʞʥʳʝ ʤʫʪʘʮʠʠ ʧʦ ʜʘʥʥʳʤ ʦ ʤʝʞʚʠʜʦʚʦʡ ʜʠʚʝʨʛʝʥʮʠʠ ʠ ʚʳʯʠʩʣʠʪʴ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʣʦʞʥʳʭ ʠ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ ʚ H. sapience ʠ D. melanogaster.  

ʀʟʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ GCŸAA/TT ɼʅʄ, ʤʫʪʘʮʠʦʥʥʦʡ ʧʦʜʧʠʩʠ ʧʦʣʠʤʝʨʘʟʘ ɕ, 

ʚʜʦʣʴ ʛʝʥʦʤʘ. ɺʳʷʩʥʠʪʴ ʢʘʢʠʝ ʠʤʝʥʥʦ ʩʚʦʡʩʪʚʘ ɼʅʂ ʚʣʠʷʶʪ ʥʘ ʯʘʩʪʦʪʫ GCŸAA/TT 

ɼʅʄ. ʀʩʩʣʝʜʦʚʘʪʴ ʨʦʣʴ ʧʦʣ ɕ ʚ ʤʫʪʘʮʠʷʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʛʝʥʝʪʠʯʝʩʢʠʤ ʟʘʙʦʣʝʚʘʥʠʷʤ.   

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ.  

ɻʦʨʷʯʠʝ ʪʦʯʢʠ ʤʫʪʘʛʝʥʝʟʘ ʠ ɼʅʄ ʧʣʦʭʦ ʠʟʫʯʝʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʦʰʠʙʢʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠʣʠ ʩʙʦʨʢʠ ʛʝʥʦʤʦʚ ʤʦʛʫʪ ʚʳʛʣʷʜʝʪ ɹʢʘʢ ʢʣʘʩʪʝʨʳ ʤʫʪʘʮʠʡ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʥʘʣʠʯʠʝ ʧʦʣʥʳʭ ʛʝʥʦʤʦʚ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʝʰʠʪʴ ʵʪʫ 

ʧʨʦʙʣʝʤʫ. ʅʘʰʘ ʨʘʙʦʪʘ ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ ʛʝʥʦʤʘʭ ʩ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʙʦʨʢʦʡ: 

ʛʝʥʦʤʘʭ H. sapience ʠ D. melanogaster, ʯʪʦ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʛʠʧʝʨʤʫʪʘʙʠʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʠ ɼʅʄ.   

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʫʪʘʮʠʡ ʚ 

ʛʦʨʷʯʠʭ ʪʦʯʢʘʭ ʤʫʪʘʛʝʥʝʟʘ ʠ ʨʘʩʰʠʨʝʥʳ ʧʨʝʜʳʜʫʱʠʝ ʨʘʙʦʪʳ ʧʦ ɼʅʄ. ʀʩʩʣʝʜʦʚʘʥ  r

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʧʦʣ ɕ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝ yʘʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʨʝʧʣʠʢʘʮʠʠ ʠ, 

ʚʝʨʦʷʪʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʪʷʞʸʣʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʟʘʙʦʣʝʚʘʥʠʷʤ: ʩʠʥʜʨʦʤʫ ʂʦʩʪʝʣʣʦ ʠ 

ʘʤʠʦʪʨʦʬʠʯʝʩʢʦʤʫ ʣʘʪʝʨʘʣʴʥʦʤʫ ʩʢʣʝʨʦʟʫ.  

ɿʥʘʥʠʝ ʦ ʧʨʦʮʝʩʩʝ ʤʫʪʠʨʦʚʘʥʠʷ ʢʨʘʡʥʝ ʧʦʣʝʟʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʤʫʪʘʮʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʪʙʦʨʘ ʠ ʧʦʤʦʛʘʝʪ ʠʩʢʘʪʴ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʠʣʠ ʨʘʟʚʠʪʠʝʤ  ʨʘʢʘ. 

ʇʫʙʣʠʢʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 5 

ʩʪʘʪʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ MCCMBô09,11 SMBEô14, THMRMô15 ʠ 

ʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʷʭ ʀʊʀʉô09.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʘ 21 ʩʝʥʪʷʙʨʷ 2015 ʛ. ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʩʝʤʠʥʘʨʝ 

ʣʘʙʦʨʘʪʦʨʠʠ ʵʚʦʣʶʮʠʦʥʥʦʡ ʛʝʥʦʤʠʢʠ ʌʘʢʫʣʴʪʝʪʘ ʙʠʦʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʄɻʋ 

ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʠ ʩʝʢʪʦʨʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʈɸʅ ʠʤ. ɸ.ɸ. ʍʘʨʢʝʚʠʯʘ. 
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ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 93 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ: ʚʚʝʜʝʥʠʝ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ, 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʯʝʪʳʨʸʭ ʛʣʘʚʘʭ ʠ ʚʳʚʦʜʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʚʢʣʶʯʘʝʪ 26 ʨʠʩʫʥʢʦʚ, 6 ʪʘʙʣʠʮ ʠ 

ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʡ 120 ʩʩʳʣʦʢ. 

 

ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

 

1) ʀʟʤʝʥʯʠʚʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ. 

ʀʟʫʯʝʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʚ ʜʚʫʭ ʛʨʫʧʧʘʭ metazoa: ʚ ʨʦʜʝ Drosophila ʠ ʩʝʤʝʡʩʪʚʝ 

ʛʦʤʠʥʠʜ (Hominidae). ɼʣʷ ʵʪʦʛʦ ʤ  rʘʥʘʣʠʟʠʨʦʚʘʣʠ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʫ 

ʯʝʣʦʚʝʢʘ ʠʣʠ D. melanogaster ʧʨʠ ʥʘʣʠʯʠʠ ʜʨʫʛʦʡ çʫʩʣʦʚʥʦʡè ʤʫʪʘʮʠʠ. çʋʩʣʦʚʥʘʷè 

ʤʫʪʘʮʠʷ ʤʦʛʣʘ ʧʨʦʠʟʦʡʪʠ ʢʘʢ ʚ ʚʠʜʝ, ʚ ʢʦʪʦʨʦʤ ʤ  rʠʟʤʝʨʷʝʤ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ 

ʥʘ ʜʨʫʛʦʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʢʝ (ʈʠʩʫʥʦʢ 1). ʄ  r ʧʨʦʜʝʣʘʣʠ ʘʥʘʣʠʟʳ ʜʣʷ ʯʝʪʳʨʸʭ 

ʨʘʟʣʠʯʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ (ɸʥʘʣʠʟʳ I, II, III  ʠ IV) (ʈʠʩʫʥʦʢ 1). ʂʨʦʤʝ ʪʦʛʦ, ʤ  r

ʠʩʩʣʝʜʦʚʘʣʠ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʩʢʦʨʦʩʪʴ  ʤʫʪʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʫʢʣʝʦʪʠʜʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ çʫʩʣʦʚʥʦʡè ʤʫʪʘʮʠʠ (ʈʠʩʫʥʢʠ 2 ʠ 3) ʠʣʠ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

çʫʩʣʦʚʥʦʡè ʤʫʪʘʮʠʠ ʚ ʪʦʤ ʞʝ ʩʘʡʪʝ (ʊʘʙʣʠʮʳ 1 ʠ 2). 

