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Friday 14 October 2022

09:00 - 13:00  Protein sequence databases and sequence annotation in UniProtKB (theory and practicals)
13:00 - 14:00  LUNCH
14:00 - 17:00  Proteomes & Automated annotation in UniProtKB (theory and practicals)
17:00   End & exam (deadline: 22h, email MCB) (0.25 ECTS)

Several Coffee Breaks

Do not hesitate to ask questions !
Chat, Google doc and orally…



Marie-Claude.Blatter@sib.swiss
&

Elisabeth.Gasteiger@sib.swiss
& 

Ivo.Pedruzzi@sib.swiss

Swiss-Prot group, Geneva

SIB Swiss Institute of Bioinformatics



SIB Swiss Institute of Bioinformatics

80 groups, 800 collaborators

www.sib.swiss



https://www.sib.swiss/alan-bridge-group

https://www.sib.swiss/alan-bridge-group


https://strawpoll.com/polls/6QnM7KORlZe

https://strawpoll.com/polls/6QnM7KORlZe


- Google doc (Q&A): 
https://docs.google.com/document/d/1EGornxLPlLbg6GgTVrkQ
frny--1gWyR74PZTfkvLqLY/edit#heading=h.eriftm2ftu8c

In one sentence:

Why are your expectations for today ?

https://docs.google.com/document/d/1EGornxLPlLbg6GgTVrkQfrny--1gWyR74PZTfkvLqLY/edit#heading=h.eriftm2ftu8c


Which database(s) are you familiar with ?

https://strawpoll.com/polls/kogjvakq1g6

https://strawpoll.com/polls/kogjvakq1g6


https://strawpoll.com/polls/GPgV3K6pAZa

https://strawpoll.com/polls/GPgV3K6pAZa


UniProtKB, protein sequence databases 
and sequence annotation 

Protein sequence and annotation: overview

Nucleic acid sequence databases

INSDC, Ensembl, RefSeq

UniProtKB

UniProtKB/Swiss-Prot

UniProtKB/TrEMBL

Biochemical data (Rhea & ChEBI)

Gene Ontology

UniProt web sites and tools

NCBI Protein sequence databases 

RefSeq
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• > 200 billion ‘different’ proteins on earth (∑ N species x M genes) 

• ~ 227 million ‘known and public’ protein sequences today

− 50 % more by next year !

Protein sequences



• > 200 billion ‘different’ proteins on earth (∑ N species x M genes) 

• ~ 227 million ‘known and public’ protein sequences today

− 50 % more by next year !

• ~ 99% of the protein sequences are derived from the translation 
of nucleotide sequences (mRNA or DNA/genome)

• ~ 1 % come from direct protein sequencing (Edman, MS/MS…)

Protein sequences



ENA, GenBank, DDBJ

…if the submitters provide an 
annotated CoDing Sequence (CDS)

Protein sequence 
databases

Nucleic acid 
databases (INSDC)

mRNA, genes, genomes, …

The life of a protein sequence …

UniProtKB
NCBI protein

no CDS

Ensembl, RefSeq
gene prediction 95 %4 %

Direct protein sequencing

1 %
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GenBank X02158

GenBank
Nucleotide sequence

Gene EPO (DNA)



https://www.ncbi.nlm.nih.gov/nuccore/x02158

- Look for this GenBank entry (Human EPO gene)
- Click on the annotated ‘CDS’ link

- Bonus: click on the link to the UniProtKB entry

Question

https://www.ncbi.nlm.nih.gov/nuccore/x02158


https://www.ncbi.nlm.nih.gov/nuccore/x02158

GenBank X02158
Nucleotide (DNA) sequence

Annotated CDS
submitted by the submitter

Automated translation
-> protein sequence

Gene EPO (DNA)

https://www.ncbi.nlm.nih.gov/nuccore/x02158


These submitted CDS are derived from experimental data

https://strawpoll.com/polls/mpnbaApVvy5

https://strawpoll.com/polls/mpnbaApVvy5


ENA, GenBank, DDBJ

…if the submitters provide an 
annotated CoDing Sequence (CDS)

(gene prediction or experimental data)

Protein sequence 
databases

Nucleic acid 
databases (INSDC)

mRNA, genes, genomes, …

The life of a protein sequence …

UniProtKB
NCBI protein

no CDS

Ensembl, RefSeq
gene prediction 95 %4 %

Direct protein sequencing

1 %

Not so well documented…



ENA, GenBank, DDBJ

…if the submitters provide an 
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The life of a protein sequence …
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NCBI protein

no CDS
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Direct protein sequencing

95 %4 %

1 %



UniProtKB: Swiss-Prot + TrEMBL

NCBI protein: Swiss-Prot + GenPept + RefSeq + PIR + PDB + PRF 

PIR, PDB, PRF, 

Protein sequence databases

PIR, PDB, PRF, 

Ensembl, RefSeq
integration + cross-links

www.uniprot.org

https://www.ncbi.nlm.nih.gov/protein/

organization

http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/protein/


UniProtKB/Swiss-Prot
one record – one gene – one or several protein sequences

UniProtKB/TrEMBL
one record – one protein sequence

RefSeq
one record – one mRNA sequence – one protein sequence

The definition of 'redundancy’ 
varies among databases

Due to these different concepts, 
it is not possible to draw conclusions 

on the quality and completeness of a database
according to the number of entries.



(…)

(gene:GYPA) AND (taxonomy_id:9606)

Human GYPA gene and its protein sequences
Biology and/or redundancy



NCBI protein: Swiss-Prot + GenPept + RefSeq + PIR + PDB + PRF

Swiss-Prot

RefSeq

(…)



Biocuration

= adding biological information (annotation) mainly to a (reviewed or not) protein sequence.

• expert biocurators (reviewed)  - source: publication & prediction and validation
• automated (unreviewed) - source: prediction

• Free text
• Controlled vocabulary (CV), i.e. Keywords, in-house CV…
• Ontology,  i.e. Gene Ontology, ChEBI, …



UniProtKB/Swiss-Prot annotation UniProtKB/TrEMBL annotation

P02724 A0A0C4DFT7

• expert biocurators (reviewed)  - source: publication & prediction
• automated (unreviewed) - source: prediction

• Free text
• Controlled vocabulary (CV),  i.e. in-house CV, Keywords, …
• Ontology, i.e. Gene Ontology, ChEBI, …

• expert biocurators (reviewed)  - source: publication & prediction
• automated (unreviewed) - source: prediction

• Free text
• Controlled vocabulary (CV),  i.e. in-house CV, Keywords, …
• Ontology, i.e. Gene Ontology, ChEBI, …

Human gene: GYPA @ UniProtKB

Example of biocuration/annotation (subcellular location)
(same gene, same protein sequence)



RefSeq annotation
NP_002090.4

• expert biocurators (reviewed)  - source: publication & prediction -> provided by RefSeq
• automated (unreviewed) - source: prediction

• Free text
• Controlled vocabulary,  i.e. in-house CV, Keywords, …
• Ontology, i.e. Gene Ontology, ChEBI, …

Human gene: GYPA @ RefSeq



We will discuss questions such as (theory and practices):

• Where do the protein sequences come from?

• What are the differences between the major protein sequence databases?

• What are the manual and automated gene / protein annotation pipelines?

• What are the Gene Ontology (GO) annotation pipelines?

• How to assess protein sequence accuracy and annotation quality?

