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     Understanding context-specific behavior of biological systems plays a fundamental role toward 
analyzing molecular mechanisms contributing to genetic diseases and the development of efficient 
therapeutic strategies [1]. The majority of genes show significant differences in expression levels in 
different tissues that reflect variations in biological pathways characteristic for a particular tissue or cell 
types. Thus, the reconstruction and analysis of the gene co-expression networks provides an approach to 
understanding tissue-specific mechanisms in health and disease. In this study, we reconstructed and 
analytically assessed tissue-specific co-expression networks in order to identify and characterize 
molecular pathways specific for a particular tissue (e.g. heart, brain, kidneys) or shared between a number 
of tissues. The reconstructed tissue-specific networks will be further used for the development of 
network-based disease models and subsequent predictions of causative genetic factors. To accomplish this 
goal we have reconstructed gene networks applying a well-established method for modeling the gene 
expression correlations as a multivariate Gaussian distribution with an L2 norm penalty. 
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Where n is the number of samples and 𝑆 and Σ are the covariance matrix and precision matrix 
respectively. This method relies on gene expression data to infer tissue-specific networks. The global map 
of human gene expression (Lukk et al.[2]) for various tissues under normal (non-disease) condition was 
used for the reconstruction tissue-specific networks. 

Tissue-specific networks were computed for four different tissues (heart, brain, lung, and kidney).  The 
accuracy of the method for generating such networks was estimated as follows: (1) We observed a scale-
free degree distribution for these tissue-specific networks (Fig. 1(a)) which is in line with previous 
findings [1]. (2) We determined the highest connecting hub genes in each network by calculating the 
probability of a gene to appear in the top 5% of each pair of networks' degree distributions. Here, 
different hubs in the tissue-specific networks suggest a discrepancy in the functions of the tissues (Fig. 
1(b)). To find out what tissues are involved in a particular biological process, we analyzed the networks to 
identify tissue-specific pathways. For example, a long-term potentiation (LTP) of the signal transmission 
between two neurons, was found to have the most number of common interactions in brain rather than 
other tissues. The subgraph of LTP in brain is shown in Fig. 1(c).  

The identification of sub-networks shared between different tissues-specific networks was performed 
by using MCODE algorithm [4]. The enrichment for characterization of the common clusters between the 
networks was performed using in-house Lynx system [3]. As expected, the subnetwork shared by all four 
tissues was enriched for the genes involved in central metabolism (e.g. carbohydrate, lipid and amino acid 
biosynthesis), information pathways and other housekeeping cellular functions (e.g. genes involved in the 
cell cycle, exo- and endocytosis, stress response, transmembrane transport). The described approach 
allows to identify and explore the molecular mechanisms unique or shared between the particular tissues. 
In future, we plan to use the reconstructed tissue-specific networks and sub-networks for the development 
of the high-resolution models for phenotypes of interest (e.g. diseases, developmental stages) and 
predictions of high-confidence causative factors of heritable disorders. 	  

	   	   	   	  

Fig.	   1.	   (a)	   Degree	   distribution	   for	   the	   brain-‐specific	  
co-‐expression	   network.	   (b)	   Probability	   of	   a	   gene	   to	  
appear	   in	   top	   %5	   high-‐connected	   nodes.	   (c)	   LTP	  
pathway	   in	   brain.	   Width	   of	   the	   edges	   shows	   the	  
extent	   of	   co-‐expression	   of	   a	   pair	   of	   genes.	   Bold	  
interaction	  between	  a	  pair	  of	  genes	  indicates	  that	  the	  
genes	  are	  highly	  co-‐expressed.(d)	  One	  of	  the	  common	  
clusters	  among	   four	   tissues.	  This	   cluster	   is	   enriched	  
for	  GO:0006412,	  GO:0010467and	  GO:0015031.	  
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