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⌐≈™≡ ╩ ↑√™─≢⁸ ⅎ ─

─ ⌐╟╢ ─ ─ ⌐ ∆╢ 4 2 ─ ⌐╟╡⁸

─≤⅔╡ ⇔╕∆⁹ 
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ⅎ ─

─  

◓ꜞⱱ◘כ♩ ┘▬♁◐◘ⱨꜟ♩כꜟ ꞉

♃  (2mepsps, hppdPfW336-1Pa, Gossypium hirsutum 

L.)(GHB811, OECD UI:BCS-GH811-4) 

ⅎ ─

─  

╒ ⌐⅔↑╢ ⁸ ⁸ ┘ ┘⌐↓

╣╠⌐ ∆╢  

ⅎ ─

─  

1500 41 

 Ᵽ▬◄ꜟ◒꜡♇ⱪ◘▬◄fi☻   

 ╒  

⅛╠ 32 31 ╕≢ 

 

1 ╒ ─  

(1) ─ ╡╩ ∆╢√╘⁸ ╒ ╩ ╡

╗╟℮⌐ⱨ▼fi☻╩ ⇔≡™╢⁹ 

(2) ╒ ≢№╢↓≤⁸ │ ≢№╢↓

≤ ┘ ─ ╩ ⇔√ ╩ ╛∆

™ ⌐ →≡™╢⁹ 

(3) ╒ ≢ ⇔√ ⁸ ⁸ ⌐ ⇔√

⁸ ⅎ꞉♃─ ╩ ⌐╟∫≡

∆╢√╘─ ™ ╩ ⇔≡™╢≤≤╙⌐⁸

꞉♃─ ╒ ─ ┼─ ╩ ∆╢√╘

─ ╩ ⌐ ⇔≡™╢⁹ 

(4) ╒ ⌐│⁸ ┘ ╩ ⇔≡

™╢⁹╕√⁸ ─ ┘

⌐│ ╩ ℮╟℮⌐ ╩ ⇔⁸

─ ⌐╟╢ ⅎ ─ ╩

∆╢⁹ 

 

2 ╒ ≢─  

(1) ⅎ꞉♃ ┘ ─꞉♃ ─

⅜ ╒ ≢ ∆╢↓≤╩ ⌐ ⅎ

╢⁹ 

(2) ⅎ꞉♃╩ ╒ ─ ⌐ ⇔⁸

│ ∆╢ │⁸ ꞉♃⅜ ⇔⌂™ ─

⌐ ╣╢⁹ 

(3) (2)⌐╟╡ │ ∆╢ ╩ ⅝⁸

ⅎ꞉♃─ │⁸ ꞉♃ ┘

─꞉♃╩ ╒ ⌐∆⅝ ╗ ⌐╟╡ ⌐

∆╢⁹ 

(4) ╒ ≢ ⇔√ ⁸ ⁸ │⁸

⁸ ╒ ≢ ∆╢↓≤ ⌐╟╡⁸

∑∏⌐ ⅎ꞉♃⅜ ╒ ─ ⌐ ∟
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↕╣╢↓≤╩ ∆╢⁹ 

(5) ╒ ⅜ ∆╢ ⅜ ⌐ ↕╣╢╟

℮⌐⁸ ─ ┘ ╩ ℮⁹ 

(6) (1)⅛╠(5)╕≢⌐ →╢ ╩ ╩

℮ ⌐ ↕∑╢⁹ 

(7) ⅜ ∏╢⅔∕╣⅜№╢≤ ╘╠╣

╢⌐ ∫√ │⁸ ⌐ ╘╢ ⌐

≠⅝⁸ ╛⅛⌐ ∆╢⁹ 

  



 

 

 

 

4 

 ─ ⌐ √╡ ⇔√  

 

1. │ ─ ∆╢ ─ ⌐ ∆╢  

 

(1) ─ ↑ ┘ ⌐⅔↑╢  5 

 

ᵑ ⁸ ┘  

 

꞉♃( ) 

upland cotton 10 

Gossypium hirsutum L. 

 

ᵒ ─  

 

│꞉♃(Gossypium hirsutum L.)─ Coker312≢№╢⁹ 15 

 

ᵓ ┘ ─ ⌐⅔↑╢  

 

G. hirsutum L.│ ꞉♃─ ≢№╡(OECD, 2008)⁸ ⅜ ─

⌐⅔™≡⁸ ┘ ≤ ⌂Gossypium ( ⁸₈꞉♃ ₉≤∆╢⁹)─20 

│ ↕╣≡™⌂™⁹ 

 

꞉♃ │⁸ ┘ ─ ⅛╠ ⌐⅛↑≡⁸ ⌐⅔╟

∕50 ⅜ ⇔⁸∕─ ─ │⁸ ⌐▪ⱨꜞ◌ה▪ꜝⱦ▪ ⁸

▪ꜞꜝ♩☻כ○ ┘ⱷ◐◦◖─3 ≢№╢⁹꞉♃ ⌐│⁸ ≤25 

─ ≈─ ⅜№╢⁹∕─℮∟ │▪ⱨꜞ◌⁸▪ꜝⱦ▪ ⁸Ɽ◐☻♃fi

┘⅔∕╠ↄ∕╣ ⌐ ∆╢▪ⱨꜞ◌ה▪ꜝⱦ▪ (Gossypium )─ 14

▪ꜞꜝ♩☻כ○⁸ (Sturtia )─ 17 ⁸∕⇔≡ⱷ◐◦◖ ⁸●ꜝⱤ◗☻

┘Ɑꜟכ⌐ ∆╢▪ⱷꜞ◌ (Houzingenia )─ 14 ≢№╢⁹╕√⁸

│ⱷ♁▪ⱷꜞ◌(ⱷ◐◦◖ ┘ ▪ⱷꜞ◌)⁸ ▪ⱷꜞ◌⁸●ꜝⱤ◗☻30 

┘Ɫ꞉▬ ⌐ ∆╢▪ⱷꜞ◌ה (Karpas )─5 ≢№╢⁹

⌂⅔⁸ ─G. arboreum ┘G. herbaceum│ (▪ⱨꜞ◌ה▪☺▪)⌐⅔

™≡⁸ ⁸ ─G. hirsutum ┘G. barbadense│ (G. hirsutum│ⱷ♁

▪ⱷꜞ◌⁸G. barbadense│ ▪ⱷꜞ◌)⌐⅔™≡⁸∕╣∙╣ ↕╣√(OECD, 

2008)⁹ 35 

 



 

 

 

 

5 

(2) ─ ┘  

 

ᵑ ┘ ⌐⅔↑╢ ─  

 

꞉♃─ ─ │ ╘≡ ™⁹Ɽ◐☻♃fi─⸗Ⱬfi☺ꜛ♄꜡ ⅛╠5 

3000 ─G. arboreum─ ⅜ ↕╣⁸ ⁸ ≢╙ 2400

─ Ɑꜟכ ─ ≢G. barbadense─ ≤ ╛ ─

⅜ ↕╣√⁹↓╣╠─ ⅛╠⁸ ▬fi♪ ≤Ɑꜟכ─▬fi♦▫○⌐╟∫≡

⅛╠ ╩ ╢ ⅜ ↕╣≡™√↓≤⅜℮⅛⅜╦╣╢⁹╕√⁸ⱷ◐◦◖

≢│ 5800 ─ ⅛╠꞉♃(G. hirsutum)─↕ↄ⅜ ↕╣√≤ ╦╣≡10 

™╢( , 1981)⁹ 

 

≢ ↕╣√꞉♃(G. hirsutum)│1700 ⱷ◐◦◖⅛╠ ⌐ ╡⁸

≢ ─ ⅜ ↕╣╢╟℮⌐⌂╡⁸∕─ ⁸ ─ ≤

⌂∫√⅜⁸ ≢∕─ ⅜ √╣√─╩ ⌐⁸ ─ ┘ ─15 

⌐ ⅜∫√( , 1981)⁹ ↕╣╢꞉♃ ─ ─95% │

≢№╡⁸꞉♃(G. hirsutum)⅜90% ⁸ ⁸Ⱨⱴ │◄☺ⱪ♩ ≤

┌╣╢G. barbadense⅜5% ╩ ╘╢(OECD, 2008)⁹ 

 

⅜ ⌐⅔↑╢ ─ │ ה ⌐≡ ─G. arboreum⅛20 

╠ ⇔√♫fi◐fi꞉♃─ ≢№╢( , 2000)⁹799 ( 18 )⌐

⌐ ⇔√▬fi♪ ⅜ ⅎ√ ╩ ⇔√─⅜ ╙ ™ ≤↕╣⁸∕─

⁸16 ⌐ ∫≡⅛╠ ⌐ ⅜ ╕∫√( , 2000)⁹⇔⅛⇔⁸ ⌐

⅔↕╣≡ ⌐ ⇔⁸ ┘ ⌐ ┘ ╪⌐⌂∫√╙──⁸

≢│∕─ ⌂ │⌂ↄ⁸ ≤⇔≡╦∏⅛⌐ ↕╣≡™╢⌐∆25 

⅞⌂™( , 1981)⁹ 

 

ᵒ √╢ ⁸ ⁸ ┘  

 

2014 ⌐⅔↑╢ ─ ⌂ │ (1,232 t)⁸▬fi♪(1,230 t)⁸30 

(465 t)⁸Ɽ◐☻♃fi(455 t)≢№╡⁸ ⌂ │ (158 t)⁸▬fi

♪(105 t)⁸Ɽ◐☻♃fi(45 t)⁸ (36 t)≢№╢(FAO, 2016)⁹ 

 

⅜ ⌐⅔↑╢2015 ─ ─ │ 10.3 t≢№╡⁸ ⌂

4.3)▪ꜞꜝ♩☻כ○│ t)⁸ (3.1 t) ┘Ⱪꜝ☺ꜟ(2.6 t)≢№∫√⁹╕√⁸35 

2015 ─ ─ │4,170t≢№╡⁸ ⌂ ⁸(1,720t)▪ꜞꜝ♩☻כ○│
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♩ꜟ◖(1,452t) ┘ (497t)≢№∫√( , 2016)⁹╕√⁸2015 ─

─ │2,409t≢№╡⁸ ⌂ │▬fi♪(1,460t)⁸ (939t) ┘ (10t)

≢№∫√( , 2016)⁹ 

꞉♃─ ─ ≢│ ⌐╟╢ ⅜ ╦╣╢⅜⁸∕─ ⁸ ⌂≥

─ ╩ ←√╘⌐ ⌐ ≢ ↕∑╢( , 2000)⁹ 5 

 

꞉♃│ ─ ≢ ─ ╩ ∟⁸╕√ ─ ≢ ╙

⌂ ╩ ╘≡™╢⁹꞉♃─ ⌂ │ ≢№╡⁸ ─ │

( ⁸ ⌂≥)№╢™│ (┤≤╪ ⁸ ⌂≥)⌐ ↕╣╢⁹

│ ™√╘ ≤⇔≡ ╛☻כ꜡ꜟ☿⁸∏╣↕ ─ ≤↕╣╢⁹ │10 

18~24%─ ≤16~20%─ ╩ ╖⁸ ⅛╠ ⅜ ↕╣╢⁹╕√⁸

│ ─ ≤⇔≡ ≢№╡⁸ ≤⇔≡╙ ⅜ ™( , 2000)⁹ 

 

(3) ┘  

 15 

▬  

 

꞉♃│ ≢ ⌐╙⌂╢⅜⁸ ⌐│ ≤⇔≡ ↕╣

╢(OECD, 2008)⁹ │ ⇔⁸ ⁸ ≢№╢(Oosterhuis and 

Jernstedt, 1999)⅜⁸ ⌐ 1~1.5m≢ ↕╣≡™╢(OECD, 2008)⁹ 20 

 

꜡ │ ⌂ ─  

 

꞉♃─ ╙⇔ↄ│ ─ ⌐│15ϴ ⅜ ↕╣⁸38ϴ ⌐⌂╢≤

⅜ ↓╢⁹ ─ │⁸ 30~35ϴ≢№╢⅜⁸35ϴ ⌐⌂╢25 

≤ ⅜ ↕╣⁸25ϴ ≢│ ⅜ ⇔ↄ ∆╢⁹╕√⁸ ⌂

⌐│⁸180~200 ─ ┘ ⌐500mm ─ ⇔ↄ│

╩ ∆╢⁹↕╠⌐⁸꞉♃│ ⌐ ™⅜⁸▪ꜟ◌ꜞ ⌐ ∆╢ ⅜

™(OECD, 2008)⁹ ⌐ ⇔≡│ ─ ≢╙ ⅜ ↄ⁸ ─ ™▪ꜟ◌ꜞ

≢ ≢№╢( , 2000)⁹ 30 

 

Ɫ │  

 

 Ί 

 35 
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 │ ─  

 

ᵑ ─ ⁸ ⁸ ┘  

 

꞉♃─↕ↄ│3~5 ⌐ ⅛╣≡⅔╡⁸1 ⌐7~8 ─ ⅜ ╕╣╢⁹ ⌐5 

™ ⅜ ⇔⁸↕ↄ ⅜ ↑≡ ∂╞∆╢⁹ │ ⅜ ╖ ∫≡ ⇔

⌐ↄↄ⁸ │ ™≤ ⅎ╠╣╢( , 1981)⁹ ⌐╟∫≡│ י3ִ~2

─ ╩ ≈⅜⁸ │ ⌐╟╡ ╩ ⌐ ⅎ╠╣≡™╢⅛

⇔ↄ│ ⌐ ∫≡™╢(OECD, 2008)⁹ 

 10 

ᵒ ─ ┘⌐ ⌐⅔™≡ ╩ ⇔℮╢ │

⅛╠─  

 

꞉♃│ ≢№╡⁸ ≢ ╩ ⇔℮╢ │ ⅛╠

∆╢≤™℮ │⌂↕╣≡™⌂™⁹ 15 

 

ᵓ ⁸ ─ ⁸ ─ ⁸ ≤─ ┘

▪ⱳⱵ◒◦☻╩ ∏╢ ╩ ∆╢ │∕─  

 

꞉♃│ ⌐ ≢№╢⅜⁸ ⌐╟╡⁸ ⌐ ™20 

─ ⅜ ∂╢ ⅜№╢(OECD, 2008)⁹⌂⅔⁸ ⅜ ⌐⅔™≡꞉♃≤

⌂ │ ╠╣≡™⌂™⁹╕√⁸▪ⱳⱵ◒◦☻⌐≈™≡─ │

⌂™⁹ 

 

ᵔ ─ ⁸ ⁸ ⁸ ⁸ ┘  25 

 

꞉♃│ ⌐50~125 ─ ╩ ⇔⁸ ≈─ ≢350~900 ─ ⅜

↕╣╢(OECD, 2008)⁹꞉♃─ │ 100~140µm≤ ⅝ↄ⁸ ↄ⁸╛╛

⅜№╡⁸ ≢ ⅜ ┌╣╢↓≤│╒≤╪≥⌂ↄ⁸ ─ │ ⌐ⱴ

ꜟⱢ♫Ᵽ♅(Bombus )╛Ⱶ♠Ᵽ♅(Apis ) ─ ─ ⌐ ⇔≡™30 

╢(OECD, 2008)⁹ ≢─ ≢│⁸ ꞉♃─ ╒ ⅛╠1625m

≢─0.04%─ ⅜ ╘╠╣√↓≤⅜ ↕╣≡™╢(Van Deynze et al., 2005)⁹╕

√⁸ ⌐⅔™≡ ⌐⁸ ꞉♃╩ ™√ ≢│⁸Ⱶ♠Ᵽ♅─

╩ ℮⌂≥ ⅜ ⌐ ∆╢ ≢│ ⅛╠─ ⅜

9m ≢ │1% ⌐⌂╡⁸ ⌂≥⌐╟╡ ─ ⅜35 

≢⌂™ ≢│ ⅛╠─ ⅜1m ≢ 1% ≢№∫√(Van 
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Deynze et al., 2005)⁹↕╠⌐⁸ ꞉♃╩ ™√ ⌐⅔↑╢ ≢│⁸

10m╩ ⅎ╢≤ ─ │0.3% ≤⌂╡ ⌂╙─⌐ ╠╣⁸

60m ≢│ ─ │ ╘╠╣⌂⅛∫√(Zhang et al., 2005)⁹ 

 

─ │⁸25ϴ ⌐⅔™≡⁸8 ≢│ 90%⁸165 

≢│ 31%⁸32 ≢│7.6%≤ ⇔⁸○○♃Ᵽ◖●(Helicoverpa armigera)─

⌐ ⇔√ ⌐│⁸8 ⌐│ 19%≤⌂╡⁸↕╠⌐ ∆╢↓≤⅜

↕╣≡™╢(OECD, 2008)⁹ 

 

ⱱ  10 

 

 Ί 

 

┼ ─  

 15 

꞉♃─ ⌐│⁸ⱥ♩╛ ⅜ ⌐ ⇔√ ⌐ ╩ ╓∆

─№╢◗♇◦ⱳכꜟ╛◦◒꜡ⱪ꜡Ɑfi ⅜ ╕╣≡™╢⁹∕─√╘⁸

≤⇔≡─꞉♃ ─ │ ↕╣≡™╢⅜⁸ │↓╣╠─ ╩

≢ ⇔≡ ∆╢√╘⁸ ╩ ↑⌐ↄ™(OECD, 2008)⁹ 

◗♇◦ⱳכꜟ│ ⌐ ∆╢♥ꜟⱭⱡ▬♪≢⁸ ≈─ (+/-)⅜№╡⁸20 

⌐(-)◗♇◦ⱳכꜟ⅜ ╩ ∆(Stipanovic et al., 2005)⁹╕√⁸ ⌐│

≤ ⅜№╡⁸꞉♃─ ⌐│ ◗♇◦ⱳכꜟ⅜ ╕╣╢⁹

◗♇◦ⱳ⁸│ꜟכ ⁸ ┘ ↄ─ ╛ ⌐ ⇔≡ ╩

⇔⁸╒ ⌐⅔™≡│ ⁸ ╛ ⌂≥╩ ⅝ ↓∆(Berardi 

and Goldblatt, 1980)⁹⇔⅛⇔⁸ ─◗♇◦ⱳכꜟ│ ≤ ⇔≡25 

╩ ™(OECD, 2008)⁸ ─◗♇◦ⱳכꜟ│ ●ⱶ⁸ ⁸ ─ ≢

↕╣╢( , 1989)⁹ 

◦◒꜡ⱪ꜡Ɑfi (ⱴꜟⱣꜞfi ⁸☻♥ꜟ◒ꜞfi )│ ─ ⌐

0.5-1.0% ╕╣≡⅔╡⁸ ─ ╩ ⇔⁸ ≢│ ─ ╛

┤ ─ ⌂≥╩ ⅝ ↓∆⅜⁸ ≢ ↕╣╢(OECD, 2004; OECD, 30 

2008)⁹ 

꞉♃│ ⌐↓╣╠─ ╩ ╗⅜⁸ │ ─ ⌐ ╦╣≡™

╢√╘ ─╟℮⌂ ╩ ∆╢ │ ╕∏⁸ ╙◗♇◦ⱳכꜟ⅜

╕╣≡™╢↓≤╛ ─ ⌐╟╡ │ ↑╢≤ ⅎ╠╣╢⁹╕√⁸ ─

⅜ ╩ ∆╢≤™℮ │ ↕╣≡™⌂™⁹ 35 
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♩ ∕─ ─  

  

Ί 

 

5 
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2.  ⅎ ─ ⌐ ∆╢  

 

(1) ⌐ ∆╢  

 

▬ ┘ ─  5 

 

◓ꜞⱱ◘כ♩ ┘▬♁◐◘ⱨꜟ♩כꜟ ꞉♃ (2mepsps, 

hppdPfW336-1Pa, Gossypium hirsutum L.)(GHB811, OECD UI: BCS-GH811-4)( ⁸

₈ ⅎ꞉♃₉≤∆╢⁹)─ ⌐ ™╠╣√ ─ ┘ ─

╩ 1⌐ ⇔√⁹ 10 

 

1 ─◘▬☼⁸ⱬ◒♃כ ─ ⁸ ┘  

 ◘▬☼
(bp) 

ⱬ◒♃כ ─

 

┘  

T-DNA  

hppdPfW336-1Pa ◌☿♇♩ 

ThistonAt 

667 83 - 749 

◦꜡▬♯♫☼♫(Arabidopsis thaliana) ─

H4 ─ 3'  (Chabouté et al., 

1987)╩ ╗ ≢⁸ⱳꜞ▪♦♬ꜟ ◘▬♩

╩ ╗⁹ 

 16 750 - 765 ⱳꜞꜞfi◌כ  

hppdPfW336-1Pa 

1077 766 - 1842 

Pseudomonas fluorescens A32 ─ 4-ⱥ♪꜡

◐◦ⱨ▼♬ꜟⱧꜟⱦfi ♀כ♫◕◦◐○☺

╢∆♪כ◖╩ ╩ ≤⇔⁸336

─◓ꜞ◦fi╩♩ꜞⱪ♩ⱨ□fi┼ ⇔≡™

╢⁹↓╣⌐╟╡ ▬♁◐◘ⱨꜟ♩כꜟ

┼─ ╩ ∆╢(Boudec et al., 2001)⁹⌂

⅔⁸꞉♃⌐⅔↑╢ ⌐ ∆╢╟℮⌐◖♪

fi╩ ⇔≡™╢⅜⁸↓─ ⌐╟╡▪

Ⱶⱡ │ ⇔≡™⌂™⁹   

TPotpY-1Pa 

372 1843 - 2214 

ⱥⱴ꞉ꜞ(Helianthus annuus) ┘♩►⸗꜡◖

◦(Zea mays)─ RuBisCo ◘Ⱪꜚ♬♇♩

─ Ɑⱪ♅♪─◖כ♪

(▪Ⱶⱡ 55 ╩♅꜡◦fi┼ ⇔

≡™╢ )╩ ⌐ ↕╣√ (Lebrun et al., 

1996)⁹HPPD W336 ╩ ┼

∆╢⁹⌂⅔⁸꞉♃⌐⅔↑╢ ⌐ ∆╢╟

℮⌐◖♪fi╩ ⇔≡™╢⅜⁸↓─

⌐╟╡▪Ⱶⱡ │ ⇔≡™⌂™⁹ 

 8 2215 - 2222 ⱳꜞꜞfi◌כ  

Pcsvmv 

513 2223 - 2735 

Cassava Vein Mosaic Virus─ⱪ꜡⸗כ♃כ

─ ╩ ╖⁸hppdPfW336-1Pa

◌☿♇♩⌐⅔™≡ ⌂ ╩ ℮⁹ 
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 ◘▬☼
(bp) 

ⱬ◒♃כ ─

 

┘  

2mepsps ◌☿♇♩ 

Ph4a748 

917 2834 - 3750 

◦꜡▬♯♫☼♫(A. thaliana)─ⱥ☻♩fi H4

─ⱪ꜡⸗כ♃כ ╩ ╗ ≢

2mepsps ─ ╩ ∆ ╢ 

(Chabouté et al., 1987)⁹ 

 39 3751 - 3789 ⱳꜞꜞfi◌כ  

intron1 h3At 

466 3790 - 4255 

◦꜡▬♯♫☼♫(A. thanliana) ─ⱥ☻♩

fi H3.3 и ─ ▬fi♩꜡fi╩

╗  (Chaubet et al., 1992)⁹Ph4a748ⱪ꜡

─≥כ♃כ⸗ ╖ ╦∑≢⁸ ⌐

꜠ⱬꜟ╩ ↄ∆╢⁹ 

 13 4256 - 4268 ⱳꜞꜞfi◌כ  

TPotpC 

372 4269 - 4640 

ⱥⱴ꞉ꜞ(H. annuus) ┘♩►⸗꜡◖◦(Z. 

mays)─ RuBisCo ◘Ⱪꜚ♬♇♩

─ Ɑⱪ♅♪─◖כ♪ (▪Ⱶⱡ

55 ╩♅꜡◦fi┼ ⇔≡™╢)

╩ ⌐ ↕╣√ (Lebrun et al., 1996)⁹

2mEPSPS ╩ ┼ ∆╢⁹ 

2mepsps 

1338 4641 - 5978 

♩►⸗꜡◖◦(Z. mays) ─ 5-◄ⱡכꜟⱧ

ꜟⱦꜟ◦◐Ⱶ -3-ꜞfi

(epsps )⌐ ╩ ⇔√⁸2

5-◄ⱡכꜟⱧꜟⱦꜟ◦◐Ⱶ -3-ꜞfi

(2mEPSPS ╢∆♪כ◖╩(

≢⁸ ◓ꜞⱱ◘כ♩⌐ ∆╢

╩ ∆╢ (Lebrun et al., 1997)⁹ 

 20 5979 - 5998 ⱳꜞꜞfi◌כ  

ThistonAt 

667 5999 - 6665 

◦꜡▬♯♫☼♫(A. thaliana) ─ H4

─ 3'  (Chabouté et al., 1987)╩

╗ ≢⁸ⱳꜞ▪♦♬ꜟ ◘▬♩╩ ╗⁹  

∕─  

RB 
25 1 - 25 

Agrobacterium tumefaciens─ T-DNA ─

 (Zambryski, 1988) 

 57 26 - 82 ⱳꜞꜞfi◌כ  

 60 2736 - 2795 ⱳꜞꜞfi◌כ  

lox 

34 2796 - 2829 

Ᵽ◒♥ꜞ○ⱨ□כ☺P1─Creꜞ◖fiⱦ♫כ

♀⌐ ∆╢ 34bp ─  (Hoess and 

Abremski, 1985) ⁹ 

 4 2830 - 2833 ⱳꜞꜞfi◌כ  

 4 6666 - 6669 ⱳꜞꜞfi◌כ  

lox 

34 6670 - 6703 

Ᵽ◒♥ꜞ○ⱨ□כ☺P1─Creꜞ◖fiⱦ♫כ

♀⌐ ∆╢ 34bp ─  (Hoess and 

Abremski, 1985) ⁹ 

 128 6704 - 6831 ⱳꜞꜞfi◌כ  
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 ◘▬☼
(bp) 

ⱬ◒♃כ ─

 

┘  

LB 
25 6832 - 6856 

A. tumefaciens─ T-DNA ─

 (Zambryski, 1988)⁹ 

( ⅎ꞉♃⌐│ ↕╣≡™⌂™) 

 
305 6857 - 7161 

pTiAch5 ─ ─ Ti-plasmid 

(Zhu et al., 2000)⁹ 

aadA 

1785 7162 - 8946 

(Escherichia coli)─▪Ⱶⱡ◓ꜟ◖◦♪

╩ ╗ (Fling et 

al., 1985) ⁹ 

ORI pVS1 

2790 8947 - 11736 

Pseudomonas ─ⱪꜝ☻Ⱶ♪pVS1─

╩ ╗  (Hajdukiewicz et al., 

1994)⁹ 

ORI ColE1 
1157 11737 - 12893 

E. coli─ⱪꜝ☻Ⱶ♪ pBR322

╩ ╗ (Bolivar et al., 1977)⁹ 

 
206 12894 - 13099 

pTiAch5 ─ ─ Ti-plasmid 

(Zhu et al., 2000)⁹ 

( ⌐ ↕╣√ ⌐ ╢ ┘ ─ │ ⌐ ∆╢⁹) 

 

꜡ ─  

 

ᵑ ⁸ ⁸ ◦◓♫ꜟ⁸ ⱴכ◌כ∕─ ─5 

─ ∕╣∙╣─  

 

 ⅎ꞉♃─ ⌐ ™√ ─ ─ │ 1(p.10)⌐ ⇔√⁹ 

  

ᵒ ┘ ⱴכ◌כ─ ⌐╟╡ ↕╣╢ ─ ┘10 

כ◑ꜟ꜠▪⅜ ╩ ∆╢↓≤⅜ ╠⅛≤⌂∫≡™╢ ≤ ╩

∆╢ │∕─  

 

2mEPSPS  

5-◄ⱡכꜟⱧꜟⱦꜟ◦◐Ⱶ -3-ꜞfi ( ⁸₈EPSPS ₉≤∆15 

╢⁹)│⁸ ⁸ ┘ ⌐ ─ ▪Ⱶⱡ ╛ ─

≢№╢◦◐Ⱶ ╩ ∆╢ ─ ≈≢№╡⁸ⱱ☻ⱱ◄ⱡכꜟⱧꜟ

ⱦfi (PEP)≤◦◐Ⱶ -3-ꜞfi (S3P)⅛╠5-◄ⱡכꜟⱧꜟⱦꜟ◦◐Ⱶ -3-ꜞfi

(EPSP)╩ ∏╢ ╩ ∆╢⁹ ◓ꜞⱱ◘כ♩│EPSPS ╩ ⇔

≡◦◐Ⱶ ╩ ╘⁸∕─ ⁸ │ ─ ⌐ ─ ▪Ⱶⱡ20 

╩ ≢⅝⌂ↄ⌂╡⁸ ∆╢(Lebrun et al., 1997)⁹ 
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ⅎ꞉♃⌐ ↕╣√2mepsps ─ │⁸♩►⸗꜡◖◦≢№╢⁹

2mepsps │⁸♩►⸗꜡◖◦⅛╠ ↕╣√ epsps ─ 2

יִ ⌐ ⌐ ╩ ⇔≡ ↕╣√⁹↓─ ⌐╟╡⁸

2mEPSPS ─▪Ⱶⱡ │⁸ epsps ≢№╢EPSPS

─102 ─♩꜠○♬fi(Thr)⅜▬♁꜡▬◦fi(Ile)⌐⁸╕√⁸106 ⱪ꜡ꜞfi(Pro)5 

⅜☿ꜞfi(Ser)⌐∕╣∙╣ ⇔≡™╢(Lebrun et al., 1997)⁹↓╣⌐╟╡⁸2mEPSPS

│◓ꜞⱱ◘כ♩⌐ ∆╢ ⅜ ↄ⌂╡⁸◓ꜞⱱ◘כ♩ ≢

╙ ⌂ ╩ ∆╢↓≤⅜≢⅝◦◐Ⱶ ⅜ ⌐ ∆╢√╘⁸

│ ∆╢↓≤⅜≢⅝╢(Lebrun et al., 1997)⁹ 

 10 

╕√⁸2mEPSPS ─▪Ⱶⱡ ⌐ ≠⅝⁸2016 ⌐FARRP─

AllelgenOnline♦כ♃ⱬכ☻(version16)╩ ™≡ ─▪꜠ꜟ◕fi≤─ ⌂

╩ ∫√ ⁸ ─▪꜠ꜟ◕fi≤─ │ ╘╠╣⌂⅛∫√⁹ 

 

⌂⅔⁸2mepsps │⁸ ⅜ ⌐⅔™≡ 22 6 11 ⌐15 

⅜ ╠ ╣ ≡ ™ ╢ ◓ ꜞ ⱱ ◘ כ ♩ ꞉ ♃ GHB614(OECD 

UI:BCS-GHØØ2-5)⌐ ↕╣≡™╢⁹ 

 

HPPD W336  

 4-ⱥ♪꜡◐◦ⱨ▼♬ꜟⱧꜟⱦfi  hydroxy phenylpyruvate 20-4)♀כ♫◕◦◐○☺

dioxygenase)( ⁸₈HPPD ₉≤∆╢⁹)│⁸ ⁸ ⁸ ┘

╩ ╗ ⌐ ↄ╖╠╣╢ ≢№╡⁸HPPD ⅜ ∆╢ │

≤ ≢ ⌂∫≡™╢⁹HPPD │♅꜡◦fi ⌐⅔™≡4-

ⱥ♪꜡◐◦ⱨ▼♬ꜟⱧꜟⱦfi (4-HPP)⅛╠ⱱ⸗◕fi♅☺fi (HGA)─ ╩

⇔( 1, p.14; 2, p.15)⁸ ↕╣√HGA│⁸ ┘ ≢│ⱨⱴꜟ25 

┘▪☿♩ ⌐ ↕╣╢(Brownlee et al., 2004)⁹ ≢│↓─ ⌐ ⅎ⁸

HGA│♩◖♩ꜞ◄ⱡ⁸ꜟכ♩◖ⱨ▼꜡כꜟ ┘ⱪꜝ☻♩◐ⱡfi ⌐ ↕╣

╢⁹↓╣╠│ ╛ ⌐ ⌂ ≢№╢(Fritze et al., 

2004)( 1, p.14)⁹ 

  30 

  



 

 

 

 

14 

 

 

 

 

1 ♅꜡◦fi ⌐⅔↑╢HPPD  5 

─ ─   

CS: chorismate synthase 4-HPP: 4-hydroxypyruvate 

CM : chorismate mutase HPPD: hydroxyphenylpyruvate dioxygenase 

E4P: erythrose 4-phosphate TAT : tyrosine aminotransferase 

PEP: phosphoenol pyruvate HmgDO: homogentisate dioxygenase 

PAT: prephenate aminotransferase HPT: homogentisate phytyltransferase 

ADH : arogenate hehydrogenase HGGT : homogentisate geranylgeranyltransferase 

ADT : arogenate dehydratase MAAI : maleylacetoacetate isomerase 

PDH: prephenate dehydrogenase FAA : fumaryl acetoacetase 

( ⌐ ↕╣√ ⌐ ╢ ┘ ─ │ ⌐ ∆╢) 

 

 



 

 

 

 

15 

▬♁◐◘ⱨꜟ♩⁸│ꜟכ ─ ┘ ╟╡ ↕╣╢≤ ╛⅛⌐2-◦▪

ⱡ-3-◦◒꜡ⱪ꜡Ⱨꜟ-4-(2-ⱷ♅ꜟ☻ꜟⱱ♬ꜟ-4-♩ꜞⱨꜟ○꜡ⱷ♅ꜟⱨ▼♬ꜟ)ⱪ

꜡Ɽfi-1,3-☺○fi( ▬♁◐◘ⱨꜟ♩כꜟ ─☺◔♩♬♩ꜞꜟ ⁹

⁸₈DKN₉≤∆╢⁹)┼≤ ↕╣⁸ ∂√DKN⅜4-HPP≤ ⇔≡HPPD

─ ⌐ ⌐ ∆╢↓≤⌐╟╡⁸HPPD ─ ╩ ∆╢5 

(Matringe et al., 2005)⁹∕─ ⁸ │HGA╩ ≢⅝⌂ↄ⌂╡⁸♅꜡◦fi

⁸ⱪꜝ☻♩◐ⱡfi ┘♩◖ⱨ▼꜡כꜟ─ ⅜ ↕╣⁸ ⅜ ≤

⌂╡⁸ ─ ╩ ∫√ ╩ ⇔⁸ ∆╢( 2)⁹ 

 

 10 

ⅎ꞉♃⌐ ↕╣√hppdPfW336-1Pa ─ │⁸P. fluorescens 

A32 ≢№╢⁹hppdPfW336-1Pa │⁸P. fluorescens A32 ⅛╠ ↕╣√

hppd ─ י1ִ─ ⌐ ⌐ ╩ ⇔≡ ↕

╣√⁹↓─ ⌐╟╡HPPD W336 ─▪Ⱶⱡ │ HPPD

─336 ─▪Ⱶⱡ ─◓ꜞ◦fi(Gly)⅜♩ꜞⱪ♩ⱨ□fi(Trp)⌐ ⇔⁸HPPD15 

⌐ ∆╢ ⅜ ⇔≡™╢(Boudec et al., 2001)⁹ 

 

DKN⅜4-HPP─ ≤⌂╢↓≤⅛╠⁸DKN⌐ ∆╢ (constant of 

ⱱ⸗◕fi♅☺fi  

(HGA) 

4-ⱥ♪꜡◐◦ 

ⱨ▼♬ꜟⱧꜟⱦfi  

(4-HPP) 

HPPD  

DKN ⌐╟╢  

♩◖ⱨ▼꜡כꜟ  

 

ⱪꜝ☻♩◐ⱡfi   

 

ⱱ⸗◕fi♅☺fi  

(HGA) 

4-ⱥ♪꜡◐◦ 

ⱨ▼♬ꜟⱧꜟⱦfi  

(4-HPP) 

 HPPD W336  

DKN ⌐╟╢  

ⱨⱴꜟ  

▪☿♩  

HPPD  

2 ⅎ꞉♃⌐⅔↑╢ HPPD W336 ─  

HPPD │ 4-ⱥ♪꜡◐◦ⱨ▼♬ꜟⱧꜟⱦfi (4-HPP)⅛╠ⱱ⸗◕fi♅☺fi (HGA)┼─ ╩ ∆╢⁹

⁸▬♁◐◘ⱨꜟ♩כꜟ─ ≢№╢ DKN⌐╟∫≡↓─ ⅜ ↕╣⁸♅꜡◦fi ⁸

♩◖ⱨ▼꜡כꜟ ┘ⱪꜝ☻♩◐ⱡfi ⅜≢⅝⌂ↄ⌂╡⁸ ∆╢─⌐ ⇔≡⁸HPPDW336 │

╩ ↑∏⁸ ⌂ ⅜≢⅝╢↓≤≢ ▬♁◐◘ⱨꜟ♩כꜟ⌐ ⇔≡ ╩ ∆⁹ 

( ⌐ ↕╣√ ⌐ ╢ ┘ ─ │ ⌐ ∆╢⁹) 

♩◖ⱨ▼꜡כꜟ  

 

ⱪꜝ☻♩◐ⱡfi  

ⱨⱴꜟ  

▪☿♩  

ч) ⅎ꞉♃⌐ ▬♁◐◘ⱨꜟ♩כꜟ  

ш) ⅎ꞉♃⌐ ▬♁◐◘ⱨꜟ♩כꜟ  
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association; Kon) ╩P. fluorescens ─ HPPD ≤HPPD W336

≢ ⇔√≤↓╤⁸ ─1.3×10
4
(M

-1
S

-1
)⌐ ⇔ │4.4×10

2
(M

-1
S

-1
)≢№╡⁸

HPPD ─DKN⌐ ∆╢ │HPPD W336 ─∕╣≤

⇔≡29.5 ⅛∫√ (Matringe et al., 2005)⁹∕─ ⁸HPPD W336 │

DKN⌐╟╢ ╩ ↑∏HGA ⅜ ∆╢√╘⁸♅꜡◦fi ⁸♩◖ⱨ5 

ꜟכ꜡▼ ┘ⱪꜝ☻♩◐ⱡfi─ ⅜ ⌐ ╦╣⁸ ∆╢↓≤⅜≢⅝

╢( 2, p.15)⁹ 

 

╕√⁸HPPD W336 ─▪Ⱶⱡ ⌐ ≠⅝⁸2016 ⌐FARRP─

AllelgenOnline♦כ♃ⱬכ☻ (version16)╩ ™≡ ─▪꜠ꜟ◕fi≤─ ⌂10 

╩ ∫√ ⁸ ─▪꜠ꜟ◕fi≤─ │ ╘╠╣⌂⅛∫√⁹ 

 

⌂⅔⁸ ⅎ꞉♃⌐ ↕╣√hppdPfW336-1Pa │⁸

( 26 12 9 )⌐⅔™≡ ⌐ ∫≡

⇔√ ⁸ ⅜ ∏╢⅔∕╣│⌂™≤ ↕╣√ ◓ꜞ15 

ⱱ◘כ♩ ┘▬♁◐◘ⱨꜟ♩כꜟ ♄▬☼FG72(OECD UI: MST-FGØ72-2)⌐

↕╣≡™╢hppdPfW336 ─DNA◖♪fi╩꞉♃≢─ ⌐ ⇔≡™

╢⅜⁸↓─ ⌐╟╡HPPD W336 ─▪Ⱶⱡ │ ⇔≡™⌂™⁹ 

 

ᵓ ─ ≈ ╩ ↕∑╢ │∕─  20 

 

2mEPSPS  

2mEPSPS ≤ ⌐ ≢№╢EPSPS │ ▪Ⱶⱡ ╩

∆╢√╘─◦◐Ⱶ ╩ ∆╢ ≢№╢⅜⁸ ⌐⅔↑╢

≢│⌂ↄ⁸EPSPS ⅜ ⇔≡╙⁸ ─ ≢№╢ ▪Ⱶⱡ ─25 

⅜ ╕╢↓≤│⌂™≤ ⅎ╠╣╢(Weiss and Edwards, 1980; Herrmann, 1983)⁹

╕√⁸ ─40 ─EPSPS ╩ ∆╢ ⌐⅔™≡⁸ ─

▪Ⱶⱡ │ ⌐ ↕╣⌂™↓≤⅜ ↕╣≡™╢(Smart et al., 1985)⁹ 

⌂⅔⁸ ─ ╩ ∆╢ ◓ꜞⱱ◘כ♩ ꞉♃GHB614⌐⅔™≡⁸

▪Ⱶⱡ ─ ⌐ ⅜⌂™↓≤⅜ ↕╣≡™╢⁹ 30 

 

╕√⁸EPSPS │PEP ┘S3P ⌐S3P─ ≢№╢◦◐Ⱶ ≤╙

∆╢↓≤⅜ ╠╣≡™╢⅜⁸ ─ ↓╡ ↕╩ ∆ (Specificity 

constant) kcat/Km─ ≢ ∆╢≤⁸EPSPS ─◦◐Ⱶ ≤─ │⁸

EPSPS ─S3P≤─ ─ 200 ─1⌐ ⅞∏ (Gruys et al.,1992)⁸35 

EPSPS │ ™ ╩ ⇔≡™╢⁹ 



 

 

 

 

17 

 

⅛╠⁸2mepsps ─ ⌐╟╡⁸ ─ ≈ ┼─ │⌂™≤

ⅎ╠╣╢⁹ 

 

HPPD W336  5 

HPPD W336 ≤ ⌐ ⌂HPPD │⁸ ≢─♅꜡◦fi

⌐⅔™≡4-HPP╩ ≤⇔HGA┼─ ╩ ∆╢↓≤⅜ ╠╣≡™╢⅜⁸

⌐⅔™≡│HGA╩ ⌐♩◖ⱨ▼꜡⁸ꜟכ♩◖♩ꜞ◄ⱡכꜟ ┘ⱪꜝ☻♩◐

ⱡfi─ ⅜ ╦╣╢⁹ ─HPPD ⌐ ⅎ≡HPPD W336 ⅜ ∆

╢↓≤⌐╟╡⁸HPPD ─ ⅜ ╕╢↓≤≢♩◖ⱨ▼꜡כꜟ ┘♩◖♩ꜞ10 

◄ⱡכꜟ ─ ⅜ ⅎ╠╣√⅜⁸HPPD ⅜ ⌐⅔↑╢ ≢│

⌂™↓≤│ ↄ─ ⌐╟∫≡ ↕╣≡™╢(Mène-Saffrané and Dellapenna, 

2010)⁹ ⌐⁸HPPD ╩ ↕∑√♫♃Ⱡ⁸▬Ⱡ⁸♃Ᵽ◖ ┘◦꜡▬

♯♫☼♫⌐⅔™≡ ─ ─ ≈≢№╢♩◖ⱨ▼꜡כꜟ─ │ ╦╠

⌂™⅛╦∏⅛⌐ ⇔√ ≢№∫√⁹↓─ ─ ≈≤⇔≡⁸4-HPP╟╡╙15 

⌐№╢♅꜡◦fi─ ⅜ ╩ ↑≡™╢≤ ⅎ╠╣≡™╢(Tsegaye et al., 

2002; Falk et al., 2003; Raclaru et al., 2006; Farré et al., 2012)⁹ 

⌂⅔⁸ ─HPPD W336 ╩ ∆╢ ◓ꜞⱱ◘כ♩ ┘▬♁◐◘

ⱨꜟ♩כꜟ ♄▬☼FG72─♅꜡◦fi ┘♩◖ⱨ▼꜡כꜟ ⌐⅔™≡⁸

ⅎ♄▬☼≤─ ⌐ ⌂ ⅜⌂™↓≤⅜ ↕╣≡™╢⁹ 20 

 

 HPPD ─ ⌐ ⇔⁸ ┘ ⌐⅔↑╢HPPD

─ ≤⌂╡ ╢ ⌐≈™≡⁸ ╩ ∫√⁹∕─ ⁸HPPD

─ ≤⇔≡ ╠╣╢4-HPP─╒⅛⌐⁸ ⌐ ╠╣ ≤⌂╡ ╢

≤⇔≡ⱨ▼♬ꜟⱧꜟⱦfi (PP)⁸3,4-☺ⱥ♪꜡◐◦ⱨ▼♬ꜟⱧꜟⱦfi25 

(3,4-dHPP)⁸ɖ-◔♩▬♁◌ⱪ꜡fi (KIC)⁸ɖ-◔♩-ɘ-(ⱷ♅ꜟ♅○)Ⱪ♅ꜟ

(KMTB)⅜ →╠╣√( 1)⁹ 

  

 ╕√⁸P. fluorescens─ HPPD ≤HPPD W336 ─4-HPP⌐ ∆

╢ (Km, Kcat)╩ ⇔√≤↓╤⁸HPPD W336 ─ (Kcat; 30 

HPPD 4.0 ± 1.4 s
-1

, HPPD W336 1.9 ± 0.4 s
-1)│ ⇔≡™√⅜⁸ ─

4-HPP⌐ ∆╢ (Km; HPPD 262 ± 54µM, HPPD W336 262 ± 67µM)│

≢№∫√( 2, Table 1, p.9)⁹∕↓≢⁸ ≤⌂╡ ╢ ≈─ ∕

╣∙╣⌐≈™≡ ≤─ ╩4-HPP≤ ⌐ ⇔√≤↓╤⁸PP⁸KIC

┘KMTB≢│ ⅜╖╠╣⌂⅛∫√⁹ ⁸3,4-dHPP─╖╦∏⅛⌐ ⅜ ╠35 

╣√⅜∕─ │ ⌐ ↕ↄ( HPPD 2.4%, HPPD W336 4.8%)⁸╕√⁸
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⌐ ⇔√in vitro⌐⅔↑╢ ≢№╢↓≤⅛╠⁸3,4-dHPP│ ⌐⅔™≡

≢│ ≤⇔≡─ │⌂™≤ ⅎ╠╣√( 2, Table 2, p.9)⁹ 

  

⅛╠⁸HPPD W336 ─ ⌐╟╡⁸ ─ ⌐ ╓∆ │

™≤ ⅎ╠╣╢⁹ 5 
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(2)ⱬ◒♃כ⌐ ∆╢  

 

▬ ┘  

 

 ⅎ꞉♃─ ⌐ ™√ⱬ◒♃⁸│כpUC19 ┘pGSC1700 ╩ ⌐5 

↕╣√ⱪꜝ☻Ⱶ♪pTSIH09≢№╢( 3, p.20)⁹ 

 

꜡  

 

ᵑ ⱬ◒♃כ─ ┘  10 

 

 ⅎ꞉♃─ ⌐ ™╠╣√ⱪꜝ☻Ⱶ♪pTSIH09─ │13,099bp

≢№╢( 3)⁹ⱪꜝ☻Ⱶ♪pTSIH09─ │ 1(p.10)⌐ ⇔√⁹ 

 

ᵒ ─ ╩ ∆╢ ⅜№╢ │⁸∕─  15 

 

ⱪꜝ☻Ⱶ♪pTSIH09│⁸T-DNA ─ ⌐ ⌐ ∆ ╩ ≈ ╩

∆╢⁹⌂⅔⁸ ⅎ꞉♃(T1 ┘BC2F3 ; 4─ᵓ, p.22)⌐│↓╣╠─

⅜ ↕╣≡™⌂™↓≤⅜◘◙fiⱩ꜡♇♩ ⌐╟╡ ↕╣≡™╢(

4)⁹ 20 

- E. coli─ⱪꜝ☻Ⱶ♪pBR322 (ORI ColE1; Bolivar et al., 1977)

┘P. aeruginosa─ⱪꜝ☻Ⱶ♪ⱬ◒♃כpVS1─ (ORI pVS1; 

Hajdukiewicz et al., 1994)⁹∕╣∙╣⁸E. coli ┘A. tumefaciens⌐⅔™≡

╩ ╦∑╢ ╩ ∆╢⁹ 

- E. coli ─▪Ⱶⱡ◓ꜞ◖◦♪ (aadA; Fling et al., 25 

1985)╩ ╗ ⁹E. coli ┘A. tumefaciens⌐⅔™≡ ⱴכ◌כ≤⇔≡

⇔√⁹ 

 

ᵓ ⱬ◒♃כ─ ─ ┘ ╩ ∆╢ │∕─ ⌐ ∆╢

 30 

 

 ⱪꜝ☻Ⱶ♪pTSIH09─ │ ╠╣≡™⌂™⁹ 

   

  



 

 

 

 

20 

 

 

 

 

 5 

 

 

 

 

3 ⱪꜝ☻Ⱶ♪pTSIH09─ ┘  10 

( ⌐⌐ ↕╣√ ⌐ ╢ ┘ ─ │ ⌐ ∆╢⁹) 

 

 

  

T-DNA  
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(3) ⅎ ─  

 

▬ ⌐ ↕╣√ ─  

 

⌐│ⱪꜝ☻Ⱶ♪ pTSIH09 ─ 2mepsps ◌☿♇♩5 

[Ph4a748]-[intron1 h3At]-[TpotpC]-[2mepsps]-[ThistonAt] ┘hppdPfW336-1Pa

◌☿♇♩[Pcsvmv]-[Tpotp Y-1Pa]-[hppdPfW336-1Pa]-[ThistonAt]╩ ╗

T-DNA ⅜ ↕╣√⁹T-DNA ─ │ 3(p.20)⌐ ⇔√⁹ 

 

꜡ ⌐ ↕╣√ ─  10 

 

─꞉♃ Coker 312─ ╩MS ≢ ↕∑⁸ⱪꜝ☻Ⱶ♪pTSIH09

─ ─T-DNA ╩▪◓꜡Ᵽ◒♥ꜞ►ⱶ ⌐╟╡ ─꞉♃ Coker312─

⌐ ⇔√⁹ 

 15 

Ɫ ⅎ ─ ─  

 

ᵑ ⅜ ↕╣√ ─ ─  

 

 ╩ ∫√ │⁸ ◓ꜞⱱ◘כ♩╩ ╗ ≢ ⇔√⁹ 20 

 

ᵒ ─ ⅜▪◓꜡Ᵽ◒♥ꜞ►ⱶ ─ │▪◓꜡Ᵽ◒♥ꜞ►ⱶ─

─ ─  

 

 ♅◌ꜟ◦ꜞfi(Ticarcillin)╩ ⇔√ ⌐╟╡⁸ ⌐ ™25 

√▪◓꜡Ᵽ◒♥ꜞ►ⱶ │ ↕╣≡™╢⁹↕╠⌐⁸ ⅎ꞉♃─T4

( 4─ᵗ, p.22)─Ᵽꜟ◒ ⌐⅔™≡⁸ ⌐ ⇔√10 ─ ╩1

◘fiⱪꜟ≤⇔≡3◘fiⱪꜟ ⇔⁸∕╣∙╣─◘fiⱪꜟ⅛╠DNA╩ ⇔√⁹

T-DNA≤ⱪꜝ☻Ⱶ♪pTSIH09 ⌐╕√⅜╢ ╩ ≤⇔≡PCR

╩ ∫√≤↓╤⁸ ⇔√ ≡─◘fiⱪꜟ⌐⅔™≡ ≤∆╢ │30 

╠╣⌂⅛∫√⁹↓─↓≤⅛╠⁸ ⅎ꞉♃⌐│ ⌐ ™√▪◓꜡

Ᵽ◒♥ꜞ►ⱶ │ ⇔⌂™↓≤⅜ ↕╣√⁹ 

 

ᵓ ⅜ ↕╣√ ⅛╠⁸ ↕╣√ ─ ─ ╩ ⇔

√ ⁸ ╒ ⌐ ⇔√ ∕─ ─ ⌐ ⌂35 

╩ ∆╢√╘⌐ ™╠╣√ ╕≢─ ─  
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─T0 ─ ⌐⅔™≡⁸HPPD ⌐╟╡

hppdPfW336-1Pa ─ ╩ ⇔√⁹∕─ ⁸T1 ⅛╠T7 ╕≢

◓ꜞⱱ◘כ♩ ⌐╟╡2mepsps ─ ╩ ∆╢≤≤╙⌐⁸

ⅎ꞉♃╩ ⇔√⁹ ⌐ ∆╢ ┘ ⌐⅔↑╢ ─5 

╩ 4⌐ ⇔√⁹ 

 

ⅎ꞉♃⌐≈™≡│⁸ ╒ ⌐₈ │ ⌐ ∆

╢√╘─ ⁸ ⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆╢ ₉⌐

⅔↑╢ ─ ╩ ℮ ≢№╢⁹∕─ ⁸2017 ⌐10 

⌐ ≠ↄ ≤⇔≡─ ─ ╩ ⌐⁸ ─

─ ┘ ─ ⌐ ∆╢ ⌐ ≠ↄ ≤⇔≡─ ─

╩ ⌐∕╣∙╣ ℮ ≢№╢⁹ 

 

ₒ ⌐≈⅝ ₓ 15 

 

4 ⅎ꞉♃─  

 

 (4) ⌐ ⇔√ ─ ┘ ⌐╟╢ ─  

 20 

ᵑ ↕╣√ ─ ⅜ ∆╢  

 

ⅎ꞉♃─Ⱬ♥꜡ ╩ ∆╢↓≤≢ ╠╣√3≈─ (F2⁸

BC1F2 ┘BC2F2; 4─ᵕ)⌐⅔↑╢2mepsps ┘hppdPfW336-1Pa

₁─ ⌐≈™≡⁸∕╣∙╣─ ⌐ ⌐ ⇔√ⱪꜝ▬ⱴ25╩כ 

™≡⁸ꜞ ▪ꜟ♃▬ⱶPCR⌐╟╡ ↔≤⌐ ─ ╩ ∫√⁹∕─

⌐≈™≡ ─ ╩ ∫√≤↓╤⁸™∏╣─ ⌐⅔™≡╙ ⇔√∆

═≡─ ⌐⅔™≡⁸ ╩ⱱ⸗≢ ∆╢ (ⱱ⸗ )⁸Ⱬ♥꜡≢ ∆

╢ (ⱫⱵ ) ┘ ╩ ↕⌂™ (null )─ ⅜1:2:1╩

⇔√( 2, p.23)⁹↓─ │⁸ ⌐ ⇔≡ ≤ ⇔√30 

⌐ ↕╣╢ ⌐ ∆╢↓≤⅛╠⁸ │ ─1◌ ⌐

∆╢≤ ⅎ╠╣╢⁹ 

 

 

 35 
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2 F2⁸BC1F2 ┘ BC2F2 ⌐⅔↑╢ PCR ⌐╟╢ 2mepsps ┘

hppdPfW336-1Pa ₁─ ─  

 

F2 BC1F2 BC2F2 

      

ⱱ⸗  19 21.25 24 23 45 57.25 

ⱫⱵ  49 42.50 50 46 116 114.5 

null  17 21.25 18 23 68 57.25 

ɬ2
 *  2.08 1.48 4.66 

* ≤ ⇔⁸ɬ2 ╩ ⁹ 2⁸ 5%⌐⅔™≡ɬ2 5.99 ≢ ⅜ ↕╣╢⁹ 

─ ≢│2mepsps ╩ ⌐ ∆╢ⱪꜝ▬ⱴכ ┘hppdPfW336-1Pa ╩ ⌐ ∆╢ⱪ

ꜝ▬ⱴכ╩ ⇔√⁹ ─ ≢│ ꜞ▪ꜟ♃▬ⱶPCR ╩ ™⁸ ─2mepsps ┘hppdPfW336-1Pa5 
∕╣∙╣─ ╩⁸ ◖Ⱨכ ⅜ 1─ ≤ ∆╢↓≤≢ ⇔√⁹╕√⁸ 5 p.24 ⌐ ∆╟℮⌐⁸

ⅎ ⌐⅔↑╢ 2mepsps ≤ hppdPfW336-1Pa │ ⌐ ⇔≡ ↕╣≡™╢√╘⁸∕╣∙╣

─ ─ ⅜∆═≡─ ≢ ⇔√↓≤⅛╠ ─ ≤⇔≡╕≤╘√⁹ 

 

( ⌐ ↕╣√ ⌐ ╢ ┘ ─ │ ⌐ ∆╢⁹) 10 

ᵒ ↕╣√ ─ ─◖Ⱨכ ┘ ↕╣√ ─ ─

⌐⅔↑╢ ─  

 

ⅎ꞉♃(T1 ; 4─ᵑ ┘ᵒ, p.22)─ ⅛╠ ⇔√◕ⱡⱶDNA⌐

≈™≡◘◙fiⱩ꜡♇♩ ☻fi◄◒כ◦┘ ╩ ∫√⁹ 15 

∕─ ⁸ ⅎ꞉♃⌐│2mepsps ◌☿♇♩ ┘hppdPfW336-1Pa

◌☿♇♩╩ ╗T-DNA ⅜1◖Ⱨכ ↕╣≡™╢↓≤⅜ ↕

╣√( 5 p.24; 4)⁹ 

☻fi◄◒כ◦⁸√╕ ─ ⁸ DNA─5ô(1217bp) ┘3ô(1296pb)─

│⁸ ─ ⌐ ∆╢ ≤ ⇔√⅜⁸ ⌐⅔20 

™≡13bp─ ⅜ ↕╣√( 5, p.24; 5)⁹ 

 ╕√⁸ ─ ╩ ═╢√╘⁸ ⅎ꞉♃─ T1⁸T3⁸T4⁸BC1F2

┘ BC2F3 ( 4─ᵔ, p.22)─ ⅛╠ ⇔√◕ⱡⱶ DNA ⌐≈™≡ T-DNA

╩ⱪ꜡כⱩ≤⇔≡◘◙fiⱩ꜡♇♩ ╩ ∫√⁹∕─ ⁸ ⌐⅔™

≡ ∂◘▬☼─Ᵽfi♪⅜ ↕╣⁸ DNA ⅜ ⌐ ⇔≡ ↕╣≡25 

™╢↓≤⅜ ↕╣√( 6, Figure 3~7, p. 22~26)⁹ 

 

 



 

 

 

 

24 

 

 

 

 

 5 

 

 

 

 

 10 

 

 

 

 

 15 

 

 

 

 

5 ⅎ꞉♃⌐⅔↑╢ DNA ─  20 

─Insertion locus│꞉♃ ─ ⌐⅔↑╢DNA ─ ╩⁸transgenic locus│DNA ─ ╩∕╣∙╣ ∆⁹╕√⁸

TSD(Target Site Deletion)│⁸ ⌐╟╡ ⇔√ ╩ ∆⁹ 

( ⌐ ↕╣√ ⌐ ╢ ┘ ─ │ ⌐ ∆╢⁹) 
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ᵓ ⌐ ◖Ⱨכ⅜ ⇔≡™╢ │⁸∕╣╠⅜ ⇔≡™╢⅛

╣≡™╢⅛─  

 

ⅎ꞉♃⌐│1◖Ⱨכ─T-DNA ⅜ ↕╣√√╘⁸ │ ⇔⌂

™⁹ 5 

 

ᵔ (6)─ᵑ⌐⅔™≡ ⌐ ↕╣╢ ⌐≈™≡⁸ ─ ≢─

┘ ≢─ ─  

 

 2015 ⌐ ─ ≢ ↕╣√⁸ ⅎ꞉♃ 3 (T4⁸T5 ┘BC2F4⁸10 

4 ; 4─ᵖ, p.22)╩ ™⁸4~6 ─ ┘ ─ ⌐⅔↑╢

2mEPSPS ┘ HPPD W336 ─ ╩ ELISA ⌐╟╡ ⇔√⁹

∕─ ⁸™∏╣─ ┘ ⌐⅔™≡╙ ⅜ ↕╣√⅜( 3)⁸

⁸ ≢ ─ ⌐ ™⅜╖╠╣√⁹ ⌐⁸ ⌐⅔↑╢

─ ⌐│⁸ ⁸ ─ ™⁸ ≤™∫√ ─ ⅜15 

⇔⁸ ⅜ ∆╢↓≤⅜ ↕╣≡™╢(Nguyen and Jehle, 2007; Jamal et 

al., 2009; Nguyen and Jehle, 2009; Kramer et al., 2016)⁹↓╣╠─↓≤⅛╠⁸

ⅎ꞉♃─ ⌐ ╠╣╢ ─ ─ │ ─ ≤ ⅎ╠

╣√⁹ 

 20 

3 ⅎ꞉♃─ 3 (T4,T5 ┘ BC2F4)⌐⅔↑╢ ┘ ≢─ 2mEPSPS

┘ HPPD W336 ─  

  

2mEPSPS 

(µg/g ) 

HPPD W336 

(µg/g ) 

±  ±  

 

T4 1078.03±66.03 442.73±38.21 

T5 1115.46±14.17 421.06±47.68 

BC2F4 1498.30±98.31 410.89±60.30 

 

T4 163.07±5.78 42.83±8.34 

T5 160.49±14.68 42.45±9.69 

BC2F4 147.80±4.77 34.97±3.13 
⌐│ 4 ╩ ™≡⁸1 ⌐≈⅝ 3 ─ ╩ ∫√ ─ ± (n=4)⁹ 

┘ ⌐⅔↑╢ (LLOQ)│ 2mEPSPS ≢∕╣∙╣ 2µg/g ┘ 8µg/g⁸HPPD W336 ∕

╣∙╣ 16µg/g ┘ 0.5µg/g≢№╢⁹⌂⅔⁸ ⅎ ⌐⅔↑╢ 2mEPSPS ┘ HPPD W336 ─ │ ⌐25 
≢№∫√⁹ 

 

( ⌐ ↕╣√ ⌐ ╢ ┘ ─ │ ⌐ ∆╢⁹) 
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ᵕ ►▬ꜟ☻─ ∕─ ─ ╩ ⇔≡ ↕╣√ ⅜ ⌐

↕╣╢⅔∕╣─№╢ │⁸ ─ ┘  

 

 ⅎ꞉♃│ ─№╢DNA ╩ ⇔≡⅔╠∏⁸ ⌐⅔™≡5 

↕╣√ ⅜ ⌐ ↕╣╢⅔∕╣│⌂™⁹ 

 

(5) ⅎ ─ ┘ ─ ┘⌐∕╣╠─ ┘  

 

ⅎ꞉♃│⁸ ⅎ꞉♃⌐ ⌐ ⌂ⱪꜝ▬ⱴכ≤Taqmanⱪ10 

╩Ⱪכ꜡ ™√ real-time PCR ⌐╟╢ ┘ ⅜ ≢№╢( 7)⁹

⌐ ™╢DNA─ │⁸PCR─ √╡2.5ng~50ng≢№╢↓≤⅜ ↕

╣≡™╢⁹ 

─ ⌐≈™≡│8◘fiⱪꜟ─ ⅎ꞉♃ ┘2◘fiⱪꜟ─ ⅎ

꞉♃╩ ™≡ ─ ╩ ∫√⁹ 15 

 

(6) │ ─ ∆╢ ─ ≤─  

 

ᵑ ↕╣√ ─ ─ ⌐╟╡ ↕╣√ │

─ ⌂  20 

 

ⅎ꞉♃≢│⁸2mepsps ─ ⌐╟╡2mEPSPS ⅜ ↕╣⁸

◓ꜞⱱ◘כ♩ ╩ ∆≤ ⌐⁸hppdPfW336-1Pa ─ ⌐╟╡

HPPD W336 ⅜ ↕╣⁸ ▬♁◐◘ⱨꜟ♩כꜟ ╩ ∆⁹ 

 25 

ᵒ ⌐ →╢ │ ⌐≈™≡⁸ ⅎ ≤

─ ∆╢ ─ ≤─ ─ ─ ┘ ⅜№╢ │∕─  

 

꞉♃│ ⅜ ⌐⅔™≡ ⌐╦√╢ ─ ⅜№╢⅜⁸ ⌐⅔

™≡ ⇔√ │ ↕╣≡™⌂™⁹ ⅎ꞉♃│⁸2mepsps ⅜◖30 

╢∆♪כ 2mEPSPS ⌐╟╡ ◓ꜞⱱ◘כ♩ ╩⁸╕√⁸

hppdPfW336-1Pa HPPD W336╢∆♪כ◖⅜ ⌐╟╡ ▬♁◐◘ⱨ

ꜟכ♩ꜟ ╩ ∆⁹2mEPSPS ┘HPPD W336 │ ⌐ ™

╩ ⇔≡⅔╡⁸↓╣╠─ ⅜ ─ ⌐ ╩ ╓∆↓≤│⌂™

≤ ⅎ╠╣╢⁹⌂⅔⁸ ⅎ꞉♃≢ ∆╢2mEPSPS │⁸ ⌐35 

⅜ ( 22 6 11 )↕╣≡™╢ ◓ꜞⱱ◘כ♩ ꞉♃
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GHB614⅜ ∆╢2mEPSPS ≤ ≢№╢⁹╕√⁸ ⅎ꞉♃≢ ∆╢

HPPD W336 │⁸ ( 26 12 9

)⌐⅔™≡ ⌐ ∫≡ ⇔√ ⁸ ⅜ ∏╢

⅔∕╣│⌂™≤ ↕╣√ ◓ꜞⱱ◘כ♩ ┘▬♁◐◘ⱨꜟ♩כꜟ ♄

▬☼FG72⅜ ∆╢HPPD W336 ≤ ≢№╢⁹™∏╣─ ⌐≈™≡╙⁸5 

↓╣╕≢⌐ ◓ꜞⱱ◘כ♩ ┘▬♁◐◘ⱨꜟ♩כꜟ ╩ ∆╢ ⌐⁸

─ │ ⌐ ╩ ╓⇔√≤∆╢ │⌂™⁹ 

 

╟╡⁸2mEPSPS ┘ HPPD W336 ⅜ ─ ╩ ↕

∑╢ ⁸ ┘ ⌐ ╩ ⅎ╢ │ ™⁹╟∫≡⁸10 

ⅎ꞉♃─ │ ⌐ ╩♃כ♦╢∆ ™∏⌐⁸ ╒

⌐⅔↑╢ ╩ ℮↓≤│ ≢№╢≤ ⇔√⁹ 

 

⌂⅔⁸ ⅎ꞉♃─ ╒ ≢│⁸ │ ⌐ ╦

╢ ─ ╩ ∆╢ ≢№╢⁹ ⅜ ⌐│ ≢№╢꞉♃(G. hirsutum L.)15 

≤ ⌂ │ ⇔⌂™↓≤⅛╠ ⌐≈™≡│ ⇔⌂™⁹ 

a  ┘ ─  

b  ⌐⅔↑╢  

c  ─   

d  ─ ┘◘▬☼ 20 

e  ─ ⁸ ⁸ ┘  

f     ─   
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3. ⅎ ─ ⌐ ∆╢  

 

(1) ─  

 

╒ ⌐⅔↑╢ ⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆╢  5 

 

(2) ─  

 

1500 41 

 Ᵽ▬◄ꜟ◒꜡♇ⱪ◘▬◄fi☻   ╒  10 

⅛╠ 32 31 ╕≢ 

 

╒ ─  

1) ─ ╡╩ ∆╢√╘⁸ ╒ ╩ ╡ ╗╟℮⌐ⱨ▼fi☻╩

⇔≡™╢⁹ 15 

2) ╒ ≢№╢↓≤⁸ │ ≢№╢↓≤ ┘ ─

╩ ⇔√ ╩ ╛∆™≤↓╤⌐ →≡™╢⁹ 

3) ╒ ≢ ⇔√⁸ ⁸ ⁸ ⌐ ⇔√ ⁸ ⅎ ─

╩ ⌐╟∫≡ ∆╢√╘─ ™ ╩ ⇔≡™╢≤≤╙⌐⁸

─ ╒ ─ ┼─ ╩ ∆╢√╘─ ╩ ⌐20 

⇔≡™╢⁹ 

4) ╒ ⌐│⁸ ╩ ⇔≡™╢⁹╕√⁸ ╩ ←√╘─

╩ ⇔≡™╢⁹ 

 

╒ ≢─  25 

1) ⅎ ┘ ─ ─ ⅜ ╒ ≢ ∆╢↓≤

╩ ⌐ ⅎ╢⁹ 

2) ⅎ ╩ ╒ ─ ⌐ ⇔⁸ │ ∆╢ │⁸ ⅜

⇔⌂™ ─ ⌐ ╣╢⁹ 

3) 2)⌐╟╡ │ ╩∆╢ ╩ ⅝⁸ ⅎ ─ │30 

┘ ─ ╩ ╒ ⌐∆⅝ ╗ ⌐╟╡ ⌐

∆╢⁹ 

4) ╒ ≢ ⇔√ ⁸ ⁸ │⁸ ⁸ ╒ ≢

∆╢↓≤ ⌐╟╡⁸ ∑∏ ⅎ ⅜ ╒ ─ ⌐ ∟ ↕╣

╢↓≤╩ ∆╢⁹ 35 

5) ╒ ⅜ ∆╢ ⅜ ⌐ ↕╣╢╟℮⌐ ─ ┘
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╩ ℮⁹ 

6) 1)⅛╠5)╕≢⌐ →╢ ╩ ╩ ℮╙─⌐ ↕∑╢⁹ 

7) ⅜ ∏╢⅔∕╣⅜№╢≤ ╘╠╣╢⌐ ∫√ │⁸

⌐ ╘╢ ⌐ ≠⅝⁸ ╛⅛⌐ ∆╢⁹ 

 5 

(3) ╩ ↑╟℮≤∆╢ ⌐╟╢ ─ ⌐⅔↑╢

─  

 

Ί 

 10 

(4) ⅜ ∏╢⅔∕╣─№╢ ⌐⅔↑╢ ╩

∆╢√╘─  

 

╩ ⁹ 

 15 

(5) ≢─ │ ⅜ ↕╣≡™╢ ≤ ─

≢─ ─  

 

Ί 

 20 

(6) ⌐⅔↑╢ ⌐ ∆╢  

  

 2014 ┘ 2015 ⌐⁸ ⌐⅔™≡╒ ⅜ ╦╣≡™╢⅜⁸ ⅎ꞉♃

≤ ⅎ꞉♃≤─ ⌐⁸ ⌐ ╩ ⅎ╢╟℮⌂ │ ↕╣≡

™⌂™⁹ 25 

 ⌂⅔⁸ ⅎ꞉♃─ ─ ┘ ⌐⅔↑╢

│ 4⌐ ∆⁹ 

 

 4 ⅎ꞉♃─ ⌐⅔↑╢  

 ─   

(USDA)  ₒ ⌐≈⅝ ₓ 

(FDA)  ה  ₒ ⌐≈⅝ ₓ 

(MFDS)   ₒ ⌐≈⅝ ₓ 

(RDA) ה  ₒ ⌐≈⅝ ₓ 

◌♫♄ (HC)  ₒ ⌐≈⅝ ₓ 

◌♫♄ (CFIA)  ה  ₒ ⌐≈⅝ ₓ 

fiꜝכ☺כꜙ♬ה▪ꜞꜝ♩☻כ○

♪ (FSANZ) 
 ₒ ⌐≈⅝ ₓ 

( ⌐ ↕╣√ ⌐ ╢ ┘ ─ │ ⌐ ∆╢⁹) 30 



 

 

 

 

30 

 ↔≤─ ─  

 

 ⁸2 (6)ᵒ⌐ ⇔√≤⅔╡⁸ ⅎ꞉♃─ ─ ≤ ─

╩ ⇔⁸ ⅎ꞉♃╩ ╒ ≢ ∆╢ ─ ⌐≈™

≡⁸ │ ╩♃כ♦─ ™∏⌐ ⇔√⁹ 5 

 

1. ⌐⅔↑╢  

 

(1) ╩ ↑╢ ─№╢ ─  

 10 

 ꞉♃│ ⅜ ⌐⅔™≡ ⌐╦√╢ ─ ⅜№╢⅜⁸ ⅜ ─

⌐⅔↑╢ │ ↕╣≡™⌂™⁹ 

  

 ⁸2(6)ᵒ╟╡⁸ ⅎ꞉♃─ ≢№╢2mepsps ⌐╟╡

∆╢2mEPSPS ┘hppdPfW336-1Pa ⌐╟╡ ∆╢HPPD W33615 

│≤╙⌐ ⅜ ↄ⁸ ─ ─ ╩ ↕∑╢↓≤│⌂

™≤ ⅎ╠╣╢⁹⇔√⅜∫≡⁸2mepsps ┘hppdPfW336-1Pa ⌐╟╢

⅜ ─ ≈ ╩ ↕∑⁸ ⌐⅔↑╢ ⌐ ╦╢

│ ⌐≈™≡ ≤─ ╩╙√╠∆↓≤│⌂™≤ ⅎ╠╣╢⁹ 

 20 

 ╕√⁸ ⅎ꞉♃⅜ ∆╢ ◓ꜞⱱ◘כ♩ ┘▬♁◐◘ⱨꜟ♩כꜟ

│⁸ ◓ꜞⱱ◘כ♩ ┘ │ ▬♁◐◘ⱨꜟ♩כꜟ⅜ ↕╣╢

⌐⅔™≡─╖ ⌐⅔™≡ ⌐ ∆╢⅜⁸ ≢│↓╣╠─

⅜ ↕╣╢ │ ⅎ ↄ⁸ ⌐╟╡ ⌐⅔↑╢ ⅜ ╕

╢↓≤│⌂™≤ ⅎ╠╣╢⁹ 25 

 

 ⇔√⅜∫≡⁸ ⌐⅔↑╢ ⌐≈™≡⁸ ⅎ꞉♃≤─ ⌐ ⅝⌂

│⌂™≤ ⅎ╠╣⁸ ─ ╩ ⅎ√ ≢ ↕╣╢ ⅎ

꞉♃─ ╒ ⌐⅔↑╢ ⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆╢

─ ≢│⁸ ⌐⅔↑╢ ⌐ ⇔≡ ╩ ↑╢ ─№╢30 

│ ↕╣⌂⅛∫√⁹ 

 

(2) ─ ─  

 

Ί 35 
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(3) ─ ∂╛∆↕─  

 

Ί 

 

(4) ⅜ ∏╢⅔∕╣─ ─  5 

 

⅛╠⁸ ─ ╩ ⅎ√ ≢ ↕╣╢ ⅎ꞉♃─

╒ ⌐⅔↑╢ ⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆╢ ─

≢│⁸ ⌐⅔↑╢ ⌐ ∆╢ ⅜ ∏╢⅔∕╣│⌂™

≤ ⇔√⁹ 10 

 

2. ─  

 

(1) ╩ ↑╢ ─№╢ ─  

 15 

 ⅎ꞉♃─ ⌐│ ─꞉♃─ ≤ ⌐⁸ ⌐ ⇔≡

╩ ∆◗♇◦ⱳ⁸ꜟכ ┘⌐ ─ ╩ ⇔⁸ ─ ╛

─ ╩ ⅝ ↓∆◦◒꜡ⱪ꜡Ɑfi ⅜ ╕╣≡™╢⁹꞉♃│

⌐↓╣╠─ ╩ ╗⅜⁸ │ ─ ⌐ ╦╣≡™╢√╘ ─

╟℮⌂ ╩ ∆╢ │ ╕∏⁸ ╙◗♇◦ⱳכꜟ⅜ ╕╣≡™╢↓20 

≤╛ ─ ⌐╟╡ │ ↑╢≤ ⅎ╠╣╢⁹↕╠⌐⁸ ─ ⅜

꞉♃─ ╩ ∆╢≤™℮ │ ↕╣≡™⌂™⁹╕√⁸꞉♃⅜

─╟℮⌂ ⌐ ╩ ╓∆ ╩ ∆╢↓≤│ ╠╣≡™⌂

™⁹ 

  25 

 ⅎ꞉♃│ ◓ꜞⱱ◘כ♩ ╩ ∆╢2mEPSPS ┘

▬♁◐◘ⱨꜟ♩כꜟ ╩ ∆╢HPPD W336 ╩ ∆╢⅜⁸

2mEPSPS ┘HPPD W336 │ ≤⇔≡│ ╠╣≡⅔╠∏⁸↕

╠⌐ │™∏╣╙ ™ ╩ ⇔≡⅔╡⁸ ─ ⌐ ⇔

≡ √⌐ ╩ ∆╢↓≤│⌂™≤ ⅎ╠╣╢⁹╕√⁸ ─▪Ⱶ30 

ⱡ ⌐ ≠⅝ ⌂ ╩ ∫√ ⁸ ─▪꜠ꜟ◕fi≤─

│ ╘╠╣⌂⅛∫√⁹ 

 

⇔√⅜∫≡⁸ ─ ⌐≈™≡⁸ ⅎ꞉♃≤─ ⌐ │⌂™

≤ ⅎ╠╣⁸ ─ ╩ ⅎ√ ≢ ↕╣╢ ⅎ꞉♃─35 

╒ ⌐⅔↑╢ ⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆╢ ─
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≢│⁸ ─ ⌐ ⇔≡ ╩ ↑╢ ─№╢

│ ↕╣⌂⅛∫√⁹ 

 

(2)  ─ ─  

 5 

Ί 

 

(3)  ─ ∂╛∆↕─  

 

Ί 10 

 

(4)  ⅜ ∏╢⅔∕╣─ ─  

 

⅛╠⁸ ─ ╩ ⅎ√ ≢ ↕╣╢ ⅎ꞉♃─

╒ ⌐⅔↑╢ ⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆╢ ─15 

≢│⁸ ─ ⌐ ∆╢ ⅜ ∏╢⅔∕╣│⌂™≤

⇔√⁹ 

 

3.  

 20 

(1) ╩ ↑╢ ─№╢ ─  

 

⅜ ⌐⅔™≡ ⅎ꞉♃─ ≢№╢꞉♃(G. hirsutum)≤

⌂ │ ⇔⌂™↓≤⅛╠⁸ ⅎ꞉♃─ ⌐ ⇔≡ ╩

↑╢ ─№╢ │ ↕╣⌂⅛∫√⁹ 25 

 

(2) ─ ─  

 

Ί 

 30 

(3) ─ ∂╛∆↕─  

 

Ί 

 

 35 
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(4) ⅜ ∏╢⅔∕╣─ ─  

 

⅛╠⁸ ─ ╩ ⅎ√ ≢ ↕╣╢ ⅎ꞉♃─

╒ ⌐⅔↑╢ ⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆╢ ─

≢│⁸ ⌐ ∆╢ ⅜ ∏╢⅔∕╣│⌂™≤ ⇔√⁹ 5 

 

4. ∕─ ─  

 

─╒⅛⌐ ╩ ℮↓≤⅜ ≢№╢≤ ⅎ╠╣╢

ⅎ꞉♃─ │⌂™≤ ⅎ╠╣╢⁹ 10 
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 ─  

 

⁸2 (6)ᵒ⌐ ⇔√≤⅔╡⁸ ⅎ꞉♃─ ─ ≤ ─

╩ ⇔⁸ ⅎ꞉♃╩ ╒ ≢ ∆╢ ─ ╩⁸

│ ╩♃כ♦─ ™∏⌐ ⇔√⁹ 5 

 

⌐⅔↑╢ ⌐ ⇔≡⁸꞉♃│ ⅜ ⌐⅔™≡ ⌐╦√╢ ─

⅜№╢⅜⁸ ⅜ ─ ⌐⅔↑╢ │ ↕╣≡™⌂™⁹

ⅎ꞉♃─ ≢№╢2mepsps ⌐╟╡ ∆╢2mEPSPS ┘

hppdPfW336-1Pa ⌐╟╡ ∆╢HPPDW336 │≤╙⌐ ⅜10 

ↄ⁸ ◓ꜞⱱ◘כ♩ ┘▬♁◐◘ⱨꜟ♩כꜟ ╩ ∆╢ ⌐⁸

─ ╩ ↕∑ ╩ ╓∆ │ ™≤ ⅎ╠╣√⁹↕╠⌐⁸

ⅎ꞉♃⅜ ∆╢ ◓ꜞⱱ◘כ♩ ┘▬♁◐◘ⱨꜟ♩כꜟ │⁸

⅜ ↕╣⌂™ ≢│⁸ ⌐⅔™≡ ⌐ ∆╢↓≤│⌂™≤

ⅎ╠╣√⁹ 15 

⅛╠⁸ ─ ╩ ⅎ√ ≢ ↕╣╢ ⅎ꞉♃─

╒ ⌐⅔↑╢ ⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆╢ ─

≢│⁸ ⌐⅔↑╢ ⌐ ∆╢ ⅜ ∏╢⅔∕╣│⌂™

≤ ⇔√⁹ 

 20 

─ ⌐ ⇔≡⁸ ⅎ꞉♃─ │ ─꞉♃─ ≤

⌐⁸◗♇◦ⱳכꜟ╛◦◒꜡ⱪ꜡Ɑfi ≤™∫√ ⅜ ╕╣≡™╢⅜⁸

│ ─ ⌐ ╦╣≡™╢ ⅛╠⁸ ⅜꞉♃─ ╩ ╪≢

∆╢↓≤│ ⅎ ™⁹╕√⁸꞉♃⅜ ─╟℮⌂ ⌐

╩ ╓∆ ╩ ∆╢↓≤│ ╠╣≡™⌂™⁹ 25 

2mEPSPS ┘HPPD W336 │™∏╣╙ ™ ╩ ⇔≡⅔

╡⁸ ─ ⌐ ⇔≡ √⌐ ╩ ∆╢↓≤│⌂™≤ ⅎ╠╣

╢⁹ 

⅛╠⁸ ─ ╩ ⅎ√ ≢ ↕╣╢ ⅎ꞉♃─

╒ ⌐⅔↑╢ ⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆╢ ─30 

≢│⁸ ─ ⌐ ∆╢ ⅜ ∏╢⅔∕╣│⌂™≤

⇔√⁹ 

 

⌐ ⇔≡⁸ ⅜ ⌐│⁸꞉♃(G. hirsutum)≤ ∆╢ ─№╢

│ ⇔≡™⌂™↓≤⅛╠⁸ ⌐ ⇔≡ ⅜ ∏╢⅔35 

∕╣│⌂™≤ ⇔√⁹ 



 

 

 

 

35 

 

╩ ⌐ ⇔⁸ ─ ╩ ⅎ√ ≢ ↕╣╢

ⅎ꞉♃─ ╒ ⌐⅔↑╢ ⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆

╢ ─ ≢│⁸ ⅜ ∏╢⅔∕╣│⌂™≤ ⇔√⁹ 

 5 
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─  

 

1  HPPD ─ ⌐⌂╡ ╢ ─ (Literature 

survey on potential alternative substrates for HPPD )  

 ₒ ⌐≈⅝ ₓ 5 

 

2  Pseudomonas fluorescens ─ HPPD ┘HPPD 

W336 ─ (Substrate specificity of the wild type 

HPPD and HPPD W336 proteins from Pseudomonas fluorescens)  

 ₒ ⌐≈⅝ ₓ 10 

 

3   ⱪꜝ☻Ⱶ♪pTSIH09─ (Sequence determination of plasmid 

pTSIH09) 

 ₒ ⌐≈⅝ ₓ 

 15 

4   GHB811⌐⅔↑╢ DNA ─ ┘ⱬ◒♃כ

─  (Detailed insert characterization and 

confirmation of the absence of vector backbone sequence in cotton 

GHB811)  

 ₒ ⌐≈⅝ ₓ 20 

 

5   GHB811─ ┘ DNA─ (DNA sequence 

determination of the transgenic and insertion loci of cotton GHB811)  

 ₒ ⌐≈⅝ ₓ 

 25 

6   GHB811─ ─ (Structural stability analysis of cotton 

GHB811)  

 ₒ ⌐≈⅝ ₓ 

 

7    ▬ⱬfi♩ (End-point taqman method)  30 

 ₒ ⌐≈⅝ ₓ 
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28  

 

 Ᵽ▬◄ꜟ◒꜡♇ⱪ◘▬◄fi☻   5 

 Ɫה♩ꜟꜝכⱪꜞfi♠ 

 ─   

 

─ ╩ ⇔≡™╢ ◓ꜞⱱ◘כ♩ ┘▬♁◐◘ⱨꜟ♩כꜟ

꞉♃(2mepsps, hppdPfW336-1Pa, Gossypium hirsutum L.)(GHB811, OECD UI: BCS-GH811-4)(10 

⁸₈ ⅎ꞉♃₉≤∆╢⁹)─ ⌐⅔™≡⁸ ⅜ ∏╢⅔∕╣⅜

№╢≤ ⌐ ╘╠╣√ │⁸ ─ ╩ ╢↓≤≤∆╢⁹ 

 

1 ⌐⅔↑╢ ╩ ∏╢√╘─ ┘  

 15 

 ⅎ꞉♃⅜ ╩ ∏╢⅔∕╣⅜№╢≤ ↕╣√ │⁸ ⌐

⌐ ∆╢√╘⌐ ( )╩ ╛⅛⌐ ∆╢⁹ 

 

 ( 28 ) 

 

( ) 

Ᵽ▬◄ꜟ◒꜡♇ⱪ◘▬◄fi☻  

RPGA  

 Ᵽ▬◄ꜟ◒꜡♇ⱪ◘▬◄fi☻  

RPGA  MA&RPD ⱴⱠכꜗ☺כ 

 Ᵽ▬◄ꜟ◒꜡♇ⱪ◘▬◄fi☻  

RPGA   

 Ᵽ▬◄ꜟ◒꜡♇ⱪ◘▬◄fi☻  

  

 Ᵽ▬◄ꜟ◒꜡♇ⱪ◘▬◄fi☻  

RPGA   

 

( │ ─√╘ )
 

 20 

2 ─ ─ ─  

  

┘ │⁸ ─ ⌐ ⇔⁸ ⌂ ╡ ╩

℮⁹ 

 25 

3 ╩⇔≡™╢ ⌐ ╩ ∏╢ ⅜№╢↓≤ ┘ ─ ╩
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∆╢√╘─  

 

ⅎ꞉♃─ ⌐ ™⁸ ╩ ∏╢⅔∕╣⅜№╢≤ ╘╠╣√ │⁸

┘ ⌐ ╩ ∆╢√╘⌐ ⌂ ╩ ∏╢↓≤╩

∆╢⁹ 5 

 

4 ⅎ ╩ ⇔ │ ╩ ∫≡∕─ ╩ ∆╢√╘

─ ⌂ ─  

 

╩ ∏╢⅔∕╣⌐ ≠⅝⁸ ⅎ꞉♃╩ ∆╢ ⁸ ⅎ꞉♃─10 

┼─ ╩ ∆╢√╘─ ⁸ │∆≢⌐ ⌐ ↕╣√ ⅎ꞉♃─ ╩ ∆

╢ ╩ ∏╢⁹ 

 

5 ┘ ┼─  

 15 

 ⅎ꞉♃⅜ ⅜ ─ ⌐ ╩ ╓∆⅔∕╣⅜№╢≤ ╘╠╣√ ⌐│⁸

╛⅛⌐⁸ ┘ ⌐ ∆╢≤≤╙⌐⁸

⌐ ∆╢√╘─ ⌐⅔↑╢ ┘ ╩ ∆╢⁹ 

 

  20 
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╒ ⌐⅔↑╢  

 

1  

 

1. ╒ ─  5 

(1)  

 Ᵽ▬◄ꜟ◒꜡♇ⱪ◘▬◄fi☻   ╒  

 

(2)  

 1500 41 10 

 

(3)  

 0296-54-5120 

 

(4)  15 

 1(p.49)  

 

2.  

(1) ╒  

ₒ ⌐≈⅝ ₓ 20 

Ᵽ▬◄ꜟ◒꜡♇ⱪ◘▬◄fi☻  RPGA  

 

(2) ╒  

ₒ ⌐≈⅝ ₓ 

Ᵽ▬◄ꜟ◒꜡♇ⱪ◘▬◄fi☻  RPGA  25 

 

3.  

 ⅛╠ 32 3 31 ╕≢ 

 

4.  30 

 ─ ╡╩ ∆╢√╘─ (ⱨ▼fi☻╛ ) ┘ ⅎ ⅜╒

⌐ ∆╢↓≤╩ ←√╘─ ( ™ ⁸ ⁸ ⁸ ⁸

Ⱪכ꜠◒♩כ○⁸ )╩ ⇔≡™╢( 2, p.50)⁹ 
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5.  

(1) ╒ ─  

 5200m
2
 

 

(2) ⌐ ∆╢  5 

 220m
2 

 

(3) ─  

 3(p.50)  

 10 

6. ╒ ─  

(1) ╒ ─  

 ╒ ⅜ ∆╢ │⁸ ─ ⁸ ─ ⌐

∆╢⁹ │╒╓ ≢⁸ ─ ⁸ ה ⅜ ⌐ ⇔≡

™╢( ⱱכⱶⱭ⁸☺כhttp://www.city.chikusei.lg.jp/)⁹ 15 

 ╒ ⌐│ ⅜⁸╕√ 1.5km ╣√ ⌐│ ⅜№╢╙──⁸

╒ │ ⅜ ⇔√ Ɫ◙כ♪ⱴ♇ⱪ⌐╟╢≤ ⌐

↕╣≡⅔╠∏⁸╕√ ⌐╙ ╕╣⌂™⁹╕√⁸ 27 9

ה ─ ⌐╙ ⇔≡™⌂™⁹ 

 20 

(2)  

 ╒ ─ │ ≤⇔≡ ↕╣≡™╢⁹╕√⁸ ─

│ ה ה ה ה ≤⇔≡ ↕╣≡™╢⁹ 

 

(3) ─  25 

 ╒ ╟╡ 1km ⌐ ─ ╘╢ ( ⁸

⁸ ⁸ )│⌂™⁹╕√⁸ ╙ ™

│⁸ ( )≢№╡⁸ ╒ ⅛╠─ │

╒╓ 2.5km≢№╢⁹ 

 30 

(4) ─  

ᵑ ╒ ─ ─ ≢№╢ ▪ⱷ♄☻ (

)⌐⅔↑╢ ─♃כ♦ ╩ 1(p.51)⌐ ∆⁹ 

ᵒ ╒ ─ ─ ≢№╢ ▪ⱷ♄☻ (

)⌐⅔↑╢ 3 ─ ╩♃כ♦ 2(p.52)⌐ ∆⁹ 35 

 

http://www.city.chikusei.lg.jp/
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(5) ─  

ᵑ  

╒ ─№╢ ( ⅔╟┘ ╩ ↄ)┼─

─ │⁸ 3.1 ≢№╢( ⱱכⱶⱭכ☺ ⁸▪

◒☿☻ 2016 2 17 )⁹ 5 

http://www.data.jma.go.jp/fcd/yoho/typhoon/statistics/average/average.html 

 

ᵒ 10 ─ ╒ ┼─ ─  

⌐ ⅜ ⇔1⁸⅛≈ ╒ ─ ╡─ (

▪ⱷ♄☻ )⌐⅔™≡ ↔≤─ ⅜15m/s╩ ⅎ√ 2╩10 

╒ ┼─ ≤⇔√⁹ 10 ─ ╒ ┼─ ─

│⁸ 5 (2009 10 ⁸2011 9 ⁸2012 6 ⁸2012 9 ⁸

2013 9 )≢№∫√⁹ 

 

(6) 10 ─ ╒ ─  15 

 ╒ │ 2012 ⌐ ⇔≡ ⁸ ⇔≡™⌂™⁹⌂⅔⁸ ╒ ⅜

∆╢ ─ ─ ⌐⅔™≡╙ 10 ⌐╦√∫≡ ⇔≡™⌂™⁹ 

 

(7) ⌐╟╢ ─  

 ╩ ⇔≡™╢↓≤⅛╠⁸ ⌐╟╢ │ ↑⌐ↄↄ⁸ ⌐20 

╒ ≢ ⇔√ ⅜ ⌐╟╡ ⅝⌂ ╩ ↑√↓≤│⌂™⁹ 

 

(8) Ɫ◙כ♪ⱴ♇ⱪ 

 ⅜ ⇔√ Ɫ◙כ♪ⱴ♇ⱪ ( ⱱכⱶⱭ⁸☺כ

http://www.city.chikusei.lg.jp/cms/data/doc/1264495785_doc_2.pdf)⌐⅔™≡⁸25 

╒ │ ⌐ ↕╣≡™⌂™⁹╕√ ⌐ ⇔

≡™⌂™⁹ 

 

(9) ╒ ⌐⅔↑╢ ─  

 ⌐╟╢ ┼─ ⅜ ⅎ╠╣╢⅜⁸ ╒ ⌐│ⱨ▼fi☻ ┘30 

╩ ∆╢⁹ 

                             
1 

300km
2016 4 12  

http://www.data.jma.go.jp/fcd/yoho/typhoon/statistics/accession/kanto_koshin.html 
2

15m/s  
http://www.jma.go.jp/jma/kishou/know/yougo_hp/haichi2.html 

http://www.data.jma.go.jp/fcd/yoho/typhoon/statistics/average/average.html
http://www.data.jma.go.jp/fcd/yoho/typhoon/statistics/accession/kanto_koshin.html
http://www.jma.go.jp/jma/kishou/know/yougo_hp/haichi2.html
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7. ╒ ─  

(1) ⅎ ╩ ╒ ≢ ╩ ℮↓≤⌐╟∫≡⁸ ╩ ↑╢

─№╢ ┘∕─ ⌐ ⅜ ╕╣╢ │∕─  

⌂⇔ 

 5 

(2) ⌂ ┘∕─ ⌐ ⅜ ╕╣╢ │∕─  

⌂⇔ 

 

8.  

(1)   10 

╒ ⌐⅔↑╢ ╩ 3(p.53)⌐ ∆⁹ 

 

(2) ─  

⅜ ↓∫√ ⁸╕∏ ⌐⅔↑╢ ╩ ⇔⁸

≤ ⇔√ ⌐│ ⌐ ∫≡ ╛⅛⌐ ╩ ∏╢⁹ 15 

 

(3) ─ (Ⱳꜝfi♥▫▪ ─ ╩ ╗) 

Ⱳꜝfi♥▫▪ ─ ╩ ⇔√ ⁸√∞∟⌐ ╒ ⌐∆⅝

╗ ─ ⌂ ≢ ∆╢⁹ 

 20 

(4) ╒ ⌐⅔↑╢ ─ ⌐ ∆╢  

 

ה ╒ ─  

1) ─ ╡╩ ∆╢√╘⁸ ╒ ╩ ╡ ╗╟℮⌐ⱨ▼fi☻╩

⇔≡™╢⁹ 25 

2) ╒ ≢№╢↓≤⁸ │ ≢№╢↓≤ ┘ ─ ╩

⇔√ ╩ ╛∆™≤↓╤⌐ →≡™╢⁹ 

3) ╒ ≢ ⇔√⁸ ⁸ ⁸ ⌐ ⇔√ ⁸ ⅎ ─

╩ ⌐╟∫≡ ∆╢√╘─ ™ ╩ ⇔≡™╢≤≤╙⌐⁸ ─

╒ ─ ┼─ ╩ ∆╢√╘─ ╩ ⌐ ⇔≡™╢⁹ 30 

4) ╒ ⌐│⁸ ╩ ⇔≡™╢⁹╕√⁸ ─ ╩ ↕∑╢

√╘─ ┘ ╩ ←√╘─ ╩ ⇔≡™╢⁹ 

 

ה ╒ ≢─  

1) ⅎ ┘ ─ ─ ⅜ ╒ ≢ ∆╢↓≤╩35 

⌐ ⅎ╢⁹ 
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2) ⅎ ╩ ╒ ─ ⌐ ⇔⁸ │ ∆╢ │⁸ ⅜

⇔⌂™ ─ ⌐ ╣╢⁹ 

3) 2)⌐╟╡ │ ╩∆╢ ╩ ⅝⁸ ⅎ ─ │

┘ ─ ╩ ╒ ⌐∆⅝ ╗ ⌐╟╡ ⌐ ∆╢⁹ 

4) ╒ ≢ ⇔√ ⁸ ⁸ │⁸ ⁸ ╒ ≢ ∆5 

╢↓≤ ⌐╟╡⁸ ∑∏ ⅎ ⅜ ╒ ─ ⌐ ∟ ↕╣╢↓≤╩

∆╢⁹ 

5) ╒ ⅜ ∆╢ ⅜ ⌐ ↕╣╢╟℮⌐ ─ ┘ ╩

℮⁹ 

6) 1)⅛╠ 5)╕≢⌐ →╢ ╩ ╩ ℮╙─⌐ ↕∑╢⁹ 10 

7) ⅜ ∏╢ ╣⅜№╢≤ ╘╠╣╢⌐ ∫√ │⁸ ⌐ ╘

╢ ⌐ ≠⅝⁸ ╛⅛⌐ ∆╢⁹ 
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1 ╒ ─ ⌐ ∆╢  
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 10 

 

 

 

 

 15 

 

 

 

 

 20 

 

 

 

 

 25 

 

 

 

 

 30 

 

 

 

 

 35 

 

 

 

 

 40 

ƺ ╒ ─  

₈↓─ │ ─ ╩ ≡⁸ ─ 2 5 ─ 1 ╩ ⇔√╙─

≢№╢⁹(  23 ⁸ 273 )₉

     

╒  
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2 ╒ ─  5 

ᵑ ⁸ᵒ ™ ⁸ᵓ ⁸ᵔ ╒ ╩ ∆   

( ⌐ ↕╣√ ⌐ ╢ ┘ ─ │ ⌐ ∆╢⁹) 

 

 

 10 
 

 

 

 

 15 
 

 

 

 

 20 

 

 

 

 

 25 

 

3 ─  
╒ 1~4─℮∟ 220m

2╩ ∆╢ ≢№╢⁹ 

─ᵑ~ᵔ│ 2─ ─ ╩ ∆⁹ 

( ⌐ ↕╣√ ⌐ ╢ ┘ ─ │ ⌐ ∆╢⁹) 30 
 

 ╒ 3  ╒ 2 

 ╒ 1 

 

D�  

 

 

 

 
ⱨ▼fi☻ ┘
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ᵒ 
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 ╒ 4 


