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Overview:
The GOA project (a member of the PANDA project at EBI-EMBL, UK) aims to provide high-quality Gene Ontology (GO) annotations to proteins in the UniProt Knowledgebase (UniProtKB) and International Protein Index (IPI) and is a central dataset for other major multi-species databases; such as Ensembl and NCBI. 

GOA has been a member of the GO Consortium since 2001, and is responsible for the integration and release of GO annotations to the human, chicken and cow proteomes. 

Because of the multi-species nature of the UniProtKB, GOA also assists in the curation of another 139,000 species. This involves electronic annotation and the integration of high-quality manual GO annotation from all GO Consortium model organism groups and specialist groups (e.g. LIFEdb). 
Staff:

Evelyn Camon 1 FTE – Curator (funded by EMBL until end of October 2007)
Emily Dimmer 1 FTE – Curator (funded by NIHGRI grant)

Rachael Huntley 1 FTE – Curator (funded by EMBL)

Daniel Barrell 0.5 FTE – Programmer (funded by NIHGRI grant)

David Binns 0.3 FTE - Programmer (funded by BBSRC grant)

Part-time(<10%): Yasmin Alam-Faruque, Paul Browne, Wei Mun Chan (Human), Ruth Eberhardt, Jyoti Khadake(IntAct), Julius Jacobsen, Kati Laiho(Yeast), Gabriella Frigerio Michele Magrane (Mouse), Sandra Orchard, Eleanor Whitfield (Fly), Rebecca Foulger (Xenopus), Dave Thorneycroft (IntAct) and Duncan Legge (Zebrafish and C.elegans)

Louise Daugherty, Jennifer McDowell, Sandra Orchard (InterPro): development and maintenance of InterPro2GO mapping.
Glenn Proctor (Ensembl): development and maintenance of the Compara ortholog projection automatic annotation method.

[please include FTEs working on GOC tasks designating as well how many FTEs funding by GOC NIHGRI grant]

2. Annotation Progress

Overview
Overall GOA annotations have increased since December 2006 by over 10 million annotations 

Since December 2007, GOA has provided  another eight file releases, which included non-redundant sets of GO annotations to the human, mouse, rat, chicken, cow, zebrafish and Arabidopsis proteomes (GOA-Human, GOA-Mouse, GOA-Rat, GOA-Chicken, GOA-Cow, GOA-Zebrafish, GOA-Arabidopsis) as well as data releases to all species (GOA-UniProtKB). In total, GOA now releases GO annotation to 736 complete proteomes. In addition, a series of GO mapping files (Swiss-Prot keyword to GO, Enzyme Commission numbers to GO, InterPro to GO and HAMAP to GO) are produced. These releases provided the community with over 22 million GO annotations to over 3.3 million UniProtKB and Ensembl entries, covering more than 139,000 species. This represents an increase of over 10 million GO annotations and a 23 % increase in taxonomic coverage over the last year. 70% of UniProt is covered by GO annotation (either manual or electronic). GOA is regularly cited as a source of GO annotations - now in excess of 200 citations (Google Scholar).

Manual annotation from UniProt is supplemented with the latest data from the external databases: AgBase, dictyBase, Flybase, Gramene, GeneDB, HGNC, IntAct, MGI, Reactome, RGD, SGD, TAIR, TIGR,  WormBase, ZFIN, and with some data from the Roslin Institute. By integrating GO annotations from in-house and external groups, GOA consolidates specialised knowledge to ensure that the database remains a key up-to-date reference.  In addition, in 2007 two new GO mappings, to the Swiss-Prot Subcellular Location and UniPathway vocabularies, are being developed to improve the electronic GO coverage of the UniProtKB database even further. 
UniProtKB Gene Association File

	UniProt GOA file
	
	Release Dates
	
	
	
	

	 
	 
	 
	11-Dec-06
	20-Sep-07
	GO Associations
	Protein Coverage

	 
	 
	 
	Assoc.
	Proteins
	Assoc.
	Proteins
	Change
	Percentage Change
	Change
	Percentage Change

	Electronic GO annotation using InterPro to GO mapping
	7,117,742
	2,245,042
	15,331,493 
	3,177,284 
	8,213,751
	115.40%
	932,242 
	41.52%

	Electronic GO annotation using HAMAP to GO mapping
	228,843
	98,817
	229,545 
	102,549 
	702
	0.31%
	3,732 
	3.78%

	Electronic GO annotation using Swiss-Prot keyword to GO mapping
	4,077,078
	1,454,375
	6,224,707 
	2,016,208 
	2,147,629
	52.68%
	561,833 
	38.63%

	Electronic GO annotation using EC to GO mapping
	229,554
	223,745
	488,463 
	480,090 
	258,909
	112.79%
	256,345 
	114.57%

	Electronic GO annotation using Compara projections
	59,424
	14,308
	18,319 
	5,464 
	41,105
	-69.17%
	-8,844 
	-61.81%

	Total Electronic GO annotation
	11,712,641
	2,416,249
	22,292,527 
	3,349,378 
	10,579,886
	90.33%
	933,129 
	38.62%

	Total Manual GO annotation by Proteome Inc
	21,128
	6,407
	20,543 
	6,318 
	585
	-2.77%
	-89 
	-1.39%

	Total Manual GO annotation by UniProt
	71,864
	14,203
	67,417 
	15,028 
	4,447
	-6.19%
	825 
	5.81%

	Total Manual GO annotation
	369,814
	75,708
	448,456 
	86,515 
	78,642
	21.27%
	10,807 
	14.27%

