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 1.  DNA ╩ ╘╢ ⌐  

 1- 1  DNA ≤│  

⁸ ⁸ ⌂≥⁸№╠╝╢ ⌐ ∆╢₈ ─ DNA₉─↓≤╩₈

DNA environmental DNA, eDNA₉≤ ™╕∆ 1)⁹ ⁸↓─₈ DNA₉⌐ ⇔√ ─ ─

╩ ∆╢ ה ⅜ ╪≢™╕∆⁹↓℮⇔√ │⁸ ⌂ ≢│ DNAⱷ♃

Ᵽכ◖כ♦▫fi◓≤ ™╕∆⅜⁸ ⌐│₈ ₉⌂≥≤ ┌╣╢↓≤⅜№╡╕∆⁹

⅝─ ─ ⌐≈™≡╙ ה ⅜ ╘╠╣≡⅔╡⁸ ─ ™╦╝

╢ MiFish ⅜ ↕╣≡™╕∆ 2,18)⁹MiFish │⁸ ⌐ ╕╣╢ ─ ╩ ⌐

≢⅝╢ ≢⁸ ≢─ ─ ⁸ ⌐ ↕╣≡™╢ ─ ╩

∆ 168 ─ ⌐ ⇔≡™╕∆ 3)⁹↓─ ⇔™ │ ─ ╛ ⁸ ⌂≥─

⌐ ↕╣≡™╕∆⁹ ⅎ┌⁸ ─ ™─ ≢│⁸ ─

◘fiⱪꜟ⅛╠ ⇔√ DNA╟╡⁸136 521 1,220 ╙─ ⅜ ↕╣≡™╕∆ 4)⁹ 

 ↓─ DNA ╩ ⇔√ │⁸ ─ ╩ ∆╢ ≤│ ⌂╡⁸ ≢─

│ ⌐ ⌂ ╩ ╗∞↑─ ≢∆⁹↓─√╘⁸ ⇔√ │⁸ 528

╩√∫√ ﬞ ≤™℮ ™ ≢ ╦╣╕⇔√ 4)⁹↓─╟℮⌐ DNA ⌐╟∫≡⁸

ה ╩♃כ♦─ ≢ ⌐ ∆╢↓≤⅜≢⅝╢╟℮⌐⌂∫≡™╕∆⁹⇔⅛⇔⁸

≢ ╩ ╪≢⅛╠⁸ ⌂ ꜞ☻♩ ╩ ╢╕≢⌐│⁸™ↄ≈⅛─ ⅜№╡

╕∆  1- 1 ⁹ 

 ⅝│⁸ DNA ╩ ⇔√ ─℮∟⁸ ⌐ ─ ╩ ⌐ ═╢↓

≤⅜ ⌂ MiFish ╩ ™≡⁸ ⌐ ∆╢ ╩

∆╢⌐№√╡⁸ ⇔≡⅔ↄ ─№╢ ─ ⁸ ⁸

≢─ ⅎ ╛ ⌂≥⌐≈™≡ ⇔≡™╕∆⁹ 

 ╕∏⁸ ≢│⁸↓╣⅛╠ DNA ╩ ∆╢⅛╩ ∆╢ ⌐ ∫≡⅔ↄ═⅝↓≤

╛⁸∕─ ─ ⌂ ╩ ⇔╕∆⁹ 

 

 1- 1 DNA ─▬ⱷכ☺  

 

DNA 

DNA 

DNA─  

 

 

ꜞ☻♩ 
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 1- 2  DNA ─ ╣  

 DNA ─ ⌂ ╣⌐│⁸ ⅝ↄ ↑≡₈ ₈ה₉ ₈ה₉ ₉─

≈─ ⅜№╡╕∆  1- 2 ⁹ ↔≤─ ⌂ ⌐≈™≡│⁸ ⅝─ ⌐

⇔≡™╕∆⁹ ⌐≈™≡│⁸ ─ ≤ ⅜ ⌐⌂╢√╘⁸ ⌐│

─ ⌐ ∆╢ ⅜№╡╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1- 2 DNA ─ ╣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

   

™≈  

≥↓⌐  

≥─ↄ╠™  

─  

♃כ♦ ≤  

╩ ╢ 

─  

 

─  

 

   

─  
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 1- 2- 1  ─ⱳ▬fi♩ 

╩ ≡╢ ─ⱳ▬fi♩╩⁸ ⌐╕≤╘╕∆⁹ ⌐ ∆╢ ⌂ ⌐≈

™≡│⁸ ⌐ ⇔≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 ̧ DNA│⁸ ─ ╣─ ╩ ↑≡ ה ∆╢─≢⁸ ─

─≈⌂⅜╡╩╟ↄ ⇔≡⅔ↄ↓≤⅜ ≢∆⁹ 

 ̧ ╩ ╘╢≤⅝─ ⅎ │⁸ ⌐│ ≢ ╩ ┬

≤ ∂≢⁸ ─ ⌐ ∆╢≤ ╦╣╢ ⌂ ⌐⁸⌂╢═ↄ ↄ

─ ╩ ⇔╕∆⁹ 

 ̧ DNA ╩ ℮ │⁸ ⌐ ─ ⅜ ╪⌐⌂╢₈

⅛╠ ⌐⅛↑≡₉─ ⅜ ⇔≡™╕∆⁹ 

 ̧ DNA ≢│⁸ №√╡─ ─ ╩ ⅛╠

⌐ ╛∆↓≤≢⁸ ─ ™ ⅜ ↕╣╢ ⅜ ╕╢↓≤⅜

↕╣╕∆⁹ 

DNA ╩ ∫√ ─  



 

4 

 

 1- 2- 2  ─ⱳ▬fi♩ 

╩ ℮ ─ⱳ▬fi♩╩⁸ ⌐╕≤╘╕∆⁹ ⌐ ∆╢ ⌂ ⌐≈™

≡│⁸ ⌐ ⇔≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1- 2- 3  ─ⱳ▬fi♩ 

─ ♃כ♦╛ ─╛╡ ⁸ ╩ ╢ ─ⱳ▬fi♩╩⁸ ⌐╕≤╘╕

∆⁹ ⌐ ∆╢ ⌂ ⌐≈™≡│⁸ ⌐ ⇔≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 ̧ ⌐ ∆╢ ╛Ᵽ◔♠ │⁸ ╩ ∆╢⅛⁸ ∫√╙─

╩ ∆╢ │⁸ ⇔√ DNA╩ ⌐⇔∫⅛╡≤ ⇔≡⅔ↄ

⅜№╡╕∆⁹ 

 ̧ ─ │⁸ ⌐ ⌐ ⇔√ ≢⁸ ╘╠╣√ ⌐ ∫≡⁸

⅛≈ ⌐ ╘╕⇔╞℮⁹ 

 ̧ ™ ⌐│⁸ ⇔√◘fiⱪꜟ⅜ כꜝכ◒⁸⌐℮╟™⌂╠⌂⌐

Ⱳ♇◒☻⌐ ⌂≥╩ ╣≡ ╛⇔≡ ⇔╕⇔╞℮⁹ 

 ̧ ⌐≈™≡│⁸ ─ ≤ ⅜ ⌐⌂╢√╘⁸ ⌐

│ ─ ⌐ ∆╢ ⅜№╡╕∆⁹ 

 ̧ ≥╪⌂ ─ ⅜™╢⅛╩ ═√™≤⅝│₈ ₉⅜⁸ ═√

™ ⅜ ╕∫≡™╢≤⅝│₈ ₉⅜ ↕╣╕∆⁹ 

 ̧ DNA ≢│⁸∕─ ⅜ ⇔≡™╢─⌐ ≢⅝⌂™₈ ₉

≤⁸∕─ ⅜ ⇔≡™⌂™─⌐ ↕╣╢₈ ₉⌐ ⇔≡⁸

╩ ╢ ⅜№╡╕∆⁹ 

 ̧ DNA ─ ╩ ╢ │⁸ ─ ⁸ ⁸ ⁸

≤⇔≡─ ⁸ ⌐ ∆╢ ⌂≥ ╛ ─

╩ ⌐⁸ ↕╣√ ↔≤⌐∕─ ╩ ∆╢₈ ₉╩ ℮↓

≤⅜ ≢∆⁹ 
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 1- 3  DNA ─ ⌐№√∫≡ ∫≡⅔ↄ═⅝↓≤  

 DNA ─ ⌐ √∫≡│⁸ DNA ⌐≥─╟℮⌂ ⅜№╢─⅛⁸╕√⁸

⇔⌂↑╣┌⌂╠⌂™↓≤│⌂⌐⅛╩ ∫≡⅔ↄ↓≤⅜ ≢∆⁹↓↓≢│⁸ DNA

─ ╩ ╕ⅎ⁸≥─╟℮⌂ ⌐ DNA ╩ ⇔√ ⅜ ⌂─⅛⌐≈™≡

⇔╕∆⁹╕√⁸ DNA ╩ ∫√ ⌐⅔↑╢ ─ ⌐≈™≡ ⇔≡™╕∆⁹ 

 

 1- 3- 1  DNA ─  

╩ ╘⁸ ─ ─ ╩ ═╢↓≤│ ⇔ↄ⁸ ≢─

⌐⅔™≡╙⁸↓╣╕≢ ╛ ⌂≥ ⌐ ╩ ≤∆╢ ⅜ ╦╣≡™╕∆⁹↓╣╠

─ │⁸₈ ⌂ ⁸ ⁸ ⅜ ⌂↓≤ 5)₉⁸₈ ≢⅝╢ ⌐Ᵽ▬▪☻⅜⅛⅛╢

↓≤ 5)₉⁸₈ ⇔√ ─ ⌐ ⅜ ⌂↓≤ 5)₉⅛╠⁸ ™ ╩ ⌐ ∆╢↓

≤│ ≢∆⁹ ⁸ ─ ╩ ≤∆╢ ╩ ⇔ ╢ √⌂ ─ ≤

⇔≡ ↕╣≡™╢─⅜ DNA ╩ ⇔√ ≢∆⁹ 

DNA │⁸ ◘fiⱪꜟ⅛╠ ─ DNA ─ ╩ ═╢√╘⁸ ≤

─ ⅝⌂ ™│⁸₈ ≤⌂╢ ╩ ⇔⌂™↓≤ 6)₉≢∆⁹↓─√╘⁸ DNA

≢│⁸ ─╟℮⌐ ⇔√ ⅛╠ ╠╣╢ ⁸ ⁸ 7)╩

∆╢↓≤│≢⅝╕∑╪⁹⇔⅛⇔⁸ DNA │⁸₈ ╩ ⇔⌂™₉≢

╩ ⇔√™ ⌐│ ⌂ ≢∆⁹ ⅎ┌⁸ ≤ ═╢≤⁸₈ √╡─

⅜ ↕ↄ 8)₉⁸₈ ≢─ ╩ ⅎ╢↓≤ 9)₉⅜≢⅝⁸₈ ה ≢

╩ ∆╢↓≤ 10)₉⅜ ≢∆⁹╕√⁸ ┼─ ∟ ╡⌐│ ⅜ ≢∆⅜⁸

─╟℮⌐ ╩ ⇔⌂™√╘⁸₈ ⅜ ₉≢№╢↓≤⁸₈

⌐│ ⌂ ╙ ⌂™₉↓≤⅛╠ ⌐ ╩∆╢↓≤⅜≢⅝╕∆⁹↕╠⌐⁸

─╟℮⌐ ╩ ∆╢↓≤≢ ∆╢↓≤│⌂ↄ⁸ ┼─ ╡╙ ⌂ↄ≡∆╗↓

≤⅛╠⁸₈ ╛ ┼─ ⅜╒≤╪≥⌂™₉≤™∫√ ⅜№╡╕∆⁹⌂⅔⁸ DNA

│⁸ ≢─ │ ╟╡╙ ⅎ╢↓≤⅜≢⅝╕∆⅜⁸ ◘fiⱪꜟ─

⌐ ⅜ ≤⌂╡╕∆⁹ 

─  1- 1⌐│⁸ DNA ≤ ⌐≈™≡⁸ ⁸ ⁸ ─

─ ╩ ⇔≡™╕∆⁹ 

 1- 1 DNA ≤ ≤─ ™ 

 DNA   

 

 

 

 

 

ṕ צּ Ṗ 

︢  

ṕ צּ Ṗ 

 ṕP.21 Ṗ  

 

 

פּפּ  
1 ú10Ṍ20 ẑ1 

ṕ1 1 Ṗ 

ễ úỄ ẑ2 

ṕ1 3 Ṗ 

 ṕ Ṗ ḱ ḱ ẑ2 

 
 קּ

 ךּקּ ךּאל

ḱ  ךּ 
טּ ṕ ḭ

︡Ṗ 

 

 

פּ טּ ︡  ṕ ḭ Ṗ 

 
ṕMiFishṖ 

ṇ  
 

 PCR  

ṕ1 Ṗ 2Ṍ4 ẑ3 ễṌệ ẑ4 

ẑ1 ( ) Ḯẑ2 1000 Ḳ Ḯ 
ẑ3 ṕ Ṗּצ ḭצּ ṕ ṖḮ ḭ

ṇ ︣ ḭ צּ כֿ טּצּ ︣Ḯ 
ẑ4 ︡ Ḯ 
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ⅎ┌⁸№╢ ⌐ ∆╢ ∕─ ⌐ ∆╢ ─ ⌂ ╩ ═√™≤

⅝⁸  1- 3⌐ ∆╟℮⌐⁸ ≢│⁸ ⅜ ↕╣╢ ╛⁸ ─ ╛

─ ⌐ ╦∑√ ─ ה ה ╩ ™ ↑⁸↕╠⌐∕╣

╩ ⌐ ╖ ╦∑≡ ∆╢ ⅜№╡╕∆⁹╕√⁸ ─ ─ ╛ │⁸

╠╣╢ ⌐ ⅝ↄ ⇔╕∆⁹ ≢⁸ DNA ≢│⁸ ≢─ │ ∞↑

≢№╢√╘⁸ ∆╢ ─ ╛ │ ⌂ↄ⁸ ⅜ ⇔≡╙ ∂╟℮⌂ ╩ ╢

↓≤⅜≢⅝╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1- 3 DNA ≤ ─  

 

╕√⁸∕─ ─ DNA ─ ≤⇔≡│⁸ ≢ ↕╣╢ ⌂

≢│⁸ ⅎ┌♪☺ꜛ►─ ≈─ ה ╛⁸♪☺ꜛ►≤◐♃♪☺ꜛ►╩

  

  

 

  

 
 

ṇ 

 

 

ṥ Ṧ צּ אל ḭ
ḭ ḱ ךּ צּוֹ טּ ḭ

︣ ḭאל ︣ Ḯ 

 

ṥ Ṧ ḭ ḭ ḭ ḭ
וֹ  Ḯךּ

DNA  
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∆╢↓≤│ ⌐ ⇔™≢∆⅜⁸ DNA ≢│∕╣╠╩ ∆╢↓≤⅜≢⅝╢≤™∫

√ ⅜ →╠╣╕∆⁹ 

≢⁸ DNA ≢│⁸ ⅎ┌◕fi◗꜡►Ⱪ♫╩ ↄⱨ♫ ◑fiⱩ♫⁸◐fiⱩ♫⁸

○○◐fiⱩ♫⁸♬◗꜡Ⱪ♫⌂≥ │ ꜠ⱬꜟ≢ ∆╢↓≤│ ≢│ ≢∆⅜⁸

≢│ ╕ⅎ√ ─ ╛ ⌂≥ ╩ ═╢↓≤≢ ꜠ⱬꜟ─ ⅜

≢∆⁹╕√⁸ ≢│⁸ ─ ⅝↕⅛╠ ⅜╦⅛╢√╘⁸ ⅎ┌ ╩ ∫√

≢ ╛ ⅜ ≢⅝√ ⁸∕↓≢─ ⅜ ↕╣╢ ╩⌂≥╙ ╦∑≡ ∆

╢↓≤⅜≢⅝╕∆⁹ 

↓─╟℮⌐⁸ DNA ≤ ─∕╣∙╣⅜ ≈ ╩ ⇔√ ≢⁸ ─ ⌐

∫√ ╩ ∆╢↓≤⅜ ≢∆⁹⌂⅔⁸ ─ⱨ♫ ─ ─╟℮⌐⁸ ─ DNA

⌐⅔™≡⁸ ─ ⌐ ╩ ∆╢╙─⌐≈™≡│⁸ ≢ ⇔≡ↄ∞↕™⁹ 
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 1- 3- 2  DNA ─ ה ⌐≈™≡ 

DNA ╩ ™√ ─ ─ ⌐│₈ MiFish ₉≤₈

₉─ ≈─ ⅜№╡╕∆ 11)⁹ 

 MiFish │₈ ⌐ ℮ DNA⌐ ⇔≡ ⌐ ╩ ∆╢ ₉≢⁸

≢ ─ ⅜№╢ ⅜ ⅛╡╕∆⁹ ⁸ │₈ ⌐ ℮

─ DNA─╖╩ ∆╢ ₉≢∆⁹↓─╟℮⌐⁸∕╣∙╣─ ⌐╟∫≡⁸

≤∆╢ DNA⅜ ⌂╢√╘⁸∕╣∙╣─ ─ ⅜ ╦∫≡⅝╕∆⁹↓─√╘⁸

DNA ╩ ™╢ │ ╩ ⇔√ ≢⁸ ─ ⁸ ⁸ ⁸

─ ה ╩∆╢↓≤⅜ ≢∆⁹ ⌐∕╣∙╣─ ╩ ⇔╕∆  1- 4 ⁹ 

 

ừṡ ṕMiFishṖṢ  

ḱ DNA ︡ḭ פּ ︣ כֿ צּ קּ Ḯ12) 

ḱ MiFish ṇ ךּ 2)Ḯ 

ḱ ḭ צּ קּ ךּ טּצּ 7)Ḯ 

 

ừṡ Ṣ  

ḱ ︡ ḭ DNA שּ קּ 13)Ḯ 

ḱ ḭצּ ṇּצ ךּ ḭ ṇ ︣

טּצּ 8)ḭ ḭ פּפּצּ כֿ טּצּ Ḯ 

ḱ DNA קּ 6)Ḯ 

 

 

 

 

 

 

 

 

 

 1- 4 MiFish ≤ ─▬ⱷכ☺ 

 

MiFish ⁸ ─™∏╣─ ╙ ≢∕─ ⌐≈

™≡ ⅜ ╘╠╣≡⅔╡⁸ ┼─ ⅜ ╠╣≈≈№╡╕∆⁹ ⌐⁸ ⅜ ⇔≡

™╢ │⁸∆≢⌐ ╛ ─ ⌐ ™╠╣≡™╕∆⁹

MiFish ⌐≈™≡╙ ╛ ─ ⌐ ↕╣≈≈№╡⁸ ≢│

⌐⅔↑╢ ┼─ ╩⁸ ≢│ ┼─ 14)╩ ⇔≡™

╕∆⁹ 

 1- 5⌐│⁸ DNA ─ ╩ ╕ⅎ√ ⌐ ⌂ ╩

⇔≡™╕∆⁹ DNA ─ ╩ ∆╢ ⌐ ⌐∆╢≤ ™≢⇔╞℮⁹ 

DNA │ ⇔√ ╡⁸ ⁸ ╩ ⇔⌂™ ≢∆⁹↓─√╘⁸ ⌐ ∂≡⁸

─ ≤ ╖ ╦∑╢↓≤≢⁸ ⌐ ⌂⁸╟╡ ⌂ ╩ ╢↓≤⅜≢⅝

√╡⁸ ⅛≈ ⌂ ⌐≈⌂→╢↓≤⅜ ≢⅝╕∆⁹ 

טּ  
DNA

ḭ  

טּ  
DNA

ḭ   

ṕ MiFishṖ 

︣
טּצּ  

 

─  
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⌂⅔⁸ DNA ─ ─ ⌐≈™≡│⁸ ╙↔ ↄ∞↕™⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1- 5 DNA ─ ≤ ≢ ⌂ ─  

 

  

DNA  
 
Ẇ ּצ ךּ צּ  
Ẇ ּצ ḭךּ ︣  
Ẇ ּלḭ ︡ שּ  ךּ
Ẇ ḱ צּ  

ṕMiFishṖ 
 

Ẇ  
ẓ  
 
Ẇ ḱ  
ẓ 

ṕ Ṗ 
 
Ẇ  
ẓ ּנ

 
 
 DNA
︡ ︡  לּ

 
 

Ẇ  
ẓ ḭ  
 

Ẇ ḱ  
ẓ  
ẓ ḱ  
ẓ DNA ṕ

Ṗ 
 

Ẇ  
ẓ  
ẓ ḱ  
ẓ DNA ṕ

Ṗ 
 

Ẇ  
ẓ ּנ  

 
 DNA ḭ ṇ

︡ ︡  לּ

צּ ḭךּ
צּ ︡  ךּ

ḭ
DNA צּ  ךּ
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 1- 3- 3  DNA ─  

 DNA ─ ⌐№√∫≡─ ⌐ ⇔≡⁸ ∫≡⅔ↄ═⅝ ⌂ⱳ▬fi♩⅜№

╡╕∆⁹∕╣│ ─ ≈⌐⌂╡╕∆⁹ 

 

Ū ṑ DNA ǵ ȋ ̱Ʋ ʴǮǵ ǒȐ ȅǮǵ ǲ ǠȒ Ǔ ȓǭǋȒ 5) ͈ƲDNA

Ǔ їǜȓǦ ǓǋǫǤǚǲǋǦǵǒƲ ɛȢɱɆǒȐǰȓǖȐǋ ȓǦḹ ǲǋǦǵǒǓȖǒ

ȐǱǋƲ ṑ DNA Ƕѝ ƲҜӓǠȒƳ ṑ DNA ǵ֚ Ƕ ǯ ȉȐȓǭǋȒ 13) Ƴ 

ū ṑ DNA ǒȐǶ ǵ ǓȖǒȐǱǋ 5) ͈Ʋ Ʋ Ǳǰǵ Ʋ ǔǭǋȒǵǒǰ

ǍǒȖǒȐǡƲ ̱ ǵ DNA ȉ ї 7) Ƴ 

Ŭ ᾍ ǵ DNA ɅɶȽǓǱǘȓǷѝ ǓǮǔǱǋ 7) ͈Ʋɨɓȟɪɱȷ Ѧǵ ρ Ƴ 

 ─ ≈─ⱳ▬fi♩⌐ ⇔≡⁸ DNA ≢│⁸ ╡ ⅎ⇔ ═≡™╢ ╡⁸

╩ ≤∆╢ ≤│ ⌂╡⁸ ╩ ∑∏⌐ √ ⅛╠ ↕╣√

DNA ─ ─√╘⁸₈∕─ ⌐ ⇔≡™╢│∏─ ⅜ ↕╣⌂™ 7)₉⁸

№╢™│⁸₈∕─ ⌐ ⇔≡™⌂™ ⅜ ↕╣╢ 7)₉≤™∫√ ⌂≥⅜

∂╢↓≤⅜№╡╕∆⁹ ≡≢│№╡╕∑╪⅜⁸ ─ ⁸ ⁸ ⁸

─ ה ─ ≢ ∂℮╢ ┘ ─ ╩ ⇔╕⇔√  1- 2 ⁹ 

 ↓─╟℮⌂ │⁸ ─ ─ ╛ ─ ⌐╟∫≡ ≢⅝╢╙─╙№╡╕∆⅜⁸

◘fiⱪꜟ⅛╠╟╡ ─ ™ ╩ ╢√╘⌐│⁸ ─ ╩ ╕ⅎ≈≈⁸

≢ ╩ ∂╢↓≤⅜ ⌐⌂╡╕∆⁹ 

 1- 2 DNA ─ ≤∕─  

DNA   
 

ṇ  

 

DNA ṕ ṕMiFish

ṖṖּצ אל ךּ ךּ קּ ךּ
7)ḮṥẎṦ 

︣ אל

ṕMiFishṖּצ

אל ךּ ḭפּ ︡ ︡  Ḯלּ

 

1 

ṕMiFishṖ ︣

︡ ךּ DNA ṕMiFish

Ṗ ḭצּ צּ ךּ

קּ ךּ 7)Ḯ 

ex. ṥẎṦ 

צּ ךּ︡

ךּלּ פּ ︡ ḭ

︣ אל

ṡצּ ︣

Ṣ ṡMiFishּךּף

︣ Ṣ אל

ךּ ḭפּךּ ︡ ︡  Ḯלּ

 

1 

DNA וֹ ḱ

︣ Ḯ צּ ךּ ḭ ︡

DNAּצ

שּאל Ḯ ḭ ￼︡

100% ךּ 7)ḮṥẎḱẍṦ ṡ ḱ ḱ

וֹףּ נּ Ṣ ṡ

︢ ḱ

נּ Ṣḭṡ

︣ Ṣ ︡ ︡

 Ḯלּ

P.15-17 
וֹ

13)Ḯex. ḭ

ṥẍṦ 

DNAּצ ︡ ךּ ḭ

צּ אל ךּשּ 13) Ḯex.

ḱ ︣ ṥẎṦ 

DNA צּ צּ 13) ḮṥẎṦ 

ṥẎṦṏ ḭṥẍṦṏ   
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 1- 2 DNA ─ ≤∕─ ⅝  

DNA   
 

ṇ  

 

DNA ḭ ︡ שּךּ 15)ḮṥẎṦ 

ṕ

Ṗ ︣ ḭפּ

︡ ︡  Ḯלּ

ḭףּ לּ ḭ

ṕRNAlaterṖ ︡

︡ ṕלּ ︡ ṡ

DNA ḱ ver.2.2Ṣ

ṕ2020 4 3 Ṗ ṖḮ 
P.22-25 

DNA ︣ ḮṥẍṦ 
ṡ4-1 DNA

1. Ṣ

︡ ︡  Ḯלּ

צּ אל ︡ ךּ

צּ אל ךּ 13)Ḯex. ḭ

ṥẎṦ 

 

ṕMiFishṖ ḭ ṇ

ṕ Ṗּצ

קּ  Ḯךּ

ex. ḭ ḭ ṥẎṦ 

ṕ Ṗ

︡ ṇ ︣

ḭ צּ אל ︣Ḯ 

P.27 

5 

ṇ

צּ ︢ 13)ḮṥẍṦ ṡ4-1 DNA

Ṣ ṡ DNA ḱ

ver.2.2Ṣṕ20204 3

Ṗ ︣ כֿ

ṇ כֿ︣ צּ קּ ︣Ḯ 

P.22 

P.27 ︡ DNA צּ

ךּ אל ḮPCRךּשּ

צּ ךּ ḭ צּ ︣ כֿ צּ

טּ ḮṥẎṦ 

 

︡ DNAּפ ︣

︣ ṇ ṇ צּ אל

ףּ ḭ צּ ︡ אל

כֿ טּצּ ḮṥẎḱẍṦ 

ṇ ︣ ṇ ṇ

︡ ︡  Ḯלּ

ḭMiFish

ṇ ︡ ︡  Ḯלּ

5 

 

8 

ḭ ṕ Ṗ DNA

︣ ḭ שּ︡ קּ .Ḯexךּ

ṥẎḱẍṦ 

ḭ

︡ ︡  Ḯ 5לּ

ṥẎṦṏ ḭṥẍṦṏ  
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 1- 3- 4  ┘ ⌐ ∆╢  

≤│⁸ ⇔√ ⌐∕─ ⅜ ⇔≡™⌂™⌐╙⅛⅛╦╠∏⁸◘fiⱪꜟ⅛╠∕─

─ DNA⅜ ↕╣╢↓≤╩ ™╕∆⁹ ⅜ ∂╢≤⁸ ⇔√ ⌐⁸∕─ ⅜

⇔≡™╢≤ ↕╣≡⇔╕℮↓≤⌐⌂╡╕∆⁹ DNA ─ ╩ ∆╢ ≢│⁸

╛ ─∆═≡─ ⌐⅔™≡⁸ ╩ ∂↕∑⌂™╟℮⌐ ⌂ ╩ ℮

⅜№╡╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1- 6 DNA ≢ ⅜ ∂╢  

 

ᵑ─ ≤⇔≡│⁸ ╛ ╡ ⌂≥⅛╠ ╣ √ ╛ ╛ ⌂≥─

⌐ ╕╣≡™√ ⌂ DNA⅜ ↕╣√↓≤⌐╟╢ ⅜№╡╕∆⁹╕√⁸

╛ ⌂≥─ ≢│⁸ ⅛╠─ DNA─ ꜠ⱬꜟ│⁸ ╛ ⌂≥─

╩ ↑≡ ⇔≡™╢╙─≤ ⅎ╠╣╕∆⅜⁸≥─ ─ ╕≢ ╩ ↑╢⅛⌐≈™

≡│⁸╕∞ ⌐╦⅛∫≡™╕∑╪⁹ 

ᵒ─ ≤⇔≡│⁸ ⌐⁸ ╛ ╛ ⌐ ⇔√ DNA ⌐

⌐ ⇔√ ─ PCR ⅜⁸ ╠⅛─♃▬Ⱶfi◓≢◘fiⱪꜟ⌐ ⇔√↓≤⌐╟╢

⅜№╡╕∆⁹ ─◖fi♃ⱵⱠכ◦ꜛfi│⁸∕╣╩ ⌐ ←√╘─ │╕∞ ↕╣≡

™╕∑╪⅜⁸◖fi♃ⱵⱠכ◦ꜛfi╩ ↕∑╢ ≤⇔≡│⁸₈ DNA ה ⱴ♬ꜙ▪

ꜟ ver.2.2 ₉ 2020 4 3 ⌐╙ ─ ╡⁸◘fiⱪꜟ ⁸DNA ⁸PCR ─

⁸PCR ─ ⌂≥ ↔≤⌐ ╩ ⌐ ↑╢↓≤⅜ ↕╣≡™╕∆⁹ 

ᵓ─ ≤⇔≡│⁸ ☻כⱬ♃כ♦ ⇔√ DNA ⅛╠ ╩ ∆╢√

╘⌐ ∆╢ ☻כⱬ♃כ♦ ⌐ ↕╣≡™╢ ─ ™⁸ ─

DNA─ ⌂≥⌐╟╢ ⅜№╡╕∆⁹  

פּ  ︡

DNA ︣  

 ḱ ︢

ṇ ṕ Ṗ 

 ṇ ︢ ṇḭ ṇ

ṇ ︣ ḱ  
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DNA ⌐⅔™≡│⁸ ─╒⅛⌐⁸ ╙ ≤⇔≡ →╠╣╕∆⁹ ≤

│⁸ ⇔√ ⌐∕─ ⅜ ⇔≡™╢⌐╙⅛⅛╦╠∏⁸◘fiⱪꜟ⅛╠∕─ ─ DNA⅜

↕╣⌂™↓≤╩ ™╕∆⁹ ⅜ ∂╢≤⁸ ⇔√ ⌐│∕─ ⅜ ⇔≡™⌂™

≤ ↕╣≡⇔╕℮↓≤⌐⌂╡╕∆⁹ 

DNA ⌐⅔™≡⁸∕─ ─ ⌐ ╗ⱳ▬fi♩─ ≈⅜⁸ ⇔≡™╢

─№╢ ⅜⁸◘fiⱪꜟ⅛╠ ↕╣⌂⅛∫√ ≢∆⁹ ⅎ┌⁸ ─ ⅜ ─

⌐⅔™≡⁸◘fiⱪꜟ⅛╠ ─ DNA⅜ ↕╣⌂⅛∫√ ⌐⁸∕─ ⅜ ⇔

≡™⌂™↓≤╩ ⇔≡™╢─⅛⁸ ⌐╟╢ ≢№╢─⅛╩⁸ ∞↑⅛╠ ∆

╢↓≤│ ⌐ ⇔™≤ ⅎ╠╣╕∆⁹∕─√╘⁸ DNA ╩ ╘╢ │⁸ ╩ ∂

╢ꜞ☻◒⅜ ⌐⌂╢╟℮⌂ ╩ ≡╢↓≤⅜ ≢∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1- 7 DNA ≢ ⅜ ∂╢  

