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Today 09:00-12:00

e Introduction to Ensembl

e Browser walkthrough
10:30-10:50 coffee/tea

e Browser exercises

e Ensembl tools (Talk + Exercises)

e Wrap up, photo opportunity & feedback survey
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Materials

http://www.ebi.ac.uk/
~denise/workshops/2016/
taiwan/sinica
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Course Objectives

What is Ensembl?
How to navigate the

Ensembl browser website?

What type of data can
you get in Ensembl?

How to connect
with Ensembl
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Introduction

Why do we need/have genome browsers?

BLAST/BLAT | BioMart | Tools

Dalliance is an interactive genome viewer which runs directly in your web browser. If you are
running a modern browser with Javascript enabled, you should see it running on this page:

LJCSC| [ EmEe= a———t=ms] | BHOVICY
Genome | = ":“. -
Map Viewer Home M - A qenom_gse
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1000 Genomes

A Deep Catalog of Human Genetic Variation

Genoverse - interactive HTML5 genome browser
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Integrative
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Genome sequencing

1977: 1st genome to be sequenced (5 kb)
2000: draft human sequence (3 gb)
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Large amounts of raw DNA sequence data
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Raw DNA sequence data

>chromosome :GRCh37:18:45357522:45457515:-1

GCCGGGAGGCGGGGCGEGCCETAGGCARAAGGGAGGTGEEEAGGCGETEGECCEECGACTCCCCGCGCCCCGCTCGET
CCCCCGGCCCTTCCCGCGETGCTCGGCCTCGTTCCTTTCCTCCTCCGCTCCCTCCGTCTTCCATACCCGCCCCGT
GCGGCTTTCGGCCGGCGTGCCTCGCGCCCTAACGGGUGEUTEGAGGCGCCAATCAGCGGGUGGCAGGGTGCCAGT
CCCGGGGCTGCGCCEECGAATCGECGEEECCCEGUGECCCAGGETGECAGGUGEETCTACCCGUGUGGCCGCGETGE
GCGGAGAAGCAGCTCGCCAGCCAGCAGCCCGCCAGCCGCCELELAGETELETGCLGTEECGCCEGLGECGECCEETEE
CCGAGGGCGGAGGGCGGAAGCGGAGGTGEECTEECEEEEEAGGECECEECCETEGCGEECEECCEETAGGGCTGECE
GGCGCECECCTGAGGGGAGGAGGGGCAGCGCGEECEGCECECETCCTCACCCCCTCCTTCCCCGCGEEGCEECEGECT
AGGCTCCCTCCCCTCCCCTTCCCTCTCCTCCCCTCCCCTCCCCTCTCTTCCCCTACCCTCCCGCGCGCCCEEECT
GCCGGECCEGEGECCCEEGCCTEEEEGCEEEECEEEAAGACGECEECCEEEAGTGTTTTCAGTTCCGCCTCCAATCGEC
CCATTCCCCTCTTCCCCTCCCAGCCCCCTCCATCCCATCGGAAGAGGAAGGAACARARMAGGTCCCGGACCCCCCGG
ATCTGACGGGGCGEGACCTGGCGCCACCTTGCAGGTARAGCCTGGGCGCCCGCGEECCTCCAGCTAGGGAAGTGET
TTGCGTGCGTCCGCGGCCEEEECGATGEECCETETCACATGGCCGCTGCEGEETEGEEEECTEEEETETGETGAGTT
CGGGGEGCTETEEETGCECCEECCCEEECETEGCEEETTCGEEECCEEAGAGCCEGEEAAGGGACGGGGCTCGETTGC
ACTGCGCTGCCGCCCAGGCTGACGEGEGGCGEEGEGGCTGCCTGCGTCCCTTCCCCTCGCTGCTCTCACACTCCATAG
TTTGTGGTTCTGATTTTTAAAGCCGAAGGGCCAGAGCTCTTGTTTCAGGAGTTGTGEEEAAGCCTTGTTAGGGAC
GCGTAATACTTTGCCTCCACTTTTTTTTTTTGGTCTCGTAACCTTTGTTAACAGTGGTAGTCTCGGGTTTTCCAT
GGCTTGTGTGTACTCACAARCACGCACACAGCTGATAACTCTGTGATCATCCTTCACTCACTTGTGARAGTTGTT
CTGCGGETGGAGCCTATTAGTTTTTATCACACGCCTTTGGAAAGCCCTCGAAGTGATTTCTCGTATTTCARACTT
GETTTTTAARATTGCAACTTACTTTGTTCTCTTGGAGGGGGATATTGTCTTTGGGTCAGGTACTTTTGTCTTTTA
CTTATCCTTARRAATGTCCTTTTGATCCTAAACAGAAAAAGAATGCCTGGETTGGTTTTGTTATTCCTTTCTCTTG
ACCCTTTAARAGCAAA A TACCACCAGTGTGTTGTCAACCATACCTTTARAAARAAGAAATTTCCAGGTAAANCGAAT
TTGCAAGCAGCATTTTCCATCARAAGTCATGTCTTGTTTGTTGCAATTTGGACTATCTTARAATTTGGGTTTGTGAR
ACTTTTAARACGACATGTGTARAATAATTGTTAATARATARATAACTTGGAATAATTACATCTTTTTAGARAATGG
TCTTTGAAATGTGATTTAATTTCCAAAATTCTTTTTCTCTCTTCTGACTTCATATGAATTGAACCTGATAGTTTC
GTATGAATGAATCGCTGATAGGATGTTTTCCTTGAGCCTAGTAATAAATTTGCTCTTATTATGCTGARAATTTGC
TATTCTACTTTAACACCCTTTAAAAAGTTTCCATCTTACAGAGAAGTTAGTCARATAGTTARATGGAGTTTCAAC
AGTTTTAATACATGAATTAGTGAAGCAGATGAAGCAGAGATGGGAGAAGTAATTTAAAATGGGCTTCATARAATGT
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Annotation: making sense

>chromosome :GRCh37:18:45357922:45457515:-1

GCCGGGAGGCGGGGCGGGCCGTAGGCAAAGGGAGGTGGGGAGGCGGTGGCCGGCGACTCCCCGCGCCCCGCTCGC
CCCCCGGCCCTTCCCGCGGTGCTCGGCCTCGTTCCTTTCCTCCTCCGCTCCCTCCGTCTTCCATACCCGCCCCGC
GCGGCTTTCGGCCGGCGTGCCTCGCGCCCTAACGGGCGGCTGGAGGCGCCAATCAGCGGGCGGCAGGGTGCCAGC
CCCGGGGCTGCGCCGGCGAATCGGCGGGGCCCGCGGCCCAGGGTGGCAGGCGGGTCTACCCGCGCGGCCGCGGCG
GCGGAGAAGCAGCTCGCCAGCCAGCAGCCCGCCAGCCGCCGGGAGGTGGETGUGTGGUGCCEUELGLGELCEELGE
CCGAGGGCGGAGGGCGEAAGCGGAGGTEGGGCTEGCGEEEGAGGECECEECCETGCEEECEECCEETAGGGCTGCE
GGCGCGCGCCTGAGGGGAGGAGGGGCAGCGUGEECGCGCGCETCCTCACCCCCTCCTTCCCCGUGEGCGETGECT
AGGCTCCCTCCCCTCCCCTTCCCTCTCCTCCCCTCCCCTCCCCTCTCTTCCCCTACCCTCCCGCGCGCCCGGGLC
GCCGGCCGGGCCCGGGCCTGGGGGCGGGGCGGGAAGACGGCGGCCGGGAGTGTTTTCAGTTCCGCCTCCAATCGC
CCATTCCYCTCTTCCCCTCCCAGCCCCCTCCATCCCRTCGGAAGAGGAAGGAACAAAAGGTCCCGGACCCCCCGG
ATCTGACGGGGCGGGACCTGGYGCCACCTTGCAGGTAAAGCCTGGGCGCCMGCGGGCCKCCAGCTAGGGAAGTGT
TTGYGTGCGTCCGCGGCCGGGGCGATGGGCCGTGTCACATGGCCGCTGCGGGTGGGGGCTGGGGTGTGCTGAGTT
CGGEGELCTETGELETGCGCCEECCCEEECETGCEEETTCGEEECCELEAGAGCCGEGAAGGGACGGLGGCTCGETTGC

50.00 kb Forward strand

136.64 Mb 136.65 Mb 136.66 Mb 136.67 Mb 136.68 Mb
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Annotation of vertebrate genomes
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1 human genome 2> 3 assemblies

Human (GRCh37.p13) v .

Human Human
Homo sapiens ‘ Homo sapiens

www.ensembl.org grch37.ensembl.org

Human (GRCh38) ¥

Genome assembly: GRCh38 (GCA_000001405.15)

o More information and statistics

Other assemblies

b -.f.
h éll NCBI36
GRCh37 (Ensembl release 75)

NCBI36 (Ensembl release 54) e54.ensem bl .0 rg

EMBL-EBI

Human
v GRCh37 Full Feb 2014 archive with BLAST, VEP and BioMart

BYsanger e/




Non-vertebrate genomes

Extends the use of Ensembl to other species
Wider taxonomic range (> 30K genomes*)

* *Release 30
“~ EnsemblIMetazoa i@} December 2015

X 39

" EnsemblFungi RSE:

~ EnsemblProtists RSV
e,’ EnsemblBacteria x 29,777

~ EnsembiMetazoa
el
___EnsemblFungi

@- &

About | Working with communities | Bacteria | Protists | Fungi | Plants | Metazoa | Vertebrates

www.ensemblgenomes.org
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The Ensembl projects

+ launched in 1999
_ - vertebrates
www.ensembl.org - Ensembl gene annotation
- EBI and WTSI

« launched in 2009

* non-vertebrates

« community gene annotation
- EBI

www.ensemblgenomes.org

Bacteria | Protists | Fungi | Plants | Metazoa | Vertebrates
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Ensembl features

Gene models Comparative Genomics
“
PG5 LT
BRCAZ — “ ! b
A AN . FAGAT J CATCAY- "
= : 5
Variation Tools Regulation
Y @ b|o::::mart "e’u annn ”“\%JZ
=" y ) V) ,
v @  gLaSTBLAT ey P
Programmatic access X Free code & data

&‘ Display your data in Ensembl

wre.,st Custom data

display
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Gene models in Ensembl]

0 Bl protein coding

AL022393.7-001 >

UL unprocessed pseudogene - merged EnsemeHavana
{rdcdaspd|tranke B pseudogene

RP1-265C24.8-001 > ZNF192P1-002 > e processed transcript
ncRNA retained intron R NA

(S it | 4

ZXSCANS-201 > ZNF192P1-004 > - gene

protein coding retained intron

" e 0 (- - RNAseq gene

ZXSCANS- . ZNF192P1-003 > ZNF192P2-001

protein ng processed transcript unprocessed psé

TN 0

m_ Automatic | | Manual
< adcy7-202

protein coding _ :
TR Uy YN g I Le8BaE®
< adcy7-201 g§%==;
rotein codin REDEAOS
’ i SacaDee

RNASEQTO00000007306 & ’ '
y groonngees EELEEE
RNASeq protein coding ED-aBES
CLLICED

eEBAA>

Goal: Generate set of well-supported genes
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Ensembl genes & transcripts*

|
e merged annotation _ bglggg

e higher confidence and quality G\_ 7E§:N7EC7O( D7iE'

e comprehensive: alternatively spliced transcripts

3UTR4 0t~ "0 4 '5'UTIR
/t~! coding \ /
UTR Intron Exon

Gold (identical annotation) = Automatic + Manual

* based on experimental, biological evidence (INSDC, UniProtKB...)
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Ensembl stable identifiers

o ENSG#H########## Ensem
o ENST########### Ensem
o ENSP########### Ensem
o ENSE########### Ensem

O O 0O 0O

ENSMUSG MUS (Mus musculus)
ENSRNOG RNO (Rattus norvegicus) for rat

BYsanger e/

Gene ID
Transcript ID
Peptide ID
Exon ID

For non-human species a suffix is added:

for mouse
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Genetic variation

AMR ASN EUR
| I | e, |
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processed transcript » C:32% » C:28% 0 C:40% » C:10% » C:49%
1 Sub-populations B  Sub-populations Sub-populations Sub-populations
< MCM6-002
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Species with variation data
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Understand the types of genetic variation data and
how to view them in the context of our genomes

EMBL-EBI

Blsanger e/




Sources of variation data

? dbSNP 1000 Genomes
- N C B l Short Genetic Variations A Deep Catalog of Human Genetic Variation

255“’“5“"“% e

NHLBI Exome S ] Catalo MAGIC
xome Sequencing Project (
@g((/amhne Oée?%%aenphenome ’ affymetrlx OMIM

http://www.ensembl.org/info/docs/variation/sources_documentation.html

« Import alleles and frequencies

- Annotate variants "Cﬁ,"
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Genetic variation

AMR ASN EUR
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omparative

Gene Trees
Orthologues/Paralogues
Protein Families

Whole Genome Alignments
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Region Comparison

b 25.01 kb Forward strand pme—
)
Gacu groupXI 13.42Mb 13.43Mb 13.44Mb
Genes (Ensembl)
ppan >
I T
snoZ39 > p2[yll > eif3g >
Contigs contig_4462 >
Genes (Ensembl)
< dnmtl
G.acu-G.mor lastz....
Gacu groupX| 13.42Mb /’ 13.43Mb 13.44MH
—=miReverse strand 1 25.01 kb |
Gene Legend I protein qoding I RNA gene
—— Orthologque
! ;’ 26.04 kb Forward strand me—
S X q S X ——
12,500 15,000 17,500 20,000 22,500 25,000 27,500 30,00( 32,500 35,000
Genes (Ensembl) ]
eif3g >

Contigs < contig8&3519 < cont g89060

Genes (Ensembl)

0.lat-G.mor | astz-.

< dnmtl

. 12,500 15,000 17,500 00 22:500 25,000 7500 30,000 32,500 35,000
—=m(Reverse strand \20’0\ i\ix 26.04 kb //2751 !
Gene Legend I projected protein coding
I protein coding RNA gene
—— Orthologue
b 22. 21\kb Forward strand ——
Olat Chr. 8 8.62Mb 2 I

O.lat-G.mor |l astz-...

Genes (Ensembl)
dnmtl >

Contigs scaffold31_contig22745 > scaffold31_contig22746 > scaffold31_contig22747 ~

Genes (Ensembl)

< eif3g < p2ryll < ppan

Olat Chr. 8 8.62Mb 8.63Mb |
—=mReverse strand 22.21 kb |
Gene Legend M projected protein coding
I protein coding I RNA gene
— Orthologue
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Gene Regulation

Goal: Annotate the genome with features that may play a
role in the transcriptional regulation of genes

Multiple data sources: collection and summary

Agilent Technologies
VIS Adar @\ -' ' |
Nt ( R

Bl W\ e
’ . s " &"APPLIED
Bl eIl genorn e Bl oo

http://www.ensembl.org/info/docs/funcgen/regulation_sources.htmi
http://www.ensembl.org/Homo_sapiens/Experiment/
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Ensembl Regulatory build

raw data 2 Ensembl pipeline > Ensembl annotation

666666666666666666666

CGCTT T ™ | s
GAACA :>
CGCTT GAACA

ACGTC ACGTC

ChIP-Seq
DNasel-Seq

R ‘ ’Ensembl.org ‘ ’EnsemblAPl‘ ’ MySQL ‘ ’ REST ‘

ee - @ python
bmg;:mart@ e., perl MHSQRL m
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Regulatory features: view
For MultiCell and individual cell lines, e.g. GM12878

Sl Configure this page - Regulation =2 Regulatory features

Human ¥ Gene  Transcript

38.88 kb Forward strand .-—
132.81Mb 132.82Mb 132.83Mb 132.84Mb

Chromosome bands

[ [ 1] | W | IR |
38 way GERP ele.... Constrained elements for 38 eutherian mammals EPO_LOW_COVERAGE

H—H
Genes RPS12 >
(Compre hensive ... |

""""""""""""""""" | SNORA33 >

SNORD100 >
SNORD101 >

:> MultiCell ENE
Regulatory Features BN N
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Segmentation data in Ensembl

-
-
w 9
8 g CTCF enriched
a2 3 m Predicted Weak Enhancer/Cis-reg
[ S element
Y c Predi Transcri Region
17 cell = = ed-cted anscribed Regio
types © € pmm Predicted Enhancer
O .
O MM Predicted Promoter Flank
Chromosome bands | _ p36.11
Bl Genes ] Ha :
(Compre hensive ... RP11-223J15.2 > RPL11 >
| contias

O
< RP5-886K2.1

SNl Configure this page - Regulation - Regulatory features
Human ¥ Gene  Transcript
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Ensembl Browser

Live demo:
Walking through the website

pages 14-37
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Before we start: background

The ESPN gene products are active in the
inner ear, where it appears to play an
essential role in normal hearing and balance.

Balanced levels of Espin are critical for stereociliary growth and length

maintenance’

Agnieszka Rzadzinska'*, Mark Schneider Article first published online: 3 OCT 2005 4
1, Konrad Noben-Trauth?, James R. DOI: 10.1002/cm.20094 e S eX p O re

Bartles®, Bechara Kachar!"’

CYTOSKELETON

BLAST/BLAT | BioMart | More v

Human v Gene Transcript  Variation

ournal of

EDICAL GENETICS

Current TOC | Instructions for authors

BLAST/BLAT | BioMart | More v

Human ¥  Location m Transcript ~ Variation

J Med Genet. 2006 February; 43(2): 157-161.

Espin gene (ESPN) mutations associated with autosomal dominant hearing loss BLAST/BLAT | BioMart | More v
cause defects in microvillar elongation or organisation
E Donaudy, L Zheng, R Ficarella, E Ballana, M Carella, S Melchionda, X Estivill, J R Bartles, and P_Gasparini Human ' Location Gem Variation

el



Human ESPN: location

A) What is the location and strand of the
human ESPN gene?

B) How can I view protein alignments and
variants mapped to this location?

C)Can I move data tracks up and down,
share and delete tracks?

EMBL-EBI -

wellcome trust
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Human ESPN: gene

A) How can I find the genomic sequence of
this gene? What is the ID of its first exon?

B) Can I display the genomic coordinates and
variants on this sequence?

C) Can I find the orthologues of this gene in
other vertebrates?

EMBL-EBI -

wellcome trust
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Human ESPN: transcript

A) How many exons does the longest ESPN
transcript have? Are there any completely
untranslated exons?

B) Can I find its cDNA sequence?

C) What are the UniProt and RefSeq entries
cross referenced to this transcript?

wellcome trust




Ensembl Browser

Exercises
pages 38-40

Answers
www.ebi.ac.uk/~denise/workshops/2016/
taiwan/sinica/answers

Feel free to explore your favourite gene/genome too!

EMBL-EBI

BYsanger e/




Ensembl Tools:
BioMart

EMBL-EBI ::

wellcome trust
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Outline

» Definitions

 The principle: 4 steps

e Tutorial: simple query in human

 Find Ensembl BioMart and BioMart elsewhere

 Sophisticated platforms: mart services, APIs, etc...

e EXercises

EMBL-EBI




What is BioMart?

 Free service for easy retrieval of Ensembl data
 Data export tool with little/no programming required
« Complex queries with a few mouse clicks

o Qutput formats (.xls, .csv, fasta, tsv, html)

el




The four-step principle

[ DATA ] [FILTERS} [ATTRIBUTESJ [RESULTS]

[ Database }

[ Dataset }

-~

\Expression/ N

IDs
Regions
Domains

~

-

Homologs
Sequences
Features
Structures

N

|

Tables
Fasta

4 wellcome trust
Y sanger
/ nstitute




Find BioMart

BLAST/BLAT BioMart = Tools | Downloads | Help & Documentation | Blog | Mirors

www.ensembl.org/biomart/martview

BYsanger e!



Cel

PR ESS

From genetics of inflammatory bowel
disease towards mechanistic insights

Daniel B. Graham™? and Ramnik J. Xavier'?

Advancements in human genetics now poise the field to
illuminate the pathophysiology of complex genetic dis-

. . L . 3 &
ease. In particular, genome-wide association studies . A - \U Q i‘
[ (GWAS) have generated insights into the mechanisms i e : 3 - @ e

driving inflammatory bowel disease (IBD) and implicated Neutrophils 205 S—
genes shared by multiple autoimmune and autoinflam- S o sntiee R

matory diseases. Thus, emerging evidence suggests a e s o0

central role for the mucosal iImmune system in mediating P ———
immune homeostasis and highlights the complexity of

genetic and environmental interactions that collectively Se | ected IBD g enes

modulate the risk of disease. Nevertheless, the challenge

remains to determine how genetic variation can precipi-

tate and sustain the inappropriate inflammatory response IL23R ’ PTPN22 ’

to commensals thatis observed in IBD. Here, we highlight CULZ/ Clorfl 06, IL18RAP

recent advancements in immunogenetics|and provide a
forward-looking view of the innovations that will deliver
mechanistic insights from human genetics.

Trends in Immunology August 2013, Vol. 34, No. 8

EMBL-EBI
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Tutorial: BioMart

For the IL23R, PTPN22, CUL2, Clorf106 and
IL18RAP genes, use BioMart to retrieve a
table (.xls) containing:
Associated gene name, ENSG and ENST IDs
Chromosome name, gene start and end

GO term name and Interpro description

BYsanger e/



The four-step principle

[DATA] [FILTERS} [ATTRIBUTESJ [RESULTS]

[ Gene }

[ Human }

" IL23R,

CUL2,
PTPN22,
Clorf106

IL18RAP
\

~

)

/ Gene name, \

ENSG/ENST ID,
Chr start end,
GO term name,

Interpro

\ description /

[ .X|s table J

wellcome trust
A >anger




Ensembl BioMart

Live demo

EMBL-EBI
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Ensembl BioMarts

DATABASE

Database, Vol. 2011, Article ID bar030, doi:10.1093/database/bar030

Original article

Ensembl BioMarts: a hub for data retrieval
across taxonomic space

Rhoda J. Kinsella'*, Andreas Kahéri', Syed Haider?, Jorge Zamora', Glenn Proctor’,
Giulietta Spudich’, Jeff Almeida-King', Daniel Staines', Paul Derwent’,
Arnaud Kerhornou', Paul Kersey' and Paul Flicek*
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Dataset - CHOOSE DATABASE - v
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BioMart can be used to export
sequences and other gene
information from Ensembl
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More sophisticated platforms

- BioMart queries: MartService

www.biomart.org/martservice.html

 APIs: PERL, Java, Web Services

« Third party softwares

m biomaRt

taverna.org.uk Ploconductor.org galaxyproject.org
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Ensembl Tools: BioMart

Step-by-step example
pages 45-49

Exercises
pages 50-52

Answers
www.ebi.ac.uk/~denise/workshops/2016/
taiwan/sinica/answers

Feel free to explore BioMart in other contexts too!
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Annotating your own variants

 Variant Effect Predictor * ’6,"‘

APPLICATIONS NOTE “

atabases an ontologres Advance ication June 18, 2010
Deriving the sequences of genomic variants with the Ensembl
API dSNPEff ct Predictor

Wiliam McLare BhPth iel Rios', Yuan Chen', Paul Flicek'

- -
e e n n m and Fiona Cun gh am’
® I r I u O r a S 'European Bioinformatics Institute, Wellcome Trust Genome Ca mpus, Hinxton, Cambridge, CB10 1SD and
2Welicome Tr i

rust Sanger Institute, Wellcome Trust Genome Campus, Hinxton, Cambridge, CB10 1SA, UK

PMID: 20562413

« SIFT/PolyPhen for missense variants

Perl script

4 wellcome trust
N
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Mapping variants on transcripts

CODING CODING

Synonymous

Regulatory Missense
1 —>ATG f f > AAAAAAA
(O—i — — |
5’ Upstream 5"UTR Splice sites INTRONIC 3" UTR 3’ downstream

Identify transcripts that overlap variants and
predict the consequence of these on Ensembl
(or RefSeq) transcripts using "/~

EMBL-EBI
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Consequence terms for variants

* SO term
transcript_ablation
splice_donor_variant
splice_acceptor_variant
stop_gained
frameshift_variant
stop_lost
initiator_codon_variant
inframe_insertion
inframe_deletion
missense_variant
transcript_amplification
splice_region_variant
incomplete_terminal_codon_variant
synonymous_variant
stop_retained_variant
coding_sequence_variant

mature_miRNA_variant

5_prime_UTR_variant
3_prime_UTR_variant
intron_variant
NMD_transcript_variant
non_coding_exon_variant
nc_transcript_variant
upstream_gene_variant

downstream_gene_variant

SO description

A feature ablation whereby the deleted region includes a transcript feature

A splice variant that changes the 2 base region at the 5' end of an intron

A splice variant that changes the 2 base region at the 3' end of an intron

A sequence variant whereby at least one base of a codon is changed, resulting in a premature stop codon, leading to a shortened transcript

A sequence variant which causes a disruption of the translational reading frame, because the number of nucleotides inserted or deleted is not a multiple of three
A sequence variant where at least one base of the terminator codon (stop) is changed, resulting in an elongated transcript

A codon variant that changes at least one base of the first codon of a transcript

An inframe non synonymous variant that inserts bases into in the coding sequence

An inframe non synonymous variant that deletes bases from the coding sequence

A sequence variant, where the change may be longer than 3 bases, and at least one base of a codon is changed resulting in a codon that encodes for a different amino acid
A feature amplification of a region containing a transcript

A sequence variant in which a change has occurred within the region of the splice site, either within 1-3 bases of the exon or 3-8 bases of the intron
A sequence variant where at least one base of the final codon of an incompletely annotated transcript is changed

A sequence variant where there is no resulting change to the encoded amino acid

A sequence variant where at least one base in the terminator codon is changed, but the terminator remains

A sequence variant that changes the coding sequence

A transcript variant located with the sequence of the mature miRNA

A UTR variant of the 5' UTR

A UTR variant of the 3' UTR

A transcript variant occurring within an intron

A variant in a transcript that is the target of NMD

A sequence variant that changes non-coding exon sequence

A transcript variant of a non coding RNA

A sequence variant located 5' of a gene

A sequence variant located 3' of a gene

http://www.ensembl.org/info/genome/variation/predicted_data.html#consequence_type_table

* defined by the Sequence Ontology (SO) project (http://www.sequenceontology.org/)
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Consequence: missense

GAG >GGG

10 4 Showlhide columns

D G I : G I Class Source Type AA SIFT

rs80359214 u y - SNP dbSNP - Missense variant wic 31 NST00000380152
rs80359214 - SNP dbSNP - Missense variant wic 31 NST00000544455
rs397508057 13:32893240 TIC - SNP dbSNP_ClinVar - Missense variant F/L 32 NST00000380152
rs397508057 13:32893240 TIC - SNP dbSNP_ClinVar - Missense variant F/L 32 NST00000544455
rs80358415 13:32893267 (o) - SNP dbSNP - Missense variant P/S 41 NST00000380152
rs80358415 13:32893267 CIT - SNP dbSNP - Missense variant P/S 41 NST00000544455
rs4987046 13:32893271 AIG 0.057 (G) SNP dbSNP ‘ & . ‘?m J; ) Missense variant Y/C 42 NST00000380152
rs4987046 13:32893271 AIG 0.057 (G) SNP dbSNP ‘ & . zm D @)  Missense variant Y/C 42 NST00000544455
rs80358425 13:32893282 CIT - SNP dbSNP - Missense variant P/S 46 NST00000380152
rs80358425 13:32893282 CIT - SNP dbSNP - Missense variant 46 NST00000544455

Showing 31 to 40 of 3,698 entries

e SIFT
sift.jcvi.org/

e PolyPhen-2
genetics.bwh.harvard.edu/pph2/

SIFT predictions: [ Prediction only a

PolyPhen predictions: v No B ‘ ’e,u
2

Prediction only
Frequency filtering of existing variants (human only) Score only

Prediction and score
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Ensembl tools

http://www.ensembl.org/tools.html

Name

Variant Effect Predictor

" Ie.,lJ

BLAST/BLAT
BioMart

Assembly converter

ID History converter

Ensembl Virtual Machine

Description

Analyse your own variants and predict the functional consequences of
known and unknown variants via our Variant Effect Predictor (VEP) tool.

Search our genomes for your DNA or protein sequence.
Use this data-mining tool to export custom datasets from Ensembl.
Map (liftover) your data's coordinates to the current assembly.

Convert a set of Ensembl IDs from a previous release into their current
equivalents.

VirtualBox virtual Machine with Ubuntu desktop and pre-configured with the
latest Ensembl API plus Variant Effect Predictor (VEP). NB: download is >1
GB

Online tool Download Documentation

Y

&£ &£ &£

code

th 0

0
0

C N CINC

&
-~

http://www.ensembl.org/vep
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Inputting data into Ve!”

Variant Effect Predictor @

L Variant Effect Predictor
$¥ Configure this page New VEP job:

1N Add your data Input

th Exp Species: f Human (Homo sapiens) 3]
R Bookmark this page Assembly: GRCh37

< S/ PN Name for this data (optional):

Input file format (details): ﬁ

506238309238
3 bi1464 D1404 O |~ ’
5 121187650 12)188519 DUP

Either paste data:

Chromosome
Start
End

Alleles
Strand




Output options in "‘e!”

http://www.ensembl.org/info/docs/variation/vep/index.html

Output options
Identifiers and frequency data Additional identifiers for genes, transcripts and vanants; frequency data

Extra options & e.g. SIFT, PolyPhen and regulatory data

Transcript biotype: ™

Exon and intron numbers: O

SIFT predictions: R R | Prediction and score ) GAG >GGG
PolyPhen predictions: LY <Y | Prediction and score ) G I u> G Iy

.

Get regulatory region consequences: | Yes )

Filtering options Pre-filter results by frequency or consequence type

leset Cancel

EMBL-EBI




Ticket system in ‘e

Ticket identifier

Job name

Analysis Ticket Jobs Submitted at
Variant Effect Predictor. Job 1: VEP analysis of pdsted data in Homo_sapiens [ ETTT) 10/03/2014, 16:57 H 4 &
Variant Effect Predictor KsInwPcsbOIfiZAr & Job 1: VEP analysis of pasted data in Homo_sapiens j (119 (flew Resurs)  10/03/2014, 16:57
Queued
Running
H Save to your account (log in) Done
L _ _ Failed
# Edit and resubmit your job

® Delete job

el




Viewing '‘e!" results

Category Count Consequences (all) Coding consequences
Variants processed .
Variants remaining after filtering 4
Novel / existing variants - missense_variant: 40%
Overl P ' upstream_gene_variant: 20% ) iant: 100°
erlapped genes ' intron. variant: 20% missense_variant: 100%
Overlapped transcripts 2 splice_region_variant: 20%
Overlapped regulatory features -
SO consequence terms*
# Edit & resubmit
Results preview
© Navigation O QFilters © & Download
Showing 4 results for variants 1-4 of 4 | Show 1 All | ( Uploaded variation ans—a defined All VCF VEP TXT
3
Show/hide columns
Uploaded Location = Allele Gene Feature Protein Amino Codons Symbol Symbol | SIFT
variation ition  acids source
2_83820006_T/C 2:83820008 C ENSGALG00000013135 ENSGALT00000021443 |.img‘gpmyg[igp't_ - - GALNT1 Uniprot_gl -
2_83896185_T/- 2:83896184- - ENSGALG00000013135 ENSGALT00000021443 | upstream_gene_variant - - GALNT1 Uniprot_gg -
83896185
7_19676386_G/A 7:19676386 A ENSGALG00000020703 ENSGALT00000033140 AT GCT/ACT GRB14 HGNC [ 1 ]
7_19684533_G/A 7:19684533 A ENSGALG00000020703 ENSGALT00000033140 fi15 G/S GGC/AGC GRB14 HGNC 0.87
]

EMBL-EBI



Viewing 'e!" results

Table
« Before / after filtering
* novel / existing variants

Variant Effect Predictor results

Summary statistics for ticket uTPZdaCscZ7TeOIiX: =

Category Count

Variants processed 70

Variants remaining after filtering | 19976

Novel / existing variants 914 (4.6%) / 19062 (95.4%)
Overlapped genes .
Overlapped transeripts 428 Pie charts (consequence terms)

Overlapped regulatory features 373

« total observed (more than one per variant)
« Separate chart: coding consequences

Consequences (all) Coding consequences

intron_variant: 24%

downstream_gene_variant: 24% ' iant: 599
upstream_gene_variant: 19% mnssense_vanan(. ,'o o
nc_transcript_variant: 12% synonymous_variant: 39%

stop_gained: 1%
NMD_transcript_variant: 5% ® slop_gained:1%
. ) ) frameshift_variant: 0%
non_coding_exon_variant: 3%

/ regulatory_region_variant: 3% ® f:odlng_gequepce_\igrnant.o.o
missense variant: 2% inframe_insertion: 0%

) o inframe_deletion: 0%
synonymous_variant: 1%
Others

{Znsembl.org/info/docs/tools/vep/online/results.html#summary

Blsanger e/
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‘el results table

e Download results

Navigate results « Send results to BioMart
(one row per variant/

| transcript overlap) Create and edit filterw

Results preview

<© Navigation
Showing 38 results for variants 1-5 of 5459 | Show 1 5 10 50 AllLA

Show/hide columns

Uploaded Location Allele Gene cDNA CDs Protein Amino Codons  Existing
variation A position  position  position acids variation
rs116383664 1:1115461 T ENSG00000205231 ENST00000379317 Transcript | upstream_gene_variant - - - - - rs116383664
rs116383664 1:1115461 T ENSG00000162571 ENST00000486379 Transcript | upstream_gene_variant - - - - - rs116383664
rs116383664 1:1115461 T ENSG00000162571 ENST00000379289 Transcript missense_variant 398 247 83 R/W CGG/TGG rs116383664
Show/hide columns in more columns:
results table scroll right

dnsembl.org/info/docs/tools/vep/online/results.html#table

EMBL-EBI




Filtering 'e!" results

Filters consist of three components

Field
« e.g. Consequence, biotype
protein_coding
Operator processed_pseudogene
. processed_transcript
° e.g. IS, matCheS (partial string matches) #AD transcript vanant | UNProcessed_pseudogene
value transcribed_processed_pseudoge

transcribed_unprocessed_pseudc

° the Va|ue to com pa re against NMD transcript_variant 3prime_overlapping_ncrna
« some fields have autocomplete values

Multiple filters allowed with logical relationship (AND, OR)
Active filters can be edited too!

ensembl.org/info/docs/tools/vep/online/results.html#filter

ef




VEP %% video

Analyse your Sequence Variants with the VEP (Web Interface)

How to Analyse your
Sequence Variants
with the VEP
(Web Interface)

<! it

Ensembl videos

sanger EMBL-EBI

http://tinyurl.com/vep-video
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Ensembl Tools: VEP

Exercises
pages 53-54

Answers
www.ebi.ac.uk/~denise/workshops/2016/
taiwan/sinica/answers

Feel free to explore your favourite variant/phenotype too!
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Wrap up
Ensembl is the place!

Genes, genomes, variants, tools and more

Biomart R Ensembl.org Ensembl API MySQL REST

bio:§§:mart@ e, periY M._.,S(ﬁl. s hO”T
Oh Yes!
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Ensembl Retreat June 2015
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Latest publication

Nucleic Acids Research

Ensembl 2016 Volume 44, Issue D1 > Pp. D710-D716.

I1-2, Konstantinos Billisl,

Andrew Yatesl. Wasiu Akannil, M. Ridwan Amodel. Daniel Barrel
Denise Carvalho-Silval, Carla Cumminsl. Peter Claphamz, Stephen Fitzgeraldl,
Laurent Gill, Carlos Garcia Girénl. Leo Gordonl, Thibaut Hourlierl, Sarah E. Huntl,
Sophie H. Janacekl, Nathan Johnsonl. Thomas Juettemannl, Stephen Keenanl,

llias Lavidasl, Fergal J. Martinl. Thomas Maurell, William McLarenl, Daniel N. Murphyl.
Rishi Nagl, Michael Nuhnl, Anne Parkerl. Mateus Patriciol, Miguel Pignatellil,

Matthew Rahtzz, Harpreet Singh Riatl, Daniel Sheppardl, Kieron Taylorl.

Anja Thormannl, Alessandro Vullol, Steven P. Wilderl. Amonida Zadissal, Ewan Birneyl,
Jennifer Harrowz, Matthieu Muffatol, Emily Perryl. Magali Ruffierl, Giulietta Spudichl,
Stephen J. Trevanionl, Fiona Cunninghaml. Bronwen L. Akenl, Daniel R. Zerbino® and

Paul Flicek %"

-1 "To whom correspondence should be addressed. Tel: +44 1223 492581; Fax: +44 1223

494494 Email: flicek@ebi.ac.uk
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Feedback survey

http://tinyurl.com/taiwan220216
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Connect with Ensembl

Train online
i i online Home

YOUKU ????_?
“ 379%

helpdesk@ensembl.org

https://www.youtube.com/user/EnsemblHelpdesk
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Training materials

Ensembl materials are protected by a CC BY license

() ®
[N BY
http://creativecommons.org/licenses/by/4.0/

If you wish to re-use these, please credit Ensembl for
their creation

If you use Ensembl for your work, please cite our papers

http://www.ensembl.org/info/about/publications.html
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