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ɼʀʉɽʈʊɸʎɯʗ 

ʈʆɿʈʆɹʂɸ ɹɯʆʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇɯɼʍʆɼɯɺ ʆʎɯʅʂʀ ʇʐɽʅʀʎɯ ɿɸ 

ʇʆʂɸɿʅʀʂɸʄʀ ʗʂʆʉʊɯ ʊɸ ɸɼɸʇʊʀɺʅʆʉʊɯ 

 

162 ï ɹʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʽʦʽʥʞʝʥʝʨʽʷ 

16 ï ʍʽʤʽʯʥʘ ʪʘ ʙʽʦʽʥʞʝʥʝʨʽʷ 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, ʨʝʟʫʣʴʪʘʪʽʚ 

ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

____________________  ʆ.ʈ. ʃʘʭʥʝʢʦ                

ʅʘʫʢʦʚ ̔ʢʝʨʽʚʥʠʢʠ:  
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ɸʅʆʊɸʎɯʗ 

ʃʘʭʥʝʢʦ ʆ.ʈ. ʈʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʚ ʛʘʣʫʟʽ ʟʥʘʥʴ 16 ʍʽʤʽʯʥʘ 

ʪʘ ʙʽʦʽʥʞʝʥʝʨʽʷ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 162 ɹʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʽʦʽʥʞʝʥʝʨʽʷ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, 2021.  

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʝʢʦʙʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʽʦʝʥʝʨʛʝʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè. 

ʅʘʷʚʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʤʽʥʫ ʢʣʽʤʘʪʫ ʫ ʙʽʢ ʟʥʠʞʝʥʥʷ ʦʧʘʜʽʚ ʪʘ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʢʠʜʘʻ ʚʠʢʣʠʢ ʩʫʯʘʩʥʦʤʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʫ ʪʘ ʚʧʣʠʚʘʻ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʫʣʴʪʫʨ, ʟʦʢʨʝʤʘ ʧʰʝʥʠʮʽ. ʉʫʯʘʩʥʘ ʩʝʣʝʢʮʽʷ ʤʘʻ ʦʧʝʨʘʪʠʚʥʦ 

ʚʽʜʧʦʚʽʜʘʪʠ ʥʘ ʮʝʡ ʚʠʢʣʠʢ ʽ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʩʦʨʪʠ ʜʦ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ, ʱʦ 

ʟʤʽʥʶʶʪʴʩʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʤʘʨʢʝʨʽʚ ʤʦʞʝ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʚʽʜʙʦʨʫ ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʝʣʝʢʮʽʡʥʠʭ ʧʨʦʛʨʘʤʘʭ.  

ɺ 2012 ʪʘ 2018 ʨʦʢʘʭ ʛʨʫʧʘʤʠ ʚʯʝʥʠʭ ʙʫʣʦ ʟʚʝʨʥʫʪʦ ʫʚʘʛʫ ʥʘ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʡ 

ʬʘʢʪʦʨ ʧʰʝʥʠʮʽ TaWRKY2, ʧʨʦʪʝ ʥʝ ʜʦʩʪʘʪʥʴʦ ʦʧʠʩʘʥʦ ʡʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ. ɼʦ ʪʦʛʦ 

ʞ, ʛʝʥʠ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ EPF1, EPF2 ʪʘ MUTE ʻ ʚʘʞʣʠʚʠʤʠ ʜʝʪʝʨʤʽʥʘʥʪʘʤʠ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʩʣʠʥʘʤʠ ʚʦʜʠ. ʈʦʟʨʦʙʢʘ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʇʃʈ-ʘʥʘʣʽʟʫ ʛʝʥʽʚ ʟʘ ʫʯʘʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ɼʅʂ-ʤʘʨʢʝʨʽʚ ʥʘʜʘʩʪʴ ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʢʨʠʥʽʥʛʫ ʚʝʣʠʢʠʭ 

ʢʦʣʝʢʮʽʡ ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʟʘ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ 

ʯʘʩʫ ʽ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʜʝʬʽʮʠʪ ʚʦʜʠ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʧʰʝʥʠʮʽ ʚʧʣʠʚʘʻ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʝʨʥʘ ʯʝʨʝʟ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʫ ʝʢʩʧʨʝʩʽʶ ʙʽʣʢʽʚ ï ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩʪʢʘ ʙʽʣʢʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʭʘʨʯʦʚʫ ʥʝʧʝʨʝʥʦʩʠʤʽʩʪʴ ʘʙʦ ʘʣʝʨʛʽʶ ʫ ʩʧʨʠʡʥʷʪʣʠʚʠʭ ʣʶʜʝʡ. 
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʚʩʝ ʙʽʣʴʰʦʶ ʚʠʤʦʛʦʶ ʣʶʜʩʪʚʘ ʻ ʧʨʦʜʫʢʪʠ ʟʽ ʟʥʠʞʝʥʦʶ 

ʘʣʝʨʛʝʥʥʽʩʪʶ/ʪʦʢʩʠʯʥʽʩʪʶ. ʇʨʦʪʝʦʤʽʢʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʩʪʠʯʥʦ ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ, ʜʦʣʘʶʯʠ ʦʙʤʝʞʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʝʪʦʜʽʚ 

ʛʝʥʦʤʽʢʠ ʪʘ ʪʨʘʥʩʢʨʠʧʪʦʤʽʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʪʷ ʝʢʩʧʨʝʩʦʚʘʥʠʭ 

ʘʣʝʨʛʽʯʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʩʝʨʝʜ ʚʠʙʽʨʢʠ ʩʫʯʘʩʥʠʭ ʪʘ ʽʩʪʦʨʠʯʥʠʭ 

ʩʦʨʪʽʚ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʠʪʠ ʤʦʣʝʢʫʣʷʨʥʽ ʤʘʨʢʝʨʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʽʜʙʦʨʫ ʜʦʥʦʨʽʚ ʛʝʥʝʪʠʯʥʦʾ ʧʣʘʟʤʠ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʝʥʰ 

ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʩʦʨʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʧʦʩʦʙʽʚ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʙʽʣʢʽʚ ʟʝʨʥʘ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʜʝʬʽʮʠʪʫ ʚʦʜʠ ̒  ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʧʨʠ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ ʟʤʽʥ ʢʣʽʤʘʪʫ ʪʘ ʥʘʨʦʩʪʘʶʯʠʭ 

ʧʠʪʘʥʥʷʭ ʟʥʠʞʝʥʥʷ ʘʣʝʨʛʝʥʥʦʩʪʽ/ʪʦʢʩʠʯʥʦʩʪʽ ʧʰʝʥʠʮʽ. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʫʤʦʚ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ 

ʪʦʣʝʨʘʥʪʥʠʤʠ ʙʫʣʠ ʩʦʨʪʠ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ɸʩʪʘʨʪʘ, ʆʜʝʩʴʢʘ 267 ʪʘ ʇʦʜʦʣʷʥʢʘ, ʙʦ 

ʚʽʜʨʽʟʥʷʣʠʩʷ ʟʜʘʪʥʽʩʪʶ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʝʨʥʦʚʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʜʽʾ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʛʫʣʷʮʽʾ ʘʧʝʨʪʫʨʠ ʧʨʦʜʠʭʽʚ ʥʘ 

ʘʙʘʢʩʽʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʣʠʩʪʢʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʫʢʣʝʦʪʠʜʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʦʤʦʣʦʛʽʯʥʠʭ ʛʝʥʽʚ TaWRKY2 ʟ 

ʰʝʩʪʠ ʢʦʥʪʨʘʩʪʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʧʦʣʽʤʦʨʬʥʦʩʪʽ: 

7 SNP ʜʣʷ TaWRKY2-A1, 12 SNP ʽ 1 ʽʥʩʝʨʮʽʷ ʜʣʷ TaWRKY2-B1, 1 ʜʝʣʝʮʽʷ ʜʣʷ 

TaWRKY2-D1 ʟ ʷʢʠʭ 11 ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥ ʚ ʘʤʽʥʦʢʠʩʣʦʪʥʦʤʫ ʩʢʣʘʜʽ ʧʦʣʽʧʝʧʪʠʜʽʚ; 

ʪʘ 3 ʽʥʩʝʨʮʽʾ, 3 ʜʝʣʝʮʽʾ ʪʘ 20 SNP ʜʣʷ ʧʨʦʤʦʪʦʨʥʦʛʦ ʨʝʛʽʦʥʫ TaWRKY2-D1, ʟ ʷʢʠʭ 3 

SNP ʧʦʪʝʥʮʽʡʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʛʫʣʷʪʦʨʥʽ ʝʣʝʤʝʥʪʠ ʝʢʩʧʨʝʩʽʾ. ɺʠʷʚʣʝʥʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ TaWRKY2 ʛʝʥʽʚ ʚʽʜ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ 

ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥ. ɼʚʘ ʧʦʩʫʭʦʯʫʪʣʠʚʽ ʩʦʨʪʠ ʇʦʣʽʩʴʢʘ 90 ʽ ʅʘʪʘʣʢʘ ʧʦʢʘʟʘʣʠ 

ʰʚʠʜʢʝ ʽ ʩʠʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ TaWRKY2 ʛʝʥʽʚ ʫ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ ï ʫ 

5,0 ʪʘ 4,1 ʨʘʟʽʚ ʚʽʜʧʦʚʽʜʥʦ. ʉʝʨʝʜ ʧʦʩʫʭʦʪʦʣʝʨʘʥʪʥʠʭ ʩʦʨʪʽʚ ʣʠʰʝ ʩʦʨʪ ʆʜʝʩʴʢʘ 267 
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ʧʦʢʘʟʘʚ ʧʽʜʚʠʱʝʥʫ ʝʢʩʧʨʝʩʽʶ TaWRKY2 ʛʝʥʽʚ ʫ 1,9 ʨʘʟʽʚ, ʘ ʫ ʢʦʣʦʩʽ ʩʝʨʝʜ 

ʧʦʩʫʭʦʪʦʣʝʨʘʥʪʥʠʭ ʩʦʨʪʽʚ ʣʠʰʝ ʩʦʨʪ ʇʦʜʦʣʷʥʢʘ ʚʠʷʚʠʚ ʨʽʩʪ ʝʢʩʧʨʝʩʽʾ ʫ 1,9 ʨʘʟʽʚ.   

ɺʠʷʚʣʝʥʦ ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 36 SNP, 3 ʽʥʩʝʨʮʽʾ ʪʘ 1 ʜʝʣʝʮʽʶ ʚ ʥʫʢʣʝʦʪʠʜʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʦʤʦʣʦʛʽʯʥʠʭ ʛʝʥʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ ʧʰʝʥʠʮʽ EPF1, EPF2 ʪʘ MUTE 

ʰʝʩʪʠ ʢʦʥʪʨʘʩʪʥʠʭ ʩʦʨʪʽʚ. ʇʨʦʪʝ, ʣʠʰʝ 15 ʚʽʜʤʽʥʥʦʩʪʝʡ ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʥʠ ʚ 

ʧʦʣʽʧʝʧʪʠʜʥʦʤʫ ʣʘʥʮʶʟʽ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʛʝʥʠ EPF1, EPF2 ʪʘ MUTE 

ʝʢʩʧʨʝʩʫʶʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʣʠʰʝ ʫ ʤʦʣʦʜʠʭ ʣʠʩʪʢʘʭ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 9 ʨʦʟʨʦʙʣʝʥʠʭ ʚʽʜʪʚʦʨʶʚʘʥʠʭ 

ʩʠʩʪʝʤ ɼʅʂ-ʤʘʨʢʝʨʽʚ ʜʦ ʛʝʥʽʚ ʧʦʩʫʭʦ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ TaWRKY2-A1 (PA1), TaWRKY2-B1 (PB1, PB2 ʪʘ PB3) ʪʘ TaWRKY2-D1 

(PD1, PD2, PD3, PD4 ʪʘ PD5) ʪʘ 7 ʩʠʩʪʝʤ ʜʦ ʛʝʥʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ EPF1-A1 

(E1A1), EPF1-B1 (E1B1 ʪʘ E1B2), EPF1-D1 (E1D1 ʪʘ E1D2), EPF2-A1 (E2A1) ʪʘ 

MUTE-D1 (MD1). ɼʣʷ ʢʦʞʥʦʾ ʽʟ ʩʠʩʪʝʤ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʭʽʤʽʯʥʽ ʫʤʦʚʠ, 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʯʘʩʦʚʽ ʨʝʞʠʤʠ ʇʃʈ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʙʘʞʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʦʢʘʟʘʥʦ ʥʘ ʚʠʙʽʨʮʽ ʩʦʨʪʽʚ, ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʛʽʙʨʠʜʽʚ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʛʝʥʦʪʠʧʫʚʘʥʥʷ, ʧʽʜʙʦʨʫ 

ʜʦʥʦʨʽʚ ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʜʣʷ ʩʭʨʝʱʫʚʘʥʴ, ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʛʝʥʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʱʦ ʤʘʻ ʧʦʭʦʜʞʝʥʥʷ ʟ ʩʫʙʛʝʥʦʤʫ D ʧʰʝʥʠʮʽ.  

ʈʦʟʨʦʙʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʦʮʽʥʢʠ ʧʨʦʪʝʦʤʥʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʘ 

ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʦ ʾʝʢʩʪʨʘʢʮʽʾ ʙʽʣʢʽʚ ʽ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʠʭ 2DE-

LC/MS ʪʘ GF-LC/MS, ʱʦ ʚ ʢʦʤʧʣʝʢʩʽ ʧʨʦʜʫʢʫʚʘʣʠ ʥʘ 20,4% ʙʽʣʴʰʝ ʙʽʣʢʦʚʠʭ 

ʽʜʝʥʪʠʬʽʢʘʮʽʡ ʥʽʞ ʟʘʩʪʦʩʫʚʘʥʥʷ 2DE-LC/MS. ʈʘʮʽʦʥʘʣʽʟʦʚʘʥʝ ʬʝʨʤʝʥʪʘʪʠʚʥʝ 

ʨʦʟɦʝʧʣʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʪʨʴʦʤʘ ʬʝʨʤʝʥʪʘʤʠ ʧʨʠ 2DE-

LC/MS ʧʽʜʭʦʜʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʡ ʟ 57,6% ʜʦ 74,2%. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʥʘʣʝʞʘʪʴ 

ʜʦ ʛʨʫʧʠ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʪʝʾʥʽʚ ï 27 ʙʽʣʢʽʚ, 44%; ʜʘʣʽ ʛʣʽʘʜʠʥʠ ï 20 ʙʽʣʢʽʚ, 33%; ʘ 

ʥʘʡʤʝʥʰʝ ʛʣʶʪʝʥʽʥʽʚ ï 14 ʙʽʣʢʽʚ, 23%. ʅʘʡʙʽʣʴʰʝ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʝʧʽʪʦʧʽʚ 
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ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʛʣʶʪʝʥʽʥʠ (14 ʙʽʣʢʽʚ, 48%) ʽ ʛʣʽʘʜʠʥʠ (13 ʙʽʣʢʽʚ, 45%) ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʛʣʶʪʝʥʦʚʦʶ ʛʨʫʧʦʶ (2 ʙʽʣʢʠ, 7%). ʅʘʡʚʠʱʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʥʘʢʦʧʠʯʝʥʥʷ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ ʙʫʚ ʫ ʪʨʘʜʠʮʽʡʥʦʤʫ ʩʦʨʪʽ ʋʢʨʘʾʥʢʘ 

(48,7% ʚʠʷʚʣʝʥʠʭ ʙʽʣʢʽʚ), ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʛʝʥʝʪʠʯʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ. ʅʘ 

ʧʨʦʪʠʚʘʛʫ, ʩʫʯʘʩʥʠʡ ʩʦʨʪ ʉʦʪʥʠʮʷ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʣʠʰʝ 4 ʟ 

39 ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ (10,3%) ʽ ʚʠʨʽʟʥʷʚʩʷ ʷʢ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʡ ʜʦʥʦʨ 

ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʜʣʷ ʥʦʚʠʭ ʩʦʨʪʽʚ ʭʘʨʯʦʚʦʛʦ ʥʘʧʨʷʤʢʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʮʝʩʫʘʣʴʥʽ ʩʭʝʤʠ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʷʢʦʩʪʽ ʙʽʣʢʽʚ ʟʝʨʥʘ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ. ɹʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʧʨʦʚʝʜʝʥʥʷ 

ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʜʝʨʞʘʥʥʷ 

ʬʨʘʛʤʝʥʪʽʚ ɼʅʂ ʪʘ ʙʽʣʢʦʚʠʭ ʽʜʝʥʪʠʬʽʢʘʮʽʡ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦ  ʁ ʨʦʙʦʪʠ  ̒ ʨʦʟʨʦʙʢʘ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ 

ʟʝʨʥʘ ʪʘ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʽʚ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 

1. ɺʠʟʥʘʯʠʪʠ ʬʽʟʽʦʣʦʛʦ-ʙʽʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʝʩʪʠ ʢʦʥʪʨʘʩʪʥʠʭ ʩʦʨʪʽʚ 

ʧʰʝʥʠʮʽ ʟʘ ʫʤʦʚ ʧʦʩʫʭʠ. 

2. ɼʦʩʣʽʜʠʪʠ ʩʪʨʫʢʪʫʨʫ ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʛʝʥʘ ʧʦʩʫʭʦ-

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ TaWRKY2 ʜʣʷ ʰʝʩʪʠ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʨʝʩʽʾ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ. 

3. ɼʦʩʣʽʜʠʪʠ ʩʪʨʫʢʪʫʨʫ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʥʫʢʣʝʦʪʠʜʥʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʝʥʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ EPF1, EPF2 ʪʘ MUTE ʜʣʷ ʰʝʩʪʠ 

ʢʦʥʪʨʘʩʪʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. 

4. ʈʦʟʨʦʙʠʪʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʦʮʽʥʢʠ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʽʚ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ (TaWRKY2, EPF1, EPF2 ʪʘ MUTE) ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ ʪʘ ʧʨʦʚʝʩʪʠ ʘʧʨʦʙʘʮʽʶ ʥʘ ʚʠʙʽʨʮʽ ʟʨʘʟʢʽʚ. 

5. ʈʦʟʨʦʙʠʪʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʦʮʽʥʢʠ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ 

ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʤʝʪʦʜʽʚ LC/MS. 
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6. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʚʩʪʘʥʦʚʠʪʠ 

ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʽ ʘʣʝʨʛʝʥʥʽ/ʪʦʢʩʠʯʥʽ ʙʽʣʢʠ ʚ ʟʝʨʥʽ ʩʫʯʘʩʥʠʭ ʪʘ 

ʽʩʪʦʨʠʯʥʦʛʦ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. 

7. ʈʦʟʨʦʙʠʪʠ ʧʨʦʮʝʩʫʘʣʴʥʽ ʩʭʝʤʠ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʷʢʦʩʪʽ ʙʽʣʢʦʚʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʘ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥ ʜʦ ʧʦʩʫʭʠ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥ ʜʦ ʧʦʩʫʭʠ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʘʮʽʦʥʘʣʴʥ ̔ ʧʘʨʘʤʝʪʨʠ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʫ ʧʨʦʮʝʩʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ: ʬʽʟʽʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʨʘʩʪʥʠʭ 

ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ; ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʽ ʤʝʪʦʜʠ ʜʣʷ ʧʦʰʫʢʫ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ɼʅʂ ʪʘ ʙʽʣʢʽʚ ʫ ʙʘʟʘʭ ʜʘʥʠʭ; ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʪʘ 

ʘʥʘʣʽʟʫ ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ (ʦʯʠʱʝʥʥʷ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʧʦʣʽʤʝʨʘʟʥʘ 

ʣʘʥʮʶʛʦʚʘ ʨʝʘʢʮʽʷ, ʩʠʢʚʝʥʫʚʘʥʥʷ, ʝʣʝʢʪʨʦʬʦʨʝʟ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʪʘ ʙʽʣʢʽʚ ʫ 

ʛʝʣʽ); ʙʽʦʬʽʟʠʯʥʽ ʤʝʪʦʜʠ (ʤʽʢʨʦʩʢʦʧʽʷ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ̫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ɼʅʂ ʪʘ ʙʽʣʢʽʚ, ʨʽʜʠʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ, ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ); ʙʽʦʭʽʤʽʯʥʽ 

ʤʝʪʦʜʠ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʙʽʣʢʽʚ ʟ̔ ʟʝʨʥʘ ʪʘ ʾʭ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʦʟɦʝʧʣʝʥʥʷ; ʤʝʪʦʜʠ 

ʪʝʦʨʽʾ ʛʨʘʬʽʚ (MS Excel) ʜʣʷ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʜʠʩʝʨʪʘʮʽʾ ʚʧʝʨʰʝ ʦʜʝʨʞʘʥʽ 

ʪʘʢʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

- ʚʽʜʢʨʠʪʦ ʧʦʣʽʤʦʨʬʽʟʤ ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ TaWRKY2 ʪʘ ʛʝʥʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ EPF1, EPF2 ʪʘ MUTE ʟ ʪʨʴʦʭ 

ʩʫʙʛʝʥʦʤʽʚ ʰʝʩʪʠ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʫʢʨʘʾʥʩʴʢʦʾ ʩʝʣʝʢʮʽʾ ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʚʧʣʠʚ 

ʚʠʷʚʣʝʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʥʘ ʘʤʽʥʦʢʠʩʣʦʪʥʠʡ ʩʢʣʘʜ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʣʽʧʝʧʪʠʜʽʚ; 

- ʨʦʟʨʦʙʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʦʮʽʥʢʠ ʧʦʣʽʤʦʨʬʽʟʤʫ ʧʰʝʥʠʮʽ ʟʘ 

ʛʝʥʘʤʠ TaWRKY2, EPF1, EPF2 ʪʘ MUTE ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ ʟʘ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ 16-ʪʠ ʦʨʠʛʽʥʘʣʴʥʠʭ ʩʢʦʥʩʪʨʫʡʦʚʘʥʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʩʠʩʪʝʤ ɼʅʂ-

ʤʘʨʢʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʽʟʥʷʪʠ ʘʣʝʣʽ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʛʝʥʽʚ; 

- ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʮʽʥʢʠ ʛʝʥʝʪʠʯʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʚʠʙʽʨʢʠ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʨʫʙʽʞʥʠʭ ʩʦʨʪʽʚ ʟʘ ʛʝʥʘʤʠ TaWRKY2, EPF1, EPF2 ʪʘ MUTE ʚʠʷʚʣʝʥʦ, ʱʦ 

ʫʢʨʘʾʥʩʴʢʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʙʽʣʴʰ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʧʝʢʪʨʠ 

ʬʨʘʛʤʝʥʪʽʚ ʇʃʈ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʜʠʩʢʨʠʤʽʥʫʚʘʪʠ 

ʛʝʥʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʢʦʪʨʠʡ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ D ʩʫʙʛʝʥʦʤ ʧʰʝʥʠʮʽ; 

- ʨʦʟʨʦʙʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʦʮʽʥʢʠ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ 

ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʜʦʩʢʦʥʝʣʝʥʠʭ 2DE-LC/MS ʪʘ GF-

LC/MS, ʱʦ ʧʦʢʨʘʱʠʣʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʥʘ 20,4%; 

- ʫʜʦʩʢʦʥʘʣʝʥʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʚ 2DE-

LC/MS ʘʥʘʣʽʟʽ ʨʦʟʱʝʧʣʝʥʥʷʤ ʪʨʴʦʤʘ ʬʝʨʤʝʥʪʘʤʠ ï ʭʽʤʦʪʨʠʧʩʠʥʦʤ, ʪʨʠʧʩʠʥʦʤ, ʘ 

ʧʦʪʽʤ ʪʝʨʤʦʣʽʟʠʥʦʤ, ʱʦ ʧʦʢʨʘʱʠʣʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʙʽʣʢʽʚ ʥʘ 16,6%; 

- ʧʦʨʽʚʥʷʥʦ ʙʽʣʢʦʚʽ ʩʢʣʘʜʠ ʟʝʨʥʘ ʜʚʦʭ ʩʫʯʘʩʥʠʭ ʩʦʨʪʽʚ (ʇʘʥʥʘ ʪʘ ʉʦʪʥʠʮʷ) ʟ 

ʽʩʪʦʨʠʯʥʠʤ ʩʦʨʪʦʤ ʋʢʨʘʾʥʢʘ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʚʠʱʝ ʥʘʢʦʧʠʯʝʥʥʷ 

ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ ʫ ʪʨʘʜʠʮʽʡʥʦʤʫ ʩʦʨʪʽ ʋʢʨʘʾʥʢʘ, ʘ ʩʦʨʪ ʉʦʪʥʠʮʷ 

ʚʠʨʽʟʥʷʚʩʷ ʷʢ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʡ ʜʦʥʦʨ ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʜʣʷ ʥʦʚʠʭ ʩʦʨʪʽʚ 

ʭʘʨʯʦʚʦʛʦ ʥʘʧʨʷʤʢʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʦʮʽʥʢʠ ʪʘ ʜʦʙʠʨʘʥʥʷ ʜʦʥʦʨʽʚ 

ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʧʰʝʥʠʮʽ ʟʘ ʛʝʥʘʤʠ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ ʪʘ ʭʘʨʯʦʚʦʾ ʷʢʦʩʪʽ 

ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ. 

ɺʠʷʚʣʝʥʠʡ ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ʛʝʥʽʚ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ 

TaWRKY2, EPF1, EPF2 ʪʘ MUTE ʻ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʢʦʞʥʦʛʦ ʘʣʝʣʶ. ɺʩʪʘʥʦʚʣʝʥʽ ʨʘʮʽʦʥʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʛʝʥʘʤʠ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ 

ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʦʣʽʤʦʨʬʽʟʤ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ. ʈʦʟʨʦʙʣʝʥʦ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʚʠʚʯʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ 
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ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʧʨʦʪʝʦʤʽʢʠ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʦʜʦʣʘʪʠ ʦʙʤʝʞʝʥʥʷ 

ʤʝʪʦʜʽʚ ʛʝʥʦʤʽʢʠ ʪʘ ʪʨʘʥʩʢʨʠʧʪʦʤʽʢʠ ʽ ʜʝʪʘʣʴʥʦ ʦʮʽʥʠʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʙʽʦʩʠʥʪʝʟʽ 

ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ. 

ʈʦʟʨʦʙʣʝʥʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ 

ʛʝʥʝʪʠʢʦ-ʩʝʣʝʢʮʽʡʥʠʭ ʩʭʝʤ ʩʭʨʝʱʫʚʘʥʥʷ, ʛʝʥʦʪʠʧʫʚʘʥʥʷ ʩʦʨʪʽʚ, ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ 

ʧʦʭʦʜʞʝʥʥʷ (ʬʘʣʴʩʠʬʽʢʘʮʽʾ) ʩʦʨʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʨʪʽʚ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ.  

ʈʦʟʨʦʙʣʝʥʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʙʫʣʠ ʚʧʨʦʚʘʜʞʝʥʽ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʘ ʥʦʚʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʩʝʣʝʢʮʽʾ ɯʥʩʪʠʪʫʪʫ ʬʽʟʽʦʣʦʛʽʾ 

ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʘ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ TaWRKY2 ʪʘ ʛʝʥʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ EPF1, EPF2 ʪʘ MUTE  ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʽ ɯʌʈɻ ʅɸʅ ʋʢʨʘʾʥʠ ʜʣʷ ʘʥʘʣʽʟʫ ʩʝʣʝʢʮʽʡʥʠʭ ʣʽʥʽʡ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ, 

ʚʽʜʙʦʨʫ ʙʘʞʘʥʠʭ ʛʝʥʦʪʠʧʽʚ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʩʝʣʝʢʮʽʡʥʠʭ ʧʨʦʛʨʘʤ (ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ˉ106/27 ʚʽʜ 28.01.2021). ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 162 çɹʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʽʦʽʥʞʝʥʝʨʽʷè ʚ 

ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 01.02.2021). ɿʜʦʙʫʚʘʯʝʤ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʛʨʘʥʪʠ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʦʚʽʪʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʚʦʨʢʰʦʧʽ (ReHOPE; ɹʦʣʛʘʨʽʷ; ʧʦʣʽʤʦʨʬʽʟʤ TaWRKY2-D1 ʛʝʥʘ) ʪʘ ʢʦʥʬʝʨʝʥʮʽʾ 

(INPPO2016; ɯʪʘʣʽʷ; ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʝʦʤʽʚ ʟʝʨʥʘ ʩʫʯʘʩʥʠʭ ʪʘ ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʦʨʪʽʚ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʘ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ, ʷʢʽ ʚʠʢʣʘʜʝʥʦ ʚ 

ʜʠʩʝʨʪʘʮʽʾ, ʦʜʝʨʞʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʘʙʦ ʟʘ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ. 

ʇʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʠ ʩʧʽʣʴʥʦ ʽʟ ʥʘʫʢʦʚʠʤʠ 

ʢʝʨʽʚʥʠʢʘʤʠ. 

ɸʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʟʜʽʡʩʥʝʥʦ ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʥʫʢʣʝʦʪʠʜʥʠʭ ʪʘ 

ʘʤʥ̔ʦʢʠʩʣʦʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟ ʙʘʟ ʜʘʥʠʭ, ʚʠʜʽʣʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʧʰʝʥʠʮʽ; 

ʚʠʟʥʘʯʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʣʽʤʦʨʬʽʟʤʫ ʮʽʣʴʦʚʠʭ ʛʝʥʽʚ; 

ʩʢʦʥʩʪʨʫʡʦʚʘʥʦ ʩʠʩʪʝʤʠ ʧʨʘʡʤʝʨʽʚ, ʧʽʜʽʙʨʘʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʫʤʦʚʠ ʇʃʈ ʪʘ ʧʨʦʚʝʜʝʥʦ 
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ʇʃʈ ʜʣʷ ʚʠʙʽʨʢʠ ʟʨʘʟʢʽʚ ʧʰʝʥʠʮʴ; ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ 

ʛʝʥʽʚ; ʧʨʦʚʝʜʝʥʦ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʙʽʣʢʽʚ ʧʰʝʥʠʮʽ, ʾʭ ʨʦʟʜʽʣʝʥʥʷ ʤʝʪʦʜʦʤ 

ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʪʘ ʨʦʟɦʝʧʣʝʥʥʷ ʬʝʨʤʝʥʪʘʤʠ; ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʮʝʩʫʘʣʴʥʽ ʩʭʝʤʠ 

ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʽʜʭʦʜʘʤʠ; 

ʦʬʦʨʤʣʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʠ. ɸʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʚʽʜʽʙʨʘʥʦ ʽ 

ʢʨʠʪʠʯʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʩʫʯʘʩʥʦʾ ʟʘʨʫʙʽʞʥʦʾ ʪʘ ʚʽʪʯʠʟʥʷʥʦʾ 

ʣʽʪʝʨʘʪʫʨʠ ʟʘ ʪʝʤʦʶ ʧʨʦʚʝʜʝʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 13 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ: 2 ʥʘʫʢʦʚʽ 

ʩʪʘʪʪʽ, ʟ ʷʢʠʭ 1 ʩʪʘʪʪʷ ʫ ʥʘʫʢʦʚʦʤʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥʽ ʋʢʨʘʾʥʠ, ʷʢʝ ʚʭʦʜʠʪʴ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ, 1 ʩʪʘʪʪʷ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥʽ 

ʜʝʨʞʘʚʠ, ʷʢʘ ʚʭʦʜʠʪʴ ʜʦ ʆʨʛʘʥʽʟʘʮʽʾ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʘ ʨʦʟʚʠʪʢʫ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ (ʐʚʝʡʮʘʨʽʷ), ʪʘ ʚʽʜʥʝʩʝʥʦʤʫ ʜʦ 1-ʛʦ ʢʚʘʨʪʠʣʶ (Q1) 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ SCImago Journal and Country Rank (ʧʨʠʨʽʚʥʶʻʪʴʩʷ ʜʦ 

ʜʚʦʭ ʧʫʙʣʽʢʘʮʽʡ, ʷʢʽ ʟʘʨʘʭʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʙʟʘʮʫ ʧʝʨʰʦʛʦ ʧʫʥʢʪʫ 11 

ʧʦʩʪʘʥʦʚʠ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 6 ʙʝʨʝʟʥʷ 2019 ʨ. ˉ 167); 1 ʧʘʪʝʥʪ 

ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ; 10  ʪʝʟ ʥʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʰʝʥʠʮʷ, ʤʦʣʝʢʫʣʷʨʥʽ ʤʘʨʢʝʨʠ, ʧʦʩʫʭʦʪʦʣʝʨʘʥʪʥʽʩʪʴ, 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ, ʛʣʶʪʝʥ. 
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The work was performed at the Department of Environmental Biotechnology and 

Bioenergy at National Technical University of Ukraine çIgor Sikorsky Kyiv Polytechnic 

Instituteè. 

The current climate change trend in the direction of decreasing precipitation and 

rising temperatures challenges modern agriculture and affects the productivity of crops, 

in particular wheat. Modern selection have to respond quickly to this challenge and 

originate new varieties to changing growing conditions. The use of biotechnological 

approaches based on molecular markers can significantly accelerate the process of 

selection of germplasm for further use in breeding programs.  

In 2012 and 2018, groups of scientists paid attention to the transcription factor of 

wheat TaWRKY2, but its diversity has not been sufficiently described. In addition, the 

stomatal biogenesis genes EPF1, EPF2 and MUTE are important determinants for 

efficient water conservation and use. The development of biotechnological methods based 

on PCR analysis of genes of interest with the participation of functional DNA markers 

will provide a unique opportunity to screen large collections of germplasm to verify 

diversity in a short period of time and high accuracy. 

On the other hand, water deficiency in wheat cultivation affects the technological 

properties of grain due to diversified protein expression ï increasing the proportion of 

proteins that can cause food intolerance or allergies in susceptible people. Today, the 

growing demand of mankind is products with reduced allergenicity/toxicity. Proteomics 

allows to realistically estimate the amount of specific grain storage proteins, overcoming 

the limitations of molecular methods of genomics and transcriptomics. The study of the 

diversity of expressed allergic/toxic wheat grain proteins among the samples of modern 

and historical varieties will reveal molecular markers for further effective selection of 

germplasm donors in order to create new less allergenic/toxic varieties. 

Thus, the development of biotechnological approaches for wheat assessment in 

terms of grain protein quality and adaptability to water scarcity is a promising task of 
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modern biotechnology in the current realities of climate change and the growing issues of 

reducing allergenicity/toxicity of wheat. 

It was established that under the conditions of soil drought the varieties of winter 

wheat Astarta, Odeska 267 and Podolianka were tolerant, because they differed in their 

ability to adapt to adverse conditions. It was found that grain productivity under the action 

of soil drought depends on the regulation of the aperture of the stomata on the abaxial side 

of the leaf. 

It was found that the nucleotide sequences of homologous TaWRKY2 genes from 

six contrasting wheat varieties are characterized by different levels of polymorphism: 7 

SNP for TaWRKY2-A1, 12 SNP and 1 insertion for TaWRKY2-B1, 1 deletion for 

TaWRKY2-D1 of which 11 polypeptides; and 3 insertions, 3 deletions, and 20 SNPs for 

the TaWRKY2-D1 promoter region, of which 3 SNPs potentially affect regulatory 

elements of expression. The functional dependence of the change in the level of 

expression of TaWRKY2 genes on the water regime of plant cultivation was revealed. Two 

drought-resistant varieties Poliska 90 and Natalka showed a rapid and strong increase in 

the expression of TaWRKY2 genes during the simulation of drought conditions in the flag 

leaf. Among drought-resistant varieties, only the Odeska 267 variety showed increased 

expression of TaWRKY2 genes and only the variety Podolianka showed an increase in 

relative expression in the ear among drought-resistant varieties. 

36 SNPs, 3 insertions and 1 deletion in the sequences of wheat stomatal biogenesis 

genes EPF1, EPF2 and MUTE from three subgenomes of six contrasting varieties were 

shown and characterized. However, only 15 polymorphisms cause changes in the 

polypeptide chain. It has been studied that the genes EPF1, EPF2 and MUTE are 

expressed at a high level only in the young leaves that are formed. 

The biotechnological approach for wheat evaluation based on a modified PCR 

method using 9 reproducible primer systems for drought-mediated transcription factor 

genes TaWRKY2-A1 (PA1), TaWRKY2-B1 (PB1, PB2 and PB3) and TaWRKY2-D1 (PD1, 

PD2, PD5, PD4) and 7 systems to the stomatal biogenesis genes EPF1-A1 (E1A1), EPF1-
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B1 (E1B1 and E1B2), EPF1-D1 (E1D1 and E1D2), EPF2-A1 (E2A1) and MUTE-D1 

(MD1). For each of the systems, rational chemical conditions, temperature and PCR 

modes for enzymatic replication were selected in order to obtain products in the form of 

amplified DNA. It is shown for the samples of varieties, wild wheat and hybrids that the 

developed technology can be effectively used for genotyping of varieties, for phylogenetic 

studies of wheat, characteristics of germplasm donors for crossings, discrimination of 

genetic material derived from wheat subgenome D. 

The biotechnological approach for estimatimation the proteomic composition of 

wheat grain based on single-stage protein extraction and complementary 2DE-LC/MS and 

GF-LC/MS was developed, which in the complex produced 20.4% more protein 

identifications than the use of 2DE-LC/MS. Rationalized enzymatic cleavage of 

differentially expressed proteins by three enzymes in the 2DE-LC/MS approach increased 

the number of identifications from 57.6% to 74.2%. 

It is shown that the majority of differentially expressed grain proteins belong to the 

group of metabolic proteins ï 27 proteins, 44%; then gliadins - 20 proteins, 33%; and the 

least glutenins ï 14 proteins, 23%. In contrast, among allergenic/toxic proteins, glutenins 

with 14 proteins showed the greatest diversity, 48%; gliadins included 13 proteins, 45%; 

and the non-gluten group consisted of only two proteins, 7%. The highest coefficient of 

accumulation of allergenic/toxic proteins in the traditional variety Ukrainka (48.7% of 

detected proteins) was revealed, which is explained by genetic heterogeneity. The modern 

variety Sotnytsia was characterized by 4 of 39 allergenic/toxic proteins (10.3%) and was 

identified as a suitable germplasm donor for new less toxic varieties. 

The procedural schemes for wheat assessment of grain protein quality and drought 

adaptability have been developed. Biotechnological approaches for wheat assesment in 

terms of quality and adaptability involve obtaining DNA fragments and protein 

identifications. 
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Purpose and tasks of the study. The purpose of the work is to develop 

biotechnological approaches for wheat assesment in terms of grain storage protein quality 

and polymorphism of genes of drought adaptability.  

To achieve this goal it was necessary to solve the following tasks: 

1. To determine the physiological and biochemical properties of six contrasting 

varieties of wheat under drought conditions. 

2. To investigate the structure of nucleotide sequences of the drought-mediated gene 

of the transcription factor TaWRKY2 for six wheat varieties and to characterize the 

expression patterns under conditions of limited water regime. 

3. To investigate the structure and functional characterization of nucleotide 

sequences of stomatal biogenesis genes EPF1, EPF2 and MUTE for six wheat varieties. 

4. To develop biotechnological approaches for polymorphism assessment of 

drought adaptability genes (TaWRKY2, EPF1, EPF2 and MUTE) of wheat on the basis of 

a modified PCR method and to conduct test on  samples. 

5. To develop biotechnological approach for evaluation of differentially expressed 

wheat grain proteins on the basis of modified LC/MS methods. 

6. To establish differentially expressed allergenic/toxic proteins in grain of modern 

and historical varieties using an advanced biotechnological approach. 

7. To develop procedural schemes for wheat assessment in terms of grain protein 

composition and drought adaptability. 

The object of research is biotechnological approaches for wheat assessment in 

terms of grain  storage protein quality and plants drought adaptability. 

The subject of research is the rational parameters of biotechnological approaches 

of wheat assessment in terms of grain storage protein quality and drought adaptability. 

Research methods. To perform the tasks in the study process used: physiological 

methods to characterize the contrasting varieties of wheat; bioinformatics methods for 

searching and comparing DNA and protein sequences in databases; molecular genetic 

methods for isolation and analysis of nucleotide sequences (nucleic acid isolation, 
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polymerase chain reaction, sequencing, electrophoresis of nucleic acids and proteins); 

biophysical methods (microscopy, spectrophotometry to determine the concentration of 

DNA and proteins, liquid chromatography, mass spectrometry); biochemical methods for 

isolation of proteins from grain and their enzymatic cleavage; methods of graph theory 

(MS Excel) for processing research results. 

Scientific novelty of the obtained results. For the first time the following scientific 

results were presented in the thesis: 

- polymorphism of nucleotide sequences of transcription factor TaWRKY2 and 

genes of stomatal biogenesis EPF1, EPF2 and MUTE from three subgenomes of six wheat 

varieties of Ukrainian breeding was discovered and the influence of the detected 

differences on the amino acid composition of the respective polypeptides was 

characterized; 

- the biotechnological approaches for wheat polymorphism assessment by genes 

TaWRKY2, EPF1, EPF2 and MUTE based on a modified PCR method using 16 original 

designed specific systems of DNA markers was  developed that allow to distinguish alleles 

of the genes; 

- when assessing the genetic diversity of domestic and foreign varieties by 

TaWRKY2, EPF1, EPF2 and MUTE genes, it was found that Ukrainian wheat varieties 

showed more diverse spectra of PCR fragments and the developed approach allows to 

discriminate genetic material with wheat subgenome D; 

- the biotechnological approach for evaluation of differentially expressed proteins 

of wheat grain using advanced 2DE-LC/MS and GF-LC/MS with improved identification 

by 20,4% has been developed; 

- identification of differentially expressed proteins in 2DE-LC/MS analysis was 

improved by cleavage by three enzymes - chymotrypsin, trypsin, and then thermolysin, 

which improved the identification of proteins by 16.6%; 

- the protein composition of grain of two modern varieties (Panna and Sotnytsia) 

was compared with the historical variety Ukrainka and the highest accumulation of 
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allergenic/toxic proteins was established in traditional variety Ukrainka and the variety 

Sotnytsia stood out as the most suitable germplasm donor for new food varieties. 

The practical significance of the obtained results. The practical significance of 

the dissertation is to solve the problem of evaluation and selection of donors of wheat 

germplasm with genes of drought adaptability and nutritional  quality of grain storage 

proteins. 

The developed biotechnological approaches can be used for planning of genetic-

selection schemes of crossing, genotyping, solution of issues of an origin (falsification) of 

varietal material. This allows us to intensify the creation of new specialized varieties of 

bread wheat. 

The developed biotechnological approaches were implemented for characteristics 

of the most common and new varieties of bread wheat of the breeding of the Institute of 

Plant Physiology and Genetics of NAS of Ukraine for polymorphism of transcription 

factor gene TaWRKY2 and stomatal biogenesis genes EPF1, EPF2 and MUTE and used 

for bread wheat lines selection, selection of desired genotypes and conducting breeding 

programs at the IPPG of NAS of Ukraine (Act of implementation ˉ106/27, 28.01.2021). 

The results of the research were introduced into the educational process of training 

specialists in the specialty 162 "Biotechnology and Bioengineering" (Implementation Act 

of 01.02.2021). 

Grants were received for the presentation of the latest results at the international 

workshop (ReHOPE; Bulgaria; TaWRKY2-D1 gene polymorphism) and conference 

(INPPO2016; Italy; study of grain proteomes of modern and traditional varieties). 

Personal contribution of the applicant. The results of the work presented in the 

dissertation are obtained by the author personally or with her direct participation. Work 

planning and discussion of the results was carried out jointly with supervisors. The author 

personally performed bioinformation analysis of nucleotide and protein sequences from 

databases, isolation of total wheat DNA; identified biotechnological approaches to detect 

the polymorphism of target genes; primer systems construction, selection of rational PCR 
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conditions and performed PCRs for set of wheat samples; the measurement of relative 

gene expression was performed; wheat proteins were extracted, separated by 

electrophoresis and digested with enzymes; the results presented in the work were 

prepared. The author personally selected and critically analyzed a large amount of modern 

foreign and Ukrainian literature on the topic of the research.  

On the topic of the dissertation published 13 scientific papers, including: 2 scientific 

articles, of which 1 article in the scientific professional publication of Ukraine, which is 

part of scientometric databases, 1 article in the periodical scientific professional 

publication of the state, which is part of the Organization for Economic Cooperation and 

Development and European Union (Switzerland), and assigned to the Quartile 1 (Q1) 

according to the classification SCImago Journal and Country Rank (equated to two 

publications, which are credited in accordance with the first paragraph of paragraph 11 of 

resolution of the Cabinet of Ministers of Ukraine from March 6, 2019 ˉ 167); 1 patent of 

Ukraine for a utility model; 10 abstracts at national and international conferences. 

Key words: wheat, drought tolerance, DNA markers, molecular markers, 

transcription factors, gluten.  
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ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ ɿɼʆɹʋɺɸʏɸ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

 

ʉʪʘʪʪʽ ʫ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥ 

1. Lakhneko O.R., Stepanenko A.I., Kuzminskiy Ye.V., Morgun B.V. 

Polymorphism of some transcription factor genes related to drought tolerance in wheat // 

Biotechnologia Acta. 2018. V. 11 (2). P. 47-56. ISSN: 2410-7751 (ʜʨʫʢʦʚʘʥʘ ʚʝʨʩʽʷ), 

ISSN: 2410-776X (ʦʥʣʘʡʥ ʚʝʨʩʽʷ). DOI: 10.15407/biotech11.02.047. (ʌʘʭʦʚʝ ʚʠʜʘʥʥʷ 

ʟ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ. ɺʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ: CrossRef, DOAJ, 

Google Scholar, CAS, OAJI, JournalTOCs, GIGA Information Centre, InfoBase Index, 

Index Copernicus, SIS, ResearchBib, ASI, WorldCat, ProQuest, Cornell University 

Albert R. Mann Library, EBSCO, CABI, NEICON, EuroPub Citefactor, CABI e-

LIBRARY. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʢʠ: ʧʨʦʚʦʜʠʣʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʙʽʨʦʢ 

ʧʰʝʥʠʮʽ ʚʠʙʨʘʥʠʤʠ ɼʅʂ-ʤʘʨʢʝʨʘʤʠ ʪʘ ʙʨʘʣʘ ʫʯʘʩʪʴ ʫ ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 

2. Lakhneko O., Danchenko M., Morgun B., Kov§ļ A., Majerov§ P., Ġkult®ty ō. 

Comprehensive comparison of clinically relevant grain proteins in modern and traditional 

bread wheat cultivars. International Journal of Molecular Sciences. 2020. ɺʠʧ. 21, ˉ 10. 

ʉ. 3445. ISSN 1422-0067. DOI: 10.3390/ijms21103445. (ɯʥʦʟʝʤʥʝ ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ 1-

ʛʦ ʢʚʘʨʪʠʣʶ (ʐʚʝʡʮʘʨʽʷ). ɺʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ: AGORA, 

CAB Abstracts, Chemical Abstracts, Web of Science, DOAJ - Directory of Open Access 

Journals, EMBASE, FSTA, Genamics JournalSeek, Global Health, HINARI, Journal 

Citation Reports/Science Edition, Julkaisufoorumi Publication Forum, MEDLINE, 

Norwegian Register for Scientific Journals, Series and Publishers, PMC - PubMed 

Central, Polymer Library, PubMed, Scopus, Zetoc) (ʧʨʠʨʽʚʥʶʻʪʴʩʷ ʜʦ ʜʚʦʭ ʧʫʙʣʽʢʘʮʽʡ, 

ʷʢʽ ʟʘʨʘʭʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʙʟʘʮʫ ʧʝʨʰʦʛʦ ʧʫʥʢʪʫ 11 ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 6 ʙʝʨʝʟʥʷ 2019 ʨ. ˉ 167);  (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʢʠ: 

ʧʨʦʚʦʜʠʣʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʪʘ ʙʨʘʣʘ ʫʯʘʩʪʴ ʫ ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 
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ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ UA 146186. 20.01.2021, ɹʶʣ.ˉ 3. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʢʠ: ʨʦʟʨʦʙʣʷʣʘ ʩʠʩʪʝʤʠ ɼʅʂ-ʤʘʨʢʝʨʽʚ, ʙʨʘʣʘ ʫʯʘʩʪʴ ʫ 
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4. Stepanenko A., Kishchenko O., Bi H., Shi J., Okada A., Arndell T., Mazonka I., 

Peterson A., Chen G., Zhou Y., Gajimuradova A., Zhagipar F., Serikbay D., Jataev S., 

Shavrukov Y., Lakhneko O., Morgun B., Whitford R., Langridge P., Hrmova M., Lopato 

S., Borisjuk N. Natural variations and genetic interventions for improvement of wheat 

agricultural traits. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ 2020 Yangling International Agri-science 

Forum, 2020 ʞʦʚʪ. 20. Yangling, China. 2020. ʩ. 88 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʢʠ: 

ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ) 

5. Lakhneko O.R., Stepanenko A.I., Kuzminskiy Ye.V., Morgun B.V. 

Biotechnology for genotyping of drought related sequences of TaWRKY2-D1 in Triticum 

aestivum. ʄʘʪʝʨʽʘʣʠ ʍɯɯI ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI ʩʪʦʣʽʪʪʷè, 2019 ʢʚʽʪ. 19. ʂʠʾʚ. 2019. ʩ. 47. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʜʠʩʝʨʪʘʥʪʢʠ: ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʥʘʧʠʩʘʥʥʽ ʪʝʟ) 

6. Stepanenko A.I., Lakhneko O.R., Zborivska O.V., Stasik O.O.,  Morgun B.V., 

Borisjuk N.V. The key transcription factors of stomata development in bread wheat. 

ʄʘʪʝʨʽʘʣʠ ʍɯV ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʽ, ʧʨʠʢʣʘʜʥʽ ʪʘ ʦʩʚʽʪʥʽ ʘʩʧʝʢʪʠ 

ʬʽʟʽʦʣʦʛʽʾ, ʛʝʥʝʪʠʢʠ, ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʨʦʩʣʠʥ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚè. 2019 ʞʦʚʪ. 24-25. ʂʠʾʚ. 

2019. ʩ. 74-75. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʢʠ: ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʥʘʧʠʩʘʥʥʽ ʪʝʟ) 
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ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI ʩʪʦʣʽʪʪʷè. 2018 ʢʚʽʪ. 20. 2018. 

ʩ. 89. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʢʠ: ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ 
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Symposium on EuroAsian Biodiversity (SEAB-2018). 2018 ʣʠʧ. 03-06. ʂʠʾʚ. 2018. ʩ. 

141. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʢʠ: ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʪʘ ʥʘʧʠʩʘʥʥʽ ʪʝʟ) 

10. Lakhneko O., Stepanenko A., Borysyuk M., Stasik O., Morgun B. Sequence 

Polymorphism of the gene coding for drought related wheat transcription factor WRKY2. 

ʄʘʪʝʨʽʘʣʠ ʚʦʨʢʰʦʧʫ  Resurrection plants: Hope for crop drought tolerance (ReHOPE). 

2018 ʚʝʨʝʩʥ. 20-22. ʇʣʦʚʜʽʚ, ɹʦʣʛʘʨʽʷ. 2018. c. 45. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʢʠ: 

ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʥʘʧʠʩʘʥʥʽ ʪʝʟ) 

11. Lakhneko O., Morgun B., Skultety L., Danchenko M. Comparative proteomics 

of grain allergens from several wheat varieties. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ The 3rd INPPO 

World Congress 2018. 2018 ʚʝʨʝʩ. 9-12. ʇʘʜʦʚʘ, ɯʪʘʣʽʷ. 2018. ʩ. 62. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʜʠʩʝʨʪʘʥʪʢʠ: ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʥʘʧʠʩʘʥʥʽ ʪʝʟ) 

12 ʃʘʭʥʝʢʦ ʆ.ʈ., ʄʦʨʛʫʥ ɹ.ɺ., ʂʫʟʴʤʽʥʩʴʢʠʡ ɭ.ɺ. ʇʝʨʩʧʝʢʪʠʚʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ Triticum aestivum L. ʟʘ ʜʦʧʦʤʦʛʦʶ ɼʅʂ-ʤʘʨʢʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʄʘʪʝʨʽʘʣʠ ʍɯ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI 



20 

 

ʩʪʦʣʽʪʪʷè. 2017 ʢʚʽʪ. 21,  ʂʠʾʚ. 2017. ʩ. 122. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʢʠ: 
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13 ʃʘʭʥʝʢʦ ʆ.ʈ., ʉʪʝʧʘʥʝʥʢʦ ɸ.ɯ., ʄʦʨʛʫʥ ɹ.ɺ., ʂʫʟʴʤʽʥʩʴʢʠʡ ɭ.ɺ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ɼʅʂ-ʤʘʨʢʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ 

ʧʦʣʽʤʦʨʬʽʟʤʫ ʧʰʝʥʠʮʽ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʟʚʦʣʦʞʝʥʥʷ. ʄʘʪʝʨʽʘʣʠ 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʽ ʩʧʝʮʽʘʣʽʩʪʽʚ 

çʅʘʫʢʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ 

ʫʤʦʚʘʭ ʟʤʽʥ ʢʣʽʤʘʪʫè. 2017 ʪʨʘʚ. 25-26. ɼʥʽʧʨʦ. 2017. ʩ. 41-42. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʜʠʩʝʨʪʘʥʪʢʠ: ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʥʘʧʠʩʘʥʥʽ ʪʝʟ) 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

2DE-LC/MS ï (two-dimensional gel electrophoresis coupled with liquid 

chromatography/mass spectrometry) ʜʚʦʚʠʤʽʨʥʠʡ ʛʝʣʴ-

ʝʣʝʢʪʨʦʬʦʨʝʟ ʧʦʻʜʥʘʥʠʡ ʟ ʨʽʜʠʥʥʦʶ ʭʨʦʤʘʪʦʛʨʘʬʽʻʶ/ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʽʻʶ 

BBCH ï (Biologische Bundesanstalt, Bundessortenamt und CHemische 

Industrie) ʌʝʜʝʨʘʣʴʥʝ ʘʛʝʥʪʩʪʚʦ ʟ ʧʠʪʘʥʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪ ̔

CIMMYT  ï (Global Wheat Program of the International Maize and Wheat 

Improvement Center) ʤʽʞʥʘʨʦʜʥʠʡ ʮʝʥʪʨ ʧʦ ʧʦʢʨʘʱʝʥʥʶ 

ʢʫʢʫʨʫʜʟʠ ʪʘ ʧʰʝʥʠʮʽ  

ddH2O  ʧʦʜʚʽʡʥʦ ʜʝʽʦʥʽʟʦʚʘʥʘ ʚʦʜʘ  

ɼɽʇʂ-ddH2O ï ʧʦʜʚʽʡʥʦ ʜʝʽʦʥʽʟʦʚʘʥʘ ʚʦʜʘ ʦʙʨʦʙʣʝʥʘ ʜʠʝʪʠʣʧʽʨʦʢʘʨʙʦʥʘʪʦʤ 

GF-LC/MS ï (gel free ultra high performance liquid chromatography tandem mass 

spectrometry) ʫʣʴʪʨʘʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʘ ʨʽʜʠʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ 

ʧʦʻʜʥʘʥʘ ʟ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʻʶ  ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʣʽʚ 

MAS ï (marker-assisted selection) ʩʝʣʝʢʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʝʨʽʚ 

QTL ï (quantitative trait locus) ʣʦʢʫʩ ʢʽʣʴʢʽʩʥʠʭ ʦʟʥʘʢ 

SD ï (standard deviation) ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ 

SNP ï (single nucleotide polymorphism) ʧʦʣʽʤʦʨʬʽʟʤ ʦʜʠʥʠʯʥʠʭ 

ʥʫʢʣʝʦʪʠʜʽʚ 

ɸɼ ï ʘʤʬʽʜʠʧʣʦʾʜ 

ɼʅʂ ï ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ 

ʜʅʊʌ ï ʜʝʟʦʢʩʠʥʫʢʣʝʦʟʠʜ ʪʨʠʬʦʩʬʘʪ 

ɯʅ ï ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʡ ʥʦʤʝʨ 

ʢɼʅʂ ï ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ɼʅʂ 

ʇɸɻ ï ʘʤʬʽʜʠʧʣʦʾʜʥʠʡ ʛʽʙʨʠʜ ʧʰʝʥʠʮʽ 

ʇɺ ï ʧʦʚʥʘ ʚʦʣʦʛʦʻʤʥʽʩʪʴ 
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ʇɸɸɻ ï ʘʤʬʽʜʠʧʣʦʾʜʥʠʡ ʛʽʙʨʠʜ ʧʰʝʥʠʮʽ ʪʘ ʝʛʽʣʦʧʩʫ 

ʇʃʈ ï ʧʦʣʽʤʝʨʘʟʥʘ ʣʘʥʮʶʛʦʚʘ ʨʝʘʢʮʽʷ 

ʧʥ ï ʧʘʨ ʥʫʢʣʝʦʪʠʜʽʚ 

ʌʄ ï ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʤʘʨʢʝʨ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʇʰʝʥʠʮʷ ï ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʜʦʚʦʣʴʩʪʚʽ ʪʘ ʜʣʷ ʢʦʨʤʫ ʪʚʘʨʠʥ. ʉʝʨʝʜʥʴʦʨʽʯʥʘ ʩʚʽʪʦʚʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʰʝʥʠʮʽ ʟʘ 2016ï2020 ʨʦʢʠ ʩʷʛʘʻ 758 ʤʣʥ ʪ, ʟ ʷʢʠʭ ʯʘʩʪʢʘ ʋʢʨʘʾʥʠ 

ï 26,3 ʤʣʥ. ʪ [1]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ 

ʧʰʝʥʠʮʽ ʚ ʇʽʚʥʽʯʥʽʡ ɸʤʝʨʠʮʽ ʪʘ ɭʚʨʘʟʽʾ ʧʨʦʪʷʛʦʤ 1981ï2015 ʨʦʢʽʚ ʚʩʪʘʥʦʚʠʣʦ, ʱʦ 

ʧʽʜʚʠʱʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʣʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ ʙʽʣʴʰʦʩʪʽ ʨʝʛʽʦʥʽʚ 

ʦʙʦʭ ʢʦʥʪʠʥʝʥʪʽʚ [2].  

ʄʘʨʢʝʨʠ ʥʘ ʦʩʥʦʚʽ ɼʅʂ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʚʽʜʙʦʨʫ 

ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʝʣʝʢʮʽʡʥʠʭ ʧʨʦʛʨʘʤʘʭ [3ï5]. 

ʇʝʨʰʽ ʩʧʨʦʙʠ ʛʝʥʦʪʠʧʫʚʘʥʥʷ ʧʰʝʥʠʮʽ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɼʅʂ-

ʤʘʨʢʝʨʽʚ ʥʘ ʦʩʥʦʚʽ ʥʝʢʦʜʫʶʯʠʭ ʣʦʢʫʩʽʚ, ʪʘʢʠʭ ʷʢ RAPD [6], ISSR [7], SSR [8ï10] ʪʘ 

ʽʥ. ʅʝʜʘʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʨʝʩʣʠʣʠ ʚʘʞʣʠʚʽʩʪʴ ʢʣʶʯʦʚʠʭ ʛʝʥʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ 

ʨʝʘʢʮʽʻʶ ʥʘ ʩʪʨʝʩ ʫ ʨʦʩʣʠʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʷʚʣʝʥʦ, ʱʦ ʬʘʢʪʦʨʠ ʪʨʘʥʩʢʨʠʧʮʽʾ ʟ 

ʩʽʤʝʡʩʪʚ AP2/EREBP, bZIP, LEA, DREB, MYB/MYC, NAC ʪʘ WRKY ʚʽʜʽʛʨʘʶʪʴ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʝʨʝʥʦʩʠʤʦʩʪʽ ʧʦʩʫʭʠ ʨʦʩʣʠʥ [11ï14].  

ɺ 2012 ʨʦʮʽ ʛʨʫʧʦʶ ʚʯʝʥʠʭ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʤʦʜʝʣʴʥʦʤʫ ʘʨʘʙʽʜʦʧʩʠʩʽ, ʱʦ 

ʥʘʜʝʢʩʧʨʝʩʽʷ ʛʝʥʘ TaWRKY2 ʧʨʠʟʚʝʣʘ ʜʦ ʧʽʜʚʠʱʝʥʦʾ ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ [15]. 

ʇʽʟʥʽʰʝ ʽʥʰʽʡ ʛʨʫʧʽ ʚʯʝʥʠʭ ʚʜʘʣʦʩʴ ʦʪʨʠʤʘʪʠ ʪʨʘʥʩʛʝʥʥʫ ʧʰʝʥʠʮʶ ʟ ʥʘʜʝʢʩʧʨʝʩʽʻʶ 

ʛʝʥʘ TaWRKY2 ̔ ʟ ʪʦʣʝʨʘʥʪʥʽʩʪʶ ʜʦ ʦʙʤʝʞʝʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ [16]. 

ʆʩʪʘʥʥʽ ʩʚʽʪʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʜʠʭʽʚ ʷʢ ʥʦʚʠʡ 

ʚʘʞʣʠʚʠʡ ʯʠʥʥʠʢ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʝʬʝʢʪʠʚʥʦʛʦ 

ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʟʘ ʧʦʩʫʭʠ ʫ ʧʰʝʥʠʮʽ. ɺʘʞʣʠʚʠʤʠ ʛʝʥʝʪʠʯʥʠʤʠ 

ʜʝʪʝʨʤʽʥʘʥʪʘʤʠ ʟʘʣʫʯʝʥʠʤʠ ʚ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʜʠʭʽʚ ʻ ʛʝʥʠ EPF1 ʪʘ EPF2, ʷʢʽ 

ʢʦʜʫʶʪʴ ʩʝʢʨʝʪʦʨʥʽ ʧʦʣʽʧʝʧʪʠʜʠ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴ ʙʽʦʛʝʥʝʟ ʧʨʦʜʠʭʽʚ [17, 18]. 

ʈʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʠ ʇʃʈ ʟʘ 

ʫʯʘʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ɼʅʂ-ʤʘʨʢʝʨʽʚ  ʥʘʜʘʶʪʴ ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ 
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ʧʨʦʚʝʜʝʥʥʷ ʩʢʨʠʥʽʥʛʫ ʚʝʣʠʢʠʭ ʢʦʣʝʢʮʽʡ ʟʨʘʟʢʽʚ ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʟʘ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ɼʅʂ-ʤʘʨʢʝʨʠ ʨʦʟʨʦʙʣʷʶʪʴ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʽʤʦʨʬʥʠʭ  ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚ ʛʝʥʦʤʽ. ɺʘʞʣʠʚʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʻ ʪʝ, 

ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʬʽʢʩʫʚʘʪʠ ʘʣʝʣʽ ʚ ʧʦʧʫʣʷʮʽʾ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ, ʪʦʤʫ ʚʽʜʙʽʨ 

ʧʨʦʭʦʜʠʪʴ ʙʽʣʴʰ ʪʦʯʥʦ ʽ ʢʦʥʪʨʦʣʴʦʚʘʥʦ. ɰʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʦʞ ʜʣʷ 

ʚʘʣʽʜʘʮʽʾ ʽʜʝʥʪʠʯʥʦʩʪʽ ʩʦʨʪʫ [21]. 

ɼʝʬʽʮʠʪ ʚʦʜʠ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʧʰʝʥʠʮʽ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʝ ʧʦʛʽʨʰʝʥʥʷ 

ʥʘʧʦʚʥʶʚʘʥʦʩʪʽ ʟʝʨʥʘ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʘ ʤʘʩʠ ʟʝʨʝʥ, ʟʤʝʥʰʝʥʥʷ ʛʨʘʥʫʣ 

ʢʨʦʭʤʘʣʶ ʪʘ ʟʥʠʞʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ, ʘʣʝ ʧʨʠʟʚʦʜʠʪ ɹʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʙʽʣʢʘ, 

ʟʦʢʨʝʤʘ ʛʣʶʪʝʥʽʥʦʚʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ , ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʣʝʡʢʦʚʠʥʠ ʪʘ ʭʣʽʙʦʧʝʢʘʨʩʴʢʠʭ ʷʢʦʩʪʝʡ [22, 23]. ʆʜʥʘʢ, ʙʽʣʢʠ, ʷʢʽ ʟ ʦʜʥʦʛʦ ʙʦʢʫ 

ʚʠʟʥʘʯʘʶʪʴ ʯʫʜʦʚʽ ʭʣʽʙʦʧʝʢʘʨʩʴʢʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟ ʜʨʫʛʦʛʦ ï ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ 

ʭʘʨʯʦʚʫ ʥʝʧʝʨʝʥʦʩʠʤʽʩʪʴ ʘʙʦ ʘʣʝʨʛʽʶ ʫ ʟʘʣʝʞʥʠʭ ʣʶʜʝʡ [24]. ʅʘ ʩʴʦʛʦʜʥʽ ʚʩʝ 

ʙʽʣʴʰʦʶ ʚʠʤʦʛʦʶ ʣʶʜʩʪʚʘ ʻ ʧʨʦʜʫʢʪʠ ʟ ̔ʟʥʠʞʝʥʦʶ ʘʣʝʨʛʝʥʥʽʩʪʶ/ʪʦʢʩʠʯʥʽʩʪʶ.  

ɺ ʩʚʽʪʽ ʽʩʥʫʶʪʴ ʙʝʟʣʽʯ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ  ʷʢʦʩʪʽ ʩʦʨʪʽʚ ʧʰʝʥʠʮʴ, ʘʣʝ ʚʩʽ ʚʦʥʠ 

ʤʘʶʪʴ ʥʝʜʦʣʽʢʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʇʨʦʪʝʦʤʽʢʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʩʪʠʯʥʦ 

ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ, ʜʦʣʘʶʯʠ ʦʙʤʝʞʝʥʥʷ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʷʚʣʷʶʪʴ ʛʝʥʠ/ʪʨʘʥʩʢʨʠʧʪʠ [25]. ʇʨʦʪʝʦʤʽʢʘ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʩʧʨʠʷʣʘ ʨʦʟʫʤʽʥʥʶ ʘʣʝʨʛʽʾ ʪʘ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʧʰʝʥʠʮʽ ʯʝʨʝʟ 

ʷʢʽʩʥʫ ʪʘ ʩʪʨʫʢʪʫʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʘʣʝʨʛʝʥʥʠʭ ʪʘ ʪʦʢʩʠʯʥʠʭ ʧʝʧʪʠʜʽʚ [26]. ɹʫʣʦ 

ʜʦʚʝʜʝʥʦ, ʱʦ ʢʨʽʤ ʛʣʶʪʝʥʫ, ʤʝʪʘʙʦʣʽʯʥʽ ʙʽʣʢʠ ʪʘʢʦʞ ʚʠʢʣʠʢʘʶʪʴ ʥʝʧʝʨʝʥʦʩʠʤʽʩʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʘʣʝʨʛʽʯʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʪʝʦʤʽʢʠ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʠʪʠ ʤʦʣʝʢʫʣʷʨʥʽ ʤʘʨʢʝʨʠ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʙʦʨʫ ʜʦʥʦʨʽʚ ʛʝʥʝʪʠʯʥʦʾ ʧʣʘʟʤʠ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʤʝʥʰ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʩʦʨʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʙʽʣʢʽʚ ʟʝʨʥʘ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʜʝʬʽʮʠʪʫ ʚʦʜʠ ̒  ʧʝʨʩʧʝʢʪʠʚʥʠʤ 
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ʟʘʚʜʘʥʥʷʤ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʚ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ ʟʤʽʥ ʢʣʽʤʘʪʫ ʪʘ ʥʘʨʦʩʪʘʶʯʠʭ ʧʠʪʘʥʥʷʭ 

ʟʥʠʞʝʥʥʷ ʘʣʝʨʛʝʥʥʦʩʪʽ/ʪʦʢʠʩʠʯʥʦʩʪʽ ʧʰʝʥʠʮʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦ  ʁ ʨʦʙʦʪʠ  ̒ ʨʦʟʨʦʙʢʘ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ 

ʟʝʨʥʘ ʪʘ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʽʚ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ɺʠʟʥʘʯʠʪʠ ʬʽʟʽʦʣʦʛʦ-ʙʽʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʝʩʪʠ ʢʦʥʪʨʘʩʪʥʠʭ ʩʦʨʪʽʚ 

ʧʰʝʥʠʮʽ ʟʘ ʫʤʦʚ ʧʦʩʫʭʠ. 

2. ɼʦʩʣʽʜʠʪʠ ʩʪʨʫʢʪʫʨʫ ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʛʝʥʘ ʧʦʩʫʭʦ-

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ TaWRKY2 ʜʣʷ ʰʝʩʪʠ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʨʝʩʽʾ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ. 

3. ɼʦʩʣʽʜʠʪʠ ʩʪʨʫʢʪʫʨʫ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʥʫʢʣʝʦʪʠʜʥʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʝʥʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ EPF1, EPF2 ʪʘ MUTE ʜʣʷ ʰʝʩʪʠ 

ʢʦʥʪʨʘʩʪʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. 

4. ʈʦʟʨʦʙʠʪʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʦʮʽʥʢʠ ʧʦʣʽʤʦʨʬʽʟʤʫ  ʛʝʥʽʚ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ (TaWRKY2, EPF1, EPF2 ʪʘ MUTE) ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ ʪʘ ʧʨʦʚʝʩʪʠ ʘʧʨʦʙʘʮʽʶ ʥʘ ʚʠʙʽʨʮʽ ʟʨʘʟʢʽʚ. 

5. ʈʦʟʨʦʙʠʪʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʦʮʽʥʢʠ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ 

ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʤʝʪʦʜʽʚ LC/MS. 

6. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʚʩʪʘʥʦʚʠʪʠ 

ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʽ ʘʣʝʨʛʝʥʥʽ/ʪʦʢʩʠʯʥʽ ʙʽʣʢʠ ʚ ʟʝʨʥʽ ʩʫʯʘʩʥʠʭ ʪʘ 

ʽʩʪʦʨʠʯʥʦʛʦ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. 

7. ʈʦʟʨʦʙʠʪʠ ʧʨʦʮʝʩʫʘʣʴʥʽ ʩʭʝʤʠ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ  ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʷʢʦʩʪʽ ʙʽʣʢʦʚʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʘ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥ ʜʦ ʧʦʩʫʭʠ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥ ʜʦ ʧʦʩʫʭʠ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʘʮʽʦʥʘʣʴʥ ̔ ʧʘʨʘʤʝʪʨʠ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʧʘʩʥʠʭ ʷʢʦʩʪʽ ʙʽʣʢʽʚ ʟʝʨʥʘ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʫ ʧʨʦʮʝʩʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ: ʬʽʟʽʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʨʘʩʪʥʠʭ 

ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ; ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʽ ʤʝʪʦʜʠ ʜʣʷ ʧʦʰʫʢʫ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ɼʅʂ ʪʘ ʙʽʣʢʽʚ ʫ ʙʘʟʘʭ ʜʘʥʠʭ; ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʪʘ 

ʘʥʘʣʽʟʫ ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ (ʦʯʠʱʝʥʥʷ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʧʦʣʽʤʝʨʘʟʥʘ 

ʣʘʥʮʶʛʦʚʘ ʨʝʘʢʮʽʷ, ʩʠʢʚʝʥʫʚʘʥʥʷ, ʝʣʝʢʪʨʦʬʦʨʝʟ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʪʘ ʙʽʣʢʽʚ ʫ 

ʛʝʣʽ); ʙʽʦʬʽʟʠʯʥʽ ʤʝʪʦʜʠ (ʤʽʢʨʦʩʢʦʧʽʷ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ̫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ɼʅʂ ʪʘ ʙʽʣʢʽʚ, ʨʽʜʠʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ, ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ); ʙʽʦʭʽʤʽʯʥʽ 

ʤʝʪʦʜʠ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʙʽʣʢʽʚ ʟ̔ ʟʝʨʥʘ ʪʘ ʾʭ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʦʟɦʝʧʣʝʥʥʷ; ʤʝʪʦʜʠ 

ʪʝʦʨʽʾ ʛʨʘʬʽʚ (MS Excel) ʜʣʷ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʜʠʩʝʨʪʘʮʽʾ ʚʧʝʨʰʝ ʦʜʝʨʞʘʥʽ 

ʪʘʢʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

- ʚʽʜʢʨʠʪʦ ʧʦʣʽʤʦʨʬʽʟʤ ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ TaWRKY2 ʪʘ ʛʝʥʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ EPF1, EPF2 ʪʘ MUTE ʟ ʪʨʴʦʭ 

ʩʫʙʛʝʥʦʤʽʚ ʰʝʩʪʠ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʫʢʨʘʾʥʩʴʢʦʾ ʩʝʣʝʢʮʽʾ ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʚʧʣʠʚ 

ʚʠʷʚʣʝʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʥʘ ʘʤʽʥʦʢʠʩʣʦʪʥʠʡ ʩʢʣʘʜ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʣʽʧʝʧʪʠʜʽʚ; 

- ʨʦʟʨʦʙʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʦʮʽʥʢʠ ʧʦʣʽʤʦʨʬʽʟʤʫ ʧʰʝʥʠʮʽ ʟʘ 

ʛʝʥʘʤʠ TaWRKY2, EPF1, EPF2 ʪʘ MUTE ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ ʟʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ 16-ʪʠ ʦʨʠʛʽʥʘʣʴʥʠʭ ʩʢʦʥʩʪʨʫʡʦʚʘʥʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʩʠʩʪʝʤ ɼʅʂ-

ʤʘʨʢʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʽʟʥʷʪʠ ʘʣʝʣʽ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʛʝʥʽʚ; 

- ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʮʽʥʢʠ ʛʝʥʝʪʠʯʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʚʠʙʽʨʢʠ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʨʫʙʽʞʥʠʭ ʩʦʨʪʽʚ ʟʘ ʛʝʥʘʤʠ TaWRKY2, EPF1, EPF2 ʪʘ MUTE ʚʠʷʚʣʝʥʦ, ʱʦ 

ʫʢʨʘʾʥʩʴʢʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʙʽʣʴʰ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʧʝʢʪʨʠ 

ʬʨʘʛʤʝʥʪʽʚ ʇʃʈ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʜʠʩʢʨʠʤʽʥʫʚʘʪʠ 

ʛʝʥʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʢʦʪʨʠʡ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ D ʩʫʙʛʝʥʦʤ ʧʰʝʥʠʮʽ; 

- ʨʦʟʨʦʙʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʦʮʽʥʢʠ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ 

ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʜʦʩʢʦʥʝʣʝʥʠʭ 2DE-LC/MS ʪʘ GF-

LC/MS, ʱʦ ʧʦʢʨʘʱʠʣʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʥʘ 20,4%; 



31 

 

- ʫʜʦʩʢʦʥʘʣʝʥʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʚ 2DE-

LC/MS ʘʥʘʣʽʟʽ ʨʦʟʱʝʧʣʝʥʥʷʤ ʪʨʴʦʤʘ ʬʝʨʤʝʥʪʘʤʠ ï ʭʽʤʦʪʨʠʧʩʠʥʦʤ, ʪʨʠʧʩʠʥʦʤ, ʘ 

ʧʦʪʽʤ ʪʝʨʤʦʣʽʟʠʥʦʤ, ʱʦ ʧʦʢʨʘʱʠʣʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʙʽʣʢʽʚ ʥʘ 16,6%; 

- ʧʦʨʽʚʥʷʥʦ ʙʽʣʢʦʚʽ ʩʢʣʘʜʠ ʟʝʨʥʘ ʜʚʦʭ ʩʫʯʘʩʥʠʭ ʩʦʨʪʽʚ (ʇʘʥʥʘ ʪʘ ʉʦʪʥʠʮʷ) ʟ 

ʽʩʪʦʨʠʯʥʠʤ ʩʦʨʪʦʤ ʋʢʨʘʾʥʢʘ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʚʠʱʝ ʥʘʢʦʧʠʯʝʥʥʷ 

ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ ʫ ʪʨʘʜʠʮʽʡʥʦʤʫ ʩʦʨʪʽ ʋʢʨʘʾʥʢʘ, ʘ ʩʦʨʪ ʉʦʪʥʠʮʷ 

ʚʠʨʽʟʥʷʚʩʷ ʷʢ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʡ ʜʦʥʦʨ ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʜʣʷ ʥʦʚʠʭ ʩʦʨʪʽʚ 

ʭʘʨʯʦʚʦʛʦ ʥʘʧʨʷʤʢʫ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʘ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ, ʷʢʽ ʚʠʢʣʘʜʝʥʦ ʚ 

ʜʠʩʝʨʪʘʮʽʾ, ʦʜʝʨʞʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʘʙʦ ʟʘ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ. 

ʇʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʠ ʩʧʽʣʴʥʦ ʽʟ ʥʘʫʢʦʚʠʤʠ 

ʢʝʨʽʚʥʠʢʘʤʠ. 

ɸʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʟʜʽʡʩʥʝʥʦ ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʥʫʢʣʝʦʪʠʜʥʠʭ ʪʘ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟ ʙʘʟ ʜʘʥʠʭ, ʚʠʜʽʣʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʧʰʝʥʠʮʽ; 

ʚʠʟʥʘʯʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʣʽʤʦʨʬʽʟʤʫ ʮʽʣʴʦʚʠʭ ʛʝʥʽʚ; 

ʩʢʦʥʩʪʨʫʡʦʚʘʥʦ ʩʠʩʪʝʤʠ ʧʨʘʡʤʝʨʽʚ, ʧʽʜʽʙʨʘʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʫʤʦʚʠ ʇʃʈ ʪʘ ʧʨʦʚʝʜʝʥʦ 

ʇʃʈ ʜʣʷ ʚʠʙʽʨʢʠ ʟʨʘʟʢʽʚ ʧʰʝʥʠʮʴ; ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ 

ʛʝʥʽʚ; ʧʨʦʚʝʜʝʥʦ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʙʽʣʢʽʚ ʧʰʝʥʠʮʽ, ʾʭ ʨʦʟʜʽʣʝʥʥʷ ʤʝʪʦʜʦʤ 

ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʪʘ ʨʦʟɦʝʧʣʝʥʥʷ ʬʝʨʤʝʥʪʘʤʠ; ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʮʝʩʫʘʣʴʥʽ ʩʭʝʤʠ 

ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʽʜʭʦʜʘʤʠ; 

ʦʬʦʨʤʣʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʠ. ɸʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʚʽʜʽʙʨʘʥʦ ʽ 

ʢʨʠʪʠʯʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʩʫʯʘʩʥʦʾ ʟʘʨʫʙʽʞʥʦʾ ʪʘ ʚʽʪʯʠʟʥʷʥʦʾ 

ʣʽʪʝʨʘʪʫʨʠ ʟʘ ʪʝʤʦʶ ʧʨʦʚʝʜʝʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʌʽʟʽʦʣʦʛʦ-ʙʽʦʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʝʩʪʠ ʩʦʨʪʽʚ ʧʨʦʚʦʜʠʣʘʩɹ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ɯʥʩʪʠʪʫʪʫ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʢʘʥʜʠʜʘʪʘ 

ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ɿʙʦʨʽʚʩʴʢʦʾ ʆ.ɺ. ʪʘ ʯʣʝʥ-ʢʦʨʝʩʧʦʜʝʥʪʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʜʦʢʪʦʨʘ 

ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʉʪʘʩʠʢʘ ʆ.ʆ. ʉʠʢʚʝʥʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʩʧʽʚʨʦʙʽʪʥʠʢʠ 

ʣʘʙʦʨʘʪʦʨʽʾ ʇʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʤ. ʍʫʘʡʷʥ (ʂʠʪʘʡʩʴʢʘ ʅʘʨʦʜʥʘ ʈʝʩʧʫʙʣʽʢʘ) 
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ʢʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʉʪʝʧʘʥʝʥʢʦ ɸ.ɯ. ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬʝʩʦʨʘ ɹʦʨʠʩʶʢ 

ʄ.ɺ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ʧʝʧʪʠʜʽʚ ʤʝʪʦʜʘʤʠ 2DE-LC/MS ʪʘ 

GF-LC/MS, ʱʦ ʚʠʤʘʛʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʥʽʢʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʙʫʣʦ ʧʨʦʡʜʝʥʦ 

ʩʪʘʞʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ɯʥʩʪʠʪʫʪʫ ʚʽʨʫʩʦʣʦʛʽʾ ɹʽʦʤʝʜʠʯʥʦʛʦ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʮʝʥʪʨʫ 

ʉʣʦʚʘʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʟʘ ʧʽʜʪʨʠʤʢʠ ʢʦʥʢʫʨʩʥʦʾ ʫʨʷʜʦʚʦʾ ʩʪʠʧʝʥʜʽʾ ʉʣʦʚʘʮʴʢʦʾ 

ʈʝʩʧʫʙʣʽʢʠ. ʄʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʫ ʽ ʢʦʥʩʫʣʴʪʘʮʽʡʥʫ ʧʽʜʪʨʠʤʢʫ ʧʨʦʝʢʪʫ 

ʟʜʽʡʩʥʶʚʘʣʠ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, ʢʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ɼʘʥʯʝʥʢʦ ʄ. ʪʘ 

ʢʝʨʽʚʥʠʢ ʧʘʨʪʥʝʨʩʴʢʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʜʦʢʪʦʨ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ Ġkult®ty L. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʾ, ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ: ɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʽ 

ʩʧʝʮʽʘʣʽʩʪʽʚ çʅʘʫʢʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʚ ʫʤʦʚʘʭ ʟʤʽʥ ʢʣʽʤʘʪʫè (ɼʥʽʧʨʦ, 25-26 ʪʨʘʚʥʷ 2017 ʨ.); ʍɯ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʡ ʢʦʥʬʝʨʝʥʮʽʾ çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI ʩʪʦʣʽʪʪʷè, (ʂʠʾʚ, 21 ʢʚʽʪʥʷ 2017 

ʨ.); ʍɯI ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI 

ʩʪʦʣʽʪʪʷè (ʂʠʾʚ, 20 ʢʚʽʪʥʷ 2018 ʨ.); ɯV ʄʽʞʥʘʨʦʜʥʠʡ ʩʠʤʧʦʟʽʫʤ çSymposium on 

EuroAsian Biodiversity (SEAB 2018)è (ʂʠʾʚ, 3-6 ʣʠʧʥʷ 2018 ʨ.); ʄʽʞʥʘʨʦʜʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ Plant Biology 2018 (ʄʦʥʨʝʘʣʴ, ʂʘʥʘʜʘ, 14-18 ʣʠʧʥʷ 2018 ʨ.); ɯɯɯ 

ɺʩʝʩʚʽʪʥʽʡ ʢʦʥʛʨʝʩ INPPO 2018, (ʇʘʜʦʚʘ, ɯʪʘʣʽʷ, 9-12 ʚʝʨʝʩʥʷ 2018 ʨ.); 

ʄʽʞʥʘʨʦʜʥʠʡ ʚʦʨʢʰʦʧ Resurrection plants: Hope for crop drought tolerance (ReHOPE) 

(ʇʣʦʚʜʽʚ, ɹʦʣʛʘʨʽʷ, 20-22 ʚʝʨʝʩʥʷ 2018); ʍɯV ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ñʅʘʫʢʦʚʽ, 

ʧʨʠʢʣʘʜʥʽ ʪʘ ʦʩʚʽʪʥʽ ʘʩʧʝʢʪʠ ʬʽʟʽʦʣʦʛʽʾ, ʛʝʥʝʪʠʢʠ, ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʨʦʩʣʠʥ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚò (ʂʠʾʚ, 24-25 ʞʦʚʪʥʷ, 2019 ʨ.); ʍɯɯI ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI ʩʪʦʣʽʪʪʷè (ʂʠʾʚ, 19 ʢʚʽʪʥʷ 2019 ʨ.); 

ʚʦʨʢʰʦʧ Plant and Animal Conference Asia 2019 (ʐʝʥʴʞʝʥʴ, ʂʠʪʘʡ,  8 ʯʝʨʚʥʷ 2019 

ʨ.); ʄʽʞʥʘʨʦʜʥʠʡ ʬʦʨʫʤ 2020 Yangling International Agri-science Forum (ʗʥʣʽʥ, 

ʂʠʪʘʡ, 20 ʞʦʚʪʥʷ 2020 ʨ.).  
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ʉʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, 

7 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, ʷʢʠʡ 

ʤʽʩʪʠʪʴ  213 ʥʘʡʤʝʥʫʚʘʥʥʷ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʥʘ 253 

ʟʘʛʘʣʴʥʠʭ ʩʪʦʨʽʥʢʘʭ, ʚʢʣʶʯʘʶʯʠ 26 ʪʘʙʣʠʮʴ, 44 ʨʠʩʫʥʢʠ ʪʘ 6 ʜʦʜʘʪʢʽʚ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʊʝʤʘ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʽʜʧʦʚʽʜʘʻ ʥʘʧʨʷʤʘʤ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ çʈʘʮʽʦʥʘʣʴʥʝ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷè ʪʘ ʩʪʨʘʪʝʛʽʯʥʠʤ ʧʨʽʦʨʠʪʝʪʥʠʤ ʥʘʧʨʷʤʘʤ ʽʥʥʦʚʘʮʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ ʥʘ 2009ï2020 ʨʦʢʠ, ʘ ʩʘʤʝ: çɺʜʦʩʢʦʥʘʣʝʥʥʷ ʭʽʤʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʨʦʟʚʠʪʦʢ ʙʽʦʪʝʭʥʦʣʦʛʽʡè; çʆʭʦʨʦʥʘ ʽ ʦʟʜʦʨʦʚʣʝʥʥʷ 

ʣʶʜʠʥʠ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘè. ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ 

ʝʢʦʙʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʽʦʝʥʝʨʛʝʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè. ʏʘʩʪʠʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʥʫʚʘʣʘʩʷ ʫ ɹʽʦʤʝʜʠʯʥʦʤʫ ʮʝʥʪʨʽ ʉʣʦʚʘʮʴʢʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ, ɹʨʘʪʠʩʣʘʚʘ, ʉʣʦʚʘʯʯʠʥʘ, ʚ ʨʘʤʢʘʭ ʩʪʘʞʫʚʘʥʥʷ ʟʘ ʩʪʠʧʝʥʜʽʻʶ 

ʉʣʦʚʘʮʴʢʦʛʦ ʫʨʷʜʫ SAIA. ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʟʘ ʪʝʤʘʤʠ ʚʽʜʜʽʣʫ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʛʝʥʝʪʠʢʠ ɯʥʩʪʠʪʫʪʫ ʢʣʽʪʠʥʥʦ ʾ ʙʽʦʣʦʛʽʾ ʪʘ ʛʝʥʝʪʠʯʥʦʾ ʽʥʞʝʥʝʨʽʾ ʅɸʅ ʋʢʨʘʾʥʠ: 

çɼʦʩʣʽʜʞʝʥʥʷ ʮʽʥʥʠʭ ʛʝʥʝʪʠʯʥʠʭ ʜʝʪʝʨʤʽʥʘʥʪ ʽ ʥʦʚʠʭ ʘʣʝʣʴʥʠʭ ʝʬʝʢʪʽʚ ʛʝʥʽʚ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʭʣʽʙʥʠʭ ʟʣʘʢʽʚ ʚ ʫʤʦʚʘʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʛʣʦʙʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ 

ʟʤʽʥè, ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ 0117U000385 

(2016ï2020 ʨʨ.), ʚʠʢʦʥʘʚʝʮʴ; çɻʝʥʝʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʣʠʩʪʢʦʚʠʭ 

ʧʨʦʜʠʭʽʚ ʧʰʝʥʠʮʽ ʫ ʟʚ'ʷʟʢʫ ʟ ʧʦʣʽʧʰʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʟʘ ʫʤʦʚ 

ʧʦʩʫʭʠè, ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ  0118U100168 

(2018ï2019 ʨʨ.), ʚʠʢʦʥʘʚʝʮʴ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʦʮʽʥʢʠ ʪʘ ʜʦʙʠʨʘʥʥʷ ʜʦʥʦʨʽʚ 

ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʧʰʝʥʠʮʽ ʟʘ ʛʝʥʘʤʠ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ ʪʘ ʭʘʨʯʦʚʦʾ ʷʢʦʩʪʽ 

ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ. ɺʠʷʚʣʝʥʠʡ ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ʛʝʥʽʚ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ TaWRKY2, EPF1, EPF2 ʪʘ MUTE ʻ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ 
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ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʢʦʞʥʦʛʦ 

ʘʣʝʣʶ. ɺʩʪʘʥʦʚʣʝʥʽ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʛʝʥʘʤʠ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ ʜʦʟʚʦʣʷʶʪʴ  ʝʬʝʢʪʠʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʦʣʽʤʦʨʬʽʟʤ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʚʠʚʯʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʧʨʦʪʝʦʤʽʢʠ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʧʦʜʦʣʘʪʠ ʦʙʤʝʞʝʥʥʷ ʤʝʪʦʜʽʚ ʛʝʥʦʤʽʢʠ ʪʘ ʪʨʘʥʩʢʨʠʧʪʦʤʽʢʠ ʽ ʜʝʪʘʣʴʥʦ 

ʦʮʽʥʠʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʙʽʦʩʠʥʪʝʟʽ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ.  

ʈʦʟʨʦʙʣʝʥʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ 

ʛʝʥʝʪʠʢʦ-ʩʝʣʝʢʮʽʡʥʠʭ ʩʭʝʤ ʩʭʨʝʱʫʚʘʥʥʷ, ʛʝʥʦʪʠʧʫʚʘʥʥʷ ʩʦʨʪʽʚ, ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ 

ʧʦʭʦʜʞʝʥʥʷ (ʬʘʣʴʩʠʬʽʢʘʮʽʾ) ʩʦʨʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʨʪʽʚ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ.  

ʈʦʟʨʦʙʣʝʥʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʙʫʣʠ ʚʧʨʦʚʘʜʞʝʥʽ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʘ ʥʦʚʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʩʝʣʝʢʮʽʾ ɯʥʩʪʠʪʫʪʫ ʬʽʟʽʦʣʦʛʽʾ 

ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʘ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ TaWRKY2 ʪʘ ʛʝʥʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ EPF1, EPF2 ʪʘ MUTE  ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʽ ɯʌʈɻ ʅɸʅ ʋʢʨʘʾʥʠ ʜʣʷ ʘʥʘʣʽʟʫ ʩʝʣʝʢʮʽʡʥʠʭ ʣʽʥʽʡ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ, 

ʚʽʜʙʦʨʫ ʙʘʞʘʥʠʭ ʛʝʥʦʪʠʧʽʚ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʩʝʣʝʢʮʽʡʥʠʭ ʧʨʦʛʨʘʤ (ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ˉ106/27 ʚʽʜ 28.01.2021). ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 162 çɹʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʽʦʽʥʞʝʥʝʨʽʷè ʚ 

ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 01.02.2021). 

ɿʜʦʙʫʚʘʯʝʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʛʨʘʥʪʠ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʦʚʽʪʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʚʦʨʢʰʦʧʽ (ReHOPE; ɹʦʣʛʘʨʽʷ) ʪʘ ʢʦʥʬʝʨʝʥʮʽʾ (INPPO2016; ɯʪʘʣʽʷ).  
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ʈʆɿɼɯʃ 1 ʂʆʅʎɽʇʎɯʗ ʄɸʈʂɽʈɯɺ ʗʂ ɿʈʋʏʅʆɻʆ 

ɹɯʆʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ɯʅʉʊʈʋʄɽʅʊʋ  ɺʀʗɺʃɽʅʅʗ ʇʆʃɯʄʆʈʌɯɿʄʋ 

ʇʐɽʅʀʎɯ 

 

1.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʰʝʥʠʮʽ ʷʢ ʚʘʞʣʠʚʦʛʦ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ 

ʇʰʝʥʠʮʷ ï ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʧʨʦʜʦʚʦʣʴʩʪʚʽ ʪʘ ʜʣʷ ʛʦʜʫʚʘʥʥʷ ʪʚʘʨʠʥ. ʉʝʨʝʜʥʴʦ-ʨʽʯʥʘ ʩʚʽʪʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʰʝʥʠʮʽ ʟʘ 2016-2020 ʨʦʢʠ ʩʷʛʘʻ 758 ʤʣʥ ʪ, ʟ ʷʢʠʭ ʯʘʩʢʘ  ʋʢʨʘʾʥʠ ï 26,3 ʤʣʥ. ʪ [1]. 

ʇʰʝʥʠʮʷ ʻ ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʭʘʨʯʫʚʘʥʥʷ ʜʣʷ 1 ʤʣʨʜ ʯʦʣʦʚʽʢ, ʘʙʦ ʙʣʠʟʴʢʦ 35% 

ʥʘʩʝʣʝʥʥʷ ɿʝʤʥʦʾ ʢʫʣʽ. ʇʠʪʦʤʘ ʚʘʛʘ ʧʰʝʥʠʮʽ ʚ ʭʘʨʯʫʚʘʥʥʽ ʥʘʩʝʣʝʥʥʷ ʩʠʣʴʥʦ ʚʘʨʽʶʻ 

ï ʚ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʚʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʝ 30% ʢʘʣʦʨʽʡ, ʚ ʽʥʰʠʭ ʨʝʛʽʦʥʘʭ ï 

ʥʝ ʙʽʣʴʰʝ 20%. ɺ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʰʝʥʠʮʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʙʦʨʦʰʥʘ ʜʣʷ ʚʠʧʽʢʘʥʥʷ ʭʣʽʙʘ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʢʘʨʦʥʥʠʭ ʪʘ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ. 

ɿ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʪʘʢʦʞ ʚʠʛʦʪʦʚʣʷʶʪʴ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʙʽʢʦʨʤʽʚ, ʢʨʦʭʤʘʣʴ, 

ʩʧʠʨʪ, ʨʦʩʣʠʥʥʫ ʦʣʽʶ ʽ ʙʝʟʣʽʯ ʪʝʭʥʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ [27, 28]. 

ʄôʷʢʘ ʧʰʝʥʠʮʷ (Triticum aestivum, 2n=6x=42, ʛʝʥʦʤ AABBDD) ʻ 

ʘʣʣʦʛʝʢʩʘʧʣʦʾʜʥʠʤ ʚʠʜʦʤ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ  ʟ ʪʨʴʦʭ ʥʘʙʦʨʽʚ ʩʫʙʛʝʥʦʤʽʚ (A, B ʽ D), 

ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʢʣʶʯʘʻ ʩʽʤ ʧʘʨ ʛʦʤʦʣʦʛʽʯʥʠʭ ʭʨʦʤʦʩʦʤ [29, 30]. ʇʦʭʦʜʞʝʥʥʷ ʪʘ 

ʝʚʦʣʶʮʽʷ ʛʝʥʦʤʽʚ ʧʨʝʜʢʽʚ ʛʝʢʩʘʧʣʦʾʜʥʦʾ ʧʰʝʥʠʮʽ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʰʠʨʦʢʦ ʽ ʚ ʧʦʚʥʽʡ 

ʤʽʨʽ [31ï35]. ʊʘʢʘ ʛʝʢʩʘʧʣʦʾʜʥʘ ʧʰʝʥʠʮʷ ʫʪʚʦʨʠʣʘʩʴ ʚʥʘʩʣʽʜʦʢ ʛʽʙʨʠʜʠʟʘʮʽʾ 

ʪʝʪʨʘʧʣʦʾʜʥʦʾ ʧʰʝʥʠʮʽ (Triticum turgidum, ʛʝʥʦʤ AABB) ʟ ʜʠʧʣʦʾʜʥʠʤ ʧʨʝʜʢʦʤ 

(Aegilops tauschii, 2n=2x=14, ʛʝʥʦʤ DD). ʊʝʪʨʘʧʣʦʾʜʥʘ ʧʰʝʥʠʮʷ ʙʫʣʘ ʦʪʨʠʤʘʥʘ 

ʰʣʷʭʦʤ ʛʽʙʨʠʜʠʟʘʮʽʾ ʜʚʦʭ ʜʠʧʣʦʾʜʥʠʭ ʧʦʧʝʨʝʜʥʠʢʽʚ, Triticum urartu (2n=2x=14, 

ʛʝʥʦʤ AA) ʽ ʥʝʧʽʜʪʚʝʨʜʞʝʥʦʛʦ ʚʠʜʫ (BB ʛʝʥʦʤ) ʧʦʜʽʙʥʦʛʦ ʜʦ  Aegilops speltoides 

(2n=2x=14, ʛʝʥʦʤ SS) [30]. 

ʇʰʝʥʠʮʷ ʚʽʜʩʪʘʚʘʣʘ ʚʽʜ ʽʥʰʠʭ ʦʩʥʦʚʥʠʭ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʫ ʩʠʢʚʝʥʫʚʘʥʥʽ ʾʾ 

ʛʝʥʦʤʫ ʯʝʨʝʟ ʜʫʞʝ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ ʛʝʥʦʤʫ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʧʦʚʪʦʨʶʚʘʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (80ï90%) ʪʘ ʷʚʠʱʝ ʧʦʣʽʧʣʦʾʜʽʾ. ʄʽʞʥʘʨʦʜʥʠʡ ʢʦʥʩʦʨʮʽʫʤ ʟ ʩʠʢʚʝʥʫʚʘʥʥʷ 
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ʛʝʥʦʤʫ ʧʰʝʥʠʮʽ (IWGSC; www.wheatgenome.org/), ʩʪʚʦʨʝʥʠʡ ʫ 2005 ʨʦʮʽ, ʥʘʨʘʟʽ 

ʥʘʣʽʯʫʻ 2100 ʯʣʝʥʽʚ ʽʟ 64 ʢʨʘʾʥ [36]. ʈʝʟʫʣʴʪʘʪʦʤ ʾʭ ʨʦʙʦʪʠ ʻ 21 ʟʽʙʨʘʥʘ ʭʨʦʤʦʩʦʤʘ 

ʩʦʨʪʫ Chinese Spring [37]. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʫ ʧʰʝʥʠʮʽ 

ʻ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʛʝʥʦʤʫ, ʥʘʷʚʥʽʩʪʴ ʪʨʴʦʭ ʩʫʙʛʝʥʦʤʽʚ ʪʘ ʚʠʩʦʢʝ ʥʝʨʽʚʥʦʚʘʞʥʝ 

ʟʯʝʧʣʝʥʥʷ ʛʝʥʽʚ [38]. 

 

1.2 ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʰʝʥʠʮʽ ʟʘ ʫʤʦʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ 

ɸʥʪʨʦʧʦʛʝʥʥʽ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʦʜʥʦʟʥʘʯʥʦ ʟʤʽʥʶʶʪʴ ʢʣʽʤʘʪ ʥʘ 

ɿʝʤʣʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʤʘʻ ʤʽʩʮʝ ʛʣʦʙʘʣʴʥʝ ʩʝʨʝʜʥʻ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰ ʥʽʞ 

ʥʘ 0,85Áʉ ʟ 1880 ʨʦʢʫ. ʇʨʷʤʠʡ ʚʧʣʠʚ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ 

ʧʦʚôʷʟʘʥʠʡ ʟ  ʟʤʽʥʦʶ ʯʘʩʪʦʪʠ ʪʘ ʪʷʞʢʽʩʪʶ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ, ʪʘʢʠʭ 

ʷʢ, ʩʧʝʢʘ, ʧʦʩʫʭʘ ʪʘ ʩʠʣʴʥʽ ʜʦʱʽ [39ï41]. ʇʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʦʚʠʭ 

ʢʫʣʴʪʫʨ ʙʫʜʝ ʟʥʠʞʫʚʘʪʠʩʴ ʧʽʜ ʜʽʻʶ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ,̔ ʟʘ ʜʝʷʢʠʤʠ ʜʘʥʠʤʠ 

ʩʚʽʪʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʞʝ ʨʦʟʧʦʯʘʚʩʷ ʮʝʡ ʧʨʦʮʝʩ [42, 43]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʛʣʦʙʘʣʴʥʝ ʧʦʪʝʧʣʽʥʥʷ ʚʧʣʠʚʘ ̒ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʨʽʟʥʠʭ ʧʨʦʜʦʚʦʣʴʯʠʭ ʢʫʣʴʪʫʨ ʧʦ-

ʨʽʟʥʦʤʫ ï ʥʘʡʙʽʣʴʰ ʥʝʛʘʪʠʚʥʦ ʚ ɭʚʨʦʧʽ, ʇʽʚʜʝʥʥʽʡ ɸʬʨʠʮʽ ʪʘ ɸʚʩʪʨʘʣʽʾ, ʘʣʝ 

ʟʘʛʘʣʴʥʦ ʧʦʟʠʪʠʚʥʦ ʚ ʃʘʪʠʥʩʴʢʽʡ ɸʤʝʨʠʮʽ [43]. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫ Liu ʪʘ ʩʧʽʚʘʚʪ. 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʚʽʪʦʚʘ ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ ʟʤʽʥʠʪʴʩʷ ʥʘ -2,3%...+7,0% ʧʨʠ 

ʩʝʨʝʜʥʴʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 1,5Áʉ ʪʘ ʥʘ -2,4%...+10,5% ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 2,0Áʉ ʧʦʨʽʚʥʷʥʦ ʜʦ ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ 1980-2010 ʨʦʢʽʚ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ 

ʟʤʽʥʠ ʚ ʣʦʢʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʜʦʱʦʚʠʭ ʦʧʘʜʘʭ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʣʦʙʘʣʴʥʦʛʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʉʆ2, ʘʣʝ ʥʝ ʟʤʽʥʠ ʚ ʤʝʥʝʜʞʤʝʥʪʽ ʘʙʦ ʩʦʨʪ̔ʚ ʧʰʝʥʠʮʽ. ʈʝʟʫʣʴʪʘʪʠ 

ʧʨʦʛʥʦʟʫ ʪʘʢʦʞ ʚʢʘʟʫʶʪʴ ʥʘ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʧʽʜʚʠʱʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ ʚ ʨʝʛʽʦʥʘʭ ʟ ʧʦʤʽʨʥʦ ʚʠʩʦʢʠʤʠ ʦʧʘʜʘʤʠ ʥʽʞ ʚ ʧʦʤʽʨʥʦ 

ʩʧʝʢʦʪʥʠʭ ʨʝʛʽʦʥʘʭ ʟ ʥʠʟʴʢʠʤʠ ʦʧʘʜʘʤʠ [44]. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʦʧʘʜʽʚ ʚ ʉʐɸ ʧʦʢʘʟʫʻ, ʱʦ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʧʰʝʥʠʮʽ ʤʦʞʝ ʙʫʪʠ ʩʢʦʤʧʝʥʩʦʚʘʥʠʡ 
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ʥʘʣʝʞʥʦ  ʁʚʦʣʦʛʽʩʪʶ ̌ ʨʫʥʪʫ. ʊʦʙʪʦ, ʦʧʘʜʠ  ̒ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘ ̒ʥʘ 

ʽʩʪʦʨʠʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʰʝʥʠʮʽ [45]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʷʨʦʾ ʧʰʝʥʠʮʽ ʚ ʇʽʚʥʽʯʥʽʡ ɸʤʝʨʠʮʽ ʪʘ 

ɭʚʨʘʟʽʾ ʧʨʦʪʷʛʦʤ 1981-2015 ʨʦʢʽʚ ʚʠʷʚʠʣʦ, ʱʦ ʧʽʜʚʠʱʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʯʝʨʚʥʽ ʪʘ 

ʣʠʧʥʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʣʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚ ʙʽʣʴʰʦʩʪʽ ʨʝʛʽʦʥʽʚ ʦʙʦʭ ʢʦʥʪʠʥʝʥʪʽʚ. 

ʏʝʨʚʝʥʴ ʚʠʷʚʠʚʩʷ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʤ ʤʩ̫̔ʮʝʤ ʜʣʷ ʷʨʦʾ ʧʰʝʥʠʮʽ ʚ ʦʙʦʭ ʨʝʛʽʦʥʘʭ 

ʯʝʨʝʟ ʩʠʣʴʥʫ ʥʝʛʘʪʠʚʥʫ ʢʦʨʝʣʷʮʽʶ ʚʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʘ ʟ ʤʘʢʩʠʤʫʤʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʧʦʟʠʪʠʚʥʦʶ ʢʦʨʝʣʷʮʽʻʶ ʟ ʦʧʘʜʘʤʠ [2]. ʈʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʽʥʥʷ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʾ ʊʫʨʝʯʯʠʥʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʘʡʙʫʪʥʻ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʠʪʴ ʚʨʦʞʘʡ ʧʰʝʥʠʮʽ ʥʘ 16,3% ʚ ʩʝʨʝʜʠʥʽ ʩʪʦʣʽʪʪʷ ʪʘ ʥʘ 16,8% ʚ 

ʢʽʥʮʽ ʩʪʦʣʽʪʪʷ [46]. ɸʥʘʣʦʛʽʯʥʦ, ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʰʝʥʠʮʽ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ɸʚʩʪʨʘʣʽʾ [47, 48], ɯʨʘʥʽ [49], ɿʽʤʙʘʙʚʝ 

[50], ʇʘʢʠʩʪʘʥʽ [51]. 

ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʟʥʠʞʝʥʥʷ ʦʧʘʜʽʚ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʥʝ ʣʠʰʝ ʜʦ ʟʥʠʞʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ, ʘʣʝ ʡ ʜʦ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʙʽʣʢʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʛʝʥʦʪʠʧʽʚ, ʧʨʠʩʪʦʩʦʚʘʥʠʭ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʘ ʪʘʢʦʞ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥ ʉʆ2 ʪʘ ʦʧʘʜʽʚ), ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ ʥʘ 7% ʪʘ 

ʚʠʭʽʜ ʙʽʣʢʘ ʥʘ 2%, ʘʣʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʽʣʢʘ ʚ ʟʝʨʥʽ ʟʤʝʥʰʠʪʴʩʷ. ɸʜʘʧʪʘʮʽʷ ʜʦ ʟʤʽʥʠ 

ʢʣʽʤʘʪʫ, ʱʦ ʩʧʨʠʷʻ ʚʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʘ, ʥʝ ʟʘʚʞʜʠ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ 

ʟʝʨʥʘ, ʩʪʚʦʨʶʶʯʠ ʜʦʜʘʪʢʦʚʠʡ ʪʠʩʢ ʥʘ ʛʣʦʙʘʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʰʝʥʠʮʽ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥ ʢʣʽʤʘʪʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʰʝʥʠʮʽ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ 

ʘʜʘʧʪʘʮʽʷ ʜʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʱʦ ʩʧʨʠʷʻ ʚʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʘ, ʥʝ ʟʘʚʞʜʠ ʻ ʧʦʟʠʪʠʚʥʦʶ 

ʜʣʷ ʚʩʽʭ ʘʩʧʝʢʪʽʚ ʷʢʦʩʪʽ ʟʝʨʥʘ ʜʣʷ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʠʥʠ [52]. 

 

1.3 ʆʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʤʘʨʢʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

1.3.1 ɺʠʜʠ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʨʢʝʨʽʚ 

ʄʦʣʝʢʫʣʷʨʥʠʡ ʤʘʨʢʝʨ ï ʮʝ ʧʦʣʽʤʦʨʬʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ̫ ʢʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʥʘ ʨʽʚʥʽ ʤʘʢʨʦʤʦʣʝʢʫʣ ʪʘ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʘʣʝʣʝʡ ʫ ʨʽʟʥʠʭ 
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ʦʩʦʙʠʥ; ʤʘʨʢʝʨʠ ʧʦʭʦʜʷʪʴ ʚʽʜ ʧʦʣʽʤʦʨʬʽʟʤʫ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɼʅʂ ʽ ʤʦʞʫʪʴ ʷʚʣʷʪʠ 

ʩʦʙʦʶ ʚʣʘʩʥʝ  ɼʅʂ (ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʽ ʤʘʨʢʝʨʠ) ʪʘ ʽʥʰʽ ʦʨʛʘʥʽʯʥʽ ʤʦʣʝʢʫʣʠ, 

ʪʘʢʽ ʷʢ ʙʽʣʢʠ (ʙʽʦʭʽʤʽʯʥʽ ʤʘʨʢʝʨʠ) [20, 53, 54]. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʽ ʤʘʨʢʝʨʠ ʢʣʘʩʠʬʽʢʫʶʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʠ 

ʧʨʦʷʚʫ ʚʽʜʤʽʥʥʦʩʪʽ (ʢʦʜʦʤʽʥʘʥʪʥʽ ʪʘ ʜʦʤʽʥʘʥʪʥʽ ʤʘʨʢʝʨʠ), ʚʽʜ ʪʠʧʫ ʧʦʣʽʤʦʨʬʽʟʤʫ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʤʝʪʦʜʫ ʜʝʪʝʢʮʽʾ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʙʨʠʜʠʟʘʮʽʾ ʘʙʦ ʇʃʈ) [20, 55]. 

ʈʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʨʢʝʨʽʚ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʽ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʘʥʽ 

ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʩʣʠʥʥʠʭ ʛʝʥʦʤʽʚ: RFLP-, RAPD-, AFLP-, SSR-, ISSR-, SRAP-, SNP-, 

DArT-ʤʘʨʢʝʨʠ ʪʘ ʤʘʨʢʝʨʠ ʥʘ ʦʩʥʦʚʽ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʽʚ [20, 56ï61]. ʆʩʥʦʚʥʽ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʪʘʢʠʭ ʤʘʨʢʝʨʥʠʭ ʩʠʩʪʝʤ ʫʟʘʛʘʣʴʥʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.1. 

 

ʊʘʙʣʠʮʷ 1.1 ï ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʨʽʟʥʠʭ ɼʅʂ-ʤʘʨʢʝʨʥʠʭ ʧʽʜʭʦʜʽʚ [20, 62] 

ʄʘʨʢʝʨʠ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ ʇʦʩʠʣʘʥʥʷ 

RFLP 

(ʧʦʣʽʤʦʨʬʽʟʤ 

ʜʦʚʞʠʥ 

ʬʨʘʛʤʝʥʪʽʚ 

ʨʝʩʪʨʠʢʮʽʾ) 

ʂʦʜʦʤʽʥʘʥʪʥʽ 

ʃʦʢʫʩ ʩʧʝʮʠʬʽʯʥʽ 

ɺʠʩʦʢʘ 

ʫʩʧʘʜʢʦʚʫʚʘʥʽʩʪʴ 

ʇʦʰʠʨʝʥʽʩʪʴ ʧʦ ʛʝʥʦʤʫ 

ɿʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ 

ʅʝʦʙʭʽʜʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʦʯʠʱʝʥʦʾ ɼʅʂ 

ɼʦʨʦʛʽ 

ʊʦʢʩʠʯʥʽ/ʨʘʜʽʦʘʢʪʠʚʥʽ ʨʝʘʢʪʠʚʠ 

ʇʦʧʝʨʝʜʥʽ ʜʘʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʦʥʜʽʚ 

ʅʠʟʴʢʽʡ ʨʽʚʝʥʴ ʧʦʣʽʤʦʨʬʽʟʤʫ 

[56, 63, 64] 

RAPD 

(ʧʦʣʽʤʦʨʬʽʟʤ 

ʚʠʧʘʜʢʦʚʦ 

ʘʤʧʣʽʬʽʢʦʚʘʥʦʾ 

ɼʅʂ) 

ʃʝʛʢʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʅʝʦʙʭʽʜʥʘ ʤʘʣʘ 

ʢʽʣʴʢʽʩʪʴ ɼʅʂ 

ʇʦʣʽʤʦʨʬʥʽ 

ɼʦʤʽʥʘʥʪʥʽ 

ɿʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ 

ʅʠʟʴʢʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʅʝʦʙʭʽʜʥʘ ʚʠʩʦʢʦʦʯʠʱʝʥʘ ɼʅʂ 

ʅʝ ʣʦʢʫʩ-ʩʧʝʮʠʬʽʯʥʽ 

[65, 66] 

AFLP 

(ʧʦʣʽʤʦʨʬʽʟʤ 

ʜʦʚʞʠʥ 

ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ) 

ʅʘʜʽʡʥʽ 

ɺʠʩʦʢʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ɹʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʽ 

ɼʦʤʽʥʘʥʪʥʽ  

ʅʝʦʙʭʽʜʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʦʯʠʱʝʥʦʾ ɼʅʂ 

ʅʝʦʙʭʽʜʥʘ ʚʠʩʦʢʦʦʯʠʱʝʥʘ ɼʅʂ 

[67ï69] 
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SSR 

(ʧʨʦʩʪʽ 

ʧʦʚʪʦʨʶʚʘʥʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ) 

ʂʦʜʦʤʽʥʘʥʪʥʽ 

ʅʝʦʙʭʽʜʥʘ ʤʘʣʘ 

ʢʽʣʴʢʽʩʪʴ ɼʅʂ 

ɺʠʩʦʢʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ɺʠʩʦʢʽ ʚʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ 

 

[68, 70ï72] 

ISSR 

(ʧʦʣʤ̔ʦʨʬʽʟʤ ʤʽʞ 

ʧʨʦʩʪʠʤʠ 

ʧʦʚʪʦʨʶʚʘʥʠʤʠ 

ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ) 

ɺʠʩʦʢʘ ʧʦʣʽʤʦʨʬʥʽʩʪʴ 

ʇʨʦʩʪʽ ʽ ʣʝʛʢʽ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʅʝ ʧʦʪʨʽʙʥʘ ʧʦʧʝʨʝʜʥʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʇʦʩʝʨʝʜʥʷ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ [73ï75] 

SRAP 

(ʧʦʣʽʤʦʨʬʽʟʤ, 

ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ) 

ʇʨʦʩʪʽ 

ʅʘʜʽʡʥʽ 

ʃʝʛʢʦ ʽʟʦʣʶʚʘʪʠ 

ʘʤʧʣʽʬʽʢʦʚʘʥʽ 

ʬʨʘʛʤʝʥʪʠ 

ɼʦʤʽʥʘʥʪʥʽ 

ʅʠʟʴʢʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

[76ï78] 

ʈʝʪʨʦ-

ʪʨʘʥʩʧʦʟʦʥʠ 

ʇʨʦʩʪʽ ʽ ʣʝʛʢʽ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʅʝ ʧʦʪʨʽʙʥʘ ʧʦʧʝʨʝʜʥʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ɺʠʩʦʢʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ɼʦʤʽʥʘʥʪʥʽ [79, 80] 

SNP 

(ʧʦʣʽʤʦʨʬʽʟʤ 

ʦʜʠʥʠʯʥʠʭ 

ʥʫʢʣʝʦʪʠʜʽʚ) 

ɽʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽ 

ʐʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʚ 

ʛʝʥʦʤʽ 

ʅʝ ʧʦʪʨʽʙʥʘ ʧʦʧʝʨʝʜʥʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ɺʠʩʦʢʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʂʦʜʦʤʽʥʘʥʪʥʠʡ  

ɺʠʩʦʢʽ ʚʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ [20, 66, 67] 

DArT 

(ʪʝʭʥʦʣʦʛʽʷ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʤʘʩʠʚʽʚ) 

ɽʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥ ̔

ɺʠʩʦʢʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ 

ɺʠʩʦʢʘ ʧʦʣʽʤʦʨʬʥʽʩʪʴ 

ɼʦʤʽʥʘʥʪʥʽ 

ɺʠʩʦʢʽ ʚʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ 

[68, 81] 
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ɺʠʩʦʢʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʅʝ ʧʦʪʨʽʙʥʘ ʧʦʧʝʨʝʜʥʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

 

ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʤʘʨʢʝʨʽʚ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ɼʅʂ-ʤʘʨʢʝʨʘʤʠ, ʱʦ ʟʥʘʯʠʪʴ, ʱʦ ʚʦʥʠ 

ʤʦʞʫʪʴ ʚʪʨʘʪʠʪʠʩʴ ʫ ʚʠʧʘʜʢʫ ʨʝʢʦʤʙʽʥʘʮʽʾ. ʅʘ ʧʨʦʪʠʚʘʛʫ, ʷʢʱʦ ʛʝʥ-ʢʘʥʜʠʜʘʪ 

ʚʽʜʦʤʠʡ, ʪʦ ɼʅʂ-ʤʘʨʢʝʨ (ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʤʘʨʢʝʨ ï ʌʄ) ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʚ 

ʤʝʞʘʭ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʝʥʘ ʘʙʦ ʙʣʠʟʴʢʦ ʟʯʝʧʣʝʥʠʤ ʟ ʥʠʤ ʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ, ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʤ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ [55]. ɺ ʮʴʦʤʫ ʽ ʻ ʥʘʡʙʽʣʴʰʘ 

ʧʝʨʝʚʘʛʘ ʪʘʢʠʭ ʤʘʨʢʝʨʽʚ. 

 

1.3.2 ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʨʢʝʨʠ  

ʌʫʥʢʮʽʦʥʘʣʴʥʽ (ʜʽʘʛʥʦʩʪʠʯʥʽ) ʤʦʣʝʢʫʣʷʨʥʽ ʤʘʨʢʝʨʠ ï ʮʝ ʤʦʣʝʢʫʣʷʨʥʽ 

ʤʘʨʢʝʨʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʚʽʜʤʽʥʥʽʩʪʴ ɼʅʂ ʫ ʢʦʜʫʶʯʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʘʙʦ 

ʪʽʩʥʦ ʟ ʥʝʶ ʟʚôʷʟʘʥʽʡ. ʊʘʢʘ ʟʤʽʥʘ ʤʘʻ ʬʝʥʦʪʠʧʦʚʠʡ ʧʨʦʷʚ, ʬʦʨʤʫʻ ʥʦʚʠʡ ʘʣʝʣʴ, ʘ ʩʘʤ 

ʌʄ ʻ ʘʣʝʣʴ-ʩʧʝʮʠʬʽʯʥʠʤ. 

ʌʄ ʥʘʜʘʶʪʴ ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʢʨʠʥʽʥʛʫ ʚʝʣʠʢʠʭ 

ʢʦʣʝʢʮʽʡ ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʘʣʝʣʴʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʟʘ 

ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ. ʊʘʢʽ ʤʘʨʢʝʨʠ 

ʨʦʟʨʦʙʣʷʶʪʴ ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʠʭ ʚ ʛʝʥʦʤʽ ʧʦʣʽʤʦʨʬʥʠʭ  ʨʝʛʽʦʥʽʚ, ʷʢ̔ ʩʧʨʠʯʠʥʷʶʪʴ 

ʚʘʨʽʘʮʽʶ ʬʝʥʦʪʠʧʦʚʠʭ ʦʟʥʘʢ. ɺʘʞʣʠʚʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʻ 

ʪʝ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʧʫʣʷʮʽʡ [19] ʽ ʚʦʥʠ ʪʽʩʥʦ 

ʟʯʝʧʣʝʥʽ ʟ ʘʣʝʣʣʶ ʧʝʚʥʦʛʦ ʣʦʢʫʩʫ [20]. ʊʘʢ ʷʢ ʬʫʥʢʮʽʦʥʘʣɹ ʥʽ ʤʘʨʢʝʨʠ ʧʨʷʤʦ 

ʟʯʝʧʣʝʥʽ ʟ ʮʽʣʴʦʚʠʤʠ ʛʝʥʘʤʠ ʽ ʨʝʢʦʤʙʽʥʘʮʽʷ ʤʽʞ ʛʝʥʦʤ ʽ ʤʘʨʢʝʨʦʤ ʚʽʜʩʫʪʥʷ, ʪʦ 

ʭʠʙʥʠʡ ʚʽʜʙʽʨ ʽ ʚʪʨʘʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʤʘʨʢʝʨ-ʘʩʦʮʽʡʦʚʘʥʦʾ ʩʝʣʝʢʮʽʾ ʥʽʚʝʣʶʻʪʴʩʷ 

[53]. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʨʢʝʨʠ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʬʽʢʩʫʚʘʪʠ ʘʣʝʣʽ ʚ ʧʦʧʫʣʷʮʽʾ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ, ʪʦʙʪʦ ʚʽʜʙʽʨ ʧʨʦʭʦʜʠʪʴ ʙʽʣʴʰ ʪʦʯʥʦ ʽ ʢʦʥʪʨʦʣʴʦʚʘʥʦ. ʊʘʢʦʞ, ʚʦʥʠ 
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ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʟʯʝʧʣʝʥʠʭ ʛʘʧʣʦʪʠʧʽʚ ʽ ʪʘʢʦʞ ʜʣʷ 

ʚʘʣʽʜʘʮʽʾ ʽʜʝʥʪʠʯʥʦʩʪʽ ʩʦʨʪʫ [21].  

ʈʦʟʨʦʙʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʚʠʤʘʛʘʻ ʩʧʝʨʰʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʛʝʥʘ 

ʽʥʪʝʨʝʩʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʬʝʥʦʪʠʧʦʚʫ ʦʟʥʘʢʫ, ʦʧʠʩʫ ʡʦʛʦ ʥʫʢʣʝʦʪʠʜʥʦ ʾʧʦʩʣʽʜʦʚʥʦʩʪ̔ 

ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʾʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 1.1). ʇʝʨʰʦʯʝʨʛʦʚʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʛʝʥʽʚ 

ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʙʘʛʘʪʴʤʘ ʤʝʪʦʜʘʤʠ, ʟʦʢʨʝʤʘ, ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʧʨʦʬʽʣʽʚ 

ʝʢʩʧʨʝʩʽʾ, ʢʣʦʥʫʚʘʥʥʷʤ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ QTL, ʤʽʯʝʥʥʷʤ 

ʪʨʘʥʩʧʦʟʦʥʦʤ ʪʘ ʽʥ. ʅʘʩʪʫʧʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʨʦʩʣʠʥ ʜʣʷ ʥʘʜʝʢʩʧʨʝʩʽʾ ʘʙʦ ʥʦʢʜʘʫʥ-

ʘʥʘʣʽʟʫ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʘ-ʢʘʥʜʠʜʘʪʫ. ʊʨʝʪʽʡ ʢʨʦʢ 

ʚʢʣʶʯʘʻ ʚʠʚʯʝʥʥʷ ʘʣʝʣʴʥʠʭ ʚʘʨʽʘʮʽʡ ʛʝʥʘ. ʄʽʞ ʛʝʥʦʪʠʧʘʤʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʩʠʢʚʝʥʫʚʘʥʥʷ ʘʣʝʣʝʡ, ʱʦʙ ʚʠʷʚʠʪʠ ʮʝʡ ʧʦʣʽʤʦʨʬʽʟʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʝʥʦʪʠʧʦʚʠʭ ʚʘʨʽʘʮʽʡ. ʎʝʡ ʧʦʣʽʤʦʨʬʽʟʤ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʠʤ ʚʩʪʘʚʢʘʤʠ ʘʙʦ 

ʜʝʣʝʮʽʷʤʠ (InDel), SNP, ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʚʪʦʨʶʚʘʥʠʭ ʤʦʪʠʚʽʚ ʚʩʝʨʝʜʠʥʽ SSR ʪʘ 

ʯʘʩʪʢʦʚʦʶ ʘʙʦ ʧʦʚʥʦʶ ʚʪʨʘʪʦʶ ʛʝʥʘ. ʆʪʞʝ, ʌʄ ʤʦʞʫʪʴ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʪʠʧʽʚ ʢʦʜʫʶʯʦʾ ʪʘ ʟʯʝʧʣʝʥʦʶ ʟ ʥʝʶ ʥʝʢʦʜʫʶʯʦʾ ɼʅʂ [55, 82]. 

 

ʈʠʩʫʥʦʢ 1.1 ï ɽʪʘʧʠ ʨʦʟʨʦʙʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ 

 

1.3.3 ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʨʢʝʨʠ ʚ ʩʝʣʝʢʮʽʾ ʨʦʩʣʠʥ 

ɺʠʪʨʘʪʠ ʥʘ ʩʠʢʚʝʥʫʚʘʥʥʷ ʛʝʥʦʤʽʚ ʧʨʦʜʦʚʞʫʶʪʴ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʱʦ ʩʧʨʠʷʻ 

ʨʦʟʚʠʪʢʫ ʌʄ. ʆʩʢʽʣʴʢʠ ʌʄ ʧʝʨʝʚʝʨʰʫʶʪʴ ʤʘʨʢʝʨʠ ʥʘ ʦʩʥʦʚʽ ʚʠʧʘʜʢʦʚʦʾ ɼʅʂ, ʌʄ 
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ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʚ ʤʘʨʢʝʨ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʽʡ ʙʝʢʢʨʦʩʥʽʡ ʩʝʣʝʢʮʽʾ 

(marker-assisted backcross breeding, MABB) ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʥʦʩʫ ʢʽʣʴʢʽʩʥʠʭ ʪʘ 

ʷʢʽʩʥʠʭ ʦʟʥʘʢ [55, 83, 84]. ʋ ʩʝʣʝʢʮʽʾ ʌʄ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ 

ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ, ʛʝʥʝʪʠʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ, MAS, MABB, ʧʦʚʪʦʨʥʦʛʦ ʚʽʜʙʦʨʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʝʨʘ (marker-assisted recurrent selection, MARS) ʪʘ ʛʝʥʦʤʥʠʡ ʚʽʜʙʽʨ 

(genomic selection, GS) ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʚʘʞʣʠʚʠʭ ʦʟʥʘʢ [55, 85, 86]. 

ʈʦʟʨʦʙʣʝʥʽ ʌʄ ʜʣʷ ʧʨʦʜʦʚʦʣʴʯʠʭ ʢʫʣʴʪʫʨ ʙʫʣʠ ʰʠʨʦʢʦ ʚʧʨʦʚʘʜʞʝʥ ̔ ʫ 

ʩʝʣʝʢʮʽ ʁʨʦʩʣʠʥ, ʧʨʦʪʝ ʌʄ ʜʣʷ  ʩʘʜʽʚʥʠʯʠʭ ʪʘ ʢʦʨʤʦʚʠʭ ʢʫʣʴʪʫʨ ʙʫʣʠ ʣʠʰʝ 

ʥʝʟʥʘʯʥʦ ʜʦʩʣʽʜʞʝʥ.̔ ʆʩʢʽʣʴʢʠ ʌʄ ʦʪʨʠʤʫʶʪʴ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʽʟ ʢʦʜʫʶʯʦʾ ɼʅʂ 

ʚʩʝʨʝʜʠʥʽ ʛʝʥʘ, ʮʽ ʤʘʨʢʝʨʠ ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʽʜʙʦʨʫ 

ʬʝʥʦʪʠʧʦʚʦʾ ʦʟʥʘʢʠ. ʌʄ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʧʨʦʩʣʽʜʢʦʚʫʚʘʥʥʷ 

ʤʽʞʚʠʜʦʚʠʭ ʧʝʨʝʥʝʩʝʥʴ ɼʅʂ ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʪʠʭ ʚʠʜʽʚ, ʜʣʷ ʷʢʠʭ 

ʜʦʩʪʫʧʥʽ ʦʙʤʝʞʝʥʽ ʛʝʥʦʤʥʽ ʨʝʩʫʨʩʠ. 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʾ ʪʦʯʥʦʾ ʩʝʣʝʢʮʽʾ ʥʝʦʙʭʽʜʥʘ ʽʥʪʝʛʨʘʮʽʷ 

ʧʝʨʝʜʦʚʠʭ ʛʝʥʦʤʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʟ ʟʚʠʯʘʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʽʜʙʦʨʫ ʨʦʩʣʠʥ. ɹʽʣʴʰʝ 

ʪʦʛʦ, ʨʦʟʨʦʙʢʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʭ ʌʄ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʪʦʯʥʦʾ ʩʝʣʝʢʮʽʾ. ʌʄ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʩʢʨʠʥʽʥʛʫ ʛʝʥʦʬʦʥʜʫ, 

ʘʥʘʣʽʟʽ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʽ QTL, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʚʠʜʽʣʝʥʥ ̔ʛʝʥʽʚ ʪʘ ʫ 

ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʋ ʮʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʌʄ ʧʽʜʚʠʱʫʻ 

ʪʦʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʙʦʨʫ ʨʦʩʣʠʥ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʦʨʪʫ ʟ ʙʘʞʘʥʠʤʠ ʦʟʥʘʢʘʤʠ. 

