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The goals of this course (theory + practicals) are to give some basic 
theoretical and practical knowledge on protein sequence databases with 
a focus on UniProtKB, on the different manual and automated 
annotation pipelines and on the optimum use of UniProt. 

We will discuss questions such as:

• 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? 

• How to assess protein sequence accuracy and annotation quality?

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

• This afternoon: focus on automated annotation  pipelines



http://www.matrixscience.com/search_intro.html

Where do the protein sequences come from ?
What’s  about the sequence accuracy ?

IPI
RefSeq
GenPept
…



Comparative proteomic analysis of lung cancer cell line and lung fibroblast cell line (PMID: 19657000) 



RNA, genes, genomes, …

Nucleic acid sequence databases

Life of sequences …

Protein sequence databases
Protein sequences + biological knowledge (including GO terms)

Annotated coding sequences (CDS) / gene prediction
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• > 190 billion ‘different’ proteins on earth (∑ N species x M genes) 

• ~ 130 million ‘known and public’ protein sequences in now

 50 % more by next year !

• More than 98% of the protein sequences are derived from the 
translation of nucleotide sequences (mRNA or DNA/genome)

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

Protein sequence data:
where does it come from ?



RNA, genes, genomes, …

Nucleic acid sequence databases

Life of sequences …

Protein sequence databases

Annotated coding sequences (CDS) / gene prediction
mRNA / DNA - experimental / prediction

Protein sequences + biological knowledge (including GO terms)



EMBL, GenBank, DDBJ

Data not submitted to public databases, delayed or canceled…

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

Protein sequence 
databases

Nucleic acid 
databases

Gene prediction
RefSeq, Ensembl, other pipelines

no CDS

RefSeq, Ensembl and other

RNA, genes, genomes, …

Life of sequences …



Nucleic acid sequence 
databases

open access

INSDC: ENA, GenBank, DDBJ
RefSeq (NCBI)
Ensembl (EBI)



http://www.insdc.org/

EMBL-ENA/GenBank/DDBJ



accession number

references -

the submitters

Cross-references

GenBank X02158

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

taxonomy

DNA, RNA

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


CDS annotation
CoDing Sequence

(proposed by submitters)

DNA sequence

GenBank X02158

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

CDS translation

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


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

GenBank X02158

CDS
CoDing Sequence

(proposed by submitters)

either generated by gene 
prediction programs or 
experimentally proven. 

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


Slide J. McDowall

CDS
CoDing Sequence

(provided by submitters)

Coding sequence (CDS) annotation



UCSC genome browser: human EPO

mRNAs and their corresponding CDS annotation 

(from EMBL/GenBank/DDBJ)

contig



Coding sequence (CDS) annotation

Slide J. McDowall



mRNAs and their corresponding

CDS annotation 

(from EMBL/GenBank/DDBJ)

UCSC genome browser: another gene…

How to deal with these sequences: see later….



• Archive: nothing goes out -> highly redundant !

• Most annotations (including CDS, gene and protein names, …) 
are done by the submitters: heterogeneity of the quality and 
of the completion

• Many errors: in sequences, in annotations (gene and protein 
names, …), in CDS attribution, no consistency of annotations

• Archive: all submitted information remains there; not 
updated

EMBL/GenBank/DDBJ



“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. The databases will 
work with submitters and users of the database to achieve the 
best quality resource possible.”

http://www.insdc.org/policy

EMBL/GenBank/DDBJ and annotation



EMBL/GenBank/DDBJ and annotation

• 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. 
• a name is transferred from one gene to another on the basis of 

sequence similarity (usually from a BLAST search). As more 
genomes are annotated, and more BLAST searches are run, the 
original source of the name quickly becomes lost. 

• 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)



EMBL/GenBank/DDBJ and UniProtKB

What is transferred to UniProtKB:

• The protein sequence (translated CDS)

• Gene and protein names
• Origin of the sequence (tissues)
• Taxonomy
• Publication provided by the submitting author



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’):



Nucleic acid sequence 
databases

open access

INSDC: ENA, GenBank, DDBJ
RefSeq (NCBI)
Ensembl (EBI)



RefSeq @NCBI
• The Reference Sequence (RefSeq) database provides a non-

redundant set of sequences, including genomic DNA, transcript 

(RNA), and protein products, for major research organisms.

