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Overview SIEVE software was used again to combine the fragmentation search
FIGURE 2.  Data from Pass 1 are chromatographically aligned and Overview SIEVE software was used again to combine the fragmentation search 

results from Pass 2 with the quantitative information of Pass 1
g p y g

framed to ascertain potentially interesting features in the collective Purpose: Detect candidate markers in Patent Foramen Ovale (PFO)
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Fragmentation scan information was assigned to SIEVE frames based 
h / d i i W l h i l i

data set.  A ROC analysis is performed on each frame.  Information 
derived from the ROC analysis and other information is used to

cohort study with depth and confidence. upon the precursor m/z and retention time.  We also measure the inclusion 
derived from the ROC analysis and other information is used to 
compile an inclusion list for Pass 2 LC -MS acquisitionMethods: BRIMS Two-Pass Workflow using nano-LC coupled to an ion list efficiency; that is, how often a fragmentation scan wass generated for 
compile an inclusion list for Pass 2 LC -MS acquisition.Methods: BRIMS Two Pass Workflow using nano LC coupled to an ion 

trap – Orbitrap hybrid mass spectrometer Data were processed using each item in the inclusion list.  Our inclusion list contained 1254 items; 41 trap – Orbitrap hybrid mass spectrometer.  Data were processed using 
SIEVE software v1 3 items failed to trigger a fragmentation scan.  This 3.2% inefficiency is likely SIEVE software v1.3. gg g y y

due to concurrent schedule density.
Results: A candidate marker panel was developed from an ROC analysis 

due to concurrent schedule density.
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mass spectrometer instrument’s accurate mass and broad dynamic range 
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capabilities by taking two distinct passes of data measurement.  Marker 

of illuminating marker candidates that distinguish the experiment classes 
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candidates are determined from Pass 1 quantitative  data using ROC 
such as normal and disease.  Experiments that require samples obtained analysis, expression ratio, and signal abundance.  An inclusion list is 
from a study involving significant cohorts are often time consuming and compiled and used for a subsequent acquisition pass of a subset of the 
costly – especially if replicate measurements are required.  In addition, 
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data.  Data from the two passes are combined to provide an informative y p y p q

such experiments are often long running and subject to various systematic 
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effects such as sample degradation, instrumentation sensitivity drift, and
candidate marker list that can be used for SRM validation. 

effects such as sample degradation, instrumentation sensitivity drift, and
so on We have developed an approach to LC-MS The most significant marker candidates as determined by a ROC analysis so on. We have developed an approach to LC-MS 
discovery that optimizes quantitative sensitivity monitors of ratio of markers;  that is, the sample-to-sample ratio of two individual discovery that optimizes quantitative sensitivity, monitors 
the impact of various systematic effects and boosts ion

p p
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identification efficiency.  We have devoted considerable 
ff t t d i t d i d i d lib ti FIGURE 5. The top 50 AUC single marker candidates wereeffort towards experiment design, devised calibration FIGURE 5. The top 50 AUC single marker candidates were 

reanalyzed by combining every pair and determining theirmethods, and developed configuration and operation reanalyzed by combining every pair and determining their 
expression ratio The ROC analysis of the top 10 ratio pairs isprocedures. expression ratio. The ROC analysis of the top 10 ratio pairs is 
shown below Identification of each of the marker candidates wasA l i
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shown below.  Identification of each of the marker candidates was 
determined from an identification analysis (SEQUEST andAnalysis

