GO ANNOTATION:
COMPONENTS OF AN ANNOTATION



Components of an Annotation:
What You Need

Protein

GO Term

Refference
Evidence




Components of an Annotation:
What You Find

UniProt
Accession

Evidence
Code




Components of an Annotation:
Protein (Gene Product)




Components of an Annotation:
Protein

Accession




Components of an Annotation:
Protein

Accession

* Find the UniProt accession using
http://www.uniprot.org/




Components of an Annotation:
Protein

Cucumber P29602

peeling ‘
cupredoxin

* Find the UniProt accession using
http://www.uniprot.org/

« Examples: C47272Y9, AOAOO9DWN1




Components of an Annotation:
Protein
Using UniProt
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Components of an Annotation:
Protein
Using UniProt
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Components of an Annotation:
Protein
Using UniProt
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* Verify the organism (and strain)



Components of an Annotation:
Protein
Using UniProt

UniProt 3
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* Verify protein" name
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Protein

Using UniProt

“~ waw. Gl Drot, org umi prot

SLAST Algrn Retrieve/TD magping Peptide search

a Rt ‘
(552,474) \R2_MOUSE i Protein AARZ homolog Aar2 Mus musculus
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g domain-co...
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 Copy the accession...



Components of an Annotation:

Protein
Using UniProt

€ www.eniprotomg usiprot/ 3
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 Copy the accession... or get more information



Components of an Annotation:
Protein
UniProtiB - P29602 (CPC_CUCSA)
* Proteinrecord o.s Soust < Dromu] @acasosesias Oristory] @ to vse

shows more info “ 0 B .. cucumber peeting cupredoxin

Publications
Gene WA

Feature viewer
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Feature tabie
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Feature key Position(s) Description Actions Graplt
Metal bindng 46 Copper
Metal bndng” 85 Copper
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GO - Molecular function’
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Comgiete GO annotation...



Components of an Annotation:

Protein
UniProtkB - P29602 (CPC_CUCSA)

Protein record
shows more info
Summary of
existing GO
annotations

Display
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GO - Biological process’
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Comgiete GO annotation...



Components of an Annotation:

Protein
UniProtkB - P29602 (CPC_CUCSA)
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Components of an Annotation:
Protein

reguure viemur

Festure tabie

Protein record
shows more info -4

Sequence & length
Cross References

Etc.
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Sequence databases
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Sequence databases
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Components of an Annotation:
Protein

* Lookin the paper for any accession/ID
— UniProt accession
— E2RFO2
— NCBI Gene ID, RefSeq, etc.
- 478211
-  XP 853095.1
- NP 001153791.1




Components of an Annotation:
Protein

E2REO2 } e You MUST use the U.niProt
accession when adding

the annotation to CACAO

478211 . .Papers.may use
identifiers other than
XP_853095.1 —  UniProt accessions

NP 001153791.1 e Use these to find the
— UniProt accession




Components of an Annotation:

Protein
UniProt Warnings

 Sometimes UniProt has multiple entries for the
same protein
* Gold star = SwissProt = reviewed
 Blank star = TrEMBL = computational entry

* Ask for help

N The UniProt Xnowledgeboase (UniProtiKi) is the cantral hubd for the
*1 Reviewed (Swiss-Prot) - Manually annotated 9 ) . ;

Records with information extracted from Iterature and curator-

collection of functional Information on preteins, with accurate,

congistent and rich annctation. In addition o capturing the core

ovaivated computationy sralyss
cata mancatory for each UniProtiKh entry {mainty, the amine acid

POQVENCE, srotein name or cescrigtion, taxonomic Gata ang citation
Unreviewed (TrEMBL) - Computationally analyzed infoemation), a8 much annotation Information as possible Is added

Records that await full manual annotation
© rei B UniProgks help video B Other tutorials and



Components of an Annotation:
Protein
UniProt Warnings

Right species/strain
Not a fragment

Sometimes the protein you want is not in

UniProt
 May want to find another paper/protein

Ask for help
* OKto email the UniProt help desk
 Check your reasoning with us!



