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KA Ji Al Ao BT R
DAVID" LT R https://david.nciferf.gov
GOstat!"! LT H http://gostat.wehi.edu.au

ORA GenMAPP!" TELE TR http://www.genmapp.org
GoMiner'"! LT R http://discover.nci.nih.gov/gominer
Onto-Express'™*! L TH http://vortex.cs.wayne.edu
GSEA®! Java B, RiIBEE A http://software. broadinstitute.org/gsea
GSAl' RIEFHE https://cran.r-project.org/web/packages/GS A/index.html
PADOG"" REF M www.bioconductor.org/packages/release/bioc/html/PADOG.html
SAFE!"® REF A http://www.bios.unc.edu/~fwright/SAFE
Globaltest!'*"! RIEFHE http://www.bioconductor.org/packages/2.0/bioc/html/globaltest.html
Sigpathway'?!! RIEFEM http://bioconductor.org/packages/release/bioc/html/sigPathway.html
GAGE™ REF A www.bioconductor.org/packages/release/bioc/html/gage.html

FCS GSvA?! RIEFHE www.bioconductor.org/packages/release/bioc/html/GSV A.html
PLAGE™! RIEFEM http://dulci.biostat.duke.edu/pathways/misc.html
ZSCORE™! REF M www.bioconductor.org/packages/release/bioc/html/limma.html
SSGSEALS RiE=fy http:// Www.broadinstitute.org/cancer/ software/genepattern/modules/docs/ssG

SEAProjection/

MRGSE"?" REF M www.bioconductor.org/packages/release/bioc/html/limma.html
ANCOVA® REF A https://cran.r-project.org/web/packages/fANCOV A/index.html
CAMERA™! RIEFH www.bioconductor.org/packages/release/bioc/html/limma.html
MetaCore IR A http://www.genego.com/metacore.php
Pathway-Express™"! TELLTH, RIEF A vortex.cs.wayne.edu/projects.htm
SPIAPY RIEFHE www.bioconductor.org/packages/release/bioc/html/SPIA .html
TopoGSAF? LT H WWW.topogsa.org

PT CePal™ REF M https://cran.rstudio.com/web/packages/CePa/index.html
ToPASeq"™*! RIEFHE www.bioconductor.org/packages/release/bioc/html/ToPASeq.html
NetGSAP! RiIEH https://cran.r-project.org/web/packages/netgsa/index.html
DEGraph*®! REF M www.bioconductor.org/packages/release/bioc/html/DEGraph.html
BPAP" WA http://bumil.boun.edu.tr/bpa
ACSTR RIEFH http://omictools.com/analysis-of-consistent-signal-transduction-tool
NEAM! REF M https://r-forge.r-project.org/projects/nea2
EnrichNet!*"! LT HE RIEFEHM  www.enrichnet.org

NT GANPA™“Y RIEFHE https://cran.r-project.org/web/packages/GANPA/index.html
LEGO™ EL TR, RIBEFM  lego.tianlab.cn
NOAM! LT R app.aporc.org/NOA
GOGANPAM RIEFH https://cran.r-project.org/web/packages/GOGANPA/index.html
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Progress in Gene Functional Enrichment Analysis
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Gene functional enrichment analysis has become a common procedure in high-throughput omics data analysis and
plays a vital role in revealing molecular mechanisms in biomedical sciences. Hundreds of different gene functional
enrichment methods and tools have been developed. In accordance with the problems to be solved and the principle
of algorithms, these methods can be approximately classified into four categories, including over-representation
analysis, functional class scoring, pathway topology, and network topology. In this article, we review the principles
of these four main categories and examples of commonly used approaches. We discussed the redundancy in the
results of gene functional enrichment analysis and the necessity to build benchmark datasets.

omics data, functional enrichment, redundancy, benchmark datasets
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