• How to extract biological knowledge from a Blast result or gene list?

https://www.sib.swiss/training/course/20221014_PRODB

https://www.sib.swiss/training/course/20221014_PRODB
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ENA, GenBank, DDBJ

…if the submitters provide an 
annotated CoDing Sequence (CDS)

(gene prediction or experimental data)

Protein sequence 
databases

Nucleic acid 
databases (INSDC)

mRNA, genes, genomes, …

The life of a protein sequence …

UniProtKB
NCBI protein

no CDS

Ensembl, RefSeq
gene prediction 95 %4 %

Direct protein sequencing

1 %



http://www.insdc.org/

ENA/GenBank/DDBJ



Serve as nucleic sequence archives (primary databases): 

• Contain all public sequences derived from:

– Genome projects (> 80 % of entries)

– Sequencing centers (cDNAs, ESTs, RNAs…)

– Individual scientists ( 15 % of entries)

– Patent offices (i.e. European Patent Office, EPO)

• Sequences from > 1’250’000 different species;

• It contains about 3’000 millions sequence entries

ENA/GenBank/DDBJ
1220900

! Sequence quality !
Protein sequences  in UniProtKB

map to genome sequences



• An example…



Individual scientists



http://www.ncbi.nlm.nih.gov/nuccore/M32441.1

GenBank
M32441

publication

taxonomy

protein or gene name

Nucleic acid sequence
(mRNA or DNA)

CDS translation
(automated)

CDS annotation

http://www.ncbi.nlm.nih.gov/nuccore/M32441.1


http://www.ncbi.nlm.nih.gov/nuccore/M32441.1

ENA
M32441

publication

taxonomy

https://www.ebi.ac.uk/ena/browser/api/embl/M32441

protein or gene name

cross-references added by ENA

CDS translation
(automated)

https://www.ebi.ac.uk/ena/browser/api/embl/M32441


“Beyond limited editorial control and some internal integrity 
checks (for example, proper use of INSD formats and translation 
of coding regions specified in CDS entries are verified), the 
quality and accuracy of the record are the responsibility of the 
submitting author, not of the database.”

http://www.insdc.org/policy

ENA/GenBank/DDBJ



• many scientists assume that GenBank annotation is kept up to      
date, and they are surprised to hear that it is not

• the annotation has remained static: a gene labeled 'hypothetical 
protein' a few years ago might now have a known function. 

• erroneous and inconsistent naming of genes. 

• scientists should fix errors that they find. But this would quickly 
destroy the archival function of GenBank, as original entries would 
be erased over time. 

PMID: 17274839

ENA/GenBank/DDBJ



From 
ENA/GenBank/DDBJ 

to 
protein sequence databases



What is transferred from nucleotide sequence databases 
such as UniProtKB ?

• The protein sequence (translated CDS)

• Publication provided by the submitting author

• Gene and protein names
• EC number (enzyme classification)
• Origin of the sequence (tissues)
• Taxonomy



What is transferred from nucleotide sequence databases 
such as UniProtKB ?

• The protein sequence (translated CDS)

• Publication provided by the submitting author

• Gene and protein names
• EC number (enzyme classification)
• Origin of the sequence (tissues)
• Taxonomy



DR EMBL; DQ339047; ABC68418.1; -; mRNA.

FT source 1..1397 

FT /organism="Rattus norvegicus" 

FT /strain="Sprague-Dawley" 

FT /mol_type="mRNA" 

FT /sex="female" 

FT /tissue_type="ovary"

FT /db_xref="taxon:10116" 

FT CDS 70..1329 

FT /codon_start=1 

FT /product="testis derived transcript" 

FT /note="TES" 

FT /db_xref="GOA:Q2LAP6" 

What is transferred to UniProtKB (‘imported’):

https://www.ncbi.nlm.nih.gov/nuccore/DQ339047
https://www.uniprot.org/uniprotkb/Q2LAP6/entry

https://www.ncbi.nlm.nih.gov/nuccore/DQ339047
https://www.uniprot.org/uniprotkb/Q2LAP6/entry


What is transferred from nucleotide sequence databases 
such as UniProtKB ?

• The protein sequence (translated CDS)

• Publication provided by the submitting author

• Gene and protein names
• EC number (enzyme classification)
• Origin of the sequence (tissues)
• Taxonomy



FT   CDS             complement(45959..47332)

FT                   /db_xref="SPTREMBL:Q9UZ71"

FT                   /note="PAB2386"

FT                   /transl_table=11

FT                   /product="4-AMINOBUTYRATE qui se dilate AMINOTRANSFERASE

FT                   (EC 2.6.1.19)"

FT                   /protein_id="CAB50188.1"

FT                   /translation="MDYPRIVVNPPGPKAKELIEREKRVLSTGIGVKLFPLVPKRGFGP

FT                   FIEDVDGNVFIDFLAGAAAASTGYSHPKLVKAVKEQVELIQHSMIGYTHSERAIRVAEK

FT                   LVKISPIKNSKVLFGLSGSDAVDMAIKVSKFSTRRPWILAFIGAYHGQTLGATSVASFQ

FT                   VSQKRGYSPLMPNVFWVPYPNPYRNPWGINGYEEPQELVNRVVEYLEDYVFSHVVPPDE

FT                   VAAFFAEPIQGDAGIVVPPENFFKELKKLLDEHGILLVMDEVQTGIGRTGKWFASEWFE

FT                   VKPDMIIFGKGVASGMGLSGVIGREDIMDITSGSALLTPAANPVISAAADATLEIIEEE

FT                   NLLKNAIEVGSFIMKRLNELKEQFDIIGDVRGKGLMIGVEIVKENGRPDPEMTGKICWR

FT                   AFELGLILPSYGMFGNVIRITPPLVLTKEVAEKGLEIIEKAIKDAIAGKVERKVVTWH"

Challenge: making the link between enzyme activity and protein sequence(s)…



https://www.ncbi.nlm.nih.gov/nuccore/AJ248287.2

Challenge: making the link between enzyme activity and protein sequence(s)…

https://www.ncbi.nlm.nih.gov/nuccore/AJ248287.2


https://www.uniprot.org/uniprotkb/Q9UZ71/entry

https://www.uniprot.org/uniprotkb/Q9UZ71/entry


What is transferred from nucleotide sequence databases 
such as UniProtKB ?

• The protein sequence (translated CDS)

• Publication provided by the submitting author

• Gene and protein names
• EC number (enzyme classification)
• Origin of the sequence (tissues)
• Taxonomy



Taxonomy biocuration: examples
Collaboration with NCBI taxonomy



Taxonomy biocuration: examples
Collaboration with NCBI taxonomy

Stick insects (phasmes)



https://www.ncbi.nlm.nih.gov/nuccore/Z71230

For fun: 
Look at this GenBank entry:

Where does the sequence come from ?
- Which organism ? Which isolate ?

What is the length of the protein sequence?

Question

https://www.ncbi.nlm.nih.gov/nuccore/Z71230


https://www.ncbi.nlm.nih.gov/nuccore/Z71230

Taxonomy biocuration: examples
Collaboration with NCBI taxonomy

https://www.pinterest.ch/abidabdellatif/castro/

https://www.ncbi.nlm.nih.gov/nuccore/AAFZ00000000.1

https://www.ncbi.nlm.nih.gov/nuccore/Z71230
https://www.ncbi.nlm.nih.gov/nuccore/AAFZ00000000.1


What is transferred from nucleotide sequence databases 
such as UniProtKB ?

