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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ɸɹʂ ï ʘʙʩʮʠʟʦʚʘʷ ʢʠʩʣʦʪʘ 

ʇʎʈ/PCR ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʈɺ-ʇʎʈ ï ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʊʌ ï ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

ɸʊʌ ï ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ 

CIS ï ʭʦʣʦʜʦʚʦʝ ʦʩʘʭʘʨʠʚʘʥʠʝ (cold-induced sweetening)  

RFLP ï ʧʦʣʠʤʦʨʬʠʟʤ ʜʣʠʥʳ ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (Restriction Fragment Length 

Polymorphism) 

AFLP ï ʧʦʣʠʤʦʨʬʠʟʤ ʜʣʠʥʳ ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (Amplified Fragment Length 

Polymorphism) 

QTL  ï ʣʦʢʫʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ 

LTP  ï ʙʝʣʢʠ-ʧʝʨʝʥʦʩʯʠʢʠ ʣʠʧʠʜʦʚ (Lipid Transfer Proteins) 

SNP ï ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ (Single Nucleotide Polymorphism) 

SWIN ï ʢʣʝʪʦʯʥʘʷ ʠʥʚʝʨʪʘʟʘ (cell wall invertase) 

DEG ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʢɻʩʧʨʝʩʩʠʨʫʝʤʳʝ ʛʝʥʳ (Differential Expressed Genes) 

ʧ.ʥ. ï ʧʘʨʘ ʥʫʢʣʝʦʪʠʜʦʚ 

ʪ.ʧ.ʥ. ï ʪʳʩʷʯ ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʨʪʦʬʝʣʴ 

Solanum tuberosum L. ï ʰʠʨʦʢʦ ʢʫʣʴʪʠʚʠʨʫʝʤʘʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ ʢʫʣʴʪʫʨʘ. ʅʘʣʠʯʠʝ 

ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʠʱʝʚʦʡ, 

ʢʦʨʤʦʚʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ. ʍʨʘʥʝʥʠʝ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʫʣʴʪʫʨʳ ʜʣʷ 

ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʛʥʠʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʈʌ ʢʣʫʙʥʠ 

ʦʙʳʯʥʦ ʭʨʘʥʷʪʩʷ ʚ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 3-5  ʜʦ 6-8 ʤʝʩʷʮʝʚ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʩʙʦʨʘ ʢʣʫʙʥʝʡ (ʩʝʥʪʷʙʨʴ-ʦʢʪʷʙʨʴ) ʠ ʧʦʩʘʜʢʠ ʚ ʩʣʝʜʫʶʱʝʤ ʩʝʟʦʥʝ 

(ʘʧʨʝʣʴ-ʤʘʡ). ʇʨʠ ʵʪʦʤ ʪʘʢʦʡ ʜʣʠʪʝʣʴʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʚʳʟʳʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ 

ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ (ʛʣʶʢʦʟʳ ʠ ʬʨʫʢʪʦʟʳ) ʚ ʢʣʫʙʥʷʭ, ʥʘʟʳʚʘʝʤʦʝ ʭʦʣʦʜʦʚʳʤ 

ʦʩʘʭʘʨʠʚʘʥʠʝʤ (CIS), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ ʪʦʚʘʨʥʳʝ ʠ ʧʠʪʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ (Chen et al., 2012; Zhang et al., 2017). ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʟʤʝʥʝʥʠʡ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʥʝ ʧʨʝʚʳʰʘʣʦ ʪʨʝʭ ʤʝʩʷʮʝʚ (Menendez et al., 2002; Lin et al., 2019; ɽʛʦʨʦʚʘ ʠ ʜʨ., 2023; 

Zhang et al., 2024; Cui et al., 2025). ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʢʣʫʙʥʷʭ ʧʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʭʨʘʥʝʥʠʶ ʚ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʴ. ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʥʘ ʤʦʣʦʜʳʝ ʨʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ, ʯʪʦ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ 

ʚʝʩʝʥʥʠʭ ʚʦʟʚʨʘʪʥʳʭ ʧʦʭʦʣʦʜʘʥʠʡ. ʇʦʵʪʦʤʫ ʧʦʥʠʤʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʚʣʠʷʥʠʷ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʥʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʢ ʭʦʣʦʜʦʚʦʤʫ ʩʪʨʝʩʩʫ, ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʘʜʘʧʪʘʮʠʠ ʢʘʨʪʦʬʝʣʷ ʢ ʭʦʣʦʜʦʚʦʤʫ ʩʪʨʝʩʩʫ, ʚʢʣʶʯʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʠ ʙʠʦʩʠʥʪʝʟʘ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ (ʢʘʨʦʪʠʥʦʠʜʳ, 

ʘʥʪʦʮʠʘʥʳ). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʚʝʩʪʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʛʝʥʦʚ, 

ʠʟʤʝʥʷʶʱʠʭ ʵʢʩʧʨʝʩʩʠʶ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʚ ʦʪʚʝʪ ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʭʦʣʦʜʦʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ (+3 , 7 ʤʝʩʷʮʝʚ);  

- ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʚ (ʢʨʘʭʤʘʣʘ, ʩʘʭʘʨʦʚ) ʠ ʚʪʦʨʠʯʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ (ʢʘʨʦʪʠʥʦʠʜʳ, ʘʥʪʦʮʠʘʥʳ) ʚ ʢʣʫʙʥʷʭ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʪʨʝʩʩʝ; 
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- ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʦʬʠʣʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʠ ʙʠʦʩʠʥʪʝʟʘ 

ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʢʣʫʙʥʷʭ ʠ ʣʠʩʪʴʷʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʚ ʦʪʚʝʪ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʪʨʝʩʩ; ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʚ ʠ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ; 

- ʧʨʦʚʝʩʪʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʝʥʦʚ ʘʤʠʣʘʟ, ʠʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʘ 

ʪʘʢʞʝ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʥʪʦʮʠʘʥʦʚ ʫ ʚʠʜʦʚ ʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ: 

- ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ (+3 , 3,5 ʠ 6,5 ʤʝʩʷʮʝʚ);  

- ʚʧʝʨʚʳʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʫʛʣʝʚʦʜʦʚ (ʢʨʘʭʤʘʣ, ʩʘʭʘʨʘ) 

ʠ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ (ʢʘʨʦʪʠʥʦʠʜʳ, ʘʥʪʦʮʠʘʥʳ) ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ (+3 , 4 ʠ 7 ʤʝʩʷʮʝʚ); 

- ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʪʪʝʨʥʳ ʵʢʩʧʨʝʩʩʠʠ ʦʩʥʦʚʥʳʭ ʛʝʥʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʢʨʘʭʤʘʣʘ ʠ 

ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʥʪʦʮʠʘʥʦʚ ʚ ʢʣʫʙʥʷʭ ʠ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ (+3 , 48ʯ) ʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ (+3 , 4 ʠ 7 ʤʝʩʷʮʝʚ); 

- ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʛʝʥʳ Ŭ-ʘʤʠʣʘʟ ʠ ʠʥʛʠʙʠʪʦʨʦʚ ʘʤʠʣʘʟ, ʛʝʥʦʚ 

ʬʠʪʦʠʥʩʠʥʪʘʟ ʠ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ ʫ ʚʠʜʦʚ ʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʆʧʨʝʜʝʣʝʥʳ ʩʦʜʝʨʞʘʥʠʝ 

ʫʛʣʝʚʦʜʦʚ, ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʥʪʦʮʠʘʥʦʚ ʚ ʢʣʫʙʥʷʭ ʠ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ, ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʠ ʙʠʦʩʠʥʪʝʟʘ 

ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʧʨʠ ʩʪʨʝʩʩʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʜʘʥʘ ʠʭ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫ ʚʠʜʦʚ ʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ ʢʘʨʪʦʬʝʣʷ ʢ ʭʦʣʦʜʦʚʦʤʫ ʩʪʨʝʩʩʫ ʠ ʤʦʛʫʪ 

ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʩʦʟʜʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʨʪʦʚ ʢ 

ʭʦʣʦʜʦʚʦʤʫ ʦʩʘʭʘʨʠʚʘʥʠʶ. ɺʳʷʚʣʝʥʥʳʝ ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ (ʢʦʤʙʠʥʘʮʠʠ SNPs) ʛʝʥʘ 

StAI ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢʘʭ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ:  

- ʤʝʪʦʜʳ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ: ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ, ʛʣʶʢʦʟʳ, 

ʩʘʭʘʨʦʟʳ, ʬʨʫʢʪʦʟʳ, ʢʘʨʦʪʠʥʦʠʜʦʚ, ʘʥʪʦʮʠʘʥʦʚ); 

- ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʚʳʜʝʣʝʥʠʝ ɼʅʂ (ʩʦʛʣʘʩʥʦ Puchooa et al., 2004 ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʝʧʨʦʪʝʠʥʠʟʘʮʠʝʡ), ʚʳʜʝʣʝʥʠʝ ʈʅʂ/ʢɼʅʂ (RNeasyÈ Plant Mini Kit; 

RNase Free DNase I Set), ʇʎʈ ʠ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʢʣʦʥʠʨʦʚʘʥʠʝ (ʚʝʢʪʦʨ pDrive 

Clʦning Vectʦr), ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ (NEBNextÈ 

mRNA Library Prep), ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦ ʉʵʥʛʝʨʫ); 
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- ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʧʨʦʛʨʘʤʤʘ MEGA 7.0 (ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʪʨʫʢʪʫʨʥʳʡ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʝʥʦʚ ʠ ʙʝʣʢʦʚ), 

ʧʨʦʛʨʘʤʤʘ PROVEAN (ʧʨʝʜʩʢʘʟʘʥʠʝ ʚʣʠʷʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʱʝʥʠʡ), ʧʨʦʛʨʘʤʤʘ 

GraphPad Prism v. 8.02 (ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʇʎʈ-ʈɺ), ʧʨʦʛʨʘʤʤʘ Phyre2 (ʧʨʝʜʩʢʘʟʘʥʠʝ 

ʚʪʦʨʠʯʥʳʭ/ʪʨʝʪʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʙʝʣʢʘ), ʙʘʟʳ ʜʘʥʥʳʭ NCBI-CDD, UniProt, MEME 7.0.26 

(ʘʥʘʣʠʟ ʜʦʤʝʥʦʚ, ʩʘʡʪʦʚ ʠ ʤʦʪʠʚʦʚ ʙʝʣʢʘ), ʙʘʟʳ ʜʘʥʥʳʭ PlantCARE, PLACE (ʧʦʠʩʢ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ).  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʟʘ ʟʘʱʠʪʫ: 

- ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʝʨʠʦʜ ʧʝʨʚʳʭ 3,5 

ʤʝʩʷʮʝʚ;  

- ʛʝʥʳ ʫʥʠʧʦʨʪʝʨʦʚ SWEET (SWEET 10, 12 ʠ 15), ʛʣʶʢʘʥ ʵʥʜʦ-1,3-ɓ-ʛʣʶʢʦʟʠʜʘʟ 8 ʠ 13, Ŭ- 

ʛʘʣʘʢʪʦʟʠʜʘʟʳ 3 (AGAL3), ʛʘʣʘʢʪʫʨʦʥʦʟʠʣ ʪʨʘʥʩʬʝʨʘʟʳ 8 (GAUT8), ʬʨʫʢʪʦʟʦ-1,6-

ʙʠʬʦʩʬʘʪʘʟʳ (FBPase), ʬʦʩʬʦʛʣʶʢʘʥʬʦʩʬʘʪʘʟʳ (DSP4) ʫʯʘʩʪʚʫʶʪ ʚ ʦʪʚʝʪʝ ʥʘ ʭʦʣʦʜʦʚʦʡ 

ʩʪʨʝʩʩ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ; 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ AI ʫ ʦʙʨʘʟʮʦʚ ʜʠʢʦʨʘʩʪʫʱʠʭ ʚʠʜʦʚ ʠ ʩʦʨʪʦʚ 

ʢʘʨʪʦʬʝʣʷ ʚʳʩʦʢʦ ʚʘʨʠʘʙʝʣʴʥʳ; 

- ʪʨʘʥʩʢʨʠʧʮʠʷ ʚʩʝʭ ʪʨʝʭ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ StPSY ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ ʚ 

ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʦʡ ʩʪʨʝʩʩ; 

- ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ 16 ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʚ 

ʜʠʥʘʤʠʢʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʚ ʧʝʨʠʦʜ ʧʝʨʚʳʭ 3,5 ʤʝʩʷʮʝʚ 

ʩʪʨʝʩʩʘ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ V ʠ VI 

ɺʘʚʠʣʦʚʩʢʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2022, 2024), 26- ʠ 28-ʦʡ 

ʇʫʱʠʥʩʢʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɹʠʦʣʦʛʠʷ-ʥʘʫʢʘ ʍʍI ʚʝʢʘè (ʇʫʱʠʥʦ, 

2023, 2025), VII ʠ VIII ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ PlantGen (ʂʘʟʘʥʴ, 2023, 

ʅʦʚʦʩʠʙʠʨʩʢ, 2025), VIII ʩʲʝʟʜʝ ɺɻʠʉ (ʉʘʨʘʪʦʚ, 2024), ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɻɽʅɽʊʀʂɸ 2025è (ʄʦʩʢʚʘ, 2025).  

ʇʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 7 

ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Web of Science ʠ Scopus ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʅʊʇ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʌ ʥʘ 2017ï2025 

ʛʛ. (ʧʦʜʧʨʦʛʨʘʤʤʘ çʈʘʟʚʠʪʠʝ ʩʝʣʝʢʮʠʠ ʠ ʩʝʤʝʥʦʚʦʜʩʪʚʘ ʢʘʨʪʦʬʝʣʷ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè). 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʩʦʠʩʢʘʪʝʣʝʤ ʠʣʠ ʧʨʠ ʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ʉʦʠʩʢʘʪʝʣʝʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʤʘʪʠʢʝ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 156 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 4 

ʪʘʙʣʠʮʳ ʠ 44 ʨʠʩʫʥʢʘ. ʉʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ, ʟʘʢʣʶʯʝʥʠʷ, ʧʨʠʣʦʞʝʥʠʡ, 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (ʚʢʣʶʯʘʝʪ 310 ʠʩʪʦʯʥʠʢʦʚ).  
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1. ʂʨʘʭʤʘʣ. ʄʝʪʘʙʦʣʠʟʤ ʢʨʘʭʤʘʣʘ ʚ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʘʭ ʠ ʛʝʥʳ ʝʛʦ 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ. 

ʂʨʘʭʤʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʫʛʣʝʚʦʜ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʦʣʠʤʝʨʦʚ Ŭ-ʛʣʶʢʦʟʳ. ʂʨʘʭʤʘʣ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʟʘʧʘʩʘʶʱʠʤ ʫʛʣʝʚʦʜʦʤ 

ʨʘʩʪʝʥʠʡ ʠ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚʩʝʤʠ ʟʝʣʝʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʦʣʦʛʠʠ ʚʘʞʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʢʨʘʭʤʘʣʘ ʵʥʝʨʛʠʷ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʦʩʤʦʪʠʯʝʩʢʠ ʠʥʝʨʪʥʦʡ ʬʦʨʤʝ (Cenci et al., 2014). 

ʗʚʣʷʷʩʴ ʦʩʥʦʚʥʳʤ ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʢʨʘʭʤʘʣ ʥʘʢʘʧʣʠʚʘʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʣʫʙʥʷʭ, ʢʦʨʥʷʭ ʠ ʩʝʤʝʥʘʭ ʨʘʩʪʝʥʠʡ ʚʘʞʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ (Tester et al., 

2004). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʢʨʘʭʤʘʣ ʯʘʩʪʦ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʘ 

ʪʠʧʘ: ʢʨʘʭʤʘʣ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʪʨʘʥʟʠʪʦʨʥʳʡ (transitory starch) ʠ 

ʟʘʧʘʩʥʦʡ ʠʣʠ ʨʝʟʝʨʚʥʳʡ ʢʨʘʭʤʘʣ (storage starch). ʊʨʘʥʟʠʪʦʨʥʳʡ ʢʨʘʭʤʘʣ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ 

ʢʣʝʪʢʘʭ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʪʢʘʥʝʡ ʚ ʩʚʝʪʦʚʦʡ ʧʝʨʠʦʜ ʠ ʨʘʟʣʘʛʘʝʪʩʷ ʚ ʪʝʤʥʦʚʫʶ ʬʘʟʫ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. ɿʘʧʘʩʥʦʡ ʢʨʘʭʤʘʣ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ 

ʥʝʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʢʘʥʷʭ (Cenci et al., 2014; ʉʝʨʛʝʝʚʘ ʠ ʜʨ., 2022). ʈʝʤʦʙʠʣʠʟʘʮʠʷ 

ʢʨʘʭʤʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ ʧʨʦʨʘʩʪʘʥʠʷ, ʨʦʩʪʘ ʚʩʭʦʜʦʚ ʠ ʪ.ʧ., ʢʦʛʜʘ ʬʦʪʦʩʠʥʪʝʟ ʥʝ 

ʤʦʞʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʥʝʨʛʠʠ ʚ ʫʛʣʝʚʦʜʘʭ ʜʣʷ ʙʠʦʩʠʥʪʝʟʘ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ. 

ɿʘʧʘʩʥʦʡ ʢʨʘʭʤʘʣ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 70% ʩʫʭʦʛʦ ʚʝʩʘ ʟʝʨʝʥ ʟʣʘʢʦʚ ʠ ʢʦʨʥʝʡ ʢʘʩʩʘʚʳ Manihot 

esculenta Crantz (Lafiandra et al., 2014). ʀʤʝʥʥʦ ʟʘʧʘʩʥʦʡ ʢʨʘʭʤʘʣ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʧʠʱʫ 

ʯʝʣʦʚʝʢʦʤ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʣʷʭ (Tester et al., 2004). 

ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʢʨʘʭʤʘʣ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʣʠʩʘʭʘʨʠʜ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 

ʩʧʦʩʦʙʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ. ʉ ʵʪʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʩʠʥʪʝʟ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʦʝʦʙʨʘʟʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʵʬʬʝʢʪʠʚʥʦʡ ʫʧʘʢʦʚʢʦʡ ʛʣʶʢʘʥʦʚʳʭ ʮʝʧʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʳʩʪʨʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʵʪʠʭ 

ʩʪʨʫʢʪʫʨ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ (Pfister and Zeeman, 2016). ʋ ʟʝʨʥʦʚʳʭ, ʙʦʙʦʚʳʭ ʠ 

ʢʣʫʙʥʝʚʳʭ/ʢʦʨʥʝʧʣʦʜʥʳʭ ʢʫʣʴʪʫʨʘʭ, ʪʘʢʠʭ ʢʘʢ ʢʘʨʪʦʬʝʣʴ, ʛʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚʥʫʪʨʠ ʘʤʠʣʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʘʭ ʵʥʜʦʩʧʝʨʤʘ (ʟʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ), 

ʩʝʤʷʜʦʣʝʡ (ʙʦʙʦʚʳʝ ʢʫʣʴʪʫʨʳ) ʠʣʠ ʧʘʨʝʥʭʠʤʳ (ʢʣʫʙʥʝʚʳʝ ʠ ʢʦʨʥʝʧʣʦʜʥʳʝ ʢʫʣʴʪʫʨʳ). 

ʈʘʟʤʝʨ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ ʚ ʘʤʠʣʦʧʣʘʩʪʘʭ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʷ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʨʘʟʤʝʨ ʩʘʤʦʛʦ ʘʤʠʣʦʧʣʘʩʪʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʭʨʘʥʠʤʦʛʦ ʢʨʘʭʤʘʣʘ, 

ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʪʢʘʥʠ ʠʣʠ ʦʨʛʘʥʘ ʨʘʩʪʝʥʠʷ (de Pater et al., 2006; 

Shapter et al., 2008). ɺ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʘʭ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ ʢʣʝʪʦʢ ʘʤʠʣʦʧʣʘʩʪ ʦʩʪʘʝʪʩʷ 
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ʥʝʧʦʚʨʝʞʜʝʥʥʳʤ, ʦʜʥʘʢʦ, ʢʘʢ ʪʦʣʴʢʦ ʟʝʨʥʦ ʠʣʠ ʢʣʫʙʝʥʴ ʥʘʯʠʥʘʶʪ ʧʨʦʨʘʩʪʘʪʴ, ʤʝʤʙʨʘʥʘ 

ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʬʝʨʤʝʥʪʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʘʩʧʘʜ ʢʨʘʭʤʘʣʘ, ʦʩʪʘʶʪʩʷ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʫʣ ʜʣʷ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ (Shewry and 

Morell, 2001; Evers and Millar, 2002; Shannon et al., 2009). 

ɹʠʦʩʠʥʪʝʟ ʢʨʘʭʤʘʣʘ ʚ ʢʘʨʪʦʬʝʣʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʢʣʘʩʩʦʚ ʬʝʨʤʝʥʪʦʚ ʠ ʩʫʙʩʪʨʘʪʦʚ. ʉ ʥʘʯʘʣʘ XXI ʚʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʛʝʥʥʳʭ ʠ ʙʝʣʢʦʚʳʭ ʩʝʪʷʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʫʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʢʨʘʭʤʘʣʘ ʥʝ 

ʪʦʣʴʢʦ ʫ ʤʦʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʫ ʟʥʘʯʠʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʢʘʢ 

ʦʜʥʦʜʦʣʴʥʳʭ, ʪʘʢ ʠ ʜʚʫʜʦʣʴʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʘʨʪʦʬʝʣʷ S. tuberosum (Pfister and 

Zeeman,2016; Van Harsselaaret al., 2017; L·pez-Gonz§lez et al., 2019; Tong et al., 2023, Li et 

al., 2024; Shirani-Bidabadi et al., 2024 ʠ ʜʨ.) 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʨʘʩʪʝʥʠʡ ʤʝʪʘʙʦʣʠʟʤ ʢʨʘʭʤʘʣʘ, ʚʢʣʶʯʘʶʱʠʡ ʙʠʦʩʠʥʪʝʟ ʠ 

ʨʘʩʧʘʜ, ʧʨʦʭʦʜʠʪ ʧʦ ʘʥʘʣʦʛʠʯʥʦʤʫ ʧʫʪʠ ʩ ʫʯʘʩʪʠʝʤ ʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʛʦʤʦʣʦʛʠʯʥʳʭ ʛʝʥʦʚ 

ʠ ʬʝʨʤʝʥʪʦʚ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʡ ʠ ʦʪʣʠʯʠʷ ʩʢʦʨʝʝ ʤʠʥʦʨʥʳʝ. ʂʘʢ 

ʨʝʟʫʣʴʪʘʪ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʫ ʢʘʨʪʦʬʝʣʷ S. tuberosum ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʠ ʢʘʨʪʠʨʦʚʘʥʦ ʙʦʣʝʝ 75 ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ 

ʢʨʘʭʤʘʣʘ, ʚʢʣʶʯʘʷ ʢʨʘʭʤʘʣʩʠʥʪʘʟʳ, ʢʨʘʭʤʘʣ-ʜʝʚʝʪʚʷʱʠʝ ʠ ʢʨʘʭʤʘʣ-ʨʘʟʚʝʪʚʣʷʶʱʠʝ ʠ 

ʬʝʨʤʝʥʪʳ (ʉʣʫʛʠʥʘ ʠ ʜʨ., 2018; Li et al., 2024; Ahmad et al.,2024). ʈʦʣʴ ʚ ʤʝʪʘʙʦʣʠʟʤʝ 

ʢʨʘʭʤʘʣʘ ʨʷʜʘ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ɸɼʌ-ʛʣʶʢʦʟʦʧʠʨʦʬʦʩʬʦʨʠʣʘʟʘ, 

ʥʝʢʦʪʦʨʳʭ ʢʨʘʭʤʘʣʩʠʥʪʘʟ ʠ ʢʨʘʭʤʘʣ-ʨʘʟʚʝʪʚʣʷʶʱʠʭ ʬʝʨʤʝʥʪʦʚ, ʦʧʠʩʘʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʜʝʪʘʣʴʥʦ (Tetlow et al., 2004; Tetlow and Bertoft, 2020), ʜʨʫʛʠʝ ʛʝʥʳ ʠ ʙʝʣʢʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʝʧʦʣʥʦ, ʦʩʦʙʝʥʥʦ ʤʘʣʦ ʠʟʚʝʩʪʥʦ ʦ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʝʣʢʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʠʦʩʠʥʪʝʟʘ (ʉʝʨʛʝʝʚʘ ʠ ʜʨ., 2022; Ahmad et al., 2024).  

1.1.1. ɹʠʦʩʠʥʪʝʟ ʢʨʘʭʤʘʣʘ. 

ɹʠʦʩʠʥʪʝʟ ʢʨʘʭʤʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʠ ʩʪʨʦʛʦ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʧʨʘʚʠʣʴʥʦ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ 

ʬʝʨʤʝʥʪʦʚ. ʇʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʵʪʘʧʦʚ, ʚʢʣʶʯʘʶʱʠʭ: ʪʨʘʥʩʧʦʨʪ ʩʘʭʘʨʦʟʳ ʚ ʟʘʧʘʩʘʶʱʠʝ ʪʢʘʥʠ, ʧʨʘʡʤʠʥʛ ʤʦʣʝʢʫʣʳ 

ʩʘʭʘʨʦʟʳ ʠ ʥʘʯʘʣʦ ʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʴʥʳʭ ʮʝʧʝʡ ʠ ʠʭ ʫʜʣʠʥʝʥʠʝ, ʨʘʟʚʝʪʚʣʝʥʠʝ ʠ ʦʢʦʥʯʘʥʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʨʘʭʤʘʣʴʥʳʭ ʮʝʧʝʡ. 

ɸʢʪʠʚʘʮʠʷ ʩʘʭʘʨʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ. ɹʠʦʩʠʥʪʝʟ ʢʨʘʭʤʘʣʘ ʚ ʟʘʧʘʩʘʶʱʠʭ 

ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʡ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʘʭʘʨʦʟʳ ʠʟ ʤʝʩʪ ʩʠʥʪʝʟʘ Ƅ ʭʣʦʨʦʧʣʘʩʪʦʚ 

ʣʠʩʪʴʝʚ, ʚ ʦʨʛʘʥʳ ʭʨʘʥʝʥʠʷ. ʇʦʩʣʝ ʩʠʥʪʝʟʘ (ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ) ʩʘʭʘʨʦʟʘ ʚʳʩʪʫʧʘʝʪ ʚ 
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ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʘʭʘʨʘ, ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʤʝʱʘʷʩʴ ʯʝʨʝʟ ʩʠʤʧʣʘʩʪ ʠʣʠ 

ʘʧʦʧʣʘʩʪ ʚ ʪʢʘʥʠ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʦʚ ʠʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʱʝʧʣʝʥʠʷ (Zeeman et al., 

2010; Bertoft and Blennow, 2016; ʉʣʫʛʠʥʘ ʠ ʜʨ., 2018). ɺ ʢʣʝʪʢʠ ʢʣʫʙʥʷ ʩʘʭʘʨʦʟʘ ʧʦʧʘʜʘʝʪ 

ʧʦ ʘʧʦʧʣʘʩʪʫ ʠ ʚ ʤʝʞʢʣʝʪʥʠʢʘʭ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʘʧʦʧʣʘʩʪʥʳʤʠ ʠʥʚʝʨʪʘʟʘʤʠ ʢʣʝʪʦʯʥʦʡ 

ʩʪʝʥʢʠ (CWIN) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʣʶʢʦʟʳ ʠ ʬʨʫʢʪʦʟʳ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʧʦʧʘʜʘʶʪ ʚ 

ʮʠʪʦʧʣʘʟʤʫ ʢʣʝʪʢʠ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʦʚ ʩ ʧʦʤʦʱʴʶ ʛʝʢʩʦʟʦʪʨʘʥʩʧʦʨʪʝʨʦʚ (Glc/H+ 

symporter) (Ruan, 2014) (ʨʠʩ. 1). ɺ ʩʣʫʯʘʝ ʩʠʤʧʣʘʩʪʥʦʛʦ ʧʫʪʠ ʜʣʷ ʜʦʩʪʘʚʢʠ ʩʘʭʘʨʦʟʳ ʚ 

ʢʣʝʪʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʘʭʘʨʦʟʦʪʨʘʥʩʧʦʨʪʝʨʳ ʩʝʤʝʡʩʪʚʘ ʫʥʠʧʦʨʪʝʨʦʚ SWEET. ɼʘʣʝʝ ʩ 

ʧʦʤʦʱʴʶ ʩʘʭʘʨʦʟʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʚ ʩʘʭʘʨʦʟʦʩʠʥʪʘʟʳ SUS/SuSy ʠ ʠʥʚʝʨʪʘʟʳ CIN 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʜʦ ʬʨʫʢʪʦʟʳ ʠ ʋɼʌ-ʛʣʶʢʦʟʳ (ʉʝʨʛʝʝʚʘ ʠ ʜʨ., 2022). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʧʦʣʥʦʩʪʴʶ ʥʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʋɼʌ-ʛʣʶʢʦʟʦʡ. ʆʥʘ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʤʦʞʝʪ ʩʨʘʟʫ ʧʨʝʦʙʨʘʟʦʚʘʪʴʩʷ ʚ ʛʣʶʢʦʟʦ-1-ʬʦʩʬʘʪ G1P, ʠʣʠ ʩʥʘʯʘʣʘ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ G6P ʠ ʜʘʣʝʝ ʚ ʚʠʜʝ G6P ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʦʟʦ-6-

ʬʦʩʬʘʪʥʦʛʦ ʪʨʘʥʩʣʦʢʘʪʦʨʘ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʘʤʠʣʦʧʣʘʩʪ (Bahaji et al., 2014; ʉʝʨʛʝʝʚʘ ʠ ʜʨ., 

2022) (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ ʚ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʘʭ (ʢʣʫʙʥʷʭ) ʢʘʨʪʦʬʝʣʷ. 

ʋʛʣʝʚʦʜʳ: Glc ï ʛʣʶʢʦʟʘ, Fru ï ʬʨʫʢʪʦʟʘ, G1P ï ʛʣʶʢʦʟʦ-1-ʬʦʩʬʘʪ, F6P ï ʬʨʫʢʪʦʟʦ-6-

ʬʦʩʬʘʪ, G6P ï ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ, ADP-Glc ï ɸɼʌ-ʛʣʶʢʦʟʘ, UDP-Glc ï ʋɼʌ-ʛʣʶʢʦʟʘ, 

ʊʨʘʥʩʧʦʨʪʝʨʥʳʝ ʙʝʣʢʠ: ST ï ʪʨʘʥʩʧʦʨʪʝʨ ʩʘʭʘʨʦʟʳ, NTT ï ɸʊʌ-ɸɼʌ ʘʥʪʠʧʦʨʪʝʨ, GPT ï 

ʪʨʘʥʩʣʦʢʘʪʦʨ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʘ, BT1L ï Brittle1-ʧʦʜʦʙʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ. 

ʌʝʨʤʝʥʪʳ: SUS ï ʩʘʭʘʨʦʟʦʩʠʥʪʘʟʘ, Inv ï ʠʥʚʝʨʪʘʟʘ, FK ï ʬʨʫʢʪʦʢʠʥʘʟʘ, HK ï 

ʛʝʢʩʦʢʠʥʘʟʘ, PGI ï ʬʦʩʬʦʛʣʶʢʦʠʟʦʤʝʨʘʟʘ, UDPase ï ʋɼʌ-ʛʣʶʢʦʟʦʧʠʨʦʬʦʩʬʦʨʠʣʘʟʘ, 

PGM ï ʬʦʩʬʦʛʣʶʢʦʤʫʪʘʟʘ, ATP ï ʘʜʝʥʦʟʠʪ-ʪʨʠ-ʬʦʩʬʘʪ, AGPase ï ɸɼʌ-

ʛʣʶʢʦʟʦʧʠʨʦʬʦʩʬʦʨʠʣʘʟʘ, GBSS ï ʛʨʘʥʫʣʦʩʚʷʟʘʥʥʘʷ ʢʨʘʭʤʘʣʩʠʥʪʘʟʘ, SS ï 

ʢʨʘʭʤʘʣʩʠʥʪʘʟʘ, SBE ï ʢʨʘʭʤʘʣʚʝʪʚʷʱʠʡ ʬʝʨʤʝʥʪ, ISA ï ʠʟʦʘʤʠʣʘʟʘ, PHO ï Ŭ-

ʛʣʠʢʘʥʬʦʩʬʦʨʠʣʘʟʘ (ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ Bahaji et al., 2014, ʉʝʨʛʝʝʚʘ ʠ ʜʨ., 2022) .  
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ʇʝʨʝʥʦʩ G1P ʠ G6P ʚ ʘʤʠʣʦʧʣʘʩʪ ʦʩʫʱʝʩʪʚʣʷʶʪ ʙʝʣʢʠ GPT1 ʠ GPT2 - ʩʧʝʮʠʘʣʴʥʳʝ 

ʪʨʘʥʩʣʦʢʘʪʦʨ rʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʘ (ʨʠʩ. 1). ʊʘʢ ʢʘʢ ʙʠʦʩʠʥʪʝʟ ʢʨʘʭʤʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ɸʊʌ, 

ʪʦ ʚʘʞʥʫʶ ʨʦʣʴ ʪʘʢʞʝ ʠʛʨʘʶʪ ʝʛʦ ʙʝʣʢʠ-ʪʨʘʥʩʣʦʢʘʪʦʨʳ NTT1 ʠ NTT2 (Tjaden et al., 1998; 

Andersson et al., 2018). ʊʘʢʞʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʫʪʠ ʠʤʧʦʨʪʘ ʛʝʢʩʦʟʳ ʚ ʘʤʠʣʦʧʣʘʩʪʳ 

ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ, ʚʢʣʶʯʘʶʱʝʤ ʧʨʷʤʦʡ ʪʨʘʥʩʧʦʨʪ (G1P), ʘʥʘʣʦʛʠʯʥʦ ʪʘʢʦʚʦʤʫ ʫ 

Arabidopsis thaliana L., ʭʦʪʷ ʢʦʥʢʨʝʪʥʳʡ ʙʝʣʦʢ-ʧʝʨʝʥʦʩʯʠʢ ʚ ʩʣʫʯʘʝ  

S. tuberosum ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʥʝ ʙʳʣ (Malinova et al., 2020).  

ʇʝʨʚʦʡ ʨʝʘʢʮʠʝʡ ʙʠʦʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ ʚ ʘʤʠʣʦʧʣʘʩʪʝ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʬʝʨʤʝʥʪʦʤ ɸɼʌ-ʛʣʶʢʦʟʦʧʠʨʦʬʦʩʬʦʨʠʣʘʟʦʡ (AGPase) ʠʟ ʛʣʶʢʦʟʦ-1-ʬʦʩʬʘʪʘ ʠ ɸʊʌ 

ɸɼʌ-ʛʣʶʢʦʟʳ (ADP-Glc) (Ball and Morell, 2003). ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʠʨʦʬʦʩʬʘʪ PPi 

ʨʘʩʱʝʧʣʷʝʪʩʷ ʧʠʨʦʬʦʩʬʘʪʘʟʦʡ (PPase), ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʢʨʘʭʤʘʣʘ 

ʚ ʢʣʫʙʥʷʭ (George et al., 2010). 

ʉʠʥʪʝʟ ʮʝʧʝʡ ʘʤʠʣʦʟʳ ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ. ɺ ʩʠʥʪʝʟʝ ʢʨʘʭʤʘʣʴʥʳʭ ʮʝʧʝʡ ʫʯʘʩʪʚʫʶʪ 

ʢʨʘʭʤʘʣʩʠʥʪʘʟʳ (SSs), ʢʨʘʭʤʘʣʚʝʪʚʷʱʠʝ (SBEs) ʠ ʢʨʘʭʤʘʣ ʜʝʚʝʪʚʷʱʠʝ ʬʝʨʤʝʥʪʳ (SDBEs) 

(ʉʝʨʛʝʝʚʘ ʠ ʜʨ., 2022). ɼʘʥʥʳʝ ʙʝʣʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ 

ʠʟʦʬʦʨʤʘʤʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʠʣʠ ʩʭʦʜʥʳʤʠ ʬʫʥʢʮʠʷʤʠ (Pfister and Zeeman, 2016). 

ʋʜʣʠʥʝʥʠʝ ʢʨʘʭʤʘʣʴʥʳʭ ʮʝʧʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʦʚ 

ʢʨʘʭʤʘʣʩʠʥʪʘʟ SSs, ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪʩʷ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʰʝʩʪʴʶ ʢʣʘʩʩʘʤʠ 

ʛʦʤʦʣʦʛʠʯʥʳʭ ʛʝʥʦʚ (SS1-6). ʉʘʭʘʨʦʟʦʩʠʥʪʘʟʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ, ʠʩʭʦʜʷ ʠʟ ʠʭ 

ʬʫʥʢʮʠʡ ʚ ʩʠʥʪʝʟʝ ʢʨʘʭʤʘʣʴʥʳʭ ʮʝʧʝʡ. ɻʨʘʥʫʣʦ ʩʚʷʟʘʥʥʳʝ ʢʨʘʭʤʘʣʩʠʥʪʘʟʳ GBSS 

ʢʘʪʘʣʠʟʠʨʫʶʪ ʩʠʥʪʝʟ ʜʣʠʥʥʳʭ ʮʝʧʝʡ ʘʤʠʣʦʟʳ, ʘ ʩʠʥʪʝʟ ʢʦʨʦʪʢʠʭ ʮʝʧʝʡ ʘʤʠʣʦʧʝʢʪʠʥʘ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʨʘʭʤʘʣʩʠʥʪʘʟʳ SS (soluble starch synthases) (Pfister and Zeeman, 2016, 

ʉʝʨʛʝʝʚʘ ʠ ʜʨ., 2022). ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʢʨʘʭʤʘʣʩʠʥʪʘʟʳ ʠʩʧʦʣʴʟʫʶʪ ADP-Glc, 

ʧʨʦʜʫʮʠʨʫʝʤʳʡ AGPase, ʠ ʢʘʪʘʣʠʟʠʨʫʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʛʣʠʢʦʟʠʜʥʳʭ ʩʚʷʟʝʡ ʧʫʪʝʤ 

ʧʝʨʝʥʦʩʘ ʛʣʶʢʦʟʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ADP-Glc ʥʘ ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʢʦʥʝʮ ʩʫʱʝʩʪʚʫʶʱʝʡ 

Ŭī1,4-ʛʣʶʢʘʥʦʚʦʡ ʮʝʧʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʥʝ ʩʦʚʩʝʤ ʧʦʥʷʪʝʥ ʤʝʭʘʥʠʟʤ ʠʥʠʮʠʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʨʘʭʤʘʣʴʥʦʡ ʛʨʘʥʫʣʳ, ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʦʡ ʨʦʩʪʘ ʷʚʣʷʶʪʩʷ ʤʘʣʴʪʦʦʣʠʛʦʩʘʭʘʨʠʜʳ, ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʘʭʤʘʣʴʥʦʡ ʛʨʘʥʫʣʳ ʢʘʪʘʣʠʟʠʨʫʶʪʩʷ ʨʘʩʪʚʦʨʠʤʳʤʠ SS (SS4, SS5, SS6) 

(M®rida and Fettke, 2021). ɺ ʫʜʣʠʥʝʥʠʠ ʮʝʧʝʡ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʬʝʨʤʝʥʪʳ 

SS1, SS2 ʠ SS3 (Pfister and Zeeman, 2016). ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ADP-Glc, SS-ʙʝʣʢʘʤʠ ʠ ʨʘʩʪʫʱʝʡ ʢʨʘʭʤʘʣʴʥʦʡ ʛʨʘʥʫʣʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 
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ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʙʝʣʢʦʚ PTST1 ʠ PTST2, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʜʣʷ 

ʘʨʘʙʠʜʦʧʩʠʩʘ, ʪʘʢʞʝ ʚʦʚʣʝʯʝʥʳ ʚ ʠʥʠʮʠʘʮʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʫʣ (Seung et al., 2017). 

ʇʦʩʢʦʣʴʢʫ ʢʨʘʭʤʘʣʩʠʥʪʘʟʳ SS ʥʝʧʨʝʨʳʚʥʦ ʫʜʣʠʥʷʶʪ ʮʝʧʠ ʘʤʠʣʦʟʳ ʠ 

ʘʤʠʣʦʧʝʢʪʠʥʘ, ʜʨʫʛʘʷ ʛʨʫʧʧʘ ï ʢʨʘʭʤʘʣʚʝʪʚʷʱʠʝ ʬʝʨʤʝʥʪʳ SBE ʛʠʜʨʦʣʠʟʫʶʪ Ŭ-1,4-

ʛʣʠʢʦʟʠʜʥʳʝ ʩʚʷʟʠ, ʦʙʨʘʟʫʝʤʳʝ ʙʝʣʢʘʤʠ SS ʠ ʚʚʦʜʷʪ ʙʦʢʦʚʳʝ ʦʪʚʝʪʚʣʝʥʠʷ, ʧʦʚʳʰʘʶʱʠʝ 

ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʴ ʢʨʘʭʤʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ. SBE3 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʥʪʝʟʠʨʫʝʪ ʜʣʠʥʥʳʝ 

ʙʦʢʦʚʳʝ ʮʝʧʠ ʘʤʠʣʦʧʝʢʪʠʥʘ, ʘ SBE2 ï ʢʦʨʦʪʢʠʝ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʣʦʞʥʦʡ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʣʠʥʝʡʥʦʡ (Tetlow and Bertoft, 2020). 

ʈʘʟʚʝʪʚʣʝʥʠʝ ʠ ʦʢʦʥʯʘʥʠʝ ʩʦʟʨʝʚʘʥʠʷ ʢʨʘʭʤʘʣʴʥʦʡ ʛʨʘʥʫʣʳ. ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʚ 

ʦʩʪʘʥʦʚʢʝ ʩʠʥʪʝʟʘ ʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʛʣʶʢʘʥʦʚ ʘʤʠʣʦʟʳ ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ ʚ ʬʦʨʤʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʕʪʦʪ ʵʪʘʧ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʙʝʣʢʦʚ ʙʠʦʩʠʥʪʝʟʘ 

ʢʨʘʭʤʘʣʘ ï ʢʨʘʭʤʘʣ ʜʝʚʝʪʚʷʱʠʭ ʬʝʨʤʝʥʪʦʚ DBE (=SDBE) (Pfister and Zeeman, 2016).  

ʂʨʘʭʤʘʣ ʜʝʚʝʪʚʷʱʠʝ ʬʝʨʤʝʥʪʳ ISAs ʢʘʪʘʣʠʟʠʨʫʶʪ ʛʠʜʨʦʣʠʟ Ŭ-1,6-ʛʣʠʢʦʟʠʜʥʳʭ 

ʩʚʷʟʝʡ ʘʤʠʣʦʧʝʢʪʠʥʘ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʤʘʶʪ ʠʟʙʳʪʦʯʥʦʝ ʚʝʪʚʣʝʥʠʝ ʢʨʘʭʤʘʣʴʥʦʡ ʛʨʘʥʫʣʳ. ʋ 

S. tuberosum ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʠʟʦʬʦʨʤ StISA1, StISA2, StISA3, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʝʪʝʨʦʤʫʣʴʪʠʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʫʩʢʦʨʷʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʘʤʠʣʦʧʝʢʪʠʥʘ (Hussain et al., 2003).  

ɼʦ ʢʦʥʮʘ ʨʦʣʴ DBE ʬʝʨʤʝʥʪʦʚ (ʢ ʢʦʪʦʨʳʤ ʧʦʤʠʤʦ ʠʟʦʘʤʠʣʘʟ ʦʪʥʦʩʷʪ ʠ ʧʫʣʣʠʥʘʟʳ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʘʩʧʘʜʝ ʢʨʘʭʤʘʣʘ) ʥʝ ʦʧʨʝʜʝʣʝʥʘ. ɺ ʙʠʦʩʠʥʪʝʟʝ ʘʤʠʣʦʧʝʢʪʠʥʘ ʫʯʘʩʪʚʫʶʪ 

ʜʚʘ ʪʠʧʘ DBE - ʠʟʦʘʤʠʣʘʟʘ (ISA) ʠ ʧʫʣʣʫʣʘʥʘʟʘ (PUL). ʇʦʜʘʚʣʝʥʠʝ ʢ ʘʢʪʠʚʥʦʩʪʠ ISA 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʣʴʥʦ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʘʤʠʣʦʧʝʢʪʠʥʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ 

ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʡ ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʘʚʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʤʠʣʦʧʝʢʪʠʥʘ ʠ 

ʢʨʘʭʤʘʣʴʥʦʡ ʛʨʘʥʫʣʳ (Bustos et al., 2004). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ PUL ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʜʘʣʝʥʠʷ ʥʝʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʝʪʚʝʡ ʘʤʠʣʦʧʝʢʪʠʥʘ. ɺ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʦʜʯʝʨʢʠʚʘʣʘʩʴ ʚʘʞʥʦʩʪʴ PUL ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʣʦʧʝʢʪʠʥʘ ʧʫʪʝʤ 

ʨʘʟʚʝʪʚʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʣʦʟʳ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ (Thakur et al., 2021; Castellanos et al., 2023). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ DBE 

ʫʯʘʩʪʚʫʶʪ ʚ ʩʠʥʪʝʟʝ ʢʨʘʭʤʘʣʘ, ʚʳʧʦʣʥʷʷ "ʦʯʠʱʘʶʱʫʶ" ʨʦʣʴ, ʫʙʠʨʘʷ ʠʟ ʩʪʨʦʤʳ 

ʨʘʩʪʚʦʨʠʤʳʡ ʛʣʶʢʘʥ, ʢʦʪʦʨʳʡ ʥʝ ʧʨʠʢʨʝʧʣʝʥ ʢ ʛʨʘʥʫʣʝ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʦʩʪʴ DBE ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʫʜʘʣʝʥʠʝʤ ʥʝʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʪʚʝʪʚʣʝʥʠʡ ʘʤʠʣʦʧʝʢʪʠʥʘ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʫʱʠʭ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʨʘʥʫʣʳ (Tetlow et al., 2004; Castellanos et al., 2023).  

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʨʘʭʤʘʣʘ. ʂʨʘʭʤʘʣʬʦʩʬʦʨʠʣʘʟʳ (Ŭ-ʛʣʠʢʘʥ ʬʦʩʬʦʨʠʣʘʟʳ) 

ʢʘʪʘʣʠʟʠʨʫʶʪ ʧʝʨʝʥʦʩ ʛʣʶʢʦʟʠʣʴʥʳʭ ʟʚʝʥʴʝʚ ʩ Glc-1-P ʥʘ ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʢʦʥʝʮ Ŭ-
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1,4-ʩʚʷʟʘʥʥʳʭ ʛʣʠʢʘʥʦʚʳʭ ʮʝʧʝʡ (Pfister and Zeeman, 2016). ʅʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ 

(ʙʠʦʩʠʥʪʝʟ ʠʣʠ ʬʦʩʬʦʨʦʣʠʟ) ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʫʙʩʪʨʘʪʦʚ ʠ 

ʧʨʦʜʫʢʪʦʚ ʚ ʢʦʥʢʨʝʪʥʦʤ ʢʣʝʪʦʯʥʦʤ ʢʦʤʧʘʨʪʤʝʥʪʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 

ʜʚʘ ʪʠʧʘ ʢʨʘʭʤʘʣʬʦʩʬʦʨʠʣʘʟ ʨʘʩʪʝʥʠʡ: PHO1 ʠ PHO2, ʢʦʪʦʨʳʝ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʧʣʘʩʪʠʜʝ 

ʠ ʮʠʪʦʟʦʣʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʣʴʢʦ PHO1 

ʫʯʘʩʪʚʫʝʪ ʚ ʥʘʢʦʧʣʝʥʠʠ ʢʨʘʭʤʘʣʘ ʚ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʘʭ ʤʥʦʛʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʧʫʪʝʤ 

ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʧʘʩʦʚ ʧʣʘʩʪʠʜʠʘʣʴʥʦʛʦ ʤʘʣʴʪʦʜʝʢʩʪʨʠʥʘ (Nakamura et., 2017, Merida and 

Fettke, 2021; Shoaib et al., 2021). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ PHS1, ʛʦʤʦʣʦʛ Pho1, 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʦʩʥʦʚʥʦʛʦ ʥʘʙʦʨʘ ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʘʭʤʘʣʴʥʳʭ 

ʛʨʘʥʫʣ (Merida and Fettke, 2021). ʇʦʢʘʟʘʥʦ, ʯʪʦ PHO1 ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ SS ʠ SBE ʙʝʣʢʘʤʠ, ʪʝʤ ʩʘʤʳʤ ʚʣʠʷʷ ʥʘ ʩʠʥʪʝʟ ʢʨʘʭʤʘʣʘ ʚ ʵʥʜʦʩʧʝʨʤʝ ʟʝʨʥʘ 

ʥʝʢʦʪʦʨʳʭ ʟʣʘʢʦʚ (Tetlow et al., 2008; Nakamura et., 2017). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ PHO1 ʜʝʡʩʪʚʫʝʪ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʫʣ, ʛʜʝ ʦʥ ʬʦʩʬʦʨʦʣʠʪʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʢʨʘʭʤʘʣʘ (Tetlow et 

al., 2004; Jeon et al., 2010). ʄʫʪʘʥʪʳ ʨʠʩʘ Oriza sativa L. pho1 ʠʤʝʣʠ ʟʝʨʥʘ ʩʦ ʩʤʦʨʱʝʥʥʳʤ 

ʵʥʜʦʩʧʝʨʤʦʤ ʠ ʙʝʣʝʩʦʡ ʩʝʨʜʮʝʚʠʥʦʡ ʠʟ-ʟʘ ʙʦʣʝʝ ʤʝʣʢʠʭ ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʜʦʣʶ ʢʦʨʦʪʢʠʭ ʮʝʧʝʡ ʛʣʶʢʘʥʘ (Jeon et al., 2010). ʊʘʢʞʝ ʧʦʢʘʟʘʥʘ ʨʦʣʴ PHO1 ʚ ʢʣʫʙʥʷʭ 

ʙʘʪʘʪʘ ʠ ʢʘʨʪʦʬʝʣʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ (Fettke et al., 2012). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʚʳʩʦʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ PHO1 ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʦʩʬʦʨʠʣʘʟʥʳʡ 

ʧʫʪʴ ʙʠʦʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ (Fettke et al., 2012; Slugina et al., 2020; Merida and Fettke, 2021). 

1.1.2. ɼʝʛʨʘʜʘʮʠʷ ʢʨʘʭʤʘʣʘ. 

ʈʘʟʣʦʞʝʥʠʝ ʢʨʘʭʤʘʣʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʦʙʱʝʛʦ ʧʨʦʮʝʩʩʘ ʤʝʪʘʙʦʣʠʟʤʘ ʢʨʘʭʤʘʣʘ, 

ʢʦʪʦʨʳʡ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʩʝʭ ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʠʭ ʧʣʘʩʪʠʜʘʭ. ɼʝʛʨʘʜʘʮʠʷ 

ʢʨʘʭʤʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʪʝʥʠʝ ʫʛʣʝʚʦʜʘʤʠ ʠ ʵʥʝʨʛʠʝʡ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʝʛʦ ʨʦʩʪʘ ʠ 

ʨʘʟʚʠʪʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʣʫʯʘʝ ʢʨʘʭʤʘʣʘ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʝʤʝʥʘ 

ʠʣʠ ʢʣʫʙʥʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʪʝʥʠʷ ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʜʝʛʨʘʜʘʮʠʠ 

ʢʨʘʭʤʘʣʘ ʠʤʝʶʪ ʩʥʠʞʝʥʥʳʝ ʪʝʤʧʳ ʨʦʩʪʘ (Smith et al., 2005). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʧʨʦʮʝʩʩʦʤ 

ʙʠʦʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ, ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ ʠʟʚʝʩʪʥʳ, ʥʦ ʜʝʪʘʣʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ.  

ɺʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ ʚ ʘʤʠʣʦʧʣʘʩʪʘʭ: ʠʥʠʮʠʘʮʠʷ 

ʨʘʟʣʦʞʝʥʠʷ ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʘʤʠʣʦʧʝʢʪʠʥʘ ʜʦ ʢʦʨʦʪʢʠʭ ʣʠʥʝʡʥʳʭ ʤʘʣʴʪʦ-ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʩʱʝʧʣʷʶʪʩʷ ʟʘʪʝʤ ʜʦ ʤʦʥʦʩʘʭʘʨʠʜʦʚ ʤʘʣʴʪʦʟʳ, ʛʣʶʢʦʟʳ ʠ ʤʘʣʴʪʦʪʨʠʦʟʳ.  
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ʆʩʥʦʚʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ʢʨʘʭʤʘʣʴʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʚ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʘʭ ʷʚʣʷʶʪʩʷ 

ʘʤʠʣʘʟʳ, ʢʨʘʭʤʘʣ ʬʦʩʬʦʨʠʣʘʟʳ Pho, ʛʣʠʢʘʥ-ʚʦʜʥʳʝ ʜʠʢʠʥʘʟʳ GWD/PWD, 

ʬʦʩʬʦʛʣʠʢʘʥʬʦʩʬʘʪʘʟʳ (LSF, SEX) (Smith et al., 2005; Streb and Zeeman, 2012; ʉʝʨʛʝʝʚʘ ʠ 

ʜʨ., 2022) (ʨʠʩ. 2).  

ʇʦʩʢʦʣʴʢʫ ʘʤʠʣʘʟʳ, ʦʩʥʦʚʥʳʝ ʬʝʨʤʝʥʪʳ, ʨʘʩʱʝʧʣʷʶʱʠʡ ʢʨʘʭʤʘʣ, ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ, ʠʥʠʮʠʘʮʠʷ ʨʘʩʧʘʜʘ ʢʨʘʭʤʘʣʘ ʟʘʪʨʫʜʥʝʥʘ. ʇʦʵʪʦʤʫ ʠʥʠʮʠʘʮʠʷ 

ʜʝʛʨʘʜʘʮʠʠ ʛʨʘʥʫʣ ʥʘʯʠʥʘʝʪʩʷ ʩ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʛʣʶʢʦʟʥʳʭ ʦʩʪʘʪʢʦʚ ʘʤʠʣʦʟʥʳʭ ʠ 

ʘʤʠʣʦʧʝʢʪʠʥʦʚʳʭ ʮʝʧʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʨʘʭʤʘʣʴʥʘʷ ʛʨʘʥʫʣʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʳʭʣʦʡ 

ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʡ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ, ʜʝʣʘʷ ʠʭ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʘʤʠʣʘʟ. 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʛʠʜʨʦʣʠʟʘ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ.  

Glc ï ʛʣʶʢʦʟʘ, G1P ï ʛʣʶʢʦʟʦ-1-ʬʦʩʬʘʪ, AMY ï Ŭ-ʘʤʠʣʘʟʘ, BAM ï ɓ-ʘʤʠʣʘʟʘ, AI ï 

ʠʥʛʠʙʠʪʦʨ ʘʤʠʣʘʟ, GWD/PWD ï ʛʣʠʢʘʥ-ʚʦʜʥʳʝ ʜʠʢʠʥʘʟ,r SEX/LSF ï 

ʬʦʩʬʦʛʣʠʢʘʥʬʦʩʬʘʪʘʟʳ, ISA ï ʠʟʦʘʤʠʣʘʟʘ, DPE ï 4-Ŭ-ʛʣʠʢʘʥʦʪʨʘʥʩʬʝʨʘʟʘ, MEX ï 

ʤʘʣʴʪʦʟʦ- ʠ GlcT ï ʛʣʶʢʦʟʦʪʨʘʥʩʧʦʨʪʝʨ.r 

 

 ɻʠʜʨʦʣʠʟ ʛʨʘʥʫʣʳ ʥʘʯʠʥʘʶʪ ʚʦʜʥʳʝ ʜʠʢʠʥʘʟʳ GWD ʠ PWD ʧʫʪʝʤ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʧʦ C6- ʠ C3-ʧʦʣʦʞʝʥʠʷʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʣʶʢʘʥʦʚ, ʧʝʨʝʚʦʜʷ ʠʭ ʚ 

ʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ. ʕʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʢʨʘʭʤʘʣ ʛʠʜʨʦʣʘʟ, ʧʨʝʞʜʝ ʚʩʝʛʦ ɓ-

ʘʤʠʣʘʟ (ɺɸʄ). ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʛʣʶʢʘʥʦʚ ʛʨʘʥʫʣʳ ʩ ʧʦʤʦʱʴʶ GWD ʧʦʚʳʰʘʝʪ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ BAM-ʙʝʣʢʦʚ 

(Monroe, 2020). ɼʨʫʛʘʷ ʜʠʢʠʥʘʟʘ, ʬʦʩʬʦʛʣʠʢʘʥ-ʚʦʜʥʘʷ ʜʠʢʠʥʘʟʘ PWD, ʬʦʩʬʦʨʠʣʠʨʫʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʉ3-ʧʦʟʠʮʠʠ ʛʣʶʢʦʟʠʣʴʥʦʛʦ ʟʚʝʥʘ ʚ ʘʤʠʣʦʧʝʢʪʠʥʝ. ɸʥʘʣʦʛʠʯʥʦ ʙʳʣʦ 
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ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ StGWD ʢʘʨʪʦʬʝʣʷ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʛʣʘʚʝʥʩʪʚʫʶʱʝʡ ʨʦʣʠ ʠʤʝʥʥʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʙʝʣʢʦʤ GWD ʚ ʨʘʩʧʘʜʝ ʢʨʘʭʤʘʣʘ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʢʣʫʙʥʷʭ ʠ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ (Orzechowski et al., 2021; Li et al., 2024). 

ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ 

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʮʝʧʝʡ. ʇʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʜʠʢʠʥʘʟʘʤʠ GWD ʠ PWD, ʧʨʝʦʙʨʘʟʫʶʱʠʤʠ 

ʩʪʨʫʢʪʫʨʫ ʘʤʠʣʦʧʝʢʪʠʥʘ ʠ ʘʤʠʣʦʟʳ, ʘʤʠʣʘʟʳ ʢʘʪʘʣʠʟʠʨʫʶʪ ʠʭ ʨʘʩʧʘʜ ʜʦ ʣʠʥʝʡʥʳʭ 

ʤʘʣʴʪʦʦʣʠʛʦʩʘʭʘʨʠʜʦʚ. ʍʦʪʷ ʢʨʘʭʤʘʣ ʤʦʞʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʜʚʫʤʷ ʧʫʪʷʤʠ ð 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʤ ʠ ʬʦʩʬʦʨʦʣʠʪʠʯʝʩʢʠʤ, ʜʦʤʠʥʠʨʫʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʩʯʠʪʘʝʪʩʷ 

ʛʠʜʨʦʣʠʟ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʬʝʨʤʝʥʪʘʤʠ ʘʤʠʣʘʟʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Zeeman et al., 2010). 

ɸʤʠʣʘʟʳ ʷʚʣʷʶʪʩʷ 1,4-Ŭ-D-ʛʣʶʢʘʥʦʛʠʜʨʦʣʘʟʘʤʠ ʠ ʛʠʜʨʦʣʠʟʫʶʪ ʢʨʘʭʤʘʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʘʣʴʪʦʦʣʠʛʦʩʘʭʘʨʦʚ (ʛʣʶʢʦʟʘ, ʤʘʣʴʪʦʟʘ, ʜʝʢʩʪʨʠʥ). ɺʳʜʝʣʷʶʪ ʵʢʟʦ- (ɓ-) ʠ ʵʥʜʦ- (Ŭ-) 

ʘʤʠʣʘʟʳ. ʕʢʟʦʘʤʠʣʘʟʳ ʛʠʜʨʦʣʠʟʫʶʪ ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʢʦʥʝʮ ʢʨʘʭʤʘʣʴʥʦʡ ʮʝʧʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʵʥʜʦʘʤʠʣʘʟʳ ʛʠʜʨʦʣʠʟʫʶʪ ʛʣʠʢʦʟʠʜʥʳʝ ʩʚʷʟʠ ʚʥʫʪʨʠ ʤʦʣʝʢʫʣʳ ʢʨʘʭʤʘʣʘ 

(Kamon et al., 2015). Ŭ ï ʘʤʠʣʘʟʳ (AMY) ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʥʘ ʘʤʠʣʦʟʫ, ʪʘʢ ʠ ʥʘ ʘʤʠʣʦʧʝʢʪʠʥ ʠ 

ʧʨʦʠʟʚʦʣʴʥʦ ʦʪʩʝʢʘʶʪ Ŭ-1,4-ʮʝʧʴ ʚʥʫʪʨʠ ʩʘʭʘʨʥʦʡ ʮʝʧʠ ʙʝʟ ʨʘʟʣʠʯʠʷ ʩʫʙʩʪʨʘʪʘ.  

ɓ-ʘʤʠʣʘʟʳ ʧʨʠʚʦʜʷʪ ʢ ʛʠʜʨʦʣʠʟʫ Ŭ-1,4-ʟʚʝʥʘ ʢʨʘʭʤʘʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʨʷʜʦʤ ʩ 

ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʤ ʢʦʥʮʦʤ Ŭ-ʛʣʶʢʘʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʧʨʦʜʫʢʪʦʤ ʛʠʜʨʦʣʠʟʘ ʷʚʣʷʝʪʩʷ ʤʘʣʴʪʦʟʘ. ʆʙʘ ʬʝʨʤʝʥʪʘ ʥʝ ʤʦʛʫʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ Ŭ-1,6 ʮʝʧʠ (Yu et al., 2005; Derde et al., 2012). ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʦʤʦʚ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ Ŭ- ʠ ɓ-ʘʤʠʣʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʠʟʦʬʦʨʤ, ʚʢʣʶʯʘʶʱʠʭ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʝ ʛʝʥʳ ʩ ʛʠʜʨʦʣʘʟʥʦʡ 

ʬʫʥʢʮʠʝʡ, ʪʘʢ ʠ ʨʝʛʫʣʷʪʦʨʥʳʝ ʛʝʥʳ (Duan et al., 2013; Vatansever et al., 2016; Van 

Harsselaar et al., 2017; Yue et al., 2019; Yang et al., 2023). ʊʘʢ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʝʣʢʠ AMY3 

ʤʦʛʫʪ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʨʘʩʱʝʧʣʝʥʠʝ ʚʩʝʭ ʬʦʨʤ ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʣʘʩʪʠʜʘʤʠ ʢʨʘʭʤʘʣʘ, 

ʢʘʢ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ, ʪʘʢ ʠ ʚ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʘʭ. AMY2 (AMY23 ʫ S. tuberosum), 

ʚʦʟʤʦʞʥʦ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʛʠʜʨʦʣʠʟʦʤ ʢʨʘʭʤʘʣʘ ʚ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʘʭ ʚ ʦʪʚʝʪ ʥʘ 

ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ AMY1 ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʩʱʝʧʣʝʥʠʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʢʨʘʭʤʘʣʘ (Stanley 

et al., 2002; Hou et al., 2017). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ AMY3, ʢʘʢ ʵʥʜʦʘʤʠʣʘʟʘ, ʤʦʞʝʪ 

ʨʘʩʱʝʧʣʷʪʴ ʢʨʘʭʤʘʣʴʥʳʝ ʮʝʧʠ ʚʥʫʪʨʠ ʪʦʯʝʢ ʨʘʟʚʝʪʚʣʝʥʠʷ, ʚʳʩʚʦʙʦʞʜʘʷ ʨʷʜ ʣʠʥʝʡʥʳʭ ʠ 

ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʤʘʣʴʪʦʦʣʠʛʦʩʘʭʘʨʠʜʦʚ (Streb and Zeeman, 2012; Seung et al., 2013). 

ɺɸʄ-ʙʝʣʢʠ ʠʟʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʛʠʜʨʦʣʠʟʝ ʢʨʘʭʤʘʣʘ ʫʯʘʩʪʚʫʶʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʬʝʨʤʝʥʪ rBAM1 ʠ BAM3 (Fulton et al., 

2008). ɼʣʷ ʙʝʣʢʦʚ BAM1 ʠ ɺɸʄ9 (BAM4) ʧʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ ʚ ʛʠʜʨʦʣʠʟʝ ʢʨʘʭʤʘʣʘ 
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ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ (Hou et al., 2017; Monroe and Storm, 2018; 

Thalmann et al., 2019).  

ʊʦʯʢʠ ʨʘʟʚʝʪʚʣʝʥʠʷ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʢʨʘʭʤʘʣ-ʜʝʚʝʪʚʷʱʠʤʠ ʬʝʨʤʝʥʪʘʤʠ ISA3 ʠ 

ʣʠʤʠʪʠʨʫʶʱʝʡ ʜʝʢʩʪʨʠʥʘʟʦʡ LDA, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʜʘʣʷʶʱʠʤʠ ʚʥʝʰʥʠʝ ʮʝʧʠ 

ʘʤʠʣʦʧʝʢʪʠʥʘ, ʨʘʥʝʝ ʫʢʦʨʦʯʝʥʥʳʝ BAM (Hussain et al., 2003; Takashima et al., 2007). 

 ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʝʤ ʢʘʢ ʢʘʨʪʦʬʝʣʴʥʘʷ ʛʨʘʥʫʣʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʠʜʨʦʣʠʟʫ ʘʤʠʣʘʟʘʤʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʜʦʩʪʫʧ ʢ ʚʥʫʪʨʝʥʥʠʤ ʯʘʩʪʷʤ ʛʨʘʥʫʣʳ, 

ʫʚʝʣʠʯʠʚʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʶʪ ʬʦʩʬʦʛʣʠʢʘʥʬʦʩʬʘʪʘʟʘʤʠ ʜʚʫʭ 

ʪʠʧʦʚ: SEX4 (Starch Excess) ʠ LSF2 (LIKE SEX FOUR2), ʛʜʝ SEX4 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʛʠʜʨʦʣʠʟʫʝʪ C6-ʬʦʩʬʘʪ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ LSF2 ʦʙʣʘʜʘʝʪ ʩʪʨʦʛʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ C3-ʬʦʩʬʘʪʫ (Santelia et al., 2011). ɺ ʩʣʫʯʘʝ ʢʘʨʪʦʬʝʣʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʛʝʥʦʚ StSEX4 ʠʣʠ StLSF2 ʫʤʝʥʴʰʘʣʦ ʛʠʜʨʦʣʠʟ ʢʨʘʭʤʘʣʘ ʚ ʣʠʩʪʴʷʭ 

ʪʨʘʥʩʛʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʥʦ ʥʝ ʠʟʤʝʥʷʣʦ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ, ʭʦʪʷ ʠ ʧʨʠʚʦʜʠʣʦ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ (Samodien et al., 2018). ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ LSF1, ʵʥʟʠʤʘʪʠʯʝʩʢʠ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʦʤʦʣʦʛ LSF2, ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʦʝʦʙʨʘʟʥʦʛʦ ʢʘʨʢʘʩʘ, ʧʦʤʦʛʘʷ ɓ-ʘʤʠʣʘʟʘʤ BAM ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʥʫʣ 

ʢʨʘʭʤʘʣʘ, ʚʦʟʤʦʞʥʦ, ʚ ʤʝʩʪʘʭ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʛʣʶʢʘʥʘ (Schreier et al., 2019). 

ʌʝʨʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʠ ʠ ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʠ ʛʣʶʢʘʥʘ, 

ʨʘʙʦʪʘʶʪ ʩʠʥʝʨʛʠʯʝʩʢʠ ʩ ʛʣʶʢʘʥʛʠʜʨʦʣʘʟʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ in vitro ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʝʛʨʘʜʘʮʠʷ ʢʨʘʭʤʘʣʘ ISA3 ʠ BAM3 ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ GWD, ʥʦ ʪʘʢʞʝ ʠ ʪʦ, ʯʪʦ 

ʘʢʪʠʚʥʦʩʪʴ GWD ʩʪʠʤʫʣʠʨʫʝʪʩʷ ɓ-ʘʤʠʣʦʣʠʟʦʤ (Edner et al., 2007). ʊʘʢʞʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

in vitro ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʮʠʢʣʘʭ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ/ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʛʣʶʢʘʥʘ SEX4 

ʫʩʠʣʠʚʘʝʪ ʜʝʛʨʘʜʘʮʠʶ ʢʨʘʭʤʘʣʘ ʬʝʨʤʝʥʪʘʤʠ ISA3 ʠ BAM3 (Kºtting et al., 2009). 

ʇʨʦʜʫʢʪʦʤ ʜʝʡʩʪʚʠʷ ʘʤʠʣʘʟ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʣʴʪʦʦʣʠʛʦʩʘʭʘʨʠʜʳ (ʄʆʉ) ʠ 

ʬʝʨʤʝʥʪ Ŭ-d-ʛʣʶʢʘʥʦʪʨʘʥʩʬʝʨʘʟʘ DPE1 (ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʶʱʠʡ ʬʝʨʤʝʥʪ). DPE1 

ʫʯʘʩʪʚʫʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʨʘʟʣʦʞʝʥʠʠ ʢʨʘʭʤʘʣʘ, ʧʝʨʝʥʦʩʷ ʤʘʣʴʪʦʟʥʳʝ ʟʚʝʥʴʷ ʦʪ 

ʦʜʥʦʛʦ 1,4-Ŭ-d-ʛʣʶʢʘʥʘ ʢ ʜʨʫʛʦʤʫ ʠ, ʠʟʤʝʥʷʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ ʄʆʉ ʧʦ ʨʘʟʤʝʨʘʤ, 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʦʟʜʘʝʪ ʧʦʜʭʦʜʷʱʠʝ ʩʫʙʩʪʨʘʪʳ ʜʣʷ ʜʨʫʛʠʭ ʬʝʨʤʝʥʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ 

ʢʨʘʭʤʘʣʘ. ʉʦʟʜʘʥʠʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣ MOʉ ʠʟ ʥʝʙʦʣʴʰʠʭ ʤʦʣʝʢʫʣ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʫʙʩʪʨʘʪʳ ʜʣʷ ʬʝʨʤʝʥʪʦʚ, ʨʘʟʨʫʰʘʶʱʠʭ ʢʨʘʭʤʘʣ, ʪʘʢʠʭ ʢʘʢ ʢʨʘʭʤʘʣʬʦʩʬʦʨʠʣʘʟʘ ʠ  

ɓ-ʘʤʠʣʘʟʘ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʣʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʤʦʣʝʢʫʣʳ MOʉ. ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ DPE1 ʚ ʨʘʩʪʝʥʠʷʭ ʪʨʘʥʩʛʝʥʥʦʛʦ ʢʘʨʪʦʬʝʣʷ ʟʘʤʝʪʥʦ 

ʥʝ ʠʟʤʝʥʷʝʪ ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ, ʦʜʥʘʢʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘʜʝʨʞʢʘ ʧʨʦʨʘʩʪʘʥʠʷ 

ʢʣʫʙʥʝʡ ʠ ʨʦʩʪʘ ʧʦʙʝʛʦʚ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢʨʘʭʤʘʣ ʚ ʪʘʢʠʭ ʨʘʩʪʝʥʠʷʭ 
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ʤʦʙʠʣʠʟʫʝʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʪʦʤ, ʯʪʦ ʬʝʨʤʝʥʪ 

DPE ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʨʘʩʱʝʧʣʝʥʠʠ ʢʨʘʭʤʘʣʘ (Takaha et al., 1998). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʘʪʢʦ ʜʝʛʨʘʜʘʮʠʶ ʢʨʘʭʤʘʣʘ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʘʤ: 

Ŭ-ʛʣʠʢʘʥ-ʚʦʜʥʘʷ ʜʠʢʠʥʘʟʘ GWD ʠ ʬʦʩʬʦʛʣʠʢʘʥ-ʚʦʜʥʘʷ ʜʠʢʠʥʘʟʘ PWD ʬʦʩʬʦʨʠʣʠʨʫʶʪ 

ʛʣʶʢʦʟʥʳʝ ʟʚʝʥʴʷ ʚ ʧʦʣʦʞʝʥʠʷʭ C6 ʠ C3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʣʶʙʠʣʠʟʠʨʫʶʪ 

ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʫʣ. BAM1 ʨʘʩʱʝʧʣʷʝʪ ʣʠʥʝʡʥʳʝ ʮʝʧʠ ʥʘ ʤʘʣʴʪʦʟʫ ʩ ʧʦʤʦʱʴʶ LSF1, 

ʢʦʪʦʨʳʡ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʢʨʝʧʣʝʥʠʶ ɓ-ʘʤʠʣʘʟ ʢ ʢʨʘʭʤʘʣʴʥʦʡ 

ʛʨʘʥʫʣʝ. ʈʘʩʱʝʧʣʝʥʠʝ ʢʦʨʦʪʢʠʭ ʮʝʧʝʡ, ʥʝ ʨʘʩʱʝʧʣʝʥʥʳʭ BAMs, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ISA3 ʠ 

LDA, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʦʩʬʘʪʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʜʝʡʩʪʚʠʶ BAM, 

ʫʜʘʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ LSF2 ʠ SEX4. AMY3 ʚʳʩʚʦʙʦʞʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʠ 

ʣʠʥʝʡʥʳʭ ʛʣʶʢʘʥʦʚ. ɺɸʄ9/BAM4 ʩʧʦʩʦʙʩʪʚʫʝʪ/ʨʝʛʫʣʠʨʫʝʪ ʧʨʦʮʝʩʩ ʨʘʩʧʘʜʘ ʩ ʧʦʤʦʱʴʶ 

ʧʦʢʘ ʥʝʠʟʚʝʩʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʨʠʩ. 2). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ ʚ ʘʤʠʣʦʧʣʘʩʪʘʭ ʢʣʝʪʢʘʭ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʦʚ 

ʦʙʨʘʟʫʶʪʩʷ ʤʘʣʴʪʦʟʘ, ʛʣʶʢʦʟʘ ʠ ʤʘʣʴʪʦʪʨʠʦʟʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʷ ʤʘʣʴʪʦʟʦʪʨʘʥʩʧʦʨʪʝʨʳ 

MEX ʠ ʛʣʶʢʦʟʦʪʨʘʥʩʧʦʨʪʝʨʳ GlcT, ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʮʠʪʦʟʦʣʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʝʥʠʝʤ, ʚ ʩʣʫʯʘʝ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʧʨʦʨʘʩʪʘʥʠʠ ʛʣʘʟʢʦʚ ʢʣʫʙʥʷ.  

1.2. ʂʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ: ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ. 

ʉʨʝʜʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʢʘʨʪʦʬʝʣʴ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ 

ʦʥ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴ ʥʝʦʙʳʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʭʤʘʣʘ, ʧʨʠʯʝʤ ʢʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ 

ʠʥʦʛʜʘ ʩʦʜʝʨʞʘʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʩʚʦʝʛʦ ʩʫʭʦʛʦ ʚʝʩʘ ʚ ʚʠʜʝ ʢʨʘʭʤʘʣʘ (Bertoft and Blennow, 

2016). ɺ ʮʝʣʦʤ, ʩʚʝʞʠʝ ʢʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ ʩʦʜʝʨʞʘʪ ʦʢʦʣʦ 20% ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, 60-80% 

ʠʟ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʢʨʘʭʤʘʣ (Bertoft and Blennow, 2016). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʨʪʦʬʝʣʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʠʩʪʦʯʥʠʢ ʢʨʘʭʤʘʣʘ, ʩʧʨʦʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʦʛʦ ʝʞʝʛʦʜʥʦ 

ʨʘʩʪʝʪ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʢ 2027 ʛʦʜʫ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ ʜʦʩʪʠʛʥʝʪ 

7,36 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ, ʘ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧ ʨʦʩʪʘ ʩʦʩʪʘʚʠʪ 4,17% (Markets, 2023).  

ɻʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ. ɻʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ ʢʘʨʪʦʬʝʣʷ ʨʘʟʣʠʯʥʳ ʧʦ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ. 

ʆʥʠ ʠʤʝʶʪ ʢʨʫʛʣʫʶ, ʦʚʘʣʴʥʫʶ, ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʠ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʢʫʢʫʨʫʟʘ, ʧʰʝʥʠʮʘ ʠ ʨʠʩ, 

ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʠʣʠ ʤʥʦʛʦʛʨʘʥʥʫʶ ʬʦʨʤʫ (Wang et al., 2016). 

ɻʨʘʥʫʣʳ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ ʢʨʫʧʥʝʝ ʛʨʘʥʫʣ ʟʝʨʥʦʚʦʛʦ ʢʨʘʭʤʘʣʘ ʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʨʘʟʤʝʨʦʚ (5-100 ʤʢʤ) (Neeraj et al., 2021). ʇʦʤʠʤʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʬʦʨʤ ʠ 

ʨʘʟʤʝʨʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʘ ʚʣʠʷʝʪ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ. 

ɻʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʧʦʣʠʤʝʨʦʚ ʛʣʶʢʘʥʘ: ʘʤʠʣʦʟʳ ʠ 
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ʘʤʠʣʦʧʝʢʪʠʥʘ. ʀʤʝʥʥʦ ʦʥʠ ʠ ʦʧʨʝʜʝʣʷʶʪ ʫʥʠʢʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʘ (ʨʠʩ. 3).  

 
ʈʠʩʫʥʦʢ 3 ï ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ (ʧʦ SzymoŒska et al., 2009; 

Seung and Smith, 2019; Diaz-Baca and Fatehi, 2024). ʅʘ ʢʘʨʪʠʥʢʘʭ ʩʧʨʘʚʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. 

ɸʤʠʣʦʟʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʣʠʥʝʡʥʳʭ ʮʝʧʦʯʝʢ Ŭ-1,4-ʩʚʷʟʘʥʥʳʭ ʛʣʶʢʦʟʥʳʭ 

ʟʚʝʥʴʝʚ ʩ ʥʝʢʦʪʦʨʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʦʪʚʝʪʚʣʝʥʠʷʤʠ. ɸʤʠʣʦʧʝʢʪʠʥ ʩʦʜʝʨʞʠʪ Ŭ-1,4-

ʩʚʷʟʘʥʥʳʝ ʛʣʶʢʦʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʢʘʢ ʧʨʦʪʷʞʝʥʥʳʝ ʮʝʧʠ, ʪʘʢ ʠ ʩʠʣʴʥʦ 

ʨʘʟʚʝʪʚʣʝʥʥʳʝ Ŭ-1,6-ʩʚʷʟʠ (Zeeman et al., 2010). ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʨʘʭʤʘʣʘ ʚ ʮʝʣʦʤ 

ʷʚʣʷʝʪʩʷ ʘʤʠʣʦʧʝʢʪʠʥ (70-80% ʧʦ ʤʘʩʩʝ) (Noda et al., 2005). ʅʘ ʨʘʟʚʝʪʚʣʝʥʥʳʝ Ŭ-(1,6)ʩʚʷʟʠ 

ʧʨʠʭʦʜʠʪʩʷ 4-6%, ʯʪʦ ʜʝʣʘʝʪ ʘʤʠʣʦʧʝʢʪʠʥ ʩʠʣʴʥʦ ʨʘʟʚʝʪʚʣʝʥʥʳʤ. ɼʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʢʨʘʭʤʘʣʘ ʷʚʣʷʝʪʩʷ ʘʤʠʣʦʟʘ (20-30% ʧʦ ʤʘʩʩʝ). ʄʦʣʝʢʫʣʘ ʘʤʠʣʦʟʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʘʤʠʣʦʧʝʢʪʠʥʘ ʠ, ʧʦ ʩʫʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʡ ʧʦʣʠʤʝʨ ʩʦ ʩʨʝʜʥʝʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 160 000 ʠ ʩʦʩʪʦʷʱʠʡ ʠʟ ʮʝʧʦʯʝʢ ʧʦ 2000-5000 ʦʩʪʘʪʢʦʚ (Vamadevan 

and Bertoft, 2015). ɺʳʜʝʣʷʶʪ ʜʚʘ ʪʠʧʘ - ʣʠʥʝʡʥʫʶ ʠ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʘʤʠʣʦʟʫ (ʨʠʩ. 3). 

 ʇʦʤʠʤʦ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʢʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ ʩʦʜʝʨʞʠʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʫʛʣʝʚʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢ, ʤʝʥʝʝ 0,5% ʛʨʘʥʫʣ ʩʦʩʪʘʚʣʷʶʪ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʚ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʚʫʶʪ ʚ ʩʠʥʪʝʟʝ ʢʨʘʭʤʘʣʘ (Yusuph et al., 2003). ʃʠʧʠʜʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʢʨʘʭʤʘʣʝ ʢʘʨʪʦʬʝʣʷ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʢʨʘʭʤʘʣʦʚ ʢʣʫʙʥʝʡ ʠ 

ʢʦʨʥʝʧʣʦʜʦʚ, ʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʦʩʪʘʚʝ ʢʨʘʭʤʘʣʦʚ ʟʣʘʢʦʚ (Hoover, 2001). ʂʘʨʪʦʬʝʣʴʥʳʡ 

ʢʨʘʭʤʘʣ ʩʦʜʝʨʞʠʪ ʬʦʩʬʦʨ ʚ ʬʦʨʤʝ ʬʦʩʬʘʪʘ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʤʠʣʦʧʝʢʪʠʥʦʚʳʤʠ 

ʮʝʧʷʤʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ (Bertoft, 2017). 

ʉʪʝʧʝʥʴ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ, ʚʣʠʷʶʱʝʡ ʥʘ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʦʡʥʳʭ ʩʧʠʨʘʣʝʡ ʚʥʫʪʨʠ ʛʨʘʥʫʣ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʫ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ 20,8 
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ʜʦ 36,3% (Cho and Kang, 2020). ʂʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʤʝʝʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʚʳʰʘʶʱʫʶ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʷʟʳʚʘʪʴ 

ʚʦʜʫ. ʃʠʧʠʜʳ ʚʥʫʪʨʠ ʛʨʘʥʫʣ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʪʘʢʞʝ 

ʫʣʫʯʰʘʷ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ (Wang et al., 2020).  

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ ʨʘʟʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʠʭ ʚʥʫʪʨʝʥʥʷʷ ʦʨʛʘʥʠʟʘʮʠʷ ʫʜʠʚʠʪʝʣʴʥʦ ʩʭʦʞʘ. ɺ ʢʣʫʙʥʝ ʢʘʨʪʦʬʝʣʷ, ʢʘʢ ʠ ʫ 

ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ, ʛʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ ʥʘʭʦʜʷʪʩʷ ʚ ʘʤʠʣʦʧʣʘʩʪʘʭ ʢʣʝʪʦʢ. ʀʭ ʨʦʩʪ 

ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʝʦʙʨʘʟʥʳʭ çʢʦʣʝʮ ʨʦʩʪʘè, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʛʨʘʥʫʣʳ 

ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʯʝʨʝʜʫʶʱʠʝʩʷ ʘʤʦʨʬʥʳʝ ʠ ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʦʠ, ʯʪʦ ʦʪʨʘʞʘʝʪ 

ʩʚʦʝʦʙʨʘʟʥʳʡ ʨʠʪʤʠʯʥʳʡ ʧʨʦʮʝʩʩ ʙʠʦʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ (Zeeman et al., 2010; Yang et al., 

2018). ʊʦʣʱʠʥʘ ʢʦʣʝʮ ʩʦʩʪʘʚʣʷʝʪ 100-400 ʥʤ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʘʤʠʣʦʟʳ ʷʚʣʷʝʪʩʷ ʘʤʦʨʬʥʳʤ, ʠ ʧʦʵʪʦʤʫ ʦʥʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʘʤʦʨʬʥʳʭ ʯʘʩʪʷʭ ʛʨʘʥʫʣ. 

ʆʜʥʘʢʦ ʦʥʘ ʥʝ ʦʪʜʝʣʝʥʘ ʦʪ ʘʤʠʣʦʧʝʢʪʠʥʘ ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʤʠʣʦʟʘ ʭʠʤʠʯʝʩʢʠ 

ʩʰʠʚʘʝʪʩʷ ʩ ʘʤʠʣʦʧʝʢʪʠʥʦʤ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘʭʦʜʷʪʩʷ ʙʦʢ ʦ ʙʦʢ 

ʚʥʫʪʨʠ ʛʨʘʥʫʣ. ʊʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʤʠʣʦʟʳ ʚ ʛʨʘʥʫʣʘʭ ʠʟ ʨʘʟʥʳʭ ʨʘʩʪʝʥʠʡ ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʣʦʟʳ ʚ ʛʨʘʥʫʣʘʭ (Kozlov et al., 2007). ʆʩʥʦʚʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʦʣʝʮ ʷʚʣʷʝʪʩʷ ʘʤʠʣʦʧʝʢʪʠʥ, ʢʦʪʦʨʳʡ, ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʠʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤ ʮʝʧʦʯʢʘʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʭʘʨʘʢʪʝʨʥʳʭ 

ʩʢʦʧʣʝʥʠʡ ʪʦʥʢʠʭ ʯʝʨʝʜʫʶʱʠʭʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʘʤʦʨʬʥʳʭ ʧʣʘʩʪʠʥʦʢ (ʨʠʩ. 3). 

ɸʤʦʨʬʥʳʝ ʧʣʘʩʪʠʥʢʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ 

ʢʣʘʩʪʝʨʦʚ ʢʦʨʦʪʢʠʭ ʮʝʧʦʯʝʢ, ʪʦʛʜʘ ʢʘʢ ʚʥʝʰʥʠʝ ʮʝʧʦʯʢʠ ʢʣʘʩʪʝʨʦʚ ʦʙʨʘʟʫʶʪ 

ʣʝʚʦʩʪʦʨʦʥʥʠʝ ʜʚʦʡʥʳʝ ʩʧʠʨʘʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʝʨʜʮʝʚʠʥʝ ʢʘʨʪʦʬʝʣʴʥʳʭ 

ʛʨʘʥʫʣ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʣʠʰʴ ʯʘʩʪʠʯʥʦ, ʥʦ ʩʠʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʢ ʧʝʨʠʬʝʨʠʠ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʯʝʥʴ ʢʦʤʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʫʣ. ʅʘʧʨʦʪʠʚ, ʛʨʘʥʫʣʳ 

ʢʨʘʭʤʘʣʘ ʟʣʘʢʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩʣʘʙʦ, ʝʩʣʠ ʚʦʦʙʱʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ (Tong et al., 2023). 

ʇʘʨʘʣʣʝʣʴʥʳʝ ʙʦʢʦʚʳʝ ʮʝʧʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʨʷʜʦʤ ʩ ʣʠʥʝʡʥʦʡ ʘʤʠʣʦʟʦʡ, 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʘʤʠʣʦʧʝʢʪʠʥʦʤ, ʠ ʵʪʘ 

ʦʨʛʘʥʠʟʘʮʠʷ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʘʭʤʘʣʘ (ʨʠʩ. 3). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦʰʝʥʠʝ ʘʤʠʣʦʟʳ ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʩʪʨʫʢʪʫʨʫ ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʘ, ʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʦʨʛʘʥʦʚ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʫʨʦʞʘʷ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʂʨʘʭʤʘʣ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʩʦʩʪʦʠʪ ʠʟ ʧʦʧʫʣʷʮʠʠ ʛʨʘʥʫʣ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ: 

ʢʨʫʧʥʳʭ, ʩʨʝʜʥʠʭ ʠ ʤʘʣʝʥʴʢʠʭ ʠ ʨʘʟʙʨʦʩ ʠʭ ʨʘʟʤʝʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ ʦʪ 1 ʤʢʤ ʜʦ 100 

ʤʢʤ (Burke, 2023). ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʛʨʘʥʫʣ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1 ʜʦ 20 ʤʢʤ ʜʣʷ ʤʝʣʢʠʭ 

ʠ ʦʪ 20 ʜʦ 110 ʤʢʤ ʜʣʷ ʢʨʫʧʥʳʭ ʛʨʘʥʫʣ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʢʫʢʫʨʫʟʳ ʨʘʟʤʝʨ ʛʨʘʥʫʣ 
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ʢʨʘʭʤʘʣʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1 ʜʦ 7 ʤʢʤ ʜʣʷ ʤʝʣʢʠʭ ʛʨʘʥʫʣ ʠ ʦʪ 15 ʜʦ 20 ʤʢʤ ʜʣʷ ʢʨʫʧʥʳʭ 

ʛʨʘʥʫʣ (Singh et al., 2016). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʘʙʫʭʘʥʠʶ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʚʘʞʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʢʨʘʭʤʘʣʘ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ (Xie et al., 

2024). ʊʘʢ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʣʘʩʪʠʜʥʘʷ ʬʦʩʬʦʨʠʣʘʟʘ ʢʨʘʭʤʘʣʘ (Pho1a) 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʚʝʯʘʝʪ ʟʘ ʥʦʨʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʛʨʘʥʫʣ ʠ ʠʭ ʚʷʟʢʦʩʪʴ, ʘ ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʤʝʨ ʛʨʘʥʫʣ ʨʝʛʫʣʠʨʫʝʪʩʷ ʛʝʪʝʨʦ-ʤʫʣʴʪʠʤʝʨʥʦʡ ʠʟʦʘʤʠʣʘʟʦʡ 

(StISA1/StISA2) (Bustos et al., 2004; Sharma et al., 2023). 

ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, ʢʨʘʭʤʘʣʴʥʳʝ ʛʨʘʥʫʣʳ ʩʦʩʪʦʷʪ ʠʟ ʮʝʧʝʡ ʘʤʠʣʦʧʝʢʪʠʥʘ ʠ 

ʘʤʠʣʦʟʳ. ɸʤʠʣʦʧʝʢʪʠʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʨʘʭʤʘʣʘ ʢʘʨʪʦʬʝʣʷ, ʩʦʩʪʘʚʣʷʷ 

70-80% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ, ʠ ʦʧʨʝʜʝʣʷʝʪ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʠ ʫʥʠʢʘʣʴʥʫʶ ʟʝʨʥʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ. ɸʤʠʣʦʧʝʢʪʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʦʨʷʜʦʯʝʥʥʳʡ 

ʨʘʟʚʝʪʚʣʝʥʥʳʡ ʧʦʣʠʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 10 000-100 000 Ŭï1,4-ʩʚʷʟʘʥʥʳʭ ʟʚʝʥʴʝʚ D-ʛʣʶʢʦʟʳ 

ʩ Ŭ-1,6 ʪʦʯʢʘʤʠ ʦʪʚʝʪʚʣʝʥʠʷ ʯʝʨʝʟ ʢʘʞʜʳʝ 20-25 ʝʜʠʥʠʮ ʛʣʶʢʦʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʣʴʥʦ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (5-6%). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʪʘʥʜʝʤʥʦ-ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʩʠʣʴʥʦ ʠ ʩʣʘʙʦ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. ʉʠʣʴʥʦ ʠ ʩʣʘʙʦ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʦʙʣʘʩʪʠ ʦʙʨʘʟʫʶʪ 

ʘʤʦʨʬʥʳʝ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʢʠ (ʨʠʩ. 3). ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʦʙʨʘʟʫʝʤʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ɸ, ɺ, ʉ). ʂʘʨʪʦʬʝʣʴʥʦʤʫ ʘʤʠʣʦʧʝʢʪʠʥʫ ʧʨʠʩʫʱʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ɺ-ʪʠʧʘ. Ŭ-1,6-ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʩʚʷʟʠ ʧʨʠʜʘʶʪ ʘʤʠʣʦʧʝʢʪʠʥʫ 

ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʦʡ ʘʤʠʣʦʟʦʡ. ɺʥʫʪʨʠ ʛʨʘʥʫʣ 

ʘʤʠʣʦʧʝʢʪʠʥ ʩʦʙʠʨʘʝʪʩʷ ʚ ʭʘʨʘʢʪʝʨʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʦʣʴʮʘ ʨʦʩʪʘ ʜʠʘʤʝʪʨʦʤ ʦʪ 20 ʜʦ 

500 ʥʤ, ʦʪʭʦʜʷʱʠʝ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʫʛʦʨʢʘ (Bertoft and Blennow, 2016; Bertoft, 2017). 

ʉʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʧʝʢʪʠʥʘ ʤʦʞʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʫ ʨʘʟʥʳʭ 

ʛʝʥʦʪʠʧʦʚ ʢʘʨʪʦʬʝʣʷ. ʊʘʢ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʘʤʠʣʦʧʝʢʪʠʥ ʦʙʳʯʥʦ 

ʩʦʩʪʘʚʣʷʝʪ 63,4-88,6% ʢʨʘʭʤʘʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʩʦʨʪʘ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʜʦ 100% 

ʘʤʠʣʦʧʝʢʪʠʥʘ (Tong et al., 2023). ɺ ʥʝʢʦʪʦʨʳʭ ʪʨʘʥʩʛʝʥʥʳʭ ʣʠʥʠʷʭ ʩ ʧʦʜʘʚʣʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʦʠʭ ʠʟʦʬʦʨʤ ʨʘʟʚʝʪʚʣʷʶʱʝʛʦ ʬʝʨʤʝʥʪʘ SBE ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʧʝʢʪʠʥʘ 

ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʜʦ 28% (Schwall et al., 2000). 

ɺʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ ʢʨʘʭʤʘʣʘ ï ʘʤʠʣʦʟʘ ï ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20-30% ʢʘʨʪʦʬʝʣʴʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʠ ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʜʣʠʥʥʳʭ ʣʠʥʝʡʥʳʭ ʮʝʧʦʯʝʢ Ŭ-1,4-ʩʚʷʟʘʥʥʳʭ ʤʦʣʝʢʫʣ 

ʛʣʶʢʦʟʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʠ. ɸʤʠʣʦʟʥʘʷ ʮʝʧʴ 

ʩʦʩʪʦʠʪ ʠʟ 500-20000 Ŭ-1,4-ʩʚʷʟʘʥʥʳʭ ʛʣʶʢʦʟʥʳʭ ʟʚʝʥʴʝʚ ʠ ʦʙʨʘʟʫʝʪ ʩʧʠʨʘʣʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ Ŭ-1,6-ʩʚʷʟʘʥʥʳʭ ʪʦʯʝʢ 

ʦʪʚʝʪʚʣʝʥʠʷ (ʤʝʥʝʝ 1%) (ʨʠʩ. 3). ʂʦʣʠʯʝʩʪʚʦ ʨʘʟʚʝʪʚʣʝʥʠʡ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ 
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ʘʤʠʣʦʟʳ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ ʦʪ 7 ʜʦ 12. ɸʤʠʣʦʟʘ ʦʙʨʘʟʫʝʪ ʩʧʠʨʘʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʣʠʙʦ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʠ ʘʤʦʨʬʥʳʝ, ʣʠʙʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ ʠ ʢʨʠʩʪʘʣʣʠʪʦʚ (Bertoft and Blennow, 2016). ʋ ʩʦʨʪʦʚ 

ʢʘʨʪʦʬʝʣʷ S.tuberosum cʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʟʳ ʨʘʟʣʠʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦ (ʦʪ 0 ʜʦ 

3% ʘʤʠʣʦʟʳ ʠ ʜʦ 40-87% ʚ ʢʣʫʙʥʷʭ SBE-ʨʝʜʘʢʪʠʨʦʚʘʥʥʳʭ ʣʠʥʠʡ (Zhao et al., 2021; Zhong 

et al., 2022). ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʘʤʠʣʦʟʳ 

ʛʝʥʦʪʠʧʘ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʧʨʠ ʵʪʦʤ ʫ ʩʝʤʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʨʘʟʥʳʭ 

ʤʝʩʪʘʭ, ʥʘʙʣʶʜʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʤʝʞʩʦʨʪʦʚʳʝ ʨʘʟʣʠʯʠʷ, ʥʦ ʠ ʚʥʫʪʨʠʩʦʨʪʦʚʳʝ (Ahmed et al., 

2019). ʊʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʟʳ ʚ ʢʨʘʭʤʘʣʝ ʢʣʫʙʥʝʡ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʭʦʣʦʜʘ ʚʦ 

ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ (Jansky and Fajardo, 2014). 

ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, ʧʦʤʠʤʦ ʘʤʠʣʦʟʳ ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ ʢʨʘʭʤʘʣ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʢʘʢ ʣʠʧʠʜʳ, ʙʝʣʢʠ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʥʝʚʝʣʠʢʦ, ʦʥʠ ʚʣʠʷʶʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʘʭʤʘʣʘ. ʉʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ (ʬʦʩʬʦʣʠʧʠʜʳ ʠ 

ʩʚʦʙʦʜʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ) ʚ ʢʨʘʭʤʘʣʝ ʢʘʨʪʦʬʝʣʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,08%. ʕʪʠ ʣʠʧʠʜʳ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʣʦʞʥʳʝ ʢʨʘʭʤʘʣïʣʠʧʠʜʥʳʝ ʠ ʢʨʘʭʤʘʣïʣʠʧʠʜʥʦ-ʙʝʣʢʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʠʟʤʝʥʷʷ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʘ (Wang et al., 2020). ɹʝʣʢʠ ʚ 

ʢʘʨʪʦʬʝʣʴʥʦʤ ʢʨʘʭʤʘʣʝ (<1,18% ʦʪ ʩʫʭʦʛʦ ʚʝʩʘ) ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ ʬʝʨʤʝʥʪʘʤʠ, 

ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʢʨʘʭʤʘʣʘ. ʆʥʠ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ (Shen et al., 2022). ʊʘʢʞʝ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʢʨʘʭʤʘʣʘ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʬʦʩʬʦʨ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,21% ʜʦ 1,3%, ʠʟ ʢʦʪʦʨʳʭ 0,05ï0,08% ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʬʦʩʬʦʨ, ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʡ ʩ ʘʤʠʣʦʧʝʢʪʠʥʦʤ ʧʨʠʤʝʨʥʦ ʧʦ ʦʜʥʦʡ ʬʦʩʬʘʪʥʦʡ ʛʨʫʧʧʝ ʥʘ 

200-300 ʝʜʠʥʠʮ ʛʣʶʢʦʟʳ (Tong et al., 2023). ʅʝʜʘʚʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣ-ʬʦʩʬʘʪʥʦʛʦ ʤʦʥʦʵʬʠʨʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʮʝʧʷʤʠ 

ʘʤʠʣʦʧʝʢʪʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʠ ʙʦʣʝʝ ʛʠʙʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ ʠ ʩʥʠʞʘʝʪ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʢʨʘʭʤʘʣʘ (Ding et al., 2023). 

1.3. ʍʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʠ ʭʦʣʦʜʦʚʦʝ ʦʩʘʭʘʨʠʚʘʥʠʝ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ. 

ʂʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ ʚ ʈʌ ʦʙʳʯʥʦ ʭʨʘʥʷʪ ʚ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱʘʭ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʙʳʯʥʦ +2-4 ) (ɿʝʡʨʫʢ ʠ ʜʨ., 2019). ʍʨʘʥʝʥʠʝ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʫʤʝʥʴʰʘʝʪ ʧʨʦʨʘʩʪʘʥʠʝ, ʧʦʪʝʨʶ ʚʣʘʛʠ ʠ ʠʥʛʠʙʠʨʫʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʬʠʪʦʧʘʪʦʛʝʥʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʩʢʦʨʷʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʩʘʭʘʨʘ, ʚʢʣʶʯʘʷ ʩʘʭʘʨʦʟʫ ʠ 

ʨʝʜʫʮʠʨʫʶʱʠʝ ʩʘʭʘʨʘ. ʕʪʦ ʷʚʣʝʥʠʝ ʠʟʚʝʩʪʥʦ ʢʘʢ ʭʦʣʦʜʦʚʦʝ ʦʩʘʭʘʨʠʚʘʥʠʝ, ʚʳʟʚʘʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝʤ (cold-induced sweetening, CIS). ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ ʥʝ 
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ʪʦʣʴʢʦ ʫʭʫʜʰʘʝʪ ʚʢʫʩʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʯʠʧʩʦʚ. ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʳʟʳʚʘʶʱʠʝ CIS 

ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ, ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʨʝʟʠʩʪʝʥʪʥʳʭ 

ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʭʨʘʥʝʥʠʠ ʚʣʠʷʶʪ ʜʝʛʨʘʜʘʮʠʷ ʢʨʘʭʤʘʣʘ, 

ʛʝʢʩʦʛʝʥʝʟ, ʚʢʣʶʯʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʟʣʦʞʝʥʠʝ ʩʘʭʘʨʦʟʳ, ʘ ʪʘʢʞʝ ʛʣʠʢʦʣʠʟ ʠ ʘʥʘʵʨʦʙʥʦʝ 

ʜʳʭʘʥʠʝ (Copp et al., 2000; McKenzie et al., 2005). 

 ʉʘʭʘʨʘ, ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʭʨʘʥʝʥʠʠ ʢʣʫʙʥʝʡ, 

ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʢʨʘʭʤʘʣʘ. ʀʤʝʥʥʦ ʨʘʟʣʦʞʝʥʠʝ ʢʨʘʭʤʘʣʘ ʩʯʠʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʥʘʢʦʧʣʝʥʠʷ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʠ ʩʘʭʘʨʦʟʳ ʚ ʢʣʫʙʥʷʭ ʧʨʠ CIS. ʈʘʟʣʦʞʝʥʠʝ ʢʨʘʭʤʘʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʤʠʣʦʧʣʘʩʪʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʩʬʦʨʦʣʠʪʠʯʝʩʢʦʡ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʡ 

ʠ, ʢʘʢ ʩʯʠʪʘʝʪʩʷ, ʪʨʝʙʫʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠ ʥʘʯʠʥʘʝʪʩʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʨʘʭʤʘʣʬʦʩʬʦʨʠʣʘʟʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʤʠʣʘʟʘʤʠ, ʢʦʪʦʨʳʝ 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʦʪʱʝʧʣʝʥʠʠ ʬʨʘʛʤʝʥʪʦʚ ʢʨʘʭʤʘʣʴʥʦʡ ʮʝʧʠ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʛʝʢʩʦʟʦʬʦʩʬʘʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʘʭʘʨʦʟʦ-ʬʦʩʬʘʪʩʠʥʪʘʟ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

ʩʘʭʘʨʦʟʫ ʠ ʟʘʪʝʤ ʠʥʚʝʨʪʘʟʳ ʛʠʜʨʦʣʠʟʫʶʪ ʝʝ ʜʦ ʛʣʶʢʦʟʳ ʠ ʬʨʫʢʪʦʟʳ (Sowokinos 2001; 

Chen et al., 2012).  

ʇʦʤʠʤʦ ʠʟʫʯʝʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

CIS, ʙʳʣʠ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʚʳʷʚʣʝʥʠʶ ʛʝʥʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ (ʨʠʩ. 4) (Zhang et al., 2017).  

 

ʈʠʩʫʥʦʢ 4 ï ʋʛʣʝʚʦʜʥʳʝ ʧʫʪʠ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ: (A) ʩʠʥʪʝʟ ʢʨʘʭʤʘʣʘ, (B) ʨʘʩʧʘʜ 

ʢʨʘʭʤʘʣʘ, (C) ʛʝʢʩʦʛʝʥʝʟ, (D) ʛʣʠʢʦʣʠʟ, (E) ʘʥʘʵʨʦʙʥʦʝ ʜʳʭʘʥʠʝ (Zhang et al., 2017). 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ 25 ʪʳʩʷʯ ʢʣʦʥʦʚ ʢɼʅʂ ʙʠʙʣʠʦʪʝʢʠ ʩʦʨʪʘ ʉʘʪʫʨʥʘ ʧʨʠ 

ʠʥʢʫʙʠʨʦʚʘʥʠʠ ʢʣʫʙʥʝʡ ʜʦ 28 ʜʥʝʡ ʧʨʠ +4 , ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 16 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʭʦʣʦʜʦʤ ʬʨʘʛʤʝʥʪʦʚ (ʥʝʘʥʥʦʪʠʨʦʚʘʥʥʳʭ) (van Berkel et al., 1994). 
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ʇʝʨʚʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʢʘʨʪʘ ʩ 85 ʣʦʢʫʩʘʤʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʫ ʜʠʧʣʦʠʜʥʦʛʦ ʢʘʨʪʦʬʝʣʷ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 69 ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʠ ʪʨʘʥʩʧʦʨʪʦʤ ʫʛʣʝʚʦʜʦʚ (Chen et al., 

2001). ɼʣʷ ʚʳʷʚʣʝʥʠʷ QTL, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʥʪʨʦʣʴ CIS, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 189 ʢʣʫʙʥʝʡ 

ʜʚʫʭ ʧʦʧʫʣʷʮʠʡ ʜʠʧʣʦʠʜʥʦʛʦ ʢʘʨʪʦʬʝʣʷ H94A ʠ H94C ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ ʧʨʠ +4  ʚ ʪʝʯʝʥʠʝ 

ʪʨʝʭ ʤʝʩʷʮʝʚ (Menendez et al., 2002). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RFLP- ʠ AFLP-ʤʘʨʢʝʨʦʚ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ 26 ʣʦʢʫʩʦʚ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʪʝʟʦʤ ʢʨʘʭʤʘʣʘ. ɹʳʣʦ ʚʳʜʝʣʝʥʦ 

ʚʦʩʝʤʴ ʟʥʘʯʠʤʳʭ QTL-ʢʘʥʜʠʜʘʪʦʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʣʠ ʛʝʥʳ ʩʘʭʘʨʦʟʦʩʠʥʪʘʟ rSus3, ʜʚʫʭ 

ʘʧʦʧʣʘʩʪʠʯʝʩʢʠʭ ʠʥʚʝʨʪʘʟ Inv-ap, ADP-ʛʣʶʢʦʟʫ ʧʠʨʦʬʦʩʬʦʨʠʣʘʟ ʠ Sut1ʪʨʘʥʩʧʦʨʪʝʨʘ 

ʩʘʭʘʨʦʟʳ. ʇʨʠ ʵʪʦʤ ʬʝʥʦʪʠʧʠʯʝʩʢʘʷ ʜʠʩʧʝʨʩʠʷ, ʦʙʲʷʩʥʷʝʤʘʷ ʦʪʜʝʣʴʥʳʤʠ ʣʦʢʫʩʘʤʠ-

ʢʘʥʜʠʜʘʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ QTL, ʩʦʩʪʘʚʠʣʘ >10%. ʊʘʢ, ʥʘʧʨʠʤʝʨ, Sus3 ʦʙʲʷʩʥʷʝʪ ʜʦ 15,1 

ʠ 13,3% ʬʝʥʦʪʠʧʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ ʛʣʶʢʦʟʳ ʠ ʬʨʫʢʪʦʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Menendez et al., 

2002). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ CIS ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʘʣʣʝʣʴʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʬʝʨʤʝʥʪʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʫʛʣʝʚʦʜʦʚ.  

 ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʥʳʭ ʯʠʧʦʚ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 1854 ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʟʦʥʜʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʚ, ʠʟʤʝʥʷʶʱʠʭ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʚʝʪ ʥʘ 

ʭʦʣʦʜʦʚʦʡ ʩʪʨʝʩʩ ʚ ʨʘʩʪʫʱʠʭ ʢʣʫʙʥʷʭ (Bagnaresi et al., 2008). ʆʜʥʘʢʦ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʭʦʣʦʜʦʚʳʭ ʨʝʘʢʮʠʷʭ ʫ ʦʜʥʦʛʦ ʛʝʥʦʪʠʧʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ 

CIS, ʘ ʛʝʥʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʨʘʟʣʠʯʠʡ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ CIS ʩʨʝʜʠ ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ ʥʝ 

ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫ CIS-ʫʩʪʦʡʯʠʚʦʛʦ ʦʙʨʘʟʮʘ Solanum 

berthaultii Hawkes ʠ CIS-ʚʦʩʧʨʠʠʤʯʠʚʦʛʦ ʩʦʨʪʘ S. tuberosum ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʭʦʣʦʜʦʤ (ʜʦ 

3 ʤʝʩʷʮʝʚ ʧʨʠ +4  ʠ +20 ) (Chen et al., 2012). ɸʥʘʣʠʟ ʠʭ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʦʤʠʤʦ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʢʨʘʭʤʘʣʘ, ʪʘʢʞʝ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ CIS 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʛʫʪ ʠʤʝʪʴ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʘʟʣʦʞʝʥʠʠ ʩʘʭʘʨʦʟʳ ʠ ʛʣʠʢʦʣʠʟʝ (Chen 

et al., 2012). ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʦʥʥʳʝ ʧʘʪʪʝʨʥʳ ʤʥʦʛʠʭ ɼʕɻ (DEG, 

Differential Expressed Genes) ʚ ʢʣʫʙʥʷʭ ʦʙʨʘʟʮʦʚ, ʢʦʥʪʨʘʩʪʥʳʭ ʧʦ CIS, ʙʳʣʠ ʨʘʟʥʳʤʠ, 

ʦʩʦʙʝʥʥʦ ʫ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʠ ʛʣʠʢʦʣʠʟʦʤ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʪʚʝʪʘ ʥʘ ʭʦʣʦʜʦʚʦʡ ʩʪʨʝʩʩ ʤʝʞʜʫ CIS-

ʫʩʪʦʡʯʠʚʳʤʠ ʠ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʛʝʥʦʪʠʧʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʧʦʥʠʤʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ CIS ʠ ʭʦʣʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ ʫ ʢʘʨʪʦʬʝʣʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ ʦ ʢʦʥʢʨʝʪʥʳʭ ʛʝʥʘʭ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʢ ʭʦʣʦʜʦʚʦʤʫ ʩʪʨʝʩʩʫ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʤʫ ʵʪʠʤ 

ʩʪʨʝʩʩʦʤ ʭʦʣʦʜʦʚʦʤʫ ʦʩʘʭʘʨʠʚʘʥʠʶ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ 
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ʧʨʦʮʝʩʩʝ (ʙʠʦʩʠʥʪʝʟ ʩʘʭʘʨʦʟʳ, ʨʘʟʣʦʞʝʥʠʝ ʩʘʭʘʨʦʟʳ, ʛʣʠʢʦʣʠʟ, ʜʳʭʘʥʠʝ) ʦʥʠ ʫʯʘʩʪʚʫʶʪ, 

ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ.  

ʊʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʠʦʩʠʥʪʝʟ ʩʘʭʘʨʦʟʳ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʦʩʣʝ ʩʙʦʨʘ 

ʫʨʦʞʘʷ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʜʚʫʭ ʬʝʨʤʝʥʪʦʚ: UDP-ʛʣʶʢʦʟʦʧʠʨʦʬʦʩʬʦʨʠʣʘʟʳ 

(UGPase) ʠ ʩʘʭʘʨʦʟʦʬʦʩʬʘʪʩʠʥʪʘʟʳ (SPS) (Baldwin et al., 2011). ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʣʣʝʣʴ ugpB ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ CIS-ʫʩʪʦʡʯʠʚʦʩʪʴʶ (Baldwin et 

al., 2011). ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʨʘʟʥʳʝ ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ UGPase ʤʦʛʫʪ 

ʠʛʨʘʪʴ ʨʘʟʣʠʯʥʫʶ ʨʦʣʴ ʚ CIS. ɼʣʷ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ SPS, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ 

ʝʛʦ ʵʢʩʧʨʝʩʩʠʠ ʥʘ 70-80% ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ (ʥʘ 10-40%) ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ 

ʩʘʭʘʨʦʚ ʚ ʪʨʘʥʩʛʝʥʥʳʭ ʢʣʫʙʥʷʭ, ʭʨʘʥʷʱʠʭʩʷ ʧʨʠ +4  (Krause et al., 1998). ʈʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʩʘʭʘʨʦʟʳ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʚʳʟʚʘʥʦ ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʩʠʥʪʝʟʘ ʩʘʭʘʨʦʟʳ ʠ ʘʢʪʠʚʘʮʠʝʡ 

ʩʘʭʘʨʦʟʦʬʦʩʬʘʪʩʠʥʪʘʟʳ SPS (Hill et al., 1996). 

ʅʘ ʭʦʣʦʜʦ- ʠ CIS- ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʢʣʫʙʥʷʭ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʛʝʥʳ 

ʨʘʩʪʚʦʨʠʤʳʭ ʢʠʩʣʳʭ ʠʥʪʝʨʪʘʟ INV, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʛʠʜʨʦʣʠʟ ʩʘʭʘʨʦʟʳ ʜʦ ʛʣʶʢʦʟʳ 

ʠ ʬʨʫʢʪʦʟʳ ʚ ʚʘʢʫʦʣʠ (Bhaskar et al., 2010). ʈʝʟʫʣʴʪʘʪʦʤ ʥʦʢʘʫʪʘ ʛʝʥʘ ʠʥʚʝʨʪʘʟʳ INV 

ʤʝʪʦʜʦʤ ʛʝʥʦʤʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʪʘʣʦ ʩʥʠʞʝʥʠʝ ʚ ʢʣʫʙʥʷʭ ʩʦʜʝʨʞʘʥʠʷ 

ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ, ʢʦʪʦʨʳʝ ʭʨʘʥʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +4  ʚ ʪʝʯʝʥʠʝ 14 ʠ 30 ʜʥʝʡ 

(Clasen et al., 2016; ɽʛʦʨʦʚʘ ʠ ʜʨ., 2023). ʂʨʦʤʝ ʪʦʛʦ ʘʢʪʠʚʥʦʩʪʴ ʢʠʩʣʦʡ ʠʥʚʝʨʪʘʟʳ ʧʨʠ 

ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʧʦʩʪʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʛʠʙʠʪʦʨʘ 

ʠʥʚʝʨʪʘʟʳ IHIV (Liu et al., 2013; McKenzie et al., 2013). 

ɼʳʭʘʥʠʝ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʟʘʤʝʜʣʷʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʭʨʘʥʝʥʠʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʳʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʢʣʫʙʥʷʤʠ ʩ ʨʘʟʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ CIS (Blenkinsop et al., 2003). ʊʘʢʞʝ ʫ CIS-ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʨʪʘ ʚ ʩʨʘʚʥʝʥʠʠ 

c ʥʝʫʩʪʦʡʯʠʚʳʤ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʟʦʬʝʨʤʝʥʪ 

ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʳ ADH, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʘʥʘʵʨʦʙʥʳʝ ʜʳʭʘʪʝʣʴʥʳʝ 

ʬʝʨʤʝʥʪʳ ʪʦʞʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ CIS (Copp et al., 2000; Pinhero et al., 2007).  

ʊʘʢ ʢʘʢ ʨʝʜʫʮʠʨʫʶʱʠʝ ʩʘʭʘʨʘ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʚ ʢʣʫʙʥʷʭ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʢʨʘʭʤʘʣʘ, ʪʦ, ʦʞʠʜʘʝʤʦ, ʥʘ CIS ʠ ʫʨʦʚʝʥʴ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʬʝʨʤʝʥʪʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʢʘʢ ʚ ʩʠʥʪʝʟ, ʪʘʢ ʠ ʨʘʩʧʘʜ ʢʨʘʭʤʘʣʘ. ʇʨʝʞʜʝ 

ʚʩʝʛʦ, ʵʪʦ ʙʝʣʢʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʨʘʩʧʘʜ ʮʝʧʝʡ ʢʨʘʭʤʘʣʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢ ʦʩʥʦʚʥʳʤ 

ʬʝʨʤʝʥʪʘʤ, ʛʠʜʨʦʣʠʟʫʶʱʠʤ ʢʨʘʭʤʘʣ ʜʦ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ, ʦʪʥʦʩʷʪʩʷ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʘʤʠʣʘʟʳ, ʠʥʚʝʨʪʘʟʳ, ʛʣʠʢʘʥ-ʚʦʜʥʳʝ ʜʠʢʠʥʘʟʳ, ʛʣʠʢʘʥ-ʬʦʩʬʦʨʠʣʘʟʳ ʠ 

ʬʦʩʬʦʛʣʠʢʘʥʬʦʩʬʘʪʘʟʳ (Streb and Zeeman, 2012; ʉʝʨʛʝʝʚʘ ʠ ʜʨ., 2022). 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʣʠʢʘʥ-ʚʦʜʥʳʝ ʜʠʢʠʥʘʟʳ GWD ʠ PWD ʜʝʡʩʪʚʫʶʪ ʩʦʚʤʝʩʪʥʦ, 

ʬʦʩʬʦʨʠʣʠʨʫʷ ʢʨʘʭʤʘʣʴʥʳʝ ʮʝʧʠ ʚʙʣʠʟʠ ʪʦʯʝʢ ʨʘʟʚʝʪʚʣʝʥʠʷ, ʠ ʪʝʤ ʩʘʤʳʤ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʫʧ ʢ ʩʫʙʩʪʨʘʪʫ Ŭ- 

ʠ ɓ-ʘʤʠʣʘʟʘʤ (Compart et al., 2023). ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ QTL, ʚʢʣʶʯʘʶʱʠʡ ʛʝʥ 

GWD, ʩʚʷʟʘʥ ʩ ʮʚʝʪʦʤ ʯʠʧʩʦʚ, ʪʦ ʝʩʪʴ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʫʮʠʨʫʶʱʠʭ 

ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ ʧʨʠ ʭʨʘʥʝʥʠʠ (Douches and Freyre, 1994). ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʤʦʩʪʴ ʵʪʠʭ 

ʙʝʣʢʦʚ, ʦ ʬʫʥʢʮʠʠ PWD ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʦʙʱʘʣʦʩʴ.  

ɼʨʫʛʦʡ ʬʝʨʤʝʥʪ, ʚʣʠʷʶʱʠʡ ʥʘ ʨʘʩʧʘʜ ʢʨʘʭʤʘʣʘ ʥʘ ʭʦʣʦʜʫ ï ʢʠʩʣʘʷ ʚʘʢʫʦʣʷʨʥʘʷ 

ʠʥʚʝʨʪʘʟʘ VINV (PAIN-1, StInv). ɺʦ ʚʨʝʤʷ CIS ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʢʨʘʭʤʘʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʘʭʘʨʦʟʳ, ʠ ʯʘʩʪʴ ʝʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʚʘʢʫʦʣʴ, ʛʜʝ ʨʘʩʧʘʜʘʝʪʩʷ ʜʦ ʛʣʶʢʦʟʳ 

ʠ ʬʨʫʢʪʦʟʳ. ʕʪʦʪ ʵʪʘʧ ʚ ʦʩʥʦʚʥʦʤ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʘʢʫʦʣʷʨʥʦʡ ʢʠʩʣʦʡ ʠʥʚʝʨʪʘʟʦʡ 

(VINV), ʠ ʩʫʱʝʩʪʚʫʝʪ ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ VINV ʠ ʥʘʢʦʧʣʝʥʠʝʤ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʘʭʘʨʦʚ ʚʦ ʚʨʝʤʷ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ (Matsuura-Endo et al., 2004). 

ɹʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʥʝʩʢʦʣʴʢʦ ʧʦʧʳʪʦʢ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ CIS ʣʠʙʦ ʧʫʪʝʤ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ 

ʘʢʪʠʚʥʦʩʪʴʶ VINV (Agarwal et al., 2003), ʣʠʙʦ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʛʝʥʘ VInv (Zrenner et al., 1996; Chi et al., 2008; Bhaskar et al., 2010). 

ɸʥʘʣʠʟ ʢʣʫʙʥʝʡ 24 ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ ʧʨʠ +4  ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ 

ʧʦʢʘʟʘʣ ʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ (ʚ 50 ʨʘʟ) ʚ ʘʢʪʠʚʥʦʩʪʠ ʢʠʩʣʦʡ ʚʘʢʫʦʣʷʨʥʦʡ ʠʥʚʝʨʪʘʟʳ 

StVInv/PAIN1. ʆʜʥʘʢʦ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʘʢʪʠʚʥʦʩʪʠ 

ʠʥʚʝʨʪʘʟʳ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʘʭʘʨʦʚ, ʧʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʛʝʢʩʦʟʘ/ʩʘʭʘʨʦʟʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʙʨʘʥʥʳʭ ʠ ʭʨʘʥʷʱʠʭʩʷ ʚ ʭʦʣʦʜʝ ʢʣʫʙʥʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʛʝʢʩʦʟʳ/ʩʘʭʘʨʦʟʳ ʩʥʠʞʘʣʦʩʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʠʥʚʝʨʪʘʟʳ, ʥʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʩʘʭʘʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʣʦʩʴ (Zrenner et al., 1996). ɸʥʘʣʠʟ ʢʣʫʙʥʝʡ 

ʪʨʘʥʩʛʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ Desire ʩ ʘʥʪʠʩʤʳʩʣʦʚʳʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʛʝʥʘ StINV1/PAIN1 

ʚʳʷʚʠʣ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʘ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʪʚʦʨʠʤʦʡ ʢʠʩʣʦʡ ʠʥʚʝʨʪʘʟʳ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʛʝʢʩʦʟ ʠ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʦʟʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʢʣʫʙʥʷʤʠ: ʠʥʛʠʙʠʨʦʚʘʥʠʝ VInv ʩʥʠʟʠʣʦ ʘʢʪʠʚʥʦʩʪʴ ʠʥʚʝʨʪʘʟʳ 

ʚ ʢʣʫʙʥʷʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʭʦʣʦʜʝ, ʥʘ ʮʝʣʳʭ 92%, ʥʦ ʘʢʪʠʚʥʦʩʪʴ ʛʝʢʩʦʟ ʢʣʫʙʥʝʡ ʩʥʠʟʠʣʘʩʴ 

ʣʠʰʴ ʥʘ 43% (Zrenner et al., 1996). ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʥʚʝʨʪʘʟʳ ʚʝʨʦʷʪʥʦ ʥʝ ʢʦʥʪʨʦʣʠʨʫʶʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʤʳʭ 

ʩʘʭʘʨʦʚ ʚ ʭʨʘʥʷʱʠʭʩʷ ʚ ʭʦʣʦʜʝ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ, ʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʚ ʥʠʭ 

ʩʦʦʪʥʦʰʝʥʠʷ ʛʝʢʩʦʟʳ ʢ ʩʘʭʘʨʦʟʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ CIS ʥʝ ʵʬʬʝʢʪʠʚʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʢʠʩʣʦʡ ʚʘʢʫʦʣʷʨʥʦʡ ʠʥʚʝʨʪʘʟʦʡ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʜʚʫʤ ʚʦʟʤʦʞʥʳʤ 

ʛʠʧʦʪʝʟʘʤ. ʆʜʥʘ ʠʟ ʛʠʧʦʪʝʟ, ʦʙʲʷʩʥʷʶʱʠʭ ʜʘʥʥʳʡ ʬʘʢʪ, ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ 
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ʘʢʪʠʚʥʦʩʪʴ VINV ʠʣʠ ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʘ VInv-Pain-1 ʙʳʣʠ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʧʦʜʘʚʣʝʥʳ ʚ 

ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ ʧʦʣʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʚʩʝ ʞʝ ʥʠʚʝʣʠʨʫʝʪ CIS.  

 ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʛʝʥʦʤʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʢʣʶʯʝʥʠʝ VInv ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ CIS ʚ ʢʣʫʙʥʷʭ S.tuberosum 

(Chi et al., 2008; Zhu et al., 2014; Wiberley Bradford and Bethke, 2018). ʊʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʦʣʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ Vlnv ʢʠʩʣʦʡ ʚʘʢʫʦʣʷʨʥʦʡ ʠʥʚʝʨʪʘʟʳ ʢʘʨʪʦʬʝʣʷ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʥʠʞʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʩʘʭʘʨʘ ʚ ʭʨʘʥʷʱʠʭʩʷ ʥʘ ʭʦʣʦʜʫ ʢʣʫʙʥʷʭ ʠ 

ʢʘʨʪʦʬʝʣʴʥʳʝ ʯʠʧʩʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʵʪʠʭ ʣʠʥʠʡ, ʧʦʢʘʟʘʣʠ 15-ʢʨʘʪʥʦʝ ʩʥʠʞʝʥʠʝ 

ʘʢʨʠʣʘʤʠʜʘ ʠ ʙʳʣʠ ʩʚʝʪʣʳʤʠ ʜʘʞʝ ʧʨʠ ʭʨʘʥʝʥʠʠ ʢʣʫʙʥʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +4ÁC (Bhaskar 

et al., 2010). ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʛʝʥʘ VInv ʚ ʢʘʨʪʦʬʝʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CRISPR/Cas9 

ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ VInv, ʯʪʦ ʫʤʝʥʴʰʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʘʭʘʨʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ ʥʘ ʭʦʣʦʜʝ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʭʦʣʦʜʦʚʦʝ ʦʩʘʭʘʨʠʚʘʥʠʝ ʢʘʨʪʦʬʝʣʷ (Yasmeen et al., 2022). ɼʘʥʥʳʝ qRT-

PCR ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʥʳʭ ʨʘʩʪʝʥʠʷʭ ʢʘʨʪʦʬʝʣʷ ʵʢʩʧʨʝʩʩʠʷ ʤʈʅʂ ʛʝʥʘ VInv 

ʙʳʣʘ ʩʥʠʞʝʥʘ ʚ 90 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. ɸʥʘʣʠʟ ʨʝʜʫʮʠʨʫʶʱʠʭ 

ʩʘʭʘʨʦʚ ʚʳʷʚʠʣ ʧʷʪʠʢʨʘʪʥʦʝ ʩʥʠʞʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʚ ʢʣʫʙʥʷʭ ʪʨʘʥʩʛʝʥʥʳʭ ʣʠʥʠʡ 

(Yasmeen et al., 2022). ɸʥʘʣʦʛʠʯʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʣʠʥʠʠ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʥʘ 95-99% 

ʥʘʢʦʧʣʝʥʠʝʤ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ ʧʨʠ +4 ʚ ʪʝʯʝʥʠʝ 4 ʤʝʩʷʮʝʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ CRISPR/Cas9 ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝʥʘ VInv ʫ ʩʦʨʪʦʚ Atlantic ʠ Desiree (Ly et al., 

2023). ɼʣʷ ʚʳʢʣʶʯʝʥʠʷ VInv ʚ ʩʦʨʪʝ Ranger Russe ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ TALEN (Transcription 

Activator-Like Effector Nucleases) ʤʝʪʦʜ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʝʢʦʪʦʨʳʝ 

ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʥʳʝ ʣʠʥʠʠ ʠʤʝʣʠ ʩʣʝʜʦʚʳʝ ʫʨʦʚʥʠ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ, ʘ 

ʯʠʧʩʳ ʠʤʝʣʠ ʩʚʝʪʣʫʶ ʦʢʨʘʩʢʫ ʠ ʩʦʜʝʨʞʘʣʠ ʧʦʥʠʞʝʥʥʳʝ ʫʨʦʚʥʠ ʘʢʨʠʣʘʤʠʜʘ (Clasen et al., 

2016). ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʠʥʚʝʨʪʘʟ, ʢʘʢ ʠ 

ʜʨʫʛʠʭ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ 

ʨʝʛʫʣʷʮʠʝʡ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʠʩʣʦʡ ʚʘʢʫʦʣʷʨʥʦʡ ʠʥʚʝʨʪʘʟʳ 

VInv (Xu et al., 2009; McKenzie et al., 2013; Datir, 2021). 

 ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘʪʴ CIS ʤʦʛʫʪ ʪʘʢʞʝ ʠʥʛʠʙʠʪʦʨʳ ʠʥʚʝʨʪʘʟ StINH (Xu 

et al., 2009; Liu et al., 2013). ʇʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ St-INH ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʡ 

ʢʘʨʪʦʬʝʣʷ ʠ ʭʨʘʥʷʱʠʭʩʷ ʢʣʫʙʥʷʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʙʳʣʘ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʚ 

ʢʣʫʙʥʷʭ ʠ ʙʳʣʘ ʩʠʣʴʥʦ ʧʦʜʘʚʣʝʥʘ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʕʪʦʪ ʧʘʪʪʝʨʥ ʵʢʩʧʨʝʩʩʠʠ ʙʳʣ 

ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʩʥʠʞʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʩʘʭʘʨʘ ʚ ʢʣʫʙʥʷʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʭʦʣʦʜʝ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʝ ʫʯʘʩʪʠʝ St-INH ʚ CIS ʫ ʢʘʨʪʦʬʝʣʷ (Slugina et al., 2020). ɼʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʛʝʢʩʦʟ, ʚʳʟʚʘʥʥʦʛʦ ʭʦʣʦʜʦʤ, ʛʝʥʳ ʠʥʛʠʙʠʪʦʨʘ ʠʥʚʝʨʪʘʟʳ ʙʳʣʠ 

ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʦʚʘʥʳ ʚ ʪʨʘʥʩʛʝʥʥʳʭ ʨʘʩʪʝʥʠʷʭ ʢʘʨʪʦʬʝʣʷ. ʕʢʪʦʧʠʯʝʩʢʘʷ 
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ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʷ ʠʥʛʠʙʠʪʦʨʘ ʚʘʢʫʦʣʷʨʥʦʡ ʠʥʚʝʨʪʘʟʳ ʪʘʙʘʢʘ ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ 

ʥʘʢʦʧʣʝʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʘʭʘʨʦʚ ʚ ʪʨʘʥʩʛʝʥʥʳʭ ʨʘʩʪʝʥʠʷʭ, ʪʝʤ ʩʘʤʳʤ 

ʧʨʝʜʦʪʚʨʘʪʠʚ CIS ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ (Greiner et al., 1999). ɹʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 

ʠʟʦʬʦʨʤʳ ʠʥʛʠʙʠʪʦʨʘ ʠʥʚʝʨʪʘʟʳ StInvInh2A ʠ StInvInh2B, ʢʦʪʦʨʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʠʥʛʠʙʠʨʦʚʘʣʠ ʘʢʪʠʚʥʦʩʪʴ VInv1 ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ (Liu et al., 2013). ʆʙʝ ʠʟʦʬʦʨʤʳ 

ʙʳʣʠ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʦʚʘʥʳ ʚ CIS-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʦʨʪʘʭ ʢʘʨʪʦʬʝʣʷ ʠʣʠ ʨʝʧʨʝʩʩʠʨʦʚʘʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ RNAi-ʩʘʡʣʝʥʩʠʥʛʘ ʚ CIS-ʫʩʪʦʡʯʠʚʳʭ ʛʝʥʦʪʠʧʘʭ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʠʥʚʨʪʘʟʳ ʠ ʫʤʝʥʴʰʝʥʠʶ CIS (Liu et al., 2013). 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʧʘʪʪʝʨʥʳ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ INH1 ʠ INH2 ʢʣʫʙʥʝʡ 

ʭʦʣʦʜʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʭʦʣʦʜʝ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʜʫʢʮʠʷ ʤʈʅʂ INH2 ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʭʦʣʦʜʝ, 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ CIS ʠ ʚʢʣʶʯʘʣʘ ʩʧʣʘʡʩʠʥʛ ʛʠʙʨʠʜʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʈʅʂ 

ʛʝʥʦʚ ʠʥʛʠʙʠʪʦʨʦʚ (Brummell et al., 2011). 

ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʬʝʨʤʝʥʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʭʨʘʥʝʥʠʝ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʝʨʤʝʥʪʘʤʠ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʩʠʥʪʝʟ 

ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ S.tuberosum. ʊʘʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ ɸɼʌ-ʛʣʶʢʦʟʘ ʷʚʣʷʝʪʩʷ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ 

ʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ ʠ ʙʝʣʦʢ ʘʜʝʥʦʟʠʥʜʠʬʦʩʬʘʪ-ʛʣʶʢʦʟʦʧʠʨʦʬʦʩʬʦʨʠʣʘʟʘ AGPase ʤʦʞʝʪ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʩʠʥʪʝʟ ʢʨʘʭʤʘʣʘ ʠ ʩʥʠʞʘʪʴ ʥʘʢʦʧʣʝʥʠʝ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ. ʇʨʠ 

ʘʥʘʣʠʟʝ ʛʝʥʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʚ ʧʨʦʮʝʩʩʝ 

ʭʨʘʥʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʝ ʩʫʙʲʝʜʠʥʠʮʳ 

AGPase a ʠ AGPase b ʦʪʚʝʯʘʶʪ ʟʘ 12,5 ʠ 13,3% ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʘ (Men®ndez et al., 2002). 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ AGPaseS ʧʨʠʚʦʜʠʣʘ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

AGP-ʘʟʳ ʠ ʙʦʣʝʝ ʥʠʟʢʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

ʭʦʣʦʜʦʚʦʤ ʭʨʘʥʝʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʜʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ AGPaseS ʚ ʢʘʨʪʦʬʝʣʝ 

ʧʨʠʚʦʜʠʣʦ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʵʬʬʝʢʪʫ (Song et al., 2005). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʪʘʢʞʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʪʨʘʥʩʢʨʠʧʪʘʤʠ ʛʝʥʘ ʠ ʘʢʪʠʚʥʦʩʪʴʶ AGP-ʘʟʳ ʙʳʣʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ 

ʧʦʩʪʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ (Tiessen et al., 2002). 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʢ ʭʦʣʦʜʦʚʦʤʫ ʩʪʨʝʩʩʫ 

ʚʣʠʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʘʤʠʣʦʟʳ ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ ʚ ʢʨʘʭʤʘʣʝ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʣʠʟʘ 

ʘʤʠʣʦʧʝʢʪʠʥʘ ʠ ʘʤʠʣʦʟʳ ʨʘʟʣʠʯʥʘ. ʌʝʨʤʝʥʪʳ ʩʘʭʦʨʦʟʦʩʠʥʪʘʟʳ SS (I-IV) ʠ GBSS ʚʣʠʷʶʪ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʨʘʭʤʘʣʴʥʳʭ ʟʝʨʥʘʭ ʘʤʠʣʦʧʝʢʪʠʥʘ ʠ ʘʤʠʣʦʟʳ ʠ ʤʦʛʫʪ ʚʣʠʷʪʴ 

ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ, ʠʟʤʝʥʷʷ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ 

ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ, ʥʦ ʤʝʭʘʥʠʟʤʳ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦ ʢʦʥʮʘ ʥʝ ʷʩʥʳ. 
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ʉʠʥʪʝʟ ʘʤʠʣʦʧʝʢʪʠʥʘ ʪʨʝʙʫʝʪ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ, ʨʘʩʱʝʧʣʷʶʱʠʭ ʢʨʘʭʤʘʣ: SBE 

ʠ DBE. ʉʪʨʫʢʪʫʨʘ ʘʤʠʣʦʧʝʢʪʠʥʘ, ʢʣʶʯʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʨʘʭʤʘʣʘ, ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʢʨʘʭʤʘʣʘ ʚ ʨʘʩʪʝʥʠʷʭ. ɺ ʢʘʨʪʦʬʝʣʝ ʝʩʪʴ ʜʚʘ ʢʣʘʩʩʘ ʨʘʟʚʝʪʚʣʷʶʱʠʭ 

ʬʝʨʤʝʥʪʦʚ SBEI ʠ SBEII. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʤʦʨʬʠʟʤʦʚ ʚ ʛʝʥʘʭ ʵʪʠʭ ʙʝʣʢʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

SBEI ʠ SBEII ʙʳʣʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩʦ ʩʪʝʧʝʥʴʶ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ 

ʢʨʘʭʤʘʣʴʥʳʭ ʮʝʧʝʡ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ, ʘ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʘʪʦʚ 

ʠ ʥʘʢʦʧʣʝʥʠʝ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʦ (Carpenter 

et al., 2015). ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʝʣʢʠ SBE ʤʦʛʫʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʢʦʧʣʝʥʠʝ 

ʛʣʶʢʦʟʳ ʠ ʬʨʫʢʪʦʟʳ ʥʘ ʭʦʣʦʜʫ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʚ ʢʣʫʙʥʷʭ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʥʘ ʫʨʦʚʝʥʴ CIS ʤʦʛʫʪ ʚʣʠʷʪʴ ʠ ʜʨʫʛʠʝ ʬʝʨʤʝʥʪʳ, ʪʘʢʞʝ 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʪʝʧʝʥʴ ʨʘʟʚʝʪʚʣʝʥʠʷ ʮʝʧʝʡ ʢʨʘʭʤʘʣʘ, ʧʦʥʠʞʘʶʱʠʝ ʩʪʝʧʝʥʴ ʝʛʦ 

ʚʝʪʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ DBE. ʆʥʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʩʘʭʘʨʦʚ ʧʨʠ ʭʦʣʦʜʦʚʦʤ 

ʩʪʨʝʩʩʝ, ʠʟʤʝʥʷʷ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʧʝʢʪʠʥʘ ʚ ʢʣʫʙʥʷʭ. ʆʜʥʘʢʦ ʵʪʘ ʛʠʧʦʪʝʟʘ ʥʫʞʜʘʝʪʩʷ ʚ 

ʧʦʜʪʚʝʨʞʜʝʥʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʧʦʜʜʝʨʞʘʥʠʝ ʢʘʯʝʩʪʚʘ ʢʣʫʙʥʝʡ ʧʨʠ ʭʨʘʥʝʥʠʠ ʩʚʷʟʘʥʦ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʙʠʦʤʘʨʢʝʨʦʚ, 

ʧʨʝʜʩʢʘʟʳʚʘʶʱʠʭ ʩʪʝʧʝʥʴ ʭʦʣʦʜʦʚʦʛʦ ʦʩʘʭʘʨʠʚʘʥʠʷ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʛʝʥʦʪʠʧʦʚ ʠ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʠ ʜʝʰʝʚʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʭʨʘʥʝʥʠʝʤ ʠ ʤʦʛʣʠ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʝʣʝʢʮʠʠ CIS-ʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʚʳʷʚʣʝʥʠʶ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ 

ʧʦʩʣʝ ʩʙʦʨʘ ʫʨʦʞʘʷ ʩ ʫʨʦʚʥʝʤ ʛʣʶʢʦʟʳ ʚ ʢʣʫʙʥʷʭ ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠ ʧʦʪʝʥʮʠʘʣ 

ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʟʠʩʪʝʥʪʥʳʭ ʩʘʭʘʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ (Neilson et al., 2017). 

ɹʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 12 ʩʦʨʪʦʚ ʠ ʩʝʣʝʢʮʠʦʥʥʳʭ ʣʠʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʨʘʟʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʛʣʶʢʦʟʳ ʧʨʠ ʩʙʦʨʝ ʫʨʦʞʘʷ ʧʝʨʝʜ ʭʨʘʥʝʥʠʝʤ ʥʘ ʭʦʣʦʜʝ: ʫ ʩʦʨʪʘ Shepody ʙʳʣʦ 

ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʶʢʦʟʳ, ʘ ʫ ʣʠʥʠʠ 15323-04 - ʩʘʤʦʝ ʥʠʟʢʦʝ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʫʨʦʚʥʷʭ ʛʣʶʢʦʟʳ ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ 

ʦʙʨʘʟʮʘʤʠ ʤʝʥʷʶʪʩʷ ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ ʧʨʠ +4 ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʤʝʩʷʮʝʚ ʙʝʟ ʚʳʷʚʣʝʥʠʷ 

ʢʘʢʦʡ-ʣʠʙʦ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʜʥʦʟʥʘʯʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʫʨʦʚʥʠ ʛʣʶʢʦʟʳ ʧʝʨʝʜ 

ʭʨʘʥʝʥʠʝʤ ʥʝ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤ ʧʨʝʜʠʢʪʦʨʦʤ CIS. 73 ʛʝʥʘ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ 

ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ ʜʦ ʭʨʘʥʝʥʠʷ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʛʣʶʢʦʟʳ ʧʦʩʣʝ 3 ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ ʥʘ ʭʦʣʦʜʝ. ɼʣʷ 12 ʩʦʨʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʠʭ ʵʢʩʧʨʝʩʩʠʠ ʜʦ ʭʨʘʥʝʥʠʷ ʧʨʠ +4  ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ ʫʨʦʚʥʝʤ ʛʣʶʢʦʟʳ 

ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ. ʊʝʤ ʩʘʤʳʤ, ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʛʝʥʦʚ ʜʦ ʟʘʢʣʘʜʢʠ ʥʘ ʭʦʣʦʜʦʚʦʝ 
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ʭʨʘʥʝʥʠʝ ʤʦʛʣʠ ʙʳʪʴ ʤʘʨʢʝʨʘʤʠ ʫʨʦʚʥʝʡ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ ʠ 

ʧʨʝʜʠʢʪʦʨʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ CIS. ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʛʝʥ-

ʧʝʨʝʥʦʩʯʠʢ ʘʫʢʩʠʥʘ Lax ʠ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ RING finger ʠ F-box, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʦʩʪʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʨʝʛʫʣʷʮʠʠ, ʠ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣ 

ʚʳʩʦʢʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʶʢʦʟʳ ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ. ɻʝʥ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ 

ʪʝʩʥʘʷ ʩʚʷʟʴ ʩ CIS-ʫʩʪʦʡʯʠʚʦʩʪʴʶ, SbRFP1, ʢʦʜʠʨʫʶʱʠʡ ʙʝʣʦʢ RING finger (Zhang et al., 

2013). ɹʝʣʢʠ RING finger ʫʯʘʩʪʚʫʶʪ ʚ ʨʷʜʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʨʝʘʢʮʠʶ 

ʥʘ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ. ɺ ʢʘʨʪʦʬʝʣʝ ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ SbRFP1 ʧʨʠʚʦʜʠʣʘ ʢ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʥʠʞʝʥʥʘʷ ʩʥʠʞʘʣʘ ʠʭ 

ʥʘʢʦʧʣʝʥʠʝ (Zhang et al., 2013). 

ʆʜʥʘʢʦ, ʯʪʦ ʠʥʪʝʨʝʩʥʦ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʩ 

ʫʨʦʚʥʝʤ ʛʣʶʢʦʟʳ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʢʦʨʨʝʣʷʮʠʠ ʩ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ, ʤʝʪʘʙʦʣʠʟʤʘ 

ʢʨʘʭʤʘʣʘ ʠʣʠ ʩʘʭʘʨʦʚ ʧʝʨʝʜ ʭʨʘʥʝʥʠʝʤ ʥʘ ʭʦʣʦʜʫ (Neilson et al., 2017). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʨʝʛʫʣʷʮʠʝʡ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʠʩʣʦʡ ʚʘʢʫʦʣʷʨʥʦʡ ʠʥʚʝʨʪʘʟʳ VInv (McKenzie et al., 2013). 

ʕʢʩʧʨʝʩʩʠʷ ʤʈʅʂ VInv ʢʘʢ ʚ ʣʠʥʠʷʭ ʜʠʢʦʛʦ ʪʠʧʘ, ʪʘʢ ʠ ʚ ʣʠʥʠʷʭ ʩ RNAi ʥʦʢʜʘʫʥʦʤ ʛʝʥʘ 

ʥʝ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʘʢʪʠʚʥʦʩʪʴʶ VInv ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʭʨʘʥʝʥʠʠ (Wiberley-

Bradford et al., 2014), ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʤʦʛʫʪ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʪʝʘʟ VInv (Xu et al., 2009; Liu et al., 2013). 

ʇʦʤʠʤʦ ʛʝʥʦʚ ʢʠʩʣʳʭ ʚʘʢʫʦʣʷʨʥʳʭ ʠʥʚʝʨʪʘʟ ʦʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʜʨʫʛʠʝ ʬʝʨʤʝʥʪʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʝʚʨʘʱʝʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʨʝʜʫʮʠʨʫʶʱʠʝ ʩʘʭʘʨʘ ʚ 

ʘʤʠʣʦʧʣʘʩʪʘʭ ʢʣʫʙʥʝʡ, ʪʘʢʠʝ ʢʘʢ ʘʤʠʣʘʟʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʤʝʡʩʪʚʘʤʠ Ŭ- ʠ ɓ- 

ʘʤʠʣʘʟ. ɼʣʷ ʦʙʦʠʭ ʩʝʤʝʡʩʪʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʠ Ŭ-ʘʤʠʣʘʟʳ, ʠ ɓ-ʘʤʠʣʘʟʳ 

ʢʘʨʪʦʬʝʣʷ ʧʦʚʳʰʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʘ. ɺʩʝʛʦ ʚ ʛʝʥʦʤʝ ʢʘʨʪʦʬʝʣʷ ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʜʦ 20 ʛʝʥʦʚ Ŭ-ʘʤʠʣʘʟ (Duan and Jin, 2024). ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʣʫʙʥʷʭ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʜʚʘ ʛʝʥʘ Ŭ-ʘʤʠʣʘʟʳ ï 

StAmy1 ʠ StAmy23. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ Ŭ-ʘʤʠʣʘʟʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ StAmy23 

(Zhang et al., 2014b). ʋ ʢʣʫʙʥʝʡ ʪʨʘʥʩʛʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ, ʚ ʢʦʪʦʨʳʭ ʙʳʣ 

ʠʥʛʠʙʠʨʦʚʘʥ ʙʝʣʦʢ StAmy23 ʟʘʜʝʨʞʠʚʘʣʦʩʴ ʧʨʦʨʘʩʪʘʥʠʝ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʥʠʞʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ. ʇʦʜʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ StAmy23 ʟʘʜʝʨʞʠʚʘʣʦ 

ʧʨʦʨʘʩʪʘʥʠʝ ʢʣʫʙʥʝʡ ʥʘ 1-2 ʥʝʜʝʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝʤ ʚ ʢʣʫʙʥʷʭ ʫ ʭʨʘʥʠʚʰʠʭʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +8ÁC ʪʨʘʥʩʛʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʩ 

ʠʥʛʠʙʠʨʦʚʘʥʥʳʤ StAmy23 ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʠ ʧʦʚʳʰʝʥʠʝʤ 

ʤʘʣʴʪʦʦʣʠʛʦʩʘʭʘʨʠʜʦʚ ʚ ʢʦʞʫʨʝ ʢʣʫʙʥʝʡ ʠ ʧʦʜ ʧʦʯʢʦʚʳʤ ʛʣʘʟʢʦʤ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʩ 

ʜʝʬʠʮʠʪʦʤ. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʩʘʭʘʨʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 
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ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʬʠʪʦʛʣʠʢʦʛʝʥʘ ʠ ʨʘʟʤʝʨʘ ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʘ (Hou et 

al., 2019). ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ StAmy23 ʤʦʞʝʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʛʠʜʨʦʣʠʟʝ ʢʨʘʭʤʘʣʘ ʚʦ ʚʨʝʤʷ CIS ʢʘʨʪʦʬʝʣʷ. 

ɺʩʝʛʦ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʚ ʛʝʥʦʤʝ S. tuberosum ʩʝʤʴ ʛʝʥʦʚ ɓ-ʘʤʠʣʘʟ ʠ 

ʠʩʩʣʝʜʦʚʘʥʘ ʩʚʷʟʴ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʛʝʥʦʚ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʢʘʢ ʙʝʣʢʘ, ʪʘʢ ʠ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʥʦʩʘʭʘʨʠʜʦʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʘʢʪʠʚʥʦʩʪʴ  

ɓ-ʘʤʠʣʘʟʳ ʩʚʷʟʘʥʘ ʩ StBAM1 ʠ StBAM9 ʠ ʧʦʢʘʟʘʥʘ ʠʭ ʨʦʣʴ, ʢʘʢ ʦʩʥʦʚʥʳʭ ʘʤʠʣʘʟ, ʚ 

ʥʘʢʦʧʣʝʥʠʠ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ, ʭʨʘʥʷʱʠʭʩʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(Zhang et al., 2014a). ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, StBAM9 ʩʘʤ ʥʝ ʧʨʦʷʚʣʷʝʪ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʦ ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ, ʢʦʪʦʨʘʷ 

ʟʘʚʠʩʠʪ ʦʪ ʜʨʫʛʠʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ StBAM9 (Zhang et al., 2014b). 

ʇʦʥʠʞʝʥʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʘ ɓ-ʘʤʠʣʘʟʳ StBAM3 ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʩʠʥʪʝʟʫ 

ʢʨʘʭʤʘʣʘ ʚ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ, ʦʜʥʘʢʦ, ʝʛʦ ʨʦʣʴ ʚ ʢʣʫʙʥʷʭ ʜʦ ʢʦʥʮʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʣʫʙʥʷʭ S.tuberosum ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ, ʨʦʣʴ ʠ 

ʤʝʭʘʥʠʟʤʳ ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʚ Ŭ- ʠ ɓ-ʘʤʠʣʘʟ ʚ ʨʘʟʣʦʞʝʥʠʠ ʢʨʘʭʤʘʣʘ ʠ ʥʘʢʦʧʣʝʥʠʠ 

ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦ ʢʦʥʮʘ ʥʝ 

ʚʳʷʩʥʝʥʳ ʬʫʥʢʮʠʠ ʢʘʞʜʦʛʦ ʠʟ ʛʝʥʦʚ ʘʤʠʣʘʟ, ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʛʝʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. 

1.4. ʆʩʥʦʚʥʳʝ ʬʝʨʤʝʥʪʳ ʤʝʪʘʙʦʣʠʟʤʘ ʢʨʘʭʤʘʣʘ ʠ ʠʭ ʫʯʘʩʪʠʝ ʚ ʩʪʨʝʩʩʦʚʦʤ ʦʪʚʝʪʝ.  

1.4.1. ɸʤʠʣʘʟʳ. 

