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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʛʫʣʷʮʠʠ ʨʘʟʚʠʪʠʷ 

ʤʝʨʠʩʪʝʤʳ ʧʦʙʝʛʘ ʚ ʵʤʙʨʠʦʛʝʥʝʟʝ 

Arabidopsis thaliana 

 



ȴɇɠɋɐɘ ɎɗɗɑɋɊɔɈɆɓɎɥ:  
Arabidopsis thaliana  

Arabidopsis  

thaliana 

1) ʆʜʠʥ ʠʟ ʩʘʤʳʭ  

ʤʘʣʝʥʴʢʠʭ ʠʟʚʝʩʪʥʳʭ 

ʛʝʥʦʤʦʚ ʫ ʚʳʩʰʠʭ 

ʨʘʩʪʝʥʠʡ (125 ʤʣʥ. ʧʘʨ 

ʦʩʥʦʚʘʥʠʡ ) 

2)  ɺʩʝʛʦ 5 ʭʨʦʤʦʩʦʤ 

3)  ʂʦʨʦʪʢʠʡ ʞʠʟʥʝʥʥʳʡ 

ʮʠʢʣ (~35 ʜʥʝʡ) 

4)  ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʝʤʷʥ (ʜʦ 5000 ʥʘ 

ʨʘʩʪʝʥʠʝ) 

5) ʅʝʧʨʠʭʦʪʣʠʚ, ʣʝʛʢʦ 

ʚʳʨʘʱʠʚʘʝʪʩʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

in vitro  

ʇʨʝʠʤʫʱʝʩʪʚʘ 

ɸʨʘʙʠʜʦʧʩʠʩʘ, ʢʘʢ 

ʤʦʜʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ: 

Arabidopsis ʙʳʣ ʧʝʨʚʳʤ 

ʨʘʩʪʝʥʠʝʤ, ʛʝʥʦʤ ʢʦʪʦʨʦʛʦ ʙʳʣ 

ʧʦʣʥʦʩʪʴʶ ʩʝʢʚʝʥʠʨʦʚʘʥ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʛʨʘʤʤʘ, ʧʦ 

ʢʦʪʦʨʦʡ ʢ 2010 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʠ ʚʩʝʭ ʛʝʥʦʚ 

ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ. 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

http://www.mpimp-golm.mpg.de/arabidopsis/grown-plant-e.html
http://www.mpimp-golm.mpg.de/arabidopsis/grown-plant-e.html


ȲɋɖɎɗɘɋɒɆ ɕɔɇɋɉɆ Arabidopsis thaliana :  

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

ɸʧʠʢʘʣʴʥʘʷ ʤʝʨʠʩʪʝʤʘ ʧʦʙʝʛʘ (ɸʄʇ)  

ʩ ʬʦʨʤʠʨʫʶʱʠʤʠʩʷ ʣʠʩʪʴʷʤʠ  

http://av.rds.yahoo.com/_ylt=A9ibyKuNwa1B0uwAqBFvCqMX;_ylu=X3oDMTBvMmFkM29rBHBndANhdl9pbWdfcmVzdWx0BHNlYwNzcg--/SIG=12v5g0612/**http%3a//www.uni-koblenz.de/~odsgroe/wwwha/spiralen/www-phyllotaxis/1.phyllo.einleitung.html


ȴɗɓɔɈɓɡɋ ɉɔɖɒɔɓɡ,  
ɖɋɉəɑɎɖəɤɟɎɋ ɖɔɗɘ Ɏ ɖɆɍɈɎɘɎɋ ɖɆɗɘɋɓɎɏ: 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

1. ɸʫʢʩʠʥ ï ɔɗɓɔɈɓɔɏ ɉɔɖɒɔɓ ɖɆɗɘɋɓɎɏ, ɐɔɘɔɖɡɏ ɖɋɉəɑɎɖəɋɘ ɊɋɑɋɓɎɋ ɐɑɋɘɔɐ Ɏ ɥɈɑɥɋɘɗɥ 

ɚɆɐɘɔɖɔɒ ɊɎɚɚɋɖɋɓɜɎɖɔɈɐɎ -  ȮɓɊɔɑɎɑəɐɗəɗɓɆɥ ɐɎɗɑɔɘɆ (ȮȹȰ ɎɑɎ ɉɋɘɋɖɔɆəɐɗɎɓ).  

2. ʎʠʪʦʢʠʥʠʥ - ɖɆɗɘɎɘɋɑɢɓɡɏ ɉɔɖɒɔɓ, ɕɖɔɎɍɈɔɊɓɡɏ 6 -ɆɒɎɓɔɕəɖɎɓɆ; ȴɗɓɔɈɓɔɏ 

ɕɖɎɖɔɊɓɡɏ ɜɎɘɔɐɎɓɎɓ ï ɍɋɆɘɎɓ (ɋɉɔ ɗɎɓɘɋɘɎɝɋɗɐɎɏ ɆɓɆɑɔɉ ï ɐɎɓɋɘɎɓ);      ɔɘɈɋɝɆɋɘ ɍɆ 
ɕɔɊɊɋɖɌɆɓɎɋ ɘɔɘɎɕɔɘɋɓɘɓɔɗɘɎ 

6 -ɚəɖɚəɖɎɑɆɒɎɓɔɕəɖɎɓ  
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ȷɈɋɖɛɍɆɊɆɝɆ ɎɓɚɔɖɒɆɜɎɔɓɓɔɏ ɇɎɔɑɔɉɎɎ Ɉ ɔɇɑɆɗɘɎ ɎɗɗɑɋɊɔɈɆɓɎɏ ɊɆɓɓɔɉɔ 
ɔɇɠɋɐɘɆ:  ȶɆɍɖɆɇɔɘɐɆ ɒɋɘɔɊɔɈ Ɏ ɐɔɒɕɢɤɘɋɖɓɔɉɔ ɔɇɋɗɕɋɝɋɓɎɥ, ɕɔɍɈɔɑɥɤɟɋɉɔ 
ɈɔɗɕɖɔɎɍɈɋɗɘɎ ɖɆɍɈɎɘɎɋ ɊɆɓɓɔɉɔ ɔɖɉɆɓɎɍɒɆ in  silico  



ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

ȼɋɑɢ: 

