




ʂʦʩʤʠʯʝʩʢʘʷ ʦʨʘʥʞʝʨʝʷ  

çʌʠʪʦʮʠʢʣ ʉɼè 

ʉʦʚʤʝʩʪʥʦ ʩ ɻʅʎ ʈʌ ï ʀʥʩʪʠʪʫʪʦʤ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʙʣʝʤ ʈɸʅ 

ʅʘʟʝʤʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤʳ çʄʘʨʩ-500è 



ʌʦʪʦʨʝʮʝʧʮʠʷ ʫ ʨʘʩʪʝʥʠʡ 

 

ʬʦʪʦʪʨʦʧʠʥʳ 
ʢʨʠʧʪʦʭʨʦʤʳ 

ʬʠʪʦʭʨʦʤʳ ? 

ʋʌ-ɺ ʋʌ-ɸ 

ʩʠʥʠʡ 
ʢʨʘʩʥʳʡ ʠ 

ʜʘʣʴʥʠʡ 

ʢʨʘʩʥʳʡ 



 

ʌʦʪʦʨʝʮʝʧʮʠʷ ʫ ʨʘʩʪʝʥʠʡ 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʪʝʥʠʡ ʩ 

ʬʘʢʪʦʨʘʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ: 

ʌʦʪʦʤʦʨʬʦʛʝʥʝʟ  
 

ʈʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ 



 

ʌʦʪʦʜʚʠʞʝʥʠʷ 

 

 

 

ɼʝ-ʵʪʠʦʣʷʮʠʷ 

 

ʇʨʦʨʘʩʪʘʥʠʝ 

ʩʝʤʷʥ 

 
 

 

 

  

ʀʟʙʝʛʘʥʠʝ 

ʪʝʥʠ 

ʀʥʜʫʢʮʠʷ 

ʮʚʝʪʝʥʠʷ 

ʌʦʪʦʧʝʨʠʦʜʠʟʤ 

ʌʦʪʦʤʦʨʬʦʛʝʥʝʟ 



 

  

 

ʌʦʪʦʨʝʮʝʧʪʦʨʳ ʦʪʚʝʯʘʶʪ ʟʘ ʤʥʦʛʦʝé 

ȶɋɆɐɜɎɥ ɚɔɘɔɘɖɔɕɎɍɒɆ 

ȪɈɎɌɋɓɎɋ ɛɑɔɖɔɕɑɆɗɘɔɈ 

ȼɎɖɐɆɊɓɡɋ ɖɎɘɒɡ: 

ɔɘɐɖɡɘɎɋ əɗɘɢɎɜ 

çɗɔɓɓɡɋè ɊɈɎɌɋɓɎɥ ɑɎɗɘɢɋɈ ɕɖɎ ɕɋɖɋɛɔɊɋ  

    çɐɔ Ɋɓɤè 

 
ɼʝʵʪʠʦʣʷʮʠʶ ʫ ʧʨʦʨʦʩʪʢʦʚ  

ȸɔɖɒɔɌɋɓɎɋ ɖɔɗɘɆ ɕɔɇɋɉɆ ɖɆɗɘɥɌɋɓɎɋɒ 

ȶɆɗɐɖɡɘɎɋ ɗɋɒɥɊɔɑɋɏ 

ȺɔɖɒɎɖɔɈɆɓɎɋ ɑɎɗɘɢɋɈ 

ȷɎɓɘɋɍ ɛɑɔɖɔɚɎɑɑɆ 

ȷɎɓɘɋɍ ɐɆɖɔɘɎɓɔɎɊɔɈ 

ȷɎɓɘɋɍ ɇɋɑɐɔɈ ȷȷȰ 

ȷɎɓɘɋɍ ȶəɇɎɗɐɔ 
 

 

ȷɎɓɘɋɍ ɚɑɆɈɔɓɔɎɊɔɈ Ɏ ɆɓɘɔɜɎɆɓɔɈ 

 

     ȷɎɗɘɋɒɆ ɐɖɎɕɘɔɛɖɔɒɆ  

     ɈɐɑɤɝɋɓɆ Ɉ ɖɋɉəɑɥɜɎɤ ɜɈɋɘɋɓɎɥ 



  

ʉʚʝʪʦʟʘʚʠʩʠʤʦʝ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ 

Á  ʄʝʣʢʠʝ ʩʝʤʝʥʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʤʘʣʦ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʝ 

ʤʦʛʫʪ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʦʣʦʜʦʝ 

ʨʘʩʪʝʥʠʝ. ʀʭ ʧʨʦʨʘʩʪʘʥʠʝ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʬʠʪʦʭʨʦʤʦʤ. 

Á  ʂʨʫʧʥʳʝ ʩʝʤʝʥʘ 

ʤʦʛʫʪ ʜʦʣʛʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʛʝʪʝʨʦʪʨʦʬʥʦʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʦʨʦʩʪʢʘ. 

ʀʭ ʧʨʦʨʘʩʪʘʥʠʝ, ʦʙʳʯʥʦ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

Lactuca sativa 

 



 
Áʊʝʤʥʦʪʘ 

Áɼʂ 

Áʂ-ɼʂ 

Áʂ-ɼʂ-ʂ-ɼʂ 

Áʠ ʪ.ʜ. 

Áʂ 

Áʂ-ɼʂ-ʂ 

Áɼʂ-ʂ-ɼʂ-ʂ 

Áʂ-ɼʂ-ʂ-ɼʂ-ʂ 

Áʠ ʪ.ʜ. 



