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» Many biological problems, particularly human
diseases, fall into the category of ““systems problems”
-- Leroy Hood
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» Systems biology — an approach that studies
biological problems through studying
Interrelationships of all of the elements (gene, protein,

RNA, ...) in a system rather than studying them one
at a time.

-- Leroy Hood

> RAREMNF— R —FFARILED ARG 5
ik, BAEITEBMREMERTITA NEE
(;ERE?.I ZFAMR. RNAFZRGHMEXER, AR
Kﬁﬁi%ﬁ%4ﬁ%liﬁﬁéﬁ




il
o
=
R
T
H_

AR £V D3N

BEA T 9% 8 A EAE I W4 (A.-L. Barabasi, NATURE REVIEWS
GENETICS, 2004)

™




e e 4 R

IIT

_q:%ﬁj\%m D%fﬁ.lﬁ/ 3‘_\%/ \\/:\

-
r 4

A B R 2% 5 R 2%
%61 A8 BAE F) M 4 AR G W) 24

2 FERIR T Google F AR X425 % /




A 1895 (Part 1):

T DTS SRR A




BANHARBYEYD D5 L1

1. A H R W % (Gene regulatory network): f T 3%
)

FAEFX (&

] R IRFH SHK) RN,

2. %6 /)ﬁ: 7]‘51 E’VF | B 2% (Protein-protein Interaction
network): W& @ i Z 18] FAR EAE R A6 W

%




Pll—: SRENEIE? SN ES

|
>R
"II
>
<~
OH

B ARA . Sk

K E A 7 A2 A o 2
I ﬁ o

(-




A 22

T 2220

OH

o — /N E) AR P 4%
> P KE
> RTARRZE G AERA RERE LR, ABFA
st AR E BHRdE X A 48 A B A RS T AR A B B
KE (ABERSAE—HHEF7])
A (BAKRT 0 ADT 0) , AEEATIAL
BE, B AEWH




1l
ot
&
R
O%
(-
T
(N
2R

- ‘L__J]”

=4 gane trajectories

4=
o
+
#
’ e P)(2
#
+ "

WO K M
Alp=

t—+t i i i
O = 10 15 20
timea —

AERAREFF): 4EHEX (nxmé) EEAENL: 44 (nxn)

(- y




ERNN BRIIRIAZHE

n /> lil 4989 m ASBE ] 6 S R 3B S L bR e T —ANMEMEX,
X; = 5 INAEAES I ZE h REFE] 4 RAE

\

( .E’ll . e e 'll_\} 9 m ,!"1” \
S B T ARABIAH AL
X = it .- | ZTij| --- ZTin B H ) & AAE

\ Lm1 -+ LLmil -+ Tmn )

FIREF A B 6 PTA Bt 2 69 R AME




==

=W

.

a

FERRMDOIER

il

=

B E AR Ky AR R R AR XA

dxi(t) / dt = ay + &y Xy (+ &, X()+ ... + &, X,(1)

Blde: REIHR X AN THERINCAHAREERAGEE2, 6, 9, 13

A\,

@ W RAAEX, X Xg X B &R MELEA




HSRIA
o R 1] THE (Reverse—Engineering )
X=J X+B+e

X1, X(m)= J.,,

X eR", m << n

o &4mX, B, REEME ]

JnannXm — anm — anm

e m>n AR NP_EMEFRE, RHKMB. [Em<<nF F22

(-




#EZ IR

o 4 ¥]# ( Dimension Problem ) : A4 £ 1032 4E49
I 4 82 BT ) BN <<T 4K

o Bl EBEY, RZTREQHEE m(#H20)<<
BB oF 2L B 89/~ 4K n (29 4 6000) .

o L& MIERTFIMMEF LR REY, RARY %
A P 4845 A8) 7T VA 400 A- 1B SIS LM B & S48 .

o REFAM: FIRARUBEATRELN EMRKERE
I N 4% Bl S L 45 4

(-,




FFEDHE (SVD)
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Yong Wang, Trupti Joshi, Xiang-Sun Zhang, Dong Xu, and
Luonan Chen. Inferring gene regulatory networks from multiple
microarray datasets, Bioinformatics, 22, 2413-2420,

