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This workshop

e What 1s BioMart?

* Overview of biomaRt package for
Bioconductor

« Hands-on
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Ensembl &/

- Joint project between EMBL EBI and the
Sanger Institute

- Produces and maintains automatic annotation
on selected eukaryotic genomes.

http://www.ensembl.org
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VEGA s

The Vertebrate Genome Annotation
(VEGA) database 1s a central repository

for high quality, frequently updated, ead]

manual annotation of vertebrate finished
genome sequence.

Current release:
* Human
* Mouse

o Zebrafish
* Dog

http://vega.sanger.ac.uk
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WormBase 1s the repository of mapping,
sequencing and phenotypic information
for C. elegans (and some other
nematodes).

http://www.wormbase.org
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GrameneMart
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Gramene: A Comparative Mapping Resource for Grains

Gramene 1s a curated, open-source, Web-accessible data
resource for comparative genome analysis in the grasses.

http://www.gramene.org
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BioMart databases: other

* dbSNP (via Ensembl)
* Sequence Mart: Ensembl genome sequences

UniProt

the universal
protein resource
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* Generic data management system

* Range of advanced query interfaces and
administration tools

* Conduct fast and powerful queries using:
— web
— graphical or text based applications
— software libraries written in Perl and Java.

 http://www.eb1.ac.uk/biomart/
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BioMart Database Schema’s

Simple star-like schema’s avoid complex joins and enable
fast data retrieval

pdb__dm
protein_id key (F}H
proteome taxid

7N
~

location dm protein__main gene dm
protein id key (FK) protein_id key (PK) protein_id key (FK)
component start protein name proteome taxid
component end proteome taxid

proteome name

ec__dm sequence__dn
protein id key (F} protein _id key (F1
proteome taxid

7N
~
N
~
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BioMart user interfaces
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MartShell

* MartShell 1s a command line BioMart user
interface based on a structured query
language Mart Query Language (MQL)
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&3 arek@localhost:~
File Edit View Terminal Go Help

[arek@bones bin]$ ./martshell.sh
Starting Interactive MartShell

MartShell: An Interactive User Interface to BioMart databases based on Mart Query Language (MQL)
type 'help' for a list of available commands, or type 'help command' to get help for a particular command.

MartShell> list marts;

ArrayExpress
Ensembl_28
MSD_3

SNP_28
UniProt_13
Vega_28

MartShell> use ArrayExpress.AEl;
MartShell> get experiment_accession, experiment_type ;

E-MEXP-2 compound_treatment_design, time_series_design
E-MEXP-1 time_series_design,compound_treatment_design
E-TOXM-1 compound treatment design,dose response design
E-MEXP-32 disease_state_design

E-MEXP-88 cellular_modification_design

E-MEXP-25 disease_state_design

MartShell> I
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Martview

- web based user interface for BioMart.

* Provides functionality for remote users
to query all databases hosted by the
BioMart server.

Start -> Filter -> output
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Other

* MartExplorer
 Perl and Java libraries

e biomaRt interface to R/bioconductor
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BioMart and R/Bioconductor
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biomaRt package - BioConductor

* Development started February 2005

e Direct MySQL queries to BioMart systems
allow fast data retrieval

e Current BioMarts covered:
— Ensembl Mart
— VEGA Mart
— Sequence Mart
— SNP Mart
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biomaRt - Idea

Integrate public BioMart databases
and data analysis in Bioconductor/R
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biomaRt - Use

Annotating genes

Retrieving GO, OMIM and other
information

Prioritize groups of genes with particular
properties

Data mining
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Current biomaRt version

e biomaRt 1.1.8

* http://www.bioconductor.org

Link: developmental packages

http://www.ebi.ac.uk/~sdurinck/b1oc2005
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Installation

* For some users 1nstalling biomaRt 1s a bit
difficult as 1t depends on RMySQL

e Platforms on which biomaRt has been
installed:
e Linux
e OSX

e Windows
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Installation — Linux, OSX

* Need:
— DBI
— RMySQL
— MySQL client (http://www.mysql.com)
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Installation - Windows