 

ʌʠʪʦʭʨʦʤ ð ʨʝʮʝʧʪʦʨ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ 

1. ɕɖɔɖɆɗɘɆɓɎɋ ɗɋɒɥɓ 
 (c XIX Ɉ., Borthwick, Hendriks (1950 -e)  

2. ɊɋɣɘɎɔɑɥɜɎɥ  
  (ɎɓɉɎɇɎɖɔɈɆɓɎɋ əɊɑɎɓɋɓɎɥ ɉɎɕɔ- 
   /ɣɕɎɐɔɘɎɑɥ, ɖɆɗɐɖɡɘɎɋ ɗɋɒɥɊɔɑɋɏ,  
   ɗɎɓɘɋɍ ɛɑɔɖɔɚɎɑɑɆ, ɆɓɘɔɜɎɆɓɔɈ,  
   ɖɆɍɈɎɘɎɋ ɛɑɔɖɔɕɑɆɗɘɔɈ) 

3. ɎɍɇɋɉɆɓɎɋ ɘɋɓɎ 

4. ɕɋɖɋɛɔɊ ɐ ɜɈɋɘɋɓɎɤ  
(Garner, Allard (1920 -e),  
Flint, MacAlister(1935))  

ʂ

ʂɼʂʂɼʂ

ʂɼʂʂ

ʂ ɼʂ

ʂɼʂ

1.         2.            4.  
ʦʪ ʛʨʝʯ. űɡŰɧ ï ʨʘʩʪʝʥʠʝ ʠ 

ɢɟɩɛŬ ï ʢʨʘʩʠʪʝʣʴ, ʧʠʛʤʝʥʪ.  



 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ  ʬʠʪʦʭʨʦʤʥʦʡ ʩʠʩʪʝʤʳ 
  

680 700 

 



 

ʌʦʪʦʢʦʥʚʝʨʩʠʷ ʬʠʪʦʭʨʦʤʘ ð cis-trans ʠʟʦʤʝʨʠʟʘʮʠʷ  

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ 

Pr (cis-ʠʟʦʤʝʨ) Pfr (trans-ʠʟʦʤʝʨ) 

 
 

ʂʉ 

ɼʂʉ  

  

 

ʜʝʩʪʨʫʢʮʠʷ 
ʯʝʨʝʟ ʧʨʦʪʝʘʩʦʤʥʫʶ  

ʩʠʩʪʝʤʫ 

ʦʪʚʝʪ 

ʩʠʥʪʝʟ 
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ʜʝʛʨʘʜʘʮʠ̫ 

(ʜʣ̫ phyA)

ʪʨʘʥʩʧʦʨʪ 

ʚ ̫ʜʨʦ

 

 

 

 

ʪʝʤʥʦʪʘ 

 

 

ʂʉ 

ɼʂʉ 
ʠʣʠ  

ʪʝʤʥʦʪʘ  

ʩʭʝʤʘ  

ʠʟʤʝʥʝʥʠʷ  

ʢʦʥʬʦʨʤʘʮʠʠ  

ʭʨʦʤʦʬʦʨʘ 

ʩʭʝʤʘ  

ʠʟʤʝʥʝʥʠʷ  

ʢʦʥʬʦʨʤʘʮʠʠ  

ʘʧʦʧʨʦʪʝʠʥʘ 

ms 

ms 

Pr         Pfr  



ȵəɘɎ ɕɋɖɋɊɆɝɎ ɗɎɉɓɆɑɆ ɔɘ ɚɎɘɔɛɖɔɒɆ: 
ɗɈɋɘɔɍɆɈɎɗɎɒɡɏ ɘɖɆɓɗɕɔɖɘ Ɉ ɥɊɖɔ 

Ȱ/ȪȰ-ɔɇɖɆɘɎɒɡɏ ɘɖɆɓɗɕɔɖɘ phyB -GFP Ɉ ɥɊɖɔ 
(ɣɘɎɔɑɎɖɔɈɆɓɓɡɋ ɉɎɕɔɐɔɘɎɑɎ ɘɆɇɆɐɆ). 
el ï ɣɘɎɔɕɑɆɗɘɡ; ɕəɓɐɘɎɖɔɒ ɔɇɈɋɊɋɓɔ ɥɊɖɔ 

 
ȷ ï Ɉ ɘɋɒɓɔɘɋ 
D ï ɕɔɗɑɋ ɎɒɕəɑɢɗɔɈ Ȱȷ 
E ï ɕɔɗɑɋ ɎɒɕəɑɢɗɆ ȪȰȷ 
F ï ɕɔɗɑɋ ɎɒɕəɑɢɗɆ Ȱȷ, Ɇ ɍɆɘɋɒ ɎɒɕəɑɢɗɆ ȪȰȷ 

ȸɖɆɓɗɕɔɖɘ phy Ȧ (ɒɋɝɋɓ ɍɋɑɦɓɡɒɎ Ȧȸ)  
Ɉ ɥɊɖɔ (ɉɔɑəɇɔɋ) Ɏ ɊɋɗɘɖəɐɜɎɥ  
ɓɆ ɕɔɗɘɔɥɓɓɔɒ Ȱȷ (cR) 
(ɣɘɎɔɑɎɖɔɈɆɓɓɡɋ ɉɎɕɔɐɔɘɎɑɎ ɉɔɖɔɛɆ). 
 
Ȧ ï phyA Ɉ ɜɎɘɔɍɔɑɋ 
D ï phyA ɘɖɆɓɗɕɔɖɘɎɖɔɈɆɑɗɥ Ɉ ɥɊɖɔ 
G ï phyA ɊɋɗɘɖəɐɘɎɖɔɈɆɑ 

 



      

  
 
 

    

    
TATA 

    
LHCB 

    
RNA - 

pol . 

  
MYB 

    
TATA 

  
G - box 

  
MYB 

    
RNA - 

pol . 

