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Gene Ontology (GO) based analysis of the adult zebrafish brain under 

hypoxia 

 

Below, the functionality of the zebrafish Comparative GO tool is illustrated by 

performing the following analyses: 

 

Analysis 1 

Pie charts showing the proportions of the GO categories represented by up-regulated and down-

regulated genes in the zebrafish brain under hypoxia.  

 

Analysis 2 

Direct comparisons of GO enrichment between the sets of up and downregulated genes in the 

brain under hypoxia in terms of “Molecular Function”, “Biological Process” and “Cellular 

Component” (without statistical testing). 

 

Analysis 3 

GO comparisons of up-regulated genes versus the zebrafish genome as a reference in terms of 

“Molecular Function”, “Biological Process” and “Cellular Component” using Fisher’s exact 

test 

 

Analysis 4 

Statistical comparison of overall GO distribution between two samples using the Wilcoxon 

signed rank test with continuity correction, the Two-sample Kolmogorov-Smirnov test, and the 

chi-square test for two samples. (Samples: up-regulated and down-regulated genes in the adult 

zebrafish brain under hypoxia.) 

 

Analysis 5 

GO regulatory network analysis of up-regulated genes in adult zebrafish brain under hypoxia 
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Selection and submission of gene lists in web tool 

 

Selection of two gene lists (up-regulated and down-regulated genes) from a microarray 

analysis of the transcriptomes of adult zebrafish brains under hypoxia versus normoxia 

 

Data from our microarray experiment examining changes in gene expression (mRNA) in adult 

zebrafish brains due to exposure to hypoxia has been deposited in NCBI with GEO accession 

number of GSE85149. 

 

To perform GO analysis, from a mRNA-level comparison (microarray) of hypoxic and 

normoxic adult zebrafish brains, we selected the 20 genes with the most statistically 

significantly (smallest p-values) increased expression (up-regulated) and the 20 genes with the 

most statistically significantly decreased expression (down-regulated). To be included in the 

lists, the genes also needed identifiable annotations (according to the annotation file of the 

Affymetrix Zebrafish Gene 1.0 ST Array, Supplemental File 2). 

 

Up-regulated genes (ranked in terms of statistical significance): 

Gene Name Gene description  Fold change P-value  based on a 

2-sample Bayes T-

test 

Regulation 

 zp3.2   zona pellucida glycoprotein 3.2  2.93 0.000 UP 

 taar10d   trace amine-associated receptor 

10d  

2.97 0.000 UP 

 nitr1b   novel immune-type receptor 1b  2.72 0.000 UP 

 bzw1b   basic leucine zipper and W2 

domains 1b  

1.84 0.000 UP 

 ptprc   protein tyrosine phosphatase, 

receptor type, C  

4.84 0.000 UP 

 zgc:103508   zgc:103508  2.17 0.001 UP 
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 SI:CH211-

229G14.3  

 SI:CH211-229G14.3  1.56 0.001 UP 

 fosl1b   FOS-like antigen 1b  1.79 0.001 UP 

 ZBTB42   zinc finger and BTB domain 

containing 42  

1.80 0.001 UP 

 gipc2   GIPC PDZ domain containing 

family, member 2  

1.83 0.001 UP 

 arhgef9b   Cdc42 guanine nucleotide 

exchange factor (GEF) 9b  

1.76 0.002 UP 

 rnh1  ribonuclease/angiogenin inhibitor 

1 

1.59 0.002 UP 

 si:zfos-

2070c2.3  

 si:zfos-2070c2.3  1.66 0.002 UP 

 wdr90   WD repeat domain 90  2.14 0.002 UP 

 pgrmc2   progesterone receptor membrane 

component 2  

2.01 0.002 UP 

 cmlc1   cardiac myosin light chain-1  2.14 0.002 UP 

 zgc:92818   zgc:92818  2.19 0.002 UP 

 diabloa   diablo, IAP-binding 

mitochondrial protein a  

1.59 0.002 UP 

 atp1a1a.5  ATPase, Na+/K+ transporting, 

alpha 1a polypeptide, tandem 

duplicate 5 

1.70 0.002 UP 

 he1b   hatching enzyme 1b  1.81 0.003 UP 
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Down-regulated genes: (ranked in terms of statistical significance): 