 

ᵑ─ ≤⇔≡│⁸ ─ ⌐ ⅎ≡⁸ ╛ ⁸ ⁸ ⌂≥ ₁⌂

⌐ ⇔≡⁸ ⅜ ╩ ∆╢↓≤≢ ∂╢ ⅜№╡╕∆⁹ ⌐⁸ ─

וֹףּ 

ḱ  

︢ טּ ḭ ︣ ṕ Ṗḭ ḭ צּ

︣ קּ ︣Ḯ 

 DNAּצ

 רּ

צּ ︡ ךּ ḭ ḭ

DNAּצ ︡ קּ ︣Ḯ 

 DNAּצ אל

 רּ

︡ DNAּצ ךּ ḭ

ḭ DNAּצ אל קּ ︣Ḯ 
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≢⅝╢ ⅜ ↄ⌂╢╒≥⁸╕√│ ─ ⅜ ™╒≥⁸ ─ ─ │ ⅝

ↄ⌂╡⁸ ⌐ ⅜ ⅝╛∆ↄ⌂╢≤ ⅎ╠╣╕∆⁹╕√⁸ ─ ⌂≥╙ ─

⌐ ╩ ╓∆≤ ↕╣╕∆⅜⁸∕─ ─ ╛ ⌐≈™≡│⁸╕∞ ⌐

↕╣≡™╕∑╪⁹ 

ᵒ─ ≤⇔≡│⁸ DNA ⅜ ─ ╣⌂≥─ ╩ ↑≡ ה ∆╢↓≤⁸↕

╠⌐│⁸ DNA─ ╛ ⅜⁸ ─ ™╛ ─ ⅝↕⁸ ─ ⌂≥⌐

╟∫≡ ⌂╢≤ ⅎ╠╣╢↓≤⅛╠⁸ ⌐⅔↑╢ DNA─ │⁸ ≤≤╙⌐

⇔╕∆⁹∆⌂╦∟⁸ ∂ ≢⁸ ╩ ⅛∏⌐ ⌐ ⅛ ⇔√≤⇔≡╙⁸◘fi

ⱪꜟ─ ⌐ ╕╣≡™╢ DNA─ │ ╦╡ ╢≤ ⅎ╠╣╕∆⁹ ⌐⁸ ─

⅜ ™╒≥⁸ ◘fiⱪꜟ⌐∕─ ─ DNA⅜ ╕╣╢ │ ↕ↄ⌂╡⁸ ⌐

⅜ ⅝╛∆ↄ⌂╢≤ ⅎ╠╣╕∆⁹ 

ᵒ⌐╟╢ ┼─ ─ ≈≤⇔≡⁸ √╡⌐ ∆╢◘fiⱪ

ꜟ ╩ ⅛╠ ⌐ ╛∆₈ ₉⅜№╡╕∆⁹ ╩ ℮↓≤≢⁸ ─ DNA

⅜◘fiⱪꜟ⌐ ╕╣╢ ⅜ ⇔⁸ ⌐ ⅜ ∂⌐ↄↄ⌂╢≤ ⅎ╠╣╕∆⁹ 

─ ⌐≈™≡│⁸∕─ ⅜ 3- 2- 3 ⌐⁸ ⌂ ⅜ ⌐ ↕

╣≡™╕∆⁹ 

ᵓ─ ≤⇔≡│⁸◘fiⱪꜟ⅛╠ ⇔√ DNA ⌂≥│⁸ ⌐ ╩ ∑

∏⁸∕─ ─╖╩ ⇔≡ ─ ⌐ ∆╢↓≤≢ ∂╢ ⅜№╡╕∆⁹ ⌐⁸

⇔√ DNA ─ ⅜ ™ ─ DNA│⁸ⱧⱭ♇♩≢ ™ ╠╣╢ ⅜ ↄ⌂╡⁸

⌐ ⅜ ⅝╛∆ↄ⌂╢≤ ⅎ╠╣╕∆⁹╕√⁸◘fiⱪꜟ⌐╟∫≡│⁸PCR

⅜ ╕╣≡⅔╡⁸DNA⅜ ⇔≡™≡╙ ⇔⌐ↄↄ⌂∫√╡⁸ MiFish ≢

│⁸ⱪꜝ▬ⱴכ ─Ⱶ☻ⱴ♇♅╛♦כ♃ⱬכ☻─ ⌂≥⅜ ⇔⁸ ⅜ ⅝╢

╙№╡╕∆⁹ 

⌐╙⁸ ─ ≤⇔≡│⁸ ∆╢ ≢№╢ כ◘fi◔כ◦

╙≥כ◘fi◔כ◦ ┌╣╕∆ ─ ⁸◘fiⱪꜟ⅛╠ ⇔√ DNA ⌐

╕╣≡™╢∕╣∙╣─ ─ ⌂ ⅜ ⅝ↄ ∫≡™╢≤⅝ ⅎ┌⁸ ─ ─

DNA∞↑⅜ ↄ ╕╣≡™╢≤⅝ ⁸ ⅜ ⌐ ™ ─ DNA│ ↕╣⌐ↄↄ⌂╢

⅜№╡╕∆⁹ 

⌂⅔⁸ ᵓ⌐╟╢ ⌐≈™≡│⁸₈ DNA ה ⱴ♬ꜙ▪ꜟ ver.2.2 ₉ 2020

4 3 ≢╙ ╡ ╦╣≡⅔╡⁸ ⅎ┌ 1 √╡─ PCR ╩ 8 ⌐⇔√╡⁸

PCR ─ ⅜ ╦╣╢ ⌐│⁸ DNA ╩ ⌂ ╛Ᵽ♇ⱨ□כ≢ ∆

╢⌂≥─ ⅜ ↕╣≡™╕∆⁹ 
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 2.  DNA ─  

↓↓⅛╠│⁸ MiFish ╩ ™√ DNA ─ ⌐≈™≡⁸ ⇔≡

™⅝╕∆⁹ 

DNA │⁸ ─ ⁸ ⁸ ⁸ ─ ⁸ ─ ─

≢ ⇔╕∆⁹ ─ ⌐≈™≡│⁸ Ɑכ☺╩ ⇔≡ ↕™⁹ 

─ ─℮∟⁸ ⁸ ─ │⁸ ╛◖fi◘ꜟ♥▫fi◓ ⌐

∆╢↓≤⌐⌂╡╕∆⁹ ⌂ ꜞ☻♩ ╩ ╢√╘⌐│⁸ ─

╩∆╢ ⅜№╡╕∆⁹ ⌐ ╩ ∆╢ ⌐│⁸ ⌐ ⇔≡⅔ↄ≤╟™≢

⇔╞℮⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2- 1 MiFish ╩ ™√ DNA ─  

  

︣  p.14Ṍ21 

צּ ṕMiFishṖ כֿ צּ פּ ︡ ︣Ḯ 

נּ ṕ ḱ Ṗ ︡ ︣Ḯ 

︡ ḭ ךּ ḭ  
ךּ ︣Ḯ 

 p.22Ṍ26 

ḭךּ ṇ ṇ ︡ ︣Ḯ 

 p.27Ṍ28 

︡ḭDNA ︡ḭ ṕMiFishṖ ︡ ︣Ḯ 

ẑ ︣ כֿ צּ ךּ ︣Ḯ 

 p.29 

ṕ צּ ךּ Ṗּצ צּ ︣Ḯ 

ẑ DNA ︣Ḯ 

 p.30 

ṕ צּ ךּ Ṗ  ḭךּ

ṕ Ṗ ︡ ︣Ḯ 

ẑ ︣ כֿ טּ ︣Ḯ 



 

16 

 

 3.  ╩ ∆╢ ⌐  

 3- 1  DNA ─ ─  

MiFish ╩ ™√ DNA ≢│⁸ ⇔√╟℮⌐⁸₈ꜞⱨ□꜠fi☻─

₉⁸₈MiFish ─ ⌐ ⅜⌂ↄ ≢⅝⌂™₉↓≤⌐╟╡⁸ ─

⅜ ↕╣⌂™ ⅜№╡╕∆⁹↓─√╘⁸ DNA ─ ⌐ √∫≡│⁸ ⅜

≢ ≢⅝╢─⅛╩ ╘╢↓≤⅜ ≢∆⁹∕↓≢⁸ ╩ ⌐⁸

⅜ ≢⅝╢─⅛╩♅▼♇◒⇔√ ≢⁸ ─ ╩ ∆╢↓≤⅜ ≢∆⁹ 

 

 3- 2   

⅝─ ≢№╢ ⌐│⁸ ⁸ ⁸ ה ⁸√╘ ≤ ₁⌂

⅜№╡╕∆⁹↓─√╘⁸ ╩ ℮ ╛ ⌐╟∫≡ ⅜ ⌂╢√╘⁸

⌐№╦∑≡⁸∕╣╠╩ ∆╢ ⅜№╡╕∆⁹╕√⁸ ╙ ─ ⅜№╡⁸∕╣

∙╣⌐ⱷꜞ♇♩ה♦ⱷꜞ♇♩⅜№╡╕∆⁹ 

↓↓≢│⁸ ─ ╛ ╩ ╕ⅎ≡⁸≥─╟℮⌐ ╛ ╩ ⇔√╠

™─⅛⁸╕√⁸ ─ ≤∕╣╠⌐ ⇔√ ⌐≈™≡ ⇔╕∆⁹↕╠⌐⁸

─ ⁸ ≢─ⱨ▫כ♦♪ꜟכ♃─ ⌐≈™≡╙ ⇔╕∆⁹ 

 

 3- 2- 1  ─ ╛ ─ ⌐ ∆╢ ─  

⌂ ╩ ∆╢ ≢│⁸ ⌐ ∆╢ ─ ╛⁸ ─

─ ⌂≥⁸ ⌐ ╩ ⇔≡⅔ↄ↓≤⅜ ≢∆⁹╕√⁸↓╣╠─ │ ─

╩∆╢ ≢╙ ≤⌂╢√╘⁸ ─ ╛ ╩ ═≡⅔⅝╕⇔╞℮⁹ 

│⁸ ╛ ─ ⌐ ⅎ≡⁸ ⌂≥─ ⌐╟╢

╛ ⅜ ⅝™↓≤⅜ ╠╣≡™╕∆⁹ ∞↑╩ ╡⌐⁸™↨ ⌐ ∫

≡╖╢≤⁸ ⅜ ↄ⌂⅛∫√⌂≥≤™℮↓≤╙ ↕╣╕∆─≢⁸ DNA ╩ ∆╢

│⁸  3- 1⌐ ∆╟℮⌂ ╩ ⌐ ∫≡⅔ↄ↓≤⅜ ≢∆⁹ 

DNA │⁸ ─ ╩ ⇔⁸∕─ ⌐ ╕╣≡™╢ DNA╩ ═╢ ≢

∆⁹∕─√╘⁸ ╩ ╣╢ ⅜⁸≥↓⅛╠ ≡™╢╙─⌂─⅛╩ ⇔≡⅔ↄ↓≤⅜

⌐ ≢∆⁹↕╕↨╕⌂ ≢ ⅜ ⇔≡™╢ ≢│⁸ ⌂≥⌐╟╡

⌐ ─ ╣⅜◖fi♩꜡⁸╣↕ꜟכ ─ ⅛╠ ┌╣≡⅝√ ⅜ ╣≡™√╡⁸ ─

─ ⅜ ↨╡ ∫≡™╢ ╙№╡╕∆⁹↓℮⇔√₈ ─≈⌂⅜╡₉⌐ ∆╢ ╩

⌐ ⇔≡⅔ↄ↓≤│⁸∕─ ─ DNA ─ ⅛╠⁸ ╕≢ ≢ ↕╣√↓≤⅜⌂

™ ⅜ ↕╣√ ⌐╙⁸∕─ ⌐ ∟╕∆⁹ 
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 3- 1 ⌂ ─  

  

 

ṕ Ṗ 

WEB אל ךּ פּ ḭ

︡ ︣Ḯ וֹ צּ ḭ ︢ ḭ

︡ḭ ︡ ︣Ḯ 

 ̧ צּ  

 ̧ ṕ צּ ︣ טּצּ  Ṗפּ

 ̧ ṇ  

 ̧ ṕ פּ צּ ḭפּ ︣

טּצּ פּ Ṗ 

פּ  ḭ ︣ ︡ ︣Ḯ נּ ḭ

ḭ ḱ ︣ ︣Ḯ 

 ̧ ḭ ḭ  

 ̧ ṇ  

Ḳ  

Ḳ ṇ ṇ  

Ḳ ṇ ṇ  

 ̧ ṇ  

צּ ךּ טּ ḭ ￼ לּ ḭ

פּוֹ ︡ DNA ḭךּ

︣ ṕ ṇ Ṗ כֿלּ

︣Ḯ 

 ︢ ḭ שּ︡ ךּ︡

אלḭךּ ︡ ︣Ḯ 

 

 

 3- 2- ה  2 ה ה ─  

⌐ ≤⌂╢ ה ─ ⌐№√╡⁸ ╘ ∫≡⅔ↄ═⅝ ─

ⅎ ╩ ⌐ ⇔╕∆⁹ 

ḱ ḱ וֹףּ נּ ṕ DNA Ṗ13) 

Ṯ ṯ 

ḱ DNA ḭ וֹ ḱ ︣ ḭ צּ שּ

︡ כֿשּףּ צּ ṕ ṖḮ 

ḱ ︢ ḭ ︣ ḭ

קּ וֹ שּ ︣ ṕ ṖḮẓ 4 

ḱ ḭ ︢ טּצּ ︡ ṕךּ

ṖḮ 

ḱ ︡ ךּ ḭ ṕ Ṗּצ

פּ ךּ ḭ ︡ ṕךּ ṖḮ 

Ṯ ṯ 

ḱ צּ ṡ פּ וֹפּ Ṣ צּ ︡ ךּ ṕ

ṖḮẓ 4 

ḱ ︡ ḭ ṇּצ ︡כֿ ḭ

︣ ṕPCR Ṗּצ ︣ טּצּ כֿ פּ ḭ

וֹ כֿ צּ Ḯךּ︡ ḭ צּ ṕ ṖḮ 

ḱ ︣ ḭ DNA צּ שּ כֿ

ḭDNA צּ ךּ צּ אל ךּשּ טּצּ ḭ צּ ṕ ṖḮ 

Ṯ ṯ 

ḱể טּ ể פּ ỄṌễ כֿ︣ ḭ ךּ צּ אל

צּ כֿ צּ אל ṕ ṖḮẓ 4 
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⌐⁸ ─ ⁸ ⁸ ה ⁸√╘ ⌐⅔™≡⁸ ─

⌐ ∂√ ה ─ ─ ⅎ ╩  3- 2⌐⁸ ─ ╩  3- 1⌐╕≤╘╕

⇔√⁹ ─ ה ─ ⌐╟∫≡ ⅜ ∂╢ ╙№╡╕∆⅜⁸↓─ ⅎ ╩ ⌐

ה ╩ ∆╢≤╟™≢⇔╞℮⁹ 

 

 3- 2 ─ ╛ ⌐ ∂√ ה ─ ─ ⅎ 13) 

 
 ḱ נּ  

 

 

Ṯ ṯ 
ḱ ṕ DNA Ṗ 
ḱ ︡ ךּ︣ ṕ Ṗ 
ḱ ︣ ḭ פּ ︡ DNA
︣ כֿ טּצּ ḭ ︡ ךּ ḭ
︡ וֹ ṕ Ṗ 

ḱ צּ ︡ ךּ ḭ אל DNA
צּ ︡ צּ אל ḭ צּ אל
שּשּ צּ ṕ Ṗ 

Ṯ ṯ 
ḱ ︣ ︡ ḭ

ṕ Ṗ 

 

Ṯ ṯ 
ḱ  

Ṯ ṯ 
ḱ ḭ צּ ︣ ṕ DNA

Ṗ  

 

 Ṯ ṯ 
ḱ ṕ ︡ DNA Ṗ 
ḱ ︡ ךּ︣ ṕ Ṗ 

Ṯ ṯ 
ḱ ḭ צּ ︣ ṕ DNA

Ṗ 

 

 

ḱ

ḱ 

 

 

Ṯ ṯ 
ḱ ︣ ︣ ḭ

Ḯ ︡ḭ
Ḯ ḭ פּ ṕ Ṗ 

ḱ ︡ ךּ︣ ṕ Ṗ 

Ṯ ṯ 
ḱ קּ צּ שּ ךּ︣ DNAּצ אל ךּשּ
טּצּ צּ ṕ Ṗ 

 

Ṯ ṯ 
ḱ  
Ṯ ṯ 
ḱ ḭ צּ ︣ ṕ DNA

Ṗ  

 

 

Ṯ ṯ 
ḱ ︡ ךּ︣ ḱ ṕ Ṗ 
ḱ ︡ ךּ︣ ṕ Ṗ 
ḱ ḱ ︣ ḭ פּ
︡ DNA ︣ כֿ טּצּ ḭ ︡
ךּ ḭ ︡ וֹ ṕ Ṗ 

 

Ṯ ṯ 
ḱ  

Ṯ ṯ 
ḱ ḭ צּ ︣ ṕ DNA

Ṗ  
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 3- 1 ─  

 

 

 3- 2- 3  ╩ ∆╢ ≢─  
 

╩ ∆╢ ⌐│⁸ ╛ ─ ⅜ ⌐ ╩ ╓∆≤

ⅎ╠╣╕∆⅜⁸∕℮⇔√ ╩ ╘╢ ⌐ ≤⌂╢ │⁸╕∞ ⌐ ╠╣≡™╕

∆⁹∕↓≢⁸ ≢│⁸ ─ ⌐⅔↑╢ ╩ ╖ ⌡╢↓≤≢⁸

⌐ ╛ ≤⌂╡℮╢ ⌂ ╩ ╘╢↓≤╩ ⇔⁸ 2 ⌐│ ה

⁸ 3 ⌐│ ─ ≢№╢ ─ ≤∕─ ⁸ 4 ⌐│

─ √╘ ╛ ⌐⅔™≡⁸ ה ─ DNA ⁸ ≤⇔

╕∆ ╩ ⇔╕⇔√⁹∕─ ≤⇔≡ ╠╣√ ╩ ∆╢ ≢─ ╩  

3- 3⌐ ⇔╕⇔√⁹ 

⌂⅔⁸ ⌐ ⇔≡─ ⌂ ⌐≈™≡│⁸ ╩ ⇔≡ↄ∞↕™⁹ 

 

  

DNA

טּצּ ︣Ḯ ḭ נּ

︣

︡ ḭ

︡ḭ ︡ ךּ

DNAּצ אל כֿ טּצּ ︣Ḯ

וֹ ךּ

ḭ צּ ︣Ḯ 

ḭ

 

 

 

︡  

 

 

 
 

ḱ   

 

 

ḱ  

 

 

 

ḱ  

ḱ  

 

 

  

 

︡  

︣ ḭצּ

צּ  
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 3- 3 ╩ ∆╢ ≢─  

   

ךּ    ḭ כֿ
צּ קּ ḭ1צּ︣ 2 כֿ ḭאל

כֿ צּ אל ︣Ḯ 

 ︡ḭ ṕ Ḳ 2,000m
2

Ṗ ḭ
︣ ךּאל טּצּ ︣Ḯ 

צּ  ךּ נּ ṕ נּ Ṗ
DNA ︣ ḭ ḭể

Ễ כֿ︣ צּ אל ︣Ḯ 

   ︣ ḭ צּ ︣ ḭ שּ שּ
︣ כֿ ḭ טּצּ ︣Ḯ 

 ḭể ỄṌễ כֿ︣ ḭ
ךּ כֿ צּ אל

︣Ḯ 

 ︡ ḭ ṕ Ḳ ḭ Ṗ
צּ 1 16Ṍ17 ḭ Ễצּ 10Ṍ11

︡ ︣ ḭ קּ
צּ קּ אל ︣Ḯ 

 ṕ Ḳ 2,000m2 Ṗ ḭ ︣
ḭể ể טּצּ ︣Ḯ 

צּ    פּ וֹפּ
טּ ḭ DNA ︡ נּ ︣Ḯ 

 ḭ ︡
ḭ ︣ טּצּ ︣Ḯ 

צּ    קּ ḭ ︣
צּ שּ ךּ כֿ ḭ אל צּ

נּ כֿ טּצּ ︣Ḯ 

  

( ṇ ) 

פּ  ￼ ︡ ︡ḭể
ṇ ḭ ḭ
כֿ צּ קּ ︣Ḯ 

 ṇ ḭ שּ ︣ ḭ
קּ כֿ צּ פּ ︡ Ḯ 

צּ  ḭשּ DNA צּ ךּ נּ ḭ
ṇ ︡ כֿךּשּ פּ ḭ צּ
DNA ṇ ︣ ḭ ︡ ךּ
קּ ṡךּ Ṣּצ ︢ ḭשּ︣ צּ ︣Ḯ 

  

( ) 

 ︡ DNA ךּףּ ḭ צּ
פּ ḭ ṕ ḭ Ṗ

︣ ךּאל נּ ḭצּ︣ אל
︣ צּ כֿ צּ אל ︣Ḯ 

  

 

 ḭ צּ ḭ צּ ︡ ךּ
לּ ḭ ︡ ︣ נּ ḭ

כֿ ︡ ךּ נּ אל כֿ טּצּ ︣Ḯ 

וֹ  ḭ צּ
ḭ וֹ צּ ךּ ︡  Ḯלּ

 PCR   ể 1st PCR ḭ DNA ṡ
DNA ḱ ver.2.2Ṣṕ20204 3 Ṗ
אל ךּ ḭ שּ Ị ︡ ︡  Ḯלּ

 ṇ   ể ṇ ḭ ểצּ קּ
100,000ṇ ḭ ỄṌễ קּ

50,000ṇ ︣ כֿ צּ ךּ︡ ︡  Ḯלּ
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 3- 2 DNA ⌐⅔↑╢ ╩ ╠∆√╘─  

  

 

ể úể
ṕ Ṗ
כֿ צּ קּ ḭצּ︣
צּ ךּ ṕ Ḳ ḱ
Ṗ צּ ךּ ṕ Ḳ

ḱ Ṗ ḭ
︣ צּ שּ

נּ ︣Ḯ 
ḭ וֹףּ
צּ ךּ ḭ צּ

ךּ ︣
צּ שּ נּ ︣Ḯ 

 

 

 
ṕ Ṗ כֿ︣
ḭ ︣

כֿ︣ צּ קּ ︣Ḯ 

  

 
 

ể כֿ︣
ḭ ︣ כֿ︣ צּ קּ

︣Ḯ 

︣

ךּ

ḭ Ệ

︡ שּ  Ḯךּאל
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 3- 2- 4  ─ ≤ ⌐ ⇔√  

⅝≢│⁸₈ ⌐╟╢ ₉⁸₈Ᵽ◔♠╩ ™√ ₉⁸₈ ╩ ™√ ₉

─ ≈─ ⌐≈™≡ ⇔≡™╕∆ P. 23 25 ⁹↓↓≢│⁸ ─ ⌐≈™

≡ ⇔╕∆⁹ ─ ─ ⌐│⁸ ⌐ ⇔√ ╩ ┬≤╟™≢⇔╞℮⁹ 

 

 3- 4 ─ ≤ ⌐ ⇔√  

    ︡  

1 
13) 

ẓ P.23  

ḱ ︣ ḭ

ṕ ḭ ḭ

Ṗ DNAּצ ︡ ךּ כֿ

צּ ṕ Ṗ 

ḱ ךּ  

Ḳ ểḭ2 לּ  

2 
ךּ 13) 

ẓ P.24  

ḱ ךּ ︣

ṇ צּ ︡ ךּ︣ ḭ

צּ ṕ Ṗ 

ḱ1  

ḱ

︡ ḭ ︣  

3 
ךּ  

ẓ P.25  

ḱ צּ  

ḱ צּ ṕ Ṗ 

ḱ ︡ ךּ

 

 

 

  

 

 

 

 

 

 

 

 

─ ⁸  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

  

   Ᵽ◔♠  
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 3- 2- 5  ─ ∟ ╡  

─ ⌐№√╡⁸ ⌐ ∟ ╡⌐ ⇔≡ ╩⇔≡⅔ↄ ⅜№╡╕∆⁹ 

 

ה ⌐ ╛ ⁸ ⌂≥ ⅜™╢ │ ╩ ╣⁸

╩ ╕⇔╞℮⁹ 

 

β ╙ ⌐ ℮ ⌐│⁸ ⁸ ─ ⁸ ⁸ ⁸

⁸ ⌂≥─ ─ ⅜ ⅛≥℮⅛╩ ⌐ ⇔⁸

⌂ │ ⇔ ╩ ╕⇔╞℮⁹ ╩ ╢√╘⌐ ﬞ ─ ⅜ ⌐⌂

≢─╢№╙☻כ◔╢ ╘─ ⅜ ≢∆⁹ 

 

 3- 2- 6   

─ ⌐№√∫≡│⁸ ⌂ ╡ ╩ ™⁸ ≢─ ╩ ∆╢≤≤╙⌐⁸

⇔√ ⌐ ⌂ ╩ ⅎ╢╟℮⌐⇔╕⇔╞℮⁹ 

╕√⁸ ⌐│ ⅜⁸ ⌐╟╢ ─ ╛ ─ ⌂≥⁸ ≢

⇔℮╢ ⌐≈™≡ ⇔√ ≢ ─ ╩⇔╕⇔╞℮⁹ ─ ⌐

№√∫≡│⁸ ─ⱱכⱶⱭכ☺⅜ ⌐⌂╡╕∆⁹ 

 

  
https://www.jma.go.jp/jp/yoho/  

 

 ♫►◐ꜗ☻♩ 
https://www.jma.go.jp/jp/highresorad/  

 

 ─  
http://www.river.go.jp/portal/  

 

 ◘▬♩ 
http://www.wbgt.env.go.jp/  
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Ṯ1 טּ ṯxiii  

ḱ ṕ1LṖ 

ḱ10Ṿ  

ṕ1.2mL  Ṗוֹ

ḱ ṕ2 Ṗ 

ḱ ṕ2 Ṗ 

ḱ קּ ṇ ṕ Ṗ 

ẑ  

 

 

 

 

 

 

Ṯ ︣ ṯxiii  

ḱ ṇ  

ḱ ṇ ṇ  

ḱ  

ḱ  

ḱ ṇ ṇ  

ḱ ṇ  

ḱ  

ḱ  

ḱ  

ṕ וֹ Ṗ 

 

 

 

Ṯ ︡ כֿשּףּ צּ ךּ︡ ṯ 

ḱ  

ẑ ṇ וֹ ḭ

קּ לּ

ṕ Ṗ 

ḱ  

ẑ ︣  

 

 3- 3  ⌂≥─  

─ ⌐№√∫≡⁸ ─ ╩ ⇔╕⇔╞℮⁹╕√⁸ ⌐│ ⌂◖fi

♃ⱵⱠכ◦ꜛfi╩ ↑╢√╘⌐⁸ⱴ☻◒⁸ ◗ⱶ ╩ ⇔╕∆ ⁹ ◐♇

♩─ ⌐≈™≡│⁸ ┼ ≢⅝╢ ⅜№╡╕∆─≢⁸ ⌐ ∆╢≤ ™≢

⇔╞℮⁹ 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ⱴ☻◒ 

◗ⱶ  

♅ꜗ♇◒ ⅝ 
ⱦ♬כꜟ  

10  
ⱬfi◙ꜟ
◖♬►ⱶ

 

ⱳꜞ  

☻♃▬ꜟ 

◗ⱶ  

ⱴ☻◒ 

ה ה  

 

 ♩♇Ⱬꜟⱷה
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 4.   
 

 4- 1  DNA◘fiⱪꜟ─  

⌐⅔™≡│⁸ ─ ⌐╟╡ ה ─ ╩ ™╕∆⁹⌂⅔⁸ ─

⌐≈™≡│⁸₈ DNA ה ⱴ♬ꜙ▪ꜟ ver.2. 2₉ 2020 4 3 ─₈3.