  
MYB   

 
 

  

P
 I F

 3
 

  

P
 I F

 3
 

  

P
 I F

 3
 

  

P
 I F

 3
 

    
P

 H
 Y

 f r 

P
 H

 Y
 f r 

  

 

P 

  

 

P   
 

 

  
  
    

    
    
    

  

P
 I F

 3
 

  

P
 I F

 3
 

 
 
    

P
 H

 Y
 f r 

P
 H

 Y
 f r    

 
P 

  
 

P 

  
 

P 

  
 

P 

E 3 

 
 

  
    
        

P
 H

 Y
 f 

ȵəɘɎ ɕɋɖɋɊɆɝɎ ɗɎɉɓɆɑɆ ɔɘ ɚɎɘɔɛɖɔɒɆ: 
 ɜɎɘɔɍɔɑɢɓɆɥ (ɇɡɗɘɖɆɥ) Ɏ ɥɊɋɖɓɆɥ (ɒɋɊɑɋɓɓɆɥ) ɈɋɘɈɎ ɗɎɉɓɆɑɎɓɉɆ 

ɻʝʥ-ʤʠʰʝʥʴ 

(ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï 

ʩʫʙʲʝʜʠʥʠʮʘ  

ʩʚʝʪʦʩʦʙʠʨʘʶʱʝʛʦ  

ʢʦʤʧʣʝʢʩʘ ʌʉII) 

 

 

 

HY5 ï ʪʨʘʥʩʢʨ. ʬʘʢʪʦʨ, 

ʠʥʜʫʮʠʨʫʶʱʠʡ 

ʵʢʩʧʨʝʩʩʠʶ ʩʚʝʪʦ-

ʟʘʚʠʩʠʤʳʭ ʛʝʥʦʚ 

 
ʉʆʈ1 ï ʦʜʥʘ ʠʟ  

ɽ3-ʣʠʛʘʟ, 

ʥʝʛʘʪʠʚʥʳʡ 

ʨʝʛʫʣʷʪʦʨ 

ʬʦʪʦʤʦʨʦʬʦʛʝʥʝʟʘ. 

ʉʚʝʪʦ-ʟʘʚʠʩʠʤʦ 

ʚʳʭʦʜʠʪ ʠʟ ʷʜʨʘ 

 

ʋʙʠʢʚʠʪʠʥʠʨʦʚʘʥʥʳʝ  

ɽ3-ʣʠʛʘʟʘʤʠ ʙʝʣʢʠ 

ʜʝʛʨʘʜʠʨʫʶʪ ʯʝʨʝʟ 

ʧʨʦʪʝʘʩʦʤʫ 

 ʈʝʛʫʣʷʪʦʨʥʳʡ  

ʫʯʘʩʪʦʢ  

ʚ ʧʨʦʤʦʪʦʨʝ 

ʬʠʪʦʭʨʦʤ-ʟʘʚʠʩʠʤʦ  

ʯʝʨʝʟ PIF3 ʨʝʛʫʣʠʨʫʶʪʩʷ 

(ʘʢʪʠʚʠʨʫʶʪʩʷ/ʨʝʧʨʝʩʩʠʨʫʶʪʩʷ)  

~2500 ʛʝʥʦʚ Arabidopsis,  

ʚ ʪ.ʯ. ʛʝʥʳ ʤʥʦʛʠʭ ʪʨʘʥʩʢʨ. ʬ-ʨʦʚ 

 

çʮʠʪʦʟʦʣʴʥʳʡè ʩʠʛʥʘʣ 

ʪʦʞʝ ʤʦʞʝʪ ʠʜʪʠ ʚ ʷʜʨʦ 

ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ 

phyA ʨʝʛʫʣʠʨʫʝʪ ~10% 

ʛʝʥʦʚ Arabidopsis 
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ʮʠʪʦʟʦʣʴʥʘʷ ʚʝʪʚʴ ʩʠʛʥʘʣʠʥʛʘ : 

ʙ . - ʙ .  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ , 

G - ʙʝʣʢʠ ,  ʮɻʄʌ ,  [ ʉʘ 2 + ] ʮʠʪ . ,  ʉʘʄ , 

ʅ + - ɸʊʌʘʟʘ ʧʣʤ ,  ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʧʣʤ 

    
TATA 

        
RNA - 

pol . 

  
HY 5 

ʩʚʝʪʦ - 

ʟʘʚʠʩʠʤʳʝ  

ʛʝʥʳ   
HY 5 

 

 

 
  

ʉʆʈ 1 

( ɽ 3 ) 

  

  
        

  
ʉʆʈ 1 

( ɽ 3 ) 

    

  

  
  

  
ɼʘʣʴʥʠʡ 

ʢʨʘʩʥʳʡ 

ʷʜʨʦ 

ʮʠʪʦʧʣʘʟʤʘ 



  

ʕʬʬʝʢʪʳ ʬʠʪʦʭʨʦʤʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ  

ʧʦ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ 

VLFR  (very low 

fluence responses)   

0,1 ï 100 ʥʤʦʣʴ 

ʢʚʘʥʪʦʚ/ʤ2,  

ʥʝ çʬʦʪʦʦʙʨʘʱʘʝʤʘè 

LFR (low fluence 

responses)  

1 ï 1000 ʤʢʤʦʣʴ/ʤ2 

HIR  (high irradiance 

responses)  

ʜʦ 100 ʤʤʦʣʴ/ʤ2 

ɼʝʡʩʪʚʠʝ ʬʠʪʦʭʨʦʤʦʚ ʨʘʟʣʠʯʘʝʪʩʷ ʪʘʢʞʝ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʣʘʛ-ʧʝʨʠʦʜʘ 

(ʦʪ ʤʠʥʫʪ ʜʦ ʥʝʜʝʣʴ), ʚʦʟʤʦʞʥʦʩʪʠ çʬʦʪʦʦʙʨʘʱʝʥʠʷè 

   



