Abduktivni logické programovani
a modelovani metabolickych siti



Abduction

* Abductive reasoning is a form of logical
inference which goes from an observation to
a theory which accounts for the observation,
ideally seeking to find the simplest and most
likely explanation.

- copied from Wikipedia



ABL

* Abductive logic theory: (P, A, IC)
- P —logicky program v béznem smyslu
- A—mnozina predikatu ,abducible predicates”

- |C — ,integrity constraints®, mnozina formuli prvniho
radu. Typicky ve formé:
 false :- A1,...,An, not B1, ..., not Bm.



Uloha ABL

» Given an abductive logic theory (P, A, IC), an
abductive explanation for an observation O, is a
set, A, of ground abducible atoms on the
predicates A, such that:

-PUAEO
-PUAEIC

 Konsekvent = ma stejnou sémantiku jako v
logickém programovani.




Priklad

o P =

X is a citizen if X is born in the USA.

X is a citizen if X is born outside the USA and X is a resident of the USA and X is naturalized.

X is a citizen if X is born outside the USA and Y is the mother of X and Y is a citizen and X is registered.
Mary is the mother of John.

Mary is a citizen.

A= {"is born in the USA", "is born outside the USA", "is a resident of the
USA", "is naturalized", "is registered"}

|IC = {false if John is a resident of the USA.}

* O ={John is citizen}

- A, ={John is born in the USA}

- A, ={"John is born outside the USA", "John is registered"}



Aplikace — modelovani inhibice
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Modelovani inhibice

1 observable predicate: concentration(Metabolite, Level), Level € {up,
down}

Background predicates: reactionnode(Metabolites1,Enzymes,Metabolites2)
e.g. reactionnode(l-2-aminoadipate, 2.6.1.39, 2-oxo-glutarate).

Abducible predicate: inhibited(Enzyme, Metabolites1, Metabolites2).

Rules in P (examples):
— concentration(X, down) :- reactionnode(X,E,Y), inhibited(E,Y,X).

- concentration(X, down) :- reactionnode(X,E,Y), not inhibited(E, Y,X), concentration(Y,
down).

Integrity constraints:
- false :- concentration(X, down), concentration(X, up).



Priklad

* Pro sit uvedenou vyse pozorujeme:

concentration(2-oxo-glutarate, down)

» Abduktivni vysvéetleni (nektera):

A, = {inhibited(2.3.1.61, succinate, 2-oxo-glutarate)}
A, = {inhibited(2.6.1.39, |-2-aminoadipate, 2-0xo-

glutarate)}

A, = {inhibited(1.1.1.42, isocitrate, 2-oxo-glutarate)}



downi(m1).
up(ma2).

observables
_—

Modelling framework

inhibits(h,E):-
class(E.ecl),
cofact(E.,...),

) inhibited(e1,m2,m1).

ABDUCTION | abducibles | o s hibited(e3,...). [¢¥amPles | [NpucTION
of inhibited enzyms of inhibition rules
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down(X):- reaction(ml,el,m2). inhibits(h,e8).

reaction(X,E,Y), reaction(m3,e2,m4). inhibits(h,e9).
inhibited(E,Y,X),
A A

s




Priklad - pokracovani

* Pro sit uvedenou vyse pozorujeme:
— concentration(2-oxo-glutarate, down)
— concentration(isocitrate, down) (A; nekonzistentni)

— concentration(l-2-aminoadipate, up)

* Abduktivni vysvetleni:
- A, = {inhibited(2.6.1.39, I-2-aminoadipate, 2-oxo-
glutarate)}
- A', = {inhibited(2.6.1.39, |-2-aminoadipate, 2-oxo-
glutarate), inhibited(1.2.1.31, I-2-aminoadipate, I-lysine)}



Experiment - Learning ground
hypotheses

Vysledky
- Inhibited(2.6.1.39, I-2-aminoadipate, 2-oxo-glutarate)
- not inhibirted(2.3.1.61, 2-oxo-glutarate, succinate)

- and more...

7 such hypotheses — correctly predicts concentrations of six of the seven new (blue
= testing) metabolites.
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Experiment 2 — learning non-ground
hypotheses

 |dea: Existuji informace o podobnostech

enzymd (BRENDA, L

* Do background know
enzymu

GAND)
edge pridame ftridy

» Priklad indukci nauceneho pravidla: inhibited(E,
M1,M2) :- reactionnode(M2,E,M1), class(E,

2.6.1).



Srovnani vysledku experimentu
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