ʋ ʤʘʡʙʫʪʥʴʦʤʫ, ʨʦʟʨʦʙʢʘ ʘʣʝʣʴ-ʩʧʝʮʠʬʽʯʥʠʭ ʌʄ ʜʣʷ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʛʝʥʽʚ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʷʤʦʛʦ ʚʽʜʙʦʨʫ. ɹʽʣʴʰʝ ʪʦʛʦ, ʩʫʯʘʩʥʽ 

ʛʝʥʦʤʥʽ ʪʘ ʩʝʣʝʢʮʽʡʥʽ ʧʽʜʭʦʜʠ, ʪʘʢʽ ʷʢ GWAS (genome-wide association studies, 

ʧʦʚʥʦʛʝʥʦʤʥʠʡ ʧʦʰʫʢ ʘʩʦʮʽʘʮʽʡ) ʪʘ GS (genomic selection, ʛʝʥʦʤʥʘ ʩʝʣʝʢʮʽʷ), ɦ ʝ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʢʫʣʴʪʫʨ, ʘʣʝ ʾʭ ʤʦʞʥʘ ʚʩʝ ʙʽʣʴʰʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ ʫ ʤʦʜʝʣʴʥʠʭ, ʪʘʢ ʽ ʚ ʥʝʤʦʜʝʣʴʥʠʭ ʚʠʜʘʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽ ʛʝʥʦʤʥʽ ʨʝʩʫʨʩʠ, ʥʝʦʙʭʽʜʥʘ ʜʦʜʘʪʢʦʚʘ ʨʦʙʦʪʘ ʱʦʜʦ 

ʚʠʷʚʣʝʥʥʷ, ʨʦʟʨʦʙʢʠ ʌʄ ʪʘ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ MAS ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ 
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ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ ʪʘ ʩʪʽʡʢʦʩʪʽ. ʌʄ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʦʪʝʭʥʦʣʦʛʽʾ, ʜʣʷ ʨʦʟʚʝʜʝʥʥʷ 

ʨʦʩʣʠʥ. 

ɼʦ 2007 ʨʦʢʫ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʜʣʷ ʚʽʜʙʦʨʫ ʛʝʥʦʪʠʧʽʚ ʧʰʝʥʠʮʽ 

ʙʣʠʟʴʢʦ 25 ʌʄ ʽ ʱʝ 30 ʛʝʥʽʚ ʙʫʣʦ ʢʘʨʪʦʚʘʥʦ, ʪʦʙʪʦ ʤʘʣʠ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʌʄ [38]. ɺ 2012 ʨʦʮʽ  Liu ʪʘ ʽʥ. [87] ʟʘʜʦʢʫʤʝʥʪʫʚʘʚ 97 ʌʄ, ʱʦ ʜʝʪʝʢʪʫʶʪʴ 93 ʘʣʝʣʽ 

ʚ 30 ʣʦʢʫʩʘʭ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ. ɰʭ ʢʽʣʴʢʽʩʪʴ ʟʨʦʩʣʘ ʟʘ 5 ʨʦʢʽʚ ʟʘʚʜʷʢʠ ʜʦʩʷʛʥʝʥʥʷʤ 

ʛʝʥʦʤʽʢʠ ʧʰʝʥʠʮʽ. ɺʞʝ ʚ 2019 ʨʦʮʽ ʙʫʣʦ ʥʘʨʘʭʦʚʘʥʦ ʙʽʣʴʰ ʥʽʞ 157 ʌʄ ʜʣʷ ʙʽʣʴʰ 

ʥʽʞ 100 ʣʦʢʫʩʽʚ, ʱʦ ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʜʦ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ, 

ʫʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʘ, ʩʪʽʡʢʦʩʪʽ ʜʦ ʭʚʦʨʦʙ, ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʜʦ ʘʙʽʦʪʠʯʥʠʭ ʩʪʨʝʩʽʚ [36, 88, 89]. 

 

1.3.4 ɹʽʦʪʝʭʥʦʣʦʛʽʾ ʫ ʚʽʜʙʦʨ̔ ʧʰʝʥʠʮʽ ʥʘ ʧʦʢʨʘʱʝʥʫ ʘʜʘʧʪʠʚʥʽʩʪʴ ʚ ʫʤʦʚʘʭ 

ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʦʣʦʛʦʩʪʽ 

ʄʘʨʢʝʨʠ ʥʘ ʦʩʥʦʚʽ ɼʅʂ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʚʽʜʙʦʨʫ 

ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʝʣʝʢʮʽʡʥʠʭ ʧʨʦʛʨʘʤʘʭ [3ï5]. 

ʇʝʨʰʽ ʩʧʨʦʙʠ ʛʝʥʦʪʠʧʫʚʘʥʥʷ ʧʦʩʫʭʦʩʪʽʡʢʦʾ ʧʰʝʥʠʮʽ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɼʅʂ-ʤʘʨʢʝʨʽʚ ʥʘ ʦʩʥʦʚʽ ʥʝʢʦʜʫʶʯʠʭ ʣʦʢʫʩʽʚ, ʪʘʢʠʭ ʷʢ RAPD [6], 

ISSR  [7], SSR [8ï10] ʪʘ ʽʥ. ʅʝʱʦʜʘʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʨʝʩʣʠʣʠ ʚʘʞʣʠʚʽʩʪʴ 

ʢʣʶʯʦʚʠʭ ʛʝʥʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʨʝʘʢʮʽʻʶ ʥʘ ʩʪʨʝʩ ʫ ʨʦʩʣʠʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʷʚʣʝʥʦ, 

ʱʦ ʬʘʢʪʦʨʠ ʪʨʘʥʩʢʨʠʧʮʽʾ ʟ ʩʽʤʝʡʩʪʚ AP2/EREBP, bZIP, LEA, DREB, MYB/MYC, 

NAC ʪʘ WRKY ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʝʨʝʥʦʩʠʤʦʩʪʽ ʧʦʩʫʭʠ ʨʦʩʣʠʥ [11ï14].  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʽʩʥʫʶʪʴ ʥʘʫʢʦʚ ̔ʨʦʟʨʦʙʢʠ ʛʝʥʝʪʠʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʨʦʩʣʠʥ, ʟʦʢʨʝʤʘ ʽ ʧʰʝʥʠʮʽ, ʟ ʥʘʜʝʢʩʧʨʝʩʽʻʶ ʛʝʥʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʾ 

ʧʦʩʫʭʦʪʦʣʝʨʘʥʪʥʦʩʪʽ ʪʘ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ. ʆʜʥʘʢ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʨʦʩʣʠʥ ʜʦ ʩʠʭ 

ʧʽʨ ʻ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʝ. ɻʝʥʥʦ-ʤʦʜʠʬʽʢʦʚʘʥʽ ʢʫʣʴʪʫʨʠ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʧʨʦʚʝʜʝʥʥʷ  ʥʝʦʙʭʽʜʥʠʭ ʜʦʩʣʽʜʽʚ (ʙʣʠʟʴʢʦ 20-30 ʤʣʥ ʜʦʣ. ʉʐɸ ʜʣʷ ʢʦʞʥʦʾ 

ʢʫʣʴʪʫʨʠ), ʪʦʤʫ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʷ ʤʦʞʣʠʚʘ ʣʠʰʝ ʜʝʷʢʠʤʠ ʙʘʛʘʪʦʥʘʮʽʦʥʘʣʴʥʠʤʠ 
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ʢʦʤʧʘʥʽʷʤʠ ʽ ʣʠʰʝ ʜʣʷ ʪʠʭ ʦʟʥʘʢ, ʷʢʽ ʜʘʶʪʴ ʩʫʪʪʻʚʫ ʝʢʦʥʦʤʽʯʥʫ ʚʠʛʦʜʫ [90]. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʝʥʝʪʠʯʥʫ ʽʥʞʝʥʝʨʽʶ ʚ ʨʦʩʣʠʥʥʠʮʪʚʽ ʤʦʞʥʘ ʣʠʰʝ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʦʟʥʘʢʘ, ʥʘ ʷʢʫ  ʚʝʜʝʪʴʩʷ ʩʝʣʝʢʮʽʷ, ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʦʜʥʠʤ ʛʝʥʦʤ [91]. ɼʦʜʘʪʢʦʚʦ 

ʫʩʢʣʘʜʥʶʻ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʛʝʥʥʠʭ ʨʦʩʣʠʥ ʷʚʠʱʝ çʤʦʚʯʘʥʥʷè ʛʝʥʽʚ, 

ʪʦʙʪʦ ʨʦʩʣʠʥʘ ʤʦʞʝ ʷʢʠʤʦʩʴ ʯʠʥʦʤ ʧʨʠʛʥʽʯʫʚʘʪʠ ʝʢʩʧʨʝʩʽʶ ʯʫʞʦʨʽʜʥʠʭ ʛʝʥʽʚ, 

ʥʘʚʽʪʴ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʠʣʴʥʠʭ, ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʧʨʦʤʦʪʦʨʽʚ [92]. 

 

1.4 ɻʝʥʠ-ʢʘʥʜʠʜʘʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ  

ʊʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʛʦʣʦʚʥʽ ʤʽʰʝʥʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʨʦʩʣʠʥ ʜʦ ʩʪʨʝʩʽʚ ʯʝʨʝʟ ʾʭ ʟʜʘʪʥʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʨʠʪʠʯʥʽ ʥʠʟʭʽʜʥʽ 

ʚʽʜʧʦʚʽʜʽ ʨʝʛʫʣʶʶʯʠ ʪʨʘʥʩʢʨʠʧʮʽʶ ʮʽʣʴʦʚʠʭ ʛʝʥʽʚ. ʎʽʣʽ ʢʘʩʢʘʜʠ ʩʠʛʥʘʣʴʥʦʾ 

ʪʨʘʥʩʜʫʢʮʽʾ ʘʢʪʠʚʫʶʪʴʩʷ, ʢʦʣʠ ʪʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʩʧʝʮʠʬʽʯʥʠʤʠ cis-ʘʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʧʨʦʤʦʪʦʨʘʭ ʛʝʥʽʚ, ʯʠʷ ʝʢʩʧʨʝʩʽʷ 

ʽʥʜʫʢʫʻʪʴʩʷ ʩʪʨʝʩʦʤ. ʎʝ ʧʽʜʚʠʱʫʻ ʢʦʤʙʽʥʘʪʦʨʥʫ ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʜʦ ʯʠʩʣʝʥʥʠʭ 

ʩʪʨʝʩʽʚ [93]. ʊʘʢ, ʮʽ ʪʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʛʝʥʝʪʠʯʥʦ ʥʘʜʨʝʛʫʣʴʦʚʘʥʽ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʨʝʩʦʚʦʾ ʪʦʣʝʨʘʥʪʥʦʩʪʽ. ʆʩʥʦʚʥʽ ʪʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʢʝʨʫʚʘʥʥʽ ʩʪʨʝʩʦʚʦʶ ʚʽʜʧʦʚʽʜʜʶ ï AP2/ERF, bZIP, NAC, MYB, 

C2H2 Zn-ʧʘʣʝʮʴ, SBP ʽ ʩʫʧʝʨʩʽʤʝʡʩʪʚʘ WRKY [94]. 

 

1.4.1 ʊʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ WRKY 

WRKY ʪʨʘʥʩʢʨʠʧʮʽʡʥʽ ʬʘʢʪʦʨʠ ʙʫʣʠ ʚʧʝʨʰʝ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʙʘʪʘʪʫ ʷʢ ɼʅʂ-ʟʚôʷʟʫʚʘʣʴʥʽ ʙʽʣʢʠ [95]. ɽʚʦʣʶʮʽʷ Mutator ʘʙʦ Mutator-ʧʦʜʽʙʥʠʭ 

ʪʨʘʥʩʧʦʟʘʙʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (MULE) ʜʘʣʘ ʧʦʯʘʪʦʢ ʩʫʧʝʨʩʽʤʝʡʩʪʚʫ ʊʌ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʮʠʥʢʦʚʠʡ ʧʘʣʝʮʴ ï WRKY-GCM1 [94, 96]. ɻʝʥʠ WRKY ʻ ʜʦʩʠʪʴ 

ʧʦʰʠʨʝʥʠʤʠ ʫ ʨʦʩʣʠʥ, ʭʦʯʘ ʻ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʜʝʷʢʽ ʥʝʨʦʩʣʠʥʥʽ ʚʠʜʠ ʪʘʢʦʞ ʤʘʶʪʴ 

ʮʽ ʛʝʥʠ ʫ ʩʚʦʾʭ ʛʝʥʦʤʘʭ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʦ ʙʣʠʟʴʢʦ 74 ʛʝʥʽʚ WRKY ʫ Arabidopsis, 

ʙʽʣʴʰʝ 100 ʛʝʥʽʚ ʫ ʨʠʩʽ, 197 ʫ ʩʦʾ, 66 ʫ ʧʘʧʘʾ, 104 ʫ ʪʦʧʦʣʽ, 68 ʫ ʩʦʨʛʦ, 38 ʫ 

Physcomitrella patens, 35 ʫ Selaginella moellendorffii, 80 ʫ Pinus, ʚʠʷʚʣʝʥʦ ʙʽʣʴʰʝ 45 
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ʛʝʥʽʚ ʷʯʤʝʥʶ, 56 ʛʝʥʽʚ ʫ Ricinus communis, 119 ʛʝʥʽʚ ʫ ʽʥʙʨʝʜʥʽʡ ʣʽʥʽʾ ʢʫʢʫʨʫʜʟʠ B73, 

55 ʛʝʥʽʚ ʫ Cucumis sativus, 120 ʛʝʥʽʚ ʫ Gossypium raimondii ʪʘ 59 ʛʝʥʽʚ-ʢʘʥʜʠʜʘʪʽʚ ʫ 

Vitis vinifera [94, 97ï102]. 

ɼʦʤʝʥ WRKY ʤʘʻ ʢʦʥʩʝʨʚʘʪʠʚʥʫ  N-ʪʝʨʤʽʥʘʣʴʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ WRKYGQK, 

ʘ ʪʘʢʦʞ ʤʦʪʠʚ ʧʦʜʽʙʥʠʡ ʜʦ ʩʪʨʫʢʪʫʨʠ Zn-ʧʘʣʴʮʷ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʘ ʷʢ C-X4-5-C-X22-23-H-X1-H (C2H2 ʪʠʧ; ʜʝ ʉ ï ʘʤʽʥʦʢʠʩʣʦʪʥʠʡ ʟʘʣʠʰʦʢ 

ʮʠʩʪʝʾʥʫ; ʅ ï ʘʤʽʥʦʢʠʩʣʦʪʥʠʡ ʟʘʣʠʰʦʢ ʛʽʩʪʠʜʠʥʫ; ʍ ï ʙʫʜʴ-ʷʢʠʡ ʘʤʽʥʦʢʠʩʣʦʪʥʠʡ 

ʟʘʣʠʰʦʢ, ʥʠʞʥʽʡ ʽʥʜʝʢʩ ï ʧʨʦʪʷʞʥʽʩʪʴ ʥʝʚʽʜʦʤʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʝʷʢʠʭ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʟʘʣʠʰʢʽʚ) ʘʙʦ C-X7-C-X23-H-X1-C (C2HC ʪʠʧ). ɼʦʤʝʥ WRKY ʤʦʞʝ 

ʙʫʪʠ ʜʦʚʞʠʥʦʶ ʚ 60 ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʟʘʣʠʰʢʽʚ, ʱʦ ʟʚôʷʟʫʻ ɼʅʂ. ɼʝʷʢʽ ʚʘʨʽʘʮʽʾ 

WRKYGQK ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʚ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʘʭ ʮʴʦʛʦ ʩʽʤʝʡʩʪʚʘ. 

WRKY ʜʦʤʝʥ ʚ ʦʩʥʦʚʥʦʤʫ ʟʚôʷʟʫʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ W-box, ʱʦ ʤʽʩʪʷʪʴ ʤʦʪʠʚ 

TTGAC(C/T), ʘ ʬʣʘʥʢʫʶʯʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʱʦ ʧʨʠʤʠʢʘʻ ʜʦ W-box, ʜʠʢʪʫʻ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʚô̫ ʟʫʚʘʥʥʷ ʊʌ [94, 103, 104].  

ɿʘ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ WRKY ʧʨʦʪʝʾʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʥʘ ʯʦʪʠʨʠ 

ʛʨʫʧʠ. ɹʽʣʢʠ ɯ ʛʨʫʧʠ ʤʘʶʪʴ ʜʚʘ ʨʦʟʜʽʣʴʥʽ WRKY ʜʦʤʝʥʠ. ɹʽʣʢʠ ɯɯ ʪʘ ɯɯɯ ʛʨʫʧ ʤʘʶʪʴ 

ʦʜʠʥ WRKY ʜʦʤʝʥ; ʧʨʦʪʝ, ʧʝʨʰʘ ʛʨʫʧʘ ʩʢʣʘʜʘʻ ʙʽʣʢʠ ʟ ʪʠʤ ʩʘʤʠʤ C2-H2 ʤʦʪʠʚʦʤ 

Zn-ʧʘʣʴʮʷ, ʘ ʽʥʰʘ ï  ʙʽʣʢʠ ʟ ʚʽʜʤʽʥʥʠʤ C2-H/C C2-H2 ʤʦʪʠʚʦʤ Zn-ʧʘʣʴʮʷ. ʅʘ 

ʧʽʜʩʪʘʚʽ ʥʘʷʚʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʤʦʪʠʚʽʚ, ʛʨʫʧʠ ɯɯ ʽ ɯɯɯ 

ʧʦʜʽʣʝʥʽ ʥʘ ʧʽʜʛʨʫʧʠ. ɯV ʛʨʫʧʘ ʚʢʣʶʯʘʻ ʙʽʣʢʠ ʙʝʟ ʤʦʪʠʚʽʚ Zn-ʧʘʣʴʮʷ [94, 104]. ʍʦʯʘ 

ʮʽ  ʙʽʣʢʠ ʚʚʘʞʘʶʪʴʩʷ ʥʝʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ, ʚʦʥʠ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʫ ʚʠʱʠʭ ʚʦʜʦʨʦʩʪʝʡ 

(Bathycoccus prasinos) ʪʘ ʜʝʷʢʠʭ ʨʦʩʣʠʥʘʭ, ʪʘʢʠʭ ʷʢ ʨʠʩ ʪʘ Vitis vinifera. ʊʘʢʽ 

ʩʪʨʫʢʪʫʨʠ, ʷʢ ʩʠʛʥʘʣ ʷʜʝʨʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ (nuclear localization signal, NLS), ʣʝʡʮʠʥʦʚʽ 

ʙʣʠʩʢʘʚʢʠ, ʙʘʛʘʪʽ ʜʽʣʷʥʢʠ ʩʝʨʠʥʦʤ/ʪʨʝʦʥʽʥʦʤ, ʜʽʣʷʥʢʠ ʙʘʛʘʪʽ ʛʣʫʪʘʤʽʥʦʤ ʪʘ 

ʧʨʦʣʽʥʦʤ, ʜʦʤʝʥʠ ʢʽʥʘʟʠ ʪʘ ʜʦʤʝʥʠ TIR-NBS-LRR (Toll-interleukin-like receptor ï 

nucleotide binding site ï C-terminal leucine-rich repeat, Toll-ʽʥʪʝʨʣʝʡʢʽʥ ʧʦʜʽʙʥʠʡ 

ʨʝʮʝʧʪʦʨ ï ʥʫʢʣʝʦʪʠʜʥʠʡ ʟʚô̫ ʟʫʶʯʠʡ ʩʘʡʪ ï ʉ-ʢʽʥʮʝʚʠʡ ʃʝʡʮʠʥ ʙʘʛʘʪʠʡ ʧʦʚʪʦʨ), 

ʧʦʚ'ʷʟʘʥʽ ʟ ʧʘʪʦʛʝʥʝʟʦʤ, ʪʘʢʦʞ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ ʙʽʣʢʘʭ WRKY, ʱʦ ʚʠʟʥʘʯʘʻ 
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ʨʽʟʥʦʤʘʥʽʪʥʫ ʨʦʣʴ, ʷʢʫ ʚʽʜʽʛʨʘʶʪʴ ʮʽ ʙʽʣʢʠ ʚ ʨʟ̔ʥʠʭ ʩʠʛʥʘʣʴʥʠʭ ʢʘʩʢʘʜʘʭ [94, 97, 105, 

106]. 

ɺ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ WRKY ʛʝʥʠ ʨʝʛʫʣʶʶʪʴ ʚʘʞʣʠʚʽ ʬʫʥʢʮʽʾ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʧʨʦʮʝʩʘʤʠ ʨʦʟʚʠʪʢʫ ʚ ʨʦʩʣʠʥʘʭ [94]. ɿʘʛʘʣʦʤ, WRKY ʊʌ ʤʦʞʫʪʴ ʘʢʪʠʚʫʚʘʪʠ ʘʙʦ 

ʽʥʛʽʙʫʚʘʪʠ ʪʨʘʥʩʢʨʠʧʮʽʶ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [107, 108]. ʆʩʪʘʥʥʽ ʧʫʙʣʽʢʘʮʽʾ  

ʦʧʠʩʫʶʪʴ, ʱʦ WRKY ʙʽʣʢʠ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʚ ʪʘʢʠʭ ʨʦʩʣʠʥʥʠʭ ʩʧʝʮʠʬʽʯʥʠʭ 

ʨʝʘʢʮʽʷʭ ʚʽʜʧʦʚʽʜʷʭ ʥʘ ʙʘʢʪʝʨʽʘʣʴʥʽ ʪʘ ʛʨʠʙʢʦʚʽ ʧʘʪʦʛʝʥʠ, ʩʪʘʨʽʥʥʷ, ʤʝʭʘʥʽʯʥʝ 

ʧʦʰʢʦʜʞʝʥʥʷ, ʧʦʩʫʭʫ, ʪʝʧʣʦʚʠʡ ʰʦʢ, ʚʠʩʦʢʫ ʩʦʣʦʥʽʩʪʴ, ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʫ ʨʘʜʽʘʮʽʷ, 

ʩʠʛʥʘʣʴʥʽ hʣʷʭʠ ʮʫʢʨʽʚ, ʛʽʙʝʨʝʣʽʥʽʚ, ʘʙʩʮʠʟʦʚʦʾ ʢʠʩʣʦʪʠ [15, 97, 104, 106, 108ï116]. 

ʅʠʥʽ ʜʣʷ ʧʰʝʥʠʮʽ ʦʧʠʩʘʥʦ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʠʟʢʫ ʛʝʥʽʚ 

ʨʦʜʠʥʠ WRKY. ʇʦʣʽʧʝʧʪʠʜʠ TaWRKY49 ʪʘ TaWRKY62 ʙʫʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʫ 

ʧʦʻʜʥʘʥʥʽ ʽʟ ʩʪʽʡʢʽʩʪʶ ʨʦʟʩʘʜʠ ʜʦ ʛʨʠʙʢʦʚʦʛʦ ʟʙʫʜʥʠʢʘ Puccinia striiformis f. sp. 

tritici  ʫ ʩʦʨʪʫ ʧʰʝʥʠʮʽ Xiaoyan 6 [115]. ʅʘʜʤʽʨʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʽʚ TaWRKY1 ʪʘ 

TaWRKY33 ʟʘʙʝʟʧʝʯʠʣʘ ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʜʦ ʧʦʩʫʭʠ ʪʘ/ʘʙʦ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʫ ʫ 

Arabidopsis [117]. Wu ʪʘ ʽʥ. (2008) ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʰʽʩʪʴ ʛʝʥʽʚ WRKY 

ʧʰʝʥʠʮʽ (TaWRKY10, TaWRKY19-a, TaWRKY53-b, TaWRKY71, TaWRKY72-b ʪʘ 

TaWRKY74-b) ʙʫʣʠ ʥʘʜʝʢʩʧʨʝʩʦʚʘʥʽ ʧʽʜ ʯʘʩ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ 

ʩʘʜʞʘʥʮʽʚ ʧʰʝʥʠʮʽ; ʜʚʘ ʛʝʥʠ (TaWRKY19-a ʪʘ TaWRKY7) ʧʽʜʚʠʱʠʣʠ ʝʢʩʧʨʝʩʽʶ ʧʽʜ 

ʯʘʩ ʦʙʨʦʙʢʠ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ; TaWRKY10 ʪʘ TaWRKY19-a ʨʝʘʛʫʶʪʴ ʥʘ 

ʧʽʜʚʠʱʝʥʫ ʩʦʣʦʥʽʩʪʴ; ʽ ʯʦʪʠʨʠ ʛʝʥʠ (TaWRKY10, TaWRKY46, TaWRKY68-a ʪʘ 

TaWRKY72-b) ʙʫʣʠ ʥʘʜʝʢʩʧʨʝʩʦʚʘʥʽ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʝʤ. ɺʦʥʠ ʪʘʢʦʞ 

ʟʘʟʥʘʯʠʣʠ, ʱʦ TaWRKY13, TaWRKY19-b, TaWRKY45, TaWRKY53-a, TaWRKY68-b, 

TaWRKY72-a ʪʘ TaWRKY74-a ʥʝ ʨʝʘʛʫʶʪʴ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʟʘʩʪʦʩʦʚʘʥʠʡ ʘʙʽʦʪʠʯʥʠʡ 

ʩʪʨʝʩ [118]. ʅʘʜʤʽʨʥʘ ʝʢʩʧʨʝʩʽʷ TaWRKY44 ʫ ʪʶʪʶʥʽ ʧʨʠʟʚʝʣʘ ʜʦ ʧʦʩʫʭʦ/ʩʦʣʝ-

ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʪʘ ʚʠʱʦʛʦ ʨʽʚʥʷ ʚʠʞʠʚʘʥʥʷ [119]. 

ɼʣʷ ʧʰʝʥʠʮʽ ʙʫʣʦ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʣʢʽʚ WRKY ʚ ʛʝʥʦʤʽ 

ʧʰʝʥʠʮʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʙʘʟʠ ʜʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. ɿʘ ʦʜʥʽʻʶ ʟ ʦʩʪʘʥʥʽʭ in 

silico ʽʜʝʥʪʠʬʽʢʘʮʽʡ ʚ ʣʦʢʘʣʴʥʽʡ ʙʽʣʢʦʚʽʡ ʙʘʟʠ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʫ 
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HMMsearch ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʙʣʠʟʴʢʦ 171 TaWRKY ʊʌ ʫʩʴʦʛʦ ʛʝʥʦʤʫ ʧʰʝʥʠʮʽ. ɿ 

ʷʢʠʭ 115 ʙʫʣʠ ʤʘʨʢʦʚʘʥʽ ʥʘ 21 ʭʨʦʤʦʩʦʤʽ ʧʰʝʥʠʮʽ ʽ 56 ʽʥʰʠʭ ʙʫʣʠ ʧʦʟʥʘʯʝʥʽ ʥʘ 

çʩʢʘʬʦʣʜʘʭè. ɹʽʣʴʰʽʩʪʴ ʛʝʥʽʚ TaWRKY ʙʫʣʦ ʚʽʜʥʦʩʥʦ ʨʦʟʧʦʜʽʣʝʥʦ ʥʘ ʭʨʦʤʦʩʦʤʘʭ 

3B (18, 15,7%), 5B (11, 9,57%), 2ɸ (9, 7,8%) ʪʘ 5D (9, 7,8%). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʭ, 

ʭʨʦʤʦʩʦʤʠ 6B, 7A ʪʘ 7B ʤʽʩʪʠʣʠ ʣʠʰʝ ʦʜʠʥ ʛʝʥ TaWRKY (0,87%). ɿʘʛʘʣʦʤ, 

ʙʽʣʴʰʽʩʪʴ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʛʝʥʽʚ TaWRKY ʩʧʦʩʪʝʨʽʛʘʣʠ ʚ ʜʠʩʪʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ 

ʭʨʦʤʦʩʦʤ, ʽ ʣʠʰʝ ʜʝʷʢʽ ʩʧʦʩʪʝʨʽʛʘʣʠ ʚ ʧʨʦʢʩʠʤʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ. ʎʝ ʷʚʠʱʝ 

ʜʦʟʚʦʣʠʣʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʛʝʥʠ TaWRKY ʙʫʣʠ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʚʩʽʭ ʭʨʦʤʦʩʦʤʘʭ ʟʽ 

ʟʥʘʯʥʦ ʥʝ ʚʠʧʘʜʢʦʚʠʤ ʽ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ [120].  

ɿʘ ʽʥʰʠʤ ʧʽʜʭʦʜʦʤ, Niu ʪʘ ʩʧʽʚʘʚʪ., 2012 ʚʠʨʽʚʥʷʣʠ ʢʦʥʩʝʥʩʫʩʥʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ WRKY ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʦʤʝʥʫ Zn-ʧʘʣʴʮʷ ʟʘ ʜʦʧʦʤʦʛʦʶ BLAST 

ʧʨʦʪʠ EST (expressed sequence tag, ʝʢʩʧʨʝʩʦʚʘʥʠʡ ʪʝʛ ʧʦʩʣʽʜʦʚʥʦʩʪʽ) ʙʘʟʠ ʜʘʥʠʭ 

ʧʰʝʥʠʮʽ. 43 ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʫʣʠ ʟʽʙʨʘʥʽ ʪʘ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʚ ʛʝʥʝʪʠʯʥʦʤʫ ʙʘʥʢʫ 

GenBank. ɼʘʣʽ, ʧʝʨʝʚʽʨʠʣʠ ʝʢʩʧʨʝʩʽʶ ʮʠʭ 43-ʭ ʛʝʥʽʚ ʟʘ ʜʽʻʶ 200 ʤʄ NaCl, 100 ʤʢʣ 

ɸɹʂ, ʧʦʩʫʭʠ (25Áʉ, 20% ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ), ʭʦʣʦʜʫ (4Áʉ). ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʢʽʣʴʢʽʩʥʦʾ ʇʃʈ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ TaWRKY2 ʽʥʜʫʢʫʻʪʴʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ʩʽʣʣʶ, 

ʧʦʩʫʭʦʶ ʪʘ Aɹʂ. ʆʜʥʘʢ ʭʦʣʦʜʦʚʠʡ ʩʪʨʝʩ ʥʝ ʚʧʣʠʚʘʚ ʥʘ ʝʢʩʧʨʝʩʽʶ ʛʝʥʘ TaWRKY2 

[15]. 

 

1.4.2 ɻʝʥ-ʢʘʥʜʠʜʘʪ TaWRKY2 ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʧʰʝʥʠʮʽ 

Niu ʪʘ ʩʧʽʚʘʚʪ., 2012 ʦʧʠʩʘʣʠ ʛʝʥ TaWRKY2 ʷʢ ʛʝʥ-ʢʘʥʜʠʜʘʪ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ 

ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ. ʎʽʻʶ ʞ ʛʨʫʧʦʶ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʤʦʜʝʣʴʥʦʤʫ ʘʨʘʙʽʜʦʧʩʠʩʽ, ʱʦ ʥʘʜʝʢʩʧʨʝʩʽʷ TaWRKY2 ʧʨʠʟʚʝʣʘ ʜʦ 

ʧʽʜʚʠʱʝʥʦʾ ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ ʪʘ ʦʩʤʦʪʠʯʥʦʛʦ ʩʪʨʝʩʫ. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ, ʱʦ 

ʛʝʥ TaWRKY2 ʧʽʜʚʠʱʫʻ ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʜʦ ʜʽʾ ʩʪʨʝʩʫ ʰʣʷʭʦʤ ʨʝʛʫʣʷʮʽʾ RD29B (ʛʝʥ 

ʙʽʣʢʘ ʜʝʛʽʜʨʠʥʫ, ʝʢʩʧʨʝʩʽʷ ʷʢʦʛʦ ʰʚʠʜʢʦ ʽ ʩʠʣʴʥʦ ʽʥʜʫʢʫʻʪʴʩʷ ʘʙʽʦʪʠʯʥʠʤʠ 

ʩʪʨʝʩʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʘʢʠʤʠ ʷʢ ʧʦʩʫʭʘ ʪʘ ʧʽʜʚʠʱʝʥʘ ʩʦʣʦʥʽʩʪʴ) ʪʘ ʽʥʰʠʭ 

ʥʠʟʭʽʜʥʠʭ ʛʝʥʽʚ [15, 121, 122]. TaWRKY2 ʧʦʢʘʟʘʚ ʧʦʤʽʨʥʝ ʩʧʝʮʠʬʽʯʥʝ ʟʚ'ʷʟʫʚʘʥʥʷ ʟ 
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ʝʣʝʤʝʥʪʘʤʠ ʟ RD29B ʪʘ STZ-1. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʙʽʣʦʢ TaWRKY2 

ʤʦʞʝ ʨʝʛʫʣʶʚʘʪʠ ʧʦʜʘʣʴʰʽ ʛʝʥʠ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʟʚ'ʷʟʫʚʘʥʥʷ ʟ ʜʝʷʢʠʤʠ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʾʭ ʧʨʦʤʦʪʦʨʘʭ [15]. 

STZ ï ʮʝ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʡ ʨʝʧʨʝʩʦʨ, ʱʦ ʤʘʻ Zn-ʧʘʣʝʮʴ ʪʠʧʫ C2/H2. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʜʤʽʨʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ STZ ʫ ʪʨʘʥʩʛʝʥʥʦʛʦ ʘʨʘʙʽʜʦʧʩʠʩʫ ʘʙʦ ʨʠʩʫ 

ʧʽʜʚʠʱʫʻ ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʜʦ ʩʪʨʝʩʫ [123, 124]. ɼʘʥʠʡ TaWRKY2, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, 

ʧʦʢʨʘʱʫʻ ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʜʦ ʩʪʨʝʩʫ ʫ ʪʨʘʥʩʛʝʥʥʠʭ ʨʦʩʣʠʥ ʧʨʠʥʘʡʤʥʽ ʯʘʩʪʢʦʚʦ 

ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʥʶ ʨʝʛʫʣʷʮʽʾ ʛʝʥʘ STZ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʟʚ'ʷʟʫʚʘʥʥʷ ʟ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ STZ-1 ʫ ʧʨʦʤʦʪʦʨʥʽʡ ʦʙʣʘʩʪʽ. STZ ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʷʢ 

ʧʦʟʠʪʠʚʥʠʡ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʠʡ ʨʝʛʫʣʷʪʦʨ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʨʝʩʽʚ ʫ ʪʨʘʥʩʛʝʥʥʠʭ ʨʦʩʣʠʥ 

[15]. 

ʇʽʟʥʽʰʝ Gao ʪʘ ʩʧʽʚʘʚʪ., 2018,  ʚʜʘʣʦʩʴ ʦʪʨʠʤʘʪʠ ʪʨʘʥʩʛʝʥʥʫ ʧʰʝʥʠʮʶ ʟ 

ʥʘʜʝʢʩʧʨʝʩʽʻʶ TaWRKY2. ɸʚʪʦʨʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʨʘʥʩʛʝʥʥʘ ʧʰʝʥʠʮʷ 

ʜʝʤʦʥʩʪʨʫʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʝʥʫ ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʜʦ ʦʙʤʝʞʝʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʠʪʴ ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʚʠʞʠʚʘʥʥʷ ʪʘ ʤʝʥʰʠʡ ʨʽʚʝʥʴ ʚʪʨʘʪʠ ʚʦʜʠ ʚʽʜʦʢʨʝʤʣʝʥʦʛʦ 

ʣʠʩʪʷ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤʠ ʨʦʩʣʠʥʘʤʠ (ʜʠʢʦʛʦ ʪʠʧʫ). ʂʨʽʤ ʪʦʛʦ, ʪʨʘʥʩʛʝʥʥʽ 

ʣʽʥʽʾ ʤʘʣʠ ʜʦʩʪʦʚʽʨʥʠʡ ʙʽʣʴʰʠʡ ʚʤʽʩʪ ʚʽʣʴʥʦʛʦ ʧʨʦʣʽʥʫ, ʨʦʟʯʠʥʥʦʛʦ ʮʫʢʨʫ ʪʘ 

ʭʣʦʨʦʬʽʣʫ. ʇʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʩʪʨʝʩʦʚʦʛʦ ʩʪʘʥʫ ʧʝʨʝʜ ʧʦʯʘʪʢʦʚʦʶ 

ʩʪʘʜʽʻʶ ʨʽʩʪ ʢʦʥʪʨʦʣʴʥʠʭ ʨʦʩʣʠʥ ʜʠʢʦʛʦ ʪʠʧʫ ʙʫʚ ʧʨʠʛʥʽʯʝʥʠʡ, ʪʦʜʽ ʷʢ ʣʽʥʽʾ ʟ 

ʥʘʜʝʢʩʧʨʝʩʽʻʶ TaWRKY2 ʧʨʦʩʫʥʫʣʠʩʷ ʜʦ ʩʪʘʜʽʾ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ. ʇʽʜʚʠʱʝʥʠʡ 

ʫʨʦʞʘʡ ʟʝʨʥʘ ʪʨʘʥʩʛʝʥʥʠʭ ʣʽʥʽʡ ʧʰʝʥʠʮʽ ʚʽʜʦʙʨʘʞʘʚ ʩʫʢʫʧʥʠʡ ʝʬʝʢʪ ʙʽʣʴʰʦʾ 

ʜʦʚʞʠʥʠ ʚʦʣʦʪʽ, ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ ʪʘ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʟʝʤʥʦʾ 

ʙʽʦʤʘʩʠ. ʊʦʙʪʦ, TaWRKY2 ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʜʦ ʧʦʩʫʭʠ ʪʘ ʟʙʽʣʴʰʠʪʠ 

ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʚ ʧʰʝʥʠʮʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʧʝʨʩʧʝʢʪʠʚʥʫ ʮʽʣʴ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʜʽʣʠʣʠ 

ʧʨʦʤʦʪʦʨ TaWRKY2 ʪʘ ʚʠʷʚʠʣʠ ʨʝʛʫʣʷʪʦʨʥ ̔cis-ʝʣʝʤʝʥʪʠ ʫ ʧʨʦʤʦʪʦʨʥʽʡ ʦʙʣʘʩʪʽ. 

ɸʢʪʠʚʥʽʩʪʴ ʧʨʦʤʦʪʦʨʫ TaWRKY2 ʽʥʜʫʢʫʚʘʣʘ ʧʦʩʫʭʘ, ʧʽʜʚʠʱʝʥʽ ʩʦʣʦʥʽʩʪʴ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ɸɹʂ [16]. 
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1.4.3 ɻʝʥʠ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ ʧʰʝʥʠʮʽ EPF1, EPF2 ʪʘ MUTE 

ʇʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʤʧʣʝʢʩʥʦʶ ʦʟʥʘʢʦʶ, ʷʢʘ ʨʝʛʫʣʶʻʪʴʩʷ ʥʘ 

ʛʝʥʝʪʠʯʥʦʤʫ ʨʽʚʥʽ. ʆʩʪʘʥʥʽ ʩʚʽʪʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʣʠʩʪʢʦʚ̔ ʧʨʦʜʠʭʠ ʷʢ 

ʥʦʚʽ ʚʘʞʣʠʚʽ ʯʠʥʥʠʢʠ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʟʘ ʜʽʾ ʧʦʩʫʭʠ ʫ ʧʰʝʥʠʮʽ. ɺʘʞʣʠʚʠʤʠ 

ʛʝʥʝʪʠʯʥʠʤʠ ʜʝʪʝʨʤʽʥʘʥʪʘʤʠ ʟʘʣʫʯʝʥʠʤʠ ʚ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʜʠʭʽʚ ʻ ʛʝʥʠ EPF1 ʪʘ 

EPF2, ʷʢʽ ʢʦʜʫʶʪʴ ʩʝʢʨʝʪʦʨʥʽ ʧʦʣʽʧʝʧʪʠʜʠ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴ ʙʽʦʛʝʥʝʟ ʧʨʦʜʠʭʽʚ 

ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʧʦʜʽʣʫ ʢʣʽʪʠʥ, ʪʘ ʛʝʥʠ MUTE, ʱʦ ʨʝʛʫʣʶʶʪʴ 

ʧʝʨʝʭʽʜ ʚʽʜ ʧʨʦʣʽʬʝʨʘʮʽʾ ʜʦ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʢʣʽʪʠʥ ʧʨʦʜʠʭʽʚ [17, 18]. 

ʄʦʣʝʢʫʣʷʨʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴ ʙʽʦʛʝʥʝʟ ʧʨʦʜʠʭʽʚ, ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʨʦʩʣʠʥʠ Arabidopsis thaliana. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʚʘ ʤʘʣ ̔ʩʝʢʨʝʪʦʨʥ ̔ʧʝʧʪʠʜʠ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ Epidermal Patterning 

Factors 1 ʽ 2 (EPF1, EPF2), ʢʦʥʪʨʦʣʶʶʪʴ ʧʨʦʬʽʣʽ ʧʨʦʜʠʭʽʚ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ 

ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʣʽʪʠʥ. ʆʧʠʩʘʥʦ, ʱʦ ʮʽ ʬʘʢʪʦʨʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ 

ʨʝʛʫʣʶʶʪʴ ʝʢʩʧʨʝʩʽʶ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ MUTE, ʱʦ ʚʠʟʥʘʯʘʻ ʧʝʨʝʤʠʢʘʥʥʷ 

ʟ ʧʨʦʣʽʬʝʨʘʮʽʾ ʜʦ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʚ  ʟʘʨʦʜʢʦʚʠʭ ʢʣʽʪʠʥʘʭ ʧʨʦʜʠʭʽʚ [125]. ʋ 

Arabidopsis, ʥʘʜʝʢʩʧʨʝʩʽʷ ʷʢ EPF1, ʪʘʢ ʽ EPF2 ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ 

ʧʨʦʜʠʭʽʚ [126, 127]. ʇʦʚʽʜʦʤʣʷʣʦʩʷ, ʱʦ ʥʘʜʤʽʨʥʘ ʝʢʩʧʨʝʩʽʷ ʣʠʰʝ ʦʜʥʦʛʦ ʬʘʢʪʦʨʫ 

EPF2 ʟʥʠʞʫʻ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʠʭʽʚ ʪʘ ʤʘʢʩʠʤʽʟʫʻ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ [128]. 

ʇʨʦʪʝ, ʧʨʦʜʠʭʠ ʚʽʜʽʛʨʘʶʪʴ ʧʦʜʚʽʡʥʫ ʨʦʣʴ, ʚʦʥʠ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʪʨʘʥʩʤʽʩʽʶ CO2 ʚʩʝʨʝʜʠʥʽ ʣʠʩʪʢʘ ʜʣʷ ʘʩʠʤʽʣʷʮʽʾ ʬʦʪʦʩʠʥʪʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʦʪʞʝ, 

ʟʤʝʥʰʝʥʥʷ ʪʨʘʥʩʧʽʨʘʮʽʾ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʧʨʦʜʠʭʽʚ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ 

ʟʥʠʞʝʥʥʷʤ ʘʩʠʤʽʣʷʮʽʾ CO2 ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʥʠʞʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʨʦʢʽʚ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʟʥʘʯʥʦʛʦ ʧʨʦʨʠʚʫ ʚ ʧʦʻʜʥʘʥʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʶ/ʚʨʦʞʘʡʥʽʩʪʶ ʟʝʨʥʦʚʠʭ, 

ʟʦʢʨʝʤʘ ʜʣʷ ̫ʯʤʝʥʶ [129] ʪʘ ʧʰʝʥʠʮʽ [130ï132]. Hughes  ʪʘ ʽʥ. (2017) 
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ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠ ʛʦʤʦʣʦʛʠ ʛʝʥʽʚ Arabidopsis EPF1/EPF2 ʜʣʷ ʷʯʤʝʥʶ (Hordeum 

vulgare). ɺʥʘʩʣʽʜʦʢ ʥʘʜʤʽʨʥʦʾ ʝʢʩʧʨʝʩʽʾ EPF1, ʘʚʪʦʨʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʚ ʨʦʩʣʠʥʘʭ 

ʷʯʤʝʥʶ ʟʽ ʟʤʝʥʰʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʦʜʠʭʽʚ ʧʽʜʚʠʱʝʥʫ ʪʦʣʝʨʘʥʪʥʽʩʪ ɹʜʦ ʧʦʩʫʭʠ ʪʘ 

ʚʽʜʩʫʪʥʽʩʪ ɹʟʥʠʞʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʘ [129].  

ʆʪʞʝ, ʦʧʠʩʘʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʘʢʠʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʯʠʩʝʣʴʥʽʩʪʴ ʧʨʦʜʠʭʽʚ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʧʰʝʥʠʮʽ ʦʟʠʤʦʾ ʚ ʫʤʦʚʘʤʠ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ. 

 

1.5 ʄʘʨʢʝʨʠ ʙʽʣʢʦʚʦʾ ʧʨʠʨʦʜʠ ʫ ʪʝʭʥʦʣʦʛʽʷʭ ʜʦʩʣʽʜʞʝʥʥ ̫ ʷʢʦʩʪʽ ʟʝʨʥʘ 

ʧʰʝʥʠʮʽ 

1.5.1 ɿʘʧʘʩʥʽ ʙʽʣʢʠ ʪʘ ʷʢʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ 

ʋ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʤʽʩʪʠʪʴʩʷ ʙʣʠʟʴʢʦ 16% ʙʽʣʢʽʚ, ʷʢʽ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʩʚʦʻʶ 

ʨʦʟʯʠʥʥʽʩʪʶ: ʫ ʚʦʜʽ ï ʘʣʴʙʫʤʽʥʠ, ʚ ʩʦʣʽ ï ʛʣʦʙʫʣʽʥʠ, ʚ ʩʧʠʨʪʽ ï ʛʣʽʘʜʠʥʠ ʘʙʦ ʚ ʣʫʛʘʭ 

ï ʛʣʶʪʝʥʽʥʠ. ɿʘʟʚʠʯʘʡ ʧʨʦʪʝʦʤ ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 35% ʛʣʶʪʝʥʽʥʽʚ, 

45% ʛʣʽʘʜʠʥʽʚ ʽ ʣʠʰʝ 20% ʽʥʰʠʭ ʙʽʣʢʽʚ. ɻʣʶʪʝʥʽʥʠ ʪʘ ʛʣʽʘʜʠʥʠ ʩʢʣʘʜʘʶʪʴ 

ʛʣʶʪʝʥʦʚʫ ʬʨʘʢʮʽʶ; ʚʦʥʠ ʢʦʜʫʶʪʴʩʷ ʙʝʟʣʽʯʯʶ ʛʝʥʽʚ ʫ ʩʢʣʘʜʥʠʭ ʣʦʢʫʩʘʭ [133]. 

ɻʣʶʪʝʥʽʥʦʚʘ ʬʨʘʢʮʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʧʦʣʽʤʝʨ, ʩʪʘʙʽʣʽʟʦʚʘʥʠʡ ʤʽʞ 

ʣʘʥʮʶʛʦʚʠʤʠ ʜʠʩʫʣʴʬʽʜʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ. ɺʦʥʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ (HMW) ʪʘ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ (LMW) ʩʫʙʦʜʠʥʠʮʽ [134]. 

ʉʫʙʦʜʠʥʠʮʽ HMW ʢʦʜʫʶʪʴʩʷ ʣʦʢʫʩʘʤʠ Glu-A1, Glu-B1 ʪʘ Glu-D1, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʤʽʩʪʠʪʴ ʜʚʘ ʛʝʥʠ ʩʫʙʦʜʠʥʠʮʴ ʪʠʧʫ x ʪʘ y. ʇʦʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʘʣʝʣʝʡ ʚʠʟʥʘʯʘʻ 

ʝʣʘʩʪʠʯʥʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʪʽʩʪʘ [135]. ʊʘʢ ʩʘʤʦ ʩʫʙʦʜʠʥʠʮʽ LMW, ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ 

ʛʝʥʝʪʠʯʥʠʭ ʨʝʛʽʦʥʘʭ Glu-A3, Glu-B3 ʪʘ Glu-D3, ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʨʦʟʪʷʞʥʦʩʪʽ ʪʽʩʪʘ ʟ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ  [136].  

ʄʦʥʦʤʝʨʥʽ ʛʣʽʘʜʠʥʠ ï ʱʝ ʦʜʥʘ ʜʦʤʽʥʫʶʯʘ ʯʘʩʪʠʥʘ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ. ɺʦʥʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ Ŭ-, ɓ-, ɔ- ʪʘ ɤ-ʢʣʘʩʠ ʟʘ ʨʽʟʥʠʮʝʶ ʚ ʧʝʨʚʠʥʥʽʡ ʩʪʨʫʢʪʫʨ ̔ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʟʘʣʠʰʢʽʚ ʮʠʩʪʝʾʥʫ [137]. ɼʚʽ ʛʨʫʧʠ ʣʦʢʫʩʽʚ ʛʝʥʽʚ Gli-A1, Gli-B1, Gli-D1 ̔  Gli-A2, Gli-

B2, Gli-D2 ʢʦʜʫʶʪʴ ʛʣʽʘʜʠʥʠ [133, 138]. ɻʝʥʝʪʠʯʥʽ ʣʦʢʫʩʠ ʛʣʽʘʜʠʥʽʚ 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʢʣʘʜʥʦʶ ʙʫʜʦʚʦʶ ʽ ʤʦʞʫʪʴ ʦʭʦʧʣʶʚʘʪʠ ʧʦʥʘʜ 50 ʘʣʝʣʽʚ, ʙʘʛʘʪʦ 

ʟ ʥʠʭ ʥʘʩʧʨʘʚʜʽ ʝʢʩʧʨʝʩʫʶʪʴʩʷ, ʘʣʝ ʪʘʢʦʞ ʨʷʜ ʟ ʥʠʭ ʻ ʧʩʝʚʜʦʛʝʥʘʤʠ [138, 139]. 

ɻʣʽʘʜʠʥʠ ʩʧʨʠʷʶʪʴ ʷʢʦʩʪʽ ʧʨʠʛʦʪʫʚʘʥʥʷ ʭʣʽʙʘ ʯʝʨʝʟ ʢʦʚʘʣʝʥʪʥʽ ʪʘ ʥʝʢʦʚʘʣʝʥʪʥʽ 

ʟʚôʷʟʢʠ ʟ ʽʥʰʠʤʠ ʧʦʣʽʤʝʨʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʣʝʡʢʦʚʠʥʠ, ʫʪʚʦʨʶʶʯʠ ʤʝʨʝʞʫ 

ʪʦʥʢʦʾ ʧʣʽʚʢʦʚʦʾ ʢʣʝʡʢʦʚʠʥʠ ʪʘ ʧʦʢʨʘʱʫʶʯʠ ʫʪʨʠʤʘʥʥʷ ʛʘʟʽʚ, ʚ'ʷʟʢʽʩʪʴ ʪʘ ʢʦʛʝʟʠʚʥʫ 

ʚʣʘʩʪʠʚʽʩʪʴ ʪʽʩʪʘ. ɼʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʘʞʣʠʚʽʩʪʴ ʙʘʣʘʥʩʫ ʤʽʞ 

ʬʨʘʢʮʽʷʤʠ ʛʣʶʪʝʥʽʥʽʚ ʪʘ ʛʣʽʘʜʠʥʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʭʣʽʙʘ [140, 141]. 

ɻʣʦʙʫʣʽʥʠ ʪʘ ʘʣʴʙʫʤʽʥʠ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʤʝʪʘʙʦʣʽʯʥʽ ʙʽʣʢʠ, ʩʢʣʘʜʘʶʪʴ ʥʝʟʥʘʯʥʫ 

ʯʘʩʪʠʥʫ ʧʨʦʪʝʦʤʘ ʟʝʨʥʘ. ɺʦʥʠ ʦʙʤʝʞʝʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʷʢʽʩʪʶ ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʘʣʝ ʻ ʥʝʟʘʤʽʥʥʠʤʠ ʜʣʷ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ 

[137]. 

 

1.5.2 ʈʦʣʴ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʚ ʭʘʨʯʦʚʽʡ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʽ 

ʉʫʯʘʩʥʘ ʩʝʣʝʢʮʽʷ ʨʦʩʣʠʥ ʧʨʠʟʚʝʣʘ ʜʦ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʴʦʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʟ 

ʯʫʜʦʚʠʤʠ ʭʣʽʙʦʧʝʢʘʨʩʴʢʠʤʠ ʷʢʦʩʪʷʤʠ. ʇʨʦʪʝ, ʟʘʧʘʩʥʽ ʙʽʣʢʠ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ 

ʭʘʨʯʦʚʫ ʥʝʧʝʨʝʥʦʩʠʤʽʩʪʴ ʘʙʦ ʘʣʝʨʛʽʶ ʫ ʩʧʨʠʡʥʷʪʣʠʚʠʭ ʣʶʜʝʡ. ɽʪʽʦʣʦʛʽʷ 

ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʽ ʧʰʝʥʠʮʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʝʝʬʝʢʪʠʚʥʦʤʫ ʟʘʩʚʦʻʥʥʽ ʚʞʠʚʘʥʦʾ ʾʞʽ, 

ʱʦ ʤʽʩʪʠʪʴ ʛʣʶʪʝʥ. ʎʝ ʤʦʞʝ ʩʪʘʪʠʩʷ, ʪʦʤʫ ʱʦ ʛʣʶʪʝʥʽʥʠ ʪʘ ʛʣʽʘʜʠʥʠ ʟʙʘʛʘʯʝʥʽ 

ʛʣʶʪʘʤʽʥʦʤ ʪʘ ʧʨʦʣʽʥʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʙʤʝʞʝʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʰʣʫʥʢʦʚʠʤʠ 

ʬʝʨʤʝʥʪʘʤʠ [24]. ʈʝʪʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ ʟʥʘʯʥʫ ʨʽʟʥʠʮʶ ʫ ʚʽʜʧʦʚʽʜʽ 

ʊ-ʢʣʽʪʠʥ 14 ʭʚʦʨʠʭ ʥʘ ʮʝʣʽʘʢʽʶ, ʱʦ ʻ ʩʽʚʜʯʝʥʥʷʤ ʥʘʷʚʥʦʩʪʽ ʯʠʩʣʝʥʥʠʭ ʘʢʪʠʚʥʠʭ 

ʝʧʽʪʦʧʽʚ [142]. ʇʨʦʪʝʦʤʽʢʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʧʨʠʷʣʘ ʨʦʟʫʤʽʥʥʶ ʘʣʝʨʛʽʾ ʪʘ 

ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʧʰʝʥʠʮʽ ʯʝʨʝʟ ʷʢʽʩʥʫ ʪʘ ʩʪʨʫʢʪʫʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʘʣʝʨʛʝʥʥʠʭ ʪʘ ʪʦʢʩʠʯʥʠʭ ʧʝʧʪʠʜʽʚ [26]. ɼʦʩʣʽʜʥʠʢʠ ʜʦʚʝʣʠ, ʱʦ ʢʨʽʤ ʛʣʶʪʝʥʫ, 

ʤʝʪʘʙʦʣʽʯʥʽ ʙʽʣʢʠ ʪʘʢʦʞ ʚʠʢʣʠʢʘʶʪʴ ʥʝʧʝʨʝʥʦʩʠʤʽʩʪʴ. ʍʚʦʨʽ ʥʘ ʮʝʣʽʘʢʽʶ ʚʠʷʚʣʷʣʠ 

ʨʝʘʢʪʠʚʥʽʩʪʴ ʘʥʪʠʪʽʣ ʜʦ ʥʝʛʣʶʪʝʥʦʚʠʭ ʙʽʣʢʽʚ: ʩʝʨʧʽʥʽʚ (ʥʘʡʯʘʩʪʽʰʝ), ʧʫʨʠʥʽʥʽʚ, 

ʽʥʛʽʙʽʪʦʨʽʚ Ŭ-ʘʤʽʣʘʟʠ/ʧʨʦʪʝʘʟʠ, ʛʣʦʙʫʣʽʥʽʚ ʪʘ ʬʘʨʠʥʽʥʽʚ. ʈʝʢʦʤʙʽʥʘʥʪʥʽ ʙʽʣʢʠ 

ʧʽʜʪʚʝʨʜʠʣʠ ʩʪʽʡʢʫ ʛʫʤʦʨʘʣʴʥʫ ʽʤʫʥʥʫ ʚʽʜʧʦʚʽʜʴ [143, 144]. 
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ɻʝʥʝʪʠʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʰʝʥʠʮʽ ʜʦʩʠʪʴ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʙʝʟʧʝʯʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ ʻ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʝ ʩʪʚʦʨʝʥʥʷ ʪʨʘʥʩʛʝʥʥʠʭ ʣʽʥʽʡ; ʽʥʰʠʡ ʚʘʨʽʘʥʪ ʧʦʣʷʛʘʻ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʛʘʪʠʭ ʪʨʘʜʠʮʽʡʥʠʭ ʛʝʥʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʰʢʽʜʣʠʚʠʭ ʝʧʽʪʦʧʽʚ [139]. ɯʩʥʫʻ ʩʝʨʡʦʟʥʘ ʧʨʦʙʣʝʤʘ ʩʧʨʠʡʥʷʪʪʷ ʛʨʦʤʘʜʩʴʢʽʩʪʶ 

ʛʝʥʝʪʠʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʧʨʦʪʝ ʚʦʥʘ ʥʝ ʤʘʻ ʥʘʜʽʡʥʠʭ ʥʘʫʢʦʚʠʭ 

ʘʨʛʫʤʝʥʪʽʚ. ɽʬʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʘʣʝʨʛʝʥʥʦʩʪʽ/ʪʦʢʩʠʯʥʦʩʪʽ ʻ 

ʟʘʤʦʚʯʫʚʘʥʥʷ ʮʽʣʴʦʚʠʭ ʛʝʥʽʚ, ʪʘʢʠʭ ʷʢ ɤ-ʛʣʽʘʜʠʥʠ. ʆʜʥʘʢ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʝʪʝʣʴʥʘ 

ʧʨʦʪʝʦʤʥʘ ʦʮʽʥʢʘ ʪʨʘʥʩʛʝʥʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜ ʤʘʩʦʚʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ 

ʦʜʥʘ ʽ ʪʘ ʞ ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʥʠʡ ʽ ʢʽʣʴʢʽʩʥʠʡ ʙʽʣʢʦʚʠʡ 

ʩʢʣʘʜ ʟʝʨʥʘ [145]. Piston ʪʘ ʩʧʽʚʘʚʪ., 2011 ʜʦʩʣʽʜʠʣʠ, ʱʦ ʩʫʧʨʝʩʽʷ ɔ-ʛʣʽʘʜʠʥʽʚ 

ʧʨʠʟʚʝʣʘ ʜʦ ʚʨʽʚʥʦʚʘʞʝʥʥʷ ɤ- ʪʘ Ŭ/ɓ-ʢʣʘʩʽʚ [146]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʝʨʝʜ ʩʦʨʪʽʚ 

T. aestivum ʽʩʥʫʻ ʚʝʣʠʯʝʟʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ï ʱʦʥʘʡʤʝʥʰʝ 25000 ʛʝʥʦʪʠʧʽʚ, ʟʘ 

ʜʘʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʩʧʝʨʪʽʚ.  ʂʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʤʫʥʦʣʦʛʽʯʥʠʭ ʘʥʘʣʽʟʽʚ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ ʟʥʘʯʥʫ ʨʽʟʥʠʮʶ ʚ ʢʽʣʴʢʦʩʪʽ ʨʝʘʢʪʠʚʥʠʭ 

ʧʝʧʪʠʜʽʚ ʩʝʨʝʜ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ [147]. ɸʚʪʦʨʠ ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʘʷʚʥʽʩʪʴ 

ʛʝʥʝʪʠʯʥʠʭ ʚʘʨʽʘʮʽʡ ʜʦʟʚʦʣʷ ̒ʚʽʜʙʠʨʘʪʠ ʟʝʨʥʦʚʽ ʢʫʣʴʪʫʨʠ ʟʽ ʟʥʠʞʝʥʠʤ ʨʠʟʠʢʦʤ 

ʚʠʢʣʠʢʘʪʠ ʭʘʨʯʦʚʽ ʨʦʟʣʘʜʠ. ʊʘʢʽ ʛʝʥʦʪʠʧʠ ʜʦʟʚʦʣʷʪʴ ʩʧʦʞʠʚʘʯʘʤ ʯʫʪʣʠʚʠʤ ʜʦ 

çʭʣʽʙʥʠʭè ʙʽʣʢʽʚ ʥʘʩʦʣʦʜʞʫʚʘʪʠʩʷ ʙʽʣʴʰ ʟʙʘʣʘʥʩʦʚʘʥʦʶ ʜʽʻʪʦʶ. ɺʚʘʞʘʣʦʩʷ, ʱʦ 

ʪʨʘʜʠʮʽʡʥʠʡ/ʽʩʪʦʨʠʯʥʠʡ ʩʦʨʪ ʩʠʥʪʝʟʫʻ ʤʝʥʰʽ ʢʽʣʴʢʦʩʪʽ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ 

ʙʽʣʢʽʚ. ʆʜʥʘʢ ʥʝʱʦʜʘʚʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʧʝʨʝʯʠʪ ɹʮʽʡ ʪʝʦʨʽʾ [148], Malalgoda ʪʘ 

ʩʧʽʚʘʚʪ., 2018, ʥʝ ʚʜʘʣʦʩʴ ʚʠʷʚʠʪʠ ʞʦʜʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʨʦʢʦʤ ʦʨʠʛʽʥʫʚʘʥʥʷ ʩʦʨʪʽʚ 

ʧʰʝʥʠʮʽ ʪʘ ʢʽʣʴʢʽʩʪʶ ʽʤʫʥʦʛʝʥʥʠʭ ʝʧʽʪʦʧʽʚ ʫ Ŭ-ʛʣʽʘʜʠʥʘʭ [149]. ʅʘʨʝʰʪʽ, ʙʫʣʦ 

ʚʠʩʣʦʚʣʝʥʦ ʜʫʤʢʫ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʙʽʣʴʰ ʨʝʪʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ 

ʧʦʪʝʥʮʽʡʥʦ ʥʠʞʯʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʽʩʪʦʨʠʯʥʠʭ ʩʦʨʪʽʚ, ʦʩʢʽʣʴʢʠ ʥʘʷʚʥʽ ʜʘʥʽ ʜʫʞʝ 

ʥʝʦʜʥʦʨʽʜʥʽ, ʽ ʥʝʨʽʜʢʦ ʫʤʦʚʠ ʨʦʩʪʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ [150]. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʤʽʥʥʦʩʪʽ 

ʚ ʤʝʪʘʙʦʣʽʯʥʠʭ ʙʽʣʢʘʭ ʻ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʜʣʷ ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

[151, 152]. 
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1.5.3 ʄʝʪʦʜʠ ʧʨʦʪʝʦʤʽʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ 

ʙʽʣʢʘʤʠ ʷʢʦʩʪʽ 

ʄʝʪʦʜʠ ʧʨʦʪʝʦʤʽʢʠ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʩʪʠʯʥʦ ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʘ ʷʢʽʩʪʴ 

ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ, ʜʦʣʘʶʯʠ ʦʙʤʝʞʝʥʥʷ ʛʝʥʦʤʥʠʭ ʪʘ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʠʭ ʤʝʪʦʜʽʚ. ʊʦʯʥʝ ʢʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʙʽʣʢʽʚ ʟʝʨʥʘ, ʦʩʦʙʣʠʚʦ 

ʛʣʶʪʝʥʫ, ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʇʝʨʰʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʚʠʣʫʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʽʜʛʨʫʧ ʧʦʣʽʧʝʧʪʠʜʽʚ. ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʣʫʯʝʥʥʷ, ʘʣʝ ʮʝ ʩʧʨʠʯʠʥʷʻ ʘʥʘʣʽʪʠʯʥʽ ʚʘʨʽʘʮʽʾ [25]. ɽʢʩʪʨʘʢʮʽʷ 

ʙʽʣʢʽʚ ʘʥʽʦʥʥʠʤ ʜʝʪʝʨʛʝʥʪʘʤ SDS  ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʫ ʩʫʤʽʰ ʟʘ ʦʜʠʥ 

ʝʪʘʧ [145]. ɹʽʣʢʠ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʛʦʤʦʣʦʛʽʶ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʪʘ 

ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʛʽʜʨʦʬʦʙʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ; ʢʨʽʤ ʪʦʛʦ, ʽʤʫʥʦʛʝʥʥʽ/ʪʦʢʩʠʯʥʽ ʧʝʧʪʠʜʠ 

ʟʘʟʚʠʯʘʡ ʩʪʽʡʢʽ ʜʦ ʧʨʦʪʝʦʣʽʟʫ. ɹʽʣʢʠ ʢʣʝʡʢʦʚʠʥʠ ʙʘʛʘʪʽ ʥʘ ʧʨʦʣʽʥ ʪʘ ʛʣʫʪʘʤʽʥ, ʪʦʤʫ, 

ʪʦʯʥʠʡ ʘʥʘʣʽʟ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʨʦʪʝʘʟ [153]. ʄʝʪʦʜʠ ʥʘ 

ʦʩʥʦʚʽ ʛʝʣ-ɹʝʣʝʢʪʨʦʬʦʨʝʟʫ ʟʘʣʠʰʘʶʪʴʩʷ ʟʘʛʘʣʴʥʦʚʞʠʚʘʥʠʤʠ ʟʘʚʜʷʢʠ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʙʝʟʣʽʯʽ ʽʟʦʬʦʨʤ ʙʽʣʢʽʚ. ɼʦʚʛʽ ʦʙʣʘʩʪʽ ʧʦʚʪʦʨʶʚʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʫʩʢʣʘʜʥʶʶʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ. ʊʠʤ ʥʝ ʤʝʥʰ, 

ʥʘʜʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʘ ʨʽʜʠʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ (UHPLC) ʽʟ ʮʽʣʴʦʚʦʶ ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʽʻʶ (LC/MS) ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʤʫʣʴʪʠʧʣʝʢʩʥʝ ʢʽʣʴʢʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ, 

ʱʦ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʩʪʘʥʜʘʨʪʥʠʤ ʽʤʫʥʦʬʝʨʤʝʥʪʥʠʤ ʘʥʘʣʽʟʘʤ ʜʣʷ ʦʮʽʥʢʠ 

ʘʣʝʨʛʝʥʥʦʩʪʽ/ʪʦʢʩʠʯʥʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ [154ï156]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʪʷ ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʘʣʝʨʛʽʯʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ 

ʧʰʝʥʠʮʽ ʩʝʨʝʜ ʚʠʙʽʨʢʠ ʩʫʯʘʩʥʠʭ ʪʘ ʽʩʪʦʨʠʯʥʠʭ ʩʦʨʪʽʚ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʠʪʠ 

ʤʦʣʝʢʫʣʷʨʥʽ ʤʘʨʢʝʨʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʙʦʨʫ ʜʦʥʦʨʽʚ ʟʘʨʦʜʢʦʚʦʾ 

ʧʣʘʟʤʠ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʝʥʰ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʩʦʨʪʽʚ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

1. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʽʟʥʽ ʪʠʧʠ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʨʢʝʨʽʚ ʽ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʘʥʘʣʽʟʫ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʨʢʝʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʥʘʡʙʽʣʴʰʫ ʮʽʥʥʽʩʪʴ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ. ʊʘʢʽ ʧʽʜʭʦʜʠ ʥʝ ʪʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʦʟʥʘʢʫ, ʘ ʡ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʨʢʝʨʠ ʜʣʷ ʩʢʨʠʥʽʥʛʫ ʛʝʥʝʪʠʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ. 

2. ʆʮʽʥʢʘ ʧʦʩʫʭʦʪʦʣʝʨʘʥʪʥʦʩʪʽ ʧʰʝʥʠʮʽ ʻ ʪʨʠʚʘʣʠʤ ʪʘ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʠʤ 

ʧʨʦʮʝʩʦʤ. ɹʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʟʚʦʣʷʪʴ ʧʨʠʰʚʠʜʰʠʪʠ ʪʘ ʨʘʮʽʦʥʘʣʽʟʫʚʘʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽ ʁʪʘ ʚʽʜʙʽʨ ʧʦʪʝʥʮʽʡʥʠʭ 

ʜʦʥʦʨʽʚ ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʚ ʩʝʣʝʢʮʽʡʥʦʤʫ ʧʨʦʮʝʩ.̔ 

3. ɸʥʘʣʽʟʫʶʯʠ ʩʫʯʘʩʥʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʯʦʪʠʨʠ ʛʝʥʠ-

ʢʘʥʜʠʜʘʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʨʢʝʨʽʚ ï ʛʝʥ ʧʦʩʫʭʦ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ 

TaWRKY2 ʪʘ  ʛʝʥʠ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ EPF1, EPF2, MUTE. ʈʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʢʠ ʧʦʪʨʝʙʫʻ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ, 

ʣʦʢʘʣʽʟʘʮʽʾ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʘʣʝʣʴʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ ʮʠʭ ʛʝʥʽʚ. 

4. ɹʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʧʨʦʪʝʦʤʽʢʠ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʜʦʣʘʪʠ ʦʙʤʝʞʝʥʥʷ ʤʝʪʦʜʽʚ ʛʝʥʦʤʽʢʠ ʽ ʪʨʘʥʩʢʨʠʧʪʦʤʽʢʠ ʪʘ ʜʦʩʣʽʜʠʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʙʽʣʢʽʚ ʷʢʦʩʪʽ ʧʰʝʥʠʮʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʯʦʚʫ ʥʝʧʝʨʝʥʦʩʠʤʽʩʪʴ.  
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ʈʆɿɼɯʃ 2 ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ 

ɼʆʉʃɯɼɾɽʅʔ 

 

2.1 ʈʦʩʣʠʥʥʠʡ ʤʘʪʝʨʽʘʣ ʫ ʜʦʩʣʽʜʞʝʥʥʽ 

2.1.1 ʈʦʩʣʠʥʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʩʠʢʚʝʥʫʚʘʥʥʷ ʛʝʥʦʤʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

TaWRKY2, EPF1, EPF2 ʪʘ MUTE 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 6 ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ (Triticum 

aestivum L.): ʯʦʪʠʨʠ ʩʦʨʪʠ ʩʝʣʝʢʮʽʾ ɯʥʩʪʠʪʫʪʫ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ 

ʋʢʨʘʾʥʠ (ʩʦʨʪʠ ɸʩʪʘʨʪʘ, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ ʪʘ ʇʦʜʦʣʷʥʢʘ), ʩʦʨʪ ʇʦʣʽʩʴʢʘ 

90 ɯʥʩʪʠʪʫʪʫ ʟʝʤʣʝʨʦʙʩʪʚʘ ʅɸɸʅ ʋʢʨʘʾʥʠ ʪʘ ʩʦʨʪ ʆʜʝʩʴʢʘ 267 ʉʝʣʝʢʮʽʡʥʦ-

ʛʝʥʝʪʠʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ-ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʥʘʩʽʥʥʻʟʥʘʚʩʪʚʘ ʪʘ ʩʦʨʪʦʚʠʚʯʝʥʥʷ 

ʅɸɸʅ ʋʢʨʘʾʥʠ. ɺʩʽ ʜʦʩʣʽʜʞʝʥʽ ʩʦʨʪʠ ʻ ʨʘʡʦʥʦʚʘʥʠʤʠ ʽʥʪʝʥʩʠʚʥʠʤʠ ʪʘ 

ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʠʤʠ, ʪʦʙʪʦ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʚʨʦʞʘʡʥʦʩʪʽ (ʪʘʙʣ. 2.1). ɯʟ ʥʠʭ 

ʪʨʠ ʧʦʩʫʭʦʩʪʽʡʢʽ ï ɸʩʪʘʨʪʘ, ʆʜʝʩʴʢʘ 267, ʇʦʜʦʣʷʥʢʘ; ʪʘ ʪʨʠ ʥʝ ʧʦʩʫʭʦʩʪʽʡʢʽ ï 

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, ʇʦʣʽʩʴʢʘ 90, ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʫ ʟʦʥʽ 

ʃʽʩʦʩʪʝʧʫ ʪʘ ʇʦʣʽʩʩʷ. 

 

2.1.2 ʈʦʩʣʠʥʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʢʨʠʥʽʥʛʫ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʽʚ 

ʽʥʪʝʨʝʩʫ  

ɺʩʴʦʛʦ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʨʠ ʚʠʙʽʨʢʠ ʩʦʨʪʽʚ: 72 ʩʦʨʪʠ 

ʚʽʪʯʠʟʥʷʥʦʾ ʩʝʣʝʢʮʽʾ (ʪʘʙʣ. ɸ.1), 74 ʩʦʨʪʠ ʪʘ ʛʽʙʨʠʜʠ ʟ ʤʽʞʥʘʨʦʜʥʦʾ ʢʦʣʝʢʮʽʾ 

CIMMYT (Global Wheat Program of the International Maize and Wheat Improvement 

Center) ʪʘ ʙʘʥʢʫ ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʧʰʝʥʠʮʽ (Wheat Germplasm Bank) (ʪʘʙʣ. ɸ.2) 

[157] ʪʘ 53 ʚʠʜʽʚ ʜʠʢʦʾ ʧʰʝʥʠʮʽ ʪʘ ʤʽʞʚʠʜʦʚʠʭ ʛʽʙʨʠʜʽʚ ʽʟ ʢʦʣʝʢʮʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʮʝʥʪʨʫ ʛʝʥʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʨʦʩʣʠʥ ʧʨʠ ɯʥʩʪʠʪʫʪʽ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽʤ. ɺ.ʗ. ʖʨôʻʚʘ 

ʅɸɸʅ ʋʢʨʘʾʥʠ (ʪʘʙʣ. ɸ.3) [158, 159]. 
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ʊʘʙʣʠʮʷ 2.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʦʟʠʤʦʾ ʤôʷʢʦʾ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʝʥʦʤʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ TaWRKY2, EPF1, EPF2 ʪʘ MUTE 

ʉʦʨʪ ɹʽʦʣʦʛʽʯʥʽ ʦʟʥʘʢʠ 
ʄʘʢʩʠʤʘʣʴʥʽ 

ʚʨʦʞʘʾ, ʮ/ʛʘ 

ɸʩʪʘʨʪʘ ʇʦʩʫʭʦʩʪʽʡʢʠʡ, ʩʝʨʝʜʥʴʦʩʪʝʙʣʦʚʠʡ, ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʡ, 

ʟʠʤʦʩʪʽʡʢʠʡ ʪʘ ʩʪʽʡʢʠʡ ʜʦ ʚʠʣʷʛʘʥʥʷ, ʚʠʩʦʢʦʚʨʦʞʘʡʥʠʡ 

96,3-117,7 

ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ 

ʉʝʨʝʜʥʴʦʩʪʝʙʣʦʚʠʡ, ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʡ, ʩʪʽʡʢʠʡ ʜʦ ʚʠʣʷʛʘʥʥʷ, 

ʩʝʨʝʜʥʴʦ ʟʠʤʦ- ʪʘ ʧʦʩʫʭʦʩʪʽʡʢʠʡ, ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ 

63,9-91,4 

ʅʘʪʘʣʢʘ ʉʝʨʝʜʥʴʦʩʪʝʙʣʦʚʠʡ, ʩʝʨʝʜʥʴʦʨʘʥʥʽʡ, ʩʪʽʡʢʠʡ ʜʦ ʚʠʣʷʛʘʥʥʷ, 

ʟʠʤʦʩʪʽʡʢʠʡ, ʧʦʩʫʭʦʩʪʽʡʢʠʡ, ʩʪʽʡʢʠʡ ʜʦ ʫʨʘʞʝʥʥʷ 

ʙʦʨʦʰʥʠʩʪʦʶ ʨʦʩʦʶ, ʚʠʩʦʢʦʚʨʦʞʘʡʥʠʡ 

50,3-93,6 

ʆʜʝʩʴʢʘ 

267 

ʇʦʩʫʭʦʩʪʽʡʢʠʡ, ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʡ, ʤʦʨʦʟʦʩʪʽʡʢʠʡ, ʚʠʩʦʢʘ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʦʩʠʧʘʥʥʷ, ʩʝʨʝʜʥʷ - ʜʦ ʚʠʣʷʛʘʥʥʷ. 

56,8-67,0 

ʇʦʜʦʣʷʥʢʘ ʇʦʩʫʭʦʩʪʽʡʢʠʡ, ʩʝʨʝʜʥʴʦʨʦʩʣʠʡ, ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʡ, ʟʠʤʦʩʪʽʡʢʠʡ 

ʪʘ ʩʝʨʝʜʥʴʦʩʪʽʡʢʠʡ ʜʦ ʚʠʣʷʛʘʥʥʷ ʪʘ ʫʨʘʞʝʥʥʷ ʢʦʨʝʥʝʚʠʤʠ 

ʛʥʠʣʷʤʠ, ʚʠʩʦʢʦʚʨʦʞʘʡʥʠʡ 

96,0-113,7 

ʇʦʣʽʩʴʢʘ 90 ʇʦʩʫʭʦʩʪʽʡʢʠʡ, ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʡ, ʩʪʽʡʢʠʡ ʜʦ ʧʨʦʨʦʩʪʘʥʥʷ ʟʝʨʥʘ 

ʚ ʢʦʣʦʩʽ ʪʘ ʧʦʣʷʛʘʥʥʷ, ʩʪʽʡʢʠʡ ʜʦ ʢʦʤʧʣʝʢʩʫ ʭʚʦʨʦʙ 

44,3-75,2 

 

2.1.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʾ 

ʦʮʽʥʢʠ ʙʽʣʢʦʚʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʘ  

ʅʘ ʪʝʧʝʨ ʧʨʦʛʨʝʩ ʫ ʚʠʨʦʱʫʚʘʥʥʽ ʧʰʝʥʠʮʽ ʟʘʡʰʦʚ ʥʘʩʪʽʣʴʢʠ ʜʘʣʝʢʦ, ʱʦ ʩʦʨʪʠ 

ʨʦʟʜʽʣʠʣʠʩʷ ʥʘ ʮʽʥʥʽ (ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʟʝʨʥʘ) ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʽ (ʟ ʜʦʙʨʦʶ 

ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʶ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʜʦʚʢʽʣʣʷ). ʏʘʩʪʦ ʨʦʩʣʠʥʘ ʩʪʦʾʪʴ ʧʝʨʝʜ 

ʚʠʙʦʨʦʤ ʢʫʜʠ ʥʘʧʨʘʚʣʷʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʧʘʩʠ ï ʥʘ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʫʤʦʚ ʞʠʪʪʷ ʯʠ ʬʦʨʤʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʷʢʽʩʥʠʭ ʧʣʦʜʽʚ.  

ɺ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ, ʜʣʷ ʜʦʩʜʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʙʫʣʦ 

ʧʽʜʽʙʨʘʥʦ ʽʥʰʠʡ ʥʘʙʽʨ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. ʇʦʻʜʥʘʥʥʷ ʚ ʦʜʥʦʤʫ ʦʨʛʘʥʽʟʤʽ ʦʙʦʭ 

ʥʘʧʨʷʤʢʽʚ ʥʝ ʚʜʘʻʪʴʩʷ. ʎʝ ʨʽʟʥʦ ʥʘʧʨʘʚʣʝʥʽ ʧʨʦʮʝʩʠ.  
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ʅʘʰʝʶ ʟʘʜʘʯʝʶ ʙʫʣʦ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʽ ʨʦʟʨʦʙʢʦʶ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʧʦʣʝʛʰʝʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʛʝʥʝʪʠʯʥʠʭ ʜʝʪʝʨʤʽʥʘʥʪ, ʱʦ ʧʦʣʝʛʰʠʣʦ ʙ ʚʝʜʝʥʥʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʩʝʣʝʢʮʽʾ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ï ʥʘ ʷʢʽʩʪʴ ʟʝʨʥʘ ʘʙʦ ʥʘ ʧʽʜʚʠʱʝʥʫ ʘʜʘʧʪʘʮʽʶ ʜʦ 

ʦʙʤʝʞʝʥʦʛʦ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʪʨʠ ʫʢʨʘʾʥʩʴʢʠʭ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ 

ʦʟʠʤʦʾ: ʉʦʪʥʠʮʷ, ʇʘʥʥʘ (ʦʙʠʜʚʘ ʩʫʯʘʩʥʦʾ ʩʝʣʝʢʮʽʾ) ʪʘ ʋʢʨʘʾʥʢʘ (ʽʩʪʦʨʠʯʥʠʡ ʩʦʨʪ), 

ʷʢʽ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʘʙʦ ʻ ʩʪʘʨʠʤ ʩʦʨʪʦʤ, ʷʢʽ 

ʰʠʨʦʢʦ ʚʞʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ɹʫʣʦ ʧʨʠʧʫɦʝʥʦ, ʱʦ 

ʚʦʥʠ ʥʘʢʦʧʠʯʫʶʪʴ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʘʣʝʦʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ. ʂʫʣʴʪʫʨʠ 

ʚʠʨʦʱʫʚʘʣʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʦʣ̫ʭ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʘʛʨʦʪʝʭʥʽʯʥʦʶ 

ʧʨʘʢʪʠʢʦʶ ʥʘ ʂʠʾʚʱʠʥʽ. ɿʝʨʥʦ ʟʘʛʦʪʦʚʣʷʣʠ ʚ ʩʝʟʦʥʽ 2017 ʨʦʢʫ. ʅʝ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 

ʟʥʘʯʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʨʝʩʫ (ʧʦʩʫʭʠ, ʭʦʣʦʜʫ ʯʠ ʟʙʫʜʥʠʢʽʚ ʭʚʦʨʦʙ) ʧʽʜ ʯʘʩ 

ʚʠʨʦʱʫʚʘʥʥʷ ʧʰʝʥʠʮʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʜʽʣʷʥʢʠ ʤʽʩʪʠʣʠ ʯʦʨʥʦʟʝʤʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤ 

ʜʦʜʘʚʘʥʥʷʤ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ. 

ʇʘʥʥʘ ʪʘ ʉʦʪʥʠʮʷ ï ʩʫʯʘʩʥʽ ʫʢʨʘʾʥʩʴʢʽ ʩʦʨʪʠ, ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʤʘʩʦʚʦʛʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʉʦʨʪ ʧʰʝʥʠʮʽ ʇʘʥʥʘ ʟ ʫʥʽʢʘʣʴʥʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʙʽʣʢʦʚʦʛʦ ʛʣʶʪʝʥʫ ʙʫʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʥʘ ʧʦʯʘʪʢʫ XXI ʩʪʦʣʽʪʪʷ. ɺʤʽʩʪ 

ʙʽʣʢʘ ʚ ʡʦʛʦ ʟʝʨʥʽ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 15,3%, ʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʷʢʽʩʪʴ ʙʦʨʦʰʥʘ ʚʠʱʝ 

ʩʝʨʝʜʥʴʦʛʦ. ʉʦʨʪ ʇʘʥʥʘ ʤʽʩʪʠʪʴ ʘʣʝʣʴ ʛʣʶʪʝʥʽʥʫ Glu-B1-5, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʭʦʨʦʰʽ 

ʭʣʽʙʦʧʝʢʘʨʩʴʢʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʯʠ ʥʘ ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʚ'ʷʟʢʽʩʪʴ ʪʽʩʪʘ. 

ʆʜʥʘʢ ʯʝʨʝʟ ʤʝʥʫh ʧʨʦʜʫʢʪʠʚʥʩ̔ʪɹ ʪʘ ʩʭʠʣʴʥʩ̔ʪɹ ʜʦ ʚʠʣʷʛʘʥʥʷ ʚ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʫʤʦʚʘʭ ʩʦʨʪ ʇʘʥʥʘ ʰʠʨʦʢʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʝʨʥʘ. ʊʠʤ ʥʝ 

ʤʝʥʰʝ, ʚʽʥ ʚʢʣʶʯʝʥʠʡ ʜʦ ʩʝʣʝʢʮʽʡʥʠʭ ʧʨʦʛʨʘʤ ʷʢ ʛʝʥʝʪʠʯʥʝ ʜʞʝʨʝʣʦ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʦʨʪ ʉʦʪʥʠʮʷ ʤʘʻ ʚʠʩʦʢʠʡ 

ʛʝʥʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ; ʢʨʽʤ ʪʦʛʦ, ʚʽʥ ʤʘʻ ʯʫʜʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʭʣʽʙʘ. ʎʝʡ ʩʦʨʪ ʜʦʙʨʝ ʧʝʨʝʥʦʩʠʪʴ 

ʦʩʥʦʚʥʽ ʧʘʪʦʛʝʥʠ ʪʘ ʧʦʩʫʭʫ. ʇʨʠʤʽʪʥʦ, ʱʦ ʩʝʨʝʜʥʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʉʦʪʥʠʮʽ 
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ʧʨʠʙʣʠʟʥʦ ʥʘ 10% ʧʝʨʝʚʠʱʫʻ ʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ [160]. ʉʝʣʝʢʮʽʷ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʨʦʞʘʶ, ʦʩʦʙʣʠʚʦ ʚ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨʘʭ, ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʧʦʛʽʨʰʝʥʥʷ ʚʤʽʩʪʫ ʙʽʣʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʦʤʫ ʩʦʨʪʫ ʋʢʨʘʾʥʢʘ, ʧʦʨʽʚʥʶʶʯʠ ʢʽʣʴʢʽʩʪʴ 

ʪʘ ʩʢʣʘʜ ʙʽʣʢʽʚ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʟʝʨʥʽ, ʟʦʢʨʝʤʘ ʛʣʶʪʝʥʫ. ɻʝʥʦʪʠʧ ʋʢʨʘʾʥʢʘ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʩʪʦʣʽʪʪʷ ʪʦʤʫ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʧʨʠʩʪʦʡʥʠʡ ʫʨʦʞʘʡ ʪʘ ʚʽʜʤʽʥʥʽ 

ʭʣʽʙʦʧʝʢʘʨʩʴʢʽ ʷʢʦʩʪʽ. ʇʨʦʪʷʛʦʤ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ ʚʽʥ ʰʠʨʦʢʦ ʚʠʨʦʱʫʚʘʚʩʷ ʽ ʥʘʚʽʪʴ ʤʘʚ 

ʨʝʧʫʪʘʮʽʶ ʩʚʽʪʦʚʦʛʦ ʩʪʘʥʜʘʨʪʫ ʷʢʦʩʪʽ. ʈʘʥʽʰʝ ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʧʨʦ ʛʝʥʝʪʠʯʥʫ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʛʝʥʝʪʠʯʥʠʭ ʣʦʢʫʩʽʚ ʛʣʶʪʝʥʽʥʫ ʪʘ ʛʣʽʘʜʠʥʫ ʚ ʽʩʪʦʨʠʯʥʦʤʫ ʩʦʨʪʽ 

ʋʢʨʘʾʥʢʘ [161, 162]. 

 

2.2 ʄʦʜʝʣʶʚʘʥʥʷ ʫʤʦʚ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ 

ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʴ ʚʽʜ ʧʦʚʥʦʾ 

ʚʦʣʦʛʦʻʤʥʦʩʪʽ ˇʨʫʥʪʫ: 

1) ʉʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʣʠ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ. ɺ ʩʢʣʷʥʠʡ ʙʶʢʩ ʟ ʚʽʜʦʤʦʶ ʚʘʛʦʶ 

ʙʨʘʣʠ ʥʘʚʘʞʢʫ ˇʨʫʥʪʫ, ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ ʧʦ 105Áʉ ʜʦ ʧʦʩʪʽʡʥʦʾ ʚʘʛʠ ʽ ʧʦ ʨʽʟʥʠʮʽ ʚʘʛʠ 

ʚʠʟʥʘʯʘʣʠ ʚʽʜʩʦʪʦʢ ʚʦʣʦʛʦʩʪʽ ʧʦ ʬʦʨʤʫʣʽ: ʭ=100(ʘ-ʙ):ʘ, ʜʝ ʘ ï ʚʘʛʘ ʩʠʨʦʛʦ ˇʨʫʥʪʫ, ʙ 

ï ʚʘʛʘ ˇʨʫʥʪʫ ʧʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ. 

2) ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʣʠ ʧʦʚʥʫ ʚʦʣʦʛʦʻʤʥʽʩʪʴ. 

ʇʦʚʥʦʶ ʚʦʣʦʛʦʻʤʥʽʩʪʶ ˇʨʫʥʪʫ ʥʘʟʠʚʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʷʢʫ ʤʦʞʝ ʫʪʨʠʤʘʪʠ 100 

ʛ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ˇʨʫʥʪʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʚʦʣʦʛʦʻʤʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʮʠʥʢʦʚʠʡ ʮʠʣʽʥʜʨ ʟ ʩʽʪʯʘʩʪʠʤ ʜʥʦʤ, ʜʽʘʤʝʪʨʦʤ 5 ʩʤ ʽ ʚʠʩʦʪʦʶ 20 ʩʤ. ʅʘ ʜʥʦ 

ʮʠʣʽʥʜʨʫ ʢʣʘʣʠ ʧʦʣʦʪʥʷʥʝ, ʧʦʧʝʨʝʜʥʴʦ ʟʤʦʯʝʥʝ ʚʦʜʦʶ ʢʦʣʦ, ʽ ʟʚʘʞʫʚʘʣʠ ʮʠʣʽʥʜʨ ʥʘ 

ʪʝʭʥʽʯʥʠʭ ʚʘʛʘʭ ʟ ʪʦʯʥʩ̔ʪʶ ʜʦ 0,01 ʛ. 

ɺ ʮʠʣʽʥʜʨ, ʧʦʩʪʽʡʥʦ ʧʦʩʪʫʢʫʶʯʠ, ʤʘʡʞʝ ʜʦ ʚʝʨʭʫ ʟʘʩʠʧʘʣʠ ˇʨʫʥʪ. ʎʠʣʽʥʜʨ 

ʟʥʦʚʫ ʟʚʘʞʫʚʘʣʠ ʟ ˇʨʫʥʪʦʤ ʽ ʧʦʤʽʱʘʣʠ ʫ ʚʝʣʠʢʠʡ ʢʨʠʩʪʘʣʽʟʘʪʦʨ ʟ ʚʦʜʦʶ (ʨʽʚʝʥʴ ʚʦʜʠ 

ʥʘ 2 ʩʤ ʚʠʱʝ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʮʠʣʽʥʜʨʘ). ɺʩʶ ʫʩʪʘʥʦʚʢʫ ʧʦʢʨʠʚʘʣʠ ʩʢʣʷʥʠʤ 

ʢʦʚʧʘʢʦʤ. ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʦʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ʎʠʣʽʥʜʨʠ ʚʠʪʨʠʤʫʚʘʣʠ ʫ 
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ʚʦʜʽ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚʦʜʘ ʧʦʚʥʽʩʪʶ ʥʘʩʠʯʠʪʴ ˇʨʫʥʪ, ʱʦ ʙʫʣʦ ʧʦʤʽʪʥʦ ʧʦ ʢʦʣʴʦʨʫ 

ˇʨʫʥʪʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʮʠʣʽʥʜʨʠ ʚʠʡʤʘʣʠ, ʩʪʘʚʠʣʠ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ (ʱʦ ʚʽʣʴʥʦ ʩʪʽʢʘʻ) ʚʦʜʠ, ʦʙʩʫʰʫʚʘʣʠ ʽ ʟʚʘʞʫʚʘʣʠ. ʇʦʪʽʤ 

ʧʦʤʽʱʘʣʠ ʮʠʣʽʥʜʨʠ ʟʥʦʚʫ ʫ ʚʦʜʫ ʽ ʯʝʨʝʟ 1-2 ʛʦʜʠʥʠ ʟʚʘʞʫʚʘʣʠ  ʜʨʫʛʠʡ ʨʘʟ. 

ɺʦʣʦʛʦʻʤʥʽʩʪʴ ˇʨʫʥʪʫ ʫ ʚʽʜʩʦʪʢʘʭ ʚʠʨʘʭʦʚʫʚʘʣʠ ʧʦ ʬʦʨʤʫʣʽ: ʫ=100(ʙ1-ʘ1):ʘ1, 

ʜʝ ʘ1 ï ʚʘʛʘ ʚʟʷʪʦʛʦ ˇʨʫʥʪʫ, ʙ1 ï ʚʘʛʘ ʥʘʩʠʯʝʥʦʛʦ ʚʦʜʦʶ ˇʨʫʥʪʫ. 

ʇʦʚʥʘ ʚʦʣʦʛʦʻʤʥʽʩʪʴ ˇʨʫʥʪʫ ʜʦʨʽʚʥʶʻ ʚʽʜʩʦʪʢʫ ʚʦʜʠ, ʱʦ ʚʞʝ ʤʽʩʪʠʣʘʩʷ ʫ 

ˇʨʫʥʪʽ, ʧʣʶʩ ʚʽʜʩʦʪʦʢ ʚʦʜʠ, ʱʦ ˇʨʫʥʪ ʥʘʩʠʪʠʚʩʷ, ʪʦʙʪʦ ʭ+ʫ. 

ɺʦʣʦʛʦʻʤʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʘʙʩʦʣʶʪʥʦ ʩʫʭʠʡ ˇʨʫʥʪ. ɺ 100 ʛ  ʚʟʷʪʦʛʦ 

ˇʨʫʥʪʫ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ˇʨʫʥʪʫ ʙʫʣʦ 100-ʭ. 

ʇʦʚʥʘ ʚʦʣʦʛʦʻʤʥʽʩʪʴ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ˇʨʫʥʪʫ: 100(ʭ+ʫ)/(100-ʭ). 

ʂʽʣʴʢʽʩʪʴ ʚʦʜʠ ʥʘ 100 ʛ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ˇʨʫʥʪʫ ʧʨʠ 60% ʚʽʜ ʧʦʚʥʦʾ 

ʚʦʣʦʛʦʻʤʥʦʩʪʽ ʜʦʨʽʚʥʶʻ: 60(ʭ+ʫ)/(100-ʭ). 

3) ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʠ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʜʦʚʝʜʝʥʥʷ ʚʟʷʪʦʛʦ ˇʨʫʥʪʫ ʜʦ 60% 

ʇɺ,  ʥʝʦʙʭʽʜʥʦ ʚʠʨʘʭʫʚʘʪʠ ʚʘʛʫ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ˇʨʫʥʪʫ ʚ ʧʦʩʫʜʠʥʽ. ʉʧʦʯʘʪʢʫ 

ʜʽʟʥʘʚʘʣʠʩʴ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ ʫ ʚʟʷʪʦʤʫ ˇʨʫʥʪʽ, ʜʣʷ ʯʦʛʦ ʚʘʛʫ ˇʨʫʥʪʫ ʚ ʧʦʩʫʜʠʥʽ ʚ 

ʤʦʤʝʥʪ ʥʘʙʠʚʢʠ ʤʥʦʞʘʪʴ ʥʘ ʚʦʣʦʛʽʩʪʴ ʮʴʦʛʦ ˇʨʫʥʪʫ. ɺʽʜʥʷʚʰʠ ʚʘʛʫ ʚʦʜʠ ʚʽʜ ʚʘʛʠ 

ʚʟʷʪʦʛʦ ˇʨʫʥʪʫ ʜʽʟʥʘʚʘʣʠʩʴ ʚʘʛʫ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ˇʨʫʥʪʫ ʚ ʧʦʩʫʜʠʥʽ. 

ʇʦʤʥʦʞʠʚʰʠ ʚʘʛʫ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ˇʨʫʥʪʫ ʥʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ 

ʚ 100 ʛ ˇʨʫʥʪʫ ʧʨʠ 60% ʇɺ, ʦʪʨʠʤʫʚʘʣʠ ʚʘʛʫ ʚʦʜʠ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʜʦʚʝʜʝʥʥʷ 

ˇʨʫʥʪʫ ʫ ʧʦʩʫʜʠʥʽ ʜʦ 60% ʇɺ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʚʘʛʠ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ˇʨʫʥʪʫ ʟ 

ʮʽʣʴʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʚʦʜʠ, ʜʽʟʥʘʚʘʣʠʩʴ ʚʘʛʫ ˇʨʫʥʪʫ ʚ ʧʦʩʫʜʠʥʽ ʧʨʠ 60% ʇɺ [163]. 

ɺʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥ 

ɺʦʩʝʥʠ ʧʦʩʽʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ 

ʚʠʩʽʚʘʣʠ ʫ ʚʽʜʢʨʠʪʠʡ ˇʨʫʥʪ (ʨʷʜʢʠ ʛʣʠʙʠʥʦʶ 3-5 ʩʤ, ʜʦʚʞʠʥʦʶ 110 ʩʤ, 100 ʟʝʨʝʥ ʥʘ 

ʨʷʜʦʢ). ʇʽʩʣʷ ʧʝʨʝʟʠʤʽʚʣʽ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʨʦʩʣʠʥʠ ʥʘʚʝʩʥʽ ʧʝʨʝʩʘʜʠʣʠ ʫ 

ʚʝʛʝʪʘʮʽʡʥʽ ʧʣʘʩʪʠʢʦʚʽ ʧʦʩʫʜʠʥʠ, ʷʢʽ ʚʤʽʱʫʚʘʣʠ 10 ʢʛ ˇʨʫʥʪʦʚʦ-ʧʽʱʘʥʦʾ ʩʫʤʽʰʽ. 

(4:1, ʜʦ 8 ʢʛ ˇʨʫʥʪʫ ʩʚʽʪʣʦ-ʩʽʨʦʛʦ ʦʧʽʜʟʦʣʝʥʦʛʦ ʣʝʛʢʦʩʫʛʣʠʥʢʦʚʦʛʦ ʜʦʜʘʚʘʣʠ 2 ʢʛ 
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ʧʽʩʢʫ). ɺʥʦʩʠʣʠ ʜʦʙʨʠʚʦ ʅʽʪʨʦʘʤʦʬʦʩʢʘ  ʚ ʨʦʟʨʘʭʫʥʢʫ 1 ʛ ʥʘ 1 ʢʛ ˇʨʫʥʪʫ. ɺʥʝʩʝʥʥʷ 

ʨʦʟʜʽʣʷʣʠ ʥʘ ʜʚʘ ʧʨʠʡʦʤʠ: ʧʝʨʰʫ ʧʦʨʮʽʶ ï ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ ʧʦʩʫʜʠʥ, ʜʨʫʛʫ 

ʧʦʣʦʚʠʥʫ ï ʢʦʣʠ ʨʦʩʣʠʥʠ ʙʫʣʠ ʫ ʬʘʟʽ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ. ʂʽʣʴʢʽʩʪʴ ʨʦʩʣʠʥ ʚ ʧʦʩʫʜʠʥʘʭ 

ʩʪʘʥʦʚʠʣʘ 20 ʰʪ. ʈʦʩʣʠʥʠ ʨʦʟʤʽʱʫʚʘʣʠ ʥʘ ʚʝʛʝʪʘʮʽʡʥʠʭ ʜʽʣʷʥʢʘʭ ʥʘ ʩʧʝʮʽʘʣʴʥʦ 

ʦʙʣʘʰʪʦʚʘʥʠʭ ʩʪʝʣʘʞʘʭ ʧʽʜ ʩʚʽʪʣʦʧʨʦʥʠʢʥʦʶ ʧʣʽʚʢʦʶ, ʱʦʙ ʧʨʠʨʦʜʥʽ ʦʧʘʜʠ ʥʝ 

ʧʦʪʨʘʧʣʷʣʠ ʫ ʚʝʛʝʪʘʮʽʡʥʽ ʧʦʩʫʜʠʥʠ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʟ ʨʦʩʪʫ ʨʦʩʣʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʫ ʫ 

ʩʚʽʪʽ ʰʢʘʣʫ ʬʘʟ ʨʦʩʪʫ ʽ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ (ʬʝʥʦʣʦʛʽʯʥʠʭ ʬʘʟ) BBCH (Biologische 

Bundesanstalt, Bundessortenamt und CHemische Industrie, ʌʝʜʝʨʘʣʴʥʝ ʘʛʝʥʪʩʪʚʦ ʟ 

ʧʠʪʘʥʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ).  

ɼʦ ʧʦʯʘʪʢʫ ʮʚʽʪʽʥʥʷ (BBCH 59), ʘ ʚ ʢʦʥʪʨʦʣʴʥʦʤʫ ʚʘʨʽʘʥʪʽ ʚʧʨʦʜʦʚʞ ʚʩʽʻʾ 

ʚʝʛʝʪʘʮʽʾ, ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʧʽʜʪʨʠʤʫʚʘʣʠ ʥʘ ʨʽʚʥʽ 60-70% ʇɺ. ʋ ʬʘʟʫ ʮʚʽʪʽʥʥʷ 

(BBCH 61), ʧʨʠʧʠʥʷʣʠ ʧʦʣʠʚ ʨʦʩʣʠʥ ʜʦʩʣʽʜʥʦʛʦ ʚʘʨʽʘʥʪʘ. ʂʦʣʠ ʯʝʨʝʟ 3 ʜʦʙʠ 

ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʚ ʧʦʩʫʜʠʥʘʭ ʟʥʠʟʠʣʘʩʴ ʜʦ 30%, ʧʨʦʚʦʜʠʣʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ 

ʧʨʦʜʠʭʽʚ. ɼʦʩʣʽʜʥʽ ʨʦʩʣʠʥʠ ʚʠʪʨʠʤʫʚʘʣʠ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʦʛʦ ʧʦʣʠʚʫ. ɺʠʟʥʘʯʝʥʥʷ 

ʬʽʟʽʦʣʦʛʦ-ʙʽʦʭʽʤʽʯʥʠʭ ʟʤʽʥ ʧʨʦʚʦʜʠʣʠ ʫ ʜʚʦʭ ʪʦʯʢʘ ï ʥʘ ʧʦʯʘʪʢʫ ʚʩʪʘʥʦʚʣʝʥʥʷ 30% 

ʇɺ ʽ ʯʝʨʝʟ 7 ʜʽʙ. 

 

2.3 ʄʝʪʦʜʠʢʘ ʬʽʟʽʦʣʦʛʦ-ʙʽʦʭʽʤʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʨʪʽʚ ʟʘ ʦʙʤʝʞʝʥʦʛʦ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ 

ɺʠʟʥʘʯʝʥʥʷ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ 

ɺʦʜʥʠʡ ʜʝʬʽʮʠʪ (ɺɼ) ʧʦʢʘʟʫʻ ʚʽʜʩʫʪʥʶ ʜʦ ʧʦʚʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʨʦʩʣʠʥʥʠʭ 

ʢʣʽʪʠʥ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʷʢʘ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʾʾ ʚʤʽʩʪʫ ʧʨʠ 

ʧʦʚʥʦʤʫ ʥʘʩʠʯʝʥʥʽ ʪʢʘʥʠʥ. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʦʩʣʽʜʫ ʚʽʜʤʽʯʘʣʠ ʦʜʥʘʢʦʚʦ ʨʦʟʚʠʥʫʪʽ ʣʠʩʪʢʠ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ. ʇʦʪʽʤ ʫ ʢʦʥʪʨʦʣʴʥʦʤʫ ʪʘ ʜʦʩʣʽʜʥʦʤʫ ʚʘʨʽʘʥʪʘʭ ʚʽʜʨʽʟʘʣʠ ʣʠʩʪ ʫ ʦʩʥʦʚʠ ʽ 

ʟʚʘʞʫʚʘʣʠ (ʩʠʨʫ ʤʘʩʫ). ɿʚʘʞʝʥʠʡ ʣʠʩʪ ʧʦʤʽʱʘʣʠ ʫ ʧʨʦʙʽʨʢʫ ʟ 2-3 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ 

ʚʦʜʠ. ʇʨʦʙʽʨʢʠ ʟʽ ʟʨʘʟʢʘʤʠ ʩʪʘʚʠʣʠ ʚ ʢʘʤʝʨʫ ʜʣʷ ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʥʘ ʜʥʽ ʷʢʦʾ 
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ʟʥʘʭʦʜʠʣʘʩʴ ʚʦʜʘ ʽ ʥʘʢʨʠʚʘʣʠ ʢʨʠʰʢʦʶ, ʥʘ 12 ʛʦʜ. ʇʽʩʣʷ ʥʘʩʠʯʝʥʥʷ ʚʦʜʦʶ ʚʠʡʤʘʣʠ 

ʣʠʩʪʦʯʢʠ ʟ ʧʨʦʙʽʨʦʢ, ʬʽʣʴʪʨʫʚʘʣʴʥʠʤ ʧʘʧʝʨʦʤ ʧʨʦʤʦʢʘʣʠ ʟʘʣʠʰʢʠ ʚʦʜʠ ʽ 

ʟʚʘʞʫʚʘʣʠ. ʇʦʪʽʤ ʜʘʥʽ ʣʠʩʪʦʯʢʠ ʧʦʤʽʱʘʣʠ ʫ ʩʫʰʠʣʴʥʫ ʰʘʬʫ, ʚʠʩʫʰʫʚʘʣʠ ʜʦ 

ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʽ ʟʥʦʚʫ ʟʚʘʞʫʚʘʣʠ [163]. ʂʽʥʮʝʚʠʡ ʚʦʜʥʠʡ ʜʝʬʽʮʠʪ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

ʍ=100(ʙ-ʘ)/ʙ-ʚ, 

ʜʝ ʍ ï ʚʦʜʥʠʡ ʜʝʬʽʮʠʪ ʣʠʩʪʘ, % ʜʦ ʤʘʩʠ ʚʦʜʠ ʚ ʥʘʩʠʯʝʥʦʤʫ ʣʠʩʪʽ; ʘ ï ʤʘʩʘ ʣʠʩʪʢʘ 

ʜʦ ʥʘʩʠʯʝʥʥʷ, ʛ; ʙ ï ʤʘʩʘ ʣʠʩʪʢʘ ʧʽʩʣʷ ʥʘʩʠʯʝʥʥʷ ʚʦʜʦʶ, ʛ; ʚ ï ʩʫʭʘ ʤʘʩʘ, ʛ [163]. 

ɺʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʬʝʨʤʝʥʪʽʚ 

ɸʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʫ ʭʣʦʨʦʧʣʘʩʪʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ. ʍʣʦʨʦʧʣʘʩʪʠ ʚʠʜʽʣʷʣʠ ʤʝʭʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 0-4 Áʉ [164]. 

ɸʢʪʠʚʥʽʩʪʴ ʉʆɼ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʽʪʨʦʪʝʪʨʘʟʦʣʽʻʚʦʛʦ ʙʣʘʢʠʪʥʦʛʦ ʟʘ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ 560 ʥʤ [165],  ʘʢʪʠʚʥʽʩʪʴ ɸʇʆ ï ʚ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ 

ʟʘ 290 ʥʤ ʤʝʪʦʜʦʤ ʏʝʥʘ ʡ ɸʩʘʜʠ [166]. 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ  

ɺʤʽʩʪ ʭʣʦʨʦʬʽʣʽʚ ʘ ʪʘ b  ʚʠʟʥʘʯʘʣʠ ʫ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʮʴʦʛʦ ʚʽʜʽʙʨʘʣʠ ʥʘʚʘʞʢʫ (100 ʤʛ) 

ʧʦʜʨʽʙʥʝʥʠʭ ʣʠʩʪʢʦʚʠʭ ʧʣʘʩʪʠʥʦʢ ʪʘ ʟʘʣʠʚʘʣʠ 10 ʤʣ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʫ (ɼʄʉʆ). 

ʇʨʦʙʽʨʢʠ ʟ ʨʦʟʯʠʥʦʤ ʧʦʤʽʱʘʣʠ ʫ ʚʦʜʷʥʫ ʙʘʥʶ ʥʘ 4 ʛʦʜʠʥʠ (ʧʨʠ 65Áʉ). ʇʦʪʽʤ 1 ʤʣ 

ʨʦʟʯʠʥʫ ʨʦʟʚʦʜʠʣʠ 3-5 ʤʣ ɼʄʉʆ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʘʟʠ ʨʦʟʚʠʪʢʫ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʛʤʝʥʪʽʚ ʚ ʣʠʩʪʢʫ) ʽ ʚʠʟʥʘʯʘʣʠ ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ ʨʦʟʯʠʥʫ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʉʌ-26 (ʃʆʄʆ). ʂʦʥʮʝʥʪʨʘʮʽʶ ʧʽʛʤʝʥʪʽʚ (ʤʛ/ʣ) ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʬʦʨʤʫʣʘʤʠ A.P. Wellburn [167], ʧʦʪʽʤ ʧʝʨʝʨʘʭʦʚʫʚʘʣʠ ʥʘ ʤʘʩʫ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ. 

ʉʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Microsoft Excel 

ʟʛʽʜʥʦ [168]. 

ɺʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʩʠʥʪʝʟʫ ʪʘ ʪʨʘʥʩʧʽʨʘʮʽʾ 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʪʦʩʠʥʪʝʟʫ, ʨʝʻʩʪʨʫʚʘʣʠ ʟʘ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʫʤʦʚ ʥʘ 

ʫʩʪʘʥʦʚʮʽ, ʟʤʦʥʪʦʚʘʥʽʡ ʥʘ ʙʘʟʽ ʦʧʪʠʢʦ-ʘʢʫʩʪʠʯʥʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ 
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ɻɯɸʄ-5ʄ, ʫʚʽʤʢʥʝʥʦʛʦ ʟʘ ʜʠʬʝʨʝʥʮʽʡʥʦʶ ʩʭʝʤʦʶ. ʅʝʚʽʜʦʢʨʝʤʣʝʥʽ ʚʽʜ ʨʦʩʣʠʥ 

ʧʨʘʧʦʨʮʝʚʽ ʣʠʩʪʢʠ (ʧʦ 2 ʧʘʨʘʣʝʣʴʥʦ) ʨʦʟʤʽʱʫʚʘʣʠ ʫ ʪʝʨʤʦʩʪʘʪʦʚʘʥʽʡ (+25ʦʉ) ʢʘʤʝʨʽ 

ʨʦʟʤʽʨʦʤ 3Ĭ7 ʩʤ ʪʘ ʦʩʚʽʪʣʶʚʘʣʠ (400 ɺʪ/ʤ2 ʌɸʈ) ʣʘʤʧʦʶ ʨʦʟʞʘʨʶʚʘʥʥʷ ʂɻ-2000 

ʯʝʨʝʟ ʚʦʜʷʥʠʡ ʬʽʣʴʪʨ ʜʣʷ ʫʩʫʥʝʥʥʷ ʥʘʜʣʠʰʢʫ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʨʘʜʽʘʮʽʾ ʫ ʩʧʝʢʪʨʽ ʾʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʏʝʨʝʟ ʢʘʤʝʨʫ ʧʨʦʜʫʚʘʣʠ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 1 ʣ/ʭʚ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʪʦʩʠʥʪʝʟʫ ʚʠʟʥʘʯʘʣʠ ʚ ʦʜʠʥʠʮʷʭ ʤʢʤʦʣʴ ʉʆ2/(ʤ
2 ʩ). 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʽʨʘʮʽʾ ʚʠʤʽʨʶʚʘʣʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ 

ʤʽʢʨʦʧʩʠʭʨʦʤʝʪʨʦʤ ʟʘ ʨʽʟʥʠʮʝʶ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʽʟ ʢʘʤʝʨʠ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʛʘʟʦʦʙʤʽʥʫ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ 

[169]. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʽʨʘʮʽʾ ʚʠʟʥʘʯʘʣʠ ʚ ʦʜʠʥʠʮʷʭ ʤʤʦʣʴ ʅ2ʆ/(ʤ
2 ʩ). 

ɺʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʠʭʦʚʦʛʦ ʘʧʘʨʘʪʫ 

ʉʪʘʥ ʧʨʦʜʠʭʽʚ (ʾʭ ʢʽʣʴʢʽʩʪʴ ʪʘ ʨʦʟʤʽʨ) ʥʘ ʘʜʘʢʩʽʘʣʴʥʽʡ ʪʘ ʘʙʘʢʩʽʘʣʴʥʽʡ 

ʧʦʚʝʨʭʥʷʭ ʣʠʩʪʢʘ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʚʽʜʙʠʪʢʽʚ. ɼʣʷ ʮʴʦʛʦ ʫ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʽ 

ʜʦʩʣʽʜʫ ʚʽʜʙʠʨʘʣʠ ʧôʷʪʴ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʥʘ ʷʢʽ ʥʘʥʦʩʠʣʠ ʧʦ ʧôʷʪʴ ʪʦʥʢʠʭ 

ʤʘʟʢʽʚ ʧʨʦʟʦʨʦʛʦ ʣʘʢʫ ʥʘ ʦʙʠʜʚʽ ʧʦʚʝʨʭʥʽ ʣʠʩʪʘ ʙʽʣʷ ʮʝʥʪʨʘʣʴʥʦʾ ʞʠʣʢʠ. ʇʽʩʣʷ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʧʣʽʚʢʘ ʥʘ ʷʢʽʡ ʚʽʜʙʠʚʘʻʪʴʩʷ ʝʧʽʜʝʨʤʽʩ ʟ 

ʧʨʦʜʠʭʘʤʠ. ʇʽʩʣʷ ʧʦʚʥʦʛʦ ʚʠʩʠʭʘʥʥʷ ʟʥʽʤʘʣʠ ʧʣʽʚʢʫ ʧʽʥʮʝʪʦʤ, ʨʦʟʤʽʱʫʚʘʣʠ ʥʘ 

ʧʨʝʜʤʝʪʥʝ ʩʢʣʦ ʪʘ ʨʦʟʛʣʷʜʘʣʠ ʧʽʜ ʩʚʽʪʣʦʚʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʢʫʣʷʨ-

ʤʽʢʨʦʤʝʪʨʘ. ʂʽʣʴʢʽʩʪʴ ʧʨʦʜʠʭʽʚ ʥʘ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʣʠʩʪʢʦʚʦʾ ʧʣʘʩʪʠʥʢʠ 

ʧʽʜʨʘʭʦʚʫʚʘʣʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ Ĭ100 ʤʽʢʨʦʩʢʦʧʘ [170], ʜʦʚʞʠʥʫ ʽ ʰʠʨʠʥʫ 

ʧʨʦʜʠʭʦʚʦʾ ʱʽʣʠʥʠ ï Ĭ200 [171]. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ 25ïʢʨʘʪʥʽʡ ʧʦʚʪʦʨʥʦʩʪʽ. 

ʉʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Microsoft Excel 

2007. 

 

2.4 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʥʥʦʛʦ ʧʫʣʫ ʧʰʝʥʠʮʽ 

2.4.1 ɺʠʜʽʣʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʟ ʟʝʨʥʘ ʪʘ ʟʝʣʝʥʦ ʾʤʘʩʠ ʧʰʝʥʠʮʽ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʧʨʝʧʘʨʘʪʫ, ʱʦ ʙʫʚ ʦʩʥʦʚʦʶ ʜʣʷ ʩʠʢʚʝʥʫʚʘʥʥʷ 

ʟ ʰʝʩʪʠ ʢʦʥʪʨʘʩʪʥʠʭ ʩʦʨʪʽʚ (ɸʩʪʘʨʪʘ, ʆʜʝʩʴʢʘ 267, ʇʦʜʦʣʷʥʢʘ, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, 
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ʅʘʪʘʣʢʘ, ʇʦʣʽʩʴʢʘ 90), ʟʝʨʥʦ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʨʦʱʫʚʘʣʠ ʥʘ ʟʚʦʣʦʞʝʥʦʤʫ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʧʘʧʝʨʽ ʥʘ ʯʘʰʮʽ ʇʝʪʨʽ ʧʨʦʪʷʛʦʤ 3 ʜʽʙ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ 

ʚʠʜʽʣʝʥʥʷ ʟʝʣʝʥʫ ʯʘʩʪʠʥʫ ʧʨʦʨʦʩʪʢʘ. ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʢʦʣʝʢʮʽʾ ʟʨʘʟʢʽʚ ʟ ʤʝʪʦʶ 

ʩʢʨʠʥʽʥʛʫ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʽʚ ʽʥʪʝʨʝʩʫ ʟʘʛʘʣʴʥʫ ɼʅʂ ʚʠʜʽʣʷʣʠ ʽ ʦʯʠʱʫʚʘʣʠ ʟ 5 

ʟʝʨʥʠʥ ʜʣʷ ʩʦʨʪʽʚ ʽ 1 ʟʝʨʥʠʥʠ ʜʣʷ ʛʽʙʨʠʜʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʥʘ 

ʦʩʥʦʚʽ ʜʝʪʝʨʛʝʥʪʫ ʎʊɸɹ [172, 173]. 

ʇʦʧʝʨʝʜʥʴʦ ʨʦʟʪʝʨʪʝ ʫ ʩʪʫʧʮʽ ʟʝʨʥʦ, ʧʝʨʝʥʦʩʠʣʠ ʫ ʧʨʦʙʽʨʢʫ ʪʠʧʫ Eppendorf 

1,5 ʤʣ ʪʘ ʜʦʜʘʚʘʣʠ 600 ʤʢʣ ʎʊɸɹ-ʙʫʬʝʨʫ (2% ʎʊɸɹ; 1,42 ʄ NaCl; 20 ʤM EɼTA; 

100 ʤʄ Tris-Cl pH 8,0; 2% ʧʦʣʽʚʽʥʽʣʧʽʨʨʦʣʽʜʦʥ; 5 ʤʄ ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ; 4,0 ʤʄ 

ʥʘʪʨʽʶ ʜʠʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪ) (ʫ ʚʠʧʘʜʢʫ ʧʨʦʨʦʩʪʢʽʚ ʙʫʬʝʨ ʜʦʜʘʚʘʣʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʫ ʩʪʫʧʢʫ) ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʧʽʜʽʛʨʽʚʘʥʥʷʤ ʥʘ ʪʝʨʤʦʰʝʡʢʝʨʽ Thermomixer comfort 

(Eppendorf) ʧʨʠ 65Áʉ, 15 ʭʚ. ɼʣʷ ʚʽʜʜʽʣʝʥʥʷ ʜʦʤʽʰʦʢ, ʧʨʦʚʦʜʠʣʠ ʝʢʩʪʨʘʢʮʽʶ 

ʨʦʟʯʠʥʫ ʜʦʜʘʶʯʠ 500 ʤʢʣ ʩʫʤʽʰʽ ʭʣʦʨʦʬʦʨʤ:ʽʟʦʘʤʽʣʦʚʠʡ ʩʧʠʨʪ (24:1) ʽ ʘʢʪʠʚʥʦ 

ʧʝʨʝʤʽʰʫʶʯʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʨʪʝʢʩʫ Biosan V-32, 500 ʦʙ/ʭʚ, 5 ʭʚ. ʈʦʟʜʽʣʷʣʠ 

ʚʦʜʥʦ-ʦʨʛʘʥʽʯʥʫ ʬʘʟʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʫ ʤʽʢʨʦʮʝʥʪʨʠʬʫʟʽ Centrifuge 5418 

(Eppendorf), 12000 ʦʙ/ʭʚ, 5 ʭʚ. ɺʽʜʙʠʨʘʣʠ 200 ʤʢʣ ʚʝʨʭʥʴʦʾ ʚʦʜʥʦʾ ʬʘʟʠ (ʱʦ ʤʽʩʪʠʪʴ 

ɼʅʂ) ʪʘ ʧʝʨʝʥʦʩʠʣʠ ʫ ʯʠʩʪʫ ʧʨʦʙʽʨʢʫ ʟ 140 ʤʢʣ ʽʟʦʧʨʦʧʘʥʦʣʫ (0,7 ʚʽʜ ʦʙôʻʤʫ 

ʚʽʜʽʙʨʘʥʦʾ ʚʦʜʥʦʾ ʬʘʟʠ ʟ ɼʅʂ) ʜʣʷ ʧʨʝʮʠʧʽʪʘʮʽʾ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ 5 ʭʚ. ʆʩʘʜʞʝʥʥʷ ʧʨʝʮʠʧʽʪʘʪʫ ʧʨʦʚʦʜʠʣʠ ʫ ʮʝʥʪʨʠʬʫʟʽ Centrifuge 5418 

(Eppendorf), 12000 ʦʙ/ʭʚ, 20 ʭʚ. ʇʽʩʣʷ ʟʣʠʪʪʷ ʩʫʧʝʨʥʘʪʘʥʪʫ, ʦʪʨʠʤʘʥʠʡ ʦʩʘʜ 

ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʧʨʦʤʠʚʘʣʠ ʫ 800 ʤʢʣ 70% ʝʪʘʥʦʣʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʥʘ ʚʦʨʪʝʢʩʽ 

Biosan Microspin FV-2400. ʆʩʘʜ ʦʩʘʜʞʫʚʘʣʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʫ ʤʽʢʨʦʮʝʥʪʨʠʬʫʟʽ 

Centrifuge 5418 (Eppendorf), 12000 ʦʙ/ʭʚ, 5 ʭʚ, ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʟʣʠʚʘʥʥʷʤ 

ʩʫʧʝʨʥʘʪʘʥʪʫ. ɿʘʣʠʰʢʠ ʝʪʘʥʦʣʫ  ʚʠʩʫʰʫʚʘʣʠ ʥʘ ʪʝʨʤʦʰʝʡʢʝʨʽ Thermomixer comfort 

(Eppendorf) ʧʨʠ 55Áʉ, ʦʨʽʻʥʪʦʚʥʦ 15 ʭʚ ʜʦ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʩʧʠʨʪʫ, ʽ ʨʦʟʯʠʥʷʣʠ 

ɼʅʂ ʫ 100 ʤʢʣ TE ʨʅ 8,0 (10 ʤʄ Tris-ʅCl pH 8,0, 1 ʤʄ EɼTA) [174]. 
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2.4.2 ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ 

ɻʦʪʫʚʘʣʠ ʨʦʟʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ɼʅʂ ʘʙʦ ʈʅʂ ʪʘ ʢʦʥʪʨʦʣʴʥʠʡ ʨʦʟʯʠʥ. ɹʨʘʣʠ 

95 ʤʢʣ ddH2O ʪʘ ʟʤʽʰʫʚʘʣʠ ʟ 5 ʤʢʣ ʧʨʝʧʘʨʘʪʫ ʥʫʢʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɺ ʢʦʥʪʨʦʣʴʥʠʡ 

ʨʦʟʯʠʥ ʟʘʤʽʩʪʴ ʧʨʝʧʘʨʘʪʫ ʚʥʦʩʠʣʠ 5 ʤʢʣ ʨʦʟʯʠʥʥʠʢʘ (ʊɽ ʙʫʬʝʨ ʜʣʷ ɼʅʂ ʘʙʦ ɼɽʇʂ-

ddH2O ʜʣʷ ʈʅʂ). ɺʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʘʧʘʨʘʪʽ BioPhotometer 

v.1.35 (Eppendorf) ʟʛʽʜʥʦ ʽʥʩʪʨʫʢʮʽʡ ʚʠʨʦʙʥʠʢʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʦʚʦʜʠʣʠ ʥʦʨʤʘʣʽʟʘʮʽʶ ʟʨʘʟʢʽʚ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʜʦ 30 ʥʛ/ʤʢʣ 

ʜʦʜʘʚʘʥʥʷʤ ʊɽ-ʙʫʬʝʨʫ. 

 

2.4.3 ʇʦʣʽʤʝʨʘʟʥʘ ʣʘʥʮʶʛʦʚʘ ʨʝʘʢʮʽʷ 

ʇʃʈ 

ɼʣʷ ʧʦʩʪʘʥʦʚʢʠ ʧʦʣʽʤʝʨʘʟʥʦʾ ʣʘʥʮʶʛʦʚʦʾ ʨʝʘʢʮʽʾ (ʇʃʈ ʘʙʦ ʘʤʧʣʽʬʽʢʘʮʽʾ) 

ʛʦʪʫʚʘʣʠ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ. 20 ʤʢʣ ʩʫʤʽʰʽ ʚʢʣʶʯʘʣʠ ʧʦ 0,5 ʤʢʄ ʧʨʷʤʦʛʦ  ʽ 

ʟʚʦʨʦʪʥʴʦʛʦ ʧʨʘʡʤʝʨʽʚ (Metabion), 1Ĭ Reaction Buffer B (0,8 M Tris-HCl, 0,2 M 

(NH4)2SO4, 0,2% Tween-20) (Solis BioDyne), 2 ʤʄ MgCl2 0,2 ʤʢʄ ʢʦʞʥʦʛʦ ʜʅʊʌ 

(Thermo Fisher Scientific), 1 ʦʜʠʥʠʮʶ FIREPolÈ ɼʅʂ-ʧʦʣʽʤʝʨʘʟʠ (Solis BioDyne), 30 

ʥʛ ʟʘʛʘʣʴʥʦʾ ʨʦʩʣʠʥʥʦʾ ɼʅʂ ʪʘ ddH2O ʜʦ 20 ʤʢʣ.  

ʆʧʪʠʤʽʟʘʮʽʷ ʫʤʦʚ ʇʃʈ 

ʂʨʠʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʫʤʦʚ ʧʨʦʭʦʜʞʝʥʥʷ ʇʃʈ ʻ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʘʡʤʝʨʽʚ, ʢʽʣʴʢʽʩʪʴ ʽʦʥʽʚ Mg2+  ʪʘ ʯʘʩ ʩʪʘʜʽʾ 

ʝʣʦʥʛʘʮʽʾ.  

ʉʧʦʯʘʪʢʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʫʤʦʚʠ ʢʣʘʩʠʯʥʦʾ ʪʨʠʩʪʘʜʽʡʥʦʾ ʇʃʈ, ʱʦ ʚʢʣʶʯʘʻ 

ʜʝʥʘʪʫʨʘʮʽʶ ʧʦʜʚʽʡʥʦʾ ʩʧʽʨʘʣʽ ɼʅʂ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 94ÁC, ʛʽʙʨʠʜʠʟʘʮʽʶ ʧʨʘʡʤʝʨʽʚ 

(ʚʘʨʽʘʙʝʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʠ ʧʨʘʡʤʝʨʽʚ) ʪʘ ʝʣʦʥʛʘʮʽʶ ʣʘʥʮʶʛʘ 

ʧʨʠ 72ÁC (ʚʘʨʽʘʙʝʣʴʥʘ ʧʨʦʪʷʞʥʽʩʪʴ ʩʪʘʜʽʾ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʦʯʽʢʫʚʘʥʦʛʦ 

ʧʨʦʜʫʢʪʫ).  

ʗʢ ʚʽʜʦʤʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʘʨʠ ʧʨʘʡʤʝʨʽʚ ʥʘ ʜʝʢʽʣʴʢʘ ʛʨʘʜʫʩʽʚ 

ʥʠʞʯʘ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦʾ (in silico) ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʢʦʞʥʦʾ ʧʘʨʠ 
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ʧʨʘʡʤʝʨʽʚ (ʟʘʟʥʘʯʘʻʪʴʩʷ ʚʠʨʦʙʥʠʢʦʤ ʧʨʘʡʤʝʨʽʚ) ʽ ʾʾ ʨʘʮʽʦʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʚʠʟʥʘʯʘʣʦʩʴ ʝʤʧʽʨʠʯʥʦ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ, 

ʧʨʦʚʦʜʠʣʠ ʛʨʘʜʽʻʥʪʥʫ ʇʃʈ, ʧʨʠ ʷʢʽʡ ʚ ʧʦʚʪʦʨʶʚʘʥʠʭ ʧʨʦʙʘʭ ʙʫʣʘ ʚʽʜʤʽʥʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʘʡʤʝʨʽʚ ʟ ʢʨʦʢʦʤ ʙʣʠʟʴʢʦ 2Áʉ. 