• The protein sequence (translated CDS)

• Publication provided by the submitting author

• Gene and protein names
• EC number (enzyme classification)
• Origin of the sequence (tissues)
• Taxonomy



https://www.ncbi.nlm.nih.gov/nuccore/x02158

GenBank X02158

GenBank
Nucleotide sequence 

Annotated CDS
CoDing Sequence

Protein sequence:
which accuracy ?

https://www.ncbi.nlm.nih.gov/nuccore/x02158


GenBank X02158

GenBank
Nucleotide sequence 

https://www.ncbi.nlm.nih.gov/nuccore/x02158

https://www.ncbi.nlm.nih.gov/nuccore/x02158


https://www.ncbi.nlm.nih.gov/nuccore/x02158

GenBank X02158

gene prediction or 
experimentally proven (cDNA) 

GenBank
Nucleotide sequence 

Annotated CDS

Protein sequence

https://www.ncbi.nlm.nih.gov/nuccore/x02158


Haemophilus influenzae genome in GenBank
https://www.ncbi.nlm.nih.gov/nuccore/JMQP01000002

(1)  What are the different CDS ‘inferences’ ?

(2)  Look at the information available for the gene ProS
o Look at the Enzyme classification number (EC number)

(3) Follow the link to ‘Protein’ (column on the right; Related information)
How many proteins are predicted to be encoded by this genome ?

(4) How many proteins in UniProtKB? (query with JMQP01000002)

(5) Look at the entry corresponding to the gene ProS in UniProtKB (A0A0D0IHI5)

Question

https://www.ncbi.nlm.nih.gov/nuccore/JMQP01000002


GenBank JMQP01000002

Gene prediction ‘validated’ by similarity (homology)
Gene prediction ‘validated’ with the presence of a known protein domain.

This type of information is not mandatory for the submitters (not always 
present)…



Gene name

EC number

Protein name

Gene ProS



The corresponding protein in UniProtKB: 
https://www.uniprot.org/uniprotkb/A0A0D0IHI5/entry



EC: validated by HAMAP rules

The corresponding protein in UniProtKB: 
https://www.uniprot.org/uniprotkb/A0A0D0IHI5/entry



Number of entries @ NCBI protein

GenBank JMQP01000002



100 % identical protein sequences are merged.
Do not hesitate to contact us !

Number of entries @ UniProtKB

GenBank JMQP01000002



ENA, GenBank, DDBJ

…if the submitters provide an 
annotated CoDing Sequence (CDS)
(gene prediction or experimental)

Protein sequence 
databases

Nucleic acid 
databases (INSDC)

mRNA, genes, genomes, …

The life of a protein sequence …

UniProtKB
NCBI protein

no CDS

Ensembl, RefSeq
gene prediction 95 %4 %

Direct protein sequencing

1 %



Look at this record
https://www.ncbi.nlm.nih.gov/nuccore/AADB02000196

Any annotated CDS ?

Question

https://www.ncbi.nlm.nih.gov/nuccore/AADB02000196


No submitted annotated CDS



ENA, GenBank, DDBJ

…if the submitters provide an 
annotated CoDing Sequence (CDS)
(gene prediction or experimental)

Protein sequence 
databases

Nucleic acid 
databases (INSDC)

mRNA, genes, genomes, …

The life of a protein sequence …

UniProtKB
NCBI protein

no CDS

Ensembl, RefSeq
gene prediction 95 %4 %

Direct protein sequencing

1 %



Complementary pipelines for import of protein sequences have been 
developed in collaboration with

• Ensembl for vertebrate species, 
• Ensembl Genomes for non-vertebrate species, 
• WormBase, ParaSite for parasitic nematodes
• VectorBase for pathogen vector genomes. 

In addition, a new pipeline imports selected non-redundant genomes
annotated by NCBI RefSeq. 

These sources provide proteome sequences for a number of key 
genomes of special interest where the INSDC submission is lacking
gene model annotation (CDS annotation).

UniProtKB and Ensembl, RefSeq 



UniProtKB, protein sequence databases 
and sequence annotation 

Protein sequence and annotation: overview

Nucleic acid sequence databases

INSDC, Ensembl, RefSeq

UniProtKB

UniProtKB/Swiss-Prot

UniProtKB/TrEMBL

Biochemical data (Rhea & ChEBI)

Gene Ontology

UniProt web sites and tools

NCBI Protein sequence databases 

RefSeq



Ensembl

• Creates, integrates and distributes reference datasets

• Joint project between EBI and the Sanger Centre

• UniProtKB contains protein sequences derived from Ensembl gene 
prediction pipelines are not submitted to ENA/GenBank/DDBJ 

Ensembli ENST00000252723; ENSP00000252723; ENSG00000130427. 

transcript protein gene



https://www.ensembl.org/info/genome/index.html

https://www.ensembl.org/info/genome/genebuild/index.html

Gene prediction

https://www.ensembl.org/info/genome/index.html
https://www.ensembl.org/info/genome/genebuild/index.html


UniProtKB, protein sequence databases 
and sequence annotation 

Protein sequence and annotation: overview
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INSDC, Ensembl, RefSeq

UniProtKB

UniProtKB/Swiss-Prot

UniProtKB/TrEMBL

Biochemical data (Rhea & ChEBI)

Gene Ontology

UniProt web sites and tools

NCBI Protein sequence databases 

RefSeq



• Creates, integrates and distributes reference datasets, 
constructed from INSDC sequences.

• UniProtKB contains protein sequences derived from RefSeq gene 
prediction pipelines which are not submitted to 
ENA/GenBank/DDBJ 

transcript protein gene

RefSeq NM_000799.4; NP_000790.2; NG_021471.2



https://www.ncbi.nlm.nih.gov/genome/annotation_euk/process/

https://www.ncbi.nlm.nih.gov/genome/annotation_prok/

https://www.ncbi.nlm.nih.gov/genome/annotation_euk/process/
https://www.ncbi.nlm.nih.gov/genome/annotation_prok/


RefSeq

Organisms: 
UniProtKB/Swis-Prot: ~12,000 
UniProtKB/TrEMBL: ~1,290,000



(1) Look at the first submitted genome of SARS-CoV-2 (GenBank)
https://www.ncbi.nlm.nih.gov/nuccore/MN908947
How many CDS (right column: select ‘Protein’) ?

(2) Look at the reference genome of SARS-CoV-2 (RefSeq)
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512
How many CDS (right column: select ‘Protein’) ?

(3) SARS-CoV-2 proteome in UniProtKB
https://www.uniprot.org/uniprotkb/?query=proteome:UP000464024
How many proteins (CDS) ?

Different databases, different datasetsQuestion

https://www.ncbi.nlm.nih.gov/nuccore/MN908947
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512
https://www.uniprot.org/uniprotkb/?query=proteome:UP000464024


(1) Look at the first submitted genome of SARS-CoV-2
https://www.ncbi.nlm.nih.gov/nuccore/MN908947

(2) Look at the reference genome of SARS-CoV-2 (RefSeq)
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512

(3) SARS-CoV-2 proteome in UniProtKB
https://www.uniprot.org/uniprot/?query=proteome:UP000464024

Identical sequence - different gene model
Note: ORF10 is ‘not’ in UniProtKB !

https://www.ncbi.nlm.nih.gov/nuccore/MN908947
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512
https://www.uniprot.org/uniprot/?query=proteome:UP000464024




(proteome:UP000464024) NOT NC_045512

-> 5 additional protein sequences in UniProtKB

Manually reviewed:
Direct contact with authors
+ publication (reviewed)



UniProtKB, protein sequence databases 
and sequence annotation 

Protein sequence and annotation: overview

Nucleic acid sequence databases

INSDC, Ensembl, RefSeq

UniProtKB

UniProtKB/Swiss-Prot

UniProtKB/TrEMBL

Biochemical data (Rhea & ChEBI)

Gene Ontology

UniProt web sites and tools

NCBI Protein sequence databases 

RefSeq



www.uniprot.org

~227 millions of proteins/records

derived from ~ 1,290,000 different species

8 million unique visitors/year

New release every 8 weeks



UniProt consortium :

EBI : European Bioinformatics Institute (UK)
SIB : Swiss Institute of Bioinformatics (CH)
PIR : Protein Information Resource (USA)



www.uniprot.org



UniProt databases



UniProt databases



UniProt databases





UniProtKB is composed of 2 sections

UniProtKB/Swiss-Prot
Reviewed - Expertly annotated

Records with information extracted from literature 
and curator-evaluated computational analysis.

