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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʆʉʅʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

 

ɸɸ ï ʘʥʪʠʤʠʮʠʥ ɸ 

ɸɹʂ ï ʘʙʩʮʠʟʦʚʘʷ ʢʠʩʣʦʪʘ  

ɸʌʂ ï ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ 

ʂ ï ʢʨʠʧʪʦʭʨʦʤ 

ʄɽʩʈʈ - ʤʝʪʠʣʵʨʠʪʨʠʪʦʣ ʮʠʢʣʦʜʠʬʦʩʬʘʪ 

ʤʪʭʕʊʎ ï ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʘʷ ʮʝʧʴ ʤʠʪʦʭʦʥʜʨʠʡ 

ʅɸɼʌ ï ʥʠʢʦʪʠʥʘʤʠʜ ʘʜʝʥʠʥʥʫʢʣʝʦʪʠʜ ʬʦʩʬʘʪ, ʦʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ 

ʅɸɼʌʅ ï ʥʠʢʦʪʠʥʘʤʠʜ ʘʜʝʥʠʥʥʫʢʣʝʦʪʠʜ ʬʦʩʬʘʪ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʦʨʤʘ 

ʅʉʊ ï ʥʠʪʨʦʩʠʥʠʡ ʪʝʪʨʘʟʦʣʠʡ 

ʅʌ ï ʥʦʨʬʣʶʨʘʟʦʥ 

ʅʍʂ1 ï ʛʝʢʩʦʢʠʥʘʟʘ 1 

ʊʌ ï ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

ʌʢʨ, ʌʜʢ ï ʬʦʪʦʨʝʮʝʧʪʦʨ ʬʠʪʦʭʨʦʤ, ʧʦʛʣʦʱʘʶʱʠʡ ʩʚʝʪ ʚ ʢʨʘʩʥʦʡ (660 ʥʤ) ʠ 

ʜʘʣʴʥʝʡ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʙʦʣʝʝ 700 ʥʤ) 

ʌʉ I ï ʬʦʪʦʩʠʩʪʝʤʘ 1 

ʌʉ II  ï ʬʦʪʦʩʠʩʪʝʤʘ 2 

ʭʣʕʊʎ ï ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʘʷ ʮʝʧʴ ʭʣʦʨʦʧʣʘʩʪʦʚ 

ABI4 ï abscisic insensitive 4 ï ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ 

ʘʙʩʮʠʟʦʚʦʡ ʢʠʩʣʦʪʝ 

CRY1, CRY2 ï ʢʨʠʧʪʦʭʨʦʤ-ʙʝʣʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

DBMIB ï 2,5-ʜʠʙʨʦʤʦ-3-ʤʝʪʠʣ-6-ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʭʠʥʦʥ 

DCMU ï 3-(3,4-ʜʠʭʣʦʨʦʬʝʥʠʣ)-1,1-ʜʠʤʝʪʠʣʤʦʯʝʚʠʥʘ 

GDH ï ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ 

H2O2 ï ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ  

ʅʆ2
Å 
ï ʛʠʜʨʦʧʝʨʦʢʩʠʣ-ʨʘʜʠʢʘʣ  

ʄɽʩʈʈ ï ʤʝʪʠʣʵʨʠʪʨʠʪʨʠʪʦʣ ʮʠʢʣʦʜʠʬʦʩʬʘʪ 

Mg-ProtoIX ï ʤʘʛʥʠʡ ʧʨʦʪʦʧʦʨʬʠʨʠʥ 9 

MS ï ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ ʧʦ ʄʫʨʘʩʠʛʝ ʠ ʉʢʫʛʘ 
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1
O2 ï ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ  

O2
Åī

 ï ʩʫʧʝʨʦʢʩʠʜ-ʨʘʜʠʢʘʣ  

OH
Å
 ï ʛʠʜʨʦʢʩʠʣ-ʨʘʜʠʢʘʣ 

PAP ï 3ô-ʬʦʩʬʦʘʜʝʥʦʟʠʥ 5ô-ʬʦʩʬʘʪ 

PhANGs ï photosynthesis associated nuclear genes ï ʷʜʝʨʥʳʝ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʬʦʪʦʩʠʥʪʝʟʦʤ  

PQ-ʧʫʣ ï ʧʫʣ ʧʣʘʩʪʦʭʠʥʦʥʘ, ʫʯʘʩʪʦʢ ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ ʭʣʦʨʦʧʣʘ-

ʩʪʦʚ  

qRT-PCR ï ʦʙʨʘʪʥʦ-ʪʨʘʥʩʢʨʠʧʪʘʟʥʘʷ ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ ʚ ʨʝʘʣʴ-

ʥʦʤ ʚʨʝʤʝʥʠ 

XRNs ï ʷʜʝʨʥʳʝ ʵʢʟʦʨʠʙʦʥʫʢʣʝʘʟʳ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʘʩʪʝʥʠʷ ʠʤʝʶʪ ʷʜʝʨʥʳʡ, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʠ ʭʣʦʨʦʧʣʘʩʪʥʳʡ ʛʝʥʦ-

ʤr , ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʪʝʩʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʵʢʩʧʨʝʩʩʠʠ, ʯʪʦ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʣʦʞʥʦʡ ʩʝʪʠ ʩʠʛʥʘʣʦʚ (Kleine, Leister, 2013). ʉʠʛʥʘʣʳ, ʢʦʪʦ-

ʨʳʝ ʧʦʩʪʫʧʘʶʪ ʦʪ ʷʜʨʘ ʢ ʦʨʛʘʥʝʣʣʘʤ, ʢʦʥʪʨʦʣʠʨʫʶʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʦʨʛʘ-

ʥʝʣʣ, ʠʭ ʨʘʟʚʠʪʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ (ʘʥʪʝʨʦʛʨʘʜʥʘʷ ʨʝʛʫʣʷʮʠʷ). ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʪ ʦʨʛʘʥʝʣʣ ʚ ʷʜʨʦ ʧʦʩʪʫʧʘʶʪ ʩʠʛʥʘʣʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʢʩʧʨʝʩ-

ʩʠʶ ʷʜʝʨʥʳʭ ʛʝʥʦʚ (ʨʝʪʨʦʛʨʘʜʥʘ ̫ʨʝʛʫʣʷʮʠʷ) (Nott et al., 2006). 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʛʝʥʦʚ ʷʜʝʨʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʵʢʩ-

ʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʩʤʝʥʝ ʫʩʣʦʚʠʡ ʪʝʤʥʦʪʘ/ʩʚʝʪ. ʅʘʠʙʦʣʝʝ ʚʝ-

ʨʦʷʪʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʤʦʛʫʪ ʩʣʫʞʠʪɹ  ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʝ 

ʩʠʛʥʘʣʳ ʣʠʙʦ ʩʠʛʥʘʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʩʘʭʘʨʦʚ ʚ ʢʣʝʪʢʝ 

(Blasing et al., 2005; Li  et al., 2006; Chi et al., 2013).  

ʂ ʯʠʩʣʫ ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, 

ʦʪʥʦʩʷʪʩʷ ʛʝʥʳ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (GDH) ï ʬʝʨʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫ-

ʝʪ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ ʚ ʨʝʛʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ 

ʜʳʭʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʫʛʣʝʚʦʜʥʦʛʦ ʛʦʣʦʜʘʥʠʷ (Robinson et al., 1992; 

Miyashita, Good, 2008). ʌʝʨʤʝʥʪ ʩʦʩʪʦʠʪ ʠʟ 6 ʩʫʙʲʝʜʠʥʠʮ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ 

ʚʠʜʦʚ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʫʙʲʝʜʠʥʠʮʳ Ŭ ʠ ɓ, 

ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪʩʷ ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ (Arabidopsis thaliana) ʷʜʝʨʥʳʤʠ ʛʝʥʘʤʠ 

GDH1 ʠ GDH2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʩʣʝʜʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʅɸɼ-

ʟʘʚʠʩʠʤʘʷ ʬʦʨʤʘ ʬʝʨʤʝʥʪʘ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʠ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʘ 

ʚ ʢʣʝʪʢʘʭ-ʩʧʫʪʥʠʮʘʭ ʬʣʦʵʤʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ GDH1 ʠ GDH2 ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʪʝʤʥʦʝ 

ʚʨʝʤʷ ʩʫʪʦʢ ʠ ʤʠʥʠʤʘʣʴʥʘ ʚ ʩʚʝʪʣʦʝ. ɺ 2008 ʛʦʜʫ Miyashita ʠ Good ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʜʚʦʡʥʳʝ ʤʫʪʘʥʪʳ ʧʦ ʛʝʥʘʤ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʧʝʨʝʥʦʩʷʪ ʜʣʠʪʝʣʴʥʦʝ 

(ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ) ʫʛʣʝʨʦʜʥʦʝ ʛʦʣʦʜʘʥʠʝ ʭʫʞʝ, ʯʝʤ ʨʘʩʪʝʥʠʷ ʜʠʢʦʛʦ ʪʠʧʘ, ʠ 

ʚʳʩʢʘʟʘʣʠ ʛʠʧʦʪʝʟʫ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 
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GDH1 ʠ GDH2 ʟʘʚʠʩʠʪ ʦʪ ʜʦʩʪʫʧʥʦʩʪʠ ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʫʛʣʝʚʦʜʦʚ, ʫʨʦʚʝʥʴ 

ʢʦʪʦʨʳʭ ʚʳʰʝ ʥʘ ʩʚʝʪʫ, ʯʝʤ ʚ ʪʝʤʥʦʪʝ (Miyashita, Good, 2008). 

ʇʨʠ ʵʪʦʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ 

ʜʝʡʩʪʚʠʷ ʢʦʥʢʨʝʪʥʳʭ ʩʚʝʪʦʟʘʚʠʩʠʤʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʵʢʩʧʨʝʩʩʠʶ 

ʛʝʥʦʚ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ.  

ʅʝʢʦʪʦʨʳʝ ʩʘʭʘʨʘ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʧʨʠʥʠ-

ʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ, ʦʩʦʙʝʥʥʦ ʛʝʥʦʚ, ʧʨʦ-

ʜʫʢʪʳ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʘ (Hausler et al., 2014). ʋʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ ʦʢʦʣʦ 40 % ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʧʦʜʚʝʨʞʝʥʘ 

ʩʫʪʦʯʥʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩʘʭʘʨʦʟʘʚʠʩʠʤʳʤʠ ʩʠʛʥʘʣʘʤʠ (Blas-

ing et al., 2005). ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʧʦʩʨʝʜʥʠʢʘʤʠ ʩʘʭʘʨʦʟʘʚʠʩʠʤʦʡ ʨʝʛʫ-

ʣʷʮʠʠ ʫ ʨʘʩʪʝʥʠʡ ʷʚʣʷʶʪʩʷ ʛʝʢʩʦʢʠʥʘʟʘ 1 ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ABI4. 

ʍʦʪʷ ʜʣʷ ʛʝʥʦʚ GDH1 ʠ GDH2 ʨʘʥʝʝ ʚʳʩʢʘʟʳʚʘʣʘʩʴ ʛʠʧʦʪʝʟʘ ʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʭ ɻʢʩʧʨʝʩʩʠʠ ʦʪ ʤʝʪʘʙʦʣʠʟʤʘ ʫʛʣʝʨʦʜʘ (Miyashita, Good, 2008), ʨʦʣʴ ʧʝʨʝ-

ʯʠʩʣʝʥʥʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʛʝʥʦʚ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ. 

ʍʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʝ ʩʠʛʥʘʣʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʙʠʦʭʠ-

ʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʘʤʠʭ ʭʣʦʨʦʧʣʘʩʪʘʭ: ʙʠʦʩʠʥʪʝʟʝ ʪʝʪʨʘ-

ʧʠʨʨʦʣʦʚ (ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʛʝʤʘ, ʭʣʦʨʦʬʠʣʣʦʚ ʘ ʠ b), ʠʟʤʝʥʝʥʠʠ ʨʝʜʦʢʩ-

ʩʦʩʪʦʷʥʠʷ ʧʫʣʘ ʧʣʘʩʪʦʭʠʥʦʥʘ (ʫʯʘʩʪʢʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥ-

ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ), ʦʙʨʘʟʦʚʘʥʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʚ ʬʦʪʦʩʠʥʪʝʪʠ-

ʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ (Barajas-Lopez et al., 2013; Chi et al., 

2013). ɺʦʟʤʦʞʥʦʝ ʫʯʘʩʪʠʝ ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

GDH1 ʠ GDH2 ʨʘʥʝʝ ʪʘʢʞʝ ʥʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʠʟʫʯʠʪʴ ʤʝʭʘ-

ʥʠʟʤ rʨʝʪʨʦʛʨʘʜʥʦʡ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2 ʘʨʘʙʠʜʦʧ-

ʩʠʩʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 
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1. ʀʩʩʣʝʜʦʚʘʪʴ ʨʦʣʴ ʛʝʢʩʦʢʠʥʘʟʳ 1 ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ 

ABI4, ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʘʭʘʨʦʟʘʚʠʩʠʤʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʫʪʝʡ, ʚ ʨʝʛʫ-

ʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2. 

2. ʀʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʝ ʫʯʘʩʪʠʝ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʪʝʟʦʤ ʪʝʪʨʘʧʠʨʨʦʣʦʚ, ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ 

GDH2. 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʧʫʣʘ ʧʣʘʩʪʦʭʠʥʦʥʘ, ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ GDH1 ʠ GDH2. 

4. ʀʟʫʯʠʪʴ ʨʦʣʴ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʧʦʯʘʩʦʚʘʷ ʜʠʥʘʤʠʢʘ ʠʟ-

ʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ GDH1 ʠ GDH2 ʧʨʠ ʧʝʨʝʥʦʩʝ ʤʦʜʝʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ (A. thaliana) ʠʟ ʪʝʤʥʦʪʳ ʥʘ ʩʚʝʪ ʠ ʠʟ ʦʩʚʝʱʝʥʥʳʭ ʫʩʣʦʚʠʡ ʚ ʪʝʤʥʦ-

ʪʫ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʥʘ ʩʚʝ-

ʪʫ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʠʭ ʧʦʚʳʰʝʥʠʝ ʚ ʪʝʤʥʦʪʝ. 

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʨʦʣʴ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʘʭʘʨʦʟʘʚʠʩʠʤʳʭ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʫʪʝʡ (ʛʝʢʩʦʢʠʥʘʟʳ 1, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ABI4) ʚ ʩʚʝ-

ʪʦʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʘʭʘʨʦʟʘʚʠʩʠ-

ʤʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʘ GDH2 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʝʛʫʣʷʪʦʨʥʦʡ 

ʬʫʥʢʮʠʠ ʛʝʢʩʦʢʠʥʘʟʳ 1, ʥʦ ʦʧʦʩʨʝʜʫʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ ABI4.  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʘʭʘʨʦʟʘʚʠʩʠʤʘʷ ʨʝʛʫʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʝʜʠʥʩʪ-

ʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʥʘ ʩʚʝ-

ʪʫ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ GDH1 ʠ GDH2 ʟʘʚʠʩʠʪ 

ʦʪ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʧʫʣʘ ʧʣʘʩʪʦʭʠʥʦʥʘ ʪʠʣʘʢʦʠʜʥʳʭ ʤʝʤʙʨʘʥ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʳ ʧʨʠʦʨʠʪʝʪʥʳʝ ʜʘʥʥʳʝ ʦʙ ʫʯʘʩʪʠʠ ʢʦʥʢʨʝʪʥʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʬʘʢʪʦʨʦʚ (ʛʝʢʩʦʢʠʥʘʟʘ 1, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ABI4, ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʝ 
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ʧʫʣʘ ʧʣʘʩʪʦʭʠʥʦʥʘ ʪʠʣʘʢʦʠʜʥʳʭ ʤʝʤʙʨʘʥ) ʚ ʩʚʝʪʦʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʚ 

GDH1 ʠ GDH2, ʢʦʜʠʨʫʶʱʠʭ ʘʣʴʬʘ- ʠ ʙʝʪʘ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʝʣʢʘ ʛʣʫʪʘʤʘʪʜʝ-

ʛʠʜʨʦʛʝʥʘʟʳ. ʕʪʠ ʩʚʝʜʝʥʠʷ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʨʝʛʫʣʷ-

ʮʠʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʣʝʪʢʝ ʠ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘ-

ʥʠʷ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʫʨʦʚʥʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ɺʳ-

ʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʥʠʤʘʥʠʶ ʧʫʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʤʦʣʝʢʫʣ L-

ʛʣʫʪʘʤʘʪʘ ʠ ʜʦʧʦʣʥʷʝʪ ʜʘʥʥʳʝ ʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʨʘʩʪʝʥʠʡ ʢ ʠʟʤʝʥʝʥʠʶ ʫʩ-

ʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʩʪʘʤʠ-ʙʠʦʣʦʛʘʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʠʥʩʪʠʪʫʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ GDH2 ʧʦʜʚʝʨʞʝʥʘ ʩʘʭʘʨʦʟʘʚʠʩʠʤʦʡ ʨʝʧʨʝʩʩʠʠ, 

ʢʦʪʦʨʘʷ ʥʝ ʦʧʦʩʨʝʜʫʝʪʩʷ ʛʝʢʩʦʢʠʥʘʟʦʡ 1, ʥʦ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʪʨʘʥʩʢʨʠʧʮʠ-

ʦʥʥʳʡ ʬʘʢʪʦʨ ABI4. ʉʘʭʘʨʦʟʘʚʠʩʠʤʳʝ ʩʠʛʥʘʣʳ ʥʝ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ GDH2. 

2. ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ GDH1 ʠ GDH2 ʧʦʜʯʠʥʷʝʪʩʷ ʭʣʦʨʦʧʣʘʩʪʥʦ-

ʷʜʝʨʥʳʤ ʩʚʝʪʦʟʘʚʠʩʠʤʳʤ ʩʠʛʥʘʣʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʝʤ ʧʫʣʘ 

ʧʣʘʩʪʦʭʠʥʦʥʘ. ʆʢʠʩʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʫʣʘ ʧʣʘʩʪʦʭʠʥʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳ-

ʰʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 2-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʝʥʝʪʠʢʘ, ʛʝʥʦʤʠʢʘ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʷ ʨʘʩʪʝʥʠʡè (ʀʨ-

ʢʫʪʩʢ, 2012), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 

ʨʘʩʪʝʥʠʡ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ, 2014), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʄʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʬʫʥʢʮʠʡ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʝʣʣè (ʀʨʢʫʪʩʢ, 2014), 3-

ʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ɻʝʥʝʪʠʢʘ, ʛʝʥʦʤʠʢʘ, ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʷ ʨʘʩʪʝʥʠʡ" (ʅʦʚʦʩʠʙʠʨʩʢ, 2015), ʘ ʪʘʢʞʝ ʥʘ ʥʘʫʯʥʦʡ ʩʝʩʩʠʠ 

ʉʀʌʀɹʈ ʉʆ ʈɸʅ (ʀʨʢʫʪʩʢ, 2014). 
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ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 11 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 4 ʩʪʘʪʴʠ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʠʟ ʇʝʨʝʯʥʷ ɺɸʂ ʈʌ. 

ʃʠʯʥʦʝ ʫʯʘʩʪʠʝ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʣʠʯʥʦ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʦʙʦʙʱʝʥʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʚ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦ-

ʣʫʯʝʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ, ʘ ʪʘʢʞʝ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝ-

ʥʝʪʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʨʘʩʪʝʥʠʡ ʉʀʌʀɹʈ ʉʆ ʈɸʅ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ ʠ ʪʨʝʭ ʛʣʘʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪ r

ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ, ʟʘʢʣʶʯʝʥʠʷ, ʚr ʚʦʜʦʚ ʠ ʩʧʠʩʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 147 ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠ-

ʢʦʚ, 144 ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ.  

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʥʘ 125 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ 

ʪʝʢʩʪʘ, ʠʣʣʶʩʪʨʠʨʦʚʘʥ r31 ʨʠʩʫʥʢʦʤ ʠ 2 ʪʘʙʣʠʮʘʤʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʠ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ï ʜʦʢʪʦʨʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦ-

ʬʝʩʩʦʨʫ ʖʨʠʶ ʄʠʭʘʡʣʦʚʠʯʫ ʂʦʥʩʪʘʥʪʠʥʦʚʫ ʟʘ ʠʜʝʡʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʠ ʚʩʝ-

ʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ, ʘ ʪʘʢʞʝ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʥʘʜ 

ʠʥʪʝʨʝʩʥʦʡ ʪʝʤʦʡ, ʩʝʨʜʝʯʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ï ʢʘʥʜʠʜʘʪʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘ-

ʫʢ ɽʣʝʥʝ ʖʨʴʝʚʥʝ ɻʘʨʥʠʢ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʜʝʨʞʘ-

ʪʝʣʴʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ, ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ï ʢʘʥʜʠʜʘʪʫ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʥʘʫʢ ɺʣʘʜʠʩʣʘʚʫ ʀʛʦʨʝʚʠʯʫ ʊʘʨʘʩʝʥʢʦ ʟʘ ʮʝʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʦ ʪʝʤʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʜʦʢʪʦʨʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʝʤʫ ʥʘ-

ʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʛʝʥʝʪʠʢʠ ʨʘʩʪʝʥʠʡ ɽʚʛʝ-

ʥʠʶ ɻʝʥʥʘʜʴʝʚʠʯʫ ʈʠʭʚʘʥʦʚʫ ʠ ʜʦʢʪʦʨʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ, 



12 
 

 

ʚʝʜʫʱʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʉʚʝʪʣʘʥʝ ɺʣʘʜʠʤʠʨʦʚʥʝ ʆʩʠʧʦʚʦʡ ʟʘ ʚʥʠʤʘʪʝʣʴʥʦʝ ʦʟ-

ʥʘʢʦʤʣʝʥʠʝ ʩ ʨʘʙʦʪʦʡ ʠ ʩʜʝʣʘʥʥʳʝ ʟʘʤʝʯʘʥʠʷ. 

ɸʚʪʦʨ ʠʩʢʨʝʥʥʝ ʙʣʘʛʦʜʘʨʝʥ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥ-

ʞʝʥʝʨʠʠ ʨʘʩʪʝʥʠʡ ʉʀʌʀɹʈ ʉʆ ʈɸʅ ʟʘ ʩʦʟʜʘʥʠʝ ʪʚʦʨʯʝʩʢʦʡ ʥʘʫʯʥʦʡ ʘʪʤʦ-

ʩʬʝʨʳ ʠ ʧʣʦʜʦʪʚʦʨʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʩʚʦʝʡ ʩʝʤʴʝ ʟʘ 

ʤʦʨʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʧʨʦʷʚʣʝʥʥʦʝ ʪʝʨʧʝʥʠʝ. 
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1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1. ʉʫʪʦʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ ʠʭ 

ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ GDH1 ʠ GDH2 ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʤʝʨʦʤ ʩʚʝʪʦʟʘʚʠ-

ʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ. ɺ ʪʝʤʥʦʪʝ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʵʪʠʭ ʛʝʥʦʚ ʤʘʢʩʠʤʘʣʝʥ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʩʚʝʪʫ ï ʤʠʥʠʤʘʣʝʥ. ʈʘʟʥʠʮʘ ʚ ʫʨʦʚʥʝ ʵʢʩʧʨʝʩʩʠʠ ʥʘ ʩʚʝʪʫ ʠ ʚ 

ʪʝʤʥʦʪʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʠ ʨʘʟ (Turano et al., 1997). ʇʨʠʯʠʥʳ ʠ ʤʦʣʝ-

ʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʪʦʡ ʨʝʛʫʣʷʮʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʠʟʚʝʩʪʥʳ. 

1.1.1. ʄʝʩʪʦ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ ʩʠʩʪʝʤʝ ʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ 

ʆʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ ʚ ʢʣʝʪʢʝ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʥʠʪʨʘʪ (NO3
ï
), ʧʦʛʣʦʱʘʝʤʳʡ ʢʦʨʥʷʤʠ ʠʟ ʧʦʯʚʳ. ɺ ʢʦʨʥʷʭ NO3

ï
 ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʜʦ ʘʤʤʦʥʠʷ NH4
+
, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʧʦ ʢʩʠʣʝʤʝ ʚ 

ʣʠʩʪʴʷ ʨʘʩʪʝʥʠʷ. ʊʘʢʞʝ ʘʤʤʦʥʠʡ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʬʦʪʦʜʳʭʘʥʠʠ. 

ɸʟʦʪ ʚ ʘʤʤʦʥʠʡʥʦʡ ʬʦʨʤʝ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʩʠʥʪʝʟʝ ʛʣʫʪʘʤʠʥʘ ʠ ʛʣʫʪʘ-

ʤʘʪʘ (Ford, Lea, 2007; Schwarzlander, Finkemeier, 2013). 

ɻʣʫʪʘʤʠʥ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʠʟ ʛʣʫʪʘʤʘʪʘ ʠ ʘʤʤʦʥʠʷ, ʧʨʠ ʫʯʘʩʪʠʠ ʛʣʫʪʘ-

ʤʠʥʩʠʥʪʝʪʘʟʳ (GS). ɸʢʪʠʚʥʦʩʪʴ GS ʦʪʤʝʯʝʥʘ ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ ʭʣʦʨʦʧʣʘʩʪʘʭ 

ʢʣʝʪʦʢ ʙʦʣʴʰʠʥʩʪʚʘ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ (Ford, Lea, 2007). ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨ-

ʤʝʥʪʘ ʛʣʫʪʘʤʘʪʩʠʥʪʘʟʳ (ʛʣʫʪʘʤʠʥ:2-ʦʢʩʦʛʣʫʪʘʨʘʪ ʘʤʠʥʦʪʨʘʥʩʬʝʨʝʟʘ, GO-

GAT) ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʘʤʠʥʦʛʨʫʧʧʳ ʩ ʛʣʫʪʘʤʠʥʘ ʥʘ 2-ʦʢʩʦʛʣʫʪʘʨʘʪ, ʧʨʠ 

ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ 2 ʤʦʣʝʢʫʣʳ L-ʛʣʫʪʘʤʘʪʘ (ʛʣʫʪʘʤʘʪʘ). GOGAT ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʢʣʝʪʢʘʭ ʨʘʩʪʝʥʠʡ ʚ ʜʚʫʭ ʬʦʨʤʘʭ: ʬʝʨʨʝʜʦʢʩʠʥ-ʟʘʚʠʩʠʤʘʷ (ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʢʣʝʪʢʘʭ) ʠ ʅɸɼ(H)-ʟʘʚʠʩʠʤʘʷ (ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʚ ʢʣʝʪʢʘʭ, ʥʝ ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʬʦʪʦʩʠʥʪʝʟ) (Ford, Lea, 2007). 

ɻʣʫʪʘʤʘʪ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʘʤʠʥʦʢʠʩʣʦʪ 

ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ: Ŭ-ʘʤʠʥʦʛʨʫʧʧʘ ʛʣʫʪʘʤʘʪʘ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʘʩʩʠʤʠʣʷʮʠʠ ʠ ʜʠʩʩʠʤʠʣʷʮʠʠ ʘʤʤʦʥʠʷ; ʛʣʫʪʘʤʘʪ ʷʚʣʷ-

ʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʠʥʪʝʟʘ ɔ-ʘʤʠʥʦʙʫʪʨʠʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (GABA), ʘʨʛʠʥʠʥʘ, 

ʧʨʦʣʠʥʘ ʠ ʭʣʦʨʦʬʠʣʣʦʚ (Ford, Lea, 2007). 
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ʇʦʤʠʤʦ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʬʝʨʤʝʥʪʦʚ, ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʛʣʫʪʘʤʘʪʘ ʧʨʠ-

ʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʬʝʨʤʝʥʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝ-

ʥʘʟʘ (GDH; EC 1.4.1.2.) (Ford, Lea, 2007). ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʦʡ ʬʦʨʤʦʡ GDH 

ʷʚʣʷʝʪʩʷ ʅɸɼ(H)-ʟʘʚʠʩʠʤʘʷ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ (ʅɸɼ(H)-GDH), ʦʙʥʘʨʫ-

ʞʠʚʘʝʤʘʷ ʚ ʢʣʝʪʢʘʭ-ʩʧʫʪʥʠʮʘʭ ʬʣʦʵʤʳ, ʘ ʪʘʢʞʝ ʚ ʤʝʨʠʩʪʝʤʘʭ (Terece-

Laforgue et al., 2004; Fontaine et al., 2012). 

ʅɸɼ(H)-GDH ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘ-

ʥʠʷ 2-ʦʢʩʦʛʣʫʪʘʨʘʪʘ ʜʦ L-ʛʣʫʪʘʤʘʪʘ ʠʣʠ ʦʙʨʘʪʥʫʶ ʨʝʘʢʮʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʷ ʛʣʫʪʘʤʘʪʘ ʜʦ 2-ʦʢʩʦʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ 2006 ʛʦʜʫ Mas-

claux-Daubresse ʩ ʢʦʣʣʝʛʘʤʠ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʣʠʩʪʴʷʭ ʪʘʙʘʢʘ ʩʠʥʪʝʟ ʛʣʫʪʘ-

ʤʘʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ GS ʠ GOGAT, ʧʨʠ ʵʪʦʤ 

GDH ʫʯʘʩʪʚʫʝʪ ʚ ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʠ ʵʪʦʡ ʤʦʣʝʢʫʣʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʠ ʫʩʪʘʥʦʚʠʣʠ ʨʦʣʴ ʬʝʨʤʝʥʪʘ GDH, ʢʦʪʦʨʘʷ ʩʣʫʞʠʣʘ ʧʨʝʜʤʝʪʦʤ ʩʧʦʨʘ ʚ 

ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ (Ford, Lea, 2007; Fontaine et al., 2013). 

ʌʝʨʤʝʥʪʘʪʠʚʥʦ ʘʢʪʠʚʥʳʡ ʙʝʣʦʢ GDH ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʛʝʢʩʘʤʝʨʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ 6 ʩʫʙʲʝʜʠʥʠʮ ʪʨʝʭ ʚʠʜʦʚ (Ŭ, ɓ, ɔ), ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪʩʷ ʛʝʥʘʤʠ 

GDH1, GDH2 ʠ GDH3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʙʦʨʢʘ ʬʝʨʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʫʯʘʡ-

ʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʝʢʪʨ ʠʟʦʬʦʨʤ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʩʫʙʲʝʜʠʥʠʮ ʚ ʜʘʥʥʦʡ ʪʢʘʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʝʨʤʝʥʪ GDH ʤʦʞʝʪ ʩʦ-

ʜʝʨʞʘʪʴ ʪʦʣʴʢʦ 6Ŭ (GDH1), 6ɓ (GDH2) ʠʣʠ 6ɔ ʩʫʙʲʝʜʠʥʠʮ (GDH3), ʦʙʨʘʟʫʷ 

ʛʦʤʦʛʝʢʩʘʤʝʨ, ʣʠʙʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʛʝʪʝʨʦʛʝʢʩʘʤʝʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʨʘʟ-

ʥʳʭ ʚʠʜʦʚ ʩʫʙʲʝʜʠʥʠʮ (Skopelitis et al., 2007; Fontaine et al., 2013). ʇʨʦʜʫʢʪ 

ʛʝʥʘ GDH3 ʨʝʜʢʦ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʜʝʣʝʥʠʷ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜ-

ʥʦʤ ʛʝʣʝ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʢʦʜʠʨʫʝʤʘʷ ʠʤ ɔ-ʩʫʙʲʝʜʠʥʠʮʘ ʠʤʝʝʪ ʤʠʥʦʨʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ GDH (Marchi et al., 2013). ʆʪ-

ʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʧʦʨʮʠʷ Ŭ- ʠ ɓ-ʩʫʙʲʝʜʠʥʠʮ ʚ ʙʝʣʢʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʦʨʛʘʥʘ ʨʘʩʪʝʥʠʷ ʠ ʫʨʦʚʥʷ ʜʦʩʪʫʧʥʦʛʦ ʘʟʦʪʘ (Ford, Lea, 2007; 

Miyashita, Good, 2008). 
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ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʙʦʨʢʠ ʅɸɼ(ʅ)-GDH, ʩʦʩʪʦʷʱʝʡ ʠʟ 

Ŭ- ʠ ɓ-ʩʫʙʲʝʜʠʥʠʮ (Restivo et al., 2004).  

ʆʙʦʟʥʘʯʝʥʠʷ: ʉʣʝʚʘ ʧʦʢʘʟʘʥʳ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʩʫʙʲʝʜʠʥʠʮʳ Ŭ ʠ ɓ. ʇʦ ʮʝʥʪʨʫ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʘʷ ʢʦʤʙʠʥʘʮʠʷ Ŭ- ʠ ɓ- ʩʫʙʲʝʜʠʥʠʮ ʚ ʛʝʢʩʘʤʝʨʝ GDH. ʉʧʨʘʚʘ ʧʦʢʘʟʘʥ 

ʩʥʠʤʦʢ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ, ʥʘ ʢʦʪʦʨʦʤ ʚʠʜʥʘ çʣʝʩʪʥʠʮʘè ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʠʟʦʬʦʨʤ ʬʝʨʤʝʥʪʘ GDH. 

 

GDH ʷʚʣʷʝʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʤʝʪʘʙʦʣʠʟʤʦʤ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦ-

ʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʤʫʪʘʥʪʘʭ ʧʦ ʛʝʥʘʤ GDH (gdh1-1 gdh1-2, 

gdh1-3, gdh2-1, ʠ ʜʚʦʡʥʦʡ ʤʫʪʘʥʪ gdh1-2/gdh2-1) ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʣʫʪʘʤʘʪʜʝ-

ʛʠʜʨʦʛʝʥʘʟʘ ʠʛʨʘʝʪ ʨʦʣʴ ʦʜʥʦʛʦ ʠʟ ʛʣʘʚʥʳʭ ʬʝʨʤʝʥʪʦʚ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʠ ʫʛʣʝʚʦʜʦʚ. ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ gdh-ʤʫʪʘʥʪʦʚ ʚ ʪʝʤʥʦʪʝ ʦʪʤʝʯʘʝʪʩʷ 

ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʥʝʢʦʪʦʨʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʪʝʥʠʷʤʠ ʣʠ-

ʥʠʠ ʜʠʢʦʛʦ ʪʠʧʘ (Miyashita, Good, 2008). 

1.1.2. ʈʝʛʫʣʷʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʫ ʨʘʩʪʝʥʠʡ 

1.1.2.1. ɻʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʫ ʘʨʘʙʠʜʦʧʩʠʩʘ 

ʉʫʙʲʝʜʠʥʠʮʳ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʘʨʘʙʠʜʦʧʩʠʩʘ Ŭ, ɓ ʠ ɔ ʢʦʜʠʨʫʶʪ-

ʩʷ ʷʜʝʨʥʳʤʠ ʛʝʥʘʤʠ GDH1 (At5G18170), GDH2 (At5G07440) ʠ GDH3 

(At3G03910) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʩʪʴ ʩʦʦʙʱʝʥʠʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʭʣʦʨʦʧʣʘʩʪ-

ʥʦʡ ʬʦʨʤʳ ʅɸɼʌ(H)-ʟʘʚʠʩʠʤʦʡ GDH ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʦʞʠ-
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ʪʝʣʴʥʦ ʢʦʜʠʨʫʝʪʩʷ ʷʜʝʨʥʳʤ ʛʝʥʦʤ GDH4 (Igarashi et al., 2009). ʅʝʢʦʪʦʨʳʝ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʠ ʦʪʨʠʮʘʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʅɸɼʌ(H)-ʟʘʚʠʩʠʤʦʡ GDH 

(Fontaine et al., 2012). 

1.1.2.2. ʈʝʛʫʣʷʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʵʢʩʧʨʝʩʩʠʷ ʷʜʝʨʥʳʭ ʛʝʥʦʚ GDH1 ʠ 

GDH2 ʘʨʘʙʠʜʦʧʩʠʩʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʪʝʤʥʦʪʝ ʠ ʤʠʥʠʤʘʣʴʥʘ ʥʘ ʩʚʝʪʫ (Turano 

et al., 1997; Miyashita, Good, 2008). ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʩʝʤʝʡʩʪʚʘ GDH ʠʤʝʝʪ 

ʦʨʛʘʥʦʩʧʝʮʠʬʠʯʥʳʡ ʭʘʨʘʢʪʝʨ: ʛʝʥ GDH1 ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ 

ʣʠʩʪʴʷʭ, ʘ ʛʝʥ GDH2 ï ʚ ʢʦʨʥʷʭ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʭʘʨʘʢʪʝʨ-

ʥʘ ʠ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʩʫʙʲʝʜʠʥʠʮ GDH. Miyashita ʠ Good ʚ 2008 ʛʦʜʫ ʠʩʩʣʝ-

ʜʦʚʘʣʠ ʤʫʪʘʥʪʳ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʠʤʝʶʱʠʝ ʥʘʨʫʰʝʥʠʷ ʧʦ ʛʝʥʘʤ ʛʣʫʪʘʤʘʪʜʝ-

ʛʠʜʨʦʛʝʥʘʟʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʜʚʦʡʥʦʤ ʤʫʪʘʥʪʝ gdh1-2/gdh2-1, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ GDH ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ 

ʘʨʘʙʠʜʦʧʩʠʩʘ ʧʨʠ ʫʛʣʝʚʦʜʥʦʤ ʛʦʣʦʜʘʥʠʠ, ʚʳʟʚʘʥʥʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʧʨʝ-

ʙʳʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʚ ʪʝʤʥʦʪʝ. ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʤʫʪʘʥʪʳ gdh1-2/gdh2-

1 ʠʤʝʣʠ ʤʝʥʴʰʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʯʝʤ ʨʘʩʪʝʥʠʷ 

ʜʠʢʦʛʦ ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʫ ʜʚʦʡʥʦʛʦ ʤʫʪʘʥʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʘʤʠʥʦ-

ʢʠʩʣʦʪ, ʯʪʦ ʙʳʣʦ ʥʝʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʘʩʪʝʥʠʡ ʜʠʢʦʛʦ ʪʠʧʘ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦ-

ʞʠʣʠ, ʯʪʦ GDH ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʮʠʢʣʘ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠ-

ʩʣʦʪ ʚ ʫʩʣʦʚʠʷʭ ʫʛʣʝʨʦʜʥʦʛʦ ʛʦʣʦʜʘʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʧʨʝ-

ʙʳʚʘʥʠʝʤ ʨʘʩʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ ʚ ʪʝʤʥʦʪʝ (Miyashita, Good, 2008). ɽʱʝ ʚ 

1992 ʛʦʜʫ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʬʝʨʤʝʥʪʦʤ 

GDH ï 2-ʦʢʩʦʛʣʫʪʘʨʘʪ ï ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥ ʚ ʮʠʢʣ ʂʨʝʙʩʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ (Robinson et al., 1992). ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʥʷ-

ʪʘ ʛʠʧʦʪʝʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʥʘʣʠʯʠʝ ʜʦʩʪʫʧʥʳʭ ʬʦʨʤ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2 (Melo-

Oliveira et al., 1996; Miyashita, Good, 2008). 

Turano ʩ ʢʦʣʣʝʛʘʤʠ ʚ 1997 ʛʦʜʫ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʣʠʩʪʴʷʭ ʘʨʘʙʠʜʦʧʩʠ-

ʩʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʤʤʦʥʠʡʥʳʤ ʘʟʦʪʦʤ ʠʣʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ ʚ ʪʝʤʥʦʪʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʘ GDH2 ʚ 20 ʨʘʟ ʧʦ ʩʨʘʚʥʝ-
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ʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʇʨʠ ʵʪʦʤ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ GDH1 ʠʥʜʫʮʠʨʦʚʘʣʘʩʴ ʥʝ ʙʦʣʝʝ 

ʯʝʤ ʚ 3 ʨʘʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʛʝʥʳ GDH1 ʠ GDH2 ʥʝ 

ʚʩʝʛʜʘ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʭʦʪʷ ʠ ʠʤʝʶʪ ʩʭʦʞʠʡ ʧʨʦʬʠʣʴ 

ʵʢʩʧʨʝʩʩʠʠ (Turano et al., 1997). 

ɺ 2004 ʛʦʜʫ Restivo ʩ ʢʦʣʣʝʛʘʤʠ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʫʣʷʮʠʠ 

ʛʝʥʦʚ GDH ʥʘ ʢʘʣʣʫʩʥʦʡ ʢʫʣʴʪʫʨʝ ʪʘʙʘʢʘ (Nicotiana plumbaginifolia). ʊʘʙʘʢ 

ʠʤʝʝʪ ʛʝʥʳ GDHA ʠ GDHB, ʛʦʤʦʣʦʛʠʯʥʳʝ ʛʝʥʘʤ GDH1 ʠ GDH2 ʘʨʘʙʠʜʦʧʩʠ-

ʩʘ. ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʨʝʜʫ ʘʤʤʦʥʠʡʥʦʡ ʬʦʨʤʳ ʘʟʦ-

ʪʘ ʚʤʝʩʪʝ ʩ ʩʘʭʘʨʦʟʦʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDHA ʠ 

GDHB. ʕʪʠ ʜʘʥʥʳʝ ʩʣʫʞʘʪ ʚ ʧʦʜʜʝʨʞʢʫ ʪʝʦʨʠʠ ʦ ʪʦʤ, ʯʪʦ GDH ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦ ʩʚʷʟʘʥʘ ʩ ʘʩʩʠʤʠʣʷʮʠʝʡ ʘʤʤʦʥʠʷ (Restivo, 2004). 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦʙ ʠʥʜʫʢʮʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʧʨʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʪʨʝʩʩʘʭ. ʋʩʪʘ-

ʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʫ ʦʙʨʘʟʮʦʚ ʢʘʣ-

ʣʫʩʥʦʡ ʢʫʣʴʪʫʨʳ ʪʘʙʘʢʘ (N. plumbaginifolia) ʚ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʩʘ (60 

ʤʠʥ ʧʨʠ +40 Áʉ) ʠʣʠ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ (120 ʤʠʥ ʧʨʠ +4 °ʉ). ʆʜʥʘʢʦ ʫʢʦʨʦ-

ʯʝʥʥʦʝ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ (+40 °C, 30 ʤʠʥ ʠʣʠ +4 °C, 60 ʤʠʥ) ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ GDHA ʠ GDHB (Restivo, 2004). ʇʨʠ 

ʩʦʣʝʚʦʤ ʩʪʨʝʩʩʝ (ʦʙʨʘʙʦʪʢʘ NaCl) ʦʪʤʝʯʝʥʳ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ: ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʘ GDHA ʧʦʚʳʰʘʣ-

ʩʷ, ʘ ʛʝʥʘ GDHB ï ʩʥʠʞʘʣʩʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ GDH ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʣʠ ʢ ʩʭʦʞʠʤ ʠʟʤʝʥʝʥʠʷʤ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ 

GDH (Restivo, 2004). ʋʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʘ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʫ 

ʪʘʙʘʢʘ, ʢʦʜʠʨʫʶʱʝʛʦ Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ʚ ʩʪʝʙʣʝ, ʧʦʙʝʛʘʭ ʠ ʣʠʩʪʴʷʭ, ʘ ʪʘʢʞʝ 

ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʬʝʨʤʝʥʪʘ GDH ʚ ʣʠʩʪʴʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʣʩʷ ʧʨʠ ʩʦʣʝ-

ʚʦʤ ʩʪʨʝʩʩʝ, ʚʳʟʚʘʥʥʦʤ ʦʙʨʘʙʦʪʢʦʡ ʨʘʩʪʚʦʨʦʤ NaCl (250 ʤʄ) (Skopelitis et 

al., 2006). 

ʇʨʠ ʨʘʥʝʥʠʠ ʣʠʩʪʴʝʚ ʨʘʧʩʘ (Brassica napus) ʦʪʤʝʯʘʝʪʩʷ ʠʥʜʫʢʮʠʷ ʵʢʩ-

ʧʨʝʩʩʠʠ ʛʝʥʘ GDH2 (ʢʦʜʠʨʫʝʪ Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʫ B. 
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napus) ʚ 5 ʨʘʟ, ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢ-

ʪʦʚ ʵʪʦʛʦ ʛʝʥʘ (Watanabe et al., 2007). 

ʇʦʤʠʤʦ ʛʝʥʦʚ GDH1 ʠ GDH2, ʚ ʛʝʥʦʤʝ ʘʨʘʙʠʜʦʧʩʠʩʘ ʦʙʥʘʨʫʞʝʥ ʛʝʥ 

GDH3. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʫʪʘʥʪʦʚ gdh1, gdh2, gdh1-2 ʠ gdh1-2-3 ʘʨʘʙʠʜʦʧʩʠʩʘ 

ʧʦʢʘʟʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʦʜʫʢʪʦʚ ʛʝʥʘ GDH3 ʚ ʢʣʝʪʢʘʭ-ʩʧʫʪʥʠʮʘʭ ʬʣʦʵʤʳ 

ʢʦʨʥʝʡ (Fontaine et al., 2012). 

ʇʦʟʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʥ GDH3 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚʦ ʚʩʝʭ ʦʨʛʘ-

ʥʘʭ ʨʘʩʪʝʥʠʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ 

Marchi ʩ ʢʦʣʣʝʛʘʤʠ ʚ 2013 ʥʘ ʤʫʪʘʥʪʘʭ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʝʥ 

GDH3 ʥʝ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʦʡ ʦʨʛʘʥʦʩʧʝʮʠʬʠʯʥʦʩʪʠ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, 

ʯʪʦ ʧʨʦʜʫʢʪ ʛʝʥʘ GDH3 ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʪʦʥʢʫʶ ʨʝʛʫʣʷʮʠʶ ʬʝʨʤʝʥʪʘʪʠʚ-

ʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ GDH ʚ ʦʨʛʘʥʠʟʤʝ ʨʘʩʪʝʥʠʷ (Marchi et al., 2013). 

1.1.2.3. ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʷʜʝʨʥʘʷ ʨʝʛʫʣʷʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ GDH2 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ɼʅʂ-ʤʠʢʨʦʯʠʧʠʨʦʚʘʥʠʷ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʯʪʦ ʵʢʩ-

ʧʨʝʩʩʠʷ ʛʝʥʦʚ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ ʣʠʩʪʴʷʭ ʘʨʘʙʠʜʦʧʩʠʩʘ ʠʥʜʫʮʠʨʫʝʪʩʷ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʘʥʪʠʤʠʮʠʥʦʤ ɸ (ɸɸ), ʠʥʛʠʙʠʪʦʨʦʤ III  ʢʦʤʧʣʝʢʩʘ ʤʠʪʦʭʦʥ-

ʜʨʠʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ (ʤʪʭʕʊʎ) (Yu et al., 2001). ɺ 2009 

ʛʦʜʫ ʊʘʨʘʩʝʥʢʦ ʩ ʢʦʣʣʝʛʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠ ʫʯʘʩʪʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʪʭʕʊʎ ʚ ʨʝ-

ʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ GDH2. ʂʣʝʪʢʠ ʩʫʩʧʝʥʟʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʦʙʨʘʙʘʪʳ-

ʚʘʣʠ ɸɸ ʠ ʮʠʘʥʠʜʦʤ ʢʘʣʠʷ (KCN) (ʠʥʛʠʙʠʪʦʨʦʤ ʢʦʤʧʣʝʢʩʘ IV), ʯʪʦ ʧʨʠʚʦ-

ʜʠʣʦ ʢ ʠʥʜʫʢʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ GDH2, ʧʨʠ ʵʪʦʤ ʦʙʨʘʙʦʪʢʘ ʠʥʛʠʙʠʪʦʨʦʤ 

ʢʦʤʧʣʝʢʩʘ I (ʨʦʪʝʥʦʥʦʤ) ʥʝ ʚʣʠʷʣʘ ʥʘ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʘ GDH2. ɸʚ-

ʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʠʥʜʫʢʮʠʷ ʵʢʩʧʨʝʩʩʠʠ GDH2 ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ III  

ʠʣʠ IV ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʧʦʩʨʝʜʫʝʪʩʷ ʨʝʜʦʢʩ-ʩʠʛʥʘʣʦʤ, ʙʝʨʫʱʠʤ ʥʘ-

ʯʘʣʦ ʦʪ ʫʯʘʩʪʢʘ ʤʪʭʕʊʎ, ʩʦʜʝʨʞʘʱʝʛʦ ʫʙʠʭʠʥʦʥ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜ-

ʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠ ɸʌʂ (ʛʝʥʝʨʘʮʠʷ ʢʦʪʦʨʳʭ 

ʙʳʣʘ ʩʧʨʦʚʦʮʠʨʦʚʘʥʘ ʜʦʙʘʚʣʝʥʠʝʤ ɸɸ ʠʣʠ KCN), ʥʠ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʭʠ-

ʤʠʯʝʩʢʦʛʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʦʜʠʥ ʠʟ ʠʩʪʦʯʥʠʢʦʚ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ) ʥʝ ʩʣʫʞʘʪ ʩʠʛʥʘʣʘʤʠ ʜʣʷ ʜʘʥʥʦʡ ʠʥ-

ʜʫʢʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʝʨʠʥ-ʪʨʝʦʥʠʥʦʚʳʝ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʧʨʠʥʠʤʘʶʪ 
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ʫʯʘʩʪʠʝ ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ GDH2 (Tara-

senko et al., 2009). ʇʦʟʞʝ ʵʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ɸɸ ʧʨʠ-

ʚʦʜʠʣʘ ʢ ʧʦʚʳʰʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ GDH2 ʚ ʢʣʝʪʢʘʭ ʩʫʩʧʝʥʟʠʦʥʥʳʭ ʢʫʣʴ-

ʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʩʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ ʜʠʢʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʪʨʘʥʩʬʦʨ-

ʤʘʥʪʘ AS-12 ʩ ʧʦʥʠʞʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʦʢʩʠʜʘʟʳ, ʥʦ ʥʝ 

ʪʨʘʥʩʬʦʨʤʘʥʪʘ XX-2 ʩ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʦʢʩʠʜʘʟʳ. 

ʇʦʩʢʦʣʴʢʫ ʘʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʦʢʩʠʜʘʟʳ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ 

ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʩʪʠ ʫʙʠʭʠʥʦʥʦʚʦʛʦ ʧʫʣʘ ʤʪʕʊʎ, ʪʦ ʵʪʠ ʜʘʥʥʳʝ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʫʯʘʩʪʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʨʝʜʦʢʩ-

ʩʠʛʥʘʣʦʚ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ GDH2 (ʊʘʨʘʩʝʥʢʦ ʠ ʜʨ., 2013). 

1.2. ʉʚʝʪʦʟʘʚʠʩʠʤʘʷ ʨʝʛʫʣʷʮʠʷ ʷʜʝʨʥʳʭ ʛʝʥʦʚ ʨʘʩʪʝʥʠʡ 

ʉʚʝʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʨʦʩʪ ʠ 

ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ. ʅʘ ʩʚʝʪʫ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ ʨʘʩʪʝʥʠʡ ʚʦʟʥʠʢʘʝʪ ʧʦʪʦʢ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʮʝʧʠ ʧʝʨʝʥʦʩʯʠʢʦʚ ʥʘ 

ʤʝʤʙʨʘʥʝ ʪʠʣʘʢʦʠʜʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʪʝʟʫ ɸʊʌ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʵʢʚʠʚʘʣʝʥʪʦʚ (ʅɸɼʌʅ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʠʢʩʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ 

ʮʠʢʣʝ ʂʘʣʴʚʠʥʘ-ɹʝʥʩʦʥʘ (Waters, Langdale, 2009). ʀʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʥʦʡ 

ʚʦʜʳ, ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʥʦʛʦ ʘʟʦʪʘ) ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʨʦʩʪ ʚʩʝʛʦ ʨʘʩʪʝʥʠʷ (Lepisto et al., 

2012). ʌʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʝ ʦʨʛʘʥʠʟʤʳ, ʚʢʣʶʯʘʷ ʮʠʘʥʦʙʘʢʪʝʨʠʠ, ʚʦʜʦʨʦʩʣʠ ʠ 

ʚʳʩʰʠʝ ʨʘʩʪʝʥʠʷ, ʩʧʦʩʦʙʥʳ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʡ ʬʦʪʦʩʠʥʪʝʟʘ ʚ 

ʦʪʚʝʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ (Pfannschmidt et al, 2012). ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚʘ ʩʚʝʪʦʟʘʚʠʩʠʤʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʟʦʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

1.2.1. ʉʠʛʥʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʬʠʪʦʭʨʦʤʦʚ ʠ ʢʨʠʧʪʦʭʨʦʤʦʚ 

ʌʦʪʦʤʦʨʬʦʛʝʥʝʟʦʤ (ʜʝʵʪʠʦʣʷʮʠʝʡ) ʥʘʟʳʚʘʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʵʪʠʦʣʠʨʦʚʘʥʥʳʭ ʨʘʩʪʝʥʠʡ ʧʨʠ ʚʳʥʦʩʝ ʠʭ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʥʘ ʩʚʝʪ: 

ʧʨʝʢʨʘʱʝʥʠʝ ʫʜʣʠʥʝʥʠʷ ʛʠʧʦʢʦʪʠʣʷ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʨʦʧʣʘʩʪʠʜ ʚ 
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ʭʣʦʨʦʧʣʘʩʪʳ, ʩʠʥʪʝʟ ʧʠʛʤʝʥʪʦʚ ʬʦʪʦʩʠʥʪʝʟʘ, ʧʝʨʝʭʦʜ ʢ ʘʚʪʦʪʨʦʬʥʦʤʫ 

ʤʝʪʘʙʦʣʠʟʤʫ (Gururani et al., 2014). 

ʌʦʪʦʤʦʨʬʦʛʝʥʝʟ ʨʘʩʪʝʥʠʡ ʦʧʦʩʨʝʜʫʝʪʩʷ ʚʦʩʧʨʠʷʪʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʜʣʠʥʳ ʚʦʣʥʳ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʠʛʤʝʥʪ-ʙʝʣʢʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

(ʬʦʪʦʨʝʮʝʧʪʦʨʘʤʠ). ʇʦʛʣʦʱʝʥʠʝ ʢʚʘʥʪʘ ʩʚʝʪʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʘ ʬʦʪʦʨʝʮʝʧʪʦʨʘ ʩ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ 

(ʨʝʮʝʧʪʦʨ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ) ʠʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʝʘʢʮʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʤʝʩʩʝʥʜʞʝʨʦʚ (ʨʝʮʝʧʪʦʨ ʩʠʥʝʛʦ ʩʚʝʪʘ). ʇʨʠ ʬʦʪʦʨʝʮʝʧʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚ ʩʚʝʪʘ ʚ ʵʥʝʨʛʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ (Waters, 

Langdale, 2009; Chen,Chory, 2011). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʚʝʪʦʚʳʭ ʨʝʘʢʮʠʡ ʬʦʪʦʩʠʥʪʝʟʘ ʨʘʩʪʝʥʠʶ ʥʝʦʙʭʦʜʠʤ 

ʩʚʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. ʌʦʪʦʩʠʩʪʝʤʘ I (ʌʉ I) ʧʦʛʣʦʱʘʝʪ ʠ 

ʧʨʝʦʙʨʘʟʫʝʪ ʢʚʘʥʪʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʢʦʣʦ 700 ʥʤ, ʘ ʬʦʪʦʩʠʩʪʝʤʘ II  (ʌʉ II) ï 

ʦʢʦʣʦ 680 ʥʤ. ʕʥʝʨʛʠʠ ʦʪ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʢʚʘʥʪʦʚ (ʙʦʣʝʝ 700 ʥʤ) 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʚʝʪʦʚʳʭ ʨʝʘʢʮʠʡ. ʇʨʠʥʷʪʦ ʜʝʣʠʪʴ ʢʨʘʩʥʳʝ 

ʣʫʯʠ ʥʘ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ, ʂ (ʜʦ 700 ʥʤ) ʠ ʜʘʣʴʥʶʶ ʢʨʘʩʥʫʶ, ɼʂ (ʙʦʣʝʝ 700 

ʥʤ) (Chen, Chory, 2011). ʆʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʚʘʥʪʦʚ ʩʚʝʪʘ ʚ 

ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʨʘʩʪʝʥʠʷʤ ʧʦʟʚʦʣʷʶʪ ʬʦʪʦʨʝʮʝʧʪʦʨʳ ʠʟ ʛʨʫʧʧʳ 

ʬʠʪʦʭʨʦʤʦʚ. ʌʠʪʦʭʨʦʤ ʩʦʩʪʦʠʪ ʠʟ ʧʠʛʤʝʥʪʘ ʬʠʪʦʭʨʦʤʦʙʠʣʠʥʘ, ʦʙʨʘʟʫʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩ ʩ ʙʝʣʢʦʤ. ʈʘʟʣʠʯʘʶʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ ʬʠʪʦʭʨʦʤʘ: ʢʨʘʩʥʫʶ ï 

ʌʢʨ (660 ʥʤ) ʠ ʜʘʣʴʥʝʢʨʘʩʥʫʶ ï ʌʜʢ (730 ʥʤ) (Martinez-Garcia et al., 2014). 

ʌʠʪʦʭʨʦʤ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʠʤʝʨʘ ʙʝʣʢʘ ʩ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʦʡ 

ʭʨʦʤʦʬʦʨʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ ʠʟ ʯʝʪʳʨʝʭ ʧʠʨʨʦʣʴʥʳʭ ʢʦʣʝʮ (A, B, C ʠ D). 

ʍʨʦʤʦʬʦʨ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʟʘʤʢʥʫʪʦʡ ʤʦʣʝʢʫʣʳ ʪʝʪʨʘʧʠʨʨʦʣʘ, ʧʦʩʣʝ 

ʯʝʛʦ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʙʝʣʦʢ ʚ ʥʝʟʘʤʢʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʤʝʥʥʦ ʭʨʦʤʦʬʦʨ 

ʬʠʪʦʭʨʦʤʘ (ʬʠʪʦʭʨʦʤʦʙʠʣʠʥ) ʤʦʞʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʨʘʩʥʫʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ ʠ 

ʠʟʤʝʥʷʪʴ ʩʚʦʶ ʢʦʥʬʦʨʤʘʮʠʶ ʟʘ ʩʯʝʪ ʧʦʚʦʨʦʪʘ ʦʜʥʦʛʦ ʠʟ ʩʚʦʠʭ ʢʦʣʝʮ 

(Salewski et al. 2013). 

ʅʘ ʩʚʝʪʫ ʌʢʨ ʫʣʘʚʣʠʚʘʝʪ ʢʚʘʥʪʳ ʩʚʝʪʘ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʬʦʨʤʫ ʌʜʢ, ʯʪʦ 

ʟʘʧʫʩʢʘʝʪ ʢʘʩʢʘʜ ʩʠʛʥʘʣʦʚ, ʠʥʜʫʮʠʨʫʶʱʠʭ ʬʦʪʦʤʦʨʬʦʛʝʥʝʟ. ʌʜʢ ʧʝʨʝʭʦʜʠʪ ʚ 
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ʬʦʨʤʫ ʌʢʨ ʚ ʪʝʤʥʦʪʝ. ʅʘʢʦʧʣʝʥʠʝ ʌʢʨ ʩʣʫʞʠʪ ʩʠʛʥʘʣʦʤ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʚʝʪʘ 

ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʥʘʯʘʣʝ ʵʪʠʦʣʷʮʠʠ (Gururani et al., 2014). 

ɸʨʘʙʠʜʦʧʩʠʩ ʠʤʝʝʪ 5 ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʠʪʦʭʨʦʤʳ (phyA, phyB, 

phyC, phyD ʠ phyE). ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʠʥʠʤʘʶʪ 

ʬʠʪʦʭʨʦʤ  ɸ (ʌɸ) ʠ ʬʠʪʦʭʨʦʤ ɺ (ʌɺ). ʌʠʪʦʭʨʦʤʳ ʉ, D ʠ E, ʚ ʦʩʥʦʚʥʦʤ, 

ʷʚʣʷʶʪʩʷ ʤʠʥʦʨʥʳʤʠ ʬʦʨʤʘʤʠ (Wang, Wang, 2014). 

ʌʠʪʦʭʨʦʤʳ ʫʯʘʩʪʚʫʶʪ ʚ ʢʦʥʪʨʦʣʝ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ, ʫʜʣʠʥʝʥʠʷ 

ʩʪʝʙʣʷ ʠ ʮʚʝʪʝʥʠʷ. ʌɸ ʩʧʦʩʦʙʝʥ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʚʘʥʪʳ ʩʚʝʪʘ ʥʝ ʪʦʣʴʢʦ ʚ ʂ 

ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʥʦ ʠ ʫʣʘʚʣʠʚʘʝʪ ɼʂ-ʩʚʝʪ, ʥʝ ʠʤʝʝʪ ʂ-ɼʂ ʦʙʨʘʪʠʤʦʩʪʠ. ʉʧʝʢʪʨ 

ʧʦʛʣʦʱʝʥʠʷ ʌɺ ʩʦʩʪʘʚʣʷʝʪ ʦʙʣʘʩʪʴ ʪʦʣʴʢʦ ʂ-ʩʚʝʪʘ (ʩʚʝʪ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʥʝ 

ʙʦʣʝʝ 700 ʥʤ), ʠʤʝʝʪ ʂ-ɼʂ ʦʙʨʘʪʠʤʦʩʪʴ. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʠʯʠʝ ʧʦʣʥʦʡ ʪʝʤʥʦʪʳ ʠ ʩʚʝʪʘ, ʘ ʪʘʢʞʝ ʩʚʝʪʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ 

ɼʂ-ʢʚʘʥʪʘʤʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʚ ʫʩʣʦʚʠʷʭ ʟʘʪʝʥʝʥʠ.̫ ʌʠʪʦʭʨʦʤʳ D ʠ ɽ 

ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʫʜʣʠʥʝʥʠʷ ʯʝʨʝʰʢʘ ʣʠʩʪʘ ʠ ʮʚʝʪʝʥʠʷ, ʘ ʬʠʪʦʭʨʦʤ ɽ 

ʨʝʛʫʣʠʨʫʝʪ ʫʜʣʠʥʝʥʠʝ ʤʝʞʜʦʫʟʣʠʡ ʤʝʞʜʫ ʨʦʟʝʪʢʘʤʠ ʣʠʩʪʴʝʚ (Martinez-Garcia 

et al., 2014). 

ɺ ʥʝʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʬʠʪʦʭʨʦʤʳ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʮʠʪʦʟʦʣʝ, ʧʨʠ ʦʩ-

ʚʝʱʝʥʠʠ ʦʥʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʷʜʨʝ. ɺ ʷʜʨʝ ʬʠʪʦʭʨʦʤʳ ʟʘʧʫʩʢʘʶʪ ʠʟʤʝʥʝ-

ʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʦʢʦʣʦ 10 % ʛʝʥʦʚ ʘʨʘʙʠʜʦʧʩʠʩʘ (Ni et al., 2013). ʅʘ ʉ-

ʢʦʥʮʝʚʦʤ ʫʯʘʩʪʢʝ ʬʠʪʦʭʨʦʤʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ PAS-ʜʦʤʝʥʘ (ʫʯʘʩʪʚʫʶʪ ʚ 

ɼʅʂ-ʙʝʣʢʦʚʳʭ ʠ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ), ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʨʘʥʩ-

ʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʊʌ) (Christie et al., 2015). 

ɸʨʘʙʠʜʦʧʩʠʩ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʊʌ (HY5, HYH, HFR1 ʠ LAF1), ʢʦʪʦʨʳʝ 

ʘʢʪʠʚʠʨʫʶʪ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʬʦʪʦʤʦʨʬʦʛʝʥʝʟʝ. ɻʝʥʳ ʵʪʠʭ ʊʌ ʚ ʪʝʤʥʦʪʝ 

ʠʥʛʠʙʠʨʫʶʪʩʷ ʙʝʣʢʘʤʠ ʩʝʤʝʡʩʪʚʘ COP (constitutive photomorphogenesis) ʠ 

DET (de-etiolated) (Waters, Langdale, 2009). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʬʠ-

ʪʦʭʨʦʤʦʚ ʥʘ ʩʚʝʪʫ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʦʚ COP1, ʉʆʈ9 ʠ DET1, ʯʪʦ 

ʠʥʜʫʮʠʨʫʝʪ ʬʦʪʦʤʦʨʬʦʛʝʥʝʟ (Wang, Wang, 2014). 

ʅʘ ʩʚʝʪʫ ʬʠʪʦʭʨʦʤʳ ʚʳʟʳʚʘʶʪ ʜʝʛʨʘʜʘʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦ-

ʨʦʚ PIFs (phytochrome interacting factors) (Martinez-Garcia et al., 2014). 
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ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʤʫʪʘʥʪʘʭ ʘʨʘʙʠʜʦʧʩʠʩʘ ʧʦ ʛʝʥʘʤ pif1, 

pif3, pif4 ʠ pif5, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʝʥʳ ʩʝʤʝʡʩʪʚʘ PIF ʫʯʘʩʪʚʫʶʪ ʚ ʧʦʜʘʚʣʝʥʠʠ 

ʬʦʪʦʤʦʨʬʦʛʝʥʝʟʘ ʚ ʪʝʤʥʦʪʝ (Ni et al., 2013). ɹʝʣʢʠ PIF3, PIF4, PIF5 ʠ PIF7 

ʠʥʜʫʮʠʨʫʶʪ ʫʜʣʠʥʝʥʠʝ ʛʠʧʦʢʦʪʠʣʷ, ʩʠʥʜʨʦʤ ʠʟʙʝʛʘʥʠʷ ʪʝʤʥʦʪʳ ʠ ʨʘʟʚʠʪʠʝ 

ʣʠʩʪʴʝʚ (Jeong, Choi, 2013). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʝʣʢʠ COP1, DET1 ʠ PIFs ʧʦʜʘʚʣʷʶʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝ-

ʥʦʚ LHCB (CAP), ʤʘʣʦʡ ʩʫʙʲʝʜʠʥʠʮʳ Rubisco (RBCS), ʧʣʘʩʪʦʮʠʘʥʠʥʘ (PETE) 

ʠ ʛʝʥʘ GUN5 (Wang, Wang, 2014). 

ʇʦʤʠʤʦ ʢʨʘʩʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʨʘʩʪʝʥʠʷ ʩʧʦʩʦʙʥʳ ʫʣʘʚʣʠʚʘʪʴ ʩʠʥʠʡ 

ʩʚʝʪ (400-500 ʥʤ) ʩ ʧʦʤʦʱʴʶ ʪʨʝʭ ʛʨʫʧʧ ʬʦʪʦʨʝʮʝʧʪʦʨʦʚ: ʢʨʠʧʪʦʭʨʦʤʦʚ, ʬʦ-

ʪʦʪʨʦʧʠʥʦʚ ʠ ʙʝʣʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ LOV-ʜʦʤʝʥʳ (ZTL, FKF1 ʠ LKP2) (Solo-

mon et al., 2003; Christie et al., 2015). 