⅔╟┘ ₉ P. 12 32 ╩ ⌐⇔≡ↄ∞↕™⁹ 

 

 4- 1- 1  ≢─  

1 ⇔√ ⌐⅔™≡⁸ ⌐╟╢ ⌂ ╡⁸ ╡ ⌐ ⅝ ⁸ ─

⅜ ≢ ⇔≡™╢⁸ ─ ⅜™⅜№╢ ⌂≥⁸ DNA ⌐ ⅜ ∂╢

⅜№╢ ⅜ ↕╣√ ⌐│⁸ ╩ ∆╢⁹ 

2 ⌐ ∟ ╢ ⌐ ─ ╩ ∫≡⅔ↄ⁹ ─ ה ╛ ─

⅜ ≢⅝╢╟℮▪fi◓ꜟ╩ ⅎ≡ ∆╢⁹ 

 

 4- 1- 2   

1 ╛ ─ ⌂≥⁸ ⌐ ⌂ ⅛╠ ∆╢⁹ 

2 ⌐│ ™ ≡◗ⱶ ╩│╘╢⁹ 

 

 4- 1- 3  ⅔╟┘ ⱬfi◙ꜟ◖♬►ⱶ ─   

⌐⅔™≡⁸ ⌐ ╩ ™⁸ ⱬfi◙ꜟ◖♬►ⱶ ╩ ∆

╢↓≤≢⁸DNA─ ╩ ∆╢↓≤⅜≢⅝╕∆⁹√∞⇔⁸ ⱬfi◙ꜟ◖♬►ⱶ

╩◘fiⱪꜟ⌐ ∆╢ │⁸ ⅜ ↕╣≡™╕∆─≢⁸↓─ ╩

∆╢ ⌐│ ⅜ ≤⌂╡╕∆⁹ ⌐ ∂≡⁸ ⌐ ⌐ ⅛╩

⇔╕⇔╞℮⁹ 

╕√⁸ ⱬfi◙ꜟ◖♬►ⱶ╩ ⇔⌂™╟╡ ⌂ ≤⇔≡│⁸ ◘fiⱪꜟ╩◒כ

⌐☻◒♇Ⱳכꜝ ⇔⁸ ⌂ ─ ╛ ╡ ⌂≥≢╟ↄ ╛⇔⌂⅜╠ ∆╢

╙№╡╕∆⁹ 

β ⅝≢│⁸ ≤⇔≡⁸₈ ⌐╟╢ ₉⁸₈Ᵽ◔♠╩ ™√ ₉⁸₈

╩ ™√ ₉─ ≈─ ⌐≈™≡ ⇔╕∆⁹ │ Ɑכ☺ ⌐⁸

─ ≤ ⇔√ │⁸  3- 4⌐ ⇔≡™╕∆⁹ 

 

 4- 1- 4  ⱨ▫כ♦♪ꜟכ♃─  

1 ◖fi♃ⱵⱠכ◦ꜛfi╩ ∆╢√╘⁸ ─ │◘fiⱪꜟ ⌐ ℮⁹ 

2 ⁸ ⌂≥╩ ⇔⁸  4- 1⌐ ∆ⱨ▫כ♦♪ꜟכ♃╩ ∆╢⁹ 

 

 4- 1- ה  5  

1 ⇔√ⱳꜞ ⌐☻◒♇Ⱳכꜝכ◒│ ╣⁸ ⌂≥≢ ⇔≡ ┼ ∆╢⁹ 

2 ╩ ∆╢ ꜟכ◒│ ϴ ≤∆╢⁹ 

3 ⅜ ⌐ ∆╢╕≢ ╩ ∆╢ │⁸ ≢◘fiⱪꜟ╩ ∆╢⁹

⌐≈™≡│ ≤ ⇔≡ ∆╢⁹   
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a. ─  

ᵑꜝ▬ⱨ☺ꜗ◔♇♩╩ ⇔√ ≢

⌐▪◒☿☻⇔⁸ ─ ⌂

≥╩ ↑╢╟℮⁸ ⱳꜞ ⌐ 1L╟

╡ ⇔ ╘─ ╩ ∆╢⁹ 

β ⌐│⁸ ─ →⌐╟╢

╡⅜ ∂⌂™╟℮ ∆╢⁹ 

β ⱳꜞ ─ ™│ ⁹ 

 

 

 ᵓ ⁸ ⌂≥╩ ∆╢⁹ 

 

 

 

 

 

 

 

 

ᵒⱳꜞ ⌐ 1.2mL─ 10 ⱬfi◙

ꜟ◖♬►ⱶ ╩ ⇔⁸ ⇔≡⁸

╟ↄ ∆╢⁹ 

β ⌐ ┼ ⇔≡

⅜ ⌂ │⁸ ⱬfi

◙ꜟ◖♬►ⱶ╩ ∑∏⌐⁸

≢ ⌐ ╛∆∞↑─ ⌂

╙ ═╕∆⁹ 

 

 

ᵔ ─ ╩ⱭכⱤכ♃○ꜟ≢ ⅝

╡⁸ ↔≤⌐ⱨ□☻♫כ ⅝

─ⱳꜞ ┼ ╣⁸ ⇔≡ ∆

╢⁹ 

 

 

 

 

 

 

  



 

27 

 

b.Ᵽ◔♠╩ ™√ ─  

ᵑⱣ◔♠─ ≤Ᵽ◔♠⌐ↄↄ╡≈

ⱪכ꜡√↑ ╩ ─

≢ ∆╢⁹ │Ɑכ

Ɽכ♃○ꜟ≢⅝╣™⌐ ⅝ ╢⁹ 

 

 

 ᵔⱣ◔♠ ─ ╩ ⱳꜞ ⌐1L╟

╡ ⇔ ╘⌐ ∆⁹ 

β ⱳꜞ ─ ™│ ⁹ 

β ™ ≡ⱪꜝ☻♥▫♇◒◌♇ⱪ⌂

≥╩ ∫≡ ⇔ ⅎ≡╙╟™⁹ 

 

ᵒ ─ ≢Ᵽ◔♠ ─ ™╩ 2

3 ⅜⇔⌂™

℮⁹ 

β ™ ─ │ ╛ ⌂≥⁸

⌐ ⅜⌂™ ⌐ ≡

╢⁹ 

 

 

ᵕⱳꜞ ⌐ 1.2mL─ 10 ⱬfi◙

ꜟ◖♬►ⱶ ╩ ⇔⁸ ⇔≡⁸

╟ↄ ∆╢⁹ 

ⱳꜞ ⌐⁸ ⁸ ⌂≥╩

∆╢⁹ 

 

 

ᵓⱣ◔♠╩ ╡←√╩ⱪכ꜡⁸⇔

∑≡ ─ ╩ ∆╢⁹ 

βⱣ◔♠ ⌐│⁸ ─ →⌐

╟╢ ╡⅜ ∂⌂™╟℮ ∆╢⁹ 

 

 

ᵖ ─ ╩ⱭכⱤכ♃○ꜟ≢ ⅝

╡⁸ ↔≤⌐ⱨ□☻♫כ ⅝

─ⱳꜞ ┼ ╣⁸ ⇔≡ ∆

╢⁹ 
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c. ╩ ™√ ─  

ᵑ ─ ╩ ─

≢ ∆╢⁹ │Ɑכ

Ɽכ♃○ꜟ≢⅝╣™⌐ ⅝ ╢⁹ 

 

 

 

 ᵔⱳꜞ ╩ ⅛╠ ⇔≡№╠⅛

∂╘ 1.2mL⌐ ⇔√ 10 ⱬ

fi◙ꜟ◖♬►ⱶ ╩ ⇔⁸

⇔≡⁸╟ↄ ∆╢⁹ 

 

 

ᵒ ⌐ ╩ ┬ │ ↔≤⌐

╡ ⅎ╢ ⁹ ⌐ ⱳꜞ

╩ ╡ ↑╢⁹ ♫♇♩─ ⌐

⁹ 

 

 

ᵕ ⁸ ⌂≥╩ ∆╢⁹ 

 

 

 

 

 

ᵓ ⇔≡ ╩ ∆╢⁹ ─

⌂≥╩ ↑╢╟℮⁸ ⌐

╤⇔⁸1L ╟╡ ⇔ ╘⌐ ∆

╢⁹ 

 

 

ᵖ ─ ╩ⱭכⱤכ♃○ꜟ≢ ⅝

╡⁸ ↔≤⌐ⱨ□☻♫כ ⅝

─ⱳꜞ ┼ ╣⁸ ⇔≡ ∆

╢⁹ 
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 4- 2  ⱨ▫כ♦♪ꜟכ♃─  

DNA ─ ╩ ∆╢ ≢│⁸ ─ ╩ ⇔≡⅔ↄ↓

≤⅜ ≢∆⁹ ⌐ ה ∆═⅝ ╩  4- 1⌐ ⇔╕∆⁹ 

⌐ ⇔≡│⁸ ─♃כ♦ ╩ ∆╢√╘⌐ ⌂ ≢∆─≢⁸ ∏

ה ⇔╕⇔╞℮⁹ 

 

 4- 1 ⌐ ה ∆═⅝  

No  ḱ ︣ קּ   

1    

2    

3  ︡ ḭ   

4 ṇ  
GPS Ḯ ṇ

 ךּ
 

5  
וֹ

︡  
 

6    

7  ṕ ḭ Ṗ   

8  ḭ   

9  
ḭ ḭ

 
 

10    

11 
  

 

ṕ Ṗ 

12  ︡   

13  ︡   

14  ︡   

15  ︡ ︡   

16  
ḭּט ḭ ︡  

︡ḭm/s  
 

17  

ḭ ḭ  

ṇ ḭ

ךּ  

 

18  
ḭ ṇ ṇ

 
 

19    

20  

ḭ לּנּ

ḭ
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 5.   

 ≢ ↕╣√◘fiⱪꜟ│⁸ ╩ ≡ ─ ⌐ ™√ ⁸₈ᵑ

⇔√◘fiⱪꜟ─ ₉ќ₈ᵒDNA─ ₉ќ₈ᵓDNA─ MiFish №╢

™│ ⌂ ה ₉─ ≢ ↕╣╕∆⁹ 

 

 

 

 

 

⌂ ─ ⌐≈™≡│⁸ ─  5- 1⌐₈ DNA ה ⱴ♬ꜙ▪ꜟ ver.2. 2₉

2020 4 3 ≢─ ┘Ɑכ☺╩ ⇔≡™╕∆─≢⁸ ⇔≡ↄ∞↕™⁹

╕√⁸ ⅜≥─╟℮⌂ ⁸ ⁸ⱪꜝ▬ⱴכ ⌂≥ ≢

⅜ ╦╣√⅛ ⇔≡⅔ↄ↓≤⅜ ≢∆⁹↓─√╘⁸ ╩ ∆╢ ⌐│⁸ ⌐ ∆╢

╩ ⇔≡╙╠℮╟℮⌐⇔╕⇔╞℮⁹ │⁸ ╩ ⌐∆╢≤╟™≢⇔╞

℮⁹ 

 ⌂⅔⁸ DNA │⁸ ╙ ⅜ ╗≤≤╙⌐ ⇔≡™ↄ╙─≤ ⅎ╠╣╕∆─≢⁸

╩ ∆╢ ⌐₈ DNA ה ⱴ♬ꜙ▪ꜟ₉⅜ ↕╣≡™⌂™⅛ ∆╢≤╟™

≢⇔╞℮ 4 3 │ ver .2. 2 ⁹ 

 

 5- 1 ⌐ ∆╢₈ DNA ה ⱴ♬ꜙ▪ꜟ ver . 2. 2₉─  

No  ḱ ṇ  

 
︡

 

ṡ3. ףּ Ṣ ṡ3-2. ṇ ṇ

ךּ Ṣ 

P.26Ṍ32 

 DNA  

ṡ4.DNA Ṣ ṡ4-1.ṇ ṇ ךּ DNA

Ṣ 

P.34Ṍ46 

ṡ4.DNA Ṣ ṡ4-2. ṇ ṇּפ DNA

Ṣ 

P.47Ṍ56 

 DNA  

ṡ5.DNA Ṣ ṡ5-1. PCR DNA

ḱ Ṣ 

P.57Ṍ60 

ṡ5.DNA Ṣ ṡ5-2.MiFishṇ ṇ Ṣ P.61Ṍ104 

 

 

 

 

 

 

 

  

ѝ ǲǉǦǪǭǵ  

Ūѝ ǵ˲ ȱɱȽɝɋɶȵɥɱ κ ר  

 ѝ ǵ˲ ǱȱɱȽɝɋɶȵɥɱǲȏȑƲ ᷂ǲ ǞǭǋǱǋכֿ Ǔ їǜȓȒḹֻǓǉ

ȑȅǠƳǚȓș ǗǦȈǲȉƲʣ ǞǦ ȑƲѝ ș͒ ǠȒ ǲᾍǞǭƲƼ ṑ DNA ɵ

ὕ ɜɉɣȠɩƽǲ♫Ǫǭὕ ǠȒǚǯșǑ̟ǏǠȒǚǯșǑҿȈǞȅǠƳ͈ǏǷƲʣ ɜɉɣȠ

ɩǮǶƲȱɱȽɝɋɶȵɥɱș ȐǠ›ẑǯǞǭƲDNA їὙǶ PCR ǵ ᾶǯǶ ǲӦ

ѝǲ ǞǱǘȓǷǱȐǱǋǚǯǱǰǓ ǜȓǭǋȅǠƳ 

ū MiFish ǮǶƲɕɧȢɜɶǵʥ ֻǵ Ƕ їǮǔǱǋ κ ר  

ɢɂɟȤɈȬ ƲȠɤƲɭȩȳȬǱǰƲ MiFish ǮǶ їǞǲǖǋƲ їǮǔ

Ǳǋ ǓǉȑȅǠƳǚǵȏǍǱ Ǔ ᾍ ǵḹֻǲǶƲѝ ǲ˗Ѽǲ ǞƲ ẀǜȓǦ

ɕɧȢɜɶș қǠȒǚǯǮƲ ǵ їҘǓ ᵎǜȓȒǚǯǓ ♅ǜȓȅǠƳ 

 

D
N 
A

 

D
N 
A

 

 
(MiFish) 

ṇ  
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─ DNA ─ ⌐│⁸ ⌐₈ MiFish )₉≤₈ ₉

─ ⅜№╡╕∆ ⁹ ≈─ │⁸∕╣∙╣ ═╢↓≤⅜≢⅝╢ ⅜ ⌂╢√╘⁸

─ ⌐ ╦∑≡ ∆╢ ⅜№╡╕∆⁹ 

⌂⅔⁸ DNA ─ ♃כ♦┘ ⌐≈™≡─↕╠⌐ ⇔™ │⁸ ⌐

↕╣≡™╕∆─≢⁸╟╡ ↄ ⇔√™ │∕∟╠╩ ⇔≡ↄ∞↕™⁹ 

 

 5- 2 MiFish ≤  

 ṕMiFish)  

  ̧ Ṭ  

ṕ ḭ צּ ︡ ךּ

צּפּ פּ Ṗ 

 ̧ ḭ ṕMiFishṖ

פּ ḭ אל

קּ ךּ אל ךּ

︣ṕ ḭ

צּ כֿ

צּ אל ︣ṖḮ 

 ̧ DNA  

ṕ ḭ ︡ ךּ

DNAּצ שּ ךּ ︡

ךּ צּפּ פּ Ṗ 

 ̧ DNA ḭ ︡

ךּ כֿ צּ ḭשּ

צּ קּ אל

ךּ ︣Ḯ 

  ̧ ṇ ṇ ḭ

ṕMiFishṖ ︣ ṕ

DNA 12S ṇ

RNA Ṗּצ אל ךּ

 

 ̧ ṇ ṇ ḭ

ךּףּ

ḭ ṕMiFishṖ

︣ צּ אל ךּ ︣Ḯ 

 ̧ ḭ

ךּ ḭ 1 ︡ שּ

 Ḯךּאל

 ̧ DNA ︣ ṡPCR

ṇṢּצ אל ךּ  

 ̧PCR ṇּצ אל ךּ

ḭ 1 ︡ שּ  Ḯךּאל

 ̧PCR ṇּצ אל ךּ

ḭ

︡ ︣ כֿ ḭ

צּ קּ לּ ︣Ḯ 

  ̧1 ḭ צּ

פּ  

 ̧ ṕMiFishṖ ḭ

DNA צּ ךּ

טּ ḭ צּ ︢  ךּשּ

 ̧ צּ ךּ

ךּ ךּ  

 ̧ צּ ḭ צּ שּ

ךּ ךּ  

 ̧ טּ

ḭ צּ קּ

 

  ̧ צּ ךּ

DNA קּ כֿךּ טּצּ ḭ

צּ ︢  

 ̧ אל

קּ  ךּ

 ̧1 ḭ1 פּ︡

פּ ךּ ḭ ךּ

קּ ḭ ︢ פּפּצּ

 

  ̧  

 ̧  

 ̧  

 ̧  

 ̧  

 ̧  
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 6.  ─  

DNA─ ♃כ♦⁸│ ─ ⌐ ∂≡™ↄ≈⅛─ⱨ□▬ꜟ⅜ ↕╣╕∆⁹

⌐ ↕╣╢ ╩  6- 1⌐ ⇔╕∆⁹ 

─℮∟₈ ⅜ ™ ꜞ☻♩₉╩ ™≡⁸ ⌐ ∆╢

╩ ∆╢↓≤⌐⌂╡╕∆⁹≈╕╡⁸₈ ⅜ ™ ꜞ☻♩₉│ ⌐ ╡√™

─ ꜞ☻♩≢│№╡╕∑╪⁹ ─ ─ ≢⁸₈ ⇔≡™╢ ⅜ ↕╣⌂

™ ₉№╢™│₈ ⇔≡™⌂™ ⅜ ↕╣╢ ₉⅜ ╕╣≡™⌂™⅛⌂≥

─ ⅜ ⌐⌂╡╕∆⁹ 

⌂⅔⁸₈ ⅜ ™ ꜞ☻♩₉ ─ ⱨ□▬ꜟ  6- 1─ │⁸

─ ╛⁸∕─ ─ ─ ─ ⌂≥⌐╟∫≡⁸╟╡ ⌂ ╩ ℮ ─

─≡⇔≥♃כ♦⌂ ⌂≥ ⌐№√∫≡ ⁸╘√╢⌂≥♃כ♦⌂ ∑≡ ⇔≡⅔ↄ↓≤⅜

≢∆⁹ 

 6- 1 ─ ≤  

No.   
 

 

1 
︣  

ṇ  

אל ṇ  fastq 

DDBJ-DRA( צּ ︡ ךּ DNA

ṇ ṇ ) ṕ

ḭ ḭ Ṗ 

tsv  

Ễ 
OTU  

 

ṕ Ṗ ṇ

︡  
csv  

ṇ לּ 0.1Ṿ טּצּ ṇ  csv  

ễ 
ṇ

 

פּ אל ḮBLAST

ךּ ךּ ḭ צּ

ךּ ︡  

csv  

Ệ 
צּ  ךּ

 

צּ ךּ Ḯֿכ

︣ Ḯ 1Ṍ10 צּ אל כֿ צּ

ṕẑBLAST Ṗ 

csv  

 

⅜ ™ ꜞ☻♩─  

 

 

 

 

  

︢
צּ אל Ḯ 

 

ṕDNAԜ֪ԃԓ֪֙ԃԐ Ṗ 

ID TopHit
Zotu1 580 LC468877.1 100 Hemibarbus barbus CACCGCGGTTAAACGAGAGGCCCTAGTTGATATTATTACGGCGTAAAGGGTGGTTAAGGAAAGCACAACAATAAAGCCGAATGGCCCTCTGGCCGTCATACGCTTCCGGGTGTCCGAAGTCCAACTCACGAAAGTAGCTTTAATACAGCCCACCTGACCCCACGAAAGCTGAGAAA
Zotu2 55335LC492321.1 100 Tribolodon hakonensis CACCGCGGTTAAACGAGAGGCCCCAGTTGACAATACAACGGCGTAAAGGGTGGTTAGGGGGTGCAAAACAATAAAGCCAAATGGCCCCTTGGCCGTCATACGCTTCTAGGTGCCCGAAGCCCAATATACGAAAGTAGCTTTAAAAAGGCCCACCTGACGCCACGAAAGCTGAGAAA
Zotu3 3772 LC468871.1 100 Carassius auratus grandoculis/langdorfii/buergeriCACCGCGGTTAGACGAGAGGCCCTAGTTGATATTACAACGGCGTAAAGGGTGGTTAAGGATAAACAAAAATAAAGTCAAATGGCCCCTTGGCCGTCATACGCTTCTAGGCGTCCGAAGCCCTAATACGAAAGTAACTTTAATAAACCCACCTGACCCCACGAAAGCTGAGAAA
Zotu4 9599 LC458044.1 100 Phoxinus steindachneri CACCGCGGTTAAACGAGAGGCCCTAGTTGACAATACAACGGCGTAAAGGGTGGTTAGGGAGAGCGATAGAATAAAGCCGAATGGCCCCTTGGCCGTCATACGCATCTAAGTGCCCGAAGCCCAATATACGAAAGTAGCTTTAAGAAAGCCCACCTGACGCCACGAAAACTGAGAAA
Zotu5 18244LC385178.1 100 Rhinogobius fluviatilis /sp. OR/KZ/CO/OM/BF CACCGCGGTTATACGAGAGGCCCAAGTTGACAAACGCCGGCGTAAAATGTGGCTATATACAGTATTGCACTAAAGCTAAACATCTTCAAAGCTGTTATACGCACCCGAAGACAGGAGGCCCCTCCACGAAAGTGGCTTTAAACAACATTAGCCCACGAAAGCTAGGGAA
Zotu6 34625LC020972.1 100 Zacco platypus CACCGCGGTTAAACGAGAGGCCCCAGTTGATAACACCACGGCGTAAAGGGTGGTTAAGGGAGCAGCATGATAAAGCCGAATGGCCCTTTGGCCGTCATACGCTTCTAGGTGTCCGAAGCCCAATCACACGAAAGTAGCTTTAATAAAGCCCACCTGACCCCACGAAAGCTGAGAAA
Zotu7 13019LC492321.1 98.864Tribolodon hakonensis CACCGCGGTTAAACGAGGGGCCCCAGTTGACAATACAACGGCGTAAAGGGTGGTTAGGGGGTGCAAAACAATAAAGCCAAATGGCCCCTTGGCCGTCATACGCTTCTAGGTGCCCGAAGCCCAATATACGAAAGTAGCTTTAGAAAGGCCCACCTGACGCCACGAAAGCTGAGAAA
Zotu8 5497 LC474233.1 100 Gymnogobius urotaenia CACCGCGGTTATACGAGAGGCCCAAGTTGACAAATACCGGCGTAAAATGTGGTTAACATACAATTATACTAAAGCTAAACATCTTCAAAGCTGTTATACCCATATGAAGACAGGAAGCACTTCTACGAAAGTGGCTTTAAATAATGCTAATCCACGAAAGCTAGGAAA
Zotu9 1926 LC468891.1 100 Misgurnus anguillicaudatus CBM:ZF:17038-19495CACCGCGGTTATACGAGAGGCCCTAGTTGATGGACACGGCGTAAAGGGTGGTTAAGGTCCAATACAAATAAAGCCAAAAGACCTCTTGGCTGTCATACGCCCCTGAGTTTCCGAAGCCCACGTACGAAAGTAGCTTTAATATTATTCACCTGACCCCACGAAAGCTGAGAAA

DNAԜ֪ԃԓ֪֙ԃԐאל

Ḯ צּ ךּ

ḭשּ

טּ ךּ

︣ Ḯ 

DNAԜ֪ԃԓ֪֙ԃԐ

אל ךּ  
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˗͈ 

צּ

ךּ

 
 

 
 

 
 

︣  

︡  ךּ

ṕ ︡ ךּ Ṗךּ  

טּצּ  

צּ  ךּ

טּצּ ṕ ךּ Ṗ 

 
 

 
 

 
 

︡  ךּ

צּ
 ךּ

 7.  ─  

₈ ⅜ ™ ꜞ☻♩₉╩ ∆╢⌐│⁸ ⌐⅔↑╢ ╛ ─

─ ⌂≥⁸ ⌂ ⅜ ⌐⌂╡╕∆⁹ ─ ⌐≈™≡│⁸ ╩

⇔≡ↄ∞↕™⁹ ≢│⁸ ─ ™ ꜞ☻♩╩ ∆╢√╘─ │ ⇔≡⅔╠∏⁸

⌐╟∫≡│ ⌐ ⇔™ ⌐ ∆╢ ╙№╡╕∆⁹↓─√╘⁸ DNA ╩

∆╢ ⌐│⁸≥─╟℮⌂ ⅜ ⅛ ⌐ ⇔≡⅔ↄ ⅜№╡╕∆⁹⌂⅔⁸₈

⅜ ™ ꜞ☻♩₉─ │⁸ ─ ⅜ ∆╢ ⅜№╡╕∆─≢⁸ ⌐

∆╢ ⌐│ ⇔≡⅔ↄ≤╟™≢⇔╞℮⁹╕√⁸ ─ MiFish ⌐ ╢

╩♩כ◦◒♇▼♅ ∆╢↓≤≢⁸ ⌐ ╩ ℮↓≤⅜ ≢∆⁹ 

⌐⁸ ─ ≢ ⇔√ ─ ─ ╩ ≤⇔≡ ⇔╕∆⁹ 

 

ѝ ǵ ṑ ǵ ǵḹֻ  

ṑ Ǔὕ ǞǦ ǮǶƲѝ ǵѨ Ǯ♬ȐȓǦƼʝ Ǔ ǋ ɨȷɆƽ
ș̊ʤǵȷɄɁɕǮ ș ǋƲ Ǳ ɨȷɆș ὑǜǢǭǋȅǠƳ 

ȷɄɁɕ  ѝ ǲ ǪǦ Ǔ׀ ǜȓǭǋǱǋǒ  

ȅǡƲ Ǔ׀ Ǟǖ ǜȓǭǋȒǒș ǞȅǠƳ 

   

ể 
צּ

אל ךּ  פּךּ

ṡMiFish ︣ Ṣ

ṡMiFish ṇ Ṣ ḭ

צּ פּךּ ︡ḭ ︢ ︡ ︣Ḯ 

ȷɄɁɕ  ᷂ ק ǲǑǘȒ Ǔכֿ ȖǞǋ ǓדȅȓǭǋǱǋǒ  

ǲƲʤ ǵȿȥɁȭɓɫɶǲ♫ǪǭƲѝ ǲ ᷂ ק ǲǑǋǭ Ǔכֿ ȖǞǋ
ǓדȅȓǭǋǱǋǒș ǞȅǠƳκ ר ǠǱȖǨƲ ǞǭǋǱǋכֿ ǯѨ ǜȓǦḹ
ֻǶƲƼʝ Ǔ ǋ ɨȷɆƽǒȐǵѹ ș ǞȅǠƳ 

   

2-ể ּצ
︣  פּ

ḭ ︡
ḭ צּ ︡ ךּ

פּ ︡ ︣Ḯ 

 

   

2-Ễ 
וֹףּ

טּצּ  פּ

ḭ ḭ
וֹףּ ︡ ︣Ḯ 

ḭ ︣ ḭ

וֹףּ

︡ḭ ︡ ︣Ḯ 

 

   

2-ễ 

ḱ

ṇ
צּ ︢

טּצּ
 פּ

ḭ

ỏộỌ ṕ נּ ḭ ḭ
Ṗּצ ︡ פּךּ ︡ ︣Ḯ 

︡ ḭ ṇ

צּ פּךּ ︡ ︣Ḯ 
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ףּ  

 

וֹףּ כֿ צּ ︡

ḭצּ DNA ḭ צּ ḭנּ פּ

כֿ צּ קּ לּ ︡ Ḯ 

 

DNA ḭ טּ ḭצּ פּ ḭ Ṅ

צּ אל ךּ ︣Ḯ ḭ כֿ

שּ כֿ צּ קּ ︡  Ḯלּ

 

DNA ḭנּ ︢ שּ ︣ כֿ צּ קּ ḭ

כֿ ṇ כֿ צּ ︣Ḯ

ḭ ￼︡ פּ DNA ךּ ︣ כֿ צּ

כֿ פּ ḭ כֿצּקּ פּ DNA Ṅ כֿ צּ קּ

ךּ ︣Ḯ 

 

קּ ḭ Ệ ṕ2022 Ṗ אל ︣Ḯ DNA

ḭ ךּ︡ טּ ḭ צּ ︡ כֿשּךּ צּ אל ḭ

קּ ךּ ḭ ︢ אל טּצּ ︣Ḯ 

 

קּ ṡ DNA ךּ

ḱ ︣ Ṣ ךּףּ ḭ ḱ וֹ

אל ︡ Ḯ 

 

ṕ ḱ50 Ṗ 

     

    

    ṕ Ṗ 

     

   ṕ Ṗ 

      

      

     

 

ḭ קּ ḭ קּ ︣ 30 פּ ︡

ךּףּ ḭ פּ ḭ Ṅּפ פֿ קּ ︡

כֿ שּ ךּ ︡ ︣Ḯ 

 

קּ פֿ ךּ ךּ ḱ ṕ ḱ50 Ṗ 

   ṇ  

   

    

   

 

    

    

  ḱ  
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ü ṊӓɗɱȴɩȱɉȤɞ 

DNA─ ╩∆╢ ⁹ ⇔√ ⌐ ∆╢↓≤≢⁸ ≢╙ DNA─

⅜ ↕╣⁸ ⌐ ↕╣╢⁹√∞⇔⁸ ⱬfi◙ꜟ◖♬►ⱶ ╩◘fiⱪꜟ

⌐ ∆╢ │⁸ ⅜ ↕╣≡™╢─≢⁸↓─ ╩ ∆╢ ⌐│ ⅜

≤⌂╢⁹ ⌐ ∂≡⁸ ⌐ ⌐ ⅛╩ ∆╢⁹ 

 

ü ṑ DNA ɟȽɎɶȱɶɅȡɱȮ 

─ ─ ™ (DNAⱣכ◖כ♪)╩ ™≡ ╩ ∆╢ ─↓≤⁹

⌐│⁸ ≤ ┌╣╢↓≤⅜№╢⁹ⱷ♃Ᵽכ◖כ♦▫fi◓ ─Ᵽכ◖כ♪

≤⇔≡│⁸16SrRNA ─ V4 ╛ 12SrRNA ─ MiFish ⅜ ™╠╣╢⁹ 

 

ü  

─ ╛ ╩ √≤⅝⌐⁸ ╕≢─ ⅜ ↄ⁸ ─

™ ╩ ≤™℮⁹ ⌐│⁸ ─ ꜠ⱬꜟ⅜ ─╙─╩™℮⁹ 

 

ü ȭɧȷȽɨɱȮ 

⅝≢ ⇔≡™╢◒ꜝ☻♃ꜞfi◓│⁸ ≢♃כ♦ ╠╣√ ⌐≈™≡

⅜ ™╙─╩ ╘⁸ ╩ ∆╢ ≢⁸↓╣⌐╟╡ ⌐ ╩ ≢⅝╢⁹ 

 

ü ˧  

⅜ ↕╣╢ ─ ⌂╢ ─ ⁹ 

 

ü ȱɱȽɝɋɶȵɥɱ 

DNAⱴ♬ꜙ▪ꜟ≢│ ╩ ⇔⁸ ⌐ ∆╢ DNA╛ PCR⌐╟∫≡ ╠╣√

─╟℮⌂ ─ DNA⌐╟∫≡ ∂╢≤↕╣≡™╢⁹ 

 

ü OTU  

OTU│ Operational Taxonomic Unit ─ ⁹ ╩◖fiⱧꜙכ♃ ≢∕─ ╩

⌐ ⇔√≤⅝⌐ ╠╣╢ ╩™℮⁹◒ꜝ☻♃ꜞfi◓≢ ⅜ ™ ╩ ≈─

╕≤╕╡≤⇔≡ ℮√╘─ ⁹ 

 

ü ᷂ḢΉ̱  

⌐ ⇔≡ ↕╣╢ ⁹ ─∕╣╒≥ ⅝ↄ⌂™ │⁸ ∂ ≢╙

⌐╟∫≡ ╛ ⅜ ⌂╢↓≤⅜ ↄ⁸ ╩ ≤∆╢ ≢│ ≢⌂™

⅜№╢⁹↓─╟℮⌂ ⌐⁸ ≤™℮ ⅜ ™╠╣╢⁹ 

 

ü PCR ɛɨɟɧɶȺ ֚ꜘ  

ⱳꜞⱷꜝכ♀ Polymerase Chain Reaction ─ ⁹ ≤∆╢ ─ DNA ╩

DNAⱳꜞⱷꜝכ♀ DNA╩ ∆╢ ⌐╟∫≡ ⅛≈ ⌐ ⇔⁸ ╛ ╩ ≤

∆╢ ⌐ DNA╩ ∆╢ ⁹ 
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ü ɕɧȢɜɶ 

PCR⌐╟∫≡ ↕╣╢ DNA ─ ⌐ ∆╢ ™ ─ 1 DNA⁹ⱪꜝ▬ⱴכ─♦

◙▬fi ≢│⁸ ─ ⌐ ─ ╩ ™≡ DNA⅛╠ ─ DNA∞↑⅜ ↕

╣╢╟℮⌐∆╢↓≤ ╛⁸ ↄ─ ⌐ ─ ╩ ™√ ⱪꜝ▬ⱴכ ꜚ

♬Ᵽכ◘ꜟⱪꜝ▬ⱴכ ╩ ⇔≡ ─ ─ DNA╩ ∆╢↓≤ ⅜ ≤

⌂╢⁹ MiFish ─ⱪꜝ▬ⱴ⁸│כ ◘ⱷה◄▬ ⌐ ⇔√ⱪꜝ

▬ⱴכ ─ MiFish- E⁸ ᵑ ⌐ ⌂ꜚ♬Ᵽכ◘ꜟⱪꜝ▬ⱴכ

MiFish- U⁸ ᵒ ─ ≢ ⌂▪♫Ɫ♀ ⌐ ⇔√ⱪꜝ▬ⱴכ

MiFish- U2─ 3 ⅜ ╠╣≡⅔╡⁸ ⌐│ ᵑ╩ ∆╢⁹ 

 

ü MiFi sh Ḣ 

Ⱶ♩◖fi♪ꜞ▪◕ⱡⱶ─ ─ ≢ ↄ─ ⌐ ⇔≡╙∫≡™╢ 2 ⅛ ─

⌐ ╕╣√⁸ ─ ⇔™ ™ ─↓≤⁹ 

 

ü ɝɆȱɱɇɨȠ DNA  

Ⱶ♩◖fi♪ꜞ▪⌐ ╕╣╢ ↕⌂ ─ DNA⁹ ╛ ↄ─ ≢│ ∆╢⁹MiFish

ⱪꜝ▬ⱴ⁸│כⱵ♩◖fi♪ꜞ▪ DNA─◕ⱡⱶ⌐◖כ♪↕╣╢ 12SrRNA ─

⅜ 170bp─ ╩ ™≡ ⇔≡™╢⁹ 

 

ü ɨȠɩȽȢɞ PCR 

─ PCR│ ─ ⌂ ─╖╩ ℮─⌐ ⇔≡⁸ꜞ▪ꜟ♃▬ⱶ PCR≢│ ─

╩ꜞ▪ꜟ♃▬ⱶ≢⸗♬♃כ∆╢ ⌐╟╡⁸◘fiⱪꜟ ⌐ ♩♇◕כ♃╢╣╕

─ DNA╛ RNA ╩⁸ ™ ≢ ∆╢↓≤⅜≢⅝╢ ⁹ 

 

ü ɨɶɇɵɨɶɇ  

─ ─ ⁸™™≥♪כꜞ╩ ∆╢√╘⌐ ↕╣√ DNA

♪כꜞ⁸≢≥↓─ │ DNA ─ ⁹ 

 

ü ɨɓȟɪɱȷ 

⅝≢ ⇔≡™╢ꜞⱨ□꜠fi☻≤│⁸ ─ ⌐ ∆╢ ꜞⱨ□꜠fi☻

─↓≤⁹ ≢ ╠╣√ ⌐ ⇔≡⁸↓─ꜞⱨ□꜠fi☻╩ ⇔≡ ╩ ∆╢⁹ 

 

ü ɭɱɇ 

╙ ≤ ⇔≡™╢ ╛ ⌐╖╠╣╢ ⁸ ⌐╖╠

╣╢ ─ ─ ╣≤ ↕╣√ ⁹ 
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ể ︣  

 

│⁸ ⌐ ∆╢ ╩ ⌐⁸MiFish ╩ ╗ꜞⱨ□꜠fi☻─

⁸MiFish ⌐⅔↑╢ ה ─ ⌐ ∆╢ β1⁸ ⌐ ™╢ⱪꜝ▬ⱴכ

─ ⌐≈™≡ ╩ ™╕⇔√⁹ DNA ╩ ∆╢ ─ ⌐⇔≡ↄ∞↕™⁹ 

β1 ⌐ ∆╢ ─ ↄ│⁸MiFish ≢ ─ ⅜ ≢∆⁹⇔⅛⇔⁸ ─ ≢│⁸

⌐ ∆╢ ≤ MiFish ⅜ ⌐ ∆╢√╘⁸ ─ ⅜ ⌂╙─⅜™√╡⁸ ⌐

∆╢ ≤ MiFish ⅜ ⌐ ∆╢√╘⁸ ─ ⌐ ╩ ∆╢╙─⅜™╕∆⁹ ⁸

☻כⱬ♃כ♦ ⌐ ↕╣╢ꜞⱨ□꜠fi☻⅜ ⅎ╢↓≤≢⁸ ה ─ ⌐ ∆╢ ⅜

↕╣╢ ⅜№╡╕∆⁹ 

 

⌐№√∫≡─  

ה ∆╢  

꜠♇♪ꜞ☻♩ 2020⁸Watanabe et al.(2017) β2─ 181 244 ≡⁸

ꜞ☻♩ ⁸ ─ ─√╘─ ꜞ☻♩ ─ ⁹√∞⇔⁸

ה ┼─ ─ ™ 3ꜞ☻♩─ ⅜ ╕╣⌂™ ╩ ↄ⁹ 

β2 Watanabe, K.,  K. Tominaga, J. Nakajima, R. Kakioka and R. Tabata (2017) Chapter 7. Japanese freshwater 

fishes: biogeography and cryptic diversity. In: Motokawa, M. and H. Kajihara (eds.) Species Diversity 

of Animals in Japan, Diversity and Commonality in Animals. Springer, pp.183 ð227. 

