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Fig. 1 Flow diagram of the methodology
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Fig. 2 The process of the random walk

(a) The network is used to execute random walk and the different colors in nodes represent different weights. (b) The standard adjacent matrix of the

network in subgraph (a). (c) The initial weights of the nodes in subgraph (a). (d) The new weights of the nodes in subgraph (a) after the first step of

random walk. (e) The final network state after random walk and the vector represents the weights of the nodes in the new graph.
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Table 1 The risk pathways identified by our method

Pathway ID Pathway name Annotation P
path:04062 Chemokine signaling pathway 39 0
path:04514 Cell adhesion molecules (CAMs) 30 0
path:04972 Pancreatic secretion 21 0
path:04610 Complement and coagulation cascades 22 0

path:04060 Cytokine-cytokine receptor interaction 60 0.001

path:00910 Nitrogen metabolism 8 0.001
path:04640 Hematopoietic cell lineage 26 0.001
path:04964 Proximal tubule bicarbonate reclamation 7 0.001
path:04974 Protein digestion and absorption 19 0.002
path:00460 Cyanoamino acid metabolism 2 0.003
path:02010 ABC transporters 9 0.004
path:04672 Intestinal immune network for IgA 14 0.004
production
path:00140 Steroid hormone biosynthesis 12 0.007
path:05150 Staphylococcus aureus infection 15 0.008
path:04670 Leukocyte transendothelial migration 19 0.009

*P < 0.01. Annotation: The number of differential genes in the

corresponding pathway.
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Fig. 3 The comparison of identified results from our method and the hypergeometric test

The different colors on the vertical axis represent the risk pathways are identified by different methods. The red represent the risk pathways only

identified by our method, the green represent the risk pathways only identified by hypergeometric test, the blue represent the risk pathways identified by

our method and hypergeometric test. The length of the bar is L=—1g(p)(p represent the significant probability of the corresponding pathway, the red bars

represent the pathways identified by our method, the bule bars represent the pathways identified by hypergeometric test). The grey vertical dashed line

represents the length of the bar when p is equal to 0.01.
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Table 2 The comparison of the risk pathways identified by our method and the hypergeometric test

Pathway ID Pathway name Annotation Rank1 Rank2
path:04062 Chemokine signaling pathway 39 1 6
path:04514 Cell adhesion molecules (CAMs) 30 2 7
path:04972 Pancreatic secretion 21 3 13
path:04610 Complement and coagulation cascades 22 4 4
path:04060 Cytokine-cytokine receptor interaction 60 5 2
path:00910 Nitrogen metabolism 8 6 12
path:04640 Hematopoietic cell lineage 26 7 3
path:04964 Proximal tubule bicarbonate reclamation 7 8 17
path:04974 Protein digestion and absorption 19 9 10
path:00460 Cyanoamino acid metabolism 2 10 46
path:02010 ABC transporters 9 11 35
path:04672  Intestinal immune network for IgA production 14 12 8
path:00140 Steroid hormone biosynthesis 12 13 23
path:05150 Staphylococcus aureus infection 15 14 9
path:04670 Leukocyte transendothelial migration 19 15 39
path:00472 D-Arginine and D-ornithine metabolism 1 37 1
path:05340 Primary immunodeficiency 13 43 5
path:04614 Renin-angiotensin system 7 36 11
path:03030 DNA replication 10 59 14
path:04270 Vascular smooth muscle contraction 24 53 15

*Rank]1: The significant order of the risk pathways identified by our method. Rank2: The significant order of the

risk pathways identified by the hypergeometric test. Annotation: The number of differential genes in the

corresponding pathway.
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Table 3 The comparison of pathways identified by our method and the SPIA

Pathway ID Pathway name Method1 Method2
path:04062 Chemokine signaling pathway Y Y
path:04514 Cell adhesion molecules (CAMs) Y N
path:04972 Pancreatic secretion Y N
path:04610 Complement and coagulation cascades Y Y
path:04060 Cytokine-cytokine receptor interaction Y Y
path:00910 Nitrogen metabolism Y N
path:04640 Hematopoietic cell lineage Y N
path:04964 Proximal tubule bicarbonate reclamation Y N
path:04974 Protein digestion and absorption Y N
path:00460 Cyanoamino acid metabolism Y N
path:02010 ABC transporters Y N
path:04672 Intestinal immune network for IgA production Y N
path:00140 Steroid hormone biosynthesis Y N
path:05150 Staphylococcus aureus infection Y N
path:04670 Leukocyte transendothelial migration Y Y

*Method1,Method2 represent our method and the SPIA respectively; Y represents the pathway was identified by the

corresponding method; N represents the pathway was not identified by the corresponding method.
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Fig. 5 The comparison of identified results from our method and the SPIA

The different colors on the vertical axis represent the risk pathways are identified by different methods. The red represent the risk pathways only

identified by our method, the green represent the risk pathways only identified by SPIA, the blue represent the risk pathways identified by our method

and SPIA. The length of the bar is L=-Ig(p)(p represent the significant probability of the corresponding pathway, the red bars represent the pathways

identified by our method, the bule bars represent the pathways identified by SPIA). The grey vertical dashed line represents the length of the bar when

p is equal to 0.01.
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Table 4 The risk pathways identified by our
approach with the dataset GSE9348

Pathway ID Pathway name P
path:04060  Cytokine-cytokine receptor interaction 0
path:04062  Chemokine signaling pathway 0
path:04510  Focal adhesion 0
path:05200  Pathways in cancer 0
path:05222  Small cell lung cancer 0.002
path:05146 ~ Amoebiasis 0.005
path:04964  Proximal tubule bicarbonate reclamation 0.009
*P<0.01.
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Fig. 6 The Venn diagram of the identified results
by using data GSE8671 and GSE9348
A: The number of risk pathways identified by using data GSE8671.
B: The number of risk pathways identified by using data GSE9348.
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Fig. 7 Some subgraphs composed of risk pathways and their first neighbor nodes

(a) The subgraph composed of risk pathways identified by our method and their first neighbor nodes. (b) The subgraph composed of cell adhesion

molecules (CAMs) pathway, leukocyte transendothelial migration pathway and their first neighbor nodes. (¢) The subgraph composed of Chemokine

signaling pathway, leukocyte transendothelial migration pathway and their first neighbor nodes.
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A Network-based Strategy From The Global Perspective for Identification
of Risk Pathways in Complex Diseases”
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Abstract The initiation and progression of complex diseases have a close relationship with dysfunction of
biological pathways in our body. Developing computational techniques to study the relationship between diseases
and pathways through high-throughput data has essential biological significance. However, the traditional
identification approaches of pathways which are significantly related to experiment conditions usually reduce
pathways to gene sets. It is obvious that these methods do not consider the interactions between genes and the
different roles that genes play in pathways, and they don't fully mine pathway information. Therefore we integrated
protein-protein interaction information and gene weights into pathway analysis, and constructed a protein-pathway
network which contains information in protein-protein interactions and pathways. We then scored pathways by
random walk algorithm to optimize disease risk pathways. Finally, the statistically significant pathway can be
identified through permutation method. We applied the network to a colorectal cancer dataset, and finally
identified fifteen pathways which are significantly related to the development of this disease. Compared with other
pathway identification methods (hypergeometric test and SPIA), our approach can effectively identify risk
pathways related to complex diseases. In order to test the stability of our method in identifying risk pathways
related to diseases, we used our method to identify risk pathways by using another colorectal cancer dataset. We

found that the identified results can prove the stability of our method.
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