FIGURE 3 A LC MS d t i iti lit it d determined from an identification analysis (SEQUEST and 
P l t [3]) f d t d i d f P 2
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FIGURE 3.  A. LC-MS data acquisition quality was monitored 
h h 1 b f i i li f Percolator[3]) from data derived from Pass 2.We found that the chromatography and instrument methods for optimal full- throughout pass 1 by performing triplicate measurements of a 

scan quantitative measurements contend with methods of optimal plasma standard with the Michrom Medium Molecule Test Mixture q p
fragmentation scans.  We exploited the Thermo Scientific LTQ Orbitrap XL Marker Pair AUC Descriptions[2].  B. The SIEVE frames corresponding to these peaks were g p Q p
hybrid mass spectrometer’s mass accuracy and broad dynamic range by
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constructed.  Peak integrated intensity from SIEVE analysis is hybrid mass spectrometer s mass accuracy and broad dynamic range by 

taking two distinct passes of data measurement (Figure 1 below) The first
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determined by integrating the peak area confined to a frame.  The 
CV’s for five of the peaks are averaged across a four -week periodpass focuses upon acquiring uncompromised and optimized full-scan (MS) 

data for highly reproducible quantitation This first full scan quantitative
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WD repeat domain 89 [Homo sapiens] [MASS=43214] [MASS=43214]
CV s for five of the peaks  are  averaged  across a four week period 
corresponding to Pass 1 acquisitiondata for highly reproducible quantitation.  This first full-scan quantitative 

pass was used to generate an inclusion list of potentially interesting features
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corresponding to Pass 1 acquisition.  
pass was used to generate an inclusion list of potentially interesting features 
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acquisition on a second pass of a subset of the data samples (Figure 2). [MASS=40577]
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used as a metric of robustness and reproducibility and was found to be WD repeat domain 89 [Homo sapiens] [MASS=43214] [MASS=43214]
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reproducibility.  In order to obtain confidence that our measurement was upstream binding transcription factor_ RNA polymerase I isoform a [Homo sapiens] [MASS=89405] [MASS=89405]
Michrom standard peak p y

consistently robust, an acquisition cycle was developed where triplicate
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measurements of the designated standard plasma was interspersed
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measurements of the designated standard plasma was interspersed 
amongst every six real sample measurements (Figure 4) In addition theamongst every six real sample measurements (Figure 4).   In addition, the 
cycle contained two blank runs to flush the column and acquisition of one of

FIGURE 4. Sample measurements for Pass 1 were analyzed without 
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FIGURE 1. BRIMS Two -Pass Workflow (left to right): A) LC -MS platform is optimized and calibrated, B) High -quality full -scan acqu isition on Easy -nLC and LTQ Orbitrap XL, C) Label -free processing with SIEVE v1.3 software ( g ) ) p p , ) g q y q y Q p , ) p g
including ROC analysis to produce an inclusion list, D) Targeted acquisition with high quality fragmentation scans from the i ncl usion list, E) ID analysis with SEQUEST, Proteome Discoverer, and SIEVE software.including ROC analysis to produce an inclusion list, D) Targeted acquisition with high quality fragmentation scans from the i ncl usion list, E) ID analysis with SEQUEST, Proteome Discoverer, and SIEVE software.

•Calibration •Calibration 
A i itiA i iti P 1P 1 • Inclusion List• Inclusion List • Raw files• Raw filesP 2P 2Calibration Calibration SamplesSamplesAcquisition Acquisition 
Tune andTune and Raw filesRaw filesPass 1 Pass 1 • Inclusion List

• Human
• Inclusion List
• HumanLabelLabel --freefree

• Raw files
• Pass 1
• Raw files
• Pass 1Pass 2Pass 2 Marker 

iID Anal sisID Anal sisSamplesSamples • Human 
S l

• Human 
S l

Tune and Tune and 
CalibrationCalibration

Raw filesRaw files
Full Scan Full Scan 
Q tQ t

• Human 
Samples

• Human 
Samples

abeabe eeee
ROC AnalysisROC Analysis

• Pass 1 
Analysis

• Pass 1 
Analysis

Targeted MS2 Targeted MS2 
SS

CandidatesID AnalysisID Analysis

SamplesSamples QuantQuant SamplesSamples AnalysisAnalysisScanScan

SIEVE Version 1.3  
SEQUEST 

SIEVE Version 1.3 Proteome Discoverer  v1.2EASY-nLC and LTQ Orbitrap XL MS Orbitrap XL MS & Proxeon LCRawMeat & SIEVE Version 1.3 p


