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...finding structures in complexity...
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...modules and motifs...




...but watch out for anthropomorphisms...




...with better resolution...

...what you see might not be there!



. engineered modules: a useful paradigm?




...let’s try to build gene networks as gene circuits...

a) A gene gate which transcribes constitutively:

Nullary Gate

b null(b) = 7..(tr(b)|null(b))
_E tr(b) =b.tr(b) + 75.0

null




b) an inhibitory gate:

Neg Gate

e lng

neg

neg(a,b) =7a.7,.neg(a,b) + 7..(tr(b)|neg(a, b))



C) an excitatory gate:

pos(a,b) =7a.7,.(tr(b)|pos(a,b)) + 7..(tr(b)|pos(a, b))



Examples: very simple 1




Examples: very simple 2




Examples: very simple 3

r=1.0
e=0.01
n=20.1
& =0.001




Examples: simple

pos(b,a) | neg(a,b) Monostable

:I_

neg

neg(b,a) | neg(a,b)

r=10,6=0001; pes:e=001,mn=01; neg-e=01, =00




Examples: less simple 1

il b c d e

neg(a,b) | neg(b,c) | neg(c,d) | neg(d,e)




Examples: less simple 2

LI__l_I__l_I__l_I__l_I__’ —

neg(a,a) | neg(a,b) | neg(b,c) | neg(c,d) | neg(d,e)




Example: The Repressilator

neg(c, a)|neg(a, b)|neg(b, c)



...the real system: three bacterial genes (+ GFP)

P lac01

P tet01
,

pSC101
origin

ColE1

P tet01

M. B. Elowitz, S. Leibler, Nature (2000)



...ODE modeling...

i = (lacl,tetR,cl), j = (cl,lacl,tetR)

... compare with

neg(c, a)|neg(a, b)|neg(b, c)



...the ODE results...and Gillespie...
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...10 be compared with...

A) tr(p) = 1p.0

r=1.0,e=01,1=0.04

B) #(p) = (1p.0) + (t5.0)

r=10,e=0.1,1=0.04, 6=0.0001

20000 40000 60000 80000

r=1.0,e=0.1,1=0.001, 5=0.001

60000 70000 80000 90000




. and more parameter play...

£=05, 1n=0.0001

£=05n=001

RG4S
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e=005n=0.01

CRALAAR
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More complex example: combinatorial gene circuits

Network

Plasmid

C. C. Guet, M. B. Elowitz, W. Hsing, S. Leibler, Science (2002)



A specific case study: D038




D038 in m-gate modelling

D038/lac
alc IPTG

__|_ TetR Lacl .I._ lcl

£I__l_|__l_l___l_l__’




D038: Experimental results

b
=
3
]

-

©

Q

0
104 100 101

Fluorescence Intensity (a.u.)




A second example: D052




A second example
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D038 in m-gate modelling: ...more complex gates needed...

Negp Gate

a PO
(€M) E

negp

negpl(a, (¢,m),p) ="a.1,.negp(a, (€,n),p)+7..(p()|negp(a, (€,1),p))



...repressible transcription factors...

rtr(b,r) =b.rtr(b, r)+!7.0 + 75.0

rep(r) =7r.rep(r)



D038: Boolean analysis

D038/lac

aTc IPT G
TetR Lacl

£I__l_|__l_l___l_l__’

no repressors: GFP =0 — lcl=1 — Lacl = 0 — TetR = 1;
self-loop: TetR =1 — TetR = 0 — GFP = 0.5.



D038 D038/lac: Experiment:
alc IPTG aTC 0101

] R Laa [T IPTG 0011

£I__l_|_—l_|__l_|__' 0100

alc=0IPTG=1

alc=1IPIG=1
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A final example: D016

D016/lac Experiment:
B alc 0101

alec

__l TetR .I._ Lacl Il grp IPIG 0011

o LI__l_I__l_I__’ -

tet




A final example: D016

ale =1 (8=0.00001), IPTG=10

ale=0(6=0001), IPTG=1




A final example: D016
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Outlook: chromatin, histone tail modifications
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Outlook: chromatin, stochastic m-network
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