GO Annotation Database (GOA) – EMBL-EBI 

Progress Report, Chicago meeting, Oct. 2004
1.  GO staff

Principle Investigator at EBI: 

Rolf Apweiler

Employed by GO NIH grant: 

Full time: Evelyn Camon, GO annotator

Part time: Daniel Barrell, Software Engineer

Other biologists involved: 

Emily Dimmer and Vivian Lee (75 % of time)

Part-time: Yasmin Alam-Faruque, Nicola Althorpe, Sandra van den Broek, Paul Browne, Wei mun Chan, Ruth Eberhardt, Gill Fraser, Jyoti Khadake, Julius Jacobsen, Kati Laiho, Minna Levaslaiho, Ruth Lovering, Michele Magrane, Sandra Orchard, Karine Robbe and Eleanor Whitfield. 

Total 15 UniProt curators at EBI (2 more starting Jan-05). 

UniProt-SIB maintains HAMAP2GO.

2.  Current GO Stats in GOA

· GOA-UniProt (redundant dataset)

Both electronic and manual annotations have increased:

       1,049,417 proteins have GO annotation.

       15,811 new taxa have GO annotation.

Since joining the GO Consortium in 2001, UniProt staff have manually curated 12,150 proteins with GO terms.
	
	Last Meeting

Release: Jan-04
	Current Release: Sept 04
	

	Annotation

Source
	No. Associations
	No. Distinct Proteins
	No. Associations
	No. Distinct

Proteins
	Difference + % change

	Electronic Annotations:

	InterPro2GO
	1946093
	
	702642
	
	2790690
	
	966569
	
	844597 Assoc.

263927 Proteins
	+43.4 %

+37.6 %

	HAMAP2GO
	89448
	
	36380
	
	110575
	
	45562
	
	21127 Assoc.

9182 Proteins
	+23.6 %

+25.2 %

	SPKW2GO
	1227135
	
	483770
	
	1898028
	
	684924
	
	670893 Assoc.

201154 Proteins
	+54.7 %

+41.6 %

	EC2GO
	99733
	
	96305
	
	84524
	
	81542
	
	-15209 Assoc.

-14763 Proteins
	-15.2 %

-15.3 %

	Total Electronic
	3357002
	
	779597
	
	4883817
	
	1041296
	
	1526815 Assoc.

261669 Proteins  
	+45.5 %

+33.6 %

	Manual Annotations:
	
	
	
	
	

	MGI
	15065
	
	5945
	
	36582
	
	14265
	
	21517 Assoc. 

8320 Proteins 
	+142.8 %

+140.0 %

	SGD
	12041
	
	4411
	
	16601
	
	4883
	
	4560 Assoc.

472 Proteins
	+37.9 %

+10.7 %

	FlyBase
	12350
	
	4550
	
	14366
	
	3983
	
	2016 Assoc.

-567 Proteins
	+16.3 %
-12.5 %

	*RGD

(new)
	--
	
	--
	
	3726
	
	1581
	
	3726 Assoc.

1581 Proteins
	+100.0 %

+100.0 %

	*HGNC

(new)
	--
	
	--
	
	71
	
	20
	
	71 Assoc.

20 Proteins
	+100.0 %

+100.0 %

	*GeneDB

(new)
	--
	
	--
	
	513
	
	180
	
	513 Assoc.

180 Proteins
	+100.0 %

+100.0 %

	UniProt
	56636
	
	11527
	
	63431
	
	12150
	
	6795 Assoc.

623 Proteins
	+12.0 %

+1.1 %

	Total

Manual
	96092
	
	26433
	
	135290
	
	37062
	
	39198 Assoc.

10629 Proteins
	+40.8 %

+40.2 %

	Annotation Total
	3395526
	
	783996
	
	4925681
	
	1042982
	
	1530155 Assoc.

258956 Proteins
	+ 45.1 %

+33.0 %

	No. Distinct

PMIDs
	19130
	30032
	10902
	+57.0 %

	Total PMIDs
	80296
	114083
	33787
	+42.1 %

	No. Taxa
	61962
	77773
	15811
	+25.5 %


· GOA-Human (non-redundant dataset)

24,000 distinct human proteins have GO annotation.