• Contains sequences constructed from INSDC sequences.

• Contains protein sequences derived from gene prediction, not 

submitted to EMBL/GenBank/DDBJ 

One record  for one transcript





RefSeq: NP_000790.2. NM_000799.2. 

One record  for one transcript

https://www.ncbi.nlm.nih.gov/protein/NP_000790.2
https://www.ncbi.nlm.nih.gov/nuccore/NM_000799.2


Nucleic acid sequence 
databases

open access

INSDC: ENA, GenBank, DDBJ
RefSeq (NCBI)
Ensembl (EBI)



Ensembl

• Creates, integrates and distributes reference datasets

• Joint project between EMBL-EBI and the Sanger Centre

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

-> included in UniProtKB

Ensembli ENST00000252723; ENSP00000252723; ENSG00000130427. 

http://www.ensembl.org/id/ENST00000252723
http://www.ensembl.org/id/ENSP00000252723
http://www.ensembl.org/id/ENSG00000130427


• UniProtKB contain protein sequences derived 
from Ensembl gene prediction

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

• Proteome sets in UniProtKB are made of records 
with a cross-reference to Ensembl

• See later

Ensembl and UniProtKB

https://www.ensembl.org/info/genome/genebuild/automatic_coding.html
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EMBL, GenBank, DDBJ

Data not submitted to public databases, delayed or canceled…

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

Protein sequence 
databases

Nucleic acid 
databases

Gene prediction
RefSeq, Ensembl, other pipelines

no CDS

RefSeq, Ensembl and other

RNA, genes, genomes, …

The life of a sequence …



Protein sequence databases
UniProtKB/Swiss-Prot: manually annotated protein sequences  (12’500 species)

UniProtKB/TrEMBL: submitted CDS (EMBL-ENA) + automated annotation; non 
redundant with Swiss-Prot (700’000 species)

GenPept: submitted CDS (GenBank); no annotation; redundant with Swiss-Prot
(700’000 species); 

PIR: Protein Information Ressource; archive since 2003; integrated into 
UniProtKB; still available in NCBInr

PDB: Protein Databank: 3D data and associated sequences 

PRF: Journal scan of ‘published’ peptide sequences

RefSeq: Reference Sequence for DNA, RNA, protein + gene prediction  + partial 
manual annotation (68’200 species)

NextProt: human proteins from UniProtKB/Swiss-Prot

NCBInr: Swiss-Prot + GenPept + PIR + PDB + PRF  + RefSeq



Major ‘general’ protein sequence database ‘sources’

UniProtKB: Swiss-Prot + TrEMBL

NCBI-nr: Swiss-Prot + TrEMBL + GenPept + PIR + PDB + PRF + RefSeq + TPA  

PIR
PDB

PRF integrated databases
‘cross-references’

databases are kept
separated

TPA

not complete !!! 
(only entries  created before 2007 ?)

Ensembl

Ensembl and Refseq: gene prediction



@ UniProt @ NCBInr

(GenPept)

Homo sapiens 
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www.uniprot.org

~130 millions of proteins/entries

derived from ~ 710’000 different species

7 million unique visitors/year

New release every month



UniProt consortium :

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



www.uniprot.org



UniProt databases



UniProtKB

Each record/entry contains:

Protein sequence(s)
&

Biological knowledge
i.e. function, catalytic activity, subcellular location,..

& 
sequence annotation (features)
i.e. PTM, variants, domains, …

Manually annotated or automatically annotated



UniProtKB is composed of 2 sections

UniProtKB/Swiss-Prot
Reviewed - Manually 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…  

released every 4 weeks



Major differences in the 
protein sequence and  

annotation 
accuracy !

