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Making of gene networks that specify the relations between functions
visible
Akiko IZAWA' and Jun SESEf
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Abstract Recently, large graph structures such as gene network describing relations between genes, the Web and
social netowkrs (SNS) have been studied. One of the common points of the networks is that the nodes of the networks
have some attirbutes. For example, genes have their functions, and persons in SNS belong to communities. The
complex dataset has been currently analyzed by various points of views. In this study, we focus on the relationships
betwenn attributes on vertives, and we provide a simple visualization interface with which user can determine own
group layout of attirbutes. We implimented the user interface as a plugin of Cytoscape, a visualization tool of large
graphs, and applied a biological network containing 1,184 nodes, 9,807 edges and 65 attributes. A demonstration
shows that our method allows us to understand the relationships between gene finctions easily.

Key words Graph, Visualization, Bioinformatics

000000000000000. 000000000000
00000D0D000000D0000000000000000
0(03A)00000000)0

00000000000000D0D00000000000

1. 0000

ooooooooDOWebOOOOOOOOOOODODOOD
gooooboooooboooboooboouooboboOoooooooboa

oooooooo),2. cooboooooooooooo
goboooobooooooboooboboooboboOoobooooooo
gooooooooooooooooboooobooooooo
gobooooobooooooboooobooooobooooa.
gooogoooooooooboooobooboooobooooo
00 3. 00000000U0o0ooooUoUoooooo
gooooooooobooobboooboooobooooooo
goooooboooooboooooboooobooooooooooo
gooooooooboooooooooboooooooooaoa

O00OO0O000000. 0DO00000Kyoto Encyclopedia of
Genes and Genomes (KEGG) 4] 000000000000
goooboooooooobooooobooboooooboooon.
goboooobooooboobooooooooboobooooboooooo
pgooobobooobooobbuoobbboobbooobo
gobooooooooboooooooooooooa.
goobobooobbooobbuoobobboobobooon
gobo.0oooooooooooooocooooooobooooo
gobooooooooooobooooobooooooooog



@3
D
© @9

01 000oooo

goobooooooboooooooooooooooooan
gooooooon.
goboooooooooboooboooobobooooboooooo
goooooboooooooobooobooboooobooooooo
gboobooooobooocooobobooo.0oobOoooo
goooOoOosSNSOOOoooooooooooooooooo
gboooobooooobobocooboooobOoOoboOoOobooOooo
goboooooooobobooooooooooo.obo0ooono
goboooooooobooooobooooboooboobooooooo
goooooooooooobboooboooobooooooo
goooooooooocooooon.

2. 0000

00000D0D000000000D000000000000
0000000000000000000000000000
000000000 D00O00O0.

2.1 0000

000000000000000000000000000
oooooo.

000000000 1000.000 G=(V,E,A) 000
000000000. 000 VOOOOOOEOOOODOAD
0000000000000000. O00a(v)(ve V)OO
0v0O0O00O00.

01(A)00000000000000.0000,...,120
130000 1500000000, 000000000000
000000000000003000000000. 0000
000000D0000000000000000000000
000D0DD0000000. 0 1(A)000000000000
0ooOoO0DoO0O0D0o0o0.

000000000000000000000. 00000
0000000000000000. 00000000000
00000000000000000 (0 1(B). 000000
00000000000000000000000 (0 1(C)).
0000000000000000000000000.

000000000000000000000000000
0000000000000000000000. 00000
00000000000000000000000000000

800 Cytoscape Desktop (Session: copine_GNF1Hdata_to_median_p_s1_645_i5_s20.cys)
5E aane B @« (g searh: | - B

copine_GNF1Hdata_to_median_p_s1_645_i5_s20.sif

Control Panel 500
Kl myPanel

yajajzl 2 4 8

Scale Selected N

('Node Attribute Browser | Edge Attribute Browser _ Network Attribute Browser |
Right-click + drag to ZOOM Middle-click + drag to PAN

Welcome to Cytoscape 2.6.3

0 2 Cytoscape 00O

goooooooocoooooooboooo.oooooboo
goboooboooboooooooooobooobooood
oo.

gbooboboobooboboobooooooooooood
gooooooboooo. oooooboobooobooooo
gobooooooooooboooooooobooooooo
O00.0 1(C)000U0DO0000O0. 0000000000
goboooooooooobooooocooooOooooo
gooooo.

3. 0000

goooooooooooobooooboon.

3.1 Cytoscape

godoooooboooDobooobooooobooon
O00000000000D00000 Cytoscape[3]00000.
Cytoscape 0 Java OO OO O0OOODOOOOOOOODOO
gpopobooooboooboboboooooboobooobobooog
oag.

Cytoscape 0000000 2000. Cytoscape DO OO0
JodoOooooboOoobobOoOobobOoooooboOooooba
goooooboo. obobooooobbooooooobog
Oooo0oOo0oooooooooooooooooooooo
oo0ooo0o0ooo0oooOo 1(B)ooUoUooOoUooUoooo
ooooooo.