* Need:
— DBI
— RMySQL (includes libmySQL.dll)
(http://stat.bell-labs.com/RS-DBI/download/)

— You have to set the RMySQL/libs directory in
your search path or copy dll in your R/bin
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MartTable

* Output of most biomaRt functions

— Slot 1d: usually contains the query 1d’s

— Slot table: 1s a named list containing the
information retrieved from the databases

Note: this might be replaced with a common
output class for annaffy and biomaRt packages
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Connect to BioMart database
 Public BioMart Database

> library(biomaRt)

Loading required package:

Biobase Loading required package: tools Welcome to
Bioconductor Vignettes contain introductory material. To
view, simply type: openVignette() For details on reading
vignettes, see the openVignette help page.

Loading required package: RMySQL Loading required package:
DBI

> mart <- martConnect()
- Connected to: ensembl _mart 32 -
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[.ocal BioMart databases

> martConnect( host = “localhost™,
user = “itsme”’,

password = “localpasswd”,
local = TRUE)
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Gene annotation

* biomaRt enables you to get gene annotation
for many types of identifiers

* Supported 1dentifiers are:
— Affy, RefSeq, Entrez-Gene, EMBL, HUGO and
Ensembl

- Soon Agilent 1dentifiers will also be available
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Gene annotation

e Note:

Ensembl does an independent mapping of
affy probe sequences to genomes. If there
1s no clear match then that probe 1s not
assigned to a gene.
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Gene annotation

» getGene returns a MartTable object
containing:
— Gene symbol
— Description
— Chromosome name
— Band
— Start position
— End position
— BioMartID
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Annotation of affy 1d’s

#Assume the following affy id’s were found
upregulated in our experiment

> upregulated <-
c("210708_x_at","202763_at","211464_x_at")
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Annotation of affy 1d’s

> gene <- getGene( id = upregulated, array =
"hgul33plus2"”, mart = mart)

> gene

object of class martTable

slot id

[1] "210708_x_at" "202763_at" "211464_x_at"
slot table

$symbol

[1] "CASP10" "CASP3" "CASP6"
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Annotation of affy 1d’s

$description

[1] "Caspase-10 precursor (EC 3.4.22.-) (CASP-10) (ICE-like
apoptotic protease 4) (Apoptotic protease Mch-4) (FAS-
associated death domain protein interleukin-1B-converting
enzyme 2) (FLICE2).
[Source:Uniprot/SWISSPROT;Acc:Q92851]"

[2] "Caspase-3 precursor (EC 3.4.22.-) (CASP-3) (Apopain)
(Cysteine protease CPP32) (Yama protein) (CPP-32) (SREBP
cleavage activity 1) (SCA-1).
[Source:Uniprot/SWISSPROT;Acc:P42574]"

[3] "Caspase-6 precursor (EC 3.4.22.-) (CASP-6) (Apoptotic
protease Mch-2). [Source:Uniprot/SWISSPROT;Acc:P55212]"




LEUVEN JETSams

: ‘ 5 e E | .ﬁl-EBI BioC2005 - Seattle H@ ﬁ

uropean Bioinformatics Institute

Annotation of affy 1d’s

$band
[1] Ilq33.1" Ilq35.1" Ilq25ll

$chromosome
[1] I|2I| Il4|| Il4ll

$start
[1] 201873361 185924000 110967389

$end
[1] 201919616 185945750 110982233

$martiD
[1] "ENSGO00000003400" "ENSG00000164305" "ENSG00000138794"
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Annotation of affy 1d’s

> getAffyArrays(mart)

Vi V2

canine cfamiliaris
zebrafish  drerio
hg focus hsapiens
hg ul33 plus 2 hsapiens
hg ul33a 2 hsapiens
hg ul33a hsapiens
hg ul33b hsapiens
hg u95av2 hsapiens
hg u95b hsapiens
10 hg u95c¢ hsapiens