ȸɋɔɖɋɘɎɝɋɗɐɎɏ ɆɓɆɑɎɍ ɖɋɉəɑɥɘɔɖɓɡɛ ɒɋɛɆɓɎɍɒɔɈ ɕɔɊɊɋɖɌɆɓɎɥ 
ɘɔɘɎɕɔɘɋɓɘɓɔɗɘɎ Ɏ ɊɎɚɚɋɖɋɓɜɎɖɔɈɐɎ ɐɑɋɘɔɐ ɕɖɎ ɖɆɍɈɎɘɎɎ 
ɒɋɖɎɗɘɋɒɡ ɕɔɇɋɉɆ Arabidopsis  thaliana  

ȭɆɊɆɝɎ: 

ÁȶɆɍɖɆɇɔɘɐɆ ɒɋɘɔɊɔɈ Ɏ ɕɖɔɉɖɆɒɒɓɔɉɔ ɔɇɋɗɕɋɝɋɓɎɥ Ɋɑɥ 
ɖɋɐɔɓɗɘɖəɐɜɎɎ Ɏ ɒɔɊɋɑɎɖɔɈɆɓɎɥ ɖɋɉəɑɥɘɔɖɓɡɛ ɐɔɓɘəɖɔɈ ɉɋɓɓɡɛ 
ɗɋɘɋɏ;  

ÁȶɋɐɔɓɗɘɖəɐɜɎɥ ɉɋɓɓɔɏ ɗɋɘɎ ɒɋɘɆɇɔɑɎɍɒɆ ɆəɐɗɎɓɆ ï ɖɋɉəɑɥɘɔɖɆ 
ɕɔɊɊɋɖɌɆɓɎɥ ɘɔɘɎɕɔɘɋɓɘɓɔɗɘɎ Ɏ ɊɎɚɚɋɖɋɓɜɎɖɔɈɐɎ ɐɑɋɘɔɐ ɕɖɎ 
ɖɆɍɈɎɘɎɎ ɒɋɖɎɗɘɋɒɡ ɕɔɇɋɉɆ;  

ÁȶɆɍɖɆɇɔɘɐɆ ɒɆɘɋɒɆɘɎɝɋɗɐɔɏ ɒɔɊɋɑɎ ɈɓəɘɖɎɐɑɋɘɔɝɓɔɉɔ 
ɒɋɘɆɇɔɑɎɍɒɆ ɆəɐɗɎɓɆ ɗ əɝɋɘɔɒ ɉɋɓɋɘɎɝɋɗɐɔɏ ɖɋɉəɑɥɜɎɎ;  

ÁȶɆɍɖɆɇɔɘɐɆ ɕɖɔɗɘɖɆɓɗɘɈɋɓɓɔ ï ɖɆɗɕɖɋɊɋɑɦɓɓɔɏ ɒɔɊɋɑɎ ɗ əɝɦɘɔɒ 
ɘɖɆɓɗɕɔɖɘɆ ɔɗɓɔɈɓɡɛ ɖɋɉəɑɥɘɔɖɔɈ, ɐɔɓɘɖɔɑɎɖəɤɟɎɛ ɖɆɍɈɎɘɎɋ 
ɒɋɖɎɗɘɋɒɡ ɕɔɇɋɉɆ;  

ÁȦɓɆɑɎɍ ɖɆɍɖɆɇɔɘɆɓɓɡɛ ɒɔɊɋɑɋɏ Ɏ Ɏɛ ɇɎɔɑɔɉɎɝɋɗɐɆɥ 
ɎɓɘɋɖɕɖɋɘɆɜɎɥ. 

ȼɋɑɢ Ɏ ɍɆɊɆɝɎ ɎɗɗɑɋɊɔɈɆɓɎɥ: 



ȲɔɊɋɑɢ ɖɔɑɎ ɆəɐɗɎɓɆ Ɉ ɣɒɇɖɎɔɉɋɓɋɍɋ;  
ȭɋɑɋɓɡɒ ɜɈɋɘɔɒ ɔɇɔɍɓɆɝɋɓɡ ɒɋɗɘɆ 
ɓɆɐɔɕɑɋɓɎɥ ɆəɐɗɎɓɆ Ɏ ɆəɐɗɎɓɔɈɔɉɔ 
ɔɘɈɋɘɆ. ȦəɐɗɎɓ ɓɆɐɆɕɑɎɈɆɋɘɗɥ Ɉ 
ɕɖɔɣɒɇɖɎɔɓɋ ɍɆ ɗɝɦɘ PIN7 ɗɎɗɘɋɒɡ, 
ɔɗəɟɋɗɘɈɑɥɥ ɗɕɋɜɎɚɎɐɆɜɎɤ 
ɆɕɎɐɆɑɢɓəɤ ɝɆɗɘɎ ɖɆɗɘɋɓɎɥ;  ɍɆɘɋɒ 
ɗɈɔɇɔɊɓɆɥ ɚɔɖɒɆ ɆəɐɗɎɓɆ ɓɆɝɎɓɆɋɘ 
ɓɆɖɆɇɆɘɡɈɆɘɢɗɥ Ɉ Ɇɕɋɐɗɋ Ɏ 

ɘɖɆɓɗɕɔɖɘɎɖɔɈɆɘɢɗɥ ɔɇɖɆɘɓɔ.  

ȳɆɐɔɕɑɋɓɎɋ Ɏ ɘɖɆɓɗɕɔɖɘ ɆəɐɗɎɓɆ: 

 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

ȵɆɘɘɋɖɓɡ ɖɆɗɕɖɋɊɋɑɋɓɎɥ Ɏ ɓɆɐɔɕɑɋɓɎɥ 
ɆəɐɗɎɓɆ Ɉ ɕɔɇɋɉɋ Ɏ ɐɔɖɓɋ; 

ȭɋɑɋɓɡɒ ɔɇɔɍɓɆɝɋɓɡ ɒɋɗɘɆ ɓɆɐɔɕɑɋɓɎɥ 
ɆəɐɗɎɓɆ 

H. Tanaka et al., 2006 

 

Friml et al., 2003 

 



ȻɎɒɎɝɋɗɐɎɋ ɗɘɖəɐɘəɖɡ ɈɋɟɋɗɘɈ, 
ɔɇɑɆɊɆɤɟɎɛ ɆɐɘɎɈɓɔɗɘɢɤ ɆəɐɗɎɓɆ: 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 Ben L. Pederson, 2007 

 



ȲɋɘɆɇɔɑɎɍɒ ɆəɐɗɎɓɆ: 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

Woodward and Bartel, 2005 

 

ȵɔɘɋɓɜɎɆɑɢɓɡɋ 
ɕəɘɎ ɇɎɔɗɎɓɘɋɍɆ 
ɆəɐɗɎɓɆ Ɉ ɐɑɋɘɐɋ 
ȦɖɆɇɎɊɔɕɗɎɗɆ. 

