SGD Sample Paper Set for GO Annotation Practice 

SGD’s GO README file, describing our philosophy for making GO annotations, is included here, at the beginning of this document. The bulk of this document consists of a set of sample papers that provide good examples of GO annotation practice at SGD.
GO Annotation philosophy at SGD (September 2005)

· Database object annotated: While GO annotations are intended to describe the properties of gene products, the annotation may be attached to a database object that represents the gene, e.g. the DNA itself, or to one representing the gene product, e.g. the protein or RNA produced from a gene. SGD annotates database objects that correspond to the gene. We do not currently have database objects that represent the gene products, e.g. the protein or RNA products, independently of the database object representing the gene. However, due to the almost one-to-one correspondence between genes and gene products in Saccharomyces cerevisiae, this is unlikely to be an issue for the majority of genes, or gene products, in S. cerevisiae.

· Scope of Annotation: SGD has GO annotations for all genes, producing either RNA or protein products, in the database. We also provide GO annotations for genetically mapped loci and genes that do not exist in the reference strain S288C but which do exist and produce a gene product in other strains of S. cerevisiae (see SCH1, REP1 and APG11 for examples). There should be at least one positive annotation (i.e. an annotation without a NOT qualifier) in each of the three aspects, Molecular Function, Biological Process, and Cellular Component. 

· Source of Annotation Evidence: SGD curators annotate gene products with GO terms based on evidence gathered from the published literature. This is currently our only source of information used to define GO annotations, as we do not perform sequence comparisons to infer function at SGD. The majority of our annotations are made from journal articles. Most of the journal articles are research articles presenting new results; some are reviews. SGD also uses books to make some of its annotations. While the use of general textbooks, e.g. Biochemistry by Lubert Stryer, was allowed early on, we no longer use any source that does not specifically mention yeast and refer to experiments performed with the yeast system to make our annotations. Of course, SGD does use books that focus specifically on yeast genes, e.g. The Molecular and Cellular Biology of the Yeast Saccharomyces, Volume 3: Cell Cycle and Cell Biology edited by J.R. Pringle, J.R. Broach, and E.W. Jones or books that are more general but refer specifically to experiments performed in yeast, e.g. The RNA World edited by R.F. Gesteland, T.R. Cech, and J.F. Atkins. The chapters in these books tend to be reviews that cite the references describing primary experiments performed with yeast genes and are thus legitimate sources for GO annotations for S. cerevisiae genes products.

· Literature coverage: In assigning Gene Ontology (GO) terms, our aim is to annotate each function, process, and location of the gene product with a reference that establishes the classification as directly as possible. Exceptions to this may occur when there is extensive literature about a gene product; in this case, we may reference a review article with Traceable Author Statement (TAS) evidence. During our initial phase of annotating to GO terms, we did not attempt to capture evidence from every paper to support an annotation for a gene. However, in subsequent passes through the genome, we often add additional references to support existing annotations. Although we are adding more references to our GO annotations, our aim is not to assemble a complete historical record of yeast research via the GO annotations. In addition, our failure to cite a particular paper for GO classifications in no way reflects on our opinion of its quality or relevance.
· Use of the with/from column (column 8): At SGD, for the evidence codes IGI and IPI, the most frequent source of identifiers in the ‘with’ column for SGD is SGD itself, as experiments to which the IGI and IPI codes are applied generally deal with genetic or physical interactions within yeast. In both cases, SGD uses the SGDID of the relevant gene to refer to the object that interacts with the primary gene. Note that in the case of IPI, even though we use the SGDID corresponding to the gene object, it is typically the resulting protein (or RNA) molecule that is involved in the interaction. For the ISS evidence code, we will use the database identifier of the relevant sequence if it is provided in the publication used for the annotation. However, we may make the GO annotation without an attribution in the with/from column if the database identifier(s) of the sequences used in the comparison were not provided. 

· Annotation from large scale datasets:  While most GO annotations in SGD are generated by curators reading individual papers describing one of a handful of genes, we do occasionally add large sets of GO annotations derived from large scale studies. For us to be able to make GO annotations from a large scale study, typically the authors must have used some sort of controlled vocabulary to describe their results, where curators can map at least some of the author(s)’ terms in a one-to-one correspondence to a GO term. When an author(s)’ term has an ambiguous mapping to possible GO terms, it is not used for GO annotations; GO annotations are made only for unambiguous mappings. In these cases, while a curator will typically not check every single piece of data, curators review the data set and judge which classes of data are appropriate for GO annotations.
· Use of IEA evidence code: At SGD, we do not perform any automated comparisons of text or sequence to assign annotations. Thus, SGD does not use the IEA evidence code in its annotation set. 

