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Selenoprotein families include:

o Selenoproteins (Sec-containing proteins)

o Cysteine homologues (Cys-containing proteins)
- Orthologues (speciation event)
- Paralogues (duplication event)



Selenoproteins are generally misannotated

Percentages are computed by comparison Selenoprofiles-Ensembl annotations – see Mariotti and Guigó, 2010 - Bioinformatics.



Bioinformatics methods for selenoproteins

o De novo: Selenogeneid (Castellano et al. 2001)

o Homology based approaches: 
- UGA / Sec      or      UGA / Cys      alignments (e.g. Kryukov et al. 2003)
- Selenoprofiles (Mariotti and Guigó 2010)
- Seblastian (Mariotti et al. 2013)

o SECIS prediction:  
- SECISearch   (Kryukov et al. 2003) 
- SECISearch3 (Mariotti et al. 2013)

o tRNA-Sec prediction:
- Secmarker
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20 duplications

9 gene losses

13 Sec à Cys

Selenoproteins in 
mammals and vertebrates



Tools:

• BLAST - typically tblastn
• Exonerate - protein2genome mode
• Genewise
• T-coffee

• Webserver with SECISearch3 and Seblastian:
http://seblastian.crg.es/

Protocol overview

http://bioinformatica.upf.edu/
http://bioinformaticaupf.crg.eu

http://seblastian.crg.es/
http://bioinformatica.upf.edu/
http://bioinformaticaupf.crg.eu/


Useful resources

Your assigned genomes will be available in the UPF computers 
when you will start the project

• Ensembl: Collection of genomes
(and annotations)

• NCBI nucleotide: Collection of all 
sequences (genomes, ESTs, etc)



1st step: Get selenoprotein sequences

• SelenoDB 2.0 (and 1.0)
http://www.selenodb.org (2.0; automatic annotation)
http://www1.selenodb.org (1.0; manually curated, less species)

• Protein databases
https://www.ncbi.nlm.nih.gov/protein/

http://www.uniprot.org

• Past year projects:
http://bioinformatica.upf.edu/ 

Protocol steps

http://www.selenodb.org/
http://www.selenodb.org/
https://www.ncbi.nlm.nih.gov/protein/
http://www.uniprot.org/
http://bioinformatica.upf.edu/


NCBI BLAST programs… reminder



• Tblastn: locate gene exons (independent blast hits)

Protocol steps



• Exonerate or genewise: multi-exonic gene model
• Seblastian: SECIS + selenoprotein prediction

Protocol steps



Gene finding tools: fastasuite (exonerate)
• Fastafetch: extracting a single sequence from a multifasta (requires previous run of 

fastaindex) 

• Fastasubseq: getting a subsequence of a single sequence, careful with indexes, 0-based! 
Transform gene positions to absolute coordinates.

• Exonerate/Genewise: predict the gene and align it with the sequence of the selenoprotein
that encodes, and also recognizes the exons.

• fastaseqFromGFF.pl: obtain the cDNA sequence that encodes the final protein. We get it 
from the subsequence and the file that contains the exons.

• Fastatranslate: translate coding sequences careful with the selenocysteine codon 
character! It is a good idea to substitute the “*” with “X” or “U” as multiple sequence 
alignment programs just ignore “*” 

Protocol steps



• Tcoffe: compare two sequences, in this case we compare the known 
sequence (query protein) with the homologous sequence of the the 
genome (predicted protein).

Protocol steps



Seblastian: Predict SECIS in the 3’UTR (using SECISearch3), and then 
searches upstream for selenoprotein coding sequences.

Protocol steps

http://seblastian.crg.es/

http://seblastian.crg.es/


Assumptions:

the presence of a detectable SECIS 
within acceptable genomic distance 

from the Sec-UGA 

annotated homologue(s) (Sec/Cys) in 
the reference protein database

Mariotti et al. 2013

Seblastian



Based on a manually curated 2ndary 
structure alignment

Combines up to 3 methods to ensure 
maximum sensitivity

Filter and grading procedure based on 
manual inspection of hundreds of 

SECIS elements

SECISearch 3

Mariotti et al. 2013



• Selenoproteins have the peculiar characteristic of possessing a 
UGA codon, recoded because of the presence of the SECIS 
element.

• If you learn how to predict selenoproteins, you are able to do 
the same with any “standard” protein family.

Selenoproteins as test case

BIOINFORMATICS PROJECT

Find all selenoprotein-related genes 
in a vertebrate genome



UPF Human Biology. 
Bioinformatics Courses 2007-2019

2007/08  – 2008/09:  find all selenoproteins in a given protist genome
2009/10  – 2011/12:  find a given selenoprotein family in all protist genomes
2012/13  – 2019/20:  find all selenoproteins in a given vertebrate genome

http://bioinformatica.upf.edu/

http://bioinformatica.upf.edu/


• Web page: Structure of a scientific paper

• Wikipedia: Species description 

https://ca.wikipedia.org/wiki/Viquiprojecte:Curs_Bioinform%C3%A0tica_UPF_2018

• SelenoDB: Insert your selenoprotein genes predictions into a real 

world database. Available to the scientific community.
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Projects 2019-2020
selenoproteins in vertebrates

http://bioinformatica.upf.edu/

https://ca.wikipedia.org/wiki/Viquiprojecte:Curs_Bioinform%C3%A0tica_UPF_2018
http://bioinformatica.upf.edu/
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• Results must be presented in a web page with the structure of a scientific paper
ü Aminoacid sequences; SECIS sequences
ü Genes in GFF format 

• All genes should be as complete as possible: starting with a AUG, ending with a 
STOP codon, and with an identified SECIS element downstream. 

• Ignore alternative isoforms (if any), just choose one
• Report also the genes of:

ü selenoprotein machinery:  SEPSECS, EEFSEC, PSTK, SBP2, SECP43, SEPHS1, 
SEPHS2.

ü Cys-containing homologs

• Other helpful resources to biologically interpret and visualize the results 
(phylogenetic trees):

- phyloT: https://phylot.biobyte.de/ (from NCBI taxonomy à .nw)
- iTOL: https://itol.embl.de/ (.nw)
- Etetoolkit: http://etetoolkit.org/treeview/ (.nw or .msa)
- Phylogeny.fr: http://www.phylogeny.fr/simple_phylogeny.cgi (.mfa)

Notes for the project

https://phylot.biobyte.de/
https://itol.embl.de/
http://etetoolkit.org/treeview/
http://www.phylogeny.fr/simple_phylogeny.cgi


Common pitfalls

• Know what to expect

• Zero, one or many genes? 
(!) careful with superfamilies and 
gene duplications 

• Genomic context



Common pitfalls

• Contigs and Scaffolds
ü Contig: a contiguous stretch of nucleotides resulting from the assembly of 

several reads
ü Scaffold: several contigs stitched together wit NNNs in between



Evaluation

The projects will be evaluated based on:

ü Methods: scripting is encouraged (different levels of automation)

ü Results: you are expected to find all selenoprotein-related genes in 
your assembly

ü Discussion: interpret your results logically

ü Presentation: the web page should present the work as clearly as 
possible (including Wikipedia entry)