ה ⇔√ ─  

꜠♇♪ꜞ☻♩ 2020 ⁸ ( 2013)₈  3 ₉⁸ ( 2018)₈

₉⁸ ( 2017)₈ ─♪☺ꜛ►₉⁸ ( 2022)₈ ꜞ☻♩ JAFꜞ ☻♩ ver.1 8 ₉ 

ה ─ ─  

1) ꜠♇♪ꜞ☻♩ 2020 ⁸2) Watanabe et al. (2017) ⁸3) ∕─ ─ 4

─ ─√╘─ ꜞ☻♩ ⁸ ꜞ☻♩⁸ 2022

₈ ꜞ☻♩ JAFꜞ☻♩ ver.1 8 ⁹ │⁸ ☻כⱬ♃כ♦ ≢

↕╣╢ taxonomyꜞ☻♩╙ ∆╢⁹ 

ה ≤⇔√ꜞⱨ□꜠fi☻ 

2023 2 7 ≢ ⌐☻כⱬ♃כ♦ ↕╣≡™╢ MiFish ╩ ╗ ⁹ 

 

─  

ₒMiFish ─ ─ ₓỪ №╡⁸× ⌂⇔⁸ 

ₒMiFish ⌐⅔↑╢ ה ─ ₓỪ ꜠ⱬꜟ≢─ ⅜ ≢№╢⁸ỏ ꜠ⱬꜟ≢─ ⅜

⁸╙⇔ↄ│⁸ ╩ ∆╢ 

ₒ RL2020x ꜠♇♪ꜞ☻♩ 2020 ₈ ה ₉─ │כꜞ◗♥◌⁹ ─≤⅔╡⁹ 

EX ⁸EW ⁸CR зA ⁸EN зB ⁸VU и ⁸NT

⁸DD ⁸LP ─⅔∕╣─№╢  

ₒ ꜞ☻♩ₓ ⅜ ─ ⌐ ╩ ╓∆⅔∕╣─№╢ ꜞ☻♩ ⁸2015 ─ ⁹

│כꜞ◗♥◌ ─≤⅔╡⁹ 

OY ∕─ ─ ⁸KT ⁸JT ⁸OT ∕─ ─

⁸SK  

ₒ ⱪꜝ▬ⱴכ─ ₓừ ⌐ ™╢ PCRⱪꜝ▬ⱴכ⅜ ⌐╟╡ ↕╣≡

™╢  
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⌐ ∆╢ ꜞ☻♩ 

No. 
         

⁸  
 

MiFish

─

─

 

MiFish ⌐⅔↑

╢ ה

─  
RL2020 ꜞ☻♩ 

ⱪꜝ

▬ⱴכ

─  
│ 

 

│

 

1  Entosphenus tridentatus  ủ Ừ  LP   

2  Lethenteron japonicum  ủ  ỏ VU   

3  Lethenteron kessleri  ủ  ỏ NT   

4  Lethenteron sp. N  ủ Ừ  VU   

5  Lethenteron sp. S  ủ Ừ  VU  ừ 

6  Acipenser medirostris  ủ Ừ  EX   

7  Atractosteus spatula  ủ Ừ   OY  

8  Lepisosteus oculatus  ủ  ỏ  OY  

9  Lepisosteus osseus  ủ  ỏ  OY  

10  Lepisosteus platostomus  ủ  ỏ  OY  

11  Anguilla bicolor pacifica  ủ Ừ  DD   

12  Anguilla japonica  ủ Ừ  EN  ừ 

13  Anguilla marmorata  ủ Ừ    ừ 

14  Uropterygius concolor  ủ Ừ  CR   

15  Echidna rhodochilus  ủ Ừ  CR   

16  Clupea pallasii  ủ Ừ  LP   

17  Nematalosa japonica  ủ Ừ  EN   

18  Coilia nasus  ủ Ừ  EN   

19  Cyprinus carpio  ủ Ừ    ừ 

20    Cyprinus carpio  ủ Ừ     

21    Cyprinus carpio  ủ Ừ  LP   

22  Carassius auratus  ủ  ỏ   ừ 

23  Carassius buergeri buergeri  ủ  ỏ    

24  Carassius buergeri grandoculis  ủ  ỏ EN   

25  Carassius buergeri subsp. 1  ×   DD   

26  Carassius buergeri subsp. 2  ủ  ỏ VU   

27  Carassius cuvieri  ủ Ừ  EN   

28  Carassius sp.  ủ  ỏ    

29  Carassius sp.  ủ  ỏ CR   

30  Tanakia lanceolata  ủ Ừ  NT   

31   groupF LA1  Tanakia lanceolata  ủ      

32   groupE LA2  Tanakia lanceolata  ủ      

33   groupA LA3  Tanakia lanceolata  ủ      

34   groupG LA4  Tanakia lanceolata  ủ      

35   groupB Tanakia lanceolata  ủ      

36   groupC Tanakia lanceolata  ủ      

37   groupD- 1 Tanakia lanceolata  ủ      

38   groupD- 2 Tanakia lanceolata  ủ      

39   groupD- 3 Tanakia lanceolata  ×      

40  Tanakia limbata  ủ Ừ  NT   

41   LI1 Tanakia limbata  ủ      

42   LI2 Tanakia limbata  ủ      

43   LI3 Tanakia limbata  ủ      

44  Tanakia tanago  ủ Ừ  CR   

45  Acheilognathus cyanostigma  ủ Ừ  CR   

46   clade1 Acheilognathus cyanostigma  ủ      

47   clade2 Acheilognathus cyanostigma  ủ      

48   clade3 Acheilognathus cyanostigma  ủ      
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⌐ ∆╢ ꜞ☻♩ 

No. 
         

⁸  
 

MiFish

─

─

 

MiFish ⌐⅔↑

╢ ה

─  
RL2020 ꜞ☻♩ 

ⱪꜝ

▬ⱴכ

─  
│ 

 

│

 

49  Acheilognathus longipinnis  ủ Ừ  CR  ừ 

50    Acheilognathus longipinnis  ủ      

51    Acheilognathus longipinnis  ủ      

52    Acheilognathus longipinnis  ×      

53  Acheilognathus macropterus  ủ Ừ   OT  

54  Acheilognathus melanogaster  ủ Ừ  EN   

55  Acheilognathus rhombeus ủ Ừ     

56  Acheilognathus tabira erythropterus  ủ Ừ  EN   

57  Acheilognathus tabira jordani  ủ Ừ  CR   

58  Acheilognathus tabira nakamurae  ủ Ừ  CR   

59  Acheilognathus tabira tabira  ủ Ừ  EN   

60  Acheilognathus tabira tohokuensis  ủ Ừ  EN   

61  Acheilognathus typus  ủ Ừ  CR  ừ 

62  Rhodeus atremius atremius  ủ Ừ  EN  ừ 

63  Rhodeus atremius suigensis  ủ Ừ  CR  ừ 

64  Rhodeus ocellatus kurumeus  ủ Ừ  CR   

65    Rhodeus ocellatus kurumeus  ủ      

66    Rhodeus ocellatus kurumeus  ủ      

67    Rhodeus ocellatus kurumeus  ủ      

68  Rhodeus ocellatus ocellatus  ủ Ừ   JT  

69  Hypophthalmichthys molitrix  ủ  ỏ  OT ừ 

70  Aristichthys nobilis  ủ  ỏ  OT ừ 

71  Ischikauia steenackeri  ủ Ừ  CR   

72  Danio albolineatus  ủ Ừ   OT  

73  Danio rerio  ủ Ừ   OT  

74  Hemigrammocypris neglectus ủ Ừ  EN  ừ 

75    Hemigrammocypris neglectus ủ      

76    Hemigrammocypris neglectus ủ      

77  Opsariichthys uncirostris uncirostris  ủ Ừ  VU  ừ 

78  Zacco platypus  ủ Ừ     

79   WJ  Zacco platypus  ủ      

80   EJ  Zacco platypus  ủ      

81   KY  Zacco platypus  ủ      

82  Nipponocypris sieboldii  ủ Ừ     

83   group1 Nipponocypris sieboldii  ủ      

84   group2 Nipponocypris sieboldii  ủ      

85   group3 Nipponocypris sieboldii  ủ      

86  Nipponocypris temminckii  ủ Ừ     

87   group1 Nipponocypris temminckii  ủ      

88   group2 Nipponocypris temminckii  ủ      

89   group3 Nipponocypris temminckii  ủ      

90  Aphyocypris chinensis  ủ Ừ  CR   

91  Ctenopharhyngodon idellus  ủ Ừ   OT ừ 

92  Mylopharyngodon piceus ủ Ừ   OT  

93  Phoxinus lagowskii yamamotis  ×   DD   

94  Phoxinus perenurus sachalinensis  ủ Ừ  NT   

95  Rhynchocypris lagowskii steindachneri  ủ Ừ     

96  Rhynchocypris oxycephalus jouyi  ủ Ừ     
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⌐ ∆╢ ꜞ☻♩ 

No. 
         

⁸  
 

MiFish

─

─

 

MiFish ⌐⅔↑

╢ ה

─  
RL2020 ꜞ☻♩ 

ⱪꜝ

▬ⱴכ

─  
│ 

 

│

 

97   group1 Rhynchocypris oxycephalus jouyi  ủ      

98   group2 Rhynchocypris oxycephalus jouyi  ủ      

99  Tribolodon brandtii brandtii  ủ Ừ  LP   

100   TBB1 Tribolodon brandtii brandtii  ủ      

101   TBB2 Tribolodon brandtii brandtii  ×      

102  Tribolodon brandtii maruta  ủ Ừ     

103  Tribolodon hakonensis  ủ Ừ     

104   group1 TH1  Tribolodon hakonensis  ủ      

105   group2 TH2  Tribolodon hakonensis  ủ      

106   group3 TH3  Tribolodon hakonensis  ủ      

107   group4 TH4  Tribolodon hakonensis  ủ      

108   group5 TH5  Tribolodon hakonensis  ủ      

109   group6 TH6  Tribolodon hakonensis  ủ      

110  Tribolodon nakamurai  ủ Ừ  EN   

111  Tribolodon sachalinensis  ủ Ừ  LP   

112  Pseudorasbora parva ủ  ỏ   ừ 

113   group1 Pseudorasbora parva ủ      

114   group2 Pseudorasbora parva ủ      

115   group3 Pseudorasbora parva ủ      

116   group4 Pseudorasbora parva ủ      

117  Pseudorasbora pugnax ủ Ừ  CR   

118  Pseudorasbora pumila ủ Ừ  CR   

119  Sarcocheilichthys biwaensis  ủ Ừ  CR   

120  Sarcocheilichthys variegatus microoculus  ủ  ỏ    

121  Sarcocheilichthys variegatus variegatus  ủ  ỏ NT   

122    Sarcocheilichthys variegatus variegatus  ủ      

123    Sarcocheilichthys variegatus variegatus  ủ      

124  Pungtungia herzi  ủ Ừ     

125  Gnathopogon caerulescens ủ  ỏ CR  ừ 

126  Gnathopogon elongatus elongatus  ủ  ỏ    

127   E1  Gnathopogon elongatus elongatus  ủ      

128   E2  Gnathopogon elongatus elongatus  ủ      

129   E3  Gnathopogon elongatus elongatus  ủ      

130  Gnathopogon elongatus suwae ×   EX   

131  Biwia yodoensis  ủ Ừ  EN   

132  Biwia zezera  ủ Ừ  VU   

133    Biwia zezera  ủ      

134    Biwia zezera  ủ      

135    Biwia zezera  ủ      

136    Biwia zezera  ×      

137  Pseudogobio agathonectris  ủ Ừ     

138  Pseudogobio esocinus ủ Ừ     

139  Pseudogobio polystictus  ủ Ừ     

140  Abbottina rivularis  ủ Ừ  EN   

141    Abbottina rivularis  ủ Ừ     

142    Abbottina rivularis  ủ Ừ     

143  Hemibarbus barbus ủ  ỏ    

144  Hemibarbus labeo ủ  ỏ    
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⌐ ∆╢ ꜞ☻♩ 

No. 
         

⁸  
 

MiFish

─

─

 

MiFish ⌐⅔↑

╢ ה

─  
RL2020 ꜞ☻♩ 

ⱪꜝ

▬ⱴכ

─  
│ 

 

│

 

145  Hemibarbus longirostris  ủ Ừ     

146  Squalidus biwae tsuchigae  ủ  ỏ    

147  Squalidus chankaensis biwae  ủ  ỏ VU   

148  Squalidus gracilis gracilis  ủ Ừ     

149   group1 Squalidus gracilis gracilis  ủ      

150   group2 Squalidus gracilis gracilis  ủ      

151   group3 Squalidus gracilis gracilis  ủ      

152  Squalidus japonicus japonicus  ủ  ỏ VU   

153    Squalidus japonicus japonicus  ủ      

154    Squalidus japonicus japonicus  ủ      

155  Tanichthys albonubes  ủ Ừ   OT  

156  Misgurnus anguillicaudatus  ủ Ừ  NT  ừ 

157    Misgurnus anguillicaudatus  ủ Ừ     

158    Misgurnus anguillicaudatus  ủ Ừ     

159  Misgurnus sp. (Clade A)  ủ Ừ  DD   

160  Misgurnus sp. IR  ủ Ừ  DD   

161  Misgurnus sp. OK ủ Ừ  DD   

162  Paramisgurnus dabryanus ủ Ừ   OT  

163  Cobitis kaibarai  ủ Ừ  EN   

164  Cobitis magnostriata  ủ  ỏ EN   

165  Cobitis matsubarae  ủ Ừ  VU   

166  Cobitis minamorii minamorii  ủ Ừ  CR   

167  Cobitis minamorii oumiensis  ủ  ỏ EN   

168  Cobitis minamorii saninensis  ủ Ừ  EN   

169  Cobitis minamorii tokaiensis  ủ  ỏ EN   

170  Cobitis minamorii yodoensis  ×   CR   

171  Cobitis sakahoko  ủ Ừ  EN   

172  Cobitis shikokuensis  ủ Ừ  EN   

173  Cobitis sp. BIWAE type A ủ Ừ     

174  Cobitis sp. BIWAE type B ủ Ừ     

175  Cobitis sp. BIWAE type C ủ Ừ     

176  Cobitis sp. BIWAE type D ủ Ừ  VU   

177 A  Cobitis sp. 'yamato' complex Type A  ủ Ừ     

178  Cobitis striata fuchigamii  ủ  ỏ EN   

179  Cobitis striata hakataensis  ủ  ỏ CR   

180  Cobitis striata striata  ủ  ỏ VU   

181  Cobitis takatsuensis  ủ Ừ  EN   

182  Cobitis takenoi  ủ  ỏ CR   

183  Niwaella delicata  ủ Ừ  VU   

184   G  Niwaella delicata  ủ      

185   S  Niwaella delicata  ủ      

186  Barbatula oreas  ủ Ừ     

187  Lefua costata  ủ Ừ     

188  Lefua costata nikkonis  ủ Ừ  EN   

189  Lefua echigonia  ủ Ừ  EN   

190    Lefua echigonia  ủ      

191    Lefua echigonia  ủ      

192    Lefua echigonia  ủ      
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⌐ ∆╢ ꜞ☻♩ 

No. 
         

⁸  
 

MiFish

─

─

 

MiFish ⌐⅔↑

╢ ה

─  
RL2020 ꜞ☻♩ 

ⱪꜝ

▬ⱴכ

─  
│ 

 

│

 

193    Lefua echigonia  ủ      

194    Lefua echigonia  ủ      

195    Lefua echigonia  ủ      

196    Lefua echigonia  ủ      

197    Lefua echigonia  ủ      

198  Lefua torrentis  ủ Ừ  EN   

199    Lefua torrentis  ủ      

200    Lefua torrentis  ủ      

201  Lefua tokaiensis  ủ Ừ  EN   

202  Parabotia curtus  ủ Ừ  CR  ừ 

203  Tachysurus aurantiacus  ủ Ừ  VU   

204  Tachysurus ichikawai  ủ Ừ  EN  ừ 

205  Tachysurus nudiceps ủ Ừ     

206  Tachysurus tokiensis  ủ Ừ  VU   

207  Pseudobagrus fulvidraco  ủ Ừ   OT  

208  Silurus asotus  ủ  ỏ    

209  Silurus biwaensis  ủ Ừ     

210  Silurus lithophilus  ủ  ỏ NT   

211  Silurus tomodai  ủ  ỏ    

212  Liobagrus reinii  ủ Ừ  VU  ừ 

213   Group1 Liobagrus reinii  ủ      

214   Group2 Liobagrus reinii  ủ      

215  Ictalurus punctatus  ủ Ừ     

216  Clarias fuscus  ủ Ừ   OT  

217  Pterygoplichthys disjunctivus  ủ  ỏ  OT  

218  Spirinchus lanceolatus  ủ Ừ  LP  ừ 

219  Osmerus dentex ủ Ừ     

220  Hypomesus nipponensis ủ Ừ    ừ 

221  Hypomesus olidus ủ Ừ  NT   

222  Plecoglossus altivelis altivelis  ủ Ừ    ừ 

223  Plecoglossus altivelis ryukyuensis  ủ Ừ  CR  ừ 

224  Salanx ariakensis  ủ Ừ  CR   

225  Neosalanx reganius  ×   CR   

226  Hucho perryi  ủ Ừ  EN  ừ 

227  Salmo trutta  ủ Ừ   SK  

228  Salvelinus fontinalis  ủ Ừ   OT  

229  Salvelinus leucomaenis imbrius  ủ  ỏ VU   

230  Salvelinus leucomaenis japonicus  ủ  ỏ LP   

231  Salvelinus leucomaenis leucomaenis  ủ  ỏ   ừ 

232  Salvelinus leucomaenis pluvius  ủ  ỏ DD   

233  Salvelinus malma krascheninnikovi  ủ  ỏ VU  ừ 

234  Salvelinus malma miyabei  ủ  ỏ VU   

235  Salvelinus namaycush ủ Ừ   SK  

236  Oncorhynchus gorbuscha ủ Ừ     

237  Oncorhynchus kawamurae ủ  ỏ EW   

238  Oncorhynchus keta ủ  ỏ    

239  Oncorhynchus masou ishikawae ủ  ỏ NT   

240  Oncorhynchus masou masou ủ  ỏ NT   
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241  Oncorhynchus mykiss ủ Ừ   SK ừ 

242  Oncorhynchus nerka ủ  ỏ CR   

243  Oncorhynchus sp.  ủ Ừ  NT   

244  Monopterus albus ủ Ừ     

245  Monopterus sp.  ủ Ừ  CR   

246  Gasterosteus aculeatus aculeatus  ủ  ỏ   ừ 

247    Gasterosteus aculeatus aculeatus  ×      

248    Gasterosteus aculeatus aculeatus  ủ      

249    Gasterosteus aculeatus aculeatus  ủ      

250  Gasterosteus aculeatus subsp. 1  ủ  ỏ LP   

251  Gasterosteus aculeatus subsp. 2  ủ  ỏ CR   

252    Gasterosteus aculeatus subsp. 2  ủ      

253    Gasterosteus aculeatus subsp. 2  ủ      

254  Gasterosteus aculeatus subsp. 3  ủ Ừ     

255  Gasterosteus nipponicus  ủ Ừ  LP   

256  Pungitius kaibarae  ủ Ừ  EX   

257  Pungitius sp. 1  ủ  ỏ LP   

258  Pungitius sp. 2  ủ  ỏ NT   

259  Pungitius sp. 3  ủ  ỏ CR   

260  Pungitius sp. 4  ủ Ừ  CR   

261  Pungitius tymensis  ủ Ừ  VU   

262  Pungitius modestus  ×      

263  Hippichthys heptagonus  ủ Ừ  EN   

264  Microphis argulus  ×   CR   

265  Microphis jagorii  ×   CR   

266  Microphis retzii  ×   CR   

267  Cestraeus plicatilis  ủ Ừ  CR   

268  Crenimugil heterocheilos  ×   EN   

269  Ellochelon vaigiensis  ủ Ừ  DD   

270  Chelon subviridis  ủ Ừ  DD   

271  Moolgarda engeli  ủ Ừ  DD   

272  Moolgarda pedaraki  ủ Ừ  DD   

273  Odontesthes bonariensis  ủ Ừ   OT  

274  Atherinomorus duodecimalis  ủ Ừ  DD   

275  Hypoatherina temminckii  ủ Ừ  DD   

276  Xiphophorus hellerii  ủ Ừ     

277  Gambusia affinis  ủ Ừ   JT  

278  Poecilia reticulata  ủ Ừ   OT  

279  Oryzias latipes  ủ Ừ  VU  ừ 

280  Oryzias latipes  ủ Ừ     

281  Oryzias sakaizumii  ủ Ừ  VU  ừ 

282  Zenarchopterus dunckeri  ủ Ừ  NT   

283  Hyporhamphus intermedius ủ Ừ  NT   

284  Tetraroge barbata  ủ Ừ  CR   

285  Tetraroge nigra  ×   CR   

286  Lates japonicus  ủ Ừ  EN   

287  Pseudambassis ranga ủ Ừ     

288  Ambassis interrupta  ủ Ừ  DD   
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289  Ambassis macracanthus ×   DD   

290  Coreoperca kawamebari ủ Ừ  EN  ừ 

291   group1 Coreoperca kawamebari ×      

292   group2 Coreoperca kawamebari ×      

293  Lateolabrax japonicus  ủ  ỏ LP  ừ 

294  Epinephelus bontoides  ủ Ừ  DD   

295  Lepomis macrochirus ủ Ừ   KT ừ 

296  Micropterus dolomieu  ủ Ừ   KT ừ 

297  Micropterus salmoides  ủ Ừ   KT ừ 

298  Yarica hyalosoma ủ Ừ  CR   

299  Fibramia lateralis  ×   DD   

300  Pseudamia amblyuroptera ủ Ừ  DD   

301  Lutjanus goldiei  ×   CR   

302  Plectorhinchus albovittatus  ×   DD   

303  Acanthopagrus pacificus  ủ Ừ  VU   

304  Sillago parvisquamis  ủ Ừ  CR   

305  Sillaginops macrolepis  ủ Ừ  EN   

306  Toxotes jaculatrix  ủ Ừ  CR   

307  Oreochromis mossambicus ủ Ừ   OT  

308  Oreochromis niloticus  ủ Ừ   OT  

309  Tilapia zillii  ủ Ừ   OT  

310  Mesopristes argenteus  ủ Ừ  CR   

311  Mesopristes cancellatus  ủ Ừ  CR   

312  Mesopristes iravi  ủ Ừ  CR   

313  Kuhlia munda ×   EN   

314  Trachidermus fasciatus  ủ Ừ  EN   

315  Cottus amblystomopsis  ủ Ừ    ừ 

316  Cottus hangiongensis  ủ Ừ  LP  ừ 

317  Cottus kazika  ủ Ừ  VU   

318  Cottus nozawae ủ Ừ  LP   

319    Cottus nozawae ủ      

320    Cottus nozawae ×      

321    Cottus nozawae ủ      

322  Cottus pollux  ủ  ỏ NT   

323  Cottus reinii  ủ Ừ  EN   

324    Cottus reinii  ủ      

325    Cottus reinii  ủ      

326  Cottus sp.  ủ  ỏ EN   

327  Enneapterygius cheni  ×   CR   

328  Omox biporos ×   CR   

329  Omobranchus elongatus ủ Ừ  DD   

330  Omobranchus ferox ×   CR   

331  Pseudocalliurichthys ikedai  ×   DD   

332  Rhyacichthys aspro  ủ Ừ  CR   

333  Odontobutis hikimius  ủ Ừ  VU   

334  Odontobutis obscura  ủ Ừ     

235    Odontobutis obscura  ủ      

336    Odontobutis obscura  ủ      
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337    Odontobutis obscura  ủ      

338    Odontobutis obscura  ủ      

339  Hypseleotris cyprinoides  ủ Ừ  EN   

340  Bunaka gyrinoides  ủ  ỏ NT   

341  Eleotris fusca  ủ Ừ     

342  Eleotris oxycephala  ủ Ừ     

343  Belobranchus belobranchus  ủ Ừ  DD   

344  Butis amboinensis  ủ Ừ  CR   

345  Bostrychus sinensis  ủ Ừ  EN   

346  Ophiocara porocephala  ủ Ừ  VU   

347  Giuris sp. 1  ủ Ừ  EN   

348  Giuris sp. 2  ×   EN   

349  Luciogobius albus  ×   CR   

350  Luciogobius dormitoris  ×   DD   

351  Luciogobius fluvialis  ×   NT   

352  Luciogobius fonticola  ủ Ừ  NT   

353  Luciogobius pallidus  ủ Ừ  NT   

354  Luciogobius ryukyuensis  ủ  ỏ VU   

355  Eutaeniichthys gilli  ủ Ừ  NT   

356  Leucopsarion petersii  ủ Ừ  VU   

357  Odontamblyopus lacepedii  ủ Ừ  VU   

358  Caragobius urolepis  ủ Ừ  VU   

359  Taenioides cirratus  ủ  ỏ EN   

360  Taenioides gracilis  ủ Ừ     

361  Trypauchenopsis intermedia  ủ Ừ  VU   

362  Scartelaos histophorus  ủ Ừ  CR   

363  Boleophthalmus pectinirostris  ủ Ừ  EN   

364  Apocryptodon punctatus  ủ Ừ  VU   

365  Periophthalmus modestus ủ Ừ  NT   

366  Cristatogobius aurimaculatus  ×   CR   

367  Cristatogobius lophius  ủ Ừ  EN   

368  Cristatogobius nonatoae  ủ Ừ  CR   

369  Oxyurichthys sp. 2  ủ Ừ  CR   

370  Callogobius sp.  ủ Ừ  CR   

371  Acanthogobius hasta  ủ Ừ  VU   

372  Acanthogobius insularis  ủ Ừ  VU   

373  Lentipes armatus  ủ Ừ  CR   

374  Smilosicyopus leprurus  ủ Ừ  CR   

375  Sicyopus auxilimentus  ×   DD   

376  Sicyopus zosterophorus  ủ Ừ  CR   

377  Sicyopterus japonicus  ủ Ừ     

378  Sicyopterus lagocephalus  ủ Ừ  VU   

379  Stiphodon alcedo ủ Ừ  CR   

380  Stiphodon atropurpureus  ×   CR   

381  Stiphodon imperiorientis  ủ Ừ  CR   

382  Stiphodon multisquamus ×   DD   

383  Stiphodon niraikanaiensis  ×   DD   

384  Stiphodon percnopterygionus  ủ Ừ     
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385  Stiphodon surrufus  ×   DD   

386  Amblygobius linki  ×   NT   

387  Silhouettea dotui  ×   NT   

388  Silhouettea sp.  ×   NT   

389  Parkraemeria saltator  ủ Ừ  VU   

390  Pandaka lidwilli  ủ Ừ  VU   

391  Pandaka sp.  ủ Ừ  VU   

392  Eugnathogobius mindora ×   NT   

393  Mugilogobius cavifrons  ủ Ừ  EN   

394  Mugilogobius fuscus  ×   DD   

395  Mugilogobius mertoni  ×   VU   

396  Pseudogobius gastrospilos  ủ Ừ  DD   

397  Pseudogobius masago ủ Ừ  VU   

398  Schismatogobius ampluvinculus  ủ Ừ  EN   

399  Schismatogobius roxasi  ủ Ừ  EN   

400  Stenogobius ophthalmoporus ×   DD   

401  Stenogobius sp.  ủ Ừ     

402  Awaous melanocephalus ủ  ỏ    

403  Tridentiger barbatus  ủ Ừ  NT   

404  Tridentiger bifasciatus  ủ Ừ     

405  Tridentiger brevispinis  ủ  ỏ    

406  Tridentiger kuroiwae  ủ  ỏ    

407  Tridentiger nudicervicus  ủ Ừ  NT   

408  Tridentiger obscurus  ủ  ỏ    

409  Tridentiger trigonocephalus  ủ Ừ     

410  Redigobius balteatus  ủ Ừ  DD   

411  Bathygobius sp.  ủ Ừ  CR   

412  Rhinogobius biwaensis  ủ Ừ  DD   

413  Rhinogobius brunneus ủ  ỏ    

414  Rhinogobius flumineus  ủ Ừ     

415   group1 Rhinogobius flumineus  ×      

416   group2 Rhinogobius flumineus  ủ      

417   group3 Rhinogobius flumineus  ủ      

418    Rhinogobius flumineus  ủ      

419  Rhinogobius fluviatilis  ủ  ỏ    

420  Rhinogobius kurodai  ủ  ỏ    

421  Rhinogobius mizunoi  ủ  ỏ    

422  Rhinogobius nagoyae ủ  ỏ    

423  Rhinogobius ogasawaraensis ủ  ỏ EN   

424  Rhinogobius similis  ủ Ừ     

425  Rhinogobius sp. BB ủ  ỏ CR   

426  Rhinogobius tyoni  ủ  ỏ NT   

427  Rhinogobius yaima ủ  ỏ    

428  Rhinogobius yonezawai ủ  ỏ    

429  Rhinogobius sp. KZ  ủ  ỏ    

430  Rhinogobius sp. MO ủ  ỏ    

431  Rhinogobius sp. OM ủ  ỏ    

432  Rhinogobius sp. OR ủ  ỏ    
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433  Rhinogobius telma ủ Ừ  NT   

434  Rhinogobius sp. YB ủ  ỏ EN   

435  Rhinogobius aonumai aonumai ×      

436  Rhinogobius aonumai ishigakiensis  ×      

437  Glossogobius aureus  ủ Ừ  CR   

438  Glossogobius bicirrhosus  ×   CR   

439  Glossogobius circumspectus  ủ Ừ  NT   

440  Glossogobius sp.  ×   DD   

441  Acentrogobius audax  ủ Ừ  NT   

442  Acentrogobius caninus  ủ Ừ  NT   

443  Acentrogobius suluensis  ủ Ừ  NT   

444  Acentrogobius viridipunctatus  ủ Ừ  VU   

445  Gymnogobius castaneus ủ  ỏ NT   

446  Gymnogobius cylindricus  ủ Ừ  EN   

447  Gymnogobius isaza ủ Ừ  CR   

448  Gymnogobius macrognathos ủ Ừ  VU   

449  Gymnogobius mororanus ủ Ừ  DD   

450  Gymnogobius nakamurae ×   CR   

451  Gymnogobius opperiens ủ Ừ     

452  Gymnogobius petschiliensis  ủ Ừ  LP   

453  Gymnogobius scrobiculatus  ủ Ừ  EN   

454  Gymnogobius sp. 1  ủ Ừ  EN   

455  Gymnogobius sp. 2  ủ  ỏ CR   

456   group1 Gymnogobius sp. 2  ×      

457   group2 Gymnogobius sp. 2  ủ      

458  Gymnogobius taranetzi  ủ  ỏ VU   

459  Gymnogobius uchidai ủ Ừ  VU   

460  Gymnogobius urotaenia ủ Ừ     

461  Eviota ocellifer  ủ Ừ  CR   

462  Gobitrichinotus radiocularis  ×   NT   

463  Kraemeria tongaensis  ×   DD   

464  Parioglossus caeruleolineatus  ×   DD   

465  Parioglossus interruptus  ×   CR   

466  Parioglossus lineatus  ×   DD   

467  Parioglossus palustris  ủ Ừ  VU   

468  Parioglossus rainfordi  ×   EN   

469  Parioglossus taeniatus  ×   CR   

470  Macropodus ocellatus  ủ Ừ     

471  Macropodus opercularis  ủ Ừ  CR   

472  Channa argus ủ Ừ    ừ 

473  Channa asiatica  ủ Ừ     

474  Channa maculata ủ Ừ     

475  Takifugu alboplumbeus  ủ  ỏ LP   
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S, Minamoto T ( 2020)  Estimations  of riverine distribution, abundance, and biomass 
of anguillid eels in Japan and Taiwan using environmental DNA analysis. Zool ogical  
Studie d,  59:  1- 17.  