Gene Name Gene description Fold change P-value  based on 

2 sample Bayes T-

test 

Regulation 

 rbpms2b   RNA binding protein with 

multiple splicing 2b  

-2.91 0.000 DOWN 

 si:ch211-

226m16.2  

 si:ch211-226m16.2  -2.35 0.000 DOWN 

 msrb2   methionine sulfoxide reductase 

B2  

-3.29 0.000 DOWN 

 ggact.2   gamma-glutamylamine 

cyclotransferase, tandem duplicate 

2  

-4.98 0.000 DOWN 

 glb1l   galactosidase, beta 1-like  -2.02 0.000 DOWN 

 zgc:85777   zgc:85777  -2.20 0.000 DOWN 

 psat1   phosphoserine aminotransferase 1  -2.91 0.000 DOWN 

 sf3a3   splicing factor 3a, subunit 3  -1.87 0.000 DOWN 

 zgc:66472   zgc:66472  -1.83 0.000 DOWN 

 si:rp71-

36a1.3  

 si:rp71-36a1.3  -4.64 0.000 DOWN 

 scamp4   secretory carrier membrane 

protein 4  

-1.82 0.000 DOWN 

 phpt1   phosphohistidine phosphatase 1  -2.03 0.000 DOWN 

 smad5   MAD homolog 5 (Drosophila)  -1.52 0.000 DOWN 

 timm10   translocase of inner mitochondrial 

membrane 10 homolog (yeast)  

-1.81 0.000 DOWN 

 calub   calumenin b  -1.59 0.000 DOWN 
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 nkx6.2   NK6 transcription factor related, 

locus 2  

-2.20 0.000 DOWN 

 crfb2   cytokine receptor family member 

b2  

-1.63 0.000 DOWN 

 ak3   adenylate kinase 3  -1.71 0.000 DOWN 

 si:ch211-

145b13.6  

 si:ch211-145b13.6  -2.85 0.000 DOWN 
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First page of the web tool (http://www.comparativego.com/). 

 

http://www.comparativego.com/
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Submitting the gene lists (upregulated and downregulated genes) to the web tool 

 

 

 

The two gene lists are seen to be submitted: 

 

 

 

Also, it is possible to save the gene lists under a particular file name for future analysis by 

clicking on the following tab at the first page of the web tool: 
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Analysis 1 

Pie charts showing the proportions of the GO categories represented by up-

regulated and down-regulated genes in the zebrafish brain under hypoxia  

 

This analysis is performed by clicking on the following tab at the first page of the web tool: 

 

 

Comparisons can be made at the highest level (GO categories) or the lower level (GO terms): 

Highest level of GO classification 
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Lower level of GO classification in term of “Molecular Function” 
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Analysis 2 

Direct comparison of GO enrichment between the sets of up- and down-

regulated genes in the zebrafish brain under hypoxia in terms of 

“Molecular Function”, “Biological Process” and “Cellular Component” 

(without statistical testing) 

 

 

This analysis is performed by clicking on the following tab at the first page of the web tool: 

  

 

 

Direct comparison of GO enrichment between the sets of up- and down-regulated genes in the 

brain under hypoxia in terms of “Molecular Function” 

To run this analysis, select the GO Category “Molecular Function” and then click on “Submit”: 
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The following page will be shown: 

 

 

 

The result shows that in the GO category “Molecular Function” genes with decreased brain 

expression due to hypoxia identify a set of GO groups - see the GOs with  non-zero (non-blank) 

scores in the “Down-regulated Genes Enrichment Score” column (i.e. GOs fatty-acyl-CoA 

binding down to oxidoreductase activity …). Genes with increased brain expression due to 

hypoxia identify a different set of GO groups with non-zero (non-blank) scores in the “Up-

regulated Genes Enrichment Score”. Where there is overlap between these sets of GOs a “Log2 

Average Fold Change” can be calculated and an arrow indicates its direction. The GO metal 

ion binding is identified by both up-regulated and down-regulated genes with a Log2 Average 
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Fold Change of -1.098. The genes involved are msrb2, smad5, timm10, zgc:66472, rnh1, and 

zbtb42.  
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Direct comparison of GO enrichment between the sets of up- and down-regulated genes in the 

brain under hypoxia in terms of “Biological Function” 

To run this analysis, select the GO Category “Biological Process” and then click on “Submit”: 

 

The result shows that in the GO category “Biological Process”, the GO mRNA splicing, via 

spliceosome is identified as downregulated due to the involvement of two genes, rbpms2b and 

sf3a3. Note the importance of checking the entries in the “All Genes Involved” column since 

the GO cytokine-mediated signaling pathway has an anomalously large “Down-regulated-

genes Enrichment Score” due to double-counting of the gene crfb2. This is due to the existence 

of occasional double-entries in the Gene Ontology Consortium database caused by its use of 

data from the UniProtKB/TrEMBL database.
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Direct comparison of GO enrichment between the sets of up- and down-regulated genes in the 

brain under hypoxia in terms of “Cellular Component” 

To run this analysis, select the GO Category “Cellular Component” and then click on “Submit”: 

 

 

The result shows that in the GO category “Cellular Component”, the Gene Ontology integral 

component of membrane is identified by genes of both the up-regulated and down-regulated 

gene sets. Interestingly, this GO is also identified as statistically highly significantly altered in 

the GO comparison of up-regulated genes in the adult zebrafish brain under hypoxia versus the 

zebrafish genome (see Analysis 3 below).  
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Analysis 3 

GO comparison of upregulated genes versus the zebrafish genome as 

reference in terms of “Molecular Function”, “Biological Process”, and 

“Cellular Component” using Fisher’s exact test 

 

GO comparison of up-regulated genes in the adult zebrafish brain under hypoxia versus the 

zebrafish genome in terms of “Molecular Function” 

 

 

 

Under hypoxia the tool detected possible decreased enrichment for the GO groups zinc ion 

binding and metal ion binding in comparison to their enrichment in the zebrafish genome. 