One gene / one record

UniProtKB/TrEMBL
Unreviewed – Computationally analyzed

Records that await full manual annotation…
One protein / one record

some redundancy…  



What is the % of expert curated protein entries in UniProtKB ?

https://strawpoll.com/polls/40Zmd7DaKga

https://strawpoll.com/polls/40Zmd7DaKga


Major differences in the 
protein sequence and  

annotation 
accuracy !

UniProt release 2022_03

0.25 % of 
UniProtKB protein

sequences

UniProtKB is composed of 2 sections

99.75 % of 
UniProtKB protein

sequences



Does UniProtKB contain all protein sequences ?

UniProtKB excludes the following protein sequences:

1.Most non-germline immunoglobulins and T-cell receptors
2.Synthetic sequences
3.Most patent application sequences
4.Small fragments encoded from nucleotide sequence (<8 amino acids)
5.Pseudogenes
6.Sequences from redundant proteomes
7.Sequences from proteomes that NCBI genomes/RefSeq considers to be low
quality assemblies, i.e. excluded proteomes
8.Fusion/truncated proteins
9.Not real proteins

https://www.uniprot.org/help/uniprotkb_coverage

https://www.uniprot.org/help/immunoglobulins
https://www.uniprot.org/help/proteome_redundancy
https://www.ncbi.nlm.nih.gov/assembly/help/anomnotrefseq/
https://www.uniprot.org/help/proteome_exclusion_reasons
https://www.uniprot.org/help/uniprotkb_coverage


UniProtKB entry content: overview

Protein sequence & biological knowledge



UniProtKB, protein sequence databases 
and sequence annotation 

Protein sequence and annotation: overview

Nucleic acid sequence databases

INSDC, Ensembl, RefSeq

UniProtKB

UniProtKB/Swiss-Prot

UniProtKB/TrEMBL

Biochemical data (Rhea & ChEBI)

Gene Ontology

UniProt web sites and tools

NCBI Protein sequence databases 

RefSeq



“Biocuration requires a combination of 
human intelligence, well-designed software tools, 

and advanced computational methods for literature identification and triage.” 

What is expert biocuration?

“The SIB Swiss Institute of Bioinformatics’ 
resources: focus on curated databases” 
https://doi.org/10.1093/nar/gkv1310

https://doi.org/10.1093/nar/gkv1310


Video
‘Insert expert biocuration in UniProtKB/Swiss-Prot’

https://www.youtube.com/watch?v=wvrCJtJnDbo

https://www.youtube.com/watch?v=wvrCJtJnDbo


UniProtKB/Swiss-Prot
(1) Protein  sequence

One entry – one gene – one or several protein sequences



• Validate a ‘consensus’ (canonical) sequence, which map to the genome 
sequence

• Validate and annotate the alternative isoform sequences, which map to the 
genome sequence

• At least 15% of UniProtKB/Swiss-Prot entries required manual curation effort 
to “correct” the sequences. 

Typical problems

– unsolved conflicts (gene prediction)

– uncorrected initiation sites

– frameshifts

– other ‘problems’ 

UniProtKB/Swiss-Prot: sequence



✓ ~ 15 % of UniProtKB/Swiss-Prot entries required curation effort to “correct” the 
protein sequences.

✓ ~89 % of human UniProtKB/Swiss-Prot entries required curation effort to correct or confirm the 
protein sequences (CCDS and MANE select (mRNA)).

https://pubs.acs.org/doi/pdf/10.1021/acs.jcim.0c00073

“Need for high quality sequences for learning from the language of protein (AI/ML)”

https://pubs.acs.org/doi/pdf/10.1021/acs.jcim.0c00073


UniProtKB/Swiss-Prot: sequence



Sequences chosen according to these criteria generally allow the description of the majority of 
functionally important domains, motifs, sites, and post-translational modifications, naturally 
occurring variants with functional and clinical significance, and other sequence features.

UniProtKB/Swiss-Prot: sequence



Used to construct the 
UniProtKB canonical 

sequence and 
additional isoforms

UniProtKB/Swiss-Prot: sequence

Source 



- No evidence nor quality statement for the protein sequence
- No ‘corresponding’ nucleotide sequence

https://www.uniprot.org/help/sequence_origin

UniProtKB/Swiss-Prot: sequence



Automatically
mapped to the 

UniProtKB record

Automatically
mapped to the 

UniProtKB record

Automatically
mapped to the 

UniProtKB record

UniProtKB/Swiss-Prot: sequence

Used to construct the 
UniProtKB canonical 

sequence and 
additional isoforms



Used to construct the 
UniProtKB canonical 

sequence and 
additional isoforms

UniProtKB/Swiss-Prot: sequence

Source 

https://www.ncbi.nlm.nih.gov/refseq/MANE/
Matched Annotation from NCBI and EMBL-EBI (MANE) (human)

https://www.ncbi.nlm.nih.gov/refseq/MANE/


Look at this UniProtKB entry (P04150)

- 'Header section' 
What is the status of this entry:  reviewed by a biocurator, or unreviewed? 

- 'Sequence & isoforms' section
How many different protein sequences (isoforms) are available for this gene?

What is the length of the canonical protein sequence ?

How many ‘computationally mapped’ UniProtKB/TrEMBL entries ?

- 'Sequence & isoforms’ section (sequence databases)
Look at the RefSeq cross references: How many RefSeq entries? How many entries    
are mapped to the UniProtKB entries ?

Query UniProtKB with the Gene name.
Look at the  length of the different protein sequences in order to have a first idea of 
the differences that might exist…

Map your UniProtKB entries to RefSeq
- select all Acs, MapIds to Sequence databases (RefSeq)

Question
About the protein sequences

https://www.uniprot.org/uniprot/P04150


*A proteome is the set of proteins
thought to be expressed by an 
organism (completely sequenced
genomes). See later

https://www.uniprot.org/uniprotkb/P04150/entry#names_and_taxonomy

Reviewed, Swiss-Prot entry



1 gene, 1 Swiss-Prot record, 16+3 protein sequences….



Query UniProt: Gene:NR3C1



17 UniProtKB entries
4 UniProtKB mapped to 33 RefSeq



Query UniProt: Gene:NR3C1 RefSeq

4 UniProtKB mapped to 33 RefSeq



+ 20 RefSeq entries…
• Some ‘mapped’ to the UniProtKB entry…

• Several RefSeq entries for the same UniProtKB sequence
• Some predicted (XP_...)

The definition of redundancy varies 
among databases



UniProtKB/Swiss-Prot
one record – one gene – one or several protein sequences

UniProtKB/TrEMBL
one record – one protein sequence

RefSeq
One record – one mRNA sequence – one protein sequence

The definition of 'redundancy’ 
varies among databases

Due to these different concepts, 
it is not possible to draw conclusions 

on the quality and completeness of a database
according to the number of entries.



