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⇔ ─ ₈ ₉≤™℮⁹ ╩⇔ ∕─ │
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⁹ ⌐ ↕╣√ ╩₈ ₉≤™™ ↓─ ⌐ ╢

╩ ╩ ╘≡₈ ₉≤™℮⁹⁹⌂⅔ ─₈ ₉│

─ ╩ ∆ ∂ ⁹ 

ₒ ₓ 

◄fi☺♬▪ꜞfi◓↕╣√ ⌐ כ♃☻ꜝ◒™⌂⇔ ꜞⱧכ

♩ ⱬ◒♃

כ ≢№∫≡ ─ⱳꜞ♯◒꜠○♅♪ ─ ⌐Ɫ▬

Ⱪꜞ♄▬☼∆╢ ≈ ─ ●▬♪ ╢∆♪כ◖╩ ≈

─♯◒꜠○♅♪ ⌐ ⌐ ⇔≡™╢ ─ ◄꜠ⱷfi♩≢№∫≡

●▬♪ ⅜ ●▬♪ ┘ ⱷ▬♩ ╩

╗ ─ ◄꜠ⱷfi♩ ♃fiⱤ◒ ꜠◒♯╢∆♪כ◖╩

○♅♪ ⌐ ⌐ ⇔≡™╢ ─ ◄꜠ⱷfi♩≢№∫≡ ♃fiⱤ

◒ ⅜ ◦◓♫ꜟ ╩ ╗ ─ ◄꜠ⱷfi♩ ╩ ╗ ≈

─ⱬ◒♃כ╩ ╖ ┘ ⅜ ─ ∂ │ ⌂╢ⱬ◒♃כ

⌐ ⇔ ⅜ ─♯◒꜠○♅♪─ ↕╩ ⇔

∕╣⌐╟∫≡ ≈ ─●▬♪ ⅜ ─ ⱳꜞ♯◒꜠○♅

♪ ╩ ≤⇔ ♃fiⱤ◒ ⅜ ⱳꜞ♯◒꜠○♅♪

╩ ⇔ ∕╣⌐╟∫≡ ⱳꜞ♯◒꜠○♅♪ ─ ⅜ ↕╣

♃fiⱤ◒ ┘ ≈ ─●▬♪ ⅜ ™∫⇔╞⌐ ⌐

⇔⌂™ ⱬ◒♃כ ⁹ 

 ─ ─  

ᵥ ─ │ ⇔ ─≤⅔╡≢№╢⁹ ∆╢⌐

│ ᵑ ─ ⌐ ↕╣√ ₈ ₉≤™℮⁹ ≤

≢№╢⅛╠ ─ ⌐ ⇔ ᵒ ⌐ ↕╣√

₈ ₉≤™℮⁹ ┘ ─
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⌐ ∆╢─≢ ╩ ↑╢↓≤⅜≢⅝⌂™ ≤™℮╙─≢№╢⁹ 

▪ 

⁹ :

⁹ ─  

▬  ΓA Programmable Dual- RNÄ́ Guided DNA Endonuclease in 

Adaptive Bacterial Immunity Δ Science, Aug 20 12, Vol.337, p.8 16- 821⁹ ─

┘ΓSupplementary Materials Δ ─ ○fiꜝ▬fi⌐╟╢ :
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 ▪ ─  
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♃fiⱤ◒ ╢∆♪כ◖╩ ⌐ ⌐ ↕╣√ⱪ꜡⸗כ♃כ ╩

╗ⱬ◒♃כ ┘ ш ─ ─ ⌐ ≢№╢

ΐ ⌐⅔↑╢ ─ ☻♥ⱶꜟכⱪ ╩ ∆╢ ─ ┘

⌐ ─╕╕≢№╢ ─ ΐ ╩ ╗ ⌂ↄ≤╙ ≈─●▬♪

╢∆♪כ◖╩ ⌐ ⌐ ↕╣√ⱪ꜡⸗כ♃כ ╩ ╗ⱬ◒♃כ

╩ ╗ⱬ◒♃כ ≢№∫≡ ●▬♪ ─ ┘ ─ ╦∑√

↕⅜ ⅛╠ ♯◒꜠○♅♪ ─ ≢№╡ ●▬♪ ⅜

♃fiⱤ◒ ╩ ─ ─ ┼ ⇔ ∕↓≢

♃fiⱤ◒ ⅜ ⌐≡ ─ ╩

⇔ ─ ⅜ ⅜ ↕╣╢╟℮⌐ ⌐╟╡

↕╣╢ ⱬ◒♃כ ⁹ 

 ▬ ≤ ─  

◄fi☺♬▪ꜞfi◓↕╣√ ⌐ כ♃☻ꜝ◒™⌂⇔ ꜞⱧכ

♩ ⱬ◒♃
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כ ≢№∫≡ ─ⱳꜞ♯◒꜠○♅♪ ─ ⌐Ɫ▬

Ⱪꜞ♄▬☼∆╢ ≈ ─ ●▬♪ ╢∆♪כ◖╩ ≈

─♯◒꜠○♅♪ ⌐ ⌐ ⇔≡™╢ ─ ◄꜠ⱷfi♩≢№∫≡

●▬♪ ⅜ ●▬♪ ┘ ⱷ▬♩ ╩

╗ ─ ◄꜠ⱷfi♩ ♃fiⱤ◒ ꜠◒♯╢∆♪כ◖╩

○♅♪ ⌐ ⌐ ⇔≡™╢ ─ ◄꜠ⱷfi♩≢№∫≡ ♃fiⱤ

◒ ⅜ ◦◓♫ꜟ ╩ ╗ ─ ◄꜠ⱷfi♩╩ ╗ ≈

─ⱬ◒♃כ╩ ╖ ┘ ⅜ ─ ⌂╢ⱬ◒♃כ ⌐ ⇔

∕╣⌐╟∫≡ ≈ ─●▬♪ ⅜ ─ ⱳꜞ♯◒꜠○

♅♪ ╩ ≤⇔ ♃fiⱤ◒ ⅜ ⱳꜞ♯◒꜠○♅♪

╩ ⇔ ∕╣⌐╟∫≡ ⱳꜞ♯◒꜠○♅♪ ─ ⅜ ↕╣

♃fiⱤ◒ ┘ ≈ ─●▬♪ ⅜ ™∫⇔╞⌐ ⌐

⇔⌂™ ⱬ◒♃כ ⁹ 

► ─  

│₈ ⅜ ─♯◒꜠○♅♪─ ↕╩ ₉∆╢╙─

≢№╢≤ ⅜ ↕╣≡™╢─⌐ ⇔≡ ≢│ ─₈

₉⌐ ∆╢ ─ ↕⌐≈™≡ ⌂ │⌂™╙── ₈ ┘

₉─ ╦∑√ ↕⅜₈ ⅛╠ ♯◒꜠○♅♪ ─ ₉≢№╢

╡⌐⅔™≡ ♯◒꜠○♅♪╟╡╙ ™ ╩╙ ∆╢ ⁹  

 ᵧ │ ≤ ≤─ ⌐≈™≡ ─

≤⅔╡ ⇔√⁹ 

▪ ─  

◄fi☺♬▪ꜞfi◓↕╣√ ⌐ כ♃☻ꜝ◒™⌂⇔ ꜞⱧכ

♩ ≢№

∫≡ ╩ ΐ ⌐ ╖ ∕─ ⌐ ≤

─ ⌐ ∂╢ ╩ ∆╢Ⱬ▪Ⱨfi ╩ ╖
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⅜ ≢ ⌐Ɫ▬Ⱪꜞ♄▬☼∆╢◐ⱷꜝ ≢№╢◐ⱷꜝ ≤

♃fiⱤ◒ ╩ ╖ ⅜ ─♯◒

꜠○♅♪─ ↕╩ ⇔ ∕╣⌐╟∫≡ ♃fiⱤ◒ ⅜

╩ ⇔ ♃fiⱤ◒ ┘ ◐ⱷꜝ ⅜ ™∫⇔╞⌐

⌐ ⇔⌂™ ⁹ 

▬ ≤ ≤─  

◄fi☺♬▪ꜞfi◓↕╣√ ⌐ כ♃☻ꜝ◒™⌂⇔ ꜞⱧכ

♩ ≢№

∫≡ ⌐Ɫ▬Ⱪꜞ♄▬☼∆╢ ≈ ─ ●

▬♪ ≢№∫≡ ●▬♪ ┘ ⱷ▬♩ ╩

╗●▬♪ ≤ ♃fiⱤ◒ ╩ ╖ ∕╣⌐╟∫≡

♃fiⱤ◒ ⅜ ╩ ⇔  ♃fiⱤ◒

┘ ≈ ─●▬♪ ⅜ ™∫⇔╞⌐ ⌐ ⇔⌂™

⁹ 

► ≤ ≤─  

 

│ ●▬♪ ⅜ ₈ ─ⱳꜞ♯◒꜠○♅♪ ─

⌐Ɫ▬Ⱪꜞ♄▬☼₉⇔ ♃fiⱤ◒ ⅜ ₈ ◦◓♫ꜟ

╩ ╗₉↓≤⌐╟∫≡ ●▬♪ ⅜ ₈ ─ ⱳꜞ♯◒꜠○♅

♪ ₉╩ ≤⇔ ♃fiⱤ◒ ⅜↓╣╩ ∆╢─⌐ ⇔≡

≢│ ⅜ ⌐ ⇔ ♃fiⱤ◒ ⅜ ◦◓♫

ꜟ╩ ⇔≡™⌂™ ⁹ 

 

│₈ ⱳꜞ♯◒꜠○♅♪ ─ ⅜ ↕╣₉╢─⌐ ⇔≡

≢│ ╩ ∆╢⌐≤≥╕╢ ⁹ 
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│ ●▬♪ ╢∆♪כ◖₈╩ ≈ ─♯

◒꜠○♅♪ ⌐ ⌐ ⇔≡™╢ ─ ◄꜠ⱷfi♩₉≤

♃fiⱤ◒ ♪♅○꜠◒♯╢∆♪כ◖₈╩ ⌐ ⌐ ⇔≡™╢ ─

◄꜠ⱷfi♩₉╩ ╗₈ ≈ ─ⱬ◒♃כ╩ ╖ ┘ ⅜

─ ∂ │ ⌂╢ⱬ◒♃כ ⌐ ₉∆╢ ₈ⱬ◒♃₉כ

≢№╢─⌐ ⇔≡ ≢│ ₈◐ⱷꜝ ₉≤₈ ♃fiⱤ◒ ₉

╩ ™╢ ≢№╢ ⁹ 

 

│ ⅜ ₈ ─♯◒꜠○♅♪─ ↕₉╩ ∆╢

─⌐ ⇔≡ │ ∕╣⌐ ∆╢ ⅜ ₈ ─♯◒

꜠○♅♪─ ↕₉╩ ∆╢ ⁹  

  

ᵥ ⌐ ≠ↄ ─ ─ ─ ╡  

ᵦ ⌐ ≠ↄ ─ ─ ╡  

 ─  

  ⌐ ≠ↄ ─ ─ ─ ╡ ⌐≈™≡ 

₡ ╠─ ₢ 

ᵥ ≤↕╣√ ⌐≈™≡ 

▪ │ ►≢ ∆╢≤⅔╡ ⌐⅔™≡ ⅎ⅜ ∂√↓

≤╩ ≡∫╟⌐♃כ♦ ⇔≡™⌂™⁹ │ ⅜ ⇔≡

─ ╩ →╢↓≤⅜≢⅝╢ ╕≢ ה ⌂╙─≤⇔≡ ↕╣≡™⌂

™⅛╠ ─ ⌐╟╢ ╩ ⇔≡™⌂™≤™℮═⅝≢№╢

ה ◔ ⁹ 

▬ ─ ◦☻♥ⱶ╩ ⌐⅔™≡ ∆╢╟℮⌐ ↕

∑╠╣╢⅛ ⅛│ ─ ≢№╢ ⅜ ─

╒⅛ ⌐⅔™≡ ∆╢╕≢│ ╠⅛≢⌂ↄ ⌐ ⇔√ │
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─ ≤ ─ ⇔√ ╩ ⇔

◦☻♥ⱶ⅜ ⌐⅔™≡ ∆╢⅛ ⅛⅜ ≢№╢≤ ⇔√│∏≢

№╢⁹ ─ │ ∕╣⅜ ↕╣√ ─ ⌐ ≠⅝

╩ ╣╢↓≤⌂ↄ ↕╣⌂↑╣┌⌂╠⌂™⁹ 

► │ ─ ₈ ●▬♪ ⅜ ─ ≈

─ⱳꜞ♯◒꜠○♅♪ ╩ ≤⇔ ♃fiⱤ◒ ⅜

╩ ⇔ ∕╣⌐╟∫≡ ─ ⅜ ↕╣╢₉╩ ⇔≡™⌂™⁹ 

⌐│ ⱥ♩─ ─ ≈─♩ꜝfi☻ⱨ▼◒◦ꜛfi

⁹ ♩ꜝfi☻ⱨ▼◒◦ꜛfi ⅜ ↕╣≡™╢≤↓╤ ↓─℮∟

≥ⱶכ꜠◒─ ∂ⱬ◒♃כ ⌐ ╢╙─│ ≢№╢⁹ ⌐│

⌐ ⇔≡ ╦╣√ ≈─ ⅜ ↕╣≡⅔╡ ↓╣╠─ ─ │

⅜◕ⱡⱶ ─ ⱳꜞ♯◒꜠○♅♪ ╩ ⇔ כ◖

♪ ╩∕↓⌐ ╖ ╗⅛≥℮⅛╩ ∆╢↓≤⌐№╢⁹ 

≤↓╤⅜ ─ ─ ─ │

─ ⌐╟╢ ≤ ─ ╩ ∆╢↓≤⅜≢⅝∏ ⅎ⅜↕╣

√⅛ ⅛╛ ⅎ⅜ ≢↕╣√⅛ ⅛╩ ∆╢↓≤⅜≢⅝⌂™⁹╗⇔╤

─ │ ≢ ─ ⅜↕╣≡™⌂™↓≤╩ ⇔≡⅔

╡ ─ ⅜ ─ ⌐╟╢╙─≢⌂™↓≤╩ ↑╢⁹ 

─ ≤ ⌐╟╡ ╠╣√ ⌐│ ⅜№╢─≢

│ ↓─ ╩ ⇔ ◦☻♥ⱶ⅜ ⌐⅔

™≡ ∆╢⅛ ⅛⌐│⌂⅔ ⅜№╢≤ ⇔√│∏≢№╢⁹ 

↓─╟℮⌐ ⌐│ ≢─◕ⱡⱶ ─ ≢─ ─

⅜≢⅝⌂⅛∫√ ⅜ ↕╣≡™╢⌐∆⅞⌂™⅛╠ ─≤⅔╡─ ─

⅜≢⅝╢ ≤ ⌐ ≢№╢≤™℮↓≤│≢⅝⌂™⁹ 

◄ │ ─ ⌐⅔™≡ כ♫♪─┼ ─ ⅜

≢ ↕╣≡™⌂™≤⇔≡╙ ∕╣│ ≢ ⇔√ ⱪ꜡♩◖ꜟ⌐ ≢
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⌂™ ⅜№∫√↓≤⌐ ∆╢╙─⌐∆⅞⌂™ ∆╢⅜ ─

⌐⅔™≡ ⌂ ⱪ꜡♩◖ꜟ│ ⇔⌂⅛∫√⁹ 

─╟℮⌂ ⌂ ╩◄fi☺♬▪ꜞfi◓∆╢⌐│ ↄ─

─ ─ ⅜ ≢№╢⁹ │ ⌐ ─ ╩ ∆╢↓

≤╛ ─ ↕╩ ↄ∆╢↓≤─ ◐ⱷꜝ ─ ΐ

≡⇔≥כ♃כⱵⱠכ♃⌐ ⅎ┌ⱳꜞ ╩ ∆╢↓≤⌂≥

◦☻♥ⱶ╩ ⌐⅔™≡ ─◕ⱡⱶ ⌐ ↕∑╢●▬

♄fi☻╩ ⇔ ─ ≤│ ⌂╢⁹ 

⌂ⱪ꜡♩◖ꜟ ⌐ ⅛╣√ ⌐ ─ ⅜ ≢╙ ∆╢≤

ⅎ╢↓≤│ ≤ ─ ─ ╩ ∫≡™╢⁹ 

ᵦ ─ ≤↕╣√ ⌐≈™≡ 

≢│ ⅜ ™ ─◕ⱡⱶ ╩ ╘╢√╘⌐

⌐ ─ ╩ ∆╢↓≤ ─ ↕╩ ↄ∆╢↓≤─

◐ⱷꜝ ─ ΐ ≡⇔≥♃כⱵⱠכ♃⌐ ⅎ┌ⱳꜞ ╩ ∆╢

↓≤⌂≥ ◦☻♥ⱶ╩ ⌐⅔™≡ ─

◕ⱡⱶ ⌐ ↕∑╢●▬♄fi☻╩ ⇔≡™╢⁹ 

₡ ─ ₢ 

ᵥ ≤↕╣√ ⌐≈™≡ 

⌐│ ⌂ↄ≤╙ ≈─ ◦◓♫ꜟ╩ ╗ ⌂ↄ≤╙ ≈─

♃fiⱤ◒ ╢∆♪כ◖╩ ⌐ ⌐ ↕╣√ⱪ꜡⸗כ♃כ

╩ ╗ⱬ◒♃כ ┘ ш ─ ─ ⌐

≢№╢ ΐ ⌐⅔↑╢ ─ ☻♥ⱶꜟכⱪ ╩ ∆╢ ─

┘ ⌐ ─╕╕≢№╢ ─ ΐ ╩ ╗ ⌂ↄ≤╙ ≈─●▬♪

╢∆♪כ◖╩ ⌐ ⌐ ↕╣√ⱪ꜡⸗כ♃כ ╩ ╗ⱬ◒

כ♃ ╩ ╗ⱬ◒♃כ ⅜ ↕╣≡™╢⁹ 

∕⇔≡ ⌐│ ─ⱬ◒♃כ ≢№∫≡ ₈●▬♪ ⅜
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♃fiⱤ◒ ╩ ─ ─ ┼ ⇔ ∕↓≢

♃fiⱤ◒ ⅜ ⌐≡ ─ ╩ ⇔

─ ⅜ ⅜ ↕╣╢╟℮⌐ ⌐╟╡ ↕╣╢₉

≤─ ╩ ∆╢╟℮⌐ ↕╣≡™╢╙─⅜ ≤⇔≡ ⇔ ╢

⌐ ≤⇔≡ ↕╣≡™╢⁹ 

─ ⌐⅔™≡ כ♫♪─┼ ─ ⅜ ≢ ↕╣≡

™⌂™≤⇔≡╙ ∕╣│ ≢ ⇔√ ⱪ꜡♩◖ꜟ⌐ ≢⌂™ ⅜№

∫√↓≤⌐ ∆╢╙─≢№╡ ─ ╩ ∆╢↓≤│⌂™⁹ 

ᵦ ─ ≤↕╣√ ⌐≈™≡ 

≤ │ ─₈ ₉⌐ ∆╢ ─ ↕

⌐ ⇔≡ ⌐№╢⅛╠ ⅜ ╩ ↑╢√╘⌐│ ↕─ ╩

♯◒꜠○♅♪ ≤ ∆╢↓≤⌐╟╡ ♯◒꜠○♅♪╟╡╙ ™ ╩╙

∆╢ ≤│ ⌂╢ √⌂ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

♯◒꜠○♅♪ ─ ╩ ∆╢●▬♪ ≤

♯◒꜠○♅♪ ─ ╩ ∆╢●▬♪ ≤≢ ⱪ꜡♩☻

Ɑכ◘כ ┘ ╩ ≤⇔√╙─≢│ ╩ ∑⌂™ ⁹

∕⇔≡ ─♯◒꜠○♅♪ ≤ ∆╢ ⌐⅔™≡│ ⌐

∆╢↓≤⌂ↄ ⅜ ∆╢≤─ ╩ ⇔≡™╢≤│™ⅎ⌂™⁹ 

  ⌐ ≠ↄ ─ ─ ╡ ⌐≈™≡ 

₡ ╠─ ₢ 

ᵥ ─ ─ ╡ 

⅜⇔√ ─ │ ⌐ ↕╣√ ╩ ≢

⇔≡™╢ ⌐⅔™≡ ≢№╢⁹ │ ─≤⅔╡ ╩ ∆╢╙

─≤⇔≡ ↕╣╢═⅝≢№╢⁹ 

╩ ΐ ⌐ ╖ ∕─ ⌐ ≤

─ ⌐ ∂╢ ╩ ∆╢Ⱬ▪Ⱨfi ╩ ╖ ⅜
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≢ ⌐Ɫ▬Ⱪꜞ♄▬☼∆╢◐ⱷꜝ ≢№╢◐ⱷꜝ ≢№∫≡

≢ ⌐ ϴ≢ ⇔≡∕─ ⌐╕≢ ↕∑≡ ╠╣╢◐ⱷꜝ

≤ E. Coli ⌐ ↕∑ ≢⅝╢∞↑ ↄ ⇔√

♃fiⱤ◒ ≤ ╩ ⌐ ⇔√ ≢ ⇔≡ ╠╣╢ ╩

╖ ∕╣⌐╟∫≡ ♃fiⱤ◒ ⅜ ⌐ ⇔√ ≢ ○ꜞ

◗♯◒꜠○♅♪ │ⱪꜝ☻Ⱶ♪ ─ ╩ ∆╢

⁹ 

ᵦ ─  

▪  

⌐⅔™≡│ ≢ ↕╣√◐ⱷꜝ ╩ ≤ ⇔≡

╩ ⇔ ∕╣╩ ≤ ⌐ ⌐ ⇔≡™╢─⌐ ⇔

≢│ ⌐⅔™≡ ⅜╕∏ ₁⌐ ⅛≈ ⌐ ⇔ ∕

─ ⇔√ ⅜ ─ ⌐⅔™≡

╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

⇔√⅜∫≡ ≤ ─ ≤⇔≡│ ⅜ ⇔√

⌂™⇔ ─╒⅛⌐ ₈ │ ⱬ◒♃כ ≢№╡ ⱬ

≢כ♃◒ ─ ⌐ ─ ╩ ∆╢╙─≢№╡

≢ ™╢ │№╠⅛∂╘ ↕∑√╙─≢│⌂™─⌐ ⇔≡

≢│ ™╢ │₈ ⌐ ⇔√ ≢ ╩ ⇔≡

╠╣╢ ⌐ ↕╣√ ₉≢№╢ ╩ ∆═⅝≢№╢⁹ 

∕⇔≡ ≢│ ≢─ⱬ◒♃כ ╩ ™√≤⅝⌐ ≤

≤ ≤─ ⅜ ⌐ ∆╢⅛ ⅛ ⌐ ≢⅝

√≤⇔≡╙ ⌂ ╩ ⇔ ╢⅛ ≢№╢↓≤ ⌐│

╩ ⇔ ⇔ ∆╢ ⅜ ╦∫≡⅔╡ ╩

∆╢ ⌐ ≤ ─╟℮⌂ ⅜ ⌂

∆╢↓≤⅜≢⅝√≤│™ⅎ⌂™↓≤⅛╠ ↓─ │ ⌐ ≢⅝⌂™⁹ 
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▬  

≢ ™╠╣√○ꜞ◗♯◒꜠○♅♪ ╛ⱪꜝ☻Ⱶ♪ │

⌐ ─ ╩ ∆╢╙─≢│⌂™─⌐ ⇔ ─

│ ─ ─ ≢№╡ ○ꜞ◗♯◒꜠○♅♪

≢╙ⱪꜝ☻Ⱶ♪ ≢╙⌂ↄ ─◕ⱡⱶ │ ─ ⌐

⇔ ⅛≈ ≤™℮ ╩ ⇔≡ ↕╣≡™╢↓≤ ↕╠⌐

⅜ ⌐ ⇔√ ─ ─ ≢ ╦╣╢─⌐ ⇔ │

⌐ ⇔√ ≢№╢⅛⅜ ⌂ ≢ ℮⁹ 

⇔√⅜∫≡ ≤ ─ ≤⇔≡│ ⌐ ₈ ─

ⱬ◒♃כ │ ≢ ─◕ⱡⱶ ─

╩ ∆╢╙─≢№╡ ⌐ ⇔√ ─ ≢ ╩ ℮╙─

≢│⌂ↄ │○ꜞ◗♯◒꜠○♅♪ ≢╙ⱪꜝ☻Ⱶ♪ ≢╙⌂™─

⌐ ⇔≡ │ ⌐ ⇔√ ≢ ○ꜞ◗♯◒꜠○♅♪

│ⱪꜝ☻Ⱶ♪ ─ ╩ ∆╢╙─≢№╢ ₉ ╩ ∆═

⅝≢№╢⁹ 

∕⇔≡ ≢ ↕╣≡™╢─│ ⌐⅔™≡ ╘ ↕∑√

⅜ ⌐ ⇔√ ≢ ╩ ⇔√≤™℮↓≤∞↑≢№╡ ⌐

⅔™≡ ∆╢⅛≥℮⅛╩ ⌐ ↕∑╢╙─≢│⌂™⅛╠ │

⅛╠ ⌐ ∆╢↓≤⅜≢⅝⌂™⁹ 

ᵧ ┘ ─ ─ ╡ 

▪ ⌐ ∆╢ ─ ╡ 

(▪) │ │₈ ─ⱳꜞ♯◒꜠○♅♪ ─ ≈

─ ⌐Ɫ▬Ⱪꜞ♄▬☼₉∆╢╙─≢№╢─⌐ ⇔≡ │↓─

╟℮⌂ ╩ ⇔⌂™ ≢ ∆╢≤ ∆╢⁹ 

⌐ ↕╣√─│ ⌐ ⇔√ ≢ ╘ ↕∑√

╩ ™≡ ⌐ ⇔√ ≢ ○ꜞ◗♯◒꜠○♅♪ │ⱪꜝ☻Ⱶ♪
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╩ ⇔√↓≤≢№╡₈ ─ⱳꜞ♯◒꜠○♅♪ ─ ≈

─ ⌐Ɫ▬Ⱪꜞ♄▬☼₉↕∑╢↓≤≤│ ⅝ↄ ⌂╢⁹ 

ⱬ◒♃כ ╩ ™≡ ♃fiⱤ◒ ╛ ≤ ╩

≢ ↕∑√ ↓╣╠─ │ ≤⇔≡ ↕╣╢─≢│

⌂ↄ ∕╣∙╣⅜ ─╙─≤⇔≡ ↕╣ ⇔√ ⌐ ᵑ ≢ ™

⌐ ∆╢ ⅜№╡ ⅛≈ ᵒ ⌐ ∆╢↓≤⌐╟╡ ⌂

╩ ∆╢ ⅜№╢⁹ ⌐ ⅜ ↕╣√≤⇔≡╙ ᵓ

⅜◕ⱡⱶ ╩☻◐ꜗfi∆╢⌐ ⌂ ⇔≡™⌂↑╣┌⌂╠⌂™⁹∕─ ⌐

╘≡₈ ─ⱳꜞ♯◒꜠○♅♪ ─ ≈ ─ ⌐Ɫ▬Ⱪ

ꜞ♄▬☼₉∆╢√╘⌐ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 

ᵑ ⌐⅔™≡ ╩ ∆╢↓≤│ ≢ ᵒ ≢│ ⅛

╠ ┼─ ┘♃fiⱤ◒ ─ ⅜ ≢ ⌐ ↓╢─⌐ ⇔

≢│ ≢ ⅜ ╦╣ ≢ ⅜ ╦╣╢╟℮⌐ ≤ ─◦☻

♥ⱶ⅜ ⌂╡ ᵓ◕ⱡⱶ ≤ ≤↕╣√ ┼─ ╛ᵔ◕ⱡⱶ◘▬☼≤

┼─ ╙ ≢ ᵕ ⌐⅔↑╢ ╩fi◓◦☻♥ⱶ▫♥◕כ♃

⌐ ∆╢↓≤⌐≈™≡│ ╙ ∆╢⁹ 

(▬) │ ≤ ≤─ ⅜ ⌐ ≠™≡

⌐ ≢⅝╢≤ ∆╢⁹ 

⇔⅛⇔ ─ ⌐⅔™≡ ♃fiⱤ◒ ⌐ ◦◓♫ꜟ

╩ ∆╢↓≤⌐╟╡ ─ ─◕ⱡⱶ⌐ ╩

↕∑╢↓≤⅜≢⅝╢≤∆╢ │ ↕╣≡™⌂™⁹ 

≢│ ◦◓♫ꜟ╩ ♃fiⱤ◒ ⌐ ∆╢↓≤⅜ ♃fi

Ɽ◒ ╩ ⌐ ↕∑╢√╘─ ≢№╢≤™℮⅜ ≤⇔≡ →╠

╣≡™╢╙─│ ™∏╣╙ ≢ ╩ ∆╢ ⅜⌂ↄ ⅛≈ ≢

∆╢√╘⌐ ─ ─⌂™ ⌐ ∆╢╙─≢№∫≡ ⌐♃fiⱤ◒ ─

╖╩ ⌐ ↕∑╣┌∕─ ╩ ∆╢↓≤⅜ ⌂ ≢№╢⅛╠ ⌐
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⅔™≡ ╩ ≤∆╢ ≤│ ⌂╢⁹ 

⌐│ ⅜ ╩ ≢ ↕∑╢ ≢№

╢⅛│ ≢№╡ ≢│ ◦◓♫ꜟ⌐≈™≡ ╙ ╙⌂™⁹ 

▬ ⌐ ∆╢ ─ ╡ 

─ ≢ ╩ ∆╢↓≤⌂ↄ ∆╢ ─♃fiⱤ◒ ╛ ⌂≥─

╩ ↕∑╟℮≤∆╢ ⌐ ∕╣╠╩ ∆╢ⱬ◒♃כ╩ ™╢↓≤│

≢№╢≤⇔≡╙ ◦☻♥ⱶ│ ≢⌂↑╣┌ ⇔

⌂™↓≤⅜ ⌐⅔™≡ ⌐ ↕╣≡™╢─≢№╢⅛╠

◦☻♥ⱶ╩ⱬ◒♃כ≢ ⇔⅛╙ ≢│⌂ↄ ⌐ ∆╢

↓≤⅜ ⌐ ≢№╢≤⅛ ⌐⌂⇔ √≤™℮↓≤│≢⅝⌂™⁹ 

► ⌐ ∆╢ ─ ╡ 

⌐│ ≢ ♯◒꜠○♅♪⅛╠ ♯◒꜠○♅♪⌐⅔™≡

─ ↕⌐ ∆╢↓≤⌂ↄ ⅜ ↕╣╢↓≤╩ ∆

⅜ ↕╣≡™╢⁹ ─ⱤⱠꜟ ⌐│ ♯◒꜠○♅♪ ─

≤ ♯◒꜠○♅♪ ─ ≤─

≢ ○ꜞ◗♯◒꜠○♅♪ ─ ⅜ ╦╠⌂™↓≤⅜ ↕╣≡™╢⁹

┘ ⌐│ ◐ⱷꜝ ⅜ ─ ╩ ™≡ ↕╣

↓─ ─ ⅜ ⌐ ↕╣≡™╢↓≤⅜ ↕╣≡™╢⁹ 

─↓≤⅛╠│ ⅜ ╩ ↄ∆╢ │⌂™⁹ 

╕√ ─ ┘ ⌐⅔↑╢Ᵽfi♪⌐ ≠↑┌ │ ΐ⅜

⇔√ ™ ╩ ∆╢╙─╟╡╙ ─

™ ╩ ∆╢ ♯◒꜠○♅♪ ─◐ⱷꜝ ⌐ ∆╢

─ ─ ⅜ ™≤ ⇔√│∏≢№╢⁹ 

│ ╟╡ ™ ╩ ∆╢ ≢ ⅝⌂ │ ╩

↕∑ ⌂ ╩ ↕∑╢↓≤╩ ⇔√─≢ ─ ↕╩

♯◒꜠○♅♪⌐ ↕∑≡╙∕─ ⌂ ⅜ ↕╣√≤─ ⌐╙ ╖╣┌
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⅜ ─ ↕╩ ↕∑╢↓≤⌐ ∆╢ │⌂™⁹ 

₡ ─ ₢ 

ᵥ ≢№╢ ─◕ⱡⱶ ╩

℮√╘⌐ ≢№╢☺fi◒ ⱨ▫fi●כ▪꜠◒♯כ♀ ╛

◄ⱨ▼◒♃כ▪꜠◒♯כ♀ ╩ ∆╢↓≤│ ≢№∫√⁹⇔

√⅜∫≡ ⌐│ ⌐◕ⱡⱶ ╢№≢ꜟכ♠─ ─

╩ ─◕ⱡⱶ⌐ ⇔≡ ↕∑╟℮≤ ╖╢↓≤⌐

↑⅜№∫√⁹↓─↓≤│ ─ ≤│ ⌂╢ ⌂ↄ≤╙ ≈─ ◓ꜟ

⅜ⱪכ ⅛╠ ╩ ─◕ⱡⱶ⌐ ⇔

≡ ↕∑╟℮≤ ╖≡™√↓≤⅜ ↕╣≡™╢↓≤⅛╠╙ ↑╠╣╢⁹ 

ᵦ ─ ≢ ─♃fiⱤ◒ ╛ ╩ ↕∑╟℮≤∆╢ ⌐ ∕╣╠

╩ ∆╢ⱬ◒♃כ╩ ™╢↓≤│ ≢№╡ ◕ⱡⱶ

─√╘─ ╩ ∆╢√╘⌐ ⱬ◒♃כ ╩ ™╢↓≤╙ ≢№∫√⁹⇔√

⅜∫≡ │ ─ ╛ ⅎ♥fiⱪ꜠

כ♃◒ⱬ╩♩כ ≤∆╢↓≤⅜≢⅝√⁹ 

ᵧ ╠⅜ ∆ │ ™∏╣╙ ─ ╩

─◕ⱡⱶ⌐ ⇔≡ ↕∑╟℮≤ ╖╢ ⌐ ∂╢⅔∕╣─№╢╙─╩

→≡™╢⌐∆⅞⌂™⁹ │ ─ ┼─ ─

⌐≈™≡ ╕≢│ ≡⌂⅛∫√≤⇔≡╙ ─ │ ⌐

┼─ ⅜≢⅝⌂™≤─ ╩ ∂↕∑╢╒≥─╙─≢│⌂™⁹ 

ᵨ ─ │ ₈ ─♯◒꜠○♅♪─ ↕₉≤∆╢╙─≢№╢⅜ ↓

─ ⅛╠ ─ ♯◒꜠○♅♪ ╩ ╗ ≢№╣┌

∕─ ΐ ╛ ΐ ⌐↕╠⌐♯◒꜠○♅♪⅜ ⇔≡╙ ⌐╟╢

╩ ≢⅝╢≤ ∆╢↓≤⅜≢⅝╢⁹ ⌐│ ΐ ╛

ΐ ⌐♯◒꜠○♅♪╩ ⇔≡↕╠⌐ ↄ∆╢↓≤╩ →╢ │⌂ↄ ⅛

ⅎ∫≡ ⌐│ ₈ ₉₈ ₉₈ ₉─ ⅛╠⌂
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╢↕╠⌐ ™ ╙ ≤ ⌐ ™╢↓≤≢ ⌐╟╢

╩ ≢⅝╢↓≤⅜ ↕╣≡™╢⁹ 

∕℮∆╢≤ ⌐⅔™≡╙ ╩ ♯◒꜠○♅♪

─╙─≤∆╢↓≤│ ⌐⅔™≡ ⌂⇔ √↓≤≤™℮═⅝≢№╢⁹ 

 ─  

  ⌐≈™≡ 

 ᵥ ─  

 ⌐│ ─ ⅜№╢ ⁹ 

 ▪  

 ₒ ₓ │ ⌐ כ♃☻ꜝ◒ ꜞⱧכ♩ Clustered 

Regularly Interspaced Short Palindromic Repeat ┘∕─ ⌐ ∆

╢ⱬ◒♃כ ╩ ⇔ ╢ ◓fi▫♥◕כ♃ ⅎ┌ ◕ⱡⱶ │

╩ ╗ ─ ⌐ ↕╣╢ ┘ ⌐ ∆╢⁹ 

 ▬  

ₒ ₓ◕ⱡⱶ◦כ◔fi◦fi◓ ┘ ─ ─ ⌐╟╡ ⌂

─ ┘ ⌐ ∆╢ ╩ ┘ⱴ♇Ⱨfi◓∆╢ ⅜

⌐ ↕╣≡™╢⁹ ⌂◕ⱡⱶ♃כ◕♥▫fi◓ │ ─

⌂ꜞⱣכ☻◄fi☺♬▪ꜞfi◓╩ ≤∆╢√╘ ┘⌐ Ᵽ▬○

♥◒ⱡ꜡☺כ ┘ ╩ ↕∑╢√╘⌐ ≤↕╣╢⁹◕ⱡⱶ

ⅎ┌ כ♫▬◙♦ ⱨ▫fi●כ ▪◒♅ⱬכ♃כ ◄ⱨ▼◒♃כ

│ⱱכⱵfi◓ⱷ●♯◒꜠▪כ♀⅜ ≢№╢⅜ ≢ ⅜ ≢ ☻

≢ꜟⱩꜝכ◔ ◕ⱡⱶ ─ ™∆╛⇔◓fi▫♥◕כ♃╩ √⌂◕ⱡⱶ◄

fi☺♬▪ꜞfi◓ ⅜ ≤⇔≡ ≤↕╣≡™╢⁹ 

► ⅜ ⇔╟℮≤∆╢  

ₒ ₓ │ │

╩ ⌐╟╡ⱪ꜡◓ꜝⱵfi◓⇔≡ ╩ ↕∑╢↓
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≤⅜≢⅝ ∆╢≤ │ ╩ ⇔≡

◓fi◦fi◔כ◦ⱡⱶ◕⁹╢⅝≢⅜≥↓╢∆♩כꜟ◒ꜞ⌐ ┘ ─꜠

Ɽכꜞ♩כ┼─ ─ ⌐╟╡ ⌂ ─

┘ ⌐ ∆╢ ╩ ┘ⱴ♇Ⱨfi◓∆╢ ⅜ ↕╣╢⁹ 

◄ ╩ ∆╢√╘─  

ₒ ₓ │ ╕⇔™ ⌐⅔™≡ │ ≢№╡ ╟

╡ ╕⇔™ ⌐⅔™≡ │ ≢№╡ ↕╠⌐╟╡ ╕⇔™

⌐⅔™≡ │ⱥ♩ ≢№╢⁹ 

ₒ ₓ ⌐⅔™≡ │ ≈ ─ⱬ◒♃כ╩ ╗ⱬ◒♃כ

╩ ∆╢⁹ ─ ⌐⅔™≡ │ ─

─ ⌂ ─ ─ ╩♪ꜝ▬Ⱪ∆╢√╘⌐ ⌂

─ ≈ ─ ╩ ╗⁹ ⌐╟╡ ↕╣╢╙─≢│⌂™⅜

│ ─ ⌐ ≢⌂™⅜ ∕─╟℮⌂

╩ ╘╢↓≤⌐╟╡ ⌐ ─ ⌐◓fi▫♥◕כ♃─ ⇔≡ ─ ⅜

∆╢≤ ⅎ╠╣╢⁹ ─ ⌐⅔™≡ │

≢№╢⁹ ─ ⌐⅔™≡ │

≢№╢⁹ ─ ⌐⅔™≡ │

S.pneumoniae S.pyogenes │ ☻ꜝ▫ⱨ⸗כ◘

S.thermophilus ≢№╡ ∕╣╠─ ⌐ ∆╢ ╩

╖ ╢⁹ │ ─ ─√╘⌐◖♪fi ↕╣≡™

╢⁹ 

ₒ ₓ ₈ ◄꜠ⱷfi♩₉│ ⱪ꜡⸗כ♃כ ◄fiⱢfi◘כ ꜞⱲ

ⱶכ♁ ┘ ─ ◄꜠ⱷfi♩ ⅎ┌ ◦◓

♫ꜟ ⅎ┌ ⱳꜞ▪♦♬ꜟ ◦◓♫ꜟ ┘ⱳꜞ ╩ ╗╙─≤∆╢⁹ 

─ ⌐⅔™≡ ⱬ◒♃כ│ ≈ ─ ⱪ꜡⸗כ♃כ(Μ)

≈ ─ ⱪ꜡⸗כ♃כ Μ ≈ ─ ⱪ꜡⸗כ♃כ Μ
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│∕╣╠─ ∑╩ ╗⁹ ⱪ꜡⸗כ♃כ─ ≤⇔≡│ ↕╣╢

╙─≢│⌂™⅜ ┘ ⱪ꜡⸗כ♃כ⅜ →╠╣╢⁹ ⱪ꜡⸗כ♃

─כ ≤⇔≡│ ↕╣╢╙─≢│⌂™⅜ ꜠♩꜡►▬ꜟ☻─ꜝ►☻ ►▬ꜟ

☻ ⱪ꜡⸗כ♃כ Μ ◘▬♩ⱷ●꜡►▬ꜟ☻ ⱪ꜡⸗כ

⅜כ♃ →╠╣╢⁹ ₈ ◄꜠ⱷfi♩₉⌐╟╡ ◄fiⱢfi◘כ◄꜠ⱷfi♩ ⅎ

┌ ◄fiⱢfi◘כ ─ ─ ΐ☿◓ⱷfi

♩ ◄fiⱢfi◘כ ╙ ↕╣╢⁹ⱬ◒♃כ╩ ⌐ ⇔ ∕╣⌐

╟╡ ⌐ ─ ╢╣↕♪כ◖╡╟⌐ ♃fiⱤ◒ │Ɑⱪ♅

♪╩ ╗♃fiⱤ◒ │Ɑⱪ♅♪╩ ∆╢↓≤⅜≢⅝╢⁹ 

ₒ ₓ ⌂ⱬ◒♃כ≤⇔≡│ ꜠fi♅►▬ꜟ☻ ┘▪♦ⱡ ►▬ꜟ☻

⅜ →╠╣ ∕─╟℮⌂ⱬ◒♃כ─♃▬ⱪ│ ─♃▬ⱪ─ fi▫♥◕כ♃─

◓─√╘⌐ ∆╢↓≤╙≢⅝╢⁹ 

ₒ ₓ ─ │ ◕ⱡⱶ ─ ⱡ♇◒▪►♩

╩ ⇔√ │ ⱨ▫fi●כ ┘ ◄ⱨ▼◒♃כ╩ⱬכ☻≤∆╢

♀כ▪꜠◒♯ ─ ≤ ═≡ ≢№╢⁹∕╣≤™℮─╙ ↓╣│

⌂ ╩ ∑∏ ↓╣╩ ⇔≡ ◕ⱡⱶ ─ ─ ╩ ⌐ⱡ♇◒

▪►♩∆╢↓≤⅜≢⅝╢√╘≢№╢⁹↕╠⌂╢ ⌐⅔™≡ │

◕ⱡⱶ ╩ ∆╢⁹ │ │ ♀כ▪꜠◒♯ │ꜞ

◖fiⱦ♫כ♀─ ≤ ═≡ ≢№╢⁹∕╣≤™℮─╙ ↓╣│

╩ fi◓↕╣╢◕ⱡⱶ▫♥◕כ♃≡⇔ ⌐⅔↑╢ ⅎ╩

⇔ ╢√╘≢№╢⁹ 

 ○ ╩ ∆╢√╘─  

 ₒ ₓ ⌐ ₈ ₉│ ⌐ ₈

₉ ─ │∕─ ─ ⌐ ∆╢ ┘ ─◄꜠ⱷfi♩ ≤

⇔≡ ╢∆♪כ◖╩ ♩ꜝfi☻

ⅎ┌ │ ⱷ▬
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♩ ⌐ ⇔≡₈♄▬꜠◒♩ꜞⱧ₉♩כ ┘

⌐╟╡ⱪ꜡☿◦fi◓↕╣╢ ♄▬꜠◒♩ꜞⱧכ♩╩ ●▬♪

⌐ ⇔≡₈☻Ɑ₉כ◘כ≤╙ ↕╣╢ │

⅛╠─ ─ ┘ ╩ ∆⁹ 

─ ⌐⅔™≡ ─ ≈ ─◄꜠ⱷfi♩│

╩ ╗ ─ ⅎ┌ Streptococcus pyogenes

⌐ ∆╢⁹ ⌐ │ ⌐ ⇔≡

ⱪ꜡♩☻Ɑכ◘כ≤╙ ↕╣╢ ⌐⅔↑╢ ─ ╩ ∆╢◄

꜠ⱷfi♩╩ ≤∆╢⁹ ─ ⌐ ⇔≡ ₈ ₉│ ●▬

♪ ⅜ ╩ ∆╢╟℮⌐ ↕╣╢ ╩ ⇔ ≤●▬♪ ≤─

─Ɫ▬Ⱪꜞ♄▬♀כ◦ꜛfi⅜ ─ ╩ ∆╢⁹ 

╩ ╢╣↕◓fi▫♥◕כ♃╗ ┼─ ⅎ⌐ ∆╢↓≤⅜≢

⅝╢ │♥fiⱪ꜠כ♩│ ₈ ♥fiⱪ꜠₉♩כ │₈ ⱳꜞ♯◒꜠○♅♪₉

│₈ ₉≤ ↕╣╢⁹ ─ ⌐⅔™≡ ♥fiⱪ꜠כ♩ⱳꜞ♯◒

꜠○♅♪╩ ♥fiⱪ꜠כ♩≤ ∆╢↓≤⅜≢⅝╢⁹ ─ ⌐⅔™≡

ⅎ│ ⅎ≢№╢⁹ 

ₒ ₓ ⌐╟╡ ↕╣╢╙─≢│⌂™⅜ │

─ │ ⅎ┌ ─ │

│∕╣╟╡╙ ™ ╩ ⅎ╢

♯◒꜠○♅♪ ╩ ╖ │∕╣⅛╠⌂∫≡™≡╟ↄ ⅎ┌ ●▬♪ ⌐

⌐ ⇔≡™╢ ⱷ▬♩ ─ │ ≤─ ─

⌂ↄ≤╙ ⌐ ℮Ɫ▬Ⱪꜞ♄▬♀כ◦ꜛfi⌐╟╡ ─ ╙

⇔ ╢⁹ 

ₒ ₓ ⌐ ⱷ▬♩ │ ∆╢ ╩

∆╢ ≢ ⱷ▬♩ ⌐╟╡ⱨꜝfi◐fi◓↕╣≡™╢●▬♪

─ ╡ ⇔ ┘ ⌐⅔↑╢ ─
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│ ⌐Ɫ▬Ⱪꜞ♄▬☼↕╣╢ ⱷ▬♩ ╩ ╗

─ ≈ ╩ ∆╢√╘⌐ ≤─ ⌂ ╩ ∆╢ ─

╩ ╗⁹ ─ ⌐⅔™≡ │ │

│∕╣╟╡╙ ⅝™ ╩ ⅎ╢♯◒꜠○♅♪ ≢№╢⁹ ─

⌐⅔™≡ ┘ ⱷ▬♩ │ ⌐

↕╣ ∕─ ≈─ ─Ɫ▬Ⱪꜞ♄▬♀כ◦ꜛfi⅜ ⅎ┌ Ⱬ▪Ⱨfi

╩ ∆╢ ╩ ∆╢⁹Ⱬ▪Ⱨfi ⌐⅔™≡ ↕╣╢ ⱪכꜟ™⇔╕

│ ♯◒꜠○♅♪ ≢№╡ ╙ ╕⇔ↄ│ ╩ ∆╢⁹⇔⅛⇔

⌂⅜╠ ≢№╡ ╢╟℮⌐╟╡ ™ │ ⱪכꜟ™ ╩ ∆╢↓≤⅜

≢⅝╢⁹ │ ╕⇔ↄ│ ♯◒꜠○♅♪♩ꜞⱪ꜠♇♩ ⅎ┌ ┘

─♯◒꜠○♅♪ ⅎ┌ │ ╩ ⱪכꜟ⁹╗ ─ ≤⇔≡│

┘ ⅜ →╠╣╢⁹ ─ ⌐⅔™≡ │

↕╣╢ⱳꜞ♯◒꜠○♅♪ │ ⌂ↄ≤╙ ≈ ─Ⱬ▪Ⱨfi╩ ∆╢⁹ ╕⇔

™ ⌐⅔™≡ │ │ ≈─Ⱬ▪Ⱨfi╩ ∆╢⁹ ─

─↕╠⌂╢ ⌐⅔™≡ │ ↄ≤╙ ≈─Ⱬ▪Ⱨfi╩ ∆╢⁹

─ ⌐⅔™≡ │ ╩↕╠⌐ ╖ ╕⇔ↄ│ ↓

╣│ⱳꜞ ⅎ┌ ≈─ ♯◒꜠○♅♪≢№╢⁹↓─╟℮⌂Ⱬ▪Ⱨfi

─ ╩ ─≤⅔╡ ─ ⌐ ⇔ ─₈ ₉

─ⱪכꜟ┘ ─ ΐ ─ ─ │ ⱷ▬♩ ⌐ ⇔ ⱪכꜟ

─ ΐ ─ ─ │ ⌐ ∆╢⁹ 

◌  

(▪)  ─ ─  

ₒ ₓ │ ⌐ ─ ╩ ∆╢⁹

│ Streptococcus  pyogenes ⅛╠─

┘↓─ ⌐╟╢ ─ ↕╣╢ ╩ ∆
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╩ ∆╢⁹Μ │ S.pyogenes

┘ ♀כ▪ ♀כ▪ ─ ┼─ ╩

≤∆╢√╘─ ◦◓♫ꜟ ⌐╟╢◄fi☺♬▪ꜞfi◓╩ ∆╢⁹ 

(▬)  ─◐ⱷꜝ Ɫ▬Ⱪꜞ♇♪─

 

ₒ ₓ │ ⌂╢ ↕─ ╩ ╡ ╗

╩ ∆╢◐ⱷꜝ ●▬♪ ⱷ

▬♩ ┘ ╩ ≢ ╗ ⌐≈™≡ ╠╣√ ╩

∆╢⁹ 

│ ⱪ꜡⸗כ♃כ⌐╟╡♪ꜝ▬Ⱪ↕╣ ◐ⱷꜝ │ ⱪ꜡⸗

 Ⱪ↕╣╢⁹▬ꜝ♪╡╟⌐כ♃כ

●▬♪ ┘ │ ⱷ▬♩

≤ ∕╣⌐ ↄꜟכⱪ ⌐╟╡ ⇔≡™╢⁹ⱥ♩

┘ ⌐⅔↑╢ ▬fi♦ꜟ⌐≈™≡─

▪♇☿▬─ ╩ ∕╣∙╣ ┘ ─≤⅔╡ ⌐ ∆╢⁹ 

╩∕╣╠─₈ ₉ ⌐╟╡ ⇔ │ ●▬♪ ┘

⅜ ─ ≤⇔≡ ↕╣╢Ɫ▬Ⱪꜞ♇♪ ╩ ∆⁹♩ꜞⱪꜞ

≢♩כ◔ ↕╣√↓╣╠─ ─ ╩ ┘ ─≤⅔╡

⌐ⱥ☻♩◓ꜝⱶ⌐╟╡ ⇔ ∕╣∙╣ ┘ ⌐ ∆╢ ₈ ₉

│ ▬fi♦ꜟ⅜ ↕╣⌂⅛∫√↓≤╩ ∆ ⁹ 

ₒ ₓ ⌐ ⱥ♩ ─ ─ ≈

─ ─╣∙╣⧵fi◓⇔√⁹▫♥◕כ♃╩ ─◕ⱡⱶ │

┘ ⌐╟╢

∕─ ─ ⅛╠ ∂╢ ╩ ∆╢ ♇▪♀כ▪꜠◒♯

☿▬╩ ⇔≡ ⇔√⁹ ≤ ↕╣╢ │

─ ─♯◒꜠○♅♪⅜◐ⱷꜝ ⌐ ╕╣╢↓≤
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╩ ⇔ ⌐≈™≡│ ┘ ─ ⅜ ↕╣╢⁹

─╟╡ ™ ╩ ∆╢◐ⱷꜝ ┘

│ ≈ ≡─ ⌐⅔↑╢ ╩

⇔ ⌐ │ ●▬♪ ┘ ╩ ─

≢ ∆╢ ∆╢ Ɫ▬Ⱪꜞ♇♪╟╡╙ ⌐ ™

꜠ⱬꜟ─ ╩ ⇔√ ┘ ⁹Ɫ▬Ⱪꜞ♇♪ ─

≤⇔≡ ↕╣╢●▬♪ ┘ ╩ ⌂ ╩ ∂⌂

⅛∫√ ─ ≈─ ╙ ╩ ▫♥◕כ♃≡⇔

fi◓⇔√⁹ ┘ │ ≈─

ⱪ꜡♩☻Ɑכ◘כ⌐⅔↑╢ ⌂ ╩ ⇔ √ ┘ ⁹ 

┘ ─ ≈ ≡─ ⌐≈™≡

↕─ ⌐ ℮◕ⱡⱶ ─ ⇔√ ⅜ ↕╣√⁹™⅛⌂╢ ⌐╟

∫≡╙ ↕╣╢╙─≢│⌂™⅜ ─ ΐ ⌐╟╡ ↕╣╢

│ ─ ─ ⌐⅔↑╢ ╩ ™ ╢⁹ 

 ᵦ ─  

 │ ⱬ◒♃כ╩ ™√◕ⱡⱶ ⌐ ∆╢

≢№╢⁹ 

 ⌐⅔™≡│ ●▬♪ ┘

ⱷ▬♩ ╩ ╗ ⱳꜞ ♯◒꜠○♅♪ ⌐

╟╡ ♃fiⱤ◒ ⌐ ─

ⱳꜞ♯◒꜠○♅♪ ╩ ↕∑ ⅜ ╩

⇔ ∕╣⌐╟╡ ⅜ ∆╢⁹ 

 │ ⱳꜞ ♯◒꜠○♅♪ ♪כ◖╩

∆╢♯◒꜠○♅♪ ⌐ ⌐ ⇔≡™╢ ─ ◄꜠ⱷfi♩ ┘

♃fiⱤ◒ ♪♅○꜠◒♯╢∆♪כ◖╩ ⌐ ⌐ ⇔

≡™╢ ─ ◄꜠ⱷfi♩ ⅜ ≈ ─ ∂ │ ⌂╢ⱬ◒♃כ ⌐ ⇔
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♃fiⱤ◒ ⅜ ◦◓♫ꜟ ╩ ╖

⅜ ─♯◒꜠○♅♪─ ↕╩ ∆╢↓≤ ╩ ≤∆╢⁹ 

 ↓─℮∟ ●▬♪ ─ ↕⌐ ∆╢ ⅜ ─♯◒꜠

○♅♪─ ↕╩ ∆╢↓≤ ⌐ ⇔≡│ ⌐ ≤⇔≡

⌂╢ ↕─ ⅜ ╡ ╕╣√◐ⱷꜝ

●▬♪ ⱷ▬♩ ┘ ╩ ≢

╗ ≤ ╩ ⇔√ ⅜ ↕╣ ─╟

╡ ™ ╩ ∆╢◐ⱷꜝ ┘

⅜ ≈ ≡─ ⌐⅔↑╢ ╩ ⇔

┘ ≈─ ⱪ꜡♩☻Ɑכ◘כ⌐⅔™≡╙ ⌂ ╩ ⇔≡⅔

╡ ┘ ↕─ ⌐ ∫≡◕ⱡⱶ ⅜

∆╢↓≤⌂≥⅜ ↕╣≡™╢ ⁹ 

  ⌐ ≠ↄ ─ ─ ─ ╡ ⌐≈™≡ 

ᵥ ─ ─ ⁹⌂⅔ │ ≢№╢

─ ─ ≢№╢⁹o ₓ│

─ ⌐╟╢⁹  

▪  

ₒ ₓ │ ◕ⱡⱶ ⌐ ∆╢⁹ ⌐ │

◄fi♪♯◒꜠▪כ♀ │ ♃fiⱤ◒ ╩ ╗ ♃fiⱤ◒

┘ ╩ │ ∆╢√╘─ ♃fiⱤ◒ ─ ⌐ ∆╢⁹ 

▬  

ₒ ₓ ◕ⱡⱶ │ ┘ ─ ─√╘─

⁹╢№≢ꜟכ♠⌂ ─ │ ⅎ┌ ☺fi◒ⱨ▫fi●כ▪꜠◒♯כ♀

│ ▪◒♥▫ⱬכ♃כ ◄ⱨ▼◒♃כ▪꜠◒♯כ♀ ─╟℮

⌂ ─♀כ▪꜠◒♯ ⌐ ⇔≡™╢⁹⇔⅛⇔⌂⅜╠ ∕╣∙╣─ ◕ⱡⱶ

│ ─ ╩ ╗ │ ─
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╩ ≤∆╢⁹⇔√⅜∫≡ ↓╣╠─◌☻♃ⱶ │♀כ▪꜠◒♯√╣↕ ⌂

⅜ ⅛╡ ⌐ ╩ ∆╢ ⅜№╢⁹↕╠⌐ ┘ ─

│ ∕╣╠⅜○ⱨ♃כ◕♇♩(Μ)─ ╩ ⇔ ╢ ─╙─≢№╢⁹ 

ₒ ₓ⇔√⅜∫≡ ∕╣∙╣─ ⇔™ ◕ⱡⱶ ⌐ ∆╢ ⇔™♯◒

─♀כ▪꜠ ╩ ≤⇔⌂™ ◕ⱡⱶ Μ ○ⱨ♃כ◕♇♩ ⅜ ≥

│ ↄ⌂™ ⇔√ ╩ ∆╢ ⅜ ≤↕╣≡™╢⁹ 

► ─  

ₒ ₓ ─ ₁─ ⌐│ ↕╣√ ◄fi♪♯◒꜠▪כ

♀─ ≢№∫≡ ◄fi♪♯◒꜠▪כ♀⅜ ⌂ↄ≤╙ ≈─ ◦◓♫ꜟ

⌂ↄ≤╙ ⱷ▬fi♪♀כ▪꜠◒♯─≈ ┘ ─√╘⌐ ─♯◒꜠○♅♪

⌐◄fi♪♯◒꜠▪כ♀╩ ∆╢●▬♪ ≤ ∆╢ ⌂ↄ≤╙ ≈

─♪ⱷ▬fi╩ ╗ ◄fi♪♯◒꜠▪כ♀─ ⅜ ╕╣╢⁹ 

─ ⌐⅔™≡ ◄fi♪♯◒꜠▪כ◖╩♀כ♪∆╢ │

ⱪ꜡⸗כ♃כ ⌐ ⌐ ↕╣≡™≡╟ↄ ∆╣┌ ⱬ◒♃כ─

≢№∫≡╟™⁹ ─ ⌐⅔™≡ ⱪ꜡⸗כ♃כ ⌐ ⌐ ↕╣

≡™≡╟™ ◄fi♪♯◒꜠▪כ◖╩♀כ♪∆╢ ╩ ╗ⱬ◒♃כ│╕

√ ⱪ꜡⸗כ♃כ ⌐ ⌐ ↕╣≡™≡╟™●▬♪ ♪כ◖╩

∆╢ ╙ ╖ ╢⁹ 

ₒ ₓ │ ⌐⅔™≡ ╩ ∆╢√╘─ ≢№∫

≡ │ ⌐ ч ⌂ↄ≤╙ ≈─ ◦◓♫ꜟ╩ ╗ ⌂

ↄ≤╙ ≈─ ◄fi♪♯◒꜠▪כ♀ │ ⌂ↄ≤╙ ≈─ ◦

◓♫ꜟ╩ ╗ ⌂ↄ≤╙ ≈─ ◄fi♪♯◒꜠▪כ◖╩♀כ♪∆╢

ш ⌂ↄ≤╙ ≈─●▬♪ │ ⌂ↄ≤╙ ≈─●▬♪ ♪כ◖╩

∆╢ ┘ ⌐ щ ⌂ↄ≤╙ ╩♪♅○꜠◒♯ꜞⱳכ♫♪─≈ ⇔

│ ╩ ●▬♪ ⅜ ◄fi♪♯◒꜠▪כ♀╩

─ ┼ ⇔ ∕↓≢ ◄fi♪♯◒꜠▪כ♀⅜
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⌐≡ ─ ╩ ⇔ ─ ⅜ ⅜ ↕╣╢

╟℮⌐ ⌐╟╡ ↕╣╢╟℮⌐ ∆╢↓≤╩ ╗ ⁹ 

ₒ ₓ ◄fi♪♯◒꜠▪כ♀⅜ ♃fiⱤ◒ ⌐ ∆

╢ ⌐ ─ ⁹ 

ₒ ₓ ◄fi♪♯◒꜠▪כ◖╩♀כ♪∆╢ ⅜ ≢

№╢ │ ⌐ ─ ⁹ 

ₒ ₓ ◄fi♪♯◒꜠▪כ◖╩♀כ♪∆╢ ⅜ ≢№

╢ │ ⌐ ─ ⁹ 

ₒ ₓ ⅜ ●▬♪ ╢∆♪כ◖╩ ╩↕╠⌐ ╗ⱬ◒♃כ

─ ≢№╢ ⌐ ─ ⁹ 

ₒ ₓ ─ ─ │ │ ⌐⅔™≡ ╩ ∆╢

√╘─ ╩ ∆╢⁹ │ │ ⌐ ⌐ ─

⌂ↄ≤╙ ≈─ ◦◓♫ꜟ╩ ╗ ⌂ↄ≤╙ ≈─ ◄fi♪♯◒

♀כ▪꜠ │ ⌂ↄ≤╙ ≈─ ◄fi♪♯◒꜠▪כ◖╩♀כ♪∆╢

ш ⌂ↄ≤╙ ≈─●▬♪ │ ⌂ↄ≤╙ ≈─●▬♪ ♪כ◖╩

∆╢ ┘ ∆╣┌ щ כ♫♪ ╩ ╗ ⌂ↄ≤╙ ♯ꜞⱳכ♫♪─≈

◒꜠○♅♪ ╩ ∆╢↓≤╩ ╗⁹ │↕╠⌐ │ ╩ ●▬♪

⅜ ◄fi♪♯◒꜠▪כ♀╩ ─ ⌐ ↕╣ ∕

↓≢ ◄fi♪♯◒꜠▪כ♀⅜ ⌐ ─ ╩ ⇔

─ ⅜ ⅜ ↕╣╢╟℮⌂ ⌐╟╡ ↕╣╢╟℮

⌐ ∆╢↓≤╩ ╗⁹ ⌐⅔™≡ ◄fi♪♯◒꜠▪כ♀│

♃fiⱤ◒ ⌐ ⇔ ╢⁹ ─ ⌐⅔™≡ │ ⌐ ↕╣≡™╢

◄fi♪♯◒꜠▪כ◖╩♀כ♪∆╢ │ ≢№╡ ╢⁹↕╠

⌂╢ ⌐⅔™≡ │ ⌐ ↕╣≡™╢ ◄fi♪♯◒꜠▪כ♀

╢∆♪כ◖╩ │ ≢№╡ ╢⁹↕╠⌂╢ ⌐⅔™≡ ◄fi

╢∆♪כ◖╩♀כ▪꜠◒♯♪ │ ●▬♪ ╢∆♪כ◖╩ ╩↕╠⌐



 -  26 -  

╗ⱬ◒♃כ─ ≢№╡ ╢⁹ 

◄ ╩ ∆╢√╘─  

ₒ ₓ ⌐⅔™≡ ◄fi♪♯◒꜠▪כ♀│

◦☻♥ⱶ ≢№╢⁹ ─ ⌐⅔™≡ ◄fi♪

│♀כ▪꜠◒♯ ♃fiⱤ◒ ⌐ ∆╢⁹ 

ₒ ₓ ─ ⌐⅔™≡ ◄fi♪♯◒꜠▪כ♀│ ●▬♪

╩ ╗♃fiⱤ◒ ─ ≢№╡ ╢⁹●▬♪ │

◄fi♪♯◒꜠▪כ♀≤ ⇔ ◄fi♪♯◒꜠▪כ♀╩ ─

●▬♪ ─ ΐ ⌐№╢ ─ⱪ꜡♩☻Ɑכ◘כ ┼ ∆

╢⁹ 

ₒ ₓ ⅜♪♅○꜠◒♯ꜞⱳכ♫♪─ ∆╢ ⌐⅔™≡ ⱳכ♫♪

כ♫♪╢↑⅔⌐♪♅○꜠◒♯ꜞ │ ─ ─ ⌐ ⌐⅔™≡

≢ ↕╣╢⅛ │ ⌐ ↕╣ ╢⁹ ⅎ┌ כ♫♪

⅜ ─ ─ ┘ ─∕╣∙╣≤ ⌐ ─

╩ ∆╢ ┘ ⌐ ╕╣≡™╢ ⌐⅔™≡ כ♫♪ │

ⅎ ⌐╟╡ ↕╣╢ ⌐ ⌐⅔™≡ ≢ ↕╣

╢⅛ │ ⌐ ↕╣ ╢⁹ 

(▪) ◄fi♪♯◒꜠▪כ♀ 

ₒ ₓ │ │ ⌐ ⌂ↄ≤╙ ≈─ ◦◓♫ꜟ╩

╗ ⌂ↄ≤╙ ≈─ ◄fi♪♯◒꜠▪כ♀ │ ⌂ↄ≤╙ ≈─

◦◓♫ꜟ╩ ╗ ⌂ↄ≤╙ ≈─ ◄fi♪♯◒꜠▪כ◖╩♀כ♪∆╢

╩ ∆╢↓≤╩ ╗⁹ 

ₒ ₓ№╢ ⌐⅔™≡ ◄fi♪♯◒꜠▪כ♀│ │

⌐ ↕╣√♃fiⱤ◒ ≤⇔≡ ↕╣≡╟™⁹ ─ ⌐⅔™≡

◄fi♪♯◒꜠▪כ♀│ │ ⌐ ≤⇔≡ ↕╣ ╢⁹↕╠⌐

─ ⌐⅔™≡ ◄fi♪♯◒꜠▪כ♀│ │ ⌐
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≤⇔≡ ↕╣ ╢⁹ │ ≢№∫≡╟ↄ │ │ⱬ◒♃כ

─ ≢№∫≡╟™⁹ 

(▬) ●▬♪  

ₒ ₓ │ ╕√ │ ⌐ ⌂ↄ≤╙ ≈─●▬♪ │

⌂ↄ≤╙ ≈─●▬♪ ╢∆♪כ◖╩ ╩ ∆╢↓≤╙ ╗⁹●▬♪

│ ◄fi♪♯◒꜠▪כ♀≤ ⇔≡ ◄fi♪♯◒꜠▪כ♀

╩ ─ ─ⱪ꜡♩☻Ɑכ◘כ ╩ ∆╢●▬♪ ─ ΐ

≢№╢ ─ ┼ ↄ⁹ 

ₒ ₓ ●▬♪ │ ≈─ ─ ⌐

≢№╢ ΐ ⌐⅔↑╢ ─ ☻♥ⱶꜟכⱪ ╩ ∆╢ ─

┘ ⌐ ─╕╕≢№╢ ─ ΐ ╩ ╗⁹Μ ─ │ ●▬

♪ ⅜ ♃fiⱤ◒ ╩ ─ ┼ ∆╢╟℮⌐ ⌂∫≡™╢⁹Μ

┘ ─ │ ≡─●▬♪ ≢ ∂≢№∫≡╟™⁹ 

ₒ ₓ●▬♪ ─ ─ │ ●▬♪ ─ ─ ⅜

≤ ╩ ⇔ ╢╟℮⌐ ─ ≢ ∆⌂╦∟ ⱪ꜡

♩☻Ɑכ◘כ ⌐ ≢№╢⁹ ⌐⅔™≡ ●▬♪ ─ ─

│ │ ─♯◒꜠○♅♪ ≢№╢⁹ 

ₒ ●x▬♪ │ ╕√ ╩ ∆╢ ─ ╩ ╗⁹№╢

⌐⅔™≡ │ ☻♥ⱶ │Ⱬ▪Ⱨfi ╩ⱪכꜟ┘ ╗⁹ ⅎ┌

│ⱪכꜟ ⅛╠ ♯◒꜠○♅♪ ─ ≢№∫≡╟ↄ ☻♥ⱶ│ ⅛

╠ ≢№∫≡╟™⁹⇔√⅜∫≡ ─ ─ ─ ↕│

⅛╠ ♯◒꜠○♅♪ ─ ≢№╡ ╢⁹ ⌐⅔™≡ │ⱪכꜟ

♯◒꜠○♅♪ ≢№╡ ☻♥ⱶ│ ╩ ╗⁹ 

ₒ ₓ●▬♪ │ ╕√ ⌐ ─╕╕≢№╢ ─ ╩

ΐ ⌐ ╗⁹⇔√⅜∫≡ ─ │ ─ ─ ⌐ ╩

⇔≡⅔╠∏ ●▬♪ ─ ╡─ ⌐ ╩ ⇔≡™⌂™⁹ ─ ─
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↕│ ≢№╢⁹ ⌐ ─ │ ♯◒꜠○♅♪ ≢№╢⁹ ⅎ

┌ ─ ─ ↕│ ⅛╠ ♯◒꜠○♅♪ ─ ≢№╢⁹ 

ₒ ₓ●▬♪ ─ ┘ ─ ╦∑√ ↕│ ⅛╠

♯◒꜠○♅♪ ─ ≢№╡ ╢⁹ ⌐⅔™≡ ●▬♪ ─ ┘

╩ ╦∑√ ↕│ ⅛╠ ♯◒꜠○♅♪ ─ ≢№╢⁹ 

ₒ ₓ№╢ ⌐⅔™≡ ●▬♪ │ ≡─ ≈─ ╩ ╗

⅛╠⌂╢⁹ ─ ⌐⅔™≡ ●▬♪ │ ≈─ ─ ╩ ╖ ╢⁹

─ │ ●▬♪ ─ ─ ┘●▬♪ ─ ─ ─

Γ☻♥ⱶΔ─ ╩ ╪≢™≡╟™⁹ ─ │ ●▬♪ ─ ─

─Γ☻♥ⱶΔ─ ─ ┘●▬♪ ─ ─ ╩ ╪≢™≡╟™⁹⇔

√⅜∫≡ ↓─ ⌐⅔™≡ ┘ ─ │∕╣∙╣ ™⌐

⌂♯◒꜠○♅♪ ╩ ╗⁹ ⅎ┌ ⌐⅔™≡ ┘ ─

│∕╣∙╣ ─ ≤ ╩≈ↄ∫≡ ●▬♪ ╩ ∆╢

⅛╠ ♯◒꜠○♅♪ ╩ ╗⁹ 

ₒ ₓ●▬♪ │ ≤⇔≡ │ ⌐ ↕╣ ╢⁹ 

ₒ ₓ ─ ⌐⅔™≡ ●▬♪ │ ≤⇔≡ │

⌐ ↕╣ ╢⁹⅛⅛╢ ⌐⅔™≡ ●▬♪ ╢∆♪כ◖╩ │

─ │ ⌐⅔™≡●▬♪ ╩ ↕∑╢√╘⌐ⱪ꜡⸗כ♃כ ⌐

⌐ ↕╣≡™≡╟™⁹ ⌐⅔™≡ ╢∆♪כ◖╩ │

ⱴ►☻ │ⱥ♩ ⱪ꜡⸗כ♃כ⌐ ↕╣≡™╢⁹ 

ₒ ₓ№╢ ⌐⅔™≡ ●▬♪ ╢∆♪כ◖╩ │ ⱬ◒

─כ♃ ≢№╡ ╢⁹ ⌂ⱬ◒♃כ⌐│ ⱪꜝ☻Ⱶ♪ⱬ◒♃כ ┘►▬ꜟ☻ⱬ

⅜כ♃◒ ╕╣╢⁹ 

ₒ ₓ ◄fi♪♯◒꜠▪כ♀ ┘●▬♪ ─ ⅜

≤⇔≡ ⌐ ↕╣╢ ⌐⅔™≡ ∕╣∙╣⅜ ─ ─ ≢№╢

⅛ │ ⅜ ∂ ─ ≢№∫≡╟™⁹ 
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(►)  

ₒ ₓ●▬♪ ≤ ↕∑√ ◄fi♪♯◒꜠▪כ♀│

─ ⌐ ⅛╣ ∕↓≢ ◄fi♪♯◒꜠▪כ♀│

⌐ ─ ╩ ∆╢⁹ 

 ♪♅○꜠◒♯ꜞⱳכ♫♪─ (◄)

ₒ ₓ ≤ ╩ ∆╢ ┘ ╩ ╗♪♫

│♪♅○꜠◒♯ꜞⱳכ │ ≢№╡ ⅜♪♅○꜠◒♯ꜞⱳכ♫♪⁹╢

≢№╢ ⌐⅔™≡ ∕╣│ ⱬ◒♃כ─ ≢№╡ ╢⁹ ⅎ┌ ⱬ◒♃כ│ ⱪ

ꜝ☻Ⱶ♪ⱬ◒♃כ≢№╡ ╢⁹ 

ₒ ₓ ⌐ │♪♅○꜠◒♯ꜞⱳכ♫♪ ≢№╡ ╢⁹ │

⇔ↄ│ ┘ │ ⇔ↄ│ ≢№╡ ꜠◒♯ꜞⱳכ♫♪⁹╢

○♅♪│ ⱪꜝ☻Ⱶ♪ ─ ─

►▬ꜟ☻ⱬ◒♃כ ─ ⱨꜝ◓ⱷfi♩ ─ naked

│ꜞⱳ♁כⱶ │ⱳ꜡◐◘ⱴכ─╟℮⌂ ⱦכ◒ꜟ≤ ╩ ⇔√

≢№╡ ╢⁹№╢ ⌐⅔™≡ כ♫♪ ╩ │♪♅○꜠◒♯ꜞⱳכ♫♪╗

ⱪꜝ☻Ⱶ♪ⱬ◒♃כ─ ≢№╡ ╢⁹↓╣╠─ ─™∏╣⅛⌐⅔™≡ כ♫♪

╩ │♪♅○꜠◒♯ꜞⱳכ♫♪╗ ⌂ↄ≤╙ ≈─↕╠⌂╢ ╩↕╠⌐

╖ ╢⁹ 

 (○) ─√╘─ ─  

ₒ ₓ

─ ╩ ⌐⅔↑╢∕─ ╩ ∆

╢√╘⌐ⱥ♩─◖♪fi≢ ⌐ ⇔√⁹ │ ╕√

─ ⌐ ♃fiⱤ◒ ╩ ∆╢√╘⌐ ⌐ ◦◓♫ꜟ

╩ ∆╢↓≤⌐╟╡ ↕╣√⁹ 

ₒ ₓ ↕╣√ ╩ ⌐⅔↑╢

─√╘⌐ ◘▬♩ⱷ●꜡►▬ꜟ☻ ⱪ꜡⸗כ♃כ─ ⌐ ™√⁹
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↕╣√  │ ╕√ ⱳꜞⱷꜝכ♀╩ ™╢▬fiⱦ♩꜡

≢─ ─√╘⌐ ⱪ꜡⸗כ♃כ─ ⌐ ™√⁹ 

 ◓fi▫♥◕כ♃─ (◌)

ₒ ▪x♦ⱡ ►▬ꜟ☻ ╩

ⱥ♩◕ⱡⱶ ─√╘─ ≤⇔≡ ™√⁹ⱥ♩ │ ♃

fiⱤ◒ ⱱ☻ⱨ□♃כ♀ ◘Ⱪꜚ♬♇♩ ─▬fi

♩꜡fi ⌐ ∆╢⁹ 

ₒ ₓ ●▬♪ │ ⱥ♩ ╩ ≤∆╢√

╘⌐ ↕╣√⁹ ∆⌂╦∟ ─ ◓fi▫♦כ◖ ⌐

⌂ ┘ⱪ꜡♩☻Ɑכ◘כ ╩ ╗ ♯◒꜠○♅♪─

Γ Δ ≤™℮⁹ ΐ⅛╠ ΐ ─ ΐ ⌐ ⌂ ΐ

┘ Ⱬ▪Ⱨfi ╩ ╗ ♯◒꜠○♅♪─ Γ

Δ ≤™℮⁹ ┘⌐ ─♯◒꜠○♅♪

ⱪכꜟ ┘ ─♯◒꜠○♅♪ ╩ ╗◐ⱷꜝ ╩

⇔√⁹◐ⱷꜝ ◓fi▫♦כ◖ │╕√ ⱥ♩ ⌐⅔↑╢▬fiⱦⱲ ─

√╘─ⱥ♩ ⱪ꜡⸗כ♃כ─ ⌐ ™√⁹ 

ₒ ₓo ₓ ─≤⅔╡  

(◐) ◕ⱡⱶ ─♪♅○꜠◒♯ꜞⱳכ♫♪─╘√╢∆כ♃♬⸗╩  

ₒ ₓ ─ ┼─ ♃fiⱤ◒ ─ ╩

◕ⱡⱶ ⌐╘√╢∆כ♃♬⸗╩ ™√⁹ ⅎ⌐╟╢ ╩

∆╢√╘⌐ ╩♪♅○꜠◒♯ꜞⱳכ♫♪ ⇔√⁹   

│כ♫♪ ΐ ─ ─ ⱶכ▪ ☻ⱪꜝ

▬◦fi◓ Ⱳכ♃ ◓fi▫♦כ◖ ΐ כ♃כⱵⱠכ♃ ┘ ΐ

─ ─ ╩ⱶכ▪ ╪≢™√⁹ 

ₒ ₓ │ ─ ─ ▪Ⱶⱡ ≤

Ⱳכ♃ ─ ♃fiⱤ◒ ╩╙√╠⇔ ╢⁹ ↕╣╢ ♃fiⱤ◒ │
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─ ◄◒♁fi≤ ↕╣√☻ⱪꜝ▬☻ ─ ─ ☻ⱪꜝ

▬◦fi◓⅛╠ ─ ─ ▪Ⱶⱡ ↑ ╩

╗ Μ ⁹ 

(◒)  

ₒ ₓ♩ꜝfi☻ⱨ▼◒◦ꜛfi╩ⱥ♩ ≢ ∫√⁹

╩ American Type Culture Collection ╟╡ ⇔ ┘

─ ◓ꜟ♃Ⱶfi╩ ⇔√▬☻◖ⱨ ♄ꜟⱬ♇◖ ≢ ↕∑√⁹

╩♩ꜝfi☻ⱨ▼◒◦ꜛfi─ ⌐ √╡ ─ ≢

⇔√⁹ ╩ ⱪ꜡◓ꜝⱶ╩ ™≡ Nucleofector Lonza ─ Nucleofector

fiꜛ◦כꜙꜞ♁ Lonza ╩ ™≡♩ꜝfi☻ⱨ▼◒◦ꜛfi⇔√⁹♩ꜝfi☻ⱨ▼◒◦

ꜛfi ╩ ⌐ ∆╢⁹ 

ₒ ₓo ₓ ─≤⅔╡  

ₒ ₓ ╩♩ꜝfi☻ⱨ▼◒◦ꜛfi─

⌐ ∫√⁹ ╩♃כ♦ ─≤⅔╡ ⌐ ∆⁹ ≈─

─∕╣∙╣≢ ↕╣√ ─ │ ╟╡╙ ⅛∫

√ ⁹ 

(◔) ⅎ─  

ₒ ₓ◕ⱡⱶ ╩ ♩ꜝfi☻ⱨ▼◒◦ꜛfi─ ⌐ GenElute 

Mammalian Genomic DNA Miniprep Kit Sigma ╩ ™≡♩ꜝfi☻ⱨ▼◒◦ꜛfi

⅛╠ ⇔√⁹∕─ ◕ⱡⱶ ╩ ⱪꜝ☻Ⱶ♪♪♫כ─

ΐ ─ⱶכ▪ ⌐ ∆╢ⱨ◊꞉כ♪ⱪꜝ▬ⱴכ ┘ ─ ΐ ⌐

∆╢ꜞⱣכ☻ⱪꜝ▬ⱴכ╩ ™≡ ↕∑√⁹ⱨ◊꞉כ♪ⱪꜝ▬ⱴכ│

ΐ ΐ ≢№╡

ꜞⱣכ☻ⱪꜝ▬ⱴכ│ ΐ ΐ

≢№∫√⁹☺ꜗfi◒◦ꜛfi ⅛╠ ↕╣╢ⱨꜝ◓ⱷfi♩◘▬☼│

≢№∫√⁹ ╩ ─◘▬◒ꜟ ╩ ™≡ JumpStart Taq 
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ReadyMix Sigma ╩ ™≡ ∫√ ─ ─√╘⌐ ϴ≢ ϴ≢

ϴ≢ ┘ ϴ≢ ╩ ◘▬◒ꜟ ∕⇔≡

─ ╩ ϴ≢ ⁹ ╩ ꜟ◕☻כ꜡●▪ ≢ ⇔√⁹ 

ₒ ₓ▪fi♅ꜞⱣכ☻◐ꜗ♇ⱪ▪♫꜡◓ ╩ ™≡ ↕╣√

 ɡ ─ⱪ꜠▪♬כꜞfi◓↕╣√

─ ┘ ɡ ─  ⱪꜝ☻Ⱶ

♪ ╩♩ꜝfi☻ⱨ▼◒♩↕╣√ │ ↕╣√◘▬☼─ ╩ ⇔

√ fiכ꜠─ ╩ ─↓≤ ⁹ 

ᵦ ─ ─╕≤╘ ┘ ⅜ ⇔√  

▪ ⌐│ ◕ⱡⱶ ≤⇔≡ ●▬♪ ⌐╟╡ ↕╣╢

◄fi♪♯◒꜠▪כ♀╩ ∆╢↓≤╩ ⌂ ≤⇔ ↓╣⌐╟╣┌

─◕ⱡⱶ ≢№╢ │ ─╟℮⌐ ◕ⱡⱶ ⌐ ∆╢

─♀כ▪꜠◒♯™⇔ ╩ ∑∏ ⌐╙ ╣╢ ⅜ ↕╣≡™╢ ₒ

ₓ ₒ ₓ⁹ 

▬ ⌐│ ᵥ ⌐ ◦◓♫ꜟ╩ ╗ ◄fi♪♯◒

♀כ▪꜠ ♃fiⱤ◒ ╩ ∆╢↓≤ ᵦ●▬♪ ⅜

◄fi♪♯◒꜠▪כ♀╩ ⌐ ∆╢↓≤ ┘ᵧ ⌐⅔™≡

◄fi♪♯◒꜠▪כ♀⅜ ⌐ ─ ╩ ⇔ כ♫♪ ⌐╟╡

─ ⅜ ↕╣╢↓≤⅜ ↕╣≡™╢ ₒ ₓₒ

ₓₒ ₓ⁹ 

↓─℮∟ ᵥ─ ◄fi♪♯◒꜠▪כ♀╩ ⌐ ∆╢ ≤⇔

≡ ᵑ♃fiⱤ◒ ╩ ∆╢ ᵒ♃fiⱤ◒ ╢∆♪כ◖╩ ╩ ∆╢

┘ᵓ♃fiⱤ◒ ╢∆♪כ◖╩ ╩ⱬ◒♃כ─ ⌐⇔≡ ∆╢ ⅜

↕╣≡™╢ ₒ ₓₒ ₓₒ ₓ⁹ 

╕√ ᵦ─●▬♪ ╩ ⌐ ∆╢ ≤⇔≡ ᵑ ◐ⱷꜝ

─ ╩ ∆╢ ┘ᵒ ≈─ ─



 -  33 -  

─ ╩ ∆╢ ⅜ ↕╣ₒ ₓ

ᵓ ᵑ │ᵒ─ │ ╢∆♪כ◖╩ ╩ⱬ◒♃כ─

⌐⇔≡ ∆╢ ⅜ ↕╣≡™╢ ₒ ₓₒ ₓ⁹ 

↕╠⌐ ᵧ─♪♫כ ⌐≈™≡│ ⱬ◒♃כ─ ⌐⇔≡ ⌐ ∆

╢↓≤⅜ ↕╣≡™╢ ₒ ₓₒ ₓ⁹ 

∕⇔≡ ᵥ⅛╠ᵧ─ │ ⌐ ↕╣≡™╢⁹ 

► ┘ ⌐⅔™≡│ ᵥ ┘ᵦ─ ╩ ⇔√ ᵥᵒ

ᵦᵒ ┘ ᵥᵑ ᵦᵑ ┘⌐ ᵥᵓ ᵦᵓ ⌐≈™≡

≤ ⇔≡

╩ ™≡ ─ ─ ─ ⅜ ↕╣≡™╢⁹⌂

⅔ ⌂™⇔ ─℮∟ ⌂™⇔ │ⱬ◒♃כ ≢│⌂ↄ ─╖⅜

ⱬ◒♃כ ≢№╢⁹ 

◄ │ ⅛╠ ─ ᵦ─≤⅔╡ ╩ ⇔√⁹ 

ᵧ ─  

▪ ⌐│ ◕ⱡⱶ ⌐ ∆╢ ⅜ ↕╣≡™╢ₒ ₓ

≤↓╤ ∕─ ⌐≈⅝ │ ⌐ ⌂ↄ≤╙ ≈─ ◦◓♫ꜟ

╩ ╗ ⌂ↄ≤╙ ≈─ ◄fi♪♯◒꜠▪כ♀ │ ⌂ↄ≤╙ ≈─

◦◓♫ꜟ╩ ╗ ⌂ↄ≤╙ ≈─ ◄fi♪♯◒꜠▪כ◖╩♀כ

♪∆╢ ╩ ∆╢↓≤╩ ╖ ₒ ₓₒ ₓ ↓─℮∟

◄fi♪♯◒꜠▪כ♀⅜ ♃fiⱤ◒ ⌐ ⇔ ₒ ₓₒ

ₓ ◄fi♪♯◒꜠▪כ◖╩♀כ♪∆╢ ⅜ ≢№╡

⅜●▬♪ ╢∆♪כ◖╩ ╩↕╠⌐ ╗ⱬ◒♃כ─ ≢№╢ ₒ

ₓₒ ₓₒ ₓ ≤™℮ ⅜ ↕╣ ◄fi♪♯◒

╢∆♪כ◖╩♀כ▪꜠ ⅜ⱪ꜡⸗כ♃כ ⌐ ⌐ ↕╣ ⱬ

─כ♃◒ ≤⌂∫≡™╢ ₒ ₓ ≤™℮ ╙ ↕╣≡™╢⁹ 

╟∫≡ ⌐│ ₈ ⌂ↄ≤╙ ≈─ ◦◓♫ꜟ╩ ╗ ⌂ↄ≤╙
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≈─зз ♃fiⱤ◒ ╢∆♪כ◖╩ ⌐ ⌐ ↕╣√ⱪ꜡⸗כ

כ♃ ╩ ╗ⱬ◒♃₉כ⅜ ↕╣≡™╢⁹ 

▬ ⌐│ ∕─ ⌐≈⅝ │ ⌐ ⌂ↄ≤╙ ≈─●▬

♪ │ ⌂ↄ≤╙ ≈─●▬♪ ╢∆♪כ◖╩ ╩ ∆╢↓≤╩

╖ₒ ₓo ₓ ↓─℮∟●▬♪ ⅜ ≈─ ∆⌂╦∟

─ ⌐ ≢№╢ ΐ ⌐⅔↑╢ ─ ☻♥ⱶꜟכ

ⱪ ╩ ∆╢ ─ ┘ ⌐ ─╕╕≢№╢ ─ ΐ

╩ ╖ ₒ ₓ ─ │ ⌐⅔™≡●▬♪ ╩ ↕∑╢√╘⌐

ⱪ꜡⸗כ♃כ ⌐ ⌐ ↕╣ ₒ ₓ ●▬♪ ♪כ◖╩

∆╢ ⅜ⱬ◒♃כ─ ≢№╢ ₒ ₓ ⅜ ↕╣≡™╢⁹ 

╟∫≡ ⌐│₈ ─ ─ ⌐ ≢№╢ ΐ

⌐⅔↑╢ ─ ☻♥ⱶꜟכⱪ ╩ ∆╢ ─ ┘

⌐ ─╕╕≢№╢ ─ ΐ ╩ ╗ ⌂ↄ≤╙ ≈─●▬♪ ╩◖

╢∆♪כ ⌐ ⌐ ↕╣√ⱪ꜡⸗כ♃כ ╩ ╗ⱬ◒♃₉כ⅜

↕╣≡™╢⁹ 

► ⌐│ ∕─ ⅜₈ⱬ◒♃כ ₉≢№╢↓≤⅜ ↕╣≡™╢⁹ 

◄ ⌐│ ∕─ ⌐≈⅝ │ ╩ ●▬♪ ⅜

◄fi♪♯◒꜠▪כ♀╩ ─ ┼ ⇔ ∕↓≢

◄fi♪♯◒꜠▪כ♀⅜ ⌐≡ ─ ╩ ⇔ ─

⅜ ⅜ ↕╣╢╟℮⌐ ⌐╟╡ ↕╣╢╟℮⌐

∆╢≤™℮ ╩ ∆╢↓≤⅜ ↕╣≡™╢ ₒ ₓₒ ₓ⁹ 

╟∫≡ ⌐│ ₈ ●▬♪ ⅜ ♃fiⱤ◒ ╩

─ ─ ┼ ⇔ ∕↓≢ ♃fiⱤ◒ ⅜

⌐≡ ─ ╩ ⇔ ─ ⅜

⅜ ↕╣╢╟℮⌐ ⌐╟╡ ↕╣╢₉⅜ ↕╣≡™╢⁹ 

○ ⌐│ ●▬♪ ⅜ ≈─ ╩ ╖ ●▬♪ ─
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┘ ─ ╦∑√ ↕│ ⅛╠ ♯◒꜠○♅♪ ─ ≢№╡

╢↓≤⅜ ↕╣≡™╢ ₒ ₓₒ ₓ⁹ 

╟∫≡ ⌐│₈ ●▬♪ ─ ┘ ─ ╦∑√ ↕⅜

⅛╠ ♯◒꜠○♅♪ ─ ≢№╡₉⅜ ↕╣≡™╢⁹ 

◌ ⌐╟╣┌ ⌐│ ▪⌂™⇔○─ ─ ⅜№╢⅛╠

⅜ ⇔√≤⅔╡─ ⅜ ↕╣≡™╢╙─≤ ╘╠╣╢⁹ 

ᵨ ≤ ≤─  

▪ │ ─ ─≤⅔╡≢№╡ ⌐ ∆╣┌ ─≤⅔

╡≢№╢⁹ 

 ◄fi☺♬▪ꜞfi◓↕╣√ ⌐ כ♃☻ꜝ◒™⌂⇔ ꜞ

Ⱨכ♩ ⱬ

כ♃◒ ≢№∫≡  

 ─ⱳꜞ♯◒꜠○♅♪ ─ ⌐Ɫ▬Ⱪꜞ♄▬☼

∆╢ ≈ ─ ●▬♪ ╢∆♪כ◖╩ ≈ ─♯◒

꜠○♅♪ ⌐ ⌐ ⇔≡™╢ ─ ◄꜠ⱷfi♩≢№∫≡ ●▬

♪ ⅜ ●▬♪ ┘ ⱷ▬♩ ╩ ╗

─ ◄꜠ⱷfi♩  

 ♃fiⱤ◒ ♪♅○꜠◒♯╢∆♪כ◖╩ ⌐ ⌐

⇔≡™╢ ─ ◄꜠ⱷfi♩≢№∫≡ ♃fiⱤ◒ ⅜ ◦◓♫

ꜟ ╩ ╗ ─ ◄꜠ⱷfi♩ 

 ╩ ╗ ≈ ─ⱬ◒♃כ╩ ╖  

 ┘ ⅜ ─ ∂ │ ⌂╢ⱬ◒♃כ ⌐ ⇔  

 ⅜ ─♯◒꜠○♅♪─ ↕╩ ⇔  

 ∕╣⌐╟∫≡ ≈ ─●▬♪ ⅜ ─ ⱳꜞ♯◒

꜠○♅♪ ╩ ≤⇔ ♃fiⱤ◒ ⅜ ⱳꜞ♯◒꜠○♅♪

╩ ⇔ ∕╣⌐╟∫≡ ⱳꜞ♯◒꜠○♅♪ ─ ⅜
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↕╣  

 ♃fiⱤ◒ ┘ ≈ ─●▬♪ ⅜ ™∫⇔╞⌐

⌐ ⇔⌂™  

 ⱬ◒♃כ ⁹ 

▬ ⌐≈™≡ 

(▪)  │ ◄fi☺♬▪ꜞfi◓↕╣√ ⌐ כ♃☻ꜝ◒™⌂⇔

ꜞⱧכ♩

≢№╢⁹ 

│ ⌐ ∆╢ ◦☻♥ⱶ

─ ♃fiⱤ◒ ⌐ ◦◓♫ꜟ╩ ╗⌂≥─ ╩ ™ₒ ₓ

ₒ ₓ ◄fi☺♬▪ꜞfi◓↕╣√ ⌐ ⇔⌂™ ♃fiⱤ◒ ╩

™╢⅛╠ ─↓─ │ ─ ─℮∟ⱬ◒♃כ ⅜

כ♃☻ꜝ◒₈ ꜞⱧכ♩

₉─╙─≢№╢≤™℮ ⌐ ∆╢⁹ 

(▬)  ─ ─℮∟₈ⱬ◒♃כ ₉─ ╙ ∂⁹ │

─ ₈ⱬ◒♃כ ₉⌐ ∆╢⁹ 

► ⌐≈™≡ 

─₈ ─ ─ ⌐ ≢№╢ ΐ ⌐

⅔↑╢ ─ ₉│ ─₈●▬♪ ₉⌐ ∆╢⁹ 

─₈☻♥ⱶꜟכⱪ ╩ ∆╢ ─ ₉≤₈ ⌐

─╕╕≢№╢ ─ ΐ ₉╩ ╦∑√ ┘ │ ─o

ₓ⌐⅔↑╢₈ ─ ⌐ ⇔ ─₈ ─ⱪכꜟ┘╟⅔₉

─ ΐ ─ ─ │ ⱷ▬♩ ⌐ ⇔ ─ⱪכꜟ ΐ ─ ─

│ ⌐ ∆╢⁹₉─ ⅛╠╖≡ ─₈

₉ ┘₈ ⱷ▬♩ ╩ⱪ₉כꜟ₈⌐₉ ⅎ√ ⌐ ∆╢⁹ 

∕℮∆╢≤ ─₈ ─ ─ ⌐ ≢№
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╢ ΐ ⌐⅔↑╢ ─ ☻♥ⱶꜟכⱪ ╩ ∆╢ ─ ┘

⌐ ─╕╕≢№╢ ─ ΐ ╩ ╗ ⌂ↄ≤╙ ≈─●▬♪ ₉

│ ─₈●▬♪ ┘ ⱷ▬♩ ╩ ╗₉

₈●▬♪ ₉⌐ ∆╢⁹ 

⇔√⅜∫≡ ─₈ ш ─ ─ ⌐

≢№╢ ΐ ⌐⅔↑╢ ─ ☻♥ⱶꜟכⱪ ╩ ∆╢ ─

┘ ⌐ ─╕╕≢№╢ ─ ΐ ╩ ╗ ⌂ↄ≤╙ ≈─●▬♪

╢∆♪כ◖╩ ⌐ ⌐ ↕╣√ⱪ꜡⸗כ♃כ ╩ ╗ⱬ◒

│₉כ♃ ─₈ ─ⱳꜞ♯◒꜠○♅♪ ─ ⌐

Ɫ▬Ⱪꜞ♄▬☼∆╢ ≈ ─ ●▬♪ ╢∆♪כ◖╩

≈ ─♯◒꜠○♅♪ ⌐ ⌐ ⇔≡™╢ ─ ◄꜠ⱷfi♩≢№

∫≡ ●▬♪ ⅜ ●▬♪ ┘ ⱷ▬♩

╩ ╗ ─ ◄꜠ⱷfi♩₉⌐ ∆╢⁹ 

◄ ⌐≈™≡ 

─₈ⱪ꜡⸗כ♃כ ₉│ ─ ◄꜠ⱷfi♩⌐ ⇔

╕√ │ ⌂ↄ≤╙ ≈─ ◦◓♫ꜟ╩ ╖ ∕─ ◦

◓♫ꜟ│ ♃fiⱤ◒ ╢∆♪כ◖╩ ♯◒꜠○♅♪ ≤≤╙⌐ ↕

╣╢╙─≢№╢⁹ 

⇔√⅜∫≡ ─₈ ч ⌂ↄ≤╙ ≈─ ◦◓♫ꜟ╩ ╗ ⌂

ↄ≤╙ ≈─ ♃fiⱤ◒ ╢∆♪כ◖╩ ⌐ ⌐ ↕╣√

ⱪ꜡⸗כ♃כ ╩ ╗ⱬ◒♃₉כ│ ─₈ ♃fiⱤ

◒ ♪♅○꜠◒♯╢∆♪כ◖╩ ⌐ ⌐ ⇔≡™╢ ─ ◄꜠ⱷfi

♩≢№∫≡ ♃fiⱤ◒ ⅜ ◦◓♫ꜟ ╩ ╗ ─ ◄

꜠ⱷfi♩₉⌐ ∆╢⁹ 

○ ⌐≈™≡ 

⌐│ ┘ ш ─ⱬ◒♃כ╩ ⌂╢ⱬ◒♃כ≤∆╢ ─╒⅛
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⌐ ∂ⱬ◒♃כ≤∆╢ ╙ ↕╣≡™╢ ₒ ₓₒ ₓ ⅛╠

─ ⌐ ∆╢⁹ 

◌ ⌐≈™≡ 

│ ┘ ш ─ ≈─ⱬ◒♃כ╩ ≤⇔ ↓╣╠

≈─ⱬ◒♃כ╩ ╗ⱬ◒♃כ ⅜ ₈●▬♪ ⅜ ♃fiⱤ◒ ╩

─ ─ ┼ ⇔ ∕↓≢ ♃fiⱤ◒

⅜ ⌐≡ ─ ╩ ⇔ ─ ⅜

⅜ ↕╣╢╟℮⌐ ⌐╟╡ ↕╣╢₉≤™℮ ╩ ⅎ

╢╙─≢№╢≤↓╤ ─₈ ─ ─ ₉₈

₉₈ ₉│ ─₈ ─ ≈ ─ⱳꜞ♯◒꜠○♅♪

₉₈ ₉₈ ₉⌐∕╣∙╣ ∆╢⁹ 

⇔√⅜∫≡ ─ │ ⅜ ⅎ╢₈ ≈ ─●▬

♪ ⅜ ─ ⱳꜞ♯◒꜠○♅♪ ╩ ≤⇔

♃fiⱤ◒ ⅜ ⱳꜞ♯◒꜠○♅♪ ╩ ⇔ ∕╣⌐╟∫≡ ⱳ

ꜞ♯◒꜠○♅♪ ─ ⅜ ↕╣₉╢─≤ ∂ ╩ ∆╢╙─≢№╡

⌐ ∆╢⁹ 

◐ ⌐≈™≡ 

│ ◄─≤⅔╡ ⌂ↄ≤╙ ≈─ ◦◓♫ꜟ╩ ╗⌂≥

⌐ ∆╢ ◦☻♥ⱶ ─ ♃fiⱤ◒ ╩

∆╢↓≤≢ ╠╣√ⱬ◒♃כ╩ ≤∆╢ⱬ◒♃כ ≢№╡ ╕√

≢ ™╠╣≡™╢●▬♪ │ ─ ─ ┘ ─

ΐ ╩ ╗╟℮⌐ ⌐ ↕╣√◐ⱷꜝ ≢№╢⁹ 

⇔√⅜∫≡ ─ⱬ◒♃כ │ ─₈ ♃fiⱤ◒

┘ ≈ ─●▬♪ ⅜ ™∫⇔╞⌐ ⌐ ⇔⌂™₉

ⱬ◒♃כ ⌐ ∆╢⁹ 

◒ ⌐≈™≡ 
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⅜ ⱬ◒♃כ ≢№╢↓≤│ ╠⅛≢№╡

─ ⌐ ∆╢⁹ 

◔  

⌐╟╣┌ ≤ │ ⅜ ⇔√≤⅔╡

─ ᵦ▬ ⇔ ─≤⅔╡ ► ─ ╩ ∆╢⁹ 

 

│₈ ⅜ ─♯◒꜠○♅♪─ ↕╩ ₉∆╢╙─

≢№╢≤ ⅜ ↕╣≡™╢─⌐ ⇔≡ ≢│ ─₈

₉⌐ ∆╢ ─ ↕⌐≈™≡ ⌂ │⌂ↄ₈ ┘ ₉

─ ╦∑√ ↕⅜₈ ⅛╠ ♯◒꜠○♅♪ ─ ₉≢№╢ ⁹ 

ᵩ ─  

▪ ─ │ ⌐ ╢ ⅜ ─ ─ ─

│ ≢№∫≡ ⌐

─ ⅜↕╣√╙── ⌐ ⌐ ⇔√ │ ₈

₉≤™℮⁹ ⌐ ↕╣√ │ ≤ ≢№╢≤⅝│ ∕─ ⌐≈

™≡ ╩ ↑╢↓≤⅜≢⅝⌂™≤ ∆╢⁹ 

 ─ │ ⌐ ↕╣≡™╢ │ ─ ─

≢№∫≡╙ ⌐╟╡ ⌐∕─ │ ↕╣╢─≢ √≤ⅎ ⅜

╩↕╣╢ ⌐ ↕╣√ ≢№∫≡╙ ∕─ ⅜ ≤ ─

≢№╢ ↕╠⌐ ╩⇔≡╙ ⇔™ ╩⌂╪╠ ∆╢╙─≢

│⌂ↄ ↓─╟℮⌂ ⌐ ╩ ⅎ╢↓≤│ ⇔™ ─ ─ ≤⇔≡

╩ ⇔╟℮≤∆╢ ─ ⅛╠╖≡ ≢⌂™ ≤™℮╙─≢№╢⁹ 

⌐™℮ ⌐ ↕╣√₈ ₉≤│ ⌐ ↕╣≡

™╢ ┘ ↕╣≡™╢⌐ ⇔™ ⅛╠ ↕╣╢ ╩™™ ↕╣≡

™╢⌐ ⇔™ ≤│ ⌐⅔↑╢ ╩ ∆╢↓≤⌐╟╡ ↕╣

≡™╢ ⅛╠ ⅝ ∑╢╙─╩™℮╙─≤ ↕╣╢⁹ 
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▬ ─ₒ ₓ⌐│ ─ ↕≤◕ⱡⱶ ─

⌐≈™≡ ₈ ⅔╟┘ ─ ≈ ≡─ ⌐≈™≡

↕─ ⌐ ℮◕ⱡⱶ ─ ⇔√ ⅜ ↕╣√₉≤

─ ⌂ ⅜⌂↕╣ ⌐ ◕ⱡⱶ ─ ⅜ ╣╢╙─≤⇔≡ ⅜

∆⌂╦∟ ─ ↕⅜ ─◐ⱷꜝ ╩≤╡№

→≡ ₈ ─╟╡ ™ ╩ ∆╢◐ⱷꜝ

┘ │ ≈ ≡─ ⌐⅔

↑╢ ╩ ⇔ ⌐ │ ●▬♪ ┘

╩ ─ ≢ ∆╢ ∆╢ Ɫ▬Ⱪꜞ♇

♪╟╡╙ ⌐ ™꜠ⱬꜟ─ ╩ ⇔√ ┘ ⁹Ɫ▬Ⱪ

ꜞ♇♪ ─ ≤⇔≡ ↕╣╢●▬♪ ┘ ╩

⌂ ╩ ∂⌂⅛∫√ ─ ≈─ ╙ ╩

fi◓⇔√⁹▫♥◕כ♃≡⇔ ┘

│ ≈─ ⱪ꜡♩☻Ɑכ◘כ⌐⅔↑╢ ⌂ ╩ ⇔ √

┘ ⁹₉≤─ ⅜ ⅎ╠╣≡™╢⁹ 

∕⇔≡ ─ ╛ ╩ ∆╢≤ ⱪ꜡♩☻Ɑכ◘כ ╛ⱪ꜡

♩☻Ɑכ◘כ ╩ ≤⇔√ ⌐≈™≡│ ⅜ ≢№╢ ─╖

⌂╠∏ ⅜ ∆⌂╦∟ ─ ↕⅜ ─◐ⱷꜝ ≢№╢

╙ ⅜ ∆⌂╦∟ ─ ↕⅜ ─◐ⱷꜝ ╩

╢ ⅜ ╠╣≡™╢↓≤╩ ≡ ╢↓≤⅜≢⅝ ⅜

⌐≈⅝ ─♯◒꜠○♅♪─ ↕⌐ ⇔√↓≤⌐╟∫≡ ≤│ ⌂

╢ √⌂ ╩ ⇔≡™╢↓≤╙ ≢⅝╢⁹ 

↓─╟℮⌐ │ ₈ ─ ↕₉⌐ ⇔ ₈

⅜ ─♯◒꜠○♅♪─ ↕╩ ₉∆╢╙─≤™℮ ╩ ⇔√↓≤⌐╟

∫≡ ◕ⱡⱶ ⅜ ∆╢↓≤╩ ≤∆╢╙─≢№╢⁹ 

⌐│ ●▬♪ ⅜ ⅛╠ ╕≢─ ≈─ ╩
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╗↓≤ ₒ ₓ ☻♥ⱶ─ ↕│ ⅛╠ ≢№∫≡╟™↓≤

ₒ ₓ ⌐ ─ │ ♯◒꜠○♅♪ ≢№╡ ⅎ┌

─ ─ ↕│ ⅛╠ ♯◒꜠○♅♪ ─ ≢№╢≤∆╢↓≤ ₒ

ₓ ●▬♪ ─ ┘ ─ ╦∑√ ↕│ ⅛╠

♯◒꜠○♅♪ ─ ≢№╡ ╢↓≤ ₒ ₓ ⅜ ↕╣≡™╢⌐∆⅞⌂

™⁹ 

► ╕√ ₒ ₓ─₈ꜟכⱪ─ ΐ ─ ─ │

⌐ ∆╢₉─ ⌐╟╣┌ ─ │ ─

─ ─☻♥ⱶ≤ ╩ ╦∑√╙─⌐ ∆╢≤ ╘╠╣╢⁹⇔⅛

⇔ ⌐│ ─ ─☻♥ⱶ≤ ╩ ╦∑

√╙─ ─ ↕∕╣ ╩ ∆╢≤™℮ ⅜ ╣≡│™⌂™⁹ 

↕╠⌐ ─ ↕╩ ─♯◒꜠○♅♪─

↕≤∆╢≤─ ─ ⅜ ⇔√↓≤╩ ╘╢⌐ ╡╢ │⌂™⁹ 

◄ ╟∫≡ ⌐₈ ⅜ ─♯◒꜠○♅♪─ ↕╩

₉∆╢╙─≤™℮ ╩ ⇔√↓≤⅜ ↕╣≡™╢≤™ⅎ⌂™⇔

╩ ∆╢↓≤⌐╟╡ ↕╣≡™╢⌐ ⇔™≤╙™ⅎ⌂™⁹ 

ᵪ ─ ⌐≈™≡ 

 │ ♯◒꜠○♅♪ ─ ╩ ∆╢●▬♪

≤ ♯◒꜠○♅♪ ─ ╩ ∆╢●▬♪ ≤≢ ⱪ

꜡♩☻Ɑכ◘כ ┘ ╩ ≤⇔√╙─≢│ ╩ ∑⌂™

≤⇔√ ─♯◒꜠○♅♪ ≤ ∆╢ ⌐⅔™≡│

⌐ ∆╢↓≤⌂ↄ ⅜ ∆╢≤─ ╩ ⇔≡™╢≤│™ⅎ⌂™

≤⇔≡ │ ≤ ⌂╢ √⌂ ╩ ∆╢≤ ╘╢↓≤│≢⅝

⌂™≤ ∆╢⁹ 

 ⇔⅛⇔ ─≤⅔╡ ⌐╟╣┌ ⱪ꜡♩☻Ɑכ◘כ ╛ⱪ꜡♩☻Ɑ

כ◘כ ≤™℮ ⌂╢ ⌐ ⇔≡ ♯◒꜠○♅♪ ─ ╩
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∆╢◐ⱷꜝ ⅜ ♯◒꜠○♅♪ ─ ╩ ∆╢◐ⱷꜝ

╟╡╙ ◕ⱡⱶ ⅜ ⇔≡™╢↓≤⅜ ↕╣≡⅔╡

⌐≈™≡ ─♯◒꜠○♅♪ ≢№╢↓≤╩ ∆╢ │ ⱪ꜡♩☻Ɑ

כ◘כ ╛ⱪ꜡♩☻Ɑכ◘כ ⌐⅔™≡╙ ─◕ⱡⱶ ⅜ ∆

╢ ⅜⌂™≤™℮↓≤│≢⅝⌂™⁹ 

⇔√⅜∫≡ ─ │ ⅜⌂™⁹ 

ᵫ  

─≤⅔╡ ⌐⅔™≡ ≤ ≤─ ─ ≤⇔≡

→╠╣√₈ ⅜ ─♯◒꜠○♅♪─ ↕╩ ₉∆╢↓≤│

⌂ ≢№╡ ≤ ≤⅜ ─ ≢№╢≤│ ╘╠╣

⌂™⅛╠ ⌐≈⅝ ─ ─ ⌐╟╡ ╩ ↑╢↓≤⅜≢⅝

⌂™≤⇔√ ─ ⌐│ ╡⅜№╢⁹ 

╟∫≡ │ ⅜№╢⁹ 

 ⌐ ≠ↄ ─ ─ ╡ ⌐≈™≡ 

ᵥ ─ ה  

▪  

כ♃☻ꜝ◒ ꜞⱧכ♩

│ ∆╢ ─ ╩ ∆╢√╘⌐  

╩ ∆╢►▬ꜟ☻╛ⱪꜝ☻Ⱶ♪⌐ ∆╢ ╩ ╛ ⌐

∆╢╙─≢№╢⁹↓─ ─ ⌐⅔™≡ ⅜ ♩ꜝfi☻

≤ ╩ ╗↓≤≢ ⌐ ╩

∆╢╟℮⌐ ♃fiⱤ◒ ╩ ∆╢ ≈─ ⅛╠

⌂╢ ╩ ∆╢↓≤╩ ∆⁹↓─♦ꜙ▪ꜟ │

◐ⱷꜝ≤⇔≡ ↕╣√≤⅝╙ ⌂ ⌐╟╢

╩ ∆╢⁹ 

√∟─ │ ─√╘⌐♦ꜙ▪ꜟ ╩ ∆╢◄
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fi♪♯◒꜠▪כ♀─ⱨ□Ⱶꜞכ╩ ╠⅛⌐⇔ ≢─ⱪ꜡◓ꜝⱶ⅜ ⌂◕ⱡ

ⱶ ─√╘⌐↓─◦☻♥ⱶ╩ ∆╢ ╩ ∆╢⁹ 

▬  

─ ⌐⅔™≡ ♃fiⱤ◒ ⅜ ╩ ∆╢√╘

⌐ ≤ ─ ─ ╩ ≤∆╢

ⱨ□Ⱶꜞכ╩ ∆╢↓≤╩ ∆⁹ │ ≢№╢ⱪ꜡♩☻Ɑ

כ◘כ ≤ ─ ─ ╩ ∆╢ ≤ ─ ⌐

↕╣╢ ⱨכ♅⸗™ ⱪ꜡♩☻Ɑכ◘כ ⱨכ♅⸗ ≤ ┌╣╢ ⌐

╟╡ ╘╠╣╢ ≢ ∂╢⁹ 

 ► ─≤⅔╡  

 ⌐ ↕╣╢ ─ │ ─ ♪ⱷ▬fi

╩ ≤⇔ ♪כ◦─ ⌐╟╡ ↕╣╢⁹

│ ♯◒꜠○♅♪ ─ ≤

─ ╩ ™≡ ↕╣ ≤ ⌐ ⌐≈™

≡▪♇☿▬↕╣√⁹ ╩ ∆╢↓≤⅜≢⅝

╢ ≤ ─ ™ ⅜ ↕╣√ ⁹ 

◄  

╩ ΐ ⌐ ╖ ∕─ ⌐ ≤ ─

⌐ ∂╢ ╩ ∆╢Ⱬ▪Ⱨfi ╩ ╗ ≈─Ᵽכ☺ꜛfi─◐ⱷꜝ

╩ ⇔√⁹ⱪꜝ☻Ⱶ♪ ╩ ™√ ▪♇☿▬⌐⅔™≡ ™ ─◐

ⱷꜝ │ ╩ ™√ ⌐ ↕╣

√ ≤ ∂╟℮⌂ ≢ ⌐╟╢ ╩ ≢⅝╢↓≤╩ ⌐╟

∫≡ ⇔√⁹ 

○ ─≤⅔╡  

│ ≤ ─ ╩ ╖ ╦∑√ ─◄fi☺

♬▪ꜞfi◓↕╣√ ╩ ⇔≡ ⱪ꜡◓ꜝⱶ∆╢↓≤⅜≢⅝╢⁹ 
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◦☻♥ⱶ⌐⅔™≡ │

⇔≡™╢ ┘ ⌐╟╡ ↕╣╢ ≈─

⌐╟╡ ↕╣≡ ⌐ ≤⌂∫√ ╩ ∆╢⁹ 

─ ΐ ╩ ─ ΐ ⌐ ∆╢↓≤⌐╟

╡ ↕╣√◐ⱷꜝ ⁹ 

◌  

☺fi◒ ⱨ▫fi●כ▪꜠◒♯כ♀ ╛ ◄ⱨ▼◒♃כ♯◒꜠

♀כ▪ │ ◕ⱡⱶ╩ ∆╢√╘⌐ ↕╣√ ≤⇔≡ ⅝

⌂ ╩ ╘√⁹ √∟│ fi◓≤◕ⱡⱶ▫♥◕כ♃ ┼─ ⌐ ↑√

⅝⌂ ╩╙√╠⇔ ╢ ⌐╟╡ⱪ꜡◓ꜝⱶ↕╣√ ⌐ ≠ↄ

⌂ ╩ ∆╢⁹ 

◐  ⱪꜝ☻Ⱶ♪ ▪♇☿▬ SUPPLEMENTARY MATERIALS AND 

METHODS  

─ №╢™│ ⌐╟╡ ↕╣√ⱪꜝ☻Ⱶ♪

│ ↕╣√ ♃fiⱤ◒ ≤

≤≤╙⌐

ⱪꜝ☻Ⱶ♪    

  ≢  ╩ ⅎ≡

№╢™│ ⅎ∏⌐ ϴ≢ ▬fi◐ꜙⱬ⁹√⇔♩כ 

◒ ≤─ ┘ ─√╘─♦ꜙ▪ꜟ ─

 

│ ─√╘⌐ ┘ │ ─ ⌐№

╢ ♀כ▪꜠◒♯─ ╩ ∆╢─⌐ ≢№╢ ⅜№╢⁹

─ ⌐╟╡ ≤ ≤─ │ ⌐ ↕╣√⅜

│ ≤─ │╒≤╪≥ ↕╣

⌂⅛∫√ ⁹↓╣│ ⌐│ ⅜ ≢№╢↓≤
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╩ ⇔ ─ ≤─ ⌐│ ⅔∕╠ↄ ⅜

╩ ⌐ ↑╢ ⅜№╢↓≤╩ ∆⁹↓─ ⌐╟╡

⌐╟∫≡ ⅜ ⌂╢ ΐ ─ ─♯◒꜠○♅♪⅜

⌐ ≢⅝╢ ⅜ ↕╣╢⁹ ─ ⌐ ∆╢

─ │ ⌐ ─ ╩ ⇔ ┘ │

╙⇔ↄ│ ≤ ∆╢⁹ ─ ⅜ ⌂

⌐ ↕╣╢ ⌐ ⅛≥℮⅛╩ ∆╢√╘⌐

♯◒꜠○♅♪ ≤ ΐ │ ΐ ≢ ⅜ ⇔√ ₁⌂ ─

╩ ⇔≡ ↕╣√

╩ ⇔√⁹↓╣╠─ ⌐≈™≡ ™ ╩ ™≡

─ ╩ ∫√⁹ ─♯◒꜠○♅♪ ╩ ⇔≡™╢ ⌐ ╡

╘╠╣√Ᵽכ☺ꜛfi─ │ ⌂♦ꜙ▪ꜟ ⌐╟╡●▬♪

↕╣╢ ⌐ ↕╣╢ ╩ ∆╢↓≤⅜≢⅝√ ┘

┘⌐ ┘ ⁹ 

◔  

™ ─◐ⱷꜝ │↓─▪♇☿▬≢│ ⌐ ∑∏

╩ ⅎ√ ─♯◒꜠○♅♪⅜ ⌂

┘ │ ⌐ ≢№╢↓≤⅜ ↕╣√⁹ ™ ╩ ≤

⇔≡ ™╢ ▪♇☿▬≢╙ ─ ⅜ ╠╣ ─ ─ ⅜

╩●▬♪≤⇔≡ ™√ ─ ≤ ≢

№╢↓≤⅜↕╠⌐ ↕╣√ ┘ ┘ ⁹ ─≤⅔╡ ⁹ 

ᵦ ─ ─╕≤╘ 

▪ ◐ⱷꜝ  

⌐│ ₈ ╩ ΐ ⌐ ╖ ∕─ ⌐ ≤

─ ⌐ ∂╢ ╩ ∆╢Ⱬ▪Ⱨfi ╩ ╗ ≈─Ᵽכ

☺ꜛfi─◐ⱷꜝ ╩ ⇔√₉↓≤⅜ ↕╣ ᵥ◄ ₈ⱪꜝ☻Ⱶ♪
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▪♇☿▬₉⌐│ ≤⌂╢ⱪꜝ☻Ⱶ♪ ♃fiⱤ◒

│ ≢ ↕╣ ᵥ◐ ⌐╟╡ ⌐ ↕╣╢≤⅔╡

⅜ ⌐Ɫ▬Ⱪꜞ♄▬☼∆╢↓≤⅜ ↕╣≡™╢ ᵥ○ ⁹ 

 ╕√ ─◐ⱷꜝ ⌐│ ⅜ ♯◒꜠○♅♪ ≢№╢↓

≤⅜ ↕╣≡™╢ ₈ ΐ ₉─ ⌐ ∆╢ ⌂™⇔ ─ ─ ⁹ 

 ∕℮∆╢≤ ⌐│ ₈ ╩ ΐ ⌐ ╖ ∕─ ⌐

≤ ─ ⌐ ∂╢ ╩ ∆╢Ⱬ▪Ⱨfi ╩

╗◐ⱷꜝ ≢№∫≡ ⅜ ≢ ⌐Ɫ▬Ⱪꜞ♄▬

☼∆╢◐ⱷꜝ ₉≢№╡₈ ⅜ ─♯◒꜠○♅♪─

↕╩ ₉∆╢╙─⅜ ↕╣≡™╢╙─≤ ╘╠╣╢⁹ 

▬ ♃fiⱤ◒  

⌐ ₈ ◦☻♥ⱶ⌐⅔™≡ │

⇔≡™╢ ┘ ⌐╟╡ ↕╣╢ ≈─

⌐╟╡ ↕╣≡ ⌐ ≤⌂∫√ ╩ ∆╢⁹₉

ᵥ○ ₈♦ꜙ▪ꜟ │ ◐ⱷꜝ≤⇔

≡ ↕╣√≤⅝╙ ⌂ ⌐╟╢ ╩ ∆╢₉

ᵥ▪ ≤─ ⅜№╢↓≤⅛╠∆╣┌ ⌐│ ₈ ♃fi

Ɽ◒ ₉⅜ ♦ꜙ▪ꜟ ╛◐ⱷꜝ ⌐╟╡

↕╣ ₈ ╩ ∆╢₉╙─⅜ ↕╣≡™╢╙─≤ ╘╠╣╢⁹  

►  

─◐ⱷꜝ │ ♦ꜙ▪ꜟ

╩ ⌐ ─◐ⱷꜝ⌐ ⇔√╙─≢№╢⅛╠ ᵥ▪ ↓─◐ⱷꜝ

╩ ≤⇔≡ ╗ כ♃☻ꜝ◒₈ ꜞⱧכ♩

₉│ ₈◄fi☺♬▪ꜞfi◓↕╣√ ⌐ ⇔⌂

כ♃☻ꜝ◒₉₈™ ꜞⱧכ♩

₉≢№╢≤™℮↓≤⅜≢⅝╢⁹ 
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ᵧ ┘ ≤─ ┘  

▪ ᵦ⌐╟╣┌ ⌐ ↕╣≡™╢ │ ⅜

⇔√≤⅔╡─╙─ ─ ᵧ▪ ≢№╢≤ ╘╠╣ ≤

─ ┘ │ ⅜ ⇔√≤⅔╡─╙─ ─ ᵧ▬ ►

≢№╢≤ ╘╠╣╢⁹ 

▬ ─ ╩™℮ ╠─ ⌐≈™≡ 

(▪) ╠│ ≤ ⌐≈™≡ ╩ ⇔√ ⌐

∕─ ╩∆═⅝≢№∫√ ╩ ∆╢⁹ 

⇔⅛⇔⌂⅜╠ │ ●▬♪ ┘ ⱷ

▬♩ ╩ ╗ ⱳꜞ ♯◒꜠○♅♪ ◒♯╢∆♪כ◖╩

꜠○♅♪ ⌐ ⌐ ⇔≡™╢ ─ ◄꜠ⱷfi♩ ┘

♃fiⱤ◒ ♪♅○꜠◒♯╢∆♪כ◖╩ ⌐ ⌐ ⇔≡™╢

─ ◄꜠ⱷfi♩ ╩ ╗ ⱬ◒♃כ ≢№∫≡ ◦

◓♫ꜟ╩ ╗ⱬ◒♃כ ╩ ≤∆╢╙─≢№╡ ⱬ◒♃כ ─ ≤⇔≡

ᵑ ●▬♪ ⅜ ─ⱳꜞ♯◒꜠○♅♪ ╩ ⌐∆╢ ᵒ

♃fiⱤ◒ ⅜ ⱳꜞ♯◒꜠○♅♪ ╩ ∆╢ ᵓ ᵑ

ᵒ⌐╟╡ⱳꜞ♯◒꜠○♅♪ ─ ⅜ ↕╣╢ ╩ ∆╢⌐ ╕╢⁹

│ ┘ ⌐ ≠™≡ ╩ ∆╢↓≤ ╠─ ∆╢

╛ ╩ ℮ ╛ ─ ⌐≈™≡ ╘≡™⌂™⅛╠ ↓╣

╠─ ╩ ⇔≡ ╩ ∆═⅝ │⌂™⁹ 

╟∫≡ ≤ ⌐≈™≡ ╩ ∆═⅝≢№∫√≤─

╠─ │ ⅜⌂™⁹ 

(▬) ⌂⅔ ⌐ ⅜№╢╙─≤⇔≡ ⅎ≡╙ │

─ ⌐⅔™≡₈ ─ ─◕ⱡⱶ⌐ ╩ ↕∑╢

√╘⌐ ♃fiⱤ◒ ╩ ⌐ ↕∑╢√╘─ ≢№╢ ◦◓♫ꜟ╩

♃fiⱤ◒ ⌐ ∆╢↓≤│ ⅜ ─ ⌂ↄ⌂⇔ √₉≤
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⇔≡ ─ ─ ≤⌂╢ ─ ⌐ ╩

∆╢↓≤─ ╩ ∫≡™╢⁹ 

╕√ │ ─ ⌐⅔™≡ ₈ ╙

─◕ⱡⱶ⌐ ⇔≡ ↕∑╟℮≤ ╖╢↓≤│ ⌐≤∫≡ ↔ↄ ⌂

⌐∆⅞⌂™₉ ─ ⌐⅔™≡ ₈ ─ ≢ ─♃fiⱤ◒ ╛

╩ ↕∑╟℮≤∆╢ ⌐ ∕╣╠╩ ∆╢ⱬ◒♃כ╩ ™╢↓≤│

≢№╢⁹Μ ─ ╩ ⅎ♥fiⱪ꜠כ♩≤≤╙⌐

─◕ⱡⱶ⌐ ⇔≡ ↕∑╟℮≤∆╢↓≤⅜ ⌐ ≠↑╠╣╢

∕╣╠╩ ∆╢ ∆⌂╦∟ ♃fiⱤ◒ ◐ⱷꜝ ┘ ⅎ♥

fiⱪ꜠כ♩╩ⱬ◒♃כ ≤∆╢↓≤│ ⅜ ⌂⇔ √₉≤╙ ⇔≡⅔╡

≤ ⌐⅔™≡ ╛ ⅜ ⇔≡™╢↓≤╩ ≤

⇔√ ╩ ⌐ ∫≡™╢⁹ 

(►) ⇔√⅜∫≡ ≤ ⌐≈™≡ ╩ ⇔√

⌐∕─ ╩∆═⅝≢№∫√ ╩™℮ ╠─ │ ⅜⌂™⁹ 

ᵨ ─ ⌐≈™≡ 

▪ ⌐│ ♯◒꜠○♅♪ ≤ ΐ │ ΐ

≢ ⅜ ⇔√ ₁⌂ ─ ╩ ╖ ╦∑≡ ↕╣√

─ ╩ ™√ ⌐⅔™≡

─♯◒꜠○♅♪ ─♯◒꜠○♅♪ │ ╩

⇔≡™╢ ⅜ ⌐╟╢ ⌐ ≢№╢↓≤⅜

↕╣≡™╢ ᵥ► ◒ ⁹ 

╕√ │ ─◐ⱷꜝ ⌐ ≢⅝

ᵥ▪ ♯◒꜠○♅♪ ╩ ⇔√ ™◐ⱷꜝ ─♯◒꜠

○♅♪ │ ⅜ ─ ╩ ™√

≤ ∂╟℮⌂ ≢ ⌐╟╢ ╩ ⇔√↓≤ ™◐ⱷꜝ

─♯◒꜠○♅♪ │ ─ ⌐│ ╩ ≢⅝
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⌂⅛∫√↓≤ ᵥ◄ ○ ⅜ ↕╣≡™╢⁹ 

─ ─ ⌐ ⇔√ ─ │ ♯◒꜠○♅♪

╟╡╙ ™ │ ─ ⅜ ╢↓≤⅛╠ ♃fi

Ɽ◒ ⌐╟╢ ─ ⌐│ ⌂ↄ≤╙ ─ ╩ ⇔√

♯◒꜠○♅♪ ─ ╩ ╗ ⅜№╢↓≤╩ ∆╢⁹ 

≤↓╤⅜ ─ ↕⌐≈™≡│ ♯◒꜠○♅♪╟╡ ™ ≤

─ ≢│ ™ ♯◒꜠○♅♪─ ⅜ ╕⇔™↓≤│ ≢⅝╢╙──

⌐│ ♯◒꜠○♅♪╟╡ ™ ≢ ⇔√ ⌐ ╟╡ ↕─ ⅝™

─ ⅜ ╕⇔™↓≤╩ ∆ │ √╠⌂™⁹ 

ⅎ≡ ⌐╟∫≡╙ ─ ↕⅜ ⅝

↑╣┌ ⅝™╒≥ ╕⇔™↓≤╩ ∆ ⅜ ⇔√↓≤╩ ╘╢⌐ ╡⌂™⁹ 

 (▬) ─ₒ ₓ⌐╟╢≤ ─ ↕≤◕ⱡⱶ

─ ⌐≈™≡₈ ⅔╟┘ ─ ≈ ≡─

⌐≈™≡ ↕─ ⌐ ℮◕ⱡⱶ ─ ⇔√ ⅜

↕╣√₉≤─ ⌂ ⅜↕╣ ─ ╛ ⅛╠ ⱪ꜡♩☻Ɑ

כ◘כ ╛ⱪ꜡♩☻Ɑכ◘כ ╩ ≤⇔√ ⌐ ─ ↕⅜

─◐ⱷꜝ ─ ⅜ ─ ↕⅜ ─◐ⱷꜝ ╟╡╙ ◕ⱡ

ⱶ ⌐ ╣≡™╢≤ ∆╢↓≤⅜≢⅝╢⁹ 

∕℮∆╢≤ ─ ╛ ─ ╩ ⇔≡╙ ◕ⱡⱶ─

╩ ↕∑╢ ≢ ─ ─ ↕⌐≈™≡

⌐ ⌐ ↕╣≡™╢ ⅛╠ ⌐ ∆╢↓≤╩ ⅜

↑╠╣≡™√≤™℮↓≤│≢⅝⌂™⁹ 

(►) ╕√ ─ ⌐ ↕╣√ ╛ ─

⌐ ∆╢ ᵥ▪ ╩ ≢─ ꜠

ⱬꜟ ≢⌂ↄ ⌐ ∆╢↓≤⅜≢⅝√ ╩ ∆╢ ╛

│ ⇔≡⅔╠∏ ─ ↕╩ ⌐ ∆╢≤™℮ ╩
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∆╢↓≤≢ ⌐⅔↑╢◕ⱡⱶ ⅜ ∆╢≤™℮ │

─ ╛ ╩ ⅎ╢ ≤ ∆╢↓≤⅜≢⅝╢⁹ 

(◄) ⇔√⅜∫≡ ≤⇔≡ →√ ─ ∆⌂╦∟₈

₉⌐≈™≡ ₈ ─♯◒꜠○♅♪─ ↕₉≤∆╢↓≤│

─ ╛ ─ ╩ ⇔≡╙ ⅜ ⌐ ⇔ √≤│™

ⅎ⌂™╙─≢№╢⁹ 

▬ ─ ⌐≈™≡ 

│ ─ ⅛╠ ─ ♯◒꜠○♅♪ ╩ ╗

≢№╣┌ ∕─ ΐ ╛ ΐ ⌐↕╠⌐♯◒꜠○♅♪⅜ ⇔≡

╙ ⌐╟╢ ╩ ≢⅝╢≤ ∆╢↓≤⅜≢⅝╢≤⇔√

⌐│ ΐ ╛ ΐ ⌐♯◒꜠○♅♪╩ ⇔≡↕╠⌐ ↄ∆╢↓≤

╩ →╢ │⌂ↄ ⌐│ ─╒⅛ ₈ ₉₈

₉₈ ₉─ ⅛╠⌂╢↕╠⌐ ™ ╙

≤ ⌐ ™╢↓≤≢ ⌐╟╢ ╩ ≢⅝╢↓≤⅜ ↕╣≡™╢≤

⇔≡ ─℮∟₈ ₉╩ ↄ⇔≡ ♯◒꜠○♅♪

─╙─≤∆╢↓≤│ ⅜ ⌂⇔ √↓≤≢№╢≤ ∆╢⁹ 

⇔⅛⇔ ⌐│ ™ ╩ ≤ ╖ ╦∑≡

≤⇔≡ ™√ ⅜ ↕╣╢╙── ⌐ ™ ─ ⅜

─ ⌐ ╣╢↓≤│ ↕╣≡™⌂™⁹╕√ ─ ─

↕╩ ⅛╠ ⌐∆╢⌐│ ↄ∆╢ ⅜№╢⅛╠ ↓╣⅜

ↄ⇔√ ─╙─≢№╢≤│™ⅎ⌂™⁹↕╠⌐ ─≤⅔╡

─ ↕⅜ ⅝↑╣┌ ⅝™╒≥ ╕⇔™↓≤╩ ∆

│ ∑∏ ⌐ ╩ ⇔√↓≤╩ ∆╢

╙ ⇔⌂⅛∫√↓≤⅛╠∆╣┌ ─ ↕╩

⌐ ∆╢↓≤⌐ ™ ⌐⅔↑╢◕ⱡⱶ ⅜ ∆╢≤™℮ │

─ ╛ ╩ ⅎ╢╙─≤ ↕╣╢≤™℮═⅝≢№╢⁹ 
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∕℮∆╢≤ │ ∆╢↓≤⅜≢⅝⌂™⁹ 

ᵩ  

─≤⅔╡ ≤ ≤─ │ ⌐ ≢⅝╢≤│™ⅎ

⌂™─≢ ⌐≈⅝ ─ ⌐╟╡ ╩ ↑╢↓≤⅜≢⅝

⌂™≤⇔√ ─ ⌐│ ╡⅜№╢⁹ 

╟∫≡ │ ⅜№╢⁹ 

  

⌐╟╣┌ ╠─ ∆╢ ┘ │™∏╣╙ ⅜№╢⁹ 

╟∫≡ ╩ ╡ ∆↓≤≤⇔ ─≤⅔╡ ∆╢⁹ 
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ⱪכꜟ  
 

ⱷ▬♩  
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ₒ ₓ 
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ₒ ₓ 

 

 

 


