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PN & BioModel Engineering

PROLOGUE

monika.heiner@brunel.ac.uk September 2011



m
-
=
L
>

<
<
=

»n
7]
L

=
=
)
=
14
o

7p)




L
n
-
o
T
o
)
o
=
<
<
1]
<
=
<
o
L
=
=
=
7




AUTUMN IN CHELSEA PHYSIC GARDEN




PN & BioModel Engineering

THE FRAMEWORK
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MODELS IN SYSTEMS BIOLOGY

PN & BioModel Engineering

MODELLING =  FORMAL KNOWLEDGE REPRESENTATION

wetlab formalizing
experiments observed understanding

behaviour \‘

natural
biosystem
‘\ predicted

wetlab behaviour
experiments

model-based
experiment design
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MODELS IN SYSTEMS BIOLOGY PN & BioModel Engineering

MODELLING = FORMAL KNOWLEDGE REPRESENTATION
wetlab formalizing
experiments observed understanding

behaviour
- \\ - N

natural YR\
biosystem m.ode_l
w» /| Vvalidation

‘\ predicted \\ /
wetlab behaviour model-based
experiments experiment design

MODEL VALIDATION = CONFIDENCE INCREASE
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F RAM EWO RK PN & BioModel Engineering

QUALITATIVE

time-free

timed,
quantitative

approximation

STOCHASTIC - CONTINUOUS

approximation

discrete state space continuous state space
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F RAM EWO RK PN & BioModel Engineering

timed,

approximation

CONTINUOUS

ODEs
PLTLcC

continuous state space

STOCHASTIC =
CTMC approximation
CSL, PLTLc

discrete state space
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F RAM EWO RK PN & BioModel Engineering

COLOURED
[ STS "j QUALITATIVE

discrete state space

time-free
timed,
quantitative
|
|
|
|
COLOURED approximation ! COLOURED
STOCHASTIC = ¥ CONTINUOUS
CTMC approximation : ODEs
CSL, PLTLc ! PLTLC
:
|

continuous state space

monika.heiner@brunel.ac.uk September 2011



KEY I D EA PN & BioModel Engineering

MODELS SHARING STRUCTURE

ey

QUANTITATIVE MODEL = QUALITATIVE MODEL
+

RATE FUNCTIONS
(KINETICS)
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C RU C IAL P OI NT PN & BioModel Engineering

STATE-DEPENDENT
RATE FUNCTIONS

/\

LAMBDA OF STRENGTH OF
EXPONENTIAL CONTINUOUS
WAITING TIME FLOW

CTMC ODEs

-> supported by, e.qg., COPASI, Dizzy, ..., Snoopy
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PN & BioModel Engineering

COLOURED
PETRI NETS
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EX1: PREY - PREDATOR

PN & BioModel Engineering

reproduction_of prey predator_death
2
Prey1 Predator1
5 0
2

consumption_of prey
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EX1: PREY - PREDATOR

PN & BioModel Engineering

reproduction_of prey predator_death
2
Prey1 Predator1
5 0
2

consumption_of prey
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EX1 . PREY - PRE DATOR PN & BioModel Engineering

reproduction_of prey predator_death reproduction_of_prey predator_death
2 2
Prey1 Predator1 Prey?2 Predator2
5 0 5 0
2 2
consumption_of_prey consumption_of_prey
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EX1 . PREY - PREDATOR PN & BioModel Engineering

reproduction_of prey predator_death reproduction_of_prey predator_death
2 2
Prey1 Predator1 Prey2 Predator2
5 0 5 0
2 2
consumption_of_prey consumption_of_prey
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EX1: PREY - PREDATOR

PN & BioModel Engineering

L definitions
colourset CS = 1-2;
var x : CS;

O better:
const SIZE = 2;
colourset CS = 1-SIZE;
var x : CS;

reproduction_of_preypredator_death

2 X X
Prey

CS
50 all()

@

Predator

CS
100 all()

2 X

consumption_of_prey
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EX1: PREY - PREDATOR

PN & BioModel Engineering

L definitions
colourset CS = 1-2;
var x : CS;

O better:
const SIZE = 2;
colourset CS = 1-SIZE;
var x : CS;

reproduction_of_preypredator_death

2" X X

50 all()