ɸʨʘʙʠʜʦʧʩʠʩ ʠʤʝʝʪ ʜʚʘ ʢʨʠʧʪʦʭʨʦʤ-ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʘ: CRY1 ʠ 

CRY2 (Lin et al., 2002). ʂʨʠʧʪʦʭʨʦʤʳ ʩʦʜʝʨʞʘʪ ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʫʯʘʩʪʦʢ ʜʣʷ 

ʩʚʷʟʳʚʘʥʠʷ ʭʨʦʤʦʬʦʨʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ ʧʪʝʨʠʥ 

(ʤʝʪʝʥʠʣʪʝʪʨʘʛʠʜʨʦʬʦʣʘʪ) ʠ ʌɸɼ. ʌʫʥʢʮʠʶ ʩʚʝʪʦʩʦʙʠʨʘʶʱʝʛʦ ʭʨʦʤʦʬʦʨʘ 

ʚʳʧʦʣʥʷʝʪ ʧʪʝʨʠʥ. ʇʨʠ ʫʣʘʚʣʠʚʘʥʠʠ ʢʚʘʥʪʦʚ ʩʠʥʝʛʦ ʩʚʝʪʘ ʤʦʣʝʢʫʣʦʡ 

ʧʪʝʨʠʥʘ, ʬʠʪʦʭʨʦʤ ʩʚʷʟʳʚʘʝʪ ʦʢʠʩʣʝʥʥʫʶ ʤʦʣʝʢʫʣʫ ʌɸɼ, ʢʦʪʦʨʦʡ 

ʧʝʨʝʜʘʝʪʩʷ ʚʦʟʙʫʞʜʝʥʥʳʡ ʵʣʝʢʪʨʦʥ. ʇʨʠ ʵʪʦʤ ʌɸɼ ʧʝʨʝʭʦʜʠʪ ʚ ʬʦʨʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʝʤʠʭʠʥʦʥʘ (ʌɸɼÅ), ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʩʠʣʴʥʳʤ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ. ɽʩʣʠ ʦʙʨʘʟʦʚʘʥʥʘʷ ʵʥʝʨʛʠʷ ʥʝ ʧʝʨʝʜʘʝʪʩʷ, ʪʦ 

ʚʦʟʙʫʞʜʝʥʥʳʡ ʌɸɼ ʬʣʫʦʨʝʩʮʠʨʫʝʪ (Herbel et al., 2013). 

ʆʪ ʩʠʥʝʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʫʣʘʚʣʠʚʘʝʤʦʡ ʢʨʠʧʪʦʭʨʦʤʘʤʠ (400-500 ʥʤ) 

ʧʦʩʪʫʧʘʶʪ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ: ʩʠʥʪʝʟ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʘʥʪʦʮʠʘʥʦʚ, ʜʚʠʞʝʥʠʝ ʟʘʤʳʢʘʶʱʠʭ ʢʣʝʪʦʢ 

ʫʩʪʴʠʮ (Christie et al., 2015). 

ʇʦ ʩʪʨʫʢʪʫʨʝ ʢʨʠʧʪʦʭʨʦʤʳ ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ ʩ ɼʅʂ-

ʬʦʪʦʣʠʘʟʘʤʠ, ʬʝʨʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʧʘʨʘʮʠʠ ʫʯʘʩʪʢʦʚ ɼʅʂ, 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʚʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ, ʠʩʧʦʣʴʟʫʷ 

ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʥʫʶ ʬʦʨʤʫ ʌɸɼ (ʌɸɼʅ
ï
). ʌʝʨʤʝʥʪ ʩʦʜʝʨʞʠʪ 
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ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʪʝʨʠʥʦʤ ʠ ʬʣʘʚʠʥʦʤ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʌɸɼʅ
ï
 ʥʘ ʩʚʝʪʫ. ʆʜʥʘʢʦ ʢʨʠʧʪʦʭʨʦʤʳ ʩʦʜʝʨʞʘʪ ʥʝʡʪʨʘʣʴʥʳʡ 

ʩʝʤʠʭʠʥʦʥ ʌɸɼ
.
, ʧʦʵʪʦʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʤʝʶʪ ʬʦʪʦʣʠʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(Herbel et al., 2013). 

ʅʘ ʩʚʝʪʫ ʧʨʦʠʩʭʦʜʠʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʨʠʧʪʦʭʨʦʤʦʚ (Muller et al., 

2014). ʊʦʣʴʢʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʬʠʪʦʭʨʦʤʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʦʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʠʛʥʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ (Herbel et al., 

2013). 

ʄʫʪʘʥʪ ʧʦ ʛʝʥʫ CRY1, ʚʳʨʘʱʝʥʥʳʡ ʧʦʜ ʩʠʥʠʤ ʩʚʝʪʦʤ, ʦʙʨʘʟʫʝʪ 

ʫʜʣʠʥʝʥʥʳʡ ʛʠʧʦʢʦʪʠʣʴ, ʠʤʝʝʪ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʘʥʪʦʮʠʘʥʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʪʝʨʠ ʠʥʜʫʢʮʠʠ ʛʝʥʘ ʭʘʣʴʢʦʥʩʠʥʪʘʟʳ (CHS), ʧʨʦʜʫʢʪ ʢʦʪʦʨʦʛʦ ʫʯʘʩʪʚʫʝʪ ʚ 

ʩʠʥʪʝʟʝ ʘʥʪʦʮʠʘʥʦʚ. ʄʫʪʘʥʪ ʧʦ ʛʝʥʫ CRY2 ʘʨʘʙʠʜʦʧʩʠʩʘ ʠʤʝʝʪ ʥʘʨʫʰʝʥʠʷ ʚ 

ʠʥʜʫʢʮʠʠ ʛʝʥʦʚ ʮʚʝʪʝʥʠʷ (Gould et al., 2013; Christie et al., 2015). 

ɸʨʘʙʠʜʦʧʩʠʩ ʠʤʝʝʪ ʢʨʠʧʪʦʭʨʦʤ-ʧʦʜʦʙʥʳʡ ʛʝʥ CRY3, ʧʨʦʜʫʢʪ ʢʦʪʦʨʦʛʦ  

ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʧʘʨʘʮʠʠ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʫʯʘʩʪʢʦʚ ɼʅʂ ʠ ʠʩʧʨʘʚʣʝʥʠʠ ʣʠʰʥʠʭ 

ʰʧʠʣʝʢ ʚ ʜʚʫʭʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʭʣʦʨʦʧʣʘʩʪʦʚ ʠ ʤʠʪʦʭʦʥʜʨʠʡ (Herbel et al., 

2013). 

ʃʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʷʜʨʝ CRY1 ʠ CRY2 ʚʣʠʷʶʪ ʥʘ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ 

ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ. ɼʣʷ ʢʨʠʧʪʦʭʨʦʤʦʚ ʠʟʚʝʩʪʥʳ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ. ʇʝʨʚrʡ ʤʝʭʘ-

ʥʠʟʤ ï ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʩʚʝʪʦʤ ʢʨʠʧʪʦʭʨʦʤʳ ʚʳʟʳʚʘʶʪ ʜʝʛʨʘʜʘʮʠʶ ʙʝʣʢʦʚ, 

ʢʦʪʦʨʳʝ ʨʝʧʨʝʩʩʠʨʫʶʪ ʊʌ. ʋ ʵʪʠʦʣʠʨʦʚʘʥʥʳʭ ʨʘʩʪʝʥʠʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ HY5 ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʦʪʝʦʣʠʟʫ ʢʦʤʧʣʝʢʩʦʤ ʙʝʣʢʦʚ SPA1 (supressor of 

phyA). ʇʨʠ ʜʝʡʩʪʚʠʠ ʩʠʥʝʛʦ ʩʚʝʪʘ ʢʨʠʧʪʦʭʨʦʤʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ COP1-SPA1 

ʢʦʤʧʣʝʢʩʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ HY5, 

ʟʘʧʫʩʢʘʶʱʠʭ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʪʦʤʦʨʬʦ-

ʛʝʥʝʟʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ CRY2 ʩ ʢʦʤʧʣʝʢʩʦʤ COP1-SPA1 ʚʳʟʳ-

ʚʘʝʪ ʠʥʜʫʢʮʠʶ ʛʝʥʘ ʮʚʝʪʝʥʠʷ CO (constans). ɺʪʦʨʦʡ ʤʝʭʘʥʠʟʤ ï ʵʪʦ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ CRY2 ʩ ʊʌ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ CRY2 ʘʢʪʠʚʥʦ ʫʯʘʩʪ-
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ʚʫʝʪ ʚ ʨʘʙʦʪʝ ʧʦʩʣʝʜʥʝʛʦ. ʅʘʧʨʠʤʝʨ, ʬʦʪʦʘʢʪʠʚʠʨʦʚʘʥʥʳʡ CRY2 ʩʚʷʟʳʚʘʝʪ-

ʩʷ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ CIB1 (Cry-interacting bHLH1), ʯʪʦ ʚʳʟʳʚʘ-

ʝʪ ʠʥʜʫʢʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ FT (flowering locus T), ʧʨʦʜʫʢʪ ʢʦʪʦʨʦʛʦ ʷʚʣʷ-

ʝʪʩʷ ʨʝʛʫʣʷʪʦʨʦʤ ʮʚʝʪʝʥʠʷ. ʕʢʩʧʨʝʩʩʠʷ FT ʚ ʟʘʤʳʢʘʶʱʠʭ ʢʣʝʪʢʘʭ ʫʩʪʴʠʮ 

ʫʩʠʣʠʚʘʝʪ ʠʭ ʦʪʢʨʳʚʘʥʠʝ (Ando et al., 2013; Christie et al., 2015). 

ɽʱʝ ʦʜʠʥ ʨʝʮʝʧʪʦʨ ʩʠʥʝʛʦ ʩʚʝʪʘ ï ʬʦʪʦʪʨʦʧʠʥ. ʉʚʦʝ ʥʘʟʚʘʥʠʝ ʦʥ ʧʦʣʫ-

ʯʠʣ ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʧʦʩʨʝʜʦʚʘʪʴ ʬʦʪʦʪʨʦʧʠʟʤ ʫ ʚʳʩʰʠʭ ʨʘʩʪʝ-

ʥʠʡ, ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʦʩʪʘ ʨʘʩʪʝ-

ʥʠʷ ʚ ʩʪʦʨʦʥʫ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. ɸʨʘʙʠʜʦʧʩʠʩ ʩʦʜʝʨʞʠʪ 2 ʛʝʥʘ ʬʦʪʦʪʨʦʧʠʥʘ 

(PHOT1 ʠ PHOT2), ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʬʦʪʦʩʠʥʪʝʟʘ ʠ 

ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʩʣʦʚʠʷʤ ʦʩʚʝʱʝʥʠʷ (Labuz et al,. 2012). 

ʌʦʪʦʪʨʦʧʠʥ ʷʚʣʷʝʪʩʷ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʤʝʤʙʨʘʥʦʡ ʩʝʨʠʥ-

ʪʨʝʦʥʠʥʦʚʦʡ ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ, ʢʦʪʦʨʘʷ ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʠʥʝʛʦ 

ʩʚʝʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ʌʦʪʦʪʨʦʧʠʥʳ PHOT1 ʠ PHOT2 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʮʠʪʦʟʦʣʝ (ʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ), ʥʦ ʥʝ ʷʚʣʷʶʪʩʷ ʠʥ-

ʪʝʛʨʘʣʴʥʳʤʠ ʤʝʤʙʨʘʥʥʳʤʠ ʙʝʣʢʘʤʠ (Christie et al., 2015). 

ɺʦʟʜʝʡʩʪʚʠʝ ʩʠʥʝʛʦ ʩʚʝʪʘ ʚʳʟʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʣʦʢʘʣʠʟʘ-

ʮʠʠ ʙʝʣʢʦʚ ʬʦʪʦʪʨʦʧʠʥʦʚ. PHOT1 ʦʪʩʦʝʜʠʥʷʝʪʩʷ ʦʪ ʤʝʤʙʨʘʥʳ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʩʠʥʝʛʦ ʩʚʝʪʘ ʠ ʦʩʪʘʝʪʩʷ ʚ ʮʠʪʦʟʦʣʝ, ʘ PHOT2 ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʘʧʧʘʨʘʪ ɻʦʣʴ-

ʜʞʠ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʚʘʞʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʜʠʩʩʦʮʠʘʮʠʠ ʧʦʢʘ ʥʝ ʜʦ ʢʦʥʮʘ 

ʠʟʫʯʝʥʘ, ʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʩʩʦʮʠʘʮʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʯʘʩʪʠʷ ʙʝʣʢʘ PHOT1 

ʚ ʬʦʪʦʪʨʦʧʠʟʤʝ (Wan et al., 2008; Christie et al., 2015). 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʦʪ ʬʦʪʦʪʦʨʦʧʠʥʘ 

ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʦʪʢʨʳʚʘʥʠʷ ʫʩʪʴʠʮ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʠ-

ʥʝʛʦ ʩʚʝʪʘ. ʅ
+
-ɸʊʌʘʟʘ ʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʚʤʝʩʪʝ ʩ ʂ

+
 ʢʘʥʘʣʘʤʠ 

ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʌʦʪʦʪʨʦʧʠʥ ʘʢʪʠʚʠʨʫʝʪ 

ʅ-ɸʊʌʘʟʫ, ʚʳʟʳʚʘ ̫ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʶ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʯʪʦ ʧʦ-

ʟʚʦʣʷʝʪ ʂ
+
 ʧʨʦʥʠʢʘʪʴ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʥʘʣʳ. ʅʘʢʦʧʣʝʥʠʝ 

ʂ
+
 ʚʳʟʳʚʘʝʪ ʥʘʙʫʭʘʥʠʝ ʢʣʝʪʢʠ, ʯʪʦ ʠʥʜʫʮʠʨʫʝʪ ʦʪʢʨʳʚʘʥʠʝ ʫʩʪʴʠʮ (Christie 

et al., 2015). 
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ʂʨʦʤʝ ʬʦʪʦʪʨʦʧʠʥʦʚ, ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʬʦʪʦʨʝʮʝʧʪʦʨʦʚ, ʩʦ-

ʜʝʨʞʘʱʠʭ LOV-ʜʦʤʝʥ ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʙʝʣʦʢ ZTL (zeitlupe), 

ʙʝʣʦʢ ʩ ʬʣʘʚʠʥʩʚʷʟʳʚʘʶʱʠʤ ʫʯʘʩʪʢʦʤ (FKF1) ʠ LOV-ʩʦʜʝʨʞʘʱʠʡ ʙʝʣʦʢ 2 

(LKP2) (Ito et al., 2012). ɹʝʣʢʠ ZTL/FKF1/LKP2 ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʩʫ-

ʪʦʯʥʳʭ ʨʠʪʤʦʚ, ʬʦʪʦʧʝʨʠʦʜʠʟʤʘ ʠ ʮʚʝʪʝʥʠʷ. ʆʥʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʮʠʪʦʟʦʣʝ 

ʠʣʠ ʷʜʨʝ. ʄʫʪʘʥʪʳ ʘʨʘʙʠʜʦʧʩʠʩʘ ʧʦ ʛʝʥʫ ZTL ʠʤʝʶʪ ʥʘʨʫʰʝʥʠʝ ʚ ʨʝʛʫʣʷʮʠʠ 

ʩʫʪʦʯʥʳʭ ʨʠʪʤʦʚ, ʘ ʤʫʪʘʥʪʳ ʧʦ ʛʝʥʫ FKF1 ʠʤʝʶʪ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʮʚʝ-

ʪʝʥʠʷ (Imaizumi et al., 2003). ʄʫʪʘʮʠʷ ʧʦ ʛʝʥʫ LKP2 ʚʳʟʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʛʫʣʷʮʠʠ ʩʫʪʦʯʥʳʭ ʨʠʪʤʦʚ ʠ ʮʚʝʪʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʫʪʘʥʪʳ 

ʩʦ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʝʡ ʵʪʦʛʦ ʛʝʥʘ ʥʝ ʠʤʝʶʪ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

(Schultz et al., 2001; Baudry et al. 2010). 

ɹʝʣʦʢ ZTL ʚʳʟʳʚʘʝʪ ʜʝʛʨʘʜʘʮʠʶ ʙʝʣʢʘ-ʨʝʧʨʝʩʩʦʨʘ TOC1 (timing of 

CAB expression 1), ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʩʫʪʦʯʥʳʭ ʨʠʪʤʦʚ. FKF1 

ʚʳʟʳʚʘʝʪ ʜʝʛʨʘʜʘʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩʝʤʝʡʩʪʚʘ CDF (Cycling 

DOF factors), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʜʫʢʮʠʠ ʛʝʥʦʚ FT ʠ CO, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʮʚʝ-

ʪʝʥʠʝ (Thomas, 2006; Christie et al., 2015). 

1.2.2. ʍʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʝ ʩʠʛʥʘʣʳ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ 

ʛʝʥʦʚ 

ʈʝʪʨʦʛʨʘʜʥʳʡ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʦʥʢʠʡ ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʙʠʦʩʠʥʪʝʟʘ ʧʠʛʤʝʥʪʦʚ, ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʣʝʢʪʨʦʥ-

ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ ʭʣʦʨʦʧʣʘʩʪʦʚ (ʭʣʕʊʎ), ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʭʣʦʨʦ-

ʧʣʘʩʪʦʚ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʠʷ ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʧʘʪʦ-

ʛʝʥʦʚ (Chi et al., 2013). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʞʜʫ 

ʷʜʝʨʥʳʤ ʠ ʧʣʘʩʪʠʜʥʳʤ ʛʝʥʦʤʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʕʪʘ 

ʢʦʦʨʜʠʥʘʮʠʷ ʚʦʟʤʦʞʥʘ ʙʣʘʛʦʜʘʨʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʤ 

ʩʠʛʥʘʣʘʤ. 
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1.2.2.1. ʉʠʛʥʘʣʳ, ʦʧʦʩʨʝʜʫʝʤʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʙʠʦʩʠʥʪʝʟʘ ʪʝʪʨʘʧʠʨʨʦʣʦʚ 

ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʨʝʪʨʦʛʨʘʜʥʦʡ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʦʡ 

ʨʝʛʫʣʷʮʠʠ ʩʯʠʪʘʶʪʩʷ ʩʠʛʥʘʣʳ, ʠʟʫʯʝʥʥʳʝ ʥʘ gun-ʤʫʪʘʥʪʘʭ (genome 

uncoupled) ʘʨʘʙʠʜʦʧʩʠʩʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ 

ʤʫʪʘʛʝʥʝʟʘ ʠ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʳ ʛʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

Susek ʚ 1993 ʛʦʜʫ. ʄʫʪʘʥʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ gun-ʬʝʥʦʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʪʦʩʠʥʪʝʟʦʤ 

(LHCB, PETE, RBCS), ʚʳʷʚʣʷʶʪʩʷ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʝʱʝʩʪʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʟʨʫʰʝʥʠʶ ʭʣʦʨʦʧʣʘʩʪʦʚ 

(ʥʦʨʬʣʶʨʘʟʦʥ, ʣʠʥʢʦʤʠʮʠʥ, ʛʠʛʨʦʤʠʮʠʥ). 

 ʈʘʩʪʝʥʠʷ ʘʨʘʙʠʜʦʧʩʠʩʘ ʜʠʢʦʛʦ ʪʠʧʘ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʦʨʬʣʶʨʘʟʦʥʘ ʥʘ ʩʚʝʪʫ, ʣʠʰʝʥʳ ʭʣʦʨʦʧʣʘʩʪʦʚ ʠ ʠʤʝʶʪ ʩʠʣʴʥʦ ʩʥʠʞʝʥʥʫʶ 

ʵʢʩʧʨʝʩʩʠ ʁʷʜʝʨʥʦʛʦ ʛʝʥʘ CAB3/LHCB1.2 (ʢʦʜʠʨʫʝʪ ʭʣʦʨʦʧʣʘʩʪʥʳʡ ʙʝʣʦʢ 

ʩʚʝʪʦʩʦʙʠʨʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ II), ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʛʝʥʘʤ ʛʨʫʧʧʳ PhANGs 

(photosyntesis-associated nuclear genes). ʇʦʢʘʟʘʥʦ, ʯʪʦ gun-ʤʫʪʘʥʪʳ 

ʧʨʦʜʦʣʞʘʶʪ ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴ ʛʝʥ CAB3/LHCB1.2, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʳʭ ʭʣʦʨʦʧʣʘʩʪʦʚ (Susek et al., 1993; Kleine et al., 2009; 

Barajas-Lopez et al., 2013). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, gun-ʤʫʪʘʥʪʳ ʣʠʰʝʥʳ ʢʦʦʨʜʠʥʘʮʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʤʝʞʜʫ ʭʣʦʨʦʧʣʘʩʪʥʳʤ ʠ ʷʜʝʨʥʳʤ ʛʝʥʦʤʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʛʝʥʳ, ʤʫʪʘʮʠʠ ʧʦ ʢʦʪʦʨʳʤ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

gun-ʬʝʥʦʪʠʧʘ. ʇʨʦʜʫʢʪʳ ʵʪʠʭ ʛʝʥʦʚ ʫʯʘʩʪʚʫʶʪ ʚ ʧʫʪʠ ʩʠʥʪʝʟʘ ʪʝʪʨʘʧʠʨʨʦʣʦʚ 

(ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʭʣʦʨʦʬʠʣʣʦʚ a ʠ b) ʠ ʛʝʤʦʚʳʭ ʛʨʫʧʧ ʮʠʪʦʭʨʦʤʦʚ: ʛʝʥ 

GUN2 ʢʦʜʠʨʫʝʪ ʛʝʤʦʢʩʠʛʝʥʘʟʫ, GUN3 ï ʬʠʪʦʭʨʦʤʦʙʠʣʣʠʥʩʠʥʪʘʟʫ, GUN4 

ʢʦʜʠʨʫʝʪ ʙʝʣʦʢ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʘʢʪʠʚʘʮʠʠ Mg-ʭʝʣʘʪʘʟʳ, GUN5 

ʢʦʜʠʨʫʝʪ H-ʩʫʙʲʝʜʠʥʠʮʫ ʩʘʤʦʡ Mg-ʭʝʣʘʪʘʟʳ, GUN6 ï ʬʝʨʨʦʭʝʣʘʪʘʟʫ (Nott et 

al., 2006; Woodson et al., 2011). ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʛʝʥ GUN1, 

ʢʦʜʠʨʫʶʱʠʡ ʧʣʘʩʪʠʜʥʳʡ PPR-ʙʝʣʦʢ GUN1. 

ʄʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʧʣʘʩʪʠʜʥʦ-ʷʜʝʨʥʦʛʦ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʙʝʣʦʢ GUN1 ʜʦ 

ʢʦʥʮʘ ʥʝ ʷʩʝʥ (Chi et al., 2013). ɹʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʧʦʩʨʝʜʥʠʢʦʤ ʵʪʦʛʦ 
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ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʷʚʣʷʝʪʩʷ Mg-ʧʨʦʪʦʧʦʨʬʠʨʠʥ IX (Mg-Proto IX) (ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ ʭʣʦʨʦʬʠʣʣʦʚ), ʢʦʪʦʨʳʡ ʩʦʚʤʝʩʪʥʦ ʩ ʙʝʣʢʦʤ 

GUN1 ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʷʜʨʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʨʝʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʪʦʩʠʥʪʝʟʦʤ (PhANGs) (Strand et al., 2003; 

Nott et al., 2006). ʅʘʢʦʧʣʝʥʠʝ Mg-ProtoIX, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʥʦʨʬʣʶʨʘʟʦʥʘ, ʯʝʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʨʝʧʨʝʩʩʠʷ ʛʝʥʦʚ PhANG ʫ 

ʜʠʢʦʛʦ ʪʠʧʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʦʡ ʨʝʧʨʝʩʩʠʠ ʫ gun-ʤʫʪʘʥʪʦʚ (Barajas-Lopez et 

al., 2013). 

ɺ 2008 ʛʦʜʫ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʝ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʢʦʧʣʝʥʠʝ Mg-

ProtoIX ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʝʧʨʝʩʩʠʠ ʛʝʥʦʚ PhANGs (Moulin et al., 

2008; Mochizuki et al., 2008). ɺʦʟʤʦʞʥʦ, ʚʳʩʦʢʘʷ ʬʦʪʦʨʝʘʢʪʠʚʥʦʩʪʴ Mg-

ProtoIX ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʝʨʝʜʘʯʝ ʩʚʝʪʦʟʘʚʠʩʠʤʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ 

ʦʯʝʥʴ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʣʠʙʦ ʧʨʦʠʩʭʦʜʠʣʦ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʦʝ ʥʘʢʦʧʣʝ-

ʥʠʝ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʠʜʝʨʞʠʚʘ-

ʶʪʩʷ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʦ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʪʝʟʦʤ 

ʪʝʪʨʘʧʠʨʨʦʣʦʚ (Chi et al., 2013). 

1.2.2.2. ʉʠʛʥʘʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʧʫʣʘ 

ʧʣʘʩʪʦʭʠʥʦʥʘ 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʦʟʘʚʠʩʠʤʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʘʢʪʠ-

ʚʠʨʫʶʪʩʷ ʩʠʛʥʘʣʘʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʢʦʤ-

ʧʦʥʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʪʦʩʠʥʪʝʟʝ. ʈʝʜʦʢʩ-ʩʠʛʥʘʣʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʷʜʝʨʥʳʭ ʛʝʥʦʚ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʪʦʩʠʥʪʝʟʝ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʧʦʜʦʙʥʦʡ ʨʝʛʫʣʷʮʠʠ (Pogson et al., 

2008; Pfannschmidt et al., 2009). 

ʇʨʠ ʘʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʌʉ II ʠʜʝʪ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʬʦʪʦʩʠʩʪʝʤʝ I (ʌʉ I) ʯʝʨʝʟ ʧʫʣ ʧʣʘʩʪʦʭʠʥʦʥʘ (PQ-ʧʫʣ), ʫʯʘʩʪʦʢ ʵʣʝʢʪʨʦʥ-

ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ ʭʣʦʨʦʧʣʘʩʪʦʚ (ʭʣʕʊʎ), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʬʦʪʦʩʠʩ-

ʪʝʤʦʡ II  (ʌʉ II) ʠ ʢʦʤʧʣʝʢʩʦʤ ʮʠʪʦʭʦʨʤʦʚ b6/f, ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʥʳʤ. ɽʩʣʠ ʞʝ ʘʢʪʠʚʥʦʩʪʴ ʌʉ I ʚʳʰʝ, ʯʝʤ ʘʢʪʠʚʥʦʩʪʴ ʌʉ II , PQ-ʧʫʣ 
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ʩʪʘʥʦʚʠʪʩʷ ʦʢʠʩʣʝʥʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, PQ-ʧʫʣ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʣʶʙʳʤ ʠʟ-

ʤʝʥʝʥʠʷʤ ʘʢʪʠʚʥʦʩʪʠ ʦʙʝʠʭ ʬʦʪʦʩʠʩʪʝʤ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ ʭʣʦʨʦʧʣʘʩʪʦʚ.  

ʆʙʦʟʥʘʯʝʥʠʷ: ɺʝʨʪʠʢʘʣʴʥʦʡ ʯʝʨʪʦʡ ʧʦʢʘʟʘʥʦ ʤʝʩʪʦ ʙʣʦʢʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʵʣʝʢ-

ʪʨʦʥʦʚ ʚʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ. PS II ï ʬʦʪʦʩʠʩʪʝʤʘ 2, PS I ï ʬʦʪʦ-

ʩʠʩʪʝʤʘ 1, PQ ï ʧʫʣ ʧʣʘʩʪʦʭʠʥʦʥʘ, PC ï ʧʣʘʩʪʦʮʠʘʥʠʥ, DCMU ï 3-(3,4-ʜʠʭʣʦʨʦʬʝʥʠʣ)-

1,1-ʜʠʤʝʪʠʣʤʦʯʝʚʠʥʘ, DBMIB ï 2,5-ʜʠʙʨʦʤʦ-3-ʤʝʪʠʣ-6-ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʭʠʥʦʥ, PQred/ox ï 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʣʠ ʦʢʠʩʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʫʣʘ ʧʣʘʩʪʦʭʠʥʦʥʘ. 

 

ʈʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʝ PQ-ʧʫʣʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ. ʊʘʢʠʝ ʬʘʢʪʦʨʳ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʛʨʫʧʧʳ: ʝʩʪʝʩʪ-

ʚʝʥʥʳʝ (ʫʩʣʦʚʠʷ ʦʩʚʝʱʝʥʠʷ) ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ (ʜʝʡʩʪʚʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʧʝʨʝ-

ʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʨʘʟʥʳʝ ʫʯʘʩʪʢʠ ʭʣʕʊʎ) (Pfalz et al., 2012). ʂ ʧʦʩʣʝʜʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʚʝʱʝʩʪʚʘ: 3-(3,4-ʜʠʭʣʦʨʦʬʝʥʠʣ)-1,1-ʜʠʤʝʪʠʣʤʦʯʝʚʠʥʘ (DCMU) ʠ 

2,5-ʜʠʙʨʦʤʦ-3-ʤʝʪʠʣ-6-ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʭʠʥʦʥ (DBMIB). DCMU ʥʝʦʙʨʘʪʠʤʦ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʫʯʘʩʪʢʦʤ QB (ʤʝʥʘʭʠʥʦʥʦʤ) ʚ ʌʉ II  ʠ ʙʣʦʢʠʨʫʝʪ ʧʝʨʝʥʦʩ ʵʣʝʢ-

ʪʨʦʥʦʚ ʦʪ ʌʉ II  ʢ ʧʦʩʣʝʜʫʶʱʠʤ ʘʢʮʝʧʪʦʨʘʤ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʢʠʩʣʝʥʠʝ PQ-

ʧʫʣʘ. DBMIB ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʩʘʡʪʦʤ ʦʢʠʩʣʝʥʠʷ ʧʣʘʩʪʦʭʠʥʦʥʘ ʚ ʢʦʤʧʣʝʢʩʝ b6/f, 

ʚʳʟʳʚʘʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ PQ-ʧʫʣʘ (Trebst et al., 1970). 

ɺʣʠʷʥʠʝ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʧʣʘʩʪʦʭʠʥʦʥʘ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʧʣʘʩʪʠʜʥʳʭ 

ʛʝʥʦʚ ʠʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ. ɺ 1999 ʛʦʜʫ Pfannschmidt ʩ ʢʦʣʣʝʛʘʤʠ ʠʩ-

ʩʣʝʜʦʚʘʣʠ ʵʢʩʧʨʝʩʩʠʶ ʧʣʘʩʪʠʜʥʳʭ ʛʝʥʦʚ ʛʦʨʯʠʮʳ (Sinapis alba L.) PSAAB 
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(ʢʦʜʠʨʫʝʪ ʦʜʥʫ ʠʟ ʩʫʙʲʝʜʠʥʠʮ ʌʉ I) ʠ PSBA (ʢʦʜʠʨʫʝʪ ʙʝʣʦʢ D1, ʢʦʤʧʦʥʝʥʪ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʌʉ II). ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ʧʨʠ-

ʤʝʥʷʣʘ ʠʥʛʠʙʠʪʦʨʳ DCMU ʠ DBMIB, ʘ ʪʘʢʞʝ ʩʚʝʪ, ʩʧʝʮʠʬʠʯʥʳʡ ʜʣʷ ʚʦʟʙʫ-

ʞʜʝʥʠʷ ʪʦʣʴʢʦ ʌʉ I ʠʣʠ ʌʉ II. ʄʝʪʦʜʦʤ run-on ʪʨʘʥʩʢʨʠʧʮʠʠ ʦʥʠ ʫʩʪʘʥʦʚʠ-

ʣʠ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʛʝʥʦʚ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʝ-

ʣʘ ʦʪ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ PQ-ʧʫʣʘ (Pfannschmidt, 1999). ɿʘʪʝʤ ʚ 2001 ʛʦʜʫ ʵʪʘ 

ʞʝ ʛʨʫʧʧʘ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ PQ-ʧʫʣʘ ʚ ʨʘʩ-

ʪʝʥʠʷʭ ʪʘʙʘʢʘ ʤʦʛʫʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʥʝ ʪʦʣʴʢʦ ʧʣʘʩʪʠʜʥʳʭ, ʥʦ ʠ 

ʷʜʝʨʥʳʭ ʛʝʥʦʚ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʪʦʩʠʥʪʝʟʦʤ: PETE (ʧʣʘʩʪʦ-

ʮʠʘʥʠʥ), PSAD ʠ PSAF (ʢʦʤʧʦʥʝʥʪʳ ʌʉ I) (Pfannschmidt et al., 2001). ʆʙʨʘ-

ʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʠʥʛʠʙʠʪʦʨʦʤ DCMU ʧʨʠʚʦʜʠʣʘ ʢ ʩʥʠʞʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ 

ʛʝʥʦʚ, ʜʝʡʩʪʚʠʝ ʠʥʛʠʙʠʪʦʨʘ DBMIB ʥʝ ʚʳʟʳʚʘʣʦ ʠʟʤʝʥʝʥʠʡ ʚ ʠʭ ʵʢʩʧʨʝʩʩʠʠ 

(Pfannschmidt et al., 2001). ʇʦʟʞʝ ʪʘʢʘʷ ʨʝʛʫʣʷʮʠʷ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʜʣʷ ʛʝʥʦʚ 

ʘʨʘʙʠʜʦʧʩʠʩʘ, ʚʢʣʶʯʘʷ ʛʝʥʳ ʩʝʤʝʡʩʪʚʘ LHCB (Fey et al., 2005). 

Fey ʩ ʢʦʣʣʝʛʘʤʠ ʚ 2005 ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʣʠ ʨʝʛʫʣʷʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ 

ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʘʩʪʝʥʠʷ ʚʳʨʘ-

ʱʠʚʘʣʠ 4 ʩʫʪʦʢ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʦʢʦʣʦ 30 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
, ʘ ʧʦʩʣʝ ï ʧʦʜ ʩʚʝʪʦʤ 

ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʚʦʟʙʫʞʜʘʶʱʝʡ ʣʠʙʦ ʌʉ I (ʦʢʦʣʦ 20 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
), ʣʠʙʦ ʌʉ 

II  (ʦʢʦʣʦ 30 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
) ʚ ʪʝʯʝʥʠʝ 6 ʜʥʝʡ. ɸʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʠʥʜʫʢʮʠʶ 

1121 ʛʝʥʘ ʠ ʨʝʧʨʝʩʩʠʶ 1012 ʛʝʥʦʚ ʚ ʨʘʩʪʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʚʥʘʯʘʣʝ ʚʳʜʝʨʞʘʣʠ 

ʧʦʜ ʩʚʝʪʦʤ, ʚʦʟʙʫʞʜʘʶʱʠʤ ʌʉ I, ʘ ʟʘʪʝʤ ï ʧʦʜ ʩʚʝʪʦʤ, ʚʦʟʙʫʞʜʘʶʱʠʤ ʌʉ 

II. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʟ 2133 ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ, ʨʝʛʫʣʷʮʠʷ 268 ʛʝʥʦʚ ʷʚʣʷʝʪʩʷ 

ʨʝʜʦʢʩ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ: ʵʢʩʧʨʝʩʩʠʷ 86 ʛʝʥʦʚ ʠʥʜʫʮʠʨʦʚʘʣʘʩʴ ʧʨʠ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʮʝʧʠ, ʘ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʵʢʩʧʨʝʩʩʠʷ 

200 ʛʝʥʦʚ ʩʥʠʞʘʣʘʩʴ (Fey et al., 2005). 