UniProt release 2018_09

0.5 % of UniProtKB
protein sequences

UniProtKB is composed of 2 sections

99.5 % of UniProtKB
protein sequences



UniProtKB: source of protein sequences

- INSDC (EMBL/ENA, GenBank, DDBJ) (> 95%)
- Ensembl (gene prediction) 
- RefSeq
- Sequences of PDB
- Sequences scanned from literature (PRF)
- Direct submission (including direct protein sequencing)

No evidence nor quality statement for the protein sequence

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



UniProtKB/Swiss-Prot: Manual insertion, color in yellow

UniProtKB/TrEMBL: Automated insertion, color in blue

UniProtKB: source of annotation/evidence statements



UniProtKB/Swiss-Prot entry

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



P04150



P04150



P04150

Sequence annotation (feature viewer)



UniProtKB/TrEMBL entry

The same gene (NR3C1) in UniProtKB/TrEMBL

Due to some redundancy between Swiss-Prot and TrEMBL



B6ZGU6



B6ZGU6



B6ZGU6



Nucleic acid sequence databases
INSDC, RefSeq, Ensembl

Protein sequence databases

UniProtKB

UniProtKB/Swiss-Prot
Protein sequences
Biological knowledge

UniProtKB/TrEMBL
Protein sequences
Biological knowledge

GO annotation

UniProt Proteomes

NCBI protein (RefSeq)
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UniProtKB/Swiss-Prot
Protein  sequence



gene-centric /protein-centric

• all protein products encoded by one gene are described in a single entry

• One or several protein sequences (isoforms) per entry (canonical / isoform)

• curated sequences in UniProtKB/Swiss-Prot are based on the reference genome 
(when available)

• collaboration with other databases 

UniProtKB/Swiss-Prot



The protein sequences

found in UniProtKB/Swiss-Prot

are often derived from different different nucleotide
sequences from EMBL/GenBank/DDBJ entries 

+ 

mapped to the corresponding genomic sequence



http://www.uniprot.org/uniprot/P54710#cross_references

Used to construct the 
UniProtKB canonical 

sequence

Automatically
mapped to the 

UniProtKB record



 At least 20% of UniProtKB/Swiss-Prot entries 
required curation effort to “correct” the 
sequences. 

 Typical problems
 unsolved conflicts;

 uncorrected initiation sites;

 frameshifts;

 other ‘problems’ 



mRNAs and their corresponding

CDS annotation 

(from EMBL/GenBank/DDBJ)

UCSC genome browser: another gene



Manually checked (comparison with orthologs, etc.)

incorrect

correct





UniProtKB/Swiss-Prot

Entry vs Protein sequence(s)

One entry – one gene – one species

One or several protein sequences (isoforms) per entry

canonical & isoform



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

556’825 ‘canonical’

+ 39’825 ‘isoforms’

(7 %)



Beware

The isoform sequences are not included in all datasets, 

Examples:

- Complete proteome -> download Fasta (canonical & isoform)

- Blast@ NCBI (NCBInr)



UniProtKB/Swiss-Prot
Biological knowledge / annotation

Knowledge:
- comprehensive summary (free text) that provides a complete overview of the 

information available
- standardized vocabularies to facilitate subsequent retrieval whenever possible



• Selected Publication (experimental)

• Another UniProtKB entry (orthologs): by similarity

• An entry from another database: imported

• Curator-evaluated computational analysis* UniRule

• Combined sources

* more details later…

Source of annotation/Evidence statements



• Selected Publication (experimental)

• Another UniProtKB entry (orthologs): by similarity

• An entry from another database: imported

• Curator-evaluated computational analysis* UniRule

• Combined sources

* more details later…

Source of annotation/Evidence statements



PubMed=16595657

comprehensive and computer friendly 
representation of biological knowledge  

www.uniprot.org

Selected Publication 



PubMed=16595657

comprehensive and computer friendly 
representation of biological knowledge  

UniProtKB Q9FYL3

www.uniprot.org

Controlled vocabulary



• Selected Publication (experimental)

• Another UniProtKB entry (orthologs): by similarity

• An entry from another database: imported

• Curator-evaluated computational analysis UniRule

• Combined sources

* more details later…

Source of annotation/Evidence statements

*



PubMed=16595657

comprehensive and computer friendly 
representation of biological knowledge  

UniProtKB Q9FYL3

www.uniprot.org

Selected Publication 



Protein sequence analysis: in-house resource
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99,5 % of UniProtKB
protein sequences

One protein sequence per 
entry

gene-centric /protein-centric

UniProtKB/TrEMBL





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). 

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

automatically).

