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Network motifs in biology
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Let us put numbers to the arrows.

Why do parameters have the values
they have?



Simplest possible model system




The system: A single gene
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Mathematical description
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Mathematical description
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Mathematical description
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Time to switch on
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Time to switch
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We observe:

lim 7'(#) =0
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Time to switch

lim (zg —2z1) =0
[L— 00 |

lim 7'(#) =0

LL—F OO



Signal

500 | I I
450 |- i
* T | “ | ‘\n W
X N | i P S ST [ 1/ WY (WO AT T N
40 ”v 'l"l' w rt'l L{a Il ‘ _"“, f ) l :.h“-l i . ”‘ ) I:l | % | “ ¥ .'_..l]l iwl. 4 l* am ’
U IR R TR L [RRLRE R T L i % | ‘ A BT k AR
UL BN AR TR U
| | PN 1
300 |- |
250 |- |
200 |- |
150 | |
‘ y ‘ ﬁ - W
oo DB a e Ay WLy ;;"’h%"“’*.a LA éﬁ»‘f"i?‘ﬂ\"&w ﬁm P At Aty
FILARC A L A R LA L
*0 50 100 150

Steady state 1, = 1




10

Steady state 1

70

200

150

100
Time



frequency

Noise/stochastic fluctuations
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Noise
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Noise =
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Linear noise approximation
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Noise-time trade-off

A)
As in the 1 gene case:
1
T ~ = N ~
(L
B)
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There is an optimal -— for time and noise
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Can we do any better than this?
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Summary 1

 There is a trade-off between the accuracy and
speed.

* The trade-off curve can be improved by higher
rate of synthesis (i.e. cost).

 There are optimal values for other parameters
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Standard system
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“Time to turn off”
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“Time to turn on”




Noise-Time Trade-off

A)
There is an optimal K for time and noise.
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B)
As in the 1 gene case:

1
T ~ = N ~ p
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Cost allocation

C = ﬁzfz(yﬂ) + ﬁyfy(mﬂ)
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XL  For time does not
matter!

* For noise there is an
optimum.

of



Can we do any better than this?
Adding auto-repression
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Can we do any better than this?
Adding auto-repression




Nnar/Nstd
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Moise

NAR has always a better trade-off
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Summary 2

For gene networks there is an optimal K, h,
and cost allocation.

Instead of a single trade-off, there are 2 trade-
offs between time and noise.

The nar system is more efficient than the
standard system.

(The par system is not suitable due to bi-
stability.)
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Simple if-then
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Noise
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* Higher Hill coef, then lower

noise.
I I C i he sh
* Higher signal strength, then Comesfrom the shape
lower noise. Vanishes as h becomes

large




Noise
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* Slower “computing,” less
noise.

Corresponds to
computing time.
Averages out the
variance from input.