ȵəɘɎ ɇɎɔɗɎɓɘɋɍɆ de 
novo  ȮȹȰ Ɏɍ 
ɘɖɎɕɘɔɚɆɓɆ Ɏ ɋɉɔ 
ɕɖɋɊɞɋɗɘɈɋɓɓɎɐɔɈ 



ȰɔɓɠɤɉɆɜɎɥ ɆəɐɗɎɓɆ: 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

ȵɔɘɋɓɜɎɆɑɢɓɡɋ 
ɕəɘɎ ɒɋɘɆɇɔɑɎɍɒɆ 
ɆəɐɗɎɓɆ Ɉ ɐɑɋɘɐɋ  
ȦɖɆɇɎɊɔɕɗɎɗɆ. 

 

Woodward and Bartel, 2005 

 



ȷɘɖəɐɘəɖɓɆɥ ɒɔɊɋɑɢ ɉɋɓɓɔɏ ɗɋɘɎ 
ɒɋɘɆɇɔɑɎɍɒɆ ɆəɐɗɎɓɆ*: 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 
* -Ananko et al., 2005 

 



* ɜɎɘɔɕɑɆɍɒɆ 

* ɥɊɖɔ 

* ɐɑɋɘɔɝɓɆɥ 
ɒɋɒɇɖɆɓɆ 

* ɕɋɖɔɐɗɎɗɔɒɆ 

* Ƀȵȶ 

* ɛɑɔɖɔɕɑɆɗɘ * ɒɎɘɔɛɔɓɊɖɎɥ 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

ȷɘɖəɐɘəɖɓɆɥ ɒɔɊɋɑɢ ɉɋɓɓɔɏ ɗɋɘɎ 
ɒɋɘɆɇɔɑɎɍɒɆ ɆəɐɗɎɓɆ: 



ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

ȷɘɖəɐɘəɖɓɆɥ ɒɔɊɋɑɢ ɉɋɓɓɔɏ ɗɋɘɎ 
ɒɋɘɆɇɔɑɎɍɒɆ ɆəɐɗɎɓɆ: 



ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

ȶɋɊəɜɎɖɔɈɆɓɓɆɥ ɗɘɖəɐɘəɖɓɆɥ ɒɔɊɋɑɢ ɉɋɓɓɔɏ ɗɋɘɎ 
ɒɋɘɆɇɔɑɎɍɒɆ ɆəɐɗɎɓɆ: 



MGSgenerator:  ɇɑɔɐ ɆɈɘɔɒɆɘɎɝɋɗɐɔɏ 
ɐɔɓɈɋɖɘɆɜɎɎ ɚɔɖɒɆɘɆ ȩȷ Ɉ ɚɔɖɒɆɘ ɒɔɊɋɑɋɏ: 
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ʅʦʚʦʩʠʙʠʨʩʢ, 2008 



MGSmodeller: ȰɔɒɕɢɤɘɋɖɓɆɥ ɗɎɗɘɋɒɆ Ɋɑɥ 
ɐɔɓɗɘɖəɎɖɔɈɆɓɎɥ, ɖɆɗɝɋɘɆ Ɏ ɆɓɆɑɎɍɆ ɒɔɊɋɑɋɏ 

ɒɔɑɋɐəɑɥɖɓɔ-ɉɋɓɋɘɎɝɋɗɐɎɛ ɗɎɗɘɋɒ: 

 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 



ȶɋɍəɑɢɘɆɘɡ ɒɔɊɋɑɎɖɔɈɆɓɎɥ ɕɖɔɜɋɓɘɓɔɉɔ 
ɗɔɊɋɖɌɆɓɎɥ ɖɆɍɑɎɝɓɡɛ ɚɔɖɒ ɆəɐɗɎɓɆ Ɉ 

ɐɑɋɘɐɋ ɒɋɖɎɗɘɋɒɡ ɕɔɇɋɉɆ: 

ɺ ʢʣʝʪʢʘʭ ʧʦʙʝʛʘ ɸʨʘʙʠʜʦʧʩʠʩʘ, ʩʚʦʙʦʜʥʘʷ ʬʦʨʤʘ ʘʫʢʩʠʥʘ ʠ ʝʛʦ 

ʵʩʪʝʨʠʬʠʮʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʩʦʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ <1% ʠ 4% ʦʪ ʦʙʱʝʛʦ ʧʫʣʘ 

ʘʫʢʩʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʪʘʚʰʠʡʩʷ ʧʫʣ ʘʫʢʩʠʥʘ (95%) ʩʦʩʪʘʚʣʷʶʪ ʘʤʠʜʥʳʝ 

ʬʦʨʤʳ ʘʫʢʩʠʥʘ (Park et al., 2001). 
Karin Ljung, 2002 

ʈʘʩʯʸʪʳ ʤʦʜʝʣʠ: 

ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʘʫʢʩʠʥʘ (ʀʋʂ) 

ʚ ʢʣʝʪʢʝ: 

ʇʦ ʦʩʠ y-ʧʨʦʮʝʥʪʳ 

ʇʦ ʦʩʠ x-ʬʦʨʤʘ ʀʋʂ 

 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

ʀʋʂ_exp
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ʜʘʥʥʳʝ 



ȶɋɍəɑɢɘɆɘɡ ɒɔɊɋɑɎɖɔɈɆɓɎɥ ɊɎɓɆɒɎɐɎ ɎɍɒɋɓɋɓɎɥ 
ɐɔɓɜɋɓɘɖɆɜɎɎ ȮȹȰ Ɏ GH3 ɇɋɑɐɆ Ɉ ɐɑɋɘɐɋ  
Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɓɆɝɆɑɢɓɔɏ ɐɔɓɜɋɓɘɖɆɜɎɎ: 

ʈʘʩʯʸʪʳ ʤʦʜʝʣʠ: 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʀʋʂ ʠ GH3 

ʙʝʣʢʘ ʚ ʢʣʝʪʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ: 