· Use of ISS evidence code: In cases where a sequence is similar to another sequence, SGD will capture that information only if a sequence comparison was published in a paper. In such cases, a curator may assign a GO annotation using the ISS evidence code with the PMID (or other literature accession ID) of the publication given in the reference column. Previously, we did not require that the curator investigate any of the sequences used in the comparison to confirm that at least one has been characterized experimentally. However, looking forward, SGD will attempt to verify that at least one of the sequences used in the comparison has been experimentally characterized, and thus we will not provide an ISS annotation if none of the sequences in the comparison have been experimentally characterized.

· Use of unknown terms and the evidence code ND: We generally follow the established practice of the GO Consortium in our use of the unknown terms and the ND evidence code. However, as we do not perform sequence comparisons at SGD, we check only for published literature and do not perform any sequence comparison ourselves in order to confer an unknown annotation with the ND code. Specifically at SGD, our practice is as follows. When there is no information about a gene product in one or more aspects, e.g. Molecular Function, Biological Process, or Cellular Component, we assign GO annotations to that gene using the appropriate unknown terms, e.g. “molecular function unknown” (GO:0005554), “biological process unknown” (GO:0000004), or “cellular component unknown” (GO:0008372) with the evidence code ND and SGD’s internal reference describing our use of the ND evidence code (url below). There are predicted open reading frames (ORFs) in S. cerevisiae for which there is no published literature as to whether a gene product from that gene is even made or not. SGD assigns the appropriate unknown term with evidence code ND to such predicted gene products.  The presence of an annotation to the unknown term associated with the evidence code ND indicates that a curator has looked for information with which to annotate the gene, while the date on which an “unknown” annotation was made indicates when this occurred. Occasionally, an “unknown” annotation may be associated with an evidence code other than ND when an author specifically states in a paper that a given gene’s function is unknown, in which case the appropriate evidence code is used and that paper is referenced.

URL for abstract describing use of ND evidence code at SGD:

http://db.yeastgenome.org/cgi-bin/reference/reference.pl?reference_no=32926
· Unannotated genes: Prior to completing our first pass annotation of the entire S. cerevisiae genome in 2003, the lack of any GO annotation in a given aspect indicated that no curator had attempted to find information for that aspect. Now, the un-annotated state should occur only rarely and briefly when a new gene is added to the genome.

· Use of the term “protein binding” (GO:0005515): In general, SGD does not use the term “protein binding” (GO:0005515) in its annotation set as a means to capture protein interactions in a systematic way. SGD captures protein interactions separately and the interaction data is available both on the locus pages and on the FTP site for our users. The term protein binding is typically used only when it seems that the function of the protein is to bind other proteins or if nothing else is known about the gene product except that it binds to a particular protein. 

SGD Sample Papers for GO Annotations
1) Eberharter, A. et al. (1999) The ADA complex is a distinct histone acetyltransferase complex in Saccharomyces cerevisiae. Mol Cell Biol. 19:6621-31. [PMID:10490601]

This paper contains examples of simple process and component annotations, as well as a function annotation using the “contributes to” qualifier. In this paper the authors have shown that Ahc1p is a subunit of the ADA complex. The authors purify the ADA complex based on the activity of the chromatography column fractions and identify proteins that co-purify with this complex. The chromatography fractions were separated on a SDS-PAGE gel and the bands excised and identified by mass spectroscopy. These results are shown in Figures 1 and 2. Ahc1p was shown to be physically associated with the ADA complex by immunoprecipitation also and hence the authors conclude that Ahc1p is part of the ADA complex. This information results in the GO annotation to the Cellular Component term “Ada5/Gcn5/Ada3 transcription activator complex” using IPI evidence code for the AHC1 gene.

Ahc1p is an essential component of the complex as shown by AHC1 deletion (Figure 5). While the Ahc1p subunit alone may not have histone acetyl transferase activity, the authors present evidence that it is required for the formation of ADA complex and for the activity of the complex. Since Ahc1p contributes to the overall function of the complex, we have annotated AHC1 with the GO Molecular Function term ‘contributes to “histone acetyltransferase activity” (using the qualifier “contributes to”) with the evidence codes IPI and IDA. The authors show that AHC1 deletion causes loss of nucleosomal HAT (histone acetyltransferase) activity due to lack of the ADA complex  (Figure 5) and that reintroducing AHC1 on a plasmid restored the complex and the HAT activity (Figure 6). This information resulted in the GO annotation to the Process term “histone acetylation” using the evidence code IMP and IPI. The mutant phenotype evidence also provides another evidence code for the function annotation to ‘contributes to “histone acetyltransferase activity”.

