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14. 1 ....................... ............................... .274 

  14.1.1 ῏ԍ ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ274 

  14. 1. 2 ῏ԍ ....... .......................... .............................. 275 

  14.1.3 ῏ԍ ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ275 

  14.1. 4 ѿ ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ276 

  14 . 1 . 5  ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ2 7 6 
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  1 4 . 1 . 6  ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ2 7 7 

  1 4 . 1 . 7  ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ2 7 8 
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  1 4 . 1 . 9  ᶏ ᵬŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ2 8 6 

  14 . 1 . 1 0 ḱ ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ2 8 7 

1 4 . 2  ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ 2 8 8 

1 4 . 3  ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ ŀ 2 8 9 

1 4 . 4 Ḥ ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ 2 9 0 

  1 4 . 4 . 1  ŀ ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ 2 9 0 

  14.4.2 ᵥ ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ291 
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  14.4.5  ᵥ 1.3 ᴆ ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ294 
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16.5 ѿҩ ᴆ ѿҩ ŀŀŀŀŀŀŀŀŀŀŀŀŀŀŀ317 
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╠  

 
ѿȁ ḱ  

 
 ḱ  

1.0 2005 1  

2.0 2006 6  

3.0  2008 2  

 
Щ 2008̆ Roche Diagnostics GmbH. .  

ΎḤ ץ ’Ҋ Ȃ Ὲ ӥ ̆ Ύ ῤ Ҍ ᴋץ

ᵥ ᴋᵥ ᴋᵥ ̂ ̃ └ ᴰ Ȃ 

 

῏ Ύ ץ Ҋץ Ὲ ף ₮Ȃ 

 

Roche Diagnostics GmbH 

Roche Applied Science Customer Support  

Nonnenwald 2 

82372 Penzberğ Germany 

 

ѿ℗ꜜⱬ ḠLightcyclerЮ 480ת ᵬ Ύט ῤ Ȃ 

 

̆ ׅ ḱ ץ̆ ῒ֟ Ȃ 

 

 

ԋȁ  

 
 └  Roche Instrument  Center AG 

 Forrenstrasse  

 CH- 6343Rotkreuz 

 Switzerland  

  Roche Diagnostics GmbH 

 Sandhofer Stra ћe 116 

 D- 68305 Mannheim 

 Germany 

  Roche Diagnostics  

 9115 Hague Road 

 PO Box 50457 

 Indianapolis ̆ IN 46250 

 USA 
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҈ȁѿ  

 
ת ῏ԍ" Ὶ " Ԋᴪ EEC/89/336פ ῏ԍ"ᵞ "  Ԋ

ᴪ EECҬ/73/23פ ȂץҊ ‰ ̔IEC/EN 61326̂ EMC̃ IEC/EN 61010- 1

̂ ῃ ̃ 

 

 

̆ └ UL 61010- 1 ̕ ѿ №̔ ѿ  

CAN/CSA- C22.2 No. 61010- 1 ̂ ԋ ̃ ĺ ̆ └ ῃ

 

ѿ №̔ѿ  

 

 

 

ȁḠ  
῏Ḡ ᴆ Ḥ ᴪ Ҭ Ȃ ̆ ҍ Ὲ ף Ȃ 

 

ת ᴋᵥ ḱ Ḡ ḱ Ȃ 

 

 

ԓȁ  
LIGHTCYCLER̆ LC̆  HYBPROBESIMPLEPROBE Ὲ Ύ Ȃ 

 

PROBELIBRARY β ԍҸ ᾥ̂Vedbaek̃ Exiqon A/SῈ Ύ Ȃ ̂Universal  

ProbeLibrary ̃ ԍExiqon A/SῈ ῒזҒ≠ Ȃ 

 

SYBR ᵝԍ ḇּיῧ Eugene Molecular Probes ̆ I nc.Ὲ Ȃ 

 

FAM HEX ᵝԍ Norwark Applera CorpῈ Ȃ 

 

ῒז ֟ №≢ҹῒ Ȃ 
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Έȁ  

 
LightcyclerЮ 480ת ԍ ȁ‰ ̂PCR̃ ץ ȁ ׆

̆ № PCR№ Ȃ 

 

LightcyclerЮ 480ת ԍѿ ̆ ғ ғ ӟ ת

ᶏ ӥ Ғҙֲ Ғ ᵬȂLightcyclerЮ 480ת Ҍ ԍ Ȃ 

 

 

 

҂ȁLightcyclerЮ 480ת  
 

LightcyclerЮ 480 PCR Ȃ ῒ ӯᴇ . Ὲ

̂ľRoche"̃ Ғ≠ 4683202̆ 4683195  4965188 ֟ ╠

№̆ ̂PCR̃ ̆ ᶏ ת PCR ῤ Ȃ Ҭ

ט ᶏ Ғ≠ № Applied Biosystems׆ץ Ὲ ̂ Ὲ ̃ ӯ̆Ӟ ץ

ӯ ╕ Ȃ ת ѿ ̆ ԍ Applied Biosystems

Ὲ ԇ Ȃῒҍ ╕ѿ ᶏ ̆ ╕ ҉ ≠̆

ת ᶫ └ PCR Ȃ 

ӯ ֟ Ҍ ԇ ӯ PCR ῃ ≠Ȃ 

 

LightcyclerЮ 480 PCR ̆ ԍ Ғ≠ 6814934 ῒ

֟ ̆ Ғ≠ 5038852ȁ5656493ȁ5333675Ҭ ῒҬѿ ῒ ֟

Ҭ ̆ ֓Ғ≠ AppleraῈ ȂᴋᵥῒזҒ≠ Ҭ̆ ȁ ╕ȁ

╕ ץ 5Ľ ̆ ᴋᵥ ȁ ≠ Ȃ ת

ԍ Ȃ ԅ ῏ ӯᶏ ̂ᵣ ̃ Ḥ ̆ Applied Biosystems

Ὲ Һᴋ̆ ̆ 850 Lincoln Centre D rive ̆ Foster City ̆ California 94404 ̆ USAȂ 

 

LightcyclerЮ 480 Ҭᶏ № ᴆ ᵝԍ ז IdahoTechnologyῈ Ȃ 

 

The LightcyclerЮ 480ת LightcyclerЮ 480 ᴆ ԍ Ғ≠5871908 № ῍

Evotec OAI AGῈ Ȃ 
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ῇȁ ᴆ  
LightcyclerЮ 480 ᴆ̂ Ҭ " ᴆ"̃ӊ╠̆ ה Ҋץ ᴆ Ҭ ᴆ

̂ " "̃Ȃ ᴆ Ҭ ᴆ Ȃѿ ᴆ̆

̂ľ ֲĿ̃ ᶏ ᴆ ῒ ᶏ ῃ

ᴋ ӈⱵȂ ֲҌ Ҭ ᴆ ̆ῒ ᴆ ᴆ ⌠

Ὲ ̂ľᶫ Ŀ̃̆ ᴆ Ȃ 

 

1.  
ֲ ᶏ ᴆ ῒ ᶏ ᴋ ӈⱵȂ ᴆ

Ḡ Ȃ 

 

2. ᴆ ԇ 
ֲ Ҋ Ҭ ̆ᶫ ԇ ֲ Ҭ ᴆᶏ

ᴆ ѿ ᶏ Ȃ  

 

ֲ  ̔ץ

a. ѿ ҈ҩ ᵬ ҉ᶏ ᴆ̆ ᵬ ץ ῒז ֲ ȁ Ṣ ῒץ

ז Ȃ 

 

b. ῒז ≠ ᴆ̆ᵖῒז ӥ ᴆȂ ̆

ֲ Ḡ Ḡ ᴆҬȂ 

 

ֲҌ ̔ 

a. № ῃ ᶏ ᴆ̆ Ȃ 

 

b. ѿ ҈ҩ҉ץ ᵬ ᶏ ᴆȂ 

 

c. └ȁ ȁ זῒץ ῒז ᴆ ῒ Ҭ ≠ ῃ №̆

Ȃ 

 

d. ȁ№ ̆ Ῥ ᴆȂ 

 

e. ᴆ └ ᴆȂ 

 

f. ḱ ȁ ȁ ȁ ȁ № ᴆȂ 

 

ᶫ Ḡ ԇ ≠̆ ᵖҌ ԍ Ὲ ȁ№ / ҈

ᴆ ≠ 

 

̆ Ȃ Ҋץ Ḥ ̔

www.roche- applied - science.com.  
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3. Ḡ  

 
ᴆץľ Ŀ ᶫ̆ғ ᴋᵥ Ḡ ̆ ᵖҌ ԍ ϴ

Ḡ Ȃ ᴆ ̆ ֲ ᴆ ῃ Ȃ ֲ ᴆ

ḱȁḱ ḱ Ȃᵖ ̆ᶫ Ḡ ̆ ᴆ҉ ט֜ 90

ᶏ ῤ̆ ᴆ ׃ ҉ Ȃᶫ Ҍᵬῒז Ḡ Ḡ

Ȃ  

 

 

 

 

4. ᾧ  

 
҉ Ḡ ף ȁ֜ ȁ ҙᶏ ῒז Ҭ ῒז Ḡ Ȃ 

ᶫ └ᶫ ȁ ᶫ ľ̂ᶫ Ὲ Ŀ̃ └ ῍ └ ᴋᵥ ᵣ ≢ ᵬ₮

ᵖҌ ԍץҊᴋᵥ ᴋᵥ Ḡ ̆ ֓Ḡ ᵖҌ ԍ̆ ȁ

᷅ Ḡ Ȃᶫ ᶫ Ὲ Ҍᵬ ῏ ᴆ ֲ ᴋᵥ ҈ ׆ ᴆ

ᴋᵥ Ḡ Ȃ ֲ ≢ ᴋ Ḡ ̆ῒ ᶫ

ᶫ Ὲ ᵬ₮ᴋᵥ Ḡ Ȃ 
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5.  └ 
 

ᶫ ѿ ᴋ ֲ ѿ ̔ 

 

a. Ҍ ᶫ Ḡ ׃ ֲ ᴆ ᶫ  Ȃ׃

 

b. ᶫ Ҍ ᾧ ҉ ̆׃ ֲ ᴆ ֲ ᶫ

ΐ ᴆ ᶫ ׆ ̆ ֲ ט Ȃ 

 

ᴋᵥ ’Ҋ̆ ԍ ᴆȁ ҍ ῏ ֲ ҈

ᴋᵥ ȁ ȁẼ ץ ̂ ᵖҌ ԍԎ ȁ Ḥ ҡ ȁ ᴆ

ⱳ Ҧ ȁ Ҭ ȁ ҙḤ Ả ̃̆ᶫ ῒᴋᵥҊ ̂ ῒ

ȁ ȁ ȁ ף ֲ̃Ҍ ᴋᵥ ᴋ̆ ᶏᶫ ῒҊ

ғ ₮ ԅᴋᵥ῏ ⱳ Ȃ ԍҍ ȁ ᴆ ῏ ᴋᵥ ᴋᵥ

ҹ ̆ᶫ ῒҊ ̂ ῒ ȁ ȁ ȁ ȁ ף ֲ̃῍

ῃ ᴋ ԍ̆ ᶫ ‗ ᴆȁ ᶫ ῒ ׆ ֲ ⌠ ҍ

ᴆ ῏ Ȃ 

 

6. Ḥ  
̆ ֲҌ Ῥ ȁ ȁ № ῃ ᴆȂ ᾧῬ ȁ

ᴋᵥ ≠ȁ ᴋ ӈⱵ ᴋᵥῒזẠ Ȃ 

 

7. ֟   
 

ֲ ԋ №Ҭ ᴆ ≠Ȃҍ ᴆ ῏ ᴋᵥῒז ≠̆ ᵖ

Ҍ ԍ Ғ≠ ȁ ȁ ȁ ҙ ץ ῒז ֟ ̆ ҹᶫ ֟Ȃ

ֲҌ ׆ ᴆҬ− ȁ ῒז ᴋᵥῤ ȁ ꜚ Ḥ ᴋᵥῤ Ȃ

ֲ ѿ℗ ץ ᴆᴋᵥ ᶏ ȁ └ȁ ₮ ̆

ҹ ᴆ ᶫ ᴋᵥẠ Ȃ ֲ ễ ᶏᶫ ᾧԍ ֲȁ ֲ

ץֲ ᶏ ᴆ ᴋᵥҍᶫ ᷅ ῏ ᴋᵥ ȁ ȁ

̂ ᵖҌ ԍ ̃Ȃ 
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8.  

 
ӊ╠ Ȃ ֲ ᴋᵥ ᴆ ҍ ᴆ ῏ ᴆ׆

Ȃ ֲ ᴋᵥ ᴆ̆↕ ꜚ ̆ᶫ ₮ Ȃ

ֲ ̆ᶫ ѿ ̆ῒ ᴆ Ȃ ᵥץ ̆ ֲ

ᴆῃ ᶏ ӊ Ȃ 

 

9. ᴆ ῀̆ ₮ ᶏ  

 
ֲ ῃ Ḡ ҍῒ ῀ȁ ₮ ᶏ ᴆ ≠ ῏ Ȃ 

 

10. ῒזԊ  
 

ᴋᵥ ΐ ҹ Ҍ ̆ῒᵩ ׅ ΐ ῃ ⱬ

Ȃ 

 

ᶫ ᶏ Ҭ ᴋᵥ ≠Ҍ ҹ ῒ ≠ ̆ ᵖҌ ԍῒ ׂ ҹ

Ȃ 

 

ᶏ ᴆ̆ ֲ ῒ ̆ ғ ᴆȂ

ֲ ֲ ᶫ ӊ ῃȁ ѿ ̆ ף ֲ ᶫ ӊ

῏ Һ Ԋ ᴋᵥ ╠ץ ӥ ᴋᵥῒז Ȃ 

 

Ҭ₃ҩ № ҹԅḂԍ Ҍ̆ ҹ № ӈ Ȃ 

 

11.  

 
̆ ӈ̆ᵖҌ ῒᴋᵥ ↕ Ȃ

ӯ Ὲ Ҍ ԍ Ȃ 
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Ӝȁ  
 

LightcyclerЮ 480ת ᵬ╠̆ה ᵬ Ύ Ȃ ΎҬ ֟

ῃ Ȃ 

 

ȁLightcyclerЮ 480ת ᵬ Ύ  
 

ᵬ Ύҹ ᵬLightcyclerЮ 480ת ᶫ Ȃ Ҋץ ̔ 

 

A LightcyclerЮ 480ת ᵬ ץ׃ Ȃ 

 

B LightcyclerЮ 480ת ᴆ Ȃ 

 

C ᵬ LightcyclerЮ 480ת ᵬ Ȃ 

 

D LightcyclerЮ 480 ᴆ LightcyclerЮ 480ת № Ȃ 

 

E LightcyclerЮ 480ת Ȃ 

 

F Ḥ Ȃ 
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ѿȁ Ύӟ  
 

ӟ  

 
ҹḠ ᴰ Ḥ ѿ Ữ̆ Ύᶏ Ҋ↓ ӟ  

 

↓  ᵬ ↓₮  

ᵣ̆  ѿ  

ᵣ  LightcyclerЮ 480 ᴆ Ҭ

 
̂*̃  ᶫ ֟  

 

 

 
ΎҬ̆ ᵬҹ Ḥ ԍ Ԋ Ȃ 

 

   

 

 ԍ ᵬ ᵣ ᴴ

֙̆ ת Ȃ ᵬ ΎȂ 

 

 ԍ ת Ȃ 

 

 ԍ ᶏ ᴰ ̆ Ḡ ѿ Ȃ 

 

 ᵬ ⱳ ֟ ᶏ ῏ Ḥ  

 

Ḥ  ῏ ╠Һ ᵬ  
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ת ҉₮ Ҋ↓  

 

 

└  ᵝԍת ҉Ȃ 

 

CE  ᵝԍת ҉ CE ᴪ ῏ Ȃ 

 

cUL  ᵝԍת ҉ 

 

ᵬ Ύ ᵝԍת ҉ 

 

 1. ᵝԍ ⱴ Ȃ 

2. ᵝԍ Ȃ 

3. ᵝԍ ᾝ Ȃ 

4. ᵝԍ ᾣ ᴆ҉Ȃ 

 

 ᵝԍ ⱴ Ȃ 
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ԋȁ Ԋ  

 
Lightcycler 480ת ȁ ᶏ ֲ ᶏ Ȃ 

 

ה Ҋ↓LightCyclerЮ480ת ᵬ ῃḤ Ȃ Ḡ ѿᵝᶏ

LightCyclerЮ480ת ֲ ⌠ ֓ ῃḤ Ȃ 

 

 

ᵬ  

 

 

LightCyclerЮ480ת ԍ ֟ Ȃ Ҍ ΎҬ ᶏ ᶏ ת ̆

ᴪ ֲ ᴴ Ȃ 

 

ת  ҉ ῃ Ȃ 

 ԍ ѿ ῃ Ԋ Ȃ 

 LightcyclerЮ 480ת ̆ ᴋᵥ ᴆȂ 

 Ҍ ῏ Ȃ 

 LightCycler Ю480ת ̆ Ȃ 

ת  ̆ ῏ ῏̆ Ȃ 

 ᵬ Ύ ̆ Ḡ Ҝ ȂҌ ᴋᵥ ꜚ̆

ת↕ Ḡ Ȃ 

 ᾛ ḱֲ ᶫת ḱ ⱵȂ 

 

 ̆ Ȃ 

 ȁ ᴰ ̆ ᵹ Ȃ 

 

ת  ̆ᵖ₮ԍ ῃ ̆ ҹ ᴰ

Ȃ ῃ ֓ Ȃ

₮ ץ̆ ᾧ ֲ Ȃ 

 LightCyclerЮ480ת Ҭ Ȃ 

 

ת  ̆ ȁ ȁ ץ ԍ Ȃ 
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ѿ Ԋ  

 

 

LightcyclerЮ 480ת └ҩֲ ῒז LightCycler Ю480 ᴆ ҹ

ᶏ Ȃ ᴪ ȁ ץ ҹ ₯ Ȃ

⌠ ҉ ᴋᵥ Ҍ ᴋȂ 

 

Office ⱲῈ ꜚ ᴆ ᴆ ҌᴪҍLightCycler Ю480 ᴆ ᴆ

‖ Ȃ LightCyclerЮ480ת └/ № Ҭ ῒז ᴆȂ ↕ᴪ

ҍLightcyclerЮ 480 ᴆ ᴆ ‖ ̆ Ȃ 

 

Ҍ ᶫ ᴆȂ ̆ ḠLightCycler Ю480 

ת └/ № ҉ ῒז ᴆ Ȃ 

 
 

Ҍᾛ ң LightCyclerЮ480ת ⌠ ѿ Ȃ 

 

 

 

Ḡ ῏ ԍ ᵬ ᵝ Ȃ 

 

Ҍ ᴪ֟ ̆ ғ ᴴת ᴆȂ ה ᵬȂת ꜚ

ḱֲ Ȃ 

 

ᴪ֟ Ȃ ̂ ᵣ̃ ת Ȃ ᵣ

⌠ ᴆ҉ᴪ֟ ̆ Ȃת ̆ ת ̆Ҍ ת

ᵣȂ ̆ ת ҍ Ȃ 

 

℗ ת Ȃ 
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ῃ 
 

 

LightcyclerЮ 480ת I Ḡ ̂IEC̃ Ȃת / ῃ

Ḡ  ̂PẼ Ȃҹ ₯ ת̆ 230ᴟ ҈

Ȃ ᶏ Ҍ ̆ ̂PẼ

Ȃᴋᵥ Ҭ ̆Ҍ ת ῤ ̆ ᴪ ’Ȃᴋᵥ

’Ҋ̆ Ҍ ḱ ת ῃ Ȃ ȁ ̆

ᶫ ᴆȂ 

 
ԍԑꜚ ⱳ ̆ Ȃ ⌠ ᵬ Ȃ
⌠ Ȃ 
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҈ȁת  
 

 

ת ᵬҹ Ȃ ᶏ ̆ Ῥ ӊ╠̆ ת

‪ ̂ ѿҩ ̔ ȁ / ̃Ȃ 

 

/ Ꞌꜚ ת Ȃ Ḥ ̆ ҍ ֲ Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 A  

LightcyclerЮ 480 ת ᵬ

׃  

 



 

                                                                                              26 

 

A  24 

 

׃     .1 ................................................................2 6 

2.      LightcyclerЮ 480ת ................................................2 7 

2.1  ѿ ............................................................  27 

2.2  ................... ..........................................2 7 

2.3  .................................................................2 8 

2.4  .............................................................2 8 

2.5 ......................................................... .........2 8 

2.6 ................................................................2 8 

3.     ᵝ .........................................................2 9 

3.1  .................................. .  .............................2 9 

3.2   ............. .................................................2 9 

3.3  ᾣ ...............................................................2 9 

3.3.1   LightcyclerЮ 480 I ᾣ ...................................................2 9 

3.3.2   LightcyclerЮ 480II ᾣ .................... ...............................2 9 

 

 

4.     └ . .............................................. 30 

5.      . .............................................. 31 

6.     .  ............................................ 3 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

                                                                                              27 

 
׃ .1  
 

LightcyclerЮ 480 ȁ 96 384ҩ PCR ̂ᶭ Ȃ̃

ᾣ̆ ֟ № Ȃᾣ ≠ Ҍ

↓ ̆ ᾝPCR ̂ᶛ ̆ HybProbe ȁSimpleProbe ȁ  ̆

ῒז ̕ ᾣ ҍLightcyclerЮ 480ת ᾣ Ȃ̃≠ SYBR 

Green I ↓ᶭ ̆ № № ̂ ̃̂

ᶏ ↓ ᾣ ̆ɒ HybProbe SimpleProbe ̃ץ PCR֟ ̂

ᶏ SYBR Green I ̃Ȃ ῏ № ’ LightcyclerЮ 480 ᴆ Ȃ 
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2. LightcyclerЮ 480ת  
 

Ҋ ₮ LightcyclerЮ 480ת  
 

 
LightcyclerЮ 480ת ѿҩ ᾝ̆ 96 384 Ȃ 

 
LightCycler Ю480ת ̆96-  Cat. No. 0 5 015 278 001 
LightCycler Ю480ת ̆384-  Cat. No. 05 015 243 001 

 

 

2.1 ѿ  

 
ᵣ  57.4 ¦ 58.8 ¦ 49.7 cm ̂W ¦ D ¦ H̃ 

 55 kg 
ⱬᶫ /  200 ͠ 240 Vac 50/60 Hz 1500 VA 

 < 60 dB ̂Ã  
 I  

/  II  

 B  

 

 

2.2  

 
/ Ữ / ᾛ  - 25£C  +60£C 
/ Ữ / ᾛ  10%  95%̆  
ᾛ  +15£C  +32£C 
ᾛ  80%̆  32£C̆  

ᵞ 30%̆ 15£C  +32£C 
ᾛ /  0 ͠ 2000  

80 ͠ 106 kPa 
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2.3  
 

LightcyclerЮ 480ת ᶫץҊ ̔ 

 
  

IEEE1394 CCD ̂ ԍ ḱ̃ 

PS/2  

LAN 10/100 Base T ̆ ԍת └ ᴰ  

 

2.4   

 

 96 384 

ᵣ   96 ̔ 10 ͠ 100 гl 

384 ̔ 3 ͠ 20 гl 

 

2.5   

 
LightcyclerЮ 480ת ῀ ῤ Ә Ҭ Ȃ 

 

 
⌠ Ȃ֜ט ̆ ה Ȃ

̆ ᴆ҉Ȃ ӊ╠̆ ᴴ ’
ῒ ף Ȃ 

 
LightCyclerЮ480ת ᵝ ̆LightCyclerЮ480ת ᶏ Ȃ 

 

 

2.6   

 
ῃ └/ № LightcyclerЮ 480ת ѿ  Ȃט֜

 

 
ḱ ̆ LightcyclerЮ 480 ת

ᴆ └/ № ҉Ȃ 

 

Ҋ↓ פ Ȃ 

 

 ᵞ 73/23/EEC 

 Ὶ 89/336/EEC 

 

̂ ̃̆ ῃ ῃ ̆ Ḡ Ὲ ̂Underwriters 

Laboratories Inc. ̃ Ȃ UL CE Ȃ 

 

 
ᴆ̂ Ḥ ̆LIMS̃ ̆ ץ └ ̆ ץ

ҍῒז ̆ ꜚ ֲ ⱴ Ȃ ֓ⱳ
̂ᾢ ᴆ ̃Lightc yclerЮ 480 LIMS/ Ȃ Ḥ ̆
ҍ Ὲ ף Ȃ 
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3. ᾝ  
 

3.1  

 
  
ᾣ  10 гW/mmа 

 100 W 
 > 500 h  

 

3.2  

 
 ‛ CCD  

№  1024 ¦ 1344 Ἕ  
ᾣ  10 ms to 10 s  
ᾣ  ꜚ ꜚ 

 < 0. 2 nmol/l  ᾣ ̆ῖ ҹ 0.1 nmol/l  

̂20 гl ̃ 
 CV Ů0.15%  
ұ  ᾣ < 0.2%  

ᴆ < 0.0 2% 

 

3.3 ᾣ  

 

 

3.3 .1 LightCycler  480I ᾣ  
 

 
̂nm̃  

  

 450 nm 

483 nm 

523 nm 

558 nm 

615 nm 

30 nm 

35 nm 

20 nm 

30 nm 

30 nm 

 

̂nm̃  

500 nm 

533 nm 

568 nm 

610 nm 

640 nm 

670 nm 

20 nm 

20 nm 

20 nm 

20 nm 

20 nm 

20 nm 

 

3.3 .2 LightCycler  480II ᾣ  
 

 

 
̂nm̃  

  

 440 nm 

465 nm 

498 nm 

533 nm 

618 nm 

35 nm 

25 nm 

40 nm 

25 nm 

35 nm 

 

̂nm̃  

488 nm 

510 nm 

580 nm 

610 nm 

640 nm 

680 nm 

20 nm 

20 nm 

20 nm 

20 nm 

20 nm 

95 nm (ᵞ )  
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4.  
 

└ ≠ ⱴ ȁ‛  
 37 ͠ 95£C 

ⱴ  96 ̔ 4. 4 £C/s 

384 ̔ 4. 8 £C/s 

‛  96 ̔ 2. 2 £C/s 

384 ̔ 2. 5 £C/s 

 

 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LightcyclerЮ 480ת  

                                                                                              32 

 

 

 

5.  

 

 
ᾝ №̆ ԍ PCR ꜚ

Ȃ ⱴ LightcyclerЮ 480 ҉ Ȃ 
 

 
ᶏ ̆ ΐ LightcyclerЮ 480LIMS/
Ȃ Ḥ Ὲ ף Ȃ 

 
 39 ̂250 -  500 гm̕ ᵝ ̆ 

= 2̃ 

 2 of 5 ̂250 -  500 гm̕ ᵝ  ̆

 = 2̃ 

128 ̂250 -  500 гm̕ = 2̃ 

 68.0 ¦ 6.5 mm 
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6.  
 

ӯ ᵬҹLightcyclerЮ 480 ת ᴆȂ 

 

LightcyclerЮ 480  Cat. No. 04 710 606 001  

 

ҍ └/ № Ȃ 

 

≠ Ḥ LightcyclerЮ 480 ᴆ ῀ Ȃ 

 

 
ȂҊ ↓₮ ԍ ┘ Ύ

ᶫ Ȃ 

 

 
└/ №  AT & PS/2  

 

  39 ̂250 -  500 гm̕ ᵝ ̆  = 2̃ 

   5ӊ2 ̂250 -  500 гm̕ ᵝ ̆ = 2̃ 

 128 ̂250 -  500 гm̕ = 2̃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 B  

LightcyclerЮ 480 ת

ᴆȁ  
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1.   
Ҋ ↓₮ LightcyclerЮ 480 ῤ ᴆȂᶏ ᴆ ῃȂ 

 

 

̆ Ҭ ᴴȂ ᴴ ף Ȃ 

 

 ᴆ 
1 LightcyclerЮ 480 ת ̆ 96-  

 

LightcyclerЮ 480ת ̆ 384-  
1 LightcyclerЮ 480 └/ № ̂ ̃ 
1 LightcyclerЮ 480 ᴆ  
1 LightcyclerЮ 480 ᵬ Ύ 
1 Light cyclerЮ 480 ᴆ 1. 5 ᾣ  
1  ̂EŨ  

1 ̂US̃  

1 LAN  ̂3 ̃ 
1 ᾣ  

4  

1  
1   
1  CCD  
1  ᾣ  
10 Ḡ Ҝ 5¦20 1.6AT 250V ULR/IEC 
10  Ḡ Ҝ 5¦20 3.15AT 250V ULR/IEC 
10 Ḡ Ҝ 5¦20 8AT 250V ULR 
10 Ḡ Ҝ 5¦20 T 10A H 250V ULR/IEC 
10 Ḡ Ҝ5¦20 16AT 250V ULR 
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2.  

 

2.1  
 

 LightcyclerЮ 480ת ץ ᵝ ҉Ȃ 
 

 LightcyclerЮ 480ת Ҍ ֟ ꜚ̆ ץ ̂ᶛ — ȁ

ȁ ̃Ȃ 
 

 LightcyclerЮ 480ת IEC 950 ̂UL 1950̃ ‰ 
 

 LightcyclerЮ 480 ת̂ ȁ ȁ ̃ᶏ ᵝ ̆

ᾧῒתז ֟ ῏ Ȃ 
 

 ᶏ ῤ ᶫ LAN Ȃ 

 

ת  Ҍ ᾣҊ̆ ғ Ҍ ⱴ Ȃ 

 

  

 
LightcyclerЮ 480 ᴆ Ⱶ Ȃ 

 

2.2 ⱬ  

 
LightcyclerЮ 480ת Ҋ↓ ̔ 

 
ᵣ  LightcyclerЮ 480 ת  57.4 cm̆ 58.8 cm ̆ 49.7 cmȂ 

 Lightcy clerЮ 480ת 55 kg  
ⱬ  LightcyclerЮ 480ת ҹ 200 ͠ 240 V̂ 50/60 Hz̃̆Ҍ ⱬȂ 

ת  ҹ ̆Ҍ ⱬȂ 

 Ȃ 

 
 

̆Ҍ ת ῤ ̆ Ҭ ̆ ᴪ֟ Ȃ 

 
 

ᴋᵥ ’ҊҌ ḱ ῃ  

 LightcyclerЮ 480ת ᶏ 1500 VA. 500 VA Ȃ 

 

 

ԍ ̆ ѿҩҌ ̂UPS̃ Ȃת Ҍ ᶫ UPSȂ
ҍ UPSʟ ̆ ӯҍת ѿ UPSȂת ҍUPS
ľ / ̂Online / Direct Mode ̃Ŀ Ȃ 
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 Ḡ ⌠Ҋ↓ ̆ ῒז ̔ 

 
 Ҍ ̂1̃̂3̃̂4̃ ῀ Ȃ ῀ №≢ᵝԍת ҉ ᶷҊ Ȃ

῀ ҍ ȁ ῒז ӊ 4 Ȃ 

 Ҍ ₮ ̂2̃Ȃ ₮ ᵝԍת ᶷҊ Ȃ ₮ ╠ ᴋ

ᵥ Ȃ 

 
ת 1̔  ᶷ ῀  ̂1̃ ₮ ̂2̃Ȃ 

 
ת 2̔  ᶷ ῀  ̂3̃ ̂4̃ 
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ת ӊ ҹ4cm ׆̆ ץ ⌠ Ȃ 

ת ᶷ 40 ׆̆ ץ ⌠ ᾝ

ץ̆ Ḡ ῃ ᵈ₮ ⱴ Ȃ 

ת ҍ 20 ׆̆ ץ ת⌠ ᶷ Ȃ 

ת ҉ 5 ׆̆ ץ Ȃ 

 

 

 

2.3  
LightcyclerЮ 480 ῃ CE UL ‰Ȃ ‰ ᴆҹ̔

15£C32£Cӊ ̆ 30% 80%ӊ ̂ ̃̆ 2000 ̂850 ͠ 1050 hP̃ Ȃ

ᴆ II Ȃ  

 

 
ᴆ ֓ ᴪ Ҍ  

 

 
Ḡ ת Ȃ ᴪ ת Ȃ                                        
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2.4 LightcyclerЮ 480ת  

 

⌠ Ȃ ḱֲ LightcyclerЮ 480

ת Ȃ ḱֲ ⌠ ӊ╠̆ ᴋᵥҽꜚȂ Ὲ

̆ Ҋ↓ ץ ⱳ ת ̔ 

 

ת  ̔ 

 

 

ה ᴴ. ת ӊ╠̆ ᴴ ⱲԊ Ȃ 
 

ת  ᵬ ҉Ȃ 

 
ת ̆ ת Ȃת ҩῤ₭ Ḃ Ȃ 

 

 

 
ת 4̔  ᵝ Ȃ 

 

ת ȁ ץ Ḡץ̆ ת ᴆ ᾟ№ ‛ Ȃ̂ ῏

̃ Ȃ Ḡ LightcyclerЮ 480ת ץ ̂ ȁ ῏

Ȃ 

 

 
̆ᴪ ת ᴴȂ 
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 ₮ ̔ 

 

└ ᴆ̆ ⱴ ῤ̆ץ ⱴ Ҭ

ꜚȂ  

 

 
̆ ת ῏ӊ╠ ₮ . ↕ ҹᴰꜚ ꜚ
ᵟ̆ ғ ⱴ Ӟᴪ Ȃ 

 

 
₮ ̆ ᾢ ₮ ⱴ Ȃ ₮

̆Ῥ ⱴ Ȃ 

 

 
Ҍ ҡ Ȃ Ḡ ᴆ ῤȂ 

 

 
₮ ̆ ₮ ҉ Ȃ ̆ ῏҉ Ȃ 
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 ̔LightcyclerЮ 480ת ᶏ Ȃ ᶫ ת Ȃ

῀ ᵝԍת Ҋ Ȃ 

 
ת5̔  ῏ȁ ᵝȂ 

 

 
LightcyclerЮ 480ת ѿ ң ̆ ‰ Ȃ ң ̆
ѿ ԍ ̆ ѿ ԍ Ȃ 

 
Ҍ Ȃת Ṝ̆Ҍ Ȃ
̆ Ȃת ҍ Ȃ 

 LightcyclerЮ 480ת └/ № ᴆ̂ ȁ ȁ

̃ Ȃ 

 └/ № ᴆ LightcyclerЮ 480ת ̆ Ȃ 

 
LightcyclerЮ 480ת ̆ Ḃԍץ ᵝԍת

ⱴ ̆ӞḂԍ ᴆ Ȃ ᶏ
Ȃ 

 
Ḡ Ȃ 

 
҉ Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

῏ 
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  ̔ LAN ̂ 10/100 Base T  ̃ LAN ῏ᵝԍת Ҭ Ȃ 

 
ᶏ ת ᶫ LAN ȂLAN Ҍ 3 Ȃ 

 

 
ת6̔   LAN   LAN ῏Ȃ 

 

LightcyclerЮ 480ת ң ҍ Ȃ LAN ῏ ᶏ ̔ 

 

LANL  LAN  LAN  
 

ᶏ LAN 

LightcyclerЮ 480ת ̂

̃ 

  

 

LightcyclerЮ 

ת480 Ȃ 

  

 

 ῀ LAN ̂ 10/100 BT̃  

 ̂ ̃ ̔ Y- Ȃ

ҍY- ҉ Ҭ ѿҩ Ȃ ѿҩY- ҍ

Ȃ 

 ȁ ̂ ̃ ⌠ Ȃ Ḡ

ᵝ‰ Ȃ ῏ Ḥ ̆ ΎȂ

̆ Ḃ ̂ = ̆ = ̆ = ̃ȂḠ

ҍ Ȃ 

 
LightcyclerЮ 480 ҬҌ Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAN ῏ 

LAN ̂ 10/100̃ Base 

T  
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3.  
 

3.1 LightcyclerЮ 480ת  

 
LightcyclerЮ 480 ת ѿ ΐ ⱬ ת Ȃ

PCR̆ Ȃ ⱴ῀ DNA ᾣ ᾣ ↓

Ȃ ң PCR֟ ץ̆ ᵬҹ PCR Ȃ №

№ PCR ⌠ ֟ ԍPCR֟ ̂ Ȃ̃

5ҩ ᾣ 6ҩ ᾣ ᾝPCR Ҭ№ ₮ Ḥ Ȃ ῏

LightcyclerЮ 480 PCR Ȃ 

 
Ҋ↓ LightcyclerЮ 480ת Һ ‰ ᴆ 

 

 ᾝ̆ ֜ ץ ̂ң ̔96-  384

PCR ̃̆ ̆ ⱴ ̆  

 ᾝ Ҋ↓̔ 

  ᾣ ᴆ̆ Ȃ 

  ᾣ ᾝ̆ ᾣ ̆ ᾣ ̆CCD  

 

ᴆ ת ҉̆ ת Ȃ 

 

 
7̔ LightcyclerЮ 480ת Һ ‰ ᴆȂ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
CCD  

 

 

ᾣ ᴆ 

 

 

῀  

̂ⱴ ̃ 

LED  

 

ⱴ  
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 8̔ LightcyclerЮ 480ת Һ ‰ ᴆ̂ת ̃ 

 

LightcyclerЮ 480ת ╠ ңҩLED ̆ ᴆ Ȃ ⱴ ῏

ᾣԋ Ȃת ╠׆̆ ̆ ץ ת ᴆȂᶛ ̆

Ȃ̂ ̆ ̃ 

 
 9̔ LightcyclerЮ 480ת  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

̂ⱴ ̃ 
 

 

 

 

ᾣ ᴆ 

 

LED  

LED  

ⱴ  
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ת ᶷ ᶫ PCR ⱴ ̆ ᶷ Ȃ ת ╠

ᶏ ⱴ ᵈ Ȃ̂ ԅ ῏ ⱴ Ḥ ̆ LightCycler Ю ת
480 ‰ ꜚ Ȃ̃ ᶏ ң ̂ ᶏ 96 PCR 384

̃̆ ⱴ Ȃ̂ ԅ ῏

Ḥ ̆ Light - CyclerЮ 480 ̃Ȃ 

 
 10̔ ת  ᶷ Ȃ 

 

 
 

 11̔ ת  ⱴ ᵈ₮ Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PCR ⱴ  
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 12̔  ̆ ῀ Ȃ 

 

ת ̆ ῤ ת ȁ ץ῏ ת ҍ LAN Ȃ̂ת

LAN ̆ ̃Ȃ ῀ ̂̂ ԍת ̕ ѿҩ ᾣ

̃ ₮ ̂ ԍ ̃ᵝԍת Ȃ 

 

 
 13̔  LightcyclerЮ 480 ת Ȃ 

 

LightcyclerЮ 480 ᴆ №̆ └PCR ̂ ̃ № ҍ

₮Ȃ̂LightcyclerЮ 480 ᴆ ԅLightcyclerЮ 480 ᴆ̃ 

 

LightcyclerЮ 480ת ҒҹPCR ╕ Ȃᶏ Ғ LightcyclerЮ 480 ╕

LightcyclerЮ 480 ת ᶃ Ȃ 
 

 

 

 

 

 ̂ ̃ 

 

̂ⱴ ̃ 
 

LAN  

῀ ̂  ̃

₮  
̂ ת Һ ȁ

῏ Ḡ Ҝ̃ 



 

ᾝ  
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3.2 ᾝ  
 

ᾝ ҊҺץ ᴆ̔ 

 

 ̆ ̆ ᾝᴆ̆ ̆‛ ᾝᴆ̂ ̃

 

  ̂ ⱴ ̃ 

 ⱴ  

  

  

  

 

ң ̔ 

ѿ ԍ96 ̆ ѿ ԍ384 Ȃ 

 

 
 14̔  LightcyclerЮ 480ת ̂384 PCR ̃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
‛ ᴆ 

 

  



 

ᾝ  
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. ҉ 96 384 ̂ ‗ԍ

̃Ȃ ̆ ᶏ ᾝ ᾣ Ȃ ̆

PCR ҉̆ⱴ 100£C ̆ Ҭᶏ ᵬ Ȃ

Ȃ 

 
 15̔  96 ̂ ̃ 384 ̂ ̃Ḳ  

 

Έҩ ᾝᴆ ꜚ̆ ᴰ ̂ ̃̆ ᶏ PCR 40№

ῤ ̂384 ̃Ȃ ѿ ̆ ꜚ ̆ῒ

₮ ṐȂ ᵞ ᴆ ̆Ḡ ᴰ Ȃ 

 

ת ᶷ ̆ ץ ᾝ Ȃ Ữ Ҭ

̆ ԍ ῤȂ Ḃԍ ̂ ῏

̆ LightcyclerЮ 480 ̃Ȃᶏ ̆ № ῤ Ȃ 

 

ת ᶷ ңҩ ̆ ᵞ Ȃ ת ̆ ᶷ

₮Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ᾝ  
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ⱳ ̆ ѿ ꜚ ᵬ PCR Ȃ ⱴ

PCR ̆ PCR ῀ ᾝ̆ ҉Ȃ ת ╠

῀ ₮ⱴ Ȃῤ ῀ ̂96 384

̃Ȃ 

ᶏ ԅ ̆ ᴆҬ Ҭ ̂Clear Plates Option ץ̃ ľ ID Ŀ
ⱳ  

 

ID ꜚ ῀LightcyclerЮ 480 ᴆҬȂPCR ҉ ᵝ̆ץ

҉ ӊҊȂ ̆ ᾝ ᶏ ҉ ᾣ ᴨ

ҍ ӊ ᵝ Ȃ ̆ ᾝ ᾣ Ȃ 

 

LightcyclerЮ 480ת Ӟ LightcyclerЮ 480 LIMS/ ⌠LIMS ̆ LIMS

└ ⱴ ῏ ̆ ꜚ ⱴ Ȃ 

 

ң ᵬҹ ᴆᶏ ̂ ̆Ữ ̃̔ 

 

LightcyclerЮ 480 96  Cat. No. 0 5 015 219 001 

LightcyclerЮ 480 384  Cat. No. 0 5 015 197 001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ᾝ  

                                                                                          51 

 

 

3.3 ᾝ  

 
ᾝ ңҩҺ ᴆ̔ 

 

 ᾣ ᴆ ᾣ ̂ ᾣ ̃ 

 

 ᾣ ᾝ ᾣ ᾣ ̆ ᾣ ̆ ᾣ ̆ ᾣ

CCD  

 

 
Figure 16 ̔  16̔  LightcyclerЮ 480 ᾝ  

 

LightcyclerЮ 480ת ᶏ ᾣ ᵬҹ ᾣ Ȃ ᾣ ₮ ᾣ 430  630nm

ӊ ̆ ᶏ Ҍ ᾣ Ȃ ᾣ ⌠ ӊ╠ ң№ Ȃ

ת ԍᴡ 30№ ̆ ᴪ ꜚ῏ Ȃ ꜚ῏ Ḡ ∆ ̆ ῤ Ῥ

Ȃ ҹ500 Ȃת ꜚ ᾣ ̆ Ҋ ᵞԍ

ת̆ ᴪ Ḡץ̆ Ȃ ḱ Ȃ

̂ ̃Ȃ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᾣ  

CCD  

PCR  



 

ᾝ  
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ᾣ ᾣ ῀ᾣ ᾝȂ ᾣ ᾣ ֟ ̆

ץ̆ PCR Ȃ ᾣ Ҭ

ᾣ Ȃ ᾣ ᵝԍ ᾣ Ҭ̆ Έҩ ᾣ ֜ ꜚȂῒ

Ҭԓҩ֜ ᾣ ̂ ῤ ̆ ᾝ ̃̆ Έҩ֜ ԍ

Ȃ ת ̆ ᴪ ̆ ԍLightcyclerЮ 480ת Ȃ 

 

ᾣ ̆ ᾣ ⌠PCR ҉Ȃ Ӟ ץ ᶷ

ᾣ Ȃᾣ ᾣ ̆ᶏӊ ץ ̂2£̃ PCR Ȃ

ץ ̆ ̆ ᾣ ֟ ᾣ ῀ᾣ ̆ Ḡ ̂1̃ ῤ

̆ ̂2̃ PCR ҍҬ ̆ ₮ Ḥ ̆

ᶏ ҩ Ȃ 

 

PCR ᾣῬ ῀ᾣ ̆ ѿҩ Έҩ ᾣ ᾣ ̂ ῏

ᾝ ̃Ȃ ̆CCD ᾣḤ Ȃ Ҭ ѿ‛ CCD ̆№

ҹ1024 ¦ 1344Ȃ └ +10£C̆ ᶏ֟ Ȃ ̆

֟ Ӟ ȂCCD ץ ת ᴆ ꜚ ꜚ ̂

ᾣ Ḥ ꜚⱬ Ḡץ̆ Ḥ ⌠ ̃Ȃ ᴰ ⌠LightcyclerЮ 480

ᴆӊ╠̆ת ᴪ ꜚ ѿ Ȃ 

 

PCR ᾣḤ ̆ Ӟ Ȃ ԍ Ȃ

ṿ ễ ꜚ̆ ꜚ ᾣḤ Ȃ Ḡ ῤ

ᵞȂ 

 

 
ҹ ᾣ ᾣ ᾣ ҉̆ ҬҌ

╕ ᾣ ̆ ѿҩ ѿҩ ľ
ĿȂ ℗ ᾣ ֜ ԍ0.65 ȂLightcyclerЮ 480

PCR Ҭ ᾣ ᾣ LightcyclerЮ 
480 ᴆҬ ᾢ ӈҹľ ĿȂ ᾣ

Ḥ ̆ Ḡ ᶏ Ȃ 
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3.4  

 

ԓҩ ᾣ Έҩ ᾣ ᶏ ᾣ ⌠ ᶃ ̆ ғ ᾣ Ḥ

⌠ ȂҊ PCR Ҍ Ҭ ᶏ ̇ ᾣ  ̔

3. 4.1  LightcyclerЮ 480 I  

 

ᾣ  ᾣ  ᾣ   

LightCycler Ю Cyan 

500 

450 500 ̂ ̃ 

SYBR Green I 483 533 SYBR Green I 

Fluorescein 

̂Fluos/FAM̃  

 

483 533 ̂ ̃ 

HybProbe ̂ᶫᵣ  ̃

SimpleProbe  

HEX ̂ VIC̃  

 

523 568 ̂ ̃ 

HybProbe  ̂

ᵣ̃ 

LightCycler Ю Red 610 

 

558 610 ̂ ̃ 

HybProbe  ̂

ᵣ̃ 

LightCycler Ю Red 640 

 

558 640 ̂ ̃ 

HybProbe  ̂

ᵣ̃ 

Cy5 

 

615 670 ̂ ̃ 

HybProbe  ̂

ᵣ̃ 

 

 

 

3. 4.2   LightcyclerЮ 480II  

 

ᾣ  ᾣ  ᾣ   

LightCycler Ю Cyan 500 440 488 ̂  ̃

SYBR Green I 465 510 SYBR Green I 

Fluorescein 

̂Fluos/FAM̃  

 

465 510 ̂  ̃

HybProbe ̂ᶫᵣ  ̃

SimpleProbe  

VIC/HEX/Yellow555/Joe  

 

533 580 ̂  ̃

HybProbe  ̂

ᵣ̃ 

LightCycler Ю Red 610 

 

558 

498 

610 

610 

̂  ̃

HybProbe  ̂

ᵣ̃ 

LightCycler Ю Red 640 

 

498 

 

640 HybProbe  ̂

ᵣ̃ 

Cy5/Cy5.5/  

LightCycler Ю Red 705 

 

618 

498 

660 

660 

̂  ̃

HybProbe  ̂

ᵣ̃ 

 

͠ ᾣ ѿץ ѿ Ҭ̆Ӟ ԍ ҬȂ ץ

LightcyclerЮ 480 ᴆҬ ⌠ ӈҹ ᾣ ̆ ԍ

̂ᶛ ̆ ľ HybProbeĿ ԅRed 610̆  Red 640 and Cy5 ᾣ ̃Ȃ ғ̆

ῒזҍ ᾣ ᾣ Ӟῃ ҍLightcyclerЮ 480Ὶ Ȃ ԅ ῏ ̆

Ȃ 
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LightcyclerЮ 480 ת ң ₮ Ḥ ̆ ѿҩ
Ҭ Ḥ Ȃ№ ᶭ Ҭ ᾣ Ȃ ѿҩ
Ҭ̆ Ḥ ᴪ ̆ ᶏ ѿҩ ԅ ₮ Ḥ Ȃ

ұᾣ ֟ Ȃ ľ ễĿ Ҭ
ӊ Ȃ ῏ ᵥ LightcyclerЮ 480ת ҉ ễ Ḥ
ễ№ Ȃ 

 

 
Ҭ̆ ⱬ ᶏ ╕ Ȃ̂ №

ᾣ ᴰ ₮ ᾣȂ ̂ ῏ ≠ PCR 
̃ 
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3.5 LightcyclerЮ 480 ת  
 

LightcyclerЮ 480ת Ғ 96 384 PCR Ȃ ֓ ᴨ ᴨ

Ḡ ᶃ ᴰ ̆ ᴰ PCR ᴆȂ ̆ ֓ ֟

ᾣ ̆ ԍ Ҭ Ḥ ӈȂ

Ȃ 

 

 
ᶏ Ύ PCR ȂLightcyclerЮ 480ת ᾝ ѿῤ

̆ ȁ ≢LightcyclerЮ 480 Ȃῒז
ᶏץ ᵖ ҌḠ Ȃ 

 

 
ң ῒ ᶷ ңҩ₭ ̆ ꜚⱴ Ȃ 
 

 
A ҉ ѿ ̂ 128̆ 8ҩ ̃Ȃ ֓ ף

ᵬ ID̆ ≢Ȃ 

 

 
 17̔  LightcyclerЮ 480 96 ̆ ̂ ̃̆ ( )  

 
 18̔ LightcyclerЮ 480 384 ̆ ̂ ̃̆ ( )  

LightcyclerЮ 480 96 ̆

 

50ҩ 50

 

Cat. No. 04 729 692 001  

LightcyclerЮ 480 384 ̆

 

50ҩ 50

 

Cat. No. 04 729 749 001  

LightcyclerЮ 480 96 ̆

 

50ҩ 50

 

Cat. No. 0 5 102 413 001 

LightcyclerЮ 480 384 ̆

 

50ҩ 50

 

Cat. No. 0 5 102 430 001 

 

 
PCR ῀LightcyclerЮ 480ת ӊ╠̆ Ȃ

֟ Ȃ ᶏ Ȃ 
 

 
Ӟ Ȃ 
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 19̔ LightcyclerЮ 480  

 

 

LightcyclerЮ 480  5 ¦ 10 Cat. No. 04 729 757 001  
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3.6 LightcyclerЮ 480 PCR ╕  
 

LightcyclerЮ 480 PCR ╕ Ғ ̆ΐ Ȃ 

 

LightcyclerЮ 480 PCR ╕ Ҋץ ̔ 

 

 PCRᴨ  

 ԅ Ḥ  

 ᶫ ꜚ ̆ ȁ  

 ̆  

 ╕ ̆ ᶫ Ḃ≠ 

 

 

╕    

LightCyclerЮ 480 High №

№  

̆

№  

04 909 631 001 

LightCyclerЮ 480 RNA

 

ѿ RT- PCR ԍ №

/ № RNA 

04 991 885 001 

LightcyclerЮ 480 SYBR Green 

I   

1ҩ ╕  ̂5 ¦ 100  ̆

20ël ̃  

≠ SYBR Green I №

ץ̆ qPCR ֟

 

 

04 707 516 001 

 

LightcyclerЮ 480 

1ҩ ╕  ̂5 ¦ 100̆

20 ël ̃  

ᶏ ῒץז

ҹ qPCR  

 

04 707 494 001 

 

LightcyclerЮ 480 №

 

1ҩ ╕  ̂4¦ 96 ̆

20 ël ̃  

№ qPCR

№  

 

04 707 524 001 

 

LightCyclerЮ 480 ת

╕  

ץ ‰ ‰

DNA ת  

04 710 924 001 
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3.7  
 
Ҋ↓ LightcyclerЮ 480 PCR ̔ 

 

 ‰ ̆ Ȃ 

 ̆Ҍ  

 ҡ ȁ  

 ̂Eppendorf̃ ̆ ԍ └ Ȃ 

 

 

3.8 LightcyclerЮ 480ת PCR  
 

3.8.1   

 

LightcyclerЮ 480ת ᶏ ᾣ ȁ PCR֟ ֟ ץ ≠ ᾣ

PCR № Ҭ№ PCR֟ Ȃ ᾣḤ ҍPCR֟ ῏ ׆̆

ץ └ ̂ ≠ ↓ ᶭ ↓ ̃ȂPCR №

̆ ᾣ ԍPCR֟ ̂ ↓ ᶭ ̃ № ̂ ↓ ̃Ȃ

LightcyclerЮ 480ת ̆ ᾣ№ ̆ ᶏ ̔ 

 

 ↓ ᶭ  

ᶭ ҍ DNA№ ᾣ ̆ҍ ↓ ῏̕  

ᶛ  SYBR Green I. 

 ↓  

ᶭ ↓ Ẽ ᾣ ̆ ҍ PCR֟ ῤ ԑ ↓  

 ̂SimpleProbe ̃ 

 ֜ ̂HybProbe ̃ 

 ̂5в- ̃ 
 

 

 
LightcyclerЮ 480ת ҉ PCR Ӟ ῒז Ȃᶛ ̆

̂iFRETProbes̃ ̆№ Ḥ Scorpions Ȃ ̆№ Ҭᶏ
ᾣ ҍLightcyclerЮ 480ת ᾣ ᾝῚ Ȃ 
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HybProbe ≠ ᾣ῍ ̂FRET̃ ̆

ᾣ ̂ᶫᵣ̃ ᴰ ⌠ ѿҩҳ ᾣ ̂ ᵣ̃Ȃ  

 

Ҋ↓ FRET Һ ᴆ̔ 

 

 ᶫᵣ№ ᵣ№ ӊ ԑ  

 ᵣ ᾣ ҍᶫᵣ ᾣ ᾣ  

 ᶫᵣ ᵣ Ẽ ҳ  

 
ᶫᵣ LightcyclerЮ 480ת ᾣ ᾣ ̂ᶛ

465 nm ᾣ ԍ ᾣ ̃Ȃ ᶫᵣῤѿ ׆ ῀

ᵝȂ Ҋ↓ ̔ 

 

 ₮ΐ Ҍ ȁ ᾣ 

 ᴰ ᴰ ᵣ ̂ LightCycler Ю Red 640̃ Ȃ ̆ ⌠

Ȃᶫᵣ ᴰ ᵣ№ ᶏ ᾣ Ȃ 

 

FRET Ҍץץ PCRҬ ԍ֟ ↓ Ḥ Ȃ ᶫᵣ

ᾣ̂ᶫᵣ ҹ ╕̃̆ HybProbe ≠ ᵣ ᾣȂ  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᶫᵣ ᵣ 
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3.8.2 SYBR Green I PCR 
 

PCR ֟ ֟ ץ SYBR Green I ᾣḤ ȂSYBR Green I ῀ DNA

ҬȂ Ҭ ᾣ ̕ᵖ ̆ѿ ҍDNA ̆ ԍ ̆ῒ ᾣ

̂530 nm ̃ ᴪ Ȃ ̆ PCR Ҭ̆SYBR Green I ᾣ ⱴ ҍ֟ DNA

Ȃ ԍSYBR Green I ̆ ץ ҹ DNA ╕ȂҊ↓

LightcyclerЮ 480 PCRҬ̆ᶏ SYBR Green I DNA ̔  

 

 

 

̆PCR ҍ DAN ֜̆ DNA҉ ѿ֓

ȂSYBR Green I ῀ ֓ ̔ ᾣḤ

Ȃ 

 

 

 

ᵈ ̆ DNĂ ғ SYBR Green 

I ҍӊ ̔ ᾣḤ Ȃ  

 

 

 

ᵈ ̆ DNA DNĂ ῀ SYBR 

Green I Ӟ ⌠ Ȃ ᵈ

ᾣ̂530 nm̃ Ȃ 
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ԍSYBR Green I DNA ̆ SYBR Green I Ҍ №Ҍ

DNA Ȃ ֟ ȁ ֟ ץ ԋ ᵣ ⌠Ȃ PCRֲ ֟

ᴪ Ḥ ̆ ↓ Ȃ PCR֟ ץ PCR

№ Ȃ № ץ PCR֟ ѿ DNA№

ῒ Tm̆ ⌠ ҩ ̆ѿ DNAҹ ̆ ѿ ҹ ̆ Ȃ

DNA DNA№ GC Ȃ № ̆

ⱴ 95£C̆ ’Ҋ ⌠ ῤPCR֟ Tm ̆ DNA ץ SYBR 

Green I ᾣ ▲⁞ ȂLightcyclerЮ 480ת Tm ᾣ Ȃᶏ

LightcyclerЮ 480 ᴆ№ ̆ ֓ ץ ₮ ̂ ᾣ[F]

[T] ̃Ȃ׆ ҉ ᵀ ₮ ҬPCR֟ Tm Ȃᵖ ᶏ LightcyclerЮ 480

ᴆTm № └₮ ̂- dF/dT̃ ̆ ҹ ≢₮Tm Ȃ

Ҭ ԍ Ȃ PCR ֟ ѿҩ ̆ Ӈ № ѿҩ Ȃ

ԋ ᵣ ῒז ֟ ץױז̆ ⱴ ₮ Ȃ PCR֟

Tm №ҍץ ₀ ֟ Ȃ 
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3.8.3 ᶏ PCR 
 

3в- ᵈ ̂ ̃ ԍ DNA ↓ ⱴ̆

҉ ҹ 5в- Ȃ 3в- ᵈ ◄℗Ȃ

ңҩ ̆ҹѿҩ ᾣ ѿҩ ╕̆ ңҩ ԑӊ Ȃ

̆ ╕ ҍ ̆ ᾟ№ └ ᾣḤ ̂

ᾣ FRET֟ ̃ȂPCR Ҭ̆ 5в- ◄℗ ̆ᶏ ╕№ Ȃ

◄℗ ҉ ҌῬ ̆ ₮ ᾣḤ Ȃ 

 

LightcyclerЮ 480ת ₮ ̆ LightCycler Ю Cyan 500ȁFAMȁHEXȁ

LightCycler Ю Red 610ȁLightCycle rЮRed 640  Cy5Ȃ ᶏ ̆

Ȃ 

 

 
ԍ ̆ ᶏ ╕ ̂ №

FRET ₮ ᾣ̆ғ Ҍᴪ ᾣ̃Ȃ ԍ҉ ↓₮
̆ ᶏ BHQ- 2̂ ᾣ 550nm 650 nmӊ Ȃ̃

ѿ ҹDABCYL ̂ ҹ 380 ͠ 530 nmӊ ̃̆Ӟ ᵬҹ ԍ
LightCycler Ю Cyan 500̆  FAM  HEXȂ 
 

 

 

ңҩ ᾣ ̆ ╕

└ ᾣḤ Ȃ ԍ 3в ̆

PCR Ҭ Ҍ ᵈ Ȃ 

 

 

PCR ̆ ҍ ↓ Ȃ 

 

 

DNA ᵈ ҍ̆ Ȃ ≠

ῒ 5в- ◄℗ ᶏ̆ ҍ ↓

№ ׆̆ Ȃ 

 

 

◄℗ Ҭ ҌῬ ̆

₮ ᾣ̆ LightcyclerЮ 480ת ⌠Ȃ

ץ ᾣ ҍ ₮

№ ῏ ̂ ץ ҍPCR֟

῏ ̃Ȃ SYBR Green I ᵌ̆ ᵈ

ᾣḤ Ȃ 
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Ҭ̆ ᾣḤ ֟ Ҍᶭ ԍ ֜ ̆ ᶭ
ᵬ ̆ № Ȃ ץ ԍ №

Ȃ 

 

֜ ̆ ᵈӊ╠ҍ ↓
Ȃ Tm ԍPCR Tm ̆ ֜ Ȃ 

 

ң PCR ᵬ Ȃң ҈ PCR ᵬ ᴪ
⌠ Ȃ Ҭ MgCl2 Ḡ ̆ Ḡ

֜ ̆ᶏ Ȃ ̂Ҍ 150bp̃ ̆
ғ ң PCR ᵬ ̆ ᵈ 60£C Ȃ 

 

LightcyclerЮ 480ת ҍLightcyclerЮ 480 ῍ ᶏ ̆ ῃҍ
Universal ProbeLibrary Ҭ ╠165ҩ ̂5в ᾣ
/FAM̆ 3в╠ ̃ PCR Ὶ ̆ ԍ № Ȃ

ᶏץ ̆Ӟ ץ Universal ProbeLibrary Ҭ90
Ȃ Universal ProbeLibrary

ѿ ᵣ Ҭ 95% 99%Ȃ̂ ╠ᶏ Universal 
ProbeLibrary ԍֲ ȁ ȁ ȁ ȁ Ҽ ȁ

̃Ȃ ԅ Ḥ ̆ ̔http ̔
//www.universalprobelibrar y.comȂ 
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3.8.4  ᶏ HybProbe PCR 
 

HybProbe Ҭ̆ ңҩҒ ȁ ↓ ץ ↓ ҍ

DNA ҉ ↓ ֜Ȃ ң ӊҹᶫᵣ ᵣ̆ Ҍ ᾣ ׆̆ ᶏң

Ҍ Ȃᶫᵣ ̂ ᾣ ̃ ᾣ ̂465 nm̃ Ȃ ң

ԑ ̆ᶫᵣ ₮ ᵣ ̂ LightCycler Ю Red 640̃ ̆ ᵣ

ԍ ԋҩHybProbe ֜ ҉Ȃ ᵣ ₮Ҍ ᾣ̆ῒ ᾣ

ҍPCR֟ DNA Ȃ  

 

 

LightcyclerЮ 480ת ᵣ LightCycler Ю Red 610̆  
LightCycler Ю Red 640̆ Cy5 HybProbe Ȃ ֓ HybProbe

ᶏ ̆Ӟ ᶏ ҬȂ ᾣ ̂FLUOS̃ ᵬᶫ
ᵣ Ȃ ᶫᵣ- ᵣ FLUOS- HEXҌ ᶏ Ҭ̆ ҹ
ң ᾣ ӊ Ȃ 

 

 

ҽᶛ ̆HybProbeʟ ᵣ 3в ᾣ ̆

HybProbe ᵣ 5в LightCycler Ю 

Red ̂ ᵣ 3в ץ̆

ᵈ̃Ȃ̂ Ӟ ṕ ̔ ᵣ

3в ᶫᵣ  5в ̃Ȃ ֜Ҍᴪ

PCR Ȃ ԍ ӊ

ңҩ ᴰ ̆ ҩ

Ҍ⌠ ᵣ ᾣȂ  

   

 

ң̆ҩ ץ ↓ ҍ

DNA ֜Ȃᶫᵣ ת⌠ ᾣ ̆

₮ Ȃ Ҍ ץ ᾣ ₮ ̆

ᵣ Ȃ ᵣ ᾣ

̆ ҩ Ṝ ᾣȂ 

   

 

̆ ҉ ̆ ԍ ᵈ ̆HybProbe

№ ᵝȂ ̆PCR ֟ ҹ ̆

ᵝ HybProbe Ῥ № ׆̆ ᾛ FRET 

Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

LightcyclerЮ 480 ת PCR  

                                                                                          65 

 

 

HybProbe ԍ ↓ qPCR № ̂ ̆SNP̃ Ȃ≠

HybProbe SNP ץ № ҹ Ȃ ᵞԍ Tm ̆HybProbe

ҍԑ ̆ ҍ ̆֟ FRETȂ ҉ ̆ ῒ

Tms ̆ҌῬ֟ FRETȂ ҍ ᾣḤ Ҋ Ȃ ᶭ

↓Ȃ ̆ ѿҩSNP̆ ᴪҌ ̆ῒ

ᵞԍ Ȃ 
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3.8.5 ᶏ SimpleProbe №  
 
SimpleProbe ѿ ֜ Ȃ ֓ ѿҩ Ҍ ԍHybProbe Ȃ

ᶏ ңҩ ̆ ҩ Ȃ ҩ ץ SNP

↓ ֜Ȃѿ ֜ S̆impleProbe ₮ ᾣḤ ֜

ᾣ Ȃ ̆SimpleProbe ᾣ ᶭ ԍ ֜ ȂSimpleProbe

Ҍ FRET Ȃ 

 

ῖ SimpleProbe ץ SNP ↓ ֜Ȃѿ ↓

֜ S̆impleProbe ₮ ᾣḤ ֜ ᾣ Ȃ S̆impleProbe

ᾣ ᶭ ԍ ֜ ȂSimpleProbe ԍSNP № ѿ

ΐ̆ ҹ ᶏ ѿҩ ץ ᵣȁ ᵣץ

ᵣ Ȃ 

 

SimpleProbe ץ ῒңҩ ῤ ῒז ╕̂ SimpleProbe 519 Labeling 

Reagent ╕
*
̃Ȃ Ҭ SimpleProbe ῒז ̆ῒ ᾣᴪ ѿ

ҩ ᾣ ╕ Ȃ ↓ ֜ ̆ ᵞ̆ LightcyclerЮ 

ת480 ̆ ₮ ᾣȂᵖ ̆ ᶏ ׅ֜̆ 530nm ⌠ ᾣ̆ Ḥ

ᵞȂ 

 

SNP№ Ҭ̆LightcyclerЮ 480ת SimpleProbe ҹȂ ᾣ̆ת

⌠ - ↓ ֜ ȂSimpleProbe ҍ ↓ӊ ֜ᵬ

̆ Ӟ Ȃ SNP ↓ ᴪ╝ SimpleProbe Ȃ 

 

 

 

Ҍᴪ ֜̆ 530 nm ⌠

ᾣȂ 

 

 

̆ ҍ DNA ֜̆ҌῬ

ᾣȂ ᾣ ⌠Light -CyclerЮ 480ת

ᾣ ₮ ᾣȂ ᾣ

⌠ ̆ ῒ Ȃ 

 

 

Ҋ ᵈ ̆SimpleProbe׆ ↓҉

ᵝȂ 

 

 

 

ᵈ P̆CR֟ ҹ S̆impleProbe
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ᴆ 
1. LightcyclerЮ 480ᴆ  
LightcyclerЮ 480ᴆ Ҭ ᶫ Ḥ LightcyclerЮ 480

ת ᵬȂLightcyclerЮ 480ᴆ LightcyclerЮ 480ᴆ

ȁ ȁץ ѿҩ Ⱶ ̂ ҹĿExor4Ŀ̃̆ ץ

ҍ ֜ Ȃ ᴆ ҬȂ 

 

ѿ Ҭ̆ ᴆ ҍLightcyclerЮ 480ת LightcyclerЮ 

480 ῤȂ ת̂ ῒ ̃ ᶏ ῒ ῒ

̆ ᵬҹѿҩ ᵬȂ ᴆ ᵝ

ᴆ Ҭ Ȃ 

 

LightcyclerЮ 480⌠ Ḡ ҬץḠ

ῃȂ Ữ ᵬ̆ӞҌ Ȃ №

LightcyclerЮ 480ᴆ Ȃ LightcyclerЮ 480

ᴆҬ ῏Ḥ ̆↕ ᴆ ᾢỮ ⌠ LightcyclerЮ 480

ᴆ Ҭ Ȃ 

 

ῤ ҹ ᶫ LightcyclerЮ 480 ᴆ ѿҩ ᵣ ׃ Ȃ ̆

ԅ ᴆ Ҭ ⌠ ᾝ ᴆ Ȃ ҬҺ

Ҋ₃ҩҺץ ̔ 

 ꜚLightcyclerЮ 480ᴆ 

 ῏ԍҺ  

 ↕ 

 ₮ҍ ῀ ᴆҍ  
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LightcyclerЮ 480ᴆ ѿ ↕ 
 

1.1 LightcyclerЮ 480ᴆ ѿ ↕ 
LightcyclerЮ 480ᴆ ᶏ ԅѿ֓ ⱳ ᾝ ̂ᶛ ̔

̃̆ ₃Ӎ ץ ᴆ ѿҩ ῤ Ҭ ⌠ ⌠ ֓ ᾝ Ȃ  

 ⱳ  

 
ѿ ῀ ѿҩꜚᵬ Ȃ ₯ ᴆᴪ

Ҋ ⌠ѿҩ ̆ Ȃ ᵬ ҍ Ҋ

<Enter> Ȃ 

 
ѿ ῀ ѿҩꜚᵬ Ȃ ₯ ᴆ ῏

╠ ῤ Ȃ ԍ Ҋ<Esc> 

Ȃ 

 
ⱴѿҩ Ȃ 

 
− ѿҩ Ȃ 

 
ѿҩ Ȃ 

 
₮LightcyclerЮ 480ᴆȂ 

 

̆ ᴆ ѿ ↕ ҩ ӊ ᶏ ԅ ӈȂ

Ҋ Ҭ ԅ ↕̔  

 

  ҹ 

 
Ҋ ҈ Ȃ 

ꜚᵬ ῏ Ȃ  

 
҉ ҈ Ȃ Ҋѿ Ȃ 

 
҈ Ȃ 

╠ Ҭ ꜚᵬȂ  

 
̆ Ȃ Ȃ 

 
ҍҊ ѿ ₮ Ȃ ѿҩ Ȃ  

 

⌠ѿҩ ҉ ̆ ᴆ ᴪҹ ῏ԍ ⱳ
ῒ ̂ Ȃ̃ 
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1.2 ꜚLightcyclerЮ 480ᴆ 
 

Ҋץ ꜚ ⌠LightcyclerЮ 480ᴆ  

  

ᶏ ΐ 1280 ¦ 1024Ἕ № LightcyclerЮ 480
ᴆȂ ̔ ᴆ 1024¦768 Ἕ ҊӞ ץ ̆ᵖ ᴆ ֓ⱳ

ѿᵞ№ Ҋᴪ ⌠ ̂ᶛ ̔ ֓ ᴪ ⌠ѿ Ȃ̃ 
  

ᵥ ꜚLightcyclerЮ 480ᴆ̔  

 

₯ ҉ LightcyclerЮ 480ᴆ Ȃ 

  Ҭ̆ ῀ Ȃ  

 

admin ∆ LightCycler480 ̂ Ώ Ȃ̃  

  
  

 ľ ⌠Ŀ ѿ Ҭ̆҉ ᶏ ᴪẠҹ ṿ ₮ Ȃ 

  

╠ ₃ҩ ғ ⌠ҍ ╠ Ҍ ̆ Ҋľ
Ŀ Ȃ ᴪ ₮̆ ץ ῃ ↓₮Ȃ 
↓₮ Ҭ Ȃ 
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Ҋ Ȃ 

  

̆ ҉ ₮ LightcyclerЮ 480ᴆ ̆ῒҬ ҈ҩ

№̔ᵝԍ ᶷ ľᴋⱵ ѿҩ Ŀ̆ Ҭ ľ Ŀ ̆ ᵝԍ ᶷ

↕ ľѿ ꜚᵬĿ Ȃ׆ľ Ŀ ̆ ⇔ץ ѿҩ ̆ ѿҩ

̆ ⌠ᶛ ľ Ŀ ľ ΐ Ŀ ᴆ ҬȂ 

   

 
 

 ⱳ  

ᴋⱵ ₯ľ Ŀץ ľ Ŀ Ȃ ῏ԍľ

Ŀ Ḥ ̆ ľ Ŀѿ Ҭ

῏ῤ Ȃ 

ѿҩ

 

₯ľ ѿҩ Ŀ ץ

ӊ Ȃ ᴆ ̆ ѿ

Ȃ ᵬ Ҭ ᴆ ᴪ ⱴ῀

⌠ Ȃ 

↓׆  Ҭ ѿҩ ꜚ ̆ ῀ѿҩ

/ ץ ⌠ҍ Ȃ 

ѿ ꜚᵬ  ľѿ ꜚᵬĿ Ҭ ᶫ ‗ԍ ╠

Ȃ Ḥ ̆ ľ῏

ԍLightcyclerЮ 480ᴆ Һ Ŀѿ Ȃ  
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1.3 ῏ԍLightcyclerЮ 480ᴆ Һ  

 

Ҋ ₮ԅ LightcyclerЮ 480ᴆ Һ ̂ᵬҹ ᶛ̆ҹ ԅѿ

ҩľ № Ŀ ̆ᵖ Ҋ Ҭ ̃ Һ Ҭ ԅ

Ҋ₃ҩץ ̆ ֓ Ҋ Ҭ ׃ ̔  

 

  

  

 ѿ ꜚᵬ  

  

 Ḥ  

 

  

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ѿ ╠ ῏Ḥ ̆ ׆ץ ╠ ↓ Ҭ

ѿҩ Ȃ 

  

 
 

 ⱳ  

ת ת  Ȃת

Ҋץ ’ӊѿ̔ ̆ ̆∆ Ҭ̆

̂ ⱴ ̃̆ ̂ ̃̆ Ҭ̆

Ȃ ѿҩҊ ῒ̆Ҭ↓₮ԅ ╠ Ȃ

ᶏ ѿ ᵰ ץ Ȃ

Ȃ ╠ ⌠

 

 

 

 

 

 

ꜚᵬ  

Ḥ  
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 Ȃ 

 

ѿ ꜚᵬ  

ľѿ ꜚᵬ Ŀᵝԍ ᶷ̆ Ҭ ԍѿ ᴆⱳ Ȃ

Ҭ ‗ ԍ ╠ ̂ ῤ Ȃ̃Ҋ ↓₮ԅҍ ֓

῏ ⱳ ̔  

 

 ⱳ  

 
₮̔ ₯ ץ ₮ Ȃ 

 
₮̔ ₯ ץ ₮ ╠ ̆

ץ ⌠ῒז ԅȂ 

 
₯ ץ ⌠ľ Ŀ   

 
₯ ץ ľ Ŀ Ȃ῏ԍ

Ḥ ̆ ľ ҍ Ŀѿ Ȃ  

 Ḡ ̔ ₯ Ḡץ ╠ Ạ ḱ Ȃ  

 
₮̔ ₯ ץ ╠ ₮ ѿҩ ᴆȂ 

῏ԍ ₮ Ḥ ̆ ľ ₮ҍ ῀ ᴆ Ŀ
ѿ Ȃ  

 
῏ ̔ ₯ ѿ ῏ץ Ȃ  

 
̔ ₯ ѿ ₮ ╠ ῤ Ȃ 

 
ΐ̔ ₯ ѿ ץ ľ ΐĿ ̆

Ҭ̆ ץ ⇔̆ ȁ ̆

̆ ̆ ת Ḥ ̆

ץ ӈ ᾣ Ȃ῏ԍľ ΐĿ

Ḥ ̆ ľ ΐĿѿ Ȃ  

 

 

ľ Ŀ ԍ ᶷ̆ Έҩ  Ҋ ↓₮ԅ ֓ ῏ ⱳ ̔  

 

 ⱳ  

 
₯ ѿ ץ ľ Ŀ Ȃ

ԅҍ ῏ Ḥ ̂ᶛ ̆ ץ

ᾣ ̃̆ ̆ ץ ѿ

ҩ Ữҹѿҩ Ȃ  

 
₯ ѿ ľ Ŀ ̆ ԅ

̆ ץ̆ ֲ

῀ Ȃ῏ԍ ᵥ ľ ҍ
Ŀѿ Ҭ Ȃ  
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₯ ѿ ľ Ŀ̆

ץ № ⌠ ׆̆ ῒ № Ȃ῏

ԍ ᵥ⇔ ῤ ľᶏ ᵬĿѿ
Ҭ Ȃ  

 
₯ ѿ ľ Ŀ̆ ץ

Ḥ ӈȂ῏ԍ ᵥ ῀ Ḥ

ῤ ľ ῀ Ḥ Ŀѿ Ҭ Ȃ  

 
₯ ѿ ľ№ Ŀ Ȃ ╠ №

̆↕ ₯ ľ№ Ŀ Ȃ ץ

⇔ ѿҩ № ̆Ӟ ץ ѿҩ № Ȃ

ѿҩҹ ⇔ № ᴪ ⱴ῀⌠№ ↓ Ҭ̆

ғ ץ № Ҭ Ҋ Ҭ Ȃ

ѿҩ№ ̆↕ № ᴪ ҹ ╠

̆ ץ ῒ ᵬԅȂ῏ԍ ᵥ №

ῤ ̆ ľ № Ŀ̆ľ № Ŀ̆
ľ № Ŀץ ľ ễ№ Ŀ
Ҭ Ȃ 

 
₯ ѿ ľ Ŀ ̆ ᶏ ץ ӈ

ῤ ̆ ғ ץ Ȃ 

ᾢ ѿҩ Ḡ Ҋ ̆
ץ Ȃ  

 

  

  

 

  

 

 

 

 

 

 

 

 

 

ᵥᶏ ̔  

₯ ̆Ӟ ᶏץ ҍ

<Ctrl - Shift - n>̆n ҉׆ ᵝ Ȃᶛ ̆

↓ Ҭ ľ̆ Ŀ ᵝԍ ↓ 2 ᵝ̆ ľ Ŀ

<Ctrl - Shift - 2>Ȃ̂ ̆ ᴪ ₮῏

ԍ ⱳ ѿҩ Ȃ̃   

 

 

 

Ҭ Ȃ ₃ҩ №̂ Ҋ Ҭ ᶛ̃̆ ֓

№ ץ Ȃ ץ ꜚңҩ №ӊ ȁᵝԍ №

№Ȃ№ ҉ ѿ № ᴪ Ȃ ₯№

ᴪ Ȃ  
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̔ 

ᵥ ѿ №̔ 

 ₯ ҉ № Ȃ  

 Ῥ ₯№ ѿ №Ȃ  

 

ᵥ ѿ ̔  

⌠ῒ ѿҩ Ȃ  

₯ ꜚ ⌠ ᵝ ҹ Ȃ  

 

 

 
  

 

 

 

 

 

 

 

 

ꜚᵬ  

 

ꜚᵬ ҹ ₮ԅҍ ╠ ꜚ ̆

‗ ԍ ╠ ꜚ ̂ᶛ ̔Ҋ ľꜚᵬ Ŀ
ľ Ŀ ’ Ȃ̃ 

 

 
 

№◓  
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Ḥ  

Ḥ ҹ Ḥ ȁ₮ Ḥ Ḥ Ȃ 

 
 

Ḥ Ҋץ №̔  

ᵝԍ ᶷ  

Ҥ ̔  

  =  

  =  

  =  

 

ᵝԍҬ ̔ Ḥ ̆ᶛ Ḥ ȁ ̆

₮Ḥ Ȃ ₯ѿҩḤ ץ ῒ Ḥ Ȃ 

 

 

 

ľ ῏ԍ Ŀ Ȃ ₯ ѿ ľ῏ԍĿ ̆ Ҭ

LightcyclerЮ 480ת ᵬ ̆ ₮ ᴆ ץ ᴆ

Ḥ Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LightcyclerЮ 480 ᴆ  

ҍ  

ᴆ                                                                                            91 

 

1.4 ҍ  

ѿ № LightcyclerЮ 480ᴆ ̆ ץ ᾝ Ȃ 

  

  

 ҍ  

 

1.4.1  

Һ ҹ ᶫ⌠ Ữ LightcyclerЮ 480Ҭ ҩ ̔

̆ ȁ ΐȁ ῤȂ ץ ҩ

῏ ̂ᶛ ̔ ȁ ȁ Ȃ̃ Ҭ ץ ̂ҍWindows

ᵌ̃ ѿ ̆ ῒ ᴆ Ҭ ԅ№ Ȃ ץ ҉

ᴆ ̆Ӟ ץ ᵬ Ȃ ̆ ᶏץ ľ Ŀ Ҭ ῀

̆ ץ Ҭ LightcyclerЮ 480ᴆ ԅȂ 

 

№ҹ ҩ ̔ 

 

  

  

 └  
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╠ ѿҩ Ȃ ѿ

ҹľ ĿȂ ᶏ ҍWindows ᶏ ᵌȂ  

 

Ҭ Ҋץ ᴆ ̔ 

 

ᴆ ̂ ᴆ ҹ ҩ ᴆ Ȃ ҩ

ᴆ Ҭ ѿ֓ ᴆ ̆ᶛ ҹ ᴆ Ȃ 

 

ᴆ Ҭ ȁ ̆ LightcyclerЮ 480ת

ᴆ ץ ᴆ Ȃ  

 

 

ᴆ Ҭ ԅѿ֓ ‰ ̔  

ᴆҬ ҈ҩ ̂ᶏ SYBR Green I ̆
̆ᶏ Hybprobe ̃̕  

ľ ᴆ ĿҬ ҩ ̕ 

ѿҩ ễ Ȃ 

 

ḱ ̆ Ӈ ᾢ ῒ ⌠ ᴆ ῤȂ 

ᴆ Ҭ ȁ ȁ ץ ῃ ᶛ Ȃ  

ѿҩ ᴆ ̆ ₯ ᴆ ₯ ᴆ ⱴ ̂+̃ ⁞

̂̃͠ Ȃ 

  

ҍ ҉ Windows ҩ ҉ ᵌ ̆ᵖ
ῃѿ Ȃ ѿץ Ữ ̆ Ҍᶏ Windows
ᴆ Ȃ 

 

 

 

╠ ѿ ̆ Ӈ ľ Ŀ
Ȃ 
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└ 

 

ᶏ ̆ ץ ᶏ ᵬ̆ ץ

῀ ₮Ȃ 

 

 

 

   

 ⱳ  

 
₯ ѿҩ ̆ ̆ ץ

ѿҩ ҍѿҩ ΐ Ԋᴆ ץ ̂ ̃

῏ԍ Ԋᴆ ѿ Ḡ ѿҩ ᴆ̂ ᴆ ҹ

*.ipr Ȃ̃ ץ ᴆ Ⱶ

׆̆ Ȃ Ḥ ̆ ľ
ΐĿѿ Ȃ  

 
₯ ѿҩ ‰ ᴆ ̆

̆ ץ ῀ ᴆ ץ ῒ ῀

⌠ ᵝ ȂץҊ ᴆ ῀̔ 

ATF ᴆ ľ̔ATFĿ ѿ ᴆ Ώ̆ .abt ̂

ҍ ȁ̃.tem ̂ ̃̆ ץ .flo ̂ ᾣ ̃

ᴆȂ ҈ ᴆ ѿҩ Ҭ ᴪ ⌠ȂATF ᴆ

ԍ ҹ 3.5.3 ᵞ LightcyclerЮ 480ᴆȂ 

ᴆ̔Lightcycle rЮ 480ML ̂ ̆

*.ixo ̃ ᴆȂ 

 
₯ ѿҩ ‰ ̆ ̆

ץ ₮ ᵝ ₮

Ȃ ₮ ᴆ ѿҩ ixo.ץ ҹ

ᴆ̂ ᴆҬ ῒ ῏Ḥ Ȃ  

 
₯ ѿҩ ῀ ̆ ׆ץ

ѿҩ Ҋ ѿ ῃ ῀Ȃ

῏ԍ ῀ Ḥ ̆ ľ ₮ҍ ῀ ᴆ

Ŀѿ Ȃ  

 
₯ ѿҩ ₮ ̆ ׆ץ

ѿҩ Ҋ ѿ ῃ ₮Ȃ

῏ԍ ₮ Ḥ ̆ ľ ₮ҍ ῀ ᴆ
Ŀѿ Ȃ  
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₯ ѿҩľ⇔ Ŀ ̆ Ҭ

⇔ Ȃ Ҭ

‗ԍ Ȃ 

 
ץ ₯ѿҩ ⇔ץ ѿҩ Ȃ

Ῥ ₯ ₯ӊ̆Ӟ ץ ⌠ Ȃ 

ץ ᴆ ⱴ
LightcyclerЮ 480ҬⱴץḠ Ȃ  

 
₯ ᴪ ╠ ᴆ Ҭ⇔ ѿҩ

ᴆ Ȃ 

 
₯ ᴪ Ҭ Ȃ 

 
₯ Ҭ ᴆ ̆ ᵰ

ץ ῒ Ȃ  

 
₯ − ̂ ̔ ׆

Ҭ− Ȃ̃ 

’Ҋ̆LightcyclerЮ 480ᴆҬ
Ȃ ׆ Ҭ−

Ȃ  

 
₯ ׆└ ῒ⇔ ѿҩ

Ȃ ץ ῒז ᴆ Ҭ ⌠

ᴆ ᴆ ҬȂ̂ ̆ ԍ └̆

ᶏ זῒ׆ ᴆ Ҭ ֓

ᶏ Ȃ̃ ѿ └⌠ ᴆ ̆ ҹ

ѿҩ ̆ ’Ҋ ץ ῒ ḱ ̂ ḱ

Ӟ ‗ԍ Ȃ 

’Ҋ̆LightcyclerЮ 480ᴆҬ
Ȃ ׆ Ҭ └

Ȃ 
ᵥ׆ῒז ᴆ Ҭ └ѿҩ 1̔. Ҭ

₯ └ ̆ ľ └ĿȂ ѿ

ҩ ᴪ Ȃ2. ᴆ ̆ ῀

ᶏ ̆ ₯OKȂ  
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1.4.2  

 

LightcyclerЮ 480ᴆҬ ΐ̆ ᶏץ ΐ ⌠LightcyclerЮ 

480 ᴆ Ҭ Ữ ῒז Ȃ ץ ľ Ŀ ᶏ

ΐȂ  

 

 
 

 ᵥ ⇔ ̔ 

 ľ Ŀ Ҭ ľ Ŀ Ȃ 

    ľ Ŀ Ҭ̆ ⌠ ̔ 

 

 
  

 

 ̂ ̃ ῀‰ ̆ ̆ ӇӞ

῀Ȃ  

  

ᶏץ ľ*Ŀ ᴋᵥ ұȂ  
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4 ľḱ ⇔ Ŀ Ҭ ᶏ Ȃ 

 ḱ ⇔ ԋ ѿ̂ ̔ ץ ԋ Ҭ ѿҩ̆ᵖҌ
Ҭԋ Ȃ̃  

 

ҹ ѿҩ Ȃ ץ ╠ ӊ╠ ̆Ӟ ץ

Ҭ Ȃ  

 
 

  ԍᴋᵥ ᵰ̆Ӟ ľ׆ץ ᴆ ĿҬ ѿҩ ᴆ Ȃ ľ
ᴆ Ŀ̆ ᴆ Ҋ ᴆ Ȃ 
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 ԍ ֓ ̆ ľ׆ץ Ŀ Ҭ ῒז ׆̂

̃̔  
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₯ search Ȃ ‰ ᵣ Ȃ 

 
 

 Ҭ Ҋץ ̔  

 

 

⇔  

ḱ  

 

ץ ₯ ҉ ׆ ץ

↓Ȃ 

 

↓ Ҭ ѿҩ ̆ Ҭ ᴪ ₮

Ȃ 

 

₮ Ḥ ̆↕ ̂ӊ
Ȃ̃ ̆ ľ ΐĿѿ Ҭľ

Ŀ Ḥ  Ӟ ҍץ ץ ῏ῤ Ȃ  

  

ѿҩ ̆ ₯ Ȃ  
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1.4.3  

 

LightcyclerЮ480ᴆ ҉ ľ ҍ Ŀ̂ᶛ ̔ ҍ№

Ҭ̃Ȃ ľ Ŀ ѿҩ ̂MWP̃ Ἕ

ᶛȂ Ἕ ԍ ̆ ᵬ Ȃ ᵬ ̆ ᵄץ Ҍᵄ ᶛ̆

Ӟ ᵄץ Ҍᵄ ľ ĿȂ ԅ ῏ľ Ŀ Ḥ ̆ Ҋѿ Ȃ 

 

ᶏ ֓ᾝ ҹ̔ 

 

 
    

ľ Ŀ Ҭ ľ
Ŀ   

Ἕ  

  Ἕ  

ľ Ŀ   Ἕ  

  ᵄ ľ ᶛĿ ľ ᶛ Ŀ Ἕ  

№   ᵄ ľ ᶛĿȁľ ᶛ Ŀ ľ Ŀ

Ἕ  

 

 
 

 

ץ ľ Ŀ Ҭ ̆ ἝҬ ľ ĿȂ ҹ ̆

₯ ̆ӞҌ Ḥ Ȃ Ҭ ̆ Ҍ ԍ ᵬ№ ̆↕ ҹ ̆Ҍ Ȃ 

ᶛҬ ‗ԍ№ Ȃ 

 

̆ ץ Ȃ Ҭ ҹ ȁ Ҋ Ȃ 

ҹ ȁ Ҋ Ȃ Ҭ ԍľ Ŀ Ҭץ № ҬȂ 

 

↓  

 

 

 

 

 

ᶛ  

Ἕ 



LightcyclerЮ 480 ᴆ  

ҍ  

ᴆ                                                                                            100 

 
ץ Ҋץ ἝҬ ̔ 

 

Ʒ ₯ ̆ ҬȂ 

ᵟ<Ctrl> ̆ ₯ Ҭ ̆ Ȃ 

Ʒ Ἕ ľ Ŀ ѿ ᶏ ̆ Ӈ Ҭ ̆ ꜚ Ҭ ֓

Ȃ 

Ʒ ₯ ҉ ̆ ῃ Ȃ 

ᵟ<Ctrl> ̆ ₯ Ҭ ҉ ̆ ῃ Ȃ 

Ʒ ₯ ↓ ̆ Ҭ ↓Ȃ 

ᵟ<Ctrl> ̆ ₯ ↓ ̆ ↓Ȃ 

ԍ Ҭ ↓ Ȃ 

Ʒ ₯ Ἕ ҉ ̆℗ ҩ Ȃ 

Ʒ ᶛ ľ ĿҬ̆ ᶏץ ľ ᶛ Ŀ ᵥ ᶛ Ȃ ľ

ᶛ Ŀ Ҭ ᶫ ‗ԍ ᵬ Ȃ 

Ʒ ₯ ᶛҬ ̆℗ Ȃ 

ᶛ ҍ ἝҬ Ȃ Ҭ ῃ ἝҬ Ҭ̆ Ӈ
ᶛ ҹ ҬȂ ᴋᵥ Ҭ ̆ Ҍᴪ ҹ ҬȂ 
Ʒ ₯ ᶛ ̆ Ҭ Ҭ ῃ ̆ Ҍ ῃ Ȃ 

Ʒ Ҭ Ҭ ⱴ −Ҭ׆ ̆ ᵟ<Ctrl> ₯ѿҩ ȁ ȁ↓̆ ₯ ѿҩ

Ȃ 

 

ꜚ Ἕ 

Ἕ ꜚ ̆ᶏ ץ ꜚ Ἕ̆ ⌠ῒᴋᵥ №Ȃ ꜚ ̆↓ Ḡ

Ȃ 

 

 

ץ ₃ Ἕ̔ 

Ʒ  

Ʒ ꜚ  

Ʒ ꜚ↓  
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Ἕ ᶫץҊ ̔ 

 

 ⱳ  

 ₯ ̆ ̆ ғῒҬ ҩ ⌠ Ȃ  

 ₯ ̆ Ҭ ̆ ғῒҬ ҩ ⌠ Ȃ  

 
₯ ̆ᶏ ̆ ץ ⌠ Ҭ ῃ Ȃ  

 

Ἕ ᶫ2ҩ ꜚ ̆ ԍ ̔ 

 

Ʒ ᵝԍ ᶷ̂ ̃ ̆ Ἕ ↓Ȃ 

Ʒ ᵝԍ ᶷ̂ ̃ ̆ Ἕ ῃ Ȃ 

Ʒ ᵝԍ ̂ ̃ ̆ Ἕ Ȃ 

Ʒ ᵝԍ ̂ ̃ ̆ Ἕ ῃ Ȃ 

 

̆ ץ ꜚ↓ ᶛȂ ῃ ↓

/ Ҭ ↓ Ȃ 

 

Ἕ 

 

Ἕ ᶫľ Ŀ ̆ᶏ Ἕ №Ȃ 

 

 
Ȃ 

 

ἝҬ ᶫ Ḥ  

 

ᵬῤ ̆ Ἕ ҊḤץ ̔ 
 

Ʒ ҩ ѿҩ ᶛ Ȃ 

Ʒ ҩ ѿҩ ̆ Ҭ ἝҬ Ḥ Ȃ ֓

ΐ ‗ԍ ᵬῤ Ȃ 

Ʒ Ἕ ⌠ ̆ Ҭ ῃ ̆ Ӈ 

Ʒ Ἕ ᶷ ᶛ ҹḤ ѿ Ȃ 

Ʒ ץ ץ Ҍ Ȃ ̆ץ Ӟ ᶛȂ 

Ʒ ҩ ᾝ ץ Ҭ Ḥ ᵬῤ Ȃ 

Ἕ ᾝ Ҭ Ḥ Ҍ Ȃ 
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1.4. 4  

 

Ҭ ’̆№ Ҭ  ̂

‗ ԍ Ạ ӈ̃Ӟ ₮ Ȃ ᶏץ №

Ҭ ̆ № Ҭⱴ῀/ ѿҩ Ȃ  

  

Ҭ ҍ Ҭ ѿ ̆ ҍ Ҭ
῏Ȃ Ҭ ᶛҬ Ȃ  

 

Ҭ ᴪ Ҭ ₮ ȂῒזḤ ̂ᵝԍ

ⱴ↓Ҭ̃Ӟ ץ ⱴ῀⌠ Ҭ̆ ‗ԍῒ ̂ᶛ ̔ № Ҭ ֜

Ȃ̃ ץ ԍѿҩ ῃ ₮ ̆ ᴪ ꜚ

ⱴѿҩ ꜚ Ȃ  

 
ᵰ ץ Ҭ ₮ ᴋ ѿҩ ᶏӊ № Ҭ₮ ̆p Ḥ ץ

№ Ȃ ᴪ ֦ Ȃ 

  

Ҭⱴ῀ ֓ ᶏ̆ ‰ shift - click ctrl - click

ᵬ Ȃ 

  

̆ Ӟ ץ ⱴ῀⌠№ Ҭ̆ Ӟ ῒҬ׆ץ Ȃ ⱴ῀

̆ Ҭ ᶷ ľ ⱴĿ Ȃľ ⱴĿ ₯ ℗ Ȃ

ľ ⱴĿ ̆ ץ ᵬ̆ᶛ ץ №

Ҭ ‰ ‰Ȃ  

  

 ԅѿҩ ⱴ ̆ № Ȃ  
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1.5 ₮ҍ ῀ ᴆ  

 

LightcyclerЮ 480ᴆҬ ῏Ḥ ̆↕ ᾢ

ᴆỮ ⌠ LightcyclerЮ 480ᴆ ҬȂ ̆ ╠ Ữ

҉ ῒז Ữ׃ ҉ ̆ ᴆ ῀⌠ LightcyclerЮ 480

ᴆ ҬȂ 

 

῀ѿҩ ᴆ ̆ ᴆ ᴆ Ҍᴪ ῀ ᵬ − ̕ ᴆ └⌠

Ҭ̆׆ ᶏ ץ LightcyclerЮ 480ᴆҬ ⌠ ᴆҬ Ḥ Ȃ

ᶛ ̆ Ҋ ֓ ’Ҋ ῀ ᴆ̔ 

LightcyclerЮ 480ᴆҬ ѿҩ ѿҩ׆ ꜚ⌠ ѿҩ

Ҭ̆ᵰ ᴆ׆ ₮⌠ѿҩ ᵝ ̂ᶛ ̃̆

ᴆ ῀⌠ ԋҩ ҬȂ 

ᶏ LightcyclerЮ 480ᴆ № ᴆȂ 

  

ᶏ ῀ └ ̆ ץ Ҋץ῀ ᴆ̔ 

  

ATF̔ LightcyclerЮ 480׆ ᴆ 3.5.3 ῀ ᴆ̕

ᶏץ Ҋ ῀ ΐѿ ҩ ᴆ ῤ ῃ FLO ᴆ ῀Ȃ̂ ῀ FLO

ᴆ ꜚ ᴪ ABT TEM ᴆ ῀Ȃ̃   

 

׆  ATF ᴆҬ ῀ ꜚ ľATFĿ ῏ Ȃ 
ѿҩ ̂470̃ 6ҩ ᾣ ̂№≢ ҹ 530̆  555̆  610̆  640̆  

670  710̃ Ȃ ῀ ᶏ ̆↕ Ҍᴪ ῒ
Ȃ ᴪ ѿҩľ5Ŀ ṿȂῒז ᴪ
Ȃ 

  

I XO̔ ׆ LightcyclerЮ ᴆ 4.0/4.5 LightcyclerЮ 480ᴆҬ

῀ ᴆ̕ ᶏץ Ҋ ῀ ΐѿ ҩ ᴆ ῤ ῃ IXO

ᴆ ῀Ȃ  

 

LightcyclerЮᴆ׆ 4.0 4.05 Ҭ ῀ IXO ᴆ ̆ ᴪ
῀⌠ LightcyclerЮ 480ҬȂῒזᴋᵥ ԍ IXO ᴆ̂ᶛ ̔№ ̃
Ҍᴪ ῀Ȃ  

Ҍΐ IXO ᴆҌ ῀̆ ᵬ ̆ ᴪ֟ ѿ
ҩ₮ Ḥ Ȃ  

ԍ ῀ ̆ ᴪ ꜚ ѿҩľ ῀ Ŀ Ȃ  
 

LightcyclerЮ 480ᴆ ץ Ữ ̆

ӊ ꜚ ̆↕ ₮ LightcyclerЮ 480ᴆ ᴆȂ ₮ ᴆ

Ҍᴪ Ҭ ̆ ᴆ └ LightcyclerЮ 480 XML

Ữ ᵝ Ȃ ₮ ᴆ .ץ ixo ҹ ᴆ Ȃ ̆ ץ LightcyclerЮ 

480 ᴆ ץ ỮȂ 

Lightcy clerЮ 480ᴆҬ ₮ IXO ᴆ ῀⌠ LightcyclerЮ4.05
ᴆҬȂ  

 

Ҋ Һ ꜛ ᵥ ҩ ᴆ ῀ ₮̂ ῀

₮̃LightcyclerЮ 480ᴆȂ   
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1.5 .1 ₮ ҩ LightcyclerЮ 480ᴆ ̔ 

 

׆ LightcyclerЮ 480ᴆ Һ Ҭ ҩ

LightcyclerЮ 480ᴆ ₮Ȃ 

  

Ҋ ң ץ LightcyclerЮ 480₮̔ 

1 ľ ĿҬ  

Һ Ҭ ῒ Ȃ 

    

ᶏ ᵬ ̆ ₯ Ȃ 

ᶏ Һ ᵬ ̆ ₯ Ȃ 

  

 ҹ Windows ᴆ Ȃ ץ ѿҩ ᴆ ₮ᵝ Ȃ  

  
ľ׆  ỮҹĿҊ Ҭ ₮ ̂ ץ *. ixo *. ltp ̃̔  

 
  

῀ѿҩ ᴆ ̆ ₯ľḠ ĿȂ  
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1.5 .2 ₮ ҩ ᴆ 

LightcyclerЮ 480ᴆҬ ѿҩ ₮ ΐ̆ ΐ ץ ѿҩ

Ҋ ᴆѿ ῃ ₮Ȃ Ҋץ ᵬ ѿҩ Ҋ ᴆῃ

₮̔ 

 

ᶏ ץ ₮Ȃ  

 

 ᶏ ѿҩ ꜛ ₮Ȃ ץ ₯ ׆
ѿ ╠ѿ ᵬȂ ̔ ╠ ӊ ̆ ץ
Ҋѿ Ȃ 

 

 

 ₯ └ Ȃ ҹ ₮ Ȃ

ľ ᴆĿ Ҭ̆ ׆ץ ╠ ѿҩ ᴆ Ȃ Ҭľ

ᴆ Ŀ ̆ ᴆ ᴪ Ȃ 

  

 
 

ľ Ŀ Ҋ̆ ѿҩ Ȃ ₯ ѿҩ ᴆ Ȃ

Ӟ ץ ῀ Ҭ ῀ Ȃ Ҍ ̆↕ ₯

῀ Ҋ ̆ ҹ ⇔ ӊȂ 

  

 
 

 ľ Ŀ Ҭ̆ ץ Ҍ ₮ Ȃ  
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׆  ᴆ Ҭ ₮ ̂ ץ ѿ Ȃ̃ 

 ᶏ ⇔ ḱ ̆ ץ ₮ ⱴץ Ȃ

ᶏץ Ҋ↓ Ҭ ᴋᵥѿ ̔ 

  

 nҩ  

 n  

 ѿҩ  

 

 ѿҩҍ ₮ ᴆ ̆↕ ᶫ Ҋꜚᵬᶫ  ̔  

 Ҍ ₮ 

 ’Ҋ̆ ѿҩ ᴆ 

 ᴆ ⱴ҉ѿҩ ᵬҹѿҩ ᴆḠ  

 

  
  

ľ Ŀ Ҭ̆ ץ ₮ Ȃ 

 

ľ Ŀ ҉ ľ Ŀ ѿ ₮ ᴪ ԍ Ȃ
₯ ̆ ץ ҉ѿ ₮ ׆ ₮Ȃ 

 

 
 

ľ ₮ Ŀ Ҭ̆ ץ ₮ Ȃ ₮ Ҭ ľ̆Ả Ŀ

Ȃ ץ ₯ľẢ Ŀ Ҭץ ₮ Ȃ 
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ľ Ŀ Ҭҹ ₮ ₮ Ȃ ₯ľ Ŀ ₮

Ȃ   

 

 
   

 
 
 
 

1.5 .3 ῀ ҩ ᴆ 

 

└ ҉ ľ ῀Ŀ̆ ῀ ᴆ ̔  

 ԍ FOLȁATB TEM ᴆ̆ ľATF ᴆĿȂ 

 ԍLightcyclerЮ 480LightcyclerЮ 4.0/4.05 ᴆ̆ ľ ҹ ixo
ᴆĿȂ 

 

⌠ ᴆ̆ ₯ľ ĿȂ ᴆᴪ ῀ Һ Ҭ   

2  

ҩ ᴆ ῀̆↕ ₯ ᴆ Ҋ  <Ctrl>
Ȃ  

 

  ῀ ᴆẠҹLightcyclerЮ 480Ҭ Ḡ ̆ ₯ľḠ

Ŀ Ȃ Ҭ ⌠ ᵝ Ḡ ̆ ῀ѿҩ
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̆ ₯OKȂ 

 

  
 

῀ LightcyclerЮ 4.0/4.05ᴆ Ҭ ễ ̆↕
ᴆ ễ ῀ ғ ѿҩ ễ Ȃ 

  

  

 

 

 

1.5 .4 ῀ ҩ ᴆ 

Li ghtcyclerЮ 480ᴆҬ ѿҩ ῀ ΐ̆ ΐ ѿץ

ѿҩ Ҋ ᴆῃ ῀Ȃ 

 

FLO ᴆ ῀ ̆ Ҋ ҍ ҩ FLO ᴆ
ABT TEM ᴆ̆ ↕ FLO ᴆ ῀ Ȃ 

   

ᶏ ץ ῀Ȃ  

  

ᶏ ꜛ ῀Ȃ ץ ₯ ׆
ѿ ╠ѿ ᵬȂ ̔ ╠ ӊ ̆

ץ Ҋѿ Ȃ  

  

Ҋץ ᵬ̆ ѿץ ῀ѿҩ Ҋ ῃ ᴆȂ

̆ ץ ῒ ῀Ȃ  

                                                                           

₯ └ Ȃ ҹ ľ ῀Ŀ Ȃ ῀

ľ ᴆĿ Ҭ ᴆ Ȃ ᴆ ⱴ῀⌠↓ Ҭ̆ ₯ľ ⱴĿ
Ȃ Ҭľ ᴆ Ŀ ̆ ᴆ Ҭ ᴆ ᴪ ⱴ῀⌠ ῀

ҬȂ ₯ľ− Ŀ̆ ׆ץ ᴆ↓ Ҭ− Ȃ 

1  
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ľ Ŀ Ҭ̆ᶏ ᵝ ׆ ╠ Ҭ ѿҩ Ȃ  

 

 

 
 

 

 

 ľ Ŀ Ҭ̆ ץ Ҍ ῀ ῀ Ȃ 
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Ҋץ ץ ̔  

 

׆ Ҋ ῀ ATF I XO ᴆ̂ ױ ᴋ Ȃ̃  

ѿҩҍ ₮ ᴆ ̆ ꜚᵬȂ  

  

 ᶫ ꜚᵬ ̔ 

 

 Ҍ ₮ 

 ̆ ѿҩ ᴆ 

 ᴆ ⱴ҉ѿҩ ׆ ᴆץѿҩ Ḡ  

  

 ₯ľҊѿ Ŀ ῀ Ȃ 

  

 ľ Ŀ Ҭ҉ ľ Ŀ ѿ ῀ ᴪ ԍ
Ȃ ₯ľ Ŀ ̆ ץ ҉ѿ ῀ ׆
῀Ȃ  

 

ľ Ŀ Ҭ̆ ץ ῀ Ȃ ῀ Ҭ ľ̆Ả Ŀ
Ȃ ץ ₯ľẢ Ŀ ׆ Ҭ ῀ Ȃ  

 

῀ ľ̆ Ŀ Ҭ ᴪ ₮ ῀ Ȃ ₯ľ Ŀ ₮

Ȃ   
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2. ҍ  

 

LightcyclerЮ 480 ᴆ Ҭ ᶫ Ḥ LightcyclerЮ 480

ת ᵬȂ ѿҩ Ҭ̆ ԅת ȁḠ ȁ

ץ ῒז Ȃ ̆ ᴆ ת׆ץ Ҭ ᾣ

ῒ ľ Ŀ ҬȂ ̆ Ḡץ ̆ ᶏ LightcyclerЮ 

480 ᴆ № № Ȃ 

  

Һ ᵥ Ҋ ᵬ̔  

 

  

  

 ӈ  
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2.1  

 

Һ Ҋῤץ ̔ ת ⱴ ‛ ӈ̆

ᶫѿ Ḥ Ȃ ѿҩ ̆↕ ΐ

Ȃ ῏ԍ ΐ Ḥ ̆ ľ

Ŀѿ Ҭ ῏ῤ Ȃ 
 

LightcyclerЮ 480ᴆҬ ԅת ӊ ̆ ץ
ȂLightcyclerЮ 480ᴆ ᶫң LightcyclerЮ 480ת ̂96
384 ̃̆ ץ Ҋ Ȃ ת
ѿҩ ̆↕ ת Ҭ ң ת Ҭ ѿ

ῒ ҹ ת Ȃ ѿҩ ̆ Ҍץ ѿҩת ̂
ᶏ ת Ȃ̃  

Ҋѿץ Ȃ ҩѿ ᵬ Ḥ Ȃ  

 

ᵥ ѿҩ ̔ 

 

 ᴋⱵ Ҭ ₯ľ Ŀ̆ ⌠ ľ ĿȂ
LightcyclerЮ 480ת ₯ Ȃ 

 

ľ Ŀ ľ⇔ Ŀ Ҭ ⇔Ҋץ ̔ 

  

 
 

̂ ‗ԍ ת ̆ Ҍ ̃ 

̂ ̃ 

ᵣ  

  

Ҋ׆  Ҭ ̆ ץ ᶏ ľ └Ŀ
ḱ Ȃ Ḥ ̆ ľ Ŀѿ Ȃ 

  

ľ Ŀ Ҭ ῀ѿҩ PCR ̆ ᶏץ ῀̆Ӟ

ᶏץ ת ῀Ȃ ԅ LIMS/

̂ Ḥ ̃̆ ↕ ת ῀ ̆ ץ

LightcyclerЮ 480ת ῤ ת ꜚ Ȃ 

 ῀ԅѿ ⌠ľ Ŀ ̆
ת ₮ ҍ ῀ Ҍѿ ̆ ᴆᴪ ῀
̂ ץ ҹ‰ Ȃ̃ ľ Ŀ̆ ↕ Ȃ  

ѿҩץ ҹ ᵝ ᵣ Ȃ ᵣ ‗ ԍ

Ȃ  

96 ̔10- 100  

384 ̔5- 20  

ᶏץ  ᵣ ᵣ ҹ 3 Ȃᵖ ̆ ױ Ҍ ᶏ
ᵣ ̆ ҹ ̆ ᵣ Ȃ

ᶏ Ӈ ᵣ ̆ Ḡ Ҭ ᵣ ᾧ ̂ᶛ ̔ᶏ
Ȃ̃ 



ҍ  

 

ᴆ                                                                                            113 

 

ľ Ŀҍ Ŀ Ҭ̆ ₯ľ ⱴĿ ̆ ץ ⱴ

Ҭ ῒז ̂ ѿҩ ץ ᶫ Ȃ̃ ѿҩ

↓Ҭ ԅ ȁ ȁ№ ̂ Ḥ ̆ ľ
ҍ Ŀѿ Ҭ ῏ῤ Ȃ̃ 

6  

 
  

̆ Ӟ ץ Ҋץ ᶏ ̔ 

  ã ₯ľᶏ Ŀץ ľᶏ Ŀ Ȃ  

  b̃׆↓ Ҭ ѿҩ ̆ ₯ Ȃ 

ῤ ץ ⌠ ҬԅȂ ̆ ḱץ ⇔

̆ ץ Ȃ 

 

̂ ̃ ľ Ŀ Ҭ̆ ₯ľ Ŀץ ӈ Ḥ Ȃ Ḥ ̆

ľ Ŀѿ Ҭ ῏ῤ Ȃ 

 

̂ ̃ ľ Ŀ Ҭ̆ ₯ľ Ŀץ ӈ Ȃ Ḥ ̆

ľᶏ ᵬĿѿ Ȃ  

 

ӊ╠̆ Ḥ ӈȂ ץ ̆
ӊҬ ӊ ӈ ֓Ḥ Ȃ 

 

‰ ῒ ת⌠῀ ӊҬ̂ ľ ᵬĿҬ ῏ῤ Ȃ̃ 

   

 

₯ľ ĿȂ 

 

ת⌠῀  ӊҬ ľ̆ Ŀ ᴪ Ȃ 
  

  

ҹ ľḠ Ŀ Ȃҹ ῀ѿҩ ̆ ѿҩḠ

ᴆ Ȃ 
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2.1.1  

 

̆ ץ ᾣ Ȃ 

  

₯ľ Ŀ ľ⇔ Ŀ Ҭ ľ └Ŀ ľ̆ Ŀ ᴪ

₮ Ȃ ̆ ץ ҉ ḱ Ȃ

ḱ ᴪ ⌠ ╠ ҬȂ 

 

̆ └ ԅȂ Ҭ ᶏ
ԅѿ Ҍ ̆↕ᴪ ҹת ⌠
Ȃ 

  

ᵥ ̔ 

 

ľ⇔ Ŀ Ҋ׆̆ Ҭ ѿ Ȃ Ḥ

̆ ľ ΐĿѿ Ȃ  

 

ḱ ̆ ₯ľ └ĿȂ ҹ ľ Ŀ
Ȃ  

 

 
  

ѿ ᾣ ̔  

ꜚ ̔ҌῬ ᴋᵥ ῀ 

 Ҋ L̆ight cyclerЮ 480ᴆᶏ ľ ᾣ ĿҬ ӈ ľ
Ŀ Ҭ ∆ ṿ ꜚ ᾣ Ȃ ҩ ₮

ᾣ ᶃ ᾣ Ȃ̂ Ḥ ̆ ľ ΐĿѿ
Ҭ ῏ῤ Ȃ̃    

ꜚ ̔ ѿ ᾣ ѿҩ ᾣ ṿȂ ꜚ ᾣ ᶏ

ҹ ᵝ̆ ҹ 0.01 10 Ȃ 

ҹ ᾣ Ȃ ’Ҋ̆ ᾣ Ȃ

̆ ץ ץ ѿ ᾣ Ȃ  

 ᶛ ̆ ᾣ ľ Hybprobe Ŀ̆ ᵖ
ᶏ 610- - 640 ̆ Ӈ ľFluosĿ ľCy5Ŀ

ᾣ Ȃ ᶏ Ҍᴪ ָӇҌ ̆ᵖᶏ
ᾣ ̆ ҹῒҬᴪ ѿ֓ Ҍ ̆ ᴪᶏ Ҍ Ȃ 

 ễ ̆ ᴪ ⌠ Hybprobe Ҭ ᾣ
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ᾣ Ȃ   

₯ ̆ ᾣ ᴪ ⌠ ҬԅȂ  

 

 

 

2.1.2 ӈ ҍ  

 

ҩ ѿҩ ҩ Ȃ ҩ Ӟ ҩ ᶏ Ȃ ҩ Ҭ

ѿҩ ҩ Ȃ ԅ Ҭ ⌠ ṿȁ

ȁ ῤ⌠ Ȃ ץ ľ Ŀ Ҭ ľ Ŀ Ҭ ӈ

ῒ Ȃ  

 

Ҋ ᶛ ԅ ҩ ̔ ȁPCRȁ ‛ Ȃ ľ Ŀ Ҭ ԅ PCR

̂ 45 ̃ ̆ Ҋ ľPCR Ŀ Ҭᴪ ꜚ ₮ ҩ Ȃ  
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ᵥ ӈ ҍ ̔ 

ľ Ŀ Ҭ ľ Ŀ Ҭ̆ ₯ⱴ ⱴѿҩ Ȃ ѿҩ ҹ

ľ Ŀ ᴪ ⱴ҉ ̆ Ҭ ѿҩ Ȃ 

ץ ⱴ 99ҩ Ȃ 

Ҋ↓ ṿ ̆ ₯ ҉ <Tab> ᶏץ ╠ ↓ѿ׆

⌠Ҋѿ↓Ȃ̂ Ҭ ῀ԅ ṿ̆ ₯⁞ − ѿ ̆

Ȃ̃  

 / ӈ ṿ 

 Ȃ ₯ľ
Ŀ ̆ҹ ῀ѿ

ҩ Ȃ 

ᴋᵥ ұȂ 

 Ҭ

Ȃ ץ

῀ѿҩ ṿ̆Ӟ ץ

₯҉ Ҋ

Ȃ 

1- 99  

 

№  ᶏ №

Ȃ Ҋ׆ ↓ Ҭ

ѿ № Ȃ 

№ ԅ
Ҭ ץ

Ȃ̂ᶛ ̔
№ ̆↕
ľ Ŀ

ԅȂ 

̔Ҍ‰ № Ȃ 

‰̔ №

Ȃ 

‰̔

№ Ȃ 

ễ ‰̔

ễ№ Ȃ 

 

 

ľ Ŀ Ҭ̆ ѿҩ Ҋ₃ҩץ ṿ Ȃ  

 

  / ӈ ṿ 

 / Ȃ 

῀ѿ ṿȂ 

37£C99£C̆

’Ҋᶏ ҹ

95£CȂ 

 ᶏ ᾣ

Ȃ Ҋ ↓

Ҭ ѿ Ȃ 

Ҍ̔ ᾣ

Ȃ 

ҩ̔ ҩ Ҭ

ѿ ѿ

ᾣ ̆

№ ᶏ

ῖ Ȃ 

̔ ᾣ

̆

№

ễ№ ᶏ ῖ

Ȃ 

Ḡ  Ḡ ̂ᶏ

ľ ̔№ ̔ Ŀ

̃Ȃ 

῀ѿḠ Ȃ  

00̔ 00̔ 00 ͠  12̔ 00̔

00 
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 / ӈ ṿ 

̂ / ̃ 

 

ת ⱴ ‛ ⌠

Ȃ ῀ѿ

ṿȂ 

‗ԍ ת
҉
Ȃ  

ⱴ ̔1.0 ͠ 

4.8 £C/sȂ 

‛ ̔1.0 ͠ 

2.5 £C/sȂ  

‛ ⌠ᵞԍ 50 ᵞ
̆ ᶏ

ԍ ᵞԍ 2.0£C/s
Ȃ 

̂  ̃ Ҭ

Ȃֽ ľ Ŀ

Ҭ Ȃ 

1 100̆ ṿҹ 5Ȃ

ԍ №
ѿ ̆

ῒ ᴨ
̆

ѿ 1 /£

C-- 5 / £CȂ 

ԋ ̂

̃ 

ԋ

ѿҩ ⌠

Ȃᶏ ѿ ̆

ץ Ҭ

№ Ȃ

῀ѿ ṿȂ 

0̔£Ĉ Ҍ

ԋ Ȃ̃

3̔7£C ͠ 99£CȂ 

ṿ̂ ̃ ⌠ ԋ ̆

ѿҩ

Ȃ ῀ѿ ṿȂ  

̔0£Ĉ ̆

ԍҌ ԋ

’ Ȃ̃ ṿ̔

0.1£C ͠ 20£CȂ 

̂  ̃ ṿ ѿ ᶏ ╠

Ȃ 

̔0̂ ѿҩ

Ȃ̃ ṿ̔

0 ͠ 99  
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₯ⱴ ╠ Ҭ ⱴ ѿҩ ̆ ῀ ṿȂ ╠ Ҭ

ҩ Ȃ  

 

ץ ⱴ 99ҩ Ȃ  

 

1⌠ 4̆ ץ ⱴ ҩ ץ ױ Ȃ 

 

̆ ץ ₯ ̆ ₯҉

Ҋ ↓ Ҭ ᵝ Ȃ 

  

ѿҩ ̆ ҩ ̆ ₯⁞ Ȃ 

 .   

̆ Ҭ ₮ Ȃ

ѿ ̆ ץ ץ ̆

ғ ץ Ҭ ḱ Ȃ 

 

 
 

Ҭ ԅ ṿȂ 

  

₯ľѿ ꜚᵬĿ Ҭ Ḡ Ḡץ Ȃ ⌠ Ḡ

ᵝ ̆ ῀ ̆ ₯ Ȃ 
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2.1.3 └  

 

ת̆ ľ Ŀ Ҭ ľ Ŀ Ҭץ

₮ Ȃ ᶫᶏ ῍ ҈ ̔  

 ᾣ ̔ ᶏ ᾣ ᾣ ᵬ  

 ̔ Ҭ  

 ᾣ ץ̔ ᾣ ᵬ Ȃ 

ץ ╠ ̆ ץ ῒ Ȃ 

 

 Ҭ ̆ ץ └Ȃ 

   

ᵥ └ ̔ 

ľ Ŀ Ҭ ľ Ŀ ̆ ₯ ḱ ҉

Ȃ ᴪҹ ΐ̆ ΐҬ ѿҩ Ȃ 

ᾣ Ҭ ѿ֓ ᶫ Ȃ 

 

̆↕ ľ׆ Ŀ Ҭ ѿ ̔ 

ᾣ ץ̔ ᾣ ̆  

ץ̔  

ᾣ ץ̔ ᾣ  

 

  ᵥ ľ ᾣ Ŀ ̔  

 ̂ ץ X ȁ̃ ᾣ ץ

Ȃ ̆ ץ ⁞ Ȃ 
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2.2  

 

ӈ ԅ⇔ ̂ ץ ץ̃ ̆ ץ

LightcyclerЮ 480ת ԅȂ 

  

ᵥ ̔ 

   

ľ ᵬĿѿ Ҭ ῏ῤ LightcyclerЮ 480ת ‰ Ȃ 

ľ ᵬĿѿ Ҭ ῏ῤ ῀⌠LightcyclerЮ 480ת ҬȂ 

₯ľ Ŀ Ҭ ľ ĿȂ 

 

ת  ץ ѿҩ Ȃ
ת⌠῀ ӊҬ ľ̆ Ŀ ᴪ Ȃ  
 

ᴪ Ḡ Ȃҹ ῀ ⌠ Ḡ ᵝ

Ȃ 

  

῏ ԅľḠ Ŀ ̂ Ḡ ̃̆ ת↕ Ȃ   

  

̆ ѿҩ ̆ ԅץ Ȃ 

  

 
 

Ҭ ľ̆Ḥ Ŀ ᴪҌ Ҭ₮

Ḥ ̆ Ҭ Ӟᴪ ľ Ŀ ҬȂ 

  

̆↕ ↓ Ҭ ̂ѿҩ ҩ ̃̆ ᴪҹ

ӊȂ ̆ ץ Ҭ Ȃ

Ḥ ̆ ľ └ Ŀѿ Ҭ ῏ῤ Ȃ 

  

̂ ̃ ץ ӊ Ῥ ⱴץ ễȂᶏ ľ ễĿ

῏ ễ̆ ễ Ȃ 

 

῏ ễ ễ№ Ȃ 

Ҍ ᶏ ễ ̆ Ȃ 

ᶏ Ҭ ץ ľ׆ ễĿ↓ Ҭ ѿҩ

Ȃ 

↓ ҬҬ ԅ ̂ ╠ ̃

ễ ̆ ҩ ῤ ᴪ↓₮ ễ

ᾣ Ȃ 

Ҭ ץ ľ ễĿ↓ Ҭ ѿҩ ̆ ↓

Ҭ ₮ ԍ ễ Ȃ↓ Ҭ ԅ ѿ

ҩ ȁ⇔ ȁ ԍ ễ ᾣ

Ȃ 
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̂ ̃ Ҭ ᵥ Ả ̔  

 ₯ľ Ŀ Ả ╠ Ҭ Ҋѿ Ȃ  

 

ԅ ᵬ̆ ̆ ץ ῒ № ԅȂ 
 
₯ľ ⱴ 10ҩ Ŀ ץ ╠ ⱴ 10ҩ Ȃ 

₯ľ ₮ Ŀ Ȃ̂ Ҭ̆ ľ ľ
ᴪ Ŀ ₮ Ŀ ף Ȃ̃  

 

₯ԅľ ₮ Ŀ ̆↕ ̆ Ӟ ῒ
№ ԅȂ   

 

̆ ₮ Ḥ ľ ĿȂ  

 

 
 

̆ ׆ץ Ҭ ₯ľ Ŀ ׆

Ḥ ⱴץ ᾟȂ Ḥ ̆ ľ ῀ Ḥ Ŀѿ Ҭ ῏ῤ Ȃ  

 

╠ȁ Ҭ ᴋ ̆ ץ Ḥ ῀
ḱ Ȃ ױ ╠ ῀ Ḥ Ȃ  

 

  

Ҭ̆ ╠ ѿ֓ҳ ᴍ ᴆᴪ Ữ⌠ ᴆ ҬȂ
ғ Ữ̆↕ ֓ҳ ᴍ ᴆ ̂ ꜚ̃

− Ȃ ҍת Ҭ ̆↕ ᴆ ꜚ ת׆ Ҭ
Ҋ Ȃ ҳ Ҭ ṿҹ 7№ Ȃ Ҭ ԅ
ṿ̆↕ ᴪ ҹ Ҭ ֟ ѿҩ Ḥ Ȃ ᴍ ᴆ ת ׅ
̆↕ Ҋ ⌠ ѿ ̆ ᴆ ⌠ ᴆ
’Ҋׅ̆ ᴪ ῒ ꜚ Ȃ ᴆ ⌠ ̆↕ ᴪ

ᴍ ᴆ − ᵬȂ   
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2.3 ῀ Ḥ  

 

ᶏ Lightcycler Ю 480 ᴆľ Ŀ Ҭ ῏Ḥ Ȃ ץ

╠ȁ Ҭ ֲ ῀ Ḥ Ȃ⇔ ѿҩ ̆ľ Ŀ ׆ץ

ᵝ№ ᴆҬ ῀Ȃ 

ץ ̆ Ҍ ץ↕ Ȃ └ ץ Ȃ 
  

ҩ ᴪ ꜚ ҹ"Repl. of S ̆"ῒҬ"S"ף Ȃ №

Ҭ Ḥ └ԍ Ȃ  

 
2.3.1  

 

ľ Ŀ Ҭ̆ ₯ľ Ŀ̆ ľ Ŀ Ȃ ľ

Ŀ ľ ĿȂ 

 

 
 

₯ľꜚᵬĿ ľ ῏ Ŀ ҹľ ĿȂ 
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2.3. 2 ꜚᵬ  

 
ľ ĿľꜚᵬĿ Ҋץ ̔ 

 

 

 ⱳ  

ľ Ŀ 

 

 

ľ ҹ

Ŀ 

₯ľ Ŀ̆ ľ Ŀ Ȃ׆↓

Ҭ Ҭѿҩľ Ŀ ₯ Ȃ ԍ

Ȃ 

₯ľ ҹ Ŀ̆ ľ Ŀ Ȃ Ḡ

ᵝ ľ Ŀ ῀ Ȃ ₯ Ȃ 

ľ Ŀ ₯ľ Ŀ̆ ľ Ŀ

Ȃ ľ Ŀ ľ ĿҬ ⱴ − ̆

₯ Ȃ ԅ Ḥ ̆ ľ Ŀ

ѿ Ȃ 

ľ ῏

̂ ̃Ŀ 

ľ ῏

̂ ̃Ŀ 

₯ ̆ ľ Ŀ ľ Ŀ ľ Ŀ

ӊ ℗ Ȃ 

ľῃ Ŀ ₯ľῃ Ŀ̆ Ḥ ῃ ҹ ṿ̆

ᴋᵥҍ№ ῏ ľ Ŀ ҹῒ

ṿȂ 

ľ ῀Ŀ ₯ľ ῀Ŀ̆ ľ Ḥ ῀Ŀ ̆

῀ ᴆȂ ԅ Ḥ ̆ ľ ῀ ₮

Ḥ Ŀѿ Ȃ 

ľ ₮Ŀ ₯ľ ₮Ŀ̆ ᴆ Ȃ Ḡ ᵝ

῀ ₮ ᴆ Ȃľ Ŀ ₮ҹ

№ ᴆȂ ԅ Ḥ ̆ ľ ῀

₮ Ḥ Ŀѿ Ȃ 
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ľ└ᵬ Ŀ 

ľ ꜚ └Ŀ 

ľ Ŀ 

ҩ ᵬ ѿҩ ľ Ŀ̆ ҈ҩ

̔ 

Ʒ ₯ľ└ᵬ Ŀ̆ ѿҩ ᵬҹ ⇔

╠ Ȃ 

Ʒ ₯ľ ꜚ └Ŀ̆⇔ Ҭ ̆

֓ ΐ ᾣ Ȃ 

Ʒ ₯ľ Ŀ̆ ľRepl OfĿȂ

ׅ̆Ḡ ῒᵬҹ ΐ Ȃ 

 

2.3. 3  

 
ľ Ŀ ᶏ ץ └ľ Ŀ Ȃ 

 

Ʒ Ҭ ľ Ŀ ľ ĿҬ ľ Ŀ ľ ĿҬ Ȃ 

 

Ʒ Ҭľ Ŀ ľ ĿҬ Ȃ 

 

ľ Ŀ ̔ 

 

 ľ ĿľꜚᵬĿ Ҭ ₯ľ ĿȂ ľ Ŀ Ȃ 

 

 ľ Ŀ↓ Ҭ Ҭ ľ Ŀ / ľ ĿҬ ̆

Ȃ Ҭ ץ ľ Ŀ ľ Ŀ↓ Ȃ 

̂ ̃ ľ Ŀ ľ Ŀ↓ Ҭ ѿҩ ̆ ₯ ץ

Ȃ 

 ₯ ̆̓͂ ľ Ŀ Ȃ ԍľ Ŀ ľ

ĿҬȂ 

ѿ Ḡ Ȃ 



№  

ᴆ                                                                                            125 

 
2.3. 4 ῀ Ḥ  

 

 
῀ Ḥ ̔ 

 

 ľ Ŀ Ҭ̆ ₯ľ ĿȂľ Ŀ Ȃ 

 ľ ᵬ Ŀ ҍ ⇔ ᵬ Ȃ 

 
 

Ҭ ᵬ ̆LightCycler ̙480 ꜚ ľ Ŀ ľ ĿȂ ꜚ

ⱴ⌠ľ Ŀ ľ ĿȂ Ҭ ᵬ ̆ⱴ Ȃľ Ŀ ľ

Ŀ ᵬ ⱴ⌠ ᵬ ̆ Ҍ− ᴋᵥ

Ȃ 

 └ľ Ŀ ̔ 

Ʒ ľ ᾣ Ŀ Ҭᶏ ᾣ Ȃ 

Ʒ ľ Ŀ Ҭ̆ ѿҩ ᾢ ̆ ľῃ Ŀץ

҉ Ȃ ԅ ῏ Ḥ ̆ ľᶏ Ŀѿ Ȃ 

Ʒ ₯ľ ĿľꜚᵬĿ Ҭ ῏ ̆ ľ Ŀ ľ Ŀӊ ℗ Ȃ 

Ʒ ľ Ŀ ľ ĿҬ̆ᶏ ľ ᶛ Ŀ ľ ᶛĿҬ ľ

Ŀ ľ ĿҬ Ȃľ ᶛ ĿҬ ᶫ ‗ԍ

ᵬ Ȃ 

Ʒ ľ ĿľꜚᵬĿ Ҭ ₯ľ Ŀ ̆ ľ Ŀ Ȃ

ľ Ŀ ľ ĿҬ ⱴ − ̆ ₯ Ȃ ԅ Ḥ ̆ ľ

Ŀѿ Ȃ 

 Ҭ Ҭ Ȃ ԅ ῏ Ҭ Ḥ ̆ ԍ ῏ Ҭ

ѿ Ȃ 
ƷƷƷ 

 ῀ ҩ ѿ Ḥ Ȃ ץ ῀  

Ʒ ľ ĿҬ̆ ľ Ҭ ῀ Ŀѿ ̆  

Ʒ ľ ĿҬ̆ ľ ҬҬ ῀ Ŀѿ Ȃ 

 

    

ᾛ̕

̂ 25ҩ )  

Repl Of  
ҹ ̆

ᵝ   

ѿҩ ҹ

̂ Ҍ ҹѿҩ

⇔ ̃Ȃ ῀

ᵝ ̆ᶛ ̆ľA5Ŀ 

    ֽᶫ   

  ᴋᵥ῏ԍ ⱴḤ     

ID ̔  ID   
ᾛ̕

̂ 11ҩ )  

└   
└ Ḥ

ץ ⱴ⌠ ҩ Ȃ  

  

ID  + ̆ᶛ ̔

E1004  

 

 ľ ᵬ Ŀ ᵬ ̆ ῀ Ȃ ԅ ῏ԍ

Ḥ ̆ № Ȃ 



№  

ᴆ                                                                                            126 

 ̂ ̃ ₯ľ Ŀ ̆ҹ Ҭ ⇔ Ȃ 

Ʒ ľ└ᵬ Ŀ̆ ⇔ ╠ ̆ ѿҩ ᵬҹ Ȃ 

Ʒ ľ ꜚ └Ŀ̆ ⇔ ̆ ֓ ΐ ᾣ

Ȃ 

Ʒ ľ Ŀ̆ ľRepl OfĿ↓Ȃ ׅ̆Ḡ ῒᵬҹ

ΐ Ȃ 

 Ҭ ᾣ Ҍ Ȃ ᶏ ľ ꜚ └Ŀ ̆
ѿ Ȃ 

 ̂ ̃ Ῥ ѿ ̆ ₯ľ ĿȂ ľ Ŀ̆ Ḥ

ῃ ҹ ṿ̆ ᴋᵥҍ№ ῏ ҹῒ ṿȂ 

 ̆ ľ ꜚᵬ ĿҬ ₯ Ḡץ Ḥ Ȃ 

 ₮ ⱴ ̆ Ἕ ₯ Ȃ 

ǳ 

 

Ҭ ῀  

 

ľ ĿҬ ῀ ̆ Ҍ Ȃ 

Ʒ ᾝ Ҭ ῀ ̔ 

Ʒ ҩ ᾝ Ҭ ₯̆ ṿȂ 

Ʒ Ҭѿ ᾝ ̆ └ ῒז № Ҭ ῤ Ȃ 

Ʒ Ҭѿ ᾝ ̆ └ ̂ Microsoft Excel ̃Ҭ Ҭ ῤ Ȃ 

Ʒ Ҭѿ ᾝ ̆ ῀ ṿ̆ <Enter> Ȃ 

ԅ ῏ᶏ Ḥ ̆ ľᶏ Ŀѿ Ȃ 

Ʒ ᶏ ľⱴ Ŀ ῀ ̔ 

Ҭ ᵬ ľⱴ Ŀ Ȃ ԅ ῏ľⱴ Ŀ № ῏

̆ № Ȃ 

 ἝҬ Ȃ ԍľⱴ Ŀ Ҭ  ̔

Ʒ ѿҩ ṿ ῃ Ҭ ѿ ̆ Ӈ ṿ ԍľⱴ Ŀ Ȃ 

Ʒ ѿҩ ṿ ҬҌ ̆ ӇҌ ṿȂ 

 ľⱴ Ŀ ṿȂ 

ṿ ԍῃ Ȃ 

 ҩ ̆ Ӈ ῤ ԍľⱴ Ŀ Ȃ 

ץ ṿȂ 

ǳ 

 

Ҭ ῀  

 

ľ ĿҬ̆ ľ ĿҬ ῀ Ȃ 

 ₯ľ ῏ ̂ ̃Ŀ ̆℗ ⌠ľ ĿȂ 

 ľ Ŀѿ ̆ ľ ĿҬ Ȃ 

 ἝҬ Ȃ ԍľ ĿҬ̔ 

Ʒ ѿҩ ṿ ῃ Ҭ ѿ ̆ Ӈ ṿ ԍľ Ŀ Ȃ 

Ʒ ѿҩ ṿ ҬҌ ̆ ӇҌ ṿȂ 

 ľ Ŀ ṿȂ 
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ṿ ԍῃ Ȃ 

ҩ ̆ Ӈ ῤ ԍľ Ŀ Ȃ ץ
ṿȂ 

ǳ 

 

῀ ₮ Ḥ  

 

ľ Ŀ ᶫ ῀ⱳ ̆ ׆ץ № ᴆ ⌠ľ Ŀ

Ҭ̆ ľ Ŀ ľ ĿҬȂ ֓ ῀ ᴆ ץ ̂ᶛ

Microsoft Excel ̃⇔ Ȃ 

 

ҹԅ ԍ ꜚ ῀̆ Ḥ ᴆ ΐ ̔ 

 

Ʒ ῀ ᴆҬ ѿ ҍѿҩ ᵝ ῏̆ ῀ Ҭ ѿ↓ ҍѿ

ҩľ Ŀ Ҭ ѿҩ ῏Ȃ 

Ʒ ῀ ᴆ ѿ ᵝ Ȃ ᵝ ↓̆ ᵝ

↓Ҭ ̆ Ӈ ᴆҌ ῀̆ľOKĿ Ҍᴪ Ȃ 

Ʒ ľ ᵝ Ŀ ↓̂ľPosĿľRepl. OfĿ↓̃ ѿ ѿ↓ ҩ

ᵝ ṿ̂ ҹ A1ȁB2 Ȃ̃ ↓ ԍ ╠ MTP ҬȂ 

ᴋᵥᵝ ̆ Ӈ ᴆ Ҭ Ҍ ῀̆ Ҭ ѿ

ҩ Ȃ 

Ʒ ľ ᾣ Ŀ ↓̂ľFilt. Comb.ĿľDominant ChannelĿ↓̃

XXX- YYY ұ̆ XXX YYY Ҭ Ȃ ᴋᵥ Ҭ

ṿ ̆ Ӈ ᴆ Ҭ Ҍ ῀̆ ғ ҬȂ 

Ʒ ԍ № ľ Ŀ↓ ľ ĿҬ ↓ ↓

Ҭ ṿ̂ᶛ ̆ ԍ ̆ ↓ҹľ Ŀ ľ ‰Ŀ Ȃ̃ ᴋᵥ Ҭ

ṿ ̆ Ӈ Ҭ Ҍ ῀̆ ғ ҬȂ 

Ʒ ᴆҬᴋᵥѿ ľ#Ŀץ ̆ Ӈ ҹ ̆ Ȃ 

ѿҩ ѿҩ ľ#Ŀ̆ Ӈ ӥΏ Ȃ 

Ʒ ᴋᵥ ̂└ ̃ ̆ Ӈ ӥ

Ώ Ȃ 

Ʒ ῀ ᴆ ѿ↓ ↓̆ ᶏ ↓Ȃ ᴋᵥ Ҭ₮

↓ Ҍ ̆ Ӈ ᴆ Ҍ ῀̆ ғ ҬȂ 

 

῀ ᴆ Ȃ ץ ╠

ᴆ ΐ Ȃ ̆ Ӈ ᴆҬ ѿ ᵬ Ȃ Ҍ ̆

Ӈ ᴆҬ ѿ ᵬ Ȃ ᴆ ̆ ≢ ѿ Ҭ

↓ ̆ Ӈ ᴆ ꜚ Ȃ ↕̆ ҹҌ Ȃ 

 

Ҭ Ḥ ҹ № ̆ ғҍ ᴆ ῒᵩ №ѿ Ȃ Ҭ ῏

ҍ ᴆ ῏ ѿ Ȃ ѿҩ ҩ↓Ҭ ῏ ҍ ᴆ Ҍ

̆ Ӈ ᴆ № ⌠ῒ ↓ҬȂ Ҋ ₮ԅ↓ Ҭ ῏

ץ̆ ľ Ŀ Ҭ ῏ ̔ 

 

 

 

 

 

≢  ↓  Ҭ  
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ѿ   ѿ ̔     

 ѿ ̔   Repl Of  

 ѿ ̔     

 ѿ ̔     

 ѿ ̔     

 ѿ ̔ ID   ID   

 ѿ ̔ └   └   

 ѿ ̔     

  ̔     

 ̔     

 ̔     

ễ  ễ̔Һ   Һ   

№   № ̔     

 № ̔     

№   
̔   

  

 ̔     

 ̔Cp Low  Cp Low  

 ̔Cp High  Cp High  

№   № ̔   №   

 № ̔   №   

  

̔  

̔   

 

  

 ̔     

  

̔   

  

 ̔    

 
῀ ᴆ ᾝ ̆ Ҍᴪ ԍľ ĿҬ Ȃ 

ѿҩ ᵝ ᾝ Ҭ ҩᵝ ̂ ᵬҹ№ ̃ ῀Ȃ ᾝ Ҭ↓₮

ѿҩ ᵝ ҹ Ȃ ľRepl. Of Ŀ↓̆ ғҹ ѿҩṿ̆ Ӈ ᵝ ץ↓

ῒז ҹ Ȃ ᵝ ҹľRepl. Of Ŀ↓Ҭᵝ Ȃ Ҍҹ ̆

Ҍ ῀̆ Ҭ ѿҩ Ȃ 

Ʒ ľ ׆ ᴍ ⇔ ̙Ŀ ̆ Ӈ῍֣ ῀ ᴆҬ ѿҩ

ҹ Ȃ 

Ʒ ľ ׆ ᴍ ⇔ ̙Ŀ ̆ ғ ץ Ҍҹ ̆ Ӈ

Ҍ ῀Ȃ 

⇔ Ὶ ῀ ᴆ ₮ ľ Ŀ ̆ ҩ ᴆᵬҹ
Ȃ 

 

῀ ̔ 

 ₯ľ ῀Ŀ ̆ ῀ ᴆȂ ᴆ ᴆ Ȃ 
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Ʒ Ʒ Ʒ 

 
145 

 ₯ ̆ ῀ ᴆȂ 

 
 

Ҭѿҩ ᴆ ̆ ₯ľ ᴆĿ Ȃ ᴆ ̆ ꜚ↓№ ľ ᶏ ѿ ᵬҹ

̙Ŀ ṿȂ 
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 ῀ ᴆ ѿ ᵬ ̆ Ӈ ľ ᶏ ѿ ᵬҹ Ŀ Ȃ ľ ᴆĿ

ᴆȂ 

 ῍֣ ῀ ᴆҬ ѿҩ ҹ ̆ Ӈ ľ ׆ ᴍ ⇔ ̙Ŀ

Ȃ 

Ʒ Ʒ Ʒ 

 

 ᵝ↓ Ҭ̆ ץ ≢ ↓ № Ȃ 

 
 

 ľ ĿҬ ѿ↓ № ѿҩ ῀ ᴆ↓Ȃ ľ Ŀ Ῥ№ Ҍ ῀ ᴆ
↓̆ Ӈ ῀ ᴆ↓ ҹ № ̆ ҹ ᵝȂ 

ץ  ↓ ᵝ Ҭ ľ< >ĿṿȂ ѿҩ↓ ҹҹľ Ŀ ̆ ↓ Ҍ ῀̆
Ҭ ҹ Ȃ 

 ₯ ̆ ↓№ Ȃ ῀⌠ľ ĿҬȂ 

˂ 

 

₮ ̔ 

 ľ ₮Ŀ Ȃ ᴆ ᴆ Ȃ 

 ῀ ᴆ ̆ ₯ľḠ ĿȂ 

 ľ Ŀ ₮ҹ № ᴆȂ 

˂ 

 

 

 

 

 

 

 

 

 

 

 

 



№  

ᴆ                                                                                            131 

3 №   
 

LightcyclerЮ 480ᴆ № ̆ ֓ ץ ⌠ Ҍץ № Ȃ 

ҹԅ№ ̆ ҹῒ ⱴѿҩ ҩ№ Ȃ 

 

ᴆҬ Ҋ₃ № ̔ 

Ʒ  

Ʒ ᶏ ҩ ↓ № ̆ ץ ṿ Ȃ 

Ʒ ҩ ҬңҩҌ ↓ ̆ ץ ֓ ṿ Ȃ 

Ʒ №  

Ʒ № ׆ Ḥ № Ḥ Ȃ 

Ʒ № PCR׆ № Ḥ Ȃ 

Ʒ Tmṿ DNA Ȃ 

Ʒ ễ֟ ễ ̆ ֓ ԍ № ễ ᾣ ӊ Ȃ 

Ʒ ⱴ ᴆ ľ Ŀ № LightCycler 480 № ֟ ̆

Ҭ № Ȃ 

LightCycler 480 ᴆ̆ LightCycler 480 ᴆҬ ᴋᵥ Ȃ ᵖ
̆ Ҍ № Ȃ 

 

ԅ ᴋѿ№ ѿ ̆ ԅ ᵥᶏ № Ȃ ץ

ᵥ № Ȃ 
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3.1 №  

 

Ҋ ᾢ ᾢҹ ⱴ№ ץ № ѿ Ȃ ԍ №

̆ ֓ѿ ѿ Ȃ № Ҭ ѿ֓ ̆

֓ № Ҭ Ȃ  

 

ᵥ № ̔ 

  

LightcyclerЮ 480 ᴆ Һ Ҭ № Ȃ  

ľ Ŀ Ҭ̆ ₯ľ ȂĿ ҹ ῀ѿ Ḥ ̆

ᾢ ľѿ Ŀ ̆ Ҭ ᶏ ᾣ ῀ Ḥ Ȃ  

  

ľ ĿҬ ľ № Ŀ ̆ ῀ № Ḥ Ȃ ľ №
Ŀ Ҭ̆ ᵝ ѿ↓ ѿ ᾣ ῏Ḥ Ȃᶛ ̆

ԅ҈ ᾣ ̆↕ № Ҭ ҩ ᵝ ҉ ᴪ ҈↓ ῏Ḥ Ȃ

ץ ↓ ᾣ Ҭҹῒ ῀ Ḥ Ȃ ҩ № Ҭ̆ ץ ῀ Ḥ ‗

ԍ№ Ȃ Ḥ ̆ ľ ῀ Ḥ Ŀѿ Ҭ ῏ῤ Ȃ  

  

LightcyclerЮ 480 ᴆ ľ Ŀ ҉ ₯ľ№ ĿȂ ᴪҹ ľ№
Ŀ Ȃ№ Ҭ ľ⇔ № Ŀ↓ ľ ⇔ № Ŀ

↓ ̂ № ⇔ Ȃ̃  
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⇔ľ׆ № Ŀ↓ Ҭ ѿ № Ȃ ҹ ľ⇔ № Ŀ
Ȃ ̆ Ῥץ № ӈ ѿҩ№ Ȃ

Ҭ ҩ ԍ № ̆↕ ľ Ŀ↓ Ҭ ѿҩ

Ȃ ץ № ̂  ľanalysis type  for subset 
nameĿľ № Ŀ̃Ȃ ₯OKȂ  

  

ԍ⇔ № ̆ Ҍ Ῥ № ḱ ԅȂ 
   

 
  

 

῀ ḱ № ̆ ₯ľ ĿȂ Ḥ ̆ №

Ȃ  

  

№ ԅ Ҭ ̂ ȁ
ӊ ̃Ḥ ̆↕ ᶏ Ҭ ṿ № Ȃ ’Ҋ̆

ľ№ Ŀ ᴪ Ȃ  

 

ԍ ҩ ̆ ץ ⱴѿ № ̆ ѿ № ̔

ľ№ Ŀ ΐ Ҭ ₯ľⱴ Ŀ Ȃ  

 
3 ץ ⱴ № Ȃ 

  

₯ľѿ ꜚᵬĿ Ҭ ľḠ Ŀ̆ № ᴪẠҹ ѿ № Ḡ Ҋ

Ȃ Ҋѿ Ҭ῏ԍ№ ѿ Ḥ Ȃ 
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3.2 ᶏ №  

 

Ҋ ҹ ԅѿҩῖ № ̂ ҹ № Ȃ̃№ ΐ ᵝԍ

҉ ̆ № ľ ᵬĿ ↕ᵝԍ Ҋ ̆ ↓ ᵝԍ ᶷ̆№ ↕ᵝ

ԍ ᶷȂ 
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3.2.1 ᾣ ҍ ễ 

 

ҹԅ № ̆ ᾣ ̆ ᶏ

ễȂ 

 

ᶏ Ҋ № ľꜚᵬ ĿץẠ₮ Ȃ̂ľ Ŀ ҍ

ễ Ҍ ̆ ֓ ῏ῤ ץ Ḥ Ȃ 

   

Ҋץ ᶏ ҩ ̔ 

  

ᾣ  

 

ᶏ ľ ᾣ Ŀ ԍ№ ᾣ Ȃ ᴪ

ҹ Ҭ ῏ ᾣ ↓ ̔ 

  
↓׆ Ҭ ѿ ᾣ ̆ ҹ ᾣ

Ȃ  

ễ 

 

ᶏ ľ ễĿ ῏ ễ̆

ᶏ ễ ̔  

῏  Ҍ ᶏ ễ ̆ ľ῏ ĿȂ  

ᶏ Ҭ ץ ľ׆ ễĿ Ҭ ѿ

ҩ Ȃ 

 

Ҭ ԅ ̂ ╠ ̃

ễ Ȃ ҩ ῤ ᴪ↓₮ ễ

ᾣ Ȃ 

Ҭ ץ ľ ễĿ ѿҩ Ȃ

ԅ Ҭҍת ↓ ᾣ

ȁ ễ Ȃ ԍ ѿҩ ̆↓

Ҭ ₮ῒ Ȃ  
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ễ ԍᶏ ľ ᾣ Ŀ ᾣ Ȃ 
 Ḥ ̆ ľ ễ№ Ŀѿ Ҭ ῏ῤ Ȃ  

 

№ ҍ҉ ῖ Ҍ ̆ Ҭ ῒז Ȃ  

 

 

 

 

 

3.2.2 №  

 

№ ᶷ ᴪ ѿ ↓ Ȃ № ̆ №

ᴪ ᶷ ↓ҬȂ№ Ҭ Ȃ Ḥ ̆

ľ ҍ Ŀѿ Ҭ ῏ῤ Ȃ 

  

ᵥ ῒ ̔ 

ץ № Ȃ ’Ҋ̆ №

ᴪ ҬȂ ₯ ̆ ץ ῒ Ҍ Ȃ

Ҍ ѿ ̆↕ Ҋ ҉ <Space> Ȃ

ץ Ҭ ҍҌ ℗ Ȃ  

 

Ҭ ̔ 

ѿ Ȃ Ҭ ⌠ ̆ ᾢ ↓ Ҭ

⌠ῒ ̆ Ҭ ⌠ Ȃ ̆ Ӟ ץ ⌠ Ҭ ҉̆

ᴪ ꜚ₮ ѿҩ Ȃ  

 

 

 

 

 

 

 

 

ԅ ̆↕ ᴪ № ҬȂ

’Ҋ̆ ѿҩ№ ̆ Ȃ  
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ץ ₯↓ ľ Ŀ Ȃ ₯ ̆ ץ ӊ ℗ Ȃ 

 

ᵝ № ĺĺ ↓ ĺĺ ₯ľPosĿ↓ Ȃ 

 

₮ Ḥ  

 

ץ ľ Ŀ ₮ҹ ᵝ ᴆ̆ץḂ ̂ᶛ Microsoft Excel ̃

Ҭ ѿ ᶏ Ȃ ₮ľ Ŀ ̆ ₯ ľ ₮ ĿȂ ѿҩ ᴆ

ᴪ Ȃ ῀ ᴆ ̆ ₯ľḠ ĿȂ 

 

3.2.3 № Ҭᶏ  

 

№ ԍľ№ Ŀ ᶷȂ Ҋ ₮ԅ ľ№ Ŀ Ҭᶏ Ḥ Ȃ ԅ

Ḥ ̆ ľᶏ Ŀѿ Ȃ 

 

 

 

ľ№ Ŀ Ҭ ̔ 

 ҉ ₯ Ȃ ᴪ ΐ ̆ ѿҩ Ȃ Ҍ

ⱴ Ȃ 

 ̆ ľ Ŀ Ҭ Ȃ 

 

 ̆ ΐ Ҭ Ȃ 

˂ 

 

 

 

ѿҩ№ ̆ ₯ľ Ŀ ̆ ᾣ ԍ ҉ Ȃ ₯ Ҋ

Ȃ ₮ѿҩ Ȃ ῤ ⌠ Ȃ ⌠ ̆

₯ ҉ Ȃ ̂ ѿ ᵬ Ȃ̃ 



 

№  

ᴆ                                                                                            138 

 

 

 

 

׆ Ҭ ̆ ₯ľ Ŀ ₮ѿҩ Ҭ ҉ Ȃ 

ľ ĿҬ ҬȂ 

 

̆ ₮ҍ └  

₮ȁ └ ԍľ№ Ŀ ̆ ῤ ₯ ῏ Ҭ

ᵬȂ ԅ Ḥ ̆ ľᶏ Ŀѿ Ȃ 

 

3.2.4 ⱴ№  

 

№ҹץ ⱴ№ Ȃ 

 ľ№ Ŀ ̆ ₯ľꜚᵬĿ ľ Ŀ Ȃ 

 ῀ № ̆ ₯ ̆ҹ№ ⱴ Ȃ 

 ľ ꜚᵬĿ Ҭ ₯ ̆ ҍ ѿ Ḡ Ȃ 

˂ 
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3.2.5 № −  

 

̆ ׆ץ Ҭ− ѿҩ№ №

Ȃ ғ̆ ץ Ữԍῒז Ҭ № − ᵬ̂ ‗ԍ

ΐ Ȃ̃῏ԍ Ḥ ̆ ľ Ŀѿ Ȃ 

  

ᵥ׆ Ҭ− ѿҩ№ ̔  

 

№ľ׆ Ŀ Ҭ ѿҩ№ Ȃ 

  

₯№ ΐ Ҭ ľ− Ŀ Ȃ 

 

ᴪ ᵬ Ȃ 

 

₯ľYesĿ − № Ȃ 

₯ľḠ Ŀ↕ᴪ Ḡ ̆ № ↕ − ԅȂ 

 

ᵥ № ̔ 

  

ץ Ҭ № Ȃ ѿҩ ԅ № ̆ Ӈ ֓

ꜛ ̂ ῒ ≢ Ȃ̃  

  

№ľ׆ Ŀ ѿҩ№ Ȃ 

 

₯№ ΐ Ҭ ľ Ŀ Ȃ ᴪҹ ľ Ŀ ̔ 

    

  
 

 ῀ѿҩ ̆ ₯OKȂ 

 
 

῀ ѿ Ȃ 
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3.3 ₮№  

 

LightCycler 480 ᴆ ₮ ΐ̆ᶏ ץ № ѿ׆₮ ᴆ ῒῃ

ᴆ Ҭ ⌠ ῃ № Ȃ ץҊ ₮ № Ȃ 

 

₮ ѿ׆₮ Ҭ ᴆ Ҭ ῒῃ ᴆ Ҭ ⌠ Ҭ№

ῃ Ȃ ₮ҹ ҩץ № ᴆȂ 

 

№ ₮ ľ׆ ĿҬ Ȃ 
 

№ ₮ Ȃ ץ ₯ ׆̆ Ҭ ѿҩ ⌠҉ѿ
Ҋѿ Ȃ ̔ ᶫԅ ╠ ̆ľҊѿ Ŀ Ȃ 

 

 ₯ľ ₮Ŀ └ Ȃ ľ ₮Ŀ Ȃ ľ ᴆ Ŀ ҉̆ ľ

ᴆ Ŀ↓ Ҭ ᴆ ̆ ῒ ⱴ⌠ľ Ҭ ᴆ Ŀ↓ Ȃ ľ ᴆ Ŀ ץ ᴆ

Ҭ ῃ ᴆ Ȃ 

 

 
 

Ʒ Ʒ Ʒ 
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 ľ Ŀ ҉̆ ₮ ᴆ Ȃ  

₯ľ Ŀ ̆ Ȃ ̆ ῀ Ҭ ῀ Ȃ ₮ ᴆ

̆ ᴪ ᴆ╠ Ȃ 

 

 
 

 ľ№ Ŀ ҉̆ ₮ ᴆ Ȃ 

 

 
 

Ʒ Ʒ Ʒ 
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 ľ Ŀ ҉̆ ץ ̆ ₮ Ȃ 

ľ Ŀ ҉ ľ Ŀ ѿ ₮ ᴪ Ȃ 

₯ľ Ŀ ᴪ ╠ ₮ Ḃץ̆ ₮Ȃ 
 

 
 

 ľ Ŀ ҉̆ ץ ₮ Ȃ ₮ Ҭ Ṝ̆ľẢ Ŀ ԍ Ȃ 

ץ ₯ľẢ Ŀ ₮Ȃ 

 

 
 

 ľ Ŀ ₮ Ḥ Ȃ ₯ľ Ŀ ̆῏ Ȃ 

˂ 
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ᴆ  

 

4  

 

4.1  

 

֒ ץ PCR № Ȃ ֓ Ҭ ѿ ῒ ȁ

Ȃᵖ ̆ ңҩҺ № ֓ № ̔

̂ Ҋ ̃Ȃ ‗ԍ № ץ ̔ 

 

Ʒ ᶏ ҩ ↓ № ̆ ץ ṿ ̂ᶛ ̔

ĺĺ /ml̃Ȃ № ѿ ԍ Ȃ 

Ʒ ҩ Ҭ ңҩҌ ↓̂ᶛ ̔ ̂GOĨ ѿҩ ̃̆

ץ ֓ ṿ Ȃ 

 

 

↓  

ᶛ ̔  

 

№  №  

ᶛ ̔E  

 
ᶛ ̔ËËCT  

 

ԋ  

 
 

 

 

№  

№  

 

ᶛ ̔ ȁ  
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4.2 №  

 

₄ ΐ ᴋѿ ԍ № Ȃ≠ PCR ̆ №

׆ № PCR Ҭ ῤ ᾣṿȂ 

 

Ҋ LightCyclerЮ 480ת ҉ ῖ Ȃ 3ҩ ̔∆ ̆

̂ ̃ Ȃ∆ ѿ ⌠PCR֟ Ḥ ԍ

ᾣ Ȃ ↕ ԍ ֟ ғῒ ԍ ̆ ῀

ץ╠ Ҋ ҹ Ȃ 
 

 
 

ҹ2̂ ̔ ҩPCR֟ ҩ ῤ └1 ̃ ̆ ῤ̆ ץ

Ҋץ ̔ 

(1) T n = T0 ¦ 2n 

 

ᵖ ̆ PCR ̆ Ҍ ’Ȃ ̆ PCR ҹ̔ 

(2) T n = T0 ¦ En 

 

Tn n № ̆T0 № ∆ ̆n ̆E Ȃ 

 

҉ Ҭ ̆ ҩ Ҭ҉ ⌠ ԍ ѿҩ ‗ԍ № Ȃ

̆ ᾣ ⌠ ԍ ᾣ ̆↕ ҹ ľ֜ ̂Cp̃ ĿȂ 

 

ԍ № ץ̆ ᾢ ԍ⇔ ‰ Ȃ

LightCyclerЮ 480ת ѿ Ҭ̆ ‰ Ҭ Ȃ ‰ ֜

ԍ DNA Ȃ 
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LightCyclerЮ 480ᴆ ᶫԅң № ̔ 
 

Ʒ ԋ  

Ʒ  

 

ң ᶏ ‰ ̆ᵖ ֜ Ҍ Ȃ 

 

4.2.1 ̓͂ ԍ ֜  

 

ѿҩ Ҭ̆ ῤ ᾣ ⌠ ԍ ᾣ ̆↕ ҹ ֜

Ȃ֜ ץ ҹ ֟ ѿ ⌠ Ȃ ⌠PCR֟ ̆↕֟ №

ԍ Ҋ ̂ ԍ֜ ̆֟ № ⌠10
11

 10
12

ѿҩ ̃Ȃ 

 

֜ ‗ԍ ҬDNA ∆ Ȃ DNA ∆ ᵞ̆↕

⌠֜ Ȃ ӊ̆ ҬDNA∆ ̆↕ ⌠ ῒ֜ Ȃ֜ ṿ

ᵥ ԍ № ‗ԍ№ Ȃ 

 

4.2.2 ῏ԍ ‰ ᵬ  

№ Ҭ̆ ‰ Ȃ ‰ Ҭ̆ᶏ ‰ ṿ

֜ ȂῒX ף ∆ ṿ̆ Y ↕ Ҭ ֜ Ȃ №

̆ ‰ ֓ ̆ ԋ № ̆ ‰

̂ ̃ Ȃ 

 

 
 

 
 

 

 

ṿ 

̂ ̃ 

 

 

‰  

 

̂ ̃  

F
2

/F
1

 
F

2
/F

1
 

֜
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ῖ ’Ҋ ԓҩ ѿ ‰ └̆ ғ ԓҩ ↓ Ȃ

‰ Ҭ ᶏ ᵝԍ ӊῤȂ 

LightCyclerЮ 480ᴆҬ Ҍ 3ҩ ‰ Ȃ ↕̆ Ҍ₮ ‰ Ȃ 
 
‰ ľ Ŀ PCR ꜚⱬ Ȃ ⱴ̆ ץ ̂NÃ

ץ ⱴȂ ‰ Ӟ ҹ ľ ĿȂ ’Ҋ̆

‰ ҹľ2Ŀ̆ ҹ NA ҩ ⱴѿṐ̂ ҉ 1̔Tn = 

T0¦ 2
n
̃Ȃ 

 

ᶏ ҊῈץ ץ ₮PCR ̔E= 10
- 1/
Ȃ̂ᶛ ̔ = -  3.3ŕE =2̃Ȃ 

 

LightCyclerЮ 480ᴆ ꜚ ₮ ῒ № ҬȂ ’Ҭ̆

ԍ2 ȂҊ ᶛ Ҭ ҹ1.975Ȃ 

 

 
 

Ҭ ₮ ľ Ŀṿ̂ ԍ ҩ ̃↓ԍ ‰ ᶷ̆ ף

‰ ‰ ̂ ץ ṿ ԍ0.2̃Ȃ 

 

֜ ᵝԍ ‰ ѿᵝ ̆ ᴆ ץ ₮ Ҭ DNA ∆ Ȃ 

ᴆᶏ ‰ ’ ⌠ ֜ ֜ ҹ ṿȂ ‰
ῃ ̆ ֓ Ȃ ᶏ ԅ ‰ ̆ Ӈ

ץ ⌠ Ȃ 
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4.2.3 ‰ ‰  

 

ץ Ҋץ ӊѿ‰ ‰ ̔ 

 

Ʒ Ҭⱴ῀ ̔ LightCyclerЮ 480ת ѿ Ҭ̆ ‰ Ҭ Ȃ

ľ Ŀ ‰ Ȃ 

Ʒ ᶏ Ḡ╠ץ ‰ ̂ ҹ ‰ Ȃ̃ ‰ ץ ῀⌠ ‰ Ҭ̆

׆ ᶏ ֓ № Ȃ Ҭ ѿ № ̆ ῒ Ȃ 

ҩ Ҭ ᶏ ѿҩ ̂ └ ̃Ȃ ץ ҹ ‰ ̆
ғῒ ᵝԍ ῀ ‰ ӊῤȂ ȁ№ ȁ ễ ̂ ̃

ҍ ῀ ‰ ̂└ᵬ ̃ ᶏ ᴆḠ ѿ Ȃ 

ҹԅᶏ ‰ ᶏ ̆PCR ’ ̆ ғ ᴆ Ḡ
Ȃ ױ Ḡץ PCR ̆ᶏ └ ̂ ῒ ᵞ ̃ ⇔ ‰
Ȃ ғ̆ № Ҭ̆ ѿҩץ╠ ץ̆ ₮ ṿ
Ȃ 

 

ᵥḠ ‰ ̔ 

 ѿ ̆ Ҭ ᶏ ‰ Ȃ ̆ Ӟ ᶏץ ̆ Ҭ

ᶏ ‰ Ȃ 

ҩ ‰ ᶏ ᴆ ҍ ‰ ѿ ̆
ȁ ᵝȁ№ ץ ễ ̂ ԍ ̃Ȃ 

ѿҩ׆ץ Ҭ̆ Ḡ ‰ Ҍ Ḥ № ׆̆ ⇔ ҩ ‰
ᴆȂ 

 ҹ ⱴѿҩľ Ŀ№ Ȃ 

Ʒ Ʒ Ʒ 
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165 

 ľ Ŀ Ҭ ₯ľ Ŀ̆ ľ Ŀ ᵬ Ȃ 

 

 ľ ‰Ŀᵬҹ ҩ ‰ ̆ ‰ Ȃ 

ԅ ῏ľ Ŀ Ḥ ̆ ľ ῀ Ḥ Ŀѿ Ȃ 

 № Ҭ̆ ľ / ԋ Ŀ ľ / ĿȂ ‰ Ҭᶏ

‰ Ȃ ῏ ľ Ŀ№ Ḥ Ҋѿ Ȃ 

 ₯ľ ĿȂ 

 ľ ‰Ŀ ҉̆ ľ ҹ ĿȂ 

 

 Ḡ ᵝ ̆ ῀ ᴆ ̆ ₯ Ȃ 

˂ 

 
ץ Ḡ ‰ ԍῒז № Ҭ̆╠ ׅ ҍ└ᵬ ‰

ᴆḠ ѿ Ȃ 
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ᵥᶏ ‰ ̔ 

 ‰ ᶏ ‰ Ȃ 

‰ ᵝԍ ῀ ‰ ӊῤȂ 

 ҹ ⱴѿҩľ Ŀ№ Ȃ 

 ľ ĿҬ ľ Ŀ ᵬ Ȃ 

 ľ ‰Ŀᵬҹ ҩ ‰ ̆ ‰ Ȃ 

ԅ ῏ľ Ŀ Ḥ ̆ ľ ῀ Ḥ Ŀѿ Ȃ 

 ľ ‰Ŀ ҉̆ ľ ‰ ̂ ̃ĿȂ 

 

 ᴪҹ ľ ‰ Ŀ Ȃ ↓׆ Ҭ ‰ ̔ 

 
 

 № Ҭ̆ ľ Ŀ↓ Ҭ ‰ ̆ № Ȃ ₯ľ ĿȂ 

 ľ ‰ Ŀ Ҭ̆ Ҭ ҩ ‰ Ȃ ᶏ ‰ ԍ ҉ Ȃ 

 

˂ 
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4.2.4 ԋ №  

ԋ ץ ᾣ ▲҉ ѿ Ạҹ֜ Ȃ ѿ ԍ ԋ

ṿȂ ̆ ѿ ҹľ ԋ ĿȂᶏ ѿ ᴨ Ҍ

῀Ȃ ‰ ̂ ῤ ̃̆ ᴆ ᴪ ꜚ Ȃ 

 

 
 

ԋ ԍ Ԋ ̆ ᾣḤ Ȃ
῀ ᾣḤ ⱴ Ҋ ԅȂ ̆ԋ ᵝԍῒ ṿ ԍ

№ Ҭ Ȃ 

ᶏ ԋ ̆ ԍҌ ̆ῒ֜ ᾣ Ҍ Ȃҍ ԍ ṿ
̂ ᾣ ṿ ̃Ҍ ̆ Ҍ ҹΐ ᾣ ѿ

ΐ DNA Ȃ ̆ ҹ PCR֟ ̆ ғ ҹ֜
ᵝԍ ⱴ ᵝ ̆ ᶏҌ ᾣ Ҍ Ȃ 

ԋ 2 6 ṿ̆ ׆ ᾣṿҬ⁞ ҩ ṿ̆׆ ꜚ
ᾣ Ȃ 

 
ᾣ ̆ ᴆᴪ ⌠ - Ҭ ȁ ȁץ ׅ

⌠ ᴺ Ȃ ̆ ⌠ ᾣṿ ̆ ԍ ⱴ

⁞ ᾣ ̆ Ҍᴪ ֜ ₮ Ȃ 
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ĺĺ ԋ № ᶫң Ҍ ̆ ң ̆ ῒ Ḥ

Ҍ ̔ 

 

Ʒ Ḥ  

Ḥ ᴨ ԍ ֜ ̆ ̔ ԍ ҉ Ḥ ֜ Ȃ

⁞ ԅ֜ Ẋ Ȃ Ḥ ԍ ễ Ȃ 

 

Ʒ  

ᶏ ԍ ᾣ҉ Ҍ ץ Ḥ ᵞ ̆Ӟ ֜ Ȃ ԍ

№ ̆ ᵞ Ȃ ѿ ֜ Ẋ

Ȃ № ԇה Ȃ 

ԍLightCyclerЮ 480ᴆ1.2ץ╠ Ҭ Ȃ 
 

ᵥ ԋ № ̔ 

 ⇔ Ȃ 

 ľ Ŀ Ҭ ₯ľ Ŀ̆ ľ Ŀ ᵬ Ȃ 

 
 

Ʒ Ʒ Ʒ 
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Ȃ 

ԅ ῏ľ Ŀ Ḥ ̆ ľ ῀ Ḥ Ŀѿ Ȃ 

ᴆᶏ Ҋץ ̔ 

 

  

↓׆   Ҭ ̔  

 Ʒ   

 Ʒ ‰  

  ῀ľ ‰Ŀ Ȃ 

 
ṿ ᵝ ľ Ŀ҉ľ ᵝĿ Ҭ

̂ᶛ ̔ľ Ŀ̃Ȃ 

 
Ҍ ῀ ṿ̆ Ҍ ‰ Ȃ 

 

 ľ Ŀ Ҭ ₯ľ№ ĿȂ 

⇔ľ׆  № Ŀ↓ Ҭ̆ ľ / ԋ ĿȂ ľ⇔ № Ŀ Ҭ̆ Ҭ

№ ̂ѿ ѿҩ Ҭ ̃Ȃ ₯ Ȃ 

 Ʒ ѿҩ ̆ ₯ľ ᾣ Ŀ ̆ ľ ᾣ Ŀ Ȃ №

ᾣ Ȃ 

Ʒ ᶏ ľ ễĿ ῏ ľ ễĿ̆ ľ ễĿ Ȃ 

 Ʒ Ҭ ‰ ̆ ‰ Ҭ ҩ ‰ Ȃ̂ ₯

Ҭ Ȃ̃ ľꜚᵬĿ ľ ‰ ̂ ῤ̃ĿȂ 

Ʒ Ҭ ‰ ̆ ľꜚᵬĿ ľ ‰ ̂ ̃ĿȂ ⌠ ᶏ

‰ ̆ ₯ Ȃ 

‰ ҍ ╠ ΐ ȁ ᾣ ץ ễ Ȃ
╠ ץ Ҍ ̂96̆ 384̃ ҉ Ȃ ᶏ ‰̆ Ӈ Ҭ ‰
ӊѿᵬҹ Ȃ ҩ ҍ ‰ ῏ ֜ ̆ ᴆҹ ↓ Ҭ ҩ Ȃ 

 ’Ҋ̆ Ҭ ̕ ׆ Ҭ− ̆ ₯ ץ

<Space> Ȃ ₯ľ ĿȂ 

 ѿҩ ҩ ̆ Ҭ ₮ Ȃ 

 № ̆ ₯ № ץ̆ ῃ Ȃ ľ ᶛ

Ŀ ľ Ŀ ľ Ŀȁľ Ŀ ľ Ŀ̂ ̃Ȃ 

˂ 
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4.2.5 №  

 

ҡ Ҍ ᶫḤ ̆ ῀

ṿ̆ ҍ № Ȃ ҍ ṿ ֜ ԅ֜ Ȃ 

LightCyclerЮ480ᴆ ₮ ‰ ֜ ֜ ‰ Ȃ 

 

ĺĺ № ᶏץ ꜚ ṿ Ȃ ̆ ᶏ
ԋ ѿ ץ̆ ῃ ꜚ Ҍ ᴋᵥ ῀̆ №
Ȃ ҹ ῏ ̂ ȁ ȁ ȁ ‰

Ṑ ȁ ṿ ̃ Ḡ Ҭ̆ ץ ꜚ № Ȃ 
 

 

 

ᶃᵝ ᵞ̆Ҍ ᴋᵥ ̆ ̆ ҍ

֜ Ȃ Ҋ ̆ №

ȁ ץ̆ ѿ ᶛ ֜ Ȃ 
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ĺĺ № ᶏ ҈ ̔ 

 

Ʒ ̂ ꜚ̃̔ ҩ ̆ Ḥ ̂ ̃ ‰ Ȃ ҹ

‰ 12ṐȂ 

Ʒ ̂ ‰ Ṑ ̃̔ ҩ ̆ Ḥ ‰ Ȃ ץ

‰ Ṑ Ȃ 

Ʒ ̂Fluor ̃̔ Ȃ 

 

 

ԍҌ ̆ № ҉ ӞҌ Ȃ ѿҩ

ῤ̆ ҹᵞץ 2⌠ 4Ȃ ’Ҋ̆ ױ ᵞṿ̆

2ҩ Ȃ ῀ ᵬ Ҍ ѿҩ Ȃ ̆ ҹ2Ȃ 

 

ṿ 

 

̆ҹ ̆ ᴪ ṿ Ȃ ĺĺ №

ᶏ ץ ꜚ ṿ ̔ 
 

Ʒ ‰ ̆ Ӈ ṿ Ȃ 

Ʒ Ҍ ‰ ̆ Ӈ ᵬ ṿ Ȃ 

 

’Ҋ̆ ꜚ ṿ ⱳ Ȃ ̆ ץ ṿ ҉Ҋ

‰ ṿȂ 

 

̆ᴋᵥ ṿᵝ ‰ Ȃ ֽ ᴪ Ҍ ̆ ҹ
ṿᴪ Ȃ ᾣḤ ҍ PCR֟ ᶛ̆ Ӈ ѿ ΐ
ṿȂ 
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ᵥ ̔ 

 ⇔ Ȃ 

 ľ Ŀ Ҭ ₯ľ Ŀ̆ ľ Ŀ ᵬ Ȃ 

 
 

 Ȃ 

ԅ ῏ľ Ŀ Ḥ ̆ ľ ῀ Ḥ Ŀѿ Ȃ ᴆᶏ Ҋץ ̔ 

  

↓׆   Ҭ ̔  

 Ʒ   

 Ʒ ‰  

  ῀ľ ‰Ŀ Ȃ  

 ṿ ᵝ ľ Ŀ҉ľ ᵝĿ Ҭ
̂ᶛ ̔ľ Ŀ̃Ȃ  

 
Ҍ ῀ ṿ̆ Ҍ ‰ Ȃ   

 

 ľ Ŀ Ҭ ₯ľ№ ĿȂ 

⇔ľ׆  № ↓ ĿҬ ľ / ĿȂ ľ⇔ № Ŀ Ҭ̆ Ҭ №

̂ѿ ѿҩ Ҭ ̃Ȃ ₯ Ȃ 

№ ⇔ ̆ ᴆ ꜚ ṿ Ȃ ѿ ⌠ 12 № Ȃ 

 Ʒ ѿҩ ̆ ₯ľ ᾣ Ŀ ̆ ľ ᾣ Ŀ Ȃ №

ᾣ Ȃ 

Ʒ ᶏ ľ ễĿ ῏ ľ ễĿ̆ ľ ễĿ Ȃ 

Ʒ Ʒ Ʒ 
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 ľ Ŀ ҉̆ ץ Ҭ ῃ ᾣȂ ’Ҋ̆

ѿҩ ѿҩ Ȃ ꜚ ̂ = ѿ ̕ = ̃

῀ Ҭ ῀ ѿ ̆ ץ ԍ Ȃ ҩ ץ ѿ֓ ̆ᶛ

Ҍ ↕ ᾣ Ȃ 

 

῀ Ҭ ῀ ṿҍ Ҭ Ȃ 

 ₯ľ Ŀ ̆ ῀ Ȃ ҹ Ҋ ѿ ṿȂ ľ Ŀ
҉ ľ ᵝ Ŀ ľ ᵝ Ŀ̆ ң ӊ ̂ ̃ ᾣ ̆ ľ
Ŀ Ȃ ̂ ̔ ѿ ҹ1̆ / ҹ1/5̆ Ӈ ׆ 2⌠6 Ȃ ѿ

ҹ4̆ Ӈ ׆ 5⌠9 Ȃ̃ ׆ ᾣṿҬ⁞ Ȃ 

 

ꜚ ԍ ̆ Ҭ ῒ ṿ ̆ Ҭ Ȃ 

Ʒ Ʒ Ʒ 
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 ľ Ŀ ҉̆ ׆ץ Ҭ Ȃ ₯ľ Ŀ ̆ Ҋᴋᵥץ

̔ 

 
Ʒ ̂ ꜚ̃̔ ꜚ ҹ ‰ 12Ṑ̂ľ ‰ Ṑ Ŀ ľ Ŀ ṿ̃Ȃ 

Ȃ 

Ʒ ̂Fluor ̃̔ ץ ꜚ ̆ ῀ Ҭ ῀ ṿ̂ ľ ‰ Ṑ Ŀ

ṿ ҹ ṿ̃Ȃ 

Ʒ ̂ ‰ Ṑ ̃̔ ҹ ‰ Ṑ ̂ľ Ŀṿ ̆ ҹ ṿ̃Ȃ 

 

 ľ№ Ŀ ҉ ԍ ̂ ̃Ȃ 

Ҋᴋᵥѿץ  ṿ̔ 

Ʒ ṿ̂ ꜚ̃̆ LightCyclerЮ480ᴆ ꜚ ṿȂ Ȃ 

Ʒ ṿ̂ ̃̆ ҉ Ҋ ꜚ ṿ̆ ṿ ῀ Ҭ ῀ ṿȂ 

ץ ₯ľ ṿĿ ꜚ ӊ ℗ Ȃ 

ꜚ ṿ ̆ Ӈ ᴆ ꜚ ṿ ҹ Ȃ 

Ʒ Ʒ Ʒ 
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 Ʒ Ҭ ‰ ̆ ‰ Ҭ ҩ ‰ Ҭ ̂ ₯ ץ

Ҭ ̃Ȃ ľꜚᵬĿ ľ ‰ ̂ ῤ̃ĿȂ 

Ʒ Ҭ ‰ ̆ ľꜚᵬĿ ľ ‰ ̂ ̃ĿȂ ⌠ ᶏ

‰ ̆ ₯ Ȃ 

‰ ҍ ╠ ΐ ȁ ᾣ ץ ễ Ȃ ̆ Ҍ ᶏ
ԋ № № ‰ Ȃ ‰ ╠ ץ Ҍ
̂96̆ 384̃ ҉ Ȃ ᶏ ‰̆ Ӈ Ҭ ‰ ӊѿᵬҹ Ȃ 

ҩ ҍ ‰ ῏ ֜ ̆ ᴆҹ ↓ Ҭ ҩ Ȃ 

 ₯ľ Ŀ ֜ ṿ̆ ғ̆ ‰ ̆ Ȃ 

 ’Ҋ̆ Ҭ ̕ ׆ Ҭ− ̆ ₯ ץ

<Space> Ȃ ₯ľ ĿȂ 

 ѿҩ ҩ ̆ ↓ Ҭ ₮ Ȃ ̆ ľ

Ŀ Ȃ 

˂ 
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4.2.6  

 

 № ľ ᶛ Ŀ ľ ᶛ Ŀ ľ Ŀȁľ Ŀ ľ

Ŀ ̂ ̃Ȃ 

 

ľ ᶛ Ŀ̆ ȁ ȁ ̆ Ȃ ľ ᶛ Ŀ

ΐ ֓ Ἕȁľ Ŀ Ҭ Ȃ 

 

ľ ᶛ ĿҬ ľ Ŀ̆ Ӈ № ľ Ŀ Ҋץ Ȃ ľ ᶛ

Ŀ ᶏ ̔ ȁ ȁҌ ȁ ‰Ȃ 

 
 

ľ Ŀȁľ ĿȁľҌ Ŀȁľ ‰Ŀ ΐ ̆ ץ ᶛҬ

ױ ₮ Ȃ 

Ʒ Ʒ Ʒ 
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֜   ֜ Ȃ  

 Ҭ ṿ Ҍ ṿȂ ‰
ᵞ Ȃ ₮

ṿ ԍ ‰ ᵞԍ ᵞ ‰̆ Ӈ ҩṿ ҹ ₮
‰ ̆ Ҭ Ȃ  

  
֜ ‰ ҉ ֜ ᵝ ₮

Ȃ  

 ᵝ ӈҹ ľ Ŀ҉ľ Ŀ № ľ ᵝĿ
Ҭ ῀ ᵝ̂ᶛ ̔ľ Ŀ̃Ȃ  

‰  
ṿ ľ Ŀ ľ Ŀ №Ҭ Ȃ  

  
Ȃ Ȃ ץ

Ҋף ̔  

ף ?  Ҍ   

 < ֜ ̂╠ԓҩ ̃ΐ Ҍ   

 > ֜ ̂ ԓҩ ̃ΐ Ҍ   

 E ‰ Ҭ   

 ΐ ҩף ̂ ̔ ҹҌ ғҹ ̃̆

Ӈ ῃ ף ῃ ̂ № ̃Ȃ  

 

Ҋץ̆  ԍľ Ŀ ̔ 

 
  

  Ҭ Ȃ  

/ Ҭᵝ ֜

  Ҭ ֜ /Ҭᵝ ṿȂ  

֜ ‰   ֜ ‰ Ȃ  

/ Ҭᵝ

  
Ҭ /Ҭᵝ ṿȂ  

‰   ‰ Ȃ  
 

Ҭ Ȃ 

ľ Ŀ Ҭ ̆ Ӈ Ҭ ῃ ԍ ῏ ҬȂ 

˂ 
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ᶛ ̔ ԋ № ҊȂ Ҭ Ȃ ₮

⌠ Ȃ ׆ ľ ĿҬ ҹ ‰ Ҭ ‰ Ȃ 

 

№ ңҩ Ȃ ’Ҋ̆҉ ̆Ҋ ‰ Ȃ ľ№ Ŀ

ľᶏ № Ŀѿ Ȃ 

 



ҍ  
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4.3 №  

 

4.3.1  

 

ҩ Ҭ ңҩҌ ↓̂ᶛ ̔ ̂GOĨ ѿҩ ̃̆ ץ

֓ ṿ Ȃ ₮ԍ ̆ ԋҩ ̆ ᴆҊץ

₮ Ȃ ҩ ̆Ӟ ҹῤ ̆ҹ ᶫԅ Ȃ №

Ҭ Ȃ 

 

̔ ԍ ̂ᶛ ̔ ̃̆

ῒ ̂ᶛ ̔ Ҭ̆ ԅ ̃Ȃ ԍ ᶏ

ץ ԍ ң ̂ᶛ ̔ / / ̃Ҋ ҹ̆

ᶃ Ȃ 

 

ҩ Ҭ ץ ѿ Ҭ ̆ Ҋץ

̔ 

 

Ʒ ∆ Ҍ  

Ʒ Ҍ  

Ʒ RNA  

Ʒ /  

Ʒ ⱴ / Ҍ  

Ʒ cDNA Ҍ  

 

№ Ҭ №  

LightCycler 480Юᴆҹ ᶫң Ҍ № ̔ № Ȃ 

 

 

 

№  №  

ᶛ ̔ ËËCT  ᶛ ̔ E  
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Ʒ № ѿ ₯ ׆̆ ᶫԅ ꜚȁ Ȃ ԍ

ËËCTȂ Ḥ ľ Ŀѿ Ȃ 

Ʒ № ѿ ҹ̆ ┴ ᶫԅ ᴆ

ΐȂ Ḥ ľ Ŀѿ Ȃ 

 

Roche Applied Science ᶫԅE ̂ ̃̆ ԅ ᴇṿ ‗ Ҭ ѿ ̆

֓ ‗ № Ȃ ԍ ᴨ ȁ Ӎ Ȃ 

 

 ̂ᶛ ̔ËËCT  ̃  № ̂ᶛ ̔E ̃  

  ̂ѿҩ/ ̃  

̂ѿҩ/ ̃  

̂ѿҩ/ ̃  

̂ѿҩ/ ̃  

  
№ /

1  

№ /

  

‰  - ‰  

̂ / ̃    

  2/Ŭ2̂ ̃  2/Ŭ2̂ / ̃  

֜ №     
Ʒ ԋ   

  Ʒ   

 

1 LightCycler 480Ю№ ᴆ ᶫ ̂ ̃̆ ԍῒז Ȃ 

 

PCR  

PCR ‗ԍPCR ̆ Ӟ ‗ԍ Ȃ 

 

PCR Ḇᵬ ꜚ Ȃ Ἕ ҩ Ḇ ѿ ̆ PCR Ҍ Ȃ ҹԅ

̆PCR ץ ҹ ҩ ̔PCR ľ Ŀ̂Ẽ Ȃ PCR ҹ2̂E 

= 2̃Ȃ ҩPCR Ҭ̆ № ⱴѿṐȂ 

 

PCR ‗ԍ Ȃ ҹԅᶏPCR ⌠ ̆ ῒ ѿҩ ̂ᶛ ̔ └ ȁ ̂NÃ

ȁ╠PCR ̃ ԍ ᶃ Ȃ ̆ PCR ԍ2̂E < 2̃Ȃ 

 

ᵟ̔ № ңҩPCR ̂ᶛ ̔ ѿ Ҭ ̃Ȃ ᵖ ̆ң

ҩҌ PCRҌѿ ΐ Ȃ ’Ҋ̆ ֓PCR ₮ № Ҍ ῃ‰

Ȃ ̆ ҩ ҬҌ ΐ Ȃ ױז Ҍ Ὲ Nn = N0¦E
2n
̂N

̆N0 ∆ ̆n ̆E ̃ Ȃ 
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ҹ ֓ ᴪ № ‰ ̆ ץ ҹ ᶃ

֓ Ȃ 

 

Ҋץ ’Ҋ̆ PCR ̔ 
Ʒ PCR№ Ҍ ҹ2 ᶃ  
Ʒ PCR№ Ҍ Ȃ 

PCR ̆ Ҭ ᴪ ⁞ Ȃ 
 
LightCyclerЮ480ᴆ ꜚ PCR ‰

Ȃ ֓ ‰ ѿץ Ḡ ҹ ‰ ץ ԍ № ̆Ӟ ץ № Ҭ

֜ Ȃ 

 

ԍ ̆Ҍ ‰ ℗ Ȃ ῀ ‰

̂1:10ȁ1:100̆.. . ̃̕ ѿҩ ↓Ȃ ױ 15

ҩ ‰ 15ҩ ‰ ̂ 4ҩ ꜚ ̃̆ LightCycler? 480

Ȃ ↓ ῖ ̆ᶛ RNA DNA Ȃ ↕҉̆ҍῖ

ΐ PCR ᴋᵥ ԍ⇔ ‰ Ȃ 
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4.3.2  

 

№ ӊ╠̆ ‗ ̔ 

 

Ʒ Ҭ̆ Ҭ Ȃ ԍ ̆ ңҩҌ

̔ 

Ʒ ѿҩ Ҭ Ȃ ’Ҋ ᶏ̆ ľ ῤĿľ ᵝ Ŀ̂

Ҋ̃Ȃ 

Ʒ Ҭ Ȃ ’Ҋ̆ᶏ ľ Ŀľ ᵝ Ŀ

̂ Ҋ̃Ȃ 

Ҍ ѿҩ ᾣ Ȃ 
 
Ʒ Ҭ̆ ѿҩ Ҭ ̆ ңҩҌ ᾣ Ȃ ҩ

ễ̂ѿ֓ ᾣ ̕ ľ ễ№ Ŀѿ ̃Ȃ 
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4.3.3 №  

 

№ ңҩ ṿ̔ 

 

Ʒ ᵝ Ҭ DNA ↓ҍ DNA ↓ ṿ̆ץ  

Ʒ ҹľ Ŀ ‰ Ҭ ң ↓ ṿȂ 

 

ľ Ŀ № ̂ RNA DNA ↓̃̆ ľ Ŀ Ҭץ ₮ ᾟ

ῤ Ȃ ԍ ӊ Ȃ ľ Ŀѿ ҍ ӊ ҹ

ṿ ̆ ԍ ѿ Ҭ ̆ ᶫLightCycler? 480 ₃ ӊ

Ȃ 

 

ȁFRET ᾣ ӊ
̆ᵖ Ҍ ӊ PCR ˻ 

 
ץ ṿ ̆ ṿ̂1̃ ץ ṿ̂2̃Ȃ:  

 

=̂ / ̃ : ̂ / ̃  

 
ΐ ץ № Ȃ ץ №

Ȃ 

 

№ ԍץҊ ̔ѿҩ ֜ ҍ ҩ DNA ѿ Ȃ 

LightCycler? 480 ת ӊ҉ Ḥ DNA Ȃ 

 

ҬDNA ∆ ̆ ҩ ⌠֜ Ҍ Ȃ ⌠֜

̆ ҩ DNA Ҍ Ȃ 

 

№ ᶏ ֜ ץ̂ ̃ȁ ȁ ץ̆ ῒזṿ

ҩ ⱴ DNA Ȃ № ֓ ̆ ṿȂ 

ṿ PCR ֜ ₱ Ȃ Ҍ ̆ № Ҍ

Ҭ DNA Ȃ ṿ Ҍ ҩLightCycler? 480 Ҭ ‰ Ȃ 

 

‰ ╠ ̔ 
Ʒ ᶏ ‰ ̆ Ӈ ‰ Ȃ 
Ʒ PCR ӊ Ҍ  
Ʒ Ҭ̆ Ҍ  
 

ҹԅ ҉ ̆ ᴆᶏ Ҋ Ȃ 



ҍ  
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№ ᶏ  

 

№ ᶏ Ҋץ ̔ 

 
  ṿ 

  № Ȃ ᶏ

ҩ / ̆

≢ № Ȃ  

  

̂Ů25 ̃  

ṿҹľ ####Ŀ̆ῒҬ

####ҹ   

    

Ҭ ľ Ŀѿ Ҍ
ԍľ Ŀ ľ ĿȂ  

ᶛ  ̔ľ 1Ŀ ȁ

‰ ȁ ȁ

1  

  

̂Ů25 ̃  

ṿҹ   

̂

̃  

  Ʒ   

Ʒ /   

Ʒ   

Ʒ ‰  

̂

̃  

  Ʒ   

Ʒ   

Ʒ №   

№   

 

Ҍ ᾣ ̆ Ḡ ῀ Ḥ ᾣ Ȃ 
 
ꜚ  

LightCycler 480Юᴆ Ҋץ ↕№ ̔ 

 
ΐ

 

 ꜚ  

- ̂ ̃  - ̂ ̃  ҍ ↕̂ᶛ

̔ ȁ↓ȁ ̃  

+  +  Ҭ ӈ  

+  - ꜚ   

- +  ꜚ   

 



ҍ  
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4.3.4  

 

ԍËËCTȂ ᶏ Ҋץ ̔ 

 

Ʒ ԍ֜  

Ʒ ᾢ ̂Ҍ ‰̃ 

Ʒ ԍ ľ ῤĿ  

Ʒ ҩ / ̆ Ӈ ľῃ Ŀᵬҹ ↕̂ ԅ Ḥ ̆
ľ ҩ / ↕Ŀ̃ 

Ʒ ῃ ̂№ ҬҌ ̃ 

 

ѿҩ Ҋῤץ ̔ 

Ʒ  

Ʒ  

Ʒ ̂ ̃ 

Ʒ ̂ ̃ 

 

ᵥ ̔ 

 ѿҩ Ȃ 

 ľ Ŀ Ҭ ₯ľ Ŀ̆ ľ Ŀ ᵬ Ȃ 

 

 Ȃ 

ԅ ῏ľ Ŀ Ḥ ̆ ľ ῀ Ḥ Ŀѿ Ȃ 

 

ᴆᶏ ľ № ᶏ Ŀѿ Ҭ Ȃ 

 ԍ ᶏ ῃ № ̆ Ḡ ᶏ ᵝ ҹľ № ĿȂ 

Ʒ Ʒ Ʒ 



ҍ  
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 ľ Ŀ Ҭ ₯ľ№ ĿȂ 

ľ⇔ № Ŀ Ҭ̆ ľ ĿȂ 

 

 ľ № Ŀ Ȃ 

ꜚ Ȃ 

 
̆ ľ Ŀѿ Ȃ 

˂ 

ᾢ ̆ ץ № ̂ ľ Ŀѿ
̃Ȃ 



ҍ  
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4.3.5  

 

Ҍᵖ ᶏץ ץ ṿĺĺ ץ Ҋץ ҩ

̔ 

 

Ʒ ԋ ֜  

Ʒ ľ ῤĿ ľ Ŀ №  

Ʒ ҩ / ↕ 

Ʒ ‰ ᶏ  

Ʒ ᶏ  

 

№ Ҍֽ ԍ № ̆ ԍDNA ̆ᶛ ̆ ṿ Ȃ 
’Ҋ̆ ѿҩ Ҭᶏ ᵬҹ Ȃ ᴨᾢ ᵝԍ ↓

ᵣ҉ Ȃ 
 

 

 

Ʒ  

Ʒ ‰ ̂ ̃ 

Ʒ ̂ ̃ 

Ʒ ̂ ̃ 

 

Ҭ Ȃ 

 

ᵥ ̔ 

 

№ ӊ╠̆ ‗ ᵥ ṿȂ Ҍ ᶏ E = 2

ᾢ ṿ̆ Ӈ Ҋңҩץ ̔ 

 

Ʒ ╠ Ҭ ץ‰ ‰  

Ʒ ῀ ‰  

ԅľ ῤĿ ‰̆ Ӈ ֓ ‰ ‗ľ ĿҬ ṿȂ 

 ѿҩ Ȃ 

ѿҩ Ȃ 

 ̂ ̃ № ̔ ῤ ľᶏ Ŀѿ Ȃ ̆ Ӈ ᴆ № ҩ

̆ ꜚ ᵝ ≢ҹ Ȃ 

Ʒ Ʒ Ʒ 
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 ľ Ŀ Ҭ ₯ľ Ŀ̆ ľ Ŀ ᵬ Ȃ 

 

 Ȃ 

ԅ ῏ľ Ŀ Ḥ ̆ ľ ῀ Ḥ Ŀѿ Ȃ 

 

ᴆᶏ ľ № ᶏ Ŀѿ Ҭ Ȃ 

№ Ҭ̆ ᴆ ᶏ Ҋץ ̔ 

   ṿ 

  

̂ ̃  

‰ Ȃ  

ҹľ
‰Ŀ ᴪ Ȃ  

ṿ  

  PCR   

ᶏץ ↓

̆ ᴆ ᶏ ṿ ῀

ṿ ℗ PCR Ȃ  

ṿ̔  

1 < <3  

ṿҹ2.00  

 

 ľ Ŀ Ҭ ₯ľ№ ĿȂ 

ľ⇔ № Ŀ Ҭ̆ ľ ĿȂ 

 
Ʒ Ʒ Ʒ 
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 ľ⇔ № Ŀ Ȃ ׆ľ ↓ ĿҬ № ̂ ľ Ŀ ̃Ȃ 

̆ ץ № ̂ ҹľļ Ľ ļ№ ĽĿ̃Ȃ ₯ Ȃ 

 
Ʒ Ʒ Ʒ 
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 ѿҩ ᴪ ̆ Ҋץ Ȃ 

 

 

 

 

ҩ № Ȃ ԅ Ḥ ̆ ľ № Ŀѿ Ȃ 

 

№  

 

ҩ № ԍңҩ № Ȃ 

ᴆ ᵥ ≢Ҍ ̔ 

Ʒ ⇔ ̔ ᴆ 4 ῀ ≢ Ȃ 

Ʒ ᾣ ⇔ ̔ ᴆ 4 Ҭᶏ ᾣ ≢ Ȃ 

Ʒ Ʒ Ʒ 
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№  

ᵝ ̔ 

Ʒ ⇔ ľ ῤĿ̔ Ҭ Ȃ 

Ʒ ľ Ŀ̔ Ḡ ԍ ҬȂ 

 
Ʒ ₯ľ Ŀ Ȃ 

Ʒ ᴆ ᴆ Ȃ ₯ Ȃ 

 

῀⌠ ╠ ҬȂ ῀ Ҍ Ȃ ῀⌠
№ ӊ ῒ ̆ Ӈ ᴆ Ҍᴪ Ȃ ⇔ № ץ Ȃ 

 

ҩ / ↕ 

 

׆ / Ҭ ꜚ ̆ 

ᶛ ̔ ̔T1̆ T2̕ ̔R1̆ R2 

Ʒ ѿ ѿ̔ 

̆ѿҩ ҍѿҩ ̆ 

ᶛ ̔ T1|R1̆ T2|R2 

Ʒ ῃ ῃ ̔ 

ҩ ҍ ҩ ̆ 

ᶛ ̔ T1|R1̆ T1|R2̆ T2|R1̆ T2|R2 

Ʒ ῃ ̔ 

ҩ ҍῃ Ȃ ṿ ₃ᵥ ̆ 

ᶛ ̔ T1/R̂ ῃ ̃ = (T1/R1 x T1/R2)1/2 and T2/R̂ ῃ ̃ = (T2/R1 x T2/R2)1/2 

Ʒ ῃ ̔ 

ῃ ҍ ҩ Ȃ ṿ ₃ᵥ ̆ 

ᶛ ̔ T̂ ῃ ̃/R1 = (T1/R1 x T2/R1)1/2 and T̂ ῃ ̃/R2 = (T1/R2 x T2/R2)1/2 

ԅ Ḥ ̆ ľ Ŀѿ Ȃ 

Ʒ Ʒ Ʒ 
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‰  

 

ῤ ҩ ̆ Ӈ ῏ Ȃ ῤ Ҍ ̆ Ӈ ץ  

Ʒ ᶏ ̔ ᶏ ľ ĿҬ ῀ PCR Ȃ 

Ʒ ᾛ ҍ ‰̔ Ҭ ‰ ̆ ℗ PCR Ȃ 

ԅ Ḥ ̆ ľ ‰ Ŀѿ Ȃ 
 

№ ⇔ ̆ ľ⇔ № Ŀ Ҭ ᵬ Ҍ Ȃ Ҍ ̆ ⇔ ѿ
ҩ № Ȃ 

 ₯ Ȃ 

 ľ № Ŀ Ȃ 

 
 

˂ 



ҍ  
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4.3.6 №  

 

ᴆ ꜚ Ȃ Ҍ ᴋᵥ ̆ Ӈ ץ ₯ľ Ŀ ̆ ľ Ŀ

ѿ Ȃ 

 

ᵥ № ̔ 

 ľ Ŀ Ȃ 

’Ҋ "̆ " № Ҭҹ ̆ ľ № ĿҬҹ Ȃ ң №
Ҭ̆ ץ Ҭ / ľ Ŀ ̂ 2 ̃Ȃ 

ץ ễ Ȃ ԅ Ḥ ̆ ľ ễĿѿ Ȃ 

₯ľ Ŀ ץ ῏ Ȃ 

 
Ʒ Ʒ Ʒ 
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 ᴋᵥѿ ̆ ₯ľ Ŀ Ȃ 

ľ Ŀ ̆₮ Ҋץ ̔ 

 
ṿ 

ľ Ŀ Ҭ Ȃ 

ṿ ԍ ҬȂ 

 

ľ Ŀ Ҭ Ȃ 

 

ץ ľ Ŀ Ȃ 

Ҭᵝ /  

Ҭ ̔ 

Ʒ ̔ ҉ ℗ Ȃ 

Ʒ Ҭᵝ ̔ᶏ ѿ ṿҬ Ҭ ṿȂ ҩ ץ ễ ҉ ṿ̂ ҩ ᵞṿ̃Ȃ 

/  

ᶛ └ ̔ 

Ʒ ̔ ѿҩ ңҩ ̆ ҹ ᶛ ̆ Ӈ Ȃ 

Ʒ ̔ ҩ ̆ Ӈ Ȃ 

Ʒ Ʒ Ʒ 



ҍ  
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 ҍ ῏ ᴋᵥ ̆ 

Ʒ ľ Ŀ Ҭ ҩ ̂ № ץ ̃̆ 

Ʒ ľ Ŀ ̆ № Ȃ 

ľ Ŀ Ȃ 

 
ᴆ № Ȃ № ̆ ᴋᵥ Ṝ ₯ľ Ŀ Ȃ 

Ʒ Ʒ Ʒ 



ҍ  
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‰  

№ Ҭ PCR ᶏ ‰ ̆ ᶏ ľ ‰ Ŀ Ȃ 

 
Ҋץ ӊѿ̔ 

Ʒ ҹľ Ŀ̔ Ḡ ₮ ‰ Ḃץ ԍῒז Ȃ 

Ʒ ‰ ̂ľ ῤĿ̃̔ ‰ ╠ Ҭ ↓ ⌠Ȃ 

Ʒ ‰ ̂ľ Ŀ̃̔ ׆ ⱴ ‰ Ȃ ̆ ‰ ̔ 

 

ԍ ѿҩ ‰Ȃ ΐ ᶏ Ȃ 

Ʒ ̔ ‰ ľ ĿҬ ₮Ȃ 

ԍ ѿҩ ľ ῤĿ ‰ Ȃ ѿҩ ľ
ῤĿ ‰ ̆ Ȃ 

 

 

№׆ Ҭ− ̆ ľ Ŀ Ҭ ₯ ̔ 

 
 

№ ⇔ ľ Ŀ ҹľ Ŀ̆ ֓ Ȃ 

֜ ̆ ᶏ  

Ʒ ľ Ŀ  

Ʒ ľ Ŀ  

Ʒ ľ№ Ŀ  

ԅ Ḥ ̆ ľ № Ŀѿ Ȃ 

Ʒ Ʒ Ʒ 
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ԋ  

№ ⇔ ľ ԋ Ŀ ҹľ Ŀ̆ ֓ Ȃ 

֜ ̆ ᶏ ̔ 

 
ԅ Ḥ ̆ ľ № Ŀѿ Ȃ 

 ₯ľ ⌠ Ŀ̆ץ ⌠ľ № Ŀ Ȃ 

 ῏ | ᴋᵥ ̆ ľ Ŀ Ȃ 

ľ Ŀ Ҍ ̆ ₯ľ Ŀ ľ Ŀ ̂ ҉̃Ȃ 

 
ᴆ ꜚ Ȃ 

 ץ

Ʒ  

Ʒ Ṑ  

ԅ Ḥ ̆ ľ Ŀѿ Ȃ 

 ₯ľ ĿȂ 

˂ 



ҍ  
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4.3.7  

 

ᵥ ҉ ̔ 

 

 ľ Ŀ ץ ҩ Ȃ 

 

 ľ Ŀ ѿ Ҭ ҩ ҊḤץ ̔ 

Ʒ ̔ Ҭ ԍľ ĿҬȂ ׆ Ҭ− ѿҩ ̆ ₯ ץ

Ȃ 

Ʒ ̔ ̂ ҹ ̃Ȃ 

Ʒ ̔ ľ ĿҬ Ҭ Ȃ ̂ ѿҩ ̕ Ӟ ҩ

Ȃ̃ 

Ʒ ̔ Ҭ  

Ʒ / Ҭᵝ ֜ ̔ ֜ Ȃ 

Ʒ / Ҭᵝ ֜ ̔ ֜ Ȃ 

Ʒ ֜ ̂ Ҍ ̃̔ ‰ Ȃ 

Ʒ / ̔ Ҭ ҍ Ȃ 

Ʒ / ̂ Ҍ ̃̔ / ‰ Ȃ 

Ʒ ̔ Ҭ ̆ Ȃ 

Ʒ ̂ Ҍ ̃̔ / / ‰ Ȃ 

Ʒ ̔ᴋᵥ ῏ Ғ Ḥ Ȃ 

Ʒ Ʒ Ʒ 



ҍ  
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 ľ Ŀ ľ ĿҬ Ҭ ҩ ѿ ̔ 

Ʒ ᶷ / ̕ ᶷ Ȃ 

Ʒ ҩ ṿ ‰ ̆ Ȃ 

⌠ ҉̆ ̔ 

 

˂ 

 

4.3.8  

 

ꜚ  

ᴆ ꜚ ľ ĿȂ ̔ 

Ʒ ѿҩ  

Ʒ ѿҩ  

Ʒ ѿҩ ̂ ̃ 

ľ Ŀ ԍľ Ŀ ҉Ȃ ץҊ ↕ ꜚ

̔ 

Ʒ ľ Ŀ ҍ Ȃ 

Ʒ ҍΐ ľ Ŀ Ȃ ҩ ҍ ̆ ᶏ

Ȃ 

Ʒ ľ Ŀ ľ Ŀ̆ ᴆ ԍ ≢ ≢ľ ĿȂ 

ᵝ ҍ ᵝ ̆ Ӈ ֓ Ȃ 

 

≢ ̆ ᴆ ᶫץҊ ↕Ȃ ᶛ ̔ ҹT1, T2̕ ҹR1̆ R2 

Ʒ ѿ ѿ̔ ̆ѿҩ ҍѿҩ ̆ 

ᶛ ̔ T1|R1̆ T2|R2 

Ʒ ῃ ῃ ̔ ҩ ҍ ҩ ̆ 

ᶛ ̔ T1|R1̆ T1|R2̆ T2|R1̆ T2|R2 

Ʒ ῃ ̔ ҩ ҍῃ Ȃ ṿ ₃ᵥ ̆ 

ᶛ ̔ T1/R̂ ῃ ̃ = (T1/R1 x T1/R2) 1/2 and T2/R̂ ῃ ̃ = (T2/R1 x T2/R2) 1/2 

Ʒ ῃ ̔ ῃ ҍ ҩ Ȃ ṿ ₃ᵥ ̆ 

ᶛ ̔ T̂ ῃ ̃/R1 = (T1/R1 x T2/R1) 1/2 and T̂ῃ ̃/R2 = (T1/R2 x T2/R2) 1/2 



ҍ  
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ᶏ ľ Ŀ ľ ĿȂ ץ ѿ Ṑ Ȃ 

 

ᵥ ̔ 

 ľ Ŀ ңҩľ Ŀ̔҉ ԍ ̆Ҋ ԍ Ȃ ꜚ Ҭ

ԍ Ȃ ῒז ᵝ ҹ ꜚȂ 

 

ľ Ŀ ̆ ľ ꜚ Ŀ Ȃ 

 ⇔ ľ Ŀ̆ Ҋץ ̔ 

Ʒ ₯ľ Ŀ↓ Ҭ ľ+Ŀ ⱴ ľ ĿȂ 

Ʒ ̂ ҉ Ҭ̃ҍ ̂ Ҋ Ҭ̃Ȃ 

Ʒ ⱴ ̆ ᵟ<Ctrl> ̆ ₯ ̂ ҉ Ҭ̃ ̂ Ҋ

Ҭ̃Ȃ 

Ʒ ₯ľ ĿȂ 

ľ Ŀ ⱴ⌠ľ Ŀ↓ ҬȂ ꜚҹľ Ŀ№ ľ ###Ŀ̆###ҹ Ȃ 

ᵝ Ȃ 

Ʒ ľ Ŀ̆ ₯ľ Ŀ↓ Ҭ ̆ ῀ѿҩ Ȃ 

 ѿҩ ⌠ľ Ŀ̆ Ҋץ ̔ 

Ʒ ѿҩ ѿҩ ̆ ₯ľ Ŀ Ȃ 

Ʒ ԍѿҩ ̆ ľ Ŀ↓ Ҭ ľ ĿȂ 

Ẓ Ȃ ץ Ȃ 

ľ Ŀ ѿ Ȃ 

Ʒ Ʒ Ʒ 
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 ѿҩṐ ⌠ľ Ŀ̆ Ҋץ ̔ 

Ʒ ѿҩ ѿҩ ̆ ₯ľṐ Ŀ Ȃ 

Ʒ ԍѿҩ ̆ ľ Ŀ↓ Ҭ ľṐ ĿȂ 

Ṑ ṿ ҹ ṿȂ ӗץṐ Ȃ ̆Ṑ ΐ ľ

Ŀⱳ ̆ᶏ ԍ № Ȃ 

 ⇔ ľ ĿȂ 

₯ľ ĿȂ 

˂ 

 

ᵥ Ҭ ̔ 

Ʒ ľ Ŀ Ȃ ľ Ŀ ԍľ Ŀ ҬȂ 

Ʒ ľ Ŀ Ȃ 

Ʒ ľ Ŀ Ҭ ľ ĿҬ Ȃ 

Ʒ ľ ĿҬ ľ Ŀ Ҭ ᵝ Ȃ 

ľ Ŀ↓ Ҭ Ҭѿҩ ̆ľ Ŀ Ȃ 



ҍ  
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4.3.9 ‰  

 

ҹԅ⇔ ҉ ‰ ̆ № ץ ‰ ̔ 

Ʒ № Ҭ 3- 5ҩ ‰ Ȃ 

Ʒ ԍ № ̆Ҍ ‰ / Ȃ ꜚ ‰ ᶏ ̆

ᶛ ̔mRNAcRNA ↓Ȃ 

Ʒ ᶏ 4- 5ҩ ̂ᶛ ̔1:10 ̃Ȃ 

Ʒ ҩ ‰ ᶏ 3- 6ҩ ץ̆ Ḡ ҉ Ȃ 

 

№ Ҭ ꜚ ‰̆ Ӈҹ ‰ № Ҭ

Ȃ 

 

ᵥ ‰ ̔ 

 ѿҩ ̆ῒҬ ‰̂ ľ Ŀѿ ̃Ȃ 

ҍ ԍ Ȃ 

 ľ ĿҬ ῀ ̂T̃ ̂R̃ ‰ Ȃ 

 ⇔ ľ № Ŀ̂ ľ Ŀѿ ̆ 3- 7 ̃Ȃ 

ľ № Ŀ ̆ ľ Ŀ Ȃ 

 ₯ľ Ŀ ̆ ‰ Ȃ 

₯ľ Ŀ ̆ Ȃ 

 
₯ľ Ŀ Ȃ 

Ʒ Ʒ Ʒ 
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 № Ȃ 

‰ Ȃ 

 
₯ ‰ ̆ ľ ҹ ĿȂ 

ץ  ‰ Ḡ ҹ ‰ Ȃ  

‰ ѿҩ ӈ ̆ ₯ľOKĿ̆ ῒḠ ľ ‰ Ŀ ҬȂ 

˂ 

 

4.3.10 ᾟḤ  

 

№  

 

Ҋץ ᴪᶏ№ ̆ № ̔ 

Ʒ ‰  

Ʒ / ԍ Ҭ  

Ʒ ̂⇔ ‰ − ‰̃ 

Ʒ ‰  

Ʒ ṿ ̂ ‰ ȁῤ ‰ ̆  = 2̃ 

Ʒ ⱴ −  

Ʒ Ṑ  

Ʒ ễ ̂ /῏/ ̃ 

Ʒ  

Ʒ ╠  

ץ῀ Ῥ ̆ Ҍᴪᶏ№ ̆ӞҌᴪᶏ№ Ȃ 

 

 

 

№ Ҋץ ̔ 

 

Ʒ ᾣ  
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⌠ѿҩ ᶏ Ҭ ᾣ ̆ ᴪ₮ Ḥ ̆
ғ Ҍᴪ Ȃ 
Ʒ / / Ḥ ̂ ᵝ ̃ 

Ḥ ҍ ╠ Ҭᶏ Ҍѿ ̆ Ҍᴪ Ȃ 
Ʒ  

̆ ᴆᴪ ╠ ץ̆ ҍ Ҭ ᵝȂ 
Ʒ ╠ Ҍ ̆ ᴆ ⇔ Ȃ 
Ʒ ╠ ̆ᵖҍ Ҭ ᵝҌ ̆ Ҍᴪ Ȃ 

Ʒ ҩ ᾣ № ↓  

Ʒ  

̆ ᴆᴪ ╠ Ҭ ҍ Ҭ Ȃ 
Ʒ ╠ Ҭ ᴋᵥ ҍ ҬҌ ѿ ̆ Ӈ Ҍᴪ ̆
Ḥ Ȃ 
Ʒ ╠ Ҭ ᴋᵥ ҍ Ҭ ̆ Ӈ Ҍᴪ ̆

Ḥ Ȃ 
Ʒ  

̆ ᴆᴪ ╠ Ҭ ᴋᵥᵝ ԍ Ҭ Ҍ ԍ Ȃ 
’Ҋ̆ Ҍᴪ ̆ Ḥ Ȃ 

Ʒ ‰ Ḥ Ȃ ‰ ҍ ѿ Ḡ Ȃ 

Ʒ ễȂ ễ ҍ ѿ Ḡ Ȃ 

Ʒ  

Ʒ Ṑ  

Ʒ Ҭ ῀/  

Ʒ ꜚ ↕ 

Ʒ  

̆ Ӈ ̆ Ҍᴪ׆ ⱴ Ȃ ꜚ Ȃ 
̆ Ӈ Ḡ Ҭ̆ ׆̆ Ҭ ⱴȂ 

Ʒ № ̂ ԋ ̃ 

Ʒ  

ᶏ ̆ Ӈ ᴆ ̆ ץ ȁ Ȃ 
ҩ ̆ Ӈ Ҍ Ȃ 



ҍ  
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LightCyclerЮ480ᴆ ᵀ ȁҌ ̆ Ȃ Ҍ ṿ

ԍ ῤ̆ ľ Ŀṿ ṿ↕ ҹ Ȃ 

 

῏ ̆ Ҋ Ȃ ľ Ŀ Ҭ Ḥ Ȃ 

 
/   

     

/     ṿ  ṿ  

 Ҍ   ṿ    

/ Ҍ ̆    [ ṿ]  [ ṿ]  

Ҍ / ̆  

Ҍ /Ҍ   

Ҍ   [ ṿ]    

/         

 Ҍ       

/ Ҍ     [ ]  [ ]  

 Ҍ   [ ]    

/ ̆        

Ҍ / ̆     
/      

ᴋᵥ   -     

̂ ̆

̃  
   

Ҍ ‰   -     

 

Ҭ Ҭ ҹ ̆↕ Ȃ 
Ҭ 1ҩ Ҭ Ҍҹ ̆↕ Ȃ 

̆ғ ̆ Ӈ Ӟ ԍ ῤȂ 
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5. Tm №  

 

ҹ ᵥᶏ DNA֟ Ȃ 

 

5.1 ᶏ DNA֟  

 

DNA ѿ Ҋ ̆ DNA ↓Ҍ ȁ Ҍ

ץ Ҭ GC Ҍ ̆ ѿ Ȃᶛ ̆ ԍ ᵖ Ҭ GC/AT

ᶛҌ ң DNA№ ̆ GC ̆ᵖGC Ҭ№ Ҍ ң

DNA№ ̆ ѿ Ҍ Ȃ ғ̆ң DNA№ Ҭ ̆Ӟᴪ

Ҋ Ȃ ԍ DNA ֜ᵣ ↕ ̆ ̆Ӟ ҹ ױ

№ Ȃѿҩ ̂ᶛ - ̃

ҍ ѿҩ ↓ ѿ֓Ȃ 

 

№ DNA ׆̆

֟ Ȃ 

 

№ ̆↕ LightcyclerЮ 480ת

ᾣ Ȃ ҹ ̆ ᾣ ⁞Ȃ ԍ

DNA SYBR Green I ̆ ᵞҺ ҹ DNA ԅ SYBR 

Green I № ׆ ҉ Ȃ ԍ ֜ ̆ ᵞҺ

ҹ - ֜ᵣ ׆ № ҉ №

Ȃ ң ᴪ ᾣ Ҋ Ȃ 

 

LightcyclerЮ 480 ת № ᴆ ȁ

ȁ ȁ ץ Ҋ Ȃᶏ № DNA֟

- ֜ᵣ Ȃ 

 

 

5.1.1 ӈѿ  

 

ᴋᵥѿҩ Ҭ № Ȃ DNA

Ῥ Ȃῖ Ҋ҈ҩץ №̔ 

  

ⱴ ѿ ̆ ᶏץ DNA№ ̂ Ȃ̃ 

‛ ⌠ DNA   ҊȂץ

ⱴ ̆ DNA ᾣ Ȃ 
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5.1.2 № ῤ  

 

№ Ҭᶏ Ҭ ᾣ ṿ Ȃ

̂ T
m̃ ӈ ̔DNA№ Ҭ ѿ ѿ ῒ׆

DNA҉ Ҋ Ȃ 

  

№ ҹ ₮ ᾣ Ȃ ֓ Ҭ ₮

̆ ᾣ Ӟ Ҍ Ҋ Ȃ № ₮ ̆ῒ

ᾣ ѿҩ Ȃ Ҭ̆ ҩ ѿҩץ

₮ Ȃ ץ ₮ ̆ ᶏץ № ₮

ץ ӊ ≢Ȃ 

 

Ҋ ҹ ԅѿҩ ץ ѿҩ ̆ ױ ѿҩ SYBR Green I

Ҭ № Ҭ ѿ №̆ ῒᵬҹᶛ № ᵥ ԍ DNA

֟ Ȃ  

 

  
 

№ ңҩ ₮ῒDNA֟ ΐ ѿ ̆ῒ ҹ86£C̆

ҩ ף PCR֟ Ȃ ΐ ѿҩ ̆ ҹ77£C̆

Ҭ ԋ ᵣӊ ◐֟ Ȃ 
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5.2 №  

 

ץ ᴋᵥѿҩ Ҭ № Ȃ Ҭ̆

ץ DNA ᶏ ׆ ҉ Ҋ ת̆ ᴪ ᾣ

Ҋ Ȃ 

  

̆ ᾣ Ҋ Ҍ Ҭῒ Ӟ Ҍ ̔ 

  

ԍ SYBR Green I ̆ῒ ᾣ ᵞҺ ҹ DNA ԅ

SYBR Green I № ׆ ҉ Ҋ Ȃ ҹ SYBR Green I ҍ DNA

ᴪ 530 Ҋ֟ ᾣ̆ SYBR Green I № ̆

Ҋ ᾣ ᴪ ▲Ҋ Ȃῒ ̂ T
m̃

ӈ DNA№ ѿ

ҹ ̆ѿ ҹ Ȃ 

 

ԍ ̆ № - ᵣ № ᾣ῍ ᴰ ̂FRET̃ Ẽᵣ

҉ № ׆̆ Ҋ ᾣ Ҋ Ȃῒ ̂

T
m̃

ӈ ѿ ῒ׆ DNA№ ҉ Ҋ Ȃ  

 

ԍ ̆ ҍῒ ↓ ֜ ᴪ ₮ ᾣȂ

Ҭ ῒ ᾣ ԅȂῒ ̂ T
m̃

ӈ ѿ ׆

ῒ DNA№ ҉ Ҋ Ȃ 

 

PCR Ҭ̆ ̆ Ȃ ̆
ῒ № Ȃ 

  

№ ̆ Ҭ ᾣ ԍҊ Ȃל ᴆ Ạץ

₮ ѿ ̆ῒҬ ₮ ⌠ Ȃ

ץ ̆ ץ № ₮ Ҭ ≢Ȃ 

 

№ ҩ ῒ Ҋ Ȃ  

 

№ ᶏ ꜚ ↕ ₮ Ȃ ̆ Ӟ ץ

₮ ץ Ȃ 

 

ꜚ ↕ ꜚ
ᵞ 7£C 3£CȂ   
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ᵥ ꜚ № ̔ 

 ⇔ ̆ Ȃ 

 ľ Ŀ Ҭ ₯ľ Ŀ̆ ľ Ŀ ᵬ Ȃ 

 
ԍ № ̆Ҍ ľ ĿҬ Ȃ 

 ľ Ŀ Ҭ ₯ľ№ ĿȂ 

⇔ľ׆  № Ŀ↓ Ҭ ľ ĿȂ ľ⇔ № Ŀ Ҭ̆ Ҭ №

̂ѿ ѿҩ Ҭ ̃Ȃ ₯  

ľ№ Ŀ Ȃ 

 
 

Ʒ Ʒ Ʒ 
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 ѿҩ ̆ ₯ľ ᾣ Ŀ ̆ ľ ᾣ Ŀ Ȃ №

ᾣ Ȃ ᶏ ľ ễĿ ῏ ễ̆ ễ Ȃ 

  
‗ Ȃ ץ ̂2 ԍ2̃ ̂6 ԍ6̃ӊ Ȃ ῖ

̆ 2 ԍ2Ȃ ̆ 6 ԍ6Ȃ 

ľꜚᵬ Ŀ ₯ľ Ŀ̆ ңҩ ӊ ℗ Ȃ 

ᶏ SYBR GREEN I ̂ Ҋѿ ̃ ̆ ̂2 ԍ2̃Ȃ 

ױ ΐ 4£CËTm̆ץ ⌠ № Ȃ 

  
ľ׆ Ŀ Ҭ Ҭᶏ Ȃ ץ ľHybProbeĿȁľSYBR GREEN IĿ

ľ Ŀӊ Ȃ ₯ Ҋ Ạ₮ Ȃ 

ѿҩ ᴪ № Ȃ 

 ’Ҋ̆ Ҭ ̕ ׆ Ҭ− ̆ ₯ ץ

<Space> Ȃ 

 ₯ľ Ŀץ № Ȃ 

 № ̆ ₯ № ץ̆ ῃ Ȃ ᶛ ľ

Ŀ ľ ĿȂ 

Ʒ Ʒ Ʒ 
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 Ʒ ᶏ ľ Ŀ ľ Ŀ Ҭ ᵥ Ȃ 

Ʒ ľ ᶛ Ŀ̆ ȁ ȁ ̆ Ȃ ľ ᶛ Ŀ

ΐ ֓ Ἕȁľ Ŀ Ҭ Ȃ 

ľ ᶛ ĿҬ ľ Ŀ̆ Ӈ ‗ԍ ̆ Ȃ 

№ ľ Ŀ Ҋץ ̔ 

 
 

  

1  Ҭ ѿҩ Ȃ  

1  ѿҩ Ҋ Ȃ  

1  ѿҩ Ȃ  

1  ѿҩ Ȃ  

2  
ԋҩ ̂ ̃ Ȃ  

2  ԋҩ Ҋ Ȃ  

2  ԋҩ Ȃ  

2  ԋҩ Ȃ  

 

Ʒ Ʒ Ʒ 
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ῒז ̆ ғ ԅ ̆ Ӈ ῒҹ 3ȁ 3 ̂ ̂6 ԍ6̃
ҬȂ) 

ѿᶷ ץ ⌠ Ȃ ֓ ̆ ׆ ľ ĿȂ ̆
↕ ľ ĿȂ 

Ҋץ ᶛҬ̆50£C Ȃ 

 

 ҩ Ҭľ Ŀ ̔ 

 

 
  

Ҭ  
 

 

̔ ԍ ѿҩ ↓Ҭ̆ Һ
↕ ԍ ԋҩ ↓ҬȂ ҹ

ꜚ Ȃ 
 

 № ңҩ Ȃ ’Ҋ̆҉ Ȃ Ҋ Ȃ 

ľ№ Ŀ ľᶏ № Ŀѿ Ȃ 

˂ 
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ҽᶛ ̆HybProbe№ № ҊȂ Ҭ Ȃ ₮

⌠ Ȃ ңҩ ̆ ҩ ף Ҍ Ȃ 
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ᵥ № ̔ 

 ⇔ ̆ Ȃ ꜚ № Ȃ 

№ ץ ̆ ᴪ Ȃ 

׆  ↓ Ҭ ѿҩ ҩ ̆ ῒ ₮ Ȃ 

 ľ Ŀ Ȃ 

ľ Ŀ ̆ ľ Ŀ Ҋ 2ҩ 6ҩ Ȃ 

 

ᵝԍ ꜚ ṿ Ȃ ↓ Ҭ ҩ ҹ ₮ ̆ Ӈ Ҭ ↓ Ҭ ѿ
ҩ Ȃ 

 ₯ ץ Ȃ ҍ Ҭ

Ȃ 

Ʒ Ʒ Ʒ 
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ṿ̆ ᾣ ҉Ȃ ᾣ ҹѿҩ Ȃ ₯ ⌠

ṿȂ 

 
ṿ ԍ ᶷ Ȃ ȁ ̆ ֓

ԍ ↓ ҬȂ 

Ҭ̆ Ȃ 

ѿҩ№ ̂Ҍ ѿҩ ̃Ҭ ץ ΐ ꜚ ṿȂ 

̆Ҍ ľ Ŀ Ȃ 

 ̂ ꜚ ̃ ṿ̆ ľ Ŀ̆ ₯ľ Ŀ ң ̆

₯ľ ĿȂ 

˂ 

 

 

 



№  
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6 №  

6.1  

̂SNPs̃ ҩᵣ ҉ץ90% ү ᴰ Ȃ ̆SNP

№ ҹ ѿ ῏ Ȃ 

 

LightCyclerЮ 480 ҉̆ ᶫң Ҍ SNP№ ̔ 

№ №  

№ №  

̂ ȁ̃ת ̆ ׆ץ Ḥ

̂ № ̃ PCR̂ № ̃ Ҭ ₮ № Ḥ Ȃ 

 

№ №  

̆ ᶏ ңҩ ῤ ңҩΐ Ҍ ̂ ҩ ᵝ ѿҩ ̃

ᾣḤ № Ȃ № ᶫѿ ᶏ ғ Ḃץ

№ ΐ ῤ ҩ SNP̆ ғ Ҍ Ȃ 

 

ԍ ҩ ̆ ᶫ ∆ ̆ ֓∆ ץ ‰ ᴆҊ

Ȃ ױ ץ ҍᶏ № ᴆ № LightCyclerЮ 480 ץ╕ ⌠

Ȃ 

 

№ №  

ᶏ ᾣ ̂ ֜ ̃ ᶫ ѿ ȁ SNP

№ Ҋ ↓ ῏Ḥ Ȃ 

 

ԍ PCR ֟ Ḥ № ̆ Ҍ PCR ̂ ̆ DNA ̃̆

׆ ᶏ № ẫ Ȃ № ץ Ҋ ῤ

⌠ ῒז SNPȂ ֓ῒז SNP ₮ ̆ Ҍᴪ ̆№ ᴆ

≢ Ḃץ’ ҹ Ȃ 

ҹԅ Ҍ SNP̆ ᶫ LightCyclerЮ 480 ᴆ LightCyclerЮ 480 №

Ȃ 

 

ҩ ѿҩ ῤ № ׆̆ ᾛ ҹ ҩ SNP ѿ Ҍ

ᴆҊ Ҭ ҩ SNPȂ ץ ֜ Ḃץ ѿҩ Ҋ ҩ SNP̆ ׆

ᾛ № Ȃ 

 

 

 

 



№  
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6.2 № №  

6.2.1  

№ № ᶏ ңҩ ↓ ᵣ ᵣ DNA ғᶏ Ҍ

Ȃ PCR ̆ ᴆ ң № № Ȃ 

 

ץ № ҉ ԍ ῏ ׆̆ ᵣȁ ᵣ ᵣ

ӊ ≢ȂLightCyclerЮ 480 № ᴆ ꜚ № ң № №

№ Ȃ 

 

№ ᶏ Ȃ ҩ ңҩ ̆ҹѿҩ ᾣ ѿҩ

╕̆ ңҩ ԑӊ Ȃ ̆ ╕ ҍ

̆ ᾟ№ └ FRET ֟ ᾣḤ Ȃ ᵈ ̆◄℗ ̆

ᶏ ╕№ Ȃ ◄℗ ҉ ҌῬ ̆ ₮ ᾣḤ Ȃ῏ԍ

Ḥ ̆ ľLightCyclerЮ 480ת Ŀ Ȃ 

 

 



№  

№ №  
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№ ̔ 

A: ↓ Ȃ 

B: ᵈ ̆ ◄℗ ̆ᶏ ╕№ Ȃ 

C: ◄℗ ҌῬ ₮ ᾣḤ Ȃ 

D: № ҩ ᾣ ׆̆ Ḃԍ ≢̔ Allele X

ᶷ̆ Allele Y ҉ᶷ̆ Allele X Allele Y ҉ ̆ ֓

ᵣ Ȃ 

 

LightCyclerЮ 480 № № ᴆ ᵌ № ꜚ № № Ȃ ᴆ

ΐ ף № Ȃ ԍ ҩ ̆ №

№ ⅞ Ȃ 

 

 

 



№  

№ №  
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6.2.2 №  

LightCyclerЮ 480 № ᴆ ΐ ᵌ ᾣ № ѿ ҩ ҹ №

Ȃ Ҋץ ̔ 

Ҍ ̔ №  

‰̂ ̃̔ ᴆᶏ № ‰ ‰ Ҍ № ‰

№ Ȃ ‰ ᵬ ̔ ᴋᵥ ‰ ₮Ҍ ҍ № ᾣ

Ḥ ̆↕ ᴆ Ȃ ӈ ‰̆ ᴆ ꜚ № Ȃ 

̂ ̃̔ ᴋᵥ ₮Ҍ ҍ № ᾣḤ ̆↕ ᴆ

Ȃ 

ᴆ № ̆ ץ Ȃ ̆ ҹľ

ĿȂ 

№ ̆ ֦ Ȃ ץ № Ҭ

ễ ̆ └ ֦ Ȃ ̆ № № Ҍ ễ̆

ҹ№ ҹ Ҍ ֦ Ȃ 

 

6.2.3 №  

№ № Ҭ̆ ᶏץ ң ̔ 

PCR ̔ № ѿ Ҭ Ȃ ᾣ ṿ

ғ № Ҭ№ ңҩ ᾣ ṿȂ 

╠ / ̔ ᶏ ת ̆↕ ᶏ ̂ ̃

ᾣȂ 

҉ת ӊ╠̆ ץ ̂╠ Ȃ̃ ᾛ № №

Ҭ ᾣṿ Ḃץ ₮ ṿȂ 

 

 

 

 

 

 

 



№  

№ №  
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PCR № ̔ 

 

Ȃ̂ Ҍ № ̆

ľ ╠ / № Ŀ Ȃ̃ Ҭ

‰̆ ‗ԍ ᶏ № ̔ 

ꜚ № ̔Ҍ № ‰Ȃ 

ῤ ‰̔ № ‰Ȃ 

ץ ̔ 

̔ № ‰Ȃ № ‰ ᵬ Ȃ 

̔ ╕ ғҌ DNA Ȃ 

̂ ̃ ӈ № ̔῏ԍ Ḥ ̆ ľᶏ Ŀ Ȃ

ӈ ̆ ᴆ № ҩ ꜚ ᵝ ҹ Ȃ 

 

₯ľ Ŀ Ҭ ľ ĿȂ 

 

ᵬ ľ № ĿȂ 

 

 

ӈ Ȃ 

῏ԍľ Ŀ҉ Ḥ ̆ ľ ῀ Ḥ Ŀ Ȃ 

ᴆᶏ Ҋץ ̔ 

↓   ṿ 

  Ҍ  

 

‰ 

№  ‰ №  

ҹ

‰ ̆ Ȃ 

ṿ 

̂Ů25ҩ ̃ 
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₯ľ Ŀ Ҭ ľ№ ĿȂ 

ľ⇔ № Ŀ Ҭ̆ ľ № ĿȂ 

 

 

ľ⇔ № Ŀ Ȃ׆ľ Ŀ↓ Ҭ № ̂ ̆

PCR Ȃ̃ ̆ ץ № ̂ ҹľ

№ Ŀ̃Ȃ ₯ Ȃ 

 

 

 

 



№  

№ №  
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ľ⇔ № Ŀ Ȃ 

 

ԍ № ᾣ ̔ 

ľAllele X Ŀ̔↓ Ҭ̆ ԍ№ x ᾣ Ȃ 

ľAllele Y Ŀ̔↓ Ҭ̆ ԍ№ y ᾣ Ȃ 

̂ № Ҍ ̆ ץ ľᶏ

Ŀ ⁞ ⱴ Ȃ῏ԍ Ḥ ̆ ľ ╠ /

№ Ŀ Ȃ̃  

 

ľ № № Ŀ Ȃ 

 

 

 

ľ № № Ŀ Ҭ ̆ № Ȃ 

 

 