O 0 3 &N Ui & W N —

U
U

hg u95d hsapiens
12 hg u95e hsapiens

13 ul33 x3p hsapiens
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15
16
17
18
19
20
21
22
23
24
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Annotation of affy 1d’s

mg u74av2 mmusculus
mg u74bv2 mmusculus
mg u74cv2 mmusculus
mouse430 2 mmusculus
mouse430a 2 mmusculus
mul Iksuba mmusculus
mul Iksubb mmusculus
rat230 2 rnorvegicus
rg_u34a rnorvegicus
rg_u34b rnorvegicus
rg_u34c rnorvegicus
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Annotation of other 1d’s

>getGene(id=100,species="hsapiens",type="entrezgene"
,mart=mart)

An object of class "martTable"
Slot "id":
[1] "100"

Slot "table":
$symbol
[1] IIADAII

$description

[1] "Adenosine deaminase (EC 3.5.4.4) (Adenosine
aminohydrolase). [Source:Uniprot/SWISSPROT;Acc: PO %}ﬁm
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Annotation of other 1d’s

$band
[1] "g13.12"

$chromosome
[1] Il20|l

$start
[1] 42681578

$end
[1] 42713790

$martiD
[1] "ENSG00000196839"
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Annotation of other 1d’s

Valid identifier types:

entrezgene

- hugo

- embl

- ensembl

- affy (no need to specify type as array does this)

- refseq
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getSpecies

* Get all species present in Ensembl or VEGA
> getSpecies(mart)

[1] "agambiae” "amellifera” "celegans”
"cfamiliaris”

[5] "cintestinalis” "dmelanogaster"” "drerio”
"frubripes”

[9] "ggallus” "hsapiens” "mmusculus”
"ptroglodytes”

[13] "rnorvegicus” "scerevisiae" "tnigroviridis®
"xtropicalis” T
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Retrieval of GO information

* The Gene Ontology project provides a
controlled vocabulary to describe gene and
gene product attributes 1n any organism.
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ogetGO function

« getGO retrieves:
— GO 1d
— GO term
— Evidence code
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IMP Inferred from mutant phenotype %
1GI Inferred from genetic interaction o)
IPI Inferred from physical interaction Q
ISS Inferred from sequence similarity >
IDA Inferred from direct assay 8
IEP Inferred from expression pattern '9
IEA Inferred from electronic annotation q%
TAS  |Traceable author statement O
NAS | Non-traceable author statement O
ND No biological data available

IC Inferred by curator

1
-
H
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oetGO

> getGO(id="1939 at",array="hgu95av2" ,mart=mart)

An object of class "martTable"

Slot "1d":

[1] "1939 at" "1939 at" "1939 at" "1939 at" "1939 at" "1939 at" "1939 at" "1939 at"
"1939 at" "1939 at* "1939 at" "1939 at" "1939 at" "1939 at" "1939 at" "1939 at"
"1939 at" "1939 at" "1939 at" "1939 at*“"1939 at" "1939 at" "1939 at" "1939 at"

"1939 at" "1939 at" "1939 at"

lot "table":

GOID

[1] "G0:0005739" "GO:0005730" "GO:0051262" "GO:0051097" "GO:0046902"
"GO0O:0045786" "GO:0030308" "GO:0030154" "GO:0008635" "GO:0008630"
"GO0O:0008628" "GO:0008283" "GO:0007569" "GO:0007050" "GO:0006915"
"G0O:0006355" "GO:0006310" "GO:0006289" "GO:0006284" "GO:0000075"
"G0O:0008270" "GO:0005524" "GO:0005515" "GO:0005507" "GO:0004518"

"G0:0003700" "GO:0000739"

TR T
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> $description

1] "mitochondrion”

:2_ 'nucleolus”

3] "protein tetramerization”

(4] "negative regulation of helicase activity"
5] "regulation of mitochondrial membrane
permeability"

(6] "negative regulation of cell cycle”

7] "negative regulation of cell growth"

8] "cell differentiation”

9] "caspase activation via cytochrome c"

[10] "DNA damage response, S|gnal transduction
resulting in induction of apoptosis"
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oetGO

$evidence

[1] IIIDAII IIIDAII IITASII IITASII HTASII IIIEA" IIIMPII HTAS"
IIIDA" IITAS"




f} E ,l_EBl BioC2005 - Seattle QEU% s .

% S
{ )

uropean Bioinformatics Institute

OMIM

e Online Mendelian Inheritance in Man.

