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Objectives for workshop

* Basics of data analysis for proteomics/proteogenomics
 Learn about tools available in Galaxy for proteomics

e Learn how to build some workflows and use tools




‘Omic technologies and the molecular biology paradigm

DNA RNA Protein Metabolite
Genome Transcriptome Proteome Metabolome
\ ) \ )
| |
High throughput sequencing technologies Biological Mass Spectrometry

* Proteomics complements genomics/transcriptomics
* Direct information on molecular “effectors” of cell functions (enzymes, transporters etc.)

* Properties not predicted by genes/transcripts (PTMs, protein complexes etc.) GalaxyP
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Quick reminder: primary protein structure

@
2 Yy @8 4 ~ - o Primary protein structure

o A A is saquence of a chain of amino acids
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0 S Amino Acids

Amino Acid

(20 naturally occurring)

http://www.scienceprofonline.com/chemistry/what-is-organic-chemistry-carbohydrates-proteins-lipids-nucleic-acids.html




Measuring masses of proteins and peptides

1. Protein, MW = 10,000 + @%\D “Top down proteomics”

digest into peptides (enzymatic, chemical)

NH~— ~ ~—R-COOH Trypsin
2. Peptides, NH; . — K-COOH N-THK.NCPHIVVGTPGR.IPD-C
MW < 4,000 K-COOH I I
NH; cleaves c-teminal side of

arginine (R) and lysine (K)

3. Peptide

“Bottom up proteomics”
fragments PP




High throughput protein identification by MS

Peptide fractionation coupled to tandem mass spectrometry (MS/MS)

peptide
. fragments
proteins peptides
® “Multidimensional”
Ve . fractionation .Ho+
_ >ULC o
—Q - e
.\. ES|
Isolation Fragmentation Mass.
digestion Analysis
BN T s S m/z
/‘“i‘““ L{ J:LD\ JLTB:IL:“R :J::,‘\lfl_l;);a;::;l eeeeeeeeee l zzzzzzz

“MS2” or “MS/MS” spectrum
records masses of peptide
fragments

“MS1” spectrum records masses of
intact peptides

GalaxyP
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Information “currency” of MS: mass spectra

Relative Abundance
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Common mass spectrometry terms

m/z = mass-to-charge = mass of analyte/number of retained charges

Mass accuracy (ppm) = [(measured m/z — actual m/z)/(actual m/z)] * 106
» Mass accuracy is usually expressed in units of parts per million (ppm)

« Generally a lower mass accuracy in ppm is preferred
Mass resolution = m/Am

where m = analyte mass -
Am = width of peak, generally at 50% S\ Amiec st neigh:
of peak height (also called full-width half-

max, or FWHM) > mass

m

» Generally higher mass resolution is preferred




Tandem mass spectrometry and peptide sequence

y-series: Y14 Y13 Y12 Y11¥10.Yo .Ye Y7 .¥6 .¥s5 Y4 Y3 .Y2 V4

H, N-N+-S*-G+-D+-|<~-V-!-N*-L-r-G-!-S+|-v-Aw—G-r-R-COOH

Relative Abundance

|
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200 400 600 800 1000 1200
m/z

 An MS/MS spectrum contains a mixture of b and y ions

GalaxyP




High throughput identification of proteins

Raw MS/MS spectrum

Relative Abundance

600 800 1000 1200
m/z

Protein sequence and/or DNA Direct identification of 1000s
sequence database search proteins from complex mixtures
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Protein identification @

Peptide sequence match

Relative Abundan




Different choices for sequence database searching

Myrimatch

—
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ARTIST : G. RENEE GUZLAS




Experimental workflow in MS-based proteomics

Protein sample

FASTA database
>EEEEEEEREN
EEEEEEEEEN
EEEEEEEEER
¢ Enzymatic digestion ¢ Enzymatic digestion
Peptides Peptide sequences
< EEEEE EEE B
SJ}%)';’ Yoo’ EN EEE EEEEE
e ‘-‘\’5‘%" EEEE =N EEEE

¢ Separate and ionize ¢ Peptide mass filter
Mass spectrometer

Candidate peptides
@ oooo ; ;

e — BEEDB
— HEEo
¢ Acquire data ¢ Calculate fragment ions

MS/MS spectrum Fragment ions

Ay
\ /

Match scorer

b1,b2,b3
MR i

Eng et al 2011
Mol Cell Proteomics. 10(11): R111.009522.




Data analysis modules for protein identification

4. Visualization

3. Data filtering, QC and organization

2. Sequence database searching

1. Database and peak list generation




Why use Galaxy for proteomics data analysis?

(Iass spectra [RAW) Peakiist (MG or meml) ) P

Peptide Sammary Lets mmn)

Speciial Mt tang
using ProtenMiot
— O ——
@ Two-step database search
Target-Decoy database
B Specirel Machirg [——

Peptide Summary from
Second Step Search
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S
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Lonk pevtides IV) Genome visualization module
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J Proteome Res. 2014 13:5898-908




roteomics tools accessible via the Tool Shed

https://toolshed.g2.bx.psu.edu/

3374 valid tools on Jul 04, 2015 = = H =
Repositories in Category Proteomics

Search

= Search for valid tools «

= Search for workflows

Metadata ook oy

Valid Galaxy Utilities Name; Synopsis Type Reione Package Owner

= Tools Verified

= Custom datatypes appendfdr Add false discovery rate to tabular data. Unrestricted 0 (2013-05-. no galaxyp

= Repository dependency definitions blast plus remote blast NCBI BLAST+ remote blastp Unrestricted 4(2015-05-04) ¥| no galaxyp

= Tool dependency definitions

All Repositories blastxml to tabular selectable Converts blast xml file to a tabular with options for unmatched queries, and number of hits to convert Unrestricted 1(2014-10-08) v no qalaxyp

= EBrowse Dy category e ; : .

Gl dbbuilder This tool allows users to download protein databases from common sources. Unrestricted 4 (2014-09-26) v no galaxyp

Available Actions

= Login to create a repository decovfasta Galaxy tool wrapper for the transproteomic pipeline decoyFASTA tool. Unrestricted 6(2014-10-08) v n/a galaxyp
directag and tagrecon Bumbershoot DirecTag and TagRecon Unrestricted 0 (2014-09-. no galaxyp
fasta_merge files and filter unigue sequences Merge FASTA files, keeping only unique sequences Unrestricted 0 (2014-09-26) no galaxyp
feature alignment Feature Alignment of peakgroups below a FDR Unrestricted n/a galaxyp
filter by fasta ids Extract sequences from a FASTA file based on a list of IDs Unrestricted 0 (2014-09-26 no galaxyp
acms lcms analysis GCMS and LCMS workflows Unrestricted 0 (2015-05-15) n/a proteomisc
idpaonvert Bumbershoot idpQonvert, a part of Bumbershoot IDPicker. Unrestricted 2 (2014-09-30. no galaxyp
Ita_iguant cli iQuant is a tool that performs tag based isobaric quantification Unrestricted 0 (2014-09-26) no galaxyp
make protein decovs Generate a decoy database from an input set of protein sequences Unrestricted 1(2015-03-26) ¥ no iracooke
mascot Mascot MS/MS Search Unrestricted 9(2015-03-29) v no iracooke
maf formatter This repository contains a tool wrapper for the TINT MGF formatter. Unrestricted 1(2014-09-26) v no galaxyp
msconvert Tool wrappers for the msconvert application distributed as part of Proteowizard. Unrestricted 8(2014-09-26) v no galaxyp
ms data converter AB SCIEX MS Data Converter Unrestricted 1(2015-03-11 no galaxvp
msafplus MSGF+ Galaxy Wrapper Unrestricted 15(2015-03-26) Y| no iracooke
ms_wiff loader Loads AB Sciex wiff files from URLs Unrestricted 0 (2015-03-10) no galaxyp

< myrimatch Bumbershoot MyriMatch Unrestricted 0 (2014-09-26) no galaxyp -

https://github.com/galaxyproteomics/tools-galaxyp




Basics of proteogenomics

High throughput sequencing
data, (genomic, RNA-seq)
annotation optional

Comprehensive protein
sampling by MS

MS Data =)

Database construction

|

Database search

|

* Downstream
Bioinformatics

Six-frame translation of
raw genomic sequence

Genome annotation

Gene expression regulation
Protein variants in disease
Functional outcomes of
genome mutation

NN NN

*

Genomic sequence ([IED [ ==

dentified peptides E0——0— EE0—0—C2 —E—E-

Confirmation of
gene models

Correction of
gene models

Identification
of new ORFs

Mol. BioSyst., 2011, 7, 284-291




Peptide sequence variants and “proteoforms”

Canonical sequence

Endogenous
proteolysis

RNA splicing

Coding SNPs
Mutations

Post-translational
modifications

_

UniProt accession no.

Set of base primary

I > - sequences

58R —5 E
109W—C

5K

25 S —» phosphorylation
43 Y — phosphorylation
201 K— monomethylation _J

“|soforms”

X

—» acetylation > Site-specific

features

A proteoform

j

All sources of

(8]
o0 © Jcl'-{} Proteoforms
-3

combinatorial variation

| VOL.10 NO.3 | MARCH 2013 | NATURE METHODS




What will this workshop cover?

Basics of MS-based proteomic data analysis, with a showcasing of
proteogenomic workflows in Galaxy.

The first workflow module for merging search databases will be
actually ‘run” while others we will ‘pretend run’ — to avoid slow
down on the cloud.

The different modules can be run as a complete workflow — for
the sake of a tutorial we will run modules separately.

We have included documentation for each portion of this
workshop for reference.




|
. GENOME '
VISUALIZATION

INPUTS : PEAKLISTS and SEARCH db




PROTEOGENOMICS WORKFLOW

~
( Mass spectra
Peak processing
msconvert
MGF
Formatter
Peak list (MGF or mzml)
\.
translan on Translated
genomic db
? Fasta
Transcriptomic (cDNA or FASMA
RNASeq) or Genomic Database
Database ﬁ
Host Protein
Database

8 I

Data
Processing

1

Peptide Summary from
search with novel proteoform
PSMs and microbial peptides

=

Peptide Summary

Target -Decoy

database
Search GUI Pepnnghaker

=

complete multi-omic data analysis workflows.