GO annotations from Eberharter, A. et al. (1999) [PMID:10490601]

	Gene
	Qualifier
	Ontology
	GOid
	GO term
	Evidence

	AHC1
	Contributes to
	Function
	GO:0004402
	histone acetyltransferase activity
	IPI, IMP, IDA

	AHC1
	
	Process
	GO:0016573
	Histone acetylation
	IPI, IMP

	AHC1
	
	Component
	GO:0005671
	Ada2/Gcn5/Ada3 transcription activator complex
	IPI




2) Osborne, M.A. et al. (1994) Nuf2, a spindle pole body-associated protein required for nuclear division in yeast. J Cell Biol. 125:853-66. [PMID:8188751]

This paper is an example of the use of the qualifier “colocalizes with”. In this paper the authors show that Nuf2p colocalized with spindle pole body (SPB) antigen as determined by immunofluoresence (Figure 5). Immunofluoresence is considered a direct assay for localization, so the annotation to the component term “spindle pole 

body” is made with evidence code is IDA. However, the authors didn’t show that Nuf2p is an integral part of the spindle pole body, only that it is localized in the same place as the spindle pole body. Thus the qualifier “colocalizes with” was added to signify the fact that Nuf2p is not necessarily an integral part of the SPB, that it is known only to colocalize with the SPB. Note that use of this qualifier is used with complexes, but that it is not necessary to use this qualifier for terms that represent structures that could contain the protein completely within the structure, such as the nucleus.

GO annotations from Osborne, M.A. et al. (1994) [PMID:8188751]

	Gene
	Qualifier
	Ontology
	GOid
	Go term
	Evidence

	NUF2
	Colocalizes with
	Component
	GO:0005816
	Spindle pole body
	IDA




3) Billy, E. et al. (2000) Rcl1p, the yeast protein similar to the RNA 3'-phosphate cyclase, associates with U3 snoRNP and is required for 18S rRNA biogenesis. EMBO J. 19:2115-26. [PMID:10790377]

This paper is a good example of use of the NOT qualifier. In the Results section, “Alignment of the Rcl proteins” (p 2116), the authors do a sequence comparison  of RNA Terminal Cyclase (Rtc) proteins  and RNA Cyclase-Like (Rcl) proteins (Figure 1) and state that Rcl proteins have motifs in common with cyclases, but that the Rcl proteins lack a conserved histidine that is required for cyclase activity. This is the basis of the annotation to “NOT RNA-3’-phosphate cyclase activity” with the evidence code ISS. In the Discussion section, the paragraph beginning “We initiated the study of Rcl1p because of its structural similarity to the RNA 3’-terminal phosphate cyclase, an enzyme we had already characterized in humans and E. coli (see Introduction).” discusses other negative evidence for the presence of RNA terminal phosphate cyclase activity in Rcl1p, including the inability to detect such activity in a direct assay. This is the source of the annotation to “NOT RNA-3’-phosphate cyclase activity” with the evidence code NAS. While the authors mention the use of a direct assay, it is only in passing in the Discussion section and no experiment is shown. Thus, we have used the evidence code NAS, to indicate that this annotation is based on an author statement that cannot be traced to another paper. Note that the main reason to use the NOT qualifier was that based on the sequence similarity they had expected to find RNA cyclase activity and did not find it, not merely that they did an experiment with a negative result. 

This paper provides evidence of the localization of Rcl1p. In the Results section “Rcl1p and its mouse orthologue are functionally conserved nucleolar proteins” (page 2116), indirect immunofluorescence experiments are described which demonstrate that Rcl1p colocalizes with the nucleolar protein Nop1p. Immunofluorescence assays showing the localization of a specific protein are considered to be direct assays. Thus this experiment is the basis of the annotation “nucleolus” by IDA.

In this paper, analysis of a complete deletion of RCL1 provides information about the process in which Rcl1p is involved. In the Results section “Rcl1p is required for 18S rRNA processing” (page 2117), it is shown that lack of rcl1-deleted cells have a defect in 18S rRNA synthesis. The next section “Depletion of Rcl1p results in defective processing at sites A0, A1, and A2” (page 2118) concludes that “depletion or inactivation of Rcl1p leads to inhibition of processing at sites A0, A1, and A2”. As cleavage of these three sites within the 35S pre-rRNA is part of processing the primary 35S rRNA transcript, the appropriate process term is “35S primary transcript processing” and the appropriate evidence code is IMP because the experiments characterized the phenotypes of a mutation of a single gene, RCL1.

