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Agenda
• Background
– What is functional annotation?
– What is the AgBase functional annotation pipeline?
– Why do we use it?

• How to find and use the functional annotations at the i5k Workspace 
– 1. I want to know what functional annotations my protein.
– 2. I want to find my protein in the functional annotation files.
– 3. I want to get all the protein accession numbers for a GO category.
– 4. I want to find all the Schistocerca americana proteins annotated to the 

ubiquitination pathway.
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How do we move from sequence to biology?
• ARS-University of Arizona joint project 

to develop common workflows and 
practices for functionally annotating 
invertebrate genomes.

• Credits: Fiona McCarthy, Surya Saha, 
Amanda Cooksey, Anna Childers

• Workflows for Rapid Functional 
Annotation of Diverse Arthropod 
Genomes. Saha et al., Insects 2021, 
12(8), 748; 
https://doi.org/10.3390/insects120807
48

Annotation

Slide credit: Surya Saha

https://doi.org/10.3390/insects12080748


National Agricultural Library
U.S. DEPARTMENT OF AGRICULTURE

1. Identify proteins
2. Transfer function 

based upon sequence 
homology

3. Assign function based 
upon functional 
motifs/domains

4. Combine GO, QC, 
formatting for use

5. Pathway information

Functional annotation tools
1

2 3

4

5

Annotation

Slide credit: Surya Saha
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So What Does this Process Get Us?
• Support for comparative genomics

– Motif/domain information for comparative & evolutionary studies -> Evolution of gene families

• Support for functional genomics
– GO information for GO enrichment
– Pathway information for pathways enrichment

• Targets for genome annotation

Slide credit: Surya Saha
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Typical flow of sequence data

INSDC repositories

Data 
generators

Sequence 
data 

submission

https://doi.org/10.1093/nar/gkx1097

Functional 
annotation

Structural 
annotation

https://doi.org/10.1093/nar/gkx1097
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How do we Measure GO Quality?

BREADTH: all gene products should have GO 
annotation (for CC, MF, BP).

DEPTH: function should be as detailed as possible.

EVIDENCE: Published experiments provide 
direct evidence of function in that species.

Buza et al 2008. Gene Ontology annotation quality analysis in model eukaryotes. Nucleic acids research, 36(2), e12-e12.Slide credit: Surya Saha
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Adding Details to InterProScan GO: GOanna
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Interpro & GOanna are complementary approaches.
InterProScan provides "breadth" (some GO annotation for most proteins)
GOanna provides "depth" (more detailed GO terms)

Slide credit: Surya Saha
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Accessing functional annotation tools

agbase-docs.readthedocs.io

de.cyverse.org

hub.docker.com/u/agbase

Slide credit: Surya Saha
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How to find and use the functional annotations at 
the i5k Workspace
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I5k Workspace functional annotations

• Functional annotations are 
available for 98 datasets;

• All new i5k Workspace organisms 
and assemblies will be functionally 
annotated. 
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I5k Workspace functional annotation long-term storage 
and citation

• The functional annotation datasets are intended to be ephemeral, as the 
underlying GO databases update regularly. Therefore, we do not provide long-
term storage of these datasets.

• If you plan on using a particular functional annotation dataset in a publication, 
we can archive this dataset for you at the Ag Data Commons.

• If you use the functional annotations in a publication, please cite the following:
– The i5k Workspace@NAL—enabling genomic data access, visualization and curation of 

arthropod genomes. Poelchau et al., Nucleic Acids Research, Volume 43, Issue D1, 28 
January 2015, Pages D714–D719, https://doi.org/10.1093/nar/gku983

– Workflows for Rapid Functional Annotation of Diverse Arthropod Genomes. Saha et al., 
Insects 2021, 12(8), 748; https://doi.org/10.3390/insects12080748

https://doi.org/10.1093/nar/gku983
https://doi.org/10.3390/insects12080748
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1. I want to know what functional annotations my 
protein has

• Example protein: ultraspiracle in 
the pink bollworm, Pectinophora
gossypiella

• Go to https://i5k.nal.usda.gov/ -> 
Tools -> Jbrowse/Apollo -> Find a 
genome browser: Available 
genome browsers

• Find organism (Pectinophora
gossypiella) in list 

https://i5k.nal.usda.gov/available-genome-browsers


National Agricultural Library
U.S. DEPARTMENT OF AGRICULTURE

1. I want to know what functional annotations my 
protein has

• search for ‘ultraspiracle’ in the 
Jbrowse search bar (tip – if you 
can’t find it, add ‘protein’ before 
the name)

• Protein or mRNA accession 
numbers are also typically 
searchable
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1. I want to know what functional annotations my 
protein has

Right-click on model Annotations are in 
Ontology_term section
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2. I want to find my protein in the functional annotation 
files.

