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) Introduction

Ensembl is one of the world's primary resources for genomic research, a
resource through which scientists can access the human genome as well as
the genomes of other model organisms. Because of the complexity of the
genome and the many different ways in which scientists want to use it,
Ensembl has to provide many levels of access with a high degree of flexibility.
Through the Ensembl website a wet-lab researcher with a simple web
browser can for example perform BLAST searches against chromosomal
DNA, download a genomic sequence or search for all members of a given
protein family. But Ensembl is also an all-round software and database
system that can be installed locally to serve the needs of a genomic centre or
a bioinformatics division in a pharmaceutical company enabling complex data
mining of the genome or large-scale sequence annotation.

The need for automatic annotation
Recent years have seen the release of huge amounts of sequence data from

genome sequencing centres (figure 1). However, this raw sequence data is
most valuable to the
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Figure 1. Completely sequenced genomes as of Jan, 2008 (figure taken from
http://www.genomesonline.org).

laboratory biologist when provided along with quality annotation of the
genomic sequence. This information can be the starting point for planning
experiments, interpreting Single Nucleotide Polymorphisms, inferring the
function of gene products, predicting regulatory sites for gene expression and



wiellcome trust
E sanger EMBL-EBI i

so on. The currently agreed 'gold standard' for the annotation of eukaryotic
genomes is annotation made by a human being. This so-called “manual
annotation” is based on information derived from sequence homology
searches, the results of various ab initio gene prediction methods and
literature searches. Annotation of large genomes (such as mouse and human)
that meet this standard is slow and labour intensive, taking large teams of
annotators years to complete. As a result, the annotation can almost never be
entirely up-to-date and free of inconsistencies (as the annotation process
usually begins before the sequencing process is complete). Hence, an
automated annotation system is desirable since it is a relatively rapid process
that allows frequent updates to accommodate new data. To meet this need,
we produced the Ensembl annotation system by observing how annotators
build gene structures and condensing this process into a set of rules.

The start of Ensembl

Ensembl's genesis was in response to the acceleration of the public effort to
sequence the human genome in 1999. At that point it was clear that if
annotation of the draft sequence was to be available in a timely fashion it
would have to be automatically generated and that new software systems
would be needed to handle genome data sets that were much larger, much
more fragmented and much more rapidly changing than anything previous
dealt with.

Ensembl was conceived in three parts: as a scalable way of storing and
retrieving genomic data; as a web site for genome display; and as an
automatic annotation method based around a set of heuristics. It was initially
written for the draft human genome, which was sequenced clone-by-clone but
has also been successfully used for whole genome shotgun assemblies. The
storage and display parts of Ensembl are used for all the genomes currently
present in Ensembl, while the automatic gene annotation has been run for
most of the genomes with the exception of Takifugu, Tetraodon, Fruitfly, C.
elegans and Yeast.

Over the past few years Ensembl has grown into a large scale enterprise, with
substantial computing resources enabling it to process and provide live
database access to currently more than 25 different genomes (figure 2) and a
bimonthly update frequency to its website. It has a large community of users
in both industry and academia, using it as a base for their individual
organisation’s experimental and computational genome based investigations,
some of which maintain their own local installations.

Ensembl is a collaboration between the European Bioinformatics Institute
(EBI) and the Wellcome Trust Sanger Institute, both located on the Wellcome
Trust Genome Campus in Hinxton, Cambridge, UK. Ensembl is funded
principally by the Wellcome Trust, with additional funding from the European
Molecular Biology Laboratory (EMBL), the National Institutes of Health —
National Institute of Allergy and Infectious Disease (NIH-NIAID) and the
Biotechnology and Biological Sciences Research Council (BBSRC).
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The Ensembl software and database system

As a software/database system Ensembl can be best described as a hybrid of
a scripting programming language (Perl) and a relational database (MySQL,
pronounced “My Ess Que EII").).

Ensembl Perl software inherits from a tradition of biological object-design
developed through BioPerl (http://www.bioperl.org/). This means that
developers at Ensembl aimed at creating reusable pieces of software that
would faithfully describe biological entities such as gene, transcript, protein,
genomic clone or chromosome. Rules of usage and design of Ensembl and
BioPerl objects can be best learned while using them, browsing their code
and through a bit of trial-and-error. There is a comprehensive BioPerl tutorial
available at the BioPerl website.

The Ensembl database is based on a relational database called MySQL. SQL
in MySQL stands for ‘Structured Query Language’, a universal database
programming language shared by many relational databases. Because
MySQL is available free of charge for non-commercial developers, every
academic centre can install its own local copy of MySQL (MySQL server) and
download Ensembl data from the Ensembl ftp site. Simple queries of the
database can be handled using the SQL language (see appendix), but for
complex queries demanded by most biological analyses the Ensembl MySQL
server is best accessed using Ensembl Perl objects.

The Ensembl annotation pipeline

The Ensembl analysis and annotation pipeline is based on a rule set of
heuristics that a human annotator would use. All Ensembl gene predictions
are based on experimental evidence, which is imported via manually curated
UniProt/Swiss-Prot, partially manually curated NCBI RefSeq and
automatically annotated UniProt/TrEMBL records. Untranslated regions
(UTRs) are annotated to the extent supported by EMBL mRNA records. As
there is no guarantee that UTR sequences in EMBL records are complete
there is similarly no guarantee that the Ensembl genome analysis and
annotation pipeline has enough biological evidence to predict complete UTR
regions. For a limited number of species regulatory regions are annotated, but
this annotation isn't very extensive yet as the set of well-characterised
promoters is still small and there is currently no algorithm yielding reliable
results on a genomic scale.

The Ensembl website

Ensembl provides easy access to genomic information with a number of
visualisation tools. The Ensembl website gives you for example the possibility
to directly download data, whether it is a DNA sequence of a genomic contig
you are trying to identify novel genes in, or positions of SNPs in a gene you
are working on. The key Ensembl web pages are called Views (e.g.
GeneView, ContigView and SNPView), and will all be introduced appropriately
later on. An updated version of the website is released bimonthly. Old
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versions are for at least two years accessible on the ‘Archive!” website. Apart
from that the ‘Pre!” website provides displays of genomes that are still in the
process of being annotated. There is also an ftp site to download large
amounts of data from the Ensembl database, as well as the data-mining tool
BioMart, that allows rapid retrieval of information from the databases. Finally,
Ensembl BLAST offers the possibility to perform sequence searches against
genomes and Ensembl gene and peptide sets.

Further reading

Flicek, P. et. al
Ensembl 2008
Nucleic Acids Res. Jan 2008; 36: D707 - D714

Ferndndez Suéarez X. M. and Schuster M.
Using the Ensembl Genome Server to Browse Genomic Sequence Data.
Current Protocols in Bioinformatics, UNIT 1.15, January 2007.

Hubbard, T.J.P. et al.
Ensembl 2007
Nucleic Acids Res. 2007 (Database Issue)

Birney, E. et al.
Ensembl 2006.
Nucleic Acids Res. 2006 Jan 34:D556-D561 (2006)

Hubbard, T. et al.
Ensembl 2005.
Nucleic Acids Res. 2005 33 D447-D453 (2005)

Birney, E. et al.!
An Overview of Ensembl.
Genome Research 14(5): 925-928 (2004)

Kasprzyk, A. et al.
EnsMart: a generic system for fast and flexible access to biological data.
Genome Research (2004) 14:1, 160-9.

Ashurst, J. L. et al.
The Vertebrate Genome Annotation (Vega) database.
Nucl. Acids Res. 33:D459-D465 (2005)

* Additional references can be found here:
http://www.ensembl.org/info/about/publications.html

! This paper was part of the May 2004 issue of Genome Research which included an

Ensembl special covering detailed aspects of the Ensembl web site, the underlying scalable
database system for storing genome sequence and annotation information, as well as the
automated genome analysis and annotation pipeline



SPECIES: Mammals ASSEMBLY GENEBUILD
Armadillo Dasypus novemcinctus ARMA May-05 Ensembl Aug-06
Bushbaby Otolemur garnettii otoGarl May-06 Ensembl Feb-07
Cat Felis catus CAT Feb-07 Ensembl Jun-06
Chimpanzee Pan troglodytes PanTro 2.1 Mar-06 Ensembl May-07
Cow Bos taurus Btau 3.1 Feb-07 Ensembl Sep-06
Dog Canis familaiaris CanFam 2.0 May-06 Ensembl Dec-06
Elephant Loxodonta africana BROAD E1 May-05 Ensembl Aug-06
Guinea pig Cavia porcellus cavPor2 Feb-07 Ensembl Oct-06
Hedgehog Erinaceus europaeus eriEurl Feb-07 Ensembl Oct-06
Horse Equus caballus Equusl Sep-07 Ensembl Sep-07
Human Homo sapiens NCBI 36 Oct-05 Ensembl Sep-07
Lesser hedgehog tenrec Echinops telfairi TENREC May-05 Ensembl Aug-06
Microbat Myotis lugigfugus myoLucl Mar-06 Ensembl Jan-07
Mouse Mus musculus NCBI m37 Apr-07 Ensembl Sep-07
Mouse Lemur Microcebus murinus micMurl Jun-07 Ensembl Jul-07
Opossum Monodelphis domestica MonDom 5.0 Oct-06 Ensembl Feb-07
Orangutan Pongo pygmaeus PPYG2 Sep-07 Ensembl Oct-07
Pig* Sus scrofa Sscrofal
Pika Ochotona princeps OchPri2.0 Jun-07 Ensembl Jul-07
Platypus Ornithorhynchus anatinus OANA 5 Dec-05 Ensembl Jan-07
Rabbit Oryctolagus cuniculus RABBIT May-05 Ensembl Aug-06
Rat Rattus norvegicus RGSC 3.4 Dec-04 Ensembl Feb-06
Rhesus macaque Macaca mulatta MMUL 1 Feb-06 Ensembl Aug-06
Shrew Sorex araneus sorAral Oct-05 Ensembl Apr-07
Squirrel Spermophilus tridecemlineatus speTril Jun-06 Ensembl Oct-06
Tree shrew Tupaia belangeri tupBell Feb-07 Ensembl Oct-06
Species: Other
Aedes Aedes aegypti AaeglL 1 Oct-05 VectorBase Jun-06
Anole Lizard* Anolis carolinensis AnoCarl.0 Feb-07
Anopheles Anopheles gambiae AgamP 3 Feb-06 VectorBase Jun-07
C. elegans Caenorhabditis elegans WS 180 Sep-07 WormBase Sep-07
Chicken Gallus gallus WASHUC 2 May-06 Ensembl Aug-06
C. intestinalis Ciona intestinalis JGI 2 Mar-05 Ensembl Feb-06
C. savignyi Ciona savignyi CSAV 2.0 Oct-05 Ensembl Apr-06
Fruitfly Drosophila melanogaster BDGP 5.4 Nov-07 FlyBase Oct-07
Lamprey* Petromyzon marinus PMAL3
Medaka Oryzias latipes HdrR 1 Oct-05 Ensembl May-06
S. cerevisiae Saccharomyces cerevisiae SGD 1.01 Dec-06 SGD Dec-06
Stickleback Gasterosteus aculeatus BROAD S1 Feb-06 Ensembl Jun-06
Takifugu Takifugu rubripes FUGU 4.0 Jun-05 Ensembl Nov-07
Tetraodon Tetraodon nigroviridis TETRAODON 7 Apr-03 Genoscope Sep-04
X. tropicalis Xenopus tropicalis JGl4.1 Aug-05 Ensembl Nov-05
Zebrafish Danio rerio v 7 Apr-07 Ensembl Jun-07

Table 1 — Species, assemblies and gene sets in Ensembl

(*currently available in Pre! website pre.ensembl.org)




I) WORKED EXAMPLE - A walk through the main pages of the Ensembl
browser, using the IL2 (Interleukin-2 precursor) gene as an example.

STEP 1:
Load Ensembl
www.ensembl.org

Your Ensembl Search Ensembl
& [logincr Rapieter Search: | All species ter |
© About User Accourts £.4. mouse chromosome 2 or rat X:10000..20000 or human gene BRCA2
Help & D
Ensembl 47 Pre! species
N E—— Ensembl tools
DOLE Enge Popular genomes - L in o custormize
- enamic Bult: §§ Starta sequence search — -
= Help & Information ] ‘ Search Ensembl for nuclaatide and peptide sequences with BLAST and m Nc‘éﬂ:ﬁ’v 3
S5AHA. k

Mine Ensembl with BioMart —
Mouse

Exdract information fram the Ensembl database and export sequences or

tables in text, itml, or Excel Tarmat with BioMart NGB mS7 SRoATEDs | Ve

STEP 2:
Click on
“Human”

Customise Your Ensembl —
Register with Ensembl to bookmark your favourite pages, customise
your home page and much more!

Zebrafish
207 | vega

Fetch data with the Ensembl APl —
Leamn how to extract data from the public Ensembl database with this

tutarial. All genomes

Selectaspecies

" |-
About Ensembl Other pre-build species are available in Ensembl Pre

Engermblis a joint project hetween EMBL - EBI and the Sanger Institute to develop a
software system which praduces and maintaing automatic annotation on selected Ensembl headlines: Release 47 (October 2007)
sukaryotic genomes. Ensembl iz primarily fnded by the wellcome Trust

This site provides free access to all the data and software from the Ensembl project
Click on a species name to browse the data,

Access 1o allthe data produced by the project, and to the saftware US8d to analyss
and present it, is provided free and without constraints. Some data and software may r New genebuild on human assembly NCBI 36 (Homo sapiens)
be subject to thirt-party constrains.

For all enquiries, please contact the Ensembl HelpDesk (helpdesk@ensembl.org)

New Mouse 37 and ild (Wus

WaormBase 180 (Casnorhabditis elegans)

Other Ensembl websites Functional Genomics (H. sapiens, M musculus)

archivel - past releases of Ensembl
WEGH- Vertehrate Genome Annatation

»
x Variation updates (H. saplens, M. muscilus, R. norvegicus, O. anatinis)
» Ensembl Frel- pre-release species

»

»

EEl Genome Reviews database - mainly archaea and bacter]
Trace server

hiore news.
Other sites using Ensembl software:

Log into see customised news - Register

@ 2007 WTSIi EBIL Ensembl is available to download for public use - please see the code licence for details.



STEP 3:
Type in ‘IL2 Gene'.
Click ‘Go'.

|

e  Ensembl Human

\ ' e AL138722.15.1.44776, ENSGOO0001 39618

N/ -l

Your Ensembl

= Login or Register

Search Ensembl Homo sapiens

© About User Accounts

search

Help & Documentation

About Ensembl
Genomic Data LEGTE 2
Help & Information

Software

-

-

-
Click on a chromosome far a closer view

-

Select a species

= Mammals
= Other chordates
= Other eukaryotes

Ensembl Archive

€ View previous release of

page in Archive!
! Stable Archive! link for this
page
o 5 [ 5 6 7 F

Jurnp directly to seguence position

Chromosome: ‘ - ‘nrreg\nn‘

L I—
L

What's New in Ensembl 44

assembly
and
genebuild

Homo sapiens News

+ Patch for Ensembl Human database
Ensemnbl Homo sapiens has heen patched with a few exdra transcripts and some
new CCOS IDs, and the corresponding xrefs and variation databases have heen
updated

» cDNA Updates
Ensembl human and mouse databases have received their usual cDMNA updates

» Vega updates
Vega human and mouse have hoth been updated since the last release of
Ensernbl. See YEGA for maore information.

+ Variation updates
All species with variation data now have a failed_variation table. Also, in species
that have duplicate variations dwith the same mapping but different 1Ds), these
have heen putinto the variation_synonym tahle.

General News

¥ NcRNAs for Ensembl chordates
All Engembl genebuild databases (i.e. excluding the imported invertebrate
dalahases for mosquitoes, fruit fly, warm and yeast) have been updated with new
ncRNA data.

hlare nesws.

2. chromosome X of 14:10000..200000 or BRCA2

About the Human genome

Assembly

This release is based on the NCBI 36 assembly of the human
genome [November 2003]. The data consists of a reference
agsembly of the complete genome plus the Celera WGS and g
number of alternative assemblies of individual haplatypic
chromosomes or regions.

Fulllist of assemblies

The International Human Genome Sequencing Consortium have published their scientific
analysis ofthe finished hurnan genome

» Mature 431, 331 - 845 (21 October 2004)
» WT Sanger Institute Press Release

Annotation

The human genome sequence is now considered sufficiently stable that the three major
GENOME BrowSers have come together o produce a comman set of gene IDs for thair
annotations, Thig Congensus CDS ID set has been encorporated into the Ensembl
database alangside the existing identifiers

» More infarmation about the CCDE project,

The ENCODE (ENCyelopadia Of DNA Elements
inthe human gename.

» More information about the ER

Statistics

Assembly: NCBI 36, Oct 2005
Genebuild: Ensembl, Aug 2006
Database version: 44387
Known genes: 21,724
Novel genes: 1,07
Pseudogenes: 1,040
RNA genes: 4113
Immunoglobulin T-cell receptor yene segments: 88
Genscan gene predictions: 59,185
Gene exons: 70,214
Gene transcripts: 44,567
SNPs: 11,561,832
Base Pairs": 3253,037,807
Golden Path Length**; 3,093,120,360

* Total number of base pairs = sum of lengths of DNA table

= Raferance assembly (Golden path) 12ngth = sum of non-redundant tap level seq ragions

@ 2007 WTSI/ EBI Ensembl is available to download far public use - please see the code licence for details.



e.’ Ensembdl Human searchliew

Your Ensembl

== Login or Register
© About User Accounts

Feature type

SlGene (6)
[ElHomo sapiens (6)

Species

=IHomo sapiens (6)
EGene 16)

Exalead Help

To exclude a category click on the '[=].

To restrict to a category click on the
1ame of the category.

To reset a category slick on the *[R}* o1
5 name.

Ensembl Archive

< View previous release of
page in Archive!

! Stable Archive! link for this
page

BYsanger]oo |

Takifugu rubripes

4.0

Ensembl
genebuild

@

Search>>

HOME  BLAST - BIOMART - SITEMAP. HELP
Ensembl text search

|IL2 gene

‘ Search
‘Your query matched 6 entries in the search database

Vega protein_coding [Gene} 0TTHUMG00000133075 (HGNC Symbok: (ContigView
Vega protein_coding M OTTHUMGO0000133075 has 2 transcripts: O W
15 exons: ENSE00000673455, ENSEOD000673456, ENSEN0D00673457, ENSED
ENSE00001107670, ENSE00001107672, ENSEQD001107679, ENSEODO01107684, E
interleukin 2

The has the following external identifiers mapped to it

CCDS: CCDS3726, CODS3726.1

Ensembl Human [Gene] ENSG00000109471

Ensembl transcript sharing CDS with Havana: ENST00000226730

Entred 3558,

HGNC Symbol: IL2] G001

i [uenel 147680

RefSeq DNA: NM_000586

Sequence Publications: 3260003

UniProtkB/Swiss-Prot PE056E

Vega[gene] OTTHUMGO0000133075, iL2]

Vega transcript OTTHUMTO000031 6449, OTTHUMTO0000256715, ﬂum i 002,
Vega translation: 104039, OTTHUMPO0000164090

STEP 4:
Click on ‘ENSG00000109471"

Sowrce 49, Feature type: Gene, Homo sapien: oMo sapiens, Gene,

Ensembl protein_coding [Gene} ENSG000! 71 (HGNC Symbol: IL2) [CantigView]

Ensembl protein_coding ENSGO0000109471 has 1 transcript ENST000002267 30, associated peptide: ENSP000002267 30 and 4 exons: ENSE00000335278,
ENSE00000935280, ENSEDOOD1 138256, ENSEODOD1 293064

2 precursor (IL-2) (T-cell growth factor) (TCGF) (Al ROT,Acc.PG0568]

as the following external identifiers mapped to it

in). [Source: Unij

:1538_s_at
[GeneFL: 577835_s_at, X00695_s_at
Affymx Microarray L1 33 207849_at, 10835148 _3p_at
Affyrmx Microarray U95: 34021 _at, 1538_s_at
Agilent Probe: A_23_P30115, A_23_P30122
CCDS: CCDS3T26, CCOS3IT61
EMBL: U25676, BOOT0338, K03174, AF031 845, 962602, AF532913, BCOB6257, V00564, DA231160, DOAG1 285, X01586, BCOGE256, XOOBYS, 877835, J00264, AY283686,
AF359939, K02056, BCO66254, AF 228636, S77834, BCDO66255, M22005, M13879, AY523040, M33199
EntrezGene]. lymphokine, IL-2, TCGF, 3558, iL2]
GE HeallhcarelAmersham Codelink WA GEG02998
GO: GO:0008083, GO:0005615, GO:0050672, GO:0030307, GO:0050728, GO:0051024, GO:0005515, GO:0005576, GO.0005134, GO:0042104, GO:0019209, GO:0005125,
GO0:0006516, GO:0007267, GO:00201 01, GO:0042523, GO0048304, GO:0045344, GO:0006355, GO:0030217, GO:004601 3, GO:0008284
Havana transcript having sarme CDS: OTTHUMTO0000256715, iL2}a01
HGNC Symbol: IL-2, 6001
liumina V1: G|_28175860-5
lumina V2. ILMN_9283
IPI. IPI00003099 2, IPI0D003099
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Your Ensembl Ensembl Transcript Report

- Lo crRegpsten o 1 a0 s b B P i 8 b

LTy —

GF) (Mdesienkin). Srane recesy
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‘Exon
information’
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o
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i Mpukin-] - i e orots mith ey demerd

Puotsin Family RACURSOR

Thia cesircortams 3 Ensamet gene memaesis} in s speies.

Tramscrlpt siracture [ G e
(1 I i

Tramscript

nahp-h“d . SN weaw e

TR T ETBEF BT AL AL LLLESTERTE RS SRS AL
LT Ao LT LM et eT Ak et AAAC A

T CETATE BT T T T TG AT AT CACAST LT ALTET
AT T BT YT EC ATV B AT LLRTCTTCLTTETE B

AT L CTT T REFATE A i .

T ST KT U AAET AT CE AT LMAMT AT AART R BRI EFEER AT .

T ETTTT U AR AEBAS CE LA T EAETT et .
e rrts

Show the Solloming featines: | Exoe

Select ‘Exons, Codons,
Translations and SNPs’
Select ‘Number residues:

Yes’ and click on [Refresh]

[
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Result of STEP 6:

11 AAGGTAATGTTTTTTCAGACAGLET AAAGTCTTT FAAAAT AT GT T AAT AT T AAAACATT

151 TTEFACACCCCCAT AATATTTTTCCAGAATT AACAGT AT AAATTFCATCT CTT GTTC AAFA

£3]l GTTCCCTATCACTCTCTTT AATCACTACTCACAGT AACCTCAACTCCTECCACAAT T &AC

201 AGGATECAACTCCTETCTTFCATT GCACT AAFT CTTGCACTT FTCACAAAC AGT FCACCT
e ST T AR AR T o B P M I AR O I T e R B s o

KK
261 ACTTCAAGTTCTACARAGAAAACACAGCT ACAACT GEAFCATTT ACTECT FHATTT AC AF
oo B T o T - T A A s o P T P T T

Exons- alternating Codons - alternating
text colour background colour

| Synonymous SMNP

Non-synonymous SNP

| YR v/
CTTACCGOTRCTGGTGAGGTTGACTTCA
—L—TT——A—=A=—G——E——W——D——F——

|

Other variation in
coding sequence Translation
Affected residue .
(Mouse aver shows alternative codons)

Ambiguity code

b E
CTCTTCCCGATATCACACCCGETGGEAT
Other variaion \
UTR SNP :
Mr!lrl‘lr ,U.TIS. sHOWS B Ir~|r"" {Mouse aver shows alleles)

UTR (dark background)

12



Result of STEP 7:

\ - earch»>
STEP 9 man Exonliew @ | .0 ENSEQDDO 428812, ENSE|DDSDUUBS;|374
i e
Click on STEP 8

‘Graphical view’ Choose ‘Flanking sequence
at either end of transcript —
500, tick ‘Show full intronic
sequence’ and click on [Go]

Ensembl Exon Report

Transcript IL2 (HGNC Symbaly Synonyms: IL-2 To wi
This transcriptis & member ofthe Human CCDS set CCDS3726
Havana transcript hawving same CDS: OTTHUMTO0000256715

Ensembl Transcript ID  ENST00000226730

Transcript information  Exons: 4 Transcript length: 1,033 bps Translation length: 153 rag|
This transcriptis & product of gene: ENSG00000109471

Genomic Location This transcript can be found on Chromosome 4 at location 123,592,080-12
The start of this tranecript is located in Contig AC022488.7.1.195923,

Description Interleukin-2 precursor (L-2) (T-cell growth factar) (TCGF) Source: 0T FGOS6S
Rendering optians Flanking sequence at either end of [50
transcript

Intron base pairs to show at splice sites  [25

Show full infronic sequence [

ed
- 123,597,339

View of fhromesome 4
Graphical view Show exons only [

Graphical overview
" Go
Export from region...

Ensembl Archive

B Exon Information
€l View previous release of

page in Archr No. Exon /Intron Chr Strand Start End Start End  Length Sequence
e/ Stable Archive! link for this Phase Phase
page Supstream cottasagaasggagyasasactytttcatacagaaggedttastigeat
SEQUEnCe
1 EMSEO0N01383064 4 -1 123,586,890 123,507,338 - a 441 G ATTAGAGCTATCACCTAAGTOTGAGCTARTETAACAARGAGHGATTTCACCTACATCC
nger ATTCAGTCAGTCTTTGGGEGTTTAAAGARRTTCCARAGAGTCATCAGAAGAGG TG

AAGGETAATGTITITICAGACAGATAARGTCTTIIG: TATGTATAATATAT.
TTGACACCCCCATAATATT TTICCAGAATTAACAGTATARATTGCATCTCTIGTITCAA
GTTCCCTATCACTCTCTTTAATCACTACTCACAGTAACCTCAACTCCTGCCACAATGTAC
AGGATGCAACTCCTOTCTIGCATTGCACTARGTCTTGCACTIGTCACRARCAGTGCACCT
ACTTCAAGTTCTACAAAGAAAACACAGCTACAACTOGAGCATTTACTGCTOGATTITACAG
ATGATTTIGAATGGAATTAAT

— 80 gtaagtatatttoctttottactaa. . ........ ataacaatgcattatactttcttag
2 ENSED00009352E0 4 -1 123,598,740 123506808 0 o 50 AATTACAACAATCOCARACTCACCAGGATOCTCACATTTAACTTITTACATOCCCARGAAG
wom B Intron 3-3 790 gtaagtacaatattttatgttoaat. ... ...... gagotgatgataattattattotag
3 ENSE0000053: 44 GOCACAGAACTOARACATCTTCAGTGTCTAGAAGAAGAACTCAAACCTCTOGAGGAAGTG

Equus caballus
Intran 1-2 4 -1 123,696,809

Now in Ensembl
e o CTAARTTTAGCTCAAAGCARAAACTI TCACTTAAGACCCAGGGACTTAATCAGCAATATC
TTICTGRRACTARAG
Intron 3-4. aaggoattactttattigotete. ..., .. assasttascatttttottttatayg
4 ENSED0D01138258 388 GOATCTGAAACAACATTCATOTOTGAATAT GCTGATGAGACAGCAACCATTGTAGAATTT

CTGAACAGATGRATTACCTTITOTCARAGCATCATCTCARCACTGACTTGATAATTARGT
GUTTCCCACTTAARACRTATCAGGCCTICTATT TATTTARATATTTABATTTTATATITA
TTGTTGAATGTATEGTITGCTACCTATTGTAACTATTATICTTAATCTTARRACTATARN
TATGEATCTTTIATGATTCTI T T TGTARGCCCTAGGRGCTCTARAATGETTTCACTTATT
TATCCCARRATATT TATTATTATGTTGARTGTTARATATAGTATCTATGTAGATTGGTTA
GTAAARACTATTTARTABRATTTGATARAT

3'downstream atsaacaagoetggatatttgttattttyyasacageacagagtaageat. oo en ..
sequence

B supporting Evidence

The supporing evidence helow consists ofthe sequance matches on which the exon predictions were based and are sored by alignment scare

There are a large number of supporting evidence hits for this transcript. Only the top ten 10 hits have been shown. Click 1o view all 22 ing evidence hits.
sore: oo Bl Bl Bl Bl Bl <m O EVIDENCE
1
BCO70338. 1
BCOT0338. 1 Homo sapiens inkerieukin 2, mRNA (DA clane MGE 22343 .
BCORE254 1 -
BC0B6254. 1 Homo sapiens inkerieukin 2, mRNA (DA clane MGE:T9372..
2285351 -
AF228635.1 Homo sapiens infereukin mRMA, parfial cds
BCOBE2ST. 1 L&
BC065257. 1 Homo sapiens it rieukin 2, mRHNA CDNA clone MGC 79375 .
BCOBE2S6. 1 L&
BC065256.1 Homo sapiens inf rieukin 2, mRHNA CDNA clone MG 79374..
BCOBE2S5.1 L&
BC0B6255.1 Homo sapins interteulin 2, mRNA (EDNAClone MGG 79373
AYS2IM0.1 -
AYT2I40.1 Hamo sapins inferlenkin2 mRNA, compiste ook
A6 -
AYZB365.1 Fomo sapiens inerisukin.2 MRNA, Compiss eds
Cosse1e. 1
COS534CB. 1 AGENCOLRT_1437D413 NIH_MGC_191 Homo sapiens cONA elone IMAGE 30400620
coma1z1
CO522012.1 AGENOURT 14356045 NIH_MGG_191 Hamo sapiens cDNA clons IMAGE 30413035,

2008 WTEIJ EBL. Ensembl is available to download for public use - please see the code licence for details.
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Result of STEP 8:

A'upstream
SEQUENCE

........................................ acacataacacata)
ctattatasaactageatcagtatecttyaatycaaacctttttotyagtattt
cgcaccctttanasaatytacastagacattasyayacttaaacayatatatas)
tasattaaaatagcgttasacagtacctoaagoctocaataagoattttaagtatt
ttagtatttototagetyacatytaagaageaatotatottattytatycaattal
ttgtgtygataasasaggtassaccatictyasacaggasaccaatacactioot tta
teaacaaatetasacatttattotittcatetytttactottyotettytocaccacaat
atgotattocacatgtteagtgtayttttatyacaaagasaattttotyayttactittgt
atcococaccoccttasagaaaggagyasasactytticatacagaagyogttaattgeat

GAATTAGAGCTATCACCTAAGTOTOCECTAATOTAACAAAGAGAIGATTTCACCTACATCC
ATTCAGTCAGTCTIIGEGGET T TARAGAAATTCCARAGAGTCATCAGAAGAGGAAARA
AAGGTAATGTITTITICAGACAGGTAAAGTCTITOAARATATGTGTAATATGTAAAN
TTGACACCCCCATAATATTIITCCAGAATTAACAGTATARATTGCATCTCTIGTTCAAGA
GTTCCCTATCACTCTCTITAATCACTACTCACAGTAACCTCAACTCCTOCCACAATGTAC
AGGATGCAACTCCTETCTIGCATTIGCACTAAGTCTTRCACTTGTCACARACAGTGCACCT
ACTTCAAGTICTACAAAGAAAACACAGCTACAACTGRAGCATTTACTGCTGGATTTACAG
ATGATTITGAATGGAATTAAT

Intron 1-2 4 -1 123,596,809 123,596,888 90 gtaagtatatttootttottactasaattattacatttagtaatotagotygagateatt
tocttaataacaatgocattatactttottay

2 ENSE00000935280 4 -1 123,506,749 123,595,808 0 0 B0 AATTACAAGAATCCCAAACTCACCAGGATGCTCACATTTAAGTTTTACATGCCCAAGAAG

Intron 2-3 4 -1 123,504,459 123,596,748 2280 gtaagtacaatattttatgttoastttotgttttaatasaattcaaagtaatatgaaaat
ttgracagatgggactaatagoagotocatoctgaggtaaagagtaactttaatttgitttt
ttgaaaacccaaytttyataatyaagectotattaaaacagttttacetatatttttaat
atatatttgtgtyttggtygggytygggaagaaaacatasaaataatattoteactitate
gataagacaattotaaacasaaatgttcatttatyggtttoatttasaaatygtagaactet
aaaatatttgattatgtcattttagtatytasastacocaaaatotatttocaaygagoos
acttttaaaaatctitttctigtttiagyasaggtttotaaytgagagyoagoataacact
aatageacagagtotgyygecayatatetgaagtgaaatoteayotetyocatytectay
cttteatyatetttggoasattacotactotytttytyatticayttteatygtotacttan
atgaataactgtatatacttaatatgyctitgtygagaattagtaagtasatgtaaageac
toagaacocgtgtotggeataagytaaataccatacaayoattayotattattaytagtat
taaagatasaatttteactgayaaatacasagtasaatittygactttatetttttacea
atagaacttgagatttatastyctatatyacttattttcoaayattaasagettoattay
gttgtttttggattocagatagagoataagoataatoatooaagotooctaggotacattay
tgtgtasagetacctagtagetytygecagttaayagayaatyaacaaaatetygtgoea
cttgtgoocaggytyaatocaaygoocagasaatastagyatttasygygacaca
gatgeaatoocattgactoaaattotattaattoaagayaaatotgettotaactaceet
totganayatygtasagyagacaycttacagatyttactotagtitaatoagagooacata
atgraactcocagocaacataaagatactagatgotgtittctgasagasaattitotocacat

1 EMNSEQO001293064 4 -1 123,506,809 123,597,339 - a 4

=
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Result of STEP 9: ContigView

| Search>> ‘

Ensembl - - ZH|
e.’ H uman Contigliew 2.0.AL138722.15.1.44776, ALI55340.17.1.112442
rece

hromosome 4

= Login or Register chr.4
© About User Accounts
E overview
Chromosome 4
123,592,080 - 123,597,339 Chr 4 band [ ]

123.10 Mb 12330 Mb 12350 Mb 12370Mb 12390 Mb
= View of Chromosome 4

. DNA(cort
= Graphical view (cortigs)

0 |
= Graphical 4531250451014 452628 D4S2477E 83227  D4S264 45430
= Resequel 453100 || D4sass 451278 452648

" —— ) = —
- a . . u [T s

View alig) Ersembl Genes. KAATIOY ADAD1 L2 21 BES12  “FGF2 ‘NUDTE
= View alol Lspa]
= View Syntenic regions ... TERNA Geres
= View region at UCSC . I Ersemt Known Protein Coding Werged Known Proteincading
= View region at NCBI RNE P=a.sim e Nove )
Export data E Detailed view
N ‘ Featuresw Comparativew DAS Sources w Repeats v Decorations w  Export ¥ Image sizew Helpw

= Export from region... A

ump to regian 4 123502080 |[123597330 | [T A | == |
Zoom
OO D O gl N K

Ensembl Archive

! View previous release of
page in Archive!

Chr.4 123,593,000 123,504,000 123,595,000 123,596,000 123,57,
Length F—FRomardsiand 26 Kb
STEP 10_ Corssrvation Corstrained sk menk
U DNA(cortigs)

In the ‘Features’ drop- ————

£ Ersemb trrs. B

down menu select ‘'SNPs’  [s=re= S

and ‘Ensembl genes’ T R —— —

[E Commen Krown Preteincoding

(deselect other options). | o777 =

Reg. feats legerd Urclassified

There are curertly 126 tracks switched off, Ls= the menus above the image to turntrem on.

CIOSe the menu to VieW Erszmbl Home sapiers version49.36k (NCEI 36) Chomosome 4 123,392 080 - 123,597 339
new tracks.

k / @ 2008 WTSI/ EBI Ensembl is available to download for public use - please see the code licence for details

(STEP 10): Deselect all other options from the features menu
and select ‘'SNPs’ and ‘Ensembl genes'.

“ega External gene
ncRMA genes

EST genes
Senscan
UniPratkB 151
UniPratkB (mammal)
UniFrotkB (non-marmmal)

Hivmmmen mentmie s

Comparativew DA
< b I
[] Affy 100k SHP
[ Affy 500k SHP fir
[1 Regulatory features |
[] CTCF P
L] tRMA e
[] CpG islands |
[1 Eponine regions pe
[] First EF "
[] Markers l
[] cisRED/miRANDA =
[] cisRED search regions !
“aga assem -
<J@____Ensemhl fenes ngh
g i
O “ega Havana gene 0
0 -
0
0
0
0
0
0
M
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RESULT OF STEP 10

Features ¥ Comparativey DAS Sources ¥ Fepeats ¥ Decorations v Export ¥ Image size ¥ Help r

Jump to region 4 | 123592080 |[123547333 | [l pant| |
Zoom
<< swa < 2m5 J< 1m5 < wincow ~ anill - window > J1mie > Jaws > Jswa>>

Chr. 4 123,503,000 123,504,000 123,505,000 123,506,000 123,507 0)
Length F— Farward strmnd 5.26 Kb -
Corssmvation Comsimined ekment
DMA{cortigs) , !
Human tilepath ciores [ e
= Ersembl trans. 2
SNPs M L1 i 1 e
Length - 7 \Qeverse simnd —
— . ————— p——
123,593 00~ STEP 11: o 123,507,
Gere kgerd 7 comman Known Prateincoding Click on a SNP
SNP kegerd Sy nony moLs codirg I riro

(vertical line) and
subsequently on
K ‘SNP properties’ -

Ther are cumertly 129 tacks switc led off, us= t
Ereembl Homo sapiens version49 36k (NCEBI 36)
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€/ Ersembl Human spiiew

Ensembl release 49 -

= GeneSNP info
= 151051753 - SNP info
= 151051753 - LD info

Chromosome 4
123,592,363

= View of Chromosome 4
= Graphical view

= Graphical overview

== Export from region...

Ensembl Archive
e/ View previous release of

page in Archive!
<! Stable Archive!
page

for this

Now in
Ensembl

[&-]

Search>>
ey rs10264683, 15115671658

HOME BLAST BIOMART SITEMAP HFLP

151051753 (dhSHP128)
HGVhase SMPOOOETBETS

CT (ambiguity code: ¥)
Ancestral aiieie; ©

Unknown

Validation status
No linkage data for this SNP

Linkage disequil
data

T TRETETTEAE
c (ST Righlighted)

Flanking

[l SNP rs1051753 is located in the following transcripts

Genomic location (strand) Gene Transcript Translation AA Type GeneSNPView
relative SNP position relative SNP position
4:123592363-123532363 (1) EMSGO0000109471 EMSTO0000226730; 750-750 EMSPO0000226730: 152-152 L EYNOMYMOUS_CODING SMPs in gene context

El Population genotypes and allele frequencies

Population Alleles Alleles  Description

unknown eomprissd of UTAH (93%), French (3%), and Vens
individuals, Coriell C2ll Repositary and posled in 2quimala|

Individual genotypes for SNP rs1051753
I SNP Context - 4 123592363

les were purchaszd from,@enomic DNA samples were abtained for a panel of 02 unrelated

SEQUENOM:CEPH 1.000

Features¥ Source ¥ SMP class¥ SNPlype¥ Decorations¥ Export¥ Image siz
@ EST trars: Mo EST trarscripts in this region
H reRNA No neRNAs in this egion
& kg segmerts, No Ersembl trarscrigts inthis rgion
O Ersemb trars. No Ersembl trarsoripts inthis region
Lerath 2000 Kb
DNA(cortigs)
Length 2.0 Kb verse siand
o Ersemb trars,
@ g segments, No Ensembl tranecrists inthis igion
@ TRNA Mo neRNAs in this region
@ ESTtrans,
18 ofte 157 varatiors inthis region heve teenfiflered ot by the Source, Class ard Type menus
4 ¥V 40 BE ~¥yw r¥sky
] ¥ w'k RWRY
] W ORY
Y
R
SHPs
w
w
¥
] 5| ¥¥ k RYsYR RR
R RY A
Gerotyped SNPs
w
I rt=roenic Dowrstream [ Syronymous codirg
SNP Egerd I rtroric Nonsyronymous cading s uTR
Upstream
12358 Mb 123 59 Mb 12350 Mb 12360 Mb 123 60 Mb

@ 2008 WTSIi EBL Ensembl is available to download for public use - please see the code licence for details.

STEP 12:

Go back to
ContigView with the
back button of the
internet browser.

17



/ STEP 13:

To see the same
chromosomal region
in the UCSC
genome browser,
click on ‘View region
at UCSC’ on the left
of the page. A new
window will open.

Home Genomes Blat

e e moma

QELICH]

~

PCR DNA

UCSC Genome Browser on Human Mar. 2006 Assembl

position/search |chr4'123,592,080-1 23,597,330 size 5,260 bp.

Gene Sorter Convert Ensembl

[ W B el NN e

‘wa a2 [

NCBI

PDFIPS Session Help

chra

Ferieq Genes

Mamnalian Gene Collection Full ORF mRHAS
—§

BCAEE2ET

L X
Human WRMAS From GenBank
HUmEn mRNAS

Humsn ESTs That Have Been Spliced
spliced ESTs
vertebrats MUITIZ Aligrment B PHASTCONS Conservation (29 Species)

Hatnal Cons

Rhesus

chicken
H_tropicalis
Srickighack

SiMPIE NUCISOT IS POIUNOFERiSHS (HBSNE BUTH 188)
I [ [ [} [T

RepEating Elsments bu Repeatmasker
| I |

EUERSES

Repeatmasker |

T
UCSC Gene Predictions Based on Refisd, UniProt, GenBank, snd Comparative Genomics
.

[-] Mapping and Sequencing Tracks

Click on a feature for details. Click on base position
to zoom in around cursor. Click gray/blue bars on left
for track options and descriptions.

move st: ove end

[ default tracks H hide all ][ add custom tracks H configure H reverse ][ refresh ]

Use drop-down controls below and press refresh to alter tracks displayed.
Tracks with lots of items will automatically be displayed in more compact modes.

Base Position Chromosome Band STS Markers FISH Clones Eecomb Rate
hide v hide hide hide v
Iap Contigs Azsembly Gap Coverage BAC End Pairs
hide hide hide v hide v hide v
Fosmmd End Pawrs GC Percent Short Match Restr Enzymes
hide hide hide v hide v

Phenotype and Disease Associations

GAD Caze Control NIMHE Bipolar ~ RGD Human QTL. RGD Rat OTL
hide  + hide hide hide v hide v
MGT Mouse QTL

hide

Genes and Gene Prediction Tracks

UCEC Genes Old Known Genes Al Events CCDE Eefleq Genes
pack ¥ |h\de b hice v hide v
Other RefSeq MGC Genes ORFeome Clog Ensembl Genes AceView Genes
hide v hide hide
SIB Genes N-SCAN CONTRAST
hide Ih\de ~ Ihlde v hide v hide v
Genscan Genes  Ezomiphy Augustus BIA Genes Superfamily
hide hide hide v hide v hide v
ACEScan EwoFold sno/miRMA
hide  + hide  + hide
=] mRNA and EST Tracks
Human mRIMAs  Spliced ESTs Human ESTs Other mRIAs Other ESTs
H-Inv UmGene Gene Bounds SIB Al-Splicing  Poly(A
hide hide hide v hide v hide v
CGHAP SAGE

refresh

STEP 14: \

Turn on ‘Ensembl genes’
by changing ‘hide’ to ‘full’
and clicking ‘refresh’ at
the bottom of the page.

Close the window to

kreturn to Contquiew./




Ensembl H P [&n- [ Search>> |
e-’ uman Corttr.sﬂ ew .0 ALTI6723.15.1.44776, ALI5534017.1.112442
Mar 2008 o o o E_
Your Ensembl =l Chromosome 4
= Login or Register chr. 4
© About User Accournts R
= overview
Chromosome 4
123,592,080 - 123,597,339 Chr.4 band [ el
123.10 Mb 123.30 Mb 12350 Mb 12370 Wb 12390 Mt

= View of Chromosome 4
- Graj et | | | | | | 1
= Graphical overview Mhrkers D4531250451014 DS2628 DAS2ATTE 53227 DASZE4 45430
= Resequencing 53100 || Desass D451279 D4S2648

" — c) = -
= View alig “_emw'“"" Ersembl Genes “raaaTIg 1L izt “FGF2 “NUDTE
= View alongside ... 5|
= Viegg Syntenic regions ... TERNA Geres
- Vi) ion at UCSC Gere lger IErcemtl Known Potein Coding Wemed Known Prtein coding
- Vid 2t NCBI RINA Pszuogene (Novel)
Expo B Detailed view

Features v Comparativey DAS Sourcesw Repeats ¥ Decorafions ¥ Export¥ Image size ¥ Help v

conn < m J o v SN | T v Jr s o
Chr. 4 123,593,000 123,504,000 123,305,000 123,506,000 123,507,0(

Length — Fomward sirand
Corseivation — f—

Jump ta region

STEP 15:
Click on ‘View
Syntenic regions ...
with Mus musculus’

retrmined sl ments

DNA{cortis)

Human tizpatn o nes [ s

£l Ermb trars, Iz

Orangutan SN LN 11 [ L el

Pongo pygmaeus Length Kb Fee e strard

5 oy, abelii 123,503,000 123,504,000 123,595,000 123,596,000 123.597.0)

CGere kgerd I common Krown

SNPkger Synonymous coding [_ o SUTR
There are curerlly 129 tacks swilched off, usz the merus above the image to tum them on
Ergembl Homo sapiers versbn49.36 k (NCBI 36) Chiomosome 4 123,592 080 - 123,57 339

—

Basepair view

© 2008 WTSI/ EBI. Enserbl is available to download for public use - please see the code licence for details
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e! Ensembdl Hy

Ensembl release 49 -

Your Ensembl

== | ogin of Register
© About User Accounts

Chromosome 4

= View Chromosome 4
= View Chr 4 Synteny

== ap your data onto this
chromosome

Ensembl Archive

€/ View previous release of
page in Archive!

€/ Stable Archive! link for this
page

Now in
Ensembl

ntenyliew

0]

EY0]

S30]

S10]

chr &
Hus rusculus

sapiens chromosome 4

Chr 1

Hus rusculus

50

1004

100

1504

Homo sapiens Genes

IL2 (012 Ghj
Contigyiew

IL21 {012 Gy
Contin'iew]

BBS12 (0,12 Gh)
Contigyiew]

FGF2 (012 Gh)
Contin'iew]

NUDTG {0.12 Gh)
Contiiew]

SPATAS (0.12 Gh)
Contigiiew]

SPRY {012 Gh)
Contigyiew

ANKRDS50 (0.13 Gh)
Contigiiew]

BLYM_HUMAN (013 Gh
CUmIgVIBW
ENSGO0000214786 (0.13 Gh)
Contigiew]

FAT4 {0.13 Gh)

Contigyiew]

INTU (0.1 3 Gh)
Contin'iew]

SLC25A31 (0,13 Ghy
Contigyiew]

HSPA4L (0.13 Gh)
Contin'iew]

PLK4 (013 Ghy
Contiiew]

Homology Matches

Miurs mus cufus Homologues
=12
(31 37.02 Mk
Contighiew]
> 121
(3:37.12 Wiy
Contighiew]
-= Bhs12
(303721 Mk
Contighiew]
-= Fgi2

Multic; onti

STEP 16:
Click on
[MultiContigView]

-

Mo homologues

-= Fatd

(303874 Mk

Contighiew] MUltic ontict/iew]
- Intu

(3: 40,43 bk

Conticpyiesy] [MUltiC ontighiew)
-= Sle25a31

(304051 Mk

Contighiew] MUltic ontict/iew]
-= Hspadl

(3: 40.55 bk

Conticpyiesy] [MUltiC ontighiew)
-= Plk4

(374060 Mk

Contighiew] MUltic ontich/iew

HNavigate Homology

Upstrearmn {=0.12 Gh)

Downstrearn (=0.13 Gh)

Change Chromosome

Chromosoime I 4 |w

Figlds marked with * are required

2008WWTS|FEBI. Ensembl is available to download for public use - please see the code licence for details
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Click on ‘Export from

&/ Ensembl Human auiricontigliew

| Search>> ‘
.9 Mus_musculus, Fan_trogladytes

Mar 2008

-

Your Ensembl

= Login or Register
© About User Accounts

Chromosome 4
123,591,080 - 123,598,339

View of Chromosome 4
al view of...
Graphical overview
Resequencing alignment
View alignment with ...
View alongside ...

View Syntenic regions ...
View region at UCSC
View region at NCBI

Export data

STEP 17:

region’

Now in
Ensembl

El Top level

Hsap Chr. 4

IWmus Chr. 3

B Navigational overview

Hs Chr 4 bard [

123.10 Mb

DNA(cortias)

Ersembl Genes
ERNA Genes

123.30 Mb 12350 Mb 12370Mb 12390 Mb

‘BBS12

“KAAT109

wm ch 3 |

DNA(cort gs)

Ersembl Genes

ERNA Geres

“4932438A13Rik Adk LOTTMUSGI0000007392
“4932438A13Rik “Catnd “hudts
‘Brs1z “Sratas
“Faf2

E Detailed View

Features ¥ Comparalive¥ Repeats ¥ Decorations ¥ Export ¥

Image size ¥

Jurnp to region ‘4

[ [1z3831000

H123s90339 |

+ umiow> Jrun> Jou

Heap Chr. 4
Lergth

DNA{eoriigs)

[E] Ersambl trars.

123,506,000

123,503,000 123,597,000

123,584,000

112

< ENSEST GI0000002900

DNA(cartigs)

[l Ersembl trans.

123,592,000 123,503,000 123,504,000 123,505,000 123,506,000
Mmnus Chr. 3 37,019,00 7,020,000 57,021,000 7024000 7,023,000 57,024,000 7,025,000
Lergth F— Fomard strmnd 3kb
ESTrars, ENSMUSEST GOD000011687 3
= Erszmbi trrs. ENSMUSTO0000108128 >

—

Lergth

Feverse stiand

37,019,000

37,020,000 37,021,000 7,023,000 37,024,000 37,025,000

@ 2008 WTSIi EBL Engembl ig availahle to downlog)

21




Select regionf/feature to Export

Choose atleast one feature to export. Features must map to the current Ensembhbl Golden tile path. Please node we will not export more than S0,

Region
Chromosome namefragment |4
From {type): IBasepair v |123591DBD A
To (typek: |Basepair v |123598339
Context
Bp upstream (to the left) l:l STEP 18
Bp downstream {to the right) |:| Click on
[Continue>>]
Output

Output | FASTA sequence

STEP 19:
Click on

Configure FASTA File output for FASTA sequence

You are exporting Chromosome 4 123,591,080 - 123,658,334

[Continue>>]

This region is defined by: Chromosaome 4, Bp 123591080, Bp 12353983349

Output format (@ HTML O Test

Contfinua >>

(T Gompressed text (gz2)

© 2006 WIS/ EBI Ensembl is available to download for public use - please see the code licence for details
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Search>> |

e!E"'wmhﬁ_le 2 [&-

STEP 20: -
LLERE Select and copy a part of the sequence

= Login or Register
© About User Accouri

STEP 21:
Click on ‘BLAST’

Chromosome 4
123,591,080 - 123,598,339

View of Chiromosome 4

Graphical view
Graphical overview
Resequencing alignment
View alignment witl
View alongside ...
View Syntenic regions ...
View region at UCSC
View region at NCBI

Export data

= Export from region...

Ensembl Archive

&! View previous release of
page in Archive!

e/ Stable Archive! link for this
page

ATTT TTCCTCTECATTT AN
BATACTTAAGATTCTGARAGTGEGEATTEECT CTARAMAG ATTCTT GTTTGTITAGTCCA

Horse SroscemTrTaeoactcs
Equus caballus CCATAANTCATETEARG

GTTAATCATTTAACATTAGAAAT GATTCAT GTTCACAGT
TACATGCATGG6T ACTTTACAAST ACCARARAT GTT ATGT CACTTTARAATCT 66T ACTT
TTCCCEE TTTTTTITTATTTCCACGAGAGC AART BAAGT AMTGCCTTACCTTTA
GACTATT ACGTTGAT ATT GCTGATT ARGTCCCT GOOTCTT AAGTCAAACTTTT
TECTTTGAGCTAAATTTAGCACTT CCTCCARAGGTTT GAGTTCTTCITCTAGACACT GAA

AKT AAT AATT ATCATC TACAT AGAGE
oT

GCCTATTACARATGT

arch: @ O~ v
Ensembl . Search: e/Human
e! H UMan Blasiview 2. AL138722.15.1.44776, ENSG00000138616

STEP22: Lo e
Paste the copied Summary

Your E

= Login

kguence
Se uence \Qsaquannes) in FASTA of plain text » setup
q GGGLAGLLGGGTCTTGCTALGGAGTACAGGLACT A ® Not yet inittalised
CTTCCCTTT CGACCTCCTGTTTTCTCOTTGGCAGRL

TIOCC A TCTCCCCTEC AGATGCGGCCTC AGC TGO TCCACTCCGLACALTCACTGCTGA — » configure
" v o
,'r'r'rccGcJuuc'rc'r'rccGm'rcnc'rccm'r'r'rcc-rccccccumc-rcucc-rt‘;n - @ Not yet iniiafised
< >

Or Upload a file containing one or mare FASTA sequences » results
Browse... ® Not yet inittalised

Or Enter a sequence ID or accession (EMBL, UniProt, RefSes)
Refrieve

assembly i E— STEP 23:

ana @ s Select ‘Homo_sapiens’
genebui . . - .
Select the databases o search against an d B LAST N an d CI I C k

Select speries Gallus_gallus ~ on [RUN>]

Use 'etrl key to select multiple

species Gasterostew:
@ dna database | Genomic sequence b
() peplide database | Known Consensus CDS Peptides (CCDM

Select the Search Tool /
(Gonfigurer TRUNY

Search sensitivity. MNearexact matches -

Optimise search parameters fo find
the fallawing alignments

About Blastlffew

Blastizw provides an intzqrated platform for s=quance similarity searches sgainst Ensembl databases,
offaring acoess fo both BLAST and SSAHA programs. [More]

Wie would Tike ta hear your impressians of Blastiew, especially r2garding functionality that you would like to
see pravided in the future. Many thanks for your time. [Feedbad]

® 2007 YWTSI/ EBI Ensembl is available to download for public use - please seethe code licence for details
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e/ Ensembl Human Biastiew

Search: etHuman @ g8l O [~ v

eg AL1387221

Apr 2007

Your Ensembl

@I (seop »(coNFIG 4r(RESULTS)

= Login or Register
@ About User Accounts

Reetrieve result for 100
< BLA_APLFannCO Retrieve
Bsanger] peonme e
Reirieving Results

“Job pending' results can be retiizved by olicing on the buttan
above. Altematively, this page ean be boskmarked for later, o1
the 1D noted and entered on the BLAST page.

Bushbaby

Otolemur garnettii

1 Resulis are retained for 7 days. Afisr this, they must be
& re-submittzd

-
- - unnamecd (3300 letters) Vs, LATESTGR
e Home_zapiens sob Quzues

2X assenibly
and-genebuild

@G (setup  «r{conFic  +»{RESULTS )

[ refresh ;" Online Help

Summary

® Genormic sequence
* BLASTN
® | ow sensifivity

STEP 24:
Click on’'Retrieve’

o M1
oM -3

@ Online Help

Summary

Retrieve rasuitior 10

P setup

[BLA_APLFannCO | [ Retrieve |

® Homo sapiens
® Genomic sequence

Alignment Display Qptions:

* BLASTHN

Locations vs. Karyatype
Summary Table

Locations vs. Query

e | ow sensitivity

p configure

12 unhamed (3200 letters) Vs, LATERTGR

e £ 10

Homo_zapiens 147 alignments, 52 hits F awft esuli]

{ view » ~

e B 100
® _filter: dust
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STEP 25:
Click on [VIEW]




e/ Ensembl Human Biastiew

[@-

‘ Search>> |

Mar 2008

recr I

Your Ensembl

= Login or Register
© About User Accounts

news, views
& announcements

Ensembl team

STEP 26:
Click on [C] in front

f best (top) hit
0 es(op)|/

SETUP CONFIG

“»{RESULTS

(DAY

Displaying 4 sequence aligmments vs Homo_sapiens LATESTGP database

alignments of 5257, sorted by

anolype (click arrow fo hids)

]
i

E‘ Alignment Lacations vs. Queny (click arrow to hice)

250

i} Alignment Summany (click arrow fo hice)

Select rowes to include in table, snd type of sort
[Use the etrl* keyto select multiples]

Buer;

Subject

Chromesame

Chramosome Stats

Sort B
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_off A A
MName | Mame | MName
Start ¥ - Start ¥
Links Guery Chramosome Chromosome
Start End On Mame Start End Ori Name Stat
1240 2640 +  Ched 123692313 123593719 +  Ched 123692319
470 1208 +  Chrd 123591549 123532285 +  Chrd 123591543
1272+ Ched 123531080 123591351+ Chrd 123531080
193 233 Chrid 124375530 124375570+ Chos 124375530
125 224 Chrz TASZ431E T1524366 +  Chrz 71524318
feq [51 1121 1152 +  Chri5 85482488 G5482628 +  Chrols 86482498
T4 [SI[G][C] 1395 1424 +  Chrf 130524130 130524160 +  Chrf 130624130
TA[SI[G][C] 2301 2323 +  Chr2 240016107 240016123 + 240016107
BISIGIE 47 73 Chriz 237422040 237422066 + 237422040
IAIISIIGI[C] 980 1002 +  ChoX 11080800 11080622 + 10B0600
IALISI[GI[C] 1058 1083 +  Chré 127562106 127552131 + 127562106
TALISIIGIIC] 916 948 +  Chrb 49435575 43438607 + 43496575
A [S][G][C] 2284 2324 +  Chif 88471061 B9471088 + 22471061
A [SI[G][C] 532 563 Chr5 71467086 71467087 + 714ET06E
A IEI[G][C] 936 1021 Chr.11 100577761 100577775 + 00577751
[ALISIGI[C] 2294 2314 +  Chrd 172121719 172121733 + 172121713
IALISIIGIIC] 1393 1449 +  Chrd 147602722 147602742 + 147602722
IALISIIGI[C] 1407 1431 Chrd 155363173 156363202 + 156363178
IALISIIGTIC] 1391 1445 - Chrd 31937404 31837428 + 31537404
AT [S][G] [C] 1387 1417 - ChrB 94510145 54510166 + 24610145
TAISI[GI[C] 176 198 +  ChrB 19940422 19840442 + 13840472
A1 [5][G] [C] 1998 2020 - Chrd 97852666 97852688 + A7862565
FEI[GI[E] 1 26 +  Cho2 32023441 32023464 + a2023441
IALISI[GT[C] 1398 1448 - Chriz 181715813 191715633 + 11715813
IALISI[GI[C] 2332 2356 +  Chrs 142264541 142284564 + 142264541
AL ISI[GT[C] 1635 1659 - Chrs 57384525 57924552 + 57034528
TALISI[GIIC] 1514 1837 +  Chrd 57261823 67251362 + E7261328
A [SI[G][C] 1973 1957 +  Chr13 B8769182 8763206 + BE7EI1E2
AT [5][G][C] 1393 1413 - Chri3 B5043913 EE043333 + EE043315
A1 [SI[G] [C] 1633 1857 - Chri3 35117386 35117408 + 26117385

End

123533719
123592285
123591351
124375570
71524385
26482628
120524180
240018123
27422068
11050622
127562131
42496607
28471098
71487087
100577775
172121739
147602742
156363202
31837428
24510185
19840442
7862588
22023484
181715833
142264564
57934552
ET261982
28789205
EE043935
26117408

i

B R R

Score E-val
1401 0

737 0

272 0

30 1de0s
22 0024
2 12

23 11e05
23 00038
23 00017
23 07
22 1de08
22 1de08
22 040
22 =4

22 024

21 0

2 0

21 0001z
21 54

21 12

21 000047
21 000012
21 00038
21 00017
21 0030
21 00080
21 0008
21 00100
21 a2

21 a2

>Chromosome 4
<Score
>.

L]

100,00
100,00
100,00
286 42
280 40
9688 32
2365 31
100,00 23
9530 27
100,00 23
9515 26
2118 34
ZE98 48
100,00 22
15 26
100,00 21
100,00 21
9500 25
9500 25
100,00 21
100,00 21
600 25
2600 25
100,00 21
9500 25
9500 25
600 25
2600 25
100,00 21
600 25

Length
1401

@ Online Help

Summary

» setup
* Homo_sapiens
. Genomic
seguence
*BLASTN
* Lo sensitivity

v

configure

* £ 10
*.B:100

* filter: dust

* Repeathlasker
Y15

L

e N3

*-3

* R 3

» results

» display
@ Mot yet initialised




Features ¥ Comparativey DAS Sources ¥ Repeats ¥ Decorations ¥ Export ¥ Image size v Help¥

Jurnp to region |4 EEEETEERAEEEEEAEN] oo | pane| |ed
<< 5o < 2 < 1w < wincow | SEPT 1| | T o > e > e > Jenwa >

Chr. 4 123,591,000 123,502,000 123,503,000
Length — Farward strand 540 Kb
. |
Consenation Comeimined el ment
[ Blast hits
DNA(cortigs)
Human tilepath ciones [ e
[E Ereembl trare. az | | T
SNPs I || [ 1 [ 1] I
Length ==t 540 Kb Feversesiand  ——
123,591,000 123,592,000 123,593,000 123,524,000 123,595,000
Gere kegerd [ common Known Protein coding
SNP kegerd Dowretream -S\_,'mnymom coding I rironic
Themre are cumertly 129 tracks switched off, LB the menus above the image to turnthem on.
Ereembl Homo sapiens version 49 .36 k (NCBI 36) Chmmosome 4 123,290,319 - 123,325,719
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EXERCISES and ANSWERS

Note: the answers to these exercises correspond to current version (49) of
Ensembl. If you use these exercises at a later date, please use the archive
site for version 49.

[I) BROWSING ENSEMBL

These exercises address using the browser to determine a variety of gene-
relevant information such as transcript number and size, protein domains,
functional classes and sequence.

1. Exploring features related to a gene

Exercise 1 begins with the TAC1 (tachykinin precursor 1) gene and moves
into the browser from the main GeneView page.

(a) Open the home page of Ensembl (www.ensembl.org). This is the current
version. Search for the human TAC1 gene by typing ‘human TAC1 gene’ in
the search window.

(b) How many transcripts are predicted for this gene? What is the size of the
longest predicted mRNA? How many exons does it have? How many amino
acids does it code for?

(c) Follow some of the links in the ‘Similarity Matches’ section of GeneView.
What is a possible function of TAC1?

(d) Which InterPro domains does the protein product contain?

(e) Find the GO section of GeneView and follow some of the links to explore
the ‘Gene ontology’ terms (describing gene and protein function) in Ensembl
GOView.

() In which chromosomal band and on which clone and contig in the genomic
sequence assembly is the TAC1 gene located?

(g) Go back to GeneView by clicking on ‘TAC1’ in the Overview panel and
following the link for the gene. Is there a putative mouse orthologue? If so,
where is it in the mouse genome?

(h) Go to the Ensembl main page. Look up ‘Ensembl genes’ in the glossary
by following the ‘Using Ensembl’ link in the ‘Help and Documentation’ at the
left. Follow the link: ‘Browse the provided data’ on the website.
http://www.ensembl.org/Homo_sapiens/glossaryview
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2. Exploring aregion

Exercise 2 begins with a search for a specific chromosomal region, rather
than one gene.

(a) Click on the large ‘e!" at the top left of the screen to start a new search.
Go to the human homepage, and click on chromosome 12. From ‘MapView’,
choose to display the region between markers D12S764 and D12S1871 (in
the ‘Jump to ContigView’ section).

(b) How many contigs are used to make this portion of the assembly? View
the human tile path clones. Do they correspond to the assembly?

(c) Click on a marker. What are other names for the marker? Is there an
expected product size (what does this mean?)

(d) In ContigView, zoom in three steps on the zoom triangle/ladder of
‘Detailed view’ (towards the ‘+") and turn on the SNP track. Identify an intronic
SNP and look at the corresponding SNPView page.

3. Exploring the zebrafish (Danio rerio) genome with Ensembl

Exercise 3 explores Ensembl genes for a specific region, along with
comparisons to mRNA and protein in other databases.

(a) What assembly is currently used for zebrafish?

(b) Bring up a ContigView display of zebrafish (Danio rerio) chromosome 1
between base pairs 3900000 and 3910000. There are many ‘known’ genes.
What is the difference between known and novel genes in Ensembl? For any
gene, find some information about its function by taking the link to the
GeneView page.

(c) View homologues in other species for the Zebrafish gene you have
selected. Take the link to FamilyView. Go back to GeneView and look for any
InterPro domains listed at the bottom, or in the ‘Protein features’ diagram.

Answers (Browsing Ensembl)

1. Exploring features related to a gene

(@) Click on the identifier ENSG00000006128 from the search results. To
ascertain it is indeed the TAC1 gene check that the HGNC symbol (the
‘official’ gene name given by the HUGO Gene Nomenclature Committee) is
‘TACL'. You should now be in the GeneView page.

(b) The TAC1l gene (ENSGO00000006128) has 3 predicted transcripts,

ENST00000319273, ENSTO00000346867 and ENSTO00000350485. Scroll
down to the ‘Transcript’ sections for more information about these transcripts.
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The longest transcript is ENST00000319273. See this information in the
heading of each ‘Transcript section’ of the GeneView page. The length of
ENST00000319273 is 1060 bp. It has 7 exons and codes for 129 aa.

(c) The TAC1 gene is Protachykinin 1 precursor. Follow the links to MIM and
EntrezGene or UniProt/Swiss-Prot in the ‘Similarity Matches’ section to learn
more. Choose ‘UniProt’ under ‘DAS Sources’ to see references in the
literature (click ‘Update’ after making the selection). Also the GO (Gene
Ontology) and InterPro sections can give you clues about the biological and
molecular function of the TAC1 protein. Tachikinins are neuropeptides. These
hormones are thought to function as neurotransmitters which interact with
nerve receptors and smooth muscle cells. They are known to induce
behavioral responses and function as vasodilators and secretagogues.

(d) Check the ‘InterPro’ section in GeneView. The domains include
IPR013055 (Tachykinin/Neurokinin like), IPR002040 (Tachykinin/Neurokinin),
IPR0O08215 (Tachykinin) and IPR008216 (Protachykinin).

(e) Clicking on a GO identifier gives you a GOView page showing the position
of that term in the hierarchical ‘GO tree’ (note the number of Ensembl genes
mapped to each term). Click [Help] to find out more about GOView.

() Go back to GeneView and click the ‘Graphical View’ link in the side menu
to go to ContigView. In the ‘Overview’ panel you can see that TACL1 is located
on band 7921.3 (‘Chr.7 band’ track). In the ‘Detailed view' panel you can see
that it is located on contig AC004140.2.1.74918 (‘DNA(contigs)’ track). If you
click on the contig and follow the link to the EMBL source (or if you turn on the
‘Human tile path clones’ track from the ‘Decorations’ menu of ContigView) you
can see that this sequence is derived from clone RP5-841B21.

() In GeneView, ENSMUSGO00000061762 (Tacl) is named in the
‘Orthologue Prediction’ section. Click on it to go to its GeneView page to find
that it is located on mouse chromosome 6 (band Al).

2. Exploring a region

(a) In the ‘Jump to ContigView’ section choose ‘From (type): Marker D12S764
To (type): Marker D12S1871’ and click [Go]. This leads you to ContigView.

(b) The region between the two markers will be displayed in ‘Detailed View'.
This region includes sequence from 4 different contigs (one is quite small),
displayed in light blue and dark blue in the ‘DNA(contigs)’ track. To see also
the 4 clones that make up this region, select the ‘Human tilepath clones’ track
from the ‘Decorations’ menu. Clones are shown in gold and pink. Portions of
the ‘Tile path clones’ were used to form the assembly and correspond to
‘contigs’. The clones overlap each other whereas the contigs don't.

(c) Click on a marker name (shown in pink at the top) and follow the link

‘Marker info’ to the MarkerView page. Other names in the UniSTS database
will be at the top. Synonyms (or names in other databases) are listed further
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down. The expected product size is the calculated size of the fragment (in
base pairs) if both primers are used against the genome.

(d) SNPs can be turned on using the ‘Features’ menu. Coding SNPs are
shown in yellow (non-synonymous) and green (synonymous). Intronic SNPs
are dark blue. Click on a SNP. Be careful to click exactly on the vertical bar
representing the SNP, otherwise you will get the wrong pop-up menu. Follow
the link ‘SNP properties’ to the SNPView page. Note the ‘SNP Context’
display in SNPView.

3. Exploring the zebrafish (Danio rerio) genome with Ensembl

(a) Zv7 is the current assembly (see this in the main page or by clicking on z-
fish to go to the species-specific index page).

(b) Start on the homepage for zebrafish (Danio rerio). In the ‘Karyotype’
section choose ‘Chromosome: 1’, ‘From (type): Base pair: 3900000 To (type)
Base pair: 3910000’ and click [Go].

On the ‘Overview’ panel of ContigView Ensembl known and novel genes are
displayed in the ‘Ensembl Genes' track in reddish brown and black,
respectively. Known genes are Ensembl gene predictions that match species
specific entries in the UniProt and/or RefSeq database, while novel genes
map back to entries from other species. In this region, they are all known
genes. Click on one of the known genes to go to its GeneView page and
explore the links in the ‘Similarity Matches’ section for information about
function.

(c) In the GeneView page: if the gene has orthologues in other species
(shown in the ‘Orthologue Prediction’ section) and these orthologues are well-
understood, possible functions of this gene could be hypothesised. If the gene
belongs to a family (shown in the ‘Protein Family’ section) other family
members may provide information. InterPro domains (shown in the ‘InterPro’
section at the bottom of GeneView) may also provide clues.
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IV) Data mining in Ensembl with BioMart
Worked Example

The human gene encoding Glucose-6-phosphate dehydrogenase
(G6PD) is located on chromosome X in cytogenetic band g28.

Which other genes related to human diseases locate to the same
band? What are their Ensembl Gene IDs and Entrez Gene IDs?

What are their cDNA sequences?

Follow the worked example below to answer these questions.

e.f Ensembl

STEP 1:

Go to the Ensembl main page
www.ensembl.org

Oct 2007

Your Ensembl

= Login or Register
© Abowt User Accounts

Help & Documentation

= About Ensembl

= Genomic Data

= Help & Information
= Software

Ensembl Archive

€l Vie ious release of

page in Archive!
€/ Stable Archive! link for this
page

Search Ensembl

Search: | Al species v for

£.g.mouse chromosome 2 or rat X:10000..20000 or human gene BRCA2

Ensembl tools

#J Start a sequence search —
S Search Ensembl for nuclectide and peptide seguences with BLAST and
) SSAHA

Mine Ensembl with BioMart —
o Edtractinformation frarm the Ensembl database and export seguences or
tables in tesd, himl, or Excel format with Biohart

5| Cu 2Your Ensembl —
| Regis =ermbl to bookmark your favourite pages, custormise
wnlr hni urh rnral

o STEP 2:
Click on ‘BioMart’

About Ensembl

Ensemblis a joint project hetween EMBL - EBI and the Sanger Institute to develop a
software systern which produces and maintains automatic annotation on selected
eukaryolic genomes. Ensembl is primarily funded by the Wellcome Trust

Thiz site provides free access to all the data and software from the Ensembl project.
Click on a species name {0 hrowse the data

Access (o all the data produced by the project, and to the software used to analyse
and present it is provided free and without constraints. Some data and software may
he subject ta third-party constraints

For all enguiries, please contact the Ensembl HelpDesk (helpdeski@ensembl.org).

Other Ensembl websites

b archivel - past releases of Ensembl

» VEGA- Vertebrate Gename Annotation

¥ Ensermbl Prel- pre-release species

» EBI Genome Reviews database - mainly archaea and bacleria
» Trace server

Other sites using Ensembl software.

Ensembl 47 Pre! species

Popular genomes - Log in to customize
- ;‘Human

NEEI 36 | Vega

A
A4
Mouse
NCBI m37 WPDATED! | Vega
Zebrafish
= 7 | vega
=
All genomes
— Selecta species — hd

Other pre-huild species are awailable in Ensermbl Prel —

Ensembl headlines: Release 47 (October 2007)

‘ New Mouse 37

] Hew genebuild on human assembly NCBI 36 (Hormo sspisr)
i

bly and genebuild (Mus musculus)

ﬁ WormBase 180 (Caenorhabditis elegans)
e’ Functional Genomics (A. sapiens, M. muscuius)
.

6, Variation updates (A. sapiens, M. musculus, R. norvegicus, O. anatinus)
.

Iore news

Log in to see customised news - Register

2007 WTSI/EBI Ensembl is available to download for public use - please see the code licence for details
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Dataset Ensembl 47 v
[Mone selected]

- CHOOSE DATASET - %

STEP 3:

Select the database:
Ensembl genes (version 49)
and the species of interest
under ‘Choose Dataset'.
(Homo sapiens)

[ new [ count [ resur: ren [ o |
Dataset Please restrict your query using criteria below
Homo sapiens genas (NCBI3G) REGION:
Filters
GERME:
" lone selected)]
tributes GENE ONTOLOGY.
sembl Gene D EXPRESSION

kerliars et MULTI SPECIES COMPARISONS:

PROTEIN

STEP 4:

Narrow the geneset by
clicking ‘Filters’ on the left.
Click on the ‘+’ infront of
‘REGION'’ to expand the

choices.
L
[ new | count J Resuns | x| per ] e |
Dataset Please restrict your query using criteria below
Homo sapiens genes (NCBI3B) | g REGION:
Filters Chromosame 2 v
Chromosome: X
Start: q28 O Base pair
End: g28 Gene Start (bp) 1 STEP 5:
Attributes Gene End (bp) 10000000 . ,
Encermsl Gone D Select ‘Chromosome X
Ensembl Transcript ID Band
Start Q28
Dataset End oed
[Mone Selected]
[ Marker STEP 6
Start
- Select ‘Band Start q28’
and ‘End q28’
O Encode type manual_picks v
Ml Cwrmmrdea vmmimom EE R e RPN
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o Jeom o -] o e [
D$§-‘/,

Homo sapiens genses (NCBI3E)

Filters
Chromosome: X
Start: g28 = GENE

End: g28 - — =
with Disease association: Only ID LIST FILTERS: with Disease association ¥l @ Only
2 Excluded

Attributes

Ensembl Gene ID
Ensembl Transcript ID

11D list limit Ensembl Ge R

STEP 7:
[';Z‘nj;‘elected] Expand the ‘GENE’ panel and choose
‘with Disease Association only’.
03 Transcrpt count >= These associations have been
O Enties witha §' UTR § determined using MIM (Online

Mendelian Inheritance in Man).
www.ncbi.nlm.nih.gov/omim/

[ Entries with a 3' UTR

The filters have determined our gene set.
Click ‘Count’ (at the top) to see how many
genes have passed these filters.

[ | e | i | T N T

Dataset 75 / 37584 Genes Please select columns to be included in the output and hit 'Results’ when ready
Filters ® Features ' Homologs
Chromosome: X ) Structures ) Sequences
Start: q23 2 SNPs
End:g28
with Disease association; Only EElE
Aftributes EXTERMAL:
Enser "Gene D EAXPRESSION:
Enser ascript 1D
PROTEIN:
= GENOMIC REGION:
STEP 8: STEP 9:
Click on ‘Attributes’ to select '
Expand the ‘GENE’ panel.

output options (i.e. what we
would like to know about our
geneset).
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[ C

8 I

Dataset 25/ 32584 Genes
Filters
Chromosame: X
Start: q28
End: q28
with Disease association: Cnly
Aftributes

Ensembl Gene IO
Ensembl Transcript ID

Please select columns to be included in the output and hit 'Results’ when ready

% Features ) Homologs
i1 Structures ) Sequences
1 SNPs

2 GENE

Ensembl Attributes
FEnsembl Gene ID

FEnsembl Transcript 1D
[IEnsembl Peptide ID

OGene DB
OExternal Transcript ID
OExternal Transcript DB

Chromosome: 3
Start: q28

End: q28

with Disease
Aftributes

Ensembl

Encamhb

an: Only

STEP 12:
Click ‘RESULTS’ at the top to
preview the output.

[MNone Selected]

GO description

External References (max 3)
Occhs D

OEMBL (Genbank) i

M EntrezGene ID

OHavana ID

OHavana transcripts (Sharedw
[Havana transcripts (|dentical)
OHGNC ID

OHGNC symboal

OFHD

Olimgt gene db

Cimgt ligm db

E i Gene Accession
Mindirn Morbid accession
CItdirbase

OoTTP

Microarray Attributes (max 2)

Fammy e 4 4m

34

Gene name ODescription OEnsembl CDS length
O Chromosome MName OEnzembl cOMA length
Yataset [ Gene Start (bp) JEnsembl Peptide length
atase OGene End (b OTranscript count
lone Selected)] O strand 0% GC content
OBand OBiotype
OTranscript Start (bo) OSource
[OTranscript End {bp) Status (gene)
# Gena name OStatus (transcript)
SXTERMAL
Note the summary of selected - -——--..
options. STEP 10:
_ Select, along with the default options,
The order of attributes ‘Gene name’ (this shows the gene symbol
determines the order of from HGNC).
columns in the result table.
[Now | Count [ Resgi Xt Jrert [ o]
B EXTERMAL:
Dataset 257325847 35 GO Attributes
Filters OcoD OGO evidence code

e e,

STEP 11:

Expand the ‘EXTERNAL’ panel to select
External References (IDs outside of
Ensembl). Select ‘EntrezGene ID’ and ‘Mim
Gene Accession’ and ‘MIM Morbid
Accession’. These are MIM phenotypes and
diseases, respectively.
www.ncbi.nlm.nih.gov/omim/

M amrss e | Ines



Dataset 25/ 32584 Genes
Filters
Chromosome: X

Export all results to

File

Email notification to

Start: q23
End: 928

Wiew

10

v | rows as | HTML v | O Unique results anly

Ensembl Gene ID

Ensembl Transcript ID

Gene name | Er vezGene ID

Mim Gene Accessi(

with Disease association: Only eSO

ENSTO0000370475

FMR1

303580

Attributes ENSGO0N00102061

ENSTOO000370475

FriR1

308560

Ensembl Gene ID ENSGO0000155966

ENSTO0000370460

AFF2

302545

Ensembl Transcript ID ENSGO0000010404

ERSTO0000340855

DS

303300

Gene name EMSGO0000013619

ENSTO0000370401

Crorf

300120

EntrezGene D ENSGO0000013619

ENSTO0000370401

CHor

Jo0120

Mim Gene Accession ENSG00000013619

ENSTO0000370401

CHorE

300120

To save a file of the
complete table, click ‘Go’.
Or, email the results to any
address.

Mim Morbid accession ElEciEEe S

ENSTO00002E2858

Crorfs

EMNSGO0000013619

ENSTOO0002E2655

Crorf

ENSGO000017 1100

ENSTO0000306167

I Th1

Dataset
[Mone Selected]

Fnsembl Gene I Ensembl Transciipt I} Gene name

ENSG00000102081 ENST00000370475
ENEG00000102081 ENSTOO000370475
ENEG00000155566 ENSTO0000370460
ENSG00000010404 EMSTO0000340855
ENSG0000001361% ENSTO0000370401
ENSG0000001361% ENSTO0000370401
ENSG0000001361% ENSTO0000370401
ENSG0000001361% ENSTO0000262855
ENSG0000001361% ENSTO0000262855
ENSG00000171100 ENSTO0000306167
ENSG00000147383 ENST00000370274
ENEG00000130521 ENSTO0000253122
ENEG00000130521 ENSTO0000253122
ENSGO0000185825 ENSTO0000345046
ENSG00000185825 ENSTO0000370133
ENSG00000101%86 ENSTO0000218104
ENSG00000101%86 ENETO0000215104
ENSG00000101586 ENSTO0000215104
ENSG00000101586 ENSTO0000218104
ENSG00000158510 ENST00000370058
ENSG00000158510 ENST00000370058
ENEG00000198210 ENSTO0000370058
ENEG00000198510 ENSTO0000370058
ENSG00000158310 ENSTO0000370060

STEP 13:

300120

300833

f00120

300633

0415

10400

Go back and change Filters
or Attributes if desired.
Or, View ‘ALL’ as HTML...

FIIE1
FME1
AFEZ
oS
CHorfb
CHorfb
CHorfb
CHorfb
CHorfb
MTIA
NSDHL
SLC6AR
SLCEAR
ECAP31
ECAP31
ABCIN
ABCIN
ABCDN1
ABCIN
L1CAM
LiCAM
LicAam
LicAm
LiZAnd

2332
2332
2334
3423
10046
728030
730818
728030
730818
4534
50814
£535
731026
10134
10134
215
642762
215
642762
3897
3897
3897
3897
3897
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308550
308350
208248
202900
300120
300120
300120
300120
300120
300415

Result Table 1

EntrezGene ID Mim Gene Accession Mim Morbid accession

300623
300624
305548
203300

300475
142623
303350
304100
307000
142623



STEP 14:
To view sequences, go

back to ‘Attributes’

Chromg
Start: q
End: g2
with Dist
Attributys

Ensembl Gene ID
Ensembl Transcript ID
External Gene ID
EntrezGene ID

Mim Gene Accession

& association: Only

Dataset
[None Selected]

Please select columns to be included in the output and hit 'Results’ when ready

® Features O Homologs
O Structures C-Sequences
' SNPs
B8 GENE:

Ensembl Attributes
MEnsembl Gene ID

M Ensembl Transcript ID
CEnsembl Peptide ID
CDescription

O Chromosome Name
[ Gene Start (bp)
OGene End (bp)
OStrand

OBand

O Transcript Start (bp)
OTranscript End {bp)
M External Gene ID

B EXTERNAL:

GO Attributes
OGoID
OGO description

External References {max 3)
OCCDsID

O Codelink ID

COOEMBL ID

M EntrezGene ID
OHavana ID

COHGNC Symbol
Olilumina v1

Olilumina v2

OPHD

Olimgt gene db

Oimgt ligm db

M Mim Gene Accession
Omim Morbid accession

STEP 15:

Select 'Sequences’

CJEnsembl Peptide length
O Transcript count

[O% GC content
OBiotype

O Source

O Status (gene)

[ Status (transcript)

OGO evidence code

COProtein ID

[CRefSeq DNA ID
[ORefSeq Predicted DNA ID
[CRefSeq Peptide ID
ORfam ID

CUnigene ID

O Shares cds with enst

O Shares cds with oftt
OUniProt!SPTREMBL ID
OUniProtfSwiss-Prot ID

DO UniProt!Swiss-Prot Accession
OUnified UniProt ID

DO Unified UniProt Accession

vl

L [ Pert JHeip|

Dataset 25/ 32584 Genes
Filters
Chromosome: 3
Start - g28
End: q28
with Disease association: Only
Attributes
Ensembl Gene ID
Chromaosome
Biotype
cDMA sequences

Dataset
[Mone Selected)

) Features 0 Homologs
2 Structures @ Sequences
2 SNPs

B SEQUENCES:

Sequences (max 1)

I g m 11
| g m s | S

Cinspliced (Transcript)

O Unspliced (Gene)

CiFlank (Transcript)

DiFlank (Geneg)

O Flank-coding region {Transcript)
O Flank-coding region (Gene)

Upstream flank

e

Downstream flank

36

Please select columns to be included in the output and hit 'Results’ when ready

STEP 16:

Expand the ‘SEQUENCES’ panel and

select ‘cDNA sequences’.

UTR
4 UTR
Exon sequences
B cOMA sequences
O Coding sequence
O Peptide



STEP 17:
Expand the ‘Header
Information’ to view the default
options: ‘Ensembl Gene ID’,

[New | Count ] Resufs | ETE «Chromosome’, and ‘Biotype’

are selected.

Dataset 25 / 32584 Genes B Header Information
Filters Gene Attributes
ch X M Ensembl Gene 1D M Chromosome
romosome O Description [ Gene Start (bp)
Stat 28 OExtemal Gene 1D OGene End [bp)
End g28 o OEsxemal Gene DB O Gene Farmily
with Disease association: Only
Attributes nscript Attributes
asembl Transcript ID [Ensembl COMA length
Eﬁgﬂg‘sé}rﬁge D embl Peptide ID CIEngermbl COS length
e e O5 UTR Start (bph
CDN!’ESG — ript Start (bp) 15 UTR End {bp)
4 i 9t End (bp) O3 UTR Start (bp)
02 UTR End (bp)
Dataset STEP 18:
[None Selected) Click ‘Results’

CEnzembl COMA Start (bp)
OEnzembl COMA End (k)

CIExon Start (bp) CIEnsernbl CDS Start (bp)
[Exon End ibp) CEnsembl COS End (bp)
OExon Strand O Coding Start (bp)
Frrimm Mimel i Temma avied Flem™m i M mal flnm

S
[Now [ Gourt [suts ] X Per Jrln
Dataset 75 / 37584 Genes Export al results to File < |[FasTa | O Unigue results only m
Gil=id Email notification to
Chromosome: X
Start: 428 View 10~ |rows as|FasTA ~ | O Unique results only
\/Evﬂg D?szjase association Only | 7ENE300000196924 || pratain_ca ng -
b Y| BrereTORGHArANCGEACEOOGACAGRATOL . M AAC GO0 TER0GCEEEME0NEHCG
Attributes CEAABECRATCCOEGECGCCACCCCECGETCATCGE . STOGCTCTCAGGARCAGCA
Ensemibl Gene ID GCECAACCTCTECTCCCTECCTCBCCTCOCAUEIOCUTAG. GACTTTALTTAR
Chromosames AGEGCCETCOCCTOOCCHARGCTERUAGCACCECCC
Biotype AETAGCTOCCACTCTC GO EGHCCAGAGCGCAGTR STEP 19:
cDNA sequences GACACGUGECACGICCAGATCUC BECCATCOACRAC N7
AAGARGATCCAGCATARCACTTTCACGCACTERTE] View all rows as
AAGCACATCACCAACCTOCAGACGEACCTHAGCRAC FASTA’
Dataset GAGHTECTCAGCCAGAAGRAGATACACC BOARGCAC

ATGCAGCTTGAGAACGTETICGETGGECGCTCEAGTIC

GTOTCCATCGACAGCARGGUCATCOTGGACGOCAACCTOAAGCTGATCCTOGRCCTCATC
TGEEACCCTGATCCTGCACTACTCCATCTCCATGCCCATGTGEGACGAGGAGGAGGATGAG
GAGGUCAAGAAGCAGACCCCCAAGCAGAGGCTCCTOGGCTEGATCCAGAACAAGCTECCG
CAGCTOCCCATCACCAACTTCAGCCGGGACTAGCARAGCGGCCGGACCCTGORCEICCT
GTEGACAGCTETACCCCAGACCTATETCCTGACTGAGACTCTTAGRACGCCARCAAGCCC
GTTACCAATGCGCGAGAGGCCATGCAGCAGGCGEATGACTGGCTGHGCATCCCCCAGETG

[Mone Selected]
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RESULTS

Header: chromosome, Ensembl Gene ID, Biotype

>ENSG00000196924 | X]protein_coding
GCGCGTCGCGCGCAGCGGACGCCGACAGAATCCCCGAGGCGCCTGGCGCGGGCGCGGGLG
CGAAGGCGATCCGGGCGCCACCCCGCGGTCATCGGTCACCGGTCGCTCTCAGGAACAGCA
GCGCAACCTCTGCTCCCTGCCTCGCCTCCCGCGCGCCTAGGTGCCTGCGACTTTAATTAA
AGGGCCGTCCCCTCGCCGAGGCTGCAGCACCGCCCCCCCGGCTTCTCGCGCCTCAAAATG
AGTAGCTCCCACTCTCGGGCGGGCCAGAGCGCAGCAGGCGCGGCTCCGGGCGGCGGCGTC
GACACGCGGGACGCCGAGATGCCGGCCACCGAGAAGGACCTGGCGGAGGACGCGCCGTGG
AAGAAGATCCAGCAGAACACTTTCACGCGCTGGTGCAACGAGCACCTGAAGTGCGTGAGC
AAGCGCATCGCCAACCTGCAGACGGACCTGAGCGACGGGCTGCGGCTTATCGCGCTGTTG
GAGGTGCTCAGCCAGAAGAAGATGCACCGCAAGCACAACCAGCGGCCCACTTTCCGCCAA
ATGCAGCTTGAGAACGTGTCGGTGGCGCTCGAGTTCCTGGACCGCGAGAC~ T~ aTn
GTGTCCATCGACAGCAAGGCCATCGTGGACGGGAACCTGAAGCTGATCCT cDNA 1
TGGACCCTGATCCTGCACTACTCCATCTCCATGCCCATGTGGGACGAGG/
GAGGCCAAGAAGCAGACCCCCAAGCAGAGGCTCCTGGGCTGGATCCAGAACAAGCTGCCG
CAGCTGCCCATCACCAACTTCAGCCGGGACTGGCAGAGCGGCCGGGCCCTGGGCGCCCTG
GTGGACAGCTGTGCCCCGGGCCTGTGTCCTGACTGGGACTCTTGGGACGCCAGCAAGCCC
GTTACCAATGCGCGAGAGGCCATGCAGCAGGCGGATGACTGGCTGGGCATCCCCCAGGTG

GACAAGGGGGAGTACACACTGGTGGTCAAATGGGGGGACGAGCACATCCCAGGCAGCCCC
TACCGCGTTGTGGTGCCCTGAGTCTGGGGCCCGTGCCAGCCGGCAGCCCCCAAGCCTGCC
CCGCTACCCAAGCAGCCCCGCCCTCTTCCCCTCAACCCCGGCCCAGGCCGCCCTGGCCGL
CCGCCTGTCACTGCAGCCGCCCCTGCCCTGTGCCGTGCTGCGCTCACCTGCCTCCCCAGC
CAGCCGCTGACCTCTCGGCTTTCACTTGGGCAGAGGGAGCCA

>ENSG00000013619| X]protein_coding
GGCGCGGAGCCGGGCGGTGGGAATGGAGCGAGCAGATTGAGGCCGCCACTGCAGCGCCGL
CAGCATGAACTTGGCCGCGAGCTGAAGCGGCCGGCGGCGGGCGGGCGCErrrrrrnnnnn
CGCTAGCCAGGGGGTGATCTGCAACAGGGCTGGGTTCCTTGGCGGCCGCL( cDNA 2
CTGCCCGCGCCGGCGGCCGCCCGCCCCTCGGACACTGCCCCCGCCGCCG(
CAGCACGCCCTGTGTCTAGGTCGTTTGGGAAACGCCTTGGAGAGTCAAGAATAAATTTGC
AGGTCAAACAATGGATGACTGGAAAAGTCGGCTTGTAATCAAGAGCATGCTTCCCCATTT
CGCCATGGTGGGAAATCGTCAGGAGCCCAGAAAGCTCCAGGAATCGGGAAAGAAGCCCTC
GTGGATGGAGGAAGAAGATTTATCTTTTCTCTACAAGAGCAGCCCAGGAAGAAAGCATCA
GGGAACTGTTAAGAGGAGACAAGAAGAAGACCACTTCCAGTTTCCAGACATGGCTGATGG
GGGCTACCCTAATAAAATTAAGAGGCCTTGCCTTGAAGATGTCACCCTTGCAATGGGCCC
AGGTGCTCATCCTAGTACTGCTTGTGCAGAACTGCAGGTCCCTCCATTGACAATAAATCC
TAGCCCTGCGGCTATGGGAGTGGCTGGCCAGTCATTACTGCTGGAGAATAACCCTATGAA
TGGCAACATCATGGGCTCACCATTTGTAGTACCACAGACTACAGAAGTGGGACTGAAAGG
GCCCACTGTTCCTTACTATGAGAAAATCAACAGCGTGCCGGCTGTAGACCAGGAGCTTCA
AGAGCTGCTAGAGGAGCTCACCAAAATTCAAGACCCTTCTCCAAATGAGCTAGATCTTGA
GAAGATACTGGGGACGAAGCCAGAAGAGCCACTGGTTTTAGATCATCCCCAGGCAACCCT
AAGCACAACTCCCAAGCCTTCGGTTCAGATGTCACACTTGGAGAGCCTGGCTTCCAGCAA
GGAGTTTGCTTCTAGTTGCAGCCAAGTTACTGGCATGTCACTTCAGATCCCATCCTCCTC
CACAGGGATCAGCTATTCGATTCCTTCCACCAGTAAGCAGATAGTGTCACCGAGTTCTTC
AATGGCACAGTCCAAGAGCCAGGTCCAGGCCATGCTCCCTGTCGCTCTGCCCCCCTTACC
AGTGCCTCAGTGGCATCACGCCCACCAGCTGAAGGCGTTGGCAGCCAGCAAGCAGGGGTC
TGCTACAAAGCAGCAAGGGCCCACCCCCAGTTGGTCTGGTCTGCCTCCTCCAGGACTCTC
TCCACCTTACCGCCCAGTGCCATCACCACACCCACCACCGCTGCCACTGCCACCACCACC
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V) BIOMART - Exercises

These exercises have been designed to familiarise you with different
guestions you can answer with this tool, and the types of data you can
retrieve with BioMatrt.

1. Retrieve all SNPs for ‘novel’ human G-protein coupled receptor genes
(GPCRs — Use the InterPro domain ID: IPRO00276) on chromosome 2.

Note: As this is the first exercise we walk you this time through BioMart step-
by-step (but of course you can also try to do this exercise without our help!)

Start a new BioMart session by clicking ‘New’, or go back to the Ensembl
homepage and click on ‘Mine Ensembl with Biomart’ under ‘Ensembl tools’.

Choose the database and the dataset for your query as follows:
- Select ‘Ensembl 49’
- Select ‘Homo sapiens genes (NCBI36)’.

Click on ‘Filters’ at the left. Filter this dataset to select your genes of interest
as follows:

- Expand the ‘REGION’ section at the right by clicking on the ‘+’. Select
‘Chromosome 2'. Click [count] at the top of the panel and note the number of
Ensembl genes on Homo sapiens chromosome 2.

- In the ‘GENE’ section, select ‘Status (gene)’ ‘NOVEL".

- In the ‘PROTEIN’ section, select the second ‘Limit to genes with these family
or domain IDs’ option. Select ‘Interpro ID(s)’ and enter ‘IPR000276’ in the
box. Click [count] again and note that the number of genes is now 1.

Click on ‘Attributes’ (at the left). Select the output for your gene list as
follows:

- Select the ‘SNPs’ Attribute Page.

- In the ‘GENE’ section ‘Ensembl Gene ID’ and ‘Ensembl Transcript ID’ are
selected by default — also select ‘Ensembl Peptide ID and ‘Ensembl Peptide
length’.

- In the ‘GENE ASSOCIATED SNPs’ section ‘Reference ID’ is selected. Also
select ‘Allele’, ‘Peptide location (aa)’, ‘Location in Gene (coding etc)’,
‘Synonymous Status’ and ‘Peptide Shift’.

Note: Clicking on count now will not show an altered number. Attribute
selections should not affect the count (i.e. the number of genes that have
passed the filters).

Click on ‘Results’ (at the top) to obtain the first 10 rows of your table. To

obtain the entire table select ‘View all rows as HTML’ or export a file by
clicking ‘Go’.
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Note that the output for this query gives you one row for each SNP, and if
there are alternative transcripts then SNP data is given for each. This means
that a particular SNP may appear more than once.

Find the coding SNPs, and note that you have information about the effect of
the SNP, and its location within the protein. Synonymous status is ‘yes’ for
silent mutations. Two amino acids will be shown in the ‘Peptide Shift’ column
if there are two alleles on the protein level. The Peptide location (aa),
Synonymous Status and Peptide Shift will all be blank if the SNP is not in a
coding region.

2. Click ‘New’ to start a new query. Retrieve the gene structure (i.e. start and
end coordinates of exons) of the mouse gene ENSMUSG00000042351.

3. Retrieve all human disease genes located between p11.2 and 22 (these
are bands on chromosome 1).

4. The file at http://www.ebi.ac.uk/~xose/Affy _exercise.txt contains a list of
probeset IDs from a microarray experiment using the Affymetrix array HG-
U133 Plus 2.0 (human). Enter the probe list at this url into BioMart to retrieve
the 500 bp upstream of the transcripts matching these probeset IDs.

5. Retrieve the sequences 5kb upstream of all human ‘known’ genes between
D1S2806 and D1S464.

6. Retrieve sequence (including reference ID in the header) of all human
SNPs on chromosome 6, band p25.3, that have an ID from Watson’s genome.
Export both the SNP sequence and 200 bases flanking (adjacent to) it.

7. Retrieve the mouse homologues of Homo sapiens genes CASP1, CASP2,
CASP3, and CASP4. (These are HGNC symbols for the genes).

8. Design your own query!

Answers (BioMart)

1. You should find one novel gene on chromosome 2 with this InterPro
domain. (Note: there can be more than one gene with one InterPro domain).
The result set has one transcript and a total of 264 rows of output (to see this,
change the option from TSV to XLS under ‘Export all results’ and click ‘Go’,
then open in Excel so you don’t have to count the rows manually). The
transcript has 9 coding SNPs (‘Location in Gene’ is ‘coding’), most of which
are non-synonymous (‘Synonymous status’ is ‘no’) and thus affect the amino
acid sequence of the encoded peptide. One allele is a stop codon (*)- can
you find it?

2. Click New. Select: Database and dataset: ‘Ensembl 49’ and ‘Mus
musculus genes (NCBIM36)'.
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Filters: GENE ‘ID list limit Ensembl Gene ID(s)’: enter the mouse gene ID.

Attributes ‘Structures’: select in the EXON panel: ‘Ensembl Exon ID’, ‘Exon
Start’ and ‘Exon End'.

Click ‘Results’.

You should find 8 exons. Follow the link from the Ensembl Gene ID in your
output back to the GeneView page to confirm the BioMart data with the gene
structure displayed on this page.

3. Database and dataset: ‘Ensembl 49’ and ‘Homo sapiens genes (NCBI36)'.
Filters: REGION ‘Chromosome 1’, ‘Band Start p11.2, ‘Band End g22’,
GENE: ‘with Disease Association Only’ (look under ‘ID LIST
FILTERS’)

Attributes: Features: EXTERNAL: select ‘GO ID’ and ‘GO description’ along
with the default options (‘Ensembl Gene ID’ and ‘Transcript ID’).

Results should show 17 Ensembl genes (multiple transcripts and GO terms).
4. Database and dataset: ‘Ensembl 49’ and ‘Homo sapiens genes (NCBI36)'.

Filters: GENE: ‘ID list limit": Affy hg u133 plus 2 ID(s) and enter the list of
probeset IDs.

Attributes: ‘Sequences’ select ‘Flank (Transcript)’, ‘Upstream flank 500’. In
the header, apart from the already default selected options, select
‘Ensembl Transcript ID’.

You should find upstream sequences for the transcripts of 31 genes (Hint:
click ‘count’ to see the number of genes!)

5. Database and dataset: ‘Ensembl 49’ and ‘Homo sapiens genes (NCBI36)'.

Filters: REGION ‘Marker’ Start D1S2806 End D1S464
GENE: ‘Status: KNOWN'.

Attributes ‘Sequences’ and select, apart from the already default selected
options, ‘Flank (Gene)’ and ‘Upstream flank 5000’.

You should find sequences for 26 genes.

When you choose the option ‘Flank (Gene)’ you will see only one upstream
sequence per gene in the output. In the case where a gene has multiple
transcripts, the upstream sequence of the transcript that extends the furthest
at the 5’ end is shown. If you want to export the upstream sequences for each
transcript you should choose the option ‘Flank (Transcript)'.
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‘Known’ genes are Ensembl gene predictions that could be matched to same-
species external database entries (e.g. UniProt/SwissProt) with a high
similarity score (i.e. with BLAST or a similar sequence identity-matching
program)

6. Database: ‘SNP’ and dataset: ‘Homo sapiens SNPs
(dbSNP128;HGVbase 15; TSC 1; ENSEMBL, Affy 100K and 500K arrays)

Filters: REGION: ‘Chromosome 6’, ‘Band p25.3’
GENERAL SNP FILTERS: SNP source: ‘with Ensembl Watson ID(s)’ Only

Attributes ‘Sequences’: SEQUENCES : ‘'SNP sequences’,
‘Upstream flank 200, ‘Downstream flank 200’.
SNP: SNP attributes, deafault is ‘Reference ID'.

You should find 209,168 SNPs.... Beware this is a large dataset. To export it
all, it is best to use the ‘compressed web file (notify by email)’ option.

7. Database: ‘Ensembl 49’ Dataset: Homo sapiens genes (NCBI36)

Filters: GENE: ‘ID list limit HGNC Symbol(s)’. Enter the human HGNC
(HUGO) symbols in the box: CASP1, CASP2, CASP3, and CASP4.

Attributes: Under ‘Homologs’, select in the ‘MOUSE ORTHOLOGS'’ panel
‘Mouse Ensembl Gene ID’ and ‘Mouse External ID’. Also, scroll back
up to the GENE panel. Along with the default options ‘Ensembl gene
ID’ and ‘Transcript ID’ select ‘Description’ (these attributes are for the
starting dataset... i.e. Human.)

Results displays the mouse orthologues of the 4 human CASP genes.
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VI) EVALUATING GENES AND TRANSCRIPTS
(The ‘GeneBuild’)

Main Exercise: Examine the evidence for the FOXH1 gene.

These exercises focus on the FOXH1 gene to demonstrate how the
underlying protein and mRNA used to build an Ensembl gene can be seen. Is
it a well-determined gene...?

1. Display the human FOXH1 gene in GeneView.

Enter FOXHL1 into the text search box at the top of any human Ensembl page.
Take the link to the GeneView page for the Ensembl Gene:
ENSG00000160973.

Q1: What are the external database sources for the gene name and for the
description?

2. Examine the supporting evidence for the FOXH1 gene in ExonView.

Scroll down the GeneView page and have a look at the predicted exon
structures. Note the 5’ and 3'UTRs (untranslated regions). Compare the two
transcripts using this view.

Click on ‘Exon information’ in the left-hand menu to go to ExonView for one of
the transcripts. The bottom section of ExonView shows the supporting
evidence that was used during the Ensembl transcript building process.

Q2: Which databases did the entries come from?

Click on a green box of a supporting evidence entry to see the alignments of
the Ensembl predicted transcript against the supporting evidence.

Optional: Click on the ‘Gene information’ link in the left-hand menu to return to
the GeneView ‘Gene Report’ for FOXH1.

3. Examine other evidence for the FOXH1 gene in ContigView.

Click on the link "Graphical View’ in the left-hand menu. This takes you to
ContigView displaying only the region encompassing the gene. Zoom out by
clicking on the ‘-* button next to the Zoom triangle.

Look at other proteinfmRNA tracks, e.g. Human proteins, Unigene (for all
species), Human cDNAs, and EMBL mRNAs (again across species). These
are proteins/mRNAs that align to the genome in this area. Note that the track
labels are links to the help page. Clicking on a block drawn in the new tracks
brings up a pop-up menu with a link to the database entry. Try some links.
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Condense the Unigene and Protein track as well as the Overview section by
clicking on the ’-* boxes.

Under ‘Decorations’ select ‘Show empty tracks’. This will help you remember
which tracks you have selected. Examine the evidence for the FOXH1 gene in
the new evidence tracks. Are there proteins and mRNAs that align to the
Ensembl prediction?

4. Compare transcript predictions made by other methods.

In the ‘Features’ menu, turn off most of the evidence and make sure Ensembl
genes, Vega Havana and Genscans are turned on.

Look at the Genscan track. Zoom out further.

Q3: How does the Genscan prediction differ from the Ensembl prediction?
Note that this track shows ab initio Genscan predictions, not relying on
supporting evidence.

Q4: What is a Vega Havana transcript?

Use the ‘DAS sources’ menu to turn on tracks showing transcript predictions
from other groups (e.g. NCBI Gnomon). Compare and contrast!

5. Look at the ‘Similarity Matches’ section.

Go to TransView by clicking on the Ensembl transcript FOXH1 and taking the
direct ‘“Transcr.’ link from the pop-up menu.

‘Known’ Ensembl transcripts like this one (shown in red in ContigView) have
been successfully mapped to external database entries such as UniProt or
NCBI EntrezGene entries for the same species. (Note that this mapping is
done after the genes have been built). Novel transcripts may match to mRNA
and protein information in other databases, for an alternate species. Thus a
novel transcript is novel for that species.

Matches to IDs in other databases are shown in the ‘Similarity Matches’
section of TransView (repeated in the ‘Transcript’ section of GeneView).
Have a look at the types of databases linked out to.

Q5: What do the Target and Query % ids indicate? Check the online Help
pages.

Answers (Evaluating Genes and Transcripts).

A1l: Name: HUGO Gene Nomenclature Committee (HGNC). Description:
Uniprot/Swiss-Prot.

A2: Click on the ID number to go to the original database entry. You may
have to scroll down to find the correct entry. The boxes represent the exons,
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the darker green they are, the better the supporting evidence is. Click on a
green box for the alignments with the transcript.

A3: The Genscan transcript prediction shows exons not present in the
Ensembl transcripts for FOXH1 and doesn't predict UTRs. Genscan is an ab
initio predictor, a program run on the sequence alone, without using protein
and mRNA evidence. It has the tendency to overpredict exons.

A4: Havana is a subgroup of VEGA, the Vertebrate Genome Annotation
consortium. Havana transcripts are manually curated (determined on a case-
by-case basis) and are merged with Ensembl predictions if they match up
exactly (leading to golden transcripts). For more, go to these links:

http://www.sanger.ac.uk/HGP/havana/
http://lvega.sanger.ac.uk/index.html

A5: In TransView, under Similarity Matches, Target %ID indicates the
percentage of the Ensembl prediction matching the external sequence
database and Query %ID is the percentage of the external database
sequence matching the Ensembl prediction! Can you find this in the help
pages?
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VII) COMPARATIVE GENOMICS

1. Investigating a protein family.

This exercise focuses on protein families and orthologies, using AIM1, a
cancer-related gene, as an example.

Find the GeneView page for human AIM1, a gene absent in a type of
melanoma. Beware... there is a VEGA gene as well as an Ensembl gene!
Let’'s work with the Ensembl gene for now.

Q1: What is the MIM ID for the AIM1 transcript? Hint... find this in ‘Similarity
Matches’ for one of the transcripts. Click on the MIM ID...

Examine the protein family by taking the link to the associated Protein Family
(the FamilyView page).

Q2: How many human Ensembl genes produce peptides in this family?
Q3: Are they all ‘known’ genes?

Q4: Are there peptides in the same family for mouse (Mus musculus), rat
(Rattus norvegicus) and zebrafish (Danio rerio)?

Q5: Families are calculated using Ensembl peptides along with UniProt
peptides. Can you find on this page where the UniProt peptides in this family
are listed?

2. Genomic alignments and conserved regions

Find the ContigView page for human SNX5.

Q6: In which band is the human SNX5 gene located?

The ‘constrained elements’ track shows the most highly conserved regions
calculated from the 10-way multi-species alignment.

Q7: Do any of these regions fall outside of exons?

Expand the ‘Conservation’ track by clicking on the ‘+’ in front of it. This shows
a score for each basepair based on how conserved it is across the
alignments. Clusters of peaks correspond to the ‘Constrained elements
blocks’ shown above.

Collapse the track if desired. Choose the pairwise alignment with mouse from
the Comparative menu. Selecting the ‘+’ in front of the track will expand the
track so that all alignments on the same mouse chromosome and strand will
be clustered together.
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Q8: On which chromosome(s) and strand(s) are the mouse alignments for
this region?

Turn on the frog (X. tropicalis) pairwise alignment with human, using the
Comparative roll-down menu.

Q9: Are there fewer or more conserved regions between human and frog
when compared with human and mouse? Would you expect an SNX5 frog
gene in this region?

Expand the frog/human alignment track by clicking on the ‘+’ in front of it.
There are several overlapping regions; this region in human aligns to several
scaffolds in the frog assembly. This could be a result of the frog sequence not
being completely finished (i.e. overlapping sequence blocks, or ‘scaffolds’
have not yet been aligned into one continuous frog genome sequence). Click
on an exon in the second, long cluster of frog alignments. ‘Jump to Xenopus
troplicalis’ to view ContigView for frog. Can you see the snx5 gene there?

3. Examine the syntenic regions

Syntenic regions in Ensembl are calculated from the pairwise alignments
(whole genome alignments between two species) and correspond to long
regions (100 kb or more) that have high sequence similarity. Gene order is
expected to be conserved in these regions. Two pages are available to view
these regions: SyntenyView and CytoView.

To go to SyntenyView, where two species may be compared, start by finding
the ContigView page for human Myosin VI.

Click on ‘View syntenic regions with... Mus musculus’, a link at the left hand
side of the page.

Q10: How many mouse chromosomes show syntenic regions with human
chromosome 67?

Q11: Is there a mouse homologue to human Myosin VI? Can you see this
without leaving the SyntenyView page?

Gene order is conserved in human and mouse for this syntenic region.
Comparing homologous genes across both species can show where gene
loss may have occurred.

Q12: Is there a human gene in this list without a mouse homologue?

Click on ‘MultiContigView’ next to ‘Myo6’ in mouse to reach a comparison of
the human and mouse chromosomes in this region.
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Q13: What does the vertical blue line connecting the lowest panels show?

Q14: The Myosin VI genes are golden in human and mouse. What does the
colour signify?

Syntenic regions may also be viewed in the CytoView page. Take the
‘Graphical overview’ link at the left to go to CytoView. Turn on syntenic
regions with mouse and opossum using the ‘Comparative’ roll-down menu.
Click on the red and green lines in the ‘Mouse’ and ‘Opossum’ tracks to see
which base pairs and chromosome strand are syntenic to human in this
region.

The ‘View alongside...” link at the left will take you back to MultiContigView.
Instead, take the ‘View alignment with...’ link and choose ‘Mus musculus’.
This will bring you to the ‘AlignSliceView’ page, where again, human and
mouse chromosomes can be compared side-by-side. However, as
MultiContigView shows the chromosomes as they are, AlignSliceView
shows the alignment, and the genomic assembly may be altered (gaps
introduced) to fit the alignment in this view. Read the ‘Help’ page to
understand the view.

Select the ‘10 amniota vertebrates’ in the ‘Comparative’ roll-down menu.

Q15: Is there a gene in this aligned region across the ten species?

Answers (Comparative Genomics)

Main Exercise (1)

A1l: Find this in the GeneView page. Make sure the ID at the top is
ENSG00000112297. The MIM ID (corresponding to the entry on the ‘Online
Mendelian Inheritance in Man database) is 601797, found in the ‘Similarity
Matches’ section of the GeneView page. (See the report for the second,
AIM1, transcript).

A2: The Family ID is ENSFO0000000036 (‘Unknown’, as there is no
consensus name for all peptides involved). Under the link to FamilyView (this
ID) it indicates that 80 human Ensembl genes belong to the family.

A3: They are all “Known” protein-encoding Ensembl genes (all genes have a
name; none are ‘novel’). Take the link to ‘FamilyView’ to see this.

A4: Yes. Scroll down the ‘FamilyView’ page to find the peptide lists for other
species.
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A5: In the ‘Other peptides in Family ENSF..." section, just under the gene
names and karyotype, the UniProt identifiers clustered into this family are
listed.

A6: Band p11.23, chromosome 20 (hint: go to ContigView)

A7: Yes. This track is turned on by default- if not, switch it on in the
‘Comparative’ roll-down menu under ‘Constrained elements’. Looking at the
visual display in Detailed view, most of the conserved blocks line up with
exons (if you are unsure, zoom in.) Clicking on a conserved element shows
its precise location across the genomes aligned. There are some conserved
elements near the 3’ end of the gene that fall outside of exons (especially in
the long intron of the SNX5 transcript). Could these be important regulatory
regions? Hint... turn on ncRNA (non-coding RNAS) in the Features menu.

A8: All are on chromosome 2, forward strand. In the expanded format, i.e. a
(-) is found next to the track, all alignments appear grouped together on one
line, indicating they are on the same chromosome and strand. Click on a
block to find this is chromosome 2, forward strand.

A9: Fewer. You would expect a gene, because the conserved regions with
frog line up to the human SNX5 exons, supporting a hypothesis in which those
exons have been conserved across time in frog as well as in human. Thus,
they are probably part of an expressed protein.

A10: 7 chromosomes in mouse are shown in SyntenyView. These are the
chromosomes that share syntenic blocks with human chromosome 6.

All: The homologues are listed at the right of the page. Mouse Myo6 is a
homologue of human Myo6. It is on chromosome 9 at position 80.01 Mb in
mouse.)

Al12: Q9H3AS8 is a human gene without a partner in the mouse homologue
list. Perhaps the mouse gene has simply not yet been annotated by Ensembl,
or perhaps, over time, gene loss occurred at that locus in the mouse. Oir,
perhaps the human gene prediction is faulty! More investigation would be
needed to determine the cause of the missing homologue.

A13: The vertical blue line in the lowest, ‘Detailed View’ panel connects
homologous genes across, in this case, human and mouse. Remember
homologues are determined using the longest translation of a gene only.

Al4: A golden gene has at least one transcript that is identical to (and merged
with) a transcript determined by manual curation (the Havana team).

A15: Yes, a gene is present in these aligned regions for all species. Some
exons align well, indicating they could be homologues.
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VIII) VARIATIONS

These exercises focus on SNPs (Single Nucleotide Polymorphisms) in
Ensembl. Most of these are downloaded from dbSNP and placed along the
sequence assembly using flanking sequence to the SNP to match it.

1. Display all SNPs for a region.
This exercises focuses on SNPs in the ContigView page.

Go to the ContigView page displaying Human chromosome 7: bp
116124438-116129149. Turn on SNPs.

Q1: Are there non-synonymous coding SNPs in the gene? (Remember, non-
synonymous SNPs change the amino acid sequence).

You can see information about a SNP by clicking on it. Click on a non-
synonymous SNP and follow the link ‘SNP properties’ to its SNPView page.

In the SNPView page, click on * SNPs in gene context’ at the right of the
second panel. You will be taken to the GeneSNPView page, where you can
see all the SNPs for the MET gene. Under ‘SNP type’ roll-down menu in the
GeneSNPView page, select only ‘non-synonymous’.

2. Display SNPs linked to a disease within the transcript sequence.

Starting with disease-causing SNPs, how can we view them within the
sequence? Hint... focus on the TransView page.

In the article “Screening of the delta-F508 mutation and analysis of two single
nucleotide polymorphisms of the CFTR gene in a sample of the general
population of Valparaiso, Chile” by L.A. Vera et al.” (Rev Med Chil 2005,
133:767-775.) the SNPs leading to peptide alleles M470V and T854T are
studied.

Q2: Find these two SNPs in the TransView and GeneSNPView pages. Note,
the positions refer to numbers in the amino acid sequence.

3. Display all SNPs for one gene.

Retrieve all the validated SNPs associated with the human CFTR gene as
follows. Display only validated SNPs in the ‘GeneSNPView’ page used in
question 2.

Now use BioMart to ask how many of these validated SNPs are coding.

Q3: How many validated SNPs are in the coding region of CFTR?
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Answers (Variations)

A1l: Click on the ‘human’ icon on the Ensembl homepage. Enter the
chromosome number and region in base pairs under the karyotype. This
should take you to ContigView. You may have to turn on the ‘SNPs’ track
from the ‘Features’ drop-down menu on top of ‘Detailed View'.

SNPs should now be shown as vertical lines of different colours along the
chromosome. The SNP legend is shown at the bottom of the panel. This
region contains one exon from the ‘MET’ gene. There are a few non-
synonymous coding SNPs (shown in yellow) in this region.

A2: Perform a text search for ‘CFTR’ in human. This should lead you to
ENSG00000001626. Go to the GeneView page and then the TransView
page by clicking on ‘transcript information’ on the left hand navigation column.
At the bottom of the transcript sequence are panels for customisation of the
display. By selecting the options ‘Exons, Codons, Translations and SNPs’
and ‘Number residues: yes’ you can display the SNPs in the transcript
sequence. Alleles and alternative codons are shown by pointing your mouse
over the nucleotide and amino acid residues, respectively. M470V is shown
as a red 'V’ at position 470 in the peptide sequence (the second line of
numbering in the sequence).

Continue on to the GeneSNPView page for this gene by clicking ‘Gene
variation info.” in the side menu.

The two SNPs are displayed in the ‘SNPs and variations’ figure and the
‘Variations and consequences’ table. In the figure, M470V is shown as ‘V/M’ in
yellow (as it is a non-synonymous coding SNPs). T854T is shown as ‘T’ in
green, as it is a synonymous coding SNP. The diagram only shows bp
positions, so it could be easier to find the two allelic changes in the table.

Note that you can use the ‘SNP class’ and ‘SNP type’ drop-down menus in the
figure to configure (simplify) both figure and table by choosing only to see
coding SNPs.

A3: Validated SNPs have been checked after submission to determine if they
are SNPs or mutations. The validation status comes from NCBI, and
explanation to the validation terms can be found in the ‘Help’ to SNP-based
pages.

To view only validated SNPs, configure the ‘Validation’ roll-down menu in the
GeneSNPView page by deselecting ‘no information’ and closing the menu.
Now only validated SNPs are shown. How many are coding? Deselect,
under the ‘SNP type’ roll-down menu in this page, upstream, downstream,
UTR, intronic and intergenic SNPs. Close the menu. The display and table
will be simplified. Count 14 coding SNPs that have been validated.
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Go to BioMart. Select the SNP database and Homo sapiens SNPs. In
Filters, expand the ‘GENERAL SNP FILTERS’ section. Select ‘SNPs that
have been validated’ (Only). In the ‘GENE ASSOCIATED SNP FILTERS’
section, enter the Ensembl Gene ID ENSG00000001626. Select ‘Ensembl
Gene Location’ as ‘Coding Only’.

‘Count’ gives you 14 validated, coding SNPs.
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IX) TYING IT TOGETHER — CASE STUDIES
(using Ensembl comprehensively)

Consider the following case studies. The answers to these questions tie
together pages and tools on the Ensembl site.

1) I work on non-coding RNA genes such as snoRNA (small nucleolar RNA)
and miRNA. Are there any on mouse chromosome 1 (of any type),
and where are they? How many are there (use BioMart). Could | view
them graphically?

2) Many regulatory factors appear in the 5’UTR, and | am interested in
searching for them using motif-scanning tools. How would | obtain the
5'UTR or upstream region in the IRX4 gene in human? What can |
learn about the UTR and upstream regions using ContigView?

3) (Using DAS): We have determined two SNPs in the lab not found in
Ensembl. We have not yet submitted to dbSNP, but can we just
display these SNPs on our computer in Ensembl? Here is some
information about the SNPs:

Names: 1 and 2
Positions: both on chromosome 3 (mouse)
base pairs: 75305500 and 75450001
Type and subtype are both ‘a’ (internal lab naming convention)
Phase is 0, Score is 100.

Hint: start from ContigView for mouse chromosome 3: 75300000 - 75500000

4) 1 would like to export the gene structure of zfish ‘pp2ca2’ in GFF format (I
will use a program that requires data in this format).
(Find out more about the GFF format here)
http://lwww.sanger.ac.uk/Software/formats/GFF/GFF_Spec.shtml

Case Studies: Answers

1) Using BioMart to find all the RNA genes will take 2 queries as the
filters only allow a subset of ncRNA types to be selected. There are
192 total RNA genes on chromosome 1. You need only select the
filers, then click ‘count’ to see how many genes there are.

From the result table, follow the link to one of these genes into the
Ensembl browser (for example, ENSMUSG00000070103).
Alternatively, go to ‘ContigView’ for a region on chromosome land
select, in the ‘features’ menu, ‘ncRNA'’ to visualise the Ensembl
NcRNAs in the chromosome. Also, select ‘rFAM’ to select RNAs
predicted by this program. You can also select tRNA, miRNA, and
other options.
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2) Step 1: Exporting UTR sequence. Export the UTR information by
clicking ‘Export gene data’ at the left of the GeneView, TransView, or
other page and then selecting ‘5’ or 3' UTR’ in the next window to
export the sequence.

Alternatively, use BioMart to export the 5’ and 3’ UTRs.

Step 2: Visual display and comparison of promoter elements.
What can you learn about the upstream regions of this genein
ContigView? Use the features menu and conserved tracks.

In ContigView (the ‘graphical view’ link) select ‘CTCF’ for CTCF
binding sites (click the blue ‘Help’ if you are unsure of what this is),
CpG islands, and motifs in the CisSRED/miRANDA database’ for
sequences associated with regulatory regions. For genes that have no
UTR annotated, it can be helpful to select “Eponine’ (a program that
predicts transcription start sites) under the ‘Features’ menu. Also, in
the Comparative menu, select alignments such as ‘10 amniota
vertebrates’. Constrained elements show the highest sequence
similarity for the alignment.

3) HINT: Upload as a DAS source from ContigView.
Go to ContigView encompassing this region in mouse, then select
‘DAS Sources’ from the roll-down menu above the detailed-view panel
and ‘Manage Sources’. Next, click on ‘Upload your data’ in the new
window (at the left). Read the instructions by clicking on the link at the
top of the page (especially the ‘formatted correctly’ link.) Enter in your
email and a NON-SECURE password, then paste your data according
to the format described in the link. (Note: columns must be separated
by tabs, NOT SPACES! This will require making the data columns in
another program such as Notepad).

Once the data is entered, click ‘Next’ and select ContigView (note you
can select more than one page). Click ‘Next’ again, name the track if
you’'d like, and click ‘Finish’. Once you reach the DAS sources list (end
page) ‘Close window’ to refresh ContigView... a new track should be
displayed, along with SNPs 1 and 2!

Here is the correct format for the SNP information given in the
guestion:
http://www.ebi.ac.uk/~gspudich/workshop presentations/snp example.txt

Note: you can deselect your track under the ‘DAS sources’ menu of
ContigView.

4) To export in GFF format: Select ‘export gene data’ at the left of the
GeneView page and select GFF under ‘Output format’. Or, export the
chromosome and base pair start and stop of the exons using the
‘structures’ attribute page in BioMart. Select GFF format under
‘Display rows as GFF’ and click ‘Go’ to export the file.
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