Prey
CS

@

Predator

CS
100 all()

2" X

consumption_of_prey

changing SIZE adapts the model to various scenarious

monika.heiner@brunel.ac.uk
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EX2: REPRESSILATOR

PN & BioModel Engineering

gene_a gene_b
unblock unblock
generat block_ generat block_|b
blocked_a blocked_b
proteinel a block_b proteine| b block_c
degrade degrade

gene_c

generatg

proteing_c

4

block

block_a

degrade

unfPlock

blocked_c
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EX2: REPRESSILATOR

PN & BioModel Engineering

gene_a
unblock
generat block_
blocked_a
proteing_a block_b
degrade

gene_b
unblock
generat block_[b
blocked_b
proteine| b block_c
degrade

gene_c
generat block
: block_a
proteing_c
degrade

unfPlock

blocked_c
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EX2: REPRESSILATOR PN & BioModel Engineering

 definitions
colorset Gene = enum a-c;
var x : Gene;

1'all() gene -

degrade
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EX2 . REPRESSILATOR PN & BioModel Engineering

0 definitions
colorset Gene = enum a-c;
var x : Gene;
1'all() gene -
U model scaling
colorset Gene = enum a-i; X

X o
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EX2: REPRESSILATOR

PN & BioModel Engineering
Stochastic Result: repressilatorex.colstochpn
160 proteine_a
proteine_b
140 -proteine_c
-proteine_d
-proteine_e
120 proteine_f
ﬂ\l\_\ rproteine_g
protelne
100 NP // P énjéiy
o \/ \/W I
< 80
>
60
40
) \ / \
_0 1 L
-0 20000 40000 60000 80000 100000
Time
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PN & BioModel Engineering

EXAMPLE:
DIFFUSION IN SPACE
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DISCRETE SPACE PN & BioModel Engineering

Richmond, 13/09/2011
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EX3: DIFFUSION - 1 D PN & BioModel Engineering

e e
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EX3: DIFFUSION - 1 D PN & BioModel Engineering
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EX3: DIFFUSION - 1 D PN & BioModel Engineering

t1.2_1 t1.3_2 t1_4_3 t1_4.5

cAMPNE cAMP_N‘E cAMP_V4\ cAMP_5

t1.1.2 t1.2_3 t1_3_4 t1._5_4
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EX3: DIFFUSION - 1 D PN & BioModel Engineering

O definitions
const D1 =5; // grid size
colorset CS = 1-D1; // grid positions
var x,y : CS;
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EX3: DIFFU SION - 1 D PN & BioModel Engineering

 definitions

const D1 =5; // grid size
colorset CS = 1-D1; // grid positions
var x,y : CS;

function neighbour1D (CS x,a) bool:
// a is neighbour of x
(a=x-1|a=x+1) & (1<=a) & (a<=D1);

monika.heiner@brunel.ac.uk September 2011



EX3: DIFFUSION - 1 D PN & BioModel Engineering

O definitions
const D1 =5; // grid size
colorset CS = 1-D1; // grid positions
var x,y : CS;

function neighbour1D (CS x,a) bool:
// a is neighbour of x
(a=x-1|a=x+1) & (1<=a) & (a<=D1);

X 100" 3
‘/\10)@ CAMP

T~ v S
y

[neighbourlD(x,y)]
tl
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EX3: DIFFUSSION -1D, ODEs

PN & BioModel Engineering

dey
dt
dez
dt
des
dt
deq
dt
dC5
dt

o — k-
-c1+ k
-co + k
-c3+ k

ey — k-

-03—2-76-02
ey —2-k-c3

cc5 —2-k-cy
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EX3: DIFFUSION - 1 D PN & BioModel Engineering

100

cAMP concentration

10

20 Cellin 1D

80
1000

15 GRID POSITIONS

100

80

60

40

20
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EX3: DIFFU SION - 1 D PN & BioModel Engineering

100

c 100 80
£ 80 |- 60
3
2 60 40
3
o 40
S 20 0

0

60
40
50
00
0 0

20

40 Cellin 1D

Time 80
! 1000

150 GRID POSITIONS, NO SCALING
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EX3: DIFFUSION - 1 D PN & BioModel Engineering