There are also some sections of the paper from which GO annotations were not made. The Results section “Rcl1p associates with but is not a structural component of U3 snoRNP” (page 2120) indicates that Rcl1p interacts with components of the U3 snoRNP. This could conceivably be the basis of an annotation to “colocalizes with snoRNP U3” [Note that component term “snoRNP U3” does not currently exist.] However the section concludes by stating that “Co-immunoprecipitation of Rcl1p and U3 snoRNP is most readily explained by their interaction within the large complex representing a nascent ribosome”, i.e. a complex larger that the interaction of Rcl1p and U3 snoRNP and one not specifically named or identified in this work. This, combined with further comments in the Discussion (in the paragraph beginning “Much evidence, from both yeast and vertebrates, points to U3 as a key snoRNP contributing to the assembly of the pre-rRNA processing complex.”) suggested that making an annotation to “colocalizes with snoRNP U3” would too specific and potentially misleading. For this reason, no annotation was made on the basis of this experiment. Further, while there is information indicating that it is unlikely that Rcl1p has RNA cyclase activity, there is no information about what Molecular Function it actually performs. Thus there is no positive function annotation for RCL1 from this paper. 

GO annotations from Billy, E. et al. (2000) [PMID:10790377]

	Gene
	Qualifier
	Ontology
	GO term
	GOid
	Evidence
	With/From

	RCL1
	NOT
	Function
	RNA-3’-phosphate cyclase activity
	GO:0003963
	ISS
	protein_id:BAA30639, protein_id:AAB70847, protein_id:AAB89810, protein_id:AAB86375, protein_id:AAC06852, DNA_version_id:AJ276894, DNA_version_id:AJ276895, DNA_version_id:AW078116.1, DNA_version_id:AW059073.1, UniProt:P56175, UniProt:Q23400, UniProt:Q09870, UniProt:O00442, UniProt:O77264, UniProt:P46849, UniProt:Q60335

	RCL1
	NOT
	Function
	RNA-3’-phosphate cyclase activity
	GO:0003963
	NAS
	 

	RCL1
	
	Process
	35S primary transcript processing
	GO:0006365
	IMP
	 

	RCL1
	
	Component
	nucleolus
	GO:0005730
	IDA
	 




4) Chang, M. et al. (2005) RMI1/NCE4, a suppressor of genome instability, encodes a member of the RecQ helicase/Topo III complex.  EMBO J. 24:2024-33 [PMID:15889139]

This paper contains examples of using the with column, both for IGI and IPI. In the Results section “Rmi1 physically interacts with Top3 and Sgs1” (page 3), and Figure 2, the authors show that RMI1 physically interacts with SGS1 and TOP3 and is part of the Sgs1/Top3 complex using co-immunoprecipitation (IPI evidence). In the Discussion section titled “Rmi1 is a novel member of the Sgs1/Top3 complex” (page 7), the complex is referred to as a RecQ/Top3 complex. This nomenclature is useful in finding the term by name.  This information is represented with an annotation to the term “RecQ helicase-Topo III complex” using the IPI evidence code for all three of the genes in the complex, Rmi1p, Sgs1p, and Top3p. Since the evidence that these three genes are in a complex is that they interact with each other, each of the other two genes is placed in the with column for the annotations to this term.

This paper also provides evidence for the biological process for RMI1. Most of this evidence is from experiments involving the deletion phenotype of rmi1evidence) and genetic interactions with other genes (IGI evidence). Many of these are summarized in the Results section “rmi1 synthetic genetic interactions” (page 3) and Table 1. The Results sections “Cells lacking RMI1 display precocious checkpoint activation” (page 3), “rmi1 mutants exhibit increased levels of Rad52 relocalization and genomic instability”, (page 4) and “RMI1 is required for the response to DNA damage” (page 5) also present a variety of IMP and IGI evidence. Individual sentences in these Results sections might suggest annotations to process terms for meiosis, homologous recombination, increased recombination, S phase DNA damage checkpoint, and response to DNA damage. However, the Discussion section “Accumulation of DNA damage in cells lacking RMI1” (page 7) summarizes the situation very nicely and suggests that “accumulation of DNA lesions” is the primary defect. Thus, for the process annotation, we selected only the term “response to DNA damage stimulus” using the evidence code IGI. We did not use the IMP evidence code as the deletion phenotype alone suggested broader terms like “meiosis” while it was really the multiple mutant phenotypes that led to the term we annotated to. 