ʇʦ ʦʩʠ y-ʢʦʥʮʝʥʪʨʘʮʠʷ ʀʋʂ ʠ 

GH3 ʙʝʣʢʘ 

ʇʦ ʦʩʠ x-ʚʨʝʤʷ ʨʘʩʯʸʪʘ 

 

 

ʌʝʨʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʝʘʢʮʠʠ ʢʦʥʲʶʛʘʮʠʠ ʀʋʂ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʢʦʜʠʨʫʶʪʩʷ ʙʝʣʢʘʤʠ 

ʩʝʤʝʡʩʪʚʘ GH3, ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪʩʷ ʘʫʢʩʠʥ ʠʥʜʫʮʠʨʫʝʤʳʤʠ ʛʝʥʘʤʠ. ʕʪʠ ʬʝʨʤʝʥʪʳ ʚʭʦʜʷʪ ʚ ʩʫʧʝʨʩʝʤʝʡʩʪʚʦ 

ʣʶʮʠʬʝʨʘʟ (Staswick et al., 2002). ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʘʫʢʩʠʥ ʙʳʩʪʨʦ ʠ ʤʠʤʦʣʸʪʥʦ ʠʥʜʫʮʠʨʫʝʪ ʥʘʢʘʧʣʠʚʘʥʠʝ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʪʨʸʭ ʩʝʤʝʡʩʪʚ ʪʨʘʥʩʢʨʠʧʪʦʚ: SMALL AUXIN -UP RNAs (SAURs), GH3-ʩʚʷʟʘʥʥʳʝ 

ʪʨʘʥʩʢʨʠʧʪʳ ʠ ʯʣʝʥʳ ʩʝʤʝʡʩʪʚʘ AUXIN/INDOLE -3-ACETIC ACID (Aux/IAA) .  

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 



ȶɋɍəɑɢɘɆɘɡ ɒɔɊɋɑɎɖɔɈɆɓɎɥ ɊɎɓɆɒɎɐɎ 
ɎɍɒɋɓɋɓɎɥ ɐɔɓɜɋɓɘɖɆɜɎɎ ȮȹȰ-ɆɑɆɓɎɓ Ɉ 
ɓɔɖɒɋ Ɏ ɕɖɎ ɒəɘɆɜɎɥɛ (trp2,trp3 ):  

ʈʘʩʯʸʪʳ ʤʦʜʝʣʠ 

ʢʘʯʝʩʪʚʝʥʥʦ 

ʩʦʚʧʘʜʘʶʪ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ

ʠ ʜʘʥʥʳʤʠ: 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʥʲʶʛʘʪʘ ʀʋʂ-

ʘʣʘʥʠʥ ʚ ʢʣʝʪʢʝ ʚ ʥʦʨʤʝ ʠ ʧʨʠ 

ʤʫʪʘʮʠʷʭ (trp2,trp3): 

ʇʦ ʦʩʠ y-ʢʦʥʮʝʥʪʨʘʮʠʷ ʀʋʂ-

ʘʣʘʥʠʥ 

ʇʦ ʦʩʠ x-ʚʨʝʤʷ ʨʘʩʯʸʪʘ 

 

 

ʄʫʪʘʥʪʳ ʘʨʘʙʠʜʦʧʩʠʩʘ trp3-1 ʠ trp2-1 ʠʤʝʶʪ ʥʘʨʫʰʝʥʠʷ ʚ Trp ʩʠʥʪʘʟʘʭ a and b, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Last et al., 

1991; Radwanski et al., 1996). ʄʫʪʘʥʪʳ ʜʘʥʥʳʭ ʪʠʧʦʚ ʥʘʢʘʧʣʠʚʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʜʥʳʭ ʬʦʨʤ ʘʫʢʩʠʥʘ 

(Normanly et al., 1993; Ouyang et al., 2000), ʥʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʪʨʠʧʪʦʬʘʥʘ (Muller and Weiler, 

2000a; Ouyang et al., 2000)éʚ ʢʫʢʫʨʫʟʝ, ʦʜʥʘʢʦ, Trp ʩʠʥʪʘʟʘ a ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʙʝʟ b ʩʫʙʲʝʜʠʥʠʮʳ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʠʟʚʦʜʠʪʴ ʠʥʜʦʣ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʳʝ çʟʘʱʠʪʥʳʝè ʚʝʱʝʩʪʚʘ (Frey et al., 

1997, 2000; Melanson et al., 1997) ʠʣʠ, ʚʦʟʤʦʞʥʦ, ʚ ʘʫʢʩʠʥ. 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 
* -  A.W. Woodward and B.Bartel. Auxin: Regulation, Action, and Interaction. 

Annals of Botany, 95: 707ï735, 2005 

 



ɃɒɇɖɎɔɓɆɑɢɓɔɋ ɖɆɍɈɎɘɎɋ 
ɒɋɖɎɗɘɋɒɡ ɕɔɇɋɉɆ Arabidopsis Thaliana  

ʆʙʣʘʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

-  ȰɑɋɘɐɎ 
ɕɖɔɒɋɖɎɗɘɋɒɡ 

-ȰɑɋɘɐɎ 
ɣɕɎɊɋɖɒɎɗɆ 

-ȰɑɋɘɐɎ 
ɗəɗɕɋɓɍɔɖɆ 

-ȪɎɚɚɋɖɋɓ-
ɜɎɖɔɈɆɓɓɡɋ                     
ɐɑɋɘɐɎ 



ȶɆɍɖɆɇɔɘɐɆ ɕɖɔɗɘɖɆɓɗɘɈɋɓɓɔ ï 
ɖɆɗɕɖɋɊɋɑɦɓɓɔɏ ɒɔɊɋɑɎ: 

ȴɗɓɔɈɓɡɋ ɕɖɎɓɜɎɕɡ: 
Ä ȰɑɋɘɐɎ ɆɈɘɔɒɆɘɆ ɒɔɉəɘ 
ɔɇɒɋɓɎɈɆɘɢɗɥ ɛɎɒɎɝɋɗɐɎɒɎ 
ɗɎɉɓɆɑɆɒɎ. ȧɡɑɔ ɈɡɇɖɆɓɆ 3 ɘɎɕɆ 
ɗɎɉɓɆɑɔɈ ɎɒɋɤɟɎɛ ɇɎɔɑɔɉɎɝɋɗɐɎɏ 
ɗɒɡɗɑ:  

