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Abstract

Background

Since its inception, proteomics has essentially operated in a discovery mode with the
goal of identifying and quantifying the maximal number of proteins in a sample.
Increasingly, proteomic measurements are also supporting hypothesis-driven studies, in
which a predetermined set of proteins is consistently detected and quantified in multiple
samples. Selected reaction monitoring (SRM) is a targeted mass spectrometric
technigue that supports the detection and gquantification of specific proteins in complex
samples at high sensitivity and reproducibility. Here, we describe ATAQS, an integrated
software platform that supports all stages of targeted, SHM-based proteomics
experiments including target selection, fransition optimization and post acquisition data
analysis. This software will significantly facilitate the use of targeted proteomic
technigues and contribute to the generation of highly sensitive, reproducible and
complete datasets that are particularly critical for the discovery and validation of targets
in hypothesis-driven studies in systems biology.

Result

We introduce a new open source software pipeline, ATACQS (Automated and Targeted
Analysis with Cuantitative SHEM), which consists of a number of modules that
collectively support the SHM assay development workflow for targeted proteomic
experiments (project management and generation of protein, peptide and transitions
and the validation of peptide detection by SBM). ATAQS provides a flexible pipeline for
end-users by allowing the workflow to start or end at any point of the pipeline, and for
computational biologists, by enabling the easy extension of java algorithm classes for
their own algorithm plug-in or connection via an external web site.

This integrated system supports all steps in 2 SAM-based experiment and provides a
user-friendly GUI that can be run by any operating system that allows the installation of
the Mozilla Firefox web browser.

Conclusions

Targeted proteomics via SRM is a powerful new technigue that enables the
reproducible and accurate identification and quantification of sets of proteins of interest.
ATACQS is the first open-source software that supports all steps of the targeted
proteomics workflow. ATAQS also provides software APl (Application Program
Interface) documentation that enables the addition of new algorithms fo each of the
workflow steps. The software, installation guide and sample dataset can be found in
hitpJ/tools_proteomecenter ong/ATAQS/ATAQS html
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ATAQS is an open source software Licensed under the Apache License, Version 2.0 and it’s
source code, demo data and this guide <can be downloaded at the
http://tools.proteomecenter.org/ATAQS/ATAQS.html.

This documentation was prepared by Mi-Youn Brusniak (mbrusniak@systemsbiology.org).

1. Introduction

As a complement to the well-established discovery proteomic methods, targeted mass spectrometry
based on SRM is becoming an important tool for the generation of reproducible, sensitive and
guantitatively accurate data from biological samples. The method depends on the generation of target
protein sets based on prior information and the one-time generation of validated mass spectrometric
assays for each of the targeted proteins. The development of these assays depends on the optimal
selection of peptides that represent the proteins on the target list and the optimal set of transitions for
their detection in biological samples. Once developed, these assays can be continually applied across a
multitude of studies.

The ATAQS pipeline and software provides a high throughput tool for organizing, generating and
verifying transition lists and for the post acquisition analysis and dissemination of the data generated
from applying the transition lists to studies of biological samples. ATAQS uses information from publicly
accessible databases for the optimization of the protein and peptide target lists and for the optimization
of a transition set. ATAQS is open source software that enables data-driven researchers to generate
candidate protein lists and measure candidate proteins across a large number of biological samples, and
allows algorithm-developing scientists to further develop the steps in the ATAQS pipeline. As needs
arise, we plan to continuously expand on ATAQS functionalities (e.g., validation of quantification,
support of SILAC type experiments, etc.).

We expect that ATAQS will find wide application as targeted proteomics increases in use to support
hypothesis-driven research across all fields of life science. ATAQS is a single, user-friendly, informatics
framework, that is simple to use and fully customizable, for the enabling of SRM-based proteomic
workflows of any size, able to guide the user seamlessly from MS data generation, through data
processing, visualization, and statistical analysis steps, to verify proteins of interest in biological samples.
This is a user guide for ATAQS v1.0 software.

2. Login

ATAQS  Ueemame: [marusniak Website: Ask administer in your institution which
Passwerd ..:;;... server the ATAQS is deployed to and ask ATAQS
admin to add your account. For this guide, we will
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use ATAQS account.

The URL should be something like the following. http://moog.systemsbiology.net:8080/ATAQS.
If you are using ATAQSDemo.systemsbiology.net for “read only” demo, you can type ATAQS in

Username and Demo2010 in password and admin in Username and admin@isb2010 in password for
Admin page demo in the following section.

Retype Password:

0k Cengal

3. Admin page

If you are logged in as admin, ATAQS leads
to admin page, where you can configure for
all users.

You can select Users in Administers panel,
the main panel will display the current
‘Users’ list. When you click “Add Users”
button, the Add New Users panel will be
opened as shown in the left figure.

add
organisms. ATAQS has a step to connect

Administrator also can available
publically available website PIPE2 (Protein
Information and Property Explore) using the
administrator defined organism. Thus, we
see how the
PIPE2.

Administrator can add organism by selecting

advise administrator to

organism was named by
Organisms in Administrators panel shown

in the left figure.
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Administrator also can add available mass
spectrometry Instruments by selecting Mass
Spectrometry
Administrators panel. When you click “Add
button,
website

Instruments option in

Mass Spectrometry Instrument”
ATAQS EBI
http://www.ebi.ac.uk/ontology-lookup

connects to for

service to get Identifiers for all available
mass spectrometry. Using the controlled
vocabulary is necessary to generate resulted
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file to be exchangeable to community when user decided to publish their validated transitions
at the end of ATAQS pipeline.

) ATAQSDemo - Mozilla Firefox
e Edt Gew by Gockmaks Iook Heb

Back * Reload Vome e swe () Wipijstansdemn ystemsbiogy neiATAQSDEnGl# 34 < B vebargolocaion 7

Mostvisked  GettngStaried Logn  Latest Headines

4. Project Setup Step

S ] o B @ B e @ Creating and sharing project. After
ATAQS v A0S Bt Laaes user login using their user account,
0 — Concel

L

Py st
Generate Transition List
Validate Transition List
Publish Validated Transition List

Project Descript

e Protein List M Validate Protein List W Generat

S the top panel will ask the project name.

ATAQS pipeline will show as shown in
the left panel. Click “New” button in

You can type in Yeast_2000. Then it will
go to “Project Setup” panel. User can
select the organism and mass
spectrometry for the project by using
pull down options. There is “Project

Description” text box that user can

ATAQS
T —
(&)

= [ Yeast_Validatar
Generate Protein List
“alidate Protein List
Generate Transition List
“alidate Transition List
Publish Walidated Transition List

Human_Heart

type overview of the experiment. You

Welcome bi-Youn! Change Password Logout Trare settings for project: Yeast Validator

REN | Cop | Edit “Share‘é Delets

mm e Las‘ Name
Name
O

Project: Yeast Validator mchristiangen Mark Christiansen

[ate:  200903.25 15:47:15.000000000

0K | Cancel

Author:  Mi-YounBrusniak

Project m Senerate Frotein m alidate Protein m enerate Transition m VANTETE 1T ' " ublish Validated Transition
Setup List List List List List
Organism: S. cerevisiae

|One hundred Proteotypic yeast peptides are selected and A

synthesized for heavy and light form of peptides by JPT
Feptide Technologies, Inc. Five transitions of sach peptide
|were selected from M52 data using ABI-Qtrap 4000. In

Project Description |addition to the selected 1000 (100x2x5) heavy and light
peptides transitions, matching nuwber of decoy transitions
are added to the transition list. The total 2000
|transitions are divided to four set of transitions. The 500
|transitions are measured by ABI-Qtrap 4000 SRM mode with v

can select organism and mass instrument as shown in the figure and click “Save” button. ATAQS

software is designed to serve institution where several collaborators are working with similar

SRM experiments. Thus, ATAQS provide a way to share the projects with collaborators. When

user select “Share” button, “Share setting for Project: your named project” panel (circled in red)

and list of users. You can select collaborators that you would like share the project. The current

implementation of sharing project provides collaborators to access your project read-only

mode. More specifically, collaborator cannot modify your steps. Create project by click “New”
button and type Yeast 2000. Select Yeast in the Organism and select 4000 QTRAP for Mass
spectrometry and you can write some description of the project. This project is an example of

ATAQS paper using 100 heavy and light synthesized yeast peptides with 3 dilution series of three
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different background samples (glyco captured human plasma, C. elegans and Leptospira
interrogans extracts). Then click “Save” button.

5. ATAQS Pipeline status indicator

E“'i iii ATAQS provides a quick way to help users to glace each project

and steps status. In the left “Projects” Panel, it list all the
projects that are you created and collaborators are sharing. The

= Yeast_“alidator square button beside of each project indicate whether the
Generate Protein List projects are completed (“green”) or not started (“black”) or in
walidate Protein List the middle of the process (“yellow”). For example, left figure has
Ganarate Transition List yellow square box beside the project Yeast_Validator and there

walidate Transition List are total of five steps and the first four steps are completed but

Publish “alidated Transition List not the last step was done. Thus, the project status is yellow as

not totally completed project. ATAQS lists the step in the right
side panel where user can click to go to the step. In the panel, it also shows the status of the
step. The step status is synchronized with the step status in “Projects” panel. The color of
square buttons and step color indicates the each step status as shown in the left panel.

6. Generate Protein List
Select “Generate Protein List” step in the top panel. You will see “Stepl: Generate Project List” step.

There are two ways to populate protein list in this step. If there are institution wide database,
administrator can add the protein list in tsv format to ATAQS site so all the users are accessible to
the same database. As example, this
version of ATAQS contains three
bioinformatically curated disease-
specific protein candidate lists: (1)
Prostate tumor containing 1055
proteins, (2) Type |l diabetes

containing 954 proteins and (3)

. List File [Gypocuments and Set{_Browss_] | LasdPigisia]
Breast cancer-related human kinase

No proteins loaded | SelectAl] [ Desalactall]

signaling containing 32 proteins. You

can select one of the three database

or administrator installed institution

JSboSill—
specific database from the pull down

menu of “Existing Protein List”

option. Or you can load your own protein list by clicking “Edit” button and click “Browser” then
select ATAQS_YeastProteinList.csv and click “upload” button. The summary of protein uploaded will
be shown like the picture. In this step, if you had already some of protein, ATAQS will merge them
with unique protein entry list.
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7. Setting up connection to other website

Make sure you are using firefox (3.x versions) browser and installed Firegoose using Firegoose-

0.8.208.xpi or higher from http://gaggle.systemsbiology.net/docs/geese/firegoose/install/ as

Add Custom Wehsite Handler.

Flease provide the Following information ko enable a new website target,

Mew target's Mame: | ATAGS |

Mew Earget's URL: | zmsbinlng‘f.net,l'.D.T.D.QSDemdl

Exarnple: http:ffwwsna rryudcornf
Please select the receiving mechanism of the new target;

(33 JawaScript Object awaiting broadcast {implements handleMamelist{})
() Emply text box awaiting ta be Filed
() Expects arguments embedded in the request URL

New Website Target

Mame of the waiking Javascript Object in the website: | goose

I_ oK J [ Cancel ]

8. Investigating Protein Properties using PIPE2

Dore

indicated in ATAQS installation
guide. Go to Firefox and select pull
down menu of firegoose. Then
select “Add Custom Website
Handler”. It will bring the panel
shown in the left side. You will fill
out the name and URL. This is the
way you can receive back any data
from public website. The current
version of ATAQS uses three
publically available website, PIPE2,
MRMAtlas and TraML uploading
website for MRMAtlas backend
repository.

Go back to ATAQS “Generate
Protein List” step. You can
investigate the uploaded protein
list properties further using PIPE2.
After investigating Protein list, you
can expend or remove protein list.

Click “Select All” Button then click
“Send List to PIPE II” button in the
bottom of the panel. The list will
be sent to PIPE2 website by
firegoose. New tab in the firefox
browser will be open and your

protein list will be displaced as indicated in the right side figure. You can use PIPE2 tools (please

refer PIPE2 tutorial guide for detailed PIPE2 functionality) to generate Protein-Protein

interaction maps as shown in the figure. You can select subset of proteins from the network

view and send back to ATAQS protein list as next page figures. For this exercise, we will

broadcast back the same list.
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In the PIPE2, IDMapper PIPElet, Select fromFiregoose in Data pull down menu and select “Firegoose” in
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Target pull down menu and click “Broadca

9. Generating Transition List.

st”. Select “ATAQS” in the Firegoose menu in your Firefox
browser and click “Broadcast” button of the Firegoose.
Your new protein list (in this example, the same protein list)
will be back to ATAQS “Validate Protein List” panel shown
below. Note that “Generated Protein List” step is in green
and “Validate Protein List” step is in yellow.

When you click “Save” button. The “Validate Protein List”
step turns to green to indicate that this step is also
completed for this project.

ATAQS “Generate Transition List” allows either uploading your optimized transition list or obtaining
best observable peptides from MRMAtlas while considering user weighted penalty factor. In this
manual, you will demonstrate both ways. First, click “Edit” button and click “MRMPeptideAltas”

) ATAQSDemo

W s

List| W Validto Tranciion List W Publch Valdaad Transtion i

button as shown in the left figure. It will bring
MRMPeptideAtlas page as shown in the next
figure. Notice that your proteins are already
filled in that page. Select YeastPublic2010-02
in PABST (PeptideAtlas Best Transition) build
and select 3 for number of peptide per
proteins. Exam all the options in getting
number of transitions and also options to
excluding peptides with certain amino acid.
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) PeptideAtlas - Mozilla
Fle Edt View History GBookmarks Tools Help

Back Forward - Reload Home  HP SwP  https: b syst net/sheamscgifPep PABSTList P
Most Visited  Getting Started  Login  Latest Headines
0 GAGGLE - Gaggle Data; - |SRM,transwtmns: MameList(1) V‘ Target: o |NDt connected to Boss v i ; “{3 Broadcast

| | ATAQSDEMO | {3 peptideatlas 8 - -

~
PEPTIDEATLAS HOME
Seatile Proteome Search | All Builds | Current Build | Queries | MRM Atlas |
Center .
Get PABST List
PEPTIDEATLAS:
Oweniew
Caontacts
Data Contributors Show All Query Constraints
Publications B
Software PABST Build: ? veastPublic2010-02 v
E:;?ji‘:ii Sehema Protein Accession : ? ‘YBRDBC;YBRDSDC;YGU BDW,YKRMSC;YE‘
FAQ Upload File Of Proteins: 2| [ Browse
ATLAS DATA: Peptide Sequence : ? ‘ ‘
e Data Con i [
: 2
HFPP Data Cental Feptide Fermil: 2
PeptideAtias Builds Empirical Proteotypic Score: ? l:l 1
Search Database
Number of Proteins Mapped : ? l:l
Number of Genome Locations Mapped : ? l:|
Cantribute Data -
Genorme Browser Num of highest Iinten Frag lons to Keep: ? l:|
Setup Number of peptides per protein constraint: 7
. Adjust penalties: Parameter [Value Description
RELATED:
MRM Atlas 4H: [1 Avaid 4 consecutive hydrophobic residues: C,F,LLY,W,T
Phasphopep S5H: |1 Avoid 5 straight hydrophobic residues: F,LLW M
Unipep BA: [ Fenalize high basic (protonatable) sites: H, K, R, n-term
mspecLINE [ c:[n.as [avoid
SPECTRAL LIBS: | D:[1___ |[Slightly penalizs D or 5 in general?
Libraries + Info DG: [1 Avoid dipeptide DG
G L oP: 1 avoid dipeptide DF
Hper: [1 Hydrophabic residues (F,ILY,%,M} not to exceed 75% v
Done 3

When you click “Get Transition”, it will show transitions. You can again broadcast back the
transitions by clicking “Broadcast” button in Firegoose, those transition list will be back to your
project in ATAQS as shown below figure.

: . Welcome Mi-Youn! Change Password Logout
ATAQS
S ———— e ——

e Transitions

W Yeast_10

© WVeast 3

463 Transiions | Downlond Trensilons.|

Generate Protein List
“alidate Pratein List

— ! ’ 01 03 Retention 01 03 Peak lon  Collision Ordinal
Generate Transition List Proteit Pamige TR 7 e N W oo oo Lo oy e e
Helivaty Transfion list 1 YBLOTIC  NIYTYPVELYAVK 198 87852 2 1 B 0 .8 1
Publish Valiratsd Transition List

2 YBUTIC  IYTYPVELYAYK 21,98 103958 2 1 [ 01 6 :

2 Yeast_2000

= 3 YBUTIC  IYTYRVELYAYK 82198 114063 7 1 yin 0 396 3
eerte BrahiLiat 4 YBLO7AC  TFSISALGILMSNSNR 84745 91748 2 1 I 0 408 1
Validate Protsin List
o 5 YBU7IC  TFSISALGILNSNSHR Br74s 9745 3 1 I 01 s 3
Generate Transition List
5 YBUIPIC  TFSISALGILNENSHR 847 45 1087 59 2 1 yin 0 g 3
Walidate Transition List
Eublish Validated Transition List|| 7 YELO7IC  GIDDLMGPNHFSLR TES3E 77341 2 1 I Y ]
5 YBUWIC ODDLMGRNHFSLR 76536 B7045 [ 1 v - r =
5 YBUWIC  QDDLMGPNHFSLR 78536 027 4R 7 1 I 0 ms 3
10 YBLIFIW  GILIDPYSYLNR 71238 81541 2 1 18 0 3.2 1
11 YBLIFAW  GILIDPYSYLNR 71238 91245 7 1 I 0 o342 g
12 ¥BLO7AW  GILIDPYSYLNR 71238 1027 48 7 1 v 0 34z 3
13 YBLIFIM  MNDMHVENGDVLDSWK — 063.38 G46.48 3 1 I - ]
14 YBLOFRW  MNDMHVENGDVIDEWK 86333 103352 2 1 yin A g
15 YBLITIW  MNDMHVENGDVLDEWK — B69.33 113258 2 1 ¥ 1 27a 3
15 YBLI7AW  LPIFYFLARCPSDK B592  A3041 7 1 18 0 39g 1
17 YBLOTAW  LFIFYFLARCRSDK 8552 977 4% 7 1 i 0 383 7
18 YBLIFIW  LPIFYFLAPCPSDK 805,92 114054 [ 1 ¥1o 1 a3 3
18 YBLOBIW MPGQISIPFLEGNEDMDK 108203 1228 54 7 1 yin 0 o2 ]
20 YBUBIW  MPGQISIPFLSGNEDMDK 106203 1323 53 7 1 e 0 a2z =

3
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As mentioned earlier, ATAQS can also just take transition list from users by Clicking “Browser” and select
ATAQS_D2_ Transition_TargetOnly.csv file. Then click “upload”, the uploaded transition will replace the
transitions we got from MRMPeptide Atlas. ATAQS allows latest transitions either from user upload or
from MRM PeptideAtla to be the current transitions. As described in the paper, you need decoy to
validate your transition detection. Thus, this step allows generating additional transitions to append to
your current transition. If transitions are generated from MRM Peptide, you may need heavy peptide
(e.g., AQUA peptide) pair transitions to measure both heavy and light transition in your biological
sample. Or you optimized transition using heavy peptides, and then you need light pair to measure in
your sample as well. Thus ATAQS allows several options to append transitions to your current
transitions. Entire selection of  those options are shown in the figure.

&) ATAQSDemo - Mozilla Firefox
Fle Edt Yiew Hitory Bookmarks Tools  Help

Back - Reload Home  HPSWP | || http:jjatagsdemo.systemshiology.net/ATAQSDsmoj#aui w7 | 8- ye
Most Visited  Getting Started  Login  Latest Headlines
@ GAcGLE - GagleData: [ |- o data v | Target: o | add custorn... v A Broadcast

|| ATAQSDemo

Welcome ATAQS! Change Passward Logout

ATAQS
&_ Project Setup W Generate Protein List ™ Validate Protein List W alidate Transition List ® Publish Validated Transition List

B 1 Y¥east_2000 Step 3: Generate Transition List
Generate Pratein List .

“alidate Protein List LoadiTransitions

Generate Transition List O Get Transitions From

Validate Transition List @ Upload Transitions From: & Bog menisiand Seﬂu:

Publish Validated Transition List

Maximum Transition Calculator
Proteins Peptides Transitions Maxirmum SRM Transitions

X 1 x 1=

Target

Choose: Target Only ~

Mystery_NTERM
ICPL_light_K
ICPL-N_heewy NTERM
ICPL_heawy K

ICAT _heawy C
| oLoicaT jight_c
Medification: | o) picaT heawy_C
ICPL-N_light_NTERM
IGAT_light_C
AQUA_Heawy_K_K
AQUA_Heawy_R_R
Cys_CAM_C
betOx_

L
|«
ATAQS v.0.1

Done

As described in the paper, ATAQS needs decoy transitions to score your measured transitions with your
sample. You can easily extend ATAQS software to add additional decoy algorithms. Current version of
ATAQS comes with two decoy generating algorithms described in the paper. In this example, the
uploaded yeast transitions have heavy and light transitions. Thus, we will use “Target Only” option in
Target section and select “Simple No Overlap Algorithm” for “Decoy Generation” option. Then click
“Generate” button. Notice the step goes to “yellow” state and the algorithm generating process were
initiated in one of your institution computing node. ATAQS designed to separate computing intensive
processed to be outside of servlet so ATAQS web application would not be locked.
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¥) ATAQSTest - Mozilla Firefox

Fle Edt View History Bookmarks Took Help

Back - Reload Home  HPSWP | [#] http:fimoog.systemsbiology.net:9090/ATAQS Test #qui 77 | [*- hay picture ys
Most Visted  Getting Started  Login  Latest Headines
c GAGGLE - Gaggle Data: - |Veast_ZUUU: MameList V‘ Target: o |ATAQ5Test V! Show A Broadeast

[ aTagsTest 8 | | piee2 + -

AT (‘21, YWelcome Mi-Voun! Change Password Logout
T — m Transition Calculator
o Proteing Peptides Transgitions Maxirurm SRM Transitions
W Yeast 10 % 1 1=

= [ Yeast_2000 Target
Generate Protein List Choose: IW—V
Walidate Protein List

Mystery_NTERM

ICPL_light_K
Walidate Tt tion List ey e
alidate Transition List ICPLM_heavy NTERM
Publish Validated Transition List ICPL_hesawy K
ICAT _heawy C

| oLoicaT jight_c
Medification: | o) picaT heawy_C
ICPL-N_light_NTERM
ICAT light_C
AQUA_Heawy_K_K
AQUA_Heawy_R_R
Cys_CAM_C
betOx_

Decoy Generation

Algorithm: | Simple Mo Overlap Algarithm (v Genersie)

Tran

b 1000 Transitions Download Transitions Show Transitions

ATAQS v.1.0
X Find: | L & next ff Previous & Highlight &l [] Match case

Done

In this example, when the process is finished, total 2000 transitions were generated. Then the
transitions can be downloaded by click “Download Transition” button to download the transition in
your desktop. The transition list can be used in measuring in your sample.

10. Validating Transition List.

[T * In this example, we split
Project: Yeast_Protein_SRM

i Date:  2009.09.24 16:22:36.000000000 2000 transitions to fo ur 500

Author: Mi-YounBrusniak
Validate Protein List ..
Gt Tansiion s} Project Setup W Generate Frotein List M Validate Protein List M Generate Transition List [® Validate Transition List| Publish alidated Transition List transition an d p re pa r-ed 9
Validate Tr. List.
Publish Validated Transition List

g samples as described in the

e 0

Step 4: Validate Transition List

Generate Protein List Ffmbrusiak/Yea s ValidatorPP_Training o
memlfmbrusniok/Yeast Validator/PP_Training . . .
Wikt (ol mzsmfmbarusniakYeast_VelidatorPP_Traininc pa pe r (3 d ] I ut l1ons an d 3 k N d
maxmifmbrusniak/yeast ValidatorfPP_Training i
Validate Transition List maxmfmbrusniak/yeast ValidatorfPP_Training
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they detected the peptide or
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not manually. Thus, the current ATAQS version has mProphet module to assign score to the peptide
based on discriminate properties between decoy and target transitions. Since the transitions were split
to four, ATAQS allows user to group those samples together. First, ATAQS can take either mzXML or
mzML files. You select “Add” buttons to select all 36 mzXML files. Select files 5-8, 13-16, 21-24, 29-32,
37-40, 45-48, 53-56, 61-64, 69-72 numbered mzXML files. Click “Max. Sample Set Count” and type 9.
Then assign each four set of mzXML to each “Run ID” to indicate which samples belong to one. As
mentioned in the paper, users can optimize their own transitions so ATAQS allows uploading transition
list which matches their measured transitions. The transition list will be uploaded by clicking “Add” in
transition file and select D2_TransitionList.csv. ATAQS allows computational biologists to extend any of
algorithms to be part of ATAQS. In this version, we provide two algorithms. For this example, click
“Transition Group Algorithm” in Algorithm section then click “Run Validator”. This step takes a few
minutes to finish up. Similar to generating transitions, mProphet module will be running in one of your
institution distributing node. When “Validate Transition List” step is completed, the step will turn to
green and ATAQS displays the graphical summery of the dataset. There will be a drop down menu to
show “ROC”, “FDR” and “Separation Bar Chart”. You can download the scored transition to see which
transition group has higher validated score. For example, IAWEALAVER 1 in downloaded file
Yeast 2000 _top_pg.xls means the peptide is detected in Run ID sample group 1.
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11. Publishing Validated Transitions.

As an optional step, all optimized and validated transitions can be made available to the community, so
that the data can be used for SRM-driven biological research such as biomarker validation. Or simply
store your final transition list in standard format in your institution. ATAQS also introduces a new
proposed file format called TraML (Transition Markup Language) as a common data exchange format for
validated transition information as described in ATAQS paper. ATAQS helps create TraML format files for
exchange of validated transition information and if the user chooses to publish their data, ATAQS
provides an easy way to upload user-created TraML files to public SRM databases, such as MRMAtlas.
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In the last step of ATAQS “Publish Validate Transition List”, you can fill out a few contact information for
author of the generated TraML file. Simply click “Create TraML” will generate TraML file with your
project name and author name. In this case, Yeast_2000_Mi-YounBrusniak.TraML will be generated and
you can download and modify the file or simple save the file. You can browse the content of TraML
using various xml viewers including Firefox browser shown below.

+J Mozilla Firefox
File Edt Wiew History Bookmarks Tools  Help

Reload Home  HPSWP | | files/f/C:/Documerts and Sekti keap/ETH i _2000_Mi-o TralL <7 | [*g- F.

MostVisted  Getting Started  Login  Latest Headines

@ GASGLE - GagoeData: [l - o data v Target: O | Nt connected to Boss | A Broadcast
[&] atacsTest [ fite:/ #/€:/Docum. ..nBrusniak.TraML EJ -
~
This 3L file does not appear to have any style inf: 4 weith it. The d tree is shown below.
— <TraML v ="0.9.4" xsi:schemaLocation="http /fpsi hupo. org/msitraml TralL0. 9.4 zsd">
— <evList>
<ev version="2.27.0" id="M5" fullName="Froteomics Standards Initiative 1ass Spectrometry Ontology" URI="http fipsidev. cvs. sourceforge. net*checkout*/psidev/psipsi-ms/mzMLicontrelledVocabulary/psi-ms. obo'f>
<ev version="unknown" id="TC" fullName="Tnit Ontology" URI="http/fobe. cvs.sourceforge. net/cborfab logylpt pefunit.obo'i>
<ev version="unknown" id="TNIMOD" fullName="UNIMOD CV for modifications" URI="http /www unimod org/obofunimod abo'f>
<fevList>
— <ContactList>
—<Contact id="CS">
<evParam value="14-Youn Brusnak" name="centact name" evRef="M3" accession="1{3:1000586">
<cvParam value="TZB" name="contact erganization’ cvRef="M3" accession="2LZ:1000530">
am value="1441 IV 34th 5t Seattle WA 98103" name="contact address" cvRef="M5" accession="M5:1000587"/>
aram value="" name="rentact TEL" cvRef="M5" accession="M5:1000588"/>
<evParam value="mbrusniak @systemsebiology. org” name="contact email’ cvRef="MS" accession="M5:1000585"=
</Contact>
</ContactList>
— <InstrumentList>
— <Instiument id="151000870"=
<cvParam name="4000 QTRAP" cvRef="M3" accession="M5:1000870"/>
</Instrument>
</MstrumentList>
— <ProteinList>
— <Protem id="DECOT">
<evParam value="DECOY" name="protein accession’ cvRef="I{3" accession="1{5:1000885" >
<Protein>
- <Protein id="YBRO32W">
<evParam value='YBRO32'W" name="protein " evRef="M2" accession="M3:1000885" >
</Protein>
— <Protein id="YBLOS6C">
<cvParam value="YBLOS6C" name="protein " cvRef="ME" accession="MI3:1000885">
(Protain. A

Done

When you decide to publish your TraML file to MRMAItas website, you can upload the file and select
“Publish” button. ATAQS will validate the TraML based on current TraML xml schema for well formed
and then upload MRMAtlas designated website. When the files are successfully uploaded to MRMAltas,
ATAQS will generate “Event Notification” Panel to indicate success as shown in the figure.
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12.. Plug-in your own algorithms

Additional to use of ATAQS as a SRM pipeline as it is, computational biology can add their own
algorithms to ATAQS since it is an open source software. For example, if a biologist has another way to
generate decoy algorithms or measuring transition properties (e.g., current ATAQS Transition Group
Algorithm measures intensity from Apex of transition rather than area), computational biologist can
extend abstract class called org.systemsbiology.apps.validator.AbstractValidationAlgorithm class to
implement or overwrite functions to determine background noise and intensity measurements. When
the algorithms are implemented and compiled using ATAQS provide building command, the algorithm is
ready to be used. Next, administrator needs to add the algorithm name to “Algorithm table” in the
ATAQS database to be part of pull down menu selection in Validator step.

13. Conclusion

As a complement to the well-established discovery proteomic methods, targeted mass spectrometry
based on SRM is becoming an important tool for the generation of reproducible, sensitive and
guantitatively accurate data from biological samples. The method depends on the generation of target
protein sets based on prior information and the one-time generation of validated mass spectrometric
assays for each of the targeted proteins. The development of these assays depends on the optimal
selection of peptides that represent the proteins on the target list and the optimal set of transitions for
their detection in biological samples. Once developed, these assays can be continually applied across a
multitude of studies.

The ATAQS pipeline and software provides a high throughput tool for organizing, generating and
verifying transition lists and for the post acquisition analysis and dissemination of the data generated
from applying the transition lists to studies of biological samples. ATAQS uses information from publicly
accessible databases for the optimization of the protein and peptide target lists and for the optimization
of a transition set. ATAQS is open source software that enables data-driven researchers to generate
candidate protein lists and measure candidate proteins across a large number of biological samples, and
allows algorithm-developing scientists to further develop the steps in the ATAQS pipeline. As needs
arise, we plan to continuously expand on ATAQS functionalities (e.g., validation of quantification,
support of SILAC type experiments, etc.).

We expect that ATAQS will find wide application as targeted proteomics increases in use to support
hypothesis-driven research across all fields of life science.

Mi-Youn Brusniak Page 13



