
GO ANNOTATION: �
	

�
COMPONENTS OF AN ANNOTATION	



Components of an Annotation:	
What You Need	



Components of an Annotation:	
What You Find	



Components of an Annotation:	
Protein (Gene Product)	



Components of an Annotation:	
Protein	



Components of an Annotation:	
Protein	

•  Find	the	UniProt	accession	using		

	h2p://www.uniprot.org/	

	



Components of an Annotation:	
Protein	

Cucumber		
peeling		

cupredoxin

•  Find	the	UniProt	accession	using		

	h2p://www.uniprot.org/	

	

•  Examples:	C4ZZY9,	A0A009DWN1	

P29602



Components of an Annotation:	
Protein	

Using UniProt	



Components of an Annotation:	
Protein	

Using UniProt	



Components of an Annotation:	
Protein	

Using UniProt	
	

•  Verify	the	organism	(and	strain)	



Components of an Annotation:	
Protein	

Using UniProt	

•  Verify	protein	name	



Components of an Annotation:	
Protein	

Using UniProt	

•  Copy	the	accession…	



Components of an Annotation:	
Protein	

Using UniProt	

•  Copy	the	accession…	or	get	more	informa,on	



Components of an Annotation:	
Protein	

•  Protein	record	

shows	more	info	



Components of an Annotation:	
Protein	

•  Protein	record	

shows	more	info	

•  Summary	of	

exisQng	GO	

annotaQons	

	



Components of an Annotation:	
Protein	

•  Protein	record	

shows	more	info	

•  Summary	of	

exisQng	GO	

annotaQons	

•  Link	to	QuickGO	for	

complete	set	of	

exisQng	

annotaQons	



Components of an Annotation:	
Protein	

•  Protein	record	

shows	more	info	

•  Sequence	&	length	

•  Cross	References	

•  Etc.	



Components of an Annotation:	
Protein	

•  Look	in	the	paper	for	any	accession/ID 		

-  UniProt	accession	

-  E2RF02	

-  NCBI	Gene	ID,	RefSeq,	etc.	

-  478211	

-  XP_853095.1		

-  NP_001153791.1		



Components of an Annotation:	
Protein	

•  E2RF02	

	

•  478211	

•  XP_853095.1		

•  NP_001153791.1		

•  You	MUST	use	the	UniProt	

accession	when	adding	

the	annotaQon	to	CACAO	

•  Papers	may	use	

idenQfiers	other	than	

UniProt	accessions	

•  Use	these	to	find	the	
UniProt	accession	



Components of an Annotation:	
Protein	

UniProt	Warnings	

•  SomeQmes	UniProt	has	mulQple	entries	for	the	

same	protein	

•  Gold	star	=	SwissProt	=	reviewed	

•  Blank	star	=	TrEMBL	=	computaQonal	entry	

•  Ask	for	help	
	



Components of an Annotation:	
Protein	

UniProt	Warnings	
	

•  Right	species/strain	

•  Not	a	fragment	

•  SomeQmes	the	protein	you	want	is	not	in	

UniProt	

•  May	want	to	find	another	paper/protein	

•  Ask	for	help	
•  OK	to	email	the	UniProt	help	desk	

•  Check	your	reasoning	with	us!	

	



Components of an Annotation:	
What We’ve Covered	



Components of an Annotation:	



Components of an Annotation:	

•  Find	the	PMID	using	pubmed.gov	
	(h2ps://www.ncbi.nlm.nih.gov/pubmed/)	

	

•  Examples:	PMID:22110029,	PMID:20473289	



Components of an Annotation:	

•  Need	a	scienQfic	paper	with	experimental	data	

•  No	review	arQcles,	no	books,	no	textbooks,	no	
Wikipedia	arQcles,	no	class	notes…	

•  BUT	it	is	GOOD	to	start	with	those!	
•  DON’T	start	with	the	first	paper	you	see	from	a	

random	PubMed	search	



Components of an Annotation:	

	•  Need	a	scienQfic	paper	with	experimental	data	

•  PubMed	review?	

•  Refer	to	the	paper	through	the	PMID	number	

•  Not	the	full	citaQon	

22110029	



Components of an Annotation:	



Components of an Annotation:	

•  The	abstract	is	not	enough	for	an	annotaQon	
•  But,	may	be	enough	to	reject	a	paper!!!	



Components of an Annotation:	

•  PubMed	has	links	to	full	paper	



Components of an Annotation:	

•  PubMed	has	links	to	full	papers	

–  Links	vary	between	papers	
•  Some	papers	are	open	access	

–  Pubmed	Central	

–  Journal	sites	
–  TAMU	students:	

hAp://library.tamu.edu/	

•  Others	are	pay	only	
–  Don’t	pay	real	$$!	