Potential Novel
Proteoform
Peptides

PINTIALMEWFSTIFEM
PEPTIDEANTSTASAMT
MOPETOS
ANCHAZAPLITIONS.

Short peptides
(<30 aas)

NCBI BLAST + remote blastp

Filter peptides

)
with mismatches i d
A 3 Long peptid

Peptides in
FASTA format

> ENST | otensial mew Micicbel
B

> ENST| Patential mew Microbel
PPTERSINSTARAMT

(<30 aas)

to human NCBI
databay

Pepﬂde Summary of ew proteoform peptides.
-
Peptide Spectral :’;::II)“
Match Evaluation
General Transfer Format
file for Human genome Peptide to GTF
conversion Visualization in

genomic context

Spectral
Visualization

Peptide to

GTF =

Peptide
quality pepti

Filtering of Peptide Spectral
de spectral

Matching Metrics

y of new p!

July 8th 2015: Session 7 : 2:05 PM: Extending Galaxy’s reach: recent progress towards

kTimothyJ Griffin



INPUTS : PEAKLISTS and SEARCH db
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GALAXY TOOLS AND WORKFLOWS

Input dataset collection % msconver t RAW x
O Thermo Finnigan RAW Input
output
: | | x 3 MGF Formatter x Search GUI *
output (mzml, mzxml, ms2, mg
(]
(hm] ; PUL L . Protein Database
output (mgf) O Input Peak Lists (mgf)

searchgui_results (searchgui_archive) 2

Software tools can be used in a sequential manner to
generate analytical workflows that can be reused, shared

and creatively modified for multiple studies.

INPUTS : PEAKLISTS and SEARCH db




Getting Started GCC2015 GalaxyP Tutorial

Open a web browser and navigate to the
GalaxyP cloud instance —

http://54.205.17.20/

At the top of the screen select User and
Register and Log in for your Cloud
username (your email) and password.



2.2 Getting Started GCC2015 GalaxyP Tutorial

A. Open a web browser and navigate to the GalaxyP cloud instance - http://54.205.17.20/
B. At the top of the screen select User and Register and Log in for your Cloud username (your email) and password.

C. At the top of the screen select Shared Data then migrate to Published Histories .
D. Select History 1 from the list of published histories.

E. Select Import history to add the selected history to your user histories.

F. On the confirmation screen select start using this history to navigate to this
history in the Galaxy view.

G. At the top of the screen select Shared Data then migrate to Published
Workflows .

H. Select Workflow 1A: Workflow for History 1 from the list of published
workflows and choose import to copy the workflow into your user workflows.

I. On the confirmation screen, select start using this workflow to navigate to your
user

workflows.

J. In the workflows menu select Run Workflow 1A: Workflow for History 1 from the
drop down menu.

K. Appropriately assign each input database from History 1 to the corresponding
input or the workflow.

INPUTS : PEAKLISTS and SEARCH db 22



2.2 Getting Started GCC2015 GalaxyP Tutorial

INPUT

Shared Data

v

Published Histories

l

Select History 1

l

Import history

l

Start using this history

Shared Data

Published Workflows

!

Select Workflow 1A

l

Import workflow

l WORKFLOW

Start using this workflow

Run Workflow 1A



PROTEOMICS WORKFLOW

Protein sample

FASTA database
>S>AEEEEEEER
HEEEEEEEEER

¢ Enzymatic digestion

Peptides

l Enzymatic digestion

Peptide sequences
S EEEEE EEE B
oY Ryl

EN NEN NEEEN
‘\"-\stbb ENEE SN EEEER

¢ Separate and ionize ¢ Peptide mass filter
Mass spectrometer

Candidate peptides
@ oooo ; ;
=

BEEEE
[ 1111
uquire data Calculate fragment ions

~MS/MS spectrum

Fragment ions

I |I| .I- 1 q‘ﬂ‘ﬂ%
\ /

Match scorer

Eng et al 2011
e Mol Cell Proteomics. 10(11): R111.009522.
.n.|.J..|..I.L‘ﬁ yiy2,y3|

INPUTS : PEAKLISTS and SEARCH db




INPUTS : MASS SPECTRAL DATA AND SEARCH DATABASE.

4 proteins spiked in
(10 fmols each) \
\ The dataset will be searched against

Hela cell lysate
FASTA database with human

1’ proteins, contaminant proteins,
Digested O/N with trypsin spiked in proteins and a subset of 3-
l frame translated cDNA database
from EnSEMBL.
Liquid chromatography fractionation
(10 fractions) INPUTS: a) MGF formatter MGF
l files. (dataset collection)
. ) b) ABRF-Spiked4: FASTA sequences
Thermofinnlgan Orbitrap Velos of 4 spiked in proteins.
(Orbi MS, MS/MS HCD) ¢) FASTA File from EnSEMBL
‘1' Searches: Subset of 3-frame
RAW Files translated cDNA database from

EnSEMBL (our template for
identifying novel proteoforms).
d) Human UniProt FASTA file +
contaminant proteins.

INPUTS : PEAKLISTS and SEARCH db



SEARCH DATABASES

MS Spectrum MS - MS Spectrum

225 .
i | 225 |
' 4
‘ A . lons selected (Isolated)
‘ 1% from chemical background .
Womiz iz

1st stage of MS-MS 2nd stage of MS-MS

(Collision-induced dissociation)

Mass spectrum

INPUTS : PEAKLISTS and SEARCH db

Peptide Spectral Match

>

A
Ribhed ok

Search  Protin g | for|] E_nJ

Limits Previewindex

Display|  Guaphics _|| show: 20 .JI Sendto|  File GetSubseq

1: PO3019. Fumarate and nitr...[ gi120458)

>gi|120458| sp|PO3019| FRR_ECOLT Fumarate and nitrate reduction regulatory protein
MIPEKRITRRIOSGGCATHCQDCSISOLCIPFTLRERELD QLDRITERKKPIOKGOTLFRAGDELKSLYA
IRSGTIKSYTITEQGDEQIT GFHLAGDLY GFDALGSGHHP SFAQALET 5MY CETPFETLDDLS GKMPRLR
QOMMRLMSGEIKGDODMILLL AAFIYHL 'RLTMTRGDIGRYLGLTVET
ISRLLGRFOKSGMLAVKGKYITIERNDALAQLAGHTRRVA

Reference Protein Database

from genomic annotation

b, A NELLLNVK Vs
b, AN ELLLNVK VY7
b; ANE LLLNVK Vs
b, ANEL LLNVK VYs|
b; ANELL LNVK Vs
b ANELLL NVK V:
b, ANELLLN VK Y
by ANELLLNV K ¥
Ys
100 586.4
Y4 Y6
Y7
473.3 699.5 B26.5
S04
b2 y3
1851 b3-NH3  360.2 b4-NH3
V1 %3 208.1 411.2 Y7-H20
147.1| | 246.2 H ‘ bS-NH3 810.5
\l['l |l=.ﬂi | I} [J‘ll ’ .I|'|.. IIS_?'E'. . | i —mfz
100 200 300 400 S00 600 700 800




PROTEOMIC DATABASES

Swiss-Prot is the manually annotated and
reviewed section of the UniProt
Knowledgebase (UniProtKB).

It is a high quality annotated and non-
redundant protein sequence database,
which brings together experimental results,
computed features and scientific
conclusions.
http://en.wikipedia.org/wiki/Swiss-Prot

N

Prdt

INPUTS : PEAKLISTS and SEARCH db

TrEMBL contains high-quality
computationally analyzed records, which
are enriched with automatic annotation.

The translations of annotated coding
sequences in the EMBL-Bank/GenBank/
DDBJ nucleotide sequence database are

automatically processed and entered in
TrEMBL.
http://en.wikipedia.org/wiki/TrEMBL

/




CUSTOMIZED PROTEOMIC DATABASES

Expressed
sequence .
tags / cDNA Genomic Metagenomic
sequences. DNA databases.
sequences.
Customized
\ database
RNASeq data. f repositories
Three-frame Six-frame .
translation translation Translation ggll:I\T/ItsCh;

Translation and
database reduction
workflows

Proteomic

databases.




LOOKING BEYOND THE KNOWN PROTEOME

MS Spectrum MS - MS Spectrum
Search  Protein .| for|] Go

Limits Previewindex

225
Display|  Guphis [ Stow: 20 | Send to File i = Get Subseq

i ) lons selected (Isolated) _ i | :
[WWos T Pomesibaden® | |2 e ﬁ
! 1: P03019. Fumarate and nitr...[gi120458)

2nd stage of MS-MS
(Collision-induced dissociation)
>qi|120458| sp|PO3013| FNR_ECOLT Fumarate and nitrate reduction regulatory protein
MIPEKRIIRRIOSGGCATHCQDCSISOLCIPFTLNERELD QLDRITERKKPIOKGOTLFRAGDELKSLYA
IRSGTIKSYTITEQGDEQITGFHLAGDLY GFDALGSGHHP SFAQALET 57 CEIPFETLDDLS GKMPRLR
QOQMMRLYMS GEIKGDODMILLL SKKNAEERLAAFIYNL SRRFAQRGF SPREFRLTMTRGDI GRYLGLTVET
ISRLLGRFOKSGMLAVKGKYITIERNDALAQLAGHTRRVA

/ Reference Protein Database
from genomic annotation

225 ‘

1st stage of MS-MS

Mass spectrum

6-frame DNA

Search | Pawn i | e[ Go sequences.
Limits Previemindex 3_frame CDNA

Display|  Guphics _|| show: 20 _|| Send to File _Jl Get Subseq sequences.