Protein identifier is in 
‘Attributes’ section

Protein identifier can also be 
found on NBCI gene page
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2. I want to find my protein in the functional annotation 
files.

Search for “Pectinophora gossypiella
functional annotations”

Search result
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2. I want to find my protein in the functional annotation 
files.

Link to data 
downloads
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2. I want to find my protein in the functional annotation 
files.

• We’ll download the ‘complete GAF’ 
file, and search for protein 
accession XP_049874923.1

• GAF file format specification: 
http://geneontology.org/docs/go-
annotation-file-gaf-format-2.2/

http://geneontology.org/docs/go-annotation-file-gaf-format-2.2/
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The GAF format.

Protein source 
database (DB)

DB protein 
ID

DB Protein 
Symbol

Qualifier

GO ID (the 
functional 

annotation)

DB 
Reference 
(annotation 

method)

GO_REF:0000024 – GOAnna
GO_REF:0000002 - InterProScan

Evidence code 
for annotation

ECO:0000247 - GOAnna
ECO:0000501 - InterProScan

With/From
(what 

evidence 
was used 

for the 
annotation)

GOAnna: accession # of the exp. characterized sequences(s) that match the query
InterProScan: individual seqs, seq objects, methods, keyword mapping files, etc. 
that underlie the annotation. 

Aspect 
(e.g. CC, 
MF, BP)

DB Object 
Name

DB Object 
Synonym

DB Object 
Type

Taxon 
(taxonomic 
identifier)

Date

Assigned 
By



National Agricultural Library
U.S. DEPARTMENT OF AGRICULTURE

2. I want to find my protein in the functional annotation 
files.

GO 
annotations
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3. I want to get all the protein accession numbers for a 
GO category.

• The Amigo site can be used to 
search for relevant GO categories 
(http://amigo.geneontology.org/)

• Here, I searched for “peptidase 
activity” (GO:0008233)

http://amigo.geneontology.org/
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3. I want to get all the protein accession numbers for a 
GO category.

GO 
annotations

Protein 
accessions

Copy all protein 
accessions to a text 
file
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3. I want to get all the protein accession numbers for a 
GO category.

Select protein database and 
upload file with protein 
accessions

https://www.ncbi.nlm.nih.gov/sites/batchentrez

https://www.ncbi.nlm.nih.gov/sites/batchentrez
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3. I want to get all the protein accession numbers for a 
GO category.

Find individual protein 
accessions in Jbrowse



National Agricultural Library
U.S. DEPARTMENT OF AGRICULTURE

4. I want to find all the Schistocerca americana proteins 
annotated to ubiquitination pathways.

• Start with KEGG2: 
https://www.genome.jp/kegg/path
way.html

• Search for ubiquitination
• Choose ‘dme’ for prefix –

Drosophila melanogaster
• Comparison paper: 

https://www.biorxiv.org/content/1
0.1101/2021.10.11.464014v1.abstra
ct Use dme for 

organism prefix

https://www.genome.jp/kegg/pathway.html
https://www.biorxiv.org/content/10.1101/2021.10.11.464014v1.abstract
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4. I want to find all the Schistocerca americana proteins 
annotated to the ubiquitination pathway.

Select dme04120
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4. I want to find all the Schistocerca americana proteins 
annotated to the ubiquitination pathway.

Pathway identifier
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4. I want to find all the Schistocerca americana proteins 
annotated to the ubiquitination pathway.

• KEGG annotations (e.g. Drosophila melanogaster annotations 
computed by KEGG) are primarily based on sequence similarity to 
ortholog groups

• D. melanogaster Reactome annotations are based primarily on 
sequence similarity to human proteins

• FlyBase has additional pathway annotations.
• Delineations of the pathways themselves, and what proteins are 

assigned to a pathway, differ between all three resources. 
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4. I want to find all the Schistocerca americana proteins 
annotated to the ubiquitination pathway.

Select file 
organized by 
pathway
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4. I want to find all the Schistocerca americana proteins 
annotated to the ubiquitination pathway.
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4. I want to find all the Schistocerca americana proteins 
annotated to the ubiquitination pathway.

Select protein database and 
upload file with protein 
accessions
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4. I want to find all the Schistocerca americana proteins 
annotated to the ubiquitination pathway.
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4. I want to find all the Schistocerca americana proteins 
annotated to the ubiquitination pathway.

Search for XP identifier or 
name in Jbrowse
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Questions?
• How are you planning to use the functional annotations?
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