▪ꜚ⸗♪◐ TaqMan 

Sugiura K, Tomita S, Minamoto T, Mishina T, Iwata A, Abe T,  Yamamoto S, Watanabe K 
(2021) Characterizing the spatial and temporal occurrence patterns of the endangered 
botiid loach Parabotia curtus by environmental DNA analysis using a newly developed 
species- specific primer set.  Ichthyological Research, 68(1): 152 - 157.  

◌fi◐ꜛ►◌☺◌ 

◄♂Ɫ♫◌☺◌ 

( ─ │∑∏)  

SYBR 
,  ,   ( 2021) ⌐⅔↑╢ ◌☺◌ ─ ⌐ ∆

╢ DNA ─ .  ,  27: 301 - 304. 

ⱱfi⸗꜡◖ TaqMan 
Uchii K, Wakimura K, Kikko T ,  Yonekura R, Kawaguchi R, Komada H, Yamanaka H, Kenzaka 
T,  Tani K (2021)  Environmental DNA monitoring method of the commercially important 
and endangered fish Gnathopogon caerulescens. Limnology ,  23:  49Έ56. 

▬♃☿fiⱤꜝ TaqMan 

Nagayama S, Oota M, Fujita T, Kitamura J, Minamoto T, Mori S, Kato M, Takeyama N, 
Takino F, Yonekura R, Yamanaha H (2022) Autumn dispersal and limited success of 
reproduction of the deepbody bitterling (Acheilognathus longipinnis) in 
terrestrialized floodplain. Knowledge and Management of Aquatic Ecosystems, 423, 4.  

◌♀♩◕♃♫◗ TaqMan 
, , , ,  (2023) ◌♀♩◕♃♫◗

─ DNA ╩ ™√ ─ .  Ichthy, Natural History of Fishes of Japan,  28  
1- 5.  

Ⱡ◖◑◑ TaqMan 

Takahara T, Doi H, Kosuge T ,  Nomura N, Maki N, Minamoto T, Watanabe K (2022)  
Effective environmental DNA collection for an endangered catfish species: testing 
for habitat and daily periodicity. Ichthyol ogical  Research, Published Online 24 Dec 
2022, https://doi.org/10.1007/s10228 - 022- 00900- 2 

꞉◌◘◑ 

◦ꜝ►○ 
TaqMan 

Takahara T, Fukui K, Hiramatsu D, Doi H, Fujii M, Minamoto T (2023) Development of 
primer - probe sets for environmental DNA - based monitoring of pond smelt Hypomesus 
nipponensis and Japanese icefish Salangichthys microdon. Landscape and Ecological 
Engineering ,  19:  11- 19.  

☻▬◕fi♀♬♃♫
◗ 

TaqMan 
Otsuki K, Hamada M, Koizumi N , Sakamoto T, Nakata K  (2023) Quantitative PCR method 
to detect an extremely endangered bitterling fish (Rhodeus atremius suigensis) using 
environmental DNA. Landscape and Ecological  Engineering ,  19:  79Έ86.  
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Ễ ּף ︣ךּ ṕ Ṗ 

 

DNA MiFish ≢│⁸ ⅜≥─╟℮⌂ ⁸ ⁸ ⁸ⱪꜝ

▬ⱴכ ⌂≥ ≢ ╦╣√⅛⁸ ⅛╠ ╩ ↑╢↓≤⅜ ≢∆⁹↓─√╘⁸ ╩

∆╢ ⌐│⁸ ─ ╩ ∆╢≤ ™≢⇔╞℮⁹ 

 

No   
 

 

1  

 

  Ừ 

2   Ừ 

3   Ừ 

4 ⱨ▫ꜟ♃כ─   Ừ 

5 ⱨ▫ꜟ♃כ─   Ừ 

6 ─   Ừ 

7  

 

  Ừ 

8   ủ 

9 DNA ─   Ừ 

10  PCR  ủ 

11  NGS  ỏ 

13    ỏ 

14  NGS  ỏ 

15 ⱪꜝ▬ⱴכ  ⱪꜝ▬ⱴכ 1stF:  5õƂ3õ  Ừ 

16  ⱪꜝ▬ⱴכ 1st R:  5õƂ3õ  Ừ 

17  ⱪꜝ▬ⱴכ 2ndF:  5õƂ3õ  Ừ 

18  ⱪꜝ▬ⱴכ 2ndR:  5õƂ3õ  Ừ 

19  1stPCR DNAⱳꜞⱷꜝכ♀   Ừ 

20  2ndPCR DNAⱳꜞⱷꜝכ♀   Ừ 

21  1stPCR DNAⱳꜞⱷꜝכ♀  / ɡL  Ừ 

22  1stPCRⱨ◊꞉כ♪ⱪꜝ▬ⱴכ / ɡL  ủ 

23  1stPCRꜞ Ᵽכ☻ⱪꜝ▬ⱴכ / ɡL  ủ 

24  2ndPCR DNAⱳꜞⱷꜝכ♀  / ɡL  ỏ 

25  2ndPCRⱨ◊꞉כ♪ⱪꜝ▬ⱴכ / ɡL  ỏ 

26  2ndPCRꜞ Ᵽכ☻ⱪꜝ▬ⱴכ / ɡL  ỏ 

27 
 1st PCR ⁸ ─

/ (s )  

ủ 

28 

fi◓⁸ꜞכ♬▪⁸   ⁸

─ ◘▬◒

ꜟ / / (s )  

ủ 

29   PCR ╡ ⇔  ủ 

30 
 2ndPCR ⁸ ─

/ (s )  

ủ 

31 

fi◓⁸ꜞכ♬▪⁸   ⁸

─ ◘▬◒

ꜟ / / (s )  

ủ 

32 ─  Ⱡ●♥▫Ⱪ◖fi♩꜡כꜟ─  Ừ 

33 ꜝ▬Ⱪꜝꜞכ─ ה  Ừ 

34  

 

╩ ∆╢╕≢─  Ừ 

35 ─ ♃כ♦ FASTQⱨ□▬ꜟ─  Ừ 

36 OTU ⱨ□▬ꜟ─  Ừ 

♪כꜞ─ 37 ≤ ⱨ□▬ꜟ─  Ừ 

38 ─ ™ ꜞ☻♩ ⱨ□▬ꜟ─   Ừ 
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3 DNA ṇ  

 

DNA ╩ ↄ ∆╢√╘⌐│⁸ ─ ⌐⁸ ╛ ⌐ ∆╢ ╩

∆╢↓≤⅜ ≤⌂╡╕∆⁹↓↓≢│⁸ ╛ ─♃כ♦ ≢№╢ Darwin Core

┼─ ╩ ⇔√⁸ ╩ ⇔╕∆⁹ ⱨ◊כⱴ♇♩≤⇔≡│⁸ ─ ⌂

≤⌂╢₈ ◖▪ⱨ□▬ꜟ ₉≤⁸ ↔≤─ ≤⌂╢₈◖▪ⱨ□▬ꜟ⌐ ∆╢

─ ₉─ ≈ ╩ ⇔≡™╕∆⁹ 

⌂⅔⁸ ⌐│⁸ ─ ╛∕─ ╩ ⌐∆╢ ⅜ ╕╣╢√╘⁸ ─

│ ⌐ ⌐ ℮↓≤⅜ ≢∆⁹ ⌐│ ─ ⌐ ∆╢ ╙ ⇔≡™╕∆⁹ ⌐∆

╢≤ ™≢⇔╞℮⁹ 

 

◖▪ⱨ□▬ꜟ ─  

 

No.  

 

 

DNA ─  Darwin Core  
 

 

 

1  ừ DNA 3  datasetName Ừ 

2  ừ ה St1- 1 eventName × 

3  ừ 2019/5/24 samplingDate Ừ 

 

4 
DNA

 
ừ 

2019 DNA

╤ה DNAה

 

samplingProtocol  Ừ 

5 ╤  ừ 125mL ╤  sampleSizeValue Ừ 

6 ⱨ▫ꜟ♃כ─  ủ 2 ⱨ▫ꜟ♃כ─  samplingEffort  Ừ 

9 
ה ▬□ⱨ─♃כ♦

ꜟ  
ủ 

keea:eDNA:E19W00192DNA ─

⁸◘fiⱪꜞfi◓  
sampleFieldNotes Ừ 

8  ủ   sampledBy Ừ 

 

 

9 MiFish)  ừ 

2019 DNA

ꜝ▬Ⱪꜝꜞ

NGSה  

treatingProtocol  Ừ 

10  ừ 2019/8/6 treatingDate  Ừ 

11 ⱪꜝ▬ⱴכ ừ MiFish- U/MiFish- L treatingPrimers  Ừ 

12 PCR  ủ 
8replicates for 1stPCR, Enzyme: 

KOD One 
treatingPCR Ừ 

13  ủ iSeq100 treatingMachine  Ừ 

14  ủ   treatedBy  Ừ 

fi◒ ủ FASTQ:DRA accession No.xxxxxxx treatedFieldNotesꜞ─┼♃כ♦ 15  Ừ 

 

 

16  ừ 

2019 DNA

Ɽ▬ⱪꜝ▬

fi  

analyzingProtocol  Ừ 

17  ừ 2019/9/13 analyzingDate  Ừ 

18 Ɽ▬ⱪꜝ▬fi ừ 
KEEA Pipeline for MiFish ver0.1 

(UNOISE3) 
analyzingMethod Ừ 

ừ GenBank BLAST (2019/9/13) analyzingReference ☻כⱬ♃כ♦ 19  Ừ 

20 ─  ủ 
Number of OTUs: 16⁸Total size: 

135537 
analysisSummary Ừ 

21  ủ ừừ   analyzedBy Ừ 

-fi◒ ủ OTUꜞ─┼♃כ♦ 22 table: 5St1 - 1 analyzedFieldNotes  Ừ 

◖▪ⱨ□▬ꜟ ─  
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β1 ─ ừ│ ⁸ủ│  

β2 Ừ│ ⁸×│  

 

 

◖▪ⱨ□▬ꜟ⌐ ∆╢ ─  

 No.  
─ 

 
DNA ─  Darwin Core  

 

 

DNA

⌐ ∆╢

 

 

1  ừ 
biodic:eDNA:s003:smpl0001:tr1

:an01 
eventID 

Ừ 

2 OTU  ừ 
biodic:eDNA:s003:smpl0001:tr1

:an01:otu0001 
occurrenceID 

Ừ 

3 ◘▬☼ ♪כꜞ  ừ 10258 occurenceSize Ừ 

4  ừ 
CACCGCGGTTAGACGAGAGGCCCTAGTTG

ATATTACAACGGCGTAAAGGG 

organismNuclotideSeq

uence 

Ừ 

5 
ꜞⱨ□꜠fi☻─♩♇

ⱪⱥ♇♩ 
ủ NC_042402.1 organismBlastTopHit  

Ừ 

6 
ꜞⱨ□꜠fi☻≤─

 
ủ 100 organismIdentity  

Ừ 

ה 7  ừ  Carassius auratus/gibelio  organismName Ừ 

8 
ה

 
ủ 

◐fi◑ꜛ ⱨ♫ ◑ⱬꜞ

○Ⱪ♫  
organismJapName 

Ừ 

9  ủ ◖fi♃Ⱶ─ ™№╡ organismRemarks Ừ 

 

 

10  ủ 21 taxonID Ừ 

11  ủ Carassius sp.  scientificName  Ừ 

12  ủ  taxonRank Ừ 

13  ủ ⱨ♫ ─ 1  taxonJapaneseName Ừ 

β1 ─ ừ│ ⁸ủ│  

β2 Ừ│ ⁸×│   

 

No.  

 

 

DNA ─  Darwin Core  
 

 

 

23  ừ 
2019 DNA

 
identifyingProtocol  Ừ 

24  ừ 2019/9/30 identifyingDate  Ừ 

25  ừ 
 ⁸ ─♪

☺ꜛ► 
identifyingReference  Ừ 

26  ủ   identifiedBy  Ừ 

 

27  ủ  verbatumLocality  × 

28  ủ 38.xx decimalLatitude  × 

29  ủ 141.xx decimalLongitude  × 

30  ủ JGD2011 geodeticDatum Ừ 

31 
ⱷ♇◦ꜙ◖כ♪ 2

 
ủ 5841xx meshCode Ừ 

32 ꜠ⱬꜟ ủ ꜠ⱬꜟ: 10km georeferenceRemarks Ừ 
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4 ︣  

 

DNA ≢│⁸ ╩ ≡╢ ⌐⅔™≡⁸ ─ ╩ →⁸ ⅜≢⅝╢∞↑

∂⌂™╟℮⌂ ♦◙▬fi╩ ℮↓≤⅜ ≢∆⁹ ⅜ ∂╢ ⌂ ≤⇔≡│⁸ ⅝ 1-

3- 4 ⌐ ─ ╡⁸ ⅝ↄ ↑≡ 3≈№╡╕∆⁹ ≢│⁸ 2 ⅛╠ 4 ⌐⅛↑≡

DNA ╩ ⇔⁸↓╣╠─ ╩ ╠∆√╘⌐ ⌐ ∆╢↓≤⅜ ╕⇔™

⌐≈™≡⁸ ╩ ∫≡⅝╕⇔√⁹ 

∕─ ⅛╠ ╠╣√ ╩ ╠∆√╘─ ⌐≈™≡⁸ ⅜ ∂╢ 3≈─ ↔≤⌐ -

4-  1⌐ ⇔╕∆⁹↓↓⌐╕≤╘√ ─ ≤⌂╢ ─ ⌐≈™≡│⁸ ↄ 1

4 ≢ ⌂ ╩ ™╕∆⁹ 

 

- 4-  1 ⌐ ∆╢═⅝ ╩ ╠∆√╘─  

   

וֹףּ

ḱ

 

 ṕ ḭ [ ] Ṗ 

 ︣ ḭ צּ ︣ ḭ שּ שּ ︣

כֿ ḭ טּצּ ︣Ḯ 

 ḭể ỄṌễ כֿ︣ ḭ

ךּ כֿ צּ אל ︣Ḯ 

ṕ [ ] Ṗ 

 ṕ Ḳ 2,000m
2

Ṗ ḭ ︣ ḭ

ể ể ךּ טּצּ ︣Ḯ 

  ḭệ פּ 11 טּ ḭ

טּ אל טּ ︡ Ḯ 

צּ  פּ וֹפּ טּ

ḭ DNA ︡ נּ ︣Ḯ 

 ḭ ︡

ḭ ︣ טּצּ ︣Ḯ 

צּ   קּ ḭ ︣

צּ שּ ךּ כֿ ḭ אל צּ נּ

כֿ טּצּ ︣ẑ1Ḯ 

DNAּצ

 רּ

 ṕ Ṗ 

 ḭ צּ ︣ ḭ ỄṌễ

טּצּ ︣Ḯ 

ךּ  ḭ כֿ צּ

קּ ḭ1צּ︣ 2 כֿ ḭאל

כֿ צּ אל ︣Ḯ 

 ḭ צּ ךּ נּ קּ ḭ

DNAּצ צּ שּ ḭ Ễ

כֿ︣ צּ אל ︣Ḯ 

ṕ Ṗ 

 ḭ ︣ ךּאל

טּצּ ︣Ḯ 

 ḭ ḭ1 2

כֿ ḭ ︣ שּאל קּ נּ ︣Ḯ 

ẑ1 אל ḭ פּ ︡ קּ DNA ︣ ︣Ḯ  
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 - 4-  1 ⌐ ∆╢═⅝ ╩ ╠∆√╘─ ⅝  

   

DNAּצ

 רּ

 

( ṇ ) 

 ṇ ḭ שּ ︣ ḭ

קּ כֿ צּ פּ ︡ Ḯ 

צּ  ḭשּ DNA צּ ךּ נּ ḭ ṇ

קּ פּ כֿ פּ ḭ צּ

DNA ṇ ︣ ḭ ︡ ךּ

קּ ṡךּ Ṣּצ ︢ ḭשּ︣ צּ ︣Ḯ 

 

( ) 

 ṕ ḭ Ṗ ︣

ךּאל נּ ḭצּ︣ אל ︣

צּ כֿ צּ אל ︣Ḯ 

DNAּצ

אל

 רּ

PCR   ể 1st PCR ḭ DNA ṡ DNA

ḱ ver.2.2Ṣṕ20204 3 Ṗ אל

ךּ ḭ שּ Ị ︡ ︡  ẑ2Ḯלּ

 ︣ ḭể ṇ 1st 

PCR ︣ כֿ צּ פּ ︡ ︡  Ḯלּ

ṇ   ể ṇ ẑ3 ḭ ểצּ קּ

100,000 ṇ ḭ ỄṌễ קּ

50,000ṇ ︣ כֿ צּ ךּ︡ ︡  Ḯלּ

ṥ Ṧ 

︡

DNA

 

  ḭ צּ ḭ צּ ︡ ךּ

לּ ḭ ︡ ︣ נּ ḭ כֿ

︡ ךּ נּ אל כֿ טּצּ ︣Ḯ 

וֹ  ḭ צּ

ḭ וֹ צּ ךּ ︡  Ḯלּ

ẑ2 DNA ṡ DNA ḱ ver.2.2ṕ20204 3 ṖṢ ḭ5-2-1

1st PCR Ị אל ךּ ︣Ḯ 

ẑ3 1 ṇ ṕ ṇ ךּ ︣Ṗ ḭ צּ

ṇ ︣ כֿ ךּ︡ ḭצּ︣ ṇ ḭ ︣ ḭ ︣

︣ כֿ ḭּט צּ ṇ ︣ כֿ צּ קּ

︣Ḯ ︡ כֿלּ ḭ ṇ ךּ צּ

שּ︣ ︣Ḯ 

 

⌂⅔⁸↓╣╠─ │⁸ ⅜ ∫√ ─ ⅛╠ ↕╣√╙─≢№╡╕∆⅜⁸ ∏⇔╙∆

═≡─ ⌐ ≡│╕╢╙─≢│№╡╕∑╪⁹ DNA ─ │⁸ ─ ⁸

╣─ ⅝⁸ ⁸ ⁸ ⁸ ≤∆╢ ─ ⁸DNA ◘fiⱪꜟ⌐ ╕╣╢

PCR ─ ⌂≥⁸∕╣∙╣─ ─ ⌐ ↕╣╢ ⅜№╢↓≤⌐⁸ ∆

╢ ⅜№╡╕∆⁹ 
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(1)  ─ ─  

─ ⌐│⁸∕↓⌐ ∆╢ ─ DNA⅜ ╕╣≡™╕∆⁹ ⌐⅔

↑╢ DNA─ │⁸ ─ ⅝↕╛ ⁸ DNA─ ╛ ⁸ ⌂≥

⌂ ─ ╩ ↑√ ≤⇔≡⁸ ↔≤⌐┌╠≈⅝⅜№╡╕∆⁹╕√⁸ ⌐⅔↑╢

DNA─ ╙⁸ ⁸⅛≈⁸ ⌂┌╠≈⅝⅜№╡╕∆⁹ DNA─ ╛ ─┌

╠≈⅝│⁸ ─ ⌐ ⌐ ⇔⁸≤⅝⌐│ ╩ ∂↕∑╢ ≤⌂╡╕∆⁹ 

∕↓≢⁸ ≢│⁸ ─ ⌐⅔↑╢ ╩ ╖ ⌡╢↓≤≢⁸ ⌐ ╛

≤⌂╡℮╢ ⌂ ╩ ╘╢↓≤╩ ⇔⁸ 2 ⌐│ ה ⁸ 3

⌐│ ─ ≢№╢ ─ ≤∕─ ⌐⅔™≡⁸ ה ─ DNA ⁸

≤⇔╕∆ ╩ ⇔╕⇔√⁹ 

≢│⁸ √╡ ≢ ╩ ⇔╕⇔√⁹∕╣∙╣─ ◘fiⱪꜟ│ MiFish

⌐╟╡ ⇔⁸∕─ │₈◘▬♩ ⸗♦ꜟ₉≤ ┌╣╢ ⸗♦ꜞfi◓─ ╩ ™≡ ⇔

╕⇔√⁹↕╠⌐⁸ ⅜ ╩ ╠∆ ╩ ∆╢√╘⁸ ─ ⸗♦ꜟ╩ ™≡⁸

╩ ╠⌂™≤⅝ ∆⌂╦∟ ─≤⅝ ≤ ╩ 16 ╕≢ ∫√≤⅝ ╩ ⇔⁸

√╡─ ⅜≥─╟℮⌐ ∆╢⅛╩ ⇔╕⇔√ -

4-  1 ⁹⌂⅔⁸↓─ ⌐⅔↑╢₈ ₉≤│⁸1000mLⱲ♩ꜟ╩

∫≡⁸ ⌐≈⅝ ⌐ ╩ ╡ ⇔≡ √ ◘fiⱪ

ꜟ≢№╡ ⁸ ⅎ┌ ≢ ⇔√ │⁸ ─

◘fiⱪꜟ╩ ₁⌐ ⇔≡ ≈─ ╩ ╢↓≤╩ ⇔

╕∆⁹ ≤ ∫≡╙⁸ ╛ ╩∏╠⇔√ ≢⁸ ╡

⇔≡ ⇔√ ≤│ ⅜ ⌂╢↓≤⌐ ⇔≡ↄ∞↕™⁹ 

─ ⅛╠⁸ │⁸ √╡─ ╩ ╛∆╒≥ ∆╢ ⅜№╡⁸

┘ ─ ─≥∟╠─ ⌐⅔™≡╙⁸∕─ │ ⅜ ╕≢│ ╠⅛≢∆⅜⁸

⅜ ≢│ ⅝ↄ ⇔⌂™↓≤⅜ ⅛╡╕⇔√⁹╕√⁸ √╡ √╡ ─

♪כꜞ ╩ ╛∆↓≤≢╙ │ ∆╢ ⅜№╡⁸∕─ │ ♪כꜞ ⅜ 40,000

│≢╕♪כꜞ ♪כꜞ⁸80,000⅜∆≢⅛╠ ≢│ ⅝ↄ ⇔╕∑╪≢⇔√⁹∆⌂╦∟⁸ - 4-  

1≢ ⅎ┌⁸ ╩ ╛∆↓≤≢ ⅜ ⅎ╢ ─ ⌐ ═⁸ √╡

─ ♪כꜞ ╩ ╛∆↓≤≢ ⅜ ⅎ╢ ─ ⅜ ⅎ╢↓≤⌐ ∆╢

─ │⁸ ≢№╢≤ ⅎ╕∆⁹ 

─↓≤⅛╠⁸ √╡ ╙⇔ↄ│ ─ ╩ ∫≡ ∆╢↓≤≢⁸ ◖☻♩≤

─ ⅛╠⁸ ╙ ⌐ √╡─ ⅜ ╕╢ ∆⌂╦∟ ╩ ╠∆ ↓≤⅜ ⅛╡

╕⇔√⁹╕√⁸↓─ ≢│⁸ √╡─ ╩ ∫≡™╕⇔√⅜⁸∕╣∙╣─

─ ↔≤─ ╩ ⌐ ∆╢≤⁸ ⌐⅔↑╢ ⅜ ™↓≤⅜ ╠╣≡™╢ │⁸

⌐ ≤╙ ↕╣√─⌐ ⇔⁸ ⅜ ™≤ ⅎ╠╣╢ ≢│⁸ ⌐

╙⇔ↄ│ ─╖ ↕╣≡™╕⇔√ ─ ╩ ╗√╘⁸ │♃כ♦ ⁹⇔

√⅜∫≡⁸ ─╟℮⌐⁸ ⌐ ⅜ ™≤ ⅎ╠╣╢ ─ ╩ ≤⇔≡ DNA

╩ ∆╢ │⁸ ⅜ ∂╢ ╩≢⅝╢∞↑ ⌂ↄ∆╢√╘⌐⁸ √╡─

╩ ╢↓≤⅜ ↕╣╕∆⁹ 

  

Ệ ︡  



 

58 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  1 ⌐ ∆╢ ─ ─  

 

  

20 

15 

10 

5 

0 

 

1 פּ 2

︣ ḭ ṇ

צּ 40 ,000 ḭ

2 ︡ ︡ Ḯ 

 

ṕ Ṗ 

150,000 100,000 50,000 0 

ṇ ṕ Ṗ 

20 

15 

10 

5 

0 

25 
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︣ ḭ ṇ

צּ 40 ,000 ḭ

4 ︡ ︡ Ḯ 
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(2)  ─ ─  

≢│⁸ ⌐⅔↑╢ ─ ╩ ⇔╕⇔

√⅜⁸ ⌐│⁸√╘ ╛ ⌂≥─↕╠⌐

⌂ ╙ ╕╣╕∆⁹↓℮⇔√ ⌐⅔↑╢ ─

╩ ∆╢√╘⁸ ≢│⁸ 4 ⌐ ─

⅜ ∆╢ √╘ ╛ ⌐⅔™≡⁸ ≤

─ ≢⁸ √╡ ≢ ∆╢ DNA

╩ ⇔╕⇔√⁹⌂⅔⁸ │⁸ ⅜ 500 2000m2

─ √╘ √╘ ⅛ ≤⁸ 5.2m⁸

0.7m/ ─ ─ ⌐ ↕╣

√ ╩ ╣╢ ≢ ⇔╕⇔√ ⁹ 

╩₈◘▬♩ ⸗♦ꜟ₉╩ ™≡ ⇔√ ⁸

│⁸ √╡─ ╩ ╛∆╒≥ ∆╢

⅜╖╠╣╕⇔√⅜⁸∕─ │⁸ √╘ ≢│ ╩

⌐ ╛⇔≡╙ 0.5 ─ ⌐≤≥╕╡⁸ ╩ ╢

↓≤─ │ ↕™↓≤⅜ ⅛╡╕⇔√ - 4-  2 ⁹ ⁸ ≢│⁸ ╩ ⅛╠

⌐ ╛∆≤ │ ⁸ ⌐ ╛∆≤ │ ⇔╕⇔√⁹ 

─↓≤⅛╠⁸ √╘ ≢│ ╩ ∫≡╙ ╩ ╛∆ │ ↕™↓≤⁸╕√⁸

≢│ √╡ ─ ╩ ∫≡ ∆╢↓≤≢⁸ √╡─ ⅜ ⅎ╢ ∆

⌂╦∟ ╩ ╠∆ ⅜№╢↓≤⅜ ↕╣╕⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  2 ⌐ ∆╢ ─ ─   
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ṇ ṕ Ṗ 

ẑ ṇ ḭ צּ 2,500ḭ צּ 160 ,000 ︡ ḭ2 ￼ ︣

︡ ךּ ︣Ḯ 
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    ⅜ ╦╢≤⁸ ⅜ ⅝╛∆™ ╙ ╦╢ 

─ ≢│⁸◘▬♩ ⸗♦ꜟ╩ ™√ ╩ ⇔╕⇔√⅜⁸↓─ ≢│⁸

MiFish ⌐╟╢ DNA ╩ ╘╢ ─ ≈─ ⌐⅔↑╢ ─ ⇔╛∆↕ ™ ⅎ╣┌⁸

─ ↓╡╛∆↕ ╩ ⌐ ∆╢↓≤⅜≢⅝╕∆⁹ ≈─ ≤│⁸1- 3- 4 ≢ ╣√

⅜ ∂╢ ≈─ ≤ ↄ ∆╢╙─≢№╡⁸◘▬♩ ⸗♦ꜟ╩ ™√ ─ ⌐

⅔™≡⁸∕╣∙╣─ ─ ─ ╩ ∆╢↓≤⅜≢⅝╢≤╙ ⅎ╕∆⁹ 

⌐ ⇔√ ≤│⁸ DNA⅜ ≤⌂∫√ ⌐ ⇔≡⁸ │ ⌐∕

─ ─ DNA⅜ ⇔≡™√ ∆⌂╦∟ ─ ╩ ⇔≡™╕∆⁹ ⅜

ↄ⌂∫√ │⁸ ≢│◐♃♪☺ꜛ►≤Ⱶ♫Ⱶⱷ♄◌⁸ ─ ≢│◌ꜝ♪☺ꜛ►≤♬ⱱfi►

♫◑≤ ↕╣╕⇔√⁹↓─↓≤⅛╠⁸ ─ ∞↑≢ ⅜ ↓╡╛∆™╦↑≢│⌂ↄ⁸

⅜ ╦╢≤ ⅜ ↓╡╛∆™ ╙ ╦╢↓≤⅜ ⅛╡╕⇔√⁹ 

⅜ ↓╡╛∆ↄ⌂╢ ≤⇔≡│⁸ ⌐ ≠ↄ╙─≤⇔≡ MiFish ⱪꜝ▬ⱴכ─Ⱶ☻

ⱴ♇♅⌂≥⅜⁸ ⌐ ≠ↄ╙─≤⇔≡ ⌂≥─ ╛ ─ ⌂≥⅜ ∆

╢≤ ⅎ╠╣╕∆⁹ ≢│⁸Ⱶ♫Ⱶⱷ♄◌│ MiFish ⱪꜝ▬ⱴכ─Ⱶ☻ⱴ♇♅⅜⁸ ─

│ ⌐ ≠ↄ╙─⅜ ⇔√╙─≤ ↕╣╕⇔√⁹ DNA ≢│⁸↓─╟℮⌐

↔≤⌐ ─ ⌐ ╡⅜№╢↓≤⌐ ⅜ ≢∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ẑ ḭ DNAּצ אל ḭ ểצּ טּ כֿ ︣Ḯ 

 

 ─  

 

◘▬♩ ⸗♦ꜟ╩ ™√ DNA ─ ⌐↕╠⌐ ⅜№╢ │⁸

─ ╩ ⇔≡ↄ∞↕™⁹ 

Fukaya et al. (2021) Multispecies site occupancy modelling and study design for spatially 

replicated environmental DNA metabarcoding. Methods in Ecology and Evolution, 13:183 - 193. 

