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Workshop Outline

e [ntroduction to the Ensembl project

e Hands-on worked examples

e Data mining with BioMart

e (Genome annotation, genes and transcripts
e Comparative genomics and proteomics

e Genetic Variation

e Time for your research
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Ensembl Genome Browser

Background to Genomes and
Introduction to the Ensembl Project
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Exploring Genomes

 Browse genes in genomic context
e Display features in and around a particular gene
e Explore larger chromosome regions

e Search and retrieve information on a gene- and genome-
scale

e |nvestigate genome organization
e« Compare genomes
* Understand vertebrate evolution
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Mapping and Sequencing of the Human Genome
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Genome Sequence Assembly
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Human

GRC Home

Overview

Human Genome Overview

Information concerning continuing improvement of the human genome.
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alternate loci

GRCh3T7: A graphical representation of the latest human assembly. The
genome is colored with respect to the genomic component used to build
the genome assembly at that location. The red triangles mark regions
where alternate loci have been provided.

Genome Reference Consortium

The most recent assembly for human is
GRCh37 ( download the assembly ).
This is the first assembly produced by
the GRC and is considered the next
version of NCBI Build 36 (also known
as hg18). Improvements in this
assembly include:

Closure of 25 unspanned gaps
found in Build 36

Resolution of over 150 issues
reported as problems in Build 36
Addition of alternate loci for three
complex regions, including the
MHC region.

of AGPs, I
the addition of biological gap
information.

GRCh37 is a haplocid

assembly, constructed from multiple

individuals and can be divided into a * primary assembly * and a set of * alternate loci". The primary assembly
represents the assembled chromosomes, plus any unlocalized or unplaced sequence that represent the
non-redundant, haploid assembly.The alternate loci represent regions for which there is large scale variation and
an alternate tilng path is available for this region. An example of such a region can be found at chromosome
17g21.31, often known as the MAPT locus. This region was described as carrying an inversion polymorphism
(PMID: 15654335 ) and has been associated with various phenotypes ( PMID: 16718704 ; PMID: 18628315 ). The
version of this region in Build 36 was actually a mosaic of both haplotypes (as tracked in HG-77) and has been
resolved in GRCh37 thanks to data described in Zody et al., 2008 ( PMID: 19165922 ).

Information on alternate loci

Number of alternate contigs

UGT28B17 region

(chr4:69,170,077-69,877,175) 1000

1 contig

In region

MHC region (chré:

28,477,797-33,448,354) 4870568 B0

7 contigs

MAPT region (chr17:

43,384,864-44,913,631) 1,528,768 bp

1 contig

References relevant to the genome assembly
Adaptive evolution of UGT2817 copy-number variation (Xue et al., 2008)

Evolutionary toggling of MAPT 17q21.31 inversion region (Zody et al., 2008)

Closing gaps in the human genome using sequencing by synthesis (Garber et al., 2009)

GRC News and Updates

GRCh37 is now available in Map Viewer
Fri, 14 Aug 2009

NCBI has annotated and released the latest
version of the public human genome
assembly (GRCh37).

GRCh37 now available at Ensembl
Fri, 14 Aug 2009

Ensembl has annotated and released the
latest version of the public human genome
assembly (GRCh37). This is available as
part of Ensembl release 55.

see all

Recently Resolved Human Issues

Human (HG-333) Aug14, 2009

This ticket is the same as

ticket number HG-426 in which the
reference contains and extra C. The
accession AC027220.9 was updated to
accession AC027220.10 in NCBI and the
extra C at bp position 63,704,670 was
removed. The reference will now match the
mRNA.

Human (HG-426)

The sequence was fixed by

MIT, but was not uploaded to Genbank for
Build 36. Build 37 should refiect the correct
sequence.

Aug14, 2009

see all

References

'Whole Genome Papers

The HGP Reference Assembly

The Venter Genome Assembly
Human Chromosome Papers
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1200 base pairs out of 3,000,000,000...

GCCCCTACAGGCCCCACCCACGACGCTGGCGAGGGATCGGGCGGTCACCGGGAATCGTCT
TAATGCGCGGCAAGGCGCGGGCCTCTCCCTCTCCGCCCGTGAGCCCCGGTGGGAGCGCGC
CGGCGCCCAACTCAAGCGAAACCGCGGGCGTCCCGCCLCCGLCLCCGGLCCGLGLLCCGLCTCG
CCTCACGCTAGACTGGGGAGGCGGGACCAATCAGCGAGCGACGTCTCCCTTCCGATTCGA
GGCCCCCGATGCGCGGCTCACACCCCGAGCTTCCCTCGTGCTGATTGGCTGCGGGCGCCG
CCGGTCCGGCCGGGAGGCGGGGCGGGCCGTAGGCAAAGGGAGGTGGGGAGGCGGTGGCCG
GCGACTCCCCGCGCCCCGCTCGCCCCCCGGCCCTTCCCGCGGTGCTCGGCCTCGTTCCTT
TCCTCCTCCGCTCCCTCCGTCTTCCATACCCGCCCCGCGCGGCTTTCGGCCGGCGTGCCT
CGCGCCCTAACGGGCGGCTGGAGGCGCCAATCAGCGGGCGGCAGGGTGCCAGCCCCGGGG
CTGCGCCGGCGAATCGGCGGGGCCCGCGGCCCAGGGTGGCAGGCGGGTCTACCCGCGLCGG
CCGCGGCGGCGGAGAAGCAGCTCGCCAGCCAGCAGCCCGCCAGCCGCCGGGAGGTGGGTG
CGTGGCGCCGCGGCGGCCGGCGGCCGAGGGCGGAGGGCGGAAGCGGAGGTGGGCTGGCGG
GGGAGGGCGCGGCCGTGCGGGCGGCCGGTAGGGCTGCGGGCGCGCGCCTGAGGGGAGGAG
GGGCAGCGCGGGCGCGCGCGTCCTCACCCCCTCCTTCCCCGCGGGCGGCGGCCAGGCTCC
CTCCCCTCCCCTTCCCTCTCCTCCCCTCCCCTCCCCTCTCTTCCCCTACCCTCCCGCGCG
CCCGGGCCGCCGGCCGGGCCLCGGGCCTGGGEGGECGGEGGCGGGAAGACGGCGGCCGGGAGTG
TTTTCAGTTCCGCCTCCAATCGCCCATTCCCCTCTTCCCCTCCCAGCCCCCTCCATCCCA
TCGGAAGAGGAAGGAACAAAAGGTCCCGGACCCCCCGGATCTGACGGGGCGGGACCTGGC
GCCACCTTGCAGGTAAAGCCTGGGCGCCCGCGGGCCTCCAGCTAGGGAAGTGTTTGCGTG
CGTCCGCGGCCGGGGCGATGGGCCGTGTCACATGGCCGCTGCGGGTGGGGGCTGGGGTGT
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Basic Genome Annotation

 (Genes
 Genomic location

Gene model structures
 Exons

* |ntrons

 UTRs

Transcripts

e Protein-coding

e Pseudo-transcripts

* non-coding RNA
Proteins

Links to other sources of information

”aﬁger e , EMBL-EBI



Advanced Genome Annotation

e (Cytogenetic bands
* Polymorphic markers
e Sequence Tagged Sites (STS)

e (Genetic variation

e Single Nucleotide Polymorphisms (SNPs)
e Deletion-Insertion Polymorphisms (DIPs)
e Short Tandem Repeats (STRs)

* Repetitive sequences

e Expressed Sequence Tags (ESTs)

e cDNAs or mRNAs from related species
 EXxpression array probe set mapping




Modern Genome Annotation

 Comparative Genomics
e Sequence homology
» Conservation scores
* Multiple sequence alignments

e Functional Genomics
e Paired-end tags (PET)
e Cap analysis gene expression (CAGE) tags
e ChIP on CHIP or ChIP Seq data

Histone modifications
Transcription factor binding sites
DNAse | hypersensitivity sites
DNA methylation

e Structural genome variation
o Copy number variations (CNVs)

¢ wellcome trust ,
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Species in Ensem

Home > Help & Documentation

Help & Documentation

[~ Alphabetical List of Pages

- Using this website

~ Help

~ Tutorials

I~ Glossary

~ What's New

~ Archives

- Accessing Ensembl Dat

~ Introduction to data ac

~ Exporting data via web

~ Accessing Ensembl dati

~ Public MySQL Server

~ How Ensembl uses DAS

BioMart

~ FTP Download

- Amazon AWS
D

PhyloWidget Full

File View Tree Search:

HOMG Sapiens
Fan trogladytes
Gonlla gonilla
PIrge Qygmaess
Macaca mulatta
#apia hamacyas
Colabuas guereza

gatus
Callithrix jacchus
Callicedus molech
M.creceaus munnus
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3QUS CUniCLiUS
QOcaetona praceps
Spermepnilus tridecenyineatys
Mus mustulus
Rattus rovegicus
Lipadomyys ordil
a porcelius

Bas taurus
‘é Tursiogs sruncatus

Viougna pecas
5Lz scrafs
Cans far
Felis catus
L quas caballus
_Er-lvo::s ILcifugas
FLETDUS vamayrus
Efinaceus eLropasus
Sotex araneus

Frocava capensis
E(:mxxr ta a'ricana
s as telfair

b

Canlcepus noffmanni
Doy pLs noveTcl
Marade shis comest
Omaharbyachys anatinus
Gallus gaus
Taerionyg 2 guttats
troaicalis
Tetra Vgro idis
Takifugu rubripes
Oryzas latines
Gasterasieus acu eatus
Danio rerig
Cigra savignyi
Ciara irkestinans

Aedes acgypt
Culex quinguefasciatys
rr‘——:dh‘nal:heles Zbiae
Dre: nila melarogaster

L anismelifers

Caenarhabe 1s elegans
Sacchaa S Corevisiae
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Gene Annotation
~ Microarray Probeset Ma
- Comparative Genomics
~ Regulatory Build
APl Documentation
~ DAS (Distributed Annot
~ Web code
= About Ensembl
~ About the Ensembl Pro,
~ Species List
~ Release Cycle
~ Mirror sites
- Scientific Publications
~ Outreach
- Contact Us
~ Job Vacancies
Software Licence
~ Legal Notices
Acknowledgements
~ Projects using Ensembl

Find a Species

Species tree (Requires Java).

Ensembl Species

Aedes
Aedes aegypti

Alpaca
Vicugna pacos

Anole Lizard
Anolis carolinensis
Anopheles
<~ Anopheles gambiae

e« Armadillo
Dasypus novemcinctus
N 4 Bushbaby
sl Otolemur garnettii

” Caenorhabditis elegans

. Ciona intestinalis

u Ciona savignyi
" Cat
, Felis catus
Chicken
* Gallus gallus
Chimpanzee
Pan troglodytes
. » Cow
5 Bos taurus
};‘ Dog
O M| Canis familiaris
Dolphin
Tursiops truncatus

Elephant
§ Loxodonta africana

Fruitfly
Drosophila melanogaster

Other Metazoa

Additional metazoan genomes (initially
insect vectors and nematodes) will
shortly be available from
EnsemblMetazoa

Ensembl release 53 - Mar 2009 © WTSI / EBI

Permanent link

Login / Register | BLAST/BLAT | BioMart | Docs & FAQs

[ Gorilla
Gorilla gorilla

Guinea Pig
Cavia porcellus

Hedgehog
Erinaceus europaeus

Horse
Equus caballus

[ ﬁ- Human )

[l | Homo sapiens

B Hyrax

Procavia capensis
Kangaroo rat
Dipodomys ordii

Lamprey (preview - assembly

only)
Petromyzon marinus

Lesser hedgehog tenrec

o Echinops telfairi
Y Macaque
Macaca mulatta
- Medaka
- Oryzias latipes

Megabat
Pteropus vampyrus

Microbat
\ Myotis lucifugus

Mouse
= Mus musculus

Mouse Lemur
Microcebus murinus

Opossum
Monodelphis domestica
[l Orangutan
~ Pongo pygmaeus

Plants and Fungi

Ensembl currently includes Brewer's
Yeast, Saccharomyces cerevisiae, for
comparative purposes.

A wider range of plant and fungal
genomes will soon be available from
EnsemblPlants and EnsemblFungi

, Pig (preview - assembly only)
Sus scrofa

Pika
bl Ochotona princeps

Platypus
Ornithorhynchus anatinus

Rabbit
Oryctolagus cuniculus

Rat
Rattus norvegicus

Saccharomyces cerevisiae

P Shrew

' @ Sorex araneus
Sloth
Choloepus hoffmanni

Squirrel
Spermophilus tridecemlineatus

Stickleback
Gasterosteus aculeatus

Tarsier
» P 3
§ Tarsius syrichta

Tetraodon
=~ Tetraodon nigroviridis

Tree Shrew

Tupaia belangeri
l‘ Xenopus tropicalis
| Zebra Finch
Taeniopygia guttata

Zebrafish
Danio rerio

Protists, Bacteria and
Archaea

Unicellular and non-eukaryotic genomes
will soon be available from
EnsemblProtists and Enser ia

About Ensembl | Contact Us | Help
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Ensembl - Project Aims

 Funded to provide metazoan genomes to the world
e Aims to provide automated genome annotation system
e Graphical representation of complex data sets

e Large-scale data export tools
o All software, data and results freely available

e, EMBL-EBI




Ensembl - Project Background

Joint project between
e European Bioinformatics Institute
* Wellcome Trust Sanger Institute

e Group of ca 40 people led by Paul Flicek (EBI) and
Steve Searle (WTSI)

 Ensembl strategy committee: Ewan Birney (EBI),
Tim Hubbard (WTSI) and Richard Durbin (WTSI)

e Mainly Wellcome Trust funded

« Additional EMBL, EU, BBSRC and
NIH-NIAID funding

EMBL-EBI




Ensembl Team

D80O-D806 Nucleic Acids Research, 2011, Vol. 39, Database issue Published online 2 November 2010
doi:10.1093 nar gk ql064

Ensembl 2011
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Received October 7, 2010; Accepted October 13, 2010
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The Ensembl System

e Scalable database system for storing genomic data and
annotation

e Automatic annotation method based on a rule set of
heuristics

e Public web interface for genome annotation display
Ensembl Genome Browser

e, EMBL-EBI




Biological Evidence

All Ensembl gene predictions are based on experimental
evidence

e UniProtKB/Swiss-Prot

A manually curated database and therefore of highest accuracy
 NCBI RefSeq

A partially manually curated database
e UniProtKB/TrEMBL

Automatically annotated translations of EMBL coding sequence
(CDS) features
o European Nucleotide Archive (ENA)

Comprehensive set of nucleotide sequences owned by original
submitters

International Nucleotide Sequence Database Collaboration
GenBank (NCBI) and DDBJ (Japan)

Blsanger e!




Human Proteins Other Proteins Human cDNAs Human ESTs

@

Genewise Aligned Aligned
genes cDNAs ESTs

Genewise genes

with UTRs < Cluster Merge Cluster Merge
Supp(zr;«:icci,::nmltlo Gene Builder
y
P;eélnn;lrsl::y cDNA genes
Gene
ombiner
y

Final set bseudogenes Core Ensembl Ensembl
+ pseudogenes g genes EST genes
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Non-redundant Set of Alternatively Spliced Transcripts

105.31 Kb Forward strand pme—
118.05 Kb Forward strand jme—
43.61 Mb 43.65 Mb 43.67 Mb 43.68 Mb 43.71 Mb
Cortigs <AC120340.5.1.183055
} —
<SMAD2-201
Known pratein coding Ensembl gene
} —
EnsemblMHavana gene <SMAD2-202
Known pratein coding Ensembl/Havana merge transcript
— } —
<SMAD2-001
Known pratein cod rg_EnsembI/Havana merge transcript
4361 Mb BE My 3E5Mb 4367 Mb 360 My B71Mb
—=at Reversestrand 118.05 Kb {
— A T Ly
< Q7Z5E4 < NP_001003652.1
Protein coding Protein coding
—1
< NP_005892.1
Protein coding
—1
< Q15796-2
Protein coding
< NP_001129409.1 E
Protein coding
et A = g
< Q15796-1
Protein coding
UniProtKB prot.
EMBL vertebrate c... \ | || | i i | [ X =
! ‘ ' "
Unigene EST cluster ‘ I ? » : ;
! ; jF
1 | . : !
45.36 Mb. 45.37 Mb 45.38 Mb 45.39 Mb 45.40 Mb 45.41 Mb 45.42 Mb 45.43 Mb 45.44 Mb 45.45 Mb 45.4
—=mReverse strand 105.31 Kb i
Gene Legend I Protein coding

There are currently 71 tracks tumed off.
Ensembl Homo sapiensversion 53.37 (GRCh37) Chromosome 18: 45,356,286 - 45,461,598
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Ensembl Transcripts

Ensembl genes or transcripts
* An automatically annotated gene set
e Havana genes or transcripts
A manually curated gene set
 Ensembl — Havana merged transcripts
e Coding sequence and exon boundary overlap
 Known genes or transcripts
e Based on species-specific evidence
 Novel genes or transcripts
* Inferred from closely related species
e« EST genes or transcripts
e Predicted on the basis of EST evidence
e GENSCAN or SNAP transcripts
e Based on ab initio transcript model predictors

¢ wellcome trust ,
Blsanger e,
institute .



Ensembl - Open Source

e Data and Software freely-available

e Developer community of about 300 people, including
companies

e QOver 50 Ensembl installs worldwide

o Official Mirrors
e http://uswest.ensembl.org/
e http://ensembl.genomics.org.cn/

e Other species and data sets
e Arabidopsis (NASC, UK)
« CADRE (Manchester, UK)
o Gramene (CSHL, US)
e Fugu (ICMB, SG)
e Ciona (Temasek, SG)

”aﬁger e! EMBL-EBI



Access for Laboratory-Based Scientists

 Focussed on one or a few related genes

e Access mainly via the web site

 Web site designed for non-programming, not that genome
aware biologists

Basic annotation is simple to find

Consistency of layout, colour schema and information

Integrated genome browser supporting several species

Simple feature and sequence retrieval

"ariger e! EMBL-EBI :: &



The Ensembl Web Site

e “Public face” of Ensembl
» Contact point for the Ensembl project
e Visual display of Ensembl genome annotation data
e Graphical, intuitive displays aimed at biologists
 Web-based tools
* Sequence similarity searches (BLAST and BLAT)
e Variant Effect Predictor
e A framework to integrate user data
e Simple data upload: GFF, GTF, BED, PSL, now BAM
e Distributed Annotation System (DAS) and DAS Registry
e Local data integration via Plug-Ins, Registry and Adaptors
Local site installation
* Free, open-source, supported

Blsanger e!




Distributed Annotation System (DAS)

; 115.69 Kb Ferward strand -—
45.35 Mb 45.36 Mb 45.37 Mb 45.38 Mb 45.39 Mb 45.40 Mb 45.41 Mb 45.42 Mb 45.43 Mb 45.44 Mb 45.45 Mb 45.46 Mb
Chromosome bands | q21.1 |
GAM_Human_58
Contigs < AC120349.5
EnsemblMHavana g... R e i i i
— ¥ —
< SMAD2-201
protein coding
T § —
< SMAD2-202
protein coding
CCDS set | SIS | SR S L S B B S —e |
Human RefSeq/EM... b [ H q
GAM_Human_58 n e — 1 i L
- - Hs617511 Sp 3 796 1AD2_HUMAN Hs541043
Hs541044
45.35 Mb 45.36 Mb 45.37 Mb 45.38 Mb 45.39 Mb 45.40 Mb 45.41 Mb 45.42 Mb 45.43 Mb 45.44 Mb 45.45 Mb 45.46 Mb
—=a(Reverse strand 115.69 Kb i
Gene Legend B protein coding i merged EnsemblHavana
I CCDS set

There are currently 306 trackstumed off.
Enszmbl Homo sapiensversion 60.37e (GRCh37) Chromosome 18: 45,349,872 - 45,465,565
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Web Access to Genome Annotation

e Current Release
e Fully annotated genomes
 Complete integration (Comparative Genomics, BioMart)
e http://www.ensembl.org/
 Pre-Release
e Preliminary data sets for new assemblies
e http://pre.ensembl.org/
e Archives
e Previous releases
e Serve as reference points for publications
o Kept for at least two years
e http://archive.ensembl.org/

e, EMBL-EBI




Access for Mid-Scale Groups

 Work with 50 to 1,000 genes, genome regions, expression
data
e Little in-house programming
e Some web views particularly designed for this group
e BioMart focuses on this group

e, EMBL-EBI




Exporting Data Subsets

e Genome Browser Export Dialogue
* Region-focused

« EMBL, GenBank annotated flat files
(transcripts, variation, repetitive DNA elements ...)

« FASTA simple sequence export (sequence only format)

 GFF annotation export (annotation only format)

e Images from graphical displays in PNG, SVG or PDF format
e BioMart

e Feature-focused

 Mix and match queries

e “Instant” refresh of selected set

e Flexible output to HTML table, FASTA, CSV, TSV, Excel ...

e All Ensembl genes on chromosome 5 in GTF format, etc...

¢ wellcome trust ,
Blsanger e
institute ®



Access for Large-Scale Groups

e Full use of the genome, experienced bioinformaticians
e Complete openness of Ensembl

e Open data

e Open software

* Open MySQL server on the internet

* Expect everything to be portable

e Participate in standards and adopt other standards (DAS,
UCSC upload)

institute
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Advanced Access to Genome Annotation

e FTP site
o ftp://ftp.ensembl.org/

FASTA files for mMRNAs, ncRNAs, and proteins

EMBL and GenBank files of annotated genome sequence
slices

SQL table dumps
Gene Transfer Format (GTF) annotated gene sets

 MySQL interface

http://www.ensembl.org/info/data/mysql.htm|

* ensembldb.ensembl.org
e Perl API

http://www.ensembl.org/info/docs/api/

Amazon Web Services

http://aws.amazon.com/publicdatasets/

e, EMBL-EBI




Low-Level Exporting

e Direct database access at “ensembldb.ensembl.org”
« MySQL client program

e« UNIX® and Linux®

e Client and server software
http://dev.mysqgl.com/downloads/mysql/

e Windows®

 WinMySQL 1.1 (graphical user interface)
http://www.winmysqgl.com/download/wmysr11.zip

s"ariger e, EMBL-EBI




Database Schema

? coord_system_id INT(10)

© spedies_id INT(10)

 name VARCHAR(40) i

> version VARCHAR(255) ! seq_region_id INT(10)

 rank INT » name VARCHAR(40)

O attrib SET(...) @ coord_system_id INT(10)
& length INT(10)

7 exon_id INT(10)
» stable_id VARCHAR(128)
< version INT(10)
 created_date DATETIME
> modified_date DATETIME
=

7 exon_id INT(10)

@ seq_region_id INT(10)
 seq_region_start INT(10)
 seq_region_end INT(10)
> seq_region_strand TINYINT(2) 4+
& phase TINYINT(2)
 end_phase TINYINT(2)
o is_cument

A

@ seq_region_id INT(10) &

@ attrib_type_id SMALLINT(S) >f— —

9 is_constitut / translation_id INT(10)
 stable_id VARCHAR(128)

analysis_id MALLNT < version INT(10)
< description TEXT

* display_label VARCHAR(255)
< displayable

 created_date DATETIME

- modified_date DATETIME
_____ : e
cexonidINT(1O) | l____ _ !
7 transcript_id INT(10)

ank INT(10)

] anal

© analysis_id SMALLINT
 created DATETIME

% logic_name VARCHAR(128)
< db VARCHAR(120) T

» translation_id INT(10)
< & attrib_type_id SMALLINT(5)
9 value TEXT

< db_version VARCHAR(40) = e e ranslation_id INT(10)
< db_file VARCHAR(120) e
© program VARCHAR(80) > seq_start INT(10)

< program_version VARCHAR(40)
* program_file VARCHAR(80)

|
|
|
|
iptid INT(10) |us :
|
& start_exon_id INT(10) :
> seq_end INT(10)

< parameters TEXT @ end_exon_id INT(10)

|
© module VARCHAR(80) | I >
 module_version VARCHAR(40) I ! transcript_id INT(10) i
 gff_source VARCHAR(40) i < gene_id INT(10) ] !
> gff_feature VARGHAR(40) | [ i< @ analysis_id SMALLINT |
Indoxes > @ seq_region_id INT(10) |
) % seq_region_start INT(10) b _J'
incim—— ———iH j :::m—::: :::xmnz) ¥ transergpt d NT(10)
% biotype VARCHAR(40) | il 0  stable_id VARCHAR(128)
& analysis_id SMALLINT : “ : V—VM;C s " 5 .
@ ati,_ype.id SMALLINTIS) >4 | & seq_regien. i INT(10) i & biotype (40) GiEpsi
5 value TEXT —H1 & seq_ragion_start INT(10) P Sestalus ERME) > modified_date DATETIME
idasas: > > seq_region_end INT(10) {__K G tesErption TEXT IN— e
 seq_region_strand TININT(2) | EESGHent o i
- i  canonical_translation_id INT(10) |
s $ source VARGHAR(20) : ﬁ :
¥:gene_id INT © status ENUM(...) i :
& stable_id VARGHAR(128) SRR anscri b
 version INT(10) \: :i:;? = I @ ranscrpid INT(10)
» created_date DATETIME  canonical_transcript_id INT(10) ————I< & attrib_type_id SMALLINT(S)
| icdified_cate DATEIME  canonical_annotation VARCHAR(255) " vaf"’_ TEXL
p >
e

me trust
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Example Query
Retrieve Ensembl Transcript and Peptide IDs for ENSG00000010704

mysgl -u anonymous -h ensembldb.ensembl.org
Welcome to the MySQL monitor. Commands end with ; or \g.
Your MySQL connection id is 1699364 to server version: 4.1.20

standard-1log
Type 'help;' or '\h' for help. Type '\c' to clear the buffer.

mysgl> use homo sapiens core 41 36c;
Reading table information for completion of table and column names

You can turn off this feature to get a quicker startup with -A

Database changed

mysgl> SELECT gene stable id.stable id AS gene, transcript stable id.stable 1id
AS transcript, translation stable id.stable id AS peptide FROM gene,
transcript, translation, gene stable id, transcript stable id,

translation stable id WHERE gene.gene id = transcript.gene id AND
transcript.transcript id = translation.transcript id AND gene stable id.gene id
= gene.gene 1id AND transcript stable id.transcript id =
transcript.transcript id AND translation stable id.translation id =
translation.translation id AND gene stable id.stable id = 'ENSG00000010704"';
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Query Result
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Result:

ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704

institute

ENST00000309234
ENST00000349999
ENST00000317896
ENST00000353147
ENST00000352392
ENST00000336625
ENST00000345823
ENST00000357618
ENST00000317880

ENSP0O0000311698
ENSP0O0000259699
ENSPO0O000313776
ENSP00000312342
ENSPO0O000315936
ENSPO0O000337819
ENSP00000344033
ENSP0O0000350238
ENSP0O0000313489
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Application Programme Interfaces (APIs)

* Encapsulate Ensembl “technology”

e Stand-alone “products”
e Object-oriented Perl
e Partly based on BioPerl
e Modular organisation
 Ensembl core, comparative genomics, pipeline, ...

e Used for web, command line and application programme
interfaces

e Freely-available, open-source
e Community development

"ariger e, EMBL-EBI | &



Example Perl Program
Retrieve Ensembl Transcript and Peptide IDs for ENSG00000010704

#!/software/bin/perl

use strict;
use warnings;

use Bio::EnsEMBL::Registry;
my Sreg = "Bio::EnsEMBL::Registry";

$reg->load registry from db(
—-host => 'ensembldb.ensembl.org',
-user => 'anonymous');

my $gene adaptor = Sreg->get adaptor ("human", "core", "Gene");
my $gene = $Sgene adaptor->fetch by stable id('ENSG00000010704");
my @transcripts = @{Sgene->get all Transcripts()};

print "Gene\t\tTranscript\tPeptide\n";

foreach my S$transcript (@transcripts) {
print S$gene->stable id, "\t", S$transcript->stable id, "\t",
Stranscript->translation->stable id, "\n";
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Program Output
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Result:

Gene

ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704
ENSG00000010704
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Transcript

ENST00000309234
ENST00000349999
ENST00000317896
ENST00000353147
ENST00000352392
ENST00000336625
ENST00000345823
ENST00000357618
ENST00000317880

Peptide

ENSP00000311698
ENSP00000259699
ENSP0O0000313776
ENSP00000312342
ENSP0O0000315936
ENSP0O0O000337819
ENSP00000344033
ENSP0O0000350238
ENSP00000313489
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Ensembl Support

Ensembl helpdesk
e Private mailing list

e General enquiries, feedback and support
helpdesk@ensembl.org

Ensembl announcements

e Public mailing list

* Low-volume, announcement of new releases
ensembl-announce@ebi.ac.uk

Ensembl developers
e Public mailing list

e Good for technical support
ensembl-dev@ebi.ac.uk

 Ensembl Blog ensembl.blogspot.com
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Ensembl Helpdesk YouTube Channel
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