ɺ ʘʥʘʣʠʟʝ I ʠʟʫʯʘʣʘʩʴ ʯʘʩʪʦʪʘ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ (SNP), ʧʨʠ 

ʫʩʣʦʚʠʠ ʜʨʫʛʦʛʦ SNP ʚ ʪʦʤ ʞʝ ʚʠʜʝ ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ ʩʘʡʪʦʚ (ʈʠʩʫʥʦʢ 2ɸ ʠ 

3ɸ). ɺ ʯʝʣʦʚʝʢʝ ʤ  r ʦʙʥʘʨʫʞʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʣʠʰʴ ʜʣʷ ʩʘʡʪʘ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʩʝʜʥʝʛʦ ʩ çʫʩʣʦʚʥʳʤè SNP. ɺ ʩʘʡʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʫʞʝ ʩʦʜʝʨʞʠʪʩʷ SNP, 

ʚʝʨʦʷʪʥʦʩʪʴ ʜʨʫʛʦʛʦ SNP ʨʘʩʪʸʪ ʚ 2.6 ʨʘʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʨʝʜʥʠʤ ʧʦ ʛʝʥʦʤʫ (ʊʘʙʣʠʮʘ 1).  

ʋ D. melanogaster ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ SNP ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 15 

ʥʫʢʣʝʦʪʠʜʦʚ ʦʪ çʫʩʣʦʚʥʦʛʦè SNP (ʈʠʩʫʥʦʢ 3ɸ). ɼʣʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ çʫʩʣʦʚʥʳʡè SNP 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʟʫʯʘʝʤʦʤ ʩʘʡʪʝ, ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʧʦʚʳʰʝʥʘ ʚ 3.5 ʨʘʟʘ. 
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ʈʠʩʫʥʦʢ 1. ʏʝʪʳʨʝ ʪʠʧʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ, ʩʜʝʣʘʥʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʚʜʦʣʴ ʛʝʥʦʤʘ. ʃʠʥʠʠ ʦʙʦʟʥʘʯʘʶʪ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʚʝʪʚʠ, ʟʘʢʨʘʰʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʧʦʣʠʤʦʨʬʠʟʤ. ʏʝʨʥʳʤ 

ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥ ʧʨʝʜʢʦʚʳʡ ʘʣʣʝʣʴ, ʘ ʩʠʥʠʤ ʠ ʢʨʘʩʥʳʤ ï ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʘʣʣʝʣʠ. ɺ ʢʘʞʜʦʤ ʘʥʘʣʠʟʝ ʤ  rʠʟʤʝʨʷʣʠ ʚʝʨʦʷʪʥʦʩʪʴ SNP ʠʣʠ ʟʘʤʝʥʳ, ʪʘʢʠʝ ʩʦʙʳʪʠʷ 

ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʙʳʪʠʷ, ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʩʠʥʠʤ ʮʚʝʪʦʤ. 

Dyak, Dere, Dsim ʠ Dmel ʦʙʦʟʥʘʯʘʶʪ D. yakuba, D. erecta, D. simulans ʠ D. melanogaster; 

Ppyg, Ggor, Ptro, ʠ Hsap ʦʙʦʟʥʘʯʘʶʪ Pongo pygmaeus, Gorilla gorilla, Pan troglodytes ʠ 

Homo sapiens. 
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ʈʠʩʫʥʦʢ 2. ʇʣʦʪʥʦʩʪʴ SNP ʠʣʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʢʘʢ ʬʫʥʢʮʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʜʨʫʛʦʛʦ SNP ʠʣʠ ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʳ ʜʣʷ ʤʝʞʛʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʫ ʛʦʤʠʥʠʜ; 

ʘʥʘʣʠʟʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʘʣʠʟʘʤ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 3  ̀ʧʦʟʠʮʠʷʤ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 5  ̀ʧʦʟʠʮʠʷʤ. ʏʸʨʥʘʷ 

ʣʠʥʠʷ ʦʙʦʟʥʘʯʘʝʪ ʧʣʦʪʥʦʩʪʴ SNP (A, B) ʠʣʠ ʤʝʞʚʠʜʦʚʳʭ ʟʘʤʝʥ (C) ʧʦʙʣʠʟʦʩʪʠ ʦʪ 

ʩʘʡʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ çʫʩʣʦʚʥʫ èʁ ʤʫʪʘʮʠʶ;  ʩʝʨʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʯʠʪʘʥʥʦʝ ʧʦ 100 ʥʫʢʣʝʦʪʠʜʥʳʤ ʦʢʥʘʤ ʩ ʮʝʥʪʨʦʤ ʥʘ 

ʠʟʫʯʘʝʤʦʤ ʩʘʡʪʝ. ʆʰʠʙʢʠ ʧʦʩʯʠʪʘʥʳ ʢʘʢ 95% ʙʠʥʦʤʠʘʣʴʥʳʝ ʜʦʚʝʨʠʪʝʣʴʥʳʝ 

ʠʥʪʝʨʚʘʣʳ. ɸʥʘʣʠʟ II  ʜʣʷ ʯʝʣʦʚʝʢʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʙʳʣʦ ʜʘʥʥʳʭ ʧʦ 

ʧʦʣʠʤʦʨʬʠʟʤʫ ʰʠʤʧʘʥʟʝ. 
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ʈʠʩʫʥʦʢ 3. ʇʣʦʪʥʦʩʪʴ SNP, ʠʣʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʢʘʢ ʬʫʥʢʮʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

çʫʩʣʦʚʥʦʛʦè SNP ʠʣʠ ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʳ ʜʣʷ ʤʝʞʛʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʫ Drosophila; 

ʘʥʘʣʠʟʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʘʣʠʟʘʤ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 3  ̀ʧʦʟʠʮʠʷʤ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 5  ̀ʧʦʟʠʮʠʷʤ. ʏʸʨʥʘʷ 