One protein sequence per entry

gene-centric /protein-centric



UniProtKB/TrEMBL
Biological knowledge / annotation





Automated annotation

Automated generated rules (SAAS)
Generates a set of decision trees using data mining (new set every UniProtKB release)

Manually generated rules (UniRule)
Maintains a set of manual annotation rules

UniRule = PIR + HAMAP + Rulebase

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

InterPro
Domains & GO terms



SAAS learns on the properties present in the reviewed UniProtKB (Swiss-Prot) entries and uses the following attribute types to 

define the learning entries: InterPro protein family, taxonomy and sequence length. This combination allows SAAS to generate rules 

to annotate protein properties such as function, catalytic activity, pathway membership, subcellular location, protein names 

and feature predictions.

SAAS

http://insideuniprot.blogspot.ch/2016/10/automatic-learning-based-annotation-in.html



Query: source: SAAS00002149, November 2018

Beware: the SAAS number may change, if the rules changes…

SAAS



Automated annotation

Automated generated rules (SAAS)
Generates a set of decision trees using data mining (new set every UniProtKB release)

Manually generated rules (UniRule)
Maintains a set of manual annotation rules

UniRule = PIR + HAMAP + Rulebase

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

InterPro
Domains & GO terms



UniRule (1)



Query: source:RU361160, Nov 2018

UniRule (1)



UniRule (2)

HAMAPProfiles and annotation rules are manually curated:



Query: source:"mf 01578"

UniRule (2)

HAMAPProfiles and annotation rules are manually curated:



UniRule (2)

HAMAPProfiles and annotation rules are manually curated:



Automated annotation

Automated generated rules (SAAS)
Generates a set of decision trees using data mining (new set every UniProtKB release)

Manually generated rules (UniRule)
Maintains a set of manual annotation rules

UniRule = PIR + HAMAP + Rulebase

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

InterPro
Domains & GO terms



No GO (cellular component) annotation in this case…
http://www.uniprot.org/help/sam

SAM



annotation:(type:transmem) AND reviewed:no

SAM: Transmembrane



SAM: Signal peptide



Automated annotation

Automated generated rules (SAAS)
Generates a set of decision trees using data mining (new set every UniProtKB release)

Manually generated rules (UniRule)
Maintains a set of manual annotation rules

UniRule = PIR* + HAMAP + Rulebase

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

InterPro
Domains & GO terms





Prosite, Smart, PFAM





Important remarks

UniProtKB/TrEMBL

&

Automated annotation



Only ~ 55 % of TrEMBL records contain automated annotation

UniRule

Total number of records in UniProtKB Records with house-made automated annotation 



Differences between TrEMBL and Swiss-Prot

TrEMBL Swiss-Prot

annotation automatic manual

Annotation = 
complete ?

Partial annotation 
(~55 % of the
entries)

As complete and 
systematic as 
possible

Set of sequences = 
complete ?

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

Complete sets only
for a few organisms

Number of entries 127’ 000’ 000 550’ 000

Number of species 700’ 000 13’ 000

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

the results might not be only ‘biological’!



Automated annotation



Set of mouse proteins with N-glycosylation – Nov 2018

annotation:(type:carbohyd "n 

linked glcnac ellipsis") AND 

organism:"Mus musculus

(Mouse) [10090]"

organism:"Mus musculus

(Mouse) [10090]"

21.7  %

6.0 %

0.04  %



UniProtKB sequence annotation

• Feature viewer

• Genome browser



UniProtKB annotation & Feature viewer

https://www.uniprot.org/uniprot/P15056/protvista

https://www.uniprot.org/uniprot/P15056/protvista


UniProtKB annotation & Feature viewer



UniProtKB annotation & Genome browsers
http://www.uniprot.org/uniprot/Q92667

http://www.uniprot.org/uniprot/Q92667


The UniProt release 2018_11 will be publicly available on December 5th.



Rhea in UniProt

A link between chemistry
and biology

Metabolic and 
metabolomic

data mining and 
integration

Improved usability, 
interoperability and 

consistency of 
UniProt enzyme data

Improved annotation 
precision and coverage
compared to reactions
provided by the IUBMB 
Enzyme Classification



UniProt 2018_11

What will change?



•

Display on the UniProt website



• Under development…

•

Display on the UniProt website



A complete integration of data

RNA Protein MetaboliteDNA

Genome Transcriptome Proteome,

interactome

Metabolome,

fluxome

Phenotype

A key to understand metabolic phenotype



• What are the human proteins that catalyze reactions using
D-glucose ? (a specific compound)

• What are the enzymes in species X involved in lipid
metabolism ? (a class of compounds)

• What is a reaction network for a specified organism of 
interest ?