ʆʙʤʝʥ ʢʨʘʭʤʘʣʘ ʚ ʨʘʩʪʝʥʠʷʭ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʷʜʦʤ ʬʝʨʤʝʥʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʘʤʠʣʘʟʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ. ɸʤʠʣʘʟʳ ʷʚʣʷʶʪʩʷ 1,4-Ŭ-

D-ʛʣʶʢʘʥʦʛʠʜʨʦʣʘʟʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʬʝʨʤʝʥʪʦʚ, ʛʠʜʨʦʣʠʟʫʶʱʠʭ 

ʢʨʘʭʤʘʣ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʩʪʳʭ ʩʘʭʘʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʨʫʢʪʦʟʘ, ʤʘʣʴʪʦʟʘ, ʛʣʶʢʦʟʘ ʠ 

ʜʝʢʩʪʨʠʥ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʘʤʠʣʘʟ: ʵʢʟʦ-ʘʤʠʣʘʟʳ ʠ ʵʥʜʦ-ʘʤʠʣʘʟʳ. ʕʢʟʦʘʤʠʣʘʟʳ ʤʦʛʫʪ 

ʨʘʩʱʝʧʣʷʪʴ ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʢʦʥʝʮ ʢʨʘʭʤʘʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʥʜʦʘʤʠʣʘʟʳ 

ʛʠʜʨʦʣʠʟʫʶʪ ʩʚʷʟʠ ʚʥʫʪʨʠ ʤʦʣʝʢʫʣʳ ʢʨʘʭʤʘʣʘ (Kamon et al., 2015). 

ɸʤʠʣʘʟʳ ʨʘʩʪʝʥʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʜʢʣʘʩʩʘ: Ŭïʘʤʠʣʘʟʳ (AMY) 

(EC 3.2.1.1), ɓ-ʘʤʠʣʘʟʳ (BAM) (ɽʉ 3.2.1.2) ʠ ɔ-ʘʤʠʣʘʟʳ (ʠʣʠ ʛʣʶʢʦʘʤʠʣʘʟʳ EC 3.2.1.3).  

Ŭïʘʤʠʣʘʟʳ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʢ ʫ ʥʠʟʰʠʭ, ʪʘʢ ʠ ʫ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. 

Ŭïʘʤʠʣʘʟʳ ʧʦ ʤʝʭʘʥʠʟʤʫ ʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʥʜʦʬʝʨʤʝʥʪʘʤʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ɓ-ʘʤʠʣʘʟʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʢʟʦʬʝʨʤʝʥʪʳ. ɸʤʠʣʘʟʳ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʥʘ ʘʤʠʣʦʟʫ, 

ʪʘʢ ʠ ʥʘ ʘʤʠʣʦʧʝʢʪʠʥ ʠ ʧʨʦʠʟʚʦʣʴʥʦ ʦʪʩʝʢʘʶʪ Ŭ-1,4-ʮʝʧʴ ʚʥʫʪʨʠ ʩʘʭʘʨʥʦʡ ʮʝʧʠ ʙʝʟ 

ʨʘʟʣʠʯʠʷ ʩʫʙʩʪʨʘʪʘ, ʥʦ ʥʝ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ Ŭ-1,6 ʮʝʧʠ. 
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ɓ-ʘʤʠʣʘʟʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ Ŭ-ʘʤʠʣʘʟ ʪʝʤ, ʯʪʦ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʢʟʦ-

ʘʤʠʣʘʟʘʤʠ ʠ ʩ ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʢʦʥʮʘ ʮʝʧʠ Ŭ-1,4-ʛʣʶʢʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʦʪʱʝʧʣʷʶʪ ʟʚʝʥʴʷ ʤʘʣʴʪʦʟʳ. ɺ ʩʣʫʯʘʝ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʤʠʣʦʟʘ, 

ʤʦʣʝʢʫʣʳ ʩʫʙʩʪʨʘʪʘ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʨʘʟʣʘʛʘʪʴʩʷ ɓ-ʘʤʠʣʘʟʘʤʠ ʥʘ ʤʘʣʴʪʦʟʫ ʠ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʛʣʶʢʦʟʳ. 

ɔ-ʘʤʠʣʘʟʳ (ʛʣʶʢʦʘʤʠʣʘʟʳ) ð ʵʢʟʦʥʫʢʣʝʘʟʳ, ʨʘʩʱʝʧʣʷʶʱʠʝ ʥʝ ʪʦʣʴʢʦ Ŭ(1Ÿ4), ʥʦ 

ʠ Ŭ(1Ÿ6) ʛʣʠʢʦʟʠʜʥʳʝ ʩʚʷʟʠ ʩ ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʢʦʥʮʘ ʤʦʣʝʢʫʣ ʢʨʘʭʤʘʣʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ D-ʛʣʶʢʦʟʘ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʛʠʜʨʦʣʠʟʘ. ʇʨʠ 

ʵʪʦʤ ʛʣʶʢʦʘʤʠʣʘʟʘ ʩʧʦʩʦʙʥʘ ʪʘʢʞʝ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ, ʦʙʨʘʪʥʫʶ ʦʙʳʯʥʦʡ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʣʠʟʘ, ʩ ʧʦʣʫʯʝʥʠʝʤ, ʚ ʦʩʥʦʚʥʦʤ, ʤʘʣʴʪʦʟʳ ʠ ʠʟʦʤʘʣʴʪʦʟʳ (Soccol et al., 2006). ɺʩʝ 

ʵʪʦ ʦʪʣʠʯʘʝʪ ʛʣʶʢʦʘʤʠʣʘʟʫ ʦʪ Ŭ- ʠ ɓ-ʘʤʠʣʘʟ ʠ ʜʝʣʘʝʪ ʝʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʬʝʨʤʝʥʪʦʤ, 

ʩʧʦʩʦʙʥʳʤ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʢʨʘʭʤʘʣ ʜʦ ʛʣʶʢʦʟʳ. 

ʅʘʠʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʳʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʫ ʨʘʩʪʝʥʠʡ ʷʚʣʷʶʪʩʷ Ŭ- ʠ 

ɓ-ʘʤʠʣʘʟʳ. ɸʤʠʣʘʟʳ AMY ʠ BAM ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʫʧʝʨʩʝʤʝʡʩʪʚʫ ʛʣʠʢʦʟʠʜʛʠʜʨʦʣʘʟ  

GH 13 ʠ GH 14, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʘ ʪʠʧʘ ʘʤʠʣʘʟ ʦʙʣʘʜʘʶʪ ʩʭʦʜʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʜʝʡʩʪʚʠʷ, ʭʦʪʷ ʩʫʙʩʪʨʘʪʳ ʠ ʧʨʦʜʫʢʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʨʝʛʫʣʷʮʠʠ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ. 

ʆʩʥʦʚʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʜʦʤʝʥʳ AMY ʠ BAM ʫ ʨʘʟʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠʤʝʶʪ ʩʭʦʜʥʳʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ, ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʝʡ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʦʡ ʵʪʠʭ ʙʝʣʢʦʚ ʠ ʢʨʦʤʝ ʪʦʛʦ ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʦʙʦʠʭ ʪʠʧʦʚ ʛʝʥʦʚ ʦʪ ʦʙʱʝʛʦ ʧʨʝʜʢʦʚʦʛʦ ʛʝʥʘ (Hºcker et al., 2001). ɹʝʣʢʠ ʘʤʠʣʘʟ ʨʘʩʪʝʥʠʡ 

ʠʤʝʶʪ ʩʭʦʜʥʫʶ ʪʨʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʟ ʦʜʥʦʛʦ (AMY, ◓-ʘʤʠʣʘʟʳ) ʠʣʠ ʜʚʫʭ (ɺɸʄ) 

ʜʦʤʝʥʦʚ. ʆʩʥʦʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ ʚʩʝʭ ʘʤʠʣʘʟ ʧʨʝʜʩʪʘʚʣʝʥ (ɓ/Ŭ)8-ʮʠʣʠʥʜʨʦʚʳʤ 

ʷʜʨʦʤ (ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʳʤ TIM barrel). ʋ Ŭ-ʘʤʠʣʘʟ ʦʥ ʚʢʣʶʯʘʝʪ ʚʦʩʝʤʴ Ŭ-ʩʧʠʨʘʣʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʥʘʨʫʞʠ, ʢʦʪʦʨʳʝ ʦʢʨʫʞʘʶʪ ʚʦʩʝʤʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ɓ-ʩʧʠʨʘʣʝʡ ʚʥʫʪʨʠ ʥʘ 

N-ʢʦʥʮʝ, ʠ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʬʝʨʤʝʥʪʦʚ AMY. ʋ Ŭ-ʘʤʠʣʘʟ 

ʦʩʥʦʚʥʦʡ ʜʦʤʝʥ ʩʦʜʝʨʞʠʪ ʪʨʠ ʚʳʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʢʣʶʯʝʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ Asp-Glu-Asp. ɓ-ʘʤʠʣʘʟʳ ʪʘʢʞʝ ʬʦʨʤʠʨʫʶʪ ʢʘʥʦʥʠʯʝʩʢʦʝ (ɓ/Ŭ)8-

ʮʠʣʠʥʜʨʦʚʦʝ ʷʜʨʦ ʩ ʢʨʠʪʠʯʝʩʢʠʤʠ ʜʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʚʫʤʷ ʚʳʩʦʢʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʦʩʪʘʪʢʘʤʠ Glu, ʜʝʡʩʪʚʫʶʱʠʤʠ ʢʘʢ ʜʦʥʦʨ ʧʨʦʪʦʥʦʚ ʠ ʥʫʢʣʝʦʬʠʣ (ʊ, ʋ).  

ɹʝʣʢʠ AMY ʠ BAM ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʢʨʘʭʤʘʣʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʣʴʪʦʟʳ - ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʠ ʦʩʤʦʣʠʪʦʚ ʢʣʝʪʦʢ ʨʘʩʪʝʥʠʡ. ɺ 

ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʦʚ ʦʙʦʠʭ ʬʝʨʤʝʥʪʦʚ 

ʨʝʛʫʣʠʨʫʶʪʩʷ ʩʣʦʞʥʦʡ ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʝʪʴʶ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʚʝʪ, ʬʠʪʦʛʦʨʤʦʥʳ, 

ʩʘʭʘʨʘ ʠ ʩʪʨʝʩʩʦʚʳʝ ʬʘʢʪʦʨʳ (Kaplan et al., 2006; Doyle et al., 2007). 
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1.4.1.1. ʉʪʨʦʝʥʠʝ ʠ ʬʫʥʢʮʠʠ Ŭ-ʘʤʠʣʘʟ. 

 Ŭ-ʘʤʠʣʘʟʘ (EC 3.2.1.1) ï ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʣʘʩʩʫ Ŭ-1,4-ʛʣʶʢʘʥ-4-ʛʣʶʢʘʥʦʛʠʜʨʦʣʘʟ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʤʫ ʫ ʚʳʩʰʠʭ ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʫʛʣʝʚʦʜʥʦʤ ʦʙʤʝʥʝ. ʌʝʨʤʝʥʪ ʢʘʪʘʣʠʟʠʨʫʝʪ ʛʠʜʨʦʣʠʟ Ŭ-1,4-ʛʣʶʢʦʟʠʜʥʳʭ ʩʚʷʟʝʡ ʚ 

ʢʨʘʭʤʘʣʝ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʝʤʫ Ŭ-ʛʣʶʢʘʥʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʨʘʭʤʘʣ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʘʜʘ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʣʠʛʦʩʘʭʘʨʠʜʳ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʜʦ ʬʨʫʢʪʦʟʳ ʠ ʛʣʶʢʦʟʳ 

(Mobini-Dehkordi and Javan, 2012). ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʦʣʴʰʠʥʩʪʚʘ Ŭïʘʤʠʣʘʟ 

ʷʚʣʷʝʪʩʷ ʩʚʷʟʴ ʩ ʠʦʥʘʤʠ ʉʘ
2+

 ʚ ʢʘʯʝʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʝʨʤʝʥʪʦʤ ʠ ʢʘʢ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ, ʠ ʢʘʢ ʘʢʪʠʚʠʨʫʶʱʠʡ ʬʘʢʪʦʨ.  

 ɹʦʣʴʰʠʥʩʪʚʦ Ŭ-ʘʤʠʣʘʟ ʠʟʚʝʩʪʥʳ ʢʘʢ ʵʥʜʦʘʤʠʣʘʟʳ ʠ ʭʘʦʪʠʯʝʩʢʠ ʛʠʜʨʦʣʠʟʫʶʪ 

ʧʦʣʠʤʝʨ ʢʨʘʭʤʘʣʘ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʝʛʦ ʘʥʦʤʝʨʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʢ  

Ŭ-ʘʤʠʣʘʟʘʤ ʦʪʥʦʩʷʪʩʷ ʵʢʟʦ-ʘʤʠʣʘʟʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʪʱʝʧʣʷʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʤʘʣʴʪʦʟʥʳʡ ʜʠʩʘʭʘʨʠʜ ʦʪ ʢʦʥʮʘ ʢʨʘʭʤʘʣʴʥʦʡ ʮʝʧʠ (Derde et al., 2012). 

ʅʘ ʧʨʠʤʝʨʝ ʷʯʤʝʥʷ Hordeum vulgare L. ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʙʝʣʢʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʘʤʠʣʘʟʳ. Ŭ-ʘʤʠʣʘʟʘ ʠʤʝʝʪ ʪʨʝʭʤʝʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ ʝʡ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʩʫʙʩʪʨʘʪʦʤ ʠ ʜʝʣʘʝʪ ʝʝ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʦʡ 

ʚ ʩʚʦʝʡ ʘʢʪʠʚʥʦʩʪʠ. ʄʦʣʝʢʫʣʘ Ŭ-ʘʤʠʣʘʟ rʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʠʪ 512 ʘʤʠʥʦʢʠʩʣʦʪ (ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 57,6 ʢɼʘ) (Sahni and Goel, 2015). ɺ 

ʩʪʨʫʢʪʫʨʝ Ŭ-ʘʤʠʣʘʟʳ ʚʳʜʝʣʷʶʪ ʪʨʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʜʦʤʝʥʘ: ʜʦʤʝʥ A ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʜʦʤʝʥʦʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʚʩʝʭ AMY ʬʝʨʤʝʥʪʦʚ. ʆʥ ʚʢʣʶʯʘʝʪ 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ N-ʢʦʥʮʝ (ɓ/Ŭ) 8-ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʜʦʤʝʥ (TIM barrel), ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ 

ʠʟ ʚʦʩʴʤʠ Ŭ-ʩʧʠʨʘʣʝʡ ʩʥʘʨʫʞʠ, ʦʢʨʫʞʘʶʱʠʭ ʚʦʩʝʤʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ɓ-ʩʧʠʨʘʣʝʡ ʚʥʫʪʨʠ 

(ʨʠʩ. 5). ʕʪʦʪ ʜʦʤʝʥ ʩʦʜʝʨʞʠʪ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, ʘ ʪʘʢʞʝ ʪʝ, 

ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʩʚʷʟʳʚʘʥʠʠ ʣʠʛʘʥʜʘ (Yang et al., 2023).  

 

ʈʠʩʫʥʦʢ 5 ï ʊʨʝʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ Ŭ-ʘʤʠʣʘʟʳ ʷʯʤʝʥʷ HvAMY-1, ʆʪʜʝʣʴʥʳʝ ʜʦʤʝʥʳ 

ʦʢʨʘʰʝʥʳ: ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ɸ ʜʦʤʝʥ (ɓ/Ŭ)8-ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ (ʢʨʘʩʥʳʤ), ʜʦʤʝʥ  

B ð (ʞʝʣʪʳʤ), ʜʦʤʝʥ C ð (ʩʠʥʠʤ), ʧʦʣʠʩʘʭʘʨʠʜ- ʟʝʣʝʥʳʤ (Payan, 2004). 
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ɼʦʤʝʥ ɸ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʝ ʜʚʫʭ ʪʨʝʪʝʡ ʚʩʝʛʦ ʙʝʣʢʘ (286 ʘ.ʦ ʫ H.vulgare) (Sahni and 

Goel., 2015). ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʚʢʣʶʯʘʝʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ Asp-

Glu-Asp (Yang et al., 2023). ʋʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ SBS1, ʚʢʣʶʯʘʶʱʠʡ 

ʜʚʘ ʦʩʪʘʪʢʘ Trp, ʨʘʩʧʦʣʦʞʝʥ ʥʘ Ŭ-ʩʧʠʨʘʣʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ɓ/Ŭ-ʮʠʣʠʥʜʨʘ ʠ ʢʨʘʡʥʝ 

ʢʦʥʩʝʨʚʘʪʠʚʝʥ ʫ ʚʩʝʭ Ŭ-ʘʤʠʣʘʟ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʙʝʣʢʦʚ ʧʦʜʩʝʤʝʡʩʪʚʘ AMY2, ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʝʥ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ ʢʨʘʭʤʘʣʘ (SBS2) (Ju et al., 2019).  

ɼʦʤʝʥ ɺ ʠʤʝʝʪ ʛʣʦʙʫʣʷʨʥʫʶ ʬʦʨʤʫ ʠ ʚʩʪʨʦʝʥ ʚ ʜʦʤʝʥ ɸ ʚ ʚʠʜʝ ʧʨʦʪʷʞʝʥʥʦʡ 

ʧʝʪʣʠ, ʚʩʪʘʚʣʝʥʥʦʡ ʤʝʞʜʫ ɓ-ʮʝʧʴʶ ʠ Ŭ-ʩʧʠʨʘʣʴʶ ʜʦʤʝʥʘ ɸ. ɼʦʤʝʥ ɺ ʦʙʨʘʟʫʝʪ ʧʦʣʦʩʪʴ, ʩ 

ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʳ ʠʦʥʳ ʢʘʣʴʮʠʷ Ca
2+
. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, 

ʷʚʣʷʶʱʠʝʩʷ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʠʦʥʦʚ ʢʘʣʴʮʠʷ (Sahni and Goel, 2015). ʊʨʝʪʠʡ ʜʦʤʝʥ 

ʉ ʦʙʨʘʟʫʝʪ ʦʪʜʝʣʴʥʫʶ ʛʣʦʙʫʣʷʨʥʫʶ ʝʜʠʥʠʮʫ, ʩʦʩʪʦʷʱʫʶ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ɓ-ʣʠʩʪʘ, 

ʬʫʥʢʮʠʷ ʢʦʪʦʨʦʛʦ ʥʝʠʟʚʝʩʪʥʘ (Seddigh and Darab, 2015).  

ɻʝʥʳ Ŭ-ʘʤʠʣʘʟʳ AMY1, AMY2 ʠ AMY3 ʚʳʷʚʣʝʥʳ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʩʝʭ ʚʳʩʰʠʭ 

ʨʘʩʪʝʥʠʡ. ʇʨʠ ʵʪʦʤ, ʚʩʝ ʪʨʠ ʘʤʠʣʘʟʳ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʢʣʝʪʢʠ. ʊʘʢ, 

AMY1 ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʘʧʦʧʣʘʩʪʝ ʠ ʜʨʫʛʠʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ, AMY2 - ʚ 

ʮʠʪʦʟʦʣʝ ʠ AMY3 - ʚ ʧʣʘʩʪʠʜʘʭ (Kitajima et al., 2009; Mitsui et al., 2018). ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʳʜʝʣʷʶʪ ʰʝʩʪʴ ʧʦʜʩʝʤʝʡʩʪʚ Ŭ-ʘʤʠʣʘʟ ʨʘʩʪʝʥʠʡ AMY1-6. ɼʝʣʝʥʠʝ ʥʘ ʧʦʜʩʝʤʝʡʩʪʚʘ 

ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʣʠʯʠʷʭ ʚ ʩʪʨʦʝʥʠʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʠ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʥʘʣʠʯʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʪʠʚʦʚ ʠ ʩʘʡʪʦʚ. ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʯʘʩʪʦ ʛʝʥʳ ʘʤʠʣʘʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʘʟʳʚʘʣʠʩʴ ʥʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʦʤʦʣʦʛʠʠ, ʘ ʧʦ 

ʤʝʨʝ ʠʭ ʦʧʠʩʘʥʠʷ, ʪʦ ʚʦʟʥʠʢʣʘ ʦʛʨʦʤʥʘʷ ʧʫʪʘʥʠʮʘ ʚ ʥʘʟʚʘʥʠʷʭ ʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʚ 

ʢʦʥʢʨʝʪʥʳʝ ʧʦʜʛʨʫʧʧʳ. ʈʘʥʝʝ ʚʳʜʝʣʷʣʠʩʴ AMYɸ ʠ AMYB ʪʠʧʳ ʙʝʣʢʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʭ ʦʪʥʦʩʷʪ ʢ ʧʦʜʪʠʧʘʤ AMYA=(AMY1 ʠ AMY2) ʠ AMYB=AMY3 (Ju et al., 2019).  

AMY1, AMY2 ʠ AMY3 ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʢʨʝʪʦʨʥʳʤ ʙʝʣʢʘʤ ʠ ʚʢʣʶʯʘʶʪ ʥʘ N-ʢʦʥʮʝ 

ʩʠʛʥʘʣʴʥʳʝ ʧʝʧʪʠʜʳ ʜʣʠʥʦʡ 24-27 ʘ.ʦ. (Kitajima et al., 2009; Mitsui et al., 2018). ɺ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ N-ʢʦʥʮʝʚʳʭ ʦʙʣʘʩʪʷʭ ʛʝʥʦʚ Ŭ-ʘʤʠʣʘʟʳ ʫ ʚʳʩʰʠʭ 

ʨʘʩʪʝʥʠʡ ʚʳʷʚʣʷʶʪ ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʩʠʛʥʘʣʴʥʳʭ ʧʝʧʪʠʜʦʚ: ʩʝʢʨʝʪʦʨʥʳʝ ʩʠʛʥʘʣʳ ʠ 

ʪʨʘʥʟʠʪʥʳʝ ʧʝʧʪʠʜʳ. ʉʠʛʥʘʣʴʥʳʝ ʧʝʧʪʠʜʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʙʝʣʢʘ ʚ 

ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ ʢʣʝʪʢʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, Ŭ-ʘʤʠʣʘʟʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʭ ʨʘʟʥʦʝ ʩʫʙʢʣʝʪʦʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʢʨʘʭʤʘʣʘ (Stanley et 

al., 2002).  

ʂʘʢ ʠ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʚʩʝ ʪʨʠ ʘʤʠʣʘʟʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʨʘʟʥʳʭ ʢʣʝʪʦʯʥʳʭ 

ʢʦʤʧʘʨʪʤʝʥʪʘʭ: ʚ ʘʧʦʧʣʘʩʪʝ (AMY1), ʚ ʮʠʪʦʟʦʣʝ (AMY3) ʠ ʧʣʘʩʪʠʜʘʭ (AMY3) (Stanley et 

al., 2002). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʝʤʝʡʩʪʚʘ ʛʝʥʦʚ Ŭ-ʘʤʠʣʘʟʳ ʚʳʧʦʣʥʷʶʪ 

ʨʘʟʥʳʝ ʬʫʥʢʮʠʠ. Ŭ-ʘʤʠʣʘʟʳ ʧʦʜʩʝʤʝʡʩʪʚʘ AMY1 ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʩʱʝʧʣʝʥʠʠ 
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ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʢʨʘʭʤʘʣʘ. Ŭ-ʘʤʠʣʘʟʳ ʚʪʦʨʦʛʦ ʧʦʜʩʝʤʝʡʩʪʚʘ AMY2 ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ 

ʮʠʪʦʟʦʣʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʩʘʭʘʨʦʚ ʚ ʦʪʚʝʪ ʥʘ ʜʝʡʩʪʚʠʝ ʭʦʣʦʜʦʚʦʛʦ 

ʩʪʨʝʩʩʘ. Ŭ-ʘʤʠʣʘʟʳ ʪʨʝʪʴʝʛʦ ʩʝʤʝʡʩʪʚʘ AMY3 ʤʦʛʫʪ ʙʳʪʴ ʬʝʨʤʝʥʪʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ 

ʨʘʟʣʦʞʝʥʠʝ ʚʩʝʭ ʬʦʨʤ ʧʣʘʩʪʠʜ-ʩʚʷʟʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʪʦ ʝʩʪʴ ʢʘʢ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʚ 

ʜʥʝʚʥʫʶ ʬʘʟʫ ʬʦʪʦʩʠʥʪʝʟʘ, ʪʘʢ ʠ ʟʘʧʘʩʥʦʛʦ ʢʨʘʭʤʘʣʘ (Stanley et al., 2002). ɻʠʧʦʪʝʪʠʯʝʩʢʠ, 

ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʜʠʚʝʨʛʝʥʪʥʳʭ ʠʟʦʬʦʨʤ ʧʦʟʚʦʣʷʝʪ ʨʘʩʪʠʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʤʘʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʘʪʝʛʦʨʠʠ ʢʨʘʭʤʘʣʦʧʦʜʦʙʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʝʣʢʦʚ, AMY-ʛʝʥʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʫ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ (Stanley et al., 2002) ʠ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʦʚ AMY ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨʘʭ, ʪʘʢʠʭ ʢʘʢ ʧʰʝʥʠʮʘ, 

ʷʯʤʝʥʴ ʠ ʨʠʩ, ʪʘʢ ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥʳ Ŭ-ʘʤʠʣʘʟ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʨʘʩʪʘʥʠʠ ʩʝʤʷʥ ʠ ʩʦʟʨʝʚʘʥʠʠ ʟʝʨʥʘ, ʚʣʠʷʷ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ. ʏʘʩʪʦ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ 

ʣʠʙʦ ʢʘʢʦʛʦ-ʪʦ ʦʜʥʦʛʦ ʛʝʥʘ, ʣʠʙʦ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʚ ʦʜʥʦʛʦ ʧʦʜʩʝʤʝʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʚ 

ʛʝʥʦʤʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʦ ʥʘʡʜʝʥʦ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʨʘʟʥʳʤ ʧʦʜʩʝʤʝʡʩʪʚʘʤ (Ju et al., 2019). ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʦ ʜʘʞʝ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʝ ʚʠʜʳ 

ʤʦʛʫʪ ʠʤʝʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ ʦʜʥʦʛʦ ʩʝʤʝʡʩʪʚʘ, ʥʦ ʪʘʢʞʝ ʨʘʟʣʠʯʘʪʴʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʩʝʤʝʡʩʪʚ AMY, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʛʝʥʦʤʝ (Ju et al., 2019; Yang et al., 

2023).  

ʂʘʢ ʧʨʘʚʠʣʦ, ʛʝʥʳ AMY1 ʠ AMY2 ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʜʩʝʤʝʡʩʪʚʘʤ, ʩʧʝʮʠʬʠʯʥʳʤ ʜʣʷ 

ʦʜʥʦʜʦʣʴʥʳʭ. ʈʘʥʝʝ ʫ ʜʚʫʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʛʝʥʳ AMY1-ʪʠʧʘ, ʪʘʢʠʝ ʢʘʢ 

ʛʝʥʳ ʘʨʘʙʠʜʦʧʩʠʩʘ AtAMY1 ʠ ʢʘʨʪʦʬʝʣʷ StAmy1, ʢʦʪʦʨʳʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʧʦʜʩʝʤʝʡʩʪʚʫ ʛʝʥʦʚ AMY3. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʛʝʥʦʚ/ʙʝʣʢʦʚ 6 ʧʦʜʩʝʤʝʡʩʪʚ Ŭ-ʘʤʠʣʘʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʚʫʭ ʵʚʦʣʶʮʠʦʥʥʳʭ ʣʠʥʠʷʭ, 

ʛʨʫʧʧʠʨʫʶʱʠʭ ʵʪʠ ʧʦʜʩʝʤʝʡʩʪʚʘ ʚ ʜʚʘ ʢʣʘʩʪʝʨʘ: ʧʝʨʚʳʡ ʚʢʣʶʯʘʝʪ ʛʝʥʳ ʙʦʣʝʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʧʦʜʩʝʤʝʡʩʪʚ AMY1, AMY2 ʠ AMY3, ʜʨʫʛʦʡ ï ʛʝʥʳ ʦʧʠʩʘʥʥʳʝ ʛʦʨʘʟʜʦ 

ʧʦʟʜʥʝʝ ʧʦʜʩʝʤʝʡʩʪʚ AMY4, AMY5 ʠ AMY6. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʥʦʚ 

Ŭ-ʘʤʠʣʘʟ ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʜʚʘ ʧʦʜʩʝʤʝʡʩʪʚʘ (AMY1 ʠ 

AMY2) (Huang et al., 1992), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʝʥʳ ʜʚʫʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ 

ʧʦʜʩʝʤʝʡʩʪʚʘ (AMY1, AMY2 ʠ AMY3). ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʚʦʣʶʮʠʷ AMY3 ʧʨʦʠʟʦʰʣʘ ʧʦʩʣʝ ʨʘʩʭʦʞʜʝʥʠʝ ʜʚʫʜʦʣʴʥʳʭ ʠ 

ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ (Ju et al., 2019). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʛʝʥʳ ʘʤʠʣʘʟ ʢʨʘʡʥʝ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʝʥʠʡ (ʘʨʘʙʠʜʦʧʩʠʩ, ʢʘʩʩʘʚʘ M. esculenta, ʯʘʡʥʳʡ ʢʫʩʪ 
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Camellia sinensis (L.) Kuntze, ʷʙʣʦʥʷ Malus domestica (Suckow) Borkh., ʢʘʨʪʦʬʝʣʴ  

S. tuberosum) (Ju et al., 2019; Stanley et al., 2002; Yang et al., 2023; Duan et al., 2024).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ 2024 ʛʦʜʫ ʘʥʘʣʠʟʘ ʛʝʥʦʤʘ ʢʘʨʪʦʬʝʣʷ S. tuberosum 

ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 20 ʛʝʥʦʚ StAMY (ʨʠʩ. 6) (Duan et al., 2024). ʈʘʟʤʝʨʳ ʛʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʣʠ (2,2-19 ʪ.ʧ.ʥ.) ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʚ ʠʥʪʨʦʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʤʝʨ ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʪʣʠʯʘʣʩʷ 

ʥʝ ʪʘʢ ʩʠʣʴʥʦ (1185-3999 ʧ.ʥ.) (ʨʠʩ. 6). ʄʝʞʜʫ ʛʨʫʧʧʘʤʠ ʙʝʣʢʦʚ StAMY (ʥʘʧʨʠʤʝʨ, 

StAMY2 ʠ StAMY3, StAMY5, StAMY6 ʠ StAMY7) ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʪʝʩʥʳʝ ʵʚʦʣʶʮʠʦʥʥʳʝ ʩʚʷʟʠ. ʆʜʥʘʢʦ, ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʛʝʥʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʠʷ ʚ ʵʢʟʦʥ-ʠʥʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʠʷʤ ʚ ʬʫʥʢʮʠʠ ʠ ʧʘʪʪʝʨʥʘʤ ʵʢʩʧʨʝʩʩʠʠ (ʨʠʩ. 6ɹ). ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʝʣʢʠ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʯʘʷ, ʢʘʩʩʘʚʳ ʠ ʢʘʨʪʦʬʝʣʷ ʙʳʣʠ ʩʭʦʞʠʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʘʞʜʦʡ ʚʝʪʚʠ, ʚʦʟʤʦʞʥʦ, ʧʨʦʠʟʦʰʣʠ ʦʪ 

ʦʙʱʝʛʦ ʧʨʝʜʢʘ (Yue et al., 2019; Yang et al., 2023; Duan et al., 2024). 

ʋ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢ ʜʘʥʥʦʤʫ ʤʦʤʝʥʪʫ ʩʝʤʝʡʩʪʚ AMY  ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʵʢʟʦʥ/ʠʥʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʛʝʥʦʚ Ŭ-ʘʤʠʣʘʟ ʨʘʟʣʠʯʥʳʭ ʧʦʜʩʝʤʝʡʩʪʚ, ʯʪʦ ʙʳʣʦ 

ʦʞʠʜʘʝʤʦ, ʥʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ ʠ ʨʘʟʣʠʯʠʷ ʫ ʛʝʥʦʚ ʦʜʥʦʛʦ ʩʝʤʝʡʩʪʚʘ (ʨʠʩ. 6). ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʢʘʞʜʦʝ ʧʦʜʩʝʤʝʡʩʪʚʦ Ŭ-ʘʤʠʣʘʟʥʳʭ ʛʝʥʦʚ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʥʪʨʦʥʦʚ, 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʪ ʜʚʫʭ ʜʦ ʦʜʠʥʥʘʜʮʘʪʠ ʠ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʵʢʟʦʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʠʥʪʨʦʥʳ ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʝʤʝʡʩʪʚʘʭ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ (Stanley et al., 2002; Yang et al., 2023; Duan et 

al., 2024). 

ɸ ɹ  

ʈʠʩʫʥʦʢ 6 ï ɻʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʤʦʪʠʚʳ ʠ ʜʦʤʝʥʳ ʩʝʤʝʡʩʪʚ MeAMY 

ʢʘʩʩʘʚʳ (ɸ) ʠ StAMY ʢʘʨʪʦʬʝʣʷ (ɹ) (Yang et al., 2023, Duan et al., 2024). 

https://ru.wikipedia.org/w/index.php?title=Suckow&action=edit&redlink=1
https://ru.wikipedia.org/wiki/Borkh.
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ʋ ʨʠʩʘ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʦʢʦʣʦ 10 ʠʟʦʬʦʨʤ, ʢʦʜʠʨʫʝʤʳʭ ʨʘʟʥʳʤʠ ʛʝʥʘʤʠ 

ʘʧʦʧʣʘʩʪʥʳʭ Ŭ-ʘʤʠʣʘʟ, ʧʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʘ ʫ ʚʩʝʭ ʛʝʥʦʚ ʙʳʣʘ ʦʜʠʥʘʢʦʚʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʧʦʪʝʨʠ ʚʪʦʨʦʛʦ ʠʟ ʪʨʝʭ ʠʥʪʨʦʥʦʚ ʚ ʦʜʥʦʤ ʧʦʜʩʝʤʝʡʩʪʚʝ (Huang et al., 1990). ɿʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʤʦʪʠʚʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ, ʩʦʩʪʘʚ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʤʦʪʠʚʦʚ ʚ 

ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ MeAMY ʠ StAMY ʙʳʣ ʨʘʟʥʳʤ (Yang et al., 2023; Duan et 

al., 2024). ʅʝʢʦʪʦʨʳʝ ʤʦʪʠʚʳ ʩʫʱʝʩʪʚʦʚʘʣʠ ʪʦʣʴʢʦ ʫ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʯʣʝʥʦʚ ʩʝʤʝʡʩʪʚʘ 

ʛʝʥʦʚ ʠ ʵʪʠ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʩʝʤʝʡʩʪʚ 

MeAMY ʠ StAMY ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʛʝʥʦʚ ʢʘʩʩʘʚʳ ʠ ʢʘʨʪʦʬʝʣʷ ʙʳʣ 

ʧʦʢʘʟʘʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʣʘʡʩʠʥʛ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ɼʣʷ ʛʝʥʦʚ MeAMY3 ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ  

5ôUTR ʦʙʣʘʩʪʠ, ʧʨʠʚʦʷʱʠʝ ʢ ʨʘʟʣʠʯʥʳʤ ʧʘʪʪʝʨʥʘʤ ʵʢʩʧʨʝʩʩʠʠ (Yang et al., 2023). 

ʉ ʧʦʤʦʱʴʶ qRT-PCR ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʝ ʧʨʦʬʠʣʠ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ-ʘʤʠʣʘʟ ʠ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʣʠʩʴ ʚ ʢʦʨʥʷʭ, 

ʩʪʝʙʣʷʭ, ʣʠʩʪʴʷʭ, ʮʚʝʪʢʘʭ ʠ ʩʝʤʝʥʘʭ. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʥʳʝ ʧʦʜʩʝʤʝʡʩʪʚʘ Ŭ-ʘʤʠʣʘʟʥʳʭ 

ʛʝʥʦʚ ʦʪʣʠʯʘʶʪʩʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʵʢʩʧʨʝʩʩʠʠ. ʊʘʢ, ʘʤʠʣʘʟʳ ʟʣʘʢʦʚ, ʦʩʦʙʝʥʥʦ ʪʝ, 

ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪʩʷ ʛʝʥʘʤʠ AMY1, AMY2 ʠ AMY3, ʘʢʪʠʚʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚʦ ʚʨʝʤʷ 

ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʠʣʠ ʨʘʟʚʠʪʠʷ ʟʝʨʥʘ (Whan et al., 2014). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʫ ʨʠʩʘ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʥʠʮʘ ʚ ʫʨʦʚʥʷʭ ʵʢʩʧʨʝʩʩʠʠ ʤʝʞʜʫ OsAMY1 ʠ OsAMY2, ʧʨʠ ʵʪʦʤ ʫ ʨʠʩʘ 

ʯʝʪʳʨʝ ʜʫʙʣʠʨʦʚʘʥʥʳʭ ʧʘʨʘʣʦʛʘ OsAMY3 ʠʤʝʶʪ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʦʬʠʣʠ 

ʵʢʩʧʨʝʩʩʠʠ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʚʠʜʦʚ ʟʣʘʢʦʚ ʩ ʦʜʥʦʡ ʠʣʠ ʜʚʫʤʷ ʢʦʧʠʷʤʠ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʜʣʷ ʨʘʩʪʝʥʠʡ C. sinensis, ʛʝʥʳ CsAMY ʘʢʪʠʚʥʦ ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʣʠʩʴ ʚ ʩʝʤʝʥʘʭ, ʩʪʝʙʣʷʭ ʠ 

ʢʦʨʥʷʭ; ʵʢʩʧʨʝʩʩʠʷ ʚ ʩʪʝʙʣʷʭ, ʣʠʩʪʴʷʭ ʠ ʮʚʝʪʢʘʭ ʙʳʣʘ ʛʦʨʘʟʜʦ ʥʠʞʝ (Yue et al., 2019). 

ɻʝʥʳ StAMY8, StAMY9, StAMY12 ʠ StAMY20 ʢʘʨʪʦʬʝʣʷ ʩʧʝʮʠʬʠʯʝʩʢʠ ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠʩʴ ʚ 

ʟʨʝʣʳʭ ʢʣʫʙʥʷʭ, ʘ StAMY4, STAMY18, StAMY19 ʚ ʣʠʩʪʴʷʭ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʛʝʥ StAMY3 ʥʝ 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʩʷ ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʢʘʥʝʡ ʢʘʨʪʦʬʝʣʷ (Duan et al., 2024). 

 ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʟʦʬʦʨʤ, ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʛʝʥʘʤʠ AMY, ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʠʭ ʬʫʥʢʮʠʷ ʚ ʛʠʜʨʦʣʠʟʝ ʢʨʘʭʤʘʣʘ ʤʦʞʝʪ ʙʳʪʴ 

ʪʢʘʥʝ- ʠ ʦʨʛʘʥʦʩʧʝʮʠʬʠʯʥʦʡ. ɺ ʧʨʦʨʘʩʪʘʶʱʠʭ ʩʝʤʝʥʘʭ ʟʣʘʢʦʚ AMY ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʠʧʠʯʥʳʝ ʤʦʣʝʢʫʣʳ ʩʝʢʨʝʪʦʨʥʦʛʦ ʙʝʣʢʘ, ʢʦʪʦʨʳʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʪʢʘʥʷʭ (ʵʧʠʪʝʣʠʡ ʱʠʪʠʥʦʢ ʠ ʘʣʝʡʨʦʥʦʚʳʡ ʩʣʦʡ) ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʝʢʨʝʪʠʨʫʶʪʩʷ ʚ 

ʢʨʘʭʤʘʣʠʩʪʳʡ ʵʥʜʦʩʧʝʨʤ. ɹʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠʟʦʬʦʨʤʳ AMY4 ʚ ʪʢʘʥʷʭ, ʢʦʪʦʨʳʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʧʘʧʪʦʟʫ ʚʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʟʝʨʥʦʚʢʠ (Radchuk et al., 2009). 

ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʩʝ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʝʤʝʡʩʪʚ ʛʝʥʦʚ Ŭ-ʘʤʠʣʘʟ 

ʨʘʩʪʝʥʠʡ ʠʛʨʘʶʪ ʨʘʟʣʠʯʥʫʶ ʨʦʣʴ. ɹʝʣʢʠ ʩʝʤʝʡʩʪʚʘ AMY1 ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʩʱʝʧʣʝʥʠʠ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʥʘʧʨʠʤʝʨ, ʚ ʵʥʜʦʩʧʝʨʤʝ ʟʣʘʢʦʚʳʭ ʟʝʨʝʥ ʠ, ʚʦʟʤʦʞʥʦ, ʚ 
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ʘʧʦʧʣʘʩʪʝ ʟʘʨʘʞʝʥʥʳʭ ʚʠʨʫʩʦʤ ʣʠʩʪʴʝʚ. ɸʤʠʣʘʟʳ ʩʝʤʝʡʩʪʚʘ AMY2, ʚʦʟʤʦʞʥʦ, ʠʛʨʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʮʠʪʦʟʦʣʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʩʘʭʘʨʦʚ ʚ ʦʪʚʝʪ ʥʘ 

ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ɹʝʣʢʠ AMY3 ʤʦʛʫʪ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʨʘʩʱʝʧʣʝʥʠʝ ʚʩʝʭ ʬʦʨʤ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʣʘʩʪʠʜʘʤʠ ʢʨʘʭʤʘʣʘ, ʪʦ ʝʩʪʴ ʠ ʟʘ ʩʫʪʦʯʥʳʡ ʢʨʘʭʤʘʣ, ʠ ʟʘ ʟʘʧʘʩʥʦʡ ʢʨʘʭʤʘʣ. 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʨʫʛʠʭ ʩʝʤʝʡʩʪʚ Ŭ-ʘʤʠʣʘʟʳ ʚʦʚʣʝʯʝʥʳ ʚ ʧʨʦʮʝʩʩʳ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʦʧʠʩʘʥʥʳʝ, ʦʜʥʘʢʦ, ʛʝʥʦʚ ʦʩʥʦʚʥʳʭ ʪʨʝʭ ʩʝʤʝʡʩʪʚ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʩʝʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʢʨʘʭʤʘʣʘ (Stanley et al., 2002). 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʩ-ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʤʦʪʦʨʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʛʝʥʦʚ Ŭ-ʘʤʠʣʘʟ ʛʦʚʦʨʠʪ ʦʙ ʫʯʘʩʪʠʠ ʵʪʠʭ ʛʝʥʦʚ ʚ ʤʝʭʘʥʠʟʤʘʭ 

ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ. ʄʝʪʘʙʦʣʠʪʳ ʫʛʣʝʚʦʜʦʚ ʚ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ ʚʳʜʝʣʷʶʪ ʨʘʩʪʚʦʨʠʤʳʝ 

ʩʘʭʘʨʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʦʩʤʦʧʨʦʪʝʢʪʦʨʳ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʜʝʨʞʠʚʘʷ 

ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʚ ʢʣʝʪʢʘʭ, ʨʘʩʪʝʥʠʷ ʤʦʛʫʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʩʪʨʝʩʩʫ (Lv et al., 2020). ʊʘʢ, ʚʦ 

ʚʨʝʤʷ ʩʪʨʝʩʩʘ, ʚʳʟʚʘʥʥʦʛʦ ʟʘʩʫʭʦʡ, ʦʙʱʘʷ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ Ŭ-ʘʤʠʣʘʟ ʚ ʣʠʩʪʴʷʭ 

ʠ ʩʪʝʙʣʷʭ ʢʘʩʩʘʚʳ ʧʦʚʳʰʘʣʘʩʴ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ 

ʨʘʩʪʚʦʨʠʤʳʭ ʩʘʭʘʨʦʚ ʠ ʙʦʣʝʝ ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʢʨʘʭʤʘʣʘ ʚ ʢʦʨʥʷʭ, ʩʪʝʙʣʷʭ ʠ ʣʠʩʪʴʷʭ 

ʢʘʩʩʘʚʳ, ʯʝʤ ʚ ʥʦʨʤʝ. ʅʦ ʧʨʠ ʵʪʦʤ ʩ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʚʦʜʥʦʛʦ ʩʪʨʝʩʩʘ, ʘʢʪʠʚʥʦʩʪʴ 

ʘʤʠʣʘʟʳ ʚ ʢʦʨʥʷʭ ʢʘʩʩʘʚʳ ʩʥʠʞʘʣʘʩʴ (Yang et al., 2023). ɸʥʘʣʦʛʠʯʥʳʝ ʷʚʣʝʥʠʷ ʙʳʣʠ 

ʧʦʢʘʟʘʥʳ ʜʣʷ ʪʘʙʘʢʘ (Nicotiana tabacum L.) ʠ ʨʘʧʩʘ (Brassica napus L.) (Lv et al., 2020; Peng 

et al., 2014). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʛʝʥʳ ʧʦʜʩʝʤʝʡʩʪʚʘ AMY3 ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʱʝʡ ʨʝʘʢʮʠʠ 

ʨʘʩʪʝʥʠʡ ʥʘ ʘʢʢʣʠʤʘʪʠʟʘʮʠʶ ʢ ʭʦʣʦʜʫ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʨʘʩʪʚʦʨʠʤʳʭ ʩʘʭʘʨʦʚ ʚ ʮʠʪʦʟʦʣʝ ʠ Ŭ-ʘʤʠʣʘʟʘ ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʨʘʩʱʝʧʣʝʥʠʠ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʚ ʮʠʪʦʟʦʣʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɸʢʪʠʚʥʦʩʪʴ Ŭ-ʘʤʠʣʘʟʳ ʪʘʢʞʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʣʠʩʪʴʷʭ ʷʯʤʝʥʷ, ʠʩʧʳʪʳʚʘʶʱʠʭ 

ʚʦʜʥʳʡ ʩʪʨʝʩʩ, ʘ ʪʘʢʞʝ ʚ ʧʣʦʜʘʭ ʷʙʣʦʥʠ, ʩʦʟʨʝʚʰʠʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

(Jacobsen et al., 1986; Wegrzyn et al., 2000). ɺ ʩʣʫʯʘʝ ʛʝʥʦʚ Ŭ-ʘʤʠʣʘʟ C. sinensis ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʢʘʢ ʛʝʥʦʚ CsAMY1, ʪʘʢ ʠ CsAMY2 ʧʦʚʳʰʘʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ 

ʩʦʣʝʚʦʡ, ʭʦʣʦʜʦʚʳʡ ʠ ʛʦʨʤʦʥʘʣʴʥʳʡ (ɸɺɸ) ʩʪʨʝʩʩʳ (Yang et al., 2023). ɸʥʘʣʦʛʠʯʥʘʷ 

ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʫ ʚʠʥʦʛʨʘʜʘ (Rubio et al., 2014). 

ɺ ʩʣʫʯʘʝ ʢʘʨʪʦʬʝʣʷ ʛʝʥʳ StAMY3, StAMY4, StAMY8 ʠ StAMY12 ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʧʦʚʳʰʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʦʪʚʝʪ ʥʘ ʪʝʧʣʦʚʦʡ ʩʪʨʝʩʩ, ʘ ʫ StAMY6, StAMY14, StAMY16, 

StAMY17, StAMY19 ʠ StAMY20 ʙʳʣʠ ʧʦʥʠʞʝʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʛʝʥʳ 

ʠʛʨʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʨʝʘʢʮʠʠ ʥʘ ʪʝʧʣʦʚʦʡ ʠ ʩʦʣʝʚʦʡ ʩʪʨʝʩʩʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʦʚ StAMY5, StAMY11 ʠ StAMY15 ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʘ ʚ ʦʪʚʝʪ ʥʘ 

ʦʙʨʘʙʦʪʢʫ ʤʘʥʥʠʪʦʣʦʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʭ ʘʢʪʠʚʥʦʡ ʨʦʣʠ ʚ ʨʝʘʢʮʠʠ ʥʘ ʟʘʩʫʭʫ (Duan et al., 

2024).  
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ɺ ʩʣʫʯʘʝ S. tuberosum ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʢ ʭʦʣʦʜʦʚʦʤʫ ʩʪʨʝʩʩʫ ʠ 

ʭʦʣʦʜʦʚʦʤʫ ʦʩʘʭʘʨʠʚʘʥʠʶ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʚʘ ʛʝʥʘ Ŭ-ʘʤʠʣʘʟ ï StAmy1 ʠ 

StAmy23, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʚ ʢʣʫʙʥʷʭ, ʥʦ ʪʦʣʴʢʦ StAmy23 ʤʦʛ 

ʠʥʜʫʮʠʨʦʚʘʪʴʩʷ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (Zhang et al., 2014). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ StAmy23 

ʨʘʟʨʫʰʘʝʪ ʮʠʪʦʟʦʣʴʥʳʡ ʬʠʪʦʛʣʠʢʦʛʝʥ ʚ ʢʣʫʙʥʷʭ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʭʦʣʦʜʦʚʦʤʫ 

ʦʩʘʭʘʨʠʚʘʥʠʶ (Hou et al., 2017). ʊʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʘ StAmy23 ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʪʦʣʴʢʦ ʚ 

ʧʨʦʨʦʩʪʢʘʭ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ, ʭʨʘʥʠʚʰʠʭʩʷ ʚ ʪʝʯʝʥʠʝ 19 ʥʝʜʝʣʴ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (+8ÁC). ɸʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʡ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʛʝʥʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʧʦʢʘʟʘʣ ʚʘʞʥʦʩʪʴ Ŭ-ʘʤʠʣʘʟ, ʧʨʝʞʜʝ ʚʩʝʛʦ StAmy23, ʚ ʨʘʟʣʦʞʝʥʠʠ 

ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ (Zhang et al., 2014b). ʋ ʪʨʘʥʩʛʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ, ʫ ʢʦʪʦʨʳʭ ʛʝʥ StAmy23 ʙʳʣ ʠʥʛʠʙʠʨʦʚʘʥ ʤʝʪʦʜʦʤ  

ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʧʨʦʨʘʩʪʘʥʠʝ ʢʣʫʙʥʝʡ ʟʘʜʝʨʞʠʚʘʣʦʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʤ 

ʢʦʥʪʨʦʣʝʤ, ʚ ʪʨʘʥʩʛʝʥʥʳʭ ʢʣʫʙʥʷʭ, ʭʨʘʥʠʚʰʠʭʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +8ÁC ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ 

ʥʝʜʝʣʴ, ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʛʝʢʩʦʟ (Ferreira, 2012), ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ StAmy23 ʠʛʨʘʝʪ ʦʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʨʦʣʝʡ ʚ ʛʠʜʨʦʣʠʟʝ 

ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ ʚʦ ʚʨʝʤʷ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʘʢʪʠʚʥʫʶ 

ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʛʝʥʦʚ AMY ʚ ʨʝʘʢʮʠʠ ʥʘ ʩʪʨʝʩʩ, ʦʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʢʘʟʘʥʥʫʶ 

ʟʥʘʯʠʤʦʩʪʴ, ʛʝʥʳ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʦʩʦʙʝʥʥʦ ʫ ʢʘʨʪʦʬʝʣʷ. 

1.4.1.2. ʉʪʨʦʝʥʠʝ ʠ ʬʫʥʢʮʠʠ ɓ-ʘʤʠʣʘʟ. 

ɓ-ʘʤʠʣʘʟʳ (ɺɸʄ) (EC 3.2.1.2, GH 14) ʙʳʣʠ ʦʪʢʨʳʪʳ ʠ ʦʧʠʩʘʥʳ ʛʦʨʘʟʜʦ ʧʦʟʞʝ  

Ŭ-ʘʤʠʣʘʟ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ. ʇʦʥʠʤʘʥʠʝ ʨʦʣʠ ɓ-ʘʤʠʣʘʟʳ ʚ 

ʨʘʩʪʝʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʦʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʪʦʛʜʘ ʢʘʢ ʜʦ ʵʪʦʛʦ ʙʝʣʢʠ 

BAM ʩʯʠʪʘʣʠʩʴ ʥʝʟʘʤʝʥʠʤʳʤʠ ʟʘʧʘʩʥʳʤʠ ʙʝʣʢʘʤʠ (Monroe and Storm, 2018). ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘʟʘʥʘ ʚʘʞʥʘʷ ʨʦʣʴ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʢʘʢ ʚ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ, ʪʘʢ ʠ ʚ 

ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʨʘʭʤʘʣʴʥʳʤ ʤʝʪʘʙʦʣʠʟʤʦʤ (Streb and Zeeman, 2012). 

ɓ-ʘʤʠʣʘʟʳ ʷʚʣʷʶʪʩʷ ʠʥʚʝʨʪʠʨʫʶʱʠʤʠ ʵʢʟʦʘʤʠʣʘʟʘʤʠ, ʪʝʤ ʩʘʤʳʤ ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ Ŭ-ʘʤʠʣʘʟ ʢʘʢ ʧʦ ʤʝʭʘʥʠʟʤʫ ʜʝʡʩʪʚʠʷ, ʪʘʢ ʠ ʧʦ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ 

ʤʦʣʝʢʫʣ ʢʨʘʭʤʘʣʘ (ʵʢʟʦ- ʠʣʠ ʵʥʜʦʜʝʡʩʪʚʫʶʱʝʛʦ) (Chia et al., 2004). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʝʡʩʪʚʠʝ ɓ-ʘʤʠʣʘʟ ʧʨʠʚʦʜʠʪ ʢ ʛʠʜʨʦʣʠʟʫ Ŭ-1,4-ʟʚʝʥʘ ʢʨʘʭʤʘʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʨʷʜʦʤ ʩ 

ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʤ ʢʦʥʮʦʤ Ŭ-ʛʣʶʢʘʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʧʨʦʜʫʢʪʦʤ ʛʠʜʨʦʣʠʟʘ ʷʚʣʷʝʪʩʷ ʤʘʣʴʪʦʟʘ (4-O-a-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʣ-b-

D-ʛʣʶʢʦʧʠʨʘʥʦʟʘ) ʚ ɓ-ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺɸʄ ʥʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʛʠʜʨʦʣʠʟʫ Ŭ-1,6 ʩʚʷʟʠ. 
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ɺ ʪʦʤ ʩʣʫʯʘʝ ʢʦʛʜʘ ʘʤʠʣʦʧʝʢʪʠʥ ʢʨʘʭʤʘʣʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʡʩʪʚʠʶ ɓ-ʘʤʠʣʘʟʳ, Ŭ-1,4 ʮʝʧʠ 

ʛʣʶʢʘʥʦʚ ʚ ʩʠʣʴʥʦ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʤʦʣʝʢʫʣʝ ʧʨʦʩʪʦ ʩʦʢʨʘʱʘʶʪʩʷ ʦʪ ʢʦʥʮʘ ʮʝʧʠ ʜʦ Ŭ-1,6 

ʪʦʯʝʢ ʨʘʟʚʝʪʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʛʠʜʨʦʣʠʟ ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʱʘʝʪʩʷ ʟʘ ʯʝʪʳʨʝ ʟʚʝʥʘ ʛʣʶʢʦʟʳ 

ʧʝʨʝʜ ʪʦʯʢʘʤʠ ʨʘʟʚʝʪʚʣʝʥʠʷ, ʦʙʨʘʟʫʝʪʩʷ ʤʘʣʴʪʦʟʘ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʨʘʟʚʝʪʚʣʝʥʥʳʡ 

ʜʝʢʩʪʨʠʥ (Monroe and Storm, 2018).  

ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, ɓ-ʘʤʠʣʘʟʳ ʠʤʝʶʪ ʩʭʦʜʥʫʶ ʩ Ŭ-ʘʤʠʣʘʟʘʤʠ ʙʝʣʢʦʚʫʶ 

ʩʪʨʫʢʪʫʨʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ɓ-ʘʤʠʣʘʟ ʨʘʩʪʝʥʠʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʜʣʷ ʷʯʤʝʥʷ H. vulgare, ʩʦʠ Glicine max L. ʠ ʙʘʪʘʪʘ Ipomoea batatas (L.) Lam (Mikami et al., 

1999). ʇʨʠ ʵʪʦʤ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʝʣʢʠ BAM ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʪʘʢʘʷ 

ʪʦʧʦʣʦʛʠʷ ʜʦʤʝʥʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ, ʩ ʜʨʫʛʦʡ ï ʦʙ 

ʦʙʱʥʦʩʪʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʯʪʦ BAM-ʛʝʥʳ ʨʘʩʪʝʥʠʡ ʧʨʦʠʟʦʰʣʠ ʦʪ ʩʠʤʙʠʦʪʠʯʝʩʢʠʭ 

ʙʘʢʪʝʨʠʡ (Vajravijayan et al., 2018).  

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʪʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ɓ-ʘʤʠʣʘʟʳ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʜʦʤʝʥʦʚ: 

ʙʦʣʴʰʦʛʦ ʜʦʤʝʥʘ A (a.ʦ. 1-417) ʠ ʤʘʣʦʛʦ ʜʦʤʝʥʘ B (ʘ.ʦ. 418-516). ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ 

ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʨʦʪʢʠʤʠ ʧʝʪʣʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʤʝʞʜʫ ɓ-ʣʠʩʪʘʤʠ ʠ  

Ŭ-ʩʧʠʨʘʣʷʤʠ ʠ ʦʙʨʘʟʫʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʚʩʝʭ ʘʤʠʣʘʟ (ɓ/Ŭ)8-ʮʠʣʠʥʜʨʦʚʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʦʙʨʘʟʫʝʪ ʢʘʨʤʘʥ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ ʜʚʘ ʦʩʪʘʪʢʘ Glu186 ʠ Glu380  

(ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʨʘʩʪʝʥʠʡ), ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ 

ʧʨʦʪʦʥʦʚ ʠ ʥʫʢʣʝʦʬʠʣʘ (Kang et al., 2004). ɼʦʤʝʥ ɺ ʦʙʣʘʜʘʝʪ ʢʨʘʭʤʘʣʦʩʚʷʟʳʚʘʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʬʝʨʤʝʥʪʳ Bɸʄ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʘʤʠʣʦʟʥʦʡ ʮʝʧʴʶ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ, ʥʦ ʤʦʛʫʪ ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʚʳʨʘʙʦʪʢʫ ʤʘʣʴʪʦʟʳ ʧʦʩʣʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʩʫʙʩʪʨʘʪʦʤ (Kaplan et al., 2006).  

 ʄʘʩʩʦʚʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʝʥʦʤʦʚ ʧʦʟʚʦʣʠʣʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʝʤʝʡʩʪʚʦ BAM-ʛʝʥʦʚ, ʦʜʥʘʢʦ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʛʝʥʦʚ AMY, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʩʝʤʝʡʩʪʚʘ ʧʨʦʚʦʜʠʣʩʷ ʣʠʰʴ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʨʘʙʠʜʦʧʩʠʩ, 

ʯʘʡʥʳʡ ʢʫʩʪ ʠ ʢʘʩʩʘʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʝʱʝ ʦʜʥʦʡ ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʝʥʦʚ 

ɓ-ʘʤʠʣʘʟ ʨʘʟʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʷʚʣʝ̫ʪʩʷ ʨʘʟʣʠʯʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ɺɸʄ-ʛʝʥʦʚ ʫ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʪʝʥʠʡ: ʪʘʢ, ʥʘʧʨʠʤʝʨ, Atɺɸʄ1 ʘʨʘʙʠʜʦʧʩʠʩʘ ʦʨʪʦʣʦʛʠʯʝʥ ʈʨBAM6 ʧʝʨʩʠʢʘ Prunus 

persica L., GmBAM5 ʩʦʠ, VvBAM3 ʚʠʥʦʛʨʘʜʘ Vitis vinifera L, ʘ ʪʘʢʞʝ GhBAM4, GhDFM18, 

GhBAM35, GhBAM40 ʭʣʦʧʯʘʪʥʠʢʘ Gossypium hirsutum L. (Yue et al., 2019). ʆʜʥʘʢʦ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʚ ɺɸʄ ʠʭ ʩʪʘʨʘʶʪʩʷ ʦʙʦʟʥʘʯʘʪʴ ʧʦ ʦʨʪʦʣʦʛʫ 

ʘʨʘʙʠʜʦʧʩʠʩʘ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʦʙʣʝʛʯʘʝʪ ʩʨʘʚʥʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ, 

ʬʫʥʢʮʠʡ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ɓ-ʘʤʠʣʘʟ ʙʫʜʝʪ ʦʩʥʦʚʘʥʦ ʥʘ ʩʝʤʝʡʩʪʚʝ BAM A. thaliana. 

https://ru.wikipedia.org/wiki/L.
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʦʚ BAM ʚ ʛʝʥʦʤʘʭ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʪʦʧʦʣʷ, ʢʠʥʦʘ, ʷʯʤʝʥʷ, ʢʘʩʩʘʚʳ, 

ʭʣʦʧʯʘʪʥʠʢʘ, ʙʘʥʘʥʘ, ʢʘʨʪʦʬʝʣʷ, ʢʫʢʫʨʫʟʳ, ʧʨʦʩʦ, ʨʠʩʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʤʫʣʴʪʠʛʝʥʥʳʤ ʩʝʤʝʡʩʪʚʘʤ. ɻʝʥʥʦʝ ʩʝʤʝʡʩʪʚʦ ɓ-ʘʤʠʣʘʟ ʥʝʤʥʦʛʠʭ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʨʘʩʪʝʥʠʡ ʚʢʣʶʯʘʝʪ 8-34 ʯʣʝʥʦʚ (Mason Gamer, 2005; Vogel et al., 2010; Koide et al., 2011; 

Gong et al., 2013; Peng et al.,2014; Wang et al., 2016; Vatansever et al., 2016; Monroe and 

Storm, 2018; Yue et al., 2019; Zhang et al., 2021; Yang et al., 2023). ʋ ʘʨʘʙʠʜʦʧʩʠʩʘ ʙʳʣʦ 

ʦʧʠʩʘʥʦ ʜʝʚʷʪʴ ʯʣʝʥʦʚ ʩʝʤʝʡʩʪʚʘ ɸtɺɸʄ1-Atɺɸʄ9, ʫ ʢʘʨʪʦʬʝʣʷ ï 10. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʩʝ ʛʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɺɸʄ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ, ʦʥʠ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ 

ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠʷʤ, ʚʢʣʶʯʘʷ ʢʦʜʠʨʫʶʱʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʜʦʤʝʥʳ 

ʠ ʤʦʪʠʚʳ (Yue et al., 2019; Thalmann et al., 2019).  

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʜʝʨʝʚʴʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʠʟʚʝʩʪʥʳʭ ʙʝʣʢʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɺɸʄ ʨʘʩʪʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʛʨʫʧʧʠʨʦʚʘʪʴ ʠʭ ʚ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ 

ʢʣʘʩʪʝʨʘ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʫʱʝʩʪʚʝʥʥʦ (Fulton et al., 2008; Peng et al., 2014; 

Yue et al., 2019). ʂʣʘʩʪʝʨ I ʚʢʣʶʯʘʝʪ BAM4 ʠ BAM5; ʢʣʘʩʪʝʨ II ï BAM1, BAM3 ʠ BAM6; 

ʢʣʘʩʪʝʨ III ʚʢʣʶʯʘʝʪ ʪʦʣʴʢʦ ɺAM9 ï ʥʘʠʙʦʣʝʝ ʜʠʚʝʨʛʝʥʪʥʦʛʦ ʯʣʝʥʘ ʩʝʤʝʡʩʪʚʘ; ʘ BAM2, 

BAM7 ʠ BAM8 ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʛʨʫʧʧʝ IV. ʇʨʠ ʵʪʦʤ, ʭʦʪʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʙʝʣʢʦʚʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ BAM ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ, ʙʝʣʢʠ ʦʜʥʦʜʦʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ (ʨʠʩ, ʢʫʢʫʨʫʟʘ, ʩʦʨʛʦ) ʬʦʨʤʠʨʫʶʪ ʦʪʜʝʣʴʥʳʝ ʧʦʜʛʨʫʧʧʳ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʨʘʥʥʝʡ ʜʠʚʝʨʛʝʥʮʠʠ ʦʜʥʦʜʦʣʴʥʳʭ ʠ ʜʚʫʜʦʣʴʥʳʭ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʫ ʛʝʥʦʚ ɺɸʄ ʢʘʩʩʘʚʳ 

ʙʳʣ ʚʳʷʚʣʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʣʘʡʩʠʥʛ: MeBAM6.1 ʠ MeBAM6.2 ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʣʘʡʩʠʥʛ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʛʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʦʤʦʪʦʨʦʚ, ʘ MeBAM10.1-MeBAM10.3 ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʳʝ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʤʦʪʠʚʳ ʠ ʠʤʝʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʪʝʨʤʠʥʘʪʦʨʳ (Yang et al., 2023). 

ʊʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʦʚ BAM ʨʝʛʫʣʠʨʫʝʪʩʷ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʩʚʝʪ, 

ʬʠʪʦʛʦʨʤʦʥʳ, ʩʘʭʘʨʘ (Maeo et al., 2001; Kaplan et al., 2006). ʅʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʛʝʥʳ BAM 

ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʘʢʮʠʠ ʨʘʩʪʝʥʠʡ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʙ ʵʪʦʤ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʩ-ʘʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʨʝʘʢʮʠʷʤʠ ʥʘ ʘʙʠʦʪʠʯʝʩʢʠʝ ʩʪʨʝʩʩʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʭʦʣʦʜ, ʚ ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʛʝʥʘ. ɺ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʛʝʥʦʚ ɓ-ʘʤʠʣʘʟ GhBAM ʭʣʦʧʯʘʪʥʠʢʘ ʩʦʜʝʨʞʠʪʩʷ 803 cis-ʵʣʝʤʝʥʪʘ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʛʦʨʤʦʥʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʯʪʠ ʚʩʝ ʛʝʥʳ ɺɸʄ, ʪʘʢ ʞʝ ʢʘʢ ʠ AMY-ʛʝʥʳ, 

ʩʦʜʝʨʞʘʣʠ ʤʥʦʞʝʩʪʚʦ MYB- ʠ MYC-ʵʣʝʤʝʥʪʦʚ ʠ ʥʘ ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ 

ʘʨʘʙʠʜʦʧʩʠʩ, ʨʠʩ, ʢʫʢʫʨʫʟʘ, ʢʘʩʩʘʚʘ, ʙʘʥʘʥ ʠ ʯʘʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʦʚ 

ʤʝʪʘʙʦʣʠʟʤʘ ʢʨʘʭʤʘʣʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʘʥʥʳʤʠ ʊʌ (ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ) (Lu et al., 

2002; Lv et al. 2017; Xiao et al., 2017; Fan et al., 2018, Yue et al., 2019, Yang et al., 2023).  
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ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʝʣʢʠ BAM 

ʠʤʝʶʪ ʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʤʦʪʠʚʦʚ (ʨʠʩ. 7ɸ).  

 

ʈʠʩʫʥʦʢ 7 ï ɸʥʘʣʠʟ ʩʝʤʝʡʩʪʚ ʛʝʥʦʚ BAM (ʵʚʦʣʶʮʠʦʥʥʦʝ ʜʝʨʝʚʦ, ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʤʦʪʠʚʳ 

ʠ ʜʦʤʝʥʳ ʩʝʤʝʡʩʪʚʘ BAM, ʛʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ). ɸ ï MeBAM (ʢʘʩʩʘʚʘ, M. esculenta) (Yang et 

al., 2023). ɹ ï AtBAM (ʘʨʘʙʠʜʦʧʩʠʩ) ʠ CsBAM (ʯʘʡ, C. sativa) (Yue et al., 2019). 

ʈʷʜ ʤʦʪʠʚʦʚ ʩʦʭʨʘʥʷʶʪʩʷ ʫ ʚʩʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, 

ʦʙʣʘʜʘʶʪ ʣʠ ʦʥʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠʣʠ ʥʝʪ (Yue et al., 2019; Yang et al., 2023). 

ʅʝʢʦʪʦʨʳʝ ʙʝʣʢʠ ʠʤʝʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʦʪʠʚʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, BAM7, ʪʘʢ ʠ BAM9, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʪʠʚ ʥʘ N-ʢʦʥʮʝ ʙʝʣʢʘ. ʕʪʦʪ ʤʦʪʠʚ, ʢʘʢ ʙʳʣʦ 

ʧʨʝʜʩʢʘʟʘʥʦ, ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ BZR1 ʜʦʤʝʥʦʤ (Ḑ160 ʘ.ʦ.), ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʨʝʛʫʣʠʨʫʝʤʳʭ ʙʨʘʩʩʠʥʦʩʪʝʨʦʠʜʘʤʠ (Soyk et al., 2014) (ʨʠʩ. 

7ɸ). 

 ʀʜʝʥʪʠʯʥʦʩʪʴ ʙʝʣʢʦʚ ʠʟ ʨʘʟʥʳʭ ʛʨʫʧʧ ʥʝ ʧʨʝʚʳʰʘʝʪ 60%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʨʘʥʥʝʡ ʜʠʚʝʨʛʝʥʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʝʣʢʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʥʫʪʨʠ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʜʘʚʥʠʭ ʜʫʧʣʠʢʘʮʠʡ 

ʢʦʜʠʨʫʶʱʠʭ ʠʭ ʛʝʥʦʚ (Thalmann et al., 2019; Yue et al., 2019) (ʨʠʩ. 7ɹ).  

 ɺɸʄ-ʙʝʣʢʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ (ʭʣʦʨʦʧʣʘʩʪʘʭ, 

ʮʠʪʦʟʦʣʝ, ʚʘʢʫʦʣʠ, ʷʜʨʝ) ʠ ʦʙʣʘʜʘʶʪ ʢʘʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʨʝʛʫʣʷʪʦʨʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ (Kaplan et al., 2006; Yue et al., 2019; Thalmann et al., 2019). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʨʪʦʣʦʛʠʯʥʳʝ ʛʝʥʳ ʚʳʧʦʣʥʷʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʬʫʥʢʮʠʶ ʠ ʠʟ-ʟʘ ʩʫʤʙʫʨʘ ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ 

ʛʝʥʦʚ, ʫʧʦʤʷʥʫʪʦʛʦ ʚʳʰʝ, ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʬʫʥʢʮʠʡ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ɓ-ʘʤʠʣʘʟ ʙʫʜʝʪ 

ʦʩʥʦʚʘʥʦ ʥʘ ʩʝʤʝʡʩʪʚʝ BAM ʘʨʘʙʠʜʦʧʩʠʩʘ. ɹʝʣʢʠ ɺɸʄ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ 

ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʝ ʜʦʢʘʟʘʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

(ɺɸʄ1, ɺɸʄ2, ɺɸʄ3, ɺɸʄ6), ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʳʝ (ɺɸʄ4, ɺɸʄ5, ɺɸʄ9) ʠ 
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ʙʝʣʢʠ, ʯʴʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʦʧʨʝʜʝʣʝʥʘ (ɺɸʄ7, ɺɸʄ8). ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ɺɸʄ1 ʠ ɺɸʄ3 ʙʫʜʫʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʠʞʝ.  

 ɹʝʣʦʢ BAM2, ʦʙʣʘʜʘʶʱʠʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʜʨʝʚʥʝʡʰʠʭ ʯʣʝʥʦʚ ʩʝʤʝʡʩʪʚʘ ɓ-ʘʤʠʣʘʟ ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʛʝʥʦʤʘʭ ʚʩʝʭ ʣʠʥʠʡ ʥʘʟʝʤʥʳʭ 

ʨʘʩʪʝʥʠʡ (Thalmann et al., 2019). ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ GmBAM2 ʩʦʠ, ʫ ʙʝʣʢʘ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʦʩʪʘʪʢʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʢʨʘʡʥʝ ʥʠʟʢʘ ʠ ʜʣʷ ʝʝ ʘʢʪʠʚʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʦʥʦʚ K
+
. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʚʦʩʴʤʠʥʝʜʝʣʴʥʳʭ bam2-ʤʫʪʘʥʪʦʚ 

ʘʨʘʙʠʜʦʧʩʠʩʘ ʣʠʩʪʴʷ ʥʘʢʘʧʣʠʚʘʶʪ ʠʟʙʳʪʦʢ ʢʨʘʭʤʘʣʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʩʦʙʫʶ ʨʦʣʴ 

ɺɸʄ2-ʛʝʥʦʚ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ (Monroe et al., 2014). ɹʳʣʠ ʧʦʢʘʟʘʥʳ ʝʛʦ ʥʝʦʙʳʯʥʳʝ 

ʩʚʦʡʩʪʚʘ: ʦʥ ʘʢʪʠʚʝʥ ʚ ʚʠʜʝ ʪʝʪʨʘʤʝʨʘ ʠ ʦʙʣʘʜʘʝʪ ʚʪʦʨʠʯʥʳʤ ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʩʫʙʩʪʨʘʪʦʤ, ʦʪʣʠʯʥʳʤ ʦʪ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ 

ʚʪʦʨʠʯʥʦʛʦ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ ʩʨʝʜʠ ʦʨʪʦʣʦʛʦʚ BAM2 ʫ ʚʩʝʭ ʥʘʟʝʤʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʘʞʥʦ (Monroe et 

al., 2018). ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʳʤ, ʯʪʦ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ BAM2 ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʠʟʚʝʩʪʥʘ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ɓ-ʘʤʠʣʘʟʳ BAM4 ʠ BAM9. ʆʥʠ ʦʪʥʦʩʷʪʩʷ 

ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʧʩʝʚʜʦʬʝʨʤʝʥʪʘʤ ï ʙʝʣʢʘʤ, ʢʦʪʦʨʳʝ ʧʦ ʛʦʤʦʣʦʛʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʝʤʝʡʩʪʚʫ ʬʝʨʤʝʥʪʦʚ, ʥʦ ʥʝ ʦʙʣʘʜʘʶʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (Eyers et al., 2016). ʕʪʦʪ ʥʦʚʳʡ ʢʣʘʩʩ ʙʝʣʢʦʚ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʚʦ ʤʥʦʛʠʭ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚʘʭ ʬʝʨʤʝʥʪʦʚ. ʕʪʠ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʙʝʣʢʠ ʚʳʧʦʣʥʷʶʪ 

ʫʥʠʢʘʣʴʥʳʝ ʠ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʠ ʤʝʪʘʙʦʣʠʟʤʝ, ʚʢʣʶʯʘʷ 

ʩʚʷʟʳʚʘʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʫʶ ʤʦʜʫʣʷʮʠʶ ʜʨʫʛʠʭ ʙʝʣʢʦʚ (Murphy et al., 2017). 

