
Automatic Annotation in UniProtKB

Alan Bridge, Automation and Enhancements, Swiss-Prot group

alan.bridge@isb-sib.ch

Fourth International Biocuration Conference, 
Tokyo, Japan 
October 12th 2010

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

10
.5

24
7.

1 
: P

os
te

d 
12

 N
ov

 2
01

0



            “Pioneers at the Heart of Science” 1998 – 2008

       Automatic Annotation in UniProtKB - Biocuration 2010 

Talk outline

• Introduction

• What? 

What we annotate in UniProtKB, and what we propagate

• Why? 

Need for automatic annotation in UniProtKB

• How? 

Automatic annotation systems for UniProtKB

• Current status and future plans

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

10
.5

24
7.

1 
: P

os
te

d 
12

 N
ov

 2
01

0



            “Pioneers at the Heart of Science” 1998 – 2008

       Automatic Annotation in UniProtKB - Biocuration 2010 

Talk outline

• Introduction

• What? 

What we annotate in UniProtKB, and what we propagate

• Why? 

Need for automatic annotation in UniProtKB

• How? 

Automatic annotation systems for UniProtKB

• Current status and future plans

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

10
.5

24
7.

1 
: P

os
te

d 
12

 N
ov

 2
01

0



            “Pioneers at the Heart of Science” 1998 – 2008

       Automatic Annotation in UniProtKB - Biocuration 2010 

The UniProt consortium

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. 
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UniParc - Sequence archive 
Current and obsolete sequences

UniMES

Metagenomic
and environmental
sample sequences

UniProtKB/Swiss-Prot

Reviewed 

UniProtKB/TrEMBL

Unreviewed

UniProtKB
Protein knowledgebase

EMBL/GenBank/DDBJ, Ensembl, 
RefSeq, PDB, other resources

UniRef
Sequence clusters

UniRef100

UniRef90

UniRef50

Manual annotation

Automatic annotation
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What? UniProtKB annotation content
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What? Annotation propagation in UniProtKB

Annotation Propagated?

RecName Yes

AltName Yes

Function Yes

Catalytic activity Yes

Pathway Yes

Subunit Yes

Subcellular location Yes

Disease No

Disruption 
phenotype

No

Polymorphism No

Alternative products No

Annotation Propagated?

KW Yes

GO Yes

Regions of interest Yes

Active site Yes

Ligand-binding Yes

Processing Yes

PTMs Yes

Ambiguities No

Conflicts No

Natural variants No

Isoforms No
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Why? Data increase in UniProtKB
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How? Automatic annotation in UniProtKB/TrEMBL

• Based on annotation rules

• Rules are linked to specific signatures - InterPro

• Annotation rules have 
• annotations 
• conditions

• Rules are tested and validated against UniProtKB/Swiss-Prot

• Rules and annotations are updated each UniProtKB release
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How? Automatic annotation in UniProtKB

System Rule 
creation

Trigger Annotations Scope

SAAS (Spearmint) automatic InterPro comments, KW all taxa

UniRule
s

RuleBase manual InterPro protein names, 
comments, KW all taxa

PIR name / 
site rules manual PIRSF*

protein names, 
comments, 

features, KW
all taxa

HAMAP manual HAMAP*

protein names, 
comments, 

features, KW, 
GO

Archaea 
Bacteria 
plastids

* Signatures produced by UniProt consortium members and submitted to InterPro
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How? Automatic annotation in UniProtKB

System
Rule 

creation
Trigger Annotations Scope

SAAS automatic InterPro comments, KW all taxa

UniRules manual InterPro*

protein names, 
comments, 

features, KW, 
GO terms

all taxa

* Flexibility to create custom signatures for InterPro as required
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How? SAAS – C4.5 algorithm

Proteins

Attributes Annotations

Prosite 
PS00847

Pfam
PF01493

Mammalia FAD

Q9ZN27 - yes - yes

Q9JI00 - - yes -

Q9ZL14 yes - - -

Q9NYQ3 - - yes -

Q9UJM8 - - yes -

Q9NYQ2 - - yes -

Q43155 - yes - yes

Q9T0P4 - yes - yes

Q9WU19 - - yes -

• At each node of the tree, C4.5 chooses one attribute of the entries that most 
effectively splits them into subsets enriched in the desired annotation.

• The split criterion used by C4.5 is based on Shannon entropy.
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How? SAAS – validation

• 4-fold cross validation is performed on UniProtKB/Swiss-Prot – true 
and false positives are measured on this training/test set

• Performance on UniProtKB/TrEMBL is estimated using a standard 
Bernoulli-process based method, assuming a normal distribution:

• Only SAAS rules with 99% or greater estimated confidence generate 
annotation. Rules are produced and validated each release.N
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How? Automatic annotation in UniProtKB
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How - UniRules

• Rules of varying complexity: annotation varies from simple KW 
attribution to complete annotation as for UniProtKB/Swiss-Prot

• Curation: 
 From SAAS rules as input
 From UniProtKB/Swiss-Prot annotation and InterPro match data, 

taxonomy information – continuously reported to curators
 From literature based curation of characterized families - with the 

possibility to create new signatures for specific functional groups

• Validation: rules are continuously monitored – validation on 
UniProtKB/Swiss-Prot – 97% confidence
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How? UniRule – rule complexity (HAMAP)
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How? UniRule – curator tool
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How? UniRule – output

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

10
.5

24
7.

1 
: P

os
te

d 
12

 N
ov

 2
01

0



            “Pioneers at the Heart of Science” 1998 – 2008

       Automatic Annotation in UniProtKB - Biocuration 2010 

How? UniRule – output

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

10
.5

24
7.

1 
: P

os
te

d 
12

 N
ov

 2
01

0



            “Pioneers at the Heart of Science” 1998 – 2008

       Automatic Annotation in UniProtKB - Biocuration 2010 

How? UniRule – output

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

10
.5

24
7.

1 
: P

os
te

d 
12

 N
ov

 2
01

0



            “Pioneers at the Heart of Science” 1998 – 2008

       Automatic Annotation in UniProtKB - Biocuration 2010 

How? UniRule – output

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

10
.5

24
7.

1 
: P

os
te

d 
12

 N
ov

 2
01

0



            “Pioneers at the Heart of Science” 1998 – 2008

       Automatic Annotation in UniProtKB - Biocuration 2010 

•Manual annotation cannot keep pace with current or projected rates of growth of 
UniProtKB -> automatic annotation

•SAAS – automatically generated annotation rules for comments, KWs

•UniRule – manually curated annotation rules
• annotation varies from simple KWs to full annotation
• start point can be SAAS rules, InterPro reports, literature-based curation of 

protein families
• possibility to create custom signatures -> InterPro

•Automatic annotation of UniProtKB/TrEMBL is refreshed, and validated, each 
UniProtKB release – validation using UniProtKB/Swiss-Prot as reference

•The source of each annotation is indicated - users can access rule logic

How? Automatic annotation in 
UniProtKB/TrEMBL - Summary
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Current status - coverage of UniProtKB/TrEMBL

UniProt release 2010_10 included annotations from 7767 SAAS rules, 1814 UniRules
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Current status – coverage of UniProtKB/TrEMBL
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Future plans

• Complete integration of all existing rules into one unified system

• Improve presentation and access – including prediction server 
similar to that currently provided for HAMAP rules

• Collaborative exchange of annotations with other groups – to 
improve coverage and quality
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