	Total UniProt GOA annotation
	11,725,081
	2,417,107
	22,341,625 
	3,350,483 
	10,616,544
	90.55%
	933,376 
	38.62%

	Manual GO annotation by MGI 
	133,156
	30,441
	152,177 
	31,327 
	19,021
	14.28%
	886 
	2.91%

	Manual GO annotation by SGD 
	22,792
	5,070
	34,950 
	7,017 
	12,158
	53.34%
	1,947 
	38.40%

	Manual GO annotation by FB 
	58,489
	9,414
	69,277 
	12,596 
	10,788
	18.44%
	3,182 
	33.80%

	Manual GO annotation by RGD 
	7,271
	2,160
	19,169 
	3,784 
	11,898
	163.64%
	1,624 
	75.19%

	Manual GO annotation by HGNC 
	4,372
	942
	5,913 
	1,269 
	1,541
	35.25%
	327 
	34.71%

	Manual GO annotation by GeneDB 
	12,944
	4,455
	13,311 
	4,468 
	367
	2.84%
	13 
	0.29%

	Manual GO annotation by TAIR
	3,634
	2,003
	4,986 
	2,557 
	1,352
	37.20%
	554 
	27.66%

	Manual GO annotation by TIGR
	134
	77
	129 
	101 
	5
	-3.73%
	24 
	31.17%

	Manual GO annotation by WormBase
	1,104
	481
	17,458 
	3,780 
	16,354
	1481.34%
	3,299 
	685.86%

	Manual GO annotation by ZFIN
	1,086
	365
	1,463 
	450 
	377
	34.71%
	85 
	23.29%

	Manual GO annotation by AgBase
	1,584
	316
	2,739 
	467 
	1,155
	72.92%
	151 
	47.78%

	Total Reactome GOA annotation
	15
	12
	15 
	12 
	0
	0.00%
	0 
	0.00%

	Total Roslin Annotation
	34
	10
	34 
	10 
	0
	0.00%
	0 
	0.00%

	Total IntAct annotation
	28,020
	12,489
	35,863 
	14,428 
	7,843
	27.99%
	1,939 
	15.53%

	Manual GO annotation by GDB
	165
	107
	165 
	147 
	0
	0.00%
	40 
	37.38%

	Manual GO annotation by Gramene
	892
	653
	1,465 
	844 
	573
	64.24%
	191 
	29.25%

	Manual GO annotation by LifeDB
	482
	477
	482 
	478 
	0
	0.00%
	1 
	0.21%

	Manual GO annotation by DictyBase
	2,056
	401
	2,213 
	414 
	157
	7.64%
	13 
	3.24%

	
	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	
	
	
	
	
	
	
	

	Number of Distinct Pubmed references
	47,106
	52,006
	4,900 
	10.40%
	
	

	Number of PubMed references
	330,777
	414,004
	83,227 
	25.16%
	
	

	Total number of Taxa
	119,762
	139,318
	19,556 
	16.33%
	
	


Human Gene Association File
	Human GOA gene association file
	11-Dec-06
	20-Sep-07
	GO Associations
	Protein Coverage

	
	
	
	Assoc.
	Proteins
	Assoc.
	Proteins
	Change
	Percentage Change
	Change
	Percentage Change

	Electronic GO annotation using InterPro to GO mapping
	73140
	27982
	74117
	27748
	977.00 
	1.34%
	-234.00 
	-0.84%

	Electronic GO annotation using Swiss-Prot keyword to GO mapping
	33220
	15029
	39329
	16130
	6109.00 
	18.39%
	1101.00 
	7.33%

	Electronic GO annotation using EC to GO mapping
	704
	646
	773
	713
	69.00 
	9.80%
	67.00 
	10.37%

	Electronic GO annotation using Compara projections
	10465
	4232
	6432
	2162
	-4033.00 
	-38.54%
	-2070.00 
	-48.91%

	Total Electronic GO annotation
	117529
	32507
	120651
	32489
	3122.00 
	2.66%
	-18.00 
	-0.06%

	Manual GO annotation by Proteome Inc. extracted from LocusLink
	18008
	6132
	17493
	6030
	-515.00 
	-2.86%
	-102.00 
	-1.66%

	Manual GO annotation by UniProt
	24799
	5389
	24824
	5545
	25.00 
	0.10%
	156.00 
	2.89%

	Manual GO annotation by RGD
	0
	0
	5
	1
	903.00 
	n/a
	473.00 
	n/a

	Manual GO annotation by MGI
	747
	405
	903
	473
	156.00 
	20.88%
	68.00 
	16.79%

	Manual GO annotation by HGNC
	1771
	428
	2429
	540
	658.00 
	37.15%
	112.00 
	26.17%

	Manual GO annotation by GDB
	118
	46
	117
	46
	-1.00 
	-0.85%
	0.00 
	0.00%

	Manual GO annotation by Reactome
	9
	8
	8
	7
	-1.00 
	-11.11%
	-1.00 
	-12.50%

	Manual GO annotation by IntAct
	2311
	1133
	5090
	1892
	2779.00 
	120.25%
	759.00 
	66.99%

	Manual GO annotation by LifeDB
	369
	365
	341
	338
	-28.00 
	-7.59%
	-27.00 
	-7.40%

	Total Manual GO annotation
	
	48132
	10893
	51210
	11115
	3078.00 
	6.39%
	222.00 
	2.04%

	Total human GOA annotation
	
	165661
	33816
	171861
	33760
	6200.00 
	3.74%
	-56.00 
	-0.17%

	Distinct Pubmed References 
	
	13020
	13605
	585.00 
	4.49%
	 
	 