ʇʨʦʪʷʞʥʽʩʪʴ ʩʪʘʜʽʾ ʝʣʦʥʛʘʮʽʾ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʜʦʚʞʠʥʦʶ ʦʯʽʢʫʚʘʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʪʘ ʚʣʘʩʪʠʚʽʩʪʶ ɼʅʂ-ʧʦʣʽʤʝʨʘʟʠ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʝʨʤʝʥʪ, ʱʦ 

ʟʜʘʪʥʠʡ ʩʠʥʪʝʟʫʚʘʪʠ 1000 ʧʥ ʟʘ 1 ʭʚ. ʆʨʽʻʥʪʦʚʥʝ ʧʨʘʚʠʣʦ ʜʣʷ ʚʠʙʦʨʫ ʯʘʩʫ ʝʣʦʥʛʘʮʽʾ 

ʙʫʣʦ: ʜʣʷ ʬʨʘʛʤʝʥʪʽʚ ʜʦ 100 ʧʥ ʙʨʘʣʠ 10 ʩ; ʜʣʷ ʬʨʘʛʤʝʥʪʽʚ 100-200 ʧʥ ï 15 ʩ; ʜʣʷ 

ʬʨʘʛʤʝʥʪʽʚ 201-300 ʧʥ ï 20 ʩ; ʜʣʷ ʬʨʘʛʤʝʥʪʽʚ 301-500 ʧʥ ï 30 ʩ. ɻʦʣʦʚʥʦʾ ʽʜʝʻʶ ʙʫʣʦ 

ʥʝ ʚʟʷʪʠ ʟʘʥʘʜʪʦ ʟʘʤʘʣʠʡ ʯʘʩ ʝʣʦʥʛʘʮʽʾ (ʱʦʙ ʥʝ ʚʽʜʙʫʣʘʩʴ ʝʣʦʥʛʘʮʽʷ ʮʽʣʴʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ) ʘʙʦ ʟʘʥʘʜʪʦ ʜʦʚʛʠʡ (ʜʦʚʛʠʡ ʧʝʨʝʙʽʛ ʨʝʘʢʮʽʾ). ʈʘʮʽʦʥʘʣʽʟʘʮʽʷ ʜʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʥʝ ʚʠʤʘʛʘʻ ʨʦʟʨʘʭʫʥʢʫ ʜʦ ʩʝʢʫʥʜʠ. 

 ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʽʦʥʽʚ Mg2+ ʥʘ ʪʦʯʥʽʩʪʴ ʧʝʨʝʙʽʛʫ 

ʇʃʈ [175], ʱʦʙ ʧʨʠʙʨʘʪʠ ʥʝʩʧʝʮʠʬʽʯʥʠʡ ʩʠʥʪʝʟ ʧʨʦʜʫʢʪʽʚ ɼʅʂ-ʧʦʣʽʤʝʨʘʟʦʶ ʟʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ  MgCl2. ɼʣʷ ʜʝʷʢʠʭ ʩʠʩʪʝʤ, ʱʦʙ 

ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʥʝʩʧʝʮʠʬʽʯʥʦʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʘʡʤʝʨʽʚ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʧʽʜʭʽʜ 

ʥʠʟʭʽʜʥʦʾ ʇʃʈ. 

ɼʣʷ ʘʤʧʣʽʬʽʢʘʮʽʾ ʟ ʩʠʩʪʝʤʘʤʠ ʧʨʘʡʤʝʨʽʚ PD1, PD2 ʪʘ PD3 ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʧʨʦʛʨʘʤʫ ʥʠʟʭʽʜʥʦʾ (Touchdown) ʇʃʈ. ʑʦʙ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʥʝʩʧʝʮʠʬʽʯʥʦʾ 

ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʘʡʤʝʨʽʚ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʧʽʜʭʽʜ ʥʠʟʭʽʜʥʦʾ ʇʃʈ. ɺ ʧʝʨʰʦʤʫ ʮʠʢʣʽ ʥʘ 

ʝʪʘʧʽ ʛʽʙʨʠʜʠʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʱʘ ʟʘ ʨʘʮʽʦʥʘʣʴʥʫ ʽ ʟ ʢʦʞʥʠʤ ʥʘʩʪʫʧʥʠʤ ʮʠʢʣʦʤ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 1ÁC ʽ ʪʘʢ ʧʨʦʪʷʛʦʤ 6-ʪʠ ʮʠʢʣʽʚ. ʅʘʩʪʫʧʥʽ 28 ʮʠʢʣʽʚ ʥʘ ʝʪʘʧʽ 

ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʘʡʤʝʨʽʚ ʧʽʜʪʨʠʤʫʶʪʴ ʨʘʮʽʦʥʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ.  

 

ʇʨʘʡʤʝʨʠ 

ʉʘʡʪ-ʩʧʝʮʠʬʽʯʥʽ ʧʨʘʡʤʝʨʠ (ʦʣʽʛʦʥʫʢʣʝʦʪʠʜʠ) ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʥʘ 

ʟʘʤʦʚʣʝʥʥʷ ʬʽʨʤʦʶ Metabion (ʅʽʤʝʯʯʠʥʘ). ʈʦʙʦʯʽ ʨʦʟʯʠʥʠ ʧʨʘʡʤʝʨʽʚ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʫ ʚʠʛʣʷʜʽ ʨʦʟʯʠʥʽʚ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 10 ʤʄ ʫ ʩʪʝʨʠʣʴʥʦʤʫ 1Ĭʊɽ (10 ʤʄ Tris-HCl, 1ʤʄ 
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ɽɼʊɸ, ʨʅ 8,0) ʙʫʬʝʨʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ï 20Áʉ. ʉʧʠʩʢʠ ʧʨʘʡʤʝʨʽʚ ʧʝʨʝʣʽʯʝʥʽ ʚ 

ʪʘʙʣʠʮʷʭ ɸ.4-ɸ.7. 

 

2.4.4 ʈʦʟʜʽʣʝʥʥʷ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʚ ʘʛʘʨʦʟʥʠʭ 

ʛʝʣʷʭ 

ɻʦʪʫʚʘʣʠ ʘʛʘʨʦʟʥʠʡ ʛʝʣʴ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʽʜ 0,8 %, 1,2 % ʜʦ 1,6 % (ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʨʘʛʤʝʥʪʽʚ, ʱʦ ʪʨʝʙʘ ʨʦʟʜʽʣʠʪʠ) ʚ 1Ĭ LB ʙʫʬʝʨʽ (10 ʤʄ Li2B4O7, pH 

8,5) ʟ 0,1 ʤʢʛ/ʤʣ ʝʪʠʜʽʶ ʙʨʦʤʽʜʫ [176]. ɼʣʷ ʮʴʦʛʦ ʟʚʘʞʫʚʘʣʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ 

ʘʛʘʨʦʟʠ. ɺʥʦʩʠʣʠ ʘʛʘʨʦʟʫ ʚ ʪʝʨʤʦʩʪʽʡʢʫ ʙʘʥʢʫ Simax. ɼʦʣʠʚʘʣʠ ʧʦʪʨʽʙʥʠʡ ʦʙôʻʤ 

ʙʫʬʝʨʫ ʪʘ ʨʦʟʪʦʧʣʶʚʘʣʠ ʫ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʧʝʯʽ. ɼʘʣʽ ʦʭʦʣʦʜʞʫʚʘʣʠ ʜʦ 50Áʉ ʧʽʜ 

ʩʪʨʫʤʝʥʝʤ ʚʦʜʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ. ɿʘʢʨʠʚʘʣʠ ʧʣʘʰʢʠ ʛʫʤʦʚʠʤʠ 

ʩʧʝʡʩʝʨʘʤʠ ʪʘ ʩʪʘʚʠʣʠ ʛʨʝʙʽʥʢʠ ʥʘ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʣʫʥʦʢ. ɿʘʣʠʚʘʣʠ ʧʣʘʰʢʠ, 

ʜʘʚʘʣʠ ʘʛʘʨʦʟʽ ʟʘʩʪʠʛʥʫʪʠ ʧʨʦʪʷʛʦʤ 40 ʭʚʠʣʠʥ ʧʽʜ ʚʠʪʷʞʢʦʶ. ɿʥʽʤʘʣʠ ʩʧʝʡʩʝʨʠ, 

ʚʠʪʷʛʘʣʠ ʛʨʝʙʽʥʢʠ ʪʘ ʨʦʟʤʽʱʘʣʠ ʧʣʘʰʢʫ ʟ ʛʝʣʝʤ ʚ ʢʘʤʝʨ ̔ʪʘʢ, ʱʦʙ ʚʦʥʘ ʙʫʣʘ 

ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʪʘ ʙʫʬʝʨʦʤ. ʆʙʝʨʝʞʥʦ ʚ ʢʦʞʥʫ ʣʫʥʢʫ ʚʥʦʩʠʣʠ 8 ʤʢʣ ʟʨʘʟʢʫ (ʜʣʷ 

ʧʨʦʜʫʢʪʽʚ ʧʦʣʽʤʝʨʘʟʥʦʾ ʣʘʥʮʶʛʦʚʦʾ ʨʝʘʢʮʽʾ) ʘʙʦ 5 ʤʢʣ (ʜʣʷ ʟʘʛʘʣʴʥʦʾ ɼʅʂ) ʪʘ1 ʤʢʣ 

6Ĭ ʙʫʬʝʨʫ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ (60% ʩʘʭʘʨʦʟʘ, 1 ʤʄ ʢʨʝʟʦʣ ʯʝʨʚʦʥʠʡ). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʧʨʦʜʫʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʤʘʩʠ GeneRulerTM DNA Ladder Mix (Thermo Fisher Scientific) (ʨʦʟʤʽʨ ʬʨʘʛʤʝʥʪʽʚ, 

ʧʥ: 10000, 8000, 6000, 5000, 4000, 3500, 3000, 2500, 2000, 1500, 1200, 1000, 900, 800, 

700, 600, 500, 400, 300, 200, 100), ʷʢʠʡ ʜʦʜʘʚʘʣʠ ʚ ʦʢʨʝʤʫ ʣʫʥʢʫ. 

ɺʩʪʘʥʦʚʣʶʚʘʣʠ ʥʘʧʨʫʛʫ ʥʘ ʝʣʝʢʪʨʦʜʘʭ 5 ɺ/ʩʤ ʚ ʟʘʣʝʞʥʦʩʪʽ. ʏʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʙʫʚ ʚʽʜ 30 ʭʚʠʣʠʥ ʜʦ 2 ʛʦʜʠʥ ʽ ʨʝʛʫʣʶʚʘʚʩʷ ʟʘ ʨʫʭʦʤ ʙʘʨʚʥʠʢʘ ʚ ʛʝʣʽ. 

ʑʦʙ ʟʘʜʦʢʫʤʝʥʪʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʟ ʢʘʤʝʨʠ ʦʙʝʨʝʞʥʦ ʚʠʡʤʘʣʠ ʛʝʣʴ ʪʘ 

ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ. ʇʨʦʬʽʣʴ ʨʦʟʜʽʣʝʥʥʷ ɼʅʂ 

ʚʽʟʫʘʣʽʟʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʨʦʤʽʥʝʥʥʷ ʋʌ-ʩʚʽʪʣʦʤ ʪʘ ʬʽʢʩʫʚʘʚʩʷ ʬʦʪʦʘʧʘʨʘʪʦʤ 

ʉanon EOS 600D. ʆʪʨʠʤʘʥ ̔ ʟʦʙʨʘʞʝʥʥʷ ʦʧʨʘʮʴʦʚʫʚʘʣʠ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʛʨʘʬʽʯʥʦʛʦ ʨʝʜʘʢʪʦʨʫ GIMP (GNU Image Manipulation Program) 

https://www.gimp.org/ [177]. 

 

2.4.5 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʥʦʤʥʠʭ ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʛʝʥʽʚ 

ʽʥʪʝʨʝʩʫ 

ɺʠʜʽʣʝʥʥʷ ʪʘ ʦʯʠʱʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʇʃʈ 

ʈʦʟʜʽʣʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʘʤʧʣʽʬʽʢʘʮʽʾ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʫ 

ʘʛʘʨʦʟʥʦʤʫ (0,8%) ʛʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 1ĬTAE ʙʫʬʝʨʘ (40 ʤʄ Tris-Cl, 20 ʤʄ 

ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ,1 ʤʄ ɽɼʊɸ) [178]. ɺʽʟʫʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʋʌ-

ʩʚʽʪʣʽ. ʐʤʘʪʦʯʢʠ ʛʝʣʶ ʟ ʬʨʘʛʤʝʥʪʘʤʠ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʚʠʨʽʟʘʣʠ ʩʢʘʣʴʧʝʣʝʤ ʽ 

ʧʝʨʝʥʦʩʠʣʠ ʫ ʧʨʦʙʽʨʢʫ ʪʠʧʫ Eppendorf ʥʘ 1,5 ʤʣ. ɸʤʧʣʽʬʽʢʦʚʘʥʽ ʬʨʘʛʤʝʥʪʠ 

ʚʠʜʽʣʷʣʠ ʟ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʶ ʪʘ ʦʯʠʱʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ Silica Bead DNA 

Gel Extraction Kit (Thermo Fisher Scientific).   

ʂʣʦʥʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʇʃʈ ʫ ʚʝʢʪʦʨ pTZ57R/T 

ʆʯʠʱʝʥʥʽ ʟ ʛʝʣʶ ʬʨʘʛʤʝʥʪʠ ɼʅʂ ʢʣʦʥʫʚʘʣʠ ʫ ʚʝʢʪʦʨ pTZ57R/T ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʝʨʮʽʡʥʦʛʦ ʥʘʙʦʨʫ InsTAcloneÊ PCR Cloning Kit (Thermo Fisher 

Scientific). 10 ʤʢʣ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʚʢʣʶʯʘʣʠ 1 ʤʢʣ ʚʝʢʪʦʨʫ pTZ57R/T (0,17 ʧʄ 

ʢʽʥʮʽʚ), 2 ʤʢʣ 5Ĭ ʣʽʛʫʶʯʦʛʦ ʙʫʬʝʨʫ, 0,3 ʤʢʣ ʊ4 ɼʅʂ-ʣʽʛʘʟʠ, ʜʦ 1,3 ʤʢʣ ʇʃʈ 

ʧʨʦʜʫʢʪʫ (ʙʣʠʟʴʢʦ 0,52 ʧʄ ʢʽʥʮʽʚ)  ʪʘ ʚʽʣʴʥʫ ʚʽʜ ʥʫʢʣʝʘʟ ʚʦʜʫ ʜʦ 10 ʤʢʣ. ʈʝʘʢʮʽʡʥʫ 

ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʪʘ ʽʥʢʫʙʫʚʘʣʠ 16 ʛʦʜ ʧʨʠ 4Áʉ. 

ʆʪʨʠʤʘʥʥʷ ʢʦʤʧʝʪʝʥʪʥʠʭ ʢʣʽʪʠʥ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ Escherichia coli 

XL1-Blue 

ʇʦʦʜʠʥʦʢʫ ʙʘʢʪʝʨʽʘʣʴʥʫ ʢʦʣʦʥʽʶ (2-3 ʤʤ ʚ ʜʽʘʤʝʪʨʽ) ʚʽʜʙʠʨʘʣʠ ʟ 

ʘʛʘʨʠʟʦʚʘʥʦʛʦ LB (10% ʪʨʠʧʪʦʥ, 5% ʝʢʩʪʨʘʢʪ ʜʨʽʞʜʞʽʚ, 10 ʛ/ʣ NaCl, 7,5% ʘʛʘʨ, ʨʅ 

7,5-8,0 [179])  ʩʝʨʝʜʦʚʠʱʘ ʟ ʯʘʢhʠ ʇʝʪʨʽ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʽʥʢʫʙʫʚʘʣʠ 16-20 ʛʦʜ ʧʨʠ 

37Áʉ. ʇʝʨʝʥʦʩʠʣʠ ʢʦʣʦʥʽʶ ʚ 100 ʤʣ ʨʽʜʢʦʛʦ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ LB ʚ ʢʦʣʙʫ ʥʘ 

1 ʣ. ɯʥʢʫʙʫʚʘʣʠ ʢʫʣʴʪʫʨʫ 3 ʛʦʜ ʧʨʠ 37Áʉ, 200 ʦʙ/ʭʚ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʢʫʙʘʪʦʨʘ-

ʰʝʡʢʝʨʘ Eppendorf/New Brunswick Scientific G-25. ʂʦʞʥʽ 20 ʭʚ ʧʝʨʝʚʽʨʷʣʠ ʦʧʪʠʯʥʫ 
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ʛʫʩʪʠʥʫ  ʥʘ ʧʨʠʣʘʜʽ BioPhotometer v.1.35 (Eppendorf) ʧʨʠ 600 ʥʤ ʧʦʢʠ ʟʥʘʯʝʥʥʷ ʥʝ 

ʩʷʛʘʣʦ 0,35. ʇʝʨʝʥʦʩʠʣʠ ʙʘʢʪʝʨʽʘʣʴʥʽ ʢʣʽʪʠʥʠ ʚ ʥʦʚʫ, ʧʦʧʝʨʝʜʥʴʦ ʦʭʦʣʦʜʞʝʥʫ ʥʘ 

ʣʴʦʜʫ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʫ ʧʨʦʙʽʨʢʠ ʥʘ 50 ʤʣ ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʥʘ ʣʴʦʜʫ 

ʧʨʦʪʷʛʦʤ 10 ʭʚ. ʂʦʥʮʝʥʪʨʫʚʘʣʠ ʢʣʽʪʠʥʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʥʘ Centrifuge 5427R 

(Eppendorf) ʧʨʠ 2700 Ĭg, 10 ʭʚ ʧʨʠ 4 Áʉ. ɿʣʠʚʘʣʠ ʥʘʜʦʩʘʜʦʚʫ ʨʽʜʠʥʫ ʪʘ ʪʨʠʤʘʣʠ 

ʧʨʦʙʽʨʢʠ ʧʝʨʝʚʝʨʥʫʪʠʤʠ ʥʘ ʧʘʧʝʨʦʚʦʶ ʩʝʨʚʝʪʢʦʶ 1 ʭʚ, ʱʦʙ ʧʨʠʙʨʘʪʠ ʟʘʣʠʰʢʠ 

ʨʽʜʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʽʜʛʦʪʦʚʢʫ ʢʣʽʪʠʥ Escherichia coli ʰʪʘʤʫ XL1-Blue ʪʘ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʧʨʦʚʦʜʠʣʠ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ CaCl2 [178]. ʈʝʩʫʩʧʝʥʜʫʚʘʣʠ ʦʩʘʜ ʚ 30 

ʤʣ ʨʦʟʯʠʥʫ MgCl2-CaCl2 (80 ʤʄ MgCl2, 20 ʤʄ CaCl2), ʧʦʧʝʨʝʜʥʴʦ ʦʭʦʣʦʜʞʝʥʦʤʫ 

ʥʘ ʣʴʦʜʫ,  ʦʙʝʨʝʞʥʦ ʧʝʨʝʤʽʰʫʶʯʠ. ɺʽʜʦʢʨʝʤʣʶʚʘʣʠ ʢʣʽʪʠʥʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʥʘ 

Centrifuge 5427R (Eppendorf) ʧʨʠ 2700 Ĭg, 10 ʭʚ ʧʨʠ 4Áʉ. ɿʣʠʚʘʣʠ ʥʘʜʦʩʘʜʦʚʫ ʨʽʜʠʥʫ 

ʪʘ ʪʨʠʤʘʣʠ ʧʨʦʙʽʨʢʠ ʧʝʨʝʚʝʨʥʫʪʠʤʠ ʥʘ ʧʘʧʝʨʦʚʦʶ ʩʝʨʚʝʪʢʦʶ 1 ʭʚ, ʱʦʙ ʧʨʠʙʨʘʪʠ 

ʟʘʣʠʰʢʠ ʨʦʟʯʠʥʫ. ʈʝʩʫʩʧʝʥʜʫʚʘʣʠ ʦʩʘʜ ʚ 2 ʤʣ ʨʦʟʯʠʥʫ 0,1 ʄ CaCl2 (2 ʤʣ ʥʘ ʢʦʞʥʽ 

50 ʤʣ ʚʠʭʽʜʥʦʾ ʢʫʣʴʪʫʨʠ ʙʘʢʪʝʨʽʡ), ʧʦʧʝʨʝʜʥʴʦ ʦʭʦʣʦʜʞʝʥʦʤʫ ʥʘ ʣʴʦʜʫ,  ʦʙʝʨʝʞʥʦ 

ʚʦʨʪʝʢʩʫʶʯʠ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʦʪʨʠʤʘʥʽ ʢʦʤʧʝʪʝʥʪʥʽ ʢʣʽʪʠʥʠ ʛʦʪʦʚʽ ʜʦ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ. 

ʆʙʨʦʙʣʝʥʽ CaCl2 ʢʦʤʧʝʪʝʥʪʥʽ ʢʣʽʪʠʥʠ ʚ ʦʙôʻʤʽ 200 ʤʢʣ ʧʝʨʝʥʦʩʠʣʠ ʧʽʧʝʪʢʦʶ 

ʟ ʦʭʦʣʦʜʞʝʥʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ ʜʦ ʦʭʦʣʦʜʞʝʥʦʾ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʾ ʧʨʦʙʽʨʢʠ ʥʘ 1,5 ʤʣ, 

ʱʦ ʚʞʝ ʤʽʩʪʠʣʘ ʮʽʣʴʦʚʫ ʧʣʘʟʤʽʜʥʫ ɼʅʂ, ʦʙʝʨʝʞʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ ʪʘ ʟʘʣʠʰʘʣʠ 

ʽʥʢʫʙʫʚʘʪʠ ʥʘ ʣʴʦʜʫ 30 ʭʚ. ɼʘʣʽ, ʽʥʢʫʙʫʚʘʣʠ ʧʨʦʙʽʨʢʠ ʧʨʠ 42Áʉ ʥʘ ʪʝʨʤʦʰʝʡʢʝʨʽ 

Thermomixer comfort (Eppendorf), 90 ʩ, ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʨʽʟʢʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʥʘ 

ʣʴʦʜʫ ʧʨʦʪʷʛʦʤ 1-2 ʭʚ. ʇʽʩʣʷ ʮʴʦʛʦ, ʜʦʜʘʚʘʣʠ 800 ʤʢʣ ʨʽʜʢʦʛʦ ʧʦʞʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ SOC (2% ʪʨʠʧʪʦʥ, 0,5% ʝʢʩʪʨʘʢʪ ʜʨʽʞʜʞʽʚ, 10 ʤʄ NaCl, 2,5 ʤʄ KCl, 

10 ʤʄ MgCl2, 20 ʤʄ ʛʣʶʢʦʟʘ [180]) ʪʘ ʽʥʢʫʙʫʚʘʣʠ ʧʨʦʙʽʨʢʠ ʧʨʠ 37Áʉ, 45 ʭʚ, 

ʜʦʟʚʦʣʷʶʯʠ ʙʘʢʪʝʨʽʷʤ ʚʽʜʥʦʚʠʪʠʩʷ ʪʘ ʧʦʯʘʪʠ ʝʢʩʧʨʝʩʫʚʘʪʠ ʤʘʨʢʝʨ ʘʥʪʠʙʽʦʪʠʢ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ, ʱʦ ʟʘʢʦʜʦʚʘʥʠʡ ʚ ʧʣʘʟʤʽʜʽ. 200 ʤʢʣ ʩʫʩʧʝʥʟʽʾ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ 

ʢʣʽʪʠʥ ʚʠʩʽʚʘʣʠ ʥʘ ʪʚʝʨʜʝ ʧʦʞʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ LB, ʱʦ ʤʽʩʪʠʣʦ 20 ʤʄ MgSO4, 

ʘʥʪʠʙʽʦʪʠʢʠ ʢʘʨʙʝʥʽʮʠʣʽʥ  ̔ ʪʝʪʨʘʮʠʢʣʽʥ ʫ ʢʽʥʮʝʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 50 ʤʢʛ/ʤʣ ʪʘ 
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ʘʙʩʦʨʙʦʚʘʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦ 40 ʤʢʣ 20 ʤʛ/ʤʣ X-gal (5-ʙʨʦʤʦ-4-ʭʣʦʨʦ-3-ʽʥʜʦʣʽʣ-ɓ-

D-ʛʘʣʘʢʪʦʧʽʨʘʥʦʟʠʜ) ʽ 100 ʤʄ IPTG (ʽʟʦʧʨʦʧʽʣ-ɓ-D-1-ʪʽʦʛʘʣʘʢʪʦʧʽʨʘʥʦʟʠʜ). ʂʦʣʠ 

ʨʽʜʠʥʘ ʟ ʩʫʩʧʝʥʟʽʻʶ ʢʣʽʪʠʥ ʘʙʩʦʨʙʫʚʘʣʠʩʴ ʩʝʨʝʜʦʚʠʱʝʤ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʯʘʰʢʠ ʇʝʪʨʽ ʧʝʨʝʚʝʨʪʘʣʠ ʪʘ ʽʥʢʫʙʫʚʘʣʠ ʧʨʠ 37Áʉ ʜʦ 24 ʛʦʜ [178, 181]. 

ʇʦʧʝʨʝʜʥʽʡ ʩʢʨʠʥʽʥʛ ʢʦʣʦʥʽʡ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʷʚʠʱʘ Ŭ-

ʢʦʤʧʣʝʤʝʥʪʘʮʽʾ. ʐʪʘʤ E. coli XL1-Blue ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʩʢʨʠʥʽʥʛ ʥʘ 

ʟʘʙʘʨʚʣʝʥʥʷ ʢʦʣʦʥʽʡ ʚ ʩʠʥʽʡ ʘʙʦ ʙʽʣʠʡ ʢʦʣʴʦʨʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ X-gal ʪʘ IPTG. ʗʢʱʦ 

ʣʽʛʘʮʽʷ ʫ ʚʝʢʪʦʨ ʧʨʦʡʰʣʘ ʫʩʧʽʰʥʦ, ʷʚʠʱʝ Ŭ-ʢʦʤʧʣʝʤʝʥʪʘʮʽʾ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʽ 

ʢʦʣʦʥʽʷ ʙʘʢʪʝʨʽʾ ʟʘʣʠʰʘʣʘʩʴ ʙʽʣʦʶ. ʗʢʱʦ ʚ ʙʘʢʪʝʨʽʶ ʧʦʪʨʘʧʠʣʘ ʧʣʘʟʤʽʜʥʘ ɼʅʂ ʙʝʟ 

ʚʩʪʘʚʢʠ, ʪʦ ʤʘʣʦ ʤʽʩʮʝ ʷʚʠʱʝ Ŭ-ʢʦʤʧʣʝʤʝʥʪʘʮʽʾ ʽ ʢʦʣʦʥʽʷ ʟʘʙʘʨʚʣʶʚʘʣʘʩʴ ʫ ʩʠʥʽʡ 

ʢʦʣʽʨ [178, 182]. 

ʉʢʨʠʥʽʥʛ ʽʟʦʣʴʦʚʘʥʠʭ ʢʦʣʦʥʽʡ ʤʝʪʦʜʦʤ ʇʃʈ  

ʊʨʘʥʩʬʦʨʤʦʚʘʥʽ ʧʦʦʜʠʥʦʢʽ ʙʽʣʽ ʢʦʣʦʥʽʾ ʧʝʨʝʚʽʨʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʃʈ. 

ʇʦʦʜʠʥʦʢʫ ʙʽʣʫ ʢʦʣʦʥʽʶ ʧʝʨʝʥʦʩʠʣʠ ʫ ʧʨʦʙʽʨʢʫ ʪʠʧʫ Eppendorf ʥʘ 1,5  ʤʣ ʟ 500 ʤʢʣ 

ʨʽʜʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ LB (10% ʪʨʠʧʪʦʥ, 5% ʝʢʩʪʨʘʢʪ ʜʨʽʞʜʞʽʚ, 10 ʛ/ʣ NaCl, 7,5% ʘʛʘʨ, 

ʨʅ 7,5-8,0 [179]) ʟ ʢʘʨʙʝʥʽʮʠʣʽʥʦʤ ʽ ʪʝʪʨʘʮʠʢʣʽʥʦʤ ʫ ʢʽʥʮʝʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 50 

ʤʢʛ/ʤʣ. ʂʫʣʴʪʠʚʫʚʘʥʥʷ  ʙʘʢʪʝʨʽʾ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 37Áʉ ʧʨʦʪʷʛʦʤ 2,5 ʛʦʜ  ʧʨʠ 200 

ʦʙ/ʭʚ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʢʫʙʘʪʦʨʘ-ʰʝʡʢʝʨʘ Eppendorf/New Brunswick Scientific G-

25. ʆʜʠʥ ʤʢʣ ʢʫʣʴʪʫʨʠ ʩʣʫʛʫʚʘʚ ʤʘʪʨʠʮʝʶ ʧʨʠ ʧʦʩʪʘʥʦʚʮʽ ʇʃʈ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʝʘʢʪʠʚʽʚ ʪʘ ʫʤʦʚ, ʱʦ ʽ ʜʣʷ ʘʤʧʣʽʬʽʢʫʚʘʥʥʷ  ʮʽʣʴʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ ɼʅʂ ʟ ʧʨʝʧʘʨʘʪʫ 

ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʨʦʩʣʠʥʠ. 

ɺʠʜʽʣʝʥʥʷ ʧʣʘʟʤʽʜʥʦʾ ɼʅʂ  

ɿ ʤʽʢʨʦʧʨʦʙʽʨʢʠ ʟ ʩʫʩʧʝʥʟʽʻʶ ʙʘʢʪʝʨʽʡ ʧʽʩʣʷ ʇʃʈ ʚʽʜʙʠʨʘʣʠ 10 ʤʢʣ ʪʘ 

ʧʝʨʝʥʦʩʠʣʠ ʫ ʬʣʘʢʦʥ ʥʘ 10 ʤʣ ʟ 2 ʤʣ ʨʽʜʢʦʛʦ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ LB (10% 

ʪʨʠʧʪʦʥ, 5% ʝʢʪʨʘʢʪ ʜʨʽʞʜʞʽʚ, 10 ʛ/ʣ NaCl, 7,5% ʘʛʘʨ, ʨʅ 7,5-8,0 [179]) ʟ 

ʢʘʨʙʝʥʽʮʠʣʽʥʦʤ ʽ ʪʝʪʨʘʮʠʢʣʽʥʦʤ ʫ ʢʽʥʮʝʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 50 ʤʢʛ/ʤʣ. ɯʥʢʫʙʫʚʘʣʠ 

ʢʫʣʴʪʫʨʫ ʧʨʠ 37Áʉ 14-16 ʛʦʜ ʘʢʪʠʚʥʦ ʧʝʨʝʤʽʰʫʶʯʠ. ʇʽʩʣʷ ʽʥʢʫʙʘʮʽʾ ʧʝʨʝʣʠʚʘʣʠ 1,5 

ʤʣ ʩʫʩʧʝʥʟʽʾ ʫ ʤʽʢʨʦʧʨʦʙʽʨʢʫ ʪʠʧʫ Eppendorf ʪʘ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʫ ʤʽʢʨʦʮʝʥʪʨʠʬʫʟʽ 
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Centrifuge 5418 (Eppendorf), 12 000 ʦʙ/ʭʚ, 30 ʩ. ʅʘʜʦʩʘʜʦʚʫ ʨʽʜʠʥʫ ʟʣʠʚʘʣʠ ʪʘ 

ʥʝʡʪʨʘʣʽʟʫʚʘʣʠ 37% ʨʦʟʯʠʥʦʤ ʥʘʪʨʽʶ ʛʽʧʦʭʣʦʨʠʪʫ ʜʣʷ ʽʥʘʢʪʠʚʘʮʽʾ ʞʠʚʠʭ ʙʘʢʪʝʨʽʡ. 

ɹʘʢʪʝʨʽʘʣʴʥʠʡ ʦʩʘʜ ʨʝʩʫʩʧʝʥʜʫʚʘʣʠ ʚ 100 ʤʢʣ ʈʦʟʯʠʥʫ ɯ (50 ʤM ʛʣʶʢʦʟʘ, 25 ʤM 

Tris-Cl pH 8.0, 10 ʤM ɽɼʊɸ), ʧʦʧʝʨʝʜʥʴʦ ʦʭʦʣʦʜʞʝʥʦʤʫ ʥʘ ʣʴʦʜʫ, ʘʢʪʠʚʥʦ 

ʧʝʨʝʤʽʰʫʶʯʠ ʥʘ ʚʦʨʪʝʢʩʽ Biosan Microspin FV-2400. ɼʦʜʘʚʘʣʠ 200 ʤʢʣ 

ʩʚʽʞʦʧʨʠʛʦʪʦʚʣʝʥʦʛʦ ʈʦʟʯʠʥʫ ɯɯ (0,2 ʅ NaOH, 1% SDS) ʪʘ ʧʝʨʝʤʽʰʫʚʘʣʠ 

ʦʙʝʨʪʘʥʥʷʤ. ɼʦʜʘʚʘʣʠ 150 ʤʢʣ ʈʦʟʯʠʥʫ ɯɯɯ (ʥʘ 100 ʤʣ: 60 ʤʣ 5 M ʢʘʣʽʶ ʘʮʝʪʘʪʫ, 11,5 

ʤʣ ʣʴʦʜʷʥʦʾ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ, 25,5 ʤʣ ʜʝʽʦʥʽʟʦʚʘʥʦʾ ʚʦʜʠ), ʧʦʧʝʨʝʜʥʴʦ 

ʦʭʦʣʦʜʞʝʥʦʛʦ ʥʘ ʣʴʦʜʫ, ʟʤʽʰʫʚʘʣʠ ʦʙʝʨʪʘʥʥʷʤ ʪʘ ʟʘʣʠʰʘʣʠ ʽʥʢʫʙʫʚʘʪʠʩʷ ʥʘ ʣʴʦʜʫ 

ʥʘ 3-5 ʭʚ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʙʘʢʪʝʨʽʘʣʴʥʠʡ ʣʽʟʘʪ ʫ ʤʽʢʨʦʮʝʥʪʨʠʬʫʟʽ Centrifuge 5418 

(Eppendorf), 12000 ʦʙ/ʭʚ, 5 ʭʚ. ʉʫʧʝʨʥʘʪʘʥʪ ʧʝʨʝʥʦʩʠʣʠ ʫ ʥʦʚʫ ʤʽʢʨʦʧʨʦʙʽʨʢʫ ʪʠʧʫ 

Eppendorf ʥʘ 1,5 ʤʣ. ɼʣʷ ʚʽʜʜʽʣʝʥʥʷ ʜʦʤʽʰʦʢ, ʧʨʦʚʦʜʠʣʠ ʝʢʩʪʨʘʢʮʽʶ ʨʦʟʯʠʥʫ, 

ʜʦʜʘʶʯʠ ʨʽʚʥʠʡ ʦʙôʻʤ ʩʫʤʽʰʽ ʭʣʦʨʦʬʦʨʤ:ʽʟʦʘʤʽʣʦʚʠʡ ʩʧʠʨʪ (24:1) ʧʽʩʣʷ ʘʢʪʠʚʥʦ 

ʧʝʨʝʤʽʰʫʶʯʠ ʥʘ ʚʦʨʪʝʢʩʽ Biosan V-32, 500 ʦʙ/ʭʚ, 5 ʭʚ. ʈʦʟʜʽʣʷʣʠ ʚʦʜʥʦ-ʦʨʛʘʥʽʯʥʫ 

ʬʘʟʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʫ ʤʽʢʨʦʮʝʥʪʨʠʬʫʟʽ Centrifuge 5418 (Eppendorf), 

12000 ʦʙ/ʭʚ, 5 ʭʚ. ɺʽʜʙʠʨʘʣʠ ʚʩʶ ʚʝʨʭʥʶ ʚʦʜʥʫ ʬʘʟʫ, ʧʝʨʝʥʦʩʠʣʠ ʫ ʯʠʩʪʫ ʧʨʦʙʽʨʢʫ 

ʪʘ ʜʦʜʘʚʘʣʠ 2 ʦʙôʻʤʠ 96% ʝʪʘʥʦʣʫ ʜʣʷ ʧʨʝʮʠʧʽʪʘʮʽʾ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 5 ʭʚ. ʆʩʘʜʞʝʥʥʷ ʧʨʝʮʠʧʽʪʘʪʫ ʧʨʦʚʦʜʠʣʠ ʫ ʮʝʥʪʨʠʬʫʟʽ 

Centrifuge 5418 (Eppendorf), 12000 ʦʙ/ʭʚ, 20 ʭʚ. ʇʽʩʣʷ ʟʣʠʪʪʷ ʩʫʧʝʨʥʘʪʘʥʪʫ, 

ʦʪʨʠʤʘʥʠʡ ʦʩʘʜ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʧʨʦʤʠʚʘʣʠ ʫ 800 ʤʢʣ 70% ʝʪʘʥʦʣʫ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʥʘ ʚʦʨʪʝʢʩʽ Biosan Microspin FV-2400. ʆʩʘʜ ʟʙʠʨʘʣʠ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʫ ʤʽʢʨʦʮʝʥʪʨʠʬʫʟʽ Centrifuge 5418 (Eppendorf), 12000 ʦʙ/ʭʚ, 5 

ʭʚ, ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʟʣʠʚʘʥʥʷʤ ʩʫʧʝʨʥʘʪʘʥʪʫ. ɿʘʣʠʰʢʠ ʝʪʘʥʦʣʫ ʧʽʜʩʫʰʫʚʘʣʠ ʥʘ 

ʪʝʨʤʦʰʝʡʢʝʨʽ Thermomixer comfort (Eppendorf) ʧʨʠ 55Áʉ, ʦʨʽʻʥʪʦʚʥʦ 15 ʭʚ ʜʦ 

ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʩʧʠʨʪʫ, ʨʦʟʯʠʥʷʣʠ ɼʅʂ ʫ 20 ʤʢʣ TE ʨʅ 8,0 (10 ʤʄ Tris-Cl pH 

8,0, 1 ʤʄ EɼTA) ʟ ʜʦʜʘʚʘʥʥʷʤ 3 ʦʜʠʥʠʮʴ ʈʅʂʘʟʠ ɸ ʟ ʧʦʩʣʽʜʫʶʯʦʶ ʽʥʢʫʙʘʮʽʻʶ ʧʨʠ 

37 Áʉ, 15 ʭʚ [178]. 



71 

 

ʉʠʢʚʝʥʫʚʘʥʥʷ  

ʉʠʢʚʝʥʫʚʘʥʥʷ ʮʽʣʴʦʚʦʾ ɼʅʂ ʧʨʦʚʦʜʠʣʦʩʴ ʟ ʚʝʢʪʦʨʫ pTZ57R/T ʫ ʪʨʴʦʭ 

ʧʦʚʪʦʨʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʠ ʧʨʘʡʤʝʨʽʚ M13/pUC (ʬʦʨʚʘʨʜʥʠʡ: 

GTAAAACGACGGCCAGT; ʨʝʚʝʨʩʥʠʡ: CAGGAAACAGCTATGAC) ʟʘ ʉʝʥʛʝʨʦʤ 

ʥʘ ʩʠʢʚʝʥʩʝʨ ̔3730XL (Sangon Biotech (Shanghai) Co., Ltd.). [183, 184]. 

 

2.4.6 ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ  

ʇʽʜʛʦʪʦʚʢʘ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ TaWRKY2 

ʇʽʜʛʦʪʦʚʢʘ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ TaWRKY2 ʦʧʠʩʘʥʘ ʚ 

ʧ. 2.3. 

ʇʽʜʛʦʪʦʚʢʘ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ EPF1, EPF2 ʪʘ 

MUTE 

ɼʝʩʷʪʴ ʟʝʨʥʠʥ ʢʦʞʥʦʛʦ ʩʦʨʪʫ (ʪʨʠ ʧʦʩʫʭʦʩʪʽʡʢʽ ʩʦʨʪʠ ɸʩʪʘʨʪʘ, ʆʜʝʩʴʢʘ 267, 

ʇʦʜʦʣʷʥʢʘ; 3 ʧʦʩʫʭʦ-ʫʨʘʟʣʠʚʽ ʩʦʨʪʠ ï ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, ʇʦʣʽʩʴʢʘ 90) 

ʨʦʟʤʽʱʫʚʘʣʠ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʧʘʧʝʨʽ ʚ ʯʘʰʮʽ ʇʝʪʨʽ, ʧʦʢʨʠʚʘʣʠ ʚʦʜʦʶ ʪʘ 

ʽʥʢʫʙʫʚʘʣʠ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 24 ʛʦʜ. ɺʦʜʫ ʟʣʠʚʘʣʠ ʪʘ ʟʘʣʠʰʘʣʠ ʟʝʨʥʦ 

ʧʨʦʨʦʱʫʚʘʪʠʩʴ ʥʘ ʚʦʣʦʛʦʤʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʧʘʧʝʨʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʣʦʜʠʡ ʧʝʨʰʠʡ ʣʠʩʪʦʢ, ʷʢʠʡ ʚʽʜʙʠʨʘʣʠ ʥʘ ʪʨʝʪʽʡ, 

ʩʴʦʤʠʡ ʪʘ ʜʝʩʷʪʠʡ ʜʝʥʴ ʨʦʩʪʫ ʨʦʩʣʠʥʠ (ʩʪʘʜʽʷ 10, ʧʦʯʘʪʦʢ ʪʘ ʢʽʥʝʮʴ 11 ʩʪʘʜʽʾ ʟʘ 

ʨʦʟʰʠʨʝʥʦʶ ʰʢʘʣʦʶ BBCH). 

ɺʠʜʽʣʝʥʥʷ ʈʅʂ 

ʉʚʽʞʦʟʽʙʨʘʥʽ 200 ʤʛ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʛʦʤʦʛʝʥʽʟʫʚʘʣʠ ʫ ʩʪʫʧʮʽ ʟ 

ʜʦʜʘʚʘʥʥʷʤ 10 ʤʢʣ 2-ʤʝʨʢʘʧʪʦʝʪʘʥʦʣʫ ʪʘ 1000 ʤʢʣ ʝʢʩʪʨʘʛʫʶʯʦʛʦ ʙʫʬʝʨʫ (0,1 M 

Tris-Cl pH 8.0, 5 ʤʄ ɽɼʊɸ pH 8.0, 0,1 M NaCl, 0,5% SDS). ʇʝʨʝʥʦʩʠʣʠ ʤʘʪʝʨʽʘʣ ʟʽ 

ʩʪʫʧʢʠ ʫ ʧʨʦʙʽʨʢʫ ʪʠʧʫ Eppendorf ʥʘ 1,5 ʤʣ, ʜʦʜʘʚʘʣʠ 300 ʤʢʣ ʩʫʤʽʰʽ 

ʭʣʦʨʦʬʦʨʤ:ʽʟʦʘʤʽʣʦʚʠʡ ʩʧʠʨʪ (24:1)  ʽ 300 ʤʢʣ ʬʝʥʦʣʫ (ʨʅ 4,3). ɺʤʽʩʪ ʧʨʦʙʽʨʦʢ 

ʘʢʪʠʚʥʦ ʧʝʨʝʤʽʰʫʶʯʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʨʪʝʢʩʫ Biosan V-32, 500 ʦʙ/ʭʚ, 5 ʭʚ. 

ʈʦʟʜʽʣʷʣʠ ʚʦʜʥʦ-ʦʨʛʘʥʽʯʥʫ ʬʘʟʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʫ ʤʽʢʨʦʮʝʥʪʨʠʬʫʟʽ 
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Centrifuge 5418 (Eppendorf), 12000 ʦʙ/ʭʚ, 5 ʭʚ. ʋ ʧʨʦʙʽʨʢʫ ʪʠʧʫ Eppendorf ʥʘ 1,5 ʤʣ 

ʟ 480 ʤʢʣ ʽʟʦʧʨʦʧʘʥʦʣʫ ʪʘ 60 ʤʢʣ 3ʄ ʥʘʪʨʽʡ ʘʮʝʪʘʪʫ (ʨʅ 5,2) ʦʙʝʨʝʞʥʦ ʧʝʨʝʥʦʩʠʣʠ 

600 ʤʢʣ ʚʦʜʥʦʾ ʬʘʟʠ ʪʘ ʧʝʨʝʤʽʰʫʚʘʣʠ ʦʙʝʨʪʘʥʥʷʤ. ʇʨʝʮʠʧʽʪʘʮʽʷ ʥʫʢʣʝʾʥʦʚʠʭ 

ʢʠʩʣʦʪ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ -70Áʉ ʧʨʦʪʷʛʦʤ 15 ʭʚ. ʇʨʝʮʠʧʽʪʘʪ ʦʩʘʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʫ ʤʽʢʨʦʮʝʥʪʨʠʬʫʟʽ Centrifuge 5418 (Eppendorf), 12000 ʦʙ/ʭʚ, 10 ʭʚ. 

ɿʣʠʪʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʨʝʩʫʩʧʝʥʜʫʚʘʪʠ ʦʩʘʜ ʚ 1000 ʤʢʣ 70 % ʝʪʘʥʦʣʫ ʪʘ 

ʚʽʜʮʝʥʪʨʠʬʫʛʫʚʘʪʠ ʫ Centrifuge 5418 (Eppendorf), 12000 ʦʙ/ʭʚ, 5 ʭʚ. ʇʦʚʪʦʨʠʪʠ 

ʧʨʦʤʠʚʘʥʥʷ ʦʩʘʜʫ ʝʪʘʥʦʣʦʤ ʜʚʘ ʨʘʟʠ. ɺʤʽʩʪ ʧʨʦʙʽʨʦʢ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʨʦʟʯʠʥʷʣʠ ʫ 100 ʤʢʣ ɼɽʇʂ-ddH2O [185]. 

ʆʙʨʦʙʢʘ ɼʅʂʘʟʦʶ 

ʇʝʨʝʜ ʨʝʚʝʨʩʥʦʶ ʪʨʘʥʩʢʨʠʧʮʽʻʶ ʧʨʦʚʦʜʠʣʠ ʝʣʽʤʽʥʘʮʽʶ ʩʫʧʫʪʥʴʦ ʚʠʜʽʣʝʥʦʾ 

ɼʅʂ. ʈʝʘʢʮʽʶ ɼʅʂʘʟʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʴʦʜʫ. 20 ʤʢʣ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ 

ʚʢʣʶʯʘʣʠ 3 ʤʢʛ ʧʨʝʧʘʨʘʪʫ ʈʅʂ, 20 ʦʜ. ʽʥʛʽʙʽʪʦʨʘ ʈʅʂʘʟ RiboLock (Solis BioDyne), 

2 ʦʜ. ɼʅʂʘʟʠ, ʚʽʣʴʥʦʾ ʚʽʜ ʈʅʂʘʟ (Thermo Fisher), 2 ʤʢʣ 10Ĭ ʨʝʘʢʮʽʡʥʦʛʦ ʙʫʬʝʨʫ (100 

ʤʄ Tris-HCl pH 7.5, 25 ʤʄ MgCl2, 1 ʤʄ CaCl2) ʪʘ ɼɽʇʂ-ddH2O ʜʦ 20 ʤʢʣ. 

ʇʨʦʚʦʜʠʣʠ ʨʝʘʢʮʽʶ ʚ ʪʝʨʤʦʮʠʢʣʝʨʽ Mastercycler personal AG 22331 (Eppendorf) ʧʨʠ 

37Áʉ, 30 ʭʚ. ɼʣʷ ʟʫʧʠʥʢʠ ʨʝʘʢʮʽʾ ʜʦʜʘʚʘʣʠ 2 ʤʢʣ 25 ʤʄ ɽɼʊɸ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ 10 ʭʚ 

ʧʨʠ 65Áʉ. 

ʆʪʨʠʤʘʥʥʷ ʢɼʅʂ ʤʝʪʦʜʦʤ ʟʚʦʨʦʪʥʦʾ ʪʨʘʥʩʢʨʠʧʮʽʾ 

ʈʝʘʢʮʽʡʥʘ ʩʫʤʽʰ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʟʚʦʨʦʪʥʦʾ ʪʨʘʥʩʢʨʠʧʮʽʾ ʚʢʣʶʯʘʣʘ 5 ʤʢʣ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ɼʅʂʘʟʥʦʾ ʦʙʨʦʙʢʠ (~600 ʥʛ ʟʘʛʘʣʴʥʦʾ ʈʅʂ), 4 ʤʢʣ 5Ĭ ʨʝʘʢʮʽʡʥʦʛʦ 

ʙʫʬʝʨʫ (250 ʤʄ Tris-HCl pH 8.3, 375 ʤʄ KCl, 15 ʤʄ MgCl2, 50 ʤʄ ʜʽʪʽʦʪʨʝʡʪʦʣ), 

20 ʦʜ. ʟʚʦʨʦʪʥʦʾ ʪʨʘʥʩʢʨʠʧʪʘʟʠ (Thermo Fisher), 20 ʦʜ. ʽʥʛʽʙʽʪʦʨʘ ʈʅʂʘʟ RiboLock 

(Solis BioDyne), 2 ʤʢʣ 10 ʤʄ ʜʅʊʌ, 1 ʤʢʣ 100 ʤʢʄ ʧʨʘʡʤʝʨʫ oligo(dT)18 (3ô-

ʊʊʊʊʊʊʊʊʊʊʊʊʊʊʊʊʊʊ-5ô) ʪʘ ɼɽʇʂ-ddH2O ʜʦ 20 ʤʢʣ. ʈʝʘʢʮʽʡʥʘ ʩʫʤʽʰ 

ʚʠʪʨʠʤʫʚʘʣʘʩʴ ʫ ʪʝʨʤʦʮʠʢʣʝʨʽ Mastercycler personal AG 22331 (Eppendorf) ʧʨʠ 

55Áʉ, 40 ʭʚ. ɯʥʘʢʪʠʚʘʮʽʷ ʬʝʨʤʝʥʪʫ ʧʨʦʚʦʜʠʣʘʩʴ ʚʠʪʨʠʤʢʦʶ ʧʨʠ 85Áʉ, 5 ʭʚ. ʢɼʅʂ 

ʟʙʝʨʽʛʘʣʠ ʧʨʠ -20Áʉ. 
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ʇʃʈ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩ̔ 

ʈʝʘʢʮʽʡʥʘ ʩʫʤʽʰ ʚʢʣʶʯʘʣʘ ʧʦ 0,5 ʤʢʄ ʬʦʨʚʘʨʜʥʦʛʦ  ʽ ʨʝʚʝʨʩʥʦʛʦ ʧʨʘʡʤʝʨʽʚ 

(Metabion), 1Ĭ HOT FIREPolÈ EvaGreenÈ qPCR Mix Plus (no ROX) (Solis BioDyne), 

2 ʤʢʣ ʦʪʨʠʤʘʥʦʾ ʢɼʅʂ ʪʘ ɼɽʇʂ-ddH2O ʜʦ 20 ʤʢʣ. ɺʩʽ ʨʝʘʛʝʥʪʠ ʟʤʽʰʫʚʘʣʠ ʪʘ 

ʟʘʚʘʥʪʘʞʫʚʘʣʠ ʫ ʪʝʨʤʦʮʠʢʣʝʨ QuantStudio 5 (Thermo Fisher). 

ʈʦʟʨʘʭʫʥʦʢ ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ 

ɽʢʩʧʨʝʩʽʶ ʛʝʥʽʚ ʚʠʤʽʨʶʚʘʣʠ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʪʨʘʥʩʢʨʠʧʪʽʚ 

ʮʽʣʴʦʚʦʛʦ ʛʝʥʘ ʜʦ ʨʝʬʝʨʝʥʪʥʦʛʦ ʛʝʥʘ actin ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʦʨʽʚʥʶʶʯʠ ʟʥʘʯʝʥʥʷ 

ʉʈ. CP (crossing point) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʪʦʯʢʘ (ʟʥʘʯʝʥʥʷ ʮʠʢʣʫ ʇʃʈ) ʧʨʠ ʷʢʽʡ 

ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʥʘʜ h ʫʤʦʚʦʶ ʬʣʫʦʨʝʩʮʝʥʮʽʻʶ.  ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Pfaffl [186]: 

ˏ̨̙̠̅̎̏̆̎̎ , 

ʜʝ ὅὖ  ï ʟʥʘʯʝʥʥʷ ʮʠʢʣʫ ʩʪʨʽʤʢʦʾ ʟʤʽʥʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʫ ʟ 

ʧʨʘʡʤʝʨʘʤʠ ʜʦ ʮʽʣʴʦʚʦʛʦ ʛʝʥʘ; ὅὖ  ï ʟʥʘʯʝʥʥʷ ʮʠʢʣʫ ʩʪʨʽʤʢʦʾ ʟʤʽʥʠ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʫ ʟ ʧʨʘʡʤʝʨʘʤʠ ʜʦ ʮʽʣʴʦʚʦʛʦ ʛʝʥʘ; ὅὖ  ï 

ʟʥʘʯʝʥʥʷ ʮʠʢʣʫ ʩʪʨʽʤʢʦʾ ʟʤʽʥʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʫ ʟ ʧʨʘʡʤʝʨʘʤʠ ʜʦ 

ʨʝʬʝʨʝʥʪʥʦʛʦ ʛʝʥʘ; ὅὖ  ï ʟʥʘʯʝʥʥʷ ʮʠʢʣʫ ʩʪʨʽʤʢʦʾ ʟʤʽʥʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 

ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʫ ʟ ʧʨʘʡʤʝʨʘʤʠ ʜʦ ʨʝʬʝʨʝʥʪʥʦʛʦ ʛʝʥʘ; Ὁ  ï ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʭʦʜʞʝʥʥʷ ʇʃʈ ʟ ʧʨʘʡʤʝʨʘʤʠ ʜʦ ʮʽʣʴʦʚʦʛʦ ʛʝʥʘ;  Ὁ  ï ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʭʦʜʞʝʥʥʷ ʇʃʈ ʟ ʧʨʘʡʤʝʨʘʤʠ ʜʦ ʨʝʬʝʨʝʥʪʥʦʛʦ ʛʝʥʘ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʇʃʈ Ὁ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 

Ὁ ρπ , 

ʜʝ ίὰέὴὩ ï ʟʥʘʯʝʥʥʷ ʥʘʭʠʣʫ ʢʨʠʚʦʾ ʧʦʙʫʜʦʚʘʥʦʾ ʷʢ ʟʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʥʷ ʮʠʢʣʫ 

ʩʪʨʽʤʢʦʾ ʟʤʽʥʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʥʝʩʝʥʦʾ ɼʅʂ, ʱʦ ʚʠʜʘʻ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦ ʧʨʠʣʘʜʫ QuantStudio 5 [186]. 
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2.4.7 ɹʽʦʽʥʬʦʨʤʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʇʦʰʫʢ ʧʦʜʽʙʥʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʧʦʨʽʚʥʷʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʙʫʚ ʟʜʽʡʩʥʝʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪʦʤ BLAST (basic local alignment search tool, ʦʩʥʦʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʧʦʰʫʢʫ 

ʣʦʢʘʣʴʥʦʛʦ ʚʠʨʽʚʥʶʚʘʥʥʷ), ʷʢʠʡ ʚʠʢʦʥʫʻ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʧʘʨʘʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, 

ʰʫʢʘʶʯʠ ʦʙʣʘʩʪʽ ʣʦʢʘʣʴʥʦʾ ʧʦʜʽʙʥʦʩʪʽ [187, 188]. ɺ ʷʢʦʩʪʽ ʨʝʬʝʨʝʥʪʥʦʛʦ ʛʝʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʘʢʝʪ ʜʘʥʠʭ  RefSeq v1.0 ʦʪʨʠʤʘʥʠʡ ʄʽʞʥʘʨʦʜʥʠʤ ʢʦʥʩʦʨʮʽʫʤʦʤ  

ʟ ʛʝʥʦʤʥʦʛʦ ʩʠʢʚʝʥʫʚʘʥʥ ̫ ʧʰʝʥʠʮʽ (International Wheat Genome Sequencing 

Consortium (https://wheat-urgi.versailles.inra.fr) [187]. ɼʣʷ ʦʮʽʥʢʠ ʧʦʜʽʙʥʦʩʪʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʘʨʘʤʝʪʨʠ E-value (ʯʠʩʣʦ, ʷʢʝ ʦʧʠʩʫʻ, ʩʢʽʣʴʢʠ 

ʨʘʟʽʚ ʤʦʛʣʠ ʙ ʦʯʽʢʫʚʘʪʠ ʚʠʧʘʜʢʦʚʦʛʦ ʟʙʽʛʫ ʚ ʙʘʟʽ ʜʘʥʠʭ ʪʘʢʦʛʦ ʨʦʟʤʽʨʫ; ʯʠʤ ʥʠʞʯʝ 

ʟʥʘʯʝʥʥʷ ɽ-value, ʪʠʤ ʟʥʘʯʫʱʠʤ ʻ ʟʙʽʛ.) ʪʘ Percent Identity (ʯʠʩʣʦ, ʷʢʝ ʦʧʠʩʫʻ, 

ʥʘʩʢʽʣʴʢʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘʧʠʪʫ ʩʭʦʞʘ ʥʘ ʮʽʣʴʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʩʢʽʣʴʢʠ ʩʠʤʚʦʣʽʚ ʫ 

ʢʦʞʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʜʝʥʪʠʯʥʦ; ʯʠʤ ʚʠʱʠʡ ʚʽʜʩʦʪʦʢ ʽʜʝʥʪʠʯʥʦʩʪʽ, ʪʠʤ ʟʥʘʯʥʽʰʠʡ 

ʟʙʽʛ) [189, 190]. 

ʈʦʙʦʪʘ ʧʦ ʟʙʽʨʮʽ ʪʘ ʘʥʘʣʽʟʫ ʥʫʢʣʝʦʪʠʜʥʠʭ ʪʘ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥ ̔CLC Main Workbench (ʚʝʨʩʽʷ 6.9.2, 

Qiagen).  

ʂʦʜʫʶʯʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʙʨʦʙʣʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ AUGUSTUS 

(http://bioinf.uni-greifswald.de/augustus/) ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢɼʅʂ ʪʘ ʙʽʣʢʦʚʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ [191].  

ɯʥʪʝʨʥʝʪ-ʽʥʩʪʨʫʤʝʥʪ ʙʽʦʽʥʬʦʨʤʘʪʠʢʠ New PLACE [192] ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ cis-ʨʝʛʫʣʷʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʨʦʤʦʪʦʨʥʽʡ ʦʙʣʘʩʪʽ. 

ʏʘʩʪʦʪʠ ʧʦʣʽʤʦʨʬʥʠʭ ʣʦʢʫʩʽʚ ʙʫʣʠ ʧʦʨʘʭʦʚʘʥʽ ʜʽʣʷʯʠ ʯʠʩʣʦ ʧʦʣʽʤʦʨʬʥʠʭ 

ʣʦʢʫʩʽʚ ʦʜʥʦʛʦ ʚʠʜʫ ʥʘ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʣʦʢʫʩʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ [193]. 
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2.5 ʄʝʪʦʜʠʢʘ ʧʨʦʪʝʦʤʥʦʛʦ ʘʥʘʣʽʟʫ ʟʝʨʥʘ ʧʰʝʥʠʮʽ 

ɽʢʩʪʨʘʢʮʽʷ ʙʽʣʢʽʚ ʟʝʨʥʘ 

ɹʽʣʢʠ ʟʝʨʥʘ ʝʢʩʪʨʘʛʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʪʦʢʦʣʫ [194]. ʇʽʩʣʷ 

ʧʦʜʨʽʙʥʝʥʥʷ 1 ʛ ʟʝʨʥʘ ʫ ʨʽʜʢʦʤʫ ʘʟʦʪʽ ʫ ʩʪʫʧʮʽ ʜʦʜʘʚʘʣʠ 10 ʤʣ ʝʢʩʪʨʘʢʮʽʡʥʦʛʦ 

ʙʫʬʝʨʘ (2% SDS [ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ], 10% ʛʣʽʮʝʨʠʥʫ, 50 ʤʄ ʜʽʪʽʦʪʨʝʡʪʦʣʫ ʪʘ 

50 ʤʄ Tris-HCl ʨʅ 6,8). ʉʫʤʽʰ ʽʥʢʫʙʫʚʘʣʠ ʟʘ ʢʽʤʥʘʪʥʦ ʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʩʪʨʫʰʫʚʘʥʥʽ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʟ ʧʦʜʘʣʴʰʠʤ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 

10 000 Ĭg ʧʨʦʪʷʛʦʤ 15 ʭʚ. ɹʽʣʢʠ ʦʩʘʜʞʫʚʘʣʠ ʟ ʩʫʧʝʨʥʘʪʘʥʪʫ ʯʦʪʠʨʤʘ ʦʙôʻʤʘʤʠ 

ʭʦʣʦʜʥʦʛʦ ʘʮʝʪʦʥʫ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʦʪʷʛʦʤ ʥʦʯʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ï20Áʉ. ʆʩʘʜ 

ʟʙʠʨʘʣʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 4000 Ĭg, 4 Á C ʧʨʦʪʷʛʦʤ 15 ʭʚ ʟ ʧʦʜʘʣʴʰʠʤ 

ʦʜʥʦʨʘʟʦʚʠʤ ʧʨʦʤʠʚʘʥʥʷʤ ʘʮʝʪʦʥʦʤ. ɹʽʣʢʦʚʠʡ ʦʩʘʜ ʚʠʩʫʰʫʚʘʣʠ ʧʽʜ ʚʘʢʫʫʤʦʤ ʽ 

ʟʙʝʨʽʛʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ï80ÁC. 

ʈʦʟʜʽʣʝʥʥʷ ʙʽʣʢʽʚ ʟʝʨʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʤʽʨʥʦʛʦ ʛʝʣʴ-ʝʣʝʢʪʨʦʬʦʨʝʟʫ 

ɹʽʣʢʦʚʽ ʝʢʩʪʨʘʢʪʠ ʟ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʨʝʩʫʩʧʝʥʜʫʚʘʣʠ ʚ 

ʩʦʣʶʙʽʣʽʟʘʮʽʡʥʦʤʫ ʙʫʬʝʨʽ (8 ʄ ʩʝʯʦʚʠʥʘ, 2 ʄ ʪʽʦʩʝʯʦʚʠʥʘ, 2% CHAPS ʽ 2% Triton 

ʍ-100). ʇʦʪʽʤ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʠʤʽʨʶʚʘʣʠ ʤʝʪʦʜʦʤ ɹʨʝʜʬʦʨʜʘ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʝʨʮʽʡʥʦʛʦ ʥʘʙʦʨʫ Pierce detergent compatible Bradford assay (ThermoFisher 

Scientific). ɸʣʽʢʚʦʪʠ ʙʽʣʢʘ ʧʦ 500 ʤʢʛ ʜʦʚʦʜʠʣʠ ʜʦ 340 ʤʢʣ ʽʟʦʝʣʝʢʪʨʠʯʥʠʤ 

ʬʦʢʫʩʫʶʯʠʤ ʙʫʬʝʨʦʤ (8 ʄ ʩʝʯʦʚʠʥʘ, 2 ʄ ʪʽʦʩʝʯʦʚʠʥʘ, 2% CHAPS, 1% 

ʘʤʽʜʦʩʫʣʴʬʦʙʝʪʘʾʥ-14, 1% Triton ʍ-100, 2% ʘʤʬʦʣʽʪʠ ʪʘ 1% DeStreak). ʇʽʩʣʷ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʩʫʧʝʨʥʘʪʘʥʪ ʧʝʨʝʥʦʩʠʣʠ ʥʘ 18-ʩʘʥʪʠʤʝʪʨʦʚʫ ʛʝʣʝʚʫ ʩʪʨʽʯʢʫ ʟ 

ʥʝʣʽʥʽʡʥʠʤ ʛʨʘʜʽʻʥʪʦʤ pH 3-10 (GE Healthcare). ʇʽʩʣʷ ʧʘʩʠʚʥʦʾ ʨʝʛʽʜʨʘʪʘʮʽʾ 

ʧʨʦʪʷʛʦʤ ʥʦʯʽ ʧʝʨʰʝ ʨʦʟʜʽʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʟʦʝʣʝʢʪʨʠʯʥʠʭ ʪʦʯʦʢ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʣʘʜʽ Ettan IPGphor 3 unit (GE Healthcare), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʥʘʩʪʫʧʥʫ ʧʨʦʛʨʘʤʫ: 100 ɺȚʛʦʜ ʧʨʠ 100 ɺ, 500 ɺȚʛʦʜ ʧʨʠ 500 ɺ, ʛʨʘʜʽʻʥʪ 1000 ɺȚʛʦʜ 

ʜʦ 1000 ɺ, ʛʨʘʜʽʻʥʪ 31 000 ɺȚʛʦʜ ʜʦ 10 000 ɺ, 27 400 ɺȚʛʦʜ ʧʨʠ 10 000 ɺ ʟ 

ʦʙʤʝʞʝʥʥʷʤ ʩʪʨʫʤʫ 50 ʤʢɸ ʥʘ ʩʪʨʽʯʢʫ. ʇʽʩʣʷ ʽʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʬʦʢʫʩʫʚʘʥʥʷ ʩʤʫʞʢʠ 

ʚʽʜʥʦʚʣʶʚʘʣʠ ʚ 4 ʤʣ ʙʫʬʝʨʘ ʜʣʷ ʚʨʽʚʥʦʚʘʞʝʥʥʷ (EQB; 0,1 ʄ Tris, ʨʅ 6,8, 30% 
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ʛʣʽʮʝʨʠʥ, 6 ʄ ʩʝʯʦʚʠʥʘ ʪʘ 3% SDS) ʟ 2% ʜʽʪʽʦʪʨʝʡʪʦʣʦʤ ʧʨʦʪʷʛʦʤ 15 ʭʚ, ʘʣʢʽʣʫʚʘʣʠ 

ʚ 4 ʤʣ EQB ʟ 2,5 % ʡʦʜʦʘʮʝʪʘʤʽʜʦʤ ʚ ʪʝʤʨʷʚʽ ʧʨʦʪʷʛʦʤ 15 ʭʚ, ʧʨʦʤʠʚʘʣʠ ʚ 4 ʤʣ 

ʙʫʬʝʨʘ ʜʣʷ ʝʣʝʢʪʨʦʬʦʨʝʟʫ (25 ʤʄ Tris, 192 ʤʄ ʛʣʽʮʠʥ ʪʘ 0,1% SDS), ʧʦʤʽʱʘʣʠ 

ʧʦʚʝʨʭ 12% ʧʦʣʽʘʢʨʠʣʘʤʽʜʥʦʛʦ ʛʝʣʶ ʽ ʛʝʨʤʝʪʠʟʫʚʘʣʠ 0,5% ʘʛʘʨʦʟʦʶ ʟ 0,002% 

ʙʨʦʤʦʬʝʥʦʣʦʚʠʤ ʩʠʥ̔ʤ ʚ ʙʫʬʝʨʽ ʜʣʷ ʝʣʝʢʪʨʦʬʦʨʝʟʫ. ʈʦʟʜʽʣʝʥʥʷ ʜʨʫʛʦʛʦ ʚʠʤʽʨʫ ʟʘ 

ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʤʘʩʘʤʠ ʧʨʦʚʦʜʠʣʠ ʚ Protean II xi Cell (Bio-Rad). ʈʦʟʜʽʣʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ 15 ʤɸ ʥʘ ʦʜʠʥ ʛʝʣʴ 1 ʛʦʜ, 20 ʤɸ 2 ʛʦʜ, ʪʘ 30 ʤɸ 3 ʛʦʜ 30 ʭʚ. 

ɻʝʣʽ ʟʘʙʘʨʚʣʶʚʘʣʠ ʯʫʪʣʠʚʠʤ ʢʦʣʦʾʜʥʠʤ Coomassie G-250. ɿʦʙʨʘʞʝʥʥʷ ʙʫʣʠ 

ʦʮʠʬʨʦʚʘʥʽ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 300 dpi ʪʘ ʛʣʠʙʠʥʦʶ ʧʽʢʩʝʣʽʚ 16-ʙʽʪʦʚʦʛʦ 

ʚʽʜʪʽʥʢʫ ʩʽʨʦʛʦ ʥʘ Umax ImageScanner (GE Healthcare). 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦ ʥʘʢʦʧʠʯʝʥʠʭ ʙʽʣʢʽʚ ʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ SameSpots 

ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʙʽʣʢʽʚ ʚ ʛʝʣʽ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

SameSpots 5.1 (TotalLab), ʱʦʙ ʚʠʷʚʠʪʠ ʙʽʣʢʦʚʽ ʧʣʷʤʠ, ʱʦ ʨʽʟʥʷʪʴʩʷ ʤʽʞ ʨʽʟʥʠʤʠ 

ʢʫʣʴʪʫʨʘʤʠ. ʇʦ-ʧʝʨʰʝ, ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʧʦʪʽʤ ʧʨʠʙʠʨʘʣʠ ʯʘʩʪʠʥʢʠ ʧʠʣʫ/ʧʣʷʤ, ʦʯʝʚʠʜʥʽ ʩʤʫʛʠ ʪʘ ʧʦʰʢʦʜʞʝʥʽ ʜʽʣʷʥʢʠ ʛʝʣʶ. 

ɺʽʜʥʦʩʥʽ ʦʙôʻʤʠ ʙʫʣʠ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘ ʝʪʘʣʦʥʥʠʤ ʛʝʣʝʤ 

ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʟʥʘʯʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʟʨʘʟʢʽʚ. ɺʩʽ ʧʣʷʤʠ ʙʫʣʠ 

ʧʝʨʝʛʣʷʥʫʪʽ ʪʘ, ʷʢʱʦ ʙʫʣʦ ʧʦʪʨʽʙʥʦ, ʚʽʜʨʝʜʘʛʦʚʘʥʽ ʚʨʫʯʥʫ. ɺʠʷʚʣʝʥʽ ʧʣʷʤʠ ʤʘʣʠ 

ʽʥʪʝʨʚʘʣ pI 4,0-9,5 ʪʘ ʽʥʪʝʨʚʘʣ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ 11-129 ʢɼʘ.  

ɼʠʬʝʨʝʥʮʽʡʥʦ ʥʘʢʦʧʠʯʝʥʽ ʙʽʣʢʠ ʙʫʣʠ ʦʙʨʘʥʽ ʥʘ ʦʩʥʦʚʽ p-ʟʥʘʯʝʥʥʷ ANOVA Ò 

0,01 ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Ó 2,5. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʫʚʘʣʠ post-hoc ʪʝʩʪ ʥʘ ʩʧʨʘʚʞʥʶ 

ʽʩʪʦʪʥʫ ʨʽʟʥʠʮʶ Tukey, ʱʦʙ ʦʮʽʥʠʪʠ ʟʤʽʥʠ ʤʽʞ ʢʦʥʢʨʝʪʥʠʤʠ ʛʝʥʦʪʠʧʘʤʠ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʜʠʬʝʨʝʥʮʽʡʥʦ ʥʘʢʦʧʠʯʝʥʠʭ ʙʽʣʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 2DE-LC/MS 

ɼʠʬʝʨʝʥʮʽʡʥʦ ʥʘʢʦʧʠʯʝʥʽ ʙʽʣʢʦʚʽ ʧʣʷʤʠ ʚʠʨʽʟʘʣʠ ʟ ʛʝʣʽʚ, ʧʨʦʤʠʚʘʣʠ ʚ 300 

ʤʢʣ 50 ʤʄ ʙʽʢʘʨʙʦʥʘʪʫ ʘʤʦʥʽʶ ʚ 50% ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ ʩʪʨʫʰʫʚʘʥʥʽ 500 ʦʙ/ʭʚ 

ʧʨʦʪʷʛʦʤ 15 ʭʚ ʽ ʟʥʝʚʦʜʥʶʚʘʣʠ ʚ 300 ʤʢʣ ʘʮʝʪʦʥʽʪʨʠʣʫ. ʇʦʪʽʤ ʚʽʜʥʦʚʣʶʚʘʣʠ ʚ 100 

ʤʢʣ 10 ʤʄ ʜʽʪʽʦʪʨʝʡʪʦʣʫ ʚ 100 ʤʄ ʙʽʢʘʨʙʦʥʘʪʽ ʘʤʦʥʽʶ ʧʨʠ 50Áʉ ʧʨʦʪʷʛʦʤ 30 ʭʚ. 
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ɸʣʢʽʣʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʽ 100 ʤʢʣ 50 ʤʄ ʡʦʜʦʘʮʝʪʘʤʽʜʫ ʚ 100 ʤʄ ʙʽʢʘʨʙʦʥʘʪʫ 

ʘʤʦʥʽʶ ʚ ʪʝʤʨʷʚʽ ʧʨʦʪʷʛʦʤ 30 ʭʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʰʤʘʪʦʯʢʠ ʛʝʣʶ ʧʨʦʤʠʚʘʣʠ ʪʘ 

ʟʥʝʚʦʜʥʶʚʘʣʠ ʷʢ ʧʦʧʝʨʝʜʥʴʦ. ɹʽʣʢʦʚʽ ʛʝʣʝʚʽ ʰʤʘʪʦʯʢʠ ʱʝʧʠʣʠ ʚ 20 ʤʢʣ ʬʝʨʤʝʥʪʫ 

10 ʥʛ/ʤʢʣ (Promega) ʚ 10 ʤʄ ʛʽʜʨʦʢʘʨʙʦʥʘʪʽ ʘʤʦʥʽʶ ʪʘ 10% ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ 25Áʉ 

(ʭʽʤʦʪʨʠʧʩʠʥ) ʘʙʦ 37Áʉ (ʪʨʠʧʩʠʥ), ʚ 50 ʤʄ Tris pH 8,0 ʽ 0,5 ʤʄ CaCl2 ʧʨʠ 60Áʉ 

(ʪʝʨʤʦʣʽʟʠʥ). ʇʝʧʪʠʜʠ ʜʚʽʯʽ ʝʢʩʪʨʘʛʫʚʘʣʠ ʚ 50 ʤʢʣ 70% ʘʮʝʪʦʥʽʪʨʠʣʫ ʪʘ 1% 

ʪʨʠʬʪʦʨʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ ʧʨʠ 37Áʉ, 1000 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 15 ʭʚ. 

ʆʪʨʠʤʘʥʽ ʧʝʧʪʠʜʠ ʘʥʘʣʽʟʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ-

ʪʘʥʜʝʤʥʦʾ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ (LC-MS/MS), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʜʠʥʥʠʡ ʭʨʦʤʘʪʦʛʨʘʬ 

nanoAcquity UHPLC (Waters) ʪʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʝʨ Q-TOF Premier (Waters). ɼʘʥʽ 

ʟʘʧʠʩʫʚʘʣʠ ʚ ʨʝʞʠʤʽ MSE ʪʘ ʦʙʨʦʙʣʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ProteinLynx Global Server 3.0 

(Waters). ʉʧʝʢʪʨʠ ʩʧʽʚʩʪʘʚʣʷʣʠʩʴ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʰʝʥʠʯʥʠʭ ʧʨʦʪʝʦʤʽʚ, 

ʟʘʚʘʥʪʘʞʝʥʠʭ ʟ UniProt ʫ ʢʚʽʪʥʽ 2018 ʨʦʢʫ (136 892 ʟʘʧʠʩʠ, uniprot.org). ʇʘʨʘʤʝʪʨʠ 

ʧʦʰʫʢʫ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʬʝʨʤʝʥʪʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠ, ʘʣʝ ʜʦʜʘʪʢʦʚʦ 

ʜʦʟʚʦʣʷʣʠ ʦʜʥʝ ʥʝʧʨʘʚʠʣʴʥʝ ʨʦʟɦʝʧʣʝʥʥʷ ʜʣʷ ʪʨʠʧʩʠʥʫ ʪʘ ʪʝʨʤʦʣʽʟʠʥʫ. ʇʘʨʘʤʝʪʨʠ 

ʜʣʷ ʪʝʨʤʦʣʽʟʠʥʫ ʚʠʟʥʘʯʘʣʠ ʷʢ ʨʦʟɦʝʧʣʝʥʥʷ ʥʘ N-ʢʽʥʮʽ ʧʽʩʣʷ ʘʣʘʥʽʥʫ, ʬʝʥʽʣʘʣʘʥʽʥʫ, 

ʽʟʦʣʝʡʮʠʥʫ, ʣʝʡʮʠʥʫ, ʤʝʪʽʦʥʽʥʫ ʪʘ ʚʘʣʽʥʫ, ʘʣʝ ʥʝ ʧʝʨʝʜ ʧʨʦʣʽʥʦʤ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʙʫʣʘ 

ʧʨʠʡʥʷʪʘ, ʷʢʱʦ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʜʚʘ ʯʠ ʙʽʣʴʰʝ ʨʽʟʥʠʭ ʧʝʧʪʠʜʽʚ ̔ ʟ ʦʮʽʥʢʦʶ ʚʠʱʝ 95% 

ʧʦʨʦʛʦʚʦʛʦ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʽʣʢʠ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʟ ʛʝʣʝʚʠʭ ʧʣʷʤ, ʩʧʦʯʘʪʢʫ, 

ʟʘʩʪʦʩʫʚʘʣʠ ʨʦʟɦʝʧʣʝʥʥʷ ʭʽʤʦʪʨʠʧʩʠʥʦʤ. ʈʝʰʪʫ ʥʝʚʽʜʦʤʠʭ ʧʣʷʤ ʦʙʨʦʙʣʷʣʠ 

ʪʨʠʧʩʠʥʦʤ ʪʘ ʪʝʨʤʦʣʽʟʠʥʦʤ.  

ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʧʨʦʪʝʦʤʫ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʤʝʪʦʜʦʤ GF-LC/MS 

ʑʦʙ ʜʦʧʦʚʥʠʪʠ ʜʘʥʽ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʜʚʦʚʠʤʽʨʥʦʛʦ ʛʝʣʴ-

ʝʣʝʢʪʨʦʬʦʨʝʟʫ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʩʝʙʽʯʥʝ ʧʨʦʬʽʣʶʚʘʥʥʷ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʠʥʮʠʧ 

ʪʦʯʥʦʾ ʧʣʦʱʽ ʧʽʢʽʚ.  

ɿʘʛʘʣʴʥʽ ʙʽʣʢʦʚʽ ʝʢʩʪʨʘʢʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦ ʨʦʟʱʝʧʣʶʚʘʣʠ ʟʘ ʧʨʦʪʦʢʦʣʦʤ 

filter-aided sample preparation (FASP) [195]. ʇʽʩʣʷ ʘʢʪʠʚʘʮʽʾ ʮʝʥʪʨʠʬʫʞʥʠʭ 
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ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ Microcon Ultracel YM-10 (Merck Millipore) 200 ʤʢʣ 1% 

ʤʫʨʘʰʠʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 10 000 Ĭg ʧʨʦʪʷʛʦʤ 40 ʭʚ, 100 ʤʢʛ 

ʙʽʣʢʦʚʽ ʘʣʽʢʚʦʪʠ ʙʫʣʠ ʜʦʚʝʜʝʥʽ ʜʦ 200 ʤʢʣ ʩʝʯʦʚʠʥʥʠʤ ʙʫʬʝʨʦʤ (8 ʄ ʩʝʯʦʚʠʥʘ ʪʘ 

100 ʤʄ Tris ʨʅ 8,5) ʪʘ ʟʘʚʘʥʪʘʞʝʥʽ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʮʝʥʪʨʠʬʫʞʥʫ ʫʩʪʘʥʦʚʢʫ ̔  ʙʫʣʠ 

ʚʽʜʮʝʥʪʨʠʬʫʛʦʚʘʥ.̔ ɿʛʦʜʦʤ ʙʽʣʢʠ ʧʨʦʤʠʚʘʣʠ 200 ʤʢʣ ʩʝʯʦʚʠʥʥʠʤ ʙʫʬʝʨʦʤ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʧʨʦʚʦʜʠʣʠ 200 ʤʢʣ 10 ʤʄ ʜʽʪʽʦʪʨʝʡʪʦʣʫ ʚ ʩʝʯʦʚʠʥʥʦʤʫ ʙʫʬʝʨʽ ʧʨʠ 

ʟʤʽʰʫʚʘʥʥʽ ʧʨʠ 500 ʦʙ/ʭʚ, ʧʨʠ 50Áʉ ʧʨʦʪʷʛʦʤ 15 ʭʚ ʟ ʧʦʜʘʣʴʰʠʤ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ. ɹʽʣʢʠ ʘʣʢʽʣʫʚʘʣʠ ʚ 200 ʤʢʣ 50 ʤʄ ʡʦʜʦʘʮʝʪʘʤʽʜʫ ʚ 

ʩʝʯʦʚʠʥʥʦʤʫ ʙʫʬʝʨʽ, ʚʦʨʪʝʢʩʫʚʘʣʠ ʧʨʠ 500 ʦʙ/ʭʚ ʫ ʪʝʤʨʷʚʽ ʧʨʦʪʷʛʦʤ 15 ʭʚ ʽ 

ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ. ʅʘʜʣʠʰʦʢ ʡʦʜʦʘʮʝʪʘʤʽʜʫ ʛʘʩʠʚʩʷ ʜʽʪʽʦʪʨʝʡʪʦʣʦʤ. ʆʩʪʘʪʦʯʥʝ 

ʧʨʦʤʠʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ 200 ʤʢʣ 20 ʤʄ ʙʽʢʘʨʙʦʥʘʪʫ ʘʤʦʥʽʶ ʟ ʧʦʜʘʣʴʰʠʤ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʬʽʣʴʪʨʫʶʯʠʭ ʫʩʪʘʥʦʚʦʢ. ʇʦʪʽʤ ʟʙʠʨʘʶʯʽ ʧʨʦʙʽʨʢʠ ʟʘʤʽʥʶʚʘʣʠ 

ʥʘ ʥʦʚʽ ʽ ʜʦ ʬʽʣʴʪʨʘ ʜʦʜʘʚʘʣʠ 75 ʤʢʣ ʭʽʤʦʪʨʠʧʩʠʥʫ 100 ʥʛ/ʤʢʣ ʚ 50 ʤʄ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʽ ʘʤʦʥʽʶ. ʈʦʟʝɦʧʣʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 25Áʉ ʧʨʦʪʷʛʦʤ ʥʦʯʽ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʧʝʧʪʠʜʠ ʟʙʠʨʘʣʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 10 000 Ĭg ʧʨʦʪʷʛʦʤ 20 ʭʚ. ʑʝ 75 ʤʢʣ 

50 ʤʄ ʙʽʢʘʨʙʦʥʘʪʫ ʘʤʦʥʽʶ ʜʦʜʘʚʘʣʠ ʥʘ ʬʽʣʴʪʨ ʽ ʟʥʦʚʫ ʟʙʠʨʘʣʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ. 

ʅʘʨʝʰʪʽ, 100 ʤʢʣ 0,1% ʪʨʠʬʪʦʨʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʜʦʜʘʚʘʣʠ ʜʣʷ ʧʽʜʢʠʩʣʝʥʥʷ 

ʦʙôʻʜʥʘʥʠʭ ʮʝʥʪʨʠʬʫʛʘʪʽʚ. ɼʣʷ ʦʯʠʱʝʥʥʷ ʧʝʧʪʠʜʽʚ ʧʽʩʣʷ ʧʨʦʪʦʢʦʣʫ FASP 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʘʨʪʨʠʜʞʽ Sep-Pak Light C18 (Waters). ʂʦʥʮʝʥʪʨʘʮʽʶ ʧʝʧʪʠʜʽʚ 

ʚʠʤʽʨʶʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ NanoDrop 2000 (ThermoFisher Scientific), 

ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ 0,1% ʨʦʟʯʠʥ ʙʽʣʢʽʚ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ ʝʢʩʪʠʥʮʽ ʾ 1,0 ʦʜʠʥʠʮʴ 

ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 280 ʥʤ. 

ɸʣʽʢʚʦʪʠ 300 ʥʛ ʦʯʠʱʝʥʠʭ ʩʢʣʘʜʥʠʭ ʧʝʧʪʠʜʥʠʭ ʩʫʤʽʰʝʡ ʨʦʟʜʽʣʷʣʠ ʫ ʪʨʴʦʭ 

ʧʦʚʪʦʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʜʠʥʥʠʡ ʭʨʦʤʘʪʦʛʨʘʬ Acquity M-Class UHPLC (Waters). 

ɿʨʘʟʢʠ ʟʘʚʘʥʪʘʞʫʚʘʣʠ ʥʘ ʢʦʣʦʥʢʫ nanoEase Symmetry C18 (ʜʦʚʞʠʥʘ 20 ʤʤ, ʜʽʘʤʝʪʨ 

180 ʤʢʤ, ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ 5 ʤʢʤ). ʇʽʩʣʷ 2 ʭʚ ʟʥʝʩʦʣʝʥʥʷ/ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ 1% 

ʘʮʝʪʦʥʽʪʨʠʣʦʤ, ʱʦ ʤʽʩʪʠʪʴ 0,1% ʤʫʨʘʰʠʥʦʾ ʢʠʩʣʦʪʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ 8 ʤʢʣ/ʭʚ, 

ʧʝʧʪʠʜʠ ʚʚʦʜʠʣʠ ʚ ʘʥʘʣʽʪʠʯʥʫ ʢʦʣʦʥʢʫ nanoEase HSS T3 C18 (ʜʦʚʞʠʥʘ 100 ʤʤ, 
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ʜʽʘʤʝʪʨ 75 ʤʢʤ, ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ 1,8 ʤʢʤ). ɼʣʷ ʨʝʪʝʣʴʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

90 ʭʚ ʛʨʘʜʽʻʥʪ 5-35% ʘʮʝʪʦʥʽʪʨʠʣʫ ʟ 0,1% ʤʫʨʘʰʠʥʦʶ ʢʠʩʣʦʪʦʶ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʧʦʪʦʢʫ 300 ʥʣ/ʭʚ. ɺʠʧʫʩʢʥʫ ʢʦʣʦʥʢʫ ʟ'ʻʜʥʫʚʘʣʠ ʟ ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ PicoTip 

(ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ 360 ʤʢʤ, ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ 20 ʤʢʤ, ʜʽʘʤʝʪʨ ʥʘʢʦʥʝʯʥʠʢʘ 10 

ʤʢʤ), ʘ ʟʨʘʟʢʠ ʥʘʥʦʩʧʨʝʶʚʘʣʠ (ʢʘʧʽʣʷʨʥʘ ʥʘʧʨʫʛʘ 3,1 ʢɺ) ʥʘ ʢʚʘʜʨʫʧʦʣʴʥʠʡ ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨ Synapt G2-Si ʟ ʦʧʮʽʻʶ ʽʦʥʥʦʾ ʤʦʙʽʣʴʥʦʩʪʽ (Waters). ʉʧʝʢʪʨʠ ʙʫʣʠ 

ʟʘʧʠʩʘʥʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ MSE ʚʠʩʦʢʦʾ ʯʽʪʢʦʩʪʽ. ɯʦʥʠ ʟ 50-2000 m/z 

(ʤʘʩʘ/ʟʘʨʷʜ) ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ ʦʙʦʭ ʢʘʥʘʣʘʭ ʟʽ ʰʚʠʜʢʽʩʪʶ ʩʢʘʥʫʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʟʘʭʦʧʣʝʥʥʷ ʟʘ 1 ʩ. ɼʣʷ ʢʦʨʝʢʮʽʾ ʤʘʩʠ ʚʚʦʜʠʣʠ ʟʦʚʥʽʰʥʽʡ ʩʪʘʥʜʘʨʪ Glu1-

Fibrinopeptide B. 

ʉʧʝʢʪʨʠ ʙʫʣʠ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʽ ʢʦʤʧʨʝʩʽʡʥʠʤ ʪʘ ʘʨʭʽʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

Compression and Archival Tool 1.0 (Waters) ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ. ʆʙʨʦʙʢʫ ʜʘʥʠʭ 

ʧʨʦʚʦʜʠʣʠ ʚ Progenesis QI 4.0 (Waters). ɼʣʷ ʚʠʙʦʨʫ ʧʽʢʫ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ 

ʧʦʨʦʛʦʚʽ ʧʘʨʘʤʝʪʨʠ: ʥʠʟʴʢʘ ʝʥʝʨʛʽʷ 320 ʦʜʠʥʠʮʴ ʽ ʚʠʩʦʢʘ ʝʥʝʨʛʽʷ 40 ʦʜʠʥʠʮʴ. 

ʇʦʧʝʨʝʜʥʠʢʠ ʪʘ ʽʦʥʠ ʬʨʘʛʤʝʥʪʽʚ ʟô̒ ʜʥʫʚʘʣʠʩʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʨʝʣʷʮʽʾ 

ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʬʽʣʽʚ ʝʣʶʮʽʾ ʫ ʩʣʽʜʘʭ ʥʠʟʴʢʦʾ/ʚʠʩʦʢʦʾ ʝʥʝʨʛʽʾ. ʇʦʪʽʤ ʯʘʩʠ 

ʫʪʨʠʤʫʚʘʥʥʷ ʧʽʢʽʚ ʙʫʣʠ ʚʠʨʽʚʥʷʥʽ ʧʦ ʚʩʽʭ ʭʨʦʤʘʪʦʛʨʘʤʘʭ. ʇʽʢʦʚʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʙʫʣʠ 

ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʩʽʭ ʽʦʥʽʚ, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʩʠʛʥʘʣʽʚ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʫʤʦʚʠ. ɹʝʟʤʽʪʢʦʚʘ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ 

ʩʧʠʨʘʣʘʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʽʢʦʚʠʭ ʧʣʦʱ ʪʨʴʦʭ ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʠʭ ʧʝʧʪʠʜʽʚ-

ʧʦʧʝʨʝʜʥʠʢʽʚ, ʧʝʨʝʚʘʞʥʦ ʫʥʽʢʘʣʴʥʠʭ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʣʢʘ ʟʘʩʪʦʩʦʚʘʥʦ ʘʣʛʦʨʠʪʤ 

ʧʦʰʫʢʫ Ion Accounting 4.0 (Waters). ʌʘʡʣ ʝʪʘʣʦʥʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʫʚ, ʷʢ 

ʟʛʘʜʫʚʘʣʦʩʷ ʚʠʱʝ ʚ ʦʧʠʩʽ 2DE-LC/MS. ʇʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ ʧʦʰʫʢʽʚ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʣʢʘ ʙʫʣʠ: ʤʘʢʩʠʤʫʤ ʜʚʘ ʤʦʞʣʠʚʽ ʧʨʦʧʫʱʝʥʽ ʤʽʩʮʷ ʨʦʟɦʝʧʣʝʥʥʷ 

ʭʽʤʦʪʨʠʧʩʠʥʦʤ, ʬʽʢʩʦʚʘʥʠʡ ʢʘʨʙʘʤʽʜʦʤʝʪʠʣʮʠʩʪʝʾʥ, ʤʝʪʽʦʥʽʥ ʽʟ ʟʤʽʥʥʠʤ 

ʦʢʠʩʥʝʥʥʷʤ ʪʘ ʜʝʘʤʽʜʦʚʘʥʠʡ ʛʣʫʪʘʤʽʥ. ʈʦʟʝɦʧʣʝʥʥʷ ʭʤ̔ʦʪʨʠʧʩʠʥʦʤ ʚʠʟʥʘʯʘʣʠ ʷʢ 

ʨʦʟɦʝʧʣʝʥʥʷ ʥʘ ʉ-ʢʽʥʮʽ ʧʽʩʣʷ ʪʠʨʦʟʠʥʫ, ʬʝʥʽʣʘʣʘʥʽʥʫ, ʪʨʠʧʪʦʬʘʥʫ, ʣʝʡʮʠʥʫ ʪʘ 

ʤʝʪʽʦʥʽʥʫ, ʘʣʝ ʥʝ ʧʝʨʝʜ ʧʨʦʣʽʥʦʤ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʣʦ 
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ʤʘʩʦʚʽ ʜʦʧʫʩʢʠ ʧʦʧʝʨʝʜʥʠʢʘ ʪʘ ʧʝʧʪʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʧʝʧʪʠʜʽʚ ʙʫʣʘ 

ʦʙʤʝʞʝʥʘ ʤʝʥʰʝ ʥʽʞ 4% ʧʦʤʠʣʢʦʚʦʛʦ ʚʠʷʚʣʝʥʥʷ ʱʦʜʦ ʨʘʥʜʦʤʽʟʦʚʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʙʫʣʘ ʧʨʠʡʥʷʪʘ, ʷʢʱʦ ʱʦʥʘʡʤʝʥʰʝ ʜʚʘ ʯʽʪʢʦ ʚʠʨʘʞʝʥʽ ʧʝʧʪʠʜʠ 

(ʦʮʽʥʢʘ Ó 5,5, ʪʦʯʥʽʩʪʴ ʤʘʩʠ Ò 15 ppm [parts per million, ʯʘʩʪʠʥ ʥʘ ʤʽʣʴʡʦʥ]) 

ʚʽʜʧʦʚʽʜʘʣʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʣʢʘ. ʇʦʪʽʤ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʬʫʥʢʮʽʶ ʛʨʫʧʫʚʘʥʥʷ 

ʙʽʣʢʽʚ, ʱʦʙ ʧʦʢʘʟʘʪʠ ʣʠʰʝ ʩʧʽʚʧʘʜʽʥʥʷ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʧʝʧʪʠʜʘʤʠ. ʈʦʟʛʣʷʜʘʣʠ ʷʢ 

ʜʠʬʝʨʝʥʮʽʡʥʦ ʥʘʢʦʧʠʯʝʥʽ ʙʽʣʢʠ, ʷʢ ʪʘʢʽ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʪʠʤ ʞʝ ʩʪʨʦʛʠʤ 

ʢʨʠʪʝʨʽʷʤ ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʫ ʨʦʟʤʽʨʫ, ʱʦ ʡ ʜʣʷ 2DE-LC/MS. ɼʘʥʽ, ʱʦ 

ʦʪʨʠʤʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ GF-LC/MS ʙʫʣʠ ʧʝʨʝʜʘʥʽ ʚ ʢʦʥʩʦʨʮʽʫʤ 

ProteomeXchange ʯʝʨʝʟ ʧʘʨʪʥʝʨʩʴʢʝ ʩʭʦʚʠʱʝ PRIDE ʟ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʥʘʙʦʨʫ 

ʜʘʥʠʭ PXD012940 [196]. 

ɹʽʦ̔ʥʬʦʨʤʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʘʣʝʨʛʝʥʥʦʩʪʽ/ʪʦʢʩʠʯʥʦʩʪʽ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ 

ʙʽʣʢʽʚ 

ɼʣʷ ʦʮʽʥʢʠ ʘʣʝʨʛʝʥʥʦʩʪʽ/ʪʦʢʩʠʯʥʦʩʪʽ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʙʽʣʢʽʚ, ʱʦ 

ʜʠʬʝʨʝʥʮʽʡʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʟʝʨʥʽ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

Allergome (allergome.org), ProPepper (propepper.net) ʪʘ GluPro [197]. ɺʣʘʩʪʠʚʦʩʪʽ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʷʢʦʩʪʽ, ʙʫʣʠ ʚʟʷʪʽ ʟ ʘʥʦʪʘʮʽʡ UniProt. ʆʩʢʽʣʴʢʠ ʥʝʱʦʜʘʚʥʦ ʚ UniProt 

ʚʽʜʙʫʣʦʩʷ ʩʠʩʪʝʤʘʪʠʯʥʝ ʦʥʦʚʣʝʥʥʷ ʧʰʝʥʠʯʥʦʛʦ ʧʨʦʪʝʦʤʫ, ʟʘʩʪʘʨʽʣʽ ʧʨʠʻʜʥʘʥʥʷ 

ʙʫʣʠ ʟʘʤʽʥʝʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʘʥʘʣʦʛʽʚ, ʜʽʡʩʥʠʤʠ ʜʣʷ ʣʶʪʦʛʦ 2019 ʨʦʢʫ, ʷʢʱʦ ʪʘʢʽ 

ʙʫʣʠ ʜʦʩʪʫʧʥʽ.  
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ʈʆɿɼɯʃ 3 ɺʇʃʀɺ ɻʈʋʅʊʆɺʆɰ ʇʆʉʋʍʀ ʅɸ ʇʆʂɸɿʅʀʂʀ 

ʌʆʊʆʉʀʅʊɽʊʀʏʅʆɻʆ ʊɸ ʇʈʆɼʀʍʆɺʆɻʆ ɸʇɸʈɸʊʋ ʃʀʉʊʂɯɺ ɯ 

ʇʈʆɼʋʂʊʀɺʅɯʉʊʔ ʉʆʈʊɯɺ ʇʐɽʅʀʎɯ 

 

3.1 ɺʧʣʠʚ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ ʥʘ ʧʦʢʘʟʥʠʢʠ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ 

3.1.1 ɺʦʜʥʠʡ ʜʝʬʽʮʠʪ ʟʘ ʫʤʦʚ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ 

ɺʦʜʥʠʡ ʜʝʬʽʮʠʪ ʧʦʢʘʟʫʻ ʚʽʜʩʫʪʥʶ ʜʦ ʧʦʚʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʨʦʩʣʠʥʥʠʭ ʢʣʽʪʠʥ 

ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʷʢʘ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʾʾ ʚʤʽʩʪʫ ʧʨʠ ʧʦʚʥʦʤʫ 

ʥʘʩʠʯʝʥʥʽ ʪʢʘʥʠʥ. 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ˇʨʫʥʪʦʚʘ ʧʦʩʫʭʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʦʜʥʦʛʦ 

ʜʝʬʽʮʠʪʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʚ ʫʩʽʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. ʅʘ 1-ʫ ʜʦʙʫ ʧʦʩʫʭʠ ʚʦʜʥʠʡ 

ʜʝʬʽʮʠʪ ʟʙʽʣʴʰʠʚʩʷ ʚ 2-3 ʨʘʟʠ ʷʢ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ. ɸ ʥʘ 7-ʤʫ ʜʦʙʫ 

ʦʙʤʝʞʝʥʥʷ ʧʦʣʠʚʫ ʟʨʦʩʪʘʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʠʤʠ 

ʨʦʩʣʠʥʘʤʠ ʙʫʣʦ ʚʠʱʠʤ ʫ ʩʦʨʪʽʚ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ ʪʘ ʇʦʣʽʩʴʢʘ 90 (ʫ 3,2- 

5,6 ʨʘʟʠ), ʥʽʞ ʫ ʩʦʨʪʽʚ ɸʩʪʘʨʪʘ, ʇʦʜʦʣʷʥʢʘ ʪʘ ʆʜʝʩʴʢʘ 267 (ʫ 2-2,8 ʨʘʟʠ).  

 

3.1.2 ɿʤʽʥʠ ʘʢʪʠʚʥʦʩʪʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʬʝʨʤʝʥʪʽʚ ʟʘ ʫʤʦʚ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ 

ɺʽʜʦʤʦ, ʱʦ ʟʘ ʜʽʾ ʧʦʩʫʭʠ ʟʥʠʞʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʬʽʢʩʘʮʽʾ ʉʆ2 ʽ ʟʤʝʥʰʫʻʪʴʩʷ 

ʩʧʦʞʠʚʘʥʥʷ ʅɸɼʌ.ʅ ʚ ʮʠʢʣʽ ʂʘʣʴʚʽʥʘ. ʂʦʤʧʦʥʝʥʪʠ ʝʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʣʘʥʮʶʛʘ ʩʪʘʶʪʴ ʥʘʜʚʽʜʥʦʚʣʝʥʠʤʠ ʩʧʨʠʯʠʥʷʶʯʠ ʫʪʚʦʨʝʥʥʷ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ 

ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʨʘʜʠʢʘʣʫ ʆ2
2-, ʱʦ ʻ ʜʞʝʨʝʣʦʤ ʬʦʨʤʫʚʘʥʥʷ ʛʽʜʨʦʢʩʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʫ ʆʅ- ʽ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ. ɸʢʪʠʚʥʽ ʬʦʨʤʠ ʢʠʩʥʶ (ɸʌʂ) ʟʜʘʪʥʽ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦ ʨʝʘʛʫʚʘʪʠ ʟ ʙʽʣʢʘʤʠ, ʣʽʧʽʜʘʤʠ, ʥʫʢʣʝʾʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ 

ʩʧʨʠʯʠʥʷʶʯʠ ʜʝʩʪʨʫʢʪʠʚʥʽ ʧʨʦʮʝʩʠ. ʋ ʭʣʦʨʦʧʣʘʩʪʘʭ ʬʫʥʢʮʽʦʥʫʻ ʤʝʭʘʥʽʟʤ 

ʝʣʽʤʽʥʘʮʽʾ ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʢʠʩʥʶ, ʚ ʷʢʦʤʫ ʧʦʩʣʽʜʦʚʥʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʜʚʘ ʢʣʶʯʦʚʠʭ 

ʬʝʨʤʝʥʪʠ: ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ (ʉʆɼ) ʪʘ ʘʩʢʦʨʙʘʪʧʝʨʦʢʩʠʜʘʟʘ (ɸʇʆ). 
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ʌʝʨʤʝʥʪ ʉʆɼ (ʩʫʧʝʨʦʢʩʠʜ: ʩʫʧʝʨʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ, ʂʌ 1.11.1) ʢʘʪʘʣʽʟʫʻ 

ʨʝʘʢʮʽʶ ʜʠʩʤʫʪʘʮʽʾ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʨʘʜʠʢʘʣʫ ʫ ʅ2ʆ2 ʪʘ ʆ2, ʘʩʢʦʨʙʘʪʧʝʨʦʢʩʠʜʘʟʘ 

(ʂʌ 1.11.1.11) ʢʘʪʘʣʽʟʫʻ ʨʝʘʢʮʽʶ ʦʢʠʩʥʝʥʥʷ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʥʶ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʘʢʪʠʚʥʽʩʪʴ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʠ ʭʣʦʨʦʧʣʘʩʪʽʚ ʧʨʘʧʦʨʮʝʚʠʭ 

ʣʠʩʪʢʽʚ ʨʦʩʣʠʥ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚ ʫʤʦʚʘʭ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ 

ʟʨʦʩʪʘʣʘ (ʨʠʩ. 3.1).  

 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ɸʢʪʠʚʥʽʩʪʴ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʠ (ʉʆɼ) ʫ ʭʣʦʨʦʧʣʘʩʪʘʭ 

ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʥʘ 1-ʰʫ ʪʘ 7-ʤʫ ʜʦʙʫ 

ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ. ʐʢʘʣʘ ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ (P <0,05) 
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ʅʘ 1-ʰʫ ʜʦʙʫ ʧʦʩʫʭʠ ʘʢʪʠʚʥʽʩʪʴ ʉʆɼ ʟʙʽʣʴʰʠʣʘʩʷ ʫ ʩʦʨʪʽʚ ʇʦʜʦʣʷʥʢʘ, 

ɸʩʪʘʨʪʘ, ʇʦʣʽʩʴʢʘ 90 ʪʘ ʅʘʪʘʣʢʘ ʚ 1,3 ʨʘʟʠ, ʫ ʆʜʝʩʴʢʦʾ 267 ʟʨʦʩʪʘʥʥʷ ʙʫʣʦ ʚʠʱʠʤ ï 

ʚ 1,8 ʨʘʟʠ ʪʦʜʽ ʷʢ ʫ ʨʦʩʣʠʥ ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʫ ʤʘʡʞʝ ʥʝ 

ʟʤʽʥʠʣʘʩʷ.  

ʋ ʧʦʜʘʣʴʰʦʤʫ ʦʙʤʝʞʝʥʥʷ ʧʦʣʠʚʫ (7-ʤʘ ʜʦʙʘ) ʧʨʠʟʚʝʣʦ ʜʦ ʩʫʪʪʻʚʽʰʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʉʆɼ: ʫ ʨʦʩʣʠʥ ʩʦʨʪʽʚ ɸʩʪʘʨʪʘ ʪʘ ʆʜʝʩʴʢʘ 267 ʚ 2,25 ʨʘʟʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʠʤʠ ʨʦʩʣʠʥʘʤʠ, ʫ ʇʦʜʦʣʷʥʢʠ ʪʘ ʅʘʪʘʣʢʠ ʚ 1,6 ʽ 1,7 ʨʘʟʠ, 

ʚʽʜʧʦʚʽʜʥʦ. ʋ ʇʦʣʽʩʴʢʦʾ 90 ʪʘ ɼʘʨʫʥʢʫ ʇʦʜʽʣʣʷ ʨʽʟʥʠʮʷ ʤʽʞ ʢʦʥʪʨʦʣʴʥʠʤʠ ʽ 

ʜʦʩʣʽʜʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʙʫʣʘ ʥʝʚʝʣʠʢʦʶ. 

 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ɸʢʪʠʚʥʽʩʪʴ ʘʩʢʦʨʙʘʪʧʝʨʦʢʩʠʜʘʟʠ (ɸʇʆ) ʫ ʭʣʦʨʦʧʣʘʩʪʘʭ 

ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʥʘ 1-ʰʫ ʪʘ 7-ʤʫ ʜʦʙʫ 

ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ. ʐʢʘʣʘ ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ (P <0,05) 
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ʅʘ 1-ʫ ʜʦʙʫ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ ʘʢʪʠʚʥʦʩʪʽ ʘʩʢʦʨʙʘʪʧʝʨʦʢʩʠʜʘʟʠ (ɸʇʆ) 

ʭʣʦʨʦʧʣʘʩʪʽʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ 

ʧʽʜʚʠʱʠʣʘʩʷ (ʨʠʩ. 3.2) ʅʘʡʤʝʥʰʝ ʘʢʪʠʚʥʽʩʪʴ ɸʇʆ ʟʨʦʩʣʘ ʫ ʜʦʩʣʽʜʥʦʤʫ ʚʘʨʽʘʥʪʽ 

ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ï ʥʘ 20 % ʚʽʜ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ. ɸ ʫ ʨʝʰʪʠ ʩʦʨʪʽʚ 

ʘʢʪʠʚʥʽʩʪʴ ɸʇʆ ʟʙʽʣʴʰʠʣʘʩʴ ʫ 2,2-2,6 ʨʘʟʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʩʣʠʥʘʤʠ, ʷʢʽ ʨʦʩʣʠ ʚ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ (ʢʦʥʪʨʦʣʴʥʽ ʟʨʘʟʢʠ). ʅʘ 7-ʫ ʜʦʙʫ ʧʦʩʫʭʠ 

ʘʢʪʠʚʥʽʩʪʴ ɸʇʆ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʫ ʜʦʩʣʽʜʥʠʭ ʨʦʩʣʠʥ ʩʦʨʪʽʚ ɸʩʪʘʨʪʘ ʪʘ 

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʧʦʚʝʨʥʫʣʘʩʷ ʜʦ ʢʦʥʪʨʦʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʘ ʫ ʨʝʰʪʠ ʚʘʨʽʘʥʪʽʚ ʜʝʱʦ 

ʟʥʠʟʠʣʘʩʷ. 

ʇʽʜʚʠʱʝʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʬʝʨʤʝʥʪʽʚ ʨʦʩʣʠʥ ʟʘ ʫʤʦʚ ˇʨʫʥʪʦʚʦʾ 

ʧʦʩʫʭʠ, ʢʦʣʠ ʟʥʠʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʪʦʩʠʥʪʝʟʫ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ 

ʟʘʭʠʩʥʠʭ ʨʝʘʢʮʽʡ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʥʘ ʦʢʠʩʣʶʚʘʣʴʥʠʡ ʩʪʨʝʩ. ɿʘ ʩʪʨʝʩʦʚʠʭ 

ʫʤʦʚ (ʧʦʩʫʭʘ, ʟʘʩʦʣʝʥʥʷ, ʧʦʨʫʰʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ) ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʽʚ 

ʉʆɼ ʪʘ ɸʇʆ ʤʘʻ ʥʝʛʘʪʠʚʥʫ ʢʦʨʝʣʷʪʠʚʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʬʦʪʦʩʠʥʪʝʟʫ 

ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʧʰʝʥʠʮʽ. ʊʦʙʪʦ, çʦʢʠʩʥʶʚʘʣʴʥʠʡ ʚʠʙʫʭè, ʷʢʠʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʨʦʩʣʠʥʘʭ ʟʘ ʜʽʾ ʩʪʨʝʩʦʨʽʚ, ʩʧʨʠʯʠʥʷ̒  ʟʤʝʥʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʘʣʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʬʝʨʤʝʥʪʠ, ʚʩʝ ʞ ʪʘʢʠ, ʟʘʧʦʙʽʛʘʶʪʴ 

ʡʦʛʦ ʦʩʪʘʪʦʯʥʦʤʫ ʧʨʠʛʥʽʯʝʥʥʶ [198, 199]. 

 

3.1.3 ɿʤʽʥʠ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʟʘ ʫʤʦʚ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ 

ɺʽʜʦʤʦ, ʱʦ ʨʽʩʪ ʨʦʩʣʠʥʠ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʙʘʛʘʪʴʤʘ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ, 

ʙʽʦʭʽʤʽʯʥʠʤʠ ʽ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʦʜʥʘʢ ʢʣʶʯʦʚʠʤ ʟ ʥʠʭ, ʱʦ ʚʥʦʩʠʪʴ 

ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʚ ʟʨʦʩʪʘʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ, ʻ ʬʦʪʦʩʠʥʪʝʟ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥ ʚʽʜʚʦʜʷʪʴ ʢʣʶʯʦʚʦʤʫ ʩʢʣʘʜʦʚʦʤʫ ʢʦʤʧʦʥʝʥʪʫ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʨʦʩʣʠʥ ï ʭʣʦʨʦʬʽʣʫ, ʷʢʠʡ ʢʦʥʪʨʦʣʶʻ ʧʦʛʣʠʥʘʥʥʷ 

ʬʦʪʦʥʽʚ ʩʚʽʪʣʘ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʝʥʝʨʛʽʾ [200]. ʈʦʩʣʠʥʥʠʡ ʧʽʛʤʝʥʪʥʠʡ 

ʢʦʤʧʣʝʢʩ ʚʠʷʚʣʷʻ ʟʥʘʯʥʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 
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ʩʝʨʝʜʦʚʠʱʘ, ʘ ʟʙʝʨʝʞʝʥʥʷ ʚʤʽʩʪʫ ʟʝʣʝʥʠʭ ʧʽʛʤʝʥʪʽʚ ʻ ʧʦʢʘʟʥʠʢʦʤ ʧʦʪʝʥʮʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʨʦʩʣʠʥ ʜʦ ʩʪʨʝʩʽʚ [164]. 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʽʩʪʦʪʥʦ ʨʽʟʥʠʣʠʩʷ ʟʘ 

ʨʝʘʢʮʽʻʶ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʧʽʛʤʝʥʪʥʦʛʦ ʘʧʘʨʘʪʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʥʘ ˇʨʫʥʪʦʚʫ 

ʧʦʩʫʭʫ, ʟʦʢʨʝʤʘ ʟʘ ʚʤʽʩʪʦʤ ʭʣʦʨʦʬʽʣʫ (ʨʠʩ. 3.3).  

 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ɺʧʣʠʚ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ ʥʘ ʚʤʽʩʪ ʭʣʦʨʦʬʽʣʫ ʚ ʧʨʘʧʦʨʮʝʚʠʭ 

ʣʠʩʪʢʘʭ, ʤʛ/ʛ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ, ʩʫʯʘʩʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. ʐʢʘʣʘ ʧʦʭʠʙʢʠ 

ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ (P <0,05) 
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ʅʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʧʦʩʫʭʠ (ʧʨʠ ʜʦʩʷʛʘʥʥʽ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 30 % ʇɺ) 

ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʝ ʩʧʘʜʘʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʝ ʫ ʩʦʨʪʽʚ 

ʅʘʪʘʣʢʘ, ʇʦʣʽʩʴʢʘ 90 ʪʘ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ.  

ʇʽʩʣʷ ʩʝʤʠ ʜʽʙ ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥ ʟʘ ʥʠʟʴʢʦʛʦ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʽʩʪʦʪʥʝ 

ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ ʙʫʣʦ ʚʠʷʚʣʝʥʝ ʚ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ. ʋ ʤʝʥʰ 

ʧʦʩʫʭʦʩʪʽʡʢʠʭ ʩʦʨʪʽʚ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʥʠʟʠʚʩʷ ʙʽʣʴʰʝ ï ʥʘ 29-34 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʦʥʪʨʦʣʴʥʠʤʠ ʨʦʩʣʠʥʘʤʠ, ʘ ʫ ʧʦʩʫʭʦʩʪʽʡʢʠʭ ʩʦʨʪʽʚ ʥʘ 16-22 %, ʚʽʜʧʦʚʽʜʥʦ.   

ʊʘʢʠʤ ʯʠʥʦʤ, ˇʨʫʥʪʦʚʘ ʧʦʩʫʭʘ ʧʨʠʛʥʽʯʫʚʘʣʘ ʚʤʽʩʪ ʭʣʦʨʦʬʽʣʫ ʫ ʧʨʘʧʦʨʮʝʚʠʭ 

ʣʠʩʪʢʘʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʢʘʣʢʘ ʪʘ ʇʦʣʽʩʴʢʘ 90.  

 

3.1.4 ɿʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʩʠʥʪʝʟʫ ʪʘ ʪʨʘʥʩʧʽʨʘʮʽʾ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʟʘ ʫʤʦʚ ʧʦʩʫʭʠ 

ˆʨʫʥʪʦʚʘ ʧʦʩʫʭʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʢʠ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʫ ʨʦʩʣʠʥ. 

ʌʦʪʦʩʠʥʪʝʟ ʧʨʠ ʧʦʩʫʭʘʭ ʩʪʨʘʞʜʘʻ ʦʜʥʠʤ ʟ ʧʝʨʰʠʭ. ɿʦʢʨʝʤʘ, ʧʨʠ ʟʥʝʚʦʜʥʝʥʥʽ 

ʢʣʽʪʠʥ ʣʠʩʪʢʽʚ, ʢʦʣʠ ʚʦʥʠ ʚʪʨʘʯʘʶʪʴ ʙʽʣʴʰʝ ʥʽʞ 20% ʚʦʜʠ, ʥʘʩʣʽʜʢʦʤ ʻ ʰʚʠʜʢʝ 

ʧʘʜʽʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʩʠʥʪʝʟʫ, ʘ ʧʨʠ ʚʪʨʘʪʽ ʣʠʩʪʢʦʤ ʙʽʣʴʰʝ 50% ʚʦʜʠ 

ʬʦʪʦʩʠʥʪʝʟ ʧʨʠʧʠʥʷʻʪʴʩʷ ʟʦʚʩʽʤ. ʆʙʤʝʞʝʥʥʷ ʨʦʙʦʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚ 

ʪʘʢʠʭ ʫʤʦʚʘʭ ʦʙʫʤʦʚʣʝʥʝ ʟʘʢʨʠʚʘʥʥʷʤ ʧʨʦʜʠʭʽʚ ʽ ʟʤʝʥʰʝʥʥʷʤ ʥʘʜʭʦʜʞʝʥʥʷ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ.  

ɼʦʩʣʽʜʞʫʚʘʥʽ ʩʦʨʪʠ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʩʫʪʪʻʚʦ ʨʽʟʥʠʣʠʩʷ ʟʘ ʩʪʫʧʝʥʝʤ 

ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʩʠʥʪʝʟʫ ʟʘ ʫʤʦʚ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ. ʅʘʡʤʝʥʰʝ 

ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ ʬʦʪʦʩʠʥʪʝʟ ʧʨʠʛʥʽʯʫʚʘʚʩʷ ʫ ʨʦʩʣʠʥ ʩʦʨʪʫ ʇʦʜʦʣʷʥʢʘ, 

ʥʘʡʩʠʣʴʥʽʰʝ ï ʫ ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ. ʋ ʜʦʩʣʽʜʥʠʭ ʨʦʩʣʠʥ ʚʞʝ ʥʘ 1-ʰʫ ʜʦʙʫ 

ʧʦʩʫʭʠ ʚʽʜʙʫʣʦʩʷ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʩʠʥʪʝʟʫ.  

ʋ ʮʝʡ ʯʘʩ ʫ ʩʦʨʪʽʚ ʇʦʜʦʣʷʥʢʘ, ʆʜʝʩʴʢʘ 267 ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʪʦʩʠʥʪʝʟʫ 

ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʩʢʣʘʜʘʣʘ ʧʨʠʙʣʠʟʥʦ 80% ʚʽʜ ʢʦʥʪʨʦʣʶ (ʨʠʩ. 3.4), ʫ ʩʦʨʪʽʚ 

ɸʩʪʘʨʪʘ ʪʘ ʇʦʣʽʩʴʢʘ 90, ʙʫʚ ʧʨʠʙʣʠʟʥʦ 57-66%, ʘ ʫ ʅʘʪʘʣʢʠ ʪʘ ɼʘʨʫʥʢʫ ʇʦʜʽʣʣʷ 
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ʬʦʪʦʩʠʥʪʝʟ ʟʥʠʟʠʚʩʷ ʩʠʣʴʥʽʰʝ 44-49%. ʅʘ 7-ʤʫ ʜʦʙʫ ʧʦʩʫʭʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʜʦʩʣʽʜʥʠʭ ʨʦʩʣʠʥ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʪʘʢʦʞ ʙʫʣʘ 

ʥʠʞʯʦʶ ʟʘ ʢʦʥʪʨʦʣʴʥʽ ʧʦʢʘʟʥʠʢʠ, ʧʨʠ ʮʴʦʤʫ ʧʨʠʛʥʽʯʝʥʥʷ ʙʫʣʦ ʙʽʣʴʰʠʤ, ʥʽʞ ʥʘ 

ʧʝʨʰʫ ʜʦʙʫ ʧʦʩʫʭʠ. 

ʋ ʩʦʨʪʽʚ ʇʦʜʦʣʷʥʢʘ, ʆʜʝʩʴʢʘ 267 ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʟʤʝʥʰʠʚʩʷ ʧʨʠʙʣʠʟʥʦ ʜʦ 

70% ʢʦʥʪʨʦʣʶ, ʫ ɸʩʪʘʨʪʠ ʜʦ 57%, ʫ ʩʦʨʪʽʚ ʅʘʪʘʣʢʘ ʪʘ ʇʦʣʽʩʴʢʘ 90 ʜʦ 30% 

ʢʦʥʪʨʦʣʶ, ʘ ʫ ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʟʥʠʟʠʚʩʷ ʥʘʡʙʽʣʴʰʝ ï ʜʦ 26% ʢʦʥʪʨʦʣʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʠʥʘʤʽʢʦʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʩʠʥʪʝʟʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʟʘ ʫʤʦʚ ʧʦʩʫʭʠ, ʜʦʩʣʽʜʞʫʚʘʥʽ ʩʦʨʪʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʛʨʫʧʠ: 

ʚʠʩʦʢʦ ʧʦʩʫʭʦʩʪʽʡʢʽ ï ʇʦʜʦʣʷʥʢʘ, ʆʜʝʩʴʢʘ 267, ɸʩʪʘʨʪʘ ʪʘ ʤʝʥʰ ʧʦʩʫʭʦʩʪʽʡʢʽ ï 

ʇʦʣʽʩʴʢʘ 90, ʅʘʪʘʣʢʘ ʽ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ. 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ɼʠʥʘʤʽʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʩʠʥʪʝʟʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ (% 

ʚʽʜ ʢʦʥʪʨʦʣʶ) ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʥʘ 1-ʫ ʪʘ 7-ʤʫ ʜʦʙʫ ʧʦʩʫʭʠ. 

ʐʢʘʣʘ ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ (P <0,05) 

 

ʗʢ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʪʦʩʠʥʪʝʟʫ ʪʘʢ ʽ ʪʨʘʥʩʧʽʨʘʮʽʷ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʩʣʠʥ ʙʫʣʘ ʤʝʥʰʦʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ. ʅʘ 1 ʜʦʙʫ ʧʦʩʫʭʠ 
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ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʽʨʘʮʽʾ ʥʘʡʤʝʥʰʝ ʚʧʘʣʘ ʫ ʨʦʩʣʠʥ ʩʦʨʪʫ ʇʦʜʦʣʷʥʢʘ, ʥʘʡʙʽʣʴʰʝ ʫ 

ɼʘʨʫʥʢʫ ʇʦʜʽʣʣʷ (ʨʠʩ. 3.5). ʊʘʢ, ʥʘ ʧʝʨʰʫ ʜʦʙʫ ʧʦʩʫʭʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʽʨʘʮʽʾ 

ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʨʦʩʣʠʥ ʧʝʨʰʦʛʦ ʩʦʨʪʫ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 70% ʢʦʥʪʨʦʣʶ, ʪʦʜʽ 

ʷʢ ʜʨʫʛʦʛʦ ï 43%. ɯʥʰʽ ʩʦʨʪʠ ʟʘʡʤʘʣʠ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ 44-64%. 

ʅʘ 7-ʤʫ ʜʦʙʫ ʧʦʩʫʭʠ ʟʙʝʨʽʛʘʣʘʩʷ ʤʽʞʩʦʨʪʦʚʘ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʟʘ ʜʘʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ. ɿʦʢʨʝʤʘ, ʫ ʩʦʨʪʽʚ ʇʦʜʦʣʷʥʢʘ ʪʘ ʆʜʝʩʴʢʘ 267 ʥʘ 7-ʤʫ ʜʦʙʫ ʧʦʩʫʭʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʽʨʘʮʽʾ ʩʪʘʥʦʚʠʣʘ 66-67% ʚʽʜ ʢʦʥʪʨʦʣʶ, ʫ ʩʦʨʪʫ ɸʩʪʘʨʪʘ ï 59% 

ʚʽʜ ʢʦʥʪʨʦʣʶ. ʋ ʽʥʰʠʭ ʩʦʨʪʽʚ ʚʽʜʙʫʣʦʩʷ ʩʧʘʜʘʥʥʷ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʫ ʇʦʣʽʩʴʢʦʾ 90 

ʪʘ ʅʘʪʘʣʢʠ ʜʦ 29 % ʢʦʥʪʨʦʣʶ ʽ ʥʘʡʙʽʣʴʰʠʡ ʩʧʘʜ ʚʽʜʟʥʘʯʘʣʠ ʫ ʩʦʨʪʫ ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ ï 27% ʢʦʥʪʨʦʣʶ.  

 

 

ʈʠʩʫʥʦʢ 3.5 ï ɼʠʥʘʤʽʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʥʩʧʽʨʘʮʽʾ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ (% 

ʚʽʜ ʢʦʥʪʨʦʣʶ) ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʥʘ 1-ʫ ʪʘ 7-ʤʫ ʜʦʙʫ ʧʦʩʫʭʠ. 

ʐʢʘʣʘ ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ (P <0.05) 

 

ɿʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʥʩʧʽʨʘʮʽʾ ʟʘ ʫʤʦʚ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ ʤʦʞʥʘ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ, ʷʢ ʫ ʧʦʟʠʪʠʚʥʦʤʫ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʦʤʫ ʩʝʥʩʽ. ʊʘʢ, ʟʥʠʞʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʥʩʧʽʨʘʮʽʾ  ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʚʦʜʠ ʨʦʩʣʠʥʦʶ ʟʘ ʫʤʦʚ 
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ʧʦʩʫʭʠ ʪʠʤ ʩʘʤʠʤ ʧʽʜʪʨʠʤʫʶʯʠ ʦʙʚʦʜʥʝʥʽʩʪʴ ʢʣʽʪʠʥʠ. ʇʨʦʪʝ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʘʤʝ 

ʟʘʢʨʠʪʪʷ ʧʨʦʜʠʭʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʘʩʠʤʽʣʷʮʽʾ ʉʆ2, ʩʫʙʩʪʨʘʪ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʩʥʘʞʝʥʥʷ ʢʣʽʪʠʥ, ʧʦʩʠʣʝʥʥʷ ʬʦʪʦʧʦʰʢʦʜʞʝʥʥʷ ʙʽʣʢʦʚʠʭ ʩʪʨʫʢʪʫʨ 

ʬʦʪʦʩʠʩʪʝʤ, ʘ ʟʛʦʜʦʤ ï ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʦʢʠʩʥʶʚʘʣʴʥʦʛʦ ʩʪʨʝʩʫ ʽ ʧʦʜʘʣʴʰʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʯʝʨʝʟ ʮʝ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʱʦ ʟʥʘʯʥʦ ʛʘʣʴʤʫʻ ʚʽʜʥʦʚʣʝʥʥʷ 

ʡʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʧʦʩʫʭʠ ʽ ʧʦʩʠʣʶʻ ʾʾ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʝʨʥʦʚʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʽʜʚʠʱʝʥʥʷ ʯʠ 

ʧʽʜʪʨʠʤʘʥʥʷ ʪʨʠʚʘʣʠʡ ʯʘʩ ʪʨʘʥʩʧʽʨʘʮʽʾ ʣʠʩʪʢʽʚ ʥʘ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʟʘ 

ʧʦʩʫʰʣʠʚʠʭ ʫʤʦʚ ʤʦʞʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥ 

ʧʦʛʣʠʥʘʪʠ ʚʦʜʫ ʟ ˇʨʫʥʪʫ ʥʘʚʽʪʴ ʟʘ ʧʦʩʫʰʣʠʚʠʭ ʫʤʦʚ.  

 

3.2 ɺʧʣʠʚ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ ʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʠʭʽʚ ʪʘ ʚʽʜʢʨʠʪʽʩʪʴ ʧʨʦʜʠʭʦʚʦʾ 

ʱʽʣʠʥʠ ʥʘ ʘʜʘʢʩʽʘʣʴʥʽʡ ʪʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʧʦʚʝʨʭʥʷʭ ʣʠʩʪʢʦʚʦʾ ʧʣʘʩʪʠʥʢʠ  

ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ ʨʝʛʫʣʷʮʽʾ ʨʽʚʥʷ ʪʨʘʥʩʧʽʨʘʮʽʾ ʪʘ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʨʦʩʣʠʥ ʚ ʫʤʦʚʘʭ ʧʦʩʫʭʠ ʪʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ 

ʻ ʩʪʘʥ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʜʠʭʽʚ. ʉʘʤʝ ʩʪʫʧʽʥʴ ʚʽʜʢʨʠʪʪʷ ʧʨʦʜʠʭʽʚ ʟʫʤʦʚʣʶʻ 

ʟʥʠʞʝʥʥʷ ʪʫʨʛʦʨʫ ʚ ʟʘʤʠʢʘʣʴʥʠʭ ʪʘ ʥʘʚʢʦʣʦʧʨʦʜʠʭʦʚʠʭ ʢʣʽʪʠʥʘʭ. ʂʦʣʠʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʥʩʧʽʨʘʮʽʾ ʩʧʨʠʯʠʥʶʻ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʤʽʥʠ ʾʭ ʙʫʜʦʚʠ 

ʥʘ ʘʜʘʢʩʽʘʣʴʥʽʡ ʪʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʣʠʩʪʢʽʚ. ɿʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʧʨʦʜʠʭʽʚ ʪʘ 

ʩʪʫʧʽʥʴ ʾʭ ʚʽʜʢʨʠʪʦʩʪʽ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʦʜʠ, ʰʚʠʜʢʽʩʪʴ ʬʦʪʦʩʠʥʪʝʟʫ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʦʤʘʩʠ. ʊʦʤʫ ʧʦʢʘʟʥʠʢʠ 

ʧʨʦʜʠʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʞʣʠʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʜʘʧʪʘʮʽʾ ʨʦʩʣʠʥ 

ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽ ʚ 

ʢʦʥʪʨʦʣʴʥʦʤʫ ʚʘʨʽʘʥʪʽ, ʽ ʫ ʚʘʨʽʘʥʪʽ ʟ ʧʦʩʫʭʦʶ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʠʭʽʚ ʙʫʣʘ ʙʽʣʴʰʦʶ ʥʘ 

ʘʜʘʢʩʽʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʣʠʩʪʢʘ (ʪʘʙʣ. 3.1). ʋ ʢʦʥʪʨʦʣʴʥʦʤʫ ʚʘʨʽʘʥʪʽ ʥʘ ʘʜʘʢʩʽʘʣʴʥʽʡ 

ʧʦʚʝʨʭʥʽ ʣʠʩʪʢʘ ʾʭ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʣʠʩʴ ʚʽʜ 43,43Ñ1,40 ʰʪ/ʤʤ2 ʜʦ 50,00Ñ1,07 

ʰʪ/ʤʤ2 ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ, ʥʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʚʽʜ 30,12Ñ0,72 ʜʦ 37,60Ñ0,60 ʰʪ/ʤʤ2 
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ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ. ʅʘ ʨʠʩʫʥʢʫ 3.6 ʚʽʜʦʙʨʘʞʝʥʽ ʪʠʧʦʚʽ ʚʽʜʙʠʪʢʠ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ 

ʧʦʣʠʚʫ ʜʣʷ ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ. 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ɺʽʜʙʠʪʢʠ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʩʦʨʪʫ ɼʘʨʫʥʦʢ-ʇʦʜʽʣʣʷ:  

A ïʘʙʘʢʩʽʘʣʴʥʦʾ ʧʦʚʝʨʭʥʷ ʟʘ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʧʦʣʠʚʫ; ɹ ï ʘʜʘʢʩʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ 

ʟʘ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʧʦʣʠʚʫ; ɺ ï ʘʙʘʢʩʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʟʘ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʧʦʣʠʚʫ;  

ɻ ï ʘʜʘʢʩʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʟʘ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʧʦʣʠʚʫ. 

 

ɺ ʫʤʦʚʘʭ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʠʭʽʚ ʥʘ ʦʜʠʥʠʮ ʁ ʧʣʦʱʽ ʥʘ 

ʘʜʘʢʩʽʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʟʙʽʣʴʰʠʣʘʩʴ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ, ʪʦʜʽ ʷʢ ʥʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʠʣʘʩʴ ʤʘʡʞʝ ʥʝʟʤʽʥʥʦ .ʁ ʅʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʠʭʽʚ ʚ ʫʤʦʚʘʭ 

ʧʦʩʫʭʠ ʥʘ ʘʜʘʢʩʽʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʣʠʩʪʢʦʚʦʾ ʧʣʘʩʪʠʥʢʠ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ ʫ ʩʦʨʪʽʚ: 

ʇʦʜʦʣʷʥʢʘ, ʆʜʝʩʴʢʘ 267, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʪʘ ʅʘʪʘʣʢʘ, ʥʘʡʤʝʥʰʫ ʫ ʩʦʨʪʫ ɸʩʪʘʨʪʘ. 

ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦʜʠʭʽʚ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʘʜʘʢʩʽʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʡʤʦʚʽʨʥʦ, 

ʩʧʨʠʯʠʥʷʣʦʩʴ ʧʝʚʥʠʤ ʩʢʨʫʯʫʚʘʥʥʷʤ ʣʠʩʪʢʦʚʦʾ ʧʣʘʩʪʠʥʢʠ ʚ ʫʤʦʚʘʭ ʧʦʩʫʭʠ. 
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ʐʠʨʠʥʘ ʧʨʦʜʠʭʦʚʦʾ ʱʽʣʠʥʠ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʨʦʩʣʠʥ, ʟʘʛʘʣʦʤ, ʥʘ ʘʜʘʢʩʽʘʣʴʥʽʡ 

ʧʦʚʝʨʭʥʽ ʙʫʣʘ ʜʝʱʦ ʤʝʥʰʦʶ (2,94 - 3,76 ʤʢʤ), ʥʽʞ ʥʘ ʘʙʘʢʩʽʘʣʴʥʽʡ (3,40 - 4,74 ʤʢʤ). 

ʇʨʦʪʝ ʟʘ ʫʤʦʚ ʧʦʩʫʭʠ ʫ ʜʝʷʢʠʭ ʩʦʨʪʽʚ ʥʘ ʘʜʘʢʩʽʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʣʠʩʪʢʦʚʦʾ ʧʣʘʩʪʠʥʢʠ 

ʚʽʜʟʥʘʯʘʣʘʩʷ ʧʝʚʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ ʧʨʦʜʠʭʦʚʦʾ ʱʽʣʠʥʠ, ʽ ʨʽʟʥʠʮʷ 

ʤʽʞ ʩʦʨʪʘʤʠ ʟʤʝʥʰʫʚʘʣʘʩʷ ʜʦ 3,11-3,64 ʤʢʤ. ʅʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʚ ʙʽʣʴʰʦʩʪʽ 

ʩʦʨʪʽʚ ʟʘ ʫʤʦʚ ʧʦʩʫʭʠ  ʰʠʨʠʥʘ ʧʨʦʜʠʭʦʚʦʾ ʱʽʣʠʥʠ ʟʤʝʥʰʫʚʘʣʘʩʷ. ʅʘʡʙʽʣʴʰʝ 

ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʠʭʦʚʦʾ ʘʧʝʨʪʫʨʠ ʥʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʚʽʜʟʥʘʯʝʥʦ ʚ 

ʧʦʩʫʭʦʩʪʽʡʢʦʛʦ ʩʦʨʪʫ ʇʦʜʦʣʷʥʢʘ, ʘ ʚ ʯʫʪʣʠʚʦʛʦ ʜʦ ʧʦʩʫʭʠ ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʾʾ ʟʙʽʣʴʰʝʥʥʷ. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʜʠʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʟʘ ʫʤʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʽ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. ʐʢʘʣʘ 

ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ (P <0,05) 

ʂʆʅʊʈʆʃʔ 

ʉʦʨʪʠ ʂʽʣʴʢʽʩʪʴ 

ʧʨʦʜʠʭʽʚ 

(ʰʪ./ʤʤ2) 

ʇʨʦʜʠʭʦʚʠʡ 

ʽʥʜʝʢʩ 

% 

ɼʦʚʞʠʥʘ 

ʧʨʦʜʠʭʦʚʦʾ 

ʱʽʣʠʥʠ 

(ʤʢʤ) 

ʐʠʨʠʥʘ 

ʧʨʦʜʠʭʦʚʦʾ 

ʱʽʣʠʥʠ  

(ʤʢʤ) 

ʇʣʦʱʘ 

ʧʨʦʜʠʭʦʚʦʾ 

ʱʽʣʠʥʠ 

 (ʤʢʤ2) 

ɼʦʚʞʠʥʘ 

ʟʘʤʠʢʘʶʯʦʾ 

ʢʣʽʪʠʥʠ 

(ʤʢʤ) 

ʐʠʨʠʥʘ 

ʟʘʤʠʢʘʶʯʦ

ʾ ʢʣʽʪʠʥʠ 

(ʤʢʤ) 

ʇʣʦʱʘ 

ʟʘʤʠʢʘʶʯʦʾ 

ʢʣʽʪʠʥʠ 

(ʤʢʤ2)  

ɸʜʘʢʩʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ 

ɸʩʪʘʨʪʘ 43,88Ñ1,22 20,44Ñ0,51 36,21Ñ0,87 3,76Ñ0,17 135,32Ñ6,19 48,58Ñ0,92 4,45Ñ0,16 215,33Ñ7,45 

ʆʜʝʩʴʢʘ 

267 48,51Ñ1,04 20,33Ñ0,48 34,51Ñ0,68 3,27Ñ0,16 113,78Ñ7,15 46,49Ñ0,76 

3,93Ñ0,11 

182,60Ñ6,04 

ʇʦʜʦʣʷʥ

ʢʘ 47,19Ñ1,47 18,95Ñ0,44 35,47Ñ0,84 3,65Ñ0,15 129,35Ñ6,07 47,65Ñ0,94 4,19Ñ0,12 200,82Ñ8,29 

ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ 46,78Ñ1,74 20,15Ñ0,56 36,54Ñ0,81 3,69Ñ0,15 134,81Ñ6,40 48,48Ñ1,10 

4,45Ñ0,17 

216,70Ñ10,11 

ʅʘʪʘʣʢʘ 50,00Ñ1,07 20,88Ñ0,43 37,69Ñ0,86 2,94Ñ0,12 111,46Ñ5,45 48,78Ñ0,88 3,51Ñ0,12 172,14Ñ7,75 

ʇʦʣʽʩʴʢʘ 

90 43,43Ñ1,40 19,53Ñ0,53 37,26Ñ0,70 3,04Ñ0,13 113,31Ñ5,54 49,20Ñ0,84 3,81Ñ0,13 187,12Ñ6,64 

ɸʙʘʢʩʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ 

ɸʩʪʘʨʪʘ 
30,12Ñ0,72 19,62Ñ0,56 36,22Ñ0,80 4,03Ñ0,17 145,86Ñ6,79 49,99Ñ0,87 4,82Ñ0,17 242,71Ñ10,95 

ʆʜʝʩʴʢʘ 

267 34,79Ñ0,85 17,23Ñ0,33 34,04Ñ0,70 3,40Ñ0,14 115,25Ñ5,22 46,46Ñ0,71 4,32Ñ0,16 200,26Ñ7,03 

ʇʦʜʦʣʷʥ

ʢʘ 34,13Ñ0,89 16,90Ñ0,42 33,60Ñ0,66 4,74Ñ0,22 159,85Ñ8,33 47,48Ñ0,63 4,09Ñ0,12 194,35Ñ6,22 



92 

 
ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ 34,79Ñ0,91 18,12Ñ0,55 36,27Ñ1,03 3,42Ñ0,12 124,39Ñ5,61 49,01Ñ0,99 4,28Ñ0,11 209,18Ñ6,54 

ʅʘʪʘʣʢʘ 37,60Ñ0,99 17,00Ñ0,35 35,98Ñ0,87 3,98Ñ0,23 142,64Ñ9,06 47,88Ñ0,71 4,41Ñ0,13 211,22Ñ6,81 

ʇʦʣʽʩʴʢʘ 

90 33,22Ñ0,80 17,75Ñ0,44 36,05Ñ0,60 4,24Ñ0,20 153,31Ñ7,90 50,62Ñ0,65 4,30Ñ0,10 217,83Ñ5,66 

ʇʆʉʋʍɸ 

ʉʦʨʪʠ ʂʽʣʴʢʽʩʪʴ 

ʧʨʦʜʠʭʽʚ 

(ʰʪ./ʤʤ2) 

ʇʨʦʜʠʭʦʚʠʡ 

ʽʥʜʝʢʩ 

% 

ɼʦʚʞʠʥʘ 

ʧʨʦʜʠʭʦʚʦʾ 

ʱʽʣʠʥʠ 

(ʤʢʤ) 

ʐʠʨʠʥʘ 

ʧʨʦʜʠʭʦʚʦʾ 

ʱʽʣʠʥʠ  

(ʤʢʤ) 

ʇʣʦʱʘ 

ʧʨʦʜʠʭʦʚʦʾ 

ʱʽʣʠʥʠ 

 (ʤʢʤ2) 

ɼʦʚʞʠʥʘ 

ʟʘʤʠʢʘʶʯʦʾ 

ʢʣʽʪʠʥʠ 

(ʤʢʤ) 

ʐʠʨʠʥʘ 

ʟʘʤʠʢʘʶʯʦ

ʾ ʢʣʽʪʠʥʠ 

(ʤʢʤ) 

ʇʣʦʱʘ 

ʟʘʤʠʢʘʶʯʦʾ 

ʢʣʽʪʠʥʠ 

(ʤʢʤ2)  

ɸʜʘʢʩʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ 

ɸʩʪʘʨʪʘ 45,37Ñ0,85 20,75Ñ0,43 38,62Ñ0,82 3,64Ñ0,17 141,40Ñ7,38 50,780,80 4,63Ñ0,13 235,85Ñ8,43 

ʆʜʝʩʴʢʘ 

267 54,01Ñ1,95 21,29Ñ0,69 33,66Ñ0,74 3,55Ñ0,15 119,45Ñ5,57 45,59Ñ0,73 4,12Ñ0,14 188,51Ñ7,67 

ʇʦʜʦʣʷʥ

ʢʘ 50,83Ñ1,09 20,14Ñ0,45 34,590,96 3,26Ñ0,17 113,06Ñ7,23 48,19Ñ1,23 3,83Ñ0,16 187,26Ñ10,4 

ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ 51,16Ñ1,23 21,72Ñ0,46 42,39Ñ1,06 3,11Ñ0,13 131,56Ñ6,15 53,00Ñ1,01 4,13Ñ0,13 218,85Ñ8,25 

ʅʘʪʘʣʢʘ 52,89Ñ1,20 21,46Ñ0,38 37,13Ñ0,83 3,33Ñ0,13 124,08Ñ6,01 48,51Ñ0,79 4,40Ñ0,13 213,99Ñ8,22 

ʇʦʣʽʩʴʢʘ 

90 48,39Ñ1,02 22,630,48 37,08Ñ0,71 3,48Ñ0,69 129,07Ñ5,80 48,74Ñ0,69 3,83Ñ0,14 187,10Ñ7,52 

ɸʙʘʢʩʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ 

ɸʩʪʘʨʪʘ 32,40Ñ1,01 19,18Ñ0,45 37,77Ñ0,67 3,75Ñ0,14 140,89Ñ5,22 51,20Ñ0,69 3,88Ñ0,20 198,54Ñ9,93 

ʆʜʝʩʴʢʘ 

267 31,61Ñ0,96 19,27Ñ0,44 37,85Ñ0,74 2,91Ñ0,11 110,44Ñ4,85 49,65Ñ0,93 3,75Ñ0,10 185,93Ñ5,67 

ʇʦʜʦʣʷʥ

ʢʘ 32,77Ñ0,66 16,73Ñ0,40 32,45Ñ0,90 2,94Ñ0,13 95,20Ñ4,88 44,96Ñ0,74 3,66Ñ0,14 164,88Ñ7,13 

ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ 36,82Ñ0,96 18,87Ñ0,32 38,48Ñ0,37 3,98Ñ0,19 153,33Ñ7,57 52,02Ñ0,67 3,90Ñ0,14 203,02Ñ7,94 

ʅʘʪʘʣʢʘ 

38,51Ñ0,96 18,66Ñ0,40 38,62Ñ3,12 3,48Ñ0,22 147,42Ñ24,65 53,14Ñ4,03 4,35Ñ0,30 

253,74Ñ43,4

4 

ʇʦʣʽʩʴʢʘ 

90 32,60Ñ0,84 17,91Ñ0,42 36,51Ñ1,01 3,47Ñ0,16 127,34Ñ7,59 50,39Ñ1,15 4,09Ñ0,12 205,35Ñ7,40 

 

ʄʘʩʘ ʟʝʨʥʘ ʟ ʢʦʣʦʩʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʢʦʣʠʚʘʣʘʩʴ ʚʽʜ 1,43 

ʜʦ 2,47 ʛ/ʢʦʣʦʩ ʫ ʢʦʥʪʨʦʣʽ ʪʘ ʚʽʜ 0,93 ʜʦ 1,22 ʛ/ʢʦʣʦʩ ʧʨʠ ˇʨʫʥʪʦʚʽʡ ʧʦʩʫʩʽ (ʪʘʙʣ. 3.2). 

ɺʠʷʚʣʝʥʦ, ʱʦ ʫ ʚʘʨʽʘʥʪʽ ʟ ʧʦʩʫʭʦʶ ʫ ʧʦʩʫʭʦʩʪʽʡʢʠʭ ʩʦʨʪʽʚ ʤʘʩʘ ʟʝʨʥʘ ʟ ʢʦʣʦʩʘ 

ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ ʩʢʣʘʜʘʣʘ 57-88 %, ʫ ʤʝʥʰ ʧʦʩʫʭʦʩʪʽʡʢʠʭ 47-60 % ʢʦʥʪʨʦʣʶ. 

ɿʝʨʥʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʩʣʠʥ ʜʦʩʣʽʜʥʦʛʦ ʚʘʨʽʘʥʪʫ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʻ 

ʽʥʪʝʛʨʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʩʦʨʪʫ. 
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ʊʘʙʣʠʮʷ 3.2 ï ʇʦʢʘʟʥʠʢʠ ʩʪʨʫʢʪʫʨʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. ɺ ʜʫʞʢʘʭ ʫʢʘʟʘʥʘ ʤʘʩʘ ʟʝʨʥʘ ʟ ʢʦʣʦʩʘ 

ʜʦʩʣʽʜʥʠʭ ʨʦʩʣʠʥ ʚ % ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ. ʐʢʘʣʘ ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ 

(P <0,05) 

ʉʦʨʪʠ ʄʘʩʘ 

ʧʘʛʦʥʘ, ʛ 

ʄʘʩʘ ʟʝʨʥʘ ʟ ʢʦʣʦʩʫ 

ʛ/ʢʦʣʦʩ 

ʂʽʣʴʢʽʩʪʴ 

ʟʝʨʝʥ ʟ 

ʢʦʣʦʩʫ, 

ʰʪ/ʢʦʣʦʩ 

ʄʘʩʘ 1000 

ʟʝʨʝʥ, ʛ 

ʂʆʅʊʈʆʃʔ 

ɸʩʪʘʨʪʘ 4,03Ñ0,14 2,27Ñ0,09 46,7Ñ1,2 48,6Ñ1,3 

ʆʜʝʩʴʢʘ 267 4,01Ñ0,20 2,10Ñ0,14 46,7Ñ2,2 44,7Ñ1,7 

ʇʦʜʦʣʷʥʢʘ 2,78Ñ0,08 1,43Ñ0,06 33,1Ñ1,1 43,3Ñ1,3 

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ 4,87Ñ0,14 2,47Ñ0,09 52,5Ñ1,7 47,0Ñ0,8 

ʅʘʪʘʣʢʘ 3,16Ñ0,09 1,55Ñ0,07 34,3Ñ1,1 45,3Ñ1,2 

ʇʦʣʽʩʴʢʘ 90 4,63Ñ0,22 2,13Ñ0,12 46,4Ñ2,2 46,2Ñ1,4 

ʇʆʉʋʍɸ 

ɸʩʪʘʨʪʘ 2,60Ñ0,16 1,24Ñ0,11 (54,5) 35,8Ñ1,9 33,3Ñ2,0 

ʆʜʝʩʴʢʘ 267 3,74Ñ0,17 1,86Ñ0,11 (88,4) 41,0Ñ1,4 45,0Ñ1,8 

ʇʦʜʦʣʷʥʢʘ 2,57Ñ0,14 1,15Ñ0,10 (80,2) 31,2Ñ1,4 35,5Ñ2,1 

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ 3,55Ñ0,12 1,17Ñ0,09 (47,4) 44,7Ñ1,7 26,0Ñ1,8 

ʅʘʪʘʣʢʘ 2,43Ñ0,12 0,93Ñ0,07 (60,1) 33,4Ñ1,5 27,7Ñ1,5 

ʇʦʣʽʩʴʢʘ 90 3,31Ñ0,12 1,22Ñ0,07 (57,1) 36,0Ñ1,3 34,8Ñ2,6 

 

ɼʣʷ  ʚʠʷʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʩʪʽʡʢʦʩʪʽ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʜʦ ʧʦʩʫʭʠ ʚʽʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʠʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ ʪʘ ʟ'ʷʩʫʚʘʥʥʷ ʾʭ ʨʦʣʽ ʚ 

ʬʦʨʤʫʚʘʥʥʽ ʚʨʦʞʘʶ ʟʘ ʧʦʩʫʰʣʠʚʠʭ ʫʤʦʚ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ 

ʟʚ'ʷʟʢʽʚ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʩʪʘʥʫ ʧʨʦʜʠʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʟʘ ʜʽʾ ʧʦʩʫʭʠ ʽ ʤʘʩʦʶ ʟʝʨʥʘ ʟ 

ʢʦʣʦʩʘ ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ ʨʦʩʣʠʥ ʜʦʩʣʽʜʥʦʛʦ ʚʘʨʽʘʥʪʫ ʚ % ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ ʷʢ 

ʽʥʪʝʛʨʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʩʦʨʪʫ. 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʚ'ʷʟʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʠʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʘʜʘʢʩʽʘʣʴʥʦʾ ʽ ʘʙʘʢʩʽʘʣʴʥʦʾ ʩʪʦʨʽʥ ʣʠʩʪʢʘ ʟ 

ʧʦʢʘʟʥʠʢʦʤ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʩʦʨʪʫ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʄʘʩʘ ʟʝʨʥʘ ʟ ʢʦʣʦʩʘ 

ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ ʜʦʩʣʽʜʥʠʭ ʨʦʩʣʠʥ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ ʥʘʡʙʽʣʴʰ ʪʽʩʥʦ ʢʦʨʝʣʶʚʘʣʘ 

ʟ ʰʠʨʠʥʦʶ ʧʨʦʜʠʭʦʚʦʾ ʱʽʣʠʥʠ ʥʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʣʠʩʪʢʘ (ʨʠʩ. 3.6). ʂʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʣʷʮʽʾ ʙʫʚ ʥʝʛʘʪʠʚʥʠʤ ʽ ʜʦʨʽʚʥʶʚʘʚ -0,967. ʆʪʞʝ, ʯʠʤ ʚʠʱʦʶ ʙʫʣʘ 

ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʩʦʨʪʫ, ʪʠʤ ʙʽʣʴʰ ʟʘʢʨʠʪʠʤʠ ʙʫʣʠ ʧʨʦʜʠʭʠ ʥʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʩʪʦʨʦʥʽ 

ʣʠʩʪʢʘ ʟʘ ʜʽʾ ʧʦʩʫʭʠ.  

 

  

  

ʈʠʩʫʥʦʢ 3.6 ï ɿʘʣʝʞʥʽʩʪʴ ʤʘʩʠ ʟʝʨʥʘ (%) ʢʦʥʪʨʦʣʶ ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ, ʚʽʜ 

ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʜʠʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʥʘ ʘʜʘʢʩʽʘʣʴʥʽʡ ʪʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʣʠʩʪʢʦʚʦʾ 

ʧʦʚʝʨʭʥʽ (ʩʽʨʠʡ ï ɸʩʪʘʨʪʘ; ʧʦʤʘʨʘʥʯʝʚʠʡ ï ʆʜʝʩʴʢʘ 267; ʩʠʥʽʡ ï ʇʦʜʦʣʷʥʢʘ; ʞʦʚʪʠʡ 

ï ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ; ʙʣʘʢʠʪʥʠʡ ï ʅʘʪʘʣʢʘ; ʟʝʣʝʥʠʡ ï ʇʦʣʽʩʴʢʘ 90) 

 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʰʠʨʠʥʘ ʧʨʦʜʠʭʦʚʦʾ ʱʽʣʠʥʠ ʥʘ ʘʜʘʢʩʽʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʣʠʩʪʢʘ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʢʦʨʝʣʶʚʘʣʘ ʽʟ ʟʝʨʥʦʚʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

y = 18,821x + 0,7087
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ʜʦʨʽʚʥʶʚʘʚ +0,234. ʂʦʨʝʣʷʮʽʷ ʚʽʜʥʦʩʥʦʾ ʟʝʨʥʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟ ʢʽʣʴʢʽʩʪʶ 

ʧʨʦʜʠʭʽʚ ʥʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʙʫʣʘ ʩʝʨʝʜʥʴʦʶ ʥʝʛʘʪʠʚʥʦʶ (r=-0,522), ʘ ʥʘ 

ʘʜʘʢʩʽʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ï ʧʦʟʠʪʠʚʥʦʶ (r=0,533). 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʤʝʥʰʽ ʚʪʨʘʪʠ ʟʝʨʥʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫ 

ʧʦʩʫʭʦʩʪʽʡʢʠʭ ʩʦʨʪʽʚ ʧʦʚôʷʟʘʥʽ ʥʝ ʽʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʦʜʠʭʽʚ ʥʘ ʘʙʘʢʩʽʘʣʴʥʽʡ 

ʩʪʦʨʦʥʽ ʣʠʩʪʢʘ, ʘ ʥʘʡʙʽʣʴʰʝ ʽʟ ʤʝʥʰʦʶ ʾʭ ʚʽʜʢʨʠʪʽʩʪʶ. ɿʤʝʥʰʝʥʥʷ ʧʨʦʜʠʭʦʚʦʾ 

ʘʧʝʨʪʫʨʠ ʩʧʨʠʷʣʦ ʟʙʝʨʝʞʝʥʥʶ ʣʽʧʰʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʣʠʩʪʢʽʚ ʽ ʧʽʜʚʠʱʫʚʘʣʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʨʦʩʣʠʥʘʤʠ. ʆʩʦʙʣʠʚʦ ʪʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʰʠʨʠʥʠ 

ʧʨʦʜʠʭʦʚʦʾ ʱʽʣʠʥʠ ʽʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʽʦʨʠʪʝʪʥʝ ʟʥʘʯʝʥʥʷ ʨʝʛʫʣʷʮʽʾ 

ʚʽʜʢʨʠʪʦʩʪʽ ʧʨʦʜʠʭʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʩʦʨʪʫ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

1. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʫʤʦʚ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ ʩʦʨʪʠ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ʇʦʜʦʣʷʥʢʘ, ʆʜʝʩʴʢʘ 267 ʪʘ ɸʩʪʘʨʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ  ʢʨʘʱʦʶ ʟʜʘʪʥʽʩʪʶ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ, ʥʽʞ ʩʦʨʪʠ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, 

ʇʦʣʽʩʴʢʘ 90.  

2. ʄʝʥʰʝ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʩʠʥʪʝʟʫ, ʧʦʩʠʣʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʬʝʨʤʝʥʪʽʚ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʜʠʭʦʚʦʾ 

ʨʝʛʫʣʷʮʽʾ ʫ ʧʦʩʫʭʦʩʪʽʡʢʠʭ ʩʦʨʪʽʚ ʩʧʨʠʷʣʦ ʤʝʥʰʠʤ ʚʪʨʘʪʘʤ ʟʝʨʥʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʥʰ ʧʦʩʫʭʦʩʪʽʡʢʠʤʠ.  

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʝʨʥʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ʟʘ ʜʽʾ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʛʫʣʷʮʽʾ ʘʧʝʨʪʫʨʠ ʧʨʦʜʠʭʽʚ ʥʘ 

ʘʙʘʢʩʽʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʣʠʩʪʢʘ.  

4. ʂʽʣʴʢʽʩʪʴ ʧʨʦʜʠʭʽʚ ʥʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ ʽ ʰʠʨʠʥʘ 

ʧʨʦʜʠʭʦʚʦʾ ʱʽʣʠʥʠ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʤʘʨʢʝʨʦʤ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʩʦʨʪʽʚ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ. 
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ʆʧʨʠʣʶʜʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʦʟʜʽʣʫ: 

Stasik O., Kovalenko M., Sokolovska-Sergiienko O., Kiriziy D., Hickey K., 

Nazarov T., Taran N., Batsmanova L., Sytnyk S., Oles V., Lakhneko O., Cooper K., 

Morgun B., Panchenko A., Smertenko A. Impact of drought on photosynthetic activity, 

ROS homeostasis and yield in winter wheat varieties // Plant Biology 2018, July 14-18, 

2018, Montreal, Canada. ï (ʧʦʩʪʝʨʥʘ ʜʦʧʦʚʽʜ)ɹ. 
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ʈʆɿɼɯʃ 4 ʉʊʈʋʂʊʋʈʅɽ ʊɸ ʌʋʅʂʎɯʆʅɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɻɽʅɯɺ 

TaWRKY2 

 

4.1 ɼʦʩʣʽʜʞʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʩʪʨʫʢʪʫʨʠ ʛʝʥʽʚ TaWRKY2 

ʇʦʯʘʪʢʦʚʦʶ ʪʦʯʢʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢɼʅʂ TaWRKY2 

ʩʦʨʪʫ Xifeng 20 (ɯʅ ʚ GenBank EU665430.1), ʥʘʜʤʽʨʥʦ ʝʢʩʧʨʝʩʦʚʘʥʘ ʚ Arabidopsis 

ʪʘ ʧʰʝʥʠʮʽ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʩʪʨʝʩʫ ʟʥʝʚʦʜʥʝʥʥʷ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʙʫʣʘ ʚʠʨʽʚʥʷʥʘ 

ʧʨʦʪʠ ʥʘʷʚʥʦʛʦ ʛʝʥʦʤʫ Triticum aestivum cv Chinese Spring (CS), ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ BLASTn (IWGSC RefSeq v1.0, https://wheat-

urgi.versailles.inra.fr). ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʪʨʠ ʛʦʤʦʣʦʛʽʯʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʘʥʜʠʜʘʪʠ 

ʛʝʥʽʚ ʫ ʩʫʙʛʝʥʦʤʘʭ A, B ʽ D ʙʫʣʠ ʚʠʷʚʣʝʥʽ: TaWRKY2-A1 - ʭʨʦʤʦʩʦʤʘ 1A, ʧʦʣʦʞʝʥʥʷ 

ʚʽʜ 53187494 ʜʦ 53189372; TaWRKY2-B1 - ʭʨʦʤʦʩʦʤʘ 1B, ʧʦʣʦʞʝʥʥʷ ʚʽʜ 87733651 

ʜʦ 87731393; TaWRKY2-D1 - ʭʨʦʤʦʩʦʤʘ 1D, ʧʦʣʦʞʝʥʥʷ ʚʽʜ 53380448 ʜʦ 53379955. 

TaWRKY2-D1 ʧʦʢʘʟʘʚ ʥʘʡʙʣʠʞʯʫ ʧʦʜʽʙʥʽʩʪʴ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘʧʠʪʫ (E-value 0,0; 

Percent Identity 99,55%) ʧʦʨʽʚʥʷʥʦ ʟ TaWRKY2-A1 ʽ TaWRKY2-B1 (E-value 7e-179 ʪʘ 

1e-169; Percent Identity 95,49% ʪʘ 94,37% ʚʽʜʧʦʚʽʜʥʦ).  

 

4.2 ʉʠʢʚʝʥʫʚʘʥʥʷ ʛʦʤʦʣʦʛʽʯʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ TaWRKY2 ʟ ʪʨʴʦʭ ʩʫʙʛʝʥʦʤʽʚ 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ AUGUSTUS ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʝʥ TaWRKY2-A1 ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5-ʠ ʝʢʟʦʥʽʚ ʪʘ 4-ʭ ʽʥʪʨʦʥʽʚ: ʝʢʟʦʥ 1 

ï +1é+279; ʝʢʟʦʥ 2 ï +391é+564; ʝʢʟʦʥ 3 ï +730 (+763 ʜʣʷ ʽʥʰʦʛʦ ʩʧʣʘʡʩ-

ʚʘʨʽʘʥʪʫ)é+1170; ʝʢʟʦʥ 4 ï +1306é+1476; ʝʢʟʦʥ 5 ï +1589é+1879 ʚ ʧʦʟʠʮʽʾ ʚʽʜ 

ʩʪʘʨʪʫ ʪʨʘʥʩʢʨʠʧʮʽʾ (ʽʥʪʨʦʥʠ 1-4 ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʦʟʠʮʽʷʭ ʤʽʞ ʝʢʟʦʥʘʤʠ).  

ʇʨʠ ʚʠʨʽʚʥʶʚʘʥʥʽ ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʰʝʩʪʠ ʫʢʨʘʾʥʩʴʢʠʭ ʩʦʨʪʽʚ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

TaWRKY2-A1 ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʩʦʨʪʫ Chinese Spring ʽ ʰʝʩʪʠ ʫʢʨʘʾʥʩʴʢʠʭ ʩʦʨʪʽʚ 

(ʇʦʜʦʣʷʥʢʘ, ɸʩʪʘʨʪʘ, ʆʜʝʩʴʢʘ 267, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʇʦʣʽʩʴʢʘ 90 ʽ ʅʘʪʘʣʢʘ) ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʝʥʽʚ TaWRKY2-ɸ1 ʜʣʷ ʩʦʨʪʽʚ ʇʦʜʦʣʷʥʢʘ, ʆʜʝʩʴʢʘ 267, 

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʇʦʣʽʩʴʢʘ 90 ʻ ʽʜʝʥʪʠʯʥʠʤʠ. ʉʦʨʪʠ Chinese Spring, ʅʘʪʘʣʢʘ, 

https://wheat-urgi.versailles.inra.fr/
https://wheat-urgi.versailles.inra.fr/
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ɸʩʪʘʨʪʘ ʤʘʶʪʴ 5 SNP ʚ ʟʦʥʽ ʧʝʨʰʦʛʦ ʽʥʪʨʦʥʫ, ʜʨʫʛʦʛʦ ʪʘ ʯʝʪʚʝʨʪʦʛʦ ʝʢʟʦʥʘ. ʂʨʽʤ 

ʪʦʛʦ, ʩʦʨʪʠ ɸʩʪʘʨʪʘ ʽ ʅʘʪʘʣʢʘ ʤʽʩʪʷʪʴ ʜʚʘ SNP ʚ ʯʝʪʚʝʨʪʦʤʫ ʝʢʟʦʥʽ ʛʝʥʘ (ʪʘʙʣ. 4.1). 

ɿʘʛʘʣʦʤ ʜʦʩʣʽʜʞʝʥʦ ʪʨʠ ʛʝʥʦʪʠʧʠ: ʛʝʥʦʪʠʧ 1 - Chinese Spring; ʛʝʥʦʪʠʧ 2 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʅʘʪʘʣʢʠ ʪʘ ɸʩʪʘʨʪʠ; ʛʝʥʦʪʠʧ 3 ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʆʜʝʩʴʢʦʾ 267, 

ʇʦʜʦʣʷʥʢʠ, ɼʘʨʫʥʢʘ ʇʦʜʽʣʣʷ ʪʘ ʇʦʣʽʩʴʢʦʾ 90. ɺʠʷʚʣʝʥʽ SNP ʚ ʝʢʟʦʥʘʭ 2 ʚʝʜʫʪʴ ʜʦ 

ʟʤʽʥʠ ʚ ʙʽʣʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʷʭ ʛʝʥʘ TaWRKY2-ɸ1 ʚ ʩʦʨʪʘʭ ʅʘʪʘʣʢʘ, ɸʩʪʘʨʪʘ ʪʘ 

Chinese Spring. SNP ʚ ʝʢʟʦʥʘʭ 4 ʪʘ 5 ʚ ʩʦʨʪʘʭ ʅʘʪʘʣʢʘ ʽ ɸʩʪʘʨʪʘ ʪʘʢʦʞ ʚʝʜʫʪʴ ʜʦ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʟʘʤʽʥ. 

 

ʊʘʙʣʠʮʷ 4.1 ï ʇʦʣʽʤʦʨʬʽʟʤ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʛʝʥʘ TaWRKY2-ɸ1 

ʊʠʧ ʇʦʣʽʤʦʨʬʽʟʤ ʇʦʟʠʮʽʷ ʈʝʛʽʦʥ ʉʦʨʪʠ 

ɿʤʽʥʠ ʚ 

ʘʤʽʥʦʢʠʩʣʦʪʥʦʤʫ 

ʩʢʣʘʜʽ 

SNP GŸC +302 ɯʥʪʨʦʥ 1 

ʅʘʪʘʣʢʘ 

ɸʩʪʘʨʪʘ 

Chinese Spring 

ï 

SNP ʉŸG +411 ɽʢʟʦʥ 2 ʅʘʪʘʣʢʘ ï 

SNP ʉŸT +542 ɽʢʟʦʥ 2 ɸʩʪʘʨʪʘ AŸV 

SNP GŸA +548 ɽʢʟʦʥ 2 Chinese Spring CŸY 

SNP AŸT +1332 ɽʢʟʦʥ 4 
ʅʘʪʘʣʢʘ 

ɸʩʪʘʨʪʘ 
SŸR 

SNP AŸG +1783 ɽʢʟʦʥ 5 

ʅʘʪʘʣʢʘ 

ɸʩʪʘʨʪʘ 

Chinese Spring 

ï 

SNP GŸA +1791 ɽʢʟʦʥ 5 
ʅʘʪʘʣʢʘ 

ɸʩʪʘʨʪʘ 
ʉŸY 
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ʊʘʙʣʠʮʷ 4.2 ï ʇʦʣʽʤʦʨʬʽʟʤ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʛʝʥʘ TaWRKY2-B1 

ʊʠʧ ʇʦʣʽʤʦʨʬʽʟʤ ʇʦʟʠʮʽʷ  ʈʝʛʽʦʥ ʉʦʨʪʠ 

ɿʤʽʥʠ ʚ 

ʘʤʽʥʦʢʠʩʣʦʪʥʦʤʫ 

ʩʢʣʘʜʽ 

SNP ʉŸT +10 ɽʢʟʦʥ 1 ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ PŸS 

SNP ʉŸG +72 ɽʢʟʦʥ 1 

ʅʘʪʘʣʢʘ 

ʇʦʣʽʩʴʢʘ 90 

ʇʦʜʦʣʷʥʢʘ 

FŸL 

SNP ʉŸT +395 ɯʥʪʨʦʥ 1 ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ - 

SNP TŸC +433 ɽʢʟʦʥ 2 ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ - 

SNP GŸT +695 ɯʥʪʨʦʥ 2 ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ - 

SNP TŸA +808 ɽʢʟʦʥ 3 ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ HŸQ 

ɯʥʩʝʨʮʽʷ GCA +815 ɽʢʟʦʥ 3 

ʅʘʪʘʣʢʘ 

ʇʦʣʽʩʴʢʘ 90 

ʇʦʜʦʣʷʥʢʘ 

ʆʜʝʩʴʢʘ 267 

Q 

SNP GŸC +849 ɽʢʟʦʥ 3 ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ KŸN 

SNP ʉŸT +1304 ɯʥʪʨʦʥ 3 ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ - 

SNP AŸG +1389 ɯʥʪʨʦʥ 3 ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ - 

SNP AŸG +1481 ɯʥʪʨʦʥ 3 ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ - 

SNP TŸC +1627 ɽʢʟʦʥ 4 ʅʘʪʘʣʢʘ - 

SNP GŸC +1699 ɽʢʟʦʥ 4 Chinese Spring RŸT 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ AUGUSTUS ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʝʥ TaWRKY2-ɺ1 ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5-ʠ ʝʢʟʦʥʽʚ ʪʘ 4-ʭ ʽʥʪʨʦʥʽʚ: ʝʢʟʦʥ 1 

ï +1é+288; ʝʢʟʦʥ 2 ï +401é+590; ʝʢʟʦʥ 3 ï +803é+1215; ʝʢʟʦʥ 4 ï +1629é+1799; 
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ʝʢʟʦʥ 5 ï +1945é+2259 ʚ ʧʦʟʠʮʽʾ ʚʽʜ ʩʪʘʨʪʫ ʪʨʘʥʩʢʨʠʧʮʽʾ (ʽʥʪʨʦʥʠ 1-4 ʨʦʟʪʘʰʦʚʘʥʽ 

ʚ ʧʦʟʠʮʽʷʭ ʤʽʞ ʝʢʟʦʥʘʤʠ). ɼʦʩʣʽʜʞʫʶʯʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʝʨʝʜ ʰʝʩʪʠ ʫʢʨʘʾʥʩʴʢʠʭ 

ʩʦʨʪʽʚ, ʜʣʷ ʛʝʥʘ TaWRKY2-ɺ1 ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʧʦʣʽʤʦʨʬʽʟʤʫ ʩʝʨʝʜ 

ʜʦʩʣʽʜʞʝʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ (ʪʘʙʣ. 4.2). ʊʘʢ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 7 ʫʥʽʢʘʣʴʥʠʭ SNP ʚ 

ʦʙʣʘʩʪʽ ʝʢʟʦʥʽʚ, 5 SNP ʚ ʦʙʣʘʩʪʽ ʽʥʪʨʦʥʽʚ, ʘ ʪʘʢʦʞ ʦʜʥʫ ʽʥʩʝʨʮʽʶ ʚ ʪʨʝʪʴʦʤʫ ʝʢʟʦʥʽ.  

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ ʩʦʨʪʫ ɸʩʪʘʨʪʘ ʥʝ ʚʜʘʣʦʩʷ ʘʤʧʣʽʬʽʢʫʚʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ TaWRKY2-ɺ1 ʛʝʥʘ, ʪʘʢ ʷʢ ʜʘʥʠʡ ʩʦʨʪ ʤʽʩʪʠʪʴ 1BL.1RS ʪʨʘʥʩʣʦʢʘʮʽʶ 

ʚʽʜ ʞʠʪʘ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚ ʥʴʦʛʦ ʚʽʜʩʫʪʥʻ 1BS ʧʣʝʯʝ ʭʨʦʤʦʩʦʤʠ, ʥʘ ʷʢʦʤʫ 

ʣʦʢʘʣʽʟʦʚʘʥʠʡ TaWRKY2-ɺ1 ʛʝʥ. ʉʦʨʪ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ ʫʢʨʘʾʥʩʴʢʦʾ ʩʝʣʝʢʮʽʾ ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ ʬʦʨʤʫʻ ʦʢʨʝʤʠʡ ʛʝʥʦʪʠʧ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 9 ʫʥʽʢʘʣʴʥʠʭ SNP ʚ 

ʟʦʥʘʭ ʝʢʟʦʥʽʚ ʪʘ ʽʥʪʨʦʥʽʚ. ʉʦʨʪʠ ʅʘʪʘʣʢʘ, 895, ʇʦʣʽʩʴʢʘ 90, ʇʦʜʦʣʷʥʢʘ ʪʘ ʆʜʝʩʴʢʘ 

267 ʤʘʶʪʴ ʽʥʩʝʨʮʽʶ ʚ ʪʨʠ ʥʫʢʣʝʦʪʠʜʠ, ʱʦ ʚʝʜʝ ʜʦ ʧʦʷʚʠ ʜʦʜʘʪʢʦʚʦʾ ʘʤʽʥʦʢʠʩʣʦʪʠ 

Q ʚ ʪʨʝʪʴʦʤʫ ʝʢʟʦʥʽ. ʎʽ ʞ ʩʦʨʪʠ (ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʩʦʨʪʫ ʆʜʝʩʴʢʘ 267) ʤʘʶʪʴ 

ʫʥʽʢʘʣʴʥʝ SNP ʚ ʧʝʨʰʦʤʫ ʝʢʟʦʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʘʤʽʥʦʢʠʩʣʦʪʥʦʛʦ ʟʘʣʠʰʢʘ 

L ʟʘʤʽʩʪʴ F. ʊʘʢʦʞ ʫʥʽʢʘʣʴʥʝ SNP ʙʫʣʦ ʟʥʘʡʜʝʥʝ ʚ ʨʝʬʝʨʝʥʪʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʦʨʪʫ 

Chinese Spring.  

ɿʽʙʨʘʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʝʥʽʚ ʟʛʦʜʦʤ ʦʙʨʦʙʣʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʽʦ̔ʥʬʦʨʤʘʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ AUGUSTUS. ɯʥʩʪʨʫʤʝʥʪ ʚʠʟʥʘʯʠʚ, ʱʦ ʢʣʦʥʦʚʘʥʽ 

ʛʝʥʠ TaWRKY2-D1 ʩʢʣʘʜʘʶʪʴʩʷ ʟ 4-ʭ ʝʢʟʦʥʽʚ ʪʘ 3-ʭ ʽʥʪʨʦʥʽʚ; ʝʢʟʦʥ 1 ï +1é+279; 

ʝʢʟʦʥ 2 ï +391é+580; ʝʢʟʦʥ 3 ï +755é+1185; ʝʢʟʦʥ 4 ï +1314é+1805 ʚ ʧʦʟʠʮʽʾ ʚʽʜ 

ʩʪʘʨʪʫ ʪʨʘʥʩʢʨʠʧʮʽʾ (ʽʥʪʨʦʥʠ 1-3 ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʦʟʠʮʽʷʭ ʤʽʞ ʝʢʟʦʥʘʤʠ). 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ TaWRKY2-D1 ʛʝʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ ʥʘʡʥʠʞʯʠʤ ʨʽʚʥʝʤ 

ʧʦʣʽʤʦʨʬʽʟʤʫ ʩʝʨʝʜ ʰʝʩʪʠ ʜʦʩʣʽʜʞʝʥʠʭ ʩʦʨʪʽʚ. ʊʘʢ ʣʠʰʝ ʩʦʨʪ ʇʦʣʽʩʴʢʘ 90 ʤʘʚ 

ʜʝʣʝʮʽʶ ʚ 3 ʧʥ (GCA, ʚ ʧʦʟʠʮʽʾ +764 ʚʽʜ ʩʪʘʨʪʫ ʪʨʘʥʩʢʨʠʧʮʽʾ). ʋ ʪʦʡ ʯʘʩ, ʷʢ 

ʧʨʦʤʦʪʦʨʠ ʯʦʪʠʨʴʦʭ ʩʦʨʪʽʚ (ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ, ʇʦʜʦʣʷʥʢʘ ʪʘ ʆʜʝʩʴʢʘ 267) ʟʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʽʜʝʥʪʠʯʥʽ ʜʦ Chinese Spring, ʧʨʦʤʦʪʦʨʠ ʩʦʨʪʽʚ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʪʘ 

ʇʦʣʽʩʴʢʘ 90 ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. ɹʫʣʦ 

ʚʠʷʚʣʝʥʦ ʦʜʠʥʦʯʥʝ ʟʘʤʽʱʝʥʥʷ ʥʫʢʣʝʦʪʠʜʽʚ ʚʽʜ C ʜʦ ʊ ʫ ʧʦʣʦʞʝʥʥʽ ï675 ʧʥ ʚʽʜ 
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ʩʪʘʨʪʦʚʦʛʦ ʢʦʜʦʥʫ ʜʣʷ ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʘ ʜʣʷ ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90 ʚʠʷʚʣʝʥʦ 

ʪʨʠ ʽʥʩʝʨʮʽʾ, ʪʨʠ ʜʝʣʝʮʽʾ ʪʘ 19 SNP (ʪʘʙʣ. 4.3). 

 

ʊʘʙʣʠʮʷ 4.3 ï ɺʠʷʚʣʝʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ʫ ʧʨʦʤʦʪʦʨʥʽʡ ʦʙʣʘʩʪʽ TaWRKY2-D1 

ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90 ʪʘ ʡʦʛʦ ʧʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʨʝʛʫʣʷʪʦʨʥʽ ʝʣʝʤʝʥʪʠ 

ʊʠʧ 

ʧʦʣʽʤʦʨʬʽʟʤʫ 

ʇʦʣʽʤʦʨʬʽʟʤ ʇʦʟʠʮʽʷ ʜʦ ʩʪʘʨʪʫ 

ʪʨʘʥʩʢʨʠʧʮʽʾ 

ʇʦʪʝʥʮʽʡʥʽ ʟʤʽʥʠ ʚ ʩʢʣʘʜʽ 

cis-ʨʝʛʫʣʷʪʦʨʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ɯʥʩʝʨʮʽʷ T -1263 ïï 

G -1355 ïï 

A -1445 ïï 

ɼʝʣʝʮʽʷ C -655 ïï 

AATTATG -842é-848 ïï 

ATA -966é-968 ïï 

SNP C ŸG -389 ïï 

A ŸG -660 ʌʦʨʤʫʚʘʥʥʷ ʟʚôʷʟʫʶʯʠʭ 

ʩʘʡʪʽʚ MYB, BIHD ʪʘ WRKY 

G ŸA -663 ï 

G ŸC -696 ɽʣʽʤʽʥʘʮʽʷ ʟʚôʷʟʫʶʯʦʛʦ ʩʘʡʪʫ 

MYC  

C ŸT -708 ïï 

A ŸC -747 ïï 

A ŸG -756 ïï 

T ŸC -903 ïï 

A ŸT -919 ʌʦʨʤʫʚʘʥʥʷ ʩʘʡʪʫ IBOX 

C ŸT -1158 ïï 

A ŸG -1162 ïï 

T ŸG -1213 ïï 

A ŸG -1253 ïï 

A ŸG -1282 ïï 

A ŸG -1293 ïï 

G ŸA -1431 ïï 
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G ŸA -1573 ïï 

G ŸA -1619 ïï 

T ŸC -1734 ïï 

 

ɼʘʥʽ ʩʠʢʚʝʥʫʚʘʥʥʷ ʙʫʣʦ ʜʝʧʦʥʦʚʘʥʦ ʜʦ ʛʝʥʝʪʠʯʥʦʛʦ ʙʘʥʢʫ GenBank ʧʽʜ 

ʥʦʤʝʨʘʤʠ ʜʦʩʪʫʧʫ MT892889 (Triticum aestivum WRKY2-D1a gene, Astarta cultivar 

complete cds), MT892890 (Triticum aestivum WRKY2-D1b gene, Poliska 90 cultivar 

complete cds), MW033309 (Triticum aestivum cultivar Astarta TaWRKY2-D1 gene, 

promoter region) MW033310 (Triticum aestivum cultivar Poliska 90 TaWRKY2-D1 

gene, promoter region) and MW033311 (Triticum aestivum cultivar Darunok Podillia 

TaWRKY2-D1 gene, promoter region). 

 

4.3 ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ TaWRKY2 

ɿ ʤʝʪʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʽʚ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ 

TaWRKY2, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʾʭ ʝʢʩʧʨʝʩʽʶ. ʊʘʢ ʷʢ ʮʽ ʛʝʥʠ ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ 

ʝʢʩʧʨʝʩʽʾ, ʪʦ ʚʠʤʽʨʶʚʘʣʠ ʟʘʛʘʣʴʥʫ ʝʢʩʧʨʝʩʽʶ ʟ ʪʨʴʦʭ ʩʫʙʛʝʥʦʤʽʚ ʦʜʥʦʯʘʩʥʦ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ ʧʨʦʚʦʜʠʣʠ  ʚ ʜʚʦʭ ʪʦʯʢʘʭ ï ʥʘ ʧʦʯʘʪʢʫ ʚʧʣʠʚʫ 

ʩʪʨʝʩʦʚʦʛʦ ʬʘʢʪʦʨʫ ʧʦʩʫʭʠ (ʜʦʩʷʛʥʝʥʥʷ 30% ʚʽʜ ʧʦʚʥʦʾ ʚʦʣʦʛʦʻʤʢʦʩʪʽ ˇʨʫʥʪʫ) ʪʘ 

ʯʝʨʝʟ 7 ʜʥʽʚ ʧʽʜʪʨʠʤʢʠ ʫʤʦʚ ʦʙʤʝʞʝʥʦʛʦ ʧʦʣʠʚʫ. 

ʅʘ ʧʝʨʰʠʡ ʜʝʥʴ ʜʣʷ 5-ʪʠ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʫ 

ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ, ʧʨʦʪʝ ʨʽʚʝʥʴ ʟʥʠʞʝʥʥʷ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʚʩʷ ʚ ʨʽʟʥʠʭ ʩʦʨʪʘʭ. 

ʊʘʢ ʚ ʩʦʨʪʘʭ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʪʘ ɸʩʪʘʨʪʘ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʙʫʣʦ ʚ 1,5 ʪʘ 2,9 ʨʘʟʠ 

ʚʽʜʧʦʚʽʜʥʦ, ʚ ʩʦʨʪʽʚ ʇʦʜʦʣʷʥʢʘ ʽ ʇʦʣʽʩʴʢʘ 90 ï ʚ 3,8 ʪʘ 4,5 ʨʘʟʠ ʚʽʜʧʦʚʽʜʥʦ, ʘ ʜʣʷ 

ʩʦʨʪʫ ʅʘʪʘʣʢʘ ʝʢʩʧʨʝʩʽʷ ʟʥʠʞʫʚʘʣʘʩʷ ʫ 22,0 ʨʘʟʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʩʦʨʪʫ 

ʆʜʝʩʴʢʘ 267 ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ TaWRKY2 ʛʝʥʽʚ ʫ 1,3 ʨʘʟʠ. 

ʇʨʦʪʝ, ʥʘ 7-ʡ ʜʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʩʦʨʪʽʚ ʅʘʪʘʣʢʘ ʽ ʇʦʣʽʩʴʢʘ 90 ʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ WRKY2 ʛʝʥʽʚ ʫ 5,0 ʪʘ 4,1 ʨʘʟʽʚ ʚʽʜʧʦʚʽʜʥʦ. 

ʉʦʨʪ ʆʜʝʩʴʢʘ 267 ʪʘʢʦʞ ʧʦʢʘʟʘʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ WRKY2 ʛʝʥʽʚ ʫ 1,9 ʨʘʟʽʚ, ʱʦ 
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ʻ ʚʠʱʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 1-ʤ ʜʥʝʤ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʩʦʨʪ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʟʥʦʚʫ ʧʦʢʘʟʘʚ 

ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ WRKY2 ʛʝʥʽʚ ʫ 3,4 ʨʘʟʠ, ʱʦ ʻ ʟʥʠʞʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ 1-ʤ ʜʥʝʤ. ʊʦʜʽ ʷʢ ʩʦʨʪʠ ɸʩʪʘʨʪʘ ʽ ʇʦʜʦʣʷʥʢʘ ʥʘ 7-ʡ ʜʝʥʴ ʧʦʢʘʟʘʣʠ ʦʜʥʘʢʦʚʠʡ 

ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ WRKY2 ʛʝʥʽʚ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʽ ʜʦʩʣʽʜʥʠʭ ʨʦʩʣʠʥʘʭ (ʨʠʩ. 4.1). 

ʋ ʢʦʣʦʩʽ ʥʘ 1-ʡ ʜʝʥʴ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʩʧʦʩʪʝʨʽʛʘʣʠ ʫ ʩʦʨʪʽʚ ɸʩʪʘʨʪʘ, 

ʆʜʝʩʴʢʘ 267 ʪʘ ʇʦʜʦʣʷʥʢʘ ʫ 1,8, 5,0 ʪʘ 10,5 ʨʘʟʠ ʚʽʜʧʦʚʽʜʥʦ. ʉʦʨʪ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ 

ʧʦʢʘʟʘʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʫ 2,3 ʨʘʟʠ, ʘ ʝʢʩʧʨʝʩʽʷ ʫ ʩʦʨʪʽʚ ʅʘʪʘʣʢʘ ʽ ʇʦʣʽʩʴʢʘ 90 

ʙʫʣʘ ʦʜʥʘʢʦʚʘ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʽ ʜʦʩʣʽʜʥʠʭ ʨʦʩʣʠʥʘʭ. ʇʨʦʪʝ, ʩʦʨʪ ʇʦʜʦʣʷʥʢʘ, ʷʢʠʡ 

ʧʦʢʘʟʘʚ ʥʘʡʩʠʣʴʥʽʰʝ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʥʘ ʪʨʝʪʽʡ ʜʝʥʴ, ʥʘ 7-ʡ ʜʝʥʴ ʚʠʷʚʠʚʩʷ 

ʻʜʠʥʠʤ ʩʦʨʪʦʤ ʟ ʜʦʩʪʦʚʽʨʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʝʢʩʧʨʝʩʽʾ (ʫ 1,9 ʨʘʟʠ). ʊʦʜʽ ʷʢ ʩʦʨʪ 

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʷʢʠʡ ʥʘ 1-ʡ ʜʝʥʴ ʧʦʢʘʟʘʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ, ʥʘ 7-ʡ ʜʝʥʴ 

ʧʦʢʘʟʘʚ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʚ 1,6 ʨʘʟʠ. ʉʦʨʪʠ ɸʩʪʘʨʪʘ ʽ ʇʦʣʽʩʴʢʘ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ 

ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ TaWRKY2 ʛʝʥʽʚ ʥʘ 7-ʡ ʜʝʥʴ ʫ 1,9 ʪʘ 2,0 ʨʘʟʠ ʚʽʜʧʦʚʽʜʥʦ. ɸ ʜʣʷ 

ʩʦʨʪʽʚ ʆʜʝʩʴʢʘ 267 ʽ ʅʘʪʘʣʢʘ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʦʩʪʦʚʽʨʥʦʾ ʨʽʟʥʠʮʽ ʚ ʝʢʩʧʨʝʩʽʾ 

TaWRKY2 ʛʝʥʽʚ ʜʣʷ ʢʦʥʪʨʦʣʴʥʠʭ ʽ ʜʦʩʣʽʜʥʠʭ ʨʦʩʣʠʥ ʥʘ 7-ʡ ʜʝʥʴ (ʨʠʩ. 4.1). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ ʜʝʢʽʣʴʢʘ ʮʽʢʘʚʠʭ ʪʝʥʜʝʥʮʽʡ. ʇʦ-ʧʝʨʰʝ, ʜʚʘ 

ʧʦʩʫʭʦʥʝʩʪʽʡʢʽ ʩʦʨʪʠ ʇʦʣʽʩʴʢʘ 90 ʽ ʅʘʪʘʣʢʘ ʧʦʢʘʟʘʣʠ ʰʚʠʜʢʝ ʽ ʩʠʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʨʝʩʽʾ TaWRKY2 ʛʝʥʽʚ ʫ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʫʤʦʚ ʧʦʩʫʭʠ. 

ʇʨʦʪʝ ʫ ʢʦʣʦʩʽ ʮʠʭ ʩʦʨʪʽʚ ʪʘʢʠʭ ʟʤʽʥ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ. ʇʨʦʪʝ ʽʥʰʠʡ ʧʦʩʫʭʦʥʝʩʪʽʡʢʠʡ 

ʩʦʨʪ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʜʝʤʦʥʩʪʨʫʻ ʽʥʰʠʡ ʧʘʪʝʨʥ ʟʤʽʥʠ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ï ʟʥʠʞʝʥʥʷ 

ʝʢʩʧʨʝʩʽʾ ʚ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʽ ʚ ʜʦʩʣʽʜʥʠʭ ʨʦʩʣʠʥʘʭ ʷʢ ʥʘ 1-ʡ, ʪʘʢ ʽ ʥʘ 7-ʡ ʜʝʥʴ, 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʫ ʢʦʣʦʩʽ ʥʘ 1-ʡ ʜʝʥʴ ʟ ʩʠʣʴʥʠʤ ʟʥʠʞʝʥʥʷʤ ʥʘ 7-ʡ. ʇʦ-ʜʨʫʛʝ, 

ʩʝʨʝʜ ʧʦʩʫʭʦʩʪʽʡʢʠʭ ʩʦʨʪʽʚ ʣʠʰʝ ʩʦʨʪ ʆʜʝʩʴʢʘ 267 ʧʦʢʘʟʘʚ ʧʽʜʚʠʱʝʥʫ ʝʢʩʧʨʝʩʽʶ 

WRKY2 ʛʝʥʽʚ ʫ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʽ. ʋ ʢʦʣʦʩʽ ʩʝʨʝʜ ʧʦʩʫʭʦʩʪʽʡʢʠʭ ʩʦʨʪʽʚ ʣʠʰʝ ʩʦʨʪ 

ʇʦʜʦʣʷʥʢʘ ʧʦʢʘʟʘʚ ʨʩ̔ʪ ʝʢʩʧʨʝʩʽʾ ʽ ʣʠʰʝ ʥʘ 7-ʡ ʜʝʥʴ. ʎʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

TaWRKY2 ʛʝʥʠ ʦʜʥʦʟʥʘʯʥʦ ʤʘʶʪʴ ʜʠʬʝʨʝʥʮʽʡʥʫ ʝʢʩʧʨʝʩʽʶ ʚ ʫʤʦʚʘʭ ʧʦʩʫʭʠ, ʽ ʜʘʥʘ 

ʝʢʩʧʨʝʩʽʷ ʻ ʨʽʟʥʦʶ ʚ ʧʦʩʫʭʦʩʪʽʡʢʠʭ ʽ ʥʝʧʦʩʫʭʦʩʪʽʡʢʠʭ ʩʦʨʪʘʭ, ʭʦʯʘ ʤʝʭʘʥʽʟʤʠ 
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ʚʧʣʠʚʫ TaWRKY2 ʛʝʥʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʦʨʪʽʚ ʜʦ ʧʦʩʫʭʠ ʱʝ ʚʠʤʘʛʘʶʪʴ 

ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ɺʽʜʥʦʩʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʽʚ TaWRKY2 ʛʝʥʽʚ ʫ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʽ 

ʪʘ ʢʦʣʦʩʽ ʥʘ ʧʝʨʰʠʡ ʽ ʩʴʦʤʠʡ ʜʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʐʢʘʣʘ ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 

ʧʦʚʪʦʨʽʚ (P <0,05). 

 

4.4 ʈʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʦʮʽʥʢʠ ʧʦʣʽʤʦʨʬ̔ ʟʤʫ TaWRKY2  ʛʝʥʽʚ 

ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʽʚ TaWRKY2-A1, TaWRKY2-B1  ʪʘ 

TaWRKY2-D1 ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʩʠʩʪʝʤʠ ʧʨʘʡʤʝʨʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ 
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ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʷʭ ʧʰʝʥʠʮʽ. ɿʘʛʘʣʦʤ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 9 

ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʜʣʷ ʛʝʥʽʚ TaWRKY2-A1 (ʩʠʩʪʝʤʘ PA1), 

TaWRKY2-B1 (ʩʠʩʪʝʤʠ PB1, PB2 ʪʘ PB3) ʪʘ TaWRKY2-D1 (ʩʠʩʪʝʤʠ PD1, PD2, PD3, 

PD4 ʪʘ PD5). 

ʇʘʨʠ ʧʨʘʡʤʝʨʽʚ ʢʦʥʩʪʨʫʶʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʚʠʷʚʣʝʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʠʢʚʝʥʫʚʘʥʥʷ ʛʝʥʽʚ. ɼʣʷ ʢʦʞʥʦʾ ʟ ʩʠʩʪʝʤ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ 

ʨʘʮʽʦʥʘʣʴʥʽ ʭʽʤʽʯʥʽ ʫʤʦʚʠ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʯʘʩʦʚʽ ʨʝʞʠʤʠ ʇʃʈ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʫ ʚʠʛʣʷʜʽ ʘʤʧʣʽʬʽʢʦʚʘʥʦʾ ɼʅʂ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʫʟʘʛʘʣʴʥʝʥʦ ʫ ʪʘʙʣʠʮʽ  

ɸ.6.  

ʉʠʩʪʝʤʘ PA1 ʚʠʟʥʘʯʘʣʘ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ ʤʝʞʘʭ +474é+879 

ʛʝʥʘ TaWRKY2-A1. ʈʘʮʽʦʥʘʣʽʟʫʚʘʣʠ ʫʤʦʚʠ ʨʝʘʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʧʘʨʘʪʽʚ 

ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʽʚ  ʅʘʪʘʣʢʘ, ɸʩʪʘʨʪʘ ʪʘ ʆʜʝʩʴʢʘ 267. ʊʘʢ ʷʢ ʨʦʟʤʽʨ ʦʯʽʢʫʚʘʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʩʪʘʥʦʚʠʚ 406 ʧʥ, ʪʦ ʧʨʦʪʷʞʥʽʩʪʴ ʩʪʘʜʽʾ ʚʠʟʥʘʯʠʣʠ 30 ʩ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʪʘʥʜʘʨʪʥʫ ʢʽʣʴʢʽʩʪʴ MgCl2  (2ʤʄ ʥʘ ʨʝʘʢʮʽʶ). ʊʝʩʪʫʚʘʣʠ ʨʝʘʢʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʨʘʜʽʻʥʪʥʦʾ ʇʃʈ ʧʨʠ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 58,0Áʉ, 59,2Áʉ ʪʘ 62,1Áʉ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 

58,0Áʉ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʝʚʽʜʪʚʦʨʶʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɿʘ ʜʚʦʭ ʽʥʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʦʜʥʘʢʦʚʦ ʯʽʪʢʽ ʬʨʘʛʤʝʥʪʠ, ʱʦ ʟʥʘʯʠʪʴ, ʱʦ ʜʦʮʽʣʴʥʦ ʚʠʙʠʨʘʪʠ ʙʫʜʴ-ʷʢʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʽʜ 59,2Áʉ ʪʘ 62,1Áʉ (ʨʠʩ. 4.2). ʅʘʜʘʣʽ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʧʨʦʚʦʜʠʪʠ 

ʨʝʘʢʮʽʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 60,0Áʉ. 

ʉʠʩʪʝʤʘ ʧʨʘʡʤʝʨʽʚ PB1 ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ 

ʤʝʞʘʭ +844é+1009 ʛʝʥʘ TaWRKY2-B1. ʈʘʮʽʦʥʘʣʽʟʫʚʘʣʠ ʫʤʦʚʠ ʨʝʘʢʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʧʘʨʘʪʽʚ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʽʚ  ʅʘʪʘʣʢʘ, ɸʩʪʘʨʪʘ ʪʘ ʆʜʝʩʴʢʘ 267. 

ɿʨʘʟʢʠ ɼʅʂ ʩʦʨʪʽʚ ʅʘʪʘʣʢʘ ʪʘ ʆʜʝʩʴʢʘ 267 ʩʣʫʛʫʚʘʣʠ ʧʦʟʠʪʠʚʥʠʤʠ ʢʦʥʪʨʦʣʷʤʠ, 

ʪʦʙʪʦ ʜʣʷ ʮʠʭ ʟʨʘʟʢʽʚ ʦʯʽʢʫʚʘʣʠ ʦʪʨʠʤʘʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʇʃʈ ʨʦʟʤʽʨʦʤ 

166 ʧʥ. ɿʨʘʟʦʢ ɼʅʂ ʧʰʝʥʠʮʽ ʩʦʨʪʫ ɸʩʪʘʨʪʘ ʩʣʫʛʫʚʘʚ ʥʝʛʘʪʠʚʥʠʤ ʢʦʥʪʨʦʣʝʤ ʽ ʜʣʷ 

ʥʴʦʛʦ ʦʪʨʠʤʘʥʥʷ ʧʨʦʜʫʢʪʫ ʥʝ ʧʨʦʛʥʦʟʫʚʘʣʦʩʴ. ʊʘʢ ʷʢ ʨʦʟʤʽʨ ʦʯʽʢʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʩʪʘʥʦʚʠʚ 166 ʧʥ, ʪʦ ʧʨʦʪʷʞʥʽʩʪʴ ʩʪʘʜʽʾ ʚʠʟʥʘʯʠʣʠ 20 ʩ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫ 

ʢʽʣʴʢʽʩʪʴ MgCl2  (2ʤʄ ʥʘ ʨʝʘʢʮʽʶ). ʊʝʩʪʫʚʘʣʠ ʨʝʘʢʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʽʻʥʪʥʦʾ 
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ʇʃʈ ʧʨʠ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 59,0Áʉ, 61,5Áʉ ʪʘ 64,3Áʉ (ʨʠʩ. 4.3). ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 

59,0Áʉ ʥʝ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʝʩʧʝʮʠʬʽʯʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʪʦʤʫ ʥʘʜʘʣʽ ʙʫʣʦ ʧʨʠʡʥʷʪʦ 

ʧʨʦʚʦʜʠʪʠ ʨʝʘʢʮʽʶ ʟʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

 

 

ʈʠʩʫʥʦʢ 4.2 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ PA1. 1: ʩʦʨʪ ʅʘʪʘʣʢʘ; 2: ʩʦʨʪ 

ɸʩʪʘʨʪʘ; 3: ʩʦʨʪ ʆʜʝʩʴʢʘ 267; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: 

ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRuleÊ DNA Ladder Mix. 

 

 

ʈʠʩʫʥʦʢ 4.3 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ PB1. 1: ʩʦʨʪ ʅʘʪʘʣʢʘ; 2: ʩʦʨʪ 

ɸʩʪʘʨʪʘ; 3: ʩʦʨʪ ʆʜʝʩʴʢʘ 267; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: 

ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 
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ʉʠʩʪʝʤʘ ʧʨʘʡʤʝʨʽʚ PB2 ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ 

ʤʝʞʘʭ +800é+1313 ʛʝʥʘ TaWRKY2-B1, ʘ ʩʘʤʝ ʽʥʩʝʨʮʽʶ GCA ʚ ʧʦʣʦʞʝʥʥʽ +816. 

ʈʘʮʽʦʥʘʣʽʟʫʚʘʣʠ ʫʤʦʚʠ ʨʝʘʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʧʘʨʘʪʽʚ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʽʚ  

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʪʘ ʇʦʣʽʩʴʢʘ 90. ɿʨʘʟʦʢ ɼʅʂ ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90 ʩʣʫʛʫʚʘʚ 

ʧʦʟʠʪʠʚʥʠʤ ʢʦʥʪʨʦʣʝʤ, ʪʦʙʪʦ ʜʣʷ ʮʴʦʛʦ ʟʨʘʟʢʫ ʦʯʽʢʫʚʘʣʠ ʦʪʨʠʤʘʥʥʷ 

ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʇʃʈ ʨʦʟʤʽʨʦʤ 514 ʧʥ. ɿʨʘʟʦʢ ɼʅʂ ʩʦʨʪʫ ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ ʩʣʫʛʫʚʘʚ ʥʝʛʘʪʠʚʥʠʤ ʢʦʥʪʨʦʣʝʤ ʽ ʜʣʷ ʥʴʦʛʦ ʦʪʨʠʤʘʥʥʷ ʧʨʦʜʫʢʪʫ ʥʝ 

ʧʨʦʛʥʦʟʫʚʘʣʦʩʴ. ʊʘʢ ʷʢ ʨʦʟʤʽʨ ʦʯʽʢʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʪʘʥʦʚʠʚ 514 ʧʥ, ʪʦ 

ʧʨʦʪʷʞʥʽʩʪʴ ʩʪʘʜʽʾ ʚʠʟʥʘʯʠʣʠ 30 ʩ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫ ʢʽʣʴʢʽʩʪʴ MgCl2  ï 

2ʤʄ ʥʘ ʨʝʘʢʮʽʶ. ʊʝʩʪʫʚʘʣʠ ʨʝʘʢʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʽʻʥʪʥʦʾ ʇʃʈ ʧʨʠ ʪʨʴʦʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ï 57,5Áʉ, 60,2Áʉ ʪʘ 62,5Áʉ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 57,5Áʉ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʧʨʦʜʫʢʪ ʚʽʟʫʘʣʴʥʦ ʟ ʥʘʡʤʝʥʰʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ɿʘ ʪʝʤʧʝʨʘʪʫʨ 60,2Áʉ ʪʘ 62,5Áʉ 

ʦʪʨʠʤʘʥʽ ʧʨʦʜʫʢʪʠ ʙʫʣʠ ʦʨʽʻʥʪʦʚʥʦ ʦʜʥʘʢʦʚʦ ʽʥʪʝʥʩʠʚʥʽ (ʨʠʩ. 4.4). ʅʘʜʘʣʽ 

ʨʘʮʽʦʥʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ 62,5Áʉ.  

 

 

ʈʠʩʫʥʦʢ 4.4 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ PB2. 1: ʩʦʨʪ ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ; 2: ʩʦʨʪ ʇʦʣʽʩʴʢʘ 90; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 
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ʉʠʩʪʝʤʘ ʧʨʘʡʤʝʨʽʚ PB3 ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ 

ʤʝʞʘʭ +1171é+1278 ʛʝʥʘ TaWRKY2-B1. ʈʘʮʽʦʥʘʣʽʟʫʚʘʣʠ ʫʤʦʚʠ ʨʝʘʢʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʧʘʨʘʪʽʚ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʽʚ  ɹʦʛʜʘʥʘ, ɻʽʣʝʷ ʪʘ ʉʦʥʘʪʘ. ʊʘʢ ʷʢ 

ʨʦʟʤʽʨ ʦʯʽʢʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʪʘʥʦʚʠʚ 108 ʧʥ, ʪʦ ʧʨʦʪʷʞʥʽʩʪʴ ʩʪʘʜʽʾ ʚʠʟʥʘʯʠʣʠ 15 

ʩ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫ ʢʽʣʴʢʽʩʪʴ MgCl2  ï 2ʤʄ ʥʘ ʨʝʘʢʮʽʶ. ʊʝʩʪʫʚʘʣʠ 

ʨʝʘʢʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʽʻʥʪʥʦʾ ʇʃʈ ʧʨʠ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 58,1Áʉ, 59,7Áʉ ʪʘ 

61,9Áʉ. ɿʘ ʚʩʽʭ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʦʜʫʢʪʠ ʟ ʦʨʽʻʥʪʦʚʥʦ ʦʜʥʘʢʦʚʠʤʠ 

ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʬʨʘʛʤʝʥʪʘʤʠ (ʨʠʩ. 4.5). ʅʘʜʘʣʽ ʨʘʮʽʦʥʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ 61,9Áʉ.  

 

 

ʈʠʩʫʥʦʢ 4.5 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ PB3. 1: ʩʦʨʪ ɹʦʛʜʘʥʘ; 2: ʩʦʨʪ 

ɻʽʣʝʷ; 3: ʩʦʨʪ ʉʦʥʘʪʘ; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 

 

ʉʠʩʪʝʤʘ ʧʨʘʡʤʝʨʽʚ PD1 ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ 

ʤʝʞʘʭ -988é-741 ʛʝʥʘ TaWRKY2-D1, ʘ ʩʘʤʝ ʜʝʣʝʮʽʶ ɸʊɸ ʚ ʧʦʟʠʮʽʾ -966é-968. 

ʈʘʮʽʦʥʘʣʽʟʫʚʘʣʠ ʫʤʦʚʠ ʨʝʘʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʧʘʨʘʪʽʚ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʫ  

ʆʜʝʩʴʢʘ 267 ʪʘ ʜʚʦʭ ʟʨʘʟʢʽʚ ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90. ʊʘʢ ʷʢ ʨʦʟʤʽʨ ʦʯʽʢʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 
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ʩʪʘʥʦʚʠʚ 248 ʧʥ, ʪʦ ʧʨʦʪʷʞʥʽʩʪʴ ʩʪʘʜʽʾ ʚʠʟʥʘʯʠʣʠ 20 ʩ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫ 

ʢʽʣʴʢʽʩʪʴ MgCl2  ï 2ʤʄ ʥʘ ʨʝʘʢʮʽʶ. ʊʝʩʪʫʚʘʣʠ ʨʝʘʢʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʽʻʥʪʥʦʾ 

ʇʃʈ ʧʨʠ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 44,0Áʉ, 46,0Áʉ ʪʘ 48,0Áʉ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 44,0Áʉ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʽʥʪʝʥʩʠʚʥʽ ʘʤʧʣʽʬʽʢʦʚʘʥʽ ʬʨʘʛʤʝʥʪʠ ʜʣʷ ʟʨʘʟʢʫ ʩʦʨʪʫ ʆʜʝʩʴʢʘ 267 (ʨʠʩ. 

4.6ɸ).  

 

ʈʠʩʫʥʦʢ 4.6 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ PD1. ɸ ï ʛʨʘʜʽʻʥʪʥʘ ʇʃʈ. ɹ 

ï ʇʃʈ ʟ ʛʽʙʨʠʜʠʟʘʮʽʻʶ ʧʨʠ 44Áʉ. ɺ ï ʨʘʮʽʦʥʘʣʽʟʦʚʘʥʘ ʥʠʟʭʽʜʥʘ ʇʃʈ. 1: ʩʦʨʪ ʆʜʝʩʴʢʘ 

267; 2: ʩʦʨʪ ʇʦʣʽʩʴʢʘ 90; 3: ʩʦʨʪ ʇʦʣʽʩʴʢʘ 90; 4: ʛʽʙʨʠʜ Chibia/4/Pgo//Croc_1/Ae. 

squarrosa (224)/3/2*Borl95; 5: ʛʽʙʨʠʜ Ning chun 20/3/Myna/Vul//Jun/6/Filin/Irena 

/5/Cndo/R143//Ente/Mexi_2/3/Ae. squarrosa (Taus)/4/ Weaver; 6: ʩʦʨʪ Valdor; 7: 

ʛʽʙʨʠʜ Norm.2-A BC178/3/Chen/Ae.sq//2*Opata; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ 

ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 

 

ʊʘʢʦʞ, ʜʣʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʫ ʨʘʮʽʦʥʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ MgCl2 ï 1,5ʤʄ 

ʥʘ ʨʝʘʢʮʽʶ, ʱʦʙ ʧʨʠʙʨʘʪʠ ʥʝʩʧʝʮʠʬʽʯʥʽ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʧʦʯʘʣʠ ʫʪʚʦʨʶʚʘʪʠʩʷ ʚ 

ʧʦʩʣʽʜʫʶʯʠʭ ʧʦʚʪʦʨʘʭ ʜʘʥʦʾ ʨʝʘʢʮʽʾ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʨʽʚʥʷʥʥʷ 
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ʟʚʠʯʘʡʥʦʾ ʇʃʈ (ʨʠʩ. 4.6ɹ) ʪʘ ʥʠʟʭʽʜʥʦʾ ʇʃʈ (ʨʠʩ. 4.6ɺ). ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ 

ʧʘʨʘʤʝʪʨʽʚ ʥʠʟʭʽʜʥʦʾ ʇʃʈ ʦʪʨʠʤʫʚʘʣʠ ʚʽʟʫʘʣʴʥʦ ʙʽʣʴʰ ʯʽʪʢʠʡ ʧʨʦʜʫʢʪ. 

ʉʠʩʪʝʤʘ ʧʨʘʡʤʝʨʽʚ PD2 ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ 

ʤʝʞʘʭ -860é-741 ʛʝʥʘ TaWRKY2-D1, ʘ ʩʘʤʝ ʜʝʣʝʮʽʶ AATTATG ʚ ʧʦʟʠʮʽʾ -842é-

848. ʈʘʮʽʦʥʘʣʽʟʫʚʘʣʠ ʫʤʦʚʠ ʨʝʘʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʧʘʨʘʪʽʚ ʟʘʛʘʣʴʥʦʾ ɼʅʂ 

ʩʦʨʪʫ  ʆʜʝʩʴʢʘ 267 ʪʘ ʜʚʦʭ ʟʨʘʟʢʽʚ ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90. ʋ ʟʨʘʟʢʫ ʩʦʨʪʫ ʆʜʝʩʴʢʘ 267, 

ʱʦ ʥʝ ʤʘʻ ʜʝʣʝʮʽʶ, ʦʯʽʢʫʚʘʣʠ ʬʨʘʛʤʝʥʪ ʨʦʟʤʽʨʦʤ 120 ʧʥ. ɼʣʷ ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90, ʱʦ 

ʤʘʻ ʜʝʣʝʮʽʶ ʚ ʜʘʥʦʤʫ ʣʦʢʫʩʽ, ʦʯʽʢʫʚʘʣʠ ʬʨʘʛʤʝʥʪ 103 ʧʥ. ʊʘʢ ʷʢ ʨʦʟʤʽʨ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʩʪʘʥʦʚʠʚ 103/120 ʧʥ, ʪʦ ʧʨʦʪʷʞʥʽʩʪʴ ʩʪʘʜʽʾ ʚʠʟʥʘʯʠʣʠ 15 

ʩ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫ ʢʽʣʴʢʽʩʪʴ MgCl2  ï 2ʤʄ ʥʘ ʨʝʘʢʮʽʶ. ʊʝʩʪʫʚʘʣʠ 

ʨʝʘʢʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʽʻʥʪʥʦʾ ʇʃʈ ʧʨʠ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 44,0Áʉ, 46,0Áʉ ʪʘ 

48,0Áʉ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 44,0Áʉ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʽʥʪʝʥʩʠʚʥʽ ʘʤʧʣʽʬʽʢʦʚʘʥʽ ʬʨʘʛʤʝʥʪʠ 

ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ (ʨʠʩ. 4.7ɸ). ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʨʽʚʥʷʥʥʷ 

ʟʚʠʯʘʡʥʦʾ ʇʃʈ (ʨʠʩ. 4.7ɹ) ʪʘ ʥʠʟʭʽʜʥʦʾ ʇʃʈ (ʨʠʩ. 4.7ɺ). ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ 

ʧʘʨʘʤʝʪʨʽʚ ʥʠʟʭʽʜʥʦʾ ʇʃʈ ʦʪʨʠʤʫʚʘʣʠ ʚʽʟʫʘʣʴʥʦ ʙʽʣʴʰ ʯʽʪʢʠʡ ʧʨʦʜʫʢʪ. 

ʉʠʩʪʝʤʘ ʧʨʘʡʤʝʨʽʚ PD3 ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ 

ʤʝʞʘʭ +748é+1161 ʛʝʥʘ TaWRKY2-D1, ʘ ʩʘʤʝ ʜʝʣʝʮʽʶ GCA ʚ ʧʦʟʠʮʽʾ +764. 

ʈʘʮʽʦʥʘʣʽʟʫʚʘʣʠ ʫʤʦʚʠ ʨʝʘʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʧʘʨʘʪʽʚ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʫ  

ʆʜʝʩʴʢʘ 267, ʜʚʦʭ ʟʨʘʟʢʽʚ ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90 ʪʘ ʟʨʘʟʢʫ ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ. ɼʣʷ 

ʩʦʨʪʽʚ ʆʜʝʩʴʢʘ 267 ʪʘ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʱʦ ʙʫʣʠ ʧʦʟʠʪʠʚʥʠʤʠ ʢʦʥʪʨʦʣʷʤʠ ʨʝʘʢʮʽʾ 

ʽ ʥʝ ʤʘʣʠ ʜʦʩʣʽʜʞʫʚʘʥʫ ʜʝʣʝʮʽʶ, ʦʯʽʢʫʚʘʣʠ ʘʤʧʣʽʬʽʢʦʚʘʥʠʡ ʧʨʦʜʫʢʪ ʨʦʟʤʽʨʦʤ 414 

ʧʥ. ʉʦʨʪ ʇʦʣʽʩʴʢʘ 90, ʱʦ ʤʘʚ ʜʝʣʝʮʽʶ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʣʦʢʫʩʽ, ʙʫʚ ʥʝʛʘʪʠʚʥʠʤ 

ʢʦʥʪʨʦʣʝʤ ʨʝʘʢʮʽʾ, ʪʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʦʪʨʠʤʘʥʥʷ ʘʤʧʣʽʬʽʢʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ 

ʨʦʟʤʽʨʦʤ 414 ʧʥ ʥʝ ʧʝʨʝʜʙʘʯʘʣʦʩʴ. ʊʘʢ ʷʢ ʨʦʟʤʽʨ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʩʪʘʥʦʚʠʚ 414 ʧʥ, ʪʦ ʧʨʦʪʷʞʥʽʩʪʴ ʩʪʘʜʽʾ ʚʠʟʥʘʯʠʣʠ 30 ʩ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫ 

ʢʽʣʴʢʽʩʪʴ MgCl2  ï 2ʤʄ ʥʘ ʨʝʘʢʮʽʶ. ʊʝʩʪʫʚʘʣʠ ʨʝʘʢʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʽʻʥʪʥʦʾ 

ʇʃʈ ʧʨʠ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 62,0Áʉ, 63,2Áʉ ʪʘ 65,0Áʉ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 65,0Áʉ ʙʫʣʦ 
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ʦʪʨʠʤʘʥʦ ʽʥʪʝʥʩʠʚʥʽ ʘʤʧʣʽʬʽʢʦʚʘʥʽ ʬʨʘʛʤʝʥʪʠ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʟʠʪʠʚʥʠʭ 

ʢʦʥʪʨʦʣʽʚ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʜʣʷ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ (ʨʠʩ. 4.8ɸ). ʅʘ 

ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ 

ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟʚʠʯʘʡʥʦʾ ʇʃʈ (ʨʠʩ. 4.8ɹ) ʪʘ ʥʠʟʭʽʜʥʦʾ ʇʃʈ (ʨʠʩ. 

4.8ɺ). ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʧʘʨʘʤʝʪʨʽʚ ʥʠʟʭʽʜʥʦʾ ʇʃʈ ʦʪʨʠʤʫʚʘʣʠ ʚʽʟʫʘʣʴʥʦ 

ʙʽʣʴʰ ʯʽʪʢʠʡ ʧʨʦʜʫʢʪ. 

 

ʈʠʩʫʥʦʢ 4.7 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ PD2. ɸ ï ʛʨʘʜʽʻʥʪʥʦʾ ʇʃʈ. ɹ 

ï ʇʃʈ ʟ ʛʽʙʨʠʜʠʟʘʮʽʻʶ ʧʨʠ 44Áʉ. ɺ ï ʨʘʮʽʦʥʘʣʽʟʦʚʘʥʘ ʥʠʟʭʽʜʥʘ ʇʃʈ. 1: ʩʦʨʪ ʆʜʝʩʴʢʘ 

267; 2: ʩʦʨʪ ʇʦʣʽʩʴʢʘ 90; 3: ʩʦʨʪ ʇʦʣʽʩʴʢʘ 90; 4: ʛʽʙʨʠʜ Chibia/4/Pgo//Croc_1/Ae. 

squarrosa (224)/3/2*Borl95; 5: ʛʽʙʨʠʜ Ning chun 20/3/Myna/Vul//Jun/6/Filin/Irena 

/5/Cndo/R143//Ente/Mexi_2/3/Ae. squarrosa (Taus)/4/ Weaver; 6: ʩʦʨʪ Valdor; 7: 

ʛʽʙʨʠʜ Norm.2-A BC178/3/Chen/Ae.sq//2*Opata; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ 

ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 

 

ʉʠʩʪʝʤʘ ʧʨʘʡʤʝʨʽʚ PD4 ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ 

ʤʝʞʘʭ +1567é+1765 ʛʝʥʘ TaWRKY2-D1. ʈʘʮʽʦʥʘʣʽʟʫʚʘʣʠ ʫʤʦʚʠ ʨʝʘʢʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʧʘʨʘʪʽʚ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʽʚ  ɹʦʛʜʘʥʘ, ɸʩʪʘʨʪʘ ʪʘ ʅʦʚʦʢʠʾʚʩʴʢʘ. 
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ʊʘʢ ʷʢ ʨʦʟʤʽʨ ʦʯʽʢʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʪʘʥʦʚʠʚ 199 ʧʥ, ʪʦ ʧʨʦʪʷʞʥʽʩʪʴ ʩʪʘʜʽʾ 

ʚʠʟʥʘʯʠʣʠ 15 ʩ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫ ʢʽʣʴʢʽʩʪʴ MgCl2  ï 2ʤʄ ʥʘ ʨʝʘʢʮʽʶ. 

ʊʝʩʪʫʚʘʣʠ ʨʝʘʢʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʽʻʥʪʥʦʾ ʇʃʈ ʧʨʠ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 58,1Áʉ, 

59,7Áʉ ʪʘ 61,9Áʉ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 61,9Áʉ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʽ 

ʘʤʧʣʽʬʽʢʦʚʘʥʽ ʬʨʘʛʤʝʥʪʠ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʟʨʘʟʢʽʚ (ʨʠʩ. 4.9). ʇʨʠ ʯʦʤʫ, ʜʣʷ ʟʨʘʟʢʽʚ 

ɸʩʪʘʨʪʘ ʪʘ ʅʦʚʦʢʠʾʚʩʴʢʘ ʦʪʨʠʤʘʣʠ ʥʝʧʨʦʛʥʦʟʦʚʘʥʽ ʜʦʜʘʪʢʦʚʽ ʬʨʘʛʤʝʥʪʠ ʙʽʣʴʰʽ ʥʽʞ 

199 ʧʥ, ʷʢʽ ʜʦʟʚʦʣʷʣʠ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʮʽ ʩʦʨʪʠ ʚʽʜ ʩʦʨʪʫ ɹʦʛʜʘʥʘ. ʅʘʜʘʣʽ 

ʨʘʮʽʦʥʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ 61,9Áʉ.  

 

 

ʈʠʩʫʥʦʢ 4.8 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ PD2. ɸ ï ʛʨʘʜʽʻʥʪʥʘ ʇʃʈ. ɹ 

ï ʇʃʈ ʟ ʛʽʙʨʠʜʠʟʘʮʽʻʶ ʧʨʠ 65,0Áʉ. ɺ ï ʨʘʮʽʦʥʘʣʽʟʦʚʘʥʘ ʥʠʟʭʽʜʥʘ ʇʃʈ. 1: ʩʦʨʪ 

ʆʜʝʩʴʢʘ 267; 2: ʩʦʨʪ ʇʦʣʽʩʴʢʘ 90; 3: ʩʦʨʪ ʇʦʣʽʩʴʢʘ 90; 4: ʩʦʨʪ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ; 5: 

ʛʽʙʨʠʜ Chibia/4/Pgo//Croc_1/Ae. squarrosa (224)/3/2*Borl95; 6: ʛʽʙʨʠʜ Ning chun 

20/3/Myna/Vul//Jun/6/Filin/Irena /5/Cndo/R143//Ente/Mexi_2/3/Ae. squarrosa (Taus)/4/ 

Weaver; 7: ʩʦʨʪ Valdor; 8: ʛʽʙʨʠʜ Norm.2-A BC178/3/Chen/Ae.sq//2*Opata; ʂ-: 

ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ. 
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ʈʠʩʫʥʦʢ 4.9 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ PD4. 1: ʩʦʨʪ ɹʦʛʜʘʥʘ; 2: ʩʦʨʪ 

ɸʩʪʘʨʪʘ; 3: ʩʦʨʪ ʅʦʚʦʢʠʾʚʩʴʢʘ; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: 

ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRuller Ê DNA Ladder Mix. 

 

ʉʠʩʪʝʤʘ ʧʨʘʡʤʝʨʽʚ PD5 ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ 

ʤʝʞʘʭ +1140é+1432 ʛʝʥʘ TaWRKY2-D1. ʈʘʮʽʦʥʘʣʽʟʫʚʘʣʠ ʫʤʦʚʠ ʨʝʘʢʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʧʘʨʘʪʽʚ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʽʚ  ʅʘʪʘʣʢʘ, ɸʩʪʘʨʪʘ ʪʘ ʆʜʝʩʴʢʘ 267. 

ʊʘʢ ʷʢ ʨʦʟʤʽʨ ʦʯʽʢʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʪʘʥʦʚʠʚ 293 ʧʥ, ʪʦ ʧʨʦʪʷʞʥʽʩʪʴ ʩʪʘʜʽʾ 

ʚʠʟʥʘʯʠʣʠ 20 ʩ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫ ʢʽʣʴʢʽʩʪʴ MgCl2  ï 2ʤʄ ʥʘ ʨʝʘʢʮʽʶ. 

ʊʝʩʪʫʚʘʣʠ ʨʝʘʢʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʽʻʥʪʥʦʾ ʇʃʈ ʧʨʠ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 58,0Áʉ, 

59,2Áʉ ʪʘ 62,1Áʉ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 62,1Áʉ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʽʥʪʝʥʩʠʚʥʽ ʘʤʧʣʽʬʽʢʦʚʘʥʽ 

ʬʨʘʛʤʝʥʪʠ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʟʨʘʟʢʽʚ ʟ ʥʘʡʤʝʥʰ ʥʝʩʧʝʮʠʬʽʯʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (ʨʠʩ. 

4.10). ʇʨʠ ʯʦʤʫ, ʜʣʷ ʟʨʘʟʢʽʚ ɸʩʪʘʨʪʘ ʦʪʨʠʤʘʣʠ ʥʝʧʨʦʛʥʦʟʦʚʘʥʠʡ ʜʦʜʘʪʢʦʚʠʡ 

ʬʨʘʛʤʝʥʪʠ ʙʽʣʴʰʽ ʥʽʞ 293 ʧʥ, ʷʢʠʡ ʜʦʟʚʦʣʷʚ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʮʝʡ ʟʨʘʟʦʢ ʚʽʜ ʟʨʘʟʢʽʚ 

ɼʅʂ ʩʦʨʪʽʚ ʅʘʪʘʣʢʘ ʪʘ ʆʜʝʩʴʢʘ 267. ʅʘʜʘʣʽ ʨʘʮʽʦʥʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ 62,1Áʉ.  
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ʈʠʩʫʥʦʢ 4.10 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ PD5. 1: ʩʦʨʪ ʅʘʪʘʣʢʘ; 2: ʩʦʨʪ 

ɸʩʪʘʨʪʘ; 3: ʩʦʨʪ ʆʜʝʩʴʢʘ 267; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: 

ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRuller Ê DNA Ladder Mix. 

 

ʉʧʦʯʘʪʢʫ ʨʦʟʨʦʙʣʝʥʽ ʧʘʨʠ ʧʨʘʡʤʝʨʽʚ ʦʮʽʥʶʚʘʣʠ ʥʘ ʢʦʤʝʨʮʽʡʥʠʭ ʫʢʨʘʾʥʩʴʢʠʭ 

ʩʦʨʪʘʭ ɻʽʣʝʷ, ɹʦʛʜʘʥʘ, ɿʦʣʦʪʦʢʦʣʦʩʘ, ɸʩʪʘʨʪʘ, ʇʦʣʽʩʴʢʘ 90, ɺʝʩʥʷʥʢʘ (ʨʠʩ. 4.11). 

ɸʤʧʣʽʬʽʢʘʮʽʷ ʾʭ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʧʘʨʘʤʠ ʧʨʘʡʤʝʨʽʚ ʈɸ1, ʈɺ1, ʈɺ2, ʈɺ3, PD1 ʪʘ PD3 

ʧʨʦʜʫʢʫʚʘʣʘ ʦʜʠʥʠʯʥʠʡ ʬʨʘʛʤʝʥʪ ʟ ʦʯʽʢʫʚʘʥʦʶ ʜʦʚʞʠʥʦʶ ʜʦʤʽʥʘʥʪʥʦ, ʱʦ ʦʟʥʘʯʘʻ, 

ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʨʦʜʫʢʪʽʚ ʘʤʧʣʽʬʽʢʘʮʽʾ, ʱʦ ʚʢʘʟʫʚʘʣʦ ʥʘ 

ʧʝʚʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʇʘʨʠ ʧʨʘʡʤʝʨʽʚ PD2, PD4 ̔  PD5 ʛʝʥʝʨʫʚʘʣʠ ʜʚʘ 

ʘʤʧʣʽʬʽʢʦʚʘʥʽ ʬʨʘʛʤʝʥʪʠ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʘʨʘ ʧʨʘʡʤʝʨʽʚ PD2 ʜʘʣʘ ʜʚʽ ʩʤʫʛʠ 

ʤʘʡʞʝ ʜʣʷ ʢʦʞʥʦʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʨʦʙʠ ï 113 ʘʙʦ 120 ʧʥ ʪʘ ʜʦʜʘʪʢʦʚʫ ʥʝʩʧʝʮʠʬʽʯʥʫ 

ʩʤʫʛʫ 158 ʧʥ. ʇʨʦʛʥʦʟʦʚʘʥʠʡ ʘʤʧʣʽʬʽʢʦʚʘʥʠʡ ʬʨʘʛʤʝʥʪ 199 ʧʥ ʜʣʷ ʧʨʘʡʤʝʨʽʚ PD4 

ʜʦʧʦʚʥʶʚʘʚʩʷ ʬʨʘʛʤʝʥʪʦʤ 211 ʧʥ ʫ ʜʝʷʢʠʭ ʟʨʘʟʢʘʭ. ʉʠʩʪʝʤʘ PD5 ʧʝʨʝʚʘʞʥʦ 

ʧʨʦʜʫʢʫʚʘʣʘ ʦʯʽʢʫʚʘʥʠʡ ʬʨʘʛʤʝʥʪ 293 ʧʥ. ɼʣʷ ʜʝʷʢʠʭ ʟʨʘʟʢʽʚ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʜʦʜʘʪʢʦʚʫ ʩʤʫʛʫ 255 ʘʙʦ 327 ʧʥ.  
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ʈʠʩʫʥʦʢ 4.11 ï ʆʮʽʥʢʘ ʨʦʟʨʦʙʣʝʥʠʭ ʧʘʨ ʧʨʘʡʤʝʨʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʧʦʣʽʤʦʨʬʽʟʤʫ ʬʨʘʛʤʝʥʪʽʚ ʇʃʈ ʫ ʛʝʥʘʭ TaWRKY2-A1 (PA1), TaWRKY2-B1 (PB1 ʪʘ 

PB3) ʪʘ TaWRKY2-D1 (PD1, PD2, PD3, PD4 ʪʘ PD5) ʫ ʰʝʩʪʠ ʩʦʨʪʘʭ ʧʰʝʥʠʮʽ. 1: ʩʦʨʪ 

ɻʽʣʝʷ; 2: ʩʦʨʪ ɹʦʛʜʘʥʘ; 3: ʩʦʨʪ ɿʦʣʦʪʦʢʦʣʦʩʘ; 4: ʩʦʨʪ ɸʩʪʘʨʪʘ; 5: ʩʦʨʪ ʇʦʣʽʩʴʢʘ 90; 

6: ʩʦʨʪ ɺʝʩʥʷʥʢʘ. M: ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 

 

ɺʠʷʚʣʝʥʽ ʥʝʧʨʦʛʥʦʟʦʚʘʥʽ ʬʨʘʛʤʝʥʪʠ 158 ʧʥ (ʩʠʩʪʝʤʘ PD2), 211 ʧʥ (ʩʠʩʪʝʤʘ 

PD4), 255 ʧʥ ʪʘ 327 ʧʥ (ʩʠʩʪʝʤʘ PD5) ʙʫʣʠ ʧʦʩʣʽʜʦʚʥʦ ʚʠʜʽʣʝʥʽ, ʩʠʢʚʝʥʦʚʘʥʽ ʪʘ 

ʧʦʨʽʚʥʷʥʽ ʟ ʝʪʘʣʦʥʥʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʛʝʥʦʤʫ ʩʦʨʪʫ Chinese Spring, ʱʦʙ 

ʟʨʦʟʫʤʽʪʠ ʧʨʠʨʦʜʫ ʾʭ ʧʦʭʦʜʞʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ, ʬʨʘʛʤʝʥʪ 158 ʧʥ ʥʝ ʚʠʷʚʠʚ ʞʦʜʥʦʾ 

ʛʦʤʦʣʦʛʽʾ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ WRKY, ʜʦʩʪʫʧʥʠʭ ʫ ʙʘʟʘʭ ʜʘʥʠʭ ʧʰʝʥʠʮʽ URGI ʚ 

NCBI. ɺʽʥ ʚʽʜʧʦʚʽʜʘʻ ʣʦʢʫʩʫ ʥʘ 6D ʭʨʦʤʦʩʦʤʽ ʟ ʭʨʦʤʦʩʦʤʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʽʜ 

402974585 ʜʦ 402974432 (+/- ʣʘʥʮʶʛ, E-value 3e-69) (ʨʠʩ. 4.12 ɸ). ʇʦʩʣʽʜʦʚʥʽʩʪʴ 

ʬʨʘʛʤʝʥʪʘ 211 ʧʥ ʤʘʻ ʟʥʘʯʥʫ ʧʦʜʽʙʥʽʩʪʴ ʜʦ ʣʦʢʫʩʫ TaWRKY2-D1  ʫ ʭʨʦʤʦʩʦʤʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʚʽʜ 53380193 ʜʦ 53379995 (+/- ʣʘʥʮʶʛ, E-value 1e-69) (ʨʠʩ. 4.12 ɹ).  
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ʈʠʩʫʥʦʢ 4.12 ï ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʤʽʞ ʝʪʘʣʦʥʥʠʤʠ ʪʘ ʚʠʚʯʝʥʠʤʠ 

ʫʢʨʘʾʥʩʴʢʠʤʠ ʩʦʨʪʘʤʠ, ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʩʠʩʪʝʤ ʤʘʨʢʝʨʽʚ: 

ʇʘʨʘ ʧʨʘʡʤʝʨʽʚ ɸ ï PD2-, ʱʦ ʧʦʢʘʟʫʻ ʩʭʦʞʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ  ʬʨʘʛʤʝʥʪʫ158 

ʧʥ ʚʽʜ ʩʦʨʪʫ ʉʤʫʛʣʷʥʢʘ ʜʦ ʧʦʨʽʚʥʷʥʥʦʾ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʨʪʫ Chinese Spring. 

ɹ ï PD4, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʦʜʽʙʥʽʩʪʴ ʧʦʣʽʤʦʨʬʥʦʾ ʩʤʫʛʠ 211 ʧʥ ʚʽʜ ʩʦʨʪʫ 

ʂʨʠʞʠʥʢʘ ʜʦ ʛʝʥʦʪʠʧʫ Xifeng 20 ʪʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʩʦʨʪʫ Chinese Spring; 

ɺ ï PD5, ʱʦ ʧʦʨʽʚʥʶʻ ʦʯʽʢʫʚʘʥʠʡ ʬʨʘʛʤʝʥʪ 293 ʧʥ ʚʽʜ ʩʦʨʪʫ Chinese Spring ʟ 

ʚʽʜʤʽʥʥʠʤʠ 255 ʧʥ ʚʽʜ ʩʦʨʪʫ ʉʤʫʛʣʷʥʢʘ ʪʘ 327 ʧʥ ʚʽʜ ʩʦʨʪʫ ʂʨʠʞʠʥʢʘ. 

 

ʌʨʘʛʤʝʥʪʠ 255 ʧʥ ʪʘ 327 ʧʥ  ʚʠʨʽʚʥʶʶʪʴʩʷ ʟ ʛʦʤʦʣʦʛʽʯʥʠʤʠ ʣʦʢʫʩʘʤʠ 

TaWRKY2 ʟ ʙʽʣʴʰʦʶ ʧʦʜʽʙʥʽʩʪʶ ʜʦ TaWRKY2-D1 ʫ ʭʨʦʤʦʩʦʤʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʚʽʜ 

53380620 ʜʦ 53380328 (+/- ʣʘʥʮʶʛ, E-value 8e-80 ʪʘ 1e-72, ʚʽʜʧʦʚʽʜʥʦ) (ʨʠʩ. 4.12 ɺ). 
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ɸʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʇʃʈ, ʧʨʦʜʫʢʦʚʘʥʠʭ 

ʧʘʨʘʤʠ PD4 ʽ PD5, ʧʦʢʘʟʘʚ, ʱʦ ʮʽ ʧʦʣʽʤʦʨʬʥʽ ʬʨʘʛʤʝʥʪʠ ʚʠʷʚʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʛʦʤʦʣʦʛʠ ʛʝʥʘ TaWRKY2-D1, ʥʝ ʘʥʦʪʦʚʘʥʽ ʫ ʥʘʷʚʥʦʤʫ ʛʝʥʦʤʽ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ 

(IWGSC RefSeq v1.0).  

  

4.5 ʇʃʈ-ʘʥʘʣʽʟ ʚʠʙʽʨʢʠ ʧʰʝʥʠʮʴ ʟ ʩʠʩʪʝʤʘʤʠ ʧʨʘʡʤʝʨʽʚ ʜʦ ʛʝʥʘ TaWRKY2 

ɼʣʷ ʘʧʨʦʙʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʛʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʽʚ TaWRKY2-A1, 

TaWRKY2-B1 ʪʘ TaWRKY2-D1 ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʢʨʠʥʽʥʛ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 9-ʪʠ 

ʩʠʩʪʝʤ ʧʨʘʡʤʝʨʽʚ ʩʝʨʝʜ ʚʠʙʽʨʢʠ ʟ 199 ʟʨʘʟʢʽʚ ʧʰʝʥʠʮʴ: 72 ʟʨʘʟʢʠ ʩʦʨʪʽʚ ʚʽʪʯʠʟʥʷʥʦʾ 

ʩʝʣʝʢʮʽʾ, 74 ʟʨʘʟʢʠ ʟ ʤʽʞʥʘʨʦʜʥʦʾ ʢʦʣʝʢʮʽʾ CIMMYT (Global Wheat Program of the 

International Maize and Wheat Improvement Center) ʪʘ ʚʠʙʽʨʢʘ ʟ 53 ʟʨʘʟʢʽʚ ʜʠʢʠʭ 

ʧʰʝʥʠʮʴ ʪʘ ʤʽʞʚʠʜʦʚʠʭ ʧʰʝʥʠʯʥʠʭ ʛʽʙʨʠʜʽʚ. ɺʽʜʧʦʚʽʜʥʦ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʇʃʈ-ʘʥʘʣʽʟʫ ʫ ʚʠʛʣʷʜʽ ʟʘʥʦʪʦʚʘʥʠʭ ʨʦʟʤʽʨʽʚ ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʟʛʫʨʪʦʚʘʥʽ 

ʫ ʪʘʙʣʠʮʷ ɹ.1, ɹ.2 ʪʘ ɹ.3. ɼʣʷ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʧʨʘʡʤʝʨʥʠʭ ʩʠʩʪʝʤ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʧʦʢʘʟʥʠʢ ʯʘʩʪʦʪ ʟʫʩʪʨʽʯʘʥʥʷ. ʋʟʘʛʘʣʴʥʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʯʘʩʪʦʪ 

ʟʫʩʪʨʽʯʘʥʥʷ ʢʦʞʥʦʛʦ ʘʤʧʣʽʬʽʢʦʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʜʣʷ ʢʦʞʥʦʾ ʚʠʙʽʨʢʠ ʨʝʟʶʤʦʚʘʥʦ ʫ 

ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤ ʥʘ ʨʠʩʫʥʢʫ 4.13. 

ɿʘʛʘʣʦʤ, ʫʢʨʘʾʥʩʴʢʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʙʽʣʴʰ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʧʘʪʝʨʥʠ ʬʨʘʛʤʝʥʪʽʚ ʇʃʈ ʧʦʨʽʚʥʷʥʦ ʟ ʩʦʨʪʘʤʠ ʧʰʝʥʠʮʽ ʟ ʢʦʣʝʢʮʽʾ CIMMYT. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʬʘʢʪʘʤʠ, ʱʦ 1) ʧʨʘʢʪʠʢʘ ʚʠʨʦʱʫʚʘʥʥʷ 

ʧʰʝʥʠʮʽ ʤʘʻ ʜʫʞʝ ʜʦʚʛʫ ʽʩʪʦʨʽʶ ʚ ʋʢʨʘʾʥʽ (ʱʝ ʟ ʯʘʩʽʚ ʢʫʣʴʪʫʨʠ ʂʫʢʫʪʝʥʽ ï ʊʨʠʧʽʣʣʷ) 

[201]; 2) ʥʘʷʚʥʽʩʪʴ 3 ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ ʚʠʨʦʱʫʚʘʥʥʷ ʧʰʝʥʠʮʽ (ʉʪʝʧ, ʃʽʩʦʩʪʝʧ ʪʘ 

ʇʦʣʽʩʩʷ) [202]; ʪʘ 3) ʧʨʦʚʽʜʥʘ ʤʽʞʥʘʨʦʜʥʘ ʧʦʟʠʮʽʷ ʋʢʨʘʾʥʠ ʫ ʤʘʩʦʚʦʤʫ  
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ʈʠʩʫʥʦʢ 4.13  ï ɼʽʘʛʨʘʤʠ, ɦ ʦ ʧʦʢʘʟʫʶʪʴ ʨʦʟʧʦʜʽʣ ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʩʝʨʝʜ ʢʦʣʝʢʮʽʡ ʫʢʨʘʾʥʩʴʢʦʾ, CIMMYT, ʢʦʣʝʢʮʽʾ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʤʽʞʚʠʜʦʚʠʭ 

ʛʽʙʨʠʜʽʚ ʜʣʷ 9-ʪʠ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʨʢʝʨʥʠʭ ʩʠʩʪʝʤ ɼʅʂ ʜʦ ʛʝʥʽʚ TaWRKY2-A1 (PA1), 

TaWRKY2-B1 (PB1, PB2 ʪʘ PB3) ʪʘ TaWRKY2-D1 (PD1, PD2, PD3, PD4 ʪʘ PD5) 

ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʝʢʩʧʦʨʪʽ ʟʝʨʥʘ ʧʰʝʥʠʮʽ (ʪʘʢ ʟʚʘʥʠʡ çʭʣʽʙʥʠʡ ʢʦʰʠʢ ɭʚʨʦʧʠè 

ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʚʭʦʜʠʪʴ ʜʦ ʪʦʧ-10 ʣʽʜʝʨʽʚ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ) [1].  
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ɭʜʠʥʘ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʜʦ ʛʝʥʘ TaWRKY2-A1 PA1 ʧʨʦʜʫʢʫʚʘʣʘ 

ʘʤʧʣʽʬʽʢʘʮʽʾ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ ʟ ʢʦʣʝʢʮʽʾ CIMMYT ʪʘ ʢʦʣʝʢʮʽʾ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ 

ʤʽʞʚʠʜʦʚʠʭ ʛʽʙʨʠʜʽʚ. ʇʨʦʪʝ 8 ʟ 72 ʫʢʨʘʾʥʩʴʢʠʭ ʧʰʝʥʠʮʴ ʚʜʘʣʦʩʴ ʜʠʩʢʨʠʤʽʥʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʩʠʩʪʝʤʠ. ʌʨʘʛʤʝʥʪ ʩʠʥʪʝʟʦʚʘʥʠʡ ʩʠʩʪʝʤʦʶ PD5 252 ʧʥ ̒  ʚʽʜʤʽʥʥʠʤ 

ʜʣʷ ʫʢʨʘʾʥʩʴʢʠʭ ʛʝʥʦʪʠʧʽʚ. ɼʦʜʘʪʢʦʚʽ ʬʨʘʛʤʝʥʪʠ PD5 (255 ʘʙʦ 327 ʧʥ ʨʘʟʦʤ ʟ 293 

ʧʥ) ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʽʟ ʧʦʷʚʦʶ ʩʤʫʛʠ 211 ʧʥ, ʦʪʨʠʤʘʥʦʾ ʧʘʨʦʶ ʧʨʘʡʤʝʨʽʚ PD4.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʠʢʚʝʥʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ PD2 ʥʝ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ ʞʦʜʥʦʾ ʛʦʤʦʣʦʛʽʾ ʟ ʛʝʥʘʤʠ WRKY. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʧʨʘʡʤʝʨʠ PD2 

ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʛʝʥʦʪʠʧʫʚʘʥʥʷ ʩʦʨʪʫ (ʚʘʞʣʠʚʦʛʦ ʜʣʷ ʧʠʪʘʥʴ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ), ʘ ʪʘʢʦʞ ʜʣʷ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʰʝʥʠʮʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʦʨʽʚ ʧʨʘʡʤʝʨʽʚ PD1, PD2, PD3, PD4 ʪʘ PD5 ʧʨʠ ʘʥʘʣʽʟʽ ʜʠʢʦʾ 

ʧʰʝʥʠʮʽ ʪʘ ʤʽʞʚʠʜʦʚʠʭ ʛʽʙʨʠʜʽʚ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʽʟʥʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʛʝʥʥʦʛʦ ʣʦʢʫʩʫ, ʱʦ ʧʦʭʦʜʠʪʴ ʚʽʜ ʩʫʙʛʝʥʦʤʫ ʧʰʝʥʠʮʽ D, ʷʢ 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʚ ʪʘʙʣʠʮʽ ɸ.3. ɼʅʂ ʩʦʨʪ ʪʚʝʨʜʦʾ ʧʰʝʥʠʮʽ Zerdakia (ʛʝʥʦʤ AABB) ʟ 

ʢʦʣʝʢʮʽʾ CIMMYT ʪʘʢʦʞ ʥʝ ʧʨʦʜʫʢʫʚʘʣʘ ʬʨʘʛʤʝʥʪʠ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʊʦʙʪʦ 5-ʪʴ ʧʘʨ ʧʨʘʡʤʝʨʽʚ ʜʦ ʛʝʥʘ TaWRKY2-D1 ʜʦʟʚʦʣʷʶʪʴ ʜʠʩʢʨʠʤʽʥʫʚʘʪʠ 

ʥʘʷʚʥʽʩʪʴ ʛʝʥʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʘʻ ʧʦʭʦʜʞʝʥʥʷ ʟ ʩʫʙʛʝʥʦʤʫ D ʧʰʝʥʠʮʽ. 

ɼʚʘ ʟʨʘʟʢʠ ʟ ʩʫʙʛʝʥʦʤʦʤ G (AD 217 ʪʘ T. kiharae) ʫʪʚʦʨʠʣʠ ʥʦʚʠʡ 

ʚʽʜʪʚʦʨʶʚʘʥʠʡ ʪʠʧ ʬʨʘʛʤʝʥʪʫ ʜʦʚʞʠʥʦʶ ʙʣʠʟʴʢʦ 400 ʧʥ ʨʘʟʦʤ ʽʟ ʟʘʛʘʣʴʥʠʤ ʜʣʷ 

PD5 ʬʨʘʛʤʝʥʪʦʤ 293 ʧʥ. ʂʨʽʤ ʪʦʛʦ, T. kiharae ʛʝʥʝʨʫʚʘʚ ʘʤʧʣʽʬʽʢʘʮʽʶ ʤʘʨʢʝʨʘʤʠ 

PD3 ʽ PD4. ʈʝʟʫʣʴʪʘʪʦʤ ʩʭʨʝʱʝʥʥʷ ʛʝʥʦʤʽʚ AB / UC, ʛʽʙʨʠʜ AD 8 

(T. dicoccum/Ae. triuncialis) ʥʝ ʜʘʚ ʥʽʯʦʛʦ ʩʧʝʮʠʬʽʯʥʦʛʦ ʜʣʷ ʩʫʙʛʝʥʦʤʫ D, ʢʨʽʤ 

ʟʘʛʘʣʴʥʦʛʦ ʘʤʧʣʽʬʽʢʦʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 293 ʧʥ (PD5). ɻʽʙʨʠʜ AD 

Ae. ventricosa/T. dicoccum (ʛʝʥʦʤ M / AB) ʙʫʚ ʤʘʨʢʦʚʘʥʠʡ PD2 (113 ʧʥ). ʉʠʩʪʝʤʘ 

PD5 ʧʨʦʜʫʢʫʚʘʣʘ ʜʚʘ ʬʨʘʛʤʝʥʪʠ ʧʦ 293 + 327 ʧʥ ʜʣʷ T. Ĭ hexapolonicum, ʘʣʝ ʞʦʜʥʦʾ 

ʘʩʦʮʽʘʮʽʾ ʟ ʧʦʷʚʦʶ ʬʨʘʛʤʝʥʪʘ 211 ʧʥ (PD4), ʷʢ ʮʝ ʙʫʣʦ ʦʧʠʩʘʥʦ ʜʣʷ ʩʦʨʪʽʚ ʤôʷʢʦʾ 

ʧʰʝʥʠʮʽ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʘʨʘ ʧʨʘʡʤʝʨʽʚ PD5 ʚʠʷʚʠʣʘʩʷ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʦʶ 

ʢʦʤʙʽʥʘʮʽʻʶ ʧʨʘʡʤʝʨʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ TaWRKY2-D1. ʂʦʤʙʽʥʘʮʽʷ 

PD2, PD4 ʪʘ PD5 ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʫʙʛʝʥʦʤʫ D ʚ 

ʤʽʞʚʠʜʦʚʠʭ ʛʽʙʨʠʜʘʭ ʘʙʦ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʧʝʨʝʜʘʯʽ ʢʦʨʦʪʢʦʛʦ ʧʣʝʯʘ 1D ʭʨʦʤʦʩʦʤʠ 

ʧʽʜ ʯʘʩ ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʭ ʧʦʜʽʡ.  

ʇʃʈ-ʘʥʘʣʽʟ ʚʠʙʽʨʦʢ ʩʠʩʪʝʤʘʤʠ PB1 ʪʘ PB3 ʛʝʥʝʨʫʚʘʚ ʦʨʽʻʥʪʦʚʥʦ ʨʽʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʟ ʯʘʩʪʦʪʦʶ ʟʫʩʪʨʽʯʘʥʥʷ ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʙʣʠʟʴʢʦ 0,9.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

1. ɺʩʪʘʥʦʚʣʝʥʦ ʧʦʣʽʤʦʨʬʽʟʤ TaWRKY2-A1, TaWRKY2-B1 ʪʘ TaWRKY2-D1 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ  ʜʣʷ ʰʝʩʪʠ ʢʦʥʪʨʘʩʪʥʠʭ ʩʦʨʪʽʚ ʫʢʨʘʾʥʩʴʢʦʾ ʩʝʣʝʢʮʽʾ (ʧʦʪʝʥʮʽʡʥʦ 

ʧʦʩʫʭʦʩʪʽʡʢʽ ï ɸʩʪʘʨʪʘ, ʆʜʝʩʴʢʘ 267 ʪʘ ʇʦʜʦʣʷʥʢʘ; ʧʦʪʝʥʮʽʡʥʦ ʧʦʩʫʭʦ-ʫʨʘʟʣʠʚʽ ï 

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, ʇʦʣʽʩʴʢʘ 90. 

2. ʈʦʟʨʦʙʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 9 ʧʨʘʡʤʝʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʠʢʚʝʥʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

TaWRKY2-A1, TaWRKY2-B1 ʪʘ TaWRKY2-D1. 

3. ʇʦʢʘʟʘʥʦ, ʱʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʇʃʈ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʛʝʥʦʪʠʧʫʚʘʥʥʷ ʩʦʨʪʫ (ʚʘʞʣʠʚʦʛʦ ʜʣʷ 

ʧʠʪʘʥʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ), ʘ ʪʘʢʦʞ ʜʣʷ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʰʝʥʠʮʽ. 

4. ɺʠʷʚʣʝʥʦ, ʱʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʇʃʈ  ̒ʨʝʟʫʣʴʪʘʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʨʪʦʣʦʛʽʯʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʫ ʜʠʢʠʭ 

ʧʰʝʥʠʮʷʭ (ʜʦʥʦʨʽʚ ʩʪʽʡʢʦʩʪʽ ʜʦ ʧʦʩʫʭʠ) ʪʘ ʩʫʧʨʦʚʦʜʫ ʚʽʜʜʘʣʝʥʠʭ ʩʭʨʝʱʫʚʘʥʴ. 

 

ʇʫʙʣʽʢʘʮʽʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʨʦʟʜʽʣʫ: 

Lakhneko O.R., Stepanenko A.I., Kuzminskiy Ye.V., Morgun B.V. 

Polymorphism of some transcription factor genes related to drought tolerance in wheat // 

Biotechnologia Acta. 2018. V. 11 (2). P. 47-56. DOI: 10.15407/biotech11.02.047. 
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ʇʘʪʝʥʪ 

ʃʘʭʥʝʢʦ ʆʈ, ʉʪʝʧʘʥʝʥʢʦ ɸɯ, ɺʝʣʠʢʦʞʦʥ ʃɻ, ʄʦʨʛʫʥ ɹɺ, ʂʫʟʴʤʽʥʩʴʢʠʡ ɭɺ 

ʉʧʦʩʽʙ ʛʝʥʦʪʠʧʫʚʘʥʥʷ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʟʘ ʛʝʥʦʤ TʘWRKY2-D1.; ɯʥʩʪʠʪʫʪ ʢʣʽʪʠʥʥʦʾ 

ʙʽʦʣʦʛʽʾ ʪʘ ʛʝʥʝʪʠʯʥʦʾ ʽʥʞʝʥʝʨʽʾ ʅɸʅ ʋʢʨʘʾʥʠ ʧʘʪʝʥʪʦʚʣʘʩʥʠʢ. ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ UA 146186. 20.01.2021, ɹʶʣ.ˉ 3.  

ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ 

Stepanenko A., Kishchenko O., Bi H., Shi J., Okada A., Arndell T., Mazonka I., 

Peterson A., Chen G., Zhou Y., Gajimuradova A., Zhagipar F., Serikbay D., Jataev S., 

Shavrukov Y., Lakhneko O., Morgun B., Whitford R., Langridge P., Hrmova M., Lopato 

S., Borisjuk N. Natural variations and genetic interventions for improvement of wheat 

agricultural traits. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ 2020 Yangling International Agri-science 

Forum, 2020 ʞʦʚʪ. 20. Yangling, China. 2020. ʩ. 88. 

Lakhneko O.R., Stepanenko A.I., Kuzminskiy Ye.V., Morgun B.V. 

Biotechnology for genotyping of drought related sequences of TaWRKY2-D1 in Triticum 

aestivum. ʄʘʪʝʨʽʘʣʠ ʍɯɯI ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI ʩʪʦʣʽʪʪʷè, 2019 ʢʚʽʪ. 19. ʂʠʾʚ. 2019. ʩ. 47. 

ʃʘʭʥʝʢʦ ʆ.ʈ., ʂʘʨʧʝʥʢʦ ʖ.ɺ., ʉʪʝʧʘʥʝʥʢʦ ɸ.ɯ., ʂʫʟʴʤʽʥʩʴʢʠʡ ɭ.ɺ.,  ʄʦʨʛʫʥ 

ɹ.ɺ. ɹʽʦʽʥʬʦʨʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ WRKY2 ʧʰʝʥʠʮʽ 

ʤôʷʢʦʾ. ʄʘʪʝʨʽʘʣʠ ʍɯV ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʽ, ʧʨʠʢʣʘʜʥʽ ʪʘ ʦʩʚʽʪʥʽ 

ʘʩʧʝʢʪʠ ʬʽʟʽʦʣʦʛʽʾ, ʛʝʥʝʪʠʢʠ, ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʨʦʩʣʠʥ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚè. 2019 ʞʦʚʪ. 24-

25. ʂʠʾʚ. 2019. ʩ. 86-87. 

ʃʘʭʥʝʢʦ ʆ.ʈ., ʇʝʪʨʦʚʩʴʢʠʡ ɸ.ʇ., ʂʫʟʴʤʽʥʩʴʢʠʡ ɭ.ɺ., ʄʦʨʛʫʥ ɹ.ɺ. 

ɹʽʦʽʥʬʦʨʤʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʛʝʥʝʪʠʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ 

TaWRKY2, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʶ ʧʰʝʥʠʮʽ. ʄʘʪʝʨʽʘʣʠ ʍɯI ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI ʩʪʦʣʽʪʪʷè. 2018 ʢʚʽʪ. 20. 2018. 

ʩ. 89. 

Lakhneko O., Stepanenko A., Borysyuk M., Stasik O., Kuzminskiy Ye., Morgun 

B. Sequence diversity of the gene coding for drought related transcription factor WRKY 
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in selected Ukrainian wheat cultivars. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ The 4th Symposium on 

EuroAsian Biodiversity (SEAB-2018). 2018 ʣʠʧ. 03-06. ʂʠʾʚ. 2018. ʩ. 141. 

Lakhneko O., Stepanenko A., Borysyuk M., Stasik O., Morgun B. Sequence 

polymorphism of the gene coding for drought related wheat transcription factor WRKY2. 

ʄʘʪʝʨʽʘʣʠ ʚʦʨʢʰʦʧʫ  Resurrection plants: Hope for crop drought tolerance (ReHOPE). 

2018 ʚʝʨʝʩʥ. 20-22. ʇʣʦʚʜʽʚ, ɹʦʣʛʘʨʽʷ. 2018. c. 45. 

ʃʘʭʥʝʢʦ ʆ.ʈ., ʄʦʨʛʫʥ ɹ.ɺ., ʂʫʟʴʤʽʥʩʴʢʠʡ ɭ.ɺ. ʇʝʨʩʧʝʢʪʠʚʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ Triticum aestivum L. ʟʘ ʜʦʧʦʤʦʛʦʶ ɼʅʂ-ʤʘʨʢʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʄʘʪʝʨʽʘʣʠ ʍɯ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI 

ʩʪʦʣʽʪʪʷè. 2017 ʢʚʽʪ. 21,  ʂʠʾʚ. 2017. ʩ. 122. 

ʃʘʭʥʝʢʦ ʆ.ʈ., ʉʪʝʧʘʥʝʥʢʦ ɸ.ɯ., ʄʦʨʛʫʥ ɹ.ɺ., ʂʫʟʴʤʽʥʩʴʢʠʡ ɭ.ɺ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ɼʅʂ-ʤʘʨʢʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ 

ʧʦʣʽʤʦʨʬʽʟʤʫ ʧʰʝʥʠʮʽ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʟʚʦʣʦʞʝʥʥʷ. ʄʘʪʝʨʽʘʣʠ 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʽ ʩʧʝʮʽʘʣʽʩʪʽʚ 

çʅʘʫʢʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ 

ʫʤʦʚʘʭ ʟʤʽʥ ʢʣʽʤʘʪʫè. 2017 ʪʨʘʚ. 25-26. ɼʥʽʧʨʦ. 2017. ʩ. 41-42. 
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ʈʆɿɼɯʃ 5 ʉʊʈʋʂʊʋʈʅɽ ʊɸ ʌʋʅʂʎɯʆʅɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɻɽʅɯɺ 

ɹɯʆɻɽʅɽɿʋ ʇʈʆɼʀʍɯɺ EPF1, EPF2 ʪʘ MUTE   

 

5.1 ɼʦʩʣʽʜʞʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʩʪʨʫʢʪʫʨʠ ʛʝʥʽʚ EPF1, EPF2 ʪʘ MUTE  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʛʝʥʽʚ EPF ʚ ʛʝʥʦʤʽ ʧʰʝʥʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʜʘʥʽ ʧʨʦ ʘʤʽʥʦʢʠʩʣʦʪʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʣʢʽʚ EPF1 (ɯʜʝʥʪʠʬʽʢʘʮʽʡʥʠʡ ʥʦʤʝʨ ʫ 

GenBank: ARS22226.1) ʪʘ EPF2 (ɯʅ GenBank: ARS22227.1) Hordeum vulgare. ɼʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʛʝʥʽʚ MUTE ʧʰʝʥʠʮʽ ʚʠʢʦʨʠʩʪʘʣʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ basic helix-loop-helix 

(bHLH) ɼʅʂ-ʟʚôʷʟʫʶʯʦʛʦ ʙʽʣʢʫ (MUTE) ʚʽʜ Arabidopsis thaliana (ɯʅ GenBank: 

NP_187263). ɺʠʨʽʚʥʷʚʰʠ ʝʪʘʣʦʥʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ EPF1, EPF2 ʪʘ MUTE ʟ A. thaliana 

ʪʘ H. vulgare ʯʝʨʝʟ ʙʘʟʫ ʜʘʥʠʭ ʛʝʥʦʤʫ T. aestivum (IWGSC RefSeq v1.0), ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʣʦʢʫʩʠ ʛʝʥʽʚ-ʢʘʥʜʠʜʘʪʽʚ ʚ ʢʦʞʥʦʤʫ ʛʦʤʦʣʦʛʽʯʥʦʤʫ ʩʫʙʛʝʥʦʤʽ ʤôʷʢʦʾ 

ʧʰʝʥʠʮʽ. ʆʪʞʝ, ʛʝʥʠ EPF1, EPF2 ʪʘ MUTE ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʛʦʤʦʣʦʛʽʯʥʽʡ ʛʨʫʧʽ 

ʭʨʦʤʦʩʦʤ 2: EPF1-A1 ï ʢʦʦʨʜʠʥʘʪʠ 746611307-746610833; EPF1-B1 ï ʢʦʦʨʜʠʥʘʪʠ 

751270836-751270365; EPF1-D1 ï ʢʦʦʨʜʠʥʘʪʠ 616515654-616515223; EPF2-A1 ï 

ʢʦʦʨʜʠʥʘʪʠ 579971900-579972442; EPF2-B1 ï ʢʦʦʨʜʠʥʘʪʠ 486117081-486117648; 

EPF2-D1 ï ʢʦʦʨʜʠʥʘʪʠ 412832409-412832973; MUTE-A1 ï ʢʦʦʨʜʠʥʘʪʠ 70706165-

70706937; MUTE-B1 ï ʢʦʦʨʜʠʥʘʪʠ 107963366-107964182; MUTE-D1 ï ʢʦʦʨʜʠʥʘʪʠ 

71682622-71683389. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʧʨʦ ʟʘʢʽʥʯʝʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʝʥʽʚ, ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʧʨʘʡʤʝʨʠ ʜʣʷ ʩʧʝʮʠʬʽʯʥʦʾ ʘʤʧʣʽʬʽʢʘʮʽʾ ʛʝʥʠ ʟ ʢʦʞʥʦʛʦ ʟ ʩʫʙʛʝʥʦʤʽʚ. 

