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Abstract
 Although there are recent studies using transcriptome profiles to stratify samples in a 

clinically or phenotypic meaningful way, it is difficult to deal with the high-dimension 
genetic space while considering the complex interactions between genes.

 To reduce high-dimension genetic space to a lower dimension space and address the 
complex in the gene-gene interactions, we proposed a network-based two-step 
computational framework using transcriptome profiles and biological network.

 The proposed method successfully stratified the samples.

Methods
 As illustrated in Figure 1, the proposed network-based computational method consists of 

two steps:
1. Construction of condition specific subnetworks

: in a public biological network, we used a network propagation algorithm [1] to 
redefine gene interactions and a community detection algorithm [2] to cluster genes in 
the network.

2. Map into a metric space
: in each subnetwork constructed in the step 1, measure the phenotypic changes of 
each sample compare to normal state sample in two perspectives – network-level 
Jensen-Shannon divergence 𝐽𝑆𝐷 (motivated by Scientific Reports 2016 [3]) and 
network structure-level importance 𝐶𝐶, eventually we defied 𝑁𝑒𝑡𝐽𝑆𝐷
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where N is set of nodes in network, |N| is number of nodes, 𝑣 is node in N, 𝑁 is 
normal state sample and 𝑄 is query sample. As a result single sample mapped into a 
metric space generated by subnetworks in the form of vector consisted 𝑁𝑒𝑡𝐽𝑆𝐷s.
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Figure 1. The overview of the proposed method. We generated metric spaces with a two-step 
computational framework using transcriptome profiles and biological networks.

Conclusion
 We proposed a novel network-based sample stratification method using transcriptome 

data and biological networks to generate a metric space for quantitatively measuring 
phenotypic changes.

 Through gene clustering and network propagation, this method not only reduced the 
genomics space from high to low dimensions, but also constructed condition specific 
subnetwork reflecting the properties of the given data.

 Furthermore, 𝑁𝑒𝑡𝐽𝑆𝐷 measured from two perspectives – network-level JSD and network 
structure-level importance in the network was able to capture the phenotypic change of 
the sample.

 The proposed computational method has the potential to measure the difference between 
samples with any kind of data.

Motivation
 The development of high-throughput sequencing technology has made it possible to obtain 

a large amount of transcriptome data of biological samples, and it will be able to measure 
the dysfunction of regulatory mechanisms according to the abnormality using the 
transcriptome data.

 However, it is difficult to analyze transcriptome data considering more than 20,000 genes 
and their interactions through a relatively small sample.

 To overcome these difficulties, we proposed a computational method that can measure 
phenotypic changes in samples using transcriptome data and biological network.

Results
 Dataset – transcriptome data and public biological network

 14 cancer patients from Pan-Cancer Atlas and three Oryza sativa cultivars from GEO
 Homo sapiens and Oryza sativa protein-protein interaction network from SRING

 Pan-cancer dataset: for each cancer, the proposed method constructed subnetworks 
generating a metric space, in which the samples are divided into two survival groups: high-
and low-risk. As a result, the two risk groups had different distributions of average 𝑁𝑒𝑡𝐽𝑆𝐷s 
(Figure 2 (a)).
 For breast cancer patients, it showed significant results in the survival analysis for the 

four clinical endpoints: OS, DSS, DFI and PFI (Figure 2 (b)). In addition, the proposed 
method outperformed the existing three methods in survival analysis for all endpoints 
(Figure 2 (c)).

 Therefore, these result showed that our method stratified cancer patients as clinical 
meaningful way in the metric space while reducing the gene space.

 Oryza sativa dataset: in Figure 2 (d), we showed how expression differed between cultivars 
or over time in three Oryza sativa cultivars as drought stress persisted. From this result, it 
can be argued that the 𝑁𝑒𝑡𝐽𝑆𝐷 calculated in each subnetwork measured the difference 
between cultivars and the passage of time in the same way as the biological perspective.
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Figure 2. (a) Boxplot of 𝑁𝑒𝑡𝐽𝑆𝐷 on 14 cancers from Pan-caner Atlas. (b) Survival analysis 
results on four clinical endpoints of the breast cancer. (c) Performance comparison results on 
the breast cancer. (d) Boxplot of 𝑁𝑒𝑡𝐽𝑆𝐷 on three Oryza sativa cultivars.