This paper does not really provide much evidence about what RMI1 is doing at the molecular level in order to make an annotation in the Molecular Function ontology. It would be allowable to make a Function annotation the term “protein binding”, as it was shown in the Results section “Rmi1 physically interacts with Top3 and Sgs1” (page 3) and Figure 2, the authors show that Rmi1p physically interacts with Sgs1p and Top3p. However, SGD does not tend to use annotations to “protein binding with _____” just to record protein-protein interactions. This paper does not really seem to address the basic molecular activity of RMI1, so we chose not to make any annotation for Molecular Function from this paper. [At this time (September 2005), RMI1 is annotated to the term “molecular function unknown” using the ND evidence code and SGD’s internal reference describing our use of the ND evidence code.]
NOTE: There is also a PowerPoint presentation detailing the annotations that can be made from this paper available from the GO teaching resources page:

http://www.geneontology.org/GO.teaching.resources.shtml
NOTE: For simplicity in reading the table, in the With/From column, we have used the SGD Standard Gene names in the table below. However, in the gene_association.sgd file, we use the official abbreviation for SGD and the SGDID of each gene. Thus SGS1 is represented as SGD:S000004802 in column 8 of the gene_association.sgd file, etc.

GO annotations from Chang, M. et al. (2005) [PMID:15889139]

	Gene
	Qualifier
	Ontology
	GO term
	GOid
	Evidence
	With/From

	RMI1
	
	Process
	response to DNA damage stimulus
	GO:0006974
	IGI
	SGS1,TOP3, RAD53, MRC1, CSM3, TOF1, RAD9, RAD24, RRM3, MUS81, RRM4, SLX1, SLX4, HEX3, SLX8, HPR5, RAD51, RAD52, RAD54

	RMI1
	
	Component
	RecQ helicase-Topo III complex
	GO:0031422
	IPI
	TOP3, SGS1

	SGS1
	
	Component
	RecQ helicase-Topo III complex
	GO:0031422
	IPI
	TOP3, RMI1

	TOP3
	
	Component
	RecQ helicase-Topo III complex
	GO:0031422
	IPI
	RMI1, SGS1




5) Nosaka K et al, (1993) Isolation and characterization of a thiamin pyrophosphokinase gene, THI80, from Saccharomyces cerevisiae. J Biol Chem 268:17440-7. [PMID: 8394343]

This paper is an example of both a simple annotation using the IMP evidence code and a related annotation using the IC evidence code. From this paper THI2 was assigned a Molecular Function annotation to the GO term “transcriptional activator activity” based on mutant phenotype (Figure 6) data; thus the IMP evidence code is used. Since it is common knowledge that transcriptional activators function in the nucleus, even if they may be localized elsewhere part of the time, curators make that inference and add a component ontology annotation to the term ‘nucleus’ using the evidence code IC, for Inferred by Curator. When the IC evidence code is used, the GOid from which the annotation was inferred must be provided in the with/from column.

GO Annotations from Nosaka K et al, (1993) [PMID: 8394343]
	Gene
	Qualifier
	Ontology
	GOid
	GO term
	Evidence
	With/from 

	THI2
	
	Function
	GO:0016563
	Transcriptional activator activity
	IMP
	

	THI2
	
	Component
	GO:0005634
	Nucleus
	IC 
	GO:0016563




6) Myer VE and Young RA (1998) RNA polymerase II holoenzymes and subcomplexes. J Biol Chem 273:27757-60 [PMID: 9774381]
This paper is a short, concise review of RNA polymerase II holoenzyme and the subcomplexes that comprise it. It has been used for about a hundred annotations for 30 different genes. For the purpose of this example, we will focus on the twelve genes (RPO21, RPB2, RPB3, RPB4, RPB5, RPO26, RPB7, RPB8, RPB9, RPB11, RPC10, and RPB10) that are part of the core of RNA polymerase II, an enzyme that has been studied for some time and for which there is a lot of literature. Much of the early literature is primarily biochemical without reference to any specific gene names. In cases like this, SGD often uses a review that contains author statements about the roles of the genes in the cell, rather than tracing it back to papers, which present original experiments. The evidence code used for all such author statements that can be traced back to original source papers is TAS. One of the key features in this paper allowing annotations to be made is Table I (page 27758), listing 58 different genes involved in the RNA polymerase II holoenzyme. The top rows of this table list the twelve genes that are present in the core complex of RNA polymerase II. This, combined with statements in the section “Core RNA Polymerase II” (page 27757), is the source of the annotations for all twelve genes to the component term “DNA-directed RNA polymerase II, core complex”. For five genes (RPB5, RPO26, RPB8, RPC10, and RPB10), in the column entitled “Features”, it also states that this protein is also present in RNA polymerase I and III. This is the source of the annotations for these five genes to the component terms “DNA-directed RNA polymerase I complex” and “DNA-directed RNA polymerase III complex”. 