100
5 100 80
£ 80 60
[
3
2 60 40
(@]
(&)
o 40
o 20 0

0
60
40
20
0 30 00
20 Cellin 1D
40 1
60 - 5
Time 0
! 1000

150 GRID POSITIONS, SCALING OF INITIAL MARKING AND RATES
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EXx3: DIFFUSION - 2D

PN & BioModel Engineering

0 SCHEME
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EXx3: DIFFUSION - 2D

PN & BioModel Engineering

0 SCHEME
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EX3 . D I F FU SION - 2 D PN & BioModel Engineering

0 SCHEME
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EX3 . D I F FU SION - 2 D PN & BioModel Engineering

0 SCHEME

Q definitions
const D1 =5; // grid size first dimension
const D2 = 5; // grid size second dimension
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EXx3: DIFFUSION - 2D

PN & BioModel Engineering

O SCHEME

Q definitions
const D1 =25;
const D2 = 5;

colorset CD1 = 1-D1;
colorset CD2 = 1-D2;

colorset Grid2D = CD1 x CD2;

// grid size first dimension
// grid size second dimension

// row index
// column index
/2D grid
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EXx3: DIFFUSION - 2D

PN & BioModel Engineering

O SCHEME

Q definitions
const D1 =25;
const D2 = 5;

colorset CD1 = 1-D1;
colorset CD2 = 1-D2;

colorset Grid2D = CD1 x CD2;

varx, a: CD1;
vary, b : CD2;

// grid size first dimension
// grid size second dimension

// row index
// column index
/2D grid
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EX3: DIFFUSION - 2D4 NEIGHBOURHOOD PN & BioModel Engineering

0 four neighbours
function neighbour2D4 (CD1 x, CD2 y, CD1 a, CD2 b) bool:
// (a,b) is one of the up to four neighbours of (x,y)
(a=x & b=y-1) | (a=x & b=y+1)
| (b=y & a=x-1) | (b=y & a=x+1);

X, .
) 100°(3,3)
/\
[neighbour2D4(x,y,a,b)] \/106 CcAMP
+1 Grid2D

Ca,b)
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EXx3: DIFFUSION - 2D4 NEIGHBOURHOOD




EX3: DIFFUSION - 2D8 NEIGHBOURHOOD PN & BioModel Engineering

O eight neighbours
function neighbour2D8 (CD1 x, CD2 y, CD1 a, CD2 b) bool:
// (a,b) is one of the up to eight neighbours of (x,y)
(a=x-1|a=x| a=x+1) & (b = y-1| b=y | b=y+1)
& (I(a=x & b=y))
& (1<=a & a<=D1) & (1<=b & b<=D2);

(x,y) 100"
o T 3,3

[neighbour2D8(x,y,a,b)] \/166 cAMP
Grid2D

tl (a,b)
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- 2D8 NEIGHBOURHOOD

EXx3: DIFFUSION




EX3: DIFFUSION - 2D4 NEIGHBOURHOOD, 15x15 PN & BioModel Engineering

'data.dat.00000000’ matrix

14 100
12
80
10
60
8
6 40
4
20
2
0 0
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EX3: DIFFUSION - 2D4 NEIGHBOURHOOD, 15x15

PN & BioModel Engineering

14

12

10

'data.dat.00000006’ matrix

18

16

14

12

10
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EX3: DIFFUSION - 2D4 NEIGHBOURHOOD, 15x15 PN & BioModel Engineering

’data.dat.00000010’ matrix

14 10
9
12
8
10 7
6
8
5
6 4
4 3
2
2
1
0 0
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EX3: DIFFUSION - 2D4 NEIGHBOURHOOD, 15x15

PN & BioModel Engineering

14

12

10

‘data.dat.00000015’ matrix

6
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EX3: DIFFUSION - 2D4 NEIGHBOURHOOD, 15x15 PN & BioModel Engineering

‘data.dat.00000020° matrix

14 4.5
4
12
3.5
10
3
8 2.5
6 2
1.5
4
1
2
0.5
0 0
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EX3: DIFFUSION - 2D4 NEIGHBOURHOOD, 15x15 PN & BioModel Engineering

