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Method Description of GO and Pathway 

One. The significant analysis of Gene Ontology (GO) 

GO-Analysis is the analysis for selecting significant GO. Because the hierarchical 

relation of the terms in GO, the number of gene in single GO term 

varies in a large range, usually one to several hundred genes. GCBI used 

Fisher exact test for GO analysis, which would be represented in the following 2*2 

contingency table: 

 Difference Gene Non-difference Gene Total 

Genes in GO fn  fnn 
 

n  

Genes out of GO ff nN 
 

)()( ff nnNN 
 nN   

Total fN  fNN 
 N  

fn ：the number of difference genes in GO； fN ：the number of difference genes；

�：the number of genes in GO；�: the total number of genes in the annotation system. 

Under given marginal frequency (i.e. the gene number is constant in GO), the 

elements in the crosstab obey the hypergeometry distribution, then we would calculate 

the p-value for Fisher exact test. That is to say that we would have the p-value of 

Fisher exact test by solve the cumulative hypergeometry distribution values with two 

tails. For 2�� ≤ �, the formula of p-value as follows: 
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In order to control the whole probability of the type one error in multiple 

hypothesis test, we use the Benjamini-Hochberg step-up method to control FDR (see 

reference [1] for details), then we obtain the statistical significant GO. Besides, we 

would calculate the enrichment score to access the enrichment level for per GO. The 

calculate formula as follows： 
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Two. The significant analysis of KEGG Pathway 

Pathway-Analysis is the significant analysis of Pathway which these difference 

genes participated. For the whole biochemical process include metabolism, signal 

transmission and cell cycle et al information, which contained in the Pathway, single 

Pathway usually contains hundreds of genes. GCBI mainly utilize the Fisher exact test 

for significant analysis of Pathway, see the following contingency table:  

 Difference Gene Non-difference Gene Total 

Genes in GO fn  fnn 
 

n  

Genes out of GO ff nN 
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 nN   

Total fN  fNN 
 N  

fn ：the number of difference genes in Pathway； fN ：the number of difference 

genes；�：the number of genes in Pathway；�: the total number of genes in the 

annotation system. Under given marginal frequency (i.e. the gene number is constant 

in Pathway), the elements in the crosstab obey the hypergeometry distribution, and 

then we would calculate the p-value for Fisher exact test. That is to say that we would 

have the p-value of Fisher exact test by solve the cumulative hypergeometry 

distribution values with two tails. For 2�� ≤ �, the formula of p-value as follows: 
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In order to control the whole probability of the type one error in multiple 

hypothesis test, we use the Benjamini-Hochberg step-up method to control FDR (see 

reference [1] for details), then we obtain the statistical significant Pathway. Besides, 

we would calculate the enrichment score to access the enrichment level for per 

Pathway. The calculate formula as follows： 
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