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@ Can oscillations emerge via a few additional mutations?



Emergence of New Dynamical Repertoir: from

a Bistable Switch to an Oscillator

Inverse . .
Dynamical @ Evolutionary scenario
Analysis:

Applications to
Gene Networks

James Lu

Motivation

Inverse
Eigenvalue
Analysis

Inverse
Bifurcation
Analysis



Emergence of New Dynamical Repertoir: from

a Bistable Switch to an Oscillator

Inverse . .
Dynamical @ Evolutionary scenario
Analysis: Sol ution for initial parameiers
Applications to 175 .
Gene Networks -
N ° 129 e
James Lu ‘ o
05 B
Yy \ 0.25] r
Motivation °"° o —

Inverse
Eigenvalue
Analysis

Inverse
Bifurcation
Analysis



Emergence of New Dynamical Repertoir: from

a Bistable Switch to an Oscillator

| . .
Dynamioal @ Evolutionary scenario
Analysis: Sol ution for initial parameiers

Applications to 175

Gene Networks -

w (D
o
James Lu

0.75

S
Motivation o"o )

Inverse
Eigenvalue
Analysis

s
e
n
e
N
e
e
i
AL
™~
rM

SREEERTEREY

Inverse
Bifurcation
Analysis

e

ATTVISIt] = G emmai s

MsAlTVaZ &

AT redd[t] = —rrpeail 1
AT redl[t] = 24 AT A2e{t] A1 D AZc
LRt




Inverse Bifurcation Analysis: GATA Example

Inverse
e 9 Consider the duplicated, dual-activator GATA system

Applications to

Gene Networks @ System is an irreversible switch after duplication
S @ Which mutations can relieve the hypersensitivity to signal?
Motivation
Inverse 20
Ei |
Inverse 1
Bifurcation S
Analysis 8
32
@
21 opp
Tgp L —
% o e oL
é 4 S S, “\,‘
2 S 3
~ LP
0
LP

)

05 0 05
Signal: S [1000 molecules/fl]



Inverse Bifurcation Analysis: GATA Example

Inverse

Dynamical . i i L
e o |dentified parameters for relieving hypersensitivity
Gene Networks

James Lu Hier. Level 1 Hier. Level 1 Hier. Level 1
000 62 2 L
8 s
Motivation
. 1
Inverse 1 "
Eigenvalue - il
Analysis = =
4 I Lo
8
Inverse 4 8 8
Bifurcation 6 ,P 6
Analysis R
4] » 4]
s 2 P Y
W w0 om0 w0 %0 o 02 04 08 08 1 0 0z 04 08 08 1
% change aa's aa's

)
0%0)



Hierarchical Approach: Identifying Multiple

Solutions

Inverse . . . .
Dynamical @ In general, multiple solutions exist even under sparsity

Anal! § .
P constraint

Gene Networks

@ Use an hierarchical approach to identify a sequence of
solutions to the inverse bifurcation problem

James Lu

Motivation

Inverse
Eigenvalue
Analysis

e HIERARCHICAL-IDENTIFICATION(¢¢ € R™ MaxLevel, p, ¢)

Bifurcation
Analysis

@ Initialize: s« {1, -+, m}, ligentified — &

@ FOrRj=1,--- ,MaxLevel

Iremain < S\ lidentified

If lremain = @, Exit

Solve ¢« Paranl den(qf,, .15 .); if no solution, Exit.
i = {i (e )il > Ve

ligentified < lidentified U ]

¢ ¢ ¢ ¢ ¢

END
@ Return {qlll7 qlzzvqi?;v o }



Inverse Bifurcation Analysis: GATA Example

Inverse
Dynamical i i i L.
s 9 Level 2: alternative parameters for relieving hypersensitivity

Gene Networks

James Lu Hier. Level 2

Hier. Level 2 Hier. Level 2
- »
1 s
Motivation
1 1
Inverse 14 "
Eigenvalue 8 1l 1l
Analysis = g
Y 3 S o
2 b
g 8 8
Inverse & 8 o {p
Bifurcation . o\
Analysis o
4 4] ~y
"
‘ (,—— 2 i
f—AP
0 w0 w0 w0 0 02 o4 06 08 1 o o0z o0s 06 08 1
% change aa's X



Inverse
Dynamical
Analysis:
Applications to
Gene Networks

James Lu

Motivation

Inverse
Eigenvalue
Analysis

Inverse
Bifurcation
Analysis

The G;/SModule of Mammalian Cell Cycle

iogeristmuiaion

it extansion

,.,‘

wansr
n: misgeni:

v

G—cacy smon

E2F1

Tc (CyclinD/cdk4,6 activation threshold)

15 2 5 25 3 35 4
F, (x107)

M. Swat, A. Kel, H. Herzel, Bioinformatics (2004)

@ What can be said about the core regulatory mechanism of the bifurcation

points?
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@ Propose new experiments to check mathematical model
@ iterate the Experiment-Model-Experiment loop
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