•  Your	library	may	have	subscripQons	

•  Pick	a	different	paper	
•  Email	the	author	and	ask	for	a	pdf	

–  Send	us	a	copy	



Components of an Annotation:	

Warnings	
•  Good	science	≠	good	for	annotaQon	



Components of an Annotation:	

Warnings	
•  Good	science	≠	good	for	annotaQon	



Components of an Annotation:	

Warnings	
•  Good	science	≠	good	for	annotaQon	



Components of an Annotation:	

Warnings	
•  Good	science	≠	good	for	annotaQon	



Components of an Annotation:	
What We’ve Covered	



Components of an Annotation:	
What We’ve Covered	



Components of an Annotation:	
GO Term	
	



Components of an Annotation:	
GO Term	
	



Components of an Annotation:	
GO Term	
	

•  Find	the	GO	ID	using	a	Gene	Ontology	browser	

•  QuickGO:	h2p://www.ebi.ac.uk/QuickGO/	

•  AmiGO:	h2p://amigo.geneontology.org/amigo	

•  GONUTS:	h2p://gowiki.tamu.edu	



Components of an Annotation:	
GO Term	
	

protein		

monoubiquiQnaQon	
GO:0006513	
	

host	cell		

endoplasmic	reQculum		
GO:0044165	



Components of an Annotation:	
GO Term	
	



Components of an Annotation:	
GO Term	
	



Components of an Annotation:	
GO Term	
	



Components of an Annotation:	
GO Term	
	

•  Pick	the	most	specific	term	the	paper	supports	

•  Too	vague	=	wrong	

•  Too	specific	=	wrong	

•  Ask	for	help.		You	may	need	to	create	a	new	

term	

•  “New	Term	Requests”	count	as	annotaQon	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	relaQves	

•  Use	Google,	Wikipedia	etc.	to	find	synonyms	or	

alternaQve	search	terms	

•  In	GONUTS	only	search	“Category”	namespace	if	you	get	

too	many	hits	

•  Look	at	terms	suggested	by	others	for	your	protein	

•  ComputaQonal	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	



Components of an Annotation:	
Evidence	



Components of an Annotation:	
Evidence	



Components of an Annotation:	
Evidence	

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

	



Components of an Annotation:	
Evidence	

PMID:20167799	

IDA	
	



Components of an Annotation:	
Evidence	

IMP	
	

PMID:25822906	



Components of an Annotation:	
Evidence	
	•  IDA:	Inferred	from	Direct	Assay	

•  IMP:	Inferred	from	Mutant	Phenotype	
•  NOT	just	for	mutaQons!	Includes	inferred	from	

inhibiQon	in	vivo	by	drugs,	RNAi,	etc.	

•  IGI:	Inferred	from	GeneQc	InteracQon	

•  ISO:	Inferred	from	Sequence	Orthology	

•  ISA:	Inferred	from	Sequence	Alignment	

•  ISM:	Inferred	from	Sequence	Model	

•  IGC:	Inferred	from	Genomic	Context	

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

•  h2p://gowiki.tamu.edu/wiki/index.php/evidence_codes		



Components of an Annotation:	
Evidence	
	



•  With/from	
•  Evidence	from	sequence	comparison	

•  With	the	protein	accession	for	the	protein	you	are	comparing	to	

•  “Match	Protein”	=	comparison	protein	

•  “Match	Protein”	must	have	experimental	annotaQon	to	the	same	GO	
term	

•  Evidence	from	computaQonal	analysis	

•  With	the	reference	for	the	analysis	tool	
•  Evidence	from	geneQc	interacQon	

•  With	the	other	gene(s)	your	protein	is	interacQng	with	

•  Ask	for	help	if	you	suspect	this	applies	to	your	annotaQon	

Components of an Annotation:	
Evidence	

Some Evidence Types Require More Information	



•  Picking	the	right	evidence	code	is	important	

•  Print	&	Use	the	evidence	code	decision	tree	

•  h2p://gowiki.tamu.edu/wiki/images/3/32/CACAO_decisiontree.pdf		

•  Use	the	evidence	code	guidelines	at	the	GO	

consorQum	website:	 		

•  h2p://www.geneontology.org/GO.evidence.shtml		

•  Discuss!	

Components of an Annotation:	
Evidence	



Components of an Annotation:	
What You Need	



Components of an Annotation:	
What You Find	



GO ANNOTATION ON GONUTS	



Create/Find a page for your paper	



PMID Pages	

Abstract	and	full	text	links	are	

automaQcally	created	

Anywhere	the	reference	is	used	in	

an	annotaQon	is	shown	



Create/Find a page for your protein	



Protein Pages in GONUTS	



Entering/Editing Annotations	



Evidence Pull-Down Menu	



Note Required for CACAO	



Note Required for CACAO	

•  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	

•  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)	

•  AnnotaFon	will	be	marked	“Unacceptable”	if	the	
above	are	not	present	



Note Required for CACAO	

•  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	
–  ExplanaQon	of	methods	if	not	obvious	

•  Notes	might	include	

–  Anything	else	you	need	to	tell	us	to	support	your	
annotaQon	



Misc. CACAO advice	

•  Gesng	help	is	not	cheaQng!	

– Talk	to	your	teammates	

– Ask	us	quesQons	
– Talk	to	other	professors	
– Email	authors	of	papers	

•  Please	complain	if	things	don’t	work	

– Much	of	the	custom	sotware	for	CACAO	was	

wri2en	by	molecular	biologists,	not	sotware	

engineers!	

– ecoliwiki@gmail.com		



Example Papers	

•  Powerpoints and pdfs for different 
examples can be found at: 
http://gowiki.tamu.edu/wiki/index.php/
Category:CACAO_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	




