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Př́ıklad modelu – autoregulace
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• spontánńı (tzv. bázová) transkripce: A→ 4
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Př́ıklad modelu – autoregulace
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• ḿısto projevu regulace (A ∈ {3, 4} ⇒ regulace aktivńı)
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Př́ıklad modelu – autoregulace
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• ćılový bod regulace (A ∈ {3, 4} ⇒ A→ 0)
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Stavový prostor – autoregulace

• p̌rechodový systém 〈S , T , S0〉
• S množina stav̊u, S ≡ {0, 1, 2, 3, 4}
• S0 ⊆ S množina počátečńıch stav̊u
• T ⊆ S × S p̌rechodová relace:

zdrojový stav aktivńı regulace ćılový stav

0 ∅; [A→ 4] 1
1 ∅; [A→ 4] 2
2 ∅; [A→ 4] 3
3 A→− A; [A→ 0] 2
4 A→− A; [A→ 0] 3
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Stavový prostor – autoregulace

p̌rechodový systém pro negativńı autoregulaci 〈S , T , S0 = S〉 :
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Př́ıklad modelu složené regulace
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Diskrétńı charakteristika dynamiky
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Diskrétńı charakteristika dynamiky
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• spontánńı (tzv. bázová) transkripce: A→ 1, B → 2
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Charakteristika regulace – autoregulace
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• ḿısto projevu regulace B →− B (B = 2⇒ regulace aktivńı)
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Charakteristika regulace – autoregulace
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• ćılový bod regulace B →− B (B = 2⇒ B → 0)



Analýza logiky genových regulaćı

Charakteristika regulace – vstupńı funkce
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• ḿısto projevu regulace B →− A (B ∈ {1, 2} ⇒ reg. aktivńı)
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Charakteristika regulace – vstupńı funkce
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• ḿısto projevu regulace A→− A (A = 1⇒ reg. aktivńı)
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Charakteristika regulace – vstupńı funkce
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• AND-kompozice regulaćı A→− A ∧ B →− A:
A = 1 ∧ B ∈ {1, 2} ⇒ regulace aktivńı
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Charakteristika regulace – vstupńı funkce

protein A protein B
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AND

• ćılový bod složené regulace A→− A ∧ B →− A:
A = 1 ∧ B ∈ {1, 2} ⇒ A→ 0
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Stavový prostor – synchronńı sémantika

• p̌rechodový systém 〈S , T , S0〉
• S ≡ {0, 1} × {0, 1, 2}
• S0 ⊆ S , uvažujeme S0 = S
• T ⊆ S × S p̌rechodová relace (zobrazeńı):

zdrojový stav aktivńı regulace ćılový stav

[0, 0] ∅; [A→ 1, B → 2] [1, 1]
[0, 1] B →− A; [A→ 0, B → 2] [0, 2]
[0, 2] B →− B ∧ B →− A; [A→ 0, B → 0] [0, 1]
[1, 0] A→− A; [A→ 0, B → 2] [0, 1]
[1, 1] A→− A ∧ B →− A; [A→ 0, B → 2] [0, 2]
[1, 2] A→− A ∧ B →− A ∧ B →− B; [A→ 0, B → 0] [0, 1]
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Stavový prostor – synchronńı sémantika

p̌rechodový systém 〈S , T , S0 = S〉 :
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Stavový prostor – asynchronńı sémantika

• p̌rechodový systém 〈S , T , S0〉
• S ≡ {0, 1} × {0, 1, 2}
• S0 ⊆ S , uvažujeme S0 = S
• T ⊆ S × S p̌rechodová relace:

zdroj. stav aktivńı regulace ćılové stavy

[0, 0] ∅; [A→ 1, B → 2] [1, 0], [0, 1]
[0, 1] B →− A; [A→ 0, B → 2] [0, 2]
[0, 2] B →− B ∧ B →− A; [A→ 0, B → 0] [0, 1]
[1, 0] A→− A; [A→ 0, B → 2] [0, 0], [1, 1]
[1, 1] A→− A ∧ B →− A; [A→ 0, B → 2] [0, 1], [1, 2]
[1, 2] A→− A ∧ B →− A ∧ B →− B; [A→ 0, B → 0] [0, 2], [1, 1]
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Stavový prostor – asynchronńı sémantika

p̌rechodový systém 〈S , T , S0 = S〉 :
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Vlastnosti diskrétńıch sémantik

• synchronńı sémantika
• efekt aktivńıch regulaćı uplatněn pro všechny proteiny ve

stejný okamžik
• nerealistická approximace, dává však deterministický

p̌rechodový systém

• asynchronńı sémantika
• efekt aktivńıch regulaćı uplatněn pro každý protein individuálně

(interleaving)
• nutno uvažovat všechny možné souběhy
• věrněǰśı aproximace, dává však nedeterministický p̌rechodový

systém
• možnost definovat priority
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Nástroj GINsim

• nástroj Gene Interaction Network simulation (GINsim)
http://gin.univ-mrs.fr/GINsim/accueil.html

• umožňuje asynchronńı i synchronńı simulaci transkripčńı
regulace

• inherentně diskrétńı model (v́ıcehodnotová logika)
• ḿısto p̌resné hodnoty koncentrace rozlǐsujeme několik

diskrétńıch úrovńı
• s každou regulaćı spjat aktivačńı interval diskrétńıch úrovńı

specifikuj́ıćı kdy je reguluj́ıćı protein aktivńı
• u každého proteinu je specifikován individuálńı/kompozitińı

projev vstupńıch regulaćı
• možnost neregulované (bázové) transkripce

• grafové algoritmy pro transkripčńı śı̌t i p̌rechodový systém

http://gin.univ-mrs.fr/GINsim/accueil.html
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