ɺʦʧʨʦʩ ʦ ʤʝʭʘʥʠʟʤʝ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʦ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʠ ʧʫʣʘ ʧʣʘʩʪʦ-

ʭʠʥʦʥʘ ʚ ʷʜʨʦ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʆʜʥʠʤ ʠʟ ʥʝʤʥʦʛʠʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ 

ʧʦʩʨʝʜʥʠʢʘ ʚʳʩʪʫʧʘʝʪ ʧʨʦʪʝʠʥʢʠʥʘʟʘ STN7 (state transition 7), ʢʦʪʦʨʘʷ ʨʘʩ-

ʧʦʣʦʞʝʥʘ ʥʘ ʤʝʤʙʨʘʥʝ ʪʠʣʘʢʦʠʜʦʚ (Pesaresi et al,.2009; Foyer et al., 2012). 

STN7 ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʢʦʪʦʨʳʡ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 
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ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩʚʝʪʦʚʳʭ ʨʝʘʢʮʠʡ ʬʦʪʦʩʠʥʪʝʟʘ ʢ ʠʟʤʝʥʝʥʠ-

ʷʤ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʟʘʚʠʩʠʪ ʦʪ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ 

ʦʪ PQ-ʧʫʣʘ (Kleine et al., 2009). 

ʇʦ-ʚʠʜʠʤʦʤʫ, STN7 ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʜʘʯʝ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘ-

ʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ PQ-ʧʫʣʘ ʠ ʨʝʛʫʣʠ-

ʨʫʶʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ PhANGs. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʤʫʪʘʥʪʘʭ ʧʦ 

ʛʝʥʫ STN7, ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ ʣʠʰʴ ʢʦʩʚʝʥʥʦ 

ʫʯʘʩʪʚʫʝʪ ʚ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʦʡ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ (Barajas-

Lopez et al., 2012). ʇʨʦʜʫʢʪʳ ʵʪʠʭ ʛʝʥʦʚ ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʭʘʥʠʟʤʘʭ ʩʪʨʝʩʩʦ-

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʙʦʣʠʟʤʘ (Pesaresi et al,.2009), ʧʨʠ-

ʯʝʤ ʚʳʜʝʣʝʥʘ ʮʝʣʘʷ ʛʨʫʧʧʘ ERG ʛʝʥʦʚ (early redox-regulated genes), ʯʘʩʪʴ ʢʦ-

ʪʦʨʳʭ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʘ ʨʝʛʫʣʷʮʠʠ ʯʝʨʝʟ STN7 ʧʨʦʪʝʠʥʢʠʥʘʟʫ (Dietzel er al., 

2015). 

1.2.2.3. ʊʠʦʨʝʜʦʢʩʠʥʳ ʢʘʢ ʚʦʟʤʦʞʥʳʝ ʧʦʩʨʝʜʥʠʢʠ ʚ ʧʝʨʝʜʘʯʝ 

ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ 

ʊʠʦʨʝʜʦʢʩʠʥʳ (TRXs) ï ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʘʣʳʝ (ʦʢʦʣʦ 

12 ʢɼʘ) ʪʠʦʣʜʠʩʫʣʴʬʠʜʥʳʝ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʬʫʥʢʮʠʶ ʝʩʪʝ-

ʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʜʦʢʩ-ʨʝʛʫʣʷʮʠʠ ʤʝʪʘʙʦʣʠʟʤʘ 

ʨʘʩʪʝʥʠʡ (Wang et al., 2013). ɺʩʝ ʪʠʦʨʝʜʦʢʩʠʥʳ ʠʤʝʶʪ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʡ ʩʘʡʪ, 

ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʜʚʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʮʠʩʪʝʠʥʘ. ɺ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʠʦʨʝʜʦʢʩʠʥʳ ʩʧʦʩʦʙʥʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʜʠʩʫʣʴ-

ʬʠʜʥʳʝ ʤʦʩʪʠʢʠ ʚ ʙʝʣʢʘʭ-ʤʠʰʝʥʷʭ, ʪʝʤ ʩʘʤʳʤ ʫʯʘʩʪʚʫ ̫ʚ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚ-

ʥʦʩʪʠ ʧʦʩʣʝʜʥʠʭ (Dietz, Pfannschmidt, 2011). 

ʋ ʘʨʘʙʠʜʦʧʩʠʩʘ ʦʙʥʘʨʫʞʝʥʦ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, 20 ʠʟʦʬʦʨʤ ʪʠʦʨʝʜʦʢ-

ʩʠʥʦʚ, ʢʦʪʦʨʳʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʨʘʟʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ: ʚ ʭʣʦʨʦ-

ʧʣʘʩʪʘʭ, ʤʠʪʦʭʦʥʜʨʠʷʭ ʠ ʮʠʪʦʟʦʣʝ (Meyer et al., 2005; Lemaire et al., 2007). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ, ʪʠʦʨʝʜʦʢʩʠʥʳ ʩʧʦʩʦʙʥʳ ʧʨʠʥʠʤʘʪʴ 

ʵʣʝʢʪʨʦʥʳ ʦʪ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʠʟ ʨʘʟʥʳʭ ʵʣʝʢʪʨʦʥ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ʊʘʢ, ʪʠʦʨʝʜʦʢʩʠʥʳ, ʣʦʢʘʣʠʟʦʚʘʥʥrʝ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʠ 

ʮʠʪʦʟʦʣʝ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʅɸɼʌʅ-ʪʠʦʨʝʜʦʢʩʠʥʨʝʜʫʢʪʘʟʦʡ, ʘ ʭʣʦʨʦʧʣʘ-
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ʩʪʥʳʝ ʪʠʦʨʝʜʦʢʩʠʥʳ ï ʬʝʨʨʝʜʦʢʩʠʥ-ʟʘʚʠʩʠʤʦʡ ʨʝʜʫʢʪʘʟʦʡ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪ 

ʵʣʝʢʪʨʦʥ ʦʪ ʬʝʨʨʝʜʦʢʩʠʥʘ - ʢʦʤʧʦʥʝʥʪʘ ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ ʭʣʦʨʦ-

ʧʣʘʩʪʦʚ (ʭʣʕʊʎ) (Schurmann, Jacquot, 2000). ʊʠʦʨʝʜʦʢʩʠʥʳ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠ-

ʨʦʚʘʪʴ ʥʘʢʦʧʣʝʥʠʝ ɸʌʂ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦ-

ʜʦʤ ʟʘ ʧʨʠʥʷʪʠʝ ʵʣʝʢʪʨʦʥʘ ʦʪ ʭʣʕʊʎ (Baier, Dietz, 2005). 

ʉʠʩʪʝʤʘ ʪʠʦʨʝʜʦʢʩʠʥʦʚ ʭʣʦʨʦʧʣʘʩʪʦʚ ʘʨʘʙʠʜʦʧʩʠʩʘ ʩʣʦʞʥʘ ʠ ʩʦʜʝʨ-

ʞʠʪ 5 ʛʣʘʚʥʳʭ ʛʨʫʧʧ (2f, 4m, 1x, 2y ʠ 1z). ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ 

ʩʣʦʞʥʦʡ ʨʝʛʫʣʷʪʦʨʥʦʡ ʨʦʣʠ ʪʠʦʨʝʜʦʢʩʠʥʦʚ ʚ ʜʘʥʥʦʡ ʦʨʛʘʥʝʣʣʝ (Wang et al., 

2013). ɺ ʪʝʤʥʦʪʝ ʪʠʦʨʝʜʦʢʩʠʥʳ ʦʢʠʩʣʝʥʳ, ʥʦ ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ 

ʩʚʝʪʫ. ʆʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʫʛʣʝʚʦʜʦʚ ʟʘ ʩʯʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʪʠʦʣʦʚʳʭ ʛʨʫʧʧ ʬʝʨʤʝʥʪʦʚ ʮʠʢʣʘ ʂʘʣʴʚʠʥʘ-ɹʝʥʩʦʥʘ (Chibani et al., 2011; 

Wang et al., 2013). 

ɺ 2010 ʛʦʜʫ ʦʙʥʘʨʫʞʝʥʘ ʥʦʚʘʷ ʬʦʨʤʘ ʪʠʦʨʝʜʦʢʩʠʥ-ʧʦʜʦʙʥʦʛʦ ʙʝʣʢʘ, z-

ʬʦʨʤʳ (TRX z). TRX z ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʭʣʦʨʦʧʣʘ-

ʩʪʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʨʝʜʦʢʩ-ʩʠʛʥʘʣʦʚ ʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ 

ʧʣʘʩʪʠʜ (Arsova et al., 2010). ʄʫʪʘʮʠʷ ʧʦ ʛʝʥʫ ʪʠʦʨʝʜʦʢʩʠʥʘ z-ʬʦʨʤʳ (TRXZ) 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʩʮʚʝʯʠʚʘʥʠʶ ʨʘʩʪʝʥʠʡ (Arsova et al., 2010; Schroter et al., 

2010), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʥʠʢʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʬʦʨʤʳ ʙʝʣʢʘ. ʊʘʢʞʝ trxz-

ʤʫʪʘʥʪʳ ʠʤʝʶʪ ʩʥʠʞʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʭʣʦʨʦʧʣʘʩʪʦʚ, ʢʦʪʦʨʳʝ ʪʨʘʥʩ-

ʢʨʠʙʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʈʅʂ-ʧʦʣʠʤʝʨʘʟ rʧʣʘʩʪʠʜʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. ʅʘ ʦʩ-

ʥʦʚʘʥʠʠ ʵʪʦʛʦ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ TRX z ʨʝʛʫʣʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝ-

ʠʥʢʠʥʘʟ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʝʛʫʣʠʨʫʶʪ ʚʳʰʝʫʧʦʤʷʥʫʪʫʶ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʫ ʧʨʠ ʧʝʨʝʥʦʩʝ ʨʘʩʪʝʥʠʡ ʠʟ ʪʝʤʥʦʪʳ ʥʘ ʩʚʝʪ (Barajas-Lopez et al., 

2013). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʠʦʨʝʜʦʢʩʠʥʳ ʭʣʦʨʦʧʣʘʩʪʦʚ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʝʨʝ-

ʜʘʯʝ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝ-

ʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʝʣʣʳ ʚ ʮʝʣʦʤ. 
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1.2.2.4. ɸʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʮʝʧʠ ʧʝʨʝʜʘʯʠ  

ʧʣʘʩʪʠʜʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ 

ʍʣʕʊʎ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) (ʀʚʘʥʦʚ ʠ ʜʨ., 2013). ɺʩʣʝʜʩʪʚʠʝ ʠʟʙʳʪʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʭʣʕʊʎ ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʥʘʷ ʛʝʥʝʨʘʮʠʷ ʩʣʝʜʫʶʱʠʭ ɸʌʂ: ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ 

ʨʘʜʠʢʘʣʘ, ʛʠʜʨʦʢʩʠʣ-ʨʘʜʠʢʘʣʘ (OH
.
), ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (

1
ʆ2) ʠ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ (ʅ2ʆ2) (Asada, 2006). ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʘʣʴʥʳʭ ɸʌʂ, ʅ2ʆ2 ʩʧʦʩʦʙʥʘ 

ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʠʟ ʭʣʦʨʦʧʣʘʩʪʦʚ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʅ2ʆ2 ʧʨʠ 

ʧʦʛʣʦʱʝʥʠʠ ʆ2 ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʧʫʣʦʤ ʧʣʘʩʪʦʭʠʥʦʥʘ ʥʘ ʘʢʮʝʧʪʦʨʥʦʡ ʩʪʦ-

ʨʦʥʝ ʌʉ II  (ʂʨʝʩʣʘʚʩʢʠʡ ʠ ʜʨ., 2012). 

ɸʌʂ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʚʩʝʭ ʤʦʣʝʢʫʣ ʠ ʩʪʨʫʢʪʫʨ ʚ ʢʣʝʪʢʝ, 

ʚʢʣʶʯʘʷ ʩʘʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʧʦʩʢʦʣʴʢʫ ʚʳʟʳʚʘʶʪ ʦʢʠʩʣʠʪʝʣʴ-

ʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʙʝʣʢʦʚ ʠ ʣʠʧʠʜʦʚ ʤʝʤʙʨʘʥ. ʇʦʵʪʦʤʫ ʨʘʩʪʝʥʠʷ ʚʳʨʘʙʦʪʘʣʠ 

ʩʣʦʞʥʫʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ (ʛʣʫʪʘʪʠʦʥ, ʘʩʢʦʨʙʘʪ ʠ Ŭ-ʪʦʢʦʬʝʨʦʣ), ʘ ʪʘʢʞʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʬʝʨʤʝʥʪʦʚ (ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ, ʢʘʪʘʣʘʟʘ, ʬʝʨʤʝʥʪʳ ʘʩ-

ʢʦʨʙʘʪ-ʛʣʫʪʘʪʠʦʥʦʚʦʛʦ ʮʠʢʣʘ), ʛʣʫʪʘʨʝʜʦʢʩʠʥʦʚ ʠ ʪʠʦʨʝʜʦʢʩʠʥʦʚ (Apel, Hirt, 

2004; Foyer, Noctor, 2005; Pfalz et al., 2012). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ɸʌʂ ʠ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʝʣʣ ʷʚ-

ʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʨʝʪʨʦʛʨʘʜʥʳʭ ʩʠʛʥʘʣʦʚ (Asada, 2006; ʂʨʝʩʣʘʚʩʢʠʡ ʠ ʜʨ., 

2012). 

ʀʟʫʯʝʥʠʝ ɸʌʂ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʛʝʥʘʭ, 

ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʧʦʚʳʰʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʦʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʪʘ-

ʢʠʭ ʢʘʢ ʛʝʥʳ ʮʠʪʦʟʦʣʴʥʳʭ ʬʦʨʤ ʘʩʢʦʨʙʘʪʧʝʨʦʢʩʠʜʘʟʳ (APX1 ʠ APX2), ʪʨʘʥʩ-

ʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʪʠʧʘ «ʮʠʥʢʦʚʦʛʦ ʧʘʣʴʮʘ» (ZAT10 ʠ ZAT12) ʠ ʙʝʣʦʢ 

ELIP2 (early light inducible protein 2) (Davletova et al. 2005; Rossel et al., 2007). 

ʆʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʩʪʠʤʫʣʠʨʫʝʪ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ APX2, ZAT10 ʠ ZAT12 (Pogson et al., 2008), ʘ ʪʘʢʞʝ ʧʨʠʚʦ-

ʜʠʪ ʢ ʦʢʠʩʣʝʥʠʶ ʤʦʣʝʢʫʣʳ ʭʠʥʦʥʘ A (QA), ʧʝʨʚʠʯʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ 

PQ-ʧʫʣʘ (Suzuki et al., 2012). 
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ʇʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ ʥʘ ʩʚʝʪʫ, ʧʨʠʥʠʤʘʝʪ 

ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ. ʕʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠ ʠʥʬʠʣʴʪʨʘʮʠʶ ʣʠʩʪʴʝʚ ʢʘʪʘʣʘʟʦʡ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʣʦ ʢ ʦʪʤʝʥʝ ʠʥʜʫʢʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ APX2 ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ ʧʨʠ ʧʦʚʳ-

ʰʝʥʥʦʤ ʦʩʚʝʱʝʥʠʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩʫʧʝʨʦʢʩʠʜʜʝʩʤʫʪʘʟʦʡ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣʦ (Apel, Hirt, 2004; Nott et al., 2006). 

ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 
1
ʆ2 ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʝʩʮʚʝʯʠʚʘʥʠʶ ʨʘʩʪʝʥʠʡ ʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ. 

ʇʨʠ ʧʦʤʦʱʠ flu-ʤʫʪʘʥʪʘ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʥʘʨʫʰʝʥʠʝ ʚ ʨʘʙʦʪʝ 

ʷʜʝʨʥʦʛʦ ʛʝʥʘ FLU (fluorescent), ʢʦʜʠʨʫʶʱʝʛʦ ʭʣʦʨʦʧʣʘʩʪʥʳʡ ʙʝʣʦʢ, ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ ʧʫʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, ʦʧʦʩʨʝʜʫʝʤʦʛʦ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ 

(Kim et al., 2012). ɹʝʣʦʢ FLU ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʪʦʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʫʪʠ ʙʠʦ-

ʩʠʥʪʝʟʘ ʭʣʦʨʦʬʠʣʣʘ. ɺ ʪʝʤʥʦʪʝ flu-ʤʫʪʘʥʪʳ ʥʘʢʘʧʣʠʚʘʶʪ ʧʨʦʪʦʭʣʦʨʦʬʠʣʣʠʜ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʥʦʡ ʛʝʥʝʨʘʮʠʠ 
1
ʆ2 ʥʘ ʩʚʝʪʫ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

1
ʆ2 ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʝʪ ʩ ʭʣʦʨʦʧʣʘʩʪʥʳʤʠ ʙʝʣʢʘʤʠ EX1 ʠ EX2 (EXECUTER 1, EXECU-

TER 2), ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʚ ʷʜʨʦ, ʧʨʠʚʦʜʷ ʢ ʧʨʦʛʨʘʤʤʠ-

ʨʫʝʤʦʡ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ (op den Camp et al., 2003; Kim, Apel, 2013). ʇʝʨʝʜʘ-

ʯʘ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʙʝʣʢʠ EX1 ʠ EX2 ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʭʣʦʨʦ-

ʧʣʘʩʪʥʦ-ʷʜʝʨʥʦʛʦ ʨʝʜʦʢʩ-ʩʠʛʥʘʣʘ. 

ʅʘ ʩʚʝʪʫ ʠʥʜʫʮʠʨʫʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ELIP2, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟ-

ʤʦʞʥʫʶ ʧʨʠʯʘʩʪʥʦʩʪʴ ʧʨʦʜʫʢʪʘ ʛʝʥʘ ELIP2 ʚ ʟʘʱʠʪʝ ʦʪ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ELIP2 (ʢʘʢ ʠ ʛʝʥʘ APX2) ʨʝʛʫʣʠʨʫ-

ʝʪʩʷ ʩʠʛʥʘʣʘʤʠ ʦʪ PQ-ʧʫʣʘ (Nott et al., 2006). 

1.2.2.5. ʈʝʛʫʣʷʪʦʨʥʳʡ ʧʫʪʴ ɓ-ʮʠʢʣʦʮʠʪʨʘʣʘ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ɸʌʂ-

ʟʘʚʠʩʠʤʦʡ ʧʣʘʩʪʠʜʥʦ-ʷʜʝʨʥʦʡ ʨʝʛʫʣʷʮʠʠ 

ʂʘʨʦʪʠʥʦʠʜʳ ï ʧʝʨʚʳʝ ʤʦʣʝʢʫʣʳ, ʥʝʡʪʨʘʣʠʟʫʶʱʠʝ 
1
O2, ʢʦʪʦʨʳʡ ʦʙʨʘ-

ʟʫʝʪʩʷ ʧʨʠ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʤ ʩʪʨʝʩʩʝ. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʠʟʙʳʪʦʢ 
1
O2 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʠʩʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʘʤʠʭ ʢʘʨʦʪʠʥʦʠʜʦʚ. ʆʜʥʠʤ 

ʠʟ ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʣʝʪʫʯʝʝ ʩʦʝʜʠʥʝʥʠʝ ɓ-ʮʠʢʣʦʮʠʪʨʘʣ (ɓ-ʉʉ), ʢʦ-

ʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʚ 1,5 ʨʘʟʘ ʧʦʩʣʝ 1 ʯʘʩʘ ʩʚʝʪʦʠʥʜʫʮʠ-
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ʨʫʝʤʦʛʦ ʩʪʨʝʩʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ 

ʛʝʥʦʚ ʄɸʈ ʢʠʥʘʟ (MKK9, MPK17), ʙʠʦʩʠʥʪʝʟʘ ʛʦʨʤʦʥʦʚ ʵʪʠʣʝʥʘ ʠ ʞʘʩʤʦʥʘʪʘ 

(ATERF-2, CEJ1, LOX2, OPR1, AOC1, AOS), ʮʠʪʦʭʨʦʤʘ ʈ450 (CYP81D11). 

ʇʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʦʩʪʝ ʠ ʨʘʟʚʠʪʠʠ ʨʘʩ-

ʪʝʥʠʷ (EXPA8, EXPA11 ʠ XTH4) (Gonzales-Perez et al., 2011; Ramel et al., 

2012). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ɓ-ʉʉ ʝʱʝ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥ, 

ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʚ ʷʜʨʦ (Es-

tavillo et al., 2013). 

1.2.2.6. ʋʯʘʩʪʠʝ ʬʦʩʬʦʥʫʢʣʝʦʪʠʜʦʚ ʚ ʧʝʨʝʜʘʯʝ ʧʣʘʩʪʠʜʥʦ-ʷʜʝʨʥʳʭ 

ʩʠʛʥʘʣʦʚ (ʧʫʪʴ SAL 1-PAP) 

ɺ 2011 ʛʦʜʫ Estavillo ʩ ʢʦʣʣʝʛʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʤʫʪʘʥʪ ʘʨʘʙʠʜʦʧʩʠʩʘ 

alx8 (altered APX2 expression 8), ʫʩʪʘʥʦʚʠʣʠ ʝʱʝ ʦʜʠʥ ʪʠʧ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʩʠʛ-

ʥʘʣʘ (Estavillo et al., 2011). ʄʫʪʘʥʪ alx8 ʠʤʝʝʪ ʜʝʬʝʢʪ ʛʝʥʘ SAL1/ALX8/FRY1 ʠ 

ʵʢʩʧʨʝʩʩʠʨʫʝʪ ʥʝʘʢʪʠʚʥʫʶ ʬʦʨʤʫ ʬʝʨʤʝʥʪʘ ʬʦʩʬʘʪʘʟʳ SAL 1. ʌʦʩʬʘʪʘʟʘ 

SAL 1 ʨʝʛʫʣʠʨʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 3ô-ʬʦʩʬʦʘʜʝʥʦʟʠʥ 5ô-ʬʦʩʬʘʪʘ (ʈɸʈ) ʚ ʢʣʝʪ-

ʢʝ ʨʘʩʪʝʥʠʡ ʯʝʨʝʟ ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʈɸʈ ʜʦ ʘʜʝʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪʘ 

(ɸʄʌ). ʀʟʚʝʩʪʥʦ, ʯʪʦ SAL 1 ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʢ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ, ʪʘʢ ʠ ʚ ʤʠʪʦ-

ʭʦʥʜʨʠʷʭ. ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ZAT10, DREB2A, ELIP2 ʠ APX2 ʫ ʤʫʪʘʥʪʘ alx8 ʚ 

2-20 ʨʘʟ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʠʝʡ ʜʠʢʦʛʦ ʪʠʧʘ (Rossel et al., 2006). ʕʪʠ 

ʛʝʥʳ ʨʝʛʫʣʠʨʫʶʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʦʩʚʝʱʝ-

ʥʠʝ (Estavillo et al., 2011). ʄʫʪʘʥʪ alx8 ʩʧʦʩʦʙʝʥ ʥʘʢʘʧʣʠʚʘʪʴ ʈɸʈ ʚ 30-

ʢʨʘʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʠʝʡ ʜʠʢʦʛʦ ʪʠʧʘ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʫʭʠ 

ʠʣʠ ʠʟʙʳʪʦʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (Barajas-Lopez et al., 2013). ʈɸʈ ʷʚʣʷʝʪʩʷ ʩʠʛ-

ʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʤʝʪʘʙʦʣʠʟʤʘ ʈʅʂ ʯʝʨʝʟ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʷʜʝʨʥʳʭ ʵʢʟʦʨʠʙʦʥʫʢʣʝʘʟ (XRNs) (Estavillo et al., 2013). ʈɸʈ 

ʦʙʨʘʟʫʝʪʩʷ ʠʟ 3ô-ʬʦʩʬʦʘʜʝʥʦʟʠʥ 5ô-ʬʦʩʬʦʩʫʣʴʬʘʪʘ (ʈɸʈS) ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʬʝʨʤʝʥʪʘ ʩʫʣʴʬʦʪʨʘʥʩʬʝʨʘʟʳ, ʚʳʟʳʚʘʝʪ ʠʥʜʫʢʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ APX2 ʠ 

ELIP2 (Estavillo et al., 2011). 
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1.2.2.7. ʇʫʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, ʦʧʦʩʨʝʜʫʝʤʳʡ ʤʝʪʠʣʵʨʠʪʨʠʪʦʣ 

ʮʠʢʣʦʜʠʬʦʩʬʘʪʦʤ (ʄɽʩʈʈ) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʠʜʨʦʢʩʠʧʝʨʦʢʩʠʜʣʠʘʟʘ (hydroperoxide lyase 1, HPL 1), 

ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ, ʫʯʘʩʪʚʫʝʪ ʚ ʧʫʪʠ ʩʠʥʪʝʟʘ ʠʟʦʧʨʝʥʦʠʜʘ 

ʤʝʪʠʣʵʨʠʪʨʦʣʬʦʩʬʘʪʘ (ʄɽʈ) (Flores-Perez et al., 2010). 

ʄʝʪʠʣʵʨʠʪʨʠʪʦʣ ʮʠʢʣʦʜʠʬʦʩʬʘʪ (ʄɽʩʈʈ), ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ 

ʩʠʥʪʝʟʘ ʠʟʦʧʨʝʥʦʠʜʦʚ, ʦʧʨʝʜʝʣʝʥ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʭʣʦʨʦʧʣʘʩʪʥʦ-

ʷʜʝʨʥʦʛʦ ʩʠʛʥʘʣʘ. MEcPP ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ ʛʝ-

ʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʪʦʩʠʥʪʝʟʦʤ (Xiao et al., 2012). ʅʘʢʦʧʣʝʥʠʝ ʄɽʩʈʈ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʨʠ ʧʦʨʘʥʝʥʠʠ ʠ ʩʚʝʪʦʠʥʜʫʮʠʨʫʝʤʦʤ ʩʪʨʝʩʩʝ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝ-

ʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ HPL, ʢʦʜʠʨʫʶʱʝʛʦ ʛʠʜʨʦʢʩʠʧʝʨʦʢʩʠʜʣʠʘʟʫ (Estavillo et 

al. 2013). ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʛʥʘʣʦʚ, ʚʳʟʚʘʥʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʙʠʦʩʠʥʪʝʟʘ ʪʝʪʨʘʧʠʨʨʦʣʦʚ (Woodson et al., 2011), ʠʥʜʫʢʮʠʷ HPL ʟʘʧʫʩʢʘʝʪʩʷ 

ʠʤʝʥʥʦ ʄɽʩʈʈ, ʘ ʥʝ ʜʨʫʛʠʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʧʫʪʠ ʩʠʥʪʝʟʘ ʄɽʈ. ʈʝʪʨʦʛʨʘʜ-

ʥʳʡ ʩʠʛʥʘʣ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʘʢʦʧʣʝʥʠʝʤ MEcPP, ʫʩʪʘʥʦʚʣʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʫʪʘʥʪʘ ceh1 (constitutive expressing HPL 1), ʚ ʢʦʪʦʨʦʤ ʧʦʚʳʰʝʥ ʫʨʦʚʝʥʴ 

ʄɽʩʈʈ, ʘ ʪʘʢʞʝ ʵʢʩʧʨʝʩʩʠ ̫ʛʝʥʦʚ HPL1 ʠ ICS1 (ʛʝʥ ʬʝʨʤʝʥʪʘ ʙʠʦʩʠʥʪʝʟʘ ʩʘ-

ʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʠʥʠʝʡ ʜʠʢʦʛʦ ʪʠʧʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʤʫʪʘʥʪ ceh1 ʩʦʜʝʨʞʠʪ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʜʝʡʩʪʚʠʶ ʧʘʪʦʛʝʥʘ Pseudomonas syringae (Xiao et al., 2012). 

ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ MEcPP ʷʩʝʥ ʥʝ ʜʦ ʢʦʥʮʘ (Estavillo et al., 2013). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʝ ʩʠʛʥʘʣʳ ï ʵʪʦ ʩʣʦʞʥʘʷ ʩʝʪʴ, 

ʦʙʲʝʜʠʥʷʶʱʘʷ ʤʥʦʞʝʩʪʚʦ ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʫʪʝʡ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ 

ʢʘʢ ʩʠʛʥʘʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʪʝ 

ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʪʢʘʥʝʡ ʨʘʩ-

ʪʝʥʠʷ (ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʜʝʡʩʪʚʠʝ ʧʘʪʦʛʝʥʦʚ) (Xiao et al., 2012). 

1.3. ʀʟʤʝʥʝʥʠʷ ʫʛʣʝʚʦʜʥʦʛʦ ʩʪʘʪʫʩʘ ʢʘʢ ʬʘʢʪʦʨ, ʨʝʛʫʣʠʨʫʶʱʠʡ 

ʵʢʩʧʨʝʩʩʠʶ ʷʜʝʨʥʳʭ ʛʝʥʦʚ ʨʘʩʪʝʥʠʡ 

ʈʘʩʪʝʥʠʷ ʥʘʢʘʧʣʠʚʘʶʪ ʛʣʶʢʦʟʫ, ʬʨʫʢʪʦʟʫ ʠ ʩʘʭʘʨʦʟʫ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦ-

ʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʬʦʪʦʩʠʥʪʝʟʘ. ʇʦʩʣʝʜʫʶʱʝʝ ʫʯʘʩʪʠʝ ʵʪʠʭ ʩʘʭʘʨʦʚ ʚ ʤʝʪʘʙʦ-
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ʣʠʟʤʝ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʠ ʨʘʟ-

ʚʠʪʠʷ. ʇʨʠ ʵʪʦʤ ʩʘʭʘʨʘ ʩʣʫʞʘʪ ʠʩʪʦʯʥʠʢʦʤ ʥʝ ʪʦʣʴʢʦ ʫʛʣʝʨʦʜʥʳʭ ʩʢʝʣʝʪʦʚ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʥʦ ʠ ʵʥʝʨʛʠʠ ʚ ʘʚʪʦʪʨʦʬʥʳʭ ʠ ʛʝʪʝ-

ʨʦʪʨʦʬʥʳʭ ʪʢʘʥʷʭ (Rolland, Sheen, 2006). 

ʋʨʦʚʝʥʴ ʩʘʭʘʨʦʚ ʚ ʢʣʝʪʢʘʭ ʨʘʩʪʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫ-

ʪʦʯʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʨʠ ʜʝʬʠʮʠʪʝ ʩʘʭʘʨʦʚ ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʦʩʥʦʚ-

ʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʪʘʥʦʚʢʘ ʨʦʩʪʘ, ʟʘʤʝʱʝʥʠʝ ʨʝʘʢʮʠʡ ʛʣʠʢʦ-

ʣʠʟʘ ʥʘ ʢʘʪʘʙʦʣʠʟʤ ʙʝʣʢʦʚ, ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʣʠʧʠʜʦʚ ʧʨʠ ʢʣʝʪʦʯʥʦʤ ʜʳʭʘʥʠʠ, 

ʚʳʢʣʶʯʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʛʦ ʩʠʥʪʝʟʘ ʥʝʢʦʪʦʨʳʭ ʙʝʣʢʦʚ (Rolland, Sheen, 

2006; Hausler et al., 2014). 

ʅʝʢʦʪʦʨʳʝ ʩʘʭʘʨʘ ʠʤʝʶʪ ʬʫʥʢʮʠʶ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʧʨʠʥʠʤʘʶʪ 

ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ, ʦʩʦʙʝʥʥʦ ʛʝʥʦʚ, ʧʨʦʜʫʢʪʳ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʘ. ɹʳʣʠ ʦʪʢʨʳʪʳ ʥʝʟʘʚʠʩʠʤʳʝ ʧʫʪʠ ʧʝ-

ʨʝʜʘʯʠ ʩʘʭʘʨʦʧʦʩʨʝʜʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʛʣʶʢʦʟʳ, ʬʨʫʢʪʦʟʳ, ʩʘʭʘʨʦʟʳ ʠ ʪʨʝ-

ʛʘʣʦʟʳ (Hausler et al., 2014). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ ʦʢʦʣʦ 40% ʛʝ-

ʥʦʚ ʩ ʩʫʪʦʯʥʳʤ ʨʠʪʤʦʤ ʵʢʩʧʨʝʩʩʠʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩʘʭʘʨʦʟʘʚʠʩʠʤʳʤʠ ʩʠʛ-

ʥʘʣʘʤʠ (Blasing et al., 2005). 

ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʘʭʘʨʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʣʝʪʢʝ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ ʚ ʠʥʜʫʢʮʠʠ ʵʢʩʧʨʝʩʩʠʠ DIN ʛʝʥʦʚ (dark induced), ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦ-

ʨʳʭ ʚʳʰʝ ʚ ʪʝʤʥʦʪʝ, ʯʝʤ ʥʘ ʩʚʝʪʫ (Rolland et al., 2006). 