« (atalogue of human genes and genetic
disorders
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OMIM

e getOMIM retrieves:
— OMIM d

— Disease
— BioMart 1d
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> getOMIM(id="1939_at",array="hgu95av2",
mart=mart)

An object of class "martTable"
Slot "id":

[1] "1939_at" "1939_at"

Slot "table":

$OMIMID

[1] 191170 191170

$disease

[1] "Colorectal cancer, 114500 (3)" "Li-Fraumeni
syndrome (3)"

$martiD
[1] "ENSG00000141510" "ENSG00000141510"
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INTERPRO

* InterPro 1s an integrated resource of protein
families, domains and functional sites.

http://www.eb1.ac.uk/interpro
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INTERPRO

>getINTERPRO(id="1939_at",array="hgu95av2",
mart=mart)

An object of class "martTable"
Slot "id":

[1] "1939_at" "1939_at" "1939_at" "1939_at"

Slot "table":
$INTEPROID

[1] "IPR002117" "IPR011615" "IPR010991" "IPR001472"
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INTERPRO

$short description

[1] "P53" "p53 _DNA_bind"
"p53_tetrameristn” "NLS_BP"

$description

[1] "p53 tumor antigen™ "p53, DNA-
binding"
[3] "p53, tetramerisation” "Bipartite

nuclear localization signal”
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Sequences

* Genomic sequences of up to 100Mb can be
retrieved with the getSequence function

* Export sequences in FASTA format with
exportFASTA function
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getSequence

> seq<-getSequence(species="hsapiens”, chromosome = 19, start =
18357968, end = 18360987, mart = mart)

Seq

object of class martTable
slot id

[1] "19_18357968_18360987"
slot table

chromosome

[1] "19"

start

[1] 18357968

end

[1] 18360987

sequence
"AGTCCCAGCTCAGAGCCGCAACCTGCACAGCCATGCCCGGGCAAGAACTCAGGACGGTGAATGGCTCTCAGATGCTCCTGGTG
TTGCTGGTGCTCTCGTGGCTGCCGCATGGGGGCGCCCTGTCTCTGGCCGAGGCGAGCCGCGCAAGTTTCCCGGGACCCTCAGA
GTTGCACTCCGAAGACTCCAGATTCCGAGAGTTGCGGAAACGCTACGAGGACCTGCTAACCAGGCTGCGGGCCAACCAGAGCETG
GGAAGATTCGAACACCGACCTCGTCCCGGCCCCTGCAGTCCGGATACTCACGCCAGAAGGTAAGTGAAATCTTAGAGAT CCeeT
CCCACCCCCCAAGCAGCCCCCATATCTAATCAGGGATTCCTCATCTTGAAAAGCCCAGACCTACCTGCGTATCTCTCGGGLCLEGC
CCTTCCCGAGGGGCTCCCCGAGGCCTCCCGCCTTCACCGGGCTCTGTTCCGGCTGTCCCCGACGGCGTCA;““;__

GTGACACGACCGCTGCGGCGTCAGCTCAGCCTTGCAAGACCCCAGGCGCCCGCGCTGCACCTGCGACTGT BT
CGOCAGTCGGACCAACTGCTGGCAGAATCTTCAETOCGOCACGGCCCCAGCTAGRAGTTGCACTTGCGAECCGOCAAGCCGCCAGGGGR
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SNP

» Single Nucleotide Polymorphisms (SNPs)
are common DNA sequence variations
among individuals.
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e.2. AAGGCTAA and ATGGCTAA

 biomaRt uses the SNP mart of Ensembl
which 1s obtained from dbSNP
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getSNP

> snp<-getSNP(species="hsapiens", chromosome = 19,
start = 18357968, end = 18360987, mart = mart)

> snp

object of class martTable

slot table

$snpStart

[1] 18358024 18358137 18358141 18358162 18358903 18359246 18359591
18359624 [9] 18359718 18359808

