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where PCC is the average PCC (Pearson’s Correlation Coefficients)
of the dominant group in absolute value; PCC, is the average PCC
between the dominant group and others in absolute value; and SD,
is the average SD of the dominant group.
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Numerical validation of theoretical results. (a) A
five-gene model for a DNB and an early-warning
signal. The network model and detailed
background are described in Supplementary
Information B. The tipping point is at P50 in the
theoretical model, at which the system undergoes
a critical transition or a bifurcation detected by z;
and z,. (b)—(c) When the system approaches the
tipping point (P50), z1 and z2 become closely
correlated with increasingly strong deviations
from P50.4 to P50.01. (d)—(e) Figures show the
curves of SDs and PCCs for the variables against
the parameter P, which clearly indicate the
tendency of z, and z,, i.e., their fluctuations
(SD(z,) and SD(z,)) and correlation ( |PCC(z,, z,) | )
increase drastically whereas their correlations
with other nodes ( |PCC(z,, z5) | ), [PCC(zy, 2,) |,
|PCC(zy, 26) |, IPCC(zy, 25) |, [PCClz5, 24) | , and
|PCC(z,, z5) | ) decrease drastically when the
system approaches the tipping point, which
satisfies all three criteria for the DNB. (f) The curve
shows the clear tendency of the composite index

near the

tipping point for the DNB composed of (z,, z,),
which can be used as the early-warning signal for
predicting the imminent change in the concerned
system.

0.1 0
Parameter P

Time

Phosgene-inhalation induced lung injury
OPCC

Composite index

c
048——
——0OPC

0.45 (== 0OFC

042l L/
W
0.39

1 3 5 7 9

g

0.55\

0.45

5
0.35 i

Detecting early-warning signals for complex diseases. Detecting early-warning signals for diseases from two sets of
high-throughput experimental data for the lung injury with carbonyl chloride inhalation exposure, i.e., acute lung
injury ((a), (b), (c), and (d)), and the hepatic lesion by chronic hepatitis B, i.e., HBV induced liver cancer ((e), (f), (g), and
(h)). In each sampling period, there are 2-5 samples for gene expressions. (a) and (e) represent the mean SDs in the
DNB, (b) and (f) are mean PCCs in the DNB, (c) and (g) represent the PCCs between the DNB and other molecules (i.e.,
OPCCs), and (d) and (h) represent the composite index. The dotted green line indicates the period of the pre-disease
state. Both cases demonstrate strong and significant early-warning signals before the diseases are eventually
deteriorated. The results of these diseases show the effectiveness of our method to detect the early-warning signals
using a small number of samples.




Dynamical changes of whole mouse network (3452 genes and 9238 links) including
DNB during disease progression for lung inj ; ression but our criterion)
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