The section “Core RNA Polymerase II” makes it clear that it is the core enzyme that has RNA polymerase activity, i.e. “DNA-directed RNA polymerase activity”, so this function term can be annotated to all 12 genes listed as part of the RNA polymerase in Table 1.  As none of the twelve subunits have this activity individually, the “contributes to” qualifier is used to signify that each of the 12 subunits contributes to “DNA-directed RNA polymerase activity”. Note that the annotation to the term “DNA-directed RNA polymerase activity” can be used for all 12 subunits because they are part of the core complex and contribute to the function of the complex in vivo, even though some subunits are not essential and two of the subunits (RPB4 and RPB7) can be dissociated from the complex in vitro without eliminating this activity . For the process annotation, “transcription from RNA polymerase II promoter”, the first sentence of the article that makes it clear that this is the process that the RNA polymerase holoenzyme is involved in. Thus, it is reasonable to give this process annotation to all genes listed in Table 1, including the twelve subunits of the core RNA polymerase.

Sample of GO Annotations from Myer VE and Young RA (1998) [PMID: 9774381]
	Gene
	Qualifier
	Ontology
	GOid
	GO term
	Evidence

	RPO21, RPB2, RPB3, RPB4, RPB5, RPO26, RPB7, RPB8, RPB9, RPB11, RPC10, RPB10
	Contributes to
	Function
	GO:0003899
	DNA-directed RNA polymerase activity
	TAS

	RPO21, RPB2, RPB3, RPB4, RPB5, RPO26, RPB7, RPB8, RPB9, RPB11, RPC10, RPB10
	
	Process
	GO:0006366
	transcription from RNA polymerase II promoter
	TAS

	RPO21, RPB2, RPB3, RPB4, RPB5, RPO26, RPB7, RPB8, RPB9, RPB11, RPC10, RPB10
	
	Component
	GO:0005665
	DNA-directed RNA polymerase II, core complex
	TAS

	RPB5, RPO26, RPB8, RPC10, RPB10
	
	Component
	GO:0005736
	DNA-directed RNA polymerase I complex
	TAS

	RPB5, RPO26, RPB8, RPC10, RPB10
	
	Component
	GO:0005666
	DNA-directed RNA polymerase III complex
	TAS




7) Huh, W.K. et al. (2003) Global analysis of protein localization in budding yeast.  Nature. 425:686-91. [PMID:14562095]

This paper is an example of using a large-scale data set to improve GO annotations for a number of genes for which there was no other information. This paper describes experiments localizing the majority of the yeast proteome using chromosomally tagged GFP proteins. The authors provided the data file to SGD. SGD examined the data, determined which of the author’s localizations corresponded directly to a specific GO term, and updated component annotations for 1326 genes which had been annotated to  the Cellular Component term “cellular component unknown”.

Sample of GO annotations from Huh, W.K. et al. (2003) [PMID:14562095]

	Gene
	Qualifier
	Ontology
	GOid
	GO term
	Evidence

	RMI1
	
	Component
	GO:0005737
	Cytoplasm
	IDA

	RMI1
	
	Component
	GO:0005634
	Nucleus
	IDA

	DAK1
	
	Component
	GO:0005737
	Cytoplasm
	IDA

	ALG13
	
	Component
	GO:0005783
	ER
	IDA

	SHE1
	
	Component
	GO:00015630
	Microtubule cytoskeleton
	IDA




8) Samanta, M.P. and Liang, S. (2003) Predicting protein functions from redundancies in large-scale protein interaction networks. PNAS USA 100:12579-83. [PMID:14566057]

In this paper, the authors analyze several large-scale interaction data and use a network-based algorithm to predict roles for proteins. Their predictions are shown in Table 3 in the paper. As their predictions are based on computational analysis of existing data, the evidence code RCA (inferred from Reviewed Computational Analysis) is the appropriate one to use for annotations capturing the predictions from this paper for several gene products.