'data.dat.00000030’ matrix

14 3
12 25
10
5
8
15
6
1
4
, 05
0 0
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EX3: DIFFUSION - 2D4 NEIGHBOURHOOD, 15x15 PN & BioModel Engineering

‘data.dat.00000040’ matrix

14 2.5
12
2
10
1.5
8
6 1
4
0.5
2
0 0
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EX3: DIFFUSION - 2D4 NEIGHBOURHOOD, 15x15

PN & BioModel Engineering

14

12

10

'data.dat.00000050’ matrix

1.8

—
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EX3: DIFFUSION - 2D4 NEIGHBOURHOOD, 30X30 PN & BioModel Engineering

'data.dat.00000050’ matrix

1.6
o5 1.4
1.2
20
1
15 0.8
0.6
10
0.4
5
0.2
0 0
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EX3: DIFFUSION - 2D4 NEIGHBOURHOOD, 60X60 PN & BioModel Engineering

'data.dat.00000050’ matrix

1.6
1.4
50
1.2
40
1
30 0.8
0.6
20
0.4
10
0.2
0 0
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EX3: DIFFUSION - 2D4 NEIGHBOURHOOD, 120x120

PN & BioModel Engineering

100

80

60

40

20

20

40

60

80

'data.dat.00000050’ matrix

100

1.6

1.4

—
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PN & BioModel Engineering

EXAMPLE:
MULTISTRAIN CELL COLONIES
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EX4: CELL COLONIES, BASICS PN & BioModel Engineering

Microbiology (2003), 149, 485-495 DOI 10.1099/mic.0.25807-0

Mutation rates: estimating phase variation rates
when fitness differences are present and their
Impact on population structure

Nigel J. Saunders,'t E. Richard Moxon' and Mike B. Gravenor®

Correspondence "Molecular Infectious Diseases Group, Institute of Molecular Medicine, University of Oxford,
Nigel J. Saunders Headington, Oxford OX3 9DS, UK
saunders@molbiol.ox.ac.uk ?Institute for Animal Health, Compton, Berkshire RG20 7NN, UK

Phase variation is a mechanism of ON—OFF switching that is widely utilized by bacterial pathogens.

There is currentlv no standardization to how the rate of nhase variation is determined exnerimentallv.

monika.heiner@brunel.ac.uk September 2011



EX4: CELL COLONIES, BASICS PN & BioModel Engineering

U two cell types: phenotype A and B

U cell divide
-> cell division may involve mutation of the offspring

-> parent cell keeps alpha
its phenotype

beta
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EX4: CELL COLONIES, BASICS PN & BioModel Engineering

U two cell types: phenotype A and B

U cell divide
-> cell division may involve mutation of the offspring

-> parent cell keeps alpha
its phenotype

U model parameters
-> alpha = beta - mutation rates
-> da, db - fitness of A, B
-> da/db - relative fitness beta

O output
-> total number of cells
-> proportion ofA=A/(A +B)
-> proportion of B=B/ (A + B)

monika.heiner@brunel.ac.uk September 2011



EXx4: CELL COLONIES, WETLAB OBSERVATIONS PN & BioModel Engineering

(courtesy of N Saunders)
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EXx4: CELL COLONIES, PETRI NET 1 PN & BioModel Engineering

MassAction(da*alpha)

2 A2B

A2A A B2A 2 B2B
MassAction(da*(1-alpha)) MassAction(db*(1-beta))

MassAction(db*beta)
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EXx4: CELL COLONIES, PETRI NET 1 PN & BioModel Engineering

MassAction(da*alpha)

2 A2B

A2A A B2A 2 B2B
MassAction(da*(1-alpha)) MassAction(db*(1-beta))

MassAction(db*beta)

dA/dt=da * (1 -alpha) * A+ db * beta * B
dB/dt=db * (1 -beta) *B +da *alpha ™A

monika.heiner@brunel.ac.uk September 2011



EX4: CELL COLONIES, PETRI NET 2 PN & BioModel Engineering

A2B B

A2A A B2A B2B
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EX4: CELL COLONIES, PETRI NET 2 PN & BioModel Engineering

