
             Multi-functional abnormality and bipolar disorder:               
              functional enrichment analysis and  

                a construction of function association map 
           Yi-Hsien Peng1(彭奕憲), Chih-Hao Chen1 (陳志浩), Hoong-Chien Lee1-4(李弘謙)               

  1Institute of Systems Biology and Bioinformatics, National Central University, Zhongli, Taiwan 32001  
                     2Center for Dynamical Biomarkers and Translational Medicine, National Central University, Zhongli, Taiwan 32001  

               3Department of Physics, Chung Yuan Christian University, Zhongli, Taiwan 32001  
                 4Cathay Medical Research Institute, Cathay General Hospital, Taipei, Taiwan 

     Bipolar disorder (BD) is a common, severe psychiatric 
disorder ranked 16th in morbidity by World Health Organization 
(WHO) in its report Global Burden of Disease in 2010. Patients 
are characterized by alternating episodes of mania and 
depression, which influence the cognitive, physical, and 
behavioral state of the patient. BD is a multisystem disorder, with 
symptoms likely caused by different diseases. We aim to explore 
outstanding features in the genomic profile of BD patients and 
gain insight in the relation between pathways related to these 
features and the disorder. Results in bipolar disorder 
suggested elevated activation of functions associated with 
influenza virus related pathways and diabetes related insulin 
synthesis pathways. 

Introduction 
1. We selected 12 sets of gene expression microarray data.  

2. We used WABE (Weighing Arrays By Error, Chen et al.), t-test and  
    MAQCm (Shi et al. 2006) to obtain differentially expressed genes  
    between patients and healthy control, with which we then identify  
    over-represented GO functions on bipolar affective disorder.  

3. We ranked GO functions yielded by WABE by –log(p) value, then   

    used the top 40% terms as key words to search the databases   

    MEDLINE, PUBMED, and PsycINFO (1900-2013) for verification  

    and annotation of our GO function results, and for the construction  

    of BDFAM. 

4.  Apply WebGestalt to differential expression genes (DEGs) obtained    

     by WABE to find enrichment in biological categories other than GO   

     terms, such as KEGG pathways, Pathway Commons, and others.

Proposed Approaches 
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Result 1:Three Protocols for Bipolar Collection 

The prominent GO functions found by WABE were: mitochondrial 
dysfunction, purine catabolism, synaptic plasticity, neurotransmitter, cellular 
component organization, cell signaling, establishment of protein localization, 

multi-organism processes (virus), inflammation, and others. 

    WABE yielded vastly more over-represented GO functions than t-test and 
MAQCm FDR=0.5 was used to call differentially expressed genes, when a 

smaller value FDR=0.05 was used, only yielded GO functions. 

Result 2 - Partially constructed function 
association map for BD 

A prominent interaction was “disruption”:                                         
if one function were disturbed, it might directly or indirectly 

affect other functions. 

Result 3 - 10 natural causes-related KEGG 
pathway were enriched from 11 datasets

Significance Level < 0.001, hypergeometric test

Significance Level < 0.001, hypergeometric test

Result 4 - 13 natural causes-related Pathway 
Commons were enriched from 10 datasets 

Summary
       Our preliminary results suggested BD to be caused by multi-
functional abnormalities, that among abnormal pathways are 
several pathogenic pathways, and some common diseases 
related pathways are over-represented, the metabolic insulin 
synthesis pathway. A possible explanation for the complex 
cause of BD is its comorbidity with other psychiatric disorders 
and non-psychiatric disorders such as diabetes. 

FDR=0.5 FDR=0.05 