$allele

[1] "C/G" "G/A" "A/T" "G/T" "G/A" "G/A" "T/G" "T/C" "A/G" "T/G"
$coding

[1]1 111 NANANANANANA

$intronic

[I]INANANANA111111

$syn

[11]0 1 0 0 NA NA NA NA NA NA

$utr5

[1] NA NA NA NA NA NA NA NA NA NA
$utr3

F17 NIA NIA RNIA RIA RNIA NIA NIA RNRIA RIA NIA
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Homology mapping

The getHomolog function enables mapping of
many types of identifiers from one species to
the same or another type of identifier in
another species.
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getHomolog

 Example 1:

from Entrez-Gene 1d in Homo sapiens to
RefSeq 1d in Mus musculus:

> getHomolog(id = 2,

from.species = 'hsapiens’,
to.species = 'mmusculus’,

from.type = 'entrezgene’,
to.type = 'refseq’,

mart = mart)
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getHomolog

An object of class "martTable"
Slot "id":
[1] II2II II2II ll2|l

Slot "table":
$MappedID

[1] "NM_001013775" "NM_008645"
"NM_007376"
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getHomolog

Example 2:

Get homolog for 1939 _at from array
hgu95av2 as affy id on the canine array

> getHomolog(id = "1939_at",
from.array = "hgu95av2",
to.array = “canine”,
mart = mart )
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getHomolog

Slot "id":
[1] "1939_at" "1939_at"

Slot "table":
$MappedID
[1] "1582452 at" "1590246_ at"
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" Make subset of genes of interest
combined with data analysis

getFeature function

Filter on:
e gene location
e symbol
« OMIM

« GO
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getbeature

Select all features which correspond to
BRCA2 on affy array hgu95av2:

>getFeature( symbol="BRCA2",
array="hgu95av2",
mart=mart)




getbeature
An object of class "martTable"
Slot "id":
[1] "1990_g_at" "1989 at"
Slot "table":
$symbol
[1] "BRCA2" "BRCA2"

$description

[1] "Breast cancer type 2 susceptibility protein.

'Source:Uniprot/SWISSPROT;Acc:P51587]"

[2] "Breast cancer type 2 susceptibility protein. _
'Source:Uniprot/SWISSPROT;Acc:P51587 ] &=

LEUVEN QEISOma
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getkeature

Select all RefSeq id’s involved in
diabetes mellitus:

>getFeature( OMIM="diabetes mellitus”,
type="refseq",
species="hsapiens",
mart=mart)
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getbeature

An object of class "martTable”

Slot "id":

[1] "NM_000160" "NM_000207" "NM_001042"
"NM_000208" "NM_000457" "NM_178850"

[7] "NM_000408" "NM_002103" "NM_000545"
"NM_000545" "NM_000340" "NM_005544"

Slot "table":
$OMIMID

[1] 138033 176730 138190 147670 600281 600281
138430 138570 142410 142410

[11] 138160 147545
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getbeature

$description
1] "Diabetes mellitus, type II (3)"

2] "Diabetes mellitus, rare form (1)"

3] "Diabetes mellitus, noninsulin-dependent (3)"

(4] "Diabetes mellitus, insulin-resistant, with acanthosis
nigricans (3)"

5] "Non-insulin-dependent diabetes mellitus, 125853
(3)"

[6] "Non-insulin-dependent diabetes mellitus, 125853
(3)"
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getkeature

Select all EntrezGene ids located on Y
chromosome

>getFeature(chromosome="Y",
type="entrezgene",
species="hsapiens”,
mart=mart)
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getbeature
An object of class "martTable"
Slot "id":
[1] "55344" "8225" "28227" "6736" ...
Slot "table":
$chromosome
[1] "Y" "Yy" "y" "y" ..
$start

[1] 132996 160025 264972 2698391
$end

[1] 160020 170886 317627 2699005
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getkeature

Select all affy id’s of genes located on
chromosome 21 between basepair
30Mb and 35Mb

> getFeature( chromosome=21,
start=30000000,
end = 35000000,
array="hgu95av2",
mart=mart)
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getbeature

An object of class "martTable"

Slot "id":

[1] "33610_at" "33611_g_at" "34559_at" "37460_at"
"38370_at" ...

Slot "table":

$chromosome

[1] "21" "21" "21" "21" "21" ..

