Getting started with Ensembl
www.ensembl.org

Ensembl provides genes and other annotation such as regulatory
regions, conserved base pairs across species, and sequence
variations. The Ensembl gene set is based on protein and mRNA
evidence in UniProtKB and NCBI RefSeq databases, along with
manual annotation from the VEGA/Havana group. All the data are
freely available and can accessed via the web browser at
www.ensembl.org. Perl programmers can directly access Ensembl
databases through an Application Programming Interface (Perl
API). 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 by the user!
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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 such as yeast and worm are also
imported for comparative analysis by the Ensembl ‘compara’ team.
Most annotation is updated every two months, leading to increasing
Ensembl versions (such as version 62), however the gene sets are
determined less  frequently. A  sister browser at
www.ensemblgenomes.org is set up to access non-chordates,
namely bacteria, plants, fungi, metazoa, and protists.
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The Region in Detail view

The vast amount of information associated with the genomic
sequence 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. The picture above shows the 'Region in Detail’

¢ Conserved sequence

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 34 species.
Conserved regions are displayed as dark
blocks that represent local regions of
alignment. One of the blocks is circled in red.
You would only have to click on this block to

under protein alignments

Can’t see Uniprot?
To add more tracks just click:

And select mammals: Uniprot

see more details.



Also in this figure are proteins from the UniProtKB aligned to the
same genomic region. 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 transcript (in gold).

Both Ensembl and Vega (Havana) transcripts are portrayed as
exons (boxes) and introns (connecting lines). In fact, 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 and mRNAs in other
databases like NCBI RefSeq, EMBL-Bank, and, in the example
above, UniProtKB. Everything in this view is aligned to the genome.
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The Region in Detail view: 1000 genomes tracks

The region in detail view can be configured (using the Configure
this page tool button) to show regulatory features, sequence
variation, and more! Click on any vertical line in the variation track
for a menu about the SNP (single nucleotide polymorphism) or
InDel (insertion deletion mutation). Clicking on ‘Variation
properties’ in the pop-up box will bring you to an information page
for the genetic variation, including links to population frequencies,
if known. You can do the same for any regulatory feature.

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 or archive sites. The picture below
shows the Ensembl homepage for human. Links to the human
karyotype, a summary of gene and genome information, and the
most common InterPro domains in the genome are found at the left
of this index page.



Description

= About the genome sequence

Human (Homo sapiens)
Assembly

This site provides a data set based on the February 2000 Homo sapiens high coverage asseenbly (Hg10) from the Genome Refersnce Consorium, The data set

consists of gene madels bult from the genewise alignments of the human proteome as well a3 from alignments of human cONAS using e cONA2genome model of

exonecate. ~

This rolease of the assembly has the following propertios -
® 27478 contign.

® contig length total 3.2 Gb.
® chromosome length total 3.1 Gb.

1 also inchudes nine hapioty[ic regions. mainly in the MHC region of chromosome 6
As the GRC maintaing and improves the assembly, patches ae being introduced. Patch relsase two (GRCNGZ 52) was inchuded in Ensembi release 60. Cummently, assembly patches ae of two
types

® Novel patch: new sequences that add allemative sequence at a loci and will remain as hapiotypes in the next major assembly release by GRC
® Fix patch: sequences that comect the reference sequence and will replace the given region of the reference assembly at the next magor assembly release by GRC

The addition of the patches allows the amnotation of 50me gonss that can not be annctated comectly on the relerence genome, such &s e ABO biood group gene, which can now be annctated
&3 8 DOASN CORNG QONe.

To convent your old data from Human assembly NCBI3S 10 GRCHS7, click on Manage your
data’ on any human page and select ‘Assembly converer’ from the left-hand meny.

A proliminary assembly of the Neanderthal (Homo sapiens neancithalensis) genome is avalable via the Neaoderhal Genome Browser, an Ensembl-powened project based af the Max Planck
institute.

Previous assemblies

[ NCBIO6 (May2009) 18] (Co 10 archive )

Annotation

In reloase 61 (January 2011), we continue 10 displary & joint Gone set based 0n the merge betwoen the automatic annctation from Ensembl and the marually curated annotation from Havana
This refined gene set comesponds 10 GENCODE release 6. The Consersus Coding Sequence (CCOS) identifiers have also been mapped 1o the anvotations. More information about the CCDS
proiect

Vega™
< Addtional manual anrotation of this genome can be found in Yega

Ensembl roloase 81 - Fed 2011 © /€8I Abont Ensemtd | ContactUs | Halo
ErmaniaLloi e st e | . Links to older versions of Ensembl

Summary
Assombly: GRCHS?.p2. Feb 2000
a Oatabase version: 61N
= 8 Base Pairs: 227,006,676
= E g ﬁ‘, Golden Path Length: 2.901,804,73%
= | Genebulld by: Ensemti
Ganebuild method: Full ganebuild
Ganebuild started: Mar 2000
= Ganebuild roleased: May 2009
- : Genobulld last updated/patched: Jan 2011
E Gene counts
& ] = Known protein-coding genes: 2008
E == = Novel protein-coding geres: 615
n Preudogenes: 13,400
l;] E RNA genes: 83
S |__tmemunoglobulin/T-coll receptor gena sagments: 559

Ensembl devotes separate pages and views in the browser to display
a variety of information types, using a tabbed structure.

Human (GRCh37) v | Location: 13:32,889,611-32,973,347 | Gene: BRCA2 | Transcript: BRCA2-001 [ETENIIRES: Ik I3:1:x ]

\[lal'iation displays Variation: rs80358836
Summary

View genotype information in the variation tab, gene trees in the
gene tab, a chromosomal region in the location tab, and cDNA
sequence alongside the protein translation in the transcript pages.
Compare conserved regions with the position of genes and
population variation in the Region in Detail view. See homology
relationships in the gene page, or perform a BLAST or BLAT search
against any species in Ensembl.
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Retrieving Data from Ensembl

BioMart is a very popular 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 domain or gene ontology (GO) term, 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.



Synopsis- What can I do with Ensembl?

e View genes along with other annotation along the
chromosome

e View alternative transcripts (including splice variants) for a
gene

e Explore homologues and phylogenetic trees across more than
50 species for any gene

e Compare whole genome alignments and conserved regions
across species

e View microarray sequences that match to Ensembl genes

e View ESTs, clones, mRNA and proteins for any chromosomal
region

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

* View SNPs across strains (rat, mouse), populations (human),
or even breeds (dog)

* View positions and sequence of mRNA and protein that align
with an Ensembl gene

e Upload your own data

e Use BLAST, or BLAT, a similar sequence alignment search
tool, against any Ensembl genome

* Export sequence, or create a table of gene information with
BioMart

e Use the Variant Effect Predictor

Need more help?

* Check Ensembl documentation

= Watch video tutorials on YouTube
» View the FAQs

= Try some exercises

* Read some publications

Stay in touch!

» Email the team with comments or questions at
helpdesk@ensembl.org
» Follow the Ensembl blog

= Sign up to a mailing list
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