ɗɘɈɔɑɔɈɔɏ ɗɎɉɓɆɑ (SS);  
ɗɎɉɓɆɑ ɊɎɚɚɋɖɋɓɜɎɖɔɈɐɎ (SD) ;  
ɇɆɍɆɑɢɓɡɏ ɗɎɉɓɆɑ (BS) ;  

Ä Ȩɗɋ ɐɑɋɘɐɎ ɖɆɍɊɋɑɋɓɡ ɓɆ ɓɋɗɐɔɑɢɐɔ 
ɘɎɕɔɈ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɘɎɕɆ 
ɕɖɔɊəɜɎɖəɋɒɔɉɔ ɎɒɎ ɗɎɉɓɆɑɆ, 
ɕɖɎɝɋɒ ɐɑɋɘɐɎ ɒɔɉəɘ ɒɋɓɥɘɢ ɗɈɔɏ 
ɘɎɕ;  

Ä ȸɎɕ ɐɑɋɘɐɎ Ɏ ɕɖɔɊɔɑɌɎɘɋɑɢɓɔɗɘɢ 
ɐɑɋɘɔɝɓɔɉɔ ɜɎɐɑɆ ɍɆɈɎɗɥɘ ɔɘ 
ɑɔɐɆɑɢɓɔɏ ɐɔɓɜɋɓɘɖɆɜɎɎ ɗɎɉɓɆɑɔɈ;  

Ä ȳɆɕɖɆɈɑɋɓɎɥ ɊɋɑɋɓɎɥ ɍɆɈɎɗɥɘ ɔɘ 
ɉɖɆɊɎɋɓɘɔɈ ɖɆɗɕɖɋɊɋɑɋɓɎɥ 
ɗɎɉɓɆɑɔɈ. 
 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

ȷɋɖɊɋɝɐɔɈɎɊɓɆɥ 
ɗɘɆɊɎɥ ɖɆɍɈɎɘɎɥ 
ɒɋɖɎɗɘɋɒɡ ɕɔɇɋɉɆ 

(Friml et al.,2003)  



ȸɎɕɡ ɐɑɋɘɔɐ ɆɈɘɔɒɆɘɆ: 

Ä ȵɖɔɒɋɖɎɗɘɋɒ -  ɐɑɋɘɐɎ ɒɋɖɎɗɘɋɒɡ ɍɆɖɔɊɡɞɆ. ɃɘɎ ɐɑɋɘɐɎ 
ɕɖɔɊəɜɎɖəɤɘ SS Ɏ ɓɆɛɔɊɥɘɗɥ Ɉ Ɉɋɖɛɓɋɏ ɝɆɗɘɎ ɍɆɖɔɊɡɞɆ. Ȩ ɕɖɔɜɋɗɗɋ 
ɖɆɍɈɎɘɎɥ ɣɘɎ ɐɑɋɘɐɎ ɕɋɖɋɛɔɊɥɘ Ɉ ɐɑɋɘɐɎ ɘɎɕɆ ȱ2ɒɋɖɎɗɘɋɒɎ 
ȱ3ɒɋɖɎɗɘɋɒ. 

Ä ȱ2ɒɋɖɎɗɘɋɒ -  ɐɑɋɘɐɎ ɒɋɖɎɗɘɋɒɡ, ɓɆɛɔɊɥɟɎɋɗɥ Ɉɔ Ɉɘɔɖɔɒ ɗɑɔɋ 
(ɗɝɎɘɆɥ ɔɘ ɣɕɎɊɋɖɒɆɑɢɓɔɉɔ ɗɑɔɥ) Ɉɋɖɛɓɋɏ ɝɆɗɘɎ ɍɆɖɔɊɡɞɆ. ɃɘɎ 
ɐɑɋɘɐɎ ɕɖɔɊəɜɎɖəɤɘ SS. 

Ä ȱ3ɒɋɖɎɗɘɋɒ -  ɐɑɋɘɐɎ, ɓɆɛɔɊɥɟɎɋɗɥ ɓɆ ɗɑɔɏ ɓɎɌɋ ɐɑɋɘɔɐ ɘɎɕɆ 
ȱ2ɒɋɖɎɗɘɋɒ. ȸɆɐ Ɍɋ ɕɖɔɊəɜɎɖəɤɘ SS. 

Ä ȸɖɆɓɍɎɘɓɡɋ -  ɐɑɋɘɐɎ, ɓɆɛɔɊɥɟɎɋɗɥ ɈɇɑɎɍɎ ɒɋɖɎɗɘɋɒɡ. ȴɓɎ ɘɆɐ Ɍɋ 
ɕɖɔɊəɜɎɖəɤɘ ɓɎɍɐɎɏ SD , ɓɔ Ɏɒɋɤɘ ɗɆɒɡɏ ɈɡɗɔɐɎɏ ɘɋɒɕ ɊɋɑɋɓɎɥ. 

Ä ȱɆɘɋɖɆɑɢɓɡɋ -  ɐɑɋɘɐɎ ɣɘɔɉɔ ɘɎɕɆ ɎɒɎɘɎɖəɤɘ 
çɊɎɚɚɋɖɋɓɜɎɖɔɈɆɓɓɡɋè ɐɑɋɘɐɎ, ɐɔɘɔɖɡɋ ɕɖɔɊəɜɎɖəɤɘ SD . 

Ä ȷəɗɕɋɓɍɔɖɓɡɋ -  ɐɑɋɘɐɎ ɗəɗɕɋɓɍɔɖɆ. ɃɘɎ ɐɑɋɘɐɎ ɕɖɔɊəɜɎɖəɤɘ BS  Ɏ 
ɖɆɗɕɔɑɆɉɆɤɘɗɥ Ɉ ɓɎɌɓɋɏ ɝɆɗɘɎ ɍɆɖɔɊɡɞɆ. Ȩ ɒɔɊɋɑɎ Ɏɛ ɈɗɋɉɊɆ ɊɈɋ. 
 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 



Ä Type ï ʪʠʧ ʢʣʝʪʢʠ 

Ä BS0, SS0, SD0 ï ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ 
ʧʨʦʜʫʮʠʨʫʝʤʳʭ ʜʘʥʥʦʡ ʢʣʝʪʢʦʡ. 

Ä BS, SS, SD ï ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʩ ʫʯʝʪʦʤ 
ʚʣʠʷʥʠʷ ʚʩʝʡ ʪʢʘʥʠ. 