 

 

 

ṕ 33 Ṗ 

ḱ   

ṕ 20 Ṗ 

אל
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(3)  ─ ─  

⌐ ╩ ╕∑╢↓≤─ ≈≤⇔≡⁸₈№╢ ⌐⅔™≡⁸≥─ↄ╠™─ ╩

∆╢─⅜╟™─⅛₉≤™℮ ⅜№╡╕∆⁹⇔⅛⇔⁸∕℮⇔√ ╩ ⌐ ∫√ │⁸╕

∞╒≤╪≥№╡╕∑╪⁹╕√⁸ ╩ ⅎ╢ ≢│⁸ ─ ↕⁸ ╘╢ ⁸

≢⅝╢ ◖☻♩⌂≥ ₁⌂ ╩ ∆╢ ⅜№╡⁸ ─ ⌐ ∆╢ ⌂

╩ ╘╢↓≤│ ⇔™≤ ⅎ╕∆⁹⇔⅛⇔⁸ ╩ ╖ ⌡╢↓≤≢⁸⅔⅔╟∕─ ≤⌂╢

╩ ╘╢↓≤⅜≢⅝╣┌⁸ ⌐⅔™≡⁸╟╡ ⌂ ─ ⌐ ≈╙

─⌐⌂╢≤ ⅎ╕⇔√⁹ 

∕↓≢⁸ ⌂ ╩ ≤⇔√ ⌐⁸ ⌂ ─ ╩ ╘╢√

╘⁸ ≤ ∂ ⸗♦ꜟ⅛╠⁸ ╩ ₁⌐ ╛⇔√ ⌐ ⅛╠ ↕╣╢

⅜≥─╟℮⌐ ∆╢⅛╩ ⇔╕⇔√ - 4-  3⁸ - 4-  4 ⁹ 

∕─ ⁸ ┘ ─ ─ ⌐⅔™≡⁸ ⅜ ⌂™℮∟│⁸ ╩ ╛∆╒

≥ ↕╣╢ │ ⇔╕⇔√⅜⁸∕─ │ 30 ╩ ⅎ╢№√╡⅛╠ ↕ↄ⌂╡╕⇔√⁹

╕√⁸ √╡─ │⁸ ∆⌂╦∟ ╩ ╠⌂™ ─≤⅝╟╡╙⁸ ╩

╢↓≤≢⁸╟╡ ⌂™ ≢ ╩ ╛∆ ⅜ ╠╣╢↓≤⅜ ⅛╡╕⇔√⁹ 

╩ ∫√ ≢│⁸ DNA ⅛╠│ 41 ⅜ ↕╣⁸ ─ ⌂ ⅛╠

│ 34 ⅜ ↕╣≡™╕∆⁹∕↓≢⁸ - 4-  3─ ╩ ⌐⁸ DNA ⌐╟╡ ≤

꜠ⱬꜟ─ 34 ╩ ∆╢↓≤╩ ≤⇔≡⁸ ⌂ ╩ ⇔╕⇔√⁹

√╡─ ♪כꜞ ╩ ⌐♪כꜞ40,000 ⇔√≤⅝≢│⁸ ∆⌂╦∟ ╩ ╠⌂™≤

⅝ ≢│ 17 ≢ ∆╢ ≢№∫√─⌐ ⇔⁸ ≢│∕╣╟╡╙ ⌂™ 11 ≢

─ ╩ ≢⅝√≤ ↕╣╕⇔√⁹∆⌂╦∟⁸ ╩ ⌐ ╛∆↓≤≢ ⌂

╩ 2/3 ⌐ ╠∑╢√╘⁸ ⌐ ⇔≡ ╩ ℮√╘─◖☻♩╙ 2/3 ⌐⌂╢≤ ⅎ╕∆⁹ 

∂ↄ⁸ ─ ≢│⁸ DNA ⅛╠│ 52 ⅜ ↕╣⁸ ─ ⅛╠│ 44

⅜ ↕╣≡™╕∆⁹∕↓≢⁸ - 4-  4─ ╩ ⌐⁸ ≤ ꜠ⱬꜟ─ 44 ╩

∆╢↓≤╩ ≤⇔≡⁸ ⌂ ╩ ⇔╕⇔√⁹∕─ ⁸ ≢│ 16 ≢

∆╢ ≢№∫√─⌐ ⇔⁸ ≢│∕─ 2/3 ⌐ √╢ 10 ≢ ╩ ⅎ┌⁸ ─

╩ ≢⅝√≤ ↕╣╕⇔√⁹ 

↓╣╠─ ⅛╠⁸ 3.32km2 ה 1.05km2 ╛ ─ 2.85km2 ≤

─ ╩ ⌐ DNA ╩ ℮ ⌐│⁸ ≈─ ≤⇔≡⁸ ∆⌂╦∟

╩ ╠⌂™≤⅝ ≢│ 16 17 ⁸ ≢│ 10 11 ╩ ≤⇔≡ ∆╢

≤⁸ ╩ ∫√≤⅝≤ ꜠ⱬꜟ─ ⅜ ≢⅝╢≤ ↕╣╕∆⁹⌂⅔⁸↓─ │⁸

ה ┘ ─ ⌐⅔↑╢ ≢№╡⁸ ⌂╢ ⌐⅔™≡│⁸∕─ ─ ╛

─ ↕⁸ ╛ ⌂≥ ─ ™ ⌐╟∫≡ ⌂ │ ∆╢╙─≤ ⅎ╠╣╕∆⁹ 

≢⁸ ⅜ ⅎ╢╒≥⁸╕√⁸ ⅜ ⅎ╢╒≥⁸ ╛ ⌐⅛⅛╢◖☻♩⅜

ⅎ╕∆⁹ ⌐│⁸ ╘╢ ≤ ≢⅝╢ ◖☻♩ ≤─Ᵽꜝfi☻╩ ⅎ⁸∕─ ≢

─ ╩ ╡⌂⅜╠⌂╢═ↄ ↄ─ ≢ ≢⅝╣┌⁸ ⌐╟╢ ⅜ ∂╢↓≤╩

⌐ ⅎ√ DNA ╩ ∆╢↓≤⅜≢⅝╢≤ ⅎ╠╣╕∆⁹╕√⁸ ⌂≥─ ⁸

─ ╩ ╢↓≤⅜ ⇔ↄ⁸ ≢⅝╢ ╙ ⌐ ╠╣≡⇔╕℮ │⁸ ─

≤⇔≡⁸ ≢ ╩ ┬ ≤ ─ ⅎ ╩ ⌐⁸ ⌐ ─ ⌐ ∆╢

⇔√™ ⅜ ╕∫≡™╢ │⁸∕─ ─ ╛ ⅛╠ ─ ⅜

™↓≤⅜ ⅛∫≡™╢ ⌂≥⅛╠ ╩ ┬⌂≥─ ⅜ ⅎ╠╣╕∆⁹  
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- 4-  3 ⌐ ∆╢ ─ ה ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  4 ⌐ ∆╢ ─ ─ ≤∕─ ─   
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 ─ ⌐ ∆╢   

2 ─ ה ≢│⁸ ≈─ ─ ≤∕─ ⌐ 500m ≢ 33 ╩

⇔⁸ 3 ─ ─ ≤∕─ ≢│⁸◄ꜞ▪ ⌐№╢♃▬ⱪ─ ⌂╢ ╩ ⌐

┘ ⇔≡ 20 ╩ ⇔╕⇔√⁹ ≤╙⌐⁸ №√╡─ ╩ ≤⇔≡◘

fiⱪꜟ╩ ⇔⁸ │ ⌐ DNA MiFish ╩ ™╕⇔√⁹ 

∕─ ╩ ⌐⁸₈◘▬♩ ⸗♦ꜟ₉╩ ™≡ ╩ ™⁸ ╛ ╩ ╛⇔√ ⌐⁸

⅛╠ ↕╣╢ ⅜≥─╟℮⌐ ∆╢⅛╩⸗♦ꜟ⅛╠ ⇔╕⇔√⁹ DNA ≢│⁸

◘▬♩ ⌐⁸ DNA⅜ ⇔≡™╢─⌐ ≢⅝⌂™≤™℮ ⌐╟╢

╩ ╖╕∆⁹◘▬♩ ⸗♦ꜟ≤│⁸↓─╟℮⌂ ⌐╟╢ ╩ ⇔≡⁸◘▬♩ ─

─ ╩ ℮√╘─ ⸗♦ꜟ≢∆⁹⌂⅔⁸ ─◘▬♩ ⸗♦ꜟ⌐╟╢ │⁸

─ ⌐ ⇔⁸ ⇔√╙─≢∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ṕ ḱ Ṗ 

 

 

500m 

 

ṕ Ṗ 

500m 
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(4)  ─ ─  

─ ⌐ ⇔≡⁸ ╩ ≤⇔√ ⌐ ⌂ ─ ╩

╘╢√╘⁸ ≤ ∂ ⸗♦ꜟ⅛╠⁸ ⌐⅔™≡ ╩ ₁⌐ ╛⇔√ ⌐

⅛╠ ↕╣╢ ⅜≥─╟℮⌐ ∆╢⅛╩ ⇔╕⇔√ - 4-  5 ⁹ 

∕─ ⁸ ─ ≢│⁸ ⅜ ⌂™℮∟│⁸ ╩ ╛∆╒≥ ↕╣╢

│ ⇔╕∆⅜⁸∕─ │ 10 ╩ ⅎ╢№√╡⅛╠ ↕ↄ⌂╡╕⇔√⁹╕√⁸ √╡─

│⁸ ∆⌂╦∟ ╩ ╠⌂™ ─≤⅝╟╡╙ ╩ ╢↓≤≢⁸╟╡ ⌂

™ ≢ ╩ ╛∆ ⅜ ╠╣╢↓≤⅜ ⅛╡╕⇔√⁹ 

╩ ∫√ ≢│⁸ ─ ╛ ≢│ ⅜ ↕╣≡⅔╡⁸

⇔√ DNA ≢│ 10 ⅜ ↕╣≡™╕∆⁹∕↓≢⁸ - 4-  5─ ╩ ⌐⁸

≤ ꜠ⱬꜟ─ ╩ ∆╢↓≤╩ ≤⇔≡⁸ ⌂ ╩ ⇔╕⇔√⁹∕─

⁸ ≢│ 15 ≢ ∆╢ ≢№∫√─⌐ ⇔⁸ ≢│∕─ ⌐ √╢

≢ ╩ ⅎ┌⁸ ─ ╩ ≢⅝╢≤ ↕╣╕⇔√⁹ 

√∞⇔⁸ ⌐ ⌂ ⌐≈™≡│⁸ ─ ╛ ≤∆╢ ─ ↕⁸∕

─ ─ ─ ⌂≥ ₁⌂ ⅜ ∆╢√╘⁸↓─ │№ↄ╕≢╙ ≈─ ≤⇔≡

≤∆╢ ⌐ ╘≡ↄ∞↕™⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  5 ⌐ ∆╢ ─ ─  

 

─↓≤⅛╠⁸ ⌐⅔™≡ DNA ╩ ℮ ⌐⁸ ─ ╛ ⅛╠

↕╣≡™╢∕─ ─ ╩ ⇔╟℮≤∆╢⌂╠┌⁸ ∆╢ ∞↑─ ≢│ ⇔
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≡™╢ ╩ ∆ ⅜№╡⁸ ⌂ↄ≤╙ ─ ╩ ∆╢ ⅜№╡╕∆⁹∕─√╘⁸

╘╢ ─ ≤ ≢⅝╢ ◖☻♩ ≤─Ᵽꜝfi☻╩ ⅎ√ ≢⁸⌂╢═ↄ ↄ─ ≢

∆╢≤╟™≢⇔╞℮⁹╕√⁸ ⌐╟╢ ╩ ⌐ ⅎ√™ ⌐│⁸↕╠⌐ 1

√╡─ ╩ ╢↓≤≢⁸ ╩ ∆ ⅜ ⅝ↄ ∆╢↓≤⅜ ↕╣

╕∆⁹ 

™≡⁸ √╘ ⌐⅔™≡ ╩ ₁⌐ ╛⇔√ ⌐⁸∕─√╘ ⅛╠ ↕╣╢

⅜≥─╟℮⌐ ∆╢⅛╩ ⇔╕⇔√ - 4-  6 ⁹∕─ ⁸ ╩ ∫√ ─√╘

─℮∟ St05⁸St13 ≢│⁸ √╡─ ⅜ ≢ ↕╣╢ ⅜╒

╓ ⇔╕⇔√⁹ ╢ St08 ≢│⁸ ⌐ ♪כꜞ™⌂ ≢⁸⅛≈⁸ ─℮∟─

⅛╠ ↕╣√ ╩ ⇔╟℮≤∆╢≤⁸ ≢ ⌐╟╢ ╩ ∆╢ ⅜№╡

╕⇔√⁹⇔⅛⇔⁸∕─ ╩ ↄ ─₈ ₉╩ ∆╢ ≢№╣┌⁸ ⅜

≢ ↕╣╢ │ ⇔╕⇔√⁹ 

─↓≤⅛╠⁸ ╩ ∫√√╘ ≤ ─ 2000m2 ─√╘ ≢│⁸

√╡─ ⅜ ≢╙⁸∕─ ⌐ ∆╢ ⌂ │ ∆╢↓≤⅜ ≢№╢

≤ ⅎ╠╣╕∆⁹√∞⇔⁸ ⌐ ⌂ ⌐≈™≡│⁸√╘ ─ ↕╛ ⁸∕─

─ ─ ⌂≥ ₁⌂ ⅜ ∆╢√╘⁸↓─ │№ↄ╕≢╙ ≈─ ≤⇔≡ ≤∆

╢ ⌐ ╘≡ↄ∞↕™⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  6 √╡─ ⌐ ∆╢ ─ √╘ ─   

St05ṕ 1522m
2Ṗ St08ṕ 2164 m

2Ṗ 

St13ṕ 1070 m
2Ṗ 

 
  

ṕ Ṗ 

ṕ Ṗ ṕ Ṗ 

 

95Ṿ  
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(5)   

│⁸ ⌂ ⌐ ⅎ≡⁸⅛╪⅜™ ⌂≥ ₁⌂ ≢ ⅜ ╩ ∆╢

≢⁸ ╛ ⁸ ╡ ─ ⅜ ⌂╡⁸ ⅜ ⅝ↄ ⇔╛∆™≤™℮ ⅜№

╡╕∆⁹↓℮⇔√ ⌐ ∆╢ ╙⁸∕─ ⌐ ∆╢╟℮⌐⁸∕╣∙╣─ ─

⌐ ╦∑≡⁸ ╩ ∆╢√╘⁸ ∆╢ ⌐╟∫≡ ╠╣╢ ⅜ ╦╢ ⅜ ⅎ

╠╣╕∆⁹ 

∕↓≢⁸ ─ ₁⌂♃▬ⱪ─ ⌐⅔™≡⁸ ⅜ 30 31 ⌐ ∫√

─ ⅛╠⁸ ⌂ ╩ ═╕⇔√ - 4-  7 ⁹∕─ ⁸╒≤╪≥─ ≢

⅛╠ 11 ─ ≢№╣┌⁸ ─ ™⌐╟╡ ↕╣╢ │⁸ ─ │№╢╙──⁸

⌂ │№╡╕∑╪≢⇔√⁹⇔√⅜∫≡⁸ │⁸ ⌐ ─ ⅜ ╪⌐⌂╢ ⅛╠

⌐⅛↑≡─ ⅜ ⇔≡™╢≤ ⅎ╕∆⁹ 

⌂⅔⁸ ה ≢│⁸ ⌐⅔™≡⁸ ─ ⌐ ═≡ ⅜ ™ ⅜№╡╕⇔

√⁹⇔⅛⇔⁸↓╣│ ₁ ⅛╠─ ™ ⌐╟╢ ─ ⌐╟╡⁸ ─ ⌐

∆╢ ⌐◘◔ ─ DNA⅜ ↕╣√↓≤≢⁸ ⅜ ⇔√╙─≤ ↕╣╕⇔√⁹ 

─ ≢│⁸ ─╖⌐ ⇔╕⇔√⅜⁸ ↕╣╢ ─ ╩╟╡ ⌐ ∆╢≤⁸

⌐╟∫≡ ↕╣╢ ⅜ ⌂╢ ╙№╢─≢⁸ │⁸ ─ ╛ ─

╙ ⇔√ ≢⁸ ∆╢ ⅜№╡╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  7 ⌐╟╢ ─   

 

ṕ ḱ Ṗ ḱ  ḱ  

 

 

ḱ  ḱ  ṇ ḱ  
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(6)  ─ ─ ─  

⅝≢│⁸ ⌐ ∆╢ ⌐ ⇔≡™╕∆⅜⁸ ≤

≢ ∫≡╙⁸∕↓⌐│ ⌂♃▬ⱪ─ ⅜ ⇔╕∆⁹ ⅎ┌⁸ ╛ ⁸ ⌂≥─

─ ™ ─╒⅛⁸ ╛√╘ ⁸ ⌂≥─ ─ ⅝⅛↑╩ ∂≡ ↕╣√

╙ ╕╣╕∆⁹↓℮⇔√ ╩ ≤⇔√ DNA ⌐⅔™≡⁸ ⌐ ∆╢

╩≢⅝╢∞↑ ⌐ ⇔√™ ⁸≥─╟℮⌂ ╩ ┬≤╟™─⅛ ╙⇔ↄ│⁸ ↑╢

═⅝⌂─⅛ ≤™℮ ⅜№╣┌⁸ ╩ ╠∆↓≤⌐ ≈ ⅜№╡╕∆⁹ 

─ ⌐⅔↑╢ ≢│⁸ ⌐⁸ ─ ╛ pH⁸DO⁸EC⁸ ⁸⌂≥ ─╒

⅛⁸ ╛ ⌂≥─ ╩ ⇔⁸↕╠⌐ ─ ─ ╩™ↄ≈⅛─◌♥◗ꜞכ

⌐ ⇔╕⇔√⁹∕─ ≢⁸ DNA ⌐╟╡ ↕╣√ ⅜⁸≥─╟℮⌂ ⌐ ⇔

≡ ↄ⌂╢─⅛╩ ⇔╕⇔√⁹ 

∕─ ⁸ - 4-  2⌐ ∆╟℮⌐⁸ ⌐╟∫≡ ↕╣√ ⌐┌╠≈⅝

⅜ ╠╣╕⇔√⁹ ─ כꜞ◗♥◌─ ─℮∟⁸₈ ≤─ ₉≤₈ ⅜

ⅎ┌ ₉⌐ ∆╢ ≢│⁸ ⅜ ™ ⌐№╢↓≤⅜ ⅛╡╕⇔√⁹

≢⁸ ⇔√ ─ ╛ │⁸ ─ ⌐⅔™≡│ ⌐ ⇔≡ ╩ ⅎ≡

™√ │№╡╕∑╪≢⇔√⁹↓─╟℮⌐⁸ DNA ≢│⁸ ∂ ─ ≢№∫≡╙⁸

↔≤⌐ ⌂╢ ⅜ ⌐ ↕╣╢√╘⁸ ╩ ∆╢ ⌐│⁸ ─ ╙

╘≡ ∆╢ ⅜№╡╕∆⁹ 

 

- 4-  2 ≤ ─ ≤∕─ ─  

   
 

 

ṇ  

טּ  ︡   

   43  33  6 3 1 

   40  32  4 2 2 

   39  33  3 1 2 

   38  32  3 1 2 

   37  31  4 0 2 

   35  28  3 2 2 

   33  30  1 0 2 

   32  28  2 0 2 

   30  27  1 0 2 

   30  27  1 0 2 

   29  26  1 0 2 

   29  23  3 1 2 

   26  22  2 0 2 

   26  23  1 0 2 

   25  22  1 1 1 

   22  21  1 0 0 

   21  18  1 0 2 

   21  19  1 0 1 

   19  18  1 0 0 

   18  16  1 0 1 

ẑ ṡ Ṣ ḭ ︣ צּ ḭשּ DNA

אל אל ḭṡ Ṣ צּ DNAṕ 5 Ṗ

︡ אל ︡ ︣Ḯ  



 

68 

 

(7)  ─ ─ ─  

√╘ ⌐│⁸ ⌐⁸ ╩ ™√╡⁸ ⌐ ⇔≡⅝√ ╩ ⅜∆√╘─ ⅜ ↕╣

≡™╕∆⁹↓℮⇔√ ┘∕─ ⁸ ≤⇔╕∆ ⌐ ↕╣√ ≢│⁸

╙⇔ↄ│ ⌐√╘ ─ ╩ ⌐ ↕∑≡™╢↓≤⅛╠⁸ ╩ ╣╢ ⌐│

√╘ ⌐ ∆╢ ─ DNA⅜ ╕╡╛∆™─≢│⌂™⅛≤™℮ ⅜ ⅎ╠╣╕⇔√⁹

╕√⁸√╘ ─ ⌐ ⌐╟∫≡│⁸ ⅛╠√╘ ⌐ ╛ ⌂≥⅜ ⇔≡™╢

⁸ ≤⇔╕∆ ⅜№╡⁸∕℮⇔√ ╙ ↕╣╢ ⌐ ⅜№╢ ⅜ ⅎ╠

╣╕⇔√⁹ 

∕↓≢⁸ ╩ ∫√ √╘ ⌐⅔™≡⁸ ⌐ ⇔√ ╩₈ ה

ה ה ≤─ ─ ⌂ ₉─ ≈─ ⌐ ↑⁸ DNA ⌐╟

╡ ↕╣√ ⅜ ≢ ⌂╢⅛╩ ⇔╕⇔√⁹ 

∕─ ⁸ - 4-  8⌐ ∆╟℮⌐⁸ ╩ ∫√ √╘ ≢│⁸ ה ה

─™∏╣⌐⅔™≡╙ ↕╣╢ ⌐ ⌂ │⌂™↓≤⅜ ⅛╡╕⇔√⁹↓─↓≤⅛╠⁸

⅜ 500 2000m2 ─ √╘ ╩ ≤⇔√ DNA ≢│⁸ ╩ ⌐ ⇔√

≢⁸√╘ ─ ─ ╩ ≤⇔≡ ⇔≡╟™≤ ⅎ╠╣╕∆⁹ 

⌂⅔⁸ ─ ╩ √╘ │⁸ ┘ ∆╢ ⅜ ⌐ ↕ↄ⁸ ─

│╒╓ ⌂꜠ⱬꜟ≢⇔√⁹∕─√╘⁸ ┘ ∆╢ ⅜№╢ ⅝⌂√╘ ≢│⁸

≤│ ⌂╢ ⅜ ╠╣╢ ⅜№╡╕∆⁹ 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  8 ─ ─ ™⌐╟╢ ─ √╘ ─  

  

Ṗ ṡnsṢ p 0.05צּ טּ ḭ צּ כֿךּ ︡ ︣Ḯ 

 

אל
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(8)  ─ ⱪכꜞfi◓  

DNA │⁸ ─ ⅛╠⁸ ≢ ─ ╩ ℮↓≤⅜≢⅝╕∆⁹ ≢⁸

─ ╩ ℮≤⁸ ─ ◘fiⱪꜟ⅜ ∆╢√╘⁸ ⌐ ╢◖☻♩⅜ ⇔╕∆⁹∕─☺꜠fi

ⱴ╩ ∆╢ ≤⇔≡⁸ ⅛╠ ∏≈ ⇔√◘fiⱪꜟ╩ ⇔⁸ ⌐╕≤╘≡⅛

╠ ╩ ℮↓≤╩ ≤⇔√₈ⱪכꜞfi◓ ₉⅜№╡╕∆⁹ 

↓↓≢│⁸ ─ ≢ ⇔√◘fiⱪꜟ⅛╠ ↕╣√ ⅜⁸ⱪכꜞfi◓ ≢╙∆═≡

≢⅝╢⅛╩ ⇔╕⇔√ - 4-  9 ⁹∕─ ⁸ ─ ≢ ↄ─ ⅛╠ ↕╣

√ │⁸ⱪכꜞfi◓ ≢╙ ↕╣╕⇔√⁹⇔⅛⇔⁸ ↕╣√ ⅜ ⌂™ ⁸∆⌂╦∟

⅜ ↄ⁸ DNA─ ⅜ ⌂™≤ ⅎ╠╣╢ │⁸ⱪכꜞfi◓ ≢│ ≢⅝╕∑╪≢

⇔√⁹⇔√⅜∫≡⁸ ─ ⅜ ─ DNA ⌐ⱪכꜞfi◓ ╩ ∆╢ │⁸

⅜ ∂╛∆ↄ⌂╢ ⅜№╢↓≤⌐ ⌂ ⅜ ≢∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  9 ≤ⱪכꜞfi◓ ─   

CR 

EN 

VU 
EN 

VU 

ṇ פּ  

   

   

 

   IA  

   IB  

   II 

CR 

EN 

VU 

 

ṇ  

 

110mL  

 

1000mL 

1  

 A 

B 

C 

1 טּ 2

9

פּ  

ṇ  

 
A 

B 

C

 

ú 
990mL 

פּ אל  

 

︣

ṇ

קּ Ḯ 

צּ ךּ

ṇ

קּ

פּ Ḯ 
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(9)  ─  

⌐ ∆╢ ─ ≢╙⁸♬ⱱfi►♫◑╛♫ⱴ☼ ─ ↄ─ │⁸

≢№╢≤ ╦╣≡™╕∆⁹ │⁸ │ ╛ ─ ⌐ ╣≡⅔╡⁸ ⌐⌂╢≤∕↓

⅛╠ ≡⅝≡ ∆╢↓≤⅛╠⁸ DNA─ ╙ ≤ ≢│ ⌂╢ ⅜№╢≤ ↕╣

╕⇔√⁹ 

∕↓≢⁸♬ⱱfi►♫◑╛♫ⱴ☼─ ⅜ ⌐╟╡ ↕╣≡™√ ─ ⌐⅔™≡⁸

─ ≤ ⌐∕╣∙╣ ╩ ™⁸ ─ ⅜ ∆╢⅛╩ ═╕⇔√ -

4-  10 ⁹∕─ ⁸ ⌐ ╩ ∫≡╙⁸ ♬ⱱfi►♫◑⁸♫ⱴ☼ ─ ⅜

∆╢≤™℮ │ ╠╣╕∑╪≢⇔√⁹⇔√⅜∫≡⁸ ─ ⅛╠│⁸ ╩ ≤⇔√

DNA ⌐⅔™≡│⁸ ─ ⌐ ∆╢ ─ │ ↕™≤ ⅎ╠╣╕∆⅜⁸

↕╠⌐ ─ ⌐ ∆╢ ⅜ ╗↓≤⅜ ↕╣╕∆⁹ 

 

 

 St.Ọ St.ọ   

 
      

  

         

ṕ Ṗ         

ṕ Ṗ         

         

         

         

         

ṕ Ṗ         

ṕ Ṗ         

 /          

 /          

         

         

         

ṕ Ṗ         

ṇ          

         

         

       ( )  

         

ṇ         

 

 

- 4-  10 ≤ ─  

 

  

ẑ ḭ פּ 2 ṕ21 Ṗ ךּ ︡ Ḯ 

צּ

שּ

פּ  
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(10)  ─ PCR─ ≤ ♪כꜞ  

─ ⇔╛∆↕⌐ ∆╢ │⁸1st  PCR─ ⌐╙ №╡╕∆⅜⁸ ⅜

⅝™≤ ⅎ╠╣╢ ─ ≈≤⇔≡⁸ ≢כ◘fi◔כ◦ ∆╢ ♪כꜞ─╡√

⅜№╡╕∆⁹ - 4- 4⌐ ⇔√▬ⱷכ☺ ─╟℮⌐⁸ כ◘fi◔כ◦ ↓↓≢│▬ꜟⱵ♫

─ ╩ │⁸ ⌐ ─◘fiⱪꜟ╩ ≢⅝╢ ⌐⌂∫≡™╕∆⁹ 

─ ◐♇♩⅛╠ ≢⅝╢ ♪כꜞ │◐♇♩─ ↔≤⌐ ╕∫≡™╢√╘⁸

│⁸ √╡⅛╠ ♪כꜞ™√⇔ ♪כꜞ ─ ╩ ⇔≡⁸ ─◐♇♩≢

⌐ ∆╢ ╩ ╘╢↓≤⌐⌂╡╕∆⁹ ◘fiⱪꜟ⌐ ╕╣≡™╢ DNA│⁸ ↔≤⌐

⅜ ⌂∫≡⅔╡⁸↕╠⌐ ◘fiⱪꜟ ─ DNA│ꜝfi♄ⱶ⌐ ◐♇♩⌐ ╡╕∆⁹∕─ ⁸

♪כꜞ√╣↕ ⅜ ™╒≥⁸ ◘fiⱪꜟ ─ ⅜ ⌐ ⌂™ ─ DNA╩ ≢⅝╢

⅜ ↄ⌂╡⁸ ╩ ∂⌐ↄↄ∆╢↓≤⅜≢⅝╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  11 √╡─ ♪כꜞ ─ ™⅜ ─ ⌐ ⅎ╢ ▬ⱷכ☺  

  

DNA  

PCR ︡  

ṕ Ṗ DNAṕ ךּ ︣Ṗ 

ṇ ṇ  

1  

8  

1  

2  

ṇ צּ ךּ ṕṬ צּ ךּקּ

Ṗḭ צּ ךּ ךּ

ṕDNAṖ קּ צּ שּ ︣Ḯ 

ẑ 1 ṕDNAṖ

צּ אל ךּ ḭקּ צּ קּ ḭ קּ

1צּאל ṇ ︡ ךּ ︣Ḯ 
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♪כꜞ╢╣↕ ╩ ↄ∆╢√╘⌐│⁸ ─ ◐♇♩⌐ ╣╢◘fiⱪꜟ─ ╩