Components of an Annotation:
What We've Covered

UniProt
Accession

GO Term

Refference
Evidence




Components of an Annotation:
Reference

)

Reference




Components of an Annotation:
Reference

) )

Rerference

* Find the PMID using pubmed.gov
(https://www.ncbi.nlm.nih.gov/pubmed/)

* Examples: PMID:22110029, PMID:20473289



Components of an Annotation:
Reference

* Need a scientific paper with experimental data

 No review articles, no books, no textbooks, no

Wikipedia articles, no class notes...
 BUT itis GOOD to start with those!

* DON'T start with the first paper you see from a
random PubMed search



Components of an Annotation:
Reference

* Need a scientific paper with experimental data
* PubMed review?
* Refer to the paper through the PMID number
* Not the full citation

Pub'med.,<.-.- PubMed ¢ Hu AND Mclntosh  Searc
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Results: 10

GONUTS: the Gene Ontology Normal Usage Tracking System.
1. Rento DP, Meintosh BK. Verkatraman A Segeks DA, Hu JC

NUSEE ACAS Res 2412 Janc4Di 1) 01252-9. Epuls 2011 Now 22

PO 22110289

g OO s

22110029



Components of an Annotation:
Reference
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Components of an Annotation:
Reference

Disglay Seftings - Adetract e b v
Full text Nrks
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* The abstract is not enough for an annotation
e But, may be enough to reject a paper!!!

T




Components of an Annotation:
Reference
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 PubMed has links to full paper
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Reference
 PubMed has links to full papers —-—=o
— Links vary between papers  somoe  EEE i
e Some papers are open access t t
— Pubmed Central srcendeg gwe e
— Journal sites ;:f:;‘f:f:
— TAMU students: e

http://library.tamu.edu/

* Others are pay only

— Don’t pay real SS!
* Your library may have subscriptions
* Pick a different paper
* Email the author and ask for a pdf
— Send us a copy
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Reference
Warnings

 Good science # good for annotation

Second Extracellular Loop of Human Glucagon-like Peptide-1
Receptor (GLP-1R) Differentially Regulates Orthosteric but
Not Allosteric Agonist Binding and Function™

Recerd 1or pubiicarion, September 30, 2011, and in revised formm, Novermiber 29, 2011 Pubished, JBC Fapers in Press, December 6, 2011, DO QL T07ADC MY 11 305359

Cassandra Koole’, Denise Wootten®, John Simms’, Emilia E. Savage’, Laurence J. Miller®, Arthur Christopoulos’ ',
and Patrick M. Sexton"”

From the ' Drug Discovery Blology, Monash institute of Pharmaceutical Sclences and Department of Pharmacology, Monash
University, Parkville, Victoria 3052, Australia and the *Department of Molecular Pharmacology and Experimental Therapeutics,
Mayo Cinic, Scottsdale, Arizona 85259

(Bodu;mnnd: The ECL2 of the GLP-1R is critical for GLP-1 peptide-mediated selective signaling, R

Results: Mutation of most ECL2 residues to alanine results in changes in binding and/or efficacy of oxyntomodulin and
exendin-4 but not allosteric agonists.

Conclusion: ECL2 of the GLP- 1R has ligand-specific as well as general effects on peptide agonist-mediated receptor activation.
kSipll(h':antt: This work provides insight into control of family B GPCR activation transition. "
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Reference
Warnings

 Good science # good for annotation

Cell Stem Cell Ceﬂ

FPRESS

Vitamin C Enhances the Generation of Mouse
and Human Induced Pluripotent Stem Cells

Miguel Angel Esteban,’* Tao Wang,'# Baoming Qin,'”# Jiayin Yang,' Dajiang Qin," Jinglei Cal,’ Wen Li," Zhihul Weng,'
Jiekai Chen," Su Ni,’ Keshi Chen,' Yuan Li," Xiaopeng Liu," Jianyong Xu," Shigiang Zhang,” Feng Li," Wenzhi Me,'
Krystyna Labuda,? Yancheng Song,* Anja Peterbauer,* Susanne Wolbank,? Heinz Redl,* Mei Zhong,® Daoczhang Cai,?
Lingwen Zeng,' and Duanging Pei'-*