 

5.2 ʉʠʢʚʝʥʫʚʘʥʥʷ ʛʦʤʦʣʦʛʽʯʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ EPF1, EPF2 MUTE   ʟ ʪʨʴʦʭ 

ʩʫʙʛʝʥʦʤʽʚ 

ʅʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʱʦʜʦ ʛʝʥʦʤʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʫʙʛʝʥʦʤ-ʩʧʝʮʠʬʽʯʥʽ ʧʘʨʠ 

ʧʨʘʡʤʝʨʽʚ, ʷʢʽ ʪʝʨʤʽʥʫʶʪʴ ʮʽʣʴʦʚʽ ʛʝʥʦʤʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʽʣʴʦʚʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʫʣʦ ʘʤʧʣʽʬʽʢʦʚʘʥʦ, ʚʠʜʽʣʝʥʦ ʪʘ ʩʠʢʚʝʥʦʚʘʥʦ ʜʣʷ h ʝʩʪʠ ʢʦʥʪʨʘʩʪʥʠʭ 

ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʽʙʨʘʥʠʭ ʩʦʨʪʽʚ ʫʢʨʘʾʥʩʴʢʦʾ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ (ʧʦʪʝʥʮʽʡʥʦ ʧʦʩʫʭʦʩʪʽʡʢʽ 
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ʩʦʨʪʠ ï ɸʩʪʘʨʪʘ, ʆʜʝʩʴʢʘ 267 ʪʘ ʇʦʜʦʣʷʥʢʘ; ʧʦʪʝʥʮʽʡʥʦ ʧʦʩʫʭʦʥʝʩʪʽʡʢʽ ʩʦʨʪʠ ï 

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ ʪʘ ʇʦʣʽʩʴʢʘ 90) ʜʣʷ ʚʠʚʯʝʥʥʷ ʾʭ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʫʟʘʛʘʣʴʥʝʥʦ ʫ ʪʘʙʣʠʮʽ 5.1. 

 

ʊʘʙʣʠʮʷ 5.1 ï ʋʟʘʛʘʣʴʥʝʥʠʡ ʩʧʠʩʦʢ ʚʠʷʚʣʝʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ ʢʦʜʫʶʯʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ EPF1, EPF2 ʪʘ MUTE ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʤʽʥ ʘʤʽʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ  

ɻʝʥ 

ɺʘʨʽʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʜʦ ʩʦʨʪʫ 

Chinese Spring ʉʦʨʪ 

ɿʤʽʥʘ ʚ 

ʘʤʽʥʦʢʠʩʣʦʪʥʦʤʫ 

ʩʢʣʘʜʽ ʇʦʟʠʮʽʷ ʊʠʧ ʟʤʽʥʠ ɿʤʽʥʘ 

EPF1-ɸ1 

+118 SNP TŸC ʇʦʜʦʣʷʥʢʘ ï 

+274 SNP GŸT 

ɸʩʪʘʨʪʘ, ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, 

ʇʦʣʽʩʴʢʘ 90, 

ʆʜʝʩʴʢʘ 267 

DŸE 

+386 SNP AŸG 

ɸʩʪʘʨʪʘ, ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, 

ʇʦʣʽʩʴʢʘ 90, 

ʆʜʝʩʴʢʘ 267 

IŸV 

EPF1-ɺ1 

+273 SNP CŸT 
ʇʦʣʽʩʴʢʘ 90, 

ʆʜʝʩʴʢʘ 267 
ʊŸʄ 

+276é+281 ɼʝʣʝʮʽʷ CGACGG 

ɸʩʪʘʨʪʘ, ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, 

ʇʦʣʽʩʴʢʘ 90, 

ʆʜʝʩʴʢʘ 267 

ʚʠʜʘʣʝʥʥʷ ɸ ̔ ʊ 

+457 SNP ʊŸʉ 

ɸʩʪʘʨʪʘ, ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, 

ʇʦʣʽʩʴʢʘ 90, 

ʆʜʝʩʴʢʘ 267 

ï 

EPF1-

D1 

-9é-6 ɯʥʩʝʨʮʽʷ GGGG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+5 SNP ɸŸG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ KŸR 

+29 SNP ʊŸG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ VŸG 

+41 SNP GŸɸ ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ RŸH 

+48 SNP ʊŸʉ ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 
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+102 SNP AŸG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+105 SNP ʉŸʊ ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+109 SNP ʉŸG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ 

ɺʠʜʘʣʝʥʥʷ 18 

ʘʤʽʥʦʢʠʩʣʦʪ 

RŸD 

+122 SNP ʊŸG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+127 SNP AŸG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+157 SNP ʊŸG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+161 SNP GŸA ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+177 SNP CŸG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+184 SNP ʉŸG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+186 SNP CŸT ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+198 SNP CŸT ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+199é+228 ɯʥʩʝʨʮʽʷ 

GCTGGTGCGA 

AACCGGCAGT 

GCAGCGCGAG 

ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ 
ɺʩʪʘʚʢʘ 

AGAKPAVQRE 

+228 SNP GŸA ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

+229 SNP GŸʉ ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ AŸP 

+232 SNP AŸG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ TŸA 

+238 SNP ɸŸG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ 
TŸA 

+240 SNP GŸʉ ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ 

+250 ɯʥʩʝʨʮʽʷ AGGATGGGTCGG ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ɺʩʪʘʚʢʘ EDGS 

+420 SNP ʊŸʉ ɸʩʪʘʨʪʘ, ʅʘʪʘʣʢʘ ï 

EPF2-ɸ1 +451 SNP GŸA ʇʦʣʽʩʴʢʘ 90 VŸI 

EPF2-

B1  
ï ï ï ï ï 

EPF2-

D1  
ï ï ï ï ï 

MUTE-

ɸ1 
+318 SNP GŸC 

ʅʘʪʘʣʢʘ, ʆʜʝʩʴʢʘ 

267 

ï 

MUTE-

B1 
+174 SNP CŸG 

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ 

ʅʘʪʘʣʢʘ, 

ï 
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ʇʦʜʦʣʷʥʢʘ, 

ʆʜʝʩʴʢʘ 267 

+339 SNP AŸG 
ɸʩʪʘʨʪʘ, ʇʦʣʽʩʴʢʘ 

90 

ï 

+597 SNP TŸG 
ɸʩʪʘʨʪʘ, ʇʦʣʽʩʴʢʘ 

90 

ï 

+611 SNP TŸC ʇʦʜʦʣʷʥʢʘ ï 

MUTE-

D1 

+53 SNP GŸC ɸʩʪʘʨʪʘ, ɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, 

ʇʦʣʽʩʴʢʘ 90, 

ʆʜʝʩʴʢʘ 267 

ï 

+114 SNP TŸC ï 

+255 SNP AŸC ï 

+652 SNP AŸT AŸG 

  

ɸʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʦʢʘʟʘʚ ʧʦʣʽʤʦʨʬʽʟʤ ʢʦʜʫʶʯʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ EPF1-

A1 ʪʘ EPF1-B1 ʩʝʨʝʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʪʘʣʦʥʥʠʤ ʩʦʨʪʦʤ 

Chinese Spring. ʊʨʠ ʦʜʠʥʠʯʥʽ ʥʫʢʣʝʦʪʠʜʥʽ ʟʘʤʽʥʠ (SNP) ʙʫʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʜʣʷ 

ʛʝʥʘ EPF1-A1: i) ʚ ʧʦʣʦʞʝʥʥʽ +118 TŸC (ʇʦʜʦʣʷʥʢʘ); ii) ʚ ʧʦʣʦʞʝʥʥʽ +274 GŸT 

(ɸʩʪʘʨʪʘ, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ , ʇʦʣʽʩʴʢʘ 90, ʆʜʝʩʴʢʘ 267); iii) ʚ ʧʦʟʠʮʽʾ +386 

AŸG (ɸʩʪʘʨʪʘ, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, ʇʦʣʽʩʴʢʘ 90, ʆʜʝʩʴʢʘ 267). ʋ ʧʽʜʩʫʤʢʫ 

ʤʠ ʚʠʷʚʠʣʠ ʪʨʠ ʘʣʝʣʽ ʛʝʥʘ, ʦʧʠʩʘʥʦʛʦ ʜʣʷ Chinese Spring, ʇʦʜʦʣʷʥʢʠ ʪʘ ʽʥʰʠʭ 5 

ʩʦʨʪʽʚ ʫʢʨʘʾʥʩʴʢʦʾ ʧʰʝʥʠʮʽ. ɼʚʽ ʦʜʠʥʠʯʥʽ ʟʘʤʽʥʠ ʥʫʢʣʝʦʪʠʜʽʚ ʫ ʜʨʫʛʦʤʫ ʝʢʟʦʥʽ 

EPF1-A1 ʩʧʨʠʯʠʥʠʣʠ ʟʤʽʥʠ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʘʤʽʥʦʢʠʩʣʦʪ. ʊʘʢʠʤ ʯʠʥʦʤ, Chinese 

Spring ʪʘ ʇʦʜʦʣʷʥʢʘ ʤʽʩʪʷʪʴ ʛʣʫʪʘʤʽʥʦʚʫ ʢʠʩʣʦʪʫ ʚ ʧʦʣʦʞʝʥʥʽ 63 ʘʤʽʥʦʢʠʩʣʦʪʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʘ ʽʟʦʣʝʡʮʠʥ ʫ ʧʦʟʠʮʽʾ 101. ɯʥʰʽ ʩʦʨʪʠ ʤʘʶʪʴ ʘʩʧʘʨʘʛʽʥʦʚʫ ʢʠʩʣʦʪʫ ʪʘ 

ʚʘʣʽʥ ʚʽʜʧʦʚʽʜʥʦ ʚ ʮʠʭ ʧʦʣʦʞʝʥʥʷʭ. 

ɼʚʘ SNP ʪʘ ʦʜʥʘ ʜʝʣʝʮʽʷ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʥʘ EPF1-B1: i) 

SNP ʫ ʧʦʣʦʞʝʥʥʽ +273 CŸ T (ʇʦʣʽʩʴʢʘ 90, ʆʜʝʩʴʢʘ 267); ii) 6-ʧʥ ʜʝʣʝʮʽʷ CGACGG 

ʤʽʞ +276 ʽ +281 (ɸʩʪʘʨʪʘ, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, ʇʦʜʦʣʷʥʢʘ, ʇʦʣʽʩʴʢʘ 90, 

ʆʜʝʩʴʢʘ 267); iii) SNP ʚ ʧʦʟʠʮʽʾ +457 TŸC (ɸʩʪʘʨʪʘ, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, 

ʇʦʜʦʣʷʥʢʘ, ʇʦʣʽʩʴʢʘ 90, ʆʜʝʩʴʢʘ 267). ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ ʽʟ ʮʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ 
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ʧʦʭʦʜʠʪʴ ʪʨʠ ʘʣʝʣʽ ï ʪʠʧ Chinese Spring, ʪʠʧ ʆʜʝʩʴʢʘ 267 ʪʘ ʇʦʣʽʩʴʢʘ 90, ʪʘ ʪʠʧ 

ɸʩʪʘʨʪʘ, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, ʇʦʜʦʣʷʥʢʘ. 

ʇʝʨʰʝ ʟʘʤʽʱʝʥʥʷ ʦʜʥʦʛʦ ʥʫʢʣʝʦʪʠʜʫ (+273 ʜʦ ʩʪʘʨʪʫ ʪʨʘʥʩʢʨʠʧʮʽʾ) ʧʨʠʟʚʝʣʦ 

ʜʦ ʟʤʽʥʠ ʘʤʽʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʚ ʧʦʣʦʞʝʥʥʽ 62 ʚʽʜ ʪʨʝʦʥʽʥʫ ʜʦ ʤʝʪʽʦʥʽʥʫ. ɺʩʽ 

ʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʩʦʨʪʽʚ ʤʘʣʠ ʜʝʣʝʮʽʶ 6 ʧʥ ʫ EPF1-B1 ʧʦʨʽʚʥʷʥʦ ʟ 

Chinese Spring, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʝʣʽʤʽʥʘʮʽʾ ʜʚʦʭ ʘʤʽʥʦʢʠʩʣʦʪ (ʧʦʣʦʞʝʥʥʷ 63-64, 

ʘʣʘʥʽʥʫ ʪʘ ʪʨʝʦʥʽʥʫ). SNP ʚ ʧʦʣʦʞʝʥʥʽ +457 ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʢʣʘʜ ʧʦʣʽʧʝʧʪʠʜʽʚ. 

ʂʦʜʫʶʯʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ EPF1-D1 ʧʨʝʜʩʪʘʚʠʣʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʩʝʨʝʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ. ɺʩʴʦʛʦ 21 ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʘ ʟʘʤʽʥʘ ʽ ʪʨʠ ʽʥʩʝʨʮʽʾ 

ʚʠʦʢʨʝʤʠʣʠ ʣʠʰʝ ʜʚʘ ʘʣʝʣʽ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴ ɸʩʪʘʨʪʫ ʪʘ ʅʘʪʘʣʢʫ ʚʽʜ ʽʥʰʠʭ ʩʦʨʪʽʚ. 

ʎʽ ʟʤʽʥʠ ʙʫʣʠ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʚ ʪʘʙʣʠʮʽ 4.1. ʏʝʨʝʟ ʩʧʝʮʠʬʽʢʫ ʨʦʟʨʦʙʣʝʥʠʭ 

ʧʨʘʡʤʝʨʽʚ ʜʣʷ ʘʤʧʣʽʬʽʢʘʮʽʾ, ʚʜʘʣʦʩʷ ʜʦʜʘʪʢʦʚʦ ʚʠʷʚʠʪʠ ʚʩʪʘʚʢʫ 4-ʧʥ ʚ ʧʦʣʦʞʝʥʥʽ -

9...-6 ʧʝʨʝʜ ʩʪʘʨʪʦʤ ʪʨʘʥʩʢʨʠʧʮʽʾ. ʎʝʡ ʧʦʣʽʤʦʨʬʽʟʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 

ʧʨʦʤʦʪʦʨʘ ʽ ʤʦʞʝ ʧʦʪʝʥʮʽʡʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʬʽʣʴ ʪʨʘʥʩʢʨʠʧʮʽʾ. 

ɿʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʢʦʜʫʶʯʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ EPF1-D1 ɸʩʪʘʨʪʠ ʪʘ ʅʘʪʘʣʢʠ 

ʧʨʠʟʚʝʣʠ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʚ ʘʤʽʥʦʢʠʩʣʦʪʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʝʪʘʣʦʥʥʦʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ Chinese Spring ï 7 ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʟʘʤʽʥ, ʟʙʽʣʴʰʝʥʥʷ ʧʦʣʽʧʝʧʪʠʜʫ ʟʘ 

ʨʘʭʫʥʦʢ ʚʩʪʘʚʦʢ. ɹʽʣʴʰʝ ʪʦʛʦ, SNP ʫ ʧʦʣʦʞʝʥʥʽ +109 ʛʝʥʝʨʫʻ 84-ʧʥ ʽʥʪʨʦʥ 

(ʝʣʽʤʽʥʘʮʽʷ 28 ʘʤʽʥʦʢʠʩʣʦʪ), ʜʦʜʘʪʢʦʚʦ ʜʦ ʟʘʤʽʱʝʥʥʷ ʘʨʛʽʥʽʥʫ ʘʩʧʘʨʘʛʽʥʦʚʦʶ 

ʢʠʩʣʦʪʦʶ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʣʦʢʫʩʽʚ EPF2 ʰʝʩʪʠ ʫʢʨʘʾʥʩʴʢʠʭ ʧʰʝʥʠʮʴ 

ʧʦʢʘʟʘʣʦ ʩʣʘʙʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʩʝʨʝʜ ʩʦʨʪʽʚ. ʆʪʞʝ, ʣʠʰʝ ʦʜʥʘ ʥʫʢʣʝʦʪʠʜʥʘ ʟʘʤʽʥʘ ʟ 

G ŸA ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʜʣʷ EPF2-A1 ʫ ʧʦʟʠʮʽʾ +451 ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90. ʎʝ SNP 

ʚʠʦʢʨʝʤʠʣʦ ʜʚ̔ ʤʦʞʣʠʚʽ ʘʣʝʣʽ ʪʘ ʩʧʨʠʯʠʥʠʣʦ ʟʘʤʽʱʝʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪ ʽʟ ʚʘʣʽʥʫ ʥʘ 

ʽʟʦʣʝʡʮʠʥ ʫ ʧʦʣʦʞʝʥʥʽ 111 ʫ ʧʦʣʽʧʝʧʪʠʜʽ. ʇʦʩʣʽʜʦʚʥʦʩʪʽ EPF2-A1 ʽʥʰʠʭ 5 ʩʦʨʪʽʚ 

ʙʫʣʠ ʘʥʘʣʦʛʽʯʥʠʤʠ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʦʨʪʦʤ Chinese Spring. ʂʦʜʫʶʯʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʛʝʥʽʚ EPF2-B1 ʪʘ EPF2-D1 ʚʟʘʛʘʣʽ ʥʝ ʤʘʣʠ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ. 
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ʆʜʠʥ SNP ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʫ ʣʦʢʫʩʘʭ MUTE-ɸ1 (ʧʦʣʦʞʝʥʥʷ +318, G ŸT) 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ. ʎʷ ʟʘʤʽʥʘ ʙʫʣʘ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʩʦʨʪʽʚ ʅʘʪʘʣʢʘ ʪʘ 

ʆʜʝʩʴʢʘ 267. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʦʜʫʶʯʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ MUTE-B1 ʚʠʟʥʘʯʝʥʦ 4 

SNP: i) ʫ ʧʦʣʦʞʝʥʥʽ +174 CŸG (ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʘ, ʇʦʜʦʣʷʥʢʘ, 

ʆʜʝʩʴʢʘ 267); ii) ʫ ʧʦʟʠʮʽʾ +339 AŸG (ɸʩʪʘʨʪʘ, ʇʦʣʽʩʴʢʘ 90); iii) ʫ ʧʦʟʠʮʽʾ +597 TŸ 

G (ɸʩʪʘʨʪʘ, ʇʦʣʽʩʴʢʘ 90); iv) ʫ ʧʦʟʠʮʽʾ +611 TŸC (ʇʦʜʦʣʷʥʢʘ). ɿʘʛʘʣʦʤ, ʚʠʷʚʣʝʥʦ 4 

ʘʣʝʣʽ, ʪʠʧʦʚʽ ʜʣʷ ɸʩʪʘʨʪʠ ʯʠ ʇʦʣʽʩʴʢʦʾ 90; ʇʦʜʦʣʷʥʢʠ; ɼʘʨʫʥʢʘ ʇʦʜʽʣʣʷ, ʅʘʪʘʣʢʠ, 

ʆʜʝʩʴʢʦ ʾ267; Chinese Spring. 

ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʜʫʶʯʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ MUTE-D1 ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 4 

SNP: i) ʫ ʧʦʣʦʞʝʥʥʽ +53 GŸC; i) ʫ ʧʦʣʦʞʝʥʥʽ +114 TŸC; iii) ʫ ʧʦʣʦʞʝʥʥʽ +255 AŸC; 

iv) ʫ ʧʦʣʦʞʝʥʥʽ +652 AŸT. ɺʩʽ ʮʽ ʟʤʽʥʠ ʙʫʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʜʣʷ 6 ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʩʦʨʪʽʚ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʪʘʣʦʥʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ Chinese Spring. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʜʚʘ ʘʣʝʣʽ ʜʣʷ ʣʦʢʫʩʫ MUTE-D1. ʍʦʯʘ ʩʝʨʝʜ ʫʩʽʭ ʮʠʭ ʟʤʽʥ ʫ ʣʦʢʫʩʘʭ MUTE 

ʣʠʰʝ SNP ʽʟ ʧʦʟʠʮʽʾ +652 MUTE-D1 ʛʝʥʝʨʫʻ ʟʘʤʽʱʝʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪʠ ʟ ʘʣʘʥʽʥʫ ʥʘ 

ʛʣʽʮʠʥ (ʧʦʟʠʮʽʷ 147). 

 

5.3 ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʙʘʟ 

ʜʘʥʠʭ 

ʇʦʧʝʨʝʜʥʷ ʦʮʽʥʢʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʽʚ-ʢʘʥʜʠʜʘʪʽʚ ʟ ʪʨʴʦʭ ʩʫʙʛʝʥʦʤʽʚ ʧʰʝʥʠʮʽ 

ʤôʷʢʦʾ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Wheat 

Expression Browser (http://www.wheat-expression.com/) [203]. ɿʘʚʜʘʥʥʷʤ ʮʴʦʛʦ ʝʪʘʧʫ 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʢʘʥʠʥʠ ʪʘ ʪʦʯʦʢ ʚʽʜʙʦʨʫ ʟʨʘʟʢʽʚ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʽʚ ʝʢʩʧʨʝʩʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʽʩʥʦʾ ʇʃʈ. ɼʣʷ ʧʦʰʫʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʝʬʝʨʝʥʪʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʾ ɼʅʂ ʩʦʨʪʫ Chinese 

Spring. ʅʘ ʧʦʯʘʪʢʫ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʮʽʣʴʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʚʩʝʨʝʜʠʥʽ ʙʘʟʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ BLASTn ʟʘʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʤʝʨʫ ʜʦʩʪʫʧʫ 

ʜʣʷ ʮʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʙʦʨʫ ʛʝʥʽʚ RefSeq1.1. ʈʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ 
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ʚʽʜʦʙʨʘʞʘʚʩʷ ʚ ʦʜʠʥʠʮʷʭ tpm (transcripts per million), ʱʦ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ 

ʪʨʘʥʩʢʨʠʧʪʽʚ ʥʘ 1 ʤʽʣʴʡʦʥ ʤʦʣʝʢʫʣ ʈʅʂ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ RNA-seq.  

ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʝʥʠ EPF1 ʧʝʨʝʚʘʞʥʦ ʝʢʩʧʨʝʩʫʶʪʴʩʷ 

ʫ ʤʦʣʦʜʠʭ ʧʨʦʨʦʩʪʢʘʭ ʪʘ ʥʘ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʣʠʩʪʷ ʽ ʢʦʣʦʩʫ (ʨʠʩ. 5.1). ʅʘʡʚʠʱʠʡ 

ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʤʘʻ ʛʝʥ EPF1-D1, ʭʦʯʘ ʚ ʮʽʣʦʤʫ EPF1 ʛʝʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʝʥʽʚ ʟ 

ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʝʢʩʧʨʝʩʽʾ. 

 

 

ʈʠʩʫʥʦʢ 5.1 ï ʆʮʽʥʢʘ ʨʽʚʥʽʚ ʝʢʩʧʨʝʩʽʾ EPF1 ʛʝʥʽʚ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʙʘʟʽ ʜʘʥʠʭ. 

ɸ ï ɽʢʩʧʨʝʩʽʷ ʪʨʴʦʭ ʛʝʥʽʚ ʫ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʪʘ ʩʪʘʜʽʷʭ ʨʦʩʪʫ ʫ ʦʜʠʥʠʮʷʭ tpm.  

 

ɻʝʥʠ EPF2 ʧʝʨʝʚʘʞʥʦ ʝʢʩʧʨʝʩʫʶʪʴʩʷ ʫ ʢʣʽʪʠʥʘʭ ʤʦʣʦʜʠʭ ʧʨʦʨʦʩʪʢʽʚ ʪʘ ʥʘ 

ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʣʠʩʪʷ ʽ ʢʦʣʦʩʫ, ʧʨʦʪʝ ʥʘʷʚʥʠʡ ʜʦʩʪʦʚʽʨʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʪʘʢʦʞ 

ʚ ʢʣʽʪʠʥʘʭ ʢʦʨʽʥʥ ̫(ʨʠʩ. 5.2). ɺ ʛʝʥʦʤʽ ʧʰʝʥʠʮʽ ʜʦʩʪʦʚʽʨʥʦ ʝʢʩʧʨʝʩʫʻʪʴʩʷ ʣʠʰʝ 

EPF2-B1 ʛʝʥ. ɸʥʘʣʽʟ ʧʨʦʤʦʪʦʨʥʠʭ ʜʽʣʷʥʦʢ EPF ʛʝʥʽʚ ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʩʫʙʛʝʥʦʤʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ, ʧʨʦʪʝ ʥʝʜʦʩʪʘʪʥʷ ʚʠʚʯʝʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʪʠʚʽʚ 

ʧʰʝʥʠʯʥʠʭ ʧʨʦʤʦʪʦʨʽʚ ʥʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʦʜʥʦʟʥʘʯʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʧʨʠʯʠʥʫ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʜʘʥʠʭ ʛʝʥʽʚ. 

ɻʝʥʠ MUTE ʧʝʨʝʚʘʞʥʦ ʝʢʩʧʨʝʩʫʶʪʴʩʷ ʫ ʤʦʣʦʜʠʭ ʧʨʦʨʦʩʪʢʘʭ ʪʘ ʥʘ ʩʪʘʜʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʣʠʩʪʷ ʽ ʢʦʣʦʩʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʝʥʽʚ EPF1 ʪʘ EPF2 ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ 

ʝʢʩʧʨʝʩʽʾ ʧʦʢʘʟʫʻ ʛʝʥ ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʚ ʩʫʙʛʝʥʦʤʽ ɸ (ʨʠʩ. 5.3). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʽʚ ʝʢʩʧʨʝʩʽʾ ʮʽʣʴʦʚʠʭ ʛʝʥʽʚ ʜʦʮʽʣʴʥʦ 

ʧʨʦʚʦʜʠʪʠ ʥʘ ʤʦʣʦʜʠʭ ʧʨʦʨʦʩʪʢʘʭ ʧʰʝʥʠʮʽ. 
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ʈʠʩʫʥʦʢ 5.2 ï ʆʮʽʥʢʘ ʨʽʚʥʽʚ ʝʢʩʧʨʝʩʽʾ EPF2 ʛʝʥʽʚ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʙʘʟʽ ʜʘʥʠʭ. 

ɽʢʩʧʨʝʩʽʷ ʪʨʴʦʭ ʛʝʥʽʚ ʫ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʪʘ ʩʪʘʜʽʷʭ ʨʦʩʪʫ ʫ ʦʜʠʥʠʮʷʭ tpm.  

 

 

ʈʠʩʫʥʦʢ 5.3 ï ʆʮʽʥʢʘ ʨʽʚʥʽʚ ʝʢʩʧʨʝʩʽʾ MUTE ʛʝʥʽʚ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʙʘʟʽ 

ʜʘʥʠʭ. ɽʢʩʧʨʝʩʽʷ ʪʨʴʦʭ ʛʝʥʽʚ ʫ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʪʘ ʩʪʘʜʽʷʭ ʨʦʩʪʫ ʫ ʦʜʠʥʠʮʷʭ tpm.  

 

5.4 ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʣʦʜʠʡ ʧʝʨʰʠʡ ʣʠʩʪʦʢ, ʷʢʠʡ ʚʽʜʙʠʨʘʣʠ 

ʥʘ ʪʨʝʪʽʡ, ʩʴʦʤʠʡ ʪʘ ʜʝʩʷʪʠʡ ʜʝʥʴ ʨʦʩʪʫ ʨʦʩʣʠʥʠ (ʩʪʘʜʽʷ 10, ʧʦʯʘʪʦʢ ʪʘ ʢʽʥʝʮʴ 11 

ʩʪʘʜʽʾ ʟʘ ʨʦʟʰʠʨʝʥʦʶ ʰʢʘʣʦʶ BBCH).  

ʅʘʷʚʥʽʩʪʴ ʪʨʴʦʭ ʛʦʤʦʣʦʛʽʯʥʠʭ ʢʦʧʽʡ ʢʦʞʥʦʛʦ ʛʝʥʘ ʫʩʢʣʘʜʥʶʚʘʣʦ ʨʦʟʨʦʙʢʫ 

ʩʠʩʪʝʤʠ ʜʝʪʝʢʪʫʚʘʥʥʷ. ɼʣʷ ʧʦʚʥʦʾ ʚʧʝʚʥʝʥʦʩʪʽ ʦʪʨʠʤʘʥʽ ʘʤʧʣʽʬʽʢʦʚʘʥʽ ʬʨʘʛʤʝʥʪʠ 

ʧʝʨʝʚʽʨʷʣʠ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʛʝʣʴ-ʝʣʝʢʪʨʦʬʦʨʝʟʫ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤ ʧʽʢʫ 

ʢʨʠʚʦʾ ʧʣʘʚʣʝʥʥʷ ʪʘ ʩʠʢʚʝʥʫʚʘʥʥʷʤ. ɿʘ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʨʦʙʦʪʠ ʥʘ ʨʽʚʥʽ ɼʅʂ ʪʘ 

ʈʅʂ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʧʨʘʡʤʝʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʨʝʩʽʾ (ʪʘʙʣ. ɸ.5). ɼʣʷ 

ʢʦʞʥʦʾ ʧʘʨʠ ʧʨʘʡʤʝʨʽʚ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʣʠ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʢʮʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʝʨʽʡʥʽ ʨʦʟʚʝʜʝʥʥʷ ʢɼʅʂ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʚʠʤʽʨʶʚʘʣʠ ʟʥʘʯʝʥʥʷ ʉq, ʷʢʝ ʽʣʶʩʪʨʫʻ 

ʢʽʣʴʢʽʩʪʴ ʮʽʣʴʦʚʦʛʦ ʪʨʘʥʩʢʨʠʧʪʫ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ (ʨʠʩ. 5.4ɸ, 5.5ɸ). 
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ʉʧʝʮʠʬʽʯʥʽʩʪʴ ʨʝʘʢʮʽʾ ʦʮʽʥʶʚʘʣʠ ʟʘ ʧʽʢʦʤ ʢʨʠʚʦʾ ʧʣʘʚʣʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʘʤʧʣʽʢʦʥʫ. 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʥʽ ʪʠʧʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʘʤʧʣʽʬʽʢʘʮʽʾ ʜʽʣʷʥʢʠ ʛʝʥʽʚ EPF1-A1 

ʪʘ MUTE-A1 (ʨʠʩ. 5.4ɹ, 5.5ɹ). ʋ ʦʙʨʘʭʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʣʠʰʝ ʟʨʘʟʢʠ ʟ 

ʦʜʠʥʦʯʥʠʤ ʧʽʢʦʤ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʨʘʡʤʝʨʠ ʥʘ ɼʅʂ ʪʘ ʥʘ ʢɼʅʂ ʘʤʧʣʽʬʽʢʫʚʘʣʠ 

ʬʨʘʛʤʝʥʪʠ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ, ʥʘ ʢʨʠʚʽʡ ʧʣʘʚʣʝʥʥʷ ʧʽʢʠ ʬʨʘʛʤʝʥʪʽʚ ʟ ɼʅʂ ʪʘ ʢɼʅʂ 

ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʣʠʩʷ (ʨʠʩ. 5.4ɹ). 

 

 

ʈʠʩ. 5.4 ï ɻʨʘʬʽʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʝʨʝʙʽʛ ʘʤʧʣʽʬʽʢʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ EPF1-A1. ɸ ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ RFU (Relative fluorescence 

units, ʦʜʠʥʠʮʴ ʚʽʜʥʦʩʥʦʾ ʬʣʫʦʨʠʩʮʝʥʮʽʾ) ʚʽʜ ʮʠʢʣʫ ʨʝʘʢʮʽʾ ʦʧʠʩʫʻ ʪʠʧʦʚʫ ʜʠʥʘʤʽʢʫ 

ʘʤʧʣʬ̔̔ʢʘʮ̔ʾ. ɹ ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ -d(RFU)/dT ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ  
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ɼʣʷ ʛʝʥʘ EPF1-A1 ʝʢʩʧʨʝʩʽʷ ʚʠʟʥʘʯʘʣʘʩʷ ʚ ʫʩʽʭ ʦʪʨʠʤʘʥʠʭ ʨʦʩʣʠʥʥʠʭ ʟʨʘʟʢʘʭ, 

ʧʨʦʪʝ ʟʽ ʟʥʘʯʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʚ ʨʽʟʥʠʭ ʩʦʨʪʘʭ (ʨʠʩ. 5.6). ʊʘʢ ʥʘ 3 ʜʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʽʜʥʦʩʥʘ ʝʢʩʧʨʝʩʽʷ ʚ ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90 ʚ 1,8 ʨʘʟ ʧʝʨʝʚʠʱʫʚʘʣʘ ʝʢʩʧʨʝʩʽʶ ʚ ʩʦʨʪʽ 

ɸʩʪʘʨʪʘ, ʪʦʜʽ ʷʢ ʜʣʷ ʩʦʨʪʽʚ ʆʜʝʩʴʢʘ 267, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʇʦʜʦʣʷʥʢʘ ʽ ʅʘʪʘʣʢʘ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʚ 1,15, 1,7, 9,5 ʪʘ 29,0 ʨʘʟʽʚ ʚʽʜʧʦʚʽʜʥʦ. 

 

 

ʈʠʩ. 5.5 ï ɻʨʘʬʽʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʝʨʝʙʽʛ ʘʤʧʣʽʬʽʢʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ MUTE-A1. ɸ ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ RFU (Relative fluorescence 

units, ʦʜʠʥʠʮʴ ʚʽʜʥʦʩʥʦʾ ʬʣʫʦʨʠʩʮʝʥʮʽʾ) ʚʽʜ ʮʠʢʣʫ ʨʝʘʢʮʽʾ ʦʧʠʩʫʻ ʪʠʧʦʚʫ ʜʠʥʘʤʽʢʫ 

ʘʤʧʣʬ̔̔ʢʘʮ̔ʾ . ɹ ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ -d(RFU)/dT ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ EPF1-A1. 
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ʈʠʩʫʥʦʢ 5.6 ï ɺʽʜʥʦʩʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʽʚ EPF1 ʥʘ ʪʨʝʪʽʡ ʜʝʥʴ ʨʦʟʚʠʪʢʫ ʣʠʩʪʘ. 

ʐʢʘʣʘ ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ (P <0,05). 

 

ɸʥʘʣʽʟ ʧʨʦʬʽʣʽʚ ʝʢʩʧʨʝʩʽʾ ʦʢʨʝʤʠʭ ʩʦʨʪʽʚ ʚʽʜʥʦʩʥʦ 3-ʛʦ ʜʥʷ (ʧʝʨʰʦʾ ʪʦʯʢʠ 

ʟʥʷʪʪʷ ʜʘʥʠʭ) (ʨʠʩ. 5.7) ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʩʦʨʪʫ ɸʩʪʘʨʪʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ EPF1-A1 

ʟʥʠʞʫʻʪʴʩʷ ʚ 21,5 ʪʘ 150,0 ʨʘʟʽʚ ʥʘ 7 ʪʘ 10 ʜʝʥʴ ʚʽʜʧʦʚʽʜʥʦ. ʋ ʩʦʨʪʽʚ ʆʜʝʩʴʢʘ 267 ʪʘ 

ʇʦʣʽʩʴʢʘ 90 ʩʧʦʩʪʝʨʽʛʘʣʠ ʩʭʦʞʽ ʧʨʦʬʽʣʽ ʝʢʩʧʨʝʩʽʾ (ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʫ 17,0 ʽ 90,0 

ʨʘʟʽʚ (ʆʜʝʩʴʢʘ 267) ʪʘ 35,0 ʽ 60,0 ʨʘʟʽʚ (ʇʦʣʽʩʴʢʘ 90)). ɼʣʷ ʩʦʨʪʽʚ ʇʦʜʦʣʷʥʢʘ ʽ 

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʥʘ 7 ʽ 10 ʜʝʥʴ, ʧʨʦʪʝ ʥʝ 

ʪʘʢʝ ʟʥʘʯʥʝ (1,7 ʽ 10 ʨʘʟʽʚ (ʇʦʜʦʣʷʥʢʘ) ʪʘ 6,0 ʽ 19,0 ʨʘʟʽʚ (ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ). ɼʣʷ 

ʩʦʨʪʫ ʅʘʪʘʣʢʘ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʣʠʰʝ ʚ 1,16  ʪʘ 1,45 ʨʘʟʠ ʥʘ 7 ʪʘ 10 

ʜʝʥʴ. ʇʨʦʪʝ ʝʢʩʧʨʝʩʽʷ EPF1-A1 ʛʝʥʘ ʚ ʩʦʨʪʽ ʅʘʪʘʣʢʘ ʥʘ 3 ʜʝʥʴ ʙʫʣʘ ʥʘ ʜʫʞʝ 

ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʦʨʪʘʤʠ. ʎʝ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʨʽʟʥʫ 

ʰʚʠʜʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʣʠʩʪʘ ʽ ʧʨʦʜʠʭʽʚ ʫ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʟ ʜʫʞʝ ʰʚʠʜʢʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʝʢʩʧʨʝʩʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ. 

 

0,0

0,5

1,0

1,5

2,0

2,5

ɸʩʪʘʨʪʘʆʜʝʩʴʢʘ 267ʇʦʜʦʣʷʥʢʘɼʘʨʫʥʦʢ 

ʇʦʜʽʣʣʷ

ʅʘʪʘʣʢʘʇʦʣʽʩʴʢʘ 90

EPF1-A1 EPF1-ɺ1 EPF1-D1



134 

 

 

ʈʠʩʫʥʦʢ 5.7 ï ɿʤʽʥʘ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ EPF1-ɸ1 ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʣʠʩʪʘ. 

ʐʢʘʣʘ ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ (P <0,05). 

 

ɼʣʷ ʛʝʥʘ EPF1-D1 ʝʢʩʧʨʝʩʽʷ ʪʘʢʦʞ ʚʠʟʥʘʯʘʣʘʩʷ ʚ ʫʩʽʭ ʦʪʨʠʤʘʥʠʭ ʨʦʩʣʠʥʥʠʭ 

ʟʨʘʟʢʘʭ (ʨʠʩ. 5.6). ʉʦʨʪ ʇʦʣʽʩʴʢʘ 90 ʤʘʚ ʧʽʜʚʠʱʝʥʠʡ ʫ 2 ʨʘʟʠ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʩʦʨʪʦʤ ɸʩʪʘʨʪʘ, ʜʣʷ ʩʦʨʪʽʚ ʆʜʝʩʴʢʘ 267, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ, ʇʦʜʦʣʷʥʢʘ ʽ 

ʅʘʪʘʣʢʘ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʫ 1,3, 1,74, 3,97 ʪʘ 6.5 ʨʘʟʽʚ ʚʽʜʧʦʚʽʜʥʦ.  

ɸʥʘʣʽʟ ʧʨʦʬʽʣʽʚ ʝʢʩʧʨʝʩʽʾ ʦʢʨʝʤʠʭ ʩʦʨʪʽʚ (ʨʠʩ. 5.8) ʥʘ 3, 7 ʪʘ 10 ʜʥʽ ʚʠʷʚʠʚ 

ʧʘʪʝʨʥʠ ʝʢʩʧʨʝʩʽʾ, ʧʦʜʽʙʥʽ ʜʦ ʪʠʭ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʠ ʫ EPF1-A1 ʛʝʥʘ, ʣʠʰʝ ʫ ʩʦʨʪʽʚ 

ɸʩʪʘʨʪʘ (ʟʥʠʞʝʥʥʷ ʫ 12,0 ʪʘ 30,0 ʨʘʟ̔ʚ) ʪʘ ʇʦʜʦʣʷʥʢʘ (ʟʥʠʞʝʥʥʷ ʫ 1,7 ʪʘ 5,25 ʨʘʟʠ). 

ɼʣʷ ʽʥʰʠʭ ʩʦʨʪʽʚ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʠʞʝʥʥʷ  ʝʢʩʧʨʝʩʽʾ ʥʘ 7 ʜʝʥʴ, ʧʨʦʪʝ ʥʘ 10 

ʜʝʥʴ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʧʽʜʚʠʱʫʚʘʚʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʤʽʥʥʽʩʪʴ ʫ 

ʧʘʪʝʨʥʘʭ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ EPF1-A1 ʪʘ EPF1-D1, ʱʦ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ ʨʽʟʥʦʶ 

ʙʫʜʦʚʦʶ ʾʭ ʧʨʦʤʦʪʦʨʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʝʢʩʧʨʝʩʽʷ EPF1-D1 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʽ ʚ ʟʨʽʣʠʭ ʣʠʩʪʢʘʭ, ʧʨʦʪʝ ʥʘ ʟʥʘʯʥʦ ʥʠʞʯʦʤʫ ʨʽʚʥʽ ʥʽʞ ʫ 

ʤʦʣʦʜʠʭ. 
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ʈʠʩʫʥʦʢ 5.8 ï ɿʤʽʥʘ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ EPF1-D1 ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʣʠʩʪʘ. 

ʐʢʘʣʘ ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ (P <0,05). 

 

ʂʨʽʤ ʪʦʛʦ ʟʤʽʥʘ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ EPF1-D1 ʥʝ ʻ ʥʘʩʪʽʣʴʢʠ ʨʽʟʢʦʶ ʷʢ ʟʤʽʥʘ 

ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ EPF1-ɸ1, ʧʨʦʪʝ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʩʭʦʞʘ ʪʝʥʜʝʥʮʽʷ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʬʽʣʶ ʝʢʩʧʨʝʩʽʾ. ɼʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʪʠʤ, ʱʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʽʟʫ ʛʝʥ EPF1-D1 ʤʘʻ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ, ʜʦʟʚʦʣʷʻ 

ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʢʨʠʪʠʯʥʫ  ʨʦʣʴ ʩʘʤʝ ʛʝʥʘ ʟ D ʩʫʙʛʝʥʦʤʫ ʫ ʨʦʟʚʠʪʢʫ 

ʧʨʦʜʠʭʽʚ. 

ɼʣʷ ʛʝʥʘ EPF1-B1 ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʦʩʪʦʚʽʨʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʣʠʰʝ ʥʘ ʪʨʝʪʽʡ 

ʜʝʥʴ ʨʦʩʪʫ ʨʦʩʣʠʥʠ (ʨʠʩ. 5.6). ʗʢ ʽ ʜʣʷ ʽʥʰʠʭ EPF1 ʛʝʥʽʚ ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʨʝʩʽʾ ʫ ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90 ( ʫ 2,0 ʨʘʟʠ), ʽ ʟʥʠʞʝʥʥʷ ʫ ʩʦʨʪʽʚ  ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ (ʫ 

1,6 ʨʘʟʽʚ), ʇʦʜʦʣʷʥʢʘ (ʫ 1,8 ʨʘʟʽʚ) ʪʘ ʅʘʪʘʣʢʘ (ʫ 5,1 ʨʘʟʠ). ɸʣʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ 

ʛʝʥʽʚ ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ EPF1-B1 ʫ ʩʦʨʪʘʭ 

ʆʜʝʩʴʢʘ 267 (ʫ 1,15 ʨʘʟʠ). ɺ ʮʽʣʦʤʫ ʞ ʧʨʦʬʽʣʽ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ EPF1-B1 ʩʭʦʞʽ ʜʦ 

ʧʨʦʬʽʣʽʚ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ ʟ D ʩʫʙʛʝʥʦʤʘ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʩʧʽʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ EPF1 ʫ ʨʽʟʥʠʭ 

ʩʦʨʪʘʭ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʘʢʦʞ ʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʷʢ ʫ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʟ ʨʽʟʥʠʭ 

ʩʫʙʛʝʥʦʤʽʚ, ʪʘʢ ʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʝʢʩʧʨʝʩʽʾ ʜʘʥʠʭ ʛʝʥʽʚ ʚ ʨʽʟʥʠʭ ʩʦʨʪʘʭ.  

ɼʣʷ EPF2 ʛʝʥʽʚ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʩʧʦʩʪʝʨʽʛʘʣʠ ʣʠʰʝ ʜʣʷ ʛʝʥʘ ʟ 

ʩʫʙʛʝʥʦʤʫ ɺ ʥʘ 3 ʜʝʥʴ ʨʦʟʚʠʪʢʫ ʣʠʩʪʘ (ʨʠʩ. 5.9). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ EPF1 ʛʝʥʽʚ ʣʠʰʝ ʜʣʷ 

ʩʦʨʪʫ ʆʜʝʩʴʢʘ 267 ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ (ʚ 1,17 ʨʘʟʠ) ʚʽʜʥʦʩʥʫ 

ʩʦʨʪʫ ɸʩʪʘʨʪʘ. ɼʣʷ ʩʦʨʪʽʚ  ʇʦʜʦʣʷʥʢʘ, ʇʦʣʽʩʴʢʘ 90, ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʪʘ ʅʘʪʘʣʢʘ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʫ 3,0, 2,0, 1,8 ʪʘ 1,4 ʨʘʟʠ ʚʽʜʧʦʚʽʜʥʦ. ʎʝ ʚʢʘʟʫʻ 

ʥʘ  ʚʽʜʤʽʥʥʦʩʪʽ ʧʨʦʬʽʣʶ ʝʢʩʧʨʝʩʽʾ EPF2 ʛʝʥʽʚ ʧʽʜ ʯʘʩ ʨʦʟʚʠʪʢʫ ʣʠʩʪʘ ʫ ʧʰʝʥʠʮʽ. 

 

 

ʈʠʩʫʥʦʢ 5.9 ï ɺʽʜʥʦʩʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ EPF2-ɺ1 ʥʘ ʪʨʝʪʽʡ ʜʝʥʴ ʨʦʟʚʠʪʢʫ ʣʠʩʪʘ. 

ʐʢʘʣʘ ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ (P <0,05). 

 

ɼʣʷ MUTE ʛʝʥʽʚ ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʦʩʪʦʚʽʨʥʫ ʝʢʩʧʨʝʩʽʶ ʣʠʰʝ ʥʘ ʪʨʝʪʽʡ ʜʝʥʴ 

ʨʦʟʚʠʪʢʫ ʣʠʩʪʘ (ʨʠʩ. 5.10). ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʦʨʪʦʤ ɸʩʪʘʨʪʘ ʫ ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʟ ʩʫʙʛʝʥʦʤʽʚ A, B ʪʘ D ʫ 2,95, 2,43 ʽ 2,6 ʨʘʟʠ 

ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʩʦʨʪʽʚ ʇʦʜʦʣʷʥʢʘ ʪʘ ʅʘʪʘʣʢʘ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʛʝʥʽʚ ʚʠʷʚʣʷʣʠ 

ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ, ʧʨʠ ʯʦʤʫ ʫ ʩʦʨʪʫ ʇʦʜʦʣʷʥʢʘ ʟʥʠʞʝʥʥʷ ʙʫʣʦ ʤʝʥʰ ʚʠʨʘʞʝʥʝ (ʫ 

3,2, 1,4 ʪʘ 2,0 ʨʘʟʠ ʚʽʜʧʦʚʽʜʥʦ) ʥʽʞ ʫ ʩʦʨʪʫ ʅʘʪʘʣʢʘ (36,0, 12,0 ʽ 47,0 ʨʘʟʽʚ 
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ʚʽʜʧʦʚʽʜʥʦ). ɼʣʷ ʩʦʨʪʽʚ ʆʜʝʩʴʢʘ 267 ʪʘ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʚʠʷʚʠʣʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ MUTE-ɸ1 ʚ 1,31 ̔  1,04 ʨʘʟʠ ʚʽʜʧʦʚʽʜʥʦ, ʪʘ MUTE-ɺ1 ʚ 1,7 ̔  1,6 ʨʘʟʽʚ 

ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʪʝ ʜʣʷ ʛʝʥʘ MUTE-D1 ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʚ 1,0 ʪʘ 1,2 

ʨʘʟʠ. ʎʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʨʽʟʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ MUTE ̫ ʢ ʟ ʨʽʟʥʠʭ ʩʫʙʛʝʥʦʤʽʚ, 

ʪʘʢ ʽ ʚ ʨʽʟʥʠʭ ʩʦʨʪʽʚ. 

 

 

ʈʠʩʫʥʦʢ 5.10 ï ɺʽʜʥʦʩʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʽʚ MUTE ʥʘ ʪʨʝʪʽʡ ʜʝʥʴ ʨʦʟʚʠʪʢʫ ʣʠʩʪʘ. 

ʐʢʘʣʘ ʧʦʭʠʙʢʠ ʧʦʢʘʟʫʻ Ñ SD 3 ʧʦʚʪʦʨʽʚ (P <0,05). 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʪʨʴʦʭ ʪʦʯʢʘʭ ʨʦʟʚʠʪʢʫ ʣʠʩʪʘ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʛʝʥʠ EPF1 ʪʘ EPF2 ʝʢʩʧʨʝʩʫʶʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʣʠʰʝ ʫ ʤʦʣʦʜʠʭ ʣʠʩʪʢʘʭ, 

ʱʦ ʬʦʨʤʫʶʪʴʩʷ, ʥʘ ʩʪʘʜʽʾ ʨʦʟʛʦʨʪʘʥʥʷ ʣʠʩʪʢʘ ʝʢʩʧʨʝʩʽʷ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʧʦʪʽʤ 

ʧʨʘʢʪʠʯʥʦ ʟʥʠʢʘʻ. ʇʨʠ ʯʦʤʫ ʧʨʦʬʽʣʽ ʝʢʩʧʨʝʩʽʾ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʧʽʢ ʥʘʢʦʧʠʯʝʥʥʷ 

ʪʨʘʥʩʢʨʠʧʪʽʚ ʻ ʩʦʨʪʦ- ʽ ʩʫʙʛʝʥʦʤ-ʩʧʝʮʠʬʽʯʥʠʤʠ. ɼʣʷ MUTE ʛʝʥʽʚ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʩʭʦʞʽ ʜʦ ʛʝʥʽʚ EPF1 ʧʘʪʝʨʥʠ ʝʢʩʧʨʝʩʽʾ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʪʦʛʦ, ʱʦ ʚʞʝ ʥʘ 7 ʜʝʥʴ ʨʦʩʪʫ 

ʣʠʩʪʢʘ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʚʞʝ ʥʝ ʚʠʷʚʣʷʣʠ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʩʦʨʪʠ 

ʤʘʶʪʴ ʨʽʟʥʠʡ ʧʽʢʦʚʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ, ʷʢʠʡ ʫʢʣʘʜʘʻʪʴʩʷ ʫ ʩʪʨʦʢʠ 2-3 ʜʥʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʣʠʩʪʢʘ. ʊʘʢ ʦʯʝʚʠʜʥʦ, ʱʦ ʚ ʩʦʨʪʫ ʅʘʪʘʣʢʘ ʬʦʨʤʫʚʘʥʥʷ ʣʠʩʪʘ ʽ ʧʨʦʜʠʭʽʚ 
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ʧʦʪʝʥʮʽʡʥʦ ʡʜʝ ʰʚʠʜʰʝ ʥʽʞ ʫ ʩʦʨʪʫ ʇʦʣʽʩʴʢʘ 90. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʪʴ 

ʜʝʪʘʣʴʥʽʰʝ ʚʠʚʯʠʪʠ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʜʠʭʽʚ ʥʘ ʙʘʟʽ ʟʥʘʡʜʝʥʠʭ ʢʦʥʪʨʘʩʪʥʠʭ 

ʩʦʨʪʽʚ. 

 

5.5 ʈʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʦʮʽʥʢʠ ʧʦʣʽʤʦʨʬʽʟʤʫ EPF1, EPF2 ʪʘ 

MUTE ʛʝʥʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʽʚ EPF1, EPF2 ʪʘ MUTE ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ 

ʩʠʩʪʝʤʠ ʧʨʘʡʤʝʨʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʷʭ ʧʰʝʥʠʮʽ. 

ɿʘʛʘʣʦʤ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 7 ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ - E1A1, E1B1, 

E1B2, E1D1, E1D2, E2A1, MD1. 

ʇʘʨʠ ʧʨʘʡʤʝʨʽʚ ʢʦʥʩʪʨʫʶʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʚʠʷʚʣʝʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʠʢʚʝʥʫʚʘʥʥʷ ʛʝʥʽʚ. ɼʣʷ ʢʦʞʥʦʾ ʟ ʩʠʩʪʝʤ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ 

ʨʘʮʽʦʥʘʣʴʥʽ ʭʽʤʽʯʥʽ ʫʤʦʚʠ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʯʘʩʦʚʽ ʨʝʞʠʤʠ ʇʃʈ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʫ ʚʠʛʣʷʜʽ ʘʤʧʣʽʬʽʢʦʚʘʥʦʾ ɼʅʂ (ʪʘʙʣ. ɸ.7).  

ɸʤʧʣʽʬʽʢʘʮʽʷ ʟ ʩʠʩʪʝʤʦʶ E1A1 ʚʠʟʥʘʯʘʻ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʫ ʟʘʤʽʥʫ T ʥʘ G ʚ 

ʧʦʣʦʞʝʥʥʽ +274 ʛʝʥʘ EPF1-A1 ʚ ʩʦʨʪʘʭ Chinese Spring ʪʘ ʇʦʜʦʣʷʥʢʘ ʥʘ ʧʨʦʪʠʚʘʛʫ 

ʜʦ 5 ʽʥʰʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ. ɼʣʷ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʫʤʦʚ ʧʨʦʭʦʜʞʝʥʥʷ ʇʃʈ ʥʘ 

ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʽʶ ʟʘ ʪʨʴʦʤʘ ʨʽʟʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ 

ʧʨʝʧʘʨʘʪʘʭ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʽʚ ʇʦʜʦʣʷʥʢʘ ʪʘ ʆʜʝʩʴʢʘ 267. ʉʦʨʪ ʇʦʜʦʣʷʥʢʘ ʙʫʚ 

ʧʦʟʠʪʠʚʥʠʤ ʢʦʥʪʨʦʣʝʤ ʨʝʘʢʮʽʾ ʪʘ ʧʨʦʜʫʢʫʚʘʚ ʘʤʧʣʽʬʽʢʦʚʘʥʠʡ ʬʨʘʛʤʝʥʪ ʨʦʟʤʽʨʦʤ 

173 ʧʥ. ʅʘ ʧʨʦʪʠʚʘʛʫ, ʧʨʝʧʘʨʘʪ ɼʅʂ ʩʦʨʪʫ ʆʜʝʩʴʢʘ 267 ʥʝ ʚʩʪʫʧʘʚ ʨʝʘʢʮʽʶ ʽ ʥʝ 

ʧʨʦʜʫʢʫʚʘʚ ʧʨʦʜʫʢʪ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 55,9Áʉ, 58,0Áʉ ʪʘ 

60,4Áʉ. ʅʘ ʦʩʥʦʚʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʽ 

ʥʘʨʠʩʫʥʢʫ 5.11 ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 60,4Áʉ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʧʨʦʛʥʦʟʦʚʘʥʽ ʜʣʷ ʩʦʨʪʽʚ ʇʦʜʦʣʷʥʢʘ ʪʘ ʆʜʝʩʴʢʘ 267 ʨʝʟʫʣʴʪʘʪʠ ʙʝʟ ʥʝʩʧʝʮʠʬʽʯʥʠʭ 

ʩʤʫʛ. ɿʘʩʪʦʩʦʚʘʥʽ ʩʪʘʥʜʘʨʪʥʘ ʢʽʣʴʢʽʩʪʴ MgCl2  ʪʘ ʧʨʦʪʷʞʥʽʩʪʴ ʝʣʦʥʛʘʮʽʾ ʚ 15 ʩ ʻ 

ʟʘʜʦʚʽʣʴʥʠʤʠ ʜʣʷ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ ʽ ʦʪʨʠʤʘʥʥʷ ʢʦʨʝʢʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʪʦʤʫ ʮʽ 

ʧʘʨʘʤʝʪʨʠ ʥʘʜʘʣʽ ʥʝ ʨʘʮʽʦʥʘʣʽʟʫʚʘʣʠ.  
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ʈʠʩʫʥʦʢ 5.11 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ E1A1. 1: ʩʦʨʪ ʇʦʜʦʣʷʥʢʘ; 2: 

ʩʦʨʪ ʆʜʝʩʴʢʘ 267; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 

 

ʉʠʩʪʝʤʘ E1B1 ʚʠʷʚʣʷʻ ʚ ʧʦʣʦʞʝʥʥʽ +273 ʛʝʥʘ EPF1-B1 ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʫ 

ʟʘʤʽʥʫ ʉ ʥʘ ʊ ʚ ʩʦʨʪʘʭ ʆʜʝʩʴʢʘ 267 ʪʘ ʇʦʣʽʩʴʢʘ 90. ʈʘʮʽʦʥʘʣʽʟʘʮʽʶ ʫʤʦʚ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʧʨʝʧʘʨʘʪʘʭ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʽʚ ʆʜʝʩʴʢʘ 267 ʪʘ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ. ɼʣʷ ʩʦʨʪʫ 

ʆʜʝʩʴʢʘ 267 ʦʯʽʢʫʚʘʣʠ ʧʨʦʭʦʜʞʝʥʥʷ ʇʃʈ ʪʘ ʦʪʨʠʤʘʥʥʷ ʬʨʘʛʤʝʥʪʫ ʨʦʟʤʽʨʦʤ 254 ʧʥ, 

ʘ ʜʣʷ ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ï ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-ʷʢʠʭ ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 58,0Áʉ, 59,6Áʉ ʪʘ 61,8Áʉ. ɺ ʨʝʘʢʮʽʾ 

ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ ʩʪʘʥʜʘʨʪʥʘ ʢʽʣʴʢʽʩʪʴ MgCl2. ʅʘ ʩʪʘʜʽʶ ʝʣʦʥʛʘʮʽʾ ʙʫʣʦ ʚʠʜʽʣʝʥʦ 

20 ʩ. ɿ ʨʠʩʫʥʢʫ 5.12 ʙʘʯʠʤʦ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 58,0Áʉ ʪʘ 59,6Áʉ ʧʦʤʽʪʥʽ ʩʣʘʙʢʽ 

ʩʣʽʜʠ ʥʝʩʧʝʮʠʬʽʯʥʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʟʨʘʟʢʫ ɼʅʂ ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ. ɿʚʽʜʩʠ, 

ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ E1B1 ʻ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʽʙʨʠʜʠʟʘʮʽʾ 61,8Áʉ, 2 ʤʄ MgCl2.ʪʘ 20 ʩ ʝʣʦʥʛʘʮʽʾ. 
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ʈʠʩʫʥʦʢ 5.12 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ E1B1. 1: ʩʦʨʪ ʆʜʝʩʴʢʘ 267; 

2: ʩʦʨʪ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix 

 

ʉʠʩʪʝʤʘ E1B2, ʨʦʟʨʦʙʣʝʥʘ ʪʘʢʦʞ ʜʣʷ ʛʝʥʘ EPF1-B1, ʧʨʘʮʶʻ ʤʝʥʰ 

ʩʧʝʮʠʬʽʯʥʦ, ʽ ʘʤʧʣʽʬʽʢʘʮʽʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʾ ʟʘʤʽʥʠ ʊ 

ʥʘ ʉ ʚ ʧʦʣʦʞʝʥʥʽ +273, ʘʙʦ 6 ʧʥ ʽʥʩʝʨʮʽʾ CGACGG ʚ ʧʦʣʦʞʝʥʥʽ +276. ʇʦʧʨʠ ʮʝ, 

ʩʠʩʪʝʤʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʛʝʥʝʪʠʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʩʦʨʪʽʚ ʪʘ ʚ ʧʠʪʘʥʥʷʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ. ɼʣʷ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʫʤʦʚ ʇʃʈ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʨʠ ʟʨʘʟʢʠ ɼʅʂ ï ʜʚʘ ʟʨʘʟʢʠ ʩʦʨʪʫ Chinese Spring ʨʽʟʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʟʨʘʟʦʢ ʩʦʨʪʫ ʆʜʝʩʴʢʘ 267. ʇʨʦʛʥʦʟʫʚʘʣʦʩʴ ʧʨʦʭʦʜʞʝʥʥʷ 

ʘʤʧʣʽʬʽʢʘʮʽʾ ʜʣʷ ʟʨʘʟʢʽʚ ʩʦʨʪʫ Chinese Spring ʟ ʧʨʦʜʫʢʫʚʘʥʥʷʤ ʬʨʘʛʤʝʥʪʫ 88 ʧʥ, ʘ 

ʜʣʷ ʩʦʨʪʫ ʆʜʝʩʴʢʘ 267 ï ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʜʫʢʪʫ. ʇʨʠ ʧʦʩʪʘʥʦʚʮʽ 

ʛʨʘʜʽʻʥʪʥʦʾ ʇʃʈ ʚʠʢʦʨʠʩʪʘʣʠ ʯʦʪʠʨʠ ʨʽʟʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʘʡʤʝʨʽʚ ï 

57,1Áʉ, 59,2Áʉ, 61,4Áʉ ʪʘ 62,5Áʉ. ɺ ʨʝʘʢʮʽʾ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ 2 ʤʄ MgCl2.ʪʘ 10 ʩ ʥʘ 

ʩʪʘʜʽʾ ʝʣʦʥʛʘʮʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘ 

ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʙʫʣʠ 62,5Áʉ, ʪʘʢ ʷʢ ʩʘʤʝ ʟʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ 

ʦʪʨʠʤʘʥʥʷ ʥʝʦʯʽʢʫʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ (ʨʠʩ. 5.13). 
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ʈʠʩʫʥʦʢ 5.13 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ E1B2. 1: ʩʦʨʪ Chinese Spring 

(ʽʟ ʢʦʣʝʢʮʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʛʝʥʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʨʦʩʣʠʥ, 

UA0104108/IR124049); 2: ʩʦʨʪ ʆʜʝʩʴʢʘ 267; 3: ʩʦʨʪ Chinese Spring (ʽʟ ʢʦʣʝʢʮʽʾ 

ʈʠʙʘʣʢʠ ʆ.ɯ., 2013 ʨ.); ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 

 

ɼʚʽ ʩʠʩʪʝʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʛʝʥʘ EPF1-D1 ï E1D1 ʪʘ E1D2. ɸʤʧʣʽʬʽʢʘʮʽʷ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ 

E1D1 ʚʠʟʥʘʯʘʻ 4 ʧʥ ʜʝʣʝʮʽʶ GGGG ʚ ʧʦʣʦʞʝʥʥʽ -9. ɼʣʷ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʫʤʦʚ ʇʃʈ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʽʚ ʅʘʪʘʣʢʘ ʪʘ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ. 

ʇʨʝʧʘʨʘʪ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʫ ʅʘʪʘʣʢʘ ʛʝʥʝʨʫʚʘʚ ʘʤʧʣʽʬʽʢʘʮʽʾ ʬʨʘʛʤʝʥʪʫ ʨʦʟʤʽʨʦʤ 

281 ʧʥ ʪʘ ʩʣʫʛʫʚʘʚ ʧʦʟʠʪʠʚʥʠʤ ʢʦʥʪʨʦʣʝʤ ʨʝʘʢʮʽʾ. ʅʘ ʧʨʦʪʠʚʘʛʫ, ɼʅʂ ʩʦʨʪʫ 

ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʚʠʢʦʥʫʚʘʚ ʨʦʣʴ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʝʘʢʮʽʾ, ʪʦʙʪʦ 

ʧʨʦʭʦʜʞʝʥʥʷ ʘʤʧʣʽʬʽʢʘʮʽʾ ʥʝ ʦʯʽʢʫʚʘʣʠ ʜʣʷ ʜʘʥʦʛʦ ʟʨʘʟʢʫ. ɼʣʷ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʫʤʦʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 2 ʤʄ MgCl2, 20 ʩ ʥʘ ʩʪʘʜʽʾ ʝʣʦʥʛʘʮʽʾ ʪʘ ʟʤʽʥʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʪʨʴʦʭ 

ʪʦʯʢʘʭ (62,5Áʉ, 64,6Áʉ ʪʘ 67,1Áʉ) ʥʘ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʘʡʤʝʨʽʚ. ɿ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, 

ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʛʽʙʨʠʜʠʟʘʮʽʾ 62,5Áʉ ʟʘ ʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ MgCl2 ʪʘ ʯʘʩʫ ʝʣʦʥʛʘʮʽʾ 

20 ʩ ʦʪʨʠʤʫʻʪʴʩʷ ʯʽʪʢʠʡ ʧʨʦʜʫʢʪ (ʨʠʩ. 5.14). 
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ʈʠʩʫʥʦʢ 5.14 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ E1D1. 1: ʩʦʨʪ ʅʘʪʘʣʢʘ; 2: 

ʩʦʨʪ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 

 

ʉʠʩʪʝʤʘ E1D2 ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʩʝʨʮʽʾ AGGATGGGTCGG ʚ 

ʧʦʣʦʞʝʥʥʽ +250 ʚʽʜ ʩʪʘʨʪʫ ʪʨʘʥʩʢʨʠʧʮʽʾ. ɼʣʷ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʫʤʦʚ ʨʝʘʢʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʽʚ ʅʘʪʘʣʢʘ ʪʘ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ. ʇʨʠ 

ʯʦʤʫ, ʟʨʘʟʦʢ ʩʦʨʪʫ ʅʘʪʘʣʢʘ ʫ ʨʝʘʢʮʽʾ ʧʨʦʜʫʢʫʚʘʚ ʬʨʘʛʤʝʥʪ 183 ʧʥ ʪʘ ʩʣʫʛʫʚʘʚ 

ʧʦʟʠʪʠʚʥʠʤ ʢʦʥʪʨʦʣʝʤ ʨʝʘʢʮʽʾ. ɺʽʜʧʦʚʽʜʥʦ, ʟʨʘʟʦʢ ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʙʫʚ 

ʥʝʛʘʪʠʚʥʠʤ ʢʦʥʪʨʦʣʝʤ ʨʝʘʢʮʽʾ ʽ ʥʝ ʤʘʚ ʛʝʥʝʨʫʚʘʪʠ ʘʤʧʣʽʬʽʢʘʮʽʶ ʬʨʘʛʤʝʥʪʫ. ʏʘʩ 

ʝʣʦʥʛʘʮʽʾ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 15 ʩ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 

57,5Áʉ, 60,2Áʉ ʪʘ 62,1Áʉ. ʅʘʡʯʽʪʢʽʰʠʡ ʧʨʦʜʫʢʪ ʦʪʨʠʤʫʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʛʽʙʨʠʜʠʟʘʮʽʾ 62,1Áʉ (ʨʠʩ. 5.15ɸ). ʆʜʥʘʢ, ʟʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʧʦʚʪʦʨʽ ʨʝʘʢʮʽʾ 

ʧʦʯʘʣʠ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʝʩʧʝʮʠʬʽʯʥʫ ʘʤʧʣʽʬʽʢʘʮʽʶ ʚ ʥʝʛʘʪʠʚʥʦʤʫ ʢʦʥʪʨʦʣʽ. ʊʦʤʫ, 

ʥʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʙʫʣʘ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ MgCl2 ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʨʝʘʢʮʽʾ. ɿ ʮʽʻʶ ʤʝʪʦʶ, ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʨʝʘʢʮʽʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʛʽʙʨʠʜʠʟʘʮʽʾ 62,1Áʉ, ʯʘʩʫ ʝʣʦʥʛʘʮʽʾ  15 ʩ ʪʘ ʚʘʨʽʘʙʝʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ MgCl2 (2ʤʄ, 1,75 

ʤʄ ʪʘ 1,5 ʤʄ). ɸʤʧʣʽʬʽʢʘʮʽʷ ʥʝʩʧʝʮʠʬʽʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʚʞʝ ʧʨʠ 

ʢʽʣʴʢʦʩʪʽ 1,5 ʤʄ MgCl2  (ʨʠʩ. 5.15ɹ). 



143 

 

 

 

ʈʠʩʫʥʦʢ 5.15 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ (ɸ) ʪʘ ʢʽʣʴʢʦʩʪʽ MgCl2  (ɹ) ʫ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ 

E1D2. 1: ʩʦʨʪ ʅʘʪʘʣʢʘ; 2: ʩʦʨʪ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ 

ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 

 

ɼʣʷ EPF2 ʪʘ MUTE ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʦ ʦʜʥʽʡ ʚʽʜʪʚʦʨʶʚʘʥʽʡ ʩʠʩʪʝʤʽ 

ʧʨʘʡʤʝʨʽʚ.  E2A1 ʩʧʨʦʝʢʪʦʚʘʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʾ ʟʘʤʽʥʠ G ʥʘ A 

ʛʝʥʘ EPF2-A1  ʚ ʧʦʣʦʞʝʥʥʽ +451. ʈʘʮʽʦʥʘʣʽʟʘʮʽʶ ʫʤʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʟʨʘʟʢʘʭ 

ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʩʦʨʪʽʚ ʇʦʣʽʩʴʢʘ 90 ʪʘ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ. ʇʨʠ ʯʦʤʫ,  ʟʨʘʟʦʢ ʩʦʨʪʫ 

ʇʦʣʽʩʴʢʘ 90 ʩʣʫʛʫʚʘʚ ʧʦʟʠʪʠʚʥʠʤ ʢʦʥʪʨʦʣʝʤ ʨʝʘʢʮʽʾ ʪʘ ʛʝʥʝʨʫʚʘʚ ʘʤʧʣʽʬʽʢʘʮʽʶ 

ʬʨʘʛʤʝʥʪʫ ʨʦʟʤʽʨʦʤ 140 ʧʥ. ɺʽʜʧʦʚʽʜʥʦ, ʟʨʘʟʦʢ ʩʦʨʪʫ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ʚʠʢʦʥʫʚʘʚ 

ʨʦʣʴ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʪʦʙʪʦ ʧʨʦʭʦʜʞʝʥʥʷ ʘʤʧʣʽʬʽʢʘʮʽʾ ʜʣʷ ʮʴʦʛʦ ʟʨʘʟʢʫ ʥʝ 

ʧʝʨʝʜʙʘʯʘʣʦʩʴ. ʏʘʩ ʝʣʦʥʛʘʮʽʾ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 15 ʩ, ʪʘ ʚʟʷʪʦ ʩʪʘʥʜʘʨʪʥʫ ʢʽʣʴʢʽʩʪʴ 

MgCl2 (2ʤʄ). ʈʝʘʢʮʽʶ ʙʫʣʦ ʚʽʜʪʝʩʪʦʚʘʥʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʛʽʙʨʠʜʠʟʘʮʽʾ 62,5Áʉ, 64,1Áʉ 

ʪʘ 66,0Áʉ. ʅʘʡʽʥʪʝʥʩʠʚʥʽʰʠʡ ʬʨʘʛʤʝʥʪ ʦʪʨʠʤʘʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 66,0Áʉ (ʨʠʩ. 5.16). 
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ʈʠʩʫʥʦʢ 5.16 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ E2A1. 1: ʩʦʨʪ ʇʦʣʽʩʴʢʘ 90; 2: 

ʩʦʨʪ ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ; ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 

 

ɸʤʧʣʽʬʽʢʘʮʽʷ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ MD1 ʩʚʽʜʯʠʪʠʤʝ ʧʨʦ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʫ 

ʟʘʤʽʥʫ ɸ ʥʘ ʊ ʚ ʧʦʣʦʞʝʥʥʽ +652. ɼʣʷ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʫʤʦʚ ʇʃʈ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʨʠ 

ʟʨʘʟʢʠ ɼʅʂ ï ʜʚʘ ʟʨʘʟʢʠ ʩʦʨʪʫ Chinese Spring ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʟʨʘʟʦʢ ʩʦʨʪʫ 

ʆʜʝʩʴʢʘ 267. ʇʨʦʛʥʦʟʫʚʘʣʦʩʴ ʧʨʦʭʦʜʞʝʥʥʷ ʘʤʧʣʽʬʽʢʘʮʽʾ ʜʣʷ ʟʨʘʟʢʫ ʩʦʨʪʫ ʆʜʝʩʴʢʘ 

267  ʟ ʧʨʦʜʫʢʫʚʘʥʥʷʤ ʬʨʘʛʤʝʥʪʫ 182 ʧʥ, ʘ ʜʣʷ ʟʨʘʟʢʽʚ ʩʦʨʪʫ Chinese Spring ï 

ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʜʫʢʪʫ. ʇʨʠ ʧʦʩʪʘʥʦʚʮʽ ʛʨʘʜʽʻʥʪʥʦʾ ʇʃʈ ʚʠʢʦʨʠʩʪʘʣʠ 

ʯʦʪʠʨʠ ʨʽʟʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʽʙʨʠʜʠʟʘʮʽʾ ʧʨʘʡʤʝʨʽʚ ï 57,1Áʉ, 59,2Áʉ, 61,4Áʉ ʪʘ 62,5Áʉ. 

ɺ ʨʝʘʢʮʽʾ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ 2 ʤʄ MgCl2.ʪʘ 15 ʩ ʥʘ ʩʪʘʜʽʾ ʝʣʦʥʛʘʮʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʙʫʣʠ 57,1Áʉ, 

ʪʘʢ ʷʢ ʩʘʤʝ ʟʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʘʡʯʽʪʢʽʰʠʡ ʧʨʦʜʫʢʪ (ʨʠʩ. 5.17). 
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ʈʠʩʫʥʦʢ 5.17 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʧʽʜʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʇʃʈ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ MD1. 1: ʩʦʨʪ Chinese Spring 

(ʽʟ ʢʦʣʝʢʮʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʛʝʥʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʨʦʩʣʠʥ, 

UA0104108/IR124049); 2: ʩʦʨʪ ʆʜʝʩʴʢʘ 267; 3: ʩʦʨʪ Chinese Spring (ʽʟ ʢʦʣʝʢʮʽʾ 

ʈʠʙʘʣʢʠ ʆ.ɯ., 2013 ʨ.); ʂ-: ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʚʥʝʩʝʥʥʷ ɼʅʂ; M: ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ GeneRullerÊ DNA Ladder Mix. 

 

ɿʘʛʘʣʦʤ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 7 ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ - E1A1, 

E1B1, E1B2, E1D1, E1D2, E2A1, MD1. ɺʦʥʠ ʻ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʚ ʢʦʥʪʝʢʩʪʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʽʨʦʢ ʟʨʘʟʢʽʚ ʧʰʝʥʠʮʽ, ʪʘʢ ʷʢ ʤʘʨʢʝʨʠ ʜʦʟʚʦʣʷʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʜʽʣʷʥʢʠ ɼʅʂ, ʷʢʽ ʤʘʶʪʴ ʧʨʠʚôʷʟʢʫ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ.  

 

5.6 ʇʃʈ-ʘʥʘʣʽʟ ʚʠʙʽʨʢʠ ʧʰʝʥʠʮʴ 

ɼʣʷ ʘʧʨʦʙʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʛʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʽʚ EPF1, EPF2 ʪʘ 

MUTE ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʢʨʠʥʽʥʛ ʨʦʟʨʦʙʣʝʥʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 7-ʠ ʩʠʩʪʝʤ 

ʧʨʘʡʤʝʨʽʚ ʩʝʨʝʜ ʚʠʙʽʨʢʠ ʟ 199 ʟʨʘʟʢʽʚ ʧʰʝʥʠʮʴ: 72 ʟʨʘʟʢʠ ʩʦʨʪʽʚ ʚʽʪʯʠʟʥʷʥʦʾ 

ʩʝʣʝʢʮʽʾ, 74 ʟʨʘʟʢʠ ʟ ʤʽʞʥʘʨʦʜʥʦʾ ʢʦʣʝʢʮʽʾ CIMMYT (Global Wheat Program of the 

International Maize and Wheat Improvement Center) ʪʘ ʚʠʙʽʨʢʘ ʟ 53 ʟʨʘʟʢʽʚ ʜʠʢʠʭ 

ʧʰʝʥʠʮʴ ʪʘ ʤʽʞʚʠʜʦʚʠʭ ʧʰʝʥʠʯʥʠʭ ʛʽʙʨʠʜʽʚ. ɺʽʜʧʦʚʽʜʥʦ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʇʃʈ-ʘʥʘʣʽʟʫ ʫ ʚʠʛʣʷʜʽ ʟʘʥʦʪʦʚʘʥʠʭ ʨʦʟʤʽʨʽʚ ɼʣʷ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʧʨʘʡʤʝʨʥʠʭ ʩʠʩʪʝʤ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʧʦʢʘʟʥʠʢ ʯʘʩʪʦʪ ʟʫʩʪʨʽʯʘʥʥʷ ʢʦʞʥʦʛʦ 
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ʘʤʧʣʽʬʽʢʦʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʜʣʷ ʢʦʞʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʨʝʟʶʤʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤ ʥʘ 

ʨʠʩʫʥʢʫ 5.18 ʫ ʪʘʙʣʠʮʷʭ ɺ.1, ɺ.2 ʪʘ ɺ.3. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʰʠʨʝʥʦʩʪʽ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʾ ʟʘʤʽʥʠ ʚ ʛʝʥʽ EPF1-A1 ʧʦʢʘʟʘʣʦ, 

ʱʦ ʚʦʥʘ ʤʘʻ ʥʠʟʴʢʫ ʧʦʰʠʨʝʥʽʩʪʴ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʙʽʨʢʘʭ. ʊʘʢ ʫ ʫʢʨʘʾʥʩʴʢʠʭ 

ʩʦʨʪʘʭ ʯʘʩʪʦʪʘ ʟʫʩʪʨʽʯʘʥʥʷ ʩʢʣʘʜʘʣʘ 0,15; ʚ ʢʦʣʝʢʮʽʾ CIMMYT ï ʚʩʴʦʛʦ 0,03. ɼʘʥʠʡ 

ʧʦʣʽʤʦʨʬʽʟʤ ʤʘʚ ʚʠʱʫ ʟʫʩʪʨʽʯʥʽʩʪʴ ʚ ʟʨʘʟʢʘʭ ʚʠʙʽʨʢʠ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʛʽʙʨʠʜʽʚ ï 

0,49.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʰʠʨʝʥʦʩʪʽ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʾ ʟʘʤʽʥʠ ʚ ʛʝʥʽ EPF1-ɺ1 ʟʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʃʈ-ʘʥʘʣʽʟʫ ʟ ʩʠʩʪʝʤʦʶ ʧʨʘʡʤʝʨʽʚ E1B1, ʚʩʪʘʥʦʚʠʣʦ  ʨʽʚʥʦʮʽʥʥʫ 

ʧʦʰʠʨʝʥʽʩʪʴ ʟʘʤʽʥʠ ʫ ʚʠʙʽʨʢʘʭ ʚʽʪʯʠʟʥʷʥʦʾ ʢʦʣʝʢʮʽʾ ʪʘ ʢʦʣʝʢʮʽʾ CIMMYT (0,46 ʪʘ 

0,47 ʚʽʜʧʦʚʽʜʥʦ). ɼʣʷ ʢʦʣʝʢʮʽʾ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʛʽʙʨʠʜʽʚ ʯʘʩʪʦʪʘ ʟʫʩʪʨʽʯʘʥʥʷ 

ʘʤʧʣʽʬʽʢʦʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʩʪʘʥʦʚʠʣʠ 0,04. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ E1B2 

ʧʨʦʜʫʢʫʚʘʣʦ ʘʤʧʣʽʬʽʢʘʮʽʶ ʮʽʣʴʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ ʟ ʯʘʩʪʦʪʘʤʠ 0,69, 0,59 ʪʘ 0,64 ʚ 

ʢʦʣʝʢʮʽʷ ʫʢʨʘʾʥʩʴʢʠʭ, ʤʽʞʥʘʨʦʜʥʠʭ ʩʦʨʪʽʚ ʪʘ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʟ ʛʽʙʨʠʜʘʤʠ, 

ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʥʘ EPF1-D1 ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʚʽ ʩʠʩʪʝʤʠ ʧʨʘʡʤʝʨʽʚ ï 

E1D1 ʪʘ E1D2. ʏʘʩʪʦʪʘ ʟʫʩʪʨʽʯʘʥʥʷ ʘʤʧʣʽʬʽʢʦʚʘʥʦʛʦ ʩʠʩʪʝʤʦʶ E1D1 ʬʨʘʛʤʝʥʪʫ ʚ 

ʢʦʣʝʢʮʽʷʭ ʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʩʦʨʪʚ̔ ʙʫʣʘ ʨʽʚʥʘ (0,74 ʧʨʦʪʠ 0,80), ʘ ʫ 

ʚʠʙʽʨʮʽ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʛʽʙʨʠʜʽʚ ï  ʤʘʡʞʝ ʚʪʨʠʯʽ ʥʠʞʯʦʶ (0,28). ʏʘʩʪʦʪʠ 

ʟʫʩʪʨʽʯʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ E1D2 ʚʽʜʨʽʟʥʷʣʠʩʴ ʚʽʜ E1D1, ʱʦ ʩʚʽʜʯʠʪʴ, ʱʦ ʫ ʚʠʙʽʨʮʽ ʻ 

ʛʝʥʦʪʠʧʠ ʟ ʚʽʜʤʽʥʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʚʽʜʤʽʥʥʦʩʪʝʡ, ʷʢʽ ʧʦʪʝʥʮʽʡʥʦ ʩʢʣʘʜʘʶʪʴ ʥʦʚʫ 

ʘʣʝʣʴ. ʏʘʩʪʦʪʠ ʜʣʷ ʩʠʩʪʝʤʠ E1D2 ʙʫʣʠ ï 0,42, 0,19 ʪʘ 0,38 ʜʣʷ ʢʦʣʝʢʮʽʡ ʫʢʨʘʾʥʩʴʢʠʭ 

ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʩʦʨʪʽʚ, ʘ ʪʘʢʦʞ ʚʠʙʽʨʢʠ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʛʽʙʨʠʜʽʚ, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʦʰʠʨʝʥʽʩʪʴ ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ ʛʝʥʦʪʠʧʫ ʇʦʣʽʩʴʢʘ 90 SNP ʚ ʧʦʣʦʞʝʥʥʽ +451 

ʛʝʥʘ EPF2-ɺ1 ʚʠʷʚʠʣʘʩʴ ʥʠʟʴʢʦʶ ï 0,06, 0,24 ʪʘ 0,02 ʜʣʷ ʢʦʣʝʢʮʽʡ ʫʢʨʘʾʥʩʴʢʠʭ ʪʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʩʦʨʪʽʚ, ʘ ʪʘʢʦʞ ʚʠʙʽʨʢʠ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʛʽʙʨʠʜʽʚ, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ 

ʯʦʤʫ, ʚʠʙʽʨʢʘ ʢʦʣʝʢʮʽʷ ʩʦʨʪʽʚ CIMMYT ʙʫʣʘ ʙʽʣʴʰ ʨʽʟʥʦʤʘʥʽʪʥʦʶ ʟʘ ʮʠʤ ʣʦʢʫʩʦʤ 

ʥʘ ʧʨʦʪʠʚʘʛʫ ʜʦ ʢʦʣʝʢʮʽʾ ʫʢʨʘʾʥʩʴʢʠʭ ʩʦʨʪʽʚ. 
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ʈʠʩʫʥʦʢ 5.18 ï ɼ̔ ʘʛʨʘʤʠ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʨʦʟʧʦʜʽʣ ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʩʝʨʝʜ ʢʦʣʝʢʮʽʡ ʫʢʨʘʾʥʩʴʢʦʾ, CIMMYT, ʢʦʣʝʢʮʽʾ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʤʽʞʚʠʜʦʚʠʭ 

ʛʽʙʨʠʜʽʚ ʜʣʷ 7-ʠ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʨʢʝʨʥʠʭ ʩʠʩʪʝʤ ɼʅʂ ʜʦ EPF1-A1 (E1A1), EPF1-B1 

(E1B1 ʪʘ E1B2), EPF1-D1 (E1D1 ʪʘ E1D2), EPF2-A1 (E2A1) ʪʘ MUTE-D1 (MD1) 
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʰʠʨʝʥʦʩʪʽ SNP ʚ ʧʦʣʦʞʝʥʥʽ +652 ʛʝʥʘ MUTE-D1 ʙʫʣʦ ʜʝʱʦ 

ʧʨʦʪʠʣʝʞʥʠʤ ʜʣʷ ʚʠʙʽʨʦʢ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʩʦʨʪʽʚ ï 0,78 ʧʨʦʪʠ 0,33, 

ʚʽʜʧʦʚʽʜʥʦ. ɼʘʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ʟʫʩʪʨʽʯʘʚʩʷ ʫ ʚʠʙʽʨʮʽ ʟ ʥʠʟʴʢʦʶ ʯʘʩʪʦʪʦʶ (0,02) 

ʩʝʨʝʜ ʚʠʙʽʨʢʠ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʛʽʙʨʠʜʽʚ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5 

1. ɺʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ EPF1, EPF2 

ʪʘ MUTE ʛʝʥʽʚ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʷʢ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʬʦʨʤʫʚʘʥʥ ̔ʧʨʦʜʠʭʽʚ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ʛʝʥʦʤʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ EPF1, EPF2 ʪʘ 

MUTE ʛʝʥʽʚ ʰʝʩʪʠ ʢʦʥʪʨʘʩʪʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥ ʚ 

ʘʤʽʥʦʢʠʩʣʦʪʥʦʤʫ ʩʢʣʘʜʽ ʧʨʦʪʝʾʥʽʚ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ 

ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

2. ɺʠʚʯʝʥʥʷ ʧʘʪʝʨʥʽʚ ʝʢʩʧʨʝʩʽʾ EPF1, EPF2 ʪʘ MUTE ʛʝʥʽʚ ʫ ʰʝʩʪʠ ʩʦʨʪʘʭ 

ʧʰʝʥʠʮʽ ʧʦʢʘʟʘʣʦ ʾʭ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʫ ʝʢʩʧʨʝʩʽʶ ʣʠʰʝ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ 

ʣʠʩʪʢʘ. ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʬʽʣʽʚ ʝʢʩʧʨʝʩʽʾ EPF1 ʪʘ MUTE ʧʽʜʪʚʝʨʜʞʫʻ ʬʘʢʪ ʨʦʣʽ EPF1 

ʧʨʦʪʝʾʥʫ ʷʢ ʢʣʶʯʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ MUTE ʛʝʥʽʚ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʩʠʩʪʝʤ ʧʨʘʡʤʝʨʽʚ ʜʦ 

ʛʝʥʽʚ EPF1-A1 (E1A1), EPF1-B1 (E1B1 ʪʘ E1B2), EPF1-D1 (E1D1 ʪʘ E1D2), EPF2-

A1 (E2A1) ʪʘ MUTE-D1 (MD1), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʦʣʽʤʦʨʬʽʟʤ 

ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. 

4. ɸʧʨʦʙʦʚʘʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʩʧʝʮʠʬʽʯʥʠʭ 

ʩʠʩʪʝʤ ʧʨʘʡʤʝʨʽʚ ʥʘ ʚʠʙʽʨʮʽ ʢʦʣʝʢʮʽʡ ʚʽʪʯʠʟʥʷʥʠʭ, ʟʘʨʫʙʽʞʥʠʭ ʩʦʨʪʽʚ ʪʘ ʢʦʣʝʢʮʽʾ 

ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʤʽʞʚʠʜʦʚʠʭ ʛʽʙʨʠʜʽʚ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʯʘʩʪʦʪʠ ʟʫʩʪʨʽʯʘʥʥʷ 

ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ. 
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ʈʆɿɼɯʃ 6 ʈʆɿʈʆɹʂɸ ɹɯʆʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʉʇʆʉʆɹʋ ʆʎɯʅʂʀ 

ɿɸʇɸʉʅʀʍ ɹɯʃʂɯɺ ɿɽʈʅɸ ʇʐɽʅʀʎɯ 

 

6.1 ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʦʾ ʝʢʩʪʨʘʢʮʽʾ ʙʽʣʢʽʚ ʟ ʟʝʨʥʘ ʧʰʝʥʠʮʽ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʪʨʠ ʫʢʨʘʾʥʩʴʢʠʭ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʦʟʠʤʦʾ: 

ʉʦʪʥʠʮʷ, ʇʘʥʥʘ (ʦʙʠʜʚʘ ʩʫʯʘʩʥʦʾ ʩʝʣʝʢʮʽʾ) ʪʘ ʋʢʨʘʾʥʢʘ (ʽʩʪʦʨʠʯʥʠʡ ʩʦʨʪ), ʷʢʽ ʻ 

ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʘʙʦ ʻ ʩʪʘʨʠʤ ʩʦʨʪʦʤ, ʷʢʽ ʰʠʨʦʢʦ 

ʚʞʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʅʘ ʦʩʥʦʚʽ ʨʽʟʥʦʛʦ ʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʯʘʩʫ ʦʨʠʛʽʥʫʚʘʥʥʷ ʙʫʣʦ ʧʨʠʧʫʱʝʥʦ, ʱʦ ʚʦʥʠ ʥʘʢʦʧʠʯʫʶʪʴ ʨʽʟʥʫ 

ʢʽʣʴʢʽʩʪʴ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʪʨʘʢʮʽʾ ʙʽʣʢʽʚ ʟ 

ʟʝʨʥʘ ʧʰʝʥʠʮʽ, ʙʫʣʦ ʦʙʨʘʥʦ ʤʝʪʦʜʠʢʫ ʦʜʥʦʩʪʫʧʽʥʯʘʪʦʾ ʝʢʩʪʨʘʢʮʽʾ ʙʽʣʢʽʚ ʘʥ̔ʦʥʥʠʤ 

ʜʝʪʝʨʛʝʥʪʦʤ SDS, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ  ʨʽʟʥʽ ʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʣʘʩʠ ʙʽʣʢʽʚ.  

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʝʢʩʪʨʘʢʮʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʜʥʦʚʠʤʽʨʥʝ 

ʨʦʟʜʽʣʝʥʥʷ ʙʽʣʢʦʚʠʭ ʝʢʩʪʨʘʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʚ 

ʧʦʣʽʘʢʨʠʣʘʤʽʜʥʦʤʫ ʛʝʣʽ ʚ ʜʝʥʘʪʫʨʫʶʯʠʭ ʫʤʦʚʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʨʦʟʜʽʣʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʽ ʥʘ ʨʠʩ. 6.1 ʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʦʙʨʘʥʠʡ ʤʝʪʦʜʫ 

ʝʢʩʪʨʘʢʮʽʾ ʙʽʣʢʽʚ ʟ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʽʦʥʥʦʛʦ ʜʝʪʝʨʛʝʥʪʫ SDS 

ʜʦʟʚʦʣʷʻ ʚʠʣʫʯʠʪʠ ʨʽʟʥʽ ʟʘ ʨʦʟʯʠʥʥʽʩʪʶ ʢʣʘʩʠ ʙʽʣʢʽʚ. ʊʦʙʪʦ, ʩʧʦʩʪʝʨʽʛʘʣʠ ʪʠʧʦʚʽ 

ʧʘʪʝʨʥʠ ʜʣʷ ʪʘʢʠʭ ʛʨʫʧ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ: ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʛʣʶʪʝʥʽʥʠ (ɺʄɻ, 

ʙʣʠʟʴʢʦ 100-150 ʢɼʘ), ɤ- ʛʣʽʘʜʠʥʠ (50-100 ʢɼʘ),  ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʛʣʶʪʝʥʽʥʠ 

(ʅʄɻ) ʪʘ ɔ-ʛʣʽʘʜʠʥʠ (30-50 ʢɼʘ), Ŭ/ɓ-ʛʣʽʘʜʠʥʠ (25-30 ʢɼʘ), ʘʣʴʙʫʤʽʥʠ ʪʘ ʛʣʦʙʫʣʽʥʠ 

(10-15 ʢɼʘ). 
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ʈʠʩʫʥʦʢ 6.1 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʨʦʟʜʽʣʝʥʥʷ ʙʽʣʢʦʚʠʭ ʝʢʩʪʨʘʢʪʽʚ ʪʨʴʦʭ ʩʦʨʪʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʩʢʣʘʜ ʙʽʣʢʦʚʦʛʦ ʧʨʝʧʘʨʘʪʫ 

 

6.2. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʤʝʪʦʜʦʤ 2DE-LC/MS 

6.2.1 ɺʠʟʥʘʯʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʤʝʪʦʜʦʤ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʛʝʣʴ-ʝʣʝʢʪʨʦʬʦʨʝʟʫ 

ʇʨʝʧʘʨʘʪʠ ʙʽʣʢʦʚʠʭ ʝʢʩʪʨʘʢʪʽʚ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʨʦʟʜʽʣʷʣʠ 

ʩʧʦʯʘʪʢʫ ʟʘ ʽʟʦʝʣʝʢʪʨʠʯʥʦʶ ʪʦʯʢʦʶ (ʽʟʦʝʣʝʢʪʨʠʯʥʝ ʬʦʢʫʩʫʚʘʥʥʷ), ʘ ʧʦʪʽʤ ï ʟʘ 

ʤʘʩʦʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʣʠ ʜʚʦʚʠʤʽʨʥʝ ʨʦʟʜʽʣʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ʙʽʣʢʽʚ ʚ  

ʧʦʣʽʘʢʨʠʣʘʤʽʜʥʠʭ ʛʝʣ̫ʭ. ɿʘʜʦʢʫʤʝʥʪʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 6.2. 

ɺʠʷʚʣʝʥʽ ʧʣʷʤʠ ʤʘʣʠ ʽʥʪʝʨʚʘʣ pI 4,0-9,5 ʪʘ ʽʥʪʝʨʚʘʣ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ 11-

129 ʢɼʘ. ʎʝʡ ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʚʠʷʚʠʚ 810 ʙʽʣʢʦʚʠʭ ʧʣʷʤ ʩʝʨʝʜ ʜʚʦʭ ʩʫʯʘʩʥʠʭ ʪʘ 

ʦʜʥʦʛʦ ʽʩʪʦʨʠʯʥʦʛʦ ʛʝʥʦʪʠʧʫ. 
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ʈʠʩʫʥʦʢ 6.2 ï ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠ ʜʚʦʚʠʤʽʨʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʙʽʣʢʽʚ ʟʝʨʥʘ ʪʨʴʦʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ  

 

ɼʠʬʝʨʝʥʮʽʡʥʦ-ʥʘʢʦʧʠʯʝʥʽ ʙʽʣʢʠ ʙʫʣʠ ʦʙʨʘʥʽ ʥʘ ʦʩʥʦʚʽ p-ʟʥʘʯʝʥʥʷ ANOVA Ò 

0,01 ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Ó 2,5. ʂʨʽʤ ʪʦʛʦ, ʤʠ ʟʘʩʪʦʩʫʚʘʣʠ post-hoc ʪʝʩʪ ʥʘ ʩʧʨʘʚʞʥʶ 

ʽʩʪʦʪʥʫ ʨʽʟʥʠʮʶ Tukey, ʱʦʙ ʦʮʽʥʠʪʠ ʟʤʽʥʠ ʤʽʞ ʢʦʥʢʨʝʪʥʠʤʠ ʛʝʥʦʪʠʧʘʤʠ. ɾʦʨʩʪʢʠʡ 
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ʚʽʜʙʽʨ ʟʘ ʩʪʘʪʠʩʪʠʢʦʶ ʪʘ ʢʨʠʪʝʨʽʷʤʠ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʢʘʟʘʣʠ 66 

ʜʠʬʝʨʝʥʮʽʡʥʦ ʥʘʢʦʧʠʯʝʥʠʭ ʛʝʣʝʚʠʭ ʧʣʷʤ, ʧʦʤʽʯʝʥʠʭ ʥʘ ʝʪʘʣʦʥʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ 

(ʨʠʩ. 6.3). 

 

 

ʈʠʩʫʥʦʢ 6.3 ï ɸʥʦʪʦʚʘʥʠʡ ʛʝʣʴ ʟ 66 ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʤʠ ʙʽʣʢʦʚʠʤʠ 

ʧʣʷʤʘʤʠ, ʚʽʜʤʽʯʝʥʠʤʠ ʥʘ ʜʦʚʽʜʢʦʚʦʤʫ ʨʦʟʜʽʣʝʥʦʤʫ ʙʽʣʢʦʚʦʤʫ ʛʝʣʽ ʩʦʨʪʫ ʇʘʥʥʘ. 

 

ʋ ʪʘʙʣʠʮʽ ɻ.1 ʚʽʜʦʙʨʘʞʝʥʠʡ ʩʧʠʩʦʢ ʚʩʽʭ 810 ʛʝʣʝʚʠʭ ʧʣʷʤ, ʧʦʢʘʟʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ, ʽʟʦʝʣʝʢʪʨʠʯʥʘ ʪʦʯʢʘ, ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʽ ʪʝʩʪʠ. ʅʘʚʦʜʷʪʴʩʷ ʜʝʪʘʣʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʙʽʣʢʽʚ (NA - ʥʝʤʘʻ ʚ 

ʥʘʷʚʥʦʩʪʽ). ʅʦʤʝʨʠ ʧʣʷʤ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʪʝʨʽʷʤ ANOVA, ʚʠʜʽʣʝʥʽ 
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ʧʦʤʘʨʘʥʯʝʚʠʤ ʢʦʣʴʦʨʦʤ. ɿʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ post-hoc 

ʢʨʠʪʝʨʽʾ, ʚʠʜʽʣʝʥʽ ʟʝʣʝʥʠʤ. ʅʝʧʽʜʢʦʥʪʨʦʣʴʥʘ ʩʪʘʪʠʩʪʠʢʘ ï ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ï ʧʽʜʪʚʝʨʜʠʣʘ ʛʨʫʧʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦ ʥʘʢʦʧʠʯʝʥʠʭ ʛʝʣʝʚʠʭ ʧʣʷʤ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʝʥʦʪʠʧʫ (ʨʠʩ. 6.4 ɸ). ɹʽʣʴʰʝ ʪʦʛʦ, ʙʫʣʦ ʚʠʩʣʦʚʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʩʦʨʪ ʉʦʪʥʠʮʷ ʚʽʜʜʘʣʝʥʠʡ ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ.  

 

 

ʈʠʩʫʥʦʢ 6.4 ï ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ 

ʙʽʣʢʽʚ ʧʦʢʘʟʘʚ ʚʽʜʤʽʥʥʫ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʨʝʧʣʽʢ ʜʣʷ ʦʙʦʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʧʽʜʭʦʜʽʚ, ʽ ʧʨʠʧʫʩʪʠʚ, ʱʦ ʩʦʨʪ ʉʦʪʥʠʮʷ ʻ  ʚʽʜʤʽʥʥʠʤ: A ï ʜʣʷ 66 ʛʝʣʝʚʠʭ ʧʣʷʤ ʟʘ 

2DE-LC/MS; ɹ ï ʜʣʷ 12 ʙʽʣʢʽʚ, ʚʠʷʚʣʝʥʠʭ ʧʨʠ ʢʽʣʴʢʽʩʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ GF-LC/MS. 

 

6.2.2 ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʟ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʻʶ  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʽʣʢʠ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʟ ʛʝʣʝʚʠʭ ʧʣʷʤ, ʩʧʦʯʘʪʢʫ, 

ʟʘʩʪʦʩʫʚʘʣʠ ʨʦʟɦʝʧʣʝʥʥʷ ʭʽʤʦʪʨʠʧʩʠʥʦʤ, ʨʦʟʧʽʟʥʘʚʰʠ 38 ʛʝʣʝʚʠʭ ʧʣʷʤ ï 57,6% 

ʽʜʝʥʪʠʬʽʢʘʮʽʡ. ʈʝʰʪʫ ʥʝʚʽʜʦʤʠʭ ʧʣʷʤ ʦʙʨʦʙʣʷʣʠ ʪʨʠʧʩʠʥʦʤ ʪʘ ʪʝʨʤʦʣʽʟʠʥʦʤ, ʱʦ 



155 

 

ʜʦʜʘʣʦ ʜʦ ʩʧʠʩʢʫ ʱʝ 11 ʙʽʣʢʽʚ (16,6% ʽʜʝʥʪʠʬʽʢʘʮʽʡ). ʆʪʞʝ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 49 

ʛʝʣʝʚʠʭ ʧʣʷʤ ʟ 66 ï 74,2% ʽʜʝʥʪʠʬʽʢʘʮʽʡ (ʪʘʙʣ. ɻ.2). ʆʩʥʦʚʥʽ ʛʣʶʪʝʥʦʚʽ ʪʘ 

ʥʝʛʣʶʪʝʥʦʚʽ ʬʨʘʢʮʽʾ ʙʫʣʠ ʜʦʙʨʝ ʧʨʝʜʩʪʘʚʣʝʥʽ: 8 ʛʣʶʪʝʥʽʥʽʚ, 18 ʛʣʽʘʜʠʥʽʚ ʪʘ 23 

ʤʝʪʘʙʦʣʽʯʥʽ ʙʽʣʢʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʯʝʨʧʥʽ ʙʘʟʠ ʜʘʥʠʭ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 22 ʙʽʣʢʦʚʽ ʧʣʷʤʠ ʷʢ 

ʘʣʝʨʛʝʥʥʽ ʘʙʦ ʪʦʢʩʠʯʥʽ. ɺʘʞʣʠʚʦ, ʱʦ ʚʩʽ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʥʘʢʦʧʠʯʝʥʽ ʛʣʶʪʝʥʽʥʦʚʽ 

ʩʫʙʦʜʠʥʠʮʽ ʚʠʢʣʠʢʘʶʪʴ ʨʦʟʣʘʜʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʥʘʣʝʞʠʪʴ ʭʘʨʯʦʚʠʡ ʘʣʝʨʛʝʥ Tri a 

26 [204]. ɻʣʶʪʝʥʽʥ HMW-PW212 (ʧʣʷʤʘ 390) ʙʫʚ ʫ 10 ʨʘʟʽʚ ʙʽʣʴʰʝ ʫ ʉʦʪʥʠʮʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʋʢʨʘʾʥʢʦʶ ʪʘ ʇʘʥʥʦʶ. ɻʣʶʪʝʥʽʥ HMW-12 (HMW-GS DY) ʙʫʚ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʡ ʫ ʜʚʦʭ ʛʝʣʝʚʠʭ ʧʣʷʤʘʭ 1066 ʪʘ 4114. ʇʝʨʰʘ, ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘ 

ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʉʦʪʥʠʮʽ ʧʦʨʽʚʥʷʥʦ ʟ ʋʢʨʘʾʥʢʦʶ, ʦʩʪʘʥʥʽʡ ʜʝʤʦʥʩʪʨʫʚʘʚ ʙʽʣʴʰ 

ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʚ ʋʢʨʘʾʥʮʽ ʧʨʦʪʠ ʇʘʥʥʠ. ʇʨʠʤʽʪʥʦ, ʱʦ ʮʽ ʧʣʷʤʠ ʤʘʣʠ ʜʫʞʝ ʯʽʪʢʫ 

ʽʟʦʝʣʝʢʪʨʠʯʥʫ ʪʦʯʢʫ (ʨʠʩ. 6.3). ɹʫʣʦ ʚʠʷʚʣʝʥʦ ʛʣʶʪʝʥʽʥ HMW-DX5 (Glu-1D-1D) ʫ 

ʯʦʪʠʨʴʦʭ ʛʝʣʝʚʠʭ ʧʣʷʤʘʭ: i) 4045 ʪʘ 4332, ʥʘʢʦʧʠʯʝʥʽ ʚ ʇʘʥʥʽ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʉʦʪʥʠʮʝʶ, ii) 4345 ʙʫʣʦ ʙʽʣʴʰʝ ʚ ʋʢʨʘʾʥʮʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʉʦʪʥʠʮʝʶ, ʽ iii) 4351 

ʧʦʢʘʟʘʣʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʚ ʇʘʥʥʽ ʪʘ ʋʢʨʘʾʥʮʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʉʦʪʥʠʮʽ (ʪʘʙʣ. ɺ2). 

ɼʨʫʛʘ ʛʨʫʧʘ, ʱʦ ʚʢʣʶʯʘʻ ʭʘʨʯʦʚʠʡ ʘʣʝʨʛʝʥ Tri a 36, ʚʢʣʶʯʘʣʘ ʣʠʰʝ ʛʣʶʪʝʥʽʥ LMW-

B2 (Glu-B3-2) ʚ ʻʜʠʥʽʡ ʛʝʣʝʚʽʡ ʧʣʷʤʽ 4126, ʷʢʘ ʙʫʣʘ ʙʽʣʴʰ ʨʷʩʥʦʶ ʜʣʷ ʇʘʥʥʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʋʢʨʘʾʥʢʦʶ. ʎʝʡ ʙʽʣʦʢ ʧʦʢʘʟʘʚ ʚʽʜʤʽʥʥʫ ʪʝʥʜʝʥʮʽʶ ʫ ʢʽʣʴʢʽʩʥʽʡ ʦʮʽʥʮʽ 

ʥʘ ʦʩʥʦʚʽ LC-MS. 

ɿʥʘʯʥʘ ʙʽʣʴʰʽʩʪʴ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʥʘʢʦʧʠʯʝʥʠʭ ʤʝʜʠʯʥʦ ʟʥʘʯʫʱʠʭ ʛʣʽʘʜʠʥʽʚ 

ʥʘʣʝʞʘʪʴ ʜʦ ʭʘʨʯʦʚʦʛʦ ʘʣʝʨʛʝʥʘ ʢʣʘʩʫ Tri a 20. ʎʷ ʛʨʫʧʘ ʦʙ'ʻʜʥʫʻ ɔ-ʛʣʽʘʜʠʥʠ, ʱʦ 

ʩʧʨʠʯʠʥʷʶʪʴ ʟʘʣʝʞʥʫ ʚʽʜ ʧʰʝʥʠʮʽ ʘʥʘʬʽʣʘʢʩʽʶ ʚʥʘʩʣʽʜʦʢ ʬʽʟʠʯʥʠʭ ʚʧʨʘʚ [205]. ʄʠ 

ʚʠʷʚʠʣʠ ʯʦʪʠʨʠ ʨʽʟʥʠʭ ɔ-ʛʣʽʘʜʠʥʽʚ ʢʦʞʝʥ ʫ ʢʽʣʴʢʦʭ ʛʝʣʝʚʠʭ ʧʣʷʤʘʭ. ɔ-ʛʣʽʘʜʠʥ 

P21292 ʙʫʚ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʫ ʇʘʥʥʽ ʚʽʜʥʦʩʥʦ ʉʦʪʥʠʮʽ ʪʘ ʋʢʨʘʾʥʮʽ ʫ 4179 ʪʘ ʧʦʥʘʜ 

5 ʨʘʟʽʚ ʫ 1803. ɔ-ʛʣʽʘʜʠʥ D4 (Gli1) ʙʫʚ ʫ ʉʦʪʥʠʮʽ ʙʽʣʴʰ ʝʢʩʧʨʝʩʦʚʘʥʠʤ ʧʦʨʽʚʥʷʥʦ ʟ 

ʽʥʰʠʤʠ ʛʝʥʦʪʠʧʘʤʠ (2161) ʘʙʦ ʣʠʰʝ ʟ ʋʢʨʘʾʥʢʦʶ (2078). ɔ-ʛʣʽʘʜʠʥ D3 (Gli1) ʟ 1896 

ʥʘʢʦʧʠʯʫʚʘʚʩʷ ʚ ʉʦʪʥʠʮʽ ʚʽʜʥʦʩʥʦ ʋʢʨʘʾʥʢʠ, ʘ ʟ 1961 ʙʫʚ ʙʽʣʴʰ ʙʘʛʘʪʠʤ ʫ 
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ʽʩʪʦʨʠʯʥʦʤʫ ʩʦʨʪʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʫʯʘʩʥʠʤʠ ʩʦʨʪʘʤʠ ʭʣʽʙʥʦʾ ʧʰʝʥʠʮʽ. ʇʝʨʰʘ, 

ʡʤʦʚʽʨʥʦ, ʥʝʟʥʘʯʥʘ ʧʦʩʪʪʨʘʥʩʣʷʮʽʡʥʘ ʤʦʜʠʬʽʢʘʮʽʷ (ʇʊʄ) ʟʽ ʟʤʽʱʝʥʦʶ 

ʽʟʦʝʣʝʢʪʨʠʯʥʦʶ ʪʦʯʢʦʶ ʦʩʪʘʥʥʴʦʾ, ʱʦ ʥʘ ʧʦʨʷʜʦʢ ʙʽʣʴʰʝ ʚ ʫʩʽʭ ʟʨʘʟʢʘʭ. ʄʠ 

ʚʠʷʚʠʣʠ ɔ-ʛʣʽʘʜʠʥ ɸ1 (Gli1) ʫ ʪʨʴʦʭ ʛʝʣʝʚʠʭ ʧʣʷʤʘʭ 1649, 1656 ʪʘ 4220, ʥʘʢʦʧʠʯʝʥʠʭ 

ʙʽʣʴʰʝ ʥʽʞ ʫ ʧôʷʪʴ ʨʘʟʽʚ ʚ ʋʢʨʘʾʥʮʽ ʧʦʨʽʚʥʷʥʦ ʟ ʇʘʥʥʦʶ ʪʘ ʉʦʪʥʠʮʝʶ (ʪʘʙʣ. ɺ2). 

Ŭ/ɓ-ʛʣʽʘʜʠʥ AII ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʦʙʦʭ ʩʫʯʘʩʥʠʭ ʩʦʨʪʘʭ ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʪʦʨʠʯʥʠʤ 

ʩʦʨʪʦʤ (ʧʣʷʤʘ 1669) ʘʙʦ ʣʠʰʝ ʚ ʉʦʪʥʠʮʽ ʧʨʦʪʠ ʋʢʨʘʾʥʢʠ (ʧʣʷʤʘ 4403). ɺʽʥ ʥʝ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʙʫʜ-ɹʷʢʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʚ Allergome. ʑʝ ʦʜʠʥ Ŭ/ɓ-ʛʣʽʘʜʠʥ I0IT62 

ʙʝʟ ʮʽʻʾ ʘʥʦʪʘʮʽʾ (ʧʣʷʤʘ 3866) ʙʽʣʴʰʝ ʥʽʞ ʫ 5 ʨʘʟʽʚ ʥʘʢʦʧʠʯʠʚʩʷ ʚ ʋʢʨʘʾʥʮʽ ʧʦʨʽʚʥʷʥʦ 

ʟ ʇʘʥʥʦʶ ʪʘ ʉʦʪʥʠʮʝʶ. ɻʣʽʘʜʠʥʠ, ʚʠʷʚʣʝʥʽ ʚ ʤʝʥʰʽʡ ʯʘʩʪʠʥʽ ʜʠʬʝʨʝʥʮʽʡʥʦ-

ʥʘʢʦʧʠʯʝʥʠʭ ʛʝʣʝʚʠʭ ʧʣʷʤ, ʥʝ ʤʘʶʪʴ ʘʩʦʮʽʘʮʽʾ ʟ ʞʦʜʥʠʤ ʨʦʟʣʘʜʦʤ ʣʶʜʠʥʠ. ɹʽʣʦʢ, 

ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʪʝʨʫ UniRef, ʜʦ ʷʢʦʛʦ ʚʭʦʜʷʪʴ ʘʚʝʥʽʥʦʧʦʜʽʙʥʽ ʙʽʣʢʠ, ʚʽʜʨʽʟʥʷʚʩʷ 

ʨʽʟʥʠʤʠ ʛʝʣʝʚʠʤʠ ʧʣʷʤʘʤʠ 2645, 2689, 4169, 4481 ʪʘ 4482. ɹʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ 

ʥʘʢʦʧʠʯʠʣʘʩʷ ʚ ʇʘʥʥʽ ʪʘ ʋʢʨʘʾʥʮʽ ʧʦʨʽʚʥʷʥʦ ʟ ʉʦʪʥʠʮʝʶ, ʟʦʢʨʝʤʘ, 2689 ʙʽʣʴʰʝ, ʥʽʞ 

ʫ 5 ʨʘʟʽʚ. ʋʩʽ ʮʽ ʧʣʷʤʠ ʤʘʣʠ ʦʜʥʘʢʦʚʫ ʟʦʥʫ ʥʘ ʛʝʣʽ, ʘʣʝ ʦʜʥʫ 4169, ʤʘʶʯʠ ʜʝʱʦ 

ʥʠʞʯʠʡ pI ʪʘ ʧʨʦʪʠʣʝʞʥʝ ʥʘʢʦʧʠʯʝʥʥʷ (ʨʠʩ. 6.3). ɹʽʣʦʢ, ʧʦʜʽʙʥʠʡ ʜʦ ŭ-ʛʣʽʘʜʠʥʫ D1 

(ʧʣʷʤʘ 4491), ʫ 5 ʨʘʟʽʚ ʙʽʣʴʰʝ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʽʩʪʦʨʠʯʥʦʤʫ ʩʦʨʪʽ ʚʽʜʥʦʩʥʦ ʩʫʯʘʩʥʠʭ 

ʩʦʨʪʽʚ. 

ʋ ʙʽʣʢʦʚʽʡ ʬʨʘʢʮʽʾ ʟʝʨʥʘ, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʛʣʶʪʝʥʫ, ʤʠ ʚʠʷʚʠʣʠ ʽʥʛʽʙʽʪʦʨ 

ʪʨʠʧʩʠʥʫ/Ŭ-ʘʤʽʣʘʟʠ CMX2, ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʜʦ ʛʨʫʧʠ Tri a CMX, ʽ ʧʝʨʝʚʘʞʥʦ 

ʚʠʢʣʠʢʘʻ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʛʣʶʪʝʥʫ, ʱʦ ʥʝ ʥʘʣʝʞʠʪʴ ʜʦ ʮʝʣʽʘʢʽʾ [206]. ʎʝʡ ʙʽʣʦʢ ʽʟ 

ʧʣʷʤʠ 3607 ʥʘʢʦʧʠʯʠʚʩʷ ʫ ʇʘʥʥʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʉʦʪʥʠʮʝʶ ʪʘ ʋʢʨʘʾʥʢʦʶ. ʉʝʨʧʽʥ-Z1A 

(WZCI) ʟ ʧʣʷʤʠ 1581 ʙʽʣʴʰ ʝʢʩʧʨʝʩʦʚʘʥʠʤ ʫ ʋʢʨʘʾʥʮʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʉʦʪʥʠʮʝʶ. ɺʽʥ 

ʥʘʣʝʞʠʪʴ ʜʦ ʛʨʫʧʠ Tri a 33 ʽ ʚʠʢʣʠʢʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʝʥʩʠʙʽʣʽʟʘʮʽʾ [207]. 

ʅʘʡʙʽʣʴʰʫ ʯʘʩʪʢʫ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʛʝʣʝʚʠʭ ʧʣʷʤ ʩʪʘʥʦʚʠʣʠ 

ʤʝʪʘʙʦʣʽʯʥʽ ʙʽʣʢʠ, ʷʢʽ ʥʝ ʻ ʥʽ ʘʣʝʨʛʝʥʘʤʠ, ʥʽ ʪʦʢʩʠʥʘʤʠ. ʄʠ ʚʠʟʥʘʯʠʣʠ ʢʽʣʴʢʘ 

ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʷʢ ʛʣʦʙʫʣʽʥ-3ɸ (Glo-3A), ʥʘʢʦʧʠʯʝʥʠʡ ʫ ʉʦʪʥʠʮʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʇʘʥʥʦʶ (ʧʣʷʤʘ 4155), ʘʙʦ ʥʘʚʧʘʢʠ (ʧʣʷʤʘ 1051), ʱʦ ʧʦʢʘʟʘʣʦ ʜʫʞʝ ʯʽʪʢʠʡ ʧʦʢʘʟʥʠʢ 



157 

 

pI. ɹʽʣʦʢ, ʩʭʦʞʠʡ ʥʘ ʘʣʝʣʴ ʛʣʦʙʫʣʽʥʫ-1 S (ʧʣʷʤʘ 4055), ʙʽʣʴʰʝ ʥʽʞ ʫ 5 ʨʘʟʽʚ 

ʥʘʢʦʧʠʯʠʚʩʷ ʚ ʉʦʪʥʠʮʽ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʛʝʥʦʪʠʧʘʤʠ. ɹʽʣʦʢ, ʩʭʦʞʠʡ ʥʘ ʛʣʦʙʫʣʽʥ 

3 (ʧʣʷʤʘ 4272), ʙʫʚ ʙʽʣʴʰʝ ʚ ʋʢʨʘʾʥʮʽ ʧʦʨʽʚʥʷʥʦ ʟ ʇʘʥʥʦʶ. ɼʦʤʝʥ ʙʽʣʢʘ ʢʫʧʽʥʫ ʫ 

ʧʣʷʤʽ 2719 (ʪʘʢʦʞ ʚʠʷʚʣʝʥʠʡ ʫ ʜʦʜʘʪʢʦʚʦʤʫ LC-MS ʘʥʘʣʽʟʽ), ʥʘʢʦʧʠʯʫʚʘʚʩʷ ʙʽʣʴʰʝ 

ʫ ʇʘʥʥʽ ʪʘ ʋʢʨʘʾʥʮʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʉʦʪʥʠʮʝʶ ʉʝʨʝʜ ʙʽʣʢʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʧʝʨʚʠʥʥʦʤʫ ʤʝʪʘʙʦʣʽʟʤʽ, ʙʫʚ ʙʽʣʦʢ ʧʦʜʽʙʥʠʡ ʜʦ ɓ-ʘʤʽʣʘʟʠ (ʧʣʷʤʠ 1082 ʪʘ 1084), 

ʷʢʠʡ ʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʚʩʷ ʫ ʇʘʥʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʉʦʪʥʠʮʝʶ ʪʘ ʫ ʉʦʪʥʠʮʽ ʧʨʦʪʠ 

ʋʢʨʘʾʥʢʠ ʚʽʜʧʦʚʽʜʥʦ. ʇʝʨʰʠʡ, ʟʜʘʻʪʴʩʷ, ʻ ʥʝʟʥʘʯʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʦʩʪʘʥʥʴʦʛʦ. 

ʉʫʙʦʜʠʥʠʮʷ ɓ ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʦʛʦ ʛʣʽʢʦʣʽʪʠʯʥʦʛʦ ʬʝʨʤʝʥʪʫ ʧʽʨʦʬʦʩʬʘʪ-ʬʨʫʢʪʦʟʘ 

6-ʬʦʩʬʘʪʥʘ 1-ʬʦʩʬʦʪʨʘʥʩʬʝʨʘʟʠ (PFP-ɓ) ʟ ʧʣʷʤʠ 969, ʥʘʢʦʧʠʯʝʥʠʡ ʚ ʋʢʨʘʾʥʮʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʉʦʪʥʠʮʝʶ. ʌʝʨʤʝʥʪ, ʱʦ ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʙʽʦʩʠʥʪʝʟʽ ʩʘʭʘʨʠʜʽʚ (ʧʣʷʤʘ 

1169), ʙʫʚ ʙʽʣʴʰ ʨʷʩʥʠʤ ʜʣʷ ʋʢʨʘʾʥʢʠ ʧʨʦʪʠ ʇʘʥʥʠ. ɸʣʘʥʽʥ-ʪʈʅʂ-ʣʽʛʘʟʘ (ʧʣʷʤʘ 

3358) ʥʘʢʦʧʠʯʠʣʘʩʷ ʚ ʉʦʪʥʠʮʽ ʧʨʦʪʠ ʇʘʥʥʠ. ʄʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ ʫ ʧʣʷʤʽ 4404 

ʧʦʢʘʟʘʣʘ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʫ ʉʦʪʥʠʮʽ ʧʦʨʽʚʥʷʥʦ ʟ ʋʢʨʘʾʥʢʦʶ. ʂʨʽʤ ʪʦʛʦ, ʤʠ ʚʠʷʚʠʣʠ 

ʢʽʣʴʢʘ ʙʽʣʢʽʚ ʩʪʨʝʩʫ, ʪʘʢʠʭ ʷʢ ʜʝʛʽʜʨʠʥ (ʧʣʷʤʘ 1025) ʘʙʦ ʧʦʜʽʙʥʠʡ ʜʦ 

ʜʝʛʽʜʨʦʘʩʢʦʨʙʘʪ-ʨʝʜʫʢʪʘʟʠ (DHAR) ʫ ʧʣʷʤʽ 2335, ʱʦ ʙʽʣʴʰʝ ʥʽʞ ʫ 5 ʨʘʟʽʚ 

ʥʘʢʦʧʠʯʠʣʦʩʷ ʚ ʽʩʪʦʨʠʯʥʦʤʫ ʩʦʨʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʩʫʯʘʩʥʠʤʠ ʛʝʥʦʪʠʧʘʤʠ ʘʙʦ 

ʚʽʜʧʦʚʽʜʥʦ ʚ ʉʦʪʥʠʮʽ ʧʨʦʪʠ ʇʘʥʥʠ ʪʘ ʋʢʨʘʾʥʢʠ. ɹʽʣʦʢ ʧʦʜʽʙʥʠʡ ʜʦ ʩʝʨʧʽʥʫ-N3.2 

(ʧʣʷʤʘ 2386) ʚ ʉʦʪʥʠʮʽ ʙʫʚ ʙʽʣʴʰ ʨʷʩʥʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʋʢʨʘʾʥʢʦʶ. ʆʩʪʘʥʥʽ ʩʽʤ ʧʣʷʤ, 

ʷʢʽ ʚʘʨʽʶʚʘʣʠ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʝʥʦʪʠʧʘʭ ʭʣʽʙʥʦʾ ʧʰʝʥʠʮʽ, ʥʝ ʟʘʟʥʘʯʘʶʪʴʩʷ. 

 

6.3 ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʧʨʦʪʝʦʤʫ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʩʠʛʥʘʣʫ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ  

ʑʦʙ ʜʦʧʦʚʥʠʪʠ ʜʘʥʽ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ 2DE-LC/MS, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʩʝʙʽʯʥʝ ʧʨʦʬʽʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ GF-LC/MS, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʥʮʠʧ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʾ ʧʣʦʱʽ ʧʽʢʽʚ. ɯʦʥʥʘ ʨʫʭʣʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʱʝ ʦʜʠʥ ʚʠʤʽʨ ʨʦʟʜʽʣʝʥʥʷ, ʜʦʧʦʚʥʶʶʯʠ ʭʨʦʤʘʪʦʛʨʘʬʽʶ ʟʚʦʨʦʪʥʦʾ ʬʘʟʠ.  
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ʗʢ ʨʝʟʫʣʴʪʘʪ, ʢʽʣʴʢʽʩʥʦ ʚʽʜʪʚʦʨʠʣʠʩʴ 127 ʙʽʣʢʽʚ ʩʝʨʝʜ ʟʨʘʟʢʽʚ. ɿʥʘʯʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʩʪʘʥʜʘʨʪʥʠʭ ʚʽʜʭʠʣʝʥʴ ʪʨʴʦʭ 

ʙʽʦʣʦʛʽʯʥʠʭ ʧʦʚʪʦʨʽʚ ʨʘʟʦʤ ʽʟ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʤʠ ʪʘ ʘʥʦʪʘʮʽʡʥʠʤʠ ʜʝʪʘʣʷʤʠ ʫ 

ʪʘʙʣʠʮʽ ɻ.3. ʇʦʢʘʟʘʥʽ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʽ ʜʘʥʽ, ʢʽʣʴʢʽʩʥʽ ʟʘʭʦʜʠ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ. ɺʠʧʘʜʢʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʪʝʨʽʷʤ ANOVA, ʚʠʜʽʣʝʥʽ ʧʦʤʘʨʘʥʯʝʚʠʤ 

ʢʦʣʴʦʨʦʤ. ɿʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ post-hoc ʢʨʠʪʝʨʽʾ, ʚʠʜʽʣʝʥʽ 

ʟʝʣʝʥʠʤ. ʂʨʠʪʝʨʽʾ ʚʽʜʙʦʨʫ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʙʫʣʠ ʪʘʢʠʤʠ ʞ, ʷʢ ʽ 

ʧʨʠ ʘʥʘʣʽʟʽ ʥʘ ʦʩʥʦʚʽ ʛʝʣʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʫ ʨʦʟʤʽʨʫ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʫʱʦʩʪʽ 

ʜʣʷ ʢʦʥʩʠʩʪʝʥʮʽʾ. ʊʠʤ ʩʘʤʠʤ 12 ʙʽʣʢʽʚ ʟʘʜʦʚʦʣʴʥʷʣʠ ʮʠʤ ʧʘʨʘʤʝʪʨʘʤ (ʪʘʙʣ. 6.1). 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʢʘʟʘʚ ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʟʨʘʟʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʛʝʥʦʪʠʧʫ ʪʘ ʪʽʩʥʽʰʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʩʦʨʪʘʤʠ ʇʘʥʥʘ ʪʘ ʋʢʨʘʾʥʢʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 2DE-

LC/MS ʘʥʘʣʽʟʫ (ʨʠʩ. 6.4ɹ). ʇʽʜʭʽʜ GF-LC/MS ʜʦʟʚʦʣʠʚ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʱʝ 10 

ʫʥʽʢʘʣʴʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʽʜʝʥʪʠʬʽʢʘʮʽʡ ʙʽʣʢʽʚ. ʊʠʤ ʩʘʤʠʤ 

ʜʦʧʦʚʥʠʚʰʠ ʧʽʜʭʽʜ 2DE-LC/MS ʥʘ 20,4%. ʆʩʥʦʚʥʠʤʠ ʬʨʘʢʮʽʷʤʠ ʙʫʣʠ ʰʽʩʪʴ 

ʛʣʶʪʝʥʽʥʽʚ, ʜʚʘ ʛʣʽʘʜʠʥʠ ʪʘ ʯʦʪʠʨʠ ʤʝʪʘʙʦʣʽʯʥʽ ʙʽʣʢʠ. 

ʗʢ ʚʽʜʦʤʦ, ʩʽʤ ʚʠʷʚʣʝʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʥʘʢʦʧʠʯʫʚʘʥʠʭ ʙʽʣʢʽʚ ʤʽʩʪʷʪʴ 

ʘʣʝʨʛʝʥʥʽ/ʪʦʢʩʠʯʥʽ ʝʧʽʪʦʧʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʞʝʨʝʣ ʙʘʟʠ ʜʘʥʠʭ. ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 2DE-LC/MS, ʚʩʽ ʮʽ ʩʫʙʦʜʠʥʠʮʽ ʛʣʶʪʝʥʽʥʽʚ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ 

ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ɺʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ ʛʨʫʧʠ Tri a 36 ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ Allergome. 