One entry – one gene – one species

One or several protein sequences (isoforms) per entry

canonical & isoform

Example: GCR_HUMAN (Sequence 16 +)
https://www.uniprot.org/uniprotkb/P04150/entry#sequences

UniProtKB/Swiss-Prot: sequence

https://www.uniprot.org/uniprotkb/P04150/entry#sequences


http://web.expasy.org/docs/relnotes/relstat.html

UniProtKB/Swiss-Prot: sequence



Beware

The Swiss-Prot isoform sequences are not included in all datasets

Examples:
- Complete proteome* -> download Fasta (canonical & isoform)

- Blast@ NCBI (NCBI protein (nr))

*A proteome is the set of proteins
thought to be expressed by an 
organism (completely sequenced
genomes). See this afternoon



UniProtKB/Swiss-Prot
(2) Biological knowledge / annotation

Knowledge:
- comprehensive summary that provides a complete overview of the information 

available
- Free text or standardized vocabularies to facilitate consistent retrieval whenever 

possible



Biocuration

= adding biological information (annotation) mainly to a protein sequence.

• expert biocurators (reviewed)  - source: publication & prediction and validation
• automated (unreviewed) - source: prediction

• Free text
• Controlled vocabulary, i.e. Keywords, in-house CV…
• Ontology,  i.e. Gene Ontology, ChEBI, …



UniProtKB: source of annotation
evidence statements

ECO Ontology: 
standard ontology for evidence information

Could change in the future…



• Selected Publication (experimental)

• Another UniProtKB entry (orthologs):

• Curator-evaluated computational analysis

• An entry from another database:

• Combined sources

Source of manual annotation/Evidence statements



• Selected Publication (experimental)

• Another UniProtKB entry (orthologs):

• Curator-evaluated computational analysis

• An entry from another database:

• Combined sources

Source of manual annotation/Evidence statements



What is expert biocuration?



Literature triage

Curators evaluate around 50,000 to 70,000 papers per year
during the course of their curation work for UniProtKB/Swiss-Prot.

On expert curation and scalability: UniProtKB/Swiss-Prot as a case study: 
Publication

https://academic.oup.com/bioinformatics/article/33/21/3454/3964379?login=true


Going from unstructured (publication) to structured data.

“Expert curation is an essential part of the scientific process, one 
that adds significant value to research data and enables state of the 
art machine learning and artificial intelligence.” 

Alan Bridge, director of Swiss-Prot

Most aspects of the complex process of biocuration cannot be 
replaced by machine learning !



Going from unstructured (publication) to structured data.

ALB4, Q9FYL3 (ALB31_ARATH), PubMed=16595657

PubMed=16595657



PubMed=16595657

UniProtKB Q9FYL3

www.uniprot.org

Web: https://www.uniprot.org/uniprotkb/Q9FYL3/entry#subcellular_location

FROM: TO: 

Experimental data
Controlled vocabulary (CV)



• Selected Publication (experimental)

• Another UniProtKB entry (orthologs):

• Curator-evaluated computational analysis

• An entry from another database:

• Combined sources

Source of manual annotation/Evidence statements



+ disordered regions: MobiDB-lite

https://academic.oup.com/bioinformatics/article/33/9/1402/2908909?login=true


Protein sequence analysis: in-house resource
Curator-evaluated computational analysis



PubMed=16595657

UniProtKB Q9FYL3

www.uniprot.orghttps://www.uniprot.org/uniprotkb/Q9FYL3/entry#subcellular_location

Curator-evaluated prediction

FROM: TO: 

Curator-evaluated prediction



UniProtKB/Swiss-Prot: PTM annotation

Glycosylation
Glycosylation is described using a strict controlled vocabulary.
Experimentaly proven or curator-evaluated prediction

https://www.uniprot.org/help/carbohyd

Phosphorylation
Phosphorylation is described using a strict controlled vocabulary.
Only experimentally determined phosphorylation sites (MS). 

https://www.uniprot.org/help/post-translational_modification

https://www.uniprot.org/help/carbohyd
https://www.uniprot.org/help/post-translational_modification


UniProtKB/Swiss-Prot: 3D structure annotation

https://www.uniprot.org/help/3d-structure_annotation_in_swiss-prot

Manual annotation of entries with 3D-structures has high priority

• 3D-structures yield detailed information about the interactions of a 
protein with its ligands (substrates, ions, cofactors or regulatory 
molecules), and so help to identify active site residues.

•3D-structures pinpoint the exact position of a residue that causes a 
genetic disease when it is mutated.

https://www.uniprot.org/help/3d-structure_annotation_in_swiss-prot


- 'Function' section
What is the function of the protein?
Where does the information come from? 

- 'PTM/Processing' section
How many phosphorylated sites? 
How many sites have been experimentally proven to be phosphorylated?

- 'Structure' section (3D structure databases): 
Are there 3D structures available for this protein? Do they 'cover' the complete 

protein sequence?

- Look at the different tracks of the Feature viewer (including 'proteomics' and 'variants')
Look at the DNA binding domain in the 3D structure (Hint: click on the domain 418-
493)
Which PDB entry allows to ‘visualize’ this domain in the 3D structure?

Question 
About the biological knowledge

Look at this UniProtKB entry (P04150)

https://www.uniprot.org/uniprot/P04150


1

2

Source(s) of annotation



Choose the correct PDB 
entry (covering the domain 
you are looking at…)



UniProtKB, protein sequence databases 
and sequence annotation 

Protein sequence and annotation: overview

Nucleic acid sequence databases

INSDC, Ensembl, RefSeq

UniProtKB

UniProtKB/Swiss-Prot

UniProtKB/TrEMBL

Biochemical data (Rhea & ChEBI)

Gene Ontology

UniProt web sites and tools

NCBI Protein sequence databases 

RefSeq



UniProtKB/TrEMBL
Protein  sequence



Protein sequence 

- The quality of the protein sequences is dependent on the information 

provided by the submitter of the original nucleotide entry (EMBL-ENA  

CDS) or of the gene prediction pipeline (i.e. Ensembl, RefSeq). 

- 100% identical sequences (same length, same organism are merged   

automatically).

One protein sequence per entry
Some redundancy with UniProtKB/Swiss-Prot

gene-centric /protein-centric



(…)

(gene:GYPA) AND (taxonomy_id:9606)

Biology and/or redundancy



UniProtKB/TrEMBL
Biological knowledge / annotation



ENA/GenBank/DDBJ and UniProtKB

What is transferred to UniProtKB (and other protein sequence 
databases):

• The protein sequence (translated CDS)

• Publication provided by the submitting author

• Gene and protein names
• EC number (see later)
• Origin of the sequence (tissues)
• Taxonomy



More this afternoon
Ivo Pedruzzi



Automated generated rules (ARBA)
Multiclass learning system trained on expertly 
annotated entries in UniProtKB/Swiss-Prot

Manually generated rules (UniRule)
Maintains a set of manual annotation rules
UniRule = PIR + HAMAP + Rulebase

Sequence analysis methods (SAM)
Signal, transmembrane, coils prediction, 
disordered region

InterPro
Domains & GO terms

Source of automated annotation



Automated generated rules (ARBA)
Multiclass learning system trained on expertly 
annotated entries in UniProtKB/Swiss-Prot

Manually generated rules (UniRule)
Maintains a set of manual annotation rules
UniRule = PIR + HAMAP + Rulebase

Sequence analysis methods (SAM)
Signal, transmembrane, coils prediction, 
disordered region

InterPro
Domains & GO terms

Source of automated annotation









Automated generated rules (ARBA)
Multiclass learning system trained on expertly 
annotated entries in UniProtKB/Swiss-Prot

Manually generated rules (UniRule)
Maintains a set of manual annotation rules
UniRule = PIR + HAMAP + Rulebase

Sequence analysis methods (SAM)
Signal, transmembrane, coils prediction, 
disordered region

InterPro
Domains & GO terms

Source of automated annotation



ARBA currently generates around 27’000 models, resulting in 
annotation for more than 109 million protein sequences

(Machine learning)

Annotation is not ‘stable’ !

