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Visual interaction network

AraNet, 100 million links  (for Arabidopsis thaliana)

http://www.functionalnet.org/
(Lee et al 2010 Nat Biotech)
Movie file

http://www.functionalnet.org/aranet,
movie.html

) http://atted.
 DATTED-! (Obayashi et al. PCP)
Association link from 1500 gene chips

Omics integration

Literature and others Sequence information

STRING Database (von Mering 2003
Nature)

Homologous interaction (Saeed,Deane
2008 Bioinform)

Homologous proteins interact similarly,
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Variational method

* Maximize entrainability under constant
Infeasible region

regularity Lagrange multipliet
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Entrainabi\'ll Regularity

Optimal phase-response curve (PRC)

7 p(6 —Yu) = p(6 = Um) OFi(5p)

iprc Ui(0)

™\ Q0P % .
related to light
input signal entrainment

mechanism
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(Takemoto & Kihara, 2013)
Network Modularity
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Functional Category

(Guimera & Amaral, Nature, 2005)
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Characteristic path length (CPL)
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Hubs removed
PLoS Comput Biol 6, €1000817 (2010)
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Generalist or Specialist?
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(Olesen et al., 2007)
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- B=FRARvbT—Y+a
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. Rosen(1958) Ehresmann&Vanbremeersch (2007)
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- Splvak 2014. Category Theory for the Sciences, MIT Press
« “lintend to show that category theory is incredibly efficient as a

language for experimental design patterns, introducing formality while
remaining flexible”
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TribeMCL (Enright et al. 2002)

Evaluates similarities of transitive relationships using Markov model

All'vs All
similarity Matrix M,
search / inflation T M)y =5——

Markov Z(M «:)’

l matrix M l =
Similarity / \ Matrix
matrix l expansion Me
Terminate when

converged Markov matrix M

~ A B C D E
A .46 .22 .28 .00 .00
B .24 .48 .00 .24 .11
C .30 .00 .72 .00 .00
D .00 .20 .00 .60 .18
E .00 .10 .00 .16 .71

Similarity graph
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gap-filling UPGMA
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d(B,C) = missScore (< cutoffScore)

Distribution of cluster size
Comparison with EggNOG database
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Metapopulation SIS dynamics:
deterministic reaction-diffusion equation

Change in states of particles atnode ¢ (1 < 4,5 < N)

Ds D Bi
E{) 2 , Oipsi = ppri — /)J_PS,Z‘/)IJ —=Ds> Lijps;
. ]
J

pI,z[ /31 ]pS,i IBZ
i@ Orpri = —ppri + = ps,ipri — D1 § :Lﬁplﬂ"
H Pi — s
Pi

J

recovery infection diffusion

Bi = Bp; : infection rate at node 7 (y > 0)

L : random-walk Laplacian

N (i= )
Y —Aii/k; (i #j). (Asadiacency matri)

Procedure of analysis

Derive the endemic threshold [)’C (or its upper bound)

Disease-free equilibrium: the fixed point of the reaction-diffusion equations

(P50 P13) = (%p 0) (1<Yi<N)

This fixed point is (linearly) unstable < endemic equilibrium arises
© Amax (B, 4, -..) > 0

Amax = 0 is solvable in terms of 5 = . = - - - (exact threshold)
Otherwise = 3. < - - - (upper bound)

Summary

- Metapopulation network + SIS epidemic dynamics
- Target: endemic threshold B for arbitrary networks .
- Upper bound of 3. based on HMF approximation: 8. < (x + Di) (%)
— valid for arbitrary networks ‘ o o\
- An improvement of upper bound: % < ‘ﬁ‘f““" : <1 7) D‘} (mf’> }
- rich-club networks: smaller upper bound of 3.
- Considerable improvement with realistic population-dependency 7Y

Journal reference:

Taro Takaguchi and Renaud Lambiotte,

“Sufficient conditions of endemic threshold on metapopulation networks”
Journal of Theoretical Biology 380, 134-143 (2015).

Full-text available upon request: t_takaguchi@nii.ac.jp
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Linear stability of a fixed point

Original equation

d - . N ¢ .mpN N dx

axff(l) zeRY f:RY =R o f)
Linearized equation at £ = X

L5z = Jao)e (o)), = oL

—z = J(xo)0x 0));; =

dt 7 Oy z=x0 unstable  stable

Formal solution
0x(t) = exp (tJ(z9)) dzo = Zcie)"tui

1

Fixed point * = x is linearly unstable
Re \; (J 0
& max Re A; (J(x0)) >

An improved upper bound

Letﬂ?i{O (b <o) Ke= Z k;
dihy ke

V kz/Kc (kz Z k?c)

total number of links between nodes with k; > k..

ke \” 2E.
Amax(J®) > max {/3 (@ﬂ) + DIE] — (u+ Dr)

I DI

Implication

More links between large-degree nodes — smaller upper bound of ﬂc
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Shimoaji, Abe, Tsuji, Masuda (2014)
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X(1) = X0 [358 - 38 X0 -0.02 V(1]
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Granger causality (Granger, 1969)
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CCM (Convergent Cross Mapping)
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Detecting Causality in
Complex Ecosystems

George Sugihara,'* Robert May,? Hao Ye," Chih-hao Hsieh,** Ethan Deyle,*
Michael Fogarty,* Stephan Munch®

Science, 2012
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Directed Acyclic Graph (DAG)

PaN

U AT ABRD BV
& EESRESTWS

AN KX

CCM

2D DERFIX, Y

YN XIZERAHHIHE

x(0) = (X(@),X(t =1),X(1=2))
DERIAERE
x(u)=(Xu),Xu-1),Xu-2) &3 %&

¥ & y) ZERE (BITLD)

—_—
Y& Yw) OEBRYBEFE
A,
08,
& o
® o
I
z
02!
% 1000 2000 3000
L

TrII8—OBEBRICHESIHRIORS

E )

126AHDEE (Takens,1981)
M
A

w0 = XY 200

) = XX Xe29]

Sugihara et al. (2012)
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