A2B B

A2A A B2A B2B

dA/dt=da * (1 - alpha) * A * read(1,A)
+ db * beta * B * read(1,B)

dB/dt =db * (1 - beta) * B * read(1,B)
+ da * alpha * A * read(1,A)

monika.heiner@brunel.ac.uk September 2011



EXx4: CELL COLONIES, PETRI NET 3 PN & BioModel Engineering

da*alpha*A
DPIT p2B~ B 0.000"
Aop 0.0001 A le‘.\/oe(m — B2B
da*(1-alpha)*A db*(1-beta)*B

db*beta*B

monika.heiner@brunel.ac.uk September 2011



EXx4: CELL COLONIES, PETRI NET 3 PN & BioModel Engineering

da*alpha*A
DPIT p2B~ B 0.000"
Aop 0.0001 A le‘.\/oe({m — B2B
da*(1-alpha)*A db*(1-beta)*B
db*beta*B

dA/dt=da * (1 - alpha) * A * read(0.0001,A)
+ db * beta * B * read(0.0001,B)

dB/dt =db * (1 - beta) * B * read(0.0001,B)
+ da * alpha * A * read(0.0001,A)

monika.heiner@brunel.ac.uk September 2011



EX4: CELL COLONIES, STOCHASTIC PLOT

PN & BioModel Engineering

stochastic model of cell mutation

43.004
32.251
21.504
B
10.75+
tl‘}":":'_l T T T T
0.00 1.50 3.00 4.50 6.00

Time

monika.heiner@brunel.ac.uk
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EXx4: CELL COLONIES, CONTINUOUS PLOT PN & BioModel Enginesring

continuous model of cell mutation

43.19

32.39+

21.60+
—B
—A

10.80+

D'Dﬂ_l T T T T
0.00 0.94 1.89 2.83 3.77

Time
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. . . AND THEN THERE WAS COLOUR PN & BioMode Engincering

L

L
i

Kew Gardens,
24/04/2011
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EX4: CELL COLONIES, PLAIN PETRI NETS PN & BioModel Engineering

MassAction(da*alpha)
2 A2B B
2
A2A A B2A B2B
MassAction(da*(1-alpha)) MassAction(db*(1-beta))

MassAction(db*beta)

A2B B

A2A A BZA B2B
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EX4: CELL COLONIES, FOLDING STEP 1

PN & BioModel Engineering

Phenotype 1°1
cell
Z\Cl a ++
(+a)
a a
division mutatedDivision

: da*(1-alpha)*cell

a=1
a=2 : db*(1l-beta)*cell

Phenotype 171
cell
a +d
a a
division mutatedDivision
a=1 : da*alpha*cell
a=2 : db*beta*cell

monika.heiner@brunel.ac.uk

September 2011



EX4: CELL COLONIES, FOLDING STEP 2 PN & BioModel Enginesring

Phenotype . Phenotype )
cell 11 cell 11
[div=mutate](a++ [div=mutate](+a)
a (+a)) a
division division

(a=1) & (div=replicate) : cell*da*(1-alpha)
(a=1) & (div=mutate) : cell*(da*alpha)
(a=2) & (div=replicate) : cell*(db*(1-beta))
(a=2) & (div=mutate) : cell*(db*beta)

monika.heiner@brunel.ac.uk September 2011



EX4: CELL COLONIES, ADDING SPACE PN & BioModel Enginesring

Grid R Grid R
cell 1" (x=MIDDLE)&(a=1) cell 1" (x=MIDDLE)&(a=1)

[div=replicate] ((x,a)++

(y,a))++ [div=replicate](y,a)++
(x.a) [div=mutate]((x,a)++ [div=mutate](y, (+a))
% a Cy, (+a))) (x,a)
division [neighbourlD(x,y)] division [neighbourlD(x,y)]

(a=1) & (div=replicate) : cell*da*(1-alpha)
(a=1) & (div=mutate) : cell*(da*alpha)
(a=2) & (div=replicate) : cell*(db*(1-beta))
(a=2) & (div=mutate) : cell*(db*beta)

monika.heiner@brunel.ac.uk September 2011



EX4: CELL COLONIES, CONTROLLING BIOFILM THICKNESS PN & BioModel Enginesring

Grid
cell 1" (x=MIDDLE)&(a=1)