 BAM4- ʠ BAM9- ʧʦʜʦʙʥʳʝ ʛʝʥʳ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʚ ʛʝʥʦʤʘʭ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʠʭ ʵʚʦʣʶʮʠʦʥʥʦʡ ʤʦʣʦʜʦʩʪʠ. ʈʘʩʪʝʥʠʷ ʘʨʘʙʠʜʦʧʩʠʩʘ, 

ʤʫʪʘʥʪʥʳʝ ʧʦ ʛʝʥʘʤ BAM4 ʠʣʠ BAM9, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʬʝʥʦʪʠʧ ʥʘʢʦʧʣʝʥʠʷ ʢʨʘʭʤʘʣʘ, ʯʪʦ, 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʘʙʣʶʜʘʝʤʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʪʦʤ, ʯʪʦ ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʨʝʛʫʣʷʪʦʨʥʳʝ ʬʫʥʢʮʠʠ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʷʭ ʢʨʘʭʤʘʣʘ. ɹʳʣʦ 

ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ BAM4 ʤʦʞʝʪ ʠʛʨʘʪʴ ʩʪʠʤʫʣʠʨʫʶʱʫʶ ʠʣʠ ʨʝʛʫʣʠʨʫʶʱʫʶ 

ʨʦʣʴ ʚ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ, ʢʦʪʦʨʘʷ ʥʝ ʩʚʷʟʘʥʘ ʥʘʧʨʷʤʫʶ ʩ BAM1 ʠʣʠ BAM3 (Li et al., 

2009). ʊʘʢ ʢʘʢ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɺɸʄ4 ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʢʘʢ ʩ ʘʤʠʣʦʟʦʡ, ʪʘʢ ʠ ʩ 

ʘʤʠʣʦʧʝʢʪʠʥʦʤ ʥʘ ʫʨʦʚʥʷʭ, ʩʭʦʜʥʳʭ ʩ BAM1 ʠ BAM3, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʫʥʢʮʠʷ 

BAM4 ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʩʚʷʟʳʚʘʥʠʝʤ ʢʨʘʭʤʘʣʘ ʠʣʠ ʩʘʭʘʨʘ (Li et al., 2009). 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ BAM4 ʫ ʨʘʩʪʝʥʠʡ-ʥʦʢʘʫʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʘ ʫ 

ʜʨʫʛʠʭ ʬʝʥʦʪʠʧʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʫʪʦʯʥʠʪʴ ʝʛʦ ʨʦʣʴ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʢʨʘʭʤʘʣʘ. 



43 
 

 ɺ ʦʪʣʠʯʠʝ ʜʘʞʝ ʦʪ ɺɸʄ4, ʜʘʥʥʳʭ ʧʦ BAM9 ʝʱʝ ʤʝʥʴʰʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ AtBAM9 

ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚʥʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʢʘʥʠ (ʢʦʨʥʠ, ʧʦʯʢʠ, 

ʮʚʝʪʳ), ʥʦ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʣʠʩʪʴʷʭ ʠ ʩʪʝʙʣʷʭ ʠ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʮʠʨʢʘʜʥʦʡ 

ʨʝʛʫʣʷʮʠʝʡ (Chandler et al., 2001; Smith et al., 2004). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʘʩʪʝʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ BAM9 ʠ BAM3, ʥʘʢʘʧʣʠʚʘʶʪ ʙʦʣʴʰʝ ʢʨʘʭʤʘʣʘ, ʯʝʤ ʨʘʩʪʝʥʠʷ, 

ʤʫʪʘʥʪʥʳʝ ʪʦʣʴʢʦ BAM3, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ BAM9 ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʤʝʪʘʙʦʣʠʟʤʝ ʢʨʘʭʤʘʣʘ (Steidle, 2010). ɸʥʘʣʠʟ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʝʣʦʢ 

StBAM9 ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʤʝʞʙʝʣʢʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʣʠʙʦ ʩʚʷʟʳʚʘʥʠʝʤ ʩ ʘʤʠʣʦʟʦʡ/ʘʤʠʣʦʧʝʢʪʠʥʦʤ, ʧʦʩʢʦʣʴʢʫ 

BAM9 ʩʦʭʨʘʥʷʝʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʢʨʘʭʤʘʣ 

(Hou et al., 2017). ʅʝʜʘʚʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʯʪʦ ɺɸʄ9 ʩʚʷʟʘʥ ʩʦ 

ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ MeBAM9 ʚ ʢʦʨʥʷʭ 

ʢʘʩʩʘʚʳ ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʟʘʩʫʭʝ (Yang et al., 2023). ʊʘʢʞʝ ʵʢʩʧʨʝʩʩʠʷ CsBAM9 ʚ ʨʘʩʪʝʥʠʷʭ 

ʯʘʷ ʧʦʚʳʰʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ ʢ ʭʦʣʦʜʫ (Yue et al., 2015). ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʠʥʜʫʢʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ, ʪʨʘʥʩʢʨʠʧʮʠʷ CsBAM9 ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ 

ʟʘʩʫʭʝ, ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ ʠ ABA-ʩʪʨʝʩʩʝ (Yue et al., 2019). 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʝʣʢʠ AtBAM5 ʠ AtBAM4, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ 

ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʩʱʝʧʣʝʥʠʠ ʢʨʘʭʤʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʫʪʘʥʪʳ, ʥʘʧʨʠʤʝʨ, 

bam5 ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʨʘʭʤʘʣʘ (Batailler et al., 2012).  

ɸʥʘʣʠʟ ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʢ ʥʘʠʙʦʣʝʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ɓ-

ʘʤʠʣʘʟʘʤ ʦʪʥʦʩʷʪʩʷ BAM1 ʠ BAM3, ʢʦʪʦʨʳʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʧʣʘʩʪʠʜʘʭ (Monroe and 

Storm, 2018). ʀʭ ʛʝʥʥʳʝ ʠ ʙʝʣʢʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ 

ʛʦʤʦʣʦʛʠʶ (74,6% ʚ ʩʣʫʯʘʝ CsBAM1 ʠ CsBAM3), ʩʭʦʜʥʦʝ ʵʢʟʦʥ-ʠʥʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ (Yue 

et al., 2019; Yang et al., 2023). ʀʭ ʙʝʣʢʠ, ʠʤʝʷ ʦʜʠʥʘʢʦʚʳʝ ʩʘʡʪʳ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, 

ʦʜʠʥʘʢʦʚʳʡ ʥʘʙʦʨ ʠ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʪʠʚʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ, ʤʦʛʫʪ 

ʨʘʟʣʠʯʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʦʪʠʚʘ ʥʘ N-ʢʦʥʮʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ɺɸʄ3 (ʨʠʩ. 7) (Yue et al., 2019; Yang et al., 2023). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʜʘʥʥʳʭ, ʯʪʦ ʠʤʝʥʥʦ ʧʣʘʩʪʠʜʥʳʝ BAM1 ʠ BAM3 ʠʛʨʘʶʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʫʶ ʨʦʣʴ ʚ 

ʜʝʛʨʘʜʘʮʠʠ ʧʣʘʩʪʠʜʥʦʛʦ ʢʨʘʭʤʘʣʘ (Monroe and Storm, 2018; Thalmann et al., 2019; Yue et 

al., 2019; Yang et al., 2023). ʉʭʦʜʩʪʚʦ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʝʨʤʝʥʪʳ ʚʳʧʦʣʥʷʶʪ ʦʜʠʥʘʢʦʚʳʝ ʬʫʥʢʮʠʠ ʚ 

ʭʣʦʨʦʧʣʘʩʪʘʭ, ʧʨʠʚʦʜʷ ʢ ʛʠʜʨʦʣʠʟʫ ʢʨʘʭʤʘʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʣʴʪʦʟʳ. ʆʜʥʘʢʦ ʦʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʣʦʢʘʣʠʟʘʮʠʝʡ ʵʢʩʧʨʝʩʩʠʠ (ʢʣʝʪʢʠ ʤʝʟʦʬʠʣʘ ʠ ʫʩʪʴʠʮ), ʥʦ ʪʘʢʞʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʭ ʛʝʥʦʚ.  
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ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʫʪʘʥʪʥʳʭ ʣʠʥʠʷʭ ʘʨʘʙʠʜʦʧʩʠʩʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

BAM3 ʩʚʷʟʘʥ ʩʦ ʩʪʨʝʩʩʦʤ, ʦʩʦʙʝʥʥʦ ʘʙʠʦʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʦʤ. ʊʘʢ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

BAM3 ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴʩʷ ʭʦʣʦʜʦʚʳʤ ʩʪʨʝʩʩʦʤ ʠ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʦʥʠʞʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʛʠʜʨʦʣʠʟ ʢʨʘʭʤʘʣʘ 

(Thalmann and Santelia, 2017). ʅʦ ʨʝʘʢʮʠʠ ʥʘ ʩʪʨʝʩʩ ʷʚʥʦ ʩʣʦʞʥʳ ʠ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘ ʜʝʛʨʘʜʘʮʠʶ ʠʣʠ ʥʘʢʦʧʣʝʥʠʝ ʢʨʘʭʤʘʣʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ (Monroe et al., 2014). ɺ ʫʩʣʦʚʠʷʭ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʭʦʣʦʜʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ɺɸʄ3 ʠ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʤʘʣʴʪʦʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʟʘʱʠʪʝ ʦʪ ʩʪʨʝʩʩʘ. ʆʜʥʘʢʦ ʧʨʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʩʪʨʝʩʩʝ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʜʥʝʡ ʘʢʪʠʚʥʦʩʪʴ BAM3 ʧʘʜʘʣʘ ʙʦʣʝʝ ʯʝʤ 

ʚʜʚʦʝ, ʯʪʦ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʚʳʟʚʘʥʦ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ (Monroe et 

al., 2014). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ AtBAM3 ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʠʟʦʬʦʨʤʦʡ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʢʨʘʭʤʘʣʘ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʥʦ ʧʨʠ ʵʪʦʤ AtBAM1 ʪʘʢʞʝ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʦʪʩʫʪʩʪʚʠʝ AtBAM3. 

BAM1 ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʟʘʤʳʢʘʶʱʠʭ ʢʣʝʪʢʘʭ ʫʩʪʴʠʮ (Horrer et al., 2016). ʇʨʦʜʫʢʪʳ 

ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʤʦʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʩʢʨʳʪʠʶ ʫʩʪʴʠʮ. ʄʫʪʘʥʪʳ ʧʦ ʛʝʥʫ BAM1 ʪʝʨʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʩʱʝʧʣʷʪʴ ʢʨʘʭʤʘʣ ʚ ʟʘʤʳʢʘʶʱʠʭ ʢʣʝʪʢʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʦʪʢʨʳʪʠʷ ʫʩʪʴʠʮ 

(Horrer et al., 2016). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ ɺAM1 ʨʘʙʦʪʘʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʧʣʘʩʪʠʜʥʦʡ 

Ŭ-ʘʤʠʣʘʟʦʡ AMY1 ʠ ʪʨʘʥʩʢʨʠʧʮʠʷ ʦʙʦʠʭ ʛʝʥʦʚ ʘʢʪʠʚʠʨʫʝʪʩʷ ɸɹʂ (Thalmann et al., 2016). 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʦʩʤʦʪʠʯʝʩʢʦʤ ʠ ʪʝʧʣʦʚʦʤ ʩʪʨʝʩʩʘʭ ʛʝʥ BAM1 ʪʘʢʞʝ ʤʦʞʝʪ 

ʠʥʜʫʮʠʨʦʚʘʪʴʩʷ ʚ ʢʣʝʪʢʘʭ ʤʝʟʦʬʠʣʣʘ ʩʪʘʨʳʭ ʣʠʩʪʴʝʚ (Thalmann and Santelia, 2017). ɺ 

ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʭʦʣʦʜʦʚʦʛʦ ʦʩʘʭʘʨʠʚʘʥʠʷ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʫʨʦʚʥʠ ʤʈʅʂ 

StBAM1, ʦʨʪʦʣʦʛʘ AtBAM1, ʧʦʩʣʝ 30 ʜʥʝʡ ʭʨʘʥʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +4ÁC ʧʦʚʳʰʘʣʠʩʴ ʚ 

ʪʨʠ ʨʘʟʘ (Hou et al., 2017). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʥʠʢʘʢ ʥʝ ʚʣʠʷʣ ʥʘ ʵʢʩʧʨʝʩʩʠʶ 

AtBAM1 ʚ ʣʠʩʪʴʷʭ ʘʨʘʙʠʜʦʧʩʠʩʘ (Kaplan and Guy, 2004; Maruyama et al., 2009; Monroe et 

al., 2014). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, RNAi-ʧʦʜʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ StBAM1 ʧʨʠʚʦʜʠʣʦ ʣʠʰʴ ʢ 

ʥʝʙʦʣʴʰʠʤ ʠ ʥʝʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʘʢʪʠʚʥʦʩʪʠ BAM1, ʫʨʦʚʥʷ ʢʨʘʭʤʘʣʘ ʠ 

ʦʩʘʭʘʨʠʚʘʥʠʷ ʢʣʫʙʥʝʡ, ʚʳʟʚʘʥʥʦʛʦ ʭʦʣʦʜʦʤ, ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʢʘʢʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʜʘʥʥʳʡ ʙʝʣʦʢ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ (Hou et al., 2017). 

 1.4.2. ʀʥʛʠʙʠʪʦʨʳ Ŭïʘʤʠʣʘʟʳ. 

ʊʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠ ʠʥʛʠʙʠʪʦʨʳ Ŭïʘʤʠʣʘʟʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʣʶʙʳʝ ʩʦʝʜʠʥʝʥʠʷ 

(ʬʝʨʤʝʥʪʳ, ʚʪʦʨʠʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ), ʩʧʦʩʦʙʥʳʝ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʦʚ Ŭïʘʤʠʣʘʟ, ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʥʠʤʠ ʢʦʤʧʣʝʢʩʥʳʭ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (Kasar et al., 2022). ʀʥʛʠʙʠʪʦʨʳ Ŭ-ʘʤʠʣʘʟʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: 

ʥʝʙʝʣʢʦʚʦʡ ʠ ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ. ʂ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ 

ʥʝʙʝʣʢʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ Ŭ-ʘʤʠʣʘʟ ʦʪʥʦʩʷʪʩʷ ʧʦʣʠʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʬʣʘʚʦʥʦʠʜʳ, 

ʧʦʣʠʩʘʭʘʨʠʜʳ (ʘʢʘʨʙʦʟʘ, ʘʢʘʨʚʠʦʟʠʥ-ʛʣʶʢʦʟʘ), ʢʫʤʘʨʠʥ ʠ ʜʨ. (Kashtoh et al., 2023).  

ʀʥʛʠʙʠʪʦʨʳ Ŭïʘʤʠʣʘʟʳ (AAI, AI) ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʛʣʠʢʦʧʨʦʪʝʠʥʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʠʥʛʠʙʠʨʦʚʘʪʴ ʛʠʜʨʦʣʠʟ ʢʨʘʭʤʘʣʘ Ŭïʘʤʠʣʘʟʦʡ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʥʛʠʙʠʪʦʨʳ ʘʤʠʣʘʟʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʫ ʙʘʢʪʝʨʠʡ, ʞʠʚʦʪʥʳʭ ʠ 

ʨʘʩʪʝʥʠʡ (Franco et al., 2002). ʀʩʭʦʜʥʦ ʨʘʩʪʠʪʝʣʴʥʳʡ ʠʥʛʠʙʠʪʦʨ Ŭïʘʤʠʣʘʟʳ ʙʳʣ ʚʳʜʝʣʝʥ ʫ 

ʬʘʩʦʣʠ (Phaseolus vulgaris L.) ʚ 1975 ʛʦʜʫ ʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʪʦʛʦ ʙʝʣʢʘ 

ʠʥʛʠʙʠʨʦʚʘʪʴ Ŭïʘʤʠʣʘʟʳ ʩʣʶʥʳ ʯʝʣʦʚʝʢʘ (Marshall and Lauda, 1975). ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ 

ʠʥʛʠʙʠʪʦʨʦʚ Ŭïʘʤʠʣʘʟʳ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʪʨʝʩʩʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ ʧʫʪʝʤ ʨʝʛʫʣʷʮʠʠ ʫʛʣʝʚʦʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʥʘʩʝʢʦʤʳʭ ʧʫʪʝʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʠʭ ʘʤʠʣʘʟ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʩʪʝʥʠʷʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ AI ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʫ ʚʠʜʦʚ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʘʭ, 

ʪʘʢʠʭ ʢʘʢ ʩʝʤʝʥʘ, ʢʦʨʥʝʧʣʦʜʳ, ʢʣʫʙʥʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʝʣʢʠ ʠʥʛʠʙʠʪʦʨʳ ʘʤʠʣʘʟʳ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʫ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʧʰʝʥʠʮʘ Triticum aestivum L. 

(Franco et al., 2002), ʷʯʤʝʥʴ H.vulgare (Abe et al., 1993), ʨʠʩ O. sativa (Yamagata et al., 1998), 

ʨʦʞʴ Secale cereale L. (Iulek et al., 2000) ʠ ʜʨ., ʘ ʪʘʢʞʝ ʫ ʙʦʙʦʚʳʭ, ʚʠʛʥʳ Vigna unguiculata  

L. Verdc (Melo et al., 1999) ʠ ʬʘʩʦʣʠ P. vulgaris (Marshall and Lauda, 1975). ʈʘʟʣʠʯʥʳʝ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʠʥʛʠʙʠʪʦʨʳ Ŭ-ʘʤʠʣʘʟʳ ʧʨʦʷʚʣʷʶʪ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ Ŭ-ʘʤʠʣʘʟ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʥʛʠʙʠʪʦʨʳ Ŭ-ʘʤʠʣʘʟʳ 

ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʨʦʪʠʚ Ŭ-ʘʤʠʣʘʟ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʪʦʣʴʢʦ ʧʨʦʪʠʚ Ŭ-

ʘʤʠʣʘʟ ʥʘʩʝʢʦʤʳʭ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʙʝʣʦʢ AI ʠʟ ʢʣʫʙʥʝʣʫʢʦʚʠʮ Colocasia 

ʠʥʛʠʙʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ Ŭ-ʘʤʠʣʘʟʳ ʢʘʨʪʦʬʝʣʷ ʠ ʩʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʘ ʚ 

ʢʘʨʪʦʬʝʣʴʥʳʭ ʯʠʧʩʘʭ (Kumari et al., 2012). ɹʦʣʝʝ ʪʦʛʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʠʥʛʠʙʠʪʦʨʳ ʪʘʢʞʝ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʧʨʦʪʠʚ ɓ-ʘʤʠʣʘʟ (Zhang et al., 2014b). 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ AI-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʩʭʦʜʥʫʶ 

ʙʝʣʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʜʝʨʞʘʪ ʢʦʥʮʝʥʩʥʫʩʥʳʡ ʜʣʷ ʨʘʩʪʝʥʠʡ ʥʘʙʦʨ ʠʟ ʚʦʩʴʤʠ ʦʩʪʘʪʢʦʚ 

ʮʠʩʪʝʠʥʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʯʝʪʳʨʝ ʚʳʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʜʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ (Lay and 

Anderson, 2005). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ AI ʬʦʨʤʠʨʫʝʪ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ 

ʠʥʛʠʙʠʨʫʶʪ ʘʤʠʣʘʟʳ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦ, ʠʟʤʝʥʷ ̫ ʢʦʥʬʦʨʤʘʮʠʶ Ŭ-ʘʤʠʣʘʟ, ʯʪʦ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (Kumari et al., 2012). 
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ɺ ʛʝʥʦʤʝ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʘ Butte 86 ʙʳʣʦ ʚʳʷʚʣʝʥʦ 19 ʛʝʥʦʚ ʠʥʛʠʙʠʪʦʨʦʚ 

ʘʤʠʣʘʟ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʭʨʦʤʦʩʦʤʘʭ ʚʩʝʭ ʪʨʝʭ ʛʝʥʦʤʦʚ T. aestivum (Altenbach et al., 

2011). ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʛʝʥʦʚ, ʦʥʠ ʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʚ ʪʨʠ ʢʣʘʩʪʝʨʘ, ʠ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʚʥʫʪʨʠ ʯʣʝʥʦʚ ʢʣʘʩʪʝʨʘ ʙʳʣʘ ʥʝʙʦʣʴʰʦʡ. ɺʩʝ ʢʦʜʠʨʫʶʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ʨʘʟʣʠʯʘʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (438-614 ʧ.ʥ.), ʨʘʚʥʦ ʢʘʢ ʠʭ 

ʙʝʣʢʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (121-181 ʘ.ʦ.) (Altenbach et al., 2011). 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʘʩʪʠʪʝʣʴʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ ʵʥʜʦʩʧʝʨʤʝ ʠ 

ʘʣʝʡʨʦʥʦʚʳʭ ʩʣʦʷʭ ʩʝʤʷʥ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʟʘʧʘʩʥʳʤʠ ʙʝʣʢʘʤʠ ʚʦ ʚʨʝʤʷ ʥʘʧʦʣʥʝʥʠʷ ʟʝʨʝʥ 

(Nielsen et al., 2004). ʊʘʢ ʜʣʷ ʧʰʝʥʠʮʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 16 ʠʟ 19 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

AI ʛʝʥʦʚ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠʩʴ ʚ ʵʥʜʦʩʧʝʨʤʝ ʟʝʨʥʘ (Altenbach et al., 2011). 

ɻʣʠʢʦʧʨʦʪʝʠʥ AI ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʯʝʪʳʨʝʭʵʪʘʧʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ: ʩʠʥʪʝʟ ʙʝʣʢʘ AI ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʨʝʩʩʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʝʥʘ AI, 

ʢʦʪʨʘʥʩʣʷʮʠʦʥʥʦʝ ʫʜʘʣʝʥʠʝ ʩʠʛʥʘʣʴʥʦʛʦ ʧʝʧʪʠʜʘ, ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʙʝʣʢʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʛʣʠʢʘʥʦʚ ʚ ʘʧʧʘʨʘʪʝ ɻʦʣʴʜʞʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝ-

ʙʝʣʢʘ) ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʙʝʣʢʘ ʚ ʚʘʢʫʦʣʠ (ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ 

ʨʝʪʠʢʫʣʫʤ) (Macz· et al., 2015). ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʠʥʛʠʙʠʪʦʨʦʚ ʘʤʠʣʘʟ ʧʨʠʚʦʜʠʪ ʢ 

ʪʨʘʥʩʣʷʮʠʠ ʙʝʣʢʦʚ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ (ʤʦʥʦʤʝʨ, ʜʠʤʝʨ ʠ ʪʝʪʨʘʤʝʨ) ʩ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʤ 

ʩʦʩʪʘʚʦʤ ʘʤʠʥʦʢʠʩʣʦʪ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʧʰʝʥʠʮʳ (Altenbach et al., 

2011). ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʛʝʪʝʨʦʪʝʪʨʘʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʜʝʨʞʘʱʘʷ 

Ŭ2ɓ2, ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ Ŭ-ʘʤʠʣʘʟʳ 

(Payan, 2004).  

ʉʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʬʝʨʤʝʥʪ/ʠʥʛʠʙʠʪʦʨ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʠʥʛʠʙʠʪʦʨʦʚ ʨʘʩʪʝʥʠʡ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʦʩʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʩ ʪʨʝʤʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʘʤʠʣʘʟ ʤʦʛʫʪ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ʇʨʠ 

ʵʪʦʤ ʙʝʣʢʠ ʜʚʫʭ ʪʠʧʦʚ ʠʥʛʠʙʠʪʦʨʦʚ ʤʦʛʫʪ ʚʧʨʷʤʫʶ ʠʤʠʪʠʨʦʚʘʪʴ ʩʫʙʩʪʨʘʪ ʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ, 

ʠʥʛʠʙʠʨʫʶʪ ʘʤʠʣʘʟʫ, ʦʙʨʘʟʫʷ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʙʣʦʢʠʨʫʝʪ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʬʝʨʤʝʥʪʘ. 

ɻʝʥ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ-r1 AI ʙʳʣ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʦʚʘʥ ʚ ʨʘʩʪʝʥʠʠ ʢʦʬʝ ʠ ʫ ʪʨʘʥʩʛʝʥʥʳʭ 

ʩʝʤʷʥ ʚʳʷʚʣʝʥʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 80% (Barbosa et al., 

2010). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʘʤʠʣʘʟʘʤʠ ʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʘʤʠʣʘʟʳ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʢʣʘʩʩʦʚ ʨʝʛʫʣʷʮʠʠ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʫ ʨʘʩʪʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʧʦʜʩʝʤʝʡʩʪʚʦ ʠʥʛʠʙʠʪʦʨʦʚ ʘʤʠʣʘʟ AAI_LTSS, ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ 

ʫʯʘʩʪʠʝ ʚ ʟʘʱʠʪʝ ʨʘʩʪʝʥʠʡ ʦʪ ʬʠʪʦʧʘʪʦʛʝʥʦʚ ʠ ʚ ʤʝʞʤʝʤʙʨʘʥʥʦʤ ʣʠʧʠʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʝʤ ʩʝʤʝʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʙʝʣʦʢ Amylase Inhibitor Solanum berthaultii (SbAI) Ƅ 

ʛʝʥ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟʳ ʢʘʨʪʦʬʝʣʷ S. berthaultii (Zhang, 2013). ʈʦʣʴ ʵʪʦʛʦ ʙʝʣʢʘ 
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ʠʥʛʠʙʠʪʦʨʘ ʙr ʣʘ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʘʤʠʣʘʟʳ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ 

(Zhang, 2013; Zhang et al., 2014a,b).  

ɼʘʥʥʳʡ ʙʝʣʦʢ ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʪʘʢ ʢʘʢ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʭʦʣʦʜʦʫʩʪʦʡʯʠʚʳʭ (CIS-ʫʩʪʦʡʯʠʚʳʭ) ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ SbAI ʧʨʠ ʭʨʘʥʝʥʠʠ ʢʣʫʙʥʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +3ÁC. ʕʪʦ ʨʝʟʢʦ 

ʢʦʥʪʨʘʩʪʠʨʫʝʪ ʩ ʧʦʚʝʜʝʥʠʝʤ ʩʦʨʪʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʭʦʣʦʜʦʚʦʤʫ ʦʩʘʭʘʨʠʚʘʥʠʶ, ʫ 

ʢʦʪʦʨʳʭ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ SbAI ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ɺʳʷʚʣʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ 

ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʪʨʘʥʩʢʨʠʧʪʦʚ SbAI ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʫʶ ʨʦʣʴ ʵʪʦʛʦ ʙʝʣʢʘ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʘ ʦʩʘʭʘʨʠʚʘʥʠʷ. ʊʝʤ 

ʩʘʤʳʤ ʙʳʣʦ ʦʜʥʦʟʥʘʯʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ SbAI ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʜʝʛʨʘʜʘʮʠʠ 

ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʠ ʙʳʪʴ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʦʩʘʭʘʨʠʚʘʥʠʠ 

(Zhang, 2013; Zhang et al., 2014a,b). 

ʢɼʅʂ SbAI (GenBank: HS989783) ʠʤʝʣʘ ʜʣʠʥʫ 799 ʧ.ʥ., ʚʢʣʶʯʘʷ ʦʪʢʨʳʪʫʶ ʨʘʤʢʫ 

ʩʯʠʪʳʚʘʥʠʷ (ORF) ʜʣʠʥʦʡ 621 ʧ.ʥ, ʩʦʜʝʨʞʘʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʢʦʜʠʨʫʶʱʫʶ 

ʩʠʛʥʘʣʴʥʳʡ ʧʝʧʪʠʜ, ʘ ʪʘʢʞʝ 5ô- ʥʝʪʨʘʥʩʣʠʨʫʝʤʫʶ ʦʙʣʘʩʪʴ ʜʣʠʥʦʡ 178 ʧ.ʥ. ʠ ʢʦʜʠʨʦʚʘʣʘ 

ʙʝʣʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ 207 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ (Zhang et al., 2014b). ɸʥʘʣʠʟ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʙʝʣʦʢ ʚʢʣʶʯʘʝʪ ʜʦʤʝʥ 

óTryp_alpha_amyIô, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʦʙʣʘʩʪʠ 30-108 ʘ.ʦ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ óTryp_alpha_amyIô, ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʚʝʩʪʥʦʤʫ ʩʝʤʝʡʩʪʚʫ ʠʥʛʠʙʠʪʦʨʦʚ ʘʣʴʬʘ-

ʘʤʠʣʘʟʳ (AAI), ʙʝʣʢʦʚ-ʧʝʨʝʥʦʩʯʠʢʦʚ ʣʠʧʠʜʦʚ (LTP) ʠ ʟʘʧʘʩʥʳʭ ʙʝʣʢʦʚ ʩʝʤʷʥ (SS) 

(Marchler-Bauer et al., 2010). ʊʝʤ ʩʘʤʳʤ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʙʝʣʦʢ SbAI S. berthaultii 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʪʦʨʦʤ ʘʤʠʣʘʟʳ (Zhang et al., 2014a,b). ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ SbAI ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ, 

ʣʠʙʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʬʦʨʤʘʤʠ, ʣʠʙʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʜʝʡʩʪʚʠʷ, ʦʜʥʠʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʤʠʣʘʟ ʢʘʨʪʦʬʝʣʷ, ʠʥʜʫʮʠʨʫʝʤʳʭ 

ʭʦʣʦʜʦʚʳʤ ʩʪʨʝʩʩʦʤ (Zhang et al., 2014a,b). ʀʥʛʠʙʠʪʦʨ SbAI ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ Ŭ-ʘʤʠʣʘʟʳ, ʥʦ ʠ ʥʘ ʜʚʝ ɓ-ʘʤʠʣʘʟʳ (StBAM9, 

StBAM3), ʠʥʜʫʮʠʨʫʝʤʳʝ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʚ ʢʣʫʙʥʷʭ (Zhang et al., 2014b). 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʡʩʪʚʠʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ (+3 ) ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʘʥʩʢʨʠʧʪʦʚ SbAI ʠ ʘʢʪʠʚʥʦʩʪʴʶ ʘʤʠʣʘʟʳ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʠ 

ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʛʠʜʨʦʣʠʟ ʢʨʘʭʤʘʣʘ, ʪʘʢ ʞʝ ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʜʨʫʛʠʭ 

ʘʤʠʣʘʟ, ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʤ ʫʨʦʚʥʝ (Zhang et al., 2014b). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʷ SbAI ʚ 

ʢʘʨʪʦʬʝʣʝ ʧʨʠʚʦʜʠʣʘ ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʘʤʠʣʘʟʳ ʠ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ, 
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ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʘʜʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ, ʭʨʘʥʷʱʠʭʩʷ 

ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ (+3-4 ). ʇʨʠ ʵʪʦʤ ʪʨʘʥʩʛʝʥʥʳʝ ʣʠʥʠʠ ʩ ʟʘʤʦʣʢʘʥʠʝʤ ʛʝʥʘ SbAI ʟʘ ʩʯʝʪ 

RNAi ʧʦʢʘʟʘʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠ ʨʝʧʨʝʩʩʠʷ SbAI ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʥʝʢʦʪʦʨʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ Ŭ-ʘʤʠʣʘʟʳ StAMY23 ʚ ʢʣʫʙʥʷʭ (Zhang et al., 2014 a,b).  

 ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʛʝʥʘ SbAI ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʨʘʩʧʘʜʘ ʢʨʘʭʤʘʣʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʠ ʭʦʣʦʜʦʚʦʛʦ 

ʦʩʘʭʘʨʠʚʘʥʠʷ ʚ ʢʣʫʙʥʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʘʤʠʣʘʟ ʚʣʠʷʶʪ 

ʵʬʬʝʢʪʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʩʘʭʘʨʦʤ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʛʣʶʢʦʟʘ ʠ ʬʨʫʢʪʦʟʘ ʷʚʣʷʶʪʩʷ 

ʩʠʛʥʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʝ ʪʨʘʥʩʢʨʠʧʮʠʶ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʛʝʥʦʚ 

AMY ʠ ʛʝʥʦʚ ʠʥʛʠʙʠʪʦʨʦʚ ʘʤʠʣʘʟ AI (Zhang, 2013; Zhang et al., 2014b; ʉʣʫʛʠʥʘ ʠ ʜʨ., 

2020).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ SbAI ʤʦʞʝʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ  

Ŭ-ʘʤʠʣʘʟʳ, ʪʘʢ ʠ ɓ-ʘʤʠʣʘʟʳ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʫʪʝʤ ʧʦʜʘʚʣʝʥʠʷ 

StAMY23 ʠ StBAM1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʣʠ ʧʨʷʤʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʪʦʛʦ, ʯʪʦ SbAI ʤʦʞʝʪ ʙʳʪʴ ʢʣʶʯʝʚʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʘʤʠʣʘʟ, ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪ 

ʨʘʟʣʦʞʝʥʠʝ ʢʨʘʭʤʘʣʘ ʠ ʥʘʢʦʧʣʝʥʠʝ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʚ 

ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. ʆʜʥʘʢʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʤʝʞʜʫ SbAI ʠ 

ʘʤʠʣʘʟʘʤʠ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ, ʜʣʠʪʝʣʴʥʦ ʭʨʘʥʷʱʠʭʩʷ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʨʝʙʫʶʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

1.4.3. ɸɼʌ-ʛʣʶʢʦʟʦʧʠʨʦʬʦʩʬʦʨʠʣʘʟʘ AGPase. 

ʉʨʝʜʠ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʢʨʘʭʤʘʣʘ ʚ 

ʨʘʩʪʝʥʠʷʭ, ɸɼʌ-ʛʣʶʢʦʟʦʧʠʨʦʬʦʩʬʦʨʠʣʘʟʘ (AGPase) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʬʝʨʤʝʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʠʥʪʝʟ ɸɼʌ-ʛʣʶʢʦʟʳ (ADP-Glc) ʠʟ ʛʣʶʢʦʟʳ-1-ʬʦʩʬʘʪʘ ʠ 

ɸʊʌ, ʠ ʪʝʤ ʩʘʤʳʤ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʭʤʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʡ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʟʘʧʘʩʥʳʭ ʪʢʘʥʷʭ (ʢʣʫʙʥʝ, ʵʥʜʦʩʧʝʨʤʝ ʟʝʨʥʘ, ʠ ʜʨ.) (Saripalli, 2015). ɹʝʣʦʢ 

AGPase ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʢ ʚ ʮʠʪʦʟʦʣʝ ʢʣʝʪʦʢ, ʪʘʢ ʠ ʚ ʧʣʘʩʪʠʜʘʭ. ʂʘʢ ʧʣʘʩʪʠʜʥʘʷ 

(ʭʣʦʨʦʧʣʘʩʪʥʘʷ ʠ ʘʤʠʣʦʧʣʘʩʪʥʘʷ), ʪʘʢ ʠ ʮʠʪʦʟʦʣʴʥʘʷ AGP-ʘʟʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ 

ʛʝʪʝʨʦʪʝʪʨʘʤʝʨʳ (Ŭ2ɓ2). ʂʘʞʜʘʷ ʠʟ ʛʝʪʨʦʪʝʪʨʦʤʝʪʦʚ AGP-ʘʟʳ ʚʢʣʶʯʘʝʪ ʧʦ ʜʚʝ ʙʦʣʴʰʠʝ 

LS (ɓ2) ʠ ʜʚʝ ʤʘʣʳʝ SS (Ŭ2) ʩʫʙʲʝʜʠʥʠʮʳ (Preiss et al., 1990). ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʦʩʦʙʝʥʥʦ ʨʝʛʫʣʷʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ AGPase ʫ ʚʳʩʰʠʭ 

ʨʘʩʪʝʥʠʡ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʪʠʧʘʤʠ 

ʩʫʙʲʝʜʠʥʠʮ (Hwang et al., 2005). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ LS ʩʫʙʲʝʜʠʥʠʮʘ ʚʳʧʦʣʥʷʝʪ ʨʝʛʫʣʷʪʦʨʥʫʶ 

ʬʫʥʢʮʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ SS ï ʦʙʝ, ʠ ʨʝʛʫʣʷʪʦʨʥʫʶ, ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ. ɻʝʥʳ AGPaseS, 

ʢʦʜʠʨʫʶʱʠʝ ʤʘʣʳʝ ʩʫʙʲʝʜʠʥʠʮʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʢʘʥʝʡ, 
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ʪʦʛʜʘ ʢʘʢ AGPaseL, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʡ ʧʘʪʪʝʨʥ ʵʢʩʧʨʝʩʩʠʠ. ɸʥʘʣʠʟ 

ʧʨʦʤʦʪʦʨʦʚ (1 ʪ.ʧ.ʥ. ʦʪ ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʠ) AGPaseL ʠ AGPaseS ʚʳʷʚʠʣ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʮʠʩ-ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʘʢʮʠʝʡ ʥʘ ʘʙʠʦʪʠʯʝʩʢʠʝ ʩʪʨʝʩʩʳ (Batra et al., 

2017). 

ɹʳʣʦ ʦʜʥʦʟʥʘʯʥʦ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ AGPaseS ʙʝʣʢʘ. 

ɺʧʝʨʚʳʝ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ S. tuberosum (Jin et al., 2005). 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ AGPase ʢʘʨʪʦʬʝʣʷ ʠʤʝʝʪ ʥʘ ʢʘʞʜʦʤ ʢʦʥʮʝ 

ʢʘʨʤʘʥ, ʩʚʷʟʳʚʘʶʱʠʤ ʛʣʶʢʦʟʫ. ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʢʨʘʡʥʝ ʚʘʞʥʘ ʪʘʢʞʝ ʜʠʩʫʣʴʬʠʜʥʘʷ (SïS) 

ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʦʩʪʘʪʢʘʤʠ Cys12 ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʘʡʪʝ, ʪʘʢ ʢʘʢ ʦʥʘ ʨʝʛʫʣʠʨʫʝʪ 

ʘʢʪʠʚʥʦʩʪʴ AGPase ʨʘʩʪʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʵʪʘ ʜʠʩʫʣʴʬʠʜʥʘʷ ʩʚʷʟʴ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʨʦʜʩʪʚʦ ʬʝʨʤʝʥʪʘ ʢ ʙʝʣʢʫ-ʘʢʪʠʚʘʪʦʨʫ (3-ʬʦʩʬʦʛʣʠʮʝʨʘʪʫ 3-PGA) ʠ ʩʫʙʩʪʨʘʪʫ ɸTʌ (Jin et 

al., 2005; Figueroa et al., 2022).  

ɹʳʣʦ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ ʧʫʪʝʤ 

ʵʢʩʧʨʝʩʩʠʠ AGPase. ʇʦʢʘʟʘʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ AGPase ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʝʚʠʜʥʳʭ ʢʦʨʥʷʭ. ɺ ʩʣʫʯʘʝ ʢʘʨʪʦʬʝʣʷ ʚ ʢʣʫʙʥʷʭ 

ʪʨʘʥʩʛʝʥʥʦʛʦ ʢʘʨʪʦʬʝʣʷ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʘʥʪʠʩʤʳʩʣʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʩ ʛʝʥʦʤ 

AGPase, ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʩʥʠʞʘʣʦʩʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ AGPase ʚ 

ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʢʨʘʭʤʘʣʘ, ʘ ʪʘʢʞʝ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ ʢʣʫʙʥʝʡ (Wang et al., 2007).  

ʇʨʠ ʘʥʘʣʠʟʝ ʛʝʥʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ S. tuberosum ʚ 

ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ AGPase ʦʪʚʝʯʘʝʪ ʟʘ 13,3% 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ (Men®ndez et al., 2002). ʊʘʢʞʝ ʘʢʪʠʚʥʦʩʪʴ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ AGPaseS ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʛʣʶʢʦʟʳ ʠ 

ʬʨʫʢʪʦʟʳ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ (Song et al., 2005). ʊʘʢʞʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʦʙʦʠʭ ʩʫʙʲʝʜʠʥʠʮ ʚ ʢʣʫʙʥʷʭ ʜʚʫʭ 

ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ (5 ʠ 15 ʜʥʝʡ) ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ. ʇʨʠ ʵʪʦʤ 

ʧʦʢʘʟʘʥ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʧʘʪʪʝʨʥ ʵʢʩʧʨʝʩʩʠʠ ʚ ʢʣʫʙʥʷʭ ʫ CIS-ʫʩʪʦʡʯʠʚʦʛʦ ʠ CIS-

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʛʝʥʦʪʠʧʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ AGPase ʤʦʞʝʪ 

ʙʳʪʴ ʢʨʘʡʥʝ ʚʘʞʥʘ ʜʣʷ CIS- ʫʩʪʦʡʯʠʚʦʩʪʠ (Liu et al., 2021). 

1.4.4. Ŭ-ʛʣʶʢʘʥ- ʠ ʬʦʩʬʦʛʣʶʢʘʥ ʚʦʜʥʳʝ ʜʠʢʠʥʘʟʳ GWD/PWD. 

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʨʘʭʤʘʣʘ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ, 

ʢʦʪʦʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʘ (Singh et al., 2003; Compart et al., 

2023). ʇʨʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʠ ʢʨʘʭʤʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ 
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ʠ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʬʝʨʤʝʥʪʦʚ ʜʝʛʨʘʜʘʮʠʠ, ʪʘʢʠʭ ʢʘʢ ʘʤʠʣʘʟʳ. ʊʝʤ ʩʘʤʳʤ ʠʤʝʥʥʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʟʘʧʫʩʢʘʝʪ ʧʨʦʮʝʩʩ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ (Mahlow et al., 2014, 2016).  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʨʘʩʪʝʥʠʡ ʧʨʦʮʝʩʩ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʢʨʘʭʤʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʣʢʘʤʠ GWD (Glucan, water dikinase, GWD, R1 (ʫ S. tuberosum), SEX1 (ʫ 

A. thaliana)). ʕʪʠ ʬʝʨʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʬʦʩʬʦʪʨʘʥʩʬʝʨʘʟʘʤʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʷʪ 

ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ ʩ ʧʦʤʦʱʴʶ ʧʘʨʥʳʭ ʘʢʮʝʧʪʦʨʦʚ (ʜʠʢʠʥʘʟ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

Ŭ-ʛʣʶʢʘʥ ʚʦʜʥʳʝ ʜʠʢʠʥʘʟʳ ʤʦʛʫʪ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ Ŭ-ʛʣʶʢʘʥʘ ʠ ATʌ ʩ ʚʦʜʦʡ. 

ɓ-ʬʦʩʬʘʪ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʛʠʩʪʠʜʠʥʦʚʳʡ ʦʩʪʘʪʦʢ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʙʝʣʢʘ GWD, ʘ 

ʦʪʪʫʜʘ ʥʘ ʉ6-ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʤʦʣʝʢʫʣʝ ʘʤʠʣʦʧʝʢʪʠʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʛʣʶʢʘʥʦʚʳʝ ʮʝʧʠ ʚ ʢʨʘʭʤʘʣʴʥʦʡ ʛʨʘʥʫʣʝ ʧʝʨʝʭʦʜʷʪ ʠʟ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʙʦʣʝʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ (Ritte et al., 2002). ʇʝʨʝʭʦʜ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʣʶʢʘʥʦʚ ʚ 

ʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʛʠʜʨʦʣʘʟ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʨʘʭʤʘʣʦʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʘʢʠʭ ʢʘʢ ɓ-ʘʤʠʣʘʟʳ BAM. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʣʶʢʘʥʦʚ ʩ ʧʦʤʦʱʴʶ GWD ʧʦʚʳʰʘʝʪ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ɓ-ʘʤʠʣʘʟ (Monroe, 2020). GWD ʨʘʩʪʝʥʠʡ ʢʘʪʘʣʠʟʠʨʫʝʪ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʨʘʭʤʘʣʘ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʝʛʫʣʠʨʫʝʪ ʢʘʢ ʜʝʛʨʘʜʘʮʠʶ 

ʢʨʘʭʤʘʣʘ, ʪʘʢ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʡ ʙʠʦʩʠʥʪʝʟ (Skeffington et al., 2014).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥ r ʜʚʘ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʩʝʤʝʡʩʪʚʘ Ŭ-ʛʣʶʢʘʥ ʚʦʜʥʳʭ 

ʜʠʢʠʥʘʟ: GWD1 ʠ ʬʦʩʬʦʛʣʶʢʘʥ ʚʦʜʥʘʷ ʜʠʢʠʥʘʟʘ GWD3/PWD. ɻʝʥʳ GWD ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʚʦ ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʷʭ, ʥʦ ʵʚʦʣʶʮʠʦʥʥʘʷ ʠʩʪʦʨʠʷ ʠ ʬʫʥʢʮʠʠ ʬʝʨʤʝʥʪʦʚ ʥʝ ʠʜʝʥʪʠʯʥʳ 

(Adegbaju et al., 2020). ʊʘʢ, GWD1 ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʛʣʶʢʦʟʠʣʴʥʳʝ ʦʩʪʘʪʢʠ ʘʤʠʣʦʧʝʢʪʠʥʘ ʚ 

ʢʨʘʭʤʘʣʴʥʦʤ ʟʝʨʥʝ ʚ ʧʦʣʦʞʝʥʠʠ ʉ6 (Ritte et al., 2002). ɿʘʪʝʤ GWD3/PWD ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʜʨʫʛʦʡ ʛʣʶʢʦʟʠʣʴʥʳʡ ʦʩʪʘʪʦʢ ʚ ʧʦʣʦʞʝʥʠʠ C3 (Baunsgaard et al., 2005). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʫʪʘʮʠʠ ʣʠʙʦ ʚ ʛʝʥʝ GWD1, ʣʠʙʦ ʚ GWD3/PWD ʧʨʠʚʦʜʠʣʠ ʢ ʟʘʤʝʜʣʝʥʠʶ 

ʜʝʛʨʘʜʘʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʶ ʢʨʘʭʤʘʣʘ ʚ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ (Yu et al., 2001; Baunsgaard et al., 

2005). ʋ ʢʘʩʩʘʚʳ M. esculenta GWD1 ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ, ʪʝʤ 

ʩʘʤʳʤ ʚʣʠʷʷ ʥʘ ʨʦʩʪ ʢʦʨʥʝʡ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʪʨʘʥʟʠʪʦʨʥʳʡ ʢʨʘʭʤʘʣ ʚ ʣʠʩʪʴʷʭ 

(Zhou et al., 2017). ʈʘʥʝʝ ʪʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ gwd1-ʤʫʪʘʥʪʘ ʨʠʩʘ ʥʘʢʘʧʣʠʚʘʣʩʷ 

ʢʨʘʭʤʘʣ ʚ ʣʠʩʪʴʷʭ, ʠ ʧʨʠ ʵʪʦʤ ʟʘʤʝʪʥʦ ʩʥʠʞʘʣʘʩʴ ʫʨʦʞʘʡʥʦʩʪʴ ʟʘ ʩʯʝʪ ʤʝʥʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʝʣʦʢ ʥʘ ʨʘʩʪʝʥʠʠ ʠ ʙʦʣʝʝ ʤʝʣʢʠʭ ʠ ʤʝʥʝʝ ʩʦʟʨʝʚʰʠʭ ʟʝʨʝʥ (Hirose et al., 

2013). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʨʘʥʩʛʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʨʠʩʘ ʩʦ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʘ GWD1 

ʢʘʨʪʦʬʝʣʷ ʧʨʦʜʫʮʠʨʦʚʘʣʠ ʚʳʩʦʢʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ (Chen et al., 2017).  

ɻʝʥʳ GWD ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʛʝʥʦʤʝ ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʘʟʝ NCBI, 

ʥʦ ʜʝʪʘʣʴʥʦ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠ ʫ ʢʦʛʦ ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠ ʵʚʦʣʶʮʠʦʥʥʘʷ ʠʩʪʦʨʠʷ ʠ 

ʬʫʥʢʮʠʠ ʬʝʨʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʠʜʝʥʪʠʯʥʳ (Adegbaju et al., 2020). ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ 
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ʚʩʝʛʦ, ʩ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʛʝʥʘ. ʉʦʛʣʘʩʥʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʛʝʥ GWD1 S. tuberosum (ʣʠʥʠʷ 

RH89-039-16), ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ NCBI, ʠʤʝʝʪ ʜʣʠʥʫ 19 188 ʧ.ʥ. (Gene ID: 

102577510), ʩʦʜʝʨʞʠʪ 34 ʵʢʟʦʥʘ. ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 4392 ʧ.ʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʭʨʦʤʦʩʦʤʝ 5. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʜʚʝ ʨʘʙʦʪʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʪʘʣʴʥʳʤ ʦʧʠʩʘʥʠʝʤ ʢɼʅʂ ʠ ʙʝʣʢʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ Ŭ-ʛʣʶʢʘʥ ʚʦʜʥʦʡ ʜʠʢʠʥʘʟʳ GWD1 (Adegbaju et al., 2020; Compart et 

al., 2023); ʛʦʤʦʣʦʛʠʯʥʳʡ ʛʝʥ ʠ ʙʝʣʦʢ PWD ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ. ɹʳʣʘ ʦʧʠʩʘʥʘ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʢɼʅʂ GWD1 (ʥʦ ʥʝ GWD3/PWD) ʠ ʢʦʜʠʨʫʝʤʦʛʦ ʙʝʣʢʘ ʫ 48 ʚʠʜʦʚ ʥʠʟʰʠʭ 

ʠ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ (Adegbaju et al., 2020). ʆʜʥʘʢʦ, ʚ 

ʧʫʙʣʠʢʘʮʠʠ ʙʳʣ ʩʜʝʣʘʥ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʥʘ ʵʚʦʣʶʮʠʶ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʥʠʟʰʠʭ ʨʘʩʪʝʥʠʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ GWD1 ̫ ʚʣʷʝʪʩʷ ʤʦʥʦʢʦʧʠʡʥʳʤ ʛʝʥʦʤ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʫʧʣʠʢʘʮʠʠ ʫ ʤʭʘ 

Physcomitrella patens Hedw.). ʊʘʢʞʝ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʜʨʫʛʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ GWD3/PWD. 

ɺ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ GWD ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʤʝʥʘ. ʅʘ N-ʢʦʥʮʝ ʙʝʣʢʘ ʥʘʭʦʜʠʪʩʷ ʪʨʘʥʟʠʪʥʳʡ ʧʝʧʪʠʜ (ʊʈ) ʜʣʷ 

ʧʣʘʩʪʠʜʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, ʜʘʣʝʝ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʚʘ 

ʫʛʣʝʚʦʜʩʚʷʟʳʚʘʶʱʠʭ ʤʦʜʫʣʷ (CBM 45), ʦʜʠʥ ʬʦʩʬʦʛʠʩʪʠʜʠʥʦʚʳʡ ʜʦʤʝʥ ʠ ʦʜʠʥ ɸʊʌ-

ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʤʝʥ (Adegbaju et al., 2020; Compart et al., 2023). ʊʨʘʥʟʠʪʥʳʡ ʧʝʧʪʠʜ 

ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʧʣʘʩʪʠʜʘʭ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʫ ʚʩʝʭ GWD1-ʙʝʣʢʦʚ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ (ʥʦ ʥʝ 

ʛʦʣʦʩʝʤʝʥʥʳʭ ʠ ʥʠʟʰʠʭ ʨʘʩʪʝʥʠʡ). ʕʪʦʪ ʧʝʧʪʠʜ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʫ ʙʝʣʢʦʚ GWD2, 

ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʩʫʙʬʫʥʢʮʠʦʣʠʟʘʮʠʝʡ ʵʪʠʭ ʙʝʣʢʦʚ ʚ ʨʘʩʪʝʥʠʷʭ (Adegbaju et al., 2020). 

ʊʘʢʞʝ ʚ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ GWD ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʚʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʜʦʤʝʥʘ ʩʚʷʟʳʚʘʥʠʷ ʫʛʣʝʚʦʜʦʚ (CBM), ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ 

ʢʨʘʭʤʘʣʦʩʚʷʟʳʚʘʶʱʠʝ ʜʦʤʝʥʳ (SBD) - CBM45 ʠ CBM45s (Adegbaju et al., 2020; Compart 

et al., 2023). ɼʘʥʥʳʝ ʜʦʤʝʥʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʥʦʛʠʭ ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʘʟʣʦʞʝʥʠʠ ʢʨʘʭʤʘʣʘ, (ʥʘʧʨʠʤʝʨ, Ŭ-ʘʤʠʣʘʟʳ AMY3 A. thaliana). ʅʘʣʠʯʠʝ ʜʘʥʥʳʭ ʜʦʤʝʥʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʢʨʘʭʤʘʣʴʥʳʭ 

ʟʝʨʝʥ (Adegbaju et al., 2020). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʪʨʘʥʩʛʝʥʥʦʡ ʣʠʥʠʠ ʢʘʨʪʦʬʝʣʷ, ʚ ʢʦʪʦʨʦʡ 

ʦʪʩʫʪʩʪʚʦʚʘʣ CBM45 ʤʦʪʠʚ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ 

ʙʳʣʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʛʣʶʢʘʥʦʚʳʝ ʮʝʧʠ (Glaring et al., 2011). 

ʌʫʥʢʮʠʠ GWD ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʢʘʨʪʦʬʝʣʝ. ʅʝʦʜʥʦʢʨʘʪʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʨʪʦʬʝʣʴ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʢʨʘʭʤʘʣʦʤ ʬʦʩʬʘʪʘ (Viksß-Nielsen et al., 2001; Wickramasinghe et al., 2009). ʄʝʥʴʰʠʡ 

ʫʨʦʚʝʥʴ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʢʨʘʭʤʘʣʘ ʫʤʝʥʴʰʘʝʪ ʨʘʟʣʦʞʝʥʠʝ ʢʨʘʭʤʘʣʘ ʠ ʥʘʢʦʧʣʝʥʠʝ 
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ʩʘʭʘʨʦʚ ʚ ʢʘʨʪʦʬʝʣʝ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʦʩʘʭʘʨʠʚʘʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʢʨʘʭʤʘʣʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʘʨʪʦʬʝʣʷ ʢ CIS. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʝʣʝʢʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʣʣʝʣʴʥʦʛʦ 

ʧʦʣʠʤʦʨʬʠʟʤʘ ʜʚʫʭ ʫʯʘʩʪʢʦʚ ʛʝʥʘ StGWD (627 ʠ 606 ʧ.ʥ.) ʫ 398 ʩʦʨʪʦʚ ʠ ʣʠʥʠʡ, ʚʢʣʶʯʘʷ 

ʦʙʨʘʟʮʳ ʜʠʢʦʨʘʩʪʫʱʠʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ (Uitdewilligen et al., 2022). ɹʳʣ ʧʦʢʘʟʘʥ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʧʦʣʠʤʦʨʬʠʟʤ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʣʘʩʪʝʡ ʠ ʚʳʷʚʣʝʥʦ 16 ʨʘʟʣʠʯʥʳʭ 

ʛʘʧʣʦʪʠʧʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʘʩʩʦʮʠʘʮʠʡ ʧʨʠʚʝʣ ʢ ʚʳʷʚʣʝʥʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʣʣʝʣʝʡ 

StGWD, ʚʳʟʳʚʘʶʱʠʭ ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʝ, ʣʠʙʦ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʘʪʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʨʘʭʤʘʣʦʤ. ʊʘʢ ʙʳʣ ʚʳʷʚʣʝʥ ʦʜʠʥ ʘʣʣʝʣʴ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʥʦ ʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ ʜʨʫʛʦʡ ï ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʢʨʘʭʤʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʤʘʨʢʝʨ-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʩʝʣʝʢʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ CIS-ʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ (Uitdewilligen et al., 2022). 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʯʝʪʳʨʝʭ ʘʣʣʝʣʝʡ StGWD ʚ 

ʪʝʪʨʘʧʣʦʠʜʥʦʤ ʢʘʨʪʦʬʝʣʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʚʪʨʦʝ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʘʪʘ ʚ ʢʨʘʭʤʘʣʝ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʭʦʣʦʜʦʚʦʤʫ ʦʩʘʭʘʨʠʚʘʥʠʶ (Uitdewilligen et al., 2022). ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ StGWD ʢʘʨʪʦʬʝʣʷ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ ʚ 

ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʚʘʞʥʦʡ ʨʦʣʠ 

ʠʤʝʥʥʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ Ŭ-ʛʣʠʢʘʥ-ʚʦʜʥʦʡ ʜʠʢʠʥʘʟʦʡ GWD ʚ ʨʘʩʧʘʜʝ ʢʨʘʭʤʘʣʘ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʢʣʫʙʥʷʭ ʠ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ (Orzechowski et al., 2021; Li et al., 2024). 
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

2.1. ʈʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʠʜʦʚ ʨʦʜʘ Solanum ʩʝʤʝʡʩʪʚʘ 

Solanaceae. ʆʙʨʘʟʮʳ ʜʠʢʦʨʘʩʪʫʱʠʭ ʚʠʜʦʚ Solanum ʩʝʢʮʠʠ Petota ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ 

ʢʦʣʣʝʢʮʠʠ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʅʀʀ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠʤ. ʅ.ʀ. ɺʘʚʠʣʦʚʘ, ɺʅʀʀ 

ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤ. ɸ.ɻ. ʃʦʨʭʘ ʠ ʛʝʥʙʘʥʢʘ Centre for Genetic Resources  

(ʛ. ɺʘʛʝʥʠʥʛʝʥ, ʅʠʜʝʨʣʘʥʜʳ). ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʨʪʘ ʠ ʩʝʣʝʢʮʠʦʥʥʳʝ ʣʠʥʠʠ 

ʢʘʨʪʦʬʝʣʷ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ɺʅʀʀ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤ. ɸ.ɻ. ʃʦʨʭʘ (ɺʅʀʀʂʍ) 

(ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ1). 

 ɼʣʷ ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʨʪʦʬʝʣʴ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ. 

ʆʪʦʙʨʘʥʥʳʝ ʚ ʩʝʥʪʷʙʨʝ 2023 ʛʦʜʘ ʢʣʫʙʥʠ ʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ 

(ʜʠʘʤʝʪʨʦʤ 55ï60 ʤʤ) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʩʦʟʨʝʚʰʠʝ ʠ ʭʨʘʥʠʣʠʩʴ ʚ 

ʢʣʠʤʦʢʘʤʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +3ÁC ʚ ʪʝʤʥʦʪʝ ʚ ʪʝʯʝʥʠʝ 0,5 (ʩʝʨʝʜʠʥʘ ʩʝʥʪʷʙʨʷ), 3,5 

(ʢʦʥʝʮ ʜʝʢʘʙʨʷ) ʠ 6,5 (ʢʦʥʝʮ ʤʘʨʪʘ) ʤʝʩʷʮʝʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʢʘʞʜʦʡ ʠʟ ʪʨʸʭ ʚʨʝʤʝʥʥʳʭ 

ʪʦʯʝʢ ʢʣʫʙʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ (ʜʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘ). ʆʙʨʘʟʝʮ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʙʣʦʢ (ʚʢʣʶʯʘʷ ʧʝʨʠʜʝʨʤʫ, ʢʦʨʫ, ʩʦʩʫʜʠʩʪʦʝ ʢʦʣʴʮʦ ʠ ʧʝʨʠʤʝʜʫʣʣʫ) 

ʚʦʢʨʫʛ ʘʧʠʢʘʣʴʥʦʡ ʛʣʘʟʢʦʚʦʡ ʧʦʯʢʠ. ʆʙʨʘʟʮʳ ʟʘʤʦʨʘʞʠʚʘʣʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ, ʭʨʘʥʠʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ -80ÁC ʜʦ ʧʦʣʫʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʦʙʨʘʟʮʦʚ ʚ ʢʦʥʮʝ ʤʘʨʪʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ ʫ ʚʠʜʦʚ ʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ 

ʙʳʣʦ ʦʪʦʙʨʘʥʦ 56 ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ Solanaceae, ʚ ʪʦʤ ʯʠʩʣʝ 8 ʦʙʨʘʟʮʦʚ 

ʜʠʢʦʨʘʩʪʫʱʠʭ ʚʠʜʦʚ Solanum ʩʝʢʮʠʠ Petota, 42 ʩʦʨʪʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ 

ʩʝʣʝʢʮʠʠ ʠ 6 ʣʠʥʠʡ ʢʘʨʪʦʬʝʣʷ ʩʝʣʝʢʮʠʠ ɺʅʀʀʂʍ S. tuberosum (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ1 ʠ 

ʇ2). ʈʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ (ʩʦʨʪʘ ʠ ʣʠʥʠʠ) ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʧʦʣʷʭ ɺʅʀʀʂʍ (ʧʦʩ. ʂʦʨʝʥʝʚʦ; 

ʦʪʦʙʨʘʥʳ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʢ.ʙ.ʥ. ʄʝʣʝʰʠʥʳʤ ɸ.ɸ); ʜʣʷ ʚʳʜʝʣʝʥʠʷ ɼʅʂ ʦʪʙʠʨʘʣʩʷ 

ʣʠʩʪʦʚʦʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʭʨʘʥʠʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -80 . 

ɼʣʷ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ (ʠʟʤʝʨʝʥʠʝ ʫʛʣʝʚʦʜʦʚ, ʢʘʨʦʪʠʥʦʠʜʦʚ, ʘʥʪʦʮʠʘʥʦʚ) ʠ 

ʵʢʩʧʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʙʳʣʠ 

ʚʟʷʪʳ ʧʷʪʴ ʩʦʨʪʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʝʣʝʢʮʠʠ (ɹʘʨʠʥ, ʂʨʘʩʘʚʯʠʢ, ʅʘʜʝʞʜʘ, ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ, 

ʋʪʨʦ), ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʧʦʣʷʭ ɺʅʀʀʂʍ ʚ 2021 ʛʦʜʫ. ʇʦʩʣʝ ʩʙʦʨʘ ʫʨʦʞʘʷ ʚ ʩʝʥʪʷʙʨʝ 

ʢʣʫʙʥʠ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʥʘ ʭʨʘʥʝʥʠʝ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱʝ 

ɺʅʀʀʂʍ (ʛʜʝ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ +3ÁC). ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʨʝʭ ʚʨʝʤʝʥʥʳʭ 

ʪʦʯʢʘʭ: ʩʨʘʟʫ ʧʦʩʣʝ ʩʙʦʨʘ ʫʨʦʞʘʷ ʚ ʢʦʥʮʝ ʩʝʥʪʷʙʨʷ (0 ʤʝʩ), ʟʘʪʝʤ ʚ ʥʘʯʘʣʝ ʬʝʚʨʘʣʷ, ʩʧʫʩʪʷ 

4 ʤʝʩʷʮʘ ʭʨʘʥʝʥʠʷ, ʠ ʚ ʢʦʥʮʝ ʘʧʨʝʣʷ, ʩʧʫʩʪʷ 7 ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ. ʂʣʫʙʥʠ ʦʪʙʠʨʘʣʠʩʴ ʚ 
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ʢʘʞʜʦʡ ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʝ, ʟʘʤʦʨʘʞʠʚʘʣʠʩʴ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʠ ʭʨʘʥʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

-80 . 

ɼʣʷ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʣʠʩʪʴʝʚ ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʝʥʠʷ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ (ʟʝʣʝʥʘʷ ʦʢʨʘʩʢʘ ʣʠʩʪʴʝʚ) ʠ ʩʝʣʝʢʮʠʦʥʥʦʡ ʣʠʥʠʠ 

ɻʠʙʨʠʜ 1 ʩ ʘʥʪʦʮʠʘʥʦʚʦʡ ʦʢʨʘʩʢʦʡ ʣʠʩʪʴʝʚ ʠ ʢʣʫʙʥʝʡ (ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʢ.ʙ.ʥ. ʄʝʣʝʰʠʥʳʤ 

ɸ.ɸ., ɺʅʀʀʂʍ). ʈʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠʩʴ ʚ ʪʝʧʣʠʮʝ ʕʋʀʂ ʌʀʎ ɹʠʦʪʝʭʥʦʣʦʛʠʠ ʈɸʅ.  

ɼʣʷ ʠʤʠʪʘʮʠʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʨʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠʩʴ ʚ 

ʪʝʧʣʠʮʝ ʧʨʠ +21  ʠ ʟʘʪʝʤ ʤʦʜʝʣʠʨʦʚʘʣʠ ʫʩʣʦʚʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʚ 

ʢʣʠʤʘʢʘʤʝʨʝ (Sanyo, ʗʧʦʥʠʷ) ʧʨʠ +3  (ʜʝʥʴ/ʥʦʯʴ 16 ʯ/8 ʯ). ʃʠʩʪʦʚʳʝ ʧʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ 

ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ: óʢ0ô (ʢʦʥʪʨʦʣʴ ʧʨʠ +21Áʉ), ó6hô, ó24hô, ó48hô (ʩʪʨʝʩʩ ʚ ʜʠʥʘʤʠʢʝ) ʠ 

óʚ12ô (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʩʪʨʝʩʩʘ, +21 ). ʄʘʪʝʨʠʘʣ (ʣʠʩʪʴʷ) ʟʘʤʦʨʘʞʠʚʘʣʠ ʚ ʞʠʜʢʦʤ 

ʘʟʦʪʝ ʠ ʭʨʘʥʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -80 . ʇʨʦʙʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 8).  

 
ʈʠʩʫʥʦʢ 8 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʥʘ ʨʘʩʪʝʥʠʷʭ 

ʢʘʨʪʦʬʝʣʷ ʩ ʟʝʣʝʥʦʡ ʠ ʬʠʦʣʝʪʦʚʦʡ ʦʢʨʘʩʢʦʡ ʣʠʩʪʴʝʚ. 

2.2. ɺʳʜʝʣʝʥʠʝ ɼʅʂ, ʈʅʂ ʠ ʩʠʥʪʝʟ ʢɼʅʂ. 

ɺʳʜʝʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʡ ɼʅʂ ʚʳʧʦʣʥʷʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ʉʊɸɺ-ɸ (Puchooa, 2004) 

ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʚʦʡʥʦʡ ʜʝʧʨʦʪʝʠʥʠʟʘʮʠʝʡ ʬʝʥʦʣ/ʭʣʦʨʦʬʦʨʤʦʤ.  

ɺʳʜʝʣʝʥʠʝ ʈʅʂ. ʊʦʪʘʣʴʥʫʶ ʈʅʂ ʚʳʜʝʣʷʣʠ ʠʟ ʪʢʘʥʝʡ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʚ 

ʢʘʨʪʦʬʝʣʷ (ʣʠʩʪʴʷ, ʩʪʝʙʣʠ, ʢʦʨʥʠ, ʩʪʦʣʦʥʳ, ʮʚʝʪʢʠ, ʧʣʦʜʳ, ʢʣʫʙʥʠ (ʤʷʢʦʪʴ, ʢʦʞʫʨʘ)). ɼʣʷ 

ʚʳʜʝʣʝʥʠʷ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʙʦʨ ʨʝʘʢʪʠʚʦʚ RNeasyÈ Plant Mini Kit 

(QIAGEN, ɻʝʨʤʘʥʠʷ) ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɼʣʷ ʦʯʠʩʪʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʈʅʂ ʧʨʦʚʦʜʠʣʠ ʦʙʨʘʙʦʪʢʫ ɼʅʂʘʟʦʡ I ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ 

ʢʦʤʧʣʝʢʪʝ ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ RNase Free DNase I Set (Magen, ʂʠʪʘʡ). 

ʉʠʥʪʝʟ ʢɼʅʂ. ʢɼʅʂ ʧʦʣʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GoScript Reverse Transcription 

System (Promega, ʉʐɸ), ʤʝʪʦʜʠʢʘ ʚʳʜʝʣʝʥʠʷ ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ.  
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ʂʦʥʮʝʥʪʨʘʮʠʠ ʈʅʂ, ɼʅʂ ʠ ʢɼʅʂ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʠʤʝʪʨʘ Qubit 4 ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ (Invitrogen, ʉʐɸ). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢʘʯʝʩʪʚʦ 

ʚʳʜʝʣʝʥʥʦʡ ʈʅʂ ʧʨʦʚʝʨʷʣʦʩʴ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. 

2.3. ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʘʭʤʘʣʘ 

ʚ ʢʣʫʙʥʷʭ ʠ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠʤʝʥʷʣʠ ʥʘʙʦʨ EnzytecÊ Liquid Starch (R-Biopharm AG, 

ɻʝʨʤʘʥʠʷ) ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ, ʧʨʠʣʘʛʘʝʤʦʡ ʢ ʥʘʙʦʨʫ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ ʨʘʩʱʝʧʣʝʥʠʠ ʘʤʠʣʦʛʣʶʢʦʘʤʠʣʘʟʦʡ (AGS ʢʨʘʭʤʘʣʘ ʜʦ D-ʛʣʶʢʦʟʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ ʠ ʚʳʜʝʣʝʥʠʝʤ NADPH. ʂʦʣʠʯʝʩʪʚʦ NADPH 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʫ D-ʛʣʶʢʦʟʳ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ 

ʢʨʘʭʤʘʣʘ, ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 340 ʥʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Eppendorf 

BioSpectrometer (ɻʝʨʤʘʥʠʷ). 

  ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʦʥʦ- ʠ ʜʠʩʘʭʘʨʦʚ. ʆʙʨʘʟʮʳ ʪʢʘʥʠ ʢʘʨʪʦʬʝʣʷ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ (ʤʛ/100 ʛ ʩʳʨʦʛʦ ʚʝʩʘ) ʨʘʩʪʚʦʨʠʤʳʭ ʩʘʭʘʨʦʚ (ʛʣʶʢʦʟʳ, 

ʬʨʫʢʪʦʟʳ ʠ ʩʘʭʘʨʦʟʳ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʦʚ EnzytecÊ Liquid D-Glucose/DFructose ʠ 

EnzytecÊ Liquid Sucrose/D-Glucose (R-Biopharm AG, ɼʘʨʤʰʪʘʜʪ, ɻʝʨʤʘʥʠʷ) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʘʥʪʦʮʠʘʥʦʚ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʌʦʣʯʘ (Solovchenko et 

al., 2001). ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʝʨʪʦʡ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʨʘʩʪʠʪʝʣʴʥʦʡ ʪʢʘʥʠ 

ʢʘʨʪʦʬʝʣʷ ʚ ʩʤʝʩʠ ʌʦʣʯʘ (ʭʣʦʨʦʬʦʨʤ:ʤʝʪʘʥʦʣ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1) ʠʟʤʝʨʷʣʠ ʚʝʨʭʥʶʶ 

ʚʦʜʥʦ-ʤʝʪʘʥʦʣʴʥʫʶ ʬʘʟʫ (ʩʦʜʝʨʞʠʪ ʬʝʥʦʣʳ ʠ ʘʥʪʦʮʠʘʥʳ) ʠ ʥʠʞʥʶʶ ʭʣʦʨʦʬʦʨʤʥʫʶ ʬʘʟʫ 

(ʩʦʜʝʨʞʠʪ ʭʣʦʨʦʬʠʣʣʳ ʠ ʢʘʨʦʪʠʥʦʠʜʳ) ʢʘʞʜʫʶ ʦʪʜʝʣʴʥʦ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ. 

ʍʣʦʨʦʬʦʨʤʥʫʶ ʬʘʟʫ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʦʜʠʣʠ ʭʣʦʨʦʬʦʨʤʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʪʘʢ, 

ʯʪʦʙʳ ʮʚʝʪ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʨʘʩʢʠ, ʩʪʘʣ ʩʚʝʪʣʦ-ʟʝʣʝʥʳʤ ʠ ʠʟʤʝʨʷʣʠ 

ʧʦʛʣʦʱʝʥʠʝ ʧʨʠ ʥʫʞʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ. 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a ʠ b ʠ ʩʫʤʤʫ ʢʘʨʦʪʠʥʦʠʜʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 

ʫʢʘʟʘʥʥʳʭ ʥʠʞʝ ʠ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʘʤ:  

ʍʣʦʨʦʬʠʣʣ ʘ (ʤʢʛ/ʤʣ) = 11,47 (A666ʥʤ ï A750ʥʤ) ï 2 (A648ʥʤ ï A750ʥʤ) 

ʍʣʦʨʦʬʠʣʣ b (ʤʢʛ/ʤʣ) = 21,85 (A648ʥʤ ï A750ʥʤ) ï 4,53 (A666ʥʤ ï A750ʥʤ) 

ʉʫʤʤʘ ʢʘʨʦʪʠʥʦʠʜʦʚ (ʩʫʤʤʘ ʢʩʘʥʪʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʚ) (ʤʢʛ/ʤʣ) = [1000 (A480ʥʤ - 

A750) - 1,33 Chl a - 23,93 Chl b]/202. (ɸʥʤ- ʘʙʩʦʨʙʮʠʷ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʚ ʦʪʦʙʨʘʥʥʫʶ ʚʦʜʥʦ-ʤʝʪʘʥʦʣʴʥʫʶ ʬʘʟʫ ʜʦʙʘʚʣʷʣʠ ʧʦ 

2 ʢʘʧʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʦʜʠʣʠ 
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ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ mQ ʚ 2-10 ʨʘʟ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʨʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʧʨʠ ʜʣʠʥʝ 

ʚʦʣʥʳ 535 ʥʤ ʧʦ ʬʦʨʤʫʣʝ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ (FW) ʧʦ ʮʠʘʥʠʜʠʥ-3-

ʛʣʠʢʦʟʠʜʫ  

ˍ̗̜̎̓̏̉́̎
̍̋̄

̄
. 

ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʫʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʨʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 

ʈʘʩʯʝʪʳ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʘʥʪʦʮʠʘʥʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ Exʩel.  

2.4. ʊʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʠʙʣʠʦʪʝʢ ʤʈʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʙʦʨ ʨʝʘʛʝʥʪʦʚ NEBNextÈ 

mRNA Library Prep ʜʣʷ IlluminaÈ (New England BioLabs Inc., ʉʐɸ). ʇʦʣʫʯʝʥʥʳʝ 

ʙʠʙʣʠʦʪʝʢʠ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʢʦʤʧʘʥʠʝʡ MyGene Co. (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ Illumina HiSeq 2500 (Illumina, ʉʘʥ-ɼʠʝʛʦ, ʉʐɸ). 

ɼʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʯʪʝʥʠʡ ʪʨʘʥʩʢʨʠʧʪʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʛʝʥʦʤ 

ʢʘʨʪʦʬʝʣʷ S. tuberosum ʩʦʨʪʘ DM 1-3 516 R44 (SolTub_3.0; GCF_000226075.1). ʇʦʩʣʝ 

ʫʜʘʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʜʘʧʪʝʨ (cutadapt v.1.17) ʠ 

ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʨʠʜʦʚ (sickle v.1.33), ʧʘʨʥʳʝ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʧʨʦʯʪʝʥʠʷ ʙʳʣʠ 

ʦʙʲʝʜʠʥʝʥʳ ʩ ʧʦʤʦʱʴʶ FLASH v.1.2.11 (https://ccb.jhu.edu/software/FLASH/; ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 10.11.2024) ʠ ʚʳʨʦʚʥʝʥʳ ʩ ʘʥʥʦʪʠʨʦʚʘʥʥʳʤʠ ʛʝʥʘʤʠ ʚ ʛʝʥʦʤʝ ʢʘʨʪʦʬʝʣʷ. 

ɸʥʘʣʠʟʳ ʦʙʦʛʘʱʝʥʠʷ GO (Gene Ontology) ʠ KEGG (ʂʠʦʪʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ ʛʝʥʦʚ ʠ 

ʛʝʥʦʤʦʚ) ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ShinyGO 0.82 (Ge SX, 2020; 

https://bioinformatics.sdstate.edu/go/; ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.04.2025). ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʫʨʦʚʥʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʥʘ 

ʪ.ʧ.ʥ. ʵʢʟʦʥʥʦʛʦ ʨʝʛʠʦʥʘ ʛʝʥʘ ʥʘ ʤʠʣʣʠʦʥ ʢʘʨʪʠʨʦʚʘʥʥʳʭ ʧʨʦʯʪʝʥʠʡ (RPKM). 

 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

DESeq2 (www.bioconductor.org/packages/release/bioc/html/DESeq2.html); ʛʝʥʳ ʩʯʠʪʘʣʠʩʴ 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ, ʝʩʣʠ ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʙʳʣʠ ʥʝ 

ʤʝʥʝʝ ʯʝʤ ʜʚʫʢʨʘʪʥʳʤʠ [ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ log2FoldChange (FC)Ó1], ʘ padj 

(ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ P, ʠʣʠ ʫʨʦʚʝʥʴ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ) ʙʳʣ 

<0,05. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʘʛʨʘʤʤʳ 

ɺʝʥʥʘ, ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ, ʛʨʘʬʠʢʠ çɺʫʣʢʘʥè ʠ ʛʨʘʬʠʢʠ ʇʎʈ ʧʨʦʪʠʚ ʈʅʂ-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 
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2.5. ʕʢʩʧʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʈɺ-ʇʎʈ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ 

çʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʈɺ-ʇʎʈ ʚ ʧʨʠʩʫʪʩʪʚʠʠ SYBR GreenI ʠ ROXè (ʆʆʆ 

çʉʠʥʪʦʣè, ʈʦʩʩʠʷ) ʥʘ ʧʨʠʙʦʨʝ CFX96 Real-Time PCR Detection System (Bio-Rad 

Laboratories, ʉʐɸ). ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʧʝʨʚʳʡ ʮʠʢʣ ï 5 ʤʠʥ ʧʨʠ 95ÁC; ʧʦʩʣʝʜʫʶʱʠʝ 40 

ʮʠʢʣʦʚ ï 15 ʩʝʢ ʧʨʠ 95ÁC, 30 ʩʝʢ 60ÁC. ʈʝʘʢʮʠʠ ʩʦʜʝʨʞʘʣʠ ʩʤʝʩʴ SYBR Green RT-PCR 

(Syntol, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ), 2,5 ʥʛ ʢɼʅʂ ʠ ʛʝʥ-ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʘʡʤʝʨʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʬʝʨʝʥʩʘ ʙʳʣʠ ʚʟʷʪʳ Stsec3 ʠ Stef1, ʪʘʢ ʢʘʢ ʨʘʥʝʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʦʚ-

ʨʝʬʝʨʝʥʩʦʚ ʜʣʷ RT-PCR ʜʣʷ S. tuberosum ʠ ʪʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ RT-PCR ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʠʥʦʯʥʳʤ ʨʝʬʝʨʝʥʩʥʳʤ ʘʥʘʣʠʟʦʤ. 

2.6. ɸʤʧʣʠʬʠʢʘʮʠʷ, ʢʣʦʥʠʨʦʚʘʥʠʝ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ. 

ɸʤʧʣʠʬʠʢʘʮʠʶ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ LongAmp Hot Start Master Mix (New England 

Biolabs, ʉʐɸ), ʩʣʝʜʫʷ ʧʨʠʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʩʦʩʪʘʚʣʷʣ 15 ʤʢʣ, ʛʜʝ ʩʦʜʝʨʞʘʣʩʷ 10ʍ ʙʫʬʝʨ, 1,5ʤʢʄ MgCl2, 0,2 ʤʄ dNTP, ʧʦ 5 ʤʢʄ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʘʡʤʝʨʦʚ, ʘ ʪʘʢʞʝ 0,2 ʝʜʠʥʠʮʳ Taq-ʧʦʣʠʤʝʨʘʟʳ ʠ ~100 ʥʛ ʛʝʥʦʤʥʦʡ 

ɼʅʂ. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʜʝʥʘʪʫʨʘʮʠʷ ï 1 ʤʠʥ ʧʨʠ 95Áʉ; ʦʪʞʠʛ ʧʨʘʡʤʝʨʘ ï 1 ʤʠʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʧʨʘʡʤʝʨʦʚ; ʵʣʦʥʛʘʮʠʷ ɼʅʂ ï 1 ʤʠʥ 

ʥʘ ʢʘʞʜʳʝ 1 ʪ.ʧ.ʥ. ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠ 72Áʉ; ʯʠʩʣʦ ʮʠʢʣʦʚ ï 35. 

ɺʠʟʫʘʣʠʟʘʮʠʶ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 1% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ (Universal Agarose) ʚ 1ʍ ʊɺɽ-ʙʫʬʝʨʝ, ʦʢʨʘʰʝʥʥʦʤ 

ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʧʨʠʤʝʥʷʣʠ DNA Ladder 

Mix ʠ 100 bp DNA ladder Plus (ñFermentasò, ʃʠʪʚʘ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʬʦʪʦʜʦʢʫʤʝʥʪʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ GELdocGO (Bio-Rad, ʉʐɸ). 

ʂʣʦʥʠʨʦʚʘʥʠʝ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʥʘʙʦʨʘ Evrogen Quick-TA kit (ʈʦʩʩʠʷ). ʃʠʛʠʨʦʚʘʥʠʝ ʩ 

ʚʝʢʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠ ʚ 10 Õl ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ: 1 Õl ʚʝʢʪʦʨʘ (pDrive Clʦning Vectʦr (50 

ng/Õl)), 3 Õl ʦʯʠʱʝʥʥʦʛʦ ʇʎʈ ʧʨʦʜʫʢʪʘ, 5 Õl Ligʘtiʦn Mʘster Mix ʠ 3 ʤʢʣ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ.  

 ʊʨʘʥʩʬʦʨʤʘʮʠʶ ʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ ʰʪʘʤʤʘ XLBlue 4 ʤʢʣ ʣʠʛʘʟʥʦʡ ʩʤʝʩʠ 

ʧʨʦʚʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʨʘʟʥʦʩʠʣʠ ʧʦ ʯʘʰʢʘʤ ʇʝʪʨʠ ʩʦ 

ʩʨʝʜʦʡ LBA ʩʦʜʝʨʞʘʱʝʡ ʘʤʧʠʮʠʣʣʠʥ (100ʤʢʛ/ʤʣ), Xgʘl (40ʤʛ/ʤʣ) ʠ IPTG (100mM). 

ɸʥʘʣʠʟ ʠ ʦʪʙʦʨ ʥʘ ʥʘʣʠʯʠʝ ʚʩʪʘʚʢʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʙʝʣʦ-ʛʦʣʫʙʦʡ ʩʝʣʝʢʮʠʠ. 
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ʇʦʣʫʯʝʥʥʳʝ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠ ʢʣʦʥʠʨʦʚʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩʝʢʚʝʥʠʨʦʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʘʡʤʝʨʦʚ (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ3) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʙʦʨʘ Big-dye (çApplied Biosystemsè) ʥʘ ABI 310 cappilary DNA Analyzer (ʎʂʇ 

çɹʠʦʠʥʞʝʥʝʨʠʷè ʌʀʎ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʈɸʅ).  

  ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʙʠʦʩʠʥʪʝʟʘ 

ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ ʧʨʘʡʤʝʨʳ (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ3). 

2.7. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ 

ʚ ʧʨʦʛʨʘʤʤʝ MEGA 7.0 (https://www.megasoftware.net/). ɼʣʷ ʧʦʠʩʢʘ ʨʘʜʠʢʘʣʴʥʳʭ ʩʘʡʪʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʤʠʥʦʢʠʩʣʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠ PROVEAN 

(https://www.jcvi.org/research/provean). ʇʨʝʜʩʢʘʟʘʥʠʝ ʪʨʝʪʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʙʝʣʢʦʚ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Phyre2 (http://www.sbg.bio.ic.ac.uk/phyre2). ɼʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʣʢʦʚ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʜʦʤʝʥʳ ʠ ʤʦʪʠʚʳ (NCBI-CDD, 

http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi; MEME 5.5.7 (http://meme-

suite.org/tools/meme), ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ (Mw) ʠ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʪʦʯʢʫ (pI) (ExPASy, 

https://web.expasy.org/protparam/). 

ɼʘʥʥʳʝ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʇʎʈ-ʈɺ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʚ 

ʧʨʦʛʨʘʤʤʝ GraphPad Prism v. 9 ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Excel. ɼʘʥʥʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ 

ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ 

ʢʦʨʨʝʢʪʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ɹʦʥʬʝʨʨʦʥʠ); p<0,05 ʩʯʠʪʘʣʦʩʴ ʫʢʘʟʘʥʠʝʤ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʨʘʟʣʠʯʠʝ.  

ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʧʦʠʩʢ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʙʦʣʠʪʦʚ) ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ GraphPad Prism v. 7.02 

(https://www.graphpad.com). ʂʨʠʪʝʨʠʠ ʥʘʣʠʯʠʷ ʢʦʨʨʝʣʷʮʠʠ: ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ (r)>0,5 ʠ p-value<0,05. 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʜʝʨʝʚʴʷ ʩʪʨʦʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ, 

ʢɼʅʂ, ʘʤʠʥʦʢʠʩʣʦʪ ʤʝʪʦʜʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (Maximum Likelihood) ʠ 

ʦʙʲʝʜʠʥʝʥʠʷ ʩʦʩʝʜʝʡ (Neighborhood-Joining) ʚ ʧʨʦʛʨʘʤʤʝ MEGA 7.0 (Kumar, 2016). 

ʀʥʜʝʢʩʳ ʙʫʪʩʪʨʝʧʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 1000 ʨʝʧʣʠʢʘʤ. ɿʥʘʯʝʥʠʷ ʧʨʦʮʝʥʪʘ ʙʫʪʩʪʨʝʧʘ 

(Bootstrap Percentage, ʜʘʣʝʝ BP) ʤʝʥʝʝ 50 ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. 

 

 

  

https://www.megasoftware.net/
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ. 

3.1. ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. 

ʈʘʥʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ 

ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʧʨʝʚʳʰʘʣʘ 1-3 ʤʝʩʷʮʝʚ. ɺ ʫʩʣʦʚʠʷʭ ʈʌ 

ʢʘʨʪʦʬʝʣʴ ʦʙʳʯʥʦ ʭʨʘʥʠʪʩʷ ʚ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +3-5  ʜʦ 6-8 

ʤʝʩʷʮʝʚ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʩʙʦʨʘ ʢʣʫʙʥʝʡ (ʩʝʥʪʷʙʨʴ-ʦʢʪʷʙʨʴ) ʠ ʧʦʩʘʜʢʠ ʚ 

ʩʣʝʜʫʶʱʝʤ ʩʝʟʦʥʝ (ʘʧʨʝʣʴ-ʤʘʡ). ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʢʣʫʙʥʷʭ ʧʨʠ ʪʘʢʦʤ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʜʘʪʴ ʦʮʝʥʢʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ ʚ ʦʪʚʝʪ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ ʜʣʠʪʝʣʴʥʦʛʦ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʨʝʩʩʘ, ʠʤʠʪʠʨʫʶʱʝʛʦ ʭʨʘʥʝʥʠʝ ʚ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱʝ. ʎʝʣʝʚʳʤʠ 

ʤʝʪʘʙʦʣʠʩʪʠʯʝʩʢʠʤʠ ʧʫʪʷʤʠ ʩʪʘʣʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʫʛʣʝʚʦʜʥʳʡ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥ 

ʦʧʨʝʜʝʣʷʝʪ ʩʠʥʪʝʟ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʨʘʩʧʘʜ ʢʨʘʭʤʘʣʘ, ʘ ʪʘʢʞʝ ʧʫʪʠ ʙʠʦʩʠʥʪʝʟʘ ʚʪʦʨʠʯʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ - ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʥʪʦʮʠʘʥʦʚ, ʢʘʢ ʦʜʥʠ ʠʟ ʦʩʥʦʚʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʩʪʨʝʩʩʦʚʳʭ ʦʪʚʝʪʘʭ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʚ, ʠʟʤʝʥʷʶʱʠʭ ʵʢʩʧʨʝʩʩʠʶ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ 

ʩʪʨʝʩʩʝ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣ ʚʳʙʨʘʥ ʩʦʨʪ ʃʝʜʠ ʂʣʵʨ. ɺ ʩʝʥʪʷʙʨʝ 2023 ʛʦʜʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʢʣʫʙʥʠ ʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ 

ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ (ʜʠʘʤʝʪʨʦʤ 55ï60 ʤʤ) ʠ ʭʨʘʥʠʣʠʩʴ ʚ ʢʣʠʤʦʢʘʤʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

+3  ʚ ʪʝʤʥʦʪʝ ʚ ʪʝʯʝʥʠʝ 3,5 (ʜʝʢʘʙʨʴ) ʠ 6,5 (ʤʘʨʪ) ʤʝʩʷʮʝʚ. ɺ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʧʝʨʠʦʜʘ 

ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ. ɺʟʷʪʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʢʫʙʠʯʝʩʢʠʡ ʩʨʝʟ (5Ĭ5Ĭ5 ʤʤ) ʤʷʢʦʪʠ, ʚʢʣʶʯʘʷ ʢʦʞʠʮʫ, ʙʝʟ ʛʣʘʟʢʦʚʳʭ ʧʦʯʝʢ. ɼʣʷ ʢʘʞʜʦʡ 

ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘ (ʜʚʘ ʢʣʫʙʥʷ ʩ ʦʜʥʦʛʦ 

ʨʘʩʪʝʥʠʷ). ɼʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʠʙʣʠʦʪʝʢʠ ʠ ʧʨʦʚʝʜʝʥʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʦʙʨʘʟʮʦʚ, 

ʦʪʦʙʨʘʥʥʳʭ ʚ ʪʨʝʭ ʚʨʝʤʝʥʥʳʭ ʪʦʯʢʘʭ: ʜʦ ʧʦʤʝʱʝʥʠʷ ʥʘ +3  (0 ʤʝʩ), ʯʝʨʝʟ 3,5 ʤʝʩʷʮʝʚ 

(3,5 ʤʝʩ) ʠ 6,5 ʤʝʩʷʮʝʚ (6,5 ʤʝʩ) ʭʨʘʥʝʥʠʷ ʧʨʠ +3  (ʨʠʩ. 9).  

ʐʝʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʥʘ ʧʣʘʪʬʦʨʤʝ Illumina HiSeq 

2500. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʘʜʘʧʪʝʨʦʚ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʘʨʥʳʝ 

ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʧʨʦʯʪʝʥʠʷ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ FLASH v.1.2.11 

(https://ccb.jhu.edu/software/FLASH/) ʠ ʚʳʨʦʚʥʝʥʳ ʩ ʘʥʥʦʪʠʨʦʚʘʥʥʳʤʠ ʛʝʥʘʤʠ ʚ ʛʝʥʦʤʝ 

ʢʘʨʪʦʬʝʣʷ. ɸʥʘʣʠʟʳ ʦʙʦʛʘʱʝʥʠʷ GO ʠ KEGG ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ShinyGO 0.82. 
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ʇʦʣʫʯʝʥʥʳʝ ʠ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʧʨʦʯʪʝʥʠʷ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʙʳʣʠ ʚʳʨʦʚʥʝʥʳ ʩ 

ʛʝʥʦʤʦʤ ʢʘʨʪʦʬʝʣʷ (ʧʝʨʚʠʯʥʘʷ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ MyGene Co). 

 

ʈʠʩʫʥʦʢ 9 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʢʣʫʙʥʝʡ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʰʝʩʪʠ ʙʠʙʣʠʦʪʝʢ ʜʘʣʦ 19 436 490 (0 ʤʝʩ), 21 677 357 (3,5 ʤʝʩ) ʠ 17 

269 387 (6,5 ʤʝʩ) ʯʠʩʪʳʭ ʧʨʦʯʪʝʥʠʡ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 4 ɻɹ ʜʘʥʥʳʭ ʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʜʣʷ ʢʘʞʜʦʡ ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʠ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 4,7 ʨʘʟʘ ʙʦʣʴʰʝ 

ʨʘʟʤʝʨʘ ʛʝʥʦʤʘ ʢʘʨʪʦʬʝʣʷ (0,84 ɻɹ). 

ɺʩʝʛʦ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 23 425 (0 ʤʝʩ), 22 601 (3,5 ʤʝʩ) ʠ 22 576 (6,5 ʤʝʩ) 

ʛʝʥʦʚ, ʯʪʦ ʩʫʤʤʘʨʥʦ ʦʭʚʘʪʳʚʘʝʪ 24 957 ʠʟ 32 873 ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʢʘʨʪʦʬʝʣʷ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʥʘ ʪʨʝʭ ʩʪʘʜʠʷʭ ʭʨʘʥʝʥʠʷ ʙʳʣʦ ʩʫʤʤʠʨʦʚʘʥʦ ʩ 

ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤʳ ɺʝʥʥʘ. 20 962 ʛʝʥʘ ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʣʠʩʴ ʥʘ ʚʩʝʭ ʪʨʝʭ ʩʪʘʜʠʷʭ. 

ʇʨʠʤʝʨʥʦ 500ï600 ʛʝʥʦʚ ʙʳʣʠ ʢʦʵʢʩʧʨʝʩʩʠʨʦʚʘʥʳ ʤʝʞʜʫ ʧʘʨʘʤʠ ʩʪʘʜʠʡ, ʠ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ (1333 ʛʝʥʦʚ) ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʣʦʩʴ ʥʘ ʩʪʘʜʠʠ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʭʦʣʦʜʦʚʦʛʦ 

ʩʪʨʝʩʩʘ (0 ʤʝʩ), (ʨʠʩ. 10). ʉʨʝʜʠ ʥʠʭ 26,6%, 27,6% ʠ 4,8% ʚʩʝʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʛʝʥʦʚ (ɼʕɻ) ʧʦʢʘʟʘʣʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʫʢʨʘʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʪʦʯʢʘʭ 

3,5 ʧʨʦʪʠʚ 0 ʤʝʩ (2394/4242 ʧʦʚʳʰʝʥʥʘʷ/ʧʦʥʠʞʝʥʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ), 6,5 ʤʝʩ ʧʨʦʪʠʚ 0 ʤʝʩ 

(2684/4207) ʠ 6,5 ʤʝʩ ʧʨʦʪʠʚ 3,5 ʤʝʩ (722/470) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 10). ʈʘʥʝʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʚʣʠʷʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ (20 ʜʥʝʡ) ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ Atlantic ʧʨʠ +4  

ʙʳʣʦ ʚʳʷʚʣʝʥʦ 3055 ɼʕɻ, ʧʨʠ ʵʪʦʤ 1685 ʛʝʥʦʚ ʧʦʚʳʰʘʣʠ ʵʢʩʧʨʝʩʩʠʶ, 1370 ï ʧʦʥʠʞʘʣʠ 

(Lin et al., 2019). ʉʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʛʝʥʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ/ʧʦʥʠʞʝʥʥʦʡ 

ʪʨʘʥʩʢʨʠʧʮʠʝʡ (1851/1441) ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʢʣʫʙʥʝʡ ʩʦʨʪʘ Netherlands ˉ 15 

ʧʨʠ +4  ʚ ʪʝʯʝʥʠʝ 15 ʜʥʝʡ (Cui et al., 2025) . 
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ʈʠʩʫʥʦʢ 10 ï ɼʠʘʛʨʘʤʤʳ ɺʝʥʥʘ, ʦʪʨʘʞʘʶʱʠʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʱʠʭ ʠ ʫʥʠʢʘʣʴʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʛʝʥʦʚ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ ʚ ʪʨʝʭ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʦʯʢʘʭ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ 3,5 ʤʝʩ ʠ 6,5 ʤʝʩ ʧʨʦʪʠʚ 0 ʤʝʩ ʦʩʥʦʚʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʚ ʠ ʤʝʪʘʙʦʣʠʟʤʘ ʚʦ ʚʨʝʤʷ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ ʚʳʨʘʞʘʶʪʩʷ ʚ 

ʘʢʪʠʚʘʮʠʠ ɼʕɻ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʘʧʧʘʨʘʪʦʤ, ʪʨʘʥʩʣʷʮʠʝʡ, 

ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʧʫʪʷʤʠ, ʘ ʪʘʢʞʝ ʚ ʧʦʥʠʞʝʥʥʦʡ 

ʨʝʛʫʣʷʮʠʠ ɼʕɻ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʧʫʪʷʤʠ ʠ ʚʪʦʨʠʯʥʳʤ ʤʝʪʘʙʦʣʠʟʤʦʤ 

(ʢʘʨʦʪʠʥʦʠʜʳ, ʬʝʥʠʣʧʨʦʧʘʥʦʠʜʳ, ʧʦʨʬʠʨʠʥʳ ʠ ʪ. ʜ.) (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʛʝʥʥʘʷ ʦʥʪʦʣʦʛʠʷ (GO) ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ɼʕɻ 

ʪʨʝʭ ʢʨʦʩʩ-ʢʦʤʙʠʥʘʮʠʡ. 

GO:BP term ʂʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ ʧʫʪʠ  ɼʕɻ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ 

 ɼʕɻ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ 

3,5 vs 0 6,5 vs. 0 6,5 vs. 

3,5 

3,5 vs. 0 6,5 vs. 0 6,5 vs. 

3,5 

GO:0006351  transcription DNA-templated (2291) 214 185 0 303 301 91 

GO:0045893  positive regulation of transcription DNA-

templated (337) 

42 35 0 0 0 16 

GO:0010467 gene expression (3934) 476 489 138 430 457 156 

GO:0010468  regulation of gene expression (2495) 239 212 0 328 336 108 

GO:0010629  negative regulation of  

gene expression (211) 

25 22 0 0 28 14 

GO:0006412  translation (686) 128 180 61 0 0 0 

Cell cycle, differentiation 

GO:0007049  cell cycle (447) 59 51 0 0 0 0 

GO:0030154 cell differentiation (206) 22 22 0 26 25 0 

Protein metabolism 

GO:0019538  protein metabolic process (4250) 479 553 183 553 560 129 

GO:0008104  protein localization (649) 87 107 0 0 0 0 

GO:0006605 protein targeting (174) 32 40 0 0 0 0 

GO:0006457 protein folding (262) 29 33 26 57 49 11 

Carbohydrate metabolism 

GO:1901135  carbohydrate metabolic process (635) 80 86 23 84 80 0 

GO:0005975 carbohydrate metabolic process (1002) 79 91 35 12 0 29 

Secondary metabolism 

GO:1901360  organic cyclic compound metabolic process 

(4939) 

542 530 143 545 546 185 

GO:0009250  glucan biosynthetic process (95) 11 0 0 17 16 5 

GO:0019222  regulation of metabolic process (3029) 312 285 0 385 397 122 

GO:0016116  carotenoid metabolic process (30) 0 5 7 9 0 0 

GO:0009813  flavonoid biosynthetic process (21) 0 0 0 5 0 0 

GO:0009698  phenylpropanoid metabolic process (281) 0 0 0 41 33 0 

Phytohormones metabolism and signaling 

GO:0009755  hormone-mediated signaling pathway (499) 63 57 0 82 89 28 
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GO:0009725  response to hormone (841) 94 88 33 123 123 35 

GO:0009873  ethylene-activated signaling pathway (95) 12 0 0 14 13 6 

GO:0009723  response to ethylene (120) 14 0 0 18 17 7 

GO:0009736  cytokinin-activated signaling pathway (60) 9 0 0 10 14 0 

GO:0009735  response to cytokinin (87) 11 0 8 19 20 8 

GO:0009734  auxin-activated signaling pathway (110) 23 23 0 15 19 8 

GO:0009733  response to auxin (291) 27 0 0 0 33 10 

GO:0009738  ɸɺɸ-activated signaling pathway (91) 11 11 0 20 19 0 

GO:0009737  response to abscisic acid (183) 32 29 18 34 29 0 

GO:0009742  brassinosteroid signaling pathway (36) 0 0 0 9 8 0 

GO:0009741  response to brassinosteroid (41) 0 0 0 11 10 0 

GO:0009696 salicylic acid metabolic process (57) 0 0 0 11 9 0 

GO:0009863  salicylic acid signaling pathway (23) 0 0 0 8 8 0 

GO:0009751  response to salicylic acid (46) 0 0 0 12 10 0 

GO:2000022  regulation of jasmonic acid mediated 

signaling pathway (22) 

0 0 0 8 9 2 

GO:0009753  response to jasmonic acid (89) 0 0 0 14 15 0 

Stress response 

GO:0034440  lipid oxidation (59) 12 13 0 0 0 0 

GO:0030258  lipid modification (92) 15 17 6 13 0 0 

GO:0008610  lipid biosynthetic process (558) 54 61 24 0 0 0 

GO:0006629  lipid metabolic process (1253) 103 124 50 166 150 0 

GO:0033554  cellular response to stress (664) 108 95 0 78 74 18 

GO:0006970  response to osmotic stress (162) 26 27 21 36 28 0 

GO:0006950  response to stress (3189) 239 0 0 461 439 0 

GO:0009409  response to cold (97) 15 15 12 14 0 0 

GO:0009266  response to temperature stimulus (207) 28 25 29 45 36 8 

GO:0009414  response to water deprivation (94) 14 12 15 20 17 6 

GO:0006979  response to oxidative stress (274) 0 28 23 57 42 0 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʙʳʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʭʦʞʠ ʜʣʷ ʧʘʨ 3,5 ʤʝʩ 

ʧʨʦʪʠʚ 0 ʤʝʩ ʠ 6,5 ʤʝʩ ʧʨʦʪʠʚ 0 ʤʝʩ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʧʘʨ 6,5 ʤʝʩ 

ʧʨʦʪʠʚ 3,5 ʤʝʩ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʚ ʢʣʫʙʥʷʭ ʚ ʧʝʨʠʦʜ ʧʝʨʚʳʭ 3,5 

ʤʝʩʷʮʝʚ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʦ ʚʨʝʤʷ ʭʦʣʦʜʦʚʦʛʦ 

ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʝʡ (3,5/6,5 ʤʝʩ ʧʨʦʪʠʚ 0 ʤʝʩ) ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʙʝʣʢʦʚ ʠ 

ʫʛʣʝʚʦʜʦʚ. ʊʘʢʞʝ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʭʨʘʥʝʥʠʝ ʢʣʫʙʥʝʡ, ʙʳʣ 

ʟʘʪʨʦʥʫʪ ʣʠʧʠʜʥʳʡ ʤʝʪʘʙʦʣʠʟʤ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʦʙʦʛʘʱʝʥʳ ʢʘʪʝʛʦʨʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʝʘʢʮʠʝʡ ʥʘ ʩʪʨʝʩʩ, ʚʢʣʶʯʘʷ çʨʝʘʢʮʠʶ ʥʘ ʭʦʣʦʜè ʠ çʨʝʘʢʮʠʶ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʪʠʤʫʣè 

(ʪʘʙʣ. 1). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʩʥʦʚʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʠʣʠʩʴ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʭʨʘʥʝʥʠʠ ʢʣʫʙʥʝʡ, ʙʳʣʠ ʩʭʦʜʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ (ʜʦ 1 

ʤʝʩʷʮʘ) ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ, ʛʜʝ ʪʘʢʞʝ ʦʩʥʦʚʥʦʡ ʢʘʪʝʛʦʨʠʝʡ ɼʕɻ ʙʳʣʠ ʛʝʥʳ ʫʛʣʝʚʦʜʥʦʛʦ ʠ 

ʙʝʣʢʦʚʦʛʦ ʤʝʪʘʙʦʣʠʟʤʦʚ (Lin., et al., 2019; Cui et al., 2025). 

ʊʘʢ ʢʘʢ ʜʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ ʠʟʤʝʥʝʥʠʠ 

ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ, ʢʘʨʦʪʠʥʦʠʜʥʦʛʦ ʠ ʘʥʪʦʮʠʘʥʦʚʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʢʣʫʙʥʷʭ 

ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ, ʪʦ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʠʩʢʘ ɼʕɻ ʙʳʣʠ 
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ʚʳʙʨʘʥʳ ʛʝʥʳ ʜʘʥʥʳʭ ʤʝʪʘʙʦʣʠʩʪʠʯʝʩʢʠʭ ʧʫʪʝʡ, ʧʦʢʘʟʘʚʰʠʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

(ʧʦʚʳʰʝʥʠʝ ʠ ʧʦʥʠʞʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ) ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʝʡ ʧʨʠ +3 .  

ɻʝʥʳ ʫʛʣʝʚʦʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. ʂʘʢ ʵʪʦ ʩʣʝʜʦʚʘʣʦ ʠʟ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʟʘʪʨʘʛʠʚʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ (Dharshini et al., 2016; Yang et al., 2020). ʈʘʥʝʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʫʛʣʝʚʦʜʥʳʭ ʛʝʥʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʭʦʣʦʜʦʚʦʤʫ 

ʦʩʘʭʘʨʠʚʘʥʠʶ CIS ʟʘ ʩʯʝʪ ʨʘʩʧʘʜʘ ʢʨʘʭʤʘʣʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ 

(McKenzie et al., 2005; Chen et al., 2012; Zhang et al., 2017). ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʘʜ 

ʢʨʘʭʤʘʣʘ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʩʬʦʨʦʣʠʪʠʯʝʩʢʦʡ ʠ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʡ ʠ, ʢʘʢ ʩʯʠʪʘʝʪʩʷ, ʪʨʝʙʫʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʬʝʨʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʢʨʘʭʤʘʣʬʦʩʬʦʨʠʣʘʟʳ, ʘʤʠʣʘʟʳ, ʠʥʚʝʨʪʘʟʳ, ʛʣʠʢʘʥ-ʚʦʜʥʳʝ ʜʠʢʠʥʘʟʳ 

(Sowokinos, 2001; Chen et al., 2012; Zhang et al., 2014, 2017; Compart et al., 2023). ɼʘʥʥʳʝ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʢʣʫʙʥʝʡ ʧʨʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʪʘʢʞʝ 

ʫʢʘʟʳʚʘʣʠ ʥʘ ʫʯʘʩʪʠʝ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʛʝʥʦʚ (Lin., et al., 2019; Cui et al., 2025).  

 ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʢʣʫʙʥʝʡ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ ʚ ʧʨʦʮʝʩʩʝ ʭʦʣʦʜʦʚʦʡ 

ʠʥʢʫʙʘʮʠʠ ʚʳʷʚʠʣ 270 ɼʕɻ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʛʣʝʚʦʜʥʳʤ ʤʝʪʘʙʦʣʠʟʤʦʤ, ʧʨʠ ʵʪʦʤ ʜʣʷ 37 ɼʕɻ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ (ʨʠʩ. 11).  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ CIS ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʨʘʩʪʚʦʨʠʤʳʭ ʩʘʭʘʨʦʚ, 

ʢʦʪʦʨʦʝ ʚ ʦʩʥʦʚʥʦʤ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʛʨʘʥʫʣʷʨʥʦ-ʩʚʷʟʘʥʥʦʡ 

ʢʨʘʭʤʘʣʩʠʥʪʘʟʳ 1 (GBSS1), ʙʝʪʘ-ʘʤʠʣʘʟ (BAM), ʠʥʛʠʙʠʪʦʨʦʚ ʠʥʚʝʨʪʘʟʳ (INH) ʠ 

ʬʨʫʢʪʦʢʠʥʘʟ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʪʠʤʫʣʷʮʠʶ ʨʘʩʱʝʧʣʝʥʠʷ ʜʠʩʘʭʘʨʠʜʦʚ ʠ ʧʦʣʠʛʣʶʢʘʥʦʚ 

(Lin et al., 2019). ʏʝʨʝʟ 3,5 ʤʝʩʷʮʘ ʭʦʣʦʜʦʚʦʡ ʠʥʢʫʙʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 0 ʤʝʩ 

ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ BAM7, ʠʥʛʠʙʠʪʦʨʘ ʬʨʫʢʪʦʟʠʜʘʟʳ 1 

(LOC102586828), ʬʨʫʢʪʦʢʠʥʘʟʳ (LOC102577816), ʘ ʵʢʩʧʨʝʩʩʠʷ BAM1 ʠ BAM3 ʩʥʠʞʘʣʘʩʴ; 

ʵʢʩʧʨʝʩʩʠʷ ʜʚʫʭ ʛʝʥʦʚ GBSS-like ʠ ʜʚʫʭ ʛʝʥʦʚ ʨʘʩʪʚʦʨʠʤʳʭ ʢʨʘʭʤʘʣʩʠʥʪʘʟ ʧʦʚʳʰʘʣʘʩʴ, 

ʥʦ ʣʠʰʴ ʚ 1,3ï1,6 ʨʘʟʘ. ɼʨʫʛʠʝ ɼʕɻ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʠʜʨʦʣʠʟʦʤ ʜʠʩʘʭʘʨʠʜʦʚ, ʙʳʣʠ ʣʠʙʦ 

ʧʦʜʘʚʣʝʥʳ (ʩʘʭʘʨʦʟʦʬʦʩʬʘʪʩʠʥʪʘʟʘ SPS4, ʱʝʣʦʯʥʘʷ/ʥʝʡʪʨʘʣʴʥʘʷ ʠʥʚʝʨʪʘʟʘ A, ʙʝʪʘ-

ʬʨʫʢʪʦʟʠʜʘʟʘ PAIN-1, ʠʥʚʝʨʪʘʟʘ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ CWINV1, ʙʝʪʘ-ʛʘʣʘʢʪʦʟʠʜʘʟʳ 3 ʠ 4, 

ʘʣʴʬʘ-ʛʘʣʘʢʪʦʟʠʜʘʟʘ), ʣʠʙʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʦʚʳʰʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ (ʩʘʭʘʨʦʟʦʩʠʥʪʘʟʘ 

SS16, ʱʝʣʦʯʥʘʷ/ʥʝʡʪʨʘʣʴʥʘʷ ʠʥʚʝʨʪʘʟʘ D, ʙʝʪʘ-ʛʘʣʘʢʪʦʟʠʜʘʟʘ 16, ʘʣʴʬʘ-ʛʘʣʘʢʪʦʟʠʜʘʟʘ 3). 
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ʈʠʩʫʥʦʢ 11 ï ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ, ʦʪʨʘʞʘʶʱʘʷ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ. 

 ɽʱʸ ʥʝʩʢʦʣʴʢʦ ɼʕɻ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʦʣʠʛʣʶʢʘʥʦʚ (ʚʢʣʶʯʘʷ ʢʨʘʭʤʘʣ), 

ʙʳʣʠ ʧʦʜʘʚʣʝʥʳ (ʜʝʚʷʪʴ ʛʣʶʢʘʥ-ʵʥʜʦ-1,3-ɓ-D-ʛʣʶʢʦʟʠʜʘʟ, Ŭ-ʛʣʶʢʦʟʠʜʘʟʳ 11 ʠ 40, Ŭ-

ʘʤʠʣʘʟʳ, Ŭ-1,4-ʛʣʶʢʘʥʬʦʩʬʦʨʠʣʘʟʘ L-1) ʠʣʠ ʧʦʚʳʰʝʥʳ (ɓ-ʛʣʶʢʦʟʠʜʘʟʳ 18, 42 ʠ 46, 

ʬʦʩʬʦʛʣʶʢʘʥʬʦʩʬʘʪʘʟʘ DSP4, ʠʟʦʬʝʨʤʝʥʪ Ŭ-ʛʣʶʢʘʥʬʦʩʬʦʨʠʣʘʟʳ ʪʠʧʘ H). ʏʝʨʝʟ 6,5 

ʤʝʩʷʮʝʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 3,5 ʤʝʩʷʮʘʤʠ ʩʪʨʝʩʩʘ ʵʢʩʧʨʝʩʩʠʷ ʥʝʢʦʪʦʨʳʭ ɼʕɻ ʙʳʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʘ (BAM1, PAIN-1, ɓ-ʛʘʣʘʢʪʦʟʠʜʘʟʘ 8, ɓ-ʛʣʶʢʦʟʠʜʘʟʘ 11) ʠʣʠ ʩʥʠʞʝʥʘ 

(ʢʨʘʭʤʘʣʩʠʥʪʘʟʘ LOC102577674, ʬʨʫʢʪʦʢʠʥʘʟʘ, ʠʥʛʠʙʠʪʦʨ ʬʨʫʢʪʦʟʠʜʘʟʳ 1, Ŭ-

ʛʣʶʢʘʥʬʦʩʬʦʨʠʣʘʟʘ ʪʠʧʘ H, Ŭ-1,4-ʛʣʶʢʘʥʬʦʩʬʦʨʠʣʘʟʘ L-1, ʩʘʭʘʨʦʟʦʩʠʥʪʘʟʘ). 

ʇʦʤʠʤʦ ʜʦʩʪʘʪʦʯʥʦ ʦʞʠʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ Ŭ- ʠ ɓ-ʘʤʠʣʘʟ, 

ʠʥʚʝʨʪʘʟ, ʢʨʘʭʤʘʣ- ʠ ʩʘʭʘʨʦʟʦʩʠʥʪʘʟ ʠ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ, ʜʣʷ 

ʨʷʜʘ ʛʝʥʦʚ/ʩʝʤʝʡʩʪʚ ʛʝʥʦʚ S. tuberosum, ʪʘʢʠʭ ʢʘʢ ʛʝʥʳ ʪʨʘʥʩʣʦʢʘʪʦʨʦʚ ʩʝʤʝʡʩʪʚʘ SWEET 

(StSWEET10, 12, 15), ʛʣʶʢʘʥ ʵʥʜʦ-1,3-ɓ-ʛʣʶʢʦʟʠʜʘʟʳ 8, 13, Ŭ- ʛʘʣʘʢʪʦʟʠʜʘʟʘ 3 (AGAL3), 

ʛʘʣʘʢʪʫʨʦʥʦʟʠʣ ʪʨʘʥʩʬʝʨʘʟʘ 8 (GAUT8), ʬʨʫʢʪʦʟʦ-1,6-ʙʠʬʦʩʬʘʪʘʟʘ (FBPase), 

ʬʦʩʬʦʛʣʶʢʘʥʬʦʩʬʘʪʘʟʘ (DSP4) ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ ʚ ʦʪʚʝʪʝ ʥʘ ʭʦʣʦʜʦʚʳʡ 

ʩʪʨʝʩʩ ʚ ʢʣʫʙʥʷʭ (ʨʠʩ. 12).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʵʪʠʭ ʛʝʥʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʛʝʥʦʚ SWEET10, 

12, 15 ʚʦʦʙʱʝ ʙʳʣʘ ʥʝʠʟʚʝʩʪʥʘ ʠʭ ʬʫʥʢʮʠʷ ʫ ʨʘʩʪʝʥʠʡ, ʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ ʥʝ 

ʪʦʣʴʢʦ ʧʦʢʘʟʘʣ ʠʭ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʚ ʭʦʣʦʜʦʚʳʡ ʦʪʚʝʪ, ʥʦ ʠ ʪʦ, ʯʪʦ ʛʝʥʳ SWEET12 ʠ  

SWEET15 ʢʘʨʪʦʬʝʣʷ ʠʥʜʫʮʠʨʫʶʪʩʷ ʭʦʣʦʜʦʚʳʤ ʩʪʨʝʩʩʦʤ. 
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ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʵʪʠʭ ʛʝʥʦʚ ʜʘʥʥʳʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʇʎʈ-ʈɺ (ʨʠʩ. 12). 

 

ʈʠʩʫʥʦʢ 12 ï ʀʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʚ ʢʣʫʙʥʷʭ ʚ ʦʪʚʝʪ ʥʘ 

ʜʣʠʪʝʣʴʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ (3 ). ʉ ï ʩʝʥʪʷʙʨʴ (20 ), ʌ - ʷʥʚʘʨʴ, 3,5 ʤʝʩʷʮʝʚ ʩʪʨʝʩʩʘ, 

ɸ- ʤʘʨʪ, 6,5 ʤʝʩʷʮʝʚ ʩʪʨʝʩʩʘ (ʚ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʝʥʳ Stsec3 ʠ Stef1). 

ɿʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʵʢʩʧʨʝʩʩʠʠ ʤʝʞʜʫ ʦʨʛʘʥʘʤʠ ʨʘʩʪʝʥʠʷ ʧʨʠ 
aïc

p<0,05. 

ɻʝʥʳ ʤʝʪʘʙʦʣʠʟʤʘ ʢʘʨʦʪʠʥʦʠʜʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʨʦʪʠʥʦʠʜʳ, ʢʘʢ ʦʜʥʠ ʠʟ 

ʦʩʥʦʚʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʨʘʩʪʝʥʠʡ, ʫʯʘʩʪʚʫʶʪ ʚ ʟʘʱʠʪʝ ʦʪ ʩʪʨʝʩʩʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʣʠʩʪʴʷʭ ʠ ʧʣʦʜʘʭ. ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʚ ʪʨʝʭ ʚʨʝʤʝʥʥʳʭ ʪʦʯʢʘʭ ʚʳʷʚʠʣ 14 ɼʕɻ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʪʝʟʦʤ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʜʠʥʘʤʠʢʝ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʛʝʥʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫʞʝ ʯʝʨʝʟ 

3,5 ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ (ʨʠʩ. 13). 

 

ʈʠʩʫʥʦʢ 13 ï ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ, ʦʪʨʘʞʘʶʱʘʷ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ.  
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ɼʣʷ ʨʷʜʘ ʛʝʥʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʯʝʨʝʟ 6,5 ʤʝʩʷʮʝʚ ʩʪʨʝʩʩʘ, 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʫ ʛʝʥʘ LCYB (LOC102595971) ʩ ʚʳʩʦʢʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʚ ʩʝʥʪʷʙʨʝ, 

ʧʦʥʠʞʝʥʠʝʤ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ 7,9 ʨʘʟ ʯʝʨʝʟ 3,5 ʤʝʩʷʮʝʚ ʩʪʨʝʩʩʘ ʠ ʧʦʚʳʰʝʥʠʝʤ ʚ 2,8 ʨʘʟ ʚ 

ʢʦʥʮʝ ʩʨʦʢʘ ʠʥʢʫʙʘʮʠʠ (ʨʠʩ. 13). 

ɻʝʥʳ ʤʝʪʘʙʦʣʠʟʤʘ ʬʣʘʚʦʥʦʠʜʦʚ. ʌʣʘʚʦʥʠʦʜʳ, ʚʢʣʶʯʘʷ ʘʥʪʦʮʠʘʥʳ, ʪʘʢ ʞʝ ʢʘʢ ʠ 

ʢʘʨʦʪʠʥʦʠʜʳ, ʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʘʥʪʠʩʪʨʝʩʩʦʨʥʦʡ 

ʟʘʱʠʪʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ. ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʚʳʷʚʠʣ 29 ɼʕɻ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʩʠʥʪʝʟʦʤ ʬʣʘʚʦʥʦʠʜʦʚ (ʨʠʩ. 14).  

 

ʈʠʩʫʥʦʢ 14 ï ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ, ʦʪʨʘʞʘʶʱʘʷ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʙʠʦʩʠʥʪʝʟʘ ʬʣʘʚʦʥʦʠʜʦʚ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ.  

ʇʦ ʧʨʦʬʠʣʶ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠ ʛʝʥʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʜʚʝ ʛʨʫʧʧʳ: ʦʜʥʘ 

(ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʛʝʥʳ ʥʘʯʘʣʘ ʬʣʘʚʦʥʦʠʜʥʦʛʦ ʧʫʪʠ) ʚʢʣʶʯʘʝʪ 14 ʛʝʥʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʥʦ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʫʞʝ ʯʝʨʝʟ 3,5 ʤʝʩʷʮʘ ʭʦʣʦʜʦʚʦʛʦ 

ʩʪʨʝʩʩʘ, ʢʦʪʦʨʦʝ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ 6,5 ʤʝʩʷʮʝʚ, ʜʨʫʛʘʷ ʚʢʣʶʯʘʝʪ 11 ʛʝʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʥʳ 

ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʯʝʨʝʟ 3,5 ʤʝʩ ʠ/ʠʣʠ 

6,5 ʤʝʩ ʩʪʨʝʩʩʘ (ʨʠʩ. 14).  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ 

ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʵʢʩʧʨʝʩʩʠʶ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʚ ʦʪʚʝʪ ʥʘ ʜʣʠʪʝʣʴʥʦʝ 

ʭʦʣʦʜʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʙʦʨ ʮʝʣʝʚʳʭ ʛʝʥʦʚ 

ʙʠʦʩʠʥʪʝʟʘ ʫʛʣʝʚʦʜʦʚ ʠ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʦʨʪʘʭ ʢʘʨʪʦʬʝʣʷ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʦʨʬʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʘʤ. 
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3.2. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʚ (ʢʨʘʭʤʘʣʘ, ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ) ʠ 

ʜʠʥʘʤʠʢʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʭʨʘʥʝʥʠʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʠ ʨʘʥʞʠʨʦʚʘʪʴ ʛʝʥʳ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ ʚ ʧʨʦʮʝʩʩʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʝʡ ʧʨʠ +3 . ʆʜʥʘʢʦ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʘʞʥʳʤ ʦʧʨʝʜʝʣʠʪʴ, 

ʥʘʩʢʦʣʴʢʦ ʚʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ 

ʢʘʨʪʦʬʝʣʷ. ɼʣʷ ʵʪʦʛʦ ʘʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʜʣʠʪʝʣʴʥʳʤ ʭʦʣʦʜʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, 

ʠʤʠʪʠʨʫʶʱʠʤ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ ʚ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱʝ ʧʨʠ +3 , ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʫʙʥʝʡ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ɹʘʨʠʥ, ʂʨʘʩʘʚʯʠʢ, ʋʪʨʦ, ʉʝʚʝʨʥʦʝ 

ʩʠʷʥʠʝ, ʅʘʜʝʞʜʘ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʨʦʢʘʤ ʩʧʝʣʦʩʪʠ/ʭʦʣʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʶ 

ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ, ʩʦʜʝʨʞʘʥʠʶ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʥʪʦʮʠʘʥʦʚ (ʨʠʩ. 15).  

 

ʈʠʩʫʥʦʢ 15 ï ʂʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʨʪʦʚ ʠ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʨʘʭʤʘʣʘ ʠ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʧʨʦʚʝʜʝʥ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʣʫʙʥʝʡ ʧʷʪʠ ʩʦʨʪʦʚ  

S. tuberosum. ʇʨʦʙr ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʜʦ ʟʘʢʣʘʜʢʠ ʥʘ +3  ʚ ʩʝʥʪʷʙʨʝ (0 ʤʝʩ) ʠ ʧʦʩʣʝ 

ʟʘʢʣʘʜʢʠ ʥʘ ʭʦʣʦʜʦʚʦʝ ʭʨʘʥʝʥʠʝ ʬʝʚʨʘʣʝ (4 ʤʝʩ) ʠ ʘʧʨʝʣʝ (7 ʤʝʩ). ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ EnzytecÊ Liquid Starch, 

ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ EnzytecÊ Liquid D-Glucose/DFructose. ʂʘʢ ʠ 

ʦʞʠʜʘʣʦʩʴ, ʚ ʧʨʦʮʝʩʩʝ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ ʚ ʢʣʫʙʥʷʭ ʚʩʝʭ ʧʷʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʨʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʛʣʶʢʦʟʳ ʠ ʬʨʫʢʪʦʟʳ ʚ ʬʝʚʨʘʣʝ ʠ ʘʧʨʝʣʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʝʥʪʷʙʨʶ. ɺ 

ʩʨʘʚʥʝʥʠʠ ʩ ʬʝʚʨʘʣʝʤ, ʚ ʘʧʨʝʣʝ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʦʚ ʋʪʨʦ ʠ ʅʘʜʝʞʜʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʨʦʩʪ 
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ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʩʦʨʪʦʚ ɹʘʨʠʥ ʠ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦ ʧʘʜʘʝʪ (ʨʠʩ. 16). ʇʨʠ ʵʪʦʤ ʚ ʬʝʚʨʘʣʝ (4 ʤʝʩʷʮʘ ʩʪʨʝʩʩʘ) ʢʣʫʙʥʠ ʩʦʨʪʘ 

ɹʘʨʠʥ ʦʪʣʠʯʘʶʪʩʷ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʫʢʪʦʟʳ ʠ ʛʣʶʢʦʟʳ ï ʚ 1,5-3 ʠ 1,5-4 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ ʩʦʨʪʦʚ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ï ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʘ ʅʘʜʝʞʜʘ. ɺ 

ʘʧʨʝʣʝ (7 ʤʝʩʷʮʝʚ ʩʪʨʝʩʩʘ) ʩʫʱʝʩʪʚʝʥʥʳʭ ʤʝʞʩʦʨʪʦʚʳʭ ʨʘʟʣʠʯʠʡ ʦʪʤʝʯʝʥʦ ʥʝ ʙʳʣʦ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʥʠʞʝʥʥʦʛʦ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʩʦʨʪʘʤʠ) ʩʦʜʝʨʞʘʥʠʷ ʛʣʶʢʦʟʳ ʚ 

ʢʣʫʙʥʷʭ ʩʦʨʪʘ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ.  

 

ʈʠʩʫʥʦʢ 16 ï ʉʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʠ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ (ʤʛ/ʛ ʩʚʝʞʝʡ ʪʢʘʥʠ) ʚ 

ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʧʷʪʠ ʩʦʨʪʦʚ ʚ ʜʠʥʘʤʠʢʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʮʝʣʦʤ ʚ 

ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʢ ʢʦʥʮʫ ʚʳʭʦʜʘ ʠʟ ʧʝʨʠʦʜʘ ʧʦʢʦʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʯʘʩʪʠ ʢʨʘʭʤʘʣʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʣʶʢʦʟʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʧʦʙʝʛʦʚ (Benkeblia et al., 

2008). ʇʨʠ ʵʪʦʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʘʢʪʠʚʥʳʡ 

ʨʘʩʧʘʜ ʢʨʘʭʤʘʣʘ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʭʨʘʥʝʥʠʠ ʩ ʩʝʥʪʷʙʨʷ ʧʦ ʘʧʨʝʣʴ 

ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʩʥʠʞʘʝʪʩʷ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʚ ʢʣʫʙʥʷʭ ʚʩʝʭ ʩʦʨʪʦʚ. ɼʣʷ ʩʦʨʪʦʚ 

ʂʨʘʩʘʚʯʠʢ, ɹʘʨʠʥ ʠ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʫʮʠʨʫʶʱʠʭ 

ʩʘʭʘʨʦʚ ʩ ʩʝʥʪʷʙʨʷ ʧʦ ʬʝʚʨʘʣʴ, ʪʦʛʜʘ ʢʘʢ ʚ ʘʧʨʝʣʝ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʬʝʚʨʘʣʝʤ (ʂʨʘʩʘʚʯʠʢ) ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ (ɹʘʨʠʥ, ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ). 

3.3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʚ ʢʣʫʙʥʷʭ ʧʷʪʠ 

ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʭʨʘʥʝʥʠʠ. 

ɺʳʙʦʨ ʛʝʥʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣ ʩʬʦʢʫʩʠʨʦʚʘʥ ʥʘ ʛʝʥʘʭ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʠ 

ʦʩʥʦʚʳʚʘʣʩʷ ʢʘʢ ʥʘ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʘʢ ʠ ʥʘ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. ɹʳʣʦ ʚʳʙʨʘʥʦ ʜʝʚʷʪʴ ʛʝʥʦʚ ï StGBSS, StSUS4, StAGPaseS,  

PAIN-1(StVinv), StGWD, StAmy23, StBAM1, StBAM9, StAI, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʩʚʷʟʴ ʩ ʭʦʣʦʜʦʚʳʤ ʩʪʨʝʩʩʦʤ ʠ/ʠʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ CIS.  
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ɼʣʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʚʳʙʨʘʥʥʳʭ ʩʦʨʪʦʚ ʚ ʢʘʞʜʦʡ 

ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʦʯʝʢ (ʩʝʥʪʷʙʨʴ - ʜʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ, ʬʝʚʨʘʣʴ ʠ ʘʧʨʝʣʴ ʧʨʠ +3 ) 

ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʈʅʂ, ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʢɼʅʂ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʈɺ-ʇʎʈ c ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʧʨʘʡʤʝʨʘʤʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʛʝʥʦʚ (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ3).  

ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʫ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʦʢʘʟʘʣ ʩʭʦʜʩʪʚʦ ʧʘʪʪʝʨʥʦʚ 

ʵʢʩʧʨʝʩʩʠʠ ʜʣʷ ʛʝʥʦʚ ʩʘʭʦʨʦʟʦʩʠʥʪʘʟʳ StSUS4, ʛʣʠʢʘʥ-ʚʦʜʥʦʡ ʜʠʢʠʥʘʟʳ StGWD ʘʤʠʣʘʟ 

StAmy23, StBAM1, StBAM9 ʠ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ StAI. ʋ ʚʩʝʭ ʩʦʨʪʦʚ ʥʘʙʣʶʜʘʣʠʩʴ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ (ʧʦʚʳʰʝʥʠʷ ʚ ʩʣʫʯʘʝ StSUS4, StGWD, 

StAmy23, ʧʦʥʠʞʝʥʠʝ ʚ ʩʣʫʯʘʝ StBAM1, StBAM9, StAI) ʚ ʢʣʫʙʥʷʭ ʧʦʩʣʝ 7 ʤʝʩʷʮʝʚ 

ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʥʪʷʙʨʴʩʢʠʤ ʜʦ ʟʘʢʣʘʜʢʠ ʥʘ +3  (ʨʠʩ. 17). ʀ 

ʧʘʪʪʝʨʥʳ ʵʢʩʧʨʝʩʩʠʠ ʩʦʚʧʘʜʘʣʠ ʩ ʜʘʥʥʳʤʠ ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ. 

 

ʈʠʩʫʥʦʢ 17 ï ʀʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʚ 

ʦʪʚʝʪ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ (+3 ). ʉ ï ʩʝʥʪʷʙʨʴ (+20 ), ʌ ï ʬʝʚʨʘʣʴ, 4 

ʤʝʩʷʮʘ ʩʪʨʝʩʩʘ, ɸ ï ʘʧʨʝʣʴ, 7 ʤʝʩʷʮʝʚ ʩʪʨʝʩʩʘ (ʚ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʛʝʥʳ Stsec3 ʠ Stef1). 

ɺ ʩʣʫʯʘʝ ʛʝʥʦʚ StGBSS, StAGPaseS, PAIN-1 ʥʘʙʣʶʜʘʣʠʩʴ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʳʝ 

ʧʘʪʪʝʨʥʳ, ʧʨʠʯʝʤ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʦʨʪʦʚ ʦʥʠ ʙʳʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ (ʥʘʧʨʠʤʝʨ, ʩʦʨʪʘ 
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ɹʘʨʠʥ ʠ ʅʘʜʝʞʜʘ ʛʝʥʳ StGBSS ʠ PAIN-1) (ʨʠʩ. 17). ʊʘʢʘʷ ʞʝ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʦʪʚʝʪʘ ʛʝʥʘ 

PAIN-1 ʥʘ ʩʪʨʝʩʩʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʨʘʥʝʝ ʠ ʜʣʷ ʜʨʫʛʠʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

15- ʠ 90-ʜʥʝʚʥʦʡ ʠʥʢʫʙʘʮʠʠ ʧʨʠ +3 (ɽʛʦʨʦʚʘ ʠ ʜʨ., 2023). ʊʘʢʞʝ ʨʘʟʣʠʯʠʷ ʚ ʧʘʪʪʝʨʥʘʭ 

ʵʢʩʧʨʝʩʩʠʠ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʚ ʢʣʫʙʥʷʭ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʨʷʜʘ ʜʨʫʛʠʭ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ (Oufir et al., 2008). ʀʟ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʟʣʠʯʠʷ ʧʘʪʪʝʨʥʘ ʵʢʩʧʨʝʩʩʠʠ ʜʘʥʥʳʭ ʛʝʥʦʚ ʚ ʢʣʫʙʥʷʭ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ 

ʢʘʨʪʦʬʝʣʷ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʛʝʥʦʪʠʧ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʦʪʚʝʪʘ ʥʘ ʜʣʠʪʝʣʴʥʳʡ 

ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ StBAM1 ʠ StBAM9 ʚʥʦʩʷʪ ʨʘʟʥʳʡ ʚʢʣʘʜ ʚ ʭʦʣʦʜʦʚʦʝ 

ʦʩʘʭʘʨʠʚʘʥʠʝ ʢʣʫʙʥʝʡ. StBAM1 ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʩʪʨʦʤʝ ʘʤʠʣʦʧʣʘʩʪʘ ʠ ʛʠʜʨʦʣʠʟʫʝʪ 

ʨʘʩʪʚʦʨʠʤʳʡ ʢʨʘʭʤʘʣ, ʘ StBAM9, ʥʝ ʦʙʣʘʜʘʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʩʚʷʟʳʚʘʝʪʩʷ 

ʢʘʢ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʘʭʤʘʣʴʥʦʡ ʛʨʘʥʫʣʳ, ʪʘʢ ʠ ʩ StBAM1 ʠ ʦʙʨʘʟʫʝʪ ʙʝʣʢʦʚʳʡ ʢʦʤʧʣʝʢʩ 

(Zhang et al., 2014b; Hou et al., 2017). ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʦʙʦʠʭ ʛʝʥʦʚ ʧʦʩʣʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ ʠʥʢʫʙʘʮʠʠ ʢʣʫʙʥʝʡ ʧʨʠ +4 (Zhang et al., 2014a; Hou et 

al., 2017). ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ ʭʦʣʦʜʦʚʦʡ ʠʥʢʫʙʘʮʠʠ ʜʣʷ ʦʙʦʠʭ ʛʝʥʦʚ ɓ-ʘʤʠʣʘʟ 

StBAM1 ʠ StBAM9 ʧʦʢʘʟʘʥʦ ʧʘʜʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʣʫʙʥʷʭ (ʨʠʩ. 17). 

ʊʘʢ, ʪʨʘʥʩʢʨʠʧʮʠʷ StBAM1 ʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʝʪ ʢ ʢʦʥʮʫ ʭʦʣʦʜʦʚʦʡ ʠʥʢʫʙʘʮʠʠ ʚ ʘʧʨʝʣʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʨʝʤʝʥʝʤ ʟʘʢʣʘʜʢʠ ʥʘ +3  ʚ ʩʝʥʪʷʙʨʝ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʦ ʫ 

ʩʦʨʪʦʚ ʋʪʨʦ ʠ ʅʘʜʝʞʜʘ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʷ ʤʝʞʜʫ 4 ʠ 7 ʤʝʩʷʮʘʤʠ ʥʝ ʟʥʘʯʠʪʝʣʴʥʳ: 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʣʠʙʦ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʣʠʙʦ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ (ʨʠʩ. 17). 

ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ StBAM9 ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʝʪ ʢ 4 ʤʝʩʷʮʘʤ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ, 

ʥʦ ʥʝ ʪʘʢ ʟʥʘʯʠʪʝʣʴʥʦ, ʢʘʢ ʚ ʩʣʫʯʘʝ StBAM1. ɺ ʘʧʨʝʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʚʨʘʣʝʤ 

ʵʢʩʧʨʝʩʩʠʷ StBAM9 ʥʝʤʥʦʛʦ ʚʳʨʘʩʪʘʝʪ (ʩʦʨʪ ɹʘʨʠʥ), ʧʘʜʘʝʪ (ʩʦʨʪ ʋʪʨʦ), ʣʠʙʦ ʧʦʯʪʠ ʥʝ 

ʤʝʥʷʝʪʩʷ (ʩʦʨʪʘ ʂʨʘʩʘʚʯʠʢ, ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ, ʅʘʜʝʞʜʘ) (ʨʠʩ. 17). 

ʅʝʩʦʚʧʘʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʵʢʩʧʨʝʩʩʠʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ  

ɓ-ʘʤʠʣʘʟ ʚ ʧʨʦʮʝʩʩʝ 4 ʠ 7 ʤʝʩʷʯʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʝʡ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʣʫʙʥʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʚ ʩʣʫʯʘʝ ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʢʦʷ, 30 ʜʥʝʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʢʣʫʙʥʠ ʥʘʢʘʧʣʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦʝ 

ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʭʦʣʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ, ʧʦʩʣʝ ʯʝʛʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ/ʩʘʭʘʨʦʚ ʠ ʘʢʪʠʚʥʦʩʪʴʶ 

ʜʝʛʨʘʜʠʨʫʶʱʠʭ ʢʨʘʭʤʘʣ ʬʝʨʤʝʥʪʦʚ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʜʝʛʨʘʜʘʮʠʠ ʟʘʧʘʩʘʝʤʦʛʦ ʢʨʘʭʤʘʣʘ Ŭ-ʘʤʠʣʘʟ (ʛʠʜʨʦʣʠʟ) (Zhang et al., 2014a) ʠ ʧʣʘʩʪʠʜʥʦʡ 

ʢʨʘʭʤʘʣ ʬʦʩʬʦʨʠʣʘʟʳ (ʬʦʩʬʦʨʦʣʠʟ) (Slugina et al., 2020). 
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ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣ ʪʘʢʞʝ ʛʝʥ PAIN-1, ʪʘʢ ʢʘʢ ʜʣʷ ʢʦʜʠʨʫʝʤʦʛʦ ʠʤ ʙʝʣʢʘ 

ʚʘʢʫʦʣʷʨʥʦʡ ʢʠʩʣʦʡ ʠʥʚʝʨʪʘʟʳ VINV ʨʘʥʝʝ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʘʭʘʨʦʚ ʚʦ ʚʨʝʤʷ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ 

(Zrenner et al., 1996; Matsuura-Endo et al., 2004). ʂʨʦʤʝ ʪʦʛʦ, ʠʩʭʦʜʥʦ ʥʘʤʠ ʪʘʢʞʝ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʦ ʤʝʨʝ ʭʦʣʦʜʦʚʦʡ ʠʥʢʫʙʘʮʠʠ 

ʢʣʫʙʥʝʡ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʨʪʦʚ, ʪʘʢ ʢʘʢ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʠʤʝʥʥʦ VINV ʤʦʞʝʪ ʙʳʪʴ 

ʢʣʶʯʝʚʳʤ ʬʝʨʤʝʥʪʦʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʨʘʩʧʘʜ ʩʘʭʘʨʦʟʳ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʢʨʘʭʤʘʣʘ ʚʦ 

ʚʨʝʤʷ CIS. ɺ ʩʣʫʯʘʝ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʜʘʥʥʳʝ ʵʪʦʤʫ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ, ʠ 

ʙʳʣʦ ʜʝʪʝʢʪʠʨʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ PAIN-1 ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʚʨʝʤʝʥʠ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʢʣʫʙʥʝʡ ʜʨʫʛʠʭ ʧʷʪʠ ʩʦʨʪʦʚ ʧʦʢʘʟʘʣ 

ʨʘʟʣʠʯʥʳʝ ʧʘʪʪʝʨʥʳ (ʨʠʩ. 17). ʇʨʠ ʵʪʦʤ ʜʣʷ ʩʦʨʪʘ ʂʨʘʩʘʚʯʠʢ ʧʨʠ ʢʨʘʡʥʝ ʥʠʟʢʦʤ ʦʙʱʝʤ 

ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚʦ ʚʩʝʭ ʪʨʝʭ ʚʨʝʤʝʥʥʳʭ ʪʦʯʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ, 

ʢʘʢ ʚ ʪʨʘʥʩʢʨʠʧʪʦʤʝ ʫ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ; ʫ ʩʦʨʪʘ ɹʘʨʠʥ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦʤ ʫʩʠʣʝʥʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʬʝʚʨʘʣʝ (ʯʝʨʝʟ 4 ʤʝʩʷʮʘ ʩʪʨʝʩʩʘ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʢ ʢʦʥʮʫ 

ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ, ʥʦ ʚʩʝ ʨʘʚʥʦ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʘʧʨʝʣʝ (7 ʤʝʩ) ʚʳʰʝ, ʯʝʤ ʚ 

ʩʝʥʪʷʙʨʝ (0 ʤʝʩ). ʋ ʦʩʪʘʣʴʥʳʭ ʪʨʝʭ ʩʦʨʪʦʚ ʚ ʮʝʣʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʫʨʦʚʥʝʡ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʢ ʢʦʥʮʫ ʭʦʣʦʜʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʦʩʪʨʝʩʩʦʚʳʤ ʫʨʦʚʥʝʤ  

(ʨʠʩ. 17). ʕʪʠ ʜʘʥʥʳʝ, ʧʦʤʠʤʦ ʟʘʚʠʩʠʤʦʡ ʦʪ ʛʝʥʦʪʠʧʘ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ PAIN-1, ʤʦʛʫʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʢʣʶʯʝʚʳʤʠ ʠʛʨʦʢʘʤʠ ʚ ʨʘʩʧʘʜʝ ʢʨʘʭʤʘʣʘ ʤʦʛʫʪ 

ʙʳʪʴ ʠʥʳʝ ʬʝʨʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʩʘʭʦʨʦʟʦʩʠʥʪʘʟʘ SUS4, ʮʠʪʦʟʦʣʴʥʘʷ ʥʝʡʪʨʘʣʴʥʘʷ ʠʣʠ 

ʘʧʦʧʣʘʩʪʥʘʷ ʢʠʩʣʘʷ ʠʥʚʝʨʪʘʟʳ (Nguyen-Quo et al., 2001; Koch, 2004; ɽʛʦʨʦʚʘ ʠ ʜʨ., 2023). 

 ʇʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʚʦʟʤʦʞʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ 

ʫʨʦʚʥʷʤʠ ʵʢʩʧʨʝʩʩʠʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʢʨʘʭʤʘʣʘ ʠ ʤʦʥʦʩʘʭʘʨʦʚ ʚ 

ʢʣʫʙʥʷʭ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʧʦʠʩʢ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʚ) ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʦʛʨʘʤʤʝ GraphPad Prism v. 7.02 (https://www.graphpad.com). ʂʨʠʪʝʨʠʠ ʥʘʣʠʯʠʷ 

ʢʦʨʨʝʣʷʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ (r)>0,5 ʠ  

p-value<0,05 (ʪʘʙʣ. 2). ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʜʣʷ 

ʯʝʪʳʨʝʭ ʛʝʥʦʚ StGWD, StAmy23, StBAM1, StBAM9, StAI (ʪʘʙʣ. 2). ɼʣʷ ʛʝʥʦʚ StAmy23 ʠ StAI 

ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʢʦʨʨʝʣʷʮʠʷ ʜʣʷ ʚʩʝʭ ʫʛʣʝʚʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʣʦʛʠʯʥʦ ʜʣʷ ʛʝʥʘ  

Ŭ-ʘʤʠʣʘʟʳ StAmy23 ʥʘʙʣʶʜʘʣʘʩʴ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (p=0,0016, r=-0,55) ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ, ʘ ʜʣʷ ʛʣʶʢʦʟʳ ʠ ʬʨʫʢʪʦʟʳ ï ʧʦʣʦʞʠʪʝʣʴʥʘʷ (p<0,0001, r=0,677). 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʛʝʥʘ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ StAI ʥʘʙʣʶʜʘʣʘʩʴ ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ: ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ (p=0,0001, r=-0,64) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʶʢʦʟʳ ʠ ʬʨʫʢʪʦʟʳ, ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

(p=0,0003, r=0,62) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ.  

https://www.graphpad.com/
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ʊʘʙʣʠʮʘ 2 ï ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʠ ʨʝʜʫʮʠʨʫʶʱʠʭ 

ʩʘʭʘʨʦʚ ʦʪ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ. 

    GBSS AGPaseS PAIN SUS4 GWD StAI AMY23 BAM1 BAM9 

ͪ͊͟ͻͣ͊͡ 

R
2
 0,089 0,044 0,243 0,238 0,377 0,38 0,303 0,307 0,118 

r  0,3 -0,21 0,49 -0,48 -0,61 0,62 -0,55 0,55 0,34 

p-value 0,11 0,265 0,005 0,006 0,0003 0,0003 0,0016 0,0015 0,06 

    GBSS AGPaseS PAIN SUS4 GWD StAI AMY23 BAM1 BAM9 

͎͡Όͦ͊͘͟ 

R
2
 0,082 0,43 0,11 0,224 0,128 0,408 0,475 0,192 0,29 

r  -0,29 0,66 -0,33 0,47 0,36 -0,64 0,69 -0,44 -0,54 

p-value 0,124 <0,0001 0,075 0,008 0,05 0,0001 <0,0001 0,015 0,0021 

    GBSS AGPaseS PAIN SUS4 GWD StAI AMY23 BAM1 BAM9 

ͺͪͯͭͦ͊͘͟ 

R
2
 0,123 0,345 0,088 0,268 0,251 0,446 0,46 0,22 0,362 

r  -0,35 0,59 -0,296 0,52 0,5 -0,67 0,68 -0,47 -0,60 

p-value 0,057 0,0006 0,112 0,003 0,005 0,0001 <0,0001 0,009 0,0004 

 

ɼʣʷ ʛʝʥʘ ʛʣʠʢʘʥ-ʚʦʜʥʦʡ ʜʠʢʠʥʘʟʳ StGWD, ʪʘʢ ʞʝ ʢʘʢ ʠ Ŭ-ʘʤʠʣʘʟʳ, ʚʦʚʣʝʯʝʥʥʦʛʦ ʚ 

ʜʝʛʨʘʜʘʮʠʶ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ, ʚʳʷʚʣʝʥʘ ʩʠʣʴʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ (p= 0,0003, r=-0,61) ʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ï ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʫʢʪʦʟʳ 

(p=0,005, r=0,5). ʀʥʪʝʨʝʩʥʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʛʝʥʦʚ ɓ-ʘʤʠʣʘʟ: ʵʢʩʧʨʝʩʩʠʷ 

StBAM9 ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʥʦʩʘʭʘʨʦʚ (ʛʣʶʢʦʟʘ ï p=0,0021,  

r=-0,54; ʬʨʫʢʪʦʟʘ ï p=0,0004, r=-0,602). ɼʣʷ StBAM1 ʚʳʷʚʣʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ (p=0,0015, r=0,554). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ (4 ʠ 7 ʤʝʩʷʮʝʚ) ʭʦʣʦʜʦʚʦʡ ʠʥʢʫʙʘʮʠʠ 

(+3 ) ʚ ʢʣʫʙʥʷʭ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ, ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʧʘʪʪʝʨʥʳ ʵʢʩʧʨʝʩʩʠʠ ʜʝʚʷʪʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ï StGBSS, StSUS4, 

StAGPase, PAIN-1(StVinv), StGWD, StAmy23, StBAM1, StBAM9, StAI, ʩʚʷʟʘʥʥʳʝ ʩ 

ʤʝʪʘʙʦʣʠʟʤʦʤ ʢʨʘʭʤʘʣʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʩ ʭʦʣʦʜʦʚʳʤ ʩʪʨʝʩʩʦʤ 

ʠ/ʠʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ CIS. ɼʣʷ ʧʪ̫ʠ ʛʝʥʦʚ StGWD, StAmy23, StBAM1, StBAM9, StAI 

ʧʦʢʘʟʘʥʘ ʢʦʨʨʝʣʷʮʠʷ (ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ) ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʢʨʘʭʤʘʣʘ ʠ ʤʦʥʦʩʘʭʘʨʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ.  

ɼʘʥʥʳʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫ ʧʷʪʠ 

ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʙʦʨ ʛʝʥʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. ɺʳʙʦʨ ʛʝʥʦʚ ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ ʠʭ ʚʳʷʚʣʝʥʥʦʡ ʘʢʪʠʚʥʦʡ ʨʦʣʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʠʟʫʯʝʥʥʦʡ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʝʰʝʥʦ ʙʳʣʦ ʩʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʛʝʥʘʭ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ StAI, 

Ŭ-ʘʤʠʣʘʟʳ StAmy23 ʢʘʢ ʟʥʘʯʠʤʳʭ, ʥʦ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʘʭ ʫʛʣʝʚʦʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ, 
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ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʭ ʛʝʥʘʭ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʥʪʦʮʠʘʥʦʚ, ʪʘʢ ʢʘʢ ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠ ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ 

ʧʦʢʘʟʳʚʘʶʪ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʵʪʠʭ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʭʦʣʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ ʫ S. tuberosum.  

3.4. ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʥʘ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ 

ʢʣʫʙʥʝʦʙʨʘʟʫʶʱʠʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʘʤʠʣʘʟ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʙʝʣʢʘʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʘʤʠʣʘʟ AI (amylase inhibitor). ʈʘʥʝʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʪʦʣʴʢʦ ʢɼʅʂ 

ʛʝʥʘ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟʳ ʫ ʢʣʫʙʥʝʦʙʨʘʟʫʶʱʝʛʦ ʚʠʜʘ S. berthaultii SbAI ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʝʛʦ 

ʨʦʣʴ ʚ ʦʪʥʦʰʝʥʠʠ ʘʤʠʣʘʟʳ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ (Zhang et al., 2014b). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʧʨʠ +3  ʚ ʪʝʯʝʥʠʝ 30 ʜʥʝʡ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʜʝʪʝʢʪʠʨʦʚʘʣʦʩʴ 

ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʝʡ ʤʈʅʂ ʛʝʥʘ SbAI. ʊʘʢʞʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʘʥʩʢʨʠʧʪʦʚ SbAI ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʶʢʦʟʳ ʠ ʬʨʫʢʪʦʟʳ ʚʳʷʚʣʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (Zhang et al., 

2014b; ʉʣʫʛʠʥʘ ʠ ʜʨ., 2020). ʂʨʦʤʝ ʪʦʛʦ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ SbAI ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ Ŭ-ʘʤʠʣʘʟʳ 

StAmy23, ʥʦ ʠ ʜʣʷ ɓ-ʘʤʠʣʘʟ StBAM1 ʠ StBAM9 (Zhang et al., 2014b). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʚʘʞʥʦʩʪʠ SbAI ʚ ʨʝʛʫʣʷʮʠʠ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ.  