	Total Pubmed References
	
	38898
	43132
	4234.00 
	10.88%
	 
	 


Mouse Gene Association File
	Mouse GOA gene association file
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Release Dates
	
	11-Dec-06
	20-Sep-07
	GO Associations
	Protein Coverage

	
	
	
	Assoc.
	Proteins
	Assoc.
	Proteins
	Change
	Percentage Change
	Change
	Percentage Change

	Electronic GO annotation using InterPro to GO mapping
	67565
	25475
	65096
	24503
	-2,469 
	-3.65%
	-972 
	-3.82%

	Electronic GO annotation using Swiss-Prot keyword to GO mapping
	28427
	14224
	37214
	15998
	8,787 
	30.91%
	1,774 
	12.47%

	Electronic GO annotation using EC to GO mapping
	686
	624
	801
	741
	115 
	16.76%
	117 
	18.75%

	Electronic GO annotation using Compara projections
	10205
	3887
	370
	292
	-9,835 
	-96.37%
	-3,595 
	-92.49%

	Total Electronic GO annotation
	106883
	30120
	103481
	29398
	-3,402 
	-3.18%
	-722 
	-2.40%

	Manual GO annotation by Proteome Inc. extracted from Locus Link
	22
	12
	22
	13
	0 
	0.00%
	1 
	8.33%

	Manual GO annotation by UniProt
	8683
	1488
	7369
	1532
	-1,314 
	-15.13%
	44 
	2.96%

	Manual GO annotation by MGI
	55799
	14647
	64954
	15394
	9,155 
	16.41%
	747 
	5.10%

	Manual GO annotation by RGD
	9
	2
	1
	1
	-8 
	-88.89%
	-1 
	-50.00%

	Manual GO annotation by HGNC
	1006
	220
	1090
	275
	84 
	8.35%
	55 
	25.00%

	Manual GO annotation by Roslin Institute
	0
	0
	9
	2
	9 
	n/a
	2 
	n/a

	Manual GO annotation by IntAct
	601
	364
	793
	453
	192 
	31.95%
	89 
	24.45%

	Total Manual GO annotation
	66120
	15318
	74238
	16119
	8,118 
	12.28%
	801 
	5.23%

	Total mouse GOA annotation
	173003
	33807
	177719
	33035
	4,716 
	2.73%
	-772 
	-2.28%

	Distinct Pubmed References
	7,055 
	8,313 
	1,258 
	17.83%
	
	

	Total Pubmed References
	59,786 
	69,226 
	9,440 
	15.79%
	
	


Rat Gene Association File

	Release Dates:
	
	11-Dec-06
	20-Sep-07
	GO Associations
	Protein Coverage

	
	
	
	Assoc.
	Proteins
	Assoc.
	Proteins
	Change
	Percentage Change
	Change
	Percentage Change

	Electronic GO annotation using InterPro to GO mapping
	76168
	25913
	79065
	26441
	2,897 
	3.80%
	528 
	2.04%

	Electronic GO annotation using Swiss-Prot keyword to GO mapping
	15203
	6448
	18824
	6996
	3,621 
	23.82%
	548 
	8.50%

	Electronic GO annotation using EC to GO mapping
	618
	562
	708
	645
	90 
	14.56%
	83 
	14.77%

	Electronic GO annotation using Compara projections
	11627
	2742
	813
	361
	-10,814 
	-93.01%
	-2,381 
	-86.83%

	Total Electronic GO annotation
	103616
	27411
	99410
	27882
	-4,206 
	-4.06%
	471 
	1.72%

	Manual GO annotation by Proteome Inc. extracted from LocusLink
	21
	10
	22
	10
	1 
	4.76%
	0 
	0.00%

	Manual GO annotation by UniProt
	4634
	693
	3961
	718
	-673 
	-14.52%
	25 
	3.61%

	Manual GO annotation by MGI
	184
	94
	219
	113
	35 
	19.02%
	19 
	20.21%

	Manual GO annotation by RGD
	3975
	1550
	8494
	1913
	4,519 
	113.69%
	363 
	23.42%

	Manual GO annotation by HGNC
	393
	83
	589
	154
	196 
	49.87%
	71 
	85.54%

	Manual GO annotation by IntAct
	172
	116
	195
	134
	23 
	13.37%
	18 
	15.52%

	Total Manual GO annotation
	
	9379
	2245
	13480
	2786
	4,101 
	43.73%
	541 
	24.10%

	Total rat GOA annotation
	
	112995
	27492
	112890
	28167
	-105 
	-0.09%
	675 
	2.46%

	Distinct Pubmed References
	
	2859
	3249
	390 
	13.64%
	
	

	Total Pubmed References
	
	5914
	10587
	4,673 
	79.02%
	
	


Arabidopsis Gene Association File
	Release Dates
	
	11-Dec-06
	20-Sep-07
	GO Associations
	Protein Coverage

	
	
	
	Assoc.
	Proteins
	Assoc.
	Proteins
	Change
	Percentage Change
	Change
	Percentage Change

	Electronic GO annotation using InterPro to GO mapping
	50744
	18175
	53687
	18954
	2,943 
	5.80%
	779 
	4.29%

	Electronic GO annotation using Swiss-Prot keyword to GO mapping
	19400
	8830
	18375
	8469
	-19,353 
	-99.76%
	-8,795 
	-99.60%

