Data Mining in Ensembl with
BioMart

Ensembl tools

{ Start a sequence search —

<
P

Search Ensembl for nucleotide and peptide sequences with
BLAST and SSAHA,

Mine Ensembl with BioMart —
Cross-reference Ensembl datasets with BioMart, a powerful
data-mining tool

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

Fetch data with the Ensembl APl —
Learn haw to extract data from the public Ensembl database with
this tutorial



BioMart- Data mining

 BioMart Iis a search engine that can find
multiple terms and put them into a table
format.

e Such as: mouse gene (IDs), chromosome
and base pair position

 No programming required!



General or Specific Data-Tables

» All the genes for one species

* Or... only genes on one specific region of
a chromosome

e Or... genes on one region of a
chromosome associated with a disease



BioMart Data Sets

Ensembl genes
Vega genes
SNPs

Markers

“Diseases”

Gene expression information
Gene ontology

Homology predictions
Protein annotation



Web Interface

» Dataset: _

Database: Ensembl 43 -

Homo sapiens genes (NCBI36) | |
» Attributes (Features)

Ensembl Gene ID .
1 Dataset Homao sapiens genes (NCEIZE -
Ensembl Transcript 1D [ P g ( ) :I
» Filters
[Nane seleced] Choose a Dataset above, then use the left panel to navigate through the Attributes and Filters
rmaking your selections in this main panel. To preview the results click the Results button in the top
» Dataset: panel
[None Selected] Mini Tutorial

With BioMart, quickly extract gene-associated information from the
Ensembl databases.



Information Flow

 Choose the species of interest (Dataset)

 Decide what you would like to know about
the genes (Attributes)

(sequences, IDs, description...)

 Decide on a smaller geneset using Filters.
(enter IDs, choose a region ...)



Web Interface

Choose the
species of
mm interest

» Dataset: Database. | Ensembl 43 =
Homo sapiens genes {NCB!SB)
» Attributes (Features) h
what
Ezgzgg: _?;{;'i::[:r]ipt D C 0 OS e IHumu sapiens genes (NCBIZE) ﬂ
et information
(Dt SEICED tO V| ew. set above, then use the left panel to navigate through the Attributes and Filters
elections in this main panel. To preview the results click the Results button in the top
» Dataset: panel
[Mone Selected]
Choose the

geneset using
what we know.,

Three main stages: Dataset, Attributes and Filters.



The First Step: Choose the
Dataset

[ New | Heip ] count | Resubs { Haine safens

genes are the

» Dataset: Database: | Ensembl 43 =
Homo sapiens genes (NCBI3E) d efau It
» Attributes (Features)
Ensembl Gene ID -
: Dataset Homo sapiens genes (NCBISE
Ensembl Transcript 1D I E d ( )
» Filters
INONE Seiected] Choose a Dataset above, then use the left panel to navigate through the Attributes and Filters
making your selections in this main panel. To preview the results click the Results button in the top
» Dataset: panel

[None Selected] Mini Tutorial




The Second Step: Attributes

Four output
pages.
» Dataset;

y _ (NCBIZE) * Features © Homologs
T e ey, EME S T Structures © Sequences
» Attributes (teatures) a

EnzpmblSene D Sblie
Ensembl Transcript ID 3 REGICN:

» Filters Chromosome Attributes
[Mone selected] [ Chromosome MName ™ Strand
[T Gene Start (bp) ™ Band
» Dataset: [ Gene End (bp)

[Mone Selected)
GEMOMIC FEATURES:

GEME:
EXPRESSION:
FROTEIN:

Attributes are what we want to know about the
genes.




The SNP Attribute Page

» Dataset: : En_e:?tures :’: Homologs
Homo sapiens genes (NCEBI36E) Suustures ¢ Sequences
» Attributes (SHPs) & SNPs

Enzemhl Gene ID .
B REGION:
Ensembl Transcript ID -

» Filtars GEME:
[MNene selecise] B GENE ASSOCIATED SNPS:

SNP Attributes

» Dataset: ™ Reference ID I validation status

[Mone Selected] ™ Allele ™ Mapweight

CTsCID I fpccty name
M HGEBASE ID
SNP Location Attributes
™ Transcript location (bp) ™ Peptide location (aa)
™ SNP Chromosome Strand ™ Chromosome Location (bp)

Gene Location and Effect

I Location in Gene (coding etc) ™ Synonymous Status
™ Peptide Shift

Output variation information such as SNP
reference ID and alleles.

I »

I 4



Filters Allow Gene Selection

» Dataset: REGION:
Homao sapiens genes (NCBISE)
» Attributes [SNPs) GEMOMIC FEATURES:
Ensembl Gene 1D _
B GEMNE:
Ensembl Transcript ID .
» Filters GEME OMTOLOGY:

[None selected] EXPRESSION

T MULTI SPECIES COMPARISOMNS:
[Mane Selected) PROTEIN:

SNP:

Choose the geneset by region, gene ID(s),
protein/domain type.




Export Sequence or Tables

» Dataset:
Homo sapiens genes (NCEBI3E)
» Attributes (Sequences)
Feptide
Chromosome
Ensembl Gene 10
Biotype
» Filters
[Mone selected)]

» Dataset:
[None Selected)]

Dizplay mas<imum |1III vl rows aleASTA 'l

Exportall resutsto | File x| Go

¥ |ENSGO0000168757 |protein_coding
HRPEGSLTYREYFERLROGSCGVGRAADATIYVCASAKECTAFRMHEAVOEGAAGVESEQAALG
EEAVILIDDIHAEVEVYAEEEGLVERREEEAORAQQAVPGPCPHTPESALEELLAVOVELE
PYHAQARKAFSROREKMERRREPHLDERGAVIQSYPGEFWANY IANHPOMSATITDEDEDH
LEYMVSLEVEEEKHEYHLCKIMLFFREHPYFONKY I TKEYLVH ITEYRASHSTPIEWYED
YEVEAYRREHHNSSLHFEFHWESDHNF AGSHE T AESPDRESYVRTCGAIPCHTTRG*

¥ |ENSGO0000099715 |protein_coding
HTVGFHSDISSYYRYN T THCHECLLSGTY IFAVLLYCYVVFHSGAQEKNY TIREEIFERYL
IGHLLEDLHLSLIPHESLTTTHOFK LYY EKTGDVEPLIRIEEDTGEIF TTGARIDREELCAG
IFPRDEHCEFYEVEVAILPDEIFRLVEIRFLIEDIHDHNAPLFFATVINISIPENSATHSKEYT
LRPAAVDPDVGINGYVORYELIKSON IFGLDY IETPEGDENPOLIVOEELDREEKDTY VHEY

EVEDC

ENAK" IEnsembl Gene ID|Ensembl Transcript ID

Description

?Eﬁg] [Enscoo000206668|ENSTO0000383941 Y RNA [Source:RFAM;Acc:RF00019)
NDNAi ,ENgggﬂugﬂgﬂg?ﬁﬂENSIDQQQQ§84QQQ 55 ribosomal RNA [Source:RFAM;Acc:RFO0001]

7SK RNA [Source:RFAM;Acc:RF00100]

CHLT' ,ENSQDDDDD20?3?%§N§TQDDDGQS4646
FENLI .ENSGDBDUDIQS21QENSTDDDDGSSZZ?5

Small nucleolar RENA U70 [Source:RFAM:Acc:RFD0156]

TFyy] [ENSG00000194751|ENST00000353862

Small subunit ribosomal RNA, 5' domain [Source:RFAM;A

AT _ENSGDDDDD2DE?5ﬂENSTDDDDﬂSB4023

Y RNA [Source:RFAM;Acc:RF00019]

ENSG00000207 37 2|ENSTO0000384642 U2 spliceosomal RMA [Source:RFAM;Acc:RF00004]
ENSG00000206986|ENSTO0000384259 U6 spliceosomal RMA [Source:RFAM;Acc:RFO00026]
ENSG00000206894|ENSTO0000384167 55 ribosomal RNA [Source:RFAM;Acc:RF00001]
ENSGO0000206860|ENSTO0000384133 Eukaryotic type signal recognition particle RNA [Sourn

Genes and attributes are exported as sequence

>

(Fasta format) or tables.




Query:

* For all mouse genes on chromosome 10
that are protein coding, | would like to
know the IDs in both Ensembl and MGI.

* In the query:
Filters: what we know
Attributes: what we want to know.



Query:

 For all mouse genes on chromosome 10
that are protein coding, | would like to
know the IDs in both Ensembl and MGlI.

* In the query:
Filters: what we know
Attributes: what we want to know.



Query:

* For all mouse genes on chromosome 10
that are protein coding, | would like to
know the IDs in both Ensembl and MGI.

* In the query:
Filters: what we know
Attributes: what we want to know.



A Brief Example

» Dataset:
Homo sapiens genes (NCEI3E)
» Attributes (Features)
Ensembl Gene ID
Ensembl Transcript 1D
» Filters
[Mone selected)

» Dataset:
[Mone Selected)]

Change dataset to
Database: |Ensemb| 43 j mouse

_ Mus musculus
Dataset [Homn sapiens genes (MCBIZE) \

Choose a Dataset above, then use the left panel to navigate through the Attributes and Filters
miaking your selections in this main panel, To preview the results click the Results button in the top

panel.

Mini Tutorial




A Brief Example

» Dataset: Datahase | Ensembl 43 =
Mus musculus genes (NCEIM3E)

»aTtsikartas I'FP.‘-tI'rlrn:-'.-:l

Ensembl Gene ID D
ataset Mus musculus genes (NCBIM3E =
Ensernbl Transcript ID [ - ( ) —J
» Filters
[None selected] Choose a Dataset above, then use the left panel to navigate through the Attributes and Filters
rmaking your selections in this main panel. To preview the results click the Results button in the top
» Dataset: panel

[Mone Selected)

Mini Tutorial

Dataset has changed.




Attributes (Output Options)

Click
. Attributes.
»ﬁataset. | * Features ¢ Homologs
us musculus g r ~
» Attributes (Featires) Structures Sequences

-
Ensemhbl Gene 10 SNPs

Ensembl Transcript ID REGIOM:
» Filters

[Mone selected] @ GEMOMIC CI'Ck on ‘GEN E,.
GEME:
» Dataset: b RSN

[Mone Selected]

Attributes allow us to choose what we wish to
know.
IDs are found in the ‘Features’ page.




Attributes (Output Options)

» Dataset:

Mus musculus genes (NCEIM3E)

» Attributes (Features)
Ensembl Gene 1D
Ensembl Transcript 10

» Filters
[Mone selected)]

» Dataset:
[Mone Selected)]

* Features ¢ Homologs
' Structures ¥ Sequences

" SMNPs
B REGION. Ensembl Gene ID is
SGEMOMIC FEATURES:
selected
B GEME:

Ensembl Attributes

vV Enzembl Gene | [ Enzermbl Peptide length

v Enszembl Transcript (D [ Transcript count

[ Ensembl Peptide 1D [T % GC content

[ External Gene 1O [ Description

[ External Gene DB [ Biotype

[ Ensembl COS length [~ Source

[ Ensembl cOMA length [ Status

GO Attributes

[ GoID [ 30 evidence code

[T GO description ]

Default options selected.
Ensembl Gene ID and Transcript ID




Attributes (Output Options)

GO Attributes [
I GoID [T GO evidence code
[ GO description

» Dataset:
Mus musculus genes (NCEIM3E)
» Attributes (Features)

Ensembl Gene ID_ External References [max 3)
Ensermbl Transcript ID [ cCcDs ID ™ RefSeq Predicted DNA D
Markersymbal 1D ™ Codelink ID
» Filters ~ EMELID [4 M ] g
arkersymbol ID’ will
[Mone selected) O EntrezGere 1D _ y
™ Havana ID give us the MGI ID
» Dataset: ' llurnina 1D
[None Selected] CRNID UniProtfZwiss-Prot Accession
I¥: Markersymbol | [ Unified UniProt 1D
[ Markersymbol Accession [ Unified UniProt Accession
[ Mirbase [ Uniprat warsplic 1D
[ PDEID [ llurmning w1
[ Protein 10 [ Imigt gene db —
[ RefSeq OMNA D [ gt ligrn db
Microarray Attributes [max 2)
[ Agilent Probe [ Affy moed30a -
| I = = I P I . Lo T w1

Scroll down to select MGI symbol.
Also select the accession number.




The Results Table

» Dataset:

Mus musculus genes (NCEIM3E)

» Attributes (Features)
Ensembl Gene ID
Ensembl Transcript ID
Markersymbol 1D
Markersymbol Accession

» Filters
[Maone selected)

» Dataset;
[Mone Selected]

Display masximum
Export all results to

|1D vI rows aslHTML vl

[ File

~| Go

Ensembl Gene 1D

Ensembl Transcript 1D

Markersymbol ID

Markersymbol Accession

ENSHUSGO00000071964|ENSMUSTO0000096694
ENSMUSG00000053211|ENSMUSTO000006554 5|22 MGIL: 99213
ENSHUSG0000005321 1| ENSHUSTO0000065545 2 vl MGI:99212
ENSMUSGO000006845 7| ENSMUSTOO000089879

ENSHUSGO0000006845 7| ENSHOSTOO000069 309Uty MGI: 894810
ENSHUSGO0000006845F|ENSHUSTO0000044500)Uty MGI: 894810
ENSMUSG0000006905 3|ENSMUSTO00000912048

ENSHUSGO0000005667 3| ENSHUSTOO000055032)Jaridld MGI: 99780
ENSHUSGO000006904 9| ERSMUSTOO000091197)Eif 2=3y MGI:1349430
ENSHUSGO0000006904 3|ENSHUSTOO000091194

‘Results’ give us Gene IDs for all mouse genes

In the Ensembl database.




Select a Smaller Geneset

Expand the
REGION panel
» Dataset: REGION:
Mus musculus genes (NCEIMSE)
» Attributes (Features) GENOMIC FEATURES:
Ensembl Ge _
® GEME:
Ensembl Tr Select -
Markersymby . GEMNE OMTOLOGY:
» Filters MULTI SFECIES COMPARISONS:
[Mone selected) PROTEIN:
SMP:
» Dataset:

[Mone Selected]

Instead of all mouse genes, select protein
coding genes on chromosome 10.




Select Genes on Chromosome 10

Select
chromosome B
» Dataset: B REGIOMN:
Mus musculus genes (NCEIM3E) ¥ ch 10 = 10
» Attributes (Features) romosnme
Ensembl Gene 1D " Base pair
Ensembl Transcript 1D Start 1
Markersymbaol ID End
Markersymbal Accession 10000000
» Filters -
Chramosome: 10 O Band
Start
» Dataset: End
[Mone Selected]
I Marker
Start
End
GEMNOMIC FEATURES:
SNE] == [

Instead of all mouse genes, select protein
coding genes on chromosome 10.




Select Protein Coding Genes

™ Entries with a & UTR & Only _ [
» Dataset: " Exclude Gene type
Mus musculus genes (NCBIMEE) - c
» Attributes (Features) [ Entries with 2 3' UTR & Only p rotein COd In g
Ensemhl Gene D i BExclude
Ensembl Transcript ID
IV Gene type bttt A

Markersymbal 1D

Markersymbal Accession

- d
» Filters FRSEUA PaEne -
Chromosame: 10 snoRMA =
Gene type : protein_coding
[T Source ensembl =
» Dataset: [T Status EMOWIN =

[Mone Selected)
GEME ONTOLOGY:

MULTI SPECIES COMPARISONS:
FPROTEIMN:
SMNP:

Filters are set to chromosome 10 and
protein-coding genes. Genes must meet BOTH
criteria to be in the result table.




Results (Preview)

For the full result
table: Go

» Dataset:
Mus musculus genes (NCEIM3G)
» Attributes (Features)
Ensembl Gene ID

Display maximum
Export all results to

|1D "I FOWS aSIHTML "l

[ File

x| Go

Ensembl Transcript ID Ensembl Gene ID Ensembl Transcript ID |[Markersymbol ID|Markersymbol Accession
Markersymbal 1D ENSMUSG00000015202|ENSHUSTO0000015346|Cnksr3 MGI: 2674130
Markersymbol Accession ENSHUSGO0000064065|ENSHUSTO0000086596[A130090K04R1k|HGT; 2444159
n Filters ENSMUSGO0000064065|ENSHUSTO0000052122|A130090K04R1k |HGT: 2444159
Chrormosome: 10 ENSMUSGO0000064065|ENSHUSTO0000078070[A130090K04Rik |HGT: 2444159
ENSMUSGO0000000766|ENSHISTO0000063036|0prnl MGI: 97441
» Dataset: ENSMUSGO0000000766|ENSHISTO0000052751|0prnl MGI: 97441
Mone Selected] ENSMUSG00000000766|ENSHUSTO0000092721|0prnl MGI: 97441
ENSHUSG00000000766|ENSHUSTO00000563285|0prnl MGI: 97441
ENSHUSGO0000000766|ENSHUSTO0000092729|0prnl MGI: 97441
ENSHUSGO0000000766|ENSHUSTO0000000723|0prnl MGI: 97441

This is a preview- if you are happy with the

table, click ‘Go’.




Full Result Table

EEnsembI G@ Qﬁlrll[s)crlpt E

MGI
symbol

MGI Accession
Number

Ensembl Gene ID |Ensembl Transcript ID Markersyﬁbol ID|Markersymbol Acceséi/o(
ENSMUSGO0000015202|ENSMUSTO0000015346 [Cnksr3 [MGI : 2674130
ENSMUSGO0000064065|ENSMUSTO00000866896 |A130090K04Rik |MGI:2444159
ENSMUSG00000064065|ENSMUISTO0000058132 |A130090E04Rik [MGI:2444159
ENSMUSE00000064065|ENSMUSTO0000078070 |A130090E04Rik |MGI:2444159
ENSMUSG000000007 66|ENSMUSTO0000063036 |Oprml MGI:97441
ENSMUSG000000007 66|ENSMUSTO0000052751 |Oprml MGI : 97441
ENSMUSE00000000766|ENSMUSTO0000092731 |Oprml MGI : 97441
ENSMUSE000000007 66|ENSMUSTO00000563685 [Oprml [MGI:97441
ENSMUSG000000007 6|ENSMUSTO0000092729 |Oprml MGI:97441
ENSMUSE00000000766|ENSMUSTO00000007683 |Oprml [MGI:97441
ENSMUSGE00000000766|ENSMUSTO0000078634 [Oprml MGI:97441
ENSMUSE000000007 66|ENSMUSTO0000100088 [Oprml MGI:97441
ENSMUSG000000007 E6|ENSMUSTO0000092728 |Oprml IMGI : 97441
ENSMUSGO0000000766|ENSMUSTO0000092734 |Oprml MGI:97441
ENSMUSG00000043134|ENSMUSTO0000055501
ENSMUSGO000005827 3|ENSMUSTO0000073045
ENSMUSE000000197 7SIENSMUSTO0000019909 |Rgs17 MGI: 1927469
ENSMUSGO000001977S|ENSMUSTO0000064225 |Rgsl7 MGI:1927469
ENSMUSGO00000197 7 4|[ENSMUSTO0000019908 [Mtrfll MGI: 1918830
ENSMUSGO000001977 3IENSMUISTO0000019907 |FhxaS MGI:1914391
ENSMUSEO00000197 7 2|ENSMUSTO0000019906 (Vip MGI:98933
ENSMUSG00000046916|ENSMUSTO0000051609 [Myctl MGI: 1915882
ENSMUSGO00000469 1 6| ENSMUISTOO000091210 [Myctl [MGI: 1915882
ENSMUSGO000001976 9 ENSMUISTO0000041639 [Synel MGI : 1927152
TR TEAAAAAASA1T TS altyieaTIeoTanannARESET = P | LiMAT - 1893 F1ES




Original Query:

* For all mouse genes on chromosome 10
that are protein coding, | would like to
know the IDs in both Ensembl and MGI.

* In the query:
Filters: what we know
Attributes: columns in the Result Table



Other Export Options (Attributes)

*» Sequences: UTRs, flanking sequences, cDNA
and peptides, etc

» Gene IDs from Ensembl and external sources
(MGI, Entrez, etc)

** Microarray data
*» Protein Functions/descriptions (Interpro, GO)
*» Orthologous gene sets

+» SNP/ Variation Data



How to Get There

e Either www.biomart.org/martview

e Or click on ‘BioMart’ from Ensembl

Search Ensembl
Search: | All species v |tor | _

4. mouse chromosome 2 or X:10000..20000 or human gene BRCA2

Ensembl tools

BLAST and SSAHA

| Mine Ensembl with BioMart —
Cross-reference Ensembl datasets with BioMz
| data-mining tool.

S Custonuse v isemnbl —
a | Registerwith Ensembl to bookmark your favourite pages,
customise your home page and rmuch morel

e/ % | Fetch data with the Ensembl APl —
Learn how to exdract data from the public Ensembl database with
this tutorial.

You are logged in as Giulietta Spudich; Account home page - Log out

Ensembl headlines: Release 42 (December 2006)

e! New - User accounts (all species)
.

Ensembl 42 Prel species

Popular genomes - Reorder

3 1,, Homo sapiens
b A 1 NCBI 36 | Vega
bl |
Mus musculus
NCBI m38 | Vega
Danio rerio
% ¥ | Vega

More genomes - Reorder

Aedes aegypti saegLt
Anopheles gambiae agampz

Bos taurus stau zo

Caenorhabditis elegans wsigo
Canis familiaris canfam 2.0 UPDATED!
Ciona intestinalis sz12

Ciona savignyicsavzo



BioMart team

o Arek Kasprzyk

e Benoit Ballester
e Syed Haider

e Richard Holland
« Damian Smedley




