
We have developed GO-SCAN, a bioinformatics 
tool that selects and presents relevant Gene 
Ontology (GO) annotations for a list of 
differentially expressed genes ("hit" list ) from an 
Affymetrix microarray experiment. GO-SCAN 
provides two novel  visualizations. The first is an 
expandable list structure presenting the relevant 
annotations in an order according to their position 
within the ontology hierarchy. Optionally, the fold-
change or p-value can be used to order the genes 
within each term. This visualization is available 
through the web (GO-SCAN online) or as a text file 
resulting from a JMP script that must be formatted 
in MS Excel.  The second visualization is a two-
way hierarchical cluster heatmap (GO-Map) 
displaying genes ordered into groups sharing similar 
GO annotation. GO terms are clustered when they 
annotate a similar list of genes. We use a Fisher's 
exact test to select statistically relevant genes and 
report a p-value for each gene. Probe sets on the 
Affymetrix chip are first mapped to their 
corresponding Unigene ID, then to their GO  
annotations. Annotations  used in GO-SCAN are 
derived from the Affymetrix web site and from the 
Gene Ontology consortium.  In applications, GO-
SCAN has allowed users to quickly discover themes 
and pathways related to the experimental 
perturbation or disease under study. GO-SCAN has 
been tested on human, rat, mouse and yeast chips.  
We illustrate GO-SCAN findings with a study of 
sickle cell disease.

Abstract

Conclusion
GO-SCAN is a sophisticated bioinformatics tool 
used to assist in functionally annotating lists of 
differentially expressed gene lists.  GO-SCAN 
online is easily accessible and works on any 
platform running any web browser.  GO-SCAN 
can be used running JMP and then opened in 
Excel after some small formatting changes. GO-
SCAN contributes to the analysis of the gene list 
by breaking it into functional themes where genes 
become parts of clusters and not single entities.  
Future work with the online version of GO-SCAN 
will add a graphical representation of the 
collapsible list thus giving the researcher an even 
greater of understanding of their gene lists.  
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Gene Ontology Terms

growth arrest,DNA-damage-inducible beta 
chemokine (C-X-C motif) receptor 4 

signal transducer transcription activate 
CASP2 and RIPK1 domain containing adapto 

cyclin-dependent kinase inhibitor 1A 
HIV-1 Tat interactive protein 2, 30kDa 

cullin 1 
caspase 7, cysteine protease 

neuronatin 
translocase-inner mitochondrial membrane 

NIMA-related k 
Janus kinase 1-a protein tyrosine kinase 

protein tyrosine phosphatase, receptor O 
cathepsin L 

ubiquitin-conjugating enzyme E2L 6 
vaccinia related kinase 2 

elastase 2, neutrophil 
hemoglobin, beta 

proteasome (prosome, macropain) alpha3 
proteasome (prosome, macropain) beta2 

dual specificity phosphatase 2 
peroxiredoxin 4 

Rho-related BTB domain containing 1 
RAB13, member RAS oncogene family 

Ras homolog enriched in brain 
Ras-like without CAAX 1 

phenylethanolamine N-methyltransferase 
ornithine decarboxylase antizyme 1 

serine palmitoyltransferase,subunit 2 
heme oxygenase (decycling) 1 

guanine nucleotide binding protein, 11 
CDP-diacylglycerol synthase 2 

squalene epoxidase 
phosphoenolpyruvate carboxykinase 2 

biliverdin reductase A 
biliverdin reductase B -flavin reductase 

zinc finger protein 267 
basic transcription element binding

nucleobindin 1 
H1 histone family, member 0 

histone 1, H2bk 
nucleophosmin, B23 numatrin 

tudor repeat associator with PCTAIRE 2 
delta sleep inducing peptide 

zinc finger protein 211 
LIM domain only 6 

caudal type homeo boxTF2 
KIAA1041 protein 

non-POU domain containing, octamer 
histone 2, H2aa 

basic transcription factor 3 
activating transcription factor 3 

U5 snRNP-specific protein, 200-KD 
splicing factor, arginine/serine-rich 5 
splicing factor proline/glutamine rich

DEAD (Asp-Glu-Ala-Asp) box peptide 5 
DEAD (Asp-Glu-Ala-Asp) box peptide 48 

signal recognition particle 19kDa 
ribosomal protein L17 

poly(A) binding protein, cytoplasmic 4
eukaryotic translation initiation factor 

IGF-II mRNA-binding protein 3 
ETIF 3-subunit 6 48kDa 

ETIF 4A- isoform 2 
ETEF 1- beta 2 

sialyltransferase 9 
lipase A, lysosomal acid 

ETEF alpha 1 
ETEF 2 

growth arrest and DNA-damage-alpha 
arsenate resistance protein ARS2 

tumor protein p53 inducible protein 11 
glutathione peroxidase 3 (plasma) 

glutathione peroxidase 1 
excision repair cross, complementation 

ribonuclease, RNase A family, 2 
mutS homolog 2, colon cancer 

cold inducible RNA binding protein 
bone marrow stromal cell antigen 2 

interleukin 15 
serine (or cysteine) proteinase inhibit. 