Source of automated annotation/ARBA



Source of automated annotation/ARBA

(Number of rules)              

Number of annotated entries              

Total (2022_04)



Source of automated annotation/ARBA



Automated generated rules (ARBA)
Multiclass learning system trained on expertly 
annotated entries in UniProtKB/Swiss-Prot

Manually generated rules (UniRule)
Maintains a set of manual annotation rules
UniRule = PIR + HAMAP + Rulebase

Sequence analysis methods (SAM)
Signal, transmembrane, coils prediction, 
disordered region

InterPro
Domains & GO terms

Source of automated annotation



Source of automated annotation/UniRule

(Number of rules)              

Number of annotated entries              

Total (2022_04)



Source of automated annotation/UniRule



More information on 
the automated gene / protein 

annotation pipelines (& HAMAP) this 
afternoon

Ivo Pedruzzi



Automated generated rules (ARBA)
Multiclass learning system trained on expertly 
annotated entries in UniProtKB/Swiss-Prot

Manually generated rules (UniRule)
Maintains a set of manual annotation rules
UniRule = PIR + HAMAP + Rulebase

Sequence analysis methods (SAM)
Signal, transmembrane, coils prediction, 
disordered region

InterPro
Domains & GO terms

Source of automated annotation



https://www.uniprot.org/help/sam

Source of automated annotation/SAM



Source of automated annotation/SAM

Total (2022_04)



About 50 % of the UniProtKB proteins contain disordered regions !
These regions (IDP) are involved in: 
• assembly of different subcellular structures, 
• reaction crucible, 
• sequestration, 
• packaging for transport.

Source of automated annotation/SAM

Prediction of intrinsic disorder in proteins (IDP) : ModiDB-lite



NEW: release 2022_04: Protein names, machine learning and Google

Source of automated annotation/UnProtein

Total (2022_04)



https://www.uniprot.org/release-notes/2022-10-12-release



Look at this UniProtKB entry (F1D8N4)

Note: the protein sequence found in this entry is 100 % identical to the canonical protein 
sequence of the UniProtKB/Swiss-Prot entry P04150 (previous question)

- 'Header section'
What is the status of this entry:  reviewed by a biocurator or unreviewed?
What is the annotation score?

- 'Names&Taxonomy' section
What are the name(s) of the gene and the name(s) of the protein?
What is the source of these name assignments?

- ‘Subcellular location’ and ‘Family and domain’ sections
- Look at the source of information

- Sequence section
How many protein sequence ?

- 'Cross references' section
Look (in GenBank) for the data available on the nucleic acid sequence. 
Where does the protein sequence come from?
How many RefSeq entries have the same protein sequence?

Question

https://www.uniprot.org/uniprot/F1D8N4


Let’s compare these Swiss-Prot and TrEMBL records 
same gene, same protein sequence





P04150
Swiss-Prot

F1D8N4
TrEMBL



P04150
Swiss-Prot



F1D8N4
TrEMBL

No CC Function



F1D8N4
TrEMBL

P04150
Swiss-Prot



Important remarks

UniProtKB/TrEMBL
&

Automated annotation



TrEMBL Swiss-Prot

annotation automatic manual

Annotation = 
complete ?

Partial annotation 
(~70 % of the
entries)

As complete and 
systematic as 
possible

Set of sequences = 
complete ?

As complete as 
possible; does not 
contain Swiss-Prot
sequences !

Complete set of 
sequences only for 
a few organisms

Number of entries 227’000’000 568’000

Number of species 1’200’000 12’000

When you compare biological information of  given datasets of proteins beware
the redundancy and the ratio of TrEMBL vs Swiss-Prot entries in your dataset: 

the results might not be only ‘biological’!

Differences between TrEMBL and Swiss-Prot



Set of mouse proteins with N-glycosylation – UniProt 2022_03
N-glycosylation is not annotated (predicted) in UniProtKB/TrEMBL

Swiss-Prot TrEMBL total

mouse 17,132 70,891 86,436

mouse proteome 17,120 38,195 55,315

mouse proteome 
+ N-glycosylation

3,735 34 3,769

% 21.8 % 0.08 % 6,8 %

Query 1: (organism_id:10090)
Query 2: (proteome:UP000000589) 
Query 3: (proteome:UP000000589) AND (ft_carbohyd:"N-linked (GlcNAc...)")



Mouse proteome: what is the % of nuclear proteins in 
UniProtKB/Swiss-Prot, in UniProtKB/TrEMBL, ?

1. Which % of the mouse proteome entries are in 
UniProtKB/Swiss-Prot & UniProtKB/TrEMBL ?

Query: (taxonomy_id:10090) AND (proteome:up000000589)

2. What is the % of nuclear proteins in UniProtKB/Swiss-Prot, 
in UniProtKB/TrEMBL
Query: (taxonomy_id:10090) AND (proteome:up000000589) AND 
(cc_scl_term:SL-0191)

Question

Query: CC Subcellular location Nucleus (SL-0191)



1. Which % of the mouse proteome entries are in 
UniProtKB/Swiss-Prot & UniProtKB/TrEMBL ?

Swiss-Prot TrEMBL total

mouse proteome 17,120 38.195 55,315

% 31 % 69 % 100 %

UniProt 2022_03



2. What is the % of mouse nuclear proteins in 
UniProtKB/Swiss-Prot, in UniProtKB/TrEMBL and in 
UniProtKB?

Swiss-Prot TrEMBL total

mouse proteome 17,120 38.195 55,315

mouse proteome 
+ nucleus

4,733 2,199 6,932

% 27,6 % 0.6 % 12.5 %



UniProtKB, protein sequence databases 
and sequence annotation 

Protein sequence and annotation: overview

Nucleic acid sequence databases

INSDC, Ensembl, RefSeq

UniProtKB

UniProtKB/Swiss-Prot

UniProtKB/TrEMBL

Biochemical data (Rhea & ChEBI)

Gene Ontology

UniProt web sites and tools

NCBI Protein sequence databases 

RefSeq



https://strawpoll.com/polls/GPgV3aNYBZa



Rhea is a knowledgebase of biochemical transformations and 
transport reactions, based on the chemical ontology ChEBI.

Chemical Entities of Biological Interest (ChEBI) is a freely 
available ontology of molecular entities focused on ‘small’ 
chemical compounds.

