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Func�onal annota�on is the process of a�aching biological informa�on to a gene or protein 
sequence. The func�onal annota�on includes three main steps:
a. Iden�fy the part of the genome that does not encode a protein;
b. Iden�fy the elements in the genome (gene predic�on);
c. A�ach biological informa�on to these elements.

Func�onal enrichment analysis determines the classes of gene or protein that is overex-
pressed in a large number of genes or proteins, and may be related to the disease phenotype. 
Sta�s�cal methods are o�en used to determine the significantly enriched genome. The gener-
al steps of enrichment analysis include:
a. Calculate a p value (the value represents the overexpression of the protein in the list);
b. Evaluate the sta�s�cal significance of nodes or paths according to the p value;
c. Normalize the p value of each set of protein and calculate the false discovery rate for mul�-
ple hypothesis tests.
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Gene ontology (GO) unifies the representa-
�on of genes and gene product a�ributes in 
all species.
Applica�on:
A. Integra�on of proteomic data from differ-
ent species
B. Classify the differen�al proteins
C. Predict the func�ons of specific protein 
domains
D. Iden�fy genes involved in certain diseases
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Enrichment analysis of gene or protein sets: 
Useful for exploring func�onal and biologi-
cal significance from very large data sets 
(such as mass spectrometry data and 
microarray results). GO enrichment analysis 
also helps to organize data from novel (or 
fully annotated) genomes, and compare 
biological func�ons between clade mem-
bers and across clades.

RNA binding
nucleic acid binding

guanyl ribonucleo�de binding
guanyl nucleo�de binding

GTP binding
nucleoside-triphosphatase ac�vity
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non-membrane- bounded organelle
intracellular non-membrane-bounded organelle

nuclear lumen
ribonucleoprotein complex

nucleoplasm
cytoskeleton

gene expression
organelle organiza�on

mRNA processing
RNA processing

RNA splicing
macromolecule localiza�on

nucleic acid meta bolic process
mRNA metabolic process

posi�ve regula�on of protein complex assembly
organic substance transport

small GTPase mediated signal transduc�on
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KEGG is a database that systema�cally ana-
lyzes the metabolic pathways of gene prod-
ucts in cells and the func�ons of these gene 
products.
In organisms, different gene products coor-
dinate with each other to perform biological 
func�ons. Annota�on analysis on the path-
ways of differen�ally expressed genes helps 
to further interpret the func�on of genes.
- KEGG Pathway Annota�on
- KEGG Pathway Classifica�on
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Based on whole genomes analysis, COGs can 
reliably assign paralogs and orthologs of most 
genes using a simple method based on the 
search of triangles of bidirec�onal best hits. 
This method can iden�fy distant homologs  
and isolate closely related paralogs.
Based on family analysis, this method can use 
the func�ons of the characteris�c members 
of the protein family (COG) to assign func-
�ons to the en�re family and describe poten-
�al func�ons in more than one family.
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KEGG enrichment analysis of differen�ally 
expressed genes can enrich pathways 
with significant differences and help to 
find biologically regulated pathways with 
significant differences under experimental 
condi�ons.

DNA

Bub2 MEN

DNA damage checkpoint

mmu04144 Endocytosis - Mus musculus (mouse)
mmu04612 An�gen processing and presenta�on 

mmu05100 Bacterial invasion of epithelial cells
mmu04666 Fc gamma R mediated phagocytosis

mmu04145 Phagosome - Mus musculus (mouse)
mmu04360 Axon guidance - Mus musculus (mouse)

mmu04810 Regula�on of ac�n cytoskeleton - Mus
mmu05134 Legionellosis - Mus musculus (mouse)

mmu05168 Herpes simplex infec�on - Mus
mmu03040 Spliceosome - Mus musculus (mouse)

mmu05166 HTLV-I infec�on . Mus musculus
mmu04670 Leukocyte transendothelial migra�on

mmu04062 Chemokine signaling pathway- Mus
mmu04650 Natural killer cell mediated

mmu05132 Salmonella infec�on - Mus musculus
mmu04520 Adherens junc�on - Mus musculus

mmu05140 Leishmaniasis - Mus musculus (mouse)
mmu05203 Viral carcinogenesis - Mus musculus
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