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ɺɺɽɼɽʅʀɽ 

 

ʇʦʜʩʦʣʥʝʯʥʠʢ Helianthus annuus L. - ʚʝʜʫʱʘʷ ʤʘʩʣʠʯʥʘʷ ʢʫʣʴʪʫʨʘ ʚ ʈʦʩʩʠʠ 

ʠ ʦʩʥʦʚʥʘʷ ï ʚ ʨʷʜʝ ʩʪʨʘʥ ʤʠʨʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʝʤʷʥ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʚʦʟʜʝʣʳʚʘʥʠʝ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ 

ʛʠʙʨʠʜʦʚ. ʆʜʥʘʢʦ, ʜʦʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʛʠʙʨʠʜʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʩʝʚʦʚ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʈʦʩʩʠʠ ʚʩʝ ʝʱʝ ʥʝʚʝʣʠʢʘ. ɺ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʨʝʝʩʪʨʝ ʩʦʨʪʦʚ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʧʦ ʜʘʥʥʳʤ 2019 ʛ.), 

ʯʠʩʣʠʪʩʷ 672 ʩʦʨʪʘ ʠ ʛʠʙʨʠʜʘ, ʠʟ ʥʠʭ ʚʩʝʛʦ 67 ʛʠʙʨʠʜʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʝʣʝʢʮʠʠ. 

ʇʦ ʜʘʥʥʳʤ ɸ. ɼ. ɹʦʯʢʦʚʦʛʦ (2019) ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʚʳʩʝʚʘʝʤʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2017 ʛ., ʧʨʠʥʘʜʣʝʞʠʪ ʠʥʦʩʪʨʘʥʥʳʤ 

ʛʠʙʨʠʜʘʤ (69,8%), ʘ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʩʦʨʪʦʚʳʭ ʧʦʩʝʚʦʚ ʚ ʈʌ ʜʦʣʷ ʧʣʦʱʘʜʝʡ, 

ʟʘʥʷʪʦʡ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʩʦʨʪʘʤʠ ʠ ʛʠʙʨʠʜʘʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 28%. ɼʣʷ ʩʥʠʞʝʥʠʷ 

ʪʨʫʜʦʝʤʢʠʭ ʨʫʯʥʳʭ ʟʘʪʨʘʪ ʥʘ ʢʘʩʪʨʘʮʠʶ ʨʘʩʪʝʥʠʡ, ʚ ʩʝʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ʠʩʧʦʣʴʟʫʶʪ ʤʘʪʝʨʠʥʩʢʠʝ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʫʞʩʢʦʡ 

ʩʪʝʨʠʣʴʥʦʩʪʠ (ʎʄʉ). ʇʨʠʟʥʘʢ ʎʄʉ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʯʝʪʘʥʠʷʭ 

ʤʫʪʘʥʪʥʳʭ (ʢʘʢ ʧʨʘʚʠʣʦ, ʭʠʤʝʨʥʳʭ) ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʛʝʥʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʪʨʦʝʢ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ, ʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ, ʥʘʟʳʚʘʝʤʳʭ 

ʛʝʥʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ Rf (Restoration of fertility) (Kaul, 

1988; ʕʣʴʢʦʥʠʥ, 2000; ʀʚʘʥʦʚ, ɼʳʤʰʠʮ, 2007; ɸʥʠʩʠʤʦʚʘ, ɻʘʚʨʠʣʝʥʢʦ, 2017; 

ɸʥʠʩʠʤʦʚʘ, 2020). ʕʬʬʝʢʪʳ ʎʄʉ ʩʫʧʨʝʩʩʠʨʫʶʪʩʷ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʛʝʥʦʪʠʧ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʣʣʝʣʝʡ ʛʝʥʦʚ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ Rf. ɻʝʥʝʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ 

ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʫ ʨʘʩʪʝʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥ, 

ʯʠʩʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʥʝʚʝʣʠʢʦ, ʘ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʥʝ ʚʳʷʩʥʝʥʳ. ʇʨʘʢʪʠʯʝʩʢʠ ʫ ʚʩʝʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʳ ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʎʄʉ-Rf, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 1-2 

ʛʣʘʚʥʳʭ ʛʝʥʘ, ʩʫʧʨʝʩʩʠʨʫʶʱʠʝ ʧʨʠʟʥʘʢ ʎʄʉ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʧʠʩʘʥʥʳʭ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʩʣʫʯʘʝʚ ʵʪʠ ʛʝʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʜʩʝʤʝʡʩʪʚʫ PFL-PPR (Restoration-of 

Fertility-Like-PPR), ʠʭ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ PPR-ʙʝʣʢʠ (Fujii et al., 2011), ʘ 

ʥʘʠʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʘʷ ʢʘʨʪʠʥʘ ʢʦʥʪʨʦʣʷ ʧʨʠʟʥʘʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚ ʨʘʤʢʘʭ 
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ʛʠʧʦʪʝʟʳ çʛʝʥ-ʥʘ-ʛʝʥè (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʛʝʥʘʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ), ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʎʄʉ-ʛʝʥʘ ʠ ʢʦʥʢʨʝʪʥʦʛʦ ʷʜʝʨʥʦʛʦ ʛʝʥʘ Rf 

(ɼʴʷʢʦʚ, 1996; ɾʫʢʦʚ ʠ ʜʨ., 2008).  

ʀʟʤʝʥʯʠʚʦʩʪʴ ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʫ ʨʘʩʪʝʥʠʡ ʠʟʫʯʝʥʘ 

ʤʘʣʦ. ɺ ʝʜʠʥʠʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʩʦʦʙʱʘʣʦʩʴ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʥʘʩʣʝʜʦʚʘʥʠʷ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʴʮʳ (ʩʦʦʪʥʦʰʝʥʠʠ ʯʠʩʣʘ ʬʝʨʪʠʣʴʥʳʭ ʠ 

ʩʪʝʨʠʣʴʥʳʭ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ, ʤʦʨʬʦʣʦʛʠʠ, ʨʘʟʤʝʨʘʭ) ʚ ʛʠʙʨʠʜʥʳʭ ʧʦʢʦʣʝʥʠʷʭ 

ʣʠʰʴ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʦʜʥʦʜʦʣʴʥʳʭ ï ʩʦʨʛʦ (ʕʣʴʢʦʥʠʥ ʠ ʜʨ., 2019) ʠ 

ʧʰʝʥʠʮʳ (Sinha et al., 2013). ʌʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ - ʟʥʘʯʠʤʳʡ ʜʣʷ ʛʠʙʨʠʜʥʦʡ 

ʩʝʣʝʢʮʠʠ ʧʨʠʟʥʘʢ. ʇʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʘʷ ʟʘʚʷʟʳʚʘʝʤʦʩʪʴ ʩʝʤʷʥ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʪʝʨʦʟʠʩʥʳʭ ʛʠʙʨʠʜʦʚ.  

ɺ ʩʝʤʝʥʦʚʦʜʩʪʚʝ ʛʠʙʨʠʜʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʘʷ ʩʪʝʨʠʣʴʥʦʩʪʴ (ʎʄʉ) ʈɽʊ1-ʪʠʧʘ, ʧʦʣʫʯʝʥʥʘʷ P. Leclerq (1969) 

ʥʘ ʦʩʥʦʚʝ ʤʝʞʚʠʜʦʚʦʛʦ ʛʠʙʨʠʜʘ H. petiolaris Nutt. Ĭ H. annuus. ʄʫʞʩʢʘʷ 

ʩʪʝʨʠʣʴʥʦʩʪʴ ʈɽʊ1-ʪʠʧʘ ʫ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩʚʷʟʘʥʘ ʩ ʵʢʩʧʨʝʩʩʠʝʡ ʥʦʚʦʡ ʦʪʢʨʳʪʦʡ 

ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ orfH522, ʢʦ-ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʦʡ ʩ ʛʝʥʦʤ atp1 (Budar, 

Pelletier, 2001). ɻʝʥʝʪʠʢʘ ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʬʦʨʤ ʩ 

ʎʄʉ ʈɽʊ1 ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠʟʫʯʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʉʦʦʙʱʘʣʦʩʴ ʦ ʨʘʟʥʦʤ ʯʠʩʣʝ 

ʛʝʥʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʧʨʠ ʎʄʉ ʈɽʊ1, 

ʦʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʥʝʪ (Enns et al., 1970; 

Kinman, 1970; Fick, Zimmer, 1974; Vranceanu, Stoenescu, 1978; Whelan, 1980; Seilar, 

Jan, 1994; Serieys, 1999; Rukmini Devi, 2002; Sujatha et al., 2011). ʇʦʣʘʛʘʶʪ, ʯʪʦ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʧʨʠ ʎʄʉ ʈɽʊ1-ʪʠʧʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʛʝʥʦʪʠʧʝ ʛʣʘʚʥʦʛʦ ʛʝʥʘ Rf1, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚ 13 ʛʨʫʧʧʝ 

ʩʮʝʧʣʝʥʠʷ. ɼʘʥʥʳʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʫ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ (Horn, Friedt, 1997; Liu 

et al., 2013, ɺʦʨʦʥʦʚʘ, ɻʘʚʨʠʣʦʚʘ, 2019). ɻʠʙʨʠʜʳ F1 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ (Jan, 2000; Vassilevska-Ivanova, Tcekova, 2003), 



6 

 

ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʦ ʥʘʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʝʨʪʠʣʴʥʦʩʪʠ ʚ ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ 

ʛʠʙʨʠʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʅʝʜʘʚʥʦ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʢʦʥʩʦʨʮʠʫʤʦʤ ʧʦ ʛʝʥʦʤʠʢʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

(International Consortium on Sunflower Genomics ï ICSG) ʟʘʚʝʨʰʝʥʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʛʝʥʦʤʘ ʣʠʥʠʠ XRQ (Badouin et al., 2017), ʦʜʥʘʢʦ ʝʛʦ ʘʥʥʦʪʘʮʠʷ 

ʝʱʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʛʝʥʳ-ʢʘʥʜʠʜʘʪʳ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʟʥʘʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʝʥʳ-

ʢʘʥʜʠʜʘʪʳ ʣʦʢʫʩʦʚ Rf, ʚʢʣʶʯʘʷ Rf1, ʥʝ ʥʘʡʜʝʥʳ. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʜʦʤʠʥʘʥʪʥʦʛʦ ʠ ʨʝʮʝʩʩʠʚʥʦʛʦ ʘʣʣʝʣʝʡ ʛʝʥʘ 

Rf1 ʨʘʟʨʘʙʦʪʢʘ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʥʳʭ ʤʘʨʢʝʨʦʚ ʥʝʚʦʟʤʦʞʥʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ (STS, SCAR, SSR, TRAP), ʩʮʝʧʣʝʥʥʳʭ ʩ 

ʧʨʠʟʥʘʢʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ, ʦʜʥʘʢʦ ʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ 

ʮʝʥʥʦʩʪʴ ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʩʝʣʝʢʮʠʦʥʥʦʤ ʠ ʛʝʥʝʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ 

ʠ ʣʠʰʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ (ɸʥʠʩʠʤʦʚʘ ʠ ʜʨ., 2009, 2011; 

ʋʩʘʪʦʚ ʠ ʜʨ., 2011, 2017; ʄʘʨʢʠʥ ʠ ʜʨ., 2009, 2013; Horn et al., 2003, 2019; 

ʏʝʣʶʩʪʥʠʢʦʚʘ ʠ ʜʨ., 2017).  

ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʩʝʣʝʢʮʠʠ ʛʠʙʨʠʜʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʘ ʦʩʥʦʚʝ ʎʄʉ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʦʜʠʪʝʣʴʩʢʠʭ ʣʠʥʠʡ. ɺ 

ɺʀʈʝ ʩʦʟʜʘʥʘ ʠ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʘʷ ʢʦʣʣʝʢʮʠʷ 

ʣʠʥʠʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ï ʎʄʉ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ. ʅʘʣʠʯʠʝ 

ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʣʠʥʠʡ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʧʨʦʚʝʨʝʥʦ ʧʫʪʝʤ ʧʘʨʥʳʭ ʩʢʨʝʱʠʚʘʥʠʡ ʩʦ ʩʪʝʨʠʣʴʥʳʤʠ 

ʪʝʩʪʝʨʥʳʤʠ ʣʠʥʠʷʤʠ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʧʦ ʧʦʪʦʤʩʪʚʫ F1 ʠ F2 

(ɻʘʚʨʠʣʦʚʘ, ʈʦʞʢʦʚʘ, 2005; Gavrilova et al., 2014). ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʛʝʥʦʪʠʧʳ 

ʨʷʜʘ ʣʠʥʠʡ ʧʦ ʣʦʢʫʩʫ (ʣʦʢʫʩʘʤ) ʛʝʥʦʚ Rf ʥʝ ʦʧʨʝʜʝʣʝʥʳ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʝʢʮʠʠ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ɺʀʈ ʚ ʢʘʯʝʩʪʚʝ ʨʦʜʠʪʝʣʴʩʢʠʭ ʬʦʨʤ ʚ ʩʝʣʝʢʮʠʠ 

ʛʠʙʨʠʜʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʧʦ ʧʨʠʟʥʘʢʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʝʢʮʠʠ ʣʠʥʠʡ 
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ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ɺʀʈ ʧʦ ʧʨʠʟʥʘʢʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʜʘʯʠ:  

1. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ, ʚʳʧʦʣʥʠʪʴ 

ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʚʳʙʦʨʢʠ ʣʠʥʠʡ ʢʦʣʣʝʢʮʠʠ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʝʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ. 

2. ʀʟʫʯʠʪʴ ʥʘʩʣʝʜʦʚʘʥʠʝ ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʧʨʠ 

ʤʝʞʣʠʥʝʡʥʳʭ ʩʢʨʝʱʠʚʘʥʠʷʭ. 

3. ʀʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʴʮʳ 

ʫ ʛʠʙʨʠʜʦʚ F1 ʠ ʚ ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʛʠʙʨʠʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʦʪ 

ʤʝʞʣʠʥʝʡʥʳʭ ʩʢʨʝʱʠʚʘʥʠʡ. 

4. ʆʮʝʥʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʛʝʥʘ Rf1. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʧʝʨʚʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʇʎʈ-ʬʨʘʛʤʝʥʪʦʚ, ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʮʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʠʟʫʯʝʥʦ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʳʙʦʨʢʠ ʣʠʥʠʡ 

ʢʦʣʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ɺʀʈ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʨʠ ʎʄʉ ʈɽʊ1-ʪʠʧʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʘ ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʳʙʦʨʢʠ ʠʟ 75 ʣʠʥʠʡ. 

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʦʚʳʝ, ʥʝ 

ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ORS224 

ʠ ORS511, ʩʮʝʧʣʝʥʥʳʝ ʩ ʛʝʥʦʤ Rf1. ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʛʝʥʦʪʠʧʳ ʧʦ ʣʦʢʫʩʫ Rf1 

ʩʝʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʝʢʮʠʠ ʣʠʥʠʡ ʢʦʣʣʝʢʮʠʠ (ɺʀʈ 195, 

ɺʀʈ 210, ɺʀʈ 365, ɺʀʈ 558, ɺʀʈ 740, RIL 80, RIL 130). ɺʧʝʨʚʳʝ ʜʣʷ ʜʚʫʜʦʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʳʣʴʮʳ ʧʨʠ ʤʝʞʣʠʥʝʡʥʳʭ ʩʢʨʝʱʠʚʘʥʠʷʭ. ɺʧʝʨʚʳʝ ʥʘ ʮʠʪʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʧʨʠʟʥʘʢ çʤʘʣʦʧʳʣʴʮʦʚʦʩʪʠè ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʩ 

ʯʘʩʪʦʪʦʡ ʦʢʦʣʦ 9% ʫ ʥʦʩʠʪʝʣʝʡ ʜʦʤʠʥʘʥʪʥʦʛʦ ʘʣʣʝʣʷ ʛʝʥʘ Rf1 ʚ ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ 

ʛʠʙʨʠʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ F2. ʅʘ ʤʘʪʝʨʠʘʣʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ɺʀʈ ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʦ ʩʦʚʤʝʩʪʥʦʝ ʥʘʩʣʝʜʦʚʘʥʠʝ ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
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ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʛʝʥʦʚ Rf1, R1, Radv, Pl5/Pl8. 

ɺʧʝʨʚʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʛʝʥʘ Rf1 ʧʦʜʩʦʣʥʝʯʥʠʢʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʅʦʚʳʝ ʟʥʘʥʠʷ ʦʙ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʝ ʥʘʩʣʝʜʦʚʘʥʠʷ ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ 

ʧʳʣʴʮʳ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʚʳʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ ʩʫʧʨʝʩʩʠʠ ʬʝʥʦʪʠʧʘ ʎʄʉ ʈɽʊ1 ʫ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʘ ʪʘʢʞʝ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʵʪʦʛʦ ʚʘʞʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ ʫ ʜʨʫʛʠʭ 

ʨʘʩʪʝʥʠʡ. ɼʘʥʥʳʝ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʚʳʙʦʨʢʠ ʣʠʥʠʡ ʢʦʣʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ɺʀʈ, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʣʣʝʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʮʝʧʣʝʥʥʳʭ ʩ ʛʝʥʦʤ Rf1 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ, ʫʪʦʯʥʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ 

ʤʝʞʜʫ ʣʦʢʫʩʘʤʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʛʨʫʧʧʳ ʩʮʝʧʣʝʥʠʷ 13, ʥʝʩʫʱʝʡ ʛʝʥʳ ʜʣʷ 

ʨʷʜʘ ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʨʞʘʚʯʠʥ rʠ ʣʦʞʥʦʡ ʤʫʯʥʠʩʪʦʡ ʨʦʩ)r ʠ ʣʦʢʫʩʦʤ Rf1 

ʨʘʩʰʠʨʷʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ ʛʝʥʦʤʘ ʚʠʜʘ 

H. annuus. ʉʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʛʝʥʦʪʠʧʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʟʫʯʝʥʥʦʡ 

ʚʳʙʦʨʢʠ ʣʠʥʠʡ ʢʦʣʣʝʢʮʠʠ ɺʀʈ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʙʦʪʘʭ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʠʩʭʦʜʥʦʛʦ 

ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʛʝʪʝʨʦʟʠʩʥʦʡ ʩʝʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʨʢʝʨʳ, ʚʘʣʠʜʠʨʦʚʘʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʛʫʪ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʦʤʠʥʘʥʪʥʦʛʦ ʘʣʣʝʣʷ Rf1 ʚ ʛʝʥʦʪʠʧʘʭ ʣʠʥʠʡ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ɺʀʈ, ʘ ʪʘʢʞʝ ʛʠʙʨʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʭ ʫʯʘʩʪʠʝʤ. 

ʄʘʪʝʨʠʘʣ, ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʩʣʫʞʠʣ ʫʥʠʢʘʣʴʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ - ʣʠʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ 

ɺʀʈ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʃʠʥʠʠ ʩʦʟʜʘʥʳ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʦʭʨʘʥʷʝʤʦʛʦ ʚ 

ɺʀʈʝ ʛʝʥʦʬʦʥʜʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʥʘʩʯʠʪʳʚʘʶʪ ʦʪ 5-6 ʜʦ 20 ʠ ʙʦʣʝʝ ʧʦʢʦʣʝʥʠʡ 

ʠʥʙʨʠʜʠʥʛʘ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

(ʚʳʜʝʣʝʥʠʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʇʎʈ, ʢʣʦʥʠʨʦʚʘʥʠʝ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʛʝʥʦʤʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ, ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʝ), ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

(ʧʦʜʙʦʨ ʨʦʜʠʪʝʣʴʩʢʠʭ ʬʦʨʤ, ʧʦʩʪʘʥʦʚʢʘ ʩʢʨʝʱʠʚʘʥʠʡ, ʬʝʥʦʪʠʧʠʨʦʚʘʥʠʝ, ʘʥʘʣʠʟ 
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ʨʘʩʱʝʧʣʝʥʠʡ), ʮʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʧʦʜʛʦʪʦʚʢʘ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʘʥʘʣʠʟ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʴʮʳ). ɼʣʷ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʠ ʤʝʪʦʜʳ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʃʠʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ɺʀʈ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʚʳʷʚʣʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʘʨʢʝʨʦʚ, ʩʮʝʧʣʝʥʥʳʭ ʩ ʛʝʥʘʤʠ Rf1, R1, Radv, Pl5/Pl8, RFL-PPR. 

2. ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʧʨʠ ʩʢʨʝʱʠʚʘʥʠʷʭ ʩ 

ʣʠʥʠʝʡ ʎʄʉ ʈɽʊ1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʛʝʥʦʪʠʧʘʭ ʣʠʥʠʡ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʜʦʤʠʥʘʥʪʥʦʛʦ ʘʣʣʝʣʷ ʛʝʥʘ Rf1 ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 

ʮʠʪʦʧʣʘʟʤʳ ʣʠʥʠʠ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (ʬʝʨʪʠʣʴʥʘʷ/ʩʪʝʨʠʣʴʥʘʷ) ʠ 

ʥʘʣʠʯʠʷ/ʦʪʩʫʪʩʪʚʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ. 

3. ʇʨʠʟʥʘʢ çʤʘʣʦʧʳʣʴʮʦʚʦʩʪʠè, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ F2 ʦʪ ʩʢʨʝʱʠʚʘʥʠʡ ʣʠʥʠʠ 

ʎʄʉ ʩ ʣʠʥʠʷʤʠ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʠʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʢʦʥʛʨʝʩʩʘʭ ʠ 

ʩʦʚʝʱʘʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ: ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 

120-ʣʝʪʠʶ ʦʩʥʦʚʘʥʠ ̫ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʨʘʩʪʝʥʠʡ ʠʤ. ʅ.ʀ. ɺʘʚʠʣʦʚʘ çɻʝʥʝʪʠʯʝʩʢʠʝ 

ʨʝʩʫʨʩʳ ʨʘʩʪʝʥʠʡ ï ʦʩʥʦʚʘ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʞʠʟʥʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2014); X ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ 

ʛʝʥʝʪʠʢʦʚ ʠ ʩʝʣʝʢʮʠʦʥʝʨʦʚ (ʄʦʣʜʘʚʠʷ, 2015); V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʝ ʜʣʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʧʦʩʚʷʱʝʥʥʦʡ ʧʘʤʷʪʠ ʯʣʝʥʘ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ʈɸʅ, ʧʨʦʬʝʩʩʦʨʘ 

ʊ. ɹ. ɹʘʪʳʛʠʥʦʡ çʕʤʙʨʠʦʣʦʛʠʷ, ʛʝʥʝʪʠʢʘ, ʙʠʦʪʝʭʥʦʣʦʛʠʷè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2016); ʅʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʠ ʰʢʦʣʝ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çɻʦʜʠʯʥʦʝ ʩʦʙʨʘʥʠʝ ʦʙʱʝʩʪʚʘ ʬʠʟʠʦʣʦʛʦʚ ʨʘʩʪʝʥʠʡ ʈʦʩʩʠʠ. ʉʠʛʥʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ: ʦʪ ʨʝʮʝʧʪʦʨʘ ʜʦ ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘè (ʉʘʥʢʪ-
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ʇʝʪʝʨʙʫʨʛ, 2016); II ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 80-ʣʝʪʠʶ 

ʉʀɹʅʀʀʈʉ çɻʝʥʦʬʦʥʜ ʠ ʩʝʣʝʢʮʠʷ ʨʘʩʪʝʥʠʡè (ʅʦʚʦʩʠʙʠʨʩʢ, 2016); 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʈʦʣʴ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ɸʇʂè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2017, 

2018); IV ɺʘʚʠʣʦʚʩʢʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʜʝʠ ʅ. ʀ. ɺʘʚʠʣʦʚʘ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2017); 19-ʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ, ʧʦʩʚʷʱʝʥʥʦʡ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ ʈɸʉʍʅ ɻ. ʉ. ʄʫʨʦʤʮʝʚʘ 

çɹʠʦʪʝʭʥʦʣʦʛʠʷ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠè (ʄʦʩʢʚʘ, 2019); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ç125 ʣʝʪ 

ʧʨʠʢʣʘʜʥʦʡ ʙʦʪʘʥʠʢʠ ʚ ʈʦʩʩʠʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 5 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ 

ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʠ 14 ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʚ ʜʨʫʛʠʭ ʠʟʜʘʥʠʷʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚ ʦʪʜʝʣʝ ʛʝʥʝʪʠʢʠ ɺʀʈ. ɸʚʪʦʨ ʣʠʯʥʦ 

ʦʩʫʱʝʩʪʚʣʷʣ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ, ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʙʦʪʢʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʫ ʩʪʘʪʝʡ ʠ ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʇʦʣʝʚʳʝ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʪʜʝʣʦʚ ʛʝʥʝʪʠʢʠ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʤʘʩʣʠʯʥʳʭ ʠ ʧʨʷʜʠʣʴʥʳʭ ʢʫʣʴʪʫʨ ɺʀʈ, ʘ ʪʘʢʞʝ ʬʠʣʠʘʣʦʚ 

ʂʫʙʘʥʩʢʘʷ ʦʧʳʪʥʘʷ ʩʪʘʥʮʠʷ ɺʀʈ ʠ ʅʇɹ çʇʫʰʢʠʥʩʢʠʝ ʠ ʇʘʚʣʦʚʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ 

ɺʀʈè. 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 134 ʩʪʨʘʥʠʮʘʭ, 

ʩʦʜʝʨʞʠʪ 26 ʪʘʙʣʠʮ, ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 25 ʨʠʩʫʥʢʘʤʠ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ ʠ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 206 ʠʩʪʦʯʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 160 ʩʩʳʣʦʢ ʥʘ 

ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1. ʎʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʘʷ ʤʫʞʩʢʘʷ ʩʪʝʨʠʣʴʥʦʩʪʴ ʫ ʨʘʩʪʝʥʠʡ 

 

ʎʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʘʷ ʤʫʞʩʢʘʷ ʩʪʝʨʠʣʴʥʦʩʪʴ (ʎʄʉ) ï ʥʘʩʣʝʜʫʝʤʳʡ ʧʦ 

ʤʘʪʝʨʠʥʩʢʦʡ ʣʠʥʠʠ ʧʨʠʟʥʘʢ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʪʝʥʠʝ ʥʝ ʩʧʦʩʦʙʥʦ ʧʨʦʜʫʮʠʨʦʚʘʪʴ 

ʞʠʟʥʝʩʧʦʩʦʙʥʫʶ ʧʳʣʴʮʫ (ɼʘʥʠʣʝʥʢʦ, ɼʘʚʳʜʝʥʢʦ, 2003). ʗʚʣʝʥʠʝ ʎʄʉ ʙʳʣʦ 

ʦʪʢʨʳʪʦ ʄ. ʄ. ʈʦʫʜʩʦʤ ʚ 1931 ʛ. (Rhoades, 1931) ʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʝʛʦ, ʚ 

ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʄ. ʀ. ʍʘʜʞʠʥʦʚʳʤ ʚ 1932 ʛ. (ʍʘʜʞʠʥʦʚ, 1957, 1961) ʫ 

ʢʫʢʫʨʫʟʳ. ʎʄʉ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʚ ʧʦʧʫʣʷʮʠʷʭ ʮʚʝʪʢʦʚʳʭ ʨʘʩʪʝʥʠʡ ʩʧʦʥʪʘʥʥʦ, 

ʥʦ ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʪʜʘʣʝʥʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ (Kaul, 1988, 

Hanson, Bentolila, 2004; Horn et al., 2010, 2014; Reddemann, Horn, 2018). ʏʠʩʣʦ 

ʚʠʜʦʚ, ʫ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥ ʧʨʠʟʥʘʢ ʎʄʉ, ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. ʉʦʛʣʘʩʥʦ 

ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʘʤ, ʎʄʉ ʠʟʚʝʩʪʥʘ ʫ ʙʦʣʝʝ 150 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ (Carlsson et al., 

2008; Chen et al., 2017), ʧʦ ʜʨʫʛʠʤ ï ʙʦʣʝʝ 300 (Garcia et al., 2019). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʣʝʢʮʠʷ ʤʥʦʛʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʛʠʙʨʠʜʦʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʧʳʣʝʥʠʷ ʠ 

ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʠʭ ʨʫʯʥʳʭ ʟʘʪʨʘʪ ʥʘ ʢʘʩʪʨʘʮʠʶ ʠ ʦʧʳʣʝʥʠʝ ʩ ʮʝʣʴʶ ʤʘʩʩʦʚʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʝʤʷʥ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʎʄʉ ʣʠʙʦ ʛʝʥʥʫʶ (ʷʜʝʨʥʫʶ) 

ʤʫʞʩʢʫʶ ʩʪʝʨʠʣʴʥʦʩʪʴ. ʇʝʨʚʳʝ ʧʨʦʩʪʳʝ ʛʠʙʨʠʜʳ ʥʘ ʩʪʝʨʠʣʴʥʦʡ ʦʩʥʦʚʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ 1947-1948 ʛʛ. ɼ.ʌ. ɼʞʦʥʩʦʥʦʤ ʠ ʇ. ʂ. ʄʘʥʛʝʣʴʩʜʦʨʬʦʤ 

(Mangelsdorf, 1951) ʫ ʢʫʢʫʨʫʟʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʎʄʉ, ʷʚʣʷʶʪʩʷ ʢʫʢʫʨʫʟʘ, 

ʧʦʜʩʦʣʥʝʯʥʠʢ, ʨʘʧʩ, ʨʠʩ, ʨʦʞʴ. ʌʝʥʦʪʠʧʠʯʝʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʎʄʉ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ ʨʘʟʣʠʯʥʦ. ʇʨʠ ʎʄʉ ʫ ʨʘʩʪʝʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʠʩʭʦʜʷʪ 

ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ ʧʳʣʴʥʠʢʦʚ, ʦʜʥʘʢʦ ʝʩʪʴ ʩʣʫʯʘʠ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ ʮʚʝʪʢʘ (Carlsson et al., 2008). ʅʘʧʨʠʤʝʨ, ʫ ʧʝʪʫʥʠʠ ʠ ʢʫʢʫʨʫʟʳ 

ʮʚʝʪʢʠ ʩʪʝʨʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʮʚʝʪʢʦʚ ʥʦʨʤʘʣʴʥʳʭ ʬʝʨʪʠʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʥʦ ʚ ʧʳʣʴʥʠʢʘʭ ʩʪʝʨʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʦʪʩʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ, ʣʠʙʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʭ ʜʝʬʦʨʤʘʮʠʷ; ʫ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʝʨʝʜʢʦ ʧʳʣʴʥʠʢʠ ʠ ʚʦʚʩʝ ʥʝ 
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ʚʳʜʚʠʛʘʶʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʮʚʝʪʢʘ (ʨʠʩ. 1). ʋ ʨʝʜʠʩʘ, ʤʦʨʢʦʚʠ, ʧʰʝʥʠʮʳ ʠ 

ʤʝʢʩʠʢʘʥʩʢʦʛʦ ʧʝʨʮʘ ʎʄʉ ʚʳʟʳʚʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʧʳʣʴʥʠʢʦʚ ʚ ʧʝʪʘʣʦʠʜʥʳʝ ʠ 

ʢʘʨʧʝʣʦʠʜʥʳʝ ʛʦʤʝʦʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ (Hanson, Bentolila 2004; ɹʫʭʘʨʦʚʘ, 

ɹʫʭʘʨʦʚ, 2008). ʋ ʘʟʠʘʪʩʢʦʡ ʤʦʨʢʦʚʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʜʚʘ ʪʠʧʘ ʎʄʉ ʩ 

ʨʘʟʣʠʯʥʳʤ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤ ʧʨʦʷʚʣʝʥʠʝʤ: ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʧʳʣʴʥʠʢʠ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʣʝʧʝʩʪʢʠ, ʚ ʜʨʫʛʦʤ ï ʧʳʣʴʥʠʢʠ ʜʝʬʝʢʪʥʳʝ ʠ ʠʤʝʶʪ ʢʦʨʠʯʥʝʚʳʡ 

ʮʚʝʪ (Kalia et al., 2019). ʄʝʭʘʥʠʟʤʳ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ (Kubo, 

Newton, 2008; Carlsson et al., 2008). ɿʥʘʯʠʪʝʣʴʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚ ʬʝʥʦʪʠʧʠʯʝʩʢʦʤ 

ʧʨʦʷʚʣʝʥʠʠ ʩʪʝʨʠʣʴʥʦʩʪʠ ʫ ʬʦʨʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʎʄʉ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʥʳʝ 

ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʨʠʟʥʘʢʘ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘʨʫʰʝʥʠʷ 

ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʩʪʘʜʠʠ ʤʝʡʦʟʘ ʠʣʠ ʧʦʩʪ-ʤʝʡʦʟʘ (Gillman et al., 2008; ʖʨʠʥʘ, 

ʆʜʠʥʮʦʚʘ, 2010).  