ʇʨʠʤʝʨʦʤ ʩʘʭʘʨʦʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ DIN ʛʝʥʦʚ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʮʠʷ 

ʛʝʥʦʚ DIN6/ASN1 (ʢʦʜʠʨʫʝʪ ʛʣʫʪʘʤʠʥʟʘʚʠʩʠʤʫʶ ʘʩʧʘʨʘʛʠʥʩʠʥʪʘʟʫ) ʠ 

PRODH2 (ʢʦʜʠʨʫʝʪ ʧʨʦʣʠʥʜʝʛʠʜʨʦʛʝʥʘʟʫ). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʧʨʝʩ-

ʩʠʷ ʦʙʦʠʭ ʛʝʥʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ bZIP11/ATB2 

(Hanson et al., 2007).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʘʭʘʨʦʟʘ ʧʦʜʘʚʣʷʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ bZIP11/ATB2. ʊʘʢʞʝ 

ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 163 ʛʝʥʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʨʝʛʫʣʷʮʠʠ ʯʝʨʝʟ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ bZIP11. ʆʙʨʘʙʦʪʢʘ ʩʘʭʘʨʦʟʦʡ ʠʣʠ ʛʣʶʢʦʟʦʡ ʧʨʠ-
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ʚʝʣʘ ʢ ʨʝʧʨʝʩʩʠʠ ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʦʚ. ʇʨʦʜʫʢʪʳ ʵʪʠʭ ʛʝ-

ʥʦʚ ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʘʤʠʥʦʢʠʩʣʦʪ (Hanson et al., 2007).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʩʘʭʘʨʦʧʦʩʨʝʜʫʝʤʳʝ ʩʠʛʥʘʣʳ 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʫʨʦʚʝʥʴ ʘʤʠʥʦʢʠʩʣʦʪ ʯʝʨʝʟ ʨʝʛʫʣʷʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ bZIP11. 

ʇʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʤʫʪʘʥʪʦʚ ʘʨʘʙʠʜʦʧʩʠʩʘ ʩ ʠʟʤʝʥʝʥʥʦʡ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴʶ ʢ ʛʣʶʢʦʟʝ, ʩʘʭʘʨʦʟʝ, ʪʨʝʛʘʣʦʟʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ 

ʪʘʢʠʭ ʣʠʥʠʷʭ ʤʫʪʘʥʪʦʚ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʥʠʤʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ, ʢʦʥʪʨʦʣʠ-

ʨʫʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʫʛʣʝʚʦʜʥʦʛʦ ʩʪʘʪʫʩʘ ʫ ʨʘʩʪʝʥʠʡ (Baier et al., 2004; Ramon 

et al., 2008). 

ʅʘʧʨʠʤʝʨ, ʤʫʪʘʥʪ pgm (phosphoglucomutase) ʠʤʝʝʪ ʥʘʨʫʰʝʥʠʝ ʘʢʪʠʚ-

ʥʦʩʪʠ AGP-ʘʟʳ, ʥʝ ʥʘʢʘʧʣʠʚʘʝʪ ʢʨʘʭʤʘʣ, ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʘʭʘ-

ʨʦʚ ʜʥʝʤ ʠ ʧʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʥʦʯʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʪʝʥʠʷʤʠ ʜʠʢʦʛʦ 

ʪʠʧʘ. ʆʙʨʘʙʦʪʢʘ ʪʘʢʠʭ ʤʫʪʘʥʪʦʚ ʵʢʟʦʛʝʥʥʳʤʠ ʩʘʭʘʨʘʤʠ ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦ-

ʚʠʪʴ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʘʭʘʨʦʟʘʚʠʩʠ-

ʤʳʤʠ ʩʠʛʥʘʣʘʤʠ (Blasing et al., 2005). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʫʪʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʳ (prl1) ʠ ʥʝʯʫʚʩʪ-

ʚʠʪʝʣʴʥʳ (sis1, ctr1) ʢ ʩʘʭʘʨʦʧʦʩʨʝʜʫʝʤʳʤ ʩʠʛʥʘʣʘʤ, ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ 

ʧʝʨʝʩʝʯʝʥʠʝ ʩʘʭʘʨʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʠ ʛʦʨʤʦʥʦʧʦʩʨʝʜʫʝʤʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ 

ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ (Gibson, 2004). 

1.3.1. ɻʣʶʢʦʟʦʟʘʚʠʩʠʤʘʷ ʨʝʛʫʣʷʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʦʧʦʩʨʝʜʫʝʤʘʷ 

ʛʝʢʩʦʢʠʥʘʟʦʡ 1 

ʉʘʭʘʨʦʟʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʬʦʨʤʦʡ ʫʛʣʝʨʦʜʘ ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʪʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʠʙʦʣʴʰʠʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʵʬʬʝʢʪʳ 

ʦʧʦʩʨʝʜʫʝʪ ʛʣʶʢʦʟʘ. ɻʣʶʢʦʟʘ ʩʣʫʞʠʪ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʠ 

ʵʥʝʨʛʠʠ ʚ ʞʠʚʦʡ ʢʣʝʪʢʝ, ʥʘʯʠʥʘʷ ʦʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʜʦ ʢʣʝʪʦʢ ʨʘʩʪʝʥʠʡ ʠ 

ʞʠʚʦʪʥʳʭ (Ramon et al,. 2008). 

ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʨʘʟʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʢʣʝʪʢʠ ʫʣʘʚʣʠʚʘ-

ʝʪʩʷ ʩʝʥʩʦʨʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʤʝʥʝʥʠʷʤ ʵʢʩʧʨʝʩʩʠʠ 

ʷʜʝʨʥʳʭ ʛʝʥʦʚ. ɻʣʘʚʥʳʤ ʠʟ ʵʪʠʭ ʩʝʥʩʦʨʦʚ ʜʣʷ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʛʝʢʩʦʢʠʥʘʟʘ 
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1 (ʅʍʂ1) ï ʬʝʨʤʝʥʪ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʡ ʧʨʝʚʨʘʱʝʥʠʝ ʛʣʶʢʦʟʳ ʚ ʛʣʶʢʦʟʦ-6-

ʬʦʩʬʘʪ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʫʪʘʥʪʦʚ gin2 (glucose insensitive 2), ʠʤʝʶʱʠʭ ʜʝʬʝʢʪ 

ʧʦ ʛʝʥʫ ʛʝʢʩʦʢʠʥʘʟʳ 1 (HXK1/GIN2), ʧʦʟʚʦʣʠʣʦ ʩʦʚʝʨʰʝʥʥʦ ʯʝʪʢʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʅʍʂ1 ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʜʥʦʛʦ ʠʟ ʧʫʪʝʡ ʧʝʨʝʜʘʯʠ ʩʘʭʘʨ-

ʥʳʭ ʩʠʛʥʘʣʦʚ ʫ ʨʘʩʪʝʥʠʡ (Mʦore at al., 2003; Kelly et al., 2012). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʫʪʘʥʪʦʚ ʣʠʥʠʠ gin2 ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʘʭʘʨʦʟʘʚʠʩʠʤʫʶ ʨʝʛʫʣʷʮʠʶ, 

ʦʧʦʩʨʝʜʫʝʤʫʶ ʅʍʂ1, ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʩʪʝʥʠʷ ʵʢʟʦʛʝʥʥʳʤʠ ʩʘʭʘʨʘʤʠ 

(Rolland et al., 2006). 

ʋ ʤʫʪʘʥʪʦʚ gin2, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʅʍʂ1, 

ʩʦʭʨʘʥʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʝʢʩʦʢʠʥʘʟʳ ʜʦ 50 % ʦʪ ʫʨʦʚʥʷ ʚ ʨʘʩ-

ʪʝʥʠʷʭ ʜʠʢʦʛʦ ʪʠʧʘ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʦ-6-

ʬʦʩʬʘʪʘ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ ʜʨʫʛʠʭ ʢʘʪʘʣʠ-

ʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʢʩʦʢʠʥʘʟ (Rolland, Sheen, 2006). ʉʝʤʝʡʩʪʚʦ ʛʝʢʩʦʢʠʥʘʟ 

ʘʨʘʙʠʜʦʧʩʠʩʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʨʝʤʷ ʙʝʣʢʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʠ ʪʨʝʤʷ ʛʝʢʩʦʢʠʥʘʟʘ-ʧʦʜʦʙʥʳʤʠ ʙʝʣʢʘʤʠ (HKL), ʣʠʰʝʥʥʳʤʠ ʢʘ-

ʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʌʫʥʢʮʠʠ ʅKL ʙʝʣʢʦʚ ʠʟʫʯʝʥʳ ʥʝ ʜʦ ʢʦʥʮʘ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʩʠʛʥʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʦʙʣʘʜʘʝʪ ʪʦʣʴʢʦ ʅʍʂ1 (Ramon et al., 2008). 

ʂʨʦʤʝ ʮʠʪʦʟʦʣʴʥʳʭ ʬʦʨʤ ʛʝʢʩʦʢʠʥʘʟʳ (ʅʍʂ1 ʠ ʅʍʂ2), ʝʩʪʴ ʜʘʥʥʳʝ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʅʍʂ3 (ʨʅʍʂ), ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚ 

ʩʪʨʦʤʝ ʧʣʘʩʪʠʜ, ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʘ ʛʝʢʩʦʟ. ʀʟʫʯʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʣʘʩʪʠʜ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʪʨʦʛʨʘʜʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʭʣʦʨʘʤʬʝʥʠʢʦʣ ʠʣʠ 

ʣʠʥʢʦʤʠʮʠʥ (ʠʥʛʠʙʠʪʦʨʳ ʪʨʘʥʩʣʷʮʠʠ ʚ ʧʣʘʩʪʠʜʘʭ) ʩʦʚʤʝʩʪʥʦ ʩ ʦʙʨʘʙʦʪʢʦʡ 3 

% ʛʣʶʢʦʟʦʡ ʧʨʠʚʦʜʠʣʠ ʢ ʧʦʜʘʚʣʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ PhANGs ʫ 

ʨʘʩʪʝʥʠʡ ʜʠʢʦʛʦ ʪʠʧʘ, ʥʦ ʥʝ ʫ ʤʫʪʘʥʪʦʚ ʧʦ ʨʅʍʂ (Nott et al, 2006; Zhang et al., 

2010). 

ʋ ʨʘʩʪʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʛʣʶʢʦʟʦʟʘʚʠʩʠʤʦʛʦ 

ʩʠʛʥʘʣʘ: 

1. ʅʍʂ1-ʟʘʚʠʩʠʤʳʡ ʧʫʪʴ, ʛʣʘʚʥʳʡ ʵʬʬʝʢʪ ʢʦʪʦʨʦʛʦ ï ʧʦʜʘʚʣʝʥʠʝ ʵʢʩ-

ʧʨʝʩʩʠʠ ʛʝʥʦʚ PhANGs. ʎʝʣʝʚʳʝ ʛʝʥʳ ʵʪʦʛʦ ʧʫʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʪʘʥʪʘ gin2, ʣʠʙʦ ʜʨʫʛʠʭ ʤʫʪʘʥʪʦʚ ʩ ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ 

ʘʣʣʝʣʷʤʠ ʛʝʥʘ HXK1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʅʍʂ1 ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʷʜʝʨʥʦʛʦ ʚʳ-

ʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʪʨʘʥʩʢʨʠʧʮʠʶ ʷʜʝʨʥʳʭ ʛʝʥʦʚ 

ï ʨʠʩ. 3 (Cho et al,. 2006; Cho et al., 2007). 

2. ʅʍʂ1-ʥʝʟʘʚʠʩʠʤʳʝ ʧʫʪʠ. ʀʟʚʝʩʪʥʳ ʛʝʥʳ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʨʝʛʫ-

ʣʠʨʫʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʥʫʶ ʠʣʠ 

ʧʦʚʳʰʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ hxk1 ʫ ʪʨʘʥʩʛʝʥʥʳʭ ʣʠʥʠʡ. 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʦʛʦ ʩʘʭʘʨʦʟʘʚʠʩʠʤʦʛʦ ʩʠʛʥʘʣʘ ʪʘʢʞʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴʩʷ ʯʝʨʝʟ G-ʙʝʣʦʢ RGS1, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 7 ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʜʦʤʝʥʦʚ ʠ 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʩʝʥʩʦʨ ʛʣʶʢʦʟʳ. ʊʘʢʘʷ ʨʝʛʫʣʷʮʠʷ ʧʨʠ-

ʚʦʜʠʪ ʢ ʦʩʪʘʥʦʚʢʝ ʜʝʣʝʥʠʷ ʢʣʝʪʢʠ (Ramon et al., 2008). 

 

ʈʠʩ. 3. ɻʝʢʩʦʢʠʥʘʟʘ 1 ʢʘʢ ʨʝʛʫʣʷʪʦʨʥʘʷ ʤʦʣʝʢʫʣʘ (Ramon et al., 2008).  

ʆʙʦʟʥʘʯʝʥʠʷ: ɻʣʶʢʦʟʘ (Glc) ʠ ʬʨʫʢʪʦʟʘ (Fru) ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ ʢʣʝʪʢʫ ʨʘʩʪʝʥʠʡ 

ʯʝʨʝʟ ʪʨʘʥʩʧʦʨʪʝʨʳ ʛʝʢʩʦʟ ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ ʠ/ʠʣʠ ʩʘʭʘʨʦʟʳ (Suc), 

ʢʦʪʦʨʘʷ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʮʠʪʦʟʦʣʝ ʠʣʠ ʚ ʚʘʢʫʦʣʠ. ʇʦʩʣʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʛʝʢʩʦʢʠʥʘʟʦʡ 

(ʅʍʂ1), ʛʣʶʢʦʟʘ ʚʢʣʶʯʘʝʪʩʷ ʚ ʤʝʪʘʙʦʣʠʟʤ. ʅʍʂ1 ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʤ 
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ʷʜʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚʤʝʩʪʝ ʩ ʷʜʝʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ HUP1 ʠ HUP2, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʘʤʠ 

ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ (TFs), ʛʜʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʠ ʚʳʟʳʚʘʝʪ 

ʧʨʦʪʝʘʩʦʤʘ-ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʜʝʛʨʘʜʘʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ EIN3. KIN10/11 

ʫʯʘʩʪʚʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ ʪʠʧʘ çʮʠʥʢʦʚʳʡ 

ʧʘʣʝʮè, ʚ ʧʦʩʪ-ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʨʝʛʫʣʷʮʠʠ ʥʝʢʦʪʦʨʳʭ ʙʝʣʢʦʚ. ʊʘʢʞʝ ʧʦʢʘʟʘʥ ʩʠʛʥʘʣʴʥʳʡ 

ʧʫʪʴ, ʩʚʷʟʘʥʥʳʡ ʩ G-ʙʝʣʢʦʤ RGS1, ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ ʵʪʦʛʦ 

ʙʝʣʢʘ (GPA1) ʠ ʙʝʣʦʢ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʝ ʪʠʣʘʢʦʠʜʦʚ (THF1). 

ATB2/bZIP11 ï ʬʘʢʪʦʨ rʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʘʢʪʠʚʠʨʫʝʤʳʝ ʩʘʭʘʨʦʟʦʡ, ʨʝʧʨʝʩʩʦʨ;r 

ʉ ï ʭʣʦʨʦʧʣʘʩʪ; ʄ - ʤʠʪʦʭʦʥʜʨʠʷ; CW ï ʢʣʝʪʦʯʥʘʷ ʩʪʝʥʢʘ; N - ʷʜʨʦ; PM - ʧʣʘʟʤʘʣʝʤʤʘ; 

NR - ʥʠʪʨʘʪʨʝʜʫʢʪʘʟʘ; SPS - ʩʘʭʘʨʦʟʦʬʦʩʬʘʪʩʠʥʪʘʟʘ; HMG-CoAR ï 3-ʛʠʜʨʦʢʩʠ-3-

ʤʝʪʠʣʛʣʫʪʘʨʠʣ-ʢʦʵʥʟʠʤ ɸ-ʨʝʜʫʢʪʘʟʘ; Tre - ʪʨʝʛʘʣʦʟʘ; ʊ6ʈ ï ʪʨʝʛʘʣʦʟʘ-6-ʬʦʩʬʘʪ; TPS ï 

ʪʨʝʛʘʣʦʟʘ-6-ʬʦʩʬʘʪʩʠʥʪʘʟʘ; TPP ï ʪʨʝʛʘʣʦʟʘ-6-ʬʦʩʬʘʪʘʟʘ.  

 

ʇʝʨʚʳʝ ʜʘʥʥʳʝ ʦ ʜʚʦʡʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ ʅʍʂ1 ʧʦʣʫʯʝʥʳ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʩʘʭʘʨʘ, ʠʭ ʘʥʘʣʦʛʠ ʠ ʠʥʪʝʨʤʝʜʠʘ-

ʪʳ (Villadsen, Smith, 2004). ʇʦʟʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʘʥʩʛʝʥʥʳʝ ʣʠʥʠʠ ʘʨʘʙʠ-

ʜʦʧʩʠʩʘ ʩʦ ʚʩʪʘʚʢʘʤʠ ʛʝʥʘ ʛʝʢʩʦʢʠʥʘʟʳ 1 ʚ ʩʤʳʩʣʦʚʦʡ ʠ ʘʥʪʠʩʤʳʩʣʦʚʦʡ ʦʨʠ-

ʝʥʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʪʝʥʠʷ ʜʠʢʦʛʦ ʪʠʧʘ, ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 

6 % ʛʣʶʢʦʟ,r ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʘʜʝʨʞʢʫ ʚ ʨʦʩʪʝ ʠ ʨʘʟʚʠʪʠʠ ʣʠʩʪʴʝʚ, ʫʢʦʨʦ-

ʯʝʥʥʳʝ ʢʦʨʥʠ. ʃʠʥʠʠ ʩʦ ʩʥʠʞʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʘ HXK1 ʠʤʝʣʠ ʩʥʠʞʝʥ-

ʥʫʶ ʩʠʛʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʛʝʢʩʦʢʠʥʘʟʳ 1 ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʝʥʠʡ ʵʢʟʦʛʝʥ-

ʥʳʤ ʩʘʭʘʨʦʤ. ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʨʘʩʪʝʥʠʷ, ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʛʝʢʩʦʢʠ-

ʥʘʟʫ 1, ʙʳʣʠ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳ ʜʘʞʝ ʢ ʥʝʙʦʣʴʰʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʛʣʶʢʦʟʳ 

(2 %, 3 % ʛʣʶʢʦʟʳ ʚ ʩʨʝʜʝ). ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʦʙʨʘʙʘʪʳʚʘʣʠ ʠʥʳʤʠ 

ʩʘʭʘʨʘʤʠ, ʢʦʪʦʨʳʝ ʩʣʫʞʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʦʩʤʦʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

(ʤʘʥʥʠʪʦʣʦʤ ʠʣʠ 3-ʆ-ʤʝʪʠʣʛʣʶʢʦʟʦʡ). ʊʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʥʝ ʚʳʟʳʚʘʣʘ ʥʠʢʘʢʠʭ 

ʚʠʜʠʤʳʭ ʦʪʣʠʯʠʡ ʦʪ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʛʣʶʢʦʟʦʡ (Jang et al., 1997). 

ʅʍʂ1 ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʮʚʝʪʝʥʠʷ, ʨʦʩʪʘ ʢʦʨʥʝʡ ʠ 

ʣʠʩʪʴʝʚ, ʯʪʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʫ-

ʪʘʥʪʘ gin2 ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (200-300 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1 
ʜʣʷ 

ʘʨʘʙʠʜʦʧʩʠʩʘ).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʅʍʂ1-ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʫʩʠʣʠʚʘʪʴ ʠʣʠ 

ʧʦʜʘʚʣʷʪʴ ʨʦʩʪ ʨʘʩʪʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʢʣʝʪʢʝ ʠ ʯʫʚʩʪ-

ʚʠʪʝʣʴʥʦʩʪʠ ʢ ʥʝʡ ʨʘʩʪʝʥʠʡ (Rolland, Sheen, 2008). 

ɼʦʙʘʚʣʝʥʠʝ ʩʘʭʘʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʢʣʝʪʢʫ 

ʠʣʠ ʩʣʫʞʠʪʴ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʅʍʂ1, ʥʝ ʚʳʟʳʚʘʝʪ ʨʝʧʨʝʩ-

ʩʠʶ ʛʝʥʦʚ ʬʦʪʦʩʠʥʪʝʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʘ ʨʝʧʨʝʩʩʠʷ ʥʝ ʚʳʟʚʘʥʘ ʧʦʥʠʞʝ-

ʥʠʝʤ ʫʨʦʚʥʷ ɸʊʌ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ (Rolland, Sheen, 2008). ʆʪ-

ʤʝʯʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʩʘʭʘʨʦʟʦʡ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʩʠʥʪʝʟʘ ʛʣʶʢʦʟʳ ʧʨʠʚʦʜʷʪ 

ʢ ʧʦʚʳʰʝʥʠʶ ʯʠʩʣʘ ʤʠʪʦʭʦʥʜʨʠʡ, ʩʢʦʨʦʩʪʠ ʜʳʭʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ɸʊʌ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʮʠʪʦʟʦʣʴʥʦʡ ʅʍʂ, ʟʘʷʢʦʨʝʥʥʦʡ ʥʘ ʚʥʝʰʥʝʡ ʤʠʪʦʭʦʥʜ-

ʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʡʩʪʚʠʝ ʜʘʥʥʦʡ ʅʍʂ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʫʙʩʪʨʘʪ ʜʣʷ ʩʠʥʪʝʟʘ ɸʊʌ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʤʠʪʦ-

ʭʦʥʜʨʠʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʥʘʢʦʧʣʝʥʠʝ ɸʌʂ (Rolland et 

al., 2006). 

1.3.2. ʊʨʝʛʘʣʦʟʘ ʢʘʢ ʬʘʢʪʦʨ ʨʝʛʫʣʷʮʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ 

ʊʨʝʛʘʣʦʟʘ (Ŭ-D-ʛʣʠʢʦʧʠʨʘʥʦʟʠʣ-(1-1)-Ŭ-D-ʛʣʠʢʦʧʠʨʘʥʦʟʠʜ) ʠ ʪʨʝʛʘʣʦ-

ʟʘ-6-ʬʦʩʬʘʪ (ʊ6ʌ) ʚʳʜʝʣʝʥʳ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʤʝʪʘʙʦʣʠʟʤʘ ʫʛʣʝʚʦ-

ʜʦʚ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ (Ramon et al., 2008). 

ʋ ʨʘʩʪʝʥʠʡ ʚʳʷʚʣʝʥʦ ʤʫʣʴʪʠʛʝʥʥʦʝ ʩʝʤʝʡʩʪʚʦ, ʢʦʜʠʨʫʶʱʝʝ ʙʝʣʢʠ, ʧʦ-

ʜʦʙʥʳʝ ʪʨʝʛʘʣʦʟʘʬʦʩʬʘʪʩʠʥʪʘʟʝ (TPS) ʠ ʪʨʝʛʘʣʦʟʘ-6-ʬʦʩʬʘʪ-ʬʦʩʬʘʪʘʟʝ 

(ʊ6ʈ), ʬʝʨʤʝʥʪʘʤ ʩʠʥʪʝʟʘ ʪʨʝʛʘʣʦʟʳ. ɹʝʣʦʢ ʘʨʘʙʠʜʦʧʩʠʩʘ TPS1 ʧʨʠʥʠʤʘʝʪ 

ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʜʥʦʡ ʠʟ 

ʧʨʦʪʝʠʥʢʠʥʘʟ. ʄʫʪʘʮʠʷ ʧʦ ʛʝʥʫ AtTPS1 ʷʚʣʷʝʪʩʷ ʣʝʪʘʣʴʥʦʡ ʜʣʷ ʵʤʙʨʠʦʥʦʚ. 

ʈʘʩʪʝʥʠʷ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʛʝʥ AtTPS1, ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ 

ʢ ʛʣʶʢʦʟʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʨʘʩʪʘʥʠʷ. TPS5 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʦʘʢʪʠʚʘʪʦʨʦʤ 

ʪʨʘʥʩʢʨʠʧʮʠʠ MBF1, ʛʣʘʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʦʩʪʠ ʫ ʘʨʘʙʠʜʦʧ-

ʩʠʩʘ (Smeekens et al., 2010). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʛʝʥʦʤʝ ʘʨʘʙʠʜʦʧʩʠʩʘ ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʤʝʥʝʝ, ʯʝʤ 21 

ʛʝʥ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ ʧʨʠʯʘʩʪʥʳ ʢ ʤʝʪʘʙʦʣʠʟʤʫ ʪʨʝʛʘʣʦʟʳ ʠ ʊ6ʌ (Ramon et 
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al., 2008). ʋ ʜʨʦʞʞʝʡ ʫʨʦʚʝʥʴ ʊ6ʈ ʨʝʛʫʣʠʨʫʝʪʩʷ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩ ʙʝʣʢʦʚ TPS 

(Tps1) ʠ TPP (Tps2). 

ʊʨʝʛʘʣʦʟʘ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʜʣʠʥʳ ʢʦʨʥʝʡ ʫ ʨʘʩʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠ-

ʩʘ. ʆʩʪʘʥʦʚʢʘ ʨʦʩʪʘ ʚ ʦʪʚʝʪ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʪʨʝʛʘʣʦʟʳ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʜʫʢʮʠʝʡ ʛʝʥʘ APL3, ʯʪʦ ʚʳʟʳʚʘʝʪ ʘʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʨʘʭʤʘʣʘ ʚ ʩʝʤʷʜʦʣʷʭ (Rolland, 2007). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʪʨʝʛʘʣʦʟʫ ʟʘʜʝʡʩʪʚʦʚʘ-

ʥʳ ʭʣʦʨʦʧʣʘʩʪʳ. ʇʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝʘʢʪʠʚʥʳʭ ʭʣʦʨʦʧʣʘʩʪʘʭ ʥʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʛʘʣʦʟʳ (Ramon et al., 2008). 

ʇʨʠʤʝʥʝʥʠʝ ʪʨʘʥʩʛʝʥʥʳʭ ʣʠʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʢʦʪʦʨʳʝ ʩʚʝʨʭʵʢʩʧʨʝʩ-

ʩʠʨʦʚʘʣʠ ʛʝʥʳ TPS ʠ TPP, ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʟʥʘʯʝʥʠʝ ʪʨʝʛʘʣʦʟʳ ʚ ʧʝʨʝ-

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʘʭʘʨʦʚ. ʉʚʝʨʭʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ TPS1 ʘʨʘʙʠʜʦʧʩʠʩʘ ʚʳʟʳʚʘʝʪ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʠ ʘʙʩʮʠʟʦʚʦʡ 

ʢʠʩʣʦʪʳ (ɸɹʂ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʦʧʦ-

ʩʨʝʜʫʝʤʳʭ ʊ6ʈ ʩ ʠʥʳʤʠ ʩʘʭʘʨʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʘʤʠ, ʦʧʦʩʨʝ-

ʜʫʝʤʳʤʠ ɸɹʂ (Ramon et al., 2008). 

1.3.3. ʉʘʭʘʨʦʟʘ ʢʘʢ ʬʘʢʪʦʨ ʨʝʛʫʣʷʮʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ 

ʉʘʭʘʨʦʟʘ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʬʦʨʤʦʡ ʩʘʭʘʨʦʚ ʚ ʦʨʛʘʥʠʟʤʝ 

ʨʘʩʪʝʥʠʡ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʘʭʘ-

ʨʦʟʦ-ʩʧʝʮʠʬʠʯʥʦʡ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʩʘʭʘʨʦʟʘ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠʟ ʪʨʠʦʟʦʬʦʩʬʘʪʦʚ ʮʠʢʣʘ ʂʘʣʴʚʠʥʘ 

(Wind et al., 2010). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʘʣʦʛʠ ʩʘʭʘʨʦʟʳ (ʧʣʘʪʠʥʦʟʘ ʠ ʪʫʨʘʥʦʟʘ), ʢʦʪʦʨʳʝ ʥʝ 

ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʷ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʨʘʩʪʝʥʠʡ, ʚʳʟʳʚʘʶʪ ʩʘʭʘʨʦʟʦʦʧʦʩ-

ʨʝʜʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʠʛʥʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʜʘʥʥʦʛʦ ʜʠʩʘ-

ʭʘʨʠʜʘ. ʕʪʠ ʘʥʘʣʦʛʠ ʜʝʡʩʪʚʫʶʪ ʥʘ ʵʢʩʧʨʝʩʩʠʶ Ŭ-ʘʤʠʣʘʟʳ ʫ ʵʤʙʨʠʦʥʦʚ ʷʯʤʝ-

ʥʷ (Loreti et al., 2000) ʠ AGPʘʟʳ ʫ ʢʘʨʪʦʬʝʣʷ (Tiessen et al., 2003), ʠ ʠʥʜʫʮʠ-

ʨʫʶʪ ʜʝʛʨʘʜʘʮʠʶ ʠ ʩʠʥʪʝʟ ʢʨʘʭʤʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ. 

ʆʜʥʘʢʦ ʧʣʘʪʠʥʦʟʘ ʠ ʪʫʨʘʥʦʟʘ ʤʦʛʫʪ ʘʢʪʠʚʠʨʦʚʘʪʴ ʥʦʚʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, 
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ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʩʠʛʥʘʣʦʚ ʩʘʭʘʨʦʟʳ, ʧʦʩʢʦʣʴʢʫ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʨʘʩʪʝʥʠʝʤ 

ʢʘʢ ʦʙʱʠʝ ʩʪʨʝʩʩʦʚʳʝ ʩʠʛʥʘʣʳ (Sinha et al., 2002; Rottsch et al,. 2003). 

ʇʨʠʤʝʨʦʤ ʩʘʭʘʨʦʟʦ-ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʮʠʷ 

ʩʘʭʘʨʦʟʦʡ ʪʨʘʥʩʣʷʮʠʠ ʙʝʣʢʘ ATB2. ɻʝʥ ATB2 ʢʦʜʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ «ʣʝʡʮʠʥʦʚʦʡ ʟʘʩʪʝʞʢʠ» (bZIP11). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘ-

ʭʘʨʦʟʳ ʚ ʩʨʝʜʝ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ATB2 ʩʥʠʞʘʝʪʩʷ (Hanson et al., 2008). ɼʣʷ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʩʘʭʘʨʦʟʳ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʵʪʦʛʦ ʛʝʥʘ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʜʝʡʩʪʚʠʝ ʜʨʫʛʠʭ ʩʘʭʘʨʦʚ, ʥʦ ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ ʥʝ ʚʳʟʚʘʣ ʪʘʢʦʛʦ ʞʝ 

ʨʝʧʨʝʩʩʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ. 

ʊʘʢʞʝ ʩʘʭʘʨʦʟʘ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʚʠʪʠʷ ʦʪ-

ʜʝʣʴʥʦ ʦʪ ʩʠʛʥʘʣʦʚ, ʚʳʟʚʘʥʥʳʭ ʛʝʢʩʦʟʘʤʠ. ʋ ʵʤʙʨʠʦʥʦʚ Vicia faba ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʛʝʢʩʦʟ ʧʨʠʚʦʜʠʪ ʢ ʜʝʣʝʥʠʶ ʢʣʝʪʦʢ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʤɻ-

ʙʨʠʦʥʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʢʦʧʣʝʥʠʝ ʩʘʭʘʨʦʟʳ ʚʳʟʳʚʘʝʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʦʪ ʘʢ-

ʪʠʚʥʦʛʦ ʜʝʣʝʥʠʷ ʢ ʨʦʩʪʫ ʢʣʝʪʦʢ, ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʶ ʢʨʘʭʤʘʣʘ 

(Ramon et al., 2008). 

1.3.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʦʧʦʩʨʝʜʫʝʤʳʭ ʠʟʤʝʥʝʥʠʷʤʠ 

ʤʝʪʘʙʦʣʠʟʤʘ ʫʛʣʝʚʦʜʦʚ, ʘʟʦʪʘ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ɼʅʂ-ʤʠʢʨʦʯʠʧʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ 

ʤʥʦʞʝʩʪʚʘ ʛʝʥʦʚ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʩʧʘʜʝ ʫʛʣʝʚʦʜʦʚ, ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʠ ʙʝʣʢʦʚ, ʧʨʦʷʚʣʷʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʫʛʣʝʚʦʜʥʦʛʦ ʩʪʘ-

ʪʫʩʘ (Lee et al., 2004). 

ʋʛʣʝʚʦʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʠʥʪʝʟʘ ʥʠʪʨʘʪʦʚ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʘʩʩʠ-

ʤʠʣʷʮʠʠ ʘʤʤʦʥʠʷ ʧʨʠ ʙʠʦʩʠʥʪʝʟʝ ʘʤʠʥʦʢʠʩʣʦʪ. ɸʟʦʪ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʩʪʨʫʢʪʫʨʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʭʣʦʨʦʬʠʣʣʦʚ. 

ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʜʦʩʪʫʧʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʠʣʠ ʩʘʭʘʨʦʚ ʚ ʢʣʝʪʢʝ ʨʘʩʪʝʥʠʡ ʧʨʠ-

ʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ, ʯʪʦ ʦʩʫʱʝ-

ʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʨʝʛʫʣʷʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʥʦʚ (Rolland et al., 

2006). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʘʨʘʙʠʜʦʧʩʠʩʘ ʩʘʭʘʨʦʟʦʡ ʧʨʠʚʦʜʠʣʦ ʢ ʠʟ-

ʤʝʥʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ 1310 ʛʝʥʦʚ, ʘ ʦʙʨʘʙʦʪʢʘ ʘʤʤʦʥʠʝʤ ʠ ʥʠʪʨʘʪʦʤ ʚʣʠʷʣʘ ʥʘ 
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ʵʢʩʧʨʝʩʩʠʶ ʣʠʰʴ 4 ʛʝʥʦʚ. ʇʨʠ ʵʪʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʵʢʟʦʛʝʥʥʦʛʦ 

ʘʟʦʪʘ ʠ ʩʘʭʘʨʦʟʳ ʧʨʠʚʦʜʠʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ 208 ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʷʜʝʨʥʳʭ ʛʝʥʦʚ. ɸʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʘʟʦʪʦʧʦʩʨʝʜʫʝʤʳʝ ʩʠʛ-

ʥʘʣʳ ʷʚʣʷʶʪʩʷ ʩʘʭʘʨʦʟʘʚʠʩʠʤʳʤʠ (Palenchar et al., 2004). 

