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ⅎ ─

─  

♃fiⱤ◒ ◌▬◖ HC-mKO, Bombyx 

mori GN2×GCS2  

ⅎ ─

─  

⌐⅔↑╢ ─ 3 ⅛╠ ─

╕≢ ┘⌐ ─ ⁸ ⁸ ⁸ ┘

┘⌐↓╣╠⌐ ∆╢  

ⅎ ─

─  

─ 2326 2 

─ ☿fi♃כ 

           ⅎ◌▬◖  

⅛╠ 33 3 31 ╕≢ 

─ ─ ⌐ ╘╢₈ ─

┘ ₉─≤⅔╡≤∆╢⁹ 

─  

1 ⌐ →╢ ╩ ∆╢↓≤ 

(1) ┼─ ─ ╡╩ ∆╢√╘⁸ ⅎ

◌▬◖╩ ⇔≡ ∆╢√╘─ ⅎ◌▬◖

₈ ₉≤™℮⁹ ╩ ╡ ╗╟℮

⌐ ⱨ▼fi☻ ↕ 1.8 m ╩ ⇔≡™╢⁹ 

(2) ⅎ◌▬◖╩ ∆╢ ≢№╢↓≤⁸ │

≢№╢↓≤ ┘ ─ ╩ ⇔√

╩ ╛∆™ ⌐ →≡™╢⁹ 

(3) ─Ɽ▬ⱪⱢ►☻ │ ⌐╟╢ ╖

≢⁸ ─ 4 mm ≤ ─ⱨ▫ꜟⱶ≢ ⌐

⇔≡™╢⁹ ─ⱨ▫ꜟⱶ│⁸ ⁸ ┘ ⌐

⌂ ⅜№╢⅜⁸ ─ │ ⇔⌂™ ╩

ↄ⁹⁹ 

(4) ─ⱪ꜠ⱢⱩ │ ⁸ ⁸ ┘ ╩

ⅎ⁸ ⌂ ⁸ ╩ ↄ⁹ ┘ ⌐│ 4 mm

─ ╩ ∫≡™╢⁹ 

(5) ─ │ ⌐╟╢ ╖≢⁸

╩ 4 mm ≢ ™⁸ ╩ⱨ▫ꜟⱶ≢

⇔≡™╢⁹ ⌐ ╩ ∆╢ ↕ 0.9 m ╩ ⇔

≡™╢⁹ 

(6) ≢ ™╢ -30ϴ -20ϴ ─ │⁸

ⅎ ─ ─ ⌐╟╢ ─ ─

⌐ ∆╢ 15 97 ⌐ ≠ↄ

⌐ √∫≡ ╢═⅝ ⅜ ∂╠╣√

≤∆╢⁹ 

2 ⌐ →╢ ╩ ∆╢↓≤ 

(1) ⌐ ╘╢ ⌐ ℮⁹ 

(2) ⌐ ╘╢⸗♬♃ꜞfi◓ ⌐ ≠⅝⁸⸗♬♃ꜞfi◓╩

∆╢⁹ 

(3) ⅜ ∏╢⅔∕╣⅜№╢≤ ╘╠╣╢⌐

∫√ │⁸ ⌐ ╘╢ ⌐ ≠⅝⁸ ╛⅛⌐

∆╢⁹ 
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 ─ ⌐ √╡ ⇔√  

│ ─ ∆╢ ─ ⌐ ∆╢  

─ ↑ ┘ ⌐⅔↑╢  5 

▬ ⁸ ┘  

◌▬◖ 

silkworm 

Bombyx mori (Linnaeus) 

 10 

꜡ ─ │  

 ╩ ∆╢ ⅛╠ ⌂ ┼─ ╕≢─ ─ ╩ 1

⌐ ⇔⁸ ⇔√ ─ │ ⌐≈™≡ ∆╢⁹ 

 ⌐ ⌐ⱪꜝ☻Ⱶ♪ DNA ╩ ⇔≡ ╩ ∆╢ ≤⇔≡│ᵑ₈w-1 

pnd₉╩ ™╢⁹↓─ │⁸ ─ ⅜ ╩ ∏⌐∆←⌐ ∆╢↓≤⅛╠⁸15 

⌐╟∫≡ ⌐ ⅜ ™√ ─ ⌐╟╢ ╩ ↑⌐ↄↄ⁸ ╩ ←↓≤⅜≢

⅝╢ 2 ⁹ 

 ⌐⁸ ╠╣√◌▬◖╩ ≢№╢ᵒ₈ /C₉≤ ∆╢↓≤≢⁸ ∆

╢⁹↓╣⌐╟╡⁸ ─ ⅜ ≤⌂╡⁸ ─ ⌐⅛⅛╢ ⅜ ↕╣╢⁹ 

 ↕╠⌐⁸↓─ ≢│⁸ ⅜ ↕™⌂≥⁸ ⌂ ≤⇔≡│ ⌂ ╩ ≈20 

↓≤⅛╠⁸ ≤─ ╩ ╡ ∆↓≤⌐╟╡⁸ ⌂ ⅎ◌▬◖

⌐ ∆╢⁹ 

 

1 ╩ ∆╢ ⅛╠ ⌂ ┼─ ╕≢─ ─  

≤
─

╩

╡

∆

ᵑ w-1 pnd

ᵒ /C

⅜ ↕™⌂≥ ⌐ ⅛⌂™

⌐⌂∫√ ⅎ◌▬◖
⅜ ⅝™⌂≥ ⌐ ⇔≡™╢
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ᵑ w-1 pnd 

 ⌐ ╩ ∆╢√╘⌐ ™√ ≢№╢⁹ 

 ⌐ ™╠╣≡™╢◌▬◖ │⁸ ─ ⌐ ◌ ⌐ ∫≡ ∆

╢≤≤╙⌐⁸ ⅜ ∆╢ ╩ ≈⅜⁸↓─ w-1 pnd │⁸ ∑∏⁸ ⅜5 

⇔⌂™≤™℮ ╩ ≈⁹ 

 ⇔⌂™≤™℮ │⁸ ─ ╩ ↕∑╢√╘⌐

≢№╢⁹◌▬◖┼─ ⌐⅔™≡│ ─ ⌐ ╩ ↑≡ DNA╩

∆╢ ╩≤╢√╘⁸ ⌐∕─ ⅛╠ ⅜ ∆╢⁹ ⌂ ⌐ ™╠

╣≡™╢◌▬◖ ─╟℮⌐ ≢ ∆╢≤⁸ ⅛╠ ╕≢─ ⌐ ◌ ─10 

╩ ∆╢√╘⁸ ╩ ↑√ │ ⇔≡ ∆╢⁹↓╣⌐ ⇔⁸ ─ ╩

™╣┌⁸ ⅛╠ 10 ≢ ∆╢─≢⁸ ⌐╟╢ ╩ ⅎ≡

╩ ╘╢↓≤⅜≢⅝╢ 2 ⁹ 

 

 15 

2 ◌▬◖┼─ ⌐│ ─ ╩ ∆╢⁹ 

 

 ⅜ ⇔⌂™≤™℮ │⁸ ⅜ ↕╣√ fi♬כꜞ◒☻╩

◓ ∆╢√╘⌐ ≤⌂╢⁹ ⅎ◌▬◖─ ⌐№√∫≡│⁸

⅜ ↕╣√ ─ⱴכ◌כ ≤⇔≡⁸ ⌐⅔™≡ ♃fiⱤ◒ ╩20 

↕∑≡™╢⁹↓─ ─ ─ │⁸ ─ ─ ⅛╠ ╕≢─

≢ ═╢↓≤⅜≢⅝╢⅜⁸ ─ ≢ ═╢↓≤≢⁸ ─ ╩

⅜≥↓╢∆◓fi♬כꜞ◒☻⌐ ≤⌂╢⁹↓╣⌐ ⇔⁸ ≢│ ╩ ─

⅛╠ ∆╢↓≤⅜ ≢№╢ 3 ⁹ 

 25 

⌐ ╩ ↑≡DNA

+pnd / +pnd

pnd / pnd

⌐

∆←⌐
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3 ⅎ◌▬◖─☻◒ꜞכ♬fi◓│ ≢ ℮⁹ 

 

 ─↓≤⅛╠⁸ ≢ ─◌▬◖ ≤⇔≡ w-1 pnd⅜ ╠╣√⁹∕─

─√╘⁸ ─ ─ ⅛╠⁸5 

pnd╩ ≈ No.848≤ w-1╩ ≈ No.715≤╩ ⇔⁸∕─ ⌐⅔

™≡ ╩ ≈ ╩ ⇔≡ ⇔√⁹ 

 

ᵒ /C 

 ─ ⅎ◌▬◖ ≤ ⇔≡⁸ ⅛╠ ┼ ╩10 

∆╢√╘⌐ ™√ ≢№╢⁹ 

 ᵑw-1 pnd ⌐ ╩ ⇔≡ ↕╣√ ⅎ◌▬◖ │

≢№╡⁸ ╖ ↑╠╣√ ⅜∆←⌐ ∆╢⁹∕─√╘⁸2◌ ↔≤⌐ ⇔ ↑╢

⅜ ∂⁸ ⌐⅛⅛╢ ⅜ ⅝⌂ ≤⌂╢⁹ ⁸ ─ ≢№╣

┌⁸ ─ ≢ ⌐╦√∫≡ ∆╢↓≤⅜≢⅝╢√╘⁸1 ⌐ 1 ─ ≢15 

╩ ∆╢↓≤⅜≢⅝╢⁹∕↓≢⁸ ↕╣√ ⅎ◌▬◖─ ╩

⌐ ⅎ╢↓≤≢⁸ ─ ─ ╩ ╢ 4 ⁹ 

 ↓╣⌐ ⇔⁸ ⌐ ⇔≡⁸ⱴכ◌כ≤⌂╢ ♃fiⱤ◒ ─ ╩

∆╢ ⅜№╢√╘⁸ │ ⇔≡™╢↓≤⅜ ╕⇔™⁹ 

 ─↓≤⅛╠⁸ ≢ ─◌▬◖ ≤⇔≡ /C ⅜ ╠╣√⁹∕─20 

─√╘⁸ pnd ≢ w-1 ─ ᵑw-1 pnd ≤⁸ +
pnd ≢

+
w-1 ─ CS01 ≤╩ ⇔⁸∕─ ⌐⅔™≡⁸ +

pnd ≢

w-1 ─ ╩ ⇔≡ ⇔√⁹ 

+ w-1 / +w-1 w-1 / w-1

ⅎ ─ ⅜ ⅎ ─ ⅜
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4 ─ ⅎ◌▬◖╩ ⌐∆╢ ─  

A╩ ⇔√ ─ ⅎ◌▬◖ ⅜№╢ ⁸ ─ /C

╩ ⇔⁸∕─ ⌐⅔™≡⁸ ─ ⅎ◌▬◖╩ ⇔≡ ∆╢⁹ 

 5 

ᵓ 137  

 ⅎ◌▬◖≤ ⇔≡⁸ ⌂ ≤∆╢√╘─ ≢№╢⁹ 

 ᵑw-1 pnd ╛ᵒ /C │ ⌐ ⌐ ™╠╣≡™╢ ≢№╡⁸ ⅜ ↕

ↄ⁸ ⅛╠ ╩ ╢ ⅜⇔⌐ↄ™⌂≥⁸ ≢ ⇔≡ ∆╢─⌐│ ⇔

≡™⌂™⁹∕↓≢⁸ ⅎ◌▬◖ ≤ ≤╩ ∆╢↓≤≢⁸ ⅜10 

⅝ↄ ⅜ ≢ ⇔√ ─ ╩ ╢ ⌂ ⅎ◌▬◖ ╩

∆╢ 1 ⁹ 

ה  ⌐⅔™≡ ⇔√ ─ ≢№╢

⁸1989⁹ 

 15 

ᵔ 146  

 ᵓ 137 ≤ ⌐⁸ ⅎ◌▬◖≤ ⇔≡⁸ ⅜ ⅝ↄ ⅜

≢ ⇔√ ─ ╩ ╢ ⌂ ⅎ◌▬◖ ╩ ∆╢√╘─

≢№╢ 1 ⁹ 

ה  ⌐⅔™≡ ⇔√ ─ ≢№╡⁸20 

pndpnd

AA

++

++ ++

AA

pnd+

A

pndpnd

AA

─ ⅎ◌▬◖ /C

++

AA

─ ⅎ◌▬◖╩

pnd

A

+
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↓─ 146 ╩ᵓ 137 ≤ ⇔√ F1⅜ ≤⇔≡ ↕╣≡™╢

⁸1989⁹ 

 

ᵕ 603  

ה ⌐⅔™≡ ⇔√ ─ ≢№╢5 

⁸1993⁹ 

 

ᵖ 604  

ה ⌐⅔™≡ ⇔√ ─ ≢№╢

⁸1993⁹ 10 

 

ᵗ MCS202 

 ╠ 1995 ≢ ↕╣≡™╢ TCS40 ≤ ≢№╢⁹ 

 

ᵘ MN202 15 

 ╠ 1995 ≢ ↕╣≡™╢ TN1 ⌐ ∆╢ ≢№╢⁹ 

 

Ɫ ┘ ─ ⌐⅔↑╢  

 ◌▬◖─ ⌐⅔↑╢ ─ │⌂™⁹⌂⅔⁸ ⌐ ∆╢ ≢№

╢◒꞉◖ Bombyx mandarina─ ⌐≈™≡│ 1╩ ⁹ 20 

 ≢ ∆╢◌▬◖⌐≈™≡│⁸ ⌐⅔™≡⁸ ─◌▬◖─ⱷ

☻ ⅜ ╩ ⇔≡™╢⅛≥℮⅛╩ ═╢ ⅜ ⌐ ╦╣≡™╢⁹

∕─ ⁸ ⅜ ⇔√ │∕─ⱷ☻ ⅜ ╪∞ ╩ ⇔⁸ ─

╩ ™≢™╢⁹ ⅎ◌▬◖╩ ∆╢ ⌐ ™√ ─℮∟⁸w-1 pnd

≤ /C ⌐≈™≡│⁸ ≤⇔≡ ╩ ™≡ ↕╣≡⅔╡⁸ ─ ⅜⌂25 

™≤ ⅎ╠╣√↓≤⅛╠⁸ │ ╦╣≡™⌂⅛∫√⁹ ⁸ 137 ⁸ 146

⁸ 603 ⁸ 604 ⁸MCS202 ┘ MN202⌐≈™≡│⁸ ╩ ⇔⁸

─ⱷ☻ ⅜ ╪∞ ─╖⅜ ≤⇔≡ ™╠╣√⁹⌂⅔⁸ ⅎ◌▬◖⌐≈

™≡╙⁸ ╩ ⅎ≡ ⇔√ │⁸ ─√┘⌐ ╩ ⇔⁸ ─ⱷ☻

⅜ ╪∞ ─╖╩ ⇔≡™╢⁹ 30 

 

─ ┘  

▬ ┘ ⌐⅔↑╢ ─  

 ◌▬◖ B. mori│⁸ ─◒꞉◖ B. mandarina╩ ⇔≡⅝╦╘≡ ⌐ ⇔√

≢№╡⁸∕─ │ ⅛╠ ─ ⌐⅔™≡ ╕╡⁸ ⌐│35 

⌐ ⅜ ⅎ╠╣√≤ ⅎ╠╣≡™╢ ⁸1992; ⁸1995; ⁸1998; 



8 
 

5 ⁹ 

 

 

5 ◒꞉◖≤◌▬◖─  

 5 

 │ ⌂ ≢№╢ ╩ ∆╢√╘⁸ ⌐⅔™≡ ⅜

╪⌐⌂╡⁸ ≢№╢ 1930 ⌐│ ⅜ 39.9 ♩fi⌐ ⇔√⅜⁸2013 ⌐│ 168

♩fi⌐╕≢ ∟ ╪≢™╢ 20 ⌐ ∆╢ ⁸ ה ;

☿fi♃6 ;⁸2015כ ⁹ 

 10 

 

6 ─ ─  

20 ⌐ ∆╢ ┘◦ꜟ◒꜠ⱳכ♩ 41 ה

☿fi♃⁸2015כ ⌐ ≠™≡  

 15 

꜡ √╢ ⁸ ⁸ ┘  

 ◌▬◖│⁸ ─ ⅛╠ ≢ ↕╣≡™╢⁹ ─ ⌂ │ ⁸▬

fi♪⁸ⱬ♩♫ⱶ⌂≥≢№╡⁸ ─ 80 ♩fi─℮∟ 77%⅜ 62 ♩

fi ⁸16%⅜▬fi♪ 13 ♩fi ≢ ↕╣≡™╢ ה ☿fi♃⁸2015⁹כ

2013 ─ ─ │ 168♩fi≢№╡⁸ ⌂ │⁸ ╩ ≤⇔√20 

≤ ─◒꞉◖─ ◒꞉◖─

◒꞉◖

◒꞉◖

◌▬◖
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≤⁸ ╩ ≤⇔√ ≢№╢ ה ☿fi♃⁸2015כ; 

7 ⁹ 

 

 

7 ─ 2013  5 

◦ꜟ◒꜠ⱳכ♩ 41 ה ☿fi♃⁸2015כ ⌐ ≠™≡  

 

 ≢ ╠╣╢ ─ ↄ│ ⌂≥─ ≤⇔≡ ⇔≡™╢⁹ ≢ ↕

╣╢ ─╒≤╪≥│ ↑⌐ ⇔≡™╢⁹2013 ⌐│⁸ ─

⅜ 409 1 │ 60 kg ≢№∫√─⌐ ⇔⁸ │ 9,332 ≢№∫√  10ה

☿fi♃⁸√╕⁸2015⁹כ ∂ 2013 ⌐│⁸ ─ ⅜ 15,844 ≢№∫√

─⌐ ⇔≡ ⅜ 426 ⁸ ─ ⅜ 6,662 ⱷכ♩ꜟ≢№∫√─⌐ ⇔≡

⅜ 5,431 ⱷכ♩ꜟ≢№∫√ ה ☿fi♃⁸2015⁹כ 

 │⁸ ╩ ─ ⌐ ™╢↓≤⅜№╢╒⅛⁸Ᵽ◐ꜙ꜡►▬ꜟ☻

╩ ↕∑√◌▬◖╩ ≢ ⇔≡▬♯╛Ⱡ◖─▬fi♃כⱨ▼꜡fi ─ ─15 

⌐ ™╠╣≡™╢ ⁸2006⁹ ⅎ◌▬◖─ ⅜ ↕╣╢

─◌▬◖╩ ™√ ≢│⁸ ─√┘⌐Ᵽ◐ꜙ꜡►▬ꜟ☻╩ ↕∑╢

╛⁸Ᵽ◐ꜙ꜡►▬ꜟ☻─ ∂ ╘⌂≥─ ⅜№╢⁹ 

 

Ɫ ⌐⅔↑╢ ╩ ≤⇔√ ─  20 

 ≢─ │ ⅜ ⌂ ⅛╠ ╕≢≢⁸ ≢─ ⅜ ≢

№╢⁹ 

33.9 

7.3 

6.9 

3.6 

0.3 

57.6 

19.7 

12.7 

7.1 

2.4 

0.4 

5.2 
4.1 

0.1 

1.2 

0.1 

0.1 

0.1 

0.1 
3.9 

0.2 

0.8 

0.2 

0.1 

♩fi
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 ≢ ─√╘⌐ ∆╢ ≤⇔≡│⁸2 ─ ╩ ⇔≡

╠╣╢ ╛⁸4 ─ ⅛╠ 2 ─ ╩ ≡ ╠╣╢ ⌂≥─

⅜ ™╠╣≡⅔╡⁸∕─ │ ⅜ ╠ ╢─≢│⌂ↄ⁸ ─

⅜ ⇔⁸ │↓╣╩ ⇔≡ ⇔≡™╢ ⁸1979⁹

≢│⁸ ╩ ⅝ ↓∆ Nosema bombycis─ ╩ ←√╘⁸5 

─◌▬◖─ⱷ☻ ⅜ ╩ ⇔≡™╢⅛≥℮⅛╩ ═╢ ⅜

⌐ ╦╣⁸ ⅜ ⇔√ ⁸ │ ↕╣╢⁹ 

 ⁸ ─ ↄ─ ≢│⁸ ⅛╠ 3 ─ ╕≢─ 10

│⁸ ה ⅜ ↕╣⁸ ⌂ ╩ ≢⅝╢ ≢

╩ ∫≡⅔╡⁸∕─ │ ╩ ™╢↓≤⅜ ™⁹ ≢│ 310 

─ ≢◌▬◖╩ ↑ ∫≡ 4 ⅛╠ ≢─ ╩ ⇔⁸12 13 ≢ 5

⅜ ╩ ∆╢⁹ ⅛╠ 10 ≢ ─ ≢⁸ ↔≤⌐ ⇔

≡ ⌐ ╣⁸ ⌐ ∆╢⁹ ╩ ∆╢≤⁸ ⅛╠ 2 3 ≢

⅜ ∆╢⅜⁸ ⅛╠ ⅜ ╢≤⁸∕─ ⅜ ⌐ ⅎ⌂™∞↑≢⌂ↄ⁸ ─

⌐╟╡ ─ ╙ ↕╣≡ ⅜⌂ↄ⌂╢√╘⁸ ≢ ╩ ∂↕∑15 

╢↓≤│⌂ↄ⁸ ≢╙√∞∟⌐ ⌐╟╡ ╩ ↕∑⁸ ─ ╩ ⇔⁸

⅜ ∂╢↓≤│⌂™⁹╕√⁸ ≢│ ╩ ⇔≡ ∆╢√╘⁸ ╙

╦╣⌂™ 8 ⁹ 

 

 20 

8 ⌂ ─ ╣ 

 

 ─ ╛ │⁸ ╛ ─ ⌐╟∫≡ ⌂╢⅜⁸√≤ⅎ

┌⁸ ⌐⅔™≡│ 5 ⅛╠ 9 ╕≢⁸ 4 ─ ╩ ℮ ⅜ ™

9 ⁹ ≢─◒꞉◖ ─ ≤ ∆╢≤⁸ ─ ╦25 

╡⌐ ╩ ∆╢ ≤◒꞉◖ ─ ⅜ ⌂╢ ≤ ⌂╠⌂™ ⅜№╢

9 ⁹ 
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9 ≢─◌▬◖─ ≤◒꞉◖ ─ ≤─ 3  

 

┘  

▬  5 

 ◌▬◖─ │ 1.3 mm⁸ 1 mm⁸ ↕ 0.5 mmↄ╠™─ √™ ≢⁸

│ ™ ≢ ╕╣≡™╢ ⁸1995⁹ ≢ 1 ⌐ 1 ⇔⅛ ╩ ╡ ↕∏

∆╢ 1 ≤⁸2 ╩ ╡ ∆ 2 ⁸ ⇔⌂™≢ ╩ ╡

∆ ⅜№╢ ⁸1992⁹1 ╛ 2 │ ╛

─ ─ ⁸ ─ ⌂≥⌐╟∫≡⁸ ╩ ⌐10 

≢№╢⁹ 

 4 ─ ╩ ≡⁸ 25 ≢ ∆╢⁹∕─ ⁸ ─ ≢ ╩

≡ 2 3 ≢ ⌐⌂╢ ⁸1995⁹ ⌂ ╛ ─ ⌐╟∫

≡│⁸ ╟╡ 1 ⌂™ 3 ─ ─ ⌐ ⌐⌂╢ ╙№╡⁸↓─╟℮⌂◌▬

◖╩ ≤ ┬ ─ ╩₈ ₉≤ ™⁸3 ─ ─ ─ 4 ⅜15 

≤⌂∫≡∕─ ⌐ ⌐⌂╢↓≤⅛╠ ⁹ ─ 4 ─ │ ─

◌▬◖─ 4 ╟╡╙ ↄ ⁸1954⁸ ─◌▬◖⅜ 4 ─ ─√╘⌐

⇔≡™╢ ⌐⁸ │ ╩ ∆╢√╘⌐ ╩ ⅛∆√╘⁸ ⌐ ≢⅝

∟⌐ ↕╣╢⁹ ≢│⁸ ╩ ≢ ∆╢ ⌐│⁸3 ╕≢

╛ ⅜ ↕╣√ ≢ ╩ ⅎ≡ ≡╢↓≤≢ ╩ ↕∑≡⅔╡⁸20 

⅜ ∂╢↓≤│⅝╦╘≡ ≢№╢⁹ 

 ─ │ ⌐╟╡ ₁≢⁸ ה ה ⌂≥⅜№╢╒⅛⁸2 ⅜ 1≈

─ ╩ ╢ ╙№╢⁹ ─ │ ⅜ ™⅜⁸ ⌐╟∫≡ ה ה ⌂≥

⅜№╢⁹ 

 ◌▬◖│ ⌐ ≢ ─◒꞉◖╩ ⇔≡ ↕╣√≤ ⅎ╠╣≡⅔╡⁸25 

│ ⅜ ╘≡ ⇔≡™╢⁹√≤ⅎ┌⁸ │ ⅜⌂ↄ⌂∫≡╙ ⅛╠

0

10

20

30

40

50

60

2011

2012

◌▬◖─

6 7 8 9 10 11

◒
꞉
◖

○
☻

─

5

◌▬◖─

6 7 8 9 10 11

◒
꞉
◖

○
☻

─

5
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⌐ ╢↓≤⅜⌂™√╘⁸ ≢│ ⌐ ╩∆╢↓≤⌂ↄ ⇔≡™╢⁹╕

√⁸ ⌐ │№╢⅜⁸ ⅜ ⅝™↓≤╛ ⅜ ™√╘⁸ ┌√ↄ↓≤│≢⅝≡╙

┬↓≤│ ↄ≢⅝⌂™⁹○☻ │ⱷ☻ ─ ∆╢ ⱨ▼꜡⸗fi╩ ∆╢≤

┌∏⌐ ™≡ ∆╢⁹ ─ⱷ☻ ╙ ┌∏⌐ ⅝⌂⅜╠ ∆╢⁹ⱷ☻ ⅜

∆╢ ╩ ═√≤↓╤⁸ 18 cm ⌐ 85%─ ╩ ╪≢™√ ╠⁸2014⁹5 

⌐⅔™≡│ ⅜ ↄ⌂╡∆⅞≡™╢√╘ ⇔√ ⅜ ⅛╠ ≡↓╠╣⌂

™ ╙ ™⁹◌▬◖│◒꞉◖─╟℮⌂ ╩∆╢↓≤⅜⌂ↄ⁸ ╙ ─╙─

⅜╒≤╪≥≢ ⅜⌂ↄ⁸ ≢ ⌂≥─ ⅛╠ ╩ ╢ ╩ ∫≡™

╢⁹ ─ │⁸ ╙ ™ ≢ 15 ≤─ ⅜№╢ ╠⁸2010⁹ 

 ⌂⅔⁸◒꞉◖─ ⌐≈™≡│ 1╩ ⁹ 10 

 

꜡ │ ⌂ ─  

 │ ─╖╩ ⇔≡ ⇔⁸ │ ─ ה ╩ ╦⌂™

⁸1992⁹ 

 ◌▬◖─ ⌂ │ ⌐╟∫≡ ⌂╢⅜⁸⅔⅔╗⌡ 7 40ϴ≢№╡⁸15 

⌐ ≢⅝╢─│ 20 30ϴ≢№╢ ⁸1979⁹ │⁸ ∆⅞╢≤

⅜ ⇔╛∆ↄ⌂╡⁸ ∆⅞╢≤ ⅜ ╣╛∆ↄ⌂╢⁹╕√⁸1 ≢│ ⅜ ╕

⇔ↄ⁸5 ≢│№╢ ─ ⅜╟™⅜⁸™∏╣⌐⇔≡╙⁸90% ╛ 50% ─

│ ⌐ ≢№╢ ⁸1979⁹ ─ │ ─ ™⌐ ⇔⁸ ≢

16 ⁸ ≢ 8 ⌐∆╢─⅜╟™ ⁸1979⁹ 20 

 ◌▬◖│ ⌐ ≢ ⌐ ╣≡ ↕╣≡™╢⁹ │⁸ ─ ╛

⌐╟∫≡ ⌂╢⁹ ↄ─ ≢│⁸ ↕ m ⁸ ↕ cm─ ╩ ™≡⁸

⌐ ™√╕╕─ ╩ ⅎ≡ ╩ ∫≡™╢ 10 ⁹ ≢

╩ ∆╢ ⁸ ╩ ↑╢√╘⁸ ⌐│ ╩∆╢↓≤│⌂™⁹

≢─ 1 ─ │ 10 ⅜ ∞⅜⁸ ⌂ ≢│ 1 ⌐ 3025 

╩ ∆╢ ╙№╢⁹ ⌐ ∫≡ ∂╢ ╛ ─ ─ │⁸ ╛

⌐╟∫≡╙ ∆╢⅜⁸12,000 ╩ ⇔√ ⁸400 kg ⅜ ∂╢⁹ 

 

10 ⌐╟╢◌▬◖─ ─ ─  
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 ◌▬◖ ─ │ ╘≡ ↄ⁸ ⅜⌂ↄ⌂∫≡╙ ∑∏⁸ ─⌂™

≢╙ ≢⅝╢⁹√≤ⅎ┌⁸ ה 1960 │⁸╒╓ ╠⌂ ─ ↨╢─

⌂ ⌐ ╩ ™√ ≢ ─ ╩ ═≡™╢⅜⁸ ─

─ ⌐ ⅜ ╢↓≤│⌂⅛∫√⁹╕√⁸ ─ ⅜ ™√╘⁸ ⌐ ─5 

⌐ ╩ ™≡╙⁸ ⌐╟╡ ⌐ ∆╢⁹ 

 ─ ⌐ ╩ ∆╢ ⌐│ ╩ ⇔≡ ⅜ ⌐⌂╡⁸

┼─ ╩ ∆╢⅜⁸ ─ ⌂≥ ╩ ╢↓≤⅜≢⅝╢ ⌐ ∆╢≤⁸∕↓

≢ ╩╛╘≡ ╩ ∆╢⁹ ≢│⁸ 1 ⌐ ╠╣√ ╕┬⇔ ╩

⇔√ ⌐ ╩ ╠∑≡ ╩ ╠∑╢ ⅜ ≢№╢ 11 ⁹ 10 

 

 

11 ─  

─◌▬◖ ⅜ ⌐ ∆╢≤⁸∕─ ╖≢ ⅜ ∆╢⁹↓╣⅜ ╡

↕╣╢↓≤⌐╟╡⁸◌▬◖⅜ ⌐ ⌐ ⇔⁸1 ⌐ 1 ∏≈ ╩ ╢⁹ 15 

 

 ─ ⌐⅔™≡│ ─ ≢ ∆╢√╘ ⅜ ∂╢↓≤│⌂™⁹╕√⁸

∆╢◌▬◖─╒≤╪≥│ ─ ╩ ⇔≡ ╢ ≢№╡⁸ ─

⅜ ╠ ∆╢↓≤│⌂™√╘⁸ ≢ ╩ ∂↕∑╢↓≤│⌂™⁹

⅛╠ ↕╣√ │⁸ ╩ ⇔≡ ∆╢√╘⌐ ≢20 

≢ ╩ ↕∑╢↓≤ ↕╣╢√╘⁸ ─ │ ⌐⌂╢ ⌐∆═≡ ⌠↓≤≤⌂

╢⁹ │ │№╢⅜⁸ ⅜ ↄ ⅜ ⇔≡™╢↓≤ ⌐╟╡ ↄ ┬↓≤⅜

≢⅝∏⁸ ╩ ™≡ ∆╢↓≤≢ ∆╢⁹ 

 ◌▬◖─ │⁸ ─ ⅜ ⅝ ⅛⌂™ ⌐ ↕╣╢≤⁸ ⅝ ╢↓≤⅜⌂

™√╘⁸ ≢№╢◒꞉⌐ ∆╢↓≤⅜≢⅝⌂™⁹╕√⁸ ≢№╢◒꞉◖─25 

≤│ ⌂╡⁸ ─√╘─ ╛ ╩ ™≡⅔╡⁸ ⌐ ∫≡ ╣╢↓≤╙≢⅝∏⁸

ה ╩ ∟ →≡ ∆╢↓≤≢ ⌐ ∆╢ ╙ ╠⌂™↓≤⌂≥⅛╠⁸

╛ ⌐ ╛⅛⌐ ↕╣╢ 4 ⁹ ≢○☻ ⅜ ∂≡╙⁸ ┬↓≤⅜ ↄ

≢⅝⌂™√╘⁸ ╣√ ⌐™╢ⱷ☻ ⌐ ∆╢↓≤⅜≢⅝∏⁸ⱷ☻ ⅜ ∂≡
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╙ ╛⅛⌐▪ꜞ ⌐ ↕╣╢↓≤ ─√╘⁸ ה ∆╢ ⅜╒≤╪≥⌂™

4 ⁹ 

 ⌂⅔⁸◒꞉◖─ │ ⌂ ─ ⌐≈™≡│ 1╩ ⁹ 

 

Ɫ │  5 

Ί 

 

♬ │ ─  

 ◌▬◖│ ⌐╟∫≡ ∂√ ⅛╠ ∆╢ ╩ ℮⁹ 

 ⅛╠─ ─ │ ⌐ ⅝╢ ⁸1982⁹ ╛ ─√10 

╘⌐◌▬◖╩ ⇔≡ ╩ ╢ │⁸ ⇔√ ╩ ─℮∟⌐ ↕∑⁸

⅛╠ ⌐⅛↑≡ ↕∑╢⁹ 

 ⱷ☻ │ ⇔√╕╕⁸ ─ⱨ▼꜡⸗fi ⅛╠ ⱨ▼꜡⸗fi Ⱳfiⱦ◖כꜟ ╩

⌐ ⇔≡○☻ ╩ ∆╢⁹ │ ≤╙⌐ ┬↓≤⅜╕∫√ↄ≢⅝⌂™

√╘⁸ ⱨ▼꜡⸗fi╩ ⇔√○☻ │ ™≡ⱷ☻ ╩ ∆⁹ ⇔√ ╩15 

⌐ ⌐ ╣≡⅔ↄ≤⁸○☻ │√∞∟⌐ ⱨ▼꜡⸗fi╩ ⇔≡ⱷ☻ ⌐

⇔≡ ╩ ∆╢⁹ ⅜ ⇔√Ɑ▪⌐│ ⌐ ™╩⅛┬∑≡Ɑ▪╩ ⇔≡

⅔ↄ ╙№╢⁹ 

 ╩ ↕∑√ │⁸ ⌐ ╩ ↑╢↓≤ ⇔⁸ ─ ─ ⌐

ⱷ☻ ╩ ™≡ ╩ ↕∑╢⁹ │ ∆←⌐ ╕╢ ╙№╢⅜⁸ ↄ─20 

≢│⁸ ⅜ ↄ⌂╢ ⌐ ≤⌂╢ ╠⁸1962; ⁸1969⁹

─ⱷ☻ │ ─ ─ ╩ ⅝⌂⅜╠∕─ ⌐ ╩ ↕∑≡ ∆╢⁹ⱷ☻

1 ─ │⅔⅔╟∕ 500 ≢№╢ ⁸1995⁹⌂⅔⁸ ─ ≢─

⌐⅔™≡│ ─ ≢ ╩ ↕∑≡ ╩ ∆√╘⁸ │ ╣⌂™⁹ 

 ─ │⁸ ≢ 1 ⌐ 1 ⇔⅛ ╩ ╡ ↕∏ ∆╢ 1 ⁸25 

2 ╩ ╡ ∆ 2 ┘ ⇔⌂™≢ ╩ ╡ ∆ ⅜№╢

⁸1992⁹ ⁸ ─√╘⌐ ↕╣╢─│ 1 │ 2

≢№╢⁹1 ╛2 │ ╛ ─ ─ ⁸ ⌂≥⌐╟∫≡⁸

╩ ⌐ ≢№╢⁹ ⇔√ ╩ 25ϴ≢

∆╢≤⁸10 14 ≢ ∆╢⁹ │ 10 14 ≢ ∆╢⁹ 30 

 ↔ↄ ≢│№╢⅜ ⅜ ⅝╢↓≤⅜№╡⁸ ─ⱷ☻ ⅜ ⇔√

╩ ⇔√ ≢⁸10 ⌐ ⇔√ⱷ☻ 150 ⅜ ⇔√ 49,800 ─

╩ ─╕╕ ⇔√≤↓╤ ⌐ 132 0.27% ⅜ ⇔√ ╛⁸6 ⌐

⇔√ⱷ☻ 621 ⅜ ⇔√ 120,000 ─ ╩ ─╕╕ ⇔√≤↓╤

⌐ 22 0.018% ⅜ ⇔√ ⅜ ↕╣≡™╢ ⁸1934⁹ 35 



15 
 

 ◌▬◖│⅝╦╘≡ ⌐ ↕╣√ ≢№╡⁸ │ ⅜⌂ↄ⌂∫≡╙╒≤╪≥

∑∏⁸ │ ┬↓≤⅜≢⅝⌂™⌂≥⁸ ⅜ ╘≡ ™⁹ ⌐ ╩

∆╢ ╩ ⇔≡ ∆╢⅜⁸ ─ ⌂≥ ⌐ ⇔√ ⅜№╣┌⁸∕─ ⌐

≤≥╕╢⁹↓─√╘⁸ ⌐ ∆╢↓≤│⌂ↄ⁸ ≢ │ ≢⅝⌂™

≢─◌▬◖─ ⌐≈™≡│ 4╩ ⁹╕√⁸ ⌐⅔↑╢◌▬◖─ ⌂5 

⌐≈™≡│⁸ 5╩ ⁹ 

 ≢ ─√╘⌐ ∆╢ ≤⇔≡│⁸2 ─ ╩ ⇔≡

╠╣╢ ╛⁸4 ─ ⅛╠ 2 ─ ╩ ≡ ╠╣╢ ⌂≥─

⅜ ™╠╣≡⅔╡⁸∕─ │ ⅜ ╠ ╢─≢│⌂ↄ⁸ ─

⅜ ⇔⁸ │↓╣╩ ⇔≡ ⇔≡™╢ ⁸1979⁹ 10 

 ⌂⅔⁸ ─ ≢│►◊ꜟⱣ◐▪ ─ ─ ⌐╟╡⁸ ⅜ ∂

≡ ≢⅝⌂ↄ⌂╢ ⅜№╢↓≤⅜ ↕╣≡™╢⅜⁸◌▬◖⌐⅔™≡│∕─╟℮⌂

│⌂™⁹ 

 ◒꞉◖─ │ ─ ⌐≈™≡│ 1╩ ⁹ 

 15 

ₒ◌▬◖≤◒꞉◖≤─ ─ ─ ₓ 

 ◒꞉◖≤◌▬◖─ ⅜ ≢ ↕╣√≤™℮ │⌂™⅜⁸◌▬◖≤◒꞉◖

│ ⌐ ↕∑╢↓≤⅜≢⅝⁸ ╠╣√ ┘∕─ ⌐│ ⅜№╢⁹√

≤ⅎ┌⁸ ≢─ ⌐⅔™≡│⁸F3╛ F4╕≢ ⇔√ ⅜ ↕╣≡™╢

ה ;⁸1927 ⁸1939⁹╕√⁸F1─ ╩ ─ ─ ⌐ ⇔⁸ ╛Ɫ20 

♅⅛╠ ↕╣∏◒꞉◖ ─ ─ ≤─ ╙⌂™ ≢ ⇔√≤↓╤⁸∕─ ⁸

─ ⅜ ↕╣⁸ ╙ ╛ ─ ⅜ ↕╣√ 8 ⁹ 

 ◌▬◖≤◒꞉◖│ⱷ☻ ⅜ ∂ ⱨ▼꜡⸗fi╩ ⇔≡○☻ ╩ ⇔⁸ ∆

╢ Kuwahara et al., 1984⁹◌▬◖≤◒꞉◖─ ─ ⁸∆⌂╦∟ ─

╩ ╢√╘⌐⁸↨╢ ⌐◌▬◖≤◒꞉◖─ ╩ ╣≡ ↕∑√ ≢│⁸ ⇔25 

≢╙ ⅜ ╠╣√Ɑ▪─ │⁸◌▬◖ ⱷ☻ ×◌▬◖ ○☻ ≢│ 100% 10

Ɑ▪∆═≡ ⁸◒꞉◖ ⱷ☻ ×◒꞉◖ ○☻ ≢│ 89% 47Ɑ▪ 42Ɑ▪ ⁸◌▬◖

ⱷ☻ ×◒꞉◖ ○☻ ≢│ 21% 18Ɑ▪ 2Ɑ▪ ≤⌂╡⁸◒꞉◖ ⱷ☻ ×◌

▬◖ ○☻ ─ ╖ ╦∑≢│ ⅜ ⇔⌂⅛∫√ ╠⁸1997⁹ ⌐↨╢

≢─ ⌐≈™≡ ⇔√ ─ ≢│⁸◌▬◖ ⱷ☻ ×◌▬◖ ○☻ ≢│ 100%30 

20Ɑ▪∆═≡ ⁸◒꞉◖ ⱷ☻ ×◒꞉◖ ○☻ ≢│ 85% 20Ɑ▪ 17Ɑ▪ ⁸

◌▬◖ ⱷ☻ ×◒꞉◖ ○☻ ≢│ 45% 20Ɑ▪ 9Ɑ▪ ⁸◒꞉◖ ⱷ☻ ×◌▬

◖ ○☻ ≢│ 0% 20Ɑ▪ 0Ɑ▪ ≢№∫√ ה ⁸2007 ⁹◌▬◖─○☻

│ ┬↓≤⅜ ↄ≢⅝⌂™ ⁸1995 ↓≤⅛╠⁸◒꞉◖─ⱷ☻ ⅜ ⇔√

≢ ⱨ▼꜡⸗fi╩ ⇔⌂⅜╠ ⇔≡™╢≤↓╤⌐ ∆╢↓≤│≢⅝⌂™⁹╕√⁸35 
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◒꞉◖─ⱷ☻ ≤◌▬◖─○☻ ╩↨╢ ⌐ ╣√ ─ ╩ ∆╢≤⁸◒꞉

◖─ⱷ☻ ⅜ ה ≤╙⌐◌▬◖─○☻ ╟╡ ≢№╢√╘⌐⁸◌▬◖

─○☻ ⅜ ─√╘⌐ ∆╢≤◒꞉◖─ⱷ☻ ⅜ ⅝ ∫≡ ⅜ ⇔⌂

™↓≤⅜ ↕╣≡™╢ ╠⁸1997⁹ 

 5 

ⱱ  

Ί 

 

Ⱬ ─  

Ί 10 

 

♩ ∕─ ─  

ₒ ≤⇔≡ ™√ ─ ה ה ─ ₓ 

 ⅎ◌▬◖╩ ∆╢⌐№√∫≡ ⇔√ ≢№╢ /C⁸ 137 ⁸

146 ⁸ 603 ⁸ 604 ⁸MCS202 ┘ MN202│⁸ ─ ≤ ⁸415 

─ ─ ⁸5 ╩ ≤⇔≡⁸ ╩ ≡ ⌐⌂╡⁸ ╩ ╗⁹w-1 pnd

│⁸ ╩ ╗⅜⁸∕─ ─ │ ─ ≤ ∂≢№╢⁹ 

 

ₒ Ᵽ◄╛Ɫ♅⁸Ⱡ☼Ⱶ ─ ⅛╠ ↕╣╢ ₓ 

 ⌐⅔™≡◌▬◖⌐ ╩ ⅎ╢ ⌂ ≤⇔≡│⁸ ─◌▬◖ⱡ►☺Ᵽ20 

◄ Blepharipa zebina⁸◒꞉◖ꜘ♪ꜞⱣ◄ Exorista sorbillans⁸◌▬◖ⱡ◦ꜝⱵ♄♬

Pediculoides ventricosus⅜№╢ ⁸1992⁹∕─ ⌐╙⁸Ⱪꜝfi◖ꜘ♪ꜞⱣ

◄ Exorista japonica⌐╟╢ ╛⁸Ɫ◘Ⱶⱶ◦ ⁸◌ⱴ♪►ⱴ ⁸►ⱴ○▬ ⁸ⱢⱠ◌

◒◦ ⁸◗Ⱶⱶ◦ ⁸▪◦♫●Ᵽ♅ ⁸▪ꜞ ⌐╟╢ ╙ ↕╣≡™╢ ⁸1929⁹ 

 25 

 

 ⅎ ─ ⌐ ∆╢  

 ↓↓≢│⁸ ⅎ◌▬◖─ ─√╘⌐ ™√ ⌐≈™≡ ∆╢⁹

∕╣⌐ ∟⁸ ─ ⌐ ⇔≡⁸ ─ ⌐≈™≡ ∆

╢⁹ 30 

 ⅎ◌▬◖─ ⌐│⁸ ♩ꜝfi☻ⱳ♂fi ─ ≈≢№╢ piggyBac

⌐╟╢ ╩ ™√⁹piggyBac│⁸▬ꜝ◒◘◑fi►꞉Ᵽ Trichoplusia ni⁸

♅ꜛ► ─ TN-368⌐ ∆╢ ≢№╡⁸DNA ≢ ╡ ↕

╣√╡ ↕╣√╡∆╢ ╩ ⇔≡⁸ ₁⌂ ≢ ⌐ ™╠╣≡™╢

Cary et al., 1989; Handler, 2002⁹piggyBac│⁸ ⅜ 2≈─ ⌐35 

╕╣√ ╩ ∫≡™╢⁹piggyBac─ ╩ ↕∑╢≤⁸↓─ ⅜
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⌐ ⌐ ⇔≡ ⇔⁸ ╡ ↕╣√ piggyBac⅜ ◕ⱡⱶ ⌐ꜝfi♄ⱶ⌐

↕╣╢ 12 ⁹√∞⇔⁸↓─╕╕≢│ piggyBac ⅛╠ ∆╢ ─

⅝⌐╟∫≡⁸◕ⱡⱶ ─ ─ ⌐ ⇔√╡ ╦╣√╡∆╢ ⅜№╢⁹∕↓≢⁸

piggyBac╩ ⇔√ ⅜ ≤⌂╢⁹ 

 ◌▬◖⌐ ⌐ ╩ ∆╢√╘⌐⁸piggyBac╩ ⇔√ 2 ─ⱪꜝ☻Ⱶ5 

♪╩ ╖ ╦∑≡ ™╢ 13 ⁹ ≈│⁸ ─ ╦╡⌐⁸ ⇔√™

╩ ℮╙ⱪꜝ☻Ⱶ♪≢⁸כ♫♪√⇔ ≈│⁸piggyBac─ ─℮∟─ 1

≈╩ ↕∑√ⱫꜟⱤכⱪꜝ☻Ⱶ♪≢№╢⁹ ╩ ∆╢ⱫꜟⱤכⱪꜝ☻Ⱶ♪│⁸

─ ⅜ ⇔≡™╢√╘⁸∕╣ │◌▬◖◕ⱡⱶ ⌐ ↕╣∏⁸ ⌐

♪ⱪꜝ☻Ⱶכ♫♪√⇔ ─ ⌐ ╕╣√ ╩ ╡ ⇔≡◌▬◖◕ⱡⱶ10 

⌐ ↕∑╢↓≤⅜≢⅝╢⁹ 

 

 

12 piggyBac─ ⅝ 

 15 
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13 ⅎ◌▬◖─  

 

⌐◖▬◌╩♪ⱪꜝ☻Ⱶכⱪꜝ☻Ⱶ♪≤ⱫꜟⱤכ♫♪  ∆╢⌐│⁸2≈─ⱪꜝ☻Ⱶ♪

╩ −≡◌▬◖ ⌐ ∆╢ ╩ ╢⁹↓╣⌐╟╡⁸ⱫꜟⱤכⱪꜝ☻Ⱶ♪⅛5 

╠ ↕╣√ ─ ⅝≢⁸ ⅜◌▬◖◕ⱡⱶ ⌐ ↕╣╢⁹

⇔√ ─ ≢│ ─ ∞↑⅜↓─ ╩ ≈↓≤≤⌂╡⁸╙⇔⁸ ╛

⌐⌂╢ ≢↓─ ⅜ ⅝╢≤⁸ ⇔√ ─ ─ ⌐⁸ ⅎ

⅜ ∂╢⁹ ⁸ⱫꜟⱤכⱪꜝ☻Ⱶ♪ │◌▬◖ ≢│ ⇔⌂™─≢⁸

⅜ ╪≢ ⅜ ⅎ╢⌐⇔√⅜∫≡⁸ 1≈№√╡⌐ ╕╣╢ ─ ⅜ ⇔√10 

╡ ↕╣√╡⇔≡⁸ ⌐│ ╦╣╢⁹∕─ ⁸ ⌐ ╩ ≈

ⅎ◌▬◖╩ ∆╢↓≤⅜≢⅝╢⁹ 

 

⌐ ∆╢  

▬ ┘ ─  15 

 ♪ⱪꜝ☻Ⱶכ♫♪

 ⅎ◌▬◖─ ⌐ ™╠╣√ ─ ┘ ─ ╩

1⌐ ∆⁹╕√⁸ ─ ╩ 14⌐⁸ ─ ╩ 10⌐ ∆⁹ 

 

−≡

◌▬◖

◌▬◖◕ⱡⱶ┼─

─

⅜ ≈∞↑⌂─≢
∑∏⁸ ╦╣╢⁹

⇔√ ─ ≢─◕ⱡⱶ┼─

≈─ ╩
⇔≡

⇔√ ─ ◓fi♬כꜞ◒☻≢

⇔√

ⱫꜟⱤכⱪꜝ☻Ⱶ♪♪♫כⱪꜝ☻Ⱶ♪

piggyBacה ─
ה ─

ה ≈╩
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1 ─◘▬☼≤⁸ ⁸  

 ◘▬☼ ┘  

ⱨ▫Ⱪ꜡▬fi H ┘ ♃fiⱤ◒ ─ ♃fiⱤ◒ ◌☿♇♩

HC-mKO ◌☿♇♩  

Fibroin H promoterⱨ▫Ⱪ꜡

▬fi H ⱪ꜡⸗כ♃

כ  

1.1 kb ◌▬◖ ⱨ▫Ⱪ꜡▬fi H ─ⱪ꜡⸗

⁹ⱨ▫Ⱪ꜡▬fiכ♃כ H ⅜ ∆╢

≢─ ─ ╩ ∆╢ Kojima 

et al., 2007⁹ 

HC-mKO ≢№╢

ⱨ▫Ⱪ꜡▬fi H ┘

♃fiⱤ◒ ─ ♃fi

Ɽ◒  

2.3 kb ◌▬◖ ⱨ▫Ⱪ꜡▬fi H ♃fiⱤ◒ ─

╩⁸ⱥꜝ♃◒◘ⱦꜝ▬◦ Fungia concinna

♃fiⱤ◒ ⌐ ⇔√ ♃fi

Ɽ◒ ╢∆♪כ◖╩ ⁹ ╩ ≈ⱨ

▫Ⱪ꜡▬fi ♃fiⱤ◒ ╩ ╠∑╢⁹

⇔√ ♃fiⱤ◒ │▪Ⱶⱡ

⅜ ⅎ╠╣≡™╢ Karasawa et al., 

2004⁹C ⌐│ⱥ☻♅☺fi─ 6 ╡ ⇔

╢∆♪כ◖╩ 6xHis⅜ ↕╣≡™╢⁹ 

Fibroin H polyA ⱨ▫Ⱪ꜡▬

fi H ♃כⱵⱠכ♃

כ  

0.3 kb ◌▬◖ ⱨ▫Ⱪ꜡▬fi H Ⱶכ♃─

Ⱡ⁹כ♃כ ╩ ∆╢ Kojima et al., 

2007⁹ 

♃fiⱤ◒ ⱴכ◌כ ◌☿♇♩ ▪◒☿♇◦ꜛfi

AB779767─  

3xP3 promoter 0.2 kb ≢─ ─√╘⌐ ⌐ ↕╣

√ ≢№╢ 3xP3╩⁸◐▬꜡◦ꜛ►☺ꜛ

►Ᵽ◄ Drosophila melanogaster ◦ꜛ♇

◒♃fiⱤ◒ hsp70 ─ⱪ꜡⸗כ♃כ⌐

↕∑√ⱪ꜡⸗⁹כ♃כ ─ ≢─ ╩

∆╢ Berghammer et al., 1999; Thomas et al., 

2002⁹ 

EGFP ♃fiⱤ

◒  

0.7 kb ○꞉fi◒ꜝ◕ Aequorea victoria ─

♃fiⱤ◒ ◒꜡fi♥♇◒ ; 

Yang et al., 1996⁹ ⅎ◌▬◖╩ ∆
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╢√╘─ⱴכ◌כ ≤⇔≡ ™╢⁹ ⌐

⇔√ 3xP3 promoter─ ⅝≤ ╦∑≡⁸

ⅎ◌▬◖─ ≢ EGFP╩ ∆╢⁹ 

SV40 polyA SV40♃כⱵⱠ

כ♃כ  

0.3 kb ◦Ⱶ▪fi►▬ꜟ☻ 40 Simian virus 40 ◕ⱡⱶ

⁹כ♃כⱵⱠכ♃─ ╩ ∆╢⁹ 

∕─ ▪◒☿♇◦ꜛfi AB713995─  

piggyBac R 1.1 kb ▬ꜝ◒◘◑fi►꞉Ᵽ Trichoplusia ni ─

piggyBac─ Cary et al., 1989⁹

◌▬◖◕ⱡⱶ┼─ ⌐ ⇔≡⁸piggyBac

─ ≤⇔≡ ↄ⁹ 

piggyBac L 0.7 kb ▬ꜝ◒◘◑fi►꞉Ᵽ T. ni ─

piggyBac─ Cary et al., 1989⁹◌▬◖

◕ⱡⱶ┼─ ⌐ ⇔≡⁸piggyBac ─

≤⇔≡ ↄ⁹ 

ⅎ◌▬◖◕ⱡⱶ ⌐│ ⇔⌂™  

pUC ori 0.7 kb Escherichia coli ─ⱪꜝ☻Ⱶ♪

ColE1─ ⁹ ⱪꜝ☻Ⱶ♪╩

≢ ∆╢√╘─ ≢№╡⁸ ⅎ

◌▬◖─◕ⱡⱶ ⌐│ ↕╣⌂™⁹ 

AmpR 0.9 kb ▪fiⱧ◦ꜞfi⌐ ∆╢ ⁹

ⱪꜝ☻Ⱶ♪╩ ≈ ╩ ∆╢√╘─

≢№╡⁸ ⅎ◌▬◖─◕ⱡⱶ ⌐

│ ↕╣⌂™⁹ 
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14 HC-mKO ⌐ ™√ⱪꜝ☻Ⱶ♪ pBac[3xP3-EGFPafm]_HC-mKO ─  

piggyBac R piggyBac ╩ ╗ piggyBac  

ⱴכ◌כ ◌☿♇♩ 

3xP3 promoter 3xP3ⱪ꜡⸗⁹כ♃כ ≢─ ╩ ⁹ 5 

EGFP ♃fiⱤ◒ ⁹ ⱴכ◌כ≤⇔≡ ⁹ 

SV40 polyA ◦Ⱶ▪fi►▬ꜟ☻ 40◕ⱡⱶ ⁹כ♃כⱵⱠכ♃─ ╩ ⁹ 

HC-mKO ◌☿♇♩ 

Fibroin H promoter ⱨ▫Ⱪ꜡▬fi H ─ⱪ꜡⸗⁹כ♃כ 

   ≢─ ╩ ⁹ 10 

HC-mKO ⱨ▫Ⱪ꜡▬fi H ♃fiⱤ◒ ≤ ♃fiⱤ◒ mKO ─ ⁹ 

  ⁹ 

Fibroin H polyA ⱨ▫Ⱪ꜡▬fi H ⁹כ♃כⱵⱠכ♃─ ╩ ⁹ 

piggyBac L piggyBac ╩ ╗ piggyBac  

◌▬◖◕ⱡⱶ ⌐│ ↕╣⌂™⁹  15 

pUC ori ≢ ∆╢ ⁹ 

AmpR ▪fiⱧ◦ꜞfi ⁹ 

RT-PCR─  ─ ╩ ∆╢√╘─ RT-PCR─  

 

 20 
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 ╩ ╢╕≢⌐≤╠╣√ ╩ 15⌐ ∆⁹╕∏⁸ piggyBac╩pUC18

⌐ ⇔≡ ╠╣√ p3E1.2 Cary et al, 1989 ⌐⁸ ♃fiⱤ◒ ◌☿♇♩

3xP3-EGFP ╩ ∆╢≤≤╙⌐⁸piggyBac ─ ╩ ⇔≡

pBac[3xP3-EGFPafm]╩ ⇔√ Horn and Wimmer, 2000⁹↓╣⌐⁸ⱨ▫Ⱪ꜡▬fi H

┘ ♃fiⱤ◒ ─ ♃fiⱤ◒ ◌☿♇♩ HC-mKO5 

◌☿♇♩ ╩ ⇔≡ pBac[3xP3-EGFPafm]_HC-mKO ╩ ⇔√ Iizuka et al., 2013⁹ 

 

 

15 HC-mKO ─ ⌐ ™√ⱪꜝ☻Ⱶ♪ pBac[3xP3-EGFPafm]_HC-mKO ─  

 10 

ⱫꜟⱤכⱪꜝ☻Ⱶ♪ 

─♪ⱪꜝ☻Ⱶכ♫♪  piggyBac R≤ piggyBac L⌐│↕╕╣√ ╩◌▬◖◕ⱡⱶ

⌐ ∆╢√╘⌐│⁸ ─ ⅝⅜ ≤⌂╢ 13 ⁹↓─ ╩ ∆

╢√╘⌐⁸ⱫꜟⱤכⱪꜝ☻Ⱶ♪ pHA3PIG╩ ≥♪ⱪꜝ☻Ⱶכ♫♪⁸≡⇔ −≡◌▬

◖ ⌐ ⇔√⁹↓─ⱫꜟⱤכⱪꜝ☻Ⱶ♪ pHA3PIG─ ┘ ─ ╩ 215 

⌐ ∆⁹╕√⁸ ─ ╩ 16⌐ ∆ Tamura et al., 2000⁹ 
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2 ⱫꜟⱤכⱪꜝ☻Ⱶ♪ pHA3PIG─ ≤⁸ ⁸  

 ◘▬☼ ┘  

A3 promoter ▪◒♅fi

ⱪ꜡⸗כ♃כ  

0.7 kb ◌▬◖ ─ ▪◒♅fi A3 ─ⱪ꜡

⁹כ♃כ⸗ ₁⌂ ≢ ╩ ↕∑╢↓

≤⅜≢⅝╢ Mounier and Prudhomme, 1991⁹ 

piggyBac transposase 

piggyBac  

1.8 kb ▬ꜝ◒◘◑fi►꞉Ᵽ T. ni ─

piggyBac─ Cary et al., 1989⁹piggyBac

─ 2 ≈─ ─ ⌐ ╕╣√ ╩ ╡

⇔≡⁸ ─ DNA ⌐ ∆╢ ╩ ≈⁹ 

piggyBac R 1.1 kb ▬ꜝ◒◘◑fi►꞉Ᵽ T. ni ─

piggyBac─ Cary et al., 1989⁹◌▬◖

◕ⱡⱶ┼─ ⌐ ⇔≡⁸piggyBac ─

≤⇔≡ ↄ⁹ 

AmpR 0.9 kb ▪fiⱧ◦ꜞfi⌐ ∆╢ ⁹

ⱪꜝ☻Ⱶ♪╩ ≈ ╩ ∆╢√╘─

≢№╡⁸ ⅎ◌▬◖◕ⱡⱶ ⌐│

↕╣⌂™⁹ 

pUC ori 0.7 kb E. coli ─ⱪꜝ☻Ⱶ♪ ColE1─

⁹ ⱪꜝ☻Ⱶ♪╩ ≢ ∆╢√

╘─ ≢№╡⁸ ⅎ◌▬◖◕ⱡⱶ

⌐│ ↕╣⌂™⁹ 
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16 ⱫꜟⱤכⱪꜝ☻Ⱶ♪ pHA3PIG─  

A3 promoter ◌▬◖ ▪◒♅fi A3 ⱪ꜡⸗⁹כ♃כ 

  ₁⌂ ≢─ ╩ ⁹ 

piggyBac transposase piggyBac  5 

piggyBac R piggyBac ╩ ╗ piggyBac  

pUC ori ≢ ∆╢  

AmpR ▪fiⱧ◦ꜞfi  

PCR─  ⱫꜟⱤכⱪꜝ☻Ⱶ♪─ ╩ ∆╢√╘─ PCR─  

 10 

꜡ ─  

ᵑ ─ ─  

 

ₒHC-mKO ₓ 

 ≢№╢ HC-mKO │⁸◌▬◖ ⱨ▫Ⱪ꜡▬fi H ♃fiⱤ◒ ⁸ⱥ15 

ꜝ♃◒◘ⱦꜝ▬◦ Fungia concinna⁸ ה ♃fiⱤ◒ ⁸

┘ⱥ☻♅☺fi─ 6 ⇔ ─ ♃fiⱤ◒  ⁹╢™≡⇔♪כ◖╩

 ⱨ▫Ⱪ꜡▬fi H │⁸ ╩ ∆╢ ⌂ ♃fiⱤ◒ ≢№╢⁹ ∆╢

⌐│⁸ⱨ▫Ⱪ꜡▬fi H ─ ╩ ∆╢ ⅛╠⁸mRNA┼─

╩ ╩כ♃כⱵⱠכ♃╢∑↕ ╗ ╕≢─ ╩ ™≡™╢ Takiya et al., 20 

1990; Kojima et al., 2007⁹ 

 ♃fiⱤ◒ Kusabira Orange⁸KO │ ╩ ↑≡ ╩ ∆

╢♃fiⱤ◒ ≢⁸ ⱴכ◌כ ≤⇔≡ ™╠╣≡™╢⁹ ™√─│⁸

≢ ╩ ∆╢╟℮⌐ ─▪Ⱶⱡ ╩ ⇔√mKO monomeric KO⁸

─ ≢№╢⁹ 25 

 6xHis│⁸ⱥ☻♅☺fi⅜ 6 ≈⌂⅜∫√ ⌂ⱳꜞⱭⱪ♅♪≢№╡⁸ ↕∑╢♃
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fiⱤ◒ ─ N ╕√│ C ⌐ ∆╢↓≤⌐╟╡⁸♬♇◔ꜟ ⌐╟╢▪ⱨ▫♬♥▫

∆╢√╘⌐ ™╠╣╢⁹ 

 ≤⇔√ HC-mKO │⁸ⱨ▫Ⱪ꜡▬fi H ─ ╩ ⇔⁸

╦╡⌐mKO ╩ ⇔≡ ⇔√ Iizuka et al., 2013⁹ 

 mKO♃fiⱤ◒ ┘ 6xHis⅜⁸ ─▪꜠ꜟ◕fi≤ ─▪Ⱶⱡ ╩ ∆╢⅛5 

≥℮⅛⁸▪꜠ꜟ◕fi♦כ♃ⱬכ☻ Food Allergy Research and Resource Program Database

FARRP⁸ver. 13⁸http://www.allergenonline.org/⌐ ⇔≡ E ─ ╩ 0.1 ≤⇔≡

FASTA ╩ ∫√≤↓╤⁸ ▪꜠ꜟ◕fi≤ 8▪Ⱶⱡ ≢ ∆╢ │

╘╠╣⌂⅛∫√⁹ 

 ↓─ ◌☿♇♩│⁸ ─ ≈ ╩ ↕∑╢ │ ⇔≡™⌂™⁹ 10 

 

ₒ ♃fiⱤ◒ ₓ 

 ⅎ◌▬◖─ ⌐│⁸ ♃fiⱤ◒ EGFP─ ≢─ ╩ ⇔

√⁹ 

 ⱴכ◌כ≢№╢ EGFP ◒꜡fi♥♇◒ │⁸○꞉fi◒ꜝ◕ Aequorea victoria⁸15 

꜡♪ⱥה ─ ♃fiⱤ◒ ≢№╡⁸ ⱴכ◌כ≤⇔≡

ↄ ™╠╣≡™╢⁹ 

 3xP3ⱪ꜡⸗⁸│כ♃כ ≢─ ─√╘⌐ ⌐ ↕╣√ ≢№

╢ 3xP3⌐⁸◐▬꜡◦ꜛ►☺ꜛ►Ᵽ◄ Drosophila melanogaster ─ ◦ꜛ♇◒♃fi

Ɽ◒ hsp70 ─ⱪ꜡⸗כ♃כ╩ ⇔≡ ╠╣√⁹↓─3xP3ⱪ꜡⸗כ♃כ│ ₁20 

⌂ ─ ╛ ⌐⅔™≡ ╩ ↕∑╢ Sheng et al., 1997; Thomas et al., 

2002⁹⌂⅔⁸3xP3ⱪ꜡⸗כ♃כ─ ⌐│ ◦ꜛ♇◒⌐╟╢ │ ≢№╢⁹ 

 SV40 ☻ꜟ▬►Ⱶ▪fi◦⁸│כ♃כⱵⱠכ♃ 40 ◕ⱡⱶ ⁸≢כ♃כⱵⱠכ♃─

mRNA┼─ ╩ ↕∑╢⁹ 

 EGFP⅜⁸ ─▪꜠ꜟ◕fi≤ ─▪Ⱶⱡ ╩ ∆╢⅛≥℮⅛⁸▪꜠ꜟ◕fi♦25 

☻כⱬ♃כ Food Allergy Research and Resource Program DatabaseFARRP⁸ver. 13⁸

http://www.allergenonline.org/⌐ ⇔≡ E ─ ╩ 0.1≤⇔≡ FASTA ╩ ∫√≤

↓╤⁸ ▪꜠ꜟ◕fi≤ 8▪Ⱶⱡ ≢ ∆╢ │ ╘╠╣⌂⅛∫√⁹ 

 ↓─ ◌☿♇♩│⁸ ─ ≈ ╩ ↕∑╢ │ ⇔≡™⌂™⁹ 

 30 

ₒⱫꜟⱤכⱪꜝ☻Ⱶ♪ₓ 

 ⱫꜟⱤכⱪꜝ☻Ⱶ♪─ ⌐№√∫≡│⁸2≈─ ─℮∟─ 1≈╩ ⇔≡⁸

◌▬◖ ─ ▪◒♅fi A3 ─ⱪ꜡⸗כ♃כ╩ ⇔√⁹↓╣⌐╟╡⁸◌▬

◖─ ≢piggyBac ⅜ ⇔⁸ ⌐ ⱪꜝ☻Ⱶ♪─piggyBacכ♫♪√⇔

─ ⌐№╢ ⅜◌▬◖─◕ⱡⱶ ⌐ ↕╣╢⁹ ⁸ⱫꜟⱤכⱪꜝ35 
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☻Ⱶ♪ │ ╩ 1≈ ⇔≡™╢√╘⁸◌▬◖─◕ⱡⱶ ⌐ ↕╣╢↓≤⅜

⌂™ 13 ⁹ 

 

ⱬ◒♃כ⌐ ∆╢  

▬ ┘  5 

 ⅎ◌▬◖─ ⌐ ™√ⱬ◒♃כ│ Escherichia coli ─

pUC18≢№╢⁹ 

 piggyBac╩ pUC18⌐ ⇔≡ p3E1.2⅜ ╠╣╢ Cary et al, 1989; 15 ⁹

♪ⱪꜝ☻Ⱶכ♫♪ pBac[3xP3-EGFPafm]_HC-mKO │⁸p3E1.2⌐ ♃fiⱤ◒

◌☿♇♩≤ HC-mKO ◌☿♇♩╩ ⇔≡ ╠╣√ 15 ⁹ 10 

─♪ⱪꜝ☻Ⱶכ♫♪  2 ≈─ ┘∕─ ╩ ╗ ╩◌▬◖◕ⱡⱶ⌐

∆╢√╘⁸↓─ ╩ ⇔≡◌▬◖◕ⱡⱶ ⌐ ∆╢ piggyBac ╩

∆╢ⱫꜟⱤכⱪꜝ☻Ⱶ♪ pHA3PIG ╩ ™≡™╢ Tamura et al., 2000; 16 ⁹

pHA3PIG│ ▪◒♅fi A3 ⱪ꜡⸗כ♃כ─ ⅝≢ piggyBac ╩

↕∑╢⅜⁸ ─ ≈╩ ↕∑≡™╢√╘⁸∕╣ │◌▬◖◕ⱡⱶ ⌐│15 

↕╣⌂™⁹ 

 

꜡  

ᵑ ⱬ◒♃כ─ ┘  

 pUC18─ │ 2,686 bp⁹ │▪◒☿♇◦ꜛfi L08752╩ ⁹ 20 

 pUC18⌐ piggyBac╩ ⇔√ p3E1.2─ │ 5,958 bp⁹ │

piggyBac Website http://piggybac.bio.nd.edu/╩ ⁹ 

♪ⱪꜝ☻Ⱶכ♫♪  pBac[3xP3-EGFPafm]_HC-mKO─ │ 10,315 bp⁹

─ │ 10╩ ⁹ 

 ⱫꜟⱤכⱪꜝ☻Ⱶ♪ pHA3PIG─ │ 6,160 bp⁹ │ 11╩ ⁹ 25 

 

ᵒ ─ ╩ ∆╢ ⅜№╢ │⁸∕─  

 pUC18⌐│⁸ ≢ⱬ◒♃כ╩ ∆╢ ─ ⱴ⁸≡⇔≥כ◌כ▪fiⱧ◦ꜞ

fi ╩ ∆╢ ⅜ ╕╣╢╙──⁸ ⅎ◌▬◖─◕ⱡⱶ ⌐↓─

│ ↕╣≡™⌂™⁹ 30 

 p3E1.2⌐│⁸piggyBac ┘∕─ ─ ⅛╠⌂╢

piggyBac─ ⅜ ╕╣╢⁹ 

♪ⱪꜝ☻Ⱶכ♫♪  pBac[3xP3-EGFPafm]_HC-mKO⌐⅔™≡│⁸p3E1.2⅛╠ piggyBac

⅜ ↕╣≡™╢⁹ 

 ⱫꜟⱤכⱪꜝ☻Ⱶ♪ pHA3PIG⌐│⁸◌▬◖─ ≢─ ╩ ∆╢35 
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▪◒♅fi A3 ⱪ꜡⸗⁸≥כ♃כ∕─ ⌐ ↕╣√ piggyBac ⅜

╕╣╢ 16 ⁹ ⌐№√∫≡│⁸2≈─ ─℮∟─ 1≈╩ ⇔≡⁸◌▬

◖ ─ ▪◒♅fi A3 ─ⱪ꜡⸗כ♃כ╩ ⇔√⁹↓╣⌐╟╡⁸◌▬◖─

≢ piggyBac ⅜ ⇔⁸ ⌐ ─♪ⱪꜝ☻Ⱶכ♫♪√⇔ piggyBac

─ ⌐№╢ ⅜◌▬◖─◕ⱡⱶ ⌐ ↕╣╢⁹ ⁸ⱫꜟⱤכⱪꜝ☻5 

Ⱶ♪ │ ╩ 1≈ ⇔≡™╢√╘⁸◌▬◖─◕ⱡⱶ ⌐ ↕╣╢↓≤⅜⌂

™ 17 ⁹ 

 

ᵓ ⱬ◒♃כ─ ה ─ ┘ ה ╩ ∆╢ │∕─

⌐ ∆╢  10 

 ⱬ◒♃כ─ ה │⌂™⁹ 

 

ⅎ ─  

▬ ⌐ ↕╣√ ─  

♪ⱪꜝ☻Ⱶכ♫♪  pBac[3xP3-EGFPafm]_HC-mKO ≢─ ─ ─15 

┘ ┘⌐ ⌐╟╢ ╩ 14⌐ ∆⁹2≈─ piggyBac ─ ⌐⁸

ⱴכ◌כ≢№╢ EGFP ─ ◌☿♇♩≤⁸ ─ ╩ ≤⇔√

HC-mKO ─ ◌☿♇♩⅜ ↕╣≡™╢⁹ 

 ⱬ◒♃כ┼─ ─ ─ ╩ 15⌐ ∆⁹ 

 20 

꜡ ⌐ ↕╣√ ─  

♪ⱪꜝ☻Ⱶכ♫♪  pBac[3xP3-EGFPafm]_HC-mKO 14 ╩ⱫꜟⱤכⱪꜝ☻Ⱶ♪

pHA3PIG 16 ≤≤╙⌐ ┼ ∆╢↓≤≢ ⇔√ 17 ⁹Ⱬꜟ

Ɽכⱪꜝ☻Ⱶ♪│ piggyBac─ 2≈─ ─℮∟ 1≈╩ ⇔≡™╢√╘⌐⁸∕╣

⅜◌▬◖◕ⱡⱶ ⌐ ∆╢↓≤│⌂™⁹ⱪꜝ☻Ⱶ♪╩ ↕╣√ ─ ─25 

≢ piggyBac ⅜ ™≡ ⅜◌▬◖◕ⱡⱶ ⌐ ↕╣╢≤⁸∕─ ─

≢ ⅎ◌▬◖╩ ∆╢↓≤⅜≢⅝╢ 17 ⁹ 
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17 ⅎ◌▬◖─  

 

Ɫ ⅎ ─ ─  

ᵑ ⅜ ↕╣√ ─ ─  5 

♪ⱪꜝ☻Ⱶכ♫♪  pBac[3xP3-EGFPafm]_HC-mKO≤ⱫꜟⱤכⱪꜝ☻Ⱶ♪ pHA3PIG╩

↕╣√ ⅛╠ ⇔√ G0⁸ 17 ┘ 18 ╩ ╕≢ ⇔√⁹↓

─╕╕≢│ ≤⌂∫≡ ─ ⅜ ⅝™√╘⁸↓─ G0 ╩ /C

≤ ∆╢↓≤⌐╟∫≡ ─ ╩ √ G1⁸ 18 ⁹ ⅎ │ ≢

♃fiⱤ◒ ╩ ∆╢↓≤⅛╠⁸ ╩ ↕∑√ ╩ ≢ ⇔⁸10 

≢ ♃fiⱤ◒ ╩ ⇔≡™╢ ╩ ⇔√⁹ 
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18 ⅎ◌▬◖─ ≤  

G1 ─ ⌂╢ 2 ⅛╠ GN2≤ GCS2╩ ⇔√⁹GN2─ ≢│⁸G2-10 ╩

⇔√ ⅛╠⁸ ╩ⱱ⸗⌐ ≈╟℮⌐ ⇔√⁹GCS2─ ≢│⁸G3-10 ╩

⇔√ ⅛╠⁸ ╩ⱱ⸗⌐ ≈╟℮⌐ ⇔√⁹ ─ │⁸GN2≤ GCS25 

╩ ⇔√ 1 ─ ⁹ 
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3 ⌐ ⌂ ╩ ∆╢√╘⌐ ∫√  

│ 18╩  

 

≤  

G2-14 G2-16 G3-14 G3-16 G4-16 G4-16 

2012 2012 2012 2012 2012 2014 

⇔√ ─

 

◘◙fi  

ủ ủ ủ ủ ủ  

Ⱬ ꜟ Ɽ כ ─

PCR  
ủ  ủ    

─

RT-PCR  
 ủ  ủ ủ  

       

─       ủ 

      ủ 

      ủ 

      ủ 

      ủ 

      ủ 

      ủ 

─       ủ 

      ủ 

─       ủ 

 

ᵒ♪♫כⱪꜝ☻Ⱶ♪⌐⅔™≡ piggyBac ⅜ ⇔≡™╢↓≤─  

♪ⱪꜝ☻Ⱶכ♫♪√⇔  pBac[3xP3-EGFPafm]_HC-mKO⌐⅔™≡ piggyBac5 

⅜ ⇔≡™⌂™↓≤╩⁸ ⱪꜝ☻Ⱶ♪─ ⌐╟╡ ⇔√⁹ 

 

ᵓ♪♫כⱪꜝ☻Ⱶ♪⌐⅔↑╢ ►▬ꜟ☻◕ⱡⱶ─ ─  

♪ⱪꜝ☻Ⱶכ♫♪√⇔  pBac[3xP3-EGFPafm]_HC-mKO ⌐⅔™≡⁸

piggyBac─◒꜡כ♬fi◓─ ≢⁸AcNPV Autographa california nucleopolyhedrovirus10 

─◕ⱡⱶ⌐ ∆╢ FP 642 bp ─ 5' 340 bp ≤ lef9
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1,548 bp ─ 5' 469 bp ⅜ ∫≡™╢⁹™∏╣─ ╙⁸piggyBac

─ ⌐№╡⁸◌▬◖◕ⱡⱶ ⌐│ ↕╣⌂™⁹ 

 

ᵔⱫꜟⱤכⱪꜝ☻Ⱶ♪─  

 ⅎ◌▬◖ GN2 G2-14 ⅔╟┘ GCS2 G3-14 18⁸5 

3 ─ 5 ─ ⅛╠ ⇔√◕ⱡⱶ DNA ╩ ≤⇔≡⁸

─ ╩ PCR⌐╟╡ ⇔√⁹PCR⌐ ™√ⱪꜝ▬ⱴכ≤ ∆╢ ─ ╩

16⌐ ∆⁹ ─ ⁸G2-14 ⅔╟┘ G3-14 ─ ⅎ◌▬◖─◕ⱡⱶ DNA

⅛╠ piggyBac ─ │ ╘╠╣⌂⅛∫√ 12 ⁹↓─↓≤⅛╠⁸

ⅎ◌▬◖⌐│ⱫꜟⱤכⱪꜝ☻Ⱶ♪─ ⅜ ⇔≡™⌂™↓≤⅜ ≢10 

⅝√⁹ 

 

ᵕ ⌐ ⌂ ╩ ∆╢╕≢⌐ ™╠╣√ ─ ─  

 ─ P1A ≢ ⅎ◌▬◖╩ ⇔⁸ ≢─ EGFP ⱴכ◌

כ ─ ┘ ≢─ mKO ─ ⅜ ╘╠╣╢ G1 ╩ ⇔√⁹15 

∕─ ⁸ ≢№╢ 137 ≤─ ⇔ ╩ ™⁸G2-10 ╩ ⇔√

⅛╠⁸ ╩ⱱ⸗⌐ ≈╟℮⌐ ⇔≡ GN2≤⇔√⁹ ⁸G1

─℮∟ GN2─ ⌐ ™√─≤│ ⌂╢ ╩ ™≡⁸ ≢№╢ 146

≤─ ⇔ ╩ ™⁸G3-10 ╩ ⇔√ ⅛╠⁸ ╩ⱱ⸗⌐ ≈

╟℮⌐ ⇔≡ GCS2≤⇔√⁹ ╕≢ P1A≢─ ה ⌐╟╡ ╩20 

⇔≡™╢⁹ ╩ 18⌐⁸ ╩ ⇔√ ╩ 3⌐ ∆⁹ 

 

⌐ ⇔√ ─ ┘ ⌐╟╢ ─  

▬ ↕╣√ ─ ⅜ ∆╢ ┘◖Ⱨכ  

 ⅎ◌▬◖ GN2 ≤ ⅎ◌▬◖ /C ≤─ F1⌐⁸25 

ⅎ◌▬◖ /C ╩ ⇔ ⇔≡⁸ ≢─ ╩ ≢─ mKO⌐╟╢ ─

⌐╟╡ ⇔√≤↓╤⁸ ≤ ⅜ 1:1⌐ ⇔√↓≤⅛╠⁸ ↕╣√

│ ⌐ 1◖Ⱨכ ↕╣≡™╢≤ ⇔√ 13 ⁹ 

 ⅎ◌▬◖ GCS2 ⌐≈™≡╙ ⌐ ⅎ◌▬◖ /C ≤─

F1⌐⁸ ⅎ◌▬◖ /C ╩ ⇔ ⇔≡⁸ ≢─ ╩ ≢─ mKO⌐30 

╟╢ ─ ⌐╟╡ ⇔√≤↓╤⁸ ≤ ⅜ 1:1⌐ ⇔√↓≤⅛

╠⁸ ↕╣√ │ ⌐ 1◖Ⱨכ ↕╣≡™╢≤ ⇔√ 13 ⁹ 

 ⌂⅔⁸◘◙fiⱢ▬Ⱪꜞ♄▬♀כ◦ꜛfi⌐⅔™≡⁸GN2 ≤ GCS2 ≢ ⌂╢◘▬

☼─Ᵽfi♪⅜ ↕╣√≤↓╤⅛╠⁸ ⅎ◌▬◖ │∕╣∙╣ ─

⌂╢ ⌐⁸ ↕╣√ ⅜ ↕╣≡™╢↓≤⅜ ⇔√ 14 ⁹ 35 
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 ─ ≤⌂╢ GN2 ≤ GCS2 ─ ≢│⁸ ↕╣√ │

─ ⌂╢ 2⅛ ⌐ ↕╣≡⅔╡⁸≥∟╠╙ №╡≤ ⌂⇔─Ⱬ♥꜡ ⌐⌂

∫≡™╢⁹ 

 

꜡ ↕╣√ ─ ─ ⌐⅔↑╢ ─  5 

 ↕╣√ ─ ⅜ ⌐ ↕╣╢↓≤╩ ∆╢√╘⁸ ⅎ◌

▬◖─ ─ ┘ ⅎ◌▬◖⌐≈™≡⁸5 ─ ⅛╠◕ⱡⱶ

DNA╩ ⇔⁸◘◙fiⱢ▬Ⱪꜞ♄▬♀כ◦ꜛfi╩ ∫√≤↓╤⁸ ⅎ◌▬◖GN2

─∆═≡─ ⅛╠∆═≡ ∂◘▬☼─Ᵽfi♪⅜ 1 ∞↑ ↕╣√⁹╕√⁸

ⅎ◌▬◖ GCS2 ─∆═≡─ ⅛╠⁸GN2 ≤│ ⌂╢◘▬☼─Ᵽfi♪⅜ 110 

∞↑ ↕╣√⁹GN2 ≤ GCS2 ≤╩ ⇔≡ ╠╣√ F1⅛╠│ ─Ᵽfi

♪⅜ 1 ∏≈ 2 ↕╣√⁹ ─↓≤⅛╠⁸ ⇔√ │◌▬◖◕ⱡⱶ⌐

⌐ ↕╣≡™╢≤ ⇔√ 14 ⁹ 

 ⌂⅔⁸◌▬◖◕ⱡⱶ ⌐⁸piggyBac╩ ↕∑╢ ╩ ≈ ╢∆♪כ◖╩

─ │ ↕╣≡™⌂™⁹ 15 

 

Ɫ ↕╣√ ─ ─ ┘ ≢─ ─  

 ↕╣√ ─ ⅛╠ ⅜ ⌐ ↕╣╢↓≤╩ ∆╢√╘⁸

ⅎ◌▬◖─ ─ ┘ ⅎ◌▬◖⌐≈™≡⁸5 ─

⅛╠ RNA╩ ⇔≡⁸mKO ╩ ∆╢ RT-PCR╩ ∫√≤↓╤⁸ ─20 

ⅎ ≢ ⌐ ⅜ ↕╣⁸ ⁸ ⅎ ≢│ ↕╣⌂⅛

∫√↓≤⅛╠⁸ ⅎ◌▬◖⌐⅔™≡ ⅜ ⌐ ⇔≡™╢↓≤⅜

≢⅝√ 15 ⁹╕√⁸mKO ♃fiⱤ◒ ⌐╟╢ ─ ⅜™∏╣─ ≢╙

⇔≡ ⇔≡™╢↓≤╩ ⇔≡™╢⁹ 

 25 

ⅎ ─ ┘ ─ ┘⌐∕╣╠─ ┘  

 14⌐ ⇔√◘◙fiⱢ▬Ⱪꜞ♄▬♀כ◦ꜛfi⌐╟╡⁸ ⅎ◌▬◖─

─ ╛ ≢ ─◦◓♫ꜟ╩ ╢↓≤⅜≢⅝╢⁹ ⅎ◌▬◖≢│ ⌐◦◓

♫ꜟ⅜ ╠╣⌂⅛∫√↓≤⅛╠⁸2 ɡg─◕ⱡⱶ DNA ╩ ™╢↓≤⌐╟╡⁸ ↄ⁸

⅛≈⁸ ⌐ ─ ™ ◕ⱡⱶ◘◙fiⱢ▬Ⱪꜞ♄▬♀כ◦ꜛfi ⌐╟╡⁸30 

ⅎ ≤ ⇔≡⁸ ⅎ◌▬◖╩ ∆╢↓≤⅜ ≢№╢⁹ 

 

│ ─ ∆╢ ─ ≤─  

▬ ↕╣√ ─ ─ ⌐╟╡ ↕╣√ │  

 ⅎ◌▬◖≢│⁸ ↕╣√ HC-mKO ╩⁸ⱨ▫Ⱪ꜡▬fi H35 
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ⱪ꜡⸗כ♃כ─ ≢ ─ ≢ ↕∑╢⁹ ↕╣√ HC-mKO ♃fiⱤ◒

│ ─ⱨ▫Ⱪ꜡▬fi H ≤ ∆╢↓≤⅛╠⁸↓─ ╩ ≈

ⅎ◌▬◖│ ╩ ∆╢♃fiⱤ◒ ╩ ╗ ╩ ∆╢⁹ 

 ╕√⁸ ⱴ⁸3≡⇔≥כ◌כxP3ⱪ꜡⸗כ♃כ─ ≢ ♃fiⱤ◒ EGFP

─ ╩ ↕∑╢↓≤⌐╟╡⁸ ╛ ⁸ ⁸ ─ ≢ ╩ ∂↕∑╢⁹ 5 

 HC-mKO♃fiⱤ◒ │⁸ ♃fiⱤ◒ ≢№╢ⱨ▫Ⱪ꜡▬fi H ≤ ♃fiⱤ◒ ≢

№╢mKO♃fiⱤ◒ ─ ♃fiⱤ◒ ≢№╡⁸™∏╣─♃fiⱤ◒ ╙ ─ ╩ ↕

∑╢╟℮⌂ ╩ ⇔≡™⌂™↓≤⅛╠⁸ ─ ≈ ╩ ↕∑╢ ╩ ⇔

≡™⌂™≤ ⅎ╠╣╢⁹╕√⁸EGFP╙ ♃fiⱤ◒ ≢№╡⁸ ─ ╩ ↕∑╢╟

℮⌂ ╩ ⇔≡™⌂™↓≤⅛╠⁸ ─ ≈ ╩ ↕∑╢ ╩ ⇔≡™⌂10 

™≤ ⅎ╠╣╢⁹ 

 

꜡ │ ⌐≈™≡⁸ ⅎ◌▬◖≤ ─ ∆╢

─ ≤─ ─  

 ┘ ╩ ∆╢√╘⌐⁸ ⅎ◌▬◖ ₈GN2₉≤₈GCS2₉15 

≤─ ≢№╢ ⅎ◌▬◖₈GN2×GCS2₉≤⁸ ⅎ◌▬◖

₈ 137 ₉≤₈ 146 ₉≤─ ≢№╢₈ 137 × 146 ₉⌐≈™≡⁸ ╩

ה ⇔√ 19 ⁹ ─ ⁸ ─ ⁸ ┘ ─ ⌐⅔™≡

│⁸ 1 ⅛╠ 3 ╩ ≢⁸ 5ה4 ╩ ≢ ⇔√⁹∕╣

─ ⌐⅔™≡│⁸ ╩ ≢ ⇔√⁹ 20 

 

 

19 ה ╩ ∆╢  

 

ᵑ ─  25 

 ─ ─ ╘─ ⌐ ╩ ⇔√≤↓╤⁸1 ⅛╠ 3 ╕≢│

ⅎ◌▬◖≤ ⅎ◌▬◖≤─ ≢ ⌂ │ ╘╠╣⌂⅛

∫√ 16⁸P > 0.25⁹4 ⅔╟┘ 5 ≢│ ⅎ◌▬◖│

ⅎ◌▬◖╟╡ ⅜ ↄ⁸ ⌂ ⅜ ╘╠╣√ 16⁸P 0.05 ⁹ 

 ╩ ╗ ─ ↕ ┘ ≤ ╩ ™√ ∞↑─ ↕ ╩30 

∆╢√╘⁸ ⅎ◌▬◖─ 63 ⱷ☻ 33 ⁸○☻ 30 ≤

ⅎ◌▬◖─ 56 ⱷ☻ 30 ⁸○☻ 26 ╩⁸∕╣∙╣╕≤╘≡ ╩ ⇔

GN2 GCS2

GN2× GCS2

137 146

137 × 146
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√⁹∕╣╩∕╣∙╣─ ≢ ∫≡ 1 №√╡─ ┘ ≤⇔≡ ⇔√≤↓

╤⁸ │ ⅎ◌▬◖ ┘ ⅎ◌▬◖≢≥∟╠╙ 2.06 g≤⌂∫

√ 17 ⁹ │ ⅎ◌▬◖≢ 0.471 g⁸ ⅎ◌▬◖≢

0.400 g≤⌂╡⁸ │ ⅎ◌▬◖─ ⅜ ⅝⅛∫√ 17 ⁹ 

 │⁸ ⅎ◌▬◖⅜ ⁸ ≤⌂╢ ⅎ◌▬◖⅜ ≢5 

№╢⁹ │≥∟╠╙ ≢№╢⁹ 

 

ᵒ ─  

 ─℮∟ ⅜ ∆╢ ≢№╢ ╩ ⇔√≤↓╤⁸

ⅎ◌▬◖│ 85.2%⁸ ⅎ◌▬◖│ 96.7%≤⌂╡⁸ ⌂ ⅜ ╘10 

╠╣√ 18⁸P < 0.001⁹ 

 ≤⇔≡⁸ ⌐ ─ ╩ ∫≡⅛╠⁸ ⌐ ∫≡ ╩

∆╢╕≢─ ╩ ⇔√≤↓╤⁸ ⅎ◌▬◖╙ ⅎ◌▬

◖╙ 22 ≢№╡⁸ ™│⌂⅛∫√ 19 ⁹⌂⅔⁸ ⅎ◌▬◖ ┘

ⅎ◌▬◖│™∏╣╙ ╩ ™⁸ ה ה ה ─ ╩ ╢⁹ 15 

 ⅎ◌▬◖│⁸ ≤⌂╢ ⅎ◌▬◖≤ ⁸ │

╩ ╗ ╩ ⌐ ⇔≡ ∆╢⁹4 ⅛╠│⁸ ╛ ─

┘ ─◖☻♩ ─√╘⌐ ╩ ↕∑╢↓≤⅜ ≢№╡⁸ ⌐⁸ ⌐ ™

√╕╕─ ╩ ⅎ╢ ⌐╟╡ ╙ ≢⅝╢⁹⌂⅔⁸ │ ╙ ╙

╦⌂™⁹ 20 

 

ᵓ  

 4 ─ ⅛╠ ╩ ╢╕≢⌐ ∫√ ─ ≢№╢ ╩ ╢≤⁸

ⅎ◌▬◖⅜ 86.5%⁸ ⅎ◌▬◖⅜ 98.5%≢№╡⁸2 ≢

⌂ ⅜ ╘╠╣√ 20⁸P < 0.001⁹ 25 

 

ᵔ  

 ⅜ ∆╢ ╩ ∆╢√╘⁸ 18 cm─ ─ ─ ⌐ 5 ╩ 1

∏≈ ⅝⁸12 ⌐ ─ ⅛╠─ ╩ ⇔√⁹ ⅎ◌▬◖─

│ 4.3 cm 3.6 cm ⁸ ⅎ◌▬◖─ │ 5.1 cm 3.3 cm30 

≤⌂∫≡⁸ ⌂ │ ╘╠╣⌂⅛∫√ 21⁸P = 0.43⁹ 

 

ᵕ  

 ◌▬◖│ ⌐╟╡ ∆╢⁹ 

 ⱷ☻ 1 √╡─ ╩ ∆╢√╘⁸ 18 cm─ ─ ─ ⌐⁸35 
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─ⱷ☻ ╩ 1 ∏≈ 24 ™≡ ╩ ⇔√⁹ ⅎ◌▬◖

─ │ 792 70.8 ⁸ ⅎ◌▬◖─ │ 820 103

≤⌂∫≡⁸ ⌂ │ ╘╠╣⌂⅛∫√ 22⁸P = 0.33⁹ 

 ⱷ☻ ⅜ ∆╢ ╩ ∆╢√╘⁸ ─ ⌐ ╦∑≡⁸ ╖ ↑╠╣

√ 1 ∏≈─ ⅛╠─ ╩ ⇔√⁹ 18 cm─ ╕≢ ⇔√ ⅜№∫5 

√√╘⁸ ─ ╩ ∆↓≤│≢⅝⌂⅛∫√⅜⁸ ─ ╩ ⇔√≤↓╤⁸

ⅎ◌▬◖│ ⅎ◌▬◖╟╡╙ ™ ⌐ ⇔≡™≡⁸

⌂ ⅜ ╘╠╣√ 23⁸P < 0.001⁹ 

 

ᵖ ה ה  10 

 ⅎ◌▬◖╙ ⅎ◌▬◖╙ ─ │ 4 ≢№∫√⁹

╕√⁸ ⅎ◌▬◖ ⁸ ⅎ◌▬◖ ╩ ∆╢≤ ╩

╗⁹ ─↓≤⅛╠⁸ ⱱꜟ⸗fi─ ⌐ ™│⌂™╙─≤ ⅎ╠╣╢⁹ 

 

ᵗ ◒꞉◖≤─ ─  15 

 ⱷ☻ ⅜ ∆╢ ╩ ═√≤↓╤⁸ ⅎ◌▬◖│ 16 cm

⌐ 95%─ ╩ ╖⁸ ⅎ◌▬◖│ 16 cm ⌐ 88%─ ╩ ╪≢⅔

╡⁸ ⅎ◌▬◖│ ⅎ◌▬◖╟╡╙ ™ ⌐ ⇔√

23 ⁹╕√⁸ ╩ ═√≤↓╤⁸ ⅎ◌▬◖│ ⅎ◌▬

◖╟╡ ⅛∫√ 18 ⁹ ⁸ 22 ┘ ─ 2120 

⌐│ ™⅜⌂⅛∫√⁹↕╠⌐⁸ ⅎ◌▬◖⅜ ∆╢ mKO♃fiⱤ◒

┘ EGFP⅜ ⱨ▼꜡⸗fi─ ╩ ⇔√╡⁸◒꞉◖≤─ ─ ╛ ╩

╘√╡∆╢≤│ ⅎ╠╣⌂™⁹ ─↓≤⅛╠⁸ ⅎ◌▬◖⌐ ═≡

ⅎ◌▬◖⅜◒꞉◖≤ ∆╢ ⅜ ∆╢ │ ╘╠╣∏⁸╕√⁸

∂╢ ⅜ ↄ⌂∫√╡⁸ ─ ⅜ ╕∫√╡∆╢ │⌂™╙─25 

≤ ⅎ╠╣╢⁹ 

 

ᵘ  

 ◌▬◖⅜⁸ ─ ⌐ ⇔≡ ╩ ∆╢≤™℮ │⌂™⁹╕√⁸

ⅎ◌▬◖⅜ ∆╢mKO♃fiⱤ◒ ┘ EGFP⅜ ╩ ∆╢≤™℮ ╙⌂30 

™⁹⇔√⅜∫≡⁸ ⅎ◌▬◖⅜ ─ ⌐ ⇔≡ ╩ ∆╢≤│ ⅎ

╠╣⌂™⁹ 

 

ᵙ ─  

 ╩ ⌐ ⇔√ ⌐⁸∕↓⌐ ╕╣╢ ⅎ◌▬◖─ ╛35 
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⅜ ⌐ ╩ ⅎ╢ ⅜№╢⅛≥℮⅛⁸Ⱪ꜡♇◖ꜞכ─ ה ⌐ ⅎ╢

╩ ⇔√≤↓╤⁸ ⅎ◌▬◖≤ ⅎ◌▬◖≤─ ⌐ │

╘╠╣⌂⅛∫√ 24 ⁹ ⌐⁸ ⌐ ⅎ╢ ⌐≈™≡╙ ⇔√

≤↓╤⁸ ⅎ◌▬◖≤ ⅎ◌▬◖≤─ ⌐ │ ╘╠╣⌂⅛∫

√ 25 ⁹ 5 

 ╕√⁸mKO ┘ EGFP│ ₁⌂ ⅎ ╩ ∂⁸ ─ ╩ ∆

╢♃fiⱤ◒ ≢№╡⁸ ≢№╢≤─ │⌂™⁹ ⌐ ⇔ ╩ ↓∆♃

fiⱤ◒ ≤│ ↕╣≡⅔╠∏⁸GFP ⌐≈™≡│ ↑─ ⅎ

─◐♇♩⅜ ↕╣≡™╢⁹ ─ ♃fiⱤ◒ ≤ ─▪Ⱶⱡ ╩ ∆╢⅛

≥℮⅛⁸Toxin and Toxin Target Databasehttp://www.t3db.org/ ≢ FASTA ╩ ∫10 

√≤↓╤⁸ ─ ♃fiⱤ◒ ≤ ─ │ ╘╠╣⌂⅛∫√⁹╕√⁸ ─▪

꜠ꜟ◕fi≤ ─▪Ⱶⱡ ╩ ∆╢⅛≥℮⅛╩⁸▪꜠ꜟ◕fi♦כ♃ⱬכ☻ Food 

Allergy Research and Resource Program DatabaseFARRP ⁸ ver. 13⁸

http://www.allergenonline.org/⌐ ⇔≡ FASTA ╩ ∫√≤↓╤⁸ ▪꜠ꜟ◕fi

≤ ─ │ ╘╠╣⌂⅛∫√⁹ 15 

 ↕╠⌐⁸ ⌐⅔™≡│ ╩ ∆╢ │◌▬◖─ ╩ ╡ ↄ⌂≥⇔≡

™╢↓≤⅛╠⁸ ⌐ ╕╣≡ ⌐ ↕╣╢ ─№╢ ⅎ◌

▬◖│⅝╦╘≡ ≢№╢≤ ⅎ╠╣⁸ ⅜ ∆╢↓≤⌐╟╢ ─

│ ↕╣⌂™⁹ 

 20 

Ɫ ⅎ◌▬◖≤ ─ ∆╢ ─ ≤─ ─  

 ⅎ◌▬◖│ ╛ ⌐ ♃fiⱤ◒ ╩ ⇔⁸ ⌐ ♃fi

Ɽ◒ ╩ ∆╢↓≤⅛╠⁸ ⅎ◌▬◖≤─ │ ≢№╢⁹╕√⁸

14 ⌐ ⇔√◘◙fiⱢ▬Ⱪꜞ♄▬♀כ◦ꜛfi⌐╟╡⁸ ⅎ◌▬◖≤ ⇔≡⁸

ⅎ◌▬◖╩ ↄ ┘ ∆╢↓≤⅜ ≢№╢⁹ 25 

 

 

 ⅎ ─ ⌐ ∆╢  

 ⌐⅔™≡│⁸ ♃fiⱤ◒ ╩ ∆╢ ─ ה ╩ ה ∆

╢√╘─ ╩ ∆╢↓≤⁸ ┘⁸ ─ ≢─ ╩ ⇔≡ ⌂≥─30 

╩ ℮↓≤╩ ≤⇔≡⁸ ⅎ◌▬◖╩⁸ ⇔≡ ∆╢√╘─

⌐⅔™≡ 3 ⅛╠ ─ ╕≢ ∆╢╙─≢№╢⁹ 

 

─  

 ⌐⅔↑╢ ─ 3 ⅛╠ ─ ╕≢ ┘⌐ ─ ⁸35 
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⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆╢ ⁹ 

 

─  

─ 2326 2 

─ ☿fi♃כ ⅎ◌▬◖  5 

⅛╠ 33 3 31 ╕≢ 

─ ─ ⌐ ╘╢₈ ─ ┘

1 ₉─≤⅔╡≤∆╢⁹ 

─  

1 ⌐ →╢ ╩ ∆╢↓≤⁹ 10 

(1) ┼─ ─ ╡╩ ∆╢√╘⁸ ⅎ◌▬◖╩ ⇔≡ ∆╢

√╘─ ⅎ◌▬◖ ₈ ₉≤™℮⁹ ╩ ╡

╗╟℮⌐ ⱨ▼fi☻ ↕ 1.8 m ╩ ⇔≡™╢⁹ 

(2) ⅎ◌▬◖╩ ∆╢ ≢№╢↓≤⁸ │ ≢№╢↓≤ ┘

─ ╩ ⇔√ ╩ ╛∆™ ⌐ →≡™╢⁹ 15 

(3) ─Ɽ▬ⱪⱢ►☻ │ ⌐╟╢ ╖≢⁸ ─ 4 mm

≤ ─ⱨ▫ꜟⱶ≢ ⌐ ⇔≡™╢⁹ ─ⱨ▫ꜟⱶ│⁸ ⁸ ┘ ⌐

⌂ ⅜№╢⅜⁸ ─ │ ⇔⌂™ ╩ ↄ⁹⁹ 

(4) ─ⱪ꜠ⱢⱩ │ ⁸ ⁸ ┘ ╩ ⅎ⁸ ⌂ ⁸

╩ ↄ⁹ ┘ ⌐│ 4 mm ─ ╩ ∫≡™╢⁹ 20 

(5) ─ │ ⌐╟╢ ╖≢⁸ ╩ 4 mm ≢

™⁸ ╩ⱨ▫ꜟⱶ≢ ⇔≡™╢⁹ ⌐ ╩ ∆╢ ↕ 0.9 m

╩ ⇔≡™╢⁹ 

(6) ≢ ™╢ 30ϴ 20ϴ ─ │⁸ ⅎ ─

─ ⌐╟╢ ─ ─ ⌐ ∆╢ 15 97 ⌐25 

≠ↄ ⌐ √∫≡ ╢═⅝ ⅜ ∂╠╣√ ≤∆╢⁹ 

 

2 ⌐ →╢ ╩ ∆╢↓≤⁹ 

(1) ⌐ ╘╢ 2 ⌐ ℮⁹ 

(2) ⌐ ╘╢⸗♬♃ꜞfi◓ ⌐ ≠⅝⁸⸗♬♃ꜞfi◓╩ ∆╢⁹ 30 

(3) ⅜ ∏╢⅔∕╣⅜№╢≤ ╘╠╣╢⌐ ∫√ │⁸ ⌐ ╘╢

⌐ ≠⅝⁸ ╛⅛⌐ ∆╢⁹ 

 

▬ ─ ┘ ─  

 1╩ ⁹ 35 
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꜡ ─  

 ─ ╩ ⁹ 

 

 5 

 

╩ ↑╟℮≤∆╢ ⌐╟╢ ─ ⌐⅔↑╢ ─  

 ⸗♬♃ꜞfi◓ ╩ ⁹ 

 

⅜ ∏╢⅔∕╣─№╢ ⌐⅔↑╢ ╩ ∆╢√╘10 

─  

 ╩ ⁹ 

 

≢─ │ ⅜ ↕╣≡™╢ ≤ ─ ≢─

─  15 

 ⌂⇔⁹ 

 

⌐⅔↑╢ ⌐ ∆╢  

 ⌂⇔⁹
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 ↔≤─ ─  

 ⌐⅔↑╢  

╩ ↑╢ ─№╢ ─  

 ◌▬◖│⁸ ⌐⅔™≡╙ ─ ⅜№╢⅜⁸↓╣╕≢⌐ ╩ ╘≡

◌▬◖⅜ ⌐ ⇔≡ ≢ ⇔≡™╢ │ ↕╣≡™⌂™⁹◌▬◖│⁸5 

─ ⅜ ⅝ ⅛⌂™ ⌐ ↕╣╢≤⁸ 

ᵑ │⁸ ⅝ ╢↓≤⅜⌂ↄ⁸ ≢№╢◒꞉⌐ ∆╢↓≤⅜≢⅝⌂™ ⁸1995⁹ 

ᵒ ≢№╢◒꞉◖≤│ ⌂╡⁸ ─√╘─ ╛ ╩ ™≡⅔╡⁸ ⌐ ∫

≡ ╣╢↓≤╙≢⅝∏⁸ ה ╩ ∟ →≡ ∆╢↓≤≢ ⌐ ∆╢ ╙

╠⌂™↓≤⌂≥⅛╠⁸ ╛ ⌐ ╛⅛⌐ ↕╣╢ 1 ┘ 4 ⁹ 10 

ᵓ○☻ ⅜ ∂≡╙⁸ ┬↓≤⅜ ↄ≢⅝⌂™√╘⁸ ╣√ ⌐™╢ⱷ☻ ⌐

∆╢↓≤⅜≢⅝⌂™⁹ 

ᵔⱷ☻ ⅜ ∂≡╙⁸ ╛⅛⌐▪ꜞ ⌐ ↕╣╢↓≤ ⁸ ה ∆╢ ⅜╒

≤╪≥⌂™ 4 ⁹ 

─↓≤⅛╠⁸◌▬◖⅜ ≢ ה ∆╢ │ ™⁹ 15 

 ╕√⁸ ╩ ∂ↄ∆╢ ≢№╢◒꞉◖≤ ═≡╙⁸◌▬◖│⁸ ─

⅜ ↄ⁸ │╕∫√ↄ ≢⅝⌂™⁹↕╠⌐⁸◒꞉◖≤─ ⅜ ™ ╠⁸

ה ;1997 ⁸2007 ⌂≥⁸ ≢─ ה ⌐⅔™≡│ ⌂ ╩ ⇔

≡™╢↓≤⅛╠⁸ ─◒꞉◖⌐ ∆╢ ⌐⅔™≡ ╩ ∆↓≤│⌂™⁹ 

 ⅎ◌▬◖│⁸ⱨ▫Ⱪ꜡▬fi H ♃fiⱤ◒ ♃fiⱤ◒20 

HC-mKO ╩ ⌐ ╗⅜⁸↓─♃fiⱤ◒ │ ┘ ⌐ ╩ ∆╢⌐

∆⅞∏⁸ ─ ╩ ╘√╡ ⌐ ╩ ⇔√╡∆╢↓≤╙⌂™↓≤⅛╠⁸

◌▬◖─ ⌐⅔↑╢ ╩ ╘╢↓≤│⌂™⁹╕√⁸ ⅎ ─ ⱴכ◌

╢№≢כ EGFP╙⁸ ╛ ─ ⌐ ╩ ∆╢⌐∆⅞∏⁸◌▬◖─ ⌐⅔↑

╢ ╩ ╘╢↓≤│⌂™⁹ ≢№╢◌▬◖ ⅎ ≤ ⅎ◌25 

▬◖≤─ ≢ ⌐≈™≡ ⇔√≤↓╤⁸ 4 ⅔╟┘ 5 ⁸ ה16

23 ה 18 ה 20 ⌐≈™≡│ ⅎ

◌▬◖─ ⅜ ⅎ◌▬◖⌐ ═≡ ⌐ ⌐ ↕ↄ⁸ 1 ⅛

╠ 3 ⁸ 16 ה 22 ה ─ 21 ⌐≈™≡│

ⅎ◌▬◖≤ ⅎ◌▬◖≤─ ≢ │ ╘╠╣⌂⅛∫√⁹ ≤ ⌐30 

≈™≡│ ⌂ │≢⅝⌂™⅜⁸ │ ⅎ◌▬◖≤ ⅎ◌

▬◖≢ ™⅜⌂ↄ⁸ │ ⅎ◌▬◖─ ⅜ ⅝⅛∫√ 17 ⁹

⌐≈™≡│ ⅎ◌▬◖╙ ⅎ◌▬◖╙22 ≢№∫√ 19 ⁹ 

 ─↓≤╩ ╕ⅎ⁸↕╠⌐ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡

≢ ∆╢ ≢⁸ ⌐⅔↑╢ ⌐ ∆╢ ╩ ↑╢ ─35 
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№╢ │ ↕╣⌂⅛∫√⁹ 

 

─ ─  

 Ί 

 5 

─ ∂╛∆↕─  

 Ί 

 

⅜ ∏╢⅔∕╣─ ─  

 ─↓≤⅛╠⁸ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡10 

≢ ∆╢ ≢⁸ ⌐⅔↑╢ ⌐ ∆╢ ╩ ↑╢ ─№╢

⅜ ↕╣⌂⅛∫√↓≤⅛╠⁸ ⅜ ∏╢⅔∕╣│⌂™≤ ⅎ╠╣√⁹ 

 

  

╩ ↑╢ ─№╢ ─  15 

 ◌▬◖│ ⌐ ⌐ ⅎ╠╣√ │ ─╖╩ ⇔≡ ⇔⁸

─ ╛ ╩ ∆╢↓≤│⌂™⁹╕√⁸◌▬◖ ─ │ ⇔ↄ ↄ⁸

⌐ ⇔≡ ╩ ╡⁸ ≢ ╩ ⇔≡ ⇔√ │↓╣╕≢ ↕╣≡™⌂™⁹

↕╠⌐⁸ │ ╛ │ ⇔⌂™⁹ 

 ⅎ◌▬◖│⁸ ⌐ HC-mKO♃fiⱤ◒ ╩ ┘ ≢ ∆╢20 

╒⅛⁸ ⱴכ◌כ≤⇔≡ ─ ≢ EGFP╩ ∆╢⅜⁸↓╣╠─♃fiⱤ◒ ⅜◌▬

◖ ─ ╩ ↕∑√╡ ╩ ╘√╡∆╢≤│ ⅎ╠╣⌂™⁹ 

 ─↓≤⅛╠⁸ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡

≢ ∆╢ ≢⁸ ⌐ ⅎ╠╣√ ⌐ ⇔≡ ╩ ∆↓≤│⌂ↄ⁸

⌐ ∆╢ ╩ ↑╢ ─№╢ │ ↕╣⌂⅛∫√⁹ 25 

 

─ ─  

 Ί 

 

─ ∂╛∆↕─  30 

 Ί 

 

⅜ ∏╢⅔∕╣─ ─  

 ─↓≤⅛╠⁸ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡

≢ ∆╢ ≢⁸ ⌐ ∆╢ ╩ ↑╢ ─№╢ ⅜35 

↕╣⌂⅛∫√↓≤⅛╠⁸ ⅜ ∏╢⅔∕╣│⌂™≤ ⅎ╠╣√⁹ 
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 ─  

╩ ↑╢ ─№╢ ─  

 ◌▬◖│⁸ ⅛╠ ≢ ↕╣≡™╢⅜⁸↓╣╕≢ ─ ⌐

╩ ╓∆╟℮⌂ ⅜ ↕╣≡™╢≤─ │⌂™⁹╕√⁸ ⌐⅔™5 

≡│⁸ ⌐ ∂╢ ─ ╛◌▬◖─ ה ⌂≥╩⁸ ⌐ ∫√ ╛

⌐ ∆╢↓≤⅜ ⌐ ╦╣≡™╢⅜⁸∕╣╠─ ⅜ ⌐ ╩

╙√╠∆≤─ ╙⌂™⁹ 

 ⅎ◌▬◖│⁸ ⌐ HC-mKO♃fiⱤ◒ ╩ ≢ ∆╢╒⅛⁸

ⱴכ◌כ≤⇔≡ EGFP╩ ≢ ∆╢⅜⁸≥∟╠─ ♃fiⱤ◒ ╙⁸ ↄ─ ─10 

ⅎ⌐⅔™≡ ⱴכ◌כ⌂≥≤⇔≡ ™╠╣≡™╢╙─≢№╡⁸♃fiⱤ◒ ≤⇔

≡─ ⅛╠ ⅎ≡╙⁸ ⌐ ⇔√ ⌐ ─ ⌐ ╩ ⅎ╢≤│ ↕╣⌂

™⁹╕√⁸ ⅎ◌▬◖≤ ⅎ◌▬◖─ ╛ ╩ ⌐ ⇔⁸

─ ה ╛ ⌐ ⅎ╢ ╩ ⇔√≤↓╤⁸ ⅎ◌▬

◖≤ ⅎ◌▬◖≤─ ≢ ⌂ │ ╘╠╣⌂⅛∫√ 24 ┘15 

25 ⁹↕╠⌐⁸ ⅎ◌▬◖⅜ ∆╢ mKO♃fiⱤ◒ ┘ EGFP│ ─

♃fiⱤ◒ ╛▪꜠ꜟ◕fi≤ ⌐ ─№╢▪Ⱶⱡ ╩ √⌂™↓≤ ⅛╠⁸

┼─ ╙ ⅎ╠╣⌂™⁹ 

 ─↓≤⅛╠ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡

≢ ∆╢ ≢⁸ ─ ⌐ ∆╢ ╩ ↑╢ ─№╢20 

│ ↕╣⌂⅛∫√⁹ 

 

─ ─  

 Ί 

 25 

─ ∂╛∆↕─  

 Ί 

 

⅜ ∏╢⅔∕╣─ ─  

 ─↓≤⅛╠⁸ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡30 

≢ ∆╢ ≢⁸ ─ ⌐ ∆╢ ╩ ↑╢ │ ↕

╣⌂⅛∫√↓≤⅛╠⁸ ⅜ ∏╢⅔∕╣│⌂™≤ ⅎ╠╣√⁹ 
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╩ ↑╢ ─№╢ ─  

 ◌▬◖≤ ⌂ ≤⇔≡│◒꞉◖≤▬fi♪◒꞉◖ Bombyx huttoni⅜

↕╣≡™╢⅜⁸ ⌐ ⇔≡™╢ │⁸ ⅛╠♩◌ꜝ ╕≢ ⇔≡™╢

◒꞉◖─╖≢№╢ Hutton, 1864; ⁸1998; ה ⁸1999; 1 ┘ 2 ⁹⇔√5 

⅜∫≡⁸ ⌐ ⇔≡ ╩ ↑╢ ─№╢ ≤⇔≡◒꞉◖⅜ ↕╣√⁹ 

 

─ ─  

 ◌▬◖≤∕─ ≢№╢◒꞉◖≤─ ≢│⁸ ⌐ ↕∑╣┌ ⅜

∂ ⁸1998⁸ ⌐⅔™≡ ╙ ↕╣≡™╢ ה ;⁸1927 ⁸1939; 10 

8 ⁹⇔√⅜∫≡⁸ ⌐ ∆╢ ⌂ ≤⇔≡│⁸ ⅎ◌▬◖

─ HC-mKO ┘ EGFP ⅜ ⅛╠◒꞉◖─ ⌐ ⇔⁸

∆╢ ⅜ ⅎ╠╣√⁹ 

 

─ ∂╛∆↕─  15 

 ◌▬◖≤◒꞉◖│⁸ⱷ☻ ⅜ ∆╢ ⱨ▼꜡⸗fi Ⱳfiⱦ◖כꜟ ⅜ ≢№╡⁸

≥∟╠─○☻ ╙↓─ ⱨ▼꜡⸗fi╩ ⇔≡ⱷ☻ ╩ ∆╢ Kuwahara et al., 

1984; Daimon et al., 2012; 1 ⁹↓─√╘⁸ ─ ⌐ ⅛╣≡™√◌▬◖⅜⁸

⁸ ≢ ⇔≡ ⌐⌂∫√ ⌐│⁸◌▬◖─ⱷ☻ ⅜ ∆╢ ⱨ▼꜡

⸗fi⌐ ↕╣≡ ─◒꞉◖─○☻ ⅜ ⇔⁸ ∆╢ ⅜ ⅎ╠╣╢⁹ ⁸20 

◌▬◖─○☻ │╕∫√ↄ ┬↓≤⅜≢⅝⌂™⌂≥ ⅜ ⇔ↄ ╡⁸↨╢ ⌐

◒꞉◖─ⱷ☻ ≤◌▬◖─○☻ ╩ ╣≡ ─ ╩ ⇔√ ⌐⅔™≡╙

⅜ ⇔⌂™↓≤⅛╠⁸◌▬◖─○☻ ⅜ ─◒꞉◖─ⱷ☻ ⌐ ⇔≡

≢ ∆╢↓≤│ ⇔ ⌂™ 13 14 Ɑכ☺ ה ;⁸1997╠ ; ⁸

2007⁹⇔√⅜∫≡⁸ ≢│⁸◌▬◖─ⱷ☻ ≤◒꞉◖─○☻ ─ ≢ ⅜25 

∂╢ ⌐ ∫≡ ∆╢⁹ 

 ⌐⅔™≡⁸ ⅎ◌▬◖─ⱷ☻ ⅜ ∂≡◒꞉◖─○☻ ≤ ∆

╢ ⅜№╢─│⁸ ≤ ⅜ ⅎ╠╣╢↓≤⅛╠⁸ ≢│⁸∕╣∙╣⌐

≈™≡ ⌐ ∆╢⁹ 

 ╕∏⁸ ≢ ⅎ◌▬◖─ⱷ☻ ⅜ ∂≡◒꞉◖─○☻ ≤ ∆╢30 

⌐≈™≡ ∆╢⁹ ─ ≢─ ─◌▬◖─ ≤ ⌐⁸ ⌐⅔

™≡│⁸ ⅎ◌▬◖─ │ 3 ⅛╠ ─ ╕≢≤⇔≡™╢⁹╕

√⁸ ⅜ ∆╢ ⌐ ╩ ⌐╟╡ ∆╢↓≤≤⇔≡™╢╒⅛⁸

⌐ ⇔√ │√∞∟⌐ ╡ ™≡ ∆╢↓≤⁸ ╙ ╩ ⇔≡ ╛

│∆═≡ ⇔≡ ∆╢↓≤≤⇔≡™╢↓≤⅛╠⁸◒꞉◖─○☻ ≤ ⌂35 
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◌▬◖─ⱷ☻ ⅜ ≢ ∂╢↓≤│⌂™⁹ 

 ╕√⁸ ⌐⅔™≡⁸Ɽ▬ⱪⱢ►☻ │ ⌐ ╩ ╡⁸ⱪ꜠ⱢⱩ │

∆╢ ╛ ⌐│ ╩ ╢↓≤≢⁸ ⅛╠◒꞉◖─○☻ ⅜ ⇔≡ ∆╢↓≤│⌂™⁹

⌐ ⇔≡◒꞉◖ ⅜ ∟ ╕╣≡╙⁸◌▬◖ ≤│ ⌂╢ ╩╙≈↓≤╛⁸

⅜№∫≡╙ ⅝ ╢⌂≥◌▬◖≤│ ⌂╢ ╩∆╢↓≤⅛╠⁸ ⌐ ⇔≡ ∆5 

╢↓≤⅜≢⅝╢⁹ ∂ↄ ⌐ ⇔≡◒꞉◖─ ⅜ ∟ ╕╣≡╙⁸◌▬◖≤│ ⌂╢

ה ≢№╢↓≤⅛╠⁸◌▬◖─ ≤ ∆╢↓≤│⌂™⁹ ∟ ╕╣√◒꞉◖─

│ ⅜ ≢⅝∏◒꞉◖─○☻ ⅜ ⌐ ∂√≤⇔≡╙⁸ ≢ ═√╟℮⌐⁸∕

╙∕╙ ⅎ◌▬◖─ⱷ☻ ⅜ ≢ ∂╢↓≤│⌂™√╘⁸ ⅜ ∆

╢↓≤╙⌂™⁹ 10 

 ∕─ ≢⁸ ⁸ ≢ ⅎ◌▬◖─ⱷ☻ ≤◒꞉◖─○☻ ⅜

⇔≡ ⇔≡╙⁸ ⅎ◌▬◖─ⱷ☻ │ ⅜ ↄ⁸ ⅎ◌

▬◖⌐ ═≡ ⅜ ™↓≤ 23 ┘ ≢│ ⌂ ╛ ⌐ ╩

╢↓≤ ⅛╠⁸ ≢ ∆╢⌐ ⅞∏⁸ ⅎ◌▬◖─ⱷ☻ │

╩ ╗↓≤⁸ ⌐│ ╩ ∆╢↓≤ ⅛╠⁸ │ ⌐∆═≡ ⇔≡15 

⌐╟╡ ∆╢↓≤⅜ ≢№╢⁹ 

 ↕╠⌐⁸ ⌐ ≢ ⅛╠ ⅜ ⇔≡╙⁸ ⌐ │⌂™√╘⁸ ∆╢

↓≤│≢⅝⌂™⁹∕─ ≢⁸ ─ ↄ⌐ ─ ╩ ∆╢ ≢╙

│ ╘╠╣⌂⅛∫√ 9 ⁹ 

 ─↓≤⅛╠⁸ ≢ ⅎ◌▬◖≤ ─◒꞉◖⅜ ⇔≡ ⅜20 

∂√╡ ⇔√╡∆╢↓≤│⌂™≤ ⅎ╠╣╢⁹ 

 ⌐⁸ ⌐⅔™≡ ⅎ◌▬◖─ⱷ☻ ⅜ ∂≡ ─◒꞉◖─○

☻ ≤ ∆╢ ⌐≈™≡ ∆╢⁹ ⌐⅔™≡│⁸ ⌐ ⇔√ ╛

═ ⇔─ ⌂≥─ ⌐≈™≡│⁸ ⇔≡™╢◌▬◖╩ ╡ ™≡⅛╠ ∆

╢↓≤≤⇔≡™╢⁹ │ ─ ╛ ─ ≢ ≈ ╩⇔≡™╢↓≤⅛╠⁸ ╡25 

ↄ↓≤⅜ ≢№╢⁹ ╩ ╠⌂⅛∫√ ╛ ╩ ╢─⅜ ╣√ ⅜⁸ ≤↕╣≡

⌐ ⇔√≤⇔≡╙⁸ ⌐╟╢ ≢∆═≡ ∆╢↓≤⅛╠⁸ ⅜

∂╢↓≤│⌂™ 26 ⁹⇔√⅜∫≡⁸ ─ ≢ ⅎ◌▬◖≤ ⇔

≡⅝√ ─◒꞉◖⅜ ∆╢↓≤│⌂™⁹ 

 ↕╠⌐⁸ ⁸ ─ ⌐ ⅎ◌▬◖─ⱷ☻ ⅜ ⇔≡ ─◒꞉30 

◖─○☻ ≤ ⇔≡╙⁸ ─ ╕√│∕─ ≢ ∆╢⌐ ⅞∏ 23 ⁸

─ ⅜ ⇔≡╙ ⌐ ⇔≡ ∆╢↓≤│≢⅝⌂™ 9 ⁹ 

 ─↓≤⅛╠⁸ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡

≢ ∆╢ ≢⁸ ⅎ◌▬◖⅜ ≤⌂∫≡ ⌐ ↕╣╢↓≤│⌂

ↄ⁸ ⌐ ∆╢ ─◒꞉◖≤ ∆╢ │⌂™≤ ⅎ╠╣√⁹ 35 
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 ∕─ ≢⁸ ⁸ ⅎ◌▬◖─ⱷ☻ ≤ ─◒꞉◖─○☻ ⅜ ⇔

≡ ⅜ ∂√≤⇔≡╙⁸ ╛ ≢─ HC-mKO♃fiⱤ◒ ─ ╛⁸ ≢─

EGFP─ ⅜⁸ ≢─ ⌐⅔↑╢ ╩ ╘╢≤│ ⅎ ↄ⁸∕─

⅜ ─◒꞉◖ ⌐⅔™≡ ∆╢ │ ™≤ ⅎ╠╣√⁹ 

 ⌂⅔⁸ ⅛╠ ╕≢─ ≢ ⇔√◒꞉◖≤⁸◌▬◖─ ₁⌂ ≤⌐5 

≈™≡⁸Ⱶ♩◖fi♪ꜞ▪◕ⱡⱶ─ cox1 cytochrome c oxidase I ◒꞉◖ 4,192

≤◌▬◖ 147 ─ ╩ ⇔√≤↓╤⁸ ─◒꞉◖⌐◌▬◖─Ⱶ♩◖fi

♪ꜞ▪◕ⱡⱶ⅜ ⇔√ │ ╘╠╣≡™⌂™ Yukuhiro et al., 2012⁸ 6 ⁹ 

 ╕√⁸ ╩ ─ ╛ ⌐ ∆╢⌂≥⁸ ─ ╩ ∂⌂™

⌂ ≢◌▬◖ ╩ ⇔≡™╢ ─ ≢ ⇔√◒꞉◖⌐≈™≡⁸cox110 

─ ╩ ⇔√≤↓╤⁸2,939 ∆═≡⅜◒꞉◖ ≢№╡⁸

│ ↕╣⌂⅛∫√⁹ 7 ⁹ 

 ◌▬◖─○☻ │ ┬↓≤⅜≢⅝∏ ╙ ™↓≤⅛╠⁸◒꞉◖─ⱷ☻ ≤

⌐ ™≡╙ ⅜ ⇔⌂™ 13 14Ɑכ☺ ה ;⁸1997╠ ; ⁸2007⁹

↓─√╘⁸ ≢◌▬◖≤ ─◒꞉◖⅜ ∆╢─│⁸◌▬◖─ⱷ☻ ⅜ ∆15 

╢ ⱨ▼꜡⸗fi╩ ─◒꞉◖─○☻ ⅜ ⇔≡ ∆╢ ⌐ ╠╣⁸◌▬◖─ⱷ

☻ ≤◒꞉◖─○☻ ⅜ ⇔≡ ∂╢ │◌▬◖ ─Ⱶ♩◖fi♪ꜞ▪◕

ⱡⱶ╩ ≈↓≤⌐⌂╢⁹ 

 ⅜ ∂╢ ⅜ ™ ≢№╢ ─ ─ ≢╙ ⅜

↕╣⌂⅛∫√↓≤⅛╠⁸√≤ⅎ ─ ╩ ∂╢↓≤⌂ↄ⁸ ⌐ ⅜20 

∫√╡⁸ ⌐◌▬◖⅜ ⇔√╡⇔≡╙⁸ ⅜ ∂╢↓≤⅜⌂™⅛⁸╕√│

╘≡╕╣≢№╢≤ ⅎ╠╣╢⁹ 

 ⌐◌▬◖─ⱷ☻ ≤◒꞉◖─○☻ ╩ ╦∑╣┌ ⇔≡ ⅜

∂╢↓≤⅜ ≢№╢⌐╙⅛⅛╦╠∏⁸ ─ ─ ≢∕─╟℮⌂ ⅜ ╘

╠╣⌂™─│⁸ ─╟℮⌂ ⅜ ⌂∫≡™╢≤ ⅎ╠╣╢⁹ 25 

ה ≢│ ⅛╠ ╕≢⇔⅛ ⇔⌂™ ⁸ ─ ⅜ ⇔⌂™╟℮⌐

─ ⌐ ╩ ⇔≡ ⌐╟╡ ╩ ∆√╘⁸◒꞉◖─○☻ ≤

⌂◌▬◖─ⱷ☻ ⅜ ∂╢ ⅜ ™ 8 ⁹ 

ה ⌐ ╣≡ ⌐ ↕╣╢◌▬◖│ ⅜ ╣╢⌂≥ ⌂ ╩ ≈↓

≤⅜ ™ ⁸ ⌐ √◌▬◖─ ╛ │ ─ ╛ ⌐ ↕╣≡ ∆30 

╢ 4 ⁹ 

☻ⱷ─◖▬◌ה │ ═⌂™√╘⁸ ≢◒꞉◖─○☻ ≤ ⇔≡╙∕─ ⌐

∆╢⌐∆⅞∏ 23 ⁸ ─ ⅜ ⌐ ⇔≡ ∆╢

⅜ ™ 9 ⁹ 

 35 
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⅜ ∏╢⅔∕╣─ ─  

 ─↓≤⅛╠⁸ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡

≢ ∆╢ ≢⁸ ⌐ ∆╢ ⅜ ∏╢⅔∕╣│⌂™≤ ⅎ╠

╣√⁹ 

  5 
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 ─  

 ─ ∆╢ ─ ≢№╢◌▬◖ Bombyx mori│⁸ ⌐⅔™≡ ⁸

⌐╦√╢ ⅜№╢ ≢⁸ ┼─ ╛ ─ │ ╘╠╣⌂™⁹ 

 

⌐⅔↑╢  5 

 ≢№╢◌▬◖│⁸ ─ ⅜ ╦╣⌂™ ⌐ ↕╣╢≤⁸ ╛⅛⌐ ↕╣≡

∆╢↓≤╛⁸ ⌐ ⌂ ה ╩ ™≡™╢↓≤⁸ ⅜ ™↓≤⌂≥⅛╠⁸

ה ∆╢↓≤⅜⌂™⁹╕√⁸ ╩ ∂ↄ∆╢ ≢№╢◒꞉◖≤ ═≡╙

╛ ─ ⅜ ™↓≤⌂≥⁸ ≢ ה ⌐ ⌂ ╩ ⇔≡™╢↓

≤⅛╠⁸ ─◒꞉◖⌐ ⇔≡ ⌐⅔↑╢ ╩ ∆↓≤│⌂™⁹ 10 

 ⅎ◌▬◖│⁸ⱨ▫Ⱪ꜡▬fi H ♃fiⱤ◒ ♃fiⱤ◒

HC-mKO ╩ ⌐ ╖⁸EGFP╩ ≢ ∆╢⅜⁸↓╣╠─♃fiⱤ◒ ⅜ ⌐⅔↑╢

╩ ╘╢↓≤│⌂™⁹ ≢№╢ ⅎ◌▬◖≤ ⅎ◌▬◖≤─

≢ ה ⌐≈™≡ ⇔√≤↓╤⁸ 4 ⅔╟┘ 5 ה

ה ה ⌐≈™≡│ ⅎ◌▬◖─ ⅜ ⌐ ⌐ ↕™╒15 

⅛⁸ 1 ⅛╠ 3 ה ה ─ ⌐≈™≡│ ⌐ ⌂ ⅜

⌂⅛∫√⁹ ⌐≈™≡│ ⅎ◌▬◖≤ ⅎ◌▬◖≤≢ ™⅜⌂ↄ⁸

⌐≈™≡│ ⅎ◌▬◖─ ⅜ ⅝⅛∫√⁹ 

 ─↓≤⅛╠⁸ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡

≢ ∆╢ ≢⁸ ⌐⅔↑╢ ⌐ ∆╢ ╩ ↑╢ ─№╢20 

⅜ ↕╣⌂⅛∫√↓≤⅛╠⁸ ⌐⅔↑╢ ⌐╟╢ ⅜ ∂╢⅔∕╣

│⌂™≤ ⅎ╠╣√⁹ 

 

 

 ≢№╢◌▬◖│ ⌐ ⌐ ⅎ╠╣√ ─╖╩ ∆╢⁹╕√⁸◌▬◖25 

⅜ ≢ ╩ ⇔≡™╢ │↓╣╕≢ ↕╣≡™⌂™⁹↕╠⌐⁸ │ ┘

│ ⇔⌂™⁹ 

 ⅎ◌▬◖│⁸HC-mKO♃fiⱤ◒ ╩ ⌐ ╖⁸EGFP╩ ≢ ∆╢⅜⁸

↓╣╠─♃fiⱤ◒ ⅜◌▬◖ ─ ╩ ╘╢↓≤│⌂™⁹ 

 ─↓≤⅛╠⁸ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡30 

≢ ∆╢ ≢⁸ ⌐ ∆╢ ╩ ↑╢ ─№╢ ⅜ ↕╣⌂

⅛∫√↓≤⅛╠⁸ ⌐╟╢ ⅜ ∂╢⅔∕╣│⌂™≤ ⅎ╠╣√⁹ 

 

─  

 ≢№╢◌▬◖│⁸ ⅛╠ ≢ ↕╣⁸ ⌐⅔™≡│⁸ ⌐35 
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∂╢◌▬◖─ ╛ ╩ ╗ ╩⁸ ⌐ ∫√ ╛ ⌐ ∆╢↓≤⅜ ⌐

⌂╦╣≡™╢⅜⁸↓╣╕≢ ─ ⌐ ╩ ╓∆╟℮⌂ ╩ ⇔

≡™╢≤─ │⌂™⁹ 

 ⅎ◌▬◖│⁸HC-mKO♃fiⱤ◒ ╩ ⌐ ╖⁸EGFP╩ ≢ ∆╢⅜⁸

≥∟╠─ ♃fiⱤ◒ ╙⁸ ↄ─ ─ ⅎ⌐⅔™≡ ⱴ5≡⇔≥≤⌂כ◌כ 

™╠╣≡™╢╙─≢№╡⁸♃fiⱤ◒ ─ ⅛╠ ⅎ≡╙⁸ ⌐ ⇔√ ⌐ ─

⌐ ╩ ⅎ╢≤│ ↕╣⌂™⁹↕╠⌐⁸ ╛ ╩ ⌐ ⇔√≤↓╤⁸ ─

ה ╛ ⌐ ⅎ╢ │⁸ ⅎ◌▬◖≤ ⅎ◌▬◖≤

─ ≢ ⌐ ⌂ │ ╘╠╣⌂⅛∫√⁹ 

 ─↓≤⅛╠⁸ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡10 

≢ ∆╢ ≢⁸ ─ ⌐ ∆╢ ╩ ↑╢ ─№╢ ⅜

↕╣⌂⅛∫√↓≤⅛╠⁸ ─ ⌐╟╢ ⅜ ∏╢⅔∕╣│⌂™

≤ ⇔√⁹ 

 

 15 

 ◌▬◖≤ ⌂ ≤⇔≡ ⌐ ⇔≡™╢ │◒꞉◖─╖≢№╡⁸

⌐ ⇔≡ ╩ ↑╢ ─№╢ ≤⇔≡◒꞉◖⅜ ↕╣√⁹ 

 ◌▬◖≤◒꞉◖│⁸ⱷ☻ ⅜ ∆╢ ⱨ▼꜡⸗fi⅜ ≢№╢√╘⁸◌▬◖─ⱷ☻

⅜ ≢ ⇔√ │⁸∕─ ⱨ▼꜡⸗fi⌐ ↕╣≡ ─◒꞉◖─○☻

⅜ ⇔≡ ∆╢ ⅜ ⅎ╠╣╢⁹ ⁸◌▬◖─○☻ │╕∫√ↄ ┬↓≤20 

⅜≢⅝⌂™⌂≥⁸ ⅜ ⇔ↄ ╢√╘⁸◌▬◖─○☻ ⅜ ─◒꞉◖─ⱷ☻

⌐ ≢ ⇔≡ ∆╢↓≤│ ⇔ ⌂™⁹ 

 ⅛╠ ╕≢─ ≢ ⇔√◒꞉◖⌐≈™≡⁸Ⱶ♩◖fi♪ꜞ▪◕ⱡⱶ─

cox1 ─ ╩ ⇔√≤↓╤⁸ ─◒꞉◖⌐◌▬◖─Ⱶ♩◖fi♪ꜞ▪◕ⱡ

ⱶ⅜ ⇔√ │ ╘╠╣⌂™⁹╕√⁸ ╩ ⌂∫≡™╢ ─ ≢ ─◒꞉25 

◖ ⌐◌▬◖≤◒꞉◖─ │ ∂≡⅔╠∏⁸ ⌂ↄ≤╙⁸ ╦╣≡™╢

─ ⌐⅔™≡⁸ ⅜ ⅝≡™⌂™⅛⁸⅝╦╘≡╕╣≢№╢≤ ⅎ╠╣╢⁹ 

 ─ ≢─ ─◌▬◖─ ≤ ⌐⁸ ⌐⅔™≡│ ⅎ◌▬

◖╩ 3 ⅛╠ ─ ╕≢ ∆╢≤≤╙⌐⁸ │ ⌐╟╡ ∆╢↓≤⅛

╠⁸ ≤⇔≡ ⅜ ∂╢↓≤│⌂ↄ⁸ ⅎ◌▬◖─ⱷ☻ ≤ ─◒꞉◖30 

─○☻ ⅜ ∆╢↓≤│⌂™⁹ ∕─╟℮⌂ ⅜ ⇔≡╙⁸ ⅎ◌▬

◖─ⱷ☻ │ ⅜ ↄ⁸ ⅜ ™↓≤⅛╠⁸ ≢ ∆╢⌐ ⅞∏⁸

│ ⌐∆═≡ ⇔≡ ↕╣╢ ⁸ ⌐ ≢ ⅛╠ ⅜ ⇔≡╙⁸

⌐ │⌂™√╘⁸ ∆╢↓≤│≢⅝⌂™⁹↓─╟℮⌐⁸ ≢ ⅎ◌▬

◖⅜ ─◒꞉◖≤ ⇔≡ ⅜ ∆╢↓≤│⌂™⁹ 35 
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 ∕─ ≢⁸Ɽ▬ⱪⱢ►☻ │ ⌐ ╩ ╡⁸ⱪ꜠ⱢⱩ │ ∆╢ ╛ ⌐│

╩ ╢↓≤≢◒꞉◖─○☻ ─ ╩ ←╒⅛⁸ ⌐│ ╩ ⇔≡ ╛

╩∆═≡ ⇔≡ ∆╢ ─ ⌐╟╡ ⅎ◌▬◖─ⱷ☻ ─ ╩

⌐ ←↓≤≤⇔≡™╢⁹ 

 ⌐ ∂╢ ⌐≈™≡╙⁸ ─ ⌐◌▬◖─ ╛ ⁸ ╩ ⇔≡5 

∆╢↓≤⌐╟╡⁸ ⌐ ╣≡ ⌐ ╢↓≤╩ ∆╢↓≤≤⇔≡™╢⁹ ⌐

⌐◌▬◖⅜ ⇔√╕╕ ⌐ ↕╣√≤⇔≡╙⁸ │ ⅛╠ 7

⌐ ≢ ∆╢↓≤⌐╟╡ ⇔≡ ∆╢√╘⁸ ⅜ ∂╢ │

⌂ↄ⁸◒꞉◖≤ ∆╢↓≤│≢⅝⌂™⁹ 

 ∕─ ≢⁸ ⁸ ⅎ◌▬◖─ⱷ☻ ≤ ─◒꞉◖─○☻ ⅜ ⇔≡10 

⅜ ∂√≤⇔≡╙⁸ ╛ ≢─ HC-mKO♃fiⱤ◒ ─ ╛⁸ ≢─ EGFP

─ ⅜⁸ ≢─ ⌐⅔↑╢ ╩ ╘╢≤│ ⅎ ↄ⁸∕─ ⅜

─◒꞉◖ ⌐⅔™≡ ∆╢ │ ™≤ ⅎ╠╣√⁹ 

 ─↓≤⅛╠⁸ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡

≢ ∆╢ ≢⁸ ⌐╟╢ ⌐ ⅜ ∏╢⅔∕╣│⌂™≤ ⅎ╠╣√⁹ 15 

 

 ╟∫≡⁸ ≤⇔≡⁸ ⅎ◌▬◖╩ ⌐⅔↑╢ ⌐ ∫≡

≢ ⁸ ⁸ ┘ ┘⌐↓╣╠⌐ ∆╢ ╩ ℮ ≢⁸

─ ⅜ ∏╢⅔∕╣│⌂™≤ ↕╣√⁹ 

20 
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ₒ ⌐≈⅝ ₓ ☿fi♃25  כ 

*  

 

 ⸗♬♃ꜞfi◓─ ≤⌂╢ ─ ─  

 ◒꞉◖ Bombyx mandarina  

 30 

 ⸗♬♃ꜞfi◓╩ ∆╢  

 ⌐⅔↑╢ ⅎ◌▬◖─ │ ☿fi♃כ ⅎ

◌▬◖ ₈ ₉≤™℮⁹ ⌐ ╠╣╢⁹ ⁸

ⅎ◌▬◖≤ ─◒꞉◖⅜ ∆╢≤⇔≡╙⁸∕─ │⁸ ⅎ◌▬◖─ⱷ

☻ ⌐ ─◒꞉◖─○☻ ⅜ ⇔≡ ∆╢ ⌐ ╠╣╢ ⁸ ⅎ35 

◌▬◖─ⱷ☻ │╕∫√ↄ ≢⅝∏ ⅝⌂⅜╠ ↄ⌐ ∆╢⌐∆⅞⌂™⁹⇔√⅜∫
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≡⁸ ⅎ◌▬◖≤ ─◒꞉◖─ ⅜ ∂≡ ⇔⁸ ⅛╠ ⅜

∆╢ ⅜№╢─│⁸ ⌐⅔↑╢ ─ ⌐ ╠╣╢⁹∕─√╘⁸

─ ⅛╠ ┘ ∫√ ╩ ⌐ ∆╢⌐│⁸ ─ ⌐⅔™≡

⸗♬♃ꜞfi◓∆╢↓≤⅜ ≢№╢⁹ 

 ⌂⅔⁸ ⅛╠╙∫≤╙ ™ │ ─ ⌐ ⇔≡⅔╡⁸ │5 

6.7 ha≢№╢⁹ 

 ─↓≤⅛╠⁸ ─ ─ ⌐⅔™≡⸗♬♃ꜞfi◓╩ ∆╢⁹ 

 

 ⸗♬♃ꜞfi◓─  

 ↓╣╕≢─ ⅛╠⁸ ⌐⅔™≡ ─◒꞉◖ ⅜ ∆╢─│⁸610 

⅛╠ 11 ≢№╢ ─ 3 ⁹ ⌐ ╢ ╩ 5 ⅛╠

⇔√≤ ∆╢≤⁸ ⅎ◌▬◖≤◒꞉◖⅜ ⇔√ ⌐ ⅜ ≤

⌂╢─│⁸∕─ ─ ≤⌂╢⁹╕√⁸9 ⅛╠ ⇔√≤ ∆╢≤⁸ ⅜

≤⌂╢─│ ─ 6 ≤⌂╢⁹⇔√⅜∫≡⁸ ─ ╩ ∆╢√╘─

⸗♬♃ꜞfi◓│⁸ ⌐ ╢ ╩ ∆╢ ⅛╠ ↕╣╢ ─15 

⌐ ∂≡ ∆╢↓≤⅜ ≢№╢⁹ ⁸ ⅜№╢ ≢─◒꞉◖─

╩ ⇔≡⅔ↄ↓≤│⁸ ─ ╩№╠⅛∂╘ ∆╢ ≢ ⅜№

╢↓≤⅛╠⁸ ⌐ ╢ ≢ ╩ ∆╢ ⅛╠ⱨ▼꜡⸗fi♩ꜝ♇ⱪ╩ ∆

╢↓≤≤⇔⁸ⱨ▼꜡⸗fi♩ꜝ♇ⱪ─ │ 6 ⅛╠ 11 ╕≢≤∆╢⁹╕√⁸

⌐ ╢ ╩ ⇔√ ⁸∕─ 11 ╩╙∫≡⸗♬♃ꜞfi◓╩ ∆╢⁹ 20 

 

 ⁸ ∕─ ─⸗♬♃ꜞfi◓─  

◒꞉◖╩ ∆╢ ≤⇔≡│⁸◌▬◖─ⱷ☻ │ ⇔√ ⱨ▼꜡⸗fi Ⱳfi

ⱦ◖כꜟ ╩ ≤⇔≡◒꞉◖─○☻ ╩ ⇔⁸ ≢ ∆╢ⱨ▼꜡⸗fi♩

ꜝ♇ⱪ⅜ ≢№╢ 3 ⁹╕√⁸ ⅎ◌▬◖⅜◒꞉◖≤ ∆╢25 

╙⁸ ⅎ◌▬◖─ⱷ☻ ─ ∆╢ ⱨ▼꜡⸗fi⌐ ↕╣√◒꞉◖

─○☻ ⅜ ∆╢↓≤⌐╟╢─≢№╡⁸◌▬◖─ⱷ☻ │ ⇔√ ⱨ▼꜡⸗

fi╩ ™√ⱨ▼꜡⸗fi♩ꜝ♇ⱪ│⁸↓╣≤ ∂ ╩ ∆╢↓≤≤⌂╢⁹ ─↓≤

⅛╠⁸ ⌐ ╢ ⌐ ℮⸗♬♃ꜞfi◓⌐╙⁸↓─ ╩ ∆╢⁹ 

 ╕√⁸↓╣╕≢─ⱨ▼꜡⸗fi♩ꜝ♇ⱪ⌐╟╢ ─◒꞉◖─ ≤⇔≡⁸230 

⌐ 1 ─ ≢ ⌂ ╩ ∆╢↓≤⅜≢⅝≡™╢↓≤⅛╠⁸ⱨ▼꜡⸗

fi♩ꜝ♇ⱪ─ ─ ╙ 2 ⌐ 1 ≤∆╢⁹ 

 ─↓≤⅛╠⁸ ⌐⅔↑╢ ≢─ ⅎ◌▬◖─ ⁸

2 ⌐ 1 ─ ≢⁸ ─ ─ ⌐⁸◌▬◖─ⱷ☻ │

⇔√ ⱨ▼꜡⸗fi╩ⱨ▼꜡⸗fi ≤⇔≡ ⌐╟╢♩ꜝ♇ⱪ╩ ∆╢⁹ 35 
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ⅎ◌▬◖⅜ ─◒꞉◖≤ ⇔≡⁸ ╩ ≈ ⅜ ∂√

⁸ ≢ ╩ ∆╢⁹ ⇔√◒꞉◖⅜ ╪≢™╢ │ ≢─ ─

⅜≢⅝⌂™ ╙№╢⅜⁸∕─ │⁸PCR │◘◙fiⱢ▬Ⱪꜞ♄▬♀כ◦ꜛ

fi ⌐╟╡mKO ╕√│ EGFP ╩ ⇔≡™╢⅛≥℮⅛╩ ∆╢↓≤⅜

≢⅝╢⁹ 5 

 ─↓≤⅛╠⁸♩ꜝ♇ⱪ⌐◒꞉◖⅜ ↕╣√ │⁸ ≢№╣┌ ≢─

EGFP ─ ─ ╩ ⇔√ ⌐⁸ ⇔√ mKO ╕√│ EGFP

╩ ⇔≡™╢⅛≥℮⅛╩ PCR │◘◙fiⱢ▬Ⱪꜞ♄▬♀כ◦ꜛfi ⌐╟╡

∆╢⁹ 

 10 

 ╩ ∆╢ ─⸗♬♃ꜞfi◓─  

 ⌐ ╘╢⸗♬♃ꜞfi◓─ ╩ ∆╢ ⌐│⁸ ─

╛⁸ ☿fi♃כ─ ⁸╕√│∕─ ⌐⅔™≡⁸ⱨ▼꜡⸗fi♩ꜝ♇ⱪ╩

∆╢↓≤≤⌂╢⁹ⱨ▼꜡⸗fi♩ꜝ♇ⱪ─ ⌐≈™≡│⁸ ─ ⌐╟∫≡

∆╢⁹ 15 

 ╕∏⁸ ─₈  ⅎ◌▬◖≤◒꞉◖─ ⅜ ∑∏

∂√ ─ ⌂ ─  ⅎ◌▬◖≤◒꞉◖─ ⅜

↕╣√ ₉⌐⅔™≡│⁸ ─ ⌐ 10 m ─ ≢ ∆╢↓≤≤⇔≡

™╢⁹ 

 ⌐⁸ ₈  ⅎ◌▬◖≤◒꞉◖─ ⅜ ∑∏ ∂√ ─20 

⌂ ─  ⅎ◌▬◖≤◒꞉◖─ ⅜ ⌐ ↕╣√

₉⌐⅔™≡│⁸ ☿fi♃כ─ ─ ⌐ 1ﬞ ┘ ─ ⌐

30 m ─ ≢ ∆╢╒⅛⁸ ─ 500 m ⌐ ╘╠╣╢ ╕√

│∕─ ≢ ⌂ ⌐ ∆╢⁹ 

 ₈  ⅜ ⇔√ ─ ⌂ ─  ─25 

⌐ ⅜ ∂√ ₉╕√│ ₈ ─ ⌐ ⅜ ∂√

₉─℮∟⁸ ⇔√ ─ ⅜ ⌐ ╘╠╣√ ⌐⅔™≡│⁸∕

─ ╕√│∕─ ≢ ⌂ ⌐ ∆╢⁹ 

 ⌂⅔⁸ⱨ▼꜡⸗fi♩ꜝ♇ⱪ─ ╛ ⌐≈™≡│ ≤ ≤∆╢⁹ 

 30 

 ⸗♬♃ꜞfi◓ ─  

 ╩╙≤⌐⁸ ⅎ◌▬◖≤◒꞉◖≤─ ╩ ═╢⁹ 

 

 ┘ ┼─ ─  

 ⸗♬♃ꜞfi◓ ┘∕─ │⁸ ╩ ⇔⌂™ ⅎ◌▬◖─35 
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─ ⌐⁸ ┘ ┼─ ≤⇔≡ ∆╢⁹ 

 

 ∕─ ⌂  

 ≢ ⇔≡™╢◌▬◖≤ ─◒꞉◖≤─ ─ ⌐≈™≡⁸ ─

╛ ╩ ⇔⁸ ╩ ∆╢√╘─ ╛⸗♬♃ꜞfi◓─5 

─ ⌐ ∆╢⁹ 

 ⌐⅔™≡ ⅎ◌▬◖╩ ⇔≡™╢ ┘ ╩

⌐ ⇔≡™╢ │⁸ ⇔≡™╢◌▬◖─ ⁸ ⌐ ∆╢

┼─◌▬◖─ ─ ⁸ ─√╘─ ─ ⁸ ⇔≡™╢ ⅛╠

─ ─ ─ ╩⁸ ⌐ ∆╢⁹ 10 

 ⸗♬♃ꜞfi◓ ⌐ ↕╣√◒꞉◖ ⌐ ⅎ◌▬◖≤─ ⌐╟∫≡⁸

─ №╢™│ ⇔√≤ ╦╣╢ ⅜ ╠╣√ ⌐│⁸ ┘

≤ ╩ ℮╙─≤∆╢⁹ 
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  ≈ↄ┌  

 

 

  ☿fi♃10 כ 

                

   

 

 

 ─ ╩ ⇔≡™╢ ♃fiⱤ◒ ◌▬◖ HC-mKO, 15 

Bombyx mori L. GN2×GCS2 ₈ ⅎ◌▬◖₉≤™℮⁹ ─

⌐⅔™≡⁸ ⅜ ∏╢⅔∕╣⅜№╢≤ ╘╠╣√ ⌐ ╩ ⌐

∆╢√╘⁸ ─ ╩ ╢↓≤≤∆╢⁹ 

 

 ⌐⅔↑╢ ╩ ∏╢√╘─ ┘  20 

 ─ ⌐ ∆╢ ◌▬◖

₈ ₉≤™℮⁹ ─ ─ ⁸ ⌂ │ ─ ≢

∆╢⁹ 

 

27 8  25 

ה ₒ ⌐≈⅝ ₓ ☿fi♃כ  

ה  ₒ ⌐≈⅝ ₓ ☿fi♃כ  

ה  ₒ ⌐≈⅝ ₓ ☿fi♃כ  

   ⁿ ₒ ⌐≈⅝ ₓ ☿fi♃כ  

   ⁿ ₒ ⌐≈⅝ ₓ ☿fi♃30  כ 

   ⁿ ₒ ⌐≈⅝ ₓ ☿fi♃כ  

   ⁿ ₒ ⌐≈⅝ ₓ ☿fi♃כ  

   ⁿ ₒ ⌐≈⅝ ₓ ☿fi♃כ  

   ⁿ ₒ ⌐≈⅝ ₓ ☿fi♃כ  

   ⁿ ₒ ⌐≈⅝ ₓ ☿fi♃35  כ 

   ⁿ ₒ ⌐≈⅝ ₓ ☿fi♃כ  
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   ⁿ ₒ ⌐≈⅝ ₓ ☿fi♃כ  

   ⁿ ₒ ⌐≈⅝ ₓ ☿fi♃כ  

   ⁿ ₒ ⌐≈⅝ ₓ ⅎ◌▬◖  

   ⁿ ₒ ⌐≈⅝ ₓ ⅎ◌▬◖  

   ⁿ ₒ ⌐≈⅝ ₓ ⅎ◌▬◖  5 

   ⁿ ₒ ⌐≈⅝ ₓ ⅎ◌▬◖  

│ ≢─ ┘ ≢№╡⁸ ╛ ≢─ ─ ⇔⌐╟╢

─ ⌐│ ⌂ ╩ ℮⁹  

 

 ─ ─ ─  10 

ⅎ◌▬◖≤ ─◒꞉◖≤─ ─ ─  

 ⌐⅔↑╢⸗♬♃ꜞfi◓ ⌐ ≠⅝⁸ ⅎ◌▬◖≤ ─◒꞉◖

─ ─ ─ ╩ ⇔⁸∕─ ╩ ┘

☿fi♃כ ⅎ ה ₈ ₉≤™℮⁹

⌐ ∆╢⁹ 15 

⌐╟╢ ─ ─  

 ⅜ ⇔√ │⁸ │ ╛⅛⌐ ☿fi♃כ

ⅎ◌▬◖ ₈ ₉≤™℮⁹ ─ ─ ┘

─ ┼─ ⅎ◌▬◖─ ─ ╩ ⇔⁸∕─ ╩

┘ ⌐ ∆╢⁹ 20 

 

 ╩⇔≡™╢ ⌐ ╩ ∏╢ ⅜№╢↓≤ ┘ ─ ╩

∆╢√╘─  

 ⌐ ≠⅝⁸ ⅎ◌▬◖─ ⌐ ™⁸ ╩ ∏╢

⅔∕╣⅜№╢≤ ╘╠╣√ ⁸ ┘ ≢ ⌐≈25 

™≡ ╩ ™⁸ ⌐∕─ ╩ ≢ ⅎ⁸ ⌐ ∆╢ ╩ ∆╢⁹

╕√⁸ ∟⌐∕─ ╩ ∆╢√╘⌐ ─№╢ ⌐ ⁸ⱨ□♇◒☻⁸

ⱷ⁸ꜟכ ⌂≥⌐╟╡ ∆╢ ↕╠⌐ ⌐ ∂≡ ⌐≈™≡ⱱכⱶⱭכ☺

≢ ∆╢  

 30 

 ⅎ◌▬◖≤◒꞉◖─ ⅜ ∑∏ ∂√ ─ ⌂ ─

 

ⅎ◌▬◖≤◒꞉◖─ ⅜ ↕╣√  

 ⱨ▼꜡⸗fi♩ꜝ♇ⱪ╩ ™√⸗♬♃ꜞfi◓ ─ ⁸ ⅎ◌▬◖≤◒꞉◖

─ ⅜ ↕╣√ │⁸ ≢─ ⅎ◌▬◖─ ╩35 



58 
 

⇔⁸ ⅎ◌▬◖ ┘↓╣≤ ⌐ ⇔≡™╢ ⅎ◌▬◖─

⁸ ⁸ │⁸ ⅎ ─ ─ ⌐╟╢ ─

─ ⌐ ∆╢ ⌐ ≠ↄ ⌐ √∫≡ ╢═⅝ ⅜ ∂╠

╣√ ₈ ⅜ ∂╠╣√ ₉≤™℮⁹ ⌐№╢ ╩ ™≡∆

═≡ ∆╢⁹ ⌐ ∆╢╕≢│⁸2 ─ⱦ♬כꜟ ⌐ ⇔≡⁸ ™⌐5 

╩ ∆╢ ╩ ╛∆™ ⌐ ⇔⁸ ╛ ╩∆═≡ ╘√ │

≢ ∆╢⁹ ─ │⁸ ╩ ∆╢↓≤ ⌐╟╡ ⅎ◌▬◖⅜

⇔⌂™ ─ ⌐ ╣╢≤≤╙⌐⁸ ™⌐ ╩ ∆╢ ╩ ─ ╛∆™ ⌐

∆╢⁹ 

 ╕√⁸ ≢─ ⌐⅔↑╢ ↔≤─ ╩ ∆╢≤≤╙⌐⁸10 

─ ה ╩ ∆╢↓≤⌐╟╡⁸ ⅎ◌▬◖≤◒꞉◖≤⅜

⇔≡⁸∕─ ⅜ ⇔√ ╩ ╠⅛⌐∆╢⁹ 

 ↕╠⌐⁸ ─ ≤ ╦∑≡⸗♬♃ꜞfi◓╩ ∆╢⁹ ⌐│⁸

─ ⌐ 10 m ─ ≢⁸◒꞉◖─ ⅜ ∆╢ 6 ⅛╠ 11 ╕≢⁸ⱨ▼꜡⸗fi

♩ꜝ♇ⱪ╩ ⇔≡⁸ ⌂ ╡ ↄ─○☻ ╩ ∆╢⁹ ⇔√○☻ ⌐15 

≈™≡│⁸ ⅎ◌▬◖≤─ ─ ╩⁸ ≢─ EGFP ─

≢ ∆╢≤≤╙⌐⁸mKO ╕√│ EGFP ╩ ⇔≡™╢⅛≥℮⅛╩ PCR

⌐╟╡ ∆╢⁹ 

 ╦∑≡⁸◒꞉◖ ─ ─ ┼─ ╩ ⅎ≈≈⁸ ─◒꞉◖

┼─ ─ ╩ ∆╢√╘⁸ ─ ─ ╩ ↑⌂⅜╠⁸20 

⌂№╠╝╢ ╩ ∑∏⌐ ╩ ⇔⁸ ┘ ≤ ∆╢⁹ 

 ⌐ ⅜ ↕╣≡⅛╠ 30 ⌐ ↕╣√ ⌐≈™≡│⁸

─ ≤ ─ ≤⇔⁸30 ⌐ √⌐ ⅜ ↕╣√ │⁸

⅜ ⌐ ↕╣√≤⇔≡ ─ ⌐ ∆╢⁹30 ⅛╠ 1 ╕≢⌐ √

⌂ ⅜ ↕╣⌂™ │⁸ ─⸗♬♃ꜞfi◓⌐ ∆╢⁹ 25 

ⅎ◌▬◖≤◒꞉◖─ ⅜ ⌐ ↕╣√  

 ⱨ▼꜡⸗fi♩ꜝ♇ⱪ╩ ™√⸗♬♃ꜞfi◓ ─ ⁸ ⅎ◌▬◖≤◒꞉◖

─ ⅜ ⌐ ↕╣≡⅛╠ 30 ⅛╠ 1 ╕≢⌐ √⌂ ⅜ ↕

╣⁸ ⅜ ⌐ ↕╣√≤ ⅎ╠╣√ │⁸ ┘ ≤

─ ⁸↕╠⌐ ⅛ ⇔≡⸗♬♃ꜞfi◓╩ ∆╢╙─≤∆╢⁹ 30 

 ╕√⁸◒꞉◖ ─ ─ ┼─ ╩ ⅎ≈≈⁸ ─◒꞉◖ ┼

─ ─ ╩ ∆╢√╘⁸ ≢ ⇔√ ╩ ∆╢⁹ 

 ⅎ╠╣╢ ≤⇔≡⁸╕∏ ─ ⌐≈™≡│⁸ ─ ≢◒꞉

⅜ ↄ ⇔≡™╢─│ ☿fi♃כ─ ≢№╢↓≤⅛╠⁸↓↓⌐

╩ ∆╢╒⅛⁸ ⌐ ∂≡⁸ ─∆═≡─◒꞉╩ ∆╢↓≤ ⌐╟╡⁸35 
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─ ╩ ∆╢⁹ ─ ⌐≈™≡│⁸ ┘ ☿

fi♃כ─ ╛∕─ ⌐ ⌐ⱨ▼꜡⸗fi♩ꜝ♇ⱪ╩ ∆╢↓≤ ⌐╟╢

╛ ⅛ↄ ⌐╟╡⁸ ─ ╩ ∆╢⁹ 

 ⌂⅔⁸⸗♬♃ꜞfi◓⌐╟∫≡ ⇔√ ⌐≈™≡│⁸ ≢─ EGFP ─

╩ ⇔√ ⁸ ─ ⌐ ™╢ ≤∆╢√╘⌐⁸ ⅜ ∂╠5 

╣√ ⌐⅔™≡◄♃ⱡכꜟ⌐ ∆╢⅛⁸ ≢ ∆╢↓≤⌐╟╡ ↕╣╢⁹ 

 

 ⅜ ⇔√ ─ ⌂ ─  

─ ⌐ ⅜ ∂√  

 ─ ≢ ⅎ◌▬◖╩ ⇔≡™╢ ⌐⁸ ⌐╟10 

╡ ⅜ ∆╢⌂≥─ ⅜ ⇔≡⁸ ⅎ◌▬◖≤ ─◒꞉◖─

╩ ∆╢↓≤⅜ ⌂ │⁸ ⅎ◌▬◖─ ╩ ∟⌐ ⇔⁸

ⅎ◌▬◖╩ ─ ⌐ ∫≡ ∆╢⁹ 

 ⇔√ ─ ⅜ ⌐ √ ⌐│⁸ ─ ⅎ◌

▬◖╙ ⌐ ⌐ ≡™╢↓≤⅜ ↕╣╢√╘⁸ ⅜ ↕╣√15 

╩ ⌐ ⇔⁸◌▬◖⅜™╣┌ ⇔≡ ─ ⌐ ∫≡ ∆╢⁹∕─ ⁸

─ ⅜ ⌐ ∆╢ ╙ ⇔⁸ ─ ⌐ ∂≡ ⌂ ╩

⇔≡◌▬◖╩ ∆╢⁹⌂⅔⁸◌▬◖─ │ ⅜⌂ↄ⌂∫≡╙ ∑∏⁸ ╠

╩ ∫≡ ∆╢↓≤╙≢⅝⌂™↓≤╛⁸ ≢│ ╛ ─ ⌐ ╛⅛⌐

↕╣╢↓≤⅛╠⁸ ─ ⅜ ⅝ ⅛⌂™ ≢ ה ∆╢↓≤│ ⅎ⌐ↄ™⁹20 

∕─√╘⁸ ⌐ √≤⇔≡╙◒꞉◖≤─ ⅜ ∂╢↓≤│ ⅎ⌐ↄ

™⅜⁸ ─√╘⁸ ⅜ ∂≡™⌂™⅛╩ ∆╢√╘⁸ ⇔√ ─ ⅜

↕╣√ ╛∕─ ⌐◒꞉⅜ ⇔≡™╣┌⸗♬♃ꜞfi◓╩ ⇔⁸ ⌐ ∫≡

∆╢⁹ 

─ ⌐ ⅜ ∂√  25 

 ─ ≢⁸ ⅎ◌▬◖╩ ⇔√ ─ ╩

⇔≡™╢ ⌐⁸ ⌐╟╡ ⅜ ∆╢⌂≥─ ⅜ ⇔≡⁸

ⅎ◌▬◖≤ ─◒꞉◖─ ╩ ∆╢↓≤⅜ ⌂ │⁸ ≢

─ ─ ╩ ∟⌐ ⇔⁸ ⌐ ╕╣╢ ⅜№╢ ⅎ◌

▬◖╩ ─ ⌐ ∫≡ ∆╢⁹ 30 

 ⇔√ ─ ⅜ ⌐ √ ⌐│⁸ ⌐ ∫≡

∆╢⁹ 

⌐ ⅎ◌▬◖⅜ ⇔√  

 ─ ⌐ ⅎ◌▬◖≤ ⅎ╠╣╢◌▬◖⅜ ↕╣√ │⁸

◌▬◖╩ ╛⅛⌐ ⇔⁸ ⅜ ∂╠╣√ ⌐№╢ ╩ ™≡∆35 
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═≡ ∆╢⁹ ─ │⁸ ╩ ∆╢↓≤ ⌐╟╡ ◌▬◖⅜ ⇔⌂™

─ ⌐ ╣╢≤≤╙⌐⁸ ™⌐ ╩ ∆╢ ╩ ─ ╛∆™ ⌐ ∆╢⁹

╕√⁸ ─ ⌐ ∫≡⸗♬♃ꜞfi◓╩ ∆╢⁹ 

 

 ┘ ┼─  5 

 ⅎ◌▬◖≤◒꞉◖─ ─ ⁸ ⇔ↄ│ ⌐╟╢

ⅎ◌▬◖─ ┼─ ⁸ ⅜ ∏╢ ⅜ ↕

╣√ ⁸ │⁸ ┘ ⅜ ≤ ⇔√ │⁸

╩ ∂√ ⁸ ╛⅛⌐ ה ┘

⌐ ∆╢  10 
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─ ⌐ ∆╢ ⌐≈™≡ ∆╢√╘─ ─  

 

 

─◌▬◖ │⁸ ─ ≢ ↕

╣╢⁹ 5 

 

 

ₒ ⌐≈⅝ ₓ  

 

ₒ ⌐≈⅝ ₓ  10 

ₒ ⌐≈⅝ ₓ ⅎ ☿fi♃כ 

ₒ ⌐≈⅝ ₓ ⅎ ☿fi♃כ 

ₒ ⌐≈⅝ ₓ  

ₒ ⌐≈⅝ ₓ ⅎ ☿fi♃כ 

ₒ ⌐≈⅝ ₓ ☿fi♃15 כ 

ₒ ⌐≈⅝ ₓ ☿fi♃כ 

ₒ ⌐≈⅝ ₓ  

ₒ ⌐≈⅝ ₓ  

ₒ ⌐≈⅝ ₓ  

ₒ ⌐≈⅝ ₓ   20 

ₒ ⌐≈⅝ ₓ  

ₒ ⌐≈⅝ ₓ ☿fi♃כ 

ₒ ⌐≈⅝ ₓ  

ₒ ⌐≈⅝ ₓ ⅎ ☿fi♃כ 

ₒ ⌐≈⅝ ₓ  25 

ₒ ⌐≈⅝ ₓ  

 

 

☿fi♃כ─ ⅎ ה │⁸ ─ ≢

↕╣╢⁹ 30 

 

 

ₒ ⌐≈⅝ ₓ ☿fi♃כ  

 

ₒ ⌐≈⅝ ₓ ☿fi♃35  כ 

ₒ ⌐≈⅝ ₓ ☿fi♃כ  
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ₒ ⌐≈⅝ ₓ ☿fi♃כ  

ₒ ⌐≈⅝ ₓ ☿fi♃כ  

ₒ ⌐≈⅝ ₓ ☿fi♃כ  

ₒ ⌐≈⅝ ₓ ☿fi♃כ  

ₒ ⌐≈⅝ ₓ ☿fi♃5  כ 

ₒ ⌐≈⅝ ₓ ⅎ◌▬◖  

ₒ ⌐≈⅝ ₓ ⅎ◌▬◖  
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♃fiⱤ◒ ◌▬◖ HC-mKO, Bombyx mori GN2×GCS2  

 

 

 

 ∆╢◌▬◖  5 

 ⅎ◌▬◖≤⇔≡ ♃fiⱤ◒ ◌▬◖ HC-mKO, Bombyx 

mori  GN2×GCS2 ₈ ⅎ◌▬◖₉≤™℮⁹ ╩ ∆╢⁹ 

 

 ─  

 ≢─ ⅎ◌▬◖─ ⌐╟╢ ⌐ ↑≡⁸10 

ⅎ◌▬◖╩Ɽ▬ⱪⱢ►☻ ┘ⱪ꜠ⱢⱩ ─ 2 ─ ─ ≢⁸ ≤

─ ⁸ ┘ ≢ ⇔√ ⁸ ┘ ─ ⌐≈™≡ ⅎ◌▬◖

≤─ ™─ ╩ ∆╢≤≤╙⌐⁸ ⇔√ ─ ה ─ ╩ ∆╢⁹╕√⁸

─ ╩ ⌐ ↕∑⁸ ⅎ◌▬◖─ ─ ╩ ∆╢≤≤╙

⌐⁸ ⌐⅔↑╢ ⅎ◌▬◖─ ⌂ ╩ ╡╕≤╘╢⁹ 15 

 

 ≢ ∆╢ ≢─  

 ⌐⅔™≡│⁸ ⅎ◌▬◖─ ≢─ ⌐≈™≡⁸

─ ≢─ ⌐ ⇔≡⁸ ─╟℮⌐ ∆╢⁹ 

ה │ 3 ╕√│ 4 ⅛╠ ─ ╕≢≤⇔⁸ ╩ ∆╢⁹ 20 

ה │Ɽ▬ⱪⱢ►☻╛ⱪ꜠ⱢⱩ ─ ⌂ ≤∆╢⁹ 

ה ╩ ↔≤ ⅎ≡ ∆╢⁹ 

ה ─ ⌐ ╩ ⅛╠ ∆╢⁹ 

ה ⌐≈™≡│⁸ ⌐╟╢ ╩ ℮≤™℮ ⌐ ⅎ≡⁸

─ ⅛╠⁸ ─ ╩ ∂⌂ↄ≡╙ ⅜ ∂⌂™ ⌐≈™≡25 

╙ ∆╢⁹ 

 

 ─  

 ☿fi♃כ ⅎ◌▬◖ 1 2⁸ ₈

₉≤™℮⁹ ⌐⅔™≡ ╩ ℮⁹ ⌐⅔↑╢ │ 3 ⅛╠ ─ ╕≢≤30 

⇔⁸ ─Ɽ▬ⱪⱢ►☻ 1 5 ┘ⱪ꜠ⱢⱩ 1 7

╦∑≡₈ ₉≤™℮⁹ ⌐⅔™≡ ℮⁹ ─ ─ │⁸

─ 1 9 ⌐⅔™≡ ℮⁹ 

 

 ─  35 

ה ⌐│⁸ ⌐≈™√╕╕─ ╩ ⅎ╢⁹ 
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1ה ⌐ ∆╢ │⁸ ≤╙⌐⁸ ⅎ◌▬◖ ┘ ≤∆╢

ⅎ◌▬◖≤─ ≢ 60,000 ╕≢≤∆╢⁹ 

☻►Ɽ▬ⱪⱢה ─ ⁸ 1⌐ ∫≡⁸ ⌐ 4 mm ─ ╩ ∫≡⅔╡⁸

⅜ ™ ⁸ ⌐ ∂≡⁸ ─ ⱨ▫ꜟⱶ╩ ⅝ →√╡⁸ ╛

─ ⱨ▫ꜟⱶ╩ ↑√╡∆╢↓≤⅜№╢⁹ 5 

ⱪ꜠ⱢⱩה ─ ⁸ 1⌐ ∫≡⁸ ⌂ ┘ ╩ ↄ⁹ ┘⌐

⌐│ 4 mm ─ ╩ ∫≡⅔╡⁸ ⅜ ™ ⁸ ⌐ ∂≡⁸

╛ ╩ ↑╢↓≤⅜№╢⁹ 

⁸⅛╒─⧵ה 2⌐ ∫≡ ∆╢⁹ 

 10 

 ─ ⅎ◌▬◖ ≤ ⌐ ∆╢ ─  

 ⌐ ╢ ⅎ◌▬◖─ ⌐№√∫≡│⁸ ╛ ╩∆═≡ ∆╢⌂

≥⁸ 2⌐ ∫≡ ∆╢↓≤⌐╟╡ ╩ ∂↕∑⌂™↓≤≤⇔≡™╢⅜⁸∕─ ≢⁸

─ ⅎ◌▬◖ ≤ ⌐ ∂ ≢ ⇔≡ ╩ ∆╢ ⌐⁸ ⌂╢

ⅎ◌▬◖ ─ ╩ ∆╢ ⌐≈™≡ ⌐ ∆╢⁹ 15 

 ╕∏⁸◌▬◖ ─ ≤⇔≡⁸ ⅛╠ √≤⇔≡╙ ─ ─ ⌐ ∆╢

↓≤│ ⅎ⌐ↄ™⁹ ╩ ∆╢ ⌐ ⅜ ⌐⌂╢ ≢╙⁸ ╩ ↕∑╢√╘─

│ ⅛╠ ╢↕╣≡⅔╡⁸ ─ ⌐ ∆╢↓≤│ ⅎ⌐ↄ™⁹∕─ ≢⁸

─ ⌂ ⌐╟╢ ╩ ∆╢√╘⁸ ─ ╩ ╢⁹ 

ה ≈─ ╛ ⌐│ ≈─ ⅎ◌▬◖ ∞↑╩ ╣╢⁹ 20 

ה ⌂╢ ⅎ◌▬◖ ─ ─ ≢⁸ ⌐◌▬◖⅜ ⇔≡™⌂™↓

≤╩ ∆╢⁹ 

ה ─◌▬◖│ ⌐ ↕∏⁸ ╛ ╩ ∫≡ ∆╢⁹ 

ה ╩ ↕∑≡™╢ │⁸ ⅛╠ ⇔√◌▬◖╩ ∆╢√╘⁸ ─ ⌐ ╩

ↄ⁹ 25 

ה ≢№╣┌⁸ ─ ⌂╢ ⅎ◌▬◖ ╩ ™╢⁹ 

 

 ⅎ◌▬◖╩ ∆╢ ─ ⅎ◌▬◖≤─  

⌐ ∆╢◌▬◖─  

ה ≤╙⌐⁸ ⌐ ∆╢◌▬◖─ │⁸ ⅎ◌▬◖≤30 

ⅎ◌▬◖∕╣∙╣ 6,000 ≤⇔⁸∕╣ ⌐⁸ ┘ ─ ⌐ ∆╢

ⅎ◌▬◖╩ ∆╢⁹ 

ה ╠╣√ ⌐╟╡⁸ ⌐ ∂≡⁸∕╣ ─ ⌐⅔™≡ ⌐ ∆╢◌

▬◖─ ╩ ∆╢⁹∕─ ╙⁸ ⌐ ∆╢ ⅎ◌▬◖≤

ⅎ◌▬◖│╒╓ ≤⌂╢╟℮⌐∆╢⁹ 35 
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ה ⌐ ∆╢◌▬◖ ╩ ⌐ ┘ ╗ │⁸ ≤⇔≡ ─

⌐╟╢ │ ╦⌂™⁹ 

 

 

ה ╩ ╢╕≢⌐ ∆╢ ╛ ╩ ╢ ⌐№╢◌▬◖ ─ ╩ ≢5 

⇔⁸∆═≡─ ╩ 1 ─℮∟⌐ ⌐ ∆↓≤⅜≢⅝╢⅛⁸ ─ ™◌▬◖ ╩

⌐ ⌐ ∆↓≤⌐∆╢⅛╩⁸ ≢─ ⌐ ∂≡ ⇔√  

ה ─ ─ ╙⇔№╣┌∕─ ╛  

ה ╩ ∆╢╕≢─ ─ ─ ╙⇔№╣┌∕─ ╛  

ה ╩ ∫√ ─  10 

2ה ⅜ ≈─ ╩ ╢ ─  

 

─ ה ─  

ה ┘ ╩ ╗ ─ ↕  

ה ┘ ╩ ↄ ─ ↕  15 

ה ≢─ ─ ╛  

 

─ ─  

 ─ ⌐ ─ ╩ ∆╢⁹ 

ה ⅛╠ ≡™╢ ─ ╙⇔№╣┌∕─ ┘  20 

ה ⅜ ⅛╠ ∆╢ ─ ─ ─ ╙⇔№╣┌∕─ ┘  

ה ┘ ─ ⅜ ⅛╠ ∆╢ ─ ─ ─ ╙

⇔№╣┌∕─ ┘  

 

─  25 

 ─ ⌐ ─ ╩ ∆╢⁹ 

ה ─ ⌐ ╘⌐ ╠╣╢ ─ ╙⇔№╣┌∕─ ┘  

ה ─ ⌐ ─ ≢ ╠╣╢ ─ ╙⇔№╣┌∕─ ┘  

 

─  30 

 ⌐⅔™≡ ↕╣╢ ─ │⁸12,000 ─ ≢ 400kg≤ ⇔≡™╢⁹

⌐⅔™≡ ╩ ⇔≡ ∆╢ ⁸►♇♪♅♇ⱤכKCM125DX

│⁸1 №√╡ 200kg ─ ╩ ≢№╢⁹ ≤⌂╢ 120,000

─ ╩ ∫√ ⁸4,000kg─ ⅜ ↕╣⁸∕─ ⌐│ 20 ⅜ ≤

╙╠╣╢⁹1 №√╡ 5 ─ ╩ ∆╢≤⁸4 ≢ ≢⅝╢≤ ⅎ╠╣╢⁹35 

╕√⁸ ─ ≢─ ⌐╟╢
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⌐⅔™≡⁸ ≢ ∫≡ ⇔√ ⌐ ─ ⅜ ╘╠╣√─│⁸

⅛╠ 2 ⇔√ ≢№∫√⁹⇔√⅜∫≡⁸ ⅛╠ 7 ⌐ ─ ╩

↕∑╢↓≤⌐╟╡⁸ ⌐ ⅜ ∆╢─╩ ←↓≤⅜≢⅝╢≤ ⅎ╠╣╢⁹ 

 ⌐⅔™≡│⁸ ─ ─ ⅛╠⁸ ╩ ⇔≡ ∆╢

⌐≈™≡⁸ ⌐ ∂√ ⌂ ╛ ╩ ⇔⁸ ─ ┘5 

╩ ∆╢⁹╕√⁸ ─ ⌐ ╕╣╢ ╛ ─ ⌐≈™≡⁸

ⅎ◌▬◖≤ ⅎ◌▬◖╩ ∆╢ ╙ ∆╢⁹ 

 

ⅎ◌▬◖─ ─  

 ⌐ ™ ╛ ─ ╩ ™≡⁸ ─ ⅜ ⌐ ∆╢↓≤≢⁸10 

⌐⅔™≡ ╩ ⌐ ⅞⌂⅜╠ ⌐ ⅎ◌▬◖╩

∆╢ ╩ ⇔⁸ ╛ ⌐ ∆╢↓≤─ ╙ ╘⁸ⱴ♬

ꜙ▪ꜟ ∆╢⁹ 

 

 ─  15 

 ⅎ◌▬◖╩ ™√ ─ │⁸ ⇔√◘fiⱪꜟ ╩⁸ 2⌐ ∫

≡ ⌐ ∆╢⁹ 
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─ ┘  

 

 

 ─  5 

ⅎ◌▬◖  

2326 2 

027-251-5145 ☿fi♃כ  

1 ┘ 2╩  

 10 

  

⌐⅔™≡ ℮ ─   

  

 

 ─  15 

─ 1,700 m
2
 

─ ─ 3╩ ⁹ 

─ ─  

Ɽ▬ⱪⱢ►☻  

ה ⅎ◌▬◖─ ─ ≤ ─ ╩ ℮⁹ 20 

m×39.6 m 7.2ה 285 m
2 ×3.8 m ↕ ⁹ 

ה │ 5⁸ │ 6╩ ⁹ 

ה ⅎ◌▬◖─ │⁸ ⌐ 4 mm ─ ╩ ╢≤≤╙⌐⁸

╩ⱨ▫ꜟⱶ≢ ∆╢⁹ 

ⱪ꜠ⱢⱩ  25 

ה ⅎ◌▬◖─ ─ ≤ ─ ╩ ℮⁹ 

m×40 m 5.6ה 224 m
2 ×3.6 m ↕ ⁹ 

ה │ 7⁸ │ 8╩ ⁹ 

ה ⅎ◌▬◖─ │⁸ ⌂ ⁸ ╩ ↄ⁹ ┘

⌐│ 4 mm ─ ╩ ╢≤≤╙⌐⁸ ↑⌂™ │ ⇔⁸ ≢№╢↓≤╩30 

∆ ╩ ∆╢⁹ 

 

ה ─ ╩ ⇔⁸ ─ ╩ ℮⁹ 

m×27 m 5.4ה 146 m
2 ×2.9 m ↕ ⁹ 

ה │ 9⁸ │ 10╩ ⁹ 35 
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ה ╩ 4 mm ─ ≢ ⇔⁸ ⌐ ╩ ∆╢ ↕ 0.9 m ╩ ⁸

│ⱨ▫ꜟⱶ≢ ∆╢⁹ 

┼─ ⅝ 

ה ─ ⌐ ∆╢⁹ 

 5 

 ─  

 ⌐⅔↑╢ ─ │⁸1.5 m×1.8 m×0.6 m─ ⌐ 2 mm ─ ╩ ∫√ ╩⁸

≢ 20 ⇔≡ ℮⁹ 

 

 ─  10 

 

 ─ │ 130 m ─ ⌂ ≢№╢⁹ 

 

─  

 ─ │ ה ⅜ ⇔≡™╢⁹ ⅛╠ 1 km─15 

⌐│ ☿fi♃כ─ ⌐│ │⌂™⁹ 

 

─ ─ ≤ ⅛╠─  

 │⁸ ─ ╘╢ ⁸ ⁸

≢│⌂™⁹╕√⁸ ╙ ™ │⁸ ≢№╡⁸20 

⅛╠ 25 km≢№╢⁹ 

 

⅜ ∆╢Ɫ◙כ♪ⱴ♇ⱪ ─ ≠↑ ↕╣≡™╢  

 ─ Ɫ◙כ♪ⱴ♇ⱪ≢│ ⅜ ↕╣╢ ≤│⌂∫≡™⌂™⁹ 

http://www.city.maebashi.gunma.jp/kurashi/188/195/p009812.html 25 

 ─ ≢│⁸ ⌐╟╢ⱴ◓♬♅ꜙכ♪ 8.1

─ ⅜ ⅝√ ─ │ ≢ 6 ⅜ ↕╣≡™╢⁹ 

http://www.city.maebashi.gunma.jp/kurashi/188/195/p006450.html 

 

─  30 

 ─№╢ ┼─ 10 ─ ─ ╩ 1⌐ ∆

►▼Ⱪ◘▬♩⁸ Ɑכ☺ ⁹ 

http://www.data.jma.go.jp/fcd/yoho/typhoon/statistics/accession/kanto_koshin.html 
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1 ┼─ 10 ─ ─  

─ ⅜ ⁸ ⁸ ⁸ ⁸ ⁸ ⇔╞ ╩ ↄ ⁸

⁸ ⁸ ─™∏╣⅛─ ⅛╠ 300 km ⌐ ∫√ ⁹⌂⅔⁸ │ 2

⅛ ⌐╕√⅜╢ ⅜№╡⁸ ─ ─ ≤ ─ ≤│ ∏⇔╙ ⇔⌂™⁹ 

 1  2  3  4  5  6  7  8  9  10  11  12   

2014       1 1  2   4 

2013         1 2   3 

2012      1   1 1   2 

2011       1  1    2 

2010        1 1 1   3 

2009        2 1 2   4 

2008        1 1    2 

2007       1  1 1   3 

2006        1     1 

2005       1 1 1    3 

 5 

 ─  

≢─ ⅎ◌▬◖ ⌐╟╡ ╩ ↑╢ ─№╢

─  

 ╩ ↑╢ ─№╢ ≤⇔≡◒꞉◖⅜ ↕╣╢⁹ ☿fi

כ♃ ─ ─◒꞉ ┘ ⌐ ∆╢◒꞉⌐ ∆╢◒꞉◖─ ╛ ⅜ ╠╣╢⁹10 

╕√⁸ ⌐⁸◌▬◖ ╩ⱨ▼꜡⸗fi ≤∆╢ⱨ▼꜡⸗fi♩ꜝ♇ⱪ╩

∆╢≤⁸6 ⅛╠ 11 ╕≢─ ⁸◒꞉◖─○☻ ⅜ ↕╣≡™╢

─ 3╩ ⁹ 

 

⌐⅔↑╢◌▬◖ ─ ╩ │ ∆╢≤ ⅎ╠╣╢  15ה

 

 ─ 5⌐⁸ ⌐⅔™≡ ─ ╩

│ ⌐ ∆╢≤ ⅎ╠╣╢ ─ ה ╩ →≡™╢⁹ 

 

◒꞉─  20 

 ☿fi♃כ─ 6.7 ha ⌐◒꞉⅜ ⅎ╠╣≡™╢╒⅛⁸ ☿fi♃

כ ┘ ─ 1 km⌐⅔™≡⁸ ⌐╟╡ ∆╢◒꞉⅜ ⇔≡™╢⁹ 
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1 ☿fi♃כ─ ─ Googleⱴ♇ⱪ╟╡  

ↄ ╪∞≤↓╤⅜ ─ 2╩  
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2 ─ ─  

1≢ ↄ ╪∞ ─  

  

 ─ ⁸ ─ ⁸ ─ ╩ ℮ ─  5 

 6.7 ha  

  