ʣʠʥʠʷ ʦʙʦʟʥʘʯʘʝʪ ʧʣʦʪʥʦʩʪʴ SNP (A-C) ʠʣʠ ʤʝʞʚʠʜʦʚʳʭ ʟʘʤʝʥ (D) ʧʦʙʣʠʟʦʩʪʠ ʦʪ 

ʩʘʡʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ çʫʩʣʦʚʥʫ èʁ ʤʫʪʘʮʠʶ; ʩʝʨʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʯʠʪʘʥʥʦʝ ʧʦ 100 ʥʫʢʣʝʦʪʠʜʥʤr ʦʢʥʘʤ, ʩ ʮʝʥʪʨʦʤ ʥʘ 

ʠʟʫʯʘʝʤʦʤ ʩʘʡʪʝ. ʆʰʠʙʢʠ ʧʦʩʯʠʪʘʥʳ ʢʘʢ 95% ʙʠʥʦʤʠʘʣʴʥʳʝ ʜʦʚʝʨʠʪʝʣʴʥʳʝ 

ʠʥʪʝʨʚʘʣʳ; ʤ  r ʥʝ ʨʠʩʦʚʘʣʠ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʢʦʛʜʘ ʦʥʠ ʙʳʣʠ ʤʘʣʳ ʠ 

ʧʣʦʭʦ ʨʘʟʣʠʯʠʤʳ. 
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ɼʣʷ ʘʥʘʣʠʟʦʚ II -IV , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʟʣʠʯʥʳʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʩʩʪʦʷʥʠʷʤ 

ʤʝʞʜʫ çʫʩʣʦʚʥʦʡè ʟʘʤʝʥʦʡ ʠ ʠʟʫʯʘʝʤʳʤ ʩʘʡʪʦʤ (ʈʠʩʫʥʦʢ 1), ʤ  r ʥʘʙʣʶʜʘʣʠ ʪʝ ʞʝ 

ʧʘʪʪʝʨʥʳ, ʯʪʦ ʠ ʜʣʷ ʘʥʘʣʠʟʘ I: ʚ ʯʝʣʦʚʝʢʝ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʧʦʚʳʰʝʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʚ 1-2 ʥʫʢʣʝʦʪʠʜʘ ʦʪ çʫʩʣʦʚʥʦʡè ʤʫʪʘʮʠʠ (ʈʠʩʫʥʦʢ 2); ʚ D. melanogaster ï ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

10-15 ʥʫʢʣʝʦʪʠʜʦʚ. ʉʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚ ʩʘʡʪʝ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʠʟʦʰʣʘ çʫʩʣʦʚʥʘʷè ʤʫʪʘʮʠʷ, ʢʘʢ ʚ ʯʝʣʦʚʝʢʝ, ʪʘʢ ʠ ʚ ʧʣʦʜʦʚʦʡ ʤʫʰʢʝ (ʊʘʙʣʠʮʳ 1 ʠ 2).  

 

ʊʘʙʣʠʮʘ 1. ʏʠʩʣʦ ʠ ʯʘʩʪʦʪʘ (ʚ ʩʢʦʙʢʘʭ) ʩʣʫʯʘʝʚ ʦʜʥʦʡ ʠ ʜʚʫʭ ʤʫʪʘʮʠʡ ʚ ʩʘʡʪʝ ʜʣʷ 

ʪʨʸʭ ʠʟ ʯʝʪʳʨʸʭ ʪʠʧʦʚ ʘʥʘʣʠʟʦʚ ʜʣʷ Homenidae. ʆʞʠʜʘʥʠʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʙʣʶʜʝʥʠʷ (P<10
-100

, ɢ2). 

 

 

  

 ʊʠʧ ʫʯʘʩʪʢʘ ʆʜʥʘ ʤʫʪʘʮʠʷ ʚ 
ʩʘʡʪʝ 

ɼʚʝ ʤʫʪʘʮʠʠ ʚ 
ʩʘʡʪʝ, 
ʥʘʙʣʶʜʝʥʠʝ 

ɼʚʝ ʤʫʪʘʮʠʠ 
ʚ ʩʘʡʪʝ, 
ʦʞʠʜʘʥʠʝ 

ʅʘʙʣʶʜʝʥʠʝ 
/ʦʞʠʜʘʥʠʝ 

ʊʨʠʘʣʣʝʣʴʥʳʡ SNP 
(ʘʥʘʣʠʟ I) 

ʀʥʪʨʦʥʳ 981033 (5.82*10
-4
)  819 (4.92*10

-7
)  442  

(2.73*10
-7
) 

2.55 

ʄʝʞʛʝʥʥʳʝ 
ʠʥʪʝʨʚʘʣʳ 

 1321296  
(6.93*10

-4
) 

 1113 (5.88*10
-7
)  703  

(3.97*10
-7
) 

2.21 

SNP ʚ ʩʘʡʪʘʭ ʩ 
ʟʘʤʝʥʦʡ       
 (ʘʥʘʣʠʟ III) 

ʀʥʪʨʦʥʳ  575893 (3.84*10
-4
)  2403 (8.13*10

-7
)  1442 

 (5.03*10
-7
) 

1.83 

ʄʝʞʛʝʥʥʳʝ 
ʠʥʪʝʨʚʘʣʳ 

 720188 (4.28*10
-4
)  3139 (9.66*10

-7
)  1,854 

(5.86*10
-7
) 

1.85 

ɿʘʤʝʥʘ ʚ ʩʘʡʪʘʭ ʩ 
ʜʨʫʛʦʡ ʟʘʤʝʥʦʡ 
(ʘʥʘʣʠʟ IV) 

ʀʥʪʨʦʥʳ  1582163  
(1.52*10

-3
) 

 8159 (3.98*10
-6
)  5,591 

(2.83*10
-6
) 

1.76 

ʄʝʞʛʝʥʥʳʝ 
ʠʥʪʝʨʚʘʣʳ 

 1873583  
(1.67*10

-3
) 

 1880 (4.90*10
-6
)  7,239 

(3.41*10
-6
) 

1.83 
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ʊʘʙʣʠʮʘ 2. ʏʠʩʣʦ ʠ ʯʘʩʪʦʪʘ (ʚ ʩʢʦʙʢʘʭ) ʩʣʫʯʘʝʚ ʦʜʥʦʡ ʠ ʜʚʫʭ ʤʫʪʘʮʠʡ ʚ ʩʘʡʪʝ ʜʣʷ 

ʯʝʪʳʨʸʭ ʪʠʧʦʚ ʘʥʘʣʠʟʦʚ ʜʣʷ Drosophila. ʆʞʠʜʘʥʠʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʦʩʪʦʚʝʨʥʦ  

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʙʣʶʜʝʥʠʷ (P<10
-100

, ɢ
2
).  