UniProtKB uses Rhea to link enzymes and transporters to 
explicit representations of the chemical structures of their 
substrates and products (metabolites). 

https://www.rhea-db.org/



pH 7.3

biochemical transformations and transport reactions

Chemical Entities of Biological Interest 



Rhea/ChEBI: reaction participants

Small molecules

Macromolecules

Polymers

D-alanine
CHEBI:57416

a D-amino acid
CHEBI:57416

a uridine in tRNA
RHEA-COMP:13339
(ChEBI:65315 )

L-lysyl-[protein]
RHEA-COMP:9752
(CHEBI:29969)

[(1→6)-α-D-glucosyl](n+1)

RHEA-COMP:11144
(ChEBI:18269 )



UniProtKB & Enzyme reactions (Rhea)
(biochemical transformations and transport reactions)

UniProtKB
2022_03

Swiss-Prot
568,002

%
TrEMBL

226,771,948
%

Proteins in UniProtKB linked to Rhea 226,101 ~40 24,416,545 ~11

Unique Rhea reactions in UniProtKB 10,540

Unique ChEBI in UniProtKB 9,263

Taxonomy distribution of reactions associated to 

sequences in UniProtKB/Swiss-Prot 

(2021_04 snapshot)



Names Arachidonate

Identifiers ChEBI:32395 (we index the ontology)

Structure descriptors InChIKey:YZXBAPSDXZZRGB-DOFZRALJSA-M

If you want to look for ‘similar molecules’: use Rhea

Exploiting small molecule data in UniProtKB

You can query UniProtKB with: 

https://en.wikipedia.org/wiki/International_Chemical_Identifier

https://en.wikipedia.org/wiki/International_Chemical_Identifier


Exploiting small molecule data in UniProtKB

ChEBI identifier search - allows user to leverage the ontology to explore larger classes – arachidonate, 
polyunsaturated fatty acids, fatty acids, lipids and more.

InChIKey search – complete or partial.
Search is performed independently of the charge (microspecies at pH 7.3)

inchikey:YZXBAPSDXZZRGB-DOFZRALJSA-M

by default: hierarchical search



ChEBI identifier search – 12,611
https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:32395")

InChIKey search – complete – 12,611
https://www.uniprot.org/uniprotkb?query=inchikey:YZXBAPSDXZZRGB-DOFZRALJSA-M

InChIKey search – partial – 12,611
https://www.uniprot.org/uniprotkb?query=inchikey:YZXBAPSDXZZRGB-DOFZRALJSA
Charge: does not taken into account (microspecies at pH 7.3)

UniProt 2022_03

https://www.uniprot.org/uniprotkb?query=(chebi:%22CHEBI:32395%22)


Proteins linked to arachidonate (using ChEBI ID):

https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:32395")

Human proteins linked to arachidonate (using NCBI TaxID):

https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:32395") AND (taxonomy_id:9606)

Human proteins linked to arachidonate (InChIKey variant):

https://www.uniprot.org/uniprotkb?query=inchikey:YZXBAPSDXZZRGB AND (taxonomy_id:9606)

Human proteins linked to any lipid (using the ChEBI ontology):

https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:18059") AND (taxonomy_id:9606)

Exploiting small molecule data in UniProtKB



Human proteins interacting with…

Exploiting ChEBI ontology in UniProtKB

(chebi:"CHEBI:XXXXX") AND (taxonomy_id:9606)

(1,310)



Human proteins linked to any lipid and with a 3D structure in PDB:

https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:18059") AND (taxonomy_id:9606) AND 
(database:PDB)

Human proteins linked to any lipid and found in the Golgi (experimental evidence):

https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:18059") AND (taxonomy_id:9606) AND 
((cc_scl_term:SL-0132) AND (ccev_scl_term:experimental))

https://www.uniprot.org/help/query-fields

Exploiting small molecule data in UniProtKB

https://www.uniprot.org/help/query-fields


UniProtKB and Rhea
How to mine enzyme data in UniProtKB ?

(1) Look for caffeine in ChEBI (https://www.ebi.ac.uk/chebi/)
- Look for its parent term (ChEBI ontology)

(2) Look for enzymes involved in caffeine synthesis in UniProtKB
Query UniProtKB with  ‘Small molecule’ using name, ChEBI ID or  InChIKey and 
restrict your query to taxomony Viridiplantae [33090]

(3) Customize columns: add Rhea ID and Structure/3D 

(4) Share your URL

Question 

https://www.ebi.ac.uk/chebi/


https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:27732") AND 
(taxonomy_id:33090)&fields=accession,reviewed,id,protein_name,gene_names,org
anism_name,rhea,structure_3d&view=table



UniProtKB, protein sequence databases 
and sequence annotation 

Protein sequence and annotation: overview

Nucleic acid sequence databases

INSDC, Ensembl, RefSeq

UniProtKB

UniProtKB/Swiss-Prot

UniProtKB/TrEMBL

Biochemical data (Rhea & ChEBI)

Gene Ontology

UniProt web sites and tools

NCBI Protein sequence databases 

RefSeq



https://strawpoll.com/polls/3RnYp7ENAye



Gene Ontology

• The Gene Ontology is a controlled vocabulary, a set of 
standard terms—words and phrases—used for indexing and 
retrieving information. Same vocabulary for all species

• GO defines the relationships between the terms (hierarchy), 
making it a structured vocabulary.

• Created by the GO consortium

• Contains ~43’000 terms.

• Standardization of biological data/information



Definition

Hierarchy

Category

https://www.ebi.ac.uk/QuickGO/term/GO:0009535



3 categories of GO terms



http://www.geneontology.org

http://www.ebi.ac.uk/QuickGO/

GO  databases

http://www.geneontology.org/
http://www.ebi.ac.uk/QuickGO/


Gene Ontology (GO)

annotation

http://geneontology.org/stats.html



Gene Ontology (GO) annotation

• Annotation is the process of assigning/mapping GO 
terms to gene products…

• Automatically assigned vs Experimental (manual) 
annotation… (IEA vs EXP)



IEA
>99 %

EXP
~0.1 %

QuickGO (oct 2022)
Total : 1,023,603,628 annotations
IEA : 1,017,112,631 (> 99 %) 
Non-IEA : 6,000,000 million (< 1%)

- IBA : 4,000,000  (0.4 %)
- EXP : 1,174,524 (0.1 %)



EXP
~0.1 %



PUBMED 1: Protein kinase R (PKR) recognizes double stranded
RNA in the cytoplasm

PUBMED 2: PKR acts as a kinase in the nucleus

GO annotation:

Molecular Function: -double stranded RNA binding (PUBMED 1) 
-kinase activity (PUBMED 2)

Cellular Component: -nucleus (PUBMED 2)
-cytoplasm (PUBMED 1)

GO annotation: manual 

(experimental)



UniProt provides 60 % of experimental GO annotation

Experimental GO annotation is provided by 
different databases, including UniProtKB



IEA
>99 %



Automatically assigned GO annotation

Inferred from Electronic Annotation (IEA) : > 98 %



InterPro2GO



In 2022:

Complete GO annotation of human proteins containing a 
domain (PANTHER classification system).

Cover 80 % of human genes.

Human Proteome & GO



Rhea2GO

Rhea2GO mapping: http://current.geneontology.org/ontology/external2go/rhea2go
with Harold Drabkin, Pascale Gaudet, Chris Mungall, Peter D’Eustachio, Paul Thomas, David Hill, Alex Ignatchenko

http://current.geneontology.org/ontology/external2go/rhea2go


Gene Ontology (GO)

some caveats…



Lack of consistency between species1



PAN GO project

The Phylogenetic Annotation Project performs 
annotation inferences across evolutionary related 
proteins based on known function of proteins 
within PANTHER phylogenetic family trees. 

https://wiki.geneontology.org/Phylogenetic_Annotation_Project

https://wiki.geneontology.org/Phylogenetic_Annotation_Project


Each database has its own ‘rules’ to import GO annotation 
from the GO databases

-> different set of GO terms depending of the database

2





3



Question

@UniProtKB: look for the entries corresponding to gene ygbT

Add column GO molecular function, biological process and 
cellular component

Compare the GO annotation for the Swiss-Prot and the 
corresponding  TrEMBL entries

Help links for Customize columns (old UniProtKB design videos):
- https://www.uniprot.org/help/customize
- http://insideuniprot.blogspot.com/2015/03
- https://www.youtube.com/watch?v=ado1r8IDm3U (at about 1'10) 

https://www.uniprot.org/help/customize
http://insideuniprot.blogspot.com/2015/03
https://www.youtube.com/watch?v=ado1r8IDm3U




UniProtKB, protein sequence databases 
and sequence annotation 

Protein sequence and annotation: overview

Nucleic acid sequence databases

INSDC, Ensembl, RefSeq
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UniProtKB/TrEMBL
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Gene Ontology

UniProt web sites and tools

NCBI Protein sequence databases 

RefSeq



UniProt website and tools



The UniProt web site – www.uniprot.org

• Powerful search engine, google-like and 

easy-to-use, but also supports very 

directed field searches

• Entry views, search result views and downloads are 
customizable

• The URL of a result page reflects the query; all pages and 
queries are bookmarkable, supporting programmatic access

• Tools: Blast, Align, Retrieve/ID mapping, Peptide search





AND / OR / NOT



Result pages: highly customizable
(also available for Blast)





Creating URL for the UniProt web site REST API 

https://www.uniprot.org/uniprotkb?query=(taxonom
y_id:9606)&fields=accession,reviewed,id,protein_na
me,gene_names,organism_name,length,rhea,cc_sub
cellular_location&view=table



https://www.uniprot.org/uniprotkb?query=%2
8taxonomy_id%3A9606%29+AND+%28proteo
me%3AUP000005640%29&fields=accession%2
Creviewed%2Cid%2Cprotein_name%2Cgene_
names%2Corganism_name%2Ccc_function%2
Ccc_disease&view=table

Question

What is the query corresponding at this URL ?

https://www.uniprot.org/uniprotkb?query=%28taxonomy_id%3A9606%29+AND+%28proteome%3AUP000005640%29&fields=accession%2Creviewed%2Cid%2Cprotein_name%2Cgene_names%2Corganism_name%2Ccc_function%2Ccc_disease&view=table






Download (different formats)



Highlight sequence annotation in alignment
(multiple alignment)





Look for the spike protein from SARS-CoV-2, SARS-CoV and 
MERS1 (Middle East respiratory syndrome-related coronavirus)

Align these 3 protein sequences P59594, K9N5Q8, P0DTC2

➢ Look at the glycosylation sites (select annotation present in 
the P0DTC2 entry)

➢ Look at the natural variants 

Question 



Spike proteins from different viruses
Natural variant annotation



UniProtKB annotation & Feature viewer



UniProtKB annotation & Genome browser
http://genome.ucsc.edu/



ID/AC mapping





Which database do these identifiers correspond to?
NP_001018084 NP_001018085 NP_001018086 
NP_001191191 NP_001191192 NP_001191193 
XP_005268476 XP_005268477 XP_016864886 
XP_016864887

Find the corresponding UniProtKB entries, using 
UniProt's ID mapping tool.

Do a multiple alignment of the UniProtKB entries. 
How many different protein sequences ? Why these 
differences?

Question



RefSeq entries





10 RefSeq entries, 3 UniProtKB entries

2 different protein sequences (due to alternative splicing)



Do not hesitate to contact us:
www.uniprot.org/contact 



UniProtKB, protein sequence databases 
and sequence annotation 

Protein sequence and annotation: overview

Nucleic acid sequence databases

INSDC, Ensembl, RefSeq

UniProtKB

UniProtKB/Swiss-Prot

UniProtKB/TrEMBL

Biochemical data (Rhea & ChEBI)

Gene Ontology

UniProt web sites and tools

NCBI Protein sequence databases

RefSeq



NCBI nr - Entrez ‘protein’

http://www.ncbi.nlm.nih.gov/protein/



UniProtKB: Swiss-Prot + TrEMBL

NCBI protein: Swiss-Prot + GenPept + RefSeq + PIR + PDB + PRF

PIR, PDB, PRF, 

Protein sequence databases

PIR, PDB, PRF, 

Ensembl, RefSeq
integration + cross-links

www.uniprot.org

https://www.ncbi.nlm.nih.gov/protein/

organization

http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/protein/


NCBI-protein
• GenPept (source: GenBank; submitted & translated CDS)

• RefSeq

• TPA (third part annotation)

• Swiss-Prot (does not include isoform sequences) 

• PIR (not updated since 2003)

• PRF (journal scan of ‘published’ peptide) 

• PDB  (Protein Data Bank, 3D structure)

• TrEMBL (some entries….)



NCBI protein (Entrez protein) vs NCBInr

The nr database is compiled by the NCBI as a protein database for Blast 
searches. It contains non-identical sequences from GenBank CDS translations 
(GenPept), PDB, Swiss-Prot, PIR, and PRF. 

• NCBI nr: ‘removes’ identical protein sequences (cluster)
• NCBI Protein: doesn't remove identical protein sequences.



GenPept

Translation from annotated CDS in GenBank
Contains all translated CDS annotated in 

GenBank/EMBL/DDBJ sequences

- equivalent to UniProtKB/TrEMBL 

NCBI protein: Swiss-Prot + GenPept + RefSeq + PIR + PDB + PRF 



Annotation 
according to the 

submitter
and CDD

No GO term !



UniProtKB, protein sequence databases 
and sequence annotation 

Protein sequence and annotation: overview

Nucleic acid sequence databases

INSDC, Ensembl, RefSeq

UniProtKB

UniProtKB/Swiss-Prot

UniProtKB/TrEMBL

Biochemical data (Rhea & ChEBI)

Gene Ontology

UniProt web sites and tools

NCBI Protein sequence databases 

RefSeq



RefSeq
Produced by NCBI and NLM

http://www.ncbi.nlm.nih.gov/RefSeq/

NCBI protein: Swiss-Prot + GenPept + RefSeq + PIR + PDB + PRF 



• Creates, integrates and distributes reference datasets, 
constructed from INSDC sequences.

• Contains protein sequences derived from gene prediction which 
are not submitted to ENA/GenBank/DDBJ 

transcript protein gene

RefSeq NM_000799.4; NP_000790.2; NG_021471.2



Accession number





RefSeq



AC number

references

Protein: NP_

mRNA: NM_

DNA: NC_

RefSeq entry NP_000790



Annotation (free text)
No GO term !

Sequence origin
+ ECO code



RefSeq

http://www.ncbi.nlm.nih.gov/RefSeq/

RefSeq ‘COMMENT’ section manual annotation

GENOME ANNOTATION No 

INFERRED No

MODEL No

PREDICTED No

PROVISIONAL No

REVIEWED
Yes (sequence + functional information 

and features)

VALIDATED Yes (initial sequence)

Whole Genome Sequencing (WGS) No

http://www.ncbi.nlm.nih.gov/RefSeq/


cross-references

sequence

Annotation

- automated (CDD)

- derived from Swiss-Prot

- in-house (ab initio)



cross-references

sequence

Annotation

- automated (CDD)

- derived from Swiss-Prot

- in-house (ab initio)



Automated annotation: CDD

https://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml

https://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml


https://www.ncbi.nlm.nih.gov/protein/NP_000167.1

Annotation

- automated (CDD)

- derived from Swiss-Prot

- in-house (ab initio)

https://www.ncbi.nlm.nih.gov/protein/NP_000167.1


UniProtKB entries at NCBI…



A UniProtKB/Swiss-Prot entry with the NCBI look

https://www.ncbi.nlm.nih.gov/protein/P00918/

https://www.ncbi.nlm.nih.gov/protein/P00918/


Thank you !

Thanks to Alan Bridge, Emmanuel Boutet and Marc Feuermann
for some of the slides !

Thanks to the SIB training group & Monique Zahn
for the organisation of this course


