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? Do
they have any functions predicted by Interpro?

What are their cDNA sequences?
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STEP 2:
Click on ‘BioMart’

1eadlines: Release 43 (February 2008)
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Ensembl is a joint project hetween EMBL - EBl and the Sanger Instilute to develop a
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» Dataset: Database: |Ensembl 43 v
Homo sapiens genes (NCBI36)
» Attributes (Features)

Ensembl Gene ID Dataset: Horno sapiens genes (NCBI36) v
Ensembl Transcript ID
» Filters
[None selected] Choose a Dataset above, then use ‘oft panel to navigate through the
Attributes and Filters making yo ‘ions in this main panel. To preview
the results click the Results but’ v panel.
» Dataset:
[None Selected] Mini Tutorial
STEP 3:

Select the primary datasets:
Ensembl genes (version 43)
and the species of interest

(Homo sapiens)

biomart version 0.5

| _Now | How | count | Resuts |

» Dataset: . @ Features C Homologs
Homo sapiens genes (NCBI36) O Structures ' Sequences
» Attributes (Features) ) SNPs

Ensembl Ge, = ID )
Ensembl Trans. ™t ID REGION:
» Filters GENE:
N lected
[None selected] EXPRESSION:

» Dataset: PROTEIN:

[None Selected)] GENOMIC FEATURES:
STEP 4:

Click on ‘Attributes’
to select output

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

biomart version 0.5



STEP 5:

Expand the ‘PROTEIN’

I N T panel and

Select ‘Interpro Short

EXPRESSION: Fr
» Dataset: Description’
Homeo sapiens genes (NCBI36) = PROTEIN:
» Attributes (Features) Family Attributes
Ensembl Gene ID CJFamily Description [OEnsembl Family ID
Ensembl| Transcript ID Domain Attributes (max 1)
Interpro Short Description
» Filters O Prosite ID CPFA
[None selected] DPRINTS ID
Interpro Attributes
» Dataset: ¥ Interpro Short Description O Interpro ID
[None Selected] O Interpro Description
Transmembrane and Signal Domain Attributes
OTransmembrane domain OSignal domain
= GENOMIC FEATURES:
biomart version 0.5
STEP 6:
[vew [t | coumt | nomune Sl
option in the
‘Features’ page.
» Dataset: @ Features C Homologs
Homo sapiens genes (NCBI36) O Structures © Sequen~
» Attributes (Features) ) SNPs
Ensembl Gene ID )
Ensembl Transcript ID EIRECIONE
Interpro Short Description = GENE:
» Filters Ensembl Attributes
[None selected] Ensembl Gene ID CIEnsembl Peptide length
Ensembl Transcript ID O Transcript count
» Dataset: CIEnsembl Peptide ID O % GC content
[None Selected] O External Gene ID DD_escription
[IE.ternal Gene DB [1Biotype
CEns mbl CDS length [Source
CJEnser ' cDNA length CStatus
GO Attribv
OGOoID [0 GO evidence code

biomart version 0.5

STEP 7:
Select, along with the
default options,
‘External Gene ID'.
Scroll down to select:
‘EntrezGene ID’ and
‘Mim Gene
Accession’ (this is
the OMIM ID).



| _Now | How | count | Resuts |

» Dataset: REGION:
Homeo sapiens genes (NCBI36) )
» Attributes (Features) GENE:
Ensembl Gene ID GENE ONTOLOGY:
Ensembl Transcript ID .
Interpro Short Description o
» Filters MULTI SPECIES COMPARISONS:
[None s:'acted]
PROTEIN:
» Dataset: SNP:
[None Selected]
STEP 8:

View geneset options by
clicking on ‘Filters’ on the left.
Click on the ‘+’ infront of

biomart version 0.5 ‘REGION'’ to expand the
choices.

| _Now | How | count | Resuts |

STEP 9:
Select
‘Chromosome X’

» Dataset: = REGION:
Homeo sapiens genes (NCBI36)

. Chromosome ® v

» Attributes (Features)

Ensembl Gene ID [ Base pair

Ensembl Transcript ID Start 1

Interpro Short Description End 10000000
» Filters

Chromosome: X Band

Start : q28 Start 28

End : 28 End 528

» Dataset: 1 Marker
[None Selected] Start
End
[1 Encode type manual_picks | ¥

STEP 10:
Select ‘Band Start
g28’ and ‘End 28’

v

biomart version 0.5



HOME BLAST BIOMART SITEMAP HELP

Results

e
i 11:115962316:1 16462315 |+ |
» Dataset: 0 Encode region
Homeo sapiens genes (NCBI36) [ In encode region ® Only
» Attributes (Features) O Excluded

Ensembl Gene ID

Ensembl Transcript ID = GENE:
Interpro Short Description ID LIST FILTERS: [with Disease assaciaion ~|@O0nly

» Filters CExcluded |
Chromosome: X O ID list limit Ensembl Gene ID(s) -
Start : ¢28 STEP 11:
End : 28

Expand the
‘GENE’ panel and
choose ‘with
Disease
Association only’.

with Disease association: Only

|[ Browse ]

1

@ Only

Evealiisda sl

» Dataset:
[None Selected]

[ Transcript count >=
[ Entries with a 5’ UTR

biomart version 0.5

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

Al

M Display maximum rows as

Export all results to ‘ File v

» Dataset:
Homo sapiens genes (NCBI36)
» Attributes (Features)
Ensembl Gene ID

Go

Ensembl Transeript ID Ensembl Gene ID|Ensembl Transcript ID|interpro Short Descrip’ n|EntrezGene ID|M
Interpro Short Description ENSG00000155966|ENST00000370460 AF -4 2334 5
EntrezGene ID EHSG00000155966|ENSTO00000286437 BF -4 2334 El
Mim Gene Accession | EMSG00000010404|ENST00000340855 Sulfatase 3423 El
» Filters EMSG00000013615|ENST00000370401 PRO_rich 0046 El
Chromosome: X EHSG00000013619|ENSTO00000370401 PRO_rich 28030 El
Start : q28 EHSG00000013619|ENSTO0000370401 PRO_rich 0818 E
End : a28 EMSG00000013619|ENSTO0000262858 PRO_rich 146 El
ENSG00000013615|ENST00000262658 PRO_rich 030 5

EHSG00000013613|ENSTO0000262658 PRO_rich G E

EMSG00000171100[ENST00000306167 TYR_phosphatase El

M|

| ~

STEP 13:

To view the complete table,
change the option to ‘Export all
results to Browser’ and click
‘Go’.




Result Table 1

Ensembl Gene ID|Ensembl Transcript ID Interpro Short Description EntrezGene ID|Mim Gene Accession
ENMS300000155966|ENSTO0000370460 AF-4 2334 309548
ENMS300000155966|ENSTO0000286437 AF-4 2334 309548
ENMS300000010404[ENST00000340555 Sulfatase 3423 309900
ENMS300000013619|ENST00000370401 PRO_rich 10046 300120
ENMS300000013619|ENST00000370401 PRO_rich 725030 300120
ENMS300000013619|ENST00000370401 PRO_rich 730818 300120
ENMS300000013619|ENSTO0000262558 PRO_rich 10046 300120
ENMS300000013619|ENSTO0000262558 PRO_rich 725030 300120
ENMS300000013619|ENSTO0000262558 PRO_rich 730818 300120
ENMS300000171100[ENSTO00000306167 TVFE_phosphatase 4534 300415
ENMS300000171100[ENSTO00000306167 GREM 4534 300415
ENMS300000171100[ENSTO00000306167 Myotub-related 4534 300415
ENMS3000001473853|ENSTO00000370274 Epimerass_Dh 50514 300275
ENMS3000001473853|ENSTO00000370274 3Beta_HSD 50514 300275
ENMS3000001473853|ENSTO00000370274 Polysac_CapD 50514 300275
ENMS3000001473853|ENSTO00000370274 Male sterile C 50514 300275
ENMS300000130521|ENST00000330048 Ma ntran_symport 6535 300036
ENMS300000130521|ENST00000330048 Crt_transporter 6535 300036
ENMS300000130521|ENSTO00000255122 Ma ntran_symport 6535 300036
ENMS300000130521|ENSTO00000255122 Crt_transporter 6535 300036
ENMS300000185525|ENST00000345046 Macro_scav_ropt 10134 300398
ENMS300000185525|ENST00000345046 Bap31 10134 300398
ENMS300000185525|ENSTO00000370133 Macro_scav_ropt 10134 300398
ENMS300000185525|ENSTO00000370133 Bap31 10134 300398
ENMS300000101986|ENSTO00000215104 ABC_transp_like 215 300371
ENMSG00000101986|ENSTO0000215104 ABC_Ald_W 215 300371
ENMS300000101986|ENSTO00000215104 ABC_transp_like 642762 300371
ENMS300000101986|ENSTO00000215104 ABC_Ald_W 642762 300371
ENMS3000001958910[ENST00000370060 FnIII_subd 3897 308540
ENMS3000001958910[ENST00000370060 [VEGFR_I 3897 308540
ENMS3000001958910[ENST00000370060 FM_III 3897 308540
ENMS3000001958910[ENST00000370060 Ig_I-set 3897 308540
ENMSG000001958910|ENST00000370060 Ig_V-set 3897 308840
ENMS3000001958910[ENST00000370060 Ig 3897 308540
ENMS3000001958910[ENST00000370060 Ig-like 3897 308540
ENMS3000001958910[ENSTO00000361699 FnIII_subd 3897 308540
ENMS3000001958910[ENSTO00000361699 [VEGFR_I 3897 308540
ENMS3000001958910[ENST00000361699 FM_III 3897 308540




STEP 14:

Click on
‘Attributes’. 3 I IR
» Da _ @ Features © Homologs

Homw .apiens genes (NCBI36) O Structures O Sequences

» Attributes (Features) ) SNPs
Ensembl Gene ID p
Ensembl Transcript ID pECION:
Interpro Short Description = GENE:

EntrezGene ID
Mim Gene Accession

Ensembl Attributes
Ensembl Gene ID

» Filters Ensembl Transcript ID
Chromosome: X CEnsembl Peptide ID
Start : q28 CJExternal Gene ID
End : q28 [C1External Gene DB

with Disease association: Only CJEnsembl CDS length

CJEnsembl cDNA length

GO Attributes
0O GOID

» Dataset:
[Mone Selected] F

CJEnsembl Peptide length
[ Transcript count

[0 % GC content

[ Description

[]Biotype

[Source

[Status

[ GO evidence code Fr

biomart version 0.5
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STEP 15:
Select 'Sequences’ and

|_Now | tow | count | Resuts |

expand the
‘SEQUENCES'’ panel.

» Dataset: O Features © Homologs
Homo sapiens genes (NCBI36) O Structures @ Sequences
» Attributes (Sequences) - SNPs

Chromosome
Ensembl Gene ID B SEQUENCES:
Biotype Sequences (max 1)
cDNA sequences F----{0 0O I
» Filters B PN PR,
Chromosome: X
Start : 28 2 Unspliced (Transcript)
End : q28 CiUnspliced (Gene)

ZFlank (Transcript)
2 Flank (Gene)
' Flank-coding region

with Disease association: Only

» Dataset: (Transcript)
[None Selected] OFlank-codino = _.on (Gene)
o8 UTR

O3 UTR

CExon sequences (Transcript)
T Exon sequences (Gene)
DMNA sequences

1 Coding sequence

O Peptide

biomart version 0.5

STEP 16:
Select ‘cDNA
sequences’

ownload for public use - please see the code licence for details.



I8 T T STEP 17

Expand the ‘Header

) ! Information’ panel to view the
» Dataset: _ .
Homo sapiens genes (NCBI36) = Header Information default options. (Chromosome,
» Attributes (Sequences) Gene Attributes .
e, oo Ensembl Gene ID and Biotype
Ensembl Gene ID @Ensembl Gene ID = are selected).
Biotype C1Ensembl Gene ID (versioned) [De:
cDNA sequences CExternal Gene ID
» Filters Transcript Attributes
Chromosome: X CEnsembl Transcript ID DO Strand
Start : q28 C1Ensembl Transcript ID CIEnsembl Peptide length
End : q28 (versioned) [JEnsembl CDS length
with Disease association: Only CPeptide ID 15 UTR Start (Chr bp)
CJEnsembl Peptide ID 05 UTR End (Chr bp)
. [1Ensembl Peptide ID 03 UTR Start (Chr bp)
wDatagalt (versioned) [13 UTR End (Chr bp)
L Siotype
STEP 18: Transcrint Start (bo) -

Biomart] Click on ‘Results’.

wAUUy Vol EHL Ensem) 12 available o download for public use - please see the code licence for details.

|_Now | tow | count | Resuts |

» Dataset: Display maximum |10 ¥ |rows as | FASTA v
Homo sapiens genes (NCBI36)

- ¢ i
» Attributes (Sequences) SRLIE L ey Go
Chromosaome
Ensembl Gene ID »>X|ENSG00000101986| protein_coding
Biolvne GOCAGGCTGUOGAGC GEACGEACGUGCCTEETECCCCHGERAGROGCACCACTO0G AG
YP GAGGAGGAGEAGAAGETAGAGABGARGAGACGCCCCCTCTACCCOAGACCTCTCAL  °C
cDNA sequences CTEACCTCAGGGECCAGEGCACTOACAGGACAGGAGAGCCAAGTTCCTCCACTTON 3
» Filters COCGARGAGECCGOOACCOTEGAGEGECOCTEAGCOCACC BOACCABGGEOCCCAGC]
Chromosome: X COCCGEEEGCOTARAGCGACAGTCTCAGERGOCATCGUARGHTTTCCAGTTGRCTAL
Start : q28 ACAGOCCCAGGETCAGAECAACAATCOTTOCAGBCOACTTRCCTCAACTGUTACCUCE
End 428 ACCAGCCCCAGTOCCTACGUGOCAGC CABCCC AGHTGACATECCHETACTCTCCAGG
%l & ) CEECCCTAGCHERG0AACACEOTOAAGIECACBECCHTGCTOOTHECCCTCRNGHCT
with Disease association: Only GGANCCOACARAGTCTACCOCTTRGTACGOCAGTGCCTERC00NGENCAGGEETCTT
GCECCCGCCEEERAGCCCACGCAGGAGECCTCCGGEETCGCCECEECCARAGITORC,
» Dataset: AACCGGETATTCCTGCAGCGECTCCTETGECTCCTRCOECTGOTGTTCCCCCGEGETCL

TOOCGEAAGANGEEECTEC TEECCOTGOACTC G0N GUr TIGETEAGNTGCACCTTC!
[None Selected] TCGETOTATGTEECC OGO TORACGEAAGGCTERCC CO0TECATCETCOGOARGEACT
CBOGCTTTTG60 TEECAGCTEr TECAGTEG0TCCTCATCGOCCTCOCTOOTACCTTOR

biomart version 0.5
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STEP 19:
To view all the sequences,
export to browser.



RESULTS

>¥X| ENSGOO0O00155966| protein coding
CECCGCCTGTGCAGCCGCTGCCGCCGCCGCCGCCGOCGCCGCCGCCGCCGCCGCCGCCGT
CGCCGCTGCCGCCCCGECTGCCGCGoCGCGCCGCTGCCTCTGCOCCGGCCGCOCCCGCCG

COGCTGCCGCOGCCGGLCCGCAGCCAGCCAGGCGGGUGGCCCAGCCCGCCTGAGCCCGCA
GOGGCTGCOGCCGCAGCGTCGGGTCGCTGGGTGCGCGGGCTACCGCGGACCGAGCGGACT
CGAGTGGGCGACCAGGCGCTTGCCCGCCCAGTGCCACTGCCGCOGCTTCCTCGCCGGAGC

ACAGGACCAGACACCTCCAGCGCCCGUTGC TGCTGCCGATGCGGCCCGGACACTTTTAGE
TGGGCGGGAGGGC TGGAGAGCCGGGGECCGCCGAGAACCGCCAGCGAGC TGTGCCGAGAG
CCGCGCCGACCCGCTGCGATCAGGGACAGGCGCCCGCCCGCCGCCGCCGCCTGGCCGCTA
TGGATCTATTCGACTTTTTC AGAGAC TGGGACTTGGAGC AGC AGTGTCACTATGAACRAG
ACCGTAGTGCACTTARALARLGGGAATGGGAGCGGAGGAATCAAGALGTCCAGCAAGRAG
ACGATCTCTTTTC TTCAGGCTTTGATC TTTTTGGGGAGCCATAC AMGGTAGC TGALTATA
ARATTCCTTTCCTC TTGGAAGC TTTGGTCATAATATCATGGTTCAATTARACGGATTCCA
CCGGACTTTGTGATGAALLAGGC TCTGTTAALATCC AATTGAGTTTCCALGAGGLAATTG
TAGTAGGTCAAGATGCATGAGAGGGAAGATGGAGGCCACCTCAGCTGGAGAACATGAGCT
GAGTTGAGCCCTCAGTGTTGAAGTTGACTTGC TCCAAGCTGCAGTC TALAACCCTGGGGE
CCGTGCCTGGCCTATGC TCCCTCCCALGTAAGTAGAGGAGC AGAACCATC AGGALCAGCC
TGCCTGGCTCCTATGAAGRAARACTTCCTGACGTCCTGTCCCCARAGGAAGACCCTTTCCC
CAAGGGCACCCCAGGTGGCCATTARATTGTGATGATCATTC AGAALGTGCCCCCTTGGCT
TTATGAGAATCCAATTAGTCTTC TGAACCACCTTTTCTTGGGTGCAGATTTCCAACATTC
ATGCTCATTGCAGATCCACCARC TGTC ACTGTTC TTAACALGCATGCTCGTCTTSTCAGR
ATTTCAGTAAGTTCCAATTTCCTGTACAGACCAGGGTARAC TCTTCTARAATCAATCAAT
TAATGAAATGTTATCTGGTTTTTARALGCTGGTTTCATGTGC TTTATGTGTATALAACTL
TATCTGCCTGTGTGGCTTTGCATTTCAAATGTGTGGCGCACAAGCGTTTTGTTGSTGCTT
TGTTCTCAGTACAGTAAC TCTGTGTACAAACATTTTAATGTGGTTTTGTTGTTTTCCAAC
AAGATGTCTCTGTAAAAATGATATTGGC TGAGCTGGTGCGTTGGTTTCTC TCATAGAGGT
ATTAACTATACTGCCAATGCATTGAATTATTTARAAATGCAAAATARALTTTTTATGALL
ATCTCA

>X| ENSGOO000102125| protein coding

TTTCCGGCGGTTGC ACCGGECCGGGETECCAGCGCCCGCCTTCCCGTTTCCTCCCGTTCC
GCAGCGCGCCCACGGCCTETGACCCCGGCGACCGCTCCCCAGTGACGAGAGAGCGGGGCC
GGGCGCTGCTCCGGCCTGACCTGCGALGGGACCTCGGTCCAGTCCCCTGTTGCGLCGCGE -
CCCCTGTCCGTCCGTGCGCGGGCCAGTC AGGGGCCAGTGTC TCGAGCGGTCGAGGTCGC A
GACCTAGAGGCGCCCCACAGGCCGGCCCGGEGCGCTGGGAGCGCCEGCCGCGGGCCGGGT
GGGGATGCCTCTGCACGTGAAGTGGCCGTTCCCCGCGGTGCCGCCGCTCACCTGGACCCT
GGCCAGCAGCGTCGTCATGGGCTTGGTGGGCACCTACAGC TGCTTCTGGACCAAGTACAT
GAACCACCTGACCGTGCACARC AGGGAGGTGC TGTACGAGC TCATCGAGRAGCGLGGCCT
GGCCACGCCCCTCATCACCGTGTCCAATCACCAGTCCTGCATGGACGACCCTCATCTCTG
GGGGATCCTGALLC TCCGCCACATC TGGAACC TGAAGTTGATGCGTTGGACCCCTGCAGE
TGCAGACATCTGC TTCACCARGGAGCTACACTCCCACTTCTTCAGCTTGGGCALGTGTGT
GCCTGTGTGCCGAGGAGC AGAATTTTTCCAAGC AGAGAATGAGGGGAALGGTGTTC TAGL
CACAGGCAGGCACATGCCAGGTGCTGGARAAAGAAGAGAGLAAGGAGATGGCGTCTACCL
GAAGGGGATGGACTTCATTTTGGAGAAGCTC AACCATGGGGACTGGGTGCATATCTTCCC
AGAAGGGAAAGTGAAC ATGAGTTCCGLATTCCTGCGTTTC AAGTGGGGAATCGGGCGCCT
GATTGCTGAGTGTCATCTCARCCCCATCATCCTGCCCCTGTGGCATGTCGGAATGAATGA
CGTCCTTCCTAAC AGTCCGCCCTACTTCCCCCGC TTTGGAC AGAALATC ACTGTGCTGAT
CGGGAAGCCCTTCAGTGCCCTGCCTGTACTCGAGCGGCTCCGGGCGGAGLACAAGTCGGC
TGTGGAGATGCGGAAAGCCCTGACGGACTTCATTC AAGAGGAATTCCAGC ATCTGAAGAC
TCAGGCAGAGCAGCTCCACARCCACCTCCAGCCTGGGAGATAGGCCTTGCTTGCTGCCTT
CTGGATTCTTGGCCCGCACAGAGCTGGGGCTGAGGGATGGACTGATGCTTTTAGCTCALL
CETGGCTTTTAGACAGATTTGTTCATAGACCCTCTC AAGTGCCCTCTCCGAGCTGETAGG
CATTCCAGCTCCTCCGTGCTTCCTCAGTTACACARAGGACCTCAGCTGCTTCTCCCACTT




