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Iden&fica&on!of!pep&des!from!Mass!Spectrometry!can!be!improved!by!genera&ng!

custom!search!databases!from!RNA!sequencing!of!the!sample!specimen.!!!!

!

Galaxy!provides!a!comprehensive!and!flexible!framework!in!which!to!combine!the!

analysis!of!both!proteomic!and!genomic!data.!!The!analysis!workflows!created!in!galaxy!

can!be!easily!shared!to!verify!and!replicate!results,!and!can!be!easily!reused!and!

modified!for!future!projects.!!!

!

The!Galaxy!workflows!and!tools!are!available!from:!!

•  Galaxy!Toolshed:!!hIp://toolshed.g2.bx.psu.edu/!!!
•  GalaxyP!public!sever:!!hIp://usegalaxyp.org/!

RESULTS'
'Genome!sequence!variants!that!affect!protein!coding!sequences!introduce!a!

significant!challenge!in!the!analysis!of!!proteomics!data!with!many!of!the!

sequences!not!present!in!the!reference!proteome!databases.!A!solu&on!to!the!

issue!is!the!development!of!customized!proteomic!databases!informed!from!

companion!RNAOSeq!transcriptome!data.!!Examples!of!advantage!of!such!

approach:!

•Single!Amino!acid!Polymorphisms!(SAPs)!and!novel!splice!junc&ons!detected!

from!RNAOSeq!data!enable!the!iden&fica&on!of!proteins!not!contained!in!the!

reference!proteome!database.!

•Removing!proteins!from!the!reference!database!that!are!not!expressed!in!the!

sample!increases!the!number!and!quality!of!pep&de!iden&fica&ons.!

!

Crea&on!of!these!RNAOSeq!informed!reference!proteome!databases!can!be!

complex.!!We!used!the!Galaxy!plaVorm!to!develop!userOfriendly!workflows!for!

the!crea&on!of!customized!proteomic!databases.!!These!workflows!can!be!

shared!and!further!customized,!contribu&ng!to!a!process!of!transparency!and!

reproducibility.!!
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METHODS'

Galaxy''Database'Crea9on'Workflows'

Reduced!Database! SAP!Database! Splice!Database!

!

The!reduced!database!was!derived!from!Ensembl!(v73,!104,310!entries).!Transcripts!

were!quan&fied!using!“RNAOSeq!by!Expecta&onOMaximiza&on”!(RSEM)!and!all!protein!

entries!for!which!a!transcript!was!below!1!transcript!per!million!(TPM)!were!eliminated,!

leaving!82,903!entries.!Pep&de!iden&fica&ons!increased!by!0.4%!(original:77,840,!

reduced:78,168),!increasing!detec&on!sensi&vity.!

CONCLUSION'
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!!!!!!!“GalaxyOP:!A!new!communityObased!informa&cs!paradigm!for!MSObased!proteomics”!

RSEM!determines!the!RNAOSeq!

transcripts!expressed!at!detectable!levels.!!

Proteins!!from!transcripts!that!are!not!

expressed!are!filtered!out.!!

RNAOSeq!reads!are!aligned!to!the!reference!

genome!with!tophat.!!SAMtools!iden&fies!

variant!DNA!bases.!SNPEff!annotates!the!

variants!with!effects!to!genes!and!proteins.!!

Tophat!alignments!are!used!to!find!evidence!

of!novel!splice!variant!transcripts.!The!novel!

splice!junc&ons!are!translated!into!a!protein!

database.!!!

Galaxy!Workflows!for!RNAOSeqO

based!protein!database!construc&on!

were!created!from!available!Galaxy!

tools!along!with!four!new!tools!

developed!for!this!project.!!!

!

The!workflows!were!applied!to!a!

deepOcoverage!human!Jurkat!cell!

dataset—80!million!pairedOend!RNAO

Seq!reads!from!an!Illumina!

HiSeq2000!and!~500,000!mass!

spectra!from!a!VelosOOrbitrap.!!!

!

!
Reduced,!SAP,!and!splice!protein!databases,!all!based!on!comparison!to!

Ensembl!gene!models!(GTF,!v73),!were!constructed!from!the!RNAOSeq!data.!

These!customized!databases!and!Ensembl!reference!protein!database!were!

each!searched!against!the!MS!data!using!SEQUEST/Percolator!to!iden&fy!

novel!pep&de!variants!(1%!FDR).!The!pep&des!were!compared!to!previous!

published!studies!that!used!different!gene!models!(RefSeq!instead!of!

Ensembl).!!

!

We!further!demonstrated!the!u&lity!of!the!database!workflows!by!applying!

them!for!analysis!of!islet!cell!samples!from!mouse!strains:!B6!and!CAST.!!

!

# entries peptide IDs # entries peptide IDs % increase
Jurkat human cells 80M 500K 104,310 73,123 82,101 73,436 0.4
B6 mouse islets 94M 250K 52,165 30,137 18,052 30,220 0.3
CAST mouse islets 126M 250K 52,165 28,756 16,940 28,823 0.2
peptide passing a 1% FDR were identified
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# SAPs # SNP sites peptide IDs SNPs ID'd
Jurkat human cells 9,168 6,924 522 491
B6 mouse islets 1 1 N/A N/A
CAST mouse islets 476 249 22 19
peptide passing a 1% FDR were identified

Sample
sap DB

SAP database workflow results

size min. depth peptide IDs
Jurkat human cells 33,372 6 67
B6 mouse islets 57,587 4 64
CAST mouse islets 43,244 4 66
peptide passing a 1% local FDR were identified

splice database workflow results

Sample
splice database

The!SAP!database!was!derived!from!SNPs!called!against!the!human!reference!genome,!

resul&ng!in!20,595!SAPOcontaining!pep&de!entries.!553!SAP!pep&des!that!mapped!up!to!

522!unique!SNP!sites!on!the!genome!were!iden&fied,!a!79%!overlap!with!results!from!

Sheynkman!et!al.!(JPR,2013,13(1)).!

The!splice!database!was!made!from!novel!splice!junc&on!sequences!not!present!in!the!

Ensembl!gene!models!and!consisted!of!125,256!candidate!novel!junc&ons!(219,989!

total!entries!due!to!mul&ple!transla&on!frames).!67!novel!spliceOjunc&on!pep&des!were!

iden&fied!at!a!1%!local!FDR,!a!57%!overlap!with!results!from!Sheynkman!et!al.!(MCP,

2013,12(8)).!
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