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Conceptual illustration from mathematics viewpoint Charaterizing the limit

Bifurcation

Z(1)= f(Z(1),P)
* Z(t)=(z,(t),...,z,(t)) are state, P are parameters.

* The stability of one equilibrium will change from
stable to unstable at bifurcation point P_

(N

pisease

Chen, et al., Scientific Reports, 2, 342, 2012 Catastrophic bifurcation



Mathematical foundation

System
Z(1)= f(Z(1);P)

Driving Factors (unknown) Responses (observable)

Parameters P State Variables Z

Slowly changing factors, e.g. genetic
(SNP,CNV), epigenetic (methylation,
acetylation) factors

e.g. gene expression,
protein expression

The progression of a disease is considered as the evolution of a nonlinear dynamical system.
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Transform

Transform
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(FERLNAZ & Y)

(WAZ & Z) WM& Z)

Surprisingly !
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SHBERRG

Z(k} + 1) — fBefore(Z(k); P)

SHBERRG

Z(k + 1) = fAfter(Z(k); P)
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Conceptual illustration from physics viewpoint Landscape

Potential Energy Function

Normal Small

Disease

Normal
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Critical slowing down (@)
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State Disorder
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L.Chen et al., Scientific Reports, 2012
T imlim 74N AV EE 12 (DNB)
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fEx (g ) pee(x;,x;) = =1

BE (D) sd(x,) andsd(x,) =
2. EFMEEHE T FZ I

ﬁ%(ﬂ%t) pce(x;,X;) —> zero

BE (FES sd(x;) — o but sd(x ;) = bounded
3. £ H I:,ﬁj\?ZlE?

X (WLg ) [pee(x;,x;)|—~a (0<a<l)

BFE (h7sLE) sd(x;) and sd(x ;) = bounded
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Dynamical Network Biomarker (DNB)
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Choose genes Determine Functional

DLl gen.es DNB by three
at each period o
conditions

with high
deviations

analysis on
DNB

Deviation Test Correlation Test Significance Test Functional Test
(Step-1) (Step-2) (Step-3) (Step-4)
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Human

Rat

Human

Chen, et al., Scientific Reports, 2, 342, 2012
Liu, etal., Bioinformatics, 2014; Salina, et al., JIMCB, 2014
Liu, et al., Medicinal Research Review, 2013; Yu, et al., Bioinformatics, 2013



Chen, et al., Scientific Reports, 2, 342, 2012

(5 mice)



Dynamical changes of whole mouse network (3452 genes and 9238 links)

fiitndiE (EERE)

Bty
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Mouse

. H:FE Human

Rat

Chen, et al., Scientific Reports, 2, 342, 2012
Liu, etal., Bioinformatics, 2014
Liu, et al., Medicinal Research Review, 2013



Dynamical changes in network (2291 genes) during disease progression of HCC (ff#z)
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Liu, et al., Medicinal Research Review, 2013

Human Liver Cancer

(DNB: Zh7S W 215 5 4)
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Chen, et al., Scientific Reports, 2, 342, 2012
Liu, etal., Bioinformatics, 2014
Liu, et al., Medicinal Research Review, 2013



Diabetes Rats (microarray data)

4wk 8wk 12wk 16wk 20wk
i B EZ T Beta 41 ffidnth
Insulin Resistance Beta Cell Failure
5 GK 5GK 5 GK 5GK 5 GK
PEFRTR KR
5 Wistar 5 Wistar 5 Wistar 5 Wistar 5 Wistar
IEE KR

Tissues Genes

Liver g' 10729

Muscle == 10729 3 tissues, 5 stages , 25 GK, 25 Wister
Adipose 10729 (150 samples)



Liu, et al., Bioinformatics, 2014

DNB of GK rats (A NMIGEFRIRES)
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DNBHDEGH) < Bk

(DEG: ZRKREER)

HEMGATEY  ERRAEE 1 1
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DNBFNDEGH) EFH3Z&EL, {BifEIZEKX !

DEG is the result of the disease, but DNB is related to its cause



Steroid hormone biosynthesis — L7 KE R AL

D N B%ﬂ D EG EI‘J %H* DNB: Upstream !

DEG: Downstream !

5] — I B

DNBE LiF> < EEK
DEGE FNiF>8 S E A

1. Upstream
2. As messengers or receptors

3. As a part of the combined
complex

DNB
B over-expressed genes
B under-expressed genes

White and Green: background
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Clinical data
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AU ATFEW, BEF, MAES ERFEmSE

Collapse of fish stocks, stock market, ice melting to water, earthquake, revolution

DNB

FEFNY RS AR IR VG
(L2, AUt (P25 FHE) (Pr3se)

DNBIE 1 HY—3B 43

Oya, et al., New Journal of Physics, 2014; Quax, et al., Scientific Reports, 2013; Hefley, et al., Theoretical Ecology, 2013.



2002

algal states from the oligotrophic state to the eutrophic state



Financial bubbles (ZRiTT%)

September 15, 2008
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From DNA to DNB
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General Big Data > RFEA(K4ELHE

large samples with low dimensions

\ 4

Biomedical Big Data =2 /MNEA H 4E 51

Small samples with high dimensions
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