3.2 0O00OO0

goobobooobbooobbuoobobbooboboooo
goooooboooooooooOooooooo. ooog
oooooOoUooooo p)oooooooUooooooog
000D000DoDoOoOooD40ooooogoronoonoag
6 00oooog.

03A)000000000000000D000D0DO0O0ODO
gooooboboo0ooboboboooobooboooboobooog
000000 3B)D0oo0oo0oo0o0ooooooooo
godbobooobobooobbooobboooooooboog



(A) (C)

® &
A

03 0000

00000D000000000000000C Cytoscape 00
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000. 000000000000000
0000000000000000000 3(C)000000
0000000000

040000000000 3B)000000000000
0000000000000000000000 (O 4(A)0
000000000000000000D0000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000

000000000000000000000000000
00000 4B)0000

00000000 8300000000000000000
8600000000000000000000000000
00000000000016900000000000000
00000D00D00000000000000000 400
0000000000000000000000000000
000D00D0D000000000D0000000000000
0000000000000000000000000000
000D00000D0000000D000000000000
0000000000000000000000000000
0000000000000000000000000000
00oo0o0oo0o

3.3 O O

000000000000000000000000000
00000000000000. 00000000000000
0000000000000000000000000000
00000000000.0000000000000000
000000DCytoscape 00 000000000000000
0000000000000000. 00000000000
000000D000000000D0000000000000
0000000000000000000000000000

gooo.oboboboooooooocbooooooooooooo
gobooooooooooobooooboooooooooag
goobooooooooooooooo.coooooboooo
gooobooooooobooooooboooboooooboooa.

4. 00O OO

gobooooooooboooooobooooboooooboo
gbooooooobooob.obooobooooooboooonbo
O0000oQoOopopoOoOoOob0. 0oooO0O0g Cytoscape 00
O00o0o0ooOo MCODE6|oOO. MCODEOOOOOO
goooooooooooooobooooobooooooDo

gobooooooobooooobooobooooboooooboo
000000000 roob0o0oo0ooUoooooo
goboooooooooooboooooocooooooooo
gobooooooooooboooobooooooooog
gobooooooooo

5. Jonouooooond

gbooooooocobcooboobooooobobOobOoono
gobooooooooooboooooboooobooooonooo
goooooo. oooooboooooobooooooooo
goboooooooooobooooobooooboboooooo
goboooooooooooboooooocooooooooo
gobooooooooooo.

goobobooobooboooooooboobooooo
goboooooooooobboooobooooooooog
gobooooooooooobooooooooooooooo
gobbooboobooboooodooooboo. ooobooooo
gobooooooooooobooooooboooooooooo
gbooooo. oboobooo0ooo0obooboOoboobooooo
goooooooboooboobooobooboboooooD.o
goboooooobooooboobooOoooboboOoOobooOoooo
goboooooooooobooobooboooooooooo
gboooooo.oboobobooooboobooboooonoo
gobooooooooooboooboobooooboooooo
goooao.

goboboooooobooooboooooobooooood
gobooooboooooboooooooooooboooboooooo
gobooooooooooboooobooooooooog
goooo.



(1

2]

[6]

(7]

(A)

Pyrimidine metabolism

% rimidine metabolisy
v

Purine metabolism, @ : ﬁ D Y
N "

Ie-

ase excision repair

Basal transcription factors
Cell cych® - yeast

05 O0O0O0O0O0OO0O0000O0O0ODOOO0OOO0O00O0O00O0O

g g

M. Girvan and M. E. J. Newman. Community structure in
social and biological networks. Proc Natl Acad Sci, vol. 99,
12, 7821-6, 2002.

A. L. Barabdsi and Z. N. Oltvai. Network biology: under-
standing the cell’s functional organization. Nature Reviews
Genetics. Vol. 5, No. 2, pp.101-113, 2004.

C.S. Melissa, et al. Integration of biological networks and
gene expression data using Cytoscape. Nature Protocols.
vol. 2, pp. 2366-2382, 2007.

M. Kanehisa and S. Goto. KEGG: kyoto encyclopedia of
genes and genomes, Nucleic Acids Research. Vol. 28, No. 1,
pp- 27-30, 2000.

Aika Terada and Jun Sese. Discovering large network mo-
tifs from a complex biological network. Journal of Physics:
Conference Series. 012011, vol. 197, 2009.

Gary D Bader and Christopher WV Hogue. An automated
method for finding molecular complexes in large protein
interaction networks. BMC Bioinformatics. vol. 4, issue 2,
2003.

T. Itoh, C. Muelder, K. Ma, and J. Sese. A Hybrid Space-
Filling and Force-Directed Layout Method for Visualizing
Multiple-Category Graphs. IEEE Pacific Visualization Sym-
posium 2009, pp.121-128, 2009.




