
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1. Analysis results of the HSN network by MORO. (a) A summary table. Modularity and robustness results in module and network levels are listed in the 

upper and the lower tables, respectively. (b) Result of the detailed visualization mode. We found a total of 22 modules each of which is represented by a circular list 

of genes. (c)-(d) Results of the brief visualization mode with absolute and relative relations, respectively. Each module is represented by a single group node whose 

radius is proportional to the number of nodes belonging to the module. The weight of a link denotes the number of interactions between the corresponding pair of 

modules and the ratio of the number of interactions between a pair of modules to the maximal possible number of interactions between them in (c) and (d), respec-

tively. (e)-(f) The reduced visualization results. They are subnetworks induced from (c) and (d), respectively, by removing all links except about 30% of links with 

the highest weight values (This is performed by specifying the appearance ratio parameter in MORO). 
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Figure S2. Correlations between the modularity and robustness of 6,400 random Boolean networks where the number of nodes is 50 and the number of inter-

actions is in the range of [49, 2031]. (a) Relationship between network modularity and robustness: the correlation coefficient was negative (correlation coeffi-

cient = −0.80303 with p-value < 10−4). The results for HSN and STKE, denoted by the rectangular and triangular points, respectively, were very close to the 

linear regression line. (b) Relationship of the network modularity to the in-module robustness (correlation coefficient = −0.30383 with p-value <10-4). (c) 

Relationship between network modularity and out-module robustness (not significant). (d) Relationship of the network robustness to the in-module robustness 

(correlation coefficient = 0.27801 with p-value <10-4). (e) Relationship between network robustness and out-module robustness (not significant).   



 

                                                    

 

 

 

 

  

Figure S3. Changes of module centrality values against the module size in the HSN network. (a)-(e) Results with respect to degree, closeness, betweenness, 
stress, and eigenvector. The module size which is defined as the number of nodes belonging to the module showed positive relationships with all module 

centrality measures except closeness. The correlation coefficients in (a), (c), (d), and (e) were 0.79367, 0.599553, 0.70063, and 0.870837, respectively, with 

all p-value < 10-4.  
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Figure S4. Changes of module centrality values against the module size in STKE-shuffled random networks. We generated 100 random networks 

by shuffling interactions of the STKE network while preserving a degree distribution. (a)-(e) Results with respect to degree, closeness, betweenness, 
stress, and eigenvector. The module size which is defined as the number of nodes belonging to the module showed positive relationships with all 

module centrality measures. The correlation coefficients in (a), (b), (c), (d), and (e) were 0.70475, 0.26639, 0.50143, 0.57625, and 0.58761, respec-

tively, with all p-value < 10-4. 

 



 

 

 

 

  

Figure S5. Changes of module centrality values against the module size in HSN-shuffled random networks. We generated 100 random networks by 
shuffling interactions of the HSN network while preserving a degree distribution. (a)-(e) Results with respect to degree, closeness, betweenness, 

stress, and eigenvector. The module size which is defined as the number of nodes belonging to the module showed positive relationships with all 

module centrality measures. The correlation coefficients in (a), (b), (c), (d), and (e) were 0.73027, 0.24344, 0.66850, 0.74306, and 0.67059, respec-
tively, with all p-value < 10-4. 
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Figure S6. Correlation between module centrality values and in-/out-module robustness in the STKE network. (a)-(e) Correlations of in-module 

robustness with degree, closeness, betweenness, stress, and eigenvector, respectively. There was no significant relation (all p-values > 0.13279). (f)-
(j) Correlations of out-module robustness with degree, closeness, betweenness, stress, and eigenvector, respectively. There was no significant rela-

tion (all p-values > 0.09143). 



 

Figure S7. Correlation between module centrality values and in/out-module robustness in the HSN network. (a)-(e) Correlations of in-module robust-
ness with degree, closeness, betweenness, stress, and eigenvector, respectively. There was no significant relation (all p-values > 0.39269). (f)-(j) Cor-

relations of out-module robustness with degree, closeness, betweenness, stress, and eigenvector, respectively. There was no significant relation (all p-

values > 0.21193). 

 