Identification of
1: PO3019. Fumarate and nit.. 120458

»qi| 120458 | sp|P03013|FRR_ECOLT Fumarate and nitrate reduction requlatory protein

[ J
p ep tl d e S MIPEKRIIRRIOSGGCATHCQDCSISOLCIPFTLREHELD QLDRIIERKKPIQKGOTLFKAGDELKSLYA
IRSGTIKSYTITEl]GDEQITGFH].AGDLVEPDAIGSG)’lHPSFRURLETSMVCEIPPETLDDLSGXMPNLR
d ° QOMMRLYSGEIKGDODMILLL AFIYHL RLTMTRGDIGRYLGLTVET

Cancer / Disease related RNASeq data
(Customized OR

tO IlOVel pl‘OteOfOl'mS. Databases such as COSMIC,
TARC p53, OMIM... Combined)

Deep genome sequencing data
from ICGC, TCGA and CPTAC
32

INPUTS : PEAKLISTS and SEARCH db



WORFLOW 1A

Tool: FASTA Merge Files and Filter
Unique Sequences

Version: 1.0
Input dataset x || Input FASTA File(s)s:
output ‘ Input FASTA File(s) 1
‘ FASTA File
Data input 'input' (fasta)
Input dataset - ‘ Remove Input FASTA File(s)
output j 1
Input FASTA File(s) 2
FASTA Merge Files and Filter x | FASTA File
Unigue Sequences | Data input 'input' (fasta)
Input dataset x Regex Find And Replace x | Input FASTA File(s) 1 > FASTA File : Remove Input FASTA File(s)
output Select lines from | Input FASTA File(s) 2 > FASTA File g
out_filel | Input FASTA File(s) 3 > FASTA File Input FASTA File(s) 3
I FASTA File(s) 4 > FASTA Fil
nput FASTA File(s) 4 > FAS ile FASTA File
output (fasta) ® | Data input 'input' (fasta)

Remove Input FASTA File(s)
3

Protein Database Downloader %

output_database (fasta)

Input FASTA File(s) 4

FASTA File
‘ Data input 'input’ (fasta)

Remove Input FASTA File(s)
4

Add new Input FASTA File(s)

INPUTS : PEAKLISTS and SEARCH db 33



PROTEOMICS WORKFLOW

Protein sample

FASTA database
>SEEEEEENER
< AEEEEEEEEN
EEEEEEEEEN
\
¢ Enzymatic digestion ¢ Enzymatic digestion
Peptides Peptide sequences
Jid JGJ > EEEEE EEE B
57 ISP

EEEE EN EEEER
¢ Separate and ionize

¢ Peptide mass filter
Mass spectrometer

Candidate peptides
@ oooo ; ;

—

> SaNg Yy b

BEEEE
[ 1111
uquire data Calculate fragment ions

~MS/MS spectrum

Fragment ions
bl b2 b3

i AARE

Iy I 1 I I| g Y3 y2 yi

Match scorer

Eng et al 2011
e Mol Cell Proteomics. 10(11): R111.009522.
) ” ||| am il

yly2,y3

INPUTS : PEAKLISTS and SEARCH db




INPUTS : MASS SPECTRAL DATA AND SEARCH DATABASE.

4 proteins spiked in
(10 fmols each) %5

Hela cell lysate

!

Digested O/N with trypsin

!

Liquid chromatography fractionation
(10 fractions)

!

Thermofinnigan Orbitrap Velos
(Orbi MS, MS/MS HCD)

v

RAW Files

msconvert l

mzml files

!

MGHF files

INPUTS : PEAKLISTS and SEARCH db




MASS SPECTRAL DATA
fsﬁlk’

intensity

=

2

MS scans (blue) : 1,3,5,7 ...
MS/MS scans (red): 2, 4,6,8 ... 8
Scan#

Eng et al 2011
Mol Cell Proteomics. 10(11): R111.009522.

RAW DATA AND PEAKLIST

Rat9_SILAC (MaxQnuant generated mgf)

e Peak detection

e Noise removal

e Baseline correction
e Monoisotoping

e Charge state

| o5 -
e enovatia.com ST247068 369082
ENDIONS

Raw Data :
Peaks with wider distribution Pe?(kL'St (Proc_:tissed)
(Area under curve) N Peaks (centroid) wi

intensity values.

Additional information
(Noise Peaks)

INPUTS : PEAKLISTS and SEARCH db 36

Removal of noise peaks.




RAW DATA CONVERSION TOOL

.RAW

/

ProteoWizard | msconvert | http://z.umn.edu/msconvert

/

mzML

/

MGF Formatter http://z.umn.edu/mgfformatter

/

MGF

INPUTS : PEAKLISTS and SEARCH db




L]

Search GUI P

/ = B N
1B
{

1 I'
\\v ,/

INPUTS : PEAKLISTS and SEARCH db SEARCHGU|>

SEARCHGUI : SEARCH ALGORITHMS

INPUTS : PEAKLISTS and SEARCH db



%

\

COMMUNITY-BASED SOFTWARE DEVELOPMENT

Software
Developer
S SearchGUI /
% [é PeptideShaker
. \
o ’ % Improvement Galaxy
s to the Wrappe

- USER h

Users test the Gq HUB
tools and provide ‘§. Software tool

feedback to deposited in

deve rs. Galaxy
73799\ Software tool /foolshed
installed in
GalaxyP

\

INPUTS : PEAKLISTS and SEARCH db SEARCHGU|>




3.2 SearchGUI in GalaxyP

* From Published Workflows, import Workflow 1B: Workflow for History 1
to History 2.

* On the confirmation screen, select start using this workflow to navigate
to your user workflows.

 Run Workflow 1B on your current history (History 1).

* Appropriately select each dataset from History 1 that corresponds to
input within the workflow.

* |n Step 3: SearchGUI some parameters must be set at run time:

e Choose to run X!Tandem, MyriMatch, MS-GF+, OMSSA, and Comet

* Change the Fragment Tolerance to 0.01 Daltons

e Select the box Send results to a new history named: and enter History 2
into the field provided.

e Select Run and navigate to History 2 in the normal Galaxy view. For the
purposes of this tutorial, a completed History 2 may be imported from
Published Histories.

INPUTS : PEAKLISTS and SEARCH db 33\ (e[ Tl 40




3.2 SearchGUI in GalaxyP

Shared Data

Published Workflows

|

Select Workflow 1B

l

Import workflow

l

Start using this workflow  WORKFLOW

Run Workflow 1B

INPUTS : PEAKLISTS and SEARCH db ZY7.\:{ez[c]V]|



PROTEOMICS WORKFLOW

Protein sample FASTA database
>ENNNNEEEN
EEEEEEEEEN
EEEEEEEEER
¢ Enzymatic digestion l Enzymatic digestion
Peptides Peptide sequences
EEEEE EHEE B
2’)';’( Q,) EN NEEE NEEEN
'\: L \Iﬁﬁ, HEEE 5N EEEE
¢ Separate and ionize ¢ Peptide mass filter
Mass spectrometer Candidate peptides
@ oooa i ?
BEDB
— IEaE
¢ Acquire data ¢ Calculate fragment ions
MS/MS spectrum Fragment ions
bl b2 b3
L 408
1 I 1 I l L y3 yz y1

A face in the crowd: recognizing
peptides through

database search.

Eng et al 2011 Mol Cell
Proteomics. 10(11)

' Match scorer

Il I b1,b2,b3
ﬁ y1y2,y3|

INPUTS : PEAKLISTS and SEARCH db ZY7.\:{ez[c]V]|




DATABASE SEARCH

\

|m o

MS Spectrum

MS - MS Spectrum

s Search  Protein g | for|] ﬂ
5
' Limits Previeminex
L 2?5‘
3
N1V ) Disly| Gutia | swee 2 | Sadu| Fle | Gersubsed
S lons selected (isolated) et
‘ 1‘ ” ™ Trom chemical background >
W miz S miz

>

1: PO3019. Fumarate and nitr.. gi120456)
1st stage of MS-MS 2nd stage of MS-MS
(Collision-induced dissociation)
>gi|120458| sp|PO3019| FRR_ECOLT Fumarate and nitrate reduction regulatory protein
MIPEXRITRRIOSGGCATHCQDCSTISOLCIPFTLRERELDQLDRITERKKPIOKGOTLFKAGDELKSLYA
IRSGTIKSYTITEQGDEQITGFHLAGDLY GFDALGSGHHP SFAQALET 547 CETPFETLDDLS GKMPRLR

QQMMRLYMS GEIKGDODMILLL SKKNAEERLAAFIYNL SRRFAQRGF SPREFRLTMTRGDI GRYLGLTVET

ISRLL TTIERRDALAOLAGHTRNVA

Reference Protein Database
from genomic annotation

Mass spectrum

Peptide Spectral Match

b, A NELLLNVK Vs
b, AN ELLLNVK V-
b ANE LLLNVK Ve,
by ANEL LLNVK VYs|
b ANELL LNVK Vs
b ANELLL NVK V:
b, ANELLLN VK VY
by ANELLLNV K ¥
Ys
100 586.4
Y4 Y6
473.3 699.5 3:}/;5
S0
b2 V3
1601 b3-NH3  360.2 b4-NH3
vi yo 2981 411.2 - Y7-H20
147.1| | 246.2 ‘ l ‘ ot s 610.3
\I[II |I.! N i' | I [J'l Nl |." by i . i mjz
100 200 300 400 500 600 700 800
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DATABASE SEARCH

Protein
. sequence
Peptide database

{aXv s vivie XL TnY TYR) SR

| o |

Experimental spectrum Theoretical spectrum
Compare
m/z miz

Aank  Paplide Score

QVSVVDLTNTR 33
CIPEG 21

Ranked list of

peptide matches

DLLLOWCWENGK 1.8
ECDVVSNTIAEK 17
GDAVFVIDALNR 16

SYLFCMEAEK 02

v AW N|—=
Frequency

3

Databasa search score
l T— Compute expectation value

Assign peptide to best match

Paptide Score Expectation vaiue
QVSVVDLTNTR 33 3 x 10+

Nesvizhskii et al Nature Methods - 4, 787 - 797 (2007)
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DATABASE SEARCH

Nature Methods - 4, 787

: - 797 (2007)
Spectrum  Peptide Score ‘.‘:
1 ISLDAR 22 4
2 VVEELK 46 £
a FVIDAR 8.1 g
- S ch score

3
1arg':;l)-decoy u Target PW"J P"X’h et . .o
approach H dubose Nesvizhskii et al

4 PAKQA 2.1 Search sce
5 NLARG 0.7
[ DIKKM 1.1
Spectrum Peptide Score  Probabiity
ISLDAR 076
L VVEELK 46 099
Thrashold-based filtering a FVIDAR 8.1 100

with FDR control

Probability-based filtering
with FDR control

Protain-level
analysis
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SEARCHGUI
Y searchar 1262 . )

File Edit Help

_ Input & Output
Spectrum File(s) 1file(s) selected | Add | | Clear |
Search Settings tutorial.parameters | Edit || Load |
Output Folder C:\Users\Public Browse

Search Engines

X.’tandem y 8 O XITandem Search Algorithm - X!'Tandem web page
v MyriMatch : MyriMatch Search Algorithm - Myrildatch web page
) MS Amanda e d MS Amanda Search Algorithm - MS Amanda web page
(] MS-GF+ e d MS-GF+ Search Algorithm - MS-GF+ web page
W O‘M‘SSA el OMSSA Search Algorithm - OMSSA web page
Y] Comet Comet Search Algerithm - Comet web page
v Tide H& D Tide Search Algorithm - Tide web page
’ Post Processing
@ % w 8 0 PeptideShaker - Visualize the results in PeptideShaker
@ Please cite SearchGUI as Vaudel et al.: Proteomics 2011:11(5):996-9.

