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The UniProt Knowledgebase

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality 
and freely accessible resource of protein sequence and functional information.  
One of the databases provided by UniProt is the UniProt Knowledgebase (UniProtKB) which 
contains expertly reviewed  (UniProtKB/Swiss-Prot) and unreviewed (UniProtKB/TrEMBL) records.

Currently, reviewed records constitute only about 1% of UniProtKB; expert curation is time-intensive 
and most published experimental data focus on a rather limited range of model organisms. 
At the same time, the number of unreviewed records in UniProtKB is growing continuously, yet for a 
large proportion of these records, there is no experimental data available.

The UniRule System

The UniRule system leverages expert curation for the automatic annotation of unreviewed 
UniProtKB records. It unifies UniProt manually curated rule-based systems (HAMAP, 
ProRule, PIR name and site rules, and RuleBase rules) into one system which manages, 
applies, and evaluates all rules. 

The UniRule tool is a web interface used by curators for both the creation and 
maintenance of rules. It holds all the rules in the UniRule system and allows the editing 
of rules individually or in batch mode.
Statistics on rule performance (confidence, sensitivity, coverage) are calculated against 
all reviewed UniProtKB entries on the fly. This way, the effects of individual changes to 
a rule can be assessed. Rules performing suboptimally are flagged and are then 
reviewed by curators, thus ensuring the timely correction of any inaccuracies. 

Rule creation and maintenance

Rules are applied at each UniProtKB release, keeping the propagated annotation up-
to-date.

Rule application

UniRule is currently providing the annotation of 29.4% of TrEMBL entries for 
different annotation types (see Figure 2).

On the UniProt website, UniRule-generated annotation in UniProtKB and all 
rules underlying the data can be explored. 
In the rule view, clicking on conditions or annotations will highlight links 
between the two, thus explaining a rule's logic (see Figure 3).

The information added by automatic annotation procedures is clearly 
highlighted as such using evidence tags (see Figure 4). The tags can also be 
used as search terms to specifically search for and/or filter out annotation 
added by a rule.

UniRule in UniProtKB

Rule structure
The UniRule rules are a formalised way of expressing an inference between:
– Conditions,  such as InterPro signatures and taxonomic constraints, combined 
together and linked by logic operators; and
– Annotations such as nomenclatures, catalytic activities, Gene Ontology terms and 
sequence features, that are propagated if the corresponding conditions are met.  
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Figure 2: UniRule statistics for UniProtKB/TrEMBL (release 2017_07)
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Figure 3: Screenshot of a UniRule rule on uniprot.org
Figure 4: Sample of UniProt entry J3QSB4 showing the 
evidence tags pointing to the UniRule rule on Figure 3.

Figure 5: Diagram of a generic user pipeline integrating the distributed UniRule to predict protein annotations 
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Leveraging UniRule outside UniProt

We plan to distribute the UniRule rules in a standardised format which will allow users to 
integrate them into their systems.

We will also explore the development of a standalone tool to execute them (see Figure 5).
The user will be able to integrate their protein sequences along with their taxonomy 
information and their pre-computed InterProScan matches. Then, a rule engine (based on 
Drools), will apply the rules on the user's data to infer new protein annotations. 

This project is still in development and we would like to involve the community working on 
functional annotation to help define the data model and the rule format specifications.

We need you! 
Any collaboration, feedback or ideas 

are very welcome for this project.
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