
 

Practical 1 -corrections 
 

Protein sequence databases and sequence annotation 

 
http://education.expasy.org/cours/SIB_UniProtKB_2020/ 
 

From nucleic acid sequence databases to protein sequence databases 

Look at this entry  (https://www.ncbi.nlm.nih.gov/nuccore/X02158) 

 Which server? Which database? Which accession number?  

NCBI, GenBank, X02158 

 What is the main type of data?  

Human gene for erythropoietin 

 Look at the CoDing Sequence (CDS): click on 'CDS': how many exons? (5 exons)  
 Can you find any information on the accuracy of the CDS? No, you have to go back to the publication 

PMID: 3838366 

 

 Follow the link to UniProtKB 

https://www.uniprot.org/uniprot/P01588 

 From UniProtKB: go back to the GenBank entry (Cross-reference section) 
NB: notice that there are many cross-references to GenBank entries which have been used to ‘construct’ 
the UniProtKB/Swiss-Prot sequences (different isoforms) 

o Can you find a link to the entries X02158 ? 

https://www.sib.swiss/training/course/2018-03-protdb
http://education.expasy.org/cours/SIB_UniProtKB_2020/
https://www.ncbi.nlm.nih.gov/nuccore/X02158
https://www.uniprot.org/uniprot/P01588


o  
 

Look at this entry   (https://www.ncbi.nlm.nih.gov/nuccore/NM_000799) 

 Which server? Which database? Which accession number?  

NCBI, RefSeq, NM_000799 

 What is the main type of data?  

Homo sapiens erythropoietin (EPO), mRNA 

 Look at the ##Evidence-Data-START##: How is this entry related to X02157 

Nucleotide Sequences from 1-597 and 601-1144 have been used to construct the mRNA NM_000799 

 

 Follow the link to the protein sequence entry (NP_); from there, follow the link to the corresponding 
UniProtKB entry (column on the right: ‘Related information’) 

https://www.ncbi.nlm.nih.gov/protein/62240997 

 From the UniProtKB entry (NCBI view), go to the original view of this entry on the UniProt website. 

https://www.ncbi.nlm.nih.gov/protein/119526 

 https://www.uniprot.org/uniprot/P01588 

 

Discover the content of a UniProtKB entry, the differences between Swiss-Prot and TrEMBL and the 
source(s) of annotation 

Look at this UniProtKB entry (P04150) 

 

https://www.ncbi.nlm.nih.gov/nuccore/NM_000799
https://www.ncbi.nlm.nih.gov/nuccore/NM_000799
https://www.ncbi.nlm.nih.gov/protein/62240997
https://www.ncbi.nlm.nih.gov/protein/119526
https://www.uniprot.org/uniprot/P01588
https://www.uniprot.org/uniprot/P04150


- 'Header section'  
  What is the status of this entry:  reviewed by a biocurator, or unreviewed?  
  What is the evidence for the existence of the protein? (experimental evidence at protein level) 
Have a look at the types of evidence that  supports the existence of a protein.  

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

 
 What is the ‘Taxonomic identifier’ (TaxId)? 9606 

Does this entry belong to a proteome, and if so, what is the identifier of that proteome? 
UP000005640 
How many proteins in this proteome 74788 ? How many proteins are encoded by chromosome 5? 
3100 
 
 

 
https://www.uniprot.org/proteomes/UP000005640

 
 
- 'Sequences' section 

How many different protein sequences (isoforms) are available for this gene? 
 
 

https://www.uniprot.org/help/protein_existence
https://www.uniprot.org/proteomes/UP000005640
https://www.uniprot.org/proteomes/UP000005640


 
How many in UniProtKB/Swiss-Prot? How many in UniProtKB/TrEMBL (computationaly mapped)? 
Look at the  length of the different protein sequences 
    
 

 
 

- 'Cross references' section (sequence databases) 
 Look at the RefSeq cross references: How many entries?  

 
 Why are not all isoforms cross-referenced to RefSeq? 
RefSeq: one entry for each mRNAs -> several entries can be linked to the  the same Swiss-Prot sequence. 
RefSeq might contain additional isoforms which are not in UniProtKB/Swiss-Prot and vice-versa (different gene 
prediction pipelines (RefSeq vs Ensembl prediction pipelines) 
 

 
 - 'Function' section 
 What is the function of the protein? 

 
 Where does the information come from?  
By similarity (mouse ortholog) and from publications 
 Compare the keywords and the Gene Ontology terms relative to the protein's function  



 
Keywords give a ‘summary’ of the biological knowledge (manually annotated by the UniProt biocurators).  
GO give an exhaustive overview of what is known about your gene (ontology) (annotated by different groups, 
including the model organism databases).  

 
 
Note that the 3 GO ontologies Molecular Function, Biological Process and Cellular Component, as well 
as UniProt Keywords are dispatched to the relevant sections of the entry, not all GO terms can be 
found under “Function”). 

 
   What is the source of the Gene Ontology (see the blue and yellow tags) and keyword annotations 
(Swiss-Prot biocurators)?  
   FAQ: What are the differences between UniProtKB keywords and the GO terms?  
 
- 'PTM/Processing' section 
   How many phosphorylated sites?  
   How many sites have been experimentally proven to be phosphorylated? the sites associated 
with a publication are ‘experimentally proven. 

https://www.uniprot.org/faq/23
https://www.uniprot.org/faq/23


 
 
- 'Structure' section (3D structure databases):  
Are there 3D structures are available for this protein? Do they 'cover' the complete protein sequence? 
There are several 3D structures for this protein: none of these 3D structures cover the entire 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) 
 To which PDB entry does it correspond?  
The PDB entry which covers the domain is 4HN5 (417-506) 
https://www.uniprot.org/uniprot/P04150/protvista 
 

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


 
 
- Look at the same UniProt entry in the 'txt' format (via the “Format” button). 
 
 

 

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


 

 
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 
 
 
- 'Header section'  
            What is the status of this entry:  reviewed by a biocurator or unreviewed?   
            What is the annotation score? 2/5   
 What is the evidence for the existence of the protein? Transcript level 

 
 
- '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? Imported from EMBL 

 
         
- 'Cross references' section 
Look (in GenBank) for the data available on the nucleic acid sequence.  
Can you find a CoDing Sequence (CDS)? Where does the protein sequence come from? 
Translation of the HQ692822 mRNA 
    
How many RefSeq entries that have the same protein sequences?  
 

 

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


 

Look at this entry  (NP_000167.1) 

 Which database?  (RefSeq, NCBI Reference Sequence) What is the main type of data? The protein 
sequence of glucocorticoid receptor (isoform alpha) (same as before) What is the length of the protein 
sequence? 777 aa 
 
Important remark: the isoform name can differ between UniProtKB/Swiss-Prot and RefSeq ! 
 

 
  
 
Look for the annotation propagated from UniProtKB/Swiss-Prot?  
Look for the annotation provided by ‘CDD’ (Conserved Domains and Protein Classification) 
 
 

 
 
 
Look at this UniProtKB entry (A0A0C5ESB7) 
 
- 'Header section'  
            What is the status of this entry:  reviewed by a biocurator or unreviewed?   
            What is the annotation score?    
 What is the evidence for the existence of the protein? 

https://www.ncbi.nlm.nih.gov/protein/NP_000167.1
https://www.ncbi.nlm.nih.gov/protein/NP_000167.1
https://www.uniprot.org/uniprot/A0A0C5ESB7


 
 
- 'Names&Taxonomy' section 
 What are the name(s) of the gene ? 
 What is the source of these name assignments? 
 Where does the EC (enzyme classification number)  come from?) 
Most of the information are imported from EMBL. Additional information come from automated annotation 
(UniRule, HAMAP) 

 
 
- 'Function' section 
 What is the function of the protein? 
 Where does the information come from?  
 Look at the UniRule (conditions and annotation) 

 

 
 



- 'Cross references' section 
 Look at the GenBank entry: JMQP01000002  
 What are the inferences available for the CDS of the LexA repressor? 
 

 
 
 
Look at the annotation of the corresponding original entry in RefSeq: 
https://www.ncbi.nlm.nih.gov/protein/NP_438908.2 
 

 
 

Look at the annotation of the corresponding ‘reannotated’ entry in RefSeq (MULTISPECIES): 
https://www.ncbi.nlm.nih.gov/protein/WP_005648504.1 
 
 
 

https://www.ncbi.nlm.nih.gov/protein/NP_438908.2
https://www.ncbi.nlm.nih.gov/protein/WP_005648504.1


 
 
 
Look at the ‘identical protein’ sequences in RefSeq: 
https://www.ncbi.nlm.nih.gov/ipg/WP_005648504.1 

 
 
Look at the corresponding UniRef100 at UniProtKB: https://www.uniprot.org/uniref/UniRef100_Q4QME9 

https://www.ncbi.nlm.nih.gov/ipg/WP_005648504.1
https://www.uniprot.org/uniref/UniRef100_Q4QME9


 

 

 

Look at this entry  (https://www.ncbi.nlm.nih.gov/nucleotide/NC_045512) 

 Which database? What is the main type of data?  

GenBank; Genome of coronavirus COVID-19 

 

 

 

 How many predicted proteins? (follow the link to ‘Protein’) 

12 proteins 

https://www.ncbi.nlm.nih.gov/nucleotide/NC_045512
https://www.ncbi.nlm.nih.gov/nucleotide/NC_045512


https://www.ncbi.nlm.nih.gov/protein?LinkName=nuccore_protein&from_uid=1798174
254 

 The corresponding proteins are also available on UniProtKB ftp: 
ftp://ftp.uniprot.org/pub/databases/uniprot/pre_release/ 

Compare the annotation of the protein of 7096 aa provided by RefSeq 
(https://www.ncbi.nlm.nih.gov/protein/YP_009724389.1) and by UniProtKB 
(ftp://ftp.uniprot.org/pub/databases/uniprot/pre_release/coronavirus.dat -> R1AB_WCPV) 

 How many proteins for this virus in UniProtKB ? 14 
ftp://ftp.uniprot.org/pub/databases/uniprot/pre%5Frelease/coronavirus.fasta 

More information of the annotation of these proteins this afternoon….             

     
 
Discover the UniProt Search tool 
 
(a) Look for the gene PRSS1 in UniProtKB  
Restrict 'PRSS1' to exact gene name. 
   
(b) Customize your results 
Configure your column layout by adding and removing columns, until you have columns for 'Protein names', 
'Reviewed/Unreviewed',  'Organism', '3D' (PDB), 'Gene Ontology (Biological process / Molecular function)', 
'Function' (Function CC). 

 
 
Look at the URL including the ‘column layout’ of your query  

 
https://www.uniprot.org/uniprot/?query=gene%3A%20PRSS1%20&columns=id%2Centry%2
0name%2Creviewed%2Cprotein%20names%2Cgenes%2Ccomment(FUNCTION)%2Corganis
m%2Cgo(biological%20process)%2Cgo(molecular%20function)%2Cdatabase(PDB)&sort=sco
re 
  
(c) Compare the annotations of reviewed and unreviewed entries. 

 
 

 

 

https://www.ncbi.nlm.nih.gov/protein?LinkName=nuccore_protein&from_uid=1798174254
https://www.ncbi.nlm.nih.gov/protein?LinkName=nuccore_protein&from_uid=1798174254
ftp://ftp.uniprot.org/pub/databases/uniprot/pre_release/
ftp://ftp.uniprot.org/pub/databases/uniprot/pre_release/
https://www.ncbi.nlm.nih.gov/protein/YP_009724389.1
ftp://ftp.uniprot.org/pub/databases/uniprot/pre_release/coronavirus.dat
ftp://ftp.uniprot.org/pub/databases/uniprot/pre_release/coronavirus.fasta


Proteomes 

What is the UniProt release number you are working with? 

 
 
The mouse proteome at UniProtKB  
Query UniProt Proteomes 
 

What is the Proteome ID of the reference Proteome?  UP000000589 

To which strain does it correspond? (Strain: C57BL/6J) 

 
 How many estimated gene number? 

 How many estimated protein sequences? 

 
 How many records describe more than one protein sequence?  4913 

Hint: how many records with ‘sequence / alternative products’ 

 

https://www.uniprot.org/proteomes/UP000000589


 
 

 ...download the mouse proteome sequences in fasta format, including the sequences of additional 
isoforms = FASTA (canonical & isoform).  

 
 
2. The following SPARQL query allows to know the number of alternative sequences (‘additional isoforms’) 
which are have are found in UniProtKB/Swiss-Prot (human proteome).  
 
Go to : https://sparql.uniprot.org/    
 
PREFIX taxon: <http://purl.uniprot.org/taxonomy/>  
PREFIX up: <http://purl.uniprot.org/core/>  
PREFIX proteome:<http://purl.uniprot.org/proteomes/>  
PREFIX skos: <http://www.w3.org/2004/02/skos/core#>  
SELECT (COUNT(DISTINCT ?sequence) AS ?allIsoforms)  
WHERE  
{  
    ?protein up:reviewed true .  
      ?protein up:organism taxon:9606 .  
    ?protein up:sequence ?sequence .  
    ?protein up:proteome/^skos:narrower proteome:UP000005640 .  
} 

 
Adapt the SPARQL query in order to know the number of ‘additional isoforms’ found in the mouse proteome in 
UniProtKB/Swiss-Prot.  
 
PREFIX taxon: <http://purl.uniprot.org/taxonomy/>  
PREFIX up: <http://purl.uniprot.org/core/>  
PREFIX proteome:<http://purl.uniprot.org/proteomes/>  
PREFIX skos: <http://www.w3.org/2004/02/skos/core#>  
SELECT (COUNT(DISTINCT ?sequence) AS ?allIsoforms)  
WHERE  
{  
    ?protein up:reviewed true .  
      ?protein up:organism taxon:10090 .  
    ?protein up:sequence ?sequence .  
    ?protein up:proteome/^skos:narrower proteome:UP000000589 .  
} 

 

https://sparql.uniprot.org/
http://purl.uniprot.org/taxonomy/
http://purl.uniprot.org/core/
http://purl.uniprot.org/proteomes/
http://www.w3.org/2004/02/skos/core


 25’311 additional protein sequences 
 55’412 + 25’311 protein sequences in the UniProtKB mouse proteome. 

 
3. The mouse proteome at NCBI protein 
How many protein sequences for Mus musculus @NCBI protein? 
How many protein sequences in RefSeq?  
Why this difference compared to UniProtKB? 
 

 

 
UniProtKB/Swiss-Prot:  one entry per gene. Several protein sequences per entry (alternative products / 
‘additional isoforms);  
UniProtKB/TrEMBL: one entry per protein sequence 
UniProtKB proteome: set of sequences mapped to the mouse genome 
RefSeq: mainly one entry per mRNA.  
 
 
4. The mouse nuclear proteome at UniProtKB 

 How many mouse proteins are found in the ‘nucleus’ (full text search) 
Query: nucleus AND organism:"Mus musculus (Mouse) [10090]" AND proteome:up000000589 
 

 In which field(s) do you find the annotation (look at the filters, column on the left)? 



 
 Compare the number of entries with have the location in the nucleus deduced from GO annotation and 

those annotated with ‘Subcellular location Nucleus’ 
The keywords and Subcellular location are mainly annotated manually by the UniProt biocurators. This type of 
annotation represents a ‘filtered summary’ of what is known. 
The Gene ontology is annotated by the MGI team (or other model databases) and is imported in UniProt: the 
GO annotation gives an overview of all what is known or has been found in the publications. Beware: GO is an 
ontology, each term can have parents and children.   

 
 
 

Further information: 
'What are proteomes?'  

'What are reference proteomes?'  
'How to retrieve sets of protein sequences?'  

 

 
N-glycosylation: compare different datasets  
 
N-linked glycosylation is the most important form of post-translational modification for proteins synthesized 
and folded in the Endoplasmic Reticulum.  
Imagine you have been working on a mouse protein family where 20% of all members are N-glycosylated. Try 
to find out whether your protein family is glycosylated significantly more frequently than other proteins. 
Hints: 
In the mouse proteome: 

 What is the percentage of N-glycosylated entries? 
 What is the percentage of reviewed entries?  
 What is the percentage of N-glycosylated entries in reviewed and unreviewed entries, respectively? 
 Try to find out whether your protein family is glycosylated significantly more frequently than other 

proteins. 

https://www.uniprot.org/faq/15
https://www.uniprot.org/faq/15
https://www.uniprot.org/faq/47
https://www.uniprot.org/faq/38


 

Relevant UniProt help pages: 
- query syntax 

- Glycosylation 
Discover the UniProt BLAST tool 

Look for plant protein sequences similar to human hemoglobin (HBB): 
BLAST the human hemoglobin HBB sequence against 'Plant' sequences in UniProtKB (use Advanced BLAST). 

 
 
- Customize your 'BLAST results'  
 Add columns for protein names, gene names, function, keywords, gene ontology (some are already there by 
default). 

 
 
- For the first matching UniProtKB/Swiss-Prot entry, open the pairwise alignment 

https://www.uniprot.org/help/text-search
https://www.uniprot.org/help/text-search
https://www.uniprot.org/help/carbohyd


 Look at the conservation of the iron binding sites ('Metal binding' in the “Highlight” options on the left). 

 

 
 

Discover the UniProt ID mapping tool  

 
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 differences? Why these differences? 



 
 
 

 
 

 
Links to   

- User manual  
- FAQ  

- Documentation/Help  

http://www.uniprot.org/manual/
http://www.uniprot.org/faq/
http://www.uniprot.org/help/


 
              

Elisabeth Gasteiger, Marie-Claude Blatter 
SIB Swiss Institute of Bioinformatics, March 2020 


