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1. Abstract
The UniProt manual curation process comprises manual review of results from a range of sequence
analysis programs and literature curation of experimental data as well as attribution of all
information to its original source. Curators also assign GO terms to all manually curated entries.
2. Introduction
This SOP describes the manual curation procedure used by the UniProt Consortium members at the
European Bioinformatics Institute (EBI), the SIB Swiss Institute of Bioinformatics and the Protein
Information Resource (PIR). The UniProt Knowledgebase (UniProtKB) consists of two sections,
UniProtKB/Swiss-Prot and UniProtKB/TrEMBL. TrEMBL records are enriched with automatic
classification and annotation while Swiss-Prot records are manually curated by a team of biologists.
The manual curation procedure results in a newly curated or updated UniProtKB/Swiss-Prot record.
3. Requirements
3.1 Data requirements
One or more UniProtKB records requiring manual curation
3.2 Software requirements
UniProt curation editor, UniProt sequence analysis platform, Protein2GO curation tool, QuickGO
browser
3.3 Compute requirements
Windows PC, network connection
4. Procedure
4.1 Select entry to curate
Entries are selected for manual curation based on defined curation priorities described at
http://www.uniprot.org/program/.
4.2 Run sequence similarity searches
BLAST (1) searches are run with the sequence of the selected entry to identify additional sequences
from the same gene.
4.3 Identify homologs
Reciprocal BLAST searches as well as phylogenetic resources such as Ensembl Compara (2) are used
to identify homologous proteins which can be curated at the same time as the originally selected
entry to ensure data consistency across related proteins.
4.4 Lock entries
Entries which are selected for manual curation are “locked” using an internal tool which prevents
duplication of curation efforts by ensuring that no one else works on the entry until it is finished and
“unlocked”.

4.5 Merge entries from same gene
Entries from the same gene and same species are merged into a single record to minimise
redundancy in the database. Differences between sequence reports are identified using sequence
alignment programs. Three sequence alignment programs are incorporated into the UniProt curation
environment: 1) T-Coffee version 3.67 (3), 2) Muscle version 3.6 (4), 3) ClustalW version 1.83 (5). The
underlying causes of any sequence differences such as alternative splicing, natural variations,
frameshifts, incorrect initiation sites, incorrect exon boundaries and unidentified conflicts are
documented in the merged record.
4.6 Sequence analysis
Sequences are analysed using a range of sequence analysis programs as shown in Table 1. The
programs are integrated into a platform which allows all or a subset of selected programs to be
launched simultaneously from the UniProt curation editor.
Table 1. Sequence analysis tools used during the UniProtKB manual curation process
Program
Topology
Signal P (6)
TargetP (6)
Predotar (7)
ESKW* (8)

Version

Prediction
Presence and location of signal peptides
Presence and location of transit peptides
Mitochondrial, plastid or ER targeting sequences
Transmembrane domains

TMHMM (10)
Phobius (11)

3.0
1.1
1.03
UniProtmodified
version 1.0
UniProtmodified
version 1.8a
2.0
Unknown

Post-translational
modifications
GPI-predictor (12)
NetNGlyc (13)
NetOGlyc (14)
NMT Predictor (15)
Sulfinator (16)

1.0
1.0
3.1
1.0
1.0

GPI lipid anchor sites
N-glycosylation sites
O-glycosylation sites
N-terminal myristoylation sites
Tyrosine sulfation sites

Domains
ps_scan

1.0

Internal PROSITE profile, pattern and rule scanning
program
Retrieves non-PROSITE motif matches using InterPro
database or InterProScan

MEMSAT (9)

InterPro (17)

Coils (18)
polyAA

Uses latest
versions of
InterPro and
InterProScan
2.2
1.0

Transmembrane domains

Transmembrane domains
Discriminates transmembrane and signal regions

Coiled-coil regions
Internal program which identifies homopolymeric
stretches of amino acids
REPEAT (19)
1.1
Identifies the following repeats: Ankyrin, Armadillo, HAT,
HEAT, Kelch, Leucine-rich, PFTA, PFTB, RCC1, TPR, WD40
*ESKW = transmembrane prediction algorithm by Eisenberg, Schwarz, Komaromy and Wall

Automatically selected results are returned in a graphical interface which allows visualisation of the
predictions (Figure 1). Selected features are shown in green and unselected features are shown in
red. The selected/unselected state of a feature can be toggled by clicking on it.