	
	Last Meeting

Release: Jan-04
	Current Release: Sept 04
	

	Annotation

Source
	No. Associations
	No. Distinct

Proteins
	No. Associations
	No. Distinct

Proteins
	Difference + % change

	Electronic Annotations:
	
	
	

	InterPro2GO
	31657
	
	13755
	
	49434
	
	19148
	
	17777 Assoc.

5393 Proteins
	+56.1 %

+39.2 %

	SPKW2GO
	13547
	
	8427
	
	13992
	
	8816
	
	445 Assoc.

389 Proteins
	+3.3 %

+0.6 %

	EC2GO
	544
	
	527
	
	466
	
	445
	
	-78 Assoc.

-82 Proteins
	-14.3 %

-15.5 %

	Total Electronic
	45750
	
	16857
	
	63892
	
	21910
	
	18142 Assoc.

5053 Proteins
	+39.6 %

+30.0 %

	Manual Annotations:
	
	
	
	
	
	
	
	
	

	§Proteome Inc.
	19462
	
	6157
	
	18784
	
	6054
	
	-678 Assoc.

-103 Proteins
	-3.5 %

-1.7 %

	UniProt
	13755
	
	3339
	
	15890
	
	3885
	
	2135 Assoc.

546 Proteins
	+15.5 %

+16.3 %

	Total

Manual
	33215
	
	9182
	
	34712
	
	9397
	
	1497 Assoc.

215 Proteins
	+4.5 %

+2.3 %

	Annotation Total
	78965
	
	19088
	
	98604
	
	24000
	
	19639 Assoc.

4912 Proteins
	+24.9 %

+25.7 %

	No. Distinct

PMID
	9759
	10126
	367
	+3.8 %

	Total PMID
	25581
	26698
	1117
	+4.4 %


· GOA-Mouse (non-redundant dataset)

First released in Nov-03.
	
	Current Release: Sept-04

	Annotation Source
	No. Associations
	No. Distinct Proteins

	Electronic Annotations:

	InterPro2GO
	58500
	
	20784
	

	SPKW2GO
	13636
	
	8758
	

	EC2GO
	575
	
	555
	

	Total Electronic annotation
	72711
	
	23069
	

	Manual Annotations:
	
	
	
	

	§Proteome Inc.
	52
	
	19
	

	UniProt
	4350
	
	801
	

	MGI
	14668
	
	6858
	

	*RGD (new)
	14
	
	8
	

	*HGNC (new)
	8
	
	2
	

	Total Manual Annotation
	19092
	
	7345
	

	Total Annotation
	91803
	
	24853
	

	No. Distinct PMID
	3426

	Total PMID
	16367


· GOA-Rat (non-redundant dataset)

First release was Nov-03.

	
	Current Release: Sept-04

	Annotation Source
	No. Associations
	No. Distinct Proteins

	Electronic Annotations:

	InterPro2GO
	57151
	
	19240
	

	SPKW2GO
	5826
	
	3231
	

	EC2GO
	371
	
	356
	

	Total Electronic annotation
	63348
	
	19958
	

	Manual Annotations:
	
	
	
	

	§Proteome Inc.
	35
	
	12
	

	UniProt
	1796
	
	290
	

	*RGD (new)
	1635
	
	913
	

	Total Manual Annotation
	3466
	
	1157
	

	Total Annotation
	66814
	
	20026
	

	No. Distinct PMID
	1185

	Total PMID
	2201


* Since the August release this year, the GOA release files include manual annotation integrated from RGD, SGD and GeneDB.

§ Proteome Inc. manual annotations continue to be cleaned up, being replaced with more granular and complete annotation from UniProt curators.

3. Methods of Annotation

a.  Literature Curation

GOA prioritises human proteins for GO annotation, and in addition we concentrate on those proteins which: (a) have no GO annotation, (b) have disease relevance and (c) are important for high-throughput method analyses (e.g. MicroArray). 

When searching for relevant papers, the curators firstly look at the papers already linked within the UniProt flat file to see if they are relevant for GO annotation. In addition, the NCBI PubMed advanced search is queried to locate supplementary GO annotation. Various combinations of the gene and protein full- and abbreviated-names are searched. Initially searches are limited to ‘Title’ or ‘Title/abstract’ and for human entries only.