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʢʘʟʘʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ AI ʚ ʨʝʛʫʣʷʮʠʠ 

ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ, ʥʠʢʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʨʪʦʣʦʛʦʚ ʜʘʥʥʦʛʦ ʛʝʥʘ ʫ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ, ʚʢʣʶʯʘʷ ʚʠʜʳ ʢʘʨʪʦʬʝʣʷ ʠʣʠ ʩʦʨʪʘ S. tuberosum, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, 

ʪʘʢ ʞʝ ʢʘʢ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʬʠʣʷ ʵʢʩʧʨʝʩʩʠʠ AI ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʚ ʩʣʫʯʘʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. 

3.4.1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ 

ʛʦʤʦʣʦʛʦʚ AI ʠ ʠʭ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫ ʜʠʢʦʨʘʩʪʫʱʠʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʛʝʥʦʚ-ʛʦʤʦʣʦʛʦʚ AI ʙʳʣʠ ʚʟʷʪʳ ʦʙʨʘʟʮʳ 12 ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʩʝʨʠʷʤ ʩʝʢʮʠʠ Petota (Hawkes, 1990; Hardigan et al., 2015) 

(ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ2). ɹʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʫʧʝʨʩʝʨʠʠ Rotata 

ʚʠʜʘʤʠ ʩʝʨʠʠ Tuberosa (S. berthailtii, S. gourlay, S. tuberosum ssp. andigena, S. verrucosum, 

S. vernei, S. kurtzianum, S. sucrense), ʘ ʪʘʢʞʝ ʩʝʨʠʡ Longipedicullata (S. stoloniferum), 

Glabrescentia (S. chacoense), Demissa (S. demissum), Acaulia (S. acaule). ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʘʥʘʣʠʟ ʙʳʣ ʚʟʷʪ ʦʙʨʘʟʝʮ ʚʠʜʘ S. jamesii, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʩʝʨʠʠ Pinnatisecta ʩʫʧʝʨʩʝʨʠʠ 

Stellata. ʊʘʢʞʝ ʦʪʦʙʨʘʥʥʳʝ ʚʠʜʳ ʦʪʣʠʯʘʣʠʩʴ ʧʣʦʠʜʥʦʩʪʴʶ ʛʝʥʦʤʘ, ʟʥʘʯʝʥʠʷʤʠ 

ʙʘʣʘʥʩʦʚʦʛʦ ʯʠʩʣʘ ʵʥʜʦʩʧʝʨʤʘ EBN ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʭʦʣʦʜʦʚʦʤʫ ʩʪʨʝʩʩʫ 
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(https://potato.cgn.wur.nl/species.htm) (Rodr²guez et al., 2010; Gavrilenko, 2011; Cai et al., 

2012; Machida-Hirano, 2015; ɻʘʚʨʠʣʝʥʢʦ, 2017; Huang et al., 2019).  

 ʇʦʤʠʤʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ ʠʟ ʙʘʟʳ NCBI ʙʳʣʠ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʢʣʫʙʥʝʦʙʨʘʟʫʶʱʝʛʦ ʚʠʜʘ S. etuberosum (GCA_029582245.1) 

(ʩʝʢʮʠʠ Petota, ʧʦʜʩʝʢʮʠʠ Estolonifera) ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʚʦʣʶʮʠʦʥʥʦ ʤʝʥʝʝ ʦʪʜʘʣʝʥʥʳʭ 

ʚʠʜʦʚ ʩʫʧʝʨʩʝʨʠʠ Stellata ï S. bulbocastanum (GCA_037074985.1), S. commersonii 

(GCA_029582505.1), S. pinnatisectum (GCA_035578085.1), ʘ ʪʘʢʞʝ S. megistacrolobum 

ʩʫʧʝʨʩʝʨʠʷ Rotata, ʩʝʨʠʷ Megistacroloba (GCA_029582645.1). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʘʥʘʣʠʟ 

ʙʳʣʠ ʪʘʢʞʝ ʚʢʣʶʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ʪʦʤʘʪʘ S. pennelii (Gene ID: 107012074) ʠ 

S. lycopersicum (Gene ID: 101255064). 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʧʨʘʡʤʝʨʦʚ (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ3) ʙʳʣʠ 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʦʤʦʣʦʛʦʚ AI ʦʙʨʘʟʮʦʚ ʜʚʝʥʘʜʮʘʪʠ ʚʠʜʦʚ 

ʢʘʨʪʦʬʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʜʣʠʥʦʡ 1700-1900 ʥ.ʧ. ʙʳʣʠ ʢʣʦʥʠʨʦʚʘʥʳ ʚ ʚʝʢʪʦʨ 

pGEM ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ (3-5 ʢʣʦʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭ ʞʝ 

ʧʨʘʡʤʝʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ AI ʛʝʥʦʚ 12 

ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʛʝʥʙʘʥʢ NCBI (MT074624-MT074659) 

(ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ3). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ AI-ʛʦʤʦʣʦʛʠʯʥʳʭ ʛʝʥʦʚ ʫ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʦʙʨʘʟʮʦʚ 12 ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʠ ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʠʜʦʚ, ʵʢʩʧʦʨʪʠʨʦʚʘʥʥʳʭ ʠʟ 

ʙʘʟʳ NCBI, ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʜʣʠʥʝ: 1763 ʧ. ʥ. ʫ S. tuberosum ssp. andigena - 2040 ʧ.ʥ. ʫ  

S. bulbocastanum. ʇʨʠ ʵʪʦʤ ʚʩʝ ʛʦʤʦʣʦʛʠ AI ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʦʝ ʵʢʟʦʥ-ʠʥʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ 

ʠ ʩʦʜʝʨʞʘʣʠ ʯʝʪʳʨʝ ʵʢʟʦʥʘ. ʈʘʟʤʝʨʳ ʵʢʟʦʥʦʚ ʦʪʣʠʯʘʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʅʘʠʤʝʥʴʰʘʷ 

ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʵʢʟʦʥʦʚ (609 ʧ.ʥ.) ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʜʣʷ ʚʠʜʘ S. demissum, ʥʘʠʙʦʣʴʰʘʷ - ʜʣʷ 

S. stoloniferum (642 ʧ.ʥ.). ʇʦʣʠʤʦʨʬʠʟʤ ʜʣʠʥ ʠʥʪʨʦʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʳʣ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ: ʦʪ 1134 ʧ.ʥ. ʫ S. etuberosum ʜʦ 1422 ʧ.ʥ. ʫ S. bulbocastanum. 

ɸʥʘʣʠʟ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ AI ʛʝʥʦʚ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ StAI S. tuberosum cv. DM1-3 516 (ID:102591697), ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʣ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʬʝʨʝʥʩʘ, ʚ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 449 SNPs, ʯʪʦ 

ʩʦʩʪʘʚʠʣʦ 20,5%, ʘ ʚ ʵʢʟʦʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ - 106 SNPs (16,2%). ʉʨʝʜʠ 

ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘʠʙʦʣʝʝ ʚʘʨʠʘʙʝʣʴʥʳʤ ʙʳʣ ʵʢʟʦʥ I (49 SNPs), ʩʨʝʜʠ 

ʥʝʢʦʜʠʨʫʶʱʠʭ ï ʠʥʪʨʦʥ I (157 SNPs). ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʝʦʞʠʜʘʥʥʳʤ 

ʥʘʤ ʧʦʢʘʟʘʣʩʷ ʚʳʷʚʣʝʥʥʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʣʣʝʣʴʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ, ʠ ʥʝ ʪʦʣʴʢʦ ʫ 

ʧʦʣʠʧʣʦʠʜʥʳʭ ʚʠʜʦʚ, ʥʦ ʠ ʫ ʜʠʧʣʦʠʜʥʳʭ, ʥʘʧʨʠʤʝʨ ʫ S. berthaultii ɺʀʈ 24267, ʛʜʝ 

ʚʳʷʚʣʝʥʦ ʯʝʪʳʨʝ ʘʣʣʝʣʷ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʣʠ ʥʝ ʪʦʣʴʢʦ ʟʘʤʝʥʳ, ʥʦ ʠ 

https://potato.cgn.wur.nl/species.htm
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ʪʨʠʥʫʢʣʝʦʪʠʜʥʫʶ ʜʝʣʝʮʠʶ (ʨʠʩ. 18), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʛʝʢʩʘʧʣʦʠʜʥʦʛʦ S. demissum 15176 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʪʦʣʴʢʦ ʜʚʘ SNPs.  

ʅʝʦʞʠʜʘʥʥʦ ʫ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʚ ʵʢʟʦʥʝ III ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠʥʩʝʨʮʠʦʥʥʳʝ 

ʤʫʪʘʮʠʠ. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʵʢʟʦʥʘ ʫ ʦʙʨʘʟʮʘ  

S. stoloniferum ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʫʶ 24-ʥʫʢʣʝʦʪʠʜʥʫʶ ʚʩʪʘʚʢʫ 

CCAGTGCTTCACCAACATCAGCCT, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʜʨʫʛʠʭ ʚʠʜʦʚ ʚ ʪʦʤ ʞʝ ʩʘʡʪʝ 

ʵʢʟʦʥʘ ʥʘʙʣʶʜʘʣʠʩʴ ʜʝʣʝʮʠʠ ʦʪ 3 ʜʦ 12 ʥʫʢʣʝʦʪʠʜʦʚ, ʥʝ ʩʙʠʚʘʶʱʠʭ ʨʘʤʢʫ ʩʯʠʪʳʚʘʥʠʷ 

(ʨʠʩ. 18). ɺ ʢʦʥʮʝ ʵʢʟʦʥʘ IV ʫ ʥʝʢʦʪʦʨʳʭ ʜʠʢʠʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ (S. demissum (15176/34), 

S. sucrense (ɺʀʈ 23598), S. vernei (ɺʀʈ 20332), S. chacoense (3678), S. commersonii) ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ 9-ʥʫʢʣʝʦʪʠʜʥʘʷ ʜʝʣʝʮʠʷ GGTGCAATT, ʦʜʥʘʢʦ ʝʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʦʩʪʘʣʴʥʳʭ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʠ ʫ ʪʦʤʘʪʘ (ʨʠʩ. 18). ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ 

ʚʳʷʚʣʝʥʥʳʝ ʠʥʜʝʣʠ ʥʝ ʩʙʠʚʘʣʠ ʨʘʤʢʫ ʩʯʠʪʳʚʘʥʠʷ.  

 

ʈʠʩʫʥʦʢ 18 ï ʌʨʘʛʤʝʥʪʳ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʵʢʟʦʥʦʚ III ʠ IV ʛʝʥʘ AI ʫ 

ʚʠʜʦʚ Solanum.  
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ʊʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʘ ʜʫʧʣʠʢʘʮʠʷ 199 ʥ.ʧ. ʚ ʠʥʪʨʦʥʝ II ʫ  

S. bulbocastanum. ʋ ʦʩʪʘʣʴʥʳʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ, ʘ ʪʘʢʞʝ ʫ ʚʠʜʦʚ 

ʪʦʤʘʪʦʚ, ʜʘʥʥʘʷ ʜʫʧʣʠʢʘʮʠʷ ʚʳʷʚʣʝʥʘ ʥʝ ʙʳʣʘ.  

ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Gene Structure Display Server (https://gsds.gao-lab.org/) ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʵʢʟʦʥ-ʠʥʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʝʥʘ AI ʫ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ. ʂʘʢ 

ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʛʝʥ AI ʩʦʜʝʨʞʘʣ ʯʝʪʳʨʝ ʵʢʟʦʥʘ ʠ ʪʨʠ ʠʥʪʨʦʥʘ (ʨʠʩ. 19ɸ). ʊʘʢʫʶ ʞʝ 

ʩʪʨʫʢʪʫʨʫ ʠʤʝʣʠ AI-ʛʝʥʳ ʚʠʜʦʚ ʪʦʤʘʪʘ, ʛʜʝ ʨʘʟʤʝʨʳ ʵʢʟʦʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʵʢʟʦʥʘ III), ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʣʠʥ ʠʥʪʨʦʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʚ 

ʢʦʪʦʨʳʭ ʯʘʱʝ ʚʩʪʨʝʯʘʣʠʩʴ ʚʩʪʘʚʢʠ ʠ ʜʝʣʝʮʠʠ (ʨʠʩ. 19ɸ). 

ɺʩʝʛʦ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʥʛʠʙʠʪʦʨʦʚ ʘʤʠʣʘʟ ʫ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 42 ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʘ ʛʝʥʘ (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ4).  

 

ʈʠʩʫʥʦʢ 19 ï ɸ-ʕʢʟʦʥ-ʠʥʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʦʤʦʣʦʛʦʚ SbAI ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʠ ʪʦʤʘʪʘ 

(ʧʨʦʛʨʘʤʤʘ Gene Structure Display Server), ɺ-ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʤʦʪʠʚʦʚ ʫ 

ʛʦʤʦʣʦʛʦʚ SbAI ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʠ ʪʦʤʘʪʘ (ʧʨʦʛʨʘʤʤʘ MEME 7.0.26). ɺ ʩʣʫʯʘʝ ʨʘʟʣʠʯʠʡ 

ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʜʣʷ ʚʩʝʭ ʚʳʷʚʣʝʥʥʳʭ ʪʠʧʦʚ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

ʆʙʨʘʟʮʳ S. acaule, S. berthaultii ʠ S. kurtzianum ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʘʠʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʘʣʣʝʣʝʡ. ʆʜʥʘʢʦ ʢʦʨʨʝʣʷʮʠʡ ʢʦʣʠʯʝʩʪʚʘ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠ ʧʣʦʠʜʥʦʩʪʠ ʠʣʠ 

ʯʠʩʣʘ EBN ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ4). ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ ʫ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʠ ʨʘʥʝʝ ʜʣʷ ʜʨʫʛʦʛʦ ʛʝʥʘ 

ʤʝʪʘʙʦʣʠʟʤʘ ʢʨʘʭʤʘʣʘ ï GBSS, ʘ ʪʘʢʞʝ ʜʣʷ ʛʝʥʘ ʥʠʪʨʘʪ ʨʝʜʫʢʪʘʟʳ (Cai et al., 2012). 

ʂʦʜʠʨʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ AI-ʛʝʥʦʚ ʙʳʣʠ ʪʨʘʥʩʣʠʨʦʚʘʥʳ, ʘ ʪʘʢʞʝ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʦʤʝʥʳ ʠ ʪʨʝʪʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ. 

ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʜʣʠʥʝ (ʦʪ 202 ʘ.ʦ. ʫ S. demissum ʜʦ 

https://gsds.gao-lab.org/
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213 ʘ.ʦ. ʫ S. stoloniferum) (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ4). ɺʩʝʛʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 36 ʚʘʨʠʘʥʪʦʚ 

ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʀʟ-ʟʘ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʚʳʷʚʣʷʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʢʦʜʠʨʫʝʤʳʭ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ɺ ʮʝʣʦʤ ʫ AI ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʜʚʝʥʘʜʮʘʪʠ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʚʳʨʦʚʥʝʥʥʦʡ ʜʣʠʥʝ 213 ʘ.ʦ. ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʟʘʤʝʱʝʥʠʝ 

41 ʘ.ʦ. (19,3 %), ʠʟ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʧʨʦʛʨʘʤʤʝ PROVEAN, ʩʝʤʴ ʙʳʣʠ ʨʘʜʠʢʘʣʴʥʳʤʠ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʣʠ ʠʟʤʝʥʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʙʝʣʢʘ. ʊʘʢʞʝ ʙʳʣʠ ʜʝʪʝʢʪʠʨʦʚʘʥ rʪʨʠ 

ʜʝʣʝʮʠʠ (S137del, P134_S137del ʠ G202_I204del) ʠ ʚʩʪʘʚʢʘ ʦʜʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ 

(P138_S139ins) (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ4). ʈʘʜʠʢʘʣʴʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʟʘʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʥʩʝʨʮʠʷ ʠ ʜʚʝ ʜʝʣʝʮʠʠ (S137del, T135_P138del) ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʤʝʥʦʚ. ʅʘʠʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʱʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʨʘʜʠʢʘʣʴʥʳʝ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʦʙʨʘʟʮʦʚ S. vernei, S. acaule,  

S. sucrense ʠ S. chacoense. ɽʜʠʥʠʯʥʳʝ ʨʘʜʠʢʘʣʴʥʳʝ ʟʘʤʝʱʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʚ ʘʣʣʝʣʴʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʦʙʨʘʟʮʦʚ S. berthaultii ʠ S. demissum. ʇʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʥʝʦʞʠʜʘʥʥʳʤ 

ʦʢʘʟʘʣʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ AI-ʛʦʤʦʣʦʛʠ ʚʠʜʦʚ ʪʦʤʘʪʘ S. pennellii ʠ  

S. lycopersicum ʠʤʝʣʠ ʚ 2-10 ʨʘʟ ʙʦʣʴʰʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʱʝʥʠʡ, ʯʝʤ S. tuberosum, ʚʩʝ 

ʦʥʠ ʥʦʩʠʣʠ ʥʝʡʪʨʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ4).  

ʇʨʦʚʝʜʝʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʩʨʘʚʥʝʥʠʝ ʩ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ ʨʘʥʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ SbAI ʠ ʜʨʫʛʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʩʝʤʝʡʩʪʚʘ ʠʥʛʠʙʠʪʦʨʦʚ ʘʤʠʣʘʟ AAI_LTSS (Zhang et al., 2014b) ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʫ ʥʠʭ 

ʜʚʫʭ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʜʦʤʝʥʦʚ: LTP_2 (ʚ ʧʦʣʦʞʝʥʠʠ 16ï102 ʘ.ʦ.) ʠ super family PRK14971 

(ʚ ʧʦʣʦʞʝʥʠʠ 77ï196 ʘ.ʦ.), ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ AAI_LTSS-ʪʠʧʘ ʠʥʛʠʙʠʪʦʨʦʚ 

Ŭ-ʘʤʠʣʘʟ. ʊʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʦʚ AI  ʙʳʣʠ ʚʳʩʦʢʦ ʙʦʛʘʪʳ 

ʦʩʪʘʪʢʘʤʠ ʧʨʦʣʠʥʘ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʣʠ 13ï14% ʦʪ ʚʩʝʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʷʚʣʝʥʥʳʭ ʛʦʤʦʣʦʛʦʚ ʢ AGP-ʩʝʤʝʡʩʪʚʫ ʧʨʦʣʠʥ-

ʦʙʦʛʘʱʝʥʥʳʭ ʙʝʣʢʦʚ. ʈʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʨʦʣʠʥ-ʙʦʛʘʪʳʭ ʤʦʪʠʚʦʚ ʚ 

ʙʝʣʢʘʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ (Williamson, 

1994). ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʤʝʥ LTP_2 ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʚʢʣʶʯʘʣ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ AAI_LTSS-ʩʝʤʝʡʩʪʚʘ ʢʦʥʩʝʥʩʫʩʥʳʝ ʦʩʪʘʪʢʠ ʮʠʩʪʝʠʥʘ Cys, 

ʬʦʨʤʠʨʫʶʱʠʭ ʜʠʩʫʣʴʬʠʜʥʳʝ ʤʦʩʪʠʢʠ (ʧʦʟʠʮʠʠ 30, 41, 58, 59, 72, 74, 99 ʠ 108). ʂʨʦʤʝ 

ʪʦʛʦ ʚʩʝ Al ʙʝʣʢʠ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʩʦʜʝʨʞʘʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʜʦʤʝʥ LTP_2 

óTryp_alpha_amyIô, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʨʘʡʦʥʝ 30-108 ʘ.ʦ., ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʩʝʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʠʥʛʠʙʠʪʦʨʦʚ ʘʤʠʣʘʟ ʨʘʩʪʝʥʠʡ (Marchler-Bauer et al., 2011, Zhang et al., 

2014ʘ).  
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ʋ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʦʤʦʣʦʛʦʚ AI ʦʙʨʘʟʮʦʚ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʠ ʪʦʤʘʪʘ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʤʦʪʠʚʳ (ʨʠʩ. 19ɺ). ʊʘʢ, ʫ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʠʜʦʚ ʩʝʢʮʠʠ 

Rotata, ʪʘʢ ʠ ʫ ʩʝʢʮʠʠ Stellata ʚ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ Al ʜʝʪʝʢʪʠʨʦʚʘʥʦ ʰʝʩʪʴ 

ʦʜʠʥʘʢʦʚʳʭ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʤʦʪʠʚʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ (ʨʠʩ. 19ɺ). ʊʘʢʞʝ ʵʪʠ 

ʞʝ ʤʦʪʠʚʳ ʚʳʷʚʣʝʥʳ ʫ ʜʚʫʭ ʚʠʜʦʚ ʪʦʤʘʪʘ. ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʢʘʩʘʣʠʩʴ ʤʦʪʠʚʘ 7, 

ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʤʦʪʠʚʘʤʠ 4 ʠ 3 (ʨʠʩ. 19ɺ). ʋ ʙʦʣʝʝ ʵʚʦʣʶʮʠʦʥʥʦ ʜʨʝʚʥʠʭ 

ʚʠʜʦʚ Stellata ʦʥ ʦʪʩʫʪʩʪʚʫʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ Rotata ʧʨʠʩʫʪʩʪʚʫʝʪ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ 

ʢʘʨʪʦʬʝʣʷ, ʢʘʢ ʠ ʫ ʚʠʜʦʚ ʪʦʤʘʪʘ. ʋ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ S. berthaultii 

ʠʤʝʝʪʩʷ ʜʚʘ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʘ, ʧʨʠ ʵʪʦʤ ʫ ʦʜʥʦʛʦ ʘʣʣʝʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʪʠʚʘ 7 (A133PTPSPSP140), ʢʘʢ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ, ʘ ʚʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʜʨʫʛʫʶ ï VAPPP. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʵʪʦʪ ʞʝ ʤʦʪʠʚ, 

ʧʦʷʚʠʚʰʠʡʩʷ ʫ ʦʜʥʦʛʦ ʠʟ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ S. berthaultii, ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʠ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ Al ʚʠʜʘ S. gourlay, ʥʦ ʚ ʩʦʩʪʘʚʝ ʪʨʝʪʴʝʛʦ ʤʦʪʠʚʘ (ʨʠʩ. 19ɺ). 

ʉʦʩʪʘʚ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʪʠʚʦʚ ʫ ʚʠʜʦʚ ʢʣʫʙʥʝʦʙʨʘʟʫʶʱʝʛʦ ʢʘʨʪʦʬʝʣʷ ʙʳʣʦ 

ʪʘʢʠʤ ʞʝ, ʢʘʢ ʫ ʥʝʢʣʫʙʥʝʦʙʨʘʟʫʶʱʝʛʦ ʚʠʜʘ S. etuberosum ʠ ʚʠʜʦʚ ʪʦʤʘʪʘ, ʯʪʦ ʤʦʞʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʟʥʘʯʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʜʣʷ ʤʝʪʘʙʦʣʠʟʤʘ ʫʛʣʝʚʦʜʦʚ ʨʘʩʪʝʥʠʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫ ʢʣʫʙʥʝʦʙʨʘʟʫʶʱʠʭ ʠ ʥʝʢʣʫʙʥʝʦʙʨʘʟʫʶʱʠʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʜʦʤʝʥʳ ʠ ʤʦʪʠʚʳ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʛʦʤʦʣʦʛʦʚ AI, ʩʦʭʨʘʥʷʶʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʠʢʠʭ ʚʠʜʘʭ AI 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʧʨʘʚʠʣʴʥʳʡ ʙʝʣʦʢ ʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ 

ʨʝʛʫʣʷʮʠʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ, ʘ ʥʝ ʩ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠ, ʚʝʨʦʷʪʥʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʝ ʤʦʪʠʚʘ 7 ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʙʝʣʢʘ. 

ʊʘʢ ʢʘʢ ʨʘʥʝʝ ʜʣʷ ʠʥʛʠʙʠʪʦʨʦʚ ʘʤʠʣʘʟ ʥʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʚʦʟʤʦʞʥʳʝ ʪʨʝʪʠʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʪʦ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 3D ʩʪʨʫʢʪʫʨ AI ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʛʦʤʦʣʦʛʦʚ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ. ɹʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ Phyre2 ʠ ʤʘʪʨʠʮʳ 

(ʠʟʚʝʩʪʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ) c1lipA_ ñBarley lipid transfer protein (NMR)ò ʠ 

c2rknA_ ñʍ-ray structure of the self-defense and signaling protein DIR1 Arabidopsis thalianaò. 

ʇʦʩʢʦʣʴʢʫ MEME-ʧʨʝʜʩʢʘʟʘʥʠʝ ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʩʭʦʜʩʪʚʦ ʙʝʣʢʦʚ AI 

ʫ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ, ʪʦ ʚ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʚʟʷʪʳ ʜʚʘ ʘʣʣʝʣʴʥʳʭ 

ʚʘʨʠʘʥʪʘ ʙʝʣʢʘ ʚʠʜʘ S. demissum (S. demissum_1 ʠ S. demissum_2), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʜʚʘ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ ï ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʩʝʥʩʫʩʥʦʛʦ ʤʦʪʠʚʘ 7 (A133PTPSPSP140). ʉ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʙʦʣʝʝ 90% ʧʨʦʛʨʘʤʤʦʡ Phyre2 ʙʳʣʠ ʤʦʜʝʣʠʨʦʚʘʥʳ 30ï104  

(S. demissum_1) ʠ 31ï104 (S. demissum_2) ʘ.ʦ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʦʤʝʥʫ LTP_2, ʦʩʪʘʣʴʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ab initio. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʦʤʝʥʘ PRK14971 

ʙʳʣʘ ʧʨʝʜʩʢʘʟʘʥʘ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ, ʪʦ ʝʩʪʴ ʥʝ ʠʤʝʣʘ ʥʠ ʚʪʦʨʠʯʥʦʡ, ʥʠ ʪʨʝʪʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɼʦʤʝʥ LTP_2 ʫ AI ʙʝʣʢʦʚ S. demissum_1/S. demissum_2 ʬʦʨʤʠʨʦʚʘʣ ʜʚʝ/ʪʨʠ  



79 
 

Ŭ-ʩʧʠʨʘʣʠ ʠ ʦʜʥʫ ɓ-ʩʢʣʘʜʢʫ, ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʚʦʨʘʯʠʚʘʣʩʷ ʚ 

ʚʳʨʘʞʝʥʥʫʶ ʪʨʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 20).  

 

ʈʠʩʫʥʦʢ 20 ï ɺʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʚʫʭ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʙʝʣʢʘ AI S. demissum.  

ʅʘ C-ʢʦʥʮʝ ʙʝʣʢʦʚ AI ʫ ʜʚʫʭ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʳʷʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ ʩʧʠʨʘʣʠ, ʘ ʥʘ N-ʢʦʥʮʝ ï ʩʠʛʥʘʣʴʥʦʛʦ ʧʝʧʪʠʜʘ. ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, 

ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʪʦʨʠʯʥʦʡ ʠ ʪʨʝʪʠʯʥʦʡ (3D) ʩʪʨʫʢʪʫʨ ʙʝʣʢʘ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʙʝʣʢʘ ʫ ʚʠʜʘ S. demissum, ʢʦʪʦʨʳʝ 

ʨʘʟʣʠʯʘʶʪʩʷ ʜʝʣʝʮʠʷʤʠ (ʫ S. demissum_2 ʦʪʥʦʩʠʪʝʣʴʥʦ S. demissum_1) ʤʦʪʠʚʘ 7 ʠ 

ʫʯʘʩʪʢʦʤ ʥʘ ʉ-ʢʦʥʮʝ (G202AI204) (ʨʠʩ. 21).  

 

ʈʠʩʫʥʦʢ 21 ï ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʘʨʠʘʥʪʦʚ AI S. demissum_1 ʠ S. demissum_2. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʨʘʟʣʠʯʠʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʠʢʘʢ ʥʝ 

ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʚ, ʦʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʧʨʝʜʩʢʘʟʘʥʠʶ, 

ʚʘʨʠʘʥʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʨʘʟʤʝʨʦʤ ʩʠʛʥʘʣʴʥʦʛʦ ʧʝʧʪʠʜʘ (18 ʘ.ʦ. ʫ S. demissum_1 ʠ 26 ʘ.ʦ. ʫ  

S. demissum_2). ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʦʪʠʚ 7, ʪʦ ʠʟ ʘʥʘʣʠʟʘ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʠʜʥʦ, 

ʯʪʦ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʯʘʩʪʴ ʙʝʣʢʘ, ʧʦʵʪʦʤʫ ʝʛʦ 

ʦʪʩʫʪʩʪʚʠʝ ʫ S. demissum_2 ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ. ɺʪʦʨʘʷ 
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ʜʝʣʝʮʠʷ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʥʝ ʧʦʤʝʰʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ 

ʩʧʠʨʘʣʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʛʦʚʦʨʠʪʴ ʦ ʩʭʦʜʩʪʚʝ ʬʫʥʢʮʠʡ 

ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ AI ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʥʘʷ ʜʣʷ 12 ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʜʦʤʝʥʦʚ ʠ ʤʦʪʠʚʦʚ AI ʙʝʣʢʦʚ ʠ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʫ ʢʣʫʙʥʝʦʙʨʘʟʫʶʱʠʭ 

ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʠ ʥʝʢʣʫʙʥʝʦʙʨʘʟʫʶʱʝʛʦ ʚʠʜʘ S. etuberosum, ʜʦʤʝʥʳ ʠ ʤʦʪʠʚʳ 

ʩʦʭʨʘʥʷʶʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʫ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʠʜʦʚ AI ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʧʨʘʚʠʣʴʥʳʡ ʙʝʣʦʢ; ʧʨʠʩʫʪʩʪʚʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʤʦʪʠʚʘ 7 ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ʉʦʩʪʘʚ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʪʠʚʦʚ ʚ ʢʣʫʙʥʝʦʙʨʘʟʫʶʱʠʭ 

ʚʠʜʘʭ ʢʘʨʪʦʬʝʣʷ ʙʳʣʠ ʘʥʘʣʦʛʠʯʥʳ ʪʝʤ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʥʝʢʣʫʙʥʝʦʙʨʘʟʫʶʱʝʛʦ ʚʠʜʘ  

S. etuberosum ʠ ʫ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʪʦʤʘʪʦʚ. ʊʘʢʦʡ ʢʦʥʩʝʨʚʘʪʠʟʤ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʚʘʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʜʣʷ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʨʘʩʪʝʥʠʡ. 

3.4.2. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ AI-ʛʦʤʦʣʦʛʦʚ ʫ ʚʠʜʦʚ 

ʢʘʨʪʦʬʝʣʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʫ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ AI-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ; ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʦʚʘʣʠ  

AI-ʛʦʤʦʣʦʛʠ ʚʠʜʦʚ ʪʦʤʘʪʘ S. lycopersicum ʠ S. pennellii (ʨʠʩ. 22).  

 

ʈʠʩʫʥʦʢ 22 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʘʷ ʜʝʥʜʨʦʛʨʘʤʤʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ AI ʫ 

ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ (ʤʝʪʦʜ ML, ʤʦʜʝʣʴ Tamura 3, 1000 ʙʫʪʩʪʨʵʧ-ʨʝʧʣʠʢ).  
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ʇʦ ʨʘʥʥʝʝ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ ʚʠʜʳ 

ʢʘʨʪʦʬʝʣʷ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʘʜ ʠ ʧʦʜʢʣʘʜ, ʥʦ ʧʨʠ ʵʪʦʤ ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ AI ʦʜʥʦʛʦ ʚʠʜʘ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʨʘʟʥʳʝ ʢʣʘʜʳ (Rodr²guez et al., 2010; 

Cai et al., 2012; Huang et al., 2019). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʦʩʪʨʦʝʥʥʦʡ ʥʘʤʠ ʜʝʥʜʨʦʛʨʘʤʤʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʚ ʯʝʪʳʨʝ ʢʣʘʜʳ (ʨʠʩ. 22).  

ʀʥʪʝʨʝʩʥʦ ʪʦ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ AI ʚʠʜʦʚ S. acaule, S. demissum, 

S. tuberosum ssp. andigena, S. gourlay ʠ S. stoloniferum ʧʦʧʘʜʘʣʠ ʚ ʨʘʟʥʳʝ ʢʣʘʜʳ. ʇʨʠ ʵʪʦʤ 

ʦʜʠʥ ʘʣʣʝʣʴ S. demissum ʠ ʯʝʪʳʨʝ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʘ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʚʠʜʘ S. acaule 

ʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʚʤʝʩʪʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʚʰʠʝʩʷ ʘʣʣʝʣʠ ʵʪʠʭ ʚʠʜʦʚ ʬʦʨʤʠʨʦʚʘʣʠ 

ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʚʥʫʪʨʠ ʩʝʩʪʨʠʥʩʢʦʛʦ ʢʣʘʩʪʝʨʘ. ʆʙʨʘʟʝʮ S. gourlay ʠʤʝʣ ʪʘʢʞʝ ʩʣʦʞʥʳʡ 

ʩʦʩʪʘʚ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʛʜʝ ʦʜʠʥ ʘʣʣʝʣʴ ʢʣʘʩʪʝʨʠʟʦʚʘʣʩʷ ʚ ʢʣʘʜʝ 2 ʩ S. kurtzianum ʠ 

S. verrucosum, ʘ ʚʪʦʨʦʡ - ʚ ʢʣʘʜʝ 4 ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ. ʊʘʢʦʡ ʨʘʟʙʨʦʩ ʘʣʣʝʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʧʦ ʨʘʟʥʳʤ ʢʣʘʜʘʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʦʞʥʦʤ ʘʣʣʝʣʴʥʦʤ ʩʦʩʪʘʚʝ ʜʘʥʥʳʭ ʚʠʜʦʚ.  

3.4.3. ʇʨʦʬʠʣʠ ʵʢʩʧʨʝʩʩʠʠ ʛʦʤʦʣʦʛʦʚ AI  ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʡ ʚʠʜʦʚ 

ʢʘʨʪʦʬʝʣʷ.  

ʊʘʢ ʢʘʢ ʨʘʥʝʝ ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʘ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʦʣʴʢʦ ʚ 

ʢʣʫʙʥʷʭ ʫ ʜʚʫʭ ʩʦʨʪʦʚ S. tuberosum, ʢʦʥʪʨʘʩʪʥʳʭ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʭʦʣʦʜʦʚʦʤʫ ʩʪʨʝʩʩʫ 

(Zhang et al., 2014b), ʘ ʜʣʷ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʪʦʣʴʢʦ ʚ ʣʠʩʪʴʷʭ (ʉʣʫʛʠʥʘ ʠ ʜʨ., 2020), ʪʦ 

ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ AI ʚʠʜʦ- ʠʣʠ 

ʦʨʛʘʥʦʩʧʝʮʠʬʠʯʥʦʡ ʠ ʩʨʘʚʥʠʪʴ ʫʨʦʚʥʠ ʤʈʅʂ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʫ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʘʩʪʝʥʠʷ ʯʝʪʳʨʝʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʩʝʢʮʠʠ Petota ï S. 

tuberosum (ʩʦʨʪ ʅʘʜʝʞʜʘ) ʠ ʜʠʢʦʨʘʩʪʫʱʠʝ S. rybinii, S. chacoense ʠ S. kurtzianum. ɼʣʷ 

ʜʠʢʦʨʘʩʪʫʱʠʭ ʚʠʜʦʚ ʧʦʢʘʟʘʥʘ ʫʤʝʨʝʥʥʘʷ ʭʦʣʦʜʦʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʨʝʘʣʘ ʠʭ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ (Machida-Hirano, 2015), ʦʜʥʘʢʦ ʜʣʷ ʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʪʝʧʝʥʴ 

ʭʦʣʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʠʟʚʝʩʪʥʘ, ʠ ʤʳ ʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʥʘ ʜʘʥʥʳʝ ʜʣʷ ʚʠʜʦʚ. 

ɼʣʷ ʵʢʩʧʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʈɺ-ʇʎʈ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʢʘʥʠ ʢʘʢ 

ʥʘʜʟʝʤʥʳʭ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ ʩʪʝʙʣʷ, ʙʫʪʦʥʘ, ʮʚʝʪʢʘ, ʣʠʩʪʘ, ʪʘʢ ʠ ʧʦʜʟʝʤʥʳʭ 

ʥʝʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ï ʩʪʦʣʦʥʘ, ʢʦʨʥʷ ʠ ʢʣʫʙʥʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʝʡ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʘ AI ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʘʡʤʝʨʳ AIexpF ʠ AIexpR (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. 

ʇ3). ʇʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ StAI ʚʥʘʯʘʣʝ ʦʧʨʝʜʝʣʷʣʠ ʜʣʷ ʩʦʨʪʘ ʅʘʜʝʞʜʘ. ʤʈʅʂ 

ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʚʦ ʚʩʝʭ ʰʝʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʨʛʘʥʘʭ; ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʙʳʣ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 0,00025ï0,3 (ʨʠʩ. 23), ʯʪʦ ʩʦʚʧʘʜʘʣʦ ʩ 

ʜʘʥʥʳʤʠ ʧʦ ʵʢʩʧʨʝʩʩʠʠ AI, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʨʘʥʝʝ ʜʣʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ S. berthaultii (ʦʨʛʘʥʳ 

ï ʣʠʩʪʴʷ, ʢʦʨʥʠ, ʢʣʫʙʥʠ), ʢʦʥʪʨʘʩʪʥʳʭ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ CIS (Zhang et al., 2014ʘ). 
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ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʚ ʥʝʟʘʧʘʩʘʶʱʠʭ ʚʝʛʝʪʘʪʠʚʥʳʭ ʦʨʛʘʥʘʭ 

(ʙʫʪʦʥ, ʮʚʝʪʦʢ, ʣʠʩʪ, ʩʪʝʙʝʣʴ, ʢʦʨʝʥʴ) ʩʦʨʪʘ ʅʘʜʝʞʜʘ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʚʳʩʦʢʦʡ ʚ ʢʣʫʙʥʝ (ʨʠʩ. 23). ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ AI ʠ/ʠʣʠ 

ʩʘʤʠʭ ʙʝʣʢʦʚ ʙʳʣ ʨʘʥʝʝ ʧʦʢʘʟʘʥ, ʧʦʤʠʤʦ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ, ʠ ʜʣʷ ʜʨʫʛʠʭ ʟʘʧʘʩʥʳʭ 

ʦʨʛʘʥʦʚ, ʥʘʧʨʠʤʝʨ, ʫ ʙʘʪʘʪʘ, ʪʘʨʦ, ʨʠʩʘ ʠ ʷʯʤʝʥʷ (Robertson et al., 1989; Rekha and Padmaja, 

2002; Zhang et al., 2014b; Ramli et al., 2018; ɼʴʷʯʝʥʢʦ ʠ ʜʨ., 2019; ʉʣʫʛʠʥʘ ʠ ʜʨ., 2020). 

ʇʦʢʘʟʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ AI ʛʝʥʘ ʚ ʟʘʧʘʩʘʶʱʠʭ ʪʢʘʥʷʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʝʛʝʪʘʪʠʚʥʳʤʠ ʦʨʛʘʥʘʤʠ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ 

ʙʝʣʢʘ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ ʚ ʟʘʱʠʪʝ ʟʘʧʘʩʥʦʛʦ ʢʨʘʭʤʘʣʘ ʢʣʫʙʥʷ ʦʪ ʛʠʜʨʦʣʠʟʘ.  

 

ʈʠʩʫʥʦʢ 23 ï ʇʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ AI ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ 

(ʩʪʝʙʝʣʴ ï St, ʣʠʩʪ ï L, ʙʫʪʦʥ ï B, ʮʚʝʪʦʢ ï F, ʢʦʨʝʥʴ ï R, ʩʪʦʣʦʥ ï S, ʢʣʫʙʝʥʴ ï T). 

ʋ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʙʳʣ ʜʝʪʝʢʪʠʨʦʚʘʥ ʚ ʢʣʫʙʥʷʭ. ʋ ʩʦʨʪʘ ʅʘʜʝʞʜʘ ʵʢʩʧʨʝʩʩʠʷ StAI ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ ʚʦ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʨʛʘʥʘʭ, ʢʨʦʤʝ ʩʪʝʙʣʷ, ʩ ʤʘʢʩʠʤʫʤʦʤ ʫ ʢʣʫʙʥʷ (ʨʠʩ. 23). 

ʇʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ AI ʚ ʦʨʛʘʥʘʭ S. kurtzianum ʙʳʣ ʚ ʮʝʣʦʤ ʘʥʘʣʦʛʠʯʝʥ ʪʘʢʦʚʦʤʫ ʫ  

S. tuberosum, ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʪʘʢʞʝ ʙʳʣ ʜʝʪʝʢʪʠʨʦʚʘʥ ʚ ʢʣʫʙʥʷʭ, 

ʦʜʥʘʢʦ ʚ 5,2 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʘ ʅʘʜʝʞʜʘ (ʨʠʩ. 23). ɺ ʢʣʫʙʥʷʭ S. chacoense ʠ  

S. rybinii ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʦʤʦʣʦʛʦʚ AI ʙʳʣʘ ʚ 8,6 ʠ 430 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʫ ʩʦʨʪʘ ʅʘʜʝʞʜʘ. ʕʪʦ 

ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʙʦʣʴʰʝʡ CIS-ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʨʪʘ ʅʘʜʝʞʜʘ ʠ ʦʙʨʘʟʮʘ S. kurtzianum. 

ʕʢʩʧʨʝʩʩʠʷ ʚ ʜʨʫʛʠʭ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʘʭ ʙʳʣʘ ʠʥʦʡ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʙʳʣ ʧʦʢʘʟʘʥ ʜʣʷ ʢʦʨʥʝʡ ʦʙʨʘʟʮʘ ʚʠʜʘ S. rybinii, ʛʜʝ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʙʳʣ 

ʚ 2,4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ S. chacoense, ʠ ʙʦʣʝʝ ʯʝʤ ʚ 42 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ S. kurtzianum ʠ  

S. tuberosum, ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʢʣʫʙʥʝ ʵʢʩʧʨʝʩʩʠʷ SrAI ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ (ʨʠʩ. 23). ɺ ʩʣʫʯʘʝ 

ʩʪʦʣʦʥʦʚ ʢʘʨʪʠʥʘ ʪʘʢʞʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʪʘʢʦʚʦʡ ʚ ʢʣʫʙʥʷʭ. ʕʢʩʧʨʝʩʩʠʷ StAI ʚ ʵʪʦʤ ʦʨʛʘʥʝ 

ʙʳʣʘ ʩʣʝʜʦʚʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ScAI ï ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʨʝʜʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʠʜʦʚ, 
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ʪʘʢʘʷ ʞʝ, ʢʘʢ ʚ ʢʦʨʥʷʭ, ʠ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʢʣʫʙʥʷʭ. ɺ ʩʣʫʯʘʝ SrAI ʠ SkAI 

ʵʢʩʧʨʝʩʩʠʦʥʥʳʝ ʫʨʦʚʥʠ ʙʳʣʠ ʩʭʦʜʥʳʤʠ (ʨʠʩ. 23). 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʨʝʩʩʠʦʥʥʳʝ ʧʨʦʬʠʣʠ AI ʛʝʥʦʚ ʚ ʧʦʜʟʝʤʥʳʭ 

ʦʨʛʘʥʘʭ (ʢʦʨʥʷʭ, ʩʪʦʣʦʥʘʭ ʠ ʢʣʫʙʥʷʭ) ʯʝʪʳʨʝʭ ʚʠʜʦʚ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ ʨʝʛʫʣʷʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʚ 

ʢʣʫʙʥʷʭ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ: ʫ ʦʜʥʠʭ ʚʠʜʦʚ ʜʝʛʨʘʜʘʮʠʷ ʢʨʘʭʤʘʣʘ ʤʦʞʝʪ 

ʪʝʨʤʠʥʠʨʦʚʘʪʴʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʘʤʠʣʘʟ ʚ ʢʦʨʥʷʭ ʠ ʩʪʦʣʦʥʘʭ; ʫ ʜʨʫʛʠʭ ï ʨʘʩʧʘʜ ʢʨʘʭʤʘʣʘ 

ʤʦʞʝʪ ʠʥʛʠʙʠʨʦʚʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʣʫʙʥʷʭ. 

3.4.4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʛʝʥʥʳʭ ʠ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ StAI ʫ 36 ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ.  

ʊʘʢ ʢʘʢ ʨʘʥʝʝ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʧʦʣʠʤʦʨʬʠʟʤ ʛʝʥʘ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ ʥʝ ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ, ʪʦ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ AI ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʫʢʣʝʦʪʠʜʥʳʝ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʩʦʨʪʦʚ ʠ ʣʠʥʠʡ ʢʘʨʪʦʬʝʣʷ, 

ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʠʭ ʧʦʣʠʤʦʨʬʠʟʤʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʛʝʥʘ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ ʫ S. tuberosum ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ 36 ʦʙʨʘʟʮʦʚ ʢʘʨʪʦʬʝʣʷ (31 ʩʦʨʪ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʝʣʝʢʮʠʠ, ʪʨʠ ʩʦʨʪʘ ʟʘʨʫʙʝʞʥʦʡ 

ʩʝʣʝʢʮʠʠ, ʜʚʝ ʩʝʣʝʢʮʠʦʥʥʳʝ ʣʠʥʠʠ) (ʧʦʜʦʙʨʘʥʳ ʢ.ʩ/ʭ.ʥ. ʄʠʣʝʰʠʥʳʤ ɸ.ɺ., ʨʘʩʪʝʥʠʷ 

ʚʳʨʘʱʝʥʳ ʥʘ ʧʦʣʷʭ ɺʅʀʀʂʍ, ʧʦʩ. ʂʦʨʝʥʝʚʦ). ɼʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʛʝʥʘ StAI ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝ ʞʝ ʧʨʘʡʤʝʨʳ AI-F ʠ AI-R, ʯʪʦ ʠ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʛʝʥʦʚ 

ʠʥʛʠʙʠʪʦʨʦʚ ʘʤʠʣʘʟ ʫ ʚʠʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʘʤʧʣʠʬʠʢʘʪʳ ʨʘʟʤʝʨʦʤ ~2000 ʧ.ʥ. ʙʳʣʠ 

ʢʣʦʥʠʨʦʚʘʥʳ ʚ ʧʣʘʟʤʠʜʫ pGEM ʠ ʟʘʪʝʤ ʧʦ ʧʷʪʴ ʢʣʦʥʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʠ 

ʩʝʢʚʝʥʠʨʦʚʘʥʳ.  

ɺ ʠʪʦʛʝ ʜʣʷ 36 ʚʟʷʪʳʭ ʚ ʘʥʘʣʠʟ ʩʦʨʪʦʚ ʙʳʣʘ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʘ ʧʦʣʥʘʷ 

ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ AI. ʉʪʨʫʢʪʫʨʘ ʛʝʥʘ AI, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʤʝʞʚʠʜʦʚʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ, ʙʳʣʘ ʫ ʚʩʝʭ ʩʦʨʪʦʚ ʦʜʠʥʘʢʦʚʘ ʠ ʚʢʣʶʯʘʣʘ 4 ɻ ʢʟʦʥʘ. 

ʅʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ StAI ʫ ʩʦʨʪʦʚ ʨʘʟʣʠʯʘʣʘʩʴ ʧʦ ʜʣʠʥʝ (ʦʪ 1781 ʧ.ʥ. 

(ʩʦʨʪ ʄʝʪʝʦʨ 1) ʜʦ 1872 ʧ.ʥ. (ʩʦʨʪ ʈʝʜ ʉʢʘʨʣʝʪ 2)) ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʥʪʨʦʥʦʚ. ʕʢʟʦʥʳ ʧʦ ʜʣʠʥʝ ʩʦʩʪʘʚʣʷʣʠ 621 ʧ.ʥ. ʠ 630 ʧ.ʥ.; ʨʘʟʥʠʮʘ 

ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʙʦʣʝʝ ʯʝʤ ʫ ʪʨʝʪʠ ʦʙʨʘʟʮʦʚ (38,5%) ʚ 3ô-ʦʙʣʘʩʪʠ ʛʝʥʘ ʜʝʣʝʮʠʠ 

GGTGCAWTT (ʧʨʠʣʦʞʝʥʠʝ, ʨʠʩ. ʇ5). ɼʘʥʥʘʷ ʜʝʣʝʮʠʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʛʝʥʘ 17 ʩʦʨʪʦʚ, ʧʨʠʯʝʤ ʫ ʜʝʚʷʪʠ ï ʚ ʛʝʪʝʨʦʟʠʛʦʪʝ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ StAI ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 530 SNPs. 

ʋʨʦʚʝʥʴ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 27,1%, ʪʦ ʝʩʪʴ ʙʳʣ ʢʨʘʡʥʝ ʚʳʩʦʢʠʤ ʚ ʮʝʣʦʤ ʠ ʜʣʷ ʛʝʥʦʚ 

ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʚ ʯʘʩʪʥʦʩʪʠ. ʀʥʪʨʦʥʳ, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʙʳʣʠ ʙʦʣʝʝ ʧʦʣʠʤʦʨʬʥʳ ʠ 



84 
 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʜʣʠʥʝ, ʦʩʦʙʝʥʥʦ ʠʥʪʨʦʥ I, ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʪʷʞʝʥʥʳʝ ʚʩʪʘʚʢʠ 

ʜʣʠʥʦʡ ʜʦ 47 ʧ.ʥ. ʈʷʜ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʷʞʝʥʥʳʭ ʜʝʣʝʮʠʡ (ʥʘʧʨʠʤʝʨ, 

GATATATTTCTCTY1406), ʠ ʠʥʩʝʨʮʠ ̫TATACC1298 ʙʳʣʠ ʚʳʷʚʣʝʥ rʚ ʠʥʪʨʦʥʘʭ II ʠ III. ʋ 

ʨʷʜʘ ʩʦʨʪʦʚ ʙʳʣ ʚʳʷʚʣʝʥ ʚʳʩʦʢʦ ʧʦʣʠʤʦʨʬʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʧʦʣʦʞʝʥʠʠ 347-400 ʧ.ʥ., 

ʩʦʜʝʨʞʘʱʠʡ ʥʝʩʢʦʣʴʢʦ ʠʥʩʝʨʮʠʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʠ ʧʦ ʜʣʠʥʝ, ʠ ʧʦ ʥʫʢʣʝʦʪʠʜʥʦʤʫ 

ʩʦʩʪʘʚʫ. ʇʦʤʠʤʦ ʠʥʩʝʨʮʠʠ ʠ ʜʝʣʝʮʠʠ ʠʥʪʨʦʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʜʝʨʞʘʣʠ 396 

ʚʘʨʠʘʙʝʣʴʥʳʭ ʩʘʡʪʦʚ.  

ʕʢʟʦʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ StAI ʫ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʪʘʢʞʝ, ʜʦʩʪʘʪʦʯʥʦ 

ʥʝʦʞʠʜʘʥʥʦ, ʦʪʣʠʯʘʣʠʩʴ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ. ʊʘʢ, ʫʨʦʚʝʥʴ ʚʳʷʚʣʷʝʤʦʛʦ 

ʧʦʣʠʤʦʨʬʠʟʤʘ ʩʦʩʪʘʚʠʣ 21,3% (134 SNPs), ʯʪʦ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʦʣʠʤʦʨʬʠʟʤʘ, 

ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʜʣʷ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. ʊʘʢ, ʧʦʣʠʤʦʨʬʠʟʤ 

ʥʘʠʙʦʣʝʝ ʚʘʨʠʘʙʝʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ ʢʠʩʣʦʡ ʚʘʢʫʦʣʷʨʥʦʡ ʠʥʚʝʨʪʘʟʳ Pain-1 (ʵʢʟʦʥ Vð

ʩʪʦʧ-ʢʦʜʦʥ) ʫ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʙʳʣ ʤʝʥʝʝ 9% (Draffehn et al., 2010; ʉʣʫʛʠʥʘ ʠ ʜʨ., 2018); 

ʛʝʥʦʚ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʢʨʘʭʤʘʣʘ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʫ 192 ʣʠʥʠʡ ʢʘʨʪʦʬʝʣʷ, ʧʦʢʘʟʘʣ 

ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʧʦʣʠʤʦʨʬʠʟʤʘ ʜʣʷ ʛʝʥʘ Ŭ-ʛʣʠʢʘʥ-ʅ2ʆ-ʜʠʢʠʥʘʟʳ GWD ʤʝʥʝʝ 5%, ʠ 

ʜʣʷ ʠʟʦʬʦʨʤ ʢʨʘʭʤʘʣ-ʩʠʥʪʘʟʳ SS I-III  ʤʝʥʝʝ 3,5% (Carpenter et al., 2015).  

ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʨʪʘ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦ ʧʷʪʴ ʢʣʦʥʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʨʪʘ, ʚʟʷʪʦʛʦ ʚ ʘʥʘʣʠʟ. 

ʀʟ 36 ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ, 26 ʦʢʘʟʘʣʠʩʴ ʛʝʪʝʨʦʟʠʛʦʪʥʳʤʠ, ʪʦ 

ʝʩʪʴ ʠʤʝʣʠ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʘʣʣʝʣʝʡ ʛʝʥʘ StAI (ʧʨʠʣʦʞʝʥʠʝ, ʨʠʩ. ʇ5). 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʵʢʟʦʥʦʚ 36 ʩʦʨʪʦʚ ʧʦʟʚʦʣʠʣ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 70 

ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ (ʧʨʠʣʦʞʝʥʠʝ, ʨʠʩ. ʇ5). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʨʘʥʝʝ ʜʣʷ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ 

ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ Pain-1 ʫ 19 ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʙʳʣʦ ʦʧʠʩʘʥʦ ʣʠʰʴ 

11 ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ (Draffehn et al., 2010). ɺ ʩʣʫʯʘʝ ʘʥʘʣʠʟʘ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʘ GWD 

ʫ 398 ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʪʦʣʴʢʦ 16 ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʧʨʠʯʝʤ ʧʷʪʴ ʠʟ 

ʥʠʭ ʠʤʝʣʠ ʦʪʣʠʯʠʷ ʚ 1-2 SNPs (Uitdewilligen et al., 2022). ʊʘʢʞʝ ʣʶʙʦʧʳʪʥʦ, ʯʪʦ ʚʩʝ 

ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʩʦʨʪʘ ʢʘʨʪʦʬʝʣʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʳʤʠ ʘʣʣʝʣʴʥʳʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʛʝʥʘ StAI ʠ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʢʘʢʦʛʦ-ʪʦ ʦʩʥʦʚʥʦʛʦ ʠʣʠ ʦʩʥʦʚʥʳʭ ʘʣʣʝʣʝʡ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʨʪʦʚ, ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʙʳʚʘʝʪ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʝʥʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʜʨʫʛʠʭ ʛʝʥʦʚ ʢʘʨʪʦʬʝʣʷ (Uitdewilligen et al., 2022; Li et al., 2024). ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʘʥʘʣʠʟʘ ʛʝʥʘ GWD 398 ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ, 31,8% ʩʦʨʪʦʚ ʠʤʝʣʠ ʘʣʣʝʣʴ 

ɸ ʠ 20,8% - ʘʣʣʝʣʴ ɺ (Uitdewilligen et al., 2022). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʛʝʥʦʤ GWD, ʥʝʢʦʪʦʨʳʝ ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ AI ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʚʩʝʛʦ ʥʘ 1-2 ʥʫʢʣʝʦʪʠʜʥʳʝ ʟʘʤʝʥʳ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʣʷ 

ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦʨʪʦʚ ʃʶʢʩ (18 SNPs), ʀʨʙʠʪʩʢʠʡ (17 SNPs) ʠ ɻʘʣʘ (16 SNPs). ʂʘʢ 
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ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʪʝʪʨʦʧʣʦʠʜʥʳʝ ʩʦʨʪʘ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʡ ʥʘʙʦʨ 

ʛʘʧʣʦʪʠʧʦʚ/ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʘ ʯʝʪʳʨʝʭ ʩʝʩʪʨʠʥʩʢʠʭ ʭʨʦʤʘʪʠʜʘʭ ʠ ʧʦ ʵʪʦʤʫ ʥʘʙʦʨʫ 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʛʦʤʦ- ʠʣʠ ʛʝʪʨʦʟʠʛʦʪʥʳʤʠ (Li et al., 2024). ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʦʣʴʢʦ 

ʩʝʤʴ ʩʦʨʪʦʚ (ʋʪʨʦ, ɺʝʣʠʢʘʥ, ʊʘʥʘʡ, ʉʫʜʘʨʳʥʷ, ɺʳʤʧʝʣ, ʄʘʪʫʰʢʘ, ʂʦʨʪʥʠ) ʙʳʣʠ 

ʛʦʤʦʟʠʛʦʪʥʳ ʧʦ ʘʣʣʝʣʴʥʦʤʫ ʚʘʨʠʘʥʪʫ StAI (ʧʨʠʣʦʞʝʥʠʝ, ʨʠʩ. ʇ5). ʊʘʢʦʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʝ ʪʠʧʠʯʥʦ ʢʘʢ ʜʣʷ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʝʥʦʚ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʢʦʥʢʨʝʪʥʦ ʜʣʷ ʛʝʥʦʚ S. tuberosum, ʜʣʷ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʣʩʷ ʚʦʟʤʦʞʥʳʡ ʘʣʣʝʣʴʥʳʡ ʩʦʩʪʘʚ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʵʢʟʦʥʳ 

StAI ʙʳʣʠ ʪʨʘʥʩʣʠʨʦʚʘʥʳ. ɼʣʠʥʘ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʦʩʪʘʚʠʣʘ 206 ʘ.ʦ. ʠ 209 

ʘ.ʦ., ʯʪʦ ʙʳʣʦ ʨʝʟʫʣʴʪʘʪʦʤ ʠʥʩʝʨʮʠʠ ʪʨʝʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ GAI/F202 ʥʘ ʉ-ʢʦʥʮʝ 

ʙʝʣʢʘ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʥʫʢʣʝʦʪʠʜʥʦʡ ʚʩʪʘʚʢʠ GGTGCAWTT (ʨʠʩ. 24).  

 

ʈʠʩʫʥʦʢ 24 ï ɸʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ StAI ʫ 36 ʩʦʨʪʦʚ ʠ ʣʠʥʠʡ ʢʘʨʪʦʬʝʣʷ (ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ 

ʫʢʘʟʘʥʳ ʧʦʣʦʞʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ). 

 ʀʟ 135 SNPs, ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʭ ʚ ʵʢʟʦʥʘʭ, ʪʦʣʴʢʦ 69 ʧʨʠʚʦʜʠʣʠ ʢ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ 

ʟʘʤʝʥʘʤ, ʫʨʦʚʝʥʴ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʩʦʩʪʘʚʠʣ 33,0%. ʀʟ 69 ʚʳʷʚʣʝʥʥʳʭ 

ʟʘʤʝʥ ʣʠʰʴ 11 ʙʳʣʠ ʨʘʜʠʢʘʣʴʥʳʤʠ (ʩʦʛʣʘʩʥʦ ʧʨʦʛʨʘʤʤʝ PROVEAN) ʠ ʤʦʛʣʠ ʧʨʠʚʦʜʠʪʴ ʢ 

ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʘ AI, ʠʟʤʝʥʷʷ ʝʛʦ ʬʫʥʢʮʠʶ ʠʣʠ ʘʢʪʠʚʥʦʩʪʴ. ɺ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʩʦʨʪʦʚ ɻʘʣʘ ʠ ɻʦʨʥʷʢ ʙʳʣʦ ʜʝʪʝʢʪʠʨʦʚʘʥʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʤʝʥ (9 ʠ 8, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ (ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ, ʢʣʦʥʠʨʦʚʘʥʳ, ʩʝʢʚʝʥʠʨʦʚʘʥʳ) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ʠʥʛʠʙʠʪʦʨʦʚ ʘʤʠʣʘʟ AI ʫ ʦʙʨʘʟʮʦʚ 12 ʚʠʜʦʚ ʠ 36 ʩʦʨʪʦʚ ʠ 

ʣʠʥʠʡ ʢʘʨʪʦʬʝʣʷ; ʦʧʨʝʜʝʣʝʥʘ ʵʢʟʦʥ-ʠʥʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʛʝʥʦʚ ʠ 

ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ɺʳʷʚʣʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʣʠʤʦʨʬʠʟʤʘ ʫ ʦʙʨʘʟʮʦʚ 

ʚʠʜʦʚ: ʚʳʷʚʣʝʥʦ 42 ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʘ ʛʝʥʘ AI ʠ 36 ʚʘʨʠʘʥʪʦʚ ʙʝʣʢʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʉʭʦʜʩʪʚʦ ʜʦʤʝʥʦʚ ʠ ʤʦʪʠʚʦʚ ʙʝʣʢʦʚ AI ʠ ʠʭ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʫ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʠʜʦʚ AI ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʧʨʘʚʠʣʴʥʳʡ ʙʝʣʦʢ; ʧʨʠʩʫʪʩʪʚʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʤʦʪʠʚʘ 7 ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʙʝʣʢʘ. ʉʦʩʪʘʚ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʪʠʚʦʚ ʫ ʚʠʜʦʚ ʢʣʫʙʥʝʦʙʨʘʟʫʶʱʝʛʦ 

ʢʘʨʪʦʬʝʣʷ ʙʳʣʦ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʫ ʥʝʢʣʫʙʥʝʦʙʨʘʟʫʶʱʝʛʦ ʚʠʜʘ S. etuberosum ʠ ʚʠʜʦʚ ʪʦʤʘʪʘ, 

ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʟʥʘʯʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʜʣʷ ʤʝʪʘʙʦʣʠʟʤʘ ʫʛʣʝʚʦʜʦʚ ʨʘʩʪʝʥʠʡ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ AI ʫ 36 ʩʦʨʪʦʚ ʠ ʣʠʥʠʡ ʢʘʨʪʦʬʝʣʷ ʚʳʷʚʠʣ ʢʨʘʡʥʝ 

ʚʳʩʦʢʠʡ ʢʘʢ ʥʫʢʣʝʦʪʠʜʥʳʡ (21,3%), ʪʘʢ ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ (33,0%). ʀʟ 

ʚʳʷʚʣʝʥʥʳʭ 69 ʟʘʤʝʱʝʥʠʡ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʪʦʣʴʢʦ 11 ʩʯʠʪʘʶʪʩʷ ʨʘʜʠʢʘʣʴʥʳʤʠ 

ʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʘ. ɼʣʠʥʘ StAI ʩʦʩʪʘʚʠʣʘ 206 ʘ.ʦ. ʠ 209 

ʘ.ʦ., ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʩʪʘʚʢʠ GAI/F202 ʥʘ ʉ-ʪʝʨʤʠʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʙʝʣʢʘ. 

ɺʩʝ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʩʦʨʪʘ ʢʘʨʪʦʬʝʣʷ ʙʳʣʠ ʛʝʪʝʨʦʟʠʛʦʪʥʳʤʠ ʧʦ ʛʝʥʫ AI ʠ ʠʤ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ 70 ʚʘʨʠʘʥʪʦʚ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ 69 ʚʘʨʠʘʥʪʦʚ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

3.5. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʚ ʠ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ Ŭ-ʘʤʠʣʘʟʳ 

StAmy23 ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʡ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ. 

ʈʘʥʝʝ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ StAmy23 ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʦʣʴʢʦ ʚ ʣʠʩʪʴʷʭ ʠ ʢʣʫʙʥʷʭ  

S. tuberosum ʩʦʨʪʘ Solara (Zhang et al., 2014); ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ 

ʢʣʫʙʥʷʭ ʠ ʧʨʠ ʧʨʦʨʘʩʪʘʥʠʠ ʝʛʦ ʪʨʘʥʩʢʨʠʧʮʠʷ ʧʘʜʘʝʪ (Zhang et al., 2014; Hou et al., 2017). 

ʆʜʥʘʢʦ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʘʥʩʢʨʠʧʮʠʠ StAmy23 ʚ ʜʨʫʛʠʭ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ 

ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ, ʢʘʢ ʚ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ, ʪʘʢ ʠ ʚ ʥʝʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʙʨʘʟʮʳ ʪʨʝʭ ʩʦʨʪʦʚ ï ʉʘʪʫʨʥʘ, ɻʘʣʘ ʠ ɹʘʨʠʥ, ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ. ʋʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʦʧʨʝʜʝʣʷʣʩʷ ʜʣʷ 

ʰʝʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʚ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ: ʣʠʩʪ, ʩʪʝʙʝʣʴ, ʧʣʦʜ, ʩʪʦʣʦʥ, ʢʦʨʝʥʴ ʠ 
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ʢʣʫʙʝʥʴ, ʚ ʧʦʩʣʝʜʥʝʤ ʦʪʜʝʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʵʢʩʧʨʝʩʩʠʷ ʚ ʤʷʢʦʪʠ (ʩʝʢʪʦʨ) ʠ ʚ ʢʦʞʫʨʝ 

(ʙʝʟ ʦʙʣʘʩʪʠ ʛʣʘʟʢʦʚ). ʈʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠʩʴ ʥʘ ʦʧʳʪʥʳʭ ʧʦʣʷʭ ɺʅʀʀʂʍ ʚ 2021 ʛʦʜʫ. 

 ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ (ʢʨʘʭʤʘʣ, ʩʘʭʘʨʦʟʘ, ʛʣʶʢʦʟʘ, ʬʨʫʢʪʦʟʘ) ʚ 

ʢʣʫʙʥʷʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʨʪʦʚ. ɺ ʢʣʫʙʥʷʭ ʩʦʨʪʦʚ ɻʘʣʘ ʠ ʉʘʪʫʨʥʘ ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ 

ʙʳʣʦ ʩʭʦʜʥʳʤ (11,2%), ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʜʚʦʝ ʚʳʰʝ, ʯʝʤ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʘ ɹʘʨʠʥ (6,3%). ɺ 

ʤʷʢʦʪʠ ʢʣʫʙʥʝʡ ʩʦʨʪʘ ʉʘʪʫʨʥʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʜʫʮʠʨʫʶʱʠʭ 

ʩʘʭʘʨʦʚ (ʛʣʶʢʦʟʘ+ʬʨʫʢʪʦʟʘ) ï 0,392 ʤʛ/ʛ ʪʢʘʥʠ; ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ (0,016 ʤʛ/ʛ) ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʜʣʷ ʩʦʨʪʘ ɻʘʣʘ, ʢʣʫʙʥʠ ʩʦʨʪʘ ɹʘʨʠʥ ʩʦʜʝʨʞʘʣʠ 0,072 ʤʛ/ʛ ʩʘʭʘʨʦʚ. ɸʥʘʣʠʟ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʤʦʥʦʩʘʭʘʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʘ ɻʘʣʘ ʙʳʣʦ ʚ 4,5 ʠ ʚ 24,5 

ʨʘʟʘ ʤʝʥʴʰʝ ʛʣʶʢʦʟʳ ʠ ʬʨʫʢʪʦʟʳ, ʯʝʤ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʘ ɹʘʨʠʥ ʠ ʉʘʪʫʨʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʈɺ-ʇʎʈ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ StAmy23, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʢʩʧʨʝʩʩʠʦʥʥʳʝ ʧʨʘʡʤʝʨʳ 

StAmy23expF ʠ StAmy23expR (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ3). ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦ ʚʩʝʭ ʰʝʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ ʚʩʝʭ ʪʨʝʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ 

ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʮʠʠ StAmy23 ʙʳʣ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ (ʠʩʢʣʶʯʝʥʠʝ - ʢʦʞʫʨʘ ʢʣʫʙʥʷ ʩʦʨʪʘ 

ʉʘʪʫʨʥʘ) (ʨʠʩ. 25).  

 

ʈʠʩʫʥʦʢ 25 ï ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ StAmy23 ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ StAmy23 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʢʣʫʙʥʷʭ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ, ʯʝʤ ʚ ʣʠʩʪʴʷʭ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ (Zhang 

et al., 2014). ʆʜʥʘʢʦ ʥʝʣʴʟʷ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʫʪʚʝʨʞʜʝʥʠʝʤ, ʯʪʦ StAmy23 ʪʨʘʥʩʢʨʠʙʠʨʫʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʪʢʘʥʷʭ ʢʣʫʙʥʷ ʠ ʩʚʷʟʘʥ ʪʦʣʴʢʦ ʩ ʧʨʦʨʘʩʪʘʥʠʝʤ ʢʣʫʙʥʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʵʢʩʧʨʝʩʩʠʠ ʧʝʨʝʜ ʧʨʦʨʘʩʪʘʥʠʝʤ (Zhang et al., 2014; Hou et al., 2019). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʨʠʩʫʥʢʘ 25, ʫ ʚʩʝʭ ʪʨʝʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʨʛʘʥʘʭ, ʢʘʢ 



88 
 

ʚʝʛʝʪʘʪʠʚʥʳʭ, ʪʘʢ ʠ ʚ ʧʣʦʜʘʭ, ʵʢʩʧʨʝʩʩʠʷ StAmy23 ʙʳʣʘ ʚʳʰʝ (ʚ ʮʝʣʦʤ ʚ 1,5-2,7 ʨʘʟʘ), ʯʝʤ 

ʚ ʢʣʫʙʥʷʭ (ʩʫʤʤʘʨʥʦ ʚ ʢʦʞʫʨʝ ʠ ʤʷʢʦʪʠ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʝʞʩʦʨʪʦʚʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʪʨʘʥʩʢʨʠʧʮʠʠ StAmy23, ʧʨʠ ʪʦʤ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʷ ʫʨʦʚʥʝʡ ʤʈʅʂ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʘʭ ʫ ʩʦʨʪʦʚ ʙʳʣʠ ʩʭʦʞʠ (ʨʠʩ. 25).  

ʊʘʢ ʢʘʢ ʚʟʷʪʳʝ ʚ ʘʥʘʣʠʟ ʩʦʨʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʜʚʦʝ ʨʘʟʣʠʯʘʣʠʩʴ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʨʘʭʤʘʣʘ ʠ ʩʘʭʘʨʦʚ ʚ ʢʣʫʙʥʷʭ, ʪʦ ʙʳʣʦ ʠʥʪʝʨʝʩʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʫʨʦʚʥʠ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʚ 

ʢʣʫʙʥʷʭ ʤʈʅʂ StAmy23 ʤʝʞʜʫ ʩʦʨʪʘʤʠ. ʅʘʠʤʝʥʴʰʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ StAmy23 ʚ 

ʤʷʢʦʪʠ ʢʣʫʙʥʷ ʙʳʣ ʫ ʩʦʨʪʘ ɹʘʨʠʥ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʥʘʠʤʝʥʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ, ʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫ ʩʦʨʪʘ ɻʘʣʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ 

ʚ ʢʣʫʙʥʷʭ, ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʞʫʨʝ ʢʣʫʙʥʝʡ ʦʥ ʥʝ ʨʘʟʣʠʯʘʣʩʷ ʤʝʞʜʫ ʩʦʨʪʘʤʠ. ɼʣʷ ʣʠʩʪʴʝʚ 

ʫʨʦʚʥʠ ʪʨʘʥʩʢʨʠʧʪʦʚ ʙʳʣʠ ʦʜʠʥʘʢʦʚʦ ʥʠʟʢʠʤʠ, ʩ ʥʝʙʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʫ ʩʦʨʪʘ 

ɹʘʨʠʥ. ʕʢʩʧʨʝʩʩʠʷ StAmy23 ʚ ʩʪʝʙʣʷʭ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫ ʩʦʨʪʘ ɻʘʣʘ, ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʡ ï 

ʫ ʩʦʨʪʘ ʉʘʪʫʨʥʘ. ɺ ʮʝʣʦʤ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʦʨʛʘʥʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʣʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʩʦʨʪ ɻʘʣʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʵʪʦ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ʵʢʩʧʨʝʩʩʠʠ ʜʘʥʥʦʛʦ ʛʝʥʘ. ʊʦʛʜʘ ʙʦʣʝʝ ʥʠʟʢʠʡ 

ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʧʣʦʜʘʭ ʫ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ ɻʘʣʘ ʤʦʞʥʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʦʙʲʷʩʥʠʪʴ ʨʘʟʥʠʮʝʡ ʚ ʟʨʝʣʦʩʪʠ ʧʣʦʜʘ ʫ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʨʪʦʚ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʜʣʷ Ŭ-ʘʤʠʣʘʟ ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʠʭ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ 

ʧʨʠ ʨʦʩʪʝ ʢʣʫʙʥʝʡ, ʠ ʧʨʠ ʩʦʟʨʝʚʘʥʠʠ ʧʣʦʜʦʚ (Duan et al., 2024).  

ʇʦʠʩʢ ʚʦʟʤʦʞʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ StAmy23 ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ GraphPad Prism v. 7.02 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʠ p-value, ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʪʨʘʥʩʢʨʠʧʮʠʠ StAmy23 ʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʨʘʭʤʘʣʘ, ʥʦ ʥʝ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʘʢʪʠʚʥʦʩʪʴ Ŭ-ʘʤʠʣʘʟʳ StAmy23 ʜʦʧʦʣʥʷʝʪʩʷ ʪʘʢʞʝ ʘʢʪʠʚʥʦʩʪʴʶ  

ɓ-ʘʤʠʣʘʟ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʬʝʨʤʝʥʪʘʤʠ ʤʝʪʘʙʦʣʠʟʤʘ ʢʨʘʭʤʘʣʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʠʥʛʠʙʠʪʦʨʘʤʠ ʘʤʠʣʘʟ ʠ ʨʘʟʣʠʯʥʳʭ ʠʥʚʝʨʪʘʟ (ʉʣʫʛʠʥʘ ʠ ʜʨ., 2018; ʉʣʫʛʠʥʘ ʠ ʜʨ., 2020). 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʜʝʡʩʪʚʠʝ ʬʝʨʤʝʥʪʦʚ ʛʠʜʨʦʣʠʟʘ ʩʘʭʘʨʦʟʳ, ʠ ʜʝʡʩʪʚʠʝ 

ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʧʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ StAmy23 ʚ 

ʰʝʩʪʠ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ ʫ ʪʨʝʭ ʩʦʨʪʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ StAmy23 ʪʨʘʥʩʢʨʠʙʠʨʫʝʪʩʷ ʚʦ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʦʨʛʘʥʘʭ ʠ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚ ʢʣʫʙʥʷʭ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʪʨʘʥʩʢʨʠʧʪʦʚ StAmy23 ʚ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʫʯʘʩʪʠʝ ʬʝʨʤʝʥʪʘ ʚ ʨʝʛʫʣʷʮʠʠ ʤʝʪʘʙʦʣʠʟʤʘ ʢʨʘʭʤʘʣʘ ʥʝ ʪʦʣʴʢʦ ʚ ʢʣʫʙʥʷʭ, ʥʦ ʪʘʢʞʝ ʠ ʚ 
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ʜʨʫʛʠʭ ʢʘʢ ʚʝʛʝʪʘʪʠʚʥʳʭ, ʪʘʢ ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʨʛʘʥʘʭ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʚʝʪʘ ʥʘ ʘʙʠʦʪʠʯʝʩʢʠʝ ʩʪʨʝʩʩʳ. 