[div=replicate](y,a)++

(x,a) [div=mutate](y, (+a))
division [neighbourlD(x,y)]
y,t
Cy,f)

POOLSIZE ™ (1<=x)&(x<=D1)&(x<>MIDDLE)&(ticket=t)++
Pool 1 (x=MIDDLE)&(ticket=f)++
pool 9" (x=MIDDLE)&(ticket=t)

monika.heiner@brunel.ac.uk September 2011



EX4: CELL COLONIES, CONTROLLING SPREADING 1 PN & BioModel Enginesring

Grid 1 (x=MIDDLE)&(a=1)
cell

[div=replicate](x,a)++
[div=mutate](x,(+a))

[div=replicate](y,a)++
[div=mutate](y, (+a))

division?2
[neighbourlD(x,y)]

divisionl

Pool
pool

POOLSIZE  (1<=x)&(x<=D1)&(x<>MIDDLE)&(ticket=t)++
1" (x=MIDDLE)&(ticket=f)++
9" (x=MIDDLE)&(ticket=t)

monika.heiner@brunel.ac.uk September 2011



EX4: CELL COLONIES, CONTROLLING SPREADING 2 PN & BioModel Enginesring

GP{? 1" (x=MIDDLE)&(y=MIDDLE)&(a=1)
ce

[div=replicate]((x1,yl),a)++
[div=mutate]((x1,yl),(+a))

[div=replicate]((x,y),a)++
[div=mutate]((x,y),(+a))

((x
division?2
[neighbourZD8(x,y,x1,yl)]

divisionl

Grid2D
pool

POOLSIZE (1<=x&x<=D1) & (1<=y&y<=D2) & (x<>MIDDLE|y<>MIDDLE)++
POOLSIZE_1 (x=MIDDLE & y=MIDDLE)

monika.heiner@brunel.ac.uk
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EXx4: CELL COLONIES, SOME DETAILS PN & BioModel Engineering

0 model assumptions

-> “If phase variation occurs, the progeny consists of one A and one B”
(Saunders 2003)

-> [t is always the mutant who goes to a neighbouring position, if any.
-> constant biofilm thickness (so far)

O colony size
-> 256 generations: 33.5 E+06
-> 26 generations: 67 E+06

O grid size
-> 61x61 grid: 11,163 P/ 131,044 T; unfolding: 152 sec;
-> 101x101 grid: 30,603 P/ 362,404 T; unfolding: 9 min;
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PN & BioModel Engineering

... SOME EXPERIMENTS
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EXx4: 1D15 - VARYING MoBILITY, GAMMA = 100 PN & BioModel Engineering
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EXx4: 1D15 - VARYING MOBILITY, GAMMA = 99.999 PN & BioModel Engincering
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EXx4: 1D15 - VARYING MOBILITY, GAMMA = 99.99 PN & BioModel Engincering
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EXx4: 1D15 - VARYING MoBILITY, GAMMA = 90 PN & BioModel Engineering
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EXx4: 1D15 - VARYING MoBILITY, GAMMA = 50 PN & BioModel Engineering
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EXx4: 1D15 - VARYING MoBILITY, GAMMA = 1 PN & BioModel Engineering
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EX4: 2D - TRACE 1 (HIGH, F=1) PN & BioModel Engineering

'’data.dat.00000030’ matrix

100 0.9
08
80 0.7
0.6

60
05
0.4

40
03
20 0.2
0.1

0 0
0 20 40 60 80 100
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EX4: 2D - TRACE 1 (HIGH, F=1) PN & BioModel Engineering

'data.dat.00000040’ matrix

100 0.9
08
80 0.7
0.6

60
05
0.4

40
03
20 0.2
0.1

0 0
0 20 40 60 80 100
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EX4: 2D - TRACE 1 (HIGH, F=1) PN & BioModel Engineering

'data.dat.00000050’ matrix

100 0.9
08
80 0.7
0.6

60
05
0.4

40
03
20 0.2
0.1

0 0
0 20 40 60 80 100
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EX4: 2D - TRACE 1 (HIGH, F=1) PN & BioModel Engineering

‘’data.dat.00000060’ matrix

100 0.9
08
80 0.7
0.6

60
05
0.4

40
03
20 0.2
0.1

0 0
0 20 40 60 80 100
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EX4: 2D - TRACE 1 (HIGH, F=1) PN & BioModel Engineering

