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Notes: 

 
This workshop is based on Ensembl release 75 
(February 2014).  
 
Some useful links: 
 
1) Ensembl browser  
(vertebrates/chordates) 
www.ensembl.org 
 
2) Ensembl Genomes browsers  
(metazoa, protists, fungi, plants, bacteria)  
www.ensemblgenomes.org 
 
3) Workshop materials (in pdf) 
www.ebi.ac.uk/training/Prague2014 
 
Feel free to tackle questions relative to your own 
research instead of following the ones provided in our 
course booklet.  
 
 
 
 
 

Questions or comments? 
www.ensembl.org/Help/Contact 
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OVERVIEW 

 
 
Ensembl provides annotation of genes and other genomic features 
such as sequence variants, conserved regions across species, and 
regulatory regions. The Ensembl gene set of the human, mouse and 
zebrafish genomes is based on protein and nucleotide evidence 
annotated by both automatic and manual means (the latter carried 
out by the Havana group).  
 
All the data are freely available and can be accessed via the web 
browser or programmatically via our APIs (PERL or otherwise). Gene 
sequences can be downloaded from the Ensembl browser itself, or 
through the use of the BioMart web interface, which can extract 
information from the Ensembl databases without the need for 
programming knowledge.  
 
 
 
Points covered: 

 Why do we need genome browsers? 
 An introduction to the Ensembl browser 
 How data can be accessed in Ensembl ? 

 An overview of Ensembl tools  

 Check our video tutorial! 
http://www.youtube.com/user/

EnsemblHelpdesk 

 

The Ensembl Genome browser 

Introduction to BioMart 

http://www.youtube.com/user/EnsemblHelpdesk
http://www.youtube.com/user/EnsemblHelpdesk
http://www.ensembl.org/Help/Movie?id=189
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INTRODUCTION TO ENSEMBL  

 
Ensembl is a joint project between the EBI (European Bioinformatics 
Institute) and the Wellcome Trust Sanger Institute that annotates 
chordate genomes (i.e. vertebrates and closely related invertebrates 
with a notochord, such as sea squirt). Gene sets from model 
organisms (e.g. yeast, fruitfly and worm are also imported for 
comparative analysis by the Ensembl Comparative Genomics team. 
Most annotation is updated every two months, leading to increasing 
Ensembl versions (such as version 73), however the gene sets are 
determined less frequently.  
 

 
 
 Figure 1: The Region in detail view on the Location tab: Protein alignments and other 
tracks. 

 

 Click on the cog wheel icon  to add more data track to 

Ensembl views. Alternatively, you may want to click on the 

Configure this page button  instead at the left 

hand side. 

The vast amount of information associated with genomic sequences 
demands a way to organise and access that information. This is 
where genome browsers come in. Ensembl strives to display many 
layers of genome annotation into a simplified view for the ease of the 
user. Figure 1 above shows the Region in detail page for the BRCA2 
gene in human. The example shows blocks of conserved sequence 
reflecting conservation scores of sequence identity on a base pair 
level across 36 species. Conserved regions are displayed as dark 
blocks that represent local regions of alignment.  

Chromosome 

Protein	alignments 

BRCA2	transcripts 

  

  

  

  Genome 

Conserved	sequence   

http://www.ebi.ac.uk/
http://www.ebi.ac.uk/
http://www.sanger.ac.uk/
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Also in this figure proteins alignments from the UniProtKB have been 
added to the genomic location of the human BRCA2 gene. Filled 
yellow blocks show where these UniProtKB proteins align to the 
genome, and gaps in the alignment are shown as empty yellow 
blocks. Note, in this case, the UniProtKB proteins support most of the 
exons shown in the Ensembl BRCA2-001 and BRCA2-201 transcripts. 
 
Both Ensembl and Havana) transcripts are portrayed as exons 
(boxes) and introns (connecting lines). Filled boxes show coding 
sequence and empty boxes reflect untranslated regions (UTRs). This 
Region in detail view is useful for comparing Ensembl gene models 
with current proteins, mRNAs and ESTs from other databases, such 
as NCBI RefSeq, ENA, Unigene and UniProtKB. Everything in this view 
is aligned to the genome. 
 

 
Figure 2: The Region in detail view in the Location tab: 1000 genomes tracks 

 
The Region in detail view can be configured (using the Configure this 
page button) to show regulatory features, sequence variation, and 
more! For example, click on dbSNP under the Variation menu and 
turn on the sequence variants (dbSNP and all other sources) at the 
right side of this page. Save and close. Back to the Region in detail 
view, click on the sequence variation of interest. A pop-up box will 
show you a few variation properties such as rs number, alleles, type, 
and others. Click on the rs properties link to take you to an 
information page for the genetic variation, including links to 
population frequencies, if available. You can do the same for 
regulatory features as well.  
 
An index page is provided for each species with information about 
the source of the genomic sequence assembly, a karyotype (if 
available), and a link to past sites on our archive. The picture below 
shows the Ensembl homepage for human. Links to the human 

http://www.ensembl.org/info/docs/genebuild/genome_annotation.html
http://www.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000139618;r=13:32890959-32976341;v=rs80358532;vdb=variation;vf=12743129
http://www.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000139618;r=13:32890959-32976341;v=rs80358532;vdb=variation;vf=12743129
http://www.ensembl.org/Homo_sapiens/Info/Index
http://www.ensembl.org/Homo_sapiens/Location/Genome
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karyotype, to the previous human assembly and a summary of gene 
and genome information are found in this index page.  
 

 
 
Ensembl devotes separate pages and views in the browser to display 
a variety of information types, using a tabbed structure. The three 
main entry points in Ensembl are the Location tab, Gene tab and 
Transcript tab. We have also the species tab, variation tab and 
regulation tab.  
 
 
 

 
 
 
 
 
You can for example change the species of interest in the species tab, 
view a chromosomal region in the Location tab (also known as 
Region in detail), visualise gene trees in the Gene tab, browse the 
cDNA sequence alongside the protein translation in the transcript 
pages, look for genotype information in the variation tab and get 
details by cell line for regulatory features. You can also perform a 
similarity search against any species in Ensembl by using our 
BlastView, which offers access to both BLAST and BLAT programs. 
 

Species tab Variation tab 

Regulation tab Location tab 

Gene tab 

Transcript 
tab 

Search 

News 

Information 
and statistics  

Links to 
example 

features in 
Ensembl 



 8 

 
 

 
Let’s now take a look at the Ensembl Genomes browser: 
www.ensemblgenomes.org 
 
 

 

Transcript	with	variations	 Genes	and	conserved	regions	

Homologues	in	Gene	Trees	 BLAST	and	BLAT	searches	

Links to the taxa-
specific sites 

Link back to 
Ensembl 

News 

http://www.ensemblgenomes.org/
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Click on the different taxa to see their homepages. Each of them is 
colour-coded: 
 
 
 

  

 
  

  
   
 
You can navigate most of the taxa in the same way as you do with 
Ensembl, but since Ensembl Bacteria has a large number of genomes 
(>9,000), it needs slightly different methods for browser naviagtion. 
Let’s look at this in more detail.  
 

Protists Fungi Metazoa Plants Bacteria 
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There’s no full species list for bacteria as it would be hard to navigate 
with the number of species available in Bacteria. To find a species, 
start to type the species name (or any three letter code) into the 
species search box. A drop down list will appear with possible 
species  
 
For example, to find substrains of Clostridium difficile type in 
Clostridium d to find the possible options.  
 

 

Search for 
a gene 

Search for a species 
(type three letters to find 

your species in the species 
search auto-complete 

search) 

Information 
on Ensembl 

Bacteria 
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The drop down contains various strains of Clostridium difficile. Let’s 
choose Clostridium difficile 630. This will take us to another page, the 
species homepage, where we can explore various features of C. 
difficile. 
 

 
 
 
Retrieving Data from Ensembl 
 
BioMart is a web-interface that can extract information from the 
Ensembl databases and present the user with a table of information 
without the need for programming. It can be used to output 
sequences or tables of genes along with gene positions (chromosome 
and base pair locations), single nucleotide polymorphisms (SNPs), 
homologues, and other annotation in HTML, text, or Microsoft Excel 
format. BioMart can also translate one type of ID to another, identify 
genes associated with an InterPro domains or gene ontology (GO) 
terms, export gene expression data and lots more. 
 
Ensembl uses MySQL relational databases to store its information. A 
comprehensive set of Application Programme Interfaces (APIs) serve 
as a middle-layer between underlying database schemes and more 
specific application programmes. The API aims to encapsulate the 
database layout by providing efficient high-level access to data tables 
and isolate applications from data layout changes.  

http://www.biomart.org/
http://www.ensembl.org/info/data/biomart.html
http://www.mysql.com/
http://www.ensembl.org/info/docs/api/index.html
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Synopsis- what can I do with Ensembl? 
 

 View genes with other annotation along the chromosome; 
 View alternative transcripts (i.e. splice variants) for a given 

gene; 
 Explore homologues and phylogenetic trees across more than 

65 chordate species for any gene; 
 Compare whole genome alignments and conserved regions 

across species; 
 View microarray sequences that match to Ensembl genes; 
 View ESTs, clones, mRNA and proteins for any chromosomal 

region; 
 Examine single nucleotide polymorphisms (SNPs) for a gene or 

chromosomal region; 
 View SNPs across strains (rat, mouse) and human populations;  
 View positions and sequence of mRNAs and proteins that align 

with an Ensembl genes; 
 Display your own data on the Ensembl browser; 
 Use BLAST or BLAT against any Ensembl genome; 
 Export sequence or create a table of gene information with 

BioMart; 
 Determine how your variants affect genes and transcripts usinf 

the Variant Effect Predictor; 
 Share Ensembl views with your colleagues and collaborators. 
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Need more help? 
 

 Check Ensembl documentation 

 Watch video tutorials on YouTube 

 View the FAQs 

 Try some exercises 

 Read some publications 

 Go to our online course 

 
Stay in touch! 
 
 Email the team with comments or questions at 

helpdesk@ensembl.org 

 View the Ensembl blog 

 Follow us on Twitter @ensembl  

 Sign up to a mailing list 

 
Further reading 
 
Flicek, P. et al. 
Ensembl 2013 
Nucleic Acids Res. Advanced Access (Database Issue) 
http://www.ncbi.nlm.nih.gov/pubmed/23203987 
 
Ensembl Methods Series  
http://www.biomedcentral.com/series/ENSEMBL2010 

Xosé M. Fernández-Suárez and Michael K. Schuster 
Using the Ensembl Genome Server to Browse Genomic Sequence Data. 
UNIT 1.15 in Current Protocols in Bioinformatics, Jun 2010. 

Giulietta M Spudich and Xosé M Fernández-Suárez 
Touring Ensembl: A practical guide to genome browsing. 
BMC Genomics 2010, 11:295 (11 May 2010) 

  

http://www.ensembl.org/info/index.html
http://www.youtube.com/user/EnsemblHelpdesk
http://www.ensembl.org/Help/Faq
http://www.ensembl.org/info/website/tutorials/index.html
http://www.ensembl.org/info/about/publications.html
http://www.ebi.ac.uk/training/online/course/ensembl-introduction-browsing-chordate-genomes
mailto:helpdesk@ensembl.org
http://www.ensembl.info/
https://twitter.com/ensembl
http://www.ensembl.org/info/about/contact/mailing.html


 14 

Note: 
 
These worked examples are based on Ensembl version 75 (February 2014). 
After in future a new version of Ensembl has gone live, version 75 will still be 
available at http://e75.ensembl.org/.  
______________________________________________________________ 
 

WORKED EXAMPLE 1 – BROWSER 
______________________________________________________________ 
 
In this worked example we will explore the human ABCD1 (ATP-binding 
cassette, sub-family D (ALD), member 1) gene. The protein encoded by this 
gene is likely involved in the peroxisomal transport or catabolism of very long 
chain fatty acids (VLCFAs). Mutations in the ABCD1 gene can cause 
Adrenoleukodystrophy, a rare X-linked disorder that causes a range of 
clinical phenotypes, often leading to a vegetative state and/or death (see also 
http://en.wikipedia.org/wiki/Adrenoleukodystrophy). 
 

 Go to the Ensembl homepage (http://www.ensembl.org/). 

 

 

 
Searching 
 
First of all, we have to search for the human ABCD1 gene. 

http://e75.ensembl.org/
http://en.wikipedia.org/wiki/Adrenoleukodystrophy
http://www.ensembl.org/
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 Select ‘Search: Human’ and type ‘abcd1’ in the ‘for’ text box. 

 Click [Go]. 
 
The search result shows two ABCD1 genes. One, named ABCD1 (Human 
Gene),  has been annotated on the reference assembly (X:152990323-
153010216:1), while the other, named ABCD1 (Human Alternate sequence 
Gene) has been annotated on a so-called fix patch 
(HG1497_PATCH:152893340-152913233:1). Fix patches are regions in the 
genome where the sequence has been updated by the Genome Reference 
Consortium (GRC; 
http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/). They will be 
incorporated in the reference genome assembly in its next release (GRCh38), 
but at the moment they exist as separate sequences. Because genes 
annotated on patches are not subjected to all Ensembl analyses, we will use 
the ABCD1 gene that has been annotated on the reference genome 
assembly. 

 

 

 
 Click on ‘ABCD1 (Human Gene)’ on the page with search results. 
 
This leads us to the ‘Gene summary’ page under the ‘Gene’ tab. 
 
The Gene tab 
 
Pages (also called ‘views’) in Ensembl are organised under a number of tabs, 
i.e. ‘Species’, ‘Location’, ‘Gene’, ‘Transcript’, ‘Variation’ and ‘Regulation’. The 
various available pages under each tab are listed in the left-hand side menu. 
 
The ‘Gene Summary’ page shows general information about the ABCD1 gene 
and the transcripts that have been annotated for it as part of the GENCODE 
gene set (http://www.gencodegenes.org/). Note the information icon (i) next to 

http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/
http://www.gencodegenes.org/
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‘Gene summary’ that opens up a help page, as well as the legend at the 
bottom of the graphical display. 
 

 Click [Show transcript table]. 

 

 

 
In general, clicking on any feature that is shown on a graphical display in 
Ensembl should result in a pop-up. The pop-up typically contains some basic 
information about the feature in question and often also one or more links to 
pages where more detailed information can be found. 
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 Click on the three transcripts that have been annotated for the ABCD1 

gene. 
 
The pop-ups show that one of the transcripts (ABCD1-001 / 
ENST00000218104) is an Ensembl/Havana merge transcript (shown in gold), 
while the other two only have been annotated by Havana (shown in red). 
ENST00000218104 is also part of the CCDS (Consensus Coding Sequence; 
http://www.ncbi.nlm.nih.gov/CCDS/CcdsBrowse.cgi) set, which is a set of 
coding sequences about which Ensembl, Havana, NCBI and UCSC all agree 
and which therefore are considered to be of high quality. In the transcript table 
it can be seen that two transcripts are part of the GENCODE Basic Set, that is 
intended to provide a simplified subset of the GENCODE transcript 
annotations that will be useful to the majority of users. Transcript ABCD1-002 
/ ENST00000443684 is not part of this set, because its CDS is incomplete. 
 
Boxes and lines in the transcripts represent exons and introns, respectively. 
Empty boxes represent untranslated regions (UTRs), while filled boxes 
represent the coding sequence (CDS). 
 
The ABCD1 gene is located on the forward strand of the genome. This can be 
seen from the arrows next to the transcript names, that indicate the direction 
of transcription and from the fact that the transcript models are shown above 
the blue bar that represents the genome. Transcripts located on the reverse 
strand are shown below the blue bar. 
 

 Click on ‘Sequence’ in the side menu. 

 

 

http://www.ncbi.nlm.nih.gov/CCDS/CcdsBrowse.cgi
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On the ‘Sequence’ page the sequence of the ABCD1 gene plus 600 bp 
upstream and downstream is shown. Exon sequences belonging to the 
ABCD1 gene are shown in red letters on a peach background, while exons 
belonging to other genes are shown in black letters on a peach background. 
Note that, because the ABCD1 gene has multiple transcripts, this page 
doesn’t show the exon-intron structures for the individual transcripts. These 
can be seen on the ‘Exons’ pages for the respective transcripts. 
 
Almost all graphical displays in Ensembl can be configured. This is always 
done using the [Configure this page] button. 
 

 Click [Configure this page] in the side menu. 
 
A pop-up window is shown that lists all display options.  

 

 

 
 Select ‘Show variations: Yes and show links’. 

 Click (). 
 
The ‘Sequence’ page has now been reloaded and shows the position of 
variants as well as links to pages where more detailed information about them 
can be found. The variants are shown in the sequence in IUPAC notation 
(http://en.wikipedia.org/wiki/Nucleic_acid_notation). 

 

http://en.wikipedia.org/wiki/Nucleic_acid_notation
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 Click on ‘Comparative Genomics- Orthologues’ in the side menu. 
 
All ABCD1 orthologues in other species as identified by Ensembl are shown in 
the ‘Selected orthologues’ table on the ‘Orthologues’ page. Table columns can 
be hidden using the [Show/hide columns] button. Rows can be (re)ordered 
using the triangles next to the column headers and filtered using the ‘Filter’ 
text box. The table can be exported as an Excel spreadsheet by clicking on 
the Excel icon. 
 

 Type ‘mouse’ in the ‘Filter’ text box. 
 
This results in a table that only shows those rows that contain the term 
‘mouse’. 
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For the human ABCD1 gene, a 1-to-1 orthologue has been identified in 
mouse, i.e. ENSMUSG00000031378. 
 

 Click on External References in the side menu. 

 

This shows matches to the Ensembl gene in other projects and databases. 

A table that links Ensembl transcripts to UniProt and RefSeq identifiers 

is found at the bottom of the page. 

 

 
 
 

 Click on ‘Phenotype’ in the side menu. 
 
On the ‘Phenotype’ page phenotypes that have been associated with the 
ABCD1 gene as well as with variants associated with the ABCD1 gene are 
shown. 

 

 

 
 Click on ‘Genetic Variation - Variation table’ in the side menu. 

 
On the ‘Variation table’ page all variants in ABCD1 gene are shown, grouped 
by consequence type.  
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 Click on ‘Show’ for ‘Missense variant’. 
 
This results in a list of all missense variants. Clicking on the ID of a 
variant will lead us to the ‘Variation’ tab, where more information about 
the variant in question can be found. 

 

 

 
Clicking on a variant ID will lead us to the ‘Variation’ tab, where detailed 
information about the variant in question can be found. 
 

 Click on ‘ENST00000218104’ in the transcript table at the top of the 

page. 
 
This leads us to the ‘Transcript summary’ page under the ‘Transcript’ tab.  
 
The Transcript tab 
 
Note that, because we have moved from the ‘Gene’ tab to the ‘Transcript’ tab, 
the side menu has changed and now shows links to pages with transcript-
specific information. 
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 Click on ‘Sequence - Exons’ in the side menu. 
 
On the ‘Exons’ page the sequence of the unspliced transcript is shown. The 
coding sequence (CDS) is shown in black, untranslated regions (UTRs) in 
purple, introns in blue and flanking sequences in green. By default only a 
small part of the introns and the flanking sequences is shown, but this can be 
changed on the configuration page. 

 

 

 
 Click on ‘Sequence - cDNA’ in the side menu. 
 
 
The spliced transcript, as well as its coding sequence and translation are 
shown with sequence variants drawn. The page can be simplified with 
‘Configure this page’. 
 

 
 

 Click on ‘External References - General identifiers’ in the side menu. 
 
On the ‘General identifiers’ page cross-references to other databases are 
shown that contain entries that correspond to the ENST00000218104 
sequence. 
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For example, ENST00000218104 matches the ABCD1_HUMAN protein 
sequence in the UniProtKB/Swiss-Prot database (http://www.uniprot.org/) and 
the NP_000024.2 protein and NM_000033.3 mRNA sequence in the RefSeq 
database (http://www.ncbi.nlm.nih.gov/refseq/). 
 

 Click on ‘Ontology - GO table’ in the side menu. 
 
Gene Ontology (GO) terms (http://www.geneontology.org) are used to 
annotate gene products. Biological process, molecular function and cellular 
component terms describe what a gene product does, how it does that and 
where it does that, respectively.  

 

 

 
The Biological process terms indicate that the ABCD1 protein plays a role in 
fatty acid transport and catabolism. The Cellular component terms indicate the 
ABCD1 protein is located in the peroxisomal membrane. 
 

http://www.uniprot.org/
http://www.ncbi.nlm.nih.gov/refseq/
http://www.geneontology.org/
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 Click on the ‘Location’ tab. 
 
This leads us to the ‘Region in detail’ page under the ‘Location’ tab. 
 
The Location tab 
 
The ‘Region in detail’ page shows the genomic neighbourhood of the ABCD1 
gene. It consists of three parts. 
 
First, the complete chromosome. 

 

 

 
Second, the 1 Mb region around the region of interest. 
 
This display is scrollable, by either using the ‘Scroll’ arrows or by clicking and 
dragging the image in the same way as e.g. in Google Maps. Zooming into a 
region is possible by clicking the ‘Drag/Select’ icon, selecting the region of 
interest and subsequently clicking ‘Jump to region’ in the resulting pop-up. 

 

 

 
Third, the region of interest. In our case this is the ABCD1 gene.  
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There are several ways to navigate this display: 
 

 zooming in and out by using the [+/-] slider 

 zooming in by drawing a box around the region of interest and 
subsequently clicking ‘Jump to region’ in the resulting pop-up 

 moving up- and downstream with the single and double arrows next to the 
[+/-] slider. 

 going to a particular region by changing the coordinates in the ‘Location’ 
text box or by searching for a gene using the ‘Gene’ text box (which has 
auto completion) 

 
Sets of data are called ‘tracks’. These can be added to the display using 
[Configure this page]. On the configuration page all available tracks are 
grouped in the left-hand menu. It is also possible to search for tracks using the 
‘Find a track’ text box. 
 
For example, to add all sequence variants to the display: 
 

 Click [Configure this page] in the side menu. 

 Type ‘sequence variants’ in the ‘Find a track’ text box. 

 Select ‘Sequence variants (dbSNP and all other sources) - Normal’. 

 Click (). 
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A new track, ‘Sequence variants (dbSNP and all other sources)’, has now 
been added to the display. 

 

 

 
To turn the added track off again: 
 

 Hover over the track name.  

 Click on the ‘Turn track off’ icon (x) in the pop-up. 
 
Tracks can be moved by clicking on the bar in front of the track name and 
dragging the track to the desired location. 
 
At the top and bottom of the display several icons are shown, some of which 
can also be found on other displays: 
 

 Configure this image: add/delete tracks (same as [Configure this page] 
button in the side menu). 

 Manage your custom tracks: add your own data (same as [Add your data] 
button in the side menu) 

 Share this image: create a URL that can be shared with others without the 
need to tell them how to configure the page 
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 Resize this image: resize the image 

 Export this image: export the image in various formats (PDF, PNG etc.) 
 
Sequence search 
 
Finally, we will do a sequence search. For this we need some sequence. To 
this end, we will take the sequence of the ABCD1 gene (so, in fact we are 
cheating as we of course already know what this sequence represents). 
 

 Click [Export data] in the side menu. 

 Click [Next>]. 

 Click on ‘Text’. 
 
This gives us the sequence of the ABCD1 gene in FASTA format. 

 

 

 
Subsequently we do a sequence search with this sequence. 
 

 Select and copy the sequence. 

 Go back to the browser. 

 Click on the ‘BLAST/BLAT’ link on the toolbar. 

 Paste the sequence in the text box at the top of the page. 

 Select ‘Homo_sapiens’ as the species to search against. 

 Select ‘BLAT’ as the search tool. 
 
We use BLAT because we are expecting an exact match (as a rule of thumb 
use BLAT when you are searching against the same species your query 
sequence is from and use BLAST when you are searching against another 
species). 
 

 Click [RUN>]. 
 
The results page consists of three parts. 
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The first part shows all hits in relation to the genome. Hits are shown as red 
triangles, the best hit has a box around it. In our case the best hit is located on 
the end of the X chromosome. 

 

 

 
The second part shows all hits in relation to the query sequence. In our case 
there is one hit that covers the whole query sequence, while there are many 
small hits, most of which are matching the same parts of the query sequence. 
Apparently, the query sequence contains some repetitive sequences. 

 

 

 
The third part shows all hits in tabular format. In our case there is only one hit 
that is 100% identical to the genome sequence. This also happens to be the 
longest hit. Note the E (expect) value, a parameter that describes the number 
of hits one can "expect" to see by chance when searching a database of a 
particular size. 
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 Click on the [C] in front of the best hit. 
 
This leads us back to the ‘Region in detail’ page, to which now a new track 
named ‘BLAT/BLAST hits’ has been added, that shows the best hit in bright 
red. 
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BROWSER EXERCISES 

 

 

Exercise 1 – Human: The MYH9 gene, splice variants, sequence 
variation and orthologues 
 
(a) Find the human MYH9 (myosin, heavy chain 9, non-muscle) gene, 
and go to the Gene tab.  
 

 On which chromosome and which strand of the genome is this 

gene located? 

  How many transcripts (splice variants) are there?  

 How many of these transcripts are protein coding? 

 What is the longest transcript, and how long is the protein it 

encodes? 

(b) Click on Phenotype at the left side of the page. Are there any 
diseases associated with this gene, according to OMIM (Online 
Mendelian Inheritance in Man)? 
 
(c) Have any missense variants (i.e. variants that change the amino 
acid sequence of the encoded protein) been discovered for this gene? 
 
(d) Is there a mouse orthologue predicted for the human MYH9 gene? 
If so, how identical are the human and mouse proteins? 
 
Exercise 2 – Human: MYH9-001, sequence and function 
 
(a) Find the transcript: MYH9-001 and answer the following 
questions 
 

 How many exons does it have?  

 Are any of the exons completely or partially untranslated? 
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 Is there an associated sequence in UniProtKB/Swiss-Prot? 

Have a look at the General identifiers for this transcript. 

 What are some functions of MYH9-001 according to the Gene 

Ontology consortium? Have a look at the GO table for this 

transcript. 

 

Exercise 3 – Mosquito: exploring the genome and protein 
function 
 
(a) Go to Ensembl Metazoa. How many species of the genus Anopheles 
are there? 
 
(b) Who published the genome sequence for Anopheles gambiae? 
 
(c) Find the GR44 gene (gustatory receptor) in Anopheles gambiae.  

 How many splice variants does it have?   

 Are there protein domains common to these splice variants?  

(Hint: Click on the Splice variants link in the left hand menu), 

(d) Is there a ‘biological process’ GR44 is involved in, according to the 
GO project? 
 
 
Exercise 4 –Exploring a genomic region (mouse and human) 
 

You find a deletion in the mouse genome that severely affects 
development, and you want to investigate it. Go to this region (base 
pair coordinates 136462271-136562270 on mouse chromosome 4).  
 
(a) On which cytogenetic band is this region located? How many 
protein coding transcripts does the gene in this region have? 
 
(b) You want to see if any of these transcripts might be expressed in 
brain tissue.  Turn on the RNASeq gene model for brain. 
 
(c) Find this same view (Region in Detail) for the human orthologue 
of the mouse gene. 
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(d) Turn off the constrained elements track (labelled 37 way 
GERP ...).  (This track shows the regions of highest conservation in the 
human genome when compared with multiple species.)  
 
(e) To understand crucial variants, you want to investigate if there 
are any missense variants in the most diverse population available.  
Turn on the 1000 Genomes AFR (African population) track. 
 
(f) Save a picture of the main panel in .png format. 
 
(g) Retrieve the link that you can mail to a colleague with whom you 
want to share this display. 
 
(h) Export the genomic sequence of the region you are looking at in 
FASTA format. 
 
(i) Delete all tracks you added to the ‘Region in detail’ page. 
 
Exercise 5 – Human: Exploring a single nucleotide 
polymorphism (SNP) 
 
The NPC1 (Niemann-Pick disease, type C1) gene encodes a protein 
that is thought to be involved in the intracellular transport of 
cholesterol. One of the variants in this gene, ‘H215R’ or ‘c.644A>G’, 
has been identified as a genetic risk factor for obesity. 
 
(a) Find the NPC1 gene for human and go to the ‘Variation table’ page. 
What is the dbSNP accession number (rs number) for the H215R 
variant? 
 
(b) Is this variant a missense variant (a Sequence Ontology term) for 
all transcripts that have been annotated for the NPC1 gene? 
 
 
 
(c) Why are its alleles in Ensembl given as T/C and not as A/G as in 
dbSNP?  
 
Compare: 
http://www.ensembl.org/Homo_sapiens/Variation/Explore?r=1:169
518549-169519549;v=rs6025;vdb=variation;vf=2062 
 

http://www.ensembl.org/Homo_sapiens/Variation/Explore?r=1:169518549-169519549;v=rs6025;vdb=variation;vf=2062
http://www.ensembl.org/Homo_sapiens/Variation/Explore?r=1:169518549-169519549;v=rs6025;vdb=variation;vf=2062
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http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=rs1805081 
 
(d) Why does Ensembl put the T allele first (T/C)? 
 
(e) Is there variability in the frequency of the C allele across different 
human populations from the 1000 Genomes Project? 
 
(f) In which paper is the association between the variant and obesity 
described? 
 
(g) According to the data imported from dbSNP, T is the ancestral 
allele of this variant. Ancestral alleles in dbSNP are based on a 
comparison between human and chimp. What is the nucleotide for 
this locus in other primates in Ensembl? 
 

_____________________________________________________________ 
 

BIOMART 

____________________________________________________________________ 

 

Follow these instructions to guide yourself through BioMart and 
answer the following query: 
 

You have three questions about this set of human genes: ESPN, MYH9, 
USH1C, CHD7, CISD2, THRB, DFNB31 

 
Note: These are HGNC gene symbols.  

 
1) What are the EntrezGene IDs for these genes? 

 
2) Are there associated functions from the GO (gene ontology) 
project that might help describe their function? 

 
3) What are their cDNA sequences? 
 
Step 1: Click on BioMart in the top header of a www.ensembl.org 
page to go to: www.ensembl.org/biomart/martview 
 
NOTE: These answers were determined using BioMart Ensembl 75. 
 
 

http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=rs1805081
http://www.ensembl.org/
http://www.ensembl.org/biomart/martview


 34 

 
 
 
 

 

 
 
 

 
 
 

STEP 2: 
Choose Ensembl Genes 75  
as the primary database. 

STEP 5: 
In ID List Limit, paste in your 
gene symbols. Change the 

heading to read HGNC 
symbol(s). 

 

STEP 3: 
Choose Homo sapiens genes 

 as the dataset. 

STEP 4: 
Click Filters at the left. 

Expand the GENE panel. 
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STEP 7: 
Click on Attributes to select 

output options  
(i.e. GO terms) 

STEP 8: 
Expand the EXTERNAL panel. 

STEP 6: 
Click Count to see BioMart is reading 8 genes out of 

64,162 possible H. sapiens genes (this number 
includes ncRNA genes) (note that CHD7 has an 

Ensembl copy and an LRG copy 
(http://www.ensembl.org/Help/Glossary?id=406), 

hence 8 counts for 7 HGNC genes).  
 

STEP 9: 
Scroll down to select 

EntrezGene ID 
(to answer question 1) 

STEP 11: 
Scroll back up to select GO term 

fields 
(to answer question 2) 

STEP 10: 
Also select HGNC symbol to see 

the input gene symbols we 
started with. 
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Why are there multiple rows for one gene ID? Look at the first few 
rows of your results table. 

 

 
 

 
 
 

 

STEP 12: 
Click Results. 

STEP 14: 
Select Sequences at the top, then expand 
SEQUENCES and choose the option cDNA 

sequences (to answer question 3). 

STEP 15: 
Expand Header Information to select the 

Associated Gene Name 

STEP 13: 
Click Attributes again 
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Note: you can use the Go button to export a file. 
 
What did you learn about the human genes in this exercise?  
Could you get these results using the Ensembl browser?  
Would it take longer? 
 
For more details on BioMart, have a look at these publications: 
 
Smedley, D. et al. 
BioMart – biological queries made easy 
BMC Genomics 2009 Jan 14;10:22 
 
Kinsella, R.J. et al. 
Ensembl BioMarts: a hub for data retrieval across taxonomic space. 
Database (Oxford) 2011:bar030 
  

STEP 17: 
Change View 10 rows to View All 

rows so that you see the full table. 

STEP 16: 
Click Results to see the cDNA 
sequences in FASTA format. 

Note: Pop-up blocking must be 
switched off in your browser. 
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Exercise 1 – Mouse: Export sequences in FASTA format 
 
Retrieve the sequences of all mouse genes that are located on 
chromosome 17, that are protein coding and that encode for proteins 
containing transmembrane domains. Do a count after selection of 
each filter to check the number of genes remaining in your dataset. 
Export the results of the protein sequences (FASTA) as Compressed 
web file and get the results notified to you by email. 
 
 

 
Exercise 2 – Human: Convert IDs 
 
BioMart is a very handy tool when you want to map IDs between 
different databases. The following is a list of 19 accession numbers 
from the UniProtKB/Swiss-Prot database (http://www.uniprot.org/) 
of human proteins that are supposedly involved in the sensory 
perception of pain  
(http://amigo.geneontology.org/cgibin/amigo/term_details?term=GO:0019233): 

 
Q99608, P34913, P28482, P28223, Q96LB1, P10997, P01210, 
P25929, P17481, P43681, P29460, Q9HC23, P20366, Q9Y2W7, 
Q99572, Q99571, Q00535, P01138, P17787 
 
Generate a list that shows, to which Ensembl Gene IDs and to which 
HGNC symbols, these UniProtKB/Swiss-Prot accession numbers map. 
Also include the gene description. 
 
 

 
Exercise 3 – Leishmania: Browser and BioMart 
 
You would like to know more about the region on chromosome 35, 
from base pairs 678181-701968.  Find out which genes are in that 
region, and find out if the GO project has any information about 
function for these genes.  Use both BioMart and protists.ensembl.org 
(you should get the same answers).  Do you prefer one method over 
the other?   
 
 

 
 

http://www.uniprot.org/
http://amigo.geneontology.org/cgi-bin/amigo/term_details?term=GO:0019233