  

2) ʃʦʢʘʣʴʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ. 

ʆʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ, ʤʝʥʷʶʱʠʝ ʪʠʧ ʘʟʦʪʠʩʪʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʥʘʟʳʚʘʶʪʩʷ 

ʪʨʘʥʩʚʝʨʩʠʷʤʠ. ʄʫʪʘʮʠʠ, ʥʝ ʤʝʥʷʶʱʠʝ ʪʠʧ ʘʟʦʪʠʩʪʦʛʦ ʦʩʥʦʚʘʥʠʷ ï ʪʨʘʥʟʠʮʠʷʤʠ. 

ʆʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ, ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʪʘʢʠʭ 

ʤʫʪʘʮʠʡ, ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ ə. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʚʘʨʠʘʥʪʳ, ʪʦ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʨʝʜʢʦʚʦʛʦ ʥʫʢʣʝʦʪʠʜʘ, ʚʦʟʤʦʞʥʳ ʜʚʝ ʪʨʘʥʟʠʮʠʠ ʠ ʦʜʥʘ 

ʪʨʘʥʩʚʝʨʩʠʷ. ɼʣʷ ʠʟʫʯʝʥʠʷ ə ʚ ʩʘʡʪʘʭ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʤʫʪʘʮʠʡ, ʤ  r ʠʩʩʣʝʜʦʚʘʣʠ 

ʦʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ ʧʨʠ çʫʩʣʦʚʠʠè ʪʨʘʥʩʚʝʨʩʠʠ (ətvc), ʘ ʦʪʥʦʰʝʥʠʝ ʵʪʠʭ 

ʞʝ ʪʠʧʦʚ ʤʫʪʘʮʠʡ ʜʣʷ ʚʩʝʛʦ ʛʝʥʦʤʘ ʤ  rʦʙʦʟʥʘʯʠʣʠ ətv (ʩʤ. ʊʘʙʣʠʮʳ 3 ʠ 4).  

 

 

 ʊʠʧ ʫʯʘʩʪʢʘ ʆʜʥʘ ʤʫʪʘʮʠʷ ʚ 
ʩʘʡʪʝ 

ɼʚʝ ʤʫʪʘʮʠʠ ʚ 
ʩʘʡʪʝ, 
ʥʘʙʣʶʜʝʥʠʝ 

ɼʚʝ ʤʫʪʘʮʠʠ 
ʚ ʩʘʡʪʝ, 
ʦʞʠʜʘʥʠʝ 

ʅʘʙʣʶʜʝʥʠʝ 
/ʦʞʠʜʘʥʠʝ 

ʊʨʠʘʣʣʝʣʴʥʳʡ SNP 
(ʘʥʘʣʠʟ I) 

ʀʥʪʨʦʥʳ 392688 (6.91*10
-3
) 7315 (1.24*10

-4
) 2525 

(4.12*10
-5
) 

3.48 

ʄʝʞʛʝʥʥʳʝ 
ʠʥʪʝʨʚʘʣʳ 

523,130 (5.72*10
-3
) 9725 (1.00*10

-4
) 3268 

(3.23*10
-5
) 

3.59 

ʉʦʚʧʘʜʘʶʱʠʡ SNP 
(ʘʥʘʣʠʟ II) 

ʀʥʪʨʦʥʳ 392688 (6.91*10
-3
) 2743 (4.59*10

-5
) 1,223 

(2.07*10
-5
) 

2.28 

ʄʝʞʛʝʥʥʳʝ 
ʠʥʪʝʨʚʘʣʳ 

523130 (5.27*10
-3
) 3486 (3.59*10

-5
) 1502 

(1.65*10
-6
) 

2.35 

SNP ʚ ʩʘʡʪʘʭ ʩ 
ʟʘʤʝʥʦʡ       
 (ʘʥʘʣʠʟ III) 

ʀʥʪʨʦʥʳ 392688 (6.91*10
-3
) 39398 (3.14*10

-4
) 20291 

(1.76*10
-4
) 

1.95 

ʄʝʞʛʝʥʥʳʝ 
ʠʥʪʝʨʚʘʣʳ 

523130 (5.72*10
-3
) 53533 (3.34*10

-4
) 25953 

(1.63*10
-4
) 

2.07 

ɿʘʤʝʥʘ ʚ ʩʘʡʪʘʭ ʩ 
ʜʨʫʛʦʡ ʟʘʤʝʥʦʡ 
(ʘʥʘʣʠʟ IV) 

ʀʥʪʨʦʥʳ 766220 (9.26*10
-3
) 80597 (5.02*10

-4
) 37319 

(2.32*10
-4
) 

2.23 

ʄʝʞʛʝʥʥʳʝ 
ʠʥʪʝʨʚʘʣʳ 

914971 (9.73*10
-3
) 95564 (5.02*10

-4
) 47947 

(2.51*10
-4
) 

2.06 
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ʊʘʙʣʠʮʘ 3. ʆʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ ʚ ʙʠʘʣʣʝʣʴʥʳʭ ʠ 

ʪʨʠʘʣʣʝʣʥɹʳʭ SNP (ʘʥʘʣʠʟ I)  ʫ Hominidae. ʈ < 0.001 ʜʣʷ ʚʩʝʭ ʩʨʘʚʥʝʥʠʡ ətvc ʠ ətv. 

 

  

ʊʨʘʥʟʠʮʠʷ ʠ ʪʨʘʥʩʚʝʨʩʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ətv 

çʋʩʣʦʚʥʘʷè ʪʨʘʥʩʚʝʨʩʠʷ,  

ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʜʣʷ ʨʘʩʯʸʪʘ 

ətvc 

ʀʥʪʨʦʥʳ ʄʝʞʛʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ 

ətv ətvc ətvc/ətv ətv ətvc ətvc/ətv 

ɸŸG/ɸŸT ɸŸC 4.76 1.74 0.37 4.35 1.51 0.35 

ɸŸG/ɸŸC ɸŸT 3.91 1.56 0.40 3.84 1.30 0.34 

GŸA/GŸT GŸC 3.48 1.18 0.34 3.20 1.34 0.42 

GŸA/GŸC GŸC 3.01 0.57 0.19 3.31 1.17 0.35 

CŸT/ʉŸG ʉŸA 3.01 0.93 0.31 3.36 1.04 0.31 

CŸT/ʉŸA ʉŸG 3.58 1.34 0.37 3.22 1.09 0.34 

TŸC/TŸG TŸA 3.82 1.08 0.28 3.89 1.12 0.29 

TŸC/TŸA TŸG 4.87 1.00 0.21 4.34 1.38 0.32 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ  3.82 1.18 0.31 3.69 1.24 0.34 
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ʊʘʙʣʠʮʘ 4. ʆʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ ʚ ʙʠʘʣʣʝʣʴʥʳʭ ʠ 

ʪʨʠʘʣʣʝʣʥɹʳʭ SNP (ʘʥʘʣʠʟ I)  ʫ Drosophila. *,**,***  ʦʙʦʟʥʘʯʘʶʪ P<0.05, P<0.01 ʠ 

P<0.001 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʦʪʣʠʯʠʷ ətvc ʠ ətv. 

 

ɼʣʷ ʚʩʝʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ, ʚ ʢʦʪʦʨʳʭ çʫʩʣʦʚʥʘʷè ʤʫʪʘʮʠʷ ʩʣʫʯʠʣʘʩʴ ʚ 

ʠʟʫʯʘʝʤʦʤ ʩʘʡʪʝ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ə ʩʥʠʞʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʝʥʦʤʥʳʭ 

ʟʥʘʯʝʥʠʡ. ʂʘʢ ʫ Hominidae, ʪʘʢ ʠ ʫ Drosophila ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʦ ʧʘʜʝʥʠʝ ə ʚ ʘʥʘʣʠʟʝ I, 

ʪʦ ʝʩʪʴ ʜʣʷ ʪʨʠʘʣʣʝʣʴʥʳʭ ʧʦʣʠʤʦʨʬʠʟʤʦʚ (ʊʘʙʣʠʮʳ 3 ʠ 4). ɺ Hominidae ʩʨʝʜʥʝʝ 

ʦʪʥʦʰʝʥʠʝ ətvc ʢ ətv  ʩʦʩʪʘʚʣʷʝʪ 0.31, 0.91 ʠ 0.58 ʜʣʷ ʘʥʘʣʠʟʦʚ I, III  ʠ IV, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋ  Drosophila ʵʪʠ ʟʥʘʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʦʚ IïIV  ï 0.76, 0.91, 0.95 ʠ 0.86, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.    

ʋ S. commune ʚ ʘʥʘʣʠʟʝ II  ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ SNP ʚ ʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ 

ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ çʫʩʣʦʚʠʠè SNP ʚ ʜʨʫʛʦʡ ʧʦʧʫʣʷʮʠʠ ʚ 1.42 ʨʘʟʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʩʠʣʴʥʝʝ, 

ʢʦʛʜʘ ʦʙʘ ʙʠʘʣʣʝʣʴʥʳʭ SNP ï ʪʨʘʥʩʚʝʨʩʠʠ (1.58), ʠ ʩʣʘʙʝʝ, ʢʦʛʜʘ ʦʜʠʥ ʙʠʘʣʣʝʣʴʥʳʡ SNP 

ʊʨʘʥʟʠʮʠʷ ʠ ʪʨʘʥʩʚʝʨʩʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʨʘʩʯʸʪʘ ətv 

çʋʩʣʦʚʥʘʷè ʪʨʘʥʩʚʝʨʩʠʷ,  

ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʜʣʷ ʨʘʩʯʸʪʘ 

ətvc 

ʀʥʪʨʦʥʳ ʄʝʞʛʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ 

ətv ətvc ətvc/ətv ətv ətvc ətvc/ətv 

ɸŸG/ɸŸT ɸŸC 1.02 0.78 0.76***  1.03 0.82 0.80** 

ɸŸG/ɸŸC ɸŸT 1.88 1.76 0.94 1.88 1.70 0.90* 

GŸA/GŸT GŸC 1.84 1.45 0.79***  1.83 1.26 0.69***  

GŸA/GŸC GŸC 3.52 2.16 0.61***  3.30 2.02 0.61***  

CŸT/ʉŸG ʉŸA 3.50 2.17 0.62***  3.33 2.14 0.64***  

CŸT/ʉŸA ʉŸG 1.85 1.26 0.68***  1.81 1.30 0.72***  

TŸC/TŸG TŸA 1.85 1.50 0.81***  1.85 1.61 0.87***  

TŸC/TŸA TŸG 1.01 0.81 0.81** 1.02 0.84 0.82** 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ  2.06 1.49 0.75 2.01 1.46 0.76 
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ʪʨʘʥʟʠʮʠʷ, ʘ ʜʨʫʛʦʡ ï  ʪʨʘʥʩʚʝʨʩʠʷ (1.32). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʫ S. commune, ʪʨʘʥʩʚʝʨʩʠʠ 

ʩʠʣʴʥʝʝ ʩʢʦʨʨʝʣʠʨʦʚʘʥʳ ʚʜʦʣʴ ʛʝʥʦʤʘ. 

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ə ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʦʪ çʫʩʣʦʚʥʦʡè ʤʫʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʪʨʘʥʟʠʮʠʝʡ ʠʣʠ ʪʨʘʥʩʚʝʨʩʠʝʡ.  

ʋ ʯʝʣʦʚʝʢʘ ʚʦ ʚʩʝʭ ʘʥʘʣʠʟʘʭ ə ʩʥʠʞʝʥʘ ʜʣʷ 5 ʥʫʢʣʝʦʪʠʜʦʚ ʚʙʣʠʟʠ ʦʪ ʤʫʪʘʮʠʠ, 

ʩʣʫʯʠʚʰʝʡʩʷ ʢʘʢ ʪʨʘʥʩʚʝʨʩʠʷ, ʥʦ ʥʝ ʪʨʘʥʟʠʮʠʷ; ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 5 ʥʫʢʣʝʦʪʠʜʦʚ (ʈʠʩʫʥʦʢ 4). 

ʋ D. melanogaster, ʟʥʘʯʝʥʠʝ ə ʧʦʥʠʞʝʥʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʨʘʥʩʚʝʨʩʠʠ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʪʨʘʥʟʠʮʠʠ (ʈʠʩʫʥʦʢ 5), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʨʨʝʣʷʮʠʠ ʪʨʘʥʩʚʝʨʩʠʡ ʚʜʦʣʴ ʛʝʥʦʤʘ. ɺ 

ʘʥʘʣʠʟʝ IV ə ʪʘʢ ʞʝ ʧʦʥʠʞʝʥʘ ʚʙʣʠʟʠ ʪʨʘʥʟʠʮʠʡ. ɺ ʘʥʘʣʠʟʝ III  ʤ  rʚʠʜʠʤ ʥʝʤʦʥʦʪʦʥʥʦʩʪʴ 

ə ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʣʦʞʝʥʠʶ çʫʩʣʦʚʥʦʡè ʤʫʪʘʮʠʠ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʤʫʪʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ.  
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ʈʠʩʫʥʦʢ 4. ʆʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ (ə) ʢʘʢ ʬʫʥʢʮʠʷ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʪʨʘʥʟʠʮʠʠ (ʟʝʣʝʥʳʡ) ʠʣʠ ʪʨʘʥʩʚʝʨʩʠʠ (ʬʠʦʣʝʪʦʚʳʡ) ʜʣʷ ʤʝʞʛʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʫ Hominidae; ʘʥʘʣʠʟʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʘʣʠʟʘʤ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 3  ̀ ʧʦʟʠʮʠʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʥʫʢʣʝʦʪʠʜʦʚ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 5  ̀ ʧʦʟʠʮʠʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʥʫʢʣʝʦʪʠʜʦʚ. ʉʝʨʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʛʝʥʦʤʥʦʤʫ ʟʥʘʯʝʥʠʶ ə. 

ɿʥʘʯʝʥʠʷ ə ʜʘʥʳ ʧʦ 5 ʥʫʢʣʝʦʪʠʜʥʳʤ ʦʢʥʘʤ. ʆʰʠʙʢʠ ʧʦʩʯʠʪʘʥʳ ʢʘʢ 95% 

ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʦ 1000 ʠʩʧʳʪʘʥʠʡ.   
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ʈʠʩʫʥʦʢ 5. ʆʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ (ə) ʢʘʢ ʬʫʥʢʮʠʷ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʪʨʘʥʟʠʮʠʠ (ʟʝʣʝʥʳʡ) ʠʣʠ ʪʨʘʥʩʚʝʨʩʠʠ (ʬʠʦʣʝʪʦʚʳʡ) ʜʣʷ ʤʝʞʛʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʫ Drosophila; ʘʥʘʣʠʟʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʘʣʠʟʘʤ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 3  ̀ ʧʦʟʠʮʠʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʥʫʢʣʝʦʪʠʜʦʚ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 5  ̀ ʧʦʟʠʮʠʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʥʫʢʣʝʦʪʠʜʦʚ. ʉʝʨʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠ̫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʛʝʥʦʤʥʦʤʫ ʟʥʘʯʝʥʠʶ ə. 

ɿʥʘʯʝʥʠʷ ə ʜʘʥʳ ʧʦ 5 ʥʫʢʣʝʦʪʠʜʥʳʤ ʦʢʥʘʤ. ʆʰʠʙʢʠ ʧʦʩʯʠʪʘʥʳ ʢʘʢ 95% 

ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʦ 1000 ʠʩʧʳʪʘʥʠʡ. 

ʉʠʣʴʥʫʶ ʩʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʴ ʪʨʘʥʩʚʝʨʩʠʡ ʚʜʦʣʴ ʛʝʥʦʤʘ ʤʦʞʥʦ ʦʙʲʷʩʥʷʪʴ ʥʝ 

ʪʦʣʴʢʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʫʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʥʦ ʠ ʚʣʠʷʥʠʝʤ ʦʪʙʦʨʘ. ʊʘʢ, ʝʩʣʠ 

ʪʨʘʩʚʝʨʩʠʠ ʙʦʣʝʝ ʚʨʝʜʥʳ, ʯʝʤ ʪʨʘʥʟʠʮʠʠ, ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʚʜʦʣʴ ʛʝʥʦʤʘ 

ʙʫʜʝʪ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʝʪʴ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ. ʄ  rʧʦʩʪʨʦʠʣʠ ʩʧʝʢʪʨ 

ʘʣʣʝʣʴʥʳʭ ʯʘʩʪʦʪ ʜʣʷ ʪʨʘʥʩʚʝʨʩʠʡ ʠ ʪʨʘʥʟʠʮʠʡ ʚ ʯʝʣʦʚʝʢʝ ʠ D. melanogaster ʠ 
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ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʩʧʝʢʪʨʳ ʯʘʩʪʦʪ ʩʭʦʜʥʳ ʜʣʷ ʪʨʘʥʟʠʮʠʡ ʠ ʪʨʘʥʩʚʝʨʩʠʡ ʚ ʯʝʣʦʚʝʢʝ (ʈʠʩʫʥʦʢ 

6). ʆʜʠʥʘʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ ʜʣʷ ʪʨʘʥʟʠʮʠʡ ʠ ʪʨʘʩʚʝʨʩʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʭʦʜʥʦʤ ʜʘʚʣʝʥʠʠ ʦʪʙʦʨʘ ʥʘ ʵʪʠ ʪʠʧʳ ʤʫʪʘʮʠʡ. ʅʘʧʨʦʪʠʚ, ʚ D. melanogaster ʩʧʝʢʪʨ 

ʘʣʣʝʣʴʥʳʭ ʯʘʩʪʦʪ ʜʣʷ ʪʨʘʥʩʚʝʨʩʠʡ ʩʤʝʱʸʥ ʚ ʩʪʦʨʦʥʫ ʨʝʜʢʠʭ ʚʘʨʠʘʥʪʦʚ (ʈʠʩʫʥʦʢ 7), ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʩʠʣʴʥʦʤ ʦʪʙʦʨʝ ʧʨʦʪʠʚ ʪʨʘʥʩʚʝʨʩʠʡ, ʠ, ʚʝʨʦʷʪʥʦ, ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʷʝʪ 

ʙʦʣʝʝ ʪʝʩʥʫʶ ʘʩʩʦʮʠʘʮʠʶ ʪʨʘʥʩʚʝʨʩʠʡ ʧʦ ʛʝʥʦʤʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʘʤʦʝ ʩʠʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ə ʚ ʩʘʡʪʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʪʨʘʥʩʚʝʨʩʠʶ, ʤ  r ʥʘʙʣʶʜʘʣʠ ʠʤʝʥʥʦ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʤʫʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠʛʨʘʶʪ ʛʣʘʚʝʥʩʪʚʫʶʱʫ  ʁ ʨʦʣɹ ʚ 

ʧʦʚʳʰʝʥʠʠ ʜʦʣʠ ʪʨʘʥʩʚʝʨʩʠʡ ʚ ʛʦʨʷʯʠʭ ʪʦʯʢʘʭ ʤʫʪʘʛʝʥʝʟʘ. 

 

ʈʠʩʫʥʦʢ 6. ʉʧʝʢʪʨ ʯʘʩʪʦʪ ʤʠʥʦʨʥʦʛʦ ʘʣʣʝʣʷ ʜʣʷ ʧʦʣʠʤʦʨʬʥʳʭ ʪʨʘʥʩʚʝʨʩʠʡ 

(ʯʝʨʥʳʡ) ʠ ʪʨʘʥʟʠʮʠʡ (ʩʝʨʡr) ʫ ʯʝʣʦʚʝʢʘ ʚ ʠʥʪʨʦʥʘʭ (ɸ) ʠ ʤʝʞʛʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ 

(ɺ). ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʛʝʥʦʪʠʧʦʚ (ʠʟ 16), ʥʝʩʫʱʠʭ 

ʤʠʥʦʨʥʳʡ ʘʣʣʝʣʴ.  

 

ʈʠʩʫʥʦʢ 7. ʉʧʝʢʪʨ ʯʘʩʪʦʪ ʤʠʥʦʨʥʦʛʦ ʘʣʣʝʣʷ ʜʣʷ ʧʦʣʠʤʦʨʬʥʳʭ ʪʨʘʥʩʚʝʨʩʠʡ 

(ʯʝʨʥʳʡ) ʠ ʪʨʘʥʟʠʮʠʡ (ʩʝʨʡr) ʫ D. melanogaster ʚ ʠʥʪʨʦʥʘʭ (ɸ) ʠ ʤʝʞʛʝʥʥʳʭ 
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ʠʥʪʝʨʚʘʣʘʭ (ɺ). ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʛʝʥʦʪʠʧʦʚ (ʠʟ 30), 

ʥʝʩʫʱʠʭ ʤʠʥʦʨʥʳʡ ʘʣʣʝʣʴ.  

 

3) ʄʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʝ ʟʘʤʝʥʳ ʚ ʵʚʦʣʶʮʠʠ ʧʨʠʤʘʪʦʚ ʠ  Drosophila. 

ɿʘʤʝʥʳ ʤʦʛʫʪ ʢʣʘʩʪʝʨʠʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ 

ʦʪʣʠʯʘʝʪʩʷ ʚʜʦʣʴ ʛʝʥʦʤʘ, ʥʦ ʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʤʥʦʛʠʝ ʤʫʪʘʮʠʡ ʧʨʦʠʩʭʦʜʷʪ, ʢʘʢ ʩʦʙʳʪʠʷ, 

ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʥʫʢʣʝʦʪʠʜʦʚ. Ŭd(k) ï ʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪʳ ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ 

ʤʫʪʘʮʠʡ (ɼʅʄ), ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʜʚʘ ʥʫʢʣʝʦʪʠʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ k ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʢ ʯʠʩʣʫ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ. ʈʘʩʩʯʠʪʘʪʴ Ŭd(k) ʤʦʞʥʦ ʢʘʢ ʨʘʟʥʦʩʪʴ ʯʘʩʪʦʪʳ ʧʘʨ ʤʫʪʘʮʠʡ, 

ʩʣʫʯʠʚʰʠʭʩʷ ʚ ʨʘʟʥʳʭ ʚʠʜʘʭ (dd(k)), ʠ ʯʘʩʪʦʪʳ ʧʘʨ ʤʫʪʘʮʠʡ, ʩʣʫʯʠʚʰʠʭʩʷ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ 

ʚʠʜʝ (sd(k)), ʥʦʨʤʠʨʦʚʘʥʥʫ  ʁʥʘ ʯʘʩʪʦʪʫ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ. ʕʪʦ ʧʦʜʭʦʜ ʨʘʙʦʪʘʝʪ 

ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʧʘʨʳ ʤʫʪʘʮʠʡ, ʩʣʫʯʠʚʰʠʝʩʷ ʥʘ ʦʜʥʦʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ, ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ɼʅʄ, ʠʣʠ ʢʘʢ ʧʘʨʘ ʦʜʠʥʦʯʥʳʭ ʤʫʪʘʮʠʡ, ʘ ʧʘʨʘ ʤʫʪʘʮʠʡ ʥʘ ʨʘʟʥʳʭ 

ʚʝʪʚʷʭ ʩʣʫʯʘʝʪʩʷ ʚʩʝʛʜʘ ʢʘʢ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʷ. 
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ɺ ʯʝʣʦʚʝʢʝ ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ Ŭd(k) ʜʣʷ 1ÒkÒ10 ʩʦʩʪʘʚʣʷʝʪ 0.023 ʠ ʥʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ Ŭd(k) ʜʦʩʪʠʛʘʝʪ ʧʨʠ k=1 (ʈʠʩʫʥʦʢ 8). ʄ  rʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ Ŭd(1) ʦʯʝʥʴ 

ʩʭʦʜʥʘ ʜʣʷ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʪʨʦʝʢ ʚʠʜʦʚ ʠʟ ʩʝʤʝʡʩʪʚʘ Hominidae, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʜʣʠʥʥʘ ʚʝʪʦʢ ʦʪʣʠʯʘʝʪʩʷ ʜʦ 3.8 ʨʘʟ, ʠ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ɼʅʄ ʢ ʯʠʩʣʫ ʚʩʝʭ ʧʘʨ ʤʫʪʘʮʠʡ 

ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʦʜʥʦʡ ʚʝʪʢʝ ʧʘʜʘʝʪ ʩ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʩʩʪʦʷʥʠʝʤ (ʈʠʩʫʥʦʢ 9).   
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ʈʠʩʫʥʦʢ 8. ʏʘʩʪʦʪʘ ɼʅʄ ʚ ʧʨʠʤʘʪʘʭ ʜʣʷ ʩʘʡʪʦʚ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. 

dd(k)(ʢʨʘʩʥʳʡ), sd(k) (ʩʠʥʠʡ)  ʠ Ŭd(k) (ʟʝʣʝʥʳʡ) ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʘʡʪʘʤʠ 

1ÒkÒ100 (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ). ʃʝʚʘʷ ʢʦʣʦʥʢʘ (A-D), ʠʥʪʨʦʥʳ; ʧʨʘʚʘʷ ʢʦʣʦʥʢʘ (E-

H), ʤʝʞʛʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ. Homo sapiens ʠ Pan troglodytes (Gorilla gorilla ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ), (B,F) H. sapiens ʠ G. gorilla (Pongo pygmaeus ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ 

ʚʠʜʘ), (C,G) H. sapiens ʠ P. pygmaeus (Macaca mulatta ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ), and 

(D,H) H. sapiens ʠ M. mulatta (Callithrix  jacchus ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ). 

ʀʩʢʣʶʯʝʥʠʝ ʉpG ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʠʤʤʝʪʨʠʯʥʦʡ ʥʝʜʦʦʮʝʥʢʝ dd(1) ʠ  sd(1). 

 

ʈʠʩʫʥʦʢ 9. ɿʘʚʠʩʠʤʦʩʪʴ ʚʢʣʘʜʘ ɼʅʄ ʦʪ ʜʣʠʥʳ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʚ 

ʠʥʪʨʦʥʘʭ. (ɸ) Ŭd(1)  ʢʘʢ ʬʫʥʢʮʠʷ  dd(k) ʠ (B) Ŭd(1)/sd(k) ʢʘʢ ʬʫʥʢʮʠʷ dd(k). ʅʘ ʦʙʦʠʭ 

ʛʨʘʬʠʢʘʭ ʯʝʪʳʨʝ ʪʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʤʝʥʘʤ, ʩʣʫʯʠʚʰʠʤʩʷ ʥʘ ʣʠʥʠʠ H. sapiens 

ʧʦʩʣʝ ʦʪʭʦʞʜʝʥʠʷ ʦʪ ʦʙʱʝʛʦ ʧʨʝʜʢʘ ʩ P. troglodytes, G. gorilla, P. pygmaeus ʠ M. mulatta 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.     

 

ɺ D. melanogaster ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ Ŭd(k) ʜʣʷ 1ÒkÒ10 ʩʦʩʪʘʚʣʷʝʪ 0.056 ʠ ʥʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ Ŭd(k) ʜʦʩʪʠʛʘʝʪ ʧʨʠ k=1 (ʈʠʩʫʥʦʢ 10). ʇʦʜʳʪʦʞʠʚʘʷ, ʤr  ʧʦʢʘʟʘʣʠ, ʯʪʦ ɼʅʄ, 

ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʧʘʨʳ ʩʘʡʪʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 10 ʥʫʢʣʝʦʪʠʜʦʚ, ʩʦʩʪʘʚʣʷʶʪ 2.3%  ʠ 5.6% ʦʪ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʚ Hominidae ʠ  Drosophila ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʦʮʝʥʢʠ 

ʫʯʠʪʳʚʘʶʪ ʣʦʢʘʣʴʥʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ, ʝʩʣʠ ʵʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʩʦʭʨʘʥʷʝʪʩʷ ʤʝʞʜʫ ʙʣʠʟʢʠʤʠ ʚʠʜʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʚ ʘʥʘʣʠʟʘʭ. 
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ʈʠʩʫʥʦʢ 10. ʏʘʩʪʦʪʘ ɼʅʄ ʫ Drosophila ʜʣʷ ʩʘʡʪʦʚ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. 

dd(k)(ʢʨʘʩʥʳʤ), sd(k) (ʩʠʥʠʤ)  ʠ Ŭd(k) (ʟʝʣʝʥʳʤ) ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʘʡʪʘʤʠ 

1ÒkÒ100 (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ). (A) ʠʥʪʨʦʥʳ; (ɺ) ʤʝʞʛʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ.  

 

4) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʫʢʣʝʦʪʠʜʥʦʡ ʤʫʪʘʮʠʦʥʥʦʡ ʧʦʜʧʠʩʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘʟʳ ʟʝʪʘ. 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʜʨʦʞʞʘʭ ʠ ʥʘ ʤʳʰʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʪʦʯʥʘʷ ʧʦʣ ɕ, 

ʚʳʟʳʚʘʝʪ GCŸAA/TT ɼʅʄ. ʀʩʧʦʣʴʟʫʷ ʤʝʞʚʠʜʦʚʳʝ ʩʨʘʚʥʝʥʠʷ, ʤ  rʠʩʩʣʝʜʦʚʘʣʠ ʯʘʩʪʦʪʳ 

ʨʘʟʣʠʯʥʳʭ ɼʅʄ ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ GCŸAA/TT ɼʅʄ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʪʠʧʦʤ ɼʅʄ (ʈʠʩʫʥʦʢ 11), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʘʞʥʦʡ ʨʦʣʠ ʧʦʣ ɕ ʚ 

ʤʫʪʘʛʝʥʝʟʝ ʯʝʣʦʚʝʢʘ. 
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ʈʠʩʫʥʦʢ 11. 30 ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʭ ɼʅʄ. ʄ  r ʦʙʲʝʜʠʥʷʣʠ ʧʘʨʳ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʤʫʪʘʮʠʡ. ʏʘʩʪʦʪʘ ɼʅʄ (ʯʝʨʥʳʤ) ʠ ʪʘʥʜʝʤʥʳʭ ʤʫʪʘʮʠʡ, 

ʧʨʦʠʟʦʰʝʜʰʠʭ ʢʘʢ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʷ (ʩʝʨʳʤ). GCŸAA/TT  ɼʅʄ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʩʨʝʜʠ ʚʩʝʭ ʢʣʘʩʩʦʚ ɼʅʄ. 

ʀʩʧʦʣʴʟʫʷ GCŸAA/TT ɼʅʄ ʚ ʢʘʯʝʩʪʚʝ ʤʫʪʘʮʠʦʥʥʦʡ ʧʦʜʧʠʩʠ ʧʦʣ ɕ, ʤ  rʨʝʰʠʣʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʥʝʪʦʯʥʳʝ ʧʦʣʠʤʝʨʘʟʳ ʦʩʦʙʝʥʥʦ ʘʢʪʠʚʥʦ ʧʨʠʥʠʤʘʶʪ 

ʫʯʘʩʪʠʝ ʚ ʫʜʚʦʝʥʠʠ ɼʅʂ ʩ ʧʦʟʜʥʠʤ ʚʨʝʤʝʥʝʤ ʨʝʧʣʠʢʘʮʠʠ. ʏʘʩʪʦʪʘ GCŸAA/TT ɼʅʄ 

ʨʘʩʪʸʪ ʦʪ ʨʘʥʦ ʨʝʧʣʠʮʠʨʫʶʱʠʭʩʷ ʨʝʛʠʦʥʦʚ ɼʅʂ ʢ ʧʦʟʜʥʦ ʨʝʧʣʠʮʠʨʫʶʱʠʤʩʷ. ʄ  r

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʨʝʧʣʠʢʘʮʠʠ ʠ ʯʘʩʪʦʪʦʡ GCŸAA/TT ɼʅʄ, 

ʩʠʣʴʥʝʝ ʯʝʤ ʜʣʷ ɼʅʄ ʚ ʮʝʣʦʤ, ʠ ʜʦʣʷ  GCŸAA/TT ɼʅʄ ʩʨʝʜʠ ʚʩʝʭ ɼʅʄ ʨʘʩʪʸʪ ʚ 

ʧʦʟʜʥʦ ʨʝʧʣʠʮʠʨʫʶʱʠʭʩʷ ʨʝʛʠʦʥʘʭ (ʈʠʩʫʥʦʢ 12). 