	Electronic GO annotation using hamap to GO mapping:
	54
	40
	47
	35
	18,321 
	33927.78%
	8,429 
	21072.50%

	Electronic GO annotation using EC to GO mapping
	575
	542
	677
	        645
	102 
	17.74%
	n/a
	n/a

	Total Electronic GO annotation
	70773
	19512
	72786
	20078
	2,013 
	2.84%
	566 
	2.90%

	Manual GO annotation by TAIR
	63
	21
	64
	23
	1 
	1.59%
	2 
	9.52%

	Manual GO annotation by UniProt
	3182
	1773
	4382
	2274
	1,200 
	37.71%
	501 
	28.26%

	Manual GO annotation by IntAct
	578
	276
	2006
	452
	1,428 
	247.06%
	176 
	63.77%

	Total Manual GO annotation
	
	3823
	2028
	6452
	2667
	2,629 
	68.77%
	639 
	31.51%

	Total Arabidopsis GOA annotation
	74596
	19990
	79238
	20684
	4,642 
	6.22%
	694 
	3.47%

	Distinct Pubmed References
	
	584
	840
	256 
	43.84%
	
	

	Total Pubmed References
	3786
	6416
	2,630 
	69.47%
	
	


Zebrafish Gene Association File
	Release Dates
	
	11-Dec-06
	20-Sep-07
	GO Associations
	Protein Coverage

	
	
	
	Assoc.
	Proteins
	Assoc.
	Proteins
	Change
	Percentage Change
	Change
	Percentage Change

	Electronic GO annotation using InterPro to GO mapping
	96146
	32897
	83903
	28365
	-12,243 
	-12.73%
	-4,532 
	-13.78%

	Electronic GO annotation using Swiss-Prot keyword to GO mapping
	7825
	4203
	9923
	5312
	2,098 
	26.81%
	1,109 
	26.39%

	Electronic GO annotation using EC to GO mapping
	54
	51
	110
	107
	56 
	103.70%
	56 
	109.80%

	Total Electronic GO annotation
	104025
	33588
	93936
	29217
	-10,089 
	-9.70%
	-4,371 
	-13.01%

	Manual GO annotation by UniProt
	790
	147
	813
	193
	23 
	2.91%
	46 
	31.29%

	Manual GO annotation by HGNC
	58
	9
	56
	9
	-2 
	-3.45%
	0 
	0.00%

	Manual GO annotation by ZFIN
	974
	346
	1303
	433
	329 
	33.78%
	87 
	25.14%

	Total Manual GO annotation
	
	1822
	481
	2172
	607
	350 
	19.21%
	126 
	26.20%

	Total Zebrafish GOA annotation
	105847
	33632
	96108
	29270
	-9,739 
	-9.20%
	-4,362 
	-12.97%

	Distinct Pubmed References
	
	453
	596
	143 
	31.57%
	
	

	Total Pubmed References
	1167
	1531
	364 
	31.19%
	
	


Chicken Gene Association File
	Release Dates
	
	11-Dec-06
	20-Sep-07
	GO Associations
	Protein Coverage

	
	
	
	Assoc.
	Proteins
	Assoc.
	Proteins
	Change
	Percentage Change
	Change
	Percentage Change

	Electronic GO annotation using InterPro to GO mapping
	44448
	15666
	447325
	15554
	402,877 
	906.40%
	-112 
	-0.71%

	Electronic GO annotation using Swiss-Prot keyword to GO mapping
	4945
	2246
	6058
	2626
	1,113 
	22.51%
	380 
	16.92%

	Electronic GO annotation using EC to GO mapping
	136
	115
	180
	158
	44 
	32.35%
	43 
	37.39%

	Electronic GO annotation using Compara projections
	0
	0
	359
	115
	359 
	n/a
	115 
	n/a

	Total Electronic GO annotation
	49529
	16031
	53922
	16004
	4,393 
	8.87%
	-27 
	-0.17%

	Manual GO annotation by UniProt
	1041
	126
	1003
	151
	-38 
	-3.65%
	25 
	19.84%

	Manual GO annotation by AgBase
	667
	159
	716
	155
	49 
	7.35%
	-4 
	-2.52%

	Manual GO annotation by MGI
	4
	2
	4
	2
	0 
	0.00%
	0 
	0.00%

	Manual GO annotation by HGNC
	46
	10
	66
	16
	20 
	43.48%
	6 
	60.00%

	Manual GO annotation by Roslin Institute
	17
	7
	17
	7
	0 
	0.00%
	0 
	0.00%

	Manual GO annotation by IntAct
	38
	23
	38
	24
	0 
	0.00%
	1 
	4.35%

	Total Manual GO annotation
	1813
	317
	1844
	342
	31 
	1.71%
	25 
	7.89%

	Total chicken GOA annotation
	51342
	16119
	55766
	16067
	4,424 
	8.62%
	-52 
	-0.32%

	Distinct Pubmed References
	123
	146
	23 
	18.70%
	
	

	Total Pubmed references
	392
	435
	43 
	10.97%
	
	


Cow Gene Association File

	Release Dates:
	
	11-Dec-06
	20-Sep-07
	GO Associations
	Protein Coverage

	
	
	
	Assoc.
	Proteins
	Assoc.
	Proteins
	Change
	Percentage Change
	Change
	Percentage Change

	Electronic GO annotation using InterPro to GO mapping
	89291
	28565
	68270
	21606
	-21,021 
	-23.54%
	-6,959 
	-24.36%

