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Today 09:00-12:00 

•  Introduction to Ensembl 

•  Browser walkthrough 

 10:30-10:50 coffee/tea 

•  Browser exercises 

•  Ensembl tools (Talk + Exercises) 

•  Wrap up, photo opportunity & feedback survey 



http://www.ebi.ac.uk/ 
~denise/workshops/2016/

taiwan/sinica 
 

Materials 



Course Objectives 

What is Ensembl? 
 

What type of data can 
you get in Ensembl?  

 

How to navigate the 
Ensembl browser website?  

 

How to connect  
with Ensembl 
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Introduction 
 Why do we need/have genome browsers? 
 



Genome sequencing 

1977: 1st genome to be sequenced (5 kb) 
2000: draft human sequence (3 gb) 
 
 
 
 

Large amounts of raw DNA sequence data 



Raw DNA sequence data 



Annotation: making sense 



Annotation of vertebrate genomes 
 

 
w

w
w

.e
ns

em
bl

.o
rg

 

pr
e.

en
se

m
bl

.o
rg

 

>80 genomes* 
D. melanogaster 

C. elegans 
S. cerevisae 

*Release 83 
Dec 2015 



1 human genome à 3 assemblies 

www.ensembl.org grch37.ensembl.org 

e54.ensembl.org 



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

 

13 

Non-vertebrate genomes 
 

www.ensemblgenomes.org 
 

x 55 

x 39 

x 564 
x 152 

x 29,777 

*Release 30 
December 2015 



•  launched in 1999 
•  vertebrates  
•  Ensembl gene annotation 
•  EBI and WTSI 

•  launched in 2009 
•  non-vertebrates 
•  community gene annotation 
•  EBI 

The Ensembl projects 

www.ensembl.org 
 

www.ensemblgenomes.org 
 



Ensembl features 
Comparative Genomics Gene models 

Custom data 
 display 

Free code & data 

Regulation Variation Tools 

Programmatic access 



Gene models in Ensembl 

Goal: Generate set of well-supported genes   

Automatic Manual 



Ensembl genes & transcripts* 

•  merged annotation   

•  higher confidence and quality 

•  comprehensive: alternatively spliced transcripts 

UTR Exon Intron 

5’ UTR 3’ UTR 

Gold (identical annotation) = Automatic + Manual 

* based on experimental, biological evidence (INSDC, UniProtKB…) 



Ensembl stable identifiers 

•  ENSG###########  Ensembl Gene ID 
•  ENST###########  Ensembl Transcript ID 
•  ENSP###########  Ensembl Peptide ID 
•  ENSE###########  Ensembl Exon ID 

•  For non-human species a suffix is added: 
   ENSMUSG  MUS (Mus musculus)   for mouse 

 ENSRNOG  RNO  (Rattus norvegicus)  for rat
  

 
   



Genetic variation 



Species with variation data 

Understand the types of genetic variation data and  
how to view them in the context of our genomes 



Sources of variation data 

•  Import alleles and frequencies 

•  Annotate variants 

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



Genetic variation 



Comparative Genomics 

•  Gene Trees 
•  Orthologues/Paralogues 
•  Protein Families 
•  Whole Genome Alignments 



Region Comparison 



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  

http://www.ensembl.org/info/docs/funcgen/regulation_sources.html 
http://www.ensembl.org/Homo_sapiens/Experiment/ 



Ensembl Regulatory build 
raw data à Ensembl pipeline à Ensembl annotation 
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ACGTC 
CGCTT 

GAACA 

ChIP-Seq 
DNase1-Seq 



Regulatory features: view 

Configure this page à Regulation à Regulatory features 

For MultiCell and individual cell lines, e.g. GM12878 



CTCF enriched 
Predicted Weak Enhancer/Cis-reg 
element 
Predicted Transcribed Region   
Predicted Enhancer 
Predicted Promoter Flank 
Predicted Repressed/Low Activity 
Predicted Promoter with TSS 

Segmentation data in Ensembl 

ca
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Configure this page à Regulation à Regulatory features 

17 cell 
types 





Ensembl Browser 
 

Live demo: 
Walking through the website 

 
pages 14-37 

 



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

Let’s explore ESPN 
 
 

Before we start: background 



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? 