Malamy ʠ Ryan ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ ʠʟʙʳʪʢʝ ʩʘʭʘʨʦʚ ʚ ʩʨʝʜʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʢʦʚʳʭ ʢʦʨʝʰʢʦʚ ʫ ʨʘʩʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ 

ʜʠʢʦʛʦ ʪʠʧʘ (Malamy, Ryan, 2001). ʆʜʥʘʢʦ ʤʫʪʘʥʪ lin1 (lateral root initiation 

1), ʠʤʝʶʱʠʡ ʥʘʨʫʰʝʥʠʷ ʧʦ ʛʝʥʫ NTR2, ʢʦʜʠʨʫʶʱʝʤʫ ʪʨʘʥʩʧʦʨʪʝʨ ʥʠʪʨʘʪʘ, 

ʩʧʦʩʦʙʝʥ ʢ ʠʥʠʮʠʘʮʠʠ ʨʦʩʪʘ ʙʦʢʦʚʳʭ ʢʦʨʝʰʢʦʚ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘ-

ʥʠʠ ʩʘʭʘʨʦʚ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʘʟʦʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, NTR2 

ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣʦʤ-ʨʝʧʨʝʩʩʦʨʦʤ ʨʘʟʚʠʪʠʷ ʙʦʢʦʚʳʭ ʢʦʨʥʝʡ (Malamy, Ryan, 

2001; Litte et al., 2005; Ramon et al., 2008). 

ʂʦʤʧʦʥʝʥʪʦʤ ʤʥʦʛʠʭ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʠʡ ʬʦʩʬʘʪ. ɺ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʦʥ ʣʠʙʦ ʨʘʩʱʝʧʣʷʝʪʩʷ, ʣʠʙʦ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ 

ʩʫʙʩʪʨʘʪ. ʇʦʩʢʦʣʴʢʫ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʧʦʯʚʝ ʥʝʚʝʣʠʢʘ, ʨʘʩ-

ʪʝʥʠʷ ʚʳʨʘʙʦʪʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ. ʊʘʢ, ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʚʳʟʳʚʘʶʪ ʧʝʨʝ-

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʚʦʜʦʚ ʚ ʢʣʝʪʢʘʭ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʦʨʛʘ-

ʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ ʚ ʮʠʪʦʧʣʘʟʤʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ 

ʪʨʠʦʟʦʬʦʩʬʘʪʳ ʠʟ ʭʣʦʨʦʧʣʘʩʪʦʚ ʟʘ ʩʯʝʪ ʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʬʦʩ-

ʬʘʪ/ʪʨʠʦʟʦʬʦʩʬʘʪ ʪʨʘʥʩʣʦʢʘʪʦʨʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʠʥʪʝʟ ʩʘʭʘʨʦʟʳ ʚ ʮʠʪʦʧʣʘʟ-

ʤʝ. ɽʩʣʠ ʫʨʦʚʝʥʴ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ ʚ ʮʠʪʦʧʣʘʟʤʝ ʩʥʠʞʘʝʪʩʷ, ʪʦ ʪʨʠʦ-

ʟʦʬʦʩʬʘʪʳ ʥʝ ʧʨʦʥʠʢʘʶʪ ʟʘ ʧʨʝʜʝʣʳ ʭʣʦʨʦʧʣʘʩʪʘ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʠʥʪʝ-

ʟʘ ʢʨʘʭʤʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ɼʅʂ-ʤʠʢʨʦʯʠʧʠʨʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ 

ʦʢʦʣʦ 150 ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʣʠʩʪʴʝʚ ʩʘ-

ʭʘʨʦʟʦʡ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʬʦʩʬʘʪʦʤ ʧʦ ʧʨʠʥʮʠʧʫ ʣʠʙʦ ʩʠʥʝʨʛʠʟʤʘ, ʣʠʙʦ 

ʘʥʪʘʛʦʥʠʟʤʘ (Ramon et al., 2010). 
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1.3.5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʘʭʘʨʦʟʘʚʠʩʠʤʳʭ ʠ ʛʦʨʤʦʥʟʘʚʠʩʠʤʳʭ ʧʫʪʝʡ  

ʨʝʛʫʣ̫ʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʨʘʩʪʝʥʠʡ 

1.3.5.1. ʈʦʣʴ ʘʙʩʮʠʟʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ABI 4 

ʇʝʨʝʜʘʯʘ ʛʣʶʢʦʟʦʟʘʚʠʩʠʤʦʛʦ ʩʠʛʥʘʣʘ ʫ ʨʘʩʪʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʩʠʛʥʘʣʘʤʠ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʤʠ ʵʪʠʣʝʥʦʤ ʠ ɸɹʂ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛ-

ʥʘʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʧʨʦʜʫʢʪʦʚ ʥʝʢʦʪʦʨʳʭ ɸɹʂ-ʟʘʚʠʩʠʤʳʭ ʛʝʥʦʚ (Li et al., 2006; Rolland et al., 

2010). 

ɼʝʡʩʪʚʠʝ ʘʙʩʮʠʟʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʟʘʩʫʭʝ ʚʳʟʳʚʘʝʪ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ 

ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʢʦʨʥʝʡ ʚ ʥʘʜʟʝʤʥʳʝ ʦʨʛʘʥʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʟʘʤʳʢʘʥʠʝ ʫʩʪʴʠʯ-

ʥʳʭ ʢʣʝʪʦʢ ʠ ʟʘʤʝʜʣʷʝʪ ʨʦʩʪ ʣʠʩʪʴʝʚ. ɸɹʂ ʫʯʘʩʪʚʫʝʪ ʚ ʟʘʢʨʳʚʘʥʠʠ ʫʩʪʴʠʮ 

ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ ʅɸɼʌʅ-ʦʢʩʠʜʘʟ ʠ ʨʝʛʫʣʷʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʪʨʘʥʩʢʨʠʧ-

ʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʛʨʫʧʧʳ ABF/AREB (Foyer et al., 2012). ʊʘʢʞʝ ɸɹʂ ʫʯʘʩʪ-

ʚʫʝʪ ʚ ʦʪʚʝʪʝ ʨʘʩʪʝʥʠʷ ʥʘ ʘʙʠʦʪʠʯʝʩʢʠʡ ʩʪʨʝʩʩ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʞʘʩʤʦʥʦ-

ʚʦʡ ʠʣʠ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ (Grant, Jones, 2009). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ gun-ʤʫʪʘʥʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʩʥʠ-

ʞʘʝʪʩʷ ʵʢʩʧʨʝʩʩʠ ̫ʛʝʥʦʚ ʩʚʝʪʦʩʦʙʠʨʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ II  ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʦʨ-

ʬʣʶʨʘʟʦʥʘ, ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʠʡ ʧʝ-

ʨʝʢʣʶʯʘʪʝʣʴ ʵʢʩʧʨʝʩʩʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʷʜʝʨʥʳʭ ʛʝʥʦʚ, ʧʨʦʜʫʢʪʳ ʢʦ-

ʪʦʨʳʭ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ (Susek et al., 1993; Richly et al., 2003). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ cis-ʨʝʛʫʣʷʪʦʨʥʳʝ ʦʙʣʘʩʪʠ ʚ ʧʨʦʤʦʪʦʨʘʭ ʛʝʥʦʚ 

ʩʝʤʝʡʩʪʚʘ LHCB, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪʩʷ ɸɹʂ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝ-

ʢʦʪʦʨʳʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʵʪʦʡ ʦʙʣʘʩʪʴʶ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ABA-INSENTIVE 4 

(ABI4) (Koussevitzky et al., 2007). 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʤʫʪʘʥʪʘʭ ʧʦ ʛʝʥʘʤ ABI1-ABI5, ʫʢʘʟʳʚʘ-

ʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʜʫʢʪ ʛʝʥʘ ABI4 ʷʚʣʷʝʪʩʷ ʪʝʤ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ (ʪʨʘʥʩʢʨʠʧ-

ʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ), ʢʦʪʦʨʦʝ ʦʙʲʝʜʠʥʷʝʪ ʤʥʦʛʠʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ (Arroyo et 

al., 2003; Shkolnik-Inbar, Bar-Zvi, 2010; Cui et al., 2012). 
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ABI4 ʦʪʥʦʩʷʪ ʢ ʙʝʣʢʦʚʦʤʫ ʧʦʜʩʝʤʝʡʩʪʚʫ DREB A3, ʢʦʪʦʨʦʝ ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ʙʦʣʴʰʦʛʦ ʩʝʤʝʡʩʪʚʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ 

AP2/EREBP (Sakumura et al., 2002). ɺ ʛʝʥʦʤʝ ʘʨʘʙʠʜʦʧʩʠʩʘ ʩʦʜʝʨʞʠʪʩʷ 147 

ʢʦʤʧʦʥʝʥʪʦʚ AP2/EREBP, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʚ ʪʘʢʠʭ ʩʠʛʥʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʘʭ, ʢʘʢ ʦʪʚʝʪʳ ʥʘ ʙʠʦʪʠʯʝʩʢʠʡ ʠ ʘʙʠʦʪʠʯʝʩʢʠʡ ʩʪʨʝʩʩ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (Leon et al., 2013). ABI4 ʩʚʷʟʳ-

ʚʘʝʪʩʷ ʩ ʉɽ1-ʧʦʜʦʙʥʳʤ ʵʣʝʤʝʥʪʦʤ ʉɸʉʉG (cis-ʨʝʛʫʣʷʪʦʨʥʳʤ ʫʯʘʩʪʢʦʤ), ʢʦ-

ʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʧʨʦʤʦʪʦʨʦʚ ʛʝʥʦʚ ʘʨʘʙʠʜʦʧʩʠʩʘ ʠ ʢʫʢʫʨʫʟʳ (Kousse-

vitzky et al., 2007). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ABI4 ʩ ʵʪʦʡ cis-ʦʙʣʘʩʪʴʶ ʧʨʠʚʦʜʠʪ ʢ ʘʢ-

ʪʠʚʘʮʠʠ ʠʣʠ ʨʝʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʠ ʩʘʤ ʛʝʥ ABI4. ɼʚʦʡʥʘʷ ʬʫʥʢ-

ʮʠʷ ʜʘʥʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʧʨʝʩʩʦʨʘ ʠ ʘʢʪʠʚʘʪʦʨʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʠ ʝʛʦ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʤ ʛʝʥʝ. ʅʘʧʨʠ-

ʤʝʨ, ʛʝʥʳ ʩʝʤʝʡʩʪʚʘ LHCB ʠ RBCS (ʈʋɹʀʉʂʆ) ʨʝʧʨʝʩʩʠʨʫʶʪʩʷ ʪʨʘʥʩʢʨʠʧ-

ʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ ABI4, ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ G-

ʙʦʢʩʦʤ (CACGTG) ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʛʝʥʦʚ (Acevedo-Hernandez et al., 2005). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʉɽ1-ʧʦʜʦʙʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʚʫʭ ʚʠʜʘʭ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ: ʣʠʙʦ ʜʦ ʊɸʊɸ-ʙʦʢʩʘ (ʩʚʷʟʳʚʘʥʠʝ ʩ ABI4 ʧʨʠ-

ʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ ʛʝʥʘ), ʣʠʙʦ ʧʦʩʣʝ ʊɸʊɸ-ʙʦʢʩʘ (ʩʚʷʟʳʚʘʥʠʝ ʩ ABI4 ʧʨʠʚʦ-

ʜʠʪ ʢ ʨʝʧʨʝʩʩʠʠ ʛʝʥʘ). ʂʨʦʤʝ ʪʦʛʦ, ABI4 ʠʤʝʝʪ ʠ ʜʨʫʛʠʝ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ, ʚ 

ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʥʝʙʦʣʴʰʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʉʉɸʉ (Reeves et al., 

2011). ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʘʩʪʠʝ ʜʨʫʛʠʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʢʘ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ. 

ʀʟʫʯʝʥʠʝ ʪʨʘʥʩʛʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʛʠʧʝʨ-

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ABI4, ʠ ʥʦʢʘʫʪ-ʤʫʪʘʥʪʦʚ ʧʦ ʵʪʦʤʫ ʛʝʥʫ, ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʷʜʝʨʥʳʭ ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʨʝʛʫʣʠʨʫʝʪʩʷ ʯʝʨʝʟ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ABI4. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʤʝʪʘ-

ʙʦʣʠʟʤʝ, ʨʘʟʚʠʪʠʠ ʩʝʤʷʥ, ʟʘʱʠʪʝ ʦʪ ʩʪʨʝʩʩʦʚ, ʤʦʙʠʣʠʟʘʮʠʠ ʣʠʧʠʜʦʚ ʥʘ ʩʪʘ-

ʜʠʠ ʵʤʙʨʠʦʛʝʥʝʟʘ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʝʡʩʪʚʠʶ ʧʘʪʦʛʝʥʦʚ, ʨʦʩʪʝ ʢʦʨʥʝʡ ʠ ʠʥʛʠ-

ʙʠʨʦʚʘʥʠʠ ʨʦʩʪʘ ʙʦʢʦʚʳʭ ʢʦʨʝʰʢʦʚ (Leon et al., 2013). 
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ʇʦʜʪʚʝʨʞʜʝʥʘ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʛʝʥʘ ABI4, ʛʦʤʦʣʦʛʠ ʢʦʪʦʨʦʛʦ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʫ ʨʠʩʘ ʠ ʢʫʢʫʨʫʟʳ (Niu et al., 2002), ʘ ʪʘʢʞʝ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ (Leon et al., 2013). 

ʇʦʣʫʯʝʥʠʝ ʤʫʪʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʜʝʡʩʪʚʠʶ ɸɹʂ (abi-

ʤʫʪʘʥʪʳ), ʧʦʩʣʫʞʠʣʦ ʧʝʨʚʳʤ ʰʘʛʦʤ, ʩʚʷʟʘʚʰʠʤ ʜʘʥʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ ʩ ʜʝʡʩʪʚʠʝʤ ʘʙʩʮʠʟʦʚʦʡ ʢʠʩʣʦʪʳ (Finkelstein et al., 1998). ʎʝʥʪʨʘʣʴʥʘʷ 

ʨʦʣʴ ɸɹʂ ʚ ʧʝʨʝʜʘʯʝ ʩʘʭʘʨʦʟʘʚʠʩʠʤʳʭ ʩʠʛʥʘʣʦʚ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʯʝʨʝʟ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʛʝʥʦʚ GIN5 (glucose insensitive5) ʠ SIS5 (GIN6/sucrose uncoupling6 

(SUN6)/sugar insensitive5), ʚ ʢʘʯʝʩʪʚʝ ʤʫʪʘʥʪʥʳʭ ʘʣʣʝʣʝʡ ʛʝʥʘ ABI3 ʠ ʛʝʥʘ 

ABI4. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʫʪʘʥʪʳ sis4/gin1, ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʩʠʛʥʘ-

ʣʘʤ, ʚʳʟʚʘʥʥʳʤ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʛʣʶʢʦʟʳ, ʷʚʣʷʶʪʩʷ ʘʣʣʝʣʴʥʳʤʠ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʤʫʪʘʥʪʫ aba2, ʢʦʪʦʨʳʡ ʣʠʰʝʥ ʢʦʨʦʪʢʦʡ ʮʝʧʠ ʜʝʛʠʜʨʦʛʝʥʘ-

ʟ/rʨʝʜʫʢʪʘʟʳ (SDR1), ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʩʠʥʪʝʟʝ ɸɹʂ (Rolland et al., 2006). 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ABI4 ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ɸɹʂ ʠ 

ʛʣʶʢʦʟʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʪʨʝʩʩʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

ABI4 ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʪʘʢʠʭ ʛʝʥʦʚ, ʢʘʢ ABI5, ABI4, SBE2.2 (starch 

branching enzyme 2.2), AOX1A, RBCS, ʘ ʪʘʢʞʝ ʛʝʥʦʚ ʛʨʫʧʧʳ LHCB (Gregorio et 

al., 2014). 

ʆʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ ʣʠʥʠʠ ʜʠʢʦʛʦ ʪʠʧʘ ʛʣʶʢʦʟʦʡ ʠʥʜʫ-

ʮʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʠʥʪʝʟʝ ɸɹʂ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʘʭʘʨʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʩʠʛʥʘʣʘʤʠ ʦʪ ɸɹʂ (Rolland 

et al., 2006). ʆʜʥʘʢʦ ʥʝ ʚʩʝ abi-ʤʫʪʘʥʪʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʶ ʫʨʦʚʥʷ 

ʛʣʶʢʦʟʳ ʥʘ ʩʪʘʜʠʠ ʨʘʥʥʝʛʦ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝ-

ʩʪʚʦ ʧʫʪʝʡ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ, ʢʘʢ ʦʪ ʛʣʶʢʦʟʳ, ʪʘʢ ʠ ʦʪ ɸɹʂ (Arenas-Huertero 

et al., 2000). 

ʇʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʩʘʭʘʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʩʪʘʥʦʚʢʘ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʣʠ-

ʥʠʠ ʜʠʢʦʛʦ ʪʠʧʘ ʧʦʩʣʝ ʩʪʘʜʠʠ ʧʨʦʨʘʩʪʘʥʠʷ, ʥʦ ʥʝ ʫ ʤʫʪʘʥʪʦʚ ʧʦ ʛʝʥʫ ABI4. 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʚ ʦʪʚʝʪ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʘʭʘʨʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴ-

ʢʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʥʝʢʦʪʦʨʳʤʠ ʭʣʦʨʦ-

ʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʤʠ ʩʠʛʥʘʣʘʤʠ (Dekkers et al., 2008). ʉʘʭʘʨʘ ʠ ɸɹʂ ʜʝʡʩʪʚʫʶʪ 
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ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʩʪʘʜʠʷʭ ʨʘʥʥʝʛʦ ʨʘʟʚʠʪʠʷ ʯʝʨʝʟ ʧʨʷʤʦʡ ʢʦʥ-

ʪʨʦʣʴ ʨʘʙʦʪʳ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʬʦʪʦʘʚʪʦʪʨʦʬʥʦʝ ʨʘʟʚʠʪʠʝ, ʧʨʦʨʘʩʪʘ-

ʥʠʝ, ʬʦʪʦʩʠʥʪʝʟ, ʠ ʜʘʞʝ ʠʥʠʮʠʘʮʠʶ ʧʝʨʝʜʘʯʠ ʨʝʪʨʦʛʨʘʜʥʳʭ ʩʠʛʥʘʣʦʚ 

(Koussevitzky et al., 2007). 

ʉʚʷʟʴ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ 

ABI4 ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʊʄ, ʢʦʪʦʨʳʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʢʪʠʚʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ABI4. ʈʊʄ ï ʪʨʘʥʩʢʨʠʧʮʠʦʥ-

ʥʳʡ ʬʘʢʪʦʨ, ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʩʦʜʝʨʞʠʪ ʛʦ-

ʤʝʦʜʦʤʝʥ, ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʤʝʤʙʨʘʥʝ ʧʣʘʩʪʠʜ (Leon et al., 2013). ʇʨʠ ʦʙʨʘʙʦʪʢʝ 

ʥʦʨʬʣʶʨʘʟʦʥʦʤ, ʣʠʥʢʦʤʠʮʠʥʦʤ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩ-

ʚʝʱʝʥʠʷ ʈʊʄ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʡʩʪʚʠʶ ʦʜʥʦʡ ʠʟ ʤʝʤʙʨʘʥʥʳʭ ʧʝʧʪʠʜʘʟ (ʢʦʥ-

ʢʨʝʪʥʘʷ ʧʝʧʪʠʜʘʟʘ ʝʱʝ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʈʊʄ 

ʦʪʩʦʝʜʠʥʷʝʪʩʷ ʦʪ ʤʝʤʙʨʘʥʳ ʠ ʧʦʧʘʜʘʝʪ ʚ ʮʠʪʦʧʣʘʟʤʫ, ʘ ʟʘʪʝʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ 

ʚ ʷʜʨʝ, ʛʜʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʢʪʠʚʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ABI4. ʄʫʪʘʥʪʳ ʧʦ 

ʛʝʥʫ PTM ʠʤʝʶʪ ʩʥʠʞʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ abi4 (Leon et al., 2013). ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʈʊʄ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʜʘʯʝ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʊʘʢ, ʦʙʨʘʙʦʪʢʘ ʥʦʨʬʣʶʨʘʟʦʥʦʤ ʠʣʠ ʣʠʥʢʦʤʠʮʠʥʦʤ ʤʫʪʘʥʪʦʚ ʧʦ ʛʝʥʫ PTM ʥʝ 

ʚʳʟʳʚʘʝʪ ʨʝʧʨʝʩʩʠʶ ʛʝʥʦʚ ʩʝʤʝʡʩʪʚʘ LHCB (gun-ʬʝʥʦʪʠʧ). 

ʆʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ ʢʦʥʪʨʦʣʴʥʦʡ ʣʠʥʠʠ ʠʣʠ ʤʫʪʘʥʪʦʚ 

gun1 ʪʦʣʴʢʦ ɸɹʂ ʠʣʠ ɸɹʂ ʩʦʚʤʝʩʪʥʦ ʩ ʥʦʨʬʣʶʨʘʟʦʥʦʤ, ʚʳʟʳʚʘʝʪ ʨʝʧʨʝʩʩʠʶ 

ʛʝʥʦʚ ʩʝʤʝʡʩʪʚʘ LHCB, ʥʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʠʢʘʢʦʛʦ ʵʬʬʝʢʪʘ ʫ ʤʫʪʘʥʪʦʚ ʧʦ ʛʝʥʫ 

ABI4 (Koussevitzky et al., 2007). ʍʦʪʷ ABI4 ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʪʝʟʦʤ ʪʝʪʨʘʧʠʨʨʦʣʦʚ, ʵʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʝʛʦ ʫʯʘʩʪʠʷ 

ʚ ɸɹʂ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʨʝʛʫʣʷʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʦʪʣʠʯʠʝ ʦʪ abi4 ʤʫʪʘʥʪʦʚ, 

ʜʨʫʛʠʝ abi-ʤʫʪʘʥʪʳ ʥʝ ʠʤʝʶʪ gun-ʬʝʥʦʪʠʧʘ (Koussevitzky et al., 2007). 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʯʘʩʪʠʝ ABI4 ʚ ʧʝʨʝʜʘʯʝ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘ-

ʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʩʘʭʘʨʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʨʝʛʫ-

ʣʷʮʠʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʛʝʥ 

ABI4 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ (Leon et al., 2013). ʊʨʘʥʩ-

ʢʨʠʧʮʠʷ ABI4 ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʵʤʙʨʠʦʛʝʥʝʟʝ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʘʜʠʡ ʨʘʟʚʠ-
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ʪʠʷ ʩʝʤʝʥʠ, ʥʦ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʩʫʭʠʭ ʩʝʤʝʥʘʭ. ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʢʦʪʦ-

ʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʛʝʥ ABI4 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʠ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʪʘ-

ʜʠʷʭ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʛʥʘʣʳ, ʠʣʠ ʜʝʡʩʪ-

ʚʠʝ ʩʧʝʮʠʬʠʯʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʊʘʢ, ʨʝʛʫʣʷʪʦʨ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʡ, SCR 

(scarecrow), ʩʥʠʞʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ABI4 ʚ ʘʧʠʢʘʣʴʥʦʡ ʤʝʨʠʩʪʝʤʝ ʢʦʨʥʷ, 

ʯʪʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʪʘʥʪʘ ʧʦ ʛʝʥʫ SCR (Cui et al., 

2012). 

ɼʝʡʩʪʚʠʝ ʣʠʥʢʦʤʠʮʠʥʘ ʠ ʥʦʨʬʣʶʨʘʟʦʥʘ ʚʳʟʳʚʘʝʪ ʛʝʥʝʨʘʮʠʶ 
1
ʆ2 ʫ gun-

ʤʫʪʘʥʪʦʚ ʠ ʤʫʪʘʥʪʦʚ ʧʦ ʛʝʥʫ ABI4, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʥʝʢʦʪʦʨʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ɸʌʂ, ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ 

ABI4 (Moulin et al., 2008). ʀʟʚʝʩʪʥʦ, ʯʪʦ ABI4 ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩ-

ʧʨʝʩʩʠʠ ʛʝʥʦʚ ZAT10 ʠ ZAT12, ʢʦʜʠʨʫʶʱʠʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʢʦ-

ʪʦʨʳʝ ʘʢʪʠʚʥʦ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ (Rossel et al., 2007; Suzuki et al.,2012). ʕʪʦ ʩʣʫʞʠʪ ʜʦʢʘʟʘ-

ʪʝʣʴʩʪʚʦʤ ʫʯʘʩʪʠʷ ʙʝʣʢʦʚ GUN1 ʠ ABI4 ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ, ʦʧʦʩʨʝʜʫʝʤʳʭ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ɸʌʂ (Koussevitzky et al., 2007). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ABI4 ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʜʘʯʝ ʥʝʢʦʪʦʨʳʭ ʭʣʦʨʦʧʣʘʩʪʥʦ-

ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ: ʠʥʜʫʢʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ (CAB2/LHCB2, RBCS 

(ʈʋɹʀʉʂʆ), CHS (ʭʘʣʴʢʦʥʩʠʥʪʘʟʘ)) ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ 

ʭʣʕʊʎ ʦʪʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʩʘʭʘʨʦʚ ʚ ʢʣʝʪʢʝ ʨʘʩʪʝʥʠʡ. ɼʣʷ 

ʧʝʨʝʜʘʯʠ ʪʘʢʦʛʦ ʩʘʭʘʨʦʟʘʚʠʩʠʤʦʛʦ ʩʠʛʥʘʣʘ ʥʝʦʙʭʦʜʠʤ ABI4, ʧʦʩʢʦʣʴʢʫ ʦʙ-

ʨʘʙʦʪʢʘ ʤʫʪʘʥʪʘ sun6/abi4 ʨʘʩʪʚʦʨʦʤ ʩʘʭʘʨʦʟʳ ʥʝ ʚʳʟʳʚʘʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ 

(Oswald et al., 2001). 

ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦʙ ʫʯʘʩʪʠʠ ABI4 ʚ ʧʝʨʝʜʘʯʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʫ ʨʘʩʪʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʦʪʝʥʦʥʘ, ʠʥ-

ʛʠʙʠʪʦʨʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ I, ʫ ʨʘʩʪʝʥʠʡ ʣʠʥʠʠ 

ʜʠʢʦʛʦ ʪʠʧʘ ʘʨʘʙʠʜʦʧʩʠʩʘ ʧʨʦʠʩʭʦʜʠʪ ʠʥʜʫʢʮʠʷ ʷʜʝʨʥʦʛʦ ʛʝʥʘ AOX1A, ʧʨʦ-

ʜʫʢʪ ʢʦʪʦʨʦʛʦ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ. ʋ ʤʫʪʘʥʪʘ abi4 ʪʘʢʦʡ ʠʥʜʫʢʮʠʠ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ (Giraud et al., 2009). ʇʦʢʘʟʘʥʦ, ʯʪʦ ABI4 ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʝʛʫʣʷ-
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ʪʦʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʝʨʝʜ ʛʝʥʦʤ AOX1A. ʕʪʠ ʜʘʥʥʳʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ABI4 ʚ ʧʝʨʝʜʘʯʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʨʘʙʦʪʳ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥ-

ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ (Leon et al., 2013). 

1.3.5.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʘʭʘʨʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ  

ɸɹʂ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʵʪʠʣʝʥʦʤ 

ʇʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʫʪʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʝʬʝʢʪʳ ʚ ʩʠʥʪʝʟʝ 

ʵʪʠʣʝʥʘ ʠʣʠ ʚ ʚʦʩʧʨʠʷʪʠʠ ʵʪʠʣʝʥʦʧʦʩʨʝʜʫʝʤʳʭ ʩʠʛʥʘʣʦʚ (Matsoukas, 2014). 

ʕʪʠʣʝʥ ʚʳʟʳʚʘʝʪ ʩʠʛʥʘʣʳ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʜʝʡʩʪʚʠʶ ʛʣʶʢʦʟʳ ʠ 

ɸɹʂ. ʃʠʥʠʠ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʵʪʠʣʝʥʫ (etr1, ein2 ʠ ein3) ʷʚ-

ʣʷʶʪʩʷ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʜʝʡʩʪʚʠʶ ʵʥʜʦʛʝʥʥʦʡ ʛʣʶʢʦʟʳ, ʘ ʦʙʨʘʙʦʪʢʘ 

ʪʘʢʠʭ ʣʠʥʠʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʵʪʠʣʝʥʘ ʩʥʠʞʘʝʪ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʛʣʶ-

ʢʦʟʝ (Matsoukas, 2014). ʄʫʪʘʥʪ, ʦʙʨʘʟʫʶʱʠʡ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʣʝʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʪʝʥʠʡ ʣʠʥʠʠ ʜʠʢʦʛʦ ʪʠʧʘ (eto1) ʥʝ ʧʨʦʷʚʣʷʝʪ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ ʢ ʩʘʭʘʨʦʧʦʩʨʝʜʦʚʘʥʥʳʤ ʩʠʛʥʘʣʘʤ (Ramon et al., 2008). 

ʄʫʪʘʥʪ ein2 (ethylene insensitive) ʩ ʥʘʨʫʰʝʥʠʝʤ ʚ ʧʝʨʝʜʘʯʝ ʵʪʠʣʝʥʦʧʦʩ-

ʨʝʜʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʠʤʝʝʪ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʛʣʶʢʦʟʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʤʫʪʘʥʪʳ gin4 (glucose insensitive 4) ʠ sis1 (sucrose insensitive 1), ʥʝʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳʝ ʢ ʩʘʭʘʨʦʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ, ʥʝʩʫʪ ʤʫʪʘʮʠʶ ʧʦ ʛʝʥʫ CTR1 (consti-

tutive triple response 1), ʧʨʦʜʫʢʪ ʢʦʪʦʨʦʛʦ ʙʣʦʢʠʨʫʝʪ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ, ʦʧʦ-

ʩʨʝʜʫʝʤʫʶ ʵʪʠʣʝʥʦʤ. ʆʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʣʠʥʠʠ ʘʨʘʙʠʜʦʧʩʠʩʘ ʜʠʢʦʛʦ ʪʠʧʘ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʵʪʠʣʝʥʘ, 1-ʘʤʠʥʦʮʠʢʣʦʧʨʦʧʘʥ-1-ʢʘʨʙʦʢʩʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ 

(ɸʉʉ), ʚʳʟʳʚʘʝʪ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʢ ʛʣʶʢʦʟʝ (gin-ʬʝʥʦʪʠʧ) (Ra-

mon et al., 2008). 

1.4. ɺʳʚʦʜʳ ʠʟ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ 

ɻʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ ʚ ʤʝ-

ʪʘʙʦʣʠʟʤʝ L-ʛʣʫʪʘʤʘʪʘ, ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ 

ʫʨʦʚʥʷ ʜʦʩʪʫʧʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʢʣʝʪʢʝ ʨʘʩʪʝʥʠʷ (ʪ.ʥ. C/N ʤʝʪʘʙʦ-

ʣʠʟʤ). ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʤʘʢʩʠʤʘʣʴʥʘ ʥʦʯʴʶ (ʚ ʪʝʤ-

ʥʦʪʝ) ʠ ʤʠʥʠʤʘʣʴʥʘ ʜʥʝʤ (ʥʘ ʩʚʝʪʫ). ʇʨʠʯʠʥʘ ʪʘʢʠʭ ʩʫʪʦʯʥʳʭ ʠʟʤʝʥʝʥʠʡ 
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ʵʢʩʧʨʝʩʩʠʠ ʥʝ ʠʟʫʯʝʥʘ. ɻʠʧʦʪʝʟʘ ʦ ʩʘʭʘʨʦʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʩʫʪʦʯʥʳʭ ʠʟ-

ʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚʳʩʢʘʟʳʚʘʣʘʩʴ, ʥʦ ʥʝ ʧʨʦ-

ʚʝʨʷʣʘʩʴ. ʇʨʠ ʵʪʦʤ ʜʝʡʩʪʚʠʝ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʨʝʛʫʣʷʮʠʶ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʥʝ ʠʟʫʯʘʣʦʩʴ. 

ʉʚʝʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ. ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʩʝʤʝʥʘ, ʘ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʠ 

ʤʦʣʦʜʳʝ ʨʘʩʪʝʥʠʷ, ʚʦʩʧʨʠʥʠʤʘʶʪ ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʪʦʨʝʮʝʧʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪʩʷ ʩʚʝʪʦʤ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʟʘʧʫʩʢʘʶʪ ʨʝʛʫʣʷʪʦʨʥʳʝ ʢʘʩʢʘʜʳ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʦʪ ʧʦʣʥʦʡ ʪʝʤʥʦʪʳ ʜʦ ʫʨʦʚʥʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʝʥʦʚ (ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ ʜʦ 30 % ʪʨʘʥʩʢʨʠʧʪʦʤʘ) (Rasmusson et al., 2007). ʕʪʘ ʩʚʝ-

ʪʦʠʥʜʫʮʠʙʝʣʴʥʦʩʪʴ ʧʦʨʦʞʜʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʤʝʪʘʙʦʣʠʪʦʚ (ʩʘʭʘʨʦʚ, ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʙʠʦʩʠʥ-

ʪʝʟʘ ʧʠʛʤʝʥʪʦʚ ʠ ʥʫʢʣʝʦʪʠʜʦʚ), ʠʟʤʝʥʝʥʠʷ ʨʝʜʦʢʩ-ʩʪʘʪʫʩʘ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ 

ʮʝʣʦʤ ʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʭʣʕʊʎ, ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʢʣʝʪʢʠ ʚ ʮʝʣʦʤ, ʘ 

ʪʘʢʞʝ ʨʷʜ ʜʨʫʛʠʭ ʧʣʘʩʪʠʜʥʦ-ʷʜʝʨʥʳʭ ʩʠʛʥʘʣʦʚ. ʊʘʢ, ʧʨʠ ʩʠʥʪʝʟʝ ʪʝʪʨʘʧʠʨʦʣ-

ʣʦʚ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ ʬʦʨʤʠʨʫʪʁʩʷ ʩʠʛʥʘʣ,r ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʷʜʨʦ, ʩʧʦʩʦʙʥʳʝ 

ʘʢʪʠʚʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʷʜʝʨʥʳʭ ʛʝʥʦʚ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦ-

ʪʦʩʠʥʪʝʟʝ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʝʥʳ ʛʨʫʧʧʳ LHCB); ʚʦʟʙʫʞʜʝʥʠʝ ʩʚʝʪʦʤ ʬʦʪʦ-

ʨʝʮʝʧʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʭʣʕʊʎ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʝʝ 

ʫʯʘʩʪʢʦʚ (ʧʫʣ ʧʣʘʩʪʦʭʠʥʦʥʘ), ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘ-

ʩʪʠʜ (ʪʠʦʨʝʜʦʢʩʠʥʳ) ʠ ʧʦʚʳʰʝʥʠʶ ʛʝʥʝʨʘʮʠʠ ɸʌʂ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʩʠʛʥʘʣʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʚʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨ-

ʥʳʭ ʛʝʥʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥ ʨʷʜ ʥʦʚʳʭ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝ-

ʢʫʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʭʣʦʨʦʧʣʘʩʪʥʦ-ʷʜʝʨʥʦʡ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʨʘʩ-

ʪʝʥʠʡ: ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʬʦʩʬʦʘʜʝʥʦʟʠʥʬʦʩʬʘʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʯʝʨʝʟ ʧʦʩʨʝʜ-

ʩʪʚʦ  ʷʜʝʨʥʳʭ ʵʢʟʦʨʠʙʦʥʫʢʣʝʘʟ, ʧʨʦʜʫʢʪ ʦʢʠʩʣʝʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ɓ-
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ʮʠʢʣʦʮʠʪʨʘʣ, ʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʠʟʦʧʨʝʥʦʠʜʦʚ MEcPP (Estavillo et al., 2011; 

Ramel et al., 2012; Xiao et al., 2012). 