Sample GO annotations from Samanta, M.P. and Liang, S. (2003) [PMID:14566057]
	Gene
	Qualifier
	Ontology
	GOid
	GO term
	Evidence

	Acf4
	
	Process
	GO:0030036
	actin cytoskeleton organization and biogenesis
	RCA

	NAB6
	
	Function
	GO:0003723
	RNA binding
	RCA

	
	
	
	
	
	

	MAG2
	
	Function
	GO:0003905
	alkylbase DNA N-glycosylase activity
	RCA

	MAG2
	
	Process
	GO:0006307
	DNA dealkylation
	RCA




9) Sobering AK, et al. (2003) A novel Ras inhibitor, Eri1, engages yeast Ras at the endoplasmic reticulum. Mol Cell Biol 23(14):4983-90 [PMID: 12832483]

This paper provides annotations for the ERI1 gene in all three ontologies. The authors use a traditional genetic approach to study the role and localization of the ERI1 gene. 

The authors identify two phenotypes for the eri1( mutant (IMP evidence):  hyperactive Ras pathway signaling and deficient anchoring of glycosylphosphatidylinositol (GPI) proteins and study the former one in depth. In Figure 2(A), the authors show that the eri1( mutant exhibits a filamentous growth phenotype that is usually a sign of hyperactive Ras signaling. The authors also observe another phenotype associated with filamentous growth, which is the ability to invade agar. This behavior is due to loss of Ras-GTPase-activating (Ras-GAP) proteins. The authors confirm the hyperactivating RAS pathway signaling phenotype by looking for defects in acquisition of thermotolerance and expression of RAS2-regulated reporter gene, which are indicators of this phenotype (shown in Figure 3). Based on these phenotypes, ERI1 was annotated to ‘Ras protein signal transduction’ Process term with IMP evidence code.

Next, the authors identify the role of Eri1p in inhibiting the Ras pathway signaling. As shown in Figure 4, they test for the association of Eri1p with Ras2p by tagging both Ras2p and Eri1p and detecting the association by immunoblotting. They show that Eri1p associates only with the GTP-bound Ras2p. GTP-dependent association of a protein with Ras is one of two criteria used in the identification of novel Ras effectors. The other criteria is the requirement of an intact Ras-effector loop for interaction. By constructing Ras2p mutants that can prevent interaction with effector proteins, they also show that the GTP-Ras interaction with Eri1p is disrupted and conclude that Eri1p acts as a competitive inhibitor of Ras signaling by shielding the effector loop of GTP-Ras from interaction with its effector. Hence, ERI1 has been annotated to the function ontology term ‘GTPase inhibitor activity’ with IPI evidence code.

Finally, the authors show by subcellular fractionation (Figure 6), immunoblot analysis and immunofluorescence (Figure 5B) that Eri1p resides in the ER membrane. Thus ERI1 was assigned the cellular component term ‘ER membrane’ with IDA evidence code.

GO Annotations from Sobering AK, et al. (2003), [PMID: 12832483]

	Gene
	Qualifier
	Ontology
	GO ID
	GO Term
	Evidence

	ERI1
	
	Process
	GO:0007265
	Ras protein signal transduction
	IMP

	ERI1
	
	Function
	GO:0005095
	GTPase inhibitor activity
	IPI

	ERI1
	
	Component
	GO:0057789
	ER membrane
	IDA




10) Takayama Y, et al. (2003) GINS, a novel multiprotein complex required for chromosomal DNA replication in budding yeast. Genes Dev 17(9):1153-65

[PMID:12730134]

The section titled “Isolation of a novel protein complex” describes some genetic interactions that led the authors to speculate that the protein products of four genes, SLD5, PSF1, PSF2, and PSF3, are found together in a complex. Subsequently, they purified a complex from various strains using a tagged version of Psf1p. Using other tagged proteins and peptide mass fingerprinting, they identified the four members of the complex as Sld5p, Psf1p, Psf2p, and Psf3p and named the complex GINS (from the Japanese for “5, 1, 2, 3”). This provides the evidence to annotate each of these four genes to the component ontology term “GINS complex” using the evidence code IPI (Inferred from Physical Interaction). 

Note: The term “GINS complex” did not exist in the ontology when this paper was initially annotated. SGD requested the GO consortium editorial office to add this term to the component ontology and the annotation was made after the term became available.

The section titled “GINS is required for essential function” also provides some more evidence for the GINS complex. In sld5-12 mutant cells, the amount of GINS complex that could be recovered was severely decreased. This allows the use of the IMP evidence code for the annotation of the term “GINS complex” to the gene SLD5. In addition, addition of high-copy PSF2 restored the amount of GINS complex that could be recovered from cells. This evidence allows the use of the evidence code IGI with PSF2 for the annotation of the term “GINS complex” to the gene SLD5 .

