Programming-hased systems biology

BlenX Language




the development of the appropriate languages to
describe Information processing in biological systems
and the generation of more effective methods to
translate biochemical descriptions into the functioning of
the logic circuits that underpin biological phenomena

Paul Nurse
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PI-CALCULUS

Processes Domains, Molecules/Proteins, Systems

Complex/Decom
plex

Join/Split, Conditional Events
Restriction for Compartments, Membranes, Complexes

Not explicitly modeled
Interplay between private names and scope size

Low-level
programming

Modeling

Reversibility of interactions

Emergent behavior must be programmed

Key-lock mechanism

Implementation

General structural congruence




BETA-BINDERS

Processes Domains, Molecules/Proteins, Systems

Join/Split, Conditional Events

Primitives Restriction for Compartments, Membranes, Complexes

Not explicitly modeled
Interplay between private names and scope size

Complex/Decom
plex

Low-level
programming

Modeling

Reversibility of interactions

Emergent behavior must be programmed

Key-lock mechanism

General structural congruence



BLENX PRINCIPLES

Set of interacting boxes with internal behavior

Non key-lock interaction mechanism

Complex description and their Dynamic generation
Typed and dynamic varying interfaces

1-1 correspondence with Biological elements

Events
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BLENX CORE ELEMENTS
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C. Priami, P. Quaglia and A. Romanel. BlenX - static and dynamic
semantics. Proceedings of CONCURO9, LNCS 5710, 37-52,
Springer, 20009.

A. Romanel. Dynamic Biological Modelling: a language-based
approach.
PhD Thesis. COSBI TR PhD-1-2010.



BLENX PROGRAMMING LANGUAGE

// (DP

let CDP_: bproc = #(y,(DP) [ rep start?().Prog_(DP | Prog_(DP ];
let dCDP__: bproc = #(y,dCDP) [ rep start?().Prog_(DP | Prog_(DP ];
let dCTP_: bproc = #(y,dCTP) [ rep start?().Prog_(DP | Prog_CDP |;
/I RR

let RR_: bproc=#(r,RR) [ rep start?().Prog_RR | Prog_RR ];

JJ CELL

/Il

let Cell : bproc = #(cell, Alive) [ nil |;

when ( Cell : : cell_death_function ) delete(l);

run 100 CDP_ |[ 100 dFdC_ || 1000 CDA_ |[ 1000 RR_ || 100 Cell || 100 DNA_healthy



LANGUAGE FLAVOR: BLENX

a static list of the entities of
the initial configuration

+

their amount and specificity
for interaction.

ENABLING LIBRARY-BASED MODELING

Further examples and downloads: http://www.cosbi.eu/index.php/research/prototypes/beta-wb



BLENX: MONOMOLECULAR ACTIONS

XTI yU xT yU A
| | | | |
unhide(y).P, | expose(x:V).P, +P’ | hide(y).P; | delay(2).P P, | P{z/x} | P | P
xT yU .\ XTIyl z\V
| | | || |
unhide(y).P, | P,{z/x} | hide(y).P;] delay(@).P Py IPAZ/x3 | Py | delay(2).P

\ x:lT vU z:l\/ /
|
unhide(y).P, | P,§z/x} | P;| delay(2).P




BLENX: MONOMOLECULAR ACTIONS

v:B "(
I I

die(1). P [ ch(x,D).P+delay(2).P




BLENX: MONOMOLECULAR ACTIONS

X:A V:B "(
| | |

die(1). P | ch(x,D).P + delay(2).P




BLENX: BIMOLECULAR ACTIONS

I vyl z\
X?W.P, | y2k.P, | hide(y).P, S 1 y2kS, | yiwS,
FTUN L
%%
{
uyvn,
x.I yU Z\ (TV.M),

xPWP, | P, {v/k}| hide(y).P, S| y2kS, | yIwsS, .



BLENX: BIMOLECULAR ACTIONS

T vy:U Z\
x?W.P, [ y2k.P, | hide(y).P S 1 y2kS, | yiwS,
LUV L3
%%
{
UV,
xT y:U .\ (TV.1),

P1{v/k} | y2k.P2 | hide(y).P3 S| y2kS, | yIwsS, .



BLENX: BIMOLECULAR ACTIONS

r2-H#A-#B



BLENX: EVENTS

x.I yU

S

I vU vV o xT vU

S ]

when (R, Q::f)join(P);
vV oo oxT yU let f = |S|*sqrt(|Q])/k

i

when (Q::10) new (1);




xample
Predator - Prey




PREDATOR - PREY

let PredatorRep : bproc = #(x,Hunt) [nil ]; _

when (PredatorRep : inf) split (Predator,Predator);

let PreyRep : bproc = #(x,Hunt),#(yLife) [nil ];
when (PreyRep :: inf) split (Prey,Prey) ;

run 1000 Predator || 1000 Prey || 1 Nature



PREDATOR - PREY

— {Hunt, Life }
%%
e |
(Hunt,Hunt,10.0),
(Life,Life,0.01)
When (PredatorRep::inf) \ }
split (Predator,Predator)




PREDATOR - PREY




ND Example
Predator - Prey




BLENX: COMPLEXES

xIT y:IU z:l\/ yIZ
Q R S {TUVZ ..}
%%
¢
T . . (U, Z,35),
x.IT v:U Z\V y.IZ U,V 15)
§




BLENX: COMPLEXES

Q R S (TUVZ .
%%

T l | U, Z 35),

| | | (U,V,15,25, 10
§




BLENX: STRUCTURES

R. Larcher, C. Priami and A. Romanel. Modelling self-assembly in BlenX.
Transactions on Computational Systems Biology, XII:LNBI 5945,
163-198, 2010.



DYNAMICALLY CREATING STRUCTURES




DYNAMICALLY CREATING STRUCTURES




DYNAMICALLY CREATING STRUCTURES




Fxample

SELF assembly of trees



SELF ASSEMBLY OF TREES




SELF ASSEMBLY OF TREES

e



SELF ASSEMBLY OF TREES




SELF ASSEMBLY OF TREES

Global Behavior

Local Behavior




END Example
SELF assembly of trees




CAP MAIN CONCEPTS

SLENX

X




RECAP BLENX

Simulation and analysis (causality, logical properties)

Scalability, modularity, compositionality

Different levels of abstraction and refinement

Easy models, easy libraries due to combinatorial effects ruled
out at modeling level

Executable vs. solvable specifications, modules
vs. variables, dynamic relations vs. static relations