ʂ ʩʘʭʘʨʦʟʘʚʠʩʠʤʳʤ ʩʠʛʥʘʣʘʤ ʦʪʥʦʩʷʪ ʩʠʛʥʘʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʟ-

ʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʩʘʭʘʨʦʟʳ, ʛʣʶʢʦʟʳ ʠ ʪʨʝʛʘʣʦʟʳ ʚ ʢʣʝʪʢʘʭ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ. ʆʪʜʝʣʴʥʦʝ ʤʝʩʪʦ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʟʘʥʠʤʘʝʪ ʚʦʧʨʦʩ ʦ ʩʠʛʥʘʣʴʥʦʡ ʨʦʣʠ ʘʙʩʮʠʟʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦ-

ʨʘʷ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʮʝʣʳʝ ʛʨʫʧʧʳ ʷʜʝʨʥʳʭ ʛʝʥʦʚ: ʜʦʢʘʟʘʥʦ ʪʝʩʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʘʙʩʮʠʟʦʚʦʡ ʢʠʩʣʦʪʳ, ʩ ʩʘʭʘʨʦʟʘ-

ʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʨʘʩʪʝʥʠʷʭ ʘʢʪʠʚʠʟʠʨʫ-

ʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʤʥʦ-

ʞʝʩʪʚʦ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʝʱʝ ʥʝ ʜʦ ʢʦʥʮʘ ʧʦʥʷʪʥʳ 

ʠ ʠʟʫʯʝʥʳ, ʩʧʦʩʦʙʥʳʭ ʦʢʘʟʳʚʘʪʴ ʜʝʡʩʪʚʠʝ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʷʜʝʨʥʳʭ ʛʝʥʦʚ. 

ʇʨʠʯʠʥʦʡ ʩʫʪʦʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2 ʧʨʠ ʧʝʨʝʭʦ-

ʜʝ çʩʚʝʪ-ʪʝʤʥʦʪʘè ʤʦʞʝʪ ʩʣʫʞʠʪ ɹʜʝʡʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʠʛʥʘʣʦʚ, ʠʤʝʶʱʠʭ 

ʢʘʢ ʩʚʝʪʦʟʘʚʠʩʠʤʦʝ, ʪʘʢ ʠ ʩʘʭʘʨʦʟʘʚʠʩʠʤʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 
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2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

2.1. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʉʝʤʝʥʘ Arabidopsis thaliana (L.) Heynh. ɻ ʢʦʪʠʧ Columbia (ʜʘʣʝʝ Col-0) 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ Arabidopsis Biological Resource Center (The Ohio State 

University, USA). ʉʝʤʝʥʘ ʣʠʥʠʡ gun1 ʠ gun1gun5 ʙʳʣʠ ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʥʘʤ Nobuyoshi Mochizuki. ʆʩʦʙʝʥʥʦʩʪʠ ʣʠʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 - ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʣʠʥʠʠ ʘʨʘʙʠʜʦʧʩʠʩʘ 

ʃʠʥʠʷ ʃʦʢʫʩ ɼʝʬʝʢʪ ʌʝʥʦʪʠʧ 

Columbia-0 

(Col-0) 

- - ɼʠʢʠʡ ʪʠʧ 

Landsberg erecta 

(Ler) 

- - ɼʠʢʠʡ ʪʠʧ 

 

Glucose insensitive 2 

(gin2) 

 

 

At4G29130 

ʆʪʩʫʪʩʪʚʠʝ 

ʨʝʛʫʣʷʪʦʨʥʦʡ 

ʬʫʥʢʮʠʠ  

ʛʝʢʩʦʢʠʥʘʟʳ 1 

(HXK1) 

ɿʘʤʝʜʣʝʥʥʳʡ 

ʨʦʩʪ, 

ʥʝʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ ʢ ʛʣʶʢʦʟʝ 

ʧʨʠ ʧʨʦʨʘʩʪʘʥʠʠ 

Abscisic acid 

insensitive 4 

(abi4) 

 

At2G40220 

ʆʪʩʫʪʩʪʚʠʝ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥ-

ʥʦʛʦ ʬʘʢʪʦʨʘ 

ABI4 

ʅʝʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ ʢ ɸɹʂ ʧʨʠ 

ʧʨʦʨʘʩʪʘʥʠʠ 

Genome uncoupled 1 

(gun1) 

 

At2G31400 

ʆʪʩʫʪʩʪʚʠʝ PPR-

ʙʝʣʢʘ GUN1 

 

gun-ʬʝʥʦʪʠʧ 

ɼʚʦʡʥʦʡ ʤʫʪʘʥʪ 

Genome uncoupled 1 ʠ 

Genome uncoupled 5 

(gun1gun5) 

 

At2G31400,  

At5G13630 

ʆʪʩʫʪʩʪʚʠʝ 

ʙʝʣʢʘ GUN1, 

ʦʪʩʫʪʩʪʚʠʝ H-

ʩʫʙʲʝʜʠʥʠʮʳ 

Mg-ʭʝʣʘʪʘʟʳ  

gun-ʬʝʥʦʪʠʧ, 

ʙʦʣʝʝ ʩʚʝʪʣʘʷ 

ʦʢʨʘʩʢʘ ʣʠʩʪʴʝʚ, 

ʯʝʤ ʫ ʜʠʢʦʛʦ 

ʪʠʧʘ 

 

Chlorina 1-1 

(ch1-1) 

 

At1G44446 

 

ʆʪʩʫʪʩʪʚʠʝ 

ʬʫʥʢʮʠʠ 

ʭʣʦʨʦʬʠʣʣʘ ʘ 

ʦʢʩʠʛʝʥʘʟʳ, 

ʦʪʩʫʪʩʪʚʠʝ 

ʭʣʦʨʦʬʠʣʣʘ b 

ɾʝʣʪʦ-ʟʝʣʝʥʘʷ 

ʦʢʨʘʩʢʘ ʣʠʩʪʴʝʚ, 

ʟʘʤʝʜʣʝʥʥʦʝ 

ʨʘʟʚʠʪʠʝ, 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ 
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ʉʝʤʝʥʘ ʩʪʝʨʠʣʠʟʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ, cʦʜʝʨʞʘʝɦʤ 70 % ʵʪʘʥʦʣʘ ʠ 0,05 % 

Triton ʍ-100, ʚ ʪʝʯʝʥʠʝ 8 ʤʠʥʫʪ, ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ ʩʪʝʨʠʣʴʥʦʡ ʚʦʜʦʡ ʠ ʨʘʩ-

ʢʣʘʜʳʚʘʣʠ ʥʘ ʧʣʦʪʥʦʡ ʩʨʝʜʝ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ ʚʜʦʣʴ ʜʠʘʤʝʪʨʘ ʯʘʰʢʠ. 

ʇʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʩʦʜʝʨʞʘʣʘ: ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ MS (Murashige, 

Skoog, 1962) ï ʧʦʣʦʚʠʥʥʳʡ ʩʦʩʪʘʚ, ʬʠʪʦʛʝʣʴ (çSigma-Aldrichè, ʉʐɸ) ï 0,8 

%, ʘ ʪʘʢʞʝ ʩʘʭʘʨʦʟʫ («Heliconè, ʈʦʩʩʠ)̫ ï 2 % ʠ/ʠʣʠ ʥʦʨʬʣʶʨʘʟʦʥ (çSigma-

Aldrich») ï 50 ʥʄ ʠʣʠ 5 ʤʢʄ. ʇʦʩʣʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʨʠ +4 Áʉ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ 

ʩʫʪʦʢ ʯʘʰʢʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʚʳʨʘʱʠʚʘʣʠ 

ʨʘʩʪʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 23 Áʉ, ʦʩʚʝʱʝʥʥʦʩʪʠ 120 ʤʢʤʦʣʴ*ʤ
-2
*ʩ

-1
 ʠʣʠ 10 

ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
 ʠ ʜʣʠʥʝ ʩʚʝʪʦʚʦʛʦ ʜʥʷ 16 ʯʘʩ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʦʙʨʘʙʦʪʢʦʡ ʨʘʩʪʝʥʠʡ ʠʥʛʠʙʠʪʦʨʘʤʠ ʬʦʪʦʩʠʥʪʝʟʘ, 

ʩʘʭʘʨʦʟʦʡ, ʤʘʥʥʠʪʦʣʦʤ, ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ 14-ʩʫʪʦʯʥʳʝ ʨʘʩʪʝʥʠʡ 

ʘʨʘʙʠʜʦʧʩʠʩʘ  ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʤʥʦʪʝ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ ʜʦ ʥʘʯʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʙʨʘʙʦʪʢʫ ʠʥʛʠʙʠʪʦʨʘʤʠ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ 

ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʦʧʨʳʩʢʠʚʘʥʠʷ ʣʠʩʪʴʝʚ ʠʥʪʘʢʪʥʳʭ ʨʘʩʪʝʥʠʡ ʨʘʩʪʚʦʨʘʤʠ, 

ʩʦʜʝʨʞʘʚʰʠʤʠ: 3-(3,4-ʜʠʭʣʦʨʬʝʥʠʣ)-1,1-ʜʠʤʝʪʠʣʤʦʯʝʚʠʥʫ (DCMU) («Sigma-

Aldrich») ï 20 ʤʢʄ, 2,5-ʜʠʙʨʦʤʦ-3-ʤʝʪʠʣ-6-ʠʟʦʧʨʦʧʠʣ ʙʝʥʟʦʭʠʥʦʥ (DBMIB) 

(«Sigma-Aldrich») ï 20 ʤʢʄ, H2O2 ï 10 ʤʄ. ʆʙʨʘʙʦʪʢʫ ʩʘʭʘʨʦʟʦʡ ʠ 

ʤʘʥʥʠʪʦʣʦʤ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʦʧʨʳʩʢʠʚʘʥʠʷ ʢʦʨʥʝʡ ʠʥʪʘʢʪʥʳʭ ʨʘʩʪʝʥʠʡ 

ʨʘʩʪʚʦʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 3 % ʩʘʭʘʨʦʟʳ (çHeliconè) ʠʣʠ 3 % ʤʘʥʥʠʪʦʣʘ 

(«Helicon»). ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣ ̫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʝʥʠʷ, ʦʙʨʘʙʦʪʘʥʥʳʝ 

ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ; ʚʩʝ ʨʘʩʪʚʦʨʳ ʩʦʜʝʨʞʘʣʠ 0,05 % Triton ʍ-100. ɺʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ ʠʥʛʠʙʠʪʦʨʘʤʠ ʬʦʪʦʩʠʥʪʝʟʘ, ʩʘʭʘʨʦʟʦʡ, ʤʘʥʥʠʪʦʣʦʤ 

ʩʦʩʪʘʚʣʷʣʦ 4 ʯʘʩʘ, ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ï 2 ʠ 4 ʯʘʩʘ, ʚʩʣʝʜ ʟʘ ʯʝʤ ʥʝʤʝʜʣʝʥʥʦ 

ʚʳʜʝʣʷʣʠ ʈʅʂ.  

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ ʪʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʚʪʦʨʥʦʩʪʷʭ. 

(The Ohio State University, USA), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʝʤʷʥ ʣʠʥʠʡ gun1 ʠ 

gun1gun5, ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʥʘʤ Nobuyoshi Mochizuki. 
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2.2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.2.1. ʕʢʩʪʨʘʢʮʠʷ ʈʅʂ 

ʈʅʂ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʦʤʦʱʠ TRI-

Reagent («Sigma-Aldrichè) ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɻʦʤʦʛʝʥʠʟʘ-

ʮʠʶ ʤʘʪʝʨʠʘʣʘ ʩ TRI-Reagent ʧʨʦʚʦʜʠʣʠ ʚ ʛʦʤʦʛʝʥʠʟʘʪʦʨʝ TissueLyser II  

(«QIAGENè, ʉʐɸ) ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ ʧʨʠ ʯʘʩʪʦʪʝ 30 ʢʦʣʝʙʘʥʠʡ ʚ ʩʝʢʫʥʜʫ. 

ɼʣʷ ʜʝʥʘʪʫʨʘʮʠʠ ʙʝʣʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʨʦʤʭʣʦʨʧʨʦʧʘʥʦʣ (çSigma-Aldrich»). 

ʅʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʦʩʘʞʜʘʣʠ 2,5 ʦʙʲʝʤʘʤʠ 96 % ʵʪʘʥʦʣʘ ʥʘ ʭʦʣʦʜʫ ʚ ʪʝ-

ʯʝʥʠʝ ʥʦʯʠ. ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 14000 g ʠ 4 Áʉ ʚ ʪʝʯʝʥʠʝ 

10 ʤʠʥʫʪ, ʦʩʘʜʦʢ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ, ʧʝʨʝʨʘʩʪʚʦʨʷʣʠ ʚ 25-40 ʤʢʣ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩʪʝʨʠʣʴʥʦʡ ʚʦʜʳ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʠʥʪʝʟʘ ʧʝʨʚʦʡ ʮʝʧʠ ʢɼʅʂ. ʂʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʚʳʜʝʣʝʥ-

ʥʦʡ ʈʅʂ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 1 % ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʚ ʥʝ-

ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ. 

2.2.2. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʈʅʂ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʚ 

ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ 

ʆʙʨʘʟʮʳ ʚʳʜʝʣʝʥʥʦʡ ʈʅʂ ʨʘʟʜʝʣʷʣʠ ʚ 1 % ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʚ ʙʫʬʝʨʝ 

ʊris-ʘʮʝʪʘʪ-EDTA (TAE, ʩʦʩʪʘʚ: 40 ʤʄ Tris-ʘʮʝʪʘʪ, 0,1 ʤʄ Na2EDTA, pH 8,0) 

ʩ ʦʢʨʘʰʠʚʘʥʠʝʤ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥ-

ʢʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʚʳʜʝʣʝʥʥʦʡ ʈʅʂ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʥʘ ʛʝʣʴ ʩʦʜʝʨʞʘʣ 2 ʤʢʣ ʨʘʩʪʚʦʨʘ ʈʅʂ ʚ ʙʫʬʝʨʝ ʊris-EDTA (TE, ʩʦʩʪʘʚ: 10 ʤʄ 

Tris-HCl, 1 ʤʄ EDTA, pH 8,0), 5 ʤʢʣ ʩʪʝʨʠʣʴʥʦʡ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ 

1,5 ʤʢʣ ʨʘʩʪʚʦʨʘ ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ ʚ ʙʫʬʝʨʝ ʊɸɽ. ʕʣʝʢʪʨʦʬʦʨʝʟ ʚʝʣʠ 

ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 80-100 V, ʩʠʣʝ ʪʦʢʘ ʜʦ 50 ʤɸ. ɹʨʦʤʠʩʪʳʡ ʵʪʠʜʠʡ ʜʦʙʘʚʣʷʣʠ 

ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʛʝʣʷ ʜʦ ʯʫʪʴ ʨʦʟʦʚʘʪʦʡ ʦʢʨʘʩʢʠ. ɺʠʟʫʘʣʠʟʘʮʠʶ ʥʫʢʣʝʠʥʦ-

ʚʳʭ ʢʠʩʣʦʪ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʛʝʣʷ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ 

GelDoc («Bio-Rad», ʉʐɸ). 

2.2.3. ʉʠʥʪʝʟ ʧʝʨʚʦʡ ʮʝʧʠ ʢɼʅʂ 

ɼʣʷ ʫʜʘʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʩʝʡ ɼʅʂ ʢ 8 ʤʢʣ ʦʙʨʘʟʮʘ ʈʅʂ ʜʦʙʘʚʣʷ-

ʣʠ 1 ʤʢʣ 10-ʪʠ ʢʨʘʪʥʦʛʦ ʙʫʬʝʨʘ ɼʅʂʘʟʳ (çFermentasè, ʃʠʪʚʘ), 0,5 ʤʢʣ ɼʅʂʘ-
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ʟʳ (çFermentas»). ʀʥʢʫʙʠʨʦʚʘʣʠ 30 ʤʠʥʫʪ ʧʨʠ 37 Áʉ. ɼʣʷ ʠʥʘʢʪʠʚʘʮʠʠ 

ɼʅʂʘʟʳ  ʜʦʙʘʚʣʷʣʠ 1 ʤʢʣ EDTA (25 ʤʢʄ) ʠ ʧʨʦʛʨʝʚʘʣʠ 10 ʤʠʥʫʪ ʧʨʠ 65 Áʉ. 

ɼʦʙʘʚʠʣʠ 1 ʤʢʣ ʧʨʘʡʤʝʨʦʚ oligo-dT (80 ʨʄ) («Fermentas») ʠ ʧʨʦʛʨʝʚʘʣʠ 5 

ʤʠʥʫʪ ʧʨʠ 70 Áʉ. ʀʥʢʫʙʠʨʦʚʘʣʠ 5 ʤʠʥʫʪ ʥʘ ʣʴʜʫ. ʂ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 4 ʤʢʣ 5ʭ 

ʙʫʬʝʨʘ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ (çFermentas»), 0,5 ʤʢʣ (20 ʝʜʠʥʠʮ) ʠʥʛʠʙʠ-

ʪʦʨʘ ʈʅʂʘʟ (çFermentas»), 2 ʤʢʣ 10 ʤʄ ʩʤʝʩʠ dNTP («Fermentas»). ʀʥʢʫʙʠ-

ʨʦʚʘʣʠ 5 ʤʠʥʫʪ ʧʨʠ 37 Áʉ. ʂ ʩʤʝʩʠ ʜʦʙʘʚʠʣʠ 0,7 ʤʢʣ (140 ʝʜʠʥʠʮ) ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʪʘʟʳ ReverAidH MinusM-MuIV («Fermentas»). ʀʥʢʫʙʠʨʦʚʘʣʠ 60 

ʤʠʥʫʪ ʧʨʠ 42 Áʉ. ʀʥʘʢʪʠʚʠʨʦʚʘʣʠ ʬʝʨʤʝʥʪ ʠʥʢʫʙʘʮʠʝʡ 10 ʤʠʥ ʧʨʠ 70 Áʉ. 

2.2.4. ʇʦʜʙʦʨ ʧʨʘʡʤʝʨʦʚ 

ʇʦʜʙʦʨ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Primer-BLAST 

(http://www.ncbi.nlm.nih.gov/tools/primer-blast/).  

ʉʧʠʩʦʢ ʚʩʝʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʘʡʤʝʨʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 2 (ʪʘʙʣ. 2). 

ɺʩʝ ʧʨʘʡʤʝʨʳ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʨʝʥʳ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ 

ʇʎʈ-ʨʝʘʢʮʠʠ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ, ʢʘʞʜʘʷ ʧʘʨʘ ʜʘʚʘʣʘ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ 

ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʝʨʘ. 

ʊʘʙʣʠʮʘ 2 - ʇʨʘʡʤʝʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ  

ʚʨʝʤʝʥʠ 

 

ʃʦʢʫʩ 

 

 

ɻʝʥ 

 

 

ʇʨʘʡʤʝʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʆʊ-ʇʎʈ-ʈɺ 

At5G08290 YLS8 ʃ: AGGTGCTTGCGTCTGTTGCT 

ʇ: TGTCCTTGAGAGCCCAGTTGAT 

At5G18170 GDH1 ʃ:CAGGGCAGCGTTTTGTCATCCA 

ʇ:CGATACCATCCTTGTTCTTGATTGCT 

At5G07440 GDH2 ʃ: CGCTCTTGGTGGTGTCCTGAA 

ʇ: CTCCTCCTGCGTTTGCGTAGA 
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2.2.5. ʆʙʨʘʪʥʦ-ʪʨʘʥʩʢʨʠʧʪʘʟʥʘʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʆʊ-ʇʎʈ-ʈɺ) 

ʆʊ-ʇʎʈ-ʈɺ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʪʦʚʦʡ ʩʤʝʩʠ ʨʝʘʛʝʥʪʦʚ 

SYBR Select Master Mix  («Apʨlied Biosystemsè, ʉʐɸ) ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ C1000 

Thermal Cycler CFX96 Real-Time System («Bio-Radè, ʉʐɸ). ʆʙʲʝʤ ʨʝʘʢʮʠ-

ʦʥʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʣ 10 ʤʢʣ. ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʦʪʦʢʦʣʫ: 

ʧʨʦʛʨʝʚʘʥʠʝ ʜʦ 50 Áʉ, 2 ʤʠʥʫʪʳ (ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ), 

ʦʜʠʥ ʮʠʢʣ ʜʝʥʘʪʫʨʘʮʠʠ (95 Áʉ, 3 ʤʠʥʫʪ)r, 36 ʮʠʢʣʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ (95 Áʉ, 

20 ʩ ï 60 Áʉ, 30 ʩ ï 72 Áʉ, 30 ʩ), ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʘʛʨʝʚʘʥʠʶ 

ʜʦ 95 Áʉ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʧʣʘʚʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩ-

ʥʦʛʦ ʛʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ YLS8 (At5G08290) (Hong et al., 2010). ɼʣʷ ʧʦʜʪʚʝʨ-

ʞʜʝʥʠʷ ʦʪʩʫʪʩʪʚʠʷ ʧʨʠʤʝʩʝʡ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʠ çʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷè ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʢɼʅʂ ʩʦ ʚʩʝʤʠ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʨʘʡʤʝʨʘʤʠ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

CFX ManagerTM Software Version 1,6 («Bio-Rad»). 

2.2.6. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʨʘʜʠʢʘʣʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʠʥʬʠʣʴʪʨʘʮʠʠ 14-ʩʫʪʦʯʥʳʭ ʣʠʩʪʴʝʚ ʘʨʘʙʠʜʦʧʩʠʩʘ ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʦʩʠʥʝʛʦ 

At5G64870 NOD1 ʃ: ACGAGAAGCAGAAGCAAGCG 

ʇ: GGTAAGTCCCCTGAGCATCGG 

At3G14200 DNAJ ʃ: AGGGAAAAACAATGGCGGAAGA 

ʇ: TGGTGTGAAGTGGCTATGAGGTG 

At5G59820 FER1 ʃ: ACTCCCTCACGGCTCTGCTT 

ʇ: CGAAAGGCTGGAACACGACTC 

At1G29910 LHCB1.2 ʃ:CGGAAAGTGAGCCAAGTTCT 

ʇ:TGAAAGTCTCTACCATCCACCA 

At4G29130 HXK1 ʃ:ATGGATGGTGGATTGTTTGAGCAT 

ʇ:AAGGTAGAGAGAGTGAGAAGCAGCA 

At4G39210 APL3 ʃ: CGTGCGTCGGAGTATGGACTG 

ʇ: AGATTTTGCTGCTTCTTGATGAGAC 
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ʪʝʪʨʘʟʦʣʠʷ (ʅʉʊ) ʩʦʛʣʘʩʥʦ Meyer et al. (2009). ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʅʉʊ ʩ 

ʩʫʧʝʨʦʢʩʠʜʥʳʤ ʨʘʜʠʢʘʣʦʤ ʚʳʧʘʜʘʝʪ ʬʦʨʤʘʟʘʥ ʚ ʚʠʜʝ ʦʩʘʜʢʘ ʪʝʤʥʦ-ʩʠʥʝʛʦ 

ʮʚʝʪʘ. ʂ ʨʘʩʪʚʦʨʫ ʅʉʊ (1 ʤʛ/ʤʣ) ʚ 10 ʤʄ ʂʅ2ʈʆ4 (pH 7,8) ʜʦʙʘʚʣʷʣʠ DCMU 

(ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ï 20 ʤʢʄ) ʠʣʠ DBMIB (ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ï 20 

ʤʢʄ), ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʠʥʬʠʣʴʪʨʘʮʠʶ ʣʠʩʪʴʝʚ ʧʦʜ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ ʠʥʬʠʣʴʪʨʦʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʅʉʊ ʙʝʟ ʜʦʙʘʚʦʢ. ʏʘʩʪʴ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʵʢʩʧʦʥʠʨʦʚʘʣʠ ʥʘ ʩʚʝʪʫ (120 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
), ʯʘʩʪʴ ʚ 

ʪʝʤʥʦʪʝ. ɺʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʩʦʩʪʘʚʣʷʣʦ 40 ʤʠʥʫʪ. ɿʘʪʝʤ ʚʩʝ ʦʙʨʘʟʮʳ ʧʝʨʝʥʦ-

ʩʠʣʠ ʚ 70 % ʵʪʘʥʦʣ, ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 80 Áʉ ʜʦ ʧʦʣʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʭʣʦʨʦ-

ʬʠʣʣʘ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ. 

2.2.7. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʣʠʩʪʴʷʭ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʘʢʪʘ ʛʣʶʢʦʟʳ ʥʘʚʝʩʢʫ ʣʠʩʪʴʝʚ ʦʢʦʣʦ 300 ʤʛ ʛʦʤʦ-

ʛʝʥʠʟʠʨʦʚʘʣʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʜʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʜʦʙʘʚʣʷʣʠ 

ʜʚʫʢʨʘʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʩʘ ʣʠʩʪʴʝʚ. 

ʀʥʢʫʙʠʨʦʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʨʠ 80 Áʉ. ʎʝʥʪʨʠʬʫʛʠ-

ʨʦʚʘʣʠ 10 ʤʠʥʫʪ ʧʨʠ 15000 g. ʆʪʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʧʨʦʠʟʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ 

ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʢʦʤʤʝʨʯʝʩʢʠʤ ʥʘʙʦʨʦʤ Glucose (HK) Assay Kit  («Sigma-

Aldrich»), ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʕʥʟʠʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʶʢʦʟʳ ʦʩʥʦʚʘʥ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦ-

ʤʝʪʨʠʯʝʩʢʦʤ ʠʟʤʝʨʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʅɸɼʅ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʜʚʫʭ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ: 

 

1

6

6

6 6

ʅʍʂ

G PDH

ɻʣʶʢʦʟʘ ɸʊʌ ɻʣʶʢʦʟʦ ʬʦʩʬʘʪ ɸɼʌ

ɻʣʶʢʦʟʦ ʬʦʩʬʘʪ ʅɸɼ ʬʦʩʬʦʛʣʶʢʦʥʘʪ ʅɸɼʅ

+ ½½½­ - - +

- - + ½½½½­ - + ,
 

ʛʜʝ ʅʍʂ1 ï ʛʝʢʩʦʢʠʥʘʟʘ 1, G6PDH ï ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ. 

 

ʂ 50 ʤʢʣ ʵʢʩʪʨʘʢʪʘ ʛʣʶʢʦʟʳ ʜʦʙʘʚʣʷʣʠ 250 ʤʢʣ ʨʝʘʛʝʥʪʘ (ʩʦʜʝʨʞʠʪ 

ʛʝʢʩʦʢʠʥʘʟʫ ʠ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʜʝʛʠʜʨʦʛʝʥʘʟʫ). ʏʝʨʝʟ 15 ʤʠʥʫʪ ʠʟʤʝʨʷʣʠ 
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ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 340 ʥʤ. ʂʦʥʝʥʪʨʘʮʠʶ ʛʣʶʢʦʟʳ ʚ 

ʵʢʩʪʨʘʢʪʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

* * *180,2
, /

6,22* * *1000

ɸ TV F
ʛʣʶʢʦʟʘ ʤʛ ʤʣ

d SV

D
=

 

ʛʜʝ ȹA ï ʨʘʟʥʠʮʘ ʚ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʨʘʩʪʚʦʨʘ ʩʨʘʚʥʝʥʠʷ; TV 

ï ʦʙʱʠʡ ʦʙʲʝʤ ʦʙʨʘʟʮʘ, ʤʣ; F ï ʬʘʢʪʦʨ ʨʘʟʙʘʚʣʝʥʠʷ; 180,2 ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ 

ʛʣʶʢʦʟʳ, ʛ/ʤʦʣʴ; SV ï ʦʙʲʝʤ ʩʫʧʝʨʥʘʪʘʥʪʘ ʚ ʦʙʨʘʟʮʝ, ʤʣ; 6,22 ï ʤʦʣʷʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʅɸɼʅ ʧʨʠ 340 ʥʤ; d ï ʜʣʠʥʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 

(= 1 ʩʤ); 1000 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʚʦʜʘ ʤʢʛ ʚ ʤʛ. ʂʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚʳʨʘ-

ʞʘʣʠ ʚ ʤʛ ʛʣʶʢʦʟʳ ʥʘ ʛʨʘʤʤ ʩʳʨʦʛʦ ʚʝʩʘ ʪʢʘʥʝʡ ʘʨʘʙʠʜʦʧʩʠʩʘ. 

2.2.8. ʕʢʩʪʨʘʢʮʠʷ ʬʝʨʤʝʥʪʦʚ 

ɼʣʷ ʵʢʩʪʨʘʢʮʠʠ ʬʝʨʤʝʥʪʦʚ ʙʨʘʣʠ ʥʘʚʝʩʢʫ (300-400 ʤʛ) ʟʝʣʝʥʳʭ ʪʢʘʥʝʡ 

ʘʨʘʙʠʜʦʧʩʠʩʘ, ʨʘʩʪʠʨʘʣʠ ʥʘ ʣʴʜʫ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʤʦʛʝʥʥʦʡ ʤʘʩʩʳ ʚ 400 ʤʢʣ 

ʙʫʬʝʨʘ (ʂʅ2ʈʆ4 ï 50 ʤʄ, ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ (PVP) ï 4%, Triton ʍ-100 ï 

0,3 %, ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ ï 14 ʤʄ, PMSF ï 1 ʤʄ, ʕɼʊɸ ï 1 ʤʄ, ʘʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ï 2 ʤʄ, pH 7,4). ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, PMSF ʠ ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ 

ʜʦʙʘʚʣʷʣʠ ʚ ʙʫʬʝʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʪʨʘʢʮʠʠ. ɻʦʤʦʛʝʥʘʪ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ +4 Áʉ ʧʨʠ ʫʩʢʦʨʝʥʠʠ 16000 g ʚ ʪʝʯʝʥʠʝ ʚʦʩʴʤʠ ʤʠʥʫʪ. 

ʇʦʣʫʯʠʚʰʠʡʩʷ ʩʫʧʝʨʥʘʪʘʥʪ ʧʝʨʝʥʦʩʠʣʠ ʚ ʧʣʘʩʪʠʢʦʚʳʝ ʧʨʦʙʠʨʢʠ ʠ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ GDH ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ. 

2.2.9. ʕʣʝʢʪʨʦʬʦʨʝʟ ʙʝʣʢʦʚ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʚ ʥʘʪʠʚʥʳʭ  

ʫʩʣʦʚʠʷʭ (native PAGE) 

ʕʣʝʢʪʨʦʬʦʨʝʟ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʚ ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦ-

ʜʠʣʠ ʩʦʛʣʘʩʥʦ Davis (Davis, 1964). ʉʪʝʢʣʷʥʥʳʝ ʧʣʘʩʪʠʥʳ ʦʪʜʝʣʷʣʠ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʢʣʘʜʦʢ ʪʦʣʱʠʥʦʡ 1 ʤʤ. ɺ ʧʨʦʩʚʝʪ ʤʝʞʜʫ ʧʣʘʩʪʠʥʢʘʤʠ 

ʟʘʣʠʚʘʣʠ ʨʘʩʪʚʦʨ ʤʝʣʢʦʧʦʨʠʩʪʦʛʦ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʛʦ ʛʝʣʷ (7,5 %). ɼʣʷ ʩʦʟ-

ʜʘʥʠʷ ʨʦʚʥʦʡ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʷʶʱʝʛʦ ʛʝʣʷ ʥʘ ʥʝʛʦ ʥʘʩʣʘʠʚʘʣʠ ʙʠʜʠ-

ʩʪʠʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʜʦ ʟʘʩʪʳʚʘʥʠʷ ʛʝʣʷ. ʇʦʩʣʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʟʘʣʠʚʘʣʠ 
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ʢʨʫʧʥʦʧʦʨʠʩʪʳʡ ʛʝʣʴ (5%). ɺ ʧʦʩʣʝʜʥʠʡ ʧʦʛʨʫʞʘʣʠ ʧʣʘʩʪʠʢʦʚʳʡ ʰʘʙʣʦʥ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ çʢʘʨʤʘʥʦʚè ʚ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʛʝʣʷ. 

ɺʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʥʳʤ ʙʫʬʝʨʦʤ ʩʣʫʞʠʣ 3-ʭ ʢʨʘʪʥʳʡ ʪʨʠʩ-

ʛʣʠʮʠʥ (ʛʣʠʮʠʥ ï 9 ʛ/ʣ, Tris-HCl ï 1,8 ʛ/ʣ, ʨʅ 8,3). ʂ 15 ʤʢʣ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʜʦʙʘʚʣʷʣʠ 2 ʤʢʣ ʨʘʩʪʚʦʨʘ ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ, ʧʦʩʣʝ ʯʝʛʦ ʩʤʝʩʴ 

ʧʦʤʝʱʘʣʠ ʚ ʢʘʨʤʘʥʳ ʛʝʣʷ. ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 4 Áʉ. ʇʝʨʚʳʝ ʧʦʣʯʘ-

ʩʘ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 120 V ʧʨʠ ʩʠʣʝ ʪʦʢʘ ʚ 20 ʤɸ. 