Ä K ï ʦʪʥʦʰʝʥʠʝ ʩʪʚʦʣʦʚʦʛʦ ʩʠʛʥʘʣʘ ʢ 
ʩʠʛʥʘʣʫ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, 
 K=SS/SD. 

Ä T ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʣʝʪʦʯʥʦʛʦ 
ʮʠʢʣʘ, T=T(K). 

Ä Tp ï ʚʦʟʨʘʩʪ ʢʣʝʪʢʠ ʩʯʠʪʘʷ ʦʪ 
ʧʦʩʣʝʜʥʝʛʦ ʜʝʣʝʥʠʷ. 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

ȨɓəɘɖɋɓɓɎɋ ɕɆɖɆɒɋɘɖɡ çɐɑɋɘɐɎè ɒɔɊɋɑɎ: 
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ȭɓɆɝɋɓɎɋ ɔɘɓɔɞɋɓɎɥ ɐɔɓɜɋɓɘɖɆɜɎɏ ɜɎɘɔɐɎɓɎɓɆ Ɏ ɆəɐɗɎɓɆ Ɉ ɐɑɋɘɐɋ 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

ȸɋɒɕɡ ɊɋɑɋɓɎɏ  
ɐɑɋɘɔɐ ɒɋɖɎɗɘɋɒɡ ɕɔɇɋɉɆ:  

ȵɖɔɒɋɖɎɗɘɋɒ 

ȱ2ȲɋɖɎɗɘɋɒ 

ȱ3ȲɋɖɎɗɘɋɒ 

ȸɖɆɓɍɎɘɓɡɋ 

ȱɆɘɋɖɆɑɢɓɡɋ 



ȨɍɆɎɒɔɊɋɏɗɘɈɎɋ çɐɑɋɘɔɐè ɒɔɊɋɑɎ: 

ÄȩɑɔɇɆɑɢɓɔɋ 
ɈɍɆɎɒɔɊɋɏɗɘɈɎɋ 

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

      ȷəɒɒɆɖɓɔɋ ɈɑɎɥɓɎɋ ɓɆ ɐɑɋɘɐə ɗ ɐɔɔɖɊɎɓɆɘɔɏ (i,  j)  ɋɗɘɢ 
ɗəɒɒɆ ɕɖɔɊəɜɎɖəɋɒɡɛ ɗɎɉɓɆɑɔɈ ɕɔ Ɉɗɋɒ ɐɑɋɘɐɆɒ ɘɐɆɓɎ ɗ 
ɈɋɗɆɒɎ ɣɐɗɕɔɓɋɓɜɎɆɑɢɓɔ əɇɡɈɆɤɟɎɒɎ ɔɘ ɖɆɗɗɘɔɥɓɎɥ 
ɒɋɌɊə ɐɑɋɘɐɆɒɎ. 

BR

n

km

B

ijij eBSBS 0

SR

n

km

S

ijij eSSSS 0

DR

n

km

D

ijij eSDSD 0

n=|i - k| + |j - m| 



Stem signal 

Differentiation signal 

Basal signal 

ȨɎɍəɆɑɎɍɆɜɎɥ ɒɔɊɋɑɎ  
ɐɑɋɘɔɝɓɔɉɔ ɆɈɘɔɒɆɘɆ:  

ʅʦʚʦʩʠʙʠʨʩʢ, 2008 

http://www.mpimp-golm.mpg.de/arabidopsis/grown-plant-e.html


ȶɋɍəɑɢɘɆɘɡ ɒɔɊɋɑɎɖɔɈɆɓɎɥ.  
ȳɔɖɒɆɑɢɓɔɋ ɖɆɍɈɎɘɎɋ ɍɆɖɔɊɡɞɆ: 

I II III

IV

I II III

IV
I -16  ɐɑɋɘɔɝɓɡɏ ɣɒɇɖɎɔɓ (      -  ɃɕɎɊ.,      -  ȵɖɔɒɋɖɎɗɘɋɒ,      -  
ȱɆɘɋɖɆɑ. ,       -  ȷəɗɕɋɓɍ.) ;  II -ɉɑɔɇəɑɥɖɓɆɥ ɗɘɆɊɎɥ (ɓɋɘ ɓɔɈɡɛ 
ɐɑɋɘɔɝɓɡɛ ɘɎɕɔɈ),  III -ɗɋɖɊɋɝɐɔɈɎɊɓɆɥ ɗɘɆɊɎɥ (    -  ȸɖɆɓɍ.),  IV -  
ɘɔɖɕɋɊɓɆɥ ɗɘɆɊɎɥ (      -ȱ2ȲɋɖɎɗɘɋɒ,      -  ȱ3ȲɋɖɎɗɘɋɒ) ;  
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-  ȰɑɋɘɐɎ 
ɕɖɔɒɋɖɎɗɘɋɒɡ 

-ȰɑɋɘɐɎ 
ɣɕɎɊɋɖɒɎɗɆ -ȪɎɚɚɋɖɋɓ-

ɜɎɖɔɈɆɓɓɡɋ                     
ɐɑɋɘɐɎ 

-ȰɑɋɘɐɎ 
ɗəɗɕɋɓɍɔɖɆ 



 Sharma V.K. and Fletcher J.C. (2003). Maintenance of Shoot and Floral Meristem Cell Proliferation and Fate. PNAS. 100. 11823- 11829.  

Aida M., Ishida T., Tasaka M. (1999). Shoot apical meristem and cotyledon formation during Arabidopsis embryogenesis: 

Interaction among the CUP-SHAPED COTYLEDON and SHOOT MERISTEMLESS genes. Development. 119. 823ï831  

ȶɋɍəɑɢɘɆɘɡ ɒɔɊɋɑɎɖɔɈɆɓɎɥ.  
ȲəɘɆɓɘɓɔɋ ɖɆɍɈɎɘɎɋ ɍɆɖɔɊɡɞɆ: 

