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Introduction to Ensembl

Getting started with Ensembl
www.ensembl.org

Ensembl is a project from the EBI (European Bioinformatics 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 101), 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.

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 be accessed via the
web browser at www.ensembl.org. Perl programmers can directly access Ensembl databases
through an Application Programming Interfaces (Perl APls). 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.

Synopsis - What can | do with Ensembl?

e 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 100 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), populations (human), or breeds (dog).

View positions and sequence of mRNAs and proteins that align with Ensembl genes.
Upload your own data.

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 using the Variant Effect
Predictor.

e Share Ensembl views with your colleagues and collaborators.

Need more help?

e Check Ensembl documentation



http://www.ensembl.org/
http://www.ensembl.org/
http://www.ebi.ac.uk/
http://www.ensemblgenomes.org/
http://www.ensembl.org/
http://www.ensembl.org/info/index.html

Watch video tutorials on YouTube
View the FAQs

Try some exercises

Read some publications

Go to our online course

Recommend us to a friend

Ensembl do not charge any fees for delivering these workshops. If you know someone at
another institute or move onto a new institute who you think would benefit from a course,
let them know about us. Find out more about our training.

Stay in touch!

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

e Signuptoamailinglist

Further reading

Yates, A. et al
Ensembl 2020
https://europepmc.org/abstract/MED/31691826

Howe, KL. et al
Ensembl Genomes 2020-enabling non-vertebrate genomic research
https://europepmc.org/abstract/MED/31598706

For a complete list of publications,visit:
http://www.ensembl.org/info/about/publications.html
http://ensemblgenomes.org/info/publications



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
http://training.ensembl.org/hosting
http://www.ensembl.org/common/Help/Contact?db=core
mailto:helpdesk@ensembl.org
http://www.ensembl.info/
http://www.ensembl.org/info/about/contact/mailing.html
https://europepmc.org/abstract/MED/31691826
https://europepmc.org/abstract/MED/31598706
http://www.ensembl.org/info/about/publications.html
http://ensemblgenomes.org/info/publications

The Variant Effect Predictor (VEP)

Demo

We have identified six variants in patient presenting with neurological and cardiac
symptoms:

9 128328460 varl
9 128322349 var2
9 128323079 var3
9 128322917 var4
14 73953549  var5
22 20995765 varé
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We will use the Ensembl VEP to determine:

Have my variants already been annotated in Ensembl?

What genes are affected by my variants?

Do any of my variants affect gene regulation?

Can we prioritise them considering their consequence, allele frequency, clinical
significance, pathogenicity predictions and associated phenotypes?

Go to the front page of Ensembl and click on the Variant Effect Predictor.

Variant Effect Predictor >

Analyse your own variants and predict the
functional consequences of known and unknown
variants

This page contains information about the VEP, including links to download the script version
of the tool. Click on Launch VEP to open the input form.



Variant Effect Predictor @

M ol Claar form
Spocies: Human {Homo Sapaans) ra
Assambly: GRCh3E.p12 (If you are looking Give your | pieassgo o
GRCHhIT websiterd.)
data a name
Name for this jab (aptional):
Input data: Either paste dats:
9 126328461 128326461 Af- + wvarl 1
9 128322349 128322349 C/A + var2
9 126323079 128323079 C/G + vard Put your data
9 120322017 128322917 O/A + vard N
| in here

Examples: Engamid doteul, VOF. Yadant identifiens, HGYS nolatons

Or upload file: Choase file | Mo file c You can also
Or provide file URL: upload a file
Transcript database to use: D EnsemblGENCODE transcripls
Ensembl'GENCODE basic ir Choose your
RetSeq ranscripts transcript
Ensembl/GENCODE and RefSeg database

The datais in the VCF format:
Chromosome Position Variant_ID Reference_allele Alternate_allele

Put the following into the Paste data box:
9 128328460 varl TA A

9 128322349 var2 C A

9 128323079 var3 C G

9 128322917 vard G A

14 73953549 var5 G A

22 20995765 vare C T

The VEP will automatically detect that the datais in VCF format.
There are further options that you can choose for your output. These are categorised as

Identifiers, Variants and frequency data, Additional annotations, Predictions, Filtering
options and Advanced options. Let’s open all the menus and take a look.



Identifiers
Qont symbet o Which identifiers
- do you want to
) see?
LriProf
HE
Find out if
S variants already
frequancy . 4
TR Gt e S5 exist in our
Fird oo-lodated krgwns variasts oL database‘.
Fraquasncy dats for co-bocabed verisnts B 0 Jerore gobal Feor alise Seguey
Saami Aeamast aiate b Get frequency
PubiMed |Du for citadions of co-docafes variarts 0 d ata!
Ingiyce Ragoed variarts
Addional SAnoEEEGNE =
Transcripl annotation
Find out more
Tramseriph Biotyps: a about the
Exon and introm numbaes tl'ilnSl:ripl: your
variant falls in
Tramserip! auppest leved a
APPRIS ]
MANE ]
Idendity canonical ranscripts
UpstenmDosmilredn diglanes [Ba) BO00
A Sy Find out if your
Protein annotation variant falls in
N any promoters/
enhancers etc
Regulatory data
e = 0 Fi n:.'l out if your
variant or genes
s el are linked to
Phenotypes: phenotypes

Select Phenotypes.




Predictions =

Pathogenicity predictions
i Choose to see
P " i .
BIFT: [Prmckcsonindeccs B} scores for protein
PalyPhan [(Prediction and scare %) cha NEes
dBNSFP O Disabled
Erabiad
CADD:
Condsl 0 [Cesabled
Enablad
LoFronl
Splicing predictions
Choose to see
TDACENY scores for splicing
MaxEntScan: chang!i
Conservation

Choose to see
conservation at
Ancesiral allale: thE Hariii nt |u-l‘.'l.l5

BLOSLWE2

Filtering options =
Filters
Choose to only
Fier by fregquency n Mo filering
Emtsluaths coMmmisn vanan s€e common or
Advanced Rering rare variants
Aeturn results for varkants in coding regions -|
-y Limit the number
Restrict results of consequences
Show one B el COMSIUENCE
S — R L UL L
Shos anly lE1 of COMMBOLENCEL
Show mosl BEVENE CONBEQUENTE PO Varia nt

Advanced options B Seltings io optimise VEP
Advanced options

Butfer size: 5000

NB: When the Regulatory data option is selected, due to the large amount of regulatory
data available, the { buffer size is set to 500. However you can still
select a value lower than 500.

Hover over the options to see definitions.

When you've selected everything you need, scroll right to the bottom and click Run.
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Analysis Ticket Jobe Submitied
-t
Vartant Effect MBI L gpiF-kisD [ Job 1: VEP analysis of pasted data in oToa20s, =
Predicitor Homo_sapeeng o) [ves Seaon 0527 ]
A AN
7 Y
Click to get Buttons to save, edit
your results or delete your job

The display will show you the status of your job. It will say Queued, then automatically switch
to Done when the job is done, you do not need to refresh the page. You can edit or discard
your job at this time. If you have submitted multiple jobs, they will all appear here.

Click View results once your job is done.

In your results you will see a graphical summary of your data, as well as a table of your
results.
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Exercises
Exercise 1

Resequencing of the genomic region of the human CFTR (cystic fibrosis transmembrane
conductance regulator (ATP-binding cassette sub-family C, member 7) gene
(ENSG00000001626) has revealed the following variants (alleles defined in the forward
strand):

« G/Aat7:117,530,985

e T/Cat7:117,531,038

e T/Cat7:117,531,068

Use the VEP tool in Ensembl and choose the options to see SIFT and PolyPhen predictions.
Do these variants result in a change in the proteins encoded by any of the Ensembl genes?
Which gene? Have the variants already been found?

Exercise 2 - viewing structural variants with the VEP

We have details of a genomic deletion in a breast cancer sample in VCF format:
13 32307062 svl . <DEL> . . SVTYPE=DEL;END=32908738

(a) How many genes have been affected?
(b) Does the SV cause deletion of any complete transcripts?

(c) Display your variant in the Ensembl browser.

Answers
Exercise 1

Go to www.ensembl.org and click on the link tools at the top of the page. Currently there are
nine tools listed in that page. Click on VVariant Effect Predictor and enter the three variants
as below:

7 117530985 117530985 G/A

7 117531038 117531038 T/C

7 117531068 117531068 T/C

Note: Variation data input can be done in a variety of formats. See more details here
http://www.ensembl.org/info/docs/variation/vep/vep formats.html

Click Run.
When your job is listed as Done, click View Results.

You will get a table with the consequence terms from the Sequence Ontology project
(http://www.sequenceontology.org/) (i.e. synonymous, missense, downstream, intronic, 5’
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http://www.ensembl.org/
http://www.ensembl.org/info/docs/variation/vep/vep_formats.html
http://www.ensembl.org/info/docs/variation/vep/vep_formats.html
http://www.ensembl.org/info/docs/variation/vep/vep_formats.html
http://www.sequenceontology.org/

UTR, 3’ UTR, etc) provided by VEP for the listed SNPs. You can also upload the VEP results as
atrack and view them on Location pages in Ensembl. SIFT and PolyPhen are available for
missense SNPs only. For two of the entered positions, the variations have been predicted to
have missense consequences of various pathogenicity (coordinate 117531038 and
117531068), both affecting CFTR. All the three variants have been already described and are
known as rs1800078, rs1800077 and rs35516286 in dbSNP and other sources (databases,
literature, etc).

Exercise 2 - viewing structural variants with the VEP

(a) Give your data a name, such as Patient deletion.
Paste 13 32307062 sv1.<DEL>..SVTYPE=DEL;END=32908738
into the Paste data field then hit Run.

13 genes have been affected.

(b) Use the Filters, selecting Consequence is transcript_ablation, Add.
Yes, there is deletion of complete transcripts of PDS5B, N4BP2L1, BRCA2, RNY1P4,
IFIT1P1, ATP8A2P2, N4ABP2L2, N4BP2L2-1T2,AL137247.1,AL137247.2 and
AL138820.1.

(c) To view your variant in the browser click on the location link in the results table 13:
32307062-32908738.

The link will open the Region in detail view in a new tab. If you have given your data a name it
will appear automatically in red. If not, you may need to Configure this page and add it under

Personal Data.
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