⌂ↄ∆╢ ⅜№╡╕∆⅜⁸ ≢⁸ ─ ◐♇♩⌐ ╣╢ ╩ ⌂ↄ∆╢≤⁸

√╡─ ◖☻♩⅜ ↄ⌂╡╕∆⁹⇔√⅜∫≡⁸ DNA ≢│⁸ ♪כꜞ ≤ ◖☻♩

─Ᵽꜝfi☻╩ ⌐ ∆╢ ⅜№╡╕∆⁹ 

∕↓≢⁸ √╡─ ♪כꜞ ≤⇔≡ ⌂ ─ ╩ ╘╢√╘⁸ 1 ≤ ∂ ⸗

♦ꜟ⅛╠⁸ ה ◖☻♩╩ ⇔√ ≢ ⁸ √╡─ ⁸

√╡─ ♪כꜞ ╩∕╣∙╣◖☻♩ ⇔≡ ↕∑√ ⌐⁸ ⅛╠ ↕╣╢

⅜≥─╟℮⌐ ∆╢⅛╩ ⇔╕⇔√ - 4- 5 ⁹ 

∕─ ⁸ ┘ ─ ─ ⌐⅔™≡⁸ √╡─ ╩ ╢↓≤≢⁸╟╡

⌂™ ≢ ⌐ ╩ ╛∆↓≤⅜ ≢⅝╢ │⁸ 2 ─ ╡≢∆⅜⁸

╩≢⅝╢∞↑ ↄ⇔√™ │⁸ ⅜ ⌂™≤⅝╒≥ ↄ─ꜞכ♪ ⅜ ⌐⌂╢↓≤⅜ ⅛

╡╕⇔√⁹ √╡─ ♪כꜞ │⁸ ≤⇔≡⁸ ⅜ ─≤⅝│ כꜞ100,000

♪ ⁸ ╩ ≤╢≤⅝│ ♪כꜞ50,000 ╩ ⌐∆╢↓≤⅜ ╕⇔™≤

ⅎ╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  12 ◖☻♩╩ ⇔√ ≢─ ה ה ♪כꜞ ⌐ ∆╢

─  

 

DNA ↓↓≢│ MiFish ╩ ∆ ≢│⁸ ⌂ ╣≤⇔≡⁸╕∏ ◘fiⱪꜟ╩ⱨ▫

╤≢כ♃ꜟ ⇔⁸ ™≡ⱨ▫ꜟ♃כ ─ ⅛╠ DNA╩ ⇔╕∆⁹ 1000mL─ ◘fi

ẑ ḭ אל צּ קּ ṇ ︡ ︣Ḯ 

ẑ ḭ צּ 10ḭ צּ 96 ︡ 2 ￼ ︡ ḭ

צּ 1ḭ צּ 57 ︡ 1 ￼ ︡ ︡ ךּ ︣Ḯ 

ẑ ︣שּ ḭ ṕ Ṗ צּ אל ךּ

ךּ כֿ ︡ שּ  Ḯךּאל

 

ḱ   

50 

39 

45 
38 

37 
40 

 

ṕ Ṗ 36 

35 
35 

34 30 

33 

25 

25 50 75 20 40 0 

ṕ Ṗ 

87500  47500  26812  49383  55556  94340  
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ⱪꜟ⌐ ╕╣≡™√ DNA│⁸ ⌐│ 50 200ɡL ─ ⌐ ↕╣╕∆ ⁸↓╣

╩ DNA ≤ ™╕∆ ⁹⇔⅛⇔⁸∕↓╕≢ ↕╣√ DNA╙⁸∕─╕╕≢│ ≢

∆╢⌐│ ⅜ ∆⅞╢√╘⁸PCR 1st PCR≤╙ ℮ ≤™℮ ⌐⅔™≡ ─ DNA∞

↑╩ ⌐ ╛∆ ⅜№╡╕∆⁹↓─≤⅝⁸ DNA ╩ √╡ ɡL

⌐│ ɡL ∞↑╩ ╡ ⌐Ⱪכꜙ♅⁸⇔ ╣≡ ≤ −⁸PCR ⌐ ⇔╕∆⁹↓─≤⅝⁸

⌐Ⱪכꜙ♅─ ╣╢↓≤⅜≢⅝╢ DNA ─ │╒╓ ╘╠╣≡™╢√╘⁸ √

╡⌐ DNA ╩ ⌐Ⱪכꜙ♅─ ⇔≡ ╡ ∆⅛⅜ ⌐ ╠╣╢ ⌐ ⇔

╕∆⁹ 

DNA ─₈ DNA ה ⱴ♬ꜙ▪ꜟ ver.2.2 2020 4 3 ₉≢│⁸5- 2- 1

─ ≢ 1st PCR─ │⁸ ≤↕╣≡™╕∆⁹√∞⇔⁸ ╩ ∆╢ ⌐╟∫≡

⌂ ⅜ ╟╡ ⌂™ ⅜№╢√╘⁸ ╩ ∆╢ │⁸ ⅜ ⇔≡™╢

⌂ 1st  PCR─ ╩ ∆╢↓≤⅜ ╕⇔™≢∆⁹ 
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(11)  ─  

DNA ≢│⁸ ─ ╩ ⇔╕∆⅜⁸ ─ ─ │⁸ ╛∕╣

⌐ ℮ ⁸ ⌂ ⅎ┌⁸ ⁸ ⅛⅝⌂≥─ ⌂≥─ ╩ ↑≡ ⇔⁸

⌐ ⅜ ╢↓≤⅜№╡╕∆⁹⇔⅛⇔⁸ ─ ⅜ ╠⅛⌐ ∫√ ⌐№╡⁸∕─ ∫√

╩ ⇔≡◘fiⱪꜟ≤⇔√≤⅝⁸ ⌐≥─╟℮⌂ ⅜ ╢─⅛≤™℮ │⁸╕∞№╕

╡╟ↄ╦⅛∫≡™╕∑╪⁹ 

∕↓≢⁸ ─ ─ ⌐⅔™≡⁸ ⌐╟╡ ╡⅜ ∆╢ ─♃▬Ⱶfi◓≢ ≤

╩ ⇔⁸ ⅜≥─╟℮⌐ ∆╢─⅛╩ ⌐ ⇔╕⇔√ - 4-  13 ⁹ 

∕─ ⁸ ─ ⌐╟∫≡⁸ ⅜ ╟╡╛╛ ⇔≡™╢ ⌐ ╩ ℮≤⁸ ⇔√

⌐ ∆╢ ⌐ ⅎ≡⁸∕↓⌐│ ⇔⌂™≤ ⅎ╠╣╢ ╙ ↕╣╢↓≤⅜ ⅛╡╕

⇔√⁹ ⇔√ ⌐│ ⇔⌂™ ⌐│⁸ ╟╡╙⅛⌂╡ ─ ה

⌐ ∆╢ ▪☺ⱷ♪☺ꜛ►⁸♬◦◦ⱴ♪☺ꜛ► ╛ ─ ⌐─╖ ∆╢ ▬◘◙⁸♁

►◑ꜛ ⅜ ╕╣≡™╕⇔√⁹ ─ ⌐─╖ ∆╢ ⅜ ↕╣√↓≤≤ ╡≤─

⌂ │ ≢∆⅜⁸ ╩ ∫√ ≢│⁸ ─ ╩ ╖ →≡Ɽ▬ⱪꜝ▬

fi≢ ⌐ ┘⁸ ⌐ ⅝ ╗₈ ₉≤ ┌╣╢ ◦☻♥ⱶ⅜ ↕╣≡⅔╡⁸

∕─ ─ ⌐ ╕╣≡™√ DNA╩ ⇔√ ⅜№╢≤ ⅎ╠╣╕⇔√⁹ ─↓

≤⅛╠⁸ ╡─ ⌐╟╢ ─ ╩ ↑╢√╘⌐│⁸ ╛ ⅜ ─ ⌐ ╢╕≢⁸

╩ ↑√ ⅜╟™≢⇔╞℮⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  13 ⌐╟╢ ╡─ כꜞ◗♥◌≥ ─  

 

╕√⁸ DNA ⌐◘fiⱪꜟ╩╤ ∆╢ⱨ▫ꜟ♃⁸│כ ⌐ ⅜ ↕ↄ⁸ ⌐

↕╣╢◓ꜝ☻ⱨ□▬Ᵽכ ⱨ▫ꜟ♃כ≢│ 0.7ɡm⁸◌כ♩ꜞ♇☺ ⱨ▫ꜟ♃כ≢│ 0.45ɡm╙⇔ↄ

│ 0.22ɡm ≢∆⁹∕─√╘⁸ ╡─ ™◘fiⱪꜟ≢│⁸╤ ⌐ ⅜ⱨ▫ꜟ♃כ╩
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╕╡↕∑⁸ ⌐╤ ≢⅝╢◘fiⱪꜟ─ ⅜ ⇔√╡⁸ ╩╤ ∆╢√╘⌐ ↄ─ⱨ▫ꜟ

⅜כ♃ ≤⌂∫≡⇔╕™╕∆⁹↕╠⌐⁸ ⌐╟╡ ╡╛ ⅜ ∆╢ ≢│⁸ ─

─ ⅛╠╙⁸⌂╢═ↄ ╩ ↑√ ⅜╟™≢⇔╞℮⁹ 

⌂⅔⁸↓↓≢ ℮₈ ╡₉≤│⁸ ≤ ═≡ ╠⅛⌐ ╡─ ™⅜ ⇔≡™╢ ╩ ⇔≡

⅔╡⁸ ─ ╛√╘ ⌂≥─╟℮⌐⁸ ⌐⅔™≡╙ ⅜ ∫≡™╢ │⁸ ≤

↕╣╢ ≢№╣┌⁸ ╩ ℮↓≤⌐ │№╡╕∑╪⁹ 
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(12)  ≤─  

⌐⅔™≡ ╩ ∆╢ ⁸↓╣╕≢│ ╩ ™√ ⅜

⌐ ↕╣≡⅝╕⇔√⁹ ≢│⁸ ⇔√ ⅛╠─╖ ╠╣╢ ⁸ ⁸

⁸ ⁸ ⁸ ╩ ╢↓≤⅜≢⅝╢≤™℮ ⅜№╡╕∆⅜⁸ ─ ╛

─ ™⌐╟╡ ╠╣╢ ─ ⅜ ⅝™↓≤⁸ √╡⌐ ⌂ ◖☻♩ ┘ ◖

☻♩⅜ ↄ⌂╡╛∆™≤™∫√ ⅜№╡╕∆⁹ 

4 ⌐ √╘ ⌐⅔™≡ ⇔√ ≢│⁸√╘ ⌐⅔™≡⁸√╘ ─

⅝↕⌐ ╦∑≡ №√╡ ─ 20 ╩ ⇔⁸ DNA ≤

╩∕╣∙╣ ⇔╕⇔√⁹ 

∕─ ⁸∕╣∙╣─ ⌐⅔™≡⁸ ╩ ≤⇔√ DNA ≤ ╩ ∫

√ ╩ ™⁸ ↕╣√ ╩ ⇔√ ⁸ ╟╡╙ DNA ─ ⅜ ⌐

™≤™℮ ⅜ ╠╣╕⇔√⁹↓─╟℮⌐⁸ ↕╣╢ ⅜ ╟╡╙ DNA ≢

™≤™℮ │⁸ ─√╘ ⌐ ╠∏⁸ ╛ ≤™∫√ ─♃▬ⱪ─

≢╙ ↕╣≡™╕∆ 16,17)⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  14 DNA ┘ ⌐╟╡ ↕╣√ ─  

 

╕√⁸™∏╣─√╘ ≢╙⁸ ≢ ↕╣√ │∆═≡ DNA ≢ ↕╣≡⅔╡⁸

↕╠⌐ ≢│ ↕╣≡⇔╕∫√ ╩ DNA ≢ ≢⅝≡™√ ╙ ↕╣╕⇔

√ - 4-  15 ⁹ 

  

DNA   

אל
 

1Ṗ ṡ***Ṣ p 0.001צּ טּצּ כֿ ︡ ︣Ḯ 

2Ṗ DNA ḭ1 4 ︡ לּ ḭ 1

פּ אל ︡ ︡ ṕ ︡ ︡

︢ ︡ ︡ ṖḮ 
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- 4-  15 DNA ≤ ⌐╟╢ ↕╣√ ─ √╘  

 

╩ ⇔√ ─√╘ ≢│⁸ ⅜ ─ ─ ↕ №╡⁸⅛≈⁸ ⅜

⌐ ╠⅛™√╘⌐ ⅜ ∟ ╢↓≤─ ⇔™ ⅜№╡╕⇔√⁹╟∫≡⁸ ─ ⁸ ≢

ⅎ╢ ⅜ ⅛╠ ↑╠╣╢♃▬ⱪ─╙─ ⅎ┌⁸◌◗ ╛☿ꜟⱦfi ⌐ ↕╣╕⇔√⁹

∕─√╘⁸◌◗ ╛☿ꜟⱦfi≢│ ⇔⌐ↄ™ ╩ ≢│ ∆╢↓≤⅜ ⇔ↄ⌂╡⁸

⌐∕↓⌐ ⇔≡™√ ─ ╩ ⇔≡⇔╕∫√ ⅜ ⅎ╠╣╕⇔√⁹↓─↓≤⅛╠⁸

√╘ ╩ ≤⇔√ ≢│⁸ ─ ≤⇔≡ DNA ⅜ ≢№╡⁸ ╩ ∆

╢√╘ ─ ⌐╟∫≡│⁸ ≢│ ↕╣≡⇔╕℮ ─№╢ ╩ DNA ⌐╟∫

≡ ⌐ ≢⅝╢≤ ⅎ╠╣╕∆⁹ 

4 ─ ≢│⁸ 5.2m⁸ 0.7m/ ─ ─

⌐ ↕╣√ ╩ ╣╢ ⌐ ╩ ⇔⁸ DNA ≤ ⌐╟╢

╩∕╣∙╣ ⇔╕⇔√⁹∕─ ⁸ St03⁸St05 ≢│⁸ ≢ ↕╣√

─ ⅜ DNA ≢│ ⅜☻כ◔™⌂╣↕ ∂╕⇔√ - 4-  16 ⁹ DNA ≢

≤⌂∫√ │⁸∕╣∙╣ ≢╙ ─╖ ↕╣√ ≢№∫√↓≤⅛╠⁸ ⌐⅔™≡

│⁸ ⅜ ™ ─ ⁸ DNA ≢│ ⇔≡⇔╕℮ ⅜№╢≤ ⅎ╕∆⁹⌂⅔⁸

St03 ┘ St05 ≢ DNA⅜ ≤⌂∫√ │⁸ ─℮∟─ ⅛╠│ ↕╣╕∑╪

≢⇔√⅜⁸ ╡─ ⅛╠│™∏╣╙ ↕╣≡⅔╡⁸ ≢│ ╩ ℮↓≤⌐╟╡⁸

St01  St05  St06  St08  

St13  St14  St15  St1 7 

 

DNA  

 

 

 

︡ אל  

1Ṗ DNA ḭ1 4 ︡ לּ ḭ 1 פּ

אל ︡ ︡ ṕ ︡ ︡ ︢ ︡ ︡ ṖḮ 

2Ṗ 2 ṕ ḱ Ṗ ḭ צּ טּ

ḭ DNA ︡ ể ︡ נּ ︡ Ḯ 
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─ꜞ☻◒╩ ╠∑╢↓≤⅜ ⅛╡╕⇔√⁹ 

⌂⅔⁸ ⌂≥─ ⁸ ↄ─ ─ ╛⁸ ╩ ╢↓≤⅜ ⇔™ │⁸ ⅎ┌

≢№╣┌⁸ ╛ ─╟℮⌂ ─╒⅛⁸ ╛ ─ ™ ╩ ⇔⁸ ⌂╢Ɫⱦ

♃♇♩╩≢⅝╢∞↑ ∆╢╟℮⌐ ╩ ┬≤™∫√ ╩∆╢≤╟™≢⇔╞℮⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 4-  16 DNA ≤ ⌐╟╢ ↕╣√ ─  

  

 

DNA  

 

 

 

︡ אל  

St01  St0 2 St0 3 St04  

St05 

ẑ  

Ṗ DNA ḭ1 4 ︡ לּ ḭ

1 פּ אל ︡ ︡

ṕ ︡ ︡ ︢ ︡ ︡ ṖḮ 
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5 DNA ︣  

 

(1)  ─  

≤│⁸ כ◘fi◔כ◦ ╙≥כ◘fi◔כ◦ ┌╣╕∆ ╩ ™≡⁸ ◘

fiⱪꜟ─ ⌐ ╕╣╢ DNA─ ╩ ╖ ╡⁸∕─ ≥☻כⱬ♃כ♦╩ ∆╢↓≤≢⁸

╩ ∆╢ ≢∆⁹ 

- 5-  1⌐ ∆╟℮⌐⁸ ⌐ ┌╣√ ◘fiⱪꜟ│⁸ ≤ DNA ⅜ ╦╣√ ⁸

↕╠⌐™ↄ≈⅛─ ╩ ≡⁸ ⁹∆╕╣╠↑⅛⌐כ◘fi◔כ◦ ⁸│כ◘fi◔כ◦

◘fiⱪꜟ⌐ ╕╣≡™√ ─ DNA ╩ ╖ ╡╕∆⁹∕─ ╖ ╠╣√ │⁸

⌐☻כⱬ♃כ♦ ↕╣≡™╢ ⌂ ─ ─ DNA ≤ ⇔⁸ ⌐ ∆╢⅛⁸╙⇔ↄ

│ ⌐ ⅜ ™ ∆⌂╦∟⁸ ⌐╟ↄ ∫≡™╢ ╩⁸ ─◖fiⱧꜙכ♃♁ⱨ

♩►▼▪╩ ∫≡ ⇔ ⇔╕∆⁹ ⌐ ⅜ ™ ⅜ ≈⅛╣┌⁸∕─ ⌐ ≠↑╠

╣≡™╢ ⅜⁸◘fiⱪꜟ⅛╠ √ ≤ ≢№╢ ⅜ ⌐ ™≤ ⇔⁸ ╩

⇔╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 5-  1 ─   

 

 

DNA  

PCR  

DNA  

ṇ  

DNA  

DNA  

DNA  

Ṭ 

Ṭ 

Ṭ 

DNA ṇ ṇ  
 

 A 

Ẇ  Ẇ  Ẇ 

Ẇ  ú  Ẇ 

Ẇ  ú  ú 

C B 
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≢│⁸ ─₈PCR ₉─ ≢ ∆╢₈ꜚ♬Ᵽכ◘ꜟⱪꜝ▬ⱴ₉כ≤

┌╣╢ ─ ╩ ⅎ╢↓≤≢⁸ ∆╢ ╩ ⌐ ⅎ╢↓≤⅜≢⅝╕∆⁹ ⅝≢│⁸

⅜ ─ ≢№╢√╘⁸ ─ DNA⌐ ∆╢ ≢№╢ MiFish ─ꜚ

♬Ᵽכ◘ꜟⱪꜝ▬ⱴכ╩ ╡ ∫≡™╕∆⅜⁸ - 5-  1⌐ ∆ ╡⁸ ─ ╩ ≢

⅝╢ ⅜ ↕╣≡™╕∆⁹ 

 

- 5-  1 ⌐╟╡ ≢⅝╢ ≤∕─  

קּ  

 
צּ אל  

 Miya M. ǆǕƁ ǂǍƏ (2015) MiFish, a set of universal PCR primers for 

metabarcoding environmental DNA from fishes: detection of more than 

230 subtropical marine species. Royal Society Open Science 2(7): 

150088. ṕ ḲMiFishṖ 

Miya M. ǆǕƁ ǂǍƏ (2020) MiFish metabarcoding: a high-throughput 

approach for simultaneous detection of multiple fish species from 

environmental DNA and other samples. Fisheries Science, 86: 939²970. 

ṕMiFish ṇ Ṗ 

 Ushio M. ǆǕƁ ǂǍƏ (2017) Environmental DNA enables detection of 

terrestrial mammals from forest pond water. Molecular ecology 

resources, 17(6): e63-e75. ṕ ḲMiMammal Ṗ 

 Ushio M. ǆǕƁǂǍƏ (2018) Demonstration of the potential of environmental 

DNA as a tool for the detection of avian species. Scientific Reports, 8: 

4493. ṕ ḲMiBirdṖ 

 

ṕ ḱ Ṗ 

Komai T. et al. (2019) Development of a new set of PCR primers for 

eDNA metabarcoding decapod crustaceans. Metabarcoding and 

Metagenomics, 3: 1-19. ṕ ḲMiDecaṖ 

 Sakata K. M. et al. (2022) Development and evaluation of PCR primers 

for environmental DNA (eDNA) metabarcoding of Amphibia. 

Metabarcoding and Metagenomics, 6: 15-26. 

 

─ MiFish ≢ ∆╢ꜚ♬Ᵽכ◘ꜟⱪꜝ▬ⱴ⁸│כ ─ ⌐⅔™≡⁸

ⱪꜝ▬ⱴכ ⌐ ─ Ⱶ☻ⱴ♇♅ ⅜ ╕╣≡™╢↓≤⅜╦⅛∫≡™╕∆⁹ⱪꜝ▬ⱴכ

⌐Ⱶ☻ⱴ♇♅⅜ ∆╢≤⁸PCR ─ ⌐ DNA ◘fiⱪꜟ ─ DNA ≤ⱪꜝ▬ⱴכ⅜

≢⅝⌂™√╘⁸DNA─ ⅜ ↓╡╕∑╪⁹∆⌂╦∟⁸ⱪꜝ▬ⱴכ ≤─Ⱶ☻ⱴ♇♅⅜№╢ │⁸

∕─ ─ DNA⅜ PCR≢ ⅎ⌂™√╘⁸DNA⅜ ⇔≡™≡╙ ≢⅝⌂™↓≤⌐⌂╡⁸ ⌐

╩ ∂╕∆⁹ 

Miya et al.  (2020)≢│⁸ꜘ♠ⱷ►♫◑ ─ ◌꞉ꜘ♠ⱷ ⁸◐ꜙ►ꜞ►○ ─ ꞉◌

◘◑ ⁸▪ꜚ ⁸◌☺◌ ─ ▪♫Ɫ♀ ⁸◘ꜝ◘◌☺◌ ⁸▬♄♥fi◌☺◌ ⁸☻▬ ⌐

⅔↑╢Ⱶ☻ⱴ♇♅─ ⅜ ↕╣≡™╕∆⁹↓╣╠─ ⅜ ∆╢ ─№╢ ≢ ∆╢

⌐│⁸Ⱶ☻ⱴ♇♅ ⅜∕╣∙╣─ ─ ≤ ∆╢╟℮⌐ ⇔√ⱪꜝ▬ⱴ⁸╩כ

─ PCR ─ ⌐ ∆╢↓≤≢⁸ⱪꜝ▬ⱴכ⌐ ∆╢ ⅜ ∂╢↓≤╩ ← ⅜

↕╣╕∆⁹ 

↓╣╠─ ⌐╙⁸Ⱶ☻ⱴ♇♅⅜ ↕╣≡™╢ ┘∕─Ⱶ☻ⱴ♇♅ ╩ - 5-  2

⌐ ⇔╕⇔√⁹ ⅝≢│⁸ ⱪꜝ▬ⱴכ╩ ∆╢ ╖ ╦∑╛ ⌐≈™≡│
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↕⌂™√╘⁸ ⌐ ⇔√ ⱪꜝ▬ⱴכ╩ ∆╢ │⁸ ╩ ∆╢≤⅝⌐ ┼

⇔≡ↄ∞↕™⁹ 

 

  Forward  Primer  MiFish -U-F G T C G G T A A A A C T C G T G C C A G C 

No.  
︣  
ṕ Ṗ 

ṇ  
ṕ Ṗ 

ṕ5¢ ẓ 3 Ṗ 

1  MiFish-L-F G C T G G T A A A C C T C G T G C C A G C 

2 , MiFish-01 פּ -F G C C G G T A A A A C T C G T G C C A G C 

3 ,  MiFish-02-F G T C G G T T A A A C T C G T G C C A G C פּ

4  MiFish-03-F A C T G G T A A A T C T C G T G C C A G C 

5 ,  MiFish-04-F G C C G G T A A A A T T C G T G C C A G C פּ

6  MiFish-05-F G T C G G T A A A A T T C G T G C C A G C 

7 , ,  MiFish-06-F G C C G G T T A A T C T C G T G C C A G C 

8 ,  MiFish-07-F G C C G G T T A A T T T C G T G C C A G C 

9 ,  MiFish-08-F G C C G G T A A A T C T C G T G C C A G C פּ

10 , MiFish-09 פּ -F G T C G G T C A A A C T C G T G C C A G C 

11 ,  MiFish-10-F A C C G G T A A A A C T C G T G C C A G C פּ

12 , ,  MiFish-11-F A C C G G T T A A A C T C G T G C C A G C 

13 , ,  MiFish-12-F G C C G G T T A A A C T C G T G C C A G C פּ

14  MiFish-13-F G C C G G T C A A A T T C G T G C C A G C 

15 , ,  MiFish-14-F G C C G G T A A A C C T C G T G C C A G C פּ

16  MiFish-15-F G C C A G C A A A A C T C G T G C C A G C 

17  MiFish-16-F G C C G G T G A A A C T C G T G C C A G C 

18 
, ,

 פּ
MiFish-17-F G C C G G T C A A A C T C G T G C C A G C 

19 ,  MiFish-18-F G C C G G T C A A C C T C G T G C C A G C 

20  MiFish-19 -F C C G G T A A A A C C T T G T G C C A G C 

21  MiFish-20-F C T G G T C A A A T C T C G T G C C A G C 

22  MiFish-21-F T C G G T A A A A A C T C G T G C C A G C 

23   MiFish-22-F G C C G G T A A A A C C C G T G C C A G C 

 

  Reverse Primer  MiFish -U-R C A T A G T G G G G T A T C T A A T C C C A G T T T G 

No.  
︣
ṕ Ṗ 

ṇ  
ṕ Ṗ 

ṕ5¢ ẓ 3 Ṗ 

1  MiFish-L-R C A T A G C G G G G T A T C T A A T C C C G G T T T G 

2 ṇ ṇ ṇ MiFish-02 -R C A T A G T G G G G T A T T T A A C C C C A G T T T G 

3  MiFish-03 -R C A T A G T G G G G T A T C A A A T C C C A G T T T G 

4 
,

 
MiFish-04-R C A T A G T G A G G T A T C T A A T C T C A G T T T G 

5 
, ,

 פּ
MiFish-05-R C A T A A T G G G G T A T C T A A T C C C A G T T T G 

6  MiFish-06-R C A T A G T G G G G T A T C T A A T T C C A G T T T G 

7 
ṇ ṇ ,

 פּ
MiFish-07-R C A T A G T G G G G T A C C T A A T C C C A G T T T G 

8 
,
 פּ

MiFish-08 -R C A T A G T G G G G T C T C T A A T C C C A G T T T G 

β │⁸ ⌐☻כⱬ♃כ♦ ↕╣≡™╢ ╩ ⌐⁸ ꜠ⱬꜟ≢ ╩ ⇔√╙─

≢№╡⁸Ⱶ☻ⱴ♇♅╩ ⇔√ⱪꜝ▬ⱴכ─ ⌐≈™≡│ ⇔≡™╕∑╪⁹ 

 

- 5-  2 MiFish ─ꜚ♬Ᵽכ◘ꜟⱪꜝ▬ⱴכ⌐Ⱶ☻ⱴ♇♅⅜ ↕╣√   



 

82 

 

(2)  ─  

≤│⁸ꜞ▪ꜟ♃▬ⱶ PCR ≤ ⌐ ∆╢╟℮⌐ ↕╣√ PCRⱪꜝ▬

ⱴכ ┘ ⱪ꜡כⱩ╩ ™≡⁸ ◘fiⱪꜟ─ ⌐ ╕╣╢ ─ ─ DNA─ ╛

⌐│ DNA ─◖Ⱨכ ╩ ∆╢ ≢∆⁹ 

- 5-  3⌐ ∆╟℮⌐⁸ ⌐ ┌╣√ ◘fiⱪꜟ│⁸ ≤ DNA ⅜ ╦╣╕∆⁹

⇔√ DNA│⁸ ≤ ↕╣⁸ꜞ▪ꜟ♃▬ⱶ PCR ⌐⅛↑╠╣╕∆⁹ꜞ▪ꜟ♃▬

ⱶ PCR≢│⁸ ⌂ⱪꜝ▬ⱴכ≤ ⱪ꜡כⱩ⅜⁸◘fiⱪꜟ⌐ ╕╣≡™√ ─ DNA⌐

─╖ ⇔⁸PCR ⅜ ↓╢↓≤≢⁸ ≤⇔≡ ↕╣╕∆⁹ │⁸◘fiⱪꜟ ─

─ DNA⅜ ™╒≥ ↄ ∟ ⅜╡⁸ ⌂ ╩ ≡⁸ ⌐ⱪꜝ♩כ⌐

⇔╕∆⁹ ⌐⁸ ─ DNA◘fiⱪꜟ─ ╩ ∫≡ ™√ ⅛╠⁸◘fiⱪꜟ

─ DNA─ ─ ╛ ┼─ ╩⇔╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 5-  3 ─  

 

◘fiⱪꜟ⅛╠ ⇔√ DNA ⌐│⁸ ─ DNA∞↑≢⌂ↄ⁸∕─ ⌐ ╕╣≡™√∆═≡

─ ⁸ ⁸ ⌂≥ ─ DNA⅜ ↨╡ ∫≡™╕∆⁹ ≢│⁸∕─ ─

DNA⅜ ↨╡ ∫√◘fiⱪꜟ⅛╠⁸ ═√™ ─ DNA⌐∞↑ ⌐ ∆╢╟℮⌐ ↕╣√ PCR

ⱪꜝ▬ⱴכ ┘ ⱪ꜡כⱩ╩ ™╢↓≤≢⁸ ─ ─ DNA─ ╛ ╩ ═╢╙─≢∆⁹

∕─√╘⁸ ∂ DNA◘fiⱪꜟ⌐ ⇔≡⁸ ∆╢ PCRⱪꜝ▬ⱴכ ┘ ⱪ꜡כⱩ╩ ⅎ╢↓

DNA  

ṇ  

 

ךּ    PCR

ṇ ṇ

 

 

 

DNA  

 

 

 

ṇ
/
m
L 

 A  B  C 
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≤≢⁸ ∆╢ ╩ ⌐ ⅎ╢↓≤⅜≢⅝╕∆⁹ ─√╘─ PCRⱪꜝ▬ⱴכ⅜∆≢

⌐ ↕╣≡™╢ ─ │⁸ 1≢ ⇔≡ↄ∞↕™⁹ 

MiFish │⁸ ─ ⁸◘fiⱪꜟ ─ ⅜ ⌐ ™ ─ DNA

╩ ≢⅝⌂™↓≤⅜№╡⁸ ⌐ ⅜ ∂╕∆⁹⇔⅛⇔⁸ │⁸◘fiⱪꜟ ─

─ DNA ─ ╩ ⌐│ ↑⌂™√╘⁸ MiFish ≤ ═≡

⅜ ∂⌐ↄ™ ⅜ ⅎ╠╣╕⇔√⁹ 

∕↓≢⁸ ≤ MiFish ─ ─ ™╩ ∆╢√╘⁸

─Ⱶꜘ◖♃♫◗⅜ ∆╢ ⌐⅔™≡⁸ ─ ◘fiⱪꜟ╩ ≈─ ≢ ⇔⁸∕─

╩ ⇔╕⇔√⁹◘fiⱪꜟ│⁸ ≤ 11 ⌐ ⅛╠ ∏≈ ⇔⁸∕↓⅛╠ ⇔√

DNA ╩ MiFish 1st PCR│ ≤Ⱶꜘ◖♃♫◗ PCR

│ ≢∕╣∙╣ ⇔╕⇔√⁹ 

∕─ ⁸ ⌐ ⇔≡™≡ │ ≢⅝≡™⌂™ ≢│⁸≥∟╠─ ≢╙ ↕╣

∏⁸ ⅜ ⇔≡™╢ ╛ ≢│⁸≥∟╠─ ≢╙ ≢⅝╕⇔√⁹⇔⅛

⇔⁸ ⅜ ≢⅝≡™╢╙──⁸∕─ ⅜ ╘≡ ⌂™ ⌐⅔™≡│⁸ ≢

│⁸ ─↔ↄ ⌂ ≢∆⅜Ⱶꜘ◖♃♫◗⅜ ↕╣√─⌐ ⇔⁸

MiFish ≢│ ↕╣╕∑╪≢⇔√ - 5-  4 ⁹↓─╟℮⌐⁸ ╕≢│ ╘╠╣⌂™

⅜№╢╙──⁸ / ╩ ╢ ≤⇔≡│⁸ ─ ⅜ MiFish

╟╡╙ ⅜ ™ ⅜№╡⁸ ⅜ ∂⌐ↄ™ ≢№╢≤ ⅎ╠╣╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 5-  4 ≤ MiFish ─ ─ Ⱶꜘ◖♃♫◗─   

1 2 3 4 

10362 304 0 0 0 0 4726 5244 

אל  

DNA ṕcopies/2 lͫṖ 

 

ẑ ּך ḭ ṕ1.0 copy/2 lͫṖ ︡ ︣Ḯ 

 

 
(MiFish)

אל

ṇ  

צּ

ךּ

1 ḭ

צּ

קּ ︡  
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♃כ♦  (3)  

MiFish ≢│⁸ ╠⅛כ◘fi◔כ◦ ⇔√ DNA─ ⅛♃כ♦

╠ ⅜ ™ ꜞ☻♩ ╩ ╢╕≢─ ⌐⁸ ⌂ ╩ ╡ ™√╡⁸ ╖ ╡

╩כꜝ◄─ ♃כ♦─≤⌂╢∆ ⅜ ♃כ♦⁹∆╕╡⌂⌐ ─ │⁸™ↄ≈⅛─♁ⱨ

♩►▼▪╩ ╖ ╦∑≡⁸ ╣ ─╟℮⌐ ↕╣╢√╘⁸₈Ɽ▬ⱪꜝ▬fi₉≤╙ ┌╣╕∆⁹ 

⌐ ↕╣╢Ɽ▬ⱪꜝ▬fi⌐│⁸ ─ ⅜№╡⁸∕╣∙╣ ╛▪ꜟ◗ꜞ☼

ⱶ─ ™⌂≥⌐╟╡ ⅜№╡╕∆⁹╕√⁸Ɽ▬ⱪꜝ▬fi⌐ ╖ ╕╣╢♁ⱨ♩►▼▪╙⁸

⌐ ⇔™╙─⅜ ↕╣ ↑≡™╢√╘⁸≥─♁ⱨ♩►▼▪╩ ╖ ╦∑≡Ɽ▬ⱪꜝ▬fi╩ ∆

╢⅛│⁸ ⌐╟∫≡ ⌐ ↕╣≡™╕∆⁹⇔√⅜∫≡⁸ ⅝≢│⁸ ⌐⅔™≡≥╣⅛

≈─Ɽ▬ⱪꜝ▬fi⌐ ∆╢↓≤│ ⇔™≤ ⅎ⁸ - 5-  2⌐∕─ ⌂♁ⱨ♩►▼▪╩

∆╢⌐≤≥╘╕∆⁹ Ɽ▬ⱪꜝ▬fi╛ ⌐ ∆╢ │⁸ ⌐ ∂≡⁸ ╩ ⇔

√ ⅛╠ ⇔≡ↄ∞↕™⁹ 

 

- 5-  2 ⌐ ↕╣╢ ⌂♁ⱨ♩►▼▪ 

צּ  אל ךּ  

BLAST+ 

(blastn) 

Camacho C. et al. (2009) BLAST+: architecture and applications. BMC 

Bioinformatics, 10: 421. 