Vaudel M. et al Proteomics (2011) 11(5) https://code.google.com/p/searchgui/ GalaxyP
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MULTIPLE SEARCH ALGORITHMS

Tabb et al, J. Proteome Res., 2007, 6 (2)

irfer et al, ) Proteome Res., 2014, 13(8).

Eng et al, Proteomics. 2013, 13(1)

~
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)

-
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Craig and Beavis.
Bioinformatics.,
2004, Jun 20(9)
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MSGF+

; Geer et al, ) Proteome Res., 2004,3(5).
| ' OMSSA ARTIST : G. RENEE GUZLAS
Kim and Pevzner PA. Nat Commun., 2014, 5(1) 47




MULTIPLE SEARCH ALGORITHMS

Venn Diagrams representing the distribution of peptide assignments at 1% FPR by multiple search algorithms.
- Mascot

[]Paragon
I Phenyx
[Isequest
[ ] X! tandem

Bl Mascot
[ Phenyx 196
[]sequest
[ x! tandem

Bdellovibrio Nagellar dataset

Human lung cancer Bdellovibrio membrane dataset
time course dataset
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Visualizing parameters for SearchGUI analysis

Merged and Filtered FASTA file
My Meraed and Filtered FASTA:from. datad2;:data 13, 8nd.others s,

Step 2: Input dataset collection
MGF files LTQ/ Orbitrap acquired dataset.

Mascot formatted MGF Files: Input Dataset Collection (MGF Files)
S:MGF:Data Set List :

Step 3: Search GUI (version 1.28.0)

Protein Database
Output dataset 'output’ from step 1

Create a concatenated target/decoy database before running PeptideShaker
True @

Input Peak Lists (mgf)
Output dataset 'output’ from step 2

DB-Search Engines
™ X!'Tandem
| MyriMatch
MS_Amanda
™ MS-GF+
@ OMSSA
# Comet
Tide
Precursor lon Tolerance Units
Parts per million (ppm) (&

Percursor lon Tolerance

10.0

Fragment Tolerance (Daltons)
0.01

TIToTOTY T

(%)
imported: History 2
13 shown
384.3 M8 ¥ye e

15: Search GUlondata3, @ 4 x
data 4, and data 14

179.4 MB

format: searchgui_archive, database:
?

Creating decoy database.

Reindexing: input_database.fasta.

10% 20% 30% 40% 50% 60% 70% 80%
90%Input:
/mnt/galaxy/tmp/job_working_directc

Name: input_database
Version: 24.6.2015
Decoy Tag: null

Type: UniProt

Last modified:

ec » ®
Compressed binary file

14: Merged and Filtered @ 4 x
FASTA from data 12, dat
a 13, and others

13: Regex Find And Repl @ 4 x
ace on data 2

12: Protein Database W AR

11: Protein Database @ &S X

8:Regex Find AndRepla @ & »




Visualizing parameters for SearchGUI analysis

Shared Data

v

Published Histories

l

Select History 2

l

Import history

l

Start using this history

l

OUTPUT Rerun SearchGUI

GalaxyP
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) GUI PeptideShaker
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PEPTIDESHAKER

SEARCHGUI : SEARCH ALGORITHMS
INPUTS : PEAKLISTS and SEARCH db




In-house
data

or

=

I

»

+

PRIDE —/ i

Spectra &
Database

http://galaxyproteomics.github.io/peptideshaker/

PEPTIDESHAKER

SearchGUI

C

PeptideShaker

Vaudel et al Nature Biotechnology, 33, (2015)
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High throughput identification of proteins

Raw MS/MS spectrum

Relative Abundance

600 800 1000 1200
m/z

Protein sequence and/or DNA i Direct identification of 1000s
sequence database search proteins from complex mixtures

| GDIVNLGSIAGR
| DIVNLGSIAGR
\ IVNLGSIAGR
2 | VNLGSIAGR
€ |NLGSIAGR
|LGSIAGR

GSIAGR
SIAGR H,.N-NSGDIVNLGSIAGR-cooH

|IAGR |
|AGR }
R } I
‘ ‘ | | Y o [ I .LLl .

200 400 600 800 1000 1200
m/z

Protein identification @
INPUTS : PEAKLISTS and SEARCH dm PEPTIDESHAKER

Peptide sequence match

elative Abunda

R
@
Py,




PEPTIDESHAKER : PROTEIN INFERENCE
Shotgun Protein Identification

protein protein
identifications
Protein
level
enzymatic e

T Y, | grouping,
digestion 2 validation

Peptide

level
database

Tandem mass iXturd, < f ations  search,
spectrometry ~ validation

MS/MS spectrum Mu M Al M mﬂu m b Ll ulm

level MS/MS spectra
Slide from Alexey Nesvizshkii talk at http://www.scivee.tv/node/12671
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4.3 Peptide Shaker in GalaxyP

A. At the top of the screen, click Shared Data then select the option: Published
Workflows .

B. Click ‘Workflow2: Workflow for History 2 to History 3’ and choose import.
C. Select start using this workflow.

D. Click imported Workflow 2: Workflow for History 2 to History 3’ and choose
edit to

open the workflow editor.

E. To view the whole workflow (two tools*), navigate to the right and down by
clicking and dragging the grid...

i. ...oruse the minimap in the lower right corner.

ii. Note: Galaxy workflows are usually more complex with many more tools and
Connections; for the sake of this tutorial we will start simple.

F. Click on the PeptideShaker tool to view its details in the right panel.

G. To run, click the cogwheel at the top right corner of the middle frame and
select run from the resulting menu.

a. The input for this workflow under SearchGUI Results should be 8: SearchGUI
On data 7 data2 and data 1 from History 3. If this is not the case then refer to
Section 2.2 on how to import a complete history.

INPUTS : PEAKLISTS and SEARCH db Z37:\:{e:[c{V]l PEPTIDESHAKER




4.3 Peptide Shaker in GalaxyP

\
Shared Data

Published Workflows

|

Select Workflow 2

l

Import workflow

l

Start using this workflow

EDIT Workflow 2 WORKFLOW

INPUTS : PEAKLISTS and SEARCH db Z37:\:{e:[c{V]l PEPTIDESHAKER
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4.3 Peptide Shaker in GalaxyP

Input dataset

output

Peptide Shaker

Compressed SearchGUI results

mzidentML (mzid)

output_cps (peptideshaker_archive)
output_zip (zip)

output_certificate (txt)

output_hierarchical (tabular)

output_psm_phosphorylation (tabular)

output_psm (tabular)

output_peptides_phosphorylation
(tabular)

output_peptides (tabular)

output_proteins_phosphorylation
(tabular)

output_proteins (tabular)

-

Details

Tool: Peptide Shaker
Version: 0.40.0

Compressed SearchGUI results
Data input 'searchgui_input’
(searchgui_archive)

The species type to use for the
gene annotation:

No species restriction ¥
Specify Advanced PeptideShaker
Processing Options:

Advanced Processing Optiot 4
FDR at the protein level: ¥

1.0

FDR at the peptide level: ¥
1.0

FDR at the PSM level: ¥
1.0
Minimum confidence required for

a protein in the fraction MW plot:
v

95.0
The PTM probabilistic score to use
for PTM localization:

A-score N
Specify Advanced Filtering
Options:

Advanced Filtering Options #
Minimum Peptide Length: ¥

6

Maximum Peptide Length: ¥
40

Maximum Precursor Error: ¥
10.0

Maximum Precursor Error Type: ¥
ppm H
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PEPTIDESHAKER : TARGET-DECOY SEARCH
REVERSE DATABASE SEARCH

MS Spectrum MS - MS Spectrum 55
-~
| &
o
[e)
=
Eal
225 | |
: 1 ) ——> ey =
It lons selected (Isolated) = l /
I ‘ from chemical background / '
" 'z miz
1st stage of MS-MS 2nd stage of MS-MS B
(Collision-induced dissociation) ot
&
o
o
, 8
Mass spectrum
w/ z

Measured
peptide
MSIMS
spectrum

theoretical
peptide
MSMS
spectrum
from
protein
datahase

>IPI:IP100205563.1|Gene_Symbol=Tmsbll thymosin beta-like protein
J MSDKPDLSEVETFDKSKLKKTNTEEKNTLPSKETIQQEKEYNQRS

X >IPI:REV IPI100205563.1/Gene Symbol=Tmsbll thymosin beta-like protein
SROQNYKEEQQITKESPLTKNEETNKKTKLKSDFTEVESLDKPDSM
E
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PEPTIDESHAKER : TARGET-DECOY SEARCH
FALSE DISCOVERY RATE ANALYSIS

Protein mixture F DR

| oo Global Local
Paptide mixture

Sepacator High score

Sliding
window

A

— 5% cutoff

Spoctny
a
4 skaA 21 | 00000 77 Searhscom
1IN l
Spectrum  Poptide Score  Probabiity

1 ISLDAR 22 0.76 [+) ff
> weex 48 om 5% cuto

Threshold-based filtering VIDAR 1

with FDR control

Probabiiity-based fiterng
with FDR control
/ Y
Proten-level
lllll lysis Low Score

Nature Methods - 4, 787 - 797 (2007) Sennels et al BMC Bioinformatics 2009, 10:179
GalaxyP
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PEPTIDESHAKER: OUTPUTS