ɻʣʶʪʝʥʽʥ LMW-A2 (Glu-A3-11) ʙʫʚ ʙʽʣʴʰʝ ʥʽʞ ʫ 5 ʨʘʟʽʚ ʚ ʋʢʨʘʾʥʮʽ ʪʘ ʇʘʥʥʽ 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʉʦʪʥʠʮʝʶ. ɻʣʶʪʝʥʽʥ LMW-D1 (Glu-D3-3) ʪʘ ʛʣʶʪʝʥʽʥ LMW-1D1 (Glu-

D3-2) ʧʦʢʘʟʘʣʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʚ ʋʢʨʘʾʥʮʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʉʦʪʥʠʮʝʶ. ʉʫʙʦʜʠʥʠʮʷ 

ʛʣʶʪʝʥʽʥʫ LMW (Glu-A3-16) ʪʘ ʩʫʙʦʜʠʥʠʮʷ ʛʣʶʪʝʥʽʥʫ LMW (Glu-B3-1) ʙʫʣʠ ʙʽʣʴʰ 

ʝʢʩʧʨʝʩʦʚʘʥʠʤʠ ʚ ʟʝʨʥʽ ʩʦʨʪʽʚ ʇʘʥʥʘ ʪʘ ʋʢʨʘʾʥʢʘ ʧʦʨʽʚʥʷʥʦ ʟ ʉʦʪʥʠʮʝʶ.  
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ʊʘʙʣʠʮʷ 6.1 ï ɼʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʽ ʧʨʦʪʝʾʥʠ ʩʝʨʝʜ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

ʚʠʷʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ GF-LC/MS. ɺʠʜʽʣʝʥʽ ʞʠʨʥʠʤ ʟʥʘʯʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʦʨʽʚʥʷʥʥʽ. ʇʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʨʦʧʦʨʮʽʾ ï ʧʨʦʪʝʾʥ ʻ 

ʙʽʣʴʰ ʝʢʩʧʨʝʩʦʚʘʥʠʤ, ʥʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ï ʧʨʦʪʝʾʥʦʤ ʻ ʤʝʥʰ ʝʢʩʧʨʝʩʦʚʘʥʠʤ 

UniProt 

accession 

ʅʘʟʚʘ ʙʽʣʢʫ 

(ʛʝʥʝʪʠʯʥʠʡ ʣʦʢʫʩ) 
ʌʫʥʢʮʽʷ 

ɸʣʝʨʛʝʥ

/ʊʦʢʩʠʥ 
ɻʨʫʧʘ 

ʇʘʥʥʘ/ 

ʉʦʪʥʠʮʷ 

ʇʘʥʥʘ/ 

ʋʢʨʘʾʥʢʘ 

ʉʦʪʥʠʮʷ / 

ʋʢʨʘʾʥʢʘ 

Q6SPZ3 LMW-A2 ʛʣʶʪʝʥʽʥ 

(Glu-A3-11) 

ɿʘʧʘʩʘʥʥʷ 

ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ 

ã ɻʣʶʪʝʥʽʥ 6,39 1,25 7,99 

Q00M56 LMW-D1 ʛʣʶʪʝʥʽʥ 

(Glu-D3-3) 

ɿʘʧʘʩʘʥʥʷ 

ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ 

ã ɻʣʶʪʝʥʽʥ 2,31 1,39 3,21 

P10386 LMW-1D1 ʛʣʶʪʝʥʽʥ 

(Glu-D3-2) 

ɿʘʧʘʩʘʥʥʷ 

ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ 

ã ɻʣʶʪʝʥʽʥ 1,45 1,92 2,78 

D2DII3 ʉʫʙʦʜʠʥʠʮʷ LMW 

ʛʣʶʪʝʥʽʥʫ (Glu-A3-

16) 

ɿʘʧʘʩʘʥʥʷ 

ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ 

ã ɻʣʶʪʝʥʽʥ 4,52 1,30 5,88 

B2Y2Q6 LMW-B2 ʛʣʶʪʝʥʽʥ 

(Glu-B3-2) 

ɿʘʧʘʩʘʥʥʷ 

ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ 

ã ɻʣʶʪʝʥʽʥ 11,01 1,07 10,24 

B2Y2Q1 ʉʫʙʦʜʠʥʠʮʷ LMW 

ʛʣʶʪʝʥʽʥ (Glu-B3-1) 

ɿʘʧʘʩʘʥʥʷ 

ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ 

ã ɻʣʶʪʝʥʽʥ 3,06 1,07 2,86 

A0A1D5S346 ʇʦʜʽʙʥʠʡ ʜʦ ɔ-

ʛʣʽʘʜʠʥʫ, ʚʠʜʘʣʝʥʠʡ 

ɿʘʧʘʩʘʥʥʷ 

ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ 

ã ɻʣʽʘʜʠʥ 1,48 1,81 2,68 

P0CZ10 ʇʦʜʽʙʥʠʡ ʜʦ ʘʚʝʥʽʥʫ 

a6 

ɿʘʧʘʩʘʥʥʷ 

ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ 

 ɻʣʽʘʜʠʥ 3,06 3,38 1,11 

A0A3B6K9J4 ɹʽʣʦʢ ʩʽʤʝʡʩʪʚʘ 

ʪʘʫʤʘʪʠʥʫ  

ɺʽʜʧʦʚʽʜʴ ʥʘ 

ʩʪʨʝʩ  
 

ʄʝʪʘʙʦʣʽʯ

ʥʠʡ 
1,78 1,44 2,56 

A0A3B5XV3

2 

ɼʦʤʝʥ ʙʽʣʢʫ ʢʫʧʽʥʫ ɿʘʧʘʩʘʥʥʷ 

ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ 

 
ʄʝʪʘʙʦʣʽʯ

ʥʠʡ 
2,91 1,44 2,02 

A0A1D5Y5R

1 

ɼʦʤʝʥ ʙʽʣʢʫ ʢʫʧʽʥʫ, 

ʚʠʜʘʣʝʥʠʡ 

ɿʘʧʘʩʘʥʥʷ 

ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ 

 
ʄʝʪʘʙʦʣʽʯ

ʥʠʡ 
2,74 2,57 1,07 

A0A3B6SDE

7 

ʅʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ 

ʤʝʤʙʨʘʥʥʠʡ ʙʽʣʦʢ 

ɯʥʪʝʛʨʘʣʴʥʠʡ 

ʢʦʤʧʦʥʝʥʪ 

ʤʝʤʙʨʘʥʠ 

 
ʄʝʪʘʙʦʣʽʯ

ʥʠʡ 
4,88 1,08 5,25 

 

ɻʣʶʪʝʥʽʥ LMW-B2 (Glu-B3-2) ʙʫʚ ʙʽʣʴʰ ʥʽʞ ʫ 10 ʨʘʟʽʚ ʫ ʇʘʥʥʽ ʪʘ ʋʢʨʘʾʥʮʽ 

ʚʽʜʥʦʩʥʦ ʉʦʪʥʠʮʽ. ʆʜʠʥʠʯʥʠʡ ʪʦʢʩʠʯʥʠʡ ʙʽʣʦʢ ʟ ʛʨʫʧʠ ʛʣʽʘʜʠʥʽʚ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ 

ʭʘʨʯʦʚʦʛʦ ʘʣʝʨʛʝʥʘ ʢʣʘʩʫ Tri a 20, ʧʦʜʽʙʥʠʡ ʜʦ ɔ-ʛʣʽʘʜʠʥʫ, ʥʘʢʦʧʠʯʫʚʘʚʩʷ ʚ 

ʋʢʨʘʾʥʮʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʉʦʪʥʠʮʝʶ. ʑʝ ʦʜʠʥ ʛʣʽʘʜʠʥ, ʧʦʜʽʙʥʠʡ ʜʦ ʘʚʝʥʽʥʫ ʘ6, ʙʫʚ 
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ʙʽʣʴʰʝ ʝʢʩʧʨʝʩʦʚʘʥʠʡ ʚ ʋʢʨʘʾʥʮʽ ʧʦʨʽʚʥʷʥʦ ʟ ʇʘʥʥʦʶ. ɸʚʝʥʽʥʠ ʥʝ ʽʥʪʝʛʨʫʶʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʣʝʡʢʦʚʠʥʥʠʡ ʧʦʣʽʤʝʨ ʯʝʨʝʟ ʜʠʩʫʣʴʬʽʜʥʽ ʟʚ'ʷʟʢʠ, ʷʢʱʦ ʪʽʣʴʢʠ ʚʦʥʠ 

ʥʝ ʚʢʣʶʯʘʶʪʴʩʷ ʰʣʷʭʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʦʚʪʦʨʥʦʛʦ ʦʢʠʩʣʝʥʥʷ ʧʽʜ ʯʘʩ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʽʩʪʘ. ɺʦʥʠ ʟʙʽʣʴʰʫʶʪʴ ʤʽʮʥʽʩʪʴ ʪʽʩʪʘ ʪʘ ʦʙôʻʤ ʭʣʽʙʘ, ʘʣʝ ʟʥʠʞʫʶʪʴ 

ʩʪʽʡʢʽʩʪʴ ʪʽʩʪʘ, ʷʢʱʦ ʡʦʛʦ ʜʦʜʘʶʪʴ ʜʦ ʦʩʥʦʚʥʦʾ ʧʰʝʥʠʯʥʦʾ ʤʫʢʠ. ʉʝʨʝʜ ʟʤʽʥʥʠʭ 

ʙʽʣʢʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʥʝʛʣʶʪʝʥʦʚʦʾ ʛʨʫʧʠ, ʤʠ ʚʠʷʚʠʣʠ ʥʝʭʘʨʘʢʪʝʨʥʠʡ ʤʝʤʙʨʘʥʥʠʡ 

ʙʽʣʦʢ, ʷʢʠʡ ʻ ʙʽʣʴʰ ʨʷʩʥʠʤ ʫ ʉʦʪʥʠʮʽ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʩʦʨʪʘʤʠ. ɺʽʥ ʤʘʻ ʜʦʤʝʥ, 

ʟʥʘʡʜʝʥʠʡ ʫ ʨʦʩʣʠʥʥʦʤʫ ʙʽʣʢʫ ʤʘʪʨʠʢʩʫ ʜʝʥʪʠʥʫ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʘʣʫʯʝʥʠʡ ʜʦ 

ʩʠʥʪʝʟʫ ʤʝʤʙʨʘʥ ʧʽʜ ʯʘʩ ʙʽʦʛʝʥʝʟʫ ʚʘʢʫʦʣʽ. ɹʽʣʦʢ ʩʽʤʝʡʩʪʚʘ ʪʘʫʤʘʪʠʥʽʚ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʉʦʪʥʠʮʽ ʚʽʜʥʦʩʥʦ ʋʢʨʘʾʥʢʠ. ʎʶ ʨʦʜʠʥʫ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʧ'ʷʪʦʶ 

ʛʨʫʧʦʶ ʧʘʪʦʛʝʥʝʟʫ. ɿʘʧʘʩʥʠʡ ʙʽʣʦʢ, ʱʦ ʤʘʻ ʢʫʧʽʥʦʚʠʡ ʜʦʤʝʥ A0A3B5XV32, 

ʥʘʢʦʧʠʯʫʚʘʚʩʷ ʙʽʣʴʰʝ ʚ ʟʝʨʥʽ ʩʦʨʪʫ ʇʘʥʥʘ ʧʦʨʽʚʥʷʥʦ ʟ ʉʦʪʥʠʮʷ, ʘ ʽʥʰʠʡ ʙʽʣʦʢ 

ʜʦʤʝʥʫ ʢʫʧʽʥʫ A0A1D5Y5R1 ʥʘʢʦʧʠʯʫʚʘʚʩʷ ʫ ʉʦʪʥʠʮʽ ʪʘ ʋʢʨʘʾʥʮʽ ʧʨʦʪʠ ʇʘʥʥʠ. 

 

6.4 ɸʣʝʨʛʝʥʥʽʩʪʴ/ʪʦʢʩʠʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʙʽʣʢʽʚ ʧʰʝʥʠʮʽ  

ɹʽʣʴʰʽʩʪʴ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʥʘʣʝʞʘʪʴ ʜʦ ʤʝʪʘʙʦʣʽʯʥʦʾ 

ʛʨʫʧʠ ï 27 ʙʽʣʢʽʚ, 44%; ʜʘʣʽ  ʛʣʽʘʜʠʥʠ ï 20 ʙʽʣʢʽʚ, 33%; ʘ ʥʘʡʤʝʥʰʝ ʛʣʶʪʝʥʽʥʽʚ ï 14 

ʙʽʣʢʽʚ, 23% (ʨʠʩ. 6.5). ʅʘʚʧʘʢʠ, ʩʝʨʝʜ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ ʥʘʡʙʽʣʴʰʝ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʦʢʘʟʘʣʠ ʛʣʶʪʝʥʽʥʠ ʟ 14 ʙʽʣʢʘʤʠ, 48%; ʛʣʽʘʜʠʥʠ ʚʢʣʶʯʘʣʠ 13 ʙʽʣʢʽʚ, 

45%; ʘ ʥʝʛʣʶʪʝʥʦʚʘ ʛʨʫʧʘ ʩʢʣʘʜʘʣʘʩʷ ʣʠʰʝ ʟ ʜʚʦʭ ʙʽʣʢʽʚ, 7%. ɹʫʣʦ ʧʦʨʽʚʥʷʥʦ 

ʟʝʨʥʦʚʽ ʙʽʣʢʦʚʽ ʬʨʘʢʮʽʾ ʟ ʪʨʴʦʭ ʫʢʨʘʾʥʩʴʢʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʟʘ ʢʽʣʴʢʽʩʪʶ ʨʽʟʥʦ 

ʥʘʢʦʧʠʯʫʚʘʥʠʭ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ. ʊʨʘʜʠʮʽʡʥʠʡ ʩʦʨʪ ʋʢʨʘʾʥʢʘ ʧʦʢʘʟʘʚ 

ʥʘʡʚʠʱʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʣʢʽʚ ʟ ʘʣʝʨʛʝʥʥʠʤʠ/ʪʦʢʩʠʯʥʠʤʠ ʝʧʽʪʦʧʘʤʠ. 

ʊʘʢ, 19 ʙʽʣʢʽʚ ʟ 39 (48,7%) ʚʠʷʚʣʝʥʠʭ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʥʘʣʝʞʘʣʠ ʮʴʦʤʫ ʟʨʘʟʢʫ 

(ʨʠʩ. 6.6).  
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ʈʠʩʫʥʦʢ 6.5 ï ʈʦʟʧʦʜʽʣ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʥʘ ʛʨʫʧʠ ʚʠʷʚʠʚ  

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʫ ʥʝʛʣʶʪʝʥʦʚʫ (ʤʝʪʘʙʦʣʽʯʥʫ) ʬʨʘʢʮʽʶ 

 

 

ʈʠʩ. 6.6 ï ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʙʽʣʢʽʚ ʽʟ ʰʢʽʜʣʠʚʠʤʠ ʝʧʽʪʦʧʘʤʠ: ʢʫʤʫʣʷʪʠʚʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʪʨʘʩʪʥʦ ʥʘʢʦʧʠʯʝʥʠʭ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ, ʚʠʷʚʣʝʥʠʭ ʟʘ 

ʦʙʦʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʩʝʨʝʜ ʪʨʴʦʭ ʛʝʥʦʪʠʧʽʚ ʧʰʝʥʠʮʽ; ʽʟ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ 61 ʚʠʷʚʣʝʥʠʭ 29 ʚʠʢʣʠʢʘʶʪʴ ʤʝʜʠʯʥʝ ʟʥʘʯʝʥʥʷ 

 

ʅʘʡʤʝʥʰʝ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ ʚʠʷʚʣʝʥʦ ʜʣʷ ʩʦʨʪʫ ʉʦʪʥʠʮʷ ï 4 ʟ 39 

(10,3%). ɼʘʣʽ ʩʢʣʘʜʘʣʠ ʢʘʨʪʫ ʚʽʜʦʤʠʭ ʝʧʽʪʦʧʽʚ ʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʷʚʣʝʥʠʭ 

ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ (ʪʘʙʣ. 6.2).  

 

ɻʣʶʪʝʥʽʥʠ

14 ʙʽʣʢʽʚ

ɻʣʽʘʜʠʥʠ

20 ʙʽʣʢʽʚ

ʄʝʪʘʙʦʣʽʯʥʽ

27 ʙʽʣʢʽʚ
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ʊʘʙʣʠʮʷ 6.2 ï ɼʝʪʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʷʚʣʝʥʠʭ ʘʣʝʨʛʝʥʥʠʭ ʘʙʦ ʪʦʢʩʠʯʥʠʭ 

ʙʽʣʢʽʚ, ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦ ʥʘʢʦʧʠʯʝʥʠʭ ʩʝʨʝʜ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

UniProt 

accession 

ʅʘʟʚʘ ʙʽʣʢʫ 

(ʛʝʥʝʪʠʯʥʠʡ ʣʦʢʫʩ) 

Allergome 

ʽʜʝʥʪʠʬʽʢʘ

ʪʦʨ 

ɻʨʫʧʘ 
ʂ-ʪʴ ʝʧʽʪʦʧʽʚ 

ProPepper 

ʂ-ʪʴ 

ʤʦʪʠʚʽʚ 

ʮʝʣʽʘʢʽʾ 

GluPro 

ʑʽʣʴʥʽʩʪʴ 

ʤʦʪʠʚʽʚ 

ʮʝʣʽʘʢʽʾ 

GluPro 

P08489 HMW-PW212 ʛʣʶʪʝʥʽʥ Tri a 26 ɻʣʶʪʝʥʽʥ 48 18 0,02 

P08488 
HMW-12 ʛʣʶʪʝʥʽʥ (HMW-GS 

DY) 
Tri a 26 ɻʣʶʪʝʥʽʥ 6 3 < 0,01 

P10388 
HMW-DX5 ʛʣʶʪʝʥʽʥ (Glu-1D-

1D) 
Tri a 26 ɻʣʶʪʝʥʽʥ 49 5 0,01 

B2Y2Q6 LMW-B2 ʛʣʶʪʝʥʽʥ (Glu-B3-2) Tri a 36 ɻʣʶʪʝʥʽʥ 9 5 0,01 

Q6SPZ3 LMW-A2 ʛʣʶʪʝʥʽʥ (Glu-A3-11) Tri a 36 ɻʣʶʪʝʥʽʥ ï 11 0,03 

Q00M56 LMW-D1 ʛʣʶʪʝʥʽʥ (Glu-D3-3) Tri a 36 ɻʣʶʪʝʥʽʥ 7 5 0,01 

D2DII3 
ʉʫʙʦʜʠʥʠʮʷ LMW ʛʣʶʪʝʥʽʥʫ 

(Glu-A3-16) 
Tri a 36 ɻʣʶʪʝʥʽʥ 8 ï ï 

B2Y2Q1 
ʉʫʙʦʜʠʥʠʮʷ LMW ʛʣʶʪʝʥʽʥʫ 

(Glu-B3-1) 
Tri a 36 ɻʣʶʪʝʥʽʥ 12 4 0,01 

P10386 LMW-1D1 ʛʣʶʪʝʥʽʥ (Glu-D3-2) Tri a 36 ɻʣʶʪʝʥʽʥ 6 4 0,01 

I0IT62 Ŭ/ɓ-ʛʣʽʘʜʠʥ NA ɻʣʽʘʜʠʥ 43 13 0,04 

P04722 Ŭ/ɓ-ʛʣʽʘʜʠʥ AII NA ɻʣʽʘʜʠʥ 127 22 0,08 

P21292 ɔ- ʛʣʽʘʜʠʥ Tri a 20 ɻʣʽʘʜʠʥ 59 46 0,15 

A1EHE7 ɔ-ʛʣʽʘʜʠʥ D3 (Gli1) Tri a 20 ɻʣʽʘʜʠʥ 49 37 0,13 

Q94G92 ɔ-ʛʣʽʘʜʠʥ D4 (Gli1) Tri a 20 ɻʣʽʘʜʠʥ 40 23 0,08 

A0A1D5S34

6 

ʇʦʜʽʙʥʠʡ ʜʦ ɔ-ʛʣʽʘʜʠʥʫ, 

ʚʠʜʘʣʝʥʠʡ 
Tri a 20 ɻʣʽʘʜʠʥ ï ï ï 

M9TG60 ɔ-ʛʣʽʘʜʠʥ A1 (Gli1) Tri a 20 ɻʣʽʘʜʠʥ 44 31 0,09 

Q41593 ʉʝʨʧʽʥ-Z1A (WZCI) Tri a 33 
ʄʝʪʘʙʦʣʽ

ʯʥʠʡ 
ï ï ï 

Q43691 
ɯʥʛʽʙʽʪʦʨ ʪʨʠʧʩʠʥ/Ŭ-ʘʤʽʣʘʟʠ 

CMX2 

Tri a 

CMX 

ʄʝʪʘʙʦʣʽ

ʯʥʠʡ 
ï ï ï 

 

ʂʽʣʴʢʽʩʪʴ, ʘ ʪʘʢʦʞ ʱʽʣʴʥʽʩʪʴ (ʢʽʣʴʢʽʩʪʴ ʪʦʢʩʠʯʥʠʭ ʝʧʽʪʦʧʽʚ, ʨʦʟʜʽʣʝʥʠʭ ʥʘ 

ʢʽʣʴʢʽʩʪʴ ʫʩʽʭ ʘʤʽʥʦʢʠʩʣʦʪ) ʫʥʽʢʘʣʴʥʠʭ ʤʦʪʠʚʽʚ ʮʝʣʽʘʢʽʾ ʟʛʽʜʥʦ GluPro ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʤʝʜʠʯʥʦ ʟʥʘʯʫʱʠʭ ʝʧʽʪʦʧʽʚ ʟʘ ProPepper ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠ ʚʠʷʚʣʝʥʽ ʧʦʣʽʧʝʧʪʠʜʠ. 

ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʝʧʽʪʦʧʽʚ 127 ʜʝʤʦʥʩʪʨʫʚʘʚ Ŭ/ɓ-ʛʣʽʘʜʠʥ AII, ʧʨʦʪʝ 

ʥʘʡʚʠʱʫ ʱʽʣʴʥʽʩʪʴ ʮʝʣʽʘʢʽʡʥʠʭ ʪʦʢʩʠʯʥʠʭ ʤʦʪʠʚʽʚ ɔ-ʛʣʽʘʜʠʥ P21292; ʧʝʨʰʠʡ 
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ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʦ ʥʘʢʦʧʠʯʫʚʘʚʩʷ ʚ ʉʦʪʥʠʮʽ ʫ ʜʚʦʭ ʛʝʣʝʚʠʭ ʧʣʷʤʘʭ, ʦʩʪʘʥʥʽʡ ʪʘʢʦʞ 

ʫ ʜʚʦʭ ʛʝʣʝʚʠʭ ʧʣʷʤʘʭ ʙʫʚ ʙʽʣʴʰ ʝʢʩʧʨʝʩʦʚʘʥʠʤ ʫ ʇʘʥʥʽ. ʅʘʚʧʘʢʠ, ʛʣʶʪʝʥʽʥ HMW-

12 (HMW-GS DY), ʱʦ ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʚ ʜʚʦʭ ʛʝʣʝʚʠʭ ʧʣʷʤʘʭ, ʤʘʚ ʣʠʰʝ ʰʽʩʪʴ ʝʧʽʪʦʧʽʚ 

ʽ ʤʽʥʽʤʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʫʥʽʢʘʣʴʥʠʭ ʤʦʪʠʚʽʚ ʮʝʣʽʘʢʽʾ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 6 

1. ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʝʢʩʪʨʘʢʮʽ ̫ ʙʽʣʢʽʚ ʟ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʥʽʦʥʥʦʛʦ ʜʝʪʝʨʛʝʥʪʫ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʦʪʠʧʽʚ ʟʘ ʛʝʥʘʤʠ ʷʢʦʩʪʽ 

ʧʰʝʥʠʮʽ ʜʦʟʚʦʣʷʻ ʦʜʥʦʩʪʘʜʽʡʥʦ  ʚʠʜʽʣʷʪʠ ʦʜʥʦʯʘʩʥʦ ʨʽʟʥʽ ʢʣʘʩʠ ʙʽʣʢʽʚ ʟʘ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʪʠʤ ʩʘʤʠʤ ʥʽʚʝʣʶʚʘʪʠ ʥʘʩʣʽʜʫʶʯʽ ʘʥʘʣʽʪʠʯʥʽ 

ʚʘʨʽʘʮʽʾ. 

2. ɺʨʘʭʦʚʫʶʯʠ ʩʧʝʮʠʬʽʯʥʫ ʧʨʠʨʦʜʫ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʧʰʝʥʠʮʽ, ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʦʟɦʝʧʣʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ 

ʪʨʴʦʤʘ ʬʝʨʤʝʥʪʘʤʠ (ʭʽʤʦʪʨʠʧʩʠʥʦʤ, ʪʨʠʧʩʠʥʦʤ, ʘ ʧʦʪʽʤ ʪʝʨʤʦʣʽʟʠʥʦʤ) ʜʦʟʚʦʣʷʻ 

ʨʘʮʽʦʥʘʣʽʟʫʚʘʪʠ ʾʭ ʧʦʚʥʦʮʽʥʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ï ʟ 57,6% ʜʦ 74,2% ʽʜʝʥʪʠʬʽʢʘʮʽʡ. 

3. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ 

ʧʰʝʥʠʮʽ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 2DE-LC/MS ʪʘ GF-LC/MS ʜʦʟʚʦʣʠʣʦ ʜʦʩʪʦʚʽʨʥʦ ʛʣʠʙʰʝ 

(ʥʘ 20,4%) ʜʠʩʢʨʠʤʽʥʫʚʘʪʠ ʜʦʩʣʽʜʞʫʚʘʥʽ ʛʝʥʦʪʠʧʠ.  

4. ʇʦʢʘʟʘʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ 

ʥʘʣʝʞʘʪʴ ʜʦ ʛʨʫʧʠ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʪʝʾʥʽʚ ï 27 ʙʽʣʢʽʚ, 44%; ʜʘʣʽ  ʛʣʽʘʜʠʥʠ ï 20 

ʙʽʣʢʽʚ, 33%; ʘ ʥʘʡʤʝʥʰʝ ʛʣʶʪʝʥʽʥʽʚ ï 14 ʙʽʣʢʽʚ, 23%. ʅʘʚʧʘʢʠ, ʩʝʨʝʜ 

ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ ʥʘʡʙʽʣʴʰʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʦʢʘʟʘʣʠ ʛʣʶʪʝʥʽʥʠ ʟ 14 

ʙʽʣʢʘʤʠ, 48%; ʛʣʽʘʜʠʥʠ ʚʢʣʶʯʘʣʠ 13 ʙʽʣʢʽʚ, 45%; ʘ ʥʝʛʣʶʪʝʥʦʚʘ ʛʨʫʧʘ ʩʢʣʘʜʘʣʘʩʷ 

ʣʠʰʝ ʟ ʜʚʦʭ ʙʽʣʢʽʚ, 7%. ɺʠʷʚʣʝʥʽ ʛʣʽʘʜʠʥʠ ʻ ʥʘʡʙʽʣʴʰ ʟʘʛʨʦʟʣʠʚʠʤʠ ʜʣʷ ʟʜʦʨʦʚ'ʷ 

ʯʝʨʝʟ ʥʘʡʚʠʱʫ ʢʽʣʴʢʽʩʪʴ/ʱʽʣʴʥʽʩʪʴ ʝʧʽʪʦʧʽʚ. ʎʷ ʛʨʫʧʘ ʤʘʻ ʜʝʱʦ ʤʝʥʰʠʡ ʚʧʣʠʚ ʥʘ 

ʷʢʽʩʪʴ ʭʣʽʙʦʧʝʢʘʨʩʪʚʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʧʦʣʽʤʦʨʬʽʟʤʫ ʧʨʦʤʦʪʦʨʥʠʭ ʛʝʥʽʚ ʛʣʽʘʜʠʥʫ ʜʣʷ ʚʽʜʙʦʨʫ ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʜʣʷ 

ʨʦʟʚʝʜʝʥʥʷ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʽʟ ʟʘʜʦʚʽʣʴʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʘʣʝ ʟʥʠʞʝʥʦʶ ʘʣʝʨʛʝʥʥʽʩʪʶ.  

5. ɺʠʷʚʣʝʥʦ ʥʘʡʚʠʱʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ 

ʫ ʪʨʘʜʠʮʽʡʥʦʤʫ ʩʦʨʪʽ ʋʢʨʘʾʥʢʘ (48,7% ʚʠʷʚʣʝʥʠʭ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ). ʎʝ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʡʦʛʦ ʛʝʥʝʪʠʯʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʫʯʘʩʥʠʭ 

ʛʝʥʦʪʠʧʽʚ. ʉʝʨʝʜ ʥʠʭ, ʟʦʢʨʝʤʘ, ʩʫʯʘʩʥʠʡ ʩʦʨʪ ʉʦʪʥʠʮʷ (4 ʟ 39 

ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ ï 10,3%)  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʽʜʭʦʜʷʱʠʡ ʜʦʥʦʨ 

ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʜʣʷ ʥʦʚʠʭ ʤʝʥʰ ʪʦʢʩʠʯʥʠʭ ʩʦʨʪʽʚ. ʄʘʨʢʝʨʥʽ ʧʝʧʪʠʜʠ ʽʟ ʟʤʽʥʥʠʭ 

ʙʽʣʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽʡ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ (ʟʦʢʨʝʤʘ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠʭ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʪʘ ʝʬʝʢʪʠʚʥʦ ʦʮʽʥʠʪʠ ʤʝʜʠʯʥʫ 

ʙʝʟʧʝʢʫ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. 

 

ʇʫʙʣʽʢʘʮʽʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʨʦʟʜʽʣʫ: 

Lakhneko O., Danchenko M., Morgun B., Kov§ļ A., Majerov§ P., Ġkult®ty ō. 

Comprehensive Comparison of Clinically Relevant Grain Proteins in Modern and 

Traditional Bread Wheat Cultivars // International journal of molecular sciences. 2020. ï

ɺʠʧ. 21. ï ˉ 10. ï ʉ. 3445. 

Stepanenko A., Kishchenko O., Bi H., Shi J., Okada A., Arndell T., Mazonka I., 

Peterson A., Chen G., Zhou Y., Gajimuradova A., Zhagipar F., Serikbay D., Jataev S., 

Shavrukov Y., Lakhneko O., Morgun B., Whitford R., Langridge P., Hrmova M., Lopato 

S., Borisjuk N. Natural variations and genetic interventions for improvement of wheat 

agricultural traits // 2020 Yangling International Agri-science Forum, Yangling, China, 

2020 - P. 88 

3. Lakhneko O., Morgun B., Skultety L., Danchenko M. Comparative proteomics 

of grain allergens from several wheat varieties // The 3rd INPPO World Congress 2018, 

9-12 September 2018. ï C. 62. 
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ʈʆɿɼɯʃ 7 ʈʆɿʈʆɹʂɸ ʇʈʆʎɽʉʋɸʃʔʅʀʍ ʉʍɽʄ ʇʈʆɺɽɼɽʅʅʗ ʆʎɯʅʂʀ 

ʇʐɽʅʀʎɯ ɿɸ ʇʆʂɸɿʅʀʂɸʄʀ ʗʂʆʉʊɯ ʊɸ ɸɼɸʇʊʀɺʅʆʉʊɯ 

 

ʈʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ̫ ʢʦʩʪʽ ʪʘ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʚ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ ʟʤʽʥ 

ʢʣʽʤʘʪʫ ʪʘ ʥʘʨʦʩʪʘʶʯʠʭ ʧʠʪʘʥʥʷʭ ʟʥʠʞʝʥʥʷ ʘʣʝʨʛʝʥʥʦʩʪʽ/ʪʦʢʩʠʯʥʦʩʪʽ ʧʰʝʥʠʮʽ. 

ʄʝʪʦʶ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʙʫʣʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʨʦʟʨʦʙʢʘ ʧʨʦʮʝʩʫʘʣʴʥʠʭ 

ʩʭʝʤ ʦʮ̔ʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ̫ ʢʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʚ ʧʦʧʝʨʝʜʥʽʭ 

ʨʦʟʜʽʣʘʭ ʙʫʣʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʣʽʛʦʥʫʢʣʝʦʪʠʜʽʚ, ʚʠʟʥʘʯʝʥʦ 

ʨʘʮʽʦʥʘʣʴʥʽ ʯʘʩʦʚʽ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʭʽʤʽʯʥʽ ʨʝʞʠʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʙʽʥʘʮʽʶ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʦʟɦʝʧʣʝʥʥʷ ʙʽʣʢʦʚʠʭ ʝʢʩʪʨʘʢʪʽʚ.  

 

7.1 ʈʦʟʨʦʙʢʘ ʧʨʦʮʝʩʫʘʣʴʥʦʾ ʩʭʝʤʠ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʛʝʥʘʤʠ 

ʘʜʘʧʪʠʚʥʦʩʪʽ TaWRKY2, EPF1, EPF2 ʪʘ MUTE 

ɺ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʛʝʥʘʤʠ ʘʜʘʧʪʠʚʥʦʩʪʽ TaWRKY2, EPF1, 

EPF2 ʪʘ MUTE  ʧʦʢʣʘʜʝʥʦ ʙʽʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʨʝʧʣʽʢʘʮʽʾ ɼʅʂ in 

vitro. ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʮʝʩʫʘʣʴʥʘ ʩʭʝʤʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 7.1. ʇʨʦʜʫʢʪʦʤ ʻ 

ʚʠʟʥʘʯʝʥʽ ʨʦʟʤʽʨʠ ʬʨʘʛʤʝʥʪʽʚ ʘʤʧʣʽʬʽʢʦʚʘʥʦ ʾɼʅʂ. 

ʉʧʦʯʘʪʢʫ ʧʨʦʜʠʪʴʩʷ ʤʝʭʘʥʽʯʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ. ɿʝʨʥʦ ʥʘ ʩʪʘʜʽʶ ʥʘʜʭʦʜʠʪʴ 

ʟ ʢʦʥʪʝʡʥʝʨʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʟʝʨʥʘ. ʊʦʚʢʘʯʠʢʦʤ ʫ ʩʪʫʧʢʘʭ ʟ ʨʦʟʪʠʨʘʶʪʴ ʟʝʨʥʦ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʙʦʨʦʰʥʘ (lÒ0,5ʤʤ) ʪʘ 0,1 ʛ ʧʝʨʝʥʦʩʠʪʴʩʷ ʫ ʧʨʦʙʽʨʢʫ ʥʘ 1,5 ʤʣ. ɼʣʷ 

ʚʠʜʽʣʝʥʥʷ ɼʅʂ ʟ ʩʦʨʪʽʚ ʙʝʨʫʪʴ 5 ʟʝʨʥʠʥ, ʜʣʷ ʛʽʙʨʠʜʽʚ ï 1 ʟʝʨʥʠʥʫ. 

ɼʣʷ ʚʠʚʽʣʴʥʝʥʥʷ ɼʅʂ ʟ ʢʣʽʪʠʥ ʧʨʦʚʦʜʷʪʴ ʭʽʤʽʯʥʠʡ ʣʽʟʠʩ ï ʚ ʧʨʦʙʽʨʢʫ ʟ 

ʤʝʭʘʥʽʯʥʦ ʧʦʜʨʽʙʥʝʥʠʤ ʟʝʨʥʦʤ ʜʦʜʘʶʪʴ 600 ʤʢʣ ʎʊɸɹ-ʙʫʬʝʨʫ (2% ʎʊɸɹ; 1,42 ʄ 

NaCl; 20 ʤM EɼTA; 100 ʤʄ Tris-Cl pH 8,0; 2% ʧʦʣʽʚʽʥʽʣʧʽʨʨʦʣʽʜʦʥ; 5 ʤʄ 

ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ; 4,0 ʤʄ ʥʘʪʨʽʶ ʜʠʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪ) ʟ ʧʦʩʣʽʜʫʶʯʠʤ 

ʽʥʢʫʙʫʚʘʥʥʷʤ ʧʨʠ 65Áʉ, 15 ʭʚ.  
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ʈʠʩʫʥʦʢ 7.1 ï ʇʨʦʮʝʩʫʘʣʴʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʛʝʥʘʤʠ 

ʘʜʘʧʪʠʚʥʦʩʪʽ TaWRKY2, EPF1, EPF2 ʪʘ MUTE 

 

ɿ ʤʝʪʦʶ ʚʽʜʜʽʣʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʤʽʰʦʢ ʟ ʣʽʟʘʪʫ ʚʽʜ ɼʅʂ ʫ ʦʨʛʘʥʽʯʥʫ 

ʬʘʟʫ, ʧʨʦʚʦʜʷʪʴ ʝʢʩʪʨʘʢʮʽʶ ʨʦʟʯʠʥʫ ʜʦʜʘʶʯʠ 500 ʤʢʣ ʩʫʤʽʰʽ 

ʭʣʦʨʦʬʦʨʤ:ʽʟʦʘʤʽʣʦʚʠʡ ʩʧʠʨʪ (24:1) ʽ ʘʢʪʠʚʥʦ ʟʤʽʰʫʶʪʴ ʧʨʠ 500 ʦʙ/ʭʚ, 5 ʭʚ. 

ʈʦʟʜʽʣʷʶʪʴ ʚʦʜʥʦ-ʦʨʛʘʥʽʯʥʫ ʬʘʟʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʧʨʠ 10 000 Ĭg, 5 ʭʚ. 

ɼʣʷ ʧʨʝʮʠʧʽʪʘʮʽʾ ɼʅʂ ʚʽʜʙʠʨʘʶʪʴ 200 ʤʢʣ ʚʝʨʭʥʴʦʾ ʚʦʜʥʦʾ ʬʘʟʠ ʪʘ ʧʝʨʝʥʦʩʷʪʴ 

ʫ ʧʨʦʙʽʨʢʫ ʥʘ 1,5 ʤʣ ʪʘ ʜʦʜʘʶʪʴ 140 ʤʢʣ ʽʟʦʧʨʦʧʘʥʦʣʫ. ʇʨʝʮʠʧʽʪʘʮʽʶ ʥʫʢʣʝʾʥʦʚʠʭ 
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ʢʠʩʣʦʪ ʧʨʦʚʦʜʷʪʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 5 ʭʚ. ʆʩʘʜʞʝʥʥʷ ʧʨʝʮʠʧʽʪʘʪʫ 

ʧʨʦʚʦʜʷʪʴ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 10 000Ĭg, 20 ʭʚ. ʉʫʧʝʨʥʘʪʘʥʪ ʟʣʠʚʘʶʪʴ. 

ɿʘʣʠʰʢʠ ʜʦʤʽʰʦʢ ʟ ʧʦʚʝʨʭʥʽ ʦʩʘʜʫ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʚʠʜʘʣʷʶʪʴ 

ʧʨʦʤʠʚʘʥʥʷʤ ʫ 800 ʤʢʣ 70% ʝʪʘʥʦʣʫ. ɼʣʷ ʚʽʜʜʽʣʝʥʥʷ ʦʩʘʜʫ ʚʽʜ 70% ʝʪʘʥʦʣʫ 

ʧʨʦʚʦʜʷʪʴ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʧʨʠ 10 000 Ĭ g, 5 ʭʚ. ʉʫʧʝʨʥʘʪʘʥʪ ʟʣʠʚʘʶʪʴ. 

ɿʘʣʠʰʢʠ ʝʪʘʥʦʣʫ  ʚʠʩʫʰʫʶʪʴ ʧʨʠ 55Áʉ ʜʦ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʩʧʠʨʪʫ 

(ʦʨʽʻʥʪʦʚʥʦ 15 ʭʚ). ʆʩʘʜ ʚʘʞʣʠʚʦ ʧʦʚʥʽʩʪʶ ʦʩʫʰʠʪʠ, ʪʘʢ ʷʢ ʝʪʘʥʦʣ ʻ ʽʥʛʽʙʽʪʦʨʦʤ 

ʇʃʈ. ʇʨʦʪʝ, ʧʝʨʝʩʫʰʝʥʥʷ ʦʩʘʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʘʥʦʛʦ ʡʦʛʦ ʨʦʟʯʠʥʝʥʥʷ. ɼʘʣʽ 

ʜʦʜʘʶʪʴ 100 ʤʢʣ TE ʙʫʬʝʨʫ (10 ʤʄ Tris-ʅCl pH 8,0, 1 ʤʄ EɼTA) ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ 

ʦʩʘʜʫ ɼʅʂ ʪʘ ʽʥʢʫʙʫʶʪʴ ʧʨʠ 35Áʉ, 30 ʭʚ.  

ɺʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ɼʅʂ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʨʦʟʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ 

ʚʠʜʽʣʝʥʦʾ ɼʅʂ, ʱʦʙ ʥʝ ʧʝʨʝʥʘʚʘʥʪʘʞʫʚʘʪʠ ʧʦʩʣʽʜʫʶʯʫ ʇʃʈ. ʉʧʦʯʘʪʢʫ ʛʦʪʫʶʪʴ 

ʧʨʝʧʘʨʘʪʠ ɼʅʂ ʜʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ. ɻʦʪʫʶʪʴ ʜʚʘʜʮʷʪʠʢʨʘʪʥʝ ʨʦʟʚʝʜʝʥʥʷ 

ʧʨʝʧʘʨʘʪʽʚ ɼʅʂ ʪʘ ʢʦʥʪʨʦʣʴʥʠʡ ʨʦʟʯʠʥ. ɹʝʨʫʪʴ 95 ʤʢʣ ddH2O ʪʘ ʟʤʽʰʫʶʪʴ ʟ 5 ʤʢʣ 

ʧʨʝʧʘʨʘʪʫ ɼʅʂ ʫ ʧʨʦʙʽʨʢʘʭ ʥʘ 1,5 ʤʣ. ɺ ʢʦʥʪʨʦʣʴʥʠʡ ʨʦʟʯʠʥ ʟʘʤʽʩʪʴ ʧʨʝʧʘʨʘʪʫ 

ʚʥʦʩʷʪʴ 5 ʤʢʣ ʊɽ ʙʫʬʝʨʘ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ɼʅʂ ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʙʩʦʨʙʮʽʡʥʫ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʶ. ɺ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʧʨʠʣʘʜʫ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʚʦʜʷʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʚʦʣʘʥʮʶʛʦʚʦʾ ɼʅʂ ʪʘ, ʱʦ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ 

ʜʚʘʜʷʮʷʪʠʢʨʘʪʥʝ ʨʦʟʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ. ɺʠʤʽʨʶʚʘʥʥʷ ʘʙʩʦʨʙʮʽʾ ʟʜʽʡʩʥʶʶʪʴ ʟʘ 

ʜʦʚʞʠʥ 230 ʥʤ, 260 ʥʤ,  280 ʥʤ, 340 ʥʤ ʪʘ ʧʨʠʣʘʜ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʚʠʚʦʜʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ɼʅʂ ʥʘ ʝʢʨʘʥ ʚʨʘʭʦʚʫʶʯʠ ʨʦʟʚʝʜʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʦʚʦʜʷʪʴ ʥʦʨʤʘʣʽʟʘʮʽʶ ʟʨʘʟʢʽʚ ʟʘʛʘʣʴʥʦʾ ɼʅʂ ʜʦ 30 ʥʛ/ʤʢʣ 

ʜʦʜʘʚʘʥʥʷʤ ʊɽ ʙʫʬʝʨʫ.  

ɻʦʪʫʁʪʴ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʧʦʣʽʤʝʨʘʟʥʦʾ ʣʘʥʮʶʛʦʚʦʾ ʨʝʘʢʮʽʾ 

(ʇʃʈ ʘʙʦ ʘʤʧʣʽʬʽʢʘʮʽʾ). ʈʦʟʨʘʭʦʚʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʨʽʤ ɼʅʂ ʥʘ 

ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʘʢʮʽʡ ʧʣʶʩ ʦʜʠʥ ʜʦʜʘʪʢʦʚʠʡ ʟʨʘʟʦʢ. ʇʦʩʣʽʜʦʚʥʦ ʜʦʜʘʶʪʴ ʚʩʽ 

ʢʦʤʧʦʥʝʥʪʠ ʚ ʧʨʦʙʽʨʢʫ ʥʘ 1,5 ʤʣ. 20 ʤʢʣ ʩʫʤʽʰʽ ʚʢʣʶʯʘʶʪʴ ʧʦ 0,5 ʤʢʄ ʧʨʷʤʦʛʦ  ʽ 
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ʟʚʦʨʦʪʥʴʦʛʦ ʧʨʘʡʤʝʨʽʚ, 1Ĭ Reaction Buffer B, 2 ʤʄ MgCl2, 0,2 ʤʢʄ ʢʦʞʥʦʛʦ ʜʅʊʌ, 

1 ʦʜʠʥʠʮʶ FIREPolÈ ɼʅʂ-ʧʦʣʽʤʝʨʘʟʠ ʪʘ ddH2O ʜʦ 20 ʤʢʣ. ɿ ʧʨʦʙʽʨʢʠ ʥʘ 1,5 ʤʣ 

ʨʦʟʧʽʧʝʪʦʚʫʶʪʴ ʨʦʟʯʠʥ  ʚ ʧʨʦʙʽʨʢʠ ʥʘ 0,2 ʤʣ ʪʘ ʜʦʜʘʶʪʴ 30 ʥʛ ʟʘʛʘʣʴʥʦʾ ʨʦʩʣʠʥʥʦʾ 

ɼʅʂ.  

ɺ ʭʦʜʽ ʘʤʧʣʽʬʽʢʘʮʽʾ ʮʽʣʴʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʨʦʚʦʜʷʪʴ ʮʠʢʣ ʧʦʚʪʦʨʶʚʘʥʠʭ 

ʩʪʘʜʽʡ: ʜʝʥʘʪʫʨʘʮʽʷ ʧʦʜʚʽʡʥʦʾ ʩʧʽʨʘʣʽ ɼʅʂ ʧʨʠ 94ÁC, 20 ʩ, ʛʽʙʨʠʜʠʟʘʮʽʷ ʧʨʘʡʤʝʨʽʚ 

ʜʦ ʤʘʪʨʠʮʽ ʧʨʠ 44-65ÁC, 30 ʩ, ʩʠʥʪʝʟ ʬʨʘʛʤʝʥʪʫ (ʝʣʦʥʛʘʮʽʷ) ʧʨʠ 72ÁC, 10-30ʩ. 

ɺʘʨʽʘʙʝʣʴʥʽ ʫʤʦʚʠ ʩʪʘʜʽʡ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʘʜʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʪʘ ʯʘʩ ʥʘ ʩʪʘʜʽʾ 

ʝʣʦʥʛʘʮʽʾ) ʜʣʷ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʟʘʟʥʘʯʝʥʽ ʚ ʪʘʙʣʠʮʷʭ ɸ.6 ʪʘ ɸ.7. 

ɻʦʪʫʶʪʴ ʘʛʘʨʦʟʥʠʡ ʛʝʣʴ 1,6 % ʚ 1Ĭ LB ʙʫʬʝʨʽ (10 ʤʄ Li2B4O7, pH 8,5)  ʟ 0,1 

ʤʢʛ/ʤʣ ʝʪʠʜʽʶ ʙʨʦʤʽʜʫ. ɼʣʷ ʮʴʦʛʦ ʟʚʘʞʫʶʪʴ 1,6 ʛ ʘʛʘʨʦʟʠ. ɺʥʦʩʷʪʴ ʘʛʘʨʦʟʫ ʚ 

ʪʝʨʤʦʩʪʽʡʢʫ ʙʘʥʢʫ (ʟʽ ʩʢʣʘʜʫ). ɼʦʣʠʚʘʶʪʴ 100 ʤʣ 1Ĭ LB ʙʫʬʝʨʫ  ʪʘ ʨʦʟʪʦʧʣʶʶʪʴ ʫ 

ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʧʝʯʽ ʧʨʠ 800 ɺʪ, 10 ʭʚ. ɼʘʣʽ ʦʭʦʣʦʜʞʫʶʪʴ ʜʦ 50-60 Áʉ ʧʽʜ ʩʪʨʫʤʝʥʝʤ 

ʚʦʜʠ, ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ. ɼʦʜʘʶʪʴ ʝʪʠʜʽʡ ʙʨʦʤʽʜ. 

ʌʦʨʤʫʶʪʴ ʧʣʘʰʢʫ ʜʣʷ ʟʘʩʪʠʛʘʥʥʷ ʛʝʣʶ ï ʟʘʢʨʠʚʘʶʪʴ ʧʣʘʰʢʠ ʛʫʤʦʚʠʤʠ 

ʩʧʝʡʩʝʨʘʤʠ ʪʘ ʩʪʘʚʣʷʪʴ ʛʨʝʙʽʥʢʠ ʥʘ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʣʫʥʦʢ. ʇʣʘʰʢʠ, ʛʨʝʙʽʥʢʠ ʪʘ 

ʩʧʝʡʩʝʨʠ ʟʽ ʩʢʣʘʜʫ. ɿʘʣʠʚʘʶʪʴ ʧʣʘʰʢʠ ʛʝʣʝʤ ʟ ʪʝʨʤʦʩʪʽʡʢʦʾ ʙʘʥʢʠ, ʜʘʶʪʴ ʘʛʘʨʦʟʽ 

ʟʘʩʪʠʛʥʫʪʠ ʧʨʦʪʷʛʦʤ 40 ʭʚ ʧʽʜ ʚʠʪʷʞʢʦʶ. ɿʥʽʤʘʶʪʴ ʩʧʝʡʩʝʨʠ, ʚʠʪʷʛʘʶʪʴ ʛʨʝʙʽʥʢʠ 

ʪʘ ʨʦʟʤʽʱʘʶʪʴ ʧʣʘʰʢʫ ʟ ʛʝʣʝʤ ʚ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʽʡ ʢʘʤʝʨʽ ʪʘʢ, ʱʦʙ ʚʦʥʘ ʙʫʣʘ 

ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʪʘ ʙʫʬʝʨʦʤ.  

ɺ ʢʦʞʥʫ ʣʫʥʢʫ ʚʥʦʩʷʪʴ 8 ʤʢʣ ʟʨʘʟʢʫ ʧʽʩʣʷ ʇʃʈ. ɺ ʦʜʥʫ ʟ ʚʽʣʴʥʠʭ ʣʫʥʦʢ 

ʚʥʦʩʷʪʴ ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ. ɺʩʪʘʥʦʚʣʶʶʪʴ ʥʘʧʨʫʛʫ ʥʘ ʝʣʝʢʪʨʦʜʘʭ 5 ɺ/ʩʤ. 

ʏʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʬʦʨʝʟʫ ï  40 ʭʚ.  

ɿ ʤʝʪʦʶ ʜʦʢʫʤʝʥʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʛʝʣʴ ʦʧʨʦʤʽʥʶʶʪʴ ʫʣʴʪʨʘʬʽʦʣʝʪʦʤ (312 ʥʤ) 

ʽ ʬʦʪʦʛʨʘʬʫʶʪʴ. ɿʘ ʤʘʨʢʝʨʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʚʠʟʥʘʯʘʶʪʴ ʜʦʚʞʠʥʫ 

ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʪʘ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʧʠʩʫʶʪʴ ʙʘʟʫ ʜʘʥʠʭ.   
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7.2 ʈʦʟʨʦʙʢʘ ʧʨʠʥʮʠʧʦʚʦʾ ʧʨʦʮʝʩʫʘʣʴʥʦʾ ʩʭʝʤʠ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ 

ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ 

ɺ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʦ ʧʦʢʣʘʜʝʥʦ 

ʙʽʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʦʟɦʝʧʣʝʥʥʷ ʙʽʣʢʽʚ in vitro. ʈʦʟʨʦʙʣʝʥʘ 

ʧʨʠʥʮʠʧʦʚʘ ʧʨʦʮʝʩʫʘʣʴʥʘ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘ 7.2. ʇʨʦʜʫʢʪʦʤ ʻ ʙʽʣʢʦʚʽ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ. 

ʉʧʦʯʘʪʢʫ ʦʪʨʠʤʫʶʪʴ ʙʽʣʢʦʚʦʛʦ ʝʢʩʪʨʘʢʪ, ʱʦ ʙʫʜʝ ʥʘʜʘʣʽ ʘʥʘʣʽʟʫʚʘʪʠʩʴ. ɼʣʷ 

ʮʴʦʛʦ ʧʨʦʚʦʜʷʪʴ ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʫ ʝʢʩʪʨʘʢʮʽʶ ʘʥʽʦʥʥʠʤ ʜʝʪʝʨʛʝʥʪʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʜʽʣʝʥʥʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʟʘ ʨʦʟʯʠʥʥʽʩʪʶ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ. 

ʆʜʠʥ ʛʨʘʤ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʨʦʟʪʠʨʘʶʪʴ ʪʦʚʢʘʯʠʢʦʤ ʫ ʩʪʫʧʮʽ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʨʽʜʢʦʛʦ ʘʟʦʪʫ  ʜʦ ʫʪʚʦʨʝʥʥʷ ʙʦʨʦʰʥʘ (lÒ0,5ʤʤ)  ʪʘ ʧʝʨʝʥʦʩʷʪʴ ʫ ʧʨʦʙʽʨʢʫ ʥʘ 50 ʤʣ. 

ɼʦʜʘʶʪʴ  10 ʤʣ ʝʢʩʪʨʘʢʮʽʡʥʦʛʦ ʙʫʬʝʨʘ  (2% SDS, 10% ʛʣʽʮʝʨʠʥʫ, 50 ʤʄ 

ʜʽʪʽʦʪʨʝʡʪʦʣʫ ʪʘ 50 ʤʄ Tris-HCl ʨʅ 6,8). ʉʫʤʽʰ ʽʥʢʫʙʫʶʪʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠ 500 ʦʙ/ʭʚ, 1 ʛʦʜ. ʆʩʘʜ ʚʽʜʜʽʣʷʶʪʴ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 10 000 Ĭg 

ʧʨʦʪʷʛʦʤ 15 ʭʚ. ɼʣʷ ʦʯʠʱʝʥʥʷ ʙʽʣʢʦʚʦʛʦ ʧʨʝʧʘʨʘʪʫ ʧʨʦʚʦʜʷʪʴ ʧʝʨʝʦʩʘʜʞʝʥʥʷ. ɼʣʷ 

ʮʴʦʛʦ ʙʽʣʢʠ ʦʩʘʜʞʫʶʪʴ ʟ ʩʫʧʝʨʥʘʪʘʥʪʫ ʯʦʪʠʨʤʘ ʦʙôʻʤʘʤʠ ʣʴʦʜʷʥʦʛʦ ʘʮʝʪʦʥʫ (ï

20Áʉ, ʟ ʤʦʨʦʟʠʣʴʥʦʾ ʢʘʤʝʨʠ) ʽ ʽʥʢʫʙʫʶʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ï20Áʉ, 16 ʛʦʜ. ʆʩʘʜ 

ʚʽʜʜʽʣʷʶʪʴ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 4000 Ĭg, 4ÁC ʧʨʦʪʷʛʦʤ 15 ʭʚ. ɼʣʷ ʚʠʜʘʣʝʥʥʷ 

ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ ʟ ʦʩʘʜʫ ʧʨʦʚʦʜʷʪʴ ʧʨʦʤʠʚʘʥʥʷ ʜʦʜʘʶʯʠ 4 ʦʙôʻʤʠ  (ʪʘʢʘ ʢʽʣʴʢʽʩʪʴ ʷʢ 

ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʩʪʘʜʽʾ) ʘʮʝʪʦʥʫ (ï20Áʉ, ʟ ʤʦʨʦʟʠʣʴʥʦʾ ʢʘʤʝʨʠ) ʪʘ ʧʝʨʝʤʽʰʫʶʪʴ ʧʨʠ 

500 ʦʙ/ʭʚ 10 ʭʚ. ʆʩʘʜ ʚʽʜʜʽʣʷʶʪʴ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 4000 Ĭg, 4ÁC ʧʨʦʪʷʛʦʤ 15 

ʭʚ. ɺʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʟ ʦʩʘʜʫ ʧʨʦʚʦʜʷʪʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʚʘʢʫʫʤ-ʢʦʥʮʝʥʪʨʘʪʦʨʽ 

ʧʨʠ 20 ʛʇʘ (20 ʤɹʘʨ) ʧʨʠ 250 Ĭ g ʜʦ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ (ʦʨʽʻʥʪʦʚʥʦ 30 ʭʚ). 

ɼʣʷ ʨʦʟʯʠʥʝʥʥʷ ʦʩʘʜʫ ʜʦʜʘʶʪʴ 10 ʤʣ ʩʦʣʶʙʽʣʽʟʘʮʽʡʥʦʛʦ ʙʫʬʝʨʫ (8 ʄ ʩʝʯʦʚʠʥʘ, 2 ʄ 

ʪʽʦʩʝʯʦʚʠʥʘ, 2% CHAPS ʽ 2% Triton ʍ-100) ʪʘ ʽʥʢʫʙʫʶʪʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, 

ʧʝʨʝʤʽʰʫʶʯʠ ʧʨʠ 500 ʦʙ/ʭʚ, 1 ʛʦʜ.  
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ʈʠʩʫʥʦʢ 7.2 ï ʇʨʠʥʮʠʧʦʚʘ ʧʨʦʮʝʩʫʘʣʴʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ 

 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʙʽʣʢʽʚ ʟ ʙʽʣʢʦʚʦʛʦ ʧʨʝʧʘʨʘʪʫ ʚʠʤʽʨʶʶʪʴ ʤʝʪʦʜʦʤ ɹʨʝʜʬʦʨʜʘ 

ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʝʨʮʽʡʥʦʛʦ ʥʘʙʦʨʫ Pierce detergent compatible Bradford assay 

(ThermoFisher Scientific), ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʟʘʣʠʰʢʽʚ ʜʝʪʝʨʛʝʥʪʫ SDS. ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʟʘ ʧʨʦʪʦʢʦʣʦʤ 

ʚʠʨʦʙʥʠʢʘ ʥʘʙʦʨʫ. 
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ʈʦʟʜʽʣʝʥʥʷ ʧʝʨʰʦʛʦ ʚʠʤʽʨʫ ʧʨʦʚʦʜʷʪʴ ʽʟʦʝʣʝʢʪʨʦʬʦʢʫʩʫʚʘʥʥʷʤ ʥʘ ʛʝʣʝʚʠʭ 

ʩʪʨʽʯʢʘʭ. ɸʣʽʢʚʦʪʠ ʙʽʣʢʘ ʧʦ 500 ʤʢʛ ʜʦʚʦʜʷʪʴ ʜʦ 340 ʤʢʣ ʽʟʦʝʣʝʢʪʨʠʯʥʠʤ 

ʬʦʢʫʩʫʶʯʠʤ ʙʫʬʝʨʦʤ (8 ʄ ʩʝʯʦʚʠʥʘ, 2 ʄ ʪʽʦʩʝʯʦʚʠʥʘ, 2% CHAPS, 1% 

ʘʤʽʜʦʩʫʣʴʬʦʙʝʪʘʾʥ-14, 1% Triton ʍ-100, 2% ʘʤʬʦʣʽʪʠ ʪʘ 1% DeStreak). ʅʝ ʟʥʘʯʥʽ 

ʚʢʣʶʯʝʥʥʷ ʦʩʘʜʫ ʚʽʜʜʽʣʷʶʪʴ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 4000 Ĭ g, 4ÁC ʧʨʦʪʷʛʦʤ 15 ʭʚ. 

ɼʣʷ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʙʽʣʢʽʚ, ʩʫʧʝʨʥʘʪʘʥʪ ʧʝʨʝʥʦʩʷʪʴ ʥʘ 18-ʩʘʥʪʠʤʝʪʨʦʚʫ 

ʽʤʤʦʙʽʣʽʟʦʚʘʥʫ ʛʨʘʜʽʻʥʪʥʫ ʩʪʨʽʯʢʫ ʟ ʥʝʣʽʥʽʡʥʠʤ ʛʨʘʜʽʻʥʪʦʤ pH 3-10. ʇʘʩʠʚʥʘ 

ʨʝʛʽʜʨʘʪʘʮʽʷ ʛʝʣʝʚʦʾ ʩʪʨʽʯʢʠ ʧʨʦʭʦʜʠʪʴ ʧʨʦʪʷʛʦʤ 16 ʛʦʜ ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ. 

ʈʦʟʜʽʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʟʦʝʣʝʢʪʨʠʯʥʠʭ ʪʦʯʦʢ ʧʨʦʚʦʜʷʪʴ ʚ ʙʣʦʮʽ ʜʣʷ 

ʽʟʦʝʣʝʢʪʨʦʬʦʢʫʩʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʩʪʫʧʥʫ ʧʨʦʛʨʘʤʫ: 100 ɺȚʛʦʜ ʧʨʠ 100 ɺ, 

500 ɺȚʛʦʜ ʧʨʠ 500 ɺ, ʛʨʘʜʽʻʥʪ 1000 ɺȚʛʦʜ ʜʦ 1000 ɺ, ʛʨʘʜʽʻʥʪ 31 000 ɺȚʛʦʜ ʜʦ 10 000 

ɺ, 27 400 ɺȚʛʦʜ ʧʨʠ 10 000 ɺ ʟ ʦʙʤʝʞʝʥʥʷʤ ʩʪʨʫʤʫ 50 ʤʢɸ ʥʘ ʩʪʨʽʯʢʫ. 

ʇʽʩʣʷ ʽʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʬʦʢʫʩʫʚʘʥʥʷ ʛʝʣʝʚʽ ʩʤʫʞʢʠ ʚʽʜʥʦʚʣʶʶʪʴ ʚ 4 ʤʣ 

ʝʢʚʽʣʽʙʨʘʮʽʡʥʦʛʦ ʙʫʬʝʨʫ (0,1 ʄ Tris, ʨʅ 6,8, 30% ʛʣʽʮʝʨʠʥ, 6 ʄ ʩʝʯʦʚʠʥʘ ʪʘ 3% SDS)   

ʟ 2% ʜʽʪʽʦʪʨʝʡʪʦʣʦʤ ʧʝʨʝʤʽʰʫʶʯʠ ʧʨʠ 400 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 15 ʭʚ. ɼʽʪʽʦʪʨʝʡʪʦʣ ï ʮʝ 

ʚʽʜʥʦʚʥʠʢ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʜʠʩʫʣʴʬʽʜʥʠʡ ʟʚôʷʟʦʢ ʮʠʩʪʝʾʥʫ ʫ ʚʽʣʴʥʽ ʩʫʣʴʬʛʽʜʨʠʣʴʥʽ 

ʛʨʫʧʠ ʮʠʩʪʝʾʥʫ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʬʝʨʤʝʥʪʽʚ ʜʦ ʤʽʩʮʴ ʨʦʟʱʝʧʣʝʥʥʷ 

ʚʩʝʨʝʜʠʥʽ ʙʽʣʢʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʡʦʜʦʘʮʝʪʘʤʽʜ ï ʮʝ ʘʣʢʽʣʫʶʯʠʡ ʘʛʝʥʪ, ʷʢʠʡ ʨʝʘʛʫʻ 

ʽʟ ʚʽʣʴʥʠʤʠ ʩʫʣʴʬʛʽʜʨʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʟʘʣʠʰʢʽʚ ʮʠʩʪʝʾʥʫ ʟ ʫʪʚʦʨʝʥʥʷʤ S-

ʢʘʨʙʦʢʩʠʘʤʽʜʦʤʝʪʠʣ-ʮʠʩʪʝʾʥʫ, ʷʢʠʡ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʢʠʩʣʝʥʠʡ ʧʦʚʪʦʨʥʦ, ʫʪʚʦʨʶʶʯʠ 

ʜʠʩʫʣʴʬʽʜʥʽ ʟʚôʷʟʢʠ. ɼʣʷ ʮʴʦʛʦ ʛʝʣʝʚʽ ʩʤʫʞʢʠ ʘʣʢʣ̔ʫʁʪʴ ʚ 4 ʤʣ ʝʢʚʽʣʽʙʨʘʮʽʡʥʦʛʦ 

ʙʫʬʝʨʫ ʟ 2,5 % ʡʦʜʦʘʮʝʪʘʤʽʜʫ ʚ ʪʝʤʨʷʚʽ ʧʨʠ 400 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 15 ʭʚ.  

ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʽʚ ʝʢʚʽʣʽʙʨʘʮʽʡʥʦʛʦ ʙʫʬʝʨʫ, ʜʽʪʽʦʪʨʝʡʪʦʣʫ ʪʘ 

ʡʦʜʦʘʮʝʪʘʤʽʜʫ, ʧʨʦʚʦʜʷʪʴ ʧʨʦʤʠʚʘʥʥʷ ʛʝʣʝʚʠʭ ʩʪʨʽʯʦʢ ʚ 4 ʤʣ ʙʫʬʝʨʫ ʜʣʷ 

ʝʣʝʢʪʨʦʬʦʨʝʟʫ (25 ʤʄ Tris, 192 ʤʄ ʛʣʽʮʠʥ ʪʘ 0,1% SDS) ʧʨʠ 400 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 15 

ʭʚ.  
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ʇʽʩʣʷ ʧʽʜʛʦʪʦʚʢʠ ʽʟʦʝʣʝʢʪʨʦʬʦʢʫʩʦʚʘʥʠʭ ʙʽʣʢʦʚʠʭ ʧʨʝʧʘʨʘʪʽʚ ʥʘ ʛʝʣʝʚʠʭ 

ʩʪʨʽʯʢʘʭ ʧʨʦʚʦʜʷʪʴ ʨʦʟʜʽʣʝʥʥʷ ʫ ʜʨʫʛʦʤʫ ʚʠʤʽʨʽ ʟʘ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ ʙʽʣʢʽʚ. 

ʉʧʦʯʘʪʢʫ ʧʨʦʚʦʜʷʪʴ ʧʨʠʛʦʪʫʚʘʥʥʷ 12% ʧʦʣʽʘʢʨʠʣʘʤʽʜʥʦʛʦ ʛʝʣʶ ʟʤʽʰʫʶʯʠ 

ʧʦʩʪʫʧʦʚʦ 13,86 ʤʣ ddH2O, 16,5 ʤʣ 30% ʘʢʨʠʣʘʤʽʜʫ:ʙʽʩʘʢʨʠʣʘʤʽʜʫ, 10,34 ʤʣ 1,2 ʄ 

Tris-HCl ʨʅ 8.8, 825 ʤʢʣ 10% SDS ʪʘ 13,2 ʤʢʣ ʪʝʪʨʘʤʝʪʠʣʝʪʠʣʝʥʜʠʘʤʽʜʫ (TEMED). 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʝʛʘʟʘʮʽʾ ʨʦʟʯʠʥʫ, ʡʦʛʦ ʧʦʤʽʱʘʶʪʴ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫ ʚʘʥʥʫ ʪʘ 

ʦʧʨʦʤʽʥʶʶʪʴ 40 000 ɻʮ ʧʨʦʪʷʛʦʤ 10 ʭʚ. ɼʣʷ ʘʢʪʠʚʘʮʽʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʜʦʜʘʶʪʴ 396 

ʤʢʣ 10% ʘʤʦʥʽʶ ʧʝʨʩʫʣʴʬʘʪʫ (APS) ʦʙʝʨʝʞʥʦ ʧʝʨʝʤʽʰʫʶʪʴ ʦʙʝʨʪʘʥʥʷʤ ʪʘ 

ʟʘʣʠʚʘʶʪʴ ʚ ʢʦʤʽʨʢʫ ʜʣʷ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʛʝʣʶ.  

ʉʤʫʞʢʠ ʧʦʤʽʱʘʶʪʴ ʧʦʚʝʨʭ 12% ʧʦʣʽʘʢʨʠʣʘʤʽʜʥʦʛʦ ʛʝʣʶ ʽ ʧʦʢʨʠʚʘʣʠ 

ʛʝʨʤʝʪʠʟʫʶʯʠʤ ʨʦʟʯʠʥʦʤ (0,5% ʘʛʘʨʦʟʘ, 0,002% ʙʨʦʤʦʬʝʥʦʣʦʚʠʡ ʩʠʥʽʡ ʫ ʙʫʬʝʨʽ 

ʜʣʷ ʝʣʝʢʪʨʦʬʦʨʝʟʫ). ɿʘʣʠʚʘʶʪʴ ʙʫʬʝʨ ʜʣʷ ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʫ ʢʦʤʽʨʢʫ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ. 

ʈʦʟʜʽʣʝʥʥʷ ʜʨʫʛʦʛʦ ʚʠʤʽʨʫ ʟʘ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʤʘʩʘʤʠ ʧʨʦʚʦʜʷʪʴ ʚ ʧʨʠ 15 ʤɸ ʥʘ 

ʦʜʠʥ ʛʝʣʴ 1 ʛʦʜ, 20 ʤɸ 2 ʛʦʜ, ʪʘ 30 ʤɸ 3 ʛʦʜ 30 ʭʚ. 

ʇʦ ʟʘʢʽʥʯʝʥʥʶ ʨʦʟʜʽʣʝʥʥʷ ʛʝʣʽ ʟʘʙʘʨʚʣʶʶʪʴ 150 ʤʣ ʯʫʪʣʠʚʦʛʦ ʢʦʣʦʾʜʥʦʛʦ 

ʂʫʤʘʩʩʽ (20% ʝʪʘʥʦʣ [96% ʝʪʘʥʦʣ], 0,08% ʢʫʤʘʩʩʽ ʜʽʘʤʘʥʪʦʚʦ ʩʠʥʽʡ [CBB-G-250], 

1,6% ʬʦʩʬʦʨʥʘ ʢʠʩʣʦʪʘ [85% ʬʦʩʬʦʨʥʘ ʢʠʩʣʦʪʘ], 8% ʘʤʦʥʽʡ ʩʫʣʴʬʘʪ) ʧʝʨʝʤʽʰʫʶʯʠ 

ʧʨʠ 400 ʦʙ/ʭʚ, ʧʨʦʪʷʛʦʤ 16 ʛʦʜ. ɼʚʽʯʽ ʚʽʜʤʠʚʘʶʪʴ ʫ 150 ʤʣ ddH2O ʧʨʠ 400 ʦʙ/ʭʚ, 30 

ʭʚ. ɿʦʙʨʘʞʝʥʥʷ ʦʮʠʬʨʦʚʫʶʪʴ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 300 dpi ʪʘ ʛʣʠʙʠʥʦʶ ʧʽʢʩʝʣʽʚ 

16-ʙʽʪʦʚʦʛʦ ʚʽʜʪʽʥʢʫ ʩʽʨʦʛʦ ʥʘ ʩʢʘʥʝʨʽ ʘʙʦ ʬʦʪʦʛʨʘʬʫʶʪʴ.  

ʅʘ ʥʘʩʪʫʧʥʽʡ ʩʪʘʜʽʾ ʧʨʦʚʦʜʷʪʴ ʚʠʟʥʘʯʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ 

ʙʽʣʢʽʚ. ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʛʝʣʶ ʧʨʦʚʦʜʷʪʴ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ SameSpots 5.1 

(TotalLab), ʱʦʙ ʚʠʷʚʠʪʠ ʚʽʜʤʽʥʥʽ ʙʽʣʢʦʚʽ ʧʣʷʤʠ ʤʽʞ ʟʨʘʟʢʘʤʠ ʥʘ ʬʦʪʦ ʛʝʣʽʚ. ʇʦ-

ʧʝʨʰʝ, ʚʽʜʬʽʣʴʪʨʦʚʫʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʇʦʪʽʤ ʯʘʩʪʠʥʢʠ ʧʠʣʫ/ʧʣʷʤ, ʦʯʝʚʠʜʥʽ ʩʤʫʛʠ ʪʘ ʧʦʰʢʦʜʞʝʥʽ ʜʽʣʷʥʢʠ ʛʝʣʶ ʤʘʥʫʘʣʴʥʦ 

ʚʠʜʘʣʷʶʪʴ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʟʥʘʯʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʟʨʘʟʢʽʚ ʛʝʣʽ 

ʥʦʨʤʘʣʽʟʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʚʠʙʨʘʥʦʛʦ ʝʪʘʣʦʥʥʦʛʦ ʛʝʣʶ. ɺʩʽ ʧʣʷʤʠ 

ʧʝʨʝʛʣʷʜʘʶʪʴ ʧʦ ʯʝʨʟʽ ʪʘ, ʷʢʱʦ ʧʦʪʨʽʙʥʦ, ʚʽʜʨʝʜʘʛʦʚʫʶʪʴ ʚʨʫʯʥʫ.  ɼʠʬʝʨʝʥʮʽʡʥʦ-
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ʥʘʢʦʧʠʯʝʥʽ ʙʽʣʢʠ ʚʠʟʥʘʯʘʶʪʴ ʥʘ ʦʩʥʦʚʽ p-ʟʥʘʯʝʥʥʷ ANOVA Ò 0,01 ʪʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʟʨʘʟʢʘʤʠ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ Ó 2,5. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʦʚʫʶʪʴ post-

hoc ʪʝʩʪ ʥʘ ʩʧʨʘʚʞʥʶ ʽʩʪʦʪʥʫ ʨʽʟʥʠʮʶ Tukey, ʱʦʙ ʦʮʽʥʠʪʠ ʟʤʽʥʠ ʤʽʞ ʢʦʥʢʨʝʪʥʠʤʠ 

ʛʝʥʦʪʠʧʘʤʠ. 

ɺʠʟʥʘʯʝʥʽ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʩʪʘʜʽʾ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʽ ʙʽʣʢʠ ʚʠʨʽʟʘʶʪʴ ʟ 

ʧʦʣʽʘʢʨʠʣʘʤʽʜʥʦʛʦ ʛʝʣʶ ʩʢʘʣʴʧʝʣʝʤ ʘʙʦ ʚʠʜʘʚʣʶʶʪʴ ʦʙʨʽʟʘʥʠʤ ʢʽʥʯʠʢʦʤ 

ʥʘʢʦʥʝʯʥʠʢʘ ʪʘ ʧʦʤʽʱʘʶʪʴ ʫ ʧʨʦʙʽʨʢʫ ʥʘ 1,5 ʤʣ ʟʽ ʩʢʣʘʜʫ.  

ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʜʦʤʽʰʦʢ ʨʽʟʥʦ ʾʧʨʠʨʦʜʠ ʛʝʣʝʚʽ ʰʤʘʪʦʯʢʠ ʟ ʜʠʬʝʨʝʥʮʽʡʥʦ-

ʝʢʩʧʨʝʩʦʚʘʥʠʤʠ ʙʽʣʢʘʤʠ ʧʨʦʤʠʚʘʶʪʴ ʚ 300 ʤʢʣ 50 ʤʄ ʙʽʢʘʨʙʦʥʘʪʫ ʘʤʦʥʽʶ ʚ 50% 

ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ ʩʪʨʫʰʫʚʘʥʥʽ 500 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 15 ʭʚ. ʑʦʙ ʦʙʨʦʙʠʪʠ ʨʦʟʯʠʥʘʤʠ 

ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʘʣʢʽʣʫʚʘʥʥʷ ʥʘ ʧʦʩʣʽʜʫʶʯʠʭ ʩʪʘʜʽʷʭ ʰʤʘʪʦʯʢʠ ʛʝʣʽʚ ʟ ʙʽʣʢʘʤʠ 

ʟʥʝʚʦʜʥʶʶʪʴ ʚ 300 ʤʢʣ ʘʮʝʪʦʥʽʪʨʠʣʫ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʧʨʠ 500 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 15 

ʭʚ. ɺ̔ ʜʥʦʚʣʶʶʪʴ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʽ ʙʽʣʢʠ ʚ ʛʝʣʝʚʠʭ ʰʤʘʪʦʯʢʘʭ ʜʦʜʘʶʯʠ  

100 ʤʢʣ 10 ʤʄ ʜʽʪʽʦʪʨʝʡʪʦʣʫ ʚ 100 ʤʄ ʙʽʢʘʨʙʦʥʘʪʽ ʘʤʦʥʽʶ ʪʘ ʽʥʢʫʙʫʶʯʠ ʧʨʠ 50Áʉ 

ʧʨʠ 500 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 30 ʭʚ. ɸʣʢʽʣʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʽ ʙʽʣʢʠ ʚ 

ʛʝʣʝʚʠʭ ʧʨʦʚʦʜʷʪʴ ʜʦʜʘʶʯʠ 100 ʤʢʣ 50 ʤʄ ʡʦʜʦʘʮʝʪʘʤʽʜʫ ʚ 100 ʤʄ ʙʽʢʘʨʙʦʥʘʪ ̔

ʘʤʦʥʽʶ ʪʘ ʽʥʢʫʙʫʶʯʠ ʚ ʪʝʤʨʷʚ ̔ʧʨʠ 500 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 30 ʭʚ. ɼʣʷ ʚʠʜʘʣʝʥʥʷ 

ʜʦʤʽʰʦʢ ʨʽʟʥʦ ʾʧʨʠʨʦʜʠ ʛʝʣʝʚʽ ʰʤʘʪʦʯʢʠ ʟ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʤʠ ʙʽʣʢʘʤʠ 

ʧʨʦʤʠʚʘʶʪʴ ʚ 300 ʤʢʣ 50 ʤʄ ʙʽʢʘʨʙʦʥʘʪʫ ʘʤʦʥʽʶ ʚ 50% ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ 

ʩʪʨʫʰʫʚʘʥʥʽ 500 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 15 ʭʚ. ʑʦʙ ʬʝʨʤʝʥʪ ʟ ʨʦʟʯʠʥʫ ʝʢʩʪʨʘʛʫʚʘʚʩʷ ʚ 

ʛʝʣʝʚʠʡ ʰʤʘʪʦʯʦʢ ʥʘ ʧʦʩʣʽʜʫʶʯʽʡ ʩʪʘʜʽʾ, ʰʤʘʪʦʯʢʠ ʛʝʣʽʚ ʟ ʙʽʣʢʘʤʠ ʟʥʝʚʦʜʥʶʶʪʴ ʚ 

300 ʤʢʣ ʘʮʝʪʦʥʽʪʨʠʣʫ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʧʨʠ 500 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 15 ʭʚ.  

ɼʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʽ ʙʽʣʢʠ ʚ ʛʝʣʝʚʠʭ ʰʤʘʪʦʯʢʘʭ ʨʦʟʱʝʧʣʷʶʪʴ 

ʜʦʜʘʶʯʠ 20 ʤʢʣ 10 ʥʛ/ʤʢʣ ʬʝʨʤʝʥʪʫ ʚ 10 ʤʄ ʛʽʜʨʦʢʘʨʙʦʥʘʪʽ ʘʤʦʥʽʶ ʪʘ 10% 

ʘʮʝʪʦʥʽʪʨʠʣʽ ʪʘ ʽʥʢʫʙʫʶʯʠ ʧʨʠ 25Áʉ (ʭʽʤʦʪʨʠʧʩʠʥ) ʘʙʦ 37Áʉ (ʪʨʠʧʩʠʥ), ʘʙʦ ʚ 50 ʤʄ 

Tris pH 8,0 ʽ 0,5 ʤʄ CaCl2 (ʟ ɼʈ 1.2) ʧʨʠ 60Áʉ (ʪʝʨʤʦʣʽʟʠʥ) ʧʨʦʪʷʛʦʤ 16 ʛʦʜ. ɼʣʷ 

ʪʦʛʦ, ʱʦʙ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʽʣʢʠ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʟ ʛʝʣʝʚʠʭ ʧʣʷʤ, ʩʧʦʯʘʪʢʫ, 
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ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʨʦʟɦʝʧʣʝʥʥʷʤ ʭʽʤʦʪʨʠʧʩʠʥʦʤ. ʈʝʰʪʫ ʥʝʚʽʜʦʤʠʭ 

ʛʝʣʝʚʠʭ ʧʣʷʤ ʦʙʨʦʙʣʷʶʪʴ ʪʨʠʧʩʠʥʦʤ ʪʘ ʪʝʨʤʦʣʽʟʠʥʦʤ.  

ʇʝʧʪʠʜʠ ʜʚʽʯʽ ʝʢʩʪʨʘʛʫʶʪʴ ʜʦʜʘʶʯʠ 50 ʤʢʣ 70% ʘʮʝʪʦʥʽʪʨʠʣʫ ʪʘ 1% 

ʪʨʠʬʪʦʨʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʧʝʨʝʤʽʰʫʶʯʠ ʧʨʠ 1000 ʦʙ/ʭʚ, 37Áʉ ʧʨʦʪʷʛʦʤ 15 ʭʚ. 

ɽʢʩʪʨʘʢʪʠ ʦʙôʻʜʥʫʶʪʴ ʚ ʧʨʦʙʽʨʮʽ ʥʘ 1,5 ʤʣ.  

2DE-LC/MS ʘʥʘʣʽʟ. ʆʪʨʠʤʘʥʽ ʧʝʧʪʠʜʠ ʘʥʘʣʽʟʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʜʠʥʥʦʾ 

ʭʨʦʤʘʪʦʛʨʘʬʽʾ-ʪʘʥʜʝʤʥʦʾ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ (LC-MS/MS), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʨʽʜʠʥʥʠʡ ʭʨʦʤʘʪʦʛʨʘʬ ʟ ʥʘʜʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʝʨ Q-TOF. 

ɼʘʥʽ ʟʘʧʠʩʫʶʪʴ ʚ ʨʝʞʠʤʽ MSE (ʧʘʨʘʣʝʣʴʥʽ ʩʣʽʜʠ ʚʠʩʦʢʦʾ ʪʘ ʥʠʟʴʢʦʾ ʝʥʝʨʛʽʾ ʙʝʟ 

ʚʠʙʦʨʫ ʽʦʥʽʚ-ʧʦʧʝʨʝʜʥʠʢʽʚ) ʪʘ ʦʙʨʦʙʣʷʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ProteinLynx Global Server 

3.0 (Waters).  

ɼʣʷ ʜʦʧʦʚʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 2DE-LC/MS ʧʨʦʚʦʜʷʪʴ GF-LC/MS, ʷʢʠʡ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʦʱʝʧʣʝʥʥʷ ʙʽʣʢʦʚʠʭ ʝʢʩʪʨʘʢʪʽʚ. ɼʣʷ ʧʦʯʘʪʢʫ ʨʦʙʽʪ 

ʥʘ ʩʪʘʜʽʾ ʧʨʦʚʦʜʷʪʴ ʘʢʪʠʚʘʮʽ ʁʮʝʥʪʨʠʬʫʞʥʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦʜʘʶʯʠ 

200 ʤʢʣ 1% ʤʫʨʘʰʠʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʮʝʥʪʨʠʬʫʛʫʶʯʠ ʧʨʠ 10 000 Ĭ g ʧʨʦʪʷʛʦʤ 40 ʭʚ.  

ɼʣʷ ʚʽʜʜʽʣʝʥʥʷ ʙʽʣʢʽʚ ʟ ʙʽʣʢʦʚʦʛʦ ʧʨʝʧʘʨʘʪʫ ʟʘʚʘʥʪʘʞʫʶʪʴ100 ʤʢʛ ʙʽʣʢʦʚʦʾ 

ʘʣʽʢʚʦʪʠ ʜʦʚʝʜʝʥʦ ʾʜʦ 200 ʤʢʣ ʩʝʯʦʚʠʥʥʠʤ ʙʫʬʝʨʦʤ (8 ʄ ʩʝʯʦʚʠʥʘ ʪʘ 100 ʤʄ Tris 

ʨʅ 8,5) ʥʘ ʮʝʥʪʨʠʬʫʞʥʫ ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ ʽ ʮʝʥʪʨʠʬʫʛʫʶʪʴ ʧʨʠ 4000 Ĭg, 

4ÁC ʧʨʦʪʷʛʦʤ 15 ʭʚ. ɼʣʷ ʧʨʦʤʠʚʘʥʥʷ ʜʦʜʘʶʪʴ 200 ʤʢʣ ʩʝʯʦʚʠʥʥʦʛʦ ʙʫʬʝʨʘ ʥʘ 

ʮʝʥʪʨʠʬʫʞʥʫ ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ ̔  ʮʝʥʪʨʠʬʫʛʫʶʪʴ ʧʨʠ 4000 Ĭg, 4ÁC ʧʨʦʪʷʛʦʤ 

15 ʭʚ. ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʜʠʩʫʣʴʬʽʜʥʠʭ ʟʚôʷʟʢʽʚ ʟʘʣʠʰʢʽʚ ʮʠʩʪʝʾʥʫ ʫ ʚʽʣʴʥʽ 

ʩʫʣʴʬʛʽʜʨʠʣʴʥʽ ʛʨʫʧʠ, ʜʦʜʘʶʪʴ ʥʘ ʮʝʥʪʨʠʬʫʞʥʫ ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ 200 ʤʢʣ 

10 ʤʄ ʜʽʪʽʦʪʨʝʡʪʦʣʫ ʚ ʩʝʯʦʚʠʥʥʦʤʫ ʙʫʬʝʨʽ ʪʘ ʧʝʨʝʤʽʰʫʶʪʴ ʧʨʠ 500 ʦʙ/ʭʚ, ʧʨʠ 50Áʉ 

ʧʨʦʪʷʛʦʤ 15 ʭʚ. ʈʦʟʯʠʥ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʚʽʜʜʽʣʷʶʪʴ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ  

4000 Ĭg, 4ÁC ʧʨʦʪʷʛʦʤ 15 ʭʚ. ɼʣʷ ʘʣʢʽʣʫʚʘʥʥʷ ʚʽʣʴʥʠʭ ʩʫʣʴʬʛʽʜʨʠʣʴʥʠʭ ʛʨʫʧ ʟ 

ʫʪʚʦʨʝʥʥʷʤ S-ʢʘʨʙʦʢʩʠʘʤʽʜʦʤʝʪʠʣ-ʮʠʩʪʝʾʥʫ, ʷʢʠʡ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʢʠʩʣʝʥʠʡ 

ʧʦʚʪʦʨʥʦ, ʫʪʚʦʨʶʶʯʠ ʜʠʩʫʣʴʬʽʜʥʽ ʟʚôʷʟʢʠ, ʜʦʜʘʶʪʴ ʥʘ ʮʝʥʪʨʠʬʫʞʥʫ 

ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ 200 ʤʢʣ 50 ʤʄ ʡʦʜʦʘʮʝʪʘʤʽʜʫ ʚ ʩʝʯʦʚʠʥʥʦʤʫ ʙʫʬʝʨʽ ʪʘ 
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ʽʥʢʫʙʫʶʪʴ ʧʝʨʝʤʽʰʫʶʯʠ ʧʨʠ 500 ʦʙ/ʭʚ ʫ ʪʝʤʨʷʚʽ ʧʨʦʪʷʛʦʤ 15 ʭʚ. ʈʦʟʯʠʥ ʜʣʷ 

ʘʣʢʽʣʫʚʘʥʥʷ ʚʽʜʜʽʣʷʶʪʴ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ  4000 Ĭ g, 4ÁC ʧʨʦʪʷʛʦʤ 15 ʭʚ. ɼʣʷ 

ʧʨʦʤʠʚʘʥʥʷ ʜʦʜʘʶʪʴ 200 ʤʢʣ ʩʝʯʦʚʠʥʥʦʛʦ ʙʫʬʝʨʘ ʥʘ ʮʝʥʪʨʠʬʫʞʥʫ ʬʽʣʴʪʨʫʚʘʣʴʥʫ 

ʫʩʪʘʥʦʚʢʫ ʽ ʮʝʥʪʨʠʬʫʛʫʶʪʴ ʧʨʠ 4000 Ĭ g, 4ÁC ʧʨʦʪʷʛʦʤ 15 ʭʚ.  

ɼʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʦʟɦʝʧʣʝʥʥʷ ʧʨʝʧʘʨʘʪʫ ʙʽʣʢʽʚ ʟʝʨʥʘ ʥʘ ʮʝʥʪʨʠʬʫʞʥʫ 

ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʫʩʪʘʥʦʚʢʘ ʧʦʜʘʶʪʴ 75 ʤʢʣ 100 ʥʛ/ʤʢʣ ʨʦʟʯʠʥʫ ʭʽʤʦʪʨʠʧʩʠʥʫ ʚ 50 ʤʄ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʽ ʘʤʦʥʽʶ ʪʘ ʽʥʢʫʙʫʶʪʴ ʧʨʠ 25 Áʉ ʧʨʦʪʷʛʦʤ 16 ʛʦʜ. ʆʪʨʠʤʘʥʽ ʧʝʧʪʠʜʠ 

ʧʽʩʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʦʟɦʝʧʣʝʥʥʷ ʟʙʠʨʘʶʪʴ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 10 000 Ĭg 

ʧʨʦʪʷʛʦʤ 20 ʭʚ. ɼʦʜʘʶʪʴ 75 ʤʢʣ 50 ʤʄ ʙʽʢʘʨʙʦʥʘʪʫ ʘʤʦʥʽʶ ʥʘ ʮʝʥʪʨʠʬʫʞʥʫ 

ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ ʽ ʧʦʚʪʦʨʶʶʪʴ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʧʨʠ 10 000 Ĭg ʧʨʦʪʷʛʦʤ 

20 ʭʚ. ɼʣʷ ʧʽʜʢʠʩʣʝʥʥʷ ʨʦʟʯʠʥʫ ʦʙôʻʜʥʘʥʠʭ ʮʝʥʪʨʠʬʫʛʘʪʽʚ ʧʝʧʪʠʜʽʚ ʜʦʜʘʶʪʴ 100 

ʤʢʣ 0,1% ʪʨʠʬʪʦʨʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ.  

ɼʣ̫ ʦʯʠʱʝʥʥʷ ʧʝʧʪʠʜʽʚ ʟ ʊʇ 10.11 ʧʨʦʚʦʜʷʪʴ ʝʢʩʪʨʘʢʮʽʶ ʥʘ ʪʚʝʨʜʽʡ ʬʘʟʽ 

ʢʘʨʪʨʠʜʞʽʚ Sep-Pak C18 Light (Waters), ʪʚʝʨʜʘ ʬʘʟʘ ʷʢʠʭ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʝʟʝʤʫ ʟ 

ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 55-105 ʤʢʤ ʪʘ  ʨʦʟʤʽʨʦʤ ʧʦʨ 125¡. ʆʯʠʱʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʟʘ 

ʩʪʘʥʜʘʨʪʥʠʤ ʧʨʦʪʦʢʦʣʦʤ ʚʠʨʦʙʥʠʢʘ.  

ʂʦʥʮʝʥʪʨʘʮʽʶ ʧʝʧʪʠʜʽʚ ʚʠʤʽʨʶʶʪʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ,̔ ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ 

0,1% ʨʦʟʯʠʥ ʙʽʣʢʽʚ ʤʘʻ ʝʢʩʪʠʥʮʽʶ 1,0 ʦʜʠʥʠʮʴ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 280 ʥʤ. 

ɼʘʣʽ ʧʨʦʚʦʜʷʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽ ʁʙʽʣʢʽʚ ʟʘ GF-LC/MS. ɸʣʽʢʚʦʪʠ 300 ʥʛ ʦʯʠʱʝʥʠʭ 

ʩʢʣʘʜʥʠʭ ʧʝʧʪʠʜʥʠʭ ʩʫʤʽʰʝʡ ʨʦʟʜʽʣʷʶʪʴ ʫ ʪʨʴʦʭ ʧʦʚʪʦʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʨʽʜʠʥʥʠʡ ʭʨʦʤʘʪʦʛʨʘʬ ʟ ʥʘʜʚʠʩʦʢʦʶ ʧʦʪʫʞʥʽʩʪʶ. ɿʨʘʟʢʠ ʟʘʚʘʥʪʘʞʫʶʪʴ ʥʘ ʢʦʣʦʥʢʫ 

(ʜʦʚʞʠʥʘ 20 ʤʤ, ʜʽʘʤʝʪʨ 180 ʤʢʤ, ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ 5 ʤʢʤ). ʇʽʩʣʷ 2 ʭʚ 

ʟʥʝʩʦʣʝʥʥʷ/ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ 1% ʘʮʝʪʦʥʽʪʨʠʣʦʤ, ʱʦ ʤʽʩʪʠʪʴ 0,1% ʤʫʨʘʰʠʥʦʾ 

ʢʠʩʣʦʪʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ 8 ʤʢʣ/ʭʚ, ʧʝʧʪʠʜʠ ʚʚʦʜʷʪʴ ʚ ʘʥʘʣʽʪʠʯʥʫ ʢʦʣʦʥʢʫ 

(ʜʦʚʞʠʥʘ 100 ʤʤ, ʜʽʘʤʝʪʨ 75 ʤʢʤ, ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ 1,8 ʤʢʤ). ɼʣʷ ʨʝʪʝʣʴʥʦʛʦ 

ʨʦʟʜʽʣʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ 90 ʭʚ ʛʨʘʜʽʻʥʪ 5-35% ʘʮʝʪʦʥʽʪʨʠʣʫ ʟ 0,1% ʤʫʨʘʰʠʥʦʶ 

ʢʠʩʣʦʪʦʶ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ 300 ʥʣ/ʭʚ. ɺʠʧʫʩʢʥʫ ʢʦʣʦʥʢʫ ʟ'ʻʜʥʫʶʪʴ ʟ 

ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ (ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ 360 ʤʢʤ, ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ 20 ʤʢʤ, ʜʽʘʤʝʪʨ 
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ʥʘʢʦʥʝʯʥʠʢʘ 10 ʤʢʤ), ʘ ʟʨʘʟʢʠ ʥʘʥʦʩʧʨʝʶʶʪʴ (ʢʘʧʽʣʷʨʥʘ ʥʘʧʨʫʛʘ 3,1 ʢɺ) ʥʘ 

ʢʚʘʜʨʫʧʦʣʴʥʠʡ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʟ ʦʧʮʽʻʶ ʽʦʥʥʦʾ ʤʦʙʽʣʴʥʦʩʪʽ. ʉʧʝʢʪʨʠ ʟʘʧʠʩʫʶʪʴ ʫ 

ʨʝʞʠʤʽ MSE. ɼʣʷ ʢʦʨʝʢʮʽʾ ʤʘʩʠ ʚʚʦʜʷʪʴ ʟʦʚʥʽʰʥʽʡ ʩʪʘʥʜʘʨʪ Glu1-Fibrinopeptide B. 

ʉʧʝʢʪʨʠ ʦʙʨʦʙʣʷʶʪʴ ʢʦʤʧʨʝʩʽʡʥʠʤ ʪʘ ʘʨʭʽʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ Compression 

and Archival Tool 1.0 (Waters) ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ, ʚʠʜʘʣʷʶʯʠ ʢʽʣʴʢʽʩʪʴ ʽʦʥʽʚ 

ʥʠʞʯʝ 15. ʆʙʨʦʙʢʫ ʜʘʥʠʭ ʧʨʦʚʦʜʷʪʴ ʚ Progenesis QI 4.0 (Waters). ɼʣʷ ʚʠʙʦʨʫ ʧʽʢʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʧʦʨʦʛʦʚʽ ʧʘʨʘʤʝʪʨʠ: ʥʠʟʴʢʘ ʝʥʝʨʛʽʷ 320 ʦʜʠʥʠʮʴ ʽ ʚʠʩʦʢʘ 

ʝʥʝʨʛʽʷ 40 ʦʜʠʥʠʮʴ. ʇʦʧʝʨʝʜʥʠʢʠ ʪʘ ʽʦʥʠ ʬʨʘʛʤʝʥʪʽʚ ʦʙôʻʜʥʫʶʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʦʨʝʣʷʮʽʾ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʬʽʣʽʚ ʝʣʶʮʽʾ ʫ ʩʣʽʜʘʭ ʥʠʟʴʢʦʾ/ʚʠʩʦʢʦʾ ʝʥʝʨʛʽʾ. ʇʦʪʽʤ 

ʯʘʩʠ ʫʪʨʠʤʫʚʘʥʥʷ ʧʽʢʽʚ ʚʠʨʽʚʥʶʶʪʴ ʧʦ ʚʩʽʭ ʭʨʦʤʘʪʦʛʨʘʤʘʭ. ʇʽʢʦʚʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʦʨʤʘʣʽʟʫʶʪʴ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʩʽʭ ʽʦʥʽʚ, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʩʠʛʥʘʣʽʚ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʫʤʦʚʠ. ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʩʧʠʨʘʻʪʴʩ ̫ʥʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʽʢʦʚʠʭ ʧʣʦʱ ʪʨʴʦʭ ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʠʭ ʧʝʧʪʠʜʽʚ-ʧʦʧʝʨʝʜʥʠʢʽʚ, 

ʧʝʨʝʚʘʞʥʦ ʫʥʽʢʘʣʴʥʠʭ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʣʢʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ Ion 

Accounting 4.0 (Waters).  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 2DE-LC/MS ʪʘ GF-LC/MS  ʘʥʘʣʽʟʫʶʪʴ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʙʽʣʢʦʚʠʭ ʽʜʝʥʪʠʬʽʢʘʮʽʡ. ʆʪʨʠʤʘʥʽ 

ʩʧʝʢʪʨʠ ʩʧʽʚʩʪʘʚʣʷʶʪʴ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʰʝʥʠʯʥʠʭ ʧʨʦʪʝʦʤʽʚ, ʟ UniProt 

(uniprot.org). ʇʘʨʘʤʝʪʨʠ ʧʦʰʫʢʫ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʝʨʤʝʥʪʫ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ. ʇʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ ʧʦʰʫʢʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʣʢʘ: 

ʤʘʢʩʠʤʫʤ ʜʚʘ ʤʦʞʣʠʚʽ ʧʨʦʧʫʱʝʥʽ ʤʽʩʮʷ ʨʦʟɦʝʧʣʝʥʥʷ ʭʽʤʦʪʨʠʧʩʠʥʦʤ, ʬʽʢʩʦʚʘʥʠʡ 

ʢʘʨʙʘʤʽʜʦʤʝʪʠʣʮʠʩʪʝʾʥ, ʤʝʪʽʦʥʽʥ ʽʟ ʟʤʽʥʥʠʤ ʦʢʠʩʥʝʥʥʷʤ ʪʘ ʜʝʘʤʽʜʦʚʘʥʠʡ ʛʣʫʪʘʤʽʥ. 

ʆʜʥʝ ʥʝʧʨʘʚʠʣʴʥʝ ʨʦʟɦʝʧʣʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʜʣʷ ʪʨʠʧʩʠʥʫ ʪʘ ʪʝʨʤʦʣʽʟʠʥʫ.  

ʈʦʟʝɦʧʣʝʥʥʷ ʭʤ̔ʦʪʨʠʧʩʠʥʦʤ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʨʦʟɦʝʧʣʝʥʥʷ ʥʘ ʉ-ʢʽʥʮʽ ʧʽʩʣʷ 

ʪʠʨʦʟʠʥʫ, ʬʝʥʽʣʘʣʘʥʽʥʫ, ʪʨʠʧʪʦʬʘʥʫ, ʣʝʡʮʠʥʫ ʪʘ ʤʝʪʽʦʥʽʥʫ, ʘʣʝ ʥʝ ʧʝʨʝʜ ʧʨʦʣʽʥʦʤ. 

ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʪʝʨʤʦʣʽʟʠʥʫ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʨʦʟɦʝʧʣʝʥʥʷ ʥʘ N-ʢʽʥʮʽ ʧʽʩʣʷ ʘʣʘʥʽʥʫ, 

ʬʝʥʽʣʘʣʘʥʽʥʫ, ʽʟʦʣʝʡʮʠʥʫ, ʣʝʡʮʠʥʫ, ʤʝʪʽʦʥʽʥʫ ʪʘ ʚʘʣʽʥʫ, ʘʣʝ ʥʝ ʧʨʦʣʽʥʫ. ɼʣʷ 2DE-

LC/MS ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʨʠʡʤʘʶʪʴ, ʷʢʱʦ ʚʠʷʚʣʷʣʠ ʜʚʘ ʯʠ ʙʽʣʴʰʝ ʨʽʟʥʠʭ ʧʝʧʪʠʜʽʚ ʽʟ 



177 

 

ʦʮʽʥʢʦʶ ʚʠʱʝ 95% ʧʦʨʦʛʦʚʦʛʦ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ. ɼʣʷ GF-LC/MS ʽʜʝʥʪʠʬʽʢʘʮʽ ʁ

ʧʨʠʡʤʘʶʪʴ, ʷʢʱʦ ʱʦʥʘʡʤʝʥʰʝ ʜʚʘ ʯʽʪʢʦ ʚʠʨʘʞʝʥʽ ʧʝʧʪʠʜʠ (ʦʮʽʥʢʘ Ó 5,5, ʪʦʯʥʽʩʪʴ 

ʤʘʩʠ Ò 15 ppm) ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʣʢʘ.  

ɼʣʷ ʦʮʽʥʢʠ ʘʣʝʨʛʝʥʥʦʩʪʽ/ʪʦʢʠʯʥʦʩʪʽ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʙʽʣʢʽʚ, ʱʦ 

ʜʠʬʝʨʝʥʮʽʡʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʟʝʨʥʽ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʦʰʫʢ ʚ ʙʘʟʘʭ ʜʘʥʠʭ Allergome (allergome.org), ProPepper (propepper.net) ʪʘ GluPro. 

ɺʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʩʧʨʠʷʶʪʴ ʷʢʦʩʪʽ, ʙʝʨʫʪʴ ʟ ʘʥʦʪʘʮʽʡ UniProt (uniprot.org). 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 7 

1. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʮʝʩʫʘʣʴʥʽ ʩʭʝʤʠ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʚʠʛʣʷʜʽ ʜʘʥʠʭ ʧʨʦ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ 

ʢʦʜʫʶʯʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ.  

2. ʇʨʠ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʽʚ ʚʠʢʦʥʘʥʥʷ ʦʮʽʥʢʠ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʦʧʠʩʘʥʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ. ʅʘ ʦʩʥʦʚʽ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ 

ʩʧʨʦʝʢʪʦʚʘʥʦ ʧʨʦʮʝʩʫʘʣʴʥʽ ʩʭʝʤʠ ʚʠʨʦʙʥʠʮʪʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʠʪʠ ʧʨʦʮʝʩ 

ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʟʘʪʨʘʪʘʭ ʥʘ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ. 

 

ʆʪʨʠʤʘʥʦ ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʜʽʣʫ:  

ʃʘʭʥʝʢʦ ʆ.ʈ., ʉʪʝʧʘʥʝʥʢʦ ɸ.ɯ., ɺʝʣʠʢʦʞʦʥ ʃ.ɻ., ʄʦʨʛʫʥ ɹ.ɺ., ʂʫʟʴʤʽʥʩʴʢʠʡ 

ɭ.ɺ. ʉʧʦʩʽʙ ʛʝʥʦʪʠʧʫʚʘʥʥʷ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʟʘ ʛʝʥʦʤ TʘWRKY2-D1; ɯʥʩʪʠʪʫʪ 

ʢʣʽʪʠʥʥʦʾ ʙʽʦʣʦʛʽʾ ʪʘ ʛʝʥʝʪʠʯʥʦʾ ʽʥʞʝʥʝʨʽʾ ʅɸʅ ʋʢʨʘʾʥʠ ʧʘʪʝʥʪʦʚʣʘʩʥʠʢ. ʇʘʪʝʥʪ 

ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ UA 146186. 20.01.2021, ɹʶʣ.ˉ 3. 
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ɺʀʉʅʆɺʂʀ 

 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʥʘʚʦʜʷʪʴʩʷ ʪʝʦʨʝʪʠʯʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʥʦʚʽ ʰʣʷʭʠ ʜʦʩʷʛʥʝʥʥʷ 

ʥʘʫʢʦʚʦʾ ʤʝʪʠ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʨʦʙʢʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʧʨʦʚʝʜʝʥʥʷ 

ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʜʘʶʪʴ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʫʤʦʚ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ ʪʦʣʝʨʘʥʪʥʠʤʠ ʙʫʣʠ ʩʦʨʪʠ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ɸʩʪʘʨʪʘ, ʆʜʝʩʴʢʘ 267 ʪʘ ʇʦʜʦʣʷʥʢʘ, ʙʦ ʚʽʜʨʽʟʥʷʣʠʩʷ  ʟʜʘʪʥʽʩʪʶ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʝʨʥʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʜʽʾ 

ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʛʫʣʷʮʽʾ ʘʧʝʨʪʫʨʠ ʧʨʦʜʠʭʽʚ ʥʘ ʘʙʘʢʩʽʘʣʴʥʽʡ ʩʪʦʨʦʥʽ 

ʣʠʩʪʢʘ.  

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʫʢʣʝʦʪʠʜʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʦʤʦʣʦʛʽʯʥʠʭ ʛʝʥʽʚ TaWRKY2  

ʟ ʰʝʩʪʠ ʢʦʥʪʨʘʩʪʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʠʤ ʨʽʚʥʝʤ 

ʧʦʣʽʤʦʨʬʥʦʩʪʽ: 7 SNP ʜʣʷ TaWRKY2-A1, 12 SNP ʽ 1 ʽʥʩʝʨʮʽʷ ʜʣʷ TaWRKY2-B1, 1 

ʜʝʣʝʮʽʷ ʜʣʷ TaWRKY2-D1 ʟ ʷʢʠʭ 11 ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥ ʚ ʘʤʽʥʦʢʠʩʣʦʪʥʦʤʫ ʩʢʣʘʜʽ 

ʧʦʣʽʧʝʧʪʠʜʽʚ; ʪʘ 3 ʽʥʩʝʨʮʽʾ, 3 ʜʝʣʝʮʽʾ ʪʘ 20 SNP ʜʣʷ ʧʨʦʤʦʪʦʨʥʦʛʦ ʨʝʛʽʦʥʫ TaWRKY2-

D1, ʟ ʷʢʠʭ 3 SNP ʧʦʪʝʥʮʽʡʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʛʫʣʷʪʦʨʥʽ ʝʣʝʤʝʥʪʠ ʝʢʩʧʨʝʩʽʾ.  

ɺʠʷʚʣʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ TaWRKY2  ʛʝʥʽʚ ʚʽʜ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥ. ɼʚʘ ʧʦʩʫʭʦʯʫʪʣʠʚʽ ʩʦʨʪʠ ʇʦʣʽʩʴʢʘ 90 ʽ 

ʅʘʪʘʣʢʘ ʧʦʢʘʟʘʣʠ ʰʚʠʜʢʝ ʽ ʩʠʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ TaWRKY2 ʛʝʥʽʚ ʫ 

ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ ï ʫ 5,0 ʪʘ 4,1 ʨʘʟʽʚ ʚʽʜʧʦʚʽʜʥʦ. ʉʝʨʝʜ ʧʦʩʫʭʦʪʦʣʝʨʘʥʪʥʠʭ 

ʩʦʨʪʽʚ ʣʠʰʝ ʩʦʨʪ ʆʜʝʩʴʢʘ 267 ʧʦʢʘʟʘʚ ʧʽʜʚʠʱʝʥʫ ʝʢʩʧʨʝʩʽʶ TaWRKY2 ʛʝʥʽʚ ʫ 1,9 

ʨʘʟʽʚ. ʋ ʢʦʣʦʩʽ ʩʝʨʝʜ ʧʦʩʫʭʦʪʦʣʝʨʘʥʪʥʠʭ ʩʦʨʪʽʚ ʣʠʰʝ ʩʦʨʪ ʇʦʜʦʣʷʥʢʘ ʚʠʷʚʠʚ ʨʽʩʪ 

ʝʢʩʧʨʝʩʽʾ ʫ 1,9 ʨʘʟʽʚ.  

3. ɺʠʷʚʣʝʥʦ ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 36 SNP, 3 ʽʥʩʝʨʮʽʾ ʪʘ 1 ʜʝʣʝʮʽʶ ʚ 

ʥʫʢʣʝʦʪʠʜʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʦʤʦʣʦʛʽʯʥʠʭ ʛʝʥʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ ʧʰʝʥʠʮʽ EPF1, 

EPF2 ʪʘ MUTE ʰʝʩʪʠ ʢʦʥʪʨʘʩʪʥʠʭ ʩʦʨʪʽʚ. ʇʨʦʪʝ, ʣʠʰʝ 15 ʚʽʜʤʽʥʥʦʩʪʝʡ 
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ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʥʠ ʚ ʧʦʣʽʧʝʧʪʠʜʥʦʤʫ ʣʘʥʮʶʟʽ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʛʝʥʠ EPF1, EPF2 ʪʘ 

MUTE ʝʢʩʧʨʝʩʫʶʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʣʠʰʝ ʫ ʤʦʣʦʜʠʭ ʣʠʩʪʢʘʭ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʃʈ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 9 ʨʦʟʨʦʙʣʝʥʠʭ ʚʽʜʪʚʦʨʶʚʘʥʠʭ 

ʩʠʩʪʝʤ ɼʅʂ-ʤʘʨʢʝʨʽʚ ʜʦ ʛʝʥʽʚ ʧʦʩʫʭʦ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ TaWRKY2-A1 (PA1), TaWRKY2-B1 (PB1, PB2 ʪʘ PB3) ʪʘ TaWRKY2-D1 

(PD1, PD2, PD3, PD4 ʪʘ PD5) ʪʘ 7 ʩʠʩʪʝʤ ʜʦ ʛʝʥʽʚ ʙʽʦʛʝʥʝʟʫ ʧʨʦʜʠʭʽʚ EPF1-A1 

(E1A1), EPF1-B1 (E1B1 ʪʘ E1B2), EPF1-D1 (E1D1 ʪʘ E1D2), EPF2-A1 (E2A1) ʪʘ 

MUTE-D1 (MD1). ɼʣʷ ʢʦʞʥʦʾ ʽʟ ʩʠʩʪʝʤ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʭʽʤʽʯʥʽ ʫʤʦʚʠ, 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʯʘʩʦʚʽ ʨʝʞʠʤʠ ʇʃʈ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʙʘʞʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʦʢʘʟʘʥʦ ʥʘ ʚʠʙʽʨʮʽ ʩʦʨʪʽʚ, ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʛʽʙʨʠʜʽʚ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʛʝʥʦʪʠʧʫʚʘʥʥʷ, ʧʽʜʙʦʨʫ 

ʜʦʥʦʨʽʚ ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʜʣʷ ʩʭʨʝʱʫʚʘʥʴ, ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʛʝʥʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʱʦ ʤʘʻ ʧʦʭʦʜʞʝʥʥʷ ʟ ʩʫʙʛʝʥʦʤʫ D ʧʰʝʥʠʮʽ.  

5. ʈʦʟʨʦʙʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʦʮʽʥʢʠ ʧʨʦʪʝʦʤʥʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʘ 

ʧʰʝʥʠʮʽ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʦ ʾʝʢʩʪʨʘʢʮʽʾ ʙʽʣʢʽʚ ʽ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʠʭ 2DE-

LC/MS ʪʘ GF-LC/MS, ʱʦ  ʚ ʢʦʤʧʣʝʢʩʽ ʧʨʦʜʫʢʫʚʘʣʠ ʥʘ 20,4% ʙʽʣʴʰʝ ʙʽʣʢʦʚʠʭ 

ʽʜʝʥʪʠʬʽʢʘʮʽʡ ʥʽʞ ʟʘʩʪʦʩʫʚʘʥʥʷ 2DE-LC/MS. ʈʘʮʽʦʥʘʣʽʟʦʚʘʥʝ ʬʝʨʤʝʥʪʘʪʠʚʥʝ 

ʨʦʟɦʝʧʣʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʪʨʴʦʤʘ ʬʝʨʤʝʥʪʘʤʠ ʧʨʠ 2DE-

LC/MS ʧʽʜʭʦʜʽ ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʡ ʟ 57,6% ʜʦ 74,2%. 

6. ʇʦʢʘʟʘʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʝʢʩʧʨʝʩʦʚʘʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ 

ʥʘʣʝʞʘʪʴ ʜʦ ʛʨʫʧʠ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʪʝʾʥʽʚ ï 27 ʙʽʣʢʽʚ, 44%; ʜʘʣʽ  ʛʣʽʘʜʠʥʠ ï 20 

ʙʽʣʢʽʚ, 33%; ʘ ʥʘʡʤʝʥʰʝ ʛʣʶʪʝʥʽʥʽʚ ï 14 ʙʽʣʢʽʚ, 23%. ʅʘʡʙʽʣʴʰʝ 

ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʝʧʽʪʦʧʽʚ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʛʣʶʪʝʥʽʥʠ  (14 ʙʽʣʢʽʚ, 48%) ʽ  

ʛʣʽʘʜʠʥʠ (13 ʙʽʣʢʽʚ, 45%) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʛʣʶʪʝʥʦʚʦʶ ʛʨʫʧʦʶ (2 ʙʽʣʢʠ, 7%). 

ʅʘʡʚʠʱʝ ʥʘʢʦʧʠʯʝʥʥʷ ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ ʙʫʣʦ ʫ ʪʨʘʜʠʮʽʡʥʦʤʫ ʩʦʨʪʽ 

ʋʢʨʘʾʥʢʘ (48,7% ʚʠʷʚʣʝʥʠʭ ʙʽʣʢʽʚ), ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʛʝʥʝʪʠʯʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ. 

ʅʘ ʧʨʦʪʠʚʘʛʫ, ʩʫʯʘʩʥʠʡ ʩʦʨʪ ʉʦʪʥʠʮʷ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʣʠʰʝ 4 ʟ 39 
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ʘʣʝʨʛʝʥʥʠʭ/ʪʦʢʩʠʯʥʠʭ ʙʽʣʢʽʚ (10,3%) ʽ ʚʠʨʽʟʥʷʚʩʷ ʷʢ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʡ ʜʦʥʦʨ 

ʟʘʨʦʜʢʦʚʦʾ ʧʣʘʟʤʠ ʜʣʷ ʥʦʚʠʭ ʩʦʨʪʽʚ ʭʘʨʯʦʚʦʛʦ ʥʘʧʨʷʤʢʫ. 

7. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʮʝʩʫʘʣʴʥʽ ʩʭʝʤʠ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ  ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʟʘʧʘʩʥʠʭ ʙʽʣʢʽʚ ʟʝʨʥʘ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʦʩʫʭʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʪʘ ɯʌʈɻ ʅɸʅ ʋʢʨʘʾʥʠ (ɸʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 

01.02.2021, ɼʦʜʘʪʦʢ ɼ ʪʘ ˉ106/27 ʚʽʜ 23.01.2021, ɼʦʜʘʪʦʢ ɽ).  
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ɼʆɼɸʊʆʂ ɸ 

ʊʘʙʣʠʮʽ ʜʦ ʨʦʟʜʽʣʫ 2 

 

ʊʘʙʣʠʮʷ ɸ.1 ï ʉʧʠʩʦʢ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʚʽʪʯʠʟʥʷʥʦʾ ʩʝʣʝʢʮʽʾ, ʷʢʽ ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦ ʘʧʨʦʙʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ 

ʇʃʈ-ʪʝʭʥʦʣʦʛʽʡ 

ʉʦʨʪʠ ʇʦʭʦʜʞʝʥʥʷ 

ɸʣʴʙʘʪʨʦʩ ʦʜʝʩʴʢʠʡ, ɸʥʪʦʥʽʚʢʘ, ɹʫʥʯʫʢ, ɺʘʪʘʞʦʢ, ɻʘʨʤʦʥʽʷ ʆʜʝʩʴʢʘ, 

ɻʫʨʪ, ɭʜʥʽʩʪʴ, ɿʠʩʢ, ʂʨʘʩʫʥʷ ʆʜʝʩʴʢʘ, ʂʽʨʽʷ, ʄʝʣʦʜʽʷ ʦʜʝʩʴʢʘ, ʄʽʩʽʷ 

ʆʜʝʩʴʢʘ, ʅʠʚʘ ʆʜʝʩʴʢʘ, ʆʜʝʩʴʢʘ 267, ʇʘʥʥʘ, ʉʦʥʘʪʘ ʆʜʝʩʴʢʘ, ɾʫʨʘʚʢʘ 

ʆʜʝʩʴʢʘ, ʋʢʨʘʾʥʢʘ ʆʜʝʩʴʢʘ 

ʉʝʣʝʢʮʽʡʥʦ-ʛʝʥʝʪʠʯʥʠʡ ʽʥʩʪʠʪʫʪ ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ 

ʥʘʩʽʥʥʻʟʥʘʚʩʪʚʘ ʪʘ ʩʦʨʪʦʚʠʚʯʝʥʥʷ ʅɸɸʅ ʋʢʨʘʾʥʠ, 

ʤ.ʆʜʝʩʘ 

ɸʩʪʘʨʪʘ, ɹʦʨʽʷ 85, ɻʽʣʝʷ, ɼʘʨʠʥʢʘ ʂʠʾʚʩʴʢʘ, ɿʜʦʙʘ ʂʠʾʚʩʴʢʘ, ʂʘʣʘʥʯʘ, 

ʂʠʾʚʩʴʢʘ ʦʩʪʠʩʪʘ, ʃʘʜʠʞʠʥʢʘ, ʃʠʤʘʨʽʚʥʘ ʄʘʣʠʥʽʚʢʘ, ʅʦʚʦʢʠʾʚʩʴʢʘ, 

ʉʦʣʦʤʽʷ, ʉʦʪʥʠʮʷ, ʗʪʨʘʥʴ 60 

ɯʥʩʪʠʪʫʪ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ 

ʂʠʾʚ 

ɹʦʛʜʘʥʘ, ɿʠʤʦʷʨʢʘ, ɿʣʫʢʘ, ɿʦʣʦʪʦʢʦʣʦʩʘ, ʂʨʠʞʠʥʢʘ, ʇʝʨʝʷʩʣʘʚʢʘ, 

ʇʦʜʦʣʷʥʢʘ, ʉʣʘʚʥʘ, ʉʤʫʛʣʷʥʢʘ, ʉʥʽʛʫʨʢʘ, ʉʧʘʩʽʚʢʘ, ʌʘʚʦʨʠʪʢʘ, 

ʍʫʨʪʦʚʠʥʘ, ʖʚʽʣʷʨ ʄʠʨʦʥʽʚʩʴʢʠʡ 

ɯʥʩʪʠʪʫʪ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʽ 

ʄʠʨʦʥʽʚʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʧʰʝʥʠʮʽ ʽʤ. ɺ.ʄ. ʈʝʤʝʩʣʘ ʅɸɸʅ 

ʋʢʨʘʾʥʠ 

ɺʝʩʥʷʥʢʘ ɯʥʩʪʠʪʫʪ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ 

ʂʠʾʚ ʪʘ ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ "ɯʥʩʪʠʪʫʪ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʅɸɸʅ" 

ɺʽʜʨʘʜʘ, ʎʘʨʽʚʥʘ ɹʫʨʜʝʥʶʢ-ʊʘʨʘʩʝʚʠʯ ʃʘʨʠʩʘ ɸʥʘʪʦʣʽʻʚʥʘ ʽ 

ɹʽʣʦʮʝʨʢʽʚʩʴʢʘ ʜʦʩʣʽʜʥʦ-ʩʝʣʝʢʮʽʡʥʘ ʩʪʘʥʮʽʷ ʽʤ. 

ʆ.ʂ.ʂʦʣʦʤʽʻʮʴ  ɯʥʩʪʠʪʫʪʫ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʅɸɸʅ 

ʋʢʨʘʾʥʠ, ʤ. ɹʽʣʘ ʎʝʨʢʚʘ 

ɻʦʜʫʚʘʣʴʥʠʮʷ ʦʜʝʩʴʢʘ, ɾʘʡʚʽʨ, ʂʥʷʛʠʥʷ ʆʣʴʛʘ, ʃʽʨʘ ʦʜʝʩʴʢʘ, ʄʫʜʨʽʩʪʴ 

ʦʜʝʩʴʢʘ, ʅʘʩʥʘʛʘ, ʅʝʙʦʢʨʘʡ, ʋʞʠʥʦʢ 

ʉʝʣʝʢʮʽʡʥʦ-ʛʝʥʝʪʠʯʥʠʡ ʽʥʩʪʠʪʫʪ ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ 

ʥʘʩʽʥʥʻʟʥʘʚʩʪʚʘ ʪʘ ʩʦʨʪʦʚʠʚʯʝʥʥʷ ʪʘ ɿɸʊ çʉʝʣʝʥʘè, ʤ. 

ʆʜʝʩʘ 
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ɼʘʨʫʥʦʢ ʇʦʜʽʣʣʷ ɯʥʩʪʠʪʫʪ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ 

ʇʨɸʊ çɿʝʨʥʦʧʨʦʜʫʢʪ ʄʍʇè 

ɼʦʙʨʠʥʷ, ɼʨʝʚʣʷʥʢʘ, ɾʘʜʘʥʘ ɼʘʥʽ ʚʽʜʩʫʪʥʽ 

ɼʦʩʢʦʥʘʣʘ ɯʥʩʪʠʪʫʪ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽʤ. ɺ.ʗ. ʖʨôʻʚʘ  ʋɸɸʅ, ʤ.ʍʘʨʢʽʚ 

ɿʙʨʫʯ ɯʥʩʪʠʪʫʪ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ  

ʇʦʜʽʣʴʩʴʢʘ ʜʦʩʣʽʜʥʘ ʩʪʘʥʮʽʷ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʋʢʨʘʾʥʩʴʢʦʾ ʘʢʘʜʝʤʽʾ 

ʘʛʨʘʨʥʠʭ ʥʘʫʢ 

ʄʠʨʦʥʽʚʩʴʢʘ 65 ʄʠʨʦʥʽʚʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʧʰʝʥʠʮʽ ʽʤ. ɺ.ʄ. ʈʝʤʝʩʣʘ ʅɸɸʅ 

ʋʢʨʘʾʥʠ, ʤ. ʄʠʨʦʥʽʚʢʘ 

ʇʦʣʽʩʴʢʘ 90 ʅʅʎ ɯʥʩʪʠʪʫʪ ʟʝʤʣʝʨʦʙʩʪʚʘ ʅɸɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

ʍʝʨʩʦʥʩʴʢʘ ʙʝʟʦʩʪʘ ɯʥʩʪʠʪʫʪ ʟʨʦʰʫʚʘʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʅɸɸʅ ʋʢʨʘʾʥʠ, 

ʍʝʨʩʦʥ 

ʏʘʨʦʜʽʡʢʘ ɹʽʣʦʮʝʨʢʽʚʩʴʢʘ ɹʽʣʦʮʝʨʢʽʚʩʴʢʘ ʜʦʩʣʽʜʥʦ-ʩʝʣʝʢʮʽʡʥʘ ʩʪʘʥʮʽʷ ʽʤ. ʆ.ʂ. 

ʂʦʣʦʤʽʻʮʴ  ɯʥʩʪʠʪʫʪʫ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʅɸɸʅ ʋʢʨʘʾʥʠ, 

ʤ. ɹʽʣʘ ʎʝʨʢʚʘ 

ʐʝʩʪʦʧʘʣʽʚʢʘ ʇʨʠʚʘʪʥʝ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʩʝʣʝʢʮʽʡʥʦ-ʜʦʩʣʽʜʥʝ 

ʧʽʜʧʨʠʻʤʩʪʚʦ çɹʦʨè 

ʑʝʜʨʽʚʢʘ ʂʠʾʚʩʴʢʘ ɯʥʩʪʠʪʫʪ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ 

ʂʠʾʚ ʪʘ ʅʅʎ ɯʥʩʪʠʪʫʪ ʟʝʤʣʝʨʦʙʩʪʚʘ ʅɸɸʅ ʋʢʨʘʾʥʠ, ʤ. 

ʂʠʾʚ 
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ʊʘʙʣʠʮʷ ɸ.2 ï ʉʧʠʩʦʢ ʩʦʨʪʽʚ ʪʘ ʛʽʙʨʠʜʽʚ ʧʰʝʥʠʮʽ ʟ ʢʦʣʝʢʮʽʾ ʙʘʥʢʫ ʟʘʨʦʜʢʦʚʦʾ 

ʧʣʘʟʤʠ ʧʰʝʥʠʮʽ CIMMYT, ʷʢʽ ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦ ʘʧʨʦʙʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ ʇʃʈ-

ʪʝʭʥʦʣʦʛʽʡ 

ʂʦʥʪʠʥʝʥʪ ʉʦʨʪ/ʛʽʙʨʠʜ ɯʅ ʂʨʘʾʥʘ ʧʦʭʦʜʞʝʥʥʷ 

ɸʟʽʷ 

Chapei Kilashika CWI14417 ʂʠʪʘʡ 

Citr 4901 BW44438 ɯʥʜʽʷ 

Gray JD1032 BW44400 ɸʬʛʘʥʽʩʪʘʥ 

Gray JD1447 BW44404 ɸʬʛʘʥʽʩʪʘʥ 

Iskamish-K-2-Light BW30149 ɸʬʛʘʥʽʩʪʘʥ 

Ke Feng 2 BW44545 ʂʠʪʘʡ 

King-Hing-1 BW44475 ʂʠʪʘʡ 

Safed Lerma BW44590 ɯʥʜʽʷ 

Talimka CWI13349 ʂʠʨʛʠʟʩʪʘʥ 

Tselinnaya-Yubileinaya BW44543 ʂʘʟʘʭʩʪʘʥ 

W-67 BW44414 ʇʘʢʠʩʪʘʥ 

Zerdakia BW44478 ɯʨʘʢ 

ɸʬʨʠʢʘ 

Sakha 69 BW44591 ɭʛʠʧʝʪ 

Zambesi BW44384 ɿʽʤʙʘʙʚʝ 

ʇʽʚʥʽʯʥʘ 

ɸʤʝʨʠʢʘ 

AC Vista BW44549 ʂʘʥʘʜʘ 

Anza BW44690 ʄʝʢʩʠʢʘ 

Bjy/Coc//Prl/Bow/3/Milan/Kauz/4/Bav92 BW44540 ʄʝʢʩʠʢʘ 

Chen/Ae.sq//2*Opata/3/Finsi BW44620 ʄʝʢʩʠʢʘ 

Chibia/4/Pgo//Croc_1/Ae. squarrosa 

(224)/3/2*Borl95 
BW44564 ʄʝʢʩʠʢʘ 

Comanche BW49050 ʉʐɸ 

Falcin/Ae. squarrosa(312)/3/Thb/Cep7780//Sha4/Lir

a/4/Fret2 
BW44628 ʄʝʢʩʠʢʘ 
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Glenlea BW44668 ʂʘʥʘʜʘ 

HGO94.9.2.29 BW44649 CIMMYT,INT.  

