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│ ≤ ─ ⅜ⱪכꜟ◓

⅛╠─ ╩ ↑ ₈ ─

─ ≡⇔≥ⱴכ♥╩₉ 25 ⅛╠ 3 ⌐╦√∫≡ ╡ ╪∞ ─ ╩

╡╕≤╘√╙─≢∆⁹ 

 

─ ⅜ ⌐ ╢≤ ⇔ ↑≡⅔╡ ─ ─ ⅜

╩⅛ↄ ⇔≡™╢ ⌐№╡╕∆⁹∕─ ≢ ╩ ⇔√ ≤⇔≡₈

₉⅜ ⌐ ⅜╡ ╩ ┌⇔≡™╕∆⁹ ─ ≢│ ─

40 ╩ ╘╢╕≢⌐⌂∫≡™╕∆⁹⇔⅛⇔ ─ ╛ ─ ─

⌂≥ ⌐ ⇔≡™╢ ≢ ⅜ ╦╣≡™╕∆⁹∕↓≢ ₈ ─ ╩

⅛⇔√ ₉ ┘₈ ⌐ ⇔√ ₉≤⇔≡ ◒꜡ⱴ◓꜡╩ ╘ ⌐╦√╢

ↄ─ ─ ─ ≤∕─ ╩╙≤⌐ ─₈ ₉

╩ ⇔≡ ה ⅛╠ ─ ≤ ⌂ ה

⌐╟╢ ─ ⌐ ╡ ╖╕⇔√⁹↓─ ≢ 78

121 ╩ ⇔╕⇔√⁹↕╠⌐↓─╟℮⌂ ⌂ ─ ⌐ ꜠♥ה

ⱦ⌐╟╢ 153 ─ ╩ ™ ≤™℮ ™ ≢│№╡╕⇔√⅜ⱪ꜡☺▼◒♩─

╩ ⌐ ⇔≡ ↄ ≢⅝╕⇔√⁹ⱪ꜡☺▼◒♩ⱷfiⱣכ─ ⌐╟╢

╙─≤ ≤⇔≡ ⇔≡™╕∆⁹ 

 

─ ⌐№√∫≡│    

⌐⅔ ™⇔ √™┼╪ ≢ ⌂↔ ╩ ⅝╕⇔√⁹╕√

╩ ╘╢ ≢ ☿fi♃כ ⱴꜞfiכ▪ ─ ─╖⌂↕╪

╛ ה ⌐│ ↄ─ ╩ ™√↓≤⌐ ⇔ →╕∆⁹↕╠⌐

─ ⅛╠ ⌐ ╦╢ ⅝ ⌐⅔™≡↔ ™√∞⅝ ↄ⅔ ╩

⇔ →╕∆⁹ 

 

 

  

  



2 

 

 

 

ⱴ1כ♥  ◦☻♥ⱶ─  

 

ה כ♄כꜞⱪכꜟ◓ ה   

 

─ⱴכ♥  

 

≢│ (1) ⅔╟┘ ⅛╠─ ⅔╟┘ (2) ─

⅔╟┘ ─ ≤ (3)DNA ⱴכ◌כ╩ ™√ ─ ≥ⱴכ♥╩≈

⇔ ∕╣∙╣⅜ ⇔≡ ⌂ ◦☻♥ⱶ─ ╩ ∆⁹ ⌐│ (1)ⱴ

▪♫◗╛Ɫ♃ ⌂≥─ ⅔╟┘ ╩ ≤∆╢⁹ ╩

⅛╠ ⇔ ∕╣╩ ⇔√ ╩ ™ ≢│ ≤ ≢│

≤ ⌐ ⌂ ≤ⱱꜟ⸗fi ╩ ∆╢⁹╕√ ⌂ ─

╩ ╛ ⌐ ≠™≡ ∆╢⁹ ⌐ ⌂ ┤ ╩ ∆╢≤

≤╙⌐ ─ ╩ ∆╢⁹╕√ ─ ≤⇔≡

⅛╠ ┼─ ╛ ─ ⌂ ╩ ∆╢≤≤╙⌐

⌐ ⌂ ─ ─ ─√╘⌐ ─ ⌐ ╘≡

╩ ∆╢⁹ ⌐ ⌂ ╩ ≈Ɫ♃ ─ ╩ ה ⇔ ↕╕↨

╕⌂ ╖ ╦∑─ ⌐╟╡ ⌐ ⇔√ ╩ ∆╢⁹(2)

─ ╙ ⅝⌂ ≢№╢ ⌐ ∆╢ ⇔™ ╩ ∆╢√╘

⌐⅔↑╢ ─ ≤ ─ ≤─ ╩ ∆╢⁹↓╣⌐╟

╡ ╩ ⇔ ⌐ ╠⌂™ ⌂ ─ ╩ ∆⁹(3)◒꜡ⱴ◓꜡

DNA ⱴכ◌כ─ ╩ ╘ ╕√ ⌐ ⌂ DN A ⱴכ◌כ╩

∆╢⁹╕√ ─ ╩ ≤⇔≡ ה ≤ ⱷ◌♬☼

ⱶ⌐≈™≡ ∆╢⁹ 

 

 

 



◦☻♥ⱶ─  

Ɫ♃ ─ ─ ה  
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ⱴכ♥ ◦☻♥ⱶ─  

: (1) ⅔╟┘ ⅛╠─ ⅔╟┘  

(1)1 Ɫ♃ ─ ─  

ה ה ה  

ה         ה   

ה ה ה     

ה ה    

    

 

 

(1)-1   

◒◄ Epinephelus bruneus ─ │ ↄ ≢│ ↑⌂≥⌐ 8

1 /kg ─ ≢╙ ↕╣╢ ≢№╢⁹ ≢│₈ ◒◄₉≤⇔≡Ⱪ

ꜝfi♪ ⅜ ╪≢™╢⁹⇔⅛⇔ ◒◄─ ≢│ 20ºC

─ ⌐╟╡ ◘▬☼ 1 kg ⌐⌂╢╕≢ 3 4 ╩ ∆╢↓≤⅛╠ ↓

─╟℮⌐ ◘▬◒ꜟ─ ™ ≢│ ⌐ ⇔⌂™≤ ╦╣≡™╢⁹ ♃

ⱴ◌▬ E. lanceolatus │Ɫ♃ ─ ≢ ╙ ≤⌂╢ ≢№╡ │ 2 m

400 kg ⌐╕≢ ∆╢⁹ ─ ╩ ╘╢√╘⌐ ╟╡ ™ ╩ ≈

─ ≈≤⇔≡ ⌐╟╢ ⅜ ─ ╩ ⇔≡ ↄ⅛╠ ╖

╠╣≡⅝≡™╢⁹∕↓≢ ≢│ ─ ™Ɫ♃─ ╩ ≤⇔≡◒◄≤♃ⱴ◌▬

─ ╩ ∫√⁹ 

 

(1)-1   

1 ⱴⱢ♃ ─  

⌂≥─ ⌐ ⇔√ ╩ ∆╢√╘ ╩ ≈ⱴⱢ♃ ─ ╩

ה ⇔ ◒◄ ≤─ ₁⌂ ╖ ╦∑─ ╩ ∫√⁹ 

 

 

│ ⌐≡

⇔≡™╢ 1998 ╕√│ 2002 ─◒◄ 3 4 5kg ⅛╠ ╠╣√ ╩

⇔√⁹ ─ ╩ ∆╢√╘⌐ 2016 6 21 ⌐ 1 kg №√╡ 500 IU

─ⱥ♩ ⱱꜟ⸗fi ◗♫♩꜡Ⱨfi 5000 №∆⅛

hCG ╩ ⌐ ⇔ 2016 6 23 48 ⌐ ⇔√ ╩ ⇔√⁹ 

│ ♃ⱴ◌▬ Epinephelus lanceolatus  Giant grouper GG ♅ꜗ▬꜡

ⱴꜟⱢ♃ E. coioides Orenge-spotted grouper OG ꜘ▬♩Ɫ♃ E. malabaricus

Malabar grouper MG ◒◄ E. bruneus Longtooth grouper  LG ⅔╟

┘◒◄♃ⱴ E. bruneus×E. lanceolatus LG×GG ─ ⅛╠ ╠╣√╙─╩

⇔√⁹ ⌐│ ♃ⱴ◌▬ GG │ 2016 6 11 ⌐ⱴ꜠כ◦▪◘Ᵽ ⱲꜟⱠ○

≢ ↕╣≡™╢ 80 90 kg ─ ⅛╠ ⇔

⇔≡ ≢ ⌐ ∟ ╡ ☿fi♃כ
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☿fi♃כ ⌐≡ ╕≢ ⇔≡⅔™√╙─╩ ⇔√⁹OG≤MG │ 2015 7

17 ⌐ ≢ ⇔≡™╢ ╩

⇔ OG│ 2007 ─ 6.5 12.5 kg ─ 7 ⅛╠ MG │ 2005 ─ 11.5

23.9 kg ─ 5 ⅛╠ ⇔ ⌐≡ ╕≢ ⇔≡⅔™√╙─╩

⇔√⁹LG │ 2016 6 23 ⌐ ☿fi♃כ≢ ⇔≡™╢ 2005 ─

8.4 kg ⅔╟┘ 4.6 kg ─ 2 ⅛╠ ⇔ ─ ╕≢ ⇔≡⅔™√╙─

╩ ⇔√⁹∕⇔≡  LG×GG │ 2011 ⌐ ⌐⅔™≡ LG×GG

╩ ⇔ ∕─ ⇔≡™╢ 4 kg ─ ╩ ⇔√⁹↓─ LG×GG 4 3

⌐ ⇔≡ 2016 2 22 ⌐ ─√╘ ⱷ♅ꜟ♥☻♩☻♥꜡fi MT ◖

╩♩♇꜠Ɑꜟכ꜡♥☻꜠ ⌐ ╘ ╖ MT 1 mg/kg ∕─ 2016 6

23 ⌐ ╩ ⇔√⁹∕─ 3 1 ⅛╠ ⅜ ↕╣√↓≤⅛╠ ∟⌐

ה ⇔ ⌐ ⇔√⁹ 

 

 

2016 6 23 ⌐ ≢ ∆╢ GG  OG  MG  LG ⅔╟┘ LG×GG ─ 5

─ ⌐≈™≡ ≤ ╩ ═√⁹ 

│ 2.5 ml ◦ꜞfi☺ ⌐ ⇔√ 1 ╩ 1.5 ml ⌐Ⱪכꜙ♅ ╣ ∕─ ⅛╠╤

╩ 1 ml ⅎ√ ∆←⌐Ⱳꜟ♥♇◒☻Ⱶ◐◘כ⌐╟╡ ⇔√⁹ ה ⇔√

╩ⱧⱭ♇♩╩ ™≡☻ꜝ▬♪●ꜝ☻ ⌐ ∑√ ≢ №√╡─ ─

≤ ╩ ⇔√⁹ │ ≢ ╘√⁹

⇔≡™╢  / ×100 

 

 

2016 6 23 LG ┼─ hCG ⅛╠ 48 ⌐ ⇔√ ╩ ™≡

≤─ ╩ ∫√⁹ │ ─℮∟ ╙ ⅜ ↄ ⅜ ™ 1

⅛╠─ ╩ ⇔√⁹∕─ LG ╩ 6 ⱴꜟ♅♦▫♇◦ꜙ 20ﬞ ⌐ 4,000 2 ml

∏≈ ⇔√ ⌐ GG OG  MG LG ⅔╟┘ LG×GG ─ 5 ─ ╩ 1

⌐≈⅝ 4ﬞ ⌐ ⇔ ╩ ∫√⁹ UV

╩ 1 ⌐≈⅝ 4 ml ∏≈ ⅎ≡ ⇔ 24ϴ≢ 2 3 ⇔√⁹∕─ 300 ml ⱪ

ꜝ☻♅♇◒ ⱦכ◌כ⌐ ⇔√ ╩ ₁ ⇔ ↕╠⌐ UV 200 ml ╩ ⅎ 2 3

⇔ ≤ ⌐ ⇔√⁹ │ ⅛╠ 3 ─ 16 ⌐

─ ╩ ⇔√⁹ │ ⅛╠ 26 ⌐ ⅛╠─ ╩

⇔√⁹ ┤ │ ⅛╠ 48 ⌐ ⅛╠─ ┤ ╩ ⇔√⁹⌂⅔

⅔╟┘ ┤ ╩ ∆╢╕≢─ │™∏╣╙ 24ÜC≤⇔√⁹ 

 

2  

⌂≥─ ╩ ≈ GG─ ╩ ה ⇔ LG ≤─ ⌐╟╡ ⇔√

LG×GG ≤◒◄ LG×LG ─ ╩ ™≡ ╩ ™ ─

╩ ⇔√⁹ 
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2015 6 12 ⌐⅔™≡◒◄ ⅛╠ ╩ ™ ♃ⱴ◌▬─

╕√│ LG ─ ⌐╟╢ ╩ ∫√⁹╕∏ LG1 ⅛╠ ╠╣√ ╩ ⇔

∕─ ⌐ ⇔√ GG─ 6 ╩ ⅎ ─ 2 ─ UV

╩ ⅞ 2 3 ⇔√⁹ ⌐ ╡─ ─ ⌐ LG ─ 2 ╩ ⅎ

≤ ⌐ ⇔√⁹ ╩ ∫√LG×GG ≤ LG×LG ─ │ UV ≢

500 l ⱳꜞ◌כⱲⱠ▬♩ PC 2 ⌐ ⇔ ╕≢ ⇔√⁹ 

 

 

│ 7 kl FRP ╩ 2 ⇔ 2015 6 13 ⅛╠ 24

⌐◒◄─ 169,000 ≤ ─ 178,700 ╩∕╣∙╣ ⇔√⁹

fiכ♩☻כ▪◄│⌐ 6 ╩ ⇔ 500 ml/ │ 23.5ϴ≢ ∫

√⁹6 14 ⌐│ ╩ ⇔ ┤ │ 5 l ─ ╩ ⇔

─ ┤ ╩ ⇔√⁹ 

 

 

│ ≤⇔ │ UV ╩ ™ │ ─ ⌐ ∂≡

↕∑√⁹ │ 3-5 ⌐ ─ ╩ ↕∑╢√╘ ─ ⌐╟╡

╩ 24 ≤⇔ ∕─ 6 ⅛╠ ╡ →╕≢─ │ ≤⇔√⁹ │ 1

⅛╠◦○Ⱶ☼♠Ⱳ꞉ⱶ◦ Brachionus plicatilis  sp. complex ╩ 20 ⅛╠▪ꜟ♥Ⱶ▪

Artemia  sp. ╩ 36 ⅛╠ ─ ▪ꜟ♥♇◒ K3

╩ ─ ⌐ ∂≡ ⇔√⁹꞉ⱶ◦≤▪ꜟ♥Ⱶ▪│ Ᵽ▬○◒꜡Ⱶ

☻Ɽ►♄כ ◒꜡꜠ꜝ Ᵽ▬○◒꜡Ⱶ☻ ⌐╟╡ ⇔√

⇔√⁹╕√ ─ ╩ ↕∑ ꞉ⱶ◦─ ─ ╩ ◒כⱤכ☻⌐╘√←

꜡꜠ꜝ V12 ◒꜡꜠ꜝ ╩ ⱳfiⱪ≢ 0.3 l ∏≈ ⌐ 24

⇔≡ ⇔√⁹ ─꞉ⱶ◦│ 9 00≤ 16 00⌐ ─ ╩ ™

⅜ 15 /ml ⌐⌂╢╟℮⌐ ⇔√꞉ⱶ◦╩ ⇔√⁹꞉ⱶ◦≤▪ꜟ♥Ⱶ▪─

│ Ᵽ▬○◒꜡Ⱶ☻ 65 g╩ 1 l ≤ ה ⇔ ∕╣╩꞉ⱶ◦ה▪ꜟ♥

Ⱶ▪─ 100 l №√╡ 100 ml ╩ ⇔√⁹Ᵽ▬○◒꜡Ⱶ☻╩ ∆╢

│ ─ 17 24 ∕⇔≡ ─ 8 ≤⇔√⁹꞉ⱶ◦ה▪ꜟ♥Ⱶ▪─

─ │ 27≥⌐ ⇔ │꞉ⱶ◦⅜ 1,000 /ml ▪ꜟ♥Ⱶ▪⅜ 100

/ml ≤⇔√⁹ 

43 7 27 ⅛╠│ ─ ╩◘▬ⱨ◊fi⌐╟╡ ∫√⁹╕√ 44

7 28 ⌐│ ™ ⅜ ↕╣√↓≤⅛╠ ™⌐╟╢ ╩ ←√╘⌐

LG×GG ≢│ 47 7 31 LG×LG ≢│ 50 8 3 ⌐ ⅛╠

≡─ ╩ ╡ →≡ ⇔ ─ ╩ ⇔√⁹ 

 

 

2015 9 5 83 ⌐ ⇔√ ≤◒◄ ─ ─ ╩

⇔√⁹ │ ⅜ 33 ◒◄⅜ 30 ≤⇔ ─ ╩
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╩ ℮≤≤╙⌐ ♁ⱨ♥♇◒☻ ♁ⱨ♥♇◒☻ ╩ ™≡ X

╩ ™ ─ ≤ ╩ ⇔√⁹ ─ │ ≤

╩ ≤⇔ X ≢│ ╙ ∑≡ ⇔√⁹ 

 

3 ◒◄♃ⱴ─  

↕╣√ ◒◄♃ⱴ─ ≤⇔≡─ ╩ ℮√╘⌐ ⌐⅔™

≡ ◘▬☼≢№╢ 2 ╕≢─ ╩ ∫√⁹╕√ ◒◄─ ≤ ∆╢↓≤≢

─ ╩ ═√⁹ 

 

 

182 337 ╕≢│ FRP 1.7 m3 ∕╣ │ ─

3.5×3.5×3.5 m ™ 10 ⌐⅔™≡ ╩ ∫√⁹ ⌐│ⱴ♄▬

⅔╟┘◒◄ EP20 ╩ ⅎ√⁹ │ 2 3 ⌐ 1 ∆╢╕≢ ∫√⁹ 

│ ⌐ 1 ⇔√⁹ ⌐ 30 ╩ ╡ → ⅔╟┘ ╩ ⇔ ╡─

≡─ ⌐≈™≡│ ∏≈╕≤╘≡ ⇔√⁹ 

 

 

175 ⌐ ∞⇔⇔ ≢─ ╩ ⇔√⁹ ⌐│◒◄ ⱥ●◦ⱴꜟ

╩ ™ ╕≢ ⅎ√⁹ │ ─ ╩ ⇔⌂⅜╠ ∫√⁹ 

│ ⌐ 1 ⇔√⁹ ╣⅛╠ 20 ╩ ⌐ ╡ → ⅔╟┘ ╩

⇔√⁹╕√ 10 2 ∏≈╩╕≤╘≡ 50 100 ╩ ⇔ ⅛╠ 1 √╡─

╩ ╘√⁹ 

 

(1)-1 ≤  

1 ⱴⱢ♃ ─  

 

─ ⌐ ⇔√ⱴⱢ♃ ─ ≤ ╩ 1⌐ ⇔√⁹ⱴ꜠

▪◦כ ♃ⱴ◌▬ GG │ ⅜1 % ⅜10 ♅ꜗ▬꜡ⱴꜟⱢ

♃ OG │ ⅜20 % ⅜10 ꜘ▬♩Ɫ♃ MG │

⅜5 % ⅜10 ◒◄ LG │ ⅜90 %

│10 ∕⇔≡ LGĬGG │ ⅜90 % ⅜10

≢№∫√⁹ 

 

 

ⱴⱢ♃ ≤◒◄ ⌐ ∆╢ ╩ 2⌐ ⇔√⁹◒◄×♃ⱴ◌▬

GG ◒◄×♅ꜗ▬꜡ⱴꜟⱢ♃ OG ◒◄×ꜘ▬♩Ɫ♃ MG ◒◄×◒◄ LG ⅔

╟┘◒◄Ĭ◒◄♃ⱴ LG×GG ⌐⅔↑╢ │∕╣∙╣78.9 %79.2 %73.0 %87.8 %

⅔╟┘86.7 % │∕╣∙╣9.2 %0.9 %30.0 %80.1 %⅔╟┘71.9 %∕⇔≡

┤ │∕╣∙╣3.1%0.0 %22.9 %72.0 %⅔╟┘53.8 %≢№∫√⁹ 
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♅ꜗ▬꜡ⱴꜟⱢ♃ OG ─ │ 1⌐ ⇔√╟℮⌐ ⅜20 %≤ ⅛∫√⌐

╙ ╦╠∏ ⅛╠ ⌐⅛↑≡ ⌐ ∑∏ ╙⇔⌂⅛∫√⁹ ꜘ

▬♩Ɫ♃ MG ─ │ 1⌐ ⇔√╟℮⌐ ⅜5 %≤ ⅛∫√⌐╙⅛⅛╦╠

∏ │ 30.0 ┤ │ 22.9%≤♅ꜗ▬꜡ⱴꜟⱢ♃ OG ≤ ═≡ ⅛∫

√⁹∕⇔≡ ♃ⱴ◌▬ GG ─ │ 1⌐ ⇔√╟℮⌐ ⅜ 1 ≤ ⅛∫√

⅜ ◒◄ ≤─ │♅ꜗ▬꜡ⱴꜟⱢ♃ OG ╟╡╙ ↄ ꜘ▬♩Ɫ♃ MG ╟╡╙

™ ≤⌂∫√⁹ 

 

 

     

          1 ─ ⌐ ⇔√ⱴⱢ♃ ─ ≤  

                ─GG│♃ⱴ◌▬ OG│♅ꜗ▬꜡ⱴꜟⱢ♃ MG│ꜘ▬♩Ɫ♃  

                   LG│◒◄ LGĬGG│◒◄♃ⱴ ◒◄×♃ⱴ◌▬ ╩ ∆. 

 

 

╕√ ◒◄♃ⱴ LG×GG MT ─ │ ◒◄ LG ⌐│ ╢⅜

┤ ⅜86.771.953.8≤ ⌐ ™ ╩ ⇔√↓≤⅛╠

─◒◄ ὖ × ◒◄♃ⱴ Ὑ ⌐╟╢ ⇔ ⌐╟╡ ─┤ ⅜

↕╣╢ ⅜ ↕╣√ ⁹ 

 

2  

 

LG×GG ≤◒◄ LG×LG ─ ╩ 1⌐ ⌐

⅔↑╢ ─ ╩ 3⌐ ⇔√⁹ 1⌐ ∆╟℮⌐ 7 klFRP

≢ ⇔√ │6,250 ┤ 3.5 %≢№╡ ◒◄ ≢│41,600

┤ 24.6 %≢№∫√⁹∕─ 11 ≢─ │ ≢20.8◒◄

≢58.6≤⌂╡ ─ ╡ →╩ ∫√47 ≢─ ─ │383

35.7 mm 6.1 %50 ≢─◒◄─ │2,395 28.9 mm 5.8 %

≤⌂∫√⁹    
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─ ≢│ LG×GG ─ │◒◄ LG×LG ≤ ─

⌐╟∫≡ ╕≢ ⌐ ⇔ 47 ≢ 383╩ ∆╢↓≤⅜≢⅝√⁹

─ ┤ │◒◄─24.6 %⌐ ═3.5 %≤ ↄ ╕√ ⅛╠11╕≢─ ⅜

⇔⅛∫√╙── ╡ → ─ │◒◄─5.8 %≤ ─6.1 %≢№∫√ 3⁹

─47 ≢─ │35.7 Ñ 3.8 mm◒◄ 50 ≢│28.9 Ñ 4.5 mm∕⇔≡

∕─ 74 ≢─ ─ │85.0 Ñ 6.4 mm◒◄≢│40.9 Ñ 5.0 mm≤⌂╡

⅜◒◄≤ ⇔≡ ╣√ ╩ ⇔√⁹ 

↓╣╠─ ⅛╠ │ ⌂ ↕ⅎ ≢⅝╣┌ ⌐ ≢⅝

∕─ │◒◄≤ │◒◄╟╡╙ ╣≡™╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

 

               2 ⱴⱢ♃ ≤◒◄ ⌐ ∆╢  

                    ─GG│♃ⱴ◌▬ OG│♅ꜗ▬꜡ⱴꜟⱢ♃ MG│ꜘ▬♩Ɫ♃  

                      LG│◒◄ LGĬGG│◒◄♃ⱴ ◒◄×♃ⱴ◌▬ ╩ ∆. 

 

 

  1 ◒◄♃ⱴ LG×GG ≤◒◄ LG×LG ─  

   

 

7 178,700 6,250 3.5 20.8 47 383 35.7 6.1

7 169,000 41,600 58.6 58.6 50 2,395 28.9 5.8
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          3 ◒◄♃ⱴ LGĬGG≤◒◄ LGĬLG─   

              ⌐⅔↑╢ ─  

 

 

 

LG×GG ≤◒◄ LG×LG ─ ─ ╩ 2⌐ ⇔√⁹

◘▬☼│ ⅜83 97.9 mm 16.4 g≢№╡ ◒◄⅜85

63.7 mm 3.4 g≢№∫√⁹╕∏ ─ │ ≢0 X

≢ ⅜3.0≢№∫√⁹ ◒◄≢│ ≢ ⅜13.3

≢ ⅜26.7 ⅜10.0 ≤ ─ ⅜3.3≢№

∫√⁹╕√ │ ≢100 ◒◄≢│60≢№∫√⁹ 

↓╣╠─ ⅛╠ ⇔√ │ ◒◄≤ ⇔≡ ⅜ ↄ

╩ ↕∑╢╟℮⌂ ⅝⌂ ╙ ↕╣∏ √⌂ ≤⇔≡ ─ ≤⇔≡

╙ ⌂™≤ ⅎ╠╣√⁹ 
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    2 ◒◄♃ⱴ LG×GG ≤◒◄ LG×LG ─  

  

 

 

3 ◒◄♃ⱴ─  

 

⌐⅔↑╢ │ 1 ⌐ ≤⌂╡ 8 ⌐ ⌐ ⇔√ 3 ⁹

│ 7.7ºC │ 31.3ºC⌐ ⇔√ 3 ⁹ 

 

 3 ≤ ⌐⅔↑╢ ה ה  

  

 

 

◒◄♃ⱴ│ 12 ⅛╠ 4 ─ ⌐ ⅜ ⇔ 5 6 ⅛╠ ⇔ ╘ 10 11 ╕

≢ ⇔√ 4 ⁹↓─ ⅛╠◒◄♃ⱴ─ │ 20ºC╩ ╢ ≢│ ⅜ ≢

⅝⌂™↓≤⅜ ╠⅛≤⌂∫√⁹◒◄─ ≤ ─ ≤ ⇔√⁹ 

◘▬☼─ 2 kg 2.03 kg 48.4 cm ⌐ 3.1 1116

⌐ ⇔√⁹↓─ ─◒◄│ 0.62 kg 34.7 cm ≢№∫√↓≤⅛╠ ◒

◄♃ⱴ│◒◄─ 3.3 ─ ╩ ⇔√⁹◒◄⅜ ≢ 2 kg ⌐ ∆╢─⌐ 5 ╩ ∆╢↓≤

⅛╠ ◒◄♃ⱴ│ 2 ↄ ◘▬☼≤⌂╢↓≤⅜ ⅛∫√⁹ 

- 0.0 0.0 0.0

100 0.0 3.0 0.0

- 0.0 13.3 0.0

60 26.7 10.0 3.3

52.2 3.4 30

83 97.9 82.1 16.4 33

85 63.7

1 14.4 7.9 17.6 21.0 20.0 22.3

2 13.2 7.7 16.5 20.5 19.7 21.4

3 15.0 9.9 18.6 20.5 19.8 21.4

4 18.3 15.4 22.2 22.3 20.5 25.0

5 21.1 17.8 24.2 24.0 22.7 25.0

6 24.3 21.6 26.5 24.6 23.5 27.2

7 26.8 23.1 29.6 26.4 13.4 28.4

8 28.5 25.1 30.2 28.0 13.8 29.0

9 27.2 25.2 31.3 27.8 13.9 29.0

10 24.1 18.2 27.3 26.5 25.4 28.0

11 20.1 15.1 23.3 24.6 23.8 25.5

12 15.8 10.3 21.7 22.5 21.0 24.0
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              4  ⌐⅔↑╢◒◄≤◒◄♃ⱴ─  

    

 

≢─ │ 20ºC ╩ ╢↓≤⅜⌂⅛∫√⁹ ≢│ 2 3

⌐ 19ºC ⌐ ⅜╢ ⅜№∫√⁹8 ⌐ 28.0ºC⌐ ⇔ ≢ ╙ ↄ⌂∫√⁹

│ 8 9 ─ 29.0ºC≢№∫√⁹ 

◒◄♃ⱴ─ │ 2 3 ─ ⌐ ⅜ ╘╠╣√⅜ ∕─ ─ י10ִ │

⅜ ╘╠╣√⁹↓─ │ ≢─ ≤ ─ ≤ ⇔√⁹ 

                  

                5  ⌐⅔↑╢◒◄≤◒◄♃ⱴ─   

 

 

◘▬☼─ 2 kg 2.08 kg 48.6 cm ⌐ 1.9

678 ⌐ ⇔√⁹ 679 ─◒◄≢│ 0.50 kg 33.4 cm

≢№∫√↓≤⅛╠ ◒◄♃ⱴ│◒◄─ 4.1 ─ ╩ ⇔√ 5 ⁹╕√ ≢│

─◒◄♃ⱴ⌐ ═≡ 1.65 ─ ≢ ∆╢↓≤⅜ ⅛∫√⁹ 

 

0
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─ ⅛╠ ◒◄♃ⱴ│ ≤⇔≡ ╣√ ╩ ⇔≡⅔╡

≤⇔≡ ↕╣╢⁹ 

 

(1)-1 ─ ─  

◒◄×◒◄♃ⱴ LG×GG ─ ⇔ ⌐⅔™≡ ┤ ⅜ 53.8 ≤ ⅛∫√⁹

⇔ ─ ╩ ⇔ ─ ⌂ ─ ™⌂≥⌐≈™≡ ╩

╘╢⁹ 
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ⱴכ♥ ◦☻♥ⱶ─  

: (1) ⅔╟┘ ⅛╠─ ⅔╟┘  

(1)  ◘◒ꜝⱴ☻ה◘♠◐ⱴ☻─  

ה ה ה ה ה

  

ה ה ה   ה   

  

     

 

(1)-2  

⅜ ⌐⅔™≡◘◔ⱴ☻ ─ ─ ╡ ╖⅜ ⇔≡⅔╡

⌂≥≢ ─ ╩ ⌐◑fi◙◔ ♬☺ⱴ

☻ ◘◒ꜝⱴ☻⌂≥─ ⅜ ╦╣╢╟℮⌐⌂∫√⁹ 

◘◔ ◘◔ ─◘◒ꜝⱴ☻Oncorhynchus masou masou │ ╩ ≢ ↔⇔√

┼ ∫≡ ⇔ ⌐ ┘ ∆╢ ─ ╩╙∟ ⌂⅜╠ ≢

╩ ↔∆ ─╙─│ꜘⱴⱷ≤ ┌╣≡™╢⁹ꜘⱴⱷ╟╡╙◘◒ꜝⱴ☻─ ⅜◘▬☼

⅜ ⅝™─⅜ ─ ≈≢№╢⁹◘◒ꜝⱴ☻│ ₈ ₉─ ≤⇔≡ ™╠

╣≡™√⅜ ─ ⅜ ♩fi ≤ ⅝ↄ ⇔≡⅔╡ │ ≤

⇔≡ ↕╣√ ◘◔ ⅜ ─ ⌐ ™╠╣╢╟℮⌐⌂∫√⁹∕↓≢

≢│ 23 ╟╡◘◒ꜝⱴ☻─ ⌐ ∆╢ ╡ ╖╩ ⇔√⁹ 

◘◒ꜝⱴ☻─ ≢№╢◘♠◐ⱴ☻ Oncorhynchus masou ishikawae ╙ ⌐ ≢

╩▪ⱴ◗≤ ┬⅜◘♠◐ⱴ☻╙▪ⱴ◗╟╡╙ ≤⌂╢⁹ ≢│

↓╣╕≢ ─▪ⱴ◗─ ╩ ∫≡⅝√⅜ ⌐ ⌂ ≤

⇔≡◘♠◐ⱴ☻─ ╩ 22 ╟╡ ∫≡™╢⁹ 

◘◒ꜝⱴ☻⅔╟┘◘♠◐ⱴ☻│™∏╣╙ ⌐ ↕╣≡™╢⁹ ≢│

↓╣╠─ ≢ ⅝ↄ ∆╢◘◒ꜝⱴ☻⅔╟┘◘♠◐ⱴ☻─ ─ √⌂

≤⇔≡─ ⌐ ⇔ ╩ ⇔√ ╩ ⇔√⁹╕√ ◘◔ⱴ☻ ─

≢│ ─ ╩ ⅝ↄ ↑≡ ╛ ─ ⅜ ↓╢⁹∕↓≢◘◒ꜝⱴ☻≢│

⅛╠ ⅜ ↄ⌂╢↓≤≢ ⅜ ↕╣╢ ╩ ⇔≡ ╙ ╩

∆╢↓≤⌐╟∫≡◘◒ꜝⱴ☻─ ⌐≈™≡ ⇔√⁹◘♠◐ⱴ☻⌐≈™≡│

╟╡ ⌂ ─ ≤⇔≡ ─ ⌐≈™≡ ⇔√⁹ 

 

(1)-2   

1 ◘◒ꜝⱴ☻ 

─  

◘◒ꜝⱴ☻─ ≤⇔≡ ≢ 1 ↕╣≡™√ ─ ╩

⌐ ⇔√⁹11 3 ⌐ 200g─ 473 ╩ ╩ ╘≡ ╩

⇔√ 30m3 ◖fi◒ꜞכ♩ ⌐ ⇔≡ 3 ⅛↑≡ ⇔√⁹ ⌐│

─ 100 ⅛╠ ╖ →≡ ⇔√ ╩ ⇔√⁹ⱴ☻ ╩ ⇔≡ ─ 6
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10 ╕≢ ⇔ ╩ ⇔√⁹↓─ ╩ ─ ⇔≥♃כ♦

√⁹ 

⅛╠─ ≤  

≤ ⌐ ╩ ⇔≡ ─ ≢ ⇔√

1,408g─◘◒ꜝⱴ☻ 339 ─ ⅛╠ 2014 7 ⌐ 2,000g 33 ╩

⇔ ∕─℮∟─ 28 ╩ 8 ⌐ ─ ⌂ ┼ ⇔≡

⇔√⁹ ─ ⌐⅔↑╢ 100m ─ │ 16₩18ϴ ─

│ 14₩15ϴ≢№∫√⁹10 17 ⌐ 7 ╟╡ 6 ╟╡ 23 ⌐ 5 ╟

╡ 10 ╟╡ ⇔≡ ∕╣∙╣ ⇔√⁹ │ ⅔╟┘

─ ≢ ⇔≡ ⅔╟┘┤ ╩ ⇔√⁹ ⇔√ │ №╢

™│ ≢ ⇔ 2015 6 ⅛╠ 7 ⌐⅛↑≡☻⸗ꜟ♩ ⇔√╙─╩

≢ ⇔≡ ╩ ↑√⁹ 

 

⅛╠─ ─  

╩ ╩ ⇔⌂⅜╠ ⇔ 2016 7 ⌐ 1,081 ─ ⅛╠↕╠⌐

32 ╩ ≤⇔≡ ⇔√⁹∕─ ⅛╠↕╠⌐ 11 ⅔╟┘ 9 ╩ ╪≢ 7

22 ⌐ ─ Ɽכ◒ ⌐ ⇔√⁹↓─ ─ │

2,800g ≢№∫√⁹ Ɽכ◒≢│ ⌐ ⅎ≡ ╙ ≢⅝╢≤

™℮ⱷꜞ♇♩⅜№╢⁹ Ɽכ◒⌐ ⇔√ 20 ╩ ⇔≡ ⇔ 9 ⅛

╠ 10 ⌐⅛↑≡ ⇔√⁹∕─ 10 ⅛╠ 9 ⅛╠ ⇔≡ ∕

╣∙╣ ⇔√⁹ │ ⅔╟┘ Ɽכ◒─ ≢ ⇔≡

⅔╟┘┤ ╩ ⇔√⁹ 

 

 

2015 12 15 ⌐ ╩ ⇔√ 727g─◘◒ꜝⱴ☻135 ╩20m3

◖fi◒ꜞכ♩ ⌐ 578 ╩ 50 m3 FRP ⌐ ∕╣∙╣

⇔√⁹ ─ │ ≢ ∫≡ ⅛╠─ ╩ ⇔ 40W ─ ⌐╟∫

≡ ╩ 9L:15D 9 15 ≤⇔ │ ≤⇔≡ 2016 9

╕≢ ⇔√⁹3 ◘fiⱪꜞfi◓⇔≡ ⅔╟┘ %, GSI=100

× ╩ ⇔√⁹ 

 

2 ◘♠◐ⱴ☻ 

≤ ≤─  

⌐⅔™≡ ↕╣≡™√▪ⱴ◗─ ⅛╠☻⸗ꜟ♩╩ ╪≢ 12 7 ⅛╠

4 30 ╕≢─ ─ ≢ 1,140 119.2g ⅔╟┘

─ ≢ 1,000 89.8g ╩ ⇔≡ ╩ ⇔√⁹ 

 

◘♠◐ⱴ☻─  

─ ⇔√◘♠◐ⱴ☻╩ 4 19 ⌐ ⌐ ⇔≡ ⇔√⁹11

╕≢ ⇔≡ 11 6 ⌐ 9 6 ╟╡ ה ⇔≡ ⇔√⁹↓─
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◘♠◐ⱴ☻ ─ ⌐╟╡ ╘≡ ╠╣√ ⅜ 1 ⌐│ ⇔

≢ ⌐ ≤ ⌐ ─ ⌐ ─ ≢ ⌐

⌐ ⇔≡ ∆╢↓≤╩ ╡ ⇔ 2015 11 10 ⌐ 26 12 ╟╡

ה ⇔≡ ⇔√⁹ 

 

 

◘♠◐ⱴ☻─ │ ─ ╡≢№╢⁹◘♠◐ⱴ☻│ XX XY ─

≤ ⅎ╠╣≡™╢⁹╕∏ ⌐╟∫≡ ⌐ ⇔√ ╩ ™≡

◘♠◐ⱴ☻ ╟╡ √ ≤ ⇔ ⌐╟∫≡ ─ ╩ ∆

╢⁹↓╣⌐╟∫≡ ─ ─╖╩╙∫√ XX ─◘♠◐ⱴ☻⅜ ↕╣╢⁹↓─ ⌐

ⱱꜟ⸗fi ╩∆╢↓≤⌐╟∫≡ XX ─ ⌂ ≢№╢ ⅜ ╠╣╢⁹↓─

⅛╠ ╠╣╢ ≤ ─ ⅛╠ ╠╣╢ ≤╙⌐ XX ╩

─ ╩ ∆╢≤ XXX ─ ⅜ ╠╣╢⁹ ≢│ ⅔╟┘

─ ─ ⌐⅔™≡ ≤⌂╢ ─ ╩ ⌐ ∆╢

⌐≈™≡ ⇔√⁹ 5 ⅛╠ ≤⇔≡ 23ϴ№╢™│ 25ϴ≢ 5

≤⇔≡ 27ϴ№╢™│ 28ϴ≢ 20 ≤⇔≡ 10ϴ№╢™│ 15ϴ≢ 20 ─

╩∆╢ ≡─ ╖ ╦∑⌐≈™≡ ⅔╟┘ ╩ ═√⁹ 

 

(1)-2 ≤  

1 ◘◒ꜝⱴ☻ 

─  

≢ ⇔√ ─ ╩ ⌐ ╩╕≤╘≡ ⌐∕

╣∙╣ ⇔√⁹ ⅜ 200g≢№∫√╙─⅜ 7ﬞ ─ ≢ 8 ─ 1,558g

⌐╕≢ ⇔√⁹ ─ │ 92.4 │ 81.9 ≤ ≢№∫√⁹

⌐╟╡ │ ⌐ ⇔√⅜ ⅜ ⇔≡ ─ ╩ ↑╢ ─ 6

─ ≢│ 1.5kg ╕≢⇔⅛ ∑∏ ⌐ ↕╣╢ 2.5kg ⌐∆╢⌐│

⅜ ≢№╢≤ ⅎ╠╣√⁹╕√ ⅝↕─Ᵽꜝ♠◐⅜ ⅝™↓≤╙ ≤ ⅎ╠╣√⁹ 

   

           ≢ ⇔√ ─  



◦☻♥ⱶ─  

◘◒ꜝⱴ☻ה◘♠◐ⱴ☻─ ( ה ) 

17 

 

            

473

200
437

92.4
3.8
81.9  

 

⅛╠─  

10 17⌐ ⌐ ™√ 6 ─ │1,783g │52.2cm10 23

─ ⌐ ™√ 10─ │1,623g │54.0cm≢№∫√⁹10 17─

6 ⅛╠─ │ 300mL≢№╡23 ≤≤╙⌐ ─ ╩ ╢↓≤⅜≢⅝√⁹10

17─ 7 ⅛╠ 23─ 5 ⅛╠─ ⅔╟┘ ╩ ⌐ ⇔√⁹10 17

⌐│ 1 №√╡2,325₩3,34410 23⌐│ 1 №√╡2,301₩3,527─ ⅜

╠╣√⁹ │ ─ ⌐╟∫≡ ₁≢№∫√⅜ ⇔≡ ⇔√ 10 17

⅛╠│11⅛╠ 2,500⅜ 10 23 ⅛╠│12⅛╠ 2,400⅜∕╣∙╣

⇔√⁹ ⇔√ ⅛╠─┤ │17 ⅜13.523 ⅜16.5≤ ™ ≢№∫√⁹

─♃▬Ⱶfi◓⅜ⱬ☻♩≢⌂⅛∫√ ⅜ ⅎ╠╣╢⁹ 

         

1,830 397 0.144 2,762
1,590 405 0.167 2,430
1,660 494 0.154 3,211
2,030 492 0.200 2,460
1,850 439 0.159 2,759
1,550 436 0.188 2,325
1,780 528 0.158 3,344
1,300 336 0.146 2,301
1,820 529 0.150 3,527
1,550 439 0.144 3,049
1,890 487 0.166 2,934
1,430 407 0.148 2,750  

       

         ≢ ⇔√ ≤ ─  

 



◦☻♥ⱶ─  

◘◒ꜝⱴ☻ה◘♠◐ⱴ☻─ ( ה ) 

18 

 

─  

⇔√ ╩ ⇔√≤↓╤ 5 ⅛╠☻⸗ꜟ♩ ⅜ ╕∫√⁹∕↓≢

╟╡╙ 5ﬞ ™ 6 ₩7 ⌐⅛↑≡ ⌐⅔™≡ ⇔ ╩

⇔√⁹ ⇔√≤⅝─ │ 40g ≢№∫√⁹↓─ ╟╡╙ ™ ─

⅜ ⌐ ⅝ↄ ⇔ ╩ 11 ⌐ ⇔√≤⅝─ ⅜ 200g ≢№∫

√─⌐ ⇔ ≢│ 486g≤ ─ ⅝↕≤⌂∫√⁹11 ─

─ ╩ ≤ ⇔≡ ⌐ ⇔√⁹11 ─ ≢ ≤

≤─ │∆≢⌐ 300g ╙№∫√⅜ ∕─ │ ⌐ ⇔ 3 ⌐

│ 600g╙─ ⅜≢⅝√⁹ ⅜ ↕╣√ ⌐≈™≡│ ≢ ↄ ⇔√ ╩

⌐ ™√↓≤⌐╟╢ ╙ ⅎ╠╣╢⅜ ─ ⅜ 5 ﬞ ╙ ↄ⌂∫√↓

≤⌐╟╢ ⅜ ⅝™⁹ ≢│ ⅝↕─Ᵽꜝ♠◐╙ ↕╣∏ Ᵽꜝ♠◐╩ ⅎ╢

⅜ ≢№╢≤ ⅎ╠╣√⁹ 

 

⅛╠─  

9 ⅛╠ 10 ⌐⅛↑≡ 9 2,693g ⅛╠ 123mL ∆╢↓≤⅜≢⅝√⁹

11 10 ⅛╠ ≢⅝√⁹ │ 340₩3,707 ≤┌╠≈™√⅜ ⅜ 90

ⅎ╢ ╙ ╠╣√ ⁹10 13 ⌐ ⇔√ │ 11 ⌐│ ⇔√⁹↓

╣⌐╟╡ ≢ ⇔√◘◒ꜝⱴ☻─ ⅜ ≢⅝√⁹ ─

⅛╠─ ⌐ ═≡ ⌂ ⅜ ╠╣╢ ⅜ ↄ⌂∫√╟℮≢№╢⁹↓╣│ ─

╩╟╡ ⅛╠ ⇔≡♃▬Ⱶfi◓╩ ↕⌂™╟℮⌐⇔√√╘≢№╢≤ ⅎ╠╣╢⁹ 

   

2,459 539 3,208 -
2,803 643 3,945 -
2,723 511 3,097 -
2,891 543 3,291 -
2,419 519 3,707 64.8
2,883 63 309 34.3
2,460 480 2,840 89.8
2,486 486 3,036 67.6
2,591 371 2,182 77.9
2,693 453 2,829 92.6
2,400 0 0  

 

 

─ GSI ─ ╩ ≤ ⇔≡ ⌐ ⇔√⁹ ⌐╟∫≡

─ GSI │ 7 ╕≢│ ≤─ ⌐ │⌂⅛∫√⅜ 8 ⌐│ ╟╡╙ ⌐ ™

╩ ⇔√⁹ ─ GSI │ 3 ⌐│ ⅜ ╟╡╙ ⅛∫√⅜ 6 ⅛╠ 8

⌐⅛↑≡│ ⌐ ↄ⌂╡ ⅜ ╘╠╣√⁹ ─ ╩ ⌐ ⇔√⁹

≢│ │ 4 ⅛╠ ∆╢ ⅜╖╠╣√⅜ │ 7 ╕≢

⇔≡ 8 ⌐│ ╟╡╙ ⌐ ™ ╩ ⇔√⁹ ∫≡ ⌐╟∫≡ ─ ╩
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∆╢─│ ⇔™⅜ ─ ⅜ ≢№╡ ∕╣⌐╟∫≡ ⅛╠ ⌐⅛↑≡─

⅜ ↕╣╢↓≤⅜ ⅛∫√⁹ 

         

                ⇔√◘◒ꜝⱴ☻─ GSI ─  

 

         

               ⇔√◘◒ꜝⱴ☻─  

                       

2 ◘♠◐ⱴ☻ 

≤ ≤─  

≤ ⌐⅔↑╢ ╩ ⇔≡ 10⌐ ⇔√⁹ ╩ ⇔√ 4 19

⌐⅔↑╢ │ 719.6g≢№∫√⅜ ≢│ 4 30 ⌐ 432.6≤ ─

⅜ ⅜⅛⌂╡ ╣≡™√⁹ ⇔√◘♠◐ⱴ☻─ │ ◘◒ꜝⱴ☻╟╡╙ ∫

≡™√⅜ ↓╣│ ─◘▬☼≢╙◘◒ꜝⱴ☻─ ⅜ ⅝™↓≤≤ ⇔≡™╢⁹ 

 

◘♠◐ⱴ☻─  

─ ◘♠◐ⱴ☻╩ ┼ ⇔≡ ⇔ 11 6 ⌐ 9

4 ╟╡ ה ⇔ ⇔√⁹ │ 28,000 │ 42.9 ≢№∫√⁹↓╣

╠◘♠◐ⱴ☻⅛╠ ╠╣√ ╩ ќ ќ ≢ 11 10 ⌐ 26

12 ╟╡ ה ⇔≡ ⇔√⁹ │ 93,000 │ 60.2 ≢№∫√⁹
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↓╣╠─ │ 1 ⌐ ⇔√⁹↓╣⌐╟╡ ⇔√◘♠◐ⱴ☻─ ⅜

↕╣√⁹ ─ ╡ ◘♠◐ⱴ☻│◘◒ꜝⱴ☻╟╡│ ≢№╢⅜ ─ ⅜⌂™

≤ ⅎ╠╣╢↓≤⅛╠ ≤⇔≡─ ─ ⅜№╢⌂≥ ╩ ∆╢↓

≤≢ ┼─ ⅜ ≢⅝╢⁹ 

    

         

         10 ─ ≤ ─ ≤─ ─  

                    

 

─ ─√╘⌐ ⇔ ⅔╟┘ ╩ ═√ ╩

11⌐ ⇔√⁹ 5 ⅛╠─ 5 ─ ≢│ 23ϴ≤ 25ϴ≤─ ≢

⌐│ ⌂ │⌂⅛∫√⅜ │ 23ϴ─ ⅜ ™ ╩ ∆ ⅜╖╠╣√⁹20

─ ≢│ 27ϴ╟╡╙ 28ϴ≢ │ ↄ⌂∫√⅜ │ ⇔√⁹

28ϴ≢ ≤⇔≡ 10ϴ≢ 20 ─ ╩⇔√ ╟╡╙ 15ϴ≢ ⇔√

⅜ │ ↄ⌂∫√⅜ │ ⌐№∫√⁹ ─ ⅛╠ 5

⅛╠ ≤⇔≡ 23ϴ≢ 5 ≤⇔≡ 28ϴ≢ 20 ≤⇔≡ 10ϴ

≢ 20 ─ ╩⇔√ ⌐ │ 100 ≤⌂╡ 5 ⅛╠ ≤⇔≡

23ϴ≢ 5 ≤⇔≡ 27ϴ≢ 20 ≤⇔≡ 10ϴ≢ 20 ─ ╩∆

╢≤ ⅜ ╙ ↄ⌂╢↓≤⅜ ⅛∫√⁹ 

─ ╩ ™≡◘♠◐ⱴ☻⅛╠ √ ⌐ ─ ╩⇔≡

◘♠◐ⱴ☻╩ ⇔√⁹2016 3 ─ ≢ 2014 ⌐ ⇔√ ◘♠◐

ⱴ☻ 167 2015 ⌐ ⇔√ ◘♠◐ⱴ☻ 1,200 ╩ ⇔≡™╢⁹2014

⌐≈™≡│ ∂ ⌐ ⇔≡ ⇔√▪ⱴ◗─ │ 45g≢№╢─⌐ ⇔

◘♠◐ⱴ☻│ 250g≤⅛⌂╡ ⅝ↄ ∫≡™╢⁹ 

 

(1)-2 ─ ─  

≢│ ⌐№╢◘◒ꜝⱴ☻⅔╟┘◘♠◐ⱴ☻─ ╩ ⇔√⁹↓╣

╠─ │ ◘◔ⱴ☻ ─ ⅜ ⌐ ⅜╢↓≤⌐≈⌂⅜∫√⁹ ⇔√
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◘▬☼─Ᵽꜝ♠◐⅜ ⅝™↓≤⅜ ≢№╢↓≤⅜╦⅛╡ │ ⌐╟╢

⅔╟┘Ᵽꜝ♠◐─ ─↕╠⌂╢ ⌂≥╩ ╘╢↓≤⅜ ≢№╢

≤ ⅎ╠╣╢⁹ ─ ⌂≥╩ ⇔ ≤⌂╣┌ ╟╡ ↕∑

╢↓≤⅜≢⅝╢⁹ ◘◒ꜝⱴ☻─ ⌐╙ ╡ ╗ ≢№╢⁹ 

 

       
          11 ◘♠◐ⱴ☻─ ─√╘─ ─  
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ⱴכ♥ ◦☻♥ⱶ─  

: (1)  ⅔╟┘ ⅛╠─ ⅔╟┘  

( 1) 3 ⱴ▪♫◗─ ≤      

3 1 ─   

ה ה ה     

ה           ה   

   

 

(1)-3-1)   

ⱴ▪♫◗ Conger myriaster │ ─╖⌂╠∏ ▪☺▪ ─ ⌂ ≢№╢⅜

─ │ ₁ ⌐№╡ ─ ⅜ ╘╠╣≡™╢⁹⇔⅛⇔

─ │╦∏⅛≢ ╛ ⅛ ≢ ╦╣≡

™╢─╖≢№╢⁹ 

│ ◘▬☼─ ⅝™ ⌐ ⅜ ™↓≤⅜ ⅛╠ ╠╣≡⅔╡ ⅜ ╟╡╙

⅝ↄ ∆╢╙─≤ ⅎ╠╣≡⅝√⅜ ∕╣╩ ⌐ ╠⅛⌐⇔√ │ ╦╣≡™⌂

™⁹ ⅎ≡ │ ◘▬☼⌐╟∫≡ ╛ ⅜ ⅝ↄ ⌂∫≡⅔╡ ⌐

™─№╢ ╩ ↔≤⌐ ∆╢↓≤│ ≢ ─ ™ ─√╘⌐ ≤

ⅎ╠╣╢⁹╕√ ⅝⌂ ⅜ ↕⌂ ╩ ∆╢ ™╩ ∆╢√╘⌐╙ ⌐

╩ ∆╢↓≤⅜ ≢№╢⁹∕↓≢ ≢│ ─ ≤ GSI ─ ╛ ─

╩⅔╟∕ 5 ﬞ ⌐╦√∫≡ ═ ╠╣√ ⅛╠ ─ ≤ ≤─

╩ ∆╢≤≤╙⌐ ╩ ≤⇔√ ─ ╩ ⇔√⁹ 

 

(1)-3-1)   

  

≢ ⇔√ │ 2014 4 ⌐ ≢ ↕╣√

⌐≡ ה ≢ ↕╣√ⱴ▪♫◗╩ ⇔√⁹

─ │ ≢ 2 ≢№∫√≤ ↕╣╢⁹ 

 

 

─ │ ─ ⅝↕⅜ 600 cm× ↕ 120 cm─ ≢ │

29.4 /m3≤⇔√⁹↓─ ⌐ )כ♃ꜟ▼◦ ⱦⱤ▬ⱪ 15 cm× ↕ 75 cm)╩ 11

⇔√⁹ │ 16ϴ⅛╠ 22ϴ≢ 7 29 ⅛╠ 9 30 ╕≢│╒╓ ┌™∞∫√⅜

∕─ ╩ ℮↔≤⌐ ⇔√⁹  

 

 

 

 

 

 

 

. ⌐⅔↑╢ ─ ─  

7Ὦ29~ 9Ὦ2 21.8 ˶ 1.7

9Ὦ2 ~ 9Ὦ30 22.3 ˶ 0.9

9Ὦ30~ 11Ὦ4 19.8 ˶ 2.7

11Ὦ4~ 12Ὦ12 17.8 ˶ 1.8

ṍḧ ᴛ(̆)
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2014 7 29 ⅛╠ 12 8 ╕≢╒╓ 35 ≢◘fiⱪꜞfi◓╩ ∫√⁹◘fiⱪꜟ

≤⇔√ 1כ♃ꜟ▼◦│ ⌐ ∫≡™╢ ⅛╠ ⌐ ⇔√ 50 ≤⇔√⁹↓╣╠─

│ 2-ⱨ▼ⱡ◐◦◄♃ⱡכꜟ≢ ⇔ ─ ה ה ╩∕╣∙╣ ⇔

√⁹∕─ ≤ ╩ ⇔ ╩ ⇔√ ≢Ⱪ▪fi ⌐ ⇔ 2 3

⇔√⁹ 

 

╩ ⇔√ │ 70 ⱷ♃ⱡכꜟ ⌐ ⇔≡ 20ϴ≢ ⇔√⁹∕─

⇔√ ⅛╠ ─╖╩ ⇔ ╩ ⌂∫√⁹ 

  

⇔√ ─ ⌐⅔↑╢ ↕ 5 mm ─ ╩ ─ ⌐

⇔√⁹ ─ │ ◄♃ⱡהꜟכⱩ♃ⱡכꜟ ╩ ™≡ ⅔╟┘ ╩

™ Ɽꜝⱨ▫fi⌐ ⇔√ Ⱶ◒꜡♩כⱶ╩ ™≡ ⌐ ⌂ ↕ 6 ɛm ─

≤⇔√⁹∕─ Ⱬⱴ♩◐◦ꜞfi⅔╟┘◄○◦fi≢ ⇔√─∟ ⇔≡ ≤⇔

≢ ⇔√⁹ 

   

─ │ ─ ∆⌂╦∟ꜝⱷꜝ ─ ╛ ─ ⌂≥╩ ⌐

⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

12 ─ A  B  C  D  
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─ ─℮∟ ⅜ ה ╩ ∆ 3 ╩∕╣∙╣ ⇔

∕╣∙╣─ ╩ ═√⁹ │ ⅔╟┘

─ 4 ≈─ ─ ╩ ⇔∕─ ╩ ⇔ ─ ≤ №╢™│ GSI

≤─ ╩ ═√⁹ ─ │ ─ ╡≢№╢⁹ ⇔√

─ ≢ ╙ ↕ↄ ─ ╩ ╘╢ ⌐ ⅜└≤≈ ⇔≡™╢ 12A ⁹

⅜ ⇔ ⌐ ─ ⅜ ↕╣╢ 12B ⁹ ≢│ ─

⌐ ⌂ ⅜ ⇔≡™╢ 12C ⁹∕⇔≡ │ ≤╟

ↄ ≡™╢⅜ ─ ⅜ ≢⅝╢ 12D ⁹ 

 

  

─ ╩ ∆╢⌐№√∫≡│ ─ ╩ 1 ─

╩ 2 ─ ╩ 3 ─ ╩ 4≤⇔≡ ↓╣╠─ ╩∕╣∙╣─

─ ⌐ ∂≡ ⇔ 100 ≢ ⇔√⁹∆⌂╦∟ │ ─ ╡

≢№╢⁹ 

─ ×1+ ─ ×2+ ─ ×

3+ ─ ×4 ×100  

 

↓─ ⅛╠ ╘╠╣√ ╩ ≢│ ⌐₈ ₉≤⇔≡ ─

╩ ∆ ≤⇔√⁹ 

 

  

GSI, ( )×100 ⅔╟┘ ─ ≢─

─ ╩ ═√⁹ ⌐│ ⅔╟┘ TukeyΈKramer ─ ╩

™√⁹ 

 

(1)-3-1)  ≤  

  

7 ≢│ ⅜ 19 ⅜ 31 ≢ ≢⅝⌂⅛∫√ ⅜ 1 ≢№∫√⁹

9 ≢│ 23 26 ⅜ ≢⅝⌂⅛∫√ ⅜ 1 ⇔√⁹

│ ≡─ ⌐≈™≡ ⅜≢⅝ 9 ≢│ 15 35 11

≢│ 19 31 ∕⇔≡ 12 ≢│ 15 35 ≢№

∫√⁹ 

 

GSI   

│ ≢│ │⌂⅛∫√ 13A ⁹⇔⅛⇔∕─ ─ │ 7

≢│ 61.6±21.9 g ± 9 ≢│ 133.1±31.0 g 9 ≢│ 183.5

±47.4 g 11 ≢│ 214.4±78.1 g ∕⇔≡ 12 ⌐│ 268.7±66.0 g≤ ⇔ↄ ⅝

ↄ ⇔√⁹ ─ │ 7 ≢│ 59.2±20.5 g 9 90.0±22.8 g≤

⇔√⅜ 9 ≢│ 102.9±23.8 g 11 ≢│ 119.5±29.2 g ∕⇔≡ 12
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≢╙ 128.2±29.6 g≤∕─ ┘ ╪∞⁹ ─ ─ │ ⅜ ╗⌐≈╣ ⅝ↄ

⌂╡ 9 ≢│ 43.1 g 9 ≢│ 82.1 g 11 ≢ 94.9 g 12 ⌐│ 141.5 

g≤⌂∫√⁹╕√ ─ 196.1 g ⅜ ─ 180.9g ╩ ╢─│ 12

⌐⌂∫≡⅛╠≢№∫√⁹ 

GSI % │ ≤ ⌂╡ ≢ │ 0.58 │ 0.07 ≤∆≢⌐

≢ ⅝⌂ ⅜ ∂≡™√ 13B ⁹ ≢│7 ⌐0.58 ( ) 9 ⌐0.75

9 ⌐ 1.11 11 ⌐ 1.45 12 ⌐│ 2.05%≤ ╩ ∂≡

⇔√⁹GSI │ ⌐ ─ 3.3 ⌐╕≢ ⇔√⁹ ⌐ 11 ⅛╠ 12

⌐⅛↑≡⅔╟∕ 1.4 ≤ ≤⇔≡│ ╙ ⅝ↄ ⇔√⁹ ╙ 7 ≢│

0.07% 9 ≢│ 0.10% 9 ≢│ 0.08% 11 ≢ 0.15% 12 ≢ 0.21%

≤⌂∫√⁹ ≢ ∆╢≤ GSI │ ⅛╠ 3 ⌐╕≢ ⇔√⁹⇔

⅛⇔ ≢ ⌐ GSI ≤ ═ ⅝ↄ ↕⅛∫√↓≤⅛╠ ≢─ GSI ─ │

⅝ↄ ⅜∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

  

  

13 ≢ ⇔√ⱴ▪♫◗ ─ . 

A  B GSI  

* ≢ ⅜ ∆╢ │ ╩ ∆⁹ 
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∕╣∙╣≢ ≤ GSI ─ ╩ ═√ │ R2=0.5537≤ ─

⌐≤╙⌂∫≡ GSI ╙ ⇔≡™ↄ↓≤⅜╦⅛∫√( (3)-1)-3A)⁹⇔⅛⇔ ≢│ R2=0.1201

≤ ⅜ ⇔≡╙ GSI ⅜ ∆╢╦↑≢│⌂™↓≤⅜╦⅛∫√( 14B)⁹ 

 

  

⅛╠ ⇔√ 30 ⌐≈™≡ 4 ≈─ ─ ╩ ⇔√⁹ ─

│ 9 ⅛╠ ─ 24.5% │ 9 ⅛╠ 0.1% ╣╢↓≤⅜╦⅛

∫√⁹ ≤ │ ╩ ℮↔≤⌐ ⇔ ⇔≡ │ 9 ─ 24.5%

⅛╠ 9 ⌐│ 30.9% 11 ⌐│ 54.6% 12 ⌐│ 54.7%≤ ╩ ℮↔≤⌐

∆╢ ∆╢ ⅜╖╠╣√⁹╕√ ╙ 9 ⅔╟┘ ⌐│ 0.1%≢№∫

√⅜ 11 ⅛╠ ⌐ ⇔ 2.7%≤ 12 ⌐│ 5.1%≤ ⇔≡™∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

⇔√ ⅛╠ ─ ╩ ⇔ ≤ GSI ∕╣∙╣≤─ ╩ ═

√≤↓╤ ─ ≤ ≢│ ⅜ ∆╢≤ ─ ╙ ∆╢

⌐№∫√ R2=0.4622 15A ⁹⇔⅛⇔ ≤ GSI ≢│ GSI ⅜ ⇔≡╙

14  GSI   

                A  B  
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⅜ ∆╢≤™℮↓≤│⌂⅛∫√ R2=0.2839 15B ⁹╕√ ─ ≤ ⅔╟┘

GSI ─ ≢│ │№∫√╙── 1 ≈─ ≢│ ╛ GSI ─ ⌐ ╦╠∏

─ ⌐ ⅝⌂ │ ╣⌂⅛∫√⁹ 

 

  

ⱴ▪♫◗ │ ≢│ ≤ ═ ⌐ ⅝ↄ ⇔ GSI ≢│∕╣ ⌐ ╟╡

╙ ⇔≡™√↓≤⅜╦⅛∫√⁹ ≢│ ─ │ ─╙─≢∕─ ┘ ╖

GSI ─ ╙ ≤ ⇔≡ ⅛⌂╙─∞∫√⁹↓╣╠─↓≤⅛╠ ─ ─ ⅜

─∕╣╟╡╙ ⅝™≤™℮↓≤⅜ ↕╣√⁹ ─ │ ─ ⌐╙ ∆╢↓

≤⅜ ╠╣≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

╕√ 1 ≈─ ≢│ ⅔╟┘ GSI ─ ⅜ ─ ⌐ ⅝⌂ ╩

ⅎ⌂™↓≤⅜╦⅛∫√⁹∆⌂╦∟ ─ ⌐≈™≡│ ╛ GSI ─ │ ⌂ ≢

│⌂™ ⅜ ↕╣√⁹⇔⅛⇔ ≤ ─ ╩№╦∑≡ ⇔√≤

↓╤ ─ ⅜ ╕╢ 11 ⅛╠ ⌐ ⅜ ↕╣ ─

⅛╠ ┼─ ⌐│ ─ ⅜ ⅝ↄ ╦∫≡™╢↓≤⅜ ↕╣

┼ ⅛∫≡ ∆╢ ⇔≢№╤℮≤ ↕╣√⁹ 

15 ╕√│ GSI ≤ ≤─ 3  

       A  B GSI  
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(1)-3-1)  ─ ─  

≢│ ≢ ≢─ ─ ╩ ⇔√⁹ ▪♫◗─ ╩ ⇔√ 9

⅛╠ ≢─ ⌐ ⅜ ╣│∂╘√⅜ ─ ◘▬☼─┌╠≈⅝

│ ⅝ↄ○כⱣכꜝ♇ⱪ⇔≡⅔╡ 11 ⌐⅔™≡│ ─ ╩ ◘▬☼⌐ ≠™

≡ ∆╢─│ ≢№╤℮≤ ⅎ╠╣√⁹⇔⅛⇔ 12 ⌐⌂╢≤ ─

196.1g ⅜ ─ 180.9 g ╩ ╢╟℮⌐⌂╢↓≤⅛╠ ╩ ≤⇔√

│ 12 ⌐ 180~200 g╩ ≤⇔≡ ℮↓≤⅜ ╕⇔™≤ ⅎ╠╣√⁹ 

⌐╟╡ ≢─ ─ ╩ ⌐ ℮↓≤⅜ ≤⌂╡ ⅝™◘

▬☼╛ ™ ≈⅝≤™∫√ ─ ⌐╙ ⅎ√ ─ ↑≤⌂╢⁹↕╠⌐ ⌐

╗↑√ ™☻♩꜠☻ ╛ ╩╙∫√ ─ ⌐╙ ⅝ↄ ∆╢∞╤℮⁹

⇔⅛⇔ ─ ◘▬☼╩ ⇔≡─∟─ │ ∕╣╕≢⌐╙ ↓╢ ™╩ ≢

⅝⌂™⇔ ╙∫≤ ™ ⌐ ╩ ≢⅝╣┌ ─ ⌐ ∂√ ╩ ℮↓≤⌐

╙≈⌂⅜╡ ↕╠⌂╢ ⌂ ╩ ℮↓≤⅜≢⅝╢⁹∕↓≢ ≢│ ─

─√╘─ DNA ⱴכ◌כ─ ╩ ∫√⁹ 
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ⱴכ♥ ◦☻♥ⱶ─  

: (1) ⅔╟┘ ⅛╠─ ⅔╟┘  

(1)3 ⱴ▪♫◗─ ≤      

3 2) DNAⱴכ◌כ⌐╟╢   

ה ה ה     

ה       ה ה    

 

└≤╖ 

 

(1)-3-2)  

≢│ ⱴ▪♫◗─ ⅜ ≢ ⅝ↄ ⌂╡ │ ╩ ↑≡ ⌐ │

─╕╕ ∆╢↓≤╩ ⇔√⁹ ─ ◘▬☼┼─ ⌐│ ⌐╟╡ ⅜№╢↓≤

⅛╠ ↓─ ⌐╟╢ ╩ ∆╢↓≤≢ ╩ ╢↓≤⅜ ↕╣≡™╢⁹╕√

™⌐╟╢ ╩ ∆╢ ⅛╠ ≢⅝╢∞↑ ⌐ ╩ ™ ⌐ ╩

℮↓≤⅜ ≢№╢≤ ⅎ╠╣╢⁹⇔⅛⇔ ⌐⅔↑╢ ⅛╠─ │⅝╦

╘≡ ≢№╡ ╩ ⌐∆╢≤ ™╩ ↑╠╣∏ ⅜ ⅜╢⁹ 

DNA ⱴכ◌כ╩ ⌐∆╢ │ ↕╕↨╕⌂ ≢ ↕╣ ↕╣≡™╢⁹

⌐ AFLP  (Vos et al. 1995)│ ≢ ⌐ ™╠╣≡⅝√ ≢ ◌ꜝ▪◌◦♃

ⱦꜝⱷ Ɽ♃◗♬▪fiⱭⱫ꜠▬ ↕╕↨╕⌂ ⌐ ™╠╣≡™╢⁹╦⅜ ≢╙

AFLP ⌐╟╢◒꜡ⱴ◓꜡─ ⌐ ⌂ DNA ─ ─ ( ╠, 2011)⅜ ╦

╣≡™╢⁹ 

∕↓≢ ↓─ AFLP (Amplified Fragment Length Polymorphism) ╩ ™≡ ⱴ▪♫◗

─ ⌐⅔↑╢ ╛ ─ ─√╘ ⌐ ╩ ⌐∆

╢ ╩ ∆╢ ⱴכ◌כ╩ ⇔√⁹ 

 

(1)-3-2)   

  

⌐ ™√ⱴ▪♫◗│ ≢ ↕╣√─∟

≢ ↕╣√╙─≢ 5 ∏≈ 10 ╩ ⇔√ ⁹∕

╣∙╣╩ⱨ▼ⱡ◐◦◄♃ⱡכꜟ≢ ⇔ ⅛╠ⱫⱤꜞfi ╩ ⇔√  (♥ꜟ

⸗ 23G)≤  (1 mL)⌐╟∫≡ ╩ ⇔ ∆╢╕≢ 30ϴ≢ ⇔

√⁹√∞⇔ ↓─℮∟ ≤⇔≡ ⇔√ 1 │ ─ ⅛╠ ≢№╢↓≤⅜ ⅎ╠

╣√√╘ ⌐⅔↑╢ ─ ⅛╠│ ⇔√⁹⇔√⅜∫≡

╩ ─ ≤⇔√⁹ 

 

DNA   

⇔√ 10 µL ╩ 1.5 mL ⌐Ⱪכꜙ♅ ⇔ 100 µL ─ PBS≢ ⇔√ ♦▫☻ⱳ

Ᵽ▬○ⱴ♇◦ꜗΊи) כ◙▬♫☺⸗Ⱪꜟⱱ◙כ Nippi) ╩ ™≡ ≤ ╩ ⇔√

─∟ ╩ 5 µL ™ ╡ ⇔™ 1.5 mL ⌐Ⱪכꜙ♅ ⇔√⁹195 µL ─ PBS≢
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⇔√ ⱪ꜡♥♫כ♀ K 20 µL ╩ ⅎ√⁹↓╣ ─ │ DNeasy Blood & Tissue Kit  

(QIAGEN) ╩ ™≡ ™ ◐♇♩─ⱪ꜡♩◖ꜟ⌐ ™ DNA ╩ ⇔√⁹ 

 

  

Cut  Ligase ⌐ ∆╢ 100 pmol/ɡL ─▪♄ⱪ♃כEcoRI adapter A ≤ EcoRI 

adapter S ∕╣∙╣ 100 ɡL 5 M NaCl 4 ɡL ╩ 0.2 mL ⌐Ⱪכꜙ♅ ⇔ ◘ꜟⱴכ◘

≢כꜝ◒▬ 91ϴ ─ 80◘▬◒ꜟ─ 90ϴ 40  (1◘▬◒ꜟ ⌐ ╩ 0.5ϴ∏

≈ ↕∑√)∕─ 25◘▬◒ꜟ 50ϴ 40  (1◘▬◒ꜟ ⌐ ╩ 0.5ϴ∏≈ ↕∑√)

≢ ₁⌐ ╩ → ▪♄ⱪ♃כ╩ ↕∑√⁹MseI ▪♄ⱪ♃כ╙ ⌐⇔≡ ⇔

√⁹↓╣╠─▪♄ⱪ♃כ│ ∆╢╕≢ 30ϴ≢ ⇔√⁹ 

 

Cut  Ligase   

─ ╩ 0.2 mL ⌐Ⱪכꜙ♅ ⇔√⁹10×T4 DNA ligase buffer 2.2 ɛL ◕ⱡⱶ

DNA 110 ng  500 mM NaCl 2.0 ɛL BSA1.0 ng MseI adaptor 10 pmol  EcoRI adaptor 

1.0 pmol 12 unit ─EcoRI ┘2 unit ─MseI╩ ╗ ⌐ ╩ ⅎ21 ɛL≤⇔

37ϴ 2 T4 DNA ligase 1.0 ɛL ╩ ⅎ≡ 22 ɛL ≤⇔√─∟ 25ϴ15

⇔≡ Cut  ligase ╩ ∫√⁹↓─ ⅎ╢ T4 DNA ligase │ ─ ≢│

3.5 unit/µL ─╙─╩ ™√⁹ TE buffer ╩ 9 ⅎ ⇔ 10 ≤⇔≡

30ϴ≢ ⇔√⁹ 

 

  

─√╘─ⱪꜝ▬ⱴכ│ EcoRI A ⅔╟┘ MseI C ╩ ╕√ ⱪꜝ▬ⱴ

│⌐כ EcoRI ACT EcoRI ACG MseI CAA MseI CAT ╩∕╣∙╣ ™√⁹ⱪ

ꜝ▬ⱴכ─ │ 100 pmol/ɛL ⌐ ⇔ ╕≢ 30ϴ≢ ⇔√⁹ 

 

 

10×Ex Taq buffer 2.0 ɛL 2.5 mM each dNTPs 1.6 ɛL MseI +C 5 pmol EcoRI +A 5 

pmol ExTaq 0.5 unit Cut  Ligase 10 2.5 µL ╩∕╣∙╣ ╗ ╩

≢ 20 µL ≤⇔ 72ϴ≢ 3 ↕∑√ 94ϴ≢ 20 56ϴ≢ 30 ─

◓fiꜞכ♬▪ 72ϴ≢ 1 ─ ╩ 20◘▬◒ꜟ ∫√ 72ϴ≢ 10 ─ ╩

∫√⁹ TE buffer ╩ ⅎ≡ ⇔ 10 ≤⇔√⁹ ∆╢╕≢ 30ϴ≢

⇔√⁹ 

 

    

10×Ex Taq buffer 2.0 µL 2.5 mM dNTPs 1.6 µL 5 pmol MseI C⌐ 2 ⅎ√

primer 1 pmol EcoRI A⌐ 2 ⅎ√ primer ExTaq 0.5 unit ╩ TE 

buffer ≢ 10 ⇔√ ╕√│ 50 ⇔√ 1.5 µl ╩ ⇔ ≢ 20 µl ≤

⇔√⁹↓╣╠─ⱪꜝ▬ⱴכ⌐│ MseI CAA MseI CAT ⅔╟┘ EcoRI ACT EcoRI

ACG ╩ ™ MseI CAA ≤ EcoRI ACT MseI CAA ≤ EcoRI ACG MseI CAT

≤ EcoRI ACT MseI CAT ≤ EcoRI ACG─ 4 ╡─ ╖ ╦∑╩ ™√⁹PCR│☻
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♥♇ⱪ♄►fi ╩ ™ 94ϴ≢ ─ ─ 94ϴ≢ 20 ─ 30 ꜞכ♬▪─

fi◓ ( │ 65ϴ1◘▬◒ꜟ ⌐ 0.7ϴ∏≈ →√☻♥♇ⱪ♄►fi) 72ϴ1 ─ ╩

12 ◘▬◒ꜟ ∫√⁹∕─ 56ϴ─▪♬כꜞfi◓ ≢ 18 ◘▬◒ꜟ ™ ☻♥♇ⱪ♄►

fi≤─ 30◘▬◒ꜟ≤⇔√⁹ ⌐ 72ϴ5 ─ ╩ ∫√⁹ │ ∆╢

╕≢ 30ϴ≢ ⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

AFLP   

ABI Prisum 3130xl (Applied Biosystems, CA, USA) ╩ ™ AFLP ─ ─

╩ ∫√⁹  

 

  

☻fi◄◒כ◦ ╩ Peak Scanner ver. 1.0 (Applied Biosystems )╩ ™≡ⱨꜝ◓ⱷfi

♩ ╩ ∫√⁹ ╠╣√ ─℮∟ ⅜ 100 ─╙─╩ ∕╣ ╩

ⱡ▬☼≤ ⇔≡ ≢ ⌂ ─ ─ ╩ ∫√⁹╕√ 1 ─╖⅜

≈ │ ─ ≢№╢ ⅜ ↄ ↓↓≢│↓╣│ ≤ ∑∏

⌐ ─ 2 ⅜ ∆╢ ≤⇔√⁹ 

 

(1)-3-2)  ≤  

─ ─ ╕√│ ⌂ ⅜ ╠╣√ⱪꜝ▬ⱴכ─ ╖

╦∑⌐≈™≡ 10 11⌐╕≤╘≡ ⇔√⁹ 

╕∏ 5 ⌐│ ↕╣∏ 4 2 ⌐ ↕╣√ ╙⇔ↄ│ 4 ⌐│

╠╣∏ 5 2 ⌐ ↕╣√ │ ∫√∆═≡─ ⌐ 23

↕╣√( )⁹∕─ ≢ ↓─ⱴכ◌כ╩ ⇔≡™⌂™╙─╩ ⌐ ≤ ∆╢

↓≤│≢⅝⌂™⅜ ∫≡™╢ ⅜ ≤™ⅎ╢ │ 16 ⌐ ≤ ∆╢↓≤

│≢⅝⌂™⅜ ∫≡™╢ ⅜ ≢№╢≤™ⅎ╢ │ 7 ≢№∫√⁹ 

⌐ ⌐│ ╠╣∏ 4 3 ⌐ ╠╣╢ ╙⇔ↄ│ ⌐│ ╠╣∏ 5

3 ⌐ ╠╣╢ │ ∆═≡─ ⌐ 5 ↕╣√( 10)⁹↓∟╠╙

≤ ⌐↓─ⱴכ◌כ╩ ⇔≡™⌂™╙─╩ ⌐ ≤ ∆╢↓≤│≢⅝⌂™⅜  

1 38.4 38.3 64.9 ́

2 38.5 38.3 79.8 ́

3 50.8 50.6 217.8 ̂

4 54.3 54.1 241.9 ̂

5 51.0 50.8 223.8 ̂

6 35.5 35.3 59.1 ́

7 35.2 34.9 55.8 ́

8 37.3 37.2 53.6 ̎

9 49.8 49.5 221.3 ̂

10 51.7 51.5 256.2 ̂

(cm) (cm) (g)ᾤ No.

. ⌐ ™√ ─ ◘▬☼⅔╟┘   

      ─ ⅛╠ ⇔√  
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∫≡™╢ ⅜ ≤™ⅎ╢ │ 3 ⌐ ≤ ∆╢↓≤│≢⅝⌂™⅜ ∫

≡™╢ ⅜ ≢№╢≤™ⅎ╢ │ 2 ∕╣∙╣ ≈⅛∫√⁹ 

↕╠⌐ ⱪꜝ▬ⱴכMse I CAT ≤ Eco RI ACG─ ╖ ╦∑⌐⅔™≡ ─∆═≡⌐

╠╣∏ ─ ⌐ ╠╣╢ 166bp─ ⅜ 1≈ ↕╣√( 11)⁹ 

─ ≢│ AFLP ╩ ™√ DNA ╩ ™ ⱴ▪♫◗─ DNA

─ ╩ ∫√⁹AFLP ╩ ™√ │ ₁⌂ ≢ ╦╣≡™╢⁹◌ꜝ▪◌◦♃ⱦꜝ

ⱷ Cynoglossus semilaevis  (Chen et al. 2007)≢│ 64 ─ⱪꜝ▬ⱴכ╩ ™≡ 28 ╩

⇔ 4681 ─ ⅜ ≈⅛∫√⁹∕─ ⌐ ⌂ ⅜ ↕╣√⁹

Ɽ♃◗♬▪fiⱭ┼꜠▬Odontesthes hatcheri (Koshimizu et al. 2010) ≢│ 64 ─ⱪꜝ▬ⱴ

╩כ ™≡ 46 ╩ ⇔ 153 ─ ⅜ ╠╣√⁹∕─ ⌐ ⌂

⅜ ↕╣ ⅜ ↕╣√⁹╕√ ⌐⇔√◒꜡ⱴ◓꜡≢│ 64 ─ⱪꜝ▬ⱴ

╩כ ™≡ 8 ╩ ⇔ 1038 ─ ⅜ ≈⅛∫≡⅔╡ ∕─℮∟ ⌐ ⌂

⅜ ↕╣√⁹ ≢ ╠╣√ ≢│ ◌ꜝ▪◌◦♃ⱦꜝⱷ╛Ɽ♃◗♬▪fi

Ɑ┼꜠▬ ─ ≤ ∆╢≤ ™√ⱪꜝ▬ⱴכ─ ╖ ╦∑ ⅜ ⌂™⁹╟∫≡ ─

≢│ ™ↄ≈⅛─ⱪꜝ▬ⱴכ⌐╟╢ ─ Ɽ♃כfi╩ ∆╣┌ ⅜ ≢

⅝╢─≢│⌂™⅛≤ ⅎ╠╣╢⁹↓─ ⅎ ⌐ ≠⅝ ≤⇔≡ 4 ─ⱪꜝ▬ⱴכ╩

™ 247 ─ ╟╡ ≢ ⌂ ─ ╩ ∫√⁹∕─ ⱪꜝ

▬ⱴכMseI CAT ≤ EcoRI ACG ─ ╖ ╦∑⌐⅔™≡ ⌐ ╠╣∏ ─

⌐ ╠╣╢ ⌐ ≤™ⅎ╢ 166bp ─ ╩ ∆╢↓≤⅜≢⅝√⁹↓─ⱴ

│כ◌כ ⱴ▪♫◗─ ⌐ ≢№╤℮≤ ⅎ╠╣√⁹

 

 

ⱷ☻⌐│ ╠╣∏○☻ 4 2 ⌐ ╠╣╢ ╙⇔ↄ│○☻⌐│   

     ╠╣∏ⱷ☻ 5 2 ⌐ ╠╣╢ . 

ФжϱЫ˔

38 70 83 140 373 49 192 41 58 76 86 98 122 128 221 295 335 43 80 90 116 106 212

̂ 3 ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˓ ˓ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔

4 ˓ ˔ ˔ ˔ ˔ ˓ ˔ ˓ ˓ ˓ ˓ ˔ ˔ ˔ ˔ ˓ ˔ ˓ ˔ ˓ ˔ ˔ ˔

5 ˓ ˔ ˔ ˔ ˔ ˓ ˔ ˔ ˔ ˓ ˔ ˓ ˓ ˔ ˔ ˔ ˔ ˓ ˔ ˓ ˔ ˔ ˔

9 ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˓ ˔ ˓ ˔ ˔ ˔ ˔ ˓ ˓ ˔ ˓ ˔ ˓ ˔ ˔

10 ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˓ ˔ ˔ ˔ ˓ ˓ ˓ ˓ ˔ ˓ ˔ ˓ ˔ ˓ ˔ ˔

́ 1 ˔ ˔ ˓ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔

2 ˔ ˓ ˔ ˓ ˓ ˔ ˓ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˓ ˓

6 ˔ ˓ ˔ ˔ ˓ ˔ ˓ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔

7 ˔ ˔ ˓ ˓ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˔ ˓ ˓

(bp)

M+CAT, E+AGC

Ɽ Ӱ ӰⱤ Ӱ Ӱ

M+CAT, E+ACT

Ɽ Ӱ

No.

M+CAA, E+ACG

ӰⱤ Ӱ

M+CAA, E+ACT
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(1)-3-2)  ─ ─  

⌐╙ ═√╟℮⌐ ≢│ ™√ⱪꜝ▬ⱴכ ⅜ ⌂⅛∫√√╘ ™√ⱪ

ꜝ▬ⱴכ─ ╖ ╦∑ ≢╙ ⌐ ⌂ ⅜ ≢⅝╢ │ ⅎ╠

╣╢⁹ ↕╣√ ⱴכ◌כ ─ ≤ ∕─ ─ ╩

⇔≡ ⱪꜝ▬ⱴכ╩ ∆╢↓≤≢ ⌂ PCR⌐╟╢ ⌂ ⅜ ⌐⌂╢≤

╦╣╢⁹ 

 

 

  

ФжϱЫ˔

166

̂ 3 ˔

4 ˔

5 ˔

9 ˔

10 ˔

́ 1 ˓

2 ˓

6 ˓

7 ˓

M+CAT, E+ACG

(bp)

Ӱ

No.

11  ⱷ☻─∆═≡⌐ ╠╣∏ ○☻ 

─ ⌐ ╠╣√ . 

ФжϱЫ˔

356 362 79 206 167

̂ 3 ˔ ˔ ˔ ˔ ˓

4 ˔ ˔ ˔ ˔ ˔

5 ˔ ˔ ˓ ˓ ˔

9 ˔ ˔ ˓ ˓ ˓

10 ˔ ˔ ˓ ˓ ˓

́ 1 ˔ ˔ ˔ ˔ ˔

2 ˓ ˓ ˔ ˔ ˔

6 ˓ ˓ ˔ ˔ ˔

7 ˓ ˓ ˔ ˔ ˔

Ɽ Ӱ

M+CAT, E+ACG

(bp)

Ɽ Ӱ

No.

M+CAA, E+ACT

Ӱ

M+CAA, E+ACG

Ɽ Ӱ

M+CAT, E+ACT

10. ⱷ☻⌐│ ╠╣∏○☻ 4 3 ⌐ ╠╣╢ ╙⇔ↄ│  

   ○☻⌐│ ╠╣∏ⱷ☻ 5 3 ⌐ ╠╣╢ . 
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ⱴכ♥ ◦☻♥ⱶ─  

: (1) ⅔╟┘ ⅛╠─ ⅔╟┘  

(1)-3 ⱴ▪♫◗─ ≤      

3-3) ≢─ⱴ▪♫◗ ─ ─  

ה ה ה    

ה       ה    

   ⅎ╡⅛   

    

(1)-3-3)  

ⱴ▪♫◗ Conger myriaster ─ ╛ ⌐ ∆╢ │ ∞ ⌂ↄ

─ ≢№╢ ⌐≈™≡╙ ⌂↓≤⅜ ™⁹∕↓≢ ≢│ ⱴ▪♫◗─

╩ ∆╢√╘─ ╩ ╢↓≤╩ ≤⇔≡ ≢─ⱴ▪♫◗

─ GSI ×100 ┘⌐ ─ ─ ╩

⇔√⁹ 

 

(1)-3-3)   

│ ≤ 100m ─ ─ ╩ №╢™│ ⇔≡ ⌂

─ ≢ ∫√⁹ ─ⱴ▪♫◗╩ ≤⇔≡

™√⁹ │ ─ ⅜ 10₩25ϴ─ ≢ ⌐ 7 ⅛╠ 11 ⌐ 20 25ϴ≢

∆╢ ≤ ⌐ 100 ╩ ⇔≡ 20ϴ ╩ ⇔√

≢─ ╩ ⇔√( 16)⁹∕╣∙╣─ ≢ ≤⇔≡ 5 ╩◘

fiⱪꜞfi◓⇔ ⅔╟┘ ╩ ⇔√⁹↕╠⌐ ⌐≈™≡│

─ ⌐≈™≡│ ─ ╩ ⇔√⁹╕√ ⅔╟┘ ⅛╠ GSI

×100 ╩ ⇔√⁹ │ ⌐ ⇔√ 100 ─ ╩ ⇔

╩ ≢ ⇔√⁹ 

 

(1)-3-3)  ≤  

  

─ ─ GSI ⅔╟┘ ─ ╩ 16⌐ ⇔√⁹ ≢│

⅜ ↄ⌂╢ 7 ⌐ GSI ⅜ ╙ ↄ⌂╡ 8 ⌐ ⇔√⁹9 │ ↕⌂

╩ ⇔⌂⅜╠ 3 ╕≢ ™ ≢ ⇔ ∕─ ╦∏⅛⌐ ╩ ⇔√⁹

≢│ 8 ⌐ GSI ⅜ ≤⌂╡ ↓─ ⅜ 9 ≢╙╒╓ ↕╣ 10 

⌐ ⇔≡ 3 ╕≢ ↕™ ─ ™ ╩ ⇔√⁹ │

≢│ GSI ≤ ⌐ 7 ⌐ ⅜ ≤⌂╡ 8 ⅛╠ 9 ⌐⅛↑≡ ⇔√⅜ 7 ⅛

╠ 9 ─ │ ⅝ↄ 10 ⅛╠ 3 ⌐⅛↑≡│ ⅝⌂ ╩ ↕∏⌐ ⌐№

∫√ 16 ⁹ ─ │ 9 ⌐ ╩ ⇔ 10 │ ⇔√⅜

─ │ ╟╡╙ ↕ↄ ⅜ ⅝⅛∫√╙── 3 ╕≢

╩ ⇔√⁹ 

⅛╠ ⱴ▪♫◗ ─ │ ≤╙⌐ 6 ⌐⅛↑≡ ⌐ ⅜ ╪≢™⅝

∕╣ 20ϴ╩ ⅎ╢ ⅜ ↄ≤┌╠≈⅝⅜ ⅝ↄ⌂╡⌂⅜╠ GSI ⅜ ↕ↄ⌂╢≤
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ⅎ╠╣√⁹ 6 ⌐ ⅜ 20ϴ ≢ ↕╣╢≤┌╠≈⅝│ ∂╟℮⌐ ⅝ↄ

⌂╢╙── GSI │ 9 ╕≢ ™ ╩ ∆╢↓≤⅜╦⅛∫√⁹ ─ ⌂

⌐╟╢ ─ ⌂ ╩∆╢ ⅜№╢⅜ ⱴ▪♫◗─ ⌂ │

⅜ ⌐ ╪≢™╢≤ ⅎ╠╣╢ 6 ⌐ ∆╢≤ ™≤ ⅎ╠╣ ∕╣ ─

─ ⌐│ 20ϴ ─ ≢─ ⅜ ≢№╢≤ ↕╣√⁹ 

 

  

─GSI│ ≤╙ ⇔√ ╩ ⇔√⁹ ≤╙ ⅜ ⌐ ™

10ϴ─ 3 ⅛╠GSI⅜ ╩ ⇔ 5 ⌐Ⱨכ◒╩ ⅎ√ ≢│ 10

≢│ 1 ⌐ ≤⌂∫√⁹╕√ 5 ⅛╠ 7 ╕≢│╒≤╪≥─ ≢

⅜ ↕╣√⅜ 8 ⌐│ ≤╙⌐ ⌂ↄ⌂∫√↓≤⅛╠ ⌐ √

╢≤ ⅎ╠╣√⁹∕─ GSI⅜ ⌐ ≠ↄ 10 ⌐│ ⌐ ⌂ ╩ ⇔√⁹

─ ⅛╠ ─ⱴ▪♫◗─ ◘▬◒ꜟ│ ─ ╩ ⅝ↄ ↑╢≤ ⅎ╠

╣ ⌐ 10ϴ ─ ⅜ ─ ⌐ ≢№╢↓≤⅜ ↕╣√⁹

 

 

 

       16  ⌐⅔↑╢ⱴ▪♫◗─ ≤ ─ GSI, ─ . 

5

10

15

20

25

3 4 5 6 7 8 9 10 11 12 1 2 3 4
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ⱴכ♥ ◦☻♥ⱶ─  

: (1) ⅔╟┘ ⅛╠─ ⅔╟┘  

(1) 3 ⱴ▪♫◗─ ≤      

3 4) ─ ─  

ה ה ה   

ה ה   

 ⅎ╡⅛   

 

ⱴ▪♫◗│ ⌂ ≢№╢⅜ ─ ⅜ ⇔≡⅔╡

─ ⅜ ≤⌂∫≡™╢⁹ ─ ⌐│ ⅜ ⅝ↄ ╩ ╓⇔ ─ ⌐

│ 10ϴ ─ ⅜ ≢№╢↓≤⅜ ↕╣≡™╢⁹ ╩ ∆╢

≤ ⱱꜟ⸗fi ≢╙ ⅛╠ ⌐⅛↑≡ ∆╢⁹⇔⅛⇔ ∕─ ⌂ │

⌂™⁹ ─ ╙ ↕╣≡™⌂™√╘ ™≈ ⅜ ⌐⌂╢⅛≤™℮↓≤╙

≢№╢⁹∕↓≢ ⱴ▪♫◗ ─ ⌐ ⇔√ ⱱꜟ⸗fi─ ≤ ⌐≈™

≡ ⇔ ⌐╦√╡ ⌂ ╩ ∆╢↓≤╩ ≤⇔√⁹ 

 

(1)-3-4)-a ⱥ♩ ⱱꜟ⸗fi─  

(1)-3-4)-a   

─ ⌐│ ⅜ ⅝ↄ ╩ ╓⇔ ─ ⌐│ 10 ─ ⅜

≢№╢↓≤⅜ ↕╣≡™╢⁹ ─ ⅛╠ ╩ ∆╢≤ⱱ

ꜟ⸗fi ≢╙ ⅛╠ ⌐⅛↑≡ ∆╢⁹⇔⅛⇔ ─ ⌐ ∆╢√╘⌐│

ⱱꜟ⸗fi ⌐╟╢ ⅜ ≤⌂╢⁹ ≢│ ─ ⌐ ↕╣ ╙

⌂ⱥ♩ ⱱꜟ⸗fi hCG ⌐╟╢ⱴ▪♫◗ ─ ⌂ ⌐≈™

≡ ⇔√⁹ 

 

(1)-3-4)-a   

≢ ▪♫◗⅛╠1 ⇔ ⅜110.2 g≤⌂∫√ ╩4

⌐ ה ┼ ⇔ 10.515.2─ ≢ ⇔√⁹hCG─ ⌂

═╢√╘ ▪♫◗⅛╠1 ⇔√ ⌐ ⇔hCG╩0.10.52.5 IU/g/wk─

≢ 4 ∆╢3 ≤ 0.9%NaCl─╖╩ ∆╢ ╩ ↑ ∕─ ╩ ⇔

√⁹ ⅔╟┘ ─ ⌐ ─ ╩ ⇔√⁹ 

 

(1)-3-4)-a   

⌐ 48 6 ─ ⅜ ⇔≡™√⁹hCG─ ⅜0.5 IU≢

╙ ─ ⅜ ↄ⌂∫√⁹ │ hCG─ ⅜ ™╒≥ ↄ⌂╢ ╩

∑ ≤0.1 IU≢│ ⅜ ╘╠╣⌂⅛∫√ 17⁹╕√ │™∏╣╙

™ ╩ ⇔ ⌐ │ ╘╠╣⌂⅛∫√⁹hCG╩4 ⌐ ╡ ⇔√ hCG

╩ ⇔√ ≢│ 2 ⅛╠ ∆╢ ⅜ ↄ ⇔ ╘ ╩ ⇔√

≢│ ⅜80 ╩ ⇔√⅜ 2.5IU/g≤0.1IU/g≢│ 4
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╕≢⌐ ⅜30 ≤⌂∫√ 18⁹0.5IU/g≢╙ ⌐ ═≡ │

™ ≤⌂∫√⁹ 

 

 

17. ⱴ▪♫◗ ┼─hCG ⌐ ℮ ─ .   

 

─ ⅛╠ hCG│ ▪♫◗┼─ ┘⌐ │ ╘╠╣╢╙─

─ ⌐ ℮ ⅜⅝╦╘≡ ↄ ∕─ ╛ ⌐≈™≡ ↕

╠⌐ ⌂ ⅜ ≤ ⅎ╠╣√⁹ 

 

                18. ⱴ▪♫◗ ┼─hCG─ ⌐ ℮ ─ . 

 

 

(1)-3-4)-b ⱥ♩ ⱱꜟ⸗fi─ ─  

(1)-3-4)-b   

─ ⅛╠ │Ɫfi♪ꜞfi◓☻♩꜠☻⌐ ↄ ⅜ ╗≤↕╠⌐∕─

⅜ ↄ⌂╡ hCG ⌐ ∆╢ ⅜ ↄ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹∕↓≢  

0

0.5
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2
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(g
)
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0.1 IU/gBW/wk
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hCG─ ╩ ⌂ ╡ ╠∆≤≤╙⌐ ⌂ ╩ ═╢↓≤╩ ≤⇔≡

1 ─hCG ≢≥─ ⱱꜟ⸗fi⅜ ⌐ ⇔ ╕√∕─ⱱꜟ⸗fi ⅜ ↕

╣╢─⅛╩ ⇔√⁹ 

 

(1)-3-4)-b   

hCG(2.5IU/g)╩ ─╖ 2ﬞ ⌐ ╡1 ⌐1 ─ ╩ ∫≡ ─

hCG ≤ hCG⌐╟∫≡ ⅝ ↓↕╣╢ ☻♥꜡▬♪ⱱꜟ⸗fi ─ ╩ ═

╢ ╩ ∫√⁹ ∂ ⅛╠ ╩ ╡ ∆↓≤⅛╠ ⅜ ─ ≤⌂╢ ╩

™ hCG─ ≤ hCG⌐╟∫≡ ⅛╠─ ⅜ ↕╣╢ ⱱꜟ⸗fi

Estradiol-17ɓ E2 ─ ─ ╩ ∫√⁹ │ ⅛╠2

≢ ⇔√ 10 888Ñ81╩ ™ 10 ─ ≢ ╩ ∫√⁹hCG

─ │ hCG EIA testImmunospec Corporation, E2─ ─ │ Estradiol EIA 

Kit(Cayman Chemical Company)╩ ™√⁹ 

 

(1)-3-4)-b   

─ hCG │ 1 ⌐ ╩ ⇔ ─ 9 ╕≢ ₁⌐

⇔≡™∫√( 19)⁹ E2 │1 ⌐ ─7 ≤⌂╡ 3 ╕≢ ™ ╩

⇔ ∕─ │ ⇔√╙── ─ 2 ─ ╩ ⇔ 8 │ ≤

╕≢ ⇔√( 19)⁹ 

─ ⅛╠ 1 ─hCG ≢ 1ﬞ │hCG─ ™ ╩ ⇔ 2ﬞ │∕

─ ⅜ ↕╣╢↓≤⅜ ↕╣√⁹ 

 

 

  19ⱴ▪♫◗ ┼─hCG─1 ─╖ ─ ⱱꜟ⸗fi ─ .   
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(1)-3-4)-c ≤ ○☻⸗♥▫♇◒ⱳfiⱪ ⌐╟╢  

(1)-3-4)-c   

ⱴ▪♫◗ ┼─ hCG─ │ │ ™╙── ⅜ ∆╢⁹ ─

⌐╟╡ hCG─2.5IU/g╩1 ∆╢≤ 1ﬞ │ ™ ⅜ ╠╣╢↓≤

⅜ ╠⅛≤⌂∫√⁹∕↓≢ ↓─ 1ﬞ ─ ≢2.5IU/g╩ ⇔√ ≤

⌐ ╘ ╗↓≤≢ ≢─ⱱꜟ⸗fi ⅜ ⌂○☻⸗♥▫♇◒ⱳfiⱪ

OP alzet⌐╟╡ 1ﬞ ⌐2.5IU/g⅜ ↕╣╢╟℮⌐ ⇔√ ─

≢ ⱱꜟ⸗fi ─ ≤ ╩ ⇔√⁹ 

 

(1)-3-4)-c   

10─ ≢ 20  124.4Ñ3.2 g╩ ⇔√⁹2.5 IU/g─ ≢ ⌐

─ ≢ ∆╢ 10 ≤ ∂ↄ 2.5 IU/g/month─hCG╩ ∆╢

OP⌐╟╡ ∆╢ 10 ╩ ↑ ─ ⅔╟┘ ─ ⱱꜟ⸗fi

╩ ⇔√⁹ 

 

 

 

 20 ⌐ ╓∆hCG─ 1         21 ─ ™⌐╟╢ ─  

≤○☻⸗♥▫♇◒ⱳfiⱪ ─ .           

 

(1)-3-4)-c  ≤  

⌐ ─ hCG ≤ OP⌐╟╢hCG ≤╩ ⇔√≤↓╤ ⌐

⅜ ╘╠╣√⅜ 20 ⌐ ™ ∆╢ │ OP╟╡ ≢ ™ ⅛╠

⇔√ 21⁹╕√ hCG 11KT ⌐ ╟╡ OP≢ ⇔√ ⅜ ™

╩ ⇔√ 22⁹ ─ ⅛╠ ─ ⌐│ OP⌐╟╢ ⅜╟╡ ≤

ⅎ╠╣√⁹ 
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22. hCG─ ─ ™⌐╟╢ ⱱꜟ⸗fi ─ . 
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ⱴכ♥ ◦☻♥ⱶ─  

: (1) ⅔╟┘ ⅛╠─ ⅔╟┘  

          (1)3 ⱴ▪♫◗─ ≤      

3 5) ⱴ▪♫◗ ─ ─  

ה ה ה   

ה ה   

   ⅎ╡⅛ 

 

ⱴ▪♫◗─ ╩ ∆⌐ √╡ ╩ ∆╢ ≤⇔≡ ─ ⅜

≤⌂╢⁹3-3)─ ⅛╠ ╠⅛⌂╟℮⌐ ─ⱴ▪♫◗│ ╕

≢ ⅜ ∆╢╙── ⌐│ ╠∏⌐ ⅜ ⇔≡ ⌐ ⅛℮⁹ ⇔

≡ ╩ ╢√╘⌐│ ⌂ⱱꜟ⸗fi ⌐╟∫≡ ╩ ℮↓≤⅜ ≢№

╢⁹∕↓≢ ─ ⌐≈™≡ ⇔√⁹ ╩ ℮⌐ ⇔ ─≥─

♃▬Ⱶfi◓≢ⱱꜟ⸗fi ╩ ∆╢⅛ ⇔√ⱱꜟ⸗fi─ ≤ ╩≥℮∆╢⅛ ≥

─╟℮⌐ ≤ ╩ ↄ⅛ ⱱꜟ⸗fi ─ ╩≥℮∆╢⅛ ≤™℮

≈─ ⅜ ≤⌂╢⁹ ─ ≈─ ⌐≈™≡│ ─♬ⱱfi►♫◑≢─

┘⌐ⱴ▪♫◗⌐ ∆╢ ─ ╩ ⇔ ≢│ ─ ≈ ∆⌂╦

∟ ╩ ∆╢♃▬Ⱶfi◓≤ ∆╢ⱱꜟ⸗fi ≤ ⌐≈™≡ ╩ ∫√⁹

⅜ ╠╣≡™√↓≤⅛╠ ↓╣╠─ │ ─ ≢ ╩ ≡ ⇔

√⁹ 

 

(1)-3-5)-a ⅛╠─hCG◘◔  

(1)-3-5)-a   

─(3)-3)─ ⅛╠ ≢│ ─ ⌐ ⇔≡ ⅜ ↓

╡ GSI⅜ ╩ ⇔ ╕≢ ⅜ ╗↓≤⅜ ╠⅛≤⌂∫√⁹ ≢│∕─

─ ⌐ ™ │ ⌐ ⅛℮⁹∕↓≢ ↓─ ⅛╠ ╩ ↕∑╢≤

≤╙⌐ ⱱꜟ⸗fi╩ ⇔ ∕─ ─ ╩ ∆╢↓≤⅜ ≤ ⅎ╠╣√⁹ 

 

(1)-3-5)-a   

⅜ ╕√│ ╢№⌐☺כ♥☻─ 6 ⅛╠ ╩ 10╕≢ ₁⌐

↕∑╢≤≤╙⌐ ⱱꜟ⸗fi ╩ ⇔√⁹ ≢ⱱꜟ⸗fi─ ╩ ™ hCG

╩ 500IU/kg─ ≢ ≢ ⇔√hCG 500IU⅔╟┘hCG ╩100IU/kg

≢ ⇔√hCG 100IU╩ ⇔√⁹  

 

(1)-3-5)-a  ≤  

hCG 500IU ⌐⅔™≡ ⅛╠ ≢ ⅜ ⇔ 7 ⌐│ ≡─ ⅜

⇔√ 12 ⁹hCG 100IU │ ─ ⅜ ⅛∫√╙── 11 ⌐│ ⅜

⇔√⁹ ⅜ 130%╩ ⅎ√ │ hCG 500IU ─ 1 ⅔╟┘ 3 hCG 100IU

─ 2 ⇔⅛ ╠╣⌂⅛∫√⁹╕√ ╕≢ ⅜ ╪∞ │ 3 hCG 

100IU ─ 1 ─╖≢№╡ ⌐│ ╠⌂⅛∫√⁹ 
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─ ⅛╠ ≢ ⅜Ⱨכ◒╩ ⅎ╢ 6 ⌐ hCG ╩ ∆╢

│ ≢№╢↓≤⅜ ⅛∫√⁹ ∆╢ⱱꜟ⸗fi─ ╛ ⌐≈™≡ ∆╢

⅜№╢≤ ⅎ╠╣√⁹ 

 

   12. hCG╩ ⇔√ⱴ▪♫◗─ ≤ .    

 

      βₐ 130ₑ│ⱱꜟ⸗fi ─ ⅛╠ ─ ⌐╟╡ ─ 

         ⅜ 1.3 ╩ ⅎ√ ╩ ∆⁹ 

 

 

(1)-3-5)-b ⅛╠─hCG►♫◑ꜞ◖fiⱦ♫fi♩LH  

(1)-3-5)-b   

─ 5)-a ─ ⅛╠ ≢ ⅜ ╗ ⅛╠ ⱱꜟ⸗fi╩ ⇔≡

╕≢ ↕∑╢≤™℮ │ ▪♫◗─ ⅜ ⅝ↄ ─ⱱꜟ⸗fi

≢ ∆╢ ─ ™↓≤⅜ ↕╣√⁹∕↓≢ ⅜ ה ⌐ ╢ 11 ⅛

╠ ╩ ∆╢ⱱꜟ⸗fi╩ ∆╢ ╩ ∫√⁹╕√ a ─ ≢│ hCG ⱥ♩

┘⌐◘◔ ≤™℮ ⱴ▪♫◗≤│ ─ ™ⱱꜟ⸗fi╩ ⇔√⁹∕↓≢

↕╣╢╟℮⌐⌂∫√ ∂►♫◑ ─♬ⱱfi►♫◑─ ⅎ ⱱꜟ⸗

fi ►♫◑ꜞ◖fiⱦ♫fi♩ ⱱꜟ⸗fi LH ╩ ∆╢ ╙ ↑ hCG≤─

─ ╩ ∫√⁹ 

 

(1)-3-5)-b   

│ 10ϴ ≤⇔√⁹ ≢ 1kg №√╡ rLH 250µg 100 µg⅔╟┘ 40 µg

╩∕╣∙╣ ⇔√ ┘⌐ hCG 300 IU/kg ╩ ⇔√ ⇔√⁹

│ ⅜ ⇔ ⌐№╢ 11 ⌐ ⇔√⁹ 

 

(1)-3-5)-b  ≤  

rLH 250µg rLH100µg ⅔╟┘ hCG 300IU │ 20 ╕≢⌐ ⅜ ⇔√

⅜ rLH40µg ≢│ 27 ╕≢ ⅝ ╢ ⅜ ╘╠╣√ 13 ⁹ 

™∏╣─ ≢╙ ─ ─ ⅜ 130%╩ ⅎ√⁹ ╕≢ ⅜ ╪

∞ │ rLH 250µg ≢│ 5 ≢∕─℮∟ 2 ⅜ ⇔ rLH100µg ≢│ 2 1 ⅜

⇔√⅜ rLH40µg ≢│ ⇔√ 6 ≤╙ ⇔⌂⅛∫√⁹hCG 300IU ≢│ 4

2 ⅜ ⇔√⁹ 

>130%

hCG500 
IU/kgBW/2wk 20 7 1 0 0

hCG100 
IU/kgBW/2wk 10 11 2 1 0
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─ ⅛╠ ≢№╢ ⌐ ─♃fiⱤ◒ⱱꜟ⸗fi≢№╢ rLH ─

⌐╟∫≡ ╕≢ ↕∑╢↓≤⅜ ≢№╢↓≤⅜ ⅛∫√⁹╕√

≢│ ≢ ⇔√ hCG ≢╙ ╕≢ ┘⌐ ⅜

⅜ ⌂↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

  13 ─▪♫◗ ⌐ ∆╢►♫◑ꜞ◖fiⱦ♫fi♩ LH hCG─ .  

 

 

(1)-3-5)-c ⅛╠─►♫◑ꜞ◖fiⱦ♫fi♩ LH FSH  

(1)-3-5)-c   

3-5)-b─ ⅛╠ ─ⱴ▪♫◗ ⌐ ⌂►♫◑ ─ꜞ◖fiⱦ♫fi♩ ⱱ

ꜟ⸗fi LH ─ ╩ ℮≤ ╩ ⇔ ╕≢─ ⅜

≢№╢↓≤⅜ ╠⅛≤⌂∫√⁹∕↓≢ ↓─ rLH ⌐ ⅎ ╙℮ ≈─ ⱱꜟ⸗fi

≢№╢►♫◑ꜞ◖fiⱦ♫fi♩ ⱱꜟ⸗fi FSH ─ ⌐≈™≡╙ ∆

╢↓≤≤⇔√⁹╕√ 5)-a ─ ⌐⅔™≡ⱥ♩ ⱱꜟ⸗fi hCG ─ ≢

≢ ⅜ ⇔√ ─ 6 ⌐ ╩ ⇔ ⌐ ∆╢ ─ ╩

⇔√⁹ 

 

(1)-3-5)-c   

≢ rFSH 250µg/kg ⅔╟┘ rFSH 50µg/kg ╩∕╣∙╣ ⇔√ ⅔╟┘

rLH 250µg/kg ⅔╟┘ rLH 50µg/kg ╩∕╣∙╣ ⇔√ ╩ ⇔√⁹

│ 10ϴ ≤⇔ │ 6 ⌐ ⇔√⁹ 

 

(1)-3-5)-c  ≤  

rFSH 250µg ⅔╟┘ rLH 250µg │ 10 ╕≢⌐ ≡─ ⅜ ⇔ rFSH 50µg

│ 11 rLH 50µg │ 15 ⌐ ≡─ ⅜ ⇔ rLH 50µg ─ ⅜ ╟╡

╙╛╛ ⅛∫√ 14 ⁹ ─ ⅜ 130%╩ ⅎ√ │ ≤╙ ─⅔╟

∕ ≢№∫√⁹ ╩ ∫√ rLH 250µg ─ 2 ─℮∟─ 1 ⅜ ⇔√⅜

rFSH 250µg ⅔╟┘ rLH 50µg ≢│ │ ↓╠⌂⅛∫√⁹ 

>130%

rLH250 
µg/kgBW/2wk 8 20 6 5 2

rLH100 
µg/kgBW/2wk 8 19 5 2 1

rLH40 
µg/kgBW/2wk 8 27 7 6 0

hCG300 
IU/kgBW/2wk 11 19 7 4 2



◦☻♥ⱶ─  

ⱴ▪♫◗─ ≤ ( ה ) 

44 

 

═√╟℮⌐ hCG ⌐ ═►♫◑─ꜞ◖fiⱦ♫fi♩ ⱱꜟ⸗fi│ ⅜

⇔ↄ ┘√╙── ╕≢ ∆╢ │╒≤╪≥ ╠╣⌂⅛∫√⁹↓─↓≤⅛

╠ ⱴ▪♫◗⅜ ─ ⌐ ™ ⅜ ↕╣ ╩ ╘√ ⌐ ⱱꜟ⸗

fi╩ ⇔≡ ╩ ↕∑ ≤ ╕≢ ∆╢≤™℮ │ ┼─☻♩

꜠☻⅜ ⅝ↄ ≢№╢≤ ⅎ╠╣√⁹ ⌂ ⅛╠─ⱱꜟ⸗fi ⅜ ⇔≡™╢↓

≤⅜ ╠⅛≤⌂∫√⁹↓╣╕≢─≤↓╤ 5)-b ─ ≢ ╠⅛≤⌂∫√ ה

≢№╢ 11 12 ⅛╠─ ⅜ ⇔≡™╢≤ ⅎ╠╣╢⁹╕√ ─ ╩

∆√╘─ ≤⇔≡ 5)-c─ ─ 6 ╟╡ ™ ─ ⌐ √╢ 3

4 ⅛╠─ ╩ ∆╢ ⅜№╢≤ ⅎ╠╣√⁹ 

 

    14 ─ⱴ▪♫◗ ┼─ FSH, LH ─ . 

 

 

 

↓╣╕≢⌐ ⇔√ ≢│ ⱱꜟ⸗fi hCG LH, FSH ─

≢ ╩ ⇔ ⅜ ⇔√≤ ↕╣√ ⌐│ ☻♥꜡

▬♪ DHP ─ ≢№╢ 17ɖ-OHP ╩ ∆╢↓≤⌐╟╡ ≤ ╩ ∆

╩ ∫≡⅝√⁹∕─ ─ │ 23⌐ ⇔√⁹ 

↓─ ⌐ ╢ ─ ⅜ ∆╢⅛ ⅛│ ∕─ ⅜ ⅜ ⇔

☻♥꜡▬♪╩ ∆╢↓≤⌐╟╡ ⅜ ≤™℮ ─ ╘

⅜ ⌂ⱳ▬fi♩≤⌂╢⁹ 

∕↓≢ ↓─ 3 ─ ─ ⌐≈™≡ ⌐ ╩ ℮≤

╘√ ─ ┘⌐ ─ ≤⌂╢ ─ ─ ≤ ☻♥꜡▬♪

⌐╟∫≡ ⅜ ↓∫√⅛ ⅛⌐≈™≡ ╩ ∫√ 24 ⁹ 

⌐╟∫≡ ⅜ ↕╣≡ ⇔√ ≤⇔⌂⅛∫√ ≤╩ ⇔√

≤↓╤ ╩ ℮≤ ⇔√ ≢─ ─ │ 882₩1,012µm ☻

│☺כ♥ 5₩9≢№╡ ↓─ ≢№╣┌ ─ ≤⇔≡ ─≥☺כ♥☻≥ ⌐ ─

⅜╖╠╣√⁹ 

 

 

 

>130%

rFSH250 
µg/kgBW/2wk 10 10 5 1 0

rFSH50 
µg/kgBW/2wk 10 11 5 0 0

rLH250 
µg/kgBW/2wk 10 10 4 2 1

rLH50 
µg/kgBW/2wk 10 15 6 1 0
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(1)-3 ─ ─  

⅜ ≢│ ≢│ ⇔⌂™ ≤⇔≡ ♬ⱱfi►♫◑─

─ ⅜ 50 ⌐ ∫≡ ╦╣≡⅝√⁹♬ⱱfi►♫◑─ │ ─ ≤≤╙⌐

⅛╠ ⌐ ⇔≡ ╩ ℮⅜ ⌐ ∆╢ ╡►♫◑─ │ ⇔ↄ ™⁹

⇔⅛⇔ ↓╣╠─ ⌐ ⱱꜟ⸗fi╩ ∆╢↓≤⌐╟╡ ⌐ ─

⅜ ↓╡ ─ ┤ ─ ∕⇔≡ ╕≢─ ⌐╙ ⇔≡™╢⁹ 

 

 
     23. ⱴ▪♫◗ ─ ה ─ . 

              

 

 

      24. ─ ─ ≤ ─  ☺כ♥☻

      ≤ ─ .       

 

≢ ╩ ╖√ⱴ▪♫◗│ ≢ │ ⇔ ╙ ─ ╕≢

─ ⅜ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹⇔⅛⇔ ∕╣╠ ╩ ⇔√ │ ─

/
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≤≤╙⌐ ╩ ⇔ ╕≢⌐ │ ╩ ↓⇔√⁹ ≢│ ↓─╟

℮⌂ⱴ▪♫◗ ⌐ ⇔ ─ⱱꜟ⸗fi ⌐╟╢ ╩ ₁─ ⌐⅔™≡

╖√⁹∕─ ⱥ♩ ─ ⱱꜟ⸗fi≢№╢ hCG─ ≢│ ⌂

⅜ ↓╢↓≤ ∂►♫◑ ─♬ⱱfi►♫◑ ─ rLH ─ ⌐╟╡ ⌐ ╢

⅜ ╠╢↓≤ ─ ⅜ 900₩1,000µm ⅜☺כ♥☻─ 5₩9─ ⌐№╢ ⌐

╩ ⅎ┌ ™↓≤⌂≥⅜ ╠⅛≤⌂∫√⁹ 

│ ─ ╛ ╩ ∆╢ ─ ╩ ≤⇔≡ ⱱꜟ⸗fi─

╛ ⌐≈™≡↕╠⌐ ⌂ ╩ ℮ ⅜№╢⁹ 
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ⱴכ♥ ◦☻♥ⱶ─  

: (2) ─ ⅔╟┘ ─ ≤  

ה ה  

 

│ ─ ╙ ⅝⌂ ─ ≈≢№╢⁹►▬ꜟ☻ ⌐

╟╢ │ ⌐ ⅝ ℮ ⌂ ≢№╡ ↓╣╠─ ⌐≈™≡│ ∕╣

⌐ ∆╢ ⅜ ─ ⅝⌂ ≤⌂∫≡™╢∞↑≢⌂ↄ ≤™℮ ─

⅛ ≈ ⌐ ╦╢ ⌂ ≤⇔≡ →╠╣╢⁹ ►▬ꜟ☻╛ ─

⌐ ⇔≡│꞉◒♅fi ⌐╟╢ ╛ ⌐╟╢ ⅜ ╦╣≡™╢⅜

⌐ ⇔≡ ╩ ╘ √⌐ ≤⇔≡ ↕╣╢╕≢⌐│ ⌂◖☻♩≤

╩ ∆╢⁹ ─ ≢│ │ ⌐ ╢⅜ ₁─ │ ⌂™√╘

ↄ─ ╛ ⌐ ⇔≡│ ◖☻♩─ ⅜ ╘⌂™↓≤⅛╠ ⌐╟╢

╩ ╘╠╣⌂™≤™℮ ⅜ ↓∫≡™╢⁹╕√ ─ ─ ⅜ ╪∞

⌐╟╢ ─ ⅜ ⇔≈≈№╢⁹ ─ ╛ ─

≤─ ⅜⇔┌⇔┌ ╠╣╢℮ⅎ ⌂ ⅜ ⌐ ⇔≡™

╢√╘ ≤⌂∫≡™╢꞉◒♅fi⌐╟╢ ⌂ ─ ⅜ ≢№╡

⌂ ⅜ ╠╣╢↓≤╙№∫≡ ⌐ ⇔≡™╢⁹ │ ↄ─

≢ ⌂ ≤⌂∫≡™╢⌐╙ ╦╠∏ ≢⅝╢ ╙ ⌂ↄ ⌂

╙ ™⁹∕─√╘ │ ╠╣√ ≢ ≤⅛ ⇔≡™╢─⅜ ≢№╢⁹

≢│↓╣╠─ ⌐ ∆╢ ⇔™ ─ ⌐ ↑ ⌐⅔↑╢ ─

≤ ─ ≤─ ╩ ∆╢↓≤≢ ╩ ⇔

⌐ ╠⌂™ ⌂ ─ ╩ ≤⇔√⁹ 

 

: (2) ─ ⅔╟┘ ─ ≤  

          (2)-1 ─ ≤  

ה ה  

ה ה ה   

 

 

(2)-1   

 ⌐╟╢ │ ≡─ ≢ ╠╣╢ ⌂ ≢№╢⁹►▬ꜟ☻╛ ≤

⌂╡ ⌐ ∆╢꞉◒♅fi │ ╘≡ ≢№╢√╘ ⌂ │ ↄ

≢─ │ ⌐ ⇔√ ╩ ≢ ∆╢ ⌂╙─⌐╒╓ ╠╣≡™╢⁹

─ ≢╙ ─ ⌐ ⇔ ⌐₈Ɫ♄ⱶ◦₉≤ ┌╣╢◌ⱪ◘ꜝ

⌐╟╢ │ ─ ⅛╠ ⌐ ╢╕≢ ─ ╛ ╩ ∆

╢ ≤⇔≡ ≤⌂∫≡™╢⁹ ─Ɫ♄ⱶ◦ │ ↕╣√ ╩ ╛

⌐ ↑≡ ─ ╩ ∆╢ ╛ ⅜ ≢№╢⅜ ⌐│ ⌂

◖☻♩⅜ ⅛╢∞↑≢⌂ↄ ⌐ ∆╢☻♩꜠☻╙ ⅝ↄ ─ ╛ ⌐╙

╩ ╓∆⁹∕─√╘ ≢│ ⇔™ ─ ⅜ ↄ ╘╠╣≡™╢⁹Ɫ♄ⱶ

◦│ ╩ ─ ≤∆╢ ⌂ ╩ ∟ ≢ ⇔ ™⁹ ⇔≡╙ │
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∆←⌐ ↕╣╢√╘ ⅜ ╪⌂ ⌐│ ⌂ ⅜ ≤⌂╢⁹꞉◒♅fi

⌐╟╢ │ ≢№╢√╘ Ɫ♄ⱶ◦─ ╩ ⇔√ ─ ⅜

↕╣╢⁹⇔⅛⇔ Ɫ♄ⱶ◦─ ⌐≈™≡│ ⅜ ⌂ↄ ⌐ ≤⌂∫≡™╢

Neobenedenia girellae ⌐ ∆╢ │ ╠╣≡™╢⁹ │ 90 ⌐ ◌fi

Ɽ♅ ≤ ⌐ ⅛╠ ⇔ ≢│ ─ ⌐ ⇔≡™╢⁹ ⅜

ↄ ⌂ ─ ↄ⌐ ∆╢⁹ ⅜ ↄ ⌐│ ⌐ ⅎ╢√

╘ │ ⌐ ╦╣╢⁹ ╩ ∆╢√╘⌐│ ╩ ∟ ╢ ⅜

№╢⅜ ∕─√╘⌐│ ╩ ⌐ ═╢ ⅜№╢⁹∕↓≢ ≢│Ɫ♄ⱶ◦ ⌐

N. girellae ⌐≈™≡ ∕─ ╛ ⌐⅔↑╢ ╩ ⇔ ╠╣√ ╩ ⌐

⇔™ ╩ ⌐ ↑√ ╩ ∫√⁹ 

 

(2)-1   

Ɫ♄ⱶ◦ Neobenedenia girellae ─ ≤┤ ─ ꜞ☼ⱶ─  

Ɫ♄ⱶ◦ N. girellae ⌐ ↕╣√◌fiⱤ♅ 1 ╩ ╙⇔ↄ│ ⱪꜝ☻♅♇◒

◖fi♥♫⌐ ⇔ 2 ⌐◖fi♥♫ ─ ⅛╠ ╩ ⇔≡ ≤

⌐⅔↑╢ N. girellae ─ ╩ 76 ═√ 25 26ÁC ⁹ │

≢ ─ ╩ ™≡ 3 ™ ⌐ ⌐ ⇔≡™√ ⅛╠ 1

№√╡─ ╩ ⇔√⁹╕√ 1 ⅜ ⇔√ ─ ╩ ═╢√╘

◌fiⱤ♅⌐ ⇔≡™√ N. girellae 1 ╩Ⱪꜝ♇◒⸗כꜞכ⌐ ⇔ ─

≢ 2 ─ ╩ ═√⁹↕╠⌐ ┤ ─ ꜞ☼ⱶ╩ ═╢√╘ 6 ►▼ꜟⱪ꜠כ

♩⌐ N. girellae ╩ ⇔ 2 ⌐┤ ⇔√ ╩ ⅎ√⁹↓─ │

≤ ╩ ⇔√ LED 12L:2D 24L:0D 0L:24D ≢ ∫√⁹ 

 

⌐⅔↑╢Ɫ♄ⱶ◦ Neobenedenia girellae ─ ≤ ─  

⌐ ∆╢Ɫ♄ⱶ◦ ─ ╩ ∆╢√╘ ─ ≢ ╩

∫√⁹2014 9 10 ⌐ N. girellae ─ ⅜╖╠╣√◌fiⱤ♅ ─

⌐ 20 cm× 30 cm ™ 2.5 mm ─♫▬꜡fi ⸗☺ ╩ ⌐ 60cm

≢ ╡ ↑ 2╙⇔ↄ│ 3 ⌐ ⌐ ⇔√ ╩ ⅎ√⁹ ─ ⌐│

⌐ ╪∞ 5cm ─ ╩ 6ﬞ ╩ ╡ ⇔ ╩ ⅛╠ ⇔≡ ≢ ⅎ

√⁹↓─ │ 2 ╡ ⇔√⁹ 

 

⅛╠─Ɫ♄ⱶ◦ Neobenedenia girellae ┤ ─ ─  

─ ⌐ ∆╢Ɫ♄ⱶ◦┤ ╩ ⌐ ∆╢ ≤⇔≡ Ⱶ♩

◖fi♪ꜞ▪ Cytochrome b ╩ ≤⇔≡ Neobenedenia ⌐ ⌂ꜞ▪ꜟ♃▬ⱶ

PCR ╩ ⇔√⁹ ─ ⌐│ ≢ ╠╣╢Ɫ♄ⱶ◦ 4 Benedenia 

seriolae, B. epinepheli, B. hoshinai, B. sekii ╩ ™√⁹ ─ N. girellae ┤ ⅛

╠ ⇔√ DNA ╩ ⌐ ─◖Ⱨכ ╩ ⇔ ╩ ⇔√⁹

─┤ ─√╘ ◌fiⱤ♅ ≤ 3 ﬞ ⅛

╠ ⇔√ 2L ╩ 5ȋm ─ⱷfiⱩ꜠fiⱨ▫ꜟ♃כ≢ ⇔ ⇔√ DNA ╩ ⇔

ↄ ⇔√ꜞ▪ꜟ♃▬ⱶ PCR⌐ ⇔≡ N. girellae ┤ ╩ ⇔√⁹ 
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4 ≤ ⌐╟╢Ɫ♄ⱶ◦ ┼─  

2)─ ⅛╠ Ɫ♄ⱶ◦─ ⌂ │ ⌐ ∆╢ ≢№╢↓≤⅜ ╠⅛⌐⌂

∫√√╘ ─ ≤┤ ╩ ⌐ ≤ ⌐╟╢ ┼─

╩ ═√⁹ ⌐ ↕╣≡™╢ ─ 20×20cm ⌐

╩♪Ⱪ ↑ ⇔√⁹ ≤⇔≡ ─ ╩ ™ ∕╣∙╣ 1 ∏≈╩Ɫ

♄ⱶ◦N. girellae ╙⇔ↄ│ B. seriolae ⅜ ⇔≡™╢◌fiⱤ♅ ⌐ ⌐ 2

⇔ ╩ ↕∑√⁹∕─ ─ ⌐ ╪∞ 10 ﬞ ⅛╠ 2cm ─

╩ ⇔ ≢ ⇔≡ PC ≢ ≤┤ ⇔√ ─ ╩ ╘

√⁹╕√ ⌐⅔↑╢ N. girellae ─ ≤┤ ⌐≈™≡╙ ─ ≢

≤─ ╩ ∫√⁹ 

 

5 ⌐╟╢Ɫ♄ⱶ◦ ─  

─ ╩ ∆╢↓≤≢ Ɫ♄ⱶ◦ ╩ ≢⅝╢⅛╩ ═╢√╘

⌐ 5 ﬞ ─◌fiⱤ♅ ╩ ⇔√⁹ ≢│ ⇔ↄ ⌐ ↕╣√

2 1 2 ─ ≢№╢ 1

╙ ⇔≡™╢ ≢№╢ ⱷ♇◐ 1 ≤ 1

╩ ⇔√⁹ ⌐◌fiⱤ♅ 250 ╩ ⇔ 1 ⅛╠ 10 ∏

≈╩◘fiⱪꜞfi◓⇔≡Ɫ♄ⱶ◦─ ╩ ═√⁹╕√ ⌐⅔↑╢

⅔╟┘ ┼─ ⌐≈™≡╙ ═√⁹ 

 

(2)-1  ≤  

1 Ɫ♄ⱶ◦ Neobenedenia girellae ─ ≤┤ ─ ꜞ☼ⱶ─  

↓╣╕≢Ⱪꜞ ⌐ ∆╢◄ꜝⱶ◦≢│ ⌐ ∂√ ⌐ ⅜ ™≤™℮ ⅜№

╢⁹╕√ Ᵽꜝⱴfi♦▫⌐ ⇔√Ɫ♄ⱶ◦ Neobenedenia sp ≢│ ⌐ ─Ⱨכ◒

⅜ ╢ ⌂ ─ ꜞ☼ⱶ⅜ ↕╣≡™╢ ╙№╢⁹⇔⅛⇔ ⌐⅔™

≡ N. girellae │ ⌐ ╦╠∏ ⌐ ╩ ⇔≡⅔╡ ⌂ ─ │

╘╠╣⌂⅛∫√ 1 ⁹↓╣│ ⅜ ⇔√◌fiⱤ♅≢╙ 1 ╩ ↕∑

√Ⱪꜝ♇◒⸗כꜞכ≢╙ ≢№∫√⁹↓─╟℮⌂ ꜞ☼ⱶ─ ™ ∆╢

│ⱩꜞⱢ♄ⱶ◦ Benedenia seriolae ≢╙ ↕╣≡⅔╡ ↓╣╠─Ɫ♄ⱶ◦ │

≢ ⇔√ │≢⅝╢∞↑ ↄ─ ╩ ∆╢√╘⌐ ⌐ ⌂ↄ ╩⇔ ↑

≡™╢≤ ╦╣╢⁹ ─ ⅛╠ N. girellae ─ │ 1 №√╡ 20 ≢

№╡ ≢│ 1 ⌐ ╩ ∆╢ ⅜ ≢№╢↓≤⅜ ╠⅛≤⌂╡ 1

⅛╠ 1 700 ─ ⅜ ↕╣╢↓≤╙ ⅛∫√⁹↓─√╘ N. girellae ─ ⅜

™ ⌐│ ⇔™ ─ ⅜ ⌐ ↕╣ ⌂ ⅜ ↓╢≤ ⅎ

╠╣╢⁹ 

≤│ ⌂╡ N. girellae ─┤ ⌐│ ⌂ ꜞ☼ⱶ⅜ ╠╣√⁹┤ │ 1 1

─ ™ ⌐Ⱨכ◒⅜№∫√ 2 ⁹ ╩ ⇔√ ⌐╟╡ ┤

─Ⱨכ◒⌐│ ─ ™⅜ ╠╣√⅜ ↓╣│ ╛ ⅜ ⌂∫√√╘∞≤ ⅎ 
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1. Neobenedenia girellae 1  

    2 +SD  
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2. Neobenedenia girellae +SD  

     2  
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╠╣╢⁹Neobenedenia sp.≢│ ╩ ≡≡ 3 ⌐┤ ⅜ ╙ ™≤─ ⅜№╡

─ ≤╒╓ ∆╢⁹╕√ ⌐│ ≥┤ ⅜ ╠╣⌂⅛∫√⁹↓╣│

⌐⅔↑╢ ┼─ N. girella e ⅜ ⌐ ╙ ↄ ─ │ ╘≡ ⌂™≤™℮

─ ≤ ∆╢⁹ ⱩꜞⱢ♄ⱶ◦─┤ │ ≤ ⌐ 1 2 Ⱨכ◒⅜

╢↓≤⅜ ╠╣≡⅔╡ Ɫ♄ⱶ◦│ ⌐╟∫≡┤ ─ ꜞ☼ⱶ⅜ ⌂╢↓≤⅜ ⇔

√⁹Ɫ♄ⱶ◦┤ ⌐│ ≤ ┌╣╢ ⅜№╢√╘ ╩ ↑≡┤ ∆

╢╙─≤ ⅎ╠╣╢⁹ ⌐Ɫ♄ⱶ◦┤ ─ │ ↄ ┤ ╛⅛⌐ ≢№

╢ ⌐ ∆╢ ⅜№╢⁹ ╠╣√╟℮⌂ ┤ ─ ꜞ☼ⱶ│ ≢ ⌂┤

⅜ ≢№╢ ⌐ ∆╢ ╩ ╘╢√╘─ ∞≤ ⅎ╠╣╢⁹ LED

≢─┤ │ ⌐ ╙ ™ ⅜ ╠╣√⅜ ⌂┤ ꜞ☼ⱶ│ ╘╠╣⌂

⅛∫√⁹ ⌐ ═╢≤ LED ≢─┤ │ ⌂ↄ ┤ ⌐│ ─ ╙⇔ↄ

│ ⅜ ⌂◌◑≤⌂∫≡™╢ ╙ ⅎ╠╣√⁹ 

↓╣╠ ─ ⌐╟╡ N. girellae ─┤ ⌐│ ⅜ ≢№╢↓≤⅜ ↕╣√√╘

ⅎ┌ ╛ ⌐╟∫≡ ─ ╩ ∆╢↓≤≢ ┤ ─ ╛┤ ─Ⱨכ

◒╩ ⇔⅜ ↄ ┼─ ⅜ ⌂ ⌐∏╠∆↓≤≢Ɫ♄ⱶ◦ ⅜≢⅝╢⅛

╙⇔╣⌂™⁹ ─ ⌐╟╢ │ ≢№╢↓≤⅜ ╠⅛⌐⌂∫√√╘

↕╣√ ╩ ╙⇔ↄ│ ∆╢ ─ ⅜ ≢№╢≤ ⅎ╠╣√⁹ 

 

2 ⌐⅔↑╢Ɫ♄ⱶ◦ Neobenedenia girellae ─ ≤ ─  

 Ɫ♄ⱶ◦⅜ ⇔√◌fiⱤ♅ ⌐│ ─ ⅜ ⇔≡™√⁹ ⌐ ™

√⸗☺ 5cm ⌐│ 1 ≢ 472.0±838.7 ≢ 8058 ─ ⅜ ⇔√⁹↓

─ ╩ ⌐ ╩ ™√ 4 ─ ╩ ∆╢≤ ≢ 1

3000 ⅜ ™ │ 5000 ⌐⌂╢≤ ↕╣√⁹↓╣╕≢⌐╙

⌐ ╕╢ │Ɫ♄ⱶ◦─ ≤⇔≡ ↕╣ ─ ⅜ ↕╣≡™√⅜

╘≡ ⌂ ⅜ ╠⅛≤⌂∫√↓≤≢ ∕─ ⅜ ↕╣√⁹⇔

⅛⇔ ─ ╛ ⌐│ ╛ ╩ ∆╢√╘ ╟╡ ⌂ ⅜

╘╠╣╢⁹∕─√╘ ≢│ ⅜ ⇔≡™╢ ⌐≈™≡╙ ═√⁹ 

 ─ ≢│ ─ ⌐│ ⌂ ╡⅜╖╠╣√ 3 ⁹ ⅜ ╙

⅛∫√─│ ─ 0 20cm≢ ─ 5 ⅛╠ 8 ─ ⅜↓─ ⌐

⇔≡™√⁹∕╣ │ ⅜ ∆↔≤⌐ │ ⇔√⅜ ─

240 260cm≢│ ⌐ ™≢ 2 ╘⌐ ⅜ ↄ ─ 1 2 ⅜ ⇔≡™√⁹

─ ⌐Ɫ♄ⱶ◦ ⅜ ™≤™℮ │ ⌐╙№╡ ─ │↓╣

╩ ⇔√⁹ │ ╟╡ ⅜ ™√╘ ≢│ ⌐ ╖ ⌐ ∆╢│∏

≢№╢⁹⅔∕╠ↄ ⅜ ≢ ⌐ ∆╢ ⌐ ⅛╠ ─ ⅜ ⇔

⌐ ⇔√≤ ⅎ╠╣╢⁹╕√ ─ ⌐╟╡ ↓∫√ ≢ ⅜ ⌐ ⅝

⅜╡ ⌐ ╕∫√ ╙№╢⁹ 

 ─ │ ≢ ⇔≡™╢ ─ ≤ ⌂ ⅜№╡ ⌐╟∫

≡ ⌂╢≤ ⅎ╠╣╢⅜ ⌂ↄ≤╙◌fiⱤ♅≢│ ─ ⅜ ⌐ ⇔≡

™╢↓≤⅜ ↕╣√√╘ ─ │ ─ ╩ ⌐ ⌐ ⇔ ⌐

≡≡ ╩ ↕∑╢↓≤≢ ╩ ∑∏≤╙ №╢ ╩ ╠∆
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↓≤⅜ ≢№╢≤ ⅎ╠╣╢⁹╕√ ─ ⌐╙ ╩ ⌐ ∆╢↓

≤≢ ⌐ ⅛╢ ╛ Ɫ♄ⱶ◦ ╩ ≢⅝╢≤ ⅎ╠╣╢⁹ 

 

3. 5cm Neobenedenia girellae SD  

 

⅛╠─Ɫ♄ⱶ◦ Neobenedenia girellae ┤ ─ ─  

Ⱶ♩◖fi♪ꜞ▪ Cytochrome b ╩ ⌐ ⇔√ⱪꜝ▬ⱴכ≢│ N. girellae

─ ─ ≢ ╠╣╢ Ɫ♄ⱶ◦ 4 ─ │ ∑∏ ꜞ▪ꜟ♃▬ⱶ

PCR─ ⅜ ↕╣√⁹B. seriolae ⌐ ⇔≡│ DNA ⅜ ™ ⌐ ∫≡ ⅛

⌂ ⅜╖╠╣√⅜ ⱳꜞ▪◒ꜞꜟ▪Ⱶ♪ │melting point ⌐╟∫

≡ ⌐ ≢№∫√⁹↓╣⌐╟╡ Neobenedenia╩ ⌐ ⌂ꜞ▪ꜟ♃

▬ⱶ PCR ⅜ ↕╣√⁹⇔⅛⇔ Neobenedenia ─ ⌐≈™≡│ ╙ ⇔≡⅔

╡ ╛ ≢╖╠╣╢ N. girellae ≤ ╛ ⅛╠ ─№╢ N. mellleni ╛

Neobenedenia sp.⅜ ⅛≥℮⅛││∫⅝╡⇔≡™⌂™⁹ ⇔√ꜞ▪ꜟ♃▬ⱶ PCR

≢╙ N. girellae ─ Neobenedenia ─ DN A ⅜ ↓╢≤ ⅎ╠╣╢⅜ ⌂ↄ

≤╙ ─ ≢│ N. girella e ─ Neobenedenia │ ↕╣≡⅔╠∏

─ │ ⌂™≤ ⅎ╠╣╢⁹╕√ ꜞ▪ꜟ♃▬ⱶ PCR⌐⅔↑╢ │

500◖Ⱨכ ≢№╢↓≤⅜ ↕╣√⁹ ─┤ ⅛╠ ⇔√ N. girellae ┤

1 №√╡─ DNA │ 220 ◖Ⱨכ≤ ↕╣√√╘ ┤ 1 ⅛╠

⇔√ ╩ ™√ ⌐╙ ≢№╢ ⅜ ↕╣√⁹ 

⇔√ PCR ╩ ™≡ ─ N. gi rellae ─ ╩ ∫

√ ⌐⅔™≡ ∕╣∙╣ 2ﬞ ⅛╠ ⅜ ↕╣√
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1 ⁹ PCR ─ ⅛╠ ⇔√ 1l ─┤ │ ─ ⅜

⌐ ═ ≤ ⌂ↄ ⌐╟╡┤ ─ ⅜ ∆╢↓≤⅜ ↕╣√⁹↓╣╕

≢─ ≢╙ ╩ ⇔ ╩ →╢↓≤≢Ɫ♄ⱶ◦ ⅜ ≢⅝╢↓≤│ ↕╣≡

⅔╡ ∕─ ≤⇔≡┤ ─ ⌐╟╡ ╟╡ ╢™ ⌐ ⅜ ∆╢≤

ⅎ╠╣≡™√⁹ ─ │↓╣╩ ∆╢╙─≢№╡ ─Ɫ♄ⱶ◦ ╩

⌐ ≢⅝╢ ⅜ ∫√≤ ⅎ╢⁹ 

⇔√ PCR⌐╟╡ ⌐╟╢ N. girellae ┤ ─ ╩ ≈

⌐ ≢⅝╢ ⅜ ↕╣√⁹↓╣⌐╟╡ Ɫ♄ⱶ◦─ ╛ ╩ ™⌂™

▪♇☿▬ ┼─ ⅜ ≢⅝╢⁹⇔⅛⇔ ⌐│ PCR╩ ∆╢ ⅜

ↄ ╕╣≡⅔╡ ∕─ │ ╛ ⌐╟∫≡ ⅝ↄ ⌂╢⁹↓─ PCR ⌐≈™

≡╙ ⌐ ╩ ⇔ ╩ ∆╢ ⅜№╢⁹ 

 

1. ≤ ─ ⌐⅔↑╢ Neobenedenia girellae ≤      

┤ ⁹ 

   

  
DNA a 

ng/ml  
 S.D. 

b 

/l  

DNA a 

ng/ml  
 S.D. 

b 

/l  

 28.1 254.9 40.1 0.22 40.4 1128.9 156.2 0.99 

 27.3 462.5 82.7 0.41 29.3 687.6 35.0 0.60 

 44.6 ND     31.9 ND     

ND a DNA b 1l  

 

 

4 ≤ ⌐╟╢Ɫ♄ⱶ◦ ┼─  

╩ ⇔√ ┼─ N. girellae │ 1263.5±270.0 /2cm

≢№∫√─⌐ ⇔ ≢│ 30 ™ 1639.5±223.5 /2cm≢№╡

⌐╟╡ ─ ⅜ ⇔√⁹↓╣│⅔∕╠ↄ ⌐╟∫≡ ─ ⅜ ╕╡

⅜ ╖ ↄ⌂∫√√╘∞≤ ⅎ╠╣╢⁹╕√ B. seriolae ⌐≈™≡│ ╩

∆╢↓≤≢ ┤ ⅜ 8 ⇔√⁹ N. girellae ≢│ ⌐

╟╢┤ ┼─ │ ╘╠╣⌂⅛∫√⁹↓╣╠─ ⅛╠ ╩ ≢ ∆

╢↓≤≢ ─ ╛┤ ╩№╢ ≢⅝╢ ⅜ ↕╣√⅜ ∕─ │ ⅛

≢№╡ Ɫ♄ⱶ◦ ╩ ≢⅝╢ ─ │ ™≤ ⅎ╠╣√⁹ ≢│

⌐╟╢ ╣⅜ ⇔√ ⌐│ ╩ ℮⅜ ⌐╟╡∕─ ⅜ ∆

╢⁹∕─√╘ ⇔√ ≢│⅛ⅎ∫≡Ɫ♄ⱶ◦ ⅜ ∆╢ ╙№╢⁹

│Ɫ♄ⱶ◦ ┼─ ⅜ ⌂™↓≤╩ ⌐ ⌂ ╛ ⌐╟╢

╩ ∆╢↓≤⅜ ∞≤ ⅎ╠╣╢⁹ 

≤ ⌐⅔↑╢ N. girellae │∕╣∙╣ 390.5±132.6 ≤ 358.6±

258.2 /2cm≢№╡ ≥ ™│ ⅛∫√⁹⇔⅛⇔ ≢│ ⅜ ⌐ ╗  

⌐ ⇔≡™√─⌐ ⇔ ≢│ ─ ╩ ←╟℮⌐ ↄ ⇔≡™√ 4 ⁹ 
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4. Neobenedenia girellae   

 

 

↓─↓≤⅛╠ ≢│ ⌐ ⇔√ │ ⌐╟╡ ↕╣ ™≤ ⅎ╠

╣√⁹ ≢ ∫√ ≢│ ┼─Ɫ♄ⱶ◦ │ ⌐ ═ ⇔

ↄ ⌂™≤─ ╙№╡ ╩ ∆╢↓≤≢ ─ ╩ ≢⅝╢

⅜ ↕╣√⁹↕╠⌐ ⌐ ⇔√ ≢│ ⇔™┤ ⅜ ╠╣√⁹

─ │╒╓ ≡⅜┤ ⇔≡™√─⌐ ⇔ ┤ 95.9% ─ ┤

│ 1% ≤ ⇔ↄ ↄ ⌐╟╢ ⌂┤ ⅜ ╘╠╣√ 5 ⁹↓╣│

⅔∕╠ↄ ⇔√ ─ ⌐╟╡ ⅜ ⇔√≤ ⅎ╠╣╢⁹ 

 

               5. Neobenedenia girellae  
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2 ─ ⅛╠╙ ≢│ ⌐ ∆╢ ⌂ ─ ⅜Ɫ♄ⱶ◦

≤⌂∫≡™╢≤ ╦╣╢⁹ ─ ⅛╠ ⌐ ─ ╩ ™╢ ≢

┼─ ╩ ∆╢≤ ⌐ ⇔√ ─┤ ╙ ⇔ Ɫ♄ⱶ◦ ─

⌐ ⅜╢≤ ⅎ╠╣╢⁹ 80 ╕≢ ─ ™ ☻☼ ╩ ⇔≡™√

⌐│Ɫ♄ⱶ◦ ⅜ ⇔ↄ ⇔√⁹ ⌐│ ⌐ ⱷ♇◐ ⅜ ™╠╣≡

™╢⅜ ↓╣⌐│ ─ ⌂ ⌐ ∆╢ │ ≢⅝⌂™⁹ │ ╩ ∆

╢↓≤≢ Ɫ♄ⱶ◦∞↑≢⌂ↄ ─ ╩ ≈ ─ ⌐≈™≡╙ ╩ ≢⅝

╢ ⅜№╢⁹ 

 

5 ⌐╟╢Ɫ♄ⱶ◦ ─  

⌐⅔™≡ ⌐╟╢Ɫ♄ⱶ◦ ┼─ ⅜ ╘╠╣√↓≤⅛╠

⌐ ╩ ™≡ ≢─ ╩ ∫√⁹ ⌂╢ ─ ≢ 5 ﬞ

◌fiⱤ♅ ╩ ⇔√ ≢│ ⌐ ═≡Ɫ♄ⱶ◦ ⅜ ⇔ↄ

™↓≤⅜ ↕╣√ 6 ⁹╕√ ≢│ ╩ ╗ ≤ ≢─ ⅜

⌂™ ⅜╖╠╣√⅜ ∂ ≢№╢ 1 ≤ 2 ≢│ ⅜ ⇔ↄ ⌂

∫√⁹ ─ ╙Ɫ♄ⱶ◦ ─ ⌐ ∂ ⅜ ⅛∫√ 2 ⅔╟┘

≢│ ⅜╒╓ ⇔√─⌐ ⇔ ⅜ ⌂⅛∫√ 1 ≤ ≢│

ↄ⅜ ⇔√ 7 ⁹ ─ ⌐│ ⅜ ↄ ╠╣≡⅔╡ Ɫ♄ⱶ◦ ⌐╟

╡ ╩ ⌐ ╡≈↑√ ⌐╟╢☻꜠⅜ ≢ ⇔√≤ ⅎ╠╣√⁹ 

 

 

6. Neobenedenia girellae  
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7. 5  

 

⌐ ⅜ ⅛∫√ ≢│ ─ ⅜ ↄ╖╠╣√⁹ 2

≢│ ⅛╠◌◘Ⱡ◌fi◙◦╛ⱨ◘◖◔ⱶ◦─ ⅜ ∟ 50 ─

≤ 2 │ ╒╓ ╩ ⅜ ∫≡™√ 8 ⁹ ≢╙ ⌐ ─

⅜ ╠╣√⅜ ⌐╟∫≡∕─ │ ⌂∫≡™√⁹ ≤ 2 ≢│

⅜ ≥ ↄ ⌐⅔™≡╙ ─ⱨ◘◖◔ⱶ◦ ⌐ ╣│ ╠╣⌂⅛∫

√⁹⅔∕╠ↄ ─ ⌐╟∫≡ ⅜ ⇔⌂⅛∫√√╘∞≤ ⅎ╠╣╢⅜ ∂

─ 2 ≢│ ─ ⇔™ ⅜╖╠╣√⁹ ─ ≢│ ⌐

™√ ⌐ ™│ ╘╠╣⌂⅛∫√⅜ 2 ≢│ ⅜ ⇔≡⅔╠∏ ╠⅛─

⌐╟╡ ─ ⅜ ⅝∏ ⅜ ↕╣⌂⅛∫√↓≤⅜ ─ ™─ ≤ ⅎ

╠╣√⁹ 

─ ⅛╠ ⌐╟╡ ⅜ ╣╢↓≤≢ ⅜ ╕╡╛∆ↄ⌂╢≤

⌐ ⇔⅜ ⇔≡Ɫ♄ⱶ◦ ⅜ ⅎ ⅜ ╩◌◘Ⱡ◌fi◙◦─ ⌂ ™

⌐ ╡≈↑╢↓≤⌐╟╡ ⅜ ∆╢ ≤™∫√ ─ ╣ Ɫ♄ⱶ◦ ─

─ 3 ─ ⅜ ╠⅛≤⌂∫√⁹ ™ ⅎ╣┌ ⌐╟╡ ╛Ɫ♄ⱶ

◦ ─ ╩ ≢⅝╣┌ ╩ ⌐ ≢⅝╢ ⅜ ⅛∫√⁹⇔⅛⇔ ─

≢│ ╠⅛─ ⌐╟╡ ─ ⅜ ⅝∏ ⅜ ⁹√∫№⅜☻כ◔™⅝

─ ⌂ ⌐│ ↓─ ╩ ∆╢↓≤⅜ ≢№╢≤ ╦╣╢⁹ 

 

 

 

 



◦☻♥ⱶ─  

─ ≤  

 

58 

 

(2)-1  ─ ─  

─ ─ ⌐╟╡ ↓╣╕≢ ⅜ ≢№∫√Ɫ♄ⱶ◦ Neobenedenia girellae

─ ╛┤ ≤™∫√ ⌂ ⅜ ╠⅛⌐⌂∫√⁹ ─┤ ⌐│ ⅜ ⌂

╩ ⇔≡™╢↓≤⅜ ⅛╡ ╛ ≤™∫√ ╩◖fi♩꜡כꜟ∆╢↓≤≢  

8. 50 2

1  

 

─┤ ╩ ∆╢ ⇔™ ⌐ ⅜╢ ╩ ╢↓≤⅜≢⅝√⁹╕√ ≢

─ ╛ ─ ╡╩ ╠⅛⌐∆╢↓≤≢ ⌐ ⇔ ─ ╩

ↄ ⅜♃כ♦⌂ ╠╣╢≤≤╙⌐ ╟╡ ™ ─ ⌐ ⅜╢ ╩

⇔√⁹ │↓╣╠─ ╩♃כ♦ ⌐ ⌐ ≢ ⌂ ⌐ ↑

≡ ╩ ∆╢ ≢№╢⁹↓╣╕≢ ─ ╩ ╢√╘⌐│ ╩ ™√Ᵽ

▬○▪♇☿▬⅜ ≢№∫√⅜ ╛ ⅜ ⅛╢≤™∫√ ⅜№∫√⁹ PCR

╩ ™√Ɫ♄ⱶ◦ ╩ ⇔√↓≤⌐╟╡ ≈ ⌐ ╩

∆╢ ⇔™ ╩ ⌐ ╣√⁹ ─ │Ɫ♄ⱶ◦ ⌐╙ ↄ─ ╛ ┼

─ ╙ ≢№╡ ↄ ™╠╣╢≤ ╦╣╢⁹ ⌂Ɫ♄ⱶ◦ ≤⇔≡

│ ⌐╟╢ ╩ ∆╢⁹ ≢│ ⌐╟╢ⱷ◌♬☼ⱶ─

─ ≤┤ ≤ ⌐╟╢ ╩ ⇔ №╢ ⅜

№╢↓≤╩ ⇔√⁹ │ ─ ⌐ ∆╢ ─ ⌐≈™≡╙
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╩ ™ ⅛╠∕─ ≤ ─ ╩ ╡√™≤ ⅎ╢⁹↓╣╠─ ─

⌐╟╡ ╩ ™√ ⅜ ≢№∫√Ɫ♄ⱶ◦ ⌐≈™≡ ─ ≤™℮

╩ ⇔ ⌐⅔↑╢ ─ ⇔™ ╩ ™√⁹ 
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ⱴכ♥ ◦☻♥ⱶ─  

: (2) ─ ⅔╟┘ ─ ≤  

(2)  ─ ─  

ה ה  

ה ה ה   

  

 

(2)-2   

╘╠╣≡⅝√ ─ ⌐ ∆╢ ⌐ ⌂ ≢№╢꞉◒♅fi≢│

⌐ ∆╢ ⅛≈ ─ ⌐ ∆╢ ┼─ │

≢№╢⁹ ⌂ ⅜ ⇔⌂™ ╙ ↄ №∫√≤⇔≡╙ ⌐ ╠╣

╢√╘ ⅜ ∆╢ ─ ⌐│ ⅜№╢⁹∕─√╘ ─

⅜ ≈ ╩ ⇔ ∆╢ ╩ ⇔≡ ╩ ∆╢≤ ⌐ ∆╢

─ ╩ ↕∑╢↓≤≢ ─ ╩ ∆↓≤⅜ ╘╠╣≡™╢⁹

≢│ ╕∏ ≢ ⅜ ≢⅝╢ ≤⇔≡ ⌐ ⅜ ╘╠╣≈≈№╢

( )⌐≈™≡ ⇔√⁹ ⌂ ─ ≢ ⱴfiⱡ◒ꜞכfiɗ⅜ ─

⌐╟╢ ─ ⌐ ≢№╢↓≤⅜ ↕╣√√╘ │∕─ ⌐ ⇔≡

╩ ╘√⁹ ─ │ ─ ≢№╢◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►(Cryptocaryon 

irritans )─ ⌐╟∫≡ ↓╢⁹ ─ ≢№╢ ⌐│ ⇔⌂™⅜

⌐ ⌐ ╢ ⅝⌂ ╩ ⇔ ∕─ ⅛╠ ⌂ ⅜ ⌂ ≢

№╢⁹ 

⌐ ⇔≡│ ╩ ∆╢≤≤╙⌐ ╩ ╘╢√╘─ ≤∆╢↓≤

╩ ≤⇔≡ ─ ╩ ⇔ ╛ ⌐≈™≡

╩ ∫√⁹ ≢│ ⌂ ─ │ ╩ ™√ ⌐ ╠

╣≡™╢⅜ ╩ ≤∆╢ ─ ⌂≥─√╘ ╩

ⅎ√ ─ │ ≢№╢⁹↕╠⌐ ⌐╘√─◓fi♬כꜞ◒☻ ↄ─

╩ ∆╢⌐│ ⌂ ⅜ ≤⌂╢⁹∕↓≢ ↕╣√ ╩

⅛≈ ⌂ ≢ ⌂ ≤⇔≡ ⇔√◒꜡ⱷ♄◌╩ ⇔

─ ⌐ ⅛≥℮⅛ ⇔√⁹╕√ ─ ≢

│ ─ ⅜ ≢№╢↓≤⅛╠ ⌐╟╢ ⅜ ⌐ ⅝⌂ ≤⌂

∫≡™╢⁹∕─ ≢ ⅛≈ ⌂ ≢ ↕╣≡™╢↓≤⅛╠ ⌐

╩ ∆╢↓≤≢ ╩ ≢№╢≤ ↕╣╢⁹ ─ ≢│

╛○♂fi ≢ ⇔√ ╩ ⇔√℮ⅎ≢ ∆╢↓≤≢ ─

╩ ⇔≡™╢⅜ ⌂ ╩ ⅛╠ ⌐ ∆╢↓≤│ ╘≡

≢№╢⁹∕↓≢ ≢ ꜠ⱬꜟ─ ( ) ╩ ∆╢↓≤≢ ─

─ ╩ ⇔ ─ ╩ ←↓≤⅜ ≢№╢⅛≥℮⅛ ⌂ ╩ ∫√⁹ 

 

(2)-2   

ꜘ◦ ⌐╟╢◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►─ ─  
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ⱴfiⱡ◒ꜞכfiɗ( ꜘ◦ )─ⱴ♄▬ ┼─ ⌐╟╡

─◦○Ⱶ☼Ɫ◒♥fi♅ꜙ► ⅜ ⌐ ∆╢ ( 9)⅜ ╠╣√√╘ ∕─

╩ ∆╢√╘ ─ ╩ ∫√⁹ 

 
 9. ⱴfiⱡ◒ꜞכfiɗ ╩ ⇔√ⱴ♄▬ ≢ ⇔√ ⌐╟╢ ─  

 

─ ≤⇔≡ ⇔≡60 mesh ( 250 mm) ⱴfiⱡ◒ꜞכ

fiɗ╩ ⌐ ⇔≡ ≢ 4% ⇔√╙─╩ ⇔√⁹ ⌐│ ≢

1%─◌ꜟⱲ◐◦ⱷ♅ꜟ☿ꜟ꜡כ☻≤ 10%─ ╩ ™√⁹ ─ ⌐│

─╖ ⇔√⁹ⱴ♄▬ ⌐ ⇔≡ ≤⇔≡ ─ 3%╩ ⇔√⁹15 26

─ ╩ 3 ⌐ ⇔ ◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►≢

╩ ∫√⁹ ≢ ⇔ ⇔≡⅔™√♩⸗fi♩(◦☻♩)╩

⌐ ⇔ ↕╣√☿꜡fi♩( ─ )╩ 3 ⌐ ⌐ ™√⁹ │ 200L

Ɽfiꜝ▬♩ ─ 75 100L ⌐ 220 / ─☿꜡fi♩╩ ⇔≡ ™ 2 ⌐

200L ╕≢ ⇔≡ │ ≢ ⇔√⁹ ╕√│ 2 ⌐ ╩ ⇔√⅜

∕─ ⌐ ⌐ ⇔≡™√♩⸗fi♩ ╩ⱪꜝ☻♅♇◒ ─Ⱬꜝ≢ ⇔ ⇔

≡ ⇔√⁹ │ 3 ⇔ ─

│∕╣∙╣ (1) 6.8g 20 *6 21 16.9ϴ (2) 11.6g, 30 *6 15

16.2ϴ (3) 14.5g 30 *6 26 15.7ϴ≢№∫√⁹ ⅜ ↔≤⌐

⌂╢─│ ─☿꜡fi♩╩ ≥⅔╡⌐ ∆╢─⅜ ≢№∫√√╘≢№╢⁹ 

 

2 ꜘ◦ ─ⱴ♄▬ ⌐ ∆╢  

ⱴfiⱡ◒ꜞכfiɗ ⌐╟╢◦○Ⱶ☼Ɫ◒♥fi♅ꜙ► ─ ⅜  
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─ ⌐╟╢╙─≤ ↕╣√√╘ ─ⱴ♄▬ ╩ ⇔≡

⇔√⁹ 

⌐│ⱴfiⱡ◒ꜞכfiɗ─ 4% ╩ ⌐│ ╩ 14

─ 3% ⇔√ ╩ ⇔√⁹ ─ ╩ ←√╘ ⌐

2-ⱨ▼ⱡ◐◦◄♃ⱡכꜟ╩ ⇔ ─ ⅜ ⇔≡⅛╠ ⌐ⱨ♇◒╩

⅛↑≡ ⅝ →√⁹ ⌐ 30 ⇔≡ ⌐ ⇔√ ─ ╩ ∫√─∟

⌐ ↕∑√⁹ ─ ╩ ↑√ ꜝ♇ⱪⱨ▫ꜟⱶ≤Ɽꜝⱨ▫ꜟⱶ≢ ⇔√

( 10)╩ ™≡ ─ ⌐ 10cm2─ ╩ ↕∑ ─

Ref 353085, BD Falcon⁹)כⱤכ꜠◒☻ꜟ☿╩ ◗ⱶ 18mm)≢ ⅝ ∫√(

─כⱤכ꜠◒☻⁹(11 ┼─ ⇔≈↑ │ 90 110g ≤⇔√⁹ ⇔√ │

─ ╩ ↑╢√╘►▼♇♩♅ꜗfiⱣכ⌐ ⇔ ⌐ ⇔√⁹ꜝ♇ⱪⱨ▫ꜟⱶ

⌐ ╘√ │ ⌐ Ɽꜝⱨ▫ꜟⱶ≢כⱤכ꜠◒☻√™ ⌐ ╩ ⇔≡⅛

╠  (NL -200, Shimadzu 0.1mg)≢ ⇔√⁹ │ 20 ≢ 3 ⇔

√⁹3 ─ ≢│ ⱶכ♅♂ꜞ ( ⱳ♩♅כⱶ №∆⅛▪♬ⱴꜟⱫꜟ☻)╩

( 3% ⌐ ⇔≡ 1.33%) ⇔√ ╩ ∆╢ⱳ♩♅כⱶ ╩

≢ ↑√⁹ ─ │ 103 138g ─ │ 18.3 23.7ϴ≢№∫√⁹ 

 

 

            10.  

 

─ ─ ≤  

─ ⅔╟┘ ─ ⅛╠ ₁⌂ ─ ╩

⇔ ⇔≡™╢ ╩ ה ⇔√⁹ │ BIOLOG GN ⱪ꜠כ♩≢



◦☻♥ⱶ─  

─ ─ ( ) 

63 

 

⇔√⅜ ─ ≤⇔≡│ 4 ⇔√ ╩ ™√⁹ ─ ⌐≈

™≡│ 16S rRNA ─ ╩ ⇔ ─ ╩ ∫√⁹ 

 

 
                11. ─  

 

4 ⇔√◒꜡ⱷ♄◌╩ ™√ ─  

[ 1] ─◒꜡ⱷ♄◌ Ⱶ♫Ⱶⱷ♄◌, Oryzias latipes ╩ ≢

⇔≡⅔⅝ ⌐ 1 ⇔√ ╩ ™√⁹ ≤⇔≡ 20g

─ⱴ♄▬ ╙ ⇔√⁹ ⇔√ⱴ♄▬ ─℮∟ ⱴ♄▬ ⌐ ∆╢

≢ ⇔√ ה 6 ╩ ⇔ ◒꜡ⱷ♄◌⅔╟┘ⱴ♄▬

10 ⌐ ⇔≡ 107 cfu/mL 60 ─ ╩ ™ 22ϴ ≢ 1

⇔≡ ╩ ⇔√⁹ 

 [ 2] ⇔√◒꜡ⱷ♄◌│ ≢ ┤ ⅜ ≢№╢√╘ ≢ ⇔√

2 ─ ⌐≈™≡╙ ⌐╟╢ ╩ ∫√⁹ ≤⇔≡ ◒꜡ⱷ♄

◌ ⅔╟┘ 12g ─ⱴ♄▬ ╙ ⇔√⁹ ≤⇔≡ ⅜ ╦╣╢ⱥ

ꜝⱷ╕√│▪ꜚ─ ⅛╠ ⇔√ 9 ╩ ⇔ 107 cfu/mL 60

─ ╩ ™ 25ϴ≢ 1 ⇔≡ ╩ ⇔√⁹ⱷ♄◌ ⅔╟┘

ⱴ♄▬ ⌐≈™≡│ ∕╣∙╣ 104 cfu/ ⅔╟┘ 105 cfu/ ≢ ╙ ™

≤ ⌐ ⇔√⁹ ≡─ ⌐│ 10 ─ ╩ ⇔√⁹ 

 

5 ─ ⅜ⱴ♄▬ ⅔╟┘ ┼ ╓∆ ─  

≢ ╩ ∆╢ ≤⇔≡ ( )─ ≢№╡  
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≤⇔≡╙ ↕╣╢ ╩ ⇔ ┼─ ⌐ ⇔√⁹

⌂ ─ 10ppm ≢ 4 ⇔≡╙ⱴ♄▬ ⌐ ⅜ ╠╣⌂⅛∫√↓≤⅛

╠ ╩ 5ppm ⌐ ⇔≡ 2ﬞ ─ ╩ ⇔√⁹ 

⌐│ 500L Ɽfiꜝ▬♩ ╩ 2 ™√⁹∕╣∙╣╩ ⅔╟┘

≤⇔ ⅜ 1000 ⌐⌂╢╟℮⌐ ⇔√⁹ ⌐│ 5 ppm

─ ⅜ ↕╣╢╟℮⌐ ⌐ ─ⱱכ☻╩ ⇔ ╖ ♄▬ꜘⱨ

ꜝⱶⱳfiⱪ ♃◒Ⱶ♫ Ɽꜟ☻ 30 ≢ ╡ ╪∞⁹ ⌐ ∆╢ │

─ ⌐╟╡ ⅜ ╕∫√╡ ⅜ ↓∫√ ⌐ ⅜ ↕╣╢╟℮⌂ ╩

≢⅝╢╟℮⌐ ⇔≡ ╩ ╢√╘─♃fi◒ 200 L ╛ ≈⅝

─ → ╖ⱳfiⱪ╩ ™√⁹ ─♃fi◒ Ᵽ◔♠ │ ─♃fi◒ ⌐ ⅛═╢

↓≤≢ ⌐ ∞↑⅜ ↕╣╢─╩ ←╟℮⌂ ╩ ∫√⁹ ≤⇔≡

ⱴ♄▬ ( 9cm)╩ ⌐ 22 ∏≈ ⇔√⁹ │ 2 ™ №√╡

⌐ ⇔≡ 3 ≤⌂╢ ╩ ⇔√⁹ ⌐ ╩ ™≡ pH

─ 3 ⌐≈™≡ ⇔ ↕╠⌐ ╩ 50 mL ◘fiⱪꜞfi◓⇔ ♅♃fi

╩ ™≡ ╩ ⇔√⁹ ╩fiꜛ◦כ꜠כ▪◄│⌐ ⇔

│ ⅔↓⌂∫√⁹ ╩ ∆╢√╘⌐ ⅛╠ 2 ⇔√≤↓

╤≢ ─ ╩ ∫√⁹ ⅛╠ 3 ⌐ ─ ╩◘fiⱪꜞfi◓⇔ 0

1000 ╕≢ ⇔√╙─╩ ⌐ 0.1 mL ⇔ ◖fiꜝכ☺ ≢ ⇔≡

25ϴ─ ≢ 1 2 ⇔ ─ ╩ ⇔√⁹ ─ ⌐│

( ⅔╟┘ 2 ≢ ) ⱦⱩꜞ○ ⌐│ TCBS ╩ ™√⁹ 

 

(2)-2  ≤  

1 ꜘ◦ ⌐╟╢◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►─ ─  

3 ─♩⸗fi♩ ( ± )│ [ 1]≢│ 39.0±5.20

61.3±13.3 ≢ │ ╠╣⌂⅛∫√ t p=0.054)⅜ [ 2]≢│ 5.7

±2.5 10.3±0.6 [ 3]≢│ 20.2±4.5 38.3±8.5 ≤⌂

╡ ™∏╣╙ ≢ ⌐ ⌂⅛∫√ t p=0.035 ⅔╟┘ 0.032)⁹↓─ ⅛╠

ⱴfiⱡ◒ꜞכfiɗ─ ⌐╟╡ⱴ♄▬ ≢◦○Ⱶ☼Ɫ◒♥fi♅ꜙ► ─

⅜ ∆╢↓≤⅜ ↕╣√( 2)⁹ 

 

2. ⱴ♄▬ ⌐ ∆╢ⱴfiⱡ◒ꜞכfiɗ─ ⅜ ─◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►─   

♩⸗fi♩ ⌐ ╓∆  

 

 

64% p=0.054 6.8 g

55% p=0.035 11.6 g

53% p=0.032 14.5 g
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≢│1╕√│2 ⌐♩⸗fi♩╩ ⇔≡™╢√╘ ⅛╠♩⸗fi♩ (

⅛╠─ )╕≢─ ∆⌂╦∟ ╩ ≢№╢⁹ 3 ↔≤─ ╩

± ≢ ∆≤( 3) [ 1]≢│ 10.9±0.1 11.2±0.7 [

2]≢│ 9.6±0.9 9.4±0.7 [ 3]≢│ 10.2±0.6

10.2±0.2 ≤⌂╡ 3 ─ ─™∏╣⌐╙ │ ╠╣⌂⅛∫√ t p=0.440

0.796 0.902)⁹◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►─♩꜡ⱱfi♩( )│ ∆╢≤

⌐ ⅛╠ ⇔ ╛ ⌐ ⇔≡♩⸗fi♩╩ ∆╢⁹↓─ ⌐ ⅜

╠╣⌂⅛∫√↓≤⅛╠ ⱴ♄▬ ─◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►─ ╛∕─ ─

⌂ ⌐ ≤ ─ ≢ ⅝⌂ │ ⅛∫√≤ ⅎ╠╣╢⁹ ∫≡ ⱴfiⱡ

─fiɗכꜞ◒ ⌐╟╢ ─ │ ─ ≢│ ↄ ─

⌐╟╢╙─≢№╢≤ ≢⅝╢⁹ 

 

3.  ⱴ♄▬ ⌐ ∆╢ⱴfiⱡ◒ꜞכfiɗ─ ⅜ ─◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►─ 

     ⌐ ╓∆  

 

2 ꜘ◦ ─ⱴ♄▬ ⌐ ∆╢  

200g ─ⱴ♄▬ ⌐ ⇔≡ⱴfiⱡ◒ꜞכfiɗ╩ 2 ⇔√ ⌐⅔

™≡ ─ ⌐ ⌂ ⅜ ∂╠╣√↓≤⅛╠ ─ ⌐ ⅜ ╣╢↓≤

⅜ ↕╣√⁹∕↓≢ 100g ─ⱴ♄▬ ╩ ™≡ 10cm2№√╡─

╩ ⌐ ⇔√≤↓╤( 4) ⌐ ∆╢ ─ ─ │ 1.71 1.21

1.50≤⌂╡ 21 71%─ ⅜ ╠╣√(t p<0.000, =0.055⅔╟┘ <0.000)⁹╕√

ⱳ♩♅כⱶ │ ⌐ ⇔≡ 46% ⇔≡™√⅜ⱴfiⱡ◒ꜞכfiɗ ≤─ ⌐

│ ⅛∫√(p=0.737)⁹ 

 

4. ⱴ♄▬ ⌐ ∆╢ⱴfiⱡ◒ꜞכfiɗ≤ ⱳ♩♅כⱶ─ ⅜ ⌐ ╓∆  

 

 

97% p=0.440 6.8 g

102% p=0.796 11.6 g

100% p=0.902 14.5 g

2

(4%) (1.33%)

 a  b - 171 103g

 a  a - 121 138g

 a  b  a 150 146 135g
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ⱴfiⱡ◒ꜞכfiɗ╩ⱴ♄▬ ⌐ ∆╢≤ ◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►

─ ⅜ ∆╢↓≤╩⅜ ⇔√⅜ ↓╣│ ┼─ / ⌐╟╢╙─≤

↕╣╢⁹⇔⅛⇔ⱴfiⱡ◒ꜞכfiɗ─ ╩ ⌐ ⇔√ ⌂ ≢│☿꜡fi

♩─ ⌐ ⅜ ╠╣⌂⅛∫√↓≤⅛╠ ◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►⌐ ⇔≡ ∆

╢ ⅜ ⌐ ⇔≡™╢ │ ↕™≤ ⅎ╠╣╢⁹ │

⌂ ─ ─☻♥♇ⱪ≢№╢ ≤⇔≡ ™≡⅔╡ ⱶכ♅♂ꜞ ─

⌐╟╡ ╩ ↕∑╢≤◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►─ ⅜ ∆╢↓≤⅜

╠╣≡™╢⁹ ─╖─ ≢│№╢⅜ ↓─ ≢ ↕╣√ ≢№╢ ⱳ♩

≥ⱶכ♅ ─ ⅜ ╠╣√↓≤⅛╠ ⱴfiⱡ◒ꜞכfiɗ─ ⌐⅔™≡

╙ ≢ ⇔√ ─ ⌐╟╡ ◦○Ⱶ☼Ɫ◒♥fi♅ꜙ►─☿꜡fi♩⅜

⌐ ∆╢↓≤╩ →╠╣√≤ ⅎ╠╣╢⁹ ─ ≢│ ⅜

↕™╒≥ ⅜ ↕™ ⅜ ╠╣√⅜( 3) ─ ⅜ ⌂™ ≢│

─ ≢ ⅜ ⇔≡╙ ☿꜡fi♩─ ╩ ∆╢─⌐ ⌂ ⌐ ⇔⌂⅛∫

√≤ ⅎ╣┌ ⌂ↄ ≢⅝╢⁹ 

ⱴfiⱡ◒ꜞכfiɗ⅔╟┘ ⱳ♩♅כⱶ│ ™∏╣╙ ╩ ↕∑≡◦○Ⱶ☼

Ɫ◒♥fi♅ꜙ►─ ╩ ∆╢≤ ⅎ╠╣╢⁹⇔⅛⇔ ⱳ♩♅כⱶ│ ≢№╢

↓≤≤ ≢№╢↓≤⅛╠ ⌐ ∆╢↓≤│ ⌂™⁹ ╛

╩ ∑ ≈↓≤⅛╠ ─ ╩ ≤⇔√ ⌂ ⌐ ↕╣╢⁹

∕─ Ɽכⱶ ─ ╡⅛∆╩ ↕∑√ⱴfiⱡ◒ꜞכfiɗ│ ⌐ ≢№╡

⌐ ∆╢↓≤≢ ≢─ ╩ ⇔ ⌂ ╩ ∆╢↓≤⅜

≢⅝╢⁹∆≢⌐ ≢│ ≤⇔≡ ↕╣≡⅔╡ ⱥ♩⌐ ∆╢

⌐≈™≡╙ ⌂™↓≤⅜ ↕╣≡™╢⁹ 

 

─ ─ ≤  

ⱴ♄▬ ╩ ≤⇔≡ 12 ─ ⅛╠ 800 ╩ ⅎ╢ ╩ ⇔√⁹

⅔╟┘ ⌂ │ ╙ ≢№╢⅜ ─ ⅛╠ ↕╣√

≤⅔╡ Vibrio harveyi ⅔╟┘∕─ ⅜ ⌐ ↕╣≡™╢⁹╕√ ⱴ♄▬▬ꜞ♪

►▬ꜟ☻ ⌐ ⇔√◒꜡ⱴ◓꜡ ⅛╠ Vibrio gig antes ╕√│∕─ ⅜⇔┌⇔┌

↕╣≡⅔╡ ⌂ↄ≤╙∕─ ─ ⌐↓╣╠─ ⅜ ⇔≡™╢↓≤⅜

╦╣╢⁹ ⌐⅔↑╢ ⌂ ⌐≈™≡│ ⌂ ⌂⇔⌐₈ⱦⱩꜞ

○ ₉≤⇔≡ ↕╣╢ ⅜ ⌂⅛╠∏ ╠╣╢⅜ ⌂ ╛∕╣╠─ ⌐

╟╢ ╙ ↕╣≡⅔╡ ╩ ╘╢ ≢│↕╠⌐ ─ ╩ ╘╢ ⅜

№╢⁹ 

 

4 ⇔√◒꜡ⱷ♄◌╩ ™√ ─  

[ 1] 6 ⌐≈™≡│ ⱴ♄▬≢ 6 ⱷ♄◌≢ 5 ⅜ 40% ─ ╩

⇔√⁹ ╢ⱷ♄◌─ 1 ⌐≈™≡╙ │⇔⌂⅛∫√╙── ╛ ─

─ ⅜ ╘╠╣√⁹ 6 │ ⌐ ⌂ │ ╘╠╣⌂⅛∫√⅜ ⱷ

♄◌─ 1 ≢ ⅜ ≤⌂╡ 1 ─ ⌐╟╡ ⅜ ↕╣√⁹

─ │ ⌂≥≤ ═≡ ™╙─⅜╒≤╪≥≢№╡ ⌐⅔™≡
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╙ ≢ ⌡ ⇔√ ⅜ ╠╣√↓≤⅛╠ ◓fi♬כꜞ◒☻─ ≢№╣

┌ ◒꜡ⱷ♄◌╩ ─ ≤⇔≡ ⇔≡╙ ⅝⌂ │ ™≤ ↕

╣╢⁹ 

[ 2] ⱷ♄◌ ⅔╟┘ⱴ♄▬ ≢│ 9 ─ ≡⌐⅔™≡ ™∏╣─

≢╙ │ ╠╣⌂⅛∫√⅜ ⱷ♄◌ ≢│3 ≢60% ─ ™ ⅜ ╠╣√⁹

⌐ │ ╛ ⅜ ≢№╢√╘ ⅜ ╘≡ ™ ⌐╟╢

⅜ ↓╡℮╢⁹ ⅛╠ ⅜ ≢№╢≤ ╦╣╢ ⅜ ∆╢⅜

⇔√ ─ ╩ ≢⅝⌂™↓≤⅜ ™⁹ ≢│ ⱷ♄◌ ╩ ™╢↓≤≢

⌂ ≢│ ⌂⅛∫√ ╩ ≢№╢↓≤╩ ∆↓≤⅜

√⁹ 

◒꜡ⱷ♄◌│ ☻Ɑכ☻≢ ─ ⅜ ≢№╡ ⅜ ⌂ ⅜

∆╢↓≤⅛╠ ≤⇔≡ ↄ ↕╣≡™╢⁹ ─◘▬☼╩ ⌐

≢№╡ ⅜ ™ ≢╙ ╟╡ ™╛∆™⁹╕√

≢№╡ ≢╙ ⅛╠ ┼─ ⅜ ╠╣╢╒≥ ╙ ™⁹

≢ ™√ │ 10 ─ ≢╙ ⅛╠ ┼ ⌂ↄ ≢№╢↓≤⅛

╠ │ ≢ ⇔≡⅔⅝ ⌐ ∂≡ ⇔≡ ™╢↓≤⅜ ≢№╢⁹

≤ ≢│ ∆╢ ⅜ ⌂╡ ≤ ≢╙ ⅜ ⅝ↄ ⌂

╢↓≤⅜ ╠╣≡™╢⅜ ◒꜡ⱷ♄◌─ ─ ≤⌂╡℮╢ ⌐

↕╣≡™╢ ⅜ ™≤™℮ ⅜№╢⁹ ─ ─╙≤≢ ⇔√

™ ⌐│ ≢ ⇔√ ⌐ ∆╢↓≤≢ ≢№╢⁹ ≢

≢⅝╢↓≤⅛╠ ⌐ ∂≡ SPF (Specific Pathogen Free) ╙ ⌐ ≢⅝

╢⁹↕╠⌐ ≢─ ┤ה ╙ ≢№╢↓≤⅛╠ ∆╢ ─ ↕╣

≡™╢ ╩ ⌐╦√╡ ⌐ ≢№╢ │ ≢│ ╠╣⌂™ ⅝⌂

≢№╢⁹ ╛ ─ ⅜ ≢│№╢⅜ │≡™⅔⌐◓fi♬כꜞ◒☻─

⌐ ≤│⌂╠⌂™⁹ ⌐╟∫≡│ ≢─ ⅜ ⌂ ⅜№╡

ⱷ♄◌╙ ≤│ ⅎ⌂™⅜ ⌐ ∆╢ ╩ ─ ♬כꜞ◒☻≢

fi◓∆╢⌐│ ╘≡ ╣√ ≤⇔≡ ≢№╢⁹ 

 

5 ─ ⅜ⱴ♄▬ ⅔╟┘ ┼ ╓∆ ─  

─ │ 5.85ppm ≢№╡ ⌡ ╡⌐ ≢⅝√⁹

─ │ ≤ ═≡ ≢ 0.4mg/L ⅛∫√⅜

pH(7.8~ 8.0)⅔╟┘ (22.3~16.4ϴ)⌐ │ ⅛∫√⁹2 ﬞ ─ ≢│ ⌐

⌂ │ ╘╠╣∏ ⌐ ─ ╙ ⅛∫√⁹ ─ │

⌐ ≢ │ ╠╣⌂⅛∫√⁹●☻ ─ ╩ ⇔≡ ⇔√ ⅜ ≢ 2

≢ 4 ╠╣√⅜ ─ ≢│ ™≤ ↕╣√⁹∕─ ⌐│

≢ 2 ⌐╟╢ ⅔╟┘ ─ ⅜ ╠╣√⅜ ≢│

╙ ↕╣⌂⅛∫√⁹↓─ ⌐╟╡ ─ 5ppm ⌐╟╡

─ ╩ ≢№╢≤ ⅎ╠╣√⁹ 

3 ─ │ ─ ⌐ ↕╣≡™╢ ⌐

═≡ ─ ≢│ ⱦⱩꜞ○ ≤╙⌐ ⅜ ↄ⌂╢ ⅜╖╠╣
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√⁹ ≢│ ⌐ ═≡ ⅜ ⇔ ⱦⱩꜞ

○ ⌐≈™≡│ ⌐╕≢ ⇔≡™√( 12)⁹ 

╕√ ⌐╟╢ ≢│№╢⅜ ╩ ∂≡ ─ │ ╛ ⌂≥─

╣⅜ ≤ ⇔≡ ╠⅛⌐ ⌂⅛∫√⁹ ─ ≢│ ╛Ᵽ▬

○ⱨ▫ꜟⱶהⱨ꜡♇◒ ⌐╟╢ ₁─ ⅜ ╠╣≡™╢⅜ ─

⌐╟╡↓╣╠─ ⅜ ≢⅝╢⁹ 

 

11. 5ppm ⅔╟┘ ┼─ ─ ( 3 ) 

 

(2)-2  ─ ─  

⌐ ─ ╩╙√╠⇔ ≢ ⅝⌂ ≤⌂∫≡™╢ ─ ⌐

⇔≡│ ∞⌐ ⌂ ⅜ ™⁹ ⌐ ╪∞♩⸗fi♩(◦☻♩)─ ≢ ─

╩ ↔⇔ ╙ ∫≡™╢↓≤⅛╠ ─ ≢│ ≤│⌂╠∏

≢─ ╩ ⇔ ⌂ ╩ ∆╢↓≤⅜ ≤⌂╢⁹ⱴfiⱡ◒ꜞכfi

ɗ─ │∕─ ≤⇔≡ ≢№╢≤ ↕╣╢⁹ ╩ ≤⇔≡ ╩

≢№╢⅜( 2016-054449) ≢─ ╛ ⅛╠ ↄ─ ™

╦∑⅜№╡ ⌂ ─ ⅜ ╘╠╣≡™╢⁹ 

⌐╟╢ ⌐≈™≡│ ≢─ ≢│ ↑╢↓≤⅜ ∏ ─

─ ⅜ ≡ ↕╣√ ╙ ≤⌂╡ ↑╢≤ ↕╣╢⁹ ≢│ ⌐∕─

⌂ ⌐⌂╡≈≈№╢⅜ ⌐⅔™≡╙ ⅎ╠╣≡™╢ ⌐ ⅝⌂ ≤⌂

∫≡™╢↓≤⅜ ⌐╟∫≡ ↕╣√⁹ ⌂ ─√╘⌐│↕╠⌐ ↄ─

⅜ ≢№╢⅜ │ⱴ♄▬ ─ⱦⱩꜞ○ ⌐ ╩ ≡≡ ╩ ∆╢ ≢

№╢⁹ ⱴ♄▬ ─ ꞉◒♅fi─ ⌐ ↑≡ ≢№╢⅜

1.0E+00

1.0E+01

1.0E+02

1.0E+03

1.0E+04

C
F

U
/m

L
)

TCBS 1/2
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⇔≡₈ⱦⱩꜞ○ ₉⅜ ∆╢↓≤⅜ ╠╣≡™╢⁹ⱴ♄▬─ ⌐⅔↑╢ ╩

⌐ ∆╢√╘⌐│ ┼─ ⅜ ≢№╢⁹ 

⇔√◒꜡ⱷ♄◌╩ ™√ │ ⌂ ╛ ─

╩ √⌂™ ≢╙ ⌐ ≢№╡ √⌂ ╛ ─

⌐ ⇔≡╙⸗♦ꜟ ≤⇔≡ ↄ ╦╣╢↓≤⅜ ↕╣╢⁹ 

─ ⌐╟╢ ⌐≈™≡│∕─ ╩ ∆↓≤⅜ √⁹

≢│ ⌐ ⌐≈™≡ ⇔√⅜ ⌐ √∫≡│ ─

≢│ ↄ ─ ─ ╛ ⌐╟╢ ⅜ ╕⇔™⁹ ⌐╟╢ ≢

│ ≢─ ╛ⱦ♃Ⱶfi ─ ⌂≥ ⌂

⌐≈™≡╙ ≢⅝╢↓≤⅛╠ ↓─ ≢ ⇔≡ ╩ ╘≡™ↄ ≢№╢⁹ 
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ⱴכ♥ ◦☻♥ⱶ─  

(3)  DNAⱴכ◌כ╩ ™√  

 

─ ⌂ ─ ╕╡╛ №╕╡ ⇔≡™⌂⅛∫√ ─ ─ ≢

⌐ ∆╢ ─ │ ↕╣√╙─⌐⌂∫≡™╢⁹ ≢│ ─

╩ ⇔ ⌐ ╠⌂™ ┤ ↕∑√ ─√╘─ ╩

∆╢⌐ ∫≡™╢⁹ⱴ♄▬│ ≢ ⌐╦√╡ ⅜⅔↓⌂╦╣

╟╡╙ 2 ─ ™ ⅜ ↕╣√⁹ ≢ ─ ─ │╕∞

⌂ↄ ◒꜡ⱴ◓꜡( ⱴ◓꜡)╛ ⌐⅔™≡╙ ↕╣≡™

⌂™ ⅜ ≢№╢⁹ ⅜ ™ √ ⅜ ⇔™ ─ ─ ⌐ ⇔√

DNA (DNA ⱴכ◌כ)│ ─ ╛ ╩ ╢√╘─ ∆╢ ─

≤⌂╢⁹ ─◒꜡ⱴ◓꜡≤◦ⱴ▪☺╩ ™≡ ⌐ ∆╢ DNA ⱴכ◌

─כ ≤ ╩ ⇔√⁹⌂⅔ ◒꜡ⱴ◓꜡ │ ╕≢ꜜ◖꞉╩ ⌂∑⌂™

Ɫfi♪ꜞfi◓ ♃◓ ⅜ ⇔≡™⌂™─≢ ╦⌂⅛∫√⁹ 

╕√ ◌fiⱤ♅ ╩ ™≡ ╕∏│ ⅜ ≢№╢─⅛ ⌂─

⅛╩ ╢ ≢ ⌂╢ ≢ ╩ ™ ⅜ ⌐ ╓∆ ╩

⇔√⁹↕╠⌐ ⱴ♄▬⌐⅔↑╢ ╩ ╢ ≢

≢ ╩ ⇔∕─ ╩ ⇔√⁹ 

 

 

 (3)  DNAⱴכ◌כ╩ ™√   

(3)1 ◦ⱴ▪☺╕∞╠ ⌐ ⌂ DNA ─   

ה ה ה ה  

 

ה ה    

 

 

(3)-1   

◦ⱴ▪☺ (Pseudocaranx dentex)│☻☼◐ ▪☺ ⌐ ↕╣╢ ≢ ╛

─ ─ ⌐ ∆╢⁹ │▪☺ ─ ≢ ╙ ≤↕╣

╙⌂™↓╤ ≢ ⅜ ↕╣ ∕─ 1955╟╡ ╛

⌂≥─ ╛ ≢╙ ⅜ ↕╣√⁹

≢│◦ⱴ▪☺─ │ ⅜ 8 ╩ ⇔≡™╢⁹◦ⱴ▪☺ ≢│

⅜╕∞╠⌐⌂╡ √ ⌐ ∕℮⌂ ≤ ↕╣╢╕∞╠ ⅜ ≤

↕╣╢ ─ 5% ⇔ │ ⅜ ↄ ≤ ⌐ ↕╣╢≤

─ ╩ →≡⇔╕℮⁹◦ⱴ▪☺╕∞╠ ⌐ ⌂ DNA ⱴכ◌כ⅜╦⅛╣┌

─ ╩ ∆╢↓≤≢╕∞╠─ ╩ ≢⅝╢≤ ≢⅝╢⁹╟∫≡◦ⱴ▪☺╕∞

╠ ⌐ ⌂ DNA ⱴכ◌כ─ ╩ ⇔√⁹ 
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(3)-1   

2012◦ⱴ▪☺ 8 cm╩ ™√⁹↓─◦ⱴ▪☺ │ 2011

12 21 ⅔╟┘ 22 ─ ╩ ⌐≡ ⇔√╙─≢ 20124

14 113⅔╟┘114 ⌐ ≢ ⇔ ≢ DNA ╕≢

⇔√⁹ ⌐│ 8 ╕∞╠ 1 8 16╩ ™√⁹ 

2012⌐◦ⱴ▪☺ ─ ⅜№∫√√╘ 2012 ─╖⌂╠∏ 2015 ◦ⱴ▪☺

≢╙ ⌐ ╩ ∫√⁹ 

 

             1. ( )◦ⱴ▪☺╕∞╠ ≤( ) ⁹ 

⅔╟∕ 6 cm. 

 

AFLP ⌐╟╢ ╕∞╠ ⌐ ⌂DNA ─  

AFLP │Vos╠ 1995─ ╩ ⌐ ⇔√⅜ ∆╢ ─ ╛ꜚ♬

♇♩ ╩ ⇔√⁹DNA │◦ⱴ▪☺ ≤╕∞╠ ∕╣∙╣8 ─

╩ 50 mg⇔ DNeasy Blood and Tissue kit◐▪◕fi ╩ ™≡ⱪ꜡♩◖ꜟ⌐ ™DNA

╩ ⇔√⁹∕──∟ ─ ⌐ ╩⇔√⁹10 x T4 DNA ligase buffer 2.2 ɛl♃◌

ꜝⱣ▬○ ◦ⱴ▪☺◕ⱡⱶDNA 110 ng500 mM NaCl 2.0 ɛlBSA 1.0 ɛg♬♇ⱳfi☺כfi

MseI adaptor 10 pmol EcoRI adaptor 1.0 pmolVos╠199512 U EcoRI♃◌ꜝⱣ▬○

┘2 U MseI New England Biolab╩ ╗ ⌐ ╩ ⅎ21 ɛl≤⇔ 37 2

3.5 U/ɛl T4 DNA ligase1.0 ɛl♃◌ꜝⱣ▬○ ⌐│100 ng/ɛl BSA╩ ╗1 

x T4 ligase buffer╩ ™√ ╩ ⅎ22 ɛl≤⇔ 25 15 ⇔√⁹ TE10 mM 

Tris-HCl pH 8.01 mM EDTA pH 8.0╩9 198 ɛl ⅎ ⇔ 10 ≤⇔

-30≢ ⇔√⁹ 

 

 

10 x Ex taq buffer 2.0 ɛl, 2.5 mM each dNTPs 1.6ɛl, 5 pmol MseI+C primer 

5ô-CGATGAGTCCTG-AGTAAC, 5 pmol EcoRI+A primer 5ô-AGACTGCGTACCAATTCA, 0.5 U 

Takara Ex Taq♃◌ꜝⱣ▬○ cut&ligation10 2.5 ɛl╩ ╗ ╩
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≢20.0 ɛl≤⇔72ϴ≢3 ─ 20◘▬◒ꜟ─94≢20─ 56≢30─▪

◓fiꜞכ♬ 72≢1 ─ ╩ ∫√ 72≢10 ⇔√⁹ TE ╩9

180 ɛl ⅎ ⇔ 10 ≤⇔ ∆╢╕≢- 30≢ ⇔√⁹ 

 

 

10 x Ex taq buffer 2.0 ɛl, 2.5 mM each dNTPs 1.6 ɛl, 5 pmol MseI+3C, 1 pmol EcoRI+3A primer, 

0.5 U Takara Ex taq Hot Start Version♃◌ꜝⱣ▬○ 1 ─10 2.5 ɛl╩

╗ ╩ ≢20.0 ɛl≤⇔√⁹ⱪꜝ▬ⱴכ│EcoRI+3A, MseI+3C8 ─ √

╡≢ 64 ─ ╖ ╦∑≢ ∫√⁹⌂⅔ EcoRI+3Aⱪꜝ▬ⱴכ≤│ EcoRI+Aⱪꜝ▬ⱴ

3ô─כ ⌐∕╣∙╣CT, CG, CA, CC, GC, GT, GG, GA─ ╩ ⇔√8 ⁹ ⌐

MseI+3Cⱪꜝ▬ⱴכ≤│MseI+Cⱪꜝ▬ⱴ3─כô ⌐AA, AT, AG, AC, TA, TT, TG, TC─

╩ ⇔√8 ≢№╢⁹PCR│☻♥♇ⱪ♄►fi ╩ ™≡ ™ 94≢1 ─ 94

≢ 20 ─ ◓fiꜞכ♬▪─30 │ 65⅛╠ 1◘▬◒ꜟ ⌐ 0.7∏≈ →√

72≢1 ─ ╩12◘▬◒ꜟ ∫√⁹∕─ ◓fiꜞכ♬▪─56 ≢18◘▬◒ꜟ

™ ☻♥♇ⱪ♄►fi≤─ 30◘▬◒ꜟ≤⇔√⁹∕─ 72≢5 ─ ╩1◘▬

◒ꜟ ™ ╕≢-30≢ ⇔√⁹ⱪꜝ▬ⱴכ│ꜝ▬ⱨ♥◒ⱡ꜡☺כ ╟╡

◒♇♥☻▪PC818│כꜝ◒▬◘ꜟⱴכ◘⁹√⇔ ╩ ™√⁹ 

 

⌐╟╢AFLP ─   

AFLP │ MCE-202 Multi-NA ╩ ™≡

⇔√⁹ ⌐│ DNA-1000 Ᵽ♇ⱨ□כ ╩ ™√⁹ ↕╣

√Ᵽfi♪⅜ ⌐ ∫≡™╢⅛ ⅛│c2 ╩ ™≡ P ╩

⇔√⁹ 

 

(3)-1  ≤  

1 2012 ◦ⱴ▪☺ 

8 8 16 ╩64ⱪꜝ▬ⱴכ☿♇♩≢AFLP ⇔

╩ ≢ ⇔≡1 114─ ╩ ⇔√⁹∕─℮∟20618.5%

⌐ ≢─ ⅜ ╠╣√⁹64ⱪꜝ▬ⱴכ ─℮∟ MseI+CTAEcoRI+ACAⱪꜝ▬

ⱴכ ╩ ™≡ ╠╣√PCR ≢│ 520 bp⌐ ↕╣╢Ᵽfi♪⅜ 8 4

⌐ ╘╠╣√⅜ 8 ⌐│∕╣⅜ ╘╠╣∏ ⌐ ⅜ ∫≡™√ c2

P<0.05⁹MseI+CAG, EcoRI+ACCⱪꜝ▬ⱴכ ─PCR ≢│ 8

3 ⌐ 800 bp⌐ ↕╣╢Ᵽfi♪⅜ ╘╠╣ ⌐│ ╘╠╣⌂™ ⌐№∫

√ P>0.05⁹MseI+CTAEcoRI+ACCⱪꜝ▬ⱴכ ─PCR ≢│ 8 4

⌐520 bp─ ⅜ ↕╣ ≢│8 1 ⌐ ↕╣√ P>0.05⁹ 

 

2) 2015 ◦ⱴ▪☺ 

2012 ─ ⌐ ╦╣√ ⅜ ≢ ╦╣ ─ ⅜ ≤⇔≡ ™╠╣√⁹

╟∫≡ 2015 ◦ⱴ▪☺─ ≤ ╩ ∂ ≢ ⇔√⁹⇔⅛⇔ 2012

≢ ╠╣√ │ ⅜ ⌂╢√╘⅛ ↄ ≢⅝⌂⅛∫√⁹ 



◦☻♥ⱶ─  

DNA ⱴכ◌כ╩ ™√ ה  

 

73 

 

⌐⅔↑╢AFLP☻◒ꜞכ♬fi◓≢│ 64ⱪꜝ▬ⱴכ ╩ ™╢↓≤≢1,114─ ╩

≤╠ⅎ ∕╣╠─℮∟206 18.5%≢ ─ ─ ⅜ ↕╣√⁹

⌐ ≢ ∫√ ∂64ⱪꜝ▬ⱴכ ≢─◒꜡ⱴ◓꜡ ⌐ ⇔√ ─☻

◓fi♬כꜞ◒ ≢│1,038╩ ⇔ 183 17.6%⅜ ╩ ⇔√⁹

⇔√DNA ─ ↓─℮∟ ≢ ╩ ⇔√ ⅜ ⇔≡™√√╘ ─

AFLP ⌐⅔↑╢DNA ─ │ ⌐ ╦╣√≤ ⅎ╠╣√⁹⇔⅛⇔ ⌂╢

─ ≢│ ⌂ ─∑™⅛ 2012 2015≢ ⌂╢ ≤⌂╡ 2015

◦ⱴ▪☺ ╕∞╠ ≢─ ⌂DNA ⌐│ ╠⌂⅛∫√⁹ AFLP

⌐ ™╢ⱪꜝ▬ⱴכ☿♇♩ ╛∑┌ 2015 ≢╙ ╕∞╠ ⌐ ⌂ ╩

≈↑╠╣╢⅛╙⇔╣⌂™⁹ 

 

(3)-1  ─ ─  

◦ⱴ▪☺╕∞╠ ╩ ∆╢ ≢ ╕∞╠ │ ⌐ ⅝↕╩∕╤ⅎ╢√╘

⌐ ╦╣╢ ─ ─ ↕™ ⌐ ↄ ∆╢↓≤╩ ∫√⁹╕√

≤ ⇔≡ ◦ⱴ▪☺│ ∑⌡┌⌂╠⌂™╒≥ ─ ⅝↕⅜ ⅝ↄ ⌂

╢ ╩ ∫√⁹ ─ ≤⇔≡│ ↕™◘▬☼⌐ ╣╛∆™╕∞╠≢│⌂ↄ ─

│ ─ ⅛╠ ╠╣╛∆™─⅛ ⅛ ⌂ ⅜ ≢№╢≤ ⅎ╠╣√⁹

─ ⅜№╢ │ ∕─ ╩ ∆╢↓≤≢ ⅜ ╗≤ ≢⅝╢⁹ 
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ⱴכ♥ ◦☻♥ⱶ─  

(3) DNA ⱴכ◌כ╩ ™√  

           (3)2 ◒꜡ⱴ◓꜡ ⌐ ⌂ DNA ─  

ה ה ה ה  

                   

ה ה    

 

 

 

 

 

(3)-2   

◒꜡ⱴ◓꜡ ─ ╩ ╢√╘⌐│ ₁⌂ ⅛╠ ╩ ℮ ⅜№╢⁹∕─

─ ≈│ ⌐ ™╢ ─ ⌐ ∆╢ ╙ ≢№╢⁹◒꜡ⱴ◓

꜡─ ⌐ ⇔≡│ ─ ⅜ ╠╣≡™╢⁹ │ ™⌐ ⇔√◒꜡

ⱴ◓꜡ ≢ 1 ─ ╩ ─ ⅜ ™⅛↑╢↓≤≢ ╦╣╢⁹ ⌐ ═ │ ⅜

↔≤⌐ ⅝ↄ ⌂╡ ≢│ ∆╢ ─ ⅜ ™↓≤⅜ ↕╣≡™

╢⁹∕─√╘ ─ ™ ╩ ∆╢↓≤≢ ⌂ ⅜ ↄ⌂╡ ╟╡

⌂ ⌐ ⅜╢≤ ⅎ╠╣╢⁹ 

⇔⅛⇔⌂⅜╠◒꜡ⱴ◓꜡│ ─ ⅛╠─ │ ≢№╢⁹ ─≤↓

╤ ⇔√ ─ ╛ ⌐ ╕╣╢ⱦ♥꜡☺▼♬fi╩ ∆╢↓≤≢

╩ ∆╢↓≤⅜≢⅝╢⅜ ↓╣╠─ ─ │ ⇔√ ⌐ ╠╣╢⁹╕√

↓╣╠─ ≢│ ≢⅝╢⌐⇔≡╙ ─Ɫfi♪ꜞfi◓│ ╩ ╘╢⁹╟∫≡

╩ ⇔≡ ╩ ∆╢⌐│ ┼─ ⅜ ⌂ↄ Ɫfi♪ꜞfi◓⅜

≢№╢ ⌐ ╩ ∆╢↓≤⅜ ≤⌂╢⁹↓─╟℮⌂ ⅛╠ ─DNA─

™⌐ ≠™√DNAⱴכ◌כ╩ ™√ ≢│ ⌐│ ⌂ↄ Ɫfi♪ꜞ

fi◓ ⌂ ≢╙ ⅜ ≤⌂╡ ─ ╩ ╘√ ⅜ ≤⌂╢⁹ 

│ⱪכꜟ◓─₁ ◒꜡ⱴ◓꜡ ⌐ ⌂6 DNA ╩ ⇔√⁹ ⱪ

꜡☺▼◒♩≢│↓─ ╩probe≤⇔≡ 17 kbp─DNA ╩ ⇔

fiכ☺◓fi▫♦כ◖─ ╩ ⇔√⁹ ─fiכ☺◓fi▫♦כ◖─ ┘

│ ╩ ⅎ≡ ↕╣≡™╢ ⅜ ↄ ◒꜡ⱴ◓꜡ ─ ╛ ™

DNAⱴכ◌כ─ ⌐≈⌂⅜╢≤ ⇔ ╩ ∫√⁹ 

 

(3)-2   

1  ◕ⱡⱶ►◊כ◐fi◓ 

≢ ↕╣√11 F2 ─ ◒꜡ⱴ◓꜡ ⅛╠◕ⱡⱶDNA╩ ⇔√⁹

⌐╟╢ ⱨ□כ▪☺כⱶlambda fix II(▪☺꜠fi♩♥◒ⱡ꜡☺כ)⌐◒꜡ⱴ◓

꜡─◕ⱡⱶDNA╩ Ɽ♇◔כ☺fi◓⇔ ⱨ□כ☺ꜝ▬Ⱪꜝꜞכ╩ ⇔√⁹

⌐│ⱷfiⱩ꜠fi─Ɫ▬Ⱪꜞ ◦☻♥ⱶ⅜ ™─≢ ⱨ□כ☿▬ꜝ☺כ♩⌐

⅜ ╕╣╢⅛ ⅛≢ ⇔√⁹ ⌐│◒꜡ⱴ◓꜡ ⌐ ⌂ Md6, 400 bp
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╩ ≢№∫√⁹ ╩ ⌐PCR ↕∑╢ ⅜ ╢─≢ ↓╣╩ ™≡ⱨ□

╡╟כꜞꜝⱡⱶꜝ▬Ⱪ◕☺כ ╩ ╗ ♬כꜞ◒☻╩ ─ⱨ□כ☺╩ⱪ꜠כ♩⌐

⇔ ╩DNA♩כ☿▬ꜝ─⧵ PCR≢ ⇔ ≢№╣┌ ∏

≈ⱪ꜠כ♩⌐ ↕╠⌐ ≤ ↕∑ ⌐ⱨ□כ☺╩ ⇔√⁹

≢2≈─Md6 ╩fiכ꜡◒ ⇔√⁹ 

 

ⱴכ◌כ≤─  

◒꜡ⱴ◓꜡ ⅜2016⌐ ╠⌐╟╡ ↕╣√⁹ ⱴכ◌כ≤

◒꜡ⱴ◓꜡ ─ ╩ ╠ ─ⱴ▬◒꜡◘♥ꜝ▬♩╩ ™≡ ⇔√⁹ⱴ▬◒꜡◘

♥ꜝ▬♩│ ╟╡2 ⇔ ╩ ∫√⁹ 

 

(3)-2  ≤  

 ◕ⱡⱶ►◊כ◐fi◓ 

13 ─ⱨ□כꜞ◒☻╠⅛☺כ♬fi◓╩ ⇔ 2≈─ DNA ⱴכ◌כ(Md6)

╩ ╗ⱨ□כ꜡◒☺כfi(#7, #9)╩ √⁹ fi#7≤#9│Md6כ꜡◒ כꜞ◒☻)

♬fi◓⌐ ∫√ⱪ꜡כⱩ )╩ ╖ ─ ─ ↕⅜ ℮─╖≤ ⇔√⁹⇔⅛

⇔ ⌐ ⇔≡ 2≈─ⱨ□כ꜡◒☺כfi(#7, #9)│≥∟╠╙ (Md6)╩ ╗╙─

─ ↄ ─ ≢№╢ ╕√ ™⌐ ⅜≤≡╙ ™↓≤⅜ ╠⅛≤⌂∫√( 2)⁹

─fi#7│17,195 bpכ꜡◒ ╩♩כ◘fi#9│17,297 bp─▬fiכ꜡◒ ⇔≡™√⁹ 

 

2. ◒꜡ⱴ◓꜡ DNA ◕ⱡⱶ ─♪♇♩ⱪ꜡♇♩ ⁹ ─ⱨ 

☺כ□ fiכ꜡◒2 fiכ꜡◒ 9 fiכ꜡◒ 7⁹ ™ ⅜  

≤ ≢ ↕╣≡™╢⁹ 
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⸗♦ꜟ ◕ⱡⱶ ⌐ ™╢Ensemble browser╛ DDBJ, NCBI♦כ♃ⱬכ☻≢ ╩

™ ↓─ ─ ╩ ⇔√⁹↓─ │TRIM14(tripartile motif containing 14)

⌐ ⌐ ⅜ ⅛∫√⅜ ORF╩ ⇔≡™⌂⅛∫√⁹TRIM14⌐ ─ ™

│ⱷ♄◌◕ⱡⱶ⌐13 ≢⇔┌⇔┌ ↕╣╢▬♩ꜜ⌐│70⅛ ↕╣≡⅔╡ ↓

─↓≤⅛╠◒꜡ⱴ◓꜡⌐⅔™≡╙ TRIM14─◦ꜙכ☺♪כfi⅜◕ⱡⱶ⌐ ⇔≡™╢

≤ ⅎ╠╣√⁹ ₁─ ≈↑√6 (Md6)│Y ⌐ ⌂ↄ≤╙2⅛ №╢

≤ ⇔√⁹⌂⅔ ▬fi◘כ♩ 34 kbp⌐◖כ♦▫fi◓☺כfi│ ◓fi▫♦כ◖⁹√∫⅛

⅜fiכ☺ ≈⅛╣┌ ─ ╩ ⌐ ╢ ⅜ ↄ ↕╠

⌐ ™ DNAⱴכ◌כ─ ⌐≈⌂⅜╢ ⅜ ™⁹ 

 

 ⱴכ◌כ≤─  

⌐ ∫√ ⱴכ◌כ─ ⌐│ ╠⌂⅛∫√⁹ 2⅛ ╩ ╪∞⅜

⇔√ⱴכ◌כ│ ⌐ ™─≢ ≤─ ⅜ ⅛∫√≤ ⅎ╢⁹ ◒꜡ⱴ◓

꜡ ─ ╩ ∫√─∟ ─ ╩ ∆╣┌ ⱴ(93%)כ◌כ

╟╡╙ ⅜ ™╙─⅜ ╠╣╢≤ ↕╣╢⁹ 

 

(3)-2  ─ ─  

ⱨ□כ☺◕ⱡⱶꜝ▬Ⱪꜝꜞכ ⌐≈™≡│ ⌐◕ⱡⱶDNA╩ ≢

⇔ ∆╢⌂≥ ≢│№╢⅜ ≤ ─⅛⅛╢ ⅜ ⌐ ↕╣≡

™╢⁹ ─ ≢ ╢╟⌐ꜟ◕☻כ꜡●▪ ≤ ↓─◕ꜟ⅛╠

⅔╟∕17-20 kbp─ ╡ ⇔ ⇔√DNA≢╙ ╠ ⌂ↄⱨ□כ☺ꜝ▬Ⱪꜝꜞכ╩

≢⅝╢↓≤⅜ ⅛∫√⁹ │≤≡╙ ⌂ꜝ▬Ⱪꜝꜞכ ≢№╢⁹ 

◒꜡ⱴ◓꜡ ─ │ ⅜ⱪכꜟ◓ ≥ⱪכꜟ◓─↓⁹√∫

⇔⌂⅜╠ ◒꜡ⱴ◓꜡ ⌐ ∆╢ ─ ╩ ╘╢↓≤≢ ⇔√─≢

⇔⌂⅜╠ ╘╢ ≤⌂∫√⁹ 
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ⱴכ♥ ◦☻♥ⱶ─  

(3) DNA ⱴכ◌כ╩ ™√  

           (3)3 ◒꜡ⱴ◓꜡ ⌐ ⇔√DNA ─  

ה ה ה ה  

                   

ה ה    

 

 

 

 

 

 

(3)-3   

◒꜡ⱴ◓꜡ │ ◒꜡ⱴ◓꜡ ≢ 10 ™╠╣ ─ ≤

⌐ ⇔≡™╢⁹ │ ₁⌂▪ⱪ꜡כ♅≢ ⅜ ╦╣

↕╣≈≈№╢⅜ ⌐ ═≡ │ ╢⁹◒꜡ⱴ◓꜡ ─ ╩ ╢√╘─

≈│ ╩ ⇔ ┼ ∆╢ ⅜ →╠╣╢⁹

◒꜡ⱴ◓꜡ ⱴ◓꜡│↓╣╕≢ ↕╣≡™⌂™⁹ ⅜ ≢№╢⅛

⅛ ╢ ≢ ⱴ◓꜡ 19 ╩ ™≡ ╩ ∫√⁹∕─ ╩

≤ ⇔ 3≈─ ↑≢ ⌂DNA ⅜№╢⅛ ⅛╩

⇔√⁹ 

 

(3)-3   

1  

2002⌐ ↕╣ ↕╣√ ─F2 ⅛╠ ↕╣

☿fi♃כ ≢ ↕╣√ 2007 F3◒꜡ⱴ◓꜡╩ ™√⁹

≤⌂╢ ≢№╡ ─ ⅜♃כ♦ ↄ ╠╣╢730 (2) ╩ ≤⇔√⁹

╕√ ─ ⌐ ∆╢↓≤⅜ ⌂╟℮⌐ ⅜ ↕╣≡™╢ ↕╠⌐

╛ ⅜ ↄ ╠⅛⌐ ⇔√ ⌐╛∑≡™╢⌂≥ ⌐♃כ♦ ⌂

⅜⌂™ ╩ ™√⁹∕─ 2007≢│200910 9 ⌐ ↕╣√818

(2.2)⅛╠201212 28⌐ ↕╣√1994(5.5)╕≢─ 599╩ ≤⇔√⁹ 

⌐ ⅔╟┘∕╣╠⅛╠ ↕╣╢ (BMI)⌐≈™≡ ─

╩ ™≡ ╩ ╘√⁹ ╟╡╙ ─ ⅜0.6 ─╙─

╩ ⅜-0.25⅛╠0.25─ ─╙─╩ -0.6 ─╙─╩

ⱪכꜟ◓≥ ↑⇔√( 3)⁹ 

 

DNA  

─ כꜞ◗♥◌≢ ↑⇔√ ╩ ⇔√⁹

ⱪכꜟ◓ 8 24 ╩ AFLP ⇔ ⌐ ⌂ ─ ⇔◓fi♬כꜞ◒☻╩

√⁹AFLP ─ ─ │◦ⱴ▪☺╕∞╠ ─ ⌐ ∂⁹√∞⇔ ◒꜡ⱴ◓
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꜡ ─ ≢│ MseI ◘▬♩ 12 EcoRI 8 96☿♇♩─ⱪꜝ▬ⱴכ ╩

⇔√⁹Ɫⱪ꜡♃▬ⱪⱭ▪─ ⌐│ PCR ╩ⱪꜝ☻Ⱶ♪(pMD20 ◓fi♬כ꜡◒┼(

⌐≈⅝ ╩fiכ꜡◒6-12 ⇔√⁹ 

 

 

 

3. F3 ◒꜡ⱴ◓꜡ ─ BMI ─ⱪ꜡♇♩⁹ 

⅜ 0.6 ─╙─╩ -0.25⅛╠ 0.5─ ╩  

-0.6 ╩ ≤ ↑⇔√. 

 

(3)-3  ≤  

1  

2007 F3◒꜡ⱴ◓꜡─ ╩ ∫√⁹AFLP ⌐│ ≢

№∫√ 19 15 25 16 25 15

╩∕╣∙╣ DNA (AFLP)⌐ ™√⁹⌂⅔ │ ≢№╢⁹

⅛╠ ↕╣√↓╣╠─ ( )│ 1300≢ 66.0 kg

53.0 kg 39.7 kg≢№∫√⁹ 

 

DNA  
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AFLP ╩ ∫√ ≢ ™─ ╠╣√ ⅜ 215 ╠╣√( )⁹↓

─ ≢│MseI ◘▬♩ 12 EcoRI 8 96☿♇♩─ⱪꜝ▬ⱴכ ╩ ⇔√⁹

∕─ 215─ ╩ ⇔√( 1)⁹↓╣╠─ MseI +CCC, EcoRI+ACC ⱪꜝ▬ 

 

 

1.  ≢ ─ ↕╣√ AFLP 2 ─ DNA ─ . 

 

 

ⱴכ╩ ™√ ⌐ ┘ ⌐ ↕╣╛∆™⅔╟∕ 630 bp─ DNA ⅜ ≈

⅛∫√( 4)⁹↓─ DN A ─╙─ ≢№∫≡╙ ⌐ ∆╢ ╩

46 ⌐≈™≡ ⇔√( 5, 2)⁹AFLP │ ◘▬♩≤∕─

⅜№∫√ ⌐ ≤⌂╢⁹ ≢№∫≡╙ ⌐ ∆╢ ╩ ⇔⌂ↄ

≡│⌂╠⌂™⁹╟∫≡ ◘▬♩ ⌐ ─ ╩ ≢⅝╢ⱪꜝ▬ⱴכ╩♦

◙▬fi⇔√( 5ⱪꜝ▬ⱴ⁹(720 ,719כ PCR ╩ⱪꜝ☻Ⱶ♪┼◒꜡כ♬fi◓

⌐≈⅝ ╩fiכ꜡◒6-12 ⇔√⁹∕─ AFLP 630 bp ─ │ ◖fi

☿fi◘☻ ( 5)╩ ≤⇔≡ 11 ─Ɫⱪ꜡♃▬ⱪ⅜№╢ ⅜ ╠⅛≤⌂∫√( 2)⁹ 

AFLP ─ ⌐ ⇔≡ Ɫⱪ꜡♃▬ⱪ 1, 2, 3, 10│ AFLP ≤⌂╢

∕╣ │ ◘▬♩⅔╟┘ ⌐ ⅜№╡ AFLP ≤⌂╢↓≤⅜ ╠⅛≤⌂∫

√⁹ ─ ≈Ɫⱪ꜡♃▬ⱪⱭ▪╩ ⇔√( 3)⁹ ↄ─ ⅜Ɫⱪ꜡♃▬ⱪ╩Ⱬ♥꜡

≢ ⇔≡™╢╙── 8 │Ɫⱪ꜡♃▬ⱪ 5─ⱱ⸗≢№∫√⁹Ɫⱪ꜡♃▬ⱪ 5─

│ 37/92 = 0.4≢№╢⁹ⱱ⸗─ │ 0.4 x 0.4 x 46=7.36 ≤ ≢⅝ ⌐ ™⁹

∆⌂╦∟ ⇔√ ─Ɫⱪ꜡♃▬ⱪ ─ ╩ ∆╢⁹↕╠⌐ ≤Ɫⱪ꜡

♃▬ⱪ─ ╡╩ ⇔√≤↓╤ Ɫⱪ꜡♃▬ⱪ 1 │ ⌐ ⌐ ∫≡™

√( 4, P<0.05)⁹ │⌂™╙── Ɫⱪ꜡♃▬ⱪ 7, 8, 9│ ⌐ ╣╛∆™

⌐№∫√⁹ 

 

(3)-3  ─ ─  

◒꜡ⱴ◓꜡◕ⱡⱶ─ ┼ ⇔√ ─ⱴ♇Ⱨfi◓╩ ⅎ≡™╢⁹

⌐│ ⱴ◓꜡─ ╩ ∆╢─│ ─ ≢№╢─⅛╩ ╠⅛⌐⇔√™⁹↓─√╘
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⌐│ ─≥↓⌐ ─ ⅜№╢─⅛ ◕ⱡⱶ ─≥∟╠ ⌐ ╘┌╟

™─⅛╩ ∏ ╠⅛⌐⇔√™⁹ 

 

 
4.  Multi -NA ≢ ⇔√◕ꜟ▬ⱷ⁹☺כEcoRI+ACC, MseI+ CCC─ 

  ⱪꜝ▬ⱴכ ≢ PCR⇔√ ⌐ ⌐ ╣╛∆™ 630 bp─ ⅜ ╘╠╣√. 

 

5. 4≢ ⇔√ 630 bp ─◖fi☿fi◘☻ ⁹AFLP  

─ ╩ ≢⅝╢╟℮ⱪꜝ▬ⱴכPri719, 720 ╩♦◙▬fi⇔√.  
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2. AFLP ≢ ↕╣√ DNA ⁹◖fi☿fi◘☻⌐ ⇔≡ ⌂╢ ⌐ ( )

─ ⌐ (№╢™│ , deletion)≢ ⇔√. 

 

 

Ɫⱪ꜡♃▬ⱪ 1 ╩ ↄ⇔√ │ ≤⇔≡ ≢⅝╢⁹⇔⅛⇔ │Ɫⱪ

꜡♃▬ⱪ─ ⌐│ PCR ≥◓fi♬כ꜡◒─ ─ ≢ ⌐ ≢

│⌂™⁹ ─ ⌐│ 1000 ⅛╠ ╩ ┌⌂ↄ≡│⌂╠⌂™⁹╟∫≡

╩כ◘fi◔כ◦ ™√╡ №╢™│ ─ ◖☻♩Ɫⱪ꜡♃▬ⱪ ╩ ⇔√™⁹

│≢כ◘fi◔כ◦ 300 bp ╩ ∆╢ ⅜ ≢№╢─≢ ⅛─ ╩ ⅎ≡

∫≡╖╢ ⅜№╢≤ ⅎ╢⁹ 

 

   3. 3≈─ ⌐⅔↑╢ ─ ≈ DNA Ɫⱪ꜡♃▬ⱪ─ ⁹ 
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4. 3≈─ ≢─ DNA Ɫⱪ꜡♃▬ⱪ ─◌▬ 2 ⁹ 

 

 

  



◦☻♥ⱶ─  

DNA ⱴכ◌כ╩ ™√ ה  

83 

 

ⱴכ♥ ◦☻♥ⱶ─  

(3) DNAⱴכ◌כ╩ ™√  

           (3)4 ─ ⌐ ↑√ ─ ≤ ─ ◌

fiⱤ♅ ─ ─ ≤   

ה ה ה ה  

                   

ה ה    

₁ ≈⅛↕  

 

(3)-4   

─ ─℮∟ 14-15 ♩fi≤ ╙ ─ ™Ⱪꜞ Ⱪꜞ ◌fiⱤ♅

ⱥꜝⱴ◘ ≢│ ≤⇔≡∕─ 9 ⅜ ⇔√ ─ ⅛ ─

╩ ⇔ ⇔√ ⅜ ™╠╣≡™╢⁹⇔⅛⇔⌂⅜╠ ─↓╣╠ ─

⌐│ ⅝⌂ ⅜№╢⌂≥ ה ⌂ ╩ →╢ ⅝⌂ ≤⌂∫≡™╢⁹

↕╠⌐ ─ ─ ⅜ ↄ⌂╣┌ ┼─ ⅜ ↕╣╢ ⌐

╟╢ ─ ╙ ≢⅝⌂™⁹ 

≢ Ⱪꜞ ─ ∕⇔≡∕╣╩ ™√ ─ │ 1960 ⅛

╠ ╖╠╣≡™╢╙── ™╕∞ ה ⌐ ∫≡ ╦╢≤↓╤╕≢ ⅜

↕╣≡™⌂™⁹Ⱪꜞ ─ ⌐⅔↑╢ ─ │ ─ ™ ≢

№╢⁹⌂⅛≢╙ ─ │ Ⱪꜞ ─ ≢ ⌂╙─≢№╡ ⇔√

⅜ ≢ ⌐ ≢⅝⌂™↓≤⅛╠ ─ ⌂ ╙ ™≡⅔╡ ∕─ ─

≤ ─ │ ─ ≢№╢⁹ 

≢│ ↓─╟℮⌂ ─ ⌐ ╖≡ Ⱪꜞ ─⌂⅛≢Ⱪꜞ⌐ ™≢

⅜ ™◌fiⱤ♅ Seriora dumerili╩ ≤⇔≡ ─ ≤ ─

╩ ∫√⁹ ─ ─ ╛ ⌐≈™≡│ ─▪ꜞꜝ♩☻כ○

≢№╢☻♩ꜝ▬ⱪ♪♩ꜝfiⱭ♇♃כ Latris lineata⌐⅔™≡ ─ ⌐ ∆

╢ ┼─ Walling behavior ⅜ ┼─ ⌂ ╩ ⅎ╢↓≤╛ ⇔

√ ≢℮╕ↄ ≢⅝⌂™↓≤⌐╟∫≡ ─ ╩ ↓∆↓≤≢ ╩ ⅝

↓∆↓≤⅜ ↕╣≡™╢⁹╕√ ₁─ ≢╙ ◌fiⱤ♅─ ⌐⅔™≡╙

⅜ ⌐ ╩ ↕∑╢ 'Walling behavior' ⅜ ⌐ ↕╣╢≤ ≢─

─ ─ ≢ ─ ⅜╟╡ ↄ ≈⅛╢↓≤⅜ ⇔≡™╢⁹ 

∕↓≢ ≢│ ◌fiⱤ♅─ ─ ╩ ─ ─ ⌐╟╢

≢№╢≤─ ╩ ≡ ↓╣╩ ← ≤⇔≡ ─ ╛ ─

─ ╩ →╢↓≤─ ─ ≤ ─ ╩ ∫√⁹ 

 

(3)-4   

1 ─ ⅜◌fiⱤ♅ ─ ⌐ ╓∆ ─  

⌐ ∫≡ ⇔√ ≢│ ⅜ ─ ≤ ─ ≢

╛ ─ ⌐ ⅝⌂ ⅜╖╠╣ ↓╣╠─ ⌐│ ─ ⅜ ⇔≡

™╢↓≤⅜ ↕╣√⁹∕↓≢ ─ ─≥─ ─ ™⅜ ⌐ ∆╢⅛╩



◦☻♥ⱶ─  

DNA ⱴכ◌כ╩ ™√ ה  

84 

 

═╢√╘ ≢│ 1 m3 ─ ─ ╩ ─╖⅜ ⌂╢

⌐ ⅎ≡ ╩ ™ ↔≤⌐ Walling behavior ╩

⇔√⁹   

 

⅔╟┘  

⌐│ ∆↕╖ ≢ ↕╣√ ◌fiⱤ♅ ⅛╠

≢ ╠╣√ ╩ ↕∑≡ ™√⁹ ╠╣√ │ ─1 m3

12⌐8 000∏≈ ⇔ 25 ╕≢ ─ ⱪ꜡♩◖ꜟ⌐ ∫≡ ⇔√⁹ 

 

─  

─ⱴfi☿ꜟ │ ─ ⱦ♬ꜟ ◌♇♥▫fi◓◦כ♩ 791 Ⱪꜝ

♇◒ ⱴfi☿ꜟ 2.21 735 Ⱶ♦▫▪ⱶ◓꜠כ ⱴfi☿ꜟ 5.85 711 ⱱ

꞉▬♩ ⱴfi☿ꜟ 9.52 ◔Ⱶ◌ꜟ ╩ ⌐ ╢↓≤≢ ⅎ ∕╣∙

╣4 ≢ ⌂∫√⁹ ╩♩כ◦│⌐ ╠∏ │ ⌐ ↕╣≡™√⁹ 

 

─◘fiⱪꜞfi◓⅔╟┘  

─ ─ ╩ ═╢√╘ ┤ 4 7 10131925 ⌐ ╩ꜝfi♄

ⱶ⌐◘fiⱪꜞfi◓⇔≡ ⇔√ ≢♦☺♃ꜟ ╩ ⇔ ⅛╠ ╩

⇔√⁹◘fiⱪꜞfi◓ ─ │5 10─ⱱꜟⱴꜞfi ⌐ ⇔ ─

⌐ ™√⁹ 

 

─  

─ │ 25 ⌐ ╩ ╡ → ≢─ ⌐

╟∫≡ ╩ ⇔≡ ⇔√⁹ ─ ─ ─ ↕─ ≢│ Cobcroft and 

Battaglene (2009)─ ╩ ⌐⇔√⁹ │ ─ ↕╛ ─ ⅜ ⅛≥

℮⅛╩ ⌂ ≤⇔√⁹ 

 

Walling behavior─  

Walling behavior≤™℮ ─ │ ╛ ⅜╟ↄ ∑╢ ⌐ ⅛∫≡─

⌂ ≢№╡ ⅜ ≤ ⇔≡ ╕╢≤↕╣ ╩ ⌐ ⇔ ↑√╕

╕ ⅞ ⇔┌⇔┌↓─ ╩ ╙ ╡ ∆⁹↓─ │♩ꜝⱨ◓╛ ◌fiⱤ♅ ≤

⌐ ≢ ╩ ↔∆☻♩ꜝ▬ⱪ♪♩ꜝfiⱭ♇♃כ≢╙ ↕╣≡™╢⁹⇔⅛⇔⌂⅜

╠ ╩ ⌐ ⇔ ↑√╕╕ ™∞⅛≥℮⅛─╖╩ ∆╢↓≤│ ≢№╢√╘

≢│Cobcroft and Battaglene2009⌐ ™ ⌐ ⅜ ⇔√ ╩1 ─Walling 

behavior≤⇔≡ ⇔√⁹ │ 4 ⅛╠ 10 ─ 10:0014:00─ ♦☺♃ꜟ

◌ⱷꜝ≢ ⇔√ ╕√│ ≢ ⌂∫√⁹ │ ⅛╠3.5 cm≢

0 30 cm≤⇔√⁹ ⅛╠3.5 cm≤™℮ │ ⌐ ↕╣╢

─ ╕╡ Ɽ♇♅ ─ ⅜╡≤ ⇔™╙─≢№∫√⁹╕√ ╟╡3.5 cm╣√

≤↓╤⌐ ↕╣╢Ɽ♇♅≢│ Walling behavior⅜ ↓╠⌂⅛∫√⁹ ─ │ 3

⅛╠10 ╕≢─◌fiⱤ♅ │ ≢│ 0 cm⅛╠10 cm⌐ ↄ ∆╢
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⅜№╢↓≤ , 2009╠⅜ ∫√ ─ ─ ⅜ ⅛╠3.5 

cm 0 cm⅛╠30 cm╕≢⌐ ≢⅝√↓≤⅛╠↓─╟℮⌐⇔√⁹ │

╟╡ꜝfi♄ⱶ⌐ ╪∞1 ⌐≈™≡ ∫√⁹ 

⇔√Walling behavior│ ᵑWalling behaviorᵒWalling behavior─2 ─

≢∕─ ╩ ⇔√⁹ᵑWalling behavior≢│ ─ ─ ⅛

╠ ╩ ⇔√⁹∆⌂╦∟ ⌐ ∆╢ ─℮∟ ≥─ ─ ⅜Walling 

behavior╩ ∫≡™╢⅛ ═√⁹o Walling behavior≢│ ─ ─ ⅛

╠ Walling behavior╩ ∫≡™╢ 1 ⅜ 30 ⌐ ⌐ ⇔≡™╢⅛╩

⇔√⁹ 

 

─  

─ ⅜ ─ ╢↕⌐ ⅎ╢ ╩ ∆╢√╘ ≢ ╩

⇔∕─ ⅛╠ ─ ╩ ⇔√⁹ ⌐│ ◒꜡꜠ꜝ╩ ≤ ⌐

⇔ ⱦⱤ▬ⱪ⌐ ⇔√♦☺♃ꜟ◌ⱷꜝ╩ ⌐ ↑ ⇔√⁹ ⌐≈™≡│

1≤  1⌐ ⇔√╟℮⌐ ᵑ ≤ ⌂ 6─ 1 2 3 ≤ ᵒ ≤

⌂ 6─4 5 6 ─2⅛ ≢ ≤ ⌐ ╩ ⇔√⁹

│ ⅛╠3.5 cm─  6─1 6 ⅛╠30 cm─

 6─2 5 ⅛╠60 cm─  6─3 4 ─3

│ 0 10305080 cm─5 ≤⇔√⁹↓╣╠─ ─ ╛

╩ ╖ ╦∑≡ 1 ⌐≈⅝ 30 ≢ ─ ╩ ⇔♦☺♃ꜟ ╩

⇔√⁹⌂⅔ 80 cm│ ≢№∫√⁹ │ 1 ⌐≈™≡ ™ ⇔√

│ ⱨꜞכ♁ⱨ♩ Image JNational Institutes of HealthMaryland╩ ™≡ ╩

╘√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6. ─ ⁹   │ ─ ╩ ⇔√⁹

│ ∂ ─ ─ ≢─ ◌ⱷꜝ─꜠fi☼ ╩ ⇔√⁹ ≢│

⅛╠ ╕≢ ─5 ≢ ╩ ∫√⁹ 
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─ ⌐⅔™≡ ╩ ⅛╠3.5 cm╣√ ≤⇔√─│

⌐≡ Walling behavior╩ ℮ ⅜ ⅛╠3.5 cm⌐ ∆╢↓≤⅜ ↕╣√√

╘≤ ◌ⱷꜝ⌐╟╡ ⌐≢⅝╢ ─ ╩ ⅎ╢√╘≢№∫√⁹ 

 

 

│ ♁ⱨ♩►▼▪ SPSSIBMNew York╩ ™≡ ™ ─ ╩

≢ ⇔√⁹ │5 ⌐ ⇔√⁹ ≤ │

╩Bonferroni≢ ⇔ │Tukey HSD≢∕╣∙╣ ╩ ⇔√⁹ 

 

─ ⅜◌fiⱤ♅ ─ ⌐ ╓∆  

1)⌐⅔↑╢ ≢ │ ╩ ⌐∆╢≤ walling behavior≤

─ ╩ ≢⅝╢↓≤⅜ ╠⅛≤⌂∫√⁹↓╣│ ─ │ ╟╡

⅛╠ ∆╢ ⅜ ↄ ─ ⌐ ∆╢ ─walling behavior⅜ ↕╣╢√

╘≤ ⅎ╠╣╢⁹╕√ ⅜walling behavior╩ ℮─│ ≢№╡ ─

╖ ⌐∆╣┌ ⅜№╢≤ ⅎ╠╣╢⅜ ∕─ ⌂ │ ╠⅛≢│⌂™⁹b≢│ ◌

fiⱤ♅ ─ ╩ ⅛╠ ∆╢ ─ ╩ ⅎ╢

50 cm─╖╩ ⌐∆╢ ─ ╩ ↄ∆╢√╘⌐ ╩ ™╢↓

≤─ ╩ ═√⁹ 

◌fiⱤ♅ ─ ≢ √ ╩1 3 ⌐8 000 ⇔≡ ⇔√⁹

─ ─ 4 ⅛╠9 ╕≢─Walling behavior20 ≢─ ≤

╩ ⇔√⁹ ─ ≤ ─ ™│ ⌂╢◌♇♥▫fi◓◦כ♩

╩ ⌂╢ ≢ ╢↓≤≢ ⅎ√⁹╕√ ╩ ™≡ ─ ╩⅛ⅎ

√⁹ │ Ⱪꜝ♇◒ ≈╛ ╡ ⱴ♇♩Ⱪꜝ♇◒ ≈╛ ⇔ ⱴ♇♩Ⱪ

fiכꜞ◓+◒♇ꜝ ⱴ♇♩Ⱪꜝ♇◒◓ꜞכfi⌐ ⅎ ⌐ ⌐20 cm╡ ∆

╩ ↑√4 ╩4 ≢ ∫√ 7⁹ 

   7 ⌐ ™√ ─ , ⱴfi☿ꜟ , ⁹Ⱪꜝ♇◒; 3.2PB, 2.2, 0.2,ⱴ♇♩Ⱪꜝ♇◒;  

   3.6PB, 2.5, 0.2, ◓ꜞכfi; 2.9G, 3.4, 2.7⁹ ≢fi⁹14L, 10Dכꜞ◓│ . 
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(3)-4  ≤  

1 ─ ⅜◌fiⱤ♅ ─ ⌐ ╓∆ ─  

25 ≢─ ⌐│ ₁⌂ ≤ ⅜№∫√ 8⁹ │ ⅜ ╙ ™5.8%

│ 22.5%∕⇔≡ ⅜ ╙ ™26.8%≢ ≤ ≤ ─ ⌐ ⌂ ⅜№∫√

5⁹ 

 

5  25  

 
      

4  
%  %  

 2179 5.8±1.2a 4.7Ñ4.6 

 435 22.5±6.3b 8.0Ñ9.4 

 278 26.8±10.6b 3.5Ñ4.5 

⌂╢ ⌐ ⅜№╢⁹p<0.05 

 

 8. ↕╣√ 25 ⁹ ≢ ↕╣√ ╩ ⇔√⁹ b)

c) ─ ─ ⅜ ╣ ⅜╢ d) ─ ⅜ e)  

⅜ ↄ ⅎ╢ f) g) ⁹h)│ g)╩ ⅛╠ ⇔√╙─≢  

⁹h)│ g)╩ ⅛╠ ⇔√╙─≢ ⅜ ⌐ ⇔≡™╢⁹ 

 

1 mm 

a) b) c) 

f ) e) d) 

g) 
h) 
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3 ≢ ⌐ ™│ ⅛∫√⁹Walling behavior│ ⅜ ≤≤╙⌐

╩ ∆─⌐ ⇔ 9 │ ╩ ⇔√⁹Walling behavior≢│4 5 6 8

≢ ⅜ ╙ ↄ 8 ╕≢│ ⅜ ╙ ↄ ⇔√ 10⁹ 

25 ─ │ ≢ ╙ ↄ 12.2%™≢ ─1.9%⅜ ╙ ™1.4%≢

≤ ≤ ─ ⌐ ⅜№∫√ 11⁹ 

─ ╩ 12ab⌐ ⇔√⁹ ≡─ ⌐⅔™≡ ⅜ ╙ ™

╩ ⇔ ⅜ ╙ ™ ╩ ⇔√⁹ │ ≤ ─ ≢ ⇔√⅜ ╟╡ ⌐ ™

╩ ⇔√⁹╕√ ⅜ ↄ⌂╢≤ ╙ ↄ⌂╢ ⅜ ╠╣√⁹ ⅛╠

─ ─ ─ │ ≤ ≤ ─ ⌐ ⅜ ╠╣ ≤

≢│ ≢─ ⅜ ⅛∫√⅜ ≢│ ─ ⅜ ─ ╛ ⌐

═ ╠⅛⌐ ⅛∫√⁹╕√ ⌐ ⌂ 12a⌐ ═ ⌐ ⌂

12b≢│ ─ ⅜ ↕ↄ ─ 0 cm≢─ ╙ ↕⅛∫√⁹ 

 

 

 

 9.  Walling behavior. 
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 10. Walling behavior. 

 

 

 11.  25 ⁹ ⌂╢ ⌐ ⅜№╢⁹p<0.05⁹ 

 

0

2

4

6

8

10

12

14

4 5 6 7 8 9 10

W
a
lli

n
g
 b

e
h

a
v
io

r

/3
0

0

2

4

6

8

10

12

14

16

a 

b b 



◦☻♥ⱶ─  

DNA ⱴכ◌כ╩ ™√ ה  

90 

 

↓╣╠─ ⅛╠ ─ │ ─ ─ ⌐ ╩ ⅎ

™ ⅜ ≢№╢↓≤⅜ ↕╣√⁹╕√ ─ ⌐│ 8 ╕≢─Walling 

behavior⅜ ⇔≡™╢≤ ⅎ╠╣√⁹╕√ ─ │ⱴfi☿ꜟ ≢5.85─ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12a.  ⌐ ⌂ ≢─ ⁹ ─ │ ╩ ⇔√⁹    

   ─ │ ủ ẽ ỏ ≢ ⇔√. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    12b.  ⌐ ⌂ ≢─ ⁹ ─ │ ╩ 

⇔√⁹ ─ │ ủ ẽ ỏ ≢ ⇔√. 
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≢│ ─ ⌐│ ≢ ─ 2.21⅜ ≢№╢↓≤⅜ ╠⅛

≤⌂∫√⁹ 

 

─ ⅜◌fiⱤ♅ ─ ⌐ ╓∆  

─ │ ≢ │ ╘╠╣⌂⅛∫√╙── Ⱪꜝ♇◒≢ ╙

⇔ 22≢№∫√⁹ ⌐ ⅛∫√─⅜ⱴ♇♩Ⱪꜝ♇◒+◓ꜞכfi≢ 13 ⱴ♇♩Ⱪꜝ

♇◒≢7 ⱴ♇♩Ⱪꜝ♇◒+◓ꜞכfi+ ≢2 ≤⌂∫√ 6⁹ 

  

 6. ─  

 
   

(4  

(%) 

Steel Dwass P<0.05 n=4 

Ⱪꜝ♇◒ 100 22.0±11.5 

ⱴ♇♩Ⱪꜝ♇◒ 100 7.0±5.0 

ⱴ♇♩Ⱪꜝ♇◒   

   

 fiכꜞ◓

100 13.0±8.8 

ⱴ♇♩Ⱪꜝ♇◒ 

   

fiכꜞ◓  

100 2.0±2.3 

 

 

Walling behavior─ │ Ⱪꜝ♇◒⅜ ⇔≡ ™ ≤⌂╡40.6%⅛╠9.1%≢

⇔√ 13⁹∕─ ─ │ ™ ≢ ⇔ ⱴ♇♩Ⱪꜝ♇◒≢10.4%⅛╠1.5%

ⱴ♇♩Ⱪꜝ♇◒+◓ꜞכfi≢10.6%⅛╠5.3%ⱴ♇♩Ⱪꜝ♇◒+◓ꜞכfi+ ≢4.2⅛╠0

≤⌂∫√⁹╕√8 ⱴ♇♩Ⱪꜝ♇◒+◓ꜞכfi+ ≢│Walling behavior╩ ℮ │

™⌂⅛∫√⁹ 

Walling behavior─ ╙ Ⱪꜝ♇◒⅜ ™ ≤⌂╡∕─ ─ ≢│

™ ≢ ⇔√ 14⁹ 

│ ⌐3% ≤ ™ ⌐⌂∫√⁹ ≢ ⌂ │⌂⅛∫√⅜

╩ ™√ ⅜ ⌐ ™ ⅜╖╠╣√( 15)⁹ 

⅜ ↄ ─ ⅜ ╣√ Ⱪꜝ♇◒─ ≢│ ⅜walling 

behavior╩ ⌐ ℮↓≤≢ ⅜ ⇔ ⅜ ∫≡ ╙ ⅜ ∫√↓≤⅜

↕╣√⁹╕√ Ⱪꜝ♇◒≢│ ⱴ♇♩Ⱪꜝ♇◒⌐ ═ walling behavior

⅜ ⅛∫√↓≤⅛╠ ⅛╠─ ╩ ⅎ ⌐ ⅜ ™ ╩

╠⌂™↓≤≢walling behavior╩ ⇔ ─ ╩ ≢⅝╢ ⅜ ↕╣

√⁹ ─ ⅜ ╙ ⅛∫√ⱴ♇♩Ⱪꜝ♇◒+◓ꜞכfi+ ─ ⅛╠
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─ ╩ ↄ∆╢↓≤≢ walling behavior─ ╩ ≢⅝╢

⅜№╢⅜ ╛ ≢ ─ ⌐ ═ ™ ⌐№∫√↓≤⅛╠ ™  

 

                13Walling behavior%   

 

                      14Walling behavior number of times/30 sec 
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            15 ⌐⅔↑╢20 ≢─ . 

 

─ ⅜ ↕╣ ─ ℮ ─ ╩ ∆╢ ⅜№╢≤ ⅎ╠╣╢⁹

╕√ ⱴ♇♩Ⱪꜝ♇◒⌐ ⇔ 50 cm╕≢ⱴ♇♩Ⱪꜝ♇◒⌐∆╢≤ ⅜

™ ⌐№∫√↓≤⅛╠ 50 cm╕≢ ⌐∆╢↓≤≢│ ≢№╢≤ ⅎ╠╣√⁹ 

 

(3)-4  ─ ─  

◌fiⱤ♅╩ ⌐⇔≡ ╦╣√ ─ │ ─ ─ ╩ ∆╢Ⱪꜞ

≢№╢Ⱪꜞ ⱥꜝⱴ◘⌂≥─ ≢╙ ≢⅝╢ ⅜ ™⁹ ↓╣

╠─ ≢╙ ─ ╩ ⇔ ⌐ ╘√™⁹ 

↕╠⌐ │ ↓╣╕≢ ⅜ ╦╣≡↓⌂⅛∫√ ─ ⌐⅔↑╢

╛ ≤ ─ ─ ╩ ∂≡ │☼כ♬ ⅝™⅜

⅜ ⇔™ ─ ╩ ⅝ↄ ≢⅝╢ ╩ ⇔≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

0
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ⱴכ♥ ◦☻♥ⱶ─  

(3) DNAⱴכ◌כ╩ ™√  

           (3)5 ─ ⌐ ↑√ ─ ≤ ─

⅔╟┘ ⅜ⱴ♄▬ ⌐ ╓∆  

⅔╟┘ ⌐╟╢  

ה ה ה ה  

                   

ה ה    

 

₁ ≈⅛↕  

 

(3)-5   

ⱴ♄▬│ ⅜ ≢ ╙ ↕╣≡™╢ ≢№╡ ≢╙ ≢╙∕─

⅜ ─ ≢ ™╠╣ ⅜ ╙ ╪≢™╢ ≢№╢⁹⇔⅛⇔⌂

⅜╠ ⌐⅔™≡╙ ∕─ ≢│ ⇔√ ⌐⅔™≡ ╛

⇔≡™╢ ╩ ∫≡™╢ ⌂≥╩ ╡ ↄ ⅜ ⌂ ≤⌂∫≡™╢⁹

↓─ ⌐│ ↄ─ ⅜ ⌂℮ⅎ⌐ ─ ≢☻♩꜠☻⅜⅛⅛╢√╘⌐

╩ ⇔ ∕─ ─ ⌂≥⌐≈⌂⅜╢↓≤╙ ™⁹∕╣╝ⅎⱴ♄▬⌐⅔™≡╙

─ │ ⌂⅔ ⌂ ≢№╢⁹ 

ⱴ♄▬ ⌐⅔↑╢ │ ↓╣╕≢ (1977)(1978)(1978)╛

(1986)⌐╟∫≡ ╛ ⅜ ↕╣≡™╢⁹ ⌐ │

⌐ ∆╢↓≤⅜ ╠╣ ⱴ♄▬ ─ ▬◦♄▬ ◒꜡♄▬ ⱥꜝⱷ

♬☺ⱴ☻⅔╟┘◒꜡ⱴ◓꜡⌂≥ ↄ─ ≢ ↕╣≡™╢⁹╕√ ⱨ♫ ►◓▬⅔╟

┘Ⱬ♄▬⌂≥≢│ ⌐⅔™≡╙ ↕╣≡™╢↓≤⅛╠ ≤ ─ ─

≤⇔≡ ⅜ ↕╣╢ ─ ≈≢№╢⁹ 

│ ↄ─ ╩ ⇔ ─ ↄ│ ─ ⌐ ∆╢⁹ ─

≤⇔≡│ ⱦ♃Ⱶfi╛ⱵⱠꜝꜟ⌂≥─ ⅔╟┘ ─

╛ ─ ⌂≥↕╕↨╕⌂ ⅜↓╣╕≢⌐ ↕╣≡™╢ ⇔⅛⇔⌂⅜╠

─ ⌐≈™≡ ∕─ ╩ ⇔ ─ⱷ◌♬☼ⱶ╩ ⇔√ │ ⌂™

↕╠⌐ ↓╣╠─ ─⌂⅛≢╙ ⌐⅔™≡ ⌂ ╩ ™ ╢╙─│

─ ⌂≥⌐╟╢ ─ ⅔╟┘ⱦ♃Ⱶfi C ⌐╟╢ ─ ⌂≥ ⇔

⅛⌂™⁹ ⅎ┌ ─ ─ 1≈≢№╢ ─ ≤⇔≡ ⌐⅔↑╢

┼─ ⌂ⱦ♃Ⱶfi A ⅔╟┘Ᵽ◒♥ꜞ▪─ ⌂≥⅜ ↕╣≡™╢ ⇔⅛

⇔⌂⅜╠ ↓╣╠─ ⌐⅔↑╢ ─ │ ─ ─ ─ ╩ ⅝

ↄ ⅎ╢╙─≢№╡ ─ ⌐⅔™≡∕╣╠─ ╩ ∆╢↓≤│ ≢№╢

№╢™│ ⅛⌂╡ ╠╣√ ≢⌂™≤ ≢⅝⌂™╙─≤ ⅎ╠╣╢⁹ 

≢│ ⱴ♄▬ ─√╘─ ⌐ ∆╢ ≢ ⱴ♄▬

─ ⅔╟┘∕─ ─ ╩ ⇔√ ╩ ∫√⁹ ╛ ⌐

─ ≢ ↓╡ⅎ╢ ≢№╢ ┼─ ⌂≥╩ ⅎ≡ ╩

™ ↓╣╠⅜ ⌐╟╢ ─ ≤ ╡ ╢⅛⌐≈™≡ ⇔√⁹ 
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(3)-5   

  

☿fi♃כ ≢ ↕╣√ⱴ♄▬ 23 ╟╡

⌐╟╡ ╠╣√ ╩ ⇔√⁹ │ 19≢№∫√⁹ ─ ╩

ⅎ╢√╘⌐ ∕─ ⌐ ↕╣√ ╩ ╟╡ ⇔ 2030 ╩20 

L ≤≤╙⌐ⱳꜞⱦ♬ꜟⱣ♇◓⌐ ╣ ⌐ꜟכ꜡♅☻ ⇔≡

⌐ ⇔√⁹ ⅜ ⌐ ╩ ∆╢↓≤╩ ←√╘ ⌂◄▪

≢fiꜛ◦כ꜠ ⇔√⁹ 500 Lⱳꜞ◌כⱲⱠכ♩ ⌐ ♩♇Ⱡ☻כ◗√⇔ ⌐

⇔ ╡╟⌐fiꜛ◦כ꜠▪◄⌂ ⇔⌂⅜╠ 10 ╕≢ ⇔√⁹10 ⅛

╠ ≤⇔ ⌐│ ─ ╩ ⌐ ™ ─╖ ⌐ ™√⁹ 

 

ה   

⌐ 30╩ ⇔─ ╩ ⇔√⁹ 10≤ ⌐5~10 ╩ⱳꜞⱦ♬ꜟ

Ᵽ♇◓⌐ ⇔√⁹ │ ╘ ●☻≤ ●☻╩ ↕∑ 6 ─

DO 0, 10, 25, 50, 75, 100%⅔╟┘3 ─ DC 0, 60, 120 

mg/L⌐ ⇔√⁹ │ ╩ ∆╢√╘ 500 Lⱳꜞ◌כⱲⱠכ♩ ╩►◊

≡⇔≥☻Ᵽכ♃כ ⇔ ⱳꜞⱦ♬ꜟⱣ♇◓ ─ ╩ 19⌐ ∫√⁹ ⅜ ⌐

∆╢─╩ ←√╘ ⱳꜞⱦ♬ꜟⱣ♇◓│ ⌐ ╠⇔√⁹ │ 180≤⇔

30 30, 60, 90, 120, 150, 180⌐ ╩ ╣√ⱪꜝ☻♅♇◒Ⱳ►ꜟ┼ 100∏≈

╡ ╕≢ ⇔√⁹ 0 ⌐≈™≡│ ╩ ╦⌂™╙─≤⇔ ⌐

⇔√⁹ │10 ⌐pHDO DC ╩ ⇔√⁹ 

⇔√ ⌐≈™≡ ┤ ╩

─ 5≈⌐ ⇔≡ ╘√⁹╕√ ⇔√ ⅛╠ ⇔√ ⌐≈™≡

Ⱳ►ꜟ⅛╠ꜝfi♄ⱶ⌐ ╡ ⇔√ 100 ─┤ ↕╠⌐ 20

10 ─ ╩ ⌐≡ ⇔√⁹ ─ ≤⇔≡│

⅜ ≢ ⇔™ ╩ ⇔≡™╢ ╩ ≤⇔ ⅜ ≢│⌂™ №╢™

│∕─ ⅜ ⌂↓≤≤⇔√⁹ 

 

  

DO DC ⅔╟┘ ─ ⌐ ∆╢┤ ⅔╟┘ ─

⌐≈™≡│Spearmanôs test╩ ™√⁹╕√ ⌐╟╢ ─

─ ⌐│Student T test╩ ™√⁹ 

 

(3)-5  ≤  

≡─ DO⅔╟┘ DC ─ ─┤ ╩ 16 ⌐ ⇔√⁹ ≡─ DO⅔╟┘

DC ─ 0 ( ) ─ ┤ │76% ┤ │17% ≢

№∫√⁹ ≡─DO⅔╟┘DC ─ ┤ │ ⌐ ∫≡ ∆╢

⅜ ╠╣√⁹╕√ DC ≤ ┤ ─ ⌐ ⌂ │╖╠╣⌂⅛∫√(r=0.16, 

p=0.34)⁹ ⌐ DC ≤ ─ ≤─ ⌐╙ ⌂ │╖╠╣⌂⅛∫√(r=0.32, 

p=0.15)⁹ 
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   16. ⌂╢ ⌐ ⇔√ⱴ♄▬ ─┤ ⁹ ™√  

│ 0 (I), 60 (II) and 120 (III) mg/LA, B, C, D, E ⅔╟┘ F│  

 0, 10, 25, 50, 75, 100%╩ ∆⁹ ─ a, b, c, d, e, f, g│ 0, 30, 60, 90, 120, 150, 180

╩ ∆⁹ 
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≡─DO⅔╟┘DC ─ ─ ╩ 17⌐ ⇔√⁹↓╣╕≢─

≤ ⌐ DC 0 mg/L─DO 10%≤0%─ ≢ ⅜ ⇔

√⁹╕√DC 60 mg/L⅔╟┘120 mg/L─DO 25% ─ DO ⅜ ™

⌐⅔↑╢ │ DC 0 mg/L─∕╣≤ ⇔≡ ⌐ ⅛∫√

(p<0.05)⁹∆⌂╦∟DC 60⅔╟┘120 mg/L─ ⌐╟╢ ⅜

↕╣√⁹ 

≢│ DC 60⅔╟┘120 mg/L─ │ ⌐ ⇔≡

╩ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹↕╠⌐ ≤ ─

⅜ ╢ ─ ⌐≈™≡╙ ↕╣√⁹↓╣╕≢⌐ⱴ♄▬≢│

≢ ∂√╟℮⌂ ⅜ ⌐ ∆╢↓≤⅜ ╠╣≡™╢─≢

│ ╩ ∆╢ ⅜№╢≤™ⅎ╢⁹↓╣⌐≈™≡│ ╩

⇔√ ╩ ⅜ ∆╢ ╕≢ ⇔≡ ⇔√ ⌐≈™≡│ ∆╢ ⁹ 

─ ┤ │ ⌐ ∫≡ ∆╢ ⅜ ╠╣√⁹DO 100%

DC 0 mg/L─ ה ⌐⅔™≡╙ ┤ ⅜ ⌐ ∫

≡ ⇔≡™╢↓≤╩ ⅎ№╦∑╣┌ ─ ≤ ⌐ ┤ ⅜ ∆╢↓≤

─ │ ─ ⌂ ⅎ┌ ╛ ≤─ ⅜ ┤ ⌐ ⇔

≡™╢↓≤⅜ ⅎ╠╣╢⁹ 

≢│ ─ ─√╘⌐ ●☻ ╩

™√⁹↓─↓≤⌐≈™≡ ⌐ │ ( )─ ™ ╩╙≈⁹╕√

●☻⅜ ↕╣√ ⌐⅔™≡ │ ∆╢⁹∕─

│ ≤ ⇔ ─╙≈pH ⌐▪ꜟ◌ꜞ ⌐ ╩

↑⌂⅜╠ ▬○fi⅔╟┘ ▬○fi≤⌂╢⁹ ─ ─ ≢│ 90% ⅜

▬○fi≤⇔≡ ⇔≡™╢⁹↓↓≢ ⌐ ∆╢ ▬○fi⅔╟┘ ▬○

fi│ ⌂ ▬○fi ≢№╢▬○fi♅ꜗⱠꜟ─ ╩ ≈ ⌐╟╡ ┼

╩ ⅎ≡™⌂™≤ ↕╣╢⁹ ─ │ ≤ ⌐ ┼

∆╢⁹≈╕╡ ≢│ ⅜ ⌐ ⇔≡

╩ ∆╢ ╩ ≈≤ ↕╣╢⁹ 

│ ⌐ ∆╢≤ ⌂ ≢№╢ ─

⌐╟╡ ╛⅛⌐ ╩ ⇔ │ ⌐ ▬○fi⅔╟┘ ▬○fi⌐ ∆╢⁹

↓╣⌐╟╡ ⅝ ↓↕╣╢ │☻◦כ♪◦▪ ↄ─ ⱪ꜡☿☻⌐ ⇔≡™╢

≤ ⅎ╠╣╢⁹⇔⅛⇔⌂⅜╠ ⌐╟╡ ∂╢ ─ ≤

⌐╟╡ ∂╢∕╣≤│ ∂⅛≥℮⅛ ≢№╢─≢ ─ ─ ⅜

∂≢№╢⅛≥℮⅛│ ≢№╢⁹⇔⅛⇔ ╢╟⌐☻◦כ♪◦▪≡™⅔⌐ ─ ⅜

⇔≡ ⇔≡™╢≤ ⅎ╠╣╢⁹↓╣⌐≈™≡│ ⌐⅔↑

╢ ─ ╩ ═╢↓≤⌐╟╡ ╠⅛⌐⇔≡╝ↄ ⅜№╤℮⁹ 

↓╣╕≢⌐ ↕╣≡™╢ⱴ♄▬ ◌fiⱤ♅ ◦ⱴ▪☺─ ⌐╟╢

≤ ─ ⌐╟╢ ─ │ ∂≢№∫√⁹⇔⅛⇔⌂⅜╠

╩ ⅔╟┘∕─ ─ ─ 3 ⌐ ⇔√ ≢│ ⌐╟

╢ ≤ ⇔≡ ⌐╟╢ │ ─ ⅜ ™≤™℮ ⅜⌂
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↕╣≡™╢⁹ ⅔╟┘ ⌐╟╢ ─ ─

─ ™│ ∆═⅝ ≢№╢⁹ 

╕√ ↓╣╕≢⌐ CO2 6 ⌐╟╢ⱴ♄▬ ─ │ 2%≢№   

╢≤™℮ ⅜⌂↕╣≡⅔╡ ─ⱴ♄▬ ⌐ ∆╢ ⅔╟┘

─ ⅜ ↕╣≡™╢⁹⇔⅛⇔ ⌐⅔™≡│ ⅜ 180 ≤™℮

≢№∫√√╘ ⌂ ─ │╖╠╣⌂⅛∫√╙─≤ ⅎ╠╣╢⁹ 

─ │ ⌐⅔↑╢ ─

─ ⅜ ≢№╢↓≤ ╕√ ⌐⅔↑╢ ≢╙∕╣╠⅜ ⌐ ≢

№╢↓≤╩ ⇔≡™╢⁹ 

 

(3)-5  ─ ─  

≢ ╠⅛⌐⌂∫√ ─ ⌐ ⌂ │

≢│ ⌐ ∆╢ №╢™│ Oxygen minimum zone; OMZ

╛ ⅜ ╪⌂ ≢─ ⅛╠─ ⌂≥≢ ↕╣╢ ≢№╢⁹

╕√ ≢ ⌐╟╢ ┼─ ⌐╟╢ ⅜ ╛

⌐ ↕╣√ ─ ⌐ ╩ ≈ ⅜ ⌐ ⇔√ ─ ⌐╙

⇔≡™╢↓≤⅛╠ ≢─ ⅜ ─ ─ ╩ ∂≡∕─

⌐ ∆╢ ⅜ ↕╣╢⁹⇔√⅜∫≡ ─ │ ─

≤ ─ ╩ ╠⅛⌐∆╢√╘⌐ ™╢↓≤⅜ ⌂ ⌂ ≢

№╢⁹ 

│ ⌐╟╡ ─ ⅜ ↕╣╢

ⱷ◌♬☼ⱶ╩ ∆╢≤≤╙⌐ ≢─↓╣╠─ ─ ─ ╩ ╠⅛⌐

∆╢ ≢№╢⁹
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17. 10 ≢ (0 mg/L DCD; a)  (60 mg/L DCD; b≤ 

 120 mg/L DCD; c)⌐ ⇔√ ⌐ ⇔√ ─  

 

 

 



 

100 
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ⱴ2כ♥ ◦☻♥ⱶ─  

 

ה כ♄כꜞⱪכꜟ◓ ה   

 

─ⱴכ♥  

 

≤™℮ ⅜ ⌐ ⅎ╢ ⌐│ ⅝ↄ 2≈№╢⁹└≤≈│ ≢ ⌐⌂

╢ ─ ≤ ─ ≢№╢⁹╙℮ ≈│ ⌐⅔↑╢ ╛ ─

⌐ ∆╢ ≢№╢⁹ ⌐ ╠∏ ─ꜝ▬ⱨ◘▬◒ꜟ╩

⌐ ∆╢ ⅜ ↕╣╢≤ ≈ ─ ─ │ ↕╣╢⁹⇔⅛⇔ ≈

─ │ ↕╣⌂™⁹ ─ ™ ─ ╩ ∆╢√╘⌐│

⌐╛↕⇔™eco-friendly⌂ ∆⌂╦∟₈ ◦☻♥ⱶ─ ₉⅜ ⌐⌂╢⁹ 

ⱪ꜡☺▼◒♩⌐⅔↑╢₈ ◦☻♥ⱶ─ ₉╩ ⇔√ ─ⱪכꜟ◓

│ⱴכ♥ ⅝ↄ ─4≈⌐⌂╢ ₈ ─ ≤ ₉₈ ⌐╟╢

─ ₉₈ ─ Development of feed to reduce environmental 

load₉₈ ה ◄Ⱡ ◦☻♥ⱶ─ ₉⁹↓╣╠4≈─ ═∆│ⱴכ♥

≡eco-friendly⌂ ─ ⌐ ∆╢⁹ 

≢─ ─ │ ╛ ⌂≥⌐╟╢ ≢№╢⁹₈

─ ≤ ₉≢│ ⌐ ∆╢ ⅜ ⅝ ↓∆

─ ─ ⌂≥ ─ ⱷ◌♬☼ⱶ╩ ⇔ ∕─ ─ ╩

∫√⁹₈ ⌐╟╢ ─ ₉≢│ ─ ⌐ ∆╢

╩ ∆╢ ⌐≈™≡ ≢№╢ ─ ⌐≈™≡ ⇔ ─

≢ ⇔√ ─ ╩ ═╢↓≤≢ ─ ⌂≥─ ⌐ ≡╢ ╩

∫√⁹ ┼─ │ ╩ ∑┌∆═≡ ≢№╢⁹⇔√⅜∫≡

─ │eco-friendly⌂ ⌐ ∆╢⁹₈ ─ ₉≢│

⌐ ∆╢ ⌐ ╢♃fiⱤ◒ ≤⇔≡ ⅛╠ ⇔√ ⇔™♃▬ⱪ─ ♃fiⱤ

◒ ⌐ ⇔√⁹ ╛ ╩ ↕∑╢↓≤╙ ─ ─ ⌐

≈⁹₈ ה ◄Ⱡ ◦☻♥ⱶ─ ₉≢│ ≢ ⌐

∆╢ ─ ≤ ─ ⌐ ╡ ╖ ⌂ ◄Ⱡ

◦☻♥ⱶ─ ╩ ╖√⁹ 

│ ≢№╢⁹ ╡№╢ ╩ ⅛≈ ⌐ ∆╢√╘⌐│ ⌐⅔™≡

╙₈ ◦☻♥ⱶ─ ₉⅜ ⌂ ≤⌂╢⁹3 ─ⱪ꜡☺▼◒♩≢ ─

╩ ╢↓≤│ √⅜ ⌐⅔↑╢₈ ◦☻♥ⱶ─ ₉⅜ ↕╣√╦↑≢

│⌂™⁹ ╙ ⇔≡ ה ╩ ℮↓≤⅜ ⱪ꜡☺▼◒♩⌐ ╦∫√ ⌐│

╘╠╣╢⁹ 
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ⱴ2כ♥ ◦☻♥ⱶ─  

ה (1) ◄Ⱡ ◦☻♥ⱶ─  

ה ה ה  

ה   

  

 

 

◒꜡ⱴ◓꜡ ◒◄ ─ ─ │10 ⌐ ⇔ →╠╣√⅜ ∞

⌐ ⅜ ↄ ─ ╛∕╣⌐ ╦╢ ─ ─ ↕⅜ ⅝⌂

─ ≈⌐⌂∫≡™╢⁹╕√ ⱴ♄▬ ─ ⌂ ≢╙ ─ ≢ ⅜

⌂↓≤⅜№╡ ◖☻♩≢ ⌂ ⸗♦ꜟ─ ⅜ ╕╣≡™╢⁹↓╣╠─

─ ≈≤⇔≡│ ╣√ ≢ ╩≢⅝╢∞↑ ╘ ─ ™ ⌐ ⇔

≡ ⌂ ─ ≢ ╩ ∆╢↓≤⅜ ⌐⌂╢≤ ⅎ╠╣╢⁹↓╣

╠⅜ ≢⅝╣┌ ─ ⌐ ℮ ⅛↑ ⇔ ⌐ ⌂

─ ⌐ ∆╢ ⅜ ⌐ ↕╣ ה ◄Ⱡ ◦☻♥ⱶ

─ ⅜ ⌐⌂╢≤ ⅎ╠╣╢⁹ 

∕↓≢ │ ╕∏ ₁⌂ ─ ╩ ╘╢√╘⌐ ─ ╩

═√⁹╕√ ─ ⌂ ⌐≈™≡╙ ⇔√⁹ ⌐ ⌐ ⌂

╩ ⌐ ═ ╩ ⌐ ∆╢ ≤ ╩

⇔√⁹↕╠⌐│ ⌐╟╢ ─ ╩ ∫√⁹∆⌂╦∟

≢ ─ ╩ ⇔ ≤ ╩ ≢⅝╢ ─ ⌂™ ◄Ⱡ

◦☻♥ⱶ─ ╩ ⇔ ─ ₁⌂ ╩ ⇔√⁹ 

 

 

(1)-1 ─  

 

(1)-1  

UV

LED

╩ ═  

 

(1)-1   

a. ◒◄ ─ ○ⱪ◦fi ─  

27.6 Ñ 0.8cm273 Ñ 27.5g─◒◄ 2 ╩3 ╡ → ה ⌐RNA later

≢ ╩ ⇔≡ 80≢ ⇔√⁹╕√ 8.9 Ñ 0.5mm─40 ─ ╩ ╡

→ ה ⌐RNA later≢ ╩ ⇔≡ 20≢ ⇔√⁹ 
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DNA⅔╟┘RNA╩ RNA╩ ⇔ DNA ⇔√⁹∕╣∙╣⅛╠ ╠╣√DNA

╩PCR⇔ ≢Ᵽfi♪╩ ⇔√⁹ ─Ᵽfi♪⅛╠DNA ╩ ⇔ TA◒꜡כ

♬fi◓──∟ ╩◓fi◦fi◔כ◦ ∫√⁹ ╠╣√ ╩ BLAST ⌐⅛↑ ─

○ⱪ◦fi ≤ ╩ ⇔√⁹ 

 

b. ◒◄─ ERG⌐╟╢ ⅔╟┘ ─  

∕╣∙╣─ ≢ ⌐╟╢ ╩ ⇔√ 1⁹∆⌂╦∟

10ﬞ ─◒◄ ╩ ה ⇔ ╩ ⅛╠ ⇔≡ ╩ ⇔ ⅝≡™╢

╩ ⇔√⁹ ≤⇔≡◐☿ⱡfi 150 W≤ ⌐╟∫≡ √ 340-640 nm

╩ ™ ╩ NDⱨ▫ꜟ♃≢ ─ 1 Ĭ 1015 photons/cm2/s≤ ─ 6.3 Ĭ 1011 

photons/cm2/s⌐ ⇔≡ ◒◄─ ⌐300 ms⇔√⁹ 

 

 

≢ ⇔√ ╩ ≢ ™ AD ╩ ⇔≡◖fiⱧꜙכ♃⌐ ╡

╪∞⁹ ─ ╩ ─ ≢ ⇔√ 1⁹ ≢ ∂√ ─

↕╩ ─ ≤⇔≡ ⇔√⁹↓─ │ ⌐ ⌐ ─ ≢

╩ ™ ─ ⌐│ ≤│ ⌐ ─ ╩ ∆╢√╘⌐ ╩ ⇔√

≢ ∫√⁹╕√ ⌐╟╢ ╩ ≤╒╓ ∂ ≢ ⇔√⁹∆⌂

╦∟ ≤ ∂ 1 ╩ ™ ⌐503 nm─ LED⌐╟╢ ╩

∫≡ ─ ╩ ⌐ ↄ⇔√⁹ ≢ ∂√ ─ ↕╩ ─ ≤⇔≡

⇔√⁹ 

 

c. ◒꜡ⱴ◓꜡⅔╟┘◒◄ ─ ○ⱪ◦fi ─   

◒꜡ⱴ◓꜡⌐≈™≡│ ╠─ ⇔√ ○ⱪ◦fi ─ⱪꜝ▬ⱴכ╩ ™

⌐⅔↑╢ ─ ╩ ∫√⁹ ◒◄⌐≈™≡│ ≢ ╠╣√ ○ⱪ
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◦fi ─ ⱪꜝ▬ⱴכ≤◒꜡ⱴ◓꜡ ─ⱪꜝ▬ⱴכ╩ ™ 4 ⅛╠10ﬞ ─

─ ╩ ∫√⁹ 

 

d. ◒꜡ⱴ◓꜡ ─ ─ ⌐ ╓∆ ─     

100 L ⌐3 ╩ ⇔ ─UV ⅔╟┘ LED╩

⇔≡ ꞉ⱶ◦ ╩ ⇔√⁹╕√ 2 Lⱦכ◌כ⌐ ─ ╩ ⇔

─ LED⅔╟┘ ≢ ꞉ⱶ◦ ╩ ═√⁹↕╠⌐ ≤ ─2 L

⌐ ⌂╢ ─ ╩ ⇔ ╩ ⇔√⁹ 

 

(1)-1  ≤  

a. ◒◄ ─ ○ⱪ◦fi ─  

2 ◒◄─ ⅛╠│ Rh1 (rhodopsin), SWS2A1, SWS2A2 (blue-sensitive), Rh2A1-2 

(green-sensitive), and LWS (yellowïred-sensitive) ─5 ─○ⱪ◦fi ─ ⅜ ↕

╣ ╩ ⇔√⁹╕√ ◒꜡ⱴ◓꜡ ─ⱪꜝ▬ⱴכ╩ ™ 40 ─ ≢ ═√≤

↓╤ Rh2A1-1, Rh2A2, g6738⅔╟┘g6740─4≈─Rh2 ≤SWS1─ ⅜ ↕╣

√⁹ ⌐ ◒◄⅛╠10 ─ ○ⱪ◦fi  [Rh1; Rh2A1-1, Rh2A1-2, Rh2A2, 

g6738, g6740; SWS1; SWS2A1, SWS2A2; LWS] ⅜ ↕╣√⁹ ⅛╠5 ╙─Rh2

⅜ ≈⅛∫√ │ ⌂™⁹2 ≢│ SWS1○ⱪ◦fi Violet-UV │

RT-PCR⌐╟∫≡ ↕╣⌂⅛∫√⅜ 40 ─ ⅛╠│ ↕╣√⁹ 

 

b. ◒◄─ (ERG)⌐╟╢ ⅔╟┘ ─  

:◒◄10ﬞ ─ ⌐⅔↑╢ ─ ╩ ⇔√ 2⁹

╩ 1015⌐ ⇔√ ─ ╩ ≢ ⌐ ⇔ ⌐│ ─ ╩ ⇔√⁹↓─ ╟

╡◒◄│ ⅎ╢ ─ ⅜ ↄ ⅜580 nm⌐№╢↓≤⅜╦⅛∫√⁹ ≢

─ ⅜ ⅝™ ─ ╩ ∏╢LWS○ⱪ◦fi─ ≤580 nm⌐ ⅛№╢

↓≤│ ─ ™ ⌐ ↄ ∆╢◒◄─ ≤ ⇔≡™╢≤ ⅎ╠╣√⁹

400⅛╠580 nm─ ─ ≢│ RT-PCR≢ ↕╣√3 ─○ⱪ◦fi ⌐

∆╢Ⱨכ◒⅜ ↕╣√⁹∆⌂╦∟ ─ ™ ⌐ LWS = 580 nm, Rh2 = 500 nm, SWS2 

= 400 nm≢№╢↓≤⅜ ↕╣√⁹2 ≢│ SWS1○ⱪ◦fi Violet-UV)│

RT-PCR⌐╟∫≡ ↕╣∏ 10ﬞ ≢╙ SWS1─ ⅜ ↄ⌂∫≡™√⁹⇔⅛⇔

10ﬞ ─ERG≢│360 nm⌐ ↕⌂Ⱨכ◒⅜ ↕╣√⁹360 nm─UV

Ⱨכ◒│ SWS1 ─ ⅜ ⌐╙≈2 ─ Ⱨכ◒ ∆⌂╦∟ ɓⱣfi♪⌐

╟╢≤ ⅎ╠╣√⁹ 

 

:◒◄ 10ﬞ ─ ─ ╩ ⇔√ 3⁹ ⌐│

─ ™ ⅜ ⌐ ↄ√╘Rh1○ⱪ◦fi⌐╟╢500 nm⌐ ─Ⱨכ◒⅜ ╠╣╢╒⅛

≤ ⌐360 nm≢│ɓⱣfi♪⌐╟╢≤ ⅎ╠╣╢2 ─Ⱨכ◒⅜ ↕╣√⁹

↓╣╟╡ ◒◄─ │ ─ ⅜ ™ ─ ⌐ ⇔≡™╢↓≤ ɓⱣfi♪⌐╟╢

UV ⌐╟╡ ⅎ╢ ─ ⅜ ™↓≤⅜ ↕╣√⁹ 
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: 4⌐│ ╩ ⇔√⁹∆⌂╦∟ ⌐ ─ ╩

1≤⇔√ ─ ╩ ⌐ ╩ ─ ≢ ⇔ ⌐ⱪ꜡♇♩⇔√⁹ 

≢│ ╩ ≢⅝╢ ╩ ╘╢ ⅜№╢⁹⇔⅛⇔ ≢ ⅜0

⌐⌂╢ ╩ ╘╢↓≤⅜ ⌐ ⌂√╘ ─ ⅜ ─5%⌐⌂╢ ∆⌂╦

∟ ⅜0.05⌐ ∆╢ ─ ↕─ ╩Log (0.05 I)≤⇔≡ ─ ╦╡⌐ ™√⁹

∕─ ◒◄│ ─◒꜡ⱴ◓꜡╛ⱴ◘Ᵽ╟╡ ⅜ ↄ ◦ⱴ▪☺≤ ⌐

─ ™↓≤⅜ ↕╣√⁹ 

 

 

 

 

 

c. ◒꜡ⱴ◓꜡⅔╟┘◒◄ ─ ○ⱪ◦fi ─  

◒꜡ⱴ◓꜡ ≢│ ⌐│╒≤╪≥─ ○ⱪ◦fi ⅜ ⇔≡⅔╡

⅛╠ ↄ─ ╩ ≢⅝╢ ─№╢↓≤⅜ ↕╣√⁹ ◒◄
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─ ○ⱪ◦fi ─ ╩ ∫√ 14ï40 ─ ⌐ LWS─ ⅜

╠╣⌂ↄ⌂∫√ 5⁹╕√ ⌐ ∫≡ SWS1⅛╠ SWS2┼○ⱪ◦fi ⅜ ╣ ╦

╢ ⅜ ↕╣ ⌐ ─ ∆╢↓≤ ─ ⅜ ⌐

≢⅝╢ ─ ™↓≤⅜∕╣∙╣ ↕╣√⁹ 

 

 

d. ◒꜡ⱴ◓꜡ ─ ─ ⌐ ╓∆ ─  

◒꜡ⱴ◓꜡ ─ ≢│ ─ ≢

─ ╕╢↓≤⅜∕╣∙╣ ↕╣√⁹∆⌂╦∟ ─ │ ≢

╩ ≢⅝╢ ─ ™↓≤⅜ ∕╣∙╣ ↕╣√⁹ 

 

 

(1)-1 ─ ─  

─ ≢ ↄ─ ⌐ ─ ╩ ↑╢↓≤⅜≢⅝√⁹╕√ ≢

─ ╩ ≢⅝╢ ─ ™↓≤⅜ ↕╣√⁹⇔⅛⇔

5 ◒◄ ─ ⌐ ℮○ⱪ◦fi ─ ⁹ bps, base pairs of DNA 

fragments; M, ladder marker; NC, negative control (without samples); Nos. 4ï71

; J, 10ﬞ ; RT+, reverse-transcribed samples; RT-, minus reverse transcriptase 

(ñ-RTò) controls. ɓ-actin─ │ positive control≤⇔≡ ⇔√⁹ 



◦☻♥ⱶ─  

ה ◄Ⱡ ◦☻♥ⱶ─  

107 

 

─ ↄ─ ≢ ⌐⌂∫√╦↑≢│⌂ↄ ⌐≈™≡│ ⌂ ⅜№╢⁹ │

◒꜡ⱴ◓꜡ ◒◄ ╩ ╗ ₁⌂ ╩ ™≡ ─ ╩ ⌐ ⇔≡™

ↄ ⅜№╢≤ ⅎ╠╣√⁹ 

 

 

(1)-2 ─  

 

(1)-2  

10

 

 

(1)-2  

 ⅔╟┘ ─ ⌂╢200 L ⌐ ╩ ⇔

10 ╕≢ ⇔≡ ╩ ⇔√⁹ │ ⅔╟┘ ⌐ ╩ ↑

√ ⅔╟┘ ─ ⌐ ⅝ ⱳfiⱪ╩ ↑√ ⅔╟┘

─4 ╩ ↑√( 6)⁹ ™≡ ⌂ ╩ ∆╢√╘ ╩

™ ⅜40600 ml/ⱳfiⱪ ⅜0.56.0 L/─ ╩∕╣∙╣ ↑≡

╩ ⇔√⁹ 

 

 

(1)-2  ≤  

6.0 / 200 ml/

 

 

(1)-2 ─ ─  

6 ⅔╟┘ ─ ⌂╢ ─  
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─ ≢ ↄ─ ⌐ ─ ╩ ↑╢↓≤⅜≢⅝√⁹╕√ ↄ─

⌐ ╩ ℮↓≤≢ ╣√ ⅜ ╠╣╢↓≤ ⌐╟∫≡ ⌂ ─

⅜ ⌂╢↓≤⅜∕╣∙╣ ↕╣√⁹⇔⅛⇔ ⌂ ≢│↕╠⌐ ═╢ ⅜

№╡ ╩ ⅎ≡ ⇔ↄ ∆╢ ⅜№╢≤ ⅎ╠╣√⁹ 

 

(1)-3 ─  

(1)-3   

 

─ ╣√ ≢ ─ ™ ╩≥─ ─ ≢ ≢⅝╢⅛

⌐≈™≡ ⇔√⁹╕√ ╩ ∫≡ ─ ─ ╩ ═

ה ◄Ⱡ ◦☻♥ⱶ─⸗♦ꜟ ╩ ╖√⁹ 

 

(1)-3   

≢ ⇔√ ─

0.3 10 /m3 ─ ╩∕╣∙╣

1 m3 20 m3

( 7) 

 

 

(1)-3  ≤  

10 10 /m3

0.3 /m3  

1 m3 20 m3

( 7)

3 10 /m3

1 2 m3

7 ꜠ⱬꜟ≢─ ─  
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5mm

 

 

 

(1)-3  ─ ─  

─ ⅛╠ ה ◄Ⱡ ◦☻♥ⱶ─⸗♦ꜟ╩ ≢⅝√⁹⇔⅛

⇔ ─ ≢ ⇔√⌐ ⅞∏ ⌂ ≢│↕╠⌐ ═╢ ⅜№╢⁹ ╛

╩ ⅎ ↕╠⌐ ⇔ↄ ∆╢ ⅜№╢≤ ⅎ╠╣√⁹ 
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ⱴ2כ♥ ◦☻♥ⱶ─  

(2) ─   

ה ה  

ה ה  ꜟⱦ♇◦ꜗ◦ꜙ ▪ⱴה

 

 

 

─ ─↕╠⌂╢ ה ╩ ⇔ ╘╢ ╩ ⇔≡

─ ≤ ♃fiⱤ◒ ─ ⌐ ⌂ ╩ ⇔ ⌂ ─ ⌐

≢⅝╢ ה ─ ╩ ≤∆╢⁹ 

≢│ ⅜ ─ ⌂ ≢№╢ⱴ♄▬╩ ⌐⇔≡ ⅛╠ ⇔√

⇔™♃▬ⱪ─ ♃fiⱤ◒ ⌐ ⇔ ╕∏ ⌐ ╦╢♃fiⱤ◒ ≤⇔≡─

≤ ─ ⌐ ⌂ ╛ ⌐≈™≡ ⇔ ∑≡ ה

─ ⌐≈™≡╙ ═√⁹ ™≢ ↕╣√ ─ ⌂

⌐≈™≡╙ ⇔√⁹↓╣╕≢ ╩ ⌐⇔√ ה ⅜ ↕╣≡

™╢⅜ ⌐ √∫≡│ ╛ ⌐ ↄ─ ╩ ⅎ≡™╢∞↑≢⌂ↄ

⌂ ╕≢ ╠⅛⌐⇔√ │╖╠╣⌂™⁹ ◒꜡ⱴ◓꜡─ │2002

⌐ ↕╣╢≤≤╙⌐ ─ ╙2005⌐ ╦╣√⅜ ∕─

─ ╛ ─ │™╕∞⌐ ╪≢⅔╠∏ ─ ╩ →≡™╢⁹∕↓≢

◒꜡ⱴ◓꜡─ ─ ⌐ ⅝ↄ ≢⅝╢◄Ⱡꜟ◑כ ⌐≈™≡╙ ⇔ ∕─

⅛╠ ─ ⌐ ⌂ ╩ ⇔╟℮≤⇔√⁹ 

 

 

(2)-1 ♃fiⱤ◒ ▬♄ⱴ╢╟⌐ꜟכfi◓ꜟ♥fiⱵכ◖ה ─  

 

(2)-1  

ⱴ♄▬│ ≢ ╙ ⌂ ─ 1≈≢№╢⁹ⱴ♄▬ ⌐│♃fiⱤ◒

≤⇔≡ ⌐ ⅜ ™╠╣╢⅜ ⌂ ─ ╛ ─ ⇔™

─ ⌂≥≢ ─ ⅜ ∫≡ ⅜ ™≡™╢⁹∕↓≢ ─ ♃

fiⱤ◒ ⌐ ∆╢ ⅜ ⅛≈ ⌐⌂∫≡™╢⁹↓╣╕≢ ♃fiⱤ◒ ≤

⇔≡ ⌂ ≤ ⌂ ≤∕─ ⅎ┌ SBM

╛ ♃fiⱤ◒ SPC ⌂≥⅜ ↕╣√⅜ ⱴ♄▬ ─ ⱪ꜡♥▪כ♀

│ ♩ꜞⱪ◦fi▬fiⱥⱦ♃כ SBTI⌐ ™ ╩ ≈↓≤⅛╠ ⌐ ∆

╢ SPC │ 20-30%≢ ™↓≤⅜ ╠╣≡™╢⁹⇔⅛⇔ ♃fiⱤ◒ ≤♅◐fiⱵ

≡∫╟⌐ꜟכ ─ 50-90%╩ ≢⅝╢↓≤ ╕√ ○◐▪Ⱶ╛▬◌Ⱶכꜟ⌂≥╩ ╖

╦∑√ ╙ ↕╣≡™╢⁹⇔⅛⇔ ↓╣╠⌐│™ↄ≈⅛─ ╙ ↕╣

≡™╢⁹ ⅎ┌ ⅜ ⌐⅔↑╢♅◐fiⱵכꜟ─ │ ⌂ↄ Ⱶכ♩ⱲכfiⱵכꜟ─

⌐≈™≡╙ ╛ ⌐ ⅜№╡ ╕√ ○◐▪ⱵⱵכꜟ╛▬◌Ⱶכꜟ─

│ ⅛≢ ╟╡⅛⌂╡ ≢№╢↓≤⅛╠ ⌐ ⅛⌂™─⅜ ≢№╢⁹∕↓

≢ ≢│ ⅛╠ ⇔√ ╩ ≤∆╢ √⌂ ♃fiⱤ◒ SP
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─ ⌐≈™≡ ⇔√⁹⌂⅔ SSP─ SBTI │ SPC─∕╣╟╡⅛⌂╡ ™↓≤⅜ ╠

╣≡™╢⁹ 

 

(2)-1  

⌐│SBTI TI⅜3621⅔╟┘13 TIU/mg─ SP-1 SP-2⅔╟┘SP-3╩

™√⁹⌂⅔ SP─TI │ ≤ ╩ ⇔≡ ⇔√⁹╕√ SBM─TI│

⌐76 TIU/mg≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1⌐ ∆╟℮⌐ ─FM ⌐│ Ŭ-☻♃כ♅ ⱢꜟⱣכ ─ⱦ♃Ⱶfi

⅔╟┘ⱵⱠꜝꜟ ╩≤⌂☻כ꜡ꜟ☿ ⇔√⁹TI36 TI21⅔╟┘ TI13 ⌐│FM─

─80%╩SP-1SP-2⅔╟┘SP-3≤CGM─ ≢ ⇔√ ╩ ™√⁹⌂⅔ TI36

TI21⅔╟┘TI13⌐│FM─☿ꜟ꜡כ☻ ╩ ⇔≡ ⱵⱠꜝꜟ ╩ ⇔ √⌐

꜠◦♅fi ♃►ꜞfi╩ ⅎ ≢ⱨ▫♃כ♀╩ ⇔√⁹ ─ ⌐≈™≡╖

╢≤ ≤╙ כ◑ꜟⱠ◄ה ⌐ ≢⅝√⅜ ⅔╟┘ꜞfi │ TI

⅜FM ⌐ ═≡ ↄ⌂∫√⁹ 

1 ⅔╟┘  

 FM TI36 TI21 TI13 

%      

   67.0 13.5 13.5 13.5 

  SP-1  46.0   

  SP-2   46.0  

  SP-3    46.0 

 fi◓ꜟ♥fi  11.5 11.5 11.5כ◖  

   7.0 10.0 10.0 10.0 

  Ŭ-☻♃3.0 3.0 3.0 10.0 ♅כ 

  ⱦ♃Ⱶfi  3.0 3.0 3.0 3.0 

  ⱵⱠꜝꜟ  5.0 9.0 9.0 9.0 

  ꜠◦♅fi  2.0 2.0 2.0 

 1.0 1.0 1.0 8.0 ☻כ꜡ꜟ☿  

  ♃►ꜞfi  1.0 1.0 1.0 

  ⱨ▫♃כ♀ FTU/kg 1000 1000 1000 

%  

  ♃fiⱤ◒  53.0 52.6 52.4 52.4 

   13.0 15.1 14.4 14.4 

   13.1 11.8 11.9 11.6 

   12.6 13.6 14.7 12.9 

◄Ⱡꜟ◑כ kJ/g 20.5 21.3 21.8 21.8 

ꜞfi g/kg 24.4 20.7 19.5 21.1 

SP-1, SP-2 ⅔╟┘SP-3 ─TI │∕╣∙╣36, 21 ⅔╟┘ 13 TIU/mg 
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19.2 g─ ╩ 300 L ⱦ♬כꜟ ⌐20∏≈ ⇔≡

⌐≈⅝3 ─ ╩ ↑√⁹ ⌐│ ─ ╩ 6 1 2

⇔≡10 ⇔√⁹ ─ ⅔╟┘ │∕╣∙╣ 24.2 Ñ 0.8

⅔╟┘8.3 Ñ 1.2 mg/L≢№∫√⁹ ⌐⅔↑╢ ─ ╛╖⅛↑─

⌐│ ╛ ╩ ⇔√⁹ 

 

(2)-1  ≤  

⌐⅔↑╢FM TI21 ⅔╟┘TI13 ─ ≤ ⌐ │ ╘╠╣⌂

⅛∫√⅜ TI36 │ ⌐ ∫≡™√ 1⁹⇔⅛⇔ ⅔╟┘

⌐ ⌂ │⌂⅛∫√⁹ 

 

 

SP⌐╟╢ ─ ≢ ⌐ ∆╢ ─ ⅜ ↕╣√⅜ ⌐⅔™≡ TI

Ò 21 TIU/mg─SP≤CGM─ ≢ ─80%╩ ⇔√ ≢╙ ⱴ♄▬─

╩ ↕∑∏ ╩FM ≤ ⌐ ↄ ≢⅝╢↓≤⅜ ↕╣√⁹↓╣│ SP─TI

╩ ↕∑╢↓≤≢ ⱴ♄▬ ─SP─ ⅜ ↕╣ ╣√ ╩ ≢⅝╢

↓≤╩ ⇔√ ─ ≢№╢⁹ ≢ ™√SP─ ▪Ⱶⱡ │ FM╩ ♃

fiⱤ◒ ≤⇔≡ ╘╢≤ 82.7≤ ⅛∫√⁹ ─♃fiⱤ◒ │™∏

╣╙52% ≢№∫√↓≤⅛╠ TI36 ─ ╛ ─ │ ♃fiⱤ◒ ⌐

≠ↄ─≢№⌂ↄ ™TI ⌐ ∆╢↓≤⅜ ↕╣√⁹ 

⌐ ╖⅛↑─ ⅔╟┘ ╩ 2⌐ ⇔√⁹╖⅛↑─♃fiⱤ◒ ⅔╟┘

◄Ⱡꜟ◑כ ⌐ ⌂ │ ╘╠╣⌂⅛∫√⅜ ╖⅛↑─ │ ─

≤ ⌐ ⇔√ ⅜ ╘╠╣√⁹⇔√⅜∫≡ ⅛╠ ⇔√ TI

─ SP│ FM─ ⌂ ≢№╢↓≤⅜ ↕╣√⁹⇔⅛⇔ TI36 ≢│ ⌐╟╢

TI ─ │ ╘╠╣⌂⅛∫√⁹ ⌐╙ ⇔√╟℮⌐ TI36 ─ ⌐ │

╘╠╣⌂⅛∫√⅜ ─ │ ⌐ ═≡ ⅛∫√↓≤⅛╠ ─ ╙

0

20

40

60

80

100

Weight (g) Feed efficiency (%)

Con TI36 TI21 TI13

a
aa

b

a

a
a

b

1 ⌐⅔↑╢ ─ ⅔╟┘

₈100 × / ₉⁹ ∂ ⌐ │

⌂™ P > 0.05
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⇔√↓≤⌐⌂╢⁹⅔∕╠ↄ TI36 ≢│ TI ⌐ ⇔≡ ─♃fiⱤ◒ ─

ה ╩ ⇔ ⇔≡™√╙─≤ ⅎ╠╣╢⁹∕─√╘⌐ ⌐ ╦╢◄Ⱡ

כ◑ꜟ ⅜ ⇔≡ ╛╖⅛↑─◄Ⱡꜟ◑כ ⅜ ⌐ ⇔√─≢№╤℮⁹

™∏╣⌐⇔≡╙ FM─ ≤⇔≡SP-2⅔╟┘SP-3≤CGM╩ ⇔√↓≤⅜ ⱴ♄▬

─ ⅔╟┘ ┼ ╩ ╓↕⌂™↓≤⅜ ↕╣√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ꜞfi│ ה ⌐⅛⅛╦╢ ≢№╢√╘ ⌐⅔™≡∕─ ╩ ∆

╢↓≤│ ⌐≤∫≡╙ ⌂ ─ ≈≢№╢⁹ 2⌐ ⌐⅔↑╢ꜞfi

╩ ⇔√⁹FM ⌐ ═≡TI21 ⅔╟┘TI13 ≢│ ┼─ꜞfi ╩ ╕≢

≢⅝√⁹↓╣│ TI21⅔╟┘TI13 ─ ꜞfi ≤ ╣√ꜞfi ה ⌐ ≠

ↄ─≢№╤℮⁹ 

 

─ ⅛╠ ⱴ♄▬ ⌐ ∆╢ SP─ │∕─ SBTI ⌐ ⇔ ∕─

⅜ ╙ ה ≢№╢↓≤⅜ ↕╣√⁹╕√ SP─ SBTI ⅜21 TIU/mg≢№

0

5

10

15

20

Con TI36 TI21 TI13

ꜞfi (g/kg WG)
a

ab

b
b

2 ⌐⅔↑╢ ─ꜞfi . ∂ ⌐

│⌂™ P > 0.05

2 ⌐⅔↑╢ ─╖⅛↑─ ⅔╟┘ ⁹ 

 FM TI36 TI21 TI13 

╖⅛↑─ %  

  ♃fiⱤ◒  94.7 94.0 95.9 96.0 

  ◄Ⱡꜟ◑92.9 93.1 92.0 87.6 כ 

╖⅛↑─ % * 

  ♃fiⱤ◒  30.4Ñ0.5

a 

23.4Ñ2.

2b 

31.2Ñ0.2

a 

31.5Ñ0.9a 

  ◄Ⱡꜟ◑42.1 כÑ1.1

a 

28.1Ñ4.

1b 

37.5Ñ2.1

a 

38.9Ñ0.9a 

*  Ñ n = 3 

∂ ⌐ │⌂™ P > 0.05 
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╣┌ │ ⌐ ≢⅝ ╣√ ╩ ≢⅝╢↓≤⅜ ↕╣√⁹↕╠⌐

⅔╟┘ ⌐ ⌂ ⅜ ╘╠╣⌂⅛∫√↓≤⅛╠ ─ ╩

SP-2⅔╟┘ CGM─ ≢ 80% ⇔√ ╩ ≢⅝╢↓≤╙ ↕╣√⁹∆⌂

╦∟ ⌐ ⇔™ ╩ ≢⅝√↓≤⌐⌂╢⁹ 

 

(2)-1  ─ ─  

SP≤ CGM─ ⌐╟╢ ─ 80% │ ♃fiⱤ◒ ≤⇔≡─ ─ ╩

∆╢≤≤╙⌐ ─♃fiⱤ◒ ─ ╩ ⇔ ⌂ ⌐

≢⅝╢⁹╕√ ─ ⌐╟╢ ™ꜞfi │ ╛ ─ ה

─ ⌐ ≢№╢⁹ ≢ ─ ╙ ⅝⌂ ╩ ⇔√↓≤⌐⌂╢⁹ 

∕↓≢ ╩₈ ─ ⌐ ⌂ ─ ₉⅛╠ ₈ FRM

╩ ™╢ ◄◖ⱨ▫כ♪─ ₉⌐ ⇔√⁹⌂⅔ ─ ≢ ™√SP│ ≤⇔

≡ ↕╣√╙─≢ ⌐╟╡ ≢№╢⅜ ⅜ ╕╢≤ ≢ ⅜

≢№╢≤─ ╩ ≡™╢⁹⇔⅛⇔ ─ ╩ ∆╢≤ ⌐⅛⅛

╦╠∏ ─ ⌐ ↑√ ⅜ ⌐ ≢№╢⁹∕↓≢ ╩ ≤

∆╢ ╩ ⇔√◄◖ⱨ▫כ♪╩ ≢⅝╣┌ ◖☻♩╩ ≤╙ ⅎ╢↓≤

⅜ ⌐⌂╢≤≤╙⌐ ┬╕╣≡™╢ ─ ⌂ ה ─

─ ≈≤⇔≡ ↕╣╢⁹ 

 

 

(2)-2 ╩ ™√ⱴ♄▬ ◄◖ⱨ▫כ♪─  

 

(2)-2   

1 ⌐⅔™≡ ╩ SBTI ─SP≤CGM≢80% ≢⅝╢↓≤ ╕√ ↓─

≢ ┼─ꜞfi ╩ ⌐ ≢⅝╢↓≤╩ ╠⅛⌐⇔√⁹⇔⅛⇔ │

∆╢ ⅜ ─ ╩ ∆╢√╘ ◖☻♩─ ⌂⅛≢╙ ∕─ 60%╩

╘≡™╢ ◖☻♩─ ⌐ ↑√ ⅜ ⌐⌂╢⁹ 

─ ה ⅜ ⇔ↄ ∆╢ ≢ ⅜ ⌐ ⇔

≡ ⅜ ⌐ ⇔√↓≤≢ │2000─50,000/t⅛╠2015─300,000

/t⌐╕≢ │↕╠⌐ ⇔√⁹ ─ ─ ╙ ⇔ ה

─ ╡ ⅎ↨╢╩ ⌂™ ⌐ ⇔≡™╢⁹⇔⅛⇔ ≢│ ⅜

ↄ ╙ ╢↓≤⅛╠ ⌂ↄ≡╙ ╩ ∆╢ ─№╢↓≤⅜ ╠╣≡™╢⁹ 

∕↓≢ ≢│ ▪fi♅ꜛⱦ╛▪☺╩ ≤∆╢ ╩ ⅛╠ ⇔√

FRM⌐ ⇔ ─ⱴ♄▬ ◄◖ⱨ▫כ♪─ ⌐≈™≡ ⇔√⁹

ה ╛∕╣╠─ ⅛╠ ∂╢ │ ≢╒≤╪≥⅜ ─╕╕

↕╣≡™╢⁹ ─ │↓╣⅛╠ ⌐ ╡ ╗═⅝ ≢№╡ ⌐

≈⌂⅜╢ ⌂ ─ ≈≢╙№╢⁹ 
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(2)-2   

≢ ™√FRM⌐│ ◌♃◒♅▬꞉◦65.3%≤ⱴ▪☺ ◘Ᵽ⅔╟┘►ꜟⱷ▬꞉◦⌂

≥─ ╩34.7%⇔√⁹⌂⅔ ─ ⌐│ ⅜ ╖ ╖ ♃fiⱤ◒

─ ⅔╟┘ ─ ╩ ∫√⁹FRM─ ♃fiⱤ◒ ⅔╟┘

│ ≢∕╣∙╣73.98.28⅔╟┘16.4%≢№∫√⁹ 

3⌐ ⅔╟┘ ╩ ⇔√⁹ ⌐│ 1 ─ TI21╩ ™√⁹

TI21─ ╩FRM≢ ⇔≡ R20≤⇔ ↕╠⌐FRM─ ╩28.5, 43⅔╟┘57.5%

⌐ ⇔ ⌐ TI21╩∕╣∙╣3422.5⅔╟┘11%⌐ ⇔≡ ⇔√ R40, R60⅔

╟┘R80─ 5 ╩ ⇔√⁹ ─ ≢│ FRM─ ⅜ ∆╢⌐ ∫≡

♃fiⱤ◒ ⅔╟┘ ⅜ ⇔ ⅜ ⇔√⁹ ─◄Ⱡꜟ◑

כ │22 kJ/g≢ ⇔≡™√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

300 Lⱦ♬כꜟ ⌐ 19.2 g─ ╩20∏≈ ⇔ ⌐

≈⅝ 3 ─ ╩ ↑√⁹ ⌐│ ─ ╩ 1 2 ⌐ 6

⇔≡8 ⇔√⁹ ─ ⅔╟┘ │ ∕╣∙╣26.5 Ñ 1.04⅔

╟┘8.83 Ñ 1.02 mg/L≢№∫√⁹ ⌐│ ─ ╩ ⇔≡ ╩ ╘╢

≤≤╙⌐ ╖⅛↑─ ה ╛ ╩ ⇔√⁹ 

 

(2)-2  ≤  

 

3 ⅔╟┘ . 

 
TI21 R20 R40 R60 R80 

%  

  13.50 
    

 FRM 
 

13.5 28.5 43.0 57.5 

 TI211 46.0 46.0 34.0 22.5 11.0 

 fi◓ꜟ♥fi 11.5 11.5 8.5 5.5 2.5כ◖ 

 ∕─ 2 29.0 29.0 29.0 29.0 29.0 

%  

 √╪┐ↄ  48.6 48.1 49.5 50.7 52.2 

  14.3 14.0 15.4 16.6 17.4 

  11.6 11.7 13.0 14.1 15.8 

  14.0 13.8 10.8 8.57 5.96 

 ◄Ⱡꜟ◑כ kJ/g 21.8 21.8 21.9 21.9 21.7 

1 √╪┐ↄ TI │ 21 TIU/mg 

2 , 10.0; Ŭ-☻♃3.0 ,♅כ; ⱦ♃ⱵfiהⱵⱠꜝꜟ , 12.0; ꜠◦

♅fi, 2.0; ☿ꜟ꜡1.0 ,☻כ ⅔╟┘♃►ꜞfi, 1.0%. 
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4⌐ ╩ ⇔√⁹ ─

⅔╟┘ ⌐ ⌂ │⌂⅛∫√⅜ R2080 ─ ⅜ ─ TI21 ╟╡

⅛⌐ ↄ ─ 4 ⌐ ⇔√⁹╕√ ≤ ⅜™∏╣─

≢╙ ⅛∫√↓≤│ ⱴ♄▬ ⅜ R2080╩ ⌂ↄ ⇔ ⇔≡™√↓≤╩

⇔≡™╢⁹  

 

 

4 ⌐⅔↑╢ ─  

Ɽꜝⱷכ♃כ   
 

TI
21

 R20 R40 R60 R80 

g  18.9 69.3 ± 3.6 72.1 ±9.4 78.3 ± 4.68 71.2 ± 10.5 76.3 ± 6.6 

%/  
 

2.4 ± 0.1 2.4 ± 0.2 2.6 ± 0.1 2.4 ± 0.2 2.5 ± 0.2 

%  
 

2.7 ± 0.1 2.7 ± 0.1 2.8 ± 0.1 2.8 ± 0.3 2.7 ± 0.1 

%  
 

77.7 ± 3.2 78.6 ± 4.4 80.3 ± 2.1 74.8 ± 12.9 80.5 ± 2.5 

 
 

3.6 ± 0.1 3.5 ± 0.2 3.4 ± 0.1 3.4 ± 0.3 3.6 ± 0.1 

%  
 

98.3 ± 2.8 96.7 ± 5.7 100 98.3 ± 2.8 98.3 ± 2.8 

%/ = 100 × ln ─  ï ln ─ /  

 

5⌐ ─Ⱬⱴ♩◒ꜞ♇♩ ≤ ╩ ⇔√⁹Ⱬⱴ♩◒ꜞ♇♩

♃fiⱤ◒ GOTהGPT ♩ꜞ◓ꜞ☿ꜞ♪ ⅔╟┘ ⌐│ ⌂ │

╘╠╣⌂⅛∫√⁹↓─↓≤⅛╠ ─FRM TI21⅔╟┘◖כfi◓ꜟ♥fi─

─ ≢│ ↓╣╠─ ⌐╟∫≡ⱴ♄▬ ─ ╛ ⌐ ╩ ╓↕⌂™↓≤⅜

↕╣√⁹ 

 

 

─╖⅛↑─ ⅔╟┘ ╩ 6⌐ ⇔√⁹╖⅛↑─♃fiⱤ◒

⅔╟┘◄Ⱡꜟ◑כ ⌐ ⌂ │⌂⅛∫√⁹╕√ ╖⅛↑─♃fiⱤ◒

5 ⌐⅔↑╢ ─  

Ɽꜝⱷכ♃כ TI
21

 R20 R40 R60 R80 

Ⱬⱴ♩◒ꜞ♇♩ (%) 28.0±7.1 30.2±2.5 30.8±1.4 30.1±1.3 33.8±2.4 

♃fiⱤ◒ (g/dl) 4.7±0.4 4.8±0.3 5.4±0.1 5.1±0.2 5.1±0.4 

GOT (u/l) 31.3±12.6 30.3±13.8 29.7±14.3 16.2±5.69 27.3±20.5 

GPT (u/l) 3.3±0.2 3.0±1.0 3.8±1.8 2.1±1.0 3.6±2.0 

♩ꜞ◓ꜞ☿ꜞ♪ (mg/dl) 252±44 259±104 271±42 299±34 221±32 

 65.3±7.3 63.3±2.8 64.7±14.6 61.3±2.4 65.3±11.0 (mg/dl) ☻כ◖ꜟ◓
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⅔╟┘◄Ⱡꜟ◑כ ⌐⅔™≡╙ │ ╘╠╣∏ ↓↓≢╙FRM ⌐╟╢

│╖╠╣⌂⅛∫√⁹ 

 

6 ⌐⅔↑╢╖⅛↑─ ⅔╟┘  

Ɽꜝⱷכ♃כ TI
21

 R20 R40 R60 R80 

╖⅛↑─  (%) 

 ♃fiⱤ◒  93.5 93.4 93.2 93.2 93.6 

  92.7 95.2 96.1 96.9 97.8 

 ◄Ⱡꜟ◑92.3 91.3 91.0 91.3 90.2 כ 

╖⅛↑─  (%) 

 ♃fiⱤ◒  28.4±0.50 28.0±1.57 26.9±1.81 25.4±4.21 26.0±2.47 

 84.4±5.36 93.6±14.4 82.9±5.00 81.9±12.5 76.7±6.98 

◄Ⱡꜟ◑37.4±8.40 34.6±11.2 35.4±4.69 39.2±5.48 35.4±0.99 כ 

 

FRM─ ┼─ 13.557.5%│ Ⱬⱴ♩◒ꜞ♇♩

╖⅛↑─ ה ⌂≥⌐ ╩ ╓↕⌂⅛∫√⁹⇔√

⅜∫≡ ⅛╠ FRM│ FM⌐ ╦╢ⱴ♄▬ ─♃fiⱤ◒ ≤⇔

≡ ≢⅝╢∞↑≢⌂ↄ ─FM⌐ ⇔≡╙ⱴ♄▬ │ ⌂ↄ ∆╢↓

≤⅜ ↕╣ FRMSP◖כfi◓ꜟ♥fi⅛╠⌂╢ⱴ♄▬ ◄◖ⱨ▫כ♪─ ⅜

↕╣√⁹ 

 

(2)-2  ─ ─  

 

FRM─ ⌐╟╢ ◖☻♩─ │ ⱴ♄▬─ ◖☻♩─ ⌐ ≢⅝╢⁹↕╠

⌐FRM─ ⌂ ⌐╟╡ ─ ─ ⌐╙ ≢⅝╢⁹ 

FRM ─ ╩ ↕∑√ ╩ ⇔≡ ⌐⅔↑╢◄◖ⱨ▫כ♪

─ ⌐≈™≡ ∆╢ ⅜№╢⁹ 

 

 

(2)-3 ⌐⅔↑╢ⱴ♄▬ ◄◖ⱨ▫כ♪─  

 

(2)-3  

2 ≢│ FRMTI21 CGM╩♃fiⱤ◒ ≤∆╢ⱴ♄▬ ◄◖ⱨ▫כ♪─

™ ╩ ≢⅝√⁹⇔⅛⇔ FRM─ │ ⅛╠ ⇔√ ⅜65%≢

│35%≢№∫√⁹∕↓≢ FRM─ ─ ╩ ⌐ ↕∑√ ◄◖ⱨ

╩♪כ▫ ≤≤╙⌐ ⌐ⱴ♄▬ ⌐ ⇔≡ ⇔ ─ ™⌐╟╢ ─

╩ ⇔╟℮≤⇔√⁹ 
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(2)-3  

FRM-1FRM-2⅔╟┘FRM-3│ ⱴ▪☺ ◘Ᵽ ►ꜟⱷ▬꞉◦⌂≥─ ≤ ╩

∕╣∙╣ 35657030⅔╟┘ 1000⌐ ⇔≡ ⇔√⁹ ⌐│

╩ ™√⁹ Z35Z70⅔╟┘Z100⌐│∕╣∙╣28.5%─FRM-1 FRM-2⅔╟┘FRM-3

≤ ⇔≡TI25≤◖כfi◓ꜟ♥fi╩ ╦∑≡42.5%⇔√⁹↓╣╠ ─♃fiⱤ◒

─ 40%⅜ 60%⅜ ♃fiⱤ◒ ⅛╠ ╢ 7⁹ ─ ≢│

♃fiⱤ◒ ⅔╟┘ │∕╣∙╣481713⅔╟┘14%≢ ⅝⌂

™│⌂ↄ ◄Ⱡꜟ◑כ ╙ ⇔⅛∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

⅔╟┘ ⌐⅔↑╢ │ 3018⅔╟┘ 1712≢№∫√⁹

28 g─ ╩ 1.5 Ĭ 1.5 Ĭ 1.5 m3─ ⌐50∏≈ ⇔≡3 ╩ ↑ ─ ╩

1 2 ⌐6 ⇔≡8 ⇔√⁹ ≤ ─ ⌐

209 g─ ╩25∏≈ ⇔≡2 ╩ ↑ ─ ╩1 2 ⌐6

⇔≡12 ⇔√⁹ 

⅔╟┘ ⌐⅔↑╢ │ ∕╣∙╣7.1 Ñ 1.7⅔╟┘8.8 Ñ 1.5 mg/L≢№∫

√⁹ ⌐│ ╩ ™ ─ ╩ ╘√⁹ 

 

 

 

7 ⅔╟┘ . 

 
Con Z35 Z70 Z100  

%  

 FRM-1  28.5 
 

  

 FRM-2   28.5   

 FRM-3    28.5  

 TI211  34.0 34.0 34.0  

  fi◓ꜟ♥fi  8.5 8.5 5.5כ◖ 

 ∕─ 2  29.0 29.0 29.0  

%  

 √╪┐ↄ  48.6 49.1 48.8 48.2  

  17.3 17.7 16.4 16.6  

  13.6 13.8 13.1 13.5  

  13.0 13.7 13.8 14.2  

 ◄ Ⱡ ꜟ ◑  כ

(kJ/g) 
21.8 21.9 21.9 21.9  

1 √╪┐ↄ TI │ 21 TIU/mg 

2 , 10.0; Ŭ-☻♃3.0 ,♅כ; ⱦ♃ⱵfiהⱵⱠꜝꜟ , 12.0; 

꜠◦♅fi, 2.0; ☿ꜟ꜡1.0 ,☻כ ⅔╟┘♃►ꜞfi, 1.0%. 
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(2)-3  ≤  

3⅔╟┘ 4⌐∕╣∙╣ ⅔╟┘ ─ ╩ ⇔√⁹ ≢│

│ ─ 4 ⌐ ⇔ ⌂ │ ╘╠╣⌂⅛∫√⁹ ≢│

⅜ ⅝ↄ 10 ─ │ ─ 1.3 ≢№∫√⁹╕√ Z35─

│ ─ ╟╡ ⅛⌐ ⅛∫√⅜ ⌂ │ ╘╠╣⌂⅛∫√⁹ ─

⌐╟╡ │ ∫√⅜ ™∏╣─ ≢╙FRM⌐ ╘╢ ─ ⌐

⌂ↄ ⱴ♄▬⌐⅔↑╢ ⌐ ─⌂™↓≤⅜ ↕╣√⁹ 

 

 

⅔╟┘ ⌐⅔↑╢ ─ ╩∕╣∙╣ 5⅔╟┘ 6⌐ ⇔√⁹ ─

⌐ │╖╠╣∏ ™∏╣─ ≢╙ 70% ≤ ╣≡™√⁹ ─

│ ─ ≤ ∂ↄZ35⅜ ╙ ↄ Z70⅔╟┘Z100הCon─ ⌐

⇔√⅜ ⌂ │ ╘╠╣⌂⅛∫√⁹↓↓≢╙ ─ ⌐ ╠⌂™ ⅜

╠╣ ─╖⅛╠⌂╢FRM-3≢╙ ⌐ ≢⅝╢↓≤⅜ ↕╣√⁹ 

0

50

100

150

ᵫ◐Ⱳ Ⱳ

Con Z35 Z70 Z100

3 ᴨṍχᶆ♯ᾓỸχᵫ◐ⱲΣϢό Ⱳχ ỡ ʻ

150

200

250

300

350

ᵫ◐Ⱳ Ⱳ

Con Z35 Z70 Z100

4 ṍχᶆ♯ᾓỸχᵫ◐ⱲΣϢό Ⱳχ ỡ ʻ



◦☻♥ⱶ─  

─ ⱦ♇◦ꜗ◦ꜙ  

120 

 

 

Ⱬⱴ♩◒ꜞ♇♩ ⅔╟┘ ⌂≥⌐╙ ⌂ ⅜ ╘╠╣⌂

⅛∫√─≢ ⅜ 30 12─ ≢ FMR-3╩ⱴ♄▬ ♃fiⱤ◒ ⌐

⌂ↄ ≢⅝╢↓≤╩ ⇔√⁹↓╣⅛╠─ ╩ ⇔√ⱴ♄▬ ◄◖ⱨ

─♪כ▫ ╛⅛⌂ ⅜ ↕╣╢⁹ 

 

(2)-3 ─ ─  

≢ ™√ ─ │ ≢№╡ ⌐≈™≡│ ⌐≢⅝⌂™⅜

⌐ ⇔≡™╢ ⌐ ═≡ ⌐ ≢⅝╢─≢ ◖☻♩─ ⌐≈⌂⅜╡

⌐≤∫≡ ⌐⌂╢⁹↕╠⌐FRM ─ ⌂ ⅜ ⌐⌂╣┌ ─

⌐╙ ≢⅝╢↓≤⅜ ↕╣╢⁹ 
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(2)-4 ◒꜡ⱴ◓꜡─◄Ⱡꜟ◑כ  

 

(2)-4  

◒꜡ⱴ◓꜡ ─ ⌐ ↑√ │ ─≤↓╤

⌂≥─ ⅜ ⌐⌂∫≡™╢⁹⇔⅛⇔ ≤⇔≡ ∆╢√╘⌐│ ╛

∕⇔≡ ⌂≥⌐╙ ∆╢ ⅜№╡╕∆⁹ ╩ ╘╢⌐│ │╙∟╤

╪ ╛ ─ ⌐ ∆╢ ⅜ ≢№╡ ◒꜡ⱴ◓꜡─ ⌂◄Ⱡꜟ

כ◑ ⌐≈™≡╙ ∆╢↓≤⅜ ⌐⌂╢⁹◒꜡ⱴ◓꜡│ ─ ⌐ ═≡ ⅜

⇔ↄ ™√╘ ∕╣╩ ⅎ╢─⌐ ╘≡ ─ ╩ ∆╢ ⅜№╡ ↕╠⌐

∕╣╠╩ ╛⅛⌐ ה ⇔⌂↑╣┌⌂╠⌂™⁹╕√ ◒꜡ⱴ◓꜡│ꜝⱶ

╩ ℮↓≤⅛╠ ∆╢ ⅜№╢≤≤╙⌐ ╩ ∆╢√╘ ╟╡ ╩

╘╢ ╩ ≈↓≤⅛╠ ╩ ╡⌂ↄ ℮√╘ ╩ ↕∑ ╩ ↄ

⇔≡™╢⁹↓─╟℮⌐ ⌂ ה ╩ ≈↓≤⅛╠ ◒꜡ⱴ◓꜡│ ─ ≤

│ ↄ ⌂╢◄Ⱡꜟ◑כ ╩ ∫≡™╢ ⅜ ↕╣╢⁹ 

◒꜡ⱴ◓꜡─◄Ⱡꜟ◑כ ╩ ∆╢↓≤│ ⌐ ∕─ ╩ ∆╢↓≤⌐

≤≥╕╠∏ ⌂ ╩ ∆╢√╘─ ─ ⌐≈⌂⅜╢≢№╤℮⁹ ≢

│ ╕∏ ◒꜡ⱴ◓꜡ ╩ ™≡◄Ⱡꜟ◑כ ╩ ╠⅛⌐⇔╟℮≤⇔√⁹ 

 

(2)-4  

☿fi♃כ ≢┤ ה ⇔√32 ─◒꜡ⱴ◓꜡

1.1 g╩ 2,500 L ⱦ♬כꜟ 2 ⌐ ∕╣∙╣35⅔╟┘31∏≈

⇔≡ 1⅔╟┘ 2╩ ↑√⁹ 1≢│ⱥ♩─ ◄Ⱡꜟ◑כ⌐ √╢

◄Ⱡꜟ◑כ╩ ╘╢√╘ ⅛╠24 ─ O2 ╩ ⇔√⁹⌂⅔

O2─ ⌐№√∫≡│ ╩ ⌂ ≢ ⇔ ≢ ─ ─ ╩

⇔√⁹╕√ ≤⇔≡ ≢ ⇔√◒꜡ⱴ◓꜡

♃fiⱤ◒ 52% 19%⅔╟┘ 14%⌐ ─ ≢№╢ ◒

꜡ⱶ╩0.5%⇔√⁹ 

│1 5 06:0009:0012:0015:0018:00 ⇔√⁹⌂⅔ ⌐⅔↑

╢ ─ ┼─ ה ─√╘ 60 w Ĭ 2╩ ⅛╠30 cm─ ↕

⌐ ⇔≡24 L : 0 D≢ ⇔√⁹ 2≢│◄Ⱡꜟ◑כ ─ ╩ ™ 1≤

─ ≢10 ⇔√⁹ ─ │26.6 Ñ 0.5≢№∫√⁹ 

◄Ⱡꜟ◑כ │National Research Council⌐ ∂≡ ⇔√⁹ ◄Ⱡꜟ◑כ GE│

─ ≤ ⅛╠ ◄Ⱡꜟ◑כ FE│ ─ ≤ ⅛╠ ◄

Ⱡꜟ◑כ UE + ZE│ ⌐ ↕╣√N╩∆═≡NH3≤⇔≡ ◄Ⱡꜟ◑כ

SME)│ 1 ≢ ╘√ ⅛╠ ◄Ⱡꜟ◑כ RE│ ↕╣√◄Ⱡꜟ◑

≡⇔≥כ ╘√⁹╕√ + ◄Ⱡꜟ◑כ HiE + HjE│∕╣∙╣╩ ⇔≡

∆╢─│ ≢№╢─≢ GE⅛╠FEUE + ZESME⅔╟┘RE╩ ⇔ ™√ ≤⇔√

7⁹↓╣╠│kJ/kg/⌐ ⇔≡ ⇔√⁹ 



◦☻♥ⱶ─  

─ ⱦ♇◦ꜗ◦ꜙ  

122 

 

 

 

(2)-4  ≤  

╩ 8⌐ ⇔√⁹ ─ │ ─∕╣─ 6 ⌐ ⇔

│107%≤ ╣≡™√⁹∕─ ⌐╙ ⌂ │╖╠╣⌂⅛∫√↓≤⅛╠ ╛

⌐ │⌂⅛∫√≤ ≢⅝√⁹╕√ ╖⅛↑─♃fiⱤ◒ ⅔╟┘ │ ⅛∫

√⅜ │12.5%≤ ⌐ ═≡ ⅛∫√⁹⅔∕╠ↄ ◒꜡ⱴ◓꜡ ─ ™

╩ ∆╢√╘ ╩◄Ⱡꜟ◑כ ≤⇔≡ ⇔♃fiⱤ◒ ╩ ∆╢ ⌐

⇔≡™√√╘≤ ⅎ╠╣╢⁹ 

⌐ ◄Ⱡꜟ◑כ ╩ 8⌐ ⇔√⁹⌂⅔ ╩ GE⌐ ╘╢%≢ ⇔√⁹GE

─1/4⅜FE≤UE + ZE⌐ ↕╣√⁹↓─ │ ⱴ♄▬╛Ⱪꜞ ≢ ↕╣√1520%

╟╡ ⅝⅛∫√⁹ ≢│ ⌐ ╣√ ╩ ⌐∆╢ ╩

⇔√⌐╙ ╦╠∏ FE│ 17%⌐╙ ⇔√⁹↓╣│ ◒꜡ⱴ◓꜡ ─ ⅜ ↄ

╕√ ™ ╩ ∆╢√╘ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™↓≤⌐ ╢─≢

№╤℮⁹ 

 

 

 

 

◄Ⱡꜟ◑כ

(GE) 

◄Ⱡꜟ◑כ

(DE) 

◄Ⱡꜟ◑כ

(FE) 

◄Ⱡꜟ◑כ

(ME) 

◄Ⱡꜟ◑כ

(UE+ZE) 

◄Ⱡꜟ◑כ

(NE) 

+

(HiE+HjE) 

◄Ⱡꜟ◑כ

(RE) 

◄Ⱡꜟ◑כ

( SME)  

7 ⌐⅔↑╢◄Ⱡꜟ◑כ ─  
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SME≤⇔≡GE─40%⅜ ↕╣≡™√↓≤╙ ↕╣╢⁹ ⌐⅔™≡│20%

⅜SME≤⇔≡ ↕╣≡™╢↓≤⅛╠ ◒꜡ⱴ◓꜡─◄Ⱡꜟ◑כ ⌐⅔↑╢ ─

≤ ⅎ╠╣╢⁹◒꜡ⱴ◓꜡│ ╛ ╩ ⇔ ∆╢─≢⌂ↄ ╩ ↑√╕

╕ ⌐ ℮ꜝⱶ ⌐╟∫≡ ∆╢⁹⇔√⅜∫≡ ∆╢⌐│◒꜡ⱴ◓꜡│ ⇔

↑╢ ⅜№╡ SME│ ≢ ╩ ℮ ⌐ ═≡ ∆╢↓≤⌐⌂╢⁹◒꜡

ⱴ◓꜡─ │ ╘≡ ™↓≤╩ ⌐ ═√⁹↓─ ™ ╙ ╘≡ ™ ≤

⌐╟╡ ⅎ╠╣≡™╢⁹ꜝⱶ ⌐╟╢ ⅜ ⌐╟╢ ╟╡ ●☻

⅜ ╣≡™╢↓≤⌐ ⇔≡™╢─≢№╤℮⁹ 

◒꜡ⱴ◓꜡≢│RE≤⇔≡ GE─20%⇔⅛ ↕╣⌂™↓≤⅜ ↕╣√⁹ⱴ◘Ᵽ╛Ⱪꜞ

ⱴ♄▬⌂≥≢│GE─30% ⅜RE≢№╢↓≤⅜ ╠╣≡™╢⁹⇔√⅜∫≡ ◒꜡ⱴ◓꜡

─ ™ │◄Ⱡꜟ◑כ ≢RE╩ ↄ⇔≡ ↕╣╢─≢⌂ↄ ⌐ GE╩ ⅝ↄ

↕∑╢↓≤≢ ⇔ →╠╣≡™╢↓≤⌐⌂╢⁹ 

HiE + HjE⅜14%≤ ⅛∫√↓≤╙ ◒꜡ⱴ◓꜡⌐⅔↑╢◄Ⱡꜟ◑כ ─ ─ ≈≤

⇔≡ ⅎ╠╣╢⁹ ⌐ ↕╣╢◄Ⱡꜟ◑כ│HiE + HjE⌐ ╕╣╢↓≤⅛╠ ↓╣

⅜ ⌂™≤ │ ∆╢↓≤⌐⌂╢⁹↓╣╕≢ ◒꜡ⱴ◓꜡ │ ─ ⅜

≢⅝╢ ╩℮╕ↄ ≢⅝⌂™↓≤╩ ⇔√⁹ ≢│◒꜡ⱴ◓꜡⌐ ⇔

√ ╩ ⌐∆╢ ╩ ⅎ√⌐╙⅛⅛╦╠∏ ◄Ⱡꜟ◑כ│ 17%≤

⅛∫√↓≤╩ ∑≡ ⅎ╢≤ ⇔ ™ │ ╛⅛⌐ ∆╢─⌐ ⇔≡ ⇔

™ │ ─ ™ ⅛╠ ⇔≡ ╩≢⅝╢∞↑ ↄ ∆╢ ╩

∫≡™╢╙─≤ ↕╣╢⁹ 

8 2─ ╖⅛↑─

ה  

  6.4Ñ2.1 

 %  13.1 

 %/  17.6 

 %  106.8 

 %  54.8 

╖⅛↑─  

 ♃fiⱤ◒  93.7 

  83.1 

╖⅛↑─  

 ♃fiⱤ◒  34.5 

  12.5 

◄Ⱡꜟ◑כ 100  

3629.5 kJ/ /  

17.2  

◄Ⱡꜟ◑כ 82.8  

6.3  

◄Ⱡꜟ◑כ 76.5  

+ 13.7  

◄Ⱡꜟ◑כ 62.8  

42.1  

◄Ⱡꜟ◑כ 20.7  

8◒꜡ⱴ◓꜡ ─◄Ⱡꜟ◑כ ⁹ 
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─ ⅛╠ ◒꜡ⱴ◓꜡ ╩ ⌐ ℮⌐│ RE╩ ↄ FE╩ ↄ ∆╢

√╘⌐ ™⅛⌐SME⌐╟╢ ╩ ↄ ⅎ╢⅛⅜ ⌂ⱳ▬fi♩≢№╢↓≤⅜ ↕╣√⁹ 

 

(2)-4  ─ ─  

◒꜡ⱴ◓꜡ ─◄Ⱡꜟ◑כ ─ ╩ ╠⅛⌐∆╢↓≤≢ ╘≡ ™ ╩

ⅎ≡™╢ ╩ ╠⅛⌐∆╢↓≤⅜≢⅝√⁹∆⌂╦∟ Ᵽꜝfi☻∞↑≢⌂ↄ

⌐ ╣√ ╩ ≢⅝╢∞↑ ↄ ↕∑╢ ה ⅜ ≢№╢↓≤╩

╠⅛⌐≢⅝√⁹∕↓≢ ─ ╛ ⌂≥ ⌂ ⌐≈™≡ ≢

⇔√⁹ 

 

 

(2)-5 ◒꜡ⱴ◓꜡ ─◄Ⱡꜟ◑כ ≤  

 

(2)-5   

─◄Ⱡꜟ◑כ ⅛╠◒꜡ⱴ◓꜡ │ ™ ╩ ∆╢√╘ ⌐ ∆

╢ ╩≢⅝╢∞↑ ⇔≡ ╩ ↕∑≡™╢↓≤⅜ ↕╣√⁹╕√ ◒꜡ⱴ◓꜡

─SME│ ╟╡╙ ⌐ ⅝ↄ ⌐ RE≤HiE + HjE│ ↄ FE│ ⅛∫√⁹∕

↓≢ ≢│ ◒꜡ⱴ◓꜡ ─ ⅜ ╛◄Ⱡꜟ◑כ ⌐ ╓∆ ⌐≈

™≡ ═ ⌂ ╩ ╘╢√╘─ ╩ ╟℮≤⇔√⁹ 

 

(2)-5   

⌐│♃fiⱤ◒ ≤⇔≡ ≤▪☺ ⅔╟┘ ≤⇔≡∕

╣∙╣ ⅔╟┘Ŭ-♦fiⱪfi╩ ™ ♃fiⱤ◒ ⅔╟┘ │∕╣∙╣53

18⅔╟┘12%─ ╩ ⇔√⁹ 1.8 g─◒꜡ⱴ◓꜡ ╩40 m3 6

⌐160∏≈ ⇔≡ ╩ ↑√⁹ ─ ╩0 2 3 4 5 ⌐ ∆╢F

2S3S4S5S≤ 1 5 ─ ╩4 ↑≡1 ╩ ≤∆╢4/5S⌐ ∕╣

∙╣ ⇔≡ 2 ⇔√⁹⌂⅔ F ≢│ ◄Ⱡꜟ◑כ╩ ⇔√⁹╕√

◘▬◒ꜟ│ ─ ╩ ™≡24 L0 D≤⇔√⁹◄Ⱡꜟ◑כ ⌐ ∆╢ │ 4

⌐ ⇔√⁹ 

 

(2)-5  ≤  

╩ 9⌐ ⇔√⁹ ─ │6 9 ≢№╡ ↓╣╠ ⌐ ⌂

╛ ─ ⌐╟╢≤ ⅎ╠╣╢┼™ ∆═≡│ ┼─ ╙ ╘╠╣⌂

⅛∫√↓≤⅛╠ ╩ ∆╢─⌐ ─⌂™↓≤⅜ ↕╣√⁹

⅔╟┘ │5S⅜ ╙ ↄ 4S3S4/5S⅔╟┘2S─ ⌐ ⇔√⁹⇔⅛⇔

5S4S⅔╟┘3S─ ⌐ ⅝⌂ │⌂⅛∫√⁹ ╙ ╛ ≤ ⌐

─ ⌐ ∫≡ ⇔√⅜ 3S ─ ≢│70% ≤ ™ ⅜

╠╣√⁹⌂⅔ 4/5S ⌂≥│ 5 ≢

─ ╩ ℮4S∞↑≢⌂ↄ 3S⌐ ═≡ ⅝ↄ ∫≡™√⁹ ╘≡ ™ ╩

⅝ ╡ ≤⇔≡╙≈◒꜡ⱴ◓꜡ ⌐⅔™≡│ 5 ⌐1 ─ ≢╙ ⌐
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╩ ╓∆↓≤⅜ ↕╣ ™⁹⅔∕╠ↄ ⅛ 1 ─ ≢╙ ה

│ ⅝⌂♄ⱷכ☺╩ ↑ ╩ ⇔≡ 4 ≡╙↓╣╠─ ⅜ ⌐♪כ⸗

╠⌂™↓≤╩ ∆╢─≢№╤℮⁹ 

 

 

 

 

 

 

 

 

 

 

 

10⌐ ⌐⅔↑╢╖⅛↑─♃fiⱤ◒ ⅔╟┘◄Ⱡꜟ◑כ ⅔╟┘

╩ ⇔√⁹╖⅛↑─ ⌐ ⅝⌂ │⌂⅛∫√⁹⇔⅛⇔ ╖⅛↑─ ⌐≈™

≡╖╢≤ ♃fiⱤ◒ │4S⅔╟┘5S⅜ ⅛∫√⅜ ⅔╟┘◄Ⱡꜟ◑5│כS⅜

╙ ↄ 4S3S4/5S⅔╟┘2S─ ⌐ ⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

⅜ ⅝ↄ ∫√2S⅔╟┘4/5S≢╙ ⌐ ⅝⌂ ⅜╖╠╣⌂⅛∫√⁹

─ ≢│ ⅜ №╢™│∕╣ ≢ │ ∆╢⁹ 4 ≢◒꜡ⱴ◓

꜡ ─FE│ ─ ╟╡ ↄ ─ ╢↓≤╩ ⇔√⁹ ≢ ╣√

⅜ ╠╣√─│ ⌐ ∫≡ ⅜ ∆╢↓≤⌐ ∆╢≤ ⅎ╠╣╢⁹

╖⅛↑─ ≢│™∏╣╙ ⅜ ∆╢≤ ⇔√⁹ ⌐ ⅜

♃fiⱤ◒ ╛◄Ⱡꜟ◑כ ╟╡ ⅜ ⅝⅛∫√⁹ ⅜ ™◒꜡ⱴ◓꜡ ≢№╢

↓≤⅛╠ ⅜ ∆╢≤ ╩ ⌐◄Ⱡꜟ◑כ ≤⇔≡ ⇔≡ ─

╩⌂╢═ↄ ↄ ∆╢ ⌐ ⇔≡™√╙─≤ ⅎ╠╣╢⁹ 

9⌐ ⌐⅔↑╢◄Ⱡꜟ◑כ ╩ ⇔√⁹GE│ ─ ⌐ ∫≡1406

1917 kJ/kg BW/day╕≢ ⇔√⁹ ⌐≈™≡╖╢≤ 2S─FE⅜ ─ ╟╡ ⅛

9 ⌐⅔↑╢ ─  

 2S 3S 4S 5S 4/5S 

 6.2 10.3 12.6 14.0 8.6 

%/  8.9 12.5 13.9 14.6 11.2 

%  6.6 8.4 8.6 9.0 7.5 

%  76.7 107.1 111.6 112.8 94.0 

 1.2 1.2 1.3 1.3 1.3 

%  43.8 61.3 64.4 72.5 45.0 

10 ⌐⅔↑╢╖⅛↑─ ה  

  2S 3S 4S 5S 4/5S 

╖⅛↑─ %  

 ♃fiⱤ◒  96.0 95.4 95.6 94.9 95.4 

  95.1 91.2 93.1 91.5 90.2 

 ◄Ⱡꜟ◑88.4 88.6 88.6 88.7 90.8 כ 

╖⅛↑─ %  

 ♃fiⱤ◒  21.1 31.4 34.0 34.0 27.2 

  5.0 11.5 13.3 19.4 8.5 

 ◄Ⱡꜟ◑18.0 24.4 23.8 22.1 12.1 כ 
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⌐ ⇔√⅜ HiE + HjE≤UE + ZE⌐ ⇔™ │⌂⅛∫√⁹⇔√⅜∫≡ SME≤RE

─ │ ⅜ ⇔≡╙GE─40%≤ ≢№∫√⁹ 

 

 

╕√ F ⌐⅔↑╢ ◄Ⱡꜟ◑כ─ ⅛╠ 1.814.0 g─◒꜡ⱴ◓꜡ ─SME

│670 kJ/kg BW/day≢ ⌐│1100 kJ/kg BW/day╩ ∆╢↓≤⅜ ↕╣√⁹↓╣

╠─ │ⱴ♄▬╛Ⱪꜞ ─ 2 ⌐⅛⅛╢◄Ⱡꜟ◑כ │ⱴ♄▬╛Ⱪꜞ─

10 ⌐ ⇔√⁹F ≢│ 6 ≢∆═≡─ ⅜┼™ ⇔√⁹Ⱪꜞ╛ⱴ♄▬ ≢

│ 2 ─ ≢│┼™ ⇔⌂™─≢ ◒꜡ⱴ◓꜡ │ ↄ ∆╢↓≤⌐ ⇔

≡™╢ ≢№╢⅛ ≢⅝╢⁹⅔∕╠ↄ ↓─ │ꜝⱶ ╩ⱬכ☻⌐⇔√ ⇔

ↄ ™ ⅔╟┘ ⌐ ⅎ╠╣≡™╢─≢№╤℮⁹ 

⅛╠ 1 14 g─◒꜡ⱴ◓꜡ ≢│1 ─ ⌂ 5ה4│ ≢

№╢↓≤⅜ ↕╣√⁹╕√ ╩ ↑╢≤ ה ⌐ ⅝⌂♄ⱷכ☺╩

↑ ∕─ 4 ⇔≡╙∕╣╠ ─ ⅜ ⇔™↓≤╙ ↕╣√⁹ 

 

(2)-5 ─ ─  

◒꜡ⱴ◓꜡ ─◄Ⱡꜟ◑כ ─ ⌐ ∆╢ ⅛╠ ╠╣√ ╕√

⌂ │ ⌂ ─ ⌐ ≢⅝╢≤ ⅎ╠╣╢⁹ 

12.1
22.1 23.8 24.4 18.0

47.9
37.7 36.8 35.2 42.2

23.4 22.6 21.9 23.0 21.4

7.4 6.4 6.1 6.0 6.8

9.2 11.3 11.4 11.4 11.6

0%

20%

40%

60%

80%

100%

2S 3S 4S 5S 4/5S

FE 

UE+ZE 

HiE+HjE 

SME 

RE 

9 ⌐⅔↑╢◄Ⱡꜟ◑כ  
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ⱴ2כ♥ ◦☻♥ⱶ─  

(3) ─ ≤  

ה ה ה ה

 

ה ה ה ה    

ה ה   

 

  

 

 

 

⅜ ↕╣≡╙ ╩ ⇔⌂™◦☻♥ⱶ│ ⌂ ╩ ∆╢

≢ ≢№╢⁹ ⌂ⱴ≢│eco-friendlyכ♥ ╩ ∆╢↓≤ ⌂ ≤⇔

∕╣⌐ ⅜╢ ≤⌂╢ ⅜ ∆╢ ≢─ ─ ╩ ⌂

≤⇔≡™╢⁹ 

▬◔☻ ⌐⅔↑╢ ─ │ ⅛╠─ ╛ ⅛╠─

─↓fi◓≢№╢⁹♅כꜞ─ ≢ ∆╢ ─ │ ñ ò ⅜ ™

≤™℮ ≢№╢⁹ ⌐ ⇔√ ─5 20%⅜ ≤⌂╡ ⌐ ↕╣

╡─ 8095%╩ ⅜ ═╢⁹⇔⅛⇔ ⅜ ⇔√ ─℮∟ ─ ⌐⌂

╢─ ⅎ┌ⱴ♄▬─ 1/4≢№╡ ╡─ 3/4│ ─ ≤⇔≡ ⌐

↕╣╢⁹≈╕╡ ─ ⅜ ≤⇔≡ ⌐ ↕╣╢─≢№╢⁹ 

↓─ ⌐ ↕╣√ ─ ⅜≥─ ⌐ ה ↕╣ ≤⇔

≡ ⌐ ∆╢─⅛ ™│ ⅜ ─ ╩ ⅎ√ ⌐ ↕

╣√ │≥─ ⌂ ╩ ≡ ⌐≥─╟℮⌂ ╩ ╓∆─⅛≤™

∫√↓≤⅜ ⌐⌂╢⁹ 

─ ™ ╩ ∆╢√╘│ ⅜ ≈ ╩≢⅝╢∞↑

⌐ ∆╢↓≤⅜ ╘╠╣╢⁹ ≤™℮ ⅜ ─ ⌐ ∆╢↓≤≢

↓╢ ⱪ꜡☿☻─ ╩ ⇔ ∕─ ╩ ⌐ ⅎ╢↓≤⅜ ╘╠╣╢─≢

№╢⁹ │≢ⱴכ♥ ─ ה ─ ╩ ∆╢√╘

≤™∫√ ⱪ꜡☿☻╩ ∆╢ ─

ה ╕√∕─ ה ⱪ꜡☿☻╩ ℮ ⌐≈™≡ ╩

∫√⁹ 

 

 

(3)-1  ⌐⅔↑╢ ─ ≤  

 

(3)-1  

⌐│꞉◌ⱷ╛ⱡꜞ ─╟℮⌂ ≤ ─╟℮⌂ ⅜№╢⁹

┼─ │ ⌐ ⅜ ⌐ ™⁹↓─ ⌐ ∆

╢ ⅜ ≢№╢⁹ ≤│ ⌐╟╢ ─ ≤∕╣⌐ ℮
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─ ─ ─ ≤™∫√ ╩ ∆⁹↓─ ─ ╩

←√╘⌐│ ▬◔☻ ⌐⅔↑╢ ╩ ∆╢↓≤⅜ ⌐⌂╢⁹↓╣

⅜ ⌐⅔↑╢ ⌂ ≢№╢⁹ 

↓↓≢│ ⌐⅔↑╢ ╩ ∆╢

↕╣√ ╩ ⌐ ∆╢ ∕⇔≡ ─ ─ ↕╣╢

─ ╩ ⇔√⁹↓─ ⌐⅔↑╢ ─ │ ─

─ ⌐ ⅜╡ ╩ ≤™℮ ≢ ∆╢↓≤╩ ⌐∆╢⁹ 

 

(3)-1   

│ ⌐ ─ ∆╢ ─

─ ↄ ∆╢St. 15 m≤ ⅜ ↕╣≡™⌂™St. ≢

⇔√ 1⁹ ⌐ ⇔√ │ 1 m ╕√│ ─ 1 m

╕√│ ─ 0-1 cm≢№╢⁹ 

─ ≢│ ≤ ╩ ═√⁹ ─√╘─

י2ִ ⌐ 1 ─ ≢ │ St. ≤ St. ─ ⌐≈™≡ ╩ ∫√⁹

─ │ ╟╡ ╩ →╢√╘ ─ ╩ ╛⇔≡ ◘fiⱪꜞfi◓╩

∫√⁹ │ ─ ≤ ⌐ ≤ ─ ≢№╢⅜ ─ │Sts. 

─3 ≢№╢ 1⁹ 

 1 ≢─  

a. ⌐⅔↑╢ ─  

1 m─ 1 m─ ⌐≈™≡│ ⌐ ™ ─

NO2 N NO3 N NH4 N PO4 P SiO2 Si╩ ⱪ꜡☺▼◒♩≢

⇔√ כ◙▬ꜝ♫▪♩כ○─ QuAAtro 2HR, BLTec╩ ™≡ ⇔

√⁹⌂⅔ ─√╘─ י2ִ ⌐1 ─ ≢ ≢│ St. 

15 m≤ ⅜ ↕╣≡™⌂™St. ─ ╩ ™√⁹ 
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b. ─  

│Obayashi and Suzuki2005╩ ⇔≡ ⇔√ 2⁹↓─

│ ≢ ↕╣√ ╩ ⌐ ⇔ ⌐ ⌐ №╢

™│ ⇔≡ ∆╢ ⌐╟╢ ⌐╟╡ ↕╣╢ ─ ╩

∆╢↓≤≢ ⌐╟╢ ╩ ∆╢ ≢№╢⁹ 

 

 

2 ─ ─  

 

⅔╟┘ ⌐≈™≡│ 900 ÕL╩ 1.5 mLⱴ▬◒꜡♅ꜙכⱩ⌐

⇔√⁹ ⌐≈™≡│ 0 1 cm⅛╠ 0.1 g╩1.5 mLⱴ▬◒꜡

⌐Ⱪכꜙ♅ ⇔ Ⱪכ꜠◒♩כ○ 12020 ⇔√ 900 ÕL╩ ⅎ≡

─ ╩ ⇔√⁹ ─ ─ ⌐╟╡ ⅛╠ ∂╢

─ ╩ ⇔ ↄ√╘─◖fi♩꜡כꜟ≤⇔≡ Ⱪכ꜠◒♩כ○ ⇔√

⅔╟┘ ╩ ⌐ ⇔≡ ⇔√⁹ 

↕╣√ ≤⇔≡ ɓ-◓ꜟ◖◦♄כ♀ ─ 4-methylumbelliferyl 

ɓ-D-glucopyranosideBGase [#M3633Sigma-Aldrich]⅔╟┘☿ꜟꜝכ♀ ─ 

4-methylumbelliferyl ɓ-D-cellobiosideCellulase [#M6018Sigma-Alrich]│ⱷ♩◐◦◄♃ⱡ

ꜟכ ⌐ ⇔ 1 mM─ ╩ ⇔√⁹▪ⱵⱡⱭⱪ♅♄כ♀

─ L-leucine 4-methylcoumaryl-7-amide LAPase [#3091-v Ɑⱪ♅♪ ] │☺ⱷ

♅ꜟ☻ꜟⱱ◐◦♪ ⌐ ⇔≡1 mM─ ╩ ⇔√⁹↓╣╠─

╩ ┼─ ─ ⅜100 ÕM⌐⌂╢╟℮⌐ ┘ ◖fi♩꜡כꜟ⌐

100 ÕL∏≈ ⅎ√⁹ ⅔╟┘◖fi♩꜡כꜟ ─ ╩ ⇔ ↄ√╘⌐

╩ ⇔⌂™ Ⱪכ꜠◒♩כ○┘╟⅔ ⇔√ ╩Ⱪꜝfi◒≤⇔≡ ⇔√⁹ 

─ │ 1234 ─ 4 ∫√⁹ ⌐≈™≡│

◖fi♩꜡כꜟ⅔╟┘Ⱪꜝfi◒╩930 Ĭ g≢8 ─ ╩ ∫√ ∕─

200 ÕL╩96►▼ꜟⱴ▬◒꜡ⱪ꜠כ♩ OptiPlate-96FPerkinElmer⌐ ╣

─ ⌐╟╡ ∂√ ─ ╩ ⇔√⁹ ⅔╟┘ ⌐

≈™≡│∕╣∙╣─ ◖fi♩꜡כꜟ⅔╟┘Ⱪꜝfi◒╩200 ÕL∏≈ ∕─╕╕96►▼ꜟ

ⱴ▬◒꜡ⱪ꜠כ♩⌐ ⇔ ╣ ─ ╩ ⇔√⁹ ─ │ⱴ▬◒

꜡ⱪ꜠כ♄כꜞ♩כ Wallac 1420 ARVOsxPerkinElmer) ⌐╟╡  355 nm 460 

nm ≢ ⇔√⁹ 
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─ ─ ⌐≈™≡│ ≡ 3 ≡≢ ∫√⁹ ⌐ ⇔≡│

1◘fiⱪꜟ⌐≈⅝  12 ⅔╟┘◖fi♩꜡4 ꜟכ ╩ ⇔√⁹  1 ⌐≈

⅝  3 ⅔╟┘◖fi♩꜡1 ꜟכ ╩ ⌐ ⇔ ⌐ ™√ │∕─ ─

⌐│ ™⌂™╟℮⌐⇔√⁹ 

╩ 4-methylumbelliferoneMUF [#A1381Sigma-Aldrich] ) ⅔╟┘ 

7-amino-4-methylcoumarinAMC [#A9891Sigma-Aldrich] ) ╩ ™≡ ⇔√⁹MUF ⅔╟

┘ AMC ╩☺ⱷ♅ꜟ☻ꜟⱱ◐◦♪ ) ⌐ ⇔ 10 mM ─ ╩ ⇔√⁹

↓╣╩ⱵꜞQ ≢ 0.11.05.01025 ⅔╟┘ 50 ÕM ⌐ ⇔√╙─╩ ⇔ ≤

⌐  200 ÕL ╩ 96 ►▼ꜟⱴ▬◒꜡ⱪ꜠כ♩⌐ ╣  355 nm 460 

nm≢ ─ ─ ⌐ ∆╢ ╩ ⇔√⁹↓╣╠─ ─ ≤

∕╣⌐ ∆╢ ⅛╠ ╩ ⇔√⁹MUF ─ ⅛╠ BGaseCellulase ╩

⇔√ ⌐⅔↑╢ ⌐╟╡ ↕╣√ ─ ╩ ⌐ ⇔√⁹

⌐ AMC ─ ⅛╠ LAPase ╩ ⇔√ ⌐⅔↑╢ ⌐╟╡ ↕╣

√ ─ ╩ ⌐ ∆╢↓≤≢ ⌐╟╢ ╩ ⇔

√⁹ 

 

c. ─  

─ │ Nakase and Eguchi2015DOI: 10.1007/s12562-015-0927-y ╩

⇔≡ ∫√⁹ ╩ ╣╢ ↕™●ꜝ☻ ꜟ▪▬Ᵽכꜙꜞ◒☻─ Ᵽ▬▪ꜟ [#s-1

] ⌐ ∆╢ ╩⌂ↄ∆√╘⌐ №╠⅛∂╘ Ᵽ▬▪ꜟ╩▪ꜟⱵⱱ▬

ꜟ≢ ™ 450≢2 ⇔√⁹↓─ Ᵽ▬▪ꜟ⌐ ╕√│ ╩900 ÕL∏≈

╣√⁹ ⌐≈™≡│ 0.1 g╩ ╖─ Ᵽ▬▪ꜟ⌐ ╡ ╣ ∕↓┼

☻♥ꜞⱬ◒☻GPⱨ▫ꜟ♃כꜚ♬♇♩≢╤ ⇔√ ╩900 ÕL╩ ╣ ╩ ⇔

√⁹ ⌐╟╢ ╩ ⌐ ↕∑√◖fi♩꜡כꜟ≤⇔≡ ≡─ ⌐≈™

≡ 110 mM⌐⌂╢╟℮⌐6 M NaOH╩ ╣√ Ᵽ▬▪ꜟ╙ ⇔√⁹ ≤⇔

≡ 14C ↕╣√ D-[U-14C]glucose  289.0 Ci molĭPerkinElmer≤

L-[U-14C]glutamic acid 260.0 Ci mol-1 PerkinElmer ╩ ™√⁹14C- ╩1ĬPBS 

⌐ ⅎ≡2 ÕCi mL-ĭ⌐ ⇔√ ╩ ⇔ ↓╣╩  0.2 ÕCi mLĭ ⌐⌂╢╟℮

⅔╟┘◖fi♩꜡כꜟ⌐ ⇔√⁹ 

◦fi♅꜠100%│כ♃כⱷ♃ⱡכꜟ 4 mL6 M NaOH 1 mL⅔╟┘

◒ꜞ▪♂ꜟI ◦fi♅꜠כ♃כ ♫◌ꜝ▬♥☻◒ 50 mL╩ ⇔≡ ⇔

√⁹ ◦fi♅꜠כ♃כ⌐╤ 42 Ĭ 80 mmNo. 2ADVANTEC╩ ⇔ ◦ꜞ◌◕ꜟ╩

╣≡ כ♃כ◔◦♦√⇔ ≢ ↕∑√ ◦fi♅꜠כ◦ꜛfiⱣ▬▪ꜟ #1855SIV20

IWAKI⌐ ╣≡ ╩ ∫√⁹↓╣⌐ ĭC- ╩ ⇔√ ╡─ Ᵽ▬▪ꜟ

╩ ⇔ ◦fi♅꜠כ◦ꜛfi◌►fi♃כ LSC-5100Alola≢24 ─ ╩

™ ⌐╟∫≡ ↕╣ 14CO ─ ╩ ⌐ ⇔√⁹ ─ │

≡─ ⌐⅔™≡3 ≢ ∫√⁹ 
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(3)-1 ≤  

a. ⌐⅔↑╢ ─  

ⱪ꜡☺▼◒♩≢ ⇔√ ╩ ™≡ ╠╣√20149 20169 ─

2 √╘≥╕╩♃כ♦─ 3 7⁹ ⇔√─│St. ≤∕↓⅛╠400 

m╒≥ ╣√ ⅜ ↕╣≡™⌂™St. ─ ≤ ≢№╢⁹ 

◔▬ ◔▬ ─2 ≢─ │76.8ɛg/L │601.0 ɛg/L │280.0 ɛg/L

≢№∫√ 3⁹◔▬ ◔▬ ⌐≈™≡╙ ⌐ ⌂ ⌂ ╛ ⌐╟╢

™╩ ∆↓≤⅜ ⌂⅛∫√⁹ ⱪ꜡☺▼◒♩─ ⅝⌂ ─└≤≈│ ⌂

◦☻♥ⱶ─ ≢№╢⁹ ─ ⌂ ◦☻♥ⱶ│ ⇔√─≢

╙ ⅝ ╩♃כ♦⅝ ⇔ ╩ ⇔√◔▬ ◔▬ ─ ─♩꜠fi♪╩ ⇔√

™⁹ 

 

 
3 ⌐⅔↑╢◔▬ ◔▬ ─ 20149 20169  

 

╩ ⇔≡⅛╠─ꜞfi ꜞfi─ ─ │0.33 ɛg/L │32.6 ɛg/L

10.1 ɛg/L≤⌂╡ ⅝ↄ ⇔√ 4⁹2 ╩ ⇔≡ ↕╣√ ⌂

│⌂⅛∫√⅜ ⅎ┌ 20155 ─ St. ─ ≤ ≢│ ⅜ ↄ ⅜

ↄ ↄ⌂╡ 11≢│ ╙ ╙ ─ꜞfi ꜞfi כ◔√∫™≥╢⌂⌐

☻╙№∫√⁹11 ⌐ ≤ ≢─ ⅜ ↕ↄ⌂╢─│ ─ ⅜ ⇔

⅜ ↓∫≡™╢⅛╠⅛╙⇔╣⌂™⁹ ╖⌐ ⌂ ─ ⌐⅔↑╢ꜞfi

ꜞfi │5 20 ɛg/L≢№╢↓≤╩ ∆╢≤ ⇔√ ─ꜞfi ꜞfi

│ ≤ ꜠ⱬꜟ≤™ⅎ╢⁹ 

 

4 ⌐⅔↑╢ꜞfi ꜞfi─ 20149 20169  
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6≤ 5─ ─ │∕╣∙╣1.33 ɛg/L≤0.23 ɛg/L

⅜∕╣∙╣12.6 ɛg/L≤61.5 ɛg/L ⅜∕╣∙╣5.29 ɛg/L≤24.6 ɛg/L≢№∫√⁹

⌐⅔↑╢ │ ≢ ⅛╠ ↄ⌂╢⌐ ™10180 ɛg/L ≢

∆╢⁹ ⌐⌂╢≤ ⱪꜝfi◒♩fi⌐╟╢ ╡ ╖⅜⌂ↄ⌂╡ ─

⅜ ╗√╘200 ɛg/L ≤⌂╢⁹ ─ ≤⇔≡│ ⌐ ⅜

⇔≡™╢ ⅎ┌ 2015≤ 2016─ 5 ╙№╡ ∕─ ⌂ │ ─

≤⌂∫≡™╢ ╙ ⅎ╠╣╢⁹ 

 

 

5 ⌐⅔↑╢ ─ 20149 20169  

 

 

6 ⌐⅔↑╢ ─ 20149 20169  

 

▪fi⸗♬▪ ─ ╩ 7⌐╕≤╘√⁹ ─ │ ∕

╣∙╣4.00 ɛg/L82.1 ɛg/L25.8 ɛg/L≤⌂∫√⁹ ⌐⅔↑╢▪fi⸗♬▪ │

≢ ↄ ┼ ↄ⌐ ™ ∆╢─⅜ ⌂ ≢№╢⁹ ≢│ ─

⅜25 ɛg/L ≢№╡ ∕↓⅛╠ ⇔≡ ≢│5 ɛg/L ⌐⌂╢⁹ ╩

∫√ ─▪fi⸗♬▪ │ ─ ─∕╣≤ ─ ≢

№∫√⁹ ∞∫√─│20157 ≢№╡ ≤╙ ─ ⅜ ⌐ ↄ⌂╡

⅜™∏╣╙ ↄ⌂∫√ 7⁹↓╣│ ⌐⌂∫≡ ─ ⅜

⇔ ─ ⅜ ⇔≡ ▪fi⸗♬▪⅜ ⇔≡™√─⅛╙ ╣⌂™⁹ 
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7 ⌐⅔↑╢▪fi⸗♬▪ ─  

20149 20169  

 

─ ╩ ╠⅛⌐∆╢√╘⌐│ ⌐ ╩ ╩♃כ♦≡⇔

∆╢ ⅜№╢⁹√∞ י2ִ ⌐1 ─ ≢─ ≢│ ─ ─ ╩

ⅎ╢↓≤⅜≢⅝⌂™⁹∕↓≢ 20167 ⌐ ╩ ╛⇔ ╩ →

≡ ─ ─ ╩ ∫≡╖√⁹∕─ ∂ ≢№∫≡╙ 1

─ ⌐ ⅝ↄ ⅜ ⇔ ⇔√ ≢╙ ⅝ↄ ⌂╢↓≤⌂≥⅜

╠⅛⌐⌂∫√⁹∆═≡─ ⌐≈™≡ ╩ ∫√⅜ ↓↓≢│ ≤⇔≡▪fi⸗♬

▪ ─ ─╖╩ ∆ 8⁹ 

 

 

8 ⌐⅔↑╢▪fi⸗♬▪ ─  

 

▪fi⸗♬▪ ─ י2ִ ─ ≢│ 8/10─ ╩ ⅝ 7/27

⅛╠8/31╕≢│ ⌐ ╟╡╙ ≢ ↄ⌂╢ ╩ ⇔√ 8⁹ ⌐ ─

─ ⅜ 7/27⅛╠ 8/31╕≢ ⌐ ™ ╩ ⇔√⅜ ↓─≤⅝─ DO ─

╩ ╢≤ ─ ─DO⅜3 mg/L≤ ↄ⌂∫≡™√ 9⁹↓╣│

∆╢ ⌐⅔™≡ ─ ⅜ ╖ ∕─ ⌐⅔↑╢ ⅜ ⇔

⅛╠▪fi⸗♬▪⅜ ⇔≡⅝√↓≤╩ ∆⁹9/7⌐⌂╢≤ ╛ ─ ™⌐
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╦╠∏▪fi⸗♬▪ │ ⌂ ⌐⌂∫√ 8⁹↓╣│9/5⌐ 12⅜

⌐ ⇔√√╘ ⅜ ⇔ↄ ↕╣√↓≤⌐╟╢≤ ⅎ╠╣╢⁹ ⌐╟╢

⅜ ╩ ⇔√ ⅜ ™⁹ 

 

 

9 ⌐⅔↑╢ DO ─  

 

─ ⅜ ∆╢ ⌐⌂╢≤ ≤ ─ DO─ ⅜⌂ↄ⌂╡ 9 ▪fi⸗

♬▪ ╙ ⅛╠ ╕≢ ⌐ ⇔√⁹DO╙ ╕≢ ⌐ ↕╣╢√╘ ▪

fi⸗♬▪ ⅜ ⇔√─≢№╤℮ 8⁹ 

 

b.  

20151 ⅛╠20173 ╕≢─ ─ ╩ 10⌐ ⇔√⁹ √╡─

≢ ╢≤ ─ ⅜ ─ ╟╡╙ 2 ╒≥ ™⁹↓╣│ √

╡⌐ ∆╢ ─ ⅜ ─ ╟╡╙ 2 ╒≥ ™↓≤⌐╟╢

Yoshikawa et al. 2011, doi:10.1111/j.1365-2109.2011.02978.x⁹꜡▬◦fi▪ⱵⱡⱭⱪ♅♄כ♀

LAPase⌐ ∆╢≤ ≢│ ⌐ ⅜ ⅜╢ ⅜№╡ ╛

≢│ ⌐ ─ ⅜╢ ⅜№∫√⁹ 
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10 ─  

 

≤ ─LAPase⌐≈™≡ 20 ─ ≤20 ─

⌐ ↑≡ ⇔√ 11⁹5 9 ─ ≢│ ⌐ ═≡ ─ ⅜⅛⌂

╡ ↄ⌂∫√─⌐ ⇔ 113 ─ ≢│ ─LAPase⅜ ⅜╡ ≤

⌐ ⅜⌂ↄ⌂∫√⁹ 

 

 

11 5 9 ≤ 113 ─ 

≤ ─꜡▬◦fi▪Ⱶⱡ║ⱪ♅♄כ♀ ─  

 

≥─ ⌂ ⅜ ≤ ⌐⅔↑╢LAPase─ ⌐ ⇔≡™╢─⅛╩ ═╢

√╘ ₁⌂ ≤LAPase≤─ ╩ ═≡╖√⁹∕─ │ ≤

─ ╩ ⇔ │DO≤ ─ ╩ ⇔√ 12 10% ⁹ │ ╩

⇔≡DO⅜ ⌐ ↕╣╢↓≤ ─ ─ ╩ ↑╛∆™↓≤╩ ∆╢≤

DO╟╡╙ ⌐╟╡ ↄ ⇔ ⅜ ⅜╢ ⌐ ╙ ∆╢─⅛╙⇔╣

⌂™⁹ │ ≤ ⌂╡ ─ ╟╡╙ DO─ ⅜ ⇔™√╘ ╟╡

DO┼─ ⅜ ⅝ↄ⌂╢─≢№╤℮⁹ 
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12 ꜡▬◦fi▪Ⱶⱡ║ⱪ♅♄כ♀≤ ╛ DO ≤─  

 

⌐⅔↑╢ ≤DO─ ╩ ╢≤ ™ ─ ╩ ⇔√ 13⁹ ≤

⌐DO⅜ ⅜╢⁹↓╣│ ⅛╠ ⌐ ⅛℮⌐ ™ ⅜ ⇔≡ ⅜ ↓∫

≡™╢↓≤╩ ⇔≡™╢⁹ ─ ⅜ 30 №╡ ─ ⅜ 10 ⌐⌂╢╟℮

⌂ ≢№∫≡╙ 15 m─ ≢─ │ ⌡15 №╢⁹↓─ ™

⌐ ⌂DO⅜ ↕╣╢≤ ⌐LAPase⅜ ⅜╢─≢№╤℮⁹ 

 

 
13 ⌐⅔↑╢ ≤ DO ≤─  

 

─ ⌐≈™≡╙ 5 9 ≤ 113 ⌐ ↑

≡ ⇔√ 14⁹ ≢╙╛│╡ ⌐LAPase⅜ ↄ⌂∫√⁹▬◔☻

─ ⌐ ⇔√♃fiⱤ◒ │ ⌐ ⌐ ╗─≢№╤℮⁹ 
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14 ─ ≤ ⌐⅔↑╢꜡▬◦fi▪ⱵⱡⱭⱪ♅♄כ♀ ─  

 

c.  

─ ⌐╟╡ ↕╣√ │ ⌐ ⌐ ╡ ╕╣

─☻כ◖ꜟ◓⁹╢╣↕ ⌐≈™≡│20153 201611⌐

⌐≈™≡ ⇔√ 15≤ 16⁹◓ꜟ♃Ⱶfi ⌐≈™≡│◄◐♁║ⱪ

♀כ♄♅fi▪ⱵⱡⱭⱪ◦▬꜡╢№≢♀כ♄♅ ⅜ ≤ ≢ ⅝ↄ ∆╢≤™℮

11╩┤╕ⅎ 20167 ⅛╠ ╩ ⇔√ 17⁹⌂⅔ 1517≢

─ ⅜⌂™╙─│ ╩ ∆╢─≢│⌂ↄ ∆═≡ ╩ ∫≡™⌂

™no data≢№╢↓≤╩ ∆╢⁹ 

 

 

15 ─ ─☻כ◖ꜟ◓╢↑⅔⌐  

A St. B St.  
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16 ─ ─☻כ◖ꜟ◓╢↑⅔⌐  

A St. B St.  

 

 

17. ⌐⅔↑╢◓ꜟ♃Ⱶfi ─  

A St.  ≤ B St.  ≤  

C St.  D St.   

 

≤ ─ √╡─ │ ≤ ⌐

⅜ ╟╡╙ 2 ↄ⌂∫√ ╩☻כ◖ꜟ◓151617⁹ ≤⇔√

≤ ≤╙⌐ №╢ ─ ⅜ ╠╣√⅜ ⇔≡™╢≢№╤℮

⌐ ∏⇔╙ ╛ ─ ⅜ ↄ⌂╢≤™℮↓≤≢╙⌂⅛∫√⁹ 

◓ꜟ♃Ⱶfi ╩ ≤⇔√ ⅜ ╠╣≡™╢√╘⌐ ⌂↓≤│ ═╠╣

⌂™⅜ ≢╙ ≢╙ ─ │7 9 11≤ ⅜ ╢⌐ ™

∆╢ ╩ ⇔√ 17A≤B⁹ │ ╒≥ ⌐ ℮ │

≢⅝⌂⅛∫√ 17A≤B⁹ 

◓ꜟ♃Ⱶfi ⌐≈™≡│ ≢╙ ≤ ∂╟℮⌐ 7 ╟╡╙

11 ⌐ ⅜ ⇔√ 17C≤D⁹↓─ │♃fiⱤ◒ ╩ ∆╢꜡▬◦fi▪Ⱶ
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ⱡ║ⱪ♅♄כ♀─ ≤╟ↄ ≡⅔╡ ╛│╡ ⌐ ⌐ ⇔√♃fiⱤ◒ ⅜

⌐ ↕╣ ↕╣≡™╢─⅛╙⇔╣⌂™⁹ 

 

(3)-1 ─ ─  

 

≢│ ─ ≤ ≢ ⌐♃fiⱤ◒ ⅜ ה ↕╣╢

↓≤⅜ ╠⅛⌐⌂∫√⁹╕√ │♃כ♦─ ⌂≥─ ⅜▪fi⸗♬▪ ╩

↕∑╢≤™℮ ╙ ⇔√⁹↓╣╠─ │ ╕≢ ↄ ↕╣≡↓⌂⅛∫√

⌐⅔↑╢ ⅜ ה ⌐ ⌐ ↄ≤™℮

⇔™ⱷ◌♬☼ⱶ─ ╩ ⌐⇔ ⌐⅔↑╢ ─ ╩ ⅎ╢ ≢

⌂ ≤⌂╢⁹√∞ │◘fiⱪꜞfi◓╩ ℮ ╛ ≢ ╘≡ ⌐

∆╢↓≤⅛╠ 2 3 ─♃כ♦─ ≢│ ⌐│ ╠⌂™⁹ ╙ ⅝ ⅝

╩ ∆╢↓≤⅜ ≤⌂╢⁹ 

 

 

(3)-2  ⌐⅔↑╢ Ɽ♃כfi─  

 

(3)-2  

╩ ℮≤ ╛ ⌐ ∆╢ ⅜ ─ ⌐ ∆╢⁹∕╣╠

─ ╩ ∆╢≤ ─ ⅜ ∆╢⁹ ─ ╩ ╖∏⌐ ─╖╩ ™ ↑√

♠◔│ ™∏╣ ─ ╛ ─ ≤™℮ ≢ ℮↓≤⌐⌂╢⁹╕√

─ ╩ ⇔ↄ ↕∑≡⇔╕℮≤ ╩ ↑√╕╕∕─ ╩ ↕∑╢↓≤

│ ⌐ ⇔™⁹ ╩ ⇔√ ─ ה ⌐│ ⌂≥ ─ ╩

⌂ ⌐ ⇔ ─ ╩ ∆╢ ╡ ╖⅜ ≤⌂╢⁹ 

≢│ ─ ⌐╖№∫√ ≢ ╩ ℮ ⅜№╢≤™℮ ⅜ ╕∫≡

⅝≡™╢⅜ ∕─ ≢ ≥─╟℮⌐ ≤ ─Ᵽꜝfi☻╩≤╢⅛≤™℮ ™⌐

∆╢ ⌂ ה │╒≤╪≥⌂™⁹ ⌐ ┼─ ─ ╩ ∆≤⌂

╣┌ ∕╣│ ⌐ ─ ≤™℮ ╩ ╦∑╢↓≤╩

∆╢⁹ ⌐ ∆╢№╕╡ ⌐↓╣╩ ∆╢↓≤│ ─ ≤ ∆╢

↓≤⌐⌂╢⁹₈ ⌂ ₉⌐│ ┼─ ≤ ⌐ ≤⇔≡─

╩ →⌂™ ≤™℮ ≈─ ⅜ ≢№╢↓≤⅜ ╘╠╣╢⁹ 

∕↓≢ √⌂ ≤⇔≡ ⅎ≡™╢↓≤⅜ ─ ⌂ ≤ ⌐╟╢ ⌂╢

─ ≢№╢⁹ ╩ ↑╢ │ ┼─ ⅜ ∆╢↓≤│ ↑╠╣⌂

™⁹╕∫√ↄ ⅜⌂™ ─ ╩ ╘╢─≢│⌂ↄ ─ ⌐ ─≢⌂™

⌐ √⌂ ╩⅔╟╓↕⌂™ ≤™℮ ≢ ─ ה ⌐ ╘╢≤™℮ ╩

⌐ ╩ ∆╢ ╩ ה ∆═⅝≢│⌂™⅛≤™℮↓≤≢№╢⁹∕─ ─

≈≤⇔≡ ─ ⌐╟∫≡ ╩ ↕∑╢↓≤⅜ ⅎ╠╣╢⁹ ─ ⌐╟∫

≡ ╩ ↑╢ ╩ →╣┌ ╩ ⌐ ∑∏⌐ ┼─ №√╡─

⅜ ∆╢│∏≢№╢⁹√∞ │ ≢ ╘╠╣√ ⌐⇔⅛ ≢⅝⌂™√

╘ ─ │ ⌐ ╠╣╢ 18⁹↓─ ≢─ ─ ╩ ∆╢⌐│
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╩ ∫≡™╢ ─ ⌐ ─ ∆⌂╦∟ ─ ⅜ ⌂™

⅜ ≤⌂╢⁹ 

 

 

18 ─▬ⱷכ☺  

 

≢│ ─ ⌂ ה ⌐╟╢ ─ ⌐ ⌂ ╩ ╢√╘

₈ ⌐⅔↑╢ Ɽ♃כfi─ ₉╩ ≤⇔≡ ⇔√⁹↓─ ≢│

₈a. ─ ─⸗♬♃ꜞfi◓₉≤₈b. ─ ≤∕─ ─

─ ⌐⅔↑╢ ꜠ⱬꜟ─ ₉≤™℮ ╩ ה ⇔√⁹₈a. 

─ ─⸗♬♃ꜞfi◓₉≢│ ╕∏ ─ ⌐≈™≡⸗♬♃ꜞfi◓╩ ⇔√

⌐≈™≡ ∆╢⁹ ™≢₈b. ─ ≤∕─ ─ ─ ⌐

⅔↑╢ ꜠ⱬꜟ─ ₉⌐⅔™≡ ─ ─ ─ ⌐≈™≡ ⇔

√⁹↓╣╠⌐≈™≡ ∆╢⁹ 

 

(3)-2   

a. ─ ─⸗♬♃ꜞfi◓ 

─ ⅜ ∆╢ ─ ⌐⅔™≡

ה ╩ ⇔√ 19⁹ ─ ⱴ♄▬─ ╩ ⇔≡™╢ ⌐ RS

14.0 m╩ ↑√ 20⁹↓─ ⌐⅔™≡ ─ ⅔╟┘ ╩ 2014

4 ⅛╠201610╕≢─ ⌐1 3 ─ ≢ ⇔√⁹ 

 

         

19         20 ─  

ș ǋǭȉȏǋ ᶪ

К Ḣ

Ӕ

1 km

ᴇ ῇ

ẞ

Ӕ

ɜȾȢѦ

40 m

RSBL



◦☻♥ⱶ─  

─ ≤ ה ה  

141 

 

╩◄◒ⱴfiⱣכ☺ 15 cm Ĭ 15 cm ↕™√╕ ≢

⇔ ⇔√ ─ ↕ 0 1 cm) ╩ ⌐ ⇔√⁹ ─ │ AVSAcid 

Volatile Sulfide⅔╟┘CODChemical Oxygen Demand⌐≈™≡ ∫√⁹AVS╩

≢ COD╩▪ꜟ◌ꜞ ⱴfi●fi ◌ꜞ►ⱶ ≢∕╣∙╣ ⇔√⁹ 

⇔√ ⇔√ ≢│™∏╣⅛ ─ ─ ╩CHN

 JM10☺▼▬ה◘▬◄fi☻הꜝⱲ ⌐╟╢ ⅔╟┘ ─ ⌐

⇔√⁹ 

╩ ⇔√ ┼─ ╩ ─ ╩ ⌐ ↔≤─ ≤⇔≡

⇔√⁹ │ ₈ ₉┼─ ≤⇔≡ ╩ ⇔≡™╢ ∕─╙─┼─

╩ ⇔ ₈ ה ─ ₉≤⇔≡ ┼─ ≤ ⌐

↕╣≡™╢ ┼─ ╩ ⇔ ╦∑√╙─

╩∕╣∙╣ ⇔√⁹ 

 

b. ─ ≤∕─ ─ ─ ⌐⅔↑╢ ꜠ⱬꜟ─  

20164 ⅛╠10─ ה ≢│ RS⅛╠40 m ╣√ ─ ה

⌂⇔ ⌐╙ BL 13.3 m╩ ↑√ 20⁹ BL⅔╟┘RS⌐⅔™≡

─ ⅔╟┘ ╩ 2 ⌐ ─ ≢ ⇔√⁹ ─ ⅔╟┘

│ ─ a. ─ ─⸗♬♃ꜞfi◓ ≢ ⇔√⁹ 

─ ⌐ ⅎ ─ ╩ 8 ⅔╟┘ 9 ⌐ 2 ⌐ ─ ≢

⇔√⁹RS⅔╟┘BL⌐⅔™≡ ─☿♦▫ⱷfi♩♩ꜝ♇ⱪ 9 cm ↕25 cm

╩ 1 m⌐ ⇔ ⅛╠24 ⌐☿♦▫ⱷfi♩♩ꜝ♇ⱪ╩ ⇔√⁹ 

⇔√ ⅔╟┘ ─ ⌐≈™≡ ⅔╟┘ ╩ ⇔√⁹

│ a. ─ ─⸗♬♃ꜞfi◓) ─ ≢ ∫√⁹ 

─ ─ DO Dissolved OxygenSal⅔╟┘◒꜡꜡ⱨ▫ꜟ

a Chl-a ╩ AAQ-175JFE▪♪Ᵽfi♥♇◒ ╩ ™≡

⇔√⁹ 

 

(3)-2  ≤  

a. ─ ─⸗♬♃ꜞfi◓ 

AVS─ ─ ╩ 21⌐ ⇔√⁹ ↔≤─ ≢ ⇔√AVS│ ⌐ ↄ ⌐ ™≤

™℮ ⌂ ╩ ⇔√⁹↓╣│ ⇔√201415⅔╟┘16─™∏╣⌐⅔™≡

╙ ⇔≡™√⁹ ─ ╩ ╘╢≤ 201415⅔╟┘16⌐⅔™≡∕╣∙╣

0.200.24⅔╟┘0.29 mg/gdry sediment≤⌂∫≡⅔╡ 2014─ ⅜ ─2 ╟╡ ™

⅜№∫√⁹ 
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21 AVS─  

20141 3 20163 11  ⁹⇔⌂♃כ♦│12┘╟⅔

─ ↔≤─ ╩ ⇔ⱪ꜡♇♩⇔√⁹ 

 

COD─ ─ ╩ 22⌐ ⇔√⁹ ↔≤─ ≢ ⇔√COD─ │ AVS≤│

⌂╡ ⌂ ╩ ↕⌂⅛∫√⁹ ─ ╩ ╘╢≤ 2014 15 ⅔╟┘ 16

⌐⅔™≡∕╣∙╣ 10.9014.04⅔╟┘12.79 mg/gdry sediment≤⌂∫≡⅔╡ AVS

2014─ ⅜ ─2 ╟╡ ↄ⌂╢ ⅜№∫√⁹ 

 

 

22 COD─  

20141 3 20163 11  ⁹⇔⌂♃כ♦│12┘╟⅔

─ ↔≤─ ╩ ⇔ⱪ꜡♇♩⇔√⁹ 

 

AVS≤COD─ ╩ 1⌐ ⇔√⁹ ⇔√3 ─ ╩╕≤╘≡ ⇔√ ≢│

│ 0.31≢№╡ ⌂ ≢│⌂⅛∫√⁹ ↔≤⌐ ⌐ ⇔√ ≢│

│0.240.56─ ⌐№╡ ™∏╣╙ ⌂ ≢│⌂⅛∫√⁹ 
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1 ≤ ─  

│ ⌂ ╩ │ ≤ ─ ─ ╩ ∆⁹a, 3─♦כ♃╩ ≡ ; b, 2014─♦כ♃─

╖╩ ; c, 2015─♦כ♃─╖╩ ; d, 2016─♦כ♃─╖╩ ⁹ 

  

  

 

┼─ ─ ╩ 23⌐ ⇔√⁹ ┼─ │ ⌐ ⇔

⅛╠ ⌐⅛↑≡ ╩ ⇔≡™√⁹↓─ │ ⇔√ 3 ⌐ ⇔≡™√⁹

20159 ⅛╠20163 ─ │ ⌐ ⅜ ≤⌂∫≡™√√╘ │ ╦╣

≡™⌂⅛∫√⁹20164 ⅔╟┘5 ─ ⅜ ╟╡ ⇔≡ ⅛∫√ │ ↔≤

─ ⌐ ⅝⌂ ™│⌂⅛∫√⁹ 

 

 

23 ┼─  

20159 20163 ─ │ ⌐ ⅜ ↕╣≡⅔╠∏ 0⁹ 

 

ה ─ ─ ⌐≈™≡╙ ⇔∕─ ╩ 24⌐ ⇔√⁹ ⌐

⅜ ⅎ╢ │ ≤ ∂≢№∫√⁹ ─ │ 2014⅔╟┘15≢│

™ ⅜ ↕╣≡™√⁹2016│ ⌐│ ≢№∫√⁹ 

 

a. 3 COD AVS

COD 1.00 0.31 -0.07 -0.12

AVS 0.31 1.00 -0.03 0.34

-0.07 -0.03 1.00 0.63

-0.12 0.34 0.63 1.00

b. 2014 COD AVS

COD 1.00 0.51 -0.73 -0.25

AVS 0.51 1.00 -0.31 0.17

-0.73 -0.31 1.00 0.65

-0.25 0.17 0.65 1.00

c. 2015 COD AVS

COD 1.00 0.24 0.29 0.49

AVS 0.24 1.00 -0.36 0.67

0.29 -0.36 1.00 -0.14

0.49 0.67 -0.14 1.00

d. 2016 COD AVS

COD 1.00 0.56 0.21 -0.07

AVS 0.56 1.00 0.41 0.39

0.21 0.41 1.00 0.94

-0.07 0.39 0.94 1.00

0

500

1000

1500

2000

2500

3000

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

2014 2015 2016

( 
k
g

/
) 



◦☻♥ⱶ─  

─ ≤ ה ה  

144 

 

 

ה 24 ─  

 

≤ ─ ╩ 1⌐ ⇔√⁹ ⇔√ 3 ─ ╩╕≤╘≡ ⇔√ ≢

│ │-0.120.34─ ⌐№╡ ≤ ─ ⌐ ⌂ │╖╠╣⌂⅛∫

√⁹ ↔≤⌐ ⌐ ⇔√ ≢│ 2015─AVS≤ ה ─ ─ ⌐

⌂ ─ 0.67test of no correlation, P < 0.05⅜╖╠╣√⁹ 

⅔╟┘C/N─ ╩ 25⌐ ⇔√⁹ ─ │ ⌐

ↄ ⌐ ™ ╩ ⇔√⁹2014─ ─ │ ─ 2 ─ ╟╡╙ ↄ⌂╢ ╩ ⇔

√⁹ │ ≤ ─ ╩⇔≡™√⁹C/N│⅔⅔╟∕7 ⌐№╡

╩ ∂≡ ⅝⌂ ╩ ↕⌂⅛∫√⁹ ↔≤─ ⌐ ⌂ ™╙⌂⅛∫√⁹ 

 

 

25 ─ ⅔╟┘C/N 

a, ; b, ; c, C/N 
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─ ─ ⅔╟┘DO─ ╩ 26⌐ ⇔√⁹ ─DO│6 ⅛╠9

╕≢ ™ ╩ ⇔ 10 ⇔≡™√⁹5 mg/L╩ ╢↓≤│╒≤╪≥⌂⅛∫√⁹2015

─ ─ ⅜ ─2 ╟╡ ™ ⅜№∫√ ⅔╟┘DO─ ⌐ ↔≤─

⌂ ™│╖╠╣⌂⅛∫√⁹ 

 

 

ה 26 ─  

─ ↔≤ ╩ⱪ꜡♇♩⁹a, ; b, DO⁹ 

 

AVS≤COD│≤╙⌐ ─ ─ ╩ ∆ ≤ ⅎ╠╣≡™╢⅜ ─

≢│ ─ ⅜ ⌂∫≡™√⁹AVS⅜ ⌂ ╩ ⌐ ⇔√ 21─⌐ ⇔

≡COD≢│ ꜠ⱬꜟ≢─ ╩ ↕⌂⅛∫√ 22⁹√∞ ꜠ⱬꜟ≢─ ─

⌐≈™≡│ AVS⅔╟┘COD─≥∟╠╙2014─ ⅜ ─2 ╟╡╙ ↄ⌂╢≤™℮

≢ ⇔≡™√ 21≤22⁹AVS≤COD─ ⌐│0.5 ─ 2014⅔╟┘

16 ⅜№∫√⅜2015⌐│0.25≤ ⅛∫√ 1⁹↓╣╠─ │ AVS≤COD│≥

∟╠╙ ⌐⅔↑╢ ─ ╩ ∆ ≢№╢↓≤│ ™⌂™⅜ AVS─ ⅜

COD╟╡╙╟╡ ⅛™ ╩ ⌐ ↕∑╢≤™℮ ╩ ⇔≡™╢⁹ ─AVS│

⌐╟∫≡ ⇔√ ⅜ ↕╣╢ ⌐⅔™≡ ⌐ ≤⌂∫√

≢ ─ ⌐ ∂≡ ⅜ ↕╣╢↓≤≢ ⅜ ∆╢⁹↓─ ⌐

─ ™ │∕─ ╙ ⇔ ↑COD≤⇔≡ ↕╣≡™╢─≢│⌂™⅛≤ ↕

╣╢⁹AVS≤ ≤─ │ COD─∕╣╟╡╙ ™ ⅜ ╠╣╢ ⅜ ⅛∫

√ 1⁹COD⌐│ ─ ™ ⅜ ╘╢ ⅜ ™─∞≤∆╣┌

꜠ⱬꜟ ≢─ ─ ⌐│ ╩ ∆⅜ ─ ™ñ ⌂ ╛ ò─

⌐│№╕╡ ⅜ ↄ⌂™ ≤™℮ ⌂─⅛╙⇔╣⌂™⁹ 

─C/N│ ⇔√ ─ ™ ╛ ─ ⌐ ╦╠∏╒╓ ≢№∫√⁹

≢╙ ╣√⅜ ⌐ ∆╢ ─ ╩ ↄ ╗ ⌐≈™≡│ ╛⅛⌐

↕╣≡⅔╡ ⌐│№╕╡ ⇔≡™⌂™─⅛╙⇔╣⌂™⁹∕℮≢№╣┌

⇔√ │ ⌐√™⇔≡ ─№╢ ≢ ↕╣≡™╢≤

ⅎ╢─⅛╙⇔╣⌂™⁹ 
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b. ─ ≤∕─ ─ ─ ⌐⅔↑╢ ꜠ⱬꜟ─  

⌐⅔↑╢ AVS⅔╟┘COD─ ╩ 27⌐ ⇔√⁹RS⌐⅔↑╢AVS│ BL

─∕╣╟╡╙ ™ ≢ ⇔√⁹ ⌐⅔↑╢ AVS─ │ ⌐ ⌂∫≡™√

Friedman test, P < 0.01⁹RS⅔╟┘BL⌐⅔↑╢AVS─ │∕╣∙╣ 0.34⅔╟┘0.45 

mg/gdry sediment≢№∫√⁹ ⌐⅔↑╢COD─ ⌐│ ⌂ ™│⌂⅛∫

√ Friedman test, P > 0.1⁹COD─ │RS⅔╟┘BL⌐⅔™≡∕╣∙╣13.5⅔╟┘14.4 

mg/gdry sediment≢№∫√⁹ 

 

 

27 RS⅔╟┘BL⌐⅔↑╢AVSהCOD─ 2016  

a, AVS; b, COD 

 

⌐⅔↑╢ ─ ⅔╟┘ ─ ╩ 28⌐ ⇔√⁹RS⅔╟┘BL⌐

⅔↑╢ ⅜∕╣∙╣14.0⅔╟┘14.6 mg/gdry sediment⅜∕╣∙╣

2.0⅔╟┘2.1 mg/gdry sediment≢№∫√⁹↓╣╠─ ⌐≈™≡ ⌐ ⌂ ™│⌂

⅛∫√ ™∏╣╙ Friedman test, P > 0.1⁹ 

 

 

28 ─ ⅔╟┘  

a, ; b, ⁹8 25⅔╟┘9 22│ ⌂⇔⁹ 

 

≢ ↕╣√ ─ ⅔╟┘ ─ ╩ 29⌐ ⇔√⁹RS⅔╟

┘BL⌐⅔™≡ ↕╣√ ─ ─ ⅜∕╣∙╣79.7⅔╟┘59.8 mg/g

dry weight ─ ⅜∕╣∙╣11.5⅔╟┘8.8 mg/gdry weight≢№∫√⁹
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RS≢ ↕╣√ ⌐⅔™≡ ∂ ⌐ BL≢ ↕╣√ ╟╡╙

⅔╟┘ ⅜ ↄ⌂╢ ⅜╖╠╣√ ◘fiⱪꜟ n=2─√╘ ∑∏ ⁹ 

 

 

29 ─ ⅔╟┘  

a, ; b, ⁹9 29│ ⌂⇔⁹ 

 

⌐⅔↑╢ ─ ╩ 30⌐ ⇔√⁹RS≢─ │0.0240.208 mgdry 

weight/trap/day≢№╡ ⌐BL≢│0.0270.138 mgdry weight/trap/day≢№∫√⁹

≥∟╠─ ⌐⅔™≡╙ ─ ↔≤─ ⅜ ⅝⅛∫√⁹ ─ ⅛∫√ ≢│

RS─ ⅜BL─∕╣╟╡╙ ↄ⌂╢ ⅜№∫√⁹ 

 

 

   30 ─  

 

⌐⅔↑╢ ─ ╩ 31⌐ ⇔√⁹ ─ ┼─ ─ │

1358 kg/≢№∫√⁹ │ ⌐ ↄ ⇔≡™√⁹ ─ ⌐

─ ┼─ ╩ ⇔√ ─ │ 2822 kg/≢№∫√⁹ ⌐

│ ⌐ ↄ │ ⇔≡™√⁹☿♦▫ⱷfi♩♩ꜝ♇ⱪ╩ ⇔√ 8 ⅔╟┘ 9

─ ┼─ │ ⇔√ 7⅛ ⌐⅔™≡ ∕╣∙╣ 2 ⅔╟┘ 3 ⌐

⌂⅛∫√⁹ ה ─ ≢╙ 8 ⅔╟┘9 ─ │ ⌐⅔™

≡ ∕╣∙╣4 ⅔╟┘2 ⌐ ⌂™ ≢№∫√⁹ 
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31 ─  

₈ ─╖₉│ RS╩ ⇔≡™╢ ┼─ ╩ ⇔ ₈ ₉│ ╩ ⇔√ 

─ ─ ┼─ ╩ ⇔ ╦∑√ ה ─ ╩ ∆⁹ 

 

─ ─ ╩ 32⌐ ⇔√⁹ RS≤BL⌐⅔↑╢ DO ◒꜡꜡ⱨ▫ꜟa

⌐ ⅝⌂ ™│⌂⅛∫√⁹ ─ │ ≢│ 18.530.0─ ╩

≢│ 18.2~28.2─ ╩ ⇔√⁹ ⌐ ─DO⅜5.79.4 mg/L─ ≢│

3.97.2 mg/L─ ╩ ⇔√⁹◒꜡꜡ⱨ▫ꜟa │ ≢0.116.3 mg/L≢№╡ ≢

│0.24.1 mg/L≢№∫√⁹ │ ≢0.21.0 FTU≢№╡ ≢│0.610.4 FTU≢№

∫√⁹ ⌐ ⅝⌂ ™│⌂ↄ ⌂ ╙ ↕╣⌂⅛∫√⁹ 

 

 

 

32 ─ ─  

a, ; b, DO; c, Chl-a; d, ⁹RS_, RS─ 1m; BL_, BL─ 1m; RS_, RS─ 1m;  

BL_, BL─ 1m╩ ∆⁹ 
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─AVS│╒≤╪≥─ ⌐⅔™≡RS─ ⅜ BL─ ╟╡╙ ™

≢ ⇔≡⅔╡ ⌐⅔↑╢ ─ │ ⌐ ⌂∫≡™√ 27⁹╕√ ↕╣

√ ─ ⅔╟┘ ⅜RS≢BL─╙─╟╡╙ ↄ⌂╢ ⅜╖╠╣√

29⁹↓╣╠─ │ RS≤BL⌐⅔™≡ ─ ⅜ ⌂╢ ╩ ⇔≡™╢⁹

│ ⇔≡™╢ ≤ ╦╣≡™⌂™ ─ ⅜40 m≢№∫√⁹↓─ │ ⌐

─ ─ ≢№╢⅜ 40 m⌐ ╠∏≤╙ ─ ™ ≢

─ ⌂ ⅜ ⇔≡™╢ ⅜№╢⁹╕∞ ─ │ ≢│⌂™⅜ ™

≢ ╩ ⌐ ↕∑≡ ╩ ↕∑╢ ─ │ ⅛╙⇔╣⌂™

≤ ⅎ≡™╢⁹ 

RS╩ ↑√ ≢ ↕╣≡™╢ ⌐│ ⌂ ⅜ ≢№╡ ↕

╣⌂™⁹∕─√╘ ╛ ─ ⅜ ⌐╟∫≡⅛⌂╡ ⇔≡™√ ⅜ ™⁹ ⅎ

≡ ♩ꜝ♇ⱪ╩ ⇔√8 9 │ ⅜ ∆╢ ⌐ ⇔≡⅔╡ ⌐ ⇔

≡ ∆╢ ─ ⅜╟╡ ⇔™ ⅜∕╤∫≡™√⁹ ⅜ ™ ⌐

│RS─ ╙ ⅎ╢ ⅜№∫√↓≤⅛╠ ╟╡ ⌐ ה ⅜ ╦╣╢ ⌐

∆╢↓≤≢ ⌂ ╩ ╠╣╢≤ ↕╣╢⁹↓─ │ ─ ≤⌂∫√⁹ 

 

4  ─ ─  

 

⌐⅔™≡ ─AVS⅜ ─ ─ ≢ ∂ ╩ ╡ ⇔≡™╢ ⅜

⅛∫√⁹ ≤⇔√ ≢│ ⌂╢ ─ │ ⇔≡⅔╠∏ ⌂ ⅜

╦╣≡™╢↓≤⅜ ╦╣√⁹ ─ ⌐⅔™≡ ⌐⸗♬♃ꜞfi◓╩ ↑╢↓≤─

╩ ╘≡ ⇔√≤ ⅎ╢⁹╕√ ⇔≡™╢ ⅛╠40 m≤™℮ ─

≢ ─AVS⅜ ⌐ ╩♃כ♦╢∆ √⁹ ─ ╛ ╙

⇔≡™╢ ⅛╠40 m╣√ ≢│ ∆╢↓≤⅜ ↕╣╢ ╙ √⁹↓╣╠│

─ ─ ╩ ─ ≤⇔≡ ≢⅝╢ ╩ ∆⁹ 

─ ─ ╩ ℮ ⌂≥⅜ ≢⅝╣┌ ─♃כ♦╡╟ ╩ ╘

≡™ↄ↓≤⅜≢⅝╢│∏≢№╢⁹↓╣⌐╟╡ ─ ⌂ ╩∆╢↓≤⌂⇔⌐

─ ╩ ה ∆╢ ─ ⌐≈⌂⅜╢≤ ↕╣╢⁹ 

 

 

(3)-3  ⌐⅔↑╢ ─ ╩ ╢ ─ ≤  

 

(3)-3   

≢│ ⌐⅔↑╢ ╩ ⌐ ∆╢√╘⌐ ⌐

≤⌂╢ ─ ⅔╟┘ ─ ╩ ╠⅛⌐∆╢↓≤╩ ≤⇔√⁹

⌐│ ⌐⅔↑╢ ⸗♦ꜟ─ ╩ ∆⁹ 

⌐⅔↑╢ ⌐╟╢ │ 2 ⌐╟╢⁹∆⌂╦∟ ™╦╝╢

⌂ ⱪꜝfi◒♩fi⅛╠ ⱪꜝfi◒fi♩fi ∕⇔≡ ┼≤ ╣╢

≤ ⱪ≢№╢⁹כꜟ │ⱪכꜟ ≢ ≢⅝⌂ↄ⌂∫√

╩ ⅜ ⇔ ∕─ ╩ ⅜ ⇔ ∕⇔≡ ⱪꜝfi◒♩fi┼≤ ╣
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╢ ≢№╢⁹ ─ⱪכꜟ ≤⌂╢ │ ↓─ ⌐⅔™≡ ─ ⅔╟

┘ ┼─◄Ⱡꜟ◑כ⅔╟┘ ─ ≤™℮ ╩ √⇔≡™╢⁹↓─

│ ⱪꜝfi◒♩fi⌐╟╢ ─ 50% ⌐╙ ∆╢ ╩ ⇔≡™╢↓≤

╙ ╠╣≡™╢⁹∆⌂╦∟ │ ⌐⅔↑╢ ╩ ⇔≡™╢ ≢№╢

≤™ⅎ╢⁹ ╩ ⇔≡ ─ ╩ ╢↓≤│≢⅝⌂™⁹ 

⌐⅔™≡│ ╛ ∑≈ ⌂≥─ ⌐╟∫≡ ⌐ ⅜⅛⅛

∫≡™╢⁹∕─ ⅜ ⌐ ╖∆⅞√ ─ ⌐╟╢ ─

⌂≥⌐╟∫≡ ─ ⅜ ≤⌂╢⁹≥─ ─ ─ ⅜ ⌂─⅛│

∕─ ─ ≈ ⌐╟╢⁹ ─ ─ ⌐ ╕╢ ╩ ℮

╩ ℮↓≤⅜ ╩ ↕∑⌂™↓≤⌐≈⌂⅜╢⁹∕─√╘⌐│ ─ ⌐

≈™≡ ⌐ ∆╢ ⅜№╢⁹ 

─ ─℮∟ ⌐╟╢╙─│ ⌐ ≤╡╦↑ ⅜ ℮⁹

≢│ ⌐╟╢ ╩ ⌐ ∆╢√╘⌐ ─ ⌐

≈™≡ ∆╢↓≤≤⇔√⁹≤╡╦↑ ≢│ ⌐ ⇔≡™╢ ╩ ≤⇔

√⁹ ⌐ ⇔≡™╢ │ ∕─ ╠─ ─√╘⌐ ╛ ╩ ─ ⇔

≡™⌂™ ╟╡╙ ↄ ∆╢⁹ ≢ ⌐ ⇔≡™╢ │ ⌐

╟╢ ╛►▬ꜟ☻⌐╟╢ ╩ ─ ⇔≡™⌂™ ╟╡╙ ↄ ↑╢⁹∆⌂╦∟

╛ ─ ╩ ⇔≡™╢ ─℮∟ ⌐ ⇔≡™╢ ↓

∕⅜∕─ ╩ ╢ ≤≤╠ⅎ╢↓≤⅜≢⅝╢⁹ ⌐│ ≢ ⇔√

╩ ™√ ─ ⸗♦ꜟ─ ╩ ∆⁹ 

⌐ ⇔≡™╢ ╩ ∆╢√╘⌐ Ⱪ꜡⸗♦○◐◦►ꜞ☺fi BrdU╩ ™

√⁹BrdU│ DNA ─ ≢№╢♅Ⱶ☺fi─ ≢№╢⁹BrdU│ ⅜ DNA

╩ ∆╢≤⅝ ∆⌂╦∟ ∆╢≤⅝⌐DNA⌐ ╡ ╕╣╢⁹DNA⌐ ╡ ╕╣√BrdU

│ ⌂ ╩ ™≡ ∆╢↓≤⅜≢⅝╢⁹ ≢│ ⱦכ☼⅜ ↕

╣√ ╩ ™√⁹↓╣⌐╟╡ BrdU≢ ↕╣√ DNA∞↑╩ ╩ ™≡ ╡ ↑

⌐ ⇔≡™╢ ∞↑╩ ∆╢↓≤⅜≢⅝╢⁹BrdU DNA╩ ⇔√─∟

─ ≢№╢ARISAautomated ribosomal intergenic spacer anaysis╩ ™≡

─ ╩ ⇔ ↕╠⌐ 3 PCR≢№╢♦☺♃ꜟPCR≢ ⌂

─ ╩ ⇔√⁹ 

 

(3)-3   

a. ⌐ ∆╢ ─ ─  

⅜ ∆╢ ⌐⅔™≡ ™↑∆⅜ ™

St. ⅔╟┘ ™↑∆─⌂™ St. ─2 ╩ ≤⇔√ 1⁹

1 m⅔╟┘ 1 m─ ╩ 20107 ⅛╠11 20147 ⅛╠20169

╕≢─∕╣∙╣ 2⅛ ⅔⅝⌐ ♬☻◐fi ╩ ™≡ ⇔√⁹ ⌐

╩ ™≡ ◒꜡꜡ⱨ▫ꜟ ⅔╟┘ ╩ ⇔√⁹ ⌐

╩ ∟ ∫√ BrdU 1 ÕM╩ ⇔ ≢3 ⇔√⁹

⌐ 3 Õmⱳꜞ◌כⱲⱠכ♩ⱷfiⱩ꜠fiⱨ▫ꜟ♃כ⅔╟┘ 0.2 Õm☻♥ꜞ═◒

╩כ♃ꜟ▫ⱨ☺♇ꜞ♩כ◌☻ ™≡ ╤ ⇔√⁹ ─ ⌐│ ☻♥ꜞ═◒
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☻╩ ™√⁹☻♥ꜞ═◒☻⅛╠ DNA╩ ⇔ ARISA⌐ ⇔√⁹ARISAⱧכ◒╩OTU

operational tazonomic unit≤⇔√⁹ ⌂Ⱨכ◒─ ╩ ∆╢√╘⌐ ─

◓fi♬כ꜡◒╩ ⌐ ⇔√⁹╕√ Ⱨכ◒ ⌐ ∆╢ Ⱨכ◒ ─ ╩ OTU─

≤⇔≡ ─ ⌐ ™√⁹ ╩♃כ♦ ™≡ ─

⅔╟┘ ╩ ∫√⁹ ≤≤╙⌐ ≢ ╠╣√

⅔╟┘ ≢ ╠╣√ ⅔╟┘ ╩♃כ♦ ╦∑≡ local similarity analysis

lsa╩ ™ ∕─ ╩Cytoscape≢ⱦ☺ꜙ▪ꜟ ⇔ ─ Ɽ♃כfi⌐≈™

≡ ⇔√⁹ 

 

b. Roseobacter clade associated bacteria─  

⌐≈™≡│ a.≤ ∂DNA √∞⇔ 20147 ⅛╠20169

╩ ™√⁹Roseobacter clade associatedRCAbacteria─16S rRNA◖Ⱨכ ─

╩ ∫√⁹ ⌐│ 3 PCR◦☻♥ⱶ≢№╢QuantstudioTM 3D♦☺♃ꜟPCR◦☻

♥ⱶ╩ ™√⁹♦☺♃ꜟPCR≢│ ⇔√DNA ≈└≤≈⌐ ⇔≡PCR ╩ ™ ∕

─ ─ ╩╙∫≡◖Ⱨכ ─ ╩ ℮⁹ⱪ꜡כⱩ☿♇♩≤⇔≡ RCA bacteria

ⱪ꜡כⱩ☿♇♩ RCATQ830R: 5ô-FAM-TGA CAC CAA CAA GTA TAC TTG CTG ACG 

T-MGB-3ôRCA804f: 5ô-TCC ACA CCG TAA ACG ATG AAT-3ôRCA867r: 5ô-CAG GCG GAA 

TGC TTA ATCC-3ô⅔╟┘Bacteriaⱪ꜡כⱩ☿♇♩ TM1389F: 5ô-VIC-CTT GTA CAC ACC 

GCC CGT A-MGB-3ôBACT1369F: 5ô-CGG TGA ATA CGT TCY CGG-3ôPROK1492R: 

5ô-GGW TAC CTT GTT ACG ACT T-3ô╩ ™√⁹BrdU DNA╩ ∆╢ ─DNA

╩ ™≡ ∕╣∙╣≢RCA bacteria─◖Ⱨכ ╩ ⇔√⁹ 

 

(3)-3  ≤  

a. ⌐ ∆╢ ─ ─  

⌐ ⇔≡™╢ ─ │ ⅔╟┘ ↔≤⌐ ⅝ↄ ⇔≡™√⅜

⌂ Ɽ♃כfi│ ╠╣⌂∫√⁹ ╩ ∂≡ OTU S ◦fi

ⱪ♁fi Dô ◦ꜗⱡfi►▫כ♫כ Hô⅔╟┘ Jô│ ∕╣∙╣7 5525.4 Ñ 8.8

Ñ 1.223.922.44 Ñ 0.671.704.283.14 Ñ 0.63∕⇔≡0.430.920.68 

Ñ 0.10≢№∫√ 33⁹ ⅔╟┘ ⌐╟╢ ™⌐│ ⌂ ⅜ ╠╣⌂⅛

∫√ p > 0.1⁹ ™↑∆─St. ≢│ ╛ ⅜№╢⌐╙⅛⅛╦╠∏

⌐ ∆╢ ⌂ │ ╠╣⌂∫√⁹ 
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33  

St. a, c, e, fSt. b, d, f, h│ │  

 

≢ ≤⇔√ │ ≢№╢√╘ ╛ ⌂≥─ ╩ ↑╛∆ↄ

╛ ⌂≥─ ╙№╢⁹↕╠⌐ ─ ─ ≈≤⇔≡ ─ ⇔

╖╙№╢⁹ ≢│ ↓─╟℮⌂ ⌐≈™≡ ⌐ ≢⅝⌂⅛∫√√╘ ⌐

⌐ ╣╢ ⅜№╢⁹ 

⌐│ ⅜ ™ ⅜ ╙ ™⁹ ─ ↕⅜ ─

№╢™│ ⌐ ∆╢ ─ ↕⌐≈⌂⅜╢⁹ ⌐╟∫≡

⅜ ⇔ↄ ↄ⌂╢≤™℮ │ ≢│ ╠╣⌂⅛∫√⁹ ⌐│ ₁⌂

⅜ ╩ ⅎ≡™╢≤ ⅎ╠╣╢⅜ ∕─ ─ ⌐│ ╠⌂⅛∫√⁹ ─ ≤⇔

≡│ ╛ ─ ⅔╟┘ ─ ⇔ ╖─ ⌐ ∆╢↓≤≢№╢⁹∕╣∙

╣─₈ ₉⌐│ ⇔≡™╢ ╙ ⌂╢⁹∕╣╠─ ⅜ ↨╡ ℮

≢│ ≥─╟℮⌂ ⅜ ╕╣≡™╢─⅛ ∕─ ≥─╟℮⌂ ⅜

∂≡™╢─⅛⌐≈™≡ ═╢ ⅜№╢⁹ 

─ ⌐ ⇔≡™╢ ⌐│ ⌂ Ɽ♃כfi⅜ ╠

╣√ 34⁹ ⌐ ⅔╟┘ ≤ ⌐

↑╠╣√⁹↓─↓≤│ ─╟℮⌐ ∂ ⅜ ⇔≡™╢↓≤╩ ∆╢⁹

≢ ⅔╟┘ ⌐╟╢ ™╩ ∆↓≤│≢⅝⌂⅛∫√⁹ 
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34 ─ ≠↑ⱪ꜡♇♩ 

 

⌐⅔™≡╙ ⌐│ ⅜№╢↓≤⅜ ↕╣≡™╢⁹

⌐⅔™≡╙ ─↓≤⅜™ⅎ╢↓≤⅜ ⅛∫√⁹↓─↓≤│ ─ ≈

⌐╟╢ ⌂ ⌐≈™≡│ ∂≢№╢↓≤╩ ∆╢⁹⇔⅛⇔⌂⅜╠

≢ ╠⅛⌐⌂∫√╟℮⌐ ╛ │ ∂ ≢╙ ⅜ ⌂╢

≤ ∕─ ⅜ ⌂╢⁹↓╣│ ⅜∕─ ╩ ∆╢√╘─ ─ ⅜

↕╣╢⁹™╦╝╢ ─ ≤⇔≡ →╠╣╢ ⅔╟┘ꜞfi ⌐≈

™≡│ ≢ ╠⅛⌐⌂∫√╟℮⌐ ⌐│⌂∫≡™⌂™╟℮≢№╢

─C : N : P─ ≤⇔≡ ↄ─ ⅜№╢⅜ ⌐│100 : 20 : 2≤ ╦╣╢ ⁹

⅜ ≢⅝╢ ─ ╙ ≤⇔≡ ⅎ╠╣╢⅜ C N⅔╟┘P ⌐

≤⌂∫≡™╢ ─ ╙ ↕╣╢⁹№╢™│ ⅔╟┘ ⌐

⇔≡│ ⌐ ⇔≡™⌂™ ≈╕╡ │⇔≡™⌂™⅜ ⅝≡™╢ ⌐

╟╢ ⅜№╢≤™℮↓≤╙ ⅎ╠╣╢⁹ ─ ≤⇔≡ ⌐ ⇔≡™╢

∞↑≢⌂ↄ ⅝≡™╢ ─ ╙ ⌐⌂╢⁹ ⅝≡™╢ ─ ⌐│ RNA

╩ ≤⇔√ ⅜ ⅎ╠╣╢⁹ 

≤⇔≡│ ⅜ ╠╣√⅜ ⌐ ∆╢ ⌂

⌐ ∆╢ ╩ ╢√╘⌐local similarity analysis≢ ═√⁹ ╩ ─ ≤

╖ ⅎ ≤ ─№╢ OTU╩ ═√⁹ ╩ ∂≡ ↕╣√OTU │ St

─ ≢155 OTUs⅔╟┘ ≢151 OTUs⌂╠┘⌐St. ─ ≢154 OTUs⅔╟┘

≢137 OTUs≢№∫√⁹↓╣╠─℮∟ ≤─ ⅜╖╠╣√OTU│ St ─

≢70 OTUs↕╣√OTU─45.2%⅔╟┘ ≢77 OTUs51.0%⌂╠┘⌐St. 

─ ≢75 OTUs48.7%⅔╟┘ ≢68 OTUs49.6%≢№∫√ 35; p< 0.05q < 

0.005lsa⁹ ─ ⅜ ≤ ╠⅛─ ⅜№╢↓≤⅜ ↕╣√⁹ 
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35 St. a, b⅔╟┘St. c, d ⌐⅔↑╢ ≤ ≤─Ⱡ♇♩꞉כ◒ 

─ ─ ⅝↕│ ╩ ⇔≡™╢ ⅝™╒≥ ╙ ™ ⁹ 

a, c⅜ b, d⅜  

 

OTU795.5⅜ ⌐⅔™≡ ↕╣≡⅔╡ ╙ ™ ≢№∫√ 35⁹

│ local similarity analysis─ ≢ ─ ≢№╢↓≤⅜ ↕╣≡™╢⁹◒꜡

─◓fi♬כ │Polaribacter⌐ ⌂ ≢№∫√⁹Polaribacter

│ ⌐⅔™≡ ↕╣≡⅔╡ ╩ ≤∆╢ ≢№╢⁹╕√

│Bacteroidetes⌐ ∆╢ ≢№╢⁹ │ ─ ╩ ∆╢ ╩

ↄ ╗ ≢№╢⁹ ⌐╙ Bacteroidetes⌐ ∆╢ ↄ─ ⅜ ↕╣≡™

╢↓≤⅛╠ ─ │ ─ ה ⌂≥─ ≢№╢↓≤⅜

↕╣╢⁹ 
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⌐ ™ ⅜ Rhodobacteraceae⌐ ∆╢ ≢№╢⁹ ⌐ ∆╢ │

ⅎ┌ OTU1051.1⅜№╢⁹ ⌐ ∆╢ │ ⌐⅔™≡ ⌐ ⌐

⇔ ⅛≈ ╩ ⇔≡ ⌐ ⇔≡™╢ ≢№╢↓≤⅜ ↕╣≡™╢⁹↕╠

⌐ ─ ™ │ ╙ ⇔≡™╢ ≢№╢⁹ │

─ ≢№╡ ◄Ⱡꜟ◑כ⅔╟┘ ≤⇔≡ ╩ ∆╢≤≤

╙⌐ ╩╙◄Ⱡꜟ◑כ ≤⇔≡ ∆╢↓≤⅜≢⅝╢ ≢№╢⁹ │ ─

≤ ⌂╡ ╩ ∆╢↓≤⅜≢⅝╢√╘ ↓╣╕≢─ ≤│ ⌂╢ ╩ ╖

⇔≡™╢ ⅜№╢⁹ ⌐⅔↑╢ ╩ ⌐ ∆╢√╘⌐│

─ ╩ ∆╢ ⅜№╢⁹ 

 

b. Roseobacter clade associated bacteria─  

⌐ ⇔≡™╢ ≤∕℮≢⌂™ ╩ ╗∆═≡─ ─16S rRNA

─◖Ⱨכ │ St. ─ ≢101.6 Ñ 76.6 Ĭ 107 copies/L Ñ ⅔╟

┘ ≢65.5 Ñ 35.1 Ĭ 107 copies/L⌂╠┘⌐St.─ ≢103.7 Ñ 76.7 Ĭ 107 copies/L⅔╟

┘ ≢51.4 Ñ 30.4 Ĭ 107 copies/L≢№∫√ 36⁹ ⌐ ⇔≡™╢ ─

16S rRNA─◖Ⱨכ │ St. ─ ≢6.2 Ñ 3.3 Ĭ 107 copies/L⅔╟┘ ≢2.9 Ñ 

1.9 Ĭ 107 copies/L⌂╠┘⌐St.─ ≢6.1 Ñ 5.6 Ĭ 107 copies/L⅔╟┘ ≢1.9 Ñ 2.0 Ĭ 

107 copies/L≢№∫√⁹ ⌐ ∆╢ ⌐ ⇔≡™╢ ─ │ St. ─

≢11.5 Ñ 16.7%⅔╟┘ ≢4.5 Ñ 2.7%⌂╠┘⌐St.─ ≢5.2 Ñ 2.0%⅔╟┘ ≢

4.3 Ñ 4.3%≢№∫√⁹ 

 

 
36 a, b≤ ⌐ ⇔≡™╢ c, d─16S rRNA◖Ⱨכ  

◓ꜝⱨ⅜St. ◓ꜝⱨ⅜St. a, c⅜ b, d⅜  

 

⌐⅔↑╢ ™│╒≤╪≥ ╠╣⌂⅛∫√⅜ ≤ ⇔≡ ─◖Ⱨכ ⅜

™ ⌐№∫√⁹∕─ │ ∞↑≢⌂ↄ ⌐ ⇔≡™╢ ≢╙ ∂≢

№∫√⁹↓─ ⅜ ⌐ ∆╢─⅛│╦⅛╠⌂™⅜ ™ ≢№╢⁹ ⌐
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⇔≡™╢ ⅜ ⇔≡ 10% ≢№∫√⁹ ⌐⅔™≡│ ⌐⅔™≡│

3 ≢│⅔╟∕15~30%⅜ ⌐ ⇔≡™╢↓≤⅜ ↕╣≡™╢⁹↓╣│

≤ ⌐BrdU╩ ™≡™╢⅜ ⌐ ⇔≡™╢ ╩ ╩ ™≡ ⇔≡

™╢≤↓╤⌐ ™⅜№╢⁹ ─16S rRNA─◖Ⱨכ │ ─ ⌐╟∫≡1~15

◖Ⱨכ─ ≢ ⌂╢↓≤⅜ ╠╣≡™╢⁹ ⌐⅔↑╢ ⌐ ⇔≡™╢

─ ─ ↕│ ─ ™╩ ⇔≡™╢─⅛╙⇔╣⌂™⁹∆⌂╦∟ ⌐

⇔≡™╢ ─ ↄ│ 16S rRNA◖Ⱨכ ⅜ ⌂™≤™℮↓≤≢№╢⁹ ⌐

16S rRNA⅜ ™╒≥♃fiⱤ◒ ⌂≥⅜ ⌐ ╗√╘ ⌐ ∆╢╟℮⌐

╦╣╢⁹ ≢ ╠╣√ │ ≤≡╙ ™⁹ ─ ≤⇔≡ ⌐

⇔≡™╢ ─16S rRNA◖Ⱨכ ⌐ ⇔√ ╩ ℮≤ ⌐⅔™≡

⌐ ⇔≡™╢ ⌐ ∆╢ √⌂ ⅜ ╠╣╢⅛╙⇔╣⌂™⁹ 

⌐ ∆╢ Roseobacter clade associatedRCAbacteria─16S rRNA◖Ⱨ

כ ─ │ St. ─ ≢3.4 Ñ 7.1%⅔╟┘ ≢1.9 Ñ 4.1%⌂╠┘⌐St.─

≢3.6 Ñ 7.0%⅔╟┘ ≢2.3 Ñ 4.5%≢№∫√ 3-8⁹ ⌐ ⇔≡™╢

⌐ ∆╢ ⌐ ⇔≡™╢RCA bacteria─16S rRNA◖Ⱨכ ─ │ St. 

─ ≢4.8 Ñ 11.1%⅔╟┘ ≢4.0 Ñ 7.5%⌂╠┘⌐St.─ ≢4.5 Ñ 8.3%⅔╟┘

≢4.3 Ñ 7.4%≢№∫√⁹ 

 

 

37 ⌐ ∆╢ RCA bacteria─ a, b≤ 

⌐ ⇔≡™╢ ⌐ ∆╢ ⌐ ⇔≡™╢ RCA bacteria─ c, d 

◓ꜝⱨ⅜St. ◓ꜝⱨ⅜St. a, c⅜ b, d⅜  

 

⌐⅔↑╢ ™│╒≤╪≥ ╠╣⌂⅛∫√⅜ ╟╡╙ ─ ⅜◖Ⱨכ

⅜ ↄ⌂╢ ⌐№∫√⁹↓╣│ ─ ╩ ⇔≡™╢─⅛╙⇔╣⌂™⁹

⌐ ⌐ ⇔≡™╢ ⌐ ∆╢ ⌐ ⇔≡™╢RCA bacteria─16S rRNA

◖Ⱨכ ─ │ ─ ⌐ ∆╢∕╣╟╡╙ ™ ╩ ⇔≡™╢

41.3%⁹↓╣│ ⌐ ⇔≡™╢ ⅜ √∆ ⌐ ∆╢ RCA bacteria─
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─ ↕╩ ∆╢⁹√∞⇔ ╩ ⇔≡RCA bacteria⅜ ⌐ ⇔≡™╢╦↑≢

│⌂ↄ ⅝╣™⌂ ⅜ ╠╣√⁹∆⌂╦∟ 1 5 ⌐⅛↑≡ ⅔╟┘

⅜ ↄ⌂╢≤™℮↓≤≢№╢⁹ ≤─ ╩ ≡╖√≤↓╤ ─ ⅜

↕╣√ 38⁹ RCA bacteria⅔╟┘ ⌐ ⇔≡™╢RCA bacteria─™∏╣⌐⅔™≡

╙ ⅜ ╠╣√ ∕╣∙╣R2 = 0.511⅔╟┘R2 = 0.632MIC⁹ 

 

 

38 RCA bacteria≤ ─  

 

RCA bacteria│20oC ─ ⌐⅔™≡ ⌐ ⇔ ⅛≈ ⅜ ↄ⌂╢↓

≤⅜ ↕╣√⁹↓─ ⌐RCA bacteria⅜ ∆╢↓≤╩ ⅎ╢≤ ↓─ ─ ╩

∆╢↓≤⅜ ⌐⅔↑╢ ╩ ∆╢↓≤⌐≈⌂⅜╢≤ ↕╣╢⁹∆⌂╦

∟ ↓─RCA bacteria│ ⌐⅔↑╢ ─ ≈≢№╢≤ ⅎ╢⁹ ≢

⌐⅔™≡RCA bacteria╙ ╕╣╢Rhodobacteraceae─ ⌐│ ⌐ ⇔≡™

√╙─╙™√⁹ ≤⇔≡RCA bacteia⌐│↓╣╠─ ⅜ ╕╣≡™⌂™↓≤⅜

ⅎ╠╣╢√╘ ─ⱪ꜡כⱩ╩ ∆╢⌂≥⅜ ≤⇔≡ →╠╣╢⁹ 

 

(3)-3  ─ ─  

 

⌐⅔™≡ ╛ ⌐⅛⅛╦╢ ─℮∟ ─ │

⌐╟∫≡ ↕╣≡™╢↓≤⅜ ╠⅛≤⌂∫√⁹╕√ ∕╣╠─ ─ ⌐

│ ⅜№╡ ─╟℮⌐ ∂╟℮⌂ ⅜ ∆╢↓≤╙ ╠⅛⌐⇔√⁹

≢ ≤─ ⌂ ╩ ∆ │ ⌂⅛∫√⁹↓╣│ ↕╣≡™╢

─ ⌂™꜠▪⌂ ⅜ ⇔≡™╢↓≤⅜ ⅎ╠╣╢⁹

⅜ ≤™℮ ⌐ ⌐ ⇔≡™╢ ⅜№╢⁹ 

⌐⅔↑╢ │ ⅜ ⇔≡™╢⁹∕─ ─ ╩ ∆╢↓≤

⅜ ╩ ∆╢↓≤⌐╙≈⌂⅜╢⁹ ⌐│ ⌂ ╩ ≤⇔√

⌐⅔↑╢ ⸗♦ꜟ─ ⅜ ↕╣╢⁹√∞⇔ ─ ─

⅜ ⌂ ╙ ↄ ↕╣≡™╢⁹ ─ ⅜ ⌐

⇔≡ↄ╢ ⌐⅔↑╢ ⌂ ─ ⱷ◌♬☼ⱶ⅔╟┘∕─

╩ ╠⅛⌐∆╢↓≤⅜ ≢№╢⁹↓╣⅛╠╙ ↓╣╠─ ⌐ ⇔⌂⅜╠

⌐ ╩ ™ ╛ ╩♃כ♦⌐╙≥≥ ⇔≡™ↄ↓≤⅜ ≤⌂╢⁹ 
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ⱴ2כ♥ ◦☻♥ⱶ─  

(4) ─ ≤  

ה ה ה  

ה ה ה ה  ה

  

 

 

  

 

 

─ ⌐│ ╛ ─ ⅜ ∆╢⁹∕╣╠│ ─ ∆

⌂╦∟ ╛ ⌐ ∆╢ ⌐ ⌐╟╡№╢ │ ה ↕╣╢⁹

≤↓╤≢ ─ ⌐│ ─ ⅜ ⌐ ╦╣∏ ⅜ ⇔

⅜ ∆╢⁹∕↓⌐ ⅜ ⌐ ↕╣╢≤ ─ ⅜ ≢№╢⌐╙⅛⅛

╦╠∏ ─ ⌐╟╢ ה ─ ≢ ⅜ ⅎ╢√╘ ≢│

⅜ ∂╢⁹∆╢≤ ─ ⌂≥─ ⌐╟╡ ה ⌂≥─

⅜ ⅜╡ ╘ ∕╣╠╩ ≤⇔≡ ≢№╢ ⅜ ╩ ∆

╢ ⌂ ⅜ ⇔ ∕↓⌐ │ ╗ ⅜≢⅝⌂ↄ⌂╢⁹ ⌂

╩ ∆ ↓─ ─ ╩ ה ∆╢↓≤│ ⌂ ─√╘⌐╙

≢№╢⁹ 

∕↓≢ ≢│ ≢№╢ ╩ ™ ─ ⅛╠─ ─

╩╘↨⇔√⁹╕√ ─ ≢№╢ ─ ⅜ ⌐╟∫≡

↕╣≡™╢ ⌐ ⇔ ─ ╩ ─ ─ ≤⇔≡

⅛ ⅛╩ ∆╢√╘ ∕─ ╩ ╢↓≤╙ ─ ≤⇔√⁹ 

 

 

(4)-1  ≤ ─ ⌐╟╢ ▬○fi ─ ⱷ♅꜠fiⱩꜟכ  

 

(4)-1   

╩ ⌐ ∆╢↓≤╩ ⌐⅔⅝ ─ ╩ ╠⅛⌐∆╢≤≤╙⌐

┼─ ─ ≤⇔≡ ─╙≈ ⌐╟╢ ─ ╩ ⇔

√⁹ 

 

(4)-1   

─  

╟╡ ↕╣√Ⱬ♪꜡╩ ⇔√⁹ ⇔√Ⱬ♪

꜡│ ≢ ↕╣≡™╢◒꜡ⱴ◓꜡ ─Ⱬ♪꜡≤ ≢ ↕╣≡™

╢ⱴ♄▬ ─Ⱬ♪꜡≢№╢⁹ ♃fiⱤ◒ ꜟכ♄ꜟ◔│ │

│ ╩ ™√⁹ 
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Ⱬ♪꜡│ⱴ◓꜡≤ⱴ♄▬ ─╙─╩ ™ ⌐ ╣╢ ─ ╦╡⌐ 2% NaCl

╩ ™√⁹ │ⱴꜟ◌꞉╖∕─ ─ ≤ ─

─ ─ ─7 ™√⁹ 

 

≤ ─  

≤Ⱬ♪꜡─ ⌐⅔↑╢ ─ ╩0₩4 ≢ ⇔√⁹ ≤Ⱬ♪꜡─

╩1 1011─2Ɽ♃כfi⌐ ↑≡Ᵽ▬▪ꜟ ⌐ ╣ 2% NaCl╩ ─10 ╣

╩25⌐ ∟ ≢0₩4 ⇔√⁹1 ↔≤⌐Ᵽ▬▪ꜟ ╩2000 rpm Ĭ 20

0.45 Õmⱨ▫ꜟ♃כ≢╤ ⇔√⁹╤ ─ ▬○fi ╩ ⌐⇔√

⅜™ⱷ♅꜠fiⱩꜟכ ⌐╟╡ ⇔√⁹ 

 

─  

≤ ≤╩2% NaCl≢ ⇔√ ⇔≡ ╠╣√ 5 ɛl╩

SEM ⌐ ⇔ ↕╠⌐1% ╩5 ɛl ⅎ≡ ▬○fi╩

≤⇔≡ ↕∑√⁹ ╩ 65≢ ⌐ ╣ ↕∑√ SEM⌐╟╡

╩ ∫√⁹ 

 

(4)-1  ≤  

─ ─ 2 ─Ⱬ♪꜡│™∏╣╙ ≤ ∞↑≢98% ╩ ╘

≤ ╦╣╢ │1% ⌐≤≥╕∫√⁹ │ ⅜ ≤ ╦╣╢√╘ Ⱬ♪꜡∕─╙

─╩ ⌂≥─ ⌐ ↕∑╢⌐│ ≢№╡ ∕╣╟╡╙ ∕─╙─╩ ⌂╙

─⌐∆╢↓≤⅜ ≢№╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

▬○fi ─ ⌐⅔™≡│ ─ ⅜ ⅝ↄ ⇔√ ⅜ ╠╣⌂⅛∫

√⅜ 0 ≤ 4 ≢ ∆╢≤ ╟╡╙ ▬○fi

⅜ ⅜∫√╙─│ ™∏╣─ ↑ ─ ≢╙ ≤ ─

1 1 ≢№∫√⁹≈╕╡ №╢ ─ ≢╙ ⌐ ⅜ ™ ▬○fi─

╩ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

 

1 ─SEM  

 

─SEM
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SEM⌐╟╡ ↕╣√ ╩ 1 ∆⁹2% NaCl⌐╟╢ ─√╘

↕╣╢ │ ⅜NaCl≢№╢≤ ╦╣√⁹ ⌐ ↓─ ⌐ ╕╣╢

╩ 2⌐ ∆⁹ 1⅛╠─ ╡ ─Na≤Cl⅜ ╘╠╣√⁹ ≤∆╢

╙ ╘╠╣√⁹ ▬○fi╩ ↕∑╢√╘⌐ ╩ ∫√√╘ ▬○

fi⌐ ╕╣╢ ╙ ╘≡ ⇔≡⅔╡ ↓╣⅜∆═≡ ▬○fi ≢№╢≤│

™ⅎ⌂™⅜ ↓─ ⌐╟╡ ⌐ ─ ▬○fi⅜ ≢⅝╢↓≤⅜ ╠⅛≤⌂∫

√⁹ 

 

 

2 ─  

 

≤∆╢◘fiⱪꜟ ⅜ ⌂™↓≤╙№╡ ↓↓⅛╠│ ▬○fi ╩↓─ ⌐

╟╡ ⇔≡™ↄ↓≤≤⇔√⁹ 

 

 

(4)-2  ─ ⌐╟╢ ─ ▬○fi ─ SEM⌐╟╢  

 

(4)-2   

ⱷ♅꜠fiⱩꜟכ ╩ ™√ ─ ⅜ ⌐ ⌂↓≤ ⅔╟┘ SEM ⌐╟╢

⅜ ⅛≈ ⇔≡™╢↓≤⅛╠ SEM ╩ ™≡─ ─ ╩ ∫

√⁹ 

(4)-2   

≤ ─  

╩ ™╢≤ ─ ⅜ ₁⌐ ⇔≡™ↄ ⅜ ╠╣ ≤

⇔≡ ≢№╢↓≤⅜↓╣╕≢⌐ ╠⅛≤⌂∫≡™√⁹∕↓≢ ⇔√ ─

╩ ╢√╘ ⌐ ⇔√ ╩ ⌐ ™╢↓≤≤⇔√⁹╕∏ ⌐

╩10 g╒≥ ╣ ●ꜝ☻ ╩≈↑√◗ⱶ ╩∆╢⁹↕╠⌐ ─

╩ ⱨꜝ☻◖⌐™╣ ↓∟╠╙●ꜝ☻ ─≈↑√◗ⱶ ╩∆╢⁹↓─≤⅝●ꜝ☻

⅜ ⌐ ╢╟℮⌐∆╢⁹↓─ ≈─●ꜝ☻ ╩◗ⱶ ≢≈⌂™≢⅛╠ ╩●

☻Ᵽכ♫כ≢ ⇔ ╩ ↕∑ ⱨꜝ☻◖ ─ ┼ ∆╢⁹ ─

≤⇔≡│ ≥∟╠⅛─◗ⱶ ⅜ ┘ ↑√ ≤⇔√⁹↓─╟℮⌐ ⇔√ ⌐

╩ ⅎ≡ 1 ≤ ⌐ ⇔√⁹ 

 

─
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SEM⌐╟╢ ─ ▬○fi ─  

─ Ᵽ▬▪ꜟ ╩26 3000 rpm15ה ─ ≢ ⇔

╛ ╩ ↕∑ ╖╩5 ml⇔ ─Ᵽ▬▪ꜟ ⌐ ╣√⁹∕↓⌐1% 3 ml╩

ⅎ ╩ ↕∑√⁹ 1 ≢│ ╩ ™√√╘ ▬○fi ─ ⅜ ⇔

─ ⅜ ≢№∫√⁹∕↓≢ ≤⇔≡ ↕∑╢↓≤≢∕─ ╩ ⇔

√⁹ ╩ ↕∑√Ᵽ▬▪ꜟ ╩ ⇔ ╖╩ ≡√⁹ ─╖≤⌂∫√

≤↓╤⌐ 5 ml╩ ⅎ ⇔ ┘ ⇔≡ ╖╩ ≡√⁹↓─ ╩

╦⌂™≤ ⌂ ⅜ ╩ ℮√╘ ─ ⅜ ≢⅝⌂™↓≤╩

⌐⅔™≡ ╠⅛⌐⇔√⁹ ⌐ 2 ml╩ ⅎ≡ ⇔≡ ─

≈ↄ╡╩ ⅜ ╠⌂™╟℮⌐Ᵽ▬▪ꜟ ╩ ╡ −⌂⅜╠ⱴ▬◒꜡◦ꜞfi☺≢2.5 ɛl

╡ SEM ♩כ◦Ⱳfiכ◌─ ⌐ ⇔√⁹↓╣╩ ↕∑≡⅛╠SEM≢

⇔ ─ ⌐ ∆╢ ─ ╩ ⇔√⁹ │50≤⇔

⅜ ⌐ ╢╟℮⌂ ⌐ ⇔√⁹ 

 

(4)-2   ≤  

3⌐1 ─ Ᵽ▬▪ꜟ ─ ╩ ∆⁹ ─ ≢│ ─ ⌐

╟╡ ↄ─ ⅜ ∆╢√╘ ⅜ ↄ ≠™≡™╢⅜ ─ ⅜ ∆╢

≢│ ≢│⌂ↄ ─ ⅜ ∂≡™╢⁹╕√↓─ ≢ ─

│╒≤╪≥ ∂╠╣∏ ⌐ ┌⇔™ ™⅜ ∂╠╣√⁹↕╠⌐ ⅜ ∆╢≤

⌐ ╖─ ╙ ↄ⌂∫≡™∫√⁹ 

 

 

3 ⌐╟╢ ─  

 

4⌐ ─ ─ ╩ ∆⁹ ⌐ ╩ ⅎ√ ≢│

1 ≢ ⅜ 1┌╣№≢ꜟכ◔☻─↓╡╕≈⁹√∫⌂≥

⌐ ─ ▬○fi╩ ≢⅝╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

⌐╟╢ ─
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4 ⌐╟╢ ▬○fi─ 4  

─╖⅛╠⌂╢ ⌐⅔™≡╙ 2 ≢ ⅜ ⌐ ⇔

3 ≢╛│╡ ≤⌂∫√⁹↓─ ≤⇔≡ ─ ≢│ ⇔√Ᵽ▬▪

ꜟ ─ ⌐10 ml─ ⅜ ∂≡⅔╡ 3 ↓─ ⌐ ∆╢ ⌐╟╡

▬○fi⅜ ↕╣╢↓≤≢ ⅛╠ ╦╣√≤ ⅎ╠╣√⁹ 

↓─ ╩ ↑ ─ ╩ ⅎ⌂™╟℮⌐⇔⌂⅜╠Ᵽ▬▪ꜟ ╩╒╓ √⇔

╩ ⌂ↄ⇔√≤↓╤ ⌐⅔↑╢ ─ │⌂ↄ⌂∫√⁹╟∫≡ ↓↓⅛╠│

─ ╩ ⌂ↄ∆ ≢ ╩ ∫√⁹ 

─ ▬○fi⅜1 ⌐ ⇔√─≢ ─ ╩ ∫√≤↓╤

4 ≢ ≤─ ⌐ ⅜ ∂√ 5⁹↓─ ╟╡ ⌐╟╢

▬○fi─ │⅛⌂╡ ™↓≤⅜ ╠⅛≤⌂∫√⁹↓─ ≢│≥─╟℮⌂ ≢

▬○fi⅜ ⇔√─⅛│ ≢№╢⅜ ⅜╒≤╪≥⌂ↄ ⅜⅝╦╘≡

⌂™ ≢№╢↓≤╩ ∆╢≤ ↓─ │ ⌐╟╢ ╡ ╖⅛ ┼─

⅜ ≤⇔≡ →╠╣╢⁹™∏╣─ ╙ ⅜ ∆╢↓≤≢ ╡ ╖ ⅜ №

╢™│ ─ ⅜ ∆╢↓≤⌐╟╡ ▬○fi ╩ ↕∑√≤ ⅎ╠╣╢⁹ 

 

 

5 ⌐╟╢ ▬○fi─ 5  

 

─ ⅛╠ ↓─ ⌐╟╢ ▬○fi ─√╘─ │1

≤∆╢↓≤⌐ ⇔√⁹ 

⌐ ≤ ─ ▬○fi ╩ ⇔√ 6⁹∕─ ⌐╙

⌂ ▬○fi─ ⅜ ╘╠╣√⅜ ∕╣│ ╒≥ ™╙─≢│⌂⅛∫√⁹ 

 

⌐╟╢ ▬○fi─
4

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 1 2 3 4

Week

╡

⌐╟╢ ▬○fi─
5

0

1

2

3

4

5

6

0 1 2 3 4 5

day

╡
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6 ≤ ⌐╟╢ ▬○fi ─  

 

∕↓≢ ─ ≢№╢ ─ ⌐╟╢ ▬○fi ─ ╩ ⅛╘╢√╘

╩ ™≡ ─ ╩ ∫√ 7⁹∕─ ≤ ⌐│ ↄ

⅜⌂™↓≤⅜ ╠⅛≤⌂∫√⁹ ⌐╟╢ ▬○fi─ │ ╟╡╙ ╣╢

↓≤⅛╠ ─ ╩ ⌐│ ≢⅝⌂™⅜ ∕╣│№ↄ╕≢╙ ≤─

⌐╟╢╙─≢№╢≤ ╦╣√⁹╕√ ≤ ≤─ ≢─ ─ ™╙ ↕╣╢√╘

∕╣∙╣─ ╩ ה ⇔ ⌐╟╢ ▬○fi─ ─ ⅜ ─

≤⌂∫√⁹↓─ ⌐ ⌂ ⅜ ╠╣╣┌ ∕─ ╩ ™√Ᵽ▬○ⱨ▫ꜟ♃כ⌂

≥─ ╙ ⌐⌂╢≤ ╦╣╢⁹ 

 

 

7 ≤ ⌐╟╢ ▬○fi ─  

 

 

(4)-3  ≢─ ⌐╟╢ ▬○fi─  

 

(4)-3   

↓╣╕≢─ ⌐ ™√ │∆═≡ ╩ ™√⅜ ∕─ │ ╩ ⌂⅛⅞

╡◦fiⱪꜟ⌂╙─⌐∆╢√╘≢№∫√⁹⇔⅛⇔⌂⅜╠ │ ⌐╙ ↄ№╢√╘

─ ─ ⌐≈™≡╙ ∆╢ ⅜№╢⁹∕↓≢ ↓╣╕≢⌐ ⇔√

─ ╩∆═≡ ⌐ ⅝ ⅎ≡ ⇔√⁹ 

 

≤ ⌐╟╢ ▬○fi
─

0

0.5

1

1.5

2

2.5

0 1

Week

╡

╡

⌐╟╢ ▬○fi─
5

0

0.5

1

1.5

2

2.5

3

3.5

0 1

Week

╡



◦☻♥ⱶ─  

─ ≤ ה  

164 

 

(4)-3   

≢─ ▬○fi─  

↓╣╕≢─ ⌐ ™√ │∆═≡ ╩ ™√⅜ ∕─ │ ╩ ⌂⅛⅞

╡◦fiⱪꜟ⌂╙─⌐∆╢√╘≢№∫√⁹⇔⅛⇔⌂⅜╠ │ ⌐╙ ↄ№╢√╘

─ ─ ⌐≈™≡╙ ∆╢ ⅜№╢⁹∕↓≢ ↓╣╕≢⌐ ⇔√

─ ╩∆═≡ ⌐ ⅝ ⅎ≡ ⇔√⁹ │ ─ ⌐ ↕╣√

─ ╩ ⅎ≡ ⇔ ⇔√⁹ 

 

(4)-3  ≤  

⌐╟╢ ─ ▬○fi ─ ╩ 8⌐ ⇔√⁹ ─ ≤ ⌂╡

⅛╠ ⅜ ╘╠╣√⁹ ≤│ ⌐│ ╩ ∆╢≤

≤ ▬○fi≤⅜ ⇔√ │ 1 ≤⌂╢⁹≈╕╡ ─ 4 ⌐ ═≡

⅝╦╘≡ ─℮∟⌐ ▬○fi╩ ⇔√↓≤⌐⌂╡ ─ ≤│ ↄ ⌂╢

◦☻♥ⱶ⅜ ⇔√↓≤╩ ⇔√⁹ 

 

8 ⌐╟╢ ─ ▬○fi─  

 

≤↓╤⅜ ↓─ │1 ⇔⅛ ∑∏ 2 ⌐│ ⅜ ⌐ ⇔√⁹

↓╣│ ─ ⌐ ⇔√ ▬○fi⅜ ╠⅛─ ≢ ⅛╠ ⇔√↓

≤╩ ⇔≡™╢⁹ 

↓╣╩ ⅛╘╢√╘ ⌐⅔↑╢ ╩ ⇔√≤↓╤ 9─ ≤⌂∫√⁹

╡ ≤ ∆╢ ≤⌂╡ ▬○fi⅜ ─ ≤≤╙⌐ ─

⅛╠ ⇔≡™╢↓≤⅜ ≤⌂∫√⁹ 

 

 

9 ─ ─  

⌐╟╢ ─
▬○fi─

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 1 2

day

─ ─

0

0.5

1

1.5

2

2.5

3

0 1 2

day
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Ᵽ◒♥ꜞ▪─ │ ⌐│ ⌐ ⇔≡™╢≤↕╣╢─≢ ▬○fi≢№╢ ▬

○fi⅜ ∆╢≤│ ⅎ⌐ↄ™⁹ pH⅜ ⌐ ↄ≤ ─◌ꜟⱲ◐◦ ─ ⅜

∂ ▬○fi ◘▬♩≤⇔≡ ∆╢ ╙ ↕╣≡™╢⅜ ─ ─pH│

▪ꜟ◌ꜞ ╩ ⇔≡⅔╡ ─ │ ⇔⌐ↄ™⁹╟∫≡ ↓─ │

⌂╙─≢│⌂ↄ ─ ⌐╟╢╙─≤ ╦╣╢⁹ 

≢│ ⅜ ∆╢─⌐ ⇔≡ ≢│ ╩ ⇔⅛ ≢⅝⌂

™ ⌐≈™≡│ ─ ─ ⅜ ⅎ╠╣╢√╘ │Ⱶ♩◖fi♪ꜞ▪ ╩

™≡ ∆╢ ⅜№╢⁹ 

⌐ ≡⇔ⱪ♇▪ꜟכ◔☻╩ ─ ─ ╩ ╖√⁹ ╕≢│

20 mL⌐ ⇔≡ 2 g╩ ™√─≢ ∕─ ╩ⱬכ☻≤⇔≡ 1 L⌐ ⇔≡ ─

╩2 g⅛╠50 g╕≢ ↕∑≡ ▬○fi ─ ╩ ═√ 10⁹∕─

50 g│ ≢™ⅎ┌ ─ꜟכ◔☻ ╟╡╙ ⅜ ⌂™⅜ 2 ⌐⅔™≡╙

╩ ∆╢↓≤⅜≢⅝√⁹ 25 g≢│2 ⌐ ╩ ↕∑√√╘

╩ ↕∑╢ ⌐│ ≢╙ 50 g╒≥─ │ ≤ ╦╣√⁹ 

 

 

10 ▬○fi ⌐ ⌂  

 

≤↓╤≢ ─ ⅜ ∆╢╒⅛ ╛ ─ ⌐╟╡ ⅜

≤ ⌂╢ ⅜⇔┌⇔┌ ╠╣╢⁹↓↓╕≢─ ╟╡ ≤ ≤≢│

─ ⌐ ⅝⌂ ™⅜ ╠╣√√╘ ⌐╟╢ ⅜ ⅝™ ≢№╢≤ ╦╣╢⁹ 

∕↓≢ ⌐ ╩ ≢ ⇔ ─ ™⌐╟╢ ┼─ ╩

⇔√⁹∕─ 0 20% ≢│ ─ ≤ ─ ╩ ⇔√ 11⁹ 50%

≢│ ⅜1 ⇔⅛ ≢⅝∏ 2 ⌐│╒╓ ⅜ ╦╣√⁹ 
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11 ─ ▬○fi ⌐⅔↑╢ ─  

 

(4)-3 ─ ─  

 

╩ ™≡ ─ ─ ╩ ╖╢ ╩ ⇔⌂⅜╠ ₁⌂

╩ ╡ ╣╢ ⅜№╢⁹ ╩ ⅛™ ─Ⱡ♇♩ ⌐ ╣ ∕╣╩ ⌐ ╘╢─

│™∏↓╙ ≢№╢⅜ ≢№╣┌ ╩ ⌐ ⅝ →╢ ⅜№╢⁹

≢№╣┌ 1 ╒≥ ╘≡⅔™≡⅛╠∕─ │ ─╟™ ⌐ ⅝ →╣┌╟™

↓≤⌐⌂╢⁹╕√ ─ ⅝™ ≢№╣┌ ╩ ⌐ ╣⌂⅜╠ ⅝ →╢♃

▬Ⱶfi◓╩ ╢ ⅜№╢⁹↕╠⌐ ⅜ ─ ≢№╢√╘ ─ ╩

╢≤ ─ ╩ ∆╢↓≤⌐╙⌂╡⅛⌡⌂™⁹ 

─╟℮⌐ ╩╘↨∆⌐│ ⅜ ↄ ⅜╕∞╕∞ ≢│№╢⁹

⇔⅛⇔ ↓─ │ ─ ⅜⅔∕╠ↄ ≢№╢√╘ ─ ⅛╠╙ ─

⅜ ↕╣╢⁹ 

 

 

(4)-4  ⌐ ╢ ⌂ ─  

 

(4)-4   

│ ─ ─ ╩ ∆╢√╘⌐ ⌐ ⇔√ ╛

⅜ ™╠╣≡™√⁹⇔⅛⇔ ↓╣╠─ │ ∆≢⌐ ─ ⅜ ⇔

≡⇔╕∫√ₐ ₑ╩ ═≡™╢⌐∆⅞⌂™⁹ ╩ ∆╢√╘⌐│ ⅜ ⅝╢

╩ ╢ ─ ⅜ ⌐√≈⁹ ─ │ ─ ≢│⌂ↄ

⌐ ⌐ ⇔ ⅜ ─ ⌐ ↄ ╦∫≡™╢≤™℮

⅜№╢⁹ ∫≡ ≢ ─ ⌐ ⇔≡™╢≤ ⅎ╠╣╢ ─ ™

╩ ≤∆╣┌ ─ ╩ ⌐ ≢⅝╢─≢│⌂™⅛≤ ⅎ√⁹∕↓≢

≢│ ⅛╠ ╩ ה ⇔ ⇔√ ─ ╩ ⇔√⁹∕⇔

≡ ₈ ─ ╩ ∆╢ ₉⌐⌂╡∕℮⌂ ⅜™╢⅛≥℮⅛╩

═√⁹ 
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a.  
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