	Electronic GO annotation using Swiss-Prot keyword to GO mapping
	8140
	3696
	11746
	4924
	3,606 
	44.30%
	1,228 
	33.23%

	Electronic GO annotation using EC to GO mapping
	363
	312
	483
	422
	120 
	33.06%
	110 
	35.26%

	Electronic GO annotation using Compara projections
	 
	 
	3128
	967
	3,128 
	n/a
	967 
	n/a

	Total Electronic GO annotation
	97794
	29430
	83627
	22711
	-14,167 
	-14.49%
	-6,719 
	-22.83%

	Manual GO annotation by Proteome Inc. extracted from LocusLink
	9
	4
	5
	4
	-4 
	-44.44%
	0 
	0.00%

	Manual GO annotation by UniProt
	1939
	241
	1698
	271
	-241 
	-12.43%
	30 
	12.45%

	Manual GO annotation by AgBase
	403
	73
	932
	168
	529 
	131.27%
	95 
	130.14%

	Manual GO annotation by MGI
	15
	7
	18
	9
	3 
	20.00%
	2 
	28.57%

	Manual GO annotation by HGNC
	62
	12
	171
	27
	109 
	175.81%
	15 
	125.00%

	Manual GO annotation by IntAct
	43
	28
	42
	26
	-1 
	-2.33%
	-2 
	-7.14%

	Total Manual GO annotation
	2471
	349
	2866
	470
	395 
	15.99%
	121 
	34.67%

	Total cow GOA annotation
	100265
	29460
	86493
	22728
	-13,772 
	-13.74%
	-6,732 
	-22.85%

	Distinct Pubmed References
	182
	180
	-2 
	-1.10%
	
	

	
	Total Pubmed references
	511
	512
	1 
	0.20%
	
	


Notes:

Compara annotations These annotations are filtered for non-redundancy. The presence of an annotation by any other method filters out a Compara annotation. However, the UniProtKB file will shortly change to show all annotations produced by this method, therefore statistics in the UniProtKB should increase sharply after October 2007.
Proteome Inc annotations
Since 2001, GOA has been responsible for the maintenance of the last public release of Proteome Inc GO annotations. These annotations are being gradually updated by the UniProt group to ensure they represent correct, informative annotations – resulting in a slow decline in Proteome annotations.

UniProt manual annotation

In April 2007, GOA carried out a large retrofit of ISS annotations All ISS annotations that were produced from NAS, TAS, IC or ND evidenced annotations were removed from GOA database (affecting UniProt, HGNC and AgBase annotations). These groups now only ISS from experimental evidence. This retrofit did mean that many manual ISS annotations were deleted (13,113 annotations were removed in total, 12,849 from the UniProt team), which has affected statistics in many of the GOA gene association files.

UniProtKB Keywords to GO mapping (spkw2go)

A number of new mappings were introduced in the last few months and a number of revisions of TrEMBL records with inappropriate assignment of keywords will be updated in the coming months.

InterPro2GO annotations.

Some files have shown a slow decrease in InterPro2GO annotations. The exact cause for this is being investigated, this may well be due to some recent deletions in the InterPro2GO mapping file by InterPro curators. Mappings should increase again as new mappings are added
3. Methods and strategies for annotation

(please note % effort on literature curation vs. computational annotation methods)

Literature curation: 90% total curator effort

Computational annotation: 10% total curator effort – this would consist of updates to existing mappings, creating new mappings and assessing new IEA methods, e.g. Compara
a. Literature curation:

Each GO consortium member uses slightly different techniques in locating papers suitable for manual GO annotation. Furthermore there are differences between part-time and full-time GO annotators within the EBI. Part-time staff are usually focussing on curation of a different database (UniProtKB/IntAct). For these curators GO annotation is an extra activity, something that they do if they come across potential GO annotation in their normal curation process. UniProtKB and IntAct curators manually annotate GO to many different species.

The main GOA curators have more time to carry out a more complete GO annotation of a particular protein. GOA curators concentrate on the GO annotation of the Human proteome as well as orthologs to human proteins. The following describes in detail their annotation approach.

Currently our full time GO curators prioritize GO annotation of the disease related genes listed on the reference genome project Google spreadsheets. In addition to this focus, curators annotate four categories of gene products, (a) those included as targets in the Reference Genome Initiative (b) those which have no GO annotation, (c) those which have disease relevance and (d) those which are important for microarray analyses. Having chosen the protein accession to annotate, we now need to find relevant scientific papers. The first step is to decide if the papers already linked within the UniProtKB entry are relevant for GO annotation. The decision on whether to read the full text of a paper is based on the curator’s interpretation of the text used in the paper title or abstract. The journals cited in UniProtKB/TrEMBL records are inherited from EMBL/DDBJ/GenBank databases and so may describe the sequence rather than GO function, process or component. Papers that reference the sequence are accompanied by a remark located in the reference position (RP) line, which says ‘SEQUENCE FROM N.A.’ (nucleic acid). On the other hand, UniProtKB/Swiss-Prot records are manually supplemented with documents to support the annotation stored in the comment (CC) lines. In these cases, the remark in the RP line might also indicate the type of information extracted from a paper e.g. ‘SUBCELLULAR LOCATION’, ‘FUNCTION’, ‘INTERACTION’. It should be noted, however, that the use of the word FUNCTION in Swiss-Prot is not the same as ‘Molecular Function’ usage in GO. Frequently, GO process terms can be extracted from FUNCTION CC lines.