ȸɎɕɡ ɚɎɘɔɛɖɔɒ-ɍɆɈɎɗɎɒɡɛ ɔɘɈɋɘɔɈ  

Tʠʧ ʦʪʚʝʪʘ 

ɼʝʡʩʪʚʫʶʱʠʡ ʩʚʝʪ 
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ʇʨʠʤʝʨʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʪʚʝʪʦʚ 
ʉʧʝʢʪʨ 

ʀʥʪʝʥʩʠʚ-

ʥʦʩʪʴ 

VLFR 

ʉʚʝʨʭʥʠʟʢʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ  

ʦʪʚʝʪʳ 

 
(very low fluence 

responses) 

ʋʌ-ɸ-

ɼʂʉ 

10-12 ï 10-6 

ʤʦʣʴ ʤ -2  

 
ʀʤʧʫʣʴʩʳ  

ʝʩʪʴ ʥʝʪ phyA  

ʋ ʥʘʙʫʭʰʠʭ ʩʝʤʷʥ ʠ ʵʪʠʦʣʠʨʦʚʘʥʥʳʭ 

ʧʨʦʨʦʩʪʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʪʦʛʦ ʬʠʪʦʭʨʦʤʘ ɸ: ʥʝʦʙʨʘʪʠʤʘʷ ʠʥʜʫʢʮʠʷ 

ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ, ʜʝʵʪʠʦʣʷʮʠʷ 

(ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʵʪʠʦʣʠʨʦʚʘʥʥʳʭ 

ʢʦʣʝʦʧʪʠʣʝʡ, ʠʥʜʫʢʮʠʷ ʩʠʥʪʝʟʘ ʭʣʦʨʦʬʠʣʣʘ ʠ 

ʘʥʪʦʮʠʘʥʦʚ, ʠʥʜʫʢʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʉɸɺ/LHCB). 

LFR 

ʅʠʟʢʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ  

ʦʪʚʝʪʳ 

 
(low fluence 

responses) 

ʂ/ɼʂ 

10-6 ï 10-3 

ʤʦʣʴ ʤ-2  

 
ʀʤʧʫʣʴʩʳ 

ʝʩʪʴ ʝʩʪʴ phyB -E 

ʇʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ, ʜʝʵʪʠʦʣʷʮʠʷ. ɺ ʦʩʥʦʚʥʦʤ 

ʫ ʜʝʵʪʠʦʣʠʨʦʚʘʥʥʳʭ (ʟʝʣʸʥʳʭ) ʨʘʩʪʝʥʠʡ: 

ʫʜʣʠʥʝʥʠʝ ʩʪʝʙʣʷ, ʨʘʟʚʦʨʘʯʠʚʘʥʠʝ ʣʠʩʪʴʝʚ, 

ʠʟʙʝʛʘʥʠʝ ʪʝʥʠ, ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ  

ʭʣʦʨʦʧʣʘʩʪʘ ʚ ʢʣʝʪʢʝ Mougeotia, ʂ/ɼʂ-

ʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʠʦʥʥʳʭ ʪʦʢʦʚ ʧʨʠ 

ʥʠʢʪʠʥʘʩʪʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʷʭ ʣʠʩʪʴʝʚ, 

ʠʟʤʝʨʝʥʠʝ ʜʣʠʥʳ ʜʥʷ, ʨʝʛʫʣʷʮʠʷ ʧʝʨʝʭʦʜʘ ʢ 

ʮʚʝʪʝʥʠʶ.  

HIR 

R-HIR ɺʳʩʦʢʦ- 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ  

ʦʪʚʝʪʳ 

 
(high irradiance 

responses) 

ʂ 
> 10-3 ï 10-2 

ʤʦʣʴ ʤ-2 

 

ʇʦʩʪʦʷʥʥʦʝ 

ʦʩʚʝʱʝʥʠʝ 

ʥʝʪ ʥʝʪ phyB  

ɼʝʵʪʠʦʣʷʮʠʷ ʧʨʦʨʦʩʪʢʦʚ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʂʉ;  

ʫ ʜʝʵʪʠʦʣʠʨʦʚʘʥʥʳʭ: ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ 

ʛʠʧʦʢʦʪʠʣʷ ʠ ʩʪʝʙʣʷ, ʨʝʛʫʣʷʮʠʷ ʮʚʝʪʝʥʠʷ, 

ʧʨʦʨʘʩʪʘʥʠʝ ʩʧʦʨ ʧʘʧʦʨʦʪʥʠʢʦʚ. 

FR-HIR ɼʂ ʥʝʪ ʥʝʪ 
phyA,  

phyE  

ʇʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ, ʜʝʵʪʠʦʣʷʮʠʷ, ʩʠʥʪʝʟ 

ʘʥʪʦʮʠʘʥʦʚ ʚ ʧʨʦʨʦʩʪʢʘʭ ʜʚʫʜʦʣʴʥʳʭ, 

ʠʥʜʫʢʮʠʷ ʛʨʘʚʠʪʨʦʧʠʟʤʘ ʢʦʨʥʷ, ʠʥʜʫʢʮʠʷ 

ʮʚʝʪʝʥʠʷ. 



ȲɓɔɉɔɔɇɖɆɍɎɋ ɚɎɘɔɛɖɔɒɔɈ  
ə ȵɔɐɖɡɘɔɗɋɒɋɓɓɡɛ ɖɆɗɘɋɓɎɏ 

phyA ï ɚɔɘɔɑɆɇɎɑɢɓɡɏ (ɘɎɕ I) ï NEW! 
 
phyB-E Ɏ Ɉɗɋ ɚɎɘɔɛɖɔɒɡ Ɋɔ ȵɔɐɖɡɘɔɗɋɒɋɓɓɡɛ ï 
ɚɔɘɔɗɘɆɇɎɑɢɓɡɋ (ɘɎɕ II)  

 
Pr          Pfr 

ʂʉ 

ɼʂʉ  
ʠʣʠ 

ʪʝʤʥʦʪʘ  
 

ʦʪʚʝʪ PHYA            mRNA 

 

ɘɎɕ I  

  
  

 
 

ʜʝʛʨʘʜʘʮʠʷ ʜʝʛʨʘʜʘʮʠʷ 
(ʯʝʨʝʟ ʧʨʦʪʝʘʩʦʤʥʫʶ ʩʠʩʪʝʤʫ) 

 
  

 
Pr          Pfr 

ʂʉ 

ɼʂʉ 
ʠʣʠ 

ʪʝʤʥʦʪʘ  
 

ʦʪʚʝʪ PHYB-E            mRNA 

 

ɘɎɕ II   

  

  
 

  

 
  

 
ʜʝʛʨʘʜʘʮʠʷ 

(ʯʝʨʝʟ ʧʨʦʪʝʘʩʦʤʥʫʶ ʩʠʩʪʝʤʫ) 

 

PHYN 

PHYP 

PHYO 

 

 

 

(ɻʦʣʦʩʝʤʝʥʥʳʝ) 



ȷɔɊɋɖɌɆɓɎɋ ɖɆɍɓɡɛ ɚɎɘɔɛɖɔɒɔɈ : 
Ɉ ɣɘɎɔɑɎɖɔɈɆɓɓɔɒ Ɏ ɍɋɑɦɓɔɒ ɖɆɗɘɋɓɎɎ (Arabidopsis )  

ʉʦʜʝʨʞʘʥʠʝ ʬʠʪʦʭʨʦʤʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦʝ
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ʤ
ʘ

ʪʝʤʥʦʪʘ

ʩʚʝʪ

ʉʦʜʝʨʞʘʥʠʝ ʬʠʪʦʭʨʦʤʦʚ ʘʙʩʦʣʶʪʥʦʝ
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ʫ
ʩ
ʣ
.
ʝ
ʜ
.

ʪʝʤʥʦʪʘ

ʩʚʝʪ

Ź ʚ 500 ʨʘʟ 

Ź ʚ 4-5 ʨʘʟ Ź ʚ 1,5-2 ʨʘʟʘ 

7 ʜ 7 ʜ 

Ȧɇɗɔɑɤɘɓɔɋ 

ɗɔɊɋɖɌɆɓɎɋ 

ȷɔɔɘɓɔɞɋɓɎɋ (% ɔɘ ɔɇɟɋɉɔ phy) 

phyA  phyB  phyC phyD phyE 

ɃɘɎɔɑɎɖɔɈɆɓɓɔɋ (Ɉ ɘɋɒɓɔɘɋ): 100 ɔɘɓ.ɋɊ. 85 10 2 1,5 1,5 

ȭɋɑɦɓɔɋ (ɓɆ ɗɈɋɘə): 
4-5 ɔɘɓ.ɋɊ.  
(Ɉ ~23 ɖɆɍɆ <)  

4 40 13 16 27 



  

ʆʜʥʘ ʠʟ ʬʫʥʢʮʠʡ ʬʠʪʦʭʨʦʤʦʚ ï 

ʘʜʘʧʪʘʮʠʷ ʢ ʫʩʣʦʚʠʷʤ ʦʩʚʝʱʝʥʠʷ 

  

 

 



 

ʀʟʙʝʛʘʥʠʝ ʪʝʥʠ 

Blue 

 

Green 

 

Blue 

 

Green 

Cryptochrome  



ȰɖɎɕɘɔɛɖɔɒɡ: ɚɔɘɔɕɖɋɈɖɆɟɋɓɎɥ 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ CPH1-PHR: 

FAD ï ʪʝʤʥʦʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʩ ʧʦʣʥʦʩʪʴʶ 

ʦʢʠʩʣʝʥʥʳʤ FAD 

FAD + FADHĿ ï ʧʦʩʣʝ ʦʩʚʝʱʝʥʠʷ ʉʉ ʯʘʩʪʴ FAD 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʨʘʜʠʢʘʣʘ ï ʵʪʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʘʷ ʬʦʨʤʘ ʢʨʠʧʪʦʭʨʦʤʘ 

449 580 

ɿʉ 

ms 

(+ATP ï hours)  

ʦʪʚʝʪ  ʋʌ-ɸ/ʉʉ 

ʠʣʠ ɻʥʝʨʛʠ̫ 

ʦʪ MTHF/8-HDF

ʪʝʤʥʦʚʘʷ ʨʝʚʝʨʩʠʷ 

                                   photolyase-like domain                              signal-transducing domain

FAD

ʋʌ-ɸ / ʉʉ

ʥɻʝʨʛʠ̫

ʆɺ-ʨʝʘʢʮʠ̫

Ǜ

Trp

                                   photolyase-like domain                              signal-transducing domain

FADʅÅ

ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʬʦʨʤʘʮʠʠ 

ʘʧʦʧʨʦʪʝʠʥʘ

ʧʝʨʝʜʘʯʘ 

ʩʠʛʥʘʣʘ

(ʙʝʣʦʢ-ʙʝʣʢʦʚr ʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠ̫ )

MTHF

MTHF Trp
Trp



ȰɖɎɕɘɔɛɖɔɒɡ: ɚɔɘɔɕɖɋɈɖɆɟɋɓɎɥ, ɕɋɖɋɊɆɝɆ ɗɎɉɓɆɑɆ 

ʂʨʠʧʪʦʭʨʦʤʳ ï ʷʜʝʨʥʳʝ ʙʝʣʢʠ 

 

ʉʆʈ1 ï ʦʜʥʘ ʠʟ ɽ3-ʣʠʛʘʟ, 

ʥʝʛʘʪʠʚʥʳʡ ʨʝʛʫʣʷʪʦʨ 

ʬʦʪʦʤʦʨʦʬʦʛʝʥʝʟʘ.  

HY5 ï ʪʨʘʥʩʢʨ. ʬʘʢʪʦʨ, ʧʦʟʠʪʠʚʥʳʡ 

ʨʝʛʫʣʷʪʦʨ ʬʦʪʦʤʦʨʬʦʛʝʥʝʟʘ ï 

ʠʥʜʫʮʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʩʚʝʪʦ-

ʟʘʚʠʩʠʤʳʭ ʛʝʥʦʚ. 

 

ʅʘ ʩʚʝʪʫ cry1 ʚʳʭʦʜʠʪ ʠʟ ʷʜʨʘ; 

cry2 ï ʜʝʩʪʨʫʢʪʠʨʫʝʪ.  ʮʠʪʦʟʦʣɹʥʘ̫ 

ʚʝʪʚɹ ʩʠʛʥʘʣʠʥʛʘ

TATA

RNA-

pol.HY5

ʩʚʝʪʦ-

ʟʘʚʠʩʠʤr ʝ 

ʛʝʥr

HY5

ʉʆʈ1

(ɽ3)

ʉʆʈ1

(ɽ3)

ʜ̫ʨʦ

ʮʠʪʦʧʣʘʟʤʘ

cry1/

cry2

cry2

cry1 cry1

ʋʌ-ɸ / ʉʉ

cry1

ɿʉ

cry2

ʋʌ-ɸ / ʉʉ

ɿʉ

ʜʝʩʪʨʫʢʮʠ̫

ʉʆʈ1

(ɽ3)

 
ʉʆʈ1 cry-ʟʘʚʠʩʠʤʦ 

ʚʳʭʦʜʠʪ ʠʟ ʷʜʨʘ ʠʣʠ 

ʠʥʘʢʪʠʚʠʨʫʝʪʩʷ  

 HY5 ï ʪʨʘʥʩʢʨ. ʬʘʢʪʦʨ, 

ʠʥʜʫʮʠʨʫʶʱʠʡ 

ʵʢʩʧʨʝʩʩʠʶ ʩʚʝʪʦ-

ʟʘʚʠʩʠʤʳʭ ʛʝʥʦʚ 

 

ʋʙʠʢʚʠʪʠʥʠʨʦʚʘʥʥʳʡ  

ɽ3-ʣʠʛʘʟʦʡ ʙʝʣʦʢ HY5 

ʜʝʛʨʘʜʠʨʫʝʪ ʯʝʨʝʟ 

ʧʨʦʪʝʘʩʦʤʫ 



  

ʀʟʙʝʛʘʥʠʝ ʪʝʥʠ 
Á ʚ ʫʩʣʦʚʠʷʭ ʟʘʪʝʥʝʥʠʷ  

ʫ ʩʚʝʪʦʣʶʙʠʚʳʭ ʨʘʩʪʝʥʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʷʞʝʥʠʝ 

ʩʪʝʙʣʷ, ʧʨʦʯʥʦʩʪʴ ʩʪʝʙʣʷ 

ʩʥʠʞʘʝʪʩʷ, ʬʦʨʤʠʨʫʶʪʩʷ 

ʣʠʩʪʴʷ ʤʝʥʴʰʝʡ ʧʣʦʱʘʜʠ, 

ʤʝʥʴʰʝ ʧʠʛʤʝʥʪʦʚ 

ʬʦʪʦʩʠʥʪʝʟʘ. 

Á ʫ ʪʝʥʝʚʳʥʦʩʣʠʚʳʭ 
ʨʘʩʪʝʥʠʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ  

ʨʝʘʢʮʠʷ ʥʘ ʪʝʥʴ:  

ʢʨʫʧʥʳʝ ʣʠʩʪʴʷ,  

ʤʥʦʛʦ ʧʠʛʤʝʥʪʦʚ 

ʬʦʪʦʩʠʥʪʝʟʘ 



  

ɼʝʵʪʠʦʣʷʮʠʷ 

 



  

ɼʝ-ʵʪʠʦʣʷʮʠʷ ʚ ʥʦʨʤʝ 

ʉʚʝʪ ʊʝʤʥʦʪʘ 



  

ɼʝ-ʵʪʠʦʣʷʮʠʷ ʫ ʤʫʪʘʥʪʦʚ ʩ 

ʧʦʚʨʝʞʜʝʥʥʳʤ ʉʆʈ ʙʝʣʢʦʤ 

ʉʚʝʪ ʊʝʤʥʦʪʘ 

ʉʆʈ ï COnstitutive Photomorphogenesis 



ȺɔɘɔɘɖɔɕɎɓ: ɚɔɘɔɕɖɋɈɖɆɟɋɓɎɥ 

ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ʢʚʘʥʪʘ ʩʠʥʝʛʦ ʠʣʠ ʋʌ-ɸ ʩʚʝʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝ FMN LOV2 ʜʦʤʝʥʘ => ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʨʦʪʢʦʞʠʚʫʱʝʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ L660 => 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʡ ʪʠʦʘʜʜʫʢʪ ʠʟʦʘʣʣʦʢʩʘʟʠʥʦʚʦʛʦ ʢʦʣʴʮʘ 

FMN ʩ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʮʠʩʪʝʠʥʦʤ (Cys39 ʫ phot1) 

(ʩʦʩʪʦʷʥʠʝ S390). ɺ ʪʝʤʥʦʪʝ FMN ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

 
ʊʊ / ʌʍ-ɹ 

ʪʝʤʥʦʚʘʷ  

ʨʝʚʝʨʩʠʷ 

ŭï  ŭ+  

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʬʦʪʦʮʠʢʣʘ  

ʬʦʪʦʪʨʦʧʠʥʦʚ 

ű=0,3 
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ȪɑɎɓɆ Ɉɔɑɓɡ [ɓɒ]  



ȺɔɘɔɘɖɔɕɎɓ: ɗɎɉɓɆɑɎɓɉ 

ʉʉ/ʋʌ-ɸ ʟʘʚʠʩʠʤʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʠʦʘʜʜʫʢʪʘ FMN ʩ 
ʮʠʩʪʝʠʥʦʤ LOV ʜʦʤʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 
ʢʦʥʬʦʨʤʘʮʠʠ ʘʧʦʧʨʦʪʝʠʥʘ, ʩʥʷʪʠʝ ʨʝʧʨʝʩʩʠʠ 
ʧʨʦʪʝʠʥʢʠʥʘʟʥʦʛʦ ʜʦʤʝʥʘ, ʘʚʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʶ 
ʬʦʪʦʪʨʦʧʠʥʦʚ ʧʦ ʥʝʩʢʦʣʴʢʠʤ Ser ʠ ʩʚʷʟʳʚʘʥʠʶ  
ʩ 14-3-3 ʙʝʣʢʘʤʠ.  

ɺ ʪʝʤʥʦʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ 
ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʬʦʪʦʪʨʦʧʠʥʦʚ ʩ ʧʦʤʦʱʴʶ 
ʧʨʦʪʝʠʥʬʦʩʬʘʪʘʟ (ʈʈ2ɸ).  

 

ʦʪʢʨʳʚʘʥʠʝ ʉʘ2+-ʢʘʥʘʣʦʚ ʧʣʘʟʤʘʣʝʤʤʳ (phot1)  

ʠ ʉʘ2+-ʢʘʥʘʣʦʚ ʵʥʜʦʤʝʤʙʨʘʥ (phot2) Ÿ ʧʦʚʳʰʝʥʠʝ 

[ʉʘ2+]ʮʠʪ Ÿ ʘʢʪʠʚʘʮʠʷ ʉʘ
2+-ʢʘʣʴʤʦʜʫʣʠʥʘ,  

H+-ɸʊʌʘʟʳ (ʧʣʤ ʠ, ʚʦʟʤʦʞʥʦ, ʪʧʣ) ʠ ʂ+
in-ʢʘʥʘʣʦʚ 

PP2A 



ȺɔɘɔɘɖɔɕɎɓɡ: ɑɔɐɆɑɎɍɆɜɎɥ 

ȺɔɘɔɘɖɔɕɎɓɡ ï ɉɎɊɖɔɚɎɑɢɓɡɋ ɇɋɑɐɎ, 
ɆɗɗɔɜɎɎɖɔɈɆɓɓɡɋ ɗ ɕɑɆɍɒɆɑɋɒɒɔɏ. 

 

ȷ ï phot1-GFP Ɉ ɘɋɒɓɔɘɋ ɖɆɈɓɔɒɋɖɓɔ ɖɆɗɕɖɋɊɋɑɦɓ Ɉ 
ɕɑɔɗɐɔɗɘɎ ɕɑɆɍɒɆɑɋɒɒɡ,  

F ï ɕɔɗɑɋ ɔɗɈɋɟɋɓɎɥ ȷȷ ɔɗɈɔɇɔɌɊɆɋɘɗɥ ɔɘ ɗɈɥɍɎ ɗ 
ɒɋɒɇɖɆɓɔɏ Ɏ ɈɡɛɔɊɎɘ Ɉ ɜɎɘɔɍɔɑɢ.  

ȹ Arabidopsis ɖɆɇɔɘɆɤɘ ɊɈɆ ɚɔɘɔɘɖɔɕɎɓɆ ɗ ɖɆɍɓɔɏ ɝəɈɗɘɈɎɘɋɑɢɓɔɗɘɢɤ: 

phot1 ï ɈɡcɔɐɔɝəɈɗɘɈɎɘɋɑɢɓɡɏ ï ɔɘɈɋɘ ɓɆ ȷȷ ɓɎɍɐɔɏ ɎɓɘɋɓɗɎɈɓɔɗɘɎ, 

phot2  ï ɓɎɍɐɔɝəɈɗɘɈɎɘɋɑɢɓɡɏ ï ɔɘɈɋɘ ɓɆ ȷȷ Ɉɡɗɔɐɔɏ ɎɓɘɋɓɗɎɈɓɔɗɘɎ. 



 

 

ȺɔɘɔɘɖɔɕɎɓɡ: ɚɎɍɎɔɑɔɉɎɝɋɗɐɎɋ ɔɘɈɋɘɡ 
(ɍɓɆɝɎɘɋɑɢɓɔɋ ɕɋɖɋɐɖɡɈɆɓɎɋ ɚəɓɐɜɎɏ phot1 Ɏ phot2 )  

 

 

  

  

ʬʦʪʦʪʨʦʧʠʟʤ  

ʥʘ ʉʉ ʚʳʩʦʢʦʡ ʠʥʪ-ʩʪʠ 

ʬʦʪʦʪʨʦʧʠʟʤ  

ʥʘ ʉʉ ʥʠʟʢʦʡ ʠʥʪ-ʩʪʠ 

  



çȷəɕɋɖɛɖɔɒè = ȳɋɔɛɖɔɒ  (ɚɎɘɔɛɖɔɒ 3) ï  
ɛɎɒɋɖɓɡɏ ɚɔɘɔɖɋɜɋɕɘɔɖ 

ȳɋɔɛɖɔɒ, ɕɖɋɊɗɘɆɈɑɋɓɓɡɏ ɇɋɑɐɆɒɎ phy3 (= neo1) y ɕɆɕɔɖɔɘɓɎɐɆ  Adiantum 
capillus-veneris Ɏ MsNEO1 Ɏ MsNEO2 ə ɍɋɑɦɓɔɏ ɈɔɊɔɖɔɗɑɎ Mougeotia scalaris 
[ɐɔɓɈɋɖɉɋɓɜɎɥ] ɗɔɗɘɔɎɘ Ɏɍ ɛɖɔɒɔɚɔɖ-ɗɈɥɍɡɈɆɤɟɋɉɔ ɊɔɒɋɓɆ ɚɎɘɔɛɖɔɒɆ ɓɆ  
N-ɐɔɓɜɋ Ɏ ɕɔɝɘɎ ɕɔɑɓɔɖɆɍɒɋɖɓɔɉɔ ɚɔɘɔɘɖɔɕɎɓɆ (ɈɐɑɤɝɆɥ ɛɖɔɒɔɚɔɖ-
ɗɈɥɍɡɈɆɤɟɎɏ Ɏ Ser/Thr-ɕɖɔɘɋɎɓɐɎɓɆɍɓɡɏ Ɋɔɒɋɓɡ) ɓɆ ȷ ɐɔɓɜɋ, Ɏ 
ɕɖɋɊɕɔɑɔɌɎɘɋɑɢɓɔ ɆɗɗɔɜɎɎɖɔɈɆɓ ɗ ɒɋɒɇɖɆɓɆɒɎ. ȷɎɓɋɖɉɎɍɒ ȷȷ Ɏ Ȱȷ =>  
ɕɔɈɡɞɋɓɎɋ ɝəɈɗɘɈɎɘɋɑɢɓɔɗɘɎ ɚɔɘɔɖɋɜɋɕɘɔɖɆ.  
 

ȳɋɔɛɖɔɒɡ ɖɋɉəɑɎɖəɤɘ ɚɔɘɔɘɖɔɕɎɍɒ Ɏ ɊɈɎɌɋɓɎɋ ɛɑɔɖɔɕɑɆɗɘɔɈ ɓɆ ȷȷ Ɏ Ȱȷ. 

ʈʌɺ

                           photosensory domain                        PAS A        PAS B           HKRD

                                                                                                          LOV1               LOV2                 Ser/Thr-PKʈHOT

ʈHY

FMN FMN

ʈʌɺ

                                        photosensory domain                                                                       LOV1               LOV2                     Ser/Thr-PK

FMN FMN

ʈHY3



  



 

ʇʝʨʝʭʦʜ ʢ 

ʮʚʝʪʝʥʠʶ 

Âʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʧʝʨʝʭʦʜ ʢ 

ʮʚʝʪʝʥʠʶ: 

Âʕʥʜʦʛʝʥʥʳʝ ʨʠʪʤʳ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ 

Âʏʠʩʣʦ ʣʠʩʪʴʝʚ 

Âʉ/N ï ʩʦʦʪʥʦʰʝʥʠʝ  

Âʆʧʨʝʜʝʣʝʥʠʝ 

ʬʦʪʦʧʝʨʠʦʜʘ 

Âʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʠʪʤ 

Âɺʦʜʥʳʡ ʨʝʞʠʤ 



  

ʋ ʨʘʩʪʝʥʠʡ ʬʦʪʦʧʝʨʠʦʜʦʤ 

ʨʝʛʫʣʠʨʫʝʪʩʷ 

Á ʀʥʜʫʢʮʠʷ ʮʚʝʪʝʥʠʷ 

Á ʉʝʟʦʥʥʳʡ ʧʝʨʝʭʦʜ ʚ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ 

Á ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʘʩʘʶʱʠʭ ʦʨʛʘʥʦʚ 

Á ɺʝʛʝʪʘʪʠʚʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ 



 

Âɼʣʠʥʥʦʜʥʝʚʥʳʝ ʨʘʩʪʝʥʠʷ (ɼɼʈ) 

Âʂʦʨʦʪʢʦʜʥʝʚʥʳʝ ʨʘʩʪʝʥʠʷ (ʂɼʈ) 

Âɼʣʠʥʥʦ/ʢʦʨʦʪʢʦʜʥʝʚʥʳʝ ʨʘʩʪʝʥʠʷ 

Âʂʦʨʦʪʢʦ/ʜʣʠʥʥʦʜʥʝʚʥʳʝ ʨʘʩʪʝʥʠʷ 

Âʅʝʡʪʨʘʣʴʥʳʝ ʨʘʩʪʝʥʠʷ 
 

Â ʉʨʝʜʥʝʜʥʝʚʥʳʝ ʨʘʩʪʝʥʠʷ 

Â ɸʤʬʠʬʦʪʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʘʩʪʝʥʠʷ 

ʇʦ ʨʝʘʢʮʠʠ ʟʘʮʚʝʪʘʥʠʷ ʚ ʦʪʚʝʪ 

ʥʘ ʜʣʠʥʫ ʜʥʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʛʨʫʧʧʳ ʨʘʩʪʝʥʠʡ 

 

ʈʝʘʢʮʠʷ ʥʘ ʜʣʠʥʫ 

ʜʥʷ ʤʦʞʝʪ ʙʳʪʴ 

Á ʂʘʯʝʩʪʚʝʥʥʦʡ 

Á ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ 



 

ʇʝʨʝʭʦʜ ʢ ʛʝʥʝʨʘʪʠʚʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ. ʌʦʪʦʧʝʨʠʦʜʠʟʤ 

ȮɓɊəɐɜɎɥ 
ɜɈɋɘɋɓɎɥ 

ɃɈɔɐɆɜɎɥ 
ɜɈɋɘɋɓɎɥ 

ȺɔɖɒɎɖɔɈɆɓɎɋ 
ɜɈɋɘɐɆ. 