However, these differences were not statistically significant.
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GO comparison of up-regulated genes in the adult zebrafish brain under hypoxia versus the 

zebrafish genome in terms of “Biological Process:” 

 

 

 

Compared to the genome, possible enrichment of the GO terms regulation of transcription, 

DNA-templated and transcription, DNA-templated was detected by the web tool as being 

decreased in response to hypoxia. However, these differences are not statistically significant.  
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GO comparison of up-regulated genes in the adult zebrafish brain under hypoxia versus the 

zebrafish genome in terms of “Cellular Component” 

 

 

 

Compared to the genome, enrichment of the GO terms integral component of membrane and 

nucleus enrichment was detected by the web tool as significantly decreased (p<0.01) in 

response to hypoxia.  

 

Note that the GO integral component of membrane includes the gene crfb2 noted above to exist 

as a double-entry in the original Gene Ontology Consortium database.  To be confident that 

such an anomaly does not falsely establish statistical significance for this GO, the analysis can 

be re-run while excluding this gene from the gene list submitted to the Comparative GO web 

tool.  When this was done, statistical significance remained as seen below: 
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Analysis 4 

Statistical comparison of overall GO distribution between two samples 

using the Wilcoxon signed rank test with continuity correction, the Two-

sample Kolmogorov-Smirnov test, and the chi-square test for two samples 

 

Samples: up-regulated and down-regulated genes in the adult zebrafish 

brain under hypoxia 

 

This analysis can be performed by clicking on “Perform Hypothesis Test” at the first page of 

the web tool after selecting the gene lists: 

 

 

 

 

The tests implemented for comparison of GOs between two or more samples are the Wilcoxon 

signed rank test with continuity correction, the Two-sample Kolmogorov-Smirnov test, and the 

chi-square test. 

 

Results of the comparison of the proportion of enrichment (explained below) based on 

“Cellular Component” are presented here: 

 

Wilcoxon signed rank test with continuity correction: p-value: 0.7521352  

Two-sample Kolmogorov-Smirnov test : p-value: 0.00240772  

chi-square test for 2 samples, p-value: 1 

 

“Proportion of enrichment” normalises enrichments based on the sizes of GO groups. For 

example, suppose that an imported gene list has 20 genes. Suppose that two of these genes are 

found in GO category A and another two are found in GO category B. If GO category A has 
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40 genes and GO category B has 10 genes (according to the original sizes of GO groups 

obtained from the Gene Ontology Consortium) then the proportion of enrichment for GO 

category A will be 0.05 while the proportion of enrichment for GO category B will be 0.2. 
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Analysis 5 

GO regulatory network analysis of upregulated genes in adult zebrafish 

brain under hypoxia in terms of “Biological Process” 

 

Regulatory relationships (up- and down-regulation) between Biological Process terms were 

extracted from the Gene Ontology database available at http://www.geneontology.org/. These 

relationships are stored in Comparative GO’s internal database. We update these GO 

relationships every 6 months based on newly deposited relationships in the database of the 

Gene Ontology Consortium. For a given gene list, our system extracts all the relationships 

between these genes from the internal database and visualizes them as a directed graph using 

the Cytoscape Web plugin. We recommend limiting the size of the gene lists submitted because 

lists with large numbers of genes require extended periods for network generation, consume 

significant amounts of memory and the resulting networks contain many nodes and edges that 

make distinguishing them from each other difficult.  

 

 

This analysis can be performed by clicking on “Network” highlighted at the first page of the 

web tool. As an example, we did this for the list of genes upregulated in the adult zebrafish 

brain under hypoxia: 

 

 

 

The following network was generated: 

http://www.geneontology.org/
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The GO network produced highlights the putative central roles of activation of cysteine-type 

endopeptidase activity involved in apoptotic process (Gene Ontology ID: 6919, including 

diabloa), regulation of transcription, DNA-templated (Gene Ontology ID: 6355, including 

bzw1b), and regulation of Rho protein signal transduction (Gene Ontology ID: 35023, 

including arhgef9b) in regulation of the zebrafish brain’s response to hypoxia. Currently, the 

web tool only generates networks based on the “Biological Process” term. 

 