$start

[1] 30508196 30508196 30613592 31414352 31414352

$end
[1] 30510223 30510223 30614224 31853161 31853161
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getkeature

Select all affy id’s from mouse430a2 array that
have a GO term attached to it containing

“cell cycle”

> getFeature(  GO="cell cycle”,
array="mouse430a2",
mart=mart)
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getbeature

Slot id

"1418404_at" "141/897_at" "1416206_at"
"1451803_a_at" "1423092_at" .....

Slot table

$GOID

$description

1] "cell cycle checkpoint”

2] "negative regulation of cell cycle”
3] "negative regulation of cell cycle”
(4] "regulation of cell cycle”

(5] "cell cycle"

(6] "cell cycle"
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Ensembl Cross-references

* Powertful function to map between all
possible cross-references in Ensembl

* Can also be used to map between different
affy arrays within one species
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Ensembl Cross-references

» getPossibleXrefs

— Retrieves all possible cross-references

> xref <- getPossibleXrefs(mart = mart)
> xref[1:10, ]

species xref

[1,] "agambiae" "embl"

[2,] "agambiae" "pdb"

[3,] "agambiae" "prediction_sptrembl"

[4,] "agambiae" "protein_id"

[5,] "agambiae" "uniprot_accession"

[6.]1 "agambiae" "uniprot id"
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Ensembl Cross-references

o getXref

— Retrieves the cross-references

> getXref(id = "1939 at", from.species = "hsapiens”,
to.species = "hsapiens", from.xref = "affy_hg_u95av2",
to.xref = "affy _hg u133 plus_ 2", mart = mart)
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Ensembl Cross-references

An object of class "martTable"
Slot "id":

[1]"1939 at" "1939 at"

Slot "table™:

$from.id

[1]"1939 at" "1939 at"

$to.id

[1]"211300_s at" "201746_at"
$martID
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Comparison to other annotation
packages

* biomaRt 1s complementary to other
annotation packages

* biomaRt advantages:
— Up-to-date data retrieval

— Comprehensive, covers multiple chips
— One package to annotate many species
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C omparison to other annotation
packages

biomaRt disadvantages:

— Possibility that you need to update the package when
there 1s a new release of a BioMart database (Working
on using database description in XML to prevent this)

— Reproducibility, annotation might change compared to
a previous run

— Need to be online or have local install of the BioMart
database of interest.
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Future developments

e Retrieve more information such as protein
data, gene expression data from
Arrayexpress, ...

e Include more BioMart databases

* Use of XML database description present
in each BioMart database
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Exercise

* Select all affy probes from array
mouse430a2 that have human homologs
that have a known role 1n hypertension.
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BioMart idea .....

Phenotypes Expression Genomes
@ Give me all- -
Give me all Genes Give me all
genes with I Expressed in genes associated I
Phenotype X brain with coding SNPs

BioMart integration layer

Give me all genes with
Phenotype X, expressed in brain
And associated with coding S
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Annotation of affy 1d’s

> go<-getGO( id = upregulated[1], array = "hgul33plus2”, mart =
mart)

Object of class martTable

slot “id”

[1] "210708_x_at" "210708_x_at" "210708_x_at" "210708_x_at"
"210708_x_at" "210708_x_at" "210708_x_at"

slot “table”

$GOID

[1] "GO:0005515" "GO:0008234" "GO:0030693" "GO:0006508" "GO:0042981"
"GO:0030693" "GO:0006917"

$description

[1] "protein binding" "cysteine-type peptidase activity" "caspase activity"
[4] "proteolysis and peptidolysis" "regulation of apoptosis" "caspase activity"
[7] "induction of apoptosis"

$evidence
[1] IIIEAII IIIEAII IIIEAII IIIEAII IIIEAII IITASII IITASII

et S o
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Annotation of affy 1d’s

omim<-getOMIM( id = “"203140_at”, array = "hgul133plus2", mart = mart)

> omim

object of class martTable

slot id

[1] "203140_at" "203140_at"

slot table
$OMIMID
[1] 109565 109565

$disease
[1] "Lymphoma, B-cell (2)" [2] "Lymphoma, diffuse large cell (3)"