'data.dat.00000070’ matrix

100 0.9
08
80 0.7
0.6

60
05
0.4

40
03
20 0.2
0.1

0 0
0 20 40 60 80 100
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Ex4: 2D - TRACE 1 (HIGH, F=1)

PN & BioModel Engineering
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'data.dat.00000080’ matrix
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EX4: 2D - TRACE 1 (HIGH, F=1) PN & BioModel Engineering

'data.dat.00000090’ matrix

100 0.9

0.8

80 0.7

0.6
60
0.5
0.4
0.3
20 0.2

0.1
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EX4: 2D - TRACE 1 (HIGH, F=1) PN & BioModel Engineering

'data.dat.00000100’ matrix

100 0.9
08
80 0.7
0.6

60
05
0.4

40
03
20 0.2
0.1

0 0
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EX4: 2D - TRACE 2 (HIGH, F=1) PN & BioModel Engineering

'data.dat.00000032’ matrix

100 0.9
08
80 0.7
0.6

60
05
0.4

40
03
20 0.2
0.1

0 0
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Ex4: 2D - TRACE 3 (HIGH, F=1)

PN & BioModel Engineering

100

80

60

40

20

20

40

'data.dat.00000066° matrix
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Ex4: 2D - VARYING FITNESS, TRACE 1 (MEDIUM, F=1) PN & BioModel Engineering

'data.dat.00000100’ matrix

100 0.9
08
80 0.7
0.6

60
05
0.4

40
03
20 0.2
0.1

0 0
0 20 40 60 80 100
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Ex4: 2D - VARYING FITNESS, TRACE 2 (MEDIUM, F=1) PN & BioModel Engineering

'data.dat.00000100’ matrix

100 0.9
08
80 0.7
0.6

60
05
0.4

40
03
20 0.2
0.1

0 0
0 20 40 60 80 100
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Ex4: 2D - VARYING FITNESS, TRACE 1 (MEDIUM, F=0.99) PN & BioModel Engineering

'data.dat.00000100’ matrix

100 0.9
08
80 0.7
0.6

60
05
0.4

40
03
20 0.2
0.1

0 0
0 20 40 60 80 100
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Ex4: 2D - VARYING FITNESS, TRACE 1 (MEDIUM, F=0.90)

PN & BioModel Engineering
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‘’data.dat.00000093’ matrix

40

60

80

100

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

monika.heiner@brunel.ac.uk

September 2011



WHAT N EXT? PN & BioModel Engineering

U how to analyse visual data?
-> auxiliary variables derived from model variables
-> clustering techniques
-> shape recognition
-> visual analytics

0 use model to predict
-> mutation rates by measuring the mutation sectors,
or just the number of sectors?
-> fitness by measuring angel of sectors

0 possible model extensions / variations
-> fine tuning of biofilm thickness
-> multiple gene on/off and their dependencies
-> |og pedigree and/or mobility
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PN & BioModel Engineering

SUMMARY
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M U LTISCALE C HALLENGES PN & BioModel Engineering

repetition of components
variation of components
organisation of components

communication between components

mobility / motility

replication / deletion of components

o O O o O o O

hierarchical organisation of components

U

dynamic grid size

U

irregular / semi-regular organisation of components
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C RE D ITS PN & BioModel Engineering

(d EPSRC Research Grant EP/1036168/1

L inspiring discussions
David Gilbert, Nigel Saunders

0 Snoopy + Charlie + Marcie development
Christian Rohr, Fei Liu, Mostafa Herayj
Martin Schwarick, Jan Wegener

O Gnuplots
Mary Ann Bléatke, Daniele Maccagnola, Jan Wegener

Q further case studies
Halo bacterium - Wolfgang Marwan
PCP in fly wing - Pam Gao, David Tree
Dictopat - team involving Andrzej Kierzek, Simon Hardy, ...
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PN & BioModel Engineering

EPILOGUE
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VARIETY IS THE SPICE OF LIFE
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PN & BioModel Engineering

THANKS !
HHTP://WWW-DSSZ.INFORMATIK.TU-COTTBUS.DE
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