Figure 1. UniProtKB sequence analysis results displayed in graphical interface

All predictions are manually reviewed and relevant results are selected for inclusion in the entry. The
sequence analysis platform then transforms the selected features into UniProtKB annotation by
applying a set of automatic annotation rules (Figure 2).

Figure 2. Example of an annotation rule incorporated into the UniProt sequence analysis platform

The resulting annotations are imported into the UniProt curation editor in a format where they can
be transferred to the relevant entries.
4.7 Identification of relevant scientific literature
Relevant papers are identified using literature and text-mining resources such as PubMed (20),
Europe PubMed Central (21), iHOP (22) and TextPresso (23). Access is also provided to the UniProt
Additional Bibliography through the curation editor. The Additional Bibliography includes references
which have been imported from a range of external databases to supplement the literature in
UniProtKB and aids in identification of relevant papers.
4.8 Literature curation
The full text of each paper is read and information is extracted and added to the entry using the
UniProt curation editor. General biological information is added in a defined set of annotations as
documented at http://www.uniprot.org/manual/general_annotation and includes a wide range of
information related to the role of the protein such as its function, subcellular location, interactions
with other proteins and subunit structure. Position-specific annotation is included in a set of
sequence features as documented at http://www.uniprot.org/manual/sequence_annotation. These
features describe regions or sites of interest in the protein sequence including post-translational
modifications, binding sites, enzyme active sites and local secondary structure. In addition, all
references which are used during the curation procedure are added to the entry with details of what
information has been extracted from each paper.
4.9 Family-based curation
Putative homologs which were identified in step 4.3 are evaluated and curated according to the steps
outlined above. Annotation is standardized and propagated across homologous proteins to ensure
data consistency.
4.10 Evidence attribution
All information added to a UniProtKB entry during the manual curation process is attributed to its
original source so that users can trace the origin of each piece of information and evaluate it. This is

done through the use of a subset of evidence codes from the Evidence Code Ontology (ECO) (24).
There are seven ECO evidence codes used in manually curated entries as shown in Table 2.
Table 2. Evidence Code Ontology (ECO) codes used during the UniProt manual curation process
ECO code
ECO:0000269
ECO:0000303

Term name
experimental evidence used in
manual assertion
non-traceable author statement
used in manual assertion

ECO:0000250

sequence similarity evidence used in
manual assertion

ECO:0000312

imported information used in
manual assertion
curator inference used in manual
assertion

ECO:0000305

ECO:0000255

match to sequence model evidence
used in manual assertion

ECO:0000244

combinatorial evidence used in
manual assertion

Usage
Information for which there is published
experimental evidence
Information based on author statements in
scientific articles for which there is no
experimental support
Information which has been propagated from
a related experimentally characterised
protein
Information which has been imported from
another database and manually verified
Information which has been inferred by a
curator based on his/her scientific knowledge
or on the scientific content of an article
Information originating from the UniProt
automatic annotation systems or any of the
sequence analysis programs used during the
manual curation process and which has been
manually verified
Information which is manually curated based
on a combination of experimental and
computational evidence

Full details of the evidences used in UniProtKB are available at
http://www.uniprot.org/manual/evidences.
4.11 GO annotation
Gene Ontology (GO) terms are assigned based on experimental data from the literature. Relevant
terms are identified using the QuickGO (25) browser and are assigned to entries using the
Protein2GO curation tool. This tool has been developed within the UniProt group and is used both by
UniProt and by other members of the GO Consortium. GO terms are also propagated to homologous
proteins where appropriate. The procedure is described in more detail at
http://www.ebi.ac.uk/GOA/ManualAnnotationEfforts.
4.12 Quality control and integration
All finished entries are run through a series of automated checks which verify a large number of
biological rules such as the positions and relevance of amino acids cited in the entry. Any reported
errors are corrected. Once an entry has passed the automated checks, it undergoes manual review by
a senior curator to ensure that all relevant sequences have been merged, that all relevant literature
has been added, that the annotation has been added correctly, and that all relevant sequence
analysis results have been included. Once an entry has passed the automated and manual quality
control checks, it is integrated into the database.
4.13 Unlock finished entries
Integrated entries are unlocked so that they are available for further curation.

5. Implementation
N/A
6. Discussion
N/A
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