@ 2006.
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Yong Wang, Trupti Joshi, Xiang-Sun Zhang, Dong Xu, and Luonan
Chen. Supervised Inference of Gene Regulatory Networks by Linear
Programming, Lecture Notes of Bioinformatics, Vol. 4115, pp. 551-
561, Springer-Verlag, 2006.
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Luonan Chen, Ling-Yun Wu, Yong Wang, and Xiang-Sun Zhang. Inferring
Protein Interactions from Experimental Data by Association Probabilistic
Method. Proteins: Structure, Function, and Bioinformatics, Vol. 62, pp.
833-837, 2006.
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Xiang-Sun Zhang, Rui-Sheng Wang, Lin-Yun Wu, ShihuaZhang,
Luonan Chen, Inferring Protein-Protein Interactions by
Combinatorial Models, IFMBE Proceedings, vol.14, pp.181-
184,World Conference on Medical Physics and Biomedical
Engineering,Seoul, Korea, Springer-Verlag, 2006
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o R AKM ILP ZBLPH L “Hitting Set problem” ,
# NP-hard problem.
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Rui-Sheng Wang, Yong Wang, Ling-Yun wu, Xiang-Sun Zhang and
Luonan Chen. Analysis on multi-domain cooperation for predicting
protein-protein interactions. BMC Bioinformatics, 8:391, 2007.
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Matched proteins
Match protein pairs that are

sequance-similar
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BA 1B LRV A — —BE _RAK
B AANELG,=(V, E,), G,=(V,,E,) =ik

V, ={v,v,,...,vi},

V, ={v/,v:,...,v’},

P A~ W 451 ARIEFE %555 Ay

all a12 a1m b11 b12 bln

a a .. a b b ... b
A _ 21 22 2m B _ 21 292 2n

a'm1 amZ amm bnl bn2 bnn

L _JLifeivh ek, p - 1, if (v, v]) € E,
0, otherwise J 0, otherwise
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Y1 0 otherwise
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e Zhenping Li, Shihua Zhang, Yong Wang, Xiang-Sun Zhang and
Luonan Chen. Alignment of molecular networks by integer
guadratic programming. Bioinformatics , Vol. 23, n0.13, pp. 1631—-
1639, 2007.

e Zhenping Li, Yong Wang, Shihua Zhang, Xiang-Sun Zhang, Luonan
Chen. Alignment of protein interaction networks by integer
guadratic programming. 28th IEEE EMBS Annual International
Conference.
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Community structure)

o BMHREEILX EN AWML A EBIEERE, SHIBE
EWHEH T RNES (Filippo Radicchi et. al. PNAS,
Vol.101, No.9, 2658-2663, 2004).
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PNAS — Proc. Natl. Acad. Sci. USA £ B #+3 [% 1%
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Martin Rosvall, Carl T. Bergstrom,
PNAS, vol. 105, no.4. 1118-1123,
2007
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/ AL W. W. Zachary, An information flow model for \
| 7= WJ%B,Q ﬁl ; conflict and fission in small groups, Journal of
Anthropological Research 33, 452-473 1977
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Shihua Zhang, Rui-Sheng Wang, and Xiang-Sun Zhang. Identification of Overlapping

Community Structure in Complex Networks Using Fuzzy c-means Clustering.
Physica A, 2007, 374, 483—-490.

Shihua Zhang, Rui-Sheng Wang and Xiang-Sun Zhang. Uncovering fuzzy community
structure in complex networks. Physical Review E, 76, 046103, 2007

Rui-Sheng Wang, Shihua Zhang, Yong Wang, Xiang-Sun Zhang, Luonan Chen.
Clustering complex networks and biological networks by Nonnegative Matrix
Factorization with various similarity measures. Neurocomputing, DOI:

éO.lOlG/j.neucom.2007.12.043
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FEFROBYC] (Resolution limit)
Fortunato and Barthélemy, PNAS, 2007

o FIF QX4 WM &%tqit H Bk
1. B RE0 BRIk, NE N>R EEN,
o N 2 Q= Q(N) + ... + Q(N) &K
2. ¥ k=1,...,n, K k* Q. KK

o HATR K —IRpBRIRA 6 7 ik K b T AIA &4 &
EXFERBRACQIE , HdedE B K B F ik

%‘(Newman, PNAS, 2006; Guimera, Nature, 2005).
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B3 ring of cliques

Fortunato & Barthelemy,
Proc. Natl. Acad. Sci. USA
104 (1), 36-41 (2007)
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Zhenping Li, Shihua Zhang, Rui-Sheng Wang, Xiang-Sun Zhang,
Luonan Chen, Quantitative function for community detection.
Physical Review E, 77, 036109, 2008
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Test of various methods on computer-generated net-

works with known community structures. It is a plot of the fraction
of nodes correctly classified with respect to &, Each point is an
average over 100 realizations of the networks.
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Xiang-Sun Zhang and Rui-Sheng Wang, Optimization analysis of
modularity measures for network community detection, OSB 2008.
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Xiang-Sun Zhang and Rui-Sheng Wang, Optimization analysis of
modularity measures for network community detection, OSB 2008.
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