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1   
  

 ⁸ ⌐ ⌐ ╦╣╢ ≢╙∕╣∙╣ ⌂ ╩ ∫≡™╢↓≤⅜

╠⅛⌐⌂∫≡⅝√⁹ ₁─ ─ ≈ ╩ ∆╢√╘⌐↔ↄ ─ RNA ⅛╠ PCR

╩ ℮ ⌂≥⅜ ↕╣≡™╢⅜⁸ ⌐ ╩ ╢ ⁸∕╣∙╣─ ─

♃fiⱤ◒ ╩ ℮ ⅜ ≢№╢⁹ ⌐ ╩ ™√♃▬ⱶꜝⱪ☻

⌐╟╢ ─ │♃fiⱤ◒ ─ ⌐ ⁹╢№≢ꜟכ♠⌂ ╕≢⌐⁸

₁│ ╩⸗♦ꜟ ⌐ ™⁸◄Ⱨ☺▼Ⱡ♥▫♇◒⌂ ⌐ ╦╢Ⱬ♥꜡◒

꜡ⱴ♅fi ⅜⁸ ₁─ ≢ ⇔⁸ ─ ─ ╩ ⇔≡™╢↓≤

╩ ⇔√⁹ ⁸Ⱬ♥꜡◒꜡ⱴ♅fi ─ ⅜ ⅛╠ ┼≤ ╩ ⅎ≡

ↄ ≢≥─╟℮⌂ ⅜№╡⁸≥─╟℮⌂ ⅜ ⌐ ╦∫≡™╢⅛╩ ╠

⅛⌐∆╢√╘⌐│⁸ ⌂♃fiⱤ◒ ─ ⁸ ∆═≡⌐⅔↑╢

─ ╩♃כ♦─╠╣↓≡⇔⧵⁸ ⇔√ ─ ╩ ℮ ⅜№∫√⁹⇔

⅛⇔⁸ ─ ♃כ♦╠⅛♃כ♦ ╩ ℮√╘⌐│ ⌂ ╩ ≤∆╢⁹

≢│ ≢ ≢⅝╢♁ⱨ♩►▼▪╩ ∆╢↓≤⌐╟∫≡⁸ ╩ ╖√⁹ 

 ⁸ ≢│ ─◄Ⱨ☺▼Ⱡ♥▫◒☻ ⅛╠ ╠╣√ ╩ⱥ♩─ ⁸

⌐ ⌐ ≢⅝╢─≢│⌂™⅛≤ ⅎ⁸ ╩ ∫≡™╢⁹ │ ─

⅜ ↄ ╢↓≤≢ ─ ╩ ⅝ ↓∆ ≢№╡⁸ ─ ─ ≢

№╢⁹ ≤⇔≡ ╛ ⁸ ≤™∫√ ₁⌂ ⅜№╢⅜⁸ ≢╙ ⌐

╟╢ │ ≢╙ ⇔℮╢ꜞ☻◒╩ ≈⁹ ∫√ ╩

∆╢↓≤≢⇔⅛ ≢⅝∏⁸ ≢ ╩ ∆╢↓≤⅜ ╕⇔™⁹⇔⅛⇔⁸

─ │∕─ ⅜ ⌐ ↕╣≡⅔╠∏⁸ √⌂ ▪ⱪ꜡כ♅⅜ ╕╣≡™

√⁹↓↓≢ │ ─ ╩ ≤⇔≡⁸ ─ⱷ▬fi♥כⱴ≢№╢₈◄Ⱨ

☺▼Ⱡ♥▫◒☻₉⌐ ⇔√ ╩ ∫√⁹↕╠⌐⁸ ♁ⱨ♩►▼▪ ≢ ╪∞

╩ ⅛⇔⁸R ╩ ™√ DNA ⱴ▬◒꜡▪꜠▬ ⅛╠ ╩

⇔√ ╩╕≤╘╢⁹ 

 │ ≢№╡⁸ 1 ≢│ ─ ♁ⱨ♩►▼▪ ⌐≈™≡⁸

2 ≢│ ─ ⌐≈™≡ ═≡™╢⁹╕√⁸ ⌂ ⌐≈™≡│

─ ⌐ ⇔√⁹  
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2  ⌐⅔↑╢♃▬ⱶꜝⱪ☻  

─  
 

2.1  

 DNA ⌐ ⇔⌂™⁸◄Ⱨ☺▼Ⱡ♥▫♇◒⌂ ─ │⁸ ₁─

⅜ ╩ ╖ ∆ ≢ ⌂ ─ ≈≢№╡⁸ ╩│∂╘≤∆╢ ₁⌂

≤─ ╙ ↕╣ ╩ ╘≡™╢ 1-3⁹◄Ⱨ☺▼Ⱡ♥▫♇◒⌂ │ ₁─

≢ ⌂╢⅜⁸ ╕≢─◄Ⱨ☺▼Ⱡ♥▫◒☻ ─ ─╒≤╪≥│⁸

─ ⌂╢ ≢─ ≢№╢⁹⇔⅛⇔⁸ ↨╡─ ≢─ ≢│⁸ ₁─

─ ≈ ╩ ╠⅛⌐ ⌂™√╘⁸ ꜠ⱬꜟ≢─ⱷ◌♬☼ⱶ ⌐⅔™≡│⁸

∞⁸ ⌂ ⅜ ™⁹∕↓≢⁸ ₁│ ╩⸗♦ꜟ ⌐ ™⁸ ─ ╩

⇔⁸ ≢─◄Ⱨ☺▼Ⱡ♥▫♇◒⌂ ╩ ∆╢◦☻♥ⱶ╩ ⇔⁸

ↄ─ ─ ≢⁸ ⌂╢ ╩ ∆ ─ ⅜™╢↓≤╩ ⇔√ 4⁹ ╩

™≡ ∆╢↓≤│⁸ ⌐ ╙╣≡ ⌂⅛∫√⁸ ─ ╙ ⅜

≢№╡⁸ ╕≢─ ≢│ ≤⇔≡™√⁸ ⌐⅔↑╢ ⌂ ╩ ∆↓

≤╙ ╢⁹ 

 ₁ ⌐╙ ₁⌂ ≢ √⌂ ⅜ ↕╣⁸ ─ ⌐

≢│№╢⅜ ⌂╢ ╩ ↑≡™╢ ⅜ ⇔⁸ ─ ⅜ ≢

─ ⌂ ╩ ∫≡™╢↓≤⅜ ╠⅛⌐⌂∫≡⅝√ 5-7⁹↓─╟℮⌐⁸ │ ╩

≤⇔≡ ⇔⁸ ⌐ ╙╣≡ ↕╣⌂⅛∫√ ─ ≈ ⌐⅔↑╢

⌂ ╩ ∆╢↓≤⅜ ╘╠╣≡™╢⁹ 

 ₁⅜ ⇔√ ◦☻♥ⱶ│⁸◄Ⱨ☺▼Ⱡ♥▫♇◒⌂ ⌐

⌂Ⱬ♥꜡◒꜡ⱴ♅fi ─ ⌐ ♃fiⱤ◒ ╩ EGFP ╢∆♪כ◖╩ ⇔⁸

Ⱬ♥꜡◒꜡ⱴ♅fi ⅜ ⅜╢↓≤≢ EGFP ─ ⅜ ╕╡⁸ ╩

™≡ ⌐ ╩ ∆╢↓≤≢⁸◄Ⱨ☺▼Ⱡ♥▫♇◒⌂ ─ ╩ ꜠

ⱬꜟ≢ ∆╢↓≤╩ ≤⇔√ 4⁹ 

 ╩ ™√♃▬ⱶꜝⱪ☻ │⁸ ⌐ ╡ ⇔ ↑╢ ⅜№╡⁸

─ ╩♃כ♦ ⇔≡™ↄ√╘⁸ ─ ≢ ∆╢⌐│ ⌂ ≤ ⅜

≤⌂╢⁹ ⌂ │⁸ⱨ꜠כⱶ↔≤─ ─ ↑⁸ ─ ↑⁸

≤ ─ ↑⌂≥─ ─ ╡ ⇔≢№╢√╘⁸ ∆╢↓≤⌐╟

∫≡ ⌐ ╩ ∆╢↓≤⅜ ≤⌂╢⁹ ⌐⁸ ⌐ ╩ ∆╢

ↄ─ ⅜ ↕╣≡⅝√ 8,9⁹Li╠│ ₁⌂ ⸗♦ꜟ╩ ≈◌ꜟⱴfiⱨ▫ꜟ♃⌐╟╡

↕╣╢ ⱨ▫ꜟ♃כ≢№╢IMM Interacting Multiple Models ╩ ™╢↓≤≢

─ ╩ ≤⇔√ 10⁹╕√⁸Winter╠│⁸ ╩ ™≡ ─ ╩ ⌐
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⇔√ 7,11⁹ ≢│⁸machine learning╩ ™≡ ∂◦☻♥ⱶ≢ ─ ⌐

≢⅝╢♁ⱨ♩►▼▪╙ ↕╣≡⅝√ 12,13⁹ 

 ∞↑≢⌂ↄ⁸╟╡ ╩כ♬꜡◖⌂ ⇔☿◓ⱷfi♥כ◦ꜛfi╛ ⌐ ╩

⅝√∆ ╛ ≢╙ ↄ─ ⅜ ╦╣≡⅝√ 14-17⁹⇔⅛⇔⁸∕─ ↄ│☿◓ⱷfi

─fi─▪ꜟ◗ꜞ☼ⱶꜛ◦כ♥ ⌐ ⇔≡⅔╡⁸ ─ ⅜ ⌂⅛∫√╡⁸

♃fiⱤ◒ ─ ╩ ∫≡™⌂⅛∫√╡≤™∫√ ⅜№∫√ 

 │⁸ ◄♇☺─ ≤ watershed ⌐╟╢ ⱴכ◌כ⌐ ⇔⌂™☿◓ⱷ

fi♥כ◦ꜛfi⁸ ╛ ⁸ ─ ╩ ™√♩ꜝ♇◐fi◓⁸ ◄♇☺╩ ™√

─ ↑⌐╟∫≡ ─♃▬ⱶꜝⱪ☻ ╩ ╖√⁹↓╣╠─ │⁸ ♁ⱨ♩

►▼▪│∕╣∙╣─☻♥♇ⱪ≢ ╟ↄ ╩ ℮↓≤⅜≢⅝⁸ ♃fiⱤ◒ ─

≤ ™√ ─ ⌐ ⇔√⁹ 
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2.2 ≤  

 ─ ⌐ ™√ ≤ ╩ ⌐ ∆⁹ ⌐ ⇔≡│↓↓⌐ ⇔√ ─╙

─│♫◌ꜝ▬♥☻◒ ─ №╢™│ ─ ╩ ™√⁹ 

 

Table 2-1 ≤  

BactoTM Yeast Extract  (No.212750)  BD 

BactoTM Peptone  (No.211677) BD 

BactoTM Tryptone  (No.211705) BD 

DifcoTM Yeast Nitrogen Base w/o Amino Acids  

(No.291940) 

BD 

 (V-630BIO)  
◌♫ⱴ▬◦fi (No.113-00343) Wako 

Agarose S  (No.312-01193)  

 ♃◌ꜝⱣ▬○  

Primer ♬♇ⱳfi▬כ▫♥כ☺כ 

2 x Gflex PCR Buffer ♃◌ꜝⱣ▬○  

Tks Gflex DNA Polymerase ♃◌ꜝⱣ▬○  

Expand HighFidelityPLUS PCR System, dNTPack 

(No.04-743-733-001) 

Roche 

Emerald Amp MAX PCR Master Mix ♃◌ꜝⱣ▬○  

ⱨ▫ꜟ♃כ MILLEX-GS (No.SS-05SZ) ADVANTEC 

◦ꜞfi☺ ♥ꜟ⸗  

◐ꜙⱬ♇♩ Bio-Rad 

FB-4000   KURABO 

centrifuge 5417R   eppendorf 

centrifuge 5418   eppendorf 

 (6200) KUBOTA 

  fiⱬfi♅ (MCV-710ATS)כꜞ◒

  fiⱬfi♅ (MCV-B161S)כꜞ◒

 (MLS-3020)  

 (MLS-2420)  

 (MOV-212(U))  

UV-1200    

≤℮ TB-C-50R    

≤℮ TC-C-200R    
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▬fi◐ꜙⱬכ♃כ (CI-310) ADVANTEC 

▬fi◐ꜙⱬכ♃כ (MIR-553)  

▬fi◐ꜙⱬכ♃כ (CI-450SM) Iuchi 

♪ꜝ▬Ᵽ☻▬fi◐ꜙⱬכ♃כ (FG-01N) FastGene 

♪ꜝ▬Ᵽ☻▬fi◐ꜙⱬכ♃כ (MD-02N110) Major science 

Ⱪ꜡♇◒▬fi◐ꜙⱬכ♃כ (BI-516) ASTEC 

כ◌כ▼◦ EYELA   

 TAITEC (DOUBLE SHAKER NR-3) כ◌כ▼◦

ⱴ▬◒꜡♅ꜙכⱩ꜡כ♃כ♥כ (MTR-103) Iuchi 

 ASTEC (PC320) כꜝ◒▬◘ꜟⱴכ◘

Ɫfi♦▫כ UV ꜝfiⱪ ⱨ♫◖◦ 

UV ♩ꜝfi☻▬ꜟⱵⱠכ♃כ (UVT-2126) ASTEC 

ꜟ◕☻כ꜡●▪  ADVANCE 

◕ꜟ  ASTEC 

pH ⱷכ♃כ DKK  

 (RFD210TA) ADVANTEC 

 Ⱶꜞⱳ▪  

Ⱳꜟ♥♇◒☻Ⱶ◐◘כ M&S  

 (AV2102C) Ohaus 

 (R1800) ◌כꜟ♠□▬☻  

Ɫ▬◄fi♪  Axio Observer.Z1 ◌כꜟ♠□▬☻  

LED  Colibri ◌כꜟ♠□▬☻  

AxioCam MRm ◌כꜟ♠□▬☻  

EMCCD ◌ⱷꜝ CascadeŒ NIPPON ROPER 

ⱷ♃ꜟⱢꜝ▬♪ꜝfiⱪ HXP OSRAM 

Cell Asic ONIX 

Y2 Microfluidic Plate ONIX 

Hoechst33342 Calbiochem 

♫♩ꜞ►ⱶ (No.191-01665)  

◌ꜞ►ⱶ (No.163-03545)   

ⱴ◓Ⱡ◦►ⱶ (No.135-00165)  

-80°Cstock Ⱪכꜙ♅ 1.2 ml  (No.430487) CORNING 

D (+)-Glucose  (No.041-00595)  

Agar  (No.010-15815)  

One STEP Ladder 100  NIPPON GENE 
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(0.1~2kbp)  (No.313-05241) 

◌ꜟ◦►ⱶ (No.031-00435)  

EDTA  (No.15111-45) ♫◌ꜝ▬♥☻◒  

♫♩ꜞ►ⱶ (No.198-13765)  

♫♩ꜞ►ⱶ (No.31137-25) ♫◌ꜝ▬♥☻◒  

 (No.017-00251)  

BigDye terminator v3.1 Cycle sequencing Kit  

(No.4336917) 

Applied Biosystem 

◄♃ⱡכꜟ (No.057-00456)  

(No.080-01066) SIGMA-ALDRICH 

Tris  (No.204-07885)  

ꜞfi ♫♩ꜞ►ⱶ (No.31726-05) ♫◌ꜝ▬♥☻◒  

ꜞfi ◌ꜞ►ⱶ (No.164-04315)  

♁ꜟⱦ♩כꜟ (No.198-03755)  

L-ⱥ☻♅☺fi -  (No.084-00702)   

L-꜡▬◦fi (No.124-00852)  

L-ꜞ☺fi-  (No.121-01462)  

L-♩ꜞⱪ♩ⱨ□fi (No.204-03382)  

L-ⱷ♅○♬fi (No.21719-02) ♫◌ꜝ▬♥☻◒  

▪♦♬fi  (No.100195)  

►ꜝ◦ꜟ (No.212-00062)  

Ethidium Bromide(No.315-90051)  

Ligation-Convenience Kit (No.319-05961) ♃◌ꜝⱣ▬○  

ONPG (No.142-04691)  

Na2HPO412הH2O (No.196-02835)  

Hi-Di formamide (No.4311320) Applied Biosystems 

KOH (No.163-03545)  

DMSO (No.043-07216)  

PEG4000 (No.162-09115)  

SDS (No.196-08675)  

ꜞ♅►ⱶ♬ (No.126-01532)  
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2.3  

2.3.1  

Ⱪכ꜠◒♩כ○  2.3.1.1  

 ⇔√ ⁸ ⌐ ™√ ⁸ ⱨꜝ☻◖⁸Ᵽ♇ⱨꜟⱨꜝ☻◖⁸◦ꜞ◖fi

Ⱪכ꜠◒♩כ○│ ⇔√╙─╩ Ⱪכ꜠◒♩כ○⁹√⇔ │ 121 °C⁸20 ∫

√⁹ 

 

2.3.1.2   

 ≢ ⇔√ │⁸ ⌐◄ⱷꜝꜟ ⅜ ↄ⌂╢╕≢ ⇔⁸↓╣╩

≤⇔√⁹ 

 

2.3.1.3  DNase free⁸RNase free  

 ≢ DNA ╛ RNA ⌐ ™√ⱧⱭ♇♩♅♇ⱪ⁸◘fiⱪꜟ♅ꜙכⱩ⁸ │

Ⱪכ꜠◒♩כ○ ⇔√╙─╩ Ⱪכ꜠◒♩כ○⁹√⇔ │ 121 °C⁸20 ™⁸

≢ ⌐ ╩ ╡ ™√╙─╩ ⇔√⁹ 

 

2.3.1.4  ⱨ▫ꜟ♃כ  

 ≢ ™√▪fiⱧ◦ꜞfi⁸ SDS ⌂≥─○כ꜠◒♩כⱩ ⅜ ⌂╙─│

ⱨ▫ꜟ♃כ╩ ™ ╩ ∫√⁹ 
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2.3.2   

≢ ™√ ─ ╩ ⌐ ∆⁹ 

YMD  

 0.67 % Yeast Nitrogen Base (without amino acids)⁸2 % Bacto-Agar (ⱪ꜠כ♩ ) ╩

≢ ⇔⁸121°C 20 Ⱪכ꜠◒♩כ○≢ ╟╢⌂⌐ % 2 ╩☻כ◖ꜟ◓ % ⁸20

℮⌐ ⅎ√⁹ 

 

Casamido acid  

 0.67  % Yeast Nitrogen Base (without amino acids)⁸2 % casamido acid⁸2 % Bacto-Agar 

(ⱪ꜠כ♩ ) ╩ ≢ ⇔⁸121 °C 20 Ⱪכ꜠◒♩כ○≢ כ◖ꜟ◓ % ⁸20

☻╩ 2 % ⌐⌂╢╟℮⌐ ⅎ√⁹ 

   

YPD  

 1 % Yeast Extract⁸2 % Peptone⁸2 % Bacto-Agar (ⱪ꜠כ♩ ) ╩ ≢ ⇔⁸

121°C 20 Ⱪכ꜠◒♩כ○≢ ⌐℮╟╢⌂⌐ % 2 ╩☻כ◖ꜟ◓ % ⁸20 ⅎ√⁹ 

 

YPD  G418 

 ╘≡™╢ YPD ⌐  0.2 mg / ml ≤⌂╢╟℮⌐ G418 ╩ ⅎ√⁹ 

 

Amino Acid Mixes 100!   

 ─ ≢ ⇔√ ⱨ▫ꜟ♃כ ⇔√⁹0.3 % Adenine⁸0.2 % Histidine⁸0.4 % 

Leucine⁸0.4 % Lysine⁸0.3 % Tryptophan⁸0.2 % Uracil⁹ ⌐ Tryptophan ─ ™╙─⁸

Uracil ─ ™╙─⁸ Tryptophan ≤ Leucine ⅜ ↄ Methionine ⅜№╢╙─⁸Leucine ⅜

ↄ ⁸Lysine ≤ Uracil ─⌂™╙─⁸Adenine ≤ Leucine ─╖─╙─⁸Adenine ─╖─

Amino Acid Mixes 100! ╙ ⇔√⁹ 

 

Amino Acid Mixes 100! Casamido acid  

 ─ ≢ ⇔√ ⱨ▫ꜟ♃כ ⇔√⁹0.3 % Adenine⁸0.2 % Histidine⁸0.4 % 

Leucine⁸0.4 % Lysine⁸0.3 % Tryptophan⁸0.2 % Uracil⁹ ⌐ Tryptophan ─ ™╙─⁸

Uracil ─ ™╙─⁸ Tryptophan ≤ Leucine ⅜ ↄ Methionine ⅜№╢╙─⁸Leucine ⅜

ↄ ⁸Lysine ≤ Uracil ─⌂™╙─⁸Adenine ≤ Leucine ─╖─╙─⁸Adenine ─╖─

Amino Acid Mixes 100! ╙ ⇔√⁹ 

 

YMD  Amino Acid Mixes 

 ╘≡™╢ YMD ⌐ 1! ⌐⌂╢╟℮⌐ Amino Acid Mixes 100! ─

╩ ⅎ√⁹ 
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2.3.3  ─  

 ≢ ™√ ─ │ⱪ꜠כ♩╩ ™≡ ∫√⁹ ╩ ™≡ⱪ꜠

⌐♩כ ⇔⁸37 °C ≢ 2 ⇔√ⱪ꜠כ♩╩ 4 °C ≢ ⇔√⁹ ⅜ⱪꜝ

☻Ⱶ♪╩ ≈ ⁸ YMD ⌐ ⌐ ∆╢▪Ⱶⱡ ╩ ╡ ⇔√⁹ 

 

 ≢ ™√ ─ ◒♇♩☻ꜟכ꜡☿ꜞ◓│ ╩ ™≡ ∫√⁹ ╩

30 °C, 220 rpm ≢ 1 ⇔√  750 ml ╩ ꜟכ꜡☿ꜞ◓ % 60 250 µl ∫√☻◒

ⱪ♇ꜗ◐כꜙꜞ ⌐Ⱪכꜙ♅⅝ ⅎ⁸ ⁸ 80 °C ≢ ⇔√⁹ │∆═≡ YPD 

╩ ™√⁹ 

 

כⱪꜝ▬ⱴה 2.3.4  
 

  
FUY1679 MATa ADE2 lys2 his3 leu2 trp1 ura3 HMR(t-RNA bound delete) 

trp1-1::HTB1-2mCherry::TRP1 HMR-leftHTB1_ECFP 

HMR-left-HTB1-ECFP HML-right-HTB1EYFP HMR-right-tDNA 
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2.3.5  ♃▬ⱶꜝⱪ☻  

 

  YPD ≢ ⇔√ ⁸OD600 = 0.00025~0.0005 ⌐⌂╢╟℮⌐ ⇔√  1 

mL ╩◄♇Ɑfi⌐ ≢ꜟכ◖ꜟ▪⁹√⇔ vacuum ─ⱨ♃ (◗ⱶ ) ╩ ⅝⁸ ℮꜠

─fiכ ╩∆═≡ ╡ ⅝⁸YPD ( 150₩200 mL ) ╩ 1~8 ⌐ ╩ ™ ∆╟℮⌐

╣√ ⅜ ╡⌂↑╣┌ ┼fiכ꜠─ ⅎ ℮ ⁹ONIX ≤ PC ─

╩ ╣⁸vacuum╩ ⇔√⁹ PC≢ONIX FG ╩ ⇔⁸ ─ ╩ ∫√₈yeast₉

"₈Y4₉" Create Protocol ≢ Flow 2 ⁸Duration 1 min ≢ 1~6 "₈CreateProtocol₉

"₈Run₉⁹Load Cells (8 ⱪ꜡◓ꜝⱶ) ≢ ⌐ ─ ╩ ∫√  Flow 2⁸Duration 

60 sec⁹Vacuum ╩ ⇔ 1~8 ─ ╩∆═≡ ╡ ⅝⁸1~6 ⌐  ( YPD )⁸8 ⌐

╩∕╣∙╣ 150~200 mL ╣⁸7 ⌐│ ╙ ╣⌂™⁹ ┘ vacuum ╩ ↑⁸ ─

╩ ℮ Load Cells Flow 2⁸Durartion 120 sec⁹vacuum OFF ⌐⇔ 8 ─ ╩ ╡ ⅝⁸8

⌐ ╩ ╣≡ vacuum ╩ ╣╢⁹ ─ ( V1₩V8 ⅜ ↕╣√╙─ )≢ Flow 2

≢ V1,V2 ⅛╠ 1 ≈⁸V3~V6 ⅛╠ 1 ≈⁸V8 ╩◒ꜞ♇◒⇔≡ ∆ ( 5 )⁹ ⅜

™╢◘fiⱪꜟ≤ ─ GFP or CFP ⅜ ⇔≡™╢⅛ ∆╢⁹Definite Focus ( 2 ), 

Power Supply ( 0 ),  ( 1 ), COLIBRI ( 1 ), PC ─ ≢ ╩ ╣⁸

AxioVision ╩ ∆╢⁹꜠fi☼⌐ ⅜ ⇔≡⌂↑╣┌ ⇔⁸♃▬ⱶꜝⱪ☻≢⅝∕℮⌂

╩ ∆⅜⁸⌂↑╣┌ ╩ ╣╢≤↓╤⅛╠╛╡ ∆⁹Flow2 ≢ V1-8 ─ ╩

∫√ ⁸ ⌐ 7,8 ─ ╩∆═≡ ╡ ↄ⁹ Multidimensional Acquisition " ⱴꜟ♅ⱪ

ꜟ♃▬ⱶꜝⱪ☻ " Load " ℮ⱪ꜡◓ꜝⱶ╩ ∆╢⁹♥fiⱪ꜠כ♩↔≤─♅ꜗfiⱠ

ꜟ⅛╠ ─ ─ ╩⇔ ⌂ ╩⁸ ⌐♅▼♇◒╩ ╣⁸ ⌂

◘▬◒ꜟ ╩ ∆╢⁹Ⱨfi♩╩ ╦∑⁸Difinite Focus ╩ ON ⌐⇔√╠⁸Create Protocol 
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≢ Flow 2 , Duration │♃▬ⱶꜝⱪ☻ ⌐ ╦∑≡ ⇔ Run ╩ ∆⁹∕─ ♃▬ⱶ

ꜝⱪ☻╩☻♃⁹√⇔♩כ 

 

 

כꜞꜝꜗ◑  " ♅ꜗfiⱠꜟ♃▬ⱶꜝⱪ☻ ⅛╠ ═√™ ─ ≤ Phase 

╩ ⇔⁸ ╩ ⇔√⁹ ≢ ⁸ " "

♪כ꜡─ " Densime max ╩ ⇔⁸ ⁹ ≢ ⌐ ╩ ™

OK ╩ ∆╢⁹ ⅛╠ ─ ╩ ⇔⁸ Ɽꜝⱷכ♃ ─ ♪כ⸗ ⅛╠

Table ╩ ⇔ ♩כ♃☻ ╩♃כ♦⁹ ⇔ Excel ≢ ™√⁹∕╣∙╣─ ─

⅛╠ⱡכⱴꜝ▬☼─ ╩ ⅝⁸ ─ ≢ ∫√⁹GFP/m-cherry ─╟℮⌐⁸∕

╣∙╣ ≢ ∫√ ≢ ∫√⁹ ╠╣√ ╩∕─ ≤⇔√⁹ 

 

 

ה  

Z-stuck  

 Z ≢ ╡√™♥fiⱪ꜠כ♩╩ ⇔⁸ Z ☻♃♇◒ ⌐♅▼♇◒╩ ╣√⁹ Z ⅛╠⸗

╩♪כ ⌐⇔⁸Ⱨfi♩╩ ╦∑ ⁹ ╩ ╘ ╩ ⇔√⁹ ☿◒◦

ꜛfi ⌐ ≡─♅ꜗfiⱠꜟ ⁸ ─ⱨ◊כ◌☻ ⅛╠ Z-☻♃♇◒ ⌐♅▼♇◒

╩ ╣√⁹↓─≤⅝⁸♥fiⱪ꜠כ♩⌐ ─♅ꜗfiⱠꜟ⅜ ⇔⁸∕─ ≈∞↑

Z-stuck ╩∆╢ ♅ꜗfiⱠꜟ ⅛╠ Ɽꜝⱷכ♃ ≢⁸Z ⅜ ⌂♅ꜗfiⱠꜟ

─♅ꜗfiⱠꜟ─ Z ♪כ⸗◒♇♃☻ ╩ -◖Ⱨכ ╙⇔ↄ│ - ⌐

⇔√⁹ 

 

 

 ∕╣∙╣─♥fiⱪ꜠כ♩⌐ ⇔⁸ ⱳ☺◦ꜛfiꜞ☻♩ ⌐♅▼♇◒╩ ╣√⁹ XY ⅛

╠ Use ‘Definite Focus’ at each position ⌐♅▼♇◒╩ ╣⁸ ꜞ☻♩ ╩ ⇔√⁹♃

▬ⱶꜝⱪ☻∆╢ ╩ ⌐ ╦∑⁸Ⱨfi♩╙ ╦∑√⁹ ─ ⁸ ⁸ ⁸ ─Ⱳ♇◒

☻™∏╣⅛╩ ∑┌⁸XY ⅜ ↕╣╢⁹ ╩ ≢ ∆╢ ≡⌐ ⇔≡ ∫

√⁹ 

 

◘▬☼─  

 ◌ⱷꜝ ⅛╠ AxioCamMR3 ╩ ┘⁸ⱨ꜠כⱶ " ◌ⱷꜝ⸗כ♪ ≢ 1388!1040 

standard mono ⌐⌂∫≡™╢⅜⁸↓╣╩ ≤∆↓≤≢⁸1/4 , 1/9 , 1/16 , 1/25 ⌐⌂╢⁹ ♠
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ꜟכ " ○ⱪ◦ꜛfi " ≢⁸ ─ ╩ 8bit ⌐ ≢ 1/2 ⌐⌂╢⁹ 

 ╕√⁸ ≢ Ⱪכ☿♩כ○ ⌐♅▼♇◒⇔⁸ ╩ Carl Zeiss Vision 

Image ╩ Taggeg Image File ⌐ ⇔⁸ ♃▬ⱶꜝⱪ☻⸗כ♪ ⌐♅▼♇◒╩ ╣

╢≤⁸ ↔≤⌐ ╩ ∆╢─≢ ╕╡⅜⌂ↄ⌂╢⁹ Carl Zeiss Vision Image

≢│⁸♃▬ⱶꜝⱪ☻ ⌐∆═≡─ ╩ⱨ□▬ꜟ ⇔√⁹╕√ ≢│⁸∕╣∙╣

─ⱳ☺◦ꜛfi⌐ ⇔≡ⱨ◊ꜟ♄⅜ ↕╣╢√╘⁸ ╕╡│ ∂⌂™⅜⁸ Z-stuck

╩∆╢≤ Z ─ ♃כ♦ ⅜ ╠╗⁹ 

 

 

─  

 " ⱨ◊כ◌☻ " ◘Ⱪ☿♇♩ ≢⁸Z ≢ ∫√♅ꜗfiⱠꜟ─╖⌐♅▼

♇◒╩ ╣√⁹∆═≡⁸╙⇔ↄ│ ⌂ ─ Z ☻♃♇◒⁸ ⌂ ─♃▬ⱶꜝⱪ☻

⌐♅▼♇◒⇔ OK ⁸ ╩ ♩♇꜠Ⱪכ▼► ⌐⇔⁸ OK ╩ ⇔√⁹ 

 

 

 " ∕─ ─ " ▬ⱷכ☺◘Ⱪ☿♇♩─ ╩ ⇔√⁹ ♅ꜗfiⱠ

ꜟ ⌐ ⌂♅ꜗfiⱠꜟ⁸ Z ⱳ☺◦ꜛfi ⌐ ⌂ Z⁸ ♃▬ⱶⱳ▬fi♩ ⌐ ⌂ T ╩

⁸ OK ╩ ⇔√⁹ 

 

 ( ⌂╢ T)  

 " ♃▬ⱶꜝⱪ☻ " ♃▬ⱶꜝⱪ☻ ╩ ⇔√⁹ Input1 ⌐

⁸╩♃כ♦⌐ Input2 ⌐ ╩♃כ♦─ ⇔⁸ OK ╩ ⇔√⁹ 

 

 ( ∂ T)  

 " ♃▬ⱶꜝⱪ☻ " Time Stitching ╩ ⇔√⁹ Input1 ⁸ Input2

╩∕╣∙╣ ⇔√⁹Z-stuck ⅜№╢♦כ♃╩ ↕∑╢ ⁸ copy │ Z ⌐ ╦∑≡

⁸ projection │ 1 ⌐⁸ plane │∕─╕╕ ↕∑√⁹ 

 

♅ꜗfiⱠꜟ─  

 " ∕─ ─ " ♅ꜗfiⱠꜟ ╩ ⇔√⁹ 1 ≤ 2 ⌐⁸

∕╣∙╣─ⱨ□▬ꜟ╩ ⇔⁸ OK ╩ ⇔√⁹ 
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ה 2.4  

2.4.1  ⌐╟╢  

 ⇔√ │ ─ HMR ⌐ ECFP⁸HML ─ ⌐ EGFP ╩

⇔√⁹ⱥ☻♩fi♃fiⱤ◒ ≢№╢ HTB1 ≤ ⇔√↓╣╠│ ⇔≡╙ ⌐ ╕╢↓

≤⅜≢⅝╢⁹HMR ≤ HML ≢│ Sir ♃fiⱤ◒ ⌐╟∫≡ ⅜ ⌐ ↕╣

≡⅔╡⁸E ◘▬꜠fi◘כ╙⇔ↄ│ I ◘▬꜠fi◘כ⌐╟∫≡ ⅜ ↕╣≡™╢⁹

─ ⌐⅔™≡⁸ ↔≤⌐◘▬꜠◦fi◓─╝╠⅞⌐╟∫≡ ⅜ ╡ ╦╢↓

≤╩ ⇔≡⅔╡⁸ ≢│ ≢♃fiⱤ◒ ─ ╩ ≥ꜟכ♠╢⅝≢

⇔≡ ™√ Fig. 2-1a ⁹╕√⁸mCherry │ ─ ─ ╩ ∆╢√╘ ⇔≡™╢⁹ 

 40 min ⌐ ⇔√ ⌐ ∆╢ ╩∕╣∙╣ ⇔⁸ ─

╩ ⇔√⁹∕╣∙╣─ ⌐│ ╕╣√ ≢ ⅛╠ ╩ ╡ ∫√ Fig. 2-1b ⁹

⌂╢ⱨ꜠כⱶ≢╙ ─ ⌐│ ∂ ⅜ ╡ ╠╣╢⅜⁸ⱨ꜠כⱶ─ ≢

─ │ ⌐ ∆╢⁹ⱨ꜠כⱶ ─ ─ ↑⅜ ≤⌂╡⁸4 min ─

╩ ═ 40 min ⌐ ─ ╩ ≈↑⌂↑╣┌⌂╠⌂™⁹↓─ │ⱨ꜠

ⱶכ ≤ ⅜ ⅎ╢⌐ ∫≡⁸ ⌐ ⅜ ⅎ⁸ ⌐╟╢ ╩ ⇔ↄ

⌐∆╢ ╙ ⅝⌂ ≢№╢⁹ ₁│↓─☻♥♇ⱪ⌐ 10 ─ ╩ ⇔√⁹

ⱨ꜠כⱶ ⌐ ⌐ ╩ ↑√ ⁸∕╣∙╣─ ─ ─ ↑╩ ∫√⁹

⅜ ⇔≡™╢≤≥─ ⅜ ⌂─⅛ ∆╢↓≤⅜ ⇔™⁹ ⁸ ≈⅛─

│ 40 min ─ ≢│ ⅜≈⅛⌂⅛∫√√╘⁸4 min ─ ╩

═ ⇔√⁹↓─ ╙ ╩ ⌐∆╢ ─└≤≈≢№╢⁹ ≤∕╣⌐

∆╢ ╩ ╠⅛⌐⇔√ ⁸∕╣∙╣─ⱨ꜠כⱶ≢ ╕╣√ ≤ ╪∞

─ ╩ ⇔√⁹↓─≤⅝⁸ │ ─ ─ ⅜ ↕╣≡™╢ Fig. 2-1c ⁹

∆═≡─ ╩ ⇔ ⅎ√╠⁸Excel ⌐ ╩ ⇔√ Fig. 2-1d ⁹╕√⁸

─ⱨ꜠כⱶ≢ ⅜ ⇔√ ⁸ ∆╢ ⁸ ─ flag ⌐ ╩ ⇔⁸

─ parent ⌐ ─ ╩ ⇔√⁹Excel ⱨ□▬ꜟ│ⱨ꜠כⱶ↔≤⌐ ╩

╡ ♁ⱨ♩≢ ╖ ╠∑⁸ ╩ ↕∑√⁹ 
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Fig. 2-1 Manual analysis procedure. (a) Schematic representation of loci for 

gfp-fusion proteins. mCherry was inserted for nuclear position correction. (b) 

Time-lapse image of cells used for analysis (every 80 min). Bright field images and 

fluorescent images were taken every 4 and 40 min, respectively. (c) Frame of 

manual cell tracking. All cells were assigned a unique number, and cells in each 

frame were associated. (d) An example of an Excel file for data aggregation. The 

daughter cell, its mother cell, and the fluorescence value of each frame was entered 

into Excel. 
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2.4.2 ◄♇☺ ≤ Watershed ╩ ™√ ─ ≤  

 ─ ╩ ∆╢⌐│╒╓ 1 ⅛⅛╢√╘⁸♁ⱨ♩►▼▪ⱬכ☻─◖fiⱧꜙכ♃

כ ◦☻♥ⱶ╩ ⇔≡⁸ ⌐ ⌂ ╩ ⇔√⁹♁ⱨ♩►▼▪ⱬכ☻─

◦☻♥ⱶ≢│⁸ ─ ╩ ™≡⁸4 ↔≤⌐◐ꜗⱪ♅ꜗ↕╣√ ⱨ

≢ⱶכ꜠ ╩ ⇔√⁹⇔⅛⇔⁸ ⅔╟┘ ⌐ ∆╢ ─

⌐╟╡⁸ ─ ⅜⇔┌⇔┌ ↄ ↕╣√√╘⁸◄♇☺─ ≤ ╩

⇔≡⁸ ╢™ ─ ™ ╩ ⇔⁸ ╩ ⇔√ Fig. 2-2a ⁹↓↓≢⁸

─☿◓ⱷfi♥כ◦ꜛfi⌐│ ☿◓ⱷfi♥כ◦ꜛfi▪ꜟ◗ꜞ☼ⱶ watershed

╩ ⇔√ Fig. 2-2b 18⁹↓─ ≢│⁸ ─◄♇☺ ╩ ≤ ⌂⇔⁸

─ ≢ ⱪ꜡☿☻╩◦Ⱶꜙ꜠⁸≡⇔♩כ∕─ ╩ ∆╢⁹ ≢│⁸

↓─▪ꜟ◗ꜞ☼ⱶ⌐╟∫≡ ↕╣√ ≤ │⁸ ≤∕─ ⌐ ⇔

√⁹ │ 2 ─ ╩ ⇔⁸ ⁸╒╓ ≡─ ─ ⅜Ⱶ☻⌂ↄ ↕╣

√(99.8 %)⁹ 

 ⱨ꜠כⱶ─☿ꜟ│⁸ⱨ꜠כⱶ ─ ╩ ⇔≡ ⇔≡ ⇔√⁹2 ≈─

∆╢ⱨ꜠כⱶ─ ─☿ꜟ╩ ↑╢√╘⁸ ─ ╩ ™√⁹ C0 ≤ Ck │∕╣

∙╣ ─ⱨ꜠כⱶ─♃כ◕♇♩☿ꜟ≤ ─ⱨ꜠כⱶ─ k ─ ☿ꜟ╩ ∆⁹

ⱪ꜡☿☻≢│⁸ Fk╩ ⇔≡⁸☿ꜟ C0≤∕─ Ck─ ╩ ⇔√⁹ pk⁸

lk⁸ak╩∕╣∙╣ ⅛╠ ╘√ ⁸ ⁸☿ꜟ Cx ─ ≤∆╢ x = 0⁸k ⁹

↓─ ╩ ⇔≡⁸Fk│ ─╟℮⌐ ↕╣√⁹ 
 

Fk = Wp |p0 - pk| + Wl |l0 - lk| + Wa |a0 - ak|                  (2) 

 

 ↓↓≢⁸Wp, Wl, Wa│ ⌐ ∆╢ ╖ ≢⁸ ⌐╟╡⁸Wp, Wl, Wa = 20 : 1 : 2

≤ ⇔√⁹Fk │⁸ ─ⱨ꜠כⱶ─ p0 ╩ ≤∆╢ ─ⱨ꜠כⱶ─ ─ ⌐№

╢ ☿ꜟ Ck⌐ ⇔≡ ↕╣√ Fig. 2-2c ⁹ C0─ ∆╢☿ꜟ╩ ∆╢ ╙

⌂ │⁸Fk⅜∆═≡─ ─ ≢ ╙ ™ Ck╩ ≈↑╢↓≤≢№∫√⅜⁸↓─

─ꜟ☿♩♇◕כ♃│ ⌐ ╩ ∂⁸ ─כꜝ◄ ⌐≈⌂⅜╢⁹↓╣╩

╩◒♇♬◒♥◓fiꜞכ♬▪⌐╘√╢∆ ⇔√⁹↓─ ≢│⁸ Fk ⅜ ─⇔⅝

™ ╟╡╙ ↕™ ≡™≈⌐ꜟ☿♩♇◕כ♃ ─ⱨ꜠כⱶ─ ∆╢☿ꜟ⅜ ↕╣⁸

∕─ ⁸⇔⅝™ ⅜ ─☻♥♇ⱪ◘▬☼≢ ₁⌐ ⇔ ╡─☿ꜟ╩ ∆╢⁹ 
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Fig. 2-2 Cell region extraction and association of cells between frames. (a) Left 

panel, outer peripheral edge of cells in a raw image; Middle panel, after edge 

enhancement and interpolation to enhance outer peripheral edges; Right panel, result 

of cell region extraction after the watershed algorithm was applied to the middle 

panel. Each cell is shown in a different color. (b) Watershed segmentation algorithm 

used in cell region extraction (a). Left panel, edge intensity of an image regarded as 

topological terrain; middle panel, simulation of a water-filling process for each 

catchment; right panel, position where waters in two different catchments meet is 

detected as a watershed (shown in red), which gives the boundary between the 

catchments. (c) Association of an identical cell between two successive frames. C0 

and C1 -Ck represent the target cell in the current frame and its candidates in the next 

frame, respectively. Fk denotes the evaluation value for the candidate cell Ck. The 

cell Ck whose Fk is the minimum is fundamentally associated with the target cell C0, 
in the next frame. 
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2.4.3 ☿ꜟ ─◄♇☺ ╩ ™√  

 ─ ⌐│⁸ ∆╢ⱨ꜠כⱶ⌐ ⅜ ∆╢╙─╙№╢⁹ ◦☻♥ⱶ╩

⇔≡↓╣╠─ ╩ ⌐ ╡ ≡╢↓≤│≢⅝⌂™⁹↓╣⌐ ∆╢√╘⌐⁸

╩ ™≡ ─ ╩ ⇔√⁹Fig. 2-3a ⌐ ∆╟℮⌐⁸ ≤ ─

│ ─ ╟╡╙ ™⁹↓─ ⌐ ≠™≡⁸↓╣╠─ ─ ↄ⌐ ∆╢

≤ ─ ─ ─ ╩ ∆╢↓≤⌐╟╡⁸ ╩ ⌐ ╡ ≡√⁹

╩ ⌐ ∆╢√╘⌐⁸ ≤⌂╢ ⅜∕─ ⅜ ─⇔⅝™ ╩ ⅎ

╢╟℮⌐ ⇔√ ⌐⁸ ≤ ─ ↑╩ ⇔√⁹ ⌐⁸ D0 ≤∕─

Mk≤─ ─ ╩ ∆╢√╘⌐⁸D0≤ Mk≤─ ─ Rk≤ ⇔

√ Fig. 2-3b ⁹ ⌐⁸ ≤ ─ꜝⱬꜟ ╩ ╗ ╛ ─ ─ꜝⱬ

ꜟ ╩ ╕⌂™ 3!3 ╩ ⇔√ Fig. 2-3c ⁹ ⇔√ ≤ ⌐№╢

─ ─ ╩ ╘⁸◄♇☺─ ↕≤⇔√⁹ ↑⌐│ ⅜

≈─ ╩ ↑↕∑⁸↓╣⌐╟∫≡ ⅜ 1 ≈⌐⌂╢ ╙ ↑

↕∑√⁹ ╩ ╡ ⇔≡╙ 2 ≈ ─ ╩ ∆╢ ⌐ ⇔≡│⁸

◄♇☺─ ↕⅜ ≢ ╙ ™ ╩ ↑↕∑⁸ ⇔⌂⅛∫√

│ ╩ →≡ ↑↕∑√⁹↓─ │ ⌐ ─ ╩ ╕⌂™ ─

⌐ ↄ ⇔⁸∕─ ⁸ ─ ↑≢ 92.7 %─ ╩ ⇔√⁹ 
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Fig. 2-3 (A) Raw image including a daughter-mother pair. Note that the 

boundaries between the daughter and mother cells in the white box are very weak. 

(B) Boundary region Rk (shaded region) between the daughter cell D0 and its mother 

candidate Mk defined by using the 3!3 mask shown in (C). (C) Center pixel X in the 

3!3 mask included in or excluded out of the boundary region Rk. Bottom left panel, 

center pixel X included in Rk, whose 3!3 vicinity includes pixels belonging to D0,  

Mk, or boundaries; Bottom right panel, center pixel X excluded out of Rk, whose 3!3 

vicinity includes at least a pixel other than the one in D0, Mk, and boundaries. 
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2.4.4 ◦☻♥ⱶ≢ ↓╡℮╢Ⱶ☻≤∕─  

 ↓↓╕≢─ ⅜ ⌐ ╦╣╢⅜⁸ ∆╢ ≈⅛─Ⱶ☻│ ≢ ∆ ⅜№

╢⁹ ⅎ┌⁸ ⌐⅔™≡⁸2 ≈─ ╩ 1 ≈≤ ∆⁸ ⌐ 1 ≈─ ╩ 2 ≈

≤ ∆↓≤⅜№╢ Fig. 2-4a ⁹↓╣╠─Ⱶ☻│⁸ ⅜ ⅝ↄ ⇔∆╢⁸╙⇔

ↄ│ ─ ⌐╟∫≡ ╩ ╖ ╣⌂⅛∫√ ⌐ ⇔√⁹ ∫√ ⅜

⅝√≤⅝│ ─ ⁸ ╩ ∆╢↓≤⅜≢⅝╢⁹↓─ │ ↑√ ╩ ≢

╡≈┬∆⁸╕√│ ⇔√ ╩ ≢ ╡ ∆⌂≥ⱴ►☻ ≢ ⌐ ⅎ╢⁹ ⌐

─ ⌐⅔™≡⁸ ⅜ ⅝ↄ ∆╢⌂≥⇔≡ ─ ╩ ≢⅝⌂™

⅜ ⇔√ Fig. 2-4b upper ⁹ ⱨ꜠כⱶ─ │ ─ ⁸ ⁸

⁸ ⱨ꜠כⱶ≢─ ∆╢ ⁸ ─ ⌐№╢ ╩ ∫≡⅔╡⁸

◦☻♥ⱶ≢│ ─ ╩◒ꜞ♇◒∆╢↓≤≢↓╣╩ ≢⅝╢⁹Fig. 2-4b ─╟℮

⌂ ─ Ⱶ☻≢№╣┌⁸ ╩ ≢ ⅝ ⅎ╢↓≤≢ ╩ ⌐⇔√ Fig. 

2-4b bottom ⁹ 

  Fig. 2-4c ─כꜝ◄│ ╩ ⇔≡™╢⁹ ─ ⌐ ™√ ≢│ 51 ⱨ꜠כⱶ

⌐ כꜝ◄─ Cell#1 ─ ≢№╢⌐╙ ╦╠∏⁸Cell#2 ─ ≢№╢≤ ↕

╣√ ⅜ ⅝√⁹Ⱶ☻⅜ ↕╣⌂™ │כꜝ◄⁸ ≈─ ⌐≤≥╕╠∏⁸85 ⱨ

ⱶכ꜠ ⌐≡ ─ ⌐╙ ⇔√⁹ ☻♥♇ⱪ⌐⅔↑╢◄ꜝכ─ │ כꜝ◄─

╩ ↕∑╢√╘⁸ ∏↓─☻♥♇ⱪ≢ ∆╢ ⅜№╢⁹ 

 ⌐ ╩ ╖ ╖⁸ ≤ ≠↑╢↓≤≢ ╩ ─ ⌐

╖ ╪∞⁹∕─ ⁸ ≤ ⌐ Excel ⱨ□▬ꜟ≤⇔≡ ⅜ ↕╣⁸

⅜ ⇔√ Fig. 2-5 ⁹ ≢│ ≢ ⅜ ℮ ⅜№╢⅜⁸↓╣│ ≢│ ≢

╕╣√ ⅛╠ 50 ╩ ∫≡™╢⅜⁸ ◦☻♥ⱶ≢│ ◘▬☼⅜

⌐⌂∫√╙─⅛╠ ⌐ ⅜ ╠╣╢√╘≢№╢⁹ ╪≢™╢ ─ ™≢№╡⁸

⌂ ™│⌂™⁹ i ─ │ ─ ≢ ⇔√ 4 ⁹ECFP ╩ ™√

─ ╩ Yi⁸ ─ ╩ Ybg⁸ ─ ╩ Ymax כ◙כꜚ ≤⇔√⁹

╕√⁸mCherry ╩ ™√ ─ ╩ Ci⁸ ─ ╩ Cbg⁸ ─ ╩ Cmax

כ◙כꜚ ≤⇔√⁹ 

 

  Fi = ((Yi - Ybg) /Ymax)/((Ci - Cbg) /Cmax)                    (4) 

 

─ │⁸ ─ⱨ꜠כⱶ─ 1 ≈─ ≢№╡⁸2 ─ ╩ ─ ⌐ ╩

≈↑≡ ⇔√⁹ ╕√⁸№╠⅛∂╘ ∆╢ ─ ╩ ⅎ√ ⁸╕√│ │

≢№╢⁹ ∆═≡─ │ ─ ╕≢≢ ∆╢⅜⁸↓↓╕≢⌐ ≢│
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15 ╩ ╛⇔√ 400 ≢ 50 ─☿ꜟ╩ ⇔√ ⁹ ⁸↓─ ≢

↕╣√◦☻♥ⱶ│⁸ ╩ ╘≡╙ 50 ≢ ⇔√ Fig. 2-6 ⁹ ↓─╟℮⌐

≢│⁸ ≤ ─ ⌐ ⌂╢ ╩ ∆╢↓≤⌐╟╡⁸ ─

≢ ─ ╩ ⌐ ∆╢↓≤⌐ ⇔√⁹ⱨ꜠כⱶ ≢ ⅝ↄ ⇔√

⅜ ∫≡ ↕╣╢≤™℮ ╛ ─ Ⱶ☻⅜ ↕╣╢≤⁸╟╡ ⌂ ◘

ⱳכ♩◦☻♥ⱶ⌐⌂╡ⅎ╢∞╤℮⁹ 
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Fig. 2-4 Examples of errors in the software system. (a) Error in cell region 

extraction and its manual correction. Top panel, error in the cell extraction step, 

where the cell in the red circle fragments; Bottom panel, manual error correction 

using the painting tool. (b) Error in cell association between frames due to large 

motion. Top left panel, the target cell for cell association; Top right panel, without 

manual correction. The corresponding cell is not identified in the next frame; Bottom 

right panel, manual correction that associates the target cell with the one in the red 

circle in the next frame. (c) Error propagation between frames. Red cells represent 

the progenies of cell #2. A daughter-mother association error in the 51-st frame 

propagates to successive frames, which produces erroneous identifications of the 

progenies shown in the ellipse in the 81-st frame. Manual correction of the error once 

in the 51-st frame prevents all successive errors, leading to correct identifications in 

the 51-st frame. 

 






















































































