3.6. ʀʟʤʝʥʝʥʠʝ ʩʠʥʪʝʟʘ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʠʭ 

ʢʦʜʠʨʫʶʱʠʭ, ʫ ʢʘʨʪʦʬʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. 

ʋ ʨʘʩʪʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʣʦʞʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʠ 

ʟʘʱʠʪʥʳʝ ʩʠʩʪʝʤʳ, ʯʪʦʙʳ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʙʠʦʪʠʯʝʩʢʠʭ ʠ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʪʨʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ 

ʠʥʘʢʪʠʚʘʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʪʨʝʩʩʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʡ ʤʦʣʝʢʫʣ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ (ɸʌʂ, ROS), ʨʘʩʪʝʥʠʷ ʚʳʨʘʙʦʪʘʣʠ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʩʠʥʪʝʟ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʨʦʪʠʥʦʠʜʳ, ʘʥʪʦʮʠʘʥʳ ʠ ʘʩʢʦʨʙʘʪ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ (Shah and Smith, 2020; Naing 

and Kim, 2021). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ 

ʢʘʢ ʢʘʨʦʪʠʥʦʠʜʳ ʠ ʘʥʪʦʮʠʘʥʳ ʤʦʞʝʪ ʧʨʠʜʘʚʘʪʴ ʨʘʩʪʝʥʠʷʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʭʦʣʦʜʦʚʦʤ 

ʩʪʨʝʩʩʝ ʠ ʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠʟʤʝʥʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʘ ʪʘʢʞʝ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʠʭ ʢʦʜʠʨʫʶʱʠʭ (Mittler 

et al., 2004; Hwang et al., 2017; Hajihashemi et al., 2018; Ġamec et al., 2022; Li et al., 2023; 

Bulgakov et al., 2024). ɼʣʷ S. tuberosum ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʚ ʢʦʥʪʝʢʩʪʝ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ 

ʠ ʨʝʘʢʮʠʠ ʢʦʜʠʨʫʶʱʠʭ ʠʭ ʛʝʥʦʚ ʚ ʦʪʚʝʪ ʥʘ ʜʝʡʩʪʚʠʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʚ ʣʠʩʪʴʷʭ ʠ ʢʣʫʙʥʷʭ ʩʦʨʪʦʚ S. tuberosum. 

3.6.1. ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʠʭ ʵʢʩʧʨʝʩʩʠʠ ʚ 

ʣʠʩʪʴʷʭ ʠ ʢʣʫʙʥʷʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ 

ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ.  

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʥʦʚ ʠ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʬʠʪʦʠʥʩʠʥʪʘʟʳ S. tuberosum. ʌʠʪʦʠʥʩʠʥʪʘʟʘ, ʢʘʪʘʣʠʟʠʨʫʶʱʘʷ ʧʝʨʚʫʶ ʩʪʘʜʠʶ 

ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʩʯʠʪʘʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʝʨʤʝʥʪʦʤ ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ (Shumskaya et 

al., 2012; Stra et al., 2023). ʂʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ PSY, ʢʦʜʠʨʫʶʱʠʭ ʬʠʪʦʠʥʩʠʥʪʘʟʫ ʫ ʨʘʩʪʝʥʠʡ, 

ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʦʪ ʪʨʝʭ ï PSY1, PSY2 ʠ PSY3, ʢʘʢ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ, ʜʚʫʭ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ɿʦʥʪʠʯʥʳʭ ʠʣʠ ʦʜʥʦʛʦ, ʢʘʢ ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ (Li et al., 2008; 

Welsch et al., 2008; Rodriguez-Villalon and Gas E, 2009; Stauder et al., 2018; Lisboa et al., 

2022). ʈʘʥʝʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʫʤʤʘʨʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ PSY1/2 ʙʝʟ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʛʝʥʳ ʚ ʢʣʫʙʥʷʭ ʩʝʤʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʤʷʢʦʪʠ ʠ 

ʢʦʞʫʨʝ ʢʣʫʙʥʝʡ (Valcarcel et al., 2016).  
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ʊʘʢ ʢʘʢ ʨʘʥʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ ʢʘʨʪʦʬʝʣʷ ʥʝ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ, ʪʦ ʧʝʨʚʦʡ ʟʘʜʘʯʝʡ ʩʪʘʣʘ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ in silico ʚ 

ʛʝʥʦʤʝ ʢʘʨʪʦʬʝʣʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʵʪʠʭ ʛʝʥʦʚ ʫ ʧʷʪʠ ʩʦʨʪʦʚ S. tuberosum. 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ S. tuberosum ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʦʤʘ ʢʘʨʪʦʬʝʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʛʝʥʙʘʥʢʝ NCBI. ɼʣʷ ʧʦʠʩʢʘ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʦʤʦʣʦʛʠʯʥʳʭ PSY ʛʝʥʦʚ ʪʦʤʘʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ  

in silico ʘʥʘʣʠʟʘ ʠʟ ʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʛʝʥʦʚ StPSY1 (ID:102593756), StPSY2 (ID:102589336) ʠ StPSY3 (ID:102603193).  

ɺʳʨʘʚʥʠʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʜʪʚʝʨʜʠʣʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʛʦʤʦʣʦʛʠʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ StPSY1 ʠ StPSY2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ StPSY3 

ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʦ (ʨʠʩ. 26). ʈʘʟʤʝʨʳ ʛʝʥʦʚ ʩʦʩʪʘʚʠʣʠ 2794 ʧ.ʥ. ʜʣʷ StPSY1, 

2734 ʧ.ʥ. ï StPSY2, 3440 ʧ.ʥ. ï StPSY3. ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʣʠʥʘʭ ʛʝʥʦʚ ʩʚʷʟʘʥʳ ʩ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʠʥʪʨʦʥʦʚ. ɺʩʝ ʪʨʠ ʛʝʥʘ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʦʷʣʠ ʠʟ 6 

ʢʦʜʠʨʫʶʱʠʭ ʵʢʟʦʥʦʚ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʣʠ ʥʝʪʨʘʥʩʣʠʨʫʝʤʳʡ ʵʢʟʦʥ ʚ 5ô-UTR ʦʙʣʘʩʪʠ (ʨʠʩ. 

26ɹ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʩʪʨʫʢʪʫʨʝ PSY ʛʝʥʦʚ ʫ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ (Giorio et al., 

2008; Li et al., 2008; Efremov et al., 2020; Lisboa et al., 2022).  

ʈʘʟʤʝʨʳ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʘʨʴʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪ  

384 ʘ.ʦ. ʫ StPSY3, 412 ʘ.ʦ. ʫ StPSY1, ʠ 438 ʘ.ʦ. ʫ StPSY2 (ʨʠʩ. 26). ʉʨʘʚʥʝʥʠʝ ʙʝʣʢʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʷʚʠʣʦ 79% ʩʭʦʜʩʪʚʘ StPSY1 ʠ StPSY2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʝʧʝʥʴ 

ʩʭʜʩʪʚʘ StPSY1/StPSY2 ʩ StPSY3 ʥʝ ʧʨʝʚʳʰʘʣʘ 65%.  

ɸ.  

ɹ.  

ʈʠʩʫʥʦʢ 26 ï ʌʨʘʛʤʝʥʪ ʵʢʟʦʥʘ IV (ɸ) ʠ ʧʦʣʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ (ɹ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

StPSY (ʧʦʜʯʝʨʢʥʫʪ ʬʠʪʦʠʥʩʠʥʪʘʟʥʳʡ ʜʦʤʝʥ, ʚ ʨʘʤʢʝ ʚʳʜʝʣʝʥ ʩʘʡʪ ʦʪʱʝʧʣʝʥʠʷ 

ʪʨʘʥʟʠʪʥʦʛʦ ʧʝʧʪʠʜʘ). 
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ʈʠʩʫʥʦʢ 27 ï ʕʢʟʦʥ-ʠʥʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʨʝʭ ʛʝʥʦʚ StPSY ʠ ʩʦʩʪʘʚ ʜʦʤʝʥʦʚ ʙʝʣʢʦʚ. 

ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʷʚʠʣ ʬʠʪʦʠʥʩʠʥʪʘʟʥʳʡ ʜʦʤʝʥ 

PLN02632 ʫ ʚʩʝʭ ʙʝʣʢʦʚ (StPSY175-406ʘʦ, StPSY292ð430ʘʦ, StPSY363ð380ʘʦ). ʆʩʥʦʚʥʳʝ 

ʨʘʟʣʠʯʠʷ ʙʝʣʢʦʚ StPSY1 ʠ StPSY2 ʩʚʷʟʘʥʳ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʘ ʉ-ʢʦʥʮʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ FSSRRCKT ʠ ʤʦʪʠʚʦʚ FPSP ʠ RQEWNFGFLNADLRYSCL ʥʘ N-

ʢʦʥʮʝ (ʨʠʩ. 26ɹ, 27). ʈʘʥʝʝ ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʥʘ N-ʢʦʥʮʝ ʬʠʪʦʝʥʩʠʥʪʘʟʳ 

ʪʨʘʥʟʠʪʥʦʛʦ ʧʝʧʪʠʜʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʧʣʘʩʪʠʜʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʠ ʚʳʷʚʣʝʥ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʳʡ ʩʘʡʪ ʝʛʦ ʦʪʱʝʧʣʝʥʠʷ (Giorio et al., 2008; Lisboa et al., 2022). ʋ 

ʬʠʪʦʠʥʩʠʥʪʘʟ ʢʘʨʪʦʬʝʣʷ ʜʘʥʥʳʡ ʩʘʡʪ ʙʳʣ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥ ʢʘʢ StPSY1-V61/R62, StPSY2-

V85/Q86, StPSY3-V55/Q56 (ʨʠʩ. 26ɹ, 27). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʨʘʥʟʠʪʥʦʛʦ ʧʝʧʪʠʜʘ ʫ 

StPSY3 ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʫ StPSY2 ʠ StPSY1 (ʨʠʩ. 27).  

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʝʥʦʚ StPSY. ʅʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʣʢʦʚ 

StPSY ʠ ʠʭ ʛʦʤʦʣʦʛʦʚ ʠʟ ʪʦʤʘʪʘ, ʧʝʨʮʘ ʠ ʘʨʘʙʠʜʦʧʩʠʩʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʜʝʥʜʨʦʛʨʘʤʤʘ  

(ʨʠʩ. 28). ɺʩʝ ʛʦʤʦʣʦʛʠ PSY1 ʠ PSY2 ʚʠʜʦʚ ʇʘʩʣʝʥʦʚʳʭ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚʤʝʩʪʝ, ʬʦʨʤʠʨʫʷ 

ʦʪʜʝʣʴʥʳʝ ʧʦʜʢʣʘʩʪʝʨʳ. ɻʦʤʦʣʦʛʠ PSY3, ʚʢʣʶʯʘʷ StPSY3, ʢʣʘʩʪʝʨʠʟʫʶʪʩʷ ʦʪʜʝʣʴʥʦ, 

ʟʘʥʠʤʘʷ ʙʘʟʦʚʫʶ ʧʦʟʠʮʠʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʩʪʝʨʘʤ PSY1 ʠ PSY2.  
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ʈʠʩʫʥʦʢ 28 ï ɼʝʥʜʨʦʛʨʘʤʤʘ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʬʠʪʦʠʥʩʠʥʪʘʟ ʨʘʩʪʝʥʠʡ.  

ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʬʠʪʦʠʥʩʠʥʪʘʟ 

ʢʘʨʪʦʬʝʣʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʩʭʦʜʩʪʚʝ ʠ ʵʚʦʣʶʮʠʦʥʥʦʡ 

ʤʦʣʦʜʦʩʪʠ PSY1 ʠ PSY2 ʚ ʩʨʘʚʥʝʥʠʠ ʩ PSY3 ʠ ʚʦʟʤʦʞʥʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʠ PSY1 ʠ PSY2 ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʫʧʣʠʢʘʮʠʠ ʛʝʥʘ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʩ ʚʦʟʤʦʞʥʦʡ ʧʦʩʣʝʜʫʶʱʝʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʚʝʨʩʠʬʠʢʘʮʠʝʡ (Giorio et al., 2008; Li et al., 2008; Efremov et al., 2020; 

Lisboa et al., 2022). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ StPSY. cis-

ʨʝʛʫʣʷʪʦʨʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʤʦʪʦʨʦʚ ʠ 5ôUTR ʨʘʡʦʥʦʚ ʛʝʥʦʚ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʤʦʪʦʨʦʚ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʙʠʦʩʠʥʪʝʟʦʤ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʨʝʘʢʮʠʠ ʥʘ ʩʚʝʪ, ʠ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʘʢʮʠʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ (Welsch et al., 2003; Toledo-Ortiz et al., 

2010). ʉʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʤʦʪʦʨʥʳʭ 

ʨʘʡʦʥʦʚ ʛʝʥʦʚ ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʫ PSY (Efremov et al., 2020), ʧʨʠ ʵʪʦʤ 

ʨʝʛʫʣʷʪʦʨʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ StPSY ʨʘʥʝʝ ʦʧʠʩʘʥʳ ʥʝ ʙʳʣʠ ʚʦʚʩʝ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚʩʝʭ ʪʨʝʭ ʛʝʥʦʚ 

StPSY ʢʘʨʪʦʬʝʣʷ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʦʤʦʪʦʨ rʠ 5ôUTR ʦʙʣʘʩʪʠ ʜʣʠʥʦʡ ~1.5 ʪ.ʧ.ʥ. 

ʠ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ cis-ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɹr ʣʦ ʜʝʪʝʢʪʠʨʦʚʘʥʦ 30 (StPSY1), 40 

(StPSY2) ʠ 5 (StPSY3) cis-ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʘʡʪʦʚ. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʘʞʥʦʡ ʨʦʣʴʶ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʪʦʩʠʥʪʝʟʘ (ʪʘʙʣ. 3). ʂʨʦʤʝ ʪʦʛʦ, ʫ ʛʝʥʦʚ StPSY1 ʠ StPSY2 ʙʳʣʦ ʥʘʡʜʝʥʦ 5 ʠ 11, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʘʡʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ɸɹʂ. ɺ ʧʨʦʤʦʪʦʨʝ StPSY1 ʙʳʣ ʥʘʡʜʝʥ LTR-ʩʘʡʪ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʨʝʘʢʮʠʝʡ ʥʘ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʊʘʙʣʠʮʘ 3 ï cis-ʨʝʛʫʣʷʪʦʨʥʳʝ ʩʘʡʪʳ ʚ ʧʨʦʤʦʪʦʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʛʝʥʦʚ StPSY. 

  ʤʦʪʠʚʳ 
ʈʝʛʫʣʷʪʦʨʥʳʝ ʫʯʘʩʪʢʠ ʛʝʥʦʚ 
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ʊʉʉʉ-motif - 1 1 

Box 4 4 3 1 

ATC-motif - - 2 

GATA-motif 1 2 1 

TCT-motif 1 2 - 

ACE - - - 

AE-box 1 1 - 

MRE 5 1 - 

Box II 1 2 - 

G-box 6 9 - 

GT1-motif 4 4 - 

Chs-CMA1a - 1 - 

Gap-box - 1 - 

LAMP-element - 2 - 

ɸɹʂ wABRE 5 11 - 

ʍʦʣʦʜ LTR 1 - - 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʛʝʥʦʚ StPSY ʫ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ. ʊʘʢ ʢʘʢ ʨʘʥʝʝ 

ʥʝ ʦʧʨʝʜʝʣʷʣʩʷ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʫʨʦʚʝʥʴ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ ʫ ʚʠʜʦʚ 

ʢʘʨʪʦʬʝʣʷ, ʪʦ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʛʦ ʫ ʛʝʥʦʚ StPSY1 ʠ StPSY2 

ʩʦʨʪʦʚ S. tuberosum ʠ ʦʧʨʝʜʝʣʠʪʴ ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʷʪʴ 

ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ï ɹʘʨʠʥ, ʋʪʨʦ, ʂʨʘʩʘʚʯʠʢ, ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ ʠ ʅʘʜʝʞʜʘ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ ʧʨʝʜʤʝʪ ʧʦʣʠʤʦʨʬʠʟʤʘ ʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ, ʠ, 

ʢʨʦʤʝ ʪʦʛʦ, ʦʪʣʠʯʘʣʠʩʴ ʦʢʨʘʩʢʦʡ ʢʦʞʫʨʳ ʠ ʤʷʢʦʪʠ ʢʣʫʙʥʝʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʘʡʤʝʨʦʚ StPSY1geneR-StPSY1geneF ʠ StPSY2geneR- 

StPSY2geneF (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ3) ʙʳʣʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʢɼʅʂ 

ʢʣʫʙʥʝʡ ʦʪʦʙʨʘʥʥʳʭ ʩʦʨʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʇʎʈ ʨʝʘʢʮʠʠ ʙʳʣʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ 

ʬʨʘʛʤʝʥʪʳ ʨʘʟʤʝʨʦʤ ~1,2 ʠ ~1,3 ʪ.ʧ.ʥ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʦʚʧʘʜʘʣʦ ʩ ʦʞʠʜʘʝʤʳʤ 

ʨʘʟʤʝʨʦʤ ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ StPSY1 ʠ StPSY2. 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚʳʷʚʠʣʦ ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ ʛʝʥʘ StPSY1 ʫ 

ʧʷʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ï 1239 ʧ.ʥ., ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʝʣʢʫ ʚ 412 ʘ.ʦ. 

ʄʝʞʩʦʨʪʦʚʦʡ ʧʦʣʠʤʦʨʬʠʟʤ ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʢʘʟʘʣʩʷ ʢʨʘʡʥʝ ʥʠʟʢʠʤ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʚʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʠʥʜʝʣʝʡ ʠ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ 9 SNPs, ʠʟ ʢʦʪʦʨʳʭ ʰʝʩʪʴ 

ʥʘʡʜʝʥʦ ʚ ʵʢʟʦʥʝ I, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʵʢʟʦʥʳ ʙʳʣʠ ʠʥʚʘʨʠʘʥʪʥʳ (ʨʠʩ. 29ɸ).  

ʉʦʨʪʘ ʂʨʘʩʘʚʯʠʢ ʠ ʅʘʜʝʞʜʘ ʠʤʝʣʠ ʩʧʝʮʠʬʠʯʥʳʝ ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ, ʢʦʛʜʘ ʢʘʢ ʫ 

ʦʩʪʘʣʴʥʳʭ ʩʦʨʪʦʚ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʦʜʠʥ ʚʘʨʠʘʥʪ StPSY. SlPSY ʩʦʨʪʦʚ ʪʦʤʘʪʘ ʠ ʜʨʫʛʠʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʇʘʩʣʸʥʦʚʳʭ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʠʟʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ 

(Sugiyama et al., 2017; Ahrazem et al., 2019). 
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ɸʥʘʣʠʟ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ StPSY1 ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʦʢʘʟʘʣ, ʯʪʦ SNP 

ʥʝ ʧʨʠʚʦʜʠʣʠ ʢ ʟʘʤʝʥʘʤ ʘʤʠʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ StPSY1 ʫ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ (ʨʠʩ. 29ɹ). 

 

ʈʠʩʫʥʦʢ 29 ï ʇʦʣʠʤʦʨʬʠʟʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ StPSY1 ʠ StPSY2 (ɸ) ʠ ʢʦʜʠʨʫʝʤʳʭ 

ʙʝʣʢʦʚ (ɹ) ʫ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢɼʅʂ ʛʝʥʦʚ 

StPSY2. ɼʣʠʥʘ ʢɼʅʂ StPSY2 ʩʦʩʪʘʚʠʣʘ 1314 ʧ.ʥ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 438 ʘ.ʦ. ʙʝʣʢʘ. 

ʄʝʞʩʦʨʪʦʚʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ StPSY2 ʪʘʢʞʝ ʙʳʣʘ ʥʠʟʢʘ. ɺʩʝʛʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 14 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʣʠʤʦʨʬʠʟʤʦʚ, ʠʥʜʝʣʠ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʤʝʥ ʥʫʢʣʝʦʪʠʜʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ ʵʢʟʦʥʝ I (7 SNPs) (ʨʠʩ. 29ɸ). 

ɸʥʘʣʠʟ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚʳʷʚʣʝʥʥʳʝ SNP ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʠʣʠ ʢ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʟʘʤʝʥʘʤ, ʯʪʦ ʪʘʢʞʝ ʛʦʚʦʨʠʪ ʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʙʝʣʢʘ StPSY2 ʫ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ (ʨʠʩ. 29ɹ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʦʣʠʤʦʨʬʠʟʤʘ ʢʣʶʯʝʚʳʭ ʛʝʥʦʚ ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ StPSY1 ʠ 

StPSY2, ʘ ʪʘʢʞʝ ʢʦʜʠʨʫʝʤʳʭ ʠʤʠ ʙʝʣʢʦʚ ʫ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʦʢʘʟʘʣ ʢʨʘʡʥʝ ʥʠʟʢʠʝ 

ʫʨʦʚʥʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ StPSY ʫ ʩʦʨʪʦʚ 

S. tuberosum. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ  

S. tuberosum ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ. ɼʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʦʚ ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ StPSY1, 

StPSY2 ʠ StPSY3, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʠ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ, ʠʭ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ, ʚ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ (ʚ ʣʠʩʪʴʷʭ) ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ 

ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ, ʠʤʠʪʠʨʫʶʱʝʤ ʚʝʩʝʥʥʠʝ ʟʘʤʦʨʦʟʢʠ, ʙʳʣ ʦʪʦʙʨʘʥ ʩʦʨʪ ʃʝʜʠ ʂʣʵʨ. 
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ɼʘʥʥʳʡ ʩʦʨʪ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʚʳʨʘʱʠʚʘʥʠʶ ʚ ʩʨʝʜʥʝʡ ʧʦʣʦʩʝ ʈʌ, ʛʜʝ ʥʝʨʝʜʢʠ ʩʣʫʯʘʠ 

ʚʦʟʚʨʘʪʥʳʭ ʥʦʯʥʳʭ ʟʘʤʦʨʦʟʢʦʚ ʠ ʧʦʭʦʣʦʜʘʥʠʡ (ʢʘʢ ʵʪʦ ʩʣʫʯʠʣʦʩʴ ʚ 2019 ʠ 2024 ʛʛ). 

ɹʠʦʩʠʥʪʝʟ ʢʘʨʦʪʠʥʦʠʜʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʢʣʶʯʘʷ ʫʩʣʦʚʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʵʥʜʦʛʝʥʥʳʝ ʩʠʛʥʘʣʳ ʠ ʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ (Arango et al., 2014; Li et al., 2016). ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʚʣʠʷʶʱʠʤ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ (Hwang et al., 2017; Ġamec 

et al., 2022; Li et al., 2023). ʉʠʥʪʝʟ ʣʠʢʦʧʠʥʘ ʚ ʨʘʩʪʝʥʠʷʭ ʧʦʜʘʚʣʷʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 

12Áʉ ʠʣʠ ʚʳʰʝ 32Áʉ (Dumas et al., 2003). ʊʘʢʞʝ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʩʦʨʪʦʚ ʦʧʨʝʜʝʣʝʥ ʫʨʦʚʝʥʴ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʝʤʠ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʚ ʢʣʫʙʥʷʭ, ʠ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ 

ʢʘʨʦʪʠʥʦʠʜʦʚ ʩ ʛʝʥʦʪʠʧʦʤ ʠ ʫʩʣʦʚʠʷʤʠ ʚʳʨʘʱʠʚʘʥʠʷ (Payyavula et al., 2012; Fogelman et 

al., 2019). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʥʝʝ ʥʝ ʠʟʫʯʘʣʘʩʴ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʦʪʚʝʪ ʥʘ 

ʜʝʡʩʪʚʠʝ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʫ ʨʘʩʪʝʥʠʡ S. tuberosum, ʧʦʵʪʦʤʫ ʚ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʙʦʪ ʧʦ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʡ ʨʦʣʠ ʛʝʥʦʚ 

ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ ʫ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʚ ʦʪʚʝʪʥʳʭ 

ʨʝʘʢʮʠʷʭ ʥʘ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟʳ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ S. tuberosum ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ (+3 ). 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ (ʨʠʩ. 8). ʇʨʦʚʝʜʝʥʥʳʡ 

ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʩʫʤʤʳ ʢʘʨʦʪʠʥʦʠʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ, ʦʜʥʘʢʦ, ʵʪʠ 

ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ (ʨʠʩ. 30). ʇʦʩʣʝ 24 ʯ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʧʨʠ +3  ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʙʦʣʴʰʦʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ, ʟʘ 

ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʝʨʝʟ 48 ʯ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ (ʨʠʩ. 30). 

ʉʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʣʠʩʪʦʚʦʡ ʪʢʘʥʠ ʢʫʢʫʨʫʟʳ ʠ ʩʦʠ, ʛʜʝ 

ʪʘʢʞʝ ʥʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʧʦʩʣʝ 24 ʯ 

ʠ 48 ʯ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ (Mazur et al., 2024). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʣʠʩʪʴʝʚ ʜʚʫʭ ʩʦʨʪʦʚ ʯʘʷ 

(C. sinensis) ʠ ʦʩʤʘʥʪʫʩʘ ʜʫʰʠʩʪʦʛʦ (Osmanthus fragrans Lour.) ʨʘʥʝʝ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(Yang et al., 2021; Wang et al., 2022).  
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ʈʠʩʫʥʦʢ 30 ˈ ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʠʭ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ 

ʃʝʜʠ ʂʣʵʨ ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ (+3 ). 0h ï ʢʦʥʪʨʦʣʴ (20 ); 6h, 

24h, 48h ï ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ 6, 24, 48 ʯ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 12hR ï 12 ʯ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ 

ʩʪʨʝʩʩʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ ʚ 

ʣʠʩʪʴʷʭ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʨʘʩʪʝʥʠʡ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʛʝʥ-ʩʧʝʮʠʬʠʯʥʳʝ ʧʨʘʡʤʝʨʳ: PSY1, PSY2, PSY3 

(ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ3). ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʚʩʝʭ ʪʨʝʭ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ ʚ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʂʘʢ ʩʣʝʜʫʝʪ 

ʠʟ ʨʠʩʫʥʢʘ 31, ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʦʚ PSY ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (+20 ) ʦʪʣʠʯʘʣʘʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦ. ʅʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʚ ʣʠʩʪʴʷʭ ʙʳʣ ʧʦʢʘʟʘʥ ʜʣʷ ʛʝʥʘ StPSY2, 

ʢʦʪʦʨʳʡ ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ ʙʳʣ ʚʳʰʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ StPSY1, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ 

ʠʤʝʥʥʦ PSY2 ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʬʠʪʦʠʥʩʠʥʪʘʟʦʡ ʚ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʪʢʘʥʷʭ 

ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʪʝʥʠʡ (Welsch et al., 2008; Li et al., 2008). 

 

ʈʠʩʫʥʦʢ 31 ï ʀʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ StPSY1, StPSY2 ʠ StPSY3 ʚ ʦʪʚʝʪ ʥʘ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ (+3 ) (ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 30).  

 ɼʦʩʪʘʪʦʯʥʦ ʥʝʦʞʠʜʘʥʥʘ ʙʳʣʘ ʜʝʪʝʢʮʠʷ ʪʨʘʥʩʢʨʠʧʪʦʚ StPSY3 ʚ ʪʢʘʥʷʭ ʣʠʩʪʘ 

ʢʘʨʪʦʬʝʣʷ, ʪʘʢ ʢʘʢ ʨʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʛʝʥ PSY3 ʪʨʘʥʩʢʨʠʙʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʢʦʨʥʷʭ ʠʣʠ ʚ 

ʦʪʚʝʪʝ ʥʘ ʜʝʡʩʪʚʠʝ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʢʫʢʫʨʫʟʳ (Li et al., 

2008). ʉʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʢʨʠʧʪʦʚ PSY3 ʚ ʣʠʩʪʴʷʭ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʜʣʷ ʯʘʷ 

(C. sinensis) (Li et al., 2023). 
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 ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʧʘʪʪʝʨʥʘ ʵʢʩʧʨʝʩʩʠʠ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʪʨʘʥʩʢʨʠʧʮʠʷ ʚʩʝʭ ʪʨʝʭ ʛʝʥʦʚ StPSY ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʭʦʣʦʜʘ, ʥʦ ʚ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ: StPSY2 ï ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ, ʯʝʤ StPSY1 ʠ StPSY3. ʇʨʠ ʵʪʦʤ ʨʘʟʥʠʮʘ ʚ 

ʫʨʦʚʥʷʭ ʵʢʩʧʨʝʩʩʠʠ ʚ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ ʤʝʞʜʫ ʛʝʥʘʤʠ StPSY2, StPSY1 ʠ StPSY3 ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʝʩʩʘ ʩʦʩʪʘʚʣʷʝʪ ʦʜʠʥ ʠ ʜʚʘ ʧʦʨʷʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 31), 

ʯʪʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʬʫʥʢʮʠʝʡ PSY2 ʚ ʙʠʦʩʠʥʪʝʟʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ 

ʣʠʩʪʴʷʭ (Welsch et al., 2008; Li et al., 2008). 

 ɼʣʷ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ ʢʘʨʪʦʬʝʣʷ ʭʘʨʘʢʪʝʨʝʥ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʡ ʦʪʚʝʪ 

ʥʘ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʠ ʯʝʨʝʟ 6 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʧʨʠ +3  ʚ ʣʠʩʪʴʷʭ ʜʝʪʝʢʪʠʨʫʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ 

ʵʢʩʧʨʝʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ StPSY1 (ʚ 7,5 ʨʘʟ) ʠ StPSY3 (ʚ 4 ʨʘʟʘ), ʘ ʚ ʩʣʫʯʘʝ StPSY2 

ʫʚʝʣʠʯʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʪʦʣʴʢʦ ʚ 0,15 ʨʘʟ). ʆʜʥʘʢʦ ʧʦʩʣʝ 24 ʯ 

ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʵʢʩʧʨʝʩʩʠʷ StPSY2 ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʜʚʦʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʠ 6 ʯ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. ɺ ʵʪʦʡ ʞʝ ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ StPSY1 ʠ StPSY3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 6 ʯ, ʘ ʚ ʩʣʫʯʘʝ ʧʦʩʣʝʜʥʝʛʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʠ ʥʠʞʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʚ ʢʦʥʪʨʦʣʝ (ʨʠʩ. 31). ʇʦʩʣʝ 

ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʭʦʣʦʜʘ (48 ʯʘʩʦʚ), ʪʨʘʥʩʢʨʠʧʮʠʷ ʦʩʥʦʚʥʳʭ ʛʝʥʦʚ 

StPSY2 ʠ StPSY1 ʧʘʜʘʝʪ ʜʦ ʩʪʨʝʩʩʦʚʦʛʦ ʫʨʦʚʥʷ ʠ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ StPSY3 ʧʦʚʳʰʘʝʪʩʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʪʦʯʢʘʤʠ ʩʪʨʝʩʩʘ ʠ ʢʦʥʪʨʦʣʝʤ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʚ ʘʙʩʦʣʶʪʥʦʤ 

ʚʳʨʘʞʝʥʠʠ ʫʨʦʚʥʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʵʪʦʛʦ ʛʝʥʘ ʦʩʪʘʶʪʩʷ ʩʣʝʜʦʚʳʤʠ. ɹʳʣʦ ʜʦʩʪʘʪʦʯʥʦ 

ʥʝʦʞʠʜʘʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ StPSY2 ʠ StPSY1 ʚ ʣʠʩʪʴʷʭ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ 

ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʩʣʝ ʩʪʨʝʩʩʘ (12 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʧʨʠ +20 ) ʚ 6 ʠ 3 ʨʘʟʘ 

ʧʨʝʚʳʰʘʶʱʠʡ ʜʦ ʩʪʨʝʩʩʦʚʳʝ ʫʨʦʚʥʠ (ʨʠʩ. 31), ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʝʩʩʘ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʘʢʪʠʚʠʨʫʝʪʩʷ 

ʵʢʩʧʨʝʩʩʠʷ ʚʩʝʭ ʪʨʝʭ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ ʚ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ, ʧʨʠ ʵʪʦʤ ʛʝʥ StPSY2 

ʦʪʚʝʯʘʝʪ ʟʘ çʙʳʩʪʨʳʡè ʦʪʚʝʪ ʥʘ ʜʝʡʩʪʚʠʝ ʩʪʨʝʩʩʦʚʦʛʦ ʬʘʢʪʦʨʘ (6 ʯ), ʘ StPSY1 ï ʟʘ ʙʦʣʝʝ 

çʧʦʟʜʥʠʡè ʦʪʚʝʪ ʧʨʠ ʧʨʦʜʦʣʞʘʶʱʝʤʩʷ ʚʦʟʜʝʡʩʪʚʠʠ ʩʪʨʝʩʩʘ (24 ʯ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʝ 

ʪʘʥʜʝʤʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʢʪʠʚʥʦʤʫ ʩʠʥʪʝʟʫ 

ʬʠʪʦʠʥʘ ï ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʚʩʝʭ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʟʘʱʠʪʝ ʢʣʝʪʦʢ ʦʪ 

ʩʪʨʝʩʩʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺʳʷʚʣʝʥʥʳʡ ʚʧʝʨʚʳʝ ʧʘʪʪʝʨʥ ʵʢʩʧʨʝʩʩʠʠ StPSY3 ʥʝ ʧʦʚʪʦʨʷʣ 

ʧʨʦʬʠʣʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʜʚʫʭ ʜʨʫʛʠʭ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ ʢʘʨʪʦʬʝʣʷ, ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ 

ʠʟʤʝʥʷʣʩʷ ʧʨʠ ʩʪʨʝʩʩʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ (6 ʠ 48 ʯ ʩʪʨʝʩʩʘ) ʙʳʣ ʩʦʧʦʩʪʘʚʠʤ 

ʩ ʫʨʦʚʥʝʤ StPSY1 ʚ ʥʦʨʤʝ. 
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 ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʢʣʫʙʥʷʭ ʧʷʪʠ ʩʦʨʪʦʚ S. tuberosum ʧʨʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ 

ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ (+3 , 7 ʤʝʩʷʮʝʚ). ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʘʙʦʪʘʤ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʟʤʝʥʝʥʠʷ 

ʫʛʣʝʚʦʜʦʚ ʠ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʠʭ ʤʝʪʘʙʦʣʠʟʤʦʤ, ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ 

ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ ʚ ʜʠʥʘʤʠʢʝ ʭʨʘʥʝʥʠʷ 

ʢʣʫʙʥʝʡ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (+3 ) ʚ ʪʝʯʝʥʠʝ 7 ʤʝʩʷʮʝʚ, ʘʥʘʣʦʛʠʯʥʦ ʫʩʣʦʚʠʷʤ 

ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʝʡ ʚ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱʝ. ʆʪʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʜʠʥʘʤʠʢʝ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ ʧʨʠ +3Áʉ: ʚ ʩʝʥʪʷʙʨʝ ʙʳʣʠ ʚʟʷʪʳ ʩʚʝʞʠʝ ʢʣʫʙʥʠ, ʚ 

ʬʝʚʨʘʣʝ ï ʯʝʨʝʟ 4 ʤʝʩʷʮʘ ʧʦʩʣʝ ʩʙʦʨʘ, ʘ ʚ ʘʧʨʝʣʝ ï ʯʝʨʝʟ 7 ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ. 

ɹr ʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʢʣʫʙʥʷʭ ʧʷʪʠ ʩʦʨʪʦʚ 

ʢʘʨʪʦʬʝʣʷ ʚ ʜʠʥʘʤʠʢʝ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ (ʨʠʩ. 32). 

 

ʈʠʩʫʥʦʢ 32 ï ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ (ʤʢʛ/ʛ ʩʳʨʦʛʦ ʚʝʩʘ) ʚ ʢʣʫʙʥʷʭ 

ʢʘʨʪʦʬʝʣʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʨʪʦʚ ʚ ʜʠʥʘʤʠʢʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (+3Áʉ). ɹʫʢʚʘʤʠ s, f ʠ 

a ʥʘʜ ʩʪʦʣʙʮʘʤʠ ʦʙʦʟʥʘʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʦʪʣʠʯʠʝ (p<0,05) ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʦʪ ʟʥʘʯʝʥʠʡ ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ ʤʝʩʷʮʝʚ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ  

(s ï ʩʝʥʪʷʙʨʴ, f ï ʬʝʚʨʘʣʴ, a ï ʘʧʨʝʣʴ) 

 ɺ ʜʦʩʪʨʝʩʩʦʚʳʡ ʧʝʨʠʦʜ (ʩʝʥʪʷʙʨʴ) ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʦʚ 

ʙʳʣʦ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʨʪʘ ʋʪʨʦ, ʛʜʝ ʠʭ ʫʨʦʚʝʥʴ ʦʢʘʟʘʣʩʷ ʚ 2 ʨʘʟʘ 

ʚʳʰʝ (ʨʠʩ. 32). ʕʪʦ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʞʝʣʪʦʡ ʦʢʨʘʩʢʦʡ ʤʷʢʦʪʠ ʜʘʥʥʦʛʦ ʩʦʨʪʘ. 

ʇʦʩʣʝ 4 ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ ʧʨʠ +3  ʫ ʩʦʨʪʦʚ ɹʘʨʠʥ, ʋʪʨʦ ʠ ʂʨʘʩʘʚʯʠʢ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʪʦʛʜʘ ʢʘʢ ʫ ʩʦʨʪʦʚ ʉʝʚʝʨʥʦʛʦ ʩʠʷʥʠʷ ʠ ʅʘʜʝʞʜʳ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʨʦʩʣʦ. ʂ ʢʦʥʮʫ 7-ʤʝʩʷʯʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ (ʘʧʨʝʣʴ) ʜʠʥʘʤʠʢʘ 

ʠʟʤʝʥʠʣʘʩʴ: ʫ ʩʦʨʪʦʚ ɹʘʨʠʥ ʠ ʅʘʜʝʞʜʘ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʫʨʦʚʥʷ ʧʠʛʤʝʥʪʦʚ; ʫ ʩʦʨʪʦʚ ʋʪʨʦ 

ʠ ʂʨʘʩʘʚʯʠʢ ð ʩʥʠʞʝʥʠʝ; ʫ ʉʝʚʝʨʥʦʛʦ ʩʠʷʥʠʷ ʧʦʢʘʟʘʪʝʣʠ ʦʩʪʘʣʠʩʴ ʥʝʠʟʤʝʥʥʳʤʠ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʘʧʨʝʣʴʩʢʠʭ ʠ ʬʝʚʨʘʣʴʩʢʠʭ ʜʘʥʥʳʭ ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʫ ʚʩʝʭ ʩʦʨʪʦʚ, ʢʨʦʤʝ ʉʝʚʝʨʥʦʛʦ ʩʠʷʥʠʷ. ʈʘʥʝʝ ʘʥʘʣʦʛʠʯʥʘʷ 
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ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʛʝʥʦʪʠʧʘ ʙʳʣʘ ʦʧʠʩʘʥʘ ʜʣʷ ʩʦʨʪʘ Desiree, ʫ 

ʢʦʪʦʨʦʛʦ ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʢʘʨʦʪʠʥʦʠʜʦʚ (Morris 

et al., 2004). ʆʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʛʤʝʥʪʦʚ ʢ ʢʦʥʮʫ 

ʭʨʘʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʠʯʥʘʷ ʜʝʛʠʜʨʘʪʘʮʠʷ ʢʣʫʙʥʝʡ, ʫʩʠʣʠʚʘʶʱʘʷ ʠʭ 

ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʘʮʠʶ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ 16 ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʢʣʫʙʥʷʭ 

ʧʷʪʠ ʩʦʨʪʦʚ ʧʨʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ. ʊʝ ʞʝ ʪʢʘʥʠ ʢʣʫʙʥʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʚʟʷʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʜʠʥʘʤʠʢʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʧʨʠ 

+3 , ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʈʅʂ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʢʩʧʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 16 

ʛʝʥʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʚʝʩʴ ʧʫʪʴ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ (ʨʠʩ. 33). 

ɺ ʩʝʥʪʷʙʨʝ, ʜʦ ʪʦʛʦ, ʢʘʢ ʢʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʥʘ ʭʦʣʦʜʦʚʦʝ ʭʨʘʥʝʥʠʝ, 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʥʦʚ ʢʘʨʦʪʠʥʦʠʜʦʚ ʙʳʣ ʧʦʢʘʟʘʥ 

ʜʣʷ ʢʣʫʙʥʝʡ ʩʦʨʪʘ ʅʘʜʝʞʜʘ (ʨʠʩ. 33). ɺ ʢʣʫʙʥʷʭ ʩʦʨʪʘ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ ʫʨʦʚʝʥʴ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʙʳʣ ʩʘʤʳʤ ʥʠʟʢʠʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʝʥʦʚ StNCED1 ʠ StPSY1 (ʥʠʞʝ 

ʚʳʷʚʣʝʥ ʪʦʣʴʢʦ ʫ ʩʦʨʪʘ ɹʘʨʠʥ), ʘ ʪʘʢʞʝ StLCYE (ʥʘʧʨʦʪʠʚ, ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ)  

(ʨʠʩ. 33). ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʜʘʥʥʳʤʠ ʦ ʩʦʨʪʦ- ʠ 

ʛʝʥʦʪʠʧ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʨʦʬʠʣʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ (Payyavula et al., 2012; 

Wiberley-Bradford et al., 2014). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ, ʧʨʦʬʠʣʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ 

ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʧʦ ʤʝʨʝ ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʝʡ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʪʦʚ ʚ ʬʝʚʨʘʣʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʥʪʷʙʨʝʤ, ʟʘ ʥʝʢʦʪʦʨʳʤʠ 

ʠʩʢʣʶʯʝʥʠʷʤʠ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʙʳʣ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʵʢʩʧʨʝʩʩʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʢʣʫʙʥʷʭ ʩʦʨʪʘ ɹʘʨʠʥ ʛʝʥʦʚ StLCYE ʠ StNCED1 ʠ ʥʝʠʟʤʝʥʥʳʤ ʫʨʦʚʥʝʤ ʩʦʨʪʘ ʉʝʚʝʨʥʦʝ 

ʩʠʷʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ StCrtISO, StLCYB1 ʠ StNCED1 (ʨʠʩ. 33). 

ɺ ʧʝʨʠʦʜ ʩ ʬʝʚʨʘʣʷ ʧʦ ʘʧʨʝʣʴ ʵʢʩʧʨʝʩʩʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʣʘʩʴ, ʦʩʦʙʝʥʥʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʘʜʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʚ 

ʧʝʨʠʦʜ ʧʝʨʚʳʭ 4 ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ ʧʨʠ +3  ʩ ʩʝʥʪʷʙʨʷ ʧʦ ʬʝʚʨʘʣʴ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫ 

ʩʦʨʪʘ ʅʘʜʝʞʜʘ ʜʝʪʝʢʪʠʨʦʚʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚ ʪʢʘʥʷʭ ʢʣʫʙʥʷ ʫʨʦʚʥʝʡ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ StPSY2, StPDS, StLYCB1, StVDE, StZDS ʠ StZEP ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʪʨʘʥʩʢʨʠʧʮʠʠ StPSY3 (ʨʠʩ. 33). 
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ʈʠʩʫʥʦʢ 33 ï ʇʨʦʬʠʣʠ ʵʢʩʧʨʝʩʩʠʠ 16 ʛʝʥʦʚ ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʦʚ ɹʘʨʠʥ, ʂʨʘʩʘʚʯʠʢ, ʋʪʨʦ, ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ ʠ ʅʘʜʝʞʜʘ ʚ 

ʜʠʥʘʤʠʢʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ (ʩʝʥʪʷʙʨʴ, ʬʝʚʨʘʣʴ, ʘʧʨʝʣʴ). ɹʫʢʚʘʤʠ s, f ʠ a ʥʘʜ ʩʪʦʣʙʮʘʤʠ ʦʙʦʟʥʘʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʦʪʣʠʯʠʝ  

(p<0,05) ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʦʪ ʟʥʘʯʝʥʠʡ ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ ʤʝʩʷʮʝʚ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ (s ï ʩʝʥʪʷʙʨʴ, f ï ʬʝʚʨʘʣʴ,  

a ï ʘʧʨʝʣʴ). 
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ʉʦʨʪ ʋʪʨʦ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʚ ʢʣʫʙʥʷʭ ʛʝʥʦʚ StPSY2, StZ-ISO, StLCYE, StLCYB2 ʠ ʛʝʥʦʚ ʩʠʥʪʝʟʘ ʢʩʘʥʪʦʬʠʣʣʦʚ StVDE 

ʠ StZDS, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝʤ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ StPSY1. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʝʜʫʝʪ 

ʝʱʝ ʨʘʟ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʵʪʠʭ ʛʝʥʦʚ ʚ ʧʝʨʠʦʜʝ 

ʬʝʚʨʘʣʴ-ʘʧʨʝʣʴ ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ (ʨʠʩ. 33). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʥʝʢʦʪʦʨʳʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʜʣʷ ʚʩʝʭ ʩʦʨʪʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʦʙʘɦ ̫

ʪʝʥʜʝʥʮʠ ̫ʩʥʠʞʝʥʠ ̫ʘʢʪʠʚʥʦʩʪʠ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ ʚ ʧʝʨʠʦʜ 

ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ ʤʝʩʷʮʝʚ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ (ʩʝʥʪʷʙʨ ɹï ʬʝʚʨʘʣʴ). 

ʏʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʝʩʪʴ ʣʠ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ 

ʢʣʫʙʥʷʭ ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʠ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʛʝʥʳ, 

ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʭʦʣʦʜʘ, ʤʳ 

ʧʨʦʚʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʇʦʠʩʢ ʚʦʟʤʦʞʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʫʨʦʚʥʝʤ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʦʪʠʥʦʠʜʦʚ (ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ) ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ GraphPad Prism v.7.02. ʂʨʠʪʝʨʠʠ ʥʘʣʠʯʠʷ ʢʦʨʨʝʣʷʮʠʠ: 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʠʨʩʦʥʘ (r)>0,5 ʠ p-value<0,05 (ʪʘʙʣ. 4).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʝʜʥʷʷ ʜʦʩʪʦʚʝʨʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ 

ʛʝʥʘ StPDS (p=0,047, r=0,52) (ʪʘʙʣ. 4), ʢʦʜʠʨʫʶʱʝʛʦ ʩʠʥʪʝʟ ʬʠʪʦʠʥʜʝʩʘʪʫʨʘʟʳ, ʢʦʪʦʨʳʡ 

ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʝʨʚʳʝ ʩʪʘʜʠʠ ʤʦʜʠʬʠʢʘʮʠʠ 15-ʮʠʩ-ʬʠʪʦʠʥʘ ï ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʚʩʝʭ 

ʥʠʞʝʩʪʦʷʱʠʭ ʢʘʨʦʪʠʥʦʠʜʦʚ (Rosas-Saavedra and Stange, 2006).  

ʊʘʙʣʠʮʘ 4 ï ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʢʣʫʙʥʷʭ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʭʦʣʦʜʦʚʦʤ ʭʨʘʥʝʥʠʠ. 

 PDS CRTISO [/¸ ˤм LCY B2 PSY1 PSY2 PSY3 NSY 

r 0.52 0.08 0.07 0.12 0.23 0.11 0.16 0.06 

R
2
 0.27 0.007 0.005 0.015 0.055 0.013 0.027 0.003 

p-value 0.047 0.763 0.806 0.654 0.399 0.683 0.559 0.834 

 VDE ZDS ZEP Z-ISO LCY E NCED1 NCED2 NCED6 

r -0.01 0.15 -0.02 -0.05 0.37 0.23 0.08 0.21 

R
2
 <0.0001 0.022 <0.0004 0.003 0.14 0.053 0.006 0.044 

p-value 0.97 0.594 0.943 0.846 0.169 0.408 0.78 0.453 
 

ʈʘʥʝʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʷʭ, ʥʝ ʚʦʚʣʝʯʸʥʥʳʭ ʚ ʧʨʦʮʝʩʩ 

ʬʦʪʦʩʠʥʪʝʟʘ, ʪʘʢʠʭ ʢʘʢ ʩʝʤʝʥʘ ʠ ʧʣʦʜʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʩʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʢʪʠʚʥʦʩʪʴʶ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʠʭ ʩʠʥʪʝʟ (Howitt 

and Pogson, 2006; ʌʠʣʶʰʠʥ ʠ ʜʨ., 2020; Efremov et al., 2020). ʇʨʠ ʵʪʦʤ ʧʨʦʚʝʜʝʥʥʳʡ 

ʨʘʥʝʝ ʜʣʷ S. tuberosum ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʷʜʘ ʛʝʥʦʚ ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ 

ʚ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʢʣʫʙʥʝʡ, ʘ ʪʘʢʞʝ ʫ ʩʚʝʞʝʩʦʙʨʘʥʥʳʭ ʢʣʫʙʥʝʡ ʧʦʢʘʟʘʣ ʩ ʦʜʥʦʡ 
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ʩʪʦʨʦʥʳ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʛʝʥʦʪʠʧʘ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ, ʘ ʩ ʜʨʫʛʦʡ ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʨʨʝʣʷʮʠʡ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʧʦʚ 

ʢʘʨʦʪʠʥʦʠʜʦʚ (Morris et al., 2004; Payyavula et al., 2012). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʫ ʢʘʨʪʦʬʝʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʢʣʶʯʝʚʳʝ ʛʝʥʳ ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ ï ʛʝʥʳ ʬʠʪʦʠʥʩʠʥʪʘʟ StPSY1, StPSY2 ʠ StPSY3. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ 

ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ, ʢʦʪʦʨʳʡ ʠʤʠʪʠʨʫʝʪ ʚʦʟʚʨʘʪʥʳʝ ʚʝʩʝʥʥʠʝ 

ʟʘʤʦʨʦʟʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʦʡ ʩʪʨʝʩʩ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʨʦʪʠʥʦʠʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪʩʷ. ɺ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ ʚ ʦʪʚʝʪ ʥʘ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʘʢʪʠʚʠʨʫʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʚʩʝʭ ʪʨʝʭ ʛʝʥʦʚ 

ʬʠʪʦʠʥʩʠʥʪʘʟ, ʧʨʠ ʵʪʦʤ ʛʝʥ StPSY2 ʦʪʚʝʯʘʝʪ ʟʘ çʙʳʩʪʨʳʡè ʦʪʚʝʪ ʥʘ ʜʝʡʩʪʚʠʝ 

ʩʪʨʝʩʩʦʚʦʛʦ ʬʘʢʪʦʨʘ (6 ʯ), ʘ StPSY1 ï ʟʘ ʙʦʣʝʝ çʧʦʟʜʥʠʡè ʦʪʚʝʪ ʧʨʠ ʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʪʨʝʩʩʘ (24 ʯ), ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ. ɺʳʷʚʣʝʥʥʳʡ 

ʚʧʝʨʚʳʝ ʧʘʪʪʝʨʥ ʵʢʩʧʨʝʩʩʠʠ StPSY3 ʥʝ ʧʦʚʪʦʨʷʣ ʧʨʦʬʠʣʠ ʜʚʫʭ ʜʨʫʛʠʭ ʛʝʥʦʚ 

ʬʠʪʦʠʥʩʠʥʪʘʟ ʢʘʨʪʦʬʝʣʷ, ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʠʟʤʝʥʷʣʩʷ ʧʨʠ ʩʪʨʝʩʩʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ (6 ʠ 48 ʯ ʩʪʨʝʩʩʘ) ʙʳʣ ʩʦʧʦʩʪʘʚʠʤ ʩ ʫʨʦʚʥʝʤ StPSY1 ʚ ʥʦʨʤʝ. 

ɺ ʜʠʥʘʤʠʢʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ (7 ʤʝʩʷʮʝʚ) ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (+3 ) 

ʥʘ ʢʣʫʙʥʠ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʙʳʣʠ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʧʘʪʪʝʨʥʳ ʵʢʩʧʨʝʩʩʠʠ 16 

ʛʝʥʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʚʝʩʴ ʧʫʪʴ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʧʦʢʘʨʦʪʠʥʦʠʜʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʨʨʝʣʷʮʠʠ ʩʨʝʜʥʝʡ ʩʠʣʳ ʜʣʷ ʛʝʥʘ StPDS, ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʦʪʜʝʣʴʥʳʭ ʛʝʥʦʚ ʠ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʘʨʦʪʠʥʦʠʜʦʚ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. ɺʩʝ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʩʦʨʪʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʧʦʯʪʠ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ ʧʝʨʝʜ ʟʘʢʣʘʜʢʦʡ ʥʘ 

ʭʦʣʦʜʦʚʦʝ ʭʨʘʥʝʥʠʝ ʚ ʩʝʥʪʷʙʨʝ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʝʚʨʘʣʝʤïʘʧʨʝʣʝʤ (4-7 ʤʝʩʷʮʝʚ 

ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ). ʅʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʠʥʪʝʟ 

ʠ ʨʘʩʧʘʜ ʢʘʨʦʪʠʥʦʠʜʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʝʚ), ʯʝʨʝʟ 4 ʠ 7 ʤʝʩʷʮʝʚ 

ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʝʡ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʝʪ ʧʝʨʝʭʦʜ ʚ ʬʘʟʫ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʢʦʷ. ʈʘʟʣʠʯʠʷ ʚ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʪʜʝʣʴʥʳʝ 

ʵʪʘʧʳ ʙʠʦʩʠʥʪʝʟʘ, ʤʦʛʫʪ ʦʙʲʷʩʥʷʪʴʩʷ ʩʧʝʮʠʬʠʢʦʡ ʥʘʢʦʧʣʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʠʧʦʚ 

ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʢʣʫʙʥʷʭ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ. ɼʠʥʘʤʠʢʘ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ 

ʧʠʛʤʝʥʪʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘʚʠʩʠʪ ʦʪ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʨʪʘ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʨʦʣʴ ʛʝʥʦʪʠʧʘ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʝʪʘʙʦʣʠʟʤʘ ʢ ʚʥʝʰʥʠʤ ʫʩʣʦʚʠʷʤ. 
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3.6.2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ ʚ ʣʠʩʪʴʷʭ ʠ 

ʢʣʫʙʥʷʭ S. tuberosum ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ.  

 ʈʘʥʝʝ ʙʳʣʦ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʢʘʢ ʠ ʚʩʝ ʬʣʘʚʦʥʦʠʜʳ, ʘʥʪʦʮʠʘʥʳ 

ʧʨʠʥʠʤʘʶʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʟʘʱʠʪʝ ʨʘʩʪʝʥʠʷ ʦʪ ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʪʨʝʩʩʦʚ (Ahmed et 

al., 2014; Fukumoto and Mazza, 2000; Bulgakov et al., 2024). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʭʦʣʦʜʦʩʪʦʡʢʦʩʪʴ ʨʘʩʪʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʥʪʦʮʠʘʥʦʚ (Liu et al., 2020). ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʠʤʫʣʠʨʫʝʪ ʙʠʦʩʠʥʪʝʟ 

ʘʥʪʦʮʠʘʥʦʚ ʚ ʣʠʩʪʴʷʭ ʠ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʩʠʥʪʝʟ ʘʥʪʦʮʠʘʥʦʚʳʭ 

ʧʠʛʤʝʥʪʦʚ (Li et al., 2012; Zhang et al., 2019).  

ɹʠʦʩʠʥʪʝʟ ʘʥʪʦʮʠʘʥʦʚ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʬʣʘʚʦʥʦʠʜʥʦʛʦ ʧʫʪʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ çʨʘʥʥʠʭè ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʛʝʥʘʤʠ 

ʭʘʣʢʦʥʩʠʥʪʘʟʳ (CHS), ʭʘʣʢʦʥʠʟʦʤʝʨʘʟʳ (CHI) ʠ ʬʣʘʚʘʥʦʥ-3-ʛʠʜʨʦʢʩʠʣʘʟʳ (F3H) ʠ 

ʜʘʣʝʝ çʧʦʟʜʥʠʭè ʬʝʨʤʝʥʪʦʚ, ʢʦʜʠʨʫʶʱʠʤʠʩʷ ʛʝʥʘʤʠ: ʬʣʘʚʦʥʦʠʜ 3Ë-ʤʦʥʦʦʢʩʠʛʝʥʘʟʳ 

(F3ǋH), ʬʣʘʚʦʥʦʠʜ 3Ë,5Ë-ʛʠʜʨʦʢʩʠʣʘʟʳ (F3Ë5ËH), ʜʠʛʠʜʨʦʬʣʘʚʦʥʦʣ 4-ʨʝʜʫʢʪʘʟʳ (DFR). 

ʇʦʩʣʝʜʥʠʡ ʬʝʨʤʝʥʪ ʙʠʦʩʠʥʪʝʟʘ ï ʘʥʪʦʮʠʘʥʠʜʠʥʩʠʥʪʘʟʘ (ANS) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʥʪʦʮʠʘʥʦʚ ʜʝʣʴʬʠʥʠʜʠʥʘ, ʧʝʣʘʨʛʦʥʠʜʠʥʘ, ʮʠʘʥʠʜʠʥʘ ʠ ʠʭ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʤʘʣʴʚʠʜʠʥʘ, ʧʝʦʥʠʜʠʥʘ ʠ ʧʝʪʫʥʠʜʠʥʘ (Liu et al., 2018; Li et al., 2019)  

(ʨʠʩ. 34). 

 

ʈʠʩʫʥʦʢ 34 ï ʉʭʝʤʘ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ. ɺʳʜʝʣʝʥʳ ʬʝʨʤʝʥʪʳ (ʢʨʘʩʥʘʷ ʨʘʤʢʘ) ʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ (ʩʠʥʷʷ ʨʘʤʢʘ), ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʢʦʪʦʨʳʭ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ. 

ʇʦʤʠʤʦ ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟ ʘʥʪʦʮʠʘʥʦʚ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ MBW, ʚʢʣʶʯʘʶʱʠʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʪʨʝʭ 

ʩʝʤʝʡʩʪʚ ï R2R3-MYB, bHLH ʠ WDR (WD40), ʢʦʪʦʨʳʡ ʫ S. tuberosum ʧʨʝʜʩʪʘʚʣʝʥ 

StAN1-StJAF13/StHLH1-StWD40. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ MBW-ʢʦʤʧʣʝʢʩʘ, ʠ 

ʛʝʥʦʚ ʬʝʨʤʝʥʪʦʚ ʙʠʦʩʠʥʪʝʟʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʊʌ ELONGATED HYPOCOTYL5 (HY5), 
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ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʙʠʦʩʠʥʪʝʟ ʘʥʪʦʮʠʘʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʩʪʠʤʫʣʠʨʫʝʪ 

ʙʠʦʩʠʥʪʝʟ ʘʥʪʦʮʠʘʥʦʚ ʚ ʣʠʩʪʴʷʭ ʠ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ MBW-ʢʦʤʧʣʝʢʩʘ (Li et al., 2012; 

Zhang et al., 2019). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫ ʢʘʨʪʦʬʝʣʷ ʤʦʛʫʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴʩʷ ʚʩʝ ʰʝʩʪʴ ʘʥʪʦʮʠʘʥʦʚ ʠ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʚ ʛʝʥʦʤʝ S. tuberosum ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠ ʨʝʛʫʣʷʪʦʨʥʳʝ ʛʝʥʳ ʙʠʦʩʠʥʪʝʟʘ (Li et al., 2019; Tengkun et al., 2019; Strygina et al., 2019; 

DôAmelia et al., 2020), ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʩʠʥʪʝʟʘ ʧʠʛʤʝʥʪʘ (Liu 

et al., 2018; Strygina et al., 2019). ʆʜʥʘʢʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚ ʥʘ ʫʨʦʚʥʠ 

ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ ʦʧʨʝʜʝʣʝʥʳ ʥʝ ʙʳʣʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ 

ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʫ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʭʦʣʦʜʫ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʚʠʜʘ 

ʢʘʨʪʦʬʝʣʷ S. commersonii, ʛʜʝ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʥʪʦʮʠʘʥʦʚ ʠ ʭʦʣʦʜʦʩʪʦʡʢʦʩʪʴʶ (DôAmelia et al., 2018). ʇʦʵʪʦʤʫ, 

ʘʥʘʣʦʛʠʯʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʠʟʫʯʝʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʠ ʵʢʩʧʨʝʩʩʠʠ ʢʦʜʠʨʫʶʱʠʭ ʠʭ ʛʝʥʦʚ ʚ ʦʪʚʝʪ ʥʘ 

ʜʝʡʩʪʚʠʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʚ ʣʠʩʪʴʷʭ ʠ ʢʣʫʙʥʷʭ 

ʩʦʨʪʦʚ S. tuberosum. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ ʚ 

ʢʣʫʙʥʷʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʢʘʨʪʦʬʝʣʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʘʥʪʦʮʠʘʥʦʚ. ɺ 

ʘʥʘʣʠʟ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʢʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ ʩʝʤʠ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ 

ʦʢʨʘʩʢʝ ʤʷʢʦʪʠ ʠ ʢʦʞʫʨʳ ʦʪ ʙʝʣʦʡ ʜʦ ʪʝʤʥʦ-ʬʠʦʣʝʪʦʚʦʡ (ɹʘʨʠʥ, ɻʠʙʨʠʜ 6, ɻʠʙʨʠʜ 4, 

ɻʠʙʨʠʜ 7, ʉʘʧʬʠʨ, ɻʠʙʨʠʜ 1, ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ) (ʨʠʩ. 35). 

 

 

ʈʠʩʫʥʦʢ 35 ï ʆʢʨʘʩʢʘ ʢʣʫʙʥʝʡ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʢʘʨʪʦʬʝʣʷ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʣʫʙʥʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʘʥʪʦʮʠʘʥʦʚ ʚ ʤʷʢʦʪʠ (ʨʠʩ. 36). ʀʥʪʝʨʝʩʥʦ ʪʦ, ʯʪʦ 

ʚʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʢʣʫʙʥʠ ʧʦ 

ʮʚʝʪʫ ʦʪ ʙʦʣʝʝ ʪʝʤʥʦʡ ʦʢʨʘʩʢʠ ʜʦ ʩʚʝʪʣʦʡ, ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʨʝʟʫʣʴʪʘʪʘʤ 
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ʠʟʤʝʨʝʥʠʷ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ. ʀʩʢʣʶʯʝʥʠʝ 

ʩʦʩʪʘʚʠʣʠ ʩʦʨʪ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ ʠ ɻʠʙʨʠʜ 1, ʛʜʝ ʫ ʚʠʟʫʘʣʴʥʦ ʙʦʣʝʝ ʪʝʤʥʦʛʦ ʧʦ ʦʢʨʘʩʢʝ 

ʢʣʫʙʥʷ ɻʠʙʨʠʜʘ 1 ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ, ʯʝʤ ʚ ʤʷʢʦʪʠ ʤʝʥʝʝ 

ʦʢʨʘʰʝʥʥʦʛʦ ʢʣʫʙʥʷ ʩʦʨʪʘ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ.  

 

ʈʠʩʫʥʦʢ 36 ï ʉʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ (ʤʢʛ/ʛ ʩʚʝʞʝʡ ʪʢʘʥʠ) ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʢʣʫʙʥʷʭ 

ʢʘʨʪʦʬʝʣʷ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʢʩʧʨʝʩʩʠʠ ʙʳʣʠ ʚʟʷʪʳ 6 ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ StCHS2, StCHI, StF3H, 

StF3Ë5ËH, StDFR, StANS, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʚʝʩʴ ʧʫʪʴ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ (ʨʠʩ. 37).  

 

ʈʠʩʫʥʦʢ 37 ïʋʨʦʚʥʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ ʫ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʢʘʨʪʦʬʝʣʷ. 
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ɸʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ 

ʘʥʪʦʮʠʘʥʦʚ/ʦʢʨʘʩʢʠ ʤʷʢʦʪʠ ʢʣʫʙʥʷ ʦʪ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʩʨʘʚʥʝʥʠʷ ʦʙʨʘʟʮʦʚ çʙʝʣʳʡ vs. ʬʠʦʣʝʪʦʚʳʡè. ʊʘʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʥʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ, ɻʠʙʨʠʜ 1, ʉʘʧʬʠʨ, ɹʘʨʠʥ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʪʨʠ ʦʙʨʘʟʮʘ (ɻʠʙʨʠʜ 7, ɻʠʙʨʠʜ 4, ɻʠʙʨʠʜ 6) ʥʝ ʚʧʠʩʳʚʘʣʠʩʴ ʚ ʦʙʱʫʶ 

ʢʦʨʨʝʣʷʮʠʶ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʥʫʪʨʠ ʩʚʦʝʡ ʛʨʫʧʧʳ ʦʥʠ ʝʝ ʧʦʢʘʟʳʚʘʣʠ (ʨʠʩ. 37).  

ʇʦʤʠʤʦ ʩʪʨʫʢʪʫʨʥʳʭ ʚ ʘʥʘʣʠʟ ʙʳʣʠ ʚʟʷʪʳ ʜʚʘ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʘ-ʘʢʪʠʚʘʪʦʨʘ 

ʩʠʥʪʝʟʘ ʬʣʘʚʦʥʦʠʜʦʚ StHY5 ʠ StJAF13(=GL3). ɼʣʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʚ ʢʣʫʙʥʝ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ (ʨʠʩ. 38), ʚ 

ʪʦʤ ʯʠʩʣʝ ʚʢʣʶʯʘʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ çʙʝʣʳʡ vs. ʬʠʦʣʝʪʦʚʳʡè. 

 

ʈʠʩʫʥʦʢ 38 ï ʕʢʩʧʨʝʩʩʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ ʧʫʪʠ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ ʫ ʩʦʨʪʦʚ ʠ 

ʛʠʙʨʠʜʦʚ ʢʘʨʪʦʬʝʣʷ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪʴ ʢʣʶʯʝʚʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʠʥʪʝʟ ʘʥʪʦʮʠʘʥʦʚ, ʫ ʨʘʟʣʠʯʥʳʭ 

ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʮʚʝʪʦʤ ʤʷʢʦʪʠ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʡ ʘʥʪʦʮʠʘʥʦʚ. ʕʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʛʣʫʙʣʷʝʪ ʧʦʥʠʤʘʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʛʝʥʦʚ ʚ ʢʣʫʙʥʷʭ 

ʢʘʨʪʦʬʝʣʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʚ ʩʝʣʝʢʮʠʠ ʩʦʨʪʦʚ ʩ ʮʚʝʪʥʦʡ ʤʷʢʦʪʴʶ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ ʠ ʠʭ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʘ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ ʧʨʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ 

(+3 , 7 ʤʝʩʷʮʝʚ). ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʜʚʫʭ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ 

ʘʥʪʦʮʠʘʥʦʚ ï çʨʘʥʥʝʛʦè StCHS2 ʠ çʧʦʟʜʥʝʛʦè StDFR ʚ ʜʠʥʘʤʠʢʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣ ʚʟʷʪ ʩʦʨʪ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ 

ʭʘʨʘʢʪʝʨʥʘ ʬʠʦʣʝʪʦʚʘʷ ʦʢʨʘʩʢʘ ʤʷʢʦʪʠ ʠ ʢʦʞʫʨʳ ʢʣʫʙʥʷ (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ1) ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ (ʨʠʩ. 36). ʊʘʢ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʯʝʪʳʨʝ ʩʦʨʪʘ, 

ʢʣʫʙʥʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤʫ ʭʦʣʦʜʦʚʦʤʫ 
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ʩʪʨʝʩʩʫ, ʙʳʣʠ ʩ ʙʝʣʦʡ/ʢʨʝʤʦʚʦʡ ʦʢʨʘʩʢʦʡ ʤʷʢʦʪʠ ʠ ʩʦʜʝʨʞʘʣʠ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 

ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʘʥʪʦʮʠʘʥʦʚ, ʪʦ ʦʥʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. ɼʣʷ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʵʢʩʧʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʘ ʞʝ ʧʨʦʙʘ ʢʣʫʙʥʝʡ ʩʦʨʪʘ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ 

ʚ ʪʨʝʭ ʪʦʯʢʘʭ ʦʪʙʦʨʘ, ʯʪʦ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʠ 

ʢʘʨʦʪʠʥʦʛʝʥʝʟʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʘ 

ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ ʚ ʜʠʥʘʤʠʢʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʵʪʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ʚ ʢʣʫʙʥʷʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʬʝʚʨʘʣʝ ʧʦʩʣʝ 4 ʤʝʩʷʮʝʚ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 

+3 , ʧʘʜʘʣʦ (ʥʘ 29%) ʠ ʧʨʦʜʦʣʞʘʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʥʘ 8,4%) ʩʦʢʨʘʱʘʪʴʩʷ ʧʦʩʣʝ 7 

ʤʝʩʷʮʝʚ ʩʪʨʝʩʩʘ (ʨʠʩ. 39ɸ).  

 

ʈʠʩʫʥʦʢ 39 ˈ ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ (ɸ) ʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ StCHI (ɹ) ʠ 

StDFR (ɺ) ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʘ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ ʚ ʦʪʚʝʪ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ 

(+3 ; 4 ʠ 7 ʤʝʩʷʮʝʚ). ɿʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʵʢʩʧʨʝʩʩʠʠ ʤʝʞʜʫ ʦʨʛʘʥʘʤʠ ʨʘʩʪʝʥʠʷ ʧʨʠ 
aïc

p<0,05. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 39, ʝʩʣʠ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʚ ʧʝʨʠʦʜ ʩʝʥʪʷʙʨʴ-

ʬʝʚʨʘʣʴ ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ ʪʨʝʪʴ, ʪʦ ʵʢʩʧʨʝʩʩʠʷ ʠ ʛʝʥʘ StCHS2, ʠ StDFR ʨʝʟʢʦ ʧʘʜʘʣʘ (ʚ 6 

ʨʘʟ) ʧʦʩʣʝ 4 ʤʝʩʷʮʝʚ ʠʥʢʫʙʘʮʠʠ ʢʣʫʙʥʝʡ ʧʨʠ +3 , ʜʦʭʦʜʷ ʜʦ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ 

ʧʦʩʣʝ 7 ʤʝʩʷʮʝʚ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʨʝʩʩʠʦʥʥʳʝ ʜʘʥʥʳʝ ʚ ʮʝʣʦʤ 

ʩʦʚʧʘʜʘʣʠ ʩ ʜʘʥʥʳʤʠ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʚ ʢʣʫʙʥʷʭ ʩʦʨʪʘ 

ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʭʨʘʥʝʥʠʠ. ʅʝʢʦʪʦʨʦʝ 

ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʥʪʦʮʠʘʥʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʥʝʢʦʪʦʨʳʭ ʛʝʥʦʚ 

ʙʠʦʩʠʥʪʝʟʘ ʙʳʣʦ ʨʘʥʝʝ ʧʦʢʘʟʘʥʦ ʜʣʷ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ ʧʣʦʜʦʚ ʤʘʥʛʦ ʚ ʪʝʯʝʥʠʝ 1,5 

ʤʝʩʷʮʝʚ (Sudheeran et al., 2018). 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʠ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ ʚ ʣʠʩʪʴʷʭ S. tuberosum ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ 

(+3 ). ɺ ʩʣʫʯʘʝ ʘʥʪʦʮʠʘʥʦʚ ʙʳʣʦ ʠʥʪʝʨʝʩʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʚʝʪʥʫʶ ʨʝʘʢʮʠʶ ʛʝʥʦʚ 

ʘʥʪʦʮʠʘʥʦʚʦʛʦ ʧʫʪʠ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʚ ʣʠʩʪʴʷʭ ʩʦʨʪʦʚ 
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ʢʘʨʪʦʬʝʣʷ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʢʨʘʩʢʦʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʜʝʨʞʘʥʠʝʤ ʘʥʪʦʮʠʘʥʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʘʩʪʝʥʠʷ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ ʩ ʟʝʣʝʥʦʡ ʦʢʨʘʩʢʦʡ 

ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʳ ʠ ʣʠʥʠʠ ɻʠʙʨʠʜ 1 ʩ ʬʠʦʣʝʪʦʚʦʡ ʦʢʨʘʩʢʦʡ ʣʠʩʪʴʝʚ (ʨʠʩ. 40). 

 

ʈʠʩʫʥʦʢ 40 ï ʆʢʨʘʩʢʘ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʳ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ (ɸ) ʠ ʣʠʥʠʠ 

ɻʠʙʨʠʜ 1 (ɹ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʠ ʚʳʜʝʣʝʥʠʝ ʈʅʂ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʭ ʞʝ 

ʣʠʩʪʦʚʳʭ ʧʨʦʙʘʭ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ ʠ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ 

ʩʪʨʝʩʩʘ +3 , ʯʪʦ ʠ ʜʣʷ ʢʘʨʦʪʠʥʦʠʜʦʚ (ʨʠʩ. 8): óʢ0ô (ʢʦʥʪʨʦʣʴ ʧʨʠ +20Áʉ), ó6hô, ó24hô, 

ó48hô (ʩʪʨʝʩʩ ʚ ʜʠʥʘʤʠʢʝ) ʠ óʚ12ô (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʩʪʨʝʩʩʘ). ɼʣʷ ʣʠʥʠʠ ɻʠʙʨʠʜ 1 

ʦʪʙʦʨ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. 

ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʚ ʣʠʩʪʴʷʭ ʩʦʨʪʘ ʃʝʜʠ ʂʣʨɻ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʧʦʩʣʝ 6 ʯʘʩʦʚ ʭʦʣʦʜʦʚʦʡ ʠʥʢʫʙʘʮʠʠ, ʟʘʪʝʤ ʧʘʜʘʣʦ ʧʦʩʣʝ 24 ʯʘʩʦʚ 

ʩʪʨʝʩʩʘ ʠ ʧʦʚʪʦʨʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʧʦʩʣʝ 48 ʯʘʩʦʚ ʩʪʨʝʩʩʘ (ʨʠʩ. 41ɸ). ɺʩʝ ʚʳʷʚʣʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʠʟʤʝʥʝʥʠʷʭ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʦʯʢʘʭ ʙʳʣʠ 

ʜʦʩʪʦʚʝʨʥʳ (ʨ<0,005). 