In addition to the papers archived in the UniProtKB records, the NCBI PubMed, GOPubMed and EBI’s CiteXplore advanced searches are queried to find papers that support 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 to ‘Human entries only’. Electronic GO annotation and information in UniProtKB/Swiss-Prot CC lines often provide curators with an insight into the types of functions that could be extracted from the literature. With this information to hand, curators are able to refine their search options to find more than enough relevant papers for GO annotation. In GOA, our current aim is to find the most recent papers which provide experimental evidence for the unique features of a given protein. Our approach is protein-centric rather than paper-centric as it is not necessary to read all the relevant 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. A good source of a complete set of functional annotations is often retrieved from recent review articles. These reports often have links to relevant papers with experimental verification. Any papers that report new data are fed back to the UniProtKB curators to add to the original entry. 

Most GO Consortium members would agree that the most difficult task in searching the literature is finding papers that have experimental information for a given species. Often, the species ‘name’ (e.g. human) is not mentioned in the ‘Title’ or ‘Abstract’ and occasionally, not directly mentioned in the full text. On these occasions, the method section of the paper has to be read and perhaps the taxonomic origin of a cell line identified before any attempt at GO curation. Filtering ‘Human entries only’ via PubMed is not always accurate. In addition, authors do not always cite the most up-to-date gene nomenclature e.g. use of upper case letters for human gene symbols. This is likely to affect the precision of automatic ‘gene product’ entity extraction techniques.

Finding functional annotation and choosing the correct GO term

Once a relevant paper is found, the full text is read to identify the unique features of a given protein. The majority of papers will mention more than one protein; however, a curator will concentrate on capturing the information pertinent to the main protein chosen for annotation. Most curators still prefer to print out papers rather than view papers online. This is simply to limit computer eye strain and because a curator can quickly scan and select the most relevant parts of the document for curation. Words or short phrases which can be converted to GO terms are highlighted by hand and the correct GO term identifier (ID) is documented in the paper margins for review. 

GO terms are chosen by querying the GO files with the QuickGO web browser [2,23] or with a local copy of OBO-Edit (official GO editor with browsing capability)[3]. Before assigning a GO term, the definition must be read to check it’s suitability. Obsolete GO terms are not used in annotation. When electronic or manual GO annotations become obsolete, they are manually replaced with an appropriate term. The reason for the obsoletion and suggestions for replacement GO terms are documented in GO comment lines. If a useful term is missing from the ontology, an existing GO term is in the incorrect hierarchical position or a definition needs to be refined, a curator request is sent to the GO editorial office using SourceForge. 

If a curator is unsure of which process term should accompany a function term, they can consult the ‘Often annotated with’ section of the QuickGO browser. Here, GO terms that are assigned in tandem are displayed. These are also referred to as common concurrent assignments and are calculated on our existing manual and electronic GO annotations.

Curators find that different regions of the paper are important for GO annotation. The ‘Materials and Methods’ section of a paper is only used to identify the species of protein used in the research and to determine which GO evidence code should be used. It is not used to extract functional annotation. Furthermore, curators often piece together information from different parts of a document to reinforce a decision to annotate. GO annotation is not associated with UniProtKB entries until the entire article is read.
If no functional annotation can be found for a given protein after an exhaustive literature search, the root GO terms molecular_function (GO:0003674), biological_process (GO:0008150) or cellular_component (GO:0005575) can be assigned with GO evidence code ND (‘No Data’). 

Usage of the ISS code within GOA.


There are three ways in which a curator can use the ISS evidence code: 

1. If a curator reads a paper that provides functional information and states an orthology between two proteins, a curator can transfer the annotation to the corresponding orthologs by changing the evidence code to 'ISS' in the target protein's entry. The original literature identifier is still shown. Any information that was previously in the 'with' column of the original entry is changed in the target entry to contain the original entry's accession number. This allows the source of the annotation to be traced.

 
2. If a curator is confident that a protein shows high similarity to another (e.g. from using BLAST or UniRef90), and it seemed reasonable to infer that the two proteins have a common function, then annotation can be transferred from one protein to another using the 'ISS' code. The evidence code in the target annotation will change to 'ISS'. The target entry's accession number will replace the journal identifier in the reference field (this is about to be changed and instead a specific GO_REF, detailing the similarity parameters applied by the curator, will be added to the reference field) and any information that was previously contained in the 'with' column of the original entry is changed in the target entry to contain the original entry's accession number. This allows the source of the annotation to be traced.

NOTE: In 2007 all ISS annotations from NAS, TAS, IC, ND were removed from GOA database, we now only ISS from experimental evidence codes and have altered our protein2go annotation tool accordingly.



3. If sequence similarity and evidence for human annotation was reported in two different papers, the annotation can be transferred using the 'ISS' evidence code. In the target entry, the evidence code changes to 'ISS' and the curator will add a new journal identifier. Any information that was previously contained in the 'with' column of the original entry is changed in the target entry to the original entry's accession number. This allows the source of the annotation to be traced. 

b. Computational annotation strategies: 
IEA pipelines in GOA:
· EC2GO 

· InterPro2GO

· SPKW2GO

· HAMAP2GO

· Compara (as of December 2006)

· Work on a new Swiss-Prot Subcellular Location to GO mapping (release due October 2007)

· Work on a new Swiss-Prot UniPathway to GO to start in the autumn 2007.