In GOA our current aim is to capture the most recent papers that provide experimental evidence for the unique features of a given protein. Our approach is protein-centric rather than paper-centric, as we don’t read all papers that might be used to assign the same GO term. In the future however, adding more papers to experimentally verify a given function will provide greater confidence to the GO annotations. 

Once a relevant paper is found, the full text is read to locate the unique features of a given protein. Words or short phrases which can be converted to GO terms are highlighted by hand and the correct GO term identifier (ID) are documented in the paper margins for review. 

B. Automatic or semi-automated methods

The large-scale assignment of GO terms to the proteins in UniProt exploits the existing knowledge encoded in these flat files. Enzyme Commission (EC) numbers and Swiss-Prot keywords have been manually and electronically curated onto UniProt flat files for many years. A manual mapping of GO terms to these existing vocabularies allows GO terms to be retrofitted to appropriate UniProt records. Similarly, UniProt records contain cross-references to InterPro and HAMAP (High-quality Automated and Manual Annotation of microbial Proteomes) databases, which are also manually mapped to GO terms. As of October 2004 this strategy provided 67.5 % GO coverage of UniProt records for over 77,773 species. 
C. Quality control measures
A number of automatic sanity checks are run before each monthly release of the GOA datasets, including searches for obsolete GO terms, incorrect protein accession numbers, missing information within the ‘with’ column etc. Furthermore, when training a curator, papers annotated by them over the first months are checked. In addition, regular refresher sessions are presented for those not regularly assigning GO term associations.

4. Ontology Development
UniProt, GOA and IntAct will continue to contribute requests for new GO terms and changes in the DAG.  Some UniProt curators are members of interest groups.

5. Publications
Papers submitted for publication since the last meeting:

1.  Evelyn B. Camon, Daniel G. Barrell, Emily C. Dimmer, Vivian Lee, Michele Magrane, John Maslen, David Binns, Rolf Apweiler
An evaluation of GO annotation retrieval for BioCreAtIvE and GOA.

(BMC Bioinformatics)
2. Vivian Lee, Evelyn Camon, Emily Dimmer, Daniel Barrell and Rolf Apweiler  

Who tangos with GOA?

-Use of Gene Ontology Annotation (GOA) for biological interpretation of ‘-omics’ data and for validation of automatic annotation tools

(In Silico Biology)

3. Evelyn is writing a book chapter during her maternity leave on GOA.

The book is entitled “In silico Proteomics: Functional Annotation and Comparative Proteomics”, Nova Science Publishers, draft due 31 January 2005.

5. Other Highlights

· Since the August release this year, the GOA dataset includes manual annotation integrated from RGD, SGD and GeneDB.

· User Interface: QuickGO Search facilities updated, more improvements are planned for 2004.

· UniProt xrf_abbs

Scripts containing GOA xrf_abbs for the UniProt database should be updated by GO Consortium members. The GOA xrf_abbs (which before permitted SWALL, SPTrEMBL etc.) will now use 'UniProt'. 'UniProt/Swiss-Prot' and 'UniProt/TrEMBL' have also been added for those that wish to distinguish between these entries. TrEMBL new and SWALL do not exist anymore.  Previous xrf_abbs, however will still be present, but deprecated by MOBY.

abbreviation: UniProt

database: UniProt Knowledgebase

object: Accession number.

example_id: UniProt:P45867

generic_url: http://www.uniprot.org/
generic_url: http://www.ebi.uniprot.org/
url_syntax: http://www.ebi.uniprot.org/entry/
url_example: http://www.ebi.uniprot.org/entry/P13359
abbreviation: UniProt/Swiss-Prot

database: UniProt/Swiss-Prot

object: Accession number.

synonym: Swiss-Prot

example_id: UniProt/Swiss-Prot:P45867

generic_url: http://www.ebi.uniprot.org/
url_syntax: http://www.ebi.uniprot.org/entry/
url_example: http://www.ebi.uniprot.org/entry/P45867
abbreviation: UniProt/TrEMBL

database: UniProt/TrEMBL

object: Accession number.

synonym: TrEMBL

example_id: UniProt/TrEMBL:O06098

generic_url: http://www.ebi.uniprot.org/
url_syntax: http://www.ebi.uniprot.org/entry/
url_example: http://www.ebi.uniprot.org/entry/O06098
· Changes to GOA Gene Association file

When different isoforms have been annotated with GO terms, either the full UniProt accession number and/or Isoform ID will be included in column 2 (DB_Object_ID) of the association file, 

e.g.