ṕ Ṗ 

https://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/ 

ṕ Ṗ 

https://www.ncbi.nlm.nih.gov/books/NBK279690/ 

Claident Tanabe A.S. and Toju H. (2013) Two New Computational Methods for 

Universal DNA Barcoding: A Benchmark Using Barcode Sequences of 

Bacteria, Archaea, Animals, Fungi, and Land Plants. PLOS ONE, 8(10): 

e76910. ṕ Ṗhttps://github.com/astanabe/Claident 

ṕ Ṗhttps://www.fifthdimension.jp/products/claident/ 

DADA2 Callahan B. ǆǕƁǂǍƏ (2016) DADA2: High-resolution sample inference from 

Illumina amplicon data. Nature Methods 13: 581²583. 

ṕ Ṗhttps://github.com/benjjneb/dada2 

MiFish Pipeline Sato Y. ǆǕƁǂǍƏ (2018) MitoFish and MiFish Pipeline: A Mitochondrial 

Genome Database of Fish with an Analysis Pipeline for Environmental 

DNA Metabarcoding. Molecular Biology and Evolution, 35(6): 1553²

1555. 

ṕWEB קּ Ṗhttp://mitofish.aori.u-tokyo.ac.jp/mifish/ 

QIIME2 Bolyen E. ǆǕƁǂǍƏ (2019) Reproducible, interactive, scalable and extensible 

microbiome data science using QIIME 2. Nature Biotechnology, 37: 852²

857.  ṕ Ṗhttps://github.com/qiime2 

USEARCH Edgar R.C. (2010) Search and clustering orders of magnitude faster than 

BLAST. Bioinformatics, 26(19): 2460²2461. 

ṕ Ṗhttp://drive5.com/usearch/ 

PMiFish ver. 2.4 Miya M. ǆǕƁ ǂǍƏ (2020) MiFish metabarcoding: a high-throughput 

approach for simultaneous detection of multiple fish species from 

environmental DNA and other samples. Fisheries Science 86: 939²970. 

ṕ Ṗhttps://github.com/rogotoh/PMiFish.git 
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Ɽ▬ⱪꜝ▬fi─ ⌂ ╣╩⁸ ⌐ ⇔╕∆⁹ ╠⅛כ◘fi◔כ◦ כ♦√╣↕

♃│⁸ ⌐│◘fiⱪꜟ⅛╠ ╖ ╠╣√ ─ ♃כ♦ ≢№╢√╘⁸ ⅜ ⇔

╛∆™╟℮⌐ ╩ ∆ ₈A,C,G,T,N₉⌐ ⇔╕∆⁹∕─ ─ ⌐│⁸∕╣∙╣─ ─

╖ ╡◒○ꜞ♥▫╩ ∆ ╙ ↕╣⁸↕╠⌐ ─ ─ ≢◘fiⱪꜟ⌐ ↑╠╣√♃

◓╩ ⇔≡⁸◘fiⱪꜟ↔≤⌐ ⅜╕≤╘╠╣╕∆⁹↓─ ⌐╟╡ ↕╣╢ⱨ□▬ꜟ⅜⁸fastq

ⱨ□▬ꜟ≤ ┌╣╢  ⱨ□▬ꜟ≢∆⁹─♃כ♦

 

 

 

 

 

 

 

 

 

 

 

∕─ │⁸◒ꜝ☻♃ꜞfi◓╙⇔ↄ│♦ⱡ▬☺fi◓≤ ┌╣╢ ╩ ℮↓≤⌐╟∫≡⁸ ╖

╠╣√ ⌂ ─ ╩ ⇔⁸ ≤⇔≡╕≤╘╕∆⁹ │⁸◘fiⱪꜟ↔≤⌐∕─

⅜◌►fi♩↕╣⁸₈ꜞכ♪ ₉≤⇔≡ ↕╣╕∆⁹ 

⌐⁸◘fiⱪꜟ⅛╠ ↕╣√ ₁─ ⅜⁸ ⌐☻כⱬ♃כ♦

↕╣≡™╢ ─℮∟⁸≥─ ≤╟ↄ ≡™╢⅛╩♁ⱨ♩►▼▪ ≢ ⇔ ↓─ ╩ BLAST

≤ ┘╕∆ ⁸ ╙ ∆╢╙─⁸∆⌂╦∟ ─ ⌐ √ ⌐ ↕╣≡™╢

╩⁸ ⌐ ∆╢═⅝ ≤⇔≡ ⌐ ∆╢↓≤≢ ╩ ™╕∆⁹↓─ ⌐

≤ ─ ⅜ ™╒≥⁸ ─ ⅜ ™╙─≤ ⇔╕∆⁹ 

─ ╩ ∆╢⅛─ ⌐≈™≡│⁸ ↔≤─ ╩ ⌐ ℮↓≤⌐⌂╡╕

∆⅜⁸ ─ ╛ ─ ╩ ╕ⅎ√ ≢⁸ ⅜ ⇔√ ≢│⁸∕─ ≤⇔

≡₈98.5 ₉≤™℮ ╩ ™╕⇔√⁹ ⅜ 98.5 ≢ ∆╢ │⁸ ─ ™⌐

∆╢≤⁸ MiFish ≢│ 2bp ─ ⌐ ⇔╕∆⁹╟╡ ⇔ↄ ╟

╡ ™⅜⌂™╟℮⌐ ╩ ™√™ │⁸↕╠⌐ ─ ╩ 99 ╛∕╣ ≤⇔⁸

≢ ⇔√ ─ │ ≤∆╢⅛⁸ ⌐♃כ♦ ╘≡⅔ↄ≤™℮

╙№╡╕∆⁹╕√ ⌐⁸98.5 ⅎ┌ 97 ⌐ ╘√ ╩ ∆╢↓≤≢⁸ ⅜

↕╣≡™⌂™ ⌂≥╩ ≢⅝╢ ⅜ ╕╢ ⅜№╡╕∆⁹™∏╣─ ≢№∫≡╙⁸

─ / ╩ ⇔√ ─ │⁸ ⌐ ∂≡⁸ ╩ ⇔√ ⅛╠ ⇔

≡ↄ∞↕™⁹ ⅎ≡⁸ ≤ ╩ ™≡₈ ꜠ⱬꜟ₉─ ╩ ⇔⁸

⇔≡ ∆╢↓≤≢⁸ ─ ⅜↕╠⌐ ⇔╕∆⁹ 

◘fiⱪꜟ↔≤⌐◌►fi♩↕╣√ ─ ╩ ♪כꜞ∆ ⌐≈™≡│⁸ ⅜ ⇔√

≢│⁸ ↕╣√ ─ ─ ≤⇔≡⁸₈ ♪כꜞ ₉≢ ↕╣√╙─│ⱡ▬☼─

⅜ ™≤ ⇔⁸ ⌐◌♇♩∆╢ ≤∆╢ ╩ ™╕⇔√⁹ ─

─ ⌐ ∆╢ │⁸ ⌐ ∂≡⁸ ╩ ⇔√ ⅛╠ ⇔≡ↄ∞↕™⁹ 

♃כ♦⁸⌐℮╟─ ≢│⁸ ∆╢♁ⱨ♩►▼▪─Ɽꜝⱷכ♃⅜ ↄ⁸ ╙ ≢

⅜ ™─⅜ ≢∆⅜⁸◘fiⱪꜟ⅛╠ ╠╣√ ⁸│♃כ♦ ⌂╢Ɽ▬ⱪꜝ▬fi≢ ↕╣√

fa
s

tq
  

 

 

 
 

︡
שּ

 
פֿ

 

B
L

A
S

T
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≢╙⁸ ⅜ ∫√ ≢│ ⌐│ ╠╣╢ ⌐ ⅝⌂ ™│№╡╕∑╪≢⇔√⁹⇔

⅛⇔⁸◘fiⱪꜟ⌐╟∫≡│⁸◄ꜝכ ╩ ≤⇔≡ ╖ ╢↓≤⌐╟╢ ╛⁸ ╩

כꜝ◄ ≤⇔≡ ∆╢↓≤⌐╟╢ ⅜ ∂╢↓≤⅜№╡╕∆⁹ ⌐⁸ ⅜ ⌐╟

ↄ ≡™╢ ─ ╙⇔ↄ│ ⅜ ╕╣≡™╢◘fiⱪꜟ≢│⁸ ♃כ♦⌂℮╟─

⌐ ∆╢ ╙⇔ↄ│ ⅜ ∂╢↓≤╙№╡╕∆⁹∕─√╘⁸ ╠╣√ ⅛╠⁸

─ ╙⇔ↄ│ ⅜ ↑ ∟≡™╢ ⌂≥⅜ ╦╣╢ ≢│⁸ ─Ɽ▬ⱪꜝ▬fi╩ ∫≡

╩ ╩♃כ♦⁸™ ∆╢↓≤≢⁸ ╩ ≢⅝╢ ⅜№╡╕∆⁹ 

 

(4)  ⅜ ∂╢ ─ ⌐≈™≡  

⅜ ™ ꜞ☻♩⌐│⁸BLAST ⌐╟∫≡ ⌐ ↕╣√ ⁸ ⁸╙

⇔ↄ│∕─ ⅜⁸ ≤⇔≡ ↕╣≡™╕∆⁹⇔⅛⇔⁸BLAST ─ ⌐ √

⌐ ↕╣≡™╢ ╩∕─╕╕ ⇔√ ⁸∕─ │⁸ ⌐ ∆ ⌐ ≈─

⌐╟╡⁸ ∫√╙─⌐⌂∫≡⇔╕℮↓≤⅜№╡╕∆⁹↓─ ─ ╡─ ╩ ⇔⁸ ⇔™

⌐ ∆╢ ─↓≤╩⁸ ⅝≢│₈ ₉≤ ┘╕∆⁹ 

DNA ╩ ⌐ ⇔√ │⁸ ⇔√ ⅜ ™ ꜞ☻♩⌐ ↕╣√

⅜⁸↓─ ╩ ∫√╙─≢№╢⅛ ⅛╩ ∆╢≤≤╙⌐⁸ ⅜ ╦╣≡™⌂™ │⁸

╩ ⌐⇔≡ ╩ ∆╢╟℮ ⇔╕∆⁹ 

ᵑ ♦כ♃ⱬכ☻─ ⅜ ∫≡™╢ 

⁸│⌐☻כⱬ♃כ♦ ≢╙ ╩ ∆╢↓≤⅜ ≢∆⁹╕√⁸ ─

│⁸ ⌐ꜟכꜟ─ ∫≡↕ⅎ™╣┌⁸ ╛⅛⌐ ⅜ ↕╣⁸ ─ ™─ ⌐≈™

─☻כⱬ♃כ♦⁸│≡ │ ⌐ ⇔╕∑╪⁹∕─√╘⁸↔ↄ ≢│№╡╕∆⅜⁸ ─

Ⱶ☻⌐╟╡⁸♦כ♃ⱬכ☻─ ⅜ ∫≡™╢↓≤⅜№╡╕∆⁹ ⌐⁸ ⌐ ↕╣√

─ ≤⌂∫√ ─ ≤ ⌐ ↕╣≡™╢ ⅜ ⇔≡™⌂™ ⁸BLAST ⌐

╟∫≡ ⌐ ↕╣√ │⁸ ∫√ ≤⌂∫≡⇔╕™╕∆ - 5-  5 ⁹ 

↓─♃▬ⱪ─ │⁸ ↕╣√ ⅜ ⌐ ∆╢ ⅜ ╘≡ ™ │⁸ ↑╢

⅜№╡╕∆⅜⁸ ⅜ ™ ꜞ☻♩╩ √∞↑≢│ ⅜≢⅝╕∑╪⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 5-  5 BLAST ≢ ⅜ ∂√ ᵑ  

 
 
 
 

 

 
ṕ Ṗ 
 
 

 

 
 
 

כֿ ḭ ṡ Ṣ טּ ḭצּ ṡ Ṣ צּ וֹ ךּ

100Ṿ ︡ḭ צּ ךּ ḭ ךּ ṡ Ṣ ︡

אל כֿ ︣Ḯ 
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ᵒ MiFish ≢ ™╢ ≢│⁸ ꜠ⱬꜟ─ ⅜ ⇔™ ⅜

№╢ 

─ MiFish ≢│⁸◘fiⱪꜟ⌐ ╕╣╢ DNA─℮∟⁸Ⱶ♩◖fi♪ꜞ▪ DNA

─ ─ 12SꜞⱲ♂כⱶ RNA ↓↓≢│ 12SrRNA≤ ⇔╕∆ ─ ─ ⅛╠⁸

╩ ∫≡™╕∆⁹ ─ 12SrRNA│⁸ │ 1000bp ─ ─ ↕⅜№╡╕∆⅜⁸

MiFish ≢│⁸12SrRNA─ 160- 180bp ─ ↕─ ↓↓≢│ MiFish

≤ ┘╕∆ ╩ ™≡™╕∆⁹↓─ MiFish ─ ─ ™⅜⁸∟╞℮≥ ─ ™╩ ∆╢⅛

─╟℮⌂ ╩╙≈√╘⌐⁸ ⅛╠ ╩ ∆╢↓≤⅜ ≤⌂∫≡™╕∆⁹ 

⇔⅛⇔⁸ ⌐ ⌂ ⌐№╢ ≢│⁸MiFish ⌐⅔™≡ ─ ™⅜⌂™

⅜№╡⁸ ⌐ ꜠ⱬꜟ─ ⅜≢⅝╕∑╪ - 5-  6 ⁹∕─√╘⁸ MiFish

≢│⁸∆═≡─ ─ ™╩ ≢⅝╢╦↑≢│№╡╕∑╪⁹ MiFish ⌐⅔™≡

⌐ ⅜ ⌂ ⅜ ↕╣√ │⁸ ┘ ╩ ⌐⇔≡ ╩ ™⁸

╩ ∆╢ ⅜№╡╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 5-  6 BLAST ≢ ⅜ ∂√ ᵒ 

 

ᵓ ⅜ ⇔≡™╢ ⅜№╢ 

─ DNA⌐│⁸ DNA≤Ⱶ♩◖fi♪ꜞ▪ DNA─ ⅜№╡⁸ MiFish

≢│⁸↓─℮∟Ⱶ♩◖fi♪ꜞ▪ DNA╩ ≤⇔≡™╕∆⁹ ⌐⁸ ─ DNA│⁸

─ DNA≤ ─ DNA─ ⅜ ⌐ ↑ ⅜╣╢─≢⁸₈ ₉≤

┌╣╕∆⁹⇔⅛⇔⁸ ─Ⱶ♩◖fi♪ꜞ▪ DNA│⁸₈ ₉≤ ∫≡⁸

─Ⱶ♩◖fi♪ꜞ▪ DNA∞↑⅜∕─ ⌐ ↑ ⅜╣╕∆⁹∕─√╘⁸ ⌂╢ ⅜ ⇔≡ ╕╣

√ │⁸∕─ ─℮∟⁸ ≤⌂∫√ ─Ⱶ♩◖fi♪ꜞ▪ DNA∞↑╩ ≈↓≤⌐⌂╡╕∆⁹ 

 
 

 
 

 

 
 
 
 

 

 
 

 
 

 
 

  
 

כֿ ḭ צּ 100Ṿ צּ ︡ ףּ ḭ

צּךּ ךּ ḭ ṕMiFish Ṗ צּ קּ ךּ

אל ︣Ḯ︡ צּ ḭ ︡ ṡ Ṣ ︣ קּ ḭצּ︣

ךּ ḭ ṡ Ṣ ︡ אל כֿ

︣Ḯ 
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∕─√╘⁸ - 5-  7⌐ ∆╟℮⌐⁸ ≤ ⅛╠ ╕╣√ ⅜ ⇔≡™╢ ≢

⇔⁸∕─◘fiⱪꜟ╩ DNA ⇔√ ⁸╙⇔ ─ ⅜ ⌐ ⇔≡™⌂ↄ≡╙⁸

─ DNA⅜ ↕╣≡⇔╕℮ ⅜№╡╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

- 5-  7 ⅜ ⇔≡™╢ ≢ ╩ ∫√≤⅝⌐ ∂╢ ─№╢ ─  

 

↓─♃▬ⱪ─ │⁸ ─ᵑ─♃▬ⱪ≤ ⌐⁸ ↕╣√ ⅜ ⌐ ∆╢ ⅜

╘≡ ™ │⁸ ↄ↓≤⅜≢⅝╢⅛╙⇔╣╕∑╪⅜⁸ ⅜ ™ ꜞ☻♩╩ √∞↑

≢│ ⅜≢⅝╕∑╪⁹ 

⅜ ∫√↓╣╕≢─ DNA ≢│⁸♃▬ꜞ◒Ᵽꜝ♃♫◗─ ⅜ ↕╣╢ ⌐⅔

™≡⁸ ≢№╢♬♇ⱳfiⱣꜝ♃♫◗─Ⱶ♩◖fi♪ꜞ▪ DNA╩ ∫√♃▬ꜞ◒Ᵽꜝ♃♫◗≤

─ ≤ ↕╣╢₈♬♇ⱳfiⱣꜝ♃♫◗─ DNA₉⅜⁸ ─ ─ ≢│⌂™

⅛╠ ⌐ ↕╣≡™╕∆⁹ ≢⁸ ⌐♬♇ⱳfiⱣꜝ♃♫◗⅜ ⇔≡™√╙──

│ ⇔≡™╢ ⅜ ™≤ ⅎ╠╣≡™╢╟℮⌂ ≢│⁸╦∏⅛⌐ ∫≡™√♬♇ⱳfiⱣꜝ

♃♫◗╩ ≢⅝≡™╢ ╙№╡⁸♬♇ⱳfiⱣꜝ♃♫◗⅜ ↕╣√⅛╠≤ ∫≡ ⌐₈

─ ≢№╢₉≤ ∆╢↓≤│ ≤ ⅎ╠╣╕∆⁹ 

⇔√⅜∫≡⁸ DNA ─ ⅜ ™ ꜞ☻♩ ╩ ╢ │⁸ ─

⁸ ⁸ ⁸ ≤⇔≡─ ⁸ ⌐ ∆╢ ⌂≥ ╛ ─ ╩ ⌐⁸

↕╣√ ↔≤⌐∕─ ╩ ∆╢ ╩ ∏ ℮↓≤⅜ ≢∆⁹ 

 

 

 

Aṕ Ṗ 

Bṕ Ṗ 

ṕ Ṗ 

B

DNA  

 

ḭ B

︡ ︡  לּ

DNA 
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6 DNA  

 

(1)  ♀♬♃♫◗─  

[ ] Sakata M.K. et al.  (2017) Identifying a breeding habitat of a critically endangered fish, 

Acheilognathus typus , in a natural river in Japan. The Science of Nature 104, 100.  

Abstract ⁸ ─ │ ⇔ↄ ⅛↕╣≡⅔╡⁸ ╩ ∆╢√╘

⌐│⁸∕─ ╛ ╩ ╠⅛⌐⇔≡⅔ↄ ⅜№╡╕∆⁹⇔⅛⇔⁸ ⌂ ◄ꜞ▪─ ⅛╠

╩ ∆╢↓≤│⁸ ⌐ ⌂↓≤≢∆⁹∕↓≢⁸ DNA ≤ ─ ╩ ╖

╦∑╢↓≤≢⁸ ⅜ ↕╣╢ ♀♬♃♫◗─ ≢№╢ ─ ⌐⅔™≡⁸

─ ╩ ∆╢↓≤⌐ ⇔╕⇔√⁹ 

♀♬♃♫◗ ┘∕─ ─Ⱶ♩◖fi♪ꜞ▪ DNA─♅♩◒꜡כⱶ b ╩ ⌐⁸ꜞ▪ꜟ♃▬ⱶ PCR

⌐╟╡♀♬♃♫◗─ DNA╩ ∆╢√╘⌐ ™╢ ⱪꜝ▬ⱴכ≤ⱪ꜡כⱩ╩ ⇔╕⇔

√⁹ ⅜ ⌐ ↕╣√ ─ ╩ ∫≡⁸↓─ⱪꜝ▬ⱴכ≤ⱪ꜡כⱩ─ ≤ ╩

⇔√ ⁸ ™─ 99 ≢ ⇔√◘fiⱪꜟ╩ ™≡ DNA ╩ ™╕⇔√⁹∕─℮

∟ ≈─◘fiⱪꜟ≢♀♬♃♫◗─ DNA⅜ ↕╣√√╘⁸ ≤Ⱳ♩ꜟ ♩ꜝ♇ⱪ╩ ™

√ ─ ≤⁸ ─ ≢№╢ ┼─ ─ ╩ ╖╕⇔√⁹ 

∕─ ⁸ DNA⅜ ↕╣√ ─ ≈⌐⅔™≡⁸ ─ ≤ ─ ⅜ ∫√ ⅜

↕╣╕⇔√⁹↓╣│⁸ ⌐⅔↑╢♀♬♃♫◗ ─ 11 ┬╡─ ≤⌂╡╕∆⁹ │⁸

─⸗♬♃ꜞfi◓ ⌐ ∆╢ ≤⌂╢ DNA ─ ╩ ∆╢╙─≢№╡⁸ ─

╩ ╖ ╦∑╢↓≤≢⁸ ─ ⌐ ⌂ ⌐ ∆╢ ⌂ ╩ ≢⅝╢↓≤╩ ⇔≡

™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 DNA ⅜ ╦╣√

™─ 99  

β Fig.1b ╟╡  

 DNA⅜ ↕╣√ ≢ ↕╣√♀♬♃♫◗─

≤ ↕╣√  

β Fig. 3╟╡  
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(2)  ▪ꜚ⸗♪◐─  

[ ]  Sugiura K. et al.  (2020) Characterizing the spatial and temporal occurrence patterns of the 

endangered botiid loach Parabotia curtus  by environmental DNA analysis using a newly developed 

species- specific primer set. Ichthyol ogical  Research, 68: 152Έ157.  

Abstract ≢│⁸ ▪ꜚ⸗♪◐╩ ⅛╠ ∆╢√╘─ ⇔™

ⱪꜝ▬ⱴכ☿♇♩╩ ⇔╕⇔√⁹▪ꜚ⸗♪◐─ ⅛╠ ⇔√ DNA╩ ™≡ ∫√ⱪꜝ▬ⱴכ

─ ♥☻♩⌐╟╡⁸ ⌐ ∆╢ ─ ─♪☺ꜛ► ♪☺ꜛ►⁸♅ꜙ►●♃☻☺◦ⱴ♪☺ꜛ

►⁸○○◦ⱴ♪☺ꜛ►⁸♬◦◦ⱴ♪☺ꜛ► ⌐ ⇔≡ ™ ╩ ≈↓≤⅜ ↕╣╕⇔√⁹ ─

⌐⅔™≡ ╩ ⇔≡ ⇔√◘fiⱪꜟ⌐↓─ⱪꜝ▬ⱴכ☿♇♩╩ ∆╢↓≤≢⁸

⌐ ∆╢√╘ ⅜⇔⌐ↄ™▪ꜚ⸗♪◐⌐≈™≡⁸∕─ ה ⌂ Ɽ♃כfi╩ ≢

⅝╢↓≤⅜ ↕╣╕⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 ─ ≢ ⇔√◘fiⱪꜟ⅛╠─▪ꜚ⸗♪◐─ DNA  

─ẽ│ ⁸Ẽ│ ↕╣√↓≤╩⁸ ─ ─ │ ◖Ⱨכ copies/L ╩ ⇔╕∆⁹

╕√⁸ ─Ᵽכ│ ╩ ╢ ( Weir)≢№╡⁸ ™Ᵽכ│ ⌐ ┼─ ─ ╩ →╢ ╩⁸

™ │ꜞⱨ♩▪♇ⱪ↕╣≡™⌂™ ♄ⱶ╩ ⇔╕∆⁹ 

β Fig. 3╟╡  
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(3)  ⌐ ∆╢ 51 102 ⌐⅔↑╢  

[ ] Nakagawa H. et al.  (2018) Comparing local -  and regional - scale estimations of the diversity 

of stream fish using eDNA metabarcoding and conventional o bservation methods. Freshwater 

Biology 63(6) : 569- 580. 

Abstract ≢│⁸MiFish- U/Eⱪꜝ▬ⱴכ╩ ™√ DNAⱷ♃Ᵽכ◖כ♦▫fi◓─

╩ ™⁸ ─ ┘ ⌂ ╩ ⇔⁸ ⸗♬♃ꜞfi◓⌐⅔↑╢↓

─ ─ ⌂ ⁸ ⁸ ─ ╩ ⇔╕⇔√⁹ ≢│⁸ DNA─ │⁸

─ ╣─ ⅛╠⁸ ╟╡╙ ≢ ↕╣╢ ≤╟╡ ⇔≡™╢≤ ⇔╕⇔

√⁹ 

─ 51 102 ⌐⅔™≡ 10 ≢ ╩ ⇔⁸ DNA⅛╠ ↕╣╢

≤ ─ ╩♃כ♦ ⇔╕⇔√⁹ │⁸ ─ ╣⌐ ∫√ ⅛╠ ─

⌐№╢ ╠⅛♃כ♦ ⇔⁸ DNA─ Ᵽ▬▪☻⅜ ─ ⌐ ⅛℮≤™℮

│⁸∆═≡─ ⁸♃כ♦ ─ ⁸♃כ♦─╠⅛╤↓≥™ ─ ≥♃כ♦─╠⅛╤↓≥™

╩ ∆╢↓≤⌐╟∫≡ ⇔╕⇔√⁹ 

DNA─ │ ─≥♃כ♦ │⁸ DNA◘fiⱪꜟ─ ─ 6km ─

─ ╩♃כ♦ ™√ ⌐ ╙ ↄ⁸ ⌐ ↕╣≡™╢ ─ 86.4% 38/44 ≤ ⇔ↄ

↕╣√ ⅜ ↕╣╕⇔√⁹ 

ⱷ♃◖כ♦▫fi◓ ╩ ™√ 10 ≢│⁸ ⌐ ∫√ DNA ─ Ɽ♃כfi╩

╗ ─ ╡╟⁸╩♃כ♦ ↄ─ ⁸ ⁸ ╩⅛↑≡ ╠╣√ ≥♃כ♦

─ ╩ ╢↓≤⅜≢⅝╕⇔√⁹ ─ ≢│⁸ ה ─ ⅜ ↕╣╕⇔√⅜⁸

⌐│◘fiⱪꜞfi◓ ╛ ─ ⌐╟╡⁸↓╣╠─ │ ╠∆⁸╙⇔ↄ│⁸ ↄ∆

⅜№╢≤ ⅎ╠╣╕∆⁹ 

DNA≤™℮↓─ ≢╕╣↓⁸│ꜟכ♠™⇔ ↕╣≡↓⌂⅛∫√⸗♬♃ꜞfi◓⁸ ⅎ┌ ╩╕

√™∞⸗♬♃ꜞfi◓╛⁸↕╠⌐│ ⁸ ─╒⅛⁸╟╡ ⅛™ ╩♃כ♦─ꜟכ◔☻ ™

√ ─⸗♬♃ꜞfi◓╩ ⌐∆╢≤ ⅎ╠╣╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

  

 ◌☺◌─  

│ DNA⁸ │

─ ⁸≢♃כ♦ ™

│ / ╩⁸ ™

│ / ╩

⇔╕∆⁹ 

β Fig. 5╟╡  