The large-scale assignment of GO terms to UniProtKB entries has been made possible by successfully converting a proportion of the pre-existing knowledge held within the flat files into GO terms (7). For example, UniProtKB description lines [DE] may contain Enzyme Commission (EC) numbers. Using an existing mapping of EC numbers to the GO molecular function ontology (ec2go) and a mapping of protein accession numbers to EC numbers, GOA can produce a UniProtKB to GO association. In a similar fashion the GOA group maintains a Swiss-Prot keyword to GO mapping (spkw2go). This mapping file is routinely used to generate a large number of annotations to GO process, function and component ontologies.

Bi-directional database cross-references also help to integrate GO annotations. For example, the majority of UniProtKB entries will cross-reference an InterPro identification number and vice versa. InterPro is a key database maintained at the EBI. It provides an integrated documentation resource for proteins, families and domains. A single InterPro entry provides comprehensive annotation describing a set of related proteins, some of which may have identical functions, be involved in the same processes, and act in the same locations. During the curation of each InterPro entry, high-level GO terms are manually curated, based on a review of the information available on the set of Swiss-Prot proteins assigned the InterPro identifier. This annotation is used to generate an InterPro2go mapping and also serves as a biological summary in the InterPro entry. So far, the application of the InterPro2go mapping in the electronic assignment of GO terms to gene products has produced the most coverage in the GOA dataset (see contents of current release on the GOA home page). Both spkw2go and InterPro2go mappings are maintained in-house and distributed on the GO and EBI FTP sites on a regular basis. To support interoperability, InterPro2go has been used to generate GO mappings to its member databases (see Table 1) and these also are available for download. 

As of December 2006, GOA released electronic annotations resulting from a collaboration with the Ensembl group, which has provided an additional 18,320 annotations to the human, mouse, rat, chicken, cow, dog, Drosophila melanogaster and Anopheles gambiae proteomes. Using the gene orthology obtained from the Ensembl Compara system, GO terms from a source species have been projected onto one or more target species. Only one to one and apparent one to one orthologies are used, and only manually-annotated GO terms with an evidence type of IDA, IEP, IGI, IMP or IPI are projected. In the gene association files, the Ensembl protein identifier of the annotation source will be indicated in column 8 ('With') and column 15(‘Assigned_by’) will contain the value 'Ensembl'.
In 2007 Emily and Rachael created a new mapping file from the Swiss-Prot Subcellular Component to GO and feedback to the UniProtKB consortium. This will result in over 300,000 new GO annotations. A new UniPathway to GO mapping is planned in 2008 which will also generate many new GO terms and definitions. 

The GO assignments are released monthly, in accordance with a GO Consortium agreed format, within a ‘gene product association file’. As the mapping files used by GOA are manually curated, GOA is confident that its electronic annotation is of a high standard. All electronic annotations are updated on a monthly basis. Despite this, it is important that users have the ability to distinguish electronic from manually verified GO annotation. For this reason, the evidence for each GOA association is indicated by annotating to one of twelve Consortium agreed evidence codes (the new IGC code has not been used as yet, but will be available shortly). Electronically generated associations are labeled as ‘inferred from electronic annotation’ or IEA. Proteins assigned this code are ‘likely’ to be involved in a particular GO activity.

Note: The GOA database currently extracts GO annotation from the literature with with 91-100% precision and at least 72% recall (See BioCreative paper)

Pipeline of data integration from IntAct.

GOA has integrated annotations from the EBI's IntAct protein-protein interaction database. Only those binary interactions which are of high enough quality to be integrated into the UniProtKB database have been included (this is decided on experimental method type). All GO terms in these annotations are children of the protein binding or identical protein binding terms (GO:0005515 and GO:0042802), use the 'IPI' evidence code along with information on the protein's binding partner in column 8 (with).

c. Priorities for annotation
1. Reference Genomes Initiative target genes

2. Requests received from users
3. Those proteins with no GO annotation
4. Disease-related proteins, especially immunologically-related genes (Evelyn Camon)
5.  Genes important for microarray analyses 

4.  Presentations and Publications


a.  Papers with substantial GO content

Book chapter:

E. Dimmer, T. Z. Berardini, D. Barrell, E. Camon ' Methods for Gene Ontology Annotation' Plant Bioinformatics: Methods and Protocols, Ed. D. Edwards. Published by Humana Press: Series Methods in Molecular Biology 31 July 2007. 


b.  Presentations including Talks and Tutorials and Teaching

Jan 25th 2007 Rachael Huntley- seminar: ‘Gene Ontology Annotation (GOA) at the EBI: Update’ EBI Sequence Database group, EBI, Cambridge, UK.
Feb 7th 2007 Evelyn Camon- seminar: 'Sharing immunological knowledge with Gene Ontology'. St. Vincents Hospital Research Centre, Dublin

7-9 May 2007 Emily Dimmer- seminar: ‘Introduction to the Gene Ontology and GOA projects, and an overview of other ontology developments at the EBI.’ Boehringer-Ingelheim, Biberach an der Riss, GERMANY 
19-24 May 2007 Emily Dimmer –seminar: ‘Introduction to the Gene Ontology and GOA projects’ EMBO/SPINE2 Conference on Intrinsically Unstructured Proteins, Budapest, HUNGARY 30 May 2007 Evelyn Camon- seminar: ‘Immune Gene Classification Using Gene Ontology’, Bovine & Avian Immunogenomics Workshop, Dublin, IRELAND. 
20 June 2007 Evelyn Camon- seminar: ‘Sharing Knowledge with Gene Ontology Annotation: An Immunology Update.’ Internal Seminar: Institute for Animal Health (IAH), Compton, Berkshire, ENGLAND, UK.