Ȯɍ ɣɐɗɕɋɖɎɒɋɓɘɆ 

ȶɆɗɝɦɘ ɒɔɊɋɑɎ 

B 

ȶɆɗɝɦɘ ɒɔɊɋɑɎ 

Ȯɍ ɣɐɗɕɋɖɎɒɋɓɘɆ 

A B 

I -16  ɐɑɋɘɔɝɓɡɏ ɣɒɇɖɎɔɓ (      -  ɃɕɎɊ.,      -  ȵɖɔɒɋɖɎɗɘɋɒ,      -  
ȱɆɘɋɖɆɑ. ,       -  ȷəɗɕɋɓɍ.) ;  II -ɉɑɔɇəɑɥɖɓɆɥ ɗɘɆɊɎɥ (ɓɋɘ ɓɔɈɡɛ 
ɐɑɋɘɔɝɓɡɛ ɘɎɕɔɈ),  III -ɗɋɖɊɋɝɐɔɈɎɊɓɆɥ ɗɘɆɊɎɥ (    -  ȸɖɆɓɍ.),  IV -  
ɘɔɖɕɋɊɓɆɥ ɗɘɆɊɎɥ (      -ȱ2ȲɋɖɎɗɘɋɒ,      -  ȱ3ȲɋɖɎɗɘɋɒ) ;  
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ɒəɘɆɜɎɥ II ɈɎɊɆɒ: 

ȲɔɊɋɑɢ: ɕɔɖɔɉɔɈɔɋ ɍɓɆɝɋɓɎɋ ɕɆɖɆɒɋɘɖɆ Ȱ ə Promeristem ( ɒɋɓɢɞɋ) 

ȴɖɉɆɓɎɍɒ: clv3 -2  

ɒəɘɆɜɎɥ I ɈɎɊɆ: 

ȲɔɊɋɑɢ: ɝəɈɗɘɈɎɘɋɑɢɓɔɗɘɢ Promeristem ɐ Signal of Differentiation  (ɇɔɑɢɞɋ), ɝəɈɗɘɈɎɘɋɑɢɓɔɗɘɢ L2, L3 
ɐ Stem Signal  (ɒɋɓɢɞɋ) 

ȴɖɉɆɓɎɍɒ: cuc1 cuc2  



ȦɓɆɑɎɍ ɝəɈɗɘɈɎɘɋɑɢɓɔɗɘɎ ɒɔɊɋɑɎ ɐ 
ɕɆɖɆɒɋɘɖɆɒ ɘɖɆɓɗɕɔɖɘɆ Ɏ ɗɎɓɘɋɍɆ SD 

(ɗɎɉɓɆɑɆ ɊɎɚɚɋɖɋɓɜɎɖɔɈɐɎ):  

ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩʠʥʪʝʟʘ SD (differentiation signal) ʥʘ ʵʚʦʣʶʮʠʶ ʢʣʝʪʦʯʥʦʛʦ 

ʘʚʪʦʤʘʪʘ (* - ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ) 
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ȦɓɆɑɎɍ ɝəɈɗɘɈɎɘɋɑɢɓɔɗɘɎ ɒɔɊɋɑɎ ɐ 
ɕɆɖɆɒɋɘɖɆɒ ɘɖɆɓɗɕɔɖɘɆ Ɏ ɗɎɓɘɋɍɆ SD 

(ɗɎɉɓɆɑɆ ɊɎɚɚɋɖɋɓɜɎɖɔɈɐɎ):  

ȳɔɖɒɆɑɢɓɔɋ 
ɖɆɍɈɎɘɎɋ 

ȲəɘɆɜɎɥ II ɘɎɕɆ 

ȲəɘɆɜɎɥ I ɘɎɕɆ 

ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ ʪʨʘʥʩʧʦʨʪʘ SD (differentiation signal) ʥʘ ʵʚʦʣʶʮʠʶ ʢʣʝʪʦʯʥʦʛʦ 

ʘʚʪʦʤʘʪʘ (*  - ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ). 

 

ɺ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ɸʄʇ 
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ʇʘʨʘʤʝʪʨ ʪʨʘʥʩʧʦʨʪʘ ʩʠʛʥʘʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ* 

ʂʦʣ-ʚʦ 

ʢʣʝʪʦʢ 



ȶɆɗɕɖɋɊɋɑɋɓɎɋ ɕɆɘɘɋɖɓɔɈ ɆəɐɗɎɓɆ 
 Ɉ ɖɆɍɈɎɈɆɤɟɋɏɗɥ ɆɕɎɐɆɑɢɓɔɏ 

ɒɋɖɎɗɘɋɒɋ ɕɔɇɋɉɆ: 

ȮɒɒəɓɓɆɥ ɑɔɐɆɑɎɍɆɜɎɥ ɇɋɑɐɔɈ PIN1 Ɉ 
ɣɒɇɖɎɔɓɋ:  ɔɐɖɆɞɋɓɆ ɕɔɑɥɖɓɔɋ 
ɖɆɗɕɔɑɔɌɋɓɎɋ PIN1 Ɉ ɊɎɐɔɒ ɘɎɕɋ 
(Michniewicz  M. et  al .,  2007 )  

ȶɆɗɕɖɋɊɋɑɋɓɎɋ ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ 
ɒɆɐɗɎɒəɒɆ ɆəɐɗɎɓɆ, 
ɕɔɑəɝɋɓɓɔɋ ɗ ɕɔɒɔɟɢɤ ɒɔɊɋɑɎ 
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ȶɆɗɕɖɋɊɋɑɋɓɎɋ ɕɆɘɘɋɖɓɔɈ ɆəɐɗɎɓɆ 
 Ɉ ɖɆɍɈɎɈɆɤɟɋɏɗɥ ɆɕɎɐɆɑɢɓɔɏ 

ɒɋɖɎɗɘɋɒɋ ɕɔɇɋɉɆ: 

ȵɔɑɥɖɓɆɥ ɑɔɐɆɑɎɍɆɜɎɥ ɇɋɑɐɔɈ PIN1 
ɓɆ ɇɔɑɋɋ ɕɔɍɊɓɋɏ ɗɘɆɊɎɎ ɖɆɍɈɎɘɎɥ 
(Steinmann  T. et al., 1999)  

ȶɆɗɕɖɋɊɋɑɋɓɎɋ ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ 
ɒɆɐɗɎɒəɒɆ ɆəɐɗɎɓɆ, 
ɕɔɑəɝɋɓɓɔɋ ɗ ɕɔɒɔɟɢɤ ɒɔɊɋɑɎ 
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Å ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʚʝʡʝʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʛʝʥʥʳʭ ʩʝʪʝʡ, ʚʢʣʶʯʘʶʱʘʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:     

 1) ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʙʘʟʳ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʜʩʠʩʪʝʤ 

ʛʝʥʥʦʡ ʩʝʪʠ; 2) ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʛʝʥʥʦʡ ʩʝʪʠ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʝ MGSmodeller. 