*Stern Cell and Cancer Blology Group, Key Labomtory of Regenerative Biclogy, South China instituse for Stem Cell Biology and Regenerative
Medione, Guangzhou Institutes of Biomedicine and Health, Chinese Academy of Sclences, Guangzhou 510663, China

21 srtuan Anitrrmeen inatihudes fee Cliniesl aned Fyreimestal Troomasindonu A strian Clocter fre Tieo s Recsnantion Vieera 1200 Aoetnis
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Reference
Warnings

 Good science # good for annotation

Robust design and optimization of
retroaldol enzymes

Eric A. Althoff,”* Ling Wang, Lin Jiang,'” Lars Giger,* Jonathan K. Lassila,’
Zhizhi Wang,' Matthew Smith,’ Sanjay Hari,’ Peter Kast,* Daniel Herschlag,®
Donald Hilvert,* and David Baker'*

'Department of Biochemistry, University of Washington and HHMI, Seattie, Washington 98156
‘Arzecia Corp., Seattle, Washington 98102

‘Department of Biclogical Chemistry, UCLA, Los Angeles, California 90085

‘Laboratory of Organic Chemistry, ETH Zurich, 8083 Zurich, Switzeriand

"Department of Biochemistry, Stanford University, Stanford, California 94305
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Reference
Warnings

 Good science # good for annotation

10624 - The Jourmad of Newoscience, Asgest 11, 2000 - 303210624 - 10633

Neurobiology of Disease

Excess Phosphoinositide 3-Kinase Subunit Synthesis and
Activity as a Novel Therapeutic Target in Fragile X Syndrome

Christina Gross,' Mika Nakamoto,™ Xiaodi Yao,'* Chi-Bun Chan,’ So Y. Yim,' Kegiang Ye,’ Stephen T. Warren, 4

and Gary ). Bassell'#

Departments of ' Cell Biology, “Human Genetics, *Pathology and Laboratory Medicine, ‘Biochemistry, *Pediatrics, and *Neurology, Emory University School
of Medicine, Atlanta, Georgia 30322
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Refference
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What We've Covered

UniProt

Accession
GO Term

Evidence
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Components of an Annotation:
GO Term

—)

* Find the GO ID using a Gene Ontology browser
* QuickGO: http://www.ebi.ac.uk/QuickGO/
e AmiGO: http://amigo.geneontology.org/amigo
« GONUTS: http://gowiki.tamu.edu
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protein
monoubiquitination G0:0006513
host cell

G0:0044165

endoplasmic reticulum
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GO Term

GO:0004713 | protein tyrosine kinase activity
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GO Term
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Components of an Annotation:
GO Term

Child Terms

Pick the most specific term the paper supports
* Toovague =wrong

* Too specific = wrong

Ask for help. You may need to create a new

term
* “New Term Requests” count as annotation credit for

your grade



Components of an Annotation:
GO Term
Strategies

Search for a keyword and browse the ontology for
the right term

 Look at the parents, children, and relatives

 Use Google, Wikipedia etc. to find synonyms or
alternative search terms

* In GONUTS only search “Category” namespace if you get
too many hits

Look at terms suggested by others for your protein
 Computational with the IEA evidence code
 Curators with TAS or IC

Look at terms used for homologous proteins in
model organisms



Components of an Annotation:
What We've Covered

UniProt
Accession

Evidence




Components of an Annotation:
Evidence




Components of an Annotation:
Evidence

—)

s Evidence
Code




Components of an Annotation:
Evidence

—)

2 Evidence
Code

* Evidence codes describe the type of work or
analysis done by the authors



Components of an Annotation:
Evidence

Evidence Evidence
| Code

D occludin
angulin-2/ILDR1 angulin-2/ILDR1

PMID:20167799



Components of an Annotation:
Evidence

Evidence
Code

o o
(7
sé“s*

(oc)

pUC19 (sc)