 
ʈʠʩʫʥʦʢ 41 ˈ ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʚ ʣʠʩʪʴʷʭ ʧʨʦʨʦʩʪʢʦʚ ʢʘʨʪʦʬʝʣʷ 

ʩʦʨʪʘ ʃʝʜʠ ʂʣʨɻ (ɸ) ʠ ɻʠʙʨʠʜ 1 (ɹ) ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ 

(+3 ). 0h ï ʢʦʥʪʨʦʣʴ (+20 ), 6h, 24h, 48h ï ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ 6, 24, 48ʯ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʚ ʦʪʚʝʪ ʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʝʩʩʦʨʥʳʭ 

ʬʘʢʪʦʨʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʣʠʩʪʴʷʭ ʧʨʠ ʭʦʣʦʜʦʚʦʤ 

ʩʪʨʝʩʩʝ (Zhu et al., 2013; Ahmed et al., 2015). ɺ ʩʣʫʯʘʝ ʢʘʨʪʦʬʝʣʷ ʚ ʣʠʩʪʴʷʭ ʥʘʤʠ ʪʘʢʞʝ 

ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʘʱʠʪʥʫʶ 

ʨʝʘʢʮʠʶ ʦʪ ʩʪʨʝʩʩʦʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʚ ʣʠʩʪʴʷʭ ʧʨʦʨʦʩʪʢʦʚ 

ʢʘʨʪʦʬʝʣʷ ʢʘʢ ʫ ʟʝʣʝʥʦʣʠʩʪʥʦʛʦ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ, ʪʘʢ ʠ ʫ ʬʠʦʣʝʪʦʚʦʣʠʩʪʥʦʛʦ ɻʠʙʨʠʜʘ 1 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʧʨʦʪʝʢʪʦʨʥʳʝ 

ʬʫʥʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʩʥʠʞʘʶʪ ʦʩʤʦʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʢʣʝʪʦʢ ʠ 

ʟʘʱʠʱʘʶʪ ʨʘʩʪʝʥʠʷ ʦʪ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ 

ʣʠʩʪʴʷʭ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʪʝʤ ʩʘʤʳʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ 

ʘʥʪʦʮʠʘʥʳ ʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʘʩʢʦʨʙʘʪ (ʜʘʥʥʳʝ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ), ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʚ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ. 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʚ ʣʠʩʪʴʷʭ ʟʝʣʝʥʦʣʠʩʪʥʦʛʦ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ ʠ ʬʠʦʣʝʪʦʚʦʣʠʩʪʥʦʡ 

ʣʠʥʠʠ ɻʠʙʨʠʜ 1. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʪʪʝʨʥʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ 

ʘʥʪʦʮʠʘʥʦʚ ʚ ʟʝʣʝʥʦʣʠʩʪʥʳʭ ʨʘʩʪʝʥʠʷʭ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʷʪʴ ʢʣʶʯʝʚʳʭ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ (StCHS2, StCHI, 

StF3H, StDFR, StANS), ʦʭʚʘʪʳʚʘʶʱʠʝ ʚʝʩʴ ʧʫʪʴ ʤʝʪʘʙʦʣʠʟʤʘ (ʨʠʩ. 34). ʊʘʢʞʝ ʚ ʘʥʘʣʠʟ 

ʙʳʣʠ ʚʟʷʪʳ ʛʝʥʳ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ StJAF13 ʠ StHY5.  

ɸʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʚ ʣʠʩʪʴʷʭ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʚʩʝʭ ʛʝʥʦʚ 

ʧʨʦʠʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʠʥʢʫʙʘʮʠʠ ʨʘʩʪʝʥʠʷ ʧʨʠ 

+3  (ʨʠʩ. 42). ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʥʘʙʣʶʜʘʣʩʷ 

ʩʭʦʜʥʳʡ ʧʘʪʪʝʨʥ ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ StCHS2, StCHI, StF3H ʠ StDFR: ʩʧʫʩʪʷ 

6 ʯʘʩʦʚ ʩʪʨʝʩʩʘ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚʩʝʭ ʛʝʥʦʚ ʧʦʚʳʰʘʣʩʷ 2-5 ʨʘʟ, ʯʝʨʝʟ 24 ʠ 48 

ʯʘʩʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʛʝʥʦʚ 

StCHS2 ʠ StDFR, ʠʣʠ ʧʣʘʚʥʦʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʛʝʥʦʚ StCHI ʠ StF3H (ʨʠʩ. 42). ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ StDFR ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʠ 24 ʯ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʪʦʨʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʧʦʩʣʝ 48 ʯ ʩʪʨʝʩʩʘ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʭʦʣʦʜʦʚʦʤ 

ʩʪʨʝʩʩʝ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ StPSY, ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʜʣʷ ʛʝʥʦʚ StCHS2, 

StCHI, StF3H ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ (ʚ 1,5-11 ʨʘʟ) ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʢʦʥʪʨʦʣʴʥʳʤ ʫʨʦʚʥʝʤ ʜʦ ʩʪʨʝʩʩʘ (ʨʠʩ. 42). ʅʝʩʢʦʣʴʢʦ ʥʝʦʞʠʜʘʥʥʦ ʙʳʣʦ 

ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ StANS ʚ ʦʪʚʝʪ ʥʘ ʭʦʣʦʜʦʚʳʡ 
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ʩʪʨʝʩʩ, ʪʘʢ ʢʘʢ ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʘ ʚʦ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʦʯʢʘʭ, ʚʢʣʶʯʘʷ ʢʦʥʪʨʦʣʴ, 

ʦʩʪʘʚʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ (ʨʠʩ. 42). 

 

ʈʠʩʫʥʦʢ 42 ï ʀʟʤʝʥʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ ʚ ʣʠʩʪʴʷʭ ʩʦʨʪʘ 

ʃʝʜʠ ʂʣʵʨ ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ (+3 ) (ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 

30). 

ɺ ʩʣʫʯʘʝ ʩ ʬʠʦʣʝʪʦʚʦʣʠʩʪʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ɻʠʙʨʠʜʘ 1 ʦʪʤʝʯʘʣʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ StCHS2, StCHI, 

StF3H, StDFR ʠ StANS, ʜʦ 7,5-100 ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʡ ʪʘʢʦʚʦʡ ʚ ʟʝʣʝʥʳʭ ʣʠʩʪʴʷʭ ʩʦʨʪʘ 

ʃʝʜʠ ʂʣʵʨ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʪʨʝʩʩʘ. ʕʪʦ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʥʪʦʮʠʘʥʦʚ ʚ 

ʣʠʩʪʴʷʭ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʫ ɻʠʙʨʠʜʘ 1 ʚ 10 ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʣʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʚ ʣʠʩʪʴʷʭ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ (ʨʠʩ. 43).  

 

ʈʠʩʫʥʦʢ 43 ï ʀʟʤʝʥʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ StCHS2, StCHI, StF3H, StDFR ʠ StANS ʚ 

ʣʠʩʪʴʷʭ ʩ ʘʥʪʦʮʠʘʥʦʚʦʡ ʦʢʨʘʩʢʦʡ ɻʠʙʨʠʜʘ 1 ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ 

ʩʪʨʝʩʩ (+3 ) (ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 30). 
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ɸʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʚ ʙʦʛʘʪʳʭ ʘʥʪʦʮʠʘʥʘʤʠ ʣʠʩʪʴʷʭ ʣʠʥʠʠ ɻʠʙʨʠʜ 1 ʧʦʢʘʟʘʣ, ʯʪʦ, 

ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʨʘʩʪʝʥʠʡ ʃʝʜʠ ʂʣʨɻ, ʫ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ 

ʘʥʪʦʮʠʘʥʦʚ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ. ʇʨʠʯʝʤ, ʪʘʢ ʞʝ 

ʢʘʢ ʠ ʚ ʣʠʩʪʴʷʭ ʟʝʣʝʥʦʣʠʩʪʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʧʘʪʪʝʨʥ ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ 

StCHS2, StCHI, StF3H ʠ StDFR ʫ ɻʠʙʨʠʜʘ 1 ʪʘʢʞʝ ʩʭʦʜʝʥ. ʅʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʪʝʥʠʡ 

ʃʝʜʠ ʂʣʵʨ, ʛʜʝ ʥʘʙʣʶʜʘʣʩʷ ʙʳʩʪʨʳʡ ʦʪʚʝʪ, ʪʦ ʝʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ ʯʝʨʝʟ 6 ʯʘʩʦʚ ʩʪʨʝʩʩʘ, ʚ ʣʠʩʪʴʷʭ ɻʠʙʨʠʜʘ 1 ʤʘʢʩʠʤʘʣʴʥʦʝ (ʚ 3 ʨʘʟʘ) 

ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʟ 24 ʯʘʩʘ (ʨʠʩ. 42 ʠ 43).  

ʇʘʪʪʝʨʥʳ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʘ StANS ʦʪʣʠʯʘʣʠʩʴ ʚʨʝʤʝʥʝʤ ʦʪʚʝʪʘ, ʠ ʤʘʢʩʠʤʫʤ 

ʤʈʅʂ ʙʳʣ ʦʪʤʝʯʝʥ ʯʝʨʝʟ 6 ʯʘʩʦʚ ʩʪʨʝʩʩʘ.  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʯʝʨʝʟ 48 ʯʘʩʦʚ ʩʪʨʝʩʩʘ ʜʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ ʚ ʣʠʩʪʴʷʭ 

ɻʠʙʨʠʜʘ 1 ʙʳʣʦ ʜʝʪʝʢʪʠʨʦʚʘʥʦ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʢʦʪʦʨʦʝ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʝʡ ʤʈʅʂ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ.  

ʊʘʢʞʝ ʧʦʤʠʤʦ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ ʚ ʘʥʘʣʠʟ ʙʳʣʦ ʚʟʷʪʦ ʜʚʘ ʛʝʥʘ 

ʪʨʘʥʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ StHY5 ʠ StJAF13, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʘʢʪʠʚʘʪʦʨʘʤʠ 

ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ ʠ ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ ʚ ʦʪʚʝʪʝ ʨʘʩʪʝʥʠʡ ʥʘ ʜʝʡʩʪʚʠʝ 

ʨʘʟʣʠʯʥʳʭ ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʪʨʝʩʩʦʨʦʚ (Jin et al., 2022; Zhan et al., 2023) (ʨʠʩ. 44). 

 

ʈʠʩʫʥʦʢ 44 ï ʀʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ StHY5 ʠ StJAF13 ʙʠʦʩʠʥʪʝʟʘ 

ʘʥʪʦʮʠʘʥʦʚ ʣʠʩʪʴʷʭ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ (ʛʦʣʫʙʦʡ ʛʨʘʬʠʢ) ʠ ɻʠʙʨʠʜ 1 (ʬʠʦʣʝʪʦʚʳʡ 

ʛʨʘʬʠʢ) ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ (+3 ) (ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 30) 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʚ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʥʪʦʮʠʘʥʦʚ ʧʨʠʚʦʜʠʣ ʢ ʠʟʤʝʥʝʥʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ StHY5 ʠ StJAF13. 

ʇʨʠ ʵʪʦʤ ʠʥʪʝʨʝʩʥʦ, ʯʪʦ ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʘ StHY5 ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʧʨʦʬʠʣʝʤ 

ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ: ʫ ʟʝʣʝʥʦʣʠʩʪʥʦʛʦ ʩʦʨʪʘ ʃʝʜʠ 

ʂʣʵʨ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʯʝʨʝʟ 6 ʯ ʭʦʣʦʜʦʚʦʛʦ 

ʩʪʨʝʩʩʘ; ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʧʫʩʪʷ 24 ʯ 

ʠ 48 ʯ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʪʨʘʥʩʢʨʠʧʮʠʠ (11-22 ʨʘʟ) ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ. ɺ ʩʣʫʯʘʝ ɻʠʙʨʠʜʘ 1 ʧʦʚʳʰʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʙʳʣʦ ʙʦʣʝʝ 



112 
 

 
 

 

ʧʣʘʚʥʳʤ ʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ, ʜʦʩʪʠʛʘʣʦ ʤʘʢʩʠʤʫʤʘ ʯʝʨʝʟ 12 ʯʘʩʦʚ 

ʩʪʨʝʩʩʘ, ʜʘʣʝʝ ʩ ʨʝʟʢʠʤ ʧʘʜʝʥʠʝʤ ʙʝʟ ʧʦʚʳʰʝʥʠʷ ʚ ʧʝʨʠʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ 

ʩʪʨʝʩʩʘ (ʨʠʩ. 44).  

ɺ ʩʣʫʯʘʝ ʊʌ StJAF13 ʫ ʟʝʣʝʥʦʣʠʩʪʥʦʛʦ ʨʘʩʪʝʥʠʷ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ 

ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪʩʷ ʧʘʪʪʝʨʥ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ 

ʬʠʦʣʝʪʦʚʦʣʠʩʪʥʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʧʦʩʣʝ 6 ʯʘʩʦʚ ʩʪʨʝʩʩʘ ʠ 

ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʚ ʦʩʪʘʣʴʥʳʭ ʪʦʯʢʘʭ (ʨʠʩ. 44). 

ɸʥʪʦʮʠʘʥʳ, ʷʚʣʷʷʩʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ, ʟʘ ʩʯʝʪ ʩʚʦʠʭ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʦʛʣʦʱʘʶʪ ɸʌʂ ʠ ʥʝʡʪʨʘʣʠʟʫʶʪ ʨʘʜʠʢʘʣʳ, ʧʦʵʪʦʤʫ ʦʙʳʯʥʦ 

ʨʘʩʪʝʥʠʷ ʚʳʨʘʙʘʪʳʚʘʶʪ ʘʥʪʦʮʠʘʥʳ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ, 

ʚʳʟʚʘʥʥʦʛʦ ʥʘʧʨʷʤʫʶ ʠʣʠ ʢʦʩʚʝʥʥʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʪʨʝʩʩʦʤ (Chinnusamy et al., 

2007; Zhang et al., 2019). ʇʦʵʪʦʤʫ ʚʳʨʘʙʦʪʢʘ ʘʥʪʦʮʠʘʥʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʊʌ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ.  

ʈʘʥʝʝ ʜʣʷ ʨʷʜʘ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ (ʚʠʥʦʛʨʘʜ, ʷʙʣʦʥʷ, ʘʧʝʣʴʩʠʥ, ʢʫʢʫʨʫʟʘ, ʪʘʙʘʢ, ʯʘʡ 

ʠ ʜʨ.) ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʠʥʜʫʢʮʠʠ ʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ ʠʭ ʙʠʦʩʠʥʪʝʟʘ (Mori et al., 

2005; Crif¸ et al., 2012; Li et al., 2017). ɺ ʩʣʫʯʘʝ ʢʘʨʪʦʬʝʣʷ ʤʳ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʩʠʥʪʝʟʘ 

ʘʥʪʦʮʠʘʥʦʚ ʚ ʣʠʩʪʴʷʭ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʪʨʝʩʩʝ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʚʳʰʝʥʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʊʌ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʠʤʠ çʨʘʥʥʠʭè ʠ çʧʦʟʜʥʠʭè ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ 

ʘʥʪʦʮʠʘʥʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʜʣʷ S. tuberosum ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʮʠʠ 7 ʛʝʥʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʠʥʪʝʟ ʘʥʪʦʮʠʘʥʦʚ ʚ ʣʠʩʪʴʷʭ ʧʨʠ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ; ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʘʥʪʦʮʠʘʥʘ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ 

ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʧʨʠʚʦʜʠʣ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ 

(StCHS, StCHI, StF3H, StDFR) ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ (StHY5, StGL3) ʛʝʥʦʚ ʧʫʪʠ: ʯʝʨʝʟ 6 ʯʘʩʦʚ 

(ʚ ʩʣʫʯʘʝ ʟʝʣʝʥʦʣʠʩʪʥʦʛʦ ʨʘʩʪʝʥʠʷ) ʠʣʠ ʯʝʨʝʟ 24 ʯʘʩʘ (ʚ ʩʣʫʯʘʝ ʬʠʦʣʝʪʦʚʦʣʠʩʪʥʦʛʦ 

ʨʘʩʪʝʥʠʷ) ʩʪʨʝʩʩʘ ï ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʧʦʚʳʩʠʣʩʷ ʚ 2-5 ʨʘʟ ʠ ʟʘʪʝʤ ʩʥʠʞʘʣʩʷ.  

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʘʥʪʦʮʠʘʥʦʚ ʠ 

ʧʘʪʪʝʨʥʘʤʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠʭ ʙʠʦʩʠʥʪʝʟʘ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ. 
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ɿɸʂʃʖʏɽʅʀɽ 

ʇʦʥʠʤʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʚʣʠʷʥʠʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ ʠ ʧʨʦʮʝʩʩʘ ʭʦʣʦʜʦʚʦʛʦ 

ʦʩʘʭʘʨʠʚʘʥʠʷ ʫ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʢʘʨʪʦʬʝʣʷ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʘ ʦʮʝʥʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʛʝʥʦʚ ʚʪʦʨʠʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ  

S. tuberosum ʚ ʦʪʚʝʪ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʪʨʝʩʩ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʚ, ʠʟʤʝʥʷʶʱʠʭ ʵʢʩʧʨʝʩʩʠʶ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ 

ʩʪʨʝʩʩʝ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ, 

ʦʪʦʙʨʘʥʥʳʭ ʚ ʪʨʝʭ ʚʨʝʤʝʥʥʳʭ ʪʦʯʢʘʭ: ʜʦ ʧʦʤʝʱʝʥʠʷ ʥʘ +3  (0 ʤʝʩ), ʯʝʨʝʟ 3,5 ʤʝʩʷʮʝʚ 

(3,5 ʤʝʩ) ʠ 6,5 ʤʝʩʷʮʝʚ (6,5 ʤʝʩ) ʭʨʘʥʝʥʠʷ ʧʨʠ +3 . ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʰʝʩʪʠ ʙʠʙʣʠʦʪʝʢ 

ʥʘ ʧʣʘʪʬʦʨʤʝ Illumina HiSeq 2500 ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʧʦʟʚʦʣʠʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 23 425 (0 ʤʝʩ), 22 601 (3,5 ʤʝʩ) ʠ 22 576 (6,5 ʤʝʩ) ʛʝʥʦʚ, 

ʯʪʦ ʦʭʚʘʪʳʚʘʝʪ 24 957 ʠʟ 32 873 ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʢʘʨʪʦʬʝʣʷ. ʇʨʠʤʝʨʥʦ 500ï600 

ʛʝʥʦʚ ʙʳʣʠ ʢʦʵʢʩʧʨʝʩʩʠʨʦʚʘʥʳ ʤʝʞʜʫ ʧʘʨʘʤʠ ʩʪʘʜʠʡ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ 

3,5 ʤʝʩ ʠ 6,5 ʤʝʩ ʧʨʦʪʠʚ 0 ʤʝʩ ʦʩʥʦʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʚ ʠ ʤʝʪʘʙʦʣʠʟʤʘ ʚʦ 

ʚʨʝʤʷ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ ʚʳʨʘʞʘʶʪʩʷ ʚ ʘʢʪʠʚʘʮʠʠ ɼʕɻ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʧʫʪʷʤʠ, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʘʧʧʘʨʘʪʦʤ, ʪʨʘʥʩʣʷʮʠʝʡ, 

ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʚ ʧʦʥʠʞʘʶʱʝʡ ʨʝʛʫʣʷʮʠʠ ɼʕɻ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʧʫʪʷʤʠ ʠ ʚʪʦʨʠʯʥʳʤ ʤʝʪʘʙʦʣʠʟʤʦʤ. ʆʙʥʘʨʫʞʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʙʳʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʭʦʞʠ ʜʣʷ ʧʘʨ 3,5 ʤʝʩ vs. 0 ʤʝʩ ʠ 6,5 ʤʝʩ 

vs. 0 ʤʝʩ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʧʘʨ 6,5 ʤʝʩ vs. 3,5 ʤʝʩ, ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʚ ʢʣʫʙʥʷʭ ʚ ʧʝʨʠʦʜ ʧʝʨʚʳʭ 3,5 ʤʝʩʷʮʝʚ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ. 

ʇʦʤʠʤʦ ʦʞʠʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ Ŭ- ʠ ɓ-ʘʤʠʣʘʟ, ʠʥʚʝʨʪʘʟ, 

ʢʨʘʭʤʘʣ- ʠ ʩʘʭʘʨʦʟʦʩʠʥʪʘʟ ʠ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ, ʜʣʷ ʨʷʜʘ 

ʛʝʥʦʚ/ʩʝʤʝʡʩʪʚ ʛʝʥʦʚ S. tuberosum, ʪʘʢʠʭ ʢʘʢ ʛʝʥʳ ʪʨʘʥʩʣʦʢʘʪʦʨʳ ʩʝʤʝʡʩʪʚʘ SWEET 

(SWEET10, 12, 15), ʛʣʶʢʘʥ ʵʥʜʦ-1,3-ɓʛʣʶʢʦʟʠʜʘʟ 8, 13, Ŭ- ʛʘʣʘʢʪʦʟʠʜʘʟʳ 3 (AGAL3), 

ʛʘʣʘʢʪʫʨʦʥʦʟʠʣ ʪʨʘʥʩʬʝʨʘʟʳ 8 (GAUT8), ʬʨʫʢʪʦʟʦ-1,6-ʙʠʬʦʩʬʘʪʘʟʳ (FBPase), 

ʬʦʩʬʦʛʣʶʢʘʥʬʦʩʬʘʪʘʟʳ (DSP4) ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ ʚ ʦʪʚʝʪʝ ʥʘ ʭʦʣʦʜʦʚʳʡ 

ʩʪʨʝʩʩ ʚ ʢʣʫʙʥʷʭ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʵʪʠʭ ʛʝʥʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʛʝʥʦʚ 

SWEET10, 12, 15 ʚʦʦʙʱʝ ʙʳʣʘ ʥʝʠʟʚʝʩʪʥʘ ʠʭ ʬʫʥʢʮʠʷ ʫ ʨʘʩʪʝʥʠʡ, ʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ 

ʘʥʘʣʠʟ ʥʝ ʪʦʣʴʢʦ ʧʦʢʘʟʘʣ ʠʭ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʚ ʭʦʣʦʜʦʚʳʡ ʦʪʚʝʪ, ʥʦ ʠ ʪʦ, ʯʪʦ ʛʝʥʳ 

SWEET12 ʠ SWEET15 ʢʘʨʪʦʬʝʣʷ ʠʥʜʫʮʠʨʫʶʪʩʷ ʭʦʣʦʜʦʚʳʤ ʩʪʨʝʩʩʦʤ. 
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ʊʘʢ ʢʘʢ ʢʘʨʦʪʠʥʦʠʜʳ ʠ ʬʣʘʚʦʥʦʠʜʳ ʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʘʥʪʠʩʪʨʝʩʩʦʨʥʦʡ ʟʘʱʠʪʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠʭ ʙʠʦʩʠʥʪʝʟʘ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ.  

 ʇʨʦʚʝʜʝʥʥʳʡ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ 14 ɼʕɻ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʪʝʟʦʤ 

ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʜʠʥʘʤʠʢʝ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʣʫʙʥʷʭ ʫʞʝ ʯʝʨʝʟ 

3,5 ʤʝʩʷʮʝʚ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ. ʊʘʢʞʝ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʚʳʷʚʠʣ 29 ɼʕɻ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʪʝʟʦʤ ʬʣʘʚʦʥʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʧʦ 

ʧʨʦʬʠʣʶ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ: ʦʜʥʘ ʚʢʣʶʯʘʝʪ 14 ʛʝʥʦʚ ʥʘʯʘʣʘ ʬʣʘʚʦʥʦʠʜʥʦʛʦ ʧʫʪʠ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʫʞʝ ʯʝʨʝʟ 3,5 ʤʝʩ 

ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ, ʢʦʪʦʨʦʝ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ 6,5 ʤʝʩ, ʜʨʫʛʘʷ ʚʢʣʶʯʘʝʪ 11 ʛʝʥʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʯʝʨʝʟ 3,5 

ʤʝʩ ʠ/ʠʣʠ 6,5 ʤʝʩ ʩʪʨʝʩʩʘ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʜʣʠʪʝʣʴʥʳʤ ʭʦʣʦʜʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ: ɹʘʨʠʥ, ʂʨʘʩʘʚʯʠʢ, ʋʪʨʦ, ʉʝʚʝʨʥʦʝ 

ʩʠʷʥʠʝ, ʅʘʜʝʞʜʘ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʨʦʢʘʤ ʭʦʣʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʶ 

ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ, ʩʦʜʝʨʞʘʥʠʶ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʥʪʦʮʠʘʥʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ 

(4 ʠ 7 ʤʝʩ) ʭʦʣʦʜʦʚʦʡ ʠʥʢʫʙʘʮʠʠ (+3 ) ʚ ʢʣʫʙʥʷʭ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʧʘʪʪʝʨʥʳ ʵʢʩʧʨʝʩʩʠʠ ʜʝʚʷʪʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ, StGBSS, StSUS4, 

StAGPase, PAIN-1(StVinv), StGWD, StAmy23, StBAM1, StBAM9, StAI, ʩʚʷʟʘʥʥʳʝ ʩ 

ʤʝʪʘʙʦʣʠʟʤʦʤ ʢʨʘʭʤʘʣʘ ʠ ʜʣʷ ʢʦʪʦʨʳʭ ʧʦ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʤ ʠ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʩ ʭʦʣʦʜʦʚʳʤ ʩʪʨʝʩʩʦʤ ʠ/ʠʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ CIS. ɼʣʷ ʨʷʜʘ ʛʝʥʦʚ 

ʥʘʙʣʶʜʘʣʠʩʴ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʳʝ ʧʘʪʪʝʨʥʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ ʩʭʦʜʩʪʚʦ ʧʘʪʪʝʨʥʦʚ 

ʵʢʩʧʨʝʩʩʠʠ ʜʣʷ StSUS4, StGWD, StAmy23, StBAM1, StBAM9 ʠ StAI. ʋ ʚʩʝʭ ʩʦʨʪʦʚ 

ʥʘʙʣʶʜʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ (ʧʦʚʳʰʝʥʠʷ ʚ ʩʣʫʯʘʝ 

StSUS4, StGWD, StAmy23, ʧʦʥʠʞʝʥʠʝ ʚ ʩʣʫʯʘʝ StBAM1, StBAM9, StAI) ʚ ʢʣʫʙʥʷʭ ʧʦʩʣʝ  

7 ʤʝʩʷʮʝʚ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʥʪʷʙʨʴʩʢʠʤ ʜʦ ʟʘʢʣʘʜʢʠ ʥʘ +3 . 

ʇʘʪʪʝʨʥʳ ʵʢʩʧʨʝʩʩʠʠ ʩʦʚʧʘʜʘʣʠ ʜʘʥʥʳʤʠ ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʘ.  

 ɼʣʷ ʛʝʥʦʚ StGWD, StAmy23, StBAM1, StBAM9, StAI ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʢʦʨʨʝʣʷʮʠʷ 

(ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ) ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʠ ʤʦʥʦʩʘʭʘʨʦʚ 

(ʛʣʶʢʦʟʘ, ʬʨʫʢʪʦʟʘ) ʚ ʜʠʥʘʤʠʢʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ, ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʰʝʥʦ ʙʳʣʦ ʩʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʛʝʥʘʭ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ 
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StAI, ʛʝʥʘ Ŭ-ʘʤʠʣʘʟʳ StAmy23, ʢʘʢ ʟʥʘʯʠʤʳʭ, ʥʦ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʘʭ ʫʛʣʝʚʦʜʥʦʛʦ 

ʤʝʪʘʙʦʣʠʟʤʘ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʭ ʛʝʥʘʭ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʥʪʦʮʠʘʥʦʚ. 

ɺʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ (ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ, ʢʣʦʥʠʨʦʚʘʥʳ, ʩʝʢʚʝʥʠʨʦʚʘʥʳ) ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ʠʥʛʠʙʠʪʦʨʦʚ ʘʤʠʣʘʟ AI ʫ ʦʙʨʘʟʮʦʚ 12 

ʚʠʜʦʚ ʢʣʫʙʥʝʦʙʨʘʟʫʶʱʠʭ ʜʠʢʦʨʘʩʪʫʱʠʭ ʠ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʝʨʠʡ ʩʝʢʮʠʠ Petota. ʇʦʢʘʟʘʥ ʚʳʩʦʢʠʡ ʤʝʞ- ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʫʨʦʚʝʥʴ 

ʧʦʣʠʤʦʨʬʠʟʤʘ, ʚʳʷʚʣʝʥʦ 42 ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʘ ʛʝʥʘ AI ʠ 36 ʚʘʨʠʘʥʪʦʚ ʙʝʣʢʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʦʤʝʥʦʚ ʠ ʤʦʪʠʚʦʚ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʝʪʠʯʥʦʡ (3D) ʩʪʨʫʢʪʫʨ r ʙʝʣʢʘ. ɺʳʷʚʣʝʥʥʦʝ ʩʭʦʜʩʪʚʦ ʜʦʤʝʥʦʚ ʠ 

ʤʦʪʠʚʦʚ AI ʙʝʣʢʦʚ ʠ ʠʭ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʠʜʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʧʨʘʚʠʣʴʥʳʡ ʙʝʣʦʢ; ʧʨʠʩʫʪʩʪʚʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʤʦʪʠʚʘ 7 ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʙʝʣʢʘ ʠ ʥʝ ʤʝʰʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ 

ʩʧʠʨʘʣʠ. ʉʭʦʜʩʪʚʦ ʜʦʤʝʥʦʚ ʠ ʤʦʪʠʚʦʚ ʫ ʢʣʫʙʥʝʦʙʨʘʟʫʶʱʠʭ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ, ʫ 

ʥʝʢʣʫʙʥʝʦʙʨʘʟʫʶʱʝʛʦ ʚʠʜʘ S. etuberosum ʠ ʫ ʚʠʜʦʚ ʪʦʤʘʪʦʚ ʛʦʚʦʨʠʪ ʦ ʚʘʞʥʦʩʪʠ 

ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʜʣʷ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʨʘʩʪʝʥʠʡ. 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ AI ʫ 36 ʩʦʨʪʦʚ ʠ ʣʠʥʠʡ 

ʢʘʨʪʦʬʝʣʷ ʪʘʢʞʝ ʚʳʷʚʠʣ ʢʨʘʡʥʝ ʚʳʩʦʢʠʡ ʢʘʢ ʥʫʢʣʝʦʪʠʜʥʳʡ (21,3%), ʪʘʢ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ (33,0%). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʨʪʦʚ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ 70 ʚʘʨʠʘʥʪʦʚ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ 69 ʚʘʨʠʘʥʪʦʚ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʋ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʚʟʷʪʳʭ ʚ ʘʥʘʣʠʟ ʚʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʙʳʣ ʜʝʪʝʢʪʠʨʦʚʘʥ ʚ ʢʣʫʙʥʷʭ. ʋ ʩʦʨʪʘ ʅʘʜʝʞʜʘ ʵʢʩʧʨʝʩʩʠʷ StAI ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ ʚʦ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʨʛʘʥʘʭ, ʢʨʦʤʝ ʩʪʝʙʣʷ, ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʢʣʫʙʥʝ.  

ɺʧʝʨʚʳʝ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʧʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ Ŭ-ʘʤʠʣʘʟʳ StAmy23 ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ (ʣʠʩʪ, ʩʪʝʙʝʣʴ, ʧʣʦʜ, ʩʪʦʣʦʥ, ʢʦʨʝʥʴ ʠ ʢʣʫʙʝʥʴ (ʤʷʢʦʪʴ, 

ʢʦʞʫʨʘ)) ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ ʫ ʪʨʝʭ ʩʦʨʪʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ ʚ 

ʢʣʫʙʥʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ StAmy23 ʪʨʘʥʩʢʨʠʙʠʨʫʝʪʩʷ ʚʦ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʨʛʘʥʘʭ ʠ ʥʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʚ ʢʣʫʙʥʷʭ: ʫ ʚʩʝʭ ʪʨʝʭ ʩʦʨʪʦʚ 

ʢʘʨʪʦʬʝʣʷ ʚ ʚʝʛʝʪʘʪʠʚʥʳʭ ʦʨʛʘʥʘʭ ʠ ʚ ʧʣʦʜʘʭ, ʵʢʩʧʨʝʩʩʠʷ StAmy23 ʙʳʣʘ ʚ 1,5-2,7 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʚ ʢʣʫʙʥʷʭ (ʩʫʤʤʘʨʥʦ ʚ ʢʦʞʫʨʝ ʠ ʤʷʢʦʪʠ). ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ 

StAmy23 ʚ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʯʘʩʪʠʠ 

ʬʝʨʤʝʥʪʘ ʚ ʨʝʛʫʣʷʮʠʠ ʤʝʪʘʙʦʣʠʟʤʘ ʢʨʘʭʤʘʣʘ ʥʝ ʪʦʣʴʢʦ ʚ ʢʣʫʙʥʷʭ, ʥʦ ʪʘʢʞʝ ʠ ʚ ʜʨʫʛʠʭ 

ʢʘʢ ʚʝʛʝʪʘʪʠʚʥʳʭ, ʪʘʢ ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʨʛʘʥʘʭ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʚʝʪʘ ʥʘ ʘʙʠʦʪʠʯʝʩʢʠʝ ʩʪʨʝʩʩʳ.  
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ʇʨʦʚʝʜʝʥʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʝʞʜʫ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʢʣʫʙʥʷʭ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʪʨʘʥʩʢʨʠʧʮʠʠ StAmy23 ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ, ʥʦ ʥʝ 

ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ, ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʘʢʪʠʚʥʦʩʪʴ Ŭ-ʘʤʠʣʘʟʳ Amy23 ʜʦʧʦʣʥʷʝʪʩʷ ʪʘʢʞʝ ʘʢʪʠʚʥʦʩʪʴʶ ɓ-ʘʤʠʣʘʟ, ʘ 

ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʬʝʨʤʝʥʪʘʤʠ ʤʝʪʘʙʦʣʠʟʤʘ ʢʨʘʭʤʘʣʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʥʛʠʙʠʪʦʨʘʤʠ ʘʤʠʣʘʟ 

ʠ ʨʘʟʣʠʯʥʳʭ ʠʥʚʝʨʪʘʟ.  

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʦʚ 

ʬʠʪʦʠʥʩʠʥʪʘʟʳ StPSY1 ʠ StPSY2 ʫ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʢʣʫʙʥʝ, ʠ ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ. ʄʝʞʩʦʨʪʦʚʦʡ ʧʦʣʠʤʦʨʬʠʟʤ 

ʵʢʟʦʥʦʚ ʦʙʦʠʭ ʛʝʥʦʚ ʦʢʘʟʘʣʩʷ ʢʨʘʡʥʝ ʥʠʟʢʠʤ: ʙʳʣʦ ʚʳʷʚʣʝʥʦ 9 (StPSY1) ʠ 14 (StPSY2) 

SNPs, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʦ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʧʝʨʚʳʭ ʵʢʟʦʥʘʭ.  

ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʬʠʪʦʠʥʩʠʥʪʘʟ 

ʢʘʨʪʦʬʝʣʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʠ PSY1 ʠ PSY2 ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʫʧʣʠʢʘʮʠʠ ʛʝʥʘ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʩ ʚʦʟʤʦʞʥʦʡ ʧʦʩʣʝʜʫʶʱʝʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʚʝʨʩʠʬʠʢʘʮʠʝʡ. 

ɺʧʝʨʚʳʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ ʧʨʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ (+3 , 48 ʯʘʩʦʚ) ʚ ʣʠʩʪʴʷʭ ʩʦʨʪʘ ʃʝʜʠ ʂʣʵʨ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʘ ʘʢʪʠʚʘʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʚʩʝʭ ʪʨʝʭ ʛʝʥʦʚ 

PSY ʚ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ. ɺʧʝʨʚʳʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʤʈʅʂ ʛʝʥʘ StPSY3 ʚ ʪʢʘʥʷʭ ʣʠʩʪʘ 

ʢʘʨʪʦʬʝʣʷ, ʪʘʢ ʢʘʢ ʨʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʵʪʦʪ ʛʝʥ ʪʨʘʥʩʢʨʠʙʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʢʦʨʥʷʭ. 

ʕʢʩʧʨʝʩʩʠʷ ʚʩʝʭ ʪʨʝʭ ʛʝʥʦʚ StPSY ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʭʦʣʦʜʘ, ʥʦ ʚ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ: StPSY1 ï ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ, ʯʝʤ StPSY2 ʠ StPSY3, ʧʨʠ ʵʪʦʤ ʛʝʥ StPSY1 

ʦʪʚʝʯʘʝʪ ʟʘ çʙʳʩʪʨʳʡè ʦʪʚʝʪ ʥʘ ʜʝʡʩʪʚʠʝ ʩʪʨʝʩʩʦʚʦʛʦ ʬʘʢʪʦʨʘ (6 ʯ ʩʪʨʝʩʩʘ), ʘ StPSY2 ï 

ʟʘ ʙʦʣʝʝ çʧʦʟʜʥʠʡè ʦʪʚʝʪ ʧʨʠ ʧʨʦʜʦʣʞʘʶʱʝʤʩʷ ʚʦʟʜʝʡʩʪʚʠʠ ʩʪʨʝʩʩʘ (24 ʯ). ʀ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʝ ʪʘʥʜʝʤʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʘʢʪʠʚʥʦʤʫ ʩʠʥʪʝʟʫ ʬʠʪʦʠʥʘ ï ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʚʩʝʭ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, 

ʟʘʱʠʪʝ ʢʣʝʪʦʢ ʦʪ ʩʪʨʝʩʩʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺʳʷʚʣʝʥʥʳʡ ʚʧʝʨʚʳʝ ʧʘʪʪʝʨʥ ʵʢʩʧʨʝʩʩʠʠ 

StPSY3 ʥʝ ʧʦʚʪʦʨʷʣ ʧʨʦʬʠʣʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʜʚʫʭ ʜʨʫʛʠʭ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʠʟʤʝʥʷʣʩʷ ʧʨʠ ʩʪʨʝʩʩʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

 ʊʘʢʞʝ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ ʠ 

ʜʨʫʛʠʭ 13 ʛʝʥʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʝʩʴ ʧʫʪʴ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

(+3 , 7 ʤʝʩʷʮʝʚ) ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ ʚ ʢʣʫʙʥʷʭ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 
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ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʢʣʫʙʥʷʭ. ɺʩʝ ʩʦʨʪʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʥʠʞʝʥʠʝʤ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʠʥʪʝʟ ʠ ʨʘʩʧʘʜ ʢʘʨʦʪʠʥʦʠʜʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʝʚ), ʯʝʨʝʟ 4 ʠ 7 ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ ʢʣʫʙʥʝʡ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʠʥʘʤʠʢʘ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʧʠʛʤʝʥʪʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʦʣʦʜʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʨʪʘ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʨʦʣʴ ʛʝʥʦʪʠʧʘ ʚ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʥʝʰʥʠʤ ʫʩʣʦʚʠʷʤ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʩʨʝʜʥʝʡ ʩʠʣʳ ʜʣʷ ʛʝʥʘ StPDS, ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʛʝʥʦʚ ʠ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. 

ʊʘʢʞʝ ʚʧʝʨʚʳʝ ʜʣʷ S. tuberosum ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʝʤʠ ʛʝʥʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʠʥʪʝʟ ʘʥʪʦʮʠʘʥʦʚ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ (48 ʯʘʩʦʚ, +3 ) ʭʦʣʦʜʦʚʦʤ 

ʩʪʨʝʩʩʝ ʚ ʣʠʩʪʴʷʭ ʜʚʫʭ ʩʦʨʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʘʥʪʦʮʠʘʥʦʚ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʣʠʩʪʴʷʭ ʢʘʨʪʦʬʝʣʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ ʧʨʠʚʦʜʠʣ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ: 

ʯʝʨʝʟ 6 ʯʘʩʦʚ (ʚ ʩʣʫʯʘʝ ʟʝʣʝʥʦʣʠʩʪʥʦʛʦ ʨʘʩʪʝʥʠʷ) ʠʣʠ ʯʝʨʝʟ 24 ʯʘʩʘ (ʚ ʩʣʫʯʘʝ 

ʬʠʦʣʝʪʦʚʦʣʠʩʪʥʦʛʦ ʨʘʩʪʝʥʠʷ) ʩʪʨʝʩʩʘ, ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʧʦʚʳʩʠʣʩʷ ʚ 2-5 ʨʘʟ. ɺ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʘʥʪʦʮʠʘʥʦʚ ʠ ʧʘʪʪʝʨʥʘʤʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠʭ ʙʠʦʩʠʥʪʝʟʘ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ.  

ʉʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʚ ʬʠʦʣʝʪʦʚʦʦʢʨʘʰʝʥʥʳʭ ʢʣʫʙʥʷʭ ʩʦʨʪʘ ʉʝʚʝʨʥʦʝ 

ʩʠʷʥʠʝ ʚ ʜʠʥʘʤʠʢʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ (+3 , 7 ʤʝʩʷʮʝʚ) ʚ ʢʣʫʙʥʷʭ ʯʝʨʝʟ  

4-7 ʤʝʩʷʮʝʚ ʭʦʣʦʜʦʚʦʡ ʠʥʢʫʙʘʮʠʠ ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ ʪʨʝʪʴ, ʧʨʠ ʵʪʦʤ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ 

ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ StCHS2 ʠ StDFR ʨʝʟʢʦ ʧʘʜʘʣʘ (ʚ 6 ʨʘʟ) ʧʦʩʣʝ 4 ʤʝʩʷʮʝʚ 

ʠʥʢʫʙʘʮʠʠ ʢʣʫʙʥʝʡ ʧʨʠ +3 , ʜʦʭʦʜʷ ʜʦ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʧʦʩʣʝ 7 ʤʝʩʷʮʝʚ ʩʪʨʝʩʩʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʢʣʫʙʥʷʭ ʠ 

ʣʠʩʪʴʷʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʢʘʨʪʦʬʝʣʷ ʚ ʦʪʚʝʪ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʪʨʝʩʩ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʧʨʦʮʝʩʩʘ ʭʦʣʦʜʦʚʦʛʦ ʦʩʘʭʘʨʠʚʘʥʠʷ ʫ ʨʘʩʪʝʥʠʡ S. tuberosum.  

ʂʨʘʪʢʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ 

ʚʳʚʦʜʦʚ: 

1. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʚ ʧʨʦʮʝʩʩʝ 6,5 ʤʝʩʷʮʝʚ 

ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ (3 ). ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʝʨʠʦʜ ʧʝʨʚʳʭ 3,5 ʤʝʩʷʮʝʚ. ʆʧʨʝʜʝʣʝʥʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʛʝʥʳ, ʪʨʘʥʩʢʨʠʧʮʠʷ ʢʦʪʦʨʳʭ ʠʟʤʝʥʠʣʘʩʴ 
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ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʛʣʝʚʦʜʥʳʤ ʦʙʤʝʥʦʤ (37 ɼʕɻ) ʠ ʙʠʦʩʠʥʪʝʟʦʤ 

ʢʘʨʦʪʠʥʦʠʜʦʚ (14 ɼʕɻ) ʠ ʘʥʪʦʮʠʘʥʦʚ (29 ɼʕɻ). ɼʣʷ ʨʷʜʘ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ 

(SWEET-ʫʥʠʧʦʨʪʝʨʦʚ (SWEET 10, 12 ʠ 15), ʛʣʶʢʘʥ ʵʥʜʦ-1,3-ɓʛʣʶʢʦʟʠʜʘʟ 8 ʠ 13,  

Ŭ-ʛʘʣʘʢʪʦʟʠʜʘʟʳ 3 (AGAL3), ʛʘʣʘʢʪʫʨʦʥʦʟʠʣ ʪʨʘʥʩʬʝʨʘʟʳ 8 (GAUT8), ʬʨʫʢʪʦʟʦ-1,6-

ʙʠʬʦʩʬʘʪʘʟʳ (FBPase), ʬʦʩʬʦʛʣʶʢʘʥʬʦʩʬʘʪʘʟʳ (DSP4)) ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ 

ʚ ʦʪʚʝʪʝ ʥʘ ʭʦʣʦʜʦʚʦʡ ʩʪʨʝʩʩ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ. ɻʝʥʳ StSWEET 12 ʠ StSWEET 15 

ʢʘʨʪʦʬʝʣʷ ʠʥʜʫʮʠʨʫʶʪʩʷ ʭʦʣʦʜʦʚʳʤ ʩʪʨʝʩʩʦʤ. 

2. ɺ ʦʪʚʝʪ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʭʦʣʦʜʦʚʦʡ ʩʪʨʝʩʩ ʚ ʢʣʫʙʥʷʭ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ 

ʧʦʢʘʟʘʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʛʣʝʚʦʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ: 

ʧʦʚʳʰʝʥʠʝ (StSUS4, StGWD, StAmy23) ʠʣʠ ʧʦʥʠʞʝʥʠʝ (StBAM1, StBAM9, StAI) ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʩʪʨʝʩʩʦʚʳʤ ʫʨʦʚʥʝʤ; ʚʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʠ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ. ʈʘʟʣʠʯʠʷ ʧʘʪʪʝʨʥʘ ʵʢʩʧʨʝʩʩʠʠ 

ʜʘʥʥʳʭ ʛʝʥʦʚ ʚ ʢʣʫʙʥʷʭ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʛʝʥʦʪʠʧ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʦʪʚʝʪʘ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʭʦʣʦʜʦʚʳʡ ʩʪʨʝʩʩ. 

3. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ (ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʘ, ʢʣʦʥʠʨʦʚʘʥʘ, ʩʝʢʚʝʥʠʨʦʚʘʥʘ) ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ ʠʥʛʠʙʠʪʦʨʘ ʘʤʠʣʘʟ AI ʫ ʦʙʨʘʟʮʦʚ 12 

ʜʠʢʦʨʘʩʪʫʱʠʭ ʚʠʜʦʚ ʠ 36 ʩʦʨʪʦʚ S. tuberosum. ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʤʝʞʚʠʜʦʚʘʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʛʝʥʘ, ʘ ʪʘʢʞʝ ʢʨʘʡʥʝ ʚʳʩʦʢʠʡ ʧʦʣʠʤʦʨʬʠʟʤ, ʢʘʢ ʥʫʢʣʝʦʪʠʜʥʳʡ 

(21,3%), ʪʘʢ ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ (33,0%) ʫ ʩʦʨʪʦʚ. 

4. ɺ ʦʪʚʝʪ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʭʦʣʦʜʦʚʦʡ ʩʪʨʝʩʩ ʚ ʢʣʫʙʥʷʭ ʧʷʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ 

ʧʦʢʘʟʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʠʭ ʢʘʨʦʪʠʥʦʠʜʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʝʟʢʠʤ 

ʩʥʠʞʝʥʠʝʤ ʯʝʨʝʟ 4 ʤʝʩʷʮʘ ʩʪʨʝʩʩʘ. ʀʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʥʝ ʠʤʝʣʠ 

ʦʙʱʝʛʦ ʧʘʪʪʝʨʥʘ ʠ ʙʳʣʠ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʳ.  

5. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ ʬʠʪʦʠʥʩʠʥʪʘʟ 

StPSY1, StPSY2 ʠ StPSY3. ʇʦʢʘʟʘʥʘ ʘʢʪʠʚʘʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʚʩʝʭ ʪʨʝʭ ʛʝʥʦʚ ʚ ʣʠʩʪʴʷʭ 

ʢʘʨʪʦʬʝʣʷ ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʭʦʣʦʜʦʚʦʡ ʩʪʨʝʩʩ (3 , 48 ʯ). ʇʨʠ ʵʪʦʤ 

StPSY2 ʫʯʘʩʪʚʫʝʪ ʚ ʙʳʩʪʨʦʤ ʦʪʚʝʪʝ ʥʘ ʩʪʨʝʩʩʦʨ (6 ʯ), StPSY1 ʨʝʘʛʠʨʫʝʪ ʧʦʟʜʥʝʝ  

(24 ʯ), ʪʦʛʜʘ ʢʘʢ StPSY3 ʚʦʚʣʝʯʝʥ ʠ ʚ ʨʘʥʥʠʡ (6 ʯ), ʠ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʡ (48 ʯ) 

ʦʪʚʝʪʳ ʥʘ ʩʪʨʝʩʩ. 

6. ɸʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ 16 ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʢʣʫʙʥʷʭ ʧʷʪʠ ʩʦʨʪʦʚ 

ʢʘʨʪʦʬʝʣʷ ʚ ʜʠʥʘʤʠʢʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʦʚʦʛʦ ʭʨʘʥʝʥʠʷ ʚʳʷʚʠʣ ʦʙʱʫʶ ʜʣʷ ʚʩʝʭ 

ʩʦʨʪʦʚ ʪʝʥʜʝʥʮʠʶ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ ʚ ʧʝʨʠʦʜ 

ʧʝʨʚʳʭ 4 ʤʝʩʷʮʝʚ ʩʪʨʝʩʩʘ, ʯʪʦ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʢʘʨʦʪʠʥʦʠʜʦʚ. 
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7. ɸʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ 7 ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʘʥʪʦʮʠʘʥʦʚ ʫ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʩ ʨʘʟʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʥʪʦʮʠʘʥʦʚ ʚ ʣʠʩʪʴʷʭ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʭʦʣʦʜʦʚʦʤ ʩʪʨʝʩʩʝ (+3, 

48 ʯ) ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʢʪʠʚʘʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ (StCHS, StCHI, 

StF3H, StDFR) ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ (StHY5, StJAF13) ʛʝʥʦʚ ʧʫʪʠ: ʯʝʨʝʟ 6 ʯ 

(ʟʝʣʝʥʦʣʠʩʪʥʦʝ ʨʘʩʪʝʥʠʝ) ʠʣʠ 24 ʯ (ʬʠʦʣʝʪʦʚʦʣʠʩʪʥʦʝ ʨʘʩʪʝʥʠʝ) ʩʪʨʝʩʩʘ ʫʨʦʚʝʥʴ 

ʪʨʘʥʩʢʨʠʧʪʦʚ ʧʦʚʳʩʠʣʩʷ ʚ 2-5 ʨʘʟ. 
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ɻʠʙʨʠʜ 7 ʅʝʪ ʜʘʥʥʳʭ ɾʝʣʪʘʷ/ 

ʢʨʘʩʥʘʷ ʩ 

ʞʝʣʪʳʤ 

ʦʙʨʘʤʣʝʥʠʝʤ ʫ 

ʢʦʞʫʨʳ 

ʅʝʪ ʜʘʥʥʳʭ 

 

ɻʠʙʨʠʜ 4 ʅʝʪ ʜʘʥʥʳʭ ʂʨʘʩʥʘʷ/ 

ʢʨʘʩʥʘʷ 

ʅʝʪ ʜʘʥʥʳʭ 
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ɻʠʙʨʠʜ 6 ʅʝʪ ʜʘʥʥʳʭ ʈʦʟʦʚʘʷ ʩ 

ʞʝʣʪʳʤʠ 

ʧʷʪʥʘʤʠ/ 

ʨʦʟʦʚʘʷ ʩ 

ʞʝʣʪʳʤ 

ʦʙʨʘʤʣʝʥʠʝʤ ʫ 

ʢʦʞʫʨʳ 

ʅʝʪ ʜʘʥʥʳʭ 

 

ʉʘʪʫʨʥʘ  

 

ʉʨʝʜʥʝʧʦʟʜʥʠʡ ɾʝʣʪʘʷ/ʩʚʝʪʣʦ-

ʞʝʣʪʘʷ 

16,5-21,4 

 
ɻʘʣʘ 

 

ʉʨʝʜʥʝʨʘʥʥʠʡ ɾʝʣʪʘʷ/ʪʝʤʥʦ-

ʞʝʣʪʘʷ 

10,2-13,2 

 
 ʂʨʝʧʳʰ 

 

ʈʘʥʥʠʡ ɾʝʣʪʘʷ/ʢʨʝʤʦ-

ʚʘʷ 

10,0-12,1 

 
ʃʶʙʘʚʘ ʈʘʥʥʝʩʧʝʣʳʡ ʂʨʘʩʥʘʷ/ʙʝʣʘʷ 11,2-16,9 

 
ʄʝʪʝʦʨ ʆʯʝʥʴ ʨʘʥʥʠʡ ɾʝʣʪʘʷ/ʩʚʝʪʣʦ-

ʞʝʣʪʘʷ 

12,0-14,9 

 
ɾʠʛʫʣʝʚʩʢʠʡ ʉʨʝʜʥʝʩʧʝʣʳʡ ɾʝʣʪʘʷ/ʩʚʝʪʣʦ-

ʞʝʣʪʘʷ 

12,5-15,0 

 
ʌʘʚʦʨʠʪ ʉʨʝʜʥʝʩʧʝʣʳʡ ʂʨʘʩʥʘʷ/ 

ʢʨʝʤʦʚʘʷ 

12,6-16,4 

 
ɺʝʣʠʢʘʥ ʉʨʝʜʥʝʩʧʝʣʳʡ ʉʚʝʪʣʦ-

ʙʝʞʝʚʘʷ/ 

ʢʨʝʤʦʚʘʷ 

15,9-18,9 

 
ʌʠʦʣʝʪʦʚʳʡ ʉʨʝʜʥʝʧʦʟʜʥʠʡ ʉʠʥʷʷ/ʩʠʥʷʷ 10,5-14,4 

 
ɺʳʤʧʝʣ ʉʨʝʜʥʝʩʧʝʣʳʡ ɾʝʣʪʘʷ/ʩʚʝʪʣʦ-

ʞʝʣʪʘʷ 

13,2-16,6 
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ʂʦʣʦʙʦʢ ʉʨʝʜʥʝʩʧʝʣʳʡ ɾʝʣʪʘʷ/ ʞʝʣʪʘʷ 11,4-13 

 
ɺʘʩʠʣʝʢ ʉʨʝʜʥʝʨʘʥʥʠʡ ʉʠʥʷʷ/ 

ʢʨʝʤʦʚʘʷ 

12,6-15,9 

 
ɻʫʣʣʠʚʝʨ ʈʘʥʥʝʩʧʝʣʳʡ ʉʚʝʪʣʦ-

ʙʝʞʝʚʘʷ/ 

ʢʨʝʤʦʚʘʷ 

14,1-15,4 

 
ʌʨʠʪʝʣʣʘ ʉʨʝʜʥʝʩʧʝʣʳʡ ʉʚʝʪʣʦ-

ʙʝʞʝʚʘʷ/ 

ʢʨʝʤʦʚʘʷ 

15-19 

 
ɻʦʣʫʙʠʟʥʘ ʉʨʝʜʥʝʩʧʝʣʳʡ ʉʚʝʪʣʦ-

ʙʝʞʝʚʘʷ/ 

ʢʨʝʤʦʚʘʷ 

17-19 

 
ʃʶʢʩ ʈʘʥʥʝʩʧʝʣʳʡ ʂʨʘʩʥʘʷ/ʞʝʣʪʘʷ 11-15 

 
ʉʪʘʨʪ ʉʨʝʜʥʝʩʧʝʣʳʡ ɾʝʣʪʘʷ/ʙʝʣʘʷ 13-15 

 
ɹʨʘʚʦ ʉʨʝʜʥʝʨʘʥʥʠʡ ʂʨʘʩʥʘʷ/ʩʚʝʪʣʦ

-ʞʝʣʪʘʷ 

13,1-15,2 

 
ɻʦʨʥʷʢ ʉʨʝʜʥʝʨʘʥʥʠʡ ɾʝʣʪʘʷ/ʩʚʝʪʣʦ-

ʞʝʣʪʘʷ 

15,1-16,8 

 
ʀʨʙʠʪʩʢʠʡ ʉʨʝʜʥʝʩʧʝʣʳʡ ʂʨʘʩʥʘʷ/ʩʚʝʪʣʦ

-ʞʝʣʪʘʷ 

13,0-16,5 

 
ʂʦʨʪʥʠ ʉʨʝʜʥʝʨʘʥʥʠʡ ɾʝʣʪʘʷ/ʩʚʝʪʣʦ-

ʞʝʣʪʘʷ 

14,8-17,6 

 
3-43-2 ʅʝʪ ʜʘʥʥʳʭ ʅʝʪ ʜʘʥʥʳʭ ʅʝʪ ʜʘʥʥʳʭ  

3-43-6 ʅʝʪ ʜʘʥʥʳʭ ʅʝʪ ʜʘʥʥʳʭ ʅʝʪ ʜʘʥʥʳʭ  



150 
 

 
 

 

ʉʘʤʙʘ ʉʨʝʜʥʝʨʘʥʥʠʡ ɾʝʣʪʘʷ/ʩʚʝʪʣʦ-

ʞʝʣʪʘʷ 

14-17,8 

 
ɻʘʣʘ ʉʨʝʜʥʝʨʘʥʥʠʡ ɾʝʣʪʘʷ/ʪʝʤʥʦ-

ʞʝʣʪʘʷ 

10,2-13,2 

 
ʀʤʧʘʣʘ ʈʘʥʥʝʩʧʝʣʳʡ ɾʝʣʪʘʷ/ʩʚʝʪʣʦ-

ʞʝʣʪʘʷ 

10,5-14,6 

 
ʈʝʜ ʉʢʘʨʣʝʪ ʈʘʥʥʝʩʧʝʣʳʡ ʂʨʘʩʥʘʷ/ʞʝʣʪʘʷ 10,1-15,6 

 
ʅʝʚʩʢʠʡ ʉʨʝʜʥʝʨʘʥʥʠʡ ʉʚʝʪʣʦ-

ʙʝʞʝʚʘʷ/ʙʝʣʘʷ 

10-12 

 
ʄʘʪʫʰʢʘ ʈʘʥʥʝʩʧʝʣʳʡ ʂʨʘʩʥʘʷ/ 

ʢʨʝʤʦʚʘʷ 

16,3-18,2 

 
ʈʫʩʩʢʠʡ 

ʩʫʚʝʥʠʨ 

ʉʨʝʜʥʝʨʘʥʥʠʡ ɾʝʣʪʘʷ/ 

ʢʨʝʤʦʚʘʷ 

14,4-17,4 

 
ɸʨʣʝʢʠʥ ʉʨʝʜʥʝʨʘʥʥʠʡ ɾʝʣʪʘʷ/ʙʝʣʘʷ 14,1-17,6 

 
ɹʘʙʫʰʢʘ ʉʨʝʜʥʝʨʘʥʥʠʡ ɾʝʣʪʘʷ/ʙʝʣʘʷ 15,5-18,5 

 
ʂʫʟʥʝʯʘʥʢʘ ʉʨʝʜʥʝʨʘʥʥʠʡ ʂʨʘʩʥʘʷ/ 

ʢʨʝʤʦʚʘʷ 

12,7-16,2 

 
ʂʝʤʝʨʦʚʯʘʥʠʥ ʉʨʝʜʥʝʨʘʥʥʠʡ ɾʝʣʪʘʷ/ʞʝʣʪʘʷ 15,5-16,4 

 
ʊʘʥʘʡ ʉʨʝʜʥʝʨʘʥʥʠʡ ɾʝʣʪʘʷ/ʞʝʣʪʘʷ 14,1-17 

 
ʉʘʨʦʚʩʢʠʡ ʈʘʥʥʝʩʧʝʣʳʡ ʂʨʘʩʥʘʷ/ʞʝʣʪʘʷ 13,9-18,4 
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ʉʫʜʘʨʳʥʷ ʉʨʝʜʥʝʨʘʥʥʠʡ ɾʝʣʪʘʷ/ʩʚʝʪʣʦ-

ʞʝʣʪʘʷ 

13,9-14,8 

 
*ɼʘʥʥʳʝ ɻʦʩʩʦʨʪʢʦʤʠʩʩʠʠ (gossortrf.ru) 

ʊʘʙʣʠʮʘ ʇ2 ï ɺʠʜʳ ʢʘʨʪʦʬʝʣʷ ʠ ʪʦʤʘʪʘ, ʚʟʷʪʳʝ ʚ ʘʥʘʣʠʟ. 

ɺʠʜ ʂʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ 

 

ʇʣʦʠʜʥʦʩʪʴ; 

W/C 

Solanum gourlay 

 (=Solanum brevicaule Bitter) 

CGN 18038 

 

2ʍ/4ʍ; W (4 south) 

Solanum jamesii Torr. ɺʀʈ 15203 

 

2ʍ; W (1 + 2) 

Solanum kurtzianum Bitter & 

Wittm. 

ɺʀʈ 11969 

 

2ʍ; W (4 south) 

ɺʀʈ 12483 

 

Solanum stoloniferum Schltdl. & 

Bouchet 

ɺʀʈ 21618 

 

4ʍ; W 

(1+2, 3, 4 south) 

Solanum sucrense Hawkes ɺʀʈ 23598 

 

4ʍ; W (4 B) 

Solanum vernei Bitter & Wittm. ɺʀʈ 20332 

 

2ʍ; W (4 south; 4B) 

Solanum verrucosum Schltdl. ɺʀʈ 24467 

 

2ʍ; W (4 south; 4B) 

Solanum tuberosum L. GeneID: 102591697 

NW_006239139.1 (302246..304341) 

cv. DM 1-3 516 

R44 

Solanum lycopersicum L.  

cv. Heinz 1706 

Gene ID: 101255064 

NC_015440.3 (122217..124105) 

 

Solanum pennellii Correll. LA0716  

ʊʘʙʣʠʮʘ ʇ3 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ. 

ʅʘʟʚʘʥʠʝ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (5' Ÿ 3') F ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (5' Ÿ 3') R 
SbAIr TTGTAACATGGCTCGCGTTC TGTTGGTGAAGCACTTGGAG 
ef1Ŭ ATTGGAAACGGATATGCTCCA TCCTTACCTGAACGCCTGTCA 
sec3 GCTTGCACACGCCATATCAAT TGGATTTTACCACCTTCCGCA 
SbaI ACTATGGCTTTTCATTACTCTA TTACATCAAAGAATAGTTGTATAAC  
SbaI_in1R  TCGTGAGAATAGTCTCTTGC 

SbaI_ex1F GTAACATGGCTCGCGTTC  
SbaI_ex3F AACAGAGGCTCCAAGTGC  
SbaI_in3R  GGATAGTTTGAGCAACATAACTT 
StBAM1 CCGGGAGAGTATAATTGGGG ACAACCCACCTTGGAAGAGG 
StBAM9 GATGGAAAGACTCCGGTTCAAG ATGGATTGTGATGAGAAGGATAGC 
StAI TTGTAACATGGCTCGCGTTC TGTTGGTGAAGCACTTGGAG 
SUS4/SS16 ATGGCGCTTGATGAAAGTCAGC CCAGACTTTGCAATATCAGGAAC 
Amy23 ATGGCGCTTGATGAAAGTCAGC CCAGACTTTGCAATATCAGGAAC 
GWD TGAGTTATGACCGTGCTATC GACTCAAGATCTGCACCTG 
Pain1 TGCTATGCTTAGCTGGCAAAGA AACCGAGATGACATACCCGA 

PSY1 ATGCTCGATGGTGCTTTGT GACTTCCTCAAGTCCATACGCA 
PSY2 AACTGAGCTCTGCTAGTAGATG GCACTAGAGATCTTGCATAAGCA 
PSY3 GCCTAGTTTAGCCATTCAATAGAC GCCTAGAGTTGATCGAACGATTC 
OR1 GTGGACTTCTAGCACCCAGT AGAGATCACCCCAACTGCAC 



152 
 

 
 

 

OR2 GGTCAGATGCAGTTTCAAGAAATC TGGCATCTCATTTTCATCTTCACC 
PDS GAAGCTTTACCCGCTCCTTTAAA CTTGCTTTCTCATCCAGTCCTT 
ZDS CAGCAGATACGCAATCTAGAT ACAGTCAATGAATCCAAGAGCA 
Z-ISO GGATTGACAATTCTACTGGATTTGG CTAGCAAGACCACTGTGGACT 
CRTISO ATGAAGCGAAGAAAGAGCTTGT GCAAGGTATCGTCTGTGGGTCT 
LCYB1 TGTCTTCATGGTGAGCACTTACT CAGGATTTCAAGAAAGTTCCCTAC 
LCYB2 CAAGATTATAGGACCCCATTTGC GGCTTCACAGAGCTAAAGGTAC 
LCYE TATGTCAGACACGACGCTCAAT CATGCTAGCAGCAGCACCA 
VDE CCTGATGAAACAGAATGTCAG AGTCACCAACATCAGATTTACGA 
ZEP ATGAATGCTGGCTGCATCACT AAGTCCACGTTCCACTGCT 
NSY TCGGGCTCAATTCGACGTGA ATGGCCTATGACTTGTGTACATAT 
NCED1 TGCTCTTAGCTACGATGTGAT GCGAAATCATGCATCATTGTTGG 
NCED2 TATGCCCGTGGAGTTTTCGG GTTTGAAGATCGCCAGAAGGCAA 

NCED6 GTGGTATTCAAGTTATCCGAG CACTACATTTTGGCCATGGTTC 

DFR GCTGGATTTATCGGCTCTTGG GTCTGCTTTCCACAGCGTTAA 

ANS TGGCCTAAAACCCCTGCTGA GCCTCCAACTTCCTTCTCTAG 

CHI GGTGCCTCCATCCTTTTTACTC GTGCTTGCCAATTATGGAATCC 

F3H GGATCACGGTTAAGCCCATTG TGCTATTCGAGTTCACCACTGC 

CHS2 CTGTGTTGATCAAGCCACCTATC CTAGCATCAAGAGAAGGAGCCA 

ʊʘʙʣʠʮʘ ʇ4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʤʦʣʦʛʦʚ SbAI ʫ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʠʜʦʚ ʨʦʜʘ Solanum. 

ɺʠʜ ʂʘʪʘʣʦʞʥʳʡ 
ʥʦʤʝʨ/ 

NCBI ID 

CR* ɸʣʣʝʣʠ 

ʛʝʥ/ 

ʙʝʣʦʢ 

ɼʣʠʥʘ 

ʛʝʥʘ, ʧ.ʥ. 

ɼʣʠʥʘ

ʢɼʅʂ 

ʧ.ʥ. 

ɹʝʣʦʢ 

ʯʠʩʣʦ

ʘ.ʦ. 

ɿʘʤʝʱʝʥʠʷ/ʠʥʜʝʣʠ ʘ.ʦ. 

Solanum acaule 

Bitter. 

ɺʀʈ 9784/ 

MT074624 - 

MT074626 

++ 1/1 1817 630 209 S94P; A133T; A136P; 

E163A; A205V 

5/0 

2/2 1868 618 205 V15G; P130S; E163V; 

F192L / P134_S137del  

4/1 

3/3 1868 618 205 V15G; G67A; E163V; 

F192L / P134_S137del 

4/1 

CGN 31-

2012/ 

MT074627 - 

MT074629 

4/4 1868 618 205 V15G; R63I; E163V; 

F192L / P134_S137del 

4/1 

5/5 1818 630 209 A133T; A136P; E163A; 

N172S; A205V 

5/0 

6/6 1867 618 205 M149V; E163V; F192L 

/ P134_S137del 

3/1 

Solanum rybinii 

Juz&Bukasov. 

(=Solanum 

tuberosum 

ɸndigenum group) 

CGN 9342/ 

MT074630 - 

MT074632 

 

+ 7/7 1763 618 205 S78T; E163V / 

P134_S137del 

2/1 

8/8 1763 618 205 S78T; E163V; A196V / 

P134_S137del 

3/1 

9/9 1807 630 209 A136P; E163V 2/0 

Solanum berthaultii 

Hawkes. 

ɺʀʈ 24267/ 

MT074633 - 

MT074636 

- 10/7 1803 627 208 A136P; E163V / 

S137del 

2/1 

11/8 1811 630 209 T123R; A136P; E163V 3/0 

12/9 1801 627 208 V15G; A136P; E163V / 

S137del 

3/1 

13/10 1802 630 209 A136P; E163V; M207I 3/0 

Solanum chacoense 

Bitter. 

CGN 3678/ 

MT074637 - 

MT074638 

+ 14/11 1781 621 206 A136P; A152T; E163V; 

P179S; A196V; F197L; 

M207I / G202_I204del 

7/1 

15/12 1781 621 206 P86A; A136P; A152T; 

E163V; P179S; A196V; 

F197L; M207I / 

G202_I204del 

8/1 

Solanum demissum 

Lindl. 

CGN 

15176/34/ 

MT074639 - 

MT074640 

 

+ 16/13 1822 630 209 A133T; A136P; E163A; 

A205V 

4/0 

17/17 1858 609 202 V15G; E163V / 

T135_P138del; 

G202_I204del 

2/2 
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Solanum gourlay 

Hawkes(=Solanum 

brevicaule Bitter) 

CGN 

18038/ 

MT074641 - 

MT074642 

+ 18/9 1796 630 209 A136P; E163V  2/0 

19/18 1869 630 209 A136P; E163V; P179S 3/0 

Solanum jamesii 

Torr. 

ɺʀʈ 15203/ 

MT074643 - 

MT074644 

- 20/19 1808 618 205 A17V; T53A; E163V; 

P179S; T181I / 

P134_S137del 

5/1 

21/19 1813 618 205 A17V; T53A; E163V; 

P179S; T181I / 

P134_S137del 

5/1 

Solanum kurtzianum 

Bitter & Wittm. 

ɺʀʈ 11969/ 

MT074645 - 

MT074646 

+ 22/18 1788 630 209 A136P; E163V; P179S 3/0 

23/20 1788 630 209 T64A; A136P; E163V; 

P179S; G189S 

5/0 

ɺʀʈ 12483/ 

MT074647 - 

MT074648 

24/21 1795 630 209 A136P; E163V; P179S; 

F201V 

4/0 

25/18 1795 630 209 A136P; E163V; P179S 3/0 

Solanum stoloniferum 

Schltdl. & Bouchet 

ɺʀʈ 21618/ 

MT074649 - 

MT074651 

- 26/22 1857 642 213 T53A; E124K; T135S; 

E163V; P179S / 

P138_S139insTSAP 

5/1 

27/23 1805 630 209 A136P; E163V  2/0 

28/24 1858 642 213 T53A; T135S; E163V; 

P179S/ 

P138_S139insTSAP 

4/1 

Solanum sucrense 

Hawkes 

ɺʀʈ 23598/ 

MT074652 - 

MT074653 

- 29/25 1797 621 206 L35Q; A136P; A152T; 

E163V; P179S; A196V; 

F197L; M207I / 

G202_I204del 

8/1 

30/26 1797 621 206 A2D; Q84H; A136P; 

A152T; E163V; P179S; 

A196V; F197L; M207I 

/ G202_I204del 

9/1 

Solanum vernei Bitter 

& Wittm. 

ɺʀʈ 20332/ 

MT074654 - 

MT074656 

++ 31/27 1779 621 206 A136P; A152T; E163V; 

P179S; A196V; F197L; 

M207I / G202_I204del 

7/1 

32/28 1781 621 206 H4R; S46T; C74W; 

T92A; A136P; A152T; 

E163V; P179S; N180Y; 

M207I / G202_I204del 

10/1 

33/29 1777 621 206 S46T; G57D; A136P; 

A152T; E163V; P179S; 

A196V; F197L; M207I 

/ G202_I204del 

9/1 

Solanum verrucosum 

Schltdl. 

ɺʀʈ 24467/ 

MT074657 - 

MT074659 

+ 34/30 1805 630 209 A136P; E163V; F201L 3/0 

35/31 1805 630 209 T27A; A136P; E163V; 

A185T; F201L 

5/0 

36/30 1805 630 209 A136P; E163V; F201L 3/0 

Solanum tuberosum 

L. 

GeneID: 

102591697 

NW_00623

9139.1 

(302246.. 

304341)***   

n/a 37/- 1848 630 209 -  

Solanum 

pinnatisectum Dunal 

JAWPEI010

000002.1 

(406600..40

8850) ***  

n/a 39/33 1843 618 205 T53A; P134_S137del 1/1 

Solanum 

bulbocastanum Dunal 

JAVBHT01

0000005.1 

(54363000..

54365500) 

***   

n/a 40/34 2040 618 205 T53A; P120L; 

P134_S137del 

2/1 

Solanum 

commersonii Poir. 

JXZD01154

325.1 

n/a 41/35 1769 609 202 A128T; A152ʊ; 

ɸ196V; F197L; 

G202_I204del 

4/1 

Solanum 

megistacrolobum 

Bitter 

JAJOON01

0023531.1 

n/a 42/36 1820 618 205 A133T; V163A 2/0 



154 
 

 
 

 

Solanum 

lycopersicum  

cv. Heinz 1706 

Gene ID: 

101255064 

NC_015440

.3 (122217.. 

124105) ***  

n/a - 1670 627 208 T53A; S78T; M93L; 

T112S; P113V; S132P; 

A133S; T135S; A136P; 

A145P; A152T; E163V; 

F192L; I198S; F201V; 

A205V; F206V; 

M207L; L208V / 

Y209del 

19/1 

Solanum pennellii 

LA0716 

 

 

 

Gene ID: 

107012074 

NC_028639

.1 (120187.. 

122094) ***  

n/a - 1706 627 208 T53A; S78T; M93L; 

T112S; P113A; S132P; 

T135S; A136P; A145P; 

A152T; E163V; F192L; 

A205V; F206V; 

M207L; L208V / 

Y209del 

16/1 

Solanum etuberosum 

Lindl. 

JAJONR01

0006682.1 

n/a 38/32 1764 618 205 T53A; R97Q; P179S 3/0 

ʇʨʠʤʝʯʘʥʠʷ. *Kelley et al., 2015; **Cai et al., 2012; Huang et al., 2019; Rodr²guez et 

al., 2010; Hawkes J. G. *** ʩʦʛʣʘʩʥʦ GenBank NCBI. CR ï cold resistance 

(ʭʦʣʦʜʦʫʩʪʦʡʯʠʚʦʩʪʴ). W ï ʜʠʢʦʨʘʩʪʫʱʠʝ, C ï ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ. ɿʘʤʝʱʝʥʠʷ ʧʨʠʚʝʜʝʥʳ 

ʩʨʘʚʥʝʥʠʠ ʩ ʛʦʤʦʣʦʛʦʤ SbAI Solanum tuberosum cv. DM 1-3 516 R44. ʈʘʜʠʢʘʣʴʥʳʝ 

ʟʘʤʝʱʝʥʠʷ ʚʳʜʝʣʝʥʳ ʧʦʣʫʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʠ ʧʦʜʯʝʨʢʥʫʪʳ.  
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ʈʠʩʫʥʦʢ ʇ5 ï ɸʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ AI ʫ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ ʠ ʣʠʥʠʡ ʢʘʨʪʦʬʝʣʷ. 
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*ʚʝʨʭʥʷʷ ʩʪʨʦʯʢʘ ʧʦʣʦʞʝʥʠʝ SNP ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʢʟʦʥʦʚ 


