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– ģŃİę¼ĭĥĩłŅę	
– È
6ĭĥĩłŅę	

	
¶-U"6	
– m_ľġĹâ¨fĺĨĿ	

Mi�ĭĥĩłŅęâİŅěŀŅĞļŃ	
– �¿�	

Omics	integra-on�

Literature	and	others�
STRING	Database	(von	Mering	2003	
Nature)	
�

Sequence	informa3on�

Homologous	interac-on	(Saeed,Deane	
2008	Bioinform)	
Homologous	proteins	interact	similarly.	
	
	
	
áááááááá	
ááááááááááŎ�

Visual	interac-on	network�

AraNet,	100	million	linksáņfor	Arabidopsis	thaliana)	
	 hMp://www.func-onalnet.org/	

(Lee	et	al	2010	Nat	Biotech)	
Movie	file	
hMp://www.func-onalnet.org/aranet/
movie.html	
	
hMp://aMed.jp/á�
(Obayashi	et	al.	PCP)		
Associa-on	link	from	1500	gene	chips	

.Òw�

}x8ĂëðĎİĠĖėĕăjRí�`��

Varia-onal	method�
•  Maximize	entrainability	under	constant	
regularity�

iPRC�

Entrainability� Regularity�

Lagrange	mul-plier�

Op-mal	phase-response	curve	(PRC)�

input	signal�
related	to	light		
entrainment	
mechanism�

fĚĿŅĴă���

•  [8�åĭĥĩłŅęæíâ},�8Ă�ĂE
�ûýèĎ�ă�­ã	

•  ĭĥĩłŅęíÇ~þîøéā},{»ă�­ã	
•  øďČđå\�æÿõýq÷ã	
	ņ¡[�ăX°ÿõýâĆúĄ¸\ÿõýãŇ	

	
•  ŋcă�(ĆþĂ\�ăĪĽĲĩđüïčâ�A�
·÷Ďã�
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�<� lÑË1/2Ì�

•   �¢ 
– »Ê¸ 

• (m¡x¤«ÏA, B, C,… 
• )¡x¤«: f:A�B, g:B�C,… 

– i� 
• )¢�5���c�.®I�� 

–  f:A�B, g:B�C (��gOf: A�C�'¤¬ 
–  (hOg)Of=hO(gOf) 

• �(m¢2[)®8� 
–  idA:A�A 
–  fOidA=f, idAOf=f 

�<� lÑË2/2Ì�
•   ÐA�¾¹¼ÇÊ³Íα 

–  ËNK�V
�ÎÎÎÌ¶·ºÂ® �fL 
•  Rosen (1958), Ehresmann & Vanbremeersch (2007) 

–  ���� ¡i�Ë��£�)��5��¬Ð9Y1Ì®I��©��
¶·ºÂ¡�z��6��� 

•   ÐX&¡=��jkËdescriptionÌ 
–  Spivak, 2014. Category Theory for the Sciences, MIT Press 

•  “I intend to show that category theory is incredibly efficient as a 
language for experimental design patterns, introducing formality while 
remaining flexible” 

•   ÐBU¡FqÉÃ»Å®Ph�¬�¥¡�>\ËprescriptionÌ 
–  �?r1� 
–   l®p��{J§T�¡3�®d�¬���¾¹¼ÇÊ³¡=��
Fq§Ã»Å®:D�����Ñ 
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オーソログ解析に基づく比較ゲノム解析 
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eco:A

bsu:B

syn:C

mge:D

mja:E

syn:F

bsu:G

TribeMCL	

All vs All 
similarity 
search 

Markov 
matrix M 

Matrix 
inflation 

Matrix 
expansion 

Similarity 
matrix 

Terminate when 
converged 

(ΓrM )pq =
(Mpq )

r

(M iq )
r

i=1

k

∑

M e

A	

B	C	

D	

    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

Evaluates	similari7es	of	transi7ve	rela7onships	using	Markov	model�

E	

(Enright et al. 2002) 

Similarity graph�

Markov matrix M 

"),%, 	����,!+�����

eco:A

bsu:B

syn:C

mja:E

syn:F

bsu:G eco � bsu� mja�syn�

������


���

gap-filling	UPGMA	

A B

C DE

F G

{A,B}

C D
E

F G

d({A,B},C) = d(A,C)nAnC + d(B,C)nBnC
nAnC + nBnC

d(B,C) = missScore (< cutoffScore)

����

���	�

Distribu7on	of	cluster	size	
Comparison	with	EggNOG	database�
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Metapopulation SIS dynamics:
deterministic reaction-diffusion equation

(1  i, j  N)

: random-walk Laplacian 

recovery infection diffusion

Change in states of particles at node i

: infection rate at node�i ⌘ �⇢�i i

A(    :adjacency matrix)
Lij =

(
1 (i = j),

�Aij/kj (i 6= j).

(� � 0)

@t⇢S,i = µ⇢I,i �
�i

⇢i
⇢S,i⇢I,i �DS

X

j

Lij⇢S,j ,

@t⇢I,i = �µ⇢I,i +
�i

⇢i
⇢S,i⇢I,i �DI

X

j

Lij⇢I,j .

L

⇢I,i ⇢S,i

⇢i

DS DI

µ

�i

6

Linear stability of a fixed point

x 2 RNd

dt

x = f(x)

x = x0

(J(x0))
ij

=
@f

i

@x

j

����
x=x0

f : RN 7! RN

max

1iN
Re �i (J(x0)) > 0

Fixed point is linearly unstable

Original equation

Linearized equation at                  

⇔

x = x0
d

dt

�x = J(x0)�x

dx

dt

f(x)

x0
x0

unstable stable

�x(t) = exp (tJ(x0)) �x0 =

X

i

cie
�it

ui

Formal solution

9

→                  (upper bound)

→                  (exact threshold)

Procedure of analysis

Disease-free equilibrium: the fixed point of the reaction-diffusion equations
�
⇢⇤S,i, ⇢⇤I,i

�
=

✓
ki
hki⇢, 0

◆

Goal

Derive the endemic threshold       (or its upper bound)

is solvable in terms of 

�c

Otherwise
� �c = · · ·

⇔

Method

�
max

= 0
�c < · · ·

(1  8i  N)

�
max

(�, µ, . . .) > 0

This fixed point is (linearly) unstable ⇔ endemic equilibrium arises

10

An improved upper bound

Let

⇒

xi =

(
0 (ki < kc),p

ki/Kc (ki � kc).
Kc ⌘

X

j:kj�kc

kj

�c < min
kc

(
µ+

✓
1� 2Ec

Kc

◆
DI

�✓
kc
hki⇢

◆��
)

total number of links between nodes with ki � kc

�
max

(J (2)

) � max

kc


�

✓
kc
hki⇢

◆�

+D
I

2Ec

Kc

�
� (µ+D

I

)

Implication

More links between large-degree nodes → smaller upper bound of �c

19

Summary

- Metapopulation network + SIS epidemic dynamics

- Target: endemic threshold       for arbitrary networks
- Upper bound of       based on HMF approximation:
  → valid for arbitrary networks
- An improvement of upper bound:
  → rich-club networks: smaller upper bound of 

- Considerable improvement with realistic population-dependency

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

�c

�c

�c

�c < (µ+D
I

)

✓
k
max

hki

◆��

�c < min
kc

(
µ+

✓
1� 2Ec

Kc

◆
DI

�✓
kc
hki⇢

◆��
)

�

Journal reference:

23
Full-text available upon request: t_takaguchi＠nii.ac.jp

しばしば突き当たること・・・

- community, centrality の “良さ” をどう主張するか？
- ネットワーク全体を取り込む意義？
（e.g., 次数で OK ?）
- temporal net ならではの解析とは？
- 固有値 etc の解析 → 構造の言葉へ還元できるのか？
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Figure 1�

C1� C2� C3�

C4� C6�C5�

上位 

下位 

Directed Acyclic Graph (DAG) 

アリの順位行動ネットワーク 

Shimoji, Abe, Tsuji, Masuda (2014) 

じゃんけん関係がない 

様々な DAG 

Directed Acyclic Graph（DAG） 

順番が決まっている ⇔

v¨"ÖĿ5~b� ųşšť�

��×ĺń5~bĬĦŊ:-Ħŉ�

�×Ħŉĺń5~bĬĽħ:-ńĦŊ'
ſn��×ƀ'

CCM (Convergent Cross Mapping) 

X� Y�
Ƅ�

・線形な系に適用!
・予測の良さに基づくので擬似相関も出る!

Granger causality (Granger, 1969)!

ŽÜ®ZĽ¨ľÐ�'
Žn��×ń)$�

因果検出 

Science, 2012 

YīňXľ5~ĬĦŊ:-�

ŏŤŶŗŠžĿ��fľ�Ĩv¨"ĿÕİ�

x(t) = (X(t),X(t −1),X(t − 2))

x(u) = (X(u),X(u −1),X(u − 2))
ĿwÍ��ō�

y(t) Ļ� y(u)

ĻĲŊĻ�

ŀÍ�ſ�ĹħŊƀ�

Y (t) Y (u)Ļ� Ŀ�×�oōÅ§�

�
×
�
o
�

埋め込みの定理 (Takens,1981) 

''''�
,5ĿŃĻŃŉ�

2ĸĿv¨"X, Y�

Sugihara et al. (2012)�

CCM 

�1�

�2�

X� Y�

X�

Y�
Z�

Sugihara et al.(2012)�

CCMの結果の例 まとめ 

・ネットワークから生命の理論がつくれるか？ 
   - 機能・適応性・進化可能性・頑健性 
   - ネットワークからしかわからない現象はあるか？ 
 
・ダイナミクスとどう絡めるか？ 
   - 解析する手法も出てきたが 
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