• Retrieve the links between genes, transcripts and proteins to 
relevant metabolites, in a specified organism

• Identify putative enzymes acting on a specific metabolite

•

What kind of searches are now possible ?

Searches on the UniProt website or SPARQL queries
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Gene Ontology

• The Gene Ontology is a controlled vocabulary, a set of 

standard terms—words and phrases—used for indexing

and retrieving information. 

• Created by the GO consortium

• Contains ~50’000 terms.

• GO also defines the relationships between the terms

(hierarchy), making it a structured vocabulary.

• http://www.geneontology.org



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



GO Annotation

1.  Experimental annotations (EXP)

Biocurators read papers and summarize the content with a 

list of appropriated GO terms

2. Curated non experimental annotation 

Evidence such as sequence similarity, database entries

3. Automatically assigned annotation (IEA)

No curator oversight

Inferred by Electronic Annotation: > 98 % 



>98 %

1 2

3



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 
-kinase activity

Cellular Component: -nucleus
-cytoplasm

GO annotation: experimental (manual)



GO annotation: automated

>98 %



uniprot

intact

98 % of the GO annotation is ‘non-experimental’



(1) You can have different set of GO terms for a same
gene depending on the database



UniProtKB/Swiss-Prot: P0DMC2 (ELA_DANRE)

UniProtKB/TrEMBL: A0A0R4IR01_DANRE

Panther: P0DMC2 (ELA_DANRE)



http://amigo.geneontology.org/amigo/base_statistics

(2) The ‘quantity’ and ‘quality’ of GO annotation varie from one 
species to another

http://amigo.geneontology.org/amigo/base_statistics


Where do they come from ?

(2) The ‘quantity’ and ‘quality’ of GO annotation varie from one 
species to another



Impact of outdated gene annotations on 
pathway enrichment analysis
(August 2016)
Analysis of 75 mutated glioblastoma (GBM) genes using 
annual annotations from 2009–2016
Pathway analysis assesses the statistical enrichment of 
biological processes and pathways in a given gene list on the 
basis of information in Gene Ontology (GO) and pathway 
databases such as Reactome and PathwayCommons. GO is 
updated daily and Reactome versions are released quarterly, 
but many software tools interpret gene lists using functional 
information that has not been updated for years.
http://www.nature.com/nmeth/journal/v13/n9/full/nmeth.3963.html

(3) timeliness of GO annotation…



Nucleic acid sequence databases
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UniProtKB Proteomes



Proteomes / Reference  proteomes

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

• A proteome is formed from all UniProtKB/Swiss-Prot entries + those
UniProtKB/TrEMBL entries mapping to Ensembl (genomes).

• Pseudogenes and other dubious uncharacterized ORFs are removed



Human proteins Human proteome

Query: organism:"Homo sapiens 
(Human) [9606]" AND 
proteome:up000005640

Query: organism:"Homo sapiens 
(Human) [9606]"

+ Swiss-Prot isoforms: ~22’ 000 (link)

(records)

http://www.uniprot.org/biocuration_project/Chordata/statistics/#Homosapiens


NOT proteome:up000005640 AND reviewed:yes AND organism:"Homo sapiens (Human) [9606]"



Proteomes / Reference  proteomes

• Some proteomes have been (manually and 
algorithmically) selected as reference proteomes
(useful for biomedical research and phylogeny). 

• Regularly updated

http://www.uniprot.org/help/proteome
http://www.uniprot.org/help/reference_proteome



The ‘redundant’ proteomes are excluded from UniProtKB (since 2015).
The corresponding protein sequences are only available in UniParc …

Proteomes / Reference  proteomes



Proteomes redundancy is only applied to bacteria and fungi for the moment. 
See FAQ:
https://www.uniprot.org/help/redundancy
https://www.uniprot.org/help/proteome_redundancy
http://insideuniprot.blogspot.ch/2015_05_01_archive.html

If you need ‘to protect’  a proteome for a good reason, please contact 
Andrea.Auchincloss@sib.swiss or Ivo.Pedruzzi@sib.swiss

https://www.uniprot.org/help/redundancy
https://www.uniprot.org/help/proteome_redundancy
http://insideuniprot.blogspot.ch/2015_05_01_archive.html
mailto:Andrea.Auchincloss@sib.swiss
mailto:Ivo.Pedruzzi@sib.swiss


Downloads



http://www.uniprot.org/downloads

Does not include 
«Swiss-Prot isoforms»

Downloads

Does not include 
«Swiss-Prot isoforms»

Fasta format (.fasta)

Fasta format

Flat file

Flat file

Flat file

Flat file (.dat)



Query + Download: homo sapiens

HUMAN 
(TaxID: 9606)

WEB

Swiss-Prot 
(canonical)

Swiss-Prot 
(isoforms)

TrEMBL  
(canonical + 
isoforms)

Swiss-Prot  & TrEMBL
(canonical + isoforms)

Swiss-Prot  & 
TrEMBL
(without Swiss-
Prot isoforms)

Total 20’ 316* 22’ 014 141’ 875# 184’ 205 162’ 191

Proteome 20’ 303 22’ 014 51’ 469 93’ 786 71’ 772

HUMAN

FTP (README)

Reference proteome

Main fasta
Swiss-Prot  & TrEMBL
(« canonical» )

Additional fasta
Swiss-Prot  & TrEMBL
(« isoforms)»

Swiss-Prot  & TrEMBL
(canonical + isoforms)

Total 20’ 998* 72’ 788# 93’ 786

UniProt release 2018_02

*uniprot_sprot_human.dat.gz #uniprot_trembl_human.dat.gz

*UP000005640_9606.fasta.gz

#UP000005640_9606_additional.fasta.gz

* # ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/README

updated

ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/taxonomic_divisions/uniprot_sprot_human.dat.gz
ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/taxonomic_divisions/uniprot_trembl_human.dat.gz
ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/Eukaryota/UP000005640_9606.fasta.gz
ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/Eukaryota/UP000005640_9606_additional.fasta.gz
ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/README


Query + Download: mus musculus

MOUSE
(TaxID: 10090)

WEB

Swiss-Prot 
(canonical)

Swiss-Prot 
(isoforms)

TrEMBL  
(canonical + 
isoforms)

Swiss-Prot  & TrEMBL
(canonical + isoforms)

Swiss-Prot  & 
TrEMBL
(without Swiss-
Prot isoforms)

Total 16’ 877 8’ 140 64’ 732 89’ 749 81’ 609

Proteome 16’ 873 8’ 138 34’ 070 59’ 081 50’ 943

MOUSE

FTP (README)

Reference proteome

Main fasta
Swiss-Prot  & TrEMBL
(« canonical» )

Additional fasta
Swiss-Prot  & TrEMBL
(« isoforms)»

Swiss-Prot  & TrEMBL
(canonical + isoforms)

Total 22’ 281* 36’ 800# 59’ 081

*UP000000589_10090.fasta.gz

#UP000000589_10090_additional.fasta.gz

UniProt release 2017_05

* # ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/README

ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/Eukaryota/UP000000589_10090.fasta.gz
ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/Eukaryota/UP000000589_10090_additional.fasta.gz
http://www.uniprot.org/news/2017/05/10/release
ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/README


ARATH
(TaxID: 3702)

WEB

Swiss-Prot 
(canonical)

Swiss-Prot 
(isoforms)

TrEMBL  
(canonical + 
isoforms)

Swiss-Prot  & TrEMBL
(canonical + isoforms)

Swiss-Prot  & 
TrEMBL
(without Swiss-
Prot isoforms)

Total 15’ 333 2’ 122 74’ 101 91’ 546 89’ 434

Proteome 15’ 260 2’ 122 23’ 969 41’ 341 39’ 229

ARATH

FTP (README)

Reference proteome

Main fasta
Swiss-Prot  & TrEMBL
(« canonical» )

Additional fasta
Swiss-Prot  & TrEMBL
(« isoforms)»

Swiss-Prot  & TrEMBL
(canonical + isoforms)

Total 27’ 510* 13’ 831# 41’ 341

Query + Download: ARATH

UniProt release 2017_05

*UP000006548_3702.fasta.gz

#UP000006548_3702_additional.fasta.gz

* # ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/README

http://www.uniprot.org/news/2017/05/10/release
ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/Eukaryota/UP000006548_3702.fasta.gz
ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/Eukaryota/UP000006548_3702_additional.fasta.gz
ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/reference_proteomes/README


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/Idmapping, Peptide search



Result pages: highly customizable
(also available for Blast)



Result page: download

Different formats (fasta, txt, excell, RDF, etc.)



Highlight sequence annotation in alignment 
(BLAST or multiple alignment)



Peptide  search

http://www.uniprot.org/peptidesearch/



help@uniprot.org



http://insideuniprot.blogspot.ch/2016/09/how-can-you-increase-impact-of-your.html

http://insideuniprot.blogspot.ch/2016/09/how-can-you-increase-impact-of-your.html


Nucleic acid sequence databases
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GO annotation
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Practicals



Major ‘general’ protein sequence database ‘sources’

UniProtKB: Swiss-Prot + TrEMBL

NCBI-nr: Swiss-Prot + TrEMBL + GenPept + PIR + PDB + PRF + RefSeq + TPA  

PIR
PDB

PRF integrated databases
‘cross-references’

databases are kept
separated

TPA

not complete !!! 
(only entries  created before 2007 ?)

Ensembl

Ensembl and Refseq: gene prediction



NCBI nr - Entrez ‘protein’

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



NCBI-nr
• GenPept (source: GenBank; 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….)



GenPept

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

GenBank/EMBL/DDBJ sequences

- equivalent to UniProtKB/TrEMBL, 
except that it is

redundant with other databases
(Swiss-Prot, RefSeq, PIR….)



GenPept: ‘translations from all annotated coding regions (CDS) in GenBank’

Annotation 

according to the 

submitter

No GO term !



RefSeq

Produced by NCBI and NLM

http://www.ncbi.nlm.nih.gov/books/bookres.fcgi/handbook/ch18.pdf

FAQ: http://www.ncbi.nlm.nih.gov/books/NBK50679/

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



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

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


RefSeq

RefSeq: The Reference Sequence (RefSeq) collection aims to 

provide a comprehensive, integrated, non-redondant set of 

sequences, including genomic DNA, transcript (RNA), and protein 

products, for major research organisms.

one mRNA sequence -> one entry
Different entries for identical protein sequences



AC number

references

Protein: NP_

mRNA: NM_

DNA: NC_



Accession number



Annotation
No GO term !

Sequence origin
+ ECO code



RefSeq

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

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)



Automated annotation: CDD



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/Swiss-Prot: One gene -> one entry (9 isoforms)

RefSeq: One mRNA sequence -> one entry

ID/AC mapping: see later



Query: organism:"Homo sapiens (Human) [9606]"

RefSeq



NCBI nr
query & BLAST

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Protein



Look for human FOXP2 @ NCBI nr



Does not include isoforms !

BLAST @ NCBI



BLAST @ NCBI



UniProtKB/Swiss-Prot alternative isoform sequences are not included !



NCBI nr ‘cluster’ of identical sequences



UniProtKB entries at NCBI…



A UniProtKB/Swiss-Prot entry with the NCBI look



Important remarks concerning the datasets

Different servers…

UniProtKB/TrEMBL entries are not available at NCBI 

The same protein sequence might be present, 

but not with the UniProtKB/TrEMBL AC (with some exceptions)

(not the case for UniProtKB/Swiss-Prot entries)



UniProtKB/TrEMBL entries are not available at NCBInr
with some exceptions…



ID/AC mapping



http://www.uniprot.org/uploadlists/



http://www.ebi.ac.uk/Tools/picr/



Understanding protein function is critical to research in many areas of 
science such as biology, medicine and biotechnology. 

Keeping up with all of this information is a daunting task for most 
researchers. 
UniProt helps with this in the following ways:

• it provides an up-to-date, comprehensive body of protein information at 
a single site;

• it aids scientific discovery by collecting, interpreting and organising this 
information so that it is easy to access and use;

• it saves researchers countless hours of work in monitoring and collecting
this information themselves;

• it provides tools to help with protein sequence analysis;
• it provides links to related information in more than 150 other biological 

databases to help you access additional information in more specialised
collections.

• https://www.ebi.ac.uk/training/online/course/uniprot-exploring-protein-sequence-and-functional/why-do-we-need-uniprot



Thank you !

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

Thanks to Diana Marek & Geoff Fucile
for the organisation of this course
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