10/11 July 2007 Evelyn Camon- seminar: ‘Gene Ontology Annotation Database’, Almac Group Ltd., Craigavon, NORTHERN IRELAND 


5-6 July Emily Dimmer and Daniel Barrell- seminar: ‘GOA database Project’, Swiss Institute of Bioinformatics, Geneva , SWITZERLAND. 
29-31st August Rebecca Foulger- seminar: ‘GOA: Looking after GO annotations’,  International Workshop on Genomic Databases, Rio de Janeiro, BRAZIL.
10th July 2007 Emily Dimmer- seminar: ‘GO and GOA’, Royal Society of Chemistry, Cambridge, UK.
13-14 September 2007 Evelyn Camon- seminar: ‘Gene Ontology Annotation for Immune System Genes’, Irish Society of Immunology, Annual Symposium, Dublin, IRELAND.

Forthcoming meetings:
27th September, Evelyn Camon will meet Cliona and David at Trinity College Dublin to discuss InnateDB and Immunology GO annotation project.

:

7-9th November 2007 Emily Dimmer- seminar: ‘Introduction to GOA’, EMBRACE workshop, Bari, ITALY

19th November 2007 Emily Dimmer, Rachael Huntley- Seminar and tutorial: ‘Introduction to GOA’ Wellcome Trust Proteomics Workshop, EBI, Cambridge, UK.


29th October 2007 Evelyn Camon will meet and become a member of the Ulster Immunology group at the British Society of Immunology 50th Anniversary Symposium "Vaccines - past, present and future", Queens University Belfast, Northern Ireland

c. Poster presentations

5, Other Highlights:

A. Ontology Development Contributions:
Some curators are part of Interest groups and GOC Working groups but none of the GOA or UniProtKB curators physically edit the GO. We mostly contribute to GO by requesting new terms via SourceForge however work on a new UniPathway to GO mapping in 2008 will generate many new GO terms and definitions.
B.  Annotation Outreach and User Advocacy Efforts:

GOA participates in the GOC annotation outreach working group and also feedbacks to the user advocacy working group. GOA staff have presented GO, GOA and an new Immunology GO annotation project at 10 meetings this year. Evelyn in collaboration with Ruth (UCL), Alex and Judy(MGI), Cliona (TCD), Amelia (EBI,GO) have launched a new Immunology GOC website and community annotation wiki (http://www.geneontology.org/GO.immunology.shtml).
C.  Other Highlights:
1. In April and August 2007 we released our 50th Human-GOA and UniProt-GOA(all species) association files.  In July 2007 we went over the 20 million GO annotation mark in UniProt-GOA (all species) association file.

2. A number of grants have been submitted in collaboration with other groups:

2.1 Wellcome Trust Grant

‘Integrating knowledge from biomedical research for human and animal health’

In collaboration with: MGI, UCL, TCD

Submitted. Awaiting outcome.

2.2 British Heart Foundation, 

‘The integration of the knowledge of genes involved in heart development and cardiovascular processes from biomedical research, using standardised Gene Ontology.’

In collaboration with: UCL
Submitted. Successful – 25% GOA programmer, starting November 2007.
2.3 BBSRC Tools and Resources Fund

‘Further Development of the QuickGO web interface for browsing and retrieving Gene Ontology Annotation Data’
Successful. 1 year grant supporting GOA 1 FTE programmer. Started April 2007.

2.4 BBSRC Tools and Resources Fund

‘Development of Text Mark-Up Tool (Text2GO) for GO Curation Training and Community Outreach’

In collaboration with: Rebholz-Schuhmann Text-mining research group, EBI.

Submitted. Awaiting outcome

2.5 BBSRC

‘Integration of sequence and biology through annotation of the chicken proteome using the Gene Ontology’

In collaboration with: Roslin Institute.

Submitted. Awaiting outcome.

2.6 EPSRC

‘New Data Mining Methods for the Hierarchical Prediction of Gene Ontology Terms’

In collaboration with: Kent University.

Submitted. Awaiting outcome.
3.0  June 2007 the Sequence Database Group at the EBI merges with Ensembl to become PANDA 

There has been a major reorganisation of the processing of biomolecular sequence information in the Ensembl and Sequence Database groups. This affects EMBL-Bank, UniProt and the EBI team working on Ensembl

(which is a joint project with the Wellcome Trust Sanger Institute).

The long-standing sequence database group led by Rolf Apweiler, which is responsible for EMBL-Bank (nucleotidesequences) and UniProt (protein sequences), has  merged with Ewan Birney’s group, which includes the EBI’s part of the Ensembl team. Ensembl, which annotates vertebrate reference genomes, is managed by Ewan Birney in collaboration with Tim Hubbard at the Sanger Institute.

The new team structure reflects the need to integrate DNA data from an increasing diversity of high-throughput methods, and will be jointly led by Apweiler and Birney, with Apweiler taking responsibility for proteins and functional information and Birney for nucleotides (new group called PANDA: Protein and Nucleotide Database Group)

 ‘We were already sharing expertise and data structures, but the consolidation allows us to take this collaborative spirit a step further, which will ultimately lead to a unified user interface for all our completed-genome data’, says Rolf Apweiler.
4.0 QuickGO development 

GOA has been successful in winning a BBSRC grant to develop the QuickGO browser (now the third most-queried browser provided by the EBI). This development will mean that QuickGO users will be able to bulk query GO annotation data, to map between sequence identifiers and tailor annotation downloads to their own requirements. 
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