Shared Data

v

Published Histories

l

Select History 3

l

Import history

l

OUTPUT Start using this history




PEPTIDESHAKER: OUTPUTS

CCCS: PeptideShaker Outputs

7 shown

359.1 M8 v e e
7: Peptide Shaker on data 8: Protein Report @ &S X
6: Peptide Shaker on data 8: Peptide Report @ &SR
4,372 lines

format: tabular, database: 2

Path configuration completed.
Thu Jun 11 16:50:55 CDT 2015 Unzipping searchgui_input.zip.
10% 20% 30% 40% SO% 60% 70% 80% 90% 100%

Thu Jun 11 16:51:26 CDT 2015 Import process for
Calaxy Experiment 2015061116501434059408 (Sample:
Sample 20150611165014340

B 6 2 e

Protein(s)
1 HEYMR4; HRYN®?; Q8TEX9; Q8TEXD-2
2 ABASAGMSDS; ABAGAGMSSE; ABAGABMT32; BADKEY2; HaY
(16) 2 2 0.2 0 Confide
3 ENST202ea291565_14; F2Z22Y4; 02Q7c4; 003764-2; 008764-
4 ASAGAGMSMZ; (92598; (Q92598-2; (92598-3; (Q92598-4

S: Peptide Shaker on data 8: PSM Report @& &S R
4: Peptide Shaker on data 8: Parameters @ &S %
3: Peptide Shaker on data 8: Archive @ &S R
2: Peptide Shaker on data 8: mzidentML file ® & %
1: Search CUl on data 7, data 2, and data 1 @ &S R

PEPTIDESHAKER
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PEPTIDESHAKER: OUTPUTS

27: Peptide Shaker on da
ta 13: Protein Report

26: Peptide Shaker on da
ta 13: Peptide Report

25: Peptide Shaker on da
ta 13: PSM Report

24: Peptide Shaker on da
ta 13: Hierarchical Repor
1

23: Peptide Shaker on da
ta 13: Parameters

22: Peptide Shaker on da
ta 13: Archive

21: Peptide Shaker on da
ta 13: mzidentML file

IQ

®

'Q

»q

@

|Q

T

- Skyline
- Scaffold

-PSM Visualization
- SWATH Analysis
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Protein Report

- Valid proteins

- Coverage
- Mw

—

Spectrum Report
- Valid spectra
- Potential novel proteoforms based on accession
numbers.
- Sequences
- Modifications and localization score
- Confidence
m/z, charge state, Delta m/z

——
Gptide Report

a es
Potential novel
proteoforms based on
accession numbers.
Sequences
Modifications and
localization score
Confidence

Summary

Archive (Zipped file)
CPS file to visualize

data

Valid peptides
Valid proteins
Valid spectra

PEPTIDESHAKER
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1[4V ) SEARCHGUI PEPTIDESHAKER LAST'P>

I " BLAST-PSEARCH " ||

PEPTIDESHAKER
SEARCHGUI : SEARCH ALGORITHMS
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5.2 BLAST-P Search

a. At the top of the screen, click Shared Data then select the
option: Published Workflows .

b. Click Workflow 3: Workflow for History 3 to History 4 and
choose import.

c. Select start using this workflow .

d. To run, click "Workflow 3: Workflow from History 3 to History 4
and choose run.

i. Change your input file to 6: Peptide Shaker on data 8: Peptide
Report.

ii. Notice the number of steps in the workflow (refer to Section 5.3
for more detail)

iii. Check Send results to a new history at the bottom and name it
History 4.

WUV SEARCHGUI JJ341]p]3Y;1\\(3:§ BLAST-P >



5.2 BLAST-P Search

Shareii Data Shareil Data
Published Histories Published Workflows
l i
Select History 3 Select Workflow 3
Import history Import workflow

l

INPUT Start using this history

l WORKFLOW

Start using this workflow

Run Workflow 3

WUV SEARCHGUI JJ341]p]3Y;1\\(3:§ BLAST-P >



5.2 BLAST-P Search

Shared Data

v

Published Histories

l

Select History 4

l

Import history

l

Start using this history

OUTPUT

INPUTS ﬁARCHGUlMBLAST-P\

=



BLAST-P SEARCH

Workflow Canvas | Workflow 3: Workflow for History 3 to History 4. Details
'From Tool: NC81 BLAST+ remote blastp
out_filel (tabular) % Version: 1.0
Tabular—to-FASTA X Protein query sef;uence(s)
Data input 'query’ (fasta)
Tab-delimited file
Bk : Subject database/sequences:
output {fast NCBI Remote Database +
Protein BLAST database: ¥
Compute sequence length x Non-redundant protein seq 4
Compute length for these Count * Search Organism Restrictions:
sequences
from dataset Search Organism Restriction
output (tabular) 1
out_filel (tabular) *
NCBI Taxon ID: ¥
Tabular-to-FASTA % 9606
Tab-delimited file Exclude this NCBI Taxon ID:
output (fasta)
Filter sequences by length % Removpe\ess:rai'cctr\o?r;;a"lsm
Filter sequences by length % ¢
Fasta file
Fasta file
output (fasta) Add new Search Organism
output (fasta) Restriction
Regex Find And Replace %
Regex Find And Replace X i Type of BLAST: ¥
Select lines from blastp
Select lines from out filel « blastp-short
out_filel Set expectation value cutoff: ¥
NCBI BLAST+ remote blastp % 200000.0
NCBI BLAST+ remote blastp X Protein query sequence(s) Output format:
Protein query sequence(s) output_tabular (tabular) ) BLAST XML &
output_tabular (tabular) output_xml (blag None: ¥
output_xml (blastxml) output_txt (txt) Maximum hits to show: ¥
output_txt (txt) output_nhtml (htny 1
tput_html (html) :
output_html (htm Advanced Options:
BLIAS'I:(ML to sele Show Advanced Options #
BLAST XML 10 selected tabular x o
cq_l_u,mns DI ACT ¢ ler ae W N

L4V SEARCHGUI

PEPTIDESHAKER

BLAST-P




[ BLAST-P SEARCH I
PEPTIDESHAKER
SEARCHGUI : SEARCH ALGORITHMS
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6.2 Generating a sqlite Database

a. From Shared Data at the top of the screen, import History 5 and
Workflow 4: History 4 to History 5.

b. From the workflows menu, run Workflow 4: History 4 to History
5 on History 4.

c. In the workflow run options, check that all inputs are correct
and select the box Send results to a new history named: and enter
History 5 into the field provided.

d. Select Run and navigate to History 5 in the normal Galaxy view.
For the purposes of this tutorial, a completed History 5 may be

imported from Published Histories.

GalaxyP
INPUTS SEARCHGUI ZZ34iDISYIN(1:P> BLAST-P =SV RVITEI [P £ le])! I



6.2 Generating a sqlite Database

Shareii Data Shareil Data
Published Histories Published Workflows
l i
Select History 4 Select Workflow 4
Import history Import workflow

l

INPUT Start using this history

l WORKFLOW

Start using this workflow

Run Workflow 4

GalaxyP
NMVIEE SEARCHGUI ZXdaiDIIN; VNP BLAST-P Y\ RV EIFZ  ale)y) Il




6.3 PSM Evaluator in GalaxyP

Shared Data

v

Published Histories

l

Select History 5

l

Import history

l

OUTPUT Start using this history

GalaxyP
NMVIEE SEARCHGUI ZXdaiDIIN; VNP BLAST-P Y\ RV EIFZ  ale)y) I



6.3 PSM Evaluator in GalaxyP

a. From Shared Data at the top of the screen, import History 5

b. Click on mz_to_sqlite dataset to expand, select Visualize in

PSM Viewer .

c. Select Peptide View from PSM Table at the top of the

screen.

d. To view the spectra of the novel peptides input the peptide sequences (LLSVGGLR,
SPVLKPSR) into the filter peptides by sequence(s) field and select the sequence

to generate the spectral data.

e. Within the viewer users can utilize numerous organization tools to sort through data
of each peptide.

i. Users may select which columns they prefer to see in their PSM Tables.

ii. Users may search the table for a specific piece of data.

iii. Users may sort data in each column and organize the order in which columns
appear.

f. To view the spectra of LLSVGGLR select anywhere with the peptide spectral data table.

GalaxyP
NMVIEE SEARCHGUI ZXdaiDIIN; VNP BLAST-P Y\ RV EIFZ  ale)y) I



PSM EVALUATION

SCATTTT
Matshc::;l;li;:my *  Mascot:score Su;f:‘;g:;;':; _lde acquisitionNum msLevel polarity peaksCount sequence precursorMZ precursorCharge totIonCurry
39525017 3352 095 26957 2 300 AQFEGIVTDLIRR 506.72560001939905 3
40916668 41.64 095 87885 2 300 SQVFSTAADGQTQVEIK 904.7714000290986 2
40918777 29.78 0.8760495 32450 2 300 MKETAENYLGHTAK 531.4867000193991 3
41337624 8947 095 86558 2 300 STNGDTFLGGEDFDQALLR  1028.3580000290983 2
41.48911 7094 095 63125 2 300 AQFEGIVTDLIR 682.0270000290985 2
41.723988 105.71 095 93899 2 300 STNGDTFLGGEDFDQALLR  1028.8940000290984 2
4181472 2933 0.69156307 11016 2 300 LVGMPAKR 436.27940002909855 2
41.81472 2729 035512762 11006 2 300 LVGMPAKR 436.27380002909854 2
Page of Showing records of total records.

s STNGDTFLGGEDFDQALLR, MH+ 2055.9618, m/z 1028.4845 be [ #[seq#] yv
ap1* 2 @3 File: 20101022_RL38.13814.13814.2.dta, Scan: 86558, Charge: 2 88.0393 | 1 [NSH 19
bBE1I* B2 @3 189.0870 | 2 | T |18 198.9298
c@r' @2 p? 303.1299 | 3 | NI 17 | 1867.8821
x@1*eres E 360.1514 [
ye1 @2 03 | 100 i PERUEN 5 [ | 5
z@1°@2'@3 | s76.2260 [EIEIES 0
Desstect Al ) m3.294 [EEGEEE] 1420
"e”:";; o 80 s36.a7es PN

Hy0 (o) s 8933999 ERETE 0.590
¥ Immonium ions : 950.4214 [RGB
Mass Type: 60% 1079.4640 ERREIRJ .
* Mono . Avg 1194,4909 RFE S H ) 05
Mass Tol: [0.5 50% 13415594 SRR 5 I

& 1456.5863 R0 I3 0
updae 40% b5
i - 1584.6449 R 1 I 00.3824

Reakiomment 1l s ] 1635.6820 [ANIE

Nearest Match = 1768.7660 REA = K] 0

Peak Detect 20% T & 1881.3501 fAENE 030
Peak Labels: 10% p" & @ Z" 3 & : T “’ i 19 PRY 1 75.1190
 lon O miz o 2 B = & 3 a 2 3 & 7 [Click] to move table

EIE 3 %[0S SV - DR e 1
Width: 750 00 600 800 1000 1200 1400 1600

Click and drag in the plot tozoom X: @ Y: ZeomCus | |_Prim Enable tooltip

Height: 450

July 7th 2015: Session Il : 11:20 AM : Proteomics Visualization in Galaxy
James E. Johnson
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PSM EVALUATION

* Go to ‘Peptide’ View.
 Typein ‘LLSVGGLR, SPVLKPSR’ in Filter box.
OR
Copy the peptide sequences from item #52 in history 5.
* Follow the instructor for demo.

e Go to ‘Protein’ View.
* Type in ‘ABRF’ in Filter box.
 Follow the instructor for demo.