The physical interaction data for the GINS complex is very strong and sufficient to make a GO annotation to the term GINS complex for all four genes, Sld5p, Psf1p, Psf2p, and Psf3p. In addition to this data, there are a couple other pieces of data that the authors use to support their contention that the four genes participate together in a single complex. In the section titled “Isolation of a novel protein complex”, the authors refer to the genetic interactions as suggestive that the four gene products form a complex, the genetic evidence was not used for a GO annotation to the term “GINS complex” because, while consistent with the suggestion of these genes interacting in a complex, there are multiple possible reasons to get a genetic interaction in addition to the suggested possibility of forming a complex together. Later in the paper, in the section, “Sld5 and Psf1 are required for DNA replication”, the authors describe the mutant phenotypes of each of the four deletion mutants as showing “the same morphologies, consistent with the formation of a complex by these gene products.” Again, while true, this is not the only interpretation of this result, so this evidence was not used to support the annotation to “GINS complex”.

The section titled “Sld5 and Psf1 are required for DNA replication” examined the phenotypes of the temperature sensitive sld5-12 and psf1-1 mutants in order to explore the biological role of the GINS complex. A number of phenotypes were examined and stated to be consistent with involvement with an early step of DNA replication including: morphology of arrested cells at the non-permissive temperature, kinetics of DNA replication, the point in the cell cycle at which cells began to lose viability after temperature shift, and frequency of DNA replication initiation from a specific ARS. All of this evidence allows the use of the IMP evidence code to annotate SLD5 and PSF1 with the process ontology term “DNA-dependent DNA replication”. Although the authors suggest that the GINS complex is involved in early step of replication, perhaps initiation, we chose the more conservative term “DNA-dependent DNA replication”, rather than the more granular term “DNA replication initiation” because while it seemed clear that the SLD5 and PSF1 are involved in DNA replication, it did not seem clear cut at which specific step they acted. 

Unlike PSF1 or SLD5 , the mutant phenotypes of PSF2 and PSF3 were not well characterized in this paper. However, the initial section titled “Isolation of a novel protein complex” does have some genetic multicopy suppression evidence for these genes. PSF2 is a multicopy supressor of the phenotype of the sld5-5 mutation and PSF3 is a multicopy suprressor of the phenotype of the psf1-1 mutation, suggesting that these two genes are involved in the same process as PSF1 and SLD5. This evidence results in IGI evidence with the appropriate gene for PSF2 and PSF3.

The sections “Psf1 associates with origins in S phase”, “Sld3 is required for the association of Psf1 with origins”, “Cdc45 chromatin-binding step is impaired in psf1-1 cells”, and “Associations of Psf1 and Dpb11 with origins are mutually dependent” examine the localization of Psf1p with origins of DNA replication, alone and in conjunction with SLD3, DPB11, and CDC45. These sections provide reasonable evidence that Psf1p colocalizes with the origin of DNA replication using IDA (CHiP) and IMP evidence. Although a term called “DNA replication origin binding” is available in the function ontology, as it is not clear how the interaction of Psf1p with origins of DNA replication occurs, whether it is a direct binding interaction or a more indirect interaction, it is not possible to make function annotations to terms like “DNA binding” or “DNA replication origin binding”. As there is no specific information about what the GINS complex is doing, no function annotations can be made from this paper for the four genes SLD5, PSF1, PSF2, and PSF3.

GO Annotations from Takayama Y, et al. (2003) [PMID:12730134]

	Gene
	Qualifier
	Ontology
	GO ID
	GO Term
	Evidence
	With/From

	PSF1
	
	Process
	GO:0006261
	DNA-dependent DNA replication
	IMP
	

	PSF1
	
	Component
	GO:0000811
	GINS complex
	IPI
	PSF2, PSF3, SLD5

	PSF2
	
	Process
	GO:0006261
	DNA-dependent DNA replication
	IGI
	SLD5

	PSF2
	
	Component
	GO:0000811
	GINS complex
	IPI
	PSF1, PSF3, SLD5

	PSF3
	
	Process
	GO:0006261
	DNA-dependent DNA replication
	IGI
	PSF1

	PSF3
	
	Component
	GO:0000811
	GINS complex
	IPI
	PSF1, PSF2, SLD5

	SLD5
	
	Process
	GO:0006261
	DNA-dependent DNA replication
	IMP
	

	SLD5
	
	Component
	GO:0000811
	GINS complex
	IPI
	PSF1, PSF2, PSF3
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