 

Å ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʛʝʥʥʦʡ ʩʝʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʘʫʢʩʠʥʘ 

ʚ ʢʣʝʪʢʝ ʧʦʙʝʛʘ Arabidopsis thaliana. ɻʝʥʥʘʷ ʩʝʪʴ ʩʦʜʝʨʞʠʪ 235 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ, ʦʙʲʝʜʠʥʷʶʱʠʭ 162 ʦʙʲʝʢʪʘ: 62 

ʛʝʥʘ, 56 ʤʈʅʂ ʠ 44 ʙʝʣʢʘ. ɺʩʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʩʝʤʠ ʢʦʤʧʘʨʪʤʝʥʪʘʤ. ʃʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʦʜʝʣʠ ʛʝʥʥʦʡ 

ʩʝʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ ʩʠʩʪʝʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʛʦʤʝʦʩʪʘʟ, ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʚ ʥʝʡ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʠ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʧʫʪʝʡ ʙʠʦʩʠʥʪʝʟʘ ʠ ʢʦʥʲʶʛʘʮʠʠ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʘʫʢʩʠʥʘ). ɼʘʥʥʳʡ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʸʥ ʯʠʩʣʝʥʥʳʤ 

ʘʥʘʣʠʟʦʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ȨɡɈɔɊɡ: 

http://www.mpimp-golm.mpg.de/arabidopsis/grown-plant-e.html
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Å ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʙʘʟʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʦʜʩʠʩʪʝʤ ʛʝʥʥʦʡ ʩʝʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʘʫʢʩʠʥʘ ʜʦʧʦʣʥʝʥʘ ʤʦʜʝʣʷʤʠ, 

ʦʧʠʩʳʚʘʶʱʠʤʠ ʧʦʜʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʘ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ ʤʝʞʜʫ 

ʢʦʤʧʘʨʪʤʝʥʪʘʤʠ ʢʣʝʪʢʠ. ɼʣ ̫ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʜʩʠʩʪʝʤ ʠ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʦʜʦʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʘʜʝʢʚʘʪʥʦ ʚʦʧʨʦʠʟʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ: ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʝʥʥʦʡ ʩʝʪʠ; ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʣʝʪʢʝ 

ʩʚʦʙʦʜʥʦʡ ʬʦʨʤʳ ʘʫʢʩʠʥʘ, ʝʛʦ ʵʩʪʝʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠ ʘʤʠʜʥʳʭ ʬʦʨʤ (<1% ʠ 

4%, 95% ʦʪ ʦʙʱʝʛʦ ʧʫʣʘ ʘʫʢʩʠʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); ʥʘʨʘʙʦʪʢʫ ʘʤʠʜʥʳʭ ʬʦʨʤ 

ʘʫʢʩʠʥʘ ʚ ʤʫʪʘʥʪʘʭ Arabidopsis thaliana trp3-1 ʠ trp2-1, ʠʤʝʶʱʠʝ ʥʘʨʫʰʝʥʠʷ ʚ 

ʪʨʠʧʪʦʬʘʥ ʩʠʥʪʘʟʘʭ Ŭ ʠ ɓ. 

Å ʂʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʫʢʩʠʥʘ ʠ ʧʨʦʜʫʢʪʘ GH3 ʪʨʘʥʩʢʨʠʧʪʦʚ ʚ 

ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʦʠʩʭʦʜʠʪ 

ʙʳʩʪʨʘʷ ʘʢʪʠʚʘʮʠʷ ʘʫʢʩʠʥʦʤ ʥʘʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ GH3 ʪʨʘʥʩʢʨʠʧʪʦʚ, ʢʦʪʦʨʳʡ 

ʦʩʣʘʙʣʷʝʪ ʩʠʛʥʘʣ ʘʫʢʩʠʥʘ ʠʥʘʢʪʠʚʘʮʠʝʡ ʘʫʢʩʠʥʘ ʯʝʨʝʟ ʢʦʥʲʶʛʘʮʠʶ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʳʩʪʨʳʭ ʧʨʦʮʝʩʩʘʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ 

ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʫʢʩʠʥʘ ʚ ʢʣʝʪʢʝ. 

 

 

 

ȨɡɈɔɊɡ: 

http://www.mpimp-golm.mpg.de/arabidopsis/grown-plant-e.html
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Å     ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
ʨʘʟʚʠʪʠʷ ʤʝʨʠʩʪʝʤʳ ʧʦʙʝʛʘ Arabidopsis thaliana. ɼʣ ̫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-
ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʤʦʜʝʣʠ ʧʦʜʦʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ 
ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
ʜʘʥʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ: ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʘʫʢʩʠʥʘ ʚ 
ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʘʧʠʢʘʣʴʥʦʡ ʤʝʨʠʩʪʝʤʳ ʧʦʙʝʛʘ; ʨʝʞʠʤʳ ʥʦʨʤʘʣʴʥʦʛʦ ʠ 
ʘʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʨʠʩʪʝʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʘʢʠʤ ʬʝʥʦʪʠʧʘʤ ʢʘʢ 
ʜʠʢʠʡ ʪʠʧ ʠ ʤʫʪʘʥʪʘʤ cuc1 cuc2 ʠ clv3-2. ʀʟ ʤʦʜʝʣʠ ʧʨʝʜʩʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ 
ʜʨʫʛʠʭ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʘʧʠʢʘʣʴʥʦʡ ʤʝʨʠʩʪʝʤʳ 
ʧʦʙʝʛʘ. 
 
Å     ɸʥʘʣʠʟ ʤʦʜʝʣʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʤʝʨʠʩʪʝʤʳ ʧʦʙʝʛʘ Arabidopsis 
thaliana    ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʧʨʦʮʝʩʩʦʚ: ʥʝʥʘʧʨʘʚʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʩʠʛʥʘʣʘ 
ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ ʘʥʠʟʦʪʨʦʧʥʦʡ ʜʠʬʬʫʟʠʠ ʙʘʟʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. ʂʨʦʤʝ 
ʪʦʛʦ, ʨʘʟʚʠʪʠʝ ʘʧʠʢʘʣʴʥʦʡ ʤʝʨʠʩʪʝʤʳ ʧʦʙʝʛʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʪʨʘʥʩʧʦʨʪʦʤ ʩʠʛʥʘʣʦʚ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʠʭ ʩʠʥʪʝʟʦʤ. 
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