) IMP

Endonuclease

PMID:25822906



Components of an Annotation:

Evidence
* IDA: Inferred from Direct Assay

* IMP: Inferred from Mutant Phenotype
 NOT just for mutations! Includes inferred from
inhibition in vivo by drugs, RNAi, etc.
* |Gl: Inferred from Genetic Interaction
* |SO: Inferred from Sequence Orthology
* |SA: Inferred from Sequence Alignment
* ISM: Inferred from Sequence Model
* |GC: Inferred from Genomic Context

* Expert biocurators get to use others, but we
restrict them for CACAO.

e http://gowiki.tamu.edu/wiki/index.php/evidence codes




Components of an Annotation:
Evidence

[ What type of evidence ia the sanctation basod on?

Use one of these three codes (150, ISA,
ISM) if the Decision Tree points you 0 ISS




Components of an Annotation:
Evidence
Some Evidence Types Require More Information

With/from
e Evidence from sequence comparison

With the protein accession for the protein you are comparing to
“Match Protein” = comparison protein

* “Match Protein” must have experimental annotation to the same GO
term

 Evidence from computational analysis
With the reference for the analysis tool

 Evidence from genetic interaction
*  With the other gene(s) your protein is interacting with

 Ask for help if you suspect this applies to your annotation



Components of an Annotation:
Evidence

Picking the right evidence code is important

Print & Use the evidence code decision tree
http://gowiki.tamu.edu/wiki/images/3/32/CACAQO decisiontree.pdf

Use the evidence code guidelines at the GO

consortium website:
http://www.geneontology.org/GO.evidence.shtml

Discuss!



Components of an Annotation:
What You Need

Protein

GO Term

Refference
Evidence




Components of an Annotation:
What You Find

UniProt
Accession

Evidence
Code




GO ANNOTATION ON GONUTS
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Protein Pages in GONUTS
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Note Required for CACAO
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Note Required for CACAO

e Notes must include:

— Figure(s) and/or table(s) you used to choose the
Evidence Code

* You can narrow this down to panels if needed
— Organism (strain if applicable)
— Protein name/Gene name as paper refers to it

— Protein name/Gene name as UniProt refers to it (if
different)



Note Required for CACAO

e Notes must include:

— Figure(s) and/or table(s) you used to choose the
Evidence Code

* You can narrow this down to panels if needed
— Organism (strain if applicable)
— Protein name/Gene name as paper refers to it
— Protein name/Gene name as UniProt refers to it (if
different)

* Annotation will be marked “Unacceptable” if the
above are not present



Note Required for CACAO

e Notes must include:

— Figure(s) and/or table(s) you used to choose the
Evidence Code

* You can narrow this down to panels if needed
— Organism (strain if applicable)
— Protein name/Gene name as paper refers to it

— Protein name/Gene name as UniProt refers to it (if
different)

* Notes should include
— Explanation of methods if not obvious

* Notes might include

— Anything else you need to tell us to support your
annotation



Misc. CACAOQO adyvice

* Getting help is not cheating!
— Talk to your teammates
— Ask us questions
— Talk to other professors
— Email authors of papers

* Please complain if things don’t work

— Much of the custom software for CACAO was
written by molecular biologists, not software
engineers!

— ecoliwiki@gmail.com




Example Papers

* Powerpoints and pdfs for different
examples can be found at:
http://gowiki.tamu.edu/wiki/index.php/
Category:CACAOQO training
— Component annotation based on

immunofluorescence in B. subtilis

— Function annotation based on a study of E. coli
Topoisomerase IV

— More coming...




Possible homework

* Find annotations made by professional biocurators
— Read the paper

— Discuss what you would put in the note

* Examine past CACAO annotations
— Discuss whether the annotations make sense

* Pick some papers that you might annotate

— In class discussion of how you made the choice and why you think
it works for GO annotation