chemokine (C-X-C motif) ligand 10 
interferon-induced protein 35 

selectin P, granule membrane protein 
Fc fragment of IgG, high affinity Ia 

lymphocyte antigen 6 complex, locus E 
interferon, gamma-inducible protein 30 

major histocompatibility complex, 1A 
MHC class I polypeptide- related B 

major histocompatibility complex, II 
MHC class I polypeptide-related A 
2'-5'-oligoadenylate synthetase-like 
proteasome (prosome, macropain) 

guanylate binding protein 2, IF 
guanylate binding protein 1,IF, 67kDa 

ribosomal protein L24 
ribosomal protein L19 
ribosomal protein L41 
ribosomal protein L14 
ribosomal protein L37 

 
ribosomal protein L6 
ribosomal protein L7 
ribosomal protein S6 

ribosomal protein L10a 
 

ribosomal protein L4

ribosomal protein L5
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Ribosomal genes

Defense
response genes

Biosynthesis 
genes

Hs.100014
GRIA3 Glutamate receptor, 
ionotrophic, AMPA 3

Mapping Affy probe set 
to GO term

Probe Set ID Unigene ID GO term

Hs.7117
36853_at

36855_r_at

35048_at

35049_g_at

GO:0007215
Glutamate signaling

GO:0005886

GO:0006832

GO:0015277

GO:0004971

GO:0007268
Synaptic transmission

GO:0007165

GRIA1 Glutamate receptor, 
ionotropic, AMPA 1

Hs.100014
GRIA3 Glutamate receptor, 
ionotrophic, AMPA 3

Mapping Affy probe set 
to GO term

Probe Set ID Unigene ID GO term
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GO:0007215
Glutamate signaling

GO:0005886

GO:0006832

GO:0015277

GO:0004971

GO:0007268
Synaptic transmission

GO:0007165

GRIA1 Glutamate receptor, 
ionotropic, AMPA 1

Hs.100014
GRIA3 Glutamate receptor, 
ionotrophic, AMPA 3
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to GO term
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Glutamate signaling
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GRIA1 Glutamate receptor, 
ionotropic, AMPA 1
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to GO term
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Glutamate signaling

GO:0005886
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ionotropic, AMPA 1
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GO:0007215
Glutamate signaling

GO:0005886
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GO:0015277
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Synaptic transmission
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GRIA1 Glutamate receptor, 
ionotropic, AMPA 1
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36855_r_at
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GO:0007215
Glutamate signaling
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GO:0015277
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GRIA1 Glutamate receptor, 
ionotropic, AMPA 1
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Glutamate signaling

GO:0005886
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GO:0015277

GO:0004971
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GO term
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36855_r_at

35048_at

35049_g_at

Hs.7117Hs.7117Hs.7117Hs.7117
36853_at

36855_r_at

35048_at

35049_g_at

GO:0007215
Glutamate signaling

GO:0005886

GO:0006832

GO:0015277

GO:0004971

GO:0007268
Synaptic transmission

GO:0007165

GRIA1 Glutamate receptor, 
ionotropic, AMPA 1

Annotations from NetAffx www.netaffx.com

Red boxes identify gene-annotations for genes selected with less than 5% False Discovery Rate 
(FDR) and additional filter criteria.  Yellow boxes identify gene-annotations for genes with a relaxed 
selection criteria (7% FDR, no other criteria).  Additional genes tend to fall into same annotation 
groups, providing additional evidence that they are differentially expressed.  Major annotation groups 
include ribosomal genes, defense response genes and biosynthesis genes. The order of the genes and 
the order of the annotations has been adjusted to maximize the coherence of annotation groups using 
two-way hierarchical clustering.  Original study of differential expression between peripheral blood 
mononuclear cells (PBMCs) from a group of sickle cell patients compared to comparable control 
patients.  Jison ML, Munson PJ, Barb JJ, Suffredini AF, Talwar S, Logun C, Raghavachari N, Beigel
JH, Shelhamer JH, Danner RL, Gladwin MT., Blood mononuclear cell gene expression profiles 
characterize the oxidant, hemolytic, and inflammatory stress of sickle cell disease.  Blood. 2004 Jul 
1;104(1):270-80. Epub 2004 Mar 18.

• GO-SCAN selects, presents relevant annotations
Allows drill down to underlying genes
Highlights genes which just missed selection criteria
Allows flexible formatting and editing of annotation list

• GO-Map organizes annotations and genes in clear visualization
Permits easy identification of major themes
Identifies "near misses" on gene list
Reduces redundancy in annotations

• GO-SCAN online gives flexibility to run GO-SCAN anywhere
• Available to NIH users at http://affylims.cit.nih.gov
• Also avaialble at  http://abs.cit.nih.gov/

Summary

Gene Ontology Terms

GO-Map

GO-SCAN Annotation P-value

Which annotation terms are interesting?
Which are over-represented in your gene 

list?

Pick a GO term.  How many genes have this annotation?  (n)
Of these annotated genes, how many change expression? (k) 

Find a Parent term.  How many genes have this annotation? (N)
Of these, how many change? (K)

Hypergeometric distribution:
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http://goscan.cit.nih.gov

-Probe ID
-Hit Column
-Gene P-value (optional)
-Fold change (optional)

Microsoft Excel

GO-Collapsible List

Affy Gene List

GO-SCAN: Analysis and Visualization of Gene Ontology Annotation
Gene Ontology Significant Collection of ANnotations
Jennifer J. Barb, M.S., Howard Schindel, Peter J. Munson, Ph.D.  
Mathematical and Statistical Computing Laboratory, DCB/CIT/NIH/DHHS