Q04735 (main protein entry)

Q04735-1

Q04735-2

· The gene name (as shown in UniProt) of a protein will be included in addition to the protein description, within column 10(DB_Object_Name). This would help querying by gene name in AmiGO and other browsers.

· GOA Slim has been updated on CVS and on UniProt Proteome analysis pages. The GOA-Slim mapping download is also proving popular.
· GOA curators will now be adding information to the ‘Qualifier’ column (NOT, contributes_to, colocalizes_with).

· GOA Collaborations:

· Ruth Lovering from the HGNC has been trained to annotate UniProt proteins to GO using the GOA Protein2GO annotation tool. She will be training other HGNC curators to also annotate GO.

· IntAct, an EBI database, manually curates information on protein-protein interactions as well as exchanging data with MINT, DIP, MIPS and BIND databases.  GOA intend to integrate their high-confidence interaction data.
· Reactome will provide an association file format of their GO annotation to Human proteins for integration in GOA-Human.
· Vivian will be presenting GOA and an annotation tutorial at a Bioinformatics workshop at the National Yang Ming University, Taiwan in October 2004.  There is interest in developing a GO annotation project for further characterization of the fungus Ganoderma lucidum (Ling Zhi Medicinal Fungus).

· In March Emily presented a GOA tutorial at the Dept. of Plant Systems Biology, University of Ghent, Belgium (on the behalf of TAIR) where experimental investigators at the department were encouraged to annotate Arabidopsis genes using the Manatee tool.

· A collaboration with Shane C Burgess, College of Veterinary Medicine, Mississippi State University is being set up to annotate to the chicken genome (this may expand to GO coverage of other animals of agricultural importance).
· Collaboration with MGI and RGD on annotation consistency amongst orthologs (paper by Mary Dolan (MGI) submitted to Genome Biology).

· It was suggested at the GO Advisary meeting that the GO Consortium should get in contact with GO users via MicroArray tools. GOA is using ArrayExpress as a contact source. In addition we have made contact with various scientists directly involved in MicroArray analysis. Evelyn is currently annotating breast cancer proteins.
· A text-mining tool called Whatizit has been developed at the EBI, by the Rebholz group, This was developed for a number of groups of curators at the EBI and Sanger to search text for different sets of controlled vocab terms.

 http://www.ebi.ac.uk/Rebholz-srv/whatizit/form.jsp
Anybody can use this tool and suggest improvements.
· BioCreAtIvE Competition Evaluation

During GOA’s participation in the BioCreative project, approximately 200 JBC articles were manually curated and 22.000 individual predictions from competitors were evaluated by GOA curators.

In March 2004, Evelyn and Vivian attended a workshop in Granada, Spain to discuss the results and techniques with participants.  The outcomes from this competition are to be published in a supplement to the BMC Bioinformatics journal (approx October/November 2004). 
As some of the data and results produced from the competition may be of further help to researchers in the field for developing and testing their text mining and information extraction systems, it has been put together as a public resource:

http://www.pdg.cnb.uam.es/BioLINK/workshop_BioCreative_04/results/
· Fransciso Couto (Lisbon University, Portugal), came to work with the GOA group from July to October on a Marie Curie Fellowship.  The aim of his project was to find evidence in the literature (using text mining) for the InterPro2GO assignments and to present this evidence to curators. Unfortunately this strategy although useful does not significantly speed up the curation process. We are currently working on the integration of this technology with Whatizit and the new CitExplore database at EBI.

· GO/GOA and UniProt 

Recent meetings have seen GO/GOA information becoming accepted more into UniProt. All UniProt website views now point towards the QuickGO browser to show the most up-to-date GOA annotation.

Within UniProt/Swiss-Prot entries, previously manually-curated, free-text comment lines will be converted to controlled vocabularies.  This will enable GOA to map to a greater amount and more detailed information within these records. 
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