ɿʘʪʝʤ ʤʦʱʥʦʩʪʴ ʜʦʚʦʜʠʣʠ ʜʦ 220-240 V/30 ʤɸ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦ-

ʬʦʨʝʟʘ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 3 ʯʘʩʦʚ. ʉʠʛʥʘʣʦʤ ʢ ʦʢʦʥʯʘʥʠʶ ʧʨʦʮʝʩʩʘ ʩʣʫʞʠʣʦ 

ʧʦʣʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʙʨʦʤʬʝʥʦʣʦʚʳʤ ʩʠʥʠʤ ʙʣʦʢʘ ʨʘʟʜʝʣʷʶʱʝʛʦ ʛʝʣʷ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʦʣʠʯʝʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʝʣʢʘ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʵʣʝʢ-

ʪʨʦʬʦʨʝʟʘ ʛʝʣʴ ʦʢʨʘʰʠʚʘʣʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʝʤ 0,2 % Coomassie 

G-250, 25 % ʠʟʦʧʨʦʧʘʥʦʣʘ, 10 % ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ. ɼʣʷ 

ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʬʦʥʘ ʛʝʣʴ ʧʝʨʝʥʦʩʠʣʠ ʚ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 10 % ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʠ 12 % ʠʟʦʧʨʦʧʘʥʦʣʘ. 

2.2.10. ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʛʝʣʴ ʟʘʣʠʚʘʣʠ 10 ʤʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨ-

ʞʘʱʝʛʦ ʅɸɼ (1,2 ʤʄ), ʛʣʫʪʘʤʠʥʦʚʫ  ʁʢʠʩʣʦʪʫ (10 ʤʄ), ʅʉʊ (1,8 ʤʄ) ʚ 0,1 

ʄ ʙʫʬʝʨʝ Tris-HCl (pH 7,8). ɻʝʣʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʢʨʘʩʷʱʝʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʧʦ-

ʢʘʯʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 10-15 ʤʠʥʫʪ ʜʦ ʧʦʷʚʣʝʥʠʷ ʦʢʨʘʰʠʚʘʥʠʷ. ɿʦʥʳ ʘʢʪʠʚʥʦ-

ʩʪʠ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚʳʷʚʣʷʣʠʩʴ ʢʘʢ ʙʫʨʳʝ ʧʦʣʦʩʳ ʥʘ ʙʝʩʮʚʝʪʥʦʤ ʬʦ-

ʥʝ. ʈʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 100 ʤʢʣ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. 

ɿʘʪʝʤ ʙʫʬʝʨ ʩʣʠʚʘʣʠ, ʦʢʨʘʰʝʥʥʳʡ ʛʝʣʴ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ. 

2.2.11. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʙʝʣʢʘ ʧʦ ɹʨʝʜʬʦʨʜ 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʙʝʣʢʘ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ɹʨʝʜ-

ʬʦʨʜ (Bradford, 1976). ɺ ʣʫʥʢʠ 96-ʣʫʥʦʯʥʦʛʦ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʣʘʥʰʝʪʘ 

ʚʥʦʩʠʣʠ ʧʦ 200 ʤʢʣ ʨʝʘʢʪʠʚʘ ɹʨʝʜʬʦʨʜ («Sigma-Aldrich») ʠ 4 ʤʢʣ ʵʢʩʪʨʘʢʪʘ 

ʙʝʣʢʘ. ʏʝʨʝʟ 5 ʤʠʥ ʠʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʨʠ 595 ʥʤ ʥʘ ʧʣʘʥʰʝʪ-

ʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ BioRad-680 (ʉʐɸ). ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʚʳʯʠʩʣʷʣʠ 
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ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ, ʧʦʩʪʨʦʝʥʥʦʤʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʳʯʴʝʛʦ ʩʳʚʦ-

ʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ. 

2.2.12. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ ʪʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʚʪʦʨʥʦʩʪʷʭ. ʇʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʛʣʶ-

ʢʦʟʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Microsoft Excel. ɼʦʩʪʦʚʝʨ-

ʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʦʮʝʥʠʚʘʣʠ ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʫʨʦʚʥʝ ʚʝʨʦʷʪʥʦʩʪʠ p 

< 0,05. ɼʣʷ ʦʙʨʘʪʥʦ-ʪʨʘʥʩʢʨʠʧʪʘʟʥʦʡ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʦʛʨʘʤʤʦʡ 

CFX Manager
ʊʄ

 Software Version 1,6 («Bio-Rad»). 

ɹʘʨʳ ʥʘ ʚʩʝʭ ʜʠʘʛʨʘʤʤʘʭ ʦʟʥʘʯʘʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 
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3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

3.1. ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʦʬʝʨʤʝʥʪʥʦʛʦ ʩʧʝʢʪʨʘ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ  

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʠ ʪʠʧʘʭ ʢʣʝʪʦʢ ʘʨʘʙʠʜʦʧʩʠʩʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʅɸɼ(ʅ)-GDH ʧʨʦ-

ʚʝʜʝʥʦ ʥʘ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʠ ʚ ʥʘʜʟʝʤʥʳʭ ʦʨʛʘʥʘʭ ʘʨʘʙʠʜʦʧ-

ʩʠʩʘ. 

 

ʈʠʩ. 4. ʀʟʦʬʝʨʤʝʥʪʥʳʡ ʩʧʝʢʪʨ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ ʩʫʩʧʝʥʟʠʦʥ-

ʥʦʡ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʠ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʘʨʘʙʠʜʦʧʩʠʩʘ ʥʘ ʩʚʝʪʫ (120 

ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
). 

 

ʀʩʧʦʣʴʟʦʚʘʣʠ 7-ʩʫʪʦʯʥʫʶ ʛʝʪʝʨʦʪʨʦʬʥʫʶ ʩʫʩʧʝʥʟʠʦʥʥʫʶ ʢʫʣʴʪʫʨʫ 

ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ 14-ʩʫʪʦʯʥʳʝ ʨʘʩʪʝʥʠʷ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʚʳʨʘʱʝʥʥʳʝ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦ ʥʘ ʯʘʰʢʘʭ ʇʝʪʨʠ. ʇʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʥʝʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠ-

ʷʭ, ʧʨʦʚʝʜʝʥʥʦʤ ʚ 7,5 % ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ, ʥʘʙʣʶʜʘʣʠ ʚʩʝ ʩʝʤʴ ʠʟʦ-

ʬʦʨʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʤʠ ʚʘʨʠʘʥʪʘʤ ʩʙʦʨʢʠ ʬʝʨʤʝʥʪʘ GDH (ʨʠʩ. 4). 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʣʢʦʚ-ʤʘʨʢʝʨʦʚ, ʦʜʥʘ-

ʢʦ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʥʝʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ɓ-

ʩʫʙʲʝʜʠʥʠʮʳ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ ʛʝʣʝ ʧʨʦʜʚʠʛʘʶʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ Ŭ-
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ʩʫʙʲʝʜʠʥʠʮʳ (Turano et al., 1997; Miyashita, Good, 2008). ʉʧʝʢʪʨ ʠʟʦʬʦʨʤ 

GDH ʨʘʟʣʠʯʘʣʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʢʣʝʪʢʘʭ ʩʫʩ-

ʧʝʥʟʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʥʘʙʣʶʜʘʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʘʨʠʘʥʪʦʚ ʩʙʦʨʢʠ ʦʪ 

4Ŭ2ɓ ʜʦ 6ɓ, ʚʘʨʠʘʥʪʳ 6Ŭ ʠ 5Ŭ1ɓ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩʣʘʙʦ. ɺ ʣʠʩʪʴʷʭ ʘʨʘʙʠ-

ʜʦʧʩʠʩʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʩʚʝʪʫ, ʧʨʝʦʙʣʘʜʘʣʠ ʠʟʦʬʦʨʤʳ 6Ŭ ʠ 5Ŭ1ɓ, ʪ.ʝ. 

ʧʨʠ ʩʙʦʨʢʝ ʭʦʣʦʬʝʨʤʝʥʪʘ ʧʨʝʦʙʣʘʜʘʣʠ ʧʨʦʜʫʢʪʳ ʛʝʥʘ GDH1. ɺ ʮʝʣʳʭ ʨʦʟʝʪ-

ʢʘʭ (ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʩʦʜʝʨʞʘʣ ʣʠʩʪʴʷ, ʩʪʝʙʣʠ ʠ ʣʠʩʪʦʚʳʝ ʯʝʨʝʰʢʠ 3-5 ʨʘʩʪʝ-

ʥʠʡ) ʧʨʝʦʙʣʘʜʘʣʠ ʠʟʦʬʦʨʤʳ 6ɓ, 1Ŭ5ɓ ʠ 2Ŭ4ɓ, ʪ.ʝ. ʧʨʠ ʩʙʦʨʢʝ ʭʦʣʦʬʝʨʤʝʥʪʘ 

ʧʨʝʦʙʣʘʜʘʣʠ ʧʨʦʜʫʢʪʳ ʛʝʥʘ GDH2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʣʝʪʦʢ 

ʩʦʜʝʨʞʘʣʠ ʨʘʟʣʠʯʥʳʝ ʠʟʦʬʝʨʤʝʥʪʥʳʝ ʩʧʝʢʪʨʳ GDH. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʦʨʥʷʭ 

ʘʨʘʙʠʜʦʧʩʠʩʘ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥ rʬʦʨʤʳ GDH, ʙʦʛʘʪʳʝ ɓ-ʩʫʙʲʝʜʠʥʠʮʘʤʠ, ʚ 

ʤʝʟʦʬʠʣʝ ʣʠʩʪʴʝʚ ï Ŭ-ʩʫʙʲʝʜʠʥʠʮʘʤʠ (Turano et al., 1997; Miyashita, Good, 

2008). ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʧʝʢʪʨʦʚ GDH ʚ ʮʝʣʳʭ ʨʦʟʝʪʢʘʭ, ʪʦ ʦʥ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʩʤʝʰʝʥʠʷ ʩʧʝʢʪʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʣʠʩʪʦʚʳʭ ʧʣʘʩʪʠʥʦʢ, ʩʪʝʙʣʝʡ 

ʠ ʣʠʩʪʦʚʳʭ ʞʠʣʦʢ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ, 

ʚʦʟʨʘʩʪʘ ʨʘʩʪʝʥʠʡ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ Miyashita ʠ Good 

(Miyashita, Good, 2008), ʩʧʝʢʪʨ ʠʟʦʬʦʨʤ GDH ʚ ʮʝʣʳʭ ʨʦʟʝʪʢʘʭ ʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʣʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʬʦʨʤ, ʙʦʛʘʪʳʭ ɓ-ʩʫʙʲʝʜʠʥʠʮʘʤʠ. 

ɺ ʜʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ ʩʫʩʧʝʥʟʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʪʢʘʥʝʩʧʝ-

ʮʠʬʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʪʨʘʯʠʚʘʝʪʩʷ, ʯʪʦ ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʧʦʟʚʦʣʠʣʦ ʥʘʙʣʶʜʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʡ ʠʟʦʬʝʨʤʝʥʪʥʳʡ 

ʩʧʝʢʪʨ GDH. 

3.2. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2 ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʦʩʚʝʱʝʥʥʦʩʪʠ 

3.2.1. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ GDH1 ʠ GDH2  

ʥʘ ʩʚʝʪʫ ʠ ʚ ʪʝʤʥʦʪʝ 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʝʣʝʥʳʝ ʪʢʘʥʠ 

ʨʘʩʪʝʥʠʡ (ʨʦʟʝʪʢʠ) ʨʘʩʪʝʥʠʡ ʣʠʥʠʠ Arabidosisis thaliana ʜʠʢʦʛʦ ʪʠʧʘ, ʵʢʦʪʠʧ 

Columbia-0 (Col-0). ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠ ʜʘʥʥʳʝ ʦʙʨʘʪʥʦ-ʪʨʘʥʩʢʨʠʧʪʘʟʥʦʡ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʚ ʨʝʞʠʤʝ 
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ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʆʊ-ʇʎʈ-ʈɺ). ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʘ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠ YLS8 (At5G08290), ʢʦʪʦʨʳʡ ʢʦʜʠʨʫʝʪ ʙʝʣʦʢ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʤʠʪʦʪʠʯʝʩʢʦʤ 

ʮʠʢʣʝ. ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ YLS8 ʩʪʘʙʠʣʴʥʘ ʧʨʠ ʩʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʥʝ ʧʦʜʚʝʨʞʝʥʘ ʩʫʪʦʯʥʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʚ ʦʪʣʠʯʠʝ, ʥʘʧʨʠʤʝʨ, ʦʪ ʰʠ-

ʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʘ ʘʢʪʠʥʘ (ACT) (Hong et al., 

2010). 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ GDH1 ʠ GDH2 ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʪʝʤʥʦʪʝ ʠ ʤʠʥʠʤʘʣʴʥʘ 

ʥʘ ʩʚʝʪʫ. ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 5, ʧʦʢʘʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ 

ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ GDH1 ʠ GDH2 ʚ 14-ʩʫʪʦʯʥʳʭ ʨʦʟʝʪʢʘʭ ʘʨʘʙʠʜʦʧ-

ʩʠʩʘ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʯʘʰʢʘʭ ʇʝʪʨʠ. ʈʘʩʪʝʥʠʷ ʚʳʜʝʨʞʠʚʘʣʠ 18 ʯʘʩʦʚ ʚ ʪʝʤ-

ʥʦʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʯʘʩʪʴ ʚʳʩʪʘʚʣʷʣʠ ʥʘ 4 ʯʘʩʘ ʥʘ ʩʚʝʪ (120 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
), ʘ 

ʯʘʩʪʴ ʦʩʪʘʚʘʣʘʩʴ 4 ʯʘʩʘ ʚ ʪʝʤʥʦʪʝ. ʋʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ GDH1 ʠ 

GDH2 ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʚ ʪʝʤʥʦʪʝ, ʯʝʤ ʥʘ ʩʚʝʪʫ (ʨʠʩ. 5).  
 

 

 

 

 

 

 

 

 

ʈʠʩ. 5. ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ GDH1 ʠ GDH2 ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʨʘʩʪʝʥʠʡ 

ʣʠʥʠʠ Col-0 ʚ ʪʝʤʥʦʪʝ ʠ ʥʘ ʩʚʝʪʫ.  

ʆʙʦʟʥʘʯʝʥʠʷ: ʊʝʤʥʦʪʘ ï ʵʢʩʧʦʟʠʮʠʷ ʨʘʩʪʝʥʠʡ ʚ ʪʝʤʥʦʪʝ 22 (18+4) ʯʘʩʘ; ʩʚʝʪ ï 

ʵʢʩʧʦʟʠʮʠʷ ʨʘʩʪʝʥʠʡ 4 ʯʘʩʘ ʧʨʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 120 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
. 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʥʘ ʩʚʝʪʫ ʠ ʚ ʪʝʤʥʦʪʝ) ʨʘʟʥʠʮʘ ʤʦʛʣʘ ʩʦʩʪʘʚ-

ʣʷʪʴ ʦʪ 10 ʜʦ 120 ʨʘʟ (ʜʘʥʥʳʝ ʥʝ ʧʨʠʚʝʜʝʥʳ), ʧʨʠʯʝʤ ʜʣʷ ʛʝʥʘ GDH2 ʵʪʘ ʨʘʟ-
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ʥʠʮʘ ʙʳʣʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʣʠʪʝʨʘʪʫʨʳ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ Turano, ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ GDH1 ʧʦʚʳʰʘʣʘʩʴ ʚ 

ʪʝʤʥʦʪʝ ʚ 3 ʨʘʟʘ, ʘ GDH2 ï ʚ 18 ʨʘʟ (ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʠʩʪʴʷ 24-ʜʥʝʚʥʳʭ ʨʘʩ-

ʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ ʣʠʥʠʠ ʜʠʢʦʛʦ ʪʠʧʘ Col-0, ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 120-

140 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
, ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʚ ʪʝʤʥʦʪʝ ï 4 ʩʫʪʦʢ) (Turano et al., 1997). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʰʪʘʙ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ GDH2 ʙʦʣʴʰʝ, 

ʯʝʤ ʛʝʥʘ GDH1. ʇʦʩʢʦʣʴʢʫ ʵʪʦʪ ʤʘʩʰʪʘʙ ʠʟʤʝʥʝʥʠʡ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʠʟ-

ʤʝʥʝʥʠʷ ɻʢʩʧʨʝʩʩʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ, ʤʳ ʠʟʫʯʠʣʠ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ 

ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ GDH1 ʠ GDH2 ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥ-

ʥʦʩʪʠ (ʪʝʤʥʦʪʘ-ʩʚʝʪ ʠ ʩʚʝʪ-ʪʝʤʥʦʪʘ). ɼʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʪʨʘʥʩ-

ʢʨʠʧʪʦʚ ʛʝʥʦʚ GDH1 ʠ GDH2 ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʨʦʟʝʪʢʘʭ 14-ʩʫʪʦʯʥʳʭ ʨʘʩʪʝʥʠʡ 

ʣʠʥʠʠ Col-0 ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ ʠʟ ʪʝʤʥʦʪʳ ʥʘ ʩʚʝʪ ʠ ʠʟ ʩʚʝʪʘ ʚ 

ʪʝʤʥʦʪʫ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 14-ʩʫʪʦʯʥʳʝ ʨʘʩʪʝʥʠʷ ʘʨʘʙʠʜʦʧʩʠʩʘ, 

ʚʳʨʘʱʝʥʥʳʝ ʧʨʠ ʦʩʚʝʱʝʥʠʠ 120 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
. ʇʦʩʣʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʙʳ-

ʚʘʥʠʷ ʥʘ ʩʚʝʪʫ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ ʨʘʩʪʝʥʠʷ ʫʙʨʘʣʠ ʚ ʪʝʤʥʦʪʫ, ʧʦʩʣʝ ʯʝʛʦ ʦʪ-

ʙʠʨʘʣʠ ʦʙʨʘʟʮʳ ʢʘʞʜʳʝ 2 ʯʘʩʘ (ʨʠʩ. 6).  

 

ʈʠʩ. 6. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2 ʧʦʩʣʝ 18 

ʯ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (120 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
) 14-ʩʫʪʦʯʥʳʭ ʨʘʩʪʝʥʠʡ ʜʠʢʦʛʦ 

ʪʠʧʘ Col-0 ʠ ʧʝʨʝʥʦʩʘ ʠʭ ʚ ʪʝʤʥʦʪʫ. 
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ʋʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʘ GDH2 ʧʦʚʳʰʘʣʩʷ ʧʦʩʣʝ 4 ʯʘʩʦʚ ʵʢʩʧʦʥʠ-

ʨʦʚʘʥʠʷ ʚ ʪʝʤʥʦʪʝ ʠ ʧʨʦʜʦʣʞʘʣ ʨʘʩʪʠ ʚʧʣʦʪʴ ʜʦ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʠ ʚ 8 ʯʘʩʦʚ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ GDH1 ʧʦʚʳʰʘʣʘʩʴ ʪʦʣʴʢʦ ʢ ʢʦʥʮʫ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘ. ʇʦʜʦʙʥʳʝ ʩʚʝʜʝʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʚʧʝʨʚʳʝ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʛʝʥʦʚ ʥʘ ʩʚʝʪʫ ʠʩʧʦʣʴʟʦʚʘʣʠ 14-ʩʫʪʦʯʥʳʝ ʨʘʩʪʝʥʠʷ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʢʦʪʦ-

ʨʳʝ ʚʳʜʝʨʞʠʚʘʣʠ 18 ʯ ʚ ʪʝʤʥʦʪʝ, ʟʘʪʝʤ ï ʧʝʨʝʥʝʩʣʠ ʥʘ ʩʚʝʪ (120 ʤʢʤʦʣʴ*ʤ
-

2
ʩ

-1
). ʇʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʨʘʩʪʝʥʠʡ ʥʘ ʩʚʝʪʫ, ʵʢʩʧʨʝʩʩʠʷ ʦʙʦʠʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʛʝʥʦʚ ʦʢʘʟʳʚʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʘ ʫʞʝ ʯʝʨʝʟ 30 ʤʠʥʫʪ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʯʝʨʝʟ 2-4 ʯʘʩʘ ʥʘ ʩʚʝʪʫ ʜʦʩʪʠʛʘʣʘ ʟʥʘʯʝʥʠʡ, ʙʣʠʟʢʠʭ ʢ ʤʠʥʠ-

ʤʘʣʴʥʳʤ (ʨʠʩ. 7). 

 

ʈʠʩ. 7. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2 ʧʦʩʣʝ ʧʝ-

ʨʝʥʦʩʘ  14-ʩʫʪʦʯʥʳʭ ʨʘʩʪʝʥʠʡ ʣʠʥʠʠ Col-0 ʠʟ ʪʝʤʥʦʪʳ (18 ʯʘʩʦʚ ʚ ʪʝʤʥʦʪʝ) 

ʥʘ ʩʚʝʪ (120 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ GDH1 ʠ GDH2 

ʚ ʪʝʤʥʦʪʝ ʠʜʝʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʩʥʠʞʝʥʠʝ ʥʘ ʩʚʝʪʫ. ɼʦʩʪʘʪʦʯʥʦ 30 ʤʠʥʫʪ ʵʢʩ-

ʧʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʩʚʝʪʫ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ ʚ ʵʢʩ-

ʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2 ʩ ʦʙʨʘʟʮʘʤʠ, ʚʳʜʝʨʞʘʥʥʳʤʠ ʚ ʪʝʤʥʦʪʝ. ɺ 
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ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʨʘʩʪʝʥʠʡ 

ʥʘ ʩʚʝʪʫ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʝʡʩʪʚʫʶʱʠʤʠ ʘʛʝʥʪʘʤʠ ʩʦʩʪʘʚʣʷʣʦ 4 ʯʘʩʘ. 

3.2.2. ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ GDH1 ʠ GDH2 ʦʪ ʫʨʦʚʥʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2 ʧʨʠ ʨʘʟ-

ʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ 14-ʩʫʪʦʯʥʳʝ ʨʘʩʪʝʥʠʷ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʚʳʨʘʱʝʥʥʳʝ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦ ʥʘ ʯʘʰʢʘʭ ʇʝʪʨʠ ʧʨʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 120 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
, ʘʜʘʧʪʠʨʦ-

ʚʘʣʠ ʢ ʫʩʣʦʚʠʷʤ ʧʦʥʠʞʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (2,5, 25, 40 ʠ 95 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
) ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ. ɿʘʪʝʤ ʧʦʩʣʝ 4 ʯʘʩʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠʟ ʨʦʟʝʪʦʢ 

ʚʳʜʝʣʷʣʠ ʈʅʂ ʠ ʦʮʝʥʠʚʘʣʠ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2. ʏʝʤ 

ʚʳʰʝ ʙʳʣʘ ʦʩʚʝʱʝʥʥʦʩʪʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʪʝʤ ʥʠʞʝ ʙʳʣʘ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ 

GDH1 ʠ GDH2 (ʨʠʩ. 8). ʅʘʙʣʶʜʘʣʠ ʙʳʩʪʨʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʦʪ 0 ʢ 2,5 ʠ ʦʪ 2,5 ʢ 25 

ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
.  

  

ʈʠʩ. 8. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2 ʚ ʣʠʩʪʴʷʭ 14ï ʩʫʪʦʯ-

ʥʳʭ ʨʘʩʪʝʥʠʡ ʣʠʥʠʠ Col-0 ʧʨʠ ʨʘʟʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ. 
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ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʨʦʜʦʣʞʘʣʦʩʴ ʧʦʥʠʞʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ, ʥʦ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ GDH1 ʠ GDH2 

ʦʪ ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʦʩʚʝʱʝʥʥʦʩʪʠ 

(2,5 ʠ 25 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
). ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʵʢʩʧʨʝʩʩʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʝʝ ʠʟʤʝʥʝʥʠʷʤ, ʯʝʤ 

ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ. 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ GDH1 ʠ 

GDH2 ʧʨʦʠʩʭʦʜʷʪ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʚʳʟʚʘʥʳ 

ʨʦʩʪʦʤ ʫʨʦʚʥʷ ʩʘʭʘʨʦʚ ʫ ʨʘʩʪʝʥʠʡ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʥʘ ʩʚʝʪʫ ʠ ʩʥʠʞʝʥʠʝʤ ʚ 

ʪʝʤʥʦʪʝ (Turano et al., 1997; Miyashita, Good, 2008). ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʚʷ-

ʟʳʚʘʶʪ ʨʦʣʴ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠʤʝʥʥʦ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʥʦʛʦ 

ʩʪʘʪʫʩʘ ʢʣʝʪʢʠ ʟʘ ʩʯʝʪ ʫʯʘʩʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʠʩʩʠʤʠʣʷʮʠʠ ʧʝʧʪʠʜʦʚ ʠ ʧʦʚʳ-

ʰʝʥʠʝʤ ʫʨʦʚʥʷ ʫʛʣʝʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠ-

ʩʣʦʪ (ʮʠʢʣ ʂʨʝʙʩʘ) ʧʨʠ çʫʛʣʝʚʦʜʥʦʤ ʛʦʣʦʜʘʥʠʠè (Miyashita, Good,2008; 

Fontaine et al.,2013). ʇʦʵʪʦʤʫ ʩʣʝʜʫʶʱʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʘ ʠʟʫ-

ʯʝʥʠʶ ʩʘʭʘʨʦʟʘʚʠʩʠʤʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ 

GDH2. 

3.3. ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2 

3.3.1. ʉʘʭʘʨʦʟʘʚʠʩʠʤʘʷ ʨʝʛʫʣʷʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2 

3.3.1.1. ɺʣʠʷʥʠʝ ʵʢʟʦʛʝʥʥʦʡ ʩʘʭʘʨʦʟʳ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ GDH1 ʠ GDH2 

ʀʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʩʦ ʩʚʝʪʦʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʝʡ ʯʘʩʪʦ ʩʚʷ-

ʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʩʘʭʘʨʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ Blasing ʩ ʢʦʣʣʝʛʘʤʠ (Blas-

ing et al., 2005) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ 40 % ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʩʦ ʩʚʝʪʦʟʘ-

ʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʝʡ ʧʦʜʯʠʥʷʝʪʩʷ ʩʠʛʥʘʣʘʤ, ʩʚʷʟʘʥʥʳʤ  ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ 

ʩʘʭʘʨʦʚ ʚ ʢʣʝʪʢʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ ʚ 

ʠʟʫʯʝʥʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶ-

ʱʠʭ ʩʫʙʲʝʜʠʥʠʮʳ ʜʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ, ʢʦʥʢʨʝʪʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʚ 

GDH1 ʠ GDH2 ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʠʟʫʯʝʥ. ʉʦʛʣʘʩʥʦ ʝʜʠʥʩʪʚʝʥʥʦʡ ʥʘ 
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ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʠʧʦʪʝʟʝ, ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ GDH1 ʠ 

GDH2 ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʪʤʝʥʳ ʩʠʛʥʘʣʘ-ʨʝʧʨʝʩʩʦʨʘ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ 

ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʩʘʭʘʨʦʚ ʥʘ ʩʚʝʪʫ (Miyashita, Good, 2008). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʣʠ ʩʘʭʘʨʦʟʘʚʠʩʠʤʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʚʝʪʦʟʘʚʠʩʠʤʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ GDH1 ʠ GDH2, ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʝʥʠʷ ʜʠʢʦʛʦ 

ʪʠʧʘ ʵʢʦʪʠʧʘ Landsberg erecta (Ler). ʀʩʧʦʣʴʟʦʚʘʥʠʠʝ ʣʠʥʠʠ Ler ʙʳʣʦ ʥʝʦʙʭʦ-

ʜʠʤʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ, ʧʦ-

ʣʫʯʝʥʥʳʤʠ ʥʘ ʨʘʩʪʝʥʠʷʭ ʤʫʪʘʥʪʥʦʡ ʣʠʥʠʠ gin2, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʣʠʥʠʠ 

Ler.  

14-ʩʫʪʦʯʥʳʝ ʨʘʩʪʝʥʠʷ ʚʳʜʝʨʞʠʚʘʣʠ 18 ʯʘʩʦʚ ʚ ʪʝʤʥʦʪʝ ʜʦ ʥʘʯʘʣʘ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ. ɿʘʪʝʤ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʣʠ 3 % ʩʘʭʘʨʦʟʦʡ, ʘ ʢʦʨʥʠ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ï 3 % ʤʘʥʥʠʪʦʣʦʤ (ʤʘʥʥʠʪʦʣ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ, ʢʦʪʦʨʳʡ ʤʦʛʫʪ ʠʩʧʳʪʳʚʘʪʴ ʨʘʩʪʝʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʩʘʭʘʨʦʟʳ). ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʦʚʠʥʫ ʪʝʭ ʠ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ ʵʢʩʧʦʥʠʨʦʚʘʣʠ ʥʘ 

ʩʚʝʪʫ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʨʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ 120 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
, ʜʨʫʛʫʶ ʯʘʩʪʴ 

ʦʙʨʘʟʮʦʚ ʫʙʨʘʣʠ ʥʘ 3 ʯʘʩʘ ʚ ʪʝʤʥʦʪʫ (ʨʠʩ. 9).  

ɺ ʢʘʯʝʩʪʚʝ ʛʝʥʘ-ʤʘʨʢʝʨʘ ʫʨʦʚʥʷ ʵʥʜʦʛʝʥʥʳʭ ʩʘʭʘʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥ 

APL3, ʢʦʪʦʨʳʡ ʢʦʜʠʨʫʝʪ ʙʦʣʴʰʫʶ ʩʫʙʲʝʜʠʥʠʮʫ ɸɼʌ-ʛʣʶʢʦʟʦʧʠʨʦ-

ʬʦʩʬʦʨʠʣʘʟʳ (ADP-Glucose pyrophosphorylase), ʧʝʨʚʦʛʦ ʬʝʨʤʝʥʪʘ ʚ ʧʫʪʠ 

ʙʠʦʩʠʥʪʝʟʘ ʢʨʘʭʤʘʣʘ. ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ APL3 ʠʥʜʫʮʠʨʫʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʫʨʦʚʥʷ ʩʘʭʘʨʦʚ ʚ ʢʣʝʪʢʝ ʨʘʩʪʝʥʠʡ, ʠ ʨʝʧʨʝʩʩʠʨʫʝʪʩʷ ʧʨʠ ʠʭ ʩʥʠʞʝʥʠʠ (Ramon 

et al., 2008).  

ɺ ʨʘʩʪʝʥʠʷʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ 3 % ʤʘʥʥʠʪʦʣʦʤ ʠ ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʥʘ 

ʩʚʝʪʫ, ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʘ APL3 ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʨʘʩʪʝ-

ʥʠʷʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ 3 % ʤʘʥʥʠʪʦʣʦʤ ʠ ʚʳʜʝʨʞʘʥʥʳʭ ʚ ʪʝʤʥʦʪʝ (ʢʦʥʪʨʦʣʴ) 

(ʨʠʩ. 9, ɸ). ʆʙʨʘʙʦʪʢʘ 3 % ʩʘʭʘʨʦʟʦʡ ʚʳʟʳʚʘʣʘ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ 

APL3 ʢʘʢ ʚ ʪʝʤʥʦʪʝ, ʪʘʢ ʠ ʥʘ ʩʚʝʪʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʙʦʪʢʘ ʢʦʨʥʝʡ ʨʘʩʪʝ-

ʥʠʡ ʩʘʭʘʨʦʟʦʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʩʘʭʘʨʦʚ ʚ ʢʣʝʪ-

ʢʝ, ʯʪʦ ʠ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ APL3. 

 



70 
 

 

             ɸ 

 

        ɹ              ɺ 

 

ʈʠʩ. 9. ɺʣʠʷʥʠʝ ʩʘʭʘʨʦʟʳ ʥʘ ʵʢʩʧʨʝʩʩʠ ʁʛʝʥʦʚ APL3 (ɸ), GDH1 (ɹ) ʠ 

GDH2 (ɺ) ʚ ʨʦʟʝʪʢʘʭ ʘʨʘʙʠʜʦʧʩʠʩʘ ʣʠʥʠʠ ʜʠʢʦʛʦ ʪʠʧʘ Ler.  

ʆʙʦʟʥʘʯʝʥʠʷ: ʄʘʥʥʠʪʦʣ ï ʣʠʩʪʴʷ ʦʙʨʘʙʦʪʘʥʳ 3% ʤʘʥʥʠʪʦʣʦʤ; ʩʘʭʘʨʦʟʘ ï ʣʠʩʪʴʷ 

ʦʙʨʘʙʦʪʘʥʳ 3% ʩʘʭʘʨʦʟʦʡ; ʪʝʤʥʦʪʘ ï ʵʢʩʧʦʟʠʮʠʷ ʚ ʪʝʤʥʦʪʝ ʚ ʪʝʯʝʥʠʝ 21 (18+3) ʯʘʩʘ; ʩʚʝʪ 

ï ʵʢʩʧʦʟʠʮʠʷ ʧʨʠ 120 ʤʢʤʦʣʴ*ʤ
-2
ʩ

-1
 ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. 

 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ GDH1 ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣʘ ʚʳʰʝ ʚ ʪʝʤʥʦʪʝ, ʯʝʤ ʥʘ 

ʩʚʝʪʫ, ʠ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʘʭʘʨʦʟʦʡ, ʢʘʢ ʚ ʪʝʤʥʦʪʝ, ʪʘʢ ʠ ʥʘ 

ʩʚʝʪʫ (ʨʠʩ. 9, ɹ). ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ GDH2 ʪʘʢʞʝ ʙʳʣʘ ʚʳʰʝ ʚ ʪʝʤʥʦʪʝ, ʯʝʤ ʥʘ 

ʩʚʝʪʫ (ʨʠʩ. 9, ɺ). ʋʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʘ GDH2 ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʩʷ 