Human ESPN: location 



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? 

Human ESPN: gene 



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?  

Human ESPN: transcript 



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! 



EBI	  is	  an	  Outsta,on	  of	  the	  European	  Molecular	  Biology	  Laboratory.	  	  

Ensembl Tools: 
BioMart 



Outline 

•  Definitions 

•  The principle: 4 steps 
 
•  Tutorial: simple query in human 

•  Find Ensembl BioMart and BioMart elsewhere  

•  Sophisticated platforms: mart services, APIs, etc… 
 
•  Exercises 

 



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  

•  Output formats (.xls, .csv, fasta, tsv, html) 

 

 



The four-step principle 

DATA FILTERS ATTRIBUTES 
 

RESULTS 
 

IDs 
Regions 
Domains 

Expression 
 

Tables 
Fasta 

 
 

Dataset 

Database 
Homologs 
Sequences 
Features 

Structures 
 



Find BioMart 

www.ensembl.org/biomart/martview 



Selected IBD genes   

IL23R, PTPN22,  
CUL2, C1orf106, IL18RAP 



For the IL23R, PTPN22, CUL2, C1orf106 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 

Tutorial: BioMart 



The four-step principle 

DATA FILTERS ATTRIBUTES 
 

RESULTS 
 

Gene 
 

Gene name, 
ENSG/ENST ID, 
Chr start end, 

GO term name, 
Interpro 

description 
 

.xls table 
 
 

Human 
 

IL23R,  
CUL2,  

PTPN22,  
C1orf106 
 IL18RAP  



Ensembl BioMart 
 

Live demo 

 



Ensembl BioMarts 



http://tinyurl.com/video-biomart 

BioMart      video 



More sophisticated platforms 

•  BioMart                 queries: MartService  
www.biomart.org/martservice.html 

•  APIs: PERL, Java, Web Services 

•  Third party softwares 

galaxyproject.org bioconductor.org taverna.org.uk 





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! 



EBI	  is	  an	  Outsta,on	  of	  the	  European	  Molecular	  Biology	  Laboratory.	  	  

Ensembl Tools: 
The VEP 



Annotating your own variants 
 
•  Variant Effect Predictor 

•  Different input formats 

•  SIFT/PolyPhen for missense variants 

PMID: 20562413 
 

Perl	  script	  Web	  interface	   REST	  API	  

XML	  



CODING 
Synonymous  

INTRONIC 5’ UTR  

ATG AAAAAAA 
Regulatory  

Splice sites 

CODING 
Missense 

3’ UTR  5’ Upstream  3’ downstream  

Mapping variants on transcripts 
 

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



Consequence terms for variants 
 

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

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



•  SIFT   
sift.jcvi.org/ 

Consequence: missense 
GAG >GGG 
Glu > Gly 

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



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

http://www.ensembl.org/vep 



Inputting data into 

Chromosome 
Start 
End 
Alleles 
Strand 



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

GAG >GGG 
Glu > Gly 



Queued 
Running 
Done 
Failed 

Save to your account (log in)  
Edit and resubmit your job 
 
Delete job 

Ticket system in 

Ticket identifier Job name 



Viewing        results 

SO consequence terms* 

*http://www.sequenceontology.org/index.html 



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

Table 
•  Before / after filtering 
•  novel / existing variants 

Pie charts (consequence terms)  
•  total observed (more than one per variant) 

•  Separate chart: coding consequences 

Viewing        results 



Navigate results 
(one row per variant/ 
transcript overlap) 

 

Show/hide columns in 
results table 

more columns: 
scroll right 

•  Download results 
•  Send results to BioMart 

Create and edit filters 

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

results table 



Filters consist of three components 
Field  
•  e.g. Consequence, biotype 
Operator 
•  e.g. is, matches (partial string matches) 

Value 
•  the value to compare against 
•  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 

Filtering        results 



VEP      video 

http://tinyurl.com/vep-video 





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! 



Wrap up 
Ensembl is the place! 

Genes, genomes, variants, tools and more 
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