HXL7573/2*BAU BW44528 ʄʝʢʩʠʢʘ 

Inia-F-66 BW44580 ʄʝʢʩʠʢʘ 

Jenkin BW44440 ʉʐɸ 

Munia/3/Ruff/Fgo//Yav79/4/Pastor BW44499 ʄʝʢʩʠʢʘ 

Ning Chun 

20/3/Myna/Vul//Jun/6/Filin/Irena/5/Cndo/R143//Ente

/Mexi_2/3/Aegilops squarrosa (Taus)/4/Weaver 

BW44634 ʄʝʢʩʠʢʘ 

NL90.15.2.11 BW44639 ʄʝʢʩʠʢʘ 

Norm.2-A Bc178/3/Chen/Ae. sq//2*Opata BW44635 ʄʝʢʩʠʢʘ 

PI 610750/Sasia BW44553 ʄʝʢʩʠʢʘ 

Richmond BW44681 ʂʘʥʘʜʘ 

Tobarito M 97 BW44596 ʄʝʢʩʠʢʘ 

V-17 BW44597 ʄʝʢʩʠʢʘ 

ʇʽʚʜʝʥʥʘ 

ɸʤʝʨʠʢʘ 

D-12 BW44390 ʇʝʨʫ 

Grande-Del-Monte BW44458 ɺʝʥʝʩʫʝʣʘ 

Klein Favorito BW44447 ɸʨʛʝʥʪʠʥʘ 

ʇʽʚʜʝʥʥʘ 

ɸʤʝʨʠʢʘ 

Millaleau Inia BW44585 ʏʠʣʽ 

Rupert J Car 882 (26882) CWI16194 ʏʠʣʽ 

ɭʚʨʦʧʘ 

Admiral BW49048 ʅʽʤʝʯʯʠʥʘ 

Albis CWI25556 ʐʚʝʡʮʘʨʽʷ 

Arendany CWI21907 ɹʦʣʛʘʨʽʷ 

B-262 CWI12261 ʐʚʝʡʮʘʨʽʷ 

Blanc-Precoce BW44359 ʐʚʝʡʮʘʨʽʷ 

Boleslavska Belka CWI38451 ʏʝʭʽʷ 
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Bruneta BW44360 ʏʝʭʽʷ 

Caribo BW6467 ʅʽʤʝʯʯʠʥʘ 

Carol BW49037 ɹʝʣʴʛʽʷ 

Cenad-512 BW44362 ʈʫʤʫʥʽʷ 

Godolloi 15 BW49041 ʋʛʦʨʱʠʥʘ 

Holdfast CWI79116 ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ 

Kimmo BW44670 Finland 

Lammas BW44369 ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ 

Manital BW44673 ɯʪʘʣʽʷ 

Muras BW44372 ʃʠʪʚʘ 

Otofte-56 CWI42853 ɼʘʥʽʷ 

Prince-Leopold BW44376 ɹʝʣʴʛʽʷ 

Recital CWI42454 ʌʨʘʥʮʽʷ 

Red Schlanstedter Rimpau CWI13488 ʅʽʤʝʯʯʠʥʘ 

Roi-Albert BW44377 ʅʽʤʝʯʯʠʥʘ 

Rokycanska sametka CWI51023 ʏʝʭʽʷ 

Rufus BW44378 ɹʝʣʴʛʽʷ 

Rumska-Cervenka CWI10035 ʉʝʨʙʽʷ 

Sparta CWI27638 ʏʝʭʽʷ 

Svenno BW44686 ʐʚʝʮʽʷ 

Val BW49059 ɹʝʣʴʛʽʷ 

Valdor BW49046 ʌʨʘʥʮʽʷ 

Vierny CWI13535 ʉʈʉʈ 

Zemunka BW44382 ʖʛʦʩʣʘʚʽʷ 

Zirka BW44383 ʋʢʨʘʾʥʘ 
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ɸʚʩʪʨʘʣʽʷ 

Excalibur BW44513 ɸʚʩʪʨʘʣʽʷ 

Janz BW44567 ɸʚʩʪʨʘʣʽʷ 

Kulin BW44568 ɸʚʩʪʨʘʣʽʷ 

WW425 BW44519 ɸʚʩʪʨʘʣʽʷ. 
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ʊʘʙʣʠʮʷ ɸ.3 ï ʉʧʠʩʦʢ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʤʽʞʚʠʜʦʚʠʭ ʛʽʙʨʠʜʽʚ, ʷʢʽ ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦ ʘʧʨʦʙʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ ʇʃʈ-

ʪʝʭʥʦʣʦʛʽʡ (ɯʅ ï̔ ʜʝʥʪʠʬʽʢʘʮʽʡʥʠʡ ʥʦʤʝʨ ʚ ʢʦʣʝʢʮʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʨʦʩʣʠʥʥʠʭ ʛʝʥʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, 

ɯʥʩʪʠʪʫʪʫ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽʤ. ɺ.ʗ. ʖʨôʻʚʘ ʅɸɸʅ ʋʢʨʘʾʥʠ) 

ɺʠʜ ʇʽʜʚʠʜ ɯʅ 
ɻʝʥʦʤ [208ï

211] 
ʂʨʘʾʥʘ ʧʦʭʦʜʞʝʥʥʷ 

T. sinskajae var. sinskajae UA0300224 A  ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽ 

T. dicoccum Schuebl. n.a. UA0300087 AB ʂʘʟʘʭʩʪʘʥ 

T. dicoccum Schuebl. Polba Kokchetavska UA0300021 AB ʂʘʟʘʭʩʪʘʥ 

T. dicoccum Schuebl. var. aeruginosum UA0300008 AB ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ, ɼʘʛʝʩʪʘʥ 

T. dicoccum Schuebl. var. aeruginosum Runo UA0300327 AB ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ 

T. dicoccum Schuebl. var. atratum UA0300081 AB ʇʦʣʴʱʘ 

T. dicoccum Schuebl. var. dicoccum UA0300002 AB ʋʢʨʘʾʥʘ 

T. dicoccum Schuebl. var. nigroajar UA0300208 AB ɽʬʽʦʧʽʷ 

T. dicoccum Schuebl. var. rufum UA0300001 AB ʋʢʨʘʾʥʘ 

T. dicoccum Schuebl. var. rufum UA0300087 AB ɯʩʧʘʥʽʷ 

T. dicoccum Schuebl. var. semicanum IR 00293 AB ʅʽʤʝʯʯʠʥʘ 

T. dicoccum Schuebl. var.  serbicum Polba 3 UA0300183 AB ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ, ʋʜʤʫʨʪʽʷ  

T. dicoccum Schuebl. var. vasconicum Crjunella UA0300129 AB ɯʩʧʘʥʽʷ 

T. dicoccum Schuebl. var. aeruginosum UA0300006 AB ɸʟʝʨʙʘʡʜʞʘʥ  

T. dicoccum Schuebl. var. aeruginosum UA0300040 AB ɺʽʨʤʝʥʽʷ 

T. dicoccum Schuebl. var. aeruginosum Runo UDS00084 AB ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ 

T. dicoccum Schuebl. var. dicoccum UA0300002 AB ʋʢʨʘʾʥʘ 

T. dicoccum Schuebl. var. haussknachtianum UA0300072 AB ʂʘʟʘʭʩʪʘʥ 
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T. dicoccum Schuebl. var. haussknachtianum UA0300044 AB ɸʟʝʨʙʘʡʜʞʘʥ 

T. dicoccum Schuebl. var. haussknachtianum Bolshaia holova UA0300056 AB ɯʥʜʽʷ 

T. dicoccum Schuebl. var. rufum UA0300004 AB ʐʚʝʮʽʷ 

T. dicoccum Schuebl. var. serbicum UDS00003 AB ɹʦʣʛʘʨʽʷ  

T. dicoccum Schuebl. var. serbicum UA0300009 AB ʈʦʩʽʷ 

T. dicoccum Schuebl. var. serbicum Chervona krasa UA0300053 AB ɹʦʣʛʘʨʽʷ  

T. dicoccum Schuebl. var. volgense  UA0300012 AB ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ 

T. dicoccum Schuebl. var. volgense Polba Kokchetavska UDS00038 AB ï 

T. dicoccum Schuebl. var. volgense Vernal UA0300026 AB ʉʐɸ 

T. ispahanicum var. ispahanicum UA0300070 AB ɯʨʘʥ 

T. macha var. palaeoimereticum UA0300250 ABD ɻʨʫʟʽʷ 

T. spelta var. album UA0300111 ABD ʂʘʥʘʜʘ 

T. spelta var. album UA0300111 ABD ʂʘʥʘʜʘ 

T. spelta var. caeruleum UA0300074 ABD ɸʟʝʨʙʘʡʜʞʘʥ 

T. spelta var. caeruleum CDC Zobra UA0300392 ABD ʂʘʥʘʜʘ 

T. spelta var. duhamelianum UA0300071 ABD ʇʦʣʴʱʘ 

T. spelta var. duhamelianum Baulaender UA0300101 ABD ʅʽʤʝʯʯʠʥʘ 

T. spelta var. duhamelianum Frankenkorn UA0300103 ABD ʅʽʤʝʯʯʠʥʘ 

T. spelta var. griseoturanorecens UA0300075 ABD ʊʘʜʞʠʢʠʩʪʘʥ 

T. vavilovii var. vavilovii IR 00364 ABD ɺʽʨʤʝʥʽʷ 

T. kiharae  T. timopheevii Ĭ Ae. tauschii UA0500014 AGD ʗʧʦʥʽʷ 

T. Ĭ hexapolonicum ɺʽʜʦʤʦʤʩʪʽ ʚʽʜʩʫʪʥʽ UA0500048 n.a. ɺʽʨʤʝʥʽʷ 
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ɻʽʙʨʠʜʠ 

ʅʘʟʚʘ ʉʭʨʝʱʫʚʘʥʥʷ ɯʅ 
ɻʝʥʦʤ [208ï

211] 
ʂʨʘʾʥʘ ʧʦʭʦʜʞʝʥʥʷ 

ɸɼ Ae. ventricosa/T. dicoccum UA0500021 M / AB ʈʦʩʽʷ 

ɸɼ 1 T. dicoccum/Ae. speltoides UA0500012 AB / S ɸʟʝʨʙʘʡʜʞʘʥ  

ɸɼ 2 T. durum/Ae. comosa UA0500057 AB / M ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ 

ɸɼ 7 T. ispahanicum/Ae. cylindrica UA0500030 AB / DC ɸʟʝʨʙʘʡʜʞʘʥ 

ɸɼ 8 T. dicoccum/Ae. triuncialis UA0500022 AB / UC ɸʟʝʨʙʘʡʜʞʘʥ 

ɸɼ 217 T. timopheevii/Ae. umbellulata UA0300017 AG / U ʗʧʦʥʽʷ 

ɸɼ 221-4 T. persicum/Ae. tauschii UA0500029 AB / D ʗʧʦʥʽʷ 

Aegilotricum cylindroaestivum Ae. cylindrica/T. aestivum UA0500028 DC / ABD ɺʽʨʤʝʥʽʷ 

Haynatricum T. dicoccum/Dasypyrum villosum UA0500018 AB / V ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ 

ʇɸɻ-31 T. dicoccum/T. monococcum UA0500008 AB / Ab ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ 

ʇɸɸɻ T. dicoccum/Ae. tauschii UA0500010 AB / D ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ 

T. Ĭ palmovae T. boeoticum/Ae. tauschii UA0500054 A / D ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ 

Tritordeum 1199/09 T. durum/Hordeum chilense n.a. AB / Hch ɯʩʧʘʥʽʷ 
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ʊʘʙʣʠʮʷ ɸ.4 ï ʇʝʨʝʣʽʢ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʘʡʤʝʨʽʚ, ʱʦ ʚʠʢʦʨʩʪʦʚʫʚʘʣʠʩʴ 

ʜʣʷ ʘʤʧʣʽʬʽʢʘʮʽʾ ʛʝʥʦʤʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʅʘʟʚʘ 

ʧʨʘʡʤʝʨʫ 

ʅʫʢʣʝʦʪʠʜʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ  

(5`ï>3`) 
ʎʽʣʴʦʚʠʡ ʛʝʥ 

ʈʦʟʤʽʨ, 

ʧʥ 

ʇʨʦʛʨʘʤʘ 

ʘʤʧʣʽʬʽʢʘʮʽʾ 

P04F AACTCCCTGCTCCTCCCGTC 

TaWRKY2-ɸ1 1198 

94 ÁC ï 30 ʩ; 60 

ÁC ï 30 ʩ; 72 ÁC 

ï 90 ʩ; 34 ʮʠʢʣʠ 
PrAR1 GCGCTTGGTCTCGGGCTTGT 

PrAF1 GACGATGAGGCCGACAAGCC 

TaWRKY2-ɸ1 791 

94 ÁC ï 30 ʩ; 60 

ÁC ï 30 ʩ; 72 ÁC 

ï 60 ʩ; 34 ʮʠʢʣʠ 
PrAR2 GTAAACGCCACAGGGGGAAC 

PrBF1    CAATCACACCACCCCTCTCC 

TaWRKY2-B1 1649 

94 ÁC ï 30 ʩ; 63 

ÁC ï 30 ʩ; 72 ÁC 

ï 2 ʭʚ; 34 ʮʠʢʣʠ 
PrBR3 CAGCGTTACTACTACCTCCGTC 

PrBF3    GAGACCAAGCGCCGGTAGTA 

TaWRKY2-B1 1215 

94 ÁC ï 30 ʩ; 63 

ÁC ï 30 ʩ; 72 ÁC 

ï 90 ʩ; 34 ʮʠʢʣʠ 
PrBR1 AAACGGGTACGAGACGTTGT 

PromDF TTGGCCGATTAAAAAGCGACA  
TaWRKY2-D1 

(ʧʨʦʤʦʪʦʨ) 
1795 

94 ÁC ï 30 ʩ; 60 

ÁC ï 30 ʩ; 72 ÁC 

ï 2 ʭʚ; 34 ʮʠʢʣʠ 
PromDR 

ACGGAAGGAGCAGGGAGATTA 

P26F TCTCCCTGCTCCTTCCGTC 

TaWRKY2-D1 1894 

94 ÁC ï 30 ʩ; 59 

ÁC ï 30 ʩ; 72 ÁC 

ï 2 ʭʚ; 34 ʮʠʢʣʠ 
P26R GGTGGACGCACATGTAAACG 
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ʊʘʙʣʠʮʷ ɸ.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʨʦʙʣʝʥʠʭ ʧʘʨ ʧʨʘʡʤʝʨʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʨʽʚʥʽʚ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ TaWRKY2, EPF1, EPF2 ʪʘ MUTE  

ɻʝʥ 
ʅʘʟʚʘ ʩʠʩʪʝʤʠ 

ʧʨʘʡʤʝʨʽʚ 

ʅʫʢʣʝʦʪʠʜʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ  

3ôï>5ô 
ʇʨʦʛʨʘʤʘ ʘʤʧʣʽʬʽʢʘʮʽʾ 

TaWRKY2 

(TaWRKY2-A1+ 

TaWRKY2-B1+ 

TaWRKY2-D1) 

WRKY2qF 

WRKY2qR 

CCACCTACGAGGGTAAGCAC 

GAGCATCTCGAGGGTGTACG 

94 ÁC ï 20 ʩ; 63 ÁC ï 20 

ʩ; 72 ÁC ï 20 ʩ; 40 ʮʠʢʣʽʚ 

EPF1-A1 
EPF1AqF2 

EPF1AqR2 

GCGCTCATCCCCTTCTTCTG 

AGGAACCCCGACACATCCTT 

94 ÁC ï 20 ʩ; 61 ÁC ï 20 

ʩ; 72 ÁC ï 20 ʩ; 40 ʮʠʢʣʽʚ 

EPF1-B1 
EPF1BqF2 

EPF1AqR3 

GCCGTCTTGCTGCTCGCT 

CGTCCCGTACACCTCCTCCT 

94 ÁC ï 20 ʩ; 63 ÁC ï 20 

ʩ; 72 ÁC ï 20 ʩ; 40 ʮʠʢʣʽʚ 

EPF1-D1 
TaEPF1_DF1q 

TaEPF1_R1q 

TGACCATGCACGGCCGGG 

ACATGCAGCGGTAGACCA 

94 ÁC ï 20 ʩ; 64 ÁC ï 20 

ʩ; 72 ÁC ï 20 ʩ; 40 ʮʠʢʣʽʚ 

EPF2-A1 
EPF2AqF4 

EPF2AqR4 

AGGCGGCATCCCCGTCAA 

CTGACCATGACCCGCTTG 

94 ÁC ï 20 ʩ; 61 ÁC ï 20 

ʩ; 72 ÁC ï 20 ʩ; 40 ʮʠʢʣʽʚ 

EPF2-B1 
TaEPF2_U F1q 

EPF2AqR4 

ACGGAGGGCAGGCGGCATCA 

CTGACCATGACCCGCTTG 

94 ÁC ï 20 ʩ; 63 ÁC ï 20 

ʩ; 72 ÁC ï 20 ʩ; 40 ʮʠʢʣʽʚ 

EPF2-D1 
EPF2DqF3 

EPF2DqR3 

CTGGCCATGGCATCGGCA 

TGCCCTCCGTCGTCGTCGT 

94 ÁC ï 20 ʩ; 63 ÁC ï 20 

ʩ; 72 ÁC ï 20 ʩ; 40 ʮʠʢʣʽʚ 

MUTE-A1 
MUTEAqF3 

MUTEAqR3 

CGGCAGCTGCATTGTGGT 

GTTGGCGCCGGAGATCCT 

94 ÁC ï 20 ʩ; 63 ÁC ï 20 

ʩ; 72 ÁC ï 20 ʩ; 40 ʮʠʢʣʽʚ 

MUTE-B1 
MUTEBqF3 

MUTEAqR3 

CGGCAGCTACGCTATAAC 

GTTGGCGCCGGAGATCCT 

94 ÁC ï 20 ʩ; 57 ÁC ï 20 

ʩ; 72 ÁC ï 20 ʩ; 40 ʮʠʢʣʽʚ 

MUTE-D1 
MUTEDqF4 

MUTEDqR4 

GCCGTGAAGGAGCTCGCG 

ATGGTGCTGATGTTGACGTGG

A 

94 ÁC ï 20 ʩ; 63 ÁC ï 20 

ʩ; 72 ÁC ï 20 ʩ; 40 ʮʠʢʣʽʚ 
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ʊʘʙʣʠʮʷ ɸ.6 ï ʇʝʨʝʣʽʢ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʨʦʙʣʝʥʠʭ ʩʠʩʪʝʤʠ ʧʨʘʡʤʝʨʽʚ ʜʣʷ 

ʇʃʈ-ʘʥʘʣʽʟʫ ʛʝʥʽʚ TaWRKY2  

ʅʘʟʚʘ 

ʩʠʩʪʝʤʠ 
ʇʦʩʣʽʜʦʚʥʽʩʪʴ (5`ï>3`) ɻʝʥ 

ɸʤʧʣʽʬʽʢʦʚʘʥʠʡ 

ʨʝʛʽʦʥ ʚʽʜʥʦʩʥʦ ʩʪʘʨʪʫ 

ʪʨʘʥʩʢʨʠʧʮʽʾ 

ʆʯʽʢʫʚʘʥ

ʽ 

ʬʨʘʛʤʝʥʪ

ʠ, ʧʥ 

ʇʨʦʛʨʘʤʘ ʇʃʈ 

PA1 
GGATGAGCTCGGCCTCTCT  

CTTCTGCCCGTACTTCCTCC  

TaWRKY2-

A1 
+474é+879  406  

94 ÁC ï 20 ʩ; 60,0 ÁC ï 30 ʩ; 

72 ÁC ï 30 ʩ; 34 ʮʠʢʣʠ  

PB1 
AACAAGAGCAGCAGCGGCGA  

CGTCTGCAAGAGAGCGTTCC  

TaWRKY2-

B1 

+844é+1009  

(1BL.1RS ʪʨʘʥʩʣʦʢʘʮʽʷ) 
166  

94 ÁC ï 20 ʩ; 59,0 ÁC ï 30 ʩ; 

72 ÁC ï 20 ʩ; 34 ʮʠʢʣʠ  

PB2 
AGGAACATCAGCAGCAGCAA  

GATCTTGTACTACCGGCGCT 

+800é+1313 

(+816, GCA ʽʥʩʝʨʮʽʷ) 
514 

94 ÁC ï 20 ʩ; 62,5 ÁC ï 30 ʩ; 

72 ÁC ï 30 ʩ; 34 ʮʠʢʣʠ  

PB3 
GACGATGAGGCCGACAATGG  

CAGCGCCATCACCGAGTATT  

+1171é+1278  

(1BL.1RS ʪʨʘʥʩʣʦʢʘʮʽʷ) 
108  

94 ÁC ï 20 ʩ; 61,9 ÁC ï 30 ʩ; 

72 ÁC ï 15 ʩ; 34 ʮʠʢʣʠ  

PD1 
GACTTTGTATCATAAATATAA   

GTTAGCTTTTGAGTTGATT  

TaWRKY2-

D1 

-988é-741  

(-966é-968, ɸʊɸ 

ʜʝʣʝʮʽʷ) 

248   

94 ÁC ï 20 ʩ; 49,0 ÁC (-1) ï 

30 ʩ; 72 ÁC ï 25 ʩ; 

6 ʮʠʢʣʽʚ; 94 ÁC ï 20 ʩ; 44,0 

ÁC ï 30 ʩ; 72 ÁC ï 20 ʩ; 28 

ʮʠʢʣʽʚ  

PD2 
AGCATCATAAATTATGTGAA   

GTTAGCTTTTGAGTTGATT  

-860é-741 

(-842é-848, 

AATTATG ʜʝʣʝʮʽʷ) 

120 / 103  

94 ÁC ï 20 ʩ; 49,0 ÁC (-1) ï 

30 ʩ; 72 ÁC ï 15 ʩ;  

6 ʮʠʢʣʽʚ; 94 ÁC ï 20 ʩ; 44,0 

ÁC ï 30 ʩ; 72 ÁC ï 15 ʩ; 28 

ʮʠʢʣʽʚ  

PD3  
CAGGAGCAGCAGCAGCAGCA  

GCCATCACTGAGCTGCAACC  

+748é+1161 

(+764, GCA ʜʝʣʝʮʽʷ) 
414   

94 ÁC ï 20 ʩ; 69 ÁC (-1) ï 30 

ʩ; 72 ÁC ï 30 ʩ; 6 ʮʠʢʣʽʚ; 

94 ÁC ï 20 ʩ; 65 ÁC ï 30 ʩ; 

72 ÁC ï 30 ʩ; 28 ʮʠʢʣʽʚ  

PD4 
CCACCTACGAGGGTAAGCAC  

TCGTCCTTGGTGCGCTGGAA  
+1567é+1765  199  

94 ÁC ï 20 ʩ; 61,9 ÁC ï 30 ʩ; 

72 ÁC ï 15 ʩ; 34 ʮʠʢʣʠ  

PD5 
CGGGTTGCAGCTCAGTGAT  

AAGCCGTCGTCGAGTATGTC  
+1140é+1432  293  

94 ÁC ï 20 ʩ; 62,1 ÁC ï 30 ʩ; 

72 ÁC ï 20 ʩ; 34 ʮʠʢʣʠ  
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ʊʘʙʣʠʮʷ ɸ.7 ï ʇʝʨʝʣʽʢ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʨʦʙʣʝʥʠʭ ʩʠʩʪʝʤ ʧʨʘʡʤʝʨʽʚ ʜʣʷ 

ʤʝʪʦʜʫ ʇʃʈ-ʘʥʘʣʽʟʫ ʛʝʥʽʚ EPF1, EPF2 ʪʘ MUTE 

ʅʘʟʚʘ 

ʩʠʩʪʝʤʠ 

ʅʫʢʣʝʦʪʠʜʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

(5`ï>3`) 
ɻʝʥ 

ɸʤʧʣʽʬʽʢʦʚʘʥʠʡ 

ʨʝʛʽʦʥ ʚʽʜʥʦʩʥʦ 

ʩʪʘʨʪʫ ʪʨʘʥʩʢʨʠʧʮʽʾ 

ʆʯʽʢʫʚʘʥʽ 

ʬʨʘʛʤʝʥʪʠ, 

ʧʥ 

ʇʨʦʛʨʘʤʘ ʇʃʈ 

E1A1 
AGCCGCATGATCTCTACGTG 

CCGACACATCCTTCTTCTCC 

EPF1-

A1 
+121é+293 173 

94 ÁC ï 20 ʩ; 60,4 ÁC ï 30 ʩ; 

72 ÁC ï 15 ʩ; 34 ʮʠʢʣʠ  

E1B1 
CGTTCACCCCCTTCTTCTCC 

CAGGAACCCCTTCTCCTCCA 

EPF1-

B1 
+39é+292 254 

94 ÁC ï 20 ʩ; 61,8 ÁC ï 30 ʩ; 

72 ÁC ï 20 ʩ; 34 ʮʠʢʣʠ  

E1B2 
ATGATGCTGATGCGAAACCG 

AGGAACCCCTTCTCCTCCGT 
+204é+291 88 

94 ÁC ï 20 ʩ; 62,5 ÁC ï 30 ʩ; 

72 ÁC ï 10 ʩ; 34 ʮʠʢʣʠ  

E1D1 
TACGCGCGCATTCCTGGTCG 

GGAACCCCTTCTCCTCCGTC 

EPF1-

D1 
-26é+256 281 

94 ÁC ï 20 ʩ; 62,5 ÁC ï 30 ʩ; 

72 ÁC ï 20 ʩ; 34 ʮʠʢʣʠ  

E1D2 
GGAGAAGGAGGATGGGTCGG 

TAGCACTTGCCCTTGCACAT 
+273é+455 183 

94 ÁC ï 20 ʩ; 62,1 ÁC ï 30 ʩ; 

72 ÁC ï 15 ʩ; 34 ʮʠʢʣʠ  

E2A1 
GCCGTGCAAGCGGGTCATGA 

GGGGTACGTTGCGGAGCACG 

EPF2-

A1 
+432é+534 140 

94 ÁC ï 20 ʩ; 66,0 ÁC ï 30 ʩ; 

72 ÁC ï 15 ʩ; 34 ʮʠʢʣʠ  

MD1 
CTCCACGTCAACATCAGCAC 

CCAATCTGCAATGCAACAGA 

MUTE-

D1 
+490é+671 182 

94 ÁC ï 20 ʩ; 57,1 ÁC ï 30 ʩ; 

72 ÁC ï 15 ʩ; 34 ʮʠʢʣʠ  
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ɼʆɼɸʊʆʂ ɹ 

ʊʘʙʣʠʮʽ ʜʦ ʈʦʟʜʽʣʫ 4 

 

ʊʘʙʣʠʮʷ ɹ.1 ï ɺʠʷʚʣʝʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ɼʅʂ (ʧʥ) TaWRKY2-A1 (PA1), TaWRKY2-B1 (PB1, PB2 ʪʘ PB3) ʪʘ 

TaWRKY2-D1 (PD1, PD2, PD3, PD4 ʪʘ PD5) ʛʝʥʽʚ ʚ ʩʦʨʪʘʭ ʚʽʪʯʠʟʥʷʥʦʾ ʩʝʣʝʢʮʽʾ 

ʉʦʨʪʠ PA1 PB1 PB2 PB3 PD1 PD2 PD3 PD4 PD5 

ɸʣʴʙʘʪʨʦʩ ʦʜʝʩʴʢʠʡ 406 166 514 108 248 120,158 414 199 293 

ɸʥʪʦʥʽʚʢʘ 406 166 514 108 248 120,158 414 199 293 

ɸʩʪʘʨʪʘ 406 - - - 248 120,158 414 199, 211 293, 327 

ɹʦʛʜʘʥʘ 406 166 514 108 248 120,158 414 199 293 

ɹʦʨʽʷ 85 406 166 514 108 248 120,158 414 199, 211 255, 293 

ɹʫʥʯʫʢ 406 166 514 108 248 120,158 414 199 293 

ɺʘʪʘʞʦʢ 406 166 514 108 248 120,158 414 199 293 

ɺʝʩʥʷʥʢʘ - 166 514 108 248 120,158 414 199, 211 255, 293 

ɺʽʜʨʘʜʘ 406 166 514 108 248 120,158 414 199 293 

ɻʘʨʤʦʥʽʷ ʦʜʝʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 

ɻʽʣʝʷ - 166 514 108 248 120,158 414 199, 211 255, 293 

ɻʦʜʫʚʘʣʴʥʠʮʷ ʦʜʝʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 

ɻʫʨʪ 406 166 514 108 248 120,158 414 199 293 

ɼʘʨʠʥʢʘ ʂʠʾʚʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 

ɼʘʨʫʥʦʢ ʧʦʜʽʣʣʷ 406 166 - 108 248 120,158 414 199 293 
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ɼʦʙʨʠʥʷ 406 166 - 108 248 120,158 414 199 293 

ɼʦʩʢʦʥʘʣʘ 406 166 514 108 248 120,158 414 199 293 

ɼʨʝʚʣʷʥʢʘ 406 166 514 108 - 103,158 - 199 293 

ɭʜʥʽʩʪʴ 406 166 514 108 248 120,158 414 199 293 

ɾʘʜʘʥʘ ʋʂ 1921/15 406 166 514 108 - 103,158 - 199 293 

ɾʘʡʚ̔ʨ 406 166 514 108 248 120,158 414 199, 211 255, 293 

ɾʫʨʘʚʢʘ ʦʜʝʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 

ɿʙʨʫʯ 406 166 514 108 248 120,158 414 199 293 

ɿʜʦʙʘ ʂʠʾʚʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 

ɿʠʤʦʷʨʢʘ 406 166 - 108 248 120,158 414 199 293 

ɿʠʩʢ 406 166 514 108 - 103,158 - 199 293 

ɿʣʫʢʘ 406 166 - 108 248 120,158 414 199 293 

ɿʦʣʦʪʦʢʦʣʦʩʘ - 166 514 108 248 120,158 414 199, 211 255, 293 

ʂʘʣʘʥʯʘ 406 - - - - 103 - 199, 211 293, 327 

ʂʠʾʚʩʴʢʘ ʦʩʪʠʩʪʘ 406 166 514 108 248 120,158 414 199 293 

ʂʽʨʽʷ 406 166 514 108 248 120,158 414 199 293 

ʂʥʷʛʠʥʷ ʆʣʴʛʘ - 166 514 108 248 120,158 414 199, 211 255, 293 

ʂʨʘʩʫʥʷ 406 166 - 108 - 103,158 - 199 293 

ʂʨʠʞʠʥʢʘ 406 - - - 248 120,158 414 199, 211 293, 327 

ʃʘʜʠʞʠʥʢʘ 406 166 514 108 - 103,158 - 199 293 

ʃʠʤʘʨʽʚʢʘ 406 166 514 108 248 120,158 414 199 293 

ʃʽʨʘ ʦʜʝʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 
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ʄʘʣʠʥʽʚʢʘ 406 166 - 108 248 120,158 414 199 293 

ʄʝʣʦʜʽʷ ʦʜʝʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 

ʄʠʨʦʥʽʚʩʴʢʘ 65 406 166 514 108 248 120,158 414 199, 211 293, 327 

ʄʽʩʽʷ ʦʜʝʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 

ʄʫʜʨʽʩʪʴ ʦʜʝʩʴʢʘ 406 166 514 108 248 120,158 414 199, 211 293, 327 

ʅʘʩʥʘʛʘ 406 166 514 108 248 120,158 414 199 293 

ʅʘʪʘʣʢʘ 406 166 - 108 248 120,158 - 199 293 

ʅʝʙʦʢʨʘʡ 406 166 514 108 248 120,158 414 199 293 

ʅʠʚʘ ʆʜʝʩʴʢʘ 406 166 - 108 248 120,158 414 199 293 

ʅʠʚʘ ʆʜʝʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 

ʅʦʚʦʢʠʾʚʩʴʢʘ 406 166 514 108 - 103,158 - 199, 211 293, 327 

ʆʜʝʩʴʢʘ 267 406 166 514 108 248 120,158 414 199 293 

ʇʘʥʥʘ 406 166 514 108 248 120,158 414 199 293 

ʇʝʨʝʷʩʣʦʚʢʘ 406 166 - 108 248 120,158 414 199 293 

ʇʦʜʦʣʷʥʢʘ 406 166 - 108 248 120,158 414 199 293 

ʇʦʣʽʩʴʢʘ 90 406 166 514 108 - 103,158 - 199 293 

ʉʣʘʚʥʘ - 166 514 108 248 120,158 414 199, 211 255, 293 

ʉʤʫʛʣʷʥʢʘ - 166 514 108 248 120,158 414 199, 211 255, 293 

ʉʥʽʛʫʨʢʘ, ʈ, ʋʂ 691 406 166 514 108 248 120,158 414 199 293 

ʉʦʣʦʤʽʷ 406 166 514 108 248 120,158 414 199 293 

ʉʦʥʘʪʘ 406 166 514 108 248 120,158 414 199, 211 293, 327 

ʉʦʥʘʪʘ ʦʜʝʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 
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ʉʦʪʥʠʮʷ - 166 514 108 248 120,158 414 199, 211 255, 293 

ʉʧʘʩʽʚʢʘ - 166 514 108 248 120,158 414 199, 211 255, 293 

ʋʞʠʥʦʢ 406 166 514 108 248 120,158 414 199 293 

ʋʢʨʘʾʥʢʘ ʦʜʝʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 

ʌʘʚʦʨʠʪʢʘ 406 166 - 108 248 120,158 414 199, 211 293, 327 

ʍʝʨʩʦʥʩʴʢʘ ʙʝʟʦʩʪʘ 406 166 514 108 248 120,158 414 199 293 

ʍʫʨʪʦʚʠʥʘ 406 166 - 108 248 120,158 414 199 293 

ʎʘʨʽʚʥʘ 406 166 514 108 248 120,158 414 199 293 

ʏʘʨʦʜʽʡʢʘ ʙʽʣʦʮʝʨʢʽʚʩʴʢʘ 406 166 514 108 - 103,158 - 199 293 

ʐʝʩʪʦʧʘʣʽʚʢʘ 406 166 514 108 - 103,158 - 199 293 

ʑʝʜʨʽʚʢʘ ʢʠʾʚʩʴʢʘ 406 166 514 108 248 120,158 414 199 293 

ʖʚʽʣʷʨ ʤʠʨʦʥʽʚʩʴʢʠʡ 406 - - - - 103,158 - 199, 211 293, 327 

ʗʪʨʘʥʴ 60 406 166 - 108 248 120,158 414 199 293 
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ʊʘʙʣʠʮʷ ɹ.2 ï ɺʠʷʚʣʝʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ɼʅʂ (ʧʥ) TaWRKY2-A1 (PA1), TaWRKY2-B1 (PB1, PB2 ʪʘ PB3) ʪʘ 

TaWRKY2-D1 (PD1, PD2, PD3, PD4 ʪʘ PD5) ʛʝʥʽʚ ʚ ʟʨʘʟʢʘʭ ʟ ɹʘʥʢʫ ɿʘʨʦʜʢʦʚʦʾ ʇʣʘʟʤʠ (Wheat Germplasm Bank, 

CIMMYT). ɯʅ ï ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʡ ʥʦʤʝʨ. 

ʉʦʨʪ/ʛʽʙʨʠʜ PA1 PB1 PB2 PB3 PD1 PD2 PD3 PD4 PD5 

AC Vista 406 166 - 108 248 120,150 414 199 293 

Admiral 406 - - - - 103,150 - 199, 220 293, 328 

Albis 406 166 514 108 - 103,150 - 199 293 

Anza 406 166 514 108 248 120,150 414 199 293 

Arendany 406 166 - 108 - 103,150 - 199 293 

B-262 406 166 - 108 - 103,150 - 199 293 

Bjy/Coc//Prl/Bow/3/Milan/Kauz/4/Bav92 406 166 514 108 - 120,150 414 199 293 

Blanc-Precoce 406 166 514 108 - 103,150 - 199 293 

Boleslavska Belka 406 166 514 108 - 103,150 - 199 293 

Bruneta 406 166 514 108 - 103,150 - 199 293 

Caribo 406 166 514 108 - 103,150 - 199 293 

Carol 406 166 514 108 - 103,150 - 199 293 

Cenad-512 406 166 - 108 - 103,150 - 199 293 

Chapei Kilashika 406 166 514 108 - 103,150 - 199 293 

Chen/Ae.sq//2*Opata/3/Finsi 406 166 514 108 248 120,150 414 199 293 

Chibia/4/Pgo//Croc_1/Ae. squarrosa (224)/3/2*Borl95 406 166 514 108 248 120,150 414 199, 220 293, 328 

Citr 4901 406 166 - 108 - 103,150 - 199 293 
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Comanche 406 166 - 108 - 103,150 - 199 293 

D-12 406 166 - 108 - 103,150 - 199 293 

Excalibur 406 166 514 108 248 120,150 414 199 293 

Falcin/Ae. squarrosa(312)/3/Thb/ 

Cep7780//Sha4/Lira/4/Fret2 
406 166 - 108 248 120,150 414 199 293 

Glenlea 406 166 - 108 248 120,150 414 199 293 

Godolloi 15 406 166 514 108 - 103,150 - 199 293 

Grande-Del-Monte 406 166 - 108 - 103,150 - 199 293 

Gray JD1032 406 166 514 108 248 120,150 414 199 293 

Gray JD1447 406 166 514 108 248 120,150 414 199 293 

HGO94.9.2.29 406 166 514 108 248 120,150 414 199 293 

Holdfast 406 166 - 108 248 120,150 414 199 293 

Hxl7573/2*Bau 406 166 514 108 248 120,150 414 199 293 

Inia-F-66 406 166 - 108 248 120,150 414 199 293 

Iskamish-K-2-Light 406 166 - 108 - 103,150 - 199 293 

Janz 406 166 - 108 248 120,150 414 199 293 

Jenkin 406 166 514 108 - 103,150 - 199 293 

Ke Feng 2 406 166 514 108 248 120,150 414 199 293 

Kimmo 406 166 - 108 - 103,150 - 199 293 

King-Hing-1 406 166 514 108 - 103,150 - 199 293 

Klein Favorito 406 166 - 108 - 103,150 - 199 293 

Kulin 406 166 514 108 - 103,150 - 199 293 
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Lammas 406 166 514 108 - 103,150 - 199 293 

Manital 406 166 - 108 248 120,150 414 199 293 

Millaleau Inia 406 - - - 248 120,150 414 199, 220 293, 328 

Munia/3/Ruff/Fgo//Yav79/4/Pastor 406 - - - 248 120,150 414 199, 220 293, 328 

Muras 406 166 - 108 248 120,150 414 199 293 

Ning Chun 20/3/Myna/Vul//Jun/6/Filin/Irena/ 

5/Cndo/R143//Ente/Mexi_2/3/Aegilops squarrosa 

(Taus)/4/Weaver 

406 - - - 248 120,150 414 199, 220 293, 328 

NL90.15.2.11 406 166 514 108 248 120,150 414 199 293 

Norm.2-A Bc178/3/Chen/Ae. sq//2*Opata 406 166 - 108 - 103,150 - 199 293 

Otofte-56 406 166 514 108 - 103,150 - 199 293 

PI 610750/Sasia 406 - - - 248 120,150 414 199, 220 293, 328 

Prince-Leopold 406 166 - 108 - 103,150 - 199 293 

Recital 406 166 514 108 248 120,150 414 199 293 

Red Schlanstedter Rimpau 406 166 514 108 - 103,150 - 199 293 

Richmond 406 166 - 108 - 103,150 - 199 293 

Roi-Albert 406 166 514 108 - 103,150 - 199 293 

Rokycanska sametka 406 166 514 108 248 120,150 414 199 293 

Rufus 406 166 514 108 248 120,150 414 199 293 

Rumska-Cervenka 406 166 514 108 - 103,150 - 199 293 

Rupert J Car 882 (26882) 406 166 514 108 - 103,150 - 199 293 

Safed Lerma 406 166 514 108 248 120,150 414 199 293 
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Sakha 69 406 166 514 108 248 120,150 414 199 293 

Sparta 406 - - - - 103,150 - 199, 220 293, 328 

Svenno 406 166 - 108 248 120,150 414 199 293 

Talimka 406 166 - 108 - 103,150 - 199 293 

Tobarito M 97 406 - - - 248 120,150 414 199, 220 293, 328 

Tselinnaya-Yubileinaya 406 166 - 108 - 103,150 - 199 293 

V-17 406 166 - 108 - 103,150 - 199 293 

Val 406 166 514 108 - 103,150 - 199 293 

Valdor 406 166 514 108 248 120,150 414 199 293 

Vierny 406 166 514 108 - 103,150 - 199 293 

W-67 406 166 - 108 - 103,150 - 199 293 

Zambesi 406 166 - 108 248 120,150 414 199 293 

Zemunka 406 166 514 108 248 120,150 414 199 293 

Zerdakia 406 166 - 108 - - - - - 

Zirka 406 - - - 248 120,150 414 199, 220 293, 328 
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ʊʘʙʣʠʮʷ ɹ.3 ï ɺʠʷʚʣʝʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ɼʅʂ (ʧʥ) TaWRKY2-A1 (PA1), TaWRKY2-B1 (PB1, PB2 ʪʘ PB3) ʪʘ 

TaWRKY2-D1 (PD1, PD2, PD3, PD4 ʪʘ PD5) ʛʝʥʽʚ ʚ ʟʨʘʟʢʘʭ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʤʽʞʚʠʜʦʚʠʭ ʛʽʙʨʠʜʽʚ. ɯʅ ï 

ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʡ ʥʦʤʝʨ ʚ ʢʦʣʝʢʮʽʾ ɯʥʩʪʠʪʫʪʫ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽʤ. ɺ.ʗ. ʖʨôʻʚʘ ʅɸɸʅ ʋʢʨʘʾʥʠ. 

ɺʠʜ ʇʽʜʚʠʜ 

ɻʝʥʦʤ 

[208ï210, 

213] 

PA1 PB1 PB2 PB3 PD1 PD2 PD3 PD4 PD5 

T.꜡dicoccum  var.꜡aeruginosum Runo  AB 406 166 - 108 - - - - - 

T.꜡dicoccum  var. serbicumPolba 3  AB 406 166 - 108 - - - - - 

T.꜡dicoccum  var.꜡dicoccum  AB 406 166 - 108 - - - - - 

T.꜡dicoccum  var.꜡nigroajar  AB 406 166 - 108 - - - - - 

T.꜡dicoccum  var.꜡rufum  AB 406 166 - 108 - - - - - 

T.꜡dicoccum  var.꜡aeruginosum  AB 406 166 - 108 - - - - - 

T.꜡dicoccum  var.꜡semicanum  AB 406 166 - 108 - - - - - 

T.꜡dicoccum  Polba Kokchetavska  AB 406 166 - 108 - - - - - 

T.꜡dicoccum  var. vasconicumCrjunella  AB 406 166 - 108 - - - - - 

T.꜡dicoccum  var.꜡rufum  AB 406 166 - 108 - - - - - 

T.꜡dicoccum  var.꜡atratum  AB 406 166 - 108 - - - - - 

T.꜡dicoccum  n.a.  AB 406 166 - 108 - - - - - 

T.꜡dicoccum Schuebl.  var.꜡serbicum  AB 406 166 - 108 - - - - - 

T.꜡dicoccum Schuebl.  var.꜡dicoccum  AB 406 166 - 108 248 120,158 - 199 293 

T.꜡dicoccum Schuebl.  var.꜡serbicum Chervonoklasa AB 406 166 - 108 - - - - - 

T.꜡dicoccum Schuebl.  var.꜡haussknachtianum Bolshaia holova  AB 406 166 - 108 - - - - - 

T.꜡dicoccum Schuebl.  var.꜡ volgense Polba Kokchetavska  AB 406 166 - 108 - - - - - 

T.꜡dicoccum Schuebl.  var.꜡volgense Vernal  AB 406 166 - 108 - - - - - 

T.꜡dicoccum Schuebl.  var.꜡serbicum  AB 406 166 - 108 - - - - - 

T.꜡dicoccum Schuebl.  var.꜡volgense   AB 406 166 - 108 - - - - - 
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T.꜡dicoccum Schuebl.  var.꜡haussknachtianum  AB 406 166 - 108 - - - - - 

T.꜡dicoccum Schuebl.  var.꜡aeruginosum  AB 406 166 - 108 - - - - - 

T.꜡dicoccum Schuebl.  var.꜡haussknachtianum  AB 406 166 - 108 - - - - - 

T.꜡dicoccum Schuebl.  var.꜡aeruginosum Runo  AB 406 166 - 108 - - - - - 

T.꜡ispahanicum  var.꜡ispahanicum  AB 406 166 - 108 - - - - - 

T.꜡kiharae  T.꜡timopheevii Ĭ Ae. tauschii  AGD 406 - - - - - 414 199 293, 400 

T.꜡macha  var.꜡palaeoimereticum  ABD 406 166 514 108 248 120, 158 414 199 293 

T.꜡sinskajae  var.꜡sinskajae  A 406 - - - - - - - - 

T.꜡spelta  var.꜡album  ABD 406 166 - 108 248 120, 158 414 199 293 

T.꜡spelta  var.꜡caeruleum CDC Zobra  ABD 406 166 - 108 248 120, 158 414 199 293 

T.꜡spelta  var.꜡griseoturanorecens  ABD 406 166 514 108 - 103, 158 - 199 293 

T.꜡spelta  var.꜡duhamelianum  ABD 406 166 - 108 248 120, 158 414 199 293 

T.꜡spelta  var.꜡duhamelianumBaulaender  ABD 406 166 - 108 248 120, 158 414 199 293 

T.꜡spelta  var.꜡duhamelianum Frankenkorn  ABD 406 166 514 108 - 103, 158 - 199 293 

T.꜡spelta  var.꜡caeruleum  ABD 406 166 - 108 248 120, 158 - 199 293 

T.꜡spelta  var. album  ABD 406 166 - 108 248 120, 158 - 199 293 

T.꜡vavilovii  var.꜡vavilovii  ABD 406 166 514 108 248 120, 158 414 199 293 

T. dicoccum Schuebl.  var.꜡aeruginosum  AB 406 166 - 108 - - - - - 

T. dicoccum Schuebl.  var.꜡rufum  AB 406 166 - 108 - - - - - 

ɻʽʙʨʠʜʠ 

ʅʘʟʚʘ ʉʭʨʝʱʝʥʥʷ 

ɻʝʥʦʤ 

[208ï210, 

213] 

PA1 PB1 PB2 PB3 PD1 PD2 PD3 PD4 PD5 

ɸɼ Ae.꜡ventricosa/T.꜡dicoccum  M / AB 406 166 - 108 - 103 - - - 

ɸɼ 1 T.꜡dicoccum/Ae.꜡speltoides  AB / S 406 166 514 108 - 103 - - 316 

ɸɼ 2 T. durum /Ae.꜡comosa  AB / M 406 166 - 108 - 103 - - 293 
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ɸɼ 7 T.꜡ispahanicum/Ae.꜡cylindrica  AB / DC 406 - - - - - 414 199 293 

ɸɼ 8 T.꜡dicoccum/Ae.꜡triuncialis  AB / UC 406 166 - 108 - - - - 293 

ɸɼ 217 T. timopheevii/Ae.꜡umbellulata  AG / U 406 - - - - - - - 293, 400 

ɸɼ 221-4 T.꜡persicum/Ae. tauschii  AB / D 406 166 - 108 - 103, 158 - 199 293 

Aegilotricum 

cylindroaestivum 
Ae. cylindrica/T.꜡aestivum  DC / ABD 406 166 - 108 - 103, 158 - 199 293 

Haynatricum T.꜡dicoccum/Dasypyrum villosum  AB / V 406 166 - 108 - 103 - - 284 

T.꜡Ĭ꜡hexapolonicum  n.a.  n.a. 406 - - - - 103, 158 - 199 293, 327 

ʇɸɸɻ T.꜡dicoccum/Ae.꜡tauschii  AB / D 406 166 - 108 248 120, 158 - 199 293 

ʇɸɻ-31 T.꜡dicoccum/T. monococcum  AB / Ab 406 166 - 108 - - - - - 

T. Ĭ palmovae  T.꜡boeoticum/Ae. tauschii  A / D  406 - - - 248 120, 158 414 199 293 

Tritordeum 1199/09  T.꜡durum/ Hordeum chilense  AB / Hch  406 166 - 108 - - - 199 307 
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ɼʆɼɸʊʆʂ ɺ 

ʊʘʙʣʠʮʽ ʜʦ ʈʦʟʜʽʣʫ 5 

 

ʊʘʙʣʠʮʷ ɺ.1 ï ɺʠʷʚʣʝʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ɼʅʂ (ʧʥ) EPF1-A1 (E1A1), EPF1-B1 

(E1B1 ʪʘ E1B2), EPF1-D1 (E1D1 ʪʘ E1D2), EPF2-A1 (E2A1) ʪʘ MUTE-D1 (MD1) 

ʛʝʥʽʚ ʚ ʩʦʨʪʘʭ ʚʽʪʯʠʟʥʷʥʦʾ ʩʝʣʝʢʮʽʾ 

ʅʘʟʚʘ ʩʦʨʪʫ E1A1 E1B1 E1B2 E1D1 E1D2 E2A1 MD1 

ɸʣʴʙʘʪʨʦʩ ʆʜʝʩʴʢʠʡ 173 254 - 281 183 - 182 

ɸʥʪʦʥʽʚʢʘ - - 88 281 183 - - 

ɸʩʪʘʨʪʘ - - 88 - 183 - 182 

ɹʦʛʜʘʥʘ 173 - 88 281 - - 182 

ɹʦʨʽʷ 85 173 - 88 281 - - 182 

ɹʫʥʯʫʢ - 254 - - 183 - 182 

ɺʘʪʘʞʦʢ - 254 88 - 183 - 182 

ɺʝʩʥʷʥʢʘ - - 88 281 - - 182 

ɺʽʜʨʘʜʘ - - 88 281 183 - 182 

ɻʘʨʤʦʥʽʷ ʦʜʝʩʴʢʘ - 254 - - 183 - - 

ɻʽʣʝʷ - - 88 - 183 - 182 

ɻʦʜʫʚʘʣʴʥʠʮʷ ʦʜʝʩʴʢʘ 173 254 88 281 - - 182 

ɻʫʨʪ 173 254 - 281 - - 182 

ɼʘʨʠʥʢʘ ʂʠʾʚʩʴʢʘ - - 88 - 183 - 182 

ɼʘʨʫʥʦʢ ʧʦʜʽʣʣʷ - - - 281 - - 182 

ɼʦʙʨʠʥʷ - 254 88 281 - - 182 

ɼʦʩʢʦʥʘʣʘ - - 88 281 - - 182 

ɼʨʝʚʣʷʥʢʘ - - 88 281 - - 182 

ɭʜʥʽʩʪʴ - 254 - 281 - - 182 

ɾʘʜʘʥʘ  - 254 88 281 - 140 182 

ɾʘʡʚʽʨ - 254 88 281 - - 182 

ɾʫʨʘʚʢʘ ʦʜʝʩʴʢʘ 173 254 88 281 - - - 

ɿʙʨʫʯ - 254 - 281 - - 182 

ɿʜʦʙʘ ʂʠʾʚʩʴʢʘ - 254 - 281 - - - 
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ɿʠʤʦʷʨʢʘ - - 88 281 - - - 

ɿʠʩʢ - 254 - 281 - - 182 

ɿʣʫʢʘ - 254 - - 183 - 182 

ɿʦʣʦʪʦʢʦʣʦʩʘ - - 88 281 - - 182 

ʂʘʣʘʥʯʘ - - 88 281 - - 182 

ʂʠʾʚʩʴʢʘ ʦʩʪʠʩʪʘ - - 88 281 - - - 

ʂʽʨʽʷ - 254 - 281 - - 182 

ʂʥʷʛʠʥʷ ʆʣʴʛʘ - 254 - - 183 - 182 

ʂʨʘʩʫʥʷ - - 88 - 183 - - 

ʂʨʠʞʠʥʢʘ - - 88 - 183 - 182 

ʃʘʜʠʞʠʥʢʘ - - 88 - 183 - 182 

ʃʠʤʘʨʽʚʢʘ - 254 88 281 183 - 182 

ʃʽʨʘ ʦʜʝʩʴʢʘ - 254 - 281 - - 182 

ʄʘʣʠʥʽʚʢʘ 173 - 88 281 - - - 

ʄʝʣʦʜʽʷ ʦʜʝʩʴʢʘ 173 254 - 281 - - 182 

ʄʠʨʦʥʽʚʩʴʢʘ 65 - - 88 281 183 140 182 

ʄʽʩʽʷ ʦʜʝʩʴʢʘ - 254 - 281 - - 182 

ʄʫʜʨʽʩʪʴ ʦʜʝʩʴʢʘ - 254 - 281 183 - 182 

ʅʘʩʥʘʛʘ - 254 88 281 - - - 

ʅʘʪʘʣʢʘ - - 88 - 183 - 182 

ʅʝʙʦʢʨʘʡ - - 88 281 - - - 

ʅʠʚʘ ʆʜʝʩʴʢʘ - - 88 281 - - - 

ʅʠʚʘ ʆʜʝʩʴʢʘ - - 88 281 - - - 

ʅʦʚʦʢʠʾʚʩʴʢʘ 173 - 88 281 - - 182 

ʆʜʝʩʴʢʘ 267 - 254 88 281 - - 182 

ʇʘʥʥʘ - 254 88 281 183 - 182 

ʇʝʨʝʷʩʣʦʚʢʘ - 254 - - 183 - 182 

ʇʦʜʦʣʷʥʢʘ 173 - 88 281 - - 182 

ʇʦʣʽʩʴʢʘ 90 - 254 88 281 183 140 182 

ʉʣʘʚʥʘ - - 88 281 - - 182 
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ʉʤʫʛʣʷʥʢʘ - - 88 281 - - 182 

ʉʥʽʛʫʨʢʘ 173 - 88 281 - - 182 

ʉʦʣʦʤʽʷ - 254 88 - 183 - 182 

ʉʦʥʘʪʘ - 254 88 - 183 - 182 

ʉʦʥʘʪʘ ʦʜʝʩʴʢʘ - 254 88 281 - - - 

ʉʦʪʥʠʮʷ - - 88 281 - - 182 

ʉʧʘʩʽʚʢʘ - - 88 281 - - 182 

ʋʞʠʥʦʢ - 254 88 281 183 - - 

ʋʢʨʘʾʥʢʘ ʦʜʝʩʴʢʘ - 254 - - 183 - 182 

ʌʘʚʦʨʠʪʢʘ - - 88 281 183 - 182 

ʍʝʨʩʦʥʩʴʢʘ ʙʝʟʦʩʪʘ - 254 - 281 - - 182 

ʍʫʨʪʦʚʠʥʘ - - 88 281 - - - 

ʎʘʨʽʚʥʘ - - - - 183 - 182 

ʏʘʨʦʜʽʡʢʘ 

ʙʽʣʦʮʝʨʢʽʚʩʴʢʘ 
- - - 281 183 140 182 

ʐʝʩʪʦʧʘʣʽʚʢʘ - - 88 281 - - 182 

ʑʝʜʨʽʚʢʘ ʢʠʾʚʩʴʢʘ - - 88 - 183 - 182 

ʖʚʽʣʷʨ ʤʠʨʦʥʽʚʩʴʢʠʡ - - 88 281 - - 182 

ʗʪʨʘʥʴ 60 - - 88 - 183 - - 
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ʊʘʙʣʠʮʷ ɺ.2 ï ɺʠʷʚʣʝʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ɼʅʂ (ʧʥ) EPF1-A1 (E1A1), EPF1-B1 

(E1B1 ʪʘ E1B2), EPF1-D1 (E1D1 ʪʘ E1D2), EPF2-A1 (E2A1) ʪʘ MUTE-D1 (MD1) 

ʛʝʥʽʚ ʚ ʟʨʘʟʢʘʭ ʟ ɹʘʥʢʫ ɿʘʨʦʜʢʦʚʦʾ ʇʣʘʟʤʠ (Wheat Germplasm Bank, CIMMYT) 

ʅʘʟʚʘ ʩʦʨʪʫ/ʛʽʙʨʠʜʫ E1A1 E1B1 E1B2 E1D1 E1D2 E2A1 MD1 

AC Vista - 254 - 281 - - - 

Admiral - 254 - 281 - - 182 

Albis - - 94 281 - - - 

Anza - 254 - 281 - 140 - 

Arendany - 254 94 - - - - 

B-262 - - 94 281 - - - 

Bjy/Coc//Prl/bow/3/milan/ 

Kauz/4/bav92 
- - 94 281 - - - 

Blanc-Precoce - - 94 - 183 - - 

Boleslavska Belka - 254 - 281 - 140 182 

Bruneta - 254 - - 183 - 182 

Caribo - - 94 281 - 140 - 

Carol - - 94 281 - - - 

Cenad-512 - 254 94 281 - 140 182 

Chapei Kilashika - - 94 281 - - - 

Chen/Ae.sq//2*Opata/3/Finsi - - 94 281 183 - - 

Chibia/4/pgo//croc_1/ 

Ae.squarrosa (224)/3/2*borl95 
- 254 94 281 - 140 182 

Citr 4901 - - 94 281 - - 182 

Comanche - - 94 281 - - 182 

D-12 - 254 - 281 - - 182 

Excalibur - - 94 281 - 140 - 

Falcin/ae.squarrosa (312)/3/thb/ 

Cep7780//sha4/lira/4/fret2 
- 254 - 281 - - - 

Glenlea - - 94 - 183 - - 

Godolloi 15 - - 94 - 183 140 - 

Grande-del-monte - - 94 281 - 140 - 
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Gray jd1032 - - 94 281 - - - 

Gray jd1447 - 254 94 281 - - - 

Hgo94.9.2.29 - 254 - - 183 - - 

Holdfast - 254 - 281 - 140 182 

Hxl7573/2*Bau - 254 - 281 - - - 

Inia-F-66 - 254 - 281 - - - 

Iskamish-k-2-Light - - 94 281 - - 182 

Janz - 254 - 281 - - - 

Jenkin - 254 - 281 - - - 

Ke Feng 2 - - 94 - 183 - 182 

Kimmo - 254 - 281 - 140 - 

King-Hing-1 - 254 - 281 - - 182 

Klein Favorito - 254 - 281 - - 182 

Kulin - - 94 281 - - - 

Lammas - 254 - 281 - - - 

Manital - - - - 183 - - 

Millaleau Inia - - 94 - 183 - 182 

Munia/3/ruff/fgo// 

Yav79/4/Pastor 
- 254 - 281 - - - 

Muras - - 94 281 - 140 182 

Ning Chun 20/3/Myna/Vul//Jun/6/Filin/Irena/5/ 

Cndo/r143//Ente/Mexi_2/3/Aegilops squarrosa 

(taus)/4/Weaver 

- - 94 281 - - - 

Nl90.15.2.11 - 254 - - 183 - - 

Norm.2-A Bc178/3/Chen/Ae.Sq//2*Opata - - 94 281 - 140 - 

OTOFTE-56 - - 94 281 - 140 - 

Pi 610750/Sasia - 254 - 281 - - 182 

Prince-leopold - - 94 281 - - 182 

Recital - - 94 281 - - - 

Red Schlanstetter Rimpau - 254 - 281 - - 182 

Richmond - - 94 281 - 140 - 

Roi-Albert - 254 94 281 - 140 182 
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Rokycanska Sametka 173 - 94 281 - - - 

Rufus 173 - 94 281 - - - 

Rumska-cervenka - - 94 281 - 140 182 

Rupert J Car 882 (26882) - 254 - - 183 - 182 

Safed Lerma - - 94 - 183 - - 

Sakha 69 - 254 - 281 - - - 

Sparta - - 94 281 - 140 182 

Svenno - - 94 281 - - - 

Talimka - 254 - 281 - - - 

Tobarito M 97 - 254 - - 183 - - 

Tselinnaya-Yubileinaya - - 94 - 183 - - 

V-17 - - 94 281 - - - 

Val - - 94 281 - 140 182 

Valdor - - 94 281 - - 182 

Vierny - 254 - 281 - - - 

W-67 - - 94 281 - - - 

Ww425 - 254 - 281 - - - 

Zambesi - 254 - 281 - - - 

Zemunka - 254 - 281 - - - 

Zerdakia - - 94 - - - - 

Zirka - - 94 281 - - - 
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ʊʘʙʣʠʮʷ ɺ.3 ï ɺʠʷʚʣʝʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ɼʅʂ (ʧʥ) EPF1-A1 (E1A1), EPF1-B1 (E1B1 ʪʘ E1B2), EPF1-D1 (E1D1 ʪʘ 

E1D2), EPF2-A1 (E2A1) ʪʘ MUTE-D1 (MD1) ʛʝʥʽʚ ʚ ʟʨʘʟʢʘʭ ʜʠʢʠʭ ʧʰʝʥʠʮʴ ʪʘ ʤʽʞʚʠʜʦʚʠʭ ʛʽʙʨʠʜʽʚ. ɯʅ ï 

ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʡ ʥʦʤʝʨ ʚ ʢʦʣʝʢʮʽʾ ɯʥʩʪʠʪʫʪʫ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽʤ. ɺ.ʗ. ʖʨôʻʚʘ ʅɸɸʅ ʋʢʨʘʾʥʠ 

ɺʠʜ ʇʽʜʚʠʜ 

ɻʝʥʦʤ 

[208ï210, 

213] 

E1A1 E1B1 E1B2 E1D1 E1D2 E2A1 MD1 

T.꜡dicoccum  var.꜡aeruginosum Runo  AB  173 - 88 - - - - 

T.꜡dicoccum  var. serbicum Polba 3  AB  - - - - 183 - - 

T.꜡dicoccum  var.꜡dicoccum  AB  - - - - 183 - - 

T.꜡dicoccum  var.꜡nigroajar  AB  - - 88 - - - - 

T.꜡dicoccum  var.꜡rufum  AB  - - - - 183 - - 

T.꜡dicoccum  var.꜡aeruginosum  AB  173 - 88 - - - - 

T.꜡dicoccum  var.꜡semicanum  AB  - - 88 - - - - 

T.꜡dicoccum  Polba Kokchetavska  AB  - - - - 183 - - 

T.꜡dicoccum  var. vasconicum Crjunella  AB  - - 88 - - - - 

T.꜡dicoccum  var.꜡rufum  AB  - - 88 - - - - 

T.꜡dicoccum  var.꜡atratum  AB  - - 88 - - - - 

T.꜡dicoccum  n.a.  AB  - - - - 183 - - 

T.꜡dicoccum Schuebl.  var.꜡serbicum  AB  - - - - - - - 

T.꜡dicoccum Schuebl.  var.꜡dicoccum  AB  173 - - 281 - - - 

T.꜡dicoccum Schuebl.  var.꜡serbicum Chervonoklasa AB  173 - 88 - - - - 

T.꜡dicoccum Schuebl.  var.꜡haussknachtianum Bolshaia holova  AB  173 - 88 - - - - 

T.꜡dicoccum Schuebl.  var.꜡ volgense Polba Kokchetavska  AB  - - 88 - - - - 

T.꜡dicoccum Schuebl.  var.꜡volgense Vernal  AB  173 - 88 - - - - 

T.꜡dicoccum Schuebl.  var.꜡serbicum  AB  173 - 88 - - - - 
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T.꜡dicoccum Schuebl.  var.꜡volgense   AB  - - 88 - 183 - - 

T.꜡dicoccum Schuebl.  var.꜡haussknachtianum  AB  173 - 88 - - - - 

T.꜡dicoccum Schuebl.  var.꜡aeruginosum  AB  173 - 88 - - - - 

T.꜡dicoccum Schuebl.  var.꜡haussknachtianum  AB  173 - 88 - - - - 

T.꜡dicoccum Schuebl.  var.꜡aeruginosum Runo  AB  - - 88 - - - - 

T.꜡ispahanicum  var.꜡ispahanicum  AB  - - - - 183 - - 

T.꜡kiharae  T.꜡timopheevii Ĭ Ae. tauschii  AGD  173 - - - 183 - - 

T.꜡macha  var.꜡palaeoimereticum  ABD  - - 88 281 - - 182 

T.꜡sinskajae  var.꜡sinskajae  A  - - - - 183 - - 

T.꜡spelta  var.꜡album  ABD  173 - 88 281 - - - 

T.꜡spelta  var.꜡caeruleum CDC Zobra  ABD  - - 88 281 - - - 

T.꜡spelta  var.꜡griseoturanorecens  ABD  - - 88 281 - - - 

T.꜡spelta  var.꜡duhamelianum  ABD  173 - 88 281 - - - 

T.꜡spelta  var.꜡duhamelianum Baulaender  ABD  173 - 88 281 - - - 

T.꜡spelta  var.꜡duhamelianum Frankenkorn  ABD  173 - 88 281 - - - 

T.꜡spelta  var.꜡caeruleum  ABD  - - - 281 - - - 

T.꜡spelta  var. album  ABD  173 - - 281 - - - 

T.꜡vavilovii  var.꜡vavilovii  ABD  - 254 - 281 - - - 

T. dicoccum Schuebl.  var.꜡aeruginosum  AB  173 - 88 - - - - 

T. dicoccum Schuebl.  var.꜡rufum  AB  173 - 88 - - - - 

ɻʽʙʨʠʜʠ 

ʅʘʟʚʘ ʉʭʨʝʱʝʥʥʷ 

ɻʝʥʦʤ 

[208ï210, 

213] 

E1A1 E1B1 E1B2 E1D1 E1D2 E2A1 MD1 

ɸɼ Ae.꜡ventricosa/T.꜡dicoccum  M / AB  173 - 88 - 183 - - 
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ɸɼ 1 T.꜡dicoccum/Ae.꜡speltoides  AB / S  173 - 88 - 183 - - 

ɸɼ 2 T. durum /Ae.꜡comosa  AB / M  173 - 88 - 183 - - 

ɸɼ 7 T.꜡ispahanicum/Ae.꜡cylindrica  AB / DC  - - 88 - 183 - - 

ɸɼ 8 T.꜡dicoccum/Ae.꜡triuncialis  AB / UC  - - 88 - 183 - - 

ɸɼ 217 T. timopheevii/Ae.꜡umbellulata  AG / U  173 - - - 183 - - 

ɸɼ 221-4 T.꜡persicum/Ae. tauschii  AB / D  173 - 88 281 - - - 

Aegilotricum 

cylindroaestivum 
Ae. cylindrica/T.꜡aestivum  DC / ABD  173 254 - - 183 - - 

Haynatricum T.꜡dicoccum/Dasypyrum villosum  AB / V  173 - 88 - - - - 

T. Ĭ hexapolonicum  n.a.  n.a.  - - 88 281 - 140 - 

T. Ĭ palmovae  T.꜡ boeoticum/Ae. tauschii  A / D  - - - 281 183 - - 

Tritordeum 1199/09  T.꜡durum/Hordeum chilense  AB / Hch  173 - 88 - 183 - - 

ʇɸɸɻ T.꜡dicoccum/Ae.꜡tauschii  AB / D  - - - 281 183 - - 

ʇɸɻ-31 T.꜡dicoccum/T. monococcum  AB / Ab  - - - - 183 - - 
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ɼʆɼɸʊʆʂ ɻ 

ʊʘʙʣʠʮʽ ʜʦ ʈʦʟʜʽʣʫ 6 

 

ʊʘʙʣʠʮʷ ɻ.1 ï ʉʧʠʩʦʢ ʚʩʽʭ 810 ʦʙʨʘʭʦʚʘʥʠʭ ʛʝʣʝʚʠʭ ʧʣʷʤ 

 

R1 R2 R3 R1 R2 R3 R1 R2 R3 Panna Sotnytsia Ukrainka Panna Sotnytsia Ukrainka

3505 0.0000 7.5 15 NA NA NA 1350 1818 1548 1701 1532 1489 8075 7805 7867 1572 1574 7916 235 112 141 -1.00 -5.04 -5.03 0.9000 0.0010 0.0010

1061 0.0000 4.9 60 NA NA NA 994 774 883 279 308 276 1118 1113 1010 884 287 1080 110 18 61 3.07 -1.22 -3.76 0.0010 0.0617 0.0010

1608 0.0000 7.5 38 NA NA NA 8917 7144 7449 5859 6466 6103 27604 36218 29438 7837 6143 31087 948 306 4538 1.28 -3.97 -5.06 0.0828 0.0010 0.0010

2689 0.0000 7.5 19 A0A3B5YPZ7 564 10/6 13320 13322 11876 2501 2179 1709 12977 16802 14052 12839 2130 14610 834 399 1973 6.03 -1.14 -6.86 0.0010 0.5548 0.0010

2719 0.0000 8.0 19 A0A3B5XV32 1557 27/27 7739 6851 8630 2815 2805 3299 10745 11867 12563 7740 2973 11725 890 283 917 2.60 -1.51 -3.94 0.0010 0.0045 0.0010

1094 0.0000 4.9 58 NA NA NA 6760 7236 8979 1762 1791 1812 5952 5952 7759 7658 1788 6554 1168 25 1043 4.28 1.17 -3.66 0.0010 0.3344 0.0010

2335 0.0000 6.2 24 A0A1D6RH21 151 23/11 483 383 455 1905 2518 2591 534 549 427 440 2338 503 52 377 67 -5.31 -1.14 4.65 0.0010 0.5392 0.0010

4186 0.0000 7.4 16 NA NA NA 2739 2614 3166 17294 15829 23607 6816 5609 5443 2840 18910 5956 290 4133 749 -6.66 -2.10 3.17 0.0010 0.3272 0.0015

4488 0.0000 7.4 19 NA NA NA 11396 14350 12088 3338 3044 2403 1198 1277 1840 12612 2929 1438 1545 478 350 4.31 8.77 2.04 0.0010 0.0010 0.0064

1169 0.0000 5.0 55 A0A1D6S518 943 50/30 542 462 451 856 748 894 1321 1480 1480 485 833 1427 50 76 91 -1.72 -2.94 -1.71 0.0010 0.0010 0.0010

4491 0.0000 7.2 35 A0A1D5T3T7 663 27/36 9498 9173 7152 5681 8494 7692 36769 33959 40332 8608 7289 37020 1271 1449 3194 1.18 -4.30 -5.08 0.4294 0.0010 0.0010

390 0.0000 5.7 120 P08489 559 40/66 4453 4435 7174 54758 63319 58721 6741 4732 3461 5354 58933 4978 1576 4284 1654 -11.01 1.08 11.84 0.0010 0.9000 0.0010

3445 0.0000 7.5 15 NA NA NA 3374 3255 4166 5657 4910 6898 25482 19997 17728 3598 5822 21069 496 1004 3987 -1.62 -5.86 -3.62 0.0277 0.0010 0.0010

2645 0.0000 7.1 20 A0A3B5YPZ7 179 13/5 6642 7951 7305 1434 2209 1825 6617 7772 6722 7299 1823 7037 655 388 638 4.00 1.04 -3.86 0.0010 0.9000 0.0010

1025 0.0000 7.2 62 A0A1D6A827 169 33/20 5903 8986 7318 10214 8111 8511 39788 63174 54349 7402 8945 52437 1544 1117 11810 -1.21 -7.08 -5.86 0.4724 0.0010 0.0010

4482 0.0001 7.1 21 A0A3B5YPZ7 796 22/11 12599 13314 13616 3378 2103 3638 13650 15230 14594 13176 3040 14491 523 821 795 4.33 -1.10 -4.77 0.0010 0.7813 0.0010

2744 0.0001 7.0 19 NA NA NA 2354 1477 2021 7281 10721 10834 1186 1218 1561 1951 9612 1322 443 2020 208 -4.93 1.48 7.27 0.0010 0.1446 0.0010

1803 0.0001 7.0 34 P21292 680 32/30 8121 7909 8565 1330 1562 1508 1377 2518 1608 8198 1466 1834 335 122 603 5.59 4.47 -1.25 0.0010 0.0010 0.4729

1669 0.0001 7.4 36 P04722 198 21/24 43239 40232 35464 49298 59632 47503 12985 15066 18308 39645 52145 15453 3920 6546 2683 -1.32 2.57 3.37 0.1054 0.0010 0.0010

2161 0.0001 7.5 27 Q94G92 843 9/6 5795 5200 6582 16299 25015 18382 5037 5920 4856 5859 19899 5271 694 4551 569 -3.40 1.11 3.78 0.0010 0.6971 0.0010

1315 0.0001 8.5 48 A0A1D5VMG1 227 15/8 3363 3115 2464 1140 822 840 2847 3072 2798 2981 934 2906 465 179 146 3.19 1.03 -3.11 0.0010 0.9000 0.0010

4481 0.0001 7.1 22 A0A3B5YPZ7 499 22/11 8408 9045 9268 2478 1693 2685 10688 7600 9317 8907 2285 9201 446 523 1547 3.90 -1.03 -4.03 0.0010 0.9000 0.0010

4008 0.0001 7.0 16 A0A3B6PFQ8 185 11/6 3988 5320 6690 20542 19019 26219 24822 19958 25213 5333 21926 23331 1351 3795 2928 -4.11 -4.38 -1.06 0.0010 0.0010 0.9000

3866 0.0001 8.4 43 I0IT62 316 44/22 6069 7502 4665 5015 3747 4292 18903 28140 20787 6079 4352 22610 1419 636 4881 1.40 -3.72 -5.20 0.2007 0.0010 0.0010

3222 0.0001 7.4 16 NA NA NA 1345 735 812 8590 6709 10120 2020 1564 2508 964 8473 2031 332 1709 473 -8.79 -2.11 4.17 0.0010 0.0267 0.0013

3607 0.0002 6.5 13 Q43691 347 18/6 7670 5024 6165 2446 2217 2503 2590 2179 2221 6286 2389 2330 1328 151 226 2.63 2.70 1.03 0.0010 0.0010 0.9000

4489 0.0002 7.4 18 A0A3B6LGL1 245 15/3 3139 4183 3502 528 870 495 586 612 946 3608 631 714 530 207 201 5.72 5.05 -1.13 0.0010 0.0010 0.7837

4055 0.0002 7.3 52 A0A3B6MYZ0 279 33/19 14844 12004 12153 46060 90172 51545 11640 12102 9017 13000 62593 10920 1599 24042 1664 -4.81 1.19 5.73 0.0010 0.6449 0.0010

4179 0.0002 6.9 34 P21292 743 34/29 4136 4566 5711 1608 1667 1396 2112 1622 1443 4804 1557 1726 814 142 346 3.09 2.78 -1.11 0.0010 0.0010 0.7475

3317 0.0003 7.3 16 NA NA NA 1696 3189 1777 12694 11138 18310 2009 2971 2150 2221 14047 2377 840 3773 520 -6.32 -1.07 5.91 0.0010 0.9000 0.0010

2950 0.0004 7.3 18 NA NA NA 12026 13605 11609 1995 1574 1434 1181 1509 3182 12413 1668 1957 1053 292 1073 7.44 6.34 -1.17 0.0010 0.0010 0.9000

1961 0.0004 7.9 31 A1EHE7 6572 46/48 15765 17215 10973 20846 21611 17345 44289 67552 62587 14651 19934 58142 3266 2274 12252 -1.36 -3.97 -2.92 0.2033 0.0010 0.0016

1656 0.0004 8.3 37 M9TG60 1909 27/38 10469 10483 9479 9634 4268 8351 36607 46690 41027 10144 7418 41441 576 2802 5054 1.37 -4.09 -5.59 0.2723 0.0015 0.0010

1082 0.0005 5.7 59 A0A3B6KSH4 235 10/4 1466 1940 1779 625 832 541 1664 1483 1560 1728 666 1569 241 150 91 2.60 1.10 -2.36 0.0010 0.7488 0.0011

4175 0.0005 6.9 64 NA NA NA 1309 1009 1143 1342 699 873 3622 4393 3384 1153 971 3800 150 332 528 1.19 -3.29 -3.91 0.5297 0.0014 0.0010

4162 0.0005 7.7 73 A0A3B6JER7 454 22/22 3622 2718 2221 600 586 726 793 489 372 2854 637 551 710 77 217 4.48 5.18 1.16 0.0013 0.0010 0.6756

1649 0.0006 8.2 37 M9TG60 929 25/21 295 628 366 256 463 319 2054 1886 1730 430 346 1890 175 106 162 1.24 -4.40 -5.47 0.6893 0.0015 0.0010

4171 0.0006 7.8 73 A0A3B6JER7 369 21/41 8755 6193 5832 1926 2218 1769 2561 1495 1507 6926 1971 1854 1594 228 612 3.51 3.74 1.06 0.0013 0.0010 0.8743

2839 0.0007 7.5 18 NA NA NA 1694 2341 1931 927 637 556 471 673 469 1989 707 538 327 195 117 2.81 3.70 1.31 0.0024 0.0010 0.3559

1066 0.0007 8.5 60 P08488 217 6/5 1152 1153 1104 2619 2545 2061 726 1157 975 1136 2408 953 28 303 216 -2.12 1.19 2.53 0.0027 0.3477 0.0010

4114 0.0008 5.0 49 P08488 237 20/6 907 560 604 1452 1604 1844 2193 1719 1930 690 1633 1948 189 198 237 -2.37 -2.82 -1.19 0.0023 0.0010 0.4956

4169 0.0010 7.0 20 A0A3B5YPZ7 598 12/10 9660 9240 12164 30184 35142 32767 6104 11958 11086 10354 32698 9716 1581 2480 3158 -3.16 1.07 3.37 0.0022 0.8574 0.0014

4403 0.0010 6.8 37 P04722 104 20/9 2558 2484 1992 1880 2485 2913 939 1103 787 2345 2426 943 308 519 158 -1.03 2.49 2.57 0.9000 0.0019 0.0016

4220 0.0016 8.6 37 M9TG60 595 24/25 8142 9185 8270 12490 5151 8954 26267 33655 34083 8532 8865 31335 569 3671 4394 -1.04 -3.67 -3.53 0.9000 0.0028 0.0026

4345 0.0016 7.3 123 P10388 129 13/20 10310 13260 10255 2993 4940 5782 12967 14010 12966 11275 4572 13314 1719 1431 602 2.47 -1.18 -2.91 0.0046 0.6148 0.0019

4351 0.0017 7.6 121 P10388 104 4/2 9309 7092 7673 1089 2795 1934 8176 5822 8051 8025 1939 7350 1150 853 1324 4.14 1.09 -3.79 0.0025 0.9000 0.0034

4126 0.0017 9.1 25 B2Y2Q6 710 30/19 10352 9541 10011 8869 12107 6908 3383 3890 4656 9968 9294 3976 407 2625 641 1.07 2.51 2.34 0.7997 0.0023 0.0040

969 0.0018 6.4 65 A0A1D6D1Q3 368 29/19 1844 1406 1672 861 446 812 2297 2170 2102 1641 706 2190 221 227 99 2.32 -1.33 -3.10 0.0075 0.3183 0.0017

4332 0.0020 6.6 117 P10388 457 37/71 96164 113034 79907 26653 24790 44819 68198 65652 81964 96368 32088 71938 16564 11065 8776 3.00 1.34 -2.24 0.0020 0.3230 0.0086

3497 0.0022 7.2 15 NA NA NA 395 553 531 905 1182 1669 1233 1288 1251 493 1252 1257 86 387 28 -2.54 -2.55 -1.00 0.0040 0.0033 0.9000

3358 0.0023 8.1 15 A0A3B6IN56 307 30/3 4199 4681 2841 11008 10607 12753 3939 6370 3936 3907 11456 4748 954 1141 1404 -2.93 -1.22 2.41 0.0026 0.5896 0.0067

950 0.0026 7.3 66 A0A3B5Z536 278 6/6 98 215 168 959 1060 599 164 302 296 160 873 254 59 243 78 -5.44 -1.58 3.44 0.0024 0.2996 0.0119

4099 0.0026 7.5 19 NA NA NA 1409 2870 2246 4185 5215 4163 1282 1087 1607 2175 4521 1325 733 601 263 -2.08 1.64 3.41 0.0214 0.1316 0.0022

4272 0.0027 8.1 71 A0A3B6ILV9 2633 34/31 2262 3068 3100 5033 4791 7860 8571 8080 6387 2810 5895 7679 475 1706 1146 -2.10 -2.73 -1.30 0.0126 0.0025 0.2943

1581 0.0028 6.8 39 Q41593 438 14/7 602 787 595 274 433 348 1366 910 841 661 352 1039 109 79 285 1.88 -1.57 -2.95 0.0274 0.1105 0.0023

2078 0.0028 7.1 29 Q94G92 490 16/4 817 1028 780 1447 2703 2669 495 673 780 875 2273 649 134 715 144 -2.60 1.35 3.50 0.0114 0.3766 0.0028

986 0.0029 8.8 64 NA NA NA 5605 6692 6722 2826 2139 1327 4400 5883 4605 6339 2097 4963 636 750 804 3.02 1.28 -2.37 0.0030 0.4742 0.0099

4155 0.0030 8.0 71 I6QQ39 1305 23/21 1996 2395 1408 7077 4541 6314 4429 3421 5285 1933 5977 4379 497 1301 933 -3.09 -2.27 1.37 0.0028 0.0134 0.3247

1289 0.0048 7.8 49 A0A3B6G0N3 271 13/6 2131 2201 1307 4829 4892 5119 2406 3055 1759 1880 4947 2407 497 153 648 -2.63 -1.28 2.06 0.0047 0.4429 0.0183

4404 0.0049 6.8 37 A0A1D5US94 187 21/16 663 629 796 1075 1239 1591 568 459 273 696 1302 433 88 264 149 -1.87 1.61 3.00 0.0575 0.1081 0.0040

4045 0.0051 8.3 65 P10388 79 3/8 2943 1993 2089 1005 609 1034 1656 2605 2185 2342 883 2149 523 237 476 2.65 1.09 -2.43 0.0067 0.9000 0.0105

1051 0.0056 7.7 61 I6QQ39 143 17/12 2188 1251 2085 763 568 748 1161 1657 1286 1841 693 1368 514 108 258 2.66 1.35 -1.97 0.0052 0.3581 0.0253

1084 0.0061 6.4 59 A0A1D5YFA7 227 35/21 11901 19744 21120 29411 68587 36555 12927 8900 7152 17589 44851 9659 4973 20864 2961 -2.55 1.82 4.64 0.0484 0.1789 0.0051

1896 0.0068 7.2 32 A1EHE7 1347 25/14 4714 2829 4022 3640 7828 3797 1678 1487 1264 3855 5088 1476 953 2374 207 -1.32 2.61 3.45 0.6286 0.0202 0.0073

714 0.0078 4.8 78 NA NA NA 379 461 318 576 891 410 234 211 202 386 626 216 72 245 17 -1.62 1.79 2.90 0.1600 0.0721 0.0063

2386 0.0083 4.7 23 A0A1D5ZTV0 284 9/3 1297 1406 1747 2698 5137 2745 1229 866 1501 1483 3527 1199 235 1395 318 -2.38 1.24 2.94 0.0259 0.5985 0.0086

1087 0.0112 6.3 59 19465 26178 29744 7019 10109 16258 10579 6251 8126 25129 11128 8319 5219 4703 2171 2.26 3.02 1.34

975 0.0160 6.8 65 260 205 463 348 194 194 543 1311 888 309 246 914 136 89 385 1.26 -2.95 -3.72

1530 0.0169 8.1 41 11588 12777 13080 17187 29041 12639 7341 9006 6136 12481 19622 7494 789 8468 1441 -1.57 1.67 2.62

2413 0.0170 9.1 23 9354 4769 6391 31074 29390 16737 4597 10376 12597 6838 25734 9190 2325 7836 4130 -3.76 -1.34 2.80

518 0.0191 8.8 106 39245 68031 128192 25222 21674 31257 84508 69955 73154 78489 26051 75873 45386 4845 7648 3.01 1.03 -2.91

1793 0.0205 8.3 34 14563 10911 8071 1689 3834 853 8505 3415 3399 11181 2125 5106 3254 1538 2943 5.26 2.19 -2.40

4095 0.0205 6.0 45 13134 12744 15033 3407 1230 5848 6346 3820 4388 13637 3495 4851 1224 2310 1325 3.90 2.81 -1.39

511 0.0206 8.6 107 4449 12747 22546 3515 1867 1488 15480 11915 7482 13247 2290 11626 9059 1078 4007 5.78 1.14 -5.08

2146 0.0206 8.6 28 1882 1519 2180 1692 1052 1726 3836 5728 2497 1860 1490 4020 331 380 1623 1.25 -2.16 -2.70

1155 0.0346 7.1 56 1825 1624 1576 1951 7606 3489 691 1338 1229 1675 4349 1086 132 2924 346 -2.60 1.54 4.01

4066 0.0355 8.4 32 4649 14853 11674 29753 34280 24793 17464 22200 12517 10392 29609 17394 5221 4745 4842 -2.85 -1.67 1.70

3754 0.0587 4.5 21 1506 1253 1867 1282 3606 1501 789 548 1003 1542 2130 780 308 1283 228 -1.38 1.98 2.73

4432 0.0678 9.4 32 18394 18159 14255 72436 72286 24934 13032 30227 32939 16936 56552 25399 2325 27382 10796 -3.34 -1.50 2.23

3928 0.0695 7.2 119 4756 2558 2344 511 956 2084 2966 1778 3201 3219 1184 2648 1335 811 762 2.72 1.22 -2.24

4377 0.2693 9.5 30 18217 38208 39068 14908 17436 5834 1061 6116 34261 31831 12726 13813 11798 6101 17888 2.50 2.30 -1.09

4446 0.2727 9.3 31 40136 12945 13599 80591 53714 43110 8521 72620 35464 22227 59139 38868 15513 19320 32185 -2.66 -1.75 1.52

1363 0.0000 7.2 47 972 990 907 2420 2394 2252 2401 2248 1802 956 2356 2150 43 91 311 -2.46 -2.25 1.10

1028 0.0000 5.2 62 13720 15739 14352 21308 22849 26348 10778 10599 9969 14604 23502 10449 1033 2582 425 -1.61 1.40 2.25

1124 0.0001 8.0 57 37064 40308 34703 56397 63755 62434 35458 34296 32651 37359 60862 34135 2814 3923 1411 -1.63 1.09 1.78

1439 0.0001 7.7 44 18920 15549 14397 10382 11237 9891 23788 26088 24688 16288 10503 24855 2350 681 1159 1.55 -1.53 -2.37

4133 0.0001 6.3 37 2966 2610 2728 4994 6063 6397 3110 2616 2813 2768 5818 2846 181 733 248 -2.10 -1.03 2.04

1019 0.0001 5.1 63 6476 6658 6374 8110 9309 9382 5037 5338 4516 6503 8934 4963 144 714 416 -1.37 1.31 1.80

4176 0.0002 7.2 37 4205 4559 4465 6597 7157 7806 6075 5637 5966 4410 7187 5893 184 605 229 -1.63 -1.34 1.22

4158 0.0003 7.4 48 5214 6260 6430 13238 11879 15331 6242 4959 6226 5968 13483 5809 658 1739 736 -2.26 1.03 2.32

1660 0.0003 7.1 37 4711 4495 3904 3648 4425 4334 7893 7349 7266 4370 4136 7503 417 425 341 1.06 -1.72 -1.81

2141 0.0004 5.6 28 3955 4061 4199 4806 5271 5015 5693 5506 6282 4071 5030 5827 122 233 405 -1.24 -1.43 -1.16

858 0.0004 7.3 70 461 424 441 1099 955 822 602 690 549 442 959 614 18 138 71 -2.17 -1.39 1.56

649 0.0004 7.3 87 1123 1222 1022 2109 2614 1788 945 910 794 1122 2170 883 100 416 79 -1.93 1.27 2.46

1824 0.0006 7.3 34 65295 63527 66127 24370 32406 31193 38304 48628 37970 64983 29323 41634 1328 4332 6059 2.22 1.56 -1.42

2432 0.0006 7.2 22 3140 2638 3074 4303 4255 4815 5451 5362 4562 2951 4458 5125 272 311 489 -1.51 -1.74 -1.15

1836 0.0007 5.5 33 1090 1184 1101 915 942 1095 1462 1525 1434 1125 984 1473 52 97 47 1.14 -1.31 -1.50

4129 0.0007 5.3 61 43103 45499 47107 58535 52589 60055 31164 38608 32243 45236 57060 34005 2015 3945 4023 -1.26 1.33 1.68

1693 0.0008 7.6 36 11489 15223 11944 11706 17422 15759 28989 34543 31894 12886 14962 31808 2037 2940 2778 -1.16 -2.47 -2.13

2019 0.0011 7.4 30 11309 12277 13927 6990 8896 7505 5063 6813 5016 12504 7797 5631 1324 986 1024 1.60 2.22 1.38

1434 0.0011 7.5 44 13283 11825 9378 4858 6064 4359 9599 10034 8875 11495 5094 9503 1973 877 585 2.26 1.21 -1.87

973 0.0013 8.5 65 1175 1153 1008 1693 1775 1538 767 1029 944 1112 1669 913 91 120 134 -1.50 1.22 1.83

2043 0.0014 5.1 29 1195 1207 1260 1359 1421 1419 1545 1706 1868 1220 1400 1707 35 35 162 -1.15 -1.40 -1.22

1228 0.0014 6.7 52 1844 1574 1822 2775 2726 3610 1533 1019 1271 1747 3037 1275 150 497 257 -1.74 1.37 2.38

653 0.0016 7.4 87 818 899 712 873 1179 1088 585 502 488 810 1047 525 94 157 53 -1.29 1.54 1.99

3575 0.0017 8.2 14 4941 7628 5691 5837 7197 6266 11763 12024 13041 6087 6433 12276 1387 696 675 -1.06 -2.02 -1.91

991 0.0017 7.5 64 1530 1082 1350 994 1179 1180 2457 2078 2964 1321 1118 2499 225 107 445 1.18 -1.89 -2.24

4484 0.0017 6.9 21 23829 22429 24448 26798 31296 30826 20058 17575 20966 23569 29640 19533 1035 2473 1755 -1.26 1.21 1.52

762 0.0018 8.1 74 1389 1597 1257 782 1069 1020 1922 1979 1717 1414 957 1873 172 154 138 1.48 -1.32 -1.96
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4166 0.0019 7.6 31 49952 33578 43354 46277 62222 39627 20004 21144 18910 42295 49375 20019 8239 11611 1117 -1.17 2.11 2.47

2328 0.0020 7.8 25 906 1133 927 1631 1456 1395 1738 1773 1463 989 1494 1658 126 123 170 -1.51 -1.68 -1.11

1867 0.0021 7.5 33 13393 13687 13568 9625 7344 7534 17613 12712 15798 13549 8168 15374 148 1266 2478 1.66 -1.13 -1.88

4007 0.0025 6.8 15 8990 7345 10437 14574 14896 13864 16507 13659 15377 8924 14445 15181 1547 528 1434 -1.62 -1.70 -1.05

1677 0.0025 5.0 36 646 572 537 1049 1446 961 942 947 936 585 1152 942 56 258 6 -1.97 -1.61 1.22

1223 0.0026 6.6 52 4739 3827 4979 6551 6694 7868 4659 4041 4228 4515 7038 4309 607 723 317 -1.56 1.05 1.63

4183 0.0026 8.0 53 19213 17690 12261 32664 31195 30498 17433 17991 19149 16388 31452 18191 3654 1106 875 -1.92 -1.11 1.73

1846 0.0030 5.8 33 2158 2448 2523 1986 1842 2409 4571 3405 3528 2376 2079 3834 193 295 641 1.14 -1.61 -1.84

4132 0.0031 7.5 24 4773 5257 5034 1773 2196 2678 2742 2647 1739 5021 2216 2376 242 453 554 2.27 2.11 -1.07

1368 0.0032 6.6 46 701 697 801 537 515 395 761 971 952 733 482 895 59 77 116 1.52 -1.22 -1.86

4325 0.0032 5.3 120 1382 1734 1364 1386 1745 1903 981 659 710 1493 1678 783 208 265 173 -1.12 1.91 2.14

1507 0.0033 5.5 42 574 552 569 808 794 818 600 608 753 565 807 654 12 12 86 -1.43 -1.16 1.23

4222 0.0035 7.6 35 18248 19963 13973 18099 25132 21359 31344 36182 37630 17395 21530 35052 3085 3519 3292 -1.24 -2.02 -1.63

2918 0.0035 8.0 18 24691 24816 20748 31615 31823 38268 22675 24125 21071 23418 33902 22624 2314 3782 1527 -1.45 1.04 1.50

786 0.0036 4.9 73 2259 2633 3149 1067 1506 964 2366 1892 2508 2680 1179 2256 447 288 323 2.27 1.19 -1.91

4301 0.0036 8.4 45 17110 15496 13331 20731 19333 15698 5488 10061 7156 15312 18587 7568 1896 2598 2314 -1.21 2.02 2.46

1469 0.0037 7.8 43 9443 8918 7148 7527 8055 8132 12478 13758 11279 8503 7905 12505 1203 329 1240 1.08 -1.47 -1.58

1444 0.0037 8.1 44 2190 2629 2503 1146 1202 705 1727 1663 1372 2441 1018 1587 226 272 190 2.40 1.54 -1.56

2271 0.0038 8.9 25 4256 6597 6056 3881 4081 3932 3079 2179 2299 5637 3965 2519 1225 104 489 1.42 2.24 1.57

2289 0.0040 7.2 25 1817 2324 1861 715 880 1325 2287 2510 2035 2001 974 2277 281 315 238 2.05 -1.14 -2.34

1748 0.0043 6.1 35 1967 2127 1926 2508 2406 3408 4035 3217 4145 2007 2774 3799 106 552 507 -1.38 -1.89 -1.37

4290 0.0044 4.6 20 1563 1029 1043 683 564 527 1015 1337 1348 1212 592 1233 305 81 189 2.05 -1.02 -2.08

4463 0.0045 8.1 69 6151 6987 4900 10506 6511 11125 14774 14067 14965 6013 9381 14602 1051 2505 473 -1.56 -2.43 -1.56

4120 0.0046 7.4 15 1936 1499 1965 3526 2427 4054 4154 3938 3568 1800 3336 3887 261 830 297 -1.85 -2.16 -1.17

4112 0.0050 6.9 45 3116 2970 3835 1981 1358 1468 2646 3825 2739 3307 1602 3070 463 333 655 2.06 1.08 -1.92

1343 0.0056 7.1 47 6568 6040 5306 3642 3385 4850 6669 6384 6525 5971 3959 6526 634 782 142 1.51 -1.09 -1.65

998 0.0057 6.8 64 425 609 573 582 375 563 1338 1265 901 536 506 1168 97 114 234 1.06 -2.18 -2.31

1304 0.0057 7.1 48 12173 10480 10014 7700 9196 9737 7450 6640 7270 10889 8878 7120 1136 1055 425 1.23 1.53 1.25

3971 0.0057 6.0 16 5057 4519 7454 9405 9505 11710 11213 10722 10121 5677 10206 10685 1563 1303 547 -1.80 -1.88 -1.05

1739 0.0059 6.7 35 2099 2299 2173 2306 2150 2494 3065 2849 2652 2190 2317 2856 101 172 206 -1.06 -1.30 -1.23

4088 0.0059 7.9 70 15567 13143 10923 19103 18500 20842 20385 19721 19135 13211 19482 19747 2323 1216 626 -1.47 -1.49 -1.01

4061 0.0063 7.8 13 116066 150088 128324 144036 134217 154974 101212 92078 103925 131493 144409 99072 17231 10384 6207 -1.10 1.33 1.46

1925 0.0064 5.8 32 1061 990 892 1336 1232 1277 1310 1139 1226 981 1282 1225 85 52 85 -1.31 -1.25 1.05

646 0.0065 5.0 88 306 463 573 753 884 695 364 344 330 447 777 346 134 97 17 -1.74 1.29 2.25

4106 0.0067 7.9 23 10212 9341 7116 11568 10722 9712 16381 23318 15183 8890 10667 18294 1596 930 4392 -1.20 -2.06 -1.71

2381 0.0071 6.3 23 11187 12490 13843 10685 12135 10896 16905 14649 15657 12507 11239 15737 1328 783 1130 1.11 -1.26 -1.40

1201 0.0081 4.7 53 1884 1968 2036 3676 6197 3156 1716 2241 1871 1963 4343 1943 76 1626 270 -2.21 1.01 2.24

1329 0.0086 4.7 48 1389 1239 1219 1821 1563 1756 1334 1477 1256 1283 1713 1356 93 134 112 -1.34 -1.06 1.26

1956 0.0087 7.1 31 12594 11662 9350 13265 15048 16486 17048 16535 17282 11202 14933 16955 1670 1613 382 -1.33 -1.51 -1.14

1163 0.0091 7.9 55 7558 6906 4578 11432 11202 10371 4569 5209 6689 6347 11002 5489 1566 558 1088 -1.73 1.16 2.00

1077 0.0094 5.7 60 4944 3104 5180 1582 1710 2280 2915 2114 2787 4409 1857 2606 1137 372 430 2.37 1.69 -1.40

1691 0.0095 5.9 36 333 489 486 423 362 526 784 705 812 436 437 767 89 83 56 -1.00 -1.76 -1.75

4152 0.0097 5.7 50 2185 1574 1738 3071 3388 4153 3764 2909 5197 1832 3537 3957 316 557 1156 -1.93 -2.16 -1.12

1263 0.0099 6.4 50 680 553 733 1120 890 1200 681 520 690 655 1070 630 92 161 96 -1.63 1.04 1.70

2226 0.0099 7.7 26 798 839 836 1371 1082 1221 1088 1632 1433 824 1225 1384 23 144 275 -1.49 -1.68 -1.13

4157 0.0100 8.4 70 6468 5363 4795 3538 2662 3490 6697 5216 4748 5542 3230 5554 851 492 1018 1.72 -1.00 -1.72

742 0.0105 4.8 75 2001 1516 2418 4109 3252 2280 1506 1255 1216 1978 3214 1326 452 915 157 -1.62 1.49 2.42

1340 0.0107 4.6 47 3211 2529 2449 4205 4216 3611 3151 2905 3254 2730 4011 3103 419 346 180 -1.47 -1.14 1.29

1153 0.0108 6.1 56 4300 4450 5369 3560 4123 5044 8175 6055 7512 4707 4243 7248 578 749 1085 1.11 -1.54 -1.71

1048 0.0115 4.8 61 1082 1200 1161 2523 3917 1897 1169 1644 1112 1148 2779 1308 60 1034 292 -2.42 -1.14 2.12

2989 0.0118 5.8 17 4457 4644 3724 5233 7001 6011 5780 6692 6868 4275 6082 6447 486 886 584 -1.42 -1.51 -1.06

4090 0.0121 7.6 45 16427 12176 9028 5148 6155 6798 7807 8521 8617 12544 6034 8315 3713 831 443 2.08 1.51 -1.38

4067 0.0122 6.7 31 4459 3882 3830 5224 5271 6197 5226 4819 5847 4057 5564 5297 349 548 518 -1.37 -1.31 1.05

1975 0.0124 4.1 31 2101 1350 1635 2345 2018 2052 2968 3518 2597 1695 2139 3028 379 180 463 -1.26 -1.79 -1.42

3152 0.0127 8.0 17 7555 9646 6673 12010 12308 10786 13787 14888 10963 7958 11701 13213 1527 807 2025 -1.47 -1.66 -1.13

928 0.0128 5.9 67 371 325 458 545 494 545 811 569 611 385 528 664 68 29 130 -1.37 -1.73 -1.26

3221 0.0129 6.6 16 1912 1097 2267 959 1056 939 2787 2080 2166 1758 985 2344 600 63 386 1.79 -1.33 -2.38

4075 0.0136 5.5 57 13363 11232 13300 12671 14515 16448 18836 16674 19301 12632 14545 18270 1212 1888 1402 -1.15 -1.45 -1.26

3894 0.0138 8.7 92 9654 14083 9537 6757 6846 4920 9822 16179 14862 11091 6174 13621 2591 1087 3355 1.80 -1.23 -2.21

4115 0.0145 8.1 51 16008 14441 10671 22032 20159 25023 18526 16179 17514 13707 22405 17406 2743 2453 1177 -1.63 -1.27 1.29

4271 0.0145 8.0 71 3678 5551 3079 5167 3697 6379 11203 9428 7984 4103 5081 9539 1290 1343 1613 -1.24 -2.32 -1.88

889 0.0152 7.1 68 718 1524 859 593 788 953 2200 1762 1832 1034 778 1931 430 180 236 1.33 -1.87 -2.48

4483 0.0158 6.9 22 30871 31761 31488 26952 34545 36767 25217 17676 20816 31373 32755 21236 456 5147 3788 -1.04 1.48 1.54

2608 0.0161 4.9 20 3840 2678 3009 2011 1272 914 2349 3182 3551 3176 1399 3027 599 560 616 2.27 1.05 -2.16

1887 0.0163 4.7 32 1949 2378 1636 1362 1339 1258 1789 1575 1760 1988 1320 1708 372 55 116 1.51 1.16 -1.29

782 0.0164 7.4 73 878 680 694 1013 850 971 673 386 464 751 945 508 111 85 149 -1.26 1.48 1.86

1442 0.0166 4.7 44 3298 3585 3877 3973 3508 4396 4545 5260 6140 3587 3959 5315 290 444 799 -1.10 -1.48 -1.34

2017 0.0175 4.9 30 1182 704 1044 1361 2029 1481 1647 2031 2367 977 1624 2015 246 356 360 -1.66 -2.06 -1.24

773 0.0180 4.6 74 1740 1603 2156 1640 1478 1234 1190 1265 1132 1833 1451 1196 288 204 67 1.26 1.53 1.21

1490 0.0182 6.8 42 6202 6028 6031 7246 9766 9659 7734 6493 7282 6087 8891 7170 100 1425 628 -1.46 -1.18 1.24

2025 0.0190 8.1 30 6935 6922 5882 6652 6303 6414 7870 10101 8048 6580 6456 8673 604 178 1240 1.02 -1.32 -1.34

657 0.0192 4.6 87 1924 2253 2667 2215 2074 2634 1762 1265 1095 2281 2308 1374 372 291 346 -1.01 1.66 1.68

778 0.0197 7.2 73 1125 2418 1356 2611 3245 2458 1300 1235 850 1633 2771 1128 689 417 244 -1.70 1.45 2.46

4276 0.0213 8.6 115 5918 8499 11578 14442 23087 16124 7864 9026 10297 8665 17884 9062 2834 4584 1217 -2.06 -1.05 1.97

2164 0.0216 5.6 27 3101 2539 3533 3093 3096 3344 3932 4275 4147 3057 3178 4118 498 144 173 -1.04 -1.35 -1.30

830 0.0218 5.7 71 623 621 670 570 534 571 537 358 346 638 558 414 27 21 107 1.14 1.54 1.35

3449 0.0226 6.5 15 3890 3778 3823 4155 4100 5552 5109 5247 5606 3830 4602 5321 57 823 256 -1.20 -1.39 -1.16

4091 0.0230 7.7 24 15253 11544 10685 14610 13963 14965 16755 17948 18379 12494 14513 17694 2428 508 842 -1.16 -1.42 -1.22

1428 0.0231 7.2 45 3252 3264 2386 1515 1317 1697 2833 1605 1873 2967 1509 2104 503 190 645 1.97 1.41 -1.39

2075 0.0237 5.2 29 1147 901 1460 1573 2111 1652 1837 1800 2155 1169 1779 1931 280 291 195 -1.52 -1.65 -1.09

1230 0.0241 8.1 51 17089 14934 12012 12325 10172 11840 10718 9502 8847 14678 11446 9689 2548 1129 949 1.28 1.51 1.18

812 0.0241 7.4 72 3036 2657 2128 2337 2482 3315 1973 1473 1397 2607 2711 1614 456 528 313 -1.04 1.61 1.68

679 0.0243 7.9 83 26119 24635 21533 22118 24873 24738 19496 20433 17300 24095 23910 19077 2340 1553 1608 1.01 1.26 1.25

3365 0.0244 7.9 15 3734 2678 2788 1645 2015 1712 1495 2202 1147 3067 1791 1615 580 197 538 1.71 1.90 1.11

4083 0.0251 9.2 50 16912 10966 20129 48067 41775 22877 31933 32243 44661 16003 37573 36279 4649 13110 7261 -2.35 -2.27 1.04

3734 0.0255 7.2 60 2988 2978 2283 2344 2473 3215 3911 3955 3686 2750 2677 3851 404 470 144 1.03 -1.40 -1.44

1257 0.0258 8.8 50 41315 47496 42392 67796 58237 50729 61897 52860 65610 43734 58920 60122 3302 8554 6558 -1.35 -1.37 -1.02

1522 0.0261 7.9 41 12426 13405 11823 14250 26600 14279 8885 8274 9897 12551 18377 9019 798 7122 820 -1.46 1.39 2.04

1515 0.0269 8.1 41 12185 13204 10909 12461 15092 11573 10461 7747 6695 12099 13042 8301 1149 1830 1943 -1.08 1.46 1.57

806 0.0275 7.2 72 1124 1133 718 1708 2489 1645 1233 795 603 992 1948 877 237 470 323 -1.96 1.13 2.22

2029 0.0292 6.6 30 4842 3861 4228 4398 3904 5002 6654 5445 5587 4310 4435 5895 496 550 661 -1.03 -1.37 -1.33

1235 0.0295 6.9 51 11430 8497 9063 13764 11858 14922 10862 11494 11004 9663 13515 11120 1556 1547 332 -1.40 -1.15 1.22

2047 0.0298 5.1 29 640 510 408 356 367 455 783 690 556 519 392 676 116 54 114 1.32 -1.30 -1.72

2373 0.0300 6.0 24 2029 1700 1687 1951 1898 1875 2568 2037 2575 1805 1908 2393 194 39 309 -1.06 -1.33 -1.25

4071 0.0304 5.8 37 996 1337 1157 1157 1501 1584 2758 1556 2280 1163 1414 2198 171 227 605 -1.22 -1.89 -1.55

3395 0.0306 7.8 15 8218 6403 4309 3301 3046 3652 4606 5296 4255 6310 3333 4719 1956 305 530 1.89 1.34 -1.42

1458 0.0307 8.2 43 2246 2618 2021 2218 1647 1332 3109 2887 2559 2295 1733 2852 302 449 276 1.32 -1.24 -1.65

2125 0.0309 7.6 28 3286 3544 3332 2554 3711 2863 4015 6096 4602 3387 3043 4904 138 599 1073 1.11 -1.45 -1.61

1438 0.0310 6.2 44 1954 1653 1913 1299 1086 1800 2525 1946 2788 1840 1395 2420 164 367 431 1.32 -1.32 -1.73

3919 0.0310 8.8 57 6926 9337 6785 4627 5242 6442 8055 8140 7562 7683 5437 7919 1434 923 312 1.41 -1.03 -1.46

1723 0.0311 7.8 36 3800 5234 3667 1824 3507 2293 4816 6993 4326 4234 2541 5378 869 869 1420 1.67 -1.27 -2.12

4072 0.0320 5.9 37 3281 3324 2526 2956 3603 3581 5484 3901 4519 3044 3380 4635 449 368 798 -1.11 -1.52 -1.37

1728 0.0322 7.1 35 5112 5919 5977 3643 6315 5583 9550 7320 9175 5669 5180 8681 484 1381 1194 1.09 -1.53 -1.68

1364 0.0324 7.9 47 1150 931 783 666 802 903 1269 1109 1606 955 790 1328 184 119 254 1.21 -1.39 -1.68

981 0.0327 5.0 65 8574 7883 8540 7391 7005 8078 6878 5003 6505 8332 7492 6129 390 544 993 1.11 1.36 1.22

1516 0.0328 5.2 41 413 407 460 626 645 528 722 508 545 427 599 592 29 63 114 -1.41 -1.39 1.01

1287 0.0335 4.9 49 1464 1312 1371 1312 1582 1161 1847 1702 2505 1382 1352 2018 77 213 428 1.02 -1.46 -1.49

1290 0.0336 5.2 49 350 355 330 401 396 452 421 365 430 345 417 406 13 31 35 -1.21 -1.18 1.03

1554 0.0336 7.0 40 3505 4594 4658 2326 1766 3150 3434 3743 2937 4252 2414 3372 648 696 407 1.76 1.26 -1.40

1790 0.0337 6.7 34 2545 3077 2470 1275 1583 2136 2420 2132 2007 2697 1664 2186 331 436 212 1.62 1.23 -1.31

1773 0.0339 4.8 35 793 361 523 931 1039 858 1100 877 1105 559 943 1027 218 91 131 -1.69 -1.84 -1.09

1260 0.0349 5.4 50 3062 2472 2705 3230 4229 3997 4741 3367 3973 2746 3819 4027 297 523 688 -1.39 -1.47 -1.05

1711 0.0349 4.0 36 3200 3106 3776 3473 4300 4283 4698 4154 5386 3361 4019 4746 363 473 617 -1.20 -1.41 -1.18

4304 0.0357 4.3 16 990 1150 1517 1343 1712 1164 1889 2066 1856 1219 1406 1937 270 280 113 -1.15 -1.59 -1.38

4047 0.0358 7.0 48 2891 1885 2026 964 1414 1529 1786 1682 1773 2267 1302 1747 544 299 57 1.74 1.30 -1.34

525 0.0373 5.1 104 3392 3462 4608 2741 3181 3072 3044 2187 2123 3821 2998 2451 683 229 514 1.27 1.56 1.22

2145 0.0375 7.9 28 5032 5941 5166 7030 10847 8365 3928 6755 4029 5379 8747 4904 491 1937 1604 -1.63 1.10 1.78

1202 0.0375 4.9 53 3067 1911 1718 2317 1958 2186 3598 3027 4122 2232 2154 3583 729 182 547 1.04 -1.60 -1.66

1727 0.0383 5.8 35 4460 3437 3218 3560 3638 3510 4788 4333 5127 3705 3569 4749 663 64 399 1.04 -1.28 -1.33

1798 0.0383 6.4 34 775 1087 862 630 480 673 751 643 736 908 594 710 161 101 58 1.53 1.28 -1.20

1726 0.0399 5.0 35 774 842 855 1403 1463 1021 999 1064 1465 824 1296 1176 44 240 252 -1.57 -1.43 1.10

1872 0.0413 7.8 33 131195 129554 118795 123234 122045 106068 91164 100150 112279 126515 117116 101198 6736 9586 10596 1.08 1.25 1.16

2021 0.0419 7.0 30 3363 2797 2946 2463 2482 3204 3466 3647 3616 3035 2716 3576 293 422 97 1.12 -1.18 -1.32

648 0.0419 7.2 87 488 513 414 479 694 670 465 309 264 472 615 346 52 118 106 -1.30 1.36 1.78



240 

 

 

4098 0.0426 8.0 30 4715 3945 4048 5243 4791 4790 2091 4157 2528 4236 4941 2925 418 261 1089 -1.17 1.45 1.69

2030 0.0431 7.3 30 3936 3806 3100 3103 2700 2680 3250 3755 3538 3614 2828 3514 450 239 253 1.28 1.03 -1.24

1130 0.0450 7.0 57 3411 2313 2575 3311 5079 3865 2825 2493 2591 2767 4085 2636 573 904 171 -1.48 1.05 1.55

3547 0.0458 6.5 14 5164 5684 5722 5891 6161 7318 8303 6370 7490 5523 6457 7388 312 758 971 -1.17 -1.34 -1.14

1352 0.0469 7.8 47 2170 1646 1319 1278 852 1074 1520 3301 2354 1712 1068 2392 429 213 891 1.60 -1.40 -2.24

466 0.0470 4.8 113 1831 2080 2645 1436 1426 1804 2011 2479 2086 2185 1556 2192 417 215 251 1.40 -1.00 -1.41

1797 0.0474 7.5 34 11251 11997 13805 10260 11252 8033 6903 9388 8770 12351 9848 8353 1314 1648 1294 1.25 1.48 1.18

958 0.0476 5.1 66 1485 1060 1411 1222 1380 1248 1657 1645 1715 1319 1283 1672 227 85 38 1.03 -1.27 -1.30

1639 0.0476 6.5 37 5895 4118 5904 2397 2245 4227 4167 5050 4335 5306 2956 4517 1029 1103 469 1.79 1.17 -1.53

4286 0.0486 7.9 12 30255 37113 40284 38540 32508 40498 25560 27669 30247 35884 37182 27825 5126 4165 2347 -1.04 1.29 1.34

2833 0.0497 6.2 18 3199 3136 3722 2537 3519 3794 4912 8351 4411 3352 3283 5891 322 661 2145 1.02 -1.76 -1.79

1800 0.0498 6.3 34 714 882 910 651 444 359 769 568 857 836 485 732 106 150 149 1.72 1.14 -1.51

4455 0.0511 4.1 15 1406 2971 3244 4354 4593 3087 5014 4766 5477 2540 4011 5086 992 809 361 -1.58 -2.00 -1.27

1188 0.0511 4.5 54 951 829 808 602 1184 728 330 589 486 863 838 468 77 306 130 1.03 1.84 1.79

4399 0.0512 8.5 35 10201 13617 8582 18502 18160 18079 9605 12470 16970 10800 18247 13015 2570 225 3712 -1.69 -1.21 1.40

4015 0.0513 6.3 104 895 553 645 365 369 445 1103 662 538 698 393 768 177 45 297 1.78 -1.10 -1.95

1736 0.0523 8.1 35 144882 144109 116722 130121 151743 111127 98343 97798 108320 135238 130997 101487 16040 20322 5924 1.03 1.33 1.29

1211 0.0527 6.4 52 1486 1171 1129 1293 1541 2088 1036 866 1131 1262 1640 1011 195 407 134 -1.30 1.25 1.62

3289 0.0545 5.6 16 12784 11428 13472 17266 17845 14328 16378 13655 17771 12561 16480 15935 1040 1886 2094 -1.31 -1.27 1.03

1744 0.0549 8.3 35 23203 15973 19400 11415 13400 9357 15873 13385 9026 19525 11391 12761 3617 2021 3466 1.71 1.53 -1.12

2404 0.0549 6.9 23 5346 5631 4574 4853 3614 3983 5990 5194 5218 5184 4150 5467 547 636 453 1.25 -1.05 -1.32

758 0.0549 5.6 74 3032 2078 2061 772 1061 1273 2352 1148 3055 2391 1035 2185 556 251 964 2.31 1.09 -2.11

924 0.0577 8.8 67 24135 20802 20912 19768 13919 12034 21945 21908 18517 21950 15240 20790 1893 4033 1968 1.44 1.06 -1.36

2216 0.0577 7.1 26 2056 2087 1816 1614 1442 1479 1600 2215 2306 1986 1512 2040 149 91 384 1.31 -1.03 -1.35

4037 0.0582 5.6 38 6301 4347 4598 4858 6689 7452 7742 7870 7623 5082 6333 7745 1063 1333 124 -1.25 -1.52 -1.22

1098 0.0583 6.2 58 4085 3003 3798 3209 3446 3657 4379 4435 6547 3629 3437 5120 560 224 1236 1.06 -1.41 -1.49

3611 0.0624 7.7 13 101664 141093 113724 106794 106280 131602 85705 91097 92211 118827 114892 89671 20204 14474 3480 1.03 1.33 1.28

1360 0.0628 7.3 47 5331 6023 4467 5812 4719 5424 6323 6965 6692 5274 5318 6660 779 554 322 -1.01 -1.26 -1.25

1015 0.0628 4.9 63 2429 1882 1879 2446 2022 1889 1130 1343 1836 2063 2119 1436 317 291 362 -1.03 1.44 1.48

1205 0.0645 5.0 53 1792 1069 951 1438 1369 1348 1989 1749 2717 1271 1385 2152 455 47 504 -1.09 -1.69 -1.55

4052 0.0645 6.1 37 11418 10432 11672 13254 11593 16583 16328 13270 17489 11174 13810 15696 655 2541 2179 -1.24 -1.40 -1.14

1147 0.0653 6.1 56 2693 1951 2743 1787 1294 1912 2326 2216 3136 2462 1664 2559 444 327 503 1.48 -1.04 -1.54

2104 0.0653 7.9 28 4316 4548 3657 5550 6761 5176 5063 8444 5977 4174 5829 6495 462 829 1749 -1.40 -1.56 -1.11

3972 0.0656 6.7 96 226 283 369 313 378 571 599 643 417 292 421 553 72 134 119 -1.44 -1.89 -1.31

712 0.0658 8.1 79 88651 68291 63141 71124 65807 68298 54464 56170 58988 73361 68410 56541 13489 2660 2285 1.07 1.30 1.21

4054 0.0679 9.1 35 27364 14177 12933 15769 18954 10282 27368 26981 35389 18158 15002 29913 7996 4387 4747 1.21 -1.65 -1.99

1279 0.0679 6.3 49 407 343 469 544 357 454 610 544 586 407 452 580 63 93 33 -1.11 -1.43 -1.28

748 0.0681 6.5 75 1287 998 1339 1131 1141 1608 1097 629 561 1208 1293 762 184 272 292 -1.07 1.58 1.70

739 0.0689 6.4 75 477 369 405 950 524 391 311 330 212 417 622 284 55 292 64 -1.49 1.47 2.19

1294 0.0693 6.9 49 2982 2208 2533 1505 2017 2405 1950 1174 1518 2574 1976 1547 389 451 389 1.30 1.66 1.28

2621 0.0699 7.3 20 9842 12524 14474 11116 15491 14581 7758 11073 7665 12280 13729 8832 2326 2309 1941 -1.12 1.39 1.55

3996 0.0707 7.7 89 3978 4065 3538 2513 2721 3672 2738 3193 2344 3860 2969 2758 283 618 425 1.30 1.40 1.08

1311 0.0713 4.8 48 2054 1794 1827 1489 1745 1426 1911 1645 1848 1892 1553 1801 141 169 139 1.22 1.05 -1.16

665 0.0730 6.9 86 1192 1332 1223 946 747 1100 1093 795 752 1249 931 880 74 177 186 1.34 1.42 1.06

1249 0.0735 5.4 50 4416 3486 4196 4561 4689 5589 5197 4648 5852 4032 4946 5232 486 560 603 -1.23 -1.30 -1.06

828 0.0745 7.7 71 23354 19769 19072 20298 14351 20513 16303 14633 13610 20732 18387 14848 2298 3498 1359 1.13 1.40 1.24

1456 0.0745 4.8 43 1805 1878 1415 1773 1505 1869 2097 2175 2102 1699 1715 2125 249 189 44 -1.01 -1.25 -1.24

1039 0.0750 6.8 61 1187 2213 2439 1537 1385 2030 1124 927 1081 1947 1650 1044 667 337 104 1.18 1.86 1.58

3848 0.0754 6.9 43 3732 3610 2733 3900 4076 5909 4382 5210 5018 3358 4628 4870 545 1112 434 -1.38 -1.45 -1.05

1835 0.0758 7.9 33 19313 17077 13529 19093 21123 19057 16033 15171 14653 16639 19758 15286 2916 1183 697 -1.19 1.09 1.29

1104 0.0790 5.8 58 2668 2947 3064 1589 1837 2233 2815 1608 2140 2893 1886 2188 203 325 605 1.53 1.32 -1.16

1226 0.0804 7.7 52 5936 5260 3539 5353 4989 6721 4049 3640 3391 4912 5688 3693 1236 914 332 -1.16 1.33 1.54

1540 0.0815 6.6 40 3373 2945 2807 3519 3051 3500 3600 3645 3499 3042 3356 3581 295 265 75 -1.10 -1.18 -1.07

633 0.0823 6.6 89 1731 1493 2220 1938 1450 1814 1574 979 1006 1815 1734 1186 371 253 336 1.05 1.53 1.46

4400 0.0844 8.7 35 10555 10076 6176 21355 20411 11427 11230 6883 12154 8936 17731 10089 2402 5480 2814 -1.98 -1.13 1.76

4042 0.0858 5.4 60 132109 139290 152420 112015 93019 134336 96755 64513 113694 141273 113123 91654 10300 20681 24984 1.25 1.54 1.23

1792 0.0872 8.0 34 15657 18771 12140 13691 14075 8414 7141 8613 11126 15523 12060 8960 3317 3163 2015 1.29 1.73 1.35

4057 0.0878 4.8 66 25394 28536 31205 26729 24884 32180 19575 17659 26205 28378 27931 21146 2908 3794 4485 1.02 1.34 1.32

3763 0.0879 4.8 48 4489 3883 3554 4198 4599 4777 3835 3408 3922 3975 4525 3722 474 296 275 -1.14 1.07 1.22

743 0.0885 5.0 75 4178 4893 5038 2882 3292 2713 3956 1856 3343 4703 2962 3052 461 298 1080 1.59 1.54 -1.03

744 0.0890 6.6 75 1022 799 644 744 707 949 481 666 541 822 800 563 190 131 95 1.03 1.46 1.42

3078 0.0896 7.3 17 34393 39451 29449 31947 29694 35219 49682 36761 41963 34431 32287 42802 5001 2778 6501 1.07 -1.24 -1.33

3614 0.0900 8.3 13 14071 18074 17946 15664 19063 18506 20496 19803 23737 16697 17745 21345 2275 1823 2100 -1.06 -1.28 -1.20

1229 0.0904 7.8 51 15551 14206 9541 17472 16252 21207 13789 13510 10915 13099 18310 12738 3154 2582 1585 -1.40 1.03 1.44

4100 0.0912 6.0 57 2198 2333 2567 1119 1683 1844 2227 1478 1979 2366 1549 1895 187 381 381 1.53 1.25 -1.22

1868 0.0926 4.5 33 1658 1331 1255 1624 2737 1964 2113 1856 1745 1415 2109 1905 214 570 189 -1.49 -1.35 1.11

1628 0.0936 5.1 37 1097 863 793 2180 1113 1693 1450 896 980 918 1662 1109 159 535 299 -1.81 -1.21 1.50

1406 0.0950 5.8 45 15630 18337 18010 11794 10894 18757 21492 18875 19163 17326 13815 19843 1477 4303 1435 1.25 -1.15 -1.44

1246 0.0958 5.3 50 4478 4603 4276 3693 3778 4139 3858 4463 4574 4452 3870 4299 165 236 385 1.15 1.04 -1.11

3281 0.0968 6.9 16 628 559 856 456 282 507 969 675 526 681 415 723 156 118 226 1.64 -1.06 -1.74

1546 0.0973 5.2 40 2246 1599 1641 2715 2274 2435 2159 1614 2078 1829 2474 1950 362 223 294 -1.35 -1.07 1.27

541 0.0977 4.3 102 599 448 546 657 494 304 631 856 1047 531 485 845 77 177 208 1.09 -1.59 -1.74

964 0.0986 4.9 65 84276 86378 96394 79410 74416 90865 71024 64004 81227 89016 81564 72085 6475 8433 8660 1.09 1.23 1.13

1274 0.1001 9.1 49 42402 35952 45103 73082 64739 44407 48390 60639 71801 41153 60742 60277 4702 14749 11710 -1.48 -1.46 1.01

1126 0.1006 5.1 57 4597 4100 4149 3794 4450 4733 5224 4609 5397 4282 4326 5077 274 481 415 -1.01 -1.19 -1.17

2225 0.1016 5.7 26 1842 1735 1686 1573 1810 1491 1774 1967 2353 1754 1625 2031 80 166 295 1.08 -1.16 -1.25

4160 0.1019 7.6 43 774 660 389 188 667 428 1030 1264 744 608 427 1013 197 240 260 1.42 -1.67 -2.37

2456 0.1021 9.1 22 9134 5388 8007 14467 11306 7104 10155 16390 17699 7510 10959 14748 1922 3694 4031 -1.46 -1.96 -1.35

1321 0.1023 7.7 48 625 618 475 778 958 672 617 574 752 573 802 647 85 144 93 -1.40 -1.13 1.24

1539 0.1024 6.5 40 1349 1265 1270 837 832 1252 1269 1076 1314 1294 974 1220 47 241 126 1.33 1.06 -1.25

3852 0.1031 5.1 59 987 963 1140 1496 1247 1675 1386 833 1110 1030 1473 1110 96 215 276 -1.43 -1.08 1.33

3908 0.1031 9.2 54 2739 2085 5531 6892 7797 3454 5199 9959 9915 3452 6048 8358 1830 2292 2736 -1.75 -2.42 -1.38

3875 0.1090 4.3 103 765 411 681 629 666 400 774 967 1061 619 565 934 185 144 147 1.10 -1.51 -1.65

4023 0.1094 6.9 99 6985 7623 6888 7640 8216 9657 7927 3381 4577 7166 8505 5295 399 1039 2357 -1.19 1.35 1.61

1430 0.1097 6.8 45 1903 1888 1730 941 745 1441 1807 1166 832 1841 1042 1268 96 359 496 1.77 1.45 -1.22

3995 0.1123 7.8 87 5607 5562 4417 4815 4602 4797 3464 4907 3409 5196 4738 3927 675 118 850 1.10 1.32 1.21

2221 0.1135 7.7 26 4142 5216 3865 4056 4046 4093 4688 7687 5222 4408 4065 5866 713 25 1600 1.08 -1.33 -1.44

2465 0.1147 6.5 22 4705 4343 3678 4490 5584 5408 3641 4153 4565 4242 5161 4120 521 588 463 -1.22 1.03 1.25

4018 0.1153 7.0 99 2174 2410 2553 2596 2872 3079 2777 1300 1300 2379 2849 1792 191 242 852 -1.20 1.33 1.59

1196 0.1169 5.3 54 3960 3151 3092 3451 3428 3292 4127 3685 5551 3401 3390 4454 485 85 976 1.00 -1.31 -1.31

4465 0.1182 9.4 33 51282 27379 44714 88532 72172 72215 26367 62924 58123 41125 77640 49138 12349 9433 19866 -1.89 -1.19 1.58

4036 0.1203 9.2 57 7773 7308 10817 8454 11689 3877 3018 4439 5054 8633 8007 4171 1906 3925 1045 1.08 2.07 1.92

1591 0.1206 7.6 39 12009 9093 6796 10877 12147 12216 9251 7144 8235 9300 11747 8210 2613 754 1054 -1.26 1.13 1.43

4079 0.1208 8.1 49 8538 7550 6477 9037 8082 9078 7878 6828 7041 7522 8732 7249 1031 564 555 -1.16 1.04 1.20

4025 0.1215 7.0 99 2969 3632 3484 4481 4424 4633 4384 1758 2102 3362 4513 2748 348 108 1427 -1.34 1.22 1.64

1630 0.1215 6.6 37 606 708 699 972 675 1119 825 880 1043 671 922 916 57 226 113 -1.37 -1.36 1.01

807 0.1235 5.4 72 917 856 951 1675 990 1160 991 1012 1041 908 1275 1015 49 357 25 -1.40 -1.12 1.26

3939 0.1248 7.0 60 2071 1894 1990 1430 1004 1846 1699 1279 1361 1985 1427 1446 89 421 223 1.39 1.37 -1.01

1062 0.1250 5.6 60 5953 5924 6815 2675 3868 5126 6635 3813 4723 6231 3890 5057 506 1225 1440 1.60 1.23 -1.30

4358 0.1256 7.7 111 540 483 590 706 583 952 741 655 631 538 747 676 54 188 58 -1.39 -1.26 1.11

2004 0.1260 6.0 30 3839 3184 2718 2754 3097 3161 3907 3376 4633 3247 3004 3972 563 219 631 1.08 -1.22 -1.32

795 0.1263 5.3 72 2278 3186 2736 2169 2386 2367 3131 2573 3034 2733 2307 2913 454 120 298 1.18 -1.07 -1.26

4043 0.1271 5.4 104 1152 1276 1343 1476 1266 1778 1181 1255 848 1257 1506 1095 97 257 217 -1.20 1.15 1.38

3978 0.1280 5.2 129 4089 4821 4216 2937 3862 4094 4141 2267 2049 4375 3631 2819 391 612 1150 1.21 1.55 1.29

666 0.1296 5.5 86 681 797 630 800 1523 896 767 743 711 703 1073 740 86 393 28 -1.53 -1.05 1.45

1850 0.1312 6.0 33 1155 1395 1083 1051 1113 1435 1604 1300 2005 1211 1200 1636 163 206 353 1.01 -1.35 -1.36

819 0.1322 7.6 72 15828 12273 11467 9405 8300 12934 11415 7520 6329 13189 10213 8421 2321 2420 2660 1.29 1.57 1.21

2168 0.1343 7.7 27 6052 5123 2468 6261 6485 7400 6548 8520 6655 4548 6716 7241 1860 604 1109 -1.48 -1.59 -1.08

3572 0.1345 9.2 14 4054 1969 2519 2423 2423 1234 2748 4740 4388 2847 2027 3958 1080 686 1063 1.40 -1.39 -1.95

1814 0.1386 5.4 34 12335 11788 12224 12152 13700 14367 12704 13365 13896 12116 13406 13322 289 1136 597 -1.11 -1.10 1.01

4029 0.1431 8.2 55 17657 14696 10613 21439 17187 19308 14767 16505 16670 14322 19312 15981 3537 2126 1054 -1.35 -1.12 1.21

1837 0.1456 8.0 33 6446 7949 4974 3289 5162 5317 5744 6836 10379 6457 4590 7653 1488 1129 2423 1.41 -1.19 -1.67

1331 0.1461 6.3 47 1028 748 906 1006 1071 950 1217 967 1186 894 1009 1123 140 60 136 -1.13 -1.26 -1.11

536 0.1482 5.4 102 1167 1257 1421 1752 1261 1142 1250 736 906 1282 1385 964 129 324 262 -1.08 1.33 1.44

945 0.1483 6.8 66 1056 889 1212 1468 765 877 1283 1732 1491 1052 1037 1502 161 378 225 1.01 -1.43 -1.45

884 0.1487 5.6 69 1272 969 773 1005 1219 1453 1369 1574 1281 1004 1226 1408 252 224 151 -1.22 -1.40 -1.15

1178 0.1498 6.2 54 1047 527 779 861 612 585 844 1191 1290 784 686 1108 260 152 234 1.14 -1.41 -1.62

2354 0.1513 9.0 24 2817 2604 2268 2878 1857 1732 2430 3369 3981 2563 2156 3260 277 629 781 1.19 -1.27 -1.51

1394 0.1518 7.8 46 4711 4261 2730 4187 4993 5276 2954 4020 2841 3901 4819 3272 1039 565 650 -1.24 1.19 1.47

1037 0.1534 5.9 61 15511 23761 23744 13703 18970 28359 16153 7814 12833 21006 20344 12267 4758 7424 4198 1.03 1.71 1.66

751 0.1564 6.7 74 424 463 286 490 244 428 570 607 543 391 387 574 93 128 32 1.01 -1.47 -1.48

810 0.1566 7.5 72 3746 3088 3030 2323 2601 3526 3047 1783 1060 3288 2817 1963 398 630 1006 1.17 1.67 1.43

2009 0.1578 4.8 30 1519 698 1346 852 1117 1251 1546 1675 1832 1188 1073 1684 433 203 143 1.11 -1.42 -1.57

4474 0.1599 8.7 20 911 1876 1372 2851 1902 2455 883 2204 591 1386 2403 1226 483 476 859 -1.73 1.13 1.96



241 

 

 

3970 0.1603 5.0 75 4238 4257 4444 5840 4917 5217 5114 2518 3642 4313 5325 3758 114 471 1302 -1.23 1.15 1.42

1253 0.1604 8.5 50 67359 54744 53373 77422 62551 73085 69853 60541 71516 58492 71019 67303 7709 7648 5915 -1.21 -1.15 1.06

1753 0.1608 7.5 35 66936 63969 60280 65397 66812 66810 51926 52699 66923 63728 66340 57183 3335 816 8444 -1.04 1.11 1.16

3920 0.1615 6.6 95 363 150 296 345 396 532 604 415 347 270 425 455 109 97 134 -1.57 -1.69 -1.07

3759 0.1619 4.8 48 1300 1106 866 992 872 905 1376 1014 1329 1091 923 1240 218 62 197 1.18 -1.14 -1.34

3240 0.1622 5.5 16 2367 1993 2140 2427 3038 3618 4396 2858 2404 2166 3028 3219 188 595 1044 -1.40 -1.49 -1.06

1690 0.1624 7.8 36 13752 15778 13206 12189 15554 12727 14865 20539 16015 14245 13490 17140 1355 1808 3000 1.06 -1.20 -1.27

262 0.1627 5.4 128 9991 14782 14721 8867 12664 12754 12121 6184 6679 13165 11428 8328 2749 2219 3294 1.15 1.58 1.37

2149 0.1635 5.0 28 1969 932 1809 1985 3235 2137 2215 2103 2681 1570 2452 2333 558 682 307 -1.56 -1.49 1.05

4102 0.1672 4.7 49 2196 1635 1843 1326 1690 1461 1834 1570 1432 1891 1493 1612 284 184 204 1.27 1.17 -1.08

1113 0.1680 5.2 57 4108 3109 3223 3903 3871 4945 4343 3862 4385 3480 4240 4197 547 611 291 -1.22 -1.21 1.01

1935 0.1683 6.4 31 1017 801 800 880 640 758 904 924 1398 873 759 1075 125 120 279 1.15 -1.23 -1.42

3870 0.1684 8.6 43 8277 9113 5286 11569 11118 8856 4491 8456 7431 7559 10514 6793 2012 1454 2058 -1.39 1.11 1.55

1148 0.1686 7.5 56 10218 7124 6400 7331 8205 9332 11172 10508 9327 7914 8290 10336 2028 1003 934 -1.05 -1.31 -1.25

1313 0.1686 7.3 48 27894 25504 20972 26649 26198 29146 23080 20970 24432 24790 27331 22827 3516 1588 1745 -1.10 1.09 1.20

4003 0.1709 8.3 115 4605 7631 9750 5572 12718 11072 4652 4959 5467 7329 9787 5026 2586 3742 412 -1.34 1.46 1.95

4027 0.1716 7.1 99 1407 1444 1531 2093 2427 2281 2409 770 1059 1461 2267 1413 64 168 875 -1.55 1.03 1.60

4420 0.1721 9.0 37 52515 30192 43882 32160 30505 14048 33940 41576 35519 42196 25571 37011 11257 10013 4031 1.65 1.14 -1.45

498 0.1721 8.2 109 660 711 969 669 556 450 575 448 697 780 558 573 165 110 125 1.40 1.36 -1.03

731 0.1726 7.1 76 667 749 409 389 361 533 691 522 674 608 427 629 178 92 93 1.42 -1.03 -1.47

861 0.1728 6.6 70 1433 1136 1075 1280 1218 1393 1297 802 808 1215 1297 969 191 89 284 -1.07 1.25 1.34

4466 0.1756 9.0 76 28382 26424 35020 39555 45748 23038 25257 24888 17213 29942 36113 22452 4506 11740 4542 -1.21 1.33 1.61

3571 0.1768 8.0 14 54195 69347 55236 66297 60072 72003 55226 58351 52838 59592 66124 55472 8463 5967 2764 -1.11 1.07 1.19

1597 0.1769 7.9 39 43366 41455 27093 42910 44543 45004 48869 52842 43480 37305 44152 48397 8895 1100 4699 -1.18 -1.30 -1.10

1962 0.1771 7.4 31 2000 2581 2960 3422 2804 2336 1863 1898 2439 2514 2854 2066 484 545 323 -1.14 1.22 1.38

1177 0.1783 5.9 54 4031 3500 3387 3494 3265 3840 3332 3176 3106 3640 3533 3205 344 289 116 1.03 1.14 1.10

4046 0.1792 7.6 42 19344 15628 13856 17884 39803 21702 16368 18679 17520 16276 26463 17522 2800 11710 1156 -1.63 -1.08 1.51

4294 0.1799 4.7 18 960 1075 1295 939 1083 1148 1642 1060 1587 1110 1057 1430 170 107 321 1.05 -1.29 -1.35

1152 0.1817 5.9 56 1563 1555 1567 1107 1405 1768 1749 1670 2053 1562 1427 1824 6 331 202 1.09 -1.17 -1.28

2429 0.1826 6.7 23 4074 3738 3768 3415 2945 4348 5136 5036 3753 3860 3569 4642 186 714 772 1.08 -1.20 -1.30

1909 0.1842 7.1 32 4565 4365 2678 3647 3634 5268 5030 5042 6615 3869 4183 5562 1037 940 912 -1.08 -1.44 -1.33

2037 0.1844 4.8 29 3472 1667 2808 2859 4880 3179 3589 3937 5207 2649 3639 4244 913 1086 851 -1.37 -1.60 -1.17

4281 0.1861 8.5 33 110225 102079 66792 166851 114244 116299 98540 117548 120855 93032 132465 112314 23087 29797 12043 -1.42 -1.21 1.18

2279 0.1884 5.5 25 6447 7071 6143 6724 8191 8161 8090 6657 7472 6553 7692 7406 473 838 719 -1.17 -1.13 1.04

2448 0.1904 7.1 22 2263 2602 1330 1442 2179 2619 3623 3050 2606 2065 2080 3093 659 595 510 -1.01 -1.50 -1.49

4298 0.1911 5.9 59 2318 2411 2274 1428 1900 2301 2807 1945 2979 2334 1877 2577 70 437 554 1.24 -1.10 -1.37

1845 0.1918 7.1 33 10128 7914 7951 6658 6128 8068 7106 8650 8735 8664 6951 8163 1268 1003 917 1.25 1.06 -1.17

3961 0.1918 7.1 99 2482 2998 2753 3567 3651 3824 3893 1616 2006 2745 3681 2505 258 131 1218 -1.34 1.10 1.47

1415 0.1919 6.3 45 5078 6915 7415 3941 1569 5489 4600 3456 4387 6469 3667 4148 1230 1974 609 1.76 1.56 -1.13

1709 0.1922 5.5 36 1063 727 871 729 917 942 1024 992 1354 887 863 1123 168 116 201 1.03 -1.27 -1.30

1123 0.1933 5.7 57 5285 5983 5101 5562 5892 6813 7519 5506 7683 5456 6089 6903 465 648 1212 -1.12 -1.27 -1.13

1134 0.1972 5.9 57 3968 2931 4432 2557 2813 4354 5836 3591 5394 3777 3241 4940 768 972 1189 1.17 -1.31 -1.52

1463 0.1980 4.8 43 8924 6983 7314 5940 6448 7053 8001 6592 8197 7741 6480 7596 1039 557 876 1.19 1.02 -1.17

1948 0.1996 6.8 31 1662 1419 1830 1885 1524 2348 2339 2031 1976 1637 1919 2115 206 413 196 -1.17 -1.29 -1.10

1787 0.2027 7.1 34 1642 2064 1129 977 1564 1423 1795 1979 1934 1611 1321 1903 468 306 96 1.22 -1.18 -1.44

513 0.2028 5.6 106 1115 924 817 605 676 945 958 831 952 952 742 914 151 179 72 1.28 1.04 -1.23

959 0.2031 8.2 66 1649 1019 996 1031 618 944 1680 1096 1143 1221 864 1306 371 218 324 1.41 -1.07 -1.51

503 0.2035 4.9 109 623 486 544 344 540 400 498 411 314 551 428 408 69 101 92 1.29 1.35 1.05

575 0.2043 6.5 99 4418 3948 4739 4842 4060 5725 5445 1982 1896 4369 4875 3108 398 833 2025 -1.12 1.41 1.57

1801 0.2070 7.9 34 68247 70534 49730 70077 62893 56559 50385 41074 58390 62837 63176 49950 11408 6763 8666 -1.01 1.26 1.26

2502 0.2083 7.5 21 4750 4971 4306 6376 3945 2866 4968 7321 7169 4676 4396 6486 339 1798 1317 1.06 -1.39 -1.48

606 0.2084 6.8 94 577 651 709 526 472 534 654 348 456 646 511 486 66 34 155 1.26 1.33 1.05

4069 0.2117 7.9 51 22222 21177 15921 21193 20087 30754 18171 18155 17419 19773 24011 17915 3377 5865 430 -1.21 1.10 1.34

1419 0.2157 5.9 45 30265 30182 30341 21634 23507 31838 29856 29174 29157 30263 25660 29395 80 5432 399 1.18 1.03 -1.15

1641 0.2161 5.5 37 3138 2385 1917 2708 3433 3217 3229 2748 3213 2480 3119 3063 616 373 273 -1.26 -1.24 1.02

2097 0.2197 8.7 28 16051 17483 12627 21397 18212 15767 12123 15919 15323 15387 18458 14455 2495 2823 2042 -1.20 1.06 1.28

2036 0.2200 5.0 29 1021 1264 1068 840 1146 815 1065 1097 1563 1118 934 1242 129 185 279 1.20 -1.11 -1.33

4150 0.2202 5.6 49 1224 1382 1598 1411 2862 1438 4245 1495 2806 1401 1904 2848 188 830 1376 -1.36 -2.03 -1.50

1828 0.2215 4.8 33 807 464 936 839 718 997 1095 1331 864 736 851 1097 244 140 233 -1.16 -1.49 -1.29

1120 0.2216 6.8 57 3302 3344 2843 3401 3472 5133 3221 3391 3241 3163 4002 3285 278 980 93 -1.27 -1.04 1.22

1486 0.2223 5.5 42 4172 2853 3761 3555 3447 3949 5265 3736 4540 3595 3650 4514 675 264 765 -1.02 -1.26 -1.24

1173 0.2227 7.7 55 27605 24076 23331 30131 23981 31313 28298 31656 28101 25004 28475 29352 2283 3937 1998 -1.14 -1.17 -1.03

1500 0.2232 7.3 42 6718 7897 6860 7186 8204 9729 7683 8606 8664 7158 8373 8317 644 1280 551 -1.17 -1.16 1.01

1093 0.2243 6.6 59 1726 877 1200 1338 1212 1498 2095 1396 1880 1268 1350 1790 428 143 358 -1.06 -1.41 -1.33

579 0.2254 6.6 98 2053 2217 2208 1560 1622 2509 2300 950 999 2159 1897 1416 92 531 766 1.14 1.52 1.34

1511 0.2269 4.7 41 743 514 649 893 972 648 719 655 772 636 838 716 115 169 58 -1.32 -1.13 1.17

2287 0.2270 7.7 25 9582 10399 14307 8909 7809 12185 14382 13989 10961 11429 9634 13111 2526 2276 1872 1.19 -1.15 -1.36

1721 0.2272 6.8 36 2338 1650 2368 2390 1759 2461 2557 2851 2606 2119 2203 2671 406 387 158 -1.04 -1.26 -1.21

1176 0.2284 5.2 54 2231 1358 1521 1408 1876 1669 1140 1251 1461 1703 1651 1284 464 235 163 1.03 1.33 1.29

3997 0.2285 6.0 16 1334 1137 1178 1477 1470 1176 1615 1232 1704 1216 1374 1517 104 171 251 -1.13 -1.25 -1.10

3884 0.2308 9.3 42 26944 24351 29865 33516 17539 3636 27971 37202 48317 27053 18230 37830 2759 14952 10188 1.48 -1.40 -2.08

3992 0.2309 7.7 31 65857 69333 55144 70998 76036 61914 49971 59846 63836 63444 69649 57884 7396 7157 7137 -1.10 1.10 1.20

1640 0.2335 7.7 37 55298 49443 43479 53020 62027 53244 52348 63117 56210 49406 56097 57225 5910 5137 5456 -1.14 -1.16 -1.02

1997 0.2365 4.4 30 3091 1450 1821 2614 2792 1849 3053 2636 3676 2121 2419 3122 861 501 523 -1.14 -1.47 -1.29

899 0.2373 6.1 68 918 937 887 892 791 1066 1375 1054 938 914 916 1122 25 139 226 -1.00 -1.23 -1.22

4283 0.2375 7.3 12 36674 66432 74026 36030 47996 59491 38127 34930 39106 59044 47839 37388 19741 11731 2184 1.23 1.58 1.28

1204 0.2377 7.8 53 2627 2652 1248 2920 3148 2789 2504 3092 3335 2176 2952 2977 803 182 428 -1.36 -1.37 -1.01

3900 0.2386 6.8 100 2252 2671 2913 2889 3109 4111 3381 2034 2127 2612 3369 2514 335 651 753 -1.29 1.04 1.34

1473 0.2416 4.9 43 23678 19683 20906 14529 18089 20184 19263 16408 20920 21422 17601 18864 2047 2859 2282 1.22 1.14 -1.07

1317 0.2447 8.3 48 1277 1250 858 1476 1126 881 1489 1458 1439 1128 1161 1462 234 299 26 -1.03 -1.30 -1.26

1651 0.2472 6.9 37 3849 3774 3951 4807 3872 6102 5402 8105 4001 3858 4927 5836 89 1120 2086 -1.28 -1.51 -1.18

3909 0.2476 5.1 74 8093 6870 8099 8016 8384 9246 8383 5778 7111 7687 8549 7091 708 631 1303 -1.11 1.08 1.21

3958 0.2495 7.2 100 1060 1073 975 1376 1547 1522 1693 642 879 1036 1482 1071 53 93 551 -1.43 -1.03 1.38

640 0.2499 6.4 89 2533 2647 2807 2602 2311 2776 2989 1644 1409 2662 2563 2014 137 235 853 1.04 1.32 1.27

1988 0.2524 4.5 31 6993 7584 6169 6746 13082 9149 8904 7869 10133 6915 9659 8969 711 3199 1133 -1.40 -1.30 1.08

2000 0.2528 4.7 30 8741 3993 9464 8394 9011 9446 9566 10424 12197 7399 8950 10729 2972 529 1342 -1.21 -1.45 -1.20

3911 0.2537 8.3 39 69941 61056 76121 92533 127111 77419 50335 95564 76669 69039 99021 74189 7573 25474 22716 -1.43 -1.07 1.33

1026 0.2554 5.8 62 13450 16909 17895 12411 10731 19547 12576 8280 12829 16085 14230 11228 2334 4681 2556 1.13 1.43 1.27

1252 0.2554 8.3 50 51961 41481 34955 53358 42943 52547 42246 39580 40145 42799 49616 40657 8579 5793 1405 -1.16 1.05 1.22

544 0.2561 6.6 101 2891 2255 1889 2693 2420 3239 2806 1416 1668 2345 2784 1964 507 417 740 -1.19 1.19 1.42

4121 0.2618 9.0 25 23647 16726 22123 26404 19728 15522 12358 16713 17554 20832 20552 15542 3637 5488 2789 1.01 1.34 1.32

3380 0.2627 4.7 15 6862 6029 7546 6298 9740 7619 7306 10081 9141 6813 7886 8843 760 1737 1411 -1.16 -1.30 -1.12

3200 0.2636 5.4 16 17285 15558 14752 18153 15376 20676 19419 17310 18017 15865 18068 18249 1294 2651 1074 -1.14 -1.15 -1.01

2895 0.2678 7.8 18 4508 4953 4099 6044 4856 6370 4117 6270 4368 4520 5756 4918 427 797 1177 -1.27 -1.09 1.17

4111 0.2686 7.1 45 6742 6326 7412 7435 7486 10515 7788 5217 7103 6827 8479 6703 548 1764 1331 -1.24 1.02 1.26

753 0.2691 5.7 74 908 1035 818 790 630 869 932 356 607 920 763 632 109 122 289 1.21 1.46 1.21

4402 0.2696 8.4 35 46318 49232 34582 46603 19930 28443 42890 42080 39041 43377 31659 41337 7755 13624 2029 1.37 1.05 -1.31

1040 0.2697 6.9 61 998 1696 1524 1098 845 1356 1173 829 964 1406 1100 989 364 255 173 1.28 1.42 1.11

785 0.2703 7.5 73 3161 2449 1920 1919 1806 2460 2295 1693 797 2510 2062 1595 622 350 754 1.22 1.57 1.29

2359 0.2718 7.6 24 9425 8212 7269 5328 6129 9131 8720 8284 8522 8302 6863 8509 1081 2005 218 1.21 -1.02 -1.24

1799 0.2718 5.2 34 2323 3030 2515 1871 1859 2641 2420 2045 2368 2622 2124 2278 366 448 203 1.23 1.15 -1.07

2498 0.2757 9.3 21 7905 4218 5060 9747 7223 4451 1933 4933 5075 5728 7140 3981 1932 2649 1774 -1.25 1.44 1.79

1615 0.2809 7.3 38 4490 5230 4759 4160 6184 5582 6634 7028 4927 4826 5308 6196 375 1039 1117 -1.10 -1.28 -1.17

4442 0.2821 8.3 67 21586 17501 15841 15671 3969 15084 18421 15393 16583 18309 11575 16799 2957 6594 1525 1.58 1.09 -1.45

750 0.2839 6.5 74 940 802 1040 1007 662 894 831 708 671 927 854 737 120 176 84 1.09 1.26 1.16

3979 0.2856 5.7 46 12257 14258 13993 11796 9909 17106 17446 14719 16183 13503 12937 16116 1087 3732 1365 1.04 -1.19 -1.25

3342 0.2869 7.5 16 2851 2615 1840 3332 3065 3480 3455 3757 2104 2435 3292 3106 529 210 880 -1.35 -1.28 1.06

2238 0.2882 6.8 26 1867 1476 1409 2038 1557 1896 2049 1957 1669 1584 1830 1891 248 247 198 -1.16 -1.19 -1.03

4437 0.2892 8.4 68 5535 3367 3164 2914 1575 3225 5464 3615 2625 4022 2571 3901 1314 877 1441 1.56 1.03 -1.52

793 0.2920 5.2 73 1026 766 891 523 654 947 1089 806 835 894 708 910 130 217 156 1.26 -1.02 -1.29

1170 0.2926 7.8 55 18941 15543 12670 18351 16590 21380 14760 15812 16959 15718 18774 15844 3139 2422 1100 -1.19 -1.01 1.18

1410 0.2930 5.2 45 3318 3015 2538 3113 3812 3299 3138 3202 3635 2957 3408 3325 393 362 270 -1.15 -1.12 1.02

1420 0.2959 6.8 45 3839 3104 3957 3331 2975 3644 3478 2433 3051 3633 3317 2988 462 335 525 1.10 1.22 1.11

2080 0.2966 4.5 29 4091 1473 2997 2909 5565 3812 3974 4208 4284 2854 4096 4155 1314 1350 161 -1.44 -1.46 -1.01

1199 0.2974 6.4 54 3091 2632 3713 4843 3251 3056 2676 2466 3233 3145 3716 2792 543 980 396 -1.18 1.13 1.33

2041 0.2981 6.0 29 1354 974 938 815 1252 967 1359 1133 1352 1089 1012 1281 230 222 129 1.08 -1.18 -1.27

4370 0.2984 8.7 31 32303 33759 23720 45965 42926 27448 22458 24396 36288 29927 38779 27714 5425 9930 7488 -1.30 1.08 1.40

1156 0.2995 5.4 55 1421 1100 1091 1132 989 1265 1434 1235 1320 1204 1129 1330 188 138 100 1.07 -1.10 -1.18

3976 0.2999 6.6 42 1988 1660 1682 1341 1534 1791 1716 1677 2186 1777 1555 1859 184 226 283 1.14 -1.05 -1.20

1981 0.3010 5.0 31 726 426 798 823 758 631 797 810 958 650 738 855 197 98 89 -1.13 -1.32 -1.16

2443 0.3030 5.4 22 791 929 1065 966 1272 940 971 875 627 928 1059 824 137 184 177 -1.14 1.13 1.29

4339 0.3034 6.7 100 2067 2251 2318 2054 2146 2883 2802 2575 2440 2212 2361 2605 130 454 183 -1.07 -1.18 -1.10

609 0.3035 5.1 93 1040 857 1175 602 1147 875 788 687 796 1024 875 757 160 272 61 1.17 1.35 1.16

4218 0.3054 8.6 31 11970 5763 6283 15903 12646 7406 9571 13685 11223 8006 11985 11493 3443 4287 2070 -1.50 -1.44 1.04



242 

 

 

1509 0.3056 7.8 42 8410 8125 6659 8730 13480 8502 8864 10730 7792 7731 10237 9128 940 2811 1487 -1.32 -1.18 1.12

3923 0.3058 4.9 115 1030 1066 1374 907 1069 1143 1122 743 910 1156 1040 925 189 120 190 1.11 1.25 1.12

1646 0.3068 5.7 37 3544 2635 3725 4152 3653 4218 4453 3201 3800 3301 4008 3818 584 309 626 -1.21 -1.16 1.05

515 0.3069 4.6 106 1120 809 1011 1034 1253 1161 881 1153 833 980 1149 956 158 110 172 -1.17 1.03 1.20

2126 0.3080 4.8 28 1662 1544 1811 1714 1461 1199 1538 1787 1691 1672 1458 1672 133 258 126 1.15 1.00 -1.15

1747 0.3085 4.0 35 1479 1296 1911 1370 1962 2092 2233 1656 2308 1562 1808 2066 316 385 356 -1.16 -1.32 -1.14

1251 0.3096 6.0 50 1696 2279 1845 1793 1456 2115 3324 2337 1780 1940 1788 2480 303 330 782 1.09 -1.28 -1.39

2068 0.3108 4.1 29 1656 1137 1426 1525 1918 1479 1574 1584 2184 1406 1641 1781 260 241 350 -1.17 -1.27 -1.09

1437 0.3121 7.4 44 5427 5464 4188 4616 4618 4244 4377 4473 4505 5027 4493 4452 726 215 67 1.12 1.13 1.01

1162 0.3146 5.6 55 4240 5069 4269 3135 3223 4202 4350 2566 4217 4526 3520 3711 470 592 993 1.29 1.22 -1.05

3963 0.3150 7.2 106 314 356 379 325 262 221 457 242 381 350 269 360 33 52 109 1.30 -1.03 -1.34

1096 0.3150 5.3 58 5076 3969 3466 2940 3212 3945 4197 5684 3444 4170 3366 4442 823 520 1140 1.24 -1.07 -1.32

901 0.3151 8.2 68 10657 8378 7202 7473 7554 7317 10058 8421 8047 8745 7448 8842 1757 120 1070 1.17 -1.01 -1.19

3966 0.3176 7.3 106 153 245 181 173 145 202 287 273 168 193 173 243 47 29 65 1.11 -1.26 -1.40

847 0.3201 5.4 70 3884 3797 4561 3676 3921 4266 3274 3932 3676 4081 3955 3627 418 296 332 1.03 1.13 1.09

770 0.3211 6.4 74 576 622 511 503 550 683 789 720 556 570 578 688 56 93 120 -1.02 -1.21 -1.19

3836 0.3215 5.4 115 946 1076 792 588 673 884 1291 806 734 938 715 944 142 152 303 1.31 -1.01 -1.32

1233 0.3218 7.2 51 2441 3098 2099 2225 2995 3435 3469 3237 2919 2546 2885 3208 508 613 276 -1.13 -1.26 -1.11

4010 0.3226 6.4 99 3006 3595 4247 3306 3856 4568 4999 1618 1550 3616 3910 2723 621 633 1972 -1.08 1.33 1.44

1175 0.3229 8.5 55 49737 40511 39040 62279 42542 50443 39551 43484 47934 43096 51755 43656 5798 9934 4194 -1.20 -1.01 1.19

3812 0.3237 4.8 35 571 429 388 355 514 454 570 515 526 463 441 537 96 80 29 1.05 -1.16 -1.22

2321 0.3240 7.8 25 2733 3413 2943 4431 2523 3426 4159 4519 3274 3030 3460 3984 348 954 641 -1.14 -1.32 -1.15

2849 0.3295 5.0 18 2895 3637 4082 3857 3389 3571 4706 3264 5857 3538 3606 4609 600 236 1299 -1.02 -1.30 -1.28

1979 0.3340 4.4 31 2624 1828 2246 2208 4173 2300 3163 2739 3054 2233 2894 2985 398 1109 220 -1.30 -1.34 -1.03

3892 0.3378 8.7 77 5914 11468 9470 5763 7269 6655 8135 6482 5923 8951 6563 6847 2814 758 1150 1.36 1.31 -1.04

2252 0.3393 5.4 26 1401 1837 1540 1892 1803 2036 1895 1439 2131 1592 1910 1822 223 118 352 -1.20 -1.14 1.05

1860 0.3399 5.0 33 656 184 544 317 394 372 634 491 714 461 361 613 247 40 113 1.28 -1.33 -1.70

1555 0.3443 6.0 40 2934 3800 3439 2919 1355 5065 4620 6358 3555 3391 3113 4844 435 1862 1415 1.09 -1.43 -1.56

842 0.3455 6.0 70 1693 1534 2228 1415 1362 1748 1941 1116 1070 1818 1508 1376 364 209 490 1.21 1.32 1.10

2368 0.3463 5.0 24 3924 2685 3110 1797 2925 2893 3435 2530 4197 3240 2538 3387 630 642 835 1.28 -1.05 -1.33

2435 0.3485 6.5 22 2614 1949 3950 3062 4340 3829 2797 3363 3466 2837 3744 3209 1019 643 360 -1.32 -1.13 1.17

4436 0.3511 8.2 56 5986 4542 3233 6406 5442 5125 4478 4798 4814 4587 5658 4697 1377 667 189 -1.23 -1.02 1.20

2438 0.3518 7.0 22 2227 1541 2042 1263 1557 1799 1976 1384 1497 1937 1540 1619 355 268 314 1.26 1.20 -1.05

3730 0.3530 8.4 18 2231 2249 1069 1670 1249 1358 1749 2725 1859 1850 1426 2111 676 218 535 1.30 -1.14 -1.48

2069 0.3534 6.0 29 957 896 1128 830 901 806 936 836 1268 994 845 1014 120 50 226 1.18 -1.02 -1.20

2217 0.3539 7.2 26 13464 16037 10829 12273 12311 16971 17077 16803 14662 13443 13852 16181 2604 2701 1322 -1.03 -1.20 -1.17

2439 0.3542 5.0 22 1231 1875 1694 1592 1581 1302 2679 1279 2667 1600 1492 2208 332 165 805 1.07 -1.38 -1.48

3982 0.3562 5.6 98 856 870 1270 640 1031 664 1227 945 822 999 778 998 235 219 208 1.28 1.00 -1.28

1497 0.3586 7.1 42 12896 10754 8387 10664 12227 15148 12572 12009 13527 10679 12679 12703 2255 2276 768 -1.19 -1.19 -1.00

1144 0.3609 4.7 56 2764 1614 1914 2155 2312 2657 2083 3159 2922 2097 2375 2721 597 257 565 -1.13 -1.30 -1.15

752 0.3639 8.8 74 3883 4919 2906 2432 3694 3451 4706 4584 3347 3902 3192 4212 1006 670 752 1.22 -1.08 -1.32

1445 0.3698 9.1 44 12717 8086 11744 10194 11854 7116 10501 13123 14614 10849 9721 12746 2442 2404 2082 1.12 -1.17 -1.31

641 0.3698 6.7 89 1121 927 779 1211 809 1542 1610 1216 1041 942 1187 1289 172 367 291 -1.26 -1.37 -1.09

853 0.3699 5.9 70 1615 1327 1451 1217 1162 1758 2202 1415 1626 1464 1379 1748 144 329 407 1.06 -1.19 -1.27

1298 0.3750 6.6 49 1206 810 986 795 893 974 1048 1123 968 1001 888 1046 199 89 77 1.13 -1.05 -1.18

760 0.3762 9.2 74 1836 1293 944 2127 2614 1251 1420 1985 1630 1358 1997 1678 450 691 286 -1.47 -1.24 1.19

2170 0.3763 4.6 27 1324 668 1411 1205 1392 1616 1352 1354 1710 1134 1404 1472 407 206 206 -1.24 -1.30 -1.05

3935 0.3778 6.1 119 14899 13900 10334 12591 10124 10144 12591 10652 10350 13044 10953 11198 2400 1418 1216 1.19 1.16 -1.02

1602 0.3795 7.0 38 2728 2472 2486 2692 1898 2616 2845 2714 2679 2562 2402 2746 144 438 88 1.07 -1.07 -1.14

734 0.3802 6.3 75 502 537 399 423 457 472 657 495 468 480 451 540 72 25 102 1.06 -1.13 -1.20

3202 0.3859 5.8 16 15011 17111 15725 15920 18797 24374 20973 15207 16596 15949 19697 17592 1068 4299 3009 -1.24 -1.10 1.12

3956 0.3899 7.2 100 1383 1808 1670 2039 1943 2301 2469 1140 1509 1620 2094 1706 216 185 686 -1.29 -1.05 1.23

2483 0.3906 5.6 22 1829 2638 2413 2393 2886 2808 2585 2040 2518 2293 2696 2381 418 265 297 -1.18 -1.04 1.13

2084 0.3930 4.4 29 2346 1479 2558 1721 2921 1690 2595 2291 3472 2128 2110 2786 571 702 613 1.01 -1.31 -1.32

1943 0.3952 4.8 31 3009 815 2714 1858 2253 1791 2650 2746 3850 2179 1967 3082 1191 250 667 1.11 -1.41 -1.57

4344 0.3987 6.9 116 1728 787 1820 753 1100 1380 1995 1238 1620 1445 1078 1618 572 314 378 1.34 -1.12 -1.50

2389 0.3988 9.2 23 6315 4363 5649 8286 8374 4661 5599 8071 7869 5442 7107 7180 992 2119 1372 -1.31 -1.32 -1.01

3738 0.4004 4.5 34 1003 800 1193 1014 1668 1232 1013 1448 1037 998 1305 1166 197 333 244 -1.31 -1.17 1.12

4410 0.4009 9.2 31 20439 10562 15891 14493 19434 5805 8985 10025 8648 15631 13244 9219 4944 6900 718 1.18 1.70 1.44

2341 0.4059 7.0 24 1897 1244 1532 1295 1552 1601 1519 2017 1810 1557 1483 1782 327 164 250 1.05 -1.14 -1.20

3603 0.4060 7.3 13 22409 39573 20348 26277 37544 41469 32599 33476 33453 27443 35097 33176 10555 7886 499 -1.28 -1.21 1.06

956 0.4086 5.5 66 2937 3983 3812 2932 3002 4121 3958 1934 2449 3577 3352 2780 561 667 1052 1.07 1.29 1.21

904 0.4128 6.2 68 1572 1099 1264 1348 1020 1338 1482 1400 1440 1312 1236 1441 240 187 41 1.06 -1.10 -1.17

2372 0.4131 9.2 24 1071 708 1052 1455 1294 667 1166 1365 1349 944 1139 1293 204 416 110 -1.21 -1.37 -1.14

1347 0.4136 4.8 47 6807 5779 6509 5366 5123 6755 5954 5838 5498 6365 5748 5763 529 880 237 1.11 1.10 -1.00

1689 0.4149 6.5 36 734 641 682 515 557 719 792 569 714 686 597 691 47 107 113 1.15 -1.01 -1.16

1193 0.4159 5.2 54 2048 1856 1430 1600 1900 1847 2180 1727 2300 1778 1782 2069 316 160 302 -1.00 -1.16 -1.16

1455 0.4173 6.6 43 3601 3236 3477 3621 3275 4741 3694 4090 3931 3438 3879 3905 186 766 199 -1.13 -1.14 -1.01

1276 0.4180 6.7 49 1658 824 1180 1538 1311 1771 1113 1396 1367 1221 1540 1292 419 230 156 -1.26 -1.06 1.19

3826 0.4186 5.1 66 3411 5518 7988 3519 2305 5608 4575 3161 3729 5639 3811 3822 2291 1671 711 1.48 1.48 -1.00

2878 0.4215 9.3 18 18945 8813 13039 13137 10871 7727 5075 10762 11019 13599 10578 8952 5089 2717 3360 1.29 1.52 1.18

3989 0.4218 5.9 42 6324 7485 5442 6642 6228 8680 8967 6408 8039 6417 7183 7805 1025 1312 1296 -1.12 -1.22 -1.09

4034 0.4228 7.8 68 1369 1543 954 901 1172 1724 1624 2042 1295 1289 1266 1654 302 420 374 1.02 -1.28 -1.31

4104 0.4273 6.2 42 2564 2397 2494 2282 2714 2702 3282 2496 2632 2485 2566 2803 83 246 420 -1.03 -1.13 -1.09

3709 0.4273 9.1 12 31900 24749 24044 26698 25130 15389 16435 20994 25671 26898 22406 21033 4346 6127 4618 1.20 1.28 1.07

2286 0.4294 7.5 25 8415 12285 10619 7200 8240 10619 10660 10934 8659 10439 8686 10085 1941 1753 1242 1.20 1.04 -1.16

2647 0.4314 6.1 20 1952 1984 2912 2283 2124 1895 2742 2494 2252 2283 2100 2496 545 195 245 1.09 -1.09 -1.19

1987 0.4321 8.3 31 31590 19659 24435 37042 35809 22730 29433 40092 26851 25228 31860 32125 6005 7931 7019 -1.26 -1.27 -1.01

2347 0.4333 6.8 24 5302 3897 4155 3773 4221 4412 5027 4826 4284 4451 4135 4713 748 328 384 1.08 -1.06 -1.14

1481 0.4367 6.6 42 986 917 956 921 895 1030 1010 669 868 953 949 849 35 71 172 1.00 1.12 1.12

3769 0.4367 5.7 68 1102 840 1025 1020 1079 1269 1056 1004 1264 989 1123 1108 135 130 138 -1.14 -1.12 1.01

1977 0.4370 8.5 31 21188 15777 13521 20808 14970 16149 17422 24153 19658 16829 17309 20411 3940 3087 3428 -1.03 -1.21 -1.18

1135 0.4386 6.6 57 1776 1362 1450 1778 1782 1734 1747 1831 1298 1529 1765 1625 218 27 286 -1.15 -1.06 1.09

1528 0.4399 5.3 41 5878 6213 4253 5743 6187 6586 7108 5395 6359 5448 6172 6288 1048 422 859 -1.13 -1.15 -1.02

4204 0.4429 9.3 34 37696 17893 16907 60043 37139 18786 5074 33395 22642 24165 38656 20370 11728 20670 14297 -1.60 1.19 1.90

2162 0.4432 8.9 27 25987 21636 19984 25379 20741 17910 24174 23177 26125 22536 21343 24492 3101 3771 1500 1.06 -1.09 -1.15

3725 0.4455 9.5 17 3122 5234 6124 9198 3569 1043 3447 10281 12720 4827 4603 8816 1542 4175 4807 1.05 -1.83 -1.92

610 0.4456 6.9 93 672 736 630 572 535 761 713 309 573 679 622 532 54 121 205 1.09 1.28 1.17

1939 0.4471 4.7 31 1345 379 862 619 792 814 994 1014 1272 862 742 1093 483 107 155 1.16 -1.27 -1.47

2405 0.4493 7.5 23 41711 41801 40857 35024 48699 38429 35133 39566 36750 41456 40717 37149 521 7119 2244 1.02 1.12 1.10

2365 0.4496 5.8 24 1103 1030 881 863 1240 964 1401 954 1235 1004 1022 1197 113 195 226 -1.02 -1.19 -1.17

3809 0.4551 5.2 74 13766 12388 14798 12710 12564 15320 12388 11933 13139 13651 13532 12487 1209 1551 609 1.01 1.09 1.08

827 0.4559 4.7 71 2105 2078 2258 2134 1786 2752 1732 2249 1669 2147 2224 1883 97 489 318 -1.04 1.14 1.18

664 0.4618 6.8 86 1089 1061 1380 1041 930 1266 1271 853 789 1177 1079 971 177 171 262 1.09 1.21 1.11

1451 0.4651 6.3 44 1404 1462 1409 1218 1011 1408 1324 1158 2108 1425 1212 1530 32 198 507 1.18 -1.07 -1.26

4130 0.4654 7.4 24 5322 5450 5958 3628 5276 5858 6093 4879 6248 5577 4921 5740 337 1156 750 1.13 -1.03 -1.17

3806 0.4663 7.3 100 426 662 629 642 684 871 862 428 488 572 732 593 128 122 235 -1.28 -1.04 1.24

3217 0.4681 5.2 16 12474 8773 11406 12616 10946 14160 13341 10352 14148 10884 12574 12614 1905 1608 2000 -1.16 -1.16 -1.00

1111 0.4724 7.8 57 27920 24850 20836 26251 23812 30506 28461 28729 25387 24535 26857 27526 3552 3388 1857 -1.09 -1.12 -1.02

1840 0.4741 7.5 33 6809 5108 2891 6665 6957 5135 3956 9511 8951 4936 6252 7473 1965 979 3059 -1.27 -1.51 -1.20

811 0.4742 5.5 72 1350 1544 1422 1260 1139 1571 1328 1697 1473 1438 1323 1500 98 223 186 1.09 -1.04 -1.13

3753 0.4763 5.4 57 1892 1870 1825 2184 2207 1577 2427 1714 2660 1862 1989 2267 34 357 493 -1.07 -1.22 -1.14

1645 0.4763 4.9 37 2535 2512 2018 3037 3931 2190 2111 2819 3246 2355 3053 2726 292 871 573 -1.30 -1.16 1.12

2352 0.4786 7.2 24 24566 25608 20702 19472 24207 25954 25871 25680 25447 23625 23211 25666 2585 3354 213 1.02 -1.09 -1.11

3549 0.4816 5.9 14 2323 3289 3218 2144 2947 3010 3851 2735 3235 2943 2700 3274 538 483 559 1.09 -1.11 -1.21

3238 0.4861 7.1 16 1990 2752 2120 1946 2052 2245 2381 2234 2326 2287 2081 2314 407 151 75 1.10 -1.01 -1.11

1195 0.4863 5.3 54 1725 2143 1678 1797 2114 2039 1982 1853 2609 1849 1983 2148 256 165 404 -1.07 -1.16 -1.08

4342 0.4920 6.8 100 1182 1295 1381 1190 1568 2070 1717 1211 1405 1286 1609 1444 100 441 255 -1.25 -1.12 1.11

4268 0.4946 9.0 39 63114 28316 46766 37646 58568 21821 21589 29449 37948 46065 39345 29662 17409 18432 8182 1.17 1.55 1.33

1389 0.4950 7.3 46 4905 5750 3862 5028 5529 5842 4795 5524 5228 4839 5466 5182 946 411 367 -1.13 -1.07 1.05

1771 0.4976 6.5 35 6043 3972 4500 3993 3504 5432 4715 4979 5774 4838 4310 5156 1076 1002 551 1.12 -1.07 -1.20

3275 0.5040 7.9 16 6334 7201 6399 6664 7905 9647 8177 9213 5653 6645 8072 7681 483 1499 1831 -1.21 -1.16 1.05

1733 0.5115 5.3 35 1740 1450 1988 1966 1690 1417 1174 1514 1741 1726 1691 1476 269 274 285 1.02 1.17 1.15

3634 0.5161 7.1 13 27141 35170 27961 27123 36982 46148 34292 28688 34726 30091 36751 32568 4418 9515 3368 -1.22 -1.08 1.13

1861 0.5197 6.6 33 830 655 876 700 641 952 922 820 874 787 765 872 117 165 51 1.03 -1.11 -1.14

1242 0.5209 8.4 51 6840 7189 6162 7054 5772 10080 7628 5974 4716 6730 7635 6106 522 2212 1460 -1.13 1.10 1.25

2447 0.5222 9.3 22 12200 7073 8231 18123 11772 5773 4720 8179 9163 9168 11889 7354 2689 6176 2333 -1.30 1.25 1.62

3822 0.5237 8.1 32 182541 192823 176076 214111 230098 172440 177615 198032 221332 183814 205550 198993 8446 29767 21875 -1.12 -1.08 1.03

1984 0.5249 6.5 31 3291 2501 3648 3657 3379 3369 3031 3281 3212 3147 3468 3175 587 163 129 -1.10 -1.01 1.09

1910 0.5259 7.4 32 8744 9239 8796 5548 11033 8189 7683 8070 6032 8927 8257 7262 272 2743 1083 1.08 1.23 1.14

1384 0.5262 5.3 46 25151 25793 19193 17952 18740 22767 25776 17343 25808 23379 19819 22975 3639 2583 4878 1.18 1.02 -1.16

3643 0.5275 5.2 13 30341 50799 53894 40814 51382 53001 59088 48982 52655 45012 48399 53575 12799 6618 5116 -1.08 -1.19 -1.11

2765 0.5307 5.7 19 2502 2025 2857 2752 2298 3040 2921 2845 2549 2461 2697 2772 418 374 197 -1.10 -1.13 -1.03

2453 0.5324 5.4 22 1864 1653 2065 1835 1886 2096 1961 1899 2215 1861 1939 2025 206 138 167 -1.04 -1.09 -1.04



243 

 

 

1970 0.5343 4.7 31 1402 811 875 1230 1051 1353 1213 1027 955 1029 1211 1065 324 152 133 -1.18 -1.03 1.14

900 0.5358 7.9 68 960 1293 710 1057 1202 1348 962 1369 868 988 1202 1066 292 145 266 -1.22 -1.08 1.13

1696 0.5361 6.7 36 541 270 502 470 412 605 660 518 462 437 496 547 146 99 102 -1.13 -1.25 -1.10

1476 0.5383 5.1 43 7325 6570 7253 5247 7525 7304 8347 7144 7069 7049 6692 7520 416 1257 717 1.05 -1.07 -1.12

1694 0.5387 8.3 36 7148 10219 11206 4351 10492 7407 14637 7739 7492 9524 7417 9956 2116 3071 4056 1.28 -1.05 -1.34

1023 0.5406 6.8 63 536 533 563 423 437 541 584 628 385 544 467 532 16 64 130 1.17 1.02 -1.14

3844 0.5445 8.5 79 5804 7213 6876 5331 5162 8670 6286 5916 4212 6631 6388 5472 736 1978 1106 1.04 1.21 1.17

1823 0.5479 5.6 34 901 861 798 680 819 776 796 515 911 854 759 741 52 71 204 1.13 1.15 1.02

792 0.5480 9.2 73 3209 2522 4000 3513 3837 1766 3589 3591 4078 3244 3039 3752 740 1114 282 1.07 -1.16 -1.23

4293 0.5484 4.6 18 2419 2483 1806 1450 3211 2650 2888 2533 3000 2236 2437 2807 374 900 244 -1.09 -1.26 -1.15

4380 0.5497 9.2 29 29601 9743 8938 31816 13999 12660 14312 27716 29434 16094 19492 23820 11704 10694 8279 -1.21 -1.48 -1.22

3990 0.5498 5.8 39 49422 55986 41324 39989 40920 54166 44113 36981 46328 48911 45025 42474 7344 7930 4885 1.09 1.15 1.06

3865 0.5538 5.5 61 9575 12373 13686 9625 7489 13896 12465 10415 13980 11878 10337 12287 2100 3262 1789 1.15 -1.03 -1.19

3039 0.5538 6.4 17 1672 1781 2061 2087 1522 1926 1973 2169 1913 1838 1845 2018 201 291 134 -1.00 -1.10 -1.09

1603 0.5542 5.3 38 3643 2708 2773 2588 3202 2222 2813 2936 2852 3041 2670 2867 522 495 63 1.14 1.06 -1.07

1208 0.5581 6.2 53 2435 2375 2172 2329 2110 2332 1708 2125 2501 2328 2257 2112 138 127 397 1.03 1.10 1.07

2822 0.5587 9.3 18 11388 6086 5045 7973 4459 3294 3479 6119 6919 7507 5242 5505 3402 2436 1800 1.43 1.36 -1.05

1829 0.5608 4.6 33 530 657 598 400 715 601 512 387 581 595 572 493 64 159 98 1.04 1.21 1.16

4013 0.5608 6.3 99 2240 2839 3225 2692 3129 3882 4927 1478 1314 2768 3234 2573 496 602 2040 -1.17 1.08 1.26

2153 0.5614 8.1 27 46263 43865 42684 48728 55549 42460 43432 52286 43185 44271 48912 46301 1823 6547 5185 -1.10 -1.05 1.06

947 0.5616 5.9 66 370 666 994 526 443 705 1121 499 868 676 558 829 312 134 312 1.21 -1.23 -1.49

692 0.5627 8.2 81 33427 28503 22120 19382 19863 34098 24777 23906 19204 28017 24448 22629 5669 8361 2998 1.15 1.24 1.08

3897 0.5642 5.2 80 4755 4442 5407 5114 4657 5627 5480 3441 4629 4868 5133 4517 492 485 1024 -1.05 1.08 1.14

637 0.5677 6.3 89 2191 1637 1963 1724 2027 2310 2457 1450 1194 1930 2020 1700 279 293 667 -1.05 1.14 1.19

1613 0.5677 6.7 38 1324 689 1253 1197 971 1483 1152 1396 1406 1089 1217 1318 348 257 144 -1.12 -1.21 -1.08

1344 0.5681 7.3 47 10524 11246 8077 8777 7327 10947 8207 8328 9213 9949 9017 8583 1661 1822 549 1.10 1.16 1.05

3916 0.5689 8.7 55 6563 9207 6897 4927 6830 8737 8717 9553 6550 7556 6831 8274 1440 1905 1550 1.11 -1.10 -1.21

789 0.5690 5.4 73 2425 1997 2427 1813 2259 2530 2479 1401 1990 2283 2201 1956 248 362 540 1.04 1.17 1.12

3833 0.5691 5.3 114 988 1245 1429 841 782 1447 1430 1026 1102 1221 1023 1186 222 368 215 1.19 1.03 -1.16

1269 0.5721 6.2 50 1068 1777 1441 1127 1077 1695 1561 1373 1730 1429 1300 1555 355 344 179 1.10 -1.09 -1.20

2936 0.5722 9.1 18 24777 15549 19395 26816 26513 19683 10625 24825 23087 19907 24337 19512 4635 4034 7746 -1.22 1.02 1.25

886 0.5823 5.9 69 1056 959 1225 865 982 1278 1262 1062 1184 1080 1042 1170 135 213 101 1.04 -1.08 -1.12

1681 0.5845 6.6 36 1526 625 967 974 780 1264 1270 1247 1168 1039 1006 1228 455 243 53 1.03 -1.18 -1.22

1595 0.5854 5.1 39 1859 1791 1555 1582 1665 1812 1960 1664 1814 1735 1686 1813 159 117 148 1.03 -1.05 -1.08

876 0.5909 6.8 69 3076 3194 2942 2461 2823 3531 3183 2692 2337 3071 2938 2737 126 544 425 1.05 1.12 1.07

3968 0.5923 5.8 58 1785 1791 2511 1789 2919 3080 3640 1690 2582 2029 2596 2637 417 703 976 -1.28 -1.30 -1.02

277 0.5928 7.2 128 947 1384 1403 1235 1234 414 1302 672 905 1245 961 960 258 474 319 1.30 1.30 1.00

2053 0.5941 4.6 29 1019 2264 962 970 956 1081 983 1037 1444 1415 1003 1155 736 69 252 1.41 1.22 -1.15

3832 0.5944 9.3 25 30945 18873 20409 27967 24885 9852 12398 16562 20798 23409 20901 16586 6571 9692 4200 1.12 1.41 1.26

2114 0.5948 5.4 28 2997 2793 2964 3564 2904 2698 2879 2728 2829 2918 3055 2812 110 452 77 -1.05 1.04 1.09

2320 0.5960 6.8 25 607 789 550 702 585 451 782 623 604 649 579 670 125 125 98 1.12 -1.03 -1.16

1192 0.5974 4.4 54 4523 5590 5023 4183 5758 4879 5012 5341 5946 5045 4940 5433 534 789 473 1.02 -1.08 -1.10

2357 0.5983 6.7 24 4134 3564 3262 3216 4087 4522 4011 3416 2917 3653 3942 3448 443 665 548 -1.08 1.06 1.14

1826 0.5995 5.7 34 1435 2174 1725 1608 1427 1927 1943 1681 2047 1778 1654 1890 372 253 189 1.08 -1.06 -1.14

910 0.6024 6.3 68 1386 1031 1294 1064 813 1491 1308 817 932 1237 1123 1019 184 343 257 1.10 1.21 1.10

627 0.6041 6.2 90 1604 1789 1633 1371 1651 1933 1939 1248 1263 1675 1652 1483 99 281 394 1.01 1.13 1.11

3779 0.6043 6.1 50 746 809 588 547 568 689 912 429 1392 714 601 911 114 77 481 1.19 -1.28 -1.51

887 0.6047 7.7 69 2264 2724 1366 1521 1451 2291 1917 1642 1387 2118 1754 1649 691 466 265 1.21 1.28 1.06

4444 0.6129 9.4 37 76615 36111 48631 113325 53178 72701 5654 76172 91923 53785 79735 57917 20738 30684 45941 -1.48 -1.08 1.38

477 0.6137 5.2 111 892 856 1149 712 918 1040 889 1065 1057 966 890 1004 160 166 99 1.09 -1.04 -1.13

2195 0.6141 5.1 27 2128 2252 2178 2780 2520 2097 2633 1892 2616 2186 2466 2380 62 345 423 -1.13 -1.09 1.04

1552 0.6155 6.1 40 15967 14234 15676 12640 13052 20570 19062 14353 19049 15292 15421 17488 928 4464 2715 -1.01 -1.14 -1.13

3873 0.6178 5.1 77 2602 2560 2963 2927 2741 2722 3180 1719 2554 2708 2797 2484 222 113 733 -1.03 1.09 1.13

4252 0.6199 8.9 88 78393 59409 67960 110885 105266 34679 51292 60848 50536 68587 83610 54226 9508 42469 5748 -1.22 1.26 1.54

3856 0.6216 6.6 68 940 800 1047 894 924 1081 868 1240 1036 929 966 1048 124 100 186 -1.04 -1.13 -1.08

1531 0.6227 4.7 41 656 434 510 554 516 406 508 536 653 533 492 566 113 77 77 1.08 -1.06 -1.15

1000 0.6234 7.8 64 1171 740 836 1212 844 933 844 969 723 916 996 845 227 192 123 -1.09 1.08 1.18

3820 0.6275 6.2 127 2605 3777 3864 2749 2403 3100 4440 2315 2335 3415 2751 3030 703 349 1221 1.24 1.13 -1.10

1757 0.6289 8.0 35 133098 128197 102627 129648 123580 118954 102374 106667 132189 121308 124061 113743 16362 5363 16118 -1.02 1.07 1.09

2318 0.6304 6.6 25 572 291 457 382 374 388 388 392 293 440 381 357 141 7 56 1.15 1.23 1.07

2517 0.6361 4.7 21 964 598 1129 716 862 1162 609 684 937 897 914 743 272 228 172 -1.02 1.21 1.23

4447 0.6414 8.3 72 2637 2493 1848 2297 959 2591 2011 2406 2194 2326 1949 2204 420 870 198 1.19 1.06 -1.13

832 0.6449 5.9 71 501 611 649 407 606 599 788 388 302 587 537 492 77 113 259 1.09 1.19 1.09

2436 0.6463 5.7 22 1850 1246 1258 1467 1319 997 1220 1488 1520 1452 1261 1409 345 240 164 1.15 1.03 -1.12

2510 0.6515 9.2 21 16774 10567 11451 13176 10708 6731 6736 12853 13631 12931 10205 11074 3357 3251 3776 1.27 1.17 -1.09

962 0.6525 6.1 65 1581 1733 1771 1510 940 2101 2066 1738 1445 1695 1517 1750 100 580 311 1.12 -1.03 -1.15

2122 0.6552 4.7 28 2076 1740 1739 1955 2069 1866 1823 1864 2207 1852 1963 1965 194 101 211 -1.06 -1.06 -1.00

1063 0.6707 7.4 60 775 688 1149 813 665 904 1168 583 412 871 794 721 245 121 397 1.10 1.21 1.10

1621 0.6748 5.9 37 5770 4222 3962 4005 5775 7884 4510 7458 4321 4651 5888 5430 977 1942 1759 -1.27 -1.17 1.08

2224 0.6816 6.2 26 1550 2666 1955 1526 1713 2089 1982 1802 2088 2057 1776 1957 565 287 145 1.16 1.05 -1.10

3827 0.6828 8.5 67 17681 14305 14049 14605 10298 15648 16908 14060 11094 15345 13517 14021 2027 2836 2907 1.14 1.09 -1.04

4134 0.6854 6.3 37 834 1104 929 1086 831 1541 1045 833 1196 955 1153 1025 137 360 182 -1.21 -1.07 1.13

1720 0.6868 4.9 36 1839 2277 2215 1587 2469 1398 1591 1651 2581 2110 1818 1941 237 571 555 1.16 1.09 -1.07

4470 0.6872 6.2 12 2511 7306 3604 3780 4437 3803 2762 3473 3630 4473 4007 3288 2513 373 463 1.12 1.36 1.22

1529 0.6884 7.3 41 1309 1046 739 1171 1037 1301 963 1304 965 1031 1170 1077 286 132 197 -1.13 -1.04 1.09

1302 0.6915 5.8 48 1547 1364 1025 1133 976 1140 944 2303 1071 1312 1083 1439 265 93 751 1.21 -1.10 -1.33

2451 0.6935 6.2 22 3476 3103 2777 2539 4081 4065 3452 3399 3415 3119 3562 3422 350 886 27 -1.14 -1.10 1.04

903 0.6957 6.7 68 719 727 634 623 737 1161 983 667 703 693 840 784 52 283 173 -1.21 -1.13 1.07

1502 0.6989 6.5 42 1347 1070 1335 1009 1193 1317 1240 1133 1502 1251 1173 1291 157 155 190 1.07 -1.03 -1.10

1390 0.7044 7.4 46 2280 2307 1393 2484 2119 1796 2075 1917 1519 1993 2133 1837 520 344 286 -1.07 1.09 1.16

1838 0.7061 6.9 33 1852 1638 2081 1751 1336 2032 2265 1316 1308 1857 1706 1630 222 350 550 1.09 1.14 1.05

1325 0.7096 7.5 48 1488 1514 1659 1738 1080 1802 1918 2017 1337 1554 1540 1757 92 400 367 1.01 -1.13 -1.14

1108 0.7115 4.8 58 2024 1268 1508 1466 1703 1052 1285 1870 1671 1600 1407 1609 386 330 298 1.14 -1.01 -1.14

2504 0.7162 9.4 21 5630 2627 3147 8296 6779 2328 2228 5500 4618 3802 5801 4115 1605 3102 1693 -1.53 -1.08 1.41

512 0.7171 5.5 107 627 586 316 976 446 464 493 404 526 510 629 474 169 301 63 -1.23 1.07 1.33

1335 0.7175 6.4 47 469 357 379 656 331 404 397 420 332 402 464 383 59 170 45 -1.15 1.05 1.21

723 0.7182 6.8 77 655 1090 824 593 629 987 905 837 675 856 736 806 219 218 118 1.16 1.06 -1.09

3649 0.7188 6.6 13 19399 23106 22257 18735 23130 25319 20608 21803 19574 21587 22395 20662 1942 3353 1116 -1.04 1.04 1.08

2261 0.7226 6.8 25 2955 4143 4731 3178 3473 3809 4316 3438 3613 3943 3487 3789 904 316 465 1.13 1.04 -1.09

3993 0.7278 9.1 57 5248 6359 9382 5161 7331 5358 5119 7610 7960 6996 5950 6896 2140 1200 1549 1.18 1.01 -1.16

1194 0.7291 8.2 54 5803 4806 3676 6330 5055 4517 4632 4851 5404 4762 5300 4962 1064 931 398 -1.11 -1.04 1.07

3726 0.7293 5.0 47 7640 8478 6854 7247 10156 8333 9608 6486 9105 7657 8578 8400 812 1470 1676 -1.12 -1.10 1.02

3787 0.7323 9.2 25 20810 13231 16030 21103 21208 12037 11982 16564 16481 16690 18116 15009 3832 5264 2622 -1.09 1.11 1.21

2298 0.7328 6.0 25 18050 21054 23492 16169 17331 25601 25694 19700 20299 20865 19700 21898 2726 5143 3302 1.06 -1.05 -1.11

1079 0.7351 4.2 59 457 686 589 608 504 565 789 641 488 577 559 639 115 52 151 1.03 -1.11 -1.14

883 0.7360 7.6 69 1272 1467 877 823 1126 1532 1588 783 681 1205 1160 1017 300 356 497 1.04 1.18 1.14

1780 0.7378 5.2 35 3625 3966 3409 3391 4208 4176 3604 4196 3367 3667 3925 3722 281 462 427 -1.07 -1.02 1.05

4077 0.7427 5.1 63 5769 4841 6082 3829 5200 7316 5446 4144 4985 5564 5449 4858 646 1757 660 1.02 1.15 1.12

3546 0.7429 5.7 14 3214 2826 1969 2373 3301 3240 3245 3805 2246 2670 2971 3099 637 519 790 -1.11 -1.16 -1.04

2020 0.7438 5.1 30 455 278 362 452 432 313 508 311 454 365 399 424 88 75 102 -1.09 -1.16 -1.06

894 0.7467 7.0 68 844 1585 1312 878 1055 1285 1253 1148 1153 1247 1073 1185 375 204 59 1.16 1.05 -1.10

864 0.7552 6.7 69 1035 858 953 975 849 1227 1293 792 628 949 1017 904 88 192 346 -1.07 1.05 1.12

1164 0.7556 8.3 55 10892 12021 10624 11154 8684 13650 14099 11501 10779 11179 11163 12126 741 2483 1746 1.00 -1.08 -1.09

578 0.7569 4.9 98 13628 15144 18549 13516 13753 15309 17576 16455 11729 15774 14193 15253 2520 974 3103 1.11 1.03 -1.07

3616 0.7585 4.9 13 68709 90461 97395 69325 96628 86489 70906 70459 90821 85522 84147 77395 14967 13801 11629 1.02 1.11 1.09

3781 0.7610 6.5 18 985 1274 1560 1390 1905 1157 949 1686 1322 1273 1484 1319 288 383 368 -1.17 -1.04 1.13

264 0.7628 5.6 128 14445 28561 42854 23816 39405 34913 34632 24691 21021 28620 32712 26782 14204 8024 7042 -1.14 1.07 1.22

1172 0.7649 5.1 55 2176 1631 1436 1867 2274 1681 1570 1788 2405 1747 1941 1921 384 303 433 -1.11 -1.10 1.01

632 0.7679 6.3 89 2561 2348 2413 2256 2241 2740 3118 1814 1863 2441 2412 2265 109 284 739 1.01 1.08 1.07

4214 0.7729 8.2 33 7440 9183 6313 11256 7084 7567 10683 6111 5823 7646 8636 7539 1446 2282 2727 -1.13 1.01 1.15

3798 0.7751 6.2 99 2261 3274 3116 2536 3347 3738 5228 1687 1744 2884 3207 2887 545 613 2028 -1.11 -1.00 1.11

3876 0.7789 4.3 105 681 886 743 831 850 674 637 820 1233 770 785 897 105 97 305 -1.02 -1.16 -1.14

2531 0.7798 6.6 21 1828 1458 1776 871 2254 1614 1513 1585 1197 1687 1580 1432 200 692 206 1.07 1.18 1.10

4285 0.7807 7.7 11 17173 28364 43942 23789 27304 37952 27629 20217 25686 29826 29682 24511 13444 7375 3843 1.00 1.22 1.21

3965 0.7852 7.3 100 396 543 409 365 515 796 804 366 484 449 559 551 81 219 226 -1.24 -1.23 1.01

4197 0.7886 5.5 41 15316 10506 10744 10116 13449 15113 16577 10539 14368 12189 12893 13828 2711 2544 3055 -1.06 -1.13 -1.07

2268 0.7899 7.3 25 2708 3621 2298 2528 2649 3814 3243 2217 2459 2876 2997 2640 678 710 536 -1.04 1.09 1.14

1053 0.7917 6.7 61 1398 2939 2102 2164 1610 2887 2286 1851 1431 2146 2220 1856 772 641 427 -1.03 1.16 1.20

4324 0.7970 5.3 114 3097 3693 5718 3171 3951 4782 4909 2760 3096 4169 3968 3588 1374 805 1156 1.05 1.16 1.11

968 0.8050 6.3 65 3198 2721 3036 2623 2309 3778 3441 2776 3152 2985 2903 3123 242 773 333 1.03 -1.05 -1.08

2629 0.8064 7.6 20 3030 2792 3427 1761 4068 2651 2520 3408 2437 3083 2826 2788 321 1164 538 1.09 1.11 1.01

1788 0.8075 8.1 34 11362 14096 9506 10550 15452 6621 15344 11719 9666 11654 10874 12243 2309 4425 2875 1.07 -1.05 -1.13

1782 0.8144 6.3 35 621 864 806 740 769 621 930 598 838 764 710 789 127 78 171 1.08 -1.03 -1.11

857 0.8160 6.2 70 481 489 502 472 395 499 651 319 402 490 455 457 11 54 173 1.08 1.07 -1.00
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1411 0.8173 5.5 45 77075 70222 71955 64852 64467 80914 72750 61805 95032 73084 70078 76529 3563 9386 16933 1.04 -1.05 -1.09

3802 0.8183 9.5 13 4999 5071 8509 13585 7583 4112 4854 6990 9151 6193 8427 6999 2006 4792 2149 -1.36 -1.13 1.20

3847 0.8224 8.6 80 3008 3910 2443 3112 1646 3541 3236 3033 2135 3120 2766 2801 740 994 586 1.13 1.11 -1.01

2138 0.8245 9.2 28 16243 8386 12263 20338 8357 7351 9220 17780 14589 12297 12015 13863 3928 7225 4326 1.02 -1.13 -1.15

3872 0.8292 6.1 100 1400 2102 2195 1467 1813 1892 3374 906 1084 1899 1724 1788 435 226 1376 1.10 1.06 -1.04

878 0.8298 6.9 69 2353 2651 1944 1666 2404 2288 2748 1897 2053 2316 2119 2233 355 397 453 1.09 1.04 -1.05

4231 0.8362 9.4 39 71482 29416 44134 58783 62926 8905 30773 36566 45316 48344 43538 37552 21347 30065 7322 1.11 1.29 1.16

1684 0.8389 9.0 36 3398 5882 4270 3613 6176 3264 3433 5607 5912 4517 4351 4984 1260 1590 1352 1.04 -1.10 -1.15

3783 0.8395 9.4 16 4531 2301 3105 3887 3268 1681 1872 4346 5002 3312 2945 3740 1129 1137 1651 1.12 -1.13 -1.27

1158 0.8448 5.5 55 1426 1187 1020 1140 1121 1038 1351 835 1294 1211 1100 1160 204 54 283 1.10 1.04 -1.05

3819 0.8449 7.9 87 5109 4744 4732 4048 5551 5735 4895 5511 5029 4862 5111 5145 214 926 324 -1.05 -1.06 -1.01

3189 0.8453 9.2 16 16818 11577 10924 17166 14068 11125 10538 16348 17371 13106 14120 14753 3231 3021 3685 -1.08 -1.13 -1.04

3789 0.8461 7.0 37 1850 1779 1163 1540 951 1821 1324 1481 1615 1597 1437 1473 377 444 146 1.11 1.08 -1.02

4369 0.8473 9.4 26 28155 9648 12230 33280 17832 12915 7783 27192 24221 16678 21343 19732 10023 10626 10454 -1.28 -1.18 1.08

2011 0.8473 5.5 30 807 758 709 827 770 779 630 983 848 758 792 821 49 30 178 -1.04 -1.08 -1.04

2455 0.8475 5.2 22 1465 1687 1475 1093 1383 1849 1558 1195 1658 1542 1442 1470 125 382 244 1.07 1.05 -1.02

4225 0.8502 5.1 47 29276 24109 25494 23635 25372 25106 27544 20283 28912 26293 24704 25580 2674 936 4638 1.06 1.03 -1.04

1680 0.8509 5.1 36 662 643 597 884 673 530 698 636 638 634 696 657 33 178 36 -1.10 -1.04 1.06

2210 0.8545 5.2 26 1267 1645 1883 1818 1165 1274 1186 2272 1277 1598 1419 1578 310 350 602 1.13 1.01 -1.11

1952 0.8562 4.9 31 1188 572 1071 1170 1036 850 1048 848 1036 944 1018 977 327 161 112 -1.08 -1.04 1.04

420 0.8596 7.1 117 1436 1812 1347 1006 1241 2096 1656 1109 1377 1532 1448 1381 247 574 274 1.06 1.11 1.05

4190 0.8609 4.9 39 3285 2731 3185 2688 4165 1888 2761 2872 3533 3067 2914 3055 295 1155 417 1.05 1.00 -1.05

990 0.8630 6.6 64 756 722 832 668 804 788 883 610 969 770 753 821 56 74 187 1.02 -1.07 -1.09

1986 0.8636 5.7 31 1735 1729 2233 2006 2684 1571 1864 1877 2375 1899 2087 2039 289 561 291 -1.10 -1.07 1.02

2197 0.8661 5.5 27 873 1017 695 815 972 904 803 740 995 862 897 846 161 79 133 -1.04 1.02 1.06

3885 0.8664 9.3 24 3745 2587 2823 3811 3526 2108 1633 3484 3357 3052 3148 2825 612 912 1034 -1.03 1.08 1.11

4387 0.8700 9.3 29 53789 38656 38306 67033 33465 21334 28453 44620 53274 43584 40611 42116 8840 23673 12599 1.07 1.03 -1.04

1379 0.8702 5.2 46 15774 13859 13871 10631 14321 15700 15631 10704 16153 14501 13551 14163 1102 2621 3007 1.07 1.02 -1.05

4328 0.8715 5.9 127 4691 8856 9386 4760 7286 8200 8840 5743 5174 7645 6748 6586 2571 1782 1973 1.13 1.16 1.02

623 0.8737 6.0 90 432 392 305 211 310 471 622 225 269 376 331 372 65 131 218 1.14 1.01 -1.13

4245 0.8774 9.2 35 53593 19748 22197 55839 35195 21556 19531 35877 40541 31846 37530 31983 18873 17260 11033 -1.18 -1.00 1.17

3555 0.8783 9.5 14 33404 16023 28853 46873 21623 11443 9799 22882 33000 26093 26647 21894 9013 18242 11632 -1.02 1.19 1.22

1373 0.8848 9.1 46 14120 7431 13880 18038 11308 8374 8940 15461 16333 11810 12573 13578 3794 4955 4040 -1.06 -1.15 -1.08

2192 0.8876 4.9 27 2356 1720 2443 2098 2266 1854 1889 2090 2729 2173 2073 2236 395 207 439 1.05 -1.03 -1.08

1220 0.8912 5.0 52 2050 1584 2092 1775 2932 1658 1855 1767 2665 1909 2122 2096 282 704 495 -1.11 -1.10 1.01

676 0.8924 5.2 83 1349 1358 1584 1582 1376 1740 2176 945 1424 1431 1566 1515 133 183 621 -1.09 -1.06 1.03

1174 0.8928 5.8 55 8092 8481 8641 6803 8505 8843 8820 6760 9098 8405 8050 8226 282 1093 1277 1.04 1.02 -1.02

1542 0.8933 4.8 40 2646 1745 2434 2381 2306 1677 1911 2226 2620 2275 2121 2253 471 386 355 1.07 1.01 -1.06

1112 0.8973 5.0 57 1107 859 1223 964 1062 1192 1194 874 987 1063 1073 1018 186 114 162 -1.01 1.04 1.05

2051 0.8982 7.5 29 2101 2684 2503 1844 3196 1939 2132 2614 2098 2429 2326 2282 298 755 289 1.04 1.06 1.02

3593 0.8987 4.7 13 50222 43781 72368 49974 67504 56353 53973 48113 60577 55457 57944 54221 14995 8873 6236 -1.04 1.02 1.07

3165 0.9013 7.0 16 1300 937 1201 1139 716 1397 999 1068 1310 1146 1084 1125 188 344 163 1.06 1.02 -1.04

3792 0.9017 7.0 117 4940 3948 4399 4128 4598 5537 5763 2960 4869 4429 4754 4531 497 717 1431 -1.07 -1.02 1.05

2480 0.9087 9.1 22 3490 2316 3041 4392 3389 2042 2264 3922 3863 2949 3275 3350 592 1179 941 -1.11 -1.14 -1.02

1006 0.9102 4.2 63 1046 1543 796 1111 980 986 732 1201 1125 1128 1026 1019 380 74 252 1.10 1.11 1.01

898 0.9213 6.0 68 948 749 631 970 585 1056 1218 710 631 776 871 853 160 251 319 -1.12 -1.10 1.02

4356 0.9220 7.9 121 1491 1826 920 2727 1118 774 1956 1579 1158 1412 1540 1564 458 1042 399 -1.09 -1.11 -1.02

1526 0.9228 6.8 41 1907 1917 1803 1757 2027 2014 2673 1530 1906 1875 1932 2036 63 152 583 -1.03 -1.09 -1.05

1562 0.9240 7.3 39 8729 9049 6431 7677 7647 9778 7310 9257 7369 8070 8367 7979 1428 1222 1108 -1.04 1.01 1.05

2299 0.9245 4.9 25 992 838 1049 770 1007 1033 875 834 1314 960 937 1008 109 145 266 1.02 -1.05 -1.08

2855 0.9246 9.5 18 6143 11603 10509 23645 5787 4721 3978 16949 19058 9418 11384 13328 2889 10631 8166 -1.21 -1.42 -1.17

1110 0.9253 4.3 57 796 714 729 783 719 750 648 835 836 746 751 773 44 32 108 -1.01 -1.04 -1.03

672 0.9284 5.2 84 1297 665 851 769 1059 838 1215 464 940 938 889 873 325 151 380 1.06 1.07 1.02

1427 0.9316 5.3 45 7346 6550 8116 6752 7651 8092 7919 6722 7235 7337 7498 7292 783 683 601 -1.02 1.01 1.03

2417 0.9326 4.4 23 3841 3546 2488 3929 3692 2714 2752 2800 4196 3292 3445 3249 711 644 820 -1.05 1.01 1.06

2095 0.9369 8.6 28 15268 8354 4181 11259 9237 7261 6852 11371 9189 9268 9252 9137 5600 1999 2260 1.00 1.01 1.01

2383 0.9386 5.8 23 5714 3825 3471 3010 4627 4653 4961 3655 4299 4337 4097 4305 1206 941 653 1.06 1.01 -1.05

1623 0.9420 6.4 37 748 723 918 636 694 1150 848 902 762 796 827 837 106 282 71 -1.04 -1.05 -1.01

874 0.9463 7.5 69 1394 1449 745 775 1096 1315 1483 1477 644 1196 1062 1201 391 271 483 1.13 -1.00 -1.13

3794 0.9490 9.4 39 58148 42759 46595 80922 62982 17604 31365 52368 47393 49167 53836 43709 8011 32635 10975 -1.09 1.12 1.23

1642 0.9510 5.7 37 776 1045 682 808 773 894 814 895 837 835 825 848 188 62 42 1.01 -1.02 -1.03

4198 0.9566 9.4 34 100200 71635 113536 168611 197320 40338 42722 148529 167142 95124 135423 119464 21407 83588 67109 -1.42 -1.26 1.13

1102 0.9585 5.4 58 6659 5619 5992 5637 6532 7108 7988 3281 8056 6090 6426 6442 527 741 2737 -1.06 -1.06 -1.00

3325 0.9585 5.3 16 6602 5881 3940 4347 5709 5315 3858 6634 6005 5474 5124 5499 1377 701 1455 1.07 -1.00 -1.07

3410 0.9606 5.2 15 974 1108 1020 1015 1224 854 882 1040 1097 1034 1031 1007 68 185 111 1.00 1.03 1.02

3548 0.9631 6.8 14 1153 1362 825 695 1461 1230 1442 999 1045 1113 1129 1162 271 393 243 -1.01 -1.04 -1.03

1109 0.9682 6.6 57 1749 1130 1477 1538 1235 1696 1584 1269 1477 1452 1490 1443 310 234 160 -1.03 1.01 1.03

2018 0.9757 7.9 30 2759 5414 3274 3673 4156 2967 2958 5003 3552 3816 3599 3837 1408 598 1052 1.06 -1.01 -1.07

3743 0.9773 6.9 18 2580 1877 2360 2104 1890 3242 1530 3894 2272 2272 2412 2565 359 727 1209 -1.06 -1.13 -1.06

3796 0.9786 8.6 27 12951 8828 6246 11922 7477 9182 9696 12348 6811 9342 9527 9618 3382 2242 2769 -1.02 -1.03 -1.01

4408 0.9803 9.3 30 13630 13573 12715 22782 23374 5442 14039 13698 14941 13306 17199 14226 513 10186 642 -1.29 -1.07 1.21

3455 0.9807 4.9 15 9031 10353 14948 8297 16906 10857 10229 8792 14668 11444 12020 11230 3105 4421 3063 -1.05 1.02 1.07

834 0.9811 7.8 71 13259 10653 9870 12040 8032 13576 12062 10832 10957 11260 11216 11283 1774 2862 677 1.00 -1.00 -1.01

869 0.9818 6.4 69 1376 1243 1684 1375 1414 1414 1678 1388 1161 1434 1401 1409 226 22 259 1.02 1.02 -1.01

1291 0.9841 7.6 49 1898 1568 1635 1625 1656 1827 1449 1760 1848 1700 1703 1686 174 109 210 -1.00 1.01 1.01

3751 0.9843 9.4 48 71610 26958 46118 74104 49577 29143 30478 51347 66350 48229 50941 49392 22400 22511 18016 -1.06 -1.02 1.03

4032 0.9853 7.7 33 98246 91102 81804 83227 101162 80800 67576 113678 92566 90384 88396 91273 8245 11122 23078 1.02 -1.01 -1.03

1114 0.9854 5.6 57 1932 1698 2134 1662 1696 2327 1762 1710 2258 1921 1895 1910 218 374 302 1.01 1.01 -1.01

1538 0.9903 6.4 40 1332 1254 1762 1252 1186 1915 1554 1345 1452 1449 1451 1450 274 403 104 -1.00 -1.00 1.00

3594 0.9914 7.0 13 6928 10365 5236 5714 8763 7856 7476 8275 6574 7510 7444 7442 2613 1566 851 1.01 1.01 1.00

1512 0.9948 5.6 41 4441 4729 5473 4664 4560 5431 5085 4019 5489 4881 4885 4864 533 475 759 -1.00 1.00 1.00
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ʊʘʙʣʠʮʷ ɻ.2  ɯʜʝʥʪʠʬʽʢʦʚʘʥʽ ʙʽʣʢʠ ʟ ʩʦʨʪʽʚ T. aestivum, ʚʠʷʚʣʝʥʽ 2DE-LC/MS 

ʇʣʷ

ʤʘ # 

UniProt 

accession 
ʅʘʟʚʘ ʧʨʦʪʝʾʥʫ (ʛʝʥʝʪʠʯʥʠʡ ʣʦʢʫʩ) ʌʫʥʢʮʽʷ 

ɸʣʝʨʛʝ

ʥ/ʊʦʢʩ

ʠʥ 

ɻʨʫʧʘ 

ʇʘʥʥʘ

/ 

ʉʦʪʥʠ

ʮ ̫

ʇʘʥʥʘ/ 

ʋʢʨʘʾʥʢ

ʘ 

ʉʦʪʥʠʮ

ʷ / 

ʋʢʨʘʾʥʢ

ʘ 

4126 B2Y2Q6 LMW-B2 ʛʣʶʪʝʥʽʥ (Glu-B3-2) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʶʪʝʥʽʥ 1.07 2.51 2.34 

1066 P08488 HMW-12 ʛʣʶʪʝʥʽʥ (HMW-GS DY) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʶʪʝʥʽʥ 2.12 1.19 2.53 

4114 P08488 HMW-12 ʛʣʶʪʝʥʽʥ (HMW-GS DY) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʶʪʝʥʽʥ 2.37 2.82 1.19 

390 P08489 HMW-PW212 ʛʣʶʪʝʥʽʥ ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʶʪʝʥʽʥ 11.01 1.08 11.84 

4045 P10388 HMW-DX5 ʛʣʶʪʝʥʽʥ (Glu-1D-1D) 
ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, 

ʟʚôʷʟʫʚʘʥʥʷ ʢʨʦʭʤʘʣʶ 
ã ɻʣʶʪʝʥʽʥ 2.65 1.09 2.43 

4332 P10388 HMW-DX5 ʛʣʶʪʝʥʽʥ (Glu-1D-1D) 
ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, 

ʟʚôʷʟʫʚʘʥʥʷ ʢʨʦʭʤʘʣʶ 
ã ɻʣʶʪʝʥʽʥ 3.00 1.34 2.24 

4345 P10388 HMW-DX5 ʛʣʶʪʝʥʽʥ (Glu-1D-1D) 
ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, 

ʟʚôʷʟʫʚʘʥʥʷ ʢʨʦʭʤʘʣʶ 
ã ɻʣʶʪʝʥʽʥ 2.47 1.18 2.91 

4351 P10388 HMW-DX5 ʛʣʶʪʝʥʽʥ (Glu-1D-1D) 
ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, 

ʟʚôʷʟʫʚʘʥʥʷ ʢʨʦʭʤʘʣʶ 
ã ɻʣʶʪʝʥʽʥ 4.14 1.09 3.79 

1896 A1EHE7 ɔ-ʛʣʽʘʜʠʥ D3 (Gli1) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 1.32 2.61 3.45 

1961 A1EHE7 ɔ-ʛʣʽʘʜʠʥ D3 (Gli1) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 1.36 3.97 2.92 

3866 I0IT62 Ŭ/ɓ-ʛʣʽʘʜʠʥ ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 1.40 3.72 5.20 

1649 M9TG60 ɔ-ʛʣʽʘʜʠʥ A1 (Gli1) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 1.24 4.40 5.47 

1656 M9TG60 ɔ-ʛʣʽʘʜʠʥ A1 (Gli1) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 1.37 4.09 5.59 

4220 M9TG60 ɔ-ʛʣʽʘʜʠʥ A1 (Gli1) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 1.04 3.67 3.53 

1669 P04722 Ŭ/ɓ-ʛʣʽʘʜʠʥ AII ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 1.32 2.57 3.37 
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4403 P04722 Ŭ/ɓ-ʛʣʽʘʜʠʥ AII ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 1.03 2.49 2.57 

1803 P21292 ɔ-ʛʣʽʘʜʠʥ ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 5.59 4.47 1.25 

4179 P21292 ɔ-ʛʣʽʘʜʠʥ ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 3.09 2.78 1.11 

2078 Q94G92 ɔ-ʛʣʽʘʜʠʥ D4 (Gli1) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 2.60 1.35 3.50 

2161 Q94G92 ɔ-ʛʣʽʘʜʠʥ D4 (Gli1) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ã ɻʣʽʘʜʠʥ 3.40 1.11 3.78 

4491 A0A1D5T3T7 
ʇʦʜʽʙʥʠʡ ʜʦ ŭ-ʛʣʽʘʜʠʥʫ D1, 

ʚʠʜʘʣʝʥʠʡ 
ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ  ɻʣʽʘʜʠʥ 1.18 4.30 5.08 

2645 A0A3B5YPZ7 ʇʦʜʽʙʥʠʡ ʜʦ ʘʚʝʥʽʥ ʧʦʜʽʙʥʦʛʦ ʙʽʣʢʫ ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ  ɻʣʽʘʜʠʥ 4.00 1.04 3.86 

2689 A0A3B5YPZ7 ʇʦʜʽʙʥʠʡ ʜʦ ʘʚʝʥʽʥ ʧʦʜʽʙʥʦʛʦ ʙʽʣʢʫ ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ  ɻʣʽʘʜʠʥ 6.03 1.14 6.86 

4169 A0A3B5YPZ7 ʇʦʜʽʙʥʠʡ ʜʦ ʘʚʝʥʽʥ ʧʦʜʽʙʥʦʛʦ ʙʽʣʢʫ ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ  ɻʣʽʘʜʠʥ 3.16 1.07 3.37 

4481 A0A3B5YPZ7 ʇʦʜʽʙʥʠʡ ʜʦ ʘʚʝʥʽʥ ʧʦʜʽʙʥʦʛʦ ʙʽʣʢʫ ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ  ɻʣʽʘʜʠʥ 3.90 1.03 4.03 

4482 A0A3B5YPZ7 ʇʦʜʽʙʥʠʡ ʜʦ ʘʚʝʥʽʥ ʧʦʜʽʙʥʦʛʦ ʙʽʣʢʫ ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ  ɻʣʽʘʜʠʥ 4.33 1.10 4.77 

1581 Q41593 ʉʝʨʧʽʥ-Z1A (WZCI) ɯʥʛʽʙʽʪʦʨ ʩʝʨʠʥʦʚʦʾ ʧʨʦʪʝʘʟʠ ã ʄʝʪʘʙʦʣʽʯʥʠʡ 1.88 1.57 2.95 

3607 Q43691 Trypsin/Ŭ-amylase inhibitor CMX2 ɯʥʛʽʙʽʪʦʨ ʩʝʨʠʥʦʚʦʾ ʧʨʦʪʝʘʟʠ ã ʄʝʪʘʙʦʣʽʯʥʠʡ 2.63 2.70 1.03 

4404 A0A1D5US94 ʄʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ 
ɹʽʣʢʦʚʦ-ʜʠʤʝʨʝʟʘʮʽʡʥʘ 

ʘʢʪʠʚʥʽʩʪʴ 
 

ʄʝʪʘʙʦʣʽʯʥʠʡ 
1.87 1.61 3.00 

1084 A0A1D5YFA7 ʇʦʜʽʙʥʠʡ ʜʦ ɓ-ʘʤʽʣʘʟʠ, ʚʠʜʘʣʝʥʠʡ 
ɻʽʜʨʦʣʽʟ (1->4)-Ŭ-D-ʛʣʽʢʦʟʠʜʥʠʭ 

ʟʚôʷʟʢʽʚ ʧʦʣʽʩʘʭʘʨʠʜʽʚ 
 

ʄʝʪʘʙʦʣʽʯʥʠʡ 
2.55 1.82 4.64 

2386 A0A1D5ZTV0 
ʇʦʜʽʙʥʠʡ ʜʦ ʩʝʨʧʽʥʫ-N3.2, 

ʚʠʜʘʣʝʥʠʡ 
ɯʥʛʽʙʽʪʦʨ ʩʝʨʠʥʦʚʦʾ ʧʨʦʪʝʘʟʠ  

ʄʝʪʘʙʦʣʽʯʥʠʡ 
2.38 1.24 2.94 

1025 A0A1D6A827 ɼʝʛʽʜʨʠʥ, ʚʠʜʘʣʝʥʠʡ ʉʪʨʝʩʦʚʘ ʚʽʜʧʦʚʽʜʴ  ʄʝʪʘʙʦʣʽʯʥʠʡ 1.21 7.08 5.86 

969 A0A1D6D1Q3 
ʉʫʙʦʜʠʥʠʮʷ ɓ ʧʽʨʦʬʦʩʬʘʪ-ʬʨʫʢʪʦʟʦ-

6-ʬʦʩʬʘʪ 1- (PFP-ɓ) 
ɻʣʽʢʦʣʽʟ  

ʄʝʪʘʙʦʣʽʯʥʠʡ 
2.32 1.33 3.10 
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2335 A0A1D6RH21 
ʇʦʜʽʙʥʠʡ ʜʦ  ʜʝʛʽʜʨʦʘʩʢʦʨʙʘʪ 

ʨʝʜʫʢʪʘʟʠ (DHAR), ʚʠʜʘʣʝʥʠʡ 
ɼʦʤʝʥ ʛʣʫʪʘʪʽʦʥ S-ʪʨʘʥʩʬʝʨʘʟʠ  

ʄʝʪʘʙʦʣʽʯʥʠʡ 
5.31 1.14 4.65 

1169 A0A1D6S518 
UTPïʛʣʶʢʦʟʦ-1-ʬʦʩʬʘʪ ʫʨʠʜʠʣ 

ʪʨʘʥʩʬʝʨʘʟʘ  
ɹʽʦʩʠʥʪʝʟ ʩʘʭʘʨʠʜʽʚ  

ʄʝʪʘʙʦʣʽʯʥʠʡ 
1.72 2.94 1.71 

2719 A0A3B5XV32 ɼʦʤʝʥ ʙʽʣʢʫ ʢʫʧʽʥʫ ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ  ʄʝʪʘʙʦʣʽʯʥʠʡ 2.60 1.51 3.94 

4272 A0A3B6ILV9 ʇʦʜʽʙʥʠʡ ʜʦ ʛʣʦʙʫʣʽʥʫ 3 ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ  ʄʝʪʘʙʦʣʽʯʥʠʡ 2.10 2.73 1.30 

3358 A0A3B6IN56 ʇʦʜʽʙʥʠʡ ʜʦ ʘʣʘʥʽʥ-ʪʈʅʂ ʣʽʛʘʟʠ ʉʠʥʪʝʟ ʙʽʣʢʽʚ  ʄʝʪʘʙʦʣʽʯʥʠʡ 2.93 1.22 2.41 

1082 A0A3B6KSH4 ʇʦʜʽʙʥʠʡ ʜʦ ɓ-ʘʤʽʣʘʟʠ 
ɻʽʜʨʦʣʽʟ (1->4)-Ŭ-D-ʛʣʽʢʦʟʠʜʥʠʭ 

ʟʚôʷʟʢʽʚ ʧʦʣʽʩʘʭʘʨʠʜʽʚ 
 

ʄʝʪʘʙʦʣʽʯʥʠʡ 
2.60 1.10 2.36 

4055 A0A3B6MYZ0 ʇʦʜʽʙʥʠʡ ʜʦ  S ʘʣʝʣʶ ʛʣʦʙʫʣʽʥʫ-1  ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ  ʄʝʪʘʙʦʣʽʯʥʠʡ 4.81 1.19 5.73 

1051 I6QQ39 ɻʣʦʙʫʣʽʥ-3A (Glo-3A) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ  ʄʝʪʘʙʦʣʽʯʥʠʡ 2.66 1.35 1.97 

4155 I6QQ39 ɻʣʦʙʫʣʽʥ-3A (Glo-3A) ɿʘʧʘʩʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ  ʄʝʪʘʙʦʣʽʯʥʠʡ 3.09 2.27 1.37 

1315 A0A1D5VMG1 
ʅʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʙʽʣʦʢ, 

ʚʠʜʘʣʝʥʠʡ 
ï  

ʄʝʪʘʙʦʣʽʯʥʠʡ 
3.19 1.03 3.11 

950 A0A3B5Z536 ʅʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʙʽʣʦʢ ï  ʄʝʪʘʙʦʣʽʯʥʠʡ 5.44 1.58 3.44 

1289 A0A3B6G0N3 ʅʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʙʽʣʦʢ ï  ʄʝʪʘʙʦʣʽʯʥʠʡ 2.63 1.28 2.06 

4162 A0A3B6JER7 ʅʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʙʽʣʦʢ ï  ʄʝʪʘʙʦʣʽʯʥʠʡ 4.48 5.18 1.16 

4171 A0A3B6JER7 ʅʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʙʽʣʦʢ ï  ʄʝʪʘʙʦʣʽʯʥʠʡ 3.51 3.74 1.06 

4489 A0A3B6LGL1 ʅʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʙʽʣʦʢ ï  ʄʝʪʘʙʦʣʽʯʥʠʡ 5.72 5.05 1.13 

4008 A0A3B6PFQ8 ʅʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʙʽʣʦʢ ï  ʄʝʪʘʙʦʣʽʯʥʠʡ 4.11 4.38 1.06 

ɺʠʜʽʣʝʥʽ ʞʠʨʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʦʨʽʚʥʷʥʥʽ. ʇʦʟʠʪʠʚʥʝ 

ʟʥʘʯʝʥʥʷ ʧʨʦʧʦʨʮʽʾ ï ʙʽʣʦʢ ʻ ʙʽʣʴʰ ʝʢʩʧʨʝʩʦʚʘʥʠʤ, ʥʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ï ʙʽʣʦʢ ʻ ʤʝʥʰ ʝʢʩʧʨʝʩʦʚʘʥʠʤ. 
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ʊʘʙʣʠʮʷ ɻ.3 ï ʉʧʠʩʦʢ ʚʩʽʭ 127 ʥʘʜʽʡʥʠʭ ʽʜʝʥʪʠʬʽʢʘʮʽʡ ʧʨʦʪʝʾʥʽʚ ʤʝʪʦʜʦʤ GF-LC/MS 

 

R1 R2 R3 R1 R2 R3 R1 R2 R3 Panna SotnytsiaUkrainkaPanna SotnytsiaUkrainka

Q6SPZ3 76 28 798.47 0.0000 Low molecular weight glutenin OS=Triticum aestivum OX=4565 GN=Glu-A3 PE=4 SV=1297699 286599 335946 60412 41393 42174 351348 408258 391496 306748 47993 383701 25888 10762 29245 6.39 -1.25 -7.99 0.0010 0.2001 0.0010

A0A1D6CGQ8 2 2 17.65 0.0000 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=114637 18409 18680 91596 93828 67101 17832 14990 15266 17242 84175 16029 2260 14829 1567 -4.88 1.08 5.25 0.0010 0.8162 0.0010

Q00M56 74 16 860.39 0.0000 LMW-GS P-31 OS=Triticum aestivum OX=4565 GN=GluD3-3 PE=2 SV=1130247 157276 173549 68160 66639 65073 196544 230220 213986 153690 66624 213583 21872 1544 16842 2.31 -1.39 -3.21 0.0010 0.0130 0.0010

D2DII3 49 12 465.01 0.0000 Glutenin low molecular weight subunit OS=Triticum aestivum OX=4565 PE=3 SV=1175932 222303 238182 60083 39764 40950 257987 302505 267267 212139 46932 275920 32346 11404 23486 4.52 -1.30 -5.88 0.0010 0.2043 0.0010

A0A1D5S346 49 21 576.20 0.0000 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1387114 448634 448717 320817 287661 259995 723846 845764 757770 428155 289491 775793 35543 30452 62925 1.48 -1.81 -2.68 0.0044 0.0010 0.0010

B2Y2Q1 73 9 836.98 0.0000 Low molecular weight glutenin subunit OS=Triticum aestivum OX=4565 GN=GluB3-1 PE=4 SV=1279345 292912 268709 112343 84000 78571 248095 277596 261033 280322 91638 262241 12131 18136 14788 3.06 1.07 -2.86 0.0010 0.7585 0.0010

B2Y2Q6;A0A1D6AR5988 26 983.99 0.0002 Low molecular weight glutenin subunit OS=Triticum aestivum OX=4565 GN=GluB3-2 PE=4 SV=1194153320070462104493318682 102216 128858 1746095205384018315752017690183252 187717082000 118040 158858 11.01 1.07 -10.24 0.0010 0.9000 0.0010

A0A1D5YUG2;W5FM07;W5FNH7;W5FP482 2 23.54 0.0002 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=133306 39225 41305 70846 55974 75372 26685 24914 27437 37945 67397 26345 4150 10149 1295 -1.78 1.44 2.56 0.0022 0.0198 0.0010

P10386 73 18 782.00 0.0002 Glutenin low molecular weight subunit 1D1 OS=Triticum aestivum OX=4565 PE=2 SV=1403608 461204 585876 308831 371398 318635 862466 993803 925478 483563 332955 927249 93169 33652 65686 1.45 -1.92 -2.78 0.0316 0.0019 0.0010

A0A1D5S0Z9;A0A1D5S0Z838 6 409.58 0.0011 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1141483 198678 159583 75118 51455 45353 120675 121039 105103 166581 57309 115605 29233 15722 9097 2.91 1.44 -2.02 0.0010 0.1250 0.0076

A0A1D5Y5R1 22 2 254.62 0.0027 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=164988 41303 37679 155623 98321 140857 140053 109168 120785 47990 131600 123336 14832 29751 15599 -2.74 -2.57 1.07 0.0039 0.0051 0.9000

P0CZ10 15 2 134.40 0.0048 Avenin-like a6 OS=Triticum aestivum OX=4565 PE=3 SV=11846 829 1367 4267 5377 2717 4896 4025 4744 1347 4120 4555 509 1336 465 -3.06 -3.38 -1.11 0.0106 0.0062 0.8504

A0A0E3Z7G8 40 2 464.90 0.0085 Alpha-gliadin (Fragment) OS=Triticum aestivum OX=4565 PE=4 SV=11486 1802 3760 3151 1505 2932 7055 9827 8322 2350 2529 8402 1232 894 1388 -1.08 -3.58 -3.32 0.9000 0.0114 0.0166

A0A1D6A9A5;A0A1D6A9A6;A0A1D6B9U6;Q41579;W5GW81;A0A1D6AQH6;W5GYW66 6 63.40 0.0000 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=3 SV=173492 72670 70046 51562 53887 54066 74213 75145 73854 72069 53172 74404 1800 1397 666 1.36 -1.03 -1.40

M9TG60 42 8 515.34 0.0000 Gamma-gliadin 1 OS=Triticum aestivum OX=4565 PE=2 SV=1321848 319592 316466 192053 218211 181898 362684 384709 366639 319302 197387 371344 2703 18735 11742 1.62 -1.16 -1.88

Q2A783;B8YG97 18 5 194.79 0.0000 Avenin-like b1 OS=Triticum aestivum OX=4565 GN=AVNLB PE=1 SV=137799 38022 40061 36651 35173 38286 21841 22839 24844 38628 36703 23175 1247 1557 1529 1.05 1.67 1.58

A0A1D5UZW7;A0A1D5V1Q2;A0A1D5TNM9;A0A1D5TPP3;A0A1D5TPP4;A0A1D5UZW8;A0A1D5UZX0;A0A1D5TNM814 2 143.19 0.0001 Elongation factor 1-alpha OS=Triticum aestivum OX=4565 PE=3 SV=142807 38736 38198 96574 72701 84174 36042 33561 36515 39913 84483 35372 2520 11939 1587 -2.12 1.13 2.39

P08489 65 18 670.96 0.0002 Glutenin high molecular weight subunit PW212 OS=Triticum aestivum OX=4565 PE=3 SV=1127743 152585 150773 208047 210728 185221 111323 107863 114883 143700 201332 111356 13849 14017 3510 -1.40 1.29 1.81

P02863 52 4 597.62 0.0003 Alpha/beta-gliadin OS=Triticum aestivum OX=4565 PE=2 SV=2111308 104046 117646 131015 146929 151616 177237 194221 174230 111000 143186 181896 6806 10798 10779 -1.29 -1.64 -1.27

P04727 31 8 363.98 0.0008 Alpha/beta-gliadin clone PW8142 OS=Triticum aestivum OX=4565 PE=3 SV=149155 55528 59246 102686 100745 72111 120021 125560 117622 54643 91847 121068 5104 17120 4071 -1.68 -2.22 -1.32

A0A1D6D575;P8320715 15 176.63 0.0008 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1508145 539134 569233 398062 419211 374794 527585 488097 523695 538837 397355 513126 30545 22217 21763 1.36 1.05 -1.29

P01083;A0A1D6BDS6;A0A1D6BDS78 8 95.18 0.0008 Alpha-amylase inhibitor 0.28 OS=Triticum aestivum OX=4565 GN=IMA1 PE=1 SV=3362308 409045 397576 598417 637710 522066 397384 345454 359302 389643 586064 367380 24357 58803 26891 -1.50 1.06 1.60

I0IT62 13 5 144.83 0.0020 Alpha/beta-gliadin OS=Triticum aestivum OX=4565 PE=4 SV=19126 10418 11913 10578 12493 9107 18418 17550 19362 10486 10726 18443 1395 1698 906 -1.02 -1.76 -1.72

P04724 44 11 499.39 0.0021 Alpha/beta-gliadin A-IV OS=Triticum aestivum OX=4565 PE=2 SV=1132700 149625 176091 158737 193045 182543 261926 246258 258645 152805 178108 255610 21870 17579 8263 -1.17 -1.67 -1.44

P18573 53 21 588.66 0.0022 Alpha/beta-gliadin MM1 OS=Triticum aestivum OX=4565 PE=1 SV=1363703 428216 528675 274838 346547 351672 612622 761290 716626 440198 324352 696846 83136 42957 76282 1.36 -1.58 -2.15

W5ECA4;A0A1D5XS07;A0A1D5XS0834 7 397.55 0.0024 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1108175 83299 69769 219213 159133 193950 206345 161646 172889 87081 190765 180293 19480 30166 23251 -2.19 -2.07 1.06

A0A1D5XXC7;A0A1D5XXC9;W5EKI0;A0A1D5XXC8;A0A1D5RW46;A0A1D5S9R7;A0A1D5T0S0;A0A1D5XHR6;A0A1D5XWT3;A0A1D5YMH359 13 647.01 0.0035 Beta-amylase OS=Triticum aestivum OX=4565 PE=3 SV=1201278 182407 188323 154569 149546 169410 158198 153371 153608 190669 157842 155059 9652 10329 2721 1.21 1.23 1.02

A0A1D5XS09;A0A1D5XS1028 2 361.67 0.0037 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=139000 29459 24504 71211 54324 67149 68585 52532 59611 30988 64228 60243 7368 8814 8045 -2.07 -1.94 1.07

I0IT51 9 1 115.64 0.0052 Alpha/beta-gliadin OS=Triticum aestivum OX=4565 PE=4 SV=1127856 127193 140807 162564 192562 138370 209278 222536 198083 131952 164498 209966 7675 27147 12241 -1.25 -1.59 -1.28

J7HT09 40 8 435.35 0.0061 Alpha-gliadin OS=Triticum aestivum OX=4565 GN=Gli-CS-1 PE=4 SV=1462620 454281 572334 541239 625525 725507 784814 782687 844590 496411 630757 804030 65883 92245 35142 -1.27 -1.62 -1.27

P10846 7 2 91.16 0.0068 Alpha-amylase inhibitor WDAI-3 (Fragment) OS=Triticum aestivum OX=4565 GN=IHA-B1-2 PE=1 SV=110157 9437 5865 17466 23452 15676 16916 16631 15607 8486 18865 16385 2299 4072 688 -2.22 -1.93 1.15

A0A1D6DLZ4 3 1 25.21 0.0069 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=3 SV=154387 53994 58074 33776 33416 44347 46014 51381 47868 55485 37180 48421 2251 6210 2726 1.49 1.15 -1.30

P04726 26 7 285.39 0.0088 Alpha/beta-gliadin clone PW1215 OS=Triticum aestivum OX=4565 PE=3 SV=168719 67041 74891 63672 63935 50938 80792 89519 81324 70217 59515 83878 4134 7429 4892 1.18 -1.19 -1.41

A1EHE7 44 8 509.18 0.0124 Gamma-gliadin OS=Triticum aestivum OX=4565 PE=2 SV=1385987 444992 437858 425397 512830 407053 553111 655029 568675 422946 448427 592272 32205 56524 54904 -1.06 -1.40 -1.32

P21292;M9TE79 51 38 577.20 0.0168 Gamma-gliadin OS=Triticum aestivum OX=4565 PE=3 SV=1571520 625197 654451 823984 878985 752641 616457 749785 704932 617056 818537 690391 42061 63348 67843 -1.33 -1.12 1.19

B2BZD1 55 26 538.45 0.0173 LMW-GS OS=Triticum aestivum OX=4565 GN=Glu-D3 PE=4 SV=1458308 529901 600226 391332 406926 323865 483320 593346 531148 529479 374041 535938 70960 44148 55169 1.42 -1.01 -1.43

A0A1D5YG88 4 4 28.69 0.0190 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=136690 32951 31125 57107 41571 45913 35310 27565 34252 33589 48197 32376 2837 8016 4200 -1.43 1.04 1.49

M9TK56 47 29 555.91 0.0206 Gamma-gliadin 5 OS=Triticum aestivum OX=4565 PE=2 SV=1573727 563243 752420 879127 1157844837835 854965 939885 914744 629797 958269 903198 106324 174066 43622 -1.52 -1.43 1.06

B6UKP0;A0A1D5VRK6;A0A1D6C7C968 27 815.38 0.0243 Gamma-gliadin OS=Triticum aestivum OX=4565 GN=ll927 PE=2 SV=1514567 587350 597527 750739 861264 672676 660365 777767 697536 566482 761560 711890 45246 94758 60003 -1.34 -1.26 1.07

A0A1D5RVA3;P015432 2 17.35 0.0249 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=117001 22160 22761 24724 25414 26419 28966 26282 27514 20641 25519 27587 3167 853 1343 -1.24 -1.34 -1.08

A0A1D6D530;Q8LK23;A0A1D6D528;A0A1D5X0A7;A0A1D6D0Y7;A0A1D6D697;A0A1D6BY6211 11 119.85 0.0266 Peroxidase OS=Triticum aestivum OX=4565 PE=3 SV=1198492 164623 153826 241136 223523 228388 233850 191727 202744 172314 231016 209441 23305 9096 21845 -1.34 -1.22 1.10

P0CZ08;P0CZ11 12 1 134.80 0.0269 Avenin-like a3 OS=Triticum aestivum OX=4565 PE=2 SV=15941 3918 4438 13471 21110 7224 9752 9397 12298 4765 13935 10482 1051 6954 1582 -2.92 -2.20 1.33

A0A1D6DLY4 41 7 480.98 0.0284 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1276589 299957 324412 195373 281371 234748 314491 376460 336366 300319 237164 342439 23914 43050 31428 1.27 -1.14 -1.44

A0A1D5RP45;A0A1D5SCJ1;A0A1D5SV97;A0A1D5VZ33;A0A1D5VZ35;A0A1D5VZ34;A0A1D5VZ366 6 47.65 0.0304 ATP synthase subunit beta OS=Triticum aestivum OX=4565 PE=3 SV=178941 79524 85532 37852 36712 67789 67305 73002 69169 81332 47451 69825 3649 17623 2905 1.71 1.16 -1.47

P10387 55 23 532.67 0.0322 Glutenin high molecular weight subunit DY10 OS=Triticum aestivum OX=4565 GN=GLU-D1-2B PE=3 SV=1668714 682113 687827 681183 720471 600919 529880 613118 553955 679551 667524 565651 9811 60935 42834 1.02 1.20 1.18

P08488;A0A1D5SVW448 17 494.07 0.0322 Glutenin high molecular weight subunit 12 OS=Triticum aestivum OX=4565 PE=3 SV=1362387 369648 372745 369144 390435 325648 287151 332259 300198 368260 361742 306536 5316 33022 23212 1.02 1.20 1.18

A0A1D5YGW1;A0A1D5ZYI0;A0A1D5Z5003 3 29.98 0.0331 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=119015 16775 17336 20681 22154 27738 22502 20913 21520 17709 23524 21645 1166 3723 802 -1.33 -1.22 1.09

A0A1D5XAR1;A0A1D5XAR2;A0A1D5XAR37 2 60.66 0.0367 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=122463 14907 14884 26536 25243 29927 22991 18290 22714 17418 27236 21331 4369 2419 2638 -1.56 -1.22 1.28

A0A1D6DLI7 34 12 329.26 0.0376 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1346648 374863 456750 363989 559471 469176 661949 547590 618454 392754 464212 609331 57190 97836 57723 -1.18 -1.55 -1.31

A0A1D5SCN9;A0A1D5SCP0;P12299;W4ZRH9;A0A1D5SCN8;P12300;A0A1D5SCN78 8 68.91 0.0389 Glucose-1-phosphate adenylyltransferase OS=Triticum aestivum OX=4565 PE=3 SV=160081 62212 73010 62370 47267 49275 50187 47502 48407 65101 52971 48698 6932 8201 1366 1.23 1.34 1.09

P04721 31 1 337.64 0.0397 Alpha/beta-gliadin A-I OS=Triticum aestivum OX=4565 PE=2 SV=113935 12519 16165 5537 11033 7474 12574 15667 25872 14206 8015 18037 1838 2788 6959 1.77 -1.27 -2.25

B2Y2S6 56 19 624.59 0.0408 Low molecular weight glutenin subunit OS=Triticum aestivum OX=4565 GN=GluB3-4 PE=4 SV=1142615 164609 182441 186753 224526 172723 209066 225187 221259 163222 194668 218504 19950 26793 8406 -1.19 -1.34 -1.12

A0A1D6DC72 8 8 104.27 0.0419 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1104716 156953 170093 120596 135576 103347 90505 91355 83955 143921 119840 88605 34582 16128 4050 1.20 1.62 1.35

A0A0K2QJY6 15 4 160.73 0.0424 Alpha/beta-gliadin OS=Triticum aestivum OX=4565 PE=4 SV=1135130 154178 158216 143723 152513 121980 171781 192664 168781 149175 139406 177742 12330 15718 13010 1.07 -1.19 -1.27

P06659 40 15 471.72 0.0464 Gamma-gliadin B OS=Triticum aestivum OX=4565 PE=3 SV=1237142 220567 264630 273342 393219 315112 244296 262831 245992 240780 327224 251040 22256 60849 10247 -1.36 -1.04 1.30

A0A1D5TQ40;A0A1D5TQ393 3 17.08 0.0488 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=16977 8189 8521 5826 4665 5513 4119 6825 5365 7896 5335 5436 813 601 1354 1.48 1.45 -1.02

A0A1D6D8Z1;P1685013 8 152.52 0.0491 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1394872 450883 489831 452446 626463 541261 391487 405297 398929 445196 540057 398571 47734 87015 6912 -1.21 1.12 1.35

P0CZ09 11 1 117.59 0.0491 Avenin-like a5 OS=Triticum aestivum OX=4565 PE=3 SV=114217 17885 17144 16554 18054 16148 12040 14827 13155 16415 16919 13340 1939 1004 1403 -1.03 1.23 1.27

A0A1D5YXN3 4 4 29.45 0.0515 Oleosin OS=Triticum aestivum OX=4565 PE=3 SV=123090 26837 28173 11765 17188 21235 21270 24191 24123 26034 16729 23194 2635 4751 1667 1.56 1.12 -1.39

A0A1D5XGF3;A0A1D5XGF449 10 553.91 0.0517 Beta-amylase OS=Triticum aestivum OX=4565 PE=3 SV=1220982 220087 190089 240826 218357 223400 202346 189456 189546 210386 227528 193783 17584 11790 7416 -1.08 1.09 1.17

A0A1D5ST37;A0A1D5ST38;A3KLL415 15 131.37 0.0573 Malate dehydrogenase OS=Triticum aestivum OX=4565 PE=3 SV=161775 53541 52351 78896 62035 79483 73526 61250 70493 55889 73471 68423 5132 9908 6394 -1.31 -1.22 1.07
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P16315 35 9 357.06 0.0574 Glutenin low molecular weight subunit PTDUCD1 OS=Triticum aestivum OX=4565 PE=2 SV=1130637 165772 161526 177273 208090 149036 125476 134681 126951 152645 178133 129036 19177 29536 4944 -1.17 1.18 1.38

Q05806 2 2 12.82 0.0579 Type-5 thionin OS=Triticum aestivum OX=4565 GN=TTHV PE=2 SV=178629 86539 94363 109148 132577 99408 84906 99854 80636 86510 113711 88465 7867 17049 10091 -1.31 -1.02 1.29

A0A1D5S2A6;A0A1D5S2A7;A0A1D5SJ26;A0A1D5T356;A0A1D5SJ2711 11 92.47 0.0628 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=160854 46849 48884 64444 62986 75404 75817 58924 68565 52196 67611 67769 7567 6788 8475 -1.30 -1.30 -1.00

W5AMI8;A0A1D5T34512 1 126.44 0.0638 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=157824 52601 45247 70088 58724 59827 61691 62195 64800 51891 62879 62895 6319 6267 1669 -1.21 -1.21 -1.00

W5AB71;W4ZUK213 2 137.68 0.0638 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1117716 107083 92112 142683 119547 121793 125588 126613 131917 105637 128008 128040 12863 12758 3397 -1.21 -1.21 -1.00

A0A1D5WWL8;P01085;W5DK32;A0A1D5WX53;A0A1D5WWL921 11 255.38 0.0664 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1346544 395188 404082 454580 460095 384371 366439 365037 345496 381938 433015 358991 30973 42217 11708 -1.13 1.06 1.21

A0A1D6AIQ8;A0A0K2QJD942 4 483.66 0.0693 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=140505 28413 26439 44899 43876 36549 45493 42922 41697 31785 41775 43371 7616 4554 1938 -1.31 -1.36 -1.04

Q8W3V5;P04729 42 15 411.46 0.0718 LMW-glutenin P3-42 OS=Triticum aestivum OX=4565 GN=lmw-gs PE=2 SV=194543 113962 131053 149952 162015 131265 131526 150933 134741 113186 147744 139066 18268 15493 10402 -1.31 -1.23 1.06

A0A096UL77;A0A1D5TSU7;A0A1D5WBD9;A0A1D5WBE0;A0A1D5WBE1;G5DFC5;L0GDQ5;W5CLK1;W5D4G12 2 24.63 0.0734 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=3 SV=1109218 118584 135210 124954 131700 140082 110070 110739 114294 121004 132246 111701 13164 7579 2270 -1.09 1.08 1.18

Q41593;A0A1D5ZBL733 5 339.10 0.0827 Serpin-Z1A OS=Triticum aestivum OX=4565 GN=WZCI PE=1 SV=1162967 101996 100998 151189 145952 164418 217153 153847 182318 121987 153853 184439 35493 9516 31706 -1.26 -1.51 -1.20

A0A1D5RYM7;A0A1D5SFS7;A0A1D5SK57;A0A1D5T2G9;A0A1D5TYY3;A0A1D5U3D0;A0A1D5UR43;A0A1D5UT45;A0A1D5UTT7;A0A1D5UTT8;A0A1D5X333;A0A1D5XNC2;A0A1D5XNC3;A0A1D5XNC4;A0A1D5YUQ9;A0A1D5ZGN9;A0A1D5ZGP0;A0A1D5ZJA0;A0A1D6A689;A0A1D6A690;A0A1D6AHV1;A0A1D6AI37;A0A1D6AI38;A0A1D6AI39;A0A1D6AIM1;A0A1D6AIP3;A0A1D6ARH3;A0A1D6ARH4;A0A1D6AXZ9;A0A1D6AZ07;A0A1D6B021;A0A1D6B0L6;A0A1D6B167;A0A1D6BFE9;A0A1D6BFF2;A0A1D6BGA1;A0A1D6BGA2;A0A1D6BGA3;A0A1D6BI22;A0A1D6BN02;A0A1D6BPK1;A0A1D6BPL8;A0A1D6C5N8;A0A1D6C5P1;A0A1D6C9W1;A0A1D6CD29;A0A1D6CD30;A0A1D6CD31;A0A1D6CD83;A0A1D6CPN5;A0A1D6CPN6;A0A1D6D8C2;A0A1D6D934;A0A1D6D935;A0A1D6DHW0;A0A1D6DKE6;A0A1D6DKG9;A0A1D6DKS9;A0A1D6DLC2;A0A1D6RK06;A0A1D6RLC6;A0A1D6S3D6;A0A1D6SDW6;A0A1D6SFB8;M9MTY6;P69326;W5A9E1;W5ADS2;W5FEU1;A0A1D5RVJ9;A0A1D5S9K4;A0A1D5T020;A0A1D5USB4;A0A1D5XZY8;A0A1D5XZY9;A0A1D5ZVQ6;A0A1D6BQT73 3 22.97 0.0862 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=147021 54973 56479 51024 50109 57189 35000 45571 46576 52824 52774 42382 5082 3851 6413 1.00 1.25 1.25

W5G5H3;A0A1D6ABM2;A0A1D6ABM111 1 106.01 0.0895 Glyceraldehyde-3-phosphate dehydrogenase OS=Triticum aestivum OX=4565 GN=4329892 (1 of many) PE=3 SV=117991 12148 8869 24754 17079 24098 17849 14406 18367 13003 21977 16874 4621 4254 2153 -1.69 -1.30 1.30

D6QZM5 23 1 228.39 0.0896 Avenin-like b8 OS=Triticum aestivum OX=4565 PE=3 SV=112572 10765 10354 11023 9414 10108 9862 8982 9311 11230 10182 9385 1180 807 445 1.10 1.20 1.08

P02861 13 11 121.20 0.0962 Glutenin high molecular weight subunit PC256 (Fragment) OS=Triticum aestivum OX=4565 PE=2 SV=1104045 131994 146739 107272 94613 73544 95330 107433 103065 127593 91810 101943 21685 17038 6129 1.39 1.25 -1.11

P04730 54 3 601.11 0.1105 Gamma-gliadin (Fragment) OS=Triticum aestivum OX=4565 PE=2 SV=182372 85650 91386 109868 123538 96122 87278 115793 97743 86469 109842 100271 4563 13708 14425 -1.27 -1.16 1.10

A0A1D5VIX2;A0A1D5W9D9;A0A1D5W9E0;W5DIU62 2 23.12 0.1164 Uncharacterized protein OS=Triticum aestivum OX=4565 GN=4325211 (1 of many) PE=3 SV=139565 43026 42977 56587 40904 48136 40680 37883 39775 41856 48542 39446 1984 7849 1427 -1.16 1.06 1.23

A0A1D6AVF5 10 7 73.10 0.1168 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1195650 188107 221758 239611 266928 175704 249050 282199 271429 201838 227414 267559 17659 46819 16910 -1.13 -1.33 -1.18

Q9ST58 35 12 357.13 0.1190 Serpin-Z1C OS=Triticum aestivum OX=4565 PE=1 SV=1221839 165685 153644 217835 183282 204387 268273 212858 231872 180389 201834 237667 36398 17417 28159 -1.12 -1.32 -1.18

A0A1D5XC33 2 2 23.87 0.1468 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1108587 127488 131205 128335 130368 109373 138618 152159 134256 122426 122692 141678 12128 11579 9335 -1.00 -1.16 -1.15

P04725 36 2 431.28 0.1517 Alpha/beta-gliadin A-V OS=Triticum aestivum OX=4565 PE=2 SV=12084 1760 1758 1498 2688 1536 2603 2418 2666 1867 1907 2562 188 676 129 -1.02 -1.37 -1.34

A0A1D5YTD0;A0A1D5ZH76;A0A1D6A3T3;W5ECL2;A0A1D6A3T22 2 17.38 0.1532 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=126430 24640 22925 36949 26105 29741 29220 25606 28804 24665 30932 27877 1753 5519 1977 -1.25 -1.13 1.11

P16159 20 5 182.62 0.1712 Alpha-amylase/trypsin inhibitor CM16 OS=Triticum aestivum OX=4565 PE=1 SV=1323462 398431 399816 193581 328334 309413 310102 300811 299833 373903 277109 303582 43689 72954 5668 1.35 1.23 -1.10

A0A1D5VE13;A0A1D5VV61;A0A1D5WIS4;A0A1D5WIS5;A0A1D5WMF1;A0A1D5WMF2;W5D5L4;A0A1D5VD11;A0A1D5VE14;A0A1D5VE15;W5D0E3;A0A1D5VD12;A0A1D5WNG5;A0A1D5ZGE0;A0A1D5YVC68 8 75.56 0.1833 Fructose-bisphosphate aldolase OS=Triticum aestivum OX=4565 PE=3 SV=1115646 104088 115049 130436 119492 120306 126975 111199 118793 111594 123411 118989 6507 6097 7890 -1.11 -1.07 1.04

P04722;K7XRA1;A0A1D5ZDX1;A0A1D6CC73;W5H604;W5I3W855 24 581.51 0.1998 Alpha/beta-gliadin A-II OS=Triticum aestivum OX=4565 PE=2 SV=1426847 492683 518351 454436 570081 414804 562455 579576 543460 479294 479774 561830 47199 80680 18066 -1.00 -1.17 -1.17

Q94G92 36 11 427.13 0.2043 Gamma-gliadin OS=Triticum aestivum OX=4565 PE=2 SV=196717 143424 127034 98166 105481 84175 106426 127992 108702 122392 95941 114373 23697 10826 11849 1.28 1.07 -1.19

L0GED8;A0A1D5X594;A0A1D5XVH3;A0A1D5XVH4;A0A1D5Y9B83 3 24.97 0.2197 14-3-3 protein OS=Triticum aestivum OX=4565 GN=14R2 PE=2 SV=121304 22666 22917 7469 16006 21450 19054 20303 20877 22296 14975 20078 868 7047 932 1.49 1.11 -1.34

A0A1D5XDB6;A0A1D5XWB2;A0A1D5YL71;A0A1D5ZBK8;A0A1D6DC03;Q03033;A0A1D5XY06;A0A1D5YIS3;A0A1D5YL72;A0A1D5XDS9;A0A1D5ZWX1;A0A1D5YIS4;A0A1D5Z7E2;A0A1D5XJ18;A0A1D5Z7E1;A0A1D5XDT1;A0A1D6AQL417 5 167.61 0.2292 Elongation factor 1-alpha OS=Triticum aestivum OX=4565 PE=3 SV=1310848 314238 376984 392142 390871 322605 307733 330014 316547 334023 368539 318098 37244 39785 11221 -1.10 1.05 1.16

P08079 28 4 289.17 0.2320 Gamma-gliadin (Fragment) OS=Triticum aestivum OX=4565 PE=1 SV=151707 91360 64234 57656 44671 41117 47024 66585 46860 69100 47815 53490 20270 8706 11341 1.45 1.29 -1.12

I0IT65;P04723 29 8 364.07 0.2366 Alpha-gliadin OS=Triticum aestivum OX=4565 GN=gli-2 PE=4 SV=1265570 301985 331858 220991 345635 284662 342208 361575 343292 299804 283763 349025 33198 62327 10882 1.06 -1.16 -1.23

A0A1D6BV11;A0A1D6BV13;A0A1D6D1B0;C0KWE8;P30523;W5I4Y2;A0A1D6BV1410 10 99.60 0.2432 Glucose-1-phosphate adenylyltransferase OS=Triticum aestivum OX=4565 GN=Agp1 PE=2 SV=170680 65130 63042 68332 65182 76761 66430 56686 63754 66284 70092 62290 3948 5987 5035 -1.06 1.06 1.13

A0A1D5X6G4;I6QQ39;A0A1D5X6G532 9 412.43 0.2594 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1789174 567108 502119 904454 689697 854904 894419 602089 755139 619467 816352 750549 150520 112450 146219 -1.32 -1.21 1.09

P04728 35 7 385.80 0.2652 Alpha/beta-gliadin clone PTO-A10 (Fragment) OS=Triticum aestivum OX=4565 PE=2 SV=1163737 183703 210916 239927 229128 187072 195068 228551 212031 186119 218709 211883 23682 27926 16742 -1.18 -1.14 1.03

A0A1D5SC67;A0A1D5SC68;A0A1D5SXD3;A0A1D5SXD4;A0A1D5SXD5;A0A1D5SXD6;W4ZN68;W5A2C0;A0A024CKY0;A0A1D5SB48;Q03968;Q7XAP52 2 23.61 0.3527 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=163924 72759 72845 41962 61000 91500 82203 81237 84892 69843 64821 82777 5126 24989 1894 1.08 -1.19 -1.28

D2KFH1 15 8 130.94 0.3675 Avenin-like a4 OS=Triticum aestivum OX=4565 PE=2 SV=170068 89522 87212 72316 95190 74184 90174 96202 89596 82267 80564 91990 10628 12701 3659 1.02 -1.12 -1.14

A0A1D5ZG58;A0A1D5ZGS2;A0A1D5ZGS3;A0A1D6A406;A0A1D6A407;A0A1D6S260;W5FPN2;A0A1D5YVK0;A0A1D6A2S38 8 79.51 0.4014 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=3 SV=151475 39533 41321 49168 40200 50936 56819 46775 49257 44110 46768 50950 6441 5756 5232 -1.06 -1.16 -1.09

A0A1D5Z199 41 1 455.62 0.4130 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=14816 3131 3312 248 8521 8275 948 894 1071 3753 5681 971 925 4707 91 -1.51 3.86 5.85

A0A1D5YFA6;A0A1D5YFA759 11 637.96 0.4173 Beta-amylase OS=Triticum aestivum OX=4565 PE=3 SV=1611746 598902 572959 661530 625727 566296 569274 598610 575242 594536 617851 581042 19759 48103 15504 -1.04 1.02 1.06

A0A1D6REH6;A0A1D6REH56 3 53.86 0.4581 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=132841 32686 35847 35073 25053 31093 31548 30104 32744 33791 30407 31465 1782 5045 1322 1.11 1.07 -1.03

A0A1D5XVS4;A0A1D5XVS5;A0A1D5XVS6;A0A1D5XVS7;A0A1D5XVS86 2 60.41 0.4604 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=119425 14113 15409 17578 11755 22516 14945 11971 13337 16316 17283 13418 2770 5387 1489 -1.06 1.22 1.29

A0A1D5ZTV0;H9AXB3;P93692;A0A1D5ZTU916 6 158.69 0.4752 Serpin-N3.2 OS=Triticum aestivum OX=4565 PE=3 SV=197218 76398 76756 104369 80568 96150 92938 77954 80504 83457 93696 83799 11919 12089 8017 -1.12 -1.00 1.12

A0A1D5X7C3;A0A1D5X7C5;Q7FYS2;P5258918 1 188.65 0.4763 Protein disulfide-isomerase OS=Triticum aestivum OX=4565 GN=4350002 (1 of many) PE=3 SV=157064 54459 50181 60269 51757 58388 68003 52625 58965 53901 56805 59864 3475 4472 7729 -1.05 -1.11 -1.05

P08453 32 3 406.51 0.4822 Gamma-gliadin OS=Triticum aestivum OX=4565 PE=3 SV=139597 66439 67990 49572 56029 47379 46985 48524 43687 58009 50993 46399 15964 4497 2471 1.14 1.25 1.10

A0A1D5YEH0;A0A1D5YEH1;A0A1D5YEH240 24 427.76 0.5165 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1259530 222192 209625 295626 228847 246458 264887 227912 241421 230449 256977 244740 25957 34610 18710 -1.12 -1.06 1.05

A0A1D6AJC3 40 1 460.93 0.5200 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=19814 10136 10744 12403 11105 7367 10925 12466 11650 10231 10291 11680 472 2615 771 -1.01 -1.14 -1.13

A0A1D5W2N3;A0A1D5S9K3;A0A1D5T0X9;A0A1D5T746;A0A1D5U3G5;A0A1D5URA1;A0A1D5VIB8;A0A1D5WFY4;A0A1D5WUZ2;A0A1D6AUE0;A0A1D6AV41;A0A1D6CGH8;A0A1D6CJP6;A0A1D6REC3;P68428;A0A1D5YH44;A0A1D6BH29;A0A1D6BJ56;A0A1D6C0X0;A0A1D6DH34;W5AUU5;W5GCP83 3 18.21 0.5580 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=3 SV=123258 16212 16424 21133 18192 18201 20681 18558 24206 18631 19175 21148 4008 1695 2853 -1.03 -1.14 -1.10

W5AKY9;A0A1D5T267;A0A1D5T26646 13 470.47 0.5606 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1132320 105976 108067 128253 86602 91088 122409 103751 107026 115454 101981 111062 14644 22863 9962 1.13 1.04 -1.09

A0A1D5RUP2;A0A1D5RUP3;A0A1D5SG39;A0A1D5SG40;A0A1D5SXY5;W5AGK92 2 26.58 0.5686 Nucleoside diphosphate kinase OS=Triticum aestivum OX=4565 PE=3 SV=160282 62168 61041 65124 48035 59827 58576 54098 56845 61163 57662 56506 949 8748 2258 1.06 1.08 1.02

A0A1D5T3T7 15 14 117.45 0.5730 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1112033 110473 123963 147784 139120 99257 121232 133438 132174 115490 128721 128948 7380 25881 6712 -1.11 -1.12 -1.00

M9TGF7 41 9 503.90 0.5821 Gamma-gliadin 2 OS=Triticum aestivum OX=4565 PE=2 SV=1848820 984202 111979310412771251892989223 923465 11204801029542984272 10941311024496135486 139082 98604 -1.11 -1.04 1.07

A0A1D5ZZT8;A0A1D5ZZT938 5 445.74 0.5868 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1169892 139206 140369 206460 140401 163290 172731 149324 162769 149822 170050 161608 17390 33544 11747 -1.14 -1.08 1.05

A0A1D5Y681;Q93XQ7;A0A1D5Y683;A0A1D5XQP7;A0A1D5XQQ0;Q93XQ8;A0A1D5XQP9;A0A1D5XQQ121 4 223.21 0.6083 Protein disulfide-isomerase OS=Triticum aestivum OX=4565 GN=4350002 (1 of many) PE=3 SV=1188279 172429 165136 210687 169396 192314 222277 171471 178178 175281 190799 190642 11832 20687 27601 -1.09 -1.09 1.00

P10388 62 14 646.50 0.6227 Glutenin high molecular weight subunit DX5 OS=Triticum aestivum OX=4565 GN=GLU-1D-1D PE=3 SV=5638011 578425 554037 650341 664533 556469 597560 580296 603410 590158 623781 593755 43199 58724 12017 -1.06 -1.01 1.05

Q00M61 58 42 617.57 0.6896 LMW-GS OS=Triticum aestivum OX=4565 GN=GluD3-1 PE=2 SV=1378239 452902 453417 447393 496766 400432 367563 464233 410944 428186 448197 414247 43256 48172 48420 -1.05 1.03 1.08

P16851;A0A1D6CFU715 10 185.72 0.6935 Alpha-amylase/trypsin inhibitor CM2 OS=Triticum aestivum OX=4565 PE=1 SV=2372084 432808 506498 292131 501533 452797 378659 373804 383587 437130 415487 378683 67311 109573 4891 1.05 1.15 1.10

Q2A784 12 3 110.68 0.6995 Avenin-like a1 OS=Triticum aestivum OX=4565 GN=AVNLA PE=2 SV=179788 77310 95300 100959 105841 66768 90063 91520 101202 84133 91189 94262 9750 21290 6054 -1.08 -1.12 -1.03

A0A1D5XG58;A0A1D5XG59;A0A1D5XG607 3 68.00 0.7374 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=132441 26817 27564 26684 20096 35385 26726 24520 26147 28941 27388 25798 3054 7669 1144 1.06 1.12 1.06

P33432 11 11 106.83 0.7418 Puroindoline-A OS=Triticum aestivum OX=4565 GN=PINA PE=1 SV=2209270 222492 246739 129070 248906 245234 230956 219737 224700 226167 207736 225131 19003 68152 5622 1.09 1.00 -1.08

P17314 15 9 158.43 0.8436 Alpha-amylase/trypsin inhibitor CM3 OS=Triticum aestivum OX=4565 PE=1 SV=1193465 207212 233020 253813 280445 88547 227538 205107 227213 211232 207602 219953 20082 103961 12858 1.02 -1.04 -1.06

A0A077RWR2;A0A077RX64;Q94KM0;W5EQ17;A0A077RQC1;A0A077RTE3;A0A1D5VH91;A0A1D5VK49;A0A1D5VRT1;A0A1D5WU65;A0A1D5WUP1;A0A1D5WWW7;A0A1D5WXA1;W5CVF82 2 18.66 0.8568 Uncharacterized protein OS=Triticum aestivum OX=4565 GN=TRAES_3BF066700050CFD_c1 PE=3 SV=1111627 100462 101535 119919 92371 103747 106250 94373 102513 104542 105346 101045 6160 13843 6073 -1.01 1.03 1.04

A0A1D5W815 3 1 27.64 0.8770 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=3 SV=132767 28412 29096 36961 28018 27271 29885 28488 29028 30092 30750 29134 2342 5392 704 -1.02 1.03 1.06

Q8W3V4 42 27 439.49 0.8853 LMW-glutenin P3-6 OS=Triticum aestivum OX=4565 GN=lmw-gs PE=4 SV=1169112 189671 159217 170200 202714 164806 170055 187387 170467 172667 179240 175970 15535 20507 9890 -1.04 -1.02 1.02

W5I5X1 14 6 144.30 0.9072 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=3 SV=1116921 91694 76913 109732 79444 100580 102813 80943 87796 95176 96585 90517 20230 15534 11186 -1.01 1.05 1.07

A0A1D5Y5R2;W5EST8;A0A1D5Y5R3;A0A1D5Y5R436 12 412.83 0.9416 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=1298240 274800 244539 354716 219168 258472 276360 254867 254058 272527 277452 261762 26923 69739 12649 -1.02 1.04 1.06

A0A1D5SU51;A0A1D5SU49;A0A1D5SU507 4 54.62 0.9417 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=4 SV=122109 21147 21905 26608 16149 21194 21451 19574 22035 21720 21317 21020 507 5231 1286 1.02 1.03 1.01

A0A1D6BRN0;C7C4X1;A0A1D6BRM914 9 135.41 0.9665 Glyceraldehyde-3-phosphate dehydrogenase OS=Triticum aestivum OX=4565 GN=4344564 (1 of many) PE=3 SV=1119230 96203 91454 104973 90536 103735 103913 95653 101722 102296 99748 100429 14857 8002 4279 1.03 1.02 -1.01

W5FZ62;P93693;A0A1D5ZDP7;A0A1D5X8Y9;A0A1D5X8Z0;A0A1D5XQJ1;A0A1D5Y696;W5ER8835 5 371.71 0.9714 Uncharacterized protein OS=Triticum aestivum OX=4565 PE=3 SV=1298967 257490 248264 301026 224856 266080 277845 262982 257668 268240 263987 266165 27007 38128 10458 1.02 1.01 -1.01
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ɼʆɼɸʊʆʂ ɼ 

ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʃʘʭʥʝʢʦ ʆ.ʈ. ʥʘ 

ʪʝʤʫ çʈʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʷʢʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽè ʚ ʫʯʙʦʚʠʡ ʧʨʦʮʝʩ 
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ɼʆɼɸʊʆʂ ɽ 

ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʃʘʭʥʝʢʦ ʆ.ʈ. ʥʘ 

ʪʝʤʫ çʈʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʧʰʝʥʠʮʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʷʢʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽè ʚ  ɯʥʩʪʠʪʫʪʽ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ 

ʋʢʨʘʾʥʠ 
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