 

ʈʠʩʫʥʦʢ 1 ï ʄʦʨʬʦʣʦʛʠʷ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʨʛʘʥʦʚ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʨʘʟʚʠʪʠʠ ʠ ʧʨʠ ʎʄʉ (ʧʦ Hanson, Bentolila, 2004) 
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ʇʦʤʠʤʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ, ʎʄʉ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʥʘʨʫʰʝʥʠʡ 

ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʛʝʥʦʤʦʚ ʷʜʨʘ ʠ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʜʝʘʣʴʥʫʶ 

ʤʦʜʝʣʴ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʷʜʝʨʥʦ-ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ. ʀʟʫʯʝʥʠʶ ʛʝʥʝʪʠʯʝʩʢʦʡ, ʮʠʪʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʤʙʨʠʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ ʎʄʉ ʧʦʩʚʷʱʝʥ ʨʷʜ ʨʘʙʦʪ (Han et al., 2017; Kim, Zhang, 2018; ɺʦʨʦʥʦʚʘ, 

ɻʘʚʨʠʣʦʚʘ, 2019; Wang et al., 2020). ɸʥʘʣʠʟ ʮʠʪʦʣʦʛʠʠ ʤʫʞʩʢʦʡ ʩʪʝʨʠʣʴʥʦʩʪʠ ʫ 

ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʪʝʨʠʣʠʟʘʮʠʠ ʧʳʣʴʮʝʚʳʭ 

ʟʝʨʝʥ ʚ ʧʳʣʴʥʠʢʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʠʥʭʨʦʥʥʦ. ɼʣʷ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʩʪʝʨʠʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ ʭʘʨʘʢʪʝʨʥʳ ʘʥʦʤʘʣʴʥʘʷ ʚʘʢʫʦʣʠʟʘʮʠʷ ʛʝʥʝʨʘʪʠʚʥʳʭ ʠ ʚʝʛʝʪʘʪʠʚʥʳʭ 

ʢʣʝʪʦʢ, ʛʠʜʨʘʪʘʮʠʷ ʢʘʨʠʦʧʣʘʟʤʳ ʷʜʨʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʢʣʝʪʢʠ, ʥʘʨʫʰʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʛʝʥʝʨʘʪʠʚʥʦʡ ʢʣʝʪʢʠ, ʥʘʨʫʰʝʥʠʝ ʜʚʠʞʝʥʠʷ ʷʜʝʨ ʚ ʤʠʢʨʦʩʧʦʨʝ ʠ ʚʝʛʝʪʘʪʠʚʥʦʡ 

ʢʣʝʪʢʝ (ʆʨʝʣ, 1968). ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʎʄʉ ʷʚʣʷʝʪʩʷ ʘʥʦʤʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʪʘʧʝʪʫʤʘ, ʩʣʦʷ ʢʣʝʪʦʢ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʧʠʪʘʥʠʝ 

ʤʠʢʨʦʩʧʦʨʦʮʠʪʦʚ. ʋ ʦʜʥʠʭ ʨʘʩʪʝʥʠʡ ʩ ʎʄʉ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʢʣʝʪʦʢ ʪʘʧʝʪʫʤʘ (ʆʨʝʣ, 1978), ʫ ʜʨʫʛʠʭ - ʟʘʜʝʨʞʢʘ ʣʠʟʠʩʘ 

ʪʘʧʝʪʘʣʴʥʦʛʦ ʩʣʦʷ ʢʣʝʪʦʢ, ʘ ʜʣʷ ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʡ ʩ ʎʄʉ ʩʚʦʡʩʪʚʝʥʥʳ ʝʛʦ 

ʛʠʧʝʨʪʨʦʬʠʷ, ʤʥʦʛʦʷʜʝʨʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʝ ʨʘʟʨʘʩʪʘʥʠʝ ʚ ʧʦʣʦʩʪʴ ʛʥʝʟʜʘ ʧʳʣʴʥʠʢʘ. 

ʆʪʤʝʯʘʶʪʩʷ ʥʘʨʫʰʝʥʠʷ ʢʦʥʲʶʛʘʮʠʠ ʠ ʨʘʩʭʦʞʜʝʥʠʠ ʭʨʦʤʦʩʦʤ ʚ ʤʝʡʦʟʝ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦ- ʠ ʤʘʢʨʦ- ʷʜʝʨ (ʋʩʪʠʥʦʚʘ, 1964; ʆʨʝʣ, 1978; ɺʦʨʦʥʦʚʘ, 2014). 

ʅʘʧʨʠʤʝʨ, ʫ ʎʄʉ-ʣʠʥʠʡ ʧʝʨʮʘ ʚ ʤʝʡʦʟʝ, ʥʘʨʷʜʫ ʩ ʙʠʚʘʣʝʥʪʘʤʠ, ʦʪʤʝʯʝʥʳ 

ʢʚʘʜʨʠʚʘʣʝʥʪʳ ʠ ʫʥʠʚʘʣʝʥʪʳ. ɼʝʛʝʥʝʨʘʮʠʷ ʤʠʢʨʦʩʧʦʨ ʥʘʯʠʥʘʣʘʩʴ ʣʠʙʦ ʧʦʩʣʝ 

ʩʪʘʜʠʠ ʪʝʪʨʘʜ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʠʢʨʦʩʧʦʨ (ʥʝ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʢʘʣʣʦʟʘ) ʣʠʙʦ (ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ) ʥʘ ʜʨʫʛʠʭ ʩʪʘʜʠʷʭ 

ʤʠʢʨʦʩʧʦʨʛʝʥʝʟʘ (Vesselina et al., 2010). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʥʘʨʫʰʝʥʠʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʩʩʘ çʧʫʩʪʳʭè ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ (ʙʝʟ ʮʠʪʦʧʣʘʟʤʳ ʠ ʷʜʝʨ) ʚ 

ʜʝʛʝʥʝʨʠʨʫʶʱʠʭ ʧʳʣʴʥʠʢʘʭ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʎʄʉ ʩʚʷʟʳʚʘʶʪ ʩ ʨʘʙʦʪʦʡ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

çʭʠʤʝʨʥʳʭ ʛʝʥʦʚè (Singh, Brown, 1991; Hanson, Bentolila, 2004; Satoh et al., 2004; 

Chase, 2007; Mackenzie, 2010; Woloszynska, 2010; Chen, Liu, 2014; Tan et al., 2015; 

Makarenko et al., 2019). ʆʥʠ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʝʨʝʩʪʨʦʝʢ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ (ʤʪɼʅʂ) ʠ ʯʘʱʝ ʚʩʝʛʦ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʢʦʧʠʠ (ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʳ) ʛʝʥʦʚ çʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘè ʤʠʪʦʭʦʥʜʨʠʡ ʠ 

(ʠʣʠ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (orf), ʢʦʜʠʨʫʶʱʠʝ ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʎʄʉ ʙʝʣʢʠ. ʊʘʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʤʪɼʅʂ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʦʪʢʨʳʪʳʭ ʨʘʤʦʢ ʩʯʠʪʳʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪ ʪʦʢʩʠʯʥʳʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʳʣʴʮʳ ʙʝʣʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, - ʢ 

ʩʪʝʨʠʣʴʥʦʩʪʠ. ɸʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʎʄʉ ʣʦʢʫʩʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ cox ʠ nad, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ; ʬʨʘʛʤʝʥʪʳ ʛʝʥʦʚ ʷʜʝʨʥʦʡ ʠʣʠ ʭʣɼʅʂ, ʥʦ ʯʘʱʝ ʚʩʝʛʦ ʩʦʜʝʨʞʘʪ 

ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʨʘʟʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ ɸʊʌ-cʠʥʪʘʟ (atp), ʣʠʙʦ ʣʦʢʘʣʠʟʦʚʘʥʳ 

ʚʙʣʠʟʠ ʵʪʠʭ ʛʝʥʦʚ (Arrieta-Montiel et al., 2001; ɼʘʥʠʣʝʥʢʦ, ɼʘʚʳʜʝʥʢʦ, 2003; 

Hanson, Bentolila, 2004; Sofi et al., 2007; Mackenzie, 2010; Li  et al., 2013; 

ɸʥʠʩʠʤʦʚʘ, ɻʘʚʨʠʣʝʥʢʦ, 2017; Reddemann, Horn, 2018; Kalia et al., 2019). 

 

1.2. ɻʝʥʳ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ 

 

ɼʣʷ ʩʝʣʝʢʮʠʠ ʛʠʙʨʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʎʄʉ ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʷʜʝʨʥʳʝ ʛʝʥʳ, ʵʬʬʝʢʪ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʧʨʝʦʜʦʣʝʚʘʝʪ ʜʝʡʩʪʚʠʝ ʎʄʉ-ʛʝʥʦʚ. ʕʪʠ 

ʜʦʤʠʥʘʥʪʥʳʝ ʛʝʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤʠ ʛʝʥʘʤʠ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʎʄʉ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ, 

ʦʜʥʘʢʦ ʜʝʡʩʪʚʠʝ ʠʭ ʩʧʝʮʠʬʠʯʥʦ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ 

ʪʠʧʦʚ ʎʄʉ. ʊʘʢʠʝ ʛʝʥʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ Rf (Restoration of fertility), ʘ 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʎʄʉ ʠ ʛʝʥʦʚ Rf - 

ʩʠʩʪʝʤʘʤʠ ʎʄʉ-Rf. ʉʝʣʝʢʮʠʷ ʛʝʪʝʨʦʟʠʩʥʳʭ ʛʠʙʨʠʜʦʚ ʚʢʣʶʯʘʝʪ ʩʦʟʜʘʥʠʝ 

ʤʘʪʝʨʠʥʩʢʠʭ ʩʪʝʨʠʣʴʥʳʭ ʣʠʥʠʡ ʎʄʉ, ʟʘʢʨʝʧʠʪʝʣʝʡ ʩʪʝʨʠʣʴʥʦʩʪʠ (ʬʝʨʪʠʣʴʥʳʭ 

ʘʥʘʣʦʛʦʚ ʩʪʝʨʠʣʴʥʳʭ ʣʠʥʠʡ) ʠ ʦʪʮʦʚʩʢʠʭ ʣʠʥʠʡ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʬʝʨʪʠʣʴʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ (ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʤʠʥʘʥʪʥʳʝ) ʘʣʣʝʣʠ ʛʝʥʦʚ Rf. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʝʣʝʢʮʠʠ ʛʠʙʨʠʜʦʚ ʫ ʤʥʦʛʠʭ ʢʫʣʴʪʫʨ ï 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʣʠʥʠʡ - ʠʩʪʦʯʥʠʢʦʚ ʩʪʝʨʠʣʴʥʦʩʪʠ ʠ 

ʟʘʢʨʝʧʠʪʝʣʝʡ ʩʪʝʨʠʣʴʥʦʩʪʠ (Jordan et al., 2010, 2011; Mindaye et al., 2016). 
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ʇʦʵʪʦʤʫ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʜʘʝʪʩʷ ʧʦʠʩʢʫ ʥʦʚʳʭ ʣʠʥʠʡ-ʟʘʢʨʝʧʠʪʝʣʝʡ ʠ ʣʠʥʠʡ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. ʀʩʧʦʣʴʟʫʷ ʩʪʝʨʠʣʴʥʫʶ ʣʠʥʠʶ, ʤʦʞʥʦ ʧʫʪʝʤ ʦʙʨʘʪʥʳʭ 

ʥʘʩʳʱʘʶʱʠʭ ʩʢʨʝʱʠʚʘʥʠʡ (ʩʝʨʠʠ ʙʝʢʢʨʦʩʩʦʚ) ʧʝʨʝʚʝʩʪʠ ʣʶʙʫʶ ʞʝʥʩʢʫʶ ʣʠʥʠʶ 

ʥʘ ʩʪʝʨʠʣʴʥʫʶ ʦʩʥʦʚʫ, ʪ. ʝ. ʩʜʝʣʘʪʴ ʝʝ ʩʪʝʨʠʣʴʥʦʡ.  

ʆʜʥʠʤ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʫ ʣʠʥʠʡ ʛʝʥʦʚ Rf ʷʚʣʷʝʪʩʷ 

ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɺ ʩʝʣʝʢʮʠʠ ʛʠʙʨʠʜʦʚ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʙʠʣʴʥʳʝ ʣʠʥʠʠ ʩ 

ʎʄʉ, ʦʜʥʘʢʦ ʙʳʚʘʶʪ ʩʣʫʯʘʠ ʥʝʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʛʠʙʨʠʜʦʚ 

ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (Wang et al., 2010). ʅʘʩʣʝʜʦʚʘʥʠʝ ʧʨʠʟʥʘʢʘ ʠ ʨʘʙʦʪʫ ʛʝʥʦʚ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʠʟʫʯʘʶʪ ʚ ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʛʠʙʨʠʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ. ʈʘʩʪʝʥʠʷ 

ʛʠʙʨʠʜʦʚ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʮʝʥʠʚʘʶʪ ʚʠʟʫʘʣʴʥʦ ʥʘ ʥʘʣʠʯʠʝ ʧʳʣʴʮʳ ʚ 

ʥʦʨʤʘʣʴʥʦ ʨʘʟʚʠʪʳʭ ʧʳʣʴʥʠʢʘʭ, ʘ ʟʘʪʝʤ ʧʨʦʚʝʨʷʶʪ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ ʥʘ 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ, ʣʠʙʦ ʦʧʨʝʜʝʣʷʶʪ ʝʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʥʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ (Fujii, Toriyama, 2009; Ma et al., 2013; ɺʦʨʦʥʦʚʘ, 

ɻʘʚʨʠʣʦʚʘ, 2019). ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʯʝʪʘ ʩʦʦʪʥʦʰʝʥʠʷ ʬʝʨʪʠʣʴʥʳʭ ʠ ʩʪʝʨʠʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʚʳʜʚʠʛʘʶʪʩʷ ʛʠʧʦʪʝʟʳ ʦ ʛʝʥʝʪʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʧʨʠʟʥʘʢʘ, ʦʜʥʘʢʦ ʥʝ 

ʚʩʝʛʜʘ ʚ ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʧʦʧʫʣʷʮʠʷʭ ʨʘʩʪʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠ ʪʦʣʴʢʦ ʥʘ ʬʝʨʪʠʣʴʥʳʝ ʠ ʩʪʝʨʠʣʴʥʳʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫ ʥʝʢʦʪʦʨʳʭ 

ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʘʨʷʜʫ ʩ ʢʣʘʩʩʘʤʠ ʬʝʨʪʠʣʴʥʳʭ/ʩʪʝʨʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ 

ʥʘʙʣʶʜʘʣʠʩʴ ʝʱʝ ʠ ʧʦʣʫʬʝʨʪʠʣʴʥʳʡ ʠʣʠ ʧʦʣʫʩʪʝʨʠʣʴʥʳʡ (Elkonin, 2005; Jordan 

et al.; 2010, Sinha et al., 2013). ʊʘʢʠʝ ʨʘʩʪʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʦʥʠʞʝʥʥʦʡ 

ʬʝʨʪʠʣʴʥʦʩʪʴʶ ʧʳʣʴʮʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʥʠʞʝʥʥʦʡ ʟʘʚʷʟʳʚʘʝʤʦʩʪʴʶ ʩʝʤʷʥ. 

ʊʘʢ ʥʘʟʳʚʘʝʤʳʡ ʵʬʬʝʢʪ çʤʘʣʦʧʳʣʴʮʦʚʦʩʪʠè ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʩʷ ʘʚʪʦʨʘʤʠ 

ʥʘ ʨʘʟʥʳʭ ʚʠʜʘʭ ʨʘʩʪʝʥʠʡ (Jordan, 2010; Sinha et al., 2013; ɸʥʠʩʠʤʦʚʘ ʠ ʜʨ., 2017; 

Karabitsina et al., 2019), ʦʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ ʧʨʠʯʠʥʝ ʜʘʥʥʦʛʦ 

ʷʚʣʝʥʠʷ. ʆʪʜʝʣʴʥʳʝ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʣʠ ʧʦʥʠʞʝʥʥʫʶ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ ʥʘ 

ʬʦʥʝ ʎʄʉ ʩ ʜʝʡʩʪʚʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʛʝʥʦʚ, ʛʝʥʦʚ-ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʵʬʬʝʢʪʘʤʠ 

QTL ʣʠʙʦ ʦʙʲʷʩʥʷʣʠ ʵʪʦ ʚʣʠʷʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʦʥʘ (Elkonin, 2005; Jordan et 

al., 2010). 
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ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 15 ʛʝʥʦʚ Rf ʫ ʚʦʩʴʤʠ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ (ʪʘʙʣ. 1). ɹʦʣʴʰʠʥʩʪʚʦ ʢʣʦʥʠʨʦʚʘʥʥʳʭ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ Rf ʛʝʥʦʚ ʢʦʜʠʨʫʶʪ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʧʦʚʪʦʨʷʶʱʠʝʩʷ 

ʤʦʪʠʚʳ ʠʟ 35 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ (PPR, pentatricopeptide repeats) ʠ 

ʨʝʛʫʣʠʨʫʶʪ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʨʘʙʦʪʫ ʷʜʨʘ ʠ ʤʠʪʦʭʦʥʜʨʠʡ. PPR-ʛʝʥʳ ʩ ʬʫʥʢʮʠʝʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʚʳʜʝʣʝʥʳ ʚ ʦʪʜʝʣʴʥʦʝ ʧʦʜʩʝʤʝʡʩʪʚʦ RFL-PPR 

(Restoration of Fertility Like-PPR). ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

PPR-RFL ʛʝʥʦʚ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʯʠʚʦʩʪʠ PPR-ʤʦʪʠʚʦʚ, ʘ ʪʘʢʞʝ 

ʩʣʦʞʥʦʡ ʢʣʘʩʪʝʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʢʫʩʦʚ Rf ʚ ʛʝʥʦʤʝ (OôToole et al., 2008; Fujii at 

al., 2011; Dahan, Mireau, 2013; Chen, Liu, 2014; Gaborieau et al., 2016; Sykes et 

al., 2017). ʂʨʦʤʝ ʪʦʛʦ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʥʝʦʙʳʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʣʦʢʫʩʦʚ Rf: ʛʣʠʮʠʥ-ʙʦʛʘʪʳʡ ʙʝʣʦʢ ʨʠʩʘ (ʛʝʥ Rf2 (Itabashi et al., 2011)), 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʬʘʢʪʦʨ ʪʝʨʤʠʥʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ mTERF (ʛʝʥ msm1 ʷʯʤʝʥʷ 

(Bernhard et al., 2019)) ʠ Rf3 ʨʞʠ (Hackauf et al., 2017)), ʧʨʦʪʝʠʥʘʟʘ OMA1, 

ʩʚʦʡʩʪʚʝʥʥʘʷ ʜʨʦʞʞʝʚʳʤ ʢʣʝʪʢʘʤ (ʛʝʥ bvORF20 ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ (Matsuhira et 

al., 2012)), ʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʘ (ʛʝʥ Rf2 ʢʫʢʫʨʫʟʳ (Cui et al., 1996)), 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ bHLH (ʛʝʥ Rf4 ʢʫʢʫʨʫʟʳ (Jaqueth et al., 2020)) ʠ 

ʘʮʠʣʧʝʨʝʥʦʩʷʱʠʡ ʙʝʣʦʢ (ʛʝʥ Rf17 ʨʠʩʘ (Fujii, Toriyama, 2009)). ʅʘʢʦʧʣʝʥʥʳʝ 

ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪ ʧʨʦʜʫʢʪʦʚ ʛʝʥʦʚ Rf ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʛʝʥʦʤʥʦʡ ɼʅʂ, ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʣʠ ʥʘ ʫʨʦʚʥʝ 

ʙʝʣʢʘ (Chen, Liu, 2014). 
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ʊʘʙʣʠʮʘ 1 ï ʂʣʦʥʠʨʦʚʘʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʦʢʫʩʦʚ ʛʝʥʦʚ Rf ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ  

 

ɺʠʜ ʊʠʧ ʎʄʉ ɻʝʥ 
ʂʦʜʠʨʫʝʤʳʡ 

ʙʝʣʦʢ 

ʍʨʦʤʦ-

ʩʦʤʘ 
ɻʝʥʦʪʠʧ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ NCBI  (http://www. 

Ncbi.nlm.nih.gov/nuccore) 

ʉʩʳʣʢʘ 

1 2 3 4 5 6 7 8 

ʂʫʢʫʨʫʟʘ 

(Zea mays 

L.) 

T Rf2 
ɸʣʴʜʝʛʠʜ-

ʜʝʛʠʜʨʦʛʝʥʘʟʘ 
9 

rf2-m8122/Rf2-Ky21 Ĭ rf2-

reflrf2-ref 
NC_024467.2 Cui et al., 1996 

ʈʠʩ (Oryza 

sativa L.) 

BT (Boro II) 
Rf1a PPR 10 MS-Koshihikari, IR8 NC_029265 Komori et al., 2003 

Rf1b PPR 10 CMS 731A Ĭ C9083 ʥʝʪ ʜʘʥʥʳʭ Wang et al., 2006 

LD Rf2 

ʄʠʪʦʭʦʥʜ-

ʨʠʘʣʴʥʳʡ ʙʝʣʦʢ 

ʙʦʛʘʪʳʡ 

ʛʣʠʮʠʥʦʤ  

2 
LD-Akihikari, LD-

ʊʘʡʯʞʫʥ 65 (T65) 
AB583698.1 Itabashi et al., 2011 

WA Rf4 PPR 10 
Zhenshan 97A Ĭ Minghui 

63 
KJ680242-KJ680253 Tang et al., 2014 

Hong-Lian Rf5 PPR 10 Milyang32 AB179840 Hu et al., 2012 

HL Rf6 PPR 8 YTA, Wuyunjing7A KY387609.1 
Huang et al., 2015, 

Zhang et al., 2017 

CW Rf17 

ʄʠʪʦʭʦʥʜ-

ʨʠʘʣʴʥʳʡ ʙʝʣʦʢ, 

ʩʦʜʝʨʞʘʱʠʡ 

ʯʘʩʪʴ ʩʠʥʪʘʟʳ 

ʧʦʜʦʙʥʦʛʦ 

ʜʦʤʝʥʘ ʘʮʠʣ-

ʧʝʨʝʥʦʩʷʱʝʛʦ 

ʙʝʣʢʘ 

4 
CW (CWR) Ĭ Kasalath / 

Koshihikari CSSL209 
AB481199.1 

Fujii, Toriyama, 

2009 

 

ʇʝʪʫʥʠʷ 

(Petunia 

hybrida 

Vilm.) 

ʥʝʪ ʜʘʥʥʳʭ Rf-PPR592 PPR 4 ʢʣʦʥ SB5 AAM52339.1 Bentolila et al., 2002 

ʈʘʧʩ 

(Brassica 

napus L.) 

Ogura Rfo PPR N19  SamRfo AJ550021.2 

Uyttewaal et al., 

2008, Feng et al., 

2009 

https://www.ncbi.nlm.nih.gov/nuccore/AB179840
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(ʇʨʦʜʦʣʞʝʥʠʝ) 
1 2 3 4 5 6 7 8 

ʈʘʧʩ 

(Brassica 

napus L.) 

Pol Rfp PPR 
ʥʝʪ 

ʜʘʥʥʳʭ 
CMS line 1141A, B409 ʥʝʪ ʜʘʥʥʳʭ Liu et al., 2016 

Nap Rfn PPR ɸ09 

ʎʄʉ ʣʠʥʠʷ 181ɸ, H5 

ʎʄʉ-Pol ʣʠʥʠʠ: 1141A, 

245A ʠ 7492A 

ʥʝʪ ʜʘʥʥʳʭ Liu et al., 2017 

ʈʝʜʠʩ 

(Raphanus 

sativus L.) 

Kosena Rfk1 PPR 9 

ʆʜʥʦ ʬʝʨʪʠʣʴʥʦʝ 

ʨʘʩʪʝʥʠʝ ʠʟ ʧʦʧʫʣʷʮʠʠ 

KE3 ʦʧʠʩʘʥʥʦʡ 

ʫ Koizuka et al. 2000 

AJ535623.1 Koizuka et al., 2003 

ʉʦʨʛʦ 

(Sorghum 

bicolor L.) 

A1 Rf1 PPR 8 
AT Ĭ 623 (rf1, rf1),  

RT Ĭ 432 (Rf1, Rf1) 
ʥʝʪ ʜʘʥʥʳʭ Klein et al., 2005 

ʗʯʤʝʥʴ 

(Hordeum 

vulgare L.) 

msm1 Rfm3 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥ

ʳʡ ʬʘʢʪʦʨ 

ʪʝʨʤʠʥʘʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ 

mTERF 

6H ʥʝʪ ʜʘʥʥʳʭ ʥʝʪ ʜʘʥʥʳʭ Bernhard et al., 2019 

ʉʘʭʘʨʥʘʷ 

ʩʚʝʢʣʘ 

(Beta 

vulgaris L.) 

ʥʝʪ ʜʘʥʥʳʭ bvORF20 
ʧʨʦʪʝʠʥʘʟʘ 

OMA1 

ʥʝʪ 

ʜʘʥʥʳʭ 

NK-219mm-CMS Ĭ NK-

198 
BAM64832.1 

Matsuhira et al., 

2012 

https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-313X.2003.01735.x#b14
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʥʦʚ Rf ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʫʨʦʚʥʝ 

ʧʨʦʮʝʩʩʠʥʛʘ ʤʈʅʂ ʠʣʠ ʪʨʘʥʩʣʷʮʠʠ (Schmitz-Linnenweber, Small, 2008). ɼʣʷ 

ʚʳʷʩʥʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ PPR-ʜʦʤʝʥʦʚ ʠ ʬʫʥʢʮʠʝʡ ʛʝʥʦʚ Rf ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ RFL-PPR-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʨʝʩʩʠʠ in vivo (Qin et al., 2014). ɼʘʥʥʳʝ ʧʝʨʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʠʥʛʘ ʪʨʘʥʩʢʨʠʧʪʦʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ 

ʛʝʥʦʤʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʝʥʦʚ Rf ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʨʦʜʫʢʪʘʤʠ 

ʘʙʝʨʨʘʥʪʥʳʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʛʝʥʦʚ ʯʝʨʝʟ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ (Yue et al., 2010; Huang et al., 2013; Wu et al., 2019).  

ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʠ ʠʟʙʳʪʦʯʥʦʩʪʠ RFL-PPR ʛʝʥʦʚ 

ʟʘʪʨʫʜʥʝʥʘ ʠʭ ʛʝʥʦʤʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʴʰʠʥʩʪʚʦ 

ʫʯʝʥʳʭ ʠʩʧʦʣʴʟʫʶʪ ʧʦʠʩʢ ʛʝʥʦʤʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʘʩʪʝʨʦʚ 

ʛʝʥʦʚ RFL-PPR ʫ ʚʠʜʦʚ ʩ ʘʥʥʦʪʠʨʦʚʘʥʥʳʤʠ ʛʝʥʦʤʘʤʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʛʝʥʳ-ʢʘʥʜʠʜʘʪʳ Rf ʫ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ, 

ʚʢʣʶʯʘʷ ʨʠʩ (Guzman, Oard, 2019), ʨʘʡʛʨʘʩ (Sykes et al., 2017), ʭʣʦʧʯʘʪʥʠʢ (Zhao 

et al., 2018), ʷʯʤʝʥʴ (Melonek et al., 2019) ʠ ʧʦʜʩʦʣʥʝʯʥʠʢ (Goryunov et al., 2019; 

Talukder et al., 2019). ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʫ ʦʪʦʙʨʘʥʥʳʭ ʛʝʥʦʚ-

ʢʘʥʜʠʜʘʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ (Liu et al., 2013; Li  et 

al., 2015; Rhee et al., 2015; Mei et al., 2016; ɸʥʠʩʠʤʦʚʘ, ɻʘʚʨʠʣʝʥʢʦ, 2017). ʆʜʥʘʢʦ 

ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʵʢʩʧʨʝʩʩʠʠ Rf ʛʝʥʦʚ ʧʦʢʘ ʥʝʪ (Touzet, 

Meyer, 2014), ʘ ʠʤʝʶʱʘʷʩʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʢʘ ʝʱʝ ʦʯʝʥʴ ʬʨʘʛʤʝʥʪʘʨʥʘ ʣʠʙʦ 

ʬʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʥʦʛʠʭ ʚʠʜʦʚ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘʣʠʯʠʷ ʫ ʨʦʜʠʪʝʣʴʩʢʠʭ ʣʠʥʠʡ ʛʝʥʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʧʨʦʚʦʜʷʪ ʪʝʩʪ-ʩʢʨʝʱʠʚʘʥʠʷ ï ʩʪʝʨʠʣʴʥʳʝ ʣʠʥʠʠ ʎʄʉ 

ʩʢʨʝʱʠʚʘʶʪ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʠ ʧʦʣʫʯʝʥʥʳʝ ʛʠʙʨʠʜʳ F1 

ʦʮʝʥʠʚʘʶʪ ʧʦ ʧʨʠʟʥʘʢʫ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʫʩʢʦʨʝʥ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ (ʘʣʣʝʣ-ɹʩʧʝʮʠʬʠʯʥʳʭ) ʣʠʙʦ ʪʝʩʥʦ 

ʩʮʝʧʣʝʥʥʳʭ ʩ ʣʦʢʫʩʘʤʠ ʛʝʥʦʚ Rf ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ. ʇʦʵʪʦʤʫ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʎʄʉ-

Rf ʷʚʣʷʝʪʩʷ: ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʛʝʥʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ, 
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ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʛʝʥʦʤʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʦʪʙʦʨʘ ʛʝʥʦʪʠʧʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʣʣʝʣʷʤʠ ʵʪʠʭ ʛʝʥʦʚ (Sykes et al., 2017). ʊʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʤʳ 

ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʘʨʢʝʨʦʚ, ʦʜʥʘʢʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʛʝʥʦʚ Rf ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʣʠʰʴ ʫ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʢʫʣʴʪʫʨ: ʧʦʜʩʦʣʥʝʯʥʠʢʘ (Horn et al., 2003, 2019; 

Kusterer et al., 2005; ʄʘʨʢʠʥ et al., 2013; ʏʝʣʶʩʪʥʠʢʦʚʘ, 2017), ʭʣʦʧʯʘʪʥʠʢʘ (Wang 

et al., 2007), ʢʫʢʫʨʫʟ r(Meyer et al., 2011). 

 

1.3. ʇʨʠʟʥʘʢ ʎʄʉ ʫ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʝʣʝʢʮʠʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʩʦʟʜʘʥʠʝ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʛʠʙʨʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʎʄʉ, ʦʙʣʘʜʘʶʱʠʭ ʢʦʤʧʣʝʢʩʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʘʪʦʛʝʥʘʤ. ʋ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 70 ʪʠʧʦʚ ʎʄʉ 

(ɻʘʚʨʠʣʦʚʘ, ɸʥʠʩʠʤʦʚʘ, 2003; Ardila et al., 2010; Reddemann, Horn, 2018). ɺʩʝ ʦʥʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʤʝʞʚʠʜʦʚʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʢʫʣʴʪʫʨʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

Helianthus annuus L. ʩ ʤʥʦʛʦʣʝʪʥʠʤʠ ʠ ʦʜʥʦʣʝʪʥʠʤʠ ʚʠʜʘʤʠ ʨʦʜʘ Helianthus L. 

ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ ʎʄʉ ʪʠʧʘ PET1, PET2, RIG0, ARG-3, MAX 1 

(Christov, 2003; ʋʩʘʪʦʚ ʠ ʜʨ., 2012; Makarenko et al., 2018, 2019; Reddemann, 

Horn, 2018). ʕʬʬʝʢʪʳ ʎʄʉ ʧʨʠ ʨʘʟʥʳʭ ʪʠʧʘʭ ʩʪʝʨʠʣʴʥʦʡ ʮʠʪʦʧʣʘʟʤʳ ʨʘʟʣʠʯʥʳ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫ ʨʘʩʪʝʥʠʡ ʩ ʎʄʉ ʧʳʣʴʥʠʢʠ ʜʝʛʝʥʝʨʠʨʫʶʪ ʥʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʠ ʧʳʣʴʮʘ ʚ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʘʨʫʰʝʥʠʷ ʚ ʤʝʭʘʥʠʟʤʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʳʣʴʮʳ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʤʝʡʦʪʠʯʝʩʢʦʛʦ ʠ 

ʤʦʩʪʤʝʡʦʪʠʯʝʩʢʦʛʦ ʜʝʣʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʩʪʝʨʠʣʴʥʦʤ ʨʘʩʪʝʥʠʠ ʧʨʠ ʎʄʉ-ʈɽʊ1 

ʧʨʦʠʩʭʦʜʠʪ ʘʥʦʤʘʣʴʥʘʷ ʚʘʢʫʦʣʠʟʘʮʠʷ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʚʦ ʚʨʝʤʷ 

ʧʝʨʚʦʛʦ ʜʝʣʝʥʠʷ ʤʝʡʦʟʘ (Laveau et al., 1989), ʘʥʦʤʘʣʴʥʦʝ ʨʘʟʨʘʩʪʘʥʠʝ ʪʘʧʝʪʘʣʴʥʦʡ 

ʪʢʘʥʠ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʧʦʣʥʘʷ ʜʝʛʝʥʝʨʘʮʠʷ ʤʠʢʨʦʩʧʦʨʦʮʠʪʦʚ (ʋʩʘʪʦʚ ʠ 
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ʜʨ., 2012). ʇʨʠ ʜʨʫʛʠʭ ʪʠʧʘʭ ʎʄʉ ʫ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʘʨʫʰʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ 

ʧʦʟʞʝ, ʯʝʤ ʧʨʠ PET1-ʪʠʧʘ: ʫ ʬʦʨʤ ʥʘ ʦʩʥʦʚʝ H. petiolaris Nutt ssp. fallax 

ʜʝʛʝʥʝʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ ʚʘʢʫʦʣʠʟʘʮʠʠ ʤʠʢʨʦʩʧʦʨʳ ʥʘ ʩʪʘʜʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʵʥʜʝʢʟʠʥʳ, ʧʨʠ ʎʄʉ-RES1 (ʥʘ ʦʩʥʦʚʝ H. resinosus Small) 

ʥʘʨʫʰʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʧʦʩʪʤʝʡʦʪʠʯʝʩʢʠʭ ʩʪʘʜʠʷʭ, ʘ ʧʨʠ ʎʄʉ-GIG2 (ʥʘ 

ʦʩʥʦʚʝ H. giganteus L.) ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʧʦʨ ʥʘʨʫʰʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ 

ʚʨʝʤʷ ʤʝʡʦʪʠʯʝʩʢʦʛʦ ʜʝʣʝʥʠʷ ʤʠʢʨʦʩʧʦʨʦʮʠʪʦʚ (Laveau et al., 1989; Echeverria et 

al., 2003; Zhang et al., 2010). ɺ ʛʠʙʨʠʜʥʦʡ ʩʝʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʰʴ ʦʜʠʥ ʪʠʧ ʎʄʉ ï ʈɽʊ1, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʞʚʠʜʦʚʦʛʦ ʩʢʨʝʱʠʚʘʥʠʷ H. Petiolaris Nutt. Ĭ H. annuus L. (Leclercq, 1969).  

ʂʘʢ ʠ ʫ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ, ʎʄʉ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʙʫʩʣʦʚʣʝʥʘ ʤʫʪʘʮʠʷʤʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʛʝʥʦʚ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ, ʯʪʦ ʤʫʞʩʢʘʷ 

ʩʪʝʨʠʣʴʥʦʩʪʴ ʎʄʉ ʈɽʊ1 ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩʚʷʟʘʥʘ ʩ ʵʢʩʧʨʝʩʩʠʝʡ ʥʦʚʦʡ ʦʪʢʨʳʪʦʡ 

ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ orfH522, ʢʦ-ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʦʡ ʩ ʛʝʥʦʤ atp1. ɻʝʥ orfH522 

ʢʦʜʠʨʫʝʪ ʩʚʷʟʘʥʥʳʡ ʩ ʤʝʤʙʨʘʥʦʡ ʙʝʣʦʢ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʦʢʦʣʦ 15 ʢɼʘ, 

ʢʦʪʦʨʳʡ ʛʫʙʠʪʝʣʝʥ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʳʣʴʮʳ ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʪʢʘʥʷʭ ʤʫʞʩʢʠ 

ʩʪʝʨʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ (Kohler et al., 1991; Moneger et al., 1994; Budar, 

Pelletier, 2001). ʄʫʞʩʢʠ-ʬʝʨʪʠʣʴʥʳʡ ʬʝʥʦʪʠʧ ʧʨʠ ʎʄʉ-ʈɽʊ1 ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʛʝʥʦʪʠʧ ʛʠʙʨʠʜʘ ʜʦʤʠʥʘʥʪʥʳʭ ʷʜʝʨʥʳʭ ʛʝʥʦʚ Rf, 

ʚʳʟʳʚʘʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʢʦ-ʪʨʘʥʩʢʨʠʧʪʘ atp1-orfH522 ʚ 

ʧʳʣʴʥʠʢʘʭ ʚ ʪʝʯʝʥʠʝ ʤʝʡʦʟʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ 

ORFH522 (Nizampatnam et al., 2009).  

ʋʥʠʬʠʢʘʮʠʷ ʪʠʧʘ ʎʄʉ ʚ ʛʠʙʨʠʜʥʦʡ ʩʝʣʝʢʮʠʠ ʦʧʘʩʥʘ, ʪ.ʢ. ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʣʠʰʴ ʦʜʥʦʛʦ ʪʠʧʘ ʮʠʪʦʧʣʘʟʤʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʵʧʠʬʠʪʦʪʠʷʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʨʘʞʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʘʩʦʡ ʬʠʪʦʧʘʪʦʛʝʥʘ. ʊʘʢ, ʚ 

ʩʣʫʯʘʝ ʩ ʢʫʢʫʨʫʟʦʡ ʚ 1970 ʛʦʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʛʦ ʪʠʧʘ ʎʄʉ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʛʠʙʨʠʜʦʚ ʧʨʠʚʝʣʦ ʢ ʵʧʠʬʠʪʦʪʠʠ ʶʞʥʦʛʦ ʛʝʣʴʤʠʥʪʦʩʧʦʨʠʦʟʘ ʨʘʩʳ ʊ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ï ʛʠʙʝʣʠ ʧʦʩʝʚʦʚ (ɸʣʝʢʩʘʥʜʨʦʚ, 2009). 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʳʣʴʮʳ ʫ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ʧʨʠ ʎʄʉ ʈɽʊ1-ʪʠʧʘ ʠʟʫʯʝʥ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ 
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ʯʠʩʣʝ ʛʝʥʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʜʘʥʥʳʡ ʧʨʠʟʥʘʢ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ 

ʥʘʣʠʯʠʠ ʦʜʥʦʛʦ (Enns et al., 1970; Kinman 1970; Rukmini Devi, 2002), ʜʚʫʭ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ (ɸʥʘʱʝʥʢʦ, ɼʫʢʘ, 1985; Seilar, Jan, 1994; Serieys, 1999; Sujatha 

et al., 2011), ʪʨʝʭ (Vranceanu, Stoenescu, 1978) ʠ ʜʘʞʝ ʯʝʪʳʨʝʭ (Fick, Zimmer, 1974; 

Whelan, 1980) ʜʦʤʠʥʘʥʪʥʳʭ ʛʝʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 50 ʣʝʪ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʪʨʠʥʘʜʮʘʪʴ ʛʝʥʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʜʣʷ ʰʝʩʪʠ ʪʠʧʦʚ ʮʠʪʦʧʣʘʟʤ ï ʈɽʊ1, PEF1, 

GIG2, ANN3, PET2 ʠ ʥʦʚʦʛʦ ʪʠʧʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ H. tuberosus L. (ʪʘʙʣ. 2) 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚʣʝʥʘ ʣʦʢʘʣʠʟʘʮʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʛʝʥʦʚ Rf 

ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʘʨʪʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AFLP-, 

RFLP- ʠ SSR-ʤʘʨʢʝʨʦʚ (Mestries et al., 1998; Gentzbittel et al., 1999; Horn et 

al., 2003; Yu et al., 2003; Tang et al., 2003; Feng, Jan, 2008; Yue et al., 2010; Liu et 

al., 2012, 2013; Qi et al., 2012; Talukder et al., 2019; Sajer et al., 2020). ʆʜʥʘʢʦ 

ʜʘʥʥʳʝ ʦ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʛʝʥʦʤ ʠ ʤʘʨʢʝʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʟʘʯʘʩʪʫʶ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ɻʝʥʳ Rf, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʨʠ 6 ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʎʄʉ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ 

ʪʨʝʭ ʛʨʫʧʧʘʭ ʩʮʝʧʣʝʥʠʷ: LG3 - Rf4 (GIG2) ʠ Rf6 (CMS 514A), LG7 - Rf3 (PET1), 

LG13 Rf1, Rf2, Rf5, Rf7 (PET1), RF_PEF1 (PEF1), Rf10, Rf11 (GIG2), Rf-PET2 

(PET2), ʪʦʯʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʛʝʥʦʚ MSc1 ʠ Rf9 ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ (Kinman, 1970; 

Gentzbittel et al., 1995; Fick, Miller , 1997; Schnabel et al., 2008; Abratti, 2008; Feng, 

Jan, 2008; Qi et al., 2008, Liu, 2013, 2015, 2016; Talukder et al., 2019; Sajer et 

al., 2020).  

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʝʥʳ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʛʨʫʧʧʝ 

ʩʮʝʧʣʝʥʠʷ 13, ʘ ʪʘʢʞʝ ʛʝʥ Rf3 (ʛʨʫʧʧʘ ʩʮʝʧʣʝʥʠʷ 7), ʧʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʜʘʥʥʳʝ ʛʝʥʳ ʪʘʢʞʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ ʣʠʥʠʡ ʩ ʮʠʪʦʧʣʘʟʤʦʡ 

ʪʠʧʘ ʎʄʉ PET1. ʂʨʦʤʝ ʪʦʛʦ, ʚʝʜʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʛʝʥʦʚ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʜʣʷ 

ʜʨʫʛʠʭ ʪʠʧʦʚ ʎʄʉ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʛʝʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʨʠ ʎʄʉ 

PEF1 - Rf_PEF1 ʠ PET2 ï Rf-PET2 ʙʳʣʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ 13 ʛʨʫʧʧʝ ʩʮʝʧʣʝʥʠʷ 

ʥʝʜʘʣʝʢʦ ʦʪ ʛʝʥʘ Rf1 (Schnabel et al., 2008; Sajer et al., 2020). ɺ ʨʘʙʦʪʝ Feng and 
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Jan (2008) ʩʦʦʙʱʘʝʪʩʷ ʦ ʛʝʥʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ Rf4 ʜʣʷ 

ʮʠʪʦʧʣʘʟʤʳ GIG2. Liu et al. (2013) ʘʥʘʣʠʟʠʨʦʚʘʣʠ F2, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʩʢʨʝʱʠʚʘʥʠʡ 

ʩʪʝʨʠʣʴʥʦʡ ʣʠʥʠʠ CMS 514A ʩ ʛʨʫʧʧʦʡ ʦʧʳʣʠʪʝʣʝʡ: ʧʷʪʴʶ ʪʝʪʨʘʧʣʦʠʜʥʳʤʠ 

ʘʤʬʠʜʠʧʣʦʠʜʘʤʠ, ʘ ʪʘʢʞʝ ʛʝʢʩʘʧʣʦʠʜʥʳʤ ʧʦʪʦʤʩʪʚʦʤ F1 ʦʪ ʩʢʨʝʱʠʚʘʥʠʷ 

H. californicus DC Ĭ H. annuus (HA 89). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʨʝʱʠʚʘʥʠʡ ʬʝʨʪʠʣʴʥʦʝ 

ʧʦʪʦʤʩʪʚʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʣʠʰʴ ʚ ʧʦʧʫʣʷʮʠʠ ʩ ʘʤʬʠʧʣʦʠʜʦʤ ʦʪ ʩʢʨʝʱʠʚʘʥʠʷ 

H. angustifolius L. Ĭ H. annuus (P 21). ʅʦʚʳʡ ʛʝʥ Rf6, ʙʳʣ ʢʘʨʪʠʨʦʚʘʥ ʥʘ ʜʣʠʥʥʦʤ 

ʧʣʝʯʝ ʯʫʞʝʨʦʜʥʦʡ ʭʨʦʤʦʩʦʤʳ LG3 ʘʤʬʠʧʣʦʠʜʘ H. angustifolius. ʅʝʜʘʚʥʦ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ 

ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʫ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ ʧʦʤʦʱʴʶ GWAS-ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʦʛʦ 

ʥʘ ʤʘʩʩʠʚʘʭ ʜʘʥʥʳʭ SNP. ɺ ʨʘʙʦʪʘʭ Owens ʩ ʩʦʘʚʪʦʨʘʤʠ (2018) ʠ ɼ. ɺ. ɻʦʨʶʥʦʚʘ 

ʩ ʩʦʘʚʪʦʨʘʤʠ (Goryumov et al., 2019) ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ 22 ʛʝʥʘ-

ʢʘʥʜʠʜʘʪʘ ʚ ʣʦʢʫʩʝ Rf1, 21 ʠʟ ʢʦʪʦʨʳʭ ʢʦʜʠʨʫʝʪ PPR-ʙʝʣʢʠ ʠ ʦʜʠʥ ï 

ʘʣʴʜʝʛʠʜʜʝʛʠʜʨʘʛʝʥʘʟʫ. R. Horn ʩ ʩʦʘʚʪʦʨʘʤʠ (2019) ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ 9 ʛʝʥʦʚ-

ʢʘʥʜʠʜʘʪʦʚ Rf1, ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʩʯʠʪʘʶʪʩʷ ʩʘʤʳʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ (ʢʦʜʠʨʫʶʱʠʝ 

PPR-ʙʝʣʢʠ). Qi ʩ ʩʦʘʚʪʦʨʘʤʠ (2018) ʚʳʷʚʠʣʠ ʜʚʘ ʛʝʥʘ-ʢʘʥʜʠʜʘʪʘ ʜʣʷ Rf5, ʪʘʢʞʝ 

ʢʦʜʠʨʫʶʱʠʝ PPR-ʙʝʣʢʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʧʦʣʘʛʘʝʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʦʤʠʥʘʥʪʥʦʛʦ ʘʣʣʝʣʷ Rf1 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʧʨʠ ʎʄʉ ʈɽʊ1. ʈʷʜʦʤ 

ʘʚʪʦʨʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʩʥʦ ʩʮʝʧʣʝʥʥʳʝ ʩ ʣʦʢʫʩʦʤ Rf1 ʤʘʨʢʝʨʳ, ʦʜʥʘʢʦ ʩʘʤ 

ʛʝʥ ʧʦʢʘ ʥʝ ʢʣʦʥʠʨʦʚʘʥ ʠ ʝʛʦ ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʠʟʚʝʩʪʥʘ (Tang 

et al., 2002; Horn et al., 2003; Horn, Hamrit, 2010; Yue et al., 2010). ʇʦʣʘʛʘʶʪ, ʯʪʦ ʚ 

ʛʝʥʦʪʠʧʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʣʝʢʮʠʠ ʣʠʥʠʡ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ 

ʠ ʜʦʤʠʥʘʥʪʥʳʡ ʘʣʣʝʣʴ Rf2 (Serieys, 2005), ʦʜʥʘʢʦ ʝʛʦ ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʥʝ 

ʠʟʫʯʘʣʠʩʴ, ʧʨʠʨʦʜʘ ʠ ʭʨʦʤʦʩʦʤʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʥʝʠʟʚʝʩʪʥʳ. 
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ʊʘʙʣʠʮʘ 2 ï ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʛʝʥʳ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

 
ɻʝʥ ɻʨʫʧʧʘ 

ʩʮʝʧʣʝ- 

ʥʠʷ 

ʀʩʪʦʯʥʠʢ  ʊʠʧ 

ʎʄʉ 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʅʘʣʠʯʠʝ 

ʛʝʥʘ-

ʢʘʥʜʠʜʘʪʘ 

ʅʘʣʠʯʠʝ 

ʤʘʨʢʝʨʘ 

ʉʩʳʣʢʘ 

1 2 3 4 5 6 7 8 

Rf1 13 H. annuus L. PET1 ɻʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʡ, 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʡ, SSR-

ʘʥʘʣʠʟ, GWAS 

+ RFLP, 

AFLP, STS, 

SCAR, 

CAPS, SSR, 

SNP 

Kinman, 1970 

Gentzbittel et al., 1995, 

1999 

Berry et al., 1997 

Horn et al., 2003, 2019 

Yu et al., 2003 

Kusterer et al., 2005 

Jan, Vick, 2007 

Yue et al., 2010 

Owens et al., 2018 

Reddemann, Horn, 2018 

Gorunov et al., 2019 

Rf2 13 H. annuus L. (T66006-2-1-B 

Ĭ MZ01398) 

PET1 ɻʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʡ ï SSR Fick, Miller, 1997 

Rf3 7 H. annuus L. (RHA 280, 

RHA 340) 

PET1 ɻʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʡ, 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʡ, SSR-

ʘʥʘʣʠʟ 

ï SSR Abratti et al., 2008 

Liu et al., 2012 

Rf4 3 H. maximilliani Schrad. 

accession 1631 

GIG2 ɻʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʡ, 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʡ, SSR-

ʘʥʘʣʠʟ 

ï SSR, STS Feng, Jan, 2008 

 

Rf5 13 H. annuus L. (Rf ANN-1742) PET1 ɻʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʡ, 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʡ, SSR-

ʘʥʘʣʠʟ 

+ SSR Qi et al., 2012 

Rf6 3 H. angustifolius L.  CMS 

514A 

ɻʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʡ, 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʡ, SSR-

ʘʥʘʣʠʟ, GISH 

ï SSR Liu et al., 2013 

Rf7 13 H. annuus L. (RHA 428) PET1 ɻʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʡ, 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʡ, SSR-

ʘʥʘʣʠʟ, GWAS 

ï SNP, SSR Talukder et al., 2019 
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(ʇʨʦʜʦʣʞʝʥʠʝ) 

1 2 3 4 5 6 7 8 

MSc1 7/ 12/ P H. annuus L (GH Ĭ PAC2) ʥʝʪ 

ʜʘʥʥʳʭ 

RFLP-ʘʥʘʣʠʟ ï RFLP, Gentzbittel et al., 1995, 

1999 

Mestries et al., 1998 

RF_PEF1 13 H. annuus L (Zaira (PI 

371935), HA 60 (Ames 

4035)) 

PEF1 AFLP ï AFLP, SSR Schnabel et al., 2008 

Rf9 ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ ʜʘʥʥʳʭ ANN3 ʥʝʪ ʜʘʥʥʳʭ ï ʥʝʪ ʜʘʥʥʳʭ Liu et al., 2015  

Rf10 13 H. grosseserratus M.Martens GIG2 SSR, EST-SSR ï SSR Liu et al., 2016 

Rf11 13 H. angustifolius L. GIG2 SSR, EST-SSR ï SSR Liu et al., 2016 

Rf-PET2 13 ʥʝʪ ʜʘʥʥʳʭ PET2 ɻʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʡ, 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʡ, SSR-

ʘʥʘʣʠʟ, AFLP 

ï AFLP, SSR, 

STS 

Sajer et al., 2020 
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ʇʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʠʤʝʝʪ 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ (ʇɿ) ʦʪʮʦʚʩʢʠʭ ʬʦʨʤ ʠ ʨʘʩʪʝʥʠʡ 

ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʛʠʙʨʠʜʥʳʭ ʧʦʧʫʣʷʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʬʝʨʪʠʣʴʥʦʩʪʠ 

ʧʳʣʴʮʳ ʠʩʧʦʣʴʟʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʮʠʬʨʦʚʳʭ 

ʤʠʢʨʦʩʢʦʧʦʚ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʇɿ, ʘ ʠʤʝʥʥʦ ʠʭ ʢʦʥʪʫʨʳ ʠ 

ʨʘʚʥʦʤʝʨʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʜʠʘʤʝʪʨ (ɺʦʨʦʥʦʚʘ, ɻʘʚʨʠʣʦʚʘ, 2019). ʊʘʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʦʢʘ ʣʠʰʴ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ: ʩʦʨʪʘʭ, ʣʠʥʠʷʭ, 

ʤʝʞʚʠʜʦʚʳʭ ʠ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʛʠʙʨʠʜʘʭ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (ɺʦʨʦʥʦʚʘ ʠ ʜʨ., 2011, 

2019). ʀʥʬʦʨʤʘʮʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʥʘʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʬʝʨʪʠʣʴʥʦʩʪʠ ʇɿ ʚ 

ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʛʠʙʨʠʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʄʦʣʝʢʫʣʷʨʥʦʝ ʤʘʨʢʠʨʦʚʘʥʠʝ ʛʝʥʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʠʤʝʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʝʪʘʣʴʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʟʠʮʠʦʥʥʦʛʦ ʢʣʦʥʠʨʦʚʘʥʠʷ. ʉʨʝʜʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʠʩʪʝʤ ʤʘʨʢʝʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇʎʈ, ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʩʯʠʪʘʶʪʩʷ: RFLP-, AFLP-, RAPD-, SSR-, SCAR-, 

CAPS- ʠ STS-ʤʘʨʢʝʨʳ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʠʩʭʦʜʷ ʠʟ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ɸʣʪʫʭʦʚ, ʉʘʣʤʝʥʢʦʚʘ, 2002; Anandhan et al., 2010; Zeinalzadeh-Tabrizi et al., 2016; 

ʋʩʘʪʦʚ ʠ ʜʨ., 2017). ʇʝʨʚʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʣʠʤʦʨʬʠʟʤʘ ʬʨʘʛʤʝʥʪʦʚ 

ʨʝʩʪʨʠʢʮʠʠ ɼʅʂ ʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʦʜʘ Helianthus ʧʦʣʫʯʠʣʠ ʋ. ʐʫʤʘʥ ʠ 

ʇ. ʍʝʡʮʤʘʥ (Choumane, Heizmann, 1988). ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ RFLP ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʦʧʨʝʜʝʣʝʥʠʝ QTL (Quantitative 

Trait Loci) ʫ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʚʘʞʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʪʨʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʢʘʨʪʳ ʜʣʷ 

ʛʝʥʦʤʘ ʢʫʣʴʪʫʨʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʠʢʘ (Gentzbittel et al., 1994; Berry et al., 1995; Jan et 

al., 1998) ʠ ʦʜʥʘ ï ʜʣʷ ʦʜʥʦʣʝʪʥʝʛʦ ʚʠʜʘ H. anomalus Blake (Rieseberg et al., 1993). 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʨʢʝʨʳ ʛʝʥʦʚ Rf ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ 

ʛʝʥʝʪʠʢʦ-ʩʝʣʝʢʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʪʙʠʨʘʪʴ ʠʟ 

ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʛʠʙʨʠʜʥʳʭ ʧʦʧʫʣʷʮʠʡ ʥʦʩʠʪʝʣʝʡ ʜʦʤʠʥʘʥʪʥʳʭ ʠ ʨʝʮʝʩʩʠʚʥʳʭ 

ʘʣʣʝʣʝʡ ʛʝʥʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ 
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ʨʦʜʠʪʝʣʴʩʢʠʭ ʬʦʨʤ ʛʠʙʨʠʜʦʚ. ʉʦʟʜʘʥʥʘʷ ʚ ɺʀʈʝ ʛʝʥʝʪʠʯʝʩʢʘʷ ʢʦʣʣʝʢʮʠʷ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʘʩʯʠʪʳʚʘʝʪ ʦʢʦʣʦ 300 ʣʠʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʝʨʠʣʴʥʳʝ ʣʠʥʠʠ ʥʘ 

ʦʩʥʦʚʝ ʎʄʉ PET1, ʟʘʢʨʝʧʠʪʝʣʠ ʩʪʝʨʠʣʴʥʦʩʪʠ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʬʝʨʪʠʣʴʥʦʩʪʠ 

ʧʳʣʴʮʳ (Gavrilova et al., 2014). ɻʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʣʣʝʢʮʠʠ ʧʦ 

ʧʨʠʟʥʘʢʫ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ orfH522, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʎʄʉ PET1 (Schnabel et 

al., 2008), ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ (87%) ʣʠʥʠʡ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʠʤʝʶʪ 

ʩʪʝʨʠʣʴʥʳʡ (PET1) ʪʠʧ ʮʠʪʦʧʣʘʟʤʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫ ʦʪʜʝʣʴʥʳʭ ʣʠʥʠʡ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ ʧʨʠ ʩʢʨʝʱʠʚʘʥʠʷʭ ʩ ʣʠʥʠʷʤʠ ʎʄʉ, 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ʛʝʥʘ Rf1 ʥʝ ʚʳʷʚʣʝʥʳ (ɸʥʠʩʠʤʦʚʘ ʠ ʜʨ., 2009, 2011; 

ʂʘʨʘʙʠʮʠʥʘ ʠ ʜʨ., 2016). 

RAPD-ʤʘʨʢʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ ʜʣʷ ʛʝʥʦʤʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʛʝʥʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʨʠ ʎʄʉ ʠ Rf1 ʚ ʧʦʧʫʣʷʮʠʠ F2 RHA 325 Ĭ HA 342 

(Miller  et al., 1992). R. Horn ʩ ʩʦʘʚʪʦʨʘʤʠ (2003) ʨʘʟʨʘʙʦʪʘʣʠ SCAR-ʤʘʨʢʝʨʳ 

OPK13_454, OPY10_740 ʥʘ ʦʩʥʦʚʝ RAPD-ʤʘʨʢʝʨʦʚ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʘ ʠʭ 

ʩʮʝʧʣʝʥʠʝ ʩ ʛʝʥʦʤ Rf1 ʥʘ ʪʦʡ ʞʝ ʨʘʩʱʝʧʣʷʶʱʝʡʩʷ ʢʦʤʙʠʥʘʮʠʠ, ʯʪʦ ʠ ʘʚʪʦʨʳ 

ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʳ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʩʦʩʪʘʚʠʣʦ 0,8 ʠ 2,0 ʩʄ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 3).  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʙʦʣʝʝ ʪʳʩʷʯʠ SSR-ʤʘʨʢʝʨʦʚ ʜʣʷ 

ʛʝʥʦʤʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ (Yu et al., 2002; Paniego et al., 2002, 2007; Tang et al., 2003). 

S. Tang ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʛʝʥʝʪʠʯʝʩʢʫʶ ʢʘʨʪʫ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʘ 

ʦʩʥʦʚʝ SSR-ʘʥʘʣʠʟʘ, ʠʩʧʦʣʴʟʫʷ 94 ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʠʥʙʨʝʜʥʳʭ ʣʠʥʠʠ (RILs) ʠ 

408 ʧʦʣʠʤʦʨʬʥʳʭ SSR-ʤʘʨʢʝʨʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʘ ʣʦʢʘʣʠʟʘʮʠʷ ʛʝʥʘ Rf1 ʚ 13 ʛʨʫʧʧʝ ʩʮʝʧʣʝʥʠʷ (Tang et al., 2003). 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ SSR-ʤʘʨʢʝʨʦʚ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʝʥʦʤ ʠ 

ʤʘʨʢʝʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʦʥʘ. 

ʊʘʢ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʮʝʧʣʝʥʠʷ SSR-ʤʘʨʢʝʨʦʚ (ORS224, ORS511 ʠ 

ORS799) ʠ ʦʜʥʦʛʦ TRAP-ʤʘʨʢʝʨʘ B18I19bTrap13-190 ʩ ʣʦʢʫʩʦʤ Rf1 B. Yue ʩ 

ʩʦʘʚʪʦʨʘʤʠ (2010) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʜʚʝ ʨʘʩʱʝʧʣʷʶʱʠʝʩʷ ʛʠʙʨʠʜʥʳʝ ʧʦʧʫʣʷʮʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʜʚʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʢʘʨʪʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʦʪ ʢʦʤʙʠʥʘʮʠʠ ʨʘʩʩʪʦʷʥʠʝ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 3,7 ʜʦ 4,5 cM (ʨʠʩ. 2). ʅʘ ʢʘʨʪʝ, 

ʧʦʣʫʯʝʥʥʦʡ Z. I. Talukder ʩ ʩʦʘʚʪʦʨʘʤʠ (2019), ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʘʨʢʝʨʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ORS224 ʠ ORS511 ʩʦʩʪʘʚʣʷʝʪ 6,4 cM, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ Yue ʦʥʦ 

ʧʨʝʚʳʰʘʝʪ 15 cM (ʨʠʩ. 2, ʨʠʩ. 3).  

ɺ ʨʘʙʦʪʘʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʘʥʦ ʩʮʝʧʣʝʥʥʦʝ ʥʘʩʣʝʜʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʘʪʦʛʝʥʘʤ. ʆʜʥʘʢʦ ʜʦ 

ʩʠʭ ʧʦʨ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦʙ ʠʭ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʥʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʥʘʭʦʜʷʪʩʷ ʚ ʢʣʘʩʪʝʨʝ ʩ ʛʝʥʘʤʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʣʦʞʥʦʡ ʤʫʯʥʠʩʪʦʡ ʨʦʩʳ (ʃʄʈ) Plasmopara 

halstedii Farl. (Ph) (Talukder et al., 2019). ʊʘʢ, ʚ ʨʘʙʦʪʘʭ B. Yue ʩ ʩʦʘʚʪʦʨʘʤʠ (2010) 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ SSR-ʤʘʨʢʝʨʳ ORS224, ORS511 ʠ ORS799 ʧʨʠʩʫʪʩʪʚʫʶʪ ʫ 

ʣʠʥʠʡ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʩ ʛʝʥʦʤ Rf1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʨʘʙʦʪʝ ¢abuk ķahin ʩ 

ʩʦʘʚʪʦʨʘʤʠ (2018) ʵʪʠ ʞʝ ʤʘʨʢʝʨʳ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʛʝʥ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʚʦʟʙʫʜʠʪʝʣʶ ʃʄʈ Pl8. ʇʦ ʜʘʥʥʳʤ M. Bulos ʩ ʩʦʘʚʪʦʨʘʤʠ (2013), ʤʘʨʢʝʨʳ 

OPK13_454 (HRG01) ʠ ORS224 ʩʮʝʧʣʝʥʳ ʩ ʛʝʥʦʤ RHAR6, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʨʞʘʚʯʠʥʳ Puccinia helianthi Schw. ʫ ʣʠʥʠʠ HRA6, 

ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʛʨʫʧʧʝ ʩʮʝʧʣʝʥʠʷ 13.  

 

ʊʘʙʣʠʮʘ 3 ï ɻʝʥʝʪʠʯʝʩʢʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʛʝʥʦʤ Rf1 ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ 

ʤʘʨʢʝʨʘʤʠ 

 

 

ɻʝʥ/ʤʘʨʢʝʨ ʄʘʨʢʝʨ ʊʠʧ ʤʘʨʢʝʨʘ 

ʈʘʩʩʪʦʷʥʠʝ 

ʦʪ ʛʝʥʘ Rf1, 

cM 

ɻʝʥʦʪʠʧ ʉʩʳʣʢʘ 

1 2 3 4 5 6 

Rf1 
OPK13_454 ʜʦʤʠʥʘʥʪʥʳʡ 0,8 RHA 325 Ĭ 

HA 342 
Horn et al., 2003 

OPY10_740 ʜʦʤʠʥʘʥʪʥʳʡ 2 

Rf1 
OPK13_454 ʜʦʤʠʥʘʥʪʥʳʡ 0,9 RHA 325 Ĭ 

HA 342 

Kusterer et al., 

2005 OPY10_740 ʜʦʤʠʥʘʥʪʥʳʡ 2,2 

Rf1 

STS115 ʜʦʤʠʥʘʥʪʥʳʡ 0,4 F2 

ʧʦʧʫʣʷʮʠʠ 2-

6-5 Yue et al., 2010 

ORS511 ʜʦʤʠʥʘʥʪʥʳʡ 3,7 

ORS224 ʜʦʤʠʥʘʥʪʥʳʡ 18,8 

Rf1 ORS511 ʜʦʤʠʥʘʥʪʥʳʡ 4,5 cmsHA441 Ĭ 

2-6-5-1 Rf1 ORS799 ʜʦʤʠʥʘʥʪʥʳʡ ʥʝʪ ʜʘʥʥʳʭ 
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(ʇʨʦʜʦʣʞʝʥʠʝ) 

 

ʈʠʩʫʥʦʢ 2 ï ʃʦʢʘʣʠʟʘʮʠʷ ʛʝʥʘ Rf1 ʥʘ ʬʨʘʛʤʝʥʪʘʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʘʨʪ (Yue et al., 2010) 

 

ʈʠʩʫʥʦʢ 3 ï ʌʨʘʛʤʝʥʪʳ ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʘʨʪ ʩ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʛʝʥʘʤʠ Rf1, Rf5 ʠ Rf7 (Talukder et 

al., 2019). 

1 2 3 4 5 6 

Rf1 CAPSH13 ʢʦʜʦʤʠʥʘʥʪʥʳʡ 7,7 

Drofa F2 

Valentino F2 

Xenia F2 

Kusterer et al., 

2005; Port et al., 

2013 

RHAR6 
OPK13_454 

(HRG01) 

ʜʦʤʠʥʘʥʪʥʳʡ 
18,4 HAR6-1 Ĭ 

R702CLPlus 
Bulos et al., 2013 

RHAR6 ORS224 ʜʦʤʠʥʘʥʪʥʳʡ 40,4 

Pl8 ORS224 
ʜʦʤʠʥʘʥʪʥʳʡ 

ʥʝʪ ʜʘʥʥʳʭ 
HA 89 Ĭ 

P6LC 

¢abuk ķahin et 

al., 2018 
Pl8 ORS511 

ʜʦʤʠʥʘʥʪʥʳʡ 
ʥʝʪ ʜʘʥʥʳʭ 

HA 89 Ĭ 

P6LC 

Pl8 ORS799 
ʜʦʤʠʥʘʥʪʥʳʡ 

ʥʝʪ ʜʘʥʥʳʭ 
HA 89 Ĭ 

P6LC 

ORS224 ORS511 
ʜʦʤʠʥʘʥʪʥʳʡ 

15,1 
cmsHA441 Ĭ 

2-6-5-1 
Yue et al., 2010 

ORS224 ORS511 
ʜʦʤʠʥʘʥʪʥʳʡ 

6,4 
RHA 428 Ĭ 

HA 234 

Talukder et al., 

2019 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʛʠʙʨʠʜʥʦʡ ʩʝʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʰʴ ʦʜʥʘ 

ʩʠʩʪʝʤʘ ï ʎʄʉ PET1. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦ ʩʠʭ ʧʦʨ ʩʪʘʙʠʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʛʝʥʦʚ Rf ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʮʠʪʦʧʣʘʟʤ. ʋʥʠʬʠʢʘʮʠʷ ʮʠʪʦʧʣʘʟʤʳ ʚ 

ʩʝʣʝʢʮʠʠ ʛʠʙʨʠʜʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ, ʪ.ʢ. ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʵʧʠʬʠʪʦʪʠʷʤ ʠ ʩʥʠʞʝʥʠʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. ɺ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ ʪʦʯʥʦʤ ʯʠʩʣʝ ʛʝʥʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʝʨʪʠʣʴʥʦʩʪʠ ʬʦʨʤ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ ʎʄʉ PET1, ʘ ʪʘʢʞʝ ʦʙ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʥʘʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʧʨʠʟʥʘʢʘ ʚ ʛʠʙʨʠʜʥʳʭ ʧʦʢʦʣʝʥʠʷʭ. 

ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʛʝʥʘ Rf1 ʦʙʷʟʘʪʝʣʴʥʦ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ, ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʦ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ 

ʧʨʦʜʫʢʪʝ ʜʘʥʥʦʛʦ ʛʝʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ 

ʘʣʣʝʣʴ ʩʧʝʮʠʬʠʯʥʳʝ ʤʘʨʢʝʨʳ ʜʣʷ ʪʦʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʘ Rf1 ʚ ʛʝʥʦʪʠʧʝ 

ʣʠʥʠʡ ʢʦʣʣʝʢʮʠʠ. ʇʦʵʪʦʤʫ ʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʧʣʝʢʩ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʛʝʥʘ (ʠʣʠ ʪʝʩʥʦ ʩʮʝʧʣʝʥʳ ʩ ʥʠʤ). ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʦʥʠ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʥʘʣʠʯʠʷ ʛʝʥʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʫ ʣʠʥʠʡ-ʦʧʳʣʠʪʝʣʝʡ.  
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃ ʀ ʄɽʊʆɼʓ 

 

2.1. ʈʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʫʩʣʦʚʠʷ ʚʝʛʝʪʘʮʠʠ 

 

ʀʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʘ ʚʳʙʦʨʢʘ ʦʙʨʘʟʮʦʚ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ɺʀʈ, ʚʢʣʶʯʘʚʰʘʷ 95 ʣʠʥʠʡ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚʳʙʦʨʢʘ 

ʠʟ 75 ʣʠʥʠʡ, ʚ ʠʭ ʯʠʩʣʝ 2 ʣʠʥʠʠ ʥʘ ʦʩʥʦʚʝ ʎʄʉ ʈɽʊ1 (ʣʠʥʠʠ ɸ), 1 ʣʠʥʠʷ ʥʘ 

ʮʠʪʦʧʣʘʟʤʝ ʪʠʧʘ RIG0 (ʣʠʥʠ ̫ɸ), 1 ʬʝʨʪʠʣʴʥʳʡ ʘʥʘʣʦʛ ʩʪʝʨʠʣʴʥʦʡ ʣʠʥʠʠ (ʣʠʥʠʷ 

ɹ) ʠ 71 ʬʝʨʪʠʣʴʥʘʷ ʣʠʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟʫʯʝʥʥʳʭ 

ʣʠʥʠʡ ʩʦʟʜʘʥʳ ʚ ɺʀʈ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʪʘʙʣ. 4). ɺʩʝ 

ʣʠʥʠʠ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʳ ʥʘ ʂʫʙʘʥʩʢʦʡ ʦʧʳʪʥʦʡ ʩʪʘʥʮʠʠ ï ʬʠʣʠʘʣʝ ɺʀʈ 

(ʂʆʉ ɺʀʈ, ɻʫʣʴʢʝʚʠʯʩʢʠʡ ʨʘʡʦʥ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ 1. ʀʟʫʯʝʥʥʳʝ ʣʠʥʠʠ ʙʳʣʠ 

ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʢʫʨʘʪʦʨʦʤ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʜ.ʙ.ʥ. 

ɺ. ɸ. ɻʘʚʨʠʣʦʚʦʡ ʠ ʩʪʘʨʰʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʂʆʉ ɺʀʈ ʢ.ʩ.-ʭ.ʥ. 

ɺ. ʊ. ʈʦʞʢʦʚʦʡ. 

 

ʊʘʙʣʠʮʘ 4 ï ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ, ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ ʩʦʟʜʘʥʠʠ ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʢʦʣʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ʀʩʪʦʯʥʠʢ ʏʠʩʣʦ 

ʆʙʨʘʟʮʳ ʠʟ ʚʨʝʤʝʥʥʦʛʦ ʠʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʢʘʪʘʣʦʛʘ ʢʦʣʣʝʢʮʠʠ ɺʀʈ 25 

ʇʠʪʦʤʥʠʢ ʎʄʉ 3 

ɻʠʙʨʠʜʳ: 

- ʚʥʫʪʨʠʚʠʜʦʚʦʡ  

- ʤʝʞʚʠʜʦʚʦʡ 

 

14 

5 

ʃʠʥʠʠ (ʨʦʩʩʠʡʩʢʠʝ ʠ ʟʘʨʫʙʝʞʥʳʝ) 16 

ʉʦʨʪʘ (ʨʦʩʩʠʡʩʢʠʝ ʠ ʟʘʨʫʙʝʞʥʳʝ) 6 

ʅʝʪ ʜʘʥʥʳʭ 6 

 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚʢʣʶʯʘʣ ʛʠʙʨʠʜʳ F1 ʦʪ ʩʢʨʝʱʠʚʘʥʠʡ 

ʩʪʝʨʠʣʴʥʳʭ ʘʥʘʣʦʛʦʚ ʩ ʬʝʨʪʠʣʴʥʳʤʠ ʣʠʥʠʷʤʠ, ʧʦʪʦʤʩʪʚʦ ʘʥʘʣʠʟʠʨʫʶʱʠʭ 

ʩʢʨʝʱʠʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʩʱʝʧʣʷʶʱʠʝʩʷ ʛʠʙʨʠʜʥʳʝ ʧʦʧʫʣʷʮʠʠ F2. 
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ʇʦʣʝʚʳʝ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠ 2014-2019 ʛʛ. ʥʘ ʂʆʉ ɺʀʈ ʠ ʥʘʫʯʥʦ- 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʝ çʇʫʰʢʠʥʩʢʠʝ ʠ ʇʘʚʣʦʚʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ɺʀʈè 

(ʇʇʃ ɺʀʈ, ʉ.-ʇʝʪʝʨʙʫʨʛ, ʇʫʰʢʠʥ). ʃʠʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʚʳʩʝʚʘʣʠ ʥʘ 

ʧʦʣʷʭ ʂʆʉ ɺʀʈ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʩʪʝʧʥʦʡ ʯʘʩʪʠ ʇʨʠʢʫʙʘʥʩʢʦʡ ʨʘʚʥʠʥʳ. ʇʦʯʚʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʢʘʚʢʘʟʩʢʠʤʠ ʯʝʨʥʦʟʝʤʘʤʠ c ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʛʫʤʫʩʦʚʦʛʦ 

ʛʦʨʠʟʦʥʪʘ 130-170 ʩʤ, ʦʜʥʘʢʦ, ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʧʦʯʚʳ 

ʥʝʙʦʣʴʰʦʝ. ɻʠʙʨʠʜʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʡ ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʦʧʳʪʥʳʭ 

ʧʦʣʷʭ ʂʆʉ ɺʀʈ ʠ ʇʇʃ ɺʀʈ. ʇʦʯʚʳ ʫʯʘʩʪʢʘ ð ʜʝʨʥʦʚʦ- ʤʝʣʢʦʧʦʜʟʦʣʠʩʪʳʝ 

ʩʨʝʜʥʝ- ʠ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʝ. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ (0 - 20 ʩʤ) 6%, 

ʚ ʧʦʜʧʘʭʦʪʥʦʤ ð 4%. ʆʩʥʦʚʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʧʨʠʣʦʞʝʥʠʷʭ 2-8. 

ʉʝʤʝʥʘ ʣʠʥʠʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚʳʩʝʚʘʣʠ ʧʦ 20 ʰʪ. ʚ 2 ʨʷʜʘ ʨʫʯʥʳʤʠ 

ʩʘʞʘʣʢʘʤʠ-ʭʣʦʧʫʰʢʘʤʠ. ʉʭʝʤʘ ʧʦʩʝʚʘ 70 Ĭ 70. ʅʘ ʂʆʉ ɺʀʈ ʧʦʩʝʚ ʧʨʦʚʦʜʠʣʠ 25-

28 ʘʧʨʝʣʷ. ɻʠʙʨʠʜʳ F1 ʠ F2 ʚ ʇʇʃ ɺʀʈ ʚʳʩʝʚʘʣʠ ʚʨʫʯʥʫʶ ʧʦ ʩʭʝʤʝ 40 Ĭ 40 ʚ 

ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ. ʉʨʦʢʠ ʧʦʩʝʚʘ ʩʝʤʷʥ ʟʘʚʠʩʝʣʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʦʥʮʝ ʤʘʷ ï ʥʘʯʘʣʝ ʠʶʥʷ.  

ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʦʪʤʝʯʘʷ ʚ 

ʞʫʨʥʘʣʝ ʜʘʪʫ ʧʦʩʝʚʘ, ʥʘʯʘʣʦ ʮʚʝʪʝʥʠʷ ʢʦʨʟʠʥʦʢ, ʚʠʟʫʘʣʴʥʫʶ ʦʮʝʥʢʫ 

ʬʝʨʪʠʣʴʥʦʩʪʠ/ʩʪʝʨʠʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ, ʥʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʚʝʪʚʣʝʥʠʷ, ʥʘʣʠʯʠʝ 

ʬʘʩʮʠʘʮʠʡ, ʧʦʚʨʝʞʜʝʥʠʝ ʨʘʩʪʝʥʠʡ ʚʨʝʜʠʪʝʣʷʤʠ ʠ ʙʦʣʝʟʥʷʤʠ. 

ɻʠʙʨʠʜʳ F1 ʚʳʩʝʚʘʣʠ ʥʘ ʧʦʣʷʭ ʇʫʰʢʠʥʝ ʠ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʦʚ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʢʦʨʟʠʥʢʫ ʧʝʨʝʜ ʮʚʝʪʝʥʠʝʤ ʥʘʜʝʚʘʣʠ 

ʧʝʨʛʘʤʝʥʪʥʳʡ ʠʟʦʣʷʪʦʨ. ɻʠʙʨʠʜʳ F2 ʠ ʦʪ ʘʥʘʣʠʟʠʨʫʶʱʠʭ ʩʢʨʝʱʠʚʘʥʠʡ ʧʦʣʫʯʝʥʳ 

ʜ.ʙ.ʥ. ʀ. ʅ. ɸʥʠʩʠʤʦʚʦʡ (ʇʇʃ ɺʀʈ) ʠ ʢ.ʩ.-ʭ.ʥ. ɺ. ʊ. ʈʦʞʢʦʚʦʡ (ʂʆʉ ɺʀʈ). 
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2.2. ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

 

2.2.1. ɺʳʜʝʣʝʥʠʝ ɼʅʂ 

 

ʉʫʤʤʘʨʥʫʶ ɼʅʂ ʜʣʷ ʤʘʨʢʠʨʦʚʘʥʠʷ ʣʠʥʠʡ ʚʳʜʝʣʷʣʠ ʠʟ ʵʪʠʦʣʠʨʦʚʘʥʥʳʭ 

ʧʨʦʨʦʩʪʢʦʚ, ʘ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʧʦʧʫʣʷʮʠʡ ʠʟ ʣʠʩʪʴʝʚ 5-6 ʥʝʜʝʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ. 

ʇʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ɼʅʂ ʠʟ ʵʪʠʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʨʦʩʪʢʦʚ 

ʉʝʤʝʥʘ ʨʘʩʢʣʘʜʳʚʘʣʠ ʥʘ ʚʣʘʞʥʫʶ ʚʘʪʫ ʚ ʩʪʝʨʠʣʴʥʳʝ ʯʘʰʢʠ ʇʝʪʨʠ, ʢʦʪʦʨʳʝ 

ʟʘʪʝʤ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ. ʉʝʤʝʥʘ ʧʨʦʨʘʱʠʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʚ ʪʝʤʥʦʪʝ c 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ +22Áʉ. ʏʝʨʝʟ 7-10 ʜʥʝʡ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ 

ʵʪʠʦʣʠʨʦʚʘʥʥʳʭ (ʙʝʩʭʣʦʨʦʬʠʣʣʴʥʳʭ) ʩʝʤʷʜʦʣʝʡ ʧʨʦʚʦʜʠʣʠ ʚʳʜʝʣʝʥʠʝ ɼʅʂ. 

ʇʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ɼʅʂ ʠʟ ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ 

ʄʘʪʝʨʠʘʣ ʩʦʙʠʨʘʣʠ ʚ ʬʘʟʝ 3-4 ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ. ʇʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʩʙʦʨʘ ʣʠʩʪʴʝʚ ʧʨʦʙʠʨʢʠ ʪʠʧʘ Eppendorf (1,5-2,0 ʤʣ) ʧʦʤʝʱʘʣʠ ʚ ʩʦʩʫʜ ʩ ʢʦʣʦʪʳʤ 

ʣʴʜʦʤ. ʏʘʩʪʠ ʣʠʩʪʘ ʧʦʤʝʱʘʣʠ ʚ ʤʘʨʢʠʨʦʚʘʥʥʳʝ ʧʨʦʙʠʨʢʠ, ʘ ʟʘʪʝʤ ʧʨʠʥʦʩʠʣʠ ʚ 

ʣʘʙʦʨʘʪʦʨʠʶ, ʧʨʦʤʳʚʘʣʠ ʠʭ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ɼʅʂ, ʣʠʙʦ ʟʘʤʦʨʘʞʠʚʘʣʠ. ʂʘʞʜʦʝ ʨʘʩʪʝʥʠʝ ʚ ʧʦʣʝ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʵʪʠʢʝʪʢʦʡ. 

ɻʝʥʦʤʥʫʶ ɼʅʂ ʚʳʜʝʣʷʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʉʊɸɺ-ʤʝʪʦʜʦʤ (Saghai-

Maroof et al., 1984; Doyle, Doyle, 1990) ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʀ.ʅ. ɸʥʠʩʠʤʦʚʦʡ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (ɸʥʠʩʠʤʦʚʘ ʠ ʜʨ., 2018).  

ɺʩʝ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʪʝʨʠʣʠʟʦʚʘʣʠ ʚ ʘʚʪʦʢʣʘʚʝ. ɼʣʷ 

ʵʢʩʪʨʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 2ʍ ʉʊɸɺ ʙʫʬʝʨ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 10 ʤʄ ʊʨʠʩ-ʅʉl, 

ʨʅ=8,0; 100 ʤʤ ʕɼʊɸ, ʨʅ-8,0; 1,4 ʄ NaCl, 1% ʈVʈ, 2% ʉʊɸɺ, ʚ ʢʦʪʦʨʳʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʙʘʚʣʷʣʠ 0,5% NaHSO3. 

ɺ ʤʠʢʨʦʧʨʦʙʠʨʢʠ ʦʙʲʝʤʦʤ 1,5 ʤʣ ʧʦʤʝʱʘʣʠ ʦʪʨʝʟʦʢ ʩʝʤʷʜʦʣʠ ʣʠʙʦ ʯʘʩʪʴ 

ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 1 ʩʤĮ ʠ ʨʘʩʪʠʨʘʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʬʣʦʥʦʚʦʛʦ 

ʧʝʩʪʠʢʘ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 600 ʤʢʣ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʙʫʬʝʨʘ (2ʍ ʉʊɸɺ ʙʫʬʝʨ), 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʛʦ ʜʦ 65Áʉ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʦʜʝʨʞʠʤʦʝ ʤʠʢʨʦʧʨʦʙʠʨʢʠ 
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ʭʦʨʦʰʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʝʨʝʚʦʨʘʯʠʚʘʥʠʝʤ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ 

65Áʉ ʚ ʪʝʯʝʥʠʝ 1-1,5 ʯ; ʚ ʧʨʦʮʝʩʩʝ ʠʥʢʫʙʘʮʠʠ ʧʨʦʙʠʨʢʠ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʚʩʪʨʷʭʠʚʘʣʠ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʠʥʢʫʙʘʮʠʠ ʧʨʦʙʠʨʢʠ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʦʙʘʚʣʷʣʠ 300 ʤʢʣ ʭʣʦʨʦʬʦʨʤ-ʠʟʦʘʤʠʣʦʚʦʡ ʩʤʝʩʠ (24:1), ʘ ʟʘʪʝʤ 

ʧʣʘʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʜʦ ʩʦʩʪʦʷʥʠʷ ʵʤʫʣʴʩʠʠ. ɿʘʪʝʤ ʧʨʦʙʠʨʢʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 5000 ʦʙ/ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʜʦʩʘʜʦʯʥʫʶ 

ʞʠʜʢʦʩʪʴ ʧʝʨʝʥʦʩʠʣʠ ʚ ʜʨʫʛʫʶ ʩʝʨʠʶ ʧʨʦʙʠʨʦʢ. ʂ ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ 

ʜʦʙʘʚʣʷʣʠ ʈʅʂʘʟʫ ɸ (Fermentas) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʛ/ʤʣ ʠʟ ʨʘʩʯʝʪʘ 3 ʤʣ ʥʘ 

ʢʘʞʜʳʝ 300 ʤʣ ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 37Áʉ ʚ 

ʪʝʯʝʥʠʝ 1 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʣʷ ʫʜʘʣʝʥʠʷ ʬʝʨʤʝʥʪʘ ʩʥʦʚʘ ʧʨʦʚʦʜʠʣʠ ʦʙʨʘʙʦʪʢʫ 

ʭʣʦʨʦʬʦʨʤ-ʠʟʦʘʤʠʣʦʚʦʡ ʩʤʝʩʴʶ. 

ɼʣʷ ʦʩʘʞʜʝʥʠʷ ɼʅʂ ʚ ʢʘʞʜʫʶ ʤʠʢʨʦʧʨʦʙʠʨʢʫ ʜʦʙʘʚʣʷʣʠ ʨʘʚʥʳʡ ʦʙʲʝʤ 

ʠʟʦʧʨʦʧʘʥʦʣʘ, ʦʭʣʘʞʜʝʥʥʦʛʦ ʜʦ -20Áʉ, ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ -20Áʉ ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ. ɿʘʪʝʤ ʩʤʝʩʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 14000 ʦʙ/ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʠ ʫʜʘʣʷʣʠ ʥʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ. ʂ ʦʩʪʘʚʰʝʤʫʩʷ 

ʦʩʘʜʢʫ ʜʦʙʘʚʣʷʣʠ 1 ʤʣ ʦʭʣʘʞʜʝʥʥʦʛʦ ʜʦ +4Áʉ 75% ʵʪʘʥʦʣʘ ʠ, ʧʝʨʝʚʦʨʘʯʠʚʘʷ 

ʤʠʢʨʦʧʨʦʙʠʨʢʫ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʧʨʦʤʳʚʘʣʠ ʦʩʘʜʦʢ. ʉʥʦʚʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 

+4Áʉ 10 ʤʠʥ ʠ ʫʜʘʣʷʣʠ ʥʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ. ʕʪʘʧ ʩ ʦʪʤʳʚʢʦʡ ʵʪʘʥʦʣʦʤ 

ʧʦʚʪʦʨʷʣʠ ʜʚʘʞʜʳ. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʩʫʰʠʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ +37Áʉ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʩʧʠʨʪʘ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 100 ʤʢʣ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 1-1.5 ʯ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʢʮʠʠ ɼʅʂ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʭʨʘʥʠʣʠ ʧʨʠ -20Áʉ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʠ ʢʘʯʝʩʪʚʦ ʧʨʝʧʘʨʘʪʦʚ ɼʅʂ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 

1% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ (Smart Spec (BioRad, ʉʐɸ)).  

 

2.2.2. ʇʦʩʪʘʥʦʚʢʘ ʇʎʈ 

 

ɼʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʤʘʨʢʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 15 ʧʘʨ ʧʨʘʡʤʝʨʦʚ 

(ʪʘʙʣ. 5). ʄʘʨʢʝʨʥʳʡ ʬʨʘʛʤʝʥʪ orfH522 ʩʧʝʮʠʬʠʯʝʥ ʜʣʷ ʘʙʝʨʨʘʥʪʥʦʛʦ 
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ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʘ orfH522, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʛʦ ʈɽʊ1 ʪʠʧ ʩʪʝʨʠʣʴʥʦʩʪʠ. 

ʄʘʨʢʝʨʳ HRG01, HRG02, STS115, ʘ ʪʘʢʞʝ SSR-ʤʘʨʢʝʨʳ ORS224, ORS511 ʠ 

ORS799 ʥʘʭʦʜʷʪʩʷ ʚ ʛʨʫʧʧʝ ʩʮʝʧʣʝʥʠʷ 13 ʠ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʮʝʧʣʝʥʳ ʩ ʛʝʥʦʤ 

Rf1. ʌʨʘʛʤʝʥʪʳ, ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩ ʧʨʘʡʤʝʨʘʤʠ SCO04, SCX20, ʩʮʝʧʣʝʥʳ ʩ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʚ ʪʦʡ ʞʝ ʛʨʫʧʧʝ ʛʝʥʦʤ Radv, ʘ ʬʨʘʛʤʝʥʪ STO06 ʩʮʝʧʣʝʥ ʩ ʛʝʥʦʤ 

R1, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʛʨʫʧʧʝ ʩʮʝʧʣʝʥʠʷ LG8. ʆʙʘ ʛʝʥʘ ʜʝʪʝʨʤʠʥʠʨʫʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʙʫʜʠʪʝʣ ʁ ʨʞʘʚʯʠʥ.r CAPS-ʤʘʨʢʝʨʳ QHL12D20_HaeIII, 

L12D20_HaeIII ʠ B20M13_RsaI ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʠ ʥʘʰʝʤ ʫʯʘʩʪʠʠ ʚ ʦʪʜʝʣʝ 

ʛʝʥʝʪʠʢʠ ɺʀʈ ʚ 2012-2014 ʛʛ. ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʈʌʌʀ. ʆʥʠ ʤʘʨʢʠʨʫʶʪ 

ʛʦʤʦʣʦʛʠ ʛʝʥʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ï RFL-PPR. ʀʭ ʭʨʦʤʦʩʦʤʥʘʷ 

ʣʦʢʘʣʠʟʘʮʠʷ ʠ ʦʪʥʦʰʝʥʠʷ ʩ ʣʦʢʫʩʦʤ Rf1 ʧʦʢʘ ʥʝ ʠʟʚʝʩʪʥʳ. ʄʘʨʢʝʨ rʅɸ-ʈ1, 

ʅɸ4011, ʩʮʝʧʣʝʥʥʳʝ ʩ ʣʦʢʫʩʦʤ Pl5/Pl8, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʦʟʙʫʜʠʪʝʣʶ ʃʄʈ, ʦʪʥʦʩʷʪʩʷ ʢ 13-ʦʡ ʛʨʫʧʧʝ ʩʮʝʧʣʝʥʠʷ, ʯʪʦ ʠ ʛʝʥ Rf1.  

ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ ʧʦʜʙʠʨʘʣʩʷ ʪʝʨʤʘʣʴʥʳʡ ʨʝʞʠʤ ʩ ʫʯʝʪʦʤ ʠʭ 

ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ (ʪʘʙʣ. 6). ʇʎʈ ʧʨʦʚʦʜʠʣʠ 

ʚ ʘʤʧʣʠʬʠʢʘʪʦʨʘʭ MyCycler ʠ DNA Engine Tetrad 2 ʧʨʦʠʟʚʦʜʩʪʚʘ BioRad (ʉʐɸ). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫʶ ʜʣʷ ʚʩʝʭ 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʧʨʘʡʤʝʨʦʚ ʨʝʘʢʮʠʦʥʥʫʁ  ʩʤʝʩʴ (ʦʙʱʠʤ ʦʙʲʝʤʦʤ ï 25 ʤʢʣ), 

ʩʦʜʝʨʞʘʱʝʡ 1,5 ʤʢʣ ɼʅʂ, 2,4 ʤʢʣ 2,5ʤʄ dNTP, 2,5 ʤʢʣ 10ʍ ʨʝʘʢʮʠʦʥʥʦʛʦ 

ʙʫʬʝʨʘ, 1,25 ʤʢʣ 50ʤʄ MgCl2, ʧʦ 0,5 ʤʢʣ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʘʡʤʝʨʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʧʄ, 0,4 ʤʢʣ Taq ʧʦʣʠʤʝʨʘʟʳ (5 ʝ.ʘ./ʤʢʣ), 0,06 ʤʢʣ BSA (20 

ʤʛ/ʤʢʣ) ʠ 15,89 ʤʢʣ ddʅ2ʆ (ɼʠʘʣʘʪ ʃʪʜ).  

ʇʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʨʘʟʜʝʣʷʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 1,5% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ 

ʠ ʦʢʨʘʰʠʚʘʣʠ 0,05% ʨʘʩʪʚʦʨʦʤ ʙʨʦʤʠʩʪʦʛʦ ʵʪʠʜʠʷ. ɻʝʣʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʛʝʣʴ-ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ Gel Doc XR+ (BioRad ʉʐɸ) ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ. ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʤʝʨʘ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ɼʅʂ-ʤʘʨʢʝʨʳ Gene Ruler 100 bp and 1kb DNA Ladders (Fermentas ʉʐɸ). 

ɸʥʘʣʠʟ ʧʦʣʠʤʦʨʬʠʟʤʘ SSR-ʬʨʘʛʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥ ʥʘ ʧʨʠʙʦʨʝ MultiNA 

(Schimadzu) ʚ ʎʂʇ çɻʝʥʦʤʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʣʝʪʦʯʥʘʷ ʙʠʦʣʦʛʠʷè 

(ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʅʀʀ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ, ɺʅʀʀʉʍʄ) ɸ. ɻ. ʇʠʥʘʝʚʳʤ. 
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ʊʘʙʣʠʮʘ 5 ï ʃʦʢʫʩʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʨʢʠʨʦʚʘʥʠʷ ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ 
 

ʄʘʨʢʝʨ (ʪʠʧ) 5
ȭ
- 3
ȭ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʃʦʢʫʩ ʊʠʧ 

ʥʘʩʣʝʜʦʚʘʥʠʷ 

ʈʘʟʤʝʨ 

ʘʤʧʣʠʬʠʮʠ-

ʨʦʚʘʥʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ, 

ʧʥ 

ʉʩʳʣʢʘ 

1 2 3 4 5 6 

orfH522 (STS) F- TGCCTCAACTGGATAAATTCAC orfH522 ʄʘʪʝʨʠʥʩʢʦʝ 516 Schnabel et 

al., 2008 R- ACCGTTCTCTCACGAGTTGAAG 

HRG01 (SCAR) F- TATGCATAATTAGTTATACCC Rf1 ɼʦʤʠʥʘʥʪʥʳʡ 454 Horn et al., 

2003 R- ACATAAGGATTATGTACGGG 

HRG02 (SCAR) F- AAACGTGGGAGAGAGGTGG çè ɼʦʤʠʥʘʥʪʥʳʡ 740 çè 

R- AAACGTGGGCTGAAGAACTA 

STS115 (STS) F- CGAACTAATCATCATACAACC çè ɼʦʤʠʥʘʥʪʥʳʡ 115 Yue et al., 

2010 R- TCGGCTCTTATGTATGTTCAC 

ORS224 (SSR) F- AACCAAAGCGCTGAAGAAATC çè ɼʦʤʠʥʘʥʪʥʳʡ 124, 148-153 çè 

R- TGGACTAACTACCAGAAGCTAC 

ORS511 (SSR) F- TGGCTCAGATTAAGTTCACACAG çè ɼʦʤʠʥʘʥʪʥʳʡ  158-163, 210, 

244 

çè 

R- CGGGTTGCGAGTAACAGGTA 

ORS799 (SSR) F- ACTCCCTCCCATTCTCGTCT çè ɼʦʤʠʥʘʥʪʥʳʡ 165-170 çè 

R- TCCAGCAAGTCAGCAACAAC 

SCO04 (SCAR) F- AAGTCCGCTCACTTGGGTCA Radv  ʂʦʜʦʤʠʥʘʥʪʥʳʡ 950, 850 Lawson et 

al., 1998 R- AAGTCCGCTCTACATGTTCTCTTT 

SCX20 (SCAR) F- CCCAGCTAGACCACAAACCATTGT çè ɼʦʤʠʥʘʥʪʥʳʡ 600 çè  

R- CCCAGCTAGATTCATTGGTAAAATGTT 

SCT06 (SCAR) F- CAAGGGCAGAAAACAAAAC TACAC R1 ɼʦʤʠʥʘʥʪʥʳʡ 950 çè 

R- CAAGGGCAGAGAGTTTTCCAC 

QHL12D20_ HaeIII (CAPS) F- TGGCCTCACAAGGAATCAAG RFL-PPR ʂʦʜʦʤʠʥʘʥʪʥʳʡ 1170 ɸʥʠʩʠʤʦʚʘ 

ʠ ʜʨ., 2013 R- AGGTTGAATTCCCGCACTAA 

L12D20_ HaeIII (CAPS) F- TGGTATGTGGAGTAAAGGTGTCA çè ʂʦʜʦʤʠʥʘʥʪʥʳʡ 630 çè 

R- TAGCGTTGTTCAATGGGTCA 
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(ʇʨʦʜʦʣʞʝʥʠʝ) 

1 2 3 4 5 6 

B20M13_RsaI (CAPS) F- TTGCAAATGCAAAAACATGG Pl8 ʂʦʜʦʤʠʥʘʥʪʥʳʡ 421 (100, 140, 

220, 300) 

ɸʥʠʩʠʤʦʚʘ 

ʠ ʜʨ., 2014 R- AAGACCGTGGACCAAAACTG 

HA-P1 F- GCCCAAAATTGAAAGAAAGGTGTG Pl5/Pl8 ʂʦʜʦʤʠʥʘʥʪʥʳʡ 1100, 1200, 

1300, 1450, 

1500, 1600, 

1700, 2000, 

2100 

Radwan O. 

et al., 2004 R- GGCGAAATTGGTTCCCGTGAGTCG 

ʅɸ4011 F- ACTTCTACCCTCCCCTTCTT Pl8 ʂʦʜʦʤʠʥʘʥʪʥʳʡ 200, 240 çè 

R- CTGTACACGTGCTGCTTTAG 
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ʊʘʙʣʠʮʘ 6 ï ʇʨʦʪʦʢʦʣʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʘʡʤʝʨʦʚ 

 

ʇʨʘʡʤʝʨ ʃʦʢʫʩ ʇʨʦʛʨʘʤʤʘ 

orfH522 orfH522 ɼʝʥʘʪʫʨʘʮʠʷ 95ęC ï 2 ʤʠʥ 

ʆʪʞʠʛ ʧʨʘʡʤʝʨʦʚ  

(36 ʮʠʢʣʦʚ) 

95ęC ï 1 ʤʠʥ 

59ęC ï 1 ʤʠʥ 

72ęC ï 1 ʤʠʥ 

ʕʣʦʥʛʘʮʠʷ 72ęC ï 5 ʤʠʥ 

Y10 Rf1 ɼʝʥʘʪʫʨʘʮʠʷ 94ęC ï 10 ʤʠʥ 

ʆʪʞʠʛ ʧʨʘʡʤʝʨʦʚ  

(35 ʮʠʢʣʦʚ) 

94ęC ï 45 ʩʝʢ 

65ęC ï 45 ʩʝʢ 

72ęC ï 1 ʤʠʥ 

ʕʣʦʥʛʘʮʠʷ 72ęC ï 6 ʤʠʥ 

ʂ13 Rf1 ɼʝʥʘʪʫʨʘʮʠʷ 94ęC ï 10 ʤʠʥ 

ʆʪʞʠʛ ʧʨʘʡʤʝʨʦʚ  

(36 ʮʠʢʣʦʚ) 

94ęC ï 45 ʩʝʢ 

58ęC ï 45 ʩʝʢ 

72ęC ï 1 ʤʠʥ 

ʕʣʦʥʛʘʮʠʷ 72ęC ï 6 ʤʠʥ 

STS115 

ORS224 

ORS511 

ORS799 

Rf1 ɼʝʥʘʪʫʨʘʮʠʷ 96ęC ï 4 ʤʠʥ 

ʆʪʞʠʛ ʧʨʘʡʤʝʨʦʚ  

(30 ʮʠʢʣʦʚ) 

94ęC ï 30 ʩʝʢ 

55ęC ï 40 ʩʝʢ 

72ęC ï 1 ʤʠʥ 

ʕʣʦʥʛʘʮʠʷ 72ęC ï 5 ʤʠʥ 

QHL12D20 

L12D20 

B20M13 

RFL-

PPR 

ɼʝʥʘʪʫʨʘʮʠʷ 94ęC ï 4 ʤʠʥ 

ʆʪʞʠʛ ʧʨʘʡʤʝʨʦʚ  

(36 ʮʠʢʣʦʚ) 

94ęC ï 30 ʩʝʢ 

59ęC ï 45 ʩʝʢ 

72ęC ï 1 ʤʠʥ 

ʕʣʦʥʛʘʮʠʷ 72ęC ï 7 ʤʠʥ 

ʅɸ-ʈ1, 

HA4011 

SCT06 

Pl5/Pl8 

Pl8 

Radv 

ɼʝʥʘʪʫʨʘʮʠʷ 95ęC ï 3 ʤʠʥ 

ʆʪʞʠʛ ʧʨʘʡʤʝʨʦʚ  

(35 ʮʠʢʣʦʚ) 

95ęC ï 30 ʩʝʢ 

60ęC ï 30 ʩʝʢ 

72ęC ï 2 ʤʠʥ 

ʕʣʦʥʛʘʮʠʷ 72ęC ï 7 ʤʠʥ 

SCO04 

SCX20 

Radv ɼʝʥʘʪʫʨʘʮʠʷ 94ęC ï 1 ʤʠʥ 30ʩʝʢ 

ʆʪʞʠʛ ʧʨʘʡʤʝʨʦʚ  

(30 ʮʠʢʣʦʚ) 

94ęC ï 1 ʤʠʥ 

63ęC ï 1 ʤʠʥ 

72ęC ï 2 ʤʠʥ 

ʕʣʦʥʛʘʮʠʷ 72ęC ï 7 ʤʠʥ 
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2.2.3. ʈʝʩʪʨʠʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ SNP ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʬʨʘʛʤʝʥʪʦʚ RFL-PPR-ʛʝʥʦʚ 

ʧʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʧʨʘʡʤʝʨʘʤʠ QHL12D20, L12D20 ʠ B20M13 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʝʩʪʨʠʢʪʘʟʘʤʠ HaeIII ʠ RsaI.  

ɺ ʨʝʩʪʨʠʢʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʩʪʨʠʢʪʘʟʳ FastDigest HaeIII ʠ 

FastDigest RsaI (Thermo ScientificÊ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʣʷ ʚʩʝʭ ʨʝʘʢʮʠʡ 

ʦʙʱʠʤ ʦʙʲʝʤʦʤ 10 ʤʢʣ, ʩʦʜʝʨʞʘʣʘ 5 ʤʢʣ ʇʎʈ ʧʨʦʜʫʢʪʘ, 3 ʤʢʣ ddʅ2ʆ, 1 ʤʢʣ 10x 

FastDigest Green Buffer ʠ 1 ʤʢʣ ʬʝʨʤʝʥʪʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 

37Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʇʨʦʜʫʢʪʳ ʨʝʩʪʨʠʢʮʠʠ ʨʘʟʜʝʣʷʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 3% 

ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. ʈʝʟʫʣʴʪʘʪʳ ʬʠʢʩʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʛʝʣʴ-

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ Gel Doc XR+ (BioRad ʉʐɸ). 

 

2.2.4. ʂʣʦʥʠʨʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ 

 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ SSR-ʣʦʢʫʩʦʚ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʢʣʦʥʠʨʦʚʘʥʠʝ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʇʨʦʜʫʢʪʳ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ ʬʠʨʤʳ ɽʚʨʦʛʝʥ (ʄʦʩʢʚʘ) çCleanup 

Standardè ʚʳʜʝʣʷʣʠ ʠʟ ʇʎʈ-ʩʤʝʩʠ, ʯʪʦʙʳ ʦʯʠʩʪʠʪʴ ʦʪ ʧʨʠʤʝʩʝʡ, ʘ ʟʘʪʝʤ 

ʢʣʦʥʠʨʦʚʘʣʠ ʚ ʢʣʝʪʢʘʭ Escherichia coli (ʰʪʘʤʤ DH5Ŭ) ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʘ pAL-

TA (ɽʚʨʦʛʝʥ, ʄʦʩʢʚʘ), ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʛʝʥ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʤʧʠʮʠʣʠʥʫ, ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ, ʨʘʩʪʠ ʥʘ ʩʝʣʝʢʪʠʚʥʦʡ ʩʨʝʜʝ ʩ ʘʥʪʠʙʠʦʪʠʢʦʤ ʪʦʣʴʢʦ ʢʣʝʪʢʘʤ ʩʦ 

ʚʩʪʘʚʢʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʩʦʜʝʨʞʠʪ ʤʘʨʢʝʨʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʦʢʨʘʩʢʫ ʢʦʣʦʥʠʡ 

ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ X-gal, IPTG ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʣʦ-ʛʦʣʫʙʦʡ ʩʝʣʝʢʮʠʠ ʢʣʦʥʦʚ. ʂʣʦʥʠʨʦʚʘʥʠʝ 

ʘʤʧʣʠʢʦʥʦʚ ʚʢʣʶʯʘʣʦ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʣʠʛʠʨʦʚʘʥʠʝ ɼʅʂ ʩ ʚʝʢʪʦʨʦʤ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ɼʅʂ ʚ ʢʣʝʪʢʫ E. coli ʤʝʪʦʜʦʤ ʪʝʨʤʦʰʦʢʘ, ʦʪʙʦʨ 

ʪʨʘʥʩʬʦʨʤʘʥʪʦʚ ʥʫʞʥʦʡ ʜʣʠʥʳ.  

ɼʣʷ ʣʠʛʠʨʦʚʘʥʠʷ ʘʤʧʣʠʢʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ ʨʝʘʢʪʠʚʦʚ ʜʣʷ 

ʢʣʦʥʠʨʦʚʘʥʠʷ Quick-TA kit (ɽʚʨʦʛʝʥ, ʄʦʩʢʚʘ), ʚʢʣʶʯʘʶʱʠʡ pAL2-Tɸ ʚʝʢʪʦʨ, 

https://www.thermofisher.com/order/catalog/product/FD1124?SID=srch-srp-FD1124
https://www.thermofisher.com/order/catalog/product/FD1124?SID=srch-srp-FD1124
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ʢʦʪʦʨʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʷʣʠ ʚ 25 ʤʢʣ 

ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

ɿʘʪʝʤ ʧʨʠʛʦʪʘʚʣʠʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚ ʧʨʦʙʠʨʢʝ ʪʠʧʘ Eppendorf ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ: ʢ 1 ʤʢʣ ʣʠʛʘʟʥʦʛʦ ʙʫʬʝʨʘ 10ʍ 

ʜʦʙʘʚʣʷʣʠ 1 ʤʢʣ ʚʝʢʪʦʨʘ pAL2-T (50 ʥʛ/ʤʢʣ), 1 ʤʢʣ ʊ4 ɼʅʂ ʣʠʛʘʟʳ, 4 ʤʢʣ ʇʎʈ 

ʧʨʦʜʫʢʪʘ ʠ 3 ʤʢʣ ʚʦʜʳ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 

1 ʩʝʢ ʧʨʠ 5000 ʦʙ/ʤʠʥ ʠ ʩʪʘʚʠʣʠ ʥʘ ʥʦʯʴ ʚ ʰʪʘʪʠʚʝ ʥʘ ʚʦʜʷʥʫʶ ʙʘʥʶ ʧʨʠ +16Áʉ. 

ʋʪʨʦʤ ʧʨʦʙʠʨʢʫ ʩʦ ʩʤʝʩʴʶ ʧʝʨʝʤʝʱʘʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢ ʥʘ +4Áʉ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʤʧʝʪʝʥʪʥʳʝ ʢʣʝʪʢʠ E. coli 

ʨʘʟʤʦʨʘʞʠʚʘʣʠ ʥʘ ʣʴʜʫ ʦʢʦʣʦ 10 ʤʠʥʫʪ. ʂ ʨʘʩʪʚʦʨʫ ɼʅʂ ʩ ʣʠʛʠʨʫʶʱʝʡ ʩʤʝʩʴʶ 

ʜʦʙʘʚʣʷʣʠ 50 ʤʢʣ ʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ ʠ ʙʳʩʪʨʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʠʧʝʪʠʨʦʚʘʥʠʝʤ 

ʠ ʧʦʤʝʱʘʣʠ ʥʘ ʣʝʜ (ʥʘ +4Áʉ) ʥʘ 20 ʤʠʥ. ʇʨʦʙʳ ʩ ʢʦʤʧʝʪʝʥʪʥʳʤʠ ʢʣʝʪʢʘʤʠ 

ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʚʦʜʷʥʫʶ ʙʘʥʶ ʥʘ +42Áʉ ʥʘ 45 ʩʝʢ, ʧʦʩʣʝ ʯʝʛʦ ʩʨʘʟʫ ʧʦʤʝʱʘʣʠ ʥʘ 

ʣʝʜ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 450 ʤʢʣ ʩʨʝʜʳ SOC ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʠʧʝʪʠʨʦʚʘʥʠʝʤ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʙʠʨʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʤʝʱʘʣʠ ʚ ʰʝʡʢʝʨ-ʠʥʢʫʙʘʪʦʨ ʥʘ 1 ʯ ʧʨʠ 

+37Áʉ (ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ 220). ɼʘʣʝʝ ɼʅʂ-ʩʤʝʩʴ ʩ ʧʦʤʦʱʴʶ ʩʪʝʢʣʷʥʥʦʛʦ ʰʧʘʪʝʣʷ 

ʧʦʤʝʱʘʣʠ ʥʘ ʟʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥʥʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʝʣʝʢʪʠʚʥʫʶ ʩʨʝʜʫ ʚ ʯʘʰʢʠ 

ʇʝʪʨʠ. ɺ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʚʳʜʝʨʞʠʚʘʣʠ ʯʘʰʢʠ ʚ ʣʘʤʠʥʘʨʝ, ʘ ʟʘʪʝʤ ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʪʝʨʤʦʩʪʘʪ (+37Áʉ) ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʦʯʴ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʧʨʠʛʦʪʘʚʣʠʚʘʣʠ ʇʎʈ 

ʩʤʝʩʴ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʦʪʦʢʦʣʫ: 18,5 ʤʢʣ ʚʦʜʳ, 2,5 ʤʢʣ 10ʍ ʙʫʬʝʨʘ, 

1,3 ʤʢʣ 50ʤʄ Mg
2+
, 2 ʤʢʣ 2ʤʄ dNTP, 0,1 ʤʢʣ M13F, 0,1 ʤʢʣ M13R, 0,5 ʤʢʣ Tag 

ʧʦʣʠʤʝʨʘʟʳ. ʉʤʝʩʴ ʨʘʩʢʘʧʳʚʘʣʠ ʧʦ ʧʨʦʙʠʨʢʘʤ ʧʦ 25 ʤʢʣ. ʉ ʧʦʤʦʱʴʶ ʟʫʙʦʯʠʩʪʢʠ 

ʙʝʣʳʝ ʢʦʣʦʥʠʠ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʦ ʚʩʪʘʚʢʦʡ) ʧʦʤʝʱʘʣʠ ʚ ʧʨʦʙʠʨʢʠ ʩ ʇʎʈ 

ʩʤʝʩʴʶ. ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʤʧʣʠʬʠʢʘʪʦʨʝ DNA Engine Tetrad 2 ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʧʨʦʛʨʘʤʤʝ: 95Áʉ 3 ʤʠʥ; 35 ʮʠʢʣʦʚ - 95Áʉ 20 ʩʝʢ, 55Áʉ 30 ʩʝʢ, 72Áʉ 1 ʤʠʥ; 72Áʉ 

4 ʤʠʥ; 4Áʉ Ð. ʇʦ ʦʢʦʥʯʘʥʠʠ ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʧʨʦʚʝʨʦʯʥʳʡ ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ 1,5% 

ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʦʪʙʠʨʘʣʠ ʪʦʣʴʢʦ ʪʝ ʧʨʦʙʳ, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʣʠ ʚʩʪʘʚʢʫ ʥʫʞʥʦʛʦ ʨʘʟʤʝʨʘ. ʆʪʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʯʠʩʪʠʣʠ ʥʘ ʢʦʣʦʥʢʘʭ ʩ 

ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ɼʅʂ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʬʠʨʤʳ 

Eppendorf (ʄʦʩʢʚʘ). ʇʦʣʫʯʝʥʥʳʝ ʘʤʧʣʠʢʦʥʳ ʩʝʢʚʝʥʠʨʦʚʘʣʠ ʧʦ ʤʝʪʦʜʫ ʉʝʥʛʝʨʘ. 
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ɿʘʪʨʘʚʢʦʡ ʜʣʷ ʥʘʯʘʣʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʧʨʘʡʤʝʨʳ ʄ13. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ ABI 3500xl ʚ ʎʂʇ çɻʝʥʦʤʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʪʝʦʤʠʢʘ ʠ 

ʢʣʝʪʦʯʥʘʷ ʙʠʦʣʦʛʠʷè ʌɻɹʅʋ ɺʅʀʀʉʍʄ.  

ɼʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʦʛʨʘʤʤʫ MEGA 7.0 (Kumar et al., 2016), ʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ï BioEdit 

(Tippmann, 2004; http://www.mbio.ncsu.edu/BioEdit/BioEdit.html). ɼʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʦʠʩʢʦʚʫʶ 

ʩʠʩʪʝʤʫ BLAST ʩ ʩʘʡʪʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ɹʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʀʥʬʦʨʤʘʮʠʠ (NCBI) (Nucleotide collection nr/nt) 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). 

 

2.3. ɻʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʦ ʜʚʝ ʩʝʨʠʠ 

ʩʢʨʝʱʠʚʘʥʠʡ ʥʘ ʂʆʉ ɺʀʈ. ɺ 2011 ʛ. ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʙ.ʥ. ɺ. ɸ. ɻʘʚʨʠʣʦʚʦʡ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʙʨʠʜʳ ʦʪ ʩʢʨʝʱʠʚʘʥʠʡ ʣʠʥʠʠ ʎʄʉ ɺʀʈ 116ɸ ʩ ʛʨʫʧʧʦʡ ʣʠʥʠʡ, 

ʢʦʥʪʨʘʩʪʥʳʭ ʧʦ ʪʠʧʫ ʮʠʪʦʧʣʘʟʤʦʥʘ ʠ ʥʘʣʠʯʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʛʝʥʘ Rf1, 

RFL-PPR ʛʝʥʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʤʘʨʢʝʨʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ 13 ʛʨʫʧʧʝ ʩʮʝʧʣʝʥʠʷ. 

ɻʠʙʨʠʜʳ F2 ʦʪ ʵʪʠʭ ʩʢʨʝʱʠʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜ.ʙ.ʥ. ʀ. ʅ. ɸʥʠʩʠʤʦʚʦʡ ʚ 

ʇʇʃ ɺʀʈ ʚ 2012-2014 ʛʛ. ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ ʩʢʨʝʱʠʚʘʥʠʡ (2014 ʛ.) ʤʘʪʝʨʠʥʩʢʦʡ 

ʬʦʨʤʦʡ ʷʚʣʷʣʘʩʴ ʬʝʨʪʠʣʴʥʘʷ ʣʠʥʠʷ ɺʀʈ 365, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʣʘ ʩʪʝʨʠʣʴʥʦʡ 

ʮʠʪʦʧʣʘʟʤʦʡ, ʥʦ ʥʝ ʠʤʝʣʘ ʤʘʨʢʝʨʦʚ ʣʦʢʫʩʘ Rf1. ɼʣʷ ʩʪʝʨʠʣʠʟʘʮʠʠ ʣʠʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʭʠʤʠʯʝʩʢʦʡ ʢʘʩʪʨʘʮʠʠ ʛʠʙʙʝʨʝʣʣʠʥʦʤ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

0,005% (ʨʘʩʭʦʜ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10 ʤʣ/ʨʘʩʪʝʥʠʝ). ʄʘʪʝʨʠʥʩʢʠʝ 

ʨʘʩʪʝʥʠʷ ʦʧʨʳʩʢʠʚʘʣʠ ʚ ʬʘʟʫ çʟʚʝʟʜʦʯʢʠè ʨʘʩʪʚʦʨʦʤ ʛʠʙʙʝʨʝʣʣʠʥʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0,0005% (ɸʥʘʱʝʥʢʦ, 1967). ʉʪʝʨʠʣʠʟʦʚʘʥʥʳʝ ʨʘʩʪʝʥʠʷ ʦʧʳʣʷʣʠ 

ʧʳʣʴʮʦʡ ʣʠʥʠʡ ɺʀʈ 558, ɺʀʈ 637, ɺʀʈ 740, RIL 130, ɺʀʈ 449, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʧʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʣʠʥʠʠ ɺʀʈ 449 ʠ ɺʀʈ 637 ʫʪʨʘʪʠʣʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ), ʪʠʧʫ ʮʠʪʦʧʣʘʟʤʳ ʠ 

ʥʘʣʠʯʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʣʦʢʫʩʘ Rf1. ʉʢʨʝʱʠʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ 
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ʧʝʨʝʥʦʩʘ ʦʪʮʦʚʩʢʦʡ (ʬʝʨʪʠʣʴʥʦʡ) ʧʳʣʴʮʳ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʠʟʦʣʠʨʦʚʘʥʥʳʝ 

(ʜʦ ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ) ʢʦʨʟʠʥʢʠ ʤʘʪʝʨʠʥʩʢʠʭ ʩʪʝʨʠʣʴʥʳʭ ʣʠʥʠʡ. ʇʳʣʴʮʫ 

ʧʝʨʝʥʦʩʠʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʩʣʝ ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ ʤʘʪʝʨʠʥʩʢʦʡ ʣʠʥʠʠ. ʇʨʦʮʝʩʩ 

ʧʦʚʪʦʨʷʣʠ ʯʝʨʝʟ ʜʝʥʴ ʜʦ ʦʢʦʥʯʘʥʠʷ ʮʚʝʪʝʥʠʷ ʢʦʨʟʠʥʢʠ. 

ɻʠʙʨʠʜʳ F1 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʚ ʢʦʤʙʠʥʘʮʠʠ ɺʀʈ 365 Ĭ RIL 130, ʪ.ʢ. ʚ 

ʛʦʜ ʩʢʨʝʱʠʚʘʥʠʡ ʤʥʦʛʦ ʤʘʪʝʨʠʥʩʢʠʡ ʨʘʩʪʝʥʠʡ ʧʦʛʠʙʣʦ ʚ ʩʚʷʟʠ ʩ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʉʧʠʩʦʢ ʠʟʫʯʝʥʥʳʭ ʛʠʙʨʠʜʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 7. 

 

ʊʘʙʣʠʮʘ 7 ï ɻʠʙʨʠʜʥʳʝ ʢʦʤʙʠʥʘʮʠʠ, ʠʟʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʂʦʤʙʠʥʘʮʠʷ ʩʢʨʝʱʠʚʘʥʠ̫ ɻʦʜ ʠʟʫʯʝʥʠʷ ʄʝʩʪʦ ʠʟʫʯʝʥʠʷ 

F1, F2 (ɺʀʈ 116ɸ Ĭ ɺʀʈ 365) 2013, 2017 ʇʇʃ ɺʀʈ 

F1, F2 (ɺʀʈ 116ɸ Ĭ RIL 130) 2013, 2015 ʇʇʃ ɺʀʈ 

F1, F2 (ɺʀʈ 116ɸ Ĭ ɺʀʈ 740) 2013, 2015 ʇʇʃ ɺʀʈ 

F1, F2 (ɺʀʈ 116ɸ Ĭ ɺʀʈ 210) 2013, 2014, 2016 ʇʇʃ ɺʀʈ 

F1, F2 (ɺʀʈ 116ɸ Ĭ ɺʀʈ 558) 2013, 2017 ʇʇʃ ɺʀʈ 

F1, F2 (ɺʀʈ 116ɸ Ĭ ɺʀʈ195) 2013, 2017 ʇʇʃ ɺʀʈ 

F1, F2 (ɺʀʈ 365 Ĭ RIL 130) 2013, 2016 ʇʇʃ ɺʀʈ, ʂʆʉ ɺʀʈ 

F1, F2 (ɺʀʈ 365 Ĭ RIL 80) 2013, 2018 ʇʇʃ ɺʀʈ 

Fa (ɺʀʈ 116ɸ Ĭ ɺʀʈ 211) Ĭ ɺʀʈ 211 2014 ʇʇʃ ɺʀʈ 

Fa ɺʀʈ 111ɸ Ĭ (ɺʀʈ 365 Ĭ RIL 130) 2016 ʇʇʃ ɺʀʈ 

 

2.4. ʎʠʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʳʣʴʮʳ 

 

ʌʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ ʦʮʝʥʠʚʘʣʠ ʚʠʟʫʘʣʴʥʦ - ʧʦ ʥʘʣʠʯʠʶ ʥʦʨʤʘʣʴʥʦ 

ʨʘʟʚʠʪʳʭ ʧʳʣʴʥʠʢʦʚ, ʩʦʜʝʨʞʘʚʰʠʭ ʧʳʣʴʮʫ, ʠ ʥʘ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ, 

ʦʢʨʘʰʝʥʥʳʭ ʘʮʝʪʦʢʘʨʤʠʥʦʤ. ɼʦʣ ʁʬʝʨʪʠʣʴʥʳʭ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʧʦʜʩʯʠʪʳʚʘʣʠ 

ʧʦ ʤʝʪʦʜʠʢʝ ʅʘʚʘʰʠʥʘ (ʮʠʪ. ʧʦ ʈʦʩʢʠʥ, 1951) ʩ ʠʟʤʝʥʝʥʠʷʤʠ, ʥʘ ʛʣʠʮʝʨʠʥ-

ʞʝʣʘʪʠʥʦʚʳʭ ʧʨʝʧʘʨʘʪʘʭ (ɺʦʨʦʥʦʚʘ ʠ ʜʨ., 2011). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʮʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʦʪʮʦʚʩʢʠʭ ʨʘʩʪʝʥʠʡ ʚ ʧʝʨʠʦʜ 

ʤʘʩʩʦʚʦʛʦ ʮʚʝʪʝʥʠʷ (ʠʶʣ ɹï ʂʆʉ ɺʀʈ, ʘʚʛʫʩʪ ï ʇʇʃ ɺʀʈ 2011, 2014 ʛʛ.) ʩ 
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ʧʦʤʦʱʴʶ ʧʠʥʮʝʪʘ ʩʦʙʠʨʘʣʠ ʮʚʝʪʢʠ ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʧʨʦʙʠʨʢʘʭ ʪʠʧʘ Eppendorf ʩ 

ʨʘʩʪʚʦʨʦʤ ʬʠʢʩʘʪʦʨʘ FAA (ʌʋʉ - ʩʧʠʨʪ-ʬʦʨʤʘʣʠʥ-ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ). ɼʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʞʝʩʣʝʜʫʶʱʠʡ ʧʨʦʪʦʢʦʣ. ʂ 100 ʤʣ 70Á 

ʩʧʠʨʪʘ ʜʦʙʘʚʣʷʣʠ 7 ʤʣ 40% ʬʦʨʤʘʣʠʥʘ ʠ 7 ʤʣ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

(ɹʘʨʳʢʠʥʘ ʠ ʜʨ., 2000). ʅʝʨʘʩʢʨʳʚʰʠʝʩʷ ʪʨʫʙʯʘʪʳʝ ʮʚʝʪʢʠ ʩʦʙʠʨʘʣʠ ʚ ʫʪʨʝʥʥʠʝ 

ʯʘʩʳ ʠʟ ʨʘʟʥʳʭ (ʥʝ ʤʝʥʝʝ 5) ʩʝʢʪʦʨʦʚ ʢʦʨʟʠʥʢʠ. ɿʘʪʝʤ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠʟ ʢʘʞʜʦʡ ʧʨʦʙʠʨʢʠ ʙʨʘʣʠ ʧʦ 6 ʮʚʝʪʢʦʚ, ʧʝʨʝʥʦʩʠʣʠ ʠʭ ʥʘ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ ʠ 

ʜʦʙʘʚʣʷʣʠ 3-4 ʢʘʧʣʠ ʘʮʝʪʦʢʘʨʤʠʥʘ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʢʨʘʩʢʠ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 

30 ʤʠʥ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʘʮʝʪʦʢʘʨʤʠʥʘ ʮʚʝʪʢʠ ʧʨʦʤʳʚʘʣʠ 

ʚʦʜʦʡ, ʨʘʟʜʘʚʣʠʚʘʣʠ ʧʨʝʧʘʨʦʚʘʣʴʥʦʡ ʠʛʣʦʡ ʠ ʜʦʙʘʚʣʷʣʠ ʧʘʨʫ ʢʘʧʝʣʴ ʤʦʚʠʦʣʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʥʘʢʨʳʚʘʣʠ ʧʦʢʨʦʚʥʳʤ ʩʪʝʢʣʦʤ. 

ʎʠʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ Zeiss Axioplan 2 

Imaging ʩ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʦʡ AxioVision ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

AxioVision 4.8. ʋʯʠʪʳʚʘʣʠ ʧʨʦʮʝʥʪ ʧʦʣʥʦʩʪʴʶ ʦʢʨʘʰʝʥʥʳʭ (ʬʝʨʪʠʣʴʥʳʭ), 

ʥʝʦʢʨʘʰʝʥʥʳʭ ʠ ʜʝʬʝʢʪʥʳʭ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ, ʘ ʪʘʢʞʝ ʠʭ ʜʠʘʤʝʪʨ. ʇʦʜʩʯʝʪ 

ʧʨʦʮʝʥʪʘ ʬʝʨʪʠʣʴʥʳʭ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʥʝ ʤʝʥʝʝ 

10 ʧʦʣʝʡ ʟʨʝʥʠʷ ʧʨʠ 20-ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ.  

 

2.5. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʚʘʨʠʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʚ ʧʨʦʛʨʘʤʤʘʭ MS Excel 2003-2007 ʠ 

Statistica 6.0 (ɢ-ʢʚʘʜʨʘʪ, ʢʨʠʪʝʨʠʡ ʐʘʧʠʨʦ-ʋʠʣʢʘ). ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʣʠʥʠʡ 

ʢʦʣʣʝʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʣʠʯʠʷ/ʦʪʩʫʪʩʪʚʠʷ ʫ ʥʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ (Principal Coordinates Analysis, 

PCoA) ʚ ʧʨʦʛʨʘʤʤʝ GenAlEx 6.5 (Peakall, Smouse, 2012) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʥʘʨʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ.  

ʈʘʩʯʝʪ ʯʘʩʪʦʪʳ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʨʘʩʱʝʧʣʝʥʠʷ ʚ F2 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ (ʈʦʢʠʮʢʠʡ, 1974): 

, ʛʜʝ 
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 ï ʦʙʱʝʝ ʯʠʩʣʦ ʨʘʩʪʝʥʠʡ F2 

 ï ʢʚʘʜʨʘʪ ʯʘʩʪʦʪʳ ʢʨʦʩʩʠʥʛʦʚʝʨʘ (rĮ) ʜʣʷ ʩʣʫʯʘʷ ʦʪʪʘʣʢʠʚʘʥʠʷ 

 ï ʯʘʩʪʦʪʘ ʢʨʦʩʩʠʥʛʦʚʝʨʘ ʜʣʷ ʩʣʫʯʘʷ ʧʨʠʪʷʞʝʥʠʷ 

 ï ʯʠʩʣʦ ʨʘʩʪʝʥʠʡ ɸ-ɺ- 

 ï ʯʠʩʣʦ ʨʘʩʪʝʥʠʡ A-bb 

 ï ʯʠʩʣʦ ʨʘʩʪʝʥʠʡ aaɺ- 

 ï ʯʠʩʣʦ ʨʘʩʪʝʥʠʡ aabb  

ʆʰʠʙʢʫ ʨʝʢʦʤʙʠʥʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʈʘʩʯʝʪ ʯʘʩʪʦʪʳ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʘʥʘʣʠʟʠʨʫʶʱʝʤ ʩʢʨʝʱʠʚʘʥʠʠ ʧʨʦʚʦʜʠʣʠ 

ʧʦ ʬʦʨʤʫʣʝ: 

 , ʛʜʝ 

 ï ʯʠʩʣʦ ʨʘʩʪʝʥʠʡ ʩ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ ʬʝʥʦʪʠʧʦʤ 

 ï ʦʙʱʝʝ ʯʠʩʣʦ ʨʘʩʪʝʥʠʡ 

ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʘʨʪ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ QTL 

MapChart 2.32 (Voorrips, 2002). 
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

 

3.1. ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ɺʀʈ 

 

ɼʣʷ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʣʠʥʠʡ ʢʦʣʣʝʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʤʘʨʢʝʨʳ: 

STS115, HRG01, HRG02, ORS224, ORS511, ORS799, SCO04, SCX20 (ʛʨʫʧʧʘ 

ʩʮʝʧʣʝʥʠʷ LG13); SCT06 (ʛʨʫʧʧʘ ʩʮʝʧʣʝʥʠʷ LG8); ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʤʘʨʢʝʨ 

orfH522, ʘ ʪʘʢʞʝ ʤʘʨʢʝʨʳ QHL12D20, L12D20 ʠ B20M13 ʭʨʦʤʦʩʦʤʥʘʷ 

ʣʦʢʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʥʝʠʟʚʝʩʪʥʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʚʠʯʥʦʛʦ ʩʢʨʠʥʠʥʛʘ 95 ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʫ 20 ʣʠʥʠʡ ʚʳʷʚʣʝʥʳ ʚʥʫʪʨʠʣʠʥʝʡʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʨʘʩʪʝʥʠʷʤʠ ʧʦ ʥʘʣʠʯʠʶ/ʦʪʩʫʪʩʪʚʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ. ʅʝʦʜʥʦʨʦʜʥʳʝ 

ʣʠʥʠʠ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ, ʧʦʵʪʦʤʫ ʨʘʙʦʯʘʷ ʚʳʙʦʨʢʘ 

ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ 75 ʣʠʥʠʡ ʢʦʣʣʝʢʮʠʠ. 

 

3.1.1. ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʣʠʥʠʡ, ʩ ʧʦʤʦʱʴʶ ʤʘʨʢʝʨʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʎʄʉ-Rf 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ ʜ.ʙ.ʥ. ɺ. ɸ. ɻʘʚʨʠʣʦʚʦʡ ʠ ʢ.ʩ.-

ʭ.ʥ. ɺ.ʊ. ʈʦʞʢʦʚʦʡ, ʚ ʨʦʜʦʩʣʦʚʥʦʡ ʣʠʥʠʡ, ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ, ʫʯʘʩʪʚʫʶʪ 56 

ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʩʦʨʪʘ, ʛʠʙʨʠʜʳ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʤʝʞʚʠʜʦʚʳʝ), ʘ ʪʘʢʞʝ ʢʦʣʣʝʢʮʠʦʥʥʳʝ ʦʙʨʘʟʮʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʛʝʥʝʪʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʨʢʝʨʘ orfH522 ʠʟʫʯʝʥʥʘʷ ʚʳʙʦʨʢʘ 

ʣʠʥʠʡ ʙʳʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʘ ʧʦ ʪʠʧʫ ʮʠʪʦʧʣʘʟʤʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 61 

ʬʝʨʪʠʣʴʥʘʷ ʣʠʥʠʷ (86%) ʠʤʝʝʪ ʩʪʝʨʠʣʴʥʫʶ ʮʠʪʦʧʣʘʟʤʫ ʈɽʊ1-ʪʠʧʘ. ʋ 10 ʣʠʥʠʡ 

ʤʘʨʢʝʨ orfH522 ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʣʠʥʠʠ ʠʤʝʣʠ ʬʝʨʪʠʣʴʥʫʶ 

ʮʠʪʦʧʣʘʟʤʫ ʠʣʠ ʩʪʝʨʠʣʴʥʫʶ ʥʝ PET1-ʪʠʧʘ (ʨʠʩ. 4).  
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ʈʠʩʫʥʦʢ 4 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ ʣʠʥʠʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ 

ʧʨʘʡʤʝʨʘʤʠ orfH522: ʄ ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ 1000 bp (Fermentas), 1ïɺʀʈ 740 (F), 2ï

ɺʀʈ 116ɸ (S), 3ïɺʀʈ 130ɹ (F), 4ïRIL 130 (S), 5ïɺʀʈ 349 (F), 6ïɺʀʈ 710 (S), 7ïɺʀʈ 370 (S), 8ï

ɺʀʈ 702 (S), 9ïɺʀʈ 361 (S), 10ïɺʀʈ 249 (S), 11ïɺʀʈ 183 (S), 12ïɺʀʈ 220 (S), 13ïɺʀʈ 200 (S), 

14ïɺʀʈ 369(F), 15ïɺʀʈ 234(S), 16ïɺʀʈ 263(S), 17ïɺʀʈ 376(S), 18ïɺʀʈ 449(F), 19ïɺʀʈ 387(F). 

ʇʨʠʤʝʯʘʥʠʝ. S ï ʩʪʝʨʠʣʴʥʳʡ PET1-ʪʠʧ ʮʠʪʦʧʣʘʟʤʳ; F ï ʬʝʨʪʠʣʴʥʳʡ ʠʣʠ ʩʪʝʨʠʣʴʥʳʡ ʥʝ PET1-ʪʠʧʘ 

 

ʊʨʠ ʣʠʥʠʠ ʠʟ ʛʨʫʧʧʳ ʩ ʬʝʨʪʠʣʴʥʦʡ (ʠʣʠ ʩʪʝʨʠʣʴʥʦʡ ʥʝ PET1-ʪʠʧʘ) 

ʮʠʪʦʧʣʘʟʤʘʤʠ (ɺʀʈ 160, ɺʀʈ 387 ʠ ɺʀʈ 449) ʚ ʩʢʨʝʱʠʚʘʥʠʷʭ ʩ ʣʠʥʠʝʡ ʎʄʉ 

PET1 ʟʘʢʨʝʧʣʷʣʠ ʩʪʝʨʠʣʴʥʦʩʪʴ (ɸʥʠʩʠʤʦʚʘ ʠ ʜʨ., 2014), ʜʨʫʛʠʝ ʣʠʥʠʠ ʧʦ ʜʘʥʥʦʤʫ 

ʧʨʠʟʥʘʢʫ ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ. ʅʘʣʠʯʠʝ ʫ ʣʠʥʠʠ ʩʪʝʨʠʣʴʥʦʛʦ (ʈɽʊ1) ʪʠʧʘ 

ʮʠʪʦʧʣʘʟʤʦʥʘ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʛʝʥʦʪʠʧʝ ʛʝʥʘ 

(ʠʣʠ ʛʝʥʦʚ) Rf, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ. ʕʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʦʪʮʦʚʩʢʠʭ ʣʠʥʠʡ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʪ.ʢ. ʚ 

ʩʣʫʯʘʝ ʫʪʨʘʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʣʣʝʣʝʡ Rf-ʛʝʥʦʚ ʨʘʩʪʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʩʪʝʨʠʣʴʥʳʤ, ʯʪʦ ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ ʝʛʦ ʚʳʙʨʘʢʦʚʢʠ ʧʨʠ ʨʘʟʤʥʦʞʝʥʠʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʣʣʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʝʥʘ Rf1 ʠʩʧʦʣʴʟʦʚʘʣʠ STS-ʤʘʨʢʝʨ 

STS115, SCAR-ʤʘʨʢʝʨʳ HRG01 ʠ HRG02, ʘ ʪʘʢʞʝ SSR-ʤʘʨʢʝʨʳ ORS224, ORS511 

ʠ ORS799. ʋ ʩʪʝʨʠʣʴʥʳʭ ʣʠʥʠʡ ʩ ʮʠʪʦʧʣʘʟʤʦʡ PET1 ɺʀʈ 114ɸ ʠ ɺʀʈ 116ɸ, ʘ 

ʪʘʢʞʝ ʫ ʟʘʢʨʝʧʠʪʝʣʷ ʩʪʝʨʠʣʴʥʦʩʪʠ ɺʀʈ 130ɹ (ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʛʝʥʦʪʠʧ rf1rf1), 

ʤʘʨʢʝʨʳ STS115, HRG01, HRG02 ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʪʦʛʜʘ ʢʘʢ ʫ ʣʠʥʠʠ ɺʀʈ 151ɸ ʩ 

ʮʠʪʦʧʣʘʟʤʦʥʦʤ RIG0-ʪʠʧʘ ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʩʷ ʬʨʘʛʤʝʥʪ STS115 ʦʞʠʜʘʝʤʦʛʦ 

ʨʘʟʤʝʨʘ 115 ʧʥ (ʨʠʩ. 5). ʉʨʝʜʠ ʣʠʥʠʡ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʩʦ ʩʪʝʨʠʣʴʥʦʡ 

ʮʠʪʦʧʣʘʟʤʦʡ PET1-ʪʠʧʘ (ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʛʝʥʦʪʠʧ Rf1Rf1) ʚʩʝ 3 ʤʘʨʢʝʨʘ 

ʦʙʥʘʨʫʞʝʥʳ ʫ 39 ʣʠʥʠʡ ʠ ʥʝ ʚʳʷʚʣʝʥʳ ʫ 8 ʣʠʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʣʠʯʠʝ ʫ 
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ʧʦʩʣʝʜʥʠʭ ʩʪʝʨʠʣʴʥʦʡ ʮʠʪʦʧʣʘʟʤʳ ʜʘʚʘʣʦ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʠ ʣʠʥʠʠ 

ʥʝʩʫʪ ʜʦʤʠʥʘʥʪʥʳʡ ʘʣʣʝʣʴ Rf1. ʕʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʪʝʩʪ-

ʩʢʨʝʱʠʚʘʥʠʡ ʣʠʥʠʠ ʎʄʉ ɺʀʈ 116ɸ ʩ ʣʠʥʠʷʤʠ ɺʀʈ 365 ʠ ɺʀʈ 210, ʥʝ ʠʤʝʚʰʠʤʠ 

ʤʘʨʢʝʨʦʚ STS115, HRG01 ʠ HRG02: ʛʠʙʨʠʜʳ F1 ʦʪ ʜʘʥʥʳʭ ʩʢʨʝʱʠʚʘʥʠʡ ʙʳʣʠ 

ʬʝʨʪʠʣʴʥʳ. ʋ ʧʷʪʠ ʣʠʥʠʡ ʩ ʬʝʨʪʠʣʴʥʦʡ ʮʠʪʦʧʣʘʟʤʦʡ ʦʪʤʝʯʘʣʦʩʴ ʥʘʣʠʯʠʝ ʚʩʝʭ 

ʪʨʝʭ ʤʘʨʢʝʨʦʚ, ʠʟ ʥʠʭ ʪʨʠ ï ɺʀʈ 349, ɺʀʈ 369 ʠ ɺʀʈ 740 ʧʦʣʫʯʝʥʳ ʠʟ ʦʜʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ï ʛʠʙʨʠʜʘ ʦʪ ʩʢʨʝʱʠʚʘʥʠʷ ʣʠʥʠʠ ɺʀʈ 113 ʩ ʦʙʨʘʟʮʦʤ, ʥʝʩʫʱʝʛʦ ʛʝʥʳ 

Rf ʠ Pl. ɺ 2012 ʛ. ʣʠʥʠʷ ɺʀʈ 740 ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʢʘʢ ʜʦʥʦʨ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ (ʇʘʩʧʦʨʪʘ ʜʦʥʦʨʦʚ, 2012). ʋ ʣʠʥʠʡ, ʥʝ ʦʙʣʘʜʘʚʰʠʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (ɺʀʈ 160, ɺʀʈ 387 ʠ ɺʀʈ 449), ʤʘʨʢʝʨ HRG01 

ʦʪʩʫʪʩʪʚʦʚʘʣ, ʥʦ ʫ ʦʪʜʝʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʚʳʷʚʣʝʥʳ ʤʘʨʢʝʨʳ HRG02 ʠ STS115.  

 

 

 

ʈʠʩʫʥʦʢ 5 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ ʣʠʥʠʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ 

ʧʨʘʡʤʝʨʘʤʠ STS115 (ʘ): 1 ï ɺʀʈ 740, 2 ï ɺʀʈ 349, 3 ï ɺʀʈ 361, 4 ï RIL 130, 5 ï ɺʀʈ 386, 6 ï 

ɺʀʈ 710, 7 ï ɺʀʈ 583, 8 ï ɺʀʈ 116ɸ, 9 ï ɺʀʈ 702, 10 ï ɺʀʈ 249, 11 ï ɺʀʈ 490, 12 ï ɺʀʈ 220, 

13 ï ɺʀʈ 637, 14 ï ɺʀʈ 369; K13 (ʙ): 1 ï ɺʀʈ 634, 2 ï ɺʀʈ 114ɸ, 3 ï ɺʀʈ 116ɸ, 4 ï ɺʀʈ 210, 5 

ï RIL 130, 6 ï ɺʀʈ 220, 7 ï ɺʀʈ 234, 8 ï ɺʀʈ 249, 9 ï ɺʀʈ 361, 10 ï ɺʀʈ 365, 11 ï ɺʀʈ 449, 12 
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ï ɺʀʈ 130ɹ, 13 ï ɺʀʈ 900, 14 ï ɺʀʈ 558; Y10 (ʚ): 1 ï RIL 130, 2 ï ɺʀʈ 116ɸ, 3 ï ɺʀʈ 220, 4 ï 

ɺʀʈ 249, 5 ï ɺʀʈ 361, 6 ï ɺʀʈ 376, 7 ï ɺʀʈ 130ɹ, 8 ï ɺʀʈ 349, 9 ï ɺʀʈ 369, 10 ï ɺʀʈ 449, 11 ï 

ɺʀʈ 412, 12 ï ɺʀʈ 381, 13 ï ɺʀʈ 900, 14 ï ɺʀʈ 729. ʄ ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ 1000 bp 

(Fermentas). 

 

ʇʦʩʢʦʣʴʢʫ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʪʨʫʜʥʦ ʫʣʦʚʠʪʴ ʨʘʟʥʠʮʫ ʚ ʜʣʠʥʝ ʬʨʘʛʤʝʥʪʦʚ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ, ʜʣʷ ʤʘʨʢʠʨʦʚʘʥʠʷ ʣʠʥʠʡ ʩ ʧʦʤʦʱʴʶ SSR-ʤʘʨʢʝʨʦʚ 

ORS224, ORS511 ʠ ORS799 ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ ʤʠʢʨʦʯʠʧʦʚʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ MCE-202 MultiNA (Shimadzu, ʗʧʦʥʠʷ). 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʘʣʣʝʣʴʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʜʘʥʥʳʭ ʣʦʢʫʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 6 ʠ ʪʘʙʣʠʮʝ 8.  

 

 

ʈʠʩʫʥʦʢ 6 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ (MCE-202 MultiNA) ʩ 

ʧʨʘʡʤʝʨʘʤʠ ORS511 (ʘ): 1 ï ɺʀʈ 160, 2 ï RIL 130, 3 ï ɺʀʈ 740, 4 ï ɺʀʈ 740, 5 ï ɺʀʈ 740, 6 ï 

ɺʀʈ 710, 7 ï ɺʀʈ 370, 8 ï ɺʀʈ 370, 9 ï ɺʀʈ 700, 10 ï ɺʀʈ 702, 11 ï ɺʀʈ 369, 12 ï ɺʀʈ 369; 

ʧʨʘʡʤʝʨʘʤʠ ORS224 (ʙ): 1 ï RIL 130, 2 ï ɺʀʈ 740, 3 ï ɺʀʈ 116ɸ, 4 ï ɺʀʈ 377, 5 ï ɺʀʈ 376, 6 ï 

ɺʀʈ 234, 7 ï ɺʀʈ 151ɸ, 8 ï ɺʀʈ 160, 9 ï ɺʀʈ 200, 10 ï ɺʀʈ 703, 11 ï ɺʀʈ 369, 12 ï ɺʀʈ 369; 

ʧʨʘʡʤʝʨʘʤʠ ORS799 (ʚ): 1 ï ɺʀʈ 160, 2 ï RIL 130, 3 ï ɺʀʈ 740, 4 ï ɺʀʈ 740, 5 ï ɺʀʈ 249, 6 ï 

ɺʀʈ 361, 7 ï ɺʀʈ 700, 8 ï ɺʀʈ 702, 9 ïɺʀʈ 370, 10 ï ɺʀʈ 702, 11 ï ɺʀʈ 652, 12 ï ɺʀʈ 656. 

(LM ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ 25 bp DNA Ladder, Shimadzu) 
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ʊʘʙʣʠʮʘ 8 ï ɸʣʣʝʣɹʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ, ʩʮʝʧʣʝʥʥʳʭ ʩ ʛʝʥʦʤ Rf1 
 

ʃʠʥʠ̫ (ʥʦʤʝʨ ʧʨʦʙʳ) ʊʠʧ ʮʠʪʦʧʣʘʟʤʳ ɸʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʣʦʢʫʩʘ, ʧʥ 

ORS224 ORS511 ORS799 

ʃʠʥʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʘʣʣʝʣʷʤʠ 

ɺʀʈ 387*  F 143 159 143 

ɺʀʈ 349, ɺʀʈ 369, ɺʀʈ 740 F 143 159 ʥʫʣʝʚʦʡ 

ɺʀʈ 449*, ɺʀʈ 743* F ʥʫʣʝʚʦʡ 159 ʥʫʣʝʚʦʡ 

ɺʀʈ 160*, ɺʀʈ 394 F ʥʫʣʝʚʦʡ ʥʫʣʝʚʦʡ ʥʫʣʝʚʦʡ 

RIL 130, ɺʀʈ 249, ɺʀʈ 361, ɺʀʈ 437, ɺʀʈ 490, ɺʀʈ 582, ɺʀʈ 632, ɺʀʈ 633, ɺʀʈ 650, 

ɺʀʈ 656, ɺʀʈ 658, ɺʀʈ 684, ɺʀʈ 699, ɺʀʈ 700, ɺʀʈ 703, ɺʀʈ 704, ɺʀʈ 709, 

ɺʀʈ 735, ɺʀʈ 751, ɺʀʈ 758, ɺʀʈ 764, ɺʀʈ 768 

S 

143 159 143 

ɺʀʈ 183, ɺʀʈ 220, ɺʀʈ 234, ɺʀʈ 263, ɺʀʈ 438, ɺʀʈ 480, ɺʀʈ 583, ɺʀʈ 584, 

ɺʀʈ 710, ɺʀʈ 729, ɺʀʈ 767 

S 

143 159 ʥʫʣʝʚʦʡ 

ɺʀʈ 395, ɺʀʈ 652, ɺʀʈ 752  S 143 ʥʫʣʝʚʦʡ 143 

ɺʀʈ 386, ɺʀʈ 634, ɺʀʈ 702, ɺʀʈ 761, ɺʀʈ 766, ɺʀʈ 772, ɺʀʈ 776, ɺʀʈ 801  S ʥʫʣʝʚʦʡ 159 143 

ɺʀʈ 200, ɺʀʈ 388, ɺʀʈ 397, ɺʀʈ 412, ɺʀʈ 558, ɺʀʈ 697, ɺʀʈ 726, ɺʀʈ 759, 

ɺʀʈ 762,  

S 

ʥʫʣʝʚʦʡ 159 ʥʫʣʝʚʦʡ 

ɺʀʈ 114ɸ, ɺʀʈ 151ɸ S ʥʫʣʝʚʦʡ ʥʫʣʝʚʦʡ 143 

ɺʀʈ 116ɸ, ɺʀʈ 637  S ʥʫʣʝʚʦʡ ʥʫʣʝʚʦʡ ʥʫʣʝʚʦʡ 

ʃʠʥʠʠ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʘʣʣʝʣʤ̫ʠ 

ɺʀʈ 210  S 105, 106 210, 214 ʥʫʣʝʚʦʡ 

ɺʀʈ 370  S 106 244 ʥʫʣʝʚʦʡ 

ɺʀʈ 376, ɺʀʈ 378  S  124 159 143 

ɺʀʈ 343, ɺʀʈ 381  S ʥʫʣʝʚʦʡ 210, 212 ʥʫʣʝʚʦʡ 

ɺʀʈ 365, ɺʀʈ 705  S ʥʫʣʝʚʦʡ 161 ʠ 240 ʥʫʣʝʚʦʡ 

ɺʀʈ 377* F ʥʫʣʝʚʦʡ 161 ʠ 240 ʥʫʣʝʚʦʡ 

ɺʀʈ 130ɹ*  F ʥʫʣʝʚʦʡ 198 143 

ʇʨʠʤʝʯʘʥʠʝ. *ʟʘʢʨʝʧʣʷʶʪ ʩʪʝʨʠʣʴʥʦʩʪʴ ʚ ʩʢʨʝʱʠʚʘʥʠʷʭ ʩ ʣʠʥʠʝʡ ʎʄʉ
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ʇʨʠʩʫʪʩʪʚʠʝ ʤʘʨʢʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ORS511 ʜʣʠʥʦʡ 154-162 ʧʥ ʥʘʙʣʶʜʘʣʠ 

ʫ 58 ʣʠʥʠʡ (77,3%), ʧʨʠʯʝʤ ʫ 39 ʣʠʥʠʠ (67,2%) ʦʥ ʙʳʣ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʥʘʣʠʯʠʝʤ 

ʤʘʨʢʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ HRG01 (454 ʧʥ), HRG02 (740 ʧʥ) ʠ STS115 (115 ʧʥ). ʕʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʝʛʦ ʙʦʣʝʝ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʘʨʪʝ ʢ 

ʣʦʢʫʩʫ Rf1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ SSR-ʤʘʨʢʝʨʘʤʠ. ɺ ʣʦʢʫʩʘʭ ORS224 ʠ 

ORS511, ʥʘʨʷʜʫ ʩ ʘʣʣʝʣʷʤʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʟʤʝʨʘ ʚʳʷʚʣʝʥʳ ʥʦʚʳʝ, ʥʝ ʦʧʠʩʘʥʥʳʝ 

ʚ ʣʠʪʝʨʘʪʫʨʝ (ʪʘʙʣ. 8). ʅʘʠʙʦʣʝʝ ʧʦʣʠʤʦʨʬʥʳʤ ʦʢʘʟʘʣʩʷ ʣʦʢʫʩ ORS511: ʫ ʥʝʛʦ 

ʚʳʷʚʣʝʥʦ 5 ʘʣʣʝʣʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʣʦʢʫʩʘʭ ORS224 ʠ ORS799 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 4 (ʥʫʣʝʚʦʡ, 105-106, 124, 140-146 ʧʥ) ʠ 2 ʘʣʣʝʣʷ (ʥʫʣʝʚʦʡ, 147-

161 ʧʥ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʣʠʥʠʡ, ʦʙʣʘʜʘʚʰʠʭ ʫʥʠʢʘʣʴʥʳʤʠ 

ʘʣʣʝʣʷʤʠ ʣʦʢʫʩʘ ORS511 ʩ ʨʘʟʤʝʨʘʤʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʦʪ 198 ʜʦ 

244 ʧʥ, ʤʘʨʢʝʨʳ STS115, HRG01, HRG02 ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʣʠʩʴ 

ʣʠʥʠʷ ɺʀʈ 381, ʫ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥ ʬʨʘʛʤʝʥʪ STS115 ʧʥ, ʣʠʥʠʷ ɺʀʈ 705 

(ʬʨʘʛʤʝʥʪ HRG02 740 ʧʥ) ʠ ʬʝʨʪʠʣʴʥʳʡ ʘʥʘʣʦʛ ʩʪʝʨʠʣʴʥʦʡ ʣʠʥʠʠ ɺʀʈ 130ɹ, ʫ 

ʢʦʪʦʨʦʡ ʦʪʤʝʯʝʥʳ ʚʩʝ ʪʨʠ ʤʘʨʢʝʨʘ. ʄʘʨʢʝʨʥʳʡ ʬʨʘʛʤʝʥʪ ORS224 ʨʘʟʤʝʨʦʤ 140-

146 ʧʥ ʚʳʷʚʣʝʥ ʫ 40 ʣʠʥʠʡ ʢʦʣʣʝʢʮʠʠ (53,3%), ʧʨʠʯʝʤ ʫ 30 ʣʠʥʠʡ ʜʘʥʥʳʡ 

ʬʨʘʛʤʝʥʪ ʙʳʣ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʥʘʣʠʯʠʝʤ ʤʘʨʢʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ STS115, HRG01, 

HRG02. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʣʠʥʠʡ ɺʀʈ 210 ʠ ɺʀʈ 370 ʩ ʫʥʠʢʘʣʴʥʳʤʠ 

ʘʣʣʝʣʷʤʠ ʣʦʢʫʩʘ ORS224 (105, 106 ʧʥ) ʠ ORS511 (210-214 ʧʥ) ʤʘʨʢʝʨʳ ʛʝʥʘ Rf1 

STS115, HRG01, HRG02 ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʥʦ ʦʥʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʫ ʣʠʥʠʡ 

ɺʀʈ 376 ʠ ɺʀʈ 378 ʩ ʫʥʠʢʘʣʴʥʳʤ ʘʣʣʝʣʝʤ ORS224 (124 ʧʥ) ʠ ʩʪʘʥʜʘʨʪʥʳʤ 

ORS511 (161 ʧʥ), ʚ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʦʚʘʣʠ ʠʜʝʥʪʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ.  

ʋ ʪʨʝʭ ʣʠʥʠʡ ʚʳʙʦʨʢʠ (ɺʀʈ 365, ɺʀʈ 705 ʠ ɺʀʈ 377) ʧʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ 

ʧʨʘʡʤʝʨʘʤʠ ORS511 ʚʢʣʶʯʘʣʠ 2 ʬʨʘʛʤʝʥʪʘ ʨʘʟʤʝʨʦʤ 161 ʠ 240 ʧʥ (ʨʠʩ. 7).  
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ʈʠʩʫʥʦʢ 7 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʧʨʘʡʤʝʨʘʤʠ ORS511: 1 ʠ 6 ï 

ʣʠʥʠʠ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʘʣʣʝʣʷʤʠ ʣʦʢʫʩʘ ORS511 (ɺʀʈ 365, ɺʀʈ 705); 2-5, 7-10 ï ʣʠʥʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʘʣʣʝʣʝʤ. ʄ ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ 1000 bp (Fermentas).  

 

ʆʜʠʥ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʤʦʛ ʧʦʷʚʠʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʘʤʧʣʠʬʠʢʘʮʠʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʤʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ ʨʘʩʱʝʧʣʷʶʱʝʡʩʷ ʛʠʙʨʠʜʥʦʡ ʧʦʧʫʣʷʮʠʠ F2 ɺʀʈ 365 Ĭ RIL 130, ʘ ʪʘʢʞʝ 

ʨʘʩʪʝʥʠʡ ʧʦʧʫʣʷʮʠʠ ʦʪ ʘʥʘʣʠʟʠʨʫʶʱʝʛʦ ʩʢʨʝʱʠʚʘʥʠʷ 

ɺʀʈ 111ɸ Ĭ (ɺʀʈ 365 Ĭ RIL 130) (ʨʠʩ. 8, ʪʘʙʣ. 9).  

ʈʠʩʫʥʦʢ 8 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ ʨʘʩʪʝʥʠʡ ʩ ʧʨʘʡʤʝʨʘʤʠ 

ORS511: ʘ) F2 ɺʀʈ 365 Ĭ RIL 130, 1 ï RIL 130, 2 ï ɺʀʈ 365, 3-16 ï ʨʘʩʪʝʥʠʷ F2; 

ʙ) Fʘ ɺʀʈ 111ɸ Ĭ (ɺʀʈ 365 Ĭ RIL 130): 1 ï RIL 130, 2 ï ɺʀʈ 365, 3-8 ï ʛʠʙʨʠʜʥʳʝ ʨʘʩʪʝʥʠʷ Fa, 

ʄ ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ 1000 bp (Fermentas). 

 

ʊʘʙʣʠʮʘ 9 ï ʅʘʩʣʝʜʦʚʘʥʠʝ ʫʥʠʢʘʣʴʥʳʭ ʘʣʣʝʣʝʡ ʣʦʢʫʩʘ ORS511 ʚ 

ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʛʠʙʨʠʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ  

ɻʠʙʨʠʜ  

ʏʠʩʣʦ ʨʘʩʪʝʥʠʡ ʩ 

ʘʣʣʝʣʷʤʠ, ʰʪ 
ʆʞʠʜʘʝʤʦʝ 

ʩʦʦʪʥʦʰʝ-

ʥʠʝ 

ɢĮ ʨ 

159 ʧʥ 161, 240 ʧʥ 

F2 (ɺʀʈ 365 Ĭ RIL 130) 44 17 3 : 1 0,27 p > 0,05 

Fa ɺʀʈ 111ɸ Ĭ (ɺʀʈ 365 Ĭ RIL 130) 19 23 1 : 1 0,38 p > 0,05 

ʘ ʙ 
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ʇʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ ʨʘʩʪʝʥʠʡ ʠʟ ʧʦʧʫʣʷʮʠʠ 

F2 (ɺʀʈ 365 Ĭ RIL 130) ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ ʢʣʘʩʩʘʤʠ: 

ʬʨʘʛʤʝʥʪʘʤʠ ʨʘʟʤʝʨʦʤ 161 ʧʥ (ʪʠʧ ʦʪʮʦʚʩʢʦʛʦ ʨʦʜʠʪʝʣʷ RIL 130) ʠ 161, 240 ʧʥ 

(ʜʚʦʡʥʦʡ ï ʪʠʧ ʣʠʥʠʠ ɺʀʈ 365) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1 (ɢĮ = 0,27; p > 0,05). ʇʦʧʫʣʷʮʠʷ 

Fa ɺʀʈ 111ɸ Ĭ (ɺʀʈ 365 Ĭ RIL 130) ʨʘʩʱʝʧʣʷʣʘʩʴ ʥʘ ʜʚʘ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ 

ʢʣʘʩʩʘʭ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʚʰʠʭ ʬʝʥʦʪʠʧʘʤ ʣʠʥʠʡ ɺʀʈ 365 ʠ RIL 130; ʠʭ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʦʞʠʜʘʝʤʦʤʫ 1:1 (ɢĮ = 0,38; p > 0,05). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʣʦʢʫʩ ORS511 ʣʠʥʠʠ ɺʀʈ 365 ʜʫʧʣʠʮʠʨʦʚʘʥ ʠ ʚʢʣʶʯʘʝʪ ʜʚʝ ʪʝʩʥʦ ʩʮʝʧʣʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʤʦʨʬʠʟʤʘ SSR-ʣʦʢʫʩʦʚ ORS224 ʠ 

ORS511 ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʙʳʣʠ ʢʣʦʥʠʨʦʚʘʥʳ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ. 

ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʣʦʢʫʩʘ ORS224 ʫ ʣʠʥʠʡ ɺʀʈ 376 ʠ ɺʀʈ 740. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, 

ʘʣʣʝʣʴ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʦʛʦ ʣʦʢʫʩʘ ORS224 ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ (GA)8N2(GA)13 ʠ 

ʨʘʟʤʝʨ 136 ʧʥ (Tang et al., 2002). ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʘ ʘʣʣʝʣʝʡ ʣʦʢʫʩʘ 

ORS224 ʫ ʠʟʫʯʝʥʥʳʭ ʛʝʥʦʪʠʧʦʚ ʦʪʣʠʯʘʣʘʩʴ ʦʪ çʩʪʘʥʜʘʨʪʥʦʡè (ʨʠʩ. 9). ʋ ʣʠʥʠʠ 

ɺʀʈ 376 ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʦʛʦ ʣʦʢʫʩʘ ORS224 

ʚʢʣʶʯʘʣ 13 GA-ʧʦʚʪʦʨʦʚ ʠ ʠʤʝʣ ʜʣʠʥʫ 113 ʧʥ, ʘ ʢʣʦʥʠʨʦʚʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʣʠʥʠʠ ɺʀʈ 740 ʠʤʝʣʠ ʩʪʨʫʢʪʫʨʫ (GA)20 ʜʣʠʥʦʡ 127 ʧʥ. ʅʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʦʢʫʩʘ ORS511 ʙʳʣʠ ʠʟʫʯʝʥʳ ʫ 4 ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʢʦʣʣʝʢʮʠʠ: ɺʀʈ 740, ɺʀʈ 376, ɺʀʈ 210 ʠ ɺʀʈ 370 (ʨʠʩ. 6 (ʘ), ʪʘʙʣ. 10). 
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ʊʘʙʣʠʮʘ 10 ï ʅʫʢʣʝʦʪʠʜʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ ʘʣʣʝʣʝʡ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʦʛʦ ʣʦʢʫʩʘ 

ORS511 

ʃʠʥʠ̫ 

ʊʠʧ 

ʮʠʪʦ-

ʧʣʘʟ-

ʤ  r

ʌʘʢʪʠʯʝʩʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ 

ʧʦʚʪʦʨʦʚ  

ʈʘʟʤʝʨ 

ʬʨʘʛʤʝʥʪʘ, 

ʧʥ 

ɺʩʪʘʚʢʘ 

5G 

ʆʜʥʦʥʫʢʣʝʦʪʠʜ

ʥʳʝ ʟʘʤʝʥʳ ʚʦ 

ʬʣʘʥʢʠʨʫʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʷʭ AT GT 

ɺʀʈ 740 F 7, 10 10, 11 154, 158 - - 

ɺʀʈ 376 S 9 10, 11 156, 158 - - 

ɺʀʈ 210 S 12, 13 + ɸʉ 16, 17 183 + + 

ɺʀʈ 370 S 13 + ɸʉ 16, 17 183 + + 

 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʤʘʨʢʝʨʥʳʡ ʬʨʘʛʤʝʥʪ ORS511 ʠʤʝʝʪ ʜʣʠʥʫ 

156 ʧʥ, ʘ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʡ ʣʦʢʫʩ ORS511 ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ (AT)7(GT)12 

(Tang et al., 2002). ʇʦʣʠʤʦʨʬʥʳʝ ʘʣʣʝʣʠ ʣʦʢʫʩʘ ORS511 ʨʘʟʣʠʯʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ 

ʯʠʩʣʦʤ AT- ʠ GT-ʤʦʪʠʚʦʚ, ʥʦ ʪʘʢʞʝ ʚʩʪʘʚʢʦʡ ʧʷʪʠ ʥʫʢʣʝʦʪʠʜʦʚ G ʚʥʫʪʨʠ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʦʛʦ ʣʦʢʫʩʘ ʠ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʤʠ ʟʘʤʝʥʘʤʠ ʚʦ ʬʣʘʥʢʠʨʫʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ (ʨʠʩ. 10). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʘʥʘʣʠʟʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʫ ʣʠʥʠʡ ɺʀʈ 740 ʠ ɺʀʈ 376 ʚʳʷʚʣʝʥʘ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ ʧʦ ʘʣʣʝʣʴʥʳʤ ʚʘʨʠʘʥʪʘʤ ʣʦʢʫʩʘ ORS511. ʋ ʣʠʥʠʠ ɺʀʈ 740 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʘʣʣʝʣʠ 154 ʠ 158 ʧʥ, ʘ ʫ ʣʠʥʠʠ ɺʀʈ 376 ï 156 ʠ 158 ʧʥ. ʊʘʢʠʝ 

ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʦʰʠʙʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ, 

ʨʝʧʣʠʢʘʮʠʠ ɼʅʂ (ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝʤ ʤʘʪʨʠʯʥʦʡ ʮʝʧʠ). ʇʨʠ ʘʥʘʣʠʟʝ ʜʚʫʭ ʜʨʫʛʠʭ 

ʣʠʥʠʡ (ɺʀʈ 210 ʠ ɺʀʈ 370) ʤʳ ʚʳʷʚʠʣʠ ʪʨʘʥʟʠʮʠʶ (ʊŸʉ) ʚʥʫʪʨʠ AT-ʯʘʩʪʠ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʦʛʦ ʣʦʢʫʩʘ ʠ ʚʩʪʘʚʢʫ ʧʷʪʠ ʥʫʢʪʝʦʪʠʜʦʚ G ʚ GT-ʯʘʩʪʠ, ʘ ʪʘʢʞʝ 

ʪʨʘʥʟʠʮʠʶ (GŸA) ʠ ʪʨʘʥʩʚʝʨʩʠʶ (AŸC) ʚʦ ʬʣʘʥʢʠʨʫʶʱʠʭ ʦʙʣʘʩʪʷʭ. ʊʘʢʦʡ 

ʘʣʣʝʣʴʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʳʩʦʢʠʤ ʪʝʤʧʦʤ ʤʫʪʠʨʦʚʘʥʠʷ ʚ 

ʜʘʥʥʳʭ ʣʦʢʫʩʘʭ (ʦʩʦʙʝʥʥʦ ʚ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʘʣʣʝʣʷʭ), ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʤ 

ʥʝʨʘʚʥʳʤ ʢʨʦʩʩʠʥʛʦʚʝʨʦʤ. ʀʟʫʯʝʥʥʳʝ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ʣʦʢʫʩʳ ʣʝʞʘʪ ʚ ʥʝ 

ʢʦʜʠʨʫʶʱʝʡ ʦʙʣʘʩʪʠ ʛʝʥʦʤʘ ʠ ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʘʣʣʝʣʴʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ 

ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʢʦʣʣʝʢʮʠʠ. 
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3.1.2. ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʣʠʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʘʨʢʝʨʦʚ PPR-ʛʝʥʦʚ 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʠʩʘʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʛʝʥʦʚ Rf, ʟʘ ʥʝʙʦʣʴʰʠʤʠ 

ʠʩʢʣʶʯʝʥʠʷʤʠ, ʢʦʜʠʨʫʶʪ PPR-ʙʝʣʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʚʳʨʦʞʜʝʥʥʳʝ 

ʤʦʪʠʚʳ ʠʟ 35 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ (Pentatricopeptide Repeats, PPR). ʇʦʵʪʦʤʫ 

ʚʳʙʦʨʢʫ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʨʝʰʠʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ RFL-PPR-ʛʝʥʦʚ, 

ʧʨʦʜʫʢʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ PPR-ʙʝʣʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʩʧʨʝʩʩʠʝʡ ʧʨʠʟʥʘʢʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ. ʏʘʩʪʴ ʚʳʙʦʨʢʠ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ 

ʀ. ʅ. ɸʥʠʩʠʤʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ ʚ 2014 ʛ., ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʦ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʦʣʠʤʦʨʬʠʟʤʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ RFL-PPR-ʛʝʥʦʚ ʠ ʘʣʣʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʣʦʢʫʩʘ Rf1 ʥʝ ʙʳʣʠ ʚʳʷʚʣʝʥ.r ʇʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʶ 

ʢʦʣʣʝʢʮʠʶ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʘʩʩʦʮʠʘʮʠʠ ʤʝʞʜʫ ʤʘʨʢʝʨʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʠ 

ʘʣʣʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʛʝʥʘ Rf1.  

ɺ ʦʪʜʝʣʝ ʛʝʥʝʪʠʢʠ ɺʀʈ ʚ 2012-2014 ʛʛ. ʥʘ ʦʩʥʦʚʝ ʬʨʘʛʤʝʥʪʦʚ 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (EST) (ɸʥʠʩʠʤʦʚʘ, 2014) ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ CAPS-ʤʘʨʢʝʨʳ QHL12D20_HaeIII, L12D20_HaeIII ʠ B20M13_RsaI. 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʨʝʩʪʨʠʢʪʘʟʘʤʠ HaeIII ʠ RsaI 

ʤʳ ʧʦʣʫʯʠʣʠ 2 ʪʠʧʘ ʩʧʝʢʪʨʦʚ ʫ ʢʘʞʜʦʛʦ ʠʟ ʤʘʨʢʝʨʦʚ. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʘʨʠʘʥʪʘʤʠ 

ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʝʜʠʥʠʯʥʳʤʠ ʟʘʤʝʥʘʤʠ ʚ ʠʥʪʨʦʥʝ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʘʨʠʘʥʪʳ ʤʘʨʢʝʨʦʚ QHL12D20_HaeIII_1 (110, 150, 210, 360 ʠ 

400 ʧʥ) ʠ B20M13_RsaI_1 (140 ʠ 300 ʧʥ) ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ 

ʛʝʥʦʪʠʧʝ ʜʦʤʠʥʘʥʪʥʦʛʦ ʘʣʣʝʣʷ Rf1, ʪʦʛʜʘ ʢʘʢ QHL12D20_HaeIII_2 (110, 150, 360 ʠ 

610 ʧʥ) ʠ B20M13_RsaI_2 (100, 140, 220 ʧʥ) ʯʘʱʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʫ ʥʦʩʠʪʝʣʝʡ 

ʨʝʮʝʩʩʠʚʥʦʛʦ ʘʣʣʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʤʦʨʬʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʜʘʥʥʳʭ ʤʘʨʢʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 11.  
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ʊʘʙʣʠʮʘ 11 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʠʤʦʨʬʥʳʭ ʚʘʨʠʘʥʪʦʚ ʬʨʘʛʤʝʥʪʦʚ RFL-PPR-ʛʝʥʦʚ 

ʩʨʝʜʠ ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ 

ɻʨʫʧʧʘ ʣʠʥʠʡ (ʪʠʧ 

ʮʠʪʦʧʣʘʟʤʦʥʘ) 

ʏʠʩʣʦ ʣʠʥʠʡ ʩ ʚʘʨʠʘʥʪʘʤʠ 

QHL12D20/HaeIII 

ʏʠʩʣʦ ʣʠʥʠʡ ʩ ʚʘʨʠʘʥʪʘʤʠ 

B20M13/RsaI 

1 2 1 2 

ʌʝʨʪʠʣʴʥʳʝ (S ʈɽʊ1) 32 18 40 22 

ʌʝʨʪʠʣʴʥʳʝ (F ʠʣʠ S(X)) 5 3 5 4 

ʃʠʥʠʠ ʎʄʉ ʠ ʬʝʨʪʠʣʴʥʳʡ 

ʘʥʘʣʦʛ 
1 2 0 4 

ʇʨʠʤʝʯʘʥʠʝ. S ī ʩʪʝʨʠʣʴʥʳʡ ʮʠʪʦʧʣʘʟʤʦʥ, F ʠʣʠ S(X) ī ʬʝʨʪʠʣʴʥʳʡ ʮʠʪʦʧʣʘʟʤʦʥ ʠʣʠ 

ʩʪʝʨʠʣʴʥʳʡ ʍ ʪʠʧʘ. 

 

ʉʨʝʜʠ ʣʠʥʠʡ ʩʦ ʩʪʝʨʠʣʴʥʦʡ ʮʠʪʦʧʣʘʟʤʦʡ (ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʥʦʩʠʪʝʣʠ 

ʜʦʤʠʥʘʥʪʥʦʛʦ ʘʣʣʝʣʷ ʛʝʥʘ Rf1) ʧʨʝʦʙʣʘʜʘʣʠ ʚʘʨʠʘʥʪʳ ʬʨʘʛʤʝʥʪʦʚ 

B20M13_RsaI_1 ʠ QHL12D20_HaeIII_1: ʤʘʨʢʝʨ B20M13_RsaI_1 ʠʤʝʣʠ 40 ʣʠʥʠʡ, 

ʘ ʤʘʨʢʝʨ B20M13_RsaI_2 ï 22 (ʨʠʩ. 11). ʄʘʨʢʝʨ QHL12D20_HaeIII_1 ʚʳʷʚʣʝʥ ʫ 

32 ʣʠʥʠʡ ʩʦ ʩʪʝʨʠʣʴʥʦʡ ʮʠʪʦʧʣʘʟʤʦʡ, ʘ ʚʘʨʠʘʥʪ QHL12D20_HaeIII_2 ï ʫ 18 (ʨʠʩ. 

12, ʪʘʙʣ. 11). ɺʘʨʠʘʥʪʳ 2 ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʞʝ ʜʣʷ ʣʠʥʠʡ ʎʄʉ ʠ ʣʠʥʠʠ 

ʟʘʢʨʝʧʠʪʝʣʷ ʩʪʝʨʠʣʴʥʦʩʪʠ ɺʀʈ 130ɹ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɺʀʈ 151ɸ ʩ ʮʠʪʦʧʣʘʟʤʦʥʦʤ 

RIG0, ʢʦʪʦʨʘʷ ʠʤʝʣʘ ʚʘʨʠʘʥʪ 1 ʤʘʨʢʝʨʘ QHL12D20_HaeIII. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʣʷ 13 

ʣʠʥʠʡ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʧʨʘʡʤʝʨʘʤʠ 

QHL12D20. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʨʘʙʦʪʝ ʀ. ʅ. ɸʥʠʩʠʤʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (2014), 

ʚʳʧʦʣʥʝʥʥʦʡ ʥʘ ʜʨʫʛʦʡ ʚʳʙʦʨʢʝ ʛʝʥʦʪʠʧʦʚ, ʘʩʩʦʮʠʘʮʠʷ ʤʘʨʢʝʨʦʚ 

QHL12D20_HaeIII ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʣʦʢʫʩʘ Rf1 ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʦʡ. 

 

ʈʠʩʫʥʦʢ 11 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ ʣʠʥʠʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ 

ʧʨʘʡʤʝʨʘʤʠ B20M13: ʄ ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ 3000 bp (Fermentas), 1 ï ɺʀʈ 220, 2 ï 

ɺʀʈ 234, 3 ï ɺʀʈ 349, 4 ï ɺʀʈ 376, 5 ï ɺʀʈ 437, 6 ï ɺʀʈ 116ɸ, 7 ï ɺʀʈ 249, 8 ï ɺʀʈ 490, 9 ï 

RIL 130, 10 ï ɺʀʈ 710. 
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ʈʠʩʫʥʦʢ 12 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ ʣʠʥʠʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ 

ʧʨʘʡʤʝʨʘʤʠ QHL12D20: ʄ ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ 1000 bp (Fermentas), 1 ï ɺʀʈ 386, 2 ï 

RIL 130, 3 ï ɺʀʈ 234, 4 ï ɺʀʈ 397, 5 ï ɺʀʈ 703, 6 ï ɺʀʈ 249, 7 ï ɺʀʈ 637, 8 ï ɺʀʈ 361, 9 ï 

ɺʀʈ 381, 10 ï ɺʀʈ 437, 11 ï ɺʀʈ 388. 

 

3.1.3. ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʣʠʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʛʝʥʦʚ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʙʦʣʝʟʥʷʤ 

 

ɺ ʛʨʫʧʧʝ ʩʮʝʧʣʝʥʠʷ 13 ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʘʨʪʳ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʣʦʢʘʣʠʟʦʚʘʥʳ 

ʛʝʥ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʨʞʘʚʯʠʥ r Radv ʠ ʛʝʥ Pl8, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʃʄʈ. ɺ ʛʨʫʧʧʝ ʩʮʝʧʣʝʥʠʷ 8 ʥʘʭʦʜʠʪʩʷ ʛʝʥ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʞʘʚʯʠʥʝ R1. ʇʦʩʢʦʣʴʢʫ ʦʥ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʙʳʣ ʚʚʝʜʝʥ ʚ 

ʩʦʚʨʝʤʝʥʥʳʝ ʩʦʨʪʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʨʠʪʴ ʥʘʣʠʯʠʝ ʜʘʥʥʦʛʦ ʛʝʥʘ 

ʫ ʦʙʨʘʟʮʦʚ ʢʦʣʣʝʢʮʠʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ SCAR-ʤʘʨʢʝʨʳ, ʩʮʝʧʣʝʥʥʳʝ ʩ 

ʛʝʥʘʤʠ Radv ʠ R1 (Lawson et al., 1998). ʄʘʨʢʝʨʳ SCO04_950 ʠ SCX20_600 

ʩʮʝʧʣʝʥʳ ʩ ʛʝʥʦʤ Radv, ʘ ʤʘʨʢʝʨ SCT06_950 ï ʩ ʛʝʥʦʤ R1 (ʇʨʠʣʦʞʝʥʠʝ 1).  

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ SCO04 ʨʘʟʤʝʨʦʤ 950 ʧʥ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʛʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʨʞʘʚʯʠʥʳ Radv (ʨʠʩ. 13), ʠʤʝʣʠ 14 

ʣʠʥʠʡ ʩʦ ʩʪʝʨʠʣʴʥʦʡ ʠ 6 ʣʠʥʠʡ ï ʩ ʬʝʨʪʠʣʴʥʦʡ ʮʠʪʦʧʣʘʟʤʦʡ, ʫ ʦʩʪʘʣʴʥʳʭ ʞʝ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʬʨʘʛʤʝʥʪ ʚ 850 ʧʥ.  
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ʈʠʩʫʥʦʢ 13 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ ʣʠʥʠʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ 

ʧʨʘʡʤʝʨʘʤʠ SCO04: ʄ ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ 1000 bp (Fermentas), 1 ï ɺʀʈ 710, 2,3 ï 

ɺʀʈ 370, 4 ï ɺʀʈ 700, 5 ï ɺʀʈ 702, 6,7 ï ɺʀʈ 369, 8, 9 ï ɺʀʈ 361, 10 ï ɺʀʈ 249, 11,12 ï 

ɺʀʈ 349, 13,14ï ɺʀʈ 378, 15 ï ɺʀʈ 130ɹ, 16 ï ɺʀʈ 387, 17 ï ɺʀʈ 395. 

 

ɺr ʙʦʨʢʫ ʦʮʝʥʠʣʠ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʤʘʨʢʝʨʘ SCX20. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 60% 

ʦʙʨʘʟʮʦʚ ʠʤʝʣʠ ʬʨʘʛʤʝʥʪ 600 ʧʥ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʩʣʘʙʳʤ 

ʩʮʝʧʣʝʥʠʝʤ ʜʘʥʥʳʭ ʤʘʨʢʝʨʦʚ ʩ ʛʝʥʦʤ Radv (ɸʥʠʩʠʤʦʚʘ ʠ ʜʨ., 2015). ʋ 13 ʣʠʥʠʡ 

ʚʳʷʚʣʝʥʳ ʦʙʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʘ - SCO04_950 ʠ SCX20_600. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ɺʀʈ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫ ʠʩʭʦʜʥʳʭ 

ʬʦʨʤ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʦʥʠ ʙʳʣʠ ʩʦʟʜʘʥʳ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʛʝʥ R1, ʪʦʛʜʘ 

ʢʘʢ ʛʝʥ Radv ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ SCT06_950 ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʫ 62 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʥʠʡ (82,7%). ɺʩʝ ʪʨʠ ʤʘʨʢʝʨʥʳʭ 

ʬʨʘʛʤʝʥʪʘ ʚʳʷʚʣʝʥʳ ʫ 12 ʣʠʥʠʡ ʢʦʣʣʝʢʮʠʠ (RIL 130, ɺʀʈ 130ɹ, ɺʀʈ 349, 

ɺʀʈ 369, ɺʀʈ 387, ɺʀʈ 480, ɺʀʈ 558, ɺʀʈ 634, ɺʀʈ 703, ɺʀʈ 710, ɺʀʈ 740, 

ɺʀʈ 801). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 4 ʣʠʥʠʠ ʧʦʣʫʯʝʥʳ ʦʪ ʩʢʨʝʱʠʚʘʥʠʷ ʣʠʥʠʠ 

ɺʀʈ 113 ʩ ʠʩʪʦʯʥʠʢʦʤ ʛʝʥʦʚ Rf ʠ Pl, ʘ ʣʠʥʠʠ ɺʀʈ 634 ʠ ɺʀʈ 801 ʚʳʜʝʣʝʥʳ ʠʟ 

ʬʨʘʥʮʫʟʩʢʦʛʦ ʛʠʙʨʠʜʘ Sunbred265. ʉ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʥʝ 

ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʛʝʥʳ R1 ʠ Radv ʫ ʩʪʝʨʠʣʴʥʳʭ ʣʠʥʠʡ ʥʘ ʦʩʥʦʚʝ ʎʄʉ ʈɽʊ1. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʛʠʙʨʠʜʘ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʣʠʥʠʡ ʛʝʥʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʞʘʚʯʠʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʦʪ ʦʪʮʦʚʩʢʦʡ ʣʠʥʠʠ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

ɻʝʥʝʪʠʯʝʩʢʫʶ ʢʦʣʣʝʢʮʠʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʜʦʤʠʥʘʥʪʥʦʛʦ 

SSR-ʤʘʨʢʝʨʘ HA4011 (ʨʠʩ. 14), ʢʦʪʦʨʳʡ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʛʝʥ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 



59 

 

ʚʦʟʙʫʜʠʪʝʣʶ ʃʄʈ Pl8 (Radwan et al., 2004). ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʨʘʟʤʝʨʦʤ 

240 ʧʥ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʥʘʣʠʯʠʝ ʛʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʩʪʨʝʯʘʣʩʷ ʫ 36 ʣʠʥʠʡ 

(48%), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫ ʩʪʝʨʠʣʴʥʳʭ ʣʠʥʠʡ ɺʀʈ 114ɸ, ɺʀʈ 116ɸ ʠ ɺʀʈ 151ɸ, ʫ 

ʦʩʪʘʣʴʥʳʭ ʣʠʥʠʡ ʥʘʙʣʶʜʘʣʠ ʬʨʘʛʤʝʥʪ 200 ʧʥ, ʣʠʙʦ ʬʨʘʛʤʝʥʪ ʦʪʩʫʪʩʪʚʦʚʘʣ. 

 

 
ʈʠʩʫʥʦʢ 14 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ ʩ ʧʨʘʡʤʝʨʘʤʠ HA4011. ʄ ï 

ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ 1000 bp (Fermentas), 1 ï ɺʀʈ 116ɸ, 2 ï ɺʀʈ 740, 3 ï ɺʀʈ 114ɸ, 4 ï 

ɺʀʈ 130ɹ, 5 ï ɺʀʈ 449, 6 ï ɺʀʈ 160, 7 ï ɺʀʈ 370, 8 ï ɺʀʈ 583, 9 ï ɺʀʈ 377. 

 

3.1.4. ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʠʟʫʯʝʥʥʦʡ ʚʳʙʦʨʢʠ ʣʠʥʠʡ  

 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʚʳʧʦʣʥʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

ʜʣʷ ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ GenAlEx 6.5, ʧʦʟʚʦʣʠʣ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ 

ʠʟʫʯʝʥʥʫʶ ʚʳʙʦʨʢʫ ʣʠʥʠʡ ʥʘ 4 ʛʨʫʧʧʳ. ʅʘ ʪʦʯʝʯʥʦʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 13) 

ʧʦʢʘʟʘʥʘ ʛʨʫʧʧʠʨʦʚʢʘ ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʣʠʯʠʷ/ʦʪʩʫʪʩʪʚʠʷ ʚʩʝʭ ʤʘʨʢʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʨʠʩ. 15). ʂ ʛʨʫʧʧʝ 1 ʦʪʥʦʩʷʪʩʷ 

29 ʣʠʥʠʡ ʥʘ ʩʪʝʨʠʣʴʥʦʡ ʦʩʥʦʚʝ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʩʝʭ (ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʦʪ ʦʜʥʦʛʦ 

ʜʦ ʪʨʝʭ) ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʛʝʥʘ Rf1. ɺʪʦʨʘʷ ʛʨʫʧʧʘ (13 ʣʠʥʠʡ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ (ʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ) 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʛʝʥʘ Rf1, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʫ ʣʠʥʠʡ ʫʥʠʢʘʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ORS224 ʠ ORS511 (ɺʀʈ 210, ɺʀʈ 343, 

ɺʀʈ 365, ɺʀʈ 370, ɺʀʈ 377, ɺʀʈ 381, ɺʀʈ 705). ɹʦʣʴʰʠʥʩʪʚʦ ʣʠʥʠʡ ʚ ʵʪʦʡ 

ʛʨʫʧʧʝ ʠʤʝʶʪ ʩʪʝʨʠʣʴʥʳʡ ʮʠʪʦʧʣʘʟʤʦʥ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɺʀʈ 160, ɺʀʈ 377, 

ɺʀʈ 394, ɺʀʈ 449, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʤʝʶʱʠʭ, ʩʫʜʷ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ 

ʛʝʥʝʘʣʦʛʠʠ, ʬʝʨʪʠʣʴʥʳʡ ʪʠʧ ʮʠʪʦʧʣʘʟʤʳ ʣʠʙʦ ʩʪʝʨʠʣʴʥʫʶ ʮʠʪʦʧʣʘʟʤʫ ʥʝ ʈɽʊ1-
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ʪʠʧʘ (ʍ-ʪʠʧ ʮʠʪʦʧʣʘʟʤʳ). ɺ ʪʨʝʪʴʶ ʛʨʫʧʧʫ ʚʦʰʣʠ ʩʪʝʨʠʣʴʥʳʝ ʣʠʥʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʛʝʥʦʚ Rf1, Radv, R1, ʘ 

ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʚʘʨʠʘʥʪʦʚ B20M13_RsaI_2, QHL12D20_HaeIII_2 RFL-PPR-ʛʝʥʦʚ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɺʀʈ 151ɸ). ʊʨʠʜʮʘʪʴ ʦʩʪʘʚʰʠʭʩʷ ʣʠʥʠʡ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠʩʴ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʪ ʛʨʫʧʧ 1, 2, 3 ʨʘʟʣʠʯʥʳʤʠ ʩʦʯʝʪʘʥʠʷʤʠ ʤʘʨʢʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʛʨʫʧʧʝ 4, ʪ.ʢ. ʠʭ ʥʝʣʴʟʷ ʦʪʥʝʩʪʠ ʢ ʪʨʝʤ ʜʨʫʛʠʤ ʛʨʫʧʧʘʤ. ʇʦ 

ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʙʦʣʴʰʦʤ ʛʝʥʝʪʠʯʝʩʢʦʤ 

ʨʘʟʥʦʦʙʨʘʟʠʠ ʢʦʣʣʝʢʮʠʠ. ʃʠʰʴ ʝʜʠʥʠʯʥʳʝ ʣʠʥʠʠ ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ ʧʦ 

ʥʘʣʠʯʠʶ/ʦʪʩʫʪʩʪʚʠʶ ʤʘʨʢʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʵʪʦ ʣʠʥʠʠ ɺʀʈ 349 ʠ ɺʀʈ 369 

(ʛʨʫʧʧʘ 4), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʠʜʝʥʪʠʯʥʳʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ (ɺʀʈ113 Ĭ Rf, Pl); 

ʣʠʥʠʠ ɺʀʈ 249 ʠ ɺʀʈ 361; ɺʀʈ 582 ʠ ɺʀʈ 633; ɺʀʈ 378 ʠ ɺʀʈ 758; ɺʀʈ 437, 

ɺʀʈ 658 ʠ ɺʀʈ 735 (ʛʨʫʧʧʘ 1). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʣʠʥʠʡ ɺʀʈ 361 ʠ 

ɺʀʈ 735 ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʦʪʩʫʪʩʪʚʫʶʪ. 
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ʈʠʩʫʥʦʢ 15 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ/ʦʪʩʫʪʩʪʚʠʷ ʤʘʨʢʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 



62 

 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʣʠʥʠʡ ʧʦ ʛʝʥʘʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʃʄʈ ʚ ʨʘʙʦʪʝ, ʧʦʤʠʤʦ ʤʘʨʢʝʨʘ HA4011, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʘʡʤʝʨʳ HA-P1, ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʣʦʢʫʩʘ Pl5/Pl8. ʉʦʛʣʘʩʥʦ 

Radwan et al. (2004), ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʛʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʬʨʘʛʤʝʥʪʳ 

ʜʣʠʥʦʡ ʙʦʣʝʝ 1500 ʧʥ (ʜʣʷ Pl5 ï 2021 ʧʥ, ʜʣʷ Pl8 ï 1569, 2119, 2237). ɹr ʣʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʳʙʦʨʢʘ ʠʟ 48 ʣʠʥʠʡ. ɸʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʬʨʘʛʤʝʥʪ HA-P1 2021 ʧʥ (Pl5) ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʫ ʣʠʥʠʡ ɺʀʈ 160, ɺʀʈ 370 ʠ 

ɺʀʈ 387, ʩʧʝʢʪʨ ʠʟ ʪʨʝʭ ʬʨʘʛʤʝʥʪʦʚ HA-P1 1569, 2119, 2237 ʧʥ (Pl8) ʚʳʷʚʣʝʥ ʫ 

ɺʀʈ 583, ɺʀʈ 726, ɺʀʈ 729. ʃʠʰʴ ʫ ʣʠʥʠʠ ɺʀʈ583 ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ HA-P1 (1569, 2119, 2237 ʧʥ) ʠ HA4011 

(240 ʧʥ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʠʥʠʷ ɺʀʈ 583 ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠʟ ʣʠʥʠʠ RHA 340, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ ʜʦʥʦʨʦʤ ʛʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʠ Pl8 ʠ ʧʦɻʪʦʤʫ 

ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʥʦʩʠʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʣʣʝʣʷ. ʆʩʪʘʣʴʥʳʝ ʣʠʥʠʠ 

ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʥʘ 15 ʛʨʫʧʧ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʨʘʟʤʝʨʦʚ 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ (ʨʠʩ. 16, ʪʘʙʣ.12).  

 
ʈʠʩʫʥʦʢ 16 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ ʣʠʥʠʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ 

ʧʨʘʡʤʝʨʘʤʠ HA-P1: ʄ ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ 3000 bp (Fermentas), 1 ï ɺʀʈ 343, 2 ï 

ɺʀʈ 249, 3 ï RIL 130, 4 ï ɺʀʈ 116ɸ, 5 ï ɺʀʈ 210, 6 ï ɺʀʈ 365, 7 ï ɺʀʈ 369, 8 ï ɺʀʈ 386, 9 ï 

ɺʀʈ 130ɹ, 10 ï ɺʀʈ 220, 11 ï ɺʀʈ 377, 12 ï ɺʀʈ 801, 13 ï ɺʀʈ 710. 
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ʊʘʙʣʠʮʘ 12 ï ʈʘʟʤʝʨʳ ʬʨʘʛʤʝʥʪʦʚ, ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩ ʧʘʨʦʡ ʧʨʘʡʤʝʨʦʚ ʅɸ-

ʈ1 

ˉ 

ʛʨʫʧʧʳ 

ʂʦʣʠʯʝʩʪʚʦ 

ʬʨʘʛʤʝʥʪʦʚ 

ʈʘʟʤʝʨ 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ, ʧʥ 

ʃʠʥʠ̫ 

1 

1 

1300 ɺʀʈ 210, ɺʀʈ 365, ɺʀʈ 377, ɺʀʈ 754, 

ɺʀʈ 778 

2 1500 ɺʀʈ 234  

3 1600 ɺʀʈ 343 

4 2000 ɺʀʈ 160, ɺʀʈ 370, ɺʀʈ 387 

5 

2 

1100(200), 1500 ɺʀʈ 369, ɺʀʈ 386, ɺʀʈ 397, ɺʀʈ 438, 

ɺʀʈ 558, ɺʀʈ 653, ɺʀʈ 684, ɺʀʈ 743, 

ɺʀʈ 759, ɺʀʈ 761, ɺʀʈ 763 

6 1500, 1600 ɺʀʈ 196, ɺʀʈ 388, ɺʀʈ 584, ɺʀʈ 633, 

ɺʀʈ 640, ɺʀʈ 652, ɺʀʈ 658, ɺʀʈ 702, 

ɺʀʈ 704 

7 1600, 2000 ɺʀʈ 729  

8 1500, 2100 ɺʀʈ 583 (Pl8) 

9 

3 

1100, 1500, 2000 ɺʀʈ 130ɹ, ɺʀʈ 220, ɺʀʈ 349, 

ɺʀʈ 369, ɺʀʈ 710, ɺʀʈ 740  

10 1200, 1450, 1600 ɺʀʈ 764, ɺʀʈ 766 

11 1200, 1500, 1600 ɺʀʈ 376 

12 1200, 1500, 2000 ɺʀʈ 703 

13 1500(50), 1600(700), 

2000(100) 

ɺʀʈ 726 

14 4 1200, 1500, 1600, 2000 ɺʀʈ 697 

15 

5 

1200, 1500, 1600, 2000, 

2100 

ɺʀʈ 249, ɺʀʈ 260, ɺʀʈ 361, ɺʀʈ 378, 

ɺʀʈ 395, ɺʀʈ 480, ɺʀʈ 490, ɺʀʈ 632, 

ɺʀʈ 637, ɺʀʈ 751, ɺʀʈ 700, ɺʀʈ 801 

 

 

3.2. ʅʘʩʣʝʜʦʚʘʥʠʝ ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʚ 

ʤʝʞʣʠʥʝʡʥʳʭ ʩʢʨʝʱʠʚʘʥʠʷʭ 

 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʪʠʧʦʚ ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦ 

ʧʨʠʟʥʘʢʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʚʝ ʩʝʨʠʠ 

ʩʢʨʝʱʠʚʘʥʠʡ. ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ 2011 ʛ., ʤʘʪʝʨʠʥʩʢʠʤʠ ʬʦʨʤʘʤʠ 

ʩʣʫʞʠʣʠ ʩʪʝʨʠʣʴʥʳʝ ʣʠʥʠʠ ɺʀʈ 116ɸ ʠ ɺʀʈ 111ɸ ʩ ʎʄʉ PET1-ʪʠʧʘ, ʘ ʪʘʢʞʝ 

ʬʝʨʪʠʣʴʥʘʷ ʣʠʥʠʷ ɺʀʈ 365, ʠʤʝʶʱʘʷ ʩʪʝʨʠʣʴʥʫʶ ʮʠʪʦʧʣʘʟʤʫ ʈɽʊ1. ʆʪʮʦʚʩʢʠʝ 

ʣʠʥʠʠ ʜʣʷ ʩʢʨʝʱʠʚʘʥʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʢʨʠʥʠʥʛʘ. ʆʥʠ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʪʠʧʫ ʮʠʪʦʧʣʘʟʤʳ (ʬʝʨʪʠʣʴʥʘʷ ʠʣʠ 
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ʩʪʝʨʠʣʴʥʘʷ), ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʠ ʥʘʣʠʯʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʛʝʥʘ Rf1 

(STS115, HRG01, HRG02, SSR224, SSR511, SSR799), ʧʦʣʠʤʦʨʬʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

RFL-PPR-ʛʝʥʦʚ B20M13, L12D20, ʘ ʪʘʢʞʝ ʤʘʨʢʝʨʦʚ ʛʝʥʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʧʘʪʦʛʝʥʘʤ ï ʚʦʟʙʫʜʠʪʝʣʷʤ ʨʞʘʚʯʠʥ r (SCX20, SCO04, SCT06) ʠ ʃʄʈ (HA4011) 

(ʪʘʙʣ. 13). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ. 
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ʊʘʙʣʠʮʘ 13 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʜʠʪʝʣʴʩʢʠʭ ʣʠʥʠʡ  

ʃʠʥʠʷ 
ʇʨʦʠʩʭʦʞ

ʜʝʥʠʝ 

ʊʠʧ 

ʮʠʪʦ-

ʧʣʘʟʤ

 r

ʈʦʣʴ ʚ 

ʩʢʨʝʱʠ

ʚʘʥʠʠ 

ʅʘʣʠʯʠʝ ʤʘʨʢʝʨʘ 

STS115 HRG01 HRG02 
B20M13

_Rsal *  

L12D20

_HaeIII  

* *  

SSR224 SSR511 SSR799 SCO04 SCX20 SCT06 HA4011 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

ɺʀʈ 111ɸ 
ɺʅʀʀʄʂ 

ˉ309 

ʎʄʉ 

ʈɽʊ1 
ǀ ï ï ï ï 2 ï ï ï 850 ï ï ï 

ɺʀʈ 116ɸ 

ʩʦʨʪ 

ɺʳʤʧʝʣ, 

ʈʦʩʩʠ ̫

ʎʄʉ 

ʈɽʊ1 
ǀ ï ï ï 2 2 ï ï ï 850 ï ï 240 

ɺʀʈ 160 
ʢ-2227, 

ʉʐɸ 
F ǁ 115 ï ï 2 1 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 
ï 600 950 240 

ɺʀʈ 195 
ʥʝʠʟʚʝʩʪʥʦ ʎʄʉ 

ʈɽʊ1 
ǁ ï ï ï 2 1 ï 159 ï 950 600 ï ï 

ɺʀʈ 210 
ʥʝʠʟʚʝʩʪʥʦ ʎʄʉ 

ʈɽʊ1 
ǁ ï ï ï 2 2 105,106 210-214 ï 850 600 950 ï 

ɺʀʈ 211 
ʥʝʠʟʚʝʩʪʥʦ 

F ǁ ï ï ï ï 2 
ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 
ï ï 950 240 

ɺʀʈ 364 

ɺʀʈ 116 Ĭ 

ʠʩʪʦʯʥʠʢ Rf, 

Pl, ʈʦʩʩʠʷ 

ʎʄʉ 

ʈɽʊ1 
ǁ 115 ï 740 1 2 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 
ï 600 950 ï 

ɺʀʈ 365 

ʇʨʦʛʨʝʩʩ Ĭ 

ʢ-2699, 

ʈʦʩʩʠʷ 

ʎʄʉ 

ʈɽʊ1 
ǀǁ ï ï ï 2 1 ï 

161 ʠ 

240 
ï 850 ï 950 ï 

ɺʀʈ 366 

ʈʦʩʩʠʷ, 

ʂʨʘʩʥʦʜʘʨʩʢ

ʠʡ ʢʨʘʡ 

F ǁ 
ʥʝʪ 

ʜʘʥʥʳʭ 
ï ï 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ɺʀʈ 371 
ɺʀʈ158 

F ǁ ï ï ï 1 1 
ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 

ʥʝʪ 

ʜʘʥʥʳʭ 
950 ï 950 ï 

ɺʀʈ 387 
ʇʠʪʦʤʥʠʢ 

ʎʄʉ 83 
F ǁ 115 ï 740 1 1 143 159 143 950 600 950 240 

ɺʀʈ 449 
ɻʠʙʨʠʜ, 

ʈʫʤʥrʠʷ 
F  ǁ ï ï ï 2 2 ï 159 ï 850 600 950 200 

ɺʀʈ 558 
ʠ459886, 

ɸʚʩʪʨʘʣʠʷ 

ʎʄʉ 

ʈɽʊ1 
ǁ 115 ï 740 1 1 ï 159 ï 950 600 950 ï 

ɺʀʈ 637 

ɻʠʙʨʠʜ 

SW 509 Ĭ 

W 637, 

ʌʨʘʥʮʠʷ 

ʎʄʉ 

ʈɽʊ1 
ǁ 115 454 740 1 2 ï ï ï 850 ï 950 240 
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(ʇʨʦʜʦʣʞʝʥʠʝ) 

 

ʇʨʠʤʝʯʘʥʠʝ: 

* ɺʘʨʠʘʥʪʳ ʤʘʨʢʝʨʘ B20M13_RsaI: 1 ʚʘʨ. ï 140 ʠ 300 ʧʥ; 2 ʚʘʨ. ï 100, 140, 220 ʧʥ. 

** ɺʘʨʠʘʥʪʳ ʤʘʨʢʝʨʘ L12D20_HaeIII: 1 ʚʘʨ. ï 110, 150, 210, 360 ʠ 400 ʧʥ; 2 ʚʘʨ. ï 110, 150, 360 ʠ 610 ʧʥ. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

ɺʀʈ 729 
ʥʝʠʟʚʝʩʪʥʦ ʎʄʉ 

ʈɽʊ1 
ǁ ï 454 ï 2 2 ï 159 ï ï ï 950 ï 

ɺʀʈ 740 

ɺʀʈ 113 Ĭ 

Rf, Pl, 

ʈʦʩʩʠʷ 

F  ǁ 115 454 740 2 1 143 159 ï 950 600 950 200 

RIL 80 

I1083HR4 Ĭ 

RHA 345 

ʌʨʘʥʮʠʷ 

ʎʄʉ 

ʈɽʊ1 
ǁ 115 454 740 2 2 143 159 ï 950 ï ï ï 

RIL 130 

I1083HR4 Ĭ 

RHA 345 

ʌʨʘʥʮʠʷ 

ʎʄʉ 

ʈɽʊ1 
ǁ 115 454 740 2 1 143 159 143 950 600 950 200 
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ɼʘʥʥʳʝ ʦ ʭʘʨʘʢʪʝʨʝ ʥʘʩʣʝʜʦʚʘʥʠʷ ʧʨʠʟʥʘʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ 

ʧʳʣʴʮʳ ʚ F1 ʦʪ ʩʢʨʝʱʠʚʘʥʠʡ ʩʪʝʨʠʣʴʥʳʭ ʣʠʥʠʡ ʎʄʉ ɺʀʈ 109ɸ ʠ ɺʀʈ 116ɸ ʩ 

ʛʨʫʧʧʦʡ ʬʝʨʪʠʣʴʥʳʭ ʣʠʥʠʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʥʘʣʠʯʠʶ/ʦʪʩʫʪʩʪʚʠʶ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʛʝʥʘ Rf1 ʠ ʪʠʧʫ ʮʠʪʦʧʣʘʟʤʦʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 14. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʝʨʥʳʭ ʩʢʨʝʱʠʚʘʥʠʡ, ʣʠʥʠʠ (ɺʀʈ 195, ɺʀʈ 210, ɺʀʈ 364, 

ɺʀʈ 365, ɺʀʈ 558, ɺʀʈ 729, RIL 80, RIL 130) ʩʦ ʩʪʝʨʠʣʴʥʦʡ ʮʠʪʦʧʣʘʟʤʦʡ ʈɽʊ1 ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʣʠʯʠʝʤ ʤʘʨʢʝʨʦʚ ʛʝʥʘ Rf1, ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʬʝʨʪʠʣʴʥʦʩʪʴ 

ʧʳʣʮɹʳ ʚ ʩʢʨʝʱʠʚʘʥʠʷʭ ʩ ʪʝʩʪʝʨʘʤʠ ɺʀʈ 109ɸ ʠ ɺʀʈ 116ɸ. ʃʠʥʠʠ ɺʀʈ 195 ʠ 

ɺʀʈ 365, ʫ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ʛʝʥʘ Rf1, ʥʦ 

ʮʠʪʦʧʣʘʟʤʘ, ʧʦ ʜʘʥʥʳʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʘ ʩʪʝʨʠʣʴʥʦʡ, 

ʪʘʢʞʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ ʧʨʠ ʩʢʨʝʱʠʚʘʥʠʷʭ ʩʦ ʩʪʝʨʠʣʴʥʳʤʠ 

ʪʝʩʪʝʨʘʤʠ. ʃʠʥʠʷ ɺʀʈ 740, ʭʘʨʘʢʪʝʨʠʟʦʚʘʚʰʘʷʩʷ ʬʝʨʪʠʣʴʥʦʡ ʮʠʪʦʧʣʘʟʤʦʡ ʠ 

ʥʘʣʠʯʠʝʤ ʚʩʝʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʛʝʥʘ Rf, ʪʘʢʞʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘ 

ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʨʠ ʩʢʨʝʱʠʚʘʥʠʷʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʣʠʥʠʠ ʩ ʬʝʨʪʠʣʴʥʳʤ ʪʠʧʦʤ 

ʮʠʪʦʧʣʘʟʤʦʥʘ ʠ ʥʝ ʠʤʝʶɦ ʠʭ ʤʘʨʢʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ Rf1 (ɺʀʈ 211, ɺʀʈ 371) 

ʣʠʙʦ ʭʘʨʘʢʪʝʨʠʟʫʶʠɦʝʩʷ ʥʘʣʠʯʠʝʤ ʣʠʰʴ ʦʜʥʦʛʦ ʤʘʨʢʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ STS115 

(ɺʀʈ 160 ʠ ɺʀʈ 387), ʦʢʘʟʘʣʠʩʴ ʟʘʢʨʝʧʠʪʝʣʷʤʠ ʩʪʝʨʠʣʴʥʦʩʪʠ (ɸʥʠʩʠʤʦʚʘ ʠ 

ʜʨ., 2014). ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʥʥʳʝ ʦ ʥʘʣʠʯʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʫ ʣʠʥʠʠ 

ɺʀʈ 366 ʦʪʩʫʪʩʪʚʫʶʪ.  

 

ʊʘʙʣʠʮʘ 14 ï ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪ-ʩʢʨʝʱʠʚʘʥʠʡ ʣʠʥʠʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ ʎʄʉ ʩ 

ʬʝʨʪʠʣʴʥʳʤʠ ʣʠʥʠʷʤʠ (ʇʇʃ ɺʀʈ, 2012-2014) (ɸʥʠʩʠʤʦʚʘ ʠ ʜʨ., 2014) 

ʄʘʪʝʨʠʥʩʢʘʷ ʣʠʥʠʷ 

ʎʄʉ (ʈɽʊ1) 

ʆʪʮʦʚʩʢʘʷ ʣʠʥʠʷ ʌʝʨʪʠʣʴʥʦʩʪʴ 

ʨʘʩʪʝʥʠʡ F1 
ʅʘʟʚʘʥʠʝ 

ʊʠʧ 

ʮʠʪʦʧʣʘʟʤʦʥʘ 

ɺʀʈ 116ɸ 

ɺʀʈ 195, ɺʀʈ 210, ɺʀʈ 364, 

ɺʀʈ 365, ɺʀʈ 558, ɺʀʈ 729,  

RIL  80, RIL  130 

ʎʄʉ ʈɽʊ1 F 

ɺʀʈ 740 ʬʝʨʪʠʣʴʥʳʡ F 

ɺʀʈ 160, ɺʀʈ 211, ɺʀʈ 366, 

ɺʀʈ 371, ɺʀʈ 387 ʬʝʨʪʠʣʴʥʳʡ S 

ɺʀʈ 109ɸ ɺʀʈ 364, ɺʀʈ 558 ʎʄʉ ʈɽʊ1 F 

ʇʨʠʤʝʯʘʥʠʝ: F ï ʨʘʩʪʝʥʠʷ F1 ʤʫʞʩʢʠ ʬʝʨʪʠʣʴʥʳʝ, S ï ʨʘʩʪʝʥʠʷ F1 ʤʫʞʩʢʠ ʩʪʝʨʠʣʴʥʳʝ 

ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʦʪʮʦʚʩʢʠʝ ʣʠʥʠʠ, ʛʠʙʨʠʜʳ ʩ ʫʯʘʩʪʠʝʤ ʢʦʪʦʨʳʭ ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʝ  
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ɺʩʝ ʨʘʩʪʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʛʠʙʨʠʜʦʚ ɺʀʈ 116ɸ Ĭ ɺʀʈ 195, 

ɺʀʈ 116ɸ Ĭ ɺʀʈ 210, ɺʀʈ 116ɸ Ĭ ɺʀʈ 365, ɺʀʈ 116ɸ Ĭ ɺʀʈ 558, 

ɺʀʈ 116ɸ Ĭ ɺʀʈ 740, ɺʀʈ 116ɸ Ĭ RIL 80 ʠ ɺʀʈ 116ɸ Ĭ RIL 130 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʠ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʤʘʪʝʨʠʥʩʢʦʤʫ ʪʠʧʫ, ʘ ʠʤʝʥʥʦ ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ 

ʧʨʠʟʥʘʢʠ: ʚʝʪʚʣʝʥʠʝ ʦʪʩʫʪʩʪʚʦʚʘʣʦ, ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚʣʷʣʘ 2 ʤ ʠ ʚʳʰʝ, 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʣʠʰʴ ʦʜʥʘ ʢʨʫʧʥʘʷ ʮʝʥʪʨʘʣʴʥʘʷ ʢʦʨʟʠʥʢʘ. ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʴʮʳ ʦʪʮʦʚʩʢʠʭ ʣʠʥʠʡ ʠ ʛʠʙʨʠʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʨʘʟʜʝʣʝ çʎʠʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʳʣʴʮʳè. 

ʈʘʩʪʝʥʠʷ F1 ʩʘʤʦʦʧʳʣʷʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʛʠʙʨʠʜʥʳʭ 

ʧʦʧʫʣʷʮʠʡ. ʈʘʩʪʝʥʠʷ F2 ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ: ʤʫʞʩʢʘʷ 

ʬʝʨʪʠʣʴʥʦʩʪʴ (ʥʘʣʠʯʠʝ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʭ ʧʳʣʴʥʠʢʦʚ ʠ ʧʳʣʴʮʳ ʚ ʥʠʭ), ʥʘʣʠʯʠʝ 

ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʚʝʪʚʣʝʥʠʷ ʠ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ 

ʢʦʨʟʠʥʢʠ/ʧʳʣʴʥʠʢʦʚ. ʇʦ ʧʨʠʟʥʘʢʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʙʦʣʝʝ 100 ʨʘʩʪʝʥʠʡ F2 ʚ ʢʘʞʜʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩʢʨʝʱʠʚʘʥʠʷ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ɺʀʈ 116ɸ Ĭ ɺʀʈ 558 (93 ʨʘʩʪʝʥʠʷ). ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ 

F2 ʯʠʩʣʦ ʨʘʩʪʝʥʠʡ ʩ ʬʝʨʪʠʣʴʥʳʤ ʠ ʩʪʝʨʠʣʴʥʳʤ ʬʝʥʦʪʠʧʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʞʠʜʘʝʤʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ 3 : 1, ʪ.ʝ. ʥʘʙʣʶʜʘʣʠ ʤʦʥʦʛʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ (ʪʘʙʣ. 15).  

 

ʊʘʙʣʠʮʘ 15 ï ʈʘʩʱʝʧʣʝʥʠʝ ʛʠʙʨʠʜʦʚ F2 ʧʦ ʧʨʠʟʥʘʢʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ (ʇʇʃ ɺʀʈ, 2013-2019 ʛʛ.)  

ɻʠʙʨʠʜ  

ʏʠʩʣʦ ʨʘʩʪʝʥʠʡ ʩ ʬʝʥʦʪʠʧʦʤ 

ɢĮ  ʨ 
ʬʝʨʪʠʣʴʥʳʡ ʩʪʝʨʠʣʴʥʳʡ 

ɺʩʝʛʦ 

ʨʘʩʪʝʥʠʡ 

ɺʀʈ 116ɸ Ĭ RIL 130 94 31 125 0,003 p > 0,05 

ɺʀʈ 116ɸ Ĭ RIL 80 106 38 144 0,15 p > 0,05 

ɺʀʈ 116ɸ Ĭ ɺʀʈ 195 76 32 108 1,23 p > 0,05 

ɺʀʈ 116ɸ Ĭ ɺʀʈ 210 76 25 101 0,003 p > 0,05 

ɺʀʈ 116ɸ Ĭ ɺʀʈ 365 98 39 137 0,88 p > 0,05 

ɺʀʈ 116ɸ Ĭ ɺʀʈ 558 67 26 93 0,43 p > 0,05 

ɺʀʈ 116ɸ Ĭ ɺʀʈ 740 97 36 103 0,3 p > 0,05 

ɢĮ0,05 = 3,84, df = 1 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʛʝʥʘ Rf1 ʚ ʛʝʥʦʪʠʧʘʭ ʣʠʥʠʡ 

ɺʀʈ 195, ɺʀʈ 210, ɺʀʈ 364, ɺʀʈ 365, ɺʀʈ 558, ɺʀʈ 729, ɺʀʈ 740, RIL 80, 

RIL 130. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ 

ʛʝʥʘ Rf1 (STS115, HRG01, HRG02, ORS224, ORS511 ʠ ORS799) ʥʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʙʳʣʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʣʠʥʠʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ ʧʨʠ 

ʩʢʨʝʱʠʚʘʥʠʠ ʩʦ ʩʪʝʨʠʣʴʥʦʡ ʣʠʥʠʝʡ ʩ ʮʠʪʦʧʣʘʟʤʦʡ ʈɽʊ1. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʤʘʨʢʝʨʦʤ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʣʠʯʠʷ ʛʝʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ 

ʦʢʘʟʘʣʩʷ ʤʘʨʢʝʨ orfH522, ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʛʝʥ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩʦ ʩʪʝʨʠʣʴʥʦʩʪʴʶ ʈɽʊ1-ʪʠʧʘ. ʃʠʥʠʠ ʩ ʮʠʪʦʧʣʘʟʤʦʡ ʈɽʊ1 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ ʧʨʠ ʩʢʨʝʱʠʚʘʥʠʠ ʩʦ ʩʪʝʨʠʣʴʥʳʤʠ 

ʣʠʥʠʷʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʫ ʥʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ 

ʛʝʥʘ Rf1, ʘ ʚʦ ʚʪʦʨʦʤ ʧʦʢʦʣʝʥʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʤʦʥʦʛʝʥʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ. ʆʜʥʘʢʦ 

ʪʘʢʦʡ ʭʘʨʘʢʪʝʨ ʨʘʩʱʝʧʣʝʥʠʷ ʤʦʛ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʩʣʫʯʘʝ ʨʘʟʣʠʯʠʡ ʤʘʪʝʨʠʥʩʢʦʡ 

ʣʠʥʠʠ ʎʄʉ ʠ ʦʪʮʦʚʩʢʦʡ ʬʝʨʪʠʣʴʥʦʡ ʣʠʥʠʠ ʧʦ ʣʦʢʫʩʘʤ ʜʨʫʛʠʭ ʛʝʥʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦʙ ʘʣʣʝʣʴʥʦʩʪʠ ʛʝʥʦʚ Rf, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʛʝʥʦʪʠʧʘʭ ʨʷʜʘ ʬʝʨʪʠʣʴʥʳʭ ʣʠʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ɺʀʈ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʚʪʦʨʘʷ ʩʝʨʠʷ ʩʢʨʝʱʠʚʘʥʠʡ ʚ 2014 ʛ. ʥʘ ʂʆʉ ɺʀʈ. ʇʣʘʥʠʨʦʚʘʣʠ ʦʮʝʥʠʪʴ 

ʘʣʣʝʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ ʛʝʥʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʛʝʥʦʪʠʧʘʭ ʬʝʨʪʠʣʴʥʳʭ ʣʠʥʠʡ ɺʀʈ 365, RIL 130, ɺʀʈ 449, 

ɺʀʈ 558, ɺʀʈ 637 ʠ ɺʀʈ 740. ʄʘʪʝʨʠʥʩʢʫʶ ʣʠʥʠʶ ɺʀʈ 365, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʢʘʩʪʨʠʨʦʚʘʥʥʫʶ ʛʠʙʙʝʨʝʣʣʠʥʦʤ, ʦʧʳʣʷʣʠ ʧʳʣʴʮʦʡ ʣʠʥʠʡ RIL 130, ɺʀʈ449, 

ɺʀʈ 558, ɺʀʈ 637, ɺʀʈ 740. ʉʝʤʝʥʘ ʛʠʙʨʠʜʦʚ F1 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʣʠʰʴ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩʢʨʝʱʠʚʘʥʠ ̫ ɺʀʈ 365 Ĭ RIL 130 (ʚʩʝ ʨʘʩʪʝʥʠʷ ʛʠʙʨʠʜʘ ʙʳʣʠ 

ʬʝʨʪʠʣʴʥʳʤʠ). ʅʝ ʩʣʫʯʘʡʥʦ ʣʠʥʠʷ ɺʀʈ 365 ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʣʷ ʩʢʨʝʱʠʚʘʥʠʡ. 

ɼʘʥʥʘʷ ʣʠʥʠʷ ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʬʝʨʪʠʣʴʥʦʩʪʠ, ʠʤʝʝʪ ʩʪʝʨʠʣʴʥʫʶ (PET1-ʪʠʧʘ) 

ʮʠʪʦʧʣʘʟʤʫ, ʦʜʥʘʢʦ ʫ ʥʝʝ ʦʪʩʫʪʩʪʚʫʶʪ ʤʘʨʢʝʨ rʛʝʥʘ Rf1. ʉʧʦʩʦʙʥʦʩʪʴ ʣʠʥʠʠ 

ɺʀʈ 365 ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ ʧʨʠ ʎʄʉ ʈɽʊ1 ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʦʢʘʟʘʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʨʠʷʭ ʩʢʨʝʱʠʚʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠ ʙʳʣʦ ʨʝʰʝʥʦ 
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ʧʨʦʚʝʨʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʜʦʤʠʥʘʥʪʥʳʭ ʘʣʣʝʣʝʡ ʛʝʥʘ Rf1 ʫ ʣʠʥʠʠ ɺʀʈ 365, ʣʠʙʦ 

ʧʦʜʪʚʝʨʜʠʪʴ ʛʠʧʦʪʝʟʫ ʦ ʥʘʣʠʯʠʠ ʫ ʥʝʝ ʜʨʫʛʦʛʦ (ʠʣʠ ʜʨʫʛʠʭ) ʛʝʥʦʚ Rf (ʥʘʧʨʠʤʝʨ, 

Rfx). ʇʨʠ ʛʠʧʦʪʝʟʝ ʜʠʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʩʱʝʧʣʝʥʠʷ ʤʳ ʦʞʠʜʘʣʠ ʚʳʱʝʧʣʝʥʠʝ ʚ 

F2 ʩʪʝʨʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʩ ʛʝʥʦʪʠʧʦʤ rf1rf1rf2rf2. ɺʩʝ ʨʘʩʪʝʥʠʷ F2 

ɺʀʈ 365 Ĭ RIL 130 ʙʳʣʠ ʬʝʨʪʠʣʴʥʳʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʦʙʝ ʨʦʜʠʪʝʣʴʩʢʠʝ ʣʠʥʠʠ ʷʚʣʷʶʪʩʷ ʥʦʩʠʪʝʣʷʤʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʘʣʣʝʣʝʡ ʛʝʥʘ Rf1. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟʠʨʫʶʱʝʝ ʩʢʨʝʱʠʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʣʠʥʠʷ ʎʄʉ ɺʀʈ 111ɸ ʙʳʣʘ ʦʧʳʣʝʥʘ ʧʳʣʴʮʦʡ ʛʠʙʨʠʜʘ ɺʀʈ 365 Ĭ RIL 130. 

ʈʘʩʱʝʧʣʝʥʠʝ ʥʘ ʬʝʨʪʠʣʴʥʳʝ ʠ ʩʪʝʨʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʚ ʧʦʣʫʯʝʥʥʦʡ ʧʦʧʫʣʷʮʠʠ 

ʦʪʩʫʪʩʪʚʦʚʘʣʦ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʘʣʠʯʠʷ ʫ 

ʣʠʥʠʠ ɺʀʈ 365 ʛʝʥʘ Rf1 (ʪʘʙʣ. 16). ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʳ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʫ ʣʠʥʠʠ ɺʀʈ 365 ʜʨʫʛʦʛʦ, ʦʪʣʠʯʥʦʛʦ ʦʪ Rf1, ʛʝʥʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ, ʥʦ ʪʝʩʥʦ ʩ ʥʠʤ ʩʮʝʧʣʝʥʥʦʛʦ. ɺ ʧʦʣʴʟʫ 

ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʜʘʥʥʳʝ ʣʠʪʝʨʘʪʫʨʳ ʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʣʦʢʫʩʘ Rf1 ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʮʝʣʳʡ ʨʷʜ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʛʝʥʦʚ-

ʢʘʥʜʠʜʘʪʦʚ (Goryunov et al., 2019; Horn et al., 2019; Talukder et al., 2019). ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʣʦʢʫʩʘ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ Rf, ʠʤʝʶʱʠʭ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʛʝʥʦʤʝ ʨʘʟʥʳʝ 

ʤʠʰʝʥʠ (ʧʨʠ ʨʘʟʥʳʭ ʪʠʧʘʭ ʎʄʉ). ʊʘʢ, ʛʝʥʳ Rfn ʠ Rfp ʨʘʧʩʘ Brassica napus L. 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʨʠ ʎʄʉ nap- ʠ pol-ʪʠʧʦʚ (Liu et al., 2017). ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʛʝʥʳ Rfn ʠ Rfp ʥʘʩʣʝʜʫʶʪʩʷ ʢʘʢ 

ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ, ʥʦ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʟʥʳʝ ʛʘʧʣʦʪʠʧʳ, ʢʘʞʜʳʡ ʩʦ 

ʩʚʦʝʡ ʬʫʥʢʮʠʝʡ: ʛʝʥ Rfn ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʬʝʨʪʠʣʴʥʦʩʪʴ ʧʨʠ ʎʄʉ pol, ʘ ʛʝʥ Rfp 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʎʄʉ nap. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʪʘʢʠʭ ʛʝʥʦʚ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ 

ʪʦʥʢʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʠ ʨʝʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʨʘʡʦʥʦʚ ʛʝʥʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʦʥʠ ʣʦʢʘʣʠʟʦʚʘʥʳ. 
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ʊʘʙʣʠʮʘ 16 ï ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʥʘ ʘʣʣʝʣʠʟʤ ʛʝʥʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʪʠʣʴʥʦʩʪʠ 

ʧʳʣʴʮʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʛʝʥʦʪʠʧʘʭ ʣʠʥʠʡ ɺʀʈ 365 ʠ RIL 130 (ʇʇʃ ɺʀʈ, 

2013-2016 ʛʛ.) 

ɻʠʙʨʠʜ  
ʇʦʢʦ-

ʣʝʥʠʝ 

ʏʠʩʣʦ ʨʘʩʪʝʥʠʡ ʩ ʬʝʥʦʪʠʧʦʤ 
ɺʩʝʛʦ 

ʨʘʩʪʝʥʠʡ ʬʝʨʪʠʣʴʥʳʡ ʩʪʝʨʠʣʴʥʳʡ 

ɺʀʈ 365 Ĭ RIL 130 F1 6 0 6 

ɺʀʈ 365 Ĭ RIL 130 F2 69 0 69 

ɺʀʈ 111ɸ Ĭ (ɺʀʈ 365 Ĭ RIL 130) Fa 50 0 50 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʠʙʨʠʜʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʠʥʠʠ-ʦʧʳʣʠʪʝʣʠ, ʫʯʘʩʪʚʦʚʘʚʰʠʝ ʚ ʩʢʨʝʱʠʚʘʥʠʷʭ ʠ ʦʪ 

ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʦ ʬʝʨʪʠʣʴʥʦʝ ʧʦʪʦʤʩʪʚʦ (ɺʀʈ 195, ɺʀʈ 210, ɺʀʈ 365, ɺʀʈ 558, 

ɺʀʈ 740, RIL 80, RIL 130), ʷʚʣʷʶʪʩʷ ʥʦʩʠʪʝʣʷʤʠ ʛʝʥʘ Rf1, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʥʘʣʠʯʠʷ/ʦʪʩʫʪʩʪʚʠʷ ʫ ʥʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʠ ʪʠʧʘ ʮʠʪʦʧʣʘʟʤʳ.  

 

3.3. ʆʩʦʙʝʥʥʦʩʪʠ ʥʘʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʴʮʳ ʧʨʠ 

ʤʝʞʣʠʥʝʡʥʳʭ ʩʢʨʝʱʠʚʘʥʠʷʭ 

 

3.3.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʳʣʴʮʳ ʦʪʮʦʚʩʢʠʭ ʣʠʥʠʡ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʳʣʴʮʳ 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʣʠʥʠʠ RIL 130, ɺʀʈ 449, ɺʀʈ 558, ɺʀʈ 637 ʠ ɺʀʈ 740, 

ʨʘʟʣʠʯʘʚʰʠʝʩʷ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ, ʪʠʧʫ ʮʠʪʦʧʣʘʟʤʦʥʘ ʠ ʥʘʣʠʯʠʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʛʝʥʘ Rf1 (ʩʤ. ʛʣʘʚʫ çɻʠʙʨʠʜʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟè ʪʘʙʣ. 

13). ʃʠʥʠʠ RIL 130, ɺʀʈ 558 ʠ ɺʀʈ 740 ʚ ʪʝʩʪ-ʩʢʨʝʱʠʚʘʥʠʷʭ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʢʘʢ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʣʠʥʠʡ ɺʀʈ 449 ʠ 

ɺʀʈ 637 ʦʪʤʝʯʝʥʘ ʫʪʨʘʪʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ɸʥʠʩʠʤʦʚʘ ʠ 

ʜʨ., 2011). ʌʝʨʪʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳ ʦʮʝʥʠʚʘʣʠ ʚʠʟʫʘʣʴʥʦ ʠ ʥʘ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʘʭ (ʨʠʩ. 17). ʇʨʘʢʪʠʯʝʩʢʠ ʫ ʚʩʝʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʥʠʡ ʜʦʣʷ 

ʦʢʨʘʰʝʥʥʳʭ (ʬʝʨʪʠʣʴʥʳʭ) ʇɿ ʧʨʝʚʳʩʠʣʘ 90%, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʣʠʥʠʠ ɺʀʈ 449 
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(84,4%). ʂʨʦʤʝ ʪʦʛʦ, ʫ ʣʠʥʠʠ ɺʀʈ 449 ʟʘʬʠʢʩʠʨʦʚʘʥ ʙʦʣʴʰʦʡ ʨʘʟʤʘʭ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʜʠʘʤʝʪʨʘ ʇɿ (ʦʪ 22,44 ʜʦ 55,11 ʤʢʤ). ʇɿ ʣʠʥʠʠ ɺʀʈ 558 ʙʳʣʠ ʙʦʣʝʝ 

ʚʳʨʦʚʥʝʥʳ ʧʦ ʜʠʘʤʝʪʨʫ (ʦʪ 21,14 ʜʦ 42,68 ʤʢʤ).  

ʋ ʣʠʥʠʠ ɺʀʈ 740, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʢʘʢ ʜʦʥʦʨ ʛʝʥʘ Rf1 (ʇʘʩʧʦʨʪʘ 

ʜʦʥʦʨʦʚ, 2012), ʦʪʤʝʯʝʥ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʯʘʩʪʦʪʳ ʬʝʨʪʠʣʴʥʳʭ ʇɿ (97%), 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦ ʜʠʘʤʝʪʨʫ (ʦʪ 24,62 ʜʦ 48,42 ʤʢʤ) ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʞʝʣʪʦʛʦ ʤʘʩʣʷʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʚʦʢʨʫʛ ʇɿ 

(ʪʘʙʣ. 17). ʅʘʣʠʯʠʝ ʞʝʣʪʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʦʩʴ ʫ ʜʠʢʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʚʠʜʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʨʘʙʦʪʘʭ 

ʆ. ʅ. ɺʦʨʦʥʦʚʦʡ ʠ ɺ. ɸ. ɻʘʚʨʠʣʦʚʦʡ (2019). ʇʨʠʨʦʜʘ ʵʪʦʡ ʩʫʙʩʪʘʥʮʠʠ ʜʦ ʩʠʭ ʧʦʨ 

ʥʝ ʠʟʚʝʩʪʥʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʠʟʙʳʪʦʢ ʩʧʦʨʦʧʦʣʣʝʥʠʥʘ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʇɿ (ʨʠʩ. 18) (ʆʨʝʣ ʠ ʜʨ., 1978; Piffanelli et al., 1998). ʕʪʦ 

ʚʝʱʝʩʪʚʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʦʢʨʘʰʠʚʘʥʠʶ ʇɿ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʣʠʧʘʥʠʶ ʧʳʣʴʮʳ ʚʦ ʚʨʝʤʷ ʮʚʝʪʝʥʠʷ ʨʘʩʪʝʥʠʡ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 17 ï ʇʳʣʴʮʘ ʬʝʨʪʠʣʴʥʳʭ ʣʠʥʠʡ: ʘ) ɺʀʈ 558, ʙ) ɺʀʈ 740, ʚ) ɺʀʈ 637, ʛ) RIL 130, 

ʜ) ɺʀʈ 449 (ʂʆʉ ɺʀʈ, 2014 ʛ.) ʇʨʠʤʝʯʘʥʠʝ: ʉʇɿ ï ʩʪʝʨʠʣʴʥʳʝ ʇɿ, ʌʇɿ ï ʬʝʨʪʠʣʴʥʳʝ ʇɿ, ɼʇɿ 

ï ʜʝʬʝʢʪʥʳʝ ʇɿ. 
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