July 7th 2015: Session Il : 11:20 AM : Proteomics Visualization in Galaxy
James E. Johnson
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. GENOME '
VISUALIZATION
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7. Mapping Peptides to a Genome

* Map the peptide to the SearchDB protein

* Find the mapping of the protein to the
reference genome. An Ensembl GTF file
shows how the exons of the protein sequence
are mapped to the genome sequence

* Each SearchDB construction may need its own
mapping to genome method.

INPUTS SEARCHGUI ZHA:3iDISIN{(1:® BLAST-P >GenomeVisuaIi56atio>




7. Mapping Peptides to a Genome

7.2 Generating a GFF file

a. From Shared Data at the top of the screen, import Input for History 6
and Workflow 5 : Workflow to History 6 from Published Histories and
Workflows, respectively.

b. From the workflow menu, Run Workflow 5 on Inputs for History 6.
c. Select the appropriate inputs for Workflow 5 from Inputs to History 6.

d. Check to send the results to a new history named History 6 and Run the
workflow.

For the purposes of this tutorial, a completed History 6 may be imported
from Published Histories.

7.3 From GFF to IGV Browser

INPUTS SEARCHGUI ZHA:3iDISIN{(1:® BLAST-P >GenomeVisuaIizz7atio>




7.2 Generating a GFF File.

Shareii Data Shareil Data
Published Histories Published Workflows
| !
Select Input for History 6 Select Workflow S

l

Import history

l

INPUT Start using this history

l

Import workflow

l

Start using this workflow

WORKFLOW
Run Workflow 5

GalaxyP
NMVIEE SEARCHGUI ZXdaiDIIN; VNP BLAST-P Y\ RV EIFZ  ale)y) I




7.2 Generating a GFF File.

Shared Data

v

Published Histories

l

Select History 6

l

Import history

l

Start using this history

OUTPUT

GalaxyP
NMVIEE SEARCHGUI ZXdaiDIIN; VNP BLAST-P Y\ RV EIFZ  ale)y) I



000 <

vimv javav pyv rubyv GWTv

Galaxy / GalaxyP

Tools &

[ search tools Q)

CORE TOOLS

Get Data

Send Data
Lift-Over

Text Manipulation
Filter and Sort

Join, Subtract and Group
Convert Formats
Extract Features
Statistics
Graph/Display Data
FASTA manipulation

PROTEOMICS

MS Data Conversion
Sequence Database Tools
NGS: QC and manipulation
Protein/Peptide Search
Algorithms

Data Conversion Tools
Visualizers

Quantification

BLAST-P

Proteogenomics
GENOMICS
<|

@& galaxyp.msi.umn.edu ¢ M ] (4]
Galaxy v MSIv dockerv Newsv DBv biov protv htmlv Mothurv RickRackv regv Norskv Applev HealthCarev UniSciv 2008v FMSCFS v >»
Galaxy / GalaxyP https://gal msi.umn.edu/d /20e4186aacb54c7f/show_| |+
Analyze Data Using 183.9 GB
5 3 ; 12 1 History c &
ENST00000339452_9 LLSVGGLR 2-LLSVGGLR-COOH  ER 96.82539682539682 0 Cc _ .
ENST00000310343_104  SPVLKPSR -SPVLKPSR-COOH 1000 0 Cg . °° : )
novel proteoforms
3 shown
200 bytes S ®
3: Homo_sapiens.GRCh3 @ 4 x
7_canon.73.gtf
2: Homo_sapiens.GRCh3 @ 4 x
7.73. all.
1: BLAST-P Filtered Pep @ 4 x
ENSTO0000339452 tide_Reporttabular
2 lines
E N STOOOOO3 1 0343 format: tabular, database: 2
uploaded tabular file
0 ® ®

4398 ENSTO2022339452_9  LLSVGGLR NHz
5511 ENST@2202310343_184 SPVLKPSR NHz

HIJVINEE SEARCHGUI

PEPTIDESHAKER Z:HALNE:

Genome Visualization



o0 O < & galaxyp.msi.umn.edu/workflow/editor?id=0d57d5e9c8f1b11b o8 Bl ] (4]

vimv javav pyv rubyv GWTv Galaxyv MSIv dockerv Newsv DBv biov protv htmlv Mothurv RickRackv regv Norskv Applev HealthCarev UniSciv 2008 v FMSCFS v >

Galaxy / GalaxyP https://galaxyp.msi.umn.edu/datasets/20e4f86aacb54c7f/show_params Untitled +

-_ Galaxy / GalaxyP yze [ Workflow ita~  Visualization~ i~ Using 183.9 GB

Tools Workflow Canvas | imported: GCC12: Workflow to generate Peptides to GTF for genome visualization o Details

Tool: Column Regex Find And

Input dataset x Repics
CORE TOOLS output Version: 0.1.0
Get Data
Select cells from
Send Data Column Regex Find And Replace x Data input ‘input’ (tabular)
Lift-Over Rl 5
Select cells from = :
Text Manipulation Uming;cofiime: ¥
Filter and Sort out_filel ] 2
Join, Subtract and Group Checks:
Convert Formats Peptide to GFF x
Extract Features Input dataset x Source File

Find Regex: ¥
AG*(ENST\d+)_\d+.")$

Statistics

Graph/Display Data
FASTA manipulation

output Sequence and Feature References for

mapping the peptides 1 > CDNA
Transcripts Fasta

Replacement: ¥

PROTEOMICS \t\2

Sequence and Feature References for

MS Data Conversion Input dataset x mapping the peptides 1 > GTF feature
file for the cdna transcipts

Remove Check 1

Sequence Database Tools output
NGS: QC and manipulation output_gff (gff3) &

Protein /Peptide Search unmapped (tabular)
Algorithms

Data Conversion Tools Edit Step Actions

Add new Check

N

Visualizers Rename Dataset T
Quantification out_file1 E

BLAST-P Add actions to this step; actions

Proteogenomics are applied when this workflow
step completes.

GENOMICS
<

v

INPUTS

SEARCHGUI gdaaiin]a] VN4

"% BLAST-P >Genome Visualization



oD O® < & galaxyp.msi.umn.edu/workflow/editor?id=0d57d5e9c8f1b11b G p f ] (4]

vimv javav pyv rubyv GWTv Galaxyv MSIv dockerv Newsv DBv biov protv htmlv Mothurv RickRackv regv Norskv Applev HealthCarev UniSciv 2008 v FMSCFS v >

Galaxy / GalaxyP https://galaxyp.msi.umn.edu/datasets/20e4f86aacb54c7f/show_params Untitled +
-_ Galaxy / GalaxyP yze [ Workflow +  Visualization~ i~ e Using 183.9 GB
Tools Workflow Canvas | imported: GCC12: Workflow to generate Peptides to GTF for genome visualization & Details
Tool: Peptide to GFF
S Input dataset x Version: 1.0
output
Get Data Peptide Source Format:
Send Data Column Regex Find And Replace % Generic Tabular (witn peptic [
Lift-Over Selact calle from Source File
Text Manipulation Data input ‘input_file' (tabular)
out_filel
Filter and Sort Peptide Column: ¥
Join, Subtract and Group To be set at runtime
Convert Formats Peptide to GFF %
Extract Features Input dataset x g Fil To be set at runtime
Statistics ource File
output Sequence and Feature References for Sequance anc Feature
Graph/Display Data e : References for mapping the
FASTA manipulation mapping the peptides 1> /CONA peptides:
Transcripts Fasta &
Sequence and Feature
PROTEOMICS Sequence and Feature References for
MS Data Conversion Input dataset x mapping the peptides 1 > GTF feature the peptides 1
file for the cdna transcipts /-
Sequence Database Tools output Select Peptide Mapping
NGS: QC and manipulation output_gff (gff3) % [ File Formats:
Protein /Peptide Search unmapped (tabular) 2 cdna sequence with G E
Algorithms .
CDNA Transcripts Fasta
Data Conversion Tools 7 Data input 'seqgs’ (fasta)
Visualizers
tficati GTF feature file for the
Quanttication cdna transcipts
BLAST-P Data input 'feature_ref’ (gtf)
Proteogenomics
Remove Sequence and
GENOMICS
< S >

INPUTS

SEARCHGUI gdaaiin]a] VN4

"% BLAST-P >Genome Visualization



00O < @& galaxyp.msi.umn.edu/root?workflow_id=0d57d5e9¢c8f1b11b G p m ] (4]

vimv javav pyv rubyv GWTv Galaxyv MSIv dockerv Newsv DBv biov protv htmlv Mothurv RickRackv regv Norskv Applev HealthCarev UniSciv 2008 v FMSCFS v >
Galaxy / GalaxyP

https://galaxyp.msi.umn.edu/datasets/20e4f86aacb54c7f/show_params Untitled +

- Ga'axy / GalaxyP Analyze Data

Using 183.9 GB

Tools

search tools

CORE TOOLS

Get Data

Send Data
Lift-Over

Text Manipulation
Filter and Sort

Join, Subtract and Group
Convert Formats
Extract Features
Statistics
Graph/Display Data
FASTA manipulation

PROTEOMICS

MS Data Conversion
Sequence Database Tools
NGS: QC and manipulation

Protein/Peptide Search
Algorithms

Data Conversion Tools
Visualizers
Quantification
BLAST-P
Proteogenomics

GENOMICS

Peptides to GTF for genome visualization"

Step 1: Input dataset

Peptide Report for Novel Proteoform Peptides (Potential) |
1: BLAST-P_Filtered_Peptide_Report.tabular E

Step 2: Input dataset

CDNA FASTA File |
2: Homo_sapiens.GRCh37.73.cdna.all.fa E

Step 3: Input dataset

EnSEMBL GTF File
3: Homo_sapiens.GRCh37_canon.73.gtf E

Step 4: Column Regex Find And Replace (version 0.1.0)

Step 5: Peptide to GFF (version 1.0)

Peptide Source Format
Generic Tabular (with peptide and accession columns)

Source File
Output dataset ‘out_filel' from step 4

Peptide Column
4

Accession Identifier Column

<

3

History o &[0
)

novel proteoforms

3 shown

200 bytes e e

3: Homo_sapiens.GRC @ 4 x
h37_canon.73.gtf

~2,000,000 lines
format: gtf, database: hg19

uploaded gtf file

B 6 »®

display in IGB View

display with IGV web current local
display at Ensembl Current
display at UCSC main

1 processed_transcript €

processed_transcript ¢
processed_transcript ¢
unprocessed_pseudogene ¢
unprocessed_pseudogene ¢

L

unprocessed_pseudogene €

2: Homo_sapiens.GRC @ 4 x
h37.73.cdna.all.fa

1: BLAST-P Filtered P @ 4 x
eptide_Report.tabular

¥

INPUTS

SEARCHGUI gdaaiin]a] VN4

"% BLAST-P >Genome Visualization




INPUTS

00O <

vimv javav pyv rubyv

# galaxyp.msi.umn.edu/root?workflow_id=0d57d5e9c8f1b11b

GWT v

Galaxy / GalaxyP

~_ Galaxy / GalaxyP

Galaxy v

(vl B a ©

MSIv dockerv Newsv DBv biov protv htmlv Mothurv RickRackv regv Norskv Apple v

https://galaxyp.msi.umn.edu/datasets/20e4f86aacb54c7f/show_params

Analyze Data

HealthCare v

UniSci v 2008 v FMS CFS v

Untitled

>
+

Using 183.9 GB

Tools A

search tools Q

CORE TOOLS

Get Data

Send Data
Lift-Over

Text Manipulation
Filter and Sort

Join, Subtract and Group
Convert Formats
Extract Features
Statistics
Graph/Display Data
FASTA manipulation

PROTEOMICS

MS Data Conversion
Sequence Database Tools
NGS: QC and manipulation

Protein/Peptide Search
Algorithms

Data Conversion Tools
Visualizers
Quantification
BLAST-P
Proteogenomics

GENOMICS

V)

Successfully ran workflow "imported: GCC12: Workflow to generate Peptides to GTF for genome visualization". The following
datasets have been added to the queue:

1: BLAST-P_Filtered_Peptide_Report.tabular
2: Homo_sapiens.GRCh37.73.cdna.all.fa

3: Homo_sapiens.GRCh37_canon.73.gtf

4: Column Regex Find And Replace on data 1
6: Peptide to GFF peptides.unmapped

S: peptides.gff3

<

History o &[0
)

novel proteoforms

6 shown

200 bytes e e

@ 6:Peptideto GFFp @ & x

eptides.unmapped

@ 5: peptides.gff3 ® S

i: 4 Column RegexFi @ 4 x

nd And Replace on dat

al

3: Homo_sapiens.GRC @ 4 x

h37_canon.73.gtf
~2,000,000 lines
format: gtf, database: hg19

uploaded gtf file

B 6

display in IGB View

display with IGV web current local
display at Ensembl Current
display at UCSC main

> ®

1 processed_transcript 3
1 processed_transcript €
1 processed_transcript 3
1 unprocessed_pseudogene ¢

>

SEARCHGUI

PEPTIDESHAKE

"% BLAST-P >Genome VisualiZation



00O < @ galaxyp.msi.umn.edu/root?workflow_id=0d57d5e9c8f1b11b G p f ] (4]

vimv javav pyv rubyv GWTv Galaxyv MSIv dockerv Newsv DBv biov protv htmlv Mothurv RickRackv regv Norskv Applev HealthCarev UniSciv 2008v FMSCFS v >

Galaxy / GalaxyP https://galaxyp.msi.umn.edu/datasets/20e4f86aacb54c7f/show_params Untitled +
- Ga'axy / GalaxyP Analyze Data W W +  Visualization~ Ip ~ er Using 183.9 GB
Tools L History o &[0
o Successfully ran workflow "imported: GCC12: Workflow to generate Peptides to GTF for genome visualization". The following
search tools Q datasets have been added to the queue: Q
1: BLAST-P_Filtered_Peptide_Report.tabular novel proteoforms
CORE TOOLS
R 2: Homo_sapiens.GRCh37.73.cdna.all.fa g =noumyLhicen
et Da
: i 200 bytes o e
send Data 3: Homo_sapiens.GRCh37_canon.73.gtf
Lift-Over 4: Column Regex Find And Replace on data 1 i.: 6:Peptideto GFFp @ 4 x
Text Manipulation 6: Peptide to GFF peptides.unmapped eptides.unmapped
Filter and Sort 5: peptides.gff3 1.+ 5: peptides.gff3 @ &S X
Join, Subtract and Group
Convert Formars 3: Homo_sapiens.GRC @ 4 x

h37_canon.73.gtf
~2,000,000 lines

Extract Features

Statistics format: gtf, database: hg19
Graph/Display Data

FASTA manipulation uploaded gtf file

PROTEOMICS 0 Ll ® ®
MS Data Conversion display in IGB View

Sequence Database Tools display with IGV web current local

NGS: QC and manipulation display at Ensembl Current
- display at UCSC main
Protein/Peptide Search

. 1 processed_transcript ¢
Data Conversion Tools X

1 processed_transcript ¢
Visualizers 5

1 processed_transcript €
Quantification 1 unprocessed_pseudogene €
BLAST-P 1 unprocessed_pseudogene €
Proteogenomics 1 unprocessed_pseudogene €
GENOMICS
< >

INPUTS

SEARCHGUI gdaaiin]a] VN4

"% BLAST-P >Genome Visualization



00O < @ galaxyp.msi.umn.edu/root?workflow_id=0d57d5e9c8f1b11b G p f ] (4]

vimv javav pyv rubyv GWTv Galaxyv MSIv dockerv Newsv DBv biov protv htmlv Mothurv RickRackv regv Norskv Applev HealthCarev UniSciv 2008 v FMSCFS v >

Galaxy / GalaxyP https://galaxyp.msi.umn.edu/datasets/20e4f86aacb54c7f/show_params Untitled +
- Ga'axy / GalaxyP Analyze Data W W v Visu tion~ slp ~ S Using 183.9 GB
Tools A Seqid Source Type  Start End Score StrandPhaseAttributes History o &0
##gff-version 3
search tools O ##sequence-region 4 1 155412208 5: peptides.qff3 @ & X
4  MassSpec  peptide 155412185 155412208 10.0 - 0 ID=LLSVGGLR 4 Simeamieen
SR 4 MassSpec  CDS 155412185 155412208 . = 0  Parent=LLSVGGLR;transcript_id=ENST00000339452 format: gff3, database: hg19
Get Data ##sequence-region 11 1 128838569 =
Send Data . Mapped 2 entries
2208 24 11 MassSpec peptide 128838546 128838569 10.0 - 0  ID=SPVLKPSR
Lift-Over 11 MassSpec  CDS 128838546 128838569 . - 0  Parent=SPVLKPSR;transcript_id=ENST00000310343 (i JEsAA T ® ®»
Text Manipulation display with IGV
Filter and Sort display at Ensembl Current
Join, Subtract and Group display at UCSC main
Convert Formats 1.Seqid 2.Source 3.Type 4.Sta
Extract Features ##gff-version 3
Statistics ##seguence-region 4 1 155412208
Graph/Display Data 4 MassSpec peptide 1554121
FASTA manipulation 4 MassSpec (DS 1554121
##seguence-region 11 1 128838569
PROTEOMICS 11 MassSpec peptide 1288385
MS Data Conversion
Sequence Database Tools 3: Homo_sapiens.GRC @ 4 x
NGS: QC and manipulation h37_canon.73.gtf
Protein/Peptide Search ~2,000,000 lines
Algorithms format: gtf, database: hg19
Data Conversion Tools
3 Z uploaded gtf file
Visualizers
Quantification i JFs AT ® e
BLAST-P display in IGB View
Proteogenomics display with IGV
display at Ensembl Current
GENOMICS display at UCSC main
<| >

INPUTS

SEARCHGUI gdaaiin]a] VN4

"% BLAST-P >Genome Visualization



[ ] @ IGV
File Genomes View Tracks Regions Tools GenomeSpace Help
[ Human hg19 ] [ chra 4| chra Co it « » @O = 2 | = AR AN |
pl6.2 p15.33 pi52 plsl pid  pi2 a12  ql3.1 q13.3 q21.21  q221 a23 a5 q26  q281  q283 q31.21 q313  q322 q33  q343  q35.
190 mb
nb 20 mb 40 mb 60 mb 80 mb 100 mb 120 mb 140 mb 160 mb 180 mb
| | | | | | | I I | | | | | | | |
RefSeq Genes .IIIIIIIII Iy w1 n |IIl|I|| (01 Ul 111 B W -IIIIIIIIIIIIIIJIIIIIIIHI II||||I||I||I|III IIII ||l||||l| ] II lI | IIIIIIIIIIIII lIlIIIIIIIlIIl IIIIIIIIIIIIIIIII] IIIIIII
CPZ BST1 MIR573  ARAP2 YIPF7 SGCB LPHN3 HTN3 FRAS1 AFF1 IL15 ANXA10 NEIL3 IRF2
peptides.gff3 |
LLSVGGLR
l4 tracks hr4:102,623,155 462M of 5,797M

vim v java v

py v

ruby v
Galaxy / GalaxyP

-_ Galaxy / GalaxyP

GWT v Galaxyv MS!v  dockerv News v

bBV HOV

prot v

html v

Mothur v RickRack v regv Norsk v Apple v

HealthCare v

UniSciv 2008 v FMS CFS v

Analyze Data

https://galaxyp.msi.umn.edu/datasets/20e4f86aacb54c7f/show_params

Untitled

Tools

SeqidSource  Type  Start

search tools

CORE TOOLS

Get Data

Send Data

Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Fytrart Featurac

##gff-version 3
equence-region 4 1 155412208

ViassSpec  peptide 155412185
sSpec  CDS 155412185
gfience-region 11 1 128838569

11
11

128838546
128838546

MassSpec
MassSpec

peptide
CDS

INPUTS

SEARCHGUI

155412208
155412208

128838569
128838569

10.0

10.0

0 ID=LLSVGGLR
0  Parent=LLSVGGLR;transcript_id=ENST00000339452

0  ID=SPVLKPSR
0  Parent=SPVLKPSR;transcript_id=ENST00000310343

PEPTIDESHAKER Z:HALNE:

History C ﬂ ED
5: peptides.gff3 LYW A

4 lines, 3 comments
format: gff3, database: hg19

Mapped 2 entries

LiJsAlnT
display with IGV web curre! @
display at Ensembl Current S

display at UCSC main

1.Seqid 2.Source 3.Type 4.Stal

##affouarcion 3

Genome Visualization



[ NON ) IGV
File Genomes View Tracks Regions Tools GenomeSpace Help

[ Human hg19 2] [ chra 4| chra Co it « » @O = 2 | = AR AN |
p16.2 pl5.33 pi5.2 pl51 pid  pi2 qi2  ql3.1 ql3.3 q21.21 q22.1 q23 a25  q26 q28.1  q28.3 q31.21 q31.3 q32.2 q33 q343  q35.
190 mb
nb 20 mb 40 mb 60 mb 80 mb 100 mb 120 mb 140 mb 160 mb 180 mb
| | | | | | | | | | | | | | | | | | |
RefSeq Genes .Illllllll Iy w1 n |IIl|I|| (01 Ul 111 B W -IIIIIIIIIIIIIIJIIIIIIIHI II|||II||I||I|III IIII ||l|||IlI ] II || | IIIIIIIIIIIII lIlIIIIIIIIIII IIlIIIIIIIIIIIIlII IIIIIII
CPZ BST1 MIR573 ARAP2 YIPF7 SGCB LPHN3 HTN3 FRAS1 AFF1 IL15 ANXA10 NEIL3 IRF2

peptides.gff3
LLSVGGLR

,462M of 5,797TM

4 MassSpec  peptide 1554121
4 MassSpec (DS 1554121

Graph/Display Data
FASTA manipulation

##seguence-region 11 1 128838569
PROTEOMICS 11 MassSpec peptide 1288385
MS Data Conversion
Sequence Database Tools 3: Homo _sapiens.GRC @ ¢ x
NGS: QC and manipulation h37_canon.73.gtf
Protein/Peptide Search ~2,000,000 lines
Algorithms format: gtf, database: hg19

Data Conversion Tools
uploaded gtf file

Visualizers

Quantification (i a2 ® ®

BLAST-P display in IGB View

Proteogenomics display with IGV web curre @
display at Ensembl Current

GENOMICS display at UCSC main

< >

INPUTS

SEARCHGUI gdaaiin]a] VN4

% BLAST-P >Genome Visualization



0O GV
File Genomes View Tracks Regions Tools GenomeSpace Help

[ Human hg19 2] [ chra 4| chra Co it « » @O = 2 | = AR AN |
p16.2 pl15.33 pi52 pl51 pid pi2 a2z ql3.1 ql3.3 q21.21 q22.1 a23 a25 q26 q28.1  q283 q31.21 q31.3 q322 q33 Q343 q35.
190 mb
nb 20 mb 40 mb 60 mb 80 mb 100 mb 120 mb 140 mb 160 mb 180 mb
| | | | | | | | | | | | | | | | |
efSeq Genes
RefSeq illlllllll NI T T | |IIl|II| Im W n -IIIIIIIIIIIIIIJIIIIIIIHI II||l|I||I||l|III IIII ||lI|IIlI Il II lI | IIIIIIIIIIIII lIlIIIIIIIIIIl IIIIIIIIIIIIIIIIII IllIIII
CPZ BST1 MIR573 ARAP2 YIPF7 SGCB LPHN3 HTN3 FRAS1 AFF1 IL15 ANXA10 NEIL3 IRF2
peptides.gff3 l
LLSVGGLR
Homo_sapiens.GRCh37_cal | | J1YIMEIIMY 111000 | ORI 10 A AN 6RO P O O 00 O 01 0O O B 1 AN
73.if 00596885 ENST00000503823 ENST00000319592 ENST00000401208 ENST00000264399 ENST00000504592 ENST00000264499 ENST00000513000 ENST00000512831 ENST000005008

,523M of 5,797TM

javav pyv rubyv GWTv Galaxy v MSIv  docker v News v va biov protv htmlv Mothur v RickRack v regv Norsk v Apple v HealthCare v UniSciv 2008 v FM.SC‘FSV >

Galaxy / GalaxyP https://galaxyp.msi.umn.edu/datasets/20e4f86aacb54c7f/show_params Untitled +

Analyze Data

Tools 5 musﬂm Type Start End Score StrandPhaseAttributes History c &0
##gff-version 3
search tools o ##sequence-region 4 1 155412208 5: peptides.gff3 AP AR
4 MassSpec peptide 155412185 155412208 10.0 - 0  ID=LLSVGGLR 4 lines, 3 comments
CoR=Too 4 MassSpec  CDS 155412185 155412208 . = 0  Parent=LLSVGGLR;transcript_id=ENST00000339452 format: gff3, database: hg19
Get Data ##sequence-region 11 1 128838569 :
Sond Data . Mapped 2 entries
Send Data 11 MassSpec peptide 128838546 128838569 10.0 - 0  ID=SPVLKPSR
Lift-Over 11 MassSpec  CDS 128838546 128838569 . = 0 Parent=SPVLKPSR;transcript_id=ENST00000310343 e > e
Text Manipulation display with IGV web current local
Filter and Sort display at Ensembl Current
Join, Subtract and Group display at UCSC main
Fytrart Foaturac #Enffouarcinn

VAR SEARCHGUI Z:3:3iD]3Y5VN41:P BLAST-P Genome Visualization




[ NON ) IGV
File Genomes View Tracks Regions Tools GenomeSpace Help

[ Human hg19 ] [ chra t| |chr4:154,813,641-155971,141 (Go Ft <« » @ [ = 2 | [ RNARARNT (RN |

1,155 kb
kb 155,000 kb 155,200 kb 155,400 kb 155,600 kb 155,800 kb
| | | | | | | | |
RefSeq Genes - hn [ | t
DCHS2 DCHS2 DCHS2 FGB FGG LRAT RBM46
peptides.gff3 l
LLSVGGLR

Homo_sapiens GRCh37_ca |1 e W
73.gtf ENST00000584770 ENST00000339452 ENST00000499023 ENST00000502525

,566M of 5,797TM

vimv javav pyv rubyv GWTv Galaxy v biov prot v RickRack v regv Norskv Applev HealthCare v
Galaxy / GalaxyP [ https://galaxyp.msi.umn.edu/datasets/20e4f86aacb54c7f/show_params Untitled [ —+

MSIv  dockerv Newsv DB v “html v Mothur v UniSci v 2008 v

Analyze Data

Tools L. SeqidSource  Type  Start History < &[0
##gff-version 3
search tools o ##sequence-region 4 1 155412208 5: peptides.gff3 ® 4%
4 MassSpec peptide 155412185 155412208 10.0 - 0  ID=LLSVGGLR 4 lines, 3 comments
CORETOOL 4 MassSpec  CDS 155412185 155412208 . = 0  Parent=LLSVGGLR;transcript_id=ENST00000339452 format: gff3, database: hg19
Get Data ##sequence-region 11 1 128838569 :
Send Data . Mapped 2 entries
Send Data 11 MassSpec peptide 128838546 128838569 10.0 - 0  ID=SPVLKPSR
Lift-Over 11  MassSpec  CDS 128838546 128838569 . 3 0  Parent=SPVLKPSR;transcript_id=ENST00000310343 0l > e
Text Manipulation display with IGV web current local
Filter and Sort display at Ensembl Current
Join, Subtract and Group display at UCSC main
Fytrart Foaturac #HEnfFfouarcinn

VAR SEARCHGUI Z:3:3iD]3Y5VN41:P BLAST-P Genome Visualization




0O GV
File Genomes View Tracks Regions Tools GenomeSpace Help

[ Human hg19 2] [ chra t| |chra:155,407,133-155,413,742 (Go Ft <« » @ [ = 2 | S =

6,599 bp
» 155,408,000 bp 155,409,000 bp 155,410,000 bp 155,411,000 bp 155,412,000 bp 155,413,000 bp
| | | | | | | | | | | | |
RefSeq Genes i T T T T S S U S
DCHS2
peptides.gff3 |
LLSVGGLR
Homo_sapiens.GRCh37_ca| ] EECE e GG G G G e (e m—
73.0tf ENST00000339452

,576M of 5,797TM

MSlv dockerv Newsv DBv Apph v HealthCare v UniSciv 2008 v

Galaxy / GalaxyP https://galaxyp.msi.umn.edu/datasets/20e4f86aacb54c7f/show_params Untitled —+

java v pyv rubywv GWT v éalaxy v bio v prdt v htmlv  Mothurv RickRack v reg v ‘Norsk v

Analyze Data

Tools X | segidSource Type  Start End Score StrandPhaseAttributes History F K - Bl
##gff-version 3
search tools o ##sequence-region 4 1 155412208 5: peptides.gff3 ® 4%
4 MassSpec peptide 155412185 155412208 10.0 - 0  ID=LLSVGGLR 4 lines, 3 comments
CoRETOOL 4 MassSpec  CDS 155412185 155412208 . = 0  Parent=LLSVGGLR;transcript_id=ENST00000339452 format: gff3, database: hg19
Get Data ##sequence-region 11 1 128838569 :
Send Data . Mapped 2 entries
Send Data 11 MassSpec peptide 128838546 128838569 10.0 - 0  ID=SPVLKPSR
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