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ˏ̃̆̅̆̎̉̆ 

ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʫʪʘʛʝʥʝʟʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢ, ʧʨʝʜʧʦʣʦʞʝʥʠ ̫ʦ ʪʦʤ, ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʫʪʘʮʠʠ ʚʜʦʣʴ ʛʝʥʦʤʘ, ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʧʦʠʩʢʘ ʛʝʥʦʚ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ; ʥʝʚʝʨʥʘʷ ʦʮʝʥʢʘ ʣʦʢʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʛʝʥʘʤʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʩʯʠʪʘʶʪ ʛʝʥʳ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʤʫʪʠʨʦʚʘʥʠʷ [1]. ɼʘʥʥʝr ʧʦ 

ʧʦʣʥʳʤ ʛʝʥʦʤʘʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʜʣʷ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ 

ʠ ʜʣʷ ʪʨʦʝʢ çʧʘʨʘ ʨʦʜʠʪʝʣʝʡ-ʧʦʪʦʤʦʢè ʜʘʁʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʘʪʴ ʤʫʪʘʮʠʦʥʥʳʡ 

ʧʨʦʮʝʩʩ ʜʣʷ ʟʘʤʝʥ, ʧʝʨʝʜʘʶʱʠʭʩʷ ʧʦ ʥʘʩʣʝʜʩʪʚʫ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘʠʙʦʣʝʝ ʧʨʷʤʳʝ 

ʜʘʥʥʳʝ ʧʦ de-novo ʤʫʪʘʮʠʷʤ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʩʨʘʚʥʝʥʠʷ ʛʝʥʦʤʦʚ ʨʦʜʠʪʝʣʝʡ ʩ 

ʨʝʙʸʥʢʦʤ, ʧʦʢʘ ʙʝʜʥʳ: ʜʣʷ ʯʝʣʦʚʝʢʘ ʦʧʠʩʘʥʦ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ 

ʪʘʢʠʭ ʤʫʪʘʮʠʡ [2ï5], ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʤʫʪʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʧʦ ʪʘʢʠʤ ʜʘʥʥʳʤ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʫʪʘʛʝʥʝʟʘ ʚ 

ʨʘʟʥʳʭ ʪʠʧʘʭ ʨʘʢʘ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʤʥʦʞʝʩʪʚʦ ʧʘʨ ʦʙʨʘʟʮʦʚ 

ʟʜʦʨʦʚʦʡ ʠ ʨʘʢʦʚʦʡ ʪʢʘʥʠ. ʊʘʢʠʝ ʜʘʥʥʳʝ ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ ʚ ʦʙʠʣʠʠ; ʪʘʢ, 

ʢʨʫʧʥʝʡʰʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʨʘʢʦʚʳʤ ʩʠʢʚʝʥʩʘʤ TCGA ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʢʣʶʯʘʝʪ  10247 ʧʦʣʥʳʭ ʵʢʟʦʤʦʚ [1,6].  

ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʚʜʦʣʴ ʛʝʥʦʤʘ ʜʘʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʞʚʠʜʦʚʳʭ ʩʨʘʚʥʝʥʠʡ [7,8]. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʤʦʜʝʣʷʭ ʥʘʠʙʦʣʴʰʝʛʦ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʨʘʩʩʯʠʪʳʚʘʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʴ ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʥʘ ʚʝʪʢʘʭ 
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ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ,  ʣʦʢʘʣʴʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ 

ʫʞʝ ʫʯʠʪʳʚʘʝʪʩʷ [9]. ʆʧʠʩʘʥʥʘʷ ʧʦʧʨʘʚʢʘ ʢʨʘʡʥʝ ʚʘʞʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʝʣʝʚʘʥʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʦʪʙʦʨʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʥʝʢʦʜʠʨʫʶʱʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ.  

ʇʨʝʜʤʝʪ ʠʟʫʯʝʥʠʷ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ - ʵʪʦ ʣʦʢʘʣʴʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʢʦʨʦʩʪʝʡ 

ʪʦʯʝʯʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ (ɻʣʘʚʘ 1) ʠ ʝy ʚʣʠʷʥʠʝ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʤʫʪʘʮʠʡ (ɻʣʘʚʘ 2), ʘ ʪʘʢʞʝ ʩʣʦʞʥʳʝ ʤʫʪʘʮʠʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʝʥʷʶʱʠʝ ʥʝʩʢʦʣʴʢʦ 

ʙʣʠʟʣʝʞʘʱʠʭ ʥʫʢʣʝʦʪʠʜʦʚ (ɻʣʘʚʳ 3 ʠ 4). ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ï Drosophila melanogaster ʠ Homo 

sapiens ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʦʤʦʚ ʙʣʠʞʘʡʰʠʭ ʢ ʥʠʤ ʚʠʜʦʚ. ʄ  rʨʘʟʨʘʙʦʪʘʣʠ 

ʧʨʦʩʪʦʡ ʧʦʜʭʦʜ ʜʣʷ ʧʦʠʩʢʘ ʩʣʦʞʥʳʭ ʤʫʪʘʮʠʡ ʧʦ ʜʘʥʥʳʤ ʦ ʤʝʞʚʠʜʦʚʦʡ 

ʜʠʚʝʨʛʝʥʮʠʠ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʠʩʩʣʝʜʦʚʘʪʴ, ʢʘʢʠʝ ʛʝʥʦʤʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʚʦʡʥʳʭ ʤʫʪʘʮʠʡ GCŸTT/AA, ʷʚʣʷʶʱʠʭʩʷ 

ʤʫʪʘʮʠʦʥʥʦʡ ʧʦʜʧʠʩʴʶ ʧʦʣʠʤʝʨʘʟʳ ɕ [10ï12]. ʏʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʨʘʙʦʪʘ ʵʪʦʡ ʧʦʣʠʤʝʨʘʟʳ ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʷʝʪ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʤʫʪʠʨʦʚʘʥʠʷ ʚʜʦʣʴ ʧʦ ʛʝʥʦʤʫ.  

1. ː ̝̆̓̆̑̏̄̆̎̎̏̒̓ ̒̋̏̑̏̒̓̉ ̠̍̔̓̉̑̏̃́̎̉ ̝̃̅̏̌ ̐̏ ̄̆̎̏̍̔ 

ʆʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʛʝʥʝʪʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʠ  ʩʣʫʞʘʪ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʵʚʦʣʶʮʠʠ. ʆʥʠ ï ʩʘʤʳʡ ʯʘʩʪʳʡ ʪʠʧ ʤʫʪʘʮʠʦʥʥʳʭ 

ʩʦʙʳʪʠʡ. ʉʢʦʨʦʩʪʴ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ 

ʧʨʝʚʦʩʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʜʨʫʛʠʭ ʤʫʪʘʮʠʡ ï ʩʣʦʞʥʳʭ ʤʫʪʘʮʠʡ, ʠʥʩʝʨʮʠʡ, ʜʝʣʝʮʠʡ, 
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ʠʥʚʝʨʩʠʡ ʠ ʜʨ. [13,14]. ʇʨʠ ʠʟʫʯʝʥʠʠ ʙʝʣʢʦʚʦʡ ʵʚʦʣʶʮʠʠ ʥʘʙʣʶʜʘʶʪ ʨʘʜʠʢʘʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʵʚʦʣʶʮʠʠ [15,16]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʘʡʥʝ ʚʘʞʥʦ 

ʧʦʥʠʤʘʪʴ ʣʦʢʘʣʴʥʫʶ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ, ʯʪʦʙʳ ʨʘʟʜʝʣʷʪʴ 

ʚʢʣʘʜ ʦʪʙʦʨʥʦʡ ʠ ʤʫʪʘʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʥʝʸ.  

ʇʦʣʥʳʝ ʛʝʥʦʤʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʚʥʫʪʨʠʚʠʜʦʚʦʤʫ  ʧʦʣʠʤʦʨʬʠʟʤʫ, ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʤʫʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʫʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ 

ʚʣʠʷʥʠʝ ʦʪʙʦʨʘ, ʠ ʠʟʫʯʝʥʠʝ ʣʠʰʴ ʥʝʡʪʨʘʣʴʥʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʭ ʫʯʘʩʪʢʦʚ 

ʛʝʥʦʤʘ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ ʨʝʰʝʥʠʝʤ. ʇʦʟʠʮʠʠ ʚ ʛʝʥʦʤʝ, ʦʩʦʙʝʥʥʦ 

ʧʦʜʚʝʨʞʝʥʥʳʝ ʤʫʪʘʮʠʷʤ, ʥʘʟʳʚʘʶʪʩʷ ʛʦʨʷʯʠʤʠ ʪʦʯʢʘʤʠ ʤʫʪʘʛʝʥʝʟʘ. ʆʜʥʦ ʠʟ 

ʦʙʲʷʩʥʝʥʠʡ ʜʣʷ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ ï ʥʝʢʘʥʦʥʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʫʜʚʦʝʥʠʷ ʠʣʠ 

ʧʦʯʠʥʢʠ ɼʅʂ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʫʪʘʮʠʡ ʚ ʥʠʭ 

ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.    

1.1. ʇʦʜʭʦʜʳ ʢ ʠʟʫʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʠ ʝy ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ 

ɼʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦʙ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʷʭ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ: 

ʛʝʥʦʤʳ ʨʘʟʥʳʭ ʪʢʘʥʝʡ, ʯʪʦ ʨʘʩʩʢʘʟʳʚʘʝʪ ʦ ʩʦʤʘʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʷʭ - ʤʫʪʘʮʠʷʭ, 

ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ ʚʨʝʤʷ ʞʠʟʥʠ ʦʩʦʙʠ [17,18]; ʧʦʣʥʳʝ ʛʝʥʦʤʳ ʨʦʜʠʪʝʣʝʡ ʠ ʠʭ 

ʧʦʪʦʤʢʦʚ [2ï4]; ʛʝʥʦʤʳ ʨʦʜʠʪʝʣʝʡ ʠ ʠʭ ʧʦʪʦʤʢʦʚ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʧʦʢʦʣʝʥʠʡ ʚ 

ʩʠʩʪʝʤʘʭ, ʛʜʝ ʦʪʙʦʨ ʥʝ ʵʬʬʝʢʪʠʚʝʥ (çʣʠʥʠʠ ʥʘʢʦʧʣʝʥʠʷ ʤʫʪʘʮʠʡè) [19,20]; 

ʜʨʝʚʥʠʝ ʜʘʪʠʨʦʚʘʥʥʳʝ ʛʝʥʦʤʳ ʠ ʛʝʥʦʤr ʥʳʥʝ ʞʠʚʫʱʠʭ ʦʩʦʙʝʡ [21]; ʠʣʠ ʞʝ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʦʚ ʨʘʟʥʳʭ ʚʠʜʦʚ [22]. ʊʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʳ 

ʜʘʥʥʳʭ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʩʦʜʝʨʞʘʱʠʝ ʦʯʝʥʴ ʤʥʦʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʣʦʢʫʩʦʚ [13]. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ ʧʦ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʤ 

ʤʫʪʘʮʠʷʤ ʠʤʝʶʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ʂʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ de-novo ʤʫʪʘʮʠʡ ʤʝʞʜʫ 

ʨʦʜʠʪʝʣʷʤʠ ʠ ʧʦʪʦʤʢʘʤʠ ʠʣʠ ʚ ʣʠʥʠʷʭ ʥʘʢʦʧʣʝʥʠʷ ʤʫʪʘʮʠʡ ʤʘʣʦ, ʘ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʣʦʢʘʣʴʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʤʫʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʝʨʠʨʦʚʘʪʴ ʩʨʘʟʫ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ. ɹʘʟʳ ʜʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʦʯʝʥʴ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʣʦʢʫʩʳ, ʯʪʦ ʪʘʢʞʝ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʩʤʝʱʝʥʠʶ ʚ ʦʮʝʥʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ. ʉʦʤʘʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ 

ʯʘʩʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʠ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʣʦʢʘʣʴʥʦʡ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʥʘ ʫʨʦʚʥʝ ʩʦʤʘʪʠʯʝʩʢʠʭ 

ʢʣʝʪʦʢ ʯʘʩʪʦ ʨʘʙʦʪʘʶʪ ʤʫʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʝ ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ 

ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʥʠʷʭ [1,6,18,23]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʚʥʫʪʨʠʚʠʜʦʚʦʡ 

ʧʦʣʠʤʦʨʬʠʟʤ ʠ ʤʝʞʚʠʜʦʚʘʷ ʜʠʚʝʨʛʝʥʮʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʝʤʣʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʜʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʪʣʠʯʠʡ ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ ʤʥʦʛʦ 

ʧʦʢʦʣʝʥʠʡ ʚʣʠʷʝʪ ʦʪʙʦʨ ʠ, ʨʘʙʦʪʘʷ ʩ ʧʦʣʠʤʦʨʬʠʟʤʦʤ ʠʣʠ ʤʝʞʚʠʜʦʚʦʡ 

ʜʠʚʝʨʛʝʥʮʠʝʡ, ʥʘʜʦ ʠʩʢʣʶʯʘʪʴ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʦʪʙʦʨʘ.   



8 

 

1.2. ʄʫʪʘʮʠʦʥʥʳʝ ʢʦʥʪʝʢʩʪʳ ʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʤʫʪʠʨʦʚʘʥʠʷ 

ʂʘʞʜʳʡ ʠʟ 4 ʥʫʢʣʝʦʪʠʜʦʚ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴʩʷ ʥʘ ʣʶʙʦʡ ʠʟ 3 ʦʩʪʘʚʰʠʭʩʷ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ 12 ʪʠʧʦʚ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ (6 ʝʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʤʫʪʘʮʠʠ ʚʤʝʩʪʝ). ʏʘʩʪʦʪʳ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʤʫʪʘʮʠʡ ʤʦʛʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʙʣʠʞʘʡʰʝʛʦ ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʯʪʦ ʙʳʣʦ 

ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʥʝʝ [6,24]. ʅʘʠʙʦʣʝʝ ʤʫʪʘʙʠʣʴʥʳʡ ʢʦʥʪʝʢʩʪ ʜʣʷ ʟʘʤʝʥ ʚ 

ʟʘʨʦʜʳʰʝʚʦʡ ʣʠʥʠʠ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ï ʵʪʦ ʜʠʥʫʢʣʝʦʪʠʜ CpG. ʎʠʪʦʟʠʥ ʚ 

ʜʠʥʫʢʣʝʦʪʠʜʝ CpG ʯʘʩʪʦ ʤʝʪʠʣʠʨʦʚʘʥ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ 

ʜʝʘʤʠʥʠʨʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʠʤʠʥʘ [25]. ʉʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ CpG Ÿ TpG 

ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʶʶ ʧʦ ʛʝʥʦʤʫ [24]. ɼʨʫʛʘʷ ʢʦʥʪʝʢʩʪʥʦ-

ʟʘʚʠʩʠʤʘʷ ʤʫʪʘʮʠʷ, ʠʤʝʶʱʘʷ ʧʦʚʳʰʝʥʥʫʶ ʯʘʩʪʦʪʫ ʚ ʧʨʠʤʘʪʘʭ ï ɸʊNŸACN, 

ʦʜʥʘʢʦ ʤʝʭʘʥʠʟʤ, ʚʳʟʳʚʘʶʱʠʡ ʤʫʪʘʙʠʣʴʥʦʩʪʴ ʵʪʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʥʝ ʠʟʚʝʩʪʝʥ [24]. 

ʆʩʪʘʣʴʥʳʝ ʢʦʥʪʝʢʩʪʳ ʧʦʚʳʰʘʶʪ ʩʢʦʨʦʩʪʴ ʟʘʤʝʥ ʛʦʨʘʟʜʦ ʩʣʘʙʝʝ [24]. 

ʄʫʪʘʙʠʣʴʥʦʩʪʴ ʢʦʥʪʝʢʩʪʦʚ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ; ʪʘʢ, ʯʘʩʪʦʪʘ 

ʤʫʪʘʮʠʡ ʉŸʊ ʚ ʊʉʉ ʢʦʥʪʝʢʩʪʝ ʚʘʨʴʠʨʫʝʪ ʚ 1.5 ʨʘʟʘ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʯʝʣʦʚʝʢʘ 

[26],  ʵʪʠ ʤʫʪʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʘ [27]. ɼʣʷ 

ʨʘʢʦʚʳʭ ʤʫʪʘʮʠʡ ʠʟʚʝʩʪʝʥ ʢʦʥʪʝʢʩʪ TCAŸ TTA ʠ TCAŸ TGA, ʩʚʷʟʘʥʥʳʡ ʩ 

ʨʘʙʦʪʦʡ ʙʝʣʢʘ APOBEC [6,28ï30].  

ʆʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ ʚ ʛʝʥʦʤʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʠ ʵʪʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ: ʚʝʨʦʷʪʥʦʩʪʴ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʛʦ 

ʧʦʣʠʤʦʨʬʠʟʤʘ (SNP ï single nucleotide polymorphism) ʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ 
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ʚʜʚʦʝ ʚʳʰʝ ʚ ʪʝʭ ʩʘʡʪʘʭ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ SNP ʚ ʰʠʤʧʘʥʟʝ [31]. ʆʜʥʘʢʦ ʥʘ 

ʩʦʩʝʜʥʠʝ ʥʫʢʣʝʦʪʠʜʳ ʵʪʦʪ ʵʬʬʝʢʪ ʧʦʯʪʠ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ: ʩʢʦʨʦʩʪʴ 

ʤʫʪʠʨʦʚʘʥʠʷ ʫ ʯʝʣʦʚʝʢʘ ʧʦʯʪʠ ʥʝ ʫʚʝʣʠʯʝʥʘ ʚ ʩʘʡʪʘʭ, ʩʦʩʝʜʥʠʭ ʩ SNP ʚ ʰʠʤʧʘʥʟʝ 

[31]. ʆʯʝʥʴ ʩʭʦʜʥʳʝ ʧʘʪʪʝʨʥʳ ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʟʘʤʝʥ ʚ ʧʘʨʘʭ ʯʝʣʦʚʝʢ-

ʰʠʤʧʘʥʟʝ ʠ ʦʨʘʥʛʫʪʘʥʛ-ʤʘʢʘʢʘ [32]. ʅʘʣʠʯʠʝ ʦʜʠʥʦʯʥʳʭ ʩʘʡʪʦʚ ʚ ʛʝʥʦʤʝ ʩ ʚʜʚʦʝ 

ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʤʫʪʠʨʦʚʘʥʠʷ ʥʝ ʦʙʲʷʩʥʷʪʩʷ ʤʫʪʘʮʠʦʥʥʳʤʠ ʢʦʥʪʝʢʩʪʘʤʠ 

ʠ ʷʚʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦʤ çʢʨʠʧʪʠʯʝʩʢʦʡè ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʚʜʦʣʴ 

ʛʝʥʦʤʘ. ɼʣʷ ʩʦʤʘʪʠʯʝʩʢʠʭ ʨʘʢʦʚʳʭ ʤʫʪʘʮʠʡ ʠʟʚʝʩʪʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʤʫʪʘʮʠʡ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʪʠʧʘ ʥʘ ʦʜʥʦʡ ʮʝʧʠ ɼʅʂ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʦʥʢʦʛʝʥʝʟʝ 

ʫʯʘʩʪʢʠ ʛʝʥʦʤʘ ʤʦʛʫʪ ʣʦʢʘʣʴʥʦ ʧʦʜʚʝʨʛʘʪʴʩʷ ʚʣʠʷʥʠʶ ʢʦʥʢʨʝʪʥʦʛʦ ʤʫʪʘʛʝʥʘ, ʠ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢʦʛʦ ʠʤʝʥʥʦ [33].  

1.3. ʇʨʘʢʪʠʯʝʩʢʘʷ ʚʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʤʫʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ɼʝʪʘʣʴʥʦʝ ʟʥʘʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʫʪʘʛʝʥʝʟʘ ʠʤʝʝʪ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʣʘʩʪʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʳ. ʄʦʜʝʣʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ 

ʨʘʚʥʦʤʝʨʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʧʦ ʛʝʥʦʤʫ, ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʠʩʢʫ 

ʜʨʘʡʚʝʨʦʚ ʨʘʢʘ ʚʳʜʘʚʘʣʠ ʥʝʚʝʨʥʳʝ ʛʝʥr-ʢʘʥʜʠʜʘʪ r [1]. ʊʘʢ, ʚ [34] ʢʘʢ ʦʥʢʦʛʝʥ 

ʙʳʣ ʚʳʷʚʣʝʥ ʦʯʝʥʴ ʜʣʠʥʥʳʡ ʛʝʥ ʪʠʪʠʥ, ʧʦʩʢʦʣʴʢʫ ʤʫʪʘʮʠʠ ʩʣʫʯʘʣʠʩʴ ʚ ʥʝʤ 

ʤʥʦʛʦʢʨʘʪʥʦ ʠʟ-ʟʘ ʝʛʦ ʙʦʣʴʰʦʡ ʜʣʠʥʳ; ʘ ʪʘʢʞʝ ʟʘʧʘʭʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, ʠʤʝʶʱʠʝ 

ʧʦʚʳʰʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʤʫʪʘʛʝʥʝʟʘ. ɺʝʨʥʘʷ ʤʦʜʝʣʴ ʤʫʪʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʲʷʩʥʠʣʘ ʙʦʣʴʰʫʶ ʜʦʣʶ ʨʝʢʫʨʨʝʥʪʥʳʭ ʤʫʪʘʮʠʡ 

ʧʨʦʩʪʦ ʩʚʦʡʩʪʚʘʤʠ ʤʫʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ [1]. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʦʪʙʦʨ ʥʘ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʯʘʩʪʦʪʳ ʟʘʤʝʥ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʘʞʥʦʛʦ ʫʯʘʩʪʢʘ ʛʝʥʦʤʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʝʛʦ ʵʚʦʣʶʮʠʦʥʥʦʡ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ. ɻʝʥʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ, ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ CpG ʜʠʥʫʢʣʝʦʪʠʜʦʚ, ʯʝʤ ʥʝʡʪʨʘʣʴʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠ ʧʦʵʪʦʤʫ ʚ ʥʠʭ ʯʘʱʝ ʧʦʧʘʜʘʶʪ de-novo ʤʫʪʘʮʠʠ [13,35]. 

ʂʨʦʤʝ ʪʦʛʦ, ʣʦʢʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʠʧʦʚ ʤʫʪʘʮʠʡ (ʩʧʝʢʪʨ ʤʫʪʠʨʦʚʘʥʠʷ) 

ʤʦʞʝʪ ʙʳʪʴ ʢʦʩʚʝʥʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʨʘʟʣʠʯʠʡ ʚ ʤʫʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ 

ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʛʝʥʦʤʘ. ʅʘʧʨʠʤʝʨ, ʤʫʪʘʮʠʠ WŸS (ʛʜʝ W 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʢʣʝʦʪʠʜʫ A ʠʣʠ T, ʘ S ï ʥʫʢʣʝʦʪʠʜʫ C ʠʣʠ G) ʛʦʨʘʟʜʦ ʯʘʱʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʝʛʤʝʥʪʘʭ ʛʝʥʦʤʘ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʩ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʩʦʧʨʷʞʝʥʘ ʩʤʝʱʸʥʥʘʷ ʛʝʥʥʘʷ ʢʦʥʚʝʨʩʠʷ [36,37]. ʉʤʝʱʸʥʥʘʷ 

ʛʝʥʥʘʷ ʢʦʥʚʝʨʩʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʨʝʧʘʨʘʮʠʠ ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʭʦʜʝ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʛʝʪʝʨʦʜʫʧʣʝʢʩʘ (ʫʯʘʩʪʢʘ ʜʚʫʭʮʝʧʦʯʝʯʥʦʡ ɼʅʂ, ʛʜʝ 

ʢʦʤʧʣʠʤʝʥʪʘʨʥʳʝ ʮʝʧʠ ʧʨʠʰʣʠ ʠʟ ʨʘʟʥʳʭ ʛʦʤʦʣʦʛʠʯʥʳʭ ʭʨʦʤʦʩʦʤ, ʠ ʢʦʪʦʨʳʡ 

ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʥʝ ʩʧʘʨʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ) ʚ ʧʦʣʴʟʫ ʚʘʨʠʘʥʪʘ (ʘʣʣʝʣʷ) ʩ 

ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ G ʠʣʠ C ʥʫʢʣʝʦʪʠʜʦʚ. ɽʱ yʦʜʠʥ ʧʨʠʤʝʨ ʩʚʷʟʠ ʩʢʦʨʦʩʪʠ 

ʤʫʪʠʨʦʚʘʥʠʷ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ï ʵʪʦ ʧʦʥʠʞʝʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʤʫʪʠʨʦʚʘʥʠʷ CpG ʦʩʪʨʦʚʦʚ. ʅʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʉpG ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʚ 

ʩʦʩʪʘʚʝ CpG ʦʩʪʨʦʚʦʚ ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʪʘʢʠʭ 

ʮʠʪʦʟʠʥʦʚ, ʯʪʦ ʧʦʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʜʝʘʤʠʥʠʨʦʚʘʥʠʷ. 
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2. ʆʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ ʢʘʢ ʙʘʟʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʫʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʃʦʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʫʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ ʥʘ ʩʘʡʪ, ʥʦ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʪʘʢʠʭ ʤʫʪʘʮʠʡ. ʂʘʞʜʳʡ ʥʫʢʣʝʦʪʠʜ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴʩʷ ʥʘ 3 ʜʨʫʛʠʭ 

ʥʫʢʣʝʦʪʠʜʘ, ʧʨʠʯʸʤ ʚ ʜʚʫʭ ʠʟ ʪʨʸʭ ʩʣʫʯʘʝʚ ʟʘʤʝʥʳ ʙʫʜʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʪʨʘʥʩʚʝʨʩʠʠ ï ʩʤʝʥʝ ʪʠʧʘ ʥʫʢʣʝʠʥʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ (ʟʘʤʝʥʘ ʧʫʨʠʥʘ ʥʘ ʧʠʨʠʤʠʜʠʥ 

ʠ ʥʘʦʙʦʨʦʪ); ʚ ʪʨʝʪʴʝʤ ʩʣʫʯʘʝ ʟʘʤʝʥʘ ʥʝ ʧʨʠʚʝʜʸʪ ʢ ʩʤʝʥʝ ʪʠʧʘ ʘʟʦʪʠʩʪʦʛʦ 

ʦʩʥʦʚʘʥʠʷ, ʪʘʢʘʷ ʟʘʤʝʥʘ ʥʘʟʳʚʘʝʪʩʷ ʪʨʘʥʟʠʮʠʝʡ.     

 

 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʘʥʟʠʟʠʮʠʡ ʠ ʪʨʘʥʩʚʝʨʩʠʡ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʩʦʚ ʪʨʘʥʩʚʝʨʩʠʡ ʚʜʚʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʢʣʘʩʩʦʚ ʪʨʘʥʟʠʮʠʡ 

(4 ʧʨʦʪʠʚ 8).  ʆʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʪʨʘʥʟʠʮʠʡ ʢ ʯʠʩʣʫ ʪʨʘʥʩʚʝʨʩʠʡ, ʫʤʥʦʞʝʥʥʦʝ ʥʘ 2 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʦʨʤʠʨʦʚʘʪʴ ʥʘ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʵʪʠʭ ʤʫʪʘʮʠʡ, 

ʦʙʦʟʥʘʯʘʝʪʩʷ ə ʠ ʷʚʣʷʝʪʩ ̫ ʰʠʨʦʢʦ ʫʧʦʪʨʝʙʣʷʝʤʦʡ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. ʆʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ ï 

ʵʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ 

ʘʥʘʣʠʟʝ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʫʪʘʮʠʡ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʚ [38,39]. ɼʣʷ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ 

ʵʫʢʘʨʠʦʪ, ʩ ʠʟʤʝʨʝʥʥʦʡ ə, ə > 1, ʢʨʦʤʝ Podisma pedestris, ʜʣʷ ʢʦʪʦʨʦʛʦ ə=1.13 ʠ 

ʥʝʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 1. ə > 1 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʨʝʞʜʝʥʠʷ 

ɼʅʂ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʪʨʘʥʟʠʮʠʷʤ, ʩʣʫʯʘʶʪʩʷ ʯʘʱʝ, ʠʣʠ ʞʝ, ʯʪʦ ʨʝʧʘʨʘʮʠʷ 

ʪʨʘʥʟʠʮʠʡ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʘ. 
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ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ə ʚ ɻʫʢʘʨʠʦʪʘʭ. ɿʚʟyʜʦʯʢʦʡ ʦʪʤʝʯʝʥʳ ʦʮʝʥʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʂʨʦʤʝ Podisma pedestris, ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ə ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʳʰʘʶʪ 1. 

 

ɿʥʘʯʝʥʠʝ ə ʦʪʣʠʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ, ʥʦ ʠ ʚʜʦʣʴ ʛʝʥʦʤʘ. 

ʆʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʝʪʝʨʤʠʥʘʥʪʦʚ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ï ʚʨʝʤʷ ʨʝʧʣʠʢʘʮʠʠ  

ʚʣʠʷʝʪ ʠ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʪʨʘʥʟʠʮʠʡ ʠ ʪʨʘʥʩʚʝʨʩʠʡ: ʚ ʫʯʘʩʪʢʘʭ ʧʦʟʜʥʝʡ 

ʨʝʧʣʠʢʘʮʠʠ ʜʦʣʷ ʪʨʘʥʩʚʝʨʩʠʡ ʚʳʰʝ [42,43]. ʉʨʝʜʠ ʤʫʪʘʮʠʡ, ʚʳʟʳʚʘʝʤʳʭ 

ʩʢʣʦʥʥʳʤʠ ʢ ʦʰʠʙʢʘʤ ʧʦʣʠʤʝʨʘʟʘʤʠ, ʥʘʧʨʠʤʝʨ ʧʦʣʠʤʝʨʘʟʦʡ ʟʝʪʘ (ʧʦʣ ɕ), ʙʦʣʴʰʝ 

ʜʦʣʷ ʪʨʘʥʩʚʝʨʩʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʳʤʠ ʨʝʧʣʠʢʘʪʠʚʥʳʤʠ ʧʦʣʠʤʝʨʘʟʘʤʠ 

[10,44]. ɽʩʪʴ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʚ ʫʯʘʩʪʢʘʭ ʧʦʟʜʥʝʡ 

ʨʝʧʣʠʢʘʮʠʠ, ʢʘʢ ʠ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ə, ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʙʦʪʳ ʩʢʣʦʥʥʳʭ ʢ 

ʆʨʛʘʥʠʟʤ Ⱦ 

Homo sapiens 3.86* 

Drosophila melanogaster 2.06* 

Podisma pedestris 1.13 [38] 

Schizophyllum 

commune  

4.28* 

Saccharomyces cerevisiae 3.2 [40] 

Caenorhabditis elegans >2 [41] 

Arabidopsis thaliana 2.4 [39] 
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ʦʰʠʙʢʘʤ ʧʦʣʠʤʝʨʘʟ [42]. ʂʨʦʤʝ ʪʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʪʨʘʥʩʚʝʨʩʠʡ ʥʘʙʣʶʜʘʶʪ ʚ 

ʙʣʠʞʘʡʰʝʡ ʦʢʨʝʩʪʥʦʩʪʠ ʠʥʩʝʨʮʠʡ ʠʣʠ ʜʝʣʝʮʠʡ (ʠʥʜʝʣʦʚ) [45,46], ʯʪʦ ʪʘʢʞʝ 

ʩʚʷʟʳʚʘʶʪ ʩ ʨʘʙʦʪʦʡ ʩʢʣʦʥʥʳʭ ʢ ʦʰʠʙʢʘʤ ʧʦʣʠʤʝʨʘʟ. ʂʦʨʦʪʢʠʝ ʧʦʚʪʦʨʳ 

ʦʙʦʛʘʱʝʥʳ ʤʫʪʘʮʠʷʤʠ, ʠʥʜʝʣʘʤʠ ʠ ʠʤʝʶʪ ʧʦʥʠʞʝʥʥʫʶ ə [46].    

ʀʟʤʝʥʯʠʚʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʪʨʘʥʟʠʮʠʡ ʠ ʪʨʘʥʩʚʝʨʩʠʡ  ʚ ʛʝʥʦʤʝ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʚ ʧʦʣʴʟʫ ʣʦʢʘʣʴʥʦʡ ʩʤʝʥʳ ʤʫʪʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

3. ʄʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʫʪʘʮʠʡ: ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ï ʟʘʤʝʥʘ ʦʜʥʦʡ 

ʧʘʨʳ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʝ ï ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʟʘʤʝʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʧʘʨ ʦʩʥʦʚʘʥʠʡ, ʠʥʜʝʣʳ ï ʚʳʧʘʜʝʥʠʝ ʠʣʠ ʚʩʪʘʚʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ɼʅʂ, ʩʣʦʞʥʳʝ ʩʦʙʳʪʠʷ ï ʣʶʙʘʷ ʢʦʤʙʠʥʘʮʠʷ ʠʥʜʝʣʦʚ ʠ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʠʣʠ 

ʤʫʣɹʪʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ, ʠʥʚʝʨʩʠʠ ʠ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʛʝʥʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ. 

ʉʨʝʜʠ ʩʦʙʳʪʠʡ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʣʠʰʴ ʤʘʣʳʡ ʩʝʛʤʝʥʪ ɼʅʂ, ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʝ 

ʤʫʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʪʠʧʦʤ.  

ʇʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʫʩʪʨʦʝʥʳ ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʝ ʟʘʤʝʥʳ, ʤʦʞʝʪ ʧʨʦʣʠʪʴ 

ʩʚʝʪ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʝ ʤʫʪʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ. ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʣ ɕ 

ʩʢʣʦʥʥʘ ʜʝʣʘʪʴ GCŸTT/AA ʜʠʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ [10,11]. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʪʘʢʠʭ ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʢʨʘʡʥʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʧʦʣ ɕ.  

ɺ ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʷʭ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʤʫʪʘʮʠʠ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʤʫʪʘʮʠʦʥʥʳʥʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 
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ʩʦʤʘʪʠʯʝʩʢʠʝ ʉʉŸTT ʤʫʪʘʮʠʠ ʚ ʨʘʢʘʭ ʚʳʟʚʘʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ (ʋʌ) ʠʟʣʫʯʝʥʠʝʤ, ʘ ʢʣʘʩʪʝʨʳ TpCŸTpT ʠ TpCŸTpG ʤʫʪʘʮʠʡ 

ʚʳʟʚʘʥʳ ʨʘʙʦʪʦʡ ʬʝʨʤʝʥʪʘ APOBEC [6,33].  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʥʘʥʠʝ ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʦʛʦ ʤʫʪʘʮʠʦʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʧʠʩʪʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʩʘʡʪʘʭ. ɺ [15] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʨʳ ʟʘʤʝʥ ʚ ʦʜʥʦʤ ʢʦʜʦʥʝ ʤʝʞʜʫ ʚʠʜʘʤʠ 

ʧʨʦʠʩʭʦʜʷʪ ʩʢʦʨʨʝʣʠʨʦʚʘʥʥʦ ʚʦ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʦʪʙʦʨʘ. ʏʪʦʙʳ ʚʝʨʥʦ 

ʨʘʟʜʝʣʠʪʴ ʤʫʪʘʮʠʦʥʥʳʡ ʠ ʦʪʙʦʨʥʳʡ ʵʬʬʝʢʪʳ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʢʘʢ 

ʫʩʪʨʦʝʥʳ ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʜʠʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ 

ʤʦʛʫʪ ʧʦʟʚʦʣʷʪʴ çʧʝʨʝʩʝʢʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʜʦʣʠʥʳè ï ʜʝʣʘ ̫ ʚʦʟʤʦʞʥʳʤʠ 

ʵʚʦʣʶʮʠʦʥʥʳʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʢʘʢ ʧʘʨʘ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ 

ʤʫʪʘʮʠʡ ʠʟ-ʟʘ ʠʭ ʚʨʝʜʥʦʩʪʠ ʧʦʦʜʠʥʦʯʢʝ [47].  

3.1. ʄʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ  

ʄʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ (ʄʅʄ) ï ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʦʙʲʝʢʪ, ʯʝʤ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ ʠʣʠ ʠʥʜʝʣʳ, ʪ.ʢ. ʠʭ ʩʣʝʜʫʝʪ ʦʪʣʠʯʘʪʴ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ. ʆʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ 

ʜʠʥʫʢʣʠʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ ʪʝʤ ʞʝ ʜʘʥʥʳʤ, ʯʪʦ ʠ ʜʣʷ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ:  ʧʦ de-novo ʤʫʪʘʮʠʷʤ  [5,20,35,48]; ʧʦ ʨʘʢʦʚʳʤ ʜʘʥʥʳʤ 

[6,49]; ʧʦ ʤʥʦʛʦʢʨʘʪʥʦ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʤ ʛʝʥʘʤ [13,50,51]; ʧʦ ʧʦʣʠʤʦʨʬʠʟʤʫ 

[12,48]; ʠʣʠ ʧʦ ʤʝʞʚʠʜʦʚʳʤ ʩʨʘʚʥʝʥʠʷʤ [52]. ʇʨʠ ʵʪʦʤ, ʠʟ-ʟʘ ʪʦʛʦ ʯʪʦ 

ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ ʨʝʜʢʠ, ʪʨʝʙʫʝʪʩʷ ʝʱʸ ʙʦʣʴʰʝ ʜʘʥʥʳʭ ʯʝʤ ʜʣʷ 
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ʠʟʫʯʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ, ʠ ʚʳʰʝʦʧʠʩʘʥʥʳʝ 

ʧʦʜʭʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ ʠʤʝʶʪ ʩʭʦʜʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ, ʯʪʦ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʤʫʪʘʮʠʡ.   

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʢʦʣʠʯʝʩʪʚʦ ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ ʥʦʨʤʠʨʫʶʪ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ. ʈʘʩʩʤʦʪʨʠʤ Ŭd(k) ï ʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ 

ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʜʚʘ ʥʫʢʣʝʦʪʠʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ k ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ, ʢ ʯʠʩʣʫ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʩʫʞʜʘʝʤʳʭ ʨʘʙʦʪ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʣʫʯʘʡ ʩʦʩʝʜʥʠʭ ʥʫʢʣʝʦʪʠʜʦʚ (k=1).  

ʇʨʠ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ ʢʦʣʣʠʨʦʚʘʥʠʷ ʜʠʥʫʢʣʠʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ ʦʮʝʥʢʘ Ŭd(1) 

ʧʦ de-novo ʤʫʪʘʮʠʷʤ ʠʤʝʝʪ ʣʠʰʴ ʦʜʠʥ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, ʘ ʠʤʝʥʥʦ ï 

ʦʯʝʥʴ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʜʘʞʝ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʢʚʝʥʠʨʦʚʘʥʥr ʭ 

ʪʨʦʝʢ ʨʦʜʠʪʝʣʠ ï ʧʦʪʦʤʦʢ. ʊʘʢ, ʚ [48] ʦʙʥʘʨʫʞʠʣʠ 7 ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʭ 

ʤʫʪʘʮʠʡ de-novo ʜʣʷ k<20, ʘ ʚ [5], ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʛʝʥʦʤʳ 250 ʩʝʤʝʡ, ʥʘʰʣʠ 

ʪʦʣʴʢʦ 78 ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ.  

ʀʟʤʝʨʝʥʠʝ Ŭd(k) ʧʦ ʧʦʣʠʤʦʨʬʠʟʤʫ ʪʨʝʙʫʝʪ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ, ʪ.ʢ. 

ʨʝʢʦʤʙʠʥʘʮʠʷ ʤʦʞʝʪ ʨʘʟʙʠʪʴ ʜʠʥʫʢʣʝʦʪʠʜʥʫʶ ʤʫʪʘʮʠʶ, ʠʣʠ, ʥʘʧʨʦʪʠʚ ʜʚʝ 

ʤʫʪʘʮʠʠ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʥʝ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʤʦʛʫʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ ʜʠʥʫʢʣʝʦʪʠʜʥʘʷ 

ʤʫʪʘʮʠʷ. ʆʜʥʘʢʦ, ʝʩʣʠ ʫʯʝʩʪʴ ʚʩʝ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ ʩʦʙʳʪʠʡ [12,48]. 

ʆʮʝʥʢʠ ʯʘʩʪʦʪʳ ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʩʦʤʘʪʠʯʝʩʢʠʤ 

ʤʫʪʘʮʠʷʤ ʚ ʨʘʢʘʭ, ʤʦʛʫʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʦʤʫ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʴʩʷ ʚ 

ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʥʠʷʭ [1,6,33,49]. ʊʘʢ, ʩʘʤʘʷ ʯʘʩʪʘʷ ʜʠʥʫʢʣʝʦʪʠʜʥʘʷ ʤʫʪʘʮʠʷ ʚ 
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ʧʦʣʠʤʦʨʬʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ ʚ ʛʝʥʘʭ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ï ʵʪʦ 

GCŸAA/TT (ʦʢʦʣʦ 10%) [12,50,51], ʘ ʚ ʨʘʢʘʭ ï CC/GGŸ AA/TT (31%) [53].  

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʦʮʝʥʦʢ ʯʘʩʪʦʪʳ ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʙʘʟʘʤ ʜʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ï ʩʤʝʱʝʥʠʝ ʚ ʧʦʣʴʟʫ ʟʘʤʝʥ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʙʦʣʝʟʥʷʤ.  

ʄʝʞʚʠʜʦʚʳʝ ʩʨʘʚʥʝʥʠʷ ï ʚʦʟʤʦʞʥʦ, ʩʘʤʳʡ ʫʜʘʯʥʳʡ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʧʦ 

ʜʠʥʫʢʣʝʦʪʠʜʥʳʤ ʤʫʪʘʮʠʷʤ, ʦʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [52] ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ Ŭd(k)=0 ʜʣʷ k>1, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʟʘʥʠʟʠʣʦ ʦʮʝʥʢʫ Ŭd(1) 

ʧʦʣʫʯʝʥʥʫʶ ʚ ʵʪʦʡ ʩʪʘʪʴʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʦʮʝʥʢʠ ʜʣʷ 

Ŭd(1), ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʦʯʝʥʴ ʩʭʦʞʠ [54], ʠ ʠʭ ʩʨʝʜʥʝʝ ʩʦʩʪʘʚʣʷʝʪ 

0.41%.    

3.2. ʄʦʣʝʢʫʣʷʨʥʳʝ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʫʣʴʪʠʥʫʢʣʠʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʨʘʢʦʚʳʭ ʜʠʥʫʢʣʠʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ ʠʟʚʝʩʪʥʳ ʤʝʭʘʥʠʟʤʳ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʤʝʣʘʥʦʤʘʭ ʚ ʜʠʥʫʢʣʝʦʪʠʜʥʦʤ ʤʫʪʘʮʠʦʥʥʦʤ ʩʧʝʢʪʨʝ ʧʨʝʦʙʣʘʜʘʝʪ 

ʤʫʪʘʮʠʷ CC/GGŸTT/AA, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪʩʷ ʩʰʠʚʢʦʡ ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʜʠʤʝʨʦʚ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʦʥʪʘʥʥʳʤ ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʝʤ [33]. 

CC/GGŸAA/TT ï ʥʘʠʙʦʣʝʝ ʯʘʩʪʘʷ ʜʠʥʫʢʣʝʦʪʠʜʥʘʷ ʤʫʪʘʮʠʷ ʚ ʨʘʢʘʭ ʣʝʛʢʠʭ; ʵʪʘ 

ʤʫʪʘʮʠʷ ʚʳʟʳʚʘʝʪʩʷ ʘʮʝʪʘʣʴʜʝʛʠʜʦʤ [55], ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʪʘʙʘʯʥʦʤ ʜʳʤʝ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ï ʝʱʸ ʦʜʠʥ ʩʧʦʩʦʙ ʠʟʫʯʘʪʴ 

ʧʨʠʯʠʥʳ ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ [49]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʥʘ 
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ʜʨʦʞʞʘʭ ʠ ʥʘ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʚʝʨʞʝʥʥʘʷ 

ʦʰʠʙʢʘʤ ʧʦʣ ɕ ʦʩʦʙʝʥʥʦ ʯʘʩʪʦ ʜʝʣʘʝʪ  ʜʠʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ [10,11,56]. ɺ ʵʪʠʭ 

ʩʠʩʪʝʤʘʭ ʧʦʣ ɕ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʩʪʘʚʣʷʝʪ ʜʠʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ 

GCŸAA/TT.  

ʀʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʧʨʠʯʠʥʳ ʚʳʟʳʚʘʶʪ ʩʣʦʞʥʳʝ ʤʫʪʘʮʠʠ, 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ, ʘ ʠʤʝʥʥʦ ï ʠʩʩʣʝʜʦʚʘʪʴ ʤʫʪʘʮʠʦʥʥʳʝ 

ʤʝʭʘʥʠʟʤʳ, ʠʩʧʦʣʴʟʫ ̫ ʤʫʪʘʮʠʦʥʥʳʝ ʧʦʜʧʠʩʠ. ɺ ʨʘʢʦʚʳʭ ʜʘʥʥʳʭ ʜʘʞʝ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʤʫʪʘʮʠʦʥʥʦʤ ʤʝʭʘʥʠʟʤʝ. 

ʊʘʢ, ʠʟʙʳʪʦʢ TCCŸTTC ʤʫʪʘʮʠʡ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʚ ʧʦʣʴʟʫ ʋʌ 

ʦʙʣʫʯʝʥʠʷ ʧʘʮʠʝʥʪʘ [1,6,33]; ʢʣʘʩʪʝʨʳ TCAŸTGA ʠʣʠ TCAŸTʊA ʤʫʪʘʮʠʡ, 

ʥʘʡʜʝʥʥʳʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʢʦʤ ʛʨʫʜʠ, ʷʚʣʷʶʪʩʷ ʫʙʝʜʠʪʝʣʴʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ 

ʨʘʙʦʪʳ APOBEC ʚ ʵʪʠʭ ʦʧʫʭʦʣʷʭ [57]. ɽʩʪʴ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʤʫʪʘʮʠʦʥʥʳʭ 

ʧʦʜʧʠʩʝʡ ʚ ʨʘʢʘʭ, ʠ ʦʥʠ ʟʘʯʘʩʪʫʶ ʣʝʛʢʦ ʨʘʟʣʠʯʠʤʳ ʚ ʤʫʪʘʮʠʦʥʥʦʤ ʩʧʝʢʪʨʝ ʠʟ-ʟʘ 

ʦʛʨʦʤʥʦʡ ʜʦʣʠ ʤʫʪʘʮʠʡ ʜʘʥʥʦʛʦ ʪʠʧʘ [1,6]. ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʫʪʘʮʠʡ ʧʦ 

ʤʝʞʚʠʜʦʚʳʤ ʩʨʘʚʥʝʥʠʷʤ, ʜʘʞʝ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʧʦʚʳʰʝʥʥʫ  ʁʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ 

ʫʯʘʩʪʢʘ, ʨʝʧʣʠʮʠʨʫʶʱʝʛʦʩʷ ʥʝʪʦʯʥʦʡ (low fidelity) ʧʦʣʠʤʝʨʘʟʦʡ, ʥʝʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʝʩʣʠ ʚ ʯʝʨʝʜʝ ʧʦʢʦʣʝʥʠʡ ʩʢʣʦʥʥʘʷ ʢ ʦʰʠʙʢʘʤ ʧʦʣʠʤʝʨʘʟʘ 

ʨʝʧʣʠʮʠʨʫʝʪ ɻʪʦʪ ʫʯʘʩʪʦʢ ʥʝ ʩʣʠʰʢʦʤ ʯʘʩʪʦ. ʅʘʧʨʦʪʠʚ, ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʝ 

ʤʫʪʘʮʠʠ ʠʟ-ʟʘ ʨʝʜʢʦʩʪʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʦʛʜʘ ʤʦʞʥʦ ʩʦʦʪʥʝʩʪʠ ʩ ʢʦʥʢʨʝʪʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ. ʊʘʢ, ʚ ʩʪʘʪʴʝ [12] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ GCŸAA/TT - ʩʘʤʘʷ ʯʘʩʪʘʷ 

ʜʠʥʫʢʣʝʦʪʠʜʥʘʷ ʤʫʪʘʮʠʷ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʧʦʣʠʤʦʨʬʠʟʤʝ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʣ ɕ ʦʩʦʙʝʥʥʦ ʯʘʩʪʦ ʚʳʟʳʚʘʝʪ ʪʘʢʠʝ ʜʠʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ [10]. 
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ʂʨʦʤʝ ʪʦʛʦ, ʩʧʝʢʪʨ ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʧʦʣʠʤʦʨʬʠʟʤʝ ʜʘʞʝ 

ʜʣʷ ʩʘʡʪʦʚ, ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʙʦʣʴʰʝ ʯʝʤ ʥʘ ʦʜʠʥ ʥʫʢʣʝʦʪʠʜ, ʧʦʭʦʞ ʥʘ 

ʩʧʝʢʪʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʣ ɕ [12]. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʧʦʣ ɕ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʫʪʘʛʝʥʝʟʝ ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʥʠʡ ʯʝʣʦʚʝʢʘ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʢʘʢʦʡ-ʪʦ ʛʝʥʦʤʥʳʡ ʫʯʘʩʪʦʢ ʙʫʜʝʪ ʯʘʩʪʦ ʨʝʧʣʠʮʠʨʦʚʘʪʴʩʷ 

ʙʣʘʛʦʜʘʨʷ ʧʦʣ ɕ, ʤʦʞʥʦ ʙʫʜʝʪ ʠʟʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʨʝʜʢʠʝ ʜʠʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ, 

ʥʦ ʠ ʚʠʜʝʪʴ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʝʥʥʳʝ ʵʪʦʡ ʧʦʣʠʤʝʨʘʟʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, 

ʧʦʚʳʰʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʠ ʧʦʥʠʞʝʥʥʫ  ʁ ə. ɺ [46] ʟʘʤʝʪʠʣʠ, ʯʪʦ 

ʩʣʦʞʥʳʝ ʤʫʪʘʮʠʠ, ʘ ʠʤʝʥʥʦ ʠʥʜʝʣʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩ ̫ ʟʘʤʝʥʦʡ, ʯʘʩʪʦ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʦʚʪʦʨʘʭ, ʠ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʫʯʘʩʪʢʘʭ ɼʅʂ 

ʯʘʩʪʦ ʨʘʙʦʪʘʶʪ ʥʝʪʦʯʥʳʝ ʧʦʣʠʤʝʨʘʟʳ. ʂʦʩʚʝʥʥʦ ʵʪʫ ʛʠʧʦʪʝʟʫ ʧʦʜʪʚʝʨʜʠʣʠ ʪʝʤ, 

ʯʪʦ ʚ ʧʦʚʪʦʨʘʭ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʘ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʠ ʜʦʣʷ 

ʪʨʘʥʩʚʝʨʩʠʡ [46].  

ʄʘʪʝʨʠʘʣʳ ̉  ̜̍̆̓̏̅ 

1. ɼʘʥʥʳʝ ʜʣʷ ʨʘʩʯʸʪʘ ʟʘʤʝʥ 

ʄʥʦʞʝʩʪʚʝʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ Callithrix jacchus, Macaca mulatta, Pongo 

pygmaeus, Gorilla gorilla, ʠ Pan troglodytes ʥʘ H. sapiens ʙʳʣʦ ʟʘʛʨʫʞʝʥʦ ʩ UCSC 

[58]. ɼʘʥʥʳʝ ʧʦ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʯʝʣʦʚʝʢʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ 9 

ʜʠʧʣʦʠʜʥʳʤ ʛʝʥʦʤʘʤ, ʟʘʛʨʫʞʝʥʥʳʤ ʠʟ Galaxy bioinformatics [59,60]; ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʤʝʩʪʝ ʩ ʨʝʬʝʨʝʥʪʥʳʤ ʛʝʥʦʤʦʤ, ʤʳ ʠʤʝʝʤ 19 ʛʘʧʣʦʠʜʥʳʭ ʛʝʥʦʪʠʧʦʚ.  

ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʜʠʧʣʦʠʜʥʳʝ ʛʝʥʦʤʳ: KB1, ABT [60], NA18507 [61], 
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NA19240 [62], Craig Venter [63], NA12891, NA12892, ʛʝʥʦʤ ʢʠʪʘʡʮʘ [64] ʠ ʛʝʥʦʤ 

ʢʦʨʝʡʮʘ [65]. ɼʘʥʥʳʝ ʧʦ ʘʥʥʦʪʠʨʦʚʘʥʥʳʤ ʛʝʥʘʤ Known Genes ʙʣrʠ ʟʘʢʘʯʝʥʳ ʠʟ 

UCSC [58].  

ʄʥʦʞʝʩʪʚʝʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ D. simulans, D. yakuba, ʠ D. erecta ʥʘ 

D. melanogaster (dm3) ʙʳʣʦ ʟʘʛʨʫʞʝʥʦ ʩ UCSC [58]. ɼʘʥʥʳʝ ʧʦ ʧʦʣʠʤʦʨʬʠʟʤʫ 37 

ʧʦʣʥʳʭ ʛʝʥʦʤʦʚ D. melanogaster, ʚʳʨʦʚʥʝʥʥʳʝ ʥʘ dm3 ʛʝʥʦʤ D. melanogaster [66] 

ʠ 6 ʛʝʥʦʤʦʚ D. simulans, ʚʳʨʦʚʥʝʥʳʭ ʥʘ dm2 ʛʝʥʦʤ D. melanogaster [67], ʙʳʣʠ 

ʟʘʛʨʫʞʝʥʳ ʩ DPGP (http://www.dpgp.org/). dm2 ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʚ dm3 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ liftover 

(http://hgdownload.cse.ucsc.edu/goldenPath/dm3/liftOver/). ɼʣʷ ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʚ ʤ  r

ʠʩʧʦʣʴʟʦʚʘʣʠ FlyBase genes (BDGP release 5) [68]. 

ʄʳ ʠʩʢʣʶʯʠʣʠ ʚʩʝ ʘʥʥʦʪʠʨʦʚʘʥʥʳʝ ʵʢʟʦʥʳ, ʘ ʪʘʢʞʝ 10-ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʫʯʘʩʪʢʠ ʧʦ ʢʨʘʷʤ ʠʥʪʨʦʥʦʚ,  5ô ʠ 3ô UTR, ʥʫʢʣʝʦʪʠʜʥʳʝ ʩʘʡʪʳ, ʤʘʩʢʠʨʦʚʘʥʥʳʝ  

RepeatMasker ʠ ʚʩʝ ʥʝ-A, C, G ʠʣʠ T ʥʫʢʣʝʦʪʠʜʳ, ʘ ʪʘʢʞʝ ʍ ʠ Y ʭʨʦʤʦʩʦʤʳ. ʋ 

Drosophila ʤʳ ʪʘʢʞʝ ʠʩʢʣʶʯʘʣʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʫʯʘʩʪʢʠ ʩʦ ʟʥʘʯʝʥʠʝʤ phastCons 

> 0.1 [69]. ʀʟ-ʟʘ ʚʣʠʷʥʠʷ ʧʨʝʜʢʦʚʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʥʘ ʜʠʚʝʨʛʝʥʮʠʶ ʚ Drosophila 

ʤʳ ʪʘʢʞʝ ʠʩʢʣʶʯʘʣʠ ʧʦʣʠʤʦʨʬʥʳʝ ʩʘʡʪʳ ʧʨʠ ʘʥʘʣʠʟʝ ʤʝʞʚʠʜʦʚʳʭ ʨʘʟʣʠʯʠʡ 

[70]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʪʢʦ-ʩʧʝʮʠʬʠʯʥʳʭ  ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 2 ʧʦʜʭʦʜʘ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ ʥʘʠʙʦʣʴʰʝʡ 

ʵʢʦʥʦʤʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʩʨʘʚʥʠʚʘʣʠ ʪʨʦʡʢʠ ʚʠʜʦʚ: ʜʚʘ ʩʝʩʪʨʠʥʩʢʠʭ ʚʠʜʘ ʠ 

ʝʱʸ ʦʜʠʥ ʚʠʜ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ. ɺ ʧʨʠʤʘʪʘʭ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʥʝʩʢʦʣʴʢʦ 

http://www.dpgp.org/
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ʪʨʦʝʢ ʩ ʨʘʩʪʫʱʠʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʩʝʩʪʨʠʥʩʢʠʤʠ ʚʠʜʘʤʠ: 

H. sapiens ʠ Pan troglodytes (G. gorilla ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ), H. sapiens ʠ G. 

gorilla (P. pygmaeus ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ), H. sapiens ʠ P. pygmaeus (M. 

mulatta ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ) ʠ H. sapiens ʠ M. mulatta (C. jacchus ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ). ɺ ʨʦʜʝ Drosophila ʚ ʢʘʯʝʩʪʚʝ ʩʝʩʪʨʠʥʩʢʠʭ ʚʠʜʦʚ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

D. melanogaster ʠ D. simulans, ʘ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʦʟʠʮʠʠ, ʩʦʚʧʘʜʘʶʱʠʝ ʤʝʞʜʫ D. yakuba ʠ D. erecta; ʧʦʟʠʮʠʠ ʨʘʟʣʠʯʥʳʝ ʤʝʞʜʫ D. 

yakuba ʠ D. erecta ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʟʘʤʝʥʘ ʧʨʦʠʟʦʰʣʘ ʥʘ 

ʦʜʥʦʡ ʠʟ ʩʝʩʪʨʠʥʩʢʠʭ ʣʠʥʠʡ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʫʢʣʝʦʪʠʜ ʦʪʣʠʯʘʣʩʷ ʚ ʵʪʦʤ ʚʠʜʝ, 

ʘ ʫ ʜʨʫʛʦʛʦ ʩʝʩʪʨʠʥʩʢʦʛʦ ʚʠʜʘ ʠ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʩʦʚʧʘʜʘʣ. ɺʪʦʨʦʡ ʧʦʜʭʦʜ 

ʧʨʠʤʝʥʷʣʩʷ ʚ ʨʦʜʝ Drosophila, ʛʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʝʜʢʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʥʝʝ 

ʥʘʜʝʞʥʦ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʚʠʜʘʤʠ, ʠ ʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʥʘʠʙʦʣʴʰʝʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ baseml ʠʟ ʧʘʢʝʪʘ PAML [9]. 

ɺ ʛʦʤʠʥʠʜʘʭ ʤʳ ʠʩʢʣʶʯʘʣʠ CpG ʩʘʡʪʳ. ʇʨʠ ʘʥʘʣʠʟʝ ʤʫʣʴʪʠʥʫʢʣʝʦʪʠʜʥʳʭ 

ʟʘʤʝʥ ʤʳ ʪʘʢʞʝ ʠʩʢʣʶʯʘʣʠ ʪʘʥʜʝʤʥʳʝ ʟʘʤʝʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʧʨʦʠʟʦʡʪʠ ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ CpG ʩʦʩʪʦʷʥʠʝ; ʪ.ʝ. ʤʳ ʠʩʢʣʶʯʘʣʠ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʚ ʧʝʨʚʦʡ 

ʧʦʟʠʮʠʠ ʚ ʧʨʝʜʢʦʚʦʤ ʠʣʠ ʧʨʦʠʟʚʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʳʣ ñCò, ʘ ʚʦ ʚʪʦʨʦʡ ʧʦʟʠʮʠʠ 

ñGò. ʏʪʦʙʳ ʩʚʝʩʪʠ ʚʢʣʘʜ ʦʰʠʙʦʢ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʢ ʤʠʥʠʤʫʤʫ, ʤʳ ʠʩʢʣʶʯʘʣʠ 

ʩʠʥʛʣʪʦʥʳ (ʧʦʣʠʤʦʨʬʠʟʤʳ, ʚ ʢʦʪʦʨʳʭ ʨʝʜʢʠʡ ʚʘʨʠʘʥʪ ʚʩʪʨʝʯʘʣʩʷ ʪʦʣʴʢʦ ʫ ʦʜʥʦʡ 

ʦʩʦʙʠ). 
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ʉʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʠʟʤʝʨʷʣʘʩʴ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʝʥ, ʜʝʣʸʥʥʦʝ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʩʘʡʪʦʚ. 

ʅʝʘʣʣʝʣʴʥʘʷ ʛʝʥʥʘʷ ʢʦʥʚʝʨʩʠʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʄʅʄ, ʝʩʣʠ ʫʯʘʩʪʦʢ ʄʅʂ 

ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʧʘʨʘʣʦʛ ʦʪʣʠʯʘʶʱʝʡʩʷ ʚ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʩʘʡʪʘʭ.  ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʚʣʠʷʥʠʝ ʥʝʘʣʣʝʣʴʥʦʡ ʛʝʥʥʦʡ ʢʦʥʚʝʨʩʠʠ ʥʘ ʯʘʩʪʦʪʫ ʄʅʄ, ʤʳ ʠʩʢʣʶʯʘʣʠ ʫʯʘʩʪʢʠ, 

ʩʦʜʝʨʞʘʱʠʝ ʄʅʄ, ʝʩʣʠ ʥʘʭʦʜʠʣʠ ʚ ʛʝʥʦʤʝ ʧʘʨʘʣʦʛ, ʥʝʘʣʣʝʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʩ 

ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʙʣʶʜʘʝʤʦʡ ʄʅʄ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʫʪʘʛʝʥʝʟʘ ʧʦ ʧʦʣʠʤʦʨʬʠʟʤʫ ʛʨʠʙʘ S. commune ʤʳ ʧʦʣʫʯʠʣʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ (ʵʪʠ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ 

ʭʦʜʝ ʢʦʣʣʘʙʦʨʘʮʠʠ, ʠ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʪʘʢʞʝ ʜʨʫʛʠʭ ʧʨʦʝʢʪʦʚ, ʥʝ ʚʳʧʦʣʥʷʚʰʠʭʩʷ 

ʤʥʦʡ). ɼʣʷ ʵʪʦʛʦ ʤʳ ʩʦʙʨʘʣʠ ʧʣʦʜʦʚʳʝ ʪʝʣʘ S. commune ʚ 3 ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ ʚ 

ʉʐɸ ʠ ʚ 3 ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ ʚ ʈʦʩʩʠʠ. ʀʟ ʢʘʞʜʦʛʦ ʧʣʦʜʦʚʦʛʦ ʪʝʣʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʦʜʠʥʦʯʥʳʝ ʤʝʡʦʩʧʦʨʳ, ʠ ʛʝʥʦʪʠʧʳ ʛʘʧʣʦʠʜʥʦʛʦ ʤʠʮʝʣʠʷ, ʚʳʨʦʩʰʝʛʦ 

ʠʟ ʵʪʠʭ ʩʧʦʨ (12 ʘʤʝʨʠʢʘʥʩʢʠʭ ʠ 12 ʨʦʩʩʠʡʩʢʠʭ), ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ. ɼʅʂ 

ʠʟʚʣʝʢʘʣʠ ʠʟ ʚʳʩʫʰʝʥʥʦʛʦ ʤʠʮʝʣʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ CTAB. ɹʠʙʣʠʦʪʝʢʠ 

ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TruSeq DNA ʢʦʤʧʣʝʢʪʘ (Illumina, ʉʐɸ), 

ʟʘʪʝʤ ɼʅʂ ʩʝʢʚʝʥʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Illumina HiSeq 2000, 

ʧʘʨʥʦʢʦʥʮʝʚʳʤʠ ʨʠʜʘʤʠ ʜʣʠʥʦʡ ʚ 101 ʥʫʢʣʝʦʪʠʜ.   

ʂʘʞʜʳʡ ʛʝʥʦʪʠʧ ʙʳʣ ʩʦʙʨʘʥ de-novo ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SPAdes [71]. ʄʳ 

ʧʦʣʫʯʠʣʠ N50 ʦʪ 48,928 ʜʦ 104,000 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʩʦʙʝʡ, ʩʦ ʩʨʝʜʥʠʤ 68,688  ʧʦ 

24 ʦʩʦʙʷʤ.    
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ʄʥʦʞʝʩʪʚʝʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʩ ʨʝʬʝʨʝʥʪʥʳʤ ʛʝʥʦʤʦʤ S. commune [72] 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ multiz [73]. ʄ  rʠʩʢʣʶʯʘʣʠ ʨʝʛʠʦʥʳ, 

ʥʝʩʦʙʨʘʚʰʠʝʩʷ ʠʣʠ ʥʝʚʳʨʦʚʥʝʥʥʳʝ ʚ ʙʦʣʝʝ ʯʝʤ 8 ʦʩʦʙʷʭ, ʠ ʩʝʛʤʝʥʪʳ ɼʅʂ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 1000 ʥʫʢʣʝʦʪʠʜʦʚ ʦʪ ʪʘʢʠʭ ʨʝʛʠʦʥʦʚ. ʇʦ ʘʥʥʦʪʘʮʠʠ ʨʝʬʝʨʝʥʪʥʦʛʦ 

ʛʝʥʦʤʘ ʤ  rʥʘʰʣʠ 7,987 ʛʝʥʦʚ. ʄ  rʧʝʨʝʚʳʨʦʚʥʷʣʠ ʵʪʠ ʛʝʥʳ ʧʨʦʛʨʘʤʤʦʡ MACSE 

[74]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʤʫʪʠʨʦʚʘʥʠʷ ʫ S. commune ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 4-ʢʨʘʪʥʦ 

ʚʳʨʦʞʜʝʥʥʳʝ ʩʠʥʦʥʠʤʠʯʥʳʝ ʩʘʡʪʳ. 

2. ɸʥʘʣʠʟ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʤʫʪʘʮʠʡ ʚ ʦʜʥʦʤ ʩʘʡʪʝ 

ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 4 ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʘʥʘʣʠʟʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʠ ə ʚʜʦʣʴ ʛʝʥʦʤʘ (ʨʠʩ. 2).  
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ʈʠʩ. 2. ʏʝʪʳʨʝ ʪʠʧʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʠ ə ʚʜʦʣʴ ʧʦ ʛʝʥʦʤʫ. ʃʠʥʠʠ ʦʙʦʟʥʘʯʘʶʪ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ 

ʚʝʪʚʠ, ʟʘʢʨʘʰʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʦʙʦʟʥʘʯʘʶʪ ʧʦʣʠʤʦʨʬʠʟʤ, ʯʝʨʥʳʤ ʦʙʦʟʥʘʯʝʥ 

ʧʨʝʜʢʦʚʳʡ ʘʣʣʝʣʴ, ʘ ʩʠʥʠʤ ʠ ʢʨʘʩʥʳʤ - ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʣʣʝʣʠ. ɺ ʢʘʞʜʦʤ 

ʘʥʘʣʠʟʝ ʠʟʤʝʨʷʣʠ ʚʝʨʦʷʪʥʦʩʪʴ SNP ʠʣʠ ʟʘʤʝʥʳ; ʥʘ ʫʯʘʩʪʢʝ ʜʝʨʝʚʘ, ʦʙʦʟʥʘʯʝʥʦʤ 

ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ (ʛʝʥʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʤʳ ʠʟʫʯʘʝʤ ʪʘʢʠʝ ʩʦʙʳʪʠʷ, ʤʳ ʥʘʟʚʘʣʠ 

ʮʝʣʝʚʳʤ ʛʝʥʦʤʦʤ), ʧʨʠ çʫʩʣʦʚʠʠè ʤʫʪʘʮʠʠ, ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʩʠʥʠʤ ʮʚʝʪʦʤ (ʝʩʣʠ 

ʩʠʥʝʝ ʩʦʙʳʪʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʜʨʫʛʦʤ ʛʝʥʦʤʝ (B-D), ʪʘʢʦʡ ʛʝʥʦʤ ʤʳ ʥʘʟʚʘʣʠ ʧʨʦʢʩʠ 

ʛʝʥʦʤʦʤ). 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. 

  

 ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʥʫʢʣʝʦʪʠʜʦʚ x ʠ y ʯʘʩʪʦʪʫ ʤʝʞʚʠʜʦʚʳʭ ʟʘʤʝʥ ʠʣʠ SNP ʩ 

ʧʨʝʜʢʦʚʳʤ ʥʫʢʣʝʦʪʠʜʦʤ x ʠ ʧʨʦʠʟʚʦʜʥʳʤ y ʤʳ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

Ὢὼȟώ ὔ ὼȟώȾὔ ὼ 

ʛʜʝ x, y ⱦ { A,C,G,T} , Na(x) ï ʢʦʣʠʯʝʩʪʚʦ ʩʘʡʪʦʚ ʩ ʧʨʝʜʢʦʚʳʤ ʥʫʢʣʝʦʪʠʜʦʤ x, Ns(x,y) 

ï ʢʦʣʠʯʝʩʪʚʦ ʩʘʡʪʦʚ ʩ ʤʝʞʚʠʜʦʚʦʡ ʟʘʤʝʥʦʡ ʠʣʠ SNP xŸy, Ὢ ï ʯʘʩʪʦʪʘ ʤʫʪʘʮʠʡ, 
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ʧʨʦʠʟʦʰʝʜʰʠʭ ʧʦ çʢʨʘʩʥʦʤʫè ʩʮʝʥʘʨʠʶ (ʨʠʩ. 2), ʘʥʘʣʦʛʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ 

ʤʫʪʘʮʠʡ ʧʦ çʩʠʥʝʤʫè ʩʮʝʥʘʨʠʶ ʤʳ ʦʙʦʟʥʘʯʠʣʠ Ὢ̒ (ʨʠʩ. 2).  

ɼʣʷ ʧʘʨʳ ʧʨʦʠʟʚʦʜʥʳʭ ʘʣʣʝʣʝʡ y ʠ z (z ⱦ { A,C,G,T} ; zÍx, zÍy) ʯʘʩʪʦʪʫ 

ʩʦʙʳʪʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʜʚʝ ʟʘʤʝʥʳ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

                                                                Ὢ ὼȟώȟᾀ ὔ ὼȟώȟᾀȾὔ ὼ, 

ʛʜʝ Nm(x,y,z) ï ʯʠʩʣʦ ʤʝʞʚʠʜʦʚʳʭ ʟʘʤʝʥ ʠʣʠ SNP xŸy (ʢʨʘʩʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 2) ʠ 

xŸz (ʩʠʥʝʝ ʥʘ ʨʠʩʫʥʢʝ 2). ʆʞʠʜʘʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʢʫʨʨʝʥʪʥʳʭ ʤʫʪʘʮʠʡ ï

Ὡ ὼȟώȟᾀ: 

                                       Ὡ ὼȟώȟᾀ Ὢὼȟώ Ὢz ὼȟᾀ ὔz ὼ, 

ʋʩʨʝʜʥʸʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʯʠʩʣʘ ʨʝʢʫʨʨʝʥʪʥʳʭ ʤʫʪʘʮʠʡ ʢ 

ʦʞʠʜʘʝʤʦʤʫ ʯʠʩʣʫ ʤʫʪʘʮʠʡ (ὶ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ: 

ὶ
Ὢ ὼȟώȟᾀ

Ὡ ὼȟώȟᾀ
Ⱦςτ 

ɺ ʢʘʞʜʦʤ ʠʟ ʘʥʘʣʠʟʦʚ ʤʳ ʚʳʯʠʩʣʷʣʠ ʦʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʠ ʪʨʘʥʩʚʝʨʩʠʡ 

ʜʣʷ ʧʘʨ ʤʫʪʘʮʠʡ ʩ ʦʜʠʥʘʢʦʚʳʤ ʧʨʝʜʢʦʚʳʤ ʥʫʢʣʝʦʪʠʜʦʤ: 

‖ ὼȟύȡὼ ύ ὔ ὼȟώȡὼͯ ώȾὔ ὼȟᾀȡὼ ᾀ, 

ʛʜʝ w ⱦ { A,C,G,T}; wÍx, wÍy, wÍz; ʩʠʤʚʦʣʦʤ   ʤʳ ʦʙʦʟʥʘʯʠʣʠ ʧʘʨʫ ʟʘʤʝʥ, 

ʨʘʟʜʝʣʸʥʥʳʭ ʪʨʘʥʩʚʝʨʩʠʝʡ, ʘ ʩʠʤʚʦʣʦʤ  ͯʤʳ ʦʙʦʟʥʘʯʠʣʠ ʧʘʨʫ ʟʘʤʝʥ, 

ʨʘʟʜʝʣʸʥʥʳʭ ʪʨʘʥʟʠʮʠʝʡ. ʊʘʢ ʢʘʢ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʨʝʜʢʦʚʦʤ ʥʫʢʣʝʦʪʠʜʝ 

ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʪʨʠ ʪʠʧʘ ʟʘʤʝʥ, ʪʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʦʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ 

ʪʨʘʥʩʚʝʨʩʠʷʤ ʜʣʷ ʧʘʨʳ ʤʫʪʘʮʠʡ ʤʳ ʦʙʦʟʥʘʯʘʣʠ ʪʨʝʪʴʝʡ ʤʫʪʘʮʠʝʡ ʠʟ ʪʦʛʦ ʞʝ 

ʧʨʝʜʢʦʚʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ï ‖ ὼȟύȡὼ ύ  (ʩʤ. ʬʦʨʤʫʣʫ ʚʳʰʝ). 
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 ʆʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ ʜʣʷ çʢʨʘʩʥʳʭè ʩʦʙʳʪʠʡ ʧʨʠ ʫʩʣʦʚʠʠ 

çʩʠʥʝʡè ʟʘʤʝʥʳ (ʨʠʩ. 2) ʤʳ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

‖ ̒ὼȟύȡὼ ύ ὔ ὼȟώȟύȡὼͯ ώȾὔ ὼȟᾀȟύȡὼ ᾀ 

ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʟʘʤʝʥʳ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ: 

ὶὼȟώȡὼ ώ ‖ ὼȟώȡὼ ώȾ‖ ὼȟώȡὼ ώ 

ʅʘʢʦʥʝʮ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ  ὶ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʢʘʢ ʩʨʝʜʥʝʝ ʧʦ ʚʩʝʤ 8 ʚʦʟʤʦʞʥʳʤ 

ʧʘʨʘʤ ʪʨʘʥʟʠʮʠʡ ʠ ʪʨʘʥʩʚʝʨʩʠʡ: 

ὶ ὶὼȟώ

ȟȡ

Ⱦψ 

3. ɸʥʘʣʠʟ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʚ ʩʘʡʪʘʭ, ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʩ ʤʫʪʘʮʠʝʡ, ʠ 

ʦʮʝʥʢʘ ʯʘʩʪʦʪʳ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʟʘʤʝʥ 

ʏʘʩʪʦʪʫ ʤʫʪʘʮʠʡ ʚ ʩʘʡʪʘʭ, ʫʜʘʣʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʝ k (çʢʨʘʩʥʳʝè ʩʦʙʳʪʠʷ 

ʥʘ ʨʠʩ. 2) ʦʪ ʩʣʫʯʠʚʰʝʡʩʷ ʤʫʪʘʮʠʠ (çʩʠʥʠʝè ʩʦʙʳʪʠʷ ʥʘ ʨʠʩ. 2), ʚʳʯʠʩʣʷʣʠ ʢʘʢ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʘʝʤʳʭ ʩʦʙʳʪʠʡ, ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ ʯʠʩʣʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʘʡʪʦʚ. 
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ʈʠʩ. 3 ɺʳʯʠʩʣʝʥʠʝ ʯʘʩʪʦʪ ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ (ɸ,ɺ) ʠ ʪʨʠʥʫʢʣʝʦʪʠʜʥʳʭ (C-E) 

ʤʫʪʘʮʠʡ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʩʣʝʚʘ ʠʟʦʙʨʘʞʘʝʪ ʮʝʣʝʚʦʡ ʛʝʥʦʤ ʠ ʧʨʦʢʩʠ ʛʝʥʦʤ, 

ʘ ʪʘʢʞʝ ʚʥʝʰʥʶʶ ʛʨʫʧʧʫ; ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ ʠʟʦʙʨʘʞʘʶʪ ʤʥʦʞʝʩʪʚʝʥʥʦʝ 

ʚʳʨʘʚʥʠʚʘʥʠʝ. (A,B) ʏʘʩʪʦʪʳ ʟʘʤʝʥ ʚ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ ʚ ʩʘʡʪʘʭ (ʦʚʘʣʳ), ʪʘʢʠʭ, ʯʪʦ 

ʜʨʫʛʘʷ ʟʘʤʝʥʘ (ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ) ʧʨʦʠʟʦʰʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ k ʦʪ ʥʝʛʦ ʚ ʧʨʦʢʩʠ 

(A) ʠʣʠ ʮʝʣʝʚʦʤ (B) ʛʝʥʦʤʝ (dd(k) ʠ sd(k) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). (ʉ, D) ʯʘʩʪʦʪʳ ʧʘʨ 

ʟʘʤʝʥ ʚ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ ʠʟʤʝʨʷʣʠʩʴ ʚ ʧʘʨʘʭ ʩʘʡʪʦʚ (ʧʘʨʳ ʦʚʘʣʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ l 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ), ʪʘʢʠʭ, ʯʪʦ ʜʨʫʛʘʷ ʟʘʤʝʥʘ (ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ) ʧʨʦʠʟʦʰʣʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ k ʦʪ ʥʠʭ ʚ ʧʨʦʢʩʠ (A) ʠʣʠ ʮʝʣʝʚʦʤ (B) ʛʝʥʦʤʝ (dt(k) ʠ st(k) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). E, ʧʷʪʴ ʩʮʝʥʘʨʠʝʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʪʨʝʤ ʩʦʩʝʜʩʪʚʫʶʱʠʤ ʟʘʤʝʥʘʤ 

ʚ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ, ʩʚʝʨʭʫ ʚʥʠʟ: ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ ʤʫʪʘʮʠʠ; ʜʚʝ ʤʫʪʘʮʠʠ, ʦʜʥʘ ʠʟ 

ʢʦʪʦʨʳʭ ʜʚʦʡʥʘʷ (ʩʢʦʙʢʦʡ ʩʦʝʜʠʥʝʥʳ ʩʘʡʪʳ, ʚʦʚʣʝʯʸʥʥʳʝ ʚ ʄʅʄ) ʠ ʦʜʥʘ 

ʦʜʠʥʦʯʥʘʷ; ʪʨʦʡʥʘʷ ʤʫʪʘʮʠʷ. 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʜʦʣʶ Ŭ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚʝ ʄʅʄ, ʤʳ ʩʨʘʚʥʠʚʘʣʠ ʯʘʩʪʦʪʳ ʟʘʤʝʥ ʚ ʜʚʫʭ ʩʝʩʪʨʠʥʩʢʠʭ ʚʠʜʘʭ, ʠʩʧʦʣʴʟʫʷ 
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ʛʝʥʦʤʳ H. sapiens ʠ D. melanogaster ʚ ʢʘʯʝʩʪʚʝ çʮʝʣʝʚʳʭè, ʘ ʩʝʩʪʨʠʥʩʢʠʡ ʛʝʥʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʢʩʠ ʛʝʥʦʤʘ. ɺʦ ʚʩʝʭ ʘʥʘʣʠʟʘʭ ʜʣʷ ʨʘʩʯʸʪʦʚ ʩʢʦʨʦʩʪʝʡ ʤʫʪʠʨʦʚʘʥʠʷ 

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʮʝʣʝʚʦʡ ʛʝʥʦʤ ʠʟ-ʟʘ ʝʛʦ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. 

ɼʦʣʷ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʢʘʢ ʜʠʥʫʢʣʝʦʪʠʜʥʳʝ 

ʤʫʪʘʮʠʠ (ɼʅʄ), ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ k ⱦ (1..100) 

ʤʳ ʩʨʘʚʥʠʚʘʣʠ ʜʚʝ ʚʝʣʠʯʠʥʳ: 1) dd(k), ʯʘʩʪʦʪʫ ʟʘʤʝʥ ʚ ʩʘʡʪʘʭ ʮʝʣʝʚʦʛʦ ʛʝʥʦʤʘ, 

ʫʜʘʣʸʥʥʳʭ ʥʘ k ʥʫʢʣʝʦʪʠʜʦʚ ʦʪ ʟʘʤʝʥʳ ʚ ʧʨʦʢʩʠ ʛʝʥʦʤʝ: 

Ὠ Ὧ
Ὀ Ὧ

ὖ
 

ʠ 2) sd(k), ʯʘʩʪʦʪʫ ʟʘʤʝʥ ʚ ʩʘʡʪʘʭ ʮʝʣʝʚʦʛʦ ʛʝʥʦʤʘ, ʫʜʘʣʝʥʥʳʭ ʥʘ k ʥʫʢʣʝʦʪʠʜʦʚ ʦʪ 

ʜʨʫʛʦʡ ʟʘʤʝʥʳ ʚ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ: 

ί Ὧ
Ὓ Ὧ

Ὂ
ȟ 

ʛʜʝ Dd(k) - ʯʠʩʣʦ ʧʘʨ ʥʫʢʣʝʦʪʠʜʥʳʭ ʩʘʡʪʦʚ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (i, i+ k), ʪʘʢʠʭ, ʯʪʦ ʚ 

ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʧʨʦʠʟʦʰʣʘ ʟʘʤʝʥʘ ʚ ʧʨʦʢʩʠ ʛʝʥʦʤʝ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʚ ʮʝʣʝʚʦʤ 

ʛʝʥʦʤʝ; Sd(k) - ʯʠʩʣʦ ʧʘʨ ʥʫʢʣʝʦʪʠʜʥʳʭ ʩʘʡʪʦʚ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (i, i+ k), ʪʘʢʠʭ, ʯʪʦ 

ʚ ʥʠʭ ʧʨʦʠʟʦʰʣʠ ʟʘʤʝʥʳ ʚ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ (ʨʠʩ. 3 A ʠ B); P ʠ F ï ʦʙʱʝʝ ʯʠʩʣʦ 

ʟʘʤʝʥ ʚ ʧʨʦʢʩʠ ʠ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʦʩʢʦʣʴʢʫ ʧʘʨʘ ʟʘʤʝʥ ʥʘ ʨʘʟʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʣʠʥʠʷʭ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʢʘʢ ʧʘʨʘ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʡ, ʪʦ  

Dd(k)= xpf(k)*P, 

ʛʜʝ xpf(k) ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʜʠʥʦʯʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʳ ʚ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ k ʦʪ ʟʘʤʝʥʳ ʚ ʧʨʦʢʩʠ ʛʝʥʦʤʝ. 

ʅʘʧʨʦʪʠʚ,  ʜʚʝ ʟʘʤʝʥʳ ʥʘ ʦʜʥʦʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ 

ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʠ, ʥʦ ʠ ʢʘʢ ʦʜʥʘ ɼʅʄ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

Sd(k)= xff(k)*F+Ŭd(k)*F, 
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ʛʜʝ xff(k) - ʚʝʨʦʷʪʥʦʩʪʴ ʦʜʠʥʦʯʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʳ ʚ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ k ʦʪ ʜʨʫʛʦʡ ʟʘʤʝʥʳ ʚ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ, ʠ Ŭd(k) ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, 

ʯʪʦ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʘʷ ʟʘʤʝʥʘ ʚ̫ʣʷʝʪʩʷ ʯʘʩʪʴʶ ʜʚʦʡʥʦʡ ʤʫʪʘʮʠʠ, ʚʦʚʣʝʢʘʶʱʝʡ 

ʟʘʤʝʥʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ k. ʊʦʛʜʘ 

ί Ὧ ὼ Ὧ  Ὧ 

˒̒̌̉ ̒̃̏̊̒̓̃́ ̠̍̔̓̉̑̏̃́̎̉ ̜̏̅̉̎́̋̏̃ ̍̆̇̅̔ ̒̆̒̓̑̉̎̒̋̉̍̉ ̄̆̎̏̍́̍̉ȟ ̓̏ 

xff(k)=xpf(k)  

 Ὧ ί Ὧ Ὠ Ὧ 

 

ɼʦʣʷ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʢʘʢ ʪʨʠʥʫʢʣʝʦʪʠʜʥʳʝ 

ʤʫʪʘʮʠʠ (ʊʅʄ), ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʄʳ ʚʳʯʠʩʣʷʣʠ ʯʘʩʪʦʪʫ ʧʘʨ 

ʤʫʪʘʮʠʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ l ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ, ʧʨʠ ʫʩʣʦʚʠʠ ʪʨʝʪʴʝʡ 

ʤʫʪʘʮʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ k ʦʪ ʵʪʦʡ ʧʘʨʳ ʚ ʧʨʦʢʩʠ ʛʝʥʦʤʝ dt(k,l) ʠʣʠ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ 

st(k,l) (ʨʠʩ 3): 

Ὠ Ὧȟὰ
Ὀ Ὧȟὰ

ὖ
 

ίὯȟὰ
ὛὯȟὰ

Ὂ
 

ʛʜʝ Dt(k,l) ï ʯʠʩʣʦ ʪʨʦʝʢ ʥʫʢʣʝʦʪʠʜʥʳʭ ʩʘʡʪʦʚ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (i, i+ k, i+ k+l), 

ʪʘʢʠʭ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʧʨʦʠʟʦʰʣʘ ʟʘʤʝʥʘ ʚ ʧʨʦʢʩʠ ʛʝʥʦʤʝ, ʘ ʚʦ ʚʪʦʨʦʤ ʠ 

ʪʨʝʪʴʝʤ ʩʘʡʪʘʭ ʧʨʦʠʟʦʰʣʘ ʟʘʤʝʥʘ ʚ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ; Sd(k) ï ʯʠʩʣʦ ʪʨʦʝʢ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʩʘʡʪʦʚ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (i, i+ k, i+ k+l), ʪʘʢʠʭ, ʯʪʦ ʚ ʥʠʭ ʧʨʦʠʟʦʰʣʠ 

ʟʘʤʝʥʳ ʚ ʮʝʣʝʚʦʤ ʛʝʥʦʤʝ (ʨʠʩ. 3 C ʠ D). ʇʝʨʚʳʡ ʧʘʪʪʝʨʥ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ 

ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʫʪʘʮʠʡ ʠʣʠ ʦʜʥʦʡ ʦʜʠʥʦʯʥʦʡ ʤʫʪʘʮʠʠ ʠ ʦʜʥʦʡ ʜʚʦʡʥʦʡ 

ʤʫʪʘʮʠʠ: 

Ὀ Ὧȟὰ ὼ Ὧὼ Ὧ ὰὖ ὼ Ὧ ὰὖ 

ˏ̓̏̑̏̊ ̐́̓̓̆̑̎ ̍̏̇̆̓ ̖̝̐̑̏̉̒̏̅̉̓ ̐̏ ̠̐̓̉ ̘̜̑́̈̌̉̎̍ ̗̠̒̆̎́̑̉̍ 

̑̉̒Ȣ σE): 
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ὛὯȟὰ ὼ Ὧὼ Ὧ ὰὊ ὼ Ὧ ὰὊ ὼ ὰ Ὧ ὯὊ

ὼ Ὧ Ὧ ὰὊ  ὯȟὰὊ 

ʛʜʝ Ŭt(k,l) ï ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʘʷ ʟʘʤʝʥʘ ʧʨʦʠʟʦʰʣʘ ʢʘʢ ʯʘʩʪʴ ʊʅʄ, 

ʚʦʚʣʝʢʘʶʱʝʡ ʟʘʤʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ k ʠ k+l ʦʪ ʥʝʸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

 Ὧȟὰ ίὯȟὰ Ὠ Ὧȟὰ ὼ ὰ Ὧ Ὧ ὼ Ὧ Ὧ ὰ 

  

ʄʳ ʥʝ ʪʦʣʴʢʦ ʤʦʞʝʤ ʦʮʝʥʠʪʴ ʯʘʩʪʦʪʫ ɼʅʄ, ʥʦ ʠ ʨʘʩʩʯʠʪʘʪʴ ʣʦʢʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʚʦʢʨʫʛ ʥʝ.y ʀʤʝʷ ʜʘʥʥʳʝ ʧʦ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʤʫʪʠʨʦʚʘʥʠʷ ʚʦʢʨʫʛ ʪʘʥʜʝʤʥʳʭ ʤʫʪʘʮʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʨʘʟʥʳʭ ʚʝʪʢʘʭ (ʜʣʷ 

ʫʜʦʙʩʪʚʘ Dd(k) ʜʣʷ k=1 ʤʳ ʪʘʢʞʝ ʥʘʟʳʚʘʝʤ ʊʄʈɺ (ʪʘʥʜʝʤʥʳʝ ʤʫʪʘʮʠʠ, ʨʘʟʥʳʝ 

ʚʝʪʢʠ)) ʠ ʚʦʢʨʫʛ ʪʘʥʜʝʤʥʳʭ ʤʫʪʘʮʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʦʜʥʦʡ ʚʝʪʢʝ (ʜʣʷ 

ʫʜʦʙʩʪʚʘ Sd(k) ʜʣʷ k=1 ʤʳ ʪʘʢʞʝ ʥʘʟʳʚʘʝʤ ʊʄʆɺ (ʪʘʥʜʝʤʥʳʝ ʤʫʪʘʮʠʠ, ʦʜʥʘ 

ʚʝʪʢʘ)), ʤʳ ʤʦʞʝʤ ʨʘʩʩʯʠʪʘʪʴ ʣʦʢʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʚʦʢʨʫʛ ɼʅʄ. ɼʣʷ 

ʵʪʦʛʦ ʠʟ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʚʦʢʨʫʛ ʊʄʆɺ ʥʫʞʥʦ ʚʳʯʝʩʪʴ ʚʢʣʘʜ 

ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ, ʦʙʲʷʩʥʷʝʤʳʡ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʪʘʥʜʝʤʥʳʭ 

ʤʫʪʘʮʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʢʘʢ 2 ʥʝʟʘʚʠʩʠʤʳʝ ʤʫʪʘʮʠʠ, ʘ ʟʘʪʝʤ ʧʦʜʝʣʠʪʴ ʥʘ ʜʦʣʶ 

ɼʅʄ ʩʨʝʜʠ ʊʄʆɺ. 

ʈ ˑ˚˙  
ʈ ˟˙˛ˏ ρ  ρȾί ρ ʈz ˟˙˝ˏ

 ρ
ί ρ

ȟ 

ʛʜʝ ʈ ˟˙˛  ˏï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ n ʦʪ ʊʄʆɺ, 

ʈ ˟˙˝ ˏï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ n ʦʪ ʊʄʈɺ, ʈ ˑ˚  ̇ï 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ n ʦʪ ɼʅʄ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʢʩʠ ʜʣʷ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʚʦʢʨʫʛ ʥʝʟʘʚʠʩʠʤʳʭ 

ʪʘʥʜʝʤʥʳʭ ʤʫʪʘʮʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʦʜʥʦʡ ʚʝʪʢʝ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʦʢʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ ʚʦʢʨʫʛ ʊʄʈɺ.  

 



31 

 

4. ɻʝʥʦʤʥʳʝ ʩʚʦʡʩʪʚʘ 

ɺʨʝʤʷ ʨʝʧʣʠʢʘʮʠʠ ʙʳʣʦ ʚʟʷʪʦ ʠʟ ʩʪʘʪʴʠ [42]. ʉʘʡʪʳ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʢ ɼʅʂʘʟʝ I (DHS) ʠ ʜʘʥʥʳʝ ʦ ʛʠʩʪʦʥʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ H3K9me3 ʠʟ ʢʣʝʪʦʯʥʦʡ 

ʣʠʥʠʠ Gm12878 ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʩ ʩʘʡʪʘ ʧʨʦʝʢʪʘ ENCODE 

(https://www.encodeproject.org/). ɼʘʥʥʳʝ ʧʦ ʨʝʢʦʤʙʠʥʘʮʠʠ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʩʪʘʪʴʠ 

[75]. ɺʩʝ ʛʝʥʦʤʥʳʝ ʪʨʝʢʠ ʙʳʣʠ ʥʘʣʦʞʝʥʳ ʥʘ ʩʙʦʨʢʫ hg19, ʢʦʪʦʨʘʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʘʥʘʣʠʟʘʭ.  ɺʨʝʤʷ ʨʝʧʣʠʢʘʮʠʠ, DHS ʩʘʡʪʳ, H3K9me3, ʩʢʦʨʦʩʪʴ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ɻʎ ʩʦʩʪʘʚ ʙʳʣʠ ʫʩʨʝʜʥʝʥʳ ʧʦ 50ʂʙ ʥʝʧʝʨʝʩʝʢʘʶʱʠʤʩʷ ʦʢʥʘʤ.  

ɼʣʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʘʥʘʣʠʟʦʚ, ʜʣʷ ʢʘʞʜʦʛʦ 50ʂʙ ʦʢʥʘ, ʤʳ ʩʪʨʦʠʣʠ ʚʝʢʪʦʨ, 

ʩʦʜʝʨʞʘʱʠʡ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʠʟʫʯʘʝʤʳʭ ʛʝʥʦʤʥʳʭ ʩʚʦʡʩʪʚ (ʚʨʝʤʝʥʠ 

ʨʝʧʣʠʢʘʮʠʠ, DHS ʩʘʡʪʳ, H3K9me3, ʩʢʦʨʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ, ɻʎ, ʩʢʦʨʦʩʪʴ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʠ ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ). ʕʪʠ ʚʝʢʪʦʨʘ ʧʦʜʘʚʘʣʠʩʴ ʥʘ ʚʭʦʜ 

ʧʫʘʩʩʦʥʦʚʩʢʦʡ ʨʝʛʨʝʩʩʠʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʠ ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʙʳʣʠ 

ʧʦʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ glm() ʚ ʧʨʦʛʨʘʤʤʝ R. 

  5. ʉʧʝʢʪʨ ʘʣʣʝʣʴʥʳʭ ʯʘʩʪʦʪ 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ ʘʣʣʝʣʴʥʳʭ ʯʘʩʪʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʘʡʪʳ, ʚ ʢʦʪʦʨʳʭ 30 

ʠʟ 37 (ʜʣʷ D. melanogaster ) ʠ 16 ʠʟ 18 (ʜʣʷ H. sapience) ʛʝʥʦʪʠʧʦʚ ʩʦʜʝʨʞʘʣʠ 

ʩʠʤʚʦʣʳ A, C, G ʠʣʠ T. ʏʘʩʪʦʪʳ ʤʠʥʦʨʥʦʛʦ ʘʣʣʝʣʷ ʚʳʯʠʩʣʷʣʠʩʴ ʩʨʝʜʠ 30 (16) 

ʛʝʥʦʪʠʧʦʚ; ʝʩʣʠ ʛʝʥʦʪʠʧʦʚ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʩʠʤʚʦʣʘʤʠ ʙʳʣʦ ʙʦʣʴʰʝ, ʤʳ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʣʠ ʩʨʝʜʠ ʥʠʭ 30 (16). ʉʘʡʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʝʝ ʜʚʫʭ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʵʪʠʭ ʘʥʘʣʠʟʦʚ.  

https://www.encodeproject.org/
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ɻʣʘʚʘ 1. ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ 

ʄʳ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʣʠ ʣʦʢʘʣʴʥʦ ʁʠʟʤʝʥʯʠʚʦʩʪʴ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʚ 

ʨʦʜʝ Drosophila, ʘ ʜʣʷ ʩʝʤʝʡʩʪʚʘ Hominidae ʨʘʩʰʠʨʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʳʜʫʱʠʭ 

ʨʘʙʦʪ [31,32,76] . 

ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 4 ʪʠʧʘ ʘʥʘʣʠʟʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʘʡʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ SNP ʚ ʦʜʥʦʤ ʚʠʜʝ (ʘʥʘʣʠʟ I, ʨʠʩ. 2ɸ ʠ ɸ`), SNP ʚ ʨʘʟʥʳʭ ʚʠʜʘʭ 

(ʘʥʘʣʠʟ II , ʨʠʩ. 2B ʠ B`), SNP ʚ ʦʜʥʦʤ ʚʠʜʝ ʠ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʫʶ ʟʘʤʝʥʫ ʚ ʜʨʫʛʦʤ 

ʚʠʜʝ (ʘʥʘʣʠʟ III , ʨʠʩ. 2C ʠ C`), ʠ ʟʘʤʝʥʳ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ (ʘʥʘʣʠʟ VI, ʨʠʩ. 

2D ʠ D`). ɺ ʦʩʥʦʚʝ ʵʪʠʭ ʘʥʘʣʠʟʦʚ ʣʝʞʠʪ ʦʙʱʘʷ ʠʜʝʷ. ʂʘʞʜʳʡ ʨʘʟ ʤʳ ʩʨʘʚʥʠʚʘʣʠ 

ʜʚʝ ʚʝʣʠʯʠʥʳ: ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ SNP ʠʣʠ ʟʘʤʝʥ ʧʦ ʛʝʥʦʤʫ (ʦʪʤʝʯʝʥʦ ʢʨʘʩʥʳʤ 

ʥʘ ʨʠʩ. 2); ʠ ʧʣʦʪʥʦʩʪʴ SNP ʠʣʠ ʟʘʤʝʥ ʚ ʩʘʡʪʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʠʣʠ ʥʘʭʦʜʷʱʠʭʩʷ 

ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʜʨʫʛʦʛʦ SNP ʠʣʠ ʟʘʤʝʥʳ  (ʩʠʥʠʤ ʥʘ ʨʠʩ. 2). ʇʝʨʚʘʷ ʚʝʣʠʯʠʥʘ 

ʦʪʦʙʨʘʞʘʝʪ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʤʫʪʠʨʦʚʘʥʠʷ; ʚʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ ʩʢʦʨʦʩʪʴ 

ʤʫʪʠʨʦʚʘʥʠʷ ʚ ʨʝʛʠʦʥʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʧʦʜʚʝʨʞʝʥʳ ʤʫʪʘʮʠʷʤ. 

ʕʪʦ ʩʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤʠ ʤʫʪʘʮʠʷʤʠ 

ʠ ʦʮʝʥʠʪʴ ʜʠʩʧʝʨʩʠʶ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ. ʋ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʝʩʪʴ ʜʚʘ 

ʦʛʨʘʥʠʯʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʤʳ ʥʝ ʤʦʞʝʤ ʠʟʫʯʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʤʫʪʘʮʠʠ ʜʚʘʞʜʳ (ʥʘʧʨʠʤʝʨ, ɸŸT ʠ ɸŸT) ʚ ʦʜʥʦʤ ʩʘʡʪʝ (ʟʜʝʩʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʛʦʤʦʣʦʛʠʯʥʳʝ ʩʘʡʪʳ ʚ ʨʘʟʥʳʭ ʚʠʜʘʭ ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʜʥʠʤ ʩʘʡʪʦʤ). ɺ ʘʥʘʣʠʟʝ 

I ʪʘʢʘʷ ʧʦʚʪʦʨʥʘʷ ʤʫʪʘʮʠʷ ʧʨʠʚʝʜʝʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʘʨr ʘʣʣʝʣʝʡ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʧʨʦʠʟʚʦʜʥʳʤ ʥʫʢʣʝʦʪʠʜʦʤ (ʥʘʧʨʠʤʝʨ, ʧʨʝʜʢʦʚʳʡ ʘʣʣʝʣʴ ɸ ʠ ʜʚʘʞʜʳ ʚʦʟʥʠʢʰʠʡ 
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ʧʨʦʠʟʚʦʜʥʳʡ ʘʣʣʝʣʴ ʊ), ʯʪʦ ʥʝʦʪʣʠʯʠʤʦ ʦʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʘʣʣʝʣʴ ʊ ʦʙʨʘʟʦʚʘʣʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʦʜʥʦʡ ʤʫʪʘʮʠʠ. 

ɺ ʘʥʘʣʠʟʝ II  ʦʜʠʥʘʢʦʚʳʡ ʙʠʘʣʣʝʣʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ ʚ D. melanogaster ʠ D. 

simulans ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʦʥ ʦʩʪʘʣʩʷ ʚ ʦʙʦʠʭ ʚʠʜʘʭ, ʧʦʷʚʠʚʰʠʩʴ ʚ 

ʠʭ ʦʙʱʝʤ ʧʨʝʜʢʝ [67]. ɼʘʞʝ ʚ ʯʝʣʦʚʝʢʝ ʠ ʰʠʤʧʘʥʟʝ, ʚ ʢʦʪʦʨʳʭ ʦʙʱʠʡ 

ʧʦʣʠʤʦʨʬʠʟʤ ʨʝʜʦʢ [31], ʤʫʪʘʮʠʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʧʦʧʘʜʘʶʪ ʚ ʦʜʠʥ ʩʘʡʪ ʛʦʨʘʟʜʦ ʯʘʱʝ [31,32] ʨʘʟʣʠʯʥʳʭ ʤʫʪʘʮʠʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʧʦʷʚʣʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʦʣʠʤʦʨʬʠʟʤʦʚ. ɺ ʘʥʘʣʠʟʘʭ III  ʠ IV ʘʣʣʝʣʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʚʩʪʨʝʯʘʶʪʩ ̫ ʤʥʦʛʦ ʯʘʱʝ [15,32], ʯʪʦ ʩʥʦʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʪʘʢʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʤʫʪʘʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʘʟʣʠʯʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʩʦʩʪʦʷʥʠʷʤ. 

ɺʪʦʨʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʥʘʙʣʶʜʸʥʥʦʛʦ SNP ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʴ SNP ʚ ʙʣʠʟʣʝʞʘʱʠʭ ʩʘʡʪʘʭ, ʪʘʢ ʢʘʢ ʪʘʢʠʝ ʟʘʤʝʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʩʣʝʜʩʪʚʠʝʤ ʤʫʪʠʨʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʥʫʢʣʝʦʪʠʜʦʚ ʟʘ ʦʜʥʦ ʩʦʙʳʪʠʝ [46,48,76]. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʨʠʤʝʩʠ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʤʫʪʘʮʠʡ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʪʦʣʴʢʦ ʪʝ 

SNP, ʧʨʦʠʟʚʦʜʥʳʝ ʘʣʣʝʣʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʪʁ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʘʭ.    

ɺ ʘʥʘʣʠʟʝ I ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ 

ʦʜʥʦʤ ʩʘʡʪʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʠʪʩʷ ʧʨʝʜʢʦʚʳʡ ʘʣʣʝʣʴ ʠ ʜʚʘ ʧʨʦʠʟʚʦʜʥʳʭ 

ʘʣʣʝʣʷ (ʪʨʠʘʣʣʝʣʴʥʳʡ SNP). ʏʘʩʪʦʪʘ ʪʨʠʘʣʣʝʣʴʥʳʭ SNP ʚ D. melanogaster ʚ 3.5 

ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʦʞʠʜʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʯʘʩʪʦʪʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʙʠʘʣʣʝʣʴʥʳʭ SNP (ʊʘʙʣʠʮʘ 2). ɺ ʘʥʘʣʠʟʝ I ʜʣʷ ʙʣʠʟʣʝʞʘʱʠʭ ʩʘʡʪʦʚ ʚ D. 
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melanogaster ʤʳ ʥʘʙʣʶʜʘʣʠ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʜʣʷ 15 ʩʘʡʪʦʚ, 

ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʩ SNP (ʨʠʩ. 4ɸ).   

 

ʊʘʙʣʠʮʘ 2. ʏʠʩʣʦ ʠ ʯʘʩʪʦʪʘ (ʚ ʩʢʦʙʢʘʭ) 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
).   

   

 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
) 1,502 

(1.65*10
-6
) 

2.35 

SNP ʚ ʩʘʡʪʘʭ ʩ 

ʟʘʤʝʥʦʡ       

 (ʘʥʘʣʠʟ III ) 

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

-4
) 20,291 

(1.76*10
-4
) 

1.95 

ʄʝʞʛʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ 

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

-4
) 25,953 

(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
) 37,319 

(2.32*10
-4
) 

2.23 

ʄʝʞʛʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ 

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

-4
) 47,947 

(2.51*10
-4
) 

2.06 
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ʈʠʩ. 4. ʇʣʦʪʥʦʩʪʴ SNP ʠʣʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʢʘʢ ʬʫʥʢʮʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʜʨʫʛʦʛʦ SNP ʠʣʠ ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʳ ʜʣʷ ʤʝʞʛʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚ Drosophila; 

ʘʥʘʣʠʟʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʘʣʠʟʘʤ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 3` ʧʦʟʠʮʠʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʫʢʣʝʦʪʠʜʦʚ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 5` ʧʦʟʠʮʠʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʫʢʣʝʦʪʠʜʦʚ. ʏʝʨʥʘʷ ʣʠʥʠʷ 

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

çʫʩʣʦʚʥʫʡè ʤʫʪʘʮʠʠ;  ʩʝʨʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʟʥʘʯʝʥʠʝ, ʧʦʩʯʠʪʘʥʥʦʝ ʧʦ 100 ʥʫʢʣʝʦʪʠʜʥʦʤʫ ʦʢʥʫ, ʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ ʥʘ 

ʠʟʫʯʘʝʤʦʤ ʩʘʡʪʝ. ʆʰʠʙʢʠ ʧʦʩʯʠʪʘʥʳ ʢʘʢ 95% ʙʠʥʦʤʠʘʣʴʥʳʝ ʜʦʚʝʨʠʪʝʣʴʥʳʝ 

ʠʥʪʝʨʚʘʣʳ; ʤʳ ʥʝ ʨʠʩʦʚʘʣʠ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʢʦʛʜʘ ʦʥʠ ʙʳʣʠ ʦʯʝʥʴ 

ʤʘʣʳ ʠ ʧʣʦʭʦ ʨʘʟʣʠʯʠʤʳ. 
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ɺ ʘʥʘʣʠʟʝ II ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ 

ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʩʘʡʪʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʪ̫ʩʷ ʙʠʘʣʣʝʣɹʥʳʝ ʧʦʣʠʤʦʨʬʠʟʤʳ ʚ 

ʜʚʫʭ ʨʘʟʥʳʭ ʚʠʜʘʭ. SNP, ʥʘʙʣʶʜʘʝʤʳʡ ʚ D. simulans, ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʩʦʚʧʘʜʘʶʱʝʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ (ʙʠʘʣʣʝʣʴʥʳʝ SNP ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ ʠ ʦʜʠʥʘʢʦʚʳʤ ʧʨʝʜʢʦʚʳʤ ʚʘʨʠʘʥʪʦʤ, ʩʣʫʯʠʚʰʠʝʩʷ ʚ ʦʜʥʦʤ ʩʘʡʪʝ ʫ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ) ʚ D. melanogaster ʚ 2.3 ʨʘʟʘ (ʊʘʙʣʠʮʘ 2). ɼʣʷ ʙʣʠʟʣʝʞʘʱʠʭ 

ʩʘʡʪʦʚ ʘʥʘʣʠʟ II  ʨʘʩʩʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʚ D. 

melanogaster ʧʦʙʣʠʟʦʩʪʠ ʦʪ SNP ʚ D. simulans. ʄʳ ʥʘʙʣʶʜʘʝʤ ʩʣʘʙʳʡ, ʥʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʵʬʬʝʢʪ ʚ ʩʘʡʪʘʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ15 ʥʫʢʣʝʦʪʠʜʦʚ (ʨʠʩ. 

4B). 

ɺ ʘʥʘʣʠʟʝ III  ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ  

ʩʘʡʪʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʦʰʣʘ ʟʘʤʝʥʘ ʚ ʦʜʥʦʤ ʚʠʜʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʙʠʘʣʣʝʣʴʥʳʡ SNP 

ʚ ʜʨʫʛʦʤ. ɿʘʤʝʥʘ ʤʝʞʜʫ ʚʠʜʘʤʠ D. yakuba ʠ D. erecta ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ SNP 

ʚ ʪʦʤ ʞʝ ʩʘʡʪʝ ʚ D. melanogaster ʚ 2.1 ʨʘʟʘ (ʊʘʙʣʠʮʘ 2).  ɼʣʷ ʙʣʠʟʣʝʞʘʱʠʭ ʩʘʡʪʦʚ 

ʘʥʘʣʠʟ III  ʨʘʩʩʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʚ D. melanogaster,  

ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʟʘʤʝʥʳ ʤʝʞʜʫ D. yakuba ʠ D. erecta. ʇʣʦʪʥʦʩʪʴ SNP ʧʦʚʳʰʝʥʘ ʚ 10 

ʥʫʢʣʝʦʪʠʜʘʭ ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʟʘʤʝʥʳ (ʨʠʩ. 4ʉ). 

ɺ ʘʥʘʣʠʟʝ IV ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ  

ʩʘʡʪʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʦʰʣʘ ʟʘʤʝʥʘ ʚ ʦʜʥʦʤ ʚʠʜʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʥʘ ʚ ʜʨʫʛʦʤ 

ʚʠʜʝ. ɿʘʤʝʥʘ ʤʝʞʜʫ ʚʠʜʘʤʠ D. yakuba ʠ D. erecta ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʤʝʥʳ ʚ 

ʪʦʤ ʞʝ ʩʘʡʪʝ ʥʘ ʚʝʪʢʝ D. melanogaster ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʪ D. simulans ʚ 2.1 ʨʘʟʘ 

(ʊʘʙʣʠʮʘ 2). ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʩʭʦʜʠʪʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʩʠʥʦʥʠʤʠʯʥʳʤ ʩʘʡʪʘʤ [77]. ɼʣʷ ʙʣʠʟʣʝʞʘʱʠʭ ʩʘʡʪʦʚ ʘʥʘʣʠʟ IV 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʤʝʥ ʥʘ ʚʝʪʢʝ D. melanogaster ʧʦʙʣʠʟʦʩʪʠ ʦʪ 

ʟʘʤʝʥʳ ʤʝʞʜʫ D. yakuba ʠ D. erecta. ʄʳ ʚʠʜʠʤ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʟʘʤʝʥʘ ʤʝʞʜʫ 

D. yakuba ʠ D. erecta ʧʦʚʳʰʘʝʪ ʧʣʦʪʥʦʩʪʴ ʟʘʤʝʥ ʚ 20 ʙʣʠʟʣʝʞʘʱʠʭ ʩʘʡʪʘʭ ʫ D. 

melanogaster (ʨʠʩ. 4D). 
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ʊʝ ʞʝ 4 ʪʠʧʘ ʘʥʘʣʠʟʦʚ ʤʦʞʥʦ ʧʨʦʜʝʣʘʪʴ ʠ ʜʣʷ Homindae, ʥʝʩʤʦʪʨʷ ʥʘ 

ʜʨʫʛʫʶ ʪʦʧʦʣʦʛʠʶ ʜʝʨʝʚʘ (ʨʠʩ. 2). ʆʜʥʘʢʦ ʜʘʥʥʳʭ ʧʦ ʧʦʣʥʦʛʝʥʦʤʥʦʤʫ 

ʧʦʣʠʤʦʨʬʠʟʤʫ ʰʠʤʧʘʥʟʝ ʥʝ ʙʳʣʦ, ʠ ʤʳ ʥʝ ʤʦʛʣʠ ʧʨʦʜʝʣʘʪʴ ʘʥʘʣʠʟ II . 

ʇʨʝʜʳʜʫʱʠʝ ʩʪʘʪʴʠ, ʠʟʫʯʘʶʱʠʝ ʣʦʢʘʣʴʥʫ  ʁ ʩʢʦʨʦʩʪ ɹ ʤʫʪʠʨʦʚʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʰʠʤ ʘʥʘʣʠʟʘʤ I [76] ʠ IV [32].  

ɺ ʘʥʘʣʠʟʝ I ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʯʘʩʪʦʪʘ ʪʨʠʘʣʣʝʣʴʥʳʭ SNP ʚ ʯʝʣʦʚʝʢʝ ʚ 2.3 

ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʦʞʠʜʘʥʠʝ (ʊʘʙʣʠʮʘ 3), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʳʜʫʱʝʝ ʨʝʟʫʣʴʪʘʪʳ 

[76]. ɺ ʘʥʘʣʠʟʝ I ʜʣʷ ʙʣʠʟʣʝʞʘʱʠʭ ʩʘʡʪʦʚ ʧʣʦʪʥʦʩʪʴ ʧʦʣʠʤʦʨʬʠʟʤʦʚ ʧʦʚʳʰʝʥʘ 

1.6 ʨʘʟʘ, ʥʦ ʪʦʣʴʢʦ ʥʘ ʨʘʩʩʪʦʷʥʠ 1 (ʨʠʩ. 5ɸ). 

 

ʊʘʙʣʠʮʘ 3. ʏʠʩʣʦ ʠ ʯʘʩʪʦʪʘ (ʚ ʩʢʦʙʢʘʭ) ʜʣʷ ʩʣʫʯʘʝʚ ʦʜʥʦʡ ʠ ʜʚʫʭ ʤʫʪʘʮʠʡ ʚ 

ʩʘʡʪʝ ʜʣʷ ʪʨʝʭ ʠʟ ʯʝʪʳʨʝʭ ʪʠʧʦʚ ʘʥʘʣʠʟʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʜʘʥʥʳʝ ʜʣʷ 

Hominidae. ʆʞʠʜʘʥʠʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʙʣʶʜʝʥʠʷ 

(P<10
-100

, ɢ
2
). 

 

  

 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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ʈʠʩ. 5. ʇʣʦʪʥʦʩʪʴ SNP ʠʣʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʢʘʢ ʬʫʥʢʮʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʜʨʫʛʦʛʦ SNP ʠʣʠ ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʳ ʜʣʷ ʤʝʞʛʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚ Hominidae; 

ʘʥʘʣʠʟʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʘʣʠʟʘʤ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 3` ʧʦʟʠʮʠʷʤ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 5` ʧʦʟʠʮʠʷʤ. ʏʝʨʥʘʷ 

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

çʫʩʣʦʚʥʦʡè ʤʫʪʘʮʠʠ;  ʩʝʨʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʟʥʘʯʝʥʠʝ, ʧʦʩʯʠʪʘʥʥʦʝ ʧʦ 100 ʥʫʢʣʝʦʪʠʜʥʳʤ ʦʢʥʘʤ, ʮʝʥʪʨʠʨʦʚʘʥʥʤr ʥʘ 

ʠʟʫʯʘʝʤʦʤ ʩʘʡʪʝ. ʆʰʠʙʢʠ ʧʦʩʯʠʪʘʥʳ ʢʘʢ 95% ʙʠʥʦʤʠʘʣʴʥʳʝ ʜʦʚʝʨʠʪʝʣʴʥʳʝ 

ʠʥʪʝʨʚʘʣʳ. 
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ɺ ʘʥʘʣʠʟʝ III  ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʟʘʤʝʥʘ ʚ ʣʠʥʠʠ ʛʦʨʠʣʣʳ  ʧʦʚʳʰʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ SNP ʚ ʪʦʤ ʞʝ ʩʘʡʪʝ ʚ ʯʝʣʦʚʝʢʝ ʚ 1.9  ʨʘʟʘ (ʊʘʙʣʠʮʘ 3).  ɼʣʷ 

ʙʣʠʟʣʝʞʘʱʠʭ ʩʘʡʪʦʚ ʘʥʘʣʠʟ III  ʨʘʩʩʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʣʠʤʦʨʬʠʟʤʘ 

ʚ ʯʝʣʦʚʝʢʝ  ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʟʘʤʝʥʳ ʥʘ ʚʝʪʢʝ ʛʦʨʠʣʣʳ. ʇʣʦʪʥʦʩʪʴ SNP ʩʣʘʙʦ 

ʧʦʚʳʰʝʥʘ ʚ 2 ʩʦʩʝʜʥʠʭ ʥʫʢʣʝʦʪʠʜʘʭ (ʨʠʩ. 5B). 

ɺ ʘʥʘʣʠʟʝ IV ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʟʘʤʝʥʘ ʚ ʣʠʥʠʠ ʛʦʨʠʣʣʳ ʧʦʚʳʰʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʤʝʥʳ ʚ ʪʦʤ ʞʝ ʩʘʡʪʝ ʥʘ ʣʠʥʠʠ ʯʝʣʦʚʝʢʘ ʚ 1.8 ʨʘʟʘ (ʊʘʙʣʠʮʘ 3).  ɼʣʷ 

ʙʣʠʟʣʝʞʘʱʠʭ ʩʘʡʪʦʚ ʘʥʘʣʠʟ IV ʨʘʩʩʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʤʝʥ ʚ 

ʯʝʣʦʚʝʢʝ ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʟʘʤʝʥʳ ʥʘ ʚʝʪʢʝ ʛʦʨʠʣʣʳ. ʇʣʦʪʥʦʩʪʴ ʟʘʤʝʥ ʥʘ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʢʝ, ʚʝʜʫʱʝʡ ʢ ʯʝʣʦʚʝʢʫ, ʩʣʘʙʦ ʧʦʚʳʰʝʥʘ ʚ ʜʚʫʭ ʩʦʩʝʜʥʠʭ 

ʥʫʢʣʝʦʪʠʜʘʭ ʦʪ ʟʘʤʝʥʳ ʥʘ ʚʝʪʢʝ ʛʦʨʠʣʣ r(ʨʠʩ. 5C). 

ɼʣʷ S. ʩommune ʤʳ ʧʨʦʜʝʣʘʣʠ ʘʥʘʣʠʟ, ʘʥʘʣʦʛʠʯʥʳʡ ʘʥʘʣʠʟʫ II : ʤʳ 

ʧʦʜʛʦʪʦʚʠʣʠ ʜʘʥʥʳʝ ʧʦ SNP ʚ ʨʦʩʩʠʡʩʢʦʡ ʠ ʘʤʝʨʠʢʘʥʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʛʨʠʙʦʚ ʠ 

ʚʳʯʠʩʣʠʣʠ ʠʟʙʳʪʦʢ ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ ʙʠʘʣʣʝʣʴʥʳʝ SNP ʩ ʨʘʟʥʳʤʠ ʤʠʥʦʨʥʳʤʠ 

ʘʣʣʝʣʷʤʠ ʚ ʜʚʫʭ ʧʦʧʫʣʷʮʠʷʭ ʧʦʧʘʜʘʣʠ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʘʡʪ. ʄʳ ʥʘʙʣʶʜʘʣʠ 

ʧʨʝʚʳʰʝʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘʜ ʦʞʠʜʘʥʠʝʤ ʚ 1.42 ʨʘʟʘ ʜʣʷ ʪʘʢʠʭ ʧʦʣʠʤʦʨʬʠʟʤʦʚ.  

 

ɻʣʘʚʘ 2. ʃʦʢʘʣʴʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʪʨʘʥʟʠʮʠʡ ʢ 

ʪʨʘʥʩʚʝʨʩʷʤ 

 ʀʟʤʝʨʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ ʥʝ ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʫʪʘʮʠʡ.  ʄʳ ʠʟʫʯʘʣʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ə - 

ʦʪʥʦʰʝʥʠʷ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ ʚʜʦʣʴ ʧʦ ʛʝʥʦʤʫ. ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ə ʦʪ ʤʫʪʘʮʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʪʝʭ ʞʝ ʩʘʡʪʘʭ ʠʣʠ ʩʘʡʪʘʭ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʡ ʤʫʪʘʮʠʠ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʫ ʞʝ ʣʦʛʠʢʫ, ʯʪʦ ʠ ʚ 

ʘʥʘʣʠʟʘʭ ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʙʱʝʡ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ: ʤʳ ʩʨʘʚʥʠʚʘʣʠ ə ʚ ʩʘʡʪʘʭ 

ʠʣʠ ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʩʘʡʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʘ çʫʩʣʦʚʥʘʷè ʤʫʪʘʮʠʷ, ʩʦ ʩʨʝʜʥʠʤ 

ʧʦ ʛʝʥʦʤʫ. ʄʳ ʧʨʦʜʝʣʘʣʠ ʪʝ ʞʝ 4 ʪʠʧʘ ʘʥʘʣʠʟʦʚ, ʯʪʦ ʠ ʜʣʷ ʦʙʱʝʡ ʩʢʦʨʦʩʪʠ 
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ʤʫʪʠʨʦʚʘʥʠʷ (ʨʠʩ. 2) ɺʚʠʜʫ ʥʝʪʨʠʚʠʘʣʴʥʦʩʪʠ ʘʥʘʣʠʟʦʚ ʚ ʦʜʥʦʤ ʩʘʡʪʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ə, ʦʧʠʰʝʤ ʠʭ ʧʦʜʨʦʙʥʝʝ.  

 ʈʘʩʩʤʦʪʨʠʤ ʩʘʡʪ ʩ ʠʟʚʝʩʪʥʳʤ ʧʨʝʜʢʦʚʳʤ ʥʫʢʣʝʦʪʠʜʦʤ (ʥʘʧʨʠʤʝʨ, ɸ). ɺ 

ʵʪʦʤ ʩʘʡʪʝ ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ 2 ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʚʝʨʩʠʠ (ɸŸC ʠ ɸŸT) ʠ ʦʜʥʘ 

ʪʨʘʥʟʠʮʠʷ (ɸŸG); ʢʘʢ ʠ ʚ ʘʥʘʣʠʟʘʭ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʤʫʪʠʨʦʚʘʥʠʷ, ʤʳ 

ʠʩʢʣʶʯʘʝʤ ʧʘʨʘʣʣʝʣʴʥʳʝ ʤʫʪʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʘʡʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʟʦʰʣʘ ʪʨʘʥʩʚʝʨʩʠʷ (ʥʘʧʨʠʤʝʨ, ɸŸC), ʤʳ ʤʦʞʝʤ ʚʳʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʪʦʛʦ, ʯʪʦ ʚ ʥʠʭ ʧʨʦʠʟʦʡʜʝʪ ʚʪʦʨʘʷ ʪʨʘʥʩʚʝʨʩʠʷ (ɸŸT) ʠʣʠ ʪʨʘʥʟʠʮʠʷ (ɸŸG),  ʠ 

ʧʦʣʫʯʠʪʴ ʦʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ (ɸŸG/ɸŸT) ʧʨʠ ʫʩʣʦʚʠʠ 

ʪʨʘʥʩʚʝʨʩʠʠ ətvc. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʚʝʣʠʯʠʥʦʡ  ətv ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʫʪʘʮʠʡ, ʥʦ ʚ ʩʘʡʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʘ ʣʠʰʴ ʦʜʥʘ ʤʫʪʘʮʠʷ. 

ʆʪʣʠʯʠʝ ətvc ʦʪ ətv ʙʫʜʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʪʨʘʟʠʮʠʡ ʢ 

ʪʨʘʥʩʚʝʨʩʠʷʤ ʤʝʥʷʝʪʩʷ ʚ ʩʘʡʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʘ ʥʝʟʘʚʠʩʠʤʘʷ ʪʨʘʥʩʚʝʨʩʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʩʘʡʪʝ ʩ ʠʟʚʝʩʪʥʳʤ ʧʨʝʜʢʦʚʳʤ ʥʫʢʣʝʦʪʠʜʦʤ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʣʠʰʴ 

ʦʜʥʘ ʪʨʘʥʟʠʮʠʷ, ʤʳ ʥʝ ʤʦʞʝʤ ʠʟʫʯʘʪʴ ʦʪʥʦʰʝʥʠʝ ʪʨʘʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ ʧʨʠ 

ʫʩʣʦʚʠʠ ʩʣʫʯʠʚʰʝʡʩʷ ʪʨʘʥʟʠʮʠʠ (ʊʘʙʣʠʮ r4 ʠ 5); ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʧʘʜʘʝʪ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʩʘʡʪʦʚ, ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʫʪʘʮʠʝʡ. 

ɼʘʥʥʳʝ ʧʦ ətvc ʠ ətv ʜʣʷ ʘʥʘʣʠʟʘ I ʚ D. melanogaster ʧʦ ʚʩʝʤ 8 ʚʦʟʤʦʞʥʳʤ 

ʧʘʨʘʤ ʪʨʘʥʟʠʮʠʡ ʠ ʪʨʘʥʩʚʝʨʩʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. ʆʪʥʦʰʝʥʠʝ 

ʪʨʘʥʩʚʝʨʩʠʡ ʢ ʪʨʘʥʟʠʮʠʷʤ ʥʠʞʝ ʚ ʩʘʡʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʨʫʛʘʷ 

ʪʨʘʥʩʚʝʨʩʠʷ, ʠ ὶ  ï ʩʨʝʜʥʝʝ ʧʦ 8 ʚʦʟʤʦʞʥʳʤ ʧʘʨʘʤ ʦʪʥʦʰʝʥʠʡ ətvc ʠ ətv 

ʧʦʣʫʯʠʣʦʩʴ ʨʘʚʥʳʤ 0.76 (ʊʘʙʣʠʮʘ 4). ɼʣʷ 30 ʙʣʠʟʣʝʞʘʱʠʭ ʩʘʡʪʦʚ ʘʥʘʣʠʟ I 

ʧʦʢʘʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ə ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʪʨʘʥʩʚʝʨʩʠʠ, ʥʦ ʥʝ ʪʨʘʥʟʠʮʠʠ (ʨʠʩ. 6ɸ). 
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ʈʠʩ. 6. ʆʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ (ə) ʢʘʢ ʬʫʥʢʮʠʷ ʨʘʩʩʪʦʷʥʠʷ 

ʜʦ ʪʨʘʟʠʮʠʠ (ʟʝʣʝʥʳʡ) ʠʣʠ ʪʨʘʥʩʚʝʨʩʠʠ (ʬʠʦʣʝʪʦʚʳʡ) ʜʣʷ ʤʝʞʛʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʚ Drosophila; ʘʥʘʣʠʟʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʘʣʠʟʘʤ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʦʣʦʞʠʪʝʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 3` ʧʦʟʠʮʠʷʤ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 5` 

ʧʦʟʠʮʠʷʤ. 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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ɺ ʘʥʘʣʠʟʝ II ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ çʫʩʣʦʚʥʘʷè ʪʨʘʥʩʚʝʨʩʠʷ ʚ D. simulans ʩʥʠʞʘʝʪ 

ə ʚ ʧʦʣʠʤʦʨʬʠʟʤʝ D. melanogaster, ʠ ὶ =0.91. ʇʨʠ ʧʝʨʝʢʨʝʩʪʥʦʤ ʘʥʘʣʠʟʝ, ʚ 

ʢʦʪʦʨʦʤ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚʣʠʷʥʠʝ çʫʩʣʦʚʥʦʡè ʪʨʘʥʩʚʝʨʩʠʠ ʚ D. melanogaster ʥʘ 

ʟʥʘʯʝʥʠʝ ə ʚ D. simulans, ʤʳ ʧʦʣʫʯʠʣʠ ʩʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

 

ʊʘʙʣʠʮʘ 4. ʆʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ ʚ ʙʠʘʣʣʝʣʴʥʳʭ ʠ 

ʪʨʠʘʣʣʝʥʳʭ SNP (ʘʥʘʣʠʟ I) ʚ Drosophila. *,**,*** ʦʙʦʟʥʘʯʘʶʪ P<0.05, P<0.01 ʠ 

P<0.001 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʦʪʣʠʯʠʷ ətvc ʠ ətv. 

 

 

ɼʣʷ ʙʣʠʟʣʝʞʘʱʠʭ ʩʘʡʪʦʚ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʤʳ 

ʫʩʨʝʜʥʷʣʠ ə ʧʦ 100 ʩʘʡʪʘʤ ʚʙʣʠʟʠ ʤʫʪʘʮʠʠ ʠ ʥʘʙʣʶʜʘʣʠ ʜʦʩʪʦʚʝʨʥʳʡ ʵʬʬʝʢʪ ʢʘʢ 

ʧʦ ʩʥʠʞʝʥʠʶ ə ʢʘʢ ʚʙʣʠʟʠ ʪʨʘʥʟʠʮʠʡ (P<10
-8
), ʪʘʢ ʠ ʚʙʣʠʟʠ ʪʨʘʥʩʚʝʨʩʠʡ (P<10

-20
); 

ʥʦ ʚʙʣʠʟʠ ʪʨʘʥʩʚʝʨʩʠʡ ʵʬʬʝʢʪ ʦʢʘʟʘʣʩʷ ʩʠʣʴʥʝʝ (P=2*10
-4
) (ʨʠʩ. 6B).  

ʊʨʘʥʟʠʮʠʷ ʠ ʪʨʘʥʩʚʝʨʩʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʨʘʩʯʸʪʘ ətv 

çʋʩʣʦʚʥʘʷè ʪʨʘʥʩʚʝʨʩʠ,̫  

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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ɺ ʘʥʘʣʠʟʝ III  ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʪʨʘʥʩʚʝʨʩʠʷ ʥʘ ʚʝʪʢʝ D. erecta ʩʥʠʞʘʝʪ ə ʚ 

ʧʦʣʠʤʦʨʬʠʟʤʝ D. melanogaster, ʠ ὶ =0.95. ɼʣʷ ʙʣʠʟʣʝʞʘʱʠʭ ʥʫʢʣʝʦʪʠʜʦʚ ʤʳ 

ʫʩʨʝʜʥʷʣʠ ə ʧʦ 100 ʩʘʡʪʘʤ ʚʙʣʠʟʠ ʤʫʪʘʮʠʠ ʠ ʥʘʙʣʶʜʘʣʠ ʜʦʩʪʦʚʝʨʥʳʡ ʵʬʬʝʢʪ ʢʘʢ 

ʧʦ ʩʥʠʞʝʥʠʶ ə ʢʘʢ ʚʙʣʠʟʠ ʪʨʘʥʟʠʮʠʡ (P<10
-6
), ʪʘʢ ʠ ʚʙʣʠʟʠ ʪʨʘʥʩʚʝʨʩʠʡ (P<10

-50
), 

ʥʦ ʚʙʣʠʟʠ ʪʨʘʥʩʚʝʨʩʠʡ ʵʬʬʝʢʪ ʙʳʣ ʩʠʣʴʥʝʝ (P<10
-18

) (ʨʠʩ. 6D). ʅʘʠʤʝʥʴʰʠʝ 

ʟʥʘʯʝʥʠ ̫ ə ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20-30 ʥʫʢʣʝʦʪʠʜʦʚ, ʘ ʥʝ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʩʦʩʝʜʩʪʚʝ ʩ ʟʘʤʝʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʫʪʘʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʧʣʦʜʦʚʦʡ ʤʫʰʢʠ ʚ 10- ʥʫʢʣʝʦʪʠʜʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʟʘʤʝʥʳ. 

ɺ ʘʥʘʣʠʟʝ VI ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʪʨʘʥʩʚʝʨʩʠʷ ʤʝʞʜʫ D. yakuba ʠ D. yakuba 

ʩʥʠʞʘʝʪ ə ʩʨʝʜʠ ʟʘʤʝʥ ʥʘ ʚʝʪʢʝ D. melanogaster, ʠ ὶ =0.86. ɼʣʷ ʙʣʠʟʣʝʞʘʱʠʭ 

ʩʘʡʪʦʚ ʤʳ  ʥʘʙʣʶʜʘʣʠ ʜʦʩʪʦʚʝʨʥʳʡ ʵʬʬʝʢʪ  ʧʦ ʩʥʠʞʝʥʠʶ ə ʢʘʢ ʚʙʣʠʟʠ ʪʨʘʥʟʠʮʠʡ 

(P<10
-14

),   ʪʘʢ ʠ ʚʙʣʠʟʠ ʪʨʘʥʩʚʝʨʩʠʡ (P<10
-48

); ʢʘʢ ʠ ʚ ʘʥʘʣʠʟʘʭ I-IV, ʚʙʣʠʟʠ 

ʪʨʘʥʩʚʝʨʩʠʡ ʵʬʬʝʢʪ ʩʠʣʴʥʝʝ (P<10
-6
) (ʨʠʩ. 6D).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ə ʩʥʠʞʝʥʘ ʢʘʢ ʚʙʣʠʟʠ ʪʨʘʥʟʠʮʠʡ, ʪʘʢ ʠ ʚʙʣʠʟʠ ʪʨʘʥʩʚʝʨʩʠʡ. 

ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʧʦʚʳʰʝʥʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʤʫʪʠʨʦʚʘʥʠʷ. 

ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʫ ʚʦʟʤʦʞʥʦʩʪʴ, ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʣʦʪʥʦʩʪʴ ʤʫʪʘʮʠʡ  ʚʙʣʠʟʠ 

ʦʪ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʘʡʪʦʚ ʠ ʦʮʝʥʠʣʠ, ʚʣʠʷʝʪ ʣʠ ʢʦʣʠʯʝʩʪʚʦ ʤʫʪʘʮʠʡ ʥʘ 

ʥʘʙʣʶʜʘʝʤʫʶ ə (ʨʠʩ 7). ʃʦʢʘʣʴʥʘʷ ʛʠʧʝʨʤʫʪʘʙʠʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʯʘʩʪʠʯʥʦ 

ʦʙʲʷʩʥʷʝʪ ʧʦʥʠʞʝʥʠʝ  ə ʚʙʣʠʟʠ ʦʪ ʤʫʪʘʮʠʠ; ʪʘʢ, ʚ ʦʢʥʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʝ 

ʤʫʪʘʮʠʡ, ʤʳ ʥʘʙʣʶʜʘʣʠ ʙʦʣʴʰʫʶ ʜʦʣʶ ʪʨʘʥʩʚʝʨʩʠʡ.  ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʞʝ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʫʪʘʮʠʡ ʚ ʦʢʥʝ ə ʧʦʥʠʞʝʥʘ ʧʦʙʣʠʟʦʩʪʠ ʦʪ 

ʪʨʘʥʩʚʝʨʩʠʡ ʩʠʣʴʥʝʝ, ʯʝʤ ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʪʨʘʥʟʠʮʠʡ. 
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ʈʠʩ. 7. ʆʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ (ə) ʢʘʢ ʬʫʥʢʮʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʤʫʪʘʮʠʡ ʚ ʦʢʥʘʭ, ʣʝʞʘʱʠʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʪʨʘʥʩʚʝʨʩʠʠ (ʯʝʨʥʳʡ) 

ʠʣʠ ʪʨʘʥʟʠʮʠʠ (ʩʝʨʳʡ) ʚ ʤʝʞʛʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ Drosophila. ʂʘʞʜʦʝ ʦʢʥʦ ʜʣʠʥʦʡ 

60 ʥʫʢʣʝʦʪʠʜʦʚ ʩʦʜʝʨʞʠʪ ʩʘʡʪʳ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʤʫʪʘʮʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 1-30, 

31-60 ʠ 61-90 ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʤʫʪʘʮʠʠ. *,**,*** ʦʙʦʟʥʘʯʘʶʪ P<0.05, 

P<0.01 ʠ P<0.001 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʨʘʟʣʠʯʠʡ ə ʚʦʢʨʫʛ ʩʘʡʪʘ ʩ ʪʨʘʥʩʚʝʨʩʝʡ ʠ 

ʪʨʘʥʟʠʮʠʝʡ.  

 

ɹʦʣʝʝ ʩʠʣʴʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʦʪʙʦʨ ʧʨʦʪʠʚ ʪʨʘʥʩʚʝʨʩʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʯʠʥʦʡ ʧʦʥʠʞʝʥʠʷ ə ʚ ʨʝʛʠʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ SNP ʠʣʠ ʤʝʞʚʠʜʦʚʳʭ 

ʟʘʤʝʥ ʠ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʪʨʘʥʩʚʝʨʩʠʡ ʩ ʪʨʘʥʩʚʝʨʩʠʷʤʠ, ʥʝʞʝʣʠ ʩ 

ʪʨʘʥʟʠʮʠʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʦʪʙʦʨʘ ʪʨʘʥʩʚʝʨʩʠʠ ʩʠʣʴʥʝʝ 

ʪʨʘʥʟʠʮʠʡ ʙʫʜʫʪ ʢʣʘʩʪʝʨʠʟʦʚʘʪʴʩʷ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʦ, 

ʤ  rʧʦʩʪʨʦʠʣʠ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʤʠʥʦʨʥʦʛʦ ʘʣʣʝʣʷ (ʉʏʄɸ) ʦʪʜʝʣʴʥʦ ʧʦ ʪʨʘʥʟʠʮʠʷʤ 

ʠ ʪʨʘʥʩʚʝʨʩʠʷʤ. ʋ Drosophila ʉʏʄɸ ʪʨʘʥʩʚʝʨʩʠʡ ʩʤʝʱʝʥ ʚ ʧʦʣʴʟʫ ʨʝʜʢʠʭ 
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ʚʘʨʠʘʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠ ʁʩ ʪʨʘʥʟʠʮʠʷʤʠ (ʨʠʩ. 8); ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ Tajimaôs D 

[78] ʧʦ ʪʨʘʥʩʚʝʨʩʠʷʤ (-1.51 ʜʣʷ ʠʥʪʨʦʥʦʚ ʠ -1.54 ʜʣʷ ʤʝʞʛʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ) 

ʥʠʞʝ, ʯʝʤ ʧʦ ʪʨʘʥʟʠʮʠʷʤ (-0.80 ʜʣʷ ʠʥʪʨʦʥʦʚ ʠ -0.84 ʜʣʷ ʤʝʞʛʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ), 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʦʪʙʦʨʝ ʧʨʦʪʠʚ ʪʨʘʥʩʚʝʨʩʠʡ.   

 

ʈʠʩ. 8. ʉʧʝʢʪʨ ʯʘʩʪʦʪ ʤʠʥʦʨʥʦʛʦ ʘʣʣʝʣʷ ʜʣʷ ʧʦʣʠʤʦʨʬʥʳʭ ʪʨʘʥʩʚʝʨʩʠʡ 

(ʯʝʨʥʳʡ) ʠ ʪʨʘʥʟʠʮʠʡ (ʩʝʨʳʡ) ʚ D.melanogaster ʚ ʠʥʪʨʦʥʘʭ (ɸ) ʠ ʤʝʞʛʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ (ɺ). ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʛʝʥʦʪʠʧʦʚ (ʠʟ 30), 

ʥʝʩʫʱʠʭ ʤʠʥʦʨʥʳʡ ʘʣʣʝʣʴ.  

 

ɺ ʘʥʘʣʠʟʝ I ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʜʣʷ ʯʝʣʦʚʝʢʘ ʚ ʪʨʠʘʣʣʝʣʴʥʳʭ SNP ʪʨʘʥʩʚʝʨʩʠʷ 

ʙʦʣʝʝ ʯʝʤ ʚʪʨʦʝ ʩʥʠʞʘʝʪ ʦʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ ὶ =0.31 (ʊʘʙʣʠʮʘ 

4).  

ɺ ʘʥʘʣʠʟʝ III  ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʪʨʘʥʩʚʝʨʩʠʷ ʥʘ ʚʝʪʢʝ ʛʦʨʠʣʣʳ ʩʥʠʞʘʝʪ ə ʚ 

ʧʦʣʠʤʦʨʬʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʠ  ὶ =0.91. 

ɺ ʘʥʘʣʠʟʝ IV ʜʣʷ ʦʜʥʦʛʦ ʩʘʡʪʘ ʪʨʘʥʩʚʝʨʩʠʷ ʥʘ ʚʝʪʢʝ ʛʦʨʠʣʣʳ ʩʥʠʞʘʝʪ ə ʧʦ 

ʟʘʤʝʥʘʤ ʥʘ ʚʝʪʢʝ ʯʝʣʦʚʝʢʘ, ʠ  ὶ =0.58. 
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ʊʘʙʣʠʮʘ 5. ʆʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʪʨʘʥʟʠʮʠʡ ʠ ʪʨʘʥʩʚʝʨʩʠʡ ʚ ʙʠʘʣʣʝʣʴʥʳʭ ʠ 

ʪʨʠʘʣʣʝʣʥɹʳʭ SNP (ʘʥʘʣʠʟ I) ʚ Hominidae. ʈ < 10
-3 
ʜʣʷ ʚʩʝʭ ʩʨʘʚʥʝʥʠʡ ətvc ʠ ətv.  

 

 

ɺ ʘʥʘʣʠʟʝ I ʜʣʷ ʩʦʩʝʜʥʠʭ ʩʘʡʪʦʚ ə ʩʥʠʞʝʥʘ ʜʣʷ 5 ʥʫʢʣʝʦʪʠʜʦʚ ʚʙʣʠʟʠ 

çʫʩʣʦʚʥʦʡè ʪʨʘʥʩʚʝʨʩʠʠ, ʥʦ ʥʝ çʫʩʣʦʚʥʦʡè ʪʨʘʥʟʠʮʠʠ; ʤʳ ʥʝ ʥʘʙʣʶʜʘʣʠ ʵʬʬʝʢʪʘ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 5 ʥʫʢʣʝʦʪʠʜʦʚ (ʨʠʩ. 9ɸ). ɺ ʘʥʘʣʠʟʘʭ III  ʠ IV ə ʤʝʥʴʰʝ 

ʩʨʝʜʥʝʛʝʥʦʤʥʦʡ ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʪʨʘʥʩʚʝʨʩʠʡ, ʥʦ ʥʝ ʪʨʘʥʟʠʮʠʡ (ʨʠʩ 9ɺ, ʉ). 

ʊʨʘʥʟʠʮʠʷ ʠ ʪʨʘʥʩʚʝʨʩʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ətv 

çʋʩʣʦʚʥʘʷè ʪʨʘʥʩʚʝʨʩʠ,̫  

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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ʈʠʩ. 9. ʆʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʢ ʪʨʘʥʩʚʝʨʩʠʷʤ (ə) ʢʘʢ ʬʫʥʢʮʠʷ ʨʘʩʩʪʦʷʥʠʷ 

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

ʠʥʪʝʨʚʘʣʦʚ ʫ Hominidae; ʘʥʘʣʠʟʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʘʣʠʟʘʤ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 3` ʧʦʟʠʮʠʷʤ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 5` ʧʦʟʠʮʠʷʤ. ʉʝʨʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʨʝʜʥʝʛʝʥʦʤʥʦʤʫ ʟʥʘʯʝʥʠʶ ə. ɿʥʘʯʝʥʠʷ ə ʜʘʥʳ ʧʦ 5 ʥʫʢʣʝʦʪʠʜʥʳʤ ʦʢʥʘʤ. 

ʆʰʠʙʢʠ ʧʦʩʯʠʪʘʥʳ ʢʘʢ 95% ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʦ 1000 ʠʩʧʳʪʘʥʠʡ. 

 

ɺ ʣʶʜʷʭ ʉʏʄɸ ʧʦ ʪʨʘʥʟʠʮʠʷʤ ʠ ʪʨʘʥʩʚʝʨʩʠʷʤ ʥʝʦʪʣʠʯʠʤʳ (ʨʠʩ. 10); ʵʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʪʙʦʨ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʘʪʪʝʨʥʳ ʠʟʤʝʥʯʠʚʦʩʪʠ ə ʫ ʣʶʜʝʡ. 

ɿʥʘʯʝʥʠʷ Tajimaôs D ʧʦ ʪʨʘʥʟʠʮʠʷʤ ʠ ʪʨʘʥʩʚʝʨʩʠʷʤ ʪʘʢʞʝ ʦʯʝʥʴ